ESO

European Organisation
for Astronomical
Research in the
Southern Hemisphere

Annual Report 2007




ESO

European Organisation
for Astronomical
Research in the
Southern Hemisphere

Annual Report 2007

presented to the Council by the
Director General
Prof. Tim de Zeeuw



ESO is the pre-eminent intergovernmental
science and technology organisation

in the field of ground-based astronomy. It
is supported by 13 countries: Belgium,
the Czech Republic, Denmark, France,
Finland, Germany, Italy, the Netherlands,
Portugal, Spain, Sweden, Switzerland
and the United Kingdom. Further coun-
tries have expressed interest in member-
ship.

Created in 1962, ESO provides state-of-
the-art research facilities to European as-
tronomers. In pursuit of this task, ESO’s
activities cover a wide spectrum including
the design and construction of world-
class ground-based observational facili-
ties for the member-state scientists,

large telescope projects, design of inno-
vative scientific instruments, developing
new and advanced technologies, further-
ing European cooperation and carrying
out European educational programmes.

ESO operates the La Silla Paranal Ob-
servatory at several sites in the Atacama
Desert region of Chile. The first site is

La Silla, a 2400 m high mountain 600 km
north of Santiago de Chile. It is equipped
with several optical telescopes, with
mirror diameters of up to 3.6 metres,
dedicated to high-profile long-term pro-
grammes. The 3.5-m New Technology
Telescope was the first in the world to
have a computer-controlled main mirror.

Whilst La Silla remains one of the scien-
tifically most productive observing sites in
the world, the 2600 m high Paranal site
with the Very Large Telescope array (VLT)
is the flagship facility of European astron-
omy. Paranal is situated about 130 km
south of Antofagasta in Chile, 12 km
inland from the Pacific Coast in what is
probably the driest area in the world.

The VLT’s design, instrument comple-
ment and operating principles set the
standard for ground-based optical and
infrared astronomy. The VLT is composed
of four 8.2-m Unit Telescopes and four
movable 1.8-m Auxiliary Telescopes. Sci-
entific operations began in 1999 and have
resulted in a high number of extremely
successful research programmes.
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La Silla.

One of the most exciting features of the
VLT is the possibility to use it as a giant
optical interferometer (VLT Interferometer
or VLTI). This is done by combining the
light from several of the telescopes, al-
lowing astronomers to observe up to

25 times finer details than can be done
with the individual telescopes. The soon
to come survey telescopes, VST (opti-
cal) and VISTA (infrared), will enhance the
capabilities of Paranal even further.

The VLT at Paranal.

In 2007, about 1900 proposals were
made for the use of ESO telescopes and
more than 700 peer-reviewed papers
based on data from ESO telescopes were
published.

ESO is also a major partner in the Ata-
cama Large Millimeter/submillimeter Array
(ALMA), one of the largest ground-based
astronomy projects of the next decade.
ALMA will have a main array of fifty 12-m




submillimetre quality antennas, with
baselines of several kilometres. An addi-
tional compact array of four 12-m and
twelve 7-m antennas complements the
main array. Construction of ALMA started
in 2003 and will be completed in 2012;

it will become incrementally operational
from 2010 on. ALMA is located on the
5000 m high Llano de Chajnantor, east of
the village of San Pedro de Atacama in
Chile. The ALMA project is a partnership
between Europe, East Asia and North
America in cooperation with the Republic
of Chile. ALMA is funded in Europe by
ESO, in East Asia by the National Insti-
tutes of Natural Sciences of Japan in co-
operation with the Academia Sinica in
Taiwan, and in North America by the US
National Science Foundation in coopera-
tion with the National Research Council
of Canada. ALMA construction and oper-
ations are led on behalf of Europe by
ESO, on behalf of East Asia by the Na-
tional Astronomical Observatory of Japan
and on behalf of North America by the
National Radio Astronomy Observatory,
which is managed by Associated Univer-
sities, Inc.

The Chajnantor site is also home of the
12-m APEX submillimetre/millimetre-
wavelength telescope, operated by ESO
on behalf of the Onsala Space Observa-
tory, the Max-Planck Institute for Radio
Astronomy and ESO itself.

ESO has built up considerable expertise
in developing, integrating and operating
large astronomical telescopes at remote
sites. Furthermore, for several years, ESO
has been engaged in conceptual stud-
ies for an extremely large optical and in-
fra-red adaptive telescope. This expertise
forms the backbone of efforts to devel-
op a next-generation extremely large
ground-based optical/infrared telescope
for Europe’s astronomers. For this pro-
ject, currently known as the European
Extremely Large Telescope (E-ELT), ESO
has developed a basic reference design
for a 42-m telescope with a novel five-
mirror optical concept. The current de-
tailed design phase is scheduled to be
completed by the end of 2009.

ALMA at Chajnantor
(8D computer render-

ing).

The ESO headquarters are located in
Garching, near Munich, Germany. This is
the scientific, technical and administrative
centre of ESO where technical develop-
ment programmes are carried out to pro-
vide the observatories with the most ad-
vanced instruments. It is also home for
the Space Telescope European Coordi-
nating Facility (ST-ECF), operated jointly
by ESO and the European Space Agency.

Artist’s impression
of a possible design for
the E-ELT.
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Foreword

From modest beginnings in the 1960’s,
ESO has moved inexorably onwards

to assume the mantle of a world leader in
ground-based optical/NIR astronomy
and partner in the global adventure that is
ALMA. lts suite of four 8m-class tele-
scopes at Paranal along with their asso-
ciated interferometric capabilities, the
VLT/I, and the older but powerful facilities
on La Silla, are now producing around
seven hundred refereed papers per year.
With these developments, ESO has em-
powered a vibrant and diverse commu-
nity of astronomers in Europe.

On the ground in Chile, the ALMA project
is rapidly becoming a tangible reality with
the delivery of the first antennas and the
progress towards the completion of the
support facilities at and near Chajnantor.
Astronomers in Europe, North America
and East Asia are tooling-up for the ex-
ploitation of these dramatically powerful
new capabilities.

The E-ELT project has moved up a gear
and is now engaged in a fully-fledged de-
sign study of a 42-m aperture telescope.
Several substantial industrial contracts
are now in progress. The various advisory
committees have been energetic in moni-
toring and advising ESO on an endeavour
that is moving forward at breathtaking
speed.

During 2007, the final formalities were
completed to bring Spain and the Czech
Republic into ESO as full members.

It is highly likely that other new member
states will follow within the next few
years.

In September, Dr. Catherine Cesarsky
handed the Director General’s baton

to Prof. Tim de Zeeuw. Catherine steered
ESO through a remarkable period of
growth and development. We all owe her
a great debt of gratitude for her strenu-
ous efforts that resulted in an extraordi-
narily vibrant organisation. Tim inherits an
organisation with a very substantially
enlarged membership and a portfolio of
projects that was probably unimaginable
to ESO’s founders.

Before assuming the directorship, Tim de
Zeeuw had been leading the ASTRONET
Science Vision exercise that is now be-
ing followed by the construction of the
Facilities Roadmap that will guide the Eu-
ropean funding agencies over the next
decade or so. He is now in a strong posi-
tion to influence the process that will
enable the fulfilment of the dreams of the
European astronomers who participated
S0 energetically in this exercise. These
are exciting times for European and World
astronomy and ESO is well poised to
continue its leading role.

NES I S

Prof. Richard Wade
President of the ESO Council

Photo: B. Farncombe, STFC



Introduction

This is the first Annual Report to appear
since | took over from Catherine
Cesarsky on 1 September 2007. Most

of the activities and developments cov-
ered in this report were carried out under
her responsibility. It is a pleasure to ac-
knowledge her eight years of leadership
which saw many changes at ESO.

New member states

At the beginning of the year, Spain com-
pleted the formal procedure for ratifica-
tion of its accession. The Czech Republic
completed its accession soon after-
wards, so that ESO now has thirteen
member states. The June Council Meet-
ing was held in Barcelona in celebration
of the Spanish membership.

An ESO information day for Czech indus-
try was organised by the Czech Academy
of Sciences in Prague in June. In Octo-
ber, the Czech-ESO Committee met to
discuss plans for establishing a Technol-
ogy and Training Centre at the Ondfejov
Astronomical Institute aimed at support-
ing Czech participation in both ESO and
ESA.

Negotiations with Austria progressed with
a meeting for Austrian research insti-
tutes and industry to identify possible in-
kind contributions. This was followed by
formal meetings between the Council
In-kind Negotiating Team and the Aus-
trian counterpart, which led to a set of
agreed in-kind contributions. Completion
of the accession agreement could not
be achieved before the end of the year,
but important progress was made at a
meeting with the Austrian Science Minis-
ter Johannes Hahn in November.

Science

A team of Swiss, French and Portuguese
astronomers discovered a five Earth-
mass companion to the red dwarf star
Gliese 581 with the HARPS instrument on
the 3.6-m telescope on La Silla. This
‘super-Earth’ generated worldwide atten-
tion. Gliese 581 was already known to

be orbited by a Neptune-mass planet,
and there is evidence for a third planet of
about eight Earth masses. This discovery
continues the regular flow of new and ex-

citing results on exoplanet research
where HARPS has effectively cornered
the market.

The rapid-response mode of the Very
Large Telescope (VLT) makes it possible
to observe gamma-ray bursts within min-
utes of notification. It has provided some
of the earliest spectra of these enigmatic
objects. In one case, changes in the fore-
ground intergalactic material could be
observed. The intense UV radiation from
the burst ionised the intervening gas in
the first hour of the outburst.

A striking example of joint observations in
very different wavelength regimes was
the series of coordinated observations of
three separate layers in the outer enve-
lope of the star S Orionis, carried out with
the VLT Interferometer (VLTI) and the Very
Long Baseline Array in North America.

The demand on ESO telescopes contin-
ues to increase, with 943 Period 80

and 952 Period 81 proposals submitted,
both record numbers. The number of
Large Programmes continues to increase
as well. A new category of short propos-
als was introduced to reduce the load on
the Observing Programmes Committee
(OPC). New panels were also added to
cope with the increased number of pro-
posals.

More than 700 refereed papers were pub-
lished in 2007 based on data obtained
with ESO facilities (including the science
archive). Amongst these was a string

of impressive first results with AMBER
published in a single issue of Astronomy
& Astrophysics.

The third ESO Fellow Symposium took
place in Santiago in November. The re-
search carried out by our Fellows spans
all of astrophysics and often involves
collaboration with astronomers in the
community.

Operations

The start of science operations of the
high-resolution infrared spectrograph
CRIRES on Antu (Unit Telescope 1 of the
VLT — UT1) in April marked the comple-
tion of the entire suite of the first-genera-
tion VLT instruments, a major milestone.

The Laser Guide Star Facility (LGSF)
achieved its First Light on Yepun (UT4) in
2006 and had its first year of science
operations in 2007, demonstrating its
great potential. The reliability of the sys-
tem remains, however, a concern.

The fourth Auxiliary Telescope (AT) was
accepted at the beginning of the year,
and provides additional flexibility for VLTI
operations. AMBER was offered to

the community for the first time with the
FINITO fringe tracker and the ATs.

In November, a major earthquake hit

the Tocopilla region of northern Chile. It
registered 5.7 on the Richter scale at
Paranal, and shook the mountain for
nearly two minutes in the early afternoon.
The Observatory survived this without

a scratch, and regular observations re-
sumed the same evening!

APEX received its eagerly awaited facility
bolometer array LABOCA, developed by
the Max-Planck-Institut fir Radioastron-
omie in Bonn. The 11-arcmin field of view
allowed very sensitive mapping of the
Chandra Deep Field South, surpassing
the largest submillimetre surveys previ-
ously achieved. APEX operations have
now reached a mature and stable state.
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The new ESO User Portal was released
at the end of 2007. The User Portal facil-
itates access by astronomers to a broad
variety of services provided by ESO
(proposal preparation tools, observations
archive, reports on progress of observa-
tions, etc.) by means of a single user ac-
count. The number of registered users is
close to 4000.

The flexible scheduling offered by Service
Observing continues to be preferred by
the users. Approximately 70 % of the ob-
serving time is requested in this mode,
and ESO supports over 1000 such ob-
serving runs per year.

The ESO archive currently contains

74 terabytes (TB) of data of which 15 TB
were added during 2007, and its content
continues to be upgraded. Nearly 60000
pipeline-processed spectra obtained with
UVES since it started operations have
been released, as well as all the pipeline-
processed spectra obtained with HARPS
until the end of 2006. The accessibility

of the archive has been improved by new
interfaces such as VirGO, an archive vis-
ual browser allowing data requests and
interaction with other virtual observatory
tools.

The ESO Data Centre, a state-of-the-art
computer room designed for extremely
high safety and reliability, was completed
in 2007. In addition to most mission-criti-
cal operations computer systems, the
ESO Data Centre hosts the ESO primary
archive and a copy of the Hubble Space
Telescope Archive, and it will also host
the European copy of the ALMA archive.

Visible-infrared projects

While the complete suite of VLT first gen-
eration instruments is now operational,
HAWK-I (High Acuity, Wide field K-band
Imaging) — occasionally described as a
‘generation 1.5 instrument — had its First
Light on Yepun on 31 July, followed by
commissioning and science verification
which confirmed the anticipated signifi-
cant gains in field, depth and image qual-
ity now achievable at the VLT in the near
infrared.
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In March, the Multi-Conjugate Adaptive
Optics Demonstrator (MAD) saw First
Light at the Visitor Focus of Melipal (UT3).
MAD demonstrated for the very first time
that it is possible to perform multi-layer
adaptive optics corrections in the K-band
(around 2.2 um) over a field of view as
large as 2 x 2 arcmin using multiple rela-
tively bright natural guide stars.

The second-generation VLT instruments
continue to make good progress. Testing
of X-Shooter started in Europe and the
designs of KMOS, MUSE and SPHERE all
advanced well. Much work has also been
done on technology development for de-
tectors, electronics and lasers.

The ESO workshop on “Science with the
VLT in the ELT era” — organised as a
forum to discuss the long-term future of
VLT and VLTI instrumentation — was at-
tended by astronomers from all over the
world. The Scientific Technical Commit-
tee (STC) followed this up with recom-
mendations to take the VLTI instrument
concepts GRAVITY, and MATISSE, and
later on also VSI, beyond their Phase A
studies. It also recommended launch-
ing studies of one or more third-genera-
tion VLT instruments. This includes an
ultra-stable spectrograph at the incoher-
ent combined focus, which will enable
the next step in exoplanet research.

Survey Telescopes

In mid-2007 the 2.6-m optical VLT Survey
Telescope (VST) arrived at Paranal and
its integration was started. The remain-
ing components are now in the hands of
industry in Italy, and are expected on
Paranal in the course of 2008.

The giant infrared camera for the 4.2-m
Visible Infrared Survey Telescope (VISTA)
arrived on Paranal. The telescope en-
closure made good progress, and polish-
ing of the primary mirror continued at
LZOS in Moscow. Six exciting Public Sur-
veys were selected, which together will
fill most of the first five years of VISTA ob-
serving time. ESO actively interacted

with the respective Principal Investigators
to ensure an optimal definition of the
observing strategy and of the derived sci-
ence data products.

ALMA

ESO represents Europe in the construc-
tion of the Atacama Large Millimeter/sub-
millimeter Array (ALMA) in Northern Chile,
a global astronomy project carried out in
partnership with North America and East
Asia. ESO is responsible for a number of
major deliverables, including front ends,
antennas, roads, power supply, and vari-
ous buildings.

Contracts for cryostats, water vapour ra-
diometers, front-end cartridges (Bands 7
and 9) and low noise amplifiers were
signed with institutes in the UK, Sweden,
France, the Netherlands, and Spain,
respectively. The first eight cryostats, and
Band 7 and Band 9 receiver cartridges
were delivered. The large technical build-
ing at the ALMA Operations Support
Facility (OSF), south of San Pedro de Ata-
cama, progressed substantially, as did
work on the road up to the Array Opera-
tions Site on the Chajnantor plateau at
5000 m.

The first of two custom-built antenna
transporters for ALMA had its ‘roll out’” at
the factory in Germany in July and suc-
cessfully passed a series of demanding
tests. The transporter was presented

to the press and members of the ESO
Council in October before being readied
for shipment to Chile.

ALMA operations will be supported by
the European ALMA Regional Centre, a
network of nodes coordinated by ESO.
The main activity in 2007 was to set up
the structure with the ARC nodes, testing
software, and participating in the organi-
sation of community events.



Other highlights in the ALMA project in-
cluded the arrival at the OSF of the first
12-m antennas (from the Japanese and
North American vendors), and obtaining
First Fringes with two prototype 12-m
antennas at the ALMA Test Facility near
Socorro, New Mexico.

Extremely Large Telescope

The design study for the Extremely Large
Telescope (E-ELT) is in full swing. The
baseline design consists of an innovative
five-mirror telescope, with a 42-m seg-
mented primary mirror. Many industrial
contracts were placed for design of the
telescope structure and enclosure, and
for prototypes of key optical and mechan-
ical components. Instrument studies

with consortia of research institutes in the
member states are also advancing well.

The European Commission awarded an
EC FP7 contract to ESO for support of
the so-called Preparatory Phase of the
E-ELT. ESO is the ‘mono-partner’ and
represents 25 institutions in the member
states. The E-ELT features prominently
on the European Strategy Forum on Re-
search Infrastructures (ESFRI) list, and
also in the ASTRONET Science Vision for
European astronomy.

VLT image of supernova
SN 2006dr (centre

left) in the spiral galaxy
NGC 1288.

Headquarters building extension

Significant progress was made towards
the construction of an extension of the
ESO Headquarters building. A contract
was signed in July for the acquisition of
additional land to the south of the current
premises. An international architectural
competition took place for the develop-
ment of a conceptual design for the ex-
tension. There were 20 entries from archi-
tectural offices in the member states,
which were ranked by a jury. Council ap-
proved going ahead with a further refine-
ment of the top three prize-winning con-
cepts.

Visiting Committee

Every three years an external Visiting
Committee consisting of senior scientists
with broad expertise reports to Council
about the state of the ESO programme
and organisation. The 2007 Visiting Com-
mittee was chaired by Prof. Glnther
Hasinger. The resulting report has as its
main conclusion that: “ESO has be-
come the premier observatory for optical-
infrared astronomy on a world-wide
basis”, and contains valuable advice re-
garding the further evolution of ESO’s
internal structure and expansion of its
programme into the era of ALMA and the
E-ELT. There is much to look forward to!

—

Ilrh CHLLL____‘

Prof. Tim de Zeeuw
ESO Director General
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Research Highlights

The ESO facilities are true science ma-
chines. The telescopes and the archive
were the source of data that resulted in
729 refereed publications in 2007, an in-
crease of 10 % over the publication rate

in 2006. This increase is due to many fac-
tors. Several instruments have become
available over the past few years, ex-
panding the capabilities and opening new
parameter space. The delay of publica-
tions, the time it takes to reduce and ana-

lyse the observations, is quite often of the
order of a year or more. Some survey-
type projects take even longer until com-
pletion, especially when they span more
than one observing period. Typical exam-
ples are surveys or the ESO Large Pro-
grammes, which can be approved for up
to two years. The coming years will see
the start of large public surveys on dedi-
cated telescopes, but the effect of the
Large Programmes can already be seen
in the literature.

As in previous years, the topics covered
range from Solar System objects to

the edge of the Universe. The ESO tele-
scopes produce observations for many
different projects and the usage of the
data is also very varied. In many cases,
ESO data are combined with observa-
tions from other observatories, in particu-
lar space telescopes. The combination

of the different strengths of these observ-
atories has transformed many fields in as-
trophysics.

Planetary weather

Saturn’s major moon, Titan, is larger than
the planet Mercury. It is the only plane-
tary satellite in the Solar System with a
thick atmosphere, which is comprised
mostly of nitrogen and resembles Earth’s
early atmosphere. Because of its ex-
tremely cold surface temperature — minus
183 degrees Celsius — trace chemicals
such as methane and ethane, which are
explosive gases on Earth, exist as liquids
or solids on Titan. Some level features

on the surface near the poles are thought
to be lakes of liquid hydrocarbon analo-
gous to Earth’s watery oceans, and pre-
sumably these lakes are filled by meth-
ane precipitation. ESA’s Huygens probe
observed features that appear to be
controlled by flows down slopes, whether
caused by precipitation or springs.

Actual clouds on Titan were first imaged
in 2001 by Imke de Pater’s group and
colleagues at Caltech using the Keck Il
telescope with adaptive optics. The ob-
servations confirmed what had been
inferred from spectra of Titan’s atmos-
phere. These frozen methane clouds hov-
ered at an elevation of about 30 kilo-
metres around Titan’s south pole. Since
then, isolated ethane clouds have been
observed at the north pole by NASA’s
Cassini spacecraft, while both Cassini
and Keck photographed methane clouds
scattered at mid-southern latitudes. Also
in 2005, the ESA Huygens probe, re-
leased by Cassini, plummeted through
Titan’s atmosphere, collecting data on
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VLT and Keck near-infrared images of Titan’s surface
and lower troposphere can be subtracted to reveal
widespread cirrus-like clouds of frozen methane
(lower images) and a large patch of liquid methane
(dark area within box) interpreted as clouds and

methane relative humidity. These data
provided evidence for frozen methane
clouds between 25 and 30 kilometres in
elevation and liquid methane clouds -
with possible drizzle — between 15 and 25
kilometres high. The extent of the clouds
detected in the descent area was unclear,
however, because a single weather sta-

2005 Feb VLT 2005 Apr Keck
TS Xanadu

Lower troposphere

Lower troposphere
with surface removed

morning drizzle above the huge continent of Xanadu
(outlined in yellow). At left is a chart of Titan’s aero-
sol haze versus altitude, indicating higher density
haze over portions of the south pole and the heights
of frozen and liquid methane clouds.

tion like Huygens cannot characterise the
meteorology on a planet-wide scale.

Spatially resolved spectra from a new
class of instruments, such as the OH-
Suppressing InfraRed Imaging Spec-
trograph (OSIRIS) at the W. M. Keck Ob-
servatory or the Spectrograph for INtegral



Field Observations in the Near Infrared
(SINFONI) at the Very Large Telescope
(VLT) can be used to create a global
picture of Titan’s lower atmosphere and
surface. Both instruments measure spec-
tra at many points in an image rather
than averaging over a small aperture or
slit. By subtracting light reflected from
the surface from the light reflected by the
clouds, it is possible to obtain images

of the clouds covering the entire moon.

Observations obtained with these instru-
ments at two different epochs reveal
a widespread cloud cover of frozen meth-

ane at a height of 25 to 35 kilometres
that is consistent with Huygens’ meas-
urements, plus liquid methane clouds
in the tropopause below 20 kilometres
with rain at lower elevations.

The clouds which are seen are like cirrus
clouds on Earth. One difference is that
the methane droplets are predicted to be
at least millimetre-sized on Titan, that is,
a thousand times larger than in terrestrial
clouds. Since the clouds have about the
same moisture content as Earth’s clouds,
this means the droplets on Titan are
much more spread out and have a lower

density in the atmosphere, which makes
the clouds hard to detect.

The drizzle or mist seems to dissipate
after local mid-morning, which, because
Titan takes 16 Earth days to rotate once,
is about three Earth days after sunrise

on Titan. If widespread, such a persistent
drizzle may be the dominant mechanism
for returning methane to the surface from
the atmosphere and closing the methane
cycle, analogous to Earth’s water cycle.

(Based on M. Adamkovics et al., 2007, Science, 318,
962)

Exoplanets

Finding planets which can harbour life

is one of the ‘holy grails’ of modern as-
tronomy. While finding planets with
masses similar to the Earth’s, and orbit-
ing stars similar to our Sun at a distance
of a few astronomical units (AU), is be-
yond the reach of current instruments,
the High Accuracy Radial-velocity Planet
Searcher (HARPS) on the 3.6-m tele-
scope at La Silla, with its long-term radial
velocity precision of better than 1 m/s,
comes as close as we can get today to
that goal.

The habitable zone of a star is defined as
the range of orbital distances for which
the surface temperature of a planet would
be such that water can exist in a liquid
state. If the planet were much closer to
the star it would be too hot and water
would evaporate, whereas if the planet
were too far away, water would be per-
manently frozen. Implicit in this definition
is the assumption that liquid water is es-
sential for the development of life, which
is a fair assumption given that we only
know life on Earth. The mean distance of
the habitable zone from the star depends
on the intrinsic brightness of the star, and
hence on its mass: for stars with masses
lower than the Sun (assuming that they
are still on the main sequence), the habit-
able zone will be closer in, and the radial
velocity signal of an orbiting planet will be

stronger. Thus, Earth-mass planets orbit-
ing low mass M dwarfs are within the
reach of HARPS and have been the sub-
ject of intensive searches by the HARPS
consortium (for M dwarfs the habitable-
zone is within 0.1 AU of the star). In the
course of that search, which included
about 100 stars, the consortium detected
the first Neptune-like planet on a 5.4-day
orbit around the star Gliese 581 (the
581st entry in the catalogue of nearby
stars published by W. Gliese in 1969). Be-
cause of its close distance to the star, this

Neptune-mass planet is extremely hot.

By analogy to the Jupiter-mass objects
that are now routinely detected around

solar-type stars — the hot-dupiters — this
object is called a ‘hot-Neptune’.

Artist’s impression of the planetary system around
the red dwarf Gliese 581, showing the five Earth-
mass planet (seen in foreground: Gliese 581c) and its
two sisters, the bluish Neptunian-like planet Gliese
581b, and the most remote one, Gliese 581d.
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The hot-Neptune of GI581 (named
G1581b) imprints a radial velocity (RV) sig-
nature of + 10m/s on its parent star,
which is much larger than the accuracy of
HARPS. Thus, further monitoring of the
star by the HARPS team led them to de-
tect two additional planets, both induc-
ing RV signatures of order + 3m/s on the
parent star. While these values are still
well above the accuracy of HARPS, the
unique stability of the instrument was re-
quired to disentangle the combined sig-
natures of the three planets. Very careful
modelling of the observations allowed
the team to fit a three-planet solution to
the observed orbital periods. The first
planet corresponds to the already known
hot-Neptune with a period of P = 5.37
days, while the other two have periods

of 12.9 days (GI581c) and 83.4 days
(GI581d), respectively. For the M3V star
G1581 these values correspond to mini-
mum masses of 5.0 Mgy, and 7.7 Mg, 4,
and orbital distances of 0.07 AU and

0.25 AU, respectively. With only five times
the mass of the Earth, GI581c is the
closest ‘Earth-twin’ yet found. If its com-
position were similar to the Earth, then

its radius would be only 1.5 times the ra-
dius of our Earth. As it turns out, GI581c
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The panels display the phase-folded radial-velocity
variations for the three planets (Gliese 581b, c,

and d, respectively) discovered around Gliese 581.
Each point represents the observed radial velocities,
after removing the effect of the other planets. The
error on one measurement is of the order of 1 m/s.

lies close to the inner (warm) edge of the
habitable zone of the M3 dwarf, while
G1581d lies close to the outer (cold) edge.
However, in all other respects these

two planets are sufficiently different from
the Earth that it is highly unlikely that they
may harbour life.

A very interesting conclusion of the study
is that small planets (Neptune mass and
below) are more frequent than giant plan-
ets (hot-dupiters) around M dwarfs, and
that the Neptune-size planets are much
easier to find around M dwarfs than
around solar-type stars.

(Based on Udry et al., 2007, A&A, 469, L43)

Low-mass objects

The nature of planets around other stars
is of high general interest. The few cases
where the planet can be directly inves-
tigated and not solely inferred from its ef-
fect on the parent star (as above) are of
particular importance. The image of the
planet around the brown dwarf 2MASS
J1207334-393254, discovered a few
years ago with the adaptive optics cam-
era NAOS-CONICA on the VLT, has
started the process of further characteri-
sation. Further observations with NAOS-
CONICA have now shown that the situa-
tion might be complicated by additional
material in the system. While the colours
and temperatures derived for the primary
brown dwarf are consistent with previ-
ous measurements, the detailed analysis
of the planetary-mass companion has
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shown that there might be a circumstellar
disc around the young planet.

The observations were obtained in a fol-
low-up programme by an independent
team to check the masses and the tem-
peratures of the objects within the sys-
tem. The trick is the separation of the light
from the primary and the secondary
objects. From spectroscopy, the authors
infer a low gravity, i.e. small mass, and a
dusty atmosphere for the planet. The
temperature of the planetary surface is
about 1600 Kelvin. To derive the mass

of the object, its age and a model of the
evolution of young planets are required.
Since there is very little observational
data, the models have to rely on an accu-
rate interpretation of the physical proc-

esses, and as the planets are so cool
that they exhibit real weather patterns,
one can imagine that there is still quite a
degree of uncertainty in the models.
Nevertheless, the planet probably has a
mass eight times that of Jupiter (with an
uncertainty of about 25 %). This mass
estimate is about twice as much as ear-
lier ones. The reason for this lies in the
assumption that the observed brightness
is affected by grey dust, i.e. light is ab-
sorbed by a disc, which obscures part of
the emission from the planet.

The reason for this new interpretation is a
discrepancy of the model luminosities,
colours and ages with the observed lumi-
nosities. The planet simply appears too
faint and too blue to assume that it has



the same age as the host star. Since the
models work very well in all aspects,

the authors conclude that there must be
an extra source of extinction, a disc

seen edge-on, which obscures part of
the light and hence explains the appar-
ent faintness of the planet. This is a rather
surprising result.

Observing other planetary systems will
have further surprises in store. A funda-
mental requirement for such observa-
tions is the ability to observe objects with
a large contrast and with a high angular
resolution. Adaptive optics observations
with large telescopes are a fundamental
requirement for such observations.

(Based on Mohanty et al., 2007, Apd, 657, 1064)

NAOS-CONICA image in the J-band
of the brown dwarf and its planetary
companion 2MASS J1207334-
393254b.

The case of Eta Carinae

In the course of their rapid evolution, very
massive stars — those with a mass larger
than about 100 solar masses — go through
a very short phase (perhaps even as
short as a few tens of thousands of years)
where, due to extremely high mass-loss
or other mechanisms, they become varia-
ble on several different time scales. These
changes can range from micro-varia-
tions of 0.1-0.2 magnitude on scales of
days, to variations of 1-2 magnitudes

on time scales of years to decades, or to
huge outbursts of 3 magnitudes or more
every few centuries. These luminous blue
variables, or LBVs, are a million times
more luminous than the Sun, and close to
the observed maximum luminosity for
any type of stars. LBVs are extremely rare
(only about a dozen are known in the
Galaxy and the Magellanic Clouds), and
are thought to be on their way to becom-
ing Wolf-Rayet stars which will eventually
explode as pair-instability supernovae.
The masses of LBVs are close to the the-
oretical upper mass-limit for stars, which
is around 120 M. The most luminous
LBV known is Eta Carinae, which is also
the closest and the best-studied example
—in fact, Eta Carinae is currently consid-
ered to be the most luminous star known

in the Galaxy. In 1677, Halley observed
Eta Carinae as having magnitude four,
but by 1730 it had brightened considera-
bly and was one of the brightest stars
towards the Carina constellation. Later it
dimmed again, and by 1782 was back to
being about fourth magnitude. It started
brightening again in 1820, so that by 1827
it was more than ten times brighter than
before, reaching its highest peak in April
1843 when it was the second brightest
star in the night sky (after Sirius) with a
magnitude of —0.8!

After 1843, Eta Carinae faded away, and
between about 1900 and 1940 it was only
of eighth magnitude. A ‘spectroscopic
minimum’ or ‘X-ray eclipse’ occurred in
June 2003, which was intensely observed
with every available ground-based and
space observatory, including the VLT,
HST, Chandra and Integral. The primary
goals of these observations were to de-
termine if Eta Carinae is a binary star

and to identify its companion, as well as
to determine the physical mechanism
behind the ‘spectroscopic minima’ and to
understand their relation (if any) to the
large-scale eruptions of the 19th century.

Spectroscopic monitoring of Eta Carinae
showed that some emission lines fade
every 5.5 years, and that this period has
been stable for decades. The radio emis-
sion and its X-ray brightness also drops
significantly during these ‘events’. These
variations provide strong indications that
Eta Carinae is indeed a binary star with

a massive hot primary and a lower mass
secondary on a highly eccentric orbit with
a period of 5.52 years.

Eta Carinae is surrounded by an expand-
ing bipolar cloud of dust and gas known
as the Homunculus (‘little man’ in Latin),
believed to have been expelled from the
star during the great outburst of 1843

(in fact, since the distance to Eta Carinae
is about 2300 parsecs, the eruption must
have taken place more than 7000 years
before). Spectroscopic observations of
the Homunculus showed that the wind of
Eta Carinae is aspherical and latitude-
dependent such that the polar axes of
the wind and the Homunculus are aligned,
and the wind speed increases from the
equator (the arms of the little man) to the
pole. The central optically thick part of the
wind was resolved by VINCI, the precur-
sor instrument on the VLTI, which meas-
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ured a size of 0.005 arcseconds (5 mas)
and a very large mass-loss rate of over
0.001 solar masses per year.

One of the guaranteed time observing
(GTO) programmes with AMBER on the
VLTl is to obtain the first spectro-inter-
ferometric observations of Eta Carinae.
AMBER can combine the light of three
VLT Unit Telescopes (UTs), thus yielding
spectral information with an unprece-
dented spatial resolution (up to 1 mas),
and with spectral resolutions of up to

R =12000.

On the basis of the wealth of information
provided by AMBER at different spectral
resolutions and different baselines (which
give different spatial resolutions), the
AMBER team was able to construct a de-
tailed model for the wind of Eta Carinae.
The (geometrical) model consists of three
components: a dense latitude-depend-
ent aspherical stellar wind region of
about 6.5 mas embedded in a spherical
wind about 10 mas in size, and a com-
pact spherical continuum-emitting region
(4 mas), which is indicated by the high-
visibilities and low closure phases in the
continuum region of the spectra.

The AMBER observations provide invalu-
able information about the stellar wind

of Eta Carinae that can be compared with
theoretical models to significantly improve
our understanding of the evolution and
eventual death of massive stars. The ob-
servations are also extremely important
to refine models of supernova explosions
because, for these massive stars, the ex-
plosions take place inside the winds and
the subsequent evolution of the remnants
depends on the properties of these

wind regions. Whilst the observations are
consistent with the presence of a binary,
as revealed by the asymmetry in the
wind-wind collision region, the results are
not conclusive. Indeed, if most of the Hel
emission is generated in the wind-wind
collision zone, the asymmetry indicated
by the closure phases (about —30°) is too
low compared with what one would pre-
dict for a binary. Further observations
with AMBER at different orbital phases
and better resolution are underway, and
astronomers are looking forward to the
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Raw AMBER interferograms of Eta Carinae with me-
dium resolution (MR; R = 1500 - lower panel) and
high resolution (HR; R =12000). The panels show
the spectrally dispersed fringe signals and the pho-
tometric calibration signals from the three telescopes
in the near-IR K-band. The wavelength range is in-
dicated in the left of the images. The strong feature
roughly at the centre of these figures is the Bry line of
ionised hydrogen. It is broadened to about 50 spec-
tral channels in the HR spectrum, which allows a
very detailed study of the kinematics of the nebula.

next spectroscopic eclipse (expected

in January 2009) to gain more insight into
this fascinating object, which, however,
could explode at any time between now
and the next hundred thousand years!

(Based on Weigelt et al., 2007, A&A, 464, 87)
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The AMBER Hel observations of Eta Carinae (top
panel) reveal the well-known P-Cygni profile of the
nebular Hel lines, but now observed with milliarcsec-
ond resolution. The second panel shows the fringe
contrast or ‘visibility” as a function of wavelength.
The visibility gives a direct estimate of the size of the
source — the lower the visibility, the larger the object
— 50 the observations show that the line-emitting
region is significantly larger than the source of the
continuum, and that the blue (absorption) wing of the
line is larger than the emission side. The differential
phases and closure phases measure the asymmetry
of the source and again, only the absorption compo-
nent shows significant asymmetry.
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lllustration of the components of the geometric
model for an optically thick, latitude-dependent wind
of Eta Carinae (for the weak aspherical wind com-
ponent, we draw the lines of latitudes to illustrate the
3D-orientation of the ellipsoid). Right panels: for

two representative wavelengths, the total brightness
distribution of the model including the aspherical
wind component (upper rows) and the contributions
from the two spherical constituents (lower rows).
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Gamma-ray bursts

Observations with ESO telescopes — from
the first identification of an optical coun-
terpart, to the systematic measurement
of the redshifts of the progenitors — have
been instrumental in increasing the ex-
perimental understanding of the physics
of Gamma-Ray Bursts (GRBs). GRBs are
short duration bursts of gamma-ray
photons lasting anything from a few milli-
seconds to several minutes. During these
short periods of time, GRBs become

the most luminous objects in the Universe
and, despite being at cosmological dis-
tances, some can even be seen with the
unaided eye! GRBs appear to come in
two flavours: the long duration events,
lasting between two seconds and several
minutes, and the short duration bursts
that last less than two seconds. The
progenitors of long bursts are widely
thought to be very massive stars (such as
Eta Carinae) exploding as supernovae,
but there is a very rich debate concerning
the physics of short bursts. The VLT is
actively contributing to this debate, nota-

bly with the discovery in 2006 of a long
GRB, with no detected associated super-
nova, by Fynbo and his colleagues.

Gamma-rays are scattered by particles

in the atmosphere of the Earth, so they
must be observed by satellites. The
NASA/STFC/ASI Swift satellite detects
roughly one GRB per day, and X-ray

and optical instruments on board enables
the positions to be pinpointed with suffi-
cient accuracy to allow the rapid pointing
of giant telescopes on the ground. At the
VLT, the rapid-response mode (RRM) can
slew the UTs to a GRB position within
minutes of receiving a satellite alert. An
RRM observation is automatically acti-
vated when an alert is received, thus
minimising the time required by observers
and operators to make decisions. Be-
cause GRB afterglows fade very rapidly,
the RRM enables astronomers to un-
dertake observations which would not be
possible even one hour after the explo-
sion. In particular, high dispersion spectra
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with UVES to study the interstellar mate-
rial in the parent galaxies of the GRBs are
made possible by the RRM.

A team led by Paul Vreeswijk (now at the
Dark Cosmology Centre in Copenhagen,
Denmark) triggered RRM observations of
the bright burst GRB060218 with UVES

at the VLT. The first exposure started only
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10 minutes after Swift detected the burst,
followed by a sequence of spectra taken
11, 16, 25, 41, and 71 minutes after the
trigger. This made it possible to detect
and follow for the first time the evolution
of metastable interstellar absorption lines
of Feirand Niirin the host galaxy at a red-
shift z =1.490.

The UVES observations show how the
excitation of the interstellar medium sur-
rounding the GRB progenitor responds
to the intense flash of radiation produced
by the explosion. The high quality of the
observations coupled with the unprece-
dented time resolution allowed the team
to perform detailed modelling with three
different excitation mechanisms: colli-
sions, excitation by infrared-photons, and
fluorescence following excitation by ultra-
violet photons. Indeed, the time resolu-
tion of the observations proved critical in
distinguishing between the three models
and allowed the team to reject the first
two mechanisms (collisional and IR exci-
tation) with high confidence. On the

other hand, UV pumping followed by fluo-
rescence provided a very good fit to the
data. The main consequence of the UVES
observations is that they showed that the
GRB completely ionised the gas within
1.7 kpc of the progenitor. This implies that
the very large Hi column densities typi-
cally observed on GRB sightlines cannot
be in the immediate vicinity of the GRB
itself, but must correspond to neutral gas
clouds located up to several thousands
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of parsecs away. So they could either be
part of a very large star-forming region
(so-called ‘super-associations’), or fore-
ground material in the GRB host galaxy.
This means that parameters derived from
absorption line observations on GRB
sightlines (such as metallicity for example)
may not be representative of the region
where the GRB progenitor was born.

(Based on Vreeswijk et al., 2007, A&A, 468, 83)
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Time evolution of the most important lines observed
by UVES in the host galaxy of the gamma-ray burst
GRB060218. In order to make the variations more
apparent, the right-hand side of the figure shows the
evolution of the column density computed by aver-
aging together several lines from the same atomic
levels. The significant decrease in the (column) den-
sity of neutral gas with time can be clearly seen in
the figure.

Massive stars as chemical tracers of gas

Only about one star in a thousand is as
massive as 18 times the Sun or more.
These stars are extremely luminous and
can be observed to great distances.
They are also rather young, as massive
stars evolve much faster than low-mass
stars such as the Sun. The combination
of these facts opens the opportunity to
study massive stars not only nearby, but
throughout the Milky Way and also in its
companion galaxies, the Magellanic
Clouds. Since these companion galaxies
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to the Milky Way have significantly lower
metallicity, the study of a large sample of
stars provides a way to investigate how
stars evolve in different environments.

Of course, massive stars have been the
objects of many studies in the past,

but only with large-aperture telescopes
such as the VLT has it become possible
to observe large numbers of these ob-
jects fairly quickly. A fibre-optics instru-
ment such as FLAMES further increases

the number of observable objects, pro-
vided there are many which can be
observed simultaneously in a given field.

A FLAMES Large Programme, supple-
mented by observations with UVES at the
VLT and FEROS at La Silla, observed
over 800 O and B stars in different galax-
ies to explore the influence of environ-
ment, rotation, and metallicity. The wind
properties, the surface chemical com-
position and the rotation velocities were



measured. For all stars, it was possible
to determine the surface abundances of
carbon, nitrogen, oxygen, magnesium
and silicon. The stars studied belong to
a cluster in the Milky Way, one in the
Small Magellanic Cloud and one in the
Large Magellanic Cloud.

Low-metallicity stars are more compact,
have a lower mass loss and possibly ro-
tate faster, as less angular momentum

is lost in the wind. Hence, studying mas-
sive stars in galaxies with different metal-
licities should reveal significant differ-
ences. This is exactly the effect observed
in this survey. Stars in the Small Magel-
lanic Cloud — the galaxy with the low-

est amount of metals — indeed rotate on
average faster than those in the Large
Magellanic Cloud and the Milky Way. This
means that massive stars in a low metal-
licity environment will not lose as much
matter and possibly explode differently
than their counterparts in more metal-rich
environments. This could have important
implications for the explosions of gamma-
ray bursts, which have been predomi-

nantly observed in low-metallicity galax-
ies.

Slowly rotating stars should maintain the
chemical composition of their formation
cloud on the surface. This means that
they can be used to measure the abun-
dance of the interstellar gas in the galaxy.
This allowed the astronomers in the
project to determine the abundances of
various elements in the two Magellanic
Clouds. It emerged that there are differ-
ences for the individual elements and

a simple scaling from the solar composi-
tion will not reproduce what has been
observed in the Magellanic Clouds. This
is an important piece of information,

as it means that we cannot simply scale
what we know from the Sun to the abun-
dances of distant galaxies.

Another important measurement is the
amount of nitrogen at the surface. For
rapidly rotating stars one expects that the
ashes from the nuclear fusion reactor

in the centre of the star are mixed to the
surface. One ash material is nitrogen,

and more rapidly rotating stars should
show an enhancement of this element in
their spectra. Although some of this ef-
fect has been observed it appears to be
not as strong as was expected from the
models. This is a puzzle, which will need
to be resolved with the help of future ob-
servations.

Finally, since the stars had to be ob-
served several times to cover a large
spectral range, a velocity offset between
different epochs was noticed for several
of them. The most straightforward ex-
planation is that these stars are actually
not isolated, but are members of binary
systems.

This Large Programme has produced
several publications over the past two
years and represents major progress in
our understanding of massive stars and
how they evolve.

(Based on Mokiem et al., 2006, A&A, 456, 1131;
Mokiem et al., 2007, A&A, 465, 1003, Hunter et al.,
2007, A&A, 466, 277; Hunter et al., 2008,A&A, 479,
541; Hunter et al., 2008, ApJ, 676, L29)

Galaxies in the early Universe

It is only a little more than a decade ago
that the study of galaxies at large red-
shifts started in earnest. And it is even
more recently that we have been able

to start investigating the objects that
might have evolved into the Milky Way we
live in today. A large sample of distant
galaxies is required to infer the way gal-
axies evolve from the early Universe to
the present. Since these objects are very
faint and distributed fairly sparsely, large
area surveys to faint magnitudes are re-
quired. Spectroscopy for the determina-
tion of the redshifts, i.e. look-back time
towards the objects, is essential. In addi-
tion, the complete accessible wavelength
range has to be explored to investigate
the spectral energy distribution as much
as possible. Due to the redshifting
caused by the expansion of the universe,
the distant galaxies need to be observed
at longer wavelengths to sample them in

the same light with which we observe the
nearby objects.

All this has led to the creation of deep
surveys of selected fields. Large teams
have been set up to combine the differ-
ent ground- and space-based observato-
ries. The resulting public data sets have
multiple applications and have been used
for several independent studies.

One such collaboration is the Great Ob-
servatories Optical Deep Survey (GOODS)
that combines data from several space
telescopes and many major ground-
based observatories. ESO contributed
the deep near-infrared imaging with
ISAAC and FORS spectroscopy of the
faint galaxies in the southern GOODS
field through several Large Programmes.
The data were processed by an ESO
team and provided publicly to all inter-

ested users, and they have now been
used in many publications by independ-
ent teams. The large area (125 square
arcmin) of the survey and its faint limiting
magnitude have been ideal to investigate
the Universe from redshifts of about 1 to
beyond 5. The data were used in different
ways to explore our distant past.

A different approach was followed by the
VIMOS VLT Deep Survey (VVDS), which
collected redshifts of a complete sample
of galaxies to a limiting magnitude of

| < 24 over a large area on the sky. With
such a complete sample, slices through
the Universe can be assembled which
give snapshots of the galaxies at different
look-back times.

To observe the distant galaxies in the

optical rest frame, guaranteed time with
SINFONI was used. The structure and
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morphology, together with the emission
line characteristics of the galaxies, tells
us about their evolutionary state and can
give indications on how they may trans-
form into the galaxies we observe today.
The results very much depend on which
way the galaxies are selected, i.e. at
what rest-frame wavelength the selection
is done. A sample of about three-dozen
galaxies at a redshift of two shows that
galaxies selected in the wavelengths in
which we observe the local Universe ap-
pear very much the same as the local
ones. However, galaxies selected for their
strong submillimetre emission appear to
have higher internal velocities and at the
same time seem to be more compact.
This also means that these latter galaxies
have a much higher stellar density. While
the UV- and optically-selected galaxies
probably evolve into the spiral galaxies of
today, the submillimetre galaxies certainly
have a more complicated history and may
be the results of recent merging events.

The GOODS data sets enable the com-
bination of data over a very wide range of
wavelengths to very faint flux levels.

This information was used to test various
models of the star formation rate and in
particular to explore the evolution of mas-
sive galaxies at a redshift of 2. As a sur-
prise, it was found that the most infrared

luminous galaxies show excess emis-
sion, which most likely comes from addi-
tional energy input by an active galactic
nucleus. The star formation rate of these
galaxies at redshift 2 is about 30 times
higher than in the local Universe.

The deep samples can also be used to
explore the very high-redshift Universe.
Several studies have tried to measure the
masses of these most distant observed
galaxies at redshifts of 5 and higher. Only
the rest-frame UV part of the spectrum
can be observed. Objects are selected in
a way that they are unobservable below
the Lyman-a. line, as the hydrogen be-
tween the object and us blocks most of
the light. This ‘drop-out’ technique (the
objects are unobservable at certain
filters, but show up fairly bright at larger
wavelengths) has been used very suc-
cessfully for the past decade. It is now
applied to collect fairly large samples of
these distant galaxies. Using space infra-
red data, astronomers have found that a
fairly large fraction of these objects have
indications of an old stellar population,
despite the fact that the age of the Uni-
verse at these redshifts corresponds to
only about 1 billion years. The implica-
tion is that a large fraction of the galaxy
mass is already in old stars. Also, the

stellar mass density at these redshifts is
considerable.

The question of the most massive galax-
ies at these farthest distances has be-
come rather pressing with the putative
discovery of a very massive galaxy at a
redshift of 6.5. A detailed investigation of
the GOODS-South field checked whether
such massive galaxies are present and
came to the conclusion that all objects
could be explained with highly obscured
galaxies at lower redshifts. This is an
important result as it indicates that the
build-up of mass of the galaxies is more
gradual.

All these projects are based on massive
data sets from many observing nights
(or long integrations with satellites). The
distant Universe is just barely accessible
with the most advanced facilities and
instruments. However, it also shows that
the same data sets can be applied for
many different studies and can contribute
very significantly to our view of the evo-
lution of galaxies and the Universe as a
whole.

(Based on Daddi et al., 2007, Apd, 670, 156; Stark et
al., 2007, Apd, 659, 84; Verma et al., 2007, MNRAS,
377,1024; Eyles et al., 2007, MNRAS, 374, 910;
Dunlop et al., 2007, 376, 1054; Bouché et al., 2007,
ApdJ, 671, 303)

Lensed galaxies

The huge mass concentration of clusters
of galaxies can act as a magnifying glass
to aid the detection of faint background
sources. Galaxies located behind mas-
sive clusters can be amplified and dis-
torted by the gravitational lensing effect
of the cluster, producing luminous giant
arcs that are seen in the central regions
of many clusters. Depending on the lo-
cation of the source relative to the cluster
mass distribution, and its redshift, mag-
nifications of several magnitudes can be
obtained.

Ever since the lensed nature of these
giant arcs was demonstrated through ob-
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servations at the ESO 3.6-m telescope
by a team led by Genevieve Soucail in
1988, astronomers have dreamed of
using large clusters of galaxies as gravi-
tational telescopes to explore the high-
redshift universe. The advent of powerful
telescopes on the ground and in space
has finally fulfilled this dream. Systematic
searches for high-z galaxies along the
critical curves (curves of infinite magnifi-
cation) of massive clusters at intermediate
redshifts (z ~ 0.3 to 0.8) have been ex-
tremely successful. In fact, the most dis-
tant galaxies known to date have been
found through this technique, including a
galaxy at z = 6.6 magnified by Abell 370,

the very same cluster which allowed the
3.6-m telescope to confirm the lensed
nature of giant gravitational arcs 20 years
ago!

The large magnification of lensed galaxies
near critical curves makes it possible

not only to find high redshift galaxies and
to study their stellar populations spec-
troscopically, but also to perform detailed
studies of their structure and chemical
composition that a few years ago were
only possible for galaxies in the local Uni-
verse. This breakthrough has been pos-
sible due to the advent of powerful inte-
gral-field (3D) spectrometers on 8-m



class telescopes. A team of astronomers
led by A. Swinbank used VIMOS in the
optical and SINFONI in the near-infrared
to perform a detailed study of a galaxy
at redshift z = 4.88 lensed by a rich clus-
teratz=0.77.

From the luminosity of the source, the
observations indicate that this galaxy is
typical of galaxies at this earlier time.
Thus, gravitational lensing makes it pos-
sible to study a typical z ~ 5 galaxy at
high signal-to-noise ratio and at spatial
scales of 200 pc, which is indeed a re-
markable achievement. The radial velocity
gradient across the galaxy implies a to-
tal mass of about 10'° M, within a ra-
dius of 2 kpc. The total [O1] luminosity in-
dicates a fairly hefty star formation rate
of more than 10 My/year, and since the
[O1] emission extends over most of the
observed area, the galaxy is undergoing
an extended burst of star formation. The
Lyo. emission is much more extended
than either [O1]] or UV-continuum, and the
Lya profiles are asymmetric, indicating
the presence of a broad component red-
shifted by about +400 km/s. Moreover,
the weak Siv absorption features seen in
the VIMOS data are blueshifted from

the same systemic velocity by about
—400 km/s. The observations therefore
suggest that the galaxy is surrounded

by a galactic-scale bipolar outflow that
has recently burst out of the system. The
ejected material appears to be travelling
at velocities far exceeding the escape
velocity, so it may travel for up to 1 Mpc
before losing its momentum and stall-
ing. At this point, it will have ‘polluted’ a
volume of nearly 3 Mpc? with metal-
enriched material. If this phenomenon is
typical of galaxies at that epoch (which
remains to be demonstrated on a sample
of more than one galaxy), it may help us
understand the widespread metal enrich-
ment of the early universe, and may ex-
plain why only a small fraction of the ba-
ryons in the Universe cool to form stars.

(Based on Swinbank et al., 2007, MNRAS, 376, 479)
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(Left) HST image of the cluster Abell 370 with the
critical curves indicated, and (right) the integrated
VIMOS datacube with the central caustic and the

z = 4.89 critical curve superimposed. The left panel
illustrates the power of clusters as gravitational
telescopes and integral field spectroscopy: the com-
bined VIMOS and SINFONI data allowed the team

to survey all the critical curves from z = 0 to 14. This
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led them to identify at least another 6 high-redshift
candidates (labelled A1-A2 and 1-4 in the figure)
with redshifts between 1.5 and 5.5. The z = 4.88
galaxy is the large arc inside the white square which
depicts the SINFONI field. Object R1 is the radial
counter-image of the z = 4.88 arc, which makes it
possible to constrain the gravitational lens model
required to interpret the observations.

‘Image plane’ HST observations, that is, the lensed
image of the z = 4.88 galaxy discovered, in grey
scale, with the VIMOS Lya contours in red and the
SINFONI [O1]3727 contours in white. The inlay shows
the continuum-subtracted [Oll] VIMOS data, show-
ing the structure of the most distorted (central) part
of the arc.
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Fundamental constants

The standard or ‘concordance’ cosmo-
logical model (referred to as Lambda
Cold Dark Matter — ACDM) establishes
that our Universe formed 13.7 billion years
ago in a dramatic explosion. According to
the model, the present energy density of
the Universe is dominated by two myste-
rious forms of darkness: dark matter and
dark energy. Both are dark because they
do not emit electromagnetic radiation,
but the concordance model is still based
on an impressive body of observations.
For example, while dark matter cannot be
seen (that is through our gamma-ray to
radio telescopes), its gravitational effect
on light-emitting matter (baryons and lep-
tons) can be measured. We thus know
that the carriers of dark matter must be
cold, that is, must move at relatively

slow velocities. Otherwise the universe
would have much less structure than
what we observe because it is very diffi-
cult to cluster particles that are moving

at relativistic speeds. Particle physicists
have coined a name for the cold dark
matter particles: weakly interacting mas-
sive particles (WIMPS); these particles
interact with the rest of the Universe ei-
ther gravitationally or through the weak
nuclear force (responsible for the beta-
decay of neutrons). Unfortunately, the
standard model of particle physics (which
describes three of the four known funda-
mental interactions between elementary
particles — the fourth being gravity), does
not predict the existence of any particles
that would have the properties of WIMPS.
Therefore, even though dark matter is
theoretically better understood than dark
energy, it still poses a big challenge to
our understanding of fundamental phys-
ics.

Dark energy is much worse: we simply
have no idea what this mysterious repul-
sive force could be. All we know is that it
has a negative pressure, and that during
the last billion years or so it has caused
an acceleration of the expansion of the
Universe. Einstein’s ‘greatest blunder’, the
cosmological constant, is currently the
form of dark energy that is most consist-
ent with the observations. It poses, how-
ever, a formidable challenge to phys-

ics because the observed value is several
tens of orders of magnitude smaller

than theory would predict! Dark energy
(or equivalently, cosmic acceleration)
requires new physics, and a number of
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possibilities have emerged in the theoret-
ical particle physics arena: string theory,
super-gravity, Grand Unified Theories,
and others. While none of these theories
has yet offered concrete testable pre-
dictions about the nature of dark energy,
most require that the fundamental con-
stants of physics (such as the couplings
of the fundamental forces for example)
should vary with cosmic time.

A particular prediction that could be
tested through astronomical observations
is the variation of the fine-structure con-
stant (o), which measures the strength of
the electromagnetic force. Since elec-
trons are fundamentally bound to atomic
nuclei by electrical forces, changes in o
have directly observable effects in the
spectra of stars and gas. About 10 years
ago, a team of astronomers using a tele-
scope in Australia claimed evidence for
changes in o with cosmic time (redshift).
Their method consisted of observing the
interstellar absorption lines of clouds

of neutral gas along sightlines to distant
quasars, to search for minute shifts in
the observed wavelengths of well-charac-
terised spectral features that could be
ascribed to changes in a. Such observa-
tions are extremely challenging because
not only does one need to measure the
positions of the lines with very high accu-
racy, but the intervening gas also has
multiple components that can mimic ra-
dial velocity shifts. These problems push
instruments to their limit, so it is not sur-
prising that different teams find different
results. For example, observations with
UVES on the VLT of a sample of bright
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quasars failed to reproduce the variations
of a claimed by the Australian observers.
However, subsequent observations of

a large sample of 143 absorption line sys-
tems by the same team, now using

the Keck telescope, once again claimed a
positive detection of o variations, Ao/o

= (5.7 £ 1.1) x 1078. Yet again, new ob-
servations, using both UVES at the VLT
and HARPS on the La Silla 3.6-m tele-
scope, failed to confirm this result. The
HARPS observations have higher spec-
tral resolution, but lower signal-to-noise
ratio, while UVES gives significantly larger
signal, but at a lower resolution. The ob-
servations show that a large number of
components is required to fit all the
bends and wiggles in the spectrum, and
that the number of components seems to
increase with resolution. Since the inter-
stellar medium is known to have a fractal
structure, the number of components
used to fit the data will always be a fun-
damental limitation of the method.
Clearly, the weaker the line, the smaller
the wavelength shifts they will induce

in the neighbouring lines. This fundamen-
tal uncertainty becomes even larger if
one averages over many absorption sys-
tems with different redshifts. Moreover,

in order to increase the signal-to-noise,
observers not only average over different
redshifts, but also over different ions —
typically Mg and Feil. We know from
GRB observations (see above), however,
that Mgii and Fell cannot be formed in the
same volume of the intervening absorb-
ers. So averaging different ions is proba-
bly not a good idea.

UVES observations of a
line of sight to the bright
quasar HE 0515-4414 at
z=115.



With these considerations in mind, a
team of astronomers led by S. Levshakov
developed a new method which uses a
single ion (Fel), and applied the method
to a single absorption line system at

Zps = 1.15 toward the bright quasar

HE 0515-4414. Both the UVES and the
HARPS observations failed to detect

any variations in o within an accuracy of
0.8 10% for UVES and 2.4 10~ for
HARPS. When applied to archival UVES
observations of another quasar,
Q1101-264 at z,,, = 1.839, they also re-
jected variability albeit with a lower accu-
racy of 3.8 1076,

Encouraged by their results with the ar-
chival data, Levshakov and collaborators
reobserved the same quasar with UVES,
but now at a higher spectral resolution
and higher signal-to-noise to improve
their detection limits. The new observa-
tion, with a total exposure time of more
than 15 hours and a spectral resolution of
R = 80000, allowed them to reach a sig-
nal-to-noise per pixel of better than 100
and a wavelength calibration error of only
20 m/s, quite remarkable fora V=16
quasar.

A careful statistical analysis led them to
detect a statistically significant (2¢ barring
unknown systematic errors) variation of
Ao/o. = (5.4 +2.5) x 1075, So the game is
not over, and more and better observa-
tions are required to confirm these re-
sults. Among existing instruments, due
to its blue sensitivity and excellent reso-
lution and stability, UVES remains the
best-suited instrument for this kind of
work. Only future instruments such as
ESPRESSO at the combined Coudé
focus of the VLT or CODEX at the E-ELT
will surpass it.

(Based on Levshakov et al., 2007, A&A, 466, 1077)
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La Silla Paranal Observatory

In 2007, the La Silla Paranal Observatory
continued to increase its suite of opera-
tional telescopes and instruments. With
the start of operation of the fourth 1.8-m
Auxiliary Telescope (AT) and of the cry-
ogenic high-resolution infrared echelle
spectrograph CRIRES, the Observatory is
now routinely operating a total of 11 tele-
scopes with 20 optical, near- and mid-
infrared instruments. On Paranal these
are the four 8.2-m Unit Telescopes (UT)
forming the Very Large Telescope (VLT)
with its ten permanently installed instru-
ments, and the VLT Interferometer (VLTI),
which coherently combines the light

of either the UTs or ATs to feed one of the
two interferometric instruments. On

La Silla, eight instruments are operated
on the New Technology Telescope (NTT),
the 3.6-m, and the 2.2-m telescopes.

The Observatory further provides the op-
erations support for the Atacama Path-
finder Experiment (APEX) with its 12-m
submillimetre radio antenna and its suite
of heterodyne and bolometer instruments
located at the high plateau of Chajnantor
at an altitude of 5000 m.

The high productivity of the Observatory
relies on the high availability of its tele-
scopes and instruments to carry out sci-
entific observations. In 2007, a total of
2245 nights were scheduled for scientific
observations with the four UTs at the
VLT and with the three major telescopes
at La Silla. This is equivalent to about

89 % of the total number of nights theo-
retically available over the whole year.
The remaining 11 % were scheduled for
planned engineering and maintenance
activities to guarantee the continuous
performance of the telescopes and in-
struments and include time slots for the
commissioning of new instruments and
facilities. The biggest maintenance opera-
tions this year were the recoating with
fresh layers of aluminium of the primary
and tertiary mirrors of Antu (UT1) and
Melipal (UT3), and of the secondary mir-
rors of Kueyen (UT2) and Melipal. These
coating layers measure only a few tens
of atomic radii in thickness. For the pri-
mary mirrors of the ATs, a regular mir-
ror-washing programme has been estab-
lished to considerably extend the time
between recoating. Out of the available
science time for Paranal only 2.6 % was
lost due to technical problems and about
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9 % due to bad weather conditions. On
La Silla bad weather accounted for losses
of about 15 %, and technical problems for
1.5 %.

Complementary to regular VLT and

La Silla operations, the VLT Interferom-
eter (VLTI) was scheduled for an addi-
tional 182 nights to execute scientific ob-
servations using baselines with either
the UTs or the ATs. The remaining nights
of the year were used for technical activi-
ties and for further development and
commissioning of the interferometer. Of
the scheduled VLTI science time, 3.6 %
was lost due to technical problems.

The combination of high operational effi-
ciency, system reliability and uptime for
scientific observations of the La Silla and
Paranal telescopes and instruments has
again resulted in high scientific productiv-
ity. We have counted 493 peer-reviewed
papers published in different scientific
journals which are at least partially based
on data collected with VLT and VLTI in-
struments at Paranal, while telescopes at
La Silla accounted for 325 refereed pa-
pers. Since the majority of astronomical
publications are based on contributions
from different instruments and observato-
ries, the individual contributions and

their relative weight are difficult to meas-
ure. However, we estimate that in 2007
the La Silla Paranal Observatory has sub-
stantially contributed to about two refe-
reed papers every day of the year.

New instruments and facilities

CRIRES started science operations

on the Nasmyth A focus of Antu with the
beginning of Period 79 in April 2007.
CRIRES is an adaptive-optics supported
high-resolution infrared (1 to 5 um) spec-
trograph that provides a resolving power
of up to 100000 when used with a nar-
row slit width of 0.2 arcsec. The astro-
nomical community had responded en-
thusiastically to the call for scientific
proposals for this long-awaited new re-
search tool. The high spectral and spatial
resolution of CRIRES opens up com-
pletely new research fields in the detailed
study of spectral lines of chemical ele-
ments and molecules in the infrared
wavelength regime. The commissioning
of this complex instrument continues in
parallel to the science operation, to fur-
ther improve its stability and perform-
ance.

The eleventh VLT instrument, HAWK-|
(High Acuity Wide field K-band Imager)
was installed and commissioned on the
last free VLT focus station', i.e. the Nas-
myth A focus of Yepun (UT4). HAWK-|

is a cryogenic wide-field imager operating
in the near-infrared wavelength range
from 0.85 to 2.5 ym with an on-sky field
of view of 7.5 arcmin x 7.5 arcmin. This
corresponds to a field of view of about

" The 12th focus station of the VLT is the Visitor
Focus at the Melipal telescope.

The CRIRES instrument.



nine times that of the very successful VLT
infrared camera ISAAC, and a field of
view comparable to or even larger than
that of the optical cameras FORS1 and
FORS2. Whenever the atmosphere above
Paranal permits, HAWK-I routinely deliv-
ers exquisite infrared images with an al-
most constant full width at half maximum
for the stellar point sources of about

0.2 arcsec across the whole field of view.
HAWK-I has not only been optimised for
best image quality but also for highest
sensitivity and allows the deepest views
into the infrared sky with the VLT. After
its successful commissioning and sci-
ence verification in 2007, HAWK-I will be
offered for the first time to the astronomi-
cal community in Period 81 starting in
April 2008. To become even more inde-
pendent from the quality of the atmos-
phere, and to constantly deliver highest-
resolution images, HAWK-I will in the
future be supported by the Adaptive Op-
tics Facility (AOF). The AOF is intended
to convert Yepun into an adaptive-optics
telescope with a large deformable sec-
ondary mirror, a four laser guide star fa-
cility (4LGSF) and an adaptive optics
module named GRAAL, which is specially
designed for the needs of HAWK-I and
will provide a wide field of view corrected
for the effects of the atmosphere.

The single Laser Guide Star Facility
(LGSF) achieved its First Light at the
Yepun telescope in 2006. Since then the
LGSF has provided a bright artificial ref-
erence star for the adaptive optics (AO)
systems of the SINFONI and NACO in-
struments. Such a Laser Guide Star is re-
quired for the AO systems to work in re-
gions of the sky where no bright natural
star can be found close enough to the
scientific target. After the basic commis-
sioning of the LGSF the AO instruments
SINFONI and NACO were offered with
the new LGS mode at the earliest possi-
ble stage to the scientific community, in
order to allow a timely exploitation of this
new exciting capability of the VLT. This
early commitment requires a continuous
effort of the maintenance and operations
teams in Paranal, the Garching LGSF
team and the PARSEC laser team from
MPE in Garching and MPIA in Heidel-
berg. As a result of these efforts, the LGS
was technically available for science
operations with SINFONI and NACO for
about half of the 120 nights scheduled

with the LGS in 2007. In about half of
these nights, actual scientific observa-
tions with the LGS could be performed.
We consider this a respectable result
for the first year of LGSF operation but
with room for further improvement.
Therefore, the further increase in reliabil-
ity and performance of the LGSF and
the optimisation of the operational proce-
dures remains a continuous effort of the
Observatory.

In 2007, the VLT Visitor Focus welcomed
again the ULTRACAM and DAZLE visi-
tor instruments. ULTRACAM is an ultra-
fast camera capable of capturing some of
the most rapid astronomical events in the
cosmos. ULTRACAM is the first UK-built
instrument to be mounted on the VLT and
was designed and built by scientists from
the Universities of Sheffield and Warwick,
in collaboration with the UK Astronomy
Technology Centre in Edinburgh. It can
take up to 500 pictures a second in three
different colours simultaneously. DAZLE,
the Dark Age Z (redshift) Lyman-alpha

The ULTRACAM visitor
instrument on the VLT.

Explorer, is a narrowband imaging instru-
ment developed by the Institute of As-
tronomy (Cambridge, UK) and the Anglo-
Australian Observatory with the single
aim of detecting the most distant objects
in the Universe. The Principal Investiga-
tors of both visitor instruments reported
successful observing runs and returned
home with large amounts of data from
some 20 observing nights at the VLT.

The visitor instruments had to compete
with MAD, the Multi-conjugate Adaptive
optics Demonstrator, a test-bench instru-
ment conceived to demonstrate in the
laboratory and on-sky the principles of
multi-conjugate adaptive optics (MCAOQ).
And indeed, MAD succeeded for the very
first time in demonstrating during several
test runs on the VLT that it is possible to
perform adaptive optics correction in the
K-band (around 2.2 pm) over a wide field
of view of 2 x 2 arcmin by using multiple
and relatively bright natural guide stars
and multi-layer AO corrections. The spec-
tacular success of this experiment is con-
sidered a major milestone for the devel-
opment of future adaptive telescopes like
the AOF at the VLT, and also the E-ELT.

In addition, the scientific community has
been very excited about the new possibil-
ities provided by MAD and several sci-
ence demonstration runs were squeezed
into the Paranal schedule to allow the
community to immediately exploit these
new capabilities with the VLT.
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Upgrades

To maintain the competitiveness of the
VLT and VLTI it is not sufficient to con-
tinue to deliver new instruments and facil-
ities: a rigorous upgrade programme

for the existing instruments must also be
followed. In 2007 several such upgrades
were carried out by the Instrumentation
Division in Garching in collaboration with
the instrument builders and the Observa-
tory.

FORSH1, the optical imager and spec-
trograph on Kueyen, was equipped with
a blue-sensitive CCD detector mosaic
complementary to the one in FORS2,
which is optimised for the red part of the
optical spectrum. The overall sensitivity of
FORS1 was further increased by the in-
stallation of high-transmission broadband
filters.

VISIR, the imager and spectrograph in
the mid-infrared at Melipal, was upgraded
with a new filter set for the imager. The
new filters permit spectrophotometric ob-
servations with a low resolving power of
10 and quantitative measurements of the
most prominent solid-state feature in the
10-micron window, the silicate band.

NACO, the adaptive optics infrared cam-
era on Yepun, received new tools for
improved high-contrast imaging. New
four-quadrant phase masks (4QPM) and
an improved Spectral Differential Imager
(SDI+) now allow NACO to better identify
close companions such as faint brown
dwarfs or even young, giant planets next
to bright stars.

An upgrade of a very different nature

but of fundamental importance for

the Paranal site was started in 2007: the
installation of a new Multi-Fuel Power
Generator (MFPG) to upgrade the Paranal
power station from diesel engine genera-
tors to a gas turbine generator. Continu-
ous and reliable on-site power generation
at a remote and isolated place such as
Paranal, which requires clean and stable
electrical power and which cannot be
connected to an electrical grid, is abso-
lutely crucial for the smooth operation

of the Observatory. The experience of the
past years has shown that a power sta-
tion based on diesel engines is a major
challenge and costly to run and maintain.
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The multi-fuel
power station.

Therefore, a project to purchase a high-
reliability, low-maintenance multi-fuel gas
turbine generator was initiated. The ability
of a MFPG to be supplied with different
energy sources, from natural gas to ship
diesel, will allow us to react more easily
to the fast-changing market of available
energy sources. For the time being, the
MFPG will run on liquefied propane gas
(LPG). The installation and commissioning
of the MFPG and the LPG tanks started
in the last quarter of 2007 and its hand-
over to the Observatory is planned for the
first quarter of 2008.

The VLT Interferometer

In 2007, the VLT Interferometer (VLTI)
executed about 182 nights of scientific
observations with MIDI and AMBER using
UT and AT baselines — this is 30 % more
than in the previous year. The remaining
time was intensively used for engineer-
ing and commissioning activities to com-
plete and improve the interferometer
infrastructure and to fully exploit the ca-
pabilities of the VLTI Sub Array (VISA).

The VISA feeds the VLTI infrastructure
and instruments with the light from the
1.8-m Auxiliary Telescopes (AT) when
the individual UTs are used for stand-
alone VLT observations. In 2007, the VISA
started science operation with four ATs.
The additional fourth AT, which was ac-
cepted for operation at the beginning

of the year, provides the VLTI operations
with additional flexibility in the selection
of different and complementary AT base-
lines even in the same observing night
without having to physically reconfigure
the array of telescopes.

The AMBER instrument, which allows the
interferometric combination of up to three
beams, was offered to the community

for the first time with the FINITO fringe
tracker and the ATs. This new mode be-
came available in Period 79 in April 2007
in visitor mode — only four months after

it was successfully tested for the first time
on 1 December 2006 on the bright star

B Ceti. Fringe tracking techniques con-
siderably improve the sensitivity of the
interferometer because they enable the
instruments to integrate longer on the
stabilised fringe patterns and therefore

to observe fainter targets or with higher
quality. While AMBER so far has been
limited by the variability of the earth’s at-



mosphere to integration times of 25 milli-
seconds, with FINITO it is now possible
to integrate for up to 10 seconds, equiva-
lent to a gain of a factor of 400.

After this critical milestone was achieved
with the ATs, the VLTI team immediately
concentrated its efforts on also providing
FINITO fringe tracking with the UTs. Vi-
brations of the optical surfaces of the UTs
transmitted to the VLTI had earlier been
identified as the primary cause that pre-
vented fringe tracking with the UTs. In the
meantime, active vibration suppression
systems had been developed in-house
and shown to largely overcome this prob-
lem. Consequently, the full deployment
and commissioning of the vibration sup-
pression system became the primary
tasks of the VLTI team in 2007. This in-
cluded the installation of accelerometers
on all the main vibrating mirrors of the
UTs and the commissioning of the active
Vibration Tracking (VTK) system. By the
end of the year the VLTI team had suc-
ceeded in these critical tasks. After an
extended characterisation period in early
2008, the team expects to deliver the
FINITO fringe tracking with AMBER and
the UTs to the science operations team
and the community just in time for Peri-
od 81 starting in April 2008.

Earthquake

On 14 November at 12:41 LT, an earth-
quake with Richter magnitude 7.7 and
epicentre north of Antofagasta badly
affected the north of Chile. The town of
Tocopilla was hit hardest, and hundreds
of houses were damaged and many
people were injured. In Paranal the earth-
quake was registered with a magnitude
of 5.7, a peak ground acceleration of

0.6 m/s?, and for a duration of approxi-
mately two minutes. This was the strong-
est earthquake since 1997, the first ‘high
risk’ earthquake since the start of op-
erations of the VLT, and the first strong
earthquake since the opening of the
Paranal hotel, the so-called Residencia.
Neither injuries to persons nor damage to
the installations were registered. After
extended checkout procedures, regular
night-time operations could be resumed

at sunset. All the systems were operated
that same night without restrictions, in-
cluding all four UTs (with their instruments
and the LGS) and the ATs with the VLTI.

VST and VISTA survey telescopes

By mid-2007, the 2.4-m optical VLT Sur-
vey Telescope (VST) had been shipped
to Paranal and its reintegration started in-
side the VST enclosure next to the UTs
on the Paranal observing platform. The
integration of the complete telescope
structure but with steel dummies for the
primary mirror cell and the secondary
mirror unit was completed by the end of
the year under the responsibility of /nsti-
tuto Nazionale di Astrofisica (INAF) and in
collaboration with La Silla Paranal engi-
neers. The manufacturing of the VST pri-
mary mirror optics was completed and
the mirror was safely delivered to Paranal.
It is stored together with the secondary

mirror optics, which had already arrived
in the previous year. Both mirrors are
ready for their integration into the tele-
scope. However, the primary mirror cell
and the secondary mirror unit remain

in Italy awaiting their completion before
being delivered to Paranal to complete
the VST.

The construction of the 4.2-m infrared
survey telescope VISTA by the VISTA
project office continued on its own peak
about 1500 m north-east of the Paranal
summit. The integration and testing of all
the major telescope and support sys-
tems has been completed. The manufac-
turing of the secondary mirror optics
was completed and the mirror has arrived
at Paranal. The mirror surface was suc-
cessfully coated in the dedicated VISTA
coating plant with a thin layer of silver

to provide highest reflectivity of the opti-
cal surface in the near-infrared wave-
lengths where VISTA will survey the sky.

The VST telescope
structure.
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Also the heart of the VISTA facility, the
64-megapixel infrared camera built from
an array of sixteen 2048 x 2048 pixel in-
frared detectors arrived at Paranal and
was successfully integrated in the VISTA
telescope. In an extended test phase the
camera was successfully operated at

its nominal cryogenic temperatures. The
instrument mounts to the rotator on the
back of the primary mirror cell, and in-
cludes a wide-field corrector lens system
(three large Infrasil lenses), an autoguider
unit and active optics sensors.

The VISTA telescope is now awaiting the
arrival of its primary mirror optics. The pri-
mary mirror of the VISTA telescope is,
with a focal ratio of f/1, the fastest 4.2-m
mirror ever manufactured and is still in
the phase of final polishing at the manu-
facturer in Europe. It will be ready to

be air-freighted to Paranal in early 2008.

La Silla

At La Silla the operation of the 3.6-m tele-
scope was strongly affected by a severe
degradation of the dome rotation mecha-
nism, stalling operations for one full month
and subsequently restricting operations
for several months in late 2006 and ear-
ly 2007. Through a combined effort of the
engineering and maintenance depart-
ments of the La Silla Paranal Observatory
the problems identified were corrected. A
new system of spring-dampened bogies
was developed and installed, reenabling
the full-speed rotation of the 300-ton
dome by March 2007. Since then, no
downtime for the 3.6-m telescope has
been reported as being caused by the
dome. The telescope itself continues

to deliver excellent image quality of better
than 0.5 arcsec. This achievement is the
result of a long series of upgrades to the
telescope, which was concluded this year
with the commissioning of the lateral pad
control system for the primary mirror. The
scientific instruments are taking advan-
tage of the improved image quality as de-
livered by the telescope: HARPS, the
planet search machine at the 3.6-m tele-
scope, reports a sensitivity increase of
up to 40 %.

The gamma-ray burst (GRB) follow-up

instrument GROND was installed and
commissioned by the Max-Planck-Institut
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Integrating the
VISTA camera
into the telescope.

fuir extraterrestrische Physik (Garching,
Germany) at the 2.2-m telescope. GROND
is not a facility instrument for general use
by the ESO community but is operated
by the La Silla science operations team
as part of the 2.2-m telescope. The acti-
vation to follow up a new, usually satel-
lite-detected GRB explosion with GROND
uses the same rapid-response mode
(RRM) mechanism as the VLT. This fully
automatic system enables starting the
observation of the GRB or other transient
phenomena just few minutes after their
discovery.

Towards the end of the year the Coudé
Echelle Spectrograph (CES) was decom-
missioned after 25 years of operation.
This is part of the plan for a continued
streamlining of La Silla operations up to
the end of 2009. Starting with Period 81
in April 2008 the three large La Silla tele-
scopes will all operate with a fixed set

of instruments. No instrument changes
will be performed anymore except to ac-
commodate visitor instruments. The
3.6-m telescope will then operate exclu-
sively with HARPS, the NTT with EFOSC2
and SOFI, and the 2.2-m telescope with
FEROS, WFI and GROND.

APEX

In 2007, APEX received its eagerly ex-
pected facility bolometer array LABOCA
developed by the Max-Planck-Institut

fur Radioastronomie (Bonn, Germany).
LABOCA (the LArge BOlometer CAmera)
is a detector array with 295 pixels and
operates at a wavelength of 870 microns.
LABOCA was extensively tested during
the beginning of the year at Chajnantor
and started regular science operations in
mid-2007 after a very successful science
verification campaign with strong involve-
ment of the astronomical community. The
final facility heterodyne receivers from
Onsala Space Observatory, which will
cover all atmospheric windows from 200
to 1400 GHz, were ready for shipment to
APEX by the end of the year and will be
installed during the Bolivian winter break
in January and February 2008. In early
2007, the static sub-reflector of the APEX
antenna was successfully replaced with
a chopping sub-reflector, the so-called
‘wobbler’. The wobbler allows the anten-
na to switch quickly between two posi-
tions on sky. This observing technique in-
creases the quality of the observations
by eliminating time-dependent instabili-
ties in the receivers and the atmosphere.
The complete suite of new facility instru-
ments will soon allow APEX to exploit
fully the exceptional conditions available
at its 5100-m altitude site.



User Support

The new interface connecting ESO and its
users’ community, the ESO User Portal, was
successfully launched in mid-November.
Within this system, which is the result of a
joint effort involving departments of several
ESO divisions, account information (user-
name, password, contact information) for all
science and observations related web-
based applications (e.g. routines for request-
ing data from the Archive) and standalone
software (P2PP, the Phase 2 Proposal Prep-
aration tool) is unified and user-controllable.
It is intended to make the use of ESO web
applications and other software simpler, and
more manageable.

A feedback campaign was launched in early
2007. The questionnaire covered several
aspects of the ESO Data Flow System, and
it was especially tailored for Service Mode
(SM) users. All Principal Investigators with
approved SM runs between Periods 69 and
77 (covering the period from April 2002 to
September 2006) were asked to provide
feedback on different areas, from the Call
for Proposal and Phase 1, to Phase 2 activi-
ties and their follow-up, to the processing
and delivery of the data. The users’ satisfac-
tion emerged very clearly: most of the serv-
ices we offer and support received a major-
ity of “Very Good” and “Excellent” votes.

Service Mode has continued to be the most
requested observing mode at the VLT:

the demand for SM observing was a factor
of 2 and 3 higher than the time requested
for Visitor Mode during Period 79 and 80
respectively. The number of SM runs sup-

ported at the VLT, VLTI, and ESO/MPI 2.2-m
telescope during 2007 has remained above
the 1000 threshold. APEX Service Mode
operations (started in April 2006) have ma-
tured into a stable and organised scheme.
The strong demand for SM observing is
supported by a constant revision of the
preparation and observing tools we offer

to the users and by the implementation of
new features and improved operational
workflow. During 2007, the most notable
example of these was the implementation
of a new web-based form for Target/Instru-
ment Setup Change Requests that allows
ESO to run a thorough semi-automatic
duplication check when evaluating this type
of request.

The ESO Survey Team (EST) has strength-
ened its role by coordinating the preparation
of the VISTA public survey management
plans. Six public surveys were selected and
the teams worked on a detailed implementa-
tion of their observing strategies with the
support of the ESO Survey Team. Based on
the submitted Survey Management Plans,
final recommendations were prepared.

Data processing and quality control

Ensuring that data taken on Paranal are of
certified and predictable quality and contin-
uously monitoring the health state of the
instruments are cornerstone concepts in the
ESO end-to-end data flow model. The Qual-
ity Control and Data Processing (QC) group
is responsible primarily for the monitoring
and reporting of instrument performance for
all VLT/VLTI instruments, as well as the crea-

tion of a variety of calibration and science
data products for these instruments. QC
works closely with the Paranal Science Op-
erations department to assure that VLT/
VLTI instruments are always performing
within expected and published ranges. Ex-
cept for a few very specific cases, all the in-
formation on instrument performance is
available to the community at large from the
QC Web pages. Raw calibration data are
processed into master calibration products
that are used not only to monitor instrument
performance but also to process science
data. These master calibration products are
stored in the ESO archive and are available
to the community at large.

Two additional services are provided to
Service Mode users. First, Service Mode
science data are processed into science
products using standard pipelines which,
by now, cover virtually 100 % of the Paranal
data stream. Second, data packages are
created that include all raw data, resultant
products, and associated information for
each and every Service Mode observing
run. These packages are burned onto mass
storage devices such as DVDs or USB disks
and shipped to users.

During 2007, QC processed more than 7 TB
of raw data in 160000 processing jobs

to create 1100 service mode packages with
VLT/VLTI data, which were distributed to
their respective Principal Investigators. The
QC group also packages data coming from
La Silla, but without performing quality
checks on them. In the year 2007, 122 such
packages were produced and shipped

to the corresponding Principal Investigators.

La Silla in the morning.
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In 2007, the Observing Programmes
Committee (OPC) held its two regular an-
nual meetings in May and in November. In
addition, a special OPC Panel was con-
vened in August, for evaluation of propos-
als submitted in response to a “Delta
Call” for LABOCA, a new instrument that
had been recently commissioned on the
APEX telescope. Adding the 51 LABOCA
proposals received in response to this
Delta Call to the 892 proposals submitted
by the regular deadline of end March

for the Observing Period 80 (P80 — 1 Oc-
tober 2007 to 31 March 2008), a new all-
time record number of 943 proposals
were counted in P80. This total was sur-
passed again in Period 81 (P81 — 1 April
to 30 September 2008), which saw the
submission of 952 proposals. As already
noticed in previous periods, the increase
of the demand continues to take place
primarily in the ‘Galactic’ scientific areas:
interstellar medium, star formation and
planetary systems (OPC category C -
see page 33), and stellar evolution (OPC
category D), while the number of ‘extra-
galactic’ proposals of categories A (cos-
mology) and B (galaxies and galactic
nuclei) remains approximately constant.

The ratio between the requested and
available time has again reached nearly
six on the most demanded Unit Tele-
scopes (Antu and Yepun). Following the
introduction of LABOCA, this ratio
reached an even higher value (6.7 in P80)
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on APEX, which is run in collaboration
with the Max-Planck Institute for Radio-
astronomy and the Onsala Space Ob-
servatory, so that 27 % of the total time

is available for ESO programmes. The
amount of time requested on the two
main La Silla telescopes (3.6-m and NTT)
was 10 % higher in 2007 than in 2006.

On the 2.2-m telescope, new contractual
agreements with the Max-Planck Society
and the National Observatory of Brazil
decreased the amount of time available
for execution of ESO programmes. Taking
into account the time already committed
to Large Programmes started in 2006,
the only new proposals that could be
accepted for this telescope in 2007 were
those falling within the framework of
ESO’s agreement with its host state, Chile.
Among VLT instruments, the demand

for most instruments is very even, within
10 % of each other. Much less time was
requested for HAWK-I, offered for the first
time in P81, and VISIR, which is designed
for very specific scientific applications,
while FORS2, in its eighth year of opera-
tion, remains the most popular VLT in-
strument, with a demand almost twice

as high as the average. The visitor instru-
ment DAZLE was also scheduled on
Melipal in P80.

Joint telescope time applications for co-
ordinated observations with the VLT and
with the XMM-Newton X-ray observa-
tory were invited in P81. These proposals
fall within the framework of an agreement
between ESO and ESA for a joint tele-
scope time application scheme, which
was in its fourth year in 2007. It aims

at taking full advantage of the comple-
mentarity of ground-based and space-
borne observing facilities. ESO did not re-
ceive any joint applications in P81, but
two of the eleven joint applications evalu-
ated by the XMM Time Allocation Com-
mittee were allocated time.

In 2007, the field of gamma-ray bursts
(GRBs) continued to account for about
half of the successful Target of Oppor-
tunity (ToO) proposals. A large fraction of
the GRB proposals make use of the
Rapid Response Mode (RRM) of the VLT,
with which observation of a transient
event can be automatically started within
minutes of its triggering. The unique per-
formance of the VLT in this mode, com-
bined with ESO’s policy of allowing it

to override both Visitor and Service Mode
observations, have positioned the

VLT and the GRB community of the ESO
member states at the forefront of this field
of research.

Large Programmes

Large Programmes (LPs) are projects re-
quiring more than 100 hours of observ-
ing time per year over no more than two
years, and which have the potential to
lead to a major advance or breakthrough
in the considered field of study. In P80,
the OPC evaluated 14 LP proposals, and
recommended three of them for imple-
mentation. In P81, four of the 24 LP pro-
posals which were submitted were ap-
proved. In total, between the start of VLT
science operations in 1999 and 2007
(P81), 79 LP proposals which received fa-
vourable evaluation from the OPC were
allocated time on the La Silla Paranal Ob-
servatory telescopes. They cover almost
all current astronomical topics, from the
Solar System to cosmological studies.

OPC procedures

In an attempt to keep the workload of the
OPC to a manageable level despite the
ever-increasing number of proposals, a
new proposal type, the Short Programme
proposals, was introduced in P80.

Short Programmes require no more than
10 hours of observing time. Short Pro-
grammes need a special proposal form,
in which the space available for the scien-
tific justification and the accompany-

ing figures is half of that in Normal Pro-
gramme proposals. About 20 % of the
proposals submitted in P80 and P81 cor-
respond to Short Programmes.

On the other hand, as the fraction of pro-
posals in scientific categories C and D
continued to grow, one new sub-panel
was added for each of these two catego-
ries, for the second time in one year. As

a result, the OPC now consists of 12 sub-
panels (compared to eight until 2005, and
ten in 2006), i.e. two for each of catego-
ries A and B, and four for each of catego-
ries C and D. For the longer term, alter-
native solutions are being investigated to
face the foreseeable continued increase
of the number of proposals.



Summary of Use of Telescopes by Discipline

OPC Categories and Sub-Categories

The scientific categories referred to in
the following tables correspond to the
OPC classifications given below:

A: Cosmology

Al

A2

A3
A4
A5
AB
A7
A8

Surveys of AGNs and high-z galax-
ies

Identification studies of extragalactic
surveys

Large scale structure and evolution
Distance scale

Groups and clusters of galaxies
Gravitational lensing

Intervening absorption line systems
High redshift galaxies (star forma-
tion and ISM)

B: Galaxies and Galactic Nuclei

B1
B2

B3
B4
B5

Morphology and galactic structure
Stellar populations: unresolved and
resolved

Chemical evolution

Galaxy dynamics
Peculiar/interacting galaxies

B6

B7

B8
B9

Non-thermal processes in galactic
nuclei (incl. QSRs, QSOs, blazars,
Seyfert galaxies, BALs, radio galax-
ies, and LINERS)

Thermal processes in galactic nuclei
and starburst galaxies (incl. ultra-
luminous IR galaxies, outflows,
emission lines, and spectral energy
distributions)

Central supermassive objects

AGN host galaxies

C: Interstellar Medium, Star Formation

C1

Cc2

C3

C4

C5

and Planetary Systems

Gas and dust, giant molecular
clouds, cool and hot gas, diffuse
and translucent clouds

Chemical processes in the inter-
stellar medium

Star forming regions, globules, pro-
tostars, Hil regions
Pre-main-sequence stars (massive
PMS stars, Herbig Ae/Be stars and
T Tauri stars)

Outflows, stellar jets, HH objects

Percentage of scheduled observing time/telescope/instrument/discipline

c8

Main-sequence stars with circum-
stellar matter, early evolution
Young binaries, brown dwarfs,
exosolar planet searches

Solar system (planets, comets,
small bodies)

D: Stellar Evolution

D1
D2

D3
D4
D5
D6
D7
D8

D9

D10

D11

Main-sequence stars
Post-main-sequence stars, giants,
supergiants, AGB stars, post-AGB
stars

Pulsating stars and stellar activity
Mass loss and winds

Supernovae, pulsars

Planetary nebulae, nova remnants
and supernova remnants

Pre-white dwarfs and white dwarfs,
neutron stars

Evolved binaries, black-hole candi-
dates, novae, X-ray binaries, CVs
Gamma-ray and X-ray bursters

OB associations, open and globular
clusters, extragalactic star clusters
Individual stars in external galaxies,
resolved stellar populations

D12 Distance scale stars

Scientific Categories Scientific Categories

Telescope Instrument A B C D Total Telescope Instrument A B C D Total
2.2-m FEROS 0 1 il 61 73 UTH CRIRES 0 3 15 14 32
WFI 13 2 4 8 27 FORS2 16 12 4 il 43
Total 13 3 15 69 100 ISAAC 9 3 6 7 25
Total 25 18 25 32 100

3.6-m CES 0 0 0 1 1
EFOSC2 9 6 0 8 23 uT2 FLAMES 1 12 8 12 33
HARPS 0 0 56 12 68 FORS1 7 3 3 17 30
Special 3.6 0 0 1 7 8 UVES 8 3 Ik 15 37
Total 9 6 57 28 100 Total 16 18 22 44 100
NTT EMMI 19 6 10 17 52 uT3 VIMOS 33 14 2 9 58
SOFI 6 2 16 8 32 VISIR 0 5 22 5 32
SuUSI2 0 8 1 5 14 Special UT3 4 0 2 4 10
Special NTT 0 0 2 0 2 Total 37 19 26 18 100

Total 25 16 29 30 100
uT4 NACO 2 8 25 12 47
APEX APEX-2A 4 13 31 4 52 SINFONI 22 17 10 2 51
FLASH 0 5 0 0 5 Special UT4 2 0 0 0 2
LABOCA 40 3 0 0 43 Total 26 25 35 14 100

Total 44 21 31 4 100
VLTI AMBER il 0 27 25 63
MIDI 0 5 6 26 37
Total 1 5 33 51 100

ESO Annual Report 2007 33






The Users’ Committee

The Users’ Committee

2007
Belgium
Denmark
Finland

France

Germany
Italy

The Netherlands

Portugal

Spain

Sweden
Switzerland
United Kingdom

Chile

Griet Van de Steene
Uffe Grae Jergensen
Merja Tornikoski

Pascale Jablonka
(Chair)

Jochen Heidt
Bianca Maria Poggianti

Walter Jaffe
(Vice-chair)

Nuno Cardoso Santos
Ignacio Negueruela
Sofia Feltzing

Frédéric Courbin
Jacco van Loon

Wolfgang Gieren

The Users’ Committee (UC) held its an-
nual meeting on 16 and 17 April. The
acting chair for the meeting was Walter
Jaffe.

Representatives from ESO gave pre-
sentations to the Committee about the
La Silla Paranal Observatory, ALMA,

the proposal submission and time alloca-
tion processes and the new OPC struc-
ture, and the publications based on
observations obtained with the ESO tele-
scopes. The UC in turn provided feed-
back from the users on the usage of ESO
facilities, based in part on the outcome
of a survey designed and distributed by
the Committee. The level of satisfaction
of the users with respect to observations
carried out at the La Silla Paranal Ob-
servatory is in general high. The main
issue of concern for the users is the avail-
ability of the instrument pipelines, to
which the special topic of the meeting
was devoted (see below). Users also
show great interest in the plans for the
future of the La Silla site and telescopes.
On the other hand, the degree of user
satisfaction with the instrument manuals
and online observing documentation,

and with the transparency of the OPC
and time allocation processes, has im-
proved. More generally, significant pro-
gress had been made with respect to the
action items and recommendations made
by the UC at its 2006 meeting, most of
which could be closed. New action items
and recommendations were assigned

to ESO by the UG, reflecting the areas in
which the community perceives the need
for further improvements.

As usual, half a day was devoted to a
‘special topic’, which this time was
“Current instrument pipelines and future
direction of data processing develop-
ments”. Two introductory presentations
were given by ESO staff, on the current
status and the options for future devel-
opments of instrument pipelines and of
associated tools, and on the genera-
tion of science-ready data products with
the current instrument pipelines. In the
following general discussion, the UC re-
ported the deficiencies perceived by the
users in the data processing tools cur-
rently made available by ESO and, for the
future, expressed its support for the ESO
Reflex model developed by Sampo.

In the VLT control room.

ESO Annual Report 2007 35



Instrumentation

The first generation of VLT instruments
was completed with the final commis-
sioning, science verification and start of
operations of the ESO-built high-res-
olution infrared spectrograph CRIRES on
UT1, Antu, in April. The first refereed
scientific papers have already appeared
in print and an upgrade to incorporate
polarimetry is still planned.

A number of other VLT instruments on
Paranal were also upgraded, including
the first to be offered in 1999, FORSH1,
which received a new and larger mosaic
of CCDs and filters from Garching. To-
gether, these have yielded a sensitivity
gain of more than a magnitude in the
ultraviolet. Looking to the future, this up-
grade also means that the FORS1 detec-
tor has the same 4k x 4k format as that
in FORS2 and will be interchangeable
with it once X-Shooter replaces FORS1.
VISIR, the longest wavelength infrared
instrument at the VLT was also retrofitted
with a new set of filters designed for the
optimum study of silicate dust features.
Meanwhile, attempts continued to place
a development contract for new, larger
and better detectors for VISIR.

One of the highlights of 2007 was the
successful installation and commission-
ing of the ESO-built HAWK-I infrared
imager on Yepun, the fourth Unit Tele-
scope (UT4) of the VLT. In August, the first
commissioning run went very smoothly,
with the instrument meeting most of its
scientific specifications from the start. In
particular, the image quality proved to be
excellent (seeing-limited down to 0.2 arc-
sec) over the entire field of view and the
total throughput was, as expected, about
50-60 % depending on the waveband.
One of the few aspects out of specifica-
tion was the flexure, but that was solved
relatively quickly by adding additional
stiffening to the cold structure supports,
which has yielded motions of less than
two pixels over a full 360-degree rotation.
Commissioning and science verification
observations were distributed over three
runs in 2007 and the start of regular op-
erations is planned for April 2008. Some
excellent science verification data on
cosmological deep fields, galaxies and
star-forming regions have already been
obtained and made publicly available.
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They fully demonstrate the anticipated
combination of high resolution and high
sensitivity over a field of 7.5 x 7.5 arc-
min, which is nearly an order of magni-
tude larger than provided so far by the
workhorse ISAAC instrument. One re-
maining problem to be solved is the un-
expectedly high vibration produced by
its closed cycle coolers, which is not a
problem for HAWK-I but does disturb the
use of the telescope for adaptive optics
and interferometric observations.

Full field 7.5 x 7.5 arcmin HAWK-I com-
posite image (J, Bry, K) of the Taran-
tula Nebula in the Large Magellanic
Cloud, whose location in the southern
sky was one of the motivations for the
founding of ESO.

Right: The new wide-field infrared im-
ager HAWK-| installed on Yepun, UT4
of the VLT. The image on page 34 was
also obtained with HAWK-I.






The technique of multi-conjugate adap-
tive optics (MCAO) has been verified on
sky for the first time with MAD, the MCAO
Demonstrator. MCAQ is used to provide
adaptive optics (AO) correction over a
much wider field of view than conven-
tional adaptive optics. It achieves this by
a tomographic reconstruction and cor-
rection of the turbulence profile of the at-
mosphere above the telescope. MAD
uses two different methods of wavefront
sensing (one using three reference stars,
the other using up to eight) to produce
spectacular diffraction limited images
with homogeneous image quality distri-
bution. MAD also tested the Ground
Layer AO technique, a mode to improve
the natural seeing which turned out to
provide better correction than expected.
MAD has demonstrated the potential

of these techniques for the VLT and the
E-ELT.

Commissioning was successfully com-
pleted of the Laser Guide Star Facility
(LGSF), which has started regular opera-
tions at Paranal. The LGSF is a collabo-
ration between ESO, MPE (Garching) and
MPIA (Heidelberg). Both SINFONI and
NACO are now routinely operated in LGS
mode and have started producing impor-
tant astronomical results.

X-Shooter, the wide-band UV-IR spec-
trograph and first of the second-genera-
tion VLT instruments, made excellent
progress in 2007. ESO delivered the CCD
and infrared array detector systems to
the consortium partners for integration in
the subsystems under their responsibil-
ity. After installation and testing in the
respective opto-mechanical subsystems,
the French, Danish and ltalian contribu-
tions have been delivered to ESO, where
they will undergo further testing. The
near-infrared spectrograph has seen first
light in the laboratory in the Netherlands.
Beta versions of the observing software,
exposure time calculator and physical
model have been released and are rou-
tinely used within the consortium. Data
reduction software routines that take ac-
count of the specific instrument charac-
teristics and data format have been de-
fined and were partly coded and tested.
First light is expected in September 2008,
and it is planned to offer the instrument
to the community as soon as possible
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MAD at the Nasmyth
focus of UT3, Melipal.

following commissioning and science
verification.

KMQOS is another ambitious second-gen-
eration instrument for the VLT, contain-
ing 24 Integral Field Units (IFUs) each in-
dependently deployable over a 7.2 arcmin
field of view by means of robotic arms
operating in a cryogenic environment.
The IFUs feed three spectrographs that
cover the infrared ZJHK bands with spec-
tral resolving powers of approximately
3500. On the ESO side this will be the
first instrument to be equipped with one
of the New General detector Controllers

(NGC) developed jointly by the Optical
and Infrared Detector Teams. This system
already outperforms the old IRACE sys-
tem in the infrared and NGC controllers
are now under development for MUSE
and SPHERE and new technology (elec-
tron multiplier) CCDs for GALACSI and
GRAAL in the Adaptive Optics facility (see
below).

With more than 60 cryogenic stepping
motors, robotic R-theta arms, and a
requirement for precision movements, a
critical issue for KMOS is reliability. ESO
is therefore interacting more closely than

On the left: 20 x 20 arcsec K-band seeing-limited
image (0.5 arcsec) of w Centauri obtained with
ISAAC. Right: the same field observed with the
Multi-Conjugate AO demonstrator (MAD), which
achieved a FWHM of 0.090 arcsec.



usual with the consortium to achieve
this, including the organisation of a par-
ticularly demanding series of sub-assem-
bly reviews which culminated in the for-
mal Final Design Review in September.
Despite excellent progress and an appar-
ently solid design, the formal closure has
been postponed to the first half of 2008
to allow time to complete some outstand-
ing prototype testing of the robotic arms
and IFUs.

2007 was an important year for MUSE,
the second-generation VLT optical inte-
gral field spectrograph. This instrument,
being developed by a French/German/
Swiss consortium led by the Observatoire
de Lyon, will slice a 1 x 1 arcmin field be-
tween 24 spectrographs and will be as-
sisted by the GALACSI adaptive optics
module (provided mostly by ESO as part
of the Adaptive Optics Facility) to achieve
the highest possible throughput. MUSE
successfully passed its Preliminary and
Optical Final Design Reviews (PDR and
OFDR,) thus paving the way for the early
procurement of a prototype IFU (image
slicer plus spectrograph optics). Under
direct ESO responsibility, a prototype 4k
x 4k detector has been ordered (the first
of this size at ESO) and an open tender
for procurement of the remaining ones
was issued. A fundamental milestone for
the project was the production of a pro-
totype of the image slicer. Composed of
24 slices and 24 focusing mirrors, it was
produced by Winlight and fulfils the tight
MUSE specifications although each final
slicer will be twice as large. A parallel
study for a metallic slicer is also being
pursued as a back-up.

One of the most interesting astronomical
results of the last few years has been

the discovery of hundreds of planets
around other stars (HARPS at the La Silla
3.6-m telescope being one of the most
successful instruments for this). The ex-
istence of these planets is determined in-
directly by observing the radial velocity
variations they produce on their parent
star. The VLT Planet Finder, SPHERE, will
use extreme adaptive optics to obtain
images, polarimetry and spectra of plan-
ets, allowing direct observations. In 2007,
SPHERE passed its preliminary design
review. The deformable mirror with the
world largest number of actuators (1377)
has been delivered by industry.

The Adaptive Optics Facility (AOF) is the
upgrade of the UT4 telescope of the

VLT to an adaptive telescope. This implies
replacing the existing secondary mirror
unit with a new deformable mirror and AO
modules for HAWK-I and MUSE. These
modules will determine the effect of the
atmospheric turbulence through the anal-
ysis of the light from four artificial laser
stars, and correct for it by driving the de-
formable mirror. The AOF design has pro-
gressed in 2007 to the successful Final
Designs of the 1.1-m Deformable Second-
ary Mirror and of the Ground Layer Adap-
tive Optics system (GRAAL) for HAWK-I.

Work has continued in 2007 on the devel-
opment of fibre lasers for future LGS sys-
tems, in particular towards the 4LGS Fa-
cility of the AOF, and in preparation for
the E-ELT. As part of this work, a method
to achieve high-power Raman amplifi-
cation maintaining a narrow line width has
been developed and is being patented. It
will be transferred to industry to foster
further research in the area of fibre lasers.

MUSE prototype image dissector array (IDA; left) and
focusing mirror array (FMA; right). The IDA is made
of 24 thin (1-mm width) off-axis spherical mirrors and
the FMA of 24 rectangular off-axis spherical mirrors.
Although this is half of one of the 24 MUSE slicers,

it is already the largest slicer of this type ever manu-
factured.

Phase A studies which commenced in
2006 for three proposed second-genera-
tion VLTI instruments, namely GRAVITY
(high-precision near-infrared astrometry,
with the Galactic Centre as prime scien-
tific goal), MATISSE (a mid-infrared imag-
ing and spectroscopy successor to the
MIDI instrument) and VSI (near-infrared
imaging and spectroscopy using up to six
telescopes), were completed in 2007. The
results, including the science cases and a
summary of the ESO interface and other
considerations were provided and pre-
sented to the STC at their October 2007
meeting. The three instrument consortia
also presented their concepts at the “Sci-
ence with the VLT in the ELT era” work-
shop, held just before. The STC recom-
mendation, based on the above but also
on the need to phase and coordinate ac-
tivities with the PRIMA deployment in
Paranal, is to proceed immediately with
GRAVITY and MATISSE and more slowly
with VSI. This also implies some exten-
sion of PRIMA to all telescopes, as well
as the study and realisation of a 4—6-way

ESO Annual Report 2007 39



Fringe Tracker. These recommendations
were positively endorsed by the ESO
Council at its December 2007 meeting
and are currently being implemented.

The workshop on “Science with the VLT
in the ELT era” held in Garching in Oc-
tober was organised to provide another
opportunity for the ESO community to
debate the future use of the VLT/I and its
instrumentation needs approximately a
decade hence when ALMA, JWST and,
hopefully, a European Extremely Large
Telescope will also be operational. A very
large attendance, oversubscription of
presentations and several extremely lively
discussion sessions testified to the inter-
est in future second-generation VLT/I in-
strumentation and to the scientific syner-
gies and complementarities anticipated
between these major facilities with Euro-
pean participation.

At its meeting shortly afterwards the

STC not only recommended proceeding
with the VLTI instruments mentioned
above (which originated from an earlier
workshop in 2005) but also with a high-
resolution spectrograph at the incoherent
focus of the VLT plus a variety of possible
other instruments including (a) new multi-
object spectrograph(s).

At ESO, various background technical
developments essential for future projects
also progressed. In the area of detectors,
apart from the systems delivered to spe-
cific instruments mentioned above, work
continued to test an ASIC (acquisition
system on a single chip), prototype AO
sensors, such as CALICO and near-infra-
red HgCdTe electron photo avalanche
arrays.
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European Extremely Large Telescope

The European Extremely Large Telescope
(E-ELT) project is very much based on the
heritage of the ESO Very Large Tele-
scope. The VLT started operation in 1999
and, with its arsenal of 11 instruments per-
manently online at the Unit Telescopes,
two at the VLTI combined focus, and a
Visitor focus, has proved to be the most
powerful facility for ground-based astron-
omy at optical and infrared wavelengths.
In the case of the VLT, an Instrumenta-
tion Plan Proposal was distributed to the
community as early as 1989 and this ap-
proach, with corrections and upgrades
introduced on the way, has been very ef-
fective in developing a coherent set of
very successful instruments in collabora-
tion between ESO, universities and insti-
tutes in the ESO member states.

The proposal for the E-ELT Phase B
study presented to Council in December
2006 contained an overview of the instru-
ments of highest scientific priority based
on the work of the ELT Science and ELT
Instrumentation Working Groups, on the
parallel Instrument Small Studies carried
out under the FP6 ELT Study, on the de-
sign work at ESO for the 42-m telescope

concept, and on a first assessment of the
resources which might be available for
the instrument development within the
E-ELT Programme. Following approval by
Council of the Phase B study, a detailed
plan of E-ELT instrument studies was fi-
nalised in April 2007 in discussion with
the STC. As foreseen in this plan, ESO
launched in 2007 six Phase A studies on
instruments and one on a complementary
post-focal Adaptive Optics system. Exter-
nal consortia are studying a Wide Field,
High Angular Resolution Camera; a Sin-
gle Field, Wide Band Spectrograph; and
a Wide Field, Multi IFU, NIR Spectrograph
with a distributed AO system (MOAQ) and
a Multi-Conjugate Adaptive Optics mod-
ule. Furthermore, ESO is leading institutes
in different member states in the studies
of a High Resolution, High Stability Visual
Spectrograph and of a Planetary Imag-
ing Camera with an associated, very high
Strehl, AO module. A call for proposals
for a study of a mid-infrared instrument
has been also distributed with the goal of
selecting a consortium in 2008.

The reports of these studies, due in win-
ter 2009, will include the simulated sci-
entific capabilities, a discussion of the
unique advantages with respect to instru-
mentation at 8-m telescopes and of

the synergies with ALMA and the JWST,
the cost and the required FTE effort to
build the instrument, and a construction
schedule. These data will eventually be
the basis for the choice of the first-gener-
ation instruments and will be used to
prepare the technical specifications and
the Statement of Work of the construc-
tion agreements.

Workers are busy at the
ALMA OSF, where
several antennas already
arrived.












Atacama Large Millimeter/submillimeter Array

The Atacama Large Millimeter/submillim-
eter Array (ALMA) is a highly sensitive,
high-resolution array of telescopes. Once
completed, the ALMA observatory will
operate 54 antennas of 12-metre diam-
eter and 12 antennas of 7-metre diameter
in an interferometric mode. All antennas
will be equipped with seven receiver
bands, with the possibility to install three
more receiver bands, thus covering the
frequency range from 30 GHz to 950 GHz
(or, roughly, 0.3 to 10 mm).

Site construction work

The ALMA Observatory will be operated
at two sites. There will be the base camp
— the ALMA Operations Support Facilities
(OSF) — for the everyday, routine opera-
tions of the observatory. Built at an alti-
tude of 2900 metres, it will not only serve
as the location for operating the Joint
ALMA Observatory (JAO) but also as As-
sembly, Integration, Verification and Com-
missioning (AIVC) station for all the high
technology equipment before moving it to
the Array Operations Site (AOS), located
at 5000 metres altitude. Because of the
harsh environment, operations at the AOS
will be limited to an absolute minimum.
The AOS Technical Building will house
the antenna data outputs and the Corre-
lator. Digitised signals received from the
radio antennas will be processed there
and further transmitted to data storage
facilities located at the OSF.

The OSF and the AOS are at a remote lo-
cation and cannot be accessed by public
roads. Therefore the ALMA project had
to construct an access road. It leads first
from the Chilean highway 23 over a dis-
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tance of 15 kilometres to the OSF. The
road then continues another 28 kilome-
tres to the AOS. This access road is

up to 14 metres wide since it will be used
to move the completely operational
antennas from the OSF to the AOS. The
gatehouse, at the intersection of the
ALMA road with the highway, was com-
pleted in 2007.

The OSF is a facility which serves differ-
ent purposes and which will host a vari-
ety of activities over the duration of the
project. During 2007 the camp accom-
modated all ALMA Site contractors and
their staff. Personnel lived in the tempo-
rary camps and worked either at the
OSF or at the AOS. Work was organised
in periods of 19 working days, followed
by 11 days rest. The camps were laid out,
including the necessary infrastructure,
to accommodate up to 500 workers at

The OSF facilities.

The intersection of the
Chilean highway 23 and
the ALMA road, with the
completed gatehouse.

any given time. Most of these workers
were involved in the construction of the
OSF Technical Facilities.

In August 2006 ESO signed the contract
for the construction of the OSF Techni-
cal Facilities with a projected completion
date of the end of January 2008. During
2006 and 2007 the OSF technical build-
ings were constructed. No major prob-
lems or delays occurred during the con-
struction period and some buildings of
the entire OSF complex were already pro-
visionally accepted by ESO before the
end of 2007.

During the next years the OSF will be-
come the central point of all antenna
assembly and AIVC activities. Antennas
will be assembled at the OSF area in
three separate zones, one each for the
antennas provided by North America
(Vertex), Japan (Melco) and Europe (AEM
Consortium). AIVC activities will be car-
ried out at the OSF after preliminary
acceptance of the antennas, and prior to
moving them to the AOS. The corre-
sponding zones for Vertex and Melco
have been completed. The AEM zone is,
as scheduled, in preparation and will

be completed in the first quarter of 2008.



Supplying energy for an isolated observa-
tory at altitudes of 2900 and 5000 me-
tres in the Chilean desert of Atacama is
not at all trivial. Initially, it was planned

to generate power for the OSF and AOS
using dual-fuel (natural gas and diesel)
generators, installed at the OSF premis-
es. This scheme was expected to be the
most cost efficient and reliable for the
required power demand of about 8 MW.
However, during the last years energy
supply and prices have rapidly and dras-
tically changed. Chile proved to be short
of natural gas availability. Power genera-
tion based on diesel supply only is very
costly and, in consideration of an ex-
pected operation time of 30 years, not af-
fordable. In view of these developments
on the energy market, ALMA decided

to change the baseline configuration for
the power supply of the observatory and
move forward using electricity provided
by Northern Chilean electricity suppliers.
This scheme requires the erection and
operation of an overhead power line from
the best-suited electricity generator to
the OSF and further on to the AOS. In
2007 ALMA released a call for tender for
the construction of an overhead line to
provide electrical power to the OSF site.
Technical documentation for the power
supply within the ALMA premises from
the OSF to the AOS is under preparation.

The construction of the AOS Technical
Building, a project to be delivered by the
North American partner in ALMA, was
completed at the end of 2007.

The antennas

Activities of this ALMA sub-project fo-
cused on the design, manufacture and
assembly of antennas and two antenna
transporters.

At the end of the year 2005 ESO had
signed a contract for the design, manu-
facture and transport of 25 antennas of
12-metre diameter with the Alcatel Alenia
Space, European Industrial Engineering,
and MT Aerospace (AEM) Consortium.

In the course of 2007 the corporate name
of Alcatel Alenia Space was changed to
Thales Alenia Space without any contrac-
tual consequences regarding technical
specifications, schedule, price, contrac-
tual terms, etc. During the year 2006
work carried out under this contract was
centred on conceptual studies, simula-
tions and detailed designs. This work was
carefully and extensively reviewed at the
Pre-Production Design Review (PPDR)
held in February 2007 in Venice. This

Inside the AOS Techni-
cal Building.

review scrutinised the complete design
with particular emphasis on the design
changes with respect to the prototype,
on which the AEM serial antenna design
is based, which was extensively tested

at the ALMA Test Facility in Socorro (USA)
during the first phase of the project.
Consequently, any relevant technological
choice deviating from the antenna pro-
totype had to be validated by appropriate
qualification tests, which were also re-
viewed at the PPDR. Numerous ALMA
experts, either responsible for the an-
tenna manufacture or involved in interfac-
ing with the antennas, participated in

the PPDR. The review conclusions on the
design were positive and no issue was
found preventing the AEM Consortium
from proceeding to manufacturing.

In the months following the PPDR, the
AEM Consortium finalised the manufac-
turing drawings and optimised the man-
ufacturing process in view of the serial
manufacturing. AEM selected key suppli-

Key suppliers for the major subassemblies of the AEM antennas

Component

Supplier

Steel Structure

Carbon Fibre Receiver Cabin
Backup Structure

Reflector Panels

Adjuster Heads

Subreflector Mechanism
Quadropod Legs

Linear Motors

Control System
Pre-Assembly of First Antenna
On-Site Antenna Assembly

Asturfeito (Spain)

Multiplast (France) and Jallais (France)
Duqueine (France)

Media Lario Technologies (ltaly)
RUAG (Switzerland)

Physik Instrumente (Germany)
Xperion (Germany)

Phase Motion Control (Italy)
Microgate (Italy)

Asturfeito (Spain)

DSD (Chile)
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ers for the major subassemblies (see box
on previous page), and manufacturing ac-
tivities started in late spring.

In the second half of the year, the ESO
antenna group concentrated efforts in fol-
lowing the production closely, monitor-
ing progress and ensuring that the expe-
rience gathered with the prototype was
fully used. The schedule of the serial pro-
duction foresees the delivery of three
antennas every four months from 2009
onwards. To achieve this production rate
various Carbon Fibre Reinforced Plastic
moulds and jigs were designed, fabri-
cated and qualified, in particular for the
fabrication of the Receiver Cabin and the
Backup Structure. By the end of 2007,
the construction of the first cabin was
approaching completion and the next
two cabins were in different stages of
production. Assembly of the first Backup
Structure has started and a few of the

16 individual slices have been assembled
together. The main parts of the steel
structure for the first antenna have been
manufactured and assembly and inte-
gration has started. In spring 2008 the
first structure and the first receiver cabin
will be assembled at Asturfeito and af-
terwards shipped to the OSF. The first
Backup Structure will be test-assembled
elsewhere and shipped separately to

the site. Production of the subsequent
units is proceeding well. Steel for the first
batch of antennas has been cut. Panels
and adjusters for three units have already
been produced and other parts (quadro-
pod legs, subreflector, motors, etc.) are in
serial production.

Preparation at the OSF to support the
integration of the antennas is well ad-
vanced. The site has been graded flat
and five antenna foundations have been
prepared. The AEM consortium will start
work at the site in the beginning of 2008,
starting with the assembling of tempo-
rary facilities, in particular the hangar
foreseen for mounting the Backup Struc-
ture, the panels and the apex structure.
Delivery of the first antenna is planned for
the end of 2008.

The other major construction activity fol-
lowed up by the ESO antenna group con-
cerns the design, manufacture, assembly
and transport of two special vehicles to
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be used for transporting antennas at the
two ALMA sites, the OSF and AOS.

In January the Final Design Review of the
antenna transporters was held at the site
of the manufacturer, Scheuerle Fahrzeug-
fabrik GmbH (Germany). This review con-
cluded the design phase during which
the concept of the transporters had to be
substantially changed. This was neces-
sary in response to the too long delivery

Assembly of the first
Backup Structure.

time of the special, large size tires, which
were foreseen in the original design. The
use of smaller and more easily available
tires demanded a complete rework of the
vehicle architecture.

Further design challenges were imposed

by the requirements related to preci-

sion driving when approaching the anten-
nas, as well as to the lifting and position-

ing processes of the antennas on the

Loading the ALMA an-
tenna transporters on

a barge for further trans-
port to Chile.



stations. Precision driving is achieved by
the implementation of various steering
modes, including sideways steering that
allows these vehicles of 20 metres length
and 10 metres width to move in an ex-
tremely compact space. The addition of
positioning lasers, an anti-collision sys-
tem and numerous cameras guarantees
a safe approach to the antennas even
when they are positioned in the compact
array. The lifting and positioning system
of the antenna is based on a fail-safe, re-
dundant system where a large X-Y table
is fastened to the antenna, then lifts the
antenna using the hydraulics suspension
of the vehicles, and brings it to the final
position using hydraulic-driven lifting
ramps.

Manufacturing of the first vehicle was fin-
ished in September, while the second unit
followed closely thereafter. In October
and November a complete programme of
testing was performed at the factory.
These tests included moving a concrete
structure of the same weight and size

as an antenna from a foundation specially
constructed for these tests at the manu-
facturer’s premises. Tests were also car-
ried out proving the braking power of the
transporters, simulating high altitude and
slope conditions. The test programme
was formally concluded by the ‘Factory
Acceptance Review’, held successfully on
29 November. Afterwards, the transport-
ers were dismantled and transported by
trucks to the Heilbronn harbour. There
they were loaded on a barge for further
transport to Antwerp (Belgium), and load-
ing onto the ship to Chile. The ship left
for Chile at Christmas and arrival at the
OSF site is foreseen for mid-February
2008.

The Front End

The year 2007 was a landmark for the
European Front End tasks under the
responsibility of ESO, showing significant
progress in the transition from the de-
sign phase, including pre-production, to
the full series production phase.

ALMA receivers have a major influence
on the performance and quality of the
ALMA system. In previous years it had
already been proven that the demanding
performance, especially the sensitivity

Most important Front End contracts
signed in 2007

— Supply of 45 Cryostats by the Sci-
ence and Technology Facilities Coun-
cil/Rutherford Appleton Laboratory
(RAL), near Didcot, UK;

— Supply of 48 Band 7 cartridges by
the Institut de Radio Astronomie
Millimétrique in Grenoble, France;

— Supply of 48 Band 9 cartridges by
the Nederlandse Onderzoekschool
Voor Astronomie in Groningen, the
Netherlands;

— Detailed design and delivery of
53 Water Vapour Radiometers oper-
ating at 183 GHz to be supplied by
Omnisys Instruments AB in Gothen-
burg, Sweden;

— Supply of 198 cryogenic amplifiers
operating between 4 and 8 GHz to be
supplied by Tecnologias de Tele-
comunicaciones y de la Informacion
in Santander (Cantabria), Spain;

— Supply of 198 cryogenic amplifiers
operating between 4 and 12 GHz to
be supplied by the Fundacion General
de la Universidad de Alcala/Observa-
torio Astronomico Nacional in Alcala
de Henares (Madrid), Spain.

and bandwidth, could be achieved. In
2007 further evidence was provided that
this exceptional performance could also
be achieved in a repeatable and control-
led way for the larger quantities — more
than 70 units — which must be con-
structed for ALMA.

Design activities of major sub-assem-
blies, e.g. the Band 7 (270-373 GHz) and
Band 9 (620-702 GHz) receivers, were
finalised by passing the major ‘Critical
Design Reviews’ (CDRs). During these
CDRs a thorough and formal assessment
was made of the design of a sub-assem-
bly by a review panel composed of inter-
nal and external experts. After successful
completion of the CDR the design was
frozen for series production. The Band 9
cartridge CDR was held on 6 and 7 Feb-
ruary and the Band 7 cartridge CDR was
held on 8 and 9 August.

During the year, ESO signed several pro-
duction and integration contracts for

the manufacturing and delivery of Front
End sub-assemblies, for a total value

of approximately 40 M€. All of these con-
tracts were signed after the successful
conclusion of the pre-production. At the
end of 2007, ESO has accepted eight
cryostats, eight Band 7 cartridges, eight
Band 9 cartridges, 42 cryogenic ampli-
fiers for Band 7 and 18 cryogenic amplifi-
ers for Band 9.

Substantial progress was made on es-
tablishing the European Front End Inte-
gration Centre (EU FEIC). Several options,
including having an EU FEIC in Garching,
were investigated. After a careful assess-
ment and consultation with the ESO

and ALMA management, it was decided
to set up the EU FEIC at the Rutherford
Appleton Laboratory (RAL), near Didcot
in the UK. The FEIC activities require a
very close involvement of ESO in the EU

Band 9 pre-production
cartridges.
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FEIC for technical and programmatic
matters. Therefore it has been agreed to
appoint a dedicated EU FEIC work pack-
age manager within the ESO ALMA Divi-
sion, who will be located permanently

at RAL to direct, in close collaboration
with the local RAL manager, and oversee
the activities at this integration centre.
After approval by the ESO Finance Com-
mittee, the contract for the set up and
integration of 26 Front End assemblies
was signed in October. The kick-off meet-
ing for this activity was held on 22 and
23 November at RAL.

In the framework of an EC FP6 project
led by ESO, “Enhancement of ALMA
Early Science” (E-ALMA), further progress
was made in the Band 5 (163-211 GHz)
receiver project. Chalmers University’s
Onsala Space Observatory in Sweden
continued with the detailed design of this
receiver. Following the earlier discussion
with RAL about the Band 5 local oscilla-
tor, RAL submitted a formal proposal to
ESO. This proposal described the design
of a suitable oscillator circuit, compatible
with the ALMA Front End concept, and
the delivery of six units. Based on this
proposal it was decided to include RAL
as a participant in the E-ALMA pro-

ject. A kick-off meeting, with participation
of ESO, Chalmers and RAL delegates,
for this essential component was held on
18 December at Chalmers University in
Gothenburg, Sweden.

In June, ESO and the National Observa-
tory of Japan (NAOJ) signed a Collabo-
rative Agreement in which ESO will ex-
tend the quantity of units which ESO is
already procuring for its own needs, in
order to also cover the needs of NAOJ to
outfit their antennas with identical equip-
ment. Subsequently, there has been a
close interaction between ESO and NAOJ
defining all Front End products, includ-
ing schedule. By the end of the year, ESO
had already ordered the first Front End
products for NAOJ.

In November, in close collaboration with
the JAO management and institutes in-
volved, ESO started to investigate options
to accelerate the series production of
Front End components. The aim was to
complete all European Front End produc-
tion tasks, including those additional
deliveries for the ALMA Compact Array to
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NAOJ, by 2011 at the latest. The under-
lying reason for this acceleration of pro-
duction is to keep up with the project an-
tenna delivery schedule.

The Back End

The ALMA Back End (BE) system en-
compasses a wide variety of different
electronic modules to be produced in rel-
atively large amounts. Each antenna is
equipped with two electronics racks, im-
plementing the ‘Antenna Back End’, while
several racks are installed in the AOS
Technical Building to implement the ‘Cen-
tral Back End’.

The Antenna Back End performs the
frequency down-conversion of the sig-
nals transmitted by the Front End receiv-
ers as well as their digitisation and trans-
mission to the AOS Technical Building
through fibre optics. The Central Back
End provides the timing signals to the
whole array, the fibre management and
the reception of the signals coming from
the antennas. In total there will be 112 An-
tenna Back End Racks and 20 Central
Back End Racks.

During 2007, all the components of the
ALMA Back End underwent final de-
sign, pre-production and validation tests
both in the laboratory and at the Antenna
Test Facility (ATF) in New Mexico. Most
of the Back End equipment has been
successfully prototyped and by the end
of 2007 was moving towards the produc-
tion phase. The status was reviewed at
the Back End production workshop held
in November. Consequently, all Euro-
pean production contracts, except one,
were approved and are progressing as
planned. The only outstanding Back End
series production contract concerns the
procurement of the photomixers, and is,
as scheduled, expected to be placed in
2008.

The delivery of Back End components to
the ALMA site began in December with
the shipment of the ‘Test Racks’ that will
allow testing of incoming components.
The shipment of the first pair of ‘Antenna
Racks’ is scheduled for the early months
of 2008. Subsequent antenna racks

are planned to arrive on a timetable which
tracks the delivery of the antennas.

In order to support the activities related
to the optical components’ manufactur-
ing, assembling and testing, a facility was
set-up in the ALMA building at ESO. It

is a fully equipped electro-optical labora-
tory that will enable the thorough testing
and quality evaluation of the various op-
toelectronic components, and in the long
term, support the remote maintenance of
the ALMA observatory equipment.

The correlator

After extensive tests in the laboratory the
first parts of the ALMA correlator are
now ready to be shipped and installed on
the site. The delivery of the first of four
quadrants is planned for the beginning of
2008. The assembly of the second quad-
rant is almost complete.

Each quadrant includes 128 Tunable Filter
Bank (TFB) electronic modules, devel-
oped and manufactured by the Observa-
tory of Bordeaux (France), under an ESO
contract.

After an initial period necessary to under-
stand the high complexity of the TFBs
and to implement the European Commu-
nity’s directive on the “Restriction Of
Hazardous Substances” (ROHS), the pro-
duction has reached a steady state

with yields in excess of 95 %, an ex-
tremely high yield taking into account the
complexity of the devices.

The Tunable Filter Bank

The Tunable Filter Bank (TFB) is an ex-
tremely complex piece of electronics
using the latest generation of Field Pro-
grammable Gate Array chips to imple-
ment thirty-two 125 MHz digital filters.
Each chip contains the equivalent of
several million logic gates and has more
than 700 Ball Grid Array connections;
sixteen of such chips are mounted on
one 12-layer TFB printed circuit board.



In parallel with the manufacturing of the
TFB modules, the optimisation of the
firmware continued to identify algorithms
and implementations that reduce power
dissipation. In fact, due to the low air
density at the AOS, the power dissipation
is a major concern since the temperature
of the devices is directly related to their
lifetime. Simulations, analysis and oper-
ational testing in the correlator station
racks show that, with the latest digital fil-
ter implementation, thermal stresses are
well within boundaries and guarantee a
suitable lifetime of the components at the
AOS.

In addition to the main correlator, a down-
scaled version (referred also as the ‘two-
antenna correlator’, since it can correlate
only the signals coming from two anten-
nas) has been developed and two units
have been manufactured to support the
test activity at the ATF and at the OSF
sites, respectively. Due to the modular ar-
chitecture of the correlator and to the fact
that the same boards are used, the two-
antenna correlator did not require a sig-
nificant design effort. The first unit was in-
stalled at the ATF in the course of 2007
and is currently in use, while the second
one is being shipped to the OSF where it
will be installed at the beginning of 2008.
There it will be used to test antennas and
their equipment on the sky before reloca-
tion to the AOS.

Software Development

The ALMA Software has been planned
and developed from the beginning as an
end-to-end system including proposal
preparation, dynamic scheduling, instru-
ment control, data handling and format-
ting, data archiving and retrieval, auto-
matic and manual data processing, and
support for observatory operations.

Work in Europe is organised through
ESO, with many software packages being
developed by ESO in collaboration with
European institutes which have experi-
ence and qualified staff to develop and
test the required software.

Screenshot of the ALMA operator’s
console, as used at the ATF with the
two prototype antennas and also at
the Operations Support Facility for
the antenna tests in Chile. The panel
shows one of the many that are nor-
mally displayed on three operator con-
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The main achievements made by the
Software Development team during 2007
are:

— First delivery of the end-to-end soft-
ware capable of performing Optical
Pointing and Holography, as validated
at the ATF and required for the com-
missioning of antennas at the OSF;

— Support of the achievement of the so-
called ‘First Fringes’ (basic interfer-
ometry mode) at the ATF in the spring
and achievement of stable dynamic
fringes (including automatic delay
tracking) in autumn;

— Intensive use of the ATF as a platform
to test the software;

— Support of the acceptance tests per-
formed by the Japanese ALMA team
for their first antennas at the OSF.

System Engineering

The project-wide requirements and Inter-
face Control Documents are now 95 %
and 89 % completed, respectively. Front
End and Back End requirements were
formally released in line with system and
science requirements. The requirements
database DOORS is kept up to date and
used for verification and acceptance.
Support was given to all Integrated Pro-
ject Teams (IPTs) for their technical activi-
ties. ALMA system block diagrams and
the sensitivity budget were further refined
and used for system design trade-offs
and analysis tasks. The ALMA optical de-
tailed analysis for antennas and Front

End was finalised and the report issued.
The analysis confirmed the design and
will be used to predict the science per-
formance and help define the calibration
procedures. The ALMA Product Assur-
ance (PA) was specifically analysed at the
review meeting and during the different
equipment acceptances. Specific PA au-
dits were also done.

The management of the ALMA Test Fa-
cility (ATF) was handed over to the com-
puting Integrated Project Team (IPT) in
September and it was decided to leave
the ATF operational until June 2008 to
continue software development, commis-
sioning and system testing.

Activities in AIVC in Chile increased sub-
stantially in 2007. More than 20 addition-
al people were hired, including the head
of the group, and more than 30 people
are now working for AIVC. Training for the
newly hired staff is ongoing. Work fo-
cused on the AIVC infrastructure needed
for equipment acceptance and the inte-
gration work. The holography system and
the optical pointing telescope were ac-
cepted. They are essential tools for an-
tenna acceptance. First holography maps
for the antenna procured by NAOJ show
promising results.
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Science Activities

One of the major highlights in 2007 as

far as science activities are concerned
has been the support of the software and
hardware tests at the ATF in Socorro,
which culminated with the achievement of
first fringes on planets in spring and dy-
namical interferometry on quasars in the
second half of the year.

The staff of the science IPT is currently
ramping up to ensure that a fully func-
tional commissioning team will be availa-
ble in Chile for the start of the commis-
sioning activities in 2008.

In September two major events were
organised at ESO in Garching: the “ALMA
Community Days” and the “Surveys for
ALMA” workshop. At the ALMA Commu-
nity Days the European astronomers
were informed about the progress of the
ALMA construction and the current plans
for the organisation of the European
ALMA Regional Centre. During the “Sur-
veys for ALMA” workshop the status

of plans for large preparatory surveys for
ALMA, and in particular the role of Her-
schel and APEX, were discussed. The
community showed a strong interest and
is engaged in a vigorous preparatory

plan to maximise the scientific potential of
the ALMA observatory when it becomes
available.
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The European ALMA Regional Centre

The mission of the European ALMA Re-
gional Centre (ARC), set up in mid-2006, is
to provide the science and technical sup-
port services necessary for the European
user community to exploit ALMA to its full
scientific potential. The ARC will form the
interface between the ALMA Observatory
in Chile and the European user communi-
ty. Similar ARCs are currently being es-
tablished in North America and East Asia,
ESO’s partners in the trilateral ALMA pro-
ject. For European users, the ARC is be-
ing set up as a cluster of nodes located
throughout Europe, with the main coordi-
nating centre at the ESO headquarters

in Garching. In this distributed network,
user support and operations experience at
ESO can be mixed with millimetre-wave
astronomy experience that exists in the
community, to create optimal science sup-
port services.

At present, one of the main activities of
the ESO ARC is to test the main user-soft-
ware system. This early involvement is

GO G D OO0 o

essential in order to make the software
available for regular scientific use, at a suffi-
ciently early stage that the pipeline system
can be developed. Furthermore, getting
acquainted with the software at an early
stage will help train the ARC staff who will
take part in the commissioning and first as-
tronomer-on-duty shifts in Chile.

During 2007, the ARC staff actively partici-
pated in user tests organised by the de-
velopers of the offline data reduction sys-
tem (CASA). The various ARCs form the
primary point of contact for the users and
testers of the offline software. A main con-
tact astronomer at ESO, together with
three additional astronomers consisting of
ARC node staff and ESO Fellows, operate
as ‘user support specialists’. They are the
interface between the users and the de-
velopers, collecting feedback from the
users and organising it in a useful way for
the developers. The ARC staff also partic-
ipated in user tests of the ALMA Observing
Tool and the archive interface, and per-
formed in-house testing of the offline sys-
tem.

An example of the viewer, part of the
offline data reduction software CASA
currently being developed for the
analysis of ALMA data. The viewer is
very flexible in showing images and
data cubes, as well as raw visibilities,
and allows interactive flagging.
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The European Extremely Large Telescope

Following the December 2006 Council
resolution on the European Extremely
Large Telescope (E-ELT) Phase B design,
the project was formally launched. A
number of major contracts were immedi-
ately launched through the tendering
phase, and preliminary designs have now
been developed for the telescope mount,
the dome and the primary mirror cell. In
parallel, longer-term contracts have been
placed for the preliminary design and
prototyping of the adaptive quaternary
mirror and the field stabilisation electro-
mechanical unit. Towards the end of the
year the tendering and contract award
process was concluded for the procure-
ment of prototype primary mirror seg-
ments from two potential polishing sup-
pliers.

In parallel, a substantial effort has been
undertaken to analyse the performance
of the telescope designs, and a con-
tract has been placed with Lund Observ-
atory to further develop their integrated
modeling effort. A number of smaller con-
tracts have been placed to evaluate vari-
ous technological solutions in the

area of control and software. Conceptual
studies into novel detectors for the Laser
Guide Stars have also been undertaken.

The EC-supported FP6 ELT Design Study
initiative is a partnership between 28 in-
stitutes, led by ESO. It started as a de-
sign-independent R&D activity to foster
industrial preparedness for the construc-
tion of an ELT, but was aligned to the
E-ELT specifications once the community
converged on a common European ELT
concept in 2006.

During the first half of 2007, management
activities continued to concentrate on
improving overall project performance by
focusing participant organisations’ ef-
forts on meeting-agreed technical mile-
stones. Steady progress was made
across all work packages. As of the end
of 2007, over 75 % of the EC grant in-
tended for participant organisations had
been distributed to them.

Left: Artist’s impres-
sion of a possible E-ELT
design.

The project Mid Term Review (a contrac-
tual milestone) was held on 13-14 June
2007. Over 40 participants took part; ex-
ternal attendees included a representa-
tive of the European Commission (EC).
The EC formally accepted the results of
the Mid Term Review on 22 October
2007. In parallel with the Mid Term Re-
view, the progress of the project was sub-
ject to a critical review by a panel of ex-
ternal, world-leading experts (Technical
Advisory Committee — TAC) in the relevant
fields. The TAC Report was received in
July 2007 and was fully supportive of the
managerial and technical progress that
had been achieved.

Work continued on the APE (Active Phas-
ing Experiment), which should achieve
‘laboratory first light’ early in 2008, with
direct measurements of the 61-segment
mirror with the internal metrology sys-
tem, down to nanometre accuracy. Posi-
tion (edge) sensors, with nanometre-
accuracy, were delivered. Civil work for
the Wind Evaluation Breadboard also
progressed and the Friction Drive Bread-
board was being tested. Optical fabrica-
tion progressed more slowly than de-
sired, but so far no show-stoppers have
emerged. The enclosure concepts se-
lected in 2006 went through a more de-

tailed design phase, and the results were
consistent with similar studies under-
taken by ESO outside the framework of
the ELT Design Study. Enclosure models
were tested in wind tunnels, and CFD
modeling produced useful results, which
may be factored into the eventual design.
Adaptive optics work proceeded well,
with detailed designs of hardware com-
ponents (detectors, actuators, mirror tech-
nologies), and a potential breakthrough
on the issue of wavefront sensing with
Laser Guide Stars. Three detailed studies
for instruments were in progress. Site
characterisation suffered from accumu-
lated delays but the failing software

was being fixed, with a view to start syn-
chronised and standardised measure-
ments early in 2008.

The E-ELT is part of the ESFRI roadmap
of future facilities. As such it is eligible for
FP7 support (Preparatory Phase for Con-
struction). We submitted such a proposal
in mid 2007. It was accepted and will
start in January 2008. Unlike the FP6 ini-
tiative, ESO is a ‘mono’ partner for this
initiative, with 25 third-party institutions in
the member countries as collaborators.
The aim of this activity is to complement
the E-ELT Phase B and help to ESO to
be fully prepared for an early 2010 deci-
sion on whether to start construction.

The Active Phasing
Experiment.
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Software Developments

The Software Development Division was
created in December 2006 as a merger
of three different software departments,
with the aim of preparing for the chal-
lenges arising from the fact that ESO has
become a multi-project organisation. The
mission of the new division is to serve
the VLT, ALMA and ELT projects and to
maintain a high level of quality while en-
suring cost-effectiveness. Therefore it

is clear that the division has to be more
than a simple ‘labour shop’ and that it
must create an environment in which re-
sources are optimised and synergies
promoted and encouraged wherever
possible. The division is organised around
three major development departments
and a systems engineering department,
which provides services to all develop-
ment departments.

The challenge for 2007 was to build the
division while making sure none of our
commitments were compromised. A main
division objective was to define and op-
timise the interface to our stakeholders
and in particular to the Observatory. With
the view of continuing the development
and maintenance of the software for VLT/
VLTI, ALMA and E-ELT, and with the three
projects in very different stages of their
life cycle, we have started to work on a
roadmap linking the evolution of the pro-
jects’ software. We want to identify com-
mon development paths so that the evo-
lution of the more advanced projects can
proceed smoothly alongside the choices
made in the newer ones. This is made
possible by the matrix structure as it al-
lows the involvement, to a limited extent,
of team members from all projects in
common activities and job rotation and
by a comprehensive personnel training
and development plan.
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System Engineering

The System Engineering Department
(SED) provides the development teams
with software engineering services, such
as the environment and tools to support
the software life cycle, software quality
assurance and control. The department is
also in charge of integrating software
modules and preparing and validating re-
leases before they are delivered to the
customer. All planned releases of the VLT
(VLTSW FEB2007, DFS FEB2007 and
User Portal) and ALMA Software (4.1 and
5.0) have been successfully validated and
deployed.

The department is the result of the merg-
ing of three groups of software engineers
involved in different projects (VLT Con-
trol, VLT DFS and ALMA). Because pro-

jects have similar needs for their software
process, several SED internal tasks
started in the course of 2007 to compare
the current practices and identify the
best one in areas such as version control,
building, integration, test, metrics, Prob-
lem Reporting System, and software life
cycle. A Software Engineering Working
Group (SEWG), with representatives from
all divisions dealing with software de-
velopment, has been set up and meets
once a month to provide recommen-
dations on the software standards to be
used by ESO projects. It has, amongst
other results, produced a document
defining the basic requirements of the
Software Engineering process at ESO.

In order to reduce the impact of new
VLTSW releases on Paranal opera-
tions and in agreement with the Paranal
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SysML is used to model i
the E-ELT Technology
Demonstrator. This pic-

ture shows an outline
of the model required
and of the physical de-
ployment of the system.



Software Group, the plan and contents
of VLTSW annual releases have been
changed. Each release containing new
functionalities (e.g. 2007) is followed by
one containing bug fixes only (e.g. 2008).
Only the latter is deployed at Paranal. In
this scheme new features are used inter-
nally and debugged for at least one year
before they actually enter operations.

Control and Instrument Software

The Control and Instrument Software
(CIS) Department is responsible for the
design, implementation and maintenance
of control and common software for the
VLT, VLTI and their instruments, as well
as for ALMA and E-ELT. Following a ma-
trix organisational model, the members
of the team are assigned to the different
projects while they also work together

to build a common vision and profit from
the synergies that emerge from the differ-
ent activities.

The development of control software for
the VLT and VLTl is far from being com-
pleted, with many new-generation instru-
ments being constructed or designed
and with major upgrades in core facilities
such as the multiple laser guide star or
the adaptive optics facility being under-
taken. For this reason, more than half of
the team worked during 2007 on the de-
velopment of control software for the VLT,
VLTI and their instruments. Following an
annual release cycle to follow up with the
evolution of control hardware used in
Paranal and by second-generation instru-
ments, the VLTSW FEB2007 version

of the VLT common infrastructure and in-
strumentation software was released at
the beginning of the year, followed by the
development of the 2008 release now in
its final testing phase in Paranal. Stand-
ard support for new hardware has been
provided, while at the same time new re-
quirements imposed by the increasing
complexity of the new facilities have been
satisfied. The team has played a ma-

jor role in the development of the active
phasing experiment (APE), PRIMA,
HAWK-I and other instruments. Also, fol-
lowing up and consulting external con-
sortia has been extremely valuable in en-
suring uniformity between the different
developments and in identifying new re-
quirements. Only a small portion of the

The main control panel
of the SHAPS sensor

work done in the VLT area can thus be
considered pure maintenance, while the
rest constitutes new developments.

The ALMA project relies on a consistent
group of software engineers from the

CIS Department. They are involved in the
Common Software, Control, Executive
and Observation Preparation subsystems
with coordination, design and develop-
ment roles in collaboration with software
engineers from the partner organisations.
More details are provided in the ALMA
section of this annual report, where the
major milestones achieved this year are
described. The team members have been
heavily involved in missions at the An-
tenna Test Facility in Socorro. In particu-

for the active phasing
experiment. Superim-
posed are two panels
showing the image anal-
ysis of the PYPS sen-
sor and the position of
the elements of the ac-
tive segmented mirror.

lar, the ALMA Common Software (ACS),
whose overall coordination is under the
responsibility of ESO and CIS team mem-
bers, is made available outside ALMA as
a public domain middleware framework.
Several astronomical projects, including
APEX, have adopted ACS as the base for
their Control Systems. A community of
users has developed, and a fruitful collab-
oration with Universidad Técnica Federico
Santa Maria in Valparaiso (Chile) is push-
ing the diffusion of ACS in Chilean univer-
sities with the effect of training young
software engineers who can be (and have
been) hired by ALMA and other ESO pro-
jects.

A limited amount of resources has been
allocated in 2007 to begin the work on
the E-ELT software architecture and infra-
structure, in collaboration with the E-ELT
office. Software will play a very impor-
tant role in this project as an integrated
part of the system together with mechan-
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Elements of the models used in the functional
specifications for GALACSI, the Adaptive Optics sys-
tem for the MUSE second-generation instrument.
Together with the high-level architecture, a use-case
diagram and a sequence diagram are shown.
Sequence diagrams are extremely valuable in the
analysis of the flow of actions in a process.

ics, optics and electronics. Therefore
we are making a contribution to the over-
all system engineering and requirement
capture activities. At the same time, we
are collaborating on the definition of the
Telescope Control System architecture
and on the selection of the technologies
to be used for the overall software infra-
structure. The matrix structure of the
department enables it to profit from the
experience accumulated in the software
development for VLT/VLTI and ALMA.
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ACS has been evaluated and considered
suitable for use in the VLT, although a
decision on the middleware to be used
for the E-ELT is still premature. An E-ELT
technology demonstrator is now being
developed to examine promising hard-
ware and software technologies, includ-
ing ACS, and the ease of integrating them
seamlessly.

Data Flow Infrastructure

In 2007 the Data Flow Infrastructure (DFI)
Department put a lot of effort into the
development and deployment of the VLT/
VLTI User Portal (see page 29). The pro-
ject was challenging both in terms of its
technical and organisational impact. In-
ternal and external stakeholders can now
use single sign-on to access all their web
and desktop applications. For instance, a
principal investigator can access the Pro-

posal Submission System, WebLetters
and P2PP through a common login. Most
existing applications had to be modified
to integrate with the new environment
and the actual introduction of the system
required a switch-over of the complete
support infrastructure at the same time.
The ‘big-bang’ happened in November
and was very successful as it did not gen-
erate any disruption in operations. The
project was also an excellent team-build-
ing opportunity as it involved not only
software engineers developing front-end
and back-end software but also scien-
tists and engineers belonging to opera-
tion groups and departments. A major
challenge for the department was to de-
velop those new applications (including
support for survey facilities) while provid-
ing support, including implementation

of new requirements, to Phase | tools and
infrastructure for the two observing peri-
ods which started in April and in October.
The back-end team continued to con-
centrate on the development of applica-
tions that are critical to the execution of
data reduction pipelines and quality con-
trol procedures. This includes automatic
tools for organising, classifying and as-
sociating data and executing reduction
pipelines on multi-core computers.

The involvement of the department in the
development of ALMA data-flow applica-
tions is slowly increasing. In 2007, it was
limited to the participation in the develop-
ment of the ALMA archive. The develop-
ment of ALMA Observatory Operations
Support tools will start in 2008 and we
hope that ideas and concepts from the
VLT can be shared with these new tools.



Pipeline systems

All ESO pipelines are now based on the
ESO Common Pipeline Library in order
to facilitate maintenance and sharing

of functionalities, and have been released
for public use. Many new algorithm and
pipeline developments were presented

at the ESO Calibration Workshop. Among
the new developments, the CRIRES pipe-
line was finalised and released for oper-
ations for the P79 observing period. The
CRIRES pipeline provides recipes for
wavelength calibration and sensitivity of
the instrument, as well as for the science
reduction procedures.

The HAWK-I pipeline was evaluated dur-
ing the first commissioning run in Au-
gust 2007. This pipeline was developed
in-house and closely follows the data
processing scheme of ISAAC software
imaging. Development has been acceler-
ated by reusing CPL recipes from the
ISAAC pipeline for single-quadrant tasks.
Only a few recipes had to be developed
explicitly for HAWK-I to support astrome-
try/distortion correction and to merge the
four individual quadrants into one image.
The HAWK-I pipeline is foreseen to be re-
leased for operations in April 2008.

A new library, CLIP (Common Library for
Image Processing), has been devel-
oped as a flexible and scaleable frame-
work to provide an interface between
CPL-based data processing capabilities
and the instrument acquisition process.
CLIP is binding software which includes
high-level interface libraries with the
control software system, support for the
VLT Real-Time Display tool, an image-
processing library extending the CPL by
common instrument-related functions
(e.g. for instrument adjustment such as
the X-Shooter hardware flexure meas-
urement), and a standard architecture
for instrument-specific plug-ins (e.g. CPL-
based recipes for KMOS image recon-
struction). The CLIP library has been
tested by the X-Shooter and KMOS con-
sortia.

Elements of the HAWK-I user interfaces. The main
panel is the Instrument Control Software Engineer-
ing GUI and is shown together with the OS control
panel, a real-time display showing the handling of
the gaps between the detectors, and the Telescope
Offset Display GUI, used to provide a graphical rep-
resentation of offset sequences.
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Technology Developments

The Technology Division provided engi-
neering support to over 150 different ESO
projects and work packages in 2007,
maintaining the record levels of 2006.
While support for VLT operations and up-
grades remains an important background
activity, ALMA and second-generation
VLT instruments were the main priorities
of the division.

As well as contributing to these key pro-
jects, the division has also worked on a
large number of preparatory studies and
developments which have specific rele-
vance for the technological challenges of
building and operating an extremely large
optical telescope. These E-ELT-related
activities have increased rapidly in 2007
and will continue to do so.

Although some of these activities were
funded by the ESO E-ELT Phase-B pro-
gramme, a considerable number of other
studies and developments have been
partly funded through contributions from
the EC Sixth Framework Programme
(FP®). The E-ELT Phase-B and FP6 pro-
grammes have involved many European
institutions and industries, and the divi-
sion’s staff have played an important role
in their planning and management, as
well as in their execution in some cases.
There has deliberately been a clear syn-
ergy developed between these activities
to allow maximum overall benefit.
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Here, we highlight a few examples where
inter-disciplinary teams from the Technol-
ogy Division have been active in the serv-
ice of ESO’s current and future projects.

Electronic standards

Electronic standards were an important
issue during the construction of the VLT
and were a major contribution to its
widely recognised reliability. With equip-
ment provided by dozens of firms and
institutions, maintenance would have
been extremely troublesome if each sup-
plier selected their own components and
standards. Not only would the number

of spare parts have had to be greatly in-
creased, but maintenance and upgrades
would have been made more difficult

and the software would also be much
larger and more error-prone. Now that we
are starting the E-ELT design, it is equally
important to establish the minimum level
of technical standards necessary for each
phase of the project.

It is obviously still too early to specify all
the E-ELT standards; and these will in any
case evolve as the project develops. Man-
ufacturers receiving major contracts may
also select standards that will thereafter
become de facto E-ELT standards. But
the process of selecting standards is not
easy and requires many considerations.

Gas treatment with UV
light to improve the
quantum efficiency of
the FORS1 CCD.

They should not only meet the foreseen
performance and environmental require-
ments, but they should also have devel-
opment potential, and be based on rising
rather than falling technologies as the
project will only be completed in the next
decade and must be maintained through-
out its whole operational life. Standards
should also have a broad industrial ac-
ceptance to allow multi-vendor procure-
ment. Even if all these factors are posi-
tive, extensive testing and evaluation of
components under the expected environ-
mental and operational conditions at a
high-altitude observatory are necessary
to provide assurance of long-term serv-
iceability.

E-ELT Technology Demonstrator

The E-ELT Technology Demonstrator pro-
ject, which was started in 2007, is in-
tended to test and benchmark key tech-
nologies available on the market today,
and provide an indication as to their suit-
ability for an extremely large optical tele-
scope and assess the development po-
tential.

The E-ELT, being an adaptive telescope,
requires a control system that is far more
complex than those of previous genera-
tions of telescopes. The initial analyses
of the control system requirements indi-
cate the need for a substantial increase
in the number of I/O channels, much
faster computers and higher communica-
tion bandwidths. In addition, there will
be a stronger coupling between subsys-
tems than with previous projects. The
advances in technologies that have oc-
curred during the last decade make

it reasonable to expect that these goals
can be achieved in a cost effective way,
with much reduced cost per I/O channel.

Tests will not only be carried out under
laboratory conditions, but also under the
conditions expected at the future E-ELT
observatory. For this, the recently ac-
quired climatic chamber will allow equip-
ment to be tested over the full range

of temperatures and humidities that it will
eventually be exposed to in operation.



Cryo-testing

Electro-mechanical functions that oper-
ate reliably under vacuum and at cryo-
genic temperatures are another field
where development and testing has been
carried out by the Mechanical Systems
and Electronics departments. The reliabil-
ity of vacuum-cryogenic functions is ex-
tremely critical, as any failure in an op-
erational cryogenic instrument typically
means a week of lost observation time
due to the need to warm up the instru-
ment, repair the function, pump down the
vacuum and re-cool. Not only must cryo-
genic functions work reliably, they should
also produce very little heat. Some of

the proposed E-ELT instruments will re-
quire very complex cryogenic functions.
As most commercial components are
not designed to operate at cryogenic
temperatures, a test programme was
started to evaluate a number of compo-
nents such as motors and encoders

to validate them under these conditions.
Even if a product works mechanically
when cold, the associated drive or inter-
face electronics may not. These problems
and limitations need to be well under-
stood before the components can be ac-
cepted for use in cryogenic instruments.
A vacuum cryogenic test facility has been
developed to facilitate the evaluation of
new devices. One particularly interesting
product currently being tested is the
Squiggle motor. These can provide linear
movements of up to 50 mm with a resolu-
tion as small as 20 nm. They are not only
vacuum compatible and require no hold-
ing power, but are very compact — down
to 6 mm in length — and could be of po-
tential interest for moving slitlet jaws, for
example.

Acceleration

Antenna accelerations
without (blue) and with
(red) additional damping
system.

ALMA transporter damping system

During the development of the ALMA
Transporters, it became apparent that
there was a potential danger to the ALMA
telescopes if they were transported

at critical speeds over ‘washboard’ road
surfaces. These surfaces can develop
rather rapidly on non-metalled roads
such as that connecting the ALMA OSF
to the high site. Analysis showed that, in
the worst case, the accelerations felt by
the telescope could considerably exceed
the seismic accelerations for which the
vehicles were designed. Engineers from
the division created a task force to find a
method of damping such vibrations that
could be easily retrofitted to the transport-
ers, which were almost complete, with-

out delaying the critical delivery schedule
for these vehicles.

Taking the vehicle characteristics calcu-
lated by the manufacturer, dynamic simu-
lations were carried out and analysed

by ESO experts and a solution was found
to limit the accelerations to acceptable
values. The hydraulic support systems of
each of the 14 transporter wheels were
fitted with a nitrogen-charged accumula-
tor and a throttle/check valve. Both these
components were carefully selected

and adjusted so that they change the res-
onance frequency in case of an over-
load situation and detune the system in
order to avoid critical resonance ampli-
fications. Additionally, electronic sensors
have been installed to bring the vehicle
automatically to a safe stop in such a sit-
uation.

Looking at the trans-
porter damping system.
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Right: The summit of
Cerro Paranal with
VISTA in the foreground.

Another wind study, carried out in July
2007 under the division’s leadership, has

Wind characterisation

Wind disturbance is a major concern for
the performance of any telescope, but
particularly so for the E-ELT because of
the enormous optical surfaces. In open
space, the wind forces can be very high,
although with a relatively small turbulent
component. Protecting the telescope by
placing it inside an enclosure can reduce
the absolute wind forces, but create tur-
bulence that can give problems for con-
trolling the mirror surface. Although wind
tunnel testing and computational fluid
dynamics (CFD) modelling are both valua-
ble techniques, there always remains a
problem of validating these models, both
in terms of scaling and understanding
the correct disturbance spectra to apply.
The Jodrell-Bank wind experiment that
was initiated in 2006 and is now in opera-
tion is intended to obtain direct measure-
ments on a large telescope structure
standing in a relatively unhindered airflow.
Of interest are not only the absolute pres-
sure variations but also the pressure
correlations across the reflector surface.
Another related experiment is the FP6
Wind Evaluation Breadboard project that
is now being installed on Tenerife. It con-
sists of a representative subset of a seg-
mented aperture mirror with seven E-ELT-
sized mirror segments equipped with
active mirror supports and edge sensors.
It will investigate optimum Servo Control
Architectures for mirror control under
varying wind exposures and orientations.
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been to investigate the turbulent flow
characteristics inside a real telescope en-
closure. Due to the large scale factors

in the wind tunnel and CFD models, it is
difficult to characterise the flow charac-
teristics behind special structures like
the wind screen. For this campaign, four
high frequency (32 Hz) ultrasonic ane-
mometers were installed in the vacant
VST enclosure on Paranal. A row of four
anemometers were placed at different
locations within the enclosure volume. In
each configuration, the wind speed ver-
sus time histories were recorded, from
which the PSD of wind speed turbulence
and all the parameters which characterise
the turbulent flow, like the mean speed
turbulence intensity and integral length,
were calculated. This was carried out for
various windscreen positions and enclo-
sure orientations.

Anemometers arranged in a vertical
line behind the windscreen of the
VST enclosure. In the configuration
shown, one anemometer is located
in front of the enclosure to have a
reference of the outside flow velocity.






The Science Archive Facility

The ESO Science Archive Facility (SAF)
stores all raw data taken at the ESO sites
in Chile, as well as processed products
for selected datasets. The facility also
contains a copy of the HST archive, man-
aged in cooperation with the Space
Telescope European Coordinating Facility
(ST-ECF) and the raw data from the UKIRT
Infrared Deep Sky Survey (UKIDSS)
taken with the Wide Field Infrared Cam-
era (WFCAM).

Users around the world can access the
ESO archive via a Web-based data re-
quest submission system. In addition to
the general archive Web interface, all
current VLT instruments, the VLTI MIDI in-
strument, the HARPS instrument on

La Silla, and APEX on Chajnantor have
dedicated instrument-specific forms

to query the data. Dedicated query forms
are also available to browse and retrieve
reduced data products. In 2007, work

on the ESO Science Archive Facility pro-
gressed towards setting up the infra-
structure necessary to build a Virtual Ob-
servatory-compliant archive.

A visual browser to the SAF was released
in 2007. VirGO, a plug-in to the open
source tool Stellarium, provides a new way
to access ESO data by displaying on the
sky the field of view of imaging detectors
and slits of spectrographs, with the actual
orientation. As such, it allows a global
and intuitive view of the areas of the sky
observed by ESO telescopes, which

is fundamental especially in the case of
highly studied regions. The visual pres-
entation is unprecedented in the field

of archive browsers. The real strength of
VirGO, however, is that it can filter out
and select relevant observations in a sim-
ple way, and its Virtual Observatory com-
pliancy allows it to interact with other Vir-
tual Observatory (VO) tools. Among many
other features, VirGO includes a ‘shop-
ping basket’, as used by many commer-
cial Web sites, which can be used to
store a group of observations for further
retrieval from the ESO archive.
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New archive web pages were deployed.
They are now served through a con-

tent management system with ESO’s new
corporate design. In the process, their
content was updated and their structure
streamlined. A significant fraction of the
new web pages was implemented as part
of the in-kind contribution provided by
Spain.

Archive holdings and data handling

The ESO archive currently contains 74 TB
of data in 14 million files. Except for a few
special cases, all science observations
have a proprietary period of one year.
After this period the archival datasets are
available worldwide to the general astro-
nomical community for further scientific
exploitation. More than 15 TB of new data
were archived during 2007, a 15 % in-
crease over the previous year. While the
volume of HST data is smaller than that
of ESO data by a factor of 37 to 1, the
difference in the number of files archived
for the two observatories is much less
pronounced: 10 million ESO files and

4 million files from HST.

More than 11000 unique archive requests
were served in 2007, totalling 16.1 TB

of data. Of those requests, 8800 were for
ESO data (12.3 TB in nearly three quar-
ters of a million files), while the remain-
ing 2500 were for HST data (3.8 TB in
nearly a quarter of a million files). We pre-
pared and delivered to Principal Investi-
gators data packages containing proprie-
tary data for more than 1100 VLT/VLTI
and 120 La Silla observing programmes.
In addition, 170 calibrated pre-imaging
datasets were delivered automatically to
Principal Investigators within 48 hours

of acquisition at the telescope to allow
them to prepare follow-up spectroscopic
observations with the following instru-
ments: FORS1, FORS2, VIMOS, VISIR,
ISAAC, NACO and SINFONI.

Raw data from the UKIRT Infrared Deep
Sky Survey (UKIDSS) executed with

the WFCAM instrument at the UK Infrared
Telescope (UKIRT) have kept flowing into
the ESO archive. During 2007 the ESO
archive received 4.6 TB worth of UKIDSS
data (260000 files), which brought the
total holdings to 13.1 TB (737000 files).

As of 2006, the APEX submillimetre
antenna on the Llano de Chajnantor has
been routinely producing science data.
The data belonging to two of the three
APEX partners', ESO itself and the On-
sala Space Observatory in Sweden, are
stored in the ESO archive. As with any
other ESO data, APEX files are also avail-
able to the community at large, once
the usual proprietary period has expired.
The ESO archive currently holds 376 GB
from just over 62 000 files of APEX data,
253 GB of which were produced and
processed in 2007.

In the course of 2007 a dedicated key-
word repository based on Sybase IQ
database technology was deployed to
store the complete and updated descrip-
tion of the science data contained in

the archive, e.g. what objects were ob-
served, when they were observed, and
how they were observed. The database
currently stores information on 7.9 mil-
lion files and is being backfilled to include
all science files in the archive.

Also, the ESO archive stores all kinds of
data to monitor the status of virtually
every single function of the VLT/VLTI ma-
chinery. This database currently holds
2.3 billion entries and grew in the past
year by a quarter of a billion entries.

VISTA/VIRCAM is the new wide-field in-
frared imager on Cerro Paranal, sched-
uled to start operations soon. With an ex-
pected data rate of 150 TB a year, this
instrument alone will produce a ten-fold
increase of data volume compared to

all other instruments combined! Handling
this massive amount of data will pose
new challenges for archive operations
and will also serve to pave the way for fu-
ture high throughput instruments like
MUSE, a second-generation VLT instru-
ment which is foreseen to be composed
of 24 integral field units.

" The third partner being the Max Planck Institute for
Radio Astronomy in Bonn, Germany.



Processed data products

A number of processed data products,
which astronomers can directly use

for most scientific purposes, were made
available during 2007:

— All non-Guaranteed Time Observation

High Accuracy Radial velocity Planet
Searcher (HARPS) spectra taken be-
tween the start of science operations
and the end of 2006 were reprocessed
with the latest HARPS consortium
pipeline and made accessible. HARPS
is mainly dedicated to the detection

of extra-solar planets and has discov-
ered many such objects;

All the spectra obtained with the UV-
Visual Echelle Spectrograph (UVES)
since the beginning of its operations in
February 2000 — nearly 60000 raw
frames of point-like observations —
were processed at ESO with the latest
version of the instrument pipeline
(v3.2). This new pipeline implements
an adaptive scheme to consistently
and efficiently perform optimal spectral
extraction over a wide range of signal-
to-noise ratios, up to the maximum
Poisson limit of several hundred dic-
tated by pixel saturation. Only quality-
controlled master calibration frames
were used for the processing and all
science products have undergone a
certification procedure. This approach
results in a large data set processed

in a homogeneous, controlled and well
understood way. This massive data
processing was made possible by ap-
plying to the UVES catalogue the new
tools and concepts developed to cope
with the large amount of data that is
expected to be produced by the up-
coming survey instruments. UVES data
were processed in a VO-compliant
manner and are accessible through an
interface which includes target infor-
mation obtained via cross-identifica-
tion with astronomical objects in the
SIMBAD and NED databases. Archive
users can search by target name, ob-
ject class, redshift or radial velocity
and look, for example, for all quasars
at redshift larger than 3 observed by
UVES;

The final (v2.0) release of the Great
Observatories Origins Deep Survey
(GOODS)/ISAAC data went online on
10 September. GOODS unites ex-
tremely deep observations from many
space observatories and from the
most powerful ground-based facilities,
to survey the distant Universe to the
faintest flux limits across the broadest
range of wavelengths. This release
includes fully calibrated mosaics (26
fields in the infrared J- and Ks-bands,
24 in the infrared H-band) and ac-
cumulates data acquired in 12 814 sci-
ence exposures between October
1999 and January 2007 totalling

1.3 Msec of integration time. The fully
automated processing of the entire
data set consists of 13964 raw science
images, 20699 calibration frames, and
6290 photometric standard stars;
The final (v3.0) release of the GOODS/
FORS2 spectra went online on 31 Oc-
tober. This includes 1715 spectra of
1225 unique targets, providing in total
1165 redshift measurements;

— Advanced data products for the Large

Programme zCosmos (The evolution-
ary links between galaxies, their nuclei,
their morphologies and their environ-
ments) were released on 30 October.
They include 1264 one- and two-di-
mensional VIMOS spectra. This is the
first release of reduced data from an

external ESO Large Programme. Pro-
posers of Large Programmes are in
fact requested to deliver to ESO final
data products at the time of publica-
tion of their results. This enhances the
legacy value of ESO data, facilitating
further scientific exploitation, assures
uniform distribution of data products
through the Science Archive Facility,
and gives them higher visibility.

Finally, preview images (re-binned JPG
and FITS) with accurate astrometry from
Wide Field Imager (WFI) archival data
have been produced. These allow a
‘quick look’ at the data before submitting
a request.

ESO VLT/FORS2 spec-
tra slits overlaid with
VirGO on a VLT/ISAAC
preview image in the
GOODS south area.
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The ESO Data Centre

The ESO Data Centre was completed in
June 2007. It is a state-of-the-art com-
puter room, currently equipped with eight
actively cooled racks, seven standard
racks, three network racks and one Blade
Centre. The technical equipment in this
Data Centre comprises redundant Liquid
Cooling Packages (LCPs), a leakage de-
tection system, and smoke and particle
detectors in a controlled and air-condi-
tioned environment. The entire ESO Data
Centre is powered through a centralised
Uninterruptible Power Supply (UPS),
which is located directly underneath the
Data Centre.
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The construction of the ESO Data Centre
has enabled the consolidation of the
majority of the mission-critical operations
computer systems into one location.

The relocation of the operational compu-
ter systems took meticulous planning
and was executed within three weeks.

A downtime for the entire Archive was not
required, because the Primary Archive
consists of twenty-four individual sys-
tems, which could be relocated individu-
ally one at a time. In addition, most

mission-critical database servers were
moved on short notice.

During a power outage from 1 to 2 De-
cember 2007, the Uninterruptible Power
Supply proved its worth, which enabled
all mission-critical computer systems and
services to continue without interruption.

Database replacement servers for the
remote observatory sites have also been
procured. These servers are situated

in the ESO Data Centre and are being in-
stalled, configured and tested prior to
handover to the La Silla Paranal Observa-
tory.

The ESO Data Centre in
Garching.



The European Virtual Observatory

The EURO-VO project aims at deploying
an operational Virtual Observatory (VO)

in Europe, allowing users easy and seam-
less access to the huge amount of astro-
nomical data currently available, to facili-
tate their exploitation and foster new
science. ESO is a founding member of
EURO-VO, which is partly funded by the
European Community.

The EURO-VO project, through its Sci-
ence Advisory Committee (SAC) and the
ESO/ESA managed Facility Centre,
selected three projects (two of which are
being supported by ESO staff) making
use of VO tools and applications to carry
out astronomical research. The projects
have received scientific support and
technical contact points and should soon
complete their work.

The ESO/EURO-VO project was present
at the European Astronomical Society
Symposium on “Science with Virtual Ob-
servatories” (JENAM, Yerevan, Armenia,
20-25 August), at the workshop “Astron-
omy with Virtual Observatories” held in
Pune, India, on 15-19 October, and at the
Lithuanian Summer School “Virtual Ob-
servatories”, held in the Moletai Observa-
tory, Lithuania, on 23-26 October.

The EURO-VO SAC met for the third time
on 18 June at ESTEC, Noordwijk, the
Netherlands. SAC members were up-
dated on the latest EURO-VO develop-
ments.

A EURO-VO workshop on how to publish
data to the Virtual Observatory, organised
by ESO and ESA in collaboration with the
other EURO-VO partners, took place at
ESAC, Madrid, in June. It attracted about
60 participants (many astronomers) and
20 advisers/organisers. It was geared
towards data centres and large projects
in order for them to acquire the knowl-
edge and experience necessary to allow
them to become ‘publishers’ in the VO.

In hands-on sessions, participants were
introduced to VO protocols in the view

of publishing their data holdings through
the VO. Implementation feedback was
collected on the VO protocols and tools.

The second meeting of the EURO-VO
Data Centre Alliance board took place on
1-2 February at ESO. The main topic of
discussion was the EURO-VO proposal in
response to the first Framework Pro-
gramme 7 (FP7) Infrastructure call, pub-
lished on 22 December 2006. The third
meeting of the EURO-VO Data Centre
was held in Trieste, Italy, on 4-5 October.
Topics of discussion included the assess-
ment of Cycle 1 activity, preparation of
the revised Project Plan for Cycle 2, prep-
aration of the first periodic report to

the EC, and discussion of the Data Cen-
tre census information collection and col-
lation.

The fourth cycle of the VOTech project,
which works by six months cycles, was
completed in March 2007. Project mem-
bers met at ESO, on 12-15 March, to
assess the work done and present plans
for the next cycle. The project mid-term
review and Cycle 6 planning was held on
8-11 October in Edinburgh, UK.

The ESO-led design study group on new
user tools released its report. Many of the
new prototype components made it into
production software such as archival ac-
cess to spectra or display of instrumental
footprints and filter transmission curves.

ESO was instrumental in developing a
query protocol for standardised access
to spectroscopic data. The technical
specifications of the Simple Spectral Ac-
cess (SSA) Protocol were approved and
adopted by all 16 IVOA members. SSA
constitutes the most significant technical
contribution of ESO in the VO era.

The EURO-VO proposal “Astronomical
Infrastructure for Data Access (AIDA)”
submitted to the first FP7 Infrastructure
call INFRA-2007-1.2.1 “Scientific Digital
Repositories” was selected for funding at
the 2.7 M€ level. The project starting
date is 1 February 2008. This ensures the
continuation of European-wide VO activi-
ties at least until 2010.

ESO maintains the EURO-VO project web
site, which in 2007 served 112 GB of
content resulting from 230000 user ses-
sions. ESO is also in charge of the IVOA
project web site, which served 116 GB of
web content resulting from 500000 user
sessions.
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ST-ECF

ESO and the European Space Agency
continued their successful collabora-

tion through the Space Telescope Euro-
pean Coordinating Facility (ST-ECF). The
Hubble Space Telescope (HST) is cur-
rently in observing cycle 16, routinely
achieving observing efficiencies between
45 and 50 per cent. It is performing nom-
inally in two-gyro mode, with the possi-
bility to operate in one-gyro mode, should
this be required. Science highlights in-
clude the observation of ‘Lego-block’ gal-
axies, from which today’s galaxies are
assumed to have evolved. The dark mat-
ter scaffolding of the universe was
mapped. 2007 also marked the 20th an-
niversary of Supernova 1987a; it has now
been monitored by the HST for 17 years,
completely revolutionising our knowledge
of supernovae.European observing time
allocation continued to be well above the
nominal 15 %.

Currently the ST-ECF is operating under
the terms of the original MoU between
NASA and ESA, which foresees a staffing
level of seven ESA and ESO funded po-
sitions. The MoU will expire at the end of
2010. The focus of the ST-ECF efforts
was on the generation of Advanced Sci-
ence Data Products: both the ACS and
the NICMOS instruments on HST have
integral-field spectroscopic capabilities.
The data produced in these modes

are complex to analyse and require tech-
niques unfamiliar to most astronomers.
ST-ECF has therefore developed software
that is able to extract spectra from the
data frames and to calibrate them, with
the aim of making them directly avail-
able to the community. This capability is
also applicable to Wide Field Camera 3
(WFC3), one of the two new scientific
instruments that will be installed on the
HST during Servicing Mission 4 (SM4).

Intense preparations for SM4 continued
throughout the reporting period. The mis-
sion is currently scheduled to launch in
August or September 2008. It will restore
the HST to 3-gyro configuration. In addi-
tion to the installation of the Cosmic Ori-
gins Spectrograph (COS) and the WFC3,
the mission will attempt to bring STIS and

ACS back to full functionality. ST-ECF
staff are supporting these activities by
generating technical documentation and
by participating in the reviewing process.

The European HST Archive is now oper-
ating within the new ESO Archive infra-
structure. The total Hubble data hold-
ings are now about 2 Terabytes in un-
processed and compressed form. During
2007, 2512 requests for data (3.1 TB)
were served and distributed to 405 users.
In collaboration with the STScl and the
CADC, work on the Hubble Legacy Ar-
chive continued. The goal is to collect
and generate selected High Level Sci-
ence Data Products and make them avail-
able to the community through a science-
oriented user interface. User support
continued through the Newsletter, the
HST email hotline, and the production of
technical documents. ST-ECF staff also
monitored the TAC process and contin-
ued to support the ESO SAMPO Project.
Moreover, ST-ECF staff takes care of the
editorship of the ESO Messenger.

The ST-ECF has been active in the dis-
semination of the discoveries from
Hubble to the public during 2007. Twenty
news and photo releases and sixteen
smaller ‘Hubble Updates’ were produced.
The European Hubble website had

7.5 million visits (up 160 %) and distributed
110 TB of multimedia materials (up

200 %). 150 new Full High Definition

(1080 p) video clips were produced. One

of the highlights of the year was the start
of the production of the Hubblecasts in
Full HD, which prompted an enormous in-
crease in the number of web downloads.
In total, 1.8 million Hubblecasts (12 epi-
sodes) were distributed during the last
nine months of 2007. These Hubblecasts
continue to rank among the most suc-
cessful science-related materials in, for
instance, iTunes. It was voted among the
Top-25 video podcasts of 2007 (one of
two science vodcasts in Top-25), and
even used in a demo by Apple CEO Steve
Jobs at the keynote address at MacWorld
2007.

In collaboration with IAU Commission 55,
the journal “Communicating Astronomy
with the Public” (CAP) was created. It is
to appear on a quarterly basis and is de-
signed to meet the clear need for a pub-
lication addressing the specific needs of
the public astronomy communication
community. This is particularly important
as 2009 has been declared the Interna-
tional Year of Astronomy (I'YA2009) by the
United Nations. In collaboration with the
IAU the IYA2009 Secretariat was set up
at ST-ECF’s outreach group in August
2007. Two conferences were organised:
The International Year of Astronomy 2009
Meeting at ESO and Communicating As-
tronomy with the Public 2007 in Athens.
Five new websites were created — the
one for the International Year of Astron-
omy 2009 was the most popular of these.

As part of the continuing ESA-ESO sci-
ence strategy coordination, a fourth topi-
cal working group, chaired by Catherine
Turon, is preparing a report on Galactic
Structure with particular reference to the
forthcoming GAIA mission. This will be
the latest addition to the existing set of
reports: Extrasolar Planets (M. Perryman,
chair); The Herschel-ALMA Synergies

(T. Wilson) and Fundamental Cosmology
(J. Peacock); and will be published in
mid-2008.
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Manuel Torres
Soraya Torres
Josefina Urrutia
Guillermo Valdes
Jose Javier Valenzuela
Karen Vallejo
Leonardo Vanzi
Oscar Varas
Enrique Vera

Jorge Vilaza

Stefan Wehner

Ueli Weilenmann
Luis Wendegass
Andrew Wright



Telescope System
Division

Roberto Gilmozzi

Constanza Araujo
Hauck
Dina Arbogast
Robin Arsenault
Domenico Bonaccini
Calia
Marc Cayrel
Richard Clare
Jeroen de Jong
Frangoise Delplancke
Frédéric Derie
Philippe Dierickx
Robert Donaldson
Enrico Fedrigo
Yan Feng
Wolfgang Hackenberg
Ronald Holzléhner
Norbert Hubin
Lieselotte Jochum
Markus Kasper
Bertrand Koehler
Johann Kolb
Visa Korkiakoski
Paolo La Penna
Miska Kristian Le Louarn
Samuel Lévéque
Jochen Liske
Pierre-Yves Madec
Enrico Marchetti
Patrice Martinez
Serge Menardi
Samantha Milligan
Guy Monnet
Riccardo Muradore
Sylvain Oberti
Jérdme Paufique
Duc Thanh Phan
Florence Puech
Mark Robinson
Johannes Sahlmann
Marc Sarazin
Nicolas Schuhler
Christian Soenke
Jason Spyromilio
Josef Strasser
Stefan Strobele
Isabelle Surdej
Arkadiusz Swat
Luke Taylor
Gerard van Belle
Elise Vernet
Anders Wallander
Nataliya Yaitskova

Data Management and
Operations Division

Fernando Comerdn

Paola Andreani

Andrew Burrows

Fabien Chereau

Carlos De Breuck

Nausicaa Delmotte

Danuta Dobrzycka

Adam Dobrzycki

Markus Dolensky

Nina Felber

Nathalie Fourniol

Monika Gotzens

Reinhard Hanuschik

Evanthia Hatziminaoglou

Michael Hilker

Wolfgang Hummel

Christian Hummel

John Lockhart

Jean-Christophe
Malapert

Stephane Marteau

Sabine Mengel

Sabine Moehler

Palle Moller

Petra Nass

Mark Neeser

Paolo Padovani

Ferdinando Patat

Isabelle Percheron

Francesca Primas

John Pritchard

Marina Rejkuba

Jorg Retzlaff

Bruno Rino

Charles Rite

Jesus Rodriguez Ulloa

Martino Romaniello

Piero Rosati

Maria del Mar Sierra
Gonzélez

Remco Slijkhuis

Dieter Suchar

Lowell Tacconi-Garman

Mario Van Den Ancker

Ignacio Vera Sequeiros

Andreas Wicenec

Markus Wittkowski

Burkhard Wolff

Bodo Ziegler

Martin A. Zwaan

Software Development
Division

Michele Péron

Roberto Abuter

Eric Allaert

Luigi Andolfato
Pascal Ballester
Klaus Banse

Peter Biereichel
Thomas Bierwirth
Reynald Bourtembourg
Alessandro Caproni
Sandra Maria Castro
Maurizio Chavan
Gianluca Chiozzi
Mauro Comin

Livio Condorelli
Paulo Correia Nunes
Stéphane Di Cesare
Dario Dorigo
Philippe Duhoux
Sylvie Feyrin

Robert Frahm

Bruno Gilli

Carlos Guirao Sanchez
Birger Gustafsson
Karim Haggouchi
Carlo Izzo

Bogdan Jeram

Yves Jung

Robert Karban
Maurice klein Gebbinck
Jens Knudstrup
Antonio Longinotti
Henning Lorch

Lars Kristian Lundin
Holger Meuss
Andrea Modigliani
Christophe Moins
Ralf Palsa

Moreno Pasquato
Martine Peltzer
Werther Pirani

Dan Popovic

Eszter Pozna
Marcus Schilling
Diego Sforna

Paola Sivera

Fabio Sogni

Heiko Andreas Sommer
Stefano Turolla
Jakob Vinther
Michele Zamparelli
Stefano Zampieri

Instrumentation
Division

Alan Moorwood

Matteo Accardo

Gerardo Avila

Dietrich Baade

Andrea Balestra

Paul Bristow

Iris Bronnert

Mark Casali

Claudio Cumani

Sebastian Deiries

Klaas Johannes Dekker

Sandro D’Odorico

Reinhold Dorn

Mark Desmond
Downing

Christophe Dupuy

Siegfried Eschbaumer

Gert Finger

Christoph Geimer

Andreas Glindemann

Juan Carlos Gonzalez

Stefan Hotzl

Olaf Iwert

Gerd Jakob

Hans-Ulrich Kaufl

Florian Kerber

Jean Paul Kirchbauer

Jean-Louis Lizon a
LAllemand

Antonio Ramon
Manescau Hernandez

Leander H. Mehrgan

Manfred Meyer

Luca Pasquini

Markus Patig

Jean-Francois Pirard

Suzanne Ramsay

Roland Reiss

Javier Reyes

Andrea Richichi

Gero Rupprecht

Ralf Siebenmorgen

Jorg Stegmeier

Sebastien Tordo

Joél Daniel Roger Vernet

Technology Division

Martin Cullum

Bertrand Bauvir

Henri Bonnet

Roland Brast

Enzo Brunetto

Bernard Buzzoni

Ralf Dieter Conzelmann

Bernard-Alexis Delabre

Nicola Di Lieto

Canio Dichirico

Martin Dimmler

Michel Duchateau

Toomas Erm

Raul Esteves

Giorgio Filippi

Gerhard Fischer

Christoph Frank

Domingo Gojak

Frederic Yves Joseph
Gonté

Ivan Maria Guidolin

Andreas Haimerl

Florian Heissenhuber

Guy Hess

Renate Hinterschuster

Georgette Hubert

Georg gl

Paul Jolley

Andreas Jost

Barbara Klein

Franz Koch

Heinz E. Kotzlowski

Maximilian Kraus

Simon Lowery

Christian Lucuix

Ruben Mazzoleni

Jean-Michel Moresmau

Michael Mller

Michael Naumann

Frank Nittel

Lothar Noethe

Edouard Pomaroli

Marco Quattri

Jutta Quentin

Michael Schneermann

Babak Sedghi

Armin Silber

Jesper Thillerup

Arno Van Kesteren

Véronique Ziegler

ALMA Division

Hans Rykaczewski

Gareth Aspinall

Fabio Biancat Marchet
Claus Dierksmeier
Preben Grosbal
Christoph Haupt
Jennifer Hewitson
Andreas Kempf

Hervé Kurlandczyk
Robert Alexander Laing
Massimiliano Marchesi
Pascal Martinez

Beate Marx

Eric Pangole
Ferdinand Patt

Gianni Raffi

Silvio Rossi

Hans Rudolf

Joseph Schwarz
Stefano Stanghellini
Donald Tait

Gie Han Tan

Eugenio Ureta

Elena Zuffanelli

Space Telescope -
European Coordination
Facility

Lars Lindberg
Christensen
Wolfram Freudling
Jonas Haase
Richard Hook
Martin Kornmesser
Martin Kimmel
Harald Kuntschner
Marco Lombardi
Pedro Miguel Russo
Britt Sjoberg
Felix Stoehr
Jeremy Walsh

Seconded Staff
Members

ALMA Joint Office
Massimo Tarenghi

Paulina Bocaz
Richard Hills
Jacques Lassalle
Lars A. Nyman
Russell Smeback
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Personnel

As defined in its Rules and Regulations,
ESO has five categories of staff mem-
bers, whose distribution at the end of
2007 was the following:
— International Staff Members

(871 staff; 56.1 %)
— Local Staff (176; 26.6 %)
— Fellows (36; 5.4 %)
— Paid Associates (46; 7%)
— Students (32; 4.8 %).
Their purpose is to reflect the variety of
circumstances and diverse work at ESO,
and to provide flexibility. ESO has seen
a steady increase in staff numbers over
the last 3 years, and it is positive to note
that the number of female staff has in-
creased by a higher percentage than
male staff (17 % and 4 %, respectively).

During 2007 we introduced e-Recruit-
ment to facilitate the recruitment process
for applicants and the management of
human resources (HR) activities, enabling
internal and external applicants to apply
for vacancies online. Applicants get auto-
matic confirmation that their application
has been received, and HR can request
additional information electronically, thus
reducing the administration activities, and
speeding up the recruitment process.

Throughout 2007, ESO advertised 88 va-
cancy notices and 1744 applications
were received. In 2007, 54 International
Staff Members and 23 Local Staff Mem-
bers were recruited. In addition, 11 Stu-
dents, Fellows, Paid and Unpaid Associ-
ates joined ESO.

HR development

Throughout 2007 we have been work-

ing to further develop the terms and con-
ditions of employment at ESO. Working
with the International Staff Committee in
Chile, a revision of the terms of employ-
ment for astronomers working in Chile
was agreed, with particular note taken of
the annual review of scientific activity, the
assignment and career development, and
the working schedules for astronomers.

Another important activity concerns
equal opportunity issues. This work com-
menced in 2006 with the purpose of as-
certaining if we are providing an environ-
ment conducive to attracting women to,
and allowing them to develop in, science.

Administrative
16.7%

Engineers
44.4%

Technical
1.3%

Astronomer/
Scientists
27.6%

ESO staff are distributed across four main job cate-
gories: administrative and technical staff, astrono-
mers, and engineers. Given the technical and scien-

tific nature of the work, engineers and astronomers
make up 44 % and 28 %, respectively, of the organi-
sation.

Others Belgium

7.9% 41%

Sweden Switzerland
16% 11%

Portugal Czech Republic
0.3% 0.3%

The Netherlands
41% Germany

33.0%

Italy

18.0% Denmark
3.0%
Spain
2.7%

United Kingdom
6.8%

Finland
0.3%

Distribution of International Staff Members by
Nationality as of 31 December 2007.

This was an active working group, which
compared ESO to other scientific organi-
sations. The group produced a number of
recommendations that do not only focus
on women-related matters but also affect
organisation-wide issues. Some of the
key areas for development have included:
a review of maternity and adoption leave;
the participation in a common ‘Kinder-
krippe’ and ‘Kindergarten” with neigh-
bouring institutions; management and
leadership training; a proposal to intro-
duce a ‘Harassment and Bullying’ policy;
and a review of the approach to flexible
working at ESO. This work will continue in
2008 with the working group.
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During 2007, Human Resources made
and implemented the following improve-
ments/changes as far as Rules and
Regulation developments are concerned:
— Recognition of same sex marriages;

— Recognition of same sex and opposite
sex partnerships;

— Paid paternity leave increased;

— Paid maternity leave increased for the
second and the following children;

— Special leave in the event of iliness of a
close relative was introduced;

— Unpaid special leave to care for mem-
bers of the family or close relatives;

— Amendment in the application of offi-
cial holidays in Chile and Garching;

— Amendment in the application of the
Cost of Living differential to the Expa-
triation Allowance;

— Amendment of the Education Grant
and its related Circular;

— Contract Policy for International Staff
Members;

— Guidelines for commuting of Staff
Members in Chile;

— Recruitment and Selection Proce-
dures.

Moreover, the Human Resources depart-
ment has led a working group to look at
the impact of the recommendations from
the ‘Future of La Silla” working group.
This has focused on matters relating to
resources including; internal reassign-
ments; future early retirement schemes,
and the selection of skilled staff for the
core positions for the future operation of
La Silla.

Throughout the year, considerable ad-
vice and guidance has been provided to
the ALMA Human Resources Advisory
Group, specifically in the areas of internal
regulations; compensation and benefit
programmes; review and definition of the
recruitment processes for Local Staff and
International Staff; clarification on proc-
ess of performance and advancement re-
views; and resource requirements for the
JAO HR Department.

Further activities included the organisa-
tion of two meetings of the ESO Tripartite
Group; the participation in the HR work-
ing group of EIROforum; the implementa-
tion of two new Collective Contracts for
Santiago and the sites; the implementa-
tion of the Leave Module of the Navision
system in Garching and Vitacura.
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Age distribution of ESO staff on 31 December 2007.
The average age is 42 years, and within the age
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Council

The Council is ESO’s ruling body, which
delegates the day-to-day responsibility
to the Executive under ESO’s Director
General. In 2007, Council held two ordi-
nary meetings, in Barcelona in June
and in Garching in December. The Com-
mittee of Council met twice, in Potsdam
in March, and in Oxfordshire in October.
The President of Council, Prof. Richard
Wade, chaired all the meetings.

In June, Council approved a Collaborative
Agreement concerning the construction
of the Atacama Large Millimeter/submil-
limeter Array with the National Astronomi-
cal Observatory of Japan (NAOJ). This
Agreement governs the financial and pro-
cedural aspects related to goods pur-
chased and services performed by ESO
in the interests of NAOJ.

Having spent time at the sites in Chile in
January and in Garching in February,

the Visiting Committee delivered its re-
port to Council in June. The then Director
General, Catherine Cesarsky, presented
an initial response to the report but it was
left to the new Director General, Tim

de Zeeuw, to provide an action plan to
Council on how to respond to the individ-
ual points. This was done later in 2007.

In June, Council also approved a resolu-
tion stating that the La Silla 2010+ sce-
nario would allow ESO to maintain the
availability of the La Silla site for the ESO
community at a reduced level.

Council received the usual VLT/VLTI, In-
strumentation and ALMA biannual re-
ports, and the reports from the Chairs of
the Finance Committee, the Scientific
Technical Committee and the Observing
Programmes Committee. In addition a
biannual E-ELT Design Phase Status Re-
port was introduced. Council approved
an agreement with NOVA regarding
ASSIST - a test bench used to test the
Adaptive Optics Facility.

In June, Council reaffirmed its approval
of the Phase B Work Plan for the E-ELT.
In December, Council approved the
Terms of Reference and the membership
of an FP7 E-ELT Preparation Steering
Committee. This oversight committee
would take up work on 25 January 2008.

In March, an In-Kind Negotiation Team for
the accession of Austria was appointed,
chaired by Prof. Jens Viggo Clausen. The
Team reported to Council in June and
Council agreed by consensus that the
negotiations should continue along the
lines drawn up by the team with the ob-
jective of presenting a draft agreement

to Council for approval at a later stage.

ESO is still in dire need of an extension

to the Headquarters’ Building in Garching
and an agreement about lease and
subsequent purchase of the necessary
land was signed by the landowners and
ESO. An architects’ competition was
initiated and an international jury met in
October and awarded two first prizes,

a third and a fourth prize, and recognised
(with a ‘purchase prize’) one additional
design which, although innovative, did
not meet local building regulations. Coun-
cil approved that a revised call for
tenders would be issued to the top three
prize winners in the course of spring 2008.

At the meeting in December, Prof.
Richard Wade was re-elected President
of Council for 2008 and Prof. Thomas
Henning was elected Vice-President.
Mr Alain Heynen was appointed Chair
of the Finance Committee for 2008.

Dr Monica Tosi was appointed Chair of
the Observing Programmes Committee
for 2008 and Dr Svetlana Berdyugina
was re-appointed Vice-Chair.

Membership of the ALMA Board was
confirmed for a year or until the possible
restructuring of the Board had taken
place.

The ELT Standing Review Committee
chaired by Prof. Roger Davies met twice
in 2007 and subsequently reported to
Council.

The Scientific Strategy Working Group,
chaired by Prof. Bruno Marano, met three
times in 2007. In February and in May it
elaborated on scenarios for ESO’s future
direction within astronomy in Europe.

In September, it convened, together with
a number of renowned experts, to dis-
cuss surveys. Reports on the outcome
were presented to Council.

Council and Committee of Council

2007
President Richard Wade
Belgium Monnik Desmeth

Christoffel Waelkens

Czech Republic  Jan Marek
Jan Palous
Denmark Jens Viggo Clausen
Henrik Grage
Finland Kalevi Mattila
Pentti Pulkkinen
France Julien Galabru
Laurent Vigroux
Germany Andreas Drechsler
Thomas Henning
Italy Vicenzo Dovi

Bruno Marano
The Netherlands  Jan A. C. van de Donk
Piet C. van der Kruit
(until 30 June 2007)
Konrad H. Kuijken
(as of 1 July 2007)

Portugal Fernando Bello
Teresa Lago
Spain Xavier Barcons
Jordi Torra
Sweden Claes Fransson
Finn Karlsson
Switzerland Michel Mayor

Martin Steinacher

United Kingdom  Gerry Gilmore

(until 30 June 2007)
Patrick Roche

(as of 1 July 2007)
Rowena Sirey

The ESO Tripartite Group met twice in
2007. The meeting in March was chaired
by Dr Ugo Sessi and the meeting in Sep-
tember by the new Chair, Dr Patricia
Laplaud. The Group received updates re-
garding the CERN Pension Fund and was
kept informed about the measures taken
for personnel regarding the reduction

of operations at La Silla. Changes to the
Staff Rules and Regulations concerning
the education grant were discussed as
well as changes to the calculation of the
cost-of-living adjustment. The Tripartite
Group received information regarding the
collective bargaining for local staff in
Chile and the advancement review and
salary adjustments for international staff.
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Finance Committee

In 2007 the Finance Committee held two
ordinary meetings and two extraordi-
nary sessions, which were all chaired by
Ms. Rowena Sirey. They all took place

at ESO Garching, except for the regular
meeting in November 2007 which was
held in Paranal. On this occasion, mem-
bers of the committee had the chance
to see the offices in Santiago, the observ-
atories in Paranal and La Silla, and dis-
cover the latest developments at the
ALMA site.

The committee dealt with various finan-
cial issues (@annual accounts, budget,
cash-flow situation, financial projections,
member state contributions) and with
personnel issues concerning International
as well as Local Staff. These subjects
were discussed in detail and recommen-
dations were made to Council.

The Finance Committee approved the
awarding of 16 contracts exceeding
300000 € and 24 single-source procure-
ments exceeding 150000 €. The Colla-
borative Agreement between the National
Astronomical Observatory of Japan and
ESO was approved, and information was
received concerning procurement statis-
tics, forthcoming calls for tenders and
price enquiries. The New Headquarters’
Agreement on the lease and subsequent
purchase of the land has also been ap-
proved, thereby enabling ESO to ad-
vance the planning for the extension of
the headquarters building in Garching.

Some contracts for the design phase of

the E-ELT could also be presented and
approved by the Committee.
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Finance Committee

2007

Chair

Belgium

Czech Republic
Denmark
Finland

France

Germany

Italy

The Netherlands
Portugal

Spain

Sweden

Switzerland

United Kingdom

A meeting of the
Finance Department.

Rowena Sirey

Alain Heynen
Jaroslava Jeslinkova
Cecilie Tornoe
Jaana Aalto

Patricia Laplaud

Marlene Lohkamp-
Himmighofen

Ugo Sessi
Emanuela De Lauretis

Coen J. van Riel
Fernando Bello

Luis E. Ruiz Lopez de la
Torre Ayllén

Sofie Bjorling
Johan Holmberg

Jean-Pierre Ruder

Colin Vincent

Finance

As in the last four years, the ESO finan-
cial statements showed a positive annual
cash flow in 2007. The 2007 figure of
+55.3 M€ included the one-time receipt
of Spain’s entrance fee, following the
country’s accession in 2006. During
2007, ESO also received the first regular
contribution from the Czech Republic,
the ESO thirteenth member state. The
cash and short term deposits as of 31 De-
cember 2007 amounted to 144.5 M€,

The statement of income and expendi-
ture for 2007 showed a slight excess
of expenditure over income of 0.17 M€.

The budget for 2008 was approved by
the ESO Council in December 2007. The
budget comprises three sections: the
income budget, the payment budget and
the commitment budget.

With 189.7 M€, the payment budget
covers in particular the 2008 require-
ments for the ALMA construction and for
the European ELT detail design phase.

In total, it is expected to be significantly
higher than the 2008 income budget,
which amounts to 164.0 M€. The commit-
ment budget for 2008 is 232.7 ME.




Financial Statements 2007 Budget for 2008
(in €1000) (in €1000)
Balance Sheet 31.12.2007 31.12.2006 Income budget 2008
Contributions from member states 123364
Assets Other income from member states 7736
Cash and short-term deposits 144544 89222  Income from third parties 27628
Claims, advances, refundable taxes and other assets 4488 60402  Various income 5300
Total assets 149032 149624  Total income budget 164028
Liabilities and equity
Dues 1237 6803 Payment budget 2008
Advance payments received and other liabilities 14627 20616  Personnel cost 57423
Total liabilities 26998 27419  Other cost 132316
Cumulated result previous years 122205 46675  Total payment budget 189739
Annual result -17 75530
Total equity 122034 122205
Total liabilities and equity 149032 149624  Commitment budget 2008
Personnel cost 57423
Projects commitments w/o personnel 123099
Statement of Income and Expenditure 01.01.2007-31.12.2007  Operations commitments w/o personnel 52220
Total commitment budget 232742
Income
Contributions from member states 134649
Contributions from third parties and partners 5227
Income from sales and other income 7643
Total income 147519
Expenditure
Expenditure for staff 51893
Operating and other expenditure 95797
Total expenditure 147690
Annual Result -17
Statement of Cash flow 01.01.2007-31.12.2007
Cash flow from operating activities
Receipts
Income 147519
Net movements on accounts receivable 55913
Total 203432
Payments
Expenditure -147690
Net movements on accounts payable 7449
Total -140241
Net cash flow from operating activities 63191
Net cash flow from financing activities -7870
Net cash flow = Net increase/decrease in cash
and short-term deposits 55321
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The Scientific Technical Committee

The Scientific Technical Committee
2007

José Afonso (P) (Chair ALMA/APEX
sub-panel)

Rafael Bachiller (E)

Willy Benz (CH)

Joris Blommaert (B)

Jean-Gabriel Cuby (F)

Raffaele Gratton (1)

Lauri Haikala (FIN)

Thomas Michael Herbst (D) (Co-chair E-ELT
sub-panel)

Richard Hills (UK) (until first meeting in 2007)

Hans Kjeldsen (DK)

Yannick Mellier (F)

Dante Minniti (RCH)

Goran Olofsson (SE)

Michael Prouza (CZ)

Patrick Roche (UK) (Vice-chair, chair VLTI
sub-panel)

Linda Tacconi (D) (Chair)

Leonardo Testi (I) (until first meeting in 2007)

Huib Jan van Langevelde (NL)

STC 66th Meeting

At its 66th meeting, held on 18-19 April,
the Scientific Technical Committee (STC)
endorsed the recommendation of the
Science Working Group (SWG) that the
ELT project office continues to study

the design of a 42-m telescope because
the superior spatial resolution and speed
are required by two of the three primary
science cases. The choice of a 42-m
diameter will give ESO the best telescope
in the world.

STC endorsed the plan presented by the
ELT Project Office for launching the in-
strument and adaptive optics studies dur-
ing Phase B. The plan foresees that the
selection of instrument studies should

be based on a mixture of single source
procurements (SSP) and open calls. STC
recommended not to initiate any further
SSP for the new instrument concepts,
but rather to issue well advertised open
calls for instrument concept studies.
Depending on the outcome of these open
calls, STC considered that it could be
necessary to support more than the two
new instrument concept slots currently
envisaged by the plan. STC also urged
ESO to request proposals from the SSP
teams, since all concepts will ultimately
need evaluation.
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STC expressed their concern about the
tight schedule for the E-ELT site selection
and encouraged ESO to study aggres-
sively and thoroughly more sites. In addi-
tion, STC proposed that the ELT project
office assesses the validity of the current
models used in testing the proposed

ELT sites by applying these models to the
La Silla and Paranal sites and compare
the results with the real data.

STC recognised the continuing vitality of
La Silla and the excellence of the science
it delivers. The STC was convinced that
the La Silla facilities remain unique for a
large community of European astrono-
mers, and that they will continue to de-
liver excellent science for many years

to come. Thus, STC recommended that
every effort be made to ensure that

La Silla is preserved beyond 2010. ESO
presented a plan to refocus and stream-
line operations on La Silla, which includes
dedicating the 3.6-m to HARPS, restrict-
ing the NTT to EFOSC2 and a visitor
focus, and not offering the 2.2-m on ESO
time beyond 2009. The plan, that fore-
sees starting preparations in Period 81 by
moving EFOSC2 to the NTT and stopping
service mode observations, was en-
dorsed by STC that also anticipated that
the La Silla facility will evolve towards
observing runs of one week or longer in
order to gain additional savings in opera-
tions costs.

h-index
120

In discussing the 2010+ outlook for

La Silla, STC encouraged ESO to con-
tinue monitoring the scientific produc-
tivity as the operations model and instru-
ment plan for La Silla 2010+ converge.
Since the plan foresees no travel and sci-
entific support beyond 2009, STC rec-
ommended to leave open the possibility
of limited financial support for some
programmes from the ESO community
requesting the La Silla facilities beyond
2010. This would enable groups from
smaller institutions to continue to exploit
the scientific potential of La Silla.

STC was concerned that the continuing
delay of the VLT Survey Telescope (VST)
is impacting key components of ESO’s
scientific programme and indicated that
the completion of the project is very ur-
gent. Moreover, STC was seriously con-
cerned about the potential absence of
competitive optical wide field facilities at
ESO on the short time scale, and urged
ESO to start immediately a study of al-
ternative plans or possible backup solu-

Scientific productivity of La Silla compared to the
major ground-based optical observatories in the
world. Since the h-index increases with time and

La Silla is significantly older than the other observa-
tories included, only the rate of change of h with
time is relevant in this comparison. The slopes are
seen to be comparable for La Silla, Keck, Gemini,
and Subaru, but the growth rate is clearly steeper for
the VLT.
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tions, such as technical studies to enable
optical wide-field capability at the NTT

or at the VLT. On the longer term, STC
asked ESO to look for cost effective ways
to enable and maintain wide-field imag-
ing and spectroscopic facilities for the
ESO community without jeopardising the
other major approved ESO projects. In
particular, and although full participation
in the Large Synoptic Survey Telescope
(LSST) may require an unrealistically large
financial commitment from ESO, STC rec-
ommended that ESO continues the dia-
logue with the LSST consortium. Along
the same lines, STC recommended to in-
vestigate optimum ways to realise leader-
ship and/or major participation in com-
petitive wide-field facilities in the ELT era.

STC 67th meeting

The 67th meeting of the STC took place
on 23 and 24 October. The main items
considered were the sub-committees,
the next generation instruments for the
VLT and VLTI, ESQO’s short term wide-
field survey capabilities, and multi-conju-
gated adaptive optics.

Because of the increasing diversity and
complexity of the ESO programmes,
three expert committees on, respectively,
ALMA, the E-ELT, and the VLTI, now
advise STC. For historical reasons, these
committees, which evolved from the
ESAC in the case of ALMA, and the ESE
in the case of the E-ELT, have different
terms of reference. STC recommended
that the terms of reference for the three
sub-panels be reassessed and updated
to reflect the evolving situations of the
projects, and that more than one STC
member be present on each of these

Planet Jupiter is seen between the
3.6-m and the CAT at La Silla,

while the Milky Way is seen in its full
splendour.

committees. This would be crucial to op-
timise the effectiveness of the commu-
nication between the sub-committees
and the STC, to provide redundancy of
STC presence at the sub-committee
meetings, and to expedite the discussion
of the varied individual topics at the STC
meetings.

STC noted that with the imminent PRIMA
commissioning, the VLTI is about to gain
new capabilities in high precision astrom-
etry, while enhanced capabilities from
second generation instruments will con-
solidate its position as the world-leading
infrared interferometer over the next
decade. Therefore, STC recommended
that ESO follows a phased development
aimed at bringing these instruments to
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the VLTI in the period 2012 to 2015. Since
the ultimate performance of the instru-
ments is tied to the performance of the
VLTI infrastructure, which will need to

be improved to allow them to realise their
full scientific potential, STC recommend
that continuing improvements in the infra-
structure should be pursued vigorously,
integrated with the PRIMA commissioning
programme so that PRIMA reaches its
design goals at the end of the commis-
sioning period. The commissioning of
PRIMA should be the highest priority for
the VLTI, in addition, of course, to contin-
uing to obtain high profile science results
with the current VLTI system.

STC recognised that all three second-
generation VLTI instruments presented at
the meeting have high scientific poten-
tial, but considered that GRAVITY and
MATISSE should be given the highest pri-
orities and should now proceed to the
next design phase. The third, VSI, which
will make it possible to combine up to

six telescopes simultaneously and will be
a unique capability in the southern hemi-
sphere, could proceed more slowly than
the other two. However, STC stressed
their wish to see a global and phased
VLTI development plan considering the
three instruments and optimising the com-
mon requirements on infrastructure, such
as the physical space in the VLTI labora-
tory, adaptive optics, and fringe tracking.

STC stressed the importance of develop-
ing and maintaining a broad and inno-
vative instrumentation suite for preserving
the long-term competitiveness of the
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VLT into the ELT era. The initial set of VLT
instruments will be old at that time and
would have accomplished most of its
goals. Noting that adequate funding has
been reserved for new instrumentation

in the mid- and long-terms plans, STC
warmly thanked ESO for the efforts in
collecting new ideas for future plans from
the community by means of the “VLT in
the ELT era” workshop, held in Garching
the week prior to the STC meeting.

Following this workshop and their own
ensuing discussions, STC recommended
that a new long-term instrumentation plan
be devised, commencing nearer to com-
pletion of the current second-generation
VLT instrument suite. This plan should in-
clude at least the following instrument
concepts:

— A very stable, high resolution spec-
trograph, able to measure radial veloci-
ties with very high precision in order
to search for rocky planets, measure
possible variations of physical con-
stants, and make detailed analysis of
the chemical composition of stars in
nearby galaxies;

— A wide field, very high multiplex spec-
troscopic facility to exploit the wide
field imaging capabilities that will be
available in the near future;

— Upgrades and/or replacements of the
VLT ‘work-horse’ instrument capabili-
ties. In particular, these would include
a multiplex near-infrared (NIR) spectro-
scopic capability, intermediate to high
spectral resolution optical and NIR
spectroscopy, and NIR diffraction lim-
ited imaging.

Sunset over Paranal
and the VLT.

The STC strongly advocated that any new
instrument concepts should not include
changing the fundamental design of any
of the VLT’s Unit Telescopes, nor com-
promise the VLTI capabilities or put se-
vere stress on ESO’s resources. STC rec-
ommended that an open plan including
these instruments, as well as at least one
open slot for new concepts, be estab-
lished following procedures similar to
those followed for second-generation VLT
instruments.

STC welcomed the positive news, pre-
sented at the meeting, about the pro-
gress and recovery plans for the VST and
the foreseen start of operations in 2009.
Stressing that the successful operations
of both VISTA and VST are of very high
priority for the study of dark energy, STC
stressed that it continues to be important
for ESO to look for cost effective ways

to enable and maintain wide-field imaging
and spectroscopic facilities for the ESO
community without jeopardising the other
major approved ESO projects. As an ex-
ample, STC recommended that, together
with the OPC, ESO investigates ways to
begin soon spectroscopic public sur-
veys with VIMOS, urging ESO to upgrade
VIMOS with CCDs with higher quantum
efficiency in the red for this purpose.

In the vision of STC, such surveys would
provide an essential complement to

the VISTA and VST imaging surveys in the
short term, while new next generation
instrumentation for the VLT would ensure
ESO competitiveness in this field in the
longer term.

The STC continued to be impressed with
the performance of the Multi-Conjugate
Adaptive Optics Demonstrator (MAD),
and applauded ESO and the MAD team
for this remarkable demonstrator. Noting
that an instrument able to further exploit
multi-conjugate adaptive optics on a
short timescale would be highly welcome,
STC encouraged ESO to investigate ways
to continue to make MAD available to

the community for additional observing
runs to exhaust the potential observing
opportunities available with this system.






Public Outreach

ESQO’s outreach and education pro-
gramme includes a wide range of activi-
ties, encompassing, for example, press
releases, videos, printed matter, exhibi-
tions, open houses, high-level events,
contests, education material and summer
schools.

In 2007, ESO issued a record 55 press
releases: 23 presented outstanding sci-
ence results made possible with ESO
telescopes, 10 were press photos, 7 con-
cerned new instruments, 9 dealt with ESO
as an organisation, and 6 were ALMA re-
leases. Among the very successful press
releases was the discovery of Gliese 581c
with the HARPS instrument in La Silla.
This is the most Earth-like planet ever
found around another star, where water
possibly flows on the surface, although
this has recently become subject to fur-
ther debate. Thanks to its intrinsic news
value, but also to dedicated effort involv-
ing the distribution of custom broadcast-
quality video and background material,
the news received worldwide coverage.
The story reached several hundred million
viewers on TV, including during prime
time, and millions of readers through the
written press. It goes without saying that
the equivalent advertisement value is
tremendous. The interest in this story did
not fade throughout the year, with many
requests coming from producers, mag-
azines and authors of books. Other high-
lights were the images of the Great
Comet McNaught, the anniversary of su-
pernova SN 1987A, the ALMA transport-
ers, the superb image of the galaxy taken
in the presence of European Commis-
sioner Potoc¢nik, and the UN Resolution
on the International Year of Astronomy, in
which ESO played an important role.

For the ALMA transporters, a dedicated
press and industry event was arranged in
collaboration with the company that built
them, Scheuerle GmbH. This also en-
sured that ESO was visible in a very dif-
ferent section of the press than usual,

i.e. the truck and special vehicle press.

In the area of printed matter, a completely
new 48-page ESO brochure was pub-
lished in English and German. This bro-
chure will also be made available in most
of the other languages spoken in ESO
member states, and translation work was
in progress in 2007. A total of eight lan-
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guages will be ready for distribution in
early 2008, while the remaining three will
be completed by mid-2008.

Videos

As already alluded to above, a special ef-
fort is made as regards to providing video
material (footage, interviews, animations)
to broadcasters. This is distributed via
video newsreel on the occasion of impor-
tant press releases, or as regular updates
to the ‘collection tapes’ on La Silla,
Paranal, and ALMA. A list of broadcasters
is maintained for this purpose. This effort
led to many broadcasts, reaching a very
wide audience that is otherwise very dif-
ficult to address. In addition, we provide
support to journalists, including TV crews,
coming to the various ESO sites. The
video material is also distributed through
the ESO website, as well as on sites such
as YouTube. On these sites, users also
contribute new material based on ESO-
made videos. This shows how well ESO
is entering into the public sphere and
adding hundreds of thousands of young
viewers to the ESO audience.

In September 2007, on the occasion of
the first visit of Tim de Zeeuw as ESO Di-
rector General to the Chilean sites, a
group of Dutch journalists paid a visit to
ESO’s Vitacura Centre, and the Paranal
and Chajnantor sites. This resulted in very
wide coverage of ESO in Dutch media,
including on TV. In November a group of
ten journalists — including two TV crews —
from French-speaking Belgium visited
Paranal, together with the Walloon Minis-
ter for Research, Marie-Dominique
Simonet. This also resulted in very exten-
sive media coverage. These are but two
examples of activities were ESO colla-
borate actively with institutes or funding
agencies in member states. Other exam-
ples include the participation of ESO to
the STFC Town Hall meeting on outreach
and education and to the ISSI Forum on
Space Science and Education.

Cover of the 48-page
ESO brochure.

Because the importance of television as a
distribution channel for science cannot
be overstated, the ESO Public Affairs
Department also participated in the World
Congress of Science and Factual pro-
ducers that took place in New York in
November. This annual event brought to-
gether more than 550 international
broadcasters, producers and distributors
from more than 20 countries, providing

a unique chance to meet the key actors

in this field and promote ESO.

As far as video is concerned, it is worth
noting that a new movie was made, pre-
senting ESO and its various activities and
sites. The movie was made available on
DVD, as well as on the ESO website, and
in five languages.

The ESO Web

Another major milestone in 2007 was the
complete overhaul of the ESO website,
which received 2.5 million visits over the
year. This revamping was clearly needed
to reflect the changes in its usage since
its conception in 1994. Since then the
ESO Web has expanded rapidly, both in
the amount of information and services
that are provided as well as in terms of
access rates. In spite of the information
and services that have been continu-
ously added to the ESO Web over the



past years, its structure had not been
adapted; the ‘Look and Feel’ still reflected
the predominantly science-oriented ap-
proach and usage of the ESO Web in the
mid-nineties. New information and serv-
ices were added arbitrarily to the old
structure and could not easily be inte-
grated into the existing navigation. Con-
sequently, the ESO Web became increas-
ingly complex, barely maintainable and

it became increasingly difficult to store
new information and services that would
be easy to find and use.

The new ESO Web addresses these is-
sues. It is now divided in three major user
areas:

1. Public. This area is intended for the
general public, press and media,
(potential) industrial partners and peo-
ple interested in working at ESO.

The area is partially based on existing
information, but also with new content.

2. Science Users. The area is intended
for professional astronomers who
are doing, or are planning to do, re-
search using ESO facilities.

3. Intranet. This area is for ESO Staff only.

In its current implementation the ESO
Web still consists of many single web
pages that use a common style and navi-
gation. In the near future it is planned

to move to a database-backed Content
Management System. This will substan-
tially improve maintainability of the site
and will serve all web users with the most
current information and a common Look
and Feel.

A string of exhibitions

As part of our aim to be known to as
many people as possible and to share
our passion and efforts to understand
the Universe, we try to engage with
the public as often as possible. For many
years now, ESO has therefore partici-
pated in exhibitions aimed either at the
general public or specific groups. The
year 2007 was no exception and ESO
participated in a string of exhibitions in
many countries.

For the first time, ESO was present at the
Winter Meeting of the American Astro-
nomical Society (AAS) which took place
in early January in Seattle, USA. The

meeting, which was held jointly with the
Annual Meeting of the American Associa-
tion of Physics Teachers, gathered over
five days about 3000 astronomers and
hundreds of teachers, and also attracted
many journalists. On account of its shear
size, the AAS Winter Meeting is one of
the astronomical events of the year, es-
pecially for years in which there is no IAU
General Assembly, and it is thus no sur-
prise that ESO decided to be present
with an exhibition stand, featuring a VLT
model. ESO’s presence was very much
appreciated and many astronomers and
teachers came by to get the latest infor-
mation on the most recent developments.
In particular interest was high in the Laser
Guide Star project, ALMA and, of course,
the E-ELT. ALMA was also represented at
the AAS meeting on the NRAO stand, our
colleagues in this global project. In addi-
tion to the exhibition, ESO was present at
some of the press briefings, including the
one on the discovery of the first triple
quasar and on results from the COSMOS
survey. This, in turn, resulted in an
enhanced presence of ESO in the media,
ironically also on the European scene.
ESO’s first participation in the Winter
Meeting of the AAS appeared therefore
well justified and we look forward to at-
tending next year’s event in Austin, Texas.
From Seattle, the exhibition stand of

ESO was then transferred a little bit fur-
ther south, to San Francisco, where

from 15 to 19 February, the Annual Meet-
ing of the American Association for

the Advancement of Science took place.
With an estimated 10 000 participants
and visitors, it is a privileged place for ex-
changes between American and Euro-
pean scientists and science policy mak-

Senior high school stu-
dents, crowding the
ESO stand at the Inter-
national Festival for
Astronomy, were partic-
ularly interested in the
ALMA project.

ers, as well as an opportunity to get

in touch with a large number of science
journalists in a very short time-span.

With its 30 m? information stand at these
two major events, ESO and its ambi-
tious projects have been well represented
across the Atlantic.

In Europe, an important event was
JENAM, the Joint European and National
Astronomy Meeting, organised annually
in one of the European countries jointly
by the European Astronomical Society
and one of the national astronomical so-
cieties. In 2007, JENAM took place in
Yerevan, Armenia, allowing many visitors,
especially from the West, to discover a
unique culture and country. ESO was of
course present at this European astro-
nomical event with, among others, an ex-
hibition, providing thereby an occasion
for the young astronomers from Eastern
Europe to become acquainted with ESO.

A French version of the ESO exhibition
went on a real tour de France, travelling
from Meursault to Paris, and then to
Meudon. At the end of May, the city of
Meursault in Burgundy was renamed
‘Meursault les Etoiles’ for five days, as it
featured many astronomical activities for
schools and the general public. In June,
ESO participated for the third time in the
European Research and Innovation Ex-
hibition in Paris, an event that attracted
about 25000 visitors. In 2007, ESO
formed a partnership for this exhibition
with three astronomical institutes from
Paris that develop instruments together
with ESO, or make use of ESO tele-
scopes: the Paris Observatory, the Insti-
tut d’Astrophysique and the CEA/Saclay
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Service d’Astrophysique. Staff from these
institutes manned the ESO stand and
interacted with the public. Most were
former ESO staff and they greatly enjoyed
sharing their knowledge of the organisa-
tion. They also helped present the video-
conferences that took place daily from
Paranal, with Olivier Hainaut at the other
end of the line. Later, in October, the ESO
exhibition was featured at the Meudon
site of the Paris Observatory during the
Science Week. About 1000 kids came
along to see it with their schools, while on
the Sunday, 1600 people visited.

France was not the only country visited of
course, and ESO was also present in
Switzerland, Germany and the Nether-
lands. In Switzerland, ESO participated in
the first Swiss Astronomy day, which
took place on 20 September on the Uetli-
berg near Zurich. One of the organisers,
Ms Barbara Burtscher, had won ESO’s
special donated prize of a trip to Paranal,
at the 16th European Union Contest

for Young Scientists in 2004. The Sep-
tember event in Zurich featured Bruno
Leibundgut as one of the speakers.
Bruno also moderated several videocon-
ferences from Paranal, this time with
Thomas Szeifert on the other side. The
event attracted some 1500 visitors.

In Germany, ESO had a stand during the
80th Annual Scientific Meeting of the
Astronomische Gesellschaft, which also
hosted the 5th biennial Workshop on
Astroparticle Physics. The event, where
ESQO'’s Director General presented the
ASTRONET Science Vision book, took
place on 24-28 September and was at-
tended by some 300 participants.

Finally, in the Netherlands, ESO was
present with an information stand at the
International Festival for Astronomy (IFA)
that took place near Utrecht. This three-
day event, which focuses on senior high
school students and beyond, was organ-
ised by the Dutch Youth Working Group
for Astronomy and The Royal Netherlands
Society for Meteorology and Astronomy.
Amongst many other interesting sessions,
the winners of the Catch a Star 2007
competition (see below), Jan Méstan and
Jan Kotek from the Czech Repubilic,
showed a presentation of their trip to the
Paranal Observatory.
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Long Night of Science,
October 2007.

In October, ESO also participated to the
golden anniversary of the Garching Cam-
pus, home to the ESO headquarters

in Germany. The campus has indeed ex-
isted since 1957, when the ‘Garching
Atom-egg’ was inaugurated. Since then,
the Garching Campus has developed ex-
tensively. There are now about 4 000
people who work on the campus, in addi-
tion to the 8 500 students, making the
campus almost as populous as the town
of Garching itself. Albeit ESO only joined
the Campus in 1980, it participated fully
in the activities for the 50th Anniversary,
organising or taking part in several public
events. The set of activities started on

26 September, with a gala evening, fea-
turing high-level politicians, including

the then Prime Minister of Bavaria, Dr Ed-
mund Stoiber, and the German Fed-

eral Secretary of State for Research,

Dr Thomas Rachel. On 2 October, ESO
organised a round-table discussion on
the topic of “Arts and Science”. The dis-
cussion was moderated by a well-known
space-science journalist, Dirk Lorenzen.
Hans-Ulrich Kaufl from ESO responded

to Ernst-Peter Fischer, Dieter Ronte, and
Elmar Zorn, on the interplay between the
two very different sensitivities and how
they can apprehend the world. The event,
which was broadcast on Bavarian TV,
was very successful, drawing participants
from all over Germany and abroad, and
allowed people to see the ESO Head-
quarters building in a new and unique
setting: on this occasion, paintings by
Rita Adolff-Wollfarth, a German painter
who also participated in the discussion,
were on display in the building.

On 13 October, the campus organised a
‘Long Night of Science’, running from
18:00 till midnight. As usual, ESO, with
the participation of staff from all the di-
visions, set up a wide range of activities.
The visitors could watch the latest ESO
movie or attend short scientific talks on
many subjects — from the history of the
telescope to the principles of interferom-
etry, from the study of exoplanets to the
interaction of galaxies. They could also
glance at the exhibition, featuring panels
and models, or talk with the many staff
present. They could address their ques-
tions to Nancy Ageorges in Paranal over
the video link, with Christian Hummel

in Garching taking the role of moderator.
Activities were also organised for the
young, such as puzzles, a stamp quest, a
quiz and a planetarium show. As the
weather was fine and the skies clear, the
members of the AGAPE hobby astron-



omy group were able to share their en-
thusiasm with visitors. The Charity group
also set up a very successful stand, sell-
ing a variety of food from different Euro-
pean countries that had been generously
prepared by many ESO staff and their
families. Particularly popular were the
Belgian waffles, whose mouth-watering
smell attracted many people. By the

end of the night, about 1800 people had
visited ESO’s headquarters during the
six-hour period. A remarkable achieve-
ment, since at the same time, the national
soccer team was playing a qualifying
match for the European Championship!

ALMA EPO

ALMA is a project involving several part-
ners split over different continents, who
are working together to build the largest
and highest astronomical observatory

in the world. It is important that these
partners also work together on outreach
activities, avoiding duplicate work and
instead enhancing and coordinating their
work. At the General Assembly of the
International Astronomical Union in the
summer of 2006 an Education and Public
QOutreach Working Group (EPO WG)

was formally set up, composed of mem-
bers from the outreach groups of the
three partners (ESO, NRAO and NAOJ),
as well as the respective ALMA scientists
in the Executives and at the Joint ALMA
Observatory (JAO). In 2007, the JAO also
recruited a Press Officer, who now chairs
this working group and coordinates activ-
ities in Chile where all three partners are
present. One or two face-to-face meet-
ings will take place annually, and the one
in 2007 took place at the JAO headquar-
ters in Santiago, Chile. Regular phone
conferences, as well as a dedicated mail-
ing list, allow the members of the working
groups to share information.

Apart from promoting ALMA in several
events or with dedicated news releases,
press conferences, and production of
material, the EPO WG also started the
complete process of defining a strategic,
short-, and long-range plan, a budget,
and guidelines and procedures for work-
ing together. These were submitted for
approval to the ALMA board. The next
steps to be taken in the first part of 2008
are to define the ALMA Corporate Iden-

tity and develop a completely new, cen-
tralised ALMA web site.

Education activities

“Catch a Star” is ESO’s flagship educa-
tion activity for school students, and

in 2007 this international competition took
place for the fifth time. It was named
“Catch a Star 2007” as the deadline oc-
curred in this year, although the competi-
tion opened in late 2006. The competi-
tion is organised in collaboration with the
European Association for Astronomy
Education (EAAE), and is open to school
students worldwide (although certain
prizes are restricted to entrants from Eu-
rope and Chile).

“Catch a Star” has now evolved to in-
clude three different categories, to ensure
that all students are able to take part,

no matter what their level. In the Re-
searchers category, written projects with
an astronomical theme are judged by an
international jury, with the top prize being
a trip to visit the VLT on Paranal. In the
Adventurers category, prizes are awarded
by lottery, to avoid a sense of elitism. In
the Artists category, students enter astro-
nomically-themed artwork which is dis-
played in a public gallery, and prizes are
awarded with the help of a web-based
vote.

Over 100 written projects were submitted
from 22 countries, and the top prize

was won by Jan Méstan, Jan Kotek and
their teacher Marek Tyle, from the Czech

Report from Catch a
Star winners in the
Winter 2007 issue of
Science in School.

Republic. Their project on “Research and
Observation of the Solar Eclipse” told
how they had studied solar eclipses, and
involved their fellow students in observa-
tions of an eclipse from their school in
2006. The winners were announced at
the EIROforum “Science on Stage 2” fes-
tival in Grenoble.

The Artists competition also proved to be
extremely popular, with 395 artworks
submitted — a large increase over the pre-
vious year’s figure of 60. Efficient hand-
ling of the larger number of registrations,
as well as the public Artists gallery, was
made possible by a complete overhaul of
the competition’s web-based infrastruc-
ture, with the implementation of dynami-
cally-generated pages, a database back-
end, and an interface for students to
submit their work and edit their registra-
tion details themselves. This technical
development put the competition on a
robust footing for the launch of “Catch a
Star 2008”, which opened in late 2007.

In April 2007, the second EIROforum
“Science on Stage” European science
teaching festival took place in Grenoble,
France. This international festival was
attended by about 500 educators, who
had been selected from national events
in 28 countries. As with the first “Science
on Stage” festival, the aim was to stimu-
late original and high-quality science

—
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teaching in Europe, and to expose teach-
ers to cutting-edge scientific research,

as part of the EIROforum “European Sci-
ence Teaching Initiative” (ESTI). Over the
course of “Science on Stage” 1 and 2,
and the earlier three “Physics on Stage”
events, it is estimated that approximately
2000 teachers participated in the interna-
tional festivals and 30000 in the national
events.

The other pillar of the ESTI project is

the European science education journal,
“Science in School”. This journal was
launched in March 2006, and offers a mix
of teaching materials, articles on cutting-
edge science, interviews with scientists,
and more. It is published quarterly by the
EIROforum, with a print run of 30000
copies, and is also freely available on the
web, where translated articles are also
present. ESO has participated in the jour-
nal’s editorial board, and has also used it
as a powerful way to communicate about
our activities to teachers and other edu-
cators. During 2007, the journal regularly
featured ESO- and astronomy-related
stories, and these have been among the
most popular according to reader feed-
back. Science in School as a whole is
very popular among readers; in evalua-
tion activities, readers reported that it
was “a useful teaching tool which effec-
tively inspires teachers and provides cre-
ative ideas for teaching science”.
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The fair at the Science
on Stage 2 festival.

The first joint ESO-EAAE Summer
School, for teachers with an interest in
astronomy, took place in July 2007 at

the ESO headquarters in Garching. ESO
had supported the previous EAAE sum-
mer schools, by providing speakers and
taking care of the printing of proceedings.
Building on a decade of success with
these EAAE schools, the idea behind a
joint ESO-EAAE summer school was

to encourage a stronger interaction be-
tween teachers and active scientists,

and to introduce the teachers to the latest
news and results from ESO.

The first joint school had the topic “Strat-
egies for Effective Teaching of Astron-
omy”, and brought together 50 educators
from 16 European countries plus Chile,
who took part in astronomy-teaching
workshops, sharing ideas and best prac-
tice. Claus Madsen gave a presentation
on science education in a European con-
text, and Douglas Pierce-Price spoke
about ESO’s educational programmes.
There was also a series of talks by ESO

astronomers on the latest work of the
organisation. These comprised talks by
Roberto Gilmozzi (on the E-ELT), Paola
Andreani (on ALMA), and Ferdinando
Patat (on supernovae), which were all
very well received by the teachers. In ad-
dition, there were amateur observing
sessions kindly arranged by AGAPE, the
group of hobby astronomers at ESO, and
a live video link to the VLT on Paranal.
This school was part of the EC Comenius
Programme, meaning that participants
could apply for funding from the EC to at-
tend. At the end of 2007, the second joint
ESO-EAAE summer school was being
organised, and it is planned to take place
in Granada, Spain, in July 2008.



ESO Press Releases

ESO Press Photo 01/07 (3 January): ESO PR High-
lights in 2006

ESO Science Release 02/07 (8 January): It Is No
Mirage!

ESO Organisation Release 03/07 (11 January):
Tim de Zeeuw to Become the Next Director
General of ESO

ESO Instrument Release 04/07 (17 January): Big Red
Eye is Ready

ESO Press Photo 05/07 (19 January): The Great
Cometary Show

ESO Instrument Release 06/07 (21 February):
The Sky Through Three Giant Eyes

ESO Press Photo 07/07 (23 February): The Celestial
Whirligig

ESO Science Release 08/07 (24 February):
SN 1987A’s Twentieth Anniversary

ESO Press Photo 09/07 (7 March): The Giant that
Turned Out to be a Dwarf

ESO ALMA Release 10/07 (7 March): The Antenna
Bride and Bridegroom

ESO Science Release 11/07 (7 March): Solar Power
at Play

ESO Science Release 12/07 (13 March): Star Family
Seen Through Dusty Fog

ESO ALMA Release 13/07 (14 March): A Roof for
ALMA

ESO EIROforum Release 14/07 (15 March): Waking-
up to Science!

ESO Science Release 15/07 (22 March): Fingerprint-
ing the Milky Way

ESO Press Photo 16/07 (27 March): The Purple Rose
of Virgo

ESO Science Release 17/07 (28 March): Controlled
by Distant Explosions

The discovery of
Gliese 581c got world-
wide attention.

ESO Science Release 18/07 (29 March): The Impos-
sible Siblings

ESO Instrument Release 19/07 (30 March): New
Adaptive Optics Technique Demonstrated

ESO ALMA Release 20/07 (3 April): ALMA to Help
Solving Acute Mountain Sickness Mystery

ESO Organisation News 21/07 (13 April): School
students “Catch a Star”!

ESO Science Release 22/07 (25 April): Astronomers
Find First Earth-like Planet in Habitable Zone

ESO Science Release 23/07 (10 May): A Galactic
Fossil

ESO Science Release 24/07 (23 May): A Brown
Dwarf Joins the Jet-Set

ESO Science Release 25/07 (31 May): Chronicle of a
Death Foretold

ESO Science Release 26/07 (12 June): Matter
Flashed at Ultra Speed

ESO Instrument Release 27/07 (13 June): Free from
the Atmosphere

ESO Science Release 28/07 (19 June): Back on Track

ESO Science Release 29/07 (6 July): Star Surface
Polluted by Planetary Debris

ESO Instrument Release 30/07 (6 July): GROND
Takes Off

ESO Science Release 31/07 (12 July): The Gobbling
Dwarf that Exploded

ESO ALMA Release 32/07 (30 July): Birth of a Colos-
sus on Wheels

ESO Press Photo 33/07 (2 August): The Planet, the
Galaxy and the Laser

ESO Science Release 34/07 (3 August): Star Caught
Smoking

ESO Instrument Release 35/07 (4 August): First Light
for World’s Largest ‘Thermometer Camera’
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ESO Instrument Release 36/07 (22 August): HAWK-|
Takes Off

ESO Press Photo 37/07 (23 August): Edge-on!

ESO Web Release 38/07 (3 September): Professor
Tim de Zeeuw Takes Up Duty as New ESO Direc-
tor General

ESO Press Photo 39/07 (3 September): Stellar Fire-
work in a Whirlwind

ESO Science Release 40/07 (14 September): Galaxy
‘Hunting’ Made Easy

ESO Science Release 41/07 (18 September): A Warm
South Pole? Yes, on Neptune!

ESO Science Release 42/07 (27 September):

The Frugal Cosmic Ant

ESO Science Release 43/07 (27 September): Into the
Chrysalis

ESO ASTRONET Release 44/07 (28 September):

A Grand Vision for European Astronomy

ESO ALMA Release 45/07 (5 October): A Colossus
Gets its Name

ESO Organisation Release 46/07 (5 October): Catch
a Star 2008!

ESO Science Release 47/07 (11 October): Drizzly
Mornings on Xanadu

ESO Organisation Release 48/07 (29 October):
Commissioner Poto¢nik at Paranal Observatory

ESO Press Photo 49/07 (9 November): A Galaxy for
Science and Research

ESO ALMA Release 50/07 (22 November): Close to
the Sky

ESO Organisation Release 51/07 (23 November):
ESO Helps Antofagasta Region after the Earth-
quake

ESO Science Release 52/07 (28 November): Discov-
ering Teenage Galaxies

ESO Science Release 53/07 (19 December): Speedy
Mic’s Photograph

ESO Organisation Release 54/07 (20 December):
2009 to be the International Year of Astronomy

ESO Press Photo 55/07 (21 December): Anatomy of
a Bird
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European and International Relations

Even to the casual observer of how in-
ternational science is conducted and
managed, it is clear that complexity has
increased during the recent years. This
development is at least technology-ena-
bled, as is manifest in the emergence of
e-science (including AVO and grid tech-
nologies), but probably at a deeper lev-
el even technology-driven. This happens,
so to speak, as collateral of the wider
issue of globalisation. This is also the
case for the European Research Area
(ERA), which has been conceived in the
light of Europe’s so-called Lisbon Strat-
egy. With the ERA, new networks and
modes of collaboration in science have
surfaced, impacting the way that ESO
interacts with the scientific community as
well as with funding agencies and sci-
ence policy-making bodies. Simply put,
in the past our relations with the outside
world were predominantly bilateral,
whereas today we see a multilayered web
of relations both within Europe and be-
yond our shores.

Aside from ALMA, where ESO represents
its member states in a quasi-global pro-
ject, other examples include ASTRONET,
a so-called ERA-net under the Europe-
an Community Framework Programme,
whose aim is to establish a comprehen-
sive long-term plan for the development
of European astronomy. ESO is a full par-
ticipant in ASTRONET.

At the same time, the EIROforum partner-
ship, of which ESO is an active member,
is now widely recognised as a key ac-

tor in the European Research Area. Since
July 2007, CERN has held the rotating
Chairmanship. In July 2008, ESO will fol-
low.

Even what appears to be straightforward
bilateral cooperation projects may oc-
casionally involve European Union fund-
ing with related policy aspects.

At the other end of the ‘geographical
scale’, ESO was granted observer status
at the United Nations Committee for
Peaceful Uses of Outer Space (UNCOP-
UQOS), both to raise support for the Inter-
national Year of Astronomy and also
with a view to wider issues such as the
protection of the skies.
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EU-matters

In the frame of the EIROforum partner-
ship, in February we participated in the
MIT European Career Fair and Science
Policy Meeting in Boston, which was
organised jointly by the European Com-
mission and the MIT European Club,
with support from several ESO member
state embassies and the MIT Interna-
tional Science and Technology Initiatives
(MISTI). The purpose of this recurrent
event is to raise awareness among young
researchers of the European Research
Area as an attractive place to work and
live in.

In April 2007 the European Commission
published for public consultation its
Green Paper entitled “The European Re-
search Area: New Perspectives”
(COM(2007) 161 final). The paper basically
constituted a catalogue of 35 concrete
questions covering a wide spectrum of
possible actions to support the further
development of the ERA. Among these
questions was also the possibility of EC
membership of the intergovernmental or-
ganisations “to increase the coherence,
quality and delivery of European efforts in
a number of research fields.” In its joint
response published in September, EIRO-
forum acknowledged the suggestion of
closer cooperation between the EC and
the intergovernmental organisations,
based on the principle of reciprocity and
underpinned by targeted practical agree-
ments, subject to negotiations between
the individual organisations and the EC.

The Green Paper and the many reactions
were discussed at a high-level Con-
ference on “The Future of Science and
Technology in Europe” in Lisbon, be-
tween 8 and 10 October 2007 under the
auspices of the Portuguese EU Presi-
dency. Among the conclusions were a
confirmation of the important role that the
intergovernmental organisations play in
the context of the ERA, but also the need

for enhanced cooperation between
them, e.g. as expressed in the EIRO-
forum partnership, as well as with the Eu-
ropean Commission.

The FP6 funded ASTRONET programme
is pursued by 18 funding agencies across
Europe, in addition to ESA and ESO. One
fundamental goal is to set up an overall
European astrophysical strategic plan,
covering all branches of astronomy and
all nations of the enlarged European Re-
search Area, for the next 20 years, using
a two-step procedure. The first step was
to produce an integrated Science Vision
from thematic panels and a Science Vi-
sion Working Group, both drawn from the
scientific community. Detailed mid-term
feedback from the community was se-
cured through a web forum and an open
symposium that took place in January

in Poitiers, France, with participation from
31 countries. The Science Vision effort,
led by Prof. Tim de Zeeuw (then at Leiden
University) and managed by ESO, was
completed this year, with the Science
Vision document aired and widely distrib-
uted by the end of September. The sub-
sequent task of drawing up by the au-
tumn of 2008 a prioritised infrastructure
roadmap to implement the Vision began
in May under STFC leadership and with
significant ESO staff involvement.

Participation in the 7th Framework
Programme

In 2007 ESO submitted three proposals
to the 7th Research and Development
Framework Programme (FP7): EVALSO,
EuroVO-AIDA, and E-ELT Prep. All three
were accepted by the European Commis-
sion for funding.

The EVALSO project (Enabling Virtual Ac-
cess to Latin-American Southern Observ-
atories) aims to connect ESQO’s La Silla
Paranal Observatory to the Chilean data
network and to develop new ways of
doing astronomy using ICT and large ca-
pacity networks. It complements the in-
ternational infrastructures created in the
last years with the EC support (GEANT,
ALICE/RedCLARA) and will be another
step in the creation of an advanced in-
strumentation data Grid in Latin America.
In the context of European and interna-
tional relations, it is yet another example



of how R&D projects, international co-
operation, EU funded actions and ESO’s
own activities are intertwined. EVALSO
has an overall budget of 3.6 M€, of which
1.6 M€ will be covered by European
Commission (EC) funding. ESO’s share
of the cost is 0.5 M€, with the rest cov-
ered by eight partners, including Coope-
racion Latino Americana de Redes Avan-
zadas (CLARA) and Red Universitaria
Nacional (REUNA). The project is led by
INAF.

The EuroVO-AIDA project will lead the
transition of Euro-VO into an operational
phase. The aim is to integrate the tech-
nology, networking and service activities
of Euro-VO into a fully functioning e-infra-
structure. This project brings together
eight partners, with CRNS/INSU as coor-
dinator. The overall budget is 3.4 M€ in-
cluding a 2.9 M€ EC contribution.

The E-ELT Prep project complements the
2007-2009 Phase B (final design) of

the European Extremely Large Telescope
(E-ELT), presently conducted by ESO.
E-ELT Prep has a total budget of 6.1 M€,
including a 5.0 M€ contribution from the
European Commission and will run for
two years, in 2008-2009. ESO acts as a
mono-partner in this project on behalf of
all its member states, coordinating contri-
butions from 25 institutes in eight mem-
ber states. The EC involvement became
possible as the E-ELT is included in the
Roadmap established in 2006 by the Eu-
ropean Strategy Forum for Research In-
frastructures (ESFRI).

Besides the new contracts, ESO par-
ticipates in 11 FP6 contracts running for
some more years.

High-level visits

During the year, several science policy
makers took the opportunity to visit
ESO’s facilities in Chile. The visits in-
cluded ESFRI Chairman John Wood (in
March), European Research Commis-
sioner Janez Poto¢nik with key Commis-
sion officials (in October), Minister of
Research in the Walloon Regional Gov-
ernment Marie-Dominique Simonet (in
November) as well as a high-level delega-
tion from France, led by CNRS President
Catherine Bréchignac (in December).
Furthermore, members of the Budget
Committee of the German Federal Parlia-
ment visited Paranal in August.

Visit of European
Research Commissioner
Janez Poto¢nik.

Visit of Marie-Dominique
Simonet, Minister of
Research in the Walloon
Regional Government.
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Bilateral relations

In the course of the year, informal ex-
changes took place with several coun-
tries potentially interested in joining ESO.
The formal negotiations with Austria that
had been initiated in 2006 at the request
of the Austrian government continued.

With respect to current member states,
ESO organised an Information Day for
Czech Industry on 8 June in Prague, with
same-day participation in a side-event
for Czech students taking part in an ‘As-
tronomy Olympiad’ at the Czech Acad-
emy of Sciences. Earlier in the year, we
had organised an event for Finnish Indus-
try in collaboration with Finpro, an asso-
ciation to support Finnish industry in the
international marketplace. This event took
place at the ESO Headquarters, as did

a similar meeting with potential Austrian
companies and institutes as part of the
process to identify possible in-kind con-
tributions from Austria in case of Austria
joining ESO.

Furthermore, a joint ESO-Czech working

group was convened in the autumn to

consider the creation of a “Centre for Co-

operation with ESO and ESA”, or — for

short — the “E2S Centre”, to be placed on

the site of the Ondfejov Observatory. The

planned centre, which would be largely

funded by means from the European

Union Structural Funds might serve as a

— Regional Training Centre (RTC),

— ALMA Regional Centre (ARClet),

— VLT/VLTI and E-ELT involvements co-
ordinator,

— Technology Information Centre (TIC),
and

— Public Outreach Centre (POC)

for the Czech Republic and possibly for

neighbouring Eastern European coun-

tries.

The International Year of Astronomy

With IAU as its main partner, but also in
cooperation with UNESCO, INAF and
others, ESO has provided significant sup-
port for the International Year of Astron-
omy (IYA 2009). The support includes
hosting of the IAU IYA Secretariat at the
ESO Headquarters but also help and
assistance in the year-long diplomatic ef-
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fort to win adoption by the United Na-
tions’ General Assembly of the necessary
resolution for the formal declaration of
the Year. The support has been war-
ranted as ESO and its member state as-
tronomers have a strong interest in rais-
ing public awareness of our science and
the IYA 2009 promises to become an
excellent and unique vehicle for this. It is
therefore with satisfaction that we note
the approval of the IYA 2009 Resolution
through the UN General Assembly on
19 December. The resolution “[...] desig-

The Czech Industry Day.

nates the United Nations Educational,
Scientific and Cultural Organization
(UNESCO) as the lead agency and focal
point for the Year, to organise activities
to be realised during the Year, in collabo-
ration with other relevant entities of the
United Nations system, the International
Astronomical Union, the European South-
ern Observatory and Astronomical so-
cieties and groups throughout the world.”
It is the first time in ESO’s history that

our organisation has been named in a
formal UN Resolution.

The United Nations
delegation.

Right: Twisted Spiral
Galaxy NGC 134 ob-
served during the visit of
European Commissioner
for Science and Re-
search, Janez Poto¢nik.






Relations with Chile

For the very first time, the Chilean Minis-
try of Foreign Affairs hosted an interna-
tional workshop on Astronomy. The event,
held on 4 and 5 December 2007 and
called “Chile: A Window into the Uni-
verse”, was jointly organised by the Minis-
try and all international observatories
currently operating in Chile, including
ESO, as well as the Chilean Astronomical
Society and the National Commission for
Science and Technology.

The workshop provided the opportunity
of bringing together a wide range of
institutions, including local universities,
representatives of local governments,
members of industry, officers dealing with
legal affairs, and Chilean national agen-
cies in charge of key issues, such as the
environment, light pollution control, min-
ing and the administration of the electro-
magnetic spectrum. This event produced
a rich, lively discussion on future chal-
lenges for astronomical activities in the
country, including the protection of the
sky and the possible installation of new
international facilities in the next decades.

The year 2007 also marked the continua-
tion and systematisation of a wide range
of educational and public outreach activi-
ties in the country, as part of ESO’s pro-
gramme of engagement with Chilean so-
ciety.

In collaboration with the Education De-
partment of San Pedro de Atacama and
the EXPLORA Programme, an interac-
tive exhibition on Physics was offered to
the local community in October. More
than 90 % of the primary schools in the
area participated, enjoying the lively
displays and demonstrations. Also with
EXPLORA, ESO contributed to the Chil-
ean National Science Week, with the
organisation of an exhibition in Santiago
on the VLT, ALMA and the ELT, attended
by more than 30 000 people. In addi-
tion, secondary students from Antofa-
gasta, La Serena and San Pedro de Ata-
cama had the opportunity of visiting
Paranal, La Silla and APEX during their
regular classes, as ESO participated

for the first time to the “Open Labs and
Observatories” programme.
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ESO’s collaboration with the town of
Taltal, the nearest town to Paranal, con-
tinued. ESO provides a scholarship
programme for schoolchildren and uni-
versity students. This year, an educa-
tional astronomy exhibit was inaugurated
at the city’s museum, presenting the
VLT in a visual way, and highlighting the
importance for astronomical observa-
tions of protecting the night sky against
light pollution.

ALMA-related activities

In November, a new ALMA outreach and
educational book was publicly presented
to officials of San Pedro de Atacama, in
the context of the celebrations of the an-
niversary of the Andean village. Entitled
“Close to the sky: Biological heritage in
the ALMA area”, and published in English
and Spanish by ESO in Chile, the book is
a collection by experts of unique on-site

Students from a school
in San Pedro de Ata-
cama, Chile, read the
new ALMA book on

the fauna and flora in the
region.

observations of the flora and fauna of the
ALMA region. Copies of the book were
distributed to all schools in the area, as a
contribution to the education of students
and young people in northern Chile.

In March, an official ‘topping out’ cere-
mony took place on the 2900 m site of
the ALMA Operations Support Facility.
The ceremony marked the completion of
the structural works and was attended
by Region Il Senator C. Cantero and rep-
resentatives of the local community,
including the Mayor of San Pedro, who
joined more than 40 representatives of
ESO, NRAO and NAOJ.

The programme to prevent environmental
damage to the ALMA site continued in
2007. One highlight was the introduction
of film cameras to monitor vizcachas

and abrocoma species. This is the first
time that this kind of surveillance has
been done in Chile, representing a tech-
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nological milestone in the country. The
films spotted the presence of Chinchilla
Andina, a highly endangered species, not
found in the area before.

During a ceremony held in April in Anto-
fagasta, representatives from ESO and
the University of Antofagasta officially
launched a collaborative agreement that
also involves the University of Chile and
the University of Copenhagen. The newly
established cooperation will promote
teaching and research on work at high al-
titudes. The valuable data collected will
enhance our knowledge of human phys-
iology in extreme environments, generat-
ing recommendations that will improve
well-being and health not only in high-alti-
tude observatories, but also for personnel
in the mining industry and in the Antarc-
tic.

Moreover, the Representative’s Office
has been involved in negotiations to pro-
vide permanent power supply for the
ALMA site. This was done together with
the local communities who would great-
ly benefit by a connection to the Chilean
electricity grid. The arrival of the first
antennas at the site also called for nego-
tiations with local authorities, Police
Corps, and others, in order to obtain per-
mits and collaboration to clear the roads

and highways during the long journey
from the port of Mejillones to San Pedro
de Atacama and the ALMA site.

Public Affairs

Due to the increase in the price of cop-
per, ESO has had to face efforts from
mining companies trying to establish min-
ing rights within the zones declared as
“area of scientific interest”, mostly in

La Silla. For the first time, we had to op-
pose requests submitted by mining com-
panies to the President of the Republic,
seeking permission to carry out mining
works within protected areas.

A possible site in Region Il for the future
E-ELT project has been found and vari-
ous negotiations and administrative pro-
cedures have taken place, to obtain
leasing and to proceed with the protec-
tion of the site.

ALMA has started a pro-
gramme to help solv-
ing acute mountain sick-
ness mystery.

The ESO/Government of Chile Joint
Committee for the Development of As-
tronomy in Chile received 24 proposals
for funding from Chilean institutions

this year. This Committee was estab-
lished according to the Supplementary
Agreement with the Government a dec-
ade ago, and has played a crucial role

in the establishment and strengthening
of Astronomy Departments in Chilean
Universities. This year, funds were allo-
cated to several post-doctoral pro-
grammes, support to research groups,
and outreach, in a selection process that
involved representatives from the Chilean
Government and ESO.

Vitacura was the focus of several talks

on astronomy for the general public,
drawing large enthusiastic audiences.
Lectures and courses on subjects at the
frontiers of astronomy were delivered

by outstanding astronomers who visited
Vitacura for periods of one or two months.

Finally, an official farewell from Chile was
organised for former ESO Director
General, Catherine Cesarsky, at the ESO
Guesthouse. It was attended by repre-
sentatives of the Ministry of Foreign Af-
fairs, regional authorities and the Ambas-
sadors from member states in Chile, as
well as the Chilean astronomical commu-
nity.

ESO Annual Report 2007 91









Four Seasons at a Glance

January

The fourth Auxiliary Telescope (AT) is
commissioned and accepted for opera-
tions.

The first commissioning of NACO with
the Laser Guide System is completed.

The VISTA Infrared Camera arrives at
Paranal.

Comet McNaught, the Great Comet
of 2007, puts on an amazing show at
Paranal.

The ESO Council appoints Tim de Zeeuw
as the next Director General of ESO.

Final Design Review of the ALMA antenna
transporters.

The ESO co-sponsored Third Chilean
Advanced School of Astrophysics,
“Insights into the Galaxy Evolution from
Resolved Stellar Populations”, takes
place at the Universidad de Concepcion,
Chile.

The 2007 ESO Instrument Calibration
Workshop takes place at ESO Garching.

The Astronet Symposium, “A Science
Vision for European Astronomy in the
Next 20 Years”, brings together the Euro-
pean astronomical community in Poitiers,
France.

ESO is present at the winter AAS meeting
in Seattle, USA.

February

A special section on AMBER scientific re-
sults appears in Astronomy & Astrophys-
ics.

The astronomical community celebrates
the twentieth anniversary of Supernova
1987A.

Pre-Production Design Review of the
European ALMA antennas, built by the
AEM consortium.

Critical Design Review of ALMA Band 9
cartrige.
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During the Finnish
Industry Day.

ESO is present at the annual AAAS meet-
ing in San Francisco, USA.

EIROforum participates in the MIT
European Career Fair and Science Policy
Meeting in Boston, USA.

March

The VLT automatically takes detailed
spectra of gamma-ray burst afterglows
only minutes after the burst’s discovery.

‘First Fringes’ at the ALMA Test Facility
with two prototype antennas.

The Multi-Conjugate Adaptive Optics
Demonstrator (MAD) achieves First Light
on the VLT.

The first commissioning of SINFONI with
the Laser Guide System is completed.

The recoating of the secondary mirror of
UT2 is successfully completed.

The dome of the 3.6-m telescope at
La Silla is fully restored, and moves with
nominal speed.

A Roof-Topping ceremony is held for the
ALMA Operations Support Facility.

An ESO workshop, “Observing Planetary
Systems”, takes place at ESO Santiago.

A Finnish Industry Day takes place at
ESO Garching.

The ESFRI Chairman John Wood visits
ESO’s facilities in Chile.

The Committee of Council meets in
Potsdam, Germany.

The ALMA Board meets in Tokyo, Japan.

April

Astronomers discover with HARPS the
most Earth-like planet outside our Solar
System to date, Gliese 581c.

CRIRES, the ESO-built high-resolution
infrared spectrograph on UT1, starts op-
erations.

Science Operation of AMBER with three
ATs starts. Fringe tracking with FINITO is
available in visitor mode.

The FORS1 CCD upgrade is completed.



A detailed plan of E-ELT instrument stud-
ies is finalised.

Representatives from ALMA, ESO and
the University of Antofagasta officially
launch a collaborative agreement to
help improve the understanding of acute
mountain sickness.

The EIROforum Science on Stage 2 festi-
val, held in Grenoble, France, brings to-
gether some 500 science educators from
27 European countries. The winners of
ESO’s flagship educational competition
‘Catch a Star’ are announced.

The Scientific Technical Committee
meets.

The 31st Meeting of the ESO Users’
Committee takes place.

May

Using the VLT, astronomers measure the
age of a star located in our Galaxy as
13.2 billion years. It was formed just 500
million years after the Big Bang.

The VISTA secondary mirror arrives at
Paranal.

A VLTI Summer School, “Circumstellar
discs and planets at very high angular
resolution”, takes place in Ofir, Portugal.

The newly revamped ESO web site goes
live.

ESO is present with an exhibition stand at
“Meursault les Etoiles”, France.

Finance Committee meets.

The Observing Programmes Committee
meets for P80.

The ALMA Science Advisory Committee
meets face-to-face in Tokyo, Japan.

An ALMA Front End optics Concept De-
sign Review is held at IRAM, France.

June

The ESO Data Centre is completed. It is
a state-of-the-art computer room, cur-
rently equipped with eight actively cooled
racks, seven standard racks, three net-
work racks and one Blade Centre.

The UVES and spectroscopic FORS
pipelines are publicly released.

An Information Day for Czech Industry is
held in Prague.

The ESO workshop “Obscured AGN
Across Cosmic Time” is held in Seeon,
Bavaria, Germany.

Claudie Haigneré,
former French Minister
for European Affairs
and former astronaut,
visits the ESO stand in
Meursault.

The ESO Council meets in Barcelona,
Spain.

The ALMA Board meets in Santiago,
Chile.

ESO participates for the third time in the
European Research and Innovation Ex-
hibition in Paris, France.

ESO participates in the ISSI Forum on
Space Science and Education.

July

The first of two ALMA antenna transport-

ers rolls out of its hangar and success-
fully passes a series of tests.

The ESO Data Centre.
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First Light for GROND, the gamma-ray
burst chaser, on the 2.2-m telescope at
La Silla.

The recoating of the primary mirror of
UT1 is successfully completed.

MUSE successfully passes its Preliminary
Design Review.

The ESO workshop “12 Questions on
Star and Massive Star Cluster Formation”
is held.

The first ESO-EAAE Astronomy Summer
School for Teachers is held at ESO
Garching.

August

First Light for HAWK-1 on the VLT. Work-
ing in the near-infrared, HAWK-I covers
about one tenth of the area of the Full
Moon in a single exposure.

The world’s largest bolometer camera for
submillimetre astronomy, LABOCA, en-
ters service at the 12-m APEX telescope
on Chajnantor.

Critical Design Review of the ALMA
Band 7 cartrige.

The Joint European and National Astron-
omy Meeting is organised in Yerevan,
Armenia, with ESO presence.

A VLTI Summer School, “Active Galactic
Nuclei at the highest angular resolution:
theory and observations”, takes place in
Torun, Poland.

The LABOCA Panel of the Observing
Programmes Committee meets.
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September

Using the VLT, astronomers discover that
the south pole of Neptune is much hotter
than the rest of the planet.

Professor Tim de Zeeuw takes up duty as
the new ESO Director General.

KMOS passes its Final Design Review
and SPHERE its Preliminary Design Re-
view.

The “ALMA Community Days” and the
“Surveys for ALMA” workshop take place
at ESO.

The MPA/ESO/MPE/USM 2007 Joint
Astronomy Conference on Gas Accretion
and Star Formation in Galaxies takes
place in Garching.

The EAAE
summer school.

The 6th NEON Observing School is or-
ganised at the Asiago Observatory, Italy.

ESO is present at the 80th Annual Scien-
tific Meeting of the Astronomische Ge-
sellschaft.

ESO participates in the first Swiss Astron-
omy day.

The ASTRONET Science Vision for Euro-
pean Astronomy is published.

Finance Committee meets.



October

New near-infrared images from the VLT
and Keck show for the first time a nearly
global cloud cover at high elevations in
the atmosphere of Saturn’s largest moon,
Titan.

The European Science and Research
Commissioner, Janez Poto¢nik, visits
Paranal, together with key European
Commission officials.

ESO organises a round-table discussion
on the topic of “Arts and Science”, broad-
cast on Bavarian TV.

The ‘Long Night of Science’ Open House
event at ESO Garching draws 1800 visi-
tors.

At a ceremony at their manufacturer,
the ALMA antenna transporters get their
names: Otto and Lore.

The Catch a Star 2008 international
astronomy education competition is
launched.

The “Science with the VLT in the ELT era”
workshop takes place at ESO, Garching.

The Committee of Council meeting is
held in the UK.

The ALMA Board meets in Santiago,
Chile.

The Scientific Technical Committee
meets.

ESO participates in the EC high-level
Conference on “The Future of Science
and Technology in Europe”, in Lisbon,
Portugal.

November
A major earthquake with magnitude 7.7
on the Richter scale affects the north of

Chile.

The two ALMA antenna transporters pass
their ‘Factory Acceptance Review’.

A new ALMA outreach and educational
book, ‘Close to the Sky: Biological he-
ritage in the ALMA area’, is publicly pre-
sented to city officials of San Pedro de
Atacama in Chile.

The ESO User Portal is launched.

The CRIRES pipeline 1.5.0 is publicly
released.

The Minister of Research in the Walloon
Regional Government, Marie-Dominique
Simonet, visits Paranal.

The ESO Fellowship Symposium is held
at ESO Santiago.

ESO is present with an information
stand at the ‘International Festival for As-
tronomy’, in Utrecht, the Netherlands.

The ESO exhibition is featured at the
Paris Observatory Meudon site of

the Paris Observatory during the French
Science Week, drawing 1600 pupils
and more than 1000 other people.

The “Arts and Science”
event at ESO Garching.

Long Night of Science,
ESO Open House.

The 81st Meeting of the Scientific Tech-
nical Committee takes place at ESO,
Garching.

Finance Committee meets.

December

The 62nd General Assembly of the United
Nations proclaims 2009 the International
Year of Astronomy.

The Workshop “Science from UKIDSS”
takes place at ESO Garching.

MUSE successfully passes its Optical
Final Design Review.

ESO Council meets at ESO, Garching.
A high-level delegation from France,

led by CNRS President Catherine
Bréchignac, visits ESO in Chile.
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Glossary of Acronyms

4LGSF
4QPM
AAAS

A&A
AAS
ACS
AEM

AIDA
AIVC
AGAPE
ALMA

ARClet
ALICE

AMBER

AO
AOF
AOS
APE
APEX
ASAC
ASI

ASIC
ASSIST

ASTRONET
AT

ATF

AU

AVO

BE

CADC

CAP

CASA

CAT
CCD
CEA
CES
CERN

CDR
CFD
CIS
CLARA

CLIP
CNRS
CODEX

CONICA
COos
COSMOS
CPL
CRIRES

DAZLE
DFI

DFS
DOORS

98

Four-Laser Guide Star Facility
Four-quadrant phase masks
American Association for the
Advancement of Science

Journal Astronomy & Astrophysics
American Astronomical Society
ALMA Common Software

Alcatel Alenia Space France, Alcatel
Alenia Space ltaly, European Indus-
trial Engineering s.r.L., MT Aero-
space Consortium (ALMA)
Astronomical Infrastructure for Data
Access

Assembly, Integration, Verification
and Commissioning

Amateur Group for Astronomy
Projects at ESO

Atacama Large Millimeter/submilli-
meter Array

ALMA Regional Centre node
America Latina Interconectada Con
Europa

Astronomical Multi-BEam combineR
(VLTI Instrument)

Adaptive Optics

Adaptive Optics Facility

Array Operations Site (ALMA)
Active Phasing Experiment (E-ELT)
Atacama Pathfinder Experiment
ALMA Science Advisory Committee
Italian Space Agency (Agenzia
Spaziale ltaliana)

Acquisition System on a single chip
Adaptive Secondary Setup and
Instrument Simulator

Astronomy ERA-net

Auxiliary Telescope for the VLTI
Antenna Test Facility (ALMA)
Astronomical Unit

Astrophysical Virtual Observatory
Back End

Canadian Astronomy Data Centre
Journal “Communicating Astronomy
with the Public”

Offline data reduction software for
ALMA data

Coudé Auxiliary Telescope
Charge-Coupled Device
Commissariat a I'énergie atomique
Coudé Echelle Spectrograph (3.6-m)
European Organisation for Nuclear
Research (Conseil Européen pour la
Recherche Nucléaire, Switzerland)
Critical Design Review
Computational Fluid Dynamics
Control and Instrument Software
Cooperacion Latino Americana de
Redes Avanzadas

Common Library for Image Process-
ing

Centre National de la Recherche Sci-
entifique (France)

Cosmic Dynamics Experiment
(E-ELT)

COudé Near-Infrared CAmera (VLT)
Cosmic Origins Spectrograph (HST)
Cosmological Evolution Survey
Common Pipeline Library
Cryogenic InfraRed Echelle Spectro-
meter (VLT)

Dark Age ‘Z’ Lyman-alpha Explorer
Data Flow Infrastructure

Data Flow System

Requirement management software
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EAAE

E-ALMA
EC
EFOSC

EIS
ELT
E-ELT

EMMI
EPO
ERA
ERA-net
ESA
ESAC

EST

ESE

ESFRI
ESPRESSO
ESTEC
ESTI

EU FEIC

EURO-VO
EVALSO

EXPLORA

FDR
FE
FEIC
FEROS

FINITO

FITS
FLAMES

FMA
FORS

FP6
FP7
FTE

European Association for Astronomy
Education

Enhancement of ALMA Early Science
European Commission

ESO Faint Object Spectrograph and
Camera (3.6-m)

ESO Imaging Survey

Extremely Large Telescope
European Extremely Large Tele-
scope

ESO Multi-Mode Instrument (NTT)
Education and Public Outreach
European Research Area

European Research Area Network
European Space Agency

European Science Advisory Com-
mittee (for ALMA)

ESO Survey Team

ELT Science and Engineering
European Strategy Forum on
Research Infrastructures

Super stable high resolution optical
spectrograph for the VLT

European Space Research and
Technology Centre (ESA)
EIROforum European Science
Teaching Initiative

European Front End Integration
Centre

European Virtual Observatory
Enabling Virtual Access to Latin-
American Southern Observatories
Chilean Programme for non formal
education in Science and Technol-
ogy

Final Design Review

Front End

Front End Integration Centres
Fibre-fed, Extended Range, Echelle
Spectrograph (2.2-m)

Fringe Tracking Instrument Nice
Torino (VLTI)

Flexible Image Transport System
Fibre Large Array Multi Element
Spectrograph (VLT)

Focusing Mirror Array

FOcal Reducer/low dispersion Spec-
trograph (VLT)

Sixth EC Framework Programme
Seventh EC Framework Programme
Full-time equivalent

FWHM
GALACSI

GB
GEANT

GENIE

GHz
GOODS

GRAAL
GRAVITY

GRB
GROND

GUI
HARPS

HAWK-I

HD
HR
HST
IAU
ICD
ICT

IDA
1Q
IFA
IFU
INAF
INSU

INTA

110
IPP
IPT

IR
IRACE

IRAM
ISAAC

ISSI
IT
ITF
IVOA

IYA
JAO
JENAM

JPG

JWST
KMOS

LABOCA
LBV

LCP

LGS
LGSF

LP

LPG
LSST
LZOS

Full width half maximum

Ground Atmospheric Layer Adaptive
Optics for Spectroscopic Imaging
GigaBytes

Multi-gigabit Pan-European Data
Communications Network

Ground based European Nulling
Interferometer Experiment (VLTI)
Gigahertz

Great Observatories Optical Deep
Survey

GRound-layer Adaptive optics
Assisted by Lasers

AO assisted, two-object, multiple-
beam-combiner (VLTI)
Gamma-Ray Burst

Gamma-Ray burst Optical/Near-
infrared Detector

Graphical User Interface

High Accuracy Radial Velocity Plane-
tary Searcher (3.6-m)

High Acuity Wide field K-band
Imager (VLT)

High Definition

High Resolution

Hubble Space Telescope
International Astronomical Union
Interface Control Document
Information and Communication
Technology

Image Dissector Array

Image Quality

International Festival for Astronomy
Integral Field Units

Istituto Nazionale di Astrofisica (Italy)
Institut National des Sciences de
I"Univers (France)

Instituto Nacional de Técnica Aero-
espacial (Spain)

Input/Output

Max-Planck-Institut ftr Plasmaphysik
Integrated Project Team (ALMA)
InfraRed

InfraRed detector high speed Array
Control and processing Electronics
Institut de Radioastronomie Milli-
métrique (France)

Infrared Spectrometer And Array
Camera (VLT)

International Space Science Institute
Information Technology
Interferometry Task Force
International Virtual Observatory
Alliance

International Year of Astronomy
Joint ALMA Observatory

Joint European and National Astron-
omy Meeting

Joint Photographic Experts Group
(standard for images)

James Webb Space Telescope
K-band multi-object spectrograph
(VLT)

Large APEX Bolometer CAmera
Luminous Blue Variables

Liquid Cooling Packages

Laser Guide Star

Laser Guide Star Facility

Large Programme

Liquefied Propane Gas

Large Synoptic Survey Telescope
Lytkarino Optical Glass Factory,
Moscow



MACAO
MAD
MATISSE

MCAO
MFPG
MIDI

MISTI
MIT

MOAQO
MoU
MPE

MPI
MPIA

MPIfR

MR
MRIP
MUSE

MW
NACO
NAOJ

NAOS
NASA

NED
NGAS
NGC
NIR
NOVA

NRAO

NSF

NTT

OFDR
OmegaCAM
OPC

OPD

Multi-Application Curvature Adaptive
Optics (VLT/VLTI)

Multi-Conjugate Adaptive Optics
Demonstrator

Multi AperTure mid-Infrared Spectro-
Scopic Experiment (VLTI)
Multi-Conjugate Adaptive Optics
Multi-Fuel Power Generator
Mid-Infrared Interferometric
Instrument (VLTI)

MIT International Science and Tech-
nology Initiatives

Massachusetts Institute of Technol-
ogy

Multi-Objects Adaptive Optics
Memorandum of Understanding
Max Planck Institute for Extraterres-
trial Physics (Germany)

Max Planck Institute

Max Planck Institute for Astronomy
(Germany)

Max Planck Institute for Radioastron-
omy (Germany)

Medium Resolution

Medium Range Implementation Plan
Multi Unit Spectroscopic Explorer
(VLT)

Milky Way

NAOS-CONICA (VLT)

National Astronomical Observatory
of Japan

Nasmyth Adaptive Optics System
(VLT)

National Air and Space Administra-
tion (US)

NASA/IPAC Extragalactic Database
Next Generation Archiving System
New General detector Controller
Near-InfraRed

Dutch Research School for Astron-
omy (Nederlandse Onderzoekschool
voor Astronomie)

National Radio Astronomy Observa-
tory

National Science Foundation

New Technology Telescope

Optical Final Design Review

Optical Camera for the VST
Observing Programmes Committee
Optical Path Differences

OPTICON

OSF
OSIRIS

0SO
P2PP
P79
P80
P81

PA
PAD
PAE
PARSEC
PDR

PI
PPDR
PRIMA

POC

PSD

PYPS

QC

RAL

R&D
RADIONET
REUNA
ROHS

RRM
RTC
RV

SAC

SAF
SDI+
SED

SEI
SEWG
SHAPS
SINFONI

SIMBAD
SM

SM4
SOCHIAS
SOFI
SPHERE

SPIE

SSA
SSP
SSWG

STC
ST-ECF

STFC

STIS
STScl

susl
SWG
SysML
TAC
TAC
B
TFB
TIC
TIMMI

Optical Infrared Coordination Net-
work for Astronomy

ALMA Operations Support Facilities
OH-Suppressing InfraRed Imaging
Spectrograph

Onsala Space Observatory

Phase 2 Preparation Tool
Observing Period 79

Observing Period 80

Observing Period 81

Product Assurance

Public Affairs Department
Preliminary Acceptance Europe
Sodium line laser for VLT AO
Preliminary Design Review
Principal Investigator
Pre-Production Design Review
Phase-Referenced Imaging and
Micro-arcsecond Astrometry facility
(VLTI

Public Outreach Centre

Power Spectral Density

PYramid Phasing Sensor

Quality Control and Data Processing
Rutherford Appleton Laboratory
Research and Development

Radio Astronomy Network in Europe
Red Universitaria Nacional
Restriction Of Hazardous Sub-
stances

Rapid-Response Mode

Regional Training Centre

Radial Velocity

EURO-VO Science Advisory Com-
mittee

Science Archive Facility

Spectral Differential Imager

System Engineering Department
System Engineering and Integration
Software Engineering Working Group
Shack-Hartmann sensor
Spectrograph for INtegral Field Ob-
servations in the Near Infrared (VLT)
Astronomical database

Service Mode

Servicing Mission 4 (HST)

Chilean Astronomical Society

SOn oF Isaac (NTT)
Spectro-Polarimetric High-contrast
Exoplanet Research instrument
International Society for Optical
Engineering

Simple Spectral Access

Single Source Procurement
Scientific Strategy Planning Working
Group

Scientific Technical Committee
Space Telescope European Coordi-
nation Facility

Science and Technology Facilities
Council (UK)

Slit spectrograph (HST)

Space Telescope Science Institute
(USA)

SUperb Seeing Imager (NTT)
Science Working Group

System Modeling Language

Time Allocation Committee
Technical Advisory Committee
TeraBytes

Tunable Filter Bank

Technology Information Centre
Thermal Infrared MultiMode Instru-
ment (3.6-m)

ULTRACAM

UN
UNCOPUOS

UNESCO

UPS
us
uSB
uT
UT1-4

uv
UVES

VIMOS

VINCI

VIRCAM
VirGO
VISA
VISIR

VISTA

VITRUV

VLT
VLTI
VLTSW
VO

VS|

VST
VTK
VVDS
WFCAM

WFI

WG
WIMPS
X-Shooter

Thirty Meter Telescope

Target of Opportunity

Users’ Committee

United Kingdom

UKIRT Infrared Deep Sky Survey
UK Infrared Telescope

ULTRA-fast, triple-beam CCD
CAMera (visitors, VLT)

United Nations

United Nations Committee for
Peaceful Uses of Outer Space
United Nations Educational, Scien-
tific and Cultural Organization
Uninterruptible Power Supply
United States

Universal Serial Bus

Unit Telescope of the VLT

VLT Unit Telescope 1-4: Antu,
Kueyen, Melipal and Yepun
UltraViolet

UV-Visual Echelle Spectrograph
(VLT)

Vlsible MultiObject Spectrograph
(VLT)

VLT INterferometer Commissionning
Instrument

VISTA IR Camera

Visual Archive Browser

VLTI Sub-Array

VLT Mid-Infrared Imager Spectrom-
eter

Visible and Infrared Survey Tele-
scope for Astronomy

Near-IR spectro-imager using fibre
(VLTI

Very Large Telescope

Very Large Telescope Interferometer
VLT Software

Virtual Observatory

VLTI Spectro Imager

VLT Survey Telescope

Vibration Tracking

VIMOS VLT Deep Survey
Wide-Field Infrared Camera
(UKIDSS)

Wide Field Imager (2.2-m)

Working Group

Weakly Interacting Massive Particles
Wideband UV-IR single target spec-
trograph (VLT)

XMM-Newton X-ray Multi-Mirror satellite (ESA)
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Front cover: The extended tail of Comet McNaught
was captured at Paranal by Hans Hermann Heyer on
the evening of 18 January 2007. In the foreground,
one can distinguish one of the VLT Unit Telescope
and two Auxiliary Telescopes.

Back cover: A 30-min VLT/NACO K-band exposure
has been combined with archive HST/ACS B- and
I-band images to produce a three-colour image of
the ‘Bird’ interacting galaxy system. The NACO im-
age has allowed Finnish astronomer Petri Véisanen
and his colleagues to identify, in addition to the two
previously known galaxies, a third, clearly separate
component, an irregular, yet fairly massive galaxy
that seems to form stars at a frantic rate.
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