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ESO is the foremost intergovernmental 
European Science and Technology orga-
nisation in the field of ground-based 
astrophysics. It is supported by eleven 
countries: Belgium, Denmark, France, 
Finland, Germany, Italy, the Netherlands, 
Portugal, Sweden, Switzerland and  
the United Kingdom. Spain is expected to 
join the organisation in 2006. Further 
countries have expressed interest in mem- 
bership.

Created in 1962, ESO provides state-of-
the-art research facilities to European 
astronomers and astrophysicists. In pur-
suit of this task, ESO’s activities cover  
a wide spectrum including the design 
and construction of world-class ground-
based observational facilities for the 
member-state scientists, large telescope 
projects, design of innovative scientific 
instruments, developing new and ad-
vanced technologies, furthering Euro-
pean co-operation and carrying out Euro-
pean educational programmes.

ESO operates the La Silla Paranal Observ- 
atory at several sites in the Atacama de-
sert region of Chile. The first site is at  
La Silla, a 2400 m high mountain 600 km 
north of Santiago de Chile. It is equipped 
with several optical telescopes with mir-
ror diameters of up to 3.6 metres. The 
3.5-m New Technology Telescope (NTT) 
was the first in the world to have a com-
puter-controlled main mirror. 

Whilst La Silla remains one of the scien-
tifically most productive observing sites in 
the world, the 2 600 m high Paranal site 
with the Very Large Telescope array (VLT) 
is the flagship facility of European as-
tronomy. Paranal is situated about 130 km 
south of Antofagasta in Chile, 12 km in-
land from the Pacific Coast in what is 
probably the driest area in the world. Sci-
entific operations began in 1999 and have 
resulted in many highly successful re-
search programmes. The VLT is a most 
unusual telescope, based on the latest 
technology. It is not just one, but an array 
of four telescopes, each with a main mir-
ror of 8.2-m diameter. With one such tele-
scope, images of celestial objects as faint 
as magnitude 30 have been obtained  
in a one-hour exposure. This corresponds  
to seeing objects that are four billion 
times fainter than what can be seen with 
the naked eye. 

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, in-
cluding one or more of four 1.8-m move-
able Auxiliary Telescopes, three of which 
are now in operation. In the interferomet-
ric mode, one can reach the resolution  
on the sky that would be obtained with a 
telescope of the size of the separation be-
tween the most distant of the combined 
mirrors. 

Over 1700 proposals are made each  
year for the use of ESO telescopes.  
They have resulted in a large number of 
peer-reviewed publications. In 2005, 
about 600 refereed papers were pub-
lished based on data from ESO tele-
scopes.

The Atacama Large Millimetre Array 
(ALMA), one of the largest ground-based 
astronomy projects of the next decade,  

is a major new facility for world astron-
omy. ALMA will be comprised of a giant 
array of 12-m submillimetre quality anten-
nas, with baselines of several kilometres. 
An additional, compact array of 7-m and 
12-m antennas is also foreseen. Con-
struction of ALMA started in 2003 and 
will be completed in 2012; it will become 
incrementally operational from 2010 on. 
ALMA is located on the high-altitude 
Llano de Chajnantor (5 000 m elevation), 
east of the village of San Pedro de Ata-
cama in Chile. The ALMA project is a 
partnership between Europe, Japan and 
North America in cooperation with the 
Republic of Chile. ALMA is funded in Eu-
rope by ESO, in Japan by the National 
Institutes of Natural Sciences in coopera-
tion with the Academia Sinica in Taiwan 
and in North America by the U.S. National 
Science Foundation in cooperation with 
the National Research Council of Can-
ada. ALMA construction and operations 
are led on behalf of Europe by ESO,  
on behalf of Japan by the National Astro-
nomical Observatory of Japan and on be-
half of North America by the National 
Radio Astronomy Observatory, which is 
managed by Associated Universities, Inc.

La Silla hosts medium-
sized telescopes like  
the 3.4-m NTT and the 
3.6‑m telescope.
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The Chajnantor site is also home for the 
12-m APEX submm/mm telescope, 
operated by ESO on behalf of the Onsala 
Space Observatory, the Max Planck 
Institute for Radio Astronomy and ESO 
itself.

ESO has built up considerable expertise 
in developing, integrating and operat- 
ing large astronomical telescopes at re-
mote sites. Together with the ideas de-
veloped in the framework of the OWL 
Conceptual Study and the EC co-funded 
Extremely Large Telescope Design Study, 
this expertise forms the backbone of  
the current effort to develop a next gen-
eration extremely large ground-based 
optical/infrared telescope for Europe’s 
astronomers. ESO is now working to-
wards the development of a basic refer-
ence design for such a telescope, cur-
rently known as the E-ELT.

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 
advanced instruments. It is also home for 
the Space Telescope – European Coordi-
nating Facility (ST-ECF), operated jointly 
by ESO and the European Space Agency 
(ESA). 

ESO employs about 570 personnel in Eu-
rope and Chile.

Artist’s image of the 
Atacama Large 
Millimeter Array (ALMA).

The VLT and its Auxiliary 
Telescopes at Paranal.
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Foreword

I am delighted to be able to provide a few 
words of introduction to this Annual Re-
port for 2005, a truly remarkable year for 
ESO, during which Council was called 
upon to decide on matters of great im-
portance for the future of the organisa-
tion. 

In 2005, two very important steps were 
taken to secure a bright future for the or-
ganisation, namely the successful com-
pletion of the procurement procedure for 
the ALMA antennas and the steps taken 
towards a European ELT project.

During the year the ALMA project went 
through an extensive and very careful 
process of re-baselining followed by an 
equally thorough four-day baseline cost 
review in October. Based on the recom-
mendations of the review and a careful 
examination by the Executive of possible 
long term funding scenarios, Council 
agreed that a 50 % share for Europe in a 
50-antenna ALMA was affordable in  
view of ESO’s other priorities. This paved 
the way for the signing of the ALMA 
antenna contract, which as the press re-
lease states is indeed the ”largest-ever 
European industrial contract for ground-
based astronomy”. Together with the 
similar contract signed a few months 
earlier in North America, this was a major 
milestone for ALMA and ESO. 

Council discussed and agreed the rec-
ommendations of its Strategy Working 
Group. A key element of the strategy 
adopted by Council is the clear desire to 
move as quickly as possible to the de-
sign and development of a European ELT. 
Late in the year, the review of the OWL 
100-m telescope Concept Study took 
place also with a positive outcome. This 
enabled ESO to enter the next phase: 
building on this study as well as Europe’s 
track record in developing and implemen-
ting cutting-edge large-scale research 
infrastructures for astronomy, to move to-
wards a European ELT project that will 
ensure that ESO member state astrono-
mers can remain at the forefront of our 
science for the foreseeable future. 

I wish also to mention the very promising 
negotiations with Spain about full mem-
bership of ESO. Along with the recent se-
quence of rapid accessions of Portugal, 
the UK and Finland, the addition of Spain 

as an ESO member state provides a very 
important step in the process to bring 
European astronomy together. Indeed, 
with Spanish membership only a few 
non-ESO countries remain in Western 
Europe, while new contacts with Central- 
and Eastern European states are inten-
sifying with a view to extending ESO’s 
coverage to that important part of the 
continent. Council clearly recognises that 
the foreseeable growth in member states 
must be carefully managed. 

As in previous cases, Council agreed  
that the income from Spain should be 
added to the contributions from the 
current member states. This is clearly of 
great importance for ESO’s ability to 
tackle the challenges of the ELT age in a 
realistic way. Also, the in-kind contribu-
tions from Spain in the form of technical 
and scientific access to the GranTeCan 
telescope at La Palma, Canary Islands, 
with its 10-m segmented mirror will be 
important for ESO and the astronomers 
in the member states.

These measures, together with the mile-
stone decisions regarding the ALMA  
and ELT project, make it clear that ESO is 
doing very well indeed and can look 
forward to the future with confidence. 

Finally, I wish to thank warmly Prof. Piet 
van der Kruit for his wise leadership  
of Council at the time of such important 
decisions and indeed for his unrelent- 
ing commitment to ESO and its goals.

Richard Wade
President of the ESO Council
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Introduction

2005 was without any doubt a pivotal and 
amazing year for ESO in which the Man-
agement, together with the Council and 
the Committees, worked hard to ensure 
that ESO is on a good track towards the 
future as set out in the 2004 Council res-
olution on Scientific Strategy. Mid- and 
long-term plans have been developed re- 
flecting these priorities, but also in the 
day-to-day operations, did we pass sev-
eral crucial milestones for ESO’s further 
development. 

For the Atacama Large Millimeter Array 
(ALMA), the completed re-baselining and 
the successful cost review, in addition  
to the confirmation by Council that “… the 
estimated increase … in the cost to com-
pletion of the ESO share of the bilateral 
ALMA project is affordable and compat-
ible with ESO’s strategic projects”, cre-
ated a sound basis for the continuation  
of the bi-lateral project, with fifty 12-m 
antennas (and an option of increasing the 
number to sixty-four). This, in turn, al-
lowed us to sign two major industrial con-
tracts for ALMA, the contract with the 
AEM consortium for the procurement of 
the European antennas and another one 
for the ALMA transporters. The anten- 
na contract is the largest-ever single 
contract awarded by ESO to industry and 
thus marks a significant milestone both 
for ESO and for the ALMA project. 
Furthermore, ESO signed a contract with 
the European Commission for the ALMA 
‘Enhancement’ Project, enabling us  
to add Band 5 to our instrument suite. 

Similarly, towards the end of the year, we 
concluded the 100-m OWL telescope 
Concept Study with an international re-
view. The reviewers found that the  
ESO team had “demonstrated a plausible 
case that OWL is feasible and that a  
100-m telescope can be built and oper-
ated” and that “this provides a firm 
technological basis for ESO to move into 
the next phase of an Extremely Large 
Telescope (ELT) project.” Yet the review-
ers identified a number of technical  
risks, which might cause serious prob-
lems in view of the need to build an ELT 
on a competitive timescale and with 
consideration to the present funding sce-
nario. The panel therefore advised ESO to 
work towards an ELT with a smaller 
aperture, thereby minimising the risks.

With the recommendations of the review- 
ers as well as the huge amount of work 
done in the frame of the conceptual 
study, we are now ready to enter into the 
next phase towards the realisation of  
an Extremely Large Telescope with a 
primary mirror in the 30–60-m range for 
Europe’s astronomers. We will do so in 
close collaboration with our user commu-
nity, by putting in place a series of ded-
icated working groups and carefully 
examining the balance between science 
return, competitiveness and timeliness, 
adaptive optics performance, instrumen-
tation, site characteristics, risks and  
cost. A further element is the ELT Design 
Study, meant to test generic design 
solutions, a project under FP-6 with ESO 
and the European Commission as the 
two largest individual funding bodies, but 
comprising 25 partners in Europe.

Obviously, ESO’s true strength lies in the 
services it provides to the scientific 
community in the member-states. There-
fore, much effort is being put into opti-
mising our operations and to maintain our 
current facilities in a state-of-the-art man-
ner.

The merger of La Silla and Paranal into 
one functional entity was an important 
step to streamline the operations and ex-
ploit synergies. As regards instrumenta-
tion, HARPS and VIMOS were upgraded 
and SINFONI and VISIR, with the cor-
responding pipelines, were offered to the 
user community. Also AMBER was of-
fered to the community in Period 76. The 
year also saw the first use of the visitor 
focus with UltraCAM, which passed this 
milestone with flying colours.

For the interferometric mode of the VLT 
(VLTI), all four UTs are now being offered 
with the adaptive optics MACAO system 
while the first two Auxiliary Telescopes 
were offered to the community, and the 
third saw First Light. However, the need  
for a review of the VLTI system had arisen 
at the end of 2004, to ensure that the 
most demanding goals of the VLTI could 
be met. Following this review, we have 
embarked on a major project, called the 
‘Immediate Improvement Implementa- 
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tion Initiative’, which has already yielded 
first results. VLTI is now firmly in the 
hands of the La Silla Paranal Observatory.

Meanwhile, towards the end of 2005, 
preparations were made for First Light of 
the Laser Guide System on Yepun, Ome-
gaCam was completed and the Multi-
Conjugate Adaptive Optics Demonstrator 
(MAD) saw closed-loop operation on the 
optical bench at Garching. 

Following a comprehensive Conceptual 
Design Review, Council agreed to pursue 
the Adaptive Optics Facility programme, 
a six-year project aiming at transforming 
one of the four VLT Unit Telescopes in- 
to an adaptive one, with four sodium laser 
guide stars, a new secondary unit featur-
ing a deformable mirror as well as wave-
front sensing systems for the second-
generation VLT instruments. This will also 
be an important pathfinder for the future 
Extremely Large Telescope. 
 
The construction of VISTA continued ac-
cording to plan with all subsystems in  
the final stage of manufacture. Regretta-
bly the VST project has been marred  
by several problems and mishaps, and 
progress was slow.

In 2005, we also took a number of steps 
regarding the second-generation in-
struments for the VLT: HAWK-I, X-Shooter 
and KMOS are now in active develop-
ment, MUSE was approved and the Plan-
et Finder concept consolidated. A new 
general detector controller, under the 
acronym NGC, has been developed for 
both CCDs and IR detectors.

At Chajnantor, the 12-m APEX submm/
mm telescope was inaugurated in Sep-
tember and has already yielded a flurry of 
interesting scientific data from which we 
expect many papers soon.

Of course, our user community is keen to 
reap the scientific ‘harvest’ from all these 
developments as it has been in the past. 
We now receive around 1700 proposals 
per year for observing time. It is gratify-
ing to see that, in early 2005, the 1000th 
scientific paper based on VLT observa-
tions was published. The La Silla Paranal 
Observatory is now the world’s scientifi-
cally most productive facility for astrono-
my, both in terms of refereed papers and 
citations.

Another indicator of ESO’s standing in the 
scientific community is a 30 % rise in ap-
plications for fellowships.

ESO’s telescopes have played several 
crucial roles in one of the hottest research 
topic, the study of gamma-ray bursts 
(GRBs). Observations with ISAAC and 
FORS2 have enabled astronomers to dis-
cover the afterglow of the farthest known 
ever GRB. With a measured redshift of 
6.3, the light from this very remote astro-
nomical source has taken 12 700 million 
years to reach us. Similarly, ESO tele-
scopes have helped resolve a 30-year old 
puzzle, by observing for the first time the 
visible light from a short gamma-ray 
burst. Using the 1.5-m Danish telescope 
at La Silla, they showed that these short, 
intense bursts of gamma-ray emission 
most likely originate from the violent col-
lision of two merging neutron stars. The 
VLT was also used to constrain the 
birthplace of two other short GRBs, pro-
viding further constraints on the origin of 
these events.

Observations with VIMOS as part of the 
VIMOS VLT Deep Survey (VVDS) that 
started early 2002 allowed astronomers 
to discover a large  population of star-
forming galaxies observed when the Uni-
verse was only 10 to 30 % its present  
age (redshift between 1.4 and 5). This 
showed that the Universe was a more 
fertile place soon after it was formed than 
has previously been suspected. 

A galore of results in the field of exoplan-
ets confirmed once more that ESO has a 
unique set of complementary instruments 
to tackle this important research area. 
Astrometry measures of the 2M1207 sys-
tem have conclusively demonstrated  

that the giant planet, approximately five 
times the mass of Jupiter, is indeed gra-
vitationally bound to the young brown 
dwarf, thereby confirming that NACO was 
the first ever instrument to have imaged 
an extra-solar planet. HARPS also found 
a Neptune-sized planet orbiting the  
red dwarf Gl 581. Although this is not the 
least massive planet found, the fact  
that its parent star is a low-mass star – 
the most common in our Galaxy – is 
important in the census of other plane-
tary systems. 

Increasingly the science archive has 
evolved as an important tool for our 
users. With 12 terabytes (TB) of data  
having been archived in 2005, the ESO 
Science Archive currently comprises  
44 TB of compressed data. We are there-
fore undertaking considerable efforts, 
both to maintain the archive in its own 
right and in the context of the emerging 
Virtual Observatory (VO) paradigm. VO 
implies federating archives involving sci-
entists across Europe and indeed the 
world. It is therefore fitting that the Euro-
VO project, in which ESO is a partner,  
has received financial support from the 
European Commission. This is also 
significant from the perspective that the  
FP-6 contract involves DG Information 
Society underscoring the importance 
attributed to VO activities in a wider so-
cietal context. 

ESO’s role as Europe’s main organisa- 
tion for ground-based astronomy was 
strengthened further by the wish of 
several countries to join our organisation. 
To that end negotiations with Spain were 
conducted. Even if they could not be 
formally concluded before the end of the 
year we are optimistic about a Spanish 
membership in 2006. Also most fruit- 
ful initial discussions took place with the 
Czech Republic.
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In May, we were delighted to welcome 
Maria van der Hoeven, Dutch Minister of 
Education, Culture and Science, at 
Paranal and in October, Bertel Haarder, 
Danish Minister for Education and  
Church Affairs, paid a visit to ESO Chile.

It is clear that more than ever ESO has 
become a driving force for European 
astronomy, which brings a number of ob-
ligations with it: it must shoulder a num-
ber of complex tasks, stemming from the 
demands from the current projects, es- 
pecially the completion of the VLTI and of 
the VLT second-generation instruments, 
and the construction of ALMA, as well as 
the challenges from the ELT-era, now  
on the horizon, while striving to strength-
en the position of European astronomy 
within the dynamics of the European Re-
search Area.  

This is the reason why ESO has engaged 
in a number of policy-driven initiatives, in-
cluding the ASTRONET, a network of 
funding bodies working within the ERA-
net scheme, to develop a strategic vision 
for all of European astronomy by devel-
oping a ‘road-map’ for our science. ESO 
also decided to join the ARENA network, 
which will explore the possibilities for as-
tronomy in the Antarctica. ESO and ESA 
also continued with their working group 
for joint strategic initiatives in science, 
which produced its first report on extra-
solar planet research. Further reports are 
forthcoming.

Another important activity for ESO is its 
participation in the EIROforum partner-
ship. In April, the Directors General of the 
partner organisations presented a joint 
science policy paper outlining their com-
mon views on how science can contrib-
ute to the attainment of the Lisbon goals 
and the knowledge-based society.

While the number and complexity of Eu-
ropean Interactions and Foreign Interac-
tions continues to increase, ‘back home’ 
at Headquarters we are faced with se- 
rious problems as regards office space.  
I therefore welcome the decision to ex-
tend our Headquarters with a new build-
ing to alleviate this problem and to create 
proper working conditions for our staff 
and visitors.

An annual report implies stock-taking.  
In this context, I wish to thank the entire 
‘ESO community’ – the entire staff, 
members of committees and working 
groups, and our users – for their dedi-
cated support and continued contribution 
to our shared adventure: Providing the 
best tools in the world to the scientists  
in our member states and thus enabling 
them to tackle some of the biggest re-
search questions that humankind has 
ever asked. I wish, however, to extend 
special thanks to Piet van der Kruit for  
his whole-hearted efforts as President of 
Council to pave the way for a great future 
for this organisation.

Catherine Cesarsky
Director General, ESO
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Research Highlights

It is gratifying to see that more and more 
scientists are using ESO’s telescopes:  
in 2005, about 1700 proposals for ob-
serving time were received, leading to  
a pressure factor (ratio of time requested 
over the available time) on most tele-
scopes close to four. The success can 
also be seen from the outstanding sci-
ence results based on ESO’s telescopes 
and the growing number of scientific 
publications. In early 2005, the 1000th 
scientific paper based on VLT obser-
vations was published. By the end of the 
year 1300 publications had appeared. 

In 2005, 579 papers where published 
using data collected with ESO’s tele
scopes, of which eight appeared in the 
leading research journals Nature and 
Science. The VLT was used in 355 pa-
pers among which 15 are based on the 
interferometric mode (VLTI). The work-
horses, FORS1 and FORS2, were used  

in 134 publications, followed by UVES 
(104) and ISAAC (79). Most remarkable is 
the large number of papers based on 
adaptive optics instruments (32) and on 
the recently installed FLAMES (17). 
VIMOS was used in 19 refereed publica-
tions. 

As can be seen in the results highlighted 
below, ESO’s telescopes are playing  
a major role in many hot topics in astro-
physics, for example, exoplanets and 
gamma-ray bursts. For exoplanets, the 
La Silla Paranal Observatory is indeed 
well equipped with its armada of instru-
ments: NACO for adaptive optics im-
aging, FLAMES and UVES on the VLT 
and HARPS on the 3.6-m for high reso-
lution spectroscopy, the 1.5-m Danish 
and 1.2-m Swiss telescopes for long term 
monitoring, as well as the VLTI. Thus, 
ESO’s telescope allowed astronomers to 
obtain the first image of an exoplanet, 

found one of the lightest exoplanets with 
17 times Earth’s mass orbiting a low-
mass star, and showed that small stars 
have the same radius as large planets.  
In the study of gamma-ray bursts ESO’s 
telescopes played a leading role in find-
ing the farthest burst, having a redshift of 
6.3, as well as contributing to solve the  
30 year-long puzzle of the short gamma-
ray bursts.

A major programme in 2005 was the 
study of Comet 9P/Tempel 1 that was the 
target of the Nasa Deep Space probe  
on 4 July. During almost one week cen-
tred from the time of the collision, all  
ESO telescopes were turning their eyes 
towards the comet, in a coordinated 
fashion and in very close collaboration 
with the space mission’s scientific team. 
Among all observatories, the ESO La Silla 
Paranal Observatory thus provided the 
best coverage of this so far unique event.
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Best Fitting Image Einstein Ring in Distant Universe

Using the VLT, astronomers discovered an 
amazing cosmic mirage, known to scientists 
as an Einstein Ring. This cosmic mirage, 
dubbed FOR J0332-3557, is seen towards the 
southern constellation Fornax (the Furnace), 
and is remarkable on at least two counts. 
First, it is a bright, almost complete Einstein 
ring. Second, it is the farthest ever found.  
The images show it to extend to almost 3/4 of 
a circle. The lensing galaxy is located at a 
distance of about 8 000 million light years from 
us, while the source galaxy whose light is 
distorted is much farther away, at 12 000 mil-
lion light years. Thus, we see this galaxy as it 
was when the Universe was only 12 % of its 
present age. The lens magnifies the source al-
most 13 times. The observations reveal the 
galaxy acting as the lens to be a rather quiet 
galaxy, 40 000 light years wide, with an old 
stellar population. The far away lensed galaxy, 
however, is extremely active, having recent- 
ly experienced bursts of star formation. It is a 
compact galaxy, 7000 light years across.
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Yes, it is the Image of an Exoplanet

Among the most essential quests of 
contemporary astronomers, taking direct 
images of planets outside of our Solar 
System is certainly near the top of the list. 
Obtaining such images of a so-called 
exoplanet would enable scientists to 
study the physical nature of the object in 
detail and, in particular, to analyse the 
composition of its atmosphere. The as-
tronomers’ ultimate goal is of course  
to perform such analysis for Earth-sized 
planets, in the hope of detecting a telltale 
signature of extraterrestrial life.

Such an ultimate objective is still at least 
decades in the future, as Earth-size  
and even Jupiter-size planets around 
stars as old as the Sun are too faint to be 
detected by present-day technology.
Nevertheless, great progress can be 
achieved by taking images of giant plan-
ets orbiting younger objects. Because 
giant planets a few tens of millions of 
years old are hotter and brighter than 
their older brethren, they can be detected 
much more easily. Moreover, as the first 
tens of millions of years are considered to 
have been a critical period in the forma-
tion of Earth and of our own Solar Sys-
tem, the study of nearby young plane-
tary systems provides astronomers with 
invaluable insight into our own origins, 
something that is difficult if not impossi-
ble to decipher from investigation of old, 
mature planetary systems.

Several surveys are therefore currently  
in progress that particularly aim at finding 
and taking direct images of sub-stellar 
companions – brown dwarfs and exoplan- 
ets – close to very young objects. Last 
year, an international team of astrono-
mers reported the first image of a giant 
planet companion to 2MASSJ1207334-
393254 (for short 2M1207). On NACO/
VLT images obtained in April 2004, they 
detected a faint reddish speck of light  
in the close vicinity of this young brown 
dwarf member of the eight million year 
old TW Hydrae Association. The feeble 
companion, now called 2M1207b, is more 
than 100 times fainter than the brown 
dwarf, 2M1207A. The spectrum of the 
companion presents the strong signature 
of water molecules. Based on the infra-
red colours and the spectral data, evolu-
tionary model calculations lead to the 
conclusion that 2M1207b is a five Jupiter-
masses planet. Its mass can be esti-

mated also by use of a different analysis 
which focuses on the strength of its 
gravitational field; this technique suggests 
that the mass might be even less than 
five Jupiter mass.

In April 2004, the spectroscopic and pho-
tometric analysis strongly indicated a 
planetary mass object close to the star. 
An alternative explanation, that the 
detected faint object was a background 
source unrelated to the young brown 
dwarf (such as an extragalactic object or 
a peculiar cool star with unusual infra- 
red colours), appeared very unlikely. Ob-
servations with the Hubble Space 
Telescope, obtained in August 2004 (i.e. 
only four months later), corroborated  
the VLT/NACO observations, even though 
they were obtained too soon after the 
NACO ones to provide a definite answer. 
Additional observations at a later epoch 
were required to prove beyond any  
doubt that the two objects, 2M1207A and 
2M1207b, indeed move together in  
the sky and are therefore gravitationally 
bound to each other.

Such additional observations have been 
performed by the same team of Euro-
pean and American astronomers. Again 
they used NACO on Yepun, the fourth 
8.2-m Unit Telescope of ESO’s Very 
Large Telescope. The team took new 
images in February and March 2005 and 
measured the apparent motion on the 
sky of the young brown dwarf. For the 
three different epochs (April 2004, Febru-
ary and March 2005), they then accu-
rately determined the relative position of 
the giant planet companion with respect 
to the brown dwarf.

These observations show, with high ac-
curacy, that there is no change in relative 
position between the two objects. This  
is exactly what one expects over a time 
scale of one year if 2M1207b is gravita-
tionally bound to its host 2M1207A. Over 
much longer time spans, we should be 
able to see the two objects orbiting 
around each other. This new set of NACO 
measurements therefore unambiguously 
confirms that 2M1207b is a planetary 
mass companion to the young brown 
dwarf 2M1207A. The image released last 
year is thus truly the first image ever 
taken of a planet outside of our Solar Sys-
tem.

NACO composite image 
of the brown dwarf 
object 2M1207 (white 
blue in centre) and  
its giant planetary com-
panion (red speck).
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According to the astronomers, given the 
rather unusual properties of the 2M1207 
system, the giant planet most probably 
did not form like the planets in our Solar 
System. Instead it must have formed the 
same way the Sun formed, by a one- 
step gravitational collapse of a cloud of 
gas and dust.

In the course of the same survey, the as-
tronomers also discovered an interest- 
ing companion to the young star AB Pic-
toris of the 30 million years old Tucana- 
Horologium Association located about  
150 light years from Earth. This compan-
ion, imaged for the first time in March 
2003, has a near-infrared luminosity and 
spectrum which point to a light and cool 
object.
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Using the same strategy as for 2M1207b, 
the scientists observed the AB Pic sys-
tem at different epochs over a time span 
of a year and a half and confirmed that 
the companion is not a background ob-
ject. Evolutionary model calculations 
point to a 13 to 14 Jupiter masses ob- 
ject with a temperature of ~ 1700 Kelvin. 
As the presently accepted separation 
between a high mass planet and a low 
mass brown dwarf is at 13.6 Jupiter 
masses, the newly discovered compan-
ion thus may lie at the exact boundary 
between these two classes of sub-stellar 
objects. It might therefore play the role  
of a unique ‘Rosetta stone’ in the future. 
Remarkably, this companion is located 
very far from its host star – about nine 
times further from AB Pictoris than Nep-
tune is from the Sun. Nothing like this 
situation has ever been seen before in a 
planetary system.

Positions of 2M1207A 
and of its companion as 
a function of time.

126

124

122

120

118

Years

Bound

Background

27 April 2004 05 February 2005 31 March 2005

0.0 0.2 0.4 0.6 0.8 1.0 1.2

P
o

si
tio

n 
A

ng
le

 (
˚)

Celestial Blast in Bleak Reticulum

NGC 1559 is a SBc(s)-type spiral galaxy lo-
cated about 50 million light years away in the 
Reticulum constellation. It is about seven 
times smaller than our Milky Way. On the night 
of 4 August 2005, a supernova just north  
of the galaxy was discovered. The supernova 
was of magnitude 13.8, that is only 20 times 
fainter than the entire host galaxy. The follow-
ing night, astronomers classified the object  
as a somewhat unusual type Ia supernova, 
caught probably 10 days before it reached its 
maximum brightness. Such a supernova is 
thought to be the result of the explosion of a 
small and dense star – a white dwarf – inside  
a binary system. As its companion was con-
tinuously spilling matter onto the white dwarf, 
the white dwarf reached a critical mass, 
causing a fatal instability and the supernova. 
On 6 August, a team of astronomers used the 
FORS1 multi-mode instrument on Kueyen 
(UT2) of the VLT in order to study the polar-
ization properties of this kind of supernova so 
as to learn more about their asphericity.  
This holds important clues about the detailed 
physics that governs this terminal catastrophe 
in the life of such stars. From a very first 
analysis of their data, the scientists found that  
SN 2005df resembles closely another super-
nova they had studied before, SN 2001el, 
whose explosion they showed was signifcantly 
asymmetric.
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Is this a Brown Dwarf or an Exoplanet?

As a perfect illustration of the dynamic of 
this field of research, a different team  
of astronomers has possibly made anoth-
er important breakthrough by finding a 
tiny companion to a young star. For sev-
eral years these scientists have con-
ducted a search for planets and low-mass  
objects, in particular around stars still  
in their formation process – so-called  
T-Tauri stars – using both the direct imag-
ing and the radial velocity techniques. 
One of the objects on their list is GQ Lupi, 
a young T-Tauri star, located in the Lupus I 
(the Wolf) cloud, a region of star forma-
tion about 400 or 500 light years away. 
The star GQ Lupi is apparently a very 
young object still surrounded by a disc, 
with an age between 100 000 and two 
million years.

The astronomers observed GQ Lupi on 
25 June 2004 with NACO. The series of 
NACO exposures clearly reveal the pres-
ence of the tiny companion, located  
in the close vicinity of the star. This newly 
found object has a separation of only  
0.7 arcsec from its parent star, and would 
have been overlooked without the use of 
the adaptive optics capabilities of NACO.

At the distance of GQ Lupi, the separa-
tion between the star and its feeble com-
panion is about 100 astronomical units  
(or 100 times the distance between the 
Sun and the Earth), that is, roughly 2.5 
times the distance between Pluto and the 
Sun.

The companion, called GQ Lupi B or GQ 
Lupi b, is roughly 250 times fainter than 
GQ Lupi A. Further images obtained with 
NACO in August and September con-
firmed the presence and the position of 
this companion. The star had been  
previously observed by the Subaru tele-
scope as well as by the Hubble Space 
Telescope. The older images, taken  
in July 2002 and April 1999, respectively, 
also showed the presence of the com-
panion, giving the astronomers the pos-
sibility of precisely measuring the posi-
tion of the two objects over a period of 
several years. This in turn allowed them 
to determine that the objects move to-
gether in the sky – as expected if they are 
gravitationally bound together.

From their measurements, the astrono-
mers found that the separation between 
the two objects did not change over  
the five-year period covered by the ob-
servations. For the scientists this is a 
clear proof that both objects are moving 
in the same direction in the sky: If the 
faint object were a background object, 
from 1999 to 2004, the separation would 
have changed by 0.15 arcsec, while it 
seems certain that the change is a least 
20 times smaller. 

To further probe the physical nature of 
the newly discovered object, the astrono-
mers used NACO on the VLT to take  
a series of spectra. These showed the 
typical signature of a very cool object,  
in particular the presence of water and 
CO bands. Taking into account the 
infrared colours and the spectral data 
available, atmospheric model calcu-
lations point to a temperature between 
1600 and 2 500 degrees and a radius 
that is twice as large as Jupiter. Accord-
ing to this, GQ Lupi B is thus a cold and 
rather small object.

But is it a bona-fide exoplanet or is it a 
brown dwarf, those ‘failed’ stars that  
are not massive enough to centrally burn 
hydrogen? Although the borderline be-
tween the two is still a matter of debate, 
one way to distinguish between the two 
is by their mass (see above; this is also 
done between brown dwarfs and stars): 
(giant) planets are lighter than about 
13.6 Jupiter-masses, the critical mass 
needed to ignite deuterium fusion.

Unfortunately, the new observations do 
not provide a direct estimate of the mass 
of the object. Thus the astronomers  
must rely on comparison with theoretical 
models of such objects. If, as astrono-
mers generally accept, GQ Lupi A and B 
formed simultaneously, the newly found 
object is very young. The problem is that 
for such very young objects, current 
theoretical models are probably not appli-
cable. If they are used, however, they 

provide an estimate of the mass of the 
object that lies somewhere between 
three and 42 Jupiter-masses, i.e. encom-
passing both the planet and the brown 
dwarf domains. The jury is thus still out 
on the exact nature of GQ Lupi B and  
on whether NACO and the VLT took the 
picture of yet another exoplanet.

The discovery of 2M1207b, AB Pic b and 
GQ Lup b/B, all within a short period  
of time, bring evidence that new, carefully 
designed surveys, using state-of-the-art 
instruments on the most advanced fa-
cilities, can provide astronomers with im-
ages of planetary companions. The  
first images of exoplanets have now been 
taken and there can be little doubt that 
others will follow soon. The detailed study 
of a growing number of exoplanets with 
different masses and orbital properties 
will provide insight on theoretical forma-
tion models and provide a unique op- 
portunity to learn more about how the 
Solar System formed.

A

b

NACO image of GQ 
Lupi. The feeble point  
of light to the right  
of the star is the newly 
found cold companion.
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The Dwarf that Carries a World

If obtaining an image of a planet is a 
unique breakthrough, the main technique 
to find extra-solar planets is still through 
radial-velocity surveys, detecting the var-
iations in the velocity of the central star 
due to the changing direction of the gravi-
tational pull from an unseen exoplanet as 
it orbits its parent star. 

In 2004 astronomers using the unequalled 
HARPS spectrograph at the 3.6-m tele-
scope at La Silla, had set a new record 
for the discovery of the lightest exoplanet 
ever observed, finding a planet with four-
teen times the mass of the Earth around 
the star μ Arae. This record was possib- 
ly the first discovery of a rocky planet. In 
2005, the same team of French and 
Swiss astronomers discovered another 
small exoplanet, this time around a star 
that belongs to the class of red dwarfs. 
As these stars are very common, this 
discovery proves crucial in the census of 
other planetary systems.

The host star, Gl 581, is located 20.5 light- 
years away in the constellation Libra  
(the Scales), and has a mass of only one 
third the mass of the Sun. Such red 
dwarfs are at least 50 times fainter than 
the Sun and are the most common stars 
in our Galaxy: among the 100 closest 

stars to the Sun, 80 belong to this class.
Being so numerous in our vicinity, it  
is thus fundamental to know if such stars 
also harbour planets. Previous surveys 
were rather unsuccessful: observations of 
about 200 red dwarfs revealed only  
two with planets. But previous surveys 
may have missed many planets due to 
their insufficient precision. The ultra-pre-
cise HARPS spectrograph is ideally 
suited to tackle this problem, with great 
success. HARPS is capable of measur-
ing radial velocities with a precision better 
than 1 m/s, or 3.6 km/h.
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red dwarf Gl 581 as  
a function of the orbital 
phase, obtained with 
HARPS.

The astronomers found the star to move 
back and forth with a maximum veloc- 
ity of 13 metres/second, or a little bit less 
than 50 km/h, completing a full circle in 
only 5.4 days. The newly found planet is 
therefore about 17 times the Earth’s mass 
or about the mass of Neptune. It is thus 
one of the smallest ever found. It is also 
rather close to its host star; the mean dis-
tance is about six million kilometres. By 
comparison, Mercury, the closest planet 
to the Sun, is at a distance of 58 million 
kilometres and completes an orbit in 
88 days. Being so close, this alien world 
must be very hot, about 150 degrees 
Celsius.

Young and Exotic Stellar Zoo

The open cluster Westerlund 1 is located in 
the Southern constellation Ara (the Altar).  
This cluster is behind a huge interstellar cloud 
of gas and dust, which blocks most of its vis-
ible light. Astronomers studied Westerlund 1 
extensively with various ESO instruments in-
cluding the Wide Field Imager (WFI) attached 
to the 2.2-m ESO/MPG telescope. These 
observations have revealed a large population 
of very bright and massive stars. Some would 
fill the Solar System space within the orbit  
of Saturn (about 2 000 times larger than the 
Sun!), others are as bright as a million Suns. 
Westerlund 1 is obviously a fantastic stellar 
zoo, with a most exotic population and a true 
astronomical bonanza. All stars identified are 
evolved and very massive, spanning the full 
range of stellar oddities from Wolf-Rayet stars, 
OB supergiants, Yellow Hypergiants (nearly  
as bright as a million Suns) and Luminous Blue 
Variables (similar to the exceptional Eta Cari-
nae object). All stars so far analysed in Wester-
lund 1 weigh at least 30–40 times more than 
the Sun. Because such stars have a rather 

short life – astronomically speaking – Wester-
lund 1 must be very young. The astronomers 
determine an age somewhere between  
3.5 and 5 million years. So, Westerlund 1 is 
clearly a ‘newborn’ cluster in our Galaxy! 

The large quantity of very massive stars im-
plies that Westerlund 1 contains probably 
close to half a million stars, but most of these 
are not bright enough to peer through the 
obscuring cloud of gas and dust. This is ten 
times more than any other known young 
cluster in the Milky Way. And still more surpris-
ingly, all these stars are packed into an ama-
zingly small volume of space, less than six 
light years across. In fact, this is more or less 
comparable to the four light year distance to 
the star nearest to the Sun, Proxima Centauri! 
Because Westerlund 1 is at a distance of  
only about 10 000 light years, high-resolution 
cameras such as NACO can resolve its indi-
vidual stars. Such observations are now 
starting to reveal smaller stars in Westerlund 1, 
including some that are less massive than  
the Sun. Astronomers will thus soon be able to 
study this exotic galactic zoo in great depth.
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Weighing the Smallest Stars

In their quest to find exoplanets and 
brown dwarfs, astronomers have to be 
careful not to be mistaken and make  
the wrong conclusions. The uncertain na-
ture of GQ Lup B is an example of the 
complications at hand, where it is not 
always easy to distinguish between plan-
ets and brown dwarfs. Similarly, it is  
not always easy to distinguish the ‘failed’ 
stars that are brown dwarfs from bona-
fide stars, these objects all having seem-
ingly very similar sizes. Brown dwarfs  
are objects up to 75 times more massive 
than Jupiter, too small for major nuclear 
fusion processes to have ignited in their 
interior.

Because the mass is often based on the-
oretical models, astronomers are look- 
ing at ways to constrain them. To deter-
mine the mass of a star, astronomers gen- 
erally observe the motion of stars in a 
binary system. They then apply the same 
method that allows determining the mass 
of the Earth, knowing the distance of  
the Moon and the time it takes for its sat-
ellite to complete one full orbit (‘Kepler’s 
Third Law’). 

Like planets, very low mass objects are 
brightest while they are young, before 
they cool off. In one particular case, an 
international team of astronomers stud-
ied the star AB Doradus A (AB Dor A). 
This star is located about 48 light years 
away and is ‘only’ 50 million years old. Be- 
cause the position in the sky of AB Dor A 
‘wobbles’, due to the gravitational pull  
of a star-like object, it was believed since 
the early 1990s that AB Dor A must have 
a low-mass companion. To image this 
companion and obtain a comprehensive 
set of data, the astronomers used a nov-
el instrument mode on the high-contrast 
adaptive optics camera NACO. The Si-
multaneous Differential Imager, or NACO 
SDI, was specifically developed by Laird 
Close (University of Arizona, USA) and 
Rainer Lenzen (Max-Planck-Institute for 
Astronomy in Heidelberg, Germany) for 
hunting extrasolar planets. The SDI cam-
era enhances the ability to detect faint 
companions that would normally be lost 
in the glare of the primary star.

Turning this camera towards AB Dor A  
in February 2004, the team was able for 
the first time to image a companion so 
faint – 120 times fainter than its star – and 
so near its star. The Hubble Space 
Telescope had tried but failed to detect  
the companion, as it was too faint and 
too close to the glare of the primary star.

The tiny distance between the star and 
the faint companion (0.156 arcsec) is  
the same as the width of a one Euro coin  
(2.3 cm) when seen 20 km away. The 
companion, called AB Dor C, was seen at 
a distance of 2.3 times the mean dis-
tance between the Earth and the Sun. It 
completes a cycle around its host star  
in 11.75 years on a rather eccentric orbit.

Using the companion’s exact location, 
along with the star’s known ‘wobble’, the 
astronomers could then accurately 
determine the companion’s mass. The 
object, more than 100 times fainter  
than its close primary star, has one tenth 
of the mass of its host star, i.e. it is  
93 times more massive than Jupiter. It is 
thus slightly above the brown dwarf limit.

Using NACO on the VLT, the astrono-
mers further observed AB Dor C at near 
infrared wavelengths to measure its 
temperature and luminosity. To their sur-
prise, they found that the companion  
was 400 degrees Celsius cooler and  
2.5 times fainter than the most recent 
models predict for an object of this mass 
and age. Theory predicts that this  
low-mass, cool object would be about  
50 Jupiter masses. But this object is 
between 88 to 98 Jupiter masses. These 
new findings therefore challenge current 
ideas about the brown dwarf popula- 
tion and the possible existence of the 
widely publicised ‘free-floating’ extrasolar 
planets. Indeed, if young objects hither- 
to identified as brown dwarfs are twice as 
massive as was thought, many must 
rather be low-mass stars. And objects 
recently identified as ‘free-floating’ plan-
ets could be low-mass brown dwarfs.

Orbit of AB Dor C

Enhanced, false-colour 
near-infrared image of 
AB Dor A and C, taken 
with the new NACO SDI 
camera. The faint com-
panion ‘AB Dor C’ – 
seen as the pink dot at  
8 o’clock – is 120 times 
fainter than its primary 
star.
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Undercover Stars Among Exoplanet Candidates

In another series of observations, astron-
omers found that an object 96 times 
heavier than Jupiter was only 16 % larger, 
thereby demonstrating for the first time 
that stars less massive than 1/10th of the 
solar mass are of nearly the same size as 
giant planets. The observations are part 
of a large programme using the FLAMES 
multi-fibre spectrograph on the VLT and 
aimed at measuring accurate radial veloc- 
ities for sixty stars for which a temporary 
brightness ‘dip’ has been detected during 
the OGLE survey.

When a planet passes in front of its par-
ent star (as seen from the Earth), it blocks 
a small fraction of the star’s light from  
our view. These ‘planetary transits’ are of 
great interest as they allow astronomers 
to measure in a unique way the mass and 
the radius of exoplanets. Several surveys 
are therefore underway which attempt to 
find these faint signatures of other worlds. 
One of these programmes is the Polish 
OGLE survey operating at the Carnegie 
Institution of Washington Las Campanas 
Observatory. It was originally devised to 
detect microlensing events by monitoring 
the brightness of a very large number of 
stars over extended time intervals. During 
the past years, it has also included a 
search for periodic, very shallow ‘dips’ in 
the brightness of stars, caused by the 
regular transit of small orbiting objects 
(small stars, brown dwarfs or Jupiter-size 
planets). The OGLE team has since an-
nounced 177 ‘planetary transit candidates’ 
from their survey of several hundred 
thousand stars in three southern sky 
fields, one in the direction of the Galactic 
Centre, another within the Carina constel-
lation and the third within the Centaurus/
Musca constellations.

The nature of the transiting object can 
however only be established by subse-
quent radial velocity observations of the 
parent star. The size of the velocity va-
riations (the amplitude) is directly related 
to the mass of the companion object  
and therefore allows discrimination be-
tween stars and planets as the cause of 
the observed brightness ‘dip’. 

Profiting from the multiplex capacity of 
the FLAMES/UVES facility that permits to 
obtain high-resolution spectra of up to 
eight objects simultaneously, an interna-
tional team of astronomers have looked 
at 60 OGLE transit candidate stars, meas-
uring their radial velocities with an accu-
racy of about 50 m/s. This ambitious 
programme has so far resulted in the dis-
covery of five new transiting exoplanets. 
Most of the other transit candidates iden-
tified by OGLE have turned out to be 
eclipsing binaries, that is, in most cases 
common, small and low-mass stars 
passing in front of a solar-like star. This 
additional wealth of data on small and 
light stars is a real bonanza for astrono-
mers.

Low-mass stars are exceptionally inter-
esting objects, also because the physical 
conditions in their interiors have much in 
common with those of giant planets, like 
Jupiter in our Solar System. Moreover, a 
determination of the sizes of the smallest 
stars provides indirect, crucial informa-
tion about the behaviour of matter under 

extreme conditions. Until recently, very 
few observations had been made and 
little was known about low-mass stars. At 
this moment, exact values of the radii  
are known only for four stars with masses 
less than one-third of the mass of the 
Sun and none at all for masses below 
one-eighth of a solar mass. This situation 
is now changing dramatically. Indeed, 
observations with the Very Large Tele-
scope have so far led to the discovery of 
seven new eclipsing binaries, that har-
bour stars with masses below one-third 
the mass of the Sun. This new set of 
observations thus almost triples the num-
ber of low-mass stars for which precise 
radii and masses are known. And even 
better – one of these stars now turns out 
to be the smallest yet known!

This newly found stellar gnome is the 
companion of OGLE-TR-122, a rather re-
mote star in the Milky Way galaxy, seen  
in the direction of the southern constel-
lation Carina. The OGLE programme re-
vealed that OGLE-TR-122 experiences  
a 1.5 % brightness dip once every seven 
days six hours and 27 minutes, each  
time lasting just over three hours (about 
188 min). The FLAMES/UVES meas-
urements, made during six nights in 
March 2004, reveal radial velocity varia-
tions of this period with an amplitude  
of about 20 km/s. This is the clear signa-
ture of a very low-mass star, close to  
the hydrogen-burning limit, orbiting 
OGLE-TR-122. This companion received 
the name OGLE-TR-122b.

Sun OGLE-TR-122b Jupiter

Comparison between 
OGLE-TR-122b, Jupiter 
and the Sun.
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The spectroscopic data allowed the as-
tronomers to determine the nature of the 
more massive star in the system, which 
appears to be solar-like. This information 
can then be used to determine the mass 
and radius of the much smaller compan-
ion OGLE-TR-122b. Indeed, the depth 
(brightness decrease) of the transit gives 
a direct estimate of the ratio between  
the radii of the two stars, and the spec-
troscopic orbit provides a unique value of 
the mass of the companion, once the 
mass of the larger star is known. The as-
tronomers find that OGLE-TR-122b 
weighs one-eleventh of the mass of the 
Sun and has a diameter that is only one-
eighth of the solar one. Thus, although 
the star is still 96 times as massive as Ju-
piter, it is only 16 % larger than this giant 
planet! The density of such a star is more 
than 50 times the density of the Sun.

This result shows the existence of stars 
that look strikingly like planets, even from 
close by. As all stars, OGLE-TR-122b 
produces energy in its interior by means 
of nuclear fusion. However, because of its 
low mass, this energy production is very 
small, especially compared to the energy 
produced by its solar-like companion 
star. Not less striking is the fact that exo-
planets which are orbiting very close  
to their host star, the so-called ‘hot Jupi-
ters’, have radii which may be larger than 
the newly found star. The radius of exo-
planet HD209458b, for example, is about 
30 % larger than that of Jupiter. It is thus 
substantially larger than OGLE-TR-122b!

This discovery also has profound implic-
ations for the ongoing search for exo-
planets. These observations clearly de-
monstrate that some stellar objects  
can produce precisely the same photo-
metric signals (brightness changes) as 
transiting Jupiter-like planets. What’s 
more, the present study has shown that 
such stars are not rare. Stars like OGLE-
TR-122b are thus masqueraders among 
giant exoplanets and the utmost care 
is required to differentiate them from their 
planetary cousins. Uncovering such small 
stars can only be done with follow-up 
high-resolution spectral measurements 
with the largest telescopes. 

Properties of Low-Mass 
Stars and Planets.  
The newly determined, 
precise values of  
the mass and radius of 
OGLE-TR-122b are 

Brightness dip of OGLE-
TR-122 as measured  
by OGLE (top). The sig-
nal from the star is 
reduced by 1.5 % for a 
little more than three 
hours. The bottom panel 
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a low-mass stellar com-
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A Detailed Look at a Deep Impact

On 4 July 2005, the NASA Deep Impact 
spacecraft passed Comet 9P/Tempel 1 
and launched a 360 kg impactor with the 
aim to produce a crater on the surface of 
the comet and a plume of gas and dust. 
Such an ‘attack’ was not gratuitous but 
constituted a unique opportunity to study 
the crust and the interior of a comet. As 
the material inside the comet’s nucleus is 
pristine, this experiment aimed at reveal-
ing new information on the early phases 
of the Solar System and providing scien-
tists with new insight on crater physics, 
thereby enabling a better understanding 
on the crater record on comets and other 
bodies in the Solar System.

The scientific outcome of the experiment 
depended crucially on pre-impact and 
follow-up observations. Before the impact, 
it was necessary to accumulate a signi-
ficant amount of data to fully characterise 
the comet, in terms of size, albedo (re-
flectivity), rotation period, etc. It was also 
essential to have a good set of observa-
tions before the impact to unambiguously 
distinguish the effects of the impact from 
the natural activity of the comet.

Two teams of astronomers used ESO’s 
telescopes over several months for pre-
impact monitoring, taking images and 
spectra of the comet both in the visible 
and mid-infrared wavebands. These 
teams made observations typically once 
per month, using either the 3.6-m tele-
scope or the 3.5-m New Technology Tele-
scope (NTT) at La Silla. 

ESO’s telescopes were also used in the 
post-impact observations. As soon as  
the comet became visible from Chile after 
the impact, and for almost a week 
afterwards, all major ESO telescopes – 
the four Unit Telescopes of the Very 
Large Telescope Array at Paranal, as well 

as the 3.6-m, 3.5-m NTT and the 2.2-m 
ESO/MPG telescopes at La Silla – ob-
served how Comet 9P/Tempel 1 reacted 
to the impact. The simultaneous use of all 
ESO telescopes with a total of 10 instru-
ments has an enormous potential, since it 
allowed for observation of the comet at 
different wavelengths in the visible and in-
frared by imaging, spectroscopy and po-
larimetry. Such multiplexing capabilities 
of the instrumentation do not exist at any 
other observatory in the world. 

One programme was dedicated to the 
study of the dusty component while 
another looked into the gas. The “Explor- 
ing the Dust Component” programme 
used the Wide-Field Imager on the 2.2-m 
ESO/MPG telescope, the EMMI and  
SOFI instruments on the 3.5-m NTT, the 
infrared imager TIMMI2 on the 3.6-m,  
as well as NACO, FORS1 and VISIR on 
the Very Large Telescope. This observ-
ing programme studied the non-volatile 
components – dust and boulders – re-
leased immediately around impact time  
in order to characterise the structure and 
composition of the nucleus. 

The second observing programme, “Ex-
ploring the Gas Component”, made use 
of the UVES, FORS2 and ISAAC instru-
ments on the VLT to analyse the gas of 
the cometary coma, with the aim to study 
the chemical composition and isotopic 
ratios of the gas around the nucleus. By 
searching for differences between the 
normal coma before and after, invaluable 

information can be obtained on the pris-
tine material ejected by the impact. Know- 
ing the isotopic ratio of this more pris- 
tine material will provide important clues 
to trace the origins of comets. 

On 29 June, the astronomers met at the 
ESO Chilean Headquarters in Santiago  
to coordinate their action. Extensive dis-
cussions were held to prepare the ob-
serving sequences at the various tele-
scopes, to arrange for fall-back solutions 
in case of problems, to set-up the data 
reduction and analysis procedures to be 
used and to outline the communication 
paths between the two teams at Paranal 
and La Silla as well as to the Deep Im-
pact project and other associated teams.

The first results of this unique campaign, 
which proved very successful, have been 
published, showing that the impactor did 
not create a large new zone of activity 
and may have failed to liberate a large 
quantity of pristine material from beneath 
the surface. A more detailed presentation 
of the outcome of this unique campaign, 
together with results obtained by the 
spacecraft itself and other observatories 
in the world, is scheduled for the Summer 
of 2006. 

The images obtained at the VLT show 
that after the impact, the morphology of 
Comet Tempel 1 had changed, with the 
appearance of a new plume-like struc-
ture, produced by matter being ejected 
with a speed of about 700 to 1000 km/h. 
This structure, however, diffused away  
in the following days, being more and 
more diluted and less visible, the comet 
resuming again the appearance it had 
before the impact. Further images ob-
tained with, among others, the adaptive 
optics NACO instrument, showed the 
same jets that were visible prior to im-

Evolution of Comet 
9P/Tempel 1 as 
observed by FORS2.
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pact, demonstrating that the comet ac-
tivity survived widely unaffected by the 
spacecraft crash.

On Melipal (UT3), VISIR took remarkable 
spectra of the comet before and after 
impact. Light from the Sun is heating the 
dust particles surrounding the cometary 
nucleus. Infrared observations measure 
the thermal radiation emitted by the dust 
grains and allow probing their tempera-
ture. In addition they offer valuable clues 
to study the chemical composition and 
the physical state of the dust in a comet. 
This information helps to understand how 
and where comets were formed in the 
protoplanetary cloud about 4 550 million 
years ago. A very preliminary analysis 
showed that the flux of the thermal radia-
tion had increased by about 25 % after 
the impact. 

The study of the gas in Comet Tempel 1, 
made with UVES on Kueyen (UT2 of the 
VLT), also revealed a small flux increase 
in the first night following the impact.  
At that time, more than 17 hours after the 
impact, the ejected matter was fading 
away though still measurable thanks to 
the large light collecting power of the VLT. 
The data accumulated during 10 nights 
around the impact provided the astrono-
mers with the best ever time series of 
optical spectra of a Jupiter Family comet, 
with a total of more than 40 hours of ex-
posure time. This unique data set has 
already allowed the astronomers to char-
acterise the normal gas activity of the 
comet and also to detect, to their sur-
prise, an active region. This active region 
is not related to the impact as it was also 
detected in data collected in June. It 
shows up about every 41 hours, the rota-
tion period of the comet nucleus deter-
mined by the Deep Impact spacecraft. Ex- 
citing measurements of the detailed 
chemical composition (such as the iso-
topic ratios) of the material released by 

the impact as well as the one coming 
from that source is being performed by 
the astronomers.

Further spectropolarimetric observations 
with FORS1 have confirmed the surface 
of the comet to be rather evolved – as ex-
pected – but more importantly, that the 
dust is not coming from beneath the sur-
face. These data constitute another 
unique high-quality data set on comets.

Finally, observations with the UVES spec-
trograph found from pre-impact high-
quality, high-resolution spectra, convinc-
ing evidence for the presence of water in 
Comet Tempel 1. The astronomers  
have indeed detected among many other 
species the light emitted at 308–316 nm 
by the OH molecule, the direct decay 
product of water.

(a) Slit view image

                                 CN  C3                     C2          Dust reflected spectrum          Sky lines      

(b) Low resolution NTT spectrum
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(c) CN-band at high resolution with VLT

The low resolution spectra taken at La Silla with 
EMMI on the NTT during the night from 31 May to  
1 June 2005 are shown in panel b. The slit was 
centred on the nucleus (see panel a for a schematic 
representation). The dust scattered spectrum (reflec-
tion of the solar light on dust grains) is well visible  
as the bright horizontal line in the spectrum (panel b). 
Several cometary emission lines belonging to dif-
ferent species are also visible in the blue part of the 
spectrum. Most of the emission lines visible in  
the red part are coming from the Earth’s atmosphere 
(which is glowing) and are called ‘sky lines’. The 
brightest gas feature (located at 387.5 nm) is due to 
the CN molecule; it has been observed early June  
in great detail with UVES (panel c). The upper part  
of panel c displays a very small portion of the ‘raw’ 
(two dimensional) UVES spectrum centred on this 
feature; the lower part is the ‘extracted’ (one dimen-
sional) spectrum, now clearly displaying the indivi-
dual emission lines. This spectrum represents a total 
of nine hours of exposure time and will be used  
to measure the ‘isotopes’ of carbon and nitrogen.
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Rubble-Pile Minor Planet Sylvia and Her Twins

One of the thousands of minor planets 
orbiting the Sun has been found to have 
its own mini planetary system. Astrono-
mers have discovered the first triple as-
teroid system – two small asteroids orbit-
ing a larger one known since 1866 as  
87 Sylvia1. 

The discovery was made with Yepun (UT4) 
using the NACO instrument. Via the ob-
servatory’s ‘Service Observing Mode’, 
the astronomers obtained sky images of 
many asteroids over a six-month period 
without actually having to travel to Chile. 
One of these asteroids was 87 Sylvia, 
which was known to be double since 
2001, from observations made with the 
Keck telescope. NACO was used to 
observe Sylvia on 27 occasions, over a 
two-month period. On each of the im-
ages, the known small companion was 
seen, allowing the scientists to precise- 
ly compute its orbit. But on 12 of the im-
ages, the astronomers also found a 
closer and smaller companion. 87 Sylvia 
is thus not double but triple!

Because 87 Sylvia was named after Rhea 
Sylvia, the mythical mother of the found-
ers of Rome, the astronomers proposed 
naming the twin moons after her sons: 
Romulus and Remus. The International 
Astronomical Union approved the names.

Sylvia’s moons are considerably smaller 
than Sylvia itself, orbiting in nearly circu-
lar orbits and in the same plane and 
direction. The closest and newly discov-
ered moonlet, orbiting about 710 km  
from Sylvia, is Remus, a body only 7 km 
across and circling Sylvia every 33 hours.  
The second, Romulus, orbits at about  
1360 km in 87.6 hours and measures 
about 18 km across.

Artist’s impression  
of the triple asteroid 
system.

Orbits of the twin moon-
lets around 87 Sylvia as 
observed by NACO.

The asteroid 87 Sylvia is one of the  
largest known from the asteroid main belt, 
and is located about 3.5 times further 
away from the Sun than the Earth, be-
tween the orbits of Mars and Jupiter. The 
wealth of details provided by the NACO 
images shows that 87 Sylvia is shaped 
like a lumpy potato, measuring 380 × 260 
× 230 km. It is spinning at a rapid rate, 
once every five hours and 11 minutes.

The observations of the moonlets’ orbits 
allow the astronomers to precisely cal-
culate the mass and density of Sylvia. 
With a density only 20 % higher than the 
density of water, it is likely composed  
of water ice and rubble from a primordial 
asteroid. It could be up to 60 percent 
empty space and is therefore most prob-
ably a ‘rubble-pile’ asteroid. These as- 
teroids are loose aggregations of rock, 
presumably the result of a collision.  
Two asteroids smacked into each other  
and were disrupted. The new rubble- 
pile asteroid formed later by accumula-
tion of large fragments while the moonlets 
are probably debris left over from the 
collision that were captured by the new- 
ly formed asteroid and eventually settled 
into orbits around it. 

1 �The 87th minor planet discovered, Sylvia was first 
observed from the Observatory of Madras (India) 
on 16 May 1866 by the Government Astrono- 
mer Norman R. Pogson. It was common in the ear- 
ly days to assign a name – usually feminine – from 
mythology to newly found asteroids. Pogson 
selected a name from the list furnished to him by  
Sir John Herschel.
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Star on the Run

Observations with Kueyen (UT2) have led 
to the discovery of a short-lived massive 
star that is moving at a very high speed 
through the outer halo of the Milky Way 
galaxy and into intergalactic space. This 
finding could provide evidence for a 
previously unknown massive black hole  
in the heart of the Milky Way’s closest 
neighbour, the Large Magellanic Cloud. 
The star, named HE 0437-5439, was dis-
covered by the Hamburg/ESO sky sur-
vey, a project aimed at detecting quasars 
but which discovered many faint blue 
stars as well. A team of scientists found 
what is likely to be a hot massive main-
sequence star, far out in the halo. This 
came as a great surprise. Massive stars 
have lifetimes of only some tens or 
hundreds of million years, short lived for 
astronomical standards, but the halo 
does not usually host stars as young as 
this. In fact, it contains the oldest stars  
in the Milky Way that are more than ten 
thousand million years old. Massive stars 
are usually found in or near star forming 
regions in the Galactic disc such as the 
famous Orion Nebula: HE 0437-5439 is 
indeed similar to the Trapezium stars that 
make the Orion Nebula shine.

Data were obtained with the high-resolu-
tion UVES spectrograph. This allowed the 
chemical composition to be measured, 
which turned out to be similar to that of 
the Sun, confirming that HE0437-5439 is 
a young star. Its mass is eight times 
larger than that of the Sun and the star is 
only 30 million years old. It is almost 
200 000 light years away from us in the 
direction of the constellation Doradus  
(the Swordfish). Even more exciting was 
the fact that the data indicated the star  
to be receding at a velocity of 723 km/s,  
or 2.6 million km/h. HE0437-5439 moves 
so fast that the gravitational attraction  
of the Milky Way is too small to keep it 
bound to the Galaxy. Hence the hyper-
velocity star will escape into intergalactic 
space.

As the star is moving so fast, it must have 
been born far away from its present 
position and accelerated to where we ob-
serve it today. What accelerated the  
star to such a high speed? Calculations 
carried out already in the late 1980s 
showed that a so-called supermassive 
black hole (SMBH), i.e. a black hole a 
million times as massive as the Sun, or 
larger, could provide the enormous ac-
celeration. If a binary star approaches the 
SMBH, one star falls towards the SMBH 
while its companion is ejected. The Gal-
actic Centre of the Milky Way hosts such 
a black hole of about 2.5 million solar 
masses, and this might have accelerated 
HE0437-5439. But the necessary travel 
time was found to be more than three 
times the age of the star. Hence the star 
is too young to have travelled all the way 
from the Galactic centre to its present 
location. Either the star is older than it 
appears or it was born and accelerated 
elsewhere.

A different clue to the origin of HE0457-
5439 comes from its position in the sky. 
HE0437-5439 is 16 degrees away from 
the Large Magellanic Cloud (LMC), one of 
the nearest neighbouring galaxies to the 
Milky Way. This galaxy lies at a distance 

of 156 000 light years. HE0457-5439 is 
even more distant than the LMC and  
is much closer to the LMC than to the Gal- 
axy. The astronomers showed that the 
star could have reached its present posi-
tion within its lifetime if it were ejected 
from the centre of the LMC. This, in turn, 
would provide evidence for the existence 
of a SMBH in the LMC. Another expla-
nation would require the star to be the re-
sult of the merging of two stars, belong-
ing to the so-called blue stragglers class 
of stars, which are older than standard 
evolution models predict them to be. In-
deed, its age could then be as much as 
the lifetime of a four solar mass star which 
is more than six times the lifetime of an 
eight solar mass star.

The astronomers propose two additional 
observations to distinguish between  
the two options. The abundance of cer-
tain elements in stars belonging to the 
LMC is only half that of the Sun. A more 
precise measurement with UVES would 
indicate whether the star has a metal 
abundance appropriate to LMC stars or 
not. The second is to measure how much 
the star moves in the transverse direc-
tion on the sky, using astrometric meas-
urements.

Star ejected from the 
Large Magellanic Cloud 
(artist’s view).
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Flashes Shed Light on Cosmic Clashes

Apart from the Big Bang itself, ‘Gamma-
ray bursts’ or GRBs are by far the most 
powerful explosive events that are known 
in the Universe.

The wealth of observations on GRBs has 
revealed that they come in two differ- 
ent flavours: the long (lasting more than  
two seconds) and the short ones. The 
difference between the two is not only in  
the duration: short bursts also consist 
of higher energy photons than the long 
ones. One may thus infer that the phys-
ical origins of the two are different. Over 
the past few years, a large international 
effort has convincingly shown that long 
gamma-ray bursts are linked with the ulti-
mate explosion of massive stars (‘hyper-
novae’). A key proof was provided with 
the help of ESO telescopes in 2003. On 
29 March 2003, NASA’s High Energy 
Transient Explorer (HETE-II) satellite de-
tected a very bright gamma-ray burst. 
Following identification of the ‘optical af-
terglow’ by a 40-inch telescope at the 
Siding Spring Observatory (Australia), a 
high-dispersion spectrum obtained with 
the UVES spectrograph at the 8.2-m 
VLT Kueyen telescope allowed to meas-
ure its distance to about 2 650 million 
light years. This was the nearest normal 
GRB ever detected and, using two other 
powerful instruments at the ESO Very 

Large Telescope, the FORS1 and FORS2 
multi-mode instruments, astronomers 
obtained, over a period of one month, 
spectra of the fading object. The astrono-
mers observed the gradual ‘emergence’ 
with time of a supernova-type spec- 
trum, revealing the extremely violent ex-
plosion of a star. With velocities well in 
excess of 30 000 km/s (i.e., over 10 % of 
the velocity of light), ejected material  
was moving at record speed, testifying to 
the enormous power of the explosion. 
This set of data provided irrefutable evi-
dence of a direct connection between  
the GRB and the ‘hypernova’ explosion of 
a very massive, highly evolved star.

The breakthrough in our understanding of 
long-duration GRBs thus came from  
the discovery of their long-lived X-ray and 
optical afterglows. Short duration GRBs 
have however evaded optical and X-ray 
detection for more than 30 years. It was 
thus not possible to know in which en-
vironment they formed nor to study their 
light-curve or spectrum to characterise 
them. That is, until very recently.

On 29 March 2003, the NASA/ASI/
PPARC Swift satellite detected a 40-milli-
second duration gamma-ray burst. Fur-
ther observations with the X-ray detector 
on board the satellite detected an X-ray 

afterglow of a short burst for the first 
time. Thanks to this, its position could be 
determined with an accuracy better  
than 10 arcsec, allowing astronomers to 
point ESO’s Very Large Telescope to-
wards it and to take images with FORS2. 
The burst, named GRB 050509B, was 
found to sit very close to a luminous, non-
star-forming elliptical galaxy lying 2700 
million light years away (redshift 0.225) 
and belonging to a cluster of galaxies. 
Based on the unlikeness of a chance 
alignment between GRB 050509B and 
such a galaxy, it is argued that this is the 
host galaxy of the burst. This, the astron-
omers explain, makes it difficult for the 
hypernova model to be invoked. Indeed, 
it is highly improbable to find a core-col-
lapse supernova in this galaxy.

On the other hand, the other prevailing 
model, the merging of two neutron stars 
in a binary, seems more likely. Such a 
galaxy indeed is known to host many 
tight binaries with compact stars. To be 
sure that the hypernova model could  
be ruled out, the astronomers performed 
further observations – until three weeks 
after the burst – with the FORS1 and 
FORS2 instruments. With these observa-
tions, the astronomers are confident that 
even the faintest supernovae would have 
been detected. But none were found.

The merging scenario, animation of two neutron 
stars orbiting each other and gradually being 
dragged together. The end result is a gigantic ex-
plosion where two jets are emitted. If one of the  
jets points toward the Earth we observe a short 
gamma-ray burst.
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And as sometime happens, a few months 
later, the astronomers were given the 
chance to study another afterglow of a 
short burst. And this time in the optical. In 
the night of 9 to 10 July 2005, the NASA 
HETE-2 satellite detected a 70-millisec-
ond duration burst and was able, based 
on the detection of X-rays, to precisely 
determine its position. Thirty-three hours 
after, images of this region of the sky 
were obtained using the Danish 1.5-m 
telescope at La Silla. The images showed 
the presence of a fading source, sitting 
on the edge of a galaxy, most probably 
the host galaxy of the burst. This is thus 
the first optical afterglow of a short 
gamma-ray burst. The burst, named  
GRB 050709, resides 11000 light years 
from the centre of a star-forming dwarf 
galaxy that is about 2 000 million light 
years away and is quite young – about 
400 million years old. From the observa-
tions conducted until 20 days after the 
burst, the astronomers can rule out the 
occurrence of an energetic hypernova  
as found in most long GRBs. This gives 
further credit to the hypothesis that  
short GRBs are the consequence of the 
merging of two very compact stars.

It is striking that the two short bursts that 
could finally be localised appear in quite 
different environments. But more striking 

was the fact that only two weeks after,  
a third short gamma-ray burst afterglow 
was discovered, this time from a gam-
ma-ray burst associated with a nearby el-
liptical galaxy. The low level of star for-
mation in such galaxies and the detection 
of a second long-lasting flare indicate  
that this gamma-ray burst is most likely 
the final scream of a neutron star as it is 
being devoured by a black hole.

On 24 July 2005, the NASA/ASI/PPARC 
Swift satellite detected yet another short 
gamma-ray burst, GRB 050724. Subse-
quent observations, including some with 
ESO’s Very Large Telescope, allowed 
astronomers to precisely pinpoint the 
position of the object, lying about 13 000 
light years away from the centre of an 
elliptical galaxy that is located 3 000 mil-
lion light years away (redshift 0.258). 
From its characteristics, astronomers in-
fer that this galaxy contains only very  
old stars. This is similar to the host galaxy 
of GRB 050509B, and very different  
from host galaxies of long bursts. These 
observations thereby confirm that the 
parent populations and consequently the 
mechanisms for short and long GRBs  
are different in significant ways. More-
over, the observations also show this short 
burst has released between 100 and 
1000 times less energy than typical long 

Images taken with the 
Danish 1.5-m tele- 
scope at La Silla of the 
short gamma-ray burst  
GRB 050709 after- 
glow: on July 11 (a) and 
on July 18 (b). Panel c 
shows the difference 
between panels a and b 
clearly revealing the 
short gamma-ray burst 
visible light.
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(Left) VLT optical image taken on 24 July, 12 hours 
after the burst, showing the position of the gamma-
ray burst GRB 050724 as measured by the Swift  
X-Ray Telescope (XRT) and the Chandra X-ray satel-
lite. The blue cross is the position of the optical 
afterglow. The burst positions are superimposed on 
a bright red galaxy at redshift z = 0.258. (Right) 
Difference between two VLT images taken on 24 and 
29 July, clearly revealing the presence of the GRB.

GRBs. The burst itself was followed af- 
ter about 200–300 seconds by another, 
less-energetic flare. It is unlikely that  
this can be produced by the merger of 
two neutron stars. Astronomers there-
fore conclude that the most probable 
scenario for the origin of this burst is the 
collision of a neutron star with a black 
hole. Indeed, in the case of a merger be-
tween a neutron star and a black hole, 
the neutron star may be only partially dis-
rupted in the initial plunge. The remain-
der may orbit the black hole, transferring 
mass at closest approach (‘periastron’), 
until the neutron star mass is reduced to 
less than two tenths of the mass of the 
Sun, where it expands to disruption. The 
activity may thus extend over few tens  
of seconds, unlike the case of a merging 
between two neutron stars. 

With three events having been discov-
ered in such a short time, big steps have 
been made to solve the 30-year-long 
mystery of the short gamma-ray burst.
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Star Death Beacon at the Edge of the Universe

New discoveries have also been made as 
far as long gamma-ray bursts are con-
cerned. Indeed astronomers have ob-
served the afterglow of a GRB that is the 
farthest known ever. With a measured 
redshift of 6.3, the light from this very re-
mote astronomical source has taken 
12700 million years to reach us. It is thus 
seen when the Universe was less than 
900 million years old, or less than seven 
percent its present age. This means that 
it is among the intrinsically most luminous 
GRB ever observed. 

This discovery not only sets a new astro-
nomical record, it is also fundamental  
to the understanding of the very young 
Universe. Being such powerful emitters, 
these GRBs serve as useful beacons, 
enabling the study of the physical condi-
tions that prevailed in the early Universe. 
Indeed, since GRBs are so luminous, 
they have the potential to outshine the 
most distant known galaxies and may 
thus probe the Universe at higher red-
shifts than currently known. And because 
gamma-ray bursts are thought to be 
associated with the catastrophic death of 
very massive stars that collapse into 
black holes, the existence of such objects 
so early in the life of the Universe pro- 
vide astronomers with important informa-
tion to better understand its evolution.

GRB 050904 was first detected on 4 Sep- 
tember 2005, by the NASA/ASI/PPARC 
Swift satellite. Immediately after this 
detection, astronomers in observatories 

worldwide tried to identify the source by 
searching for the afterglow in the visible 
and/or near-infrared, and study it. First 
observations by American astronomers 
with the Palomar Robotic 60-inch Tele-
scope failed to find the source. This sets 
a very stringent limit: in the visible, the 
afterglow should thus be at least a million 
times fainter than the faintest object that 
can be seen with the unaided eye (magni-
tude 21). But observations by another 
team of American astronomers detected 
the source in the near-infrared J-band 
with a magnitude 17.5, i.e. at least 25 
times brighter than in the visible. This was 
indicative of the fact that the object  
must either be very far away or hidden 
beyond a large quantity of obscuring 
dust. Further observations indicated that 
the latter explanation did not hold and 
that GRB 050904 must lie at a distance 
larger than 12 500 million light years. It 
would thus be the farthest gamma-ray 
burst ever detected.

Italian astronomers used Antu (UT1) to 
observe the object in the near-infrared 
with ISAAC and in the visible with FORS2. 
Observations were done between 24.7 
and 26 hours after the burst. The after-
glow was detected in all five bands in 
which they observed (the visible I- and  
z-bands, and the near-infrared J, H,  
and K-bands). By comparing the bright-
ness of the source in the various bands, 
the astronomers could deduce its red-
shift and, hence, its distance. The value 
derived has since then been confirmed 
by spectroscopic observations made  
by another team using the Subaru tele-
scope.

Observation with ISAAC 
of GRB 050904 about 
one day after its discov-
ery with the Swift sat-
ellite (left), and four days 
after (right), in the near-
infrared J-band.
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Black Hole in Search of a Home

Do orphan supermassive black holes ex-
ist? An international team of astrono-
mers used two of the most powerful as-
tronomical facilities available, the ESO 
Very Large Telescope and the Hubble 
Space Telescope, to conduct a detailed 
study of 20 low redshift quasars. For  
19 of them, they found, as expected, that 
these super-massive black holes are sur-
rounded by a host galaxy. But when they 
studied the bright quasar HE0450-2958, 
located some 5 000 million light years 
away, they couldn’t find evidence for an 
encircling galaxy. This, the astronomers 
suggest, may indicate a rare case of  
a collision between a seemingly normal 
spiral galaxy and a much more exotic 
object harbouring a very massive black 
hole.

With masses up to hundreds of millions 
that of the Sun, ‘super-massive’ black 
holes are most tantalising. Hiding in the 
centre of most large galaxies, including 
our own Milky Way, they sometimes man-
ifest themselves by devouring matter 
from their surroundings. Shining up to the 
largest distances, they are then called 
‘quasars’ or ‘QSOs’ (for ‘quasi-stellar ob-
jects’), as they had initially been confused 
with stars. Decades of observations of 
quasars have suggested that they are al-
ways associated with massive host gal-
axies. However, observing the host gal-
axy of a quasar is a challenging work, 
because the quasar is radiating so ener-
getically that its host galaxy is hard to 
detect in the QSO’s glare.

To overcome this problem, astronomers 
have devised a new and highly efficient 
strategy. Using ESO’s VLT for spectros-
copy and HST for imagery, they observed 
their quasars simultaneously with a ref-
erence star. This allowed them to meas-
ure in the best way the shape of the qua-
sar point source on spectra and images, 
and further to separate the quasar light 
from the other contributions, i.e. from the 
underlying galaxy itself. This very power-
ful image and spectra sharpening method 
(‘MCS deconvolution’) was applied in or-
der to detect the finest details of the host 
galaxy. The astronomers could detect a 
host galaxy for all but one of the quasars 
they studied. No stellar environment was 
found for HE0450-2958, suggesting that 
if any host galaxy exists, it must either 
have a luminosity at least six times fainter 

than expected a priori from the observed 
quasar luminosity, or a radius smaller 
than about 300 light years. Typical radii 
for quasar host galaxies range between 
6 000 and 50 000 light years, i.e. they  
are at least 20 to 170 times larger. With 
the data the astronomers managed to 
secure with the VLT and the HST, they 
would have been able to detect a normal 
host galaxy. They therefore conclude  
that this bright quasar is not surrounded 
by a massive galaxy.

Instead, just next to the quasar the as-
tronomers detected a bright cloud of 
about 2 500 light years in size. The VLT 
observations show this cloud to be 
composed of gas ionised by the intense 
radiation coming from the quasar. It  
is probably the gas of this cloud which is 
feeding the supermassive black hole, 
allowing it to become a quasar. A strongly 
perturbed galaxy, showing all signs of  
a recent collision, is also seen on the HST 
images two arcseconds away (corre-
sponding to about 50 000 light years), 
with the VLT spectra showing it to be 
presently in a state where it forms stars at 
a frantic rate.

The absence of a massive host galaxy, 
combined with the existence of the  
gas cloud and the star-forming galaxy, 
lead the astronomers to believe that  
they have uncovered an exotic quasar. 
There is little doubt that a burst in the 
formation of stars in the companion 
galaxy and the quasar itself have been 
ignited by a collision that must have  
taken place about 100 million years ago. 
What happened to the putative quasar 
host remains unknown. 

HE0450-2958 constitutes a challeng- 
ing case of interpretation. The astrono-
mers propose several possible ex-
planations, that will need to be further 
investigated and confronted. Has the 
host galaxy been completely disrupted as 
a result of the collision? It is hard to 
imagine how that could happen. Has an 
isolated black hole captured gas while 
crossing the disc of a spiral galaxy? This 
would require very special conditions  
and would probably not have caused 
such a tremendous perturbation as is ob-
served in the neighbouring galaxy. 
Another intriguing hypothesis is that the 
galaxy harbouring the black hole was 
almost exclusively made of dark matter. 
Whatever the solution of this riddle, the 
strong observable fact is that the quasar 
host galaxy, if any, is much too faint.
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The quasar HE0450-
2958 as seen by the 
HST (left) and after ap-
plying an efficient im-
age sharpening method 
(right). 
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Rebuilding Spiral Galaxies

How and when did galaxies form? How 
and when did stars form in these island 
universes? These questions are still pos-
ing a considerable challenge to present-
day astronomers. Front-line observational 
results obtained with a fleet of ground- 
and space-based telescopes by an inter-
national team of astronomers provide 
new insights into these fundamental is-
sues.

For this, they embarked on an ambitious 
long-term study at various wavelengths  
of 195 galaxies with a redshift, that  
is the fraction by which the lines in the 
spectrum of an object are shifted to-
wards longer wavelengths, greater than 
0.4. These galaxies, thus located more 
than 4 000 million light years away, were 
studied using the VLT, as well as the 
NASA/ESA Hubble Space Telescope, the 
ESA Infrared Space Observatory satellite 
and the NRAO Very Large Array. Ob-
servations were performed on Antu (UT1) 
and Kueyen (UT2) over a two-year period 
using the instruments FORS1 and FORS2 
in the visible and ISAAC in the infrared. 

From their extensive data set, the astron-
omers could draw a number of important 
conclusions. First, based on the near-
infrared luminosities of the galaxies, they 
infer that most of the galaxies they stud-
ied contain between 30 000 million and 
300 000 million times the mass of the Sun 
in the form of stars. This is roughly a fac-
tor 0.2 to 2 the amount of mass locked in 
stars in our own Milky Way. Second, they 
discovered that contrary to the local Uni-
verse where so-called Luminous Infrared 
Galaxies (LIRGs) are very rare objects, at 
a redshift from 0.4 to 1, that is, 4 000 to 
8 000 million years ago, roughly one sixth 
of bright galaxies were LIRGs.

Because this peculiar class of galaxies is 
believed to be going through a very ac-
tive phase of star formation, with a doubl-
ing of the stellar mass occurring in less 
than 1000 million years, the existence of 
such a large fraction of these LIRGs  
in the past Universe has important con-
sequences on the total stellar formation 
rate: during the time span from rough- 
ly 8 000 million to 4 000 million years ago, 
intermediate mass galaxies converted 
about half of their total gas mass into 
stars. 

A further result could be secured using 
the spectra obtained with the VLT: the as-
tronomers measured the chemical abun-
dances in several of the observed gal-
axies. They find that galaxies with large 
redshifts show oxygen abundances twice 
lower than present-day spirals. As it is 
stars which produce oxygen in a galaxy, 
this again gives support to the fact that 
these galaxies have been actively forming 
stars in the period between 8 000 and 
4 000 million years ago. And because it is 
believed that galaxy collisions and merg-
ers play an important role in triggering 
such phases of enhanced star-forming 
activity, these observations indicate that 
galaxy merging still occurred frequently 
less than 8 000 million years ago.

The story revealed by these observa-
tions is in agreement with the so-called 
‘hierarchical merging of galaxies’ sce-
nario, present in the literature for about 
20 years. According to this model,  
small galaxies merge to build larger ones.  
In the normal scenario, it was usually 
assumed that galaxy merging almost 
ceased 8 000 million years ago. The new 
complete set of VLT observations show 

that this is far from being the case. In the 
following 4 000 million years, galaxies  
still merged to form the large spirals we 
observe in the local Universe.

To account for all these properties, the 
astronomers thus devised a new galaxy 
formation scenario, comprising three 
major phases: a merger event, a compact 
galaxy phase and a ‘growth of the disc’ 
phase. Because of the unique aspects of 
this scenario, where big galaxies get  
first disrupted by a major collision to be 
born again later as a present-day spi- 
ral galaxy, the astronomers rather logical-
ly dubbed their evolutionary sequence, 
the ‘spiral galaxy rebuilding’. Although 
being at odds with standard views which 
assert that galaxy mergers produce el-
liptical galaxies instead of spiral ones, the 
astronomers stress that their scenario  
is consistent with the observed fractions 
of the different types of galaxies and  
can account for all the observations. The 
new scenario can indeed account for  
the formation of about three quarters of 
the present-day spiral galaxies, those 
with a massive central bulge. It would ap-
ply for example to the Andromeda galaxy 
but not to our own Milky Way. It seems 
that our Galaxy somehow escaped major 
collisions in the last thousands of millions 
of years. Further observations, in par-
ticular with the FLAMES instrument, will 
show whether spiral galaxies are indeed 
relatively recent born-again systems cre-
ated from major merger events.

The spiral rebuilding 
scenario.
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A Cosmic Baby Boom
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of distant galaxies.

It is one of the major goals of observa-
tional cosmology to trace the way galax-
ies formed and evolved and to com- 
pare it to predictions from theoretical 
models. It is therefore essential to know 
as precisely as possible how many 
galaxies were present in the Universe at 
different epochs. This is easier to say 
than to do. Indeed, if counting galaxies 
from deep astronomical images is re-
latively straightforward, measuring their 
distance – hence, the epoch in the his-
tory of the Universe where we see them –  
is much more difficult. This requires tak-
ing a spectrum of the galaxy and meas- 
uring its redshift. However, for the faintest 
galaxies – that are most likely the far-
thest and hence the oldest – this requires 
a lot of observing time on the largest 
telescopes. Until now, astronomers had 
thus to first carefully select the candidate 
high-redshift galaxies, in order to min-
imise the time spent on measuring the 
distance. But it seems that astronomers 
were too careful in doing so, and hence 
had a wrong picture of the population  
of galaxies. It would be better to ‘simply’ 
observe in a given patch of the sky all 
galaxies brighter than a given limit. But 
looking at one object at a time would 
make such a study impossible. To take 
up the challenge, a team of astronomers 
used VIMOS, which is able to observe  
up to 1000 (faint) objects simultaneously. 
In one exposure, redshifts, hence dis-
tances, of many objects can be meas-
ured. The possibility to observe two gal-
axies at once would be equivalent to 
using two VLT Unit Telescopes simulta-

neously. VIMOS thus effectively multiplies 
the efficiency of the VLT hundreds of 
times. This makes it possible to complete 
in a few hours observations that would 
have taken months only a few years ago. 
With capabilities up to ten times more 
productive than competing instruments, 
VIMOS offers the possibility for the  
first time to conduct an unbiased census 
of the distant Universe.

The VIMOS VLT Deep Survey (VVDS) 
aims to measure in some selected 
patches of the sky the redshift of all gal-
axies brighter than magnitude 24 in the 
red, that is, galaxies that are up to 16 mil-
lion fainter than what the unaided eye  
can see. In a total sample of about 8 000 
galaxies selected only on the basis of 
their observed brightness, almost 1000 
bright and vigorously star forming galax-
ies were discovered at an epoch 1500 to 
4 500 million years after the Big Bang 
(redshift between 1.4 and 5). To the as-
tronomers’ surprise, this is two to six 
times higher than had been found previ-
ously. These galaxies had been missed 
because previous surveys had selected 
objects in a much more restrictive man-
ner to accommodate the much lower mul- 
tiplex capability of the previous genera-
tion of instruments.

While observations and models have 
consistently indicated that the Universe 
had not yet formed many stars in the first 
thousand million years of cosmic time, 
the discovery made by the scientists calls 
for a significant change in this picture. 

Combining the spectra of all the galax- 
ies in a given redshift range (i.e. belong-
ing to the same epoch), the astrono- 
mers could estimate the amount of stars 
formed in these galaxies. They find that 
the galaxies in the young Universe trans-
form into stars between 10 and 100 times 
the mass of our Sun in a year. This dis-
covery implies that galaxies formed many 
more stars early in the life of the Universe 
than had previously been thought. These 
observations therefore demand a pro-
found reassessment of our theories of the 
formation and evolution of galaxies in a 
changing Universe. It now remains for as-
tronomers to explain how one can create 
such a large population of galaxies, 
producing more stars than previously as-
sumed, at a time when the Universe  
was about 10–20 % of its current age.

Feeding the Monster 

Located at a distance of about 45 million light 
years in the southern constellation Fornax  
(the Furnace), NGC 1097 is a relatively bright, 
barred spiral galaxy seen face-on. NGC 1097 
is a very moderate example of an Active 
Galactic Nucleus (AGN), whose emission is 
thought to arise from matter (gas and stars) 
falling into oblivion in a central black hole. 
However, NGC 1097 possesses a compara-
tively faint nucleus, and the black hole in its 
centre must be on a very strict ‘diet’: only  
a small amount of gas and stars is apparently 

being swallowed by the black hole at any 
given moment. Astronomers have been trying 
to understand for a long time how the matter 
is ‘gulped’ down towards the black hole. 
Watching the feeding process directly requires 
very high spatial resolution at the centre of 
galaxies. Thus, astronomers obtained images 
of NGC 1097 with the adaptive optics  
NACO instrument. These new images probe 
the presence and extent of material in the  
very proximity of the nucleus, disclosing with 
unprecedented detail a complex central net-
work of filamentary structure spiralling down 
to the centre of the galaxy. The resolution 
achieved with the images is about 0.15 arc-
second, corresponding to about 30 light years 
across. For comparison, this is only eight 
times the distance between the Sun and its 
nearest star, Proxima Centauri.
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La Silla Paranal Observatory

The beginning of the year saw the mer-
ger of the two ESO observatories in Chile. 
The La Silla observatory that operated 
the eponymous site as well as the APEX 
project at Chajnantor, and the Paranal 
observatory hosting the VLT and VLTI 
were merged into a single managerial and 
operational entity known as the La Silla 
Paranal Observatory.

The merger process had been in prepa-
ration for much of 2004. In January 2005 
we formalised the merger and much  
of the merging activity took place over 
the year. A single maintenance depart-
ment now supports the two main sites of 
the observatory, and logistics and IT  
are also cross-site operations. Separate 
but closely collaborating engineering  
and science operations departments ex-
ist at the two main sites. 

One of the achievements of the merged 
observatory has been the extensive re-
coating work undertaken during the past 
year. All four primary mirrors of the Unit 
Telescopes of the VLT as well as the pri-
maries of the NTT, 3.6-m and 2.2-m tele-
scopes were recoated in 2005 in an ef-
fort by a team staffed from both La Silla 
and Paranal.

In addition to the ESO operation of the 
NTT, the 3.6-m and the 2.2-m tele-
scopes, La Silla provides the European 
Astronomical community with an ex-
cellent infrastructure for more specific as-
tronomical experiments. The Swiss 
1.2‑m, the Danish 1.54-m and the Italian 
REM telescopes are all supported on  
La Silla and a number of visitor instrumen-
tation programmes are ongoing.

New Instruments

On Paranal, all four 8.2-m telescopes are 
in routine operation with an impres- 
sive suite of instrumentation. In 2005, two 
new instruments, VISIR and SINFONI, 
were added to FORS1, ISAAC, FORS2, 
UVES, NACO, FLAMES, VIMOS. 

SINFONI is an adaptive optics assisted 
integral field near-infrared spectrograph 
that has already been used to great ef-
fect in the study of the flaring black hole 
in the Centre of the Galaxy and many 
other studies. With the addition of SIN-
FONI to VIMOS and FLAMES, Paranal 
has now integral field units deployed on 
three 8.2-m telescopes, covering the 
optical both in low and high resolution 
and the near-infrared in intermediate re-
solution. 

VISIR extends the reach of the VLT to the 
mid-infrared (longwards of 10 microns). 
Exciting results from VISIR are in the 
pipeline but, already in 2005, VISIR ob-
servations have been able to support 
space-based measurements by exploit-
ing the higher resolution delivered by  
the VLT optics. 

End-to-End Operations

The arrival of VISIR and SINFONI brings 
the total number of currently operat- 
ing instruments on the La Silla Paranal 
Observatory to 19, covering the optical, 
near-infrared, and mid-infrared wave-
length domain: nine are at the VLT, two 
on VLTI, and eight in La Silla. All instru-
ments at Paranal and some at La Silla are 
operated in a mixture of service and 
classical (‘visitor’) observing. In service 
observing mode the description of  
the observations is communicated to the 
observatory by the user via the User 
Support Department in Garching and the 
data are returned to the user after quality 
control is performed in the Data Flow 
Operations Department also at the ESO 
headquarters. Service Mode has con-
tinued to be the most requested observ-
ing mode at the VLT, demonstrating the 
appreciation by the community of the ad-
vantages that this mode has for many 
types of projects. The time requested in 
Service Mode at the VLT/VLTI exceeded 
that in Visitor Mode by a factor of 2.15 
during 2005 (Periods 75 and 76). This led 
to a total of over 850 Service Mode  
runs being supported by the User Sup-
port Department at the VLT, VLTI, and 
ESO/MPG 2.2-m telescope during 2005. 

All aspects of the ESO end-to-end sci-
ence operations system are critically re-
liant on database technology. To this  

Recoating of the primary 
mirror of Antu (UT1).
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end, we operate several enterprise-class 
database servers in Germany and Chile 
in a coordinated fashion. During 2005, 
the operational databases grew by 35 %, 
resulting from an increase in Phase 1  
and 2 information stored and an increase 
in the amount of data received from  
the La Silla Paranal Observatory. In 2005, 
1165 843 header files were replicated 
from Paranal, that is 3194 per night, with 
an average size of 6.3 MBytes. In addi-
tion, two database tables have exceeded 
the 10 000 000 row milestone. In total, the 
Primary Database server has 28 tables 
that exceed 1000 000 rows. ESO’s ex-
cellence in this area was internationally 
recognised by a 21st Century Achieve-
ment Award in the Science Category  
of the Computerworld Honors Program, 
established by this well-known US mag-
azine.

Operationally the observatory has had an 
excellent year with science availability at 
90 % of the total time; weather downtime 
(as a percentage of the science time)  
for Paranal was around the 10 % level and 
technical time for the La Silla and Paranal 
telescopes at or below the 3 % mark.  
The winter on La Silla and the observato-
ries close to the town of La Serena was 
the worst on record and much observ- 
ing time was lost. In spite of this, for the 
whole of 2005, weather downtime for  
La Silla was below 20 %, a number that 
maintains the site’s status as one of the 
very best. 

The Coming of Age of the VLTI

The year 2005 saw the completion of 
three important milestones in the 1.8-m 
Auxiliary Telescopes (AT) project. First 
fringes with the VINCI test instrument 
were achieved only a few days after align-
ing AT2 and several weeks before its  
full commissioning programme was com-
pleted. This milestone was a critical  
step before the ATs could be offered to 
the community in the call for proposals 
for Period 76. In fact, obtaining first 
fringes proved to be even simpler than 
acquiring a first star with a new tele-
scope; after only a few minutes scanning 
with the delay lines, fringes were de-
tected less than 2 mm from the predicted 
position. A few days later the exercise 
was successfully repeated with MIDI, 
which saw first AT fringes on 7 February. 
Thus, AT1 and AT2 have been in regu- 
lar science operations from October 2005 
(Period 76).
 
With these new additions it has been 
possible to start operating the VLTI Sub-
Array (VISA) and take advantage of  
the interferometer infrastructure at times 
when the 8.2-m telescopes of the VLT  
are busy performing standalone observa-
tions. This is another milestone for the 
observatory, as yet another of the ambi-
tious goals set out years ago for ESO has 
been reached. All 30 docking stations  
are fully equipped to accept the Auxiliary 

At a ceremony in Washington on 6 June a 
team from DMD received the Computer- 
world 21st Century Achievement Award for 
Science on behalf of ESO. Seen here are  
Drs Preben Grosbøl, Michele Péron, Peter 
Quinn (Head of the ESO Data Management 
Division) and David Silva with the prestig- 
ious prize.

The Data Flow System

Tools have been developed for support-
ing the preparation and the execution  
of survey programmes. Among them is 
ORANG, a tool for ranking a large pool 
of Observations Blocks, taking into ac-
count parameters such as target visibil-
ity, priority of the observation, time con-
straints and all other user-provided con- 
straints (moon distance, seeing). This 
application will ease operations of not 
only VST and VISTA but of all ESO tele-
scopes. The User Portal project, to be 
deployed in 2006, will provide the user 
community with one registration system 
for all services provided by the observ-
atory (Phase 1, Phase 2, Archive). Each 
user will have one or more role (PI, OPC 
member, USD astronomer, etc.) and will 
obtain access to the services through a 
single entry point.

Efforts have also been concentrated on 
the design and the implementation  
of the software components required  
to support the high data rates that will 
be generated by forthcoming instru-
ments such as OmegaCAM and VISTA. 
This includes an upgrade of the archiv-
ing system and a system for distributing 
and parallelising the pipeline data reduc-
tion tasks on clusters of PCs.

The SINFONI pipeline was made avail-
able to the community. At the beginning 
of 2006 it will be followed by the ISAAC 
and GIRAFFE pipelines. The AMBER 
pipeline was installed at Paranal and 
evaluated during the commissioning run 
of July 2005. This version was released 
for the start of operations in P76. The 
AMBER pipeline supports the two- and 
three-telescope modes for AMBER  
K-Band observations. It provides meas-
urements of the photometric flux and 
atmospheric piston, as well as fringe 
visibilities and signal-to-noise ratio over 
the spectral channels.

The software packages for reducing 
OmegaCAM and CRIRES are being 
prepared and a first release will be ready 
when those instruments go on the sky.
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Telescopes which can move from one 
location on the deck to another ‘under 
their own steam’.

AT3 arrived on Paranal in August and  
saw First Light on 1 November. It subse-
quently went through a successful com-
missioning period and was handed over 
to Paranal observatory in December.  
The performance of the three fully com-
missioned ATs in terms of image quality, 
pointing and tracking accuracy, optical 
path length stability, and repeatability of 
the telescope positioning after relocation, 
is truly excellent. The fourth AT is ex-
pected to be delivered in Europe in mid-
2006, such that by end 2006, all four  
ATs should be up and running on Paranal.

Observations with the first generation 
VLTI instruments, MIDI and AMBER, have 
continued in 2005. MIDI has reached  
a mature level and is being routinely used 
in various modes and spectral disper-
sions both on the 8.2-m UTs and the  
1.8-m ATs, although the analysis of MIDI 
AT data has proven to be significantly 
more challenging than the UT data as  
the Variable Curvature Mirrors (VCM) of  
the delay lines are still not operational. 
AMBER started open time observations 
in October 2005, albeit currently on a lim-
ited number of modes and with con-
servative sensitivity limits, while commis-
sioning activities continue. These should 
be completed in 2006. Over 70 proposals 
(about 12 % of all Paranal proposals)  
were received for observations with MIDI 
and AMBER in Period 77, a very encour-
aging sign of interest from the community.

With the installation in early 2005 of 
MACAO on UT1, all four 8.2-m telescopes 
are now equipped with Coudé adaptive 
optics feeds for VLTI. This brings the total 
adaptive optics systems, the technology 
that corrects for the effects of the atmos-
phere on the image quality of a tele-
scope, on Paranal to six (including NACO 
and SINFONI) with one more to be deliv-
ered with CRIRES in early 2006.

Looking at the Future

PRIMA, the Phase-Referenced Imaging 
and Micro-arcsecond Astrometry facili- 
ty of the VLTI, is entering the critical 
phase of extensive testing in Europe for 
most of its sub-systems. The goal is to 
have PRIMA ready for installation at 
Paranal in the second half of 2007. PRIMA 
has three main scientific goals: to en-
hance the VLTI capabilities by increasing 
its limiting magnitude; to make high reso-
lution images of the close environments 
of stars and extragalactic objects; and to 
do relative astrometry of stars with un-
precedented precision. A consortium of 
astronomical institutes formed by the 
Observatoire de Genève, Leiden Univer-
sity, and the Max-Planck-Institut für 
Astronomie in Heidelberg, is currently de-
signing the differential delay lines, neces-
sary to track the two stars of PRIMA as 
the Earth rotates, as well as developing 
the software systems required to operate 
the facility and analyse the data.

In preparation for the installation of PRIMA 
on the VLTI we decided in early 2005  
that a significant effort would be made by 
the observatory to conclude some out-
standing commissioning activities and to 
stabilise the operation of the interferom-
eter. Much work has gone into improving 
the maintainability of the alignment of  
the delay lines. A good understanding of 
the causes of the gradual misalignment 
has been developed and a procedure 

and toolset for managing the delay lines 
has been established. The first delay  
lines to have this system integrated into 
them are now under supervision and  
we expect the other delay lines to also be 
included into the same maintenance 
scheme in 2006. The good alignment sta-
bility has permitted the activation of the 
Variable Curvature Mirrors (VCM) mount-
ed on the delay lines. The VCMs per- 
mit the delay line optics to control the po-
sition of the pupil in the longitudinal 
direction and as such allow the full field of 
view of the Auxiliary Telescopes to be 
sampled in the laboratory. It is expected 
that the VCMs will be fully operational 
during 2006, further improving the sensi-
tivity of the VLTI and VISA. Quite some 
effort has gone into studying the beam 
stability within the laboratory to improve 
the injection of light into the interfero-
metric instrumentation and a number of 
modifications were tested to good effect 
during 2005. The deployment in 2005  
of IRIS has improved the acquisition of 
targets for the VLTI and, with recent mod-
ifications, also the beam stability. IRIS 
provides the VLTI with fast beam steering 
capabilities driven from the laboratory. 

In the area of vibrations that introduce 
non-atmospheric variations in the optical 
path difference, significant progress has 
been made in identifying the sources and 
transmission mechanisms. In 2005 pre-
paratory work was undertaken to isolate 
or eliminate the sources of vibrations  

The VLT Auxiliary Tele-
scopes 1 and 2 have 
been in regular science 
operations from Octo-
ber 2005.
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but much work lies ahead. This improve-
ment initiative on the interferometer is ex-
pected to continue in 2006 and early 
2007 with the aim that the deployment of 
PRIMA is as rapid and effective as pos-
sible.

Although MIDI and AMBER are still in 
their early scientific production, prepa-
rations are already well under way for the 
second generation of VLTI instruments, 
targeted at deploying these instruments 
on Paranal in about five years time. A 
workshop partially devoted to scientific 
results from the VLTI and other interfer-
ometers, and partly to exploring technical 
concepts for new instruments, was held  
in Garching in April 2005. A total of nine 
instrumental concepts were presented  
of which four, MATISSE (combining four 
beams in the mid-infrared), VITRUV and 
BOBCAT (combining four to eight beams 
in the near-infrared), and GRAVITY (a 
near-infrared instrument specialised in 
high-sensitivity, high-accuracy narrow 
angle astrometry) were presented to STC 
in October as candidates for Phase A 
studies. Following recommendation by 
STC, formal proposals for Phase A 
studies were solicited from the consortia 
to be presented in January 2006, and 
completed in about one year’s time. Also, 
a proposal by the European Space Agen-
cy was received to build a nulling-inter-
ferometer called GENIE to serve as a 
proof of concept for the Darwin mission.

Visitor Instrument

The installation of the Laser Guide Star 
Facility (LGSF) on the fourth Unit Tele-
scope of the VLT started during 2005 and 
the First Light is eagerly awaited in early 
2006. With a bright artificial star it is ex-
pected that adaptive optics will no longer 
be limited to areas of the sky close to a 
bright star. Both SINFONI and NACO are 
equipped to take advantage of the LGSF. 
With its infrared wavefront sensor that 
allows probing into obscured regions like 
the Galactic Centre, the VLT with NACO 
already had an advantage, and the LGSF 
will boost even further the observatory. 

In addition to the diverse and powerful 
common user instrumentation deployed 
on the VLT, provision has been made  
for innovative visitor instrumentation to be 
deployed. ULTRACAM, a fast readout 
three-channel photometer built by a con-
sortium of UK institutes, was the first 
visitor instrument to come to the VLT. Two 
very successful runs at Melipal (UT3)  
are expected to give rise to a number of 
exciting results and publications. 

In the past years much attention has 
been paid to gamma-ray bursts in the as-
tronomical community. ESO facilities  
have contributed much to the knowledge 
of these extremely energetic events.  
In 2005 we put the Rapid Reaction mode 
of the VLT into operation, providing the 
ESO community with the ability to interrupt 

In the VLTI control room.

Calibrations

To monitor and calibrate both the per-
formance of each of the ESO La Silla 
Paranal Observatory instruments  
and the quality of the data they deliver,  
we execute dedicated calibration plans. 
These systematic and regular meas-
urements further aid in the calibration of 
data from science programmes, at least 
to specified levels of accuracy.

The DFO Quality Control (QC) group 
works closely with the Paranal Science 
Operations (PSO) department to as- 
sure that VLT/VLTI instruments are 
always performing within expected and 
published ranges. Except for a few  
very specific cases, all instrument per-
formance information generated for  
PSO on a daily basis is available via the 
QC Web pages. Raw calibration data 
are processed into master calibration 
products that are used not only to moni-
tor 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.

For Service Mode users, the QC group 
provides two additional services. First, 
Service Mode science data are pro-
cessed into science products using 
standard pipelines. Second, QC creates 
data packages that include all raw data, 
resultant products, and associated 
information for each and every Service 
Mode observing run. These packages 
are stored on DVDs and shipped to us-
ers by the DFO SAO group.

During 2005, QC processed 365 600 raw 
frames (an increase of 8.3 % relative to 
2004), produced 306 000 data products 
(science and calibration, +29 %) and 
created 900 Service Mode packages 
(+35 %). The increase in data volume is 
due both to the three new Paranal in-
struments that came into operation dur-
ing the year (SINFONI and VISIR at the 
VLT, and AMBER at VLTI) and to a gen-
eral increase in the demand for Service 
Mode from the VLT/VLTI community.
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ongoing observations and automatically 
slew the telescope to an exciting new 
target. This mode is offered on an ever- 
increasing number of instruments. On  
La Silla the REM 60-cm telescope is used 
by a consortium led by the Osservato- 
rio Astronomico di Brera to provide rapid 
photometric and positional information  
of GRB candidates. In addition, the 2.2-m 
telescope on La Silla is being prepared 
for the installation of GROND, an instru-
ment built by the Max-Planck-Institut  
für extraterrestrische Physik to follow-up 
gamma-ray bursts. 

On La Silla work has been ongoing to 
commission a high efficiency fibre for the 
HARPS instrument on the 3.6-m tele-
scope. HARPS is already one of the most 
prolific planet finding instruments and 
with this new facility it is expected to fur-
ther improve the throughput already 
much enhanced in the past year with the 
3.6-m secondary unit upgrade. This work 
has been undertaken at the excellent 
workshop on La Silla, which forms an in-
tegral part of the operation of the merged 
observatory. Another significant event in 
2005 has been the deployment of the 
second generation of technical CCDs on 
La Silla, leading the way for their imple-
mentation on Paranal. Technical CCDs 
are used to guide the telescopes, analyse 
the aberrations for the active optics 

system, view the targets on spectrograph 
slits, align the acquisition bundles for 
FLAMES, determine the seeing at the 
DIMMs, and other tasks. As such, it  
has been critical to maintain these sys-
tems at their best performance. The  
La Silla workshop and detector special-
ists, together with staff from Paranal, 
supported the large technology division 
effort to build a backwards compatible 
modern system. 

VST, VISTA and APEX

The two wide-field telescopes scheduled 
to come to Paranal in 2006 are making 
progress in the construction phase. The 
2.6-m optical VLT Survey Telescope is 
under construction in Naples by the Os-
servatorio di Capodimonte where sub-
system testing has started. It is eagerly 
awaited in its enclosure at Paranal. The 
VISTA project office, based at the UKATC 
in Edinburgh, is constructing, on behalf  
of PPARC, the 4.2-m infrared survey tele-
scope VISTA that forms part of the in-
kind UK entrance contribution to ESO. 
Work on the enclosure and support build- 
ings at the observatory was almost com-
pleted in 2005. The telescope construc-
tion is much advanced and early training 
of ESO maintenance staff has started. 
The optics for both telescopes are in the 

polishing stage and it is expected that 
they will be delivered to Paranal in the 
first half of 2006.

Another milestone was reached in 2005 
with the start of routine operations at the 
third site of the observatory. The La Silla 
Paranal Observatory also provides  
the staff and operational support for the 
Atacama Pathfinder Experiment (APEX). 
APEX is a collaborative project between 
ESO, the Max-Planck-Institut für Radio-
astronomie and the Onsala Space Obser-
vatory (OSO). A modified ALMA prototype 
antenna, equipped with Nasmyth foci  
in addition to the normal Cassegrain, is 
situated at the edge of the ALMA high  
site at Chajnantor. The excellent surface 
accuracy of the antenna permits opera-
tions in the terahertz regime. A base-
camp from where the telescope can be 
operated via a radio-link has been con-
structed in the community of Sequitor 
(within the village of San Pedro de Ata-
cama), in harmony with its surroundings. 
The facility was inaugurated in Septem-
ber 2005, during an event attended by 
representatives from all partners and the 
Chilean government and academia. 

Science verification observations with 
APEX had started in the months before 
the official inauguration using the APEX2a 
receiver from OSO and the FLASH PI 
instrument from the Max-Planck-Institut 
für Radioastronomie. In 2006, it is ex-
pected that the bolometer array LABOCA 
and other receivers, as well as a wob-
bling secondary, will be added to the 
complement of instrumentation available 
to the scientific community. Already the 
first indications are that the Chajnantor 
site is exceptional and that, indeed, APEX 
will be an excellent pathfinder for ALMA. 

The major telescopes at 
La Silla.

Right: Spiral galaxy 
Messier 83 seen with 
FORS on the VLT.

Following page: APEX 
started science verifi-
cation observations on 
its 5100-m high site at 
Chajnantor.
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Atacama Large Millimeter Array

The year 2005 was certainly a year of 
critical importance to the ALMA Project – 
‘the’ year in which the baseline project 
has been redefined. The birth of ALMA 
dates back to the end of the last century. 
Various ideas and concepts had been 
independently developed by scientists all 
over the world. Large array radio tele-
scopes were studied by astronomers in 
Europe, North America and Japan and 
different possible observatories had been 
discussed. After thorough investigations, 
it became obvious that each of the am-
bitious projects could hardly be realised 
by an individual scientific community. 
Consequently, an agreement was signed 
in the year 2002 by the North American 
scientific community, represented through 
the US National Science Foundation 
(NSF), and the European scientific com-
munity, represented through ESO, to 
construct the Atacama Large Millimeter 
Array (ALMA). The initial ALMA project 
planned to install and operate 64 high-
precision radio telescopes of 12-m 
diameter each on the Altiplano of Chaj-
nantor, near San Pedro de Atacama  
in Chile, at an altitude of 5 000 metres. 

Following years of detailed design studies 
and prototype research, it became evi-
dent that this project could not be real-
ised within the available funds foreseen at 
the time of signing the agreement be-
tween the partners in North America and 
Europe. Therefore the management and 
scientists involved in ALMA were charged 
with developing a new configuration of 
the project within acceptable cost, while 
still maintaining the prime scientific objec-
tives. 

Successful prototyping of key compo-
nents of the receivers over the last years 
was an important element in allowing a 
reduction of the number of antennas from 
64 to 50 without compromising signifi-
cantly the performance of the original 
baseline project. During the year 2005, in- 
depth studies and large efforts were 
made to define the ‘rebaselined’ ALMA 
project. Independent review committees, 
focusing on the technical performance 
and on the cost of the project, confirmed 
the scientific importance of the modi- 
fied ALMA project based on the new af-
fordable costs. By the end of 2005 the 
rebaselined project and the new budget 
were approved by the ESO Council. The 

North American partners are expecting 
approval from their funding agency (NSF) 
within the first half of 2006.

In parallel, Japanese scientists, through 
the National Astronomical Observatory 
Japan (NAOJ), have continued to work 
out details to define and formulate their 
participation in the ALMA project. Discus-
sions on the partnership in the rebase-
lined ALMA are progressing well. The Eu-
ropean and North American partners  
in ALMA spent considerable amounts of 
time in reviewing various subsystems,  
in particular correlator, receivers and an-
tennas. Details of the partnerships are 
expected to be defined soon, such that  
an official agreement could be signed 
during the first half of the year 2006. With 
the inclusion of the Japanese partners 
ALMA would become a truly global as-
tronomy facility, involving scientists from 
four different continents.

Also in the course of 2005 the manage-
ment of ALMA and the ALMA Division at 
ESO has been changed with respect  
to several key positions. Some positions 
have been filled with new persons, like 
the European ALMA Project Manager 
(Hans Rykaczewski), the European ALMA 

Project Controller (Donald Tait), and the 
European ALMA Project Planner (Gareth 
Aspinall). Fabio Biancat Marchet from 
ESO has been appointed as Deputy Inte-
grated Project Team (IPT) Leader for the 
ALMA Back End project. 

During the year 2005 numerous open 
positions were filled. At the end of 2005 
there were 49 persons associated with  
the ESO-ALMA Division; of these, 15 
were delegated from other ESO divisions 
(DMD and TEC).

Construction Work

Work on the site has progressed consid-
erably during this year. At the end of 
2005 about 37 km of a total of 43 km of 
the access road between the intersection 
with the Chilean Highway 23, the Opera-
tions Support Facility (OSF) and the Array 
Operations Site (AOS) have been com-
pleted. The remaining 6 km are already 
open for construction traffic.

One of the most important civil engineer-
ing activities is related to the Technical 
Facilities at the OSF, located at an alti-
tude of 2 900 metres. The OSF will be the 
central location of many activities. Dur- 
ing the construction phase it will serve as 
the base for assembling the antennas, 
which then will be moved to the AOS at 
5 000 metres altitude. During opera- 

Construction of the road 
to the ALMA AOS.
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tions it will be the workplace for the oper-
ators and for the teams responsible for 
maintaining proper functioning of the tele-
scopes. In the present plan, the quality  
of ALMA data will be assessed at the OSF. 
The construction of such a multi-purpose 
facility, intended to serve over the ex-
pected 30-year lifetime of the observa-
tory, is a challenging task and requires 
taking into account many aspects of  
the functionality of these facilities. During  
the year 2005, technical specifications 
and statements of work were defined, re-
fined and adapted to the requirements 
and resources of ALMA. The call for ten-
ders for this large facility was submitted 
in December 2005. After completing  
the process related to place the procure-
ment contract, we expect that construc-
tion could start by April 2006. Provisional 
acceptance could be in the fourth quarter 
of 2007. 

Preparatory work for the technical facili-
ties at the OSF includes excavation, filling 
and compacting activities. They were 
completed in September 2005. At the 
same time the preparation (crushing)  
of fill material for the road construction 
using the OSF excavation material was 
completed. 

The construction of the AOS Technical 
Building foundations and superstructure, 
a project to be delivered by the North 

American partner in ALMA, has started in 
October 2005 and is progressing well. 
The offers for the construction of further 
AOS Technical Buildings were received  
in December 2005 and are being ana-
lysed at present. This project is on sched-
ule.

Supplying energy for an observatory at 
an altitude of 5 000 metres in the Chilean 
desert of Atacama is not at all trivial. 
Power Generation and Transmission Sys-
tems must be based at the OSF. In  
view of rapidly changing energy prices, a 
feasibility and total cost study is being 
carried out at present. It shall address the 
cost benefits of having energy supplied 
by the Chilean grid against the vulnerabil-
ity of depending on an external energy 
supplier. Following this study, ALMA will 
decide on the final power supply, which  
is scheduled to be in operation by the 
end of 2009.

Although it is one of the most ambitious 
high-technology scientific projects, 
activities on the ALMA site do not only 
focus on building the world’s most 
advanced and challenging astronomical 
observatory. Historical and environmen-
tal aspects in this unique region are of 
concern. The remains of a small local set-
tlement located along the access road at 
km 21 have been rebuilt taking into ac-
count the advice of the last owner and  

in consultation with an archaeologist from 
San Pedro. The place serves now as  
a museum and an interpretive centre for 
the local cultures and history. 

Wildlife in these altitudes is protected. 
Colonies of vizcachas (a local species of 
rabbit-like animals) were found along the 
ALMA AOS access road at 30 km. Local 
Chilean Authorities are carefully monitor-
ing the movements of these colonies. The 
goal is that ALMA site construction does 
not disturb wildlife.

Antennas

The antennas are central to the ALMA 
project, as their quality and performance 
define the overall functionality of ALMA. 
In view of this critical issue, prototype 
antennas were supplied by three compa-
nies: the AEC Consortium (procured by 
ESO), Vertex RSL (procured by NRAO for 
North America) and Mitsubishi (procured 
by NAOJ, Japan). All three prototypes 

Work on the AOS Tech-
nical Building at  
5 000 metres altitude.

One of the 
ALMA vizcachas.
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were extensively tested at the ALMA Test 
Facility in Socorro, New Mexico. Several 
groups of international experts, both 
internal and external to ALMA, reviewed 
the performance of the prototype an-
tennas and concluded that their expected 
performance at the ALMA site conformed 
to the technical requirements.

On 11 July 2005, the North American part- 
ners of the ALMA project, through AUI, 
signed a contract with Vertex RSL to sup-
ply up to 25 antennas, with options to 
increase the contract to 32 antennas.  
On 6 December 2005, the ESO Director 
General signed a contract with the  
AEM (Alcatel Alenia Space France, Alcatel 
Alenia Space Italy, European Industri- 
al Engineering s.r.L., MT Aerospace) Con-
sortium for the supply of 25 ALMA an-
tennas (as the European share of the 
project), also with options to increase the 
number of antennas to 32. 

The first antenna to be supplied by Ver-
tex SRL is expected to be ready for pro-
visional acceptance in Chile by January 
2007. The first antenna to be supplied by 
the AEM Consortium is expected in 
September 2008. ALMA expects to have 
six antennas available for early science 
verification by early 2009. Despite the lat-
er delivery of the first AEM antenna,  
due to a higher delivery frequency of AEM 
antennas, both suppliers are expected  
to deliver their 25th antenna by the end of 
2011.

The ALMA antennas will be operating at 
an altitude of 5 000 metres. They can  
be moved in order to achieve the imaging 
requirements. There is a compact config-
uration in which all antennas operate 
within an area of 160 × 250 metres, and 
there is an expanded configuration for 
which the maximum separation between 
antennas reaches 18 km. In order to 
move the antennas, each weighing  
100 tons, at the 5 km altitude of Chajnan-
tor, we have designed two special, dedi-
cated transport vehicles. These trans-
porters are truly unique. They will first 
move antennas from their assembly area, 
the OSF (2 900 metres), to dedicated po-
sitions at the AOS (5 000 metres). After 
the initial move to the high site they will 
move antennas around on the high site – 
to compact or expanded configurations – 
and position the antennas to an accuracy 

of a few millimetres. In addition, these 
transporters will also move antennas for 
extended maintenance and repair from 
the AOS to the OSF. The weight of the an-
tennas, their high precision and the 
hostile, high altitude environment impose 
severe boundary conditions on these 
vehicles. They will have a weight of about 
150 tons, and their dimensions are about 
10 m × 15 m × 6 m (width × length × 
height). The contract for the production of 
these truly unique transporters was 
signed by the ESO Director General with 
Scheuerle Fahrzeugfabrik GmbH on  
22 December. The first of the transport-
ers will be delivered to the OSF by mid 
2007.

Front End

A construction project like ALMA, involv-
ing several partners in four different con-
tinents, requires consensus on several 
organisational and managerial decisions 
concerning the actual execution of cer-
tain construction activities. These deci-
sions are dominated by technical and 
financial considerations. One of these 
decisions, in fact a major one, was taken 
during the year 2005 for the organisa- 
tion of the Front End Integration Centres 
(FEIC).

Four different scenarios for assembling 
and integrating the Front End (FE) 
components were extensively studied. 
This study revealed that a ‘parallel 
approach’, installing half of the Front End 
in Europe and the other half in North 
America with identical and parallel pro-
cedures, was the solution preferred  
by all partners involved. This scenario 
was chosen in view of logistics, organi-
sation and programme risks. Mainly 
based on considerations of risk mitiga-
tion, the parallel FEIC was selected. The 
European FEIC shall be located at the 
Rutherford Appleton Laboratory (UK); the 
North American FEIC shall be installed at 
NRAO, Charlottesville (USA).

Significant progress was made concern-
ing design of the water vapour radiom-
eters. A review, involving Onsala Space 
Observatory and Cambridge Astro-
physics, was carried out by ALMA per-
sonnel, as well as external reviewers. 
They recommended proceeding with the 
development of a cost effective, single 
polarisation Dicke-switched uncooled re-
ceiver for production. Institutions involved 
in the studies and this review were en-
couraged to collaborate for the serial pro-
duction required for ALMA. 

A review of the ALMA amplitude calibra-
tion device was held in August at IRAM in 
Grenoble (France). Various concepts and 
their expected performance (multi load, 
dual load and semi-transparent vane) were 
presented and compared with each other 
to find the most suitable solution for 
ALMA. The review panel recommended 
continuing with the detailed develop-
ment of the relatively simple two-load cal-
ibration device.

The ALMA transporter 
(artist’s impression).
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First completed Band 7 
cartridge (centre) and 
two partially assembled 
units.

European FE work packages have been 
shifted from development to pre-produc-
tion during 2005. The cryostat work 
package is most advanced. By the end of 
2005 four units had been delivered and 
successfully accepted. With this activity 
the FE IPT obtained very useful experi-
ence in the acceptance process. This ex-
perience and knowledge has been ap-
plied for the acceptance procedures of 
other deliverables, in particular for the 
receiver cartridges. At the end of 2005 
the preparations for the delivery and ac-
ceptance of the first pre-production 
cartridges had advanced well and actual 
acceptance of these units is scheduled 
for early 2006.

Local Oscillator

The Photonics Local Oscillator sensitivity 
to environmental conditions has been 
addressed in the design of the fibre sys- 
tem and of the special cable wrap to be 
mounted in the antenna. Successful tests 
demonstrated that the risks are well miti-
gated, although the complete end-to-end 
system has not yet been demonstrated in 
the field.

Back End

The development of the digitizer assem-
bly with a 4 GHz, 3 bit sampler was 
successfully completed; the functionality 
has been demonstrated both in labora-
tory tests, as a stand alone device, and 
integrated within the entire Back End sys-
tem. ESO is working closely with Jodrell 
Bank Observatory on the pre-production 
of optical data transmission system 
components for three antennas. These 
components are expected to be available 
in Spring 2006. The complete Data 
Transmission System has been success-
fully tested from the input to the output. 
However, the system is not yet stable and 
further investigations are ongoing that 
might lead to slight modifications to the 
assembly. 

The two custom chips needed for the 
digitizer assembly have been developed 
in collaboration with industry. They have 
been shown to fulfil the requirements  
and have been fabricated, packaged and 

tested before delivery for assembly. The 
production covers the whole project 
needs.

The design of the fibre system to be in-
stalled at the ALMA Array Operating  
Site is being carried out by a UK consor-
tium led by the Rutherford Appleton Lab-
oratory. The design of the outdoor part is 
finished and the design of the part in-
ternal to the AOS Technical Building has 
started. Tests at the AOS site have been 
planned to evaluate the quality of the fibre 
splicing under field conditions.

Correlator

The production of the second quadrant of 
the correlator is almost complete at 
NRAO and the quadrants 3 and 4 are well 
on the way to completion. 

The Tunable Filter Bank (TFB), developed 
by University of Bordeaux, Astron and 
Osservatorio Astronomico di Arcetri, pro-
vides a 32-fold improvement in frequency 
resolution over the original correlator 
design. First prototypes of this TFB have 
successfully undergone tests both in a 
dedicated test fixture and in one quad-
rant of the ALMA Correlator. These tests 
exhibited relatively high power dissipa-
tion. Therefore another prototype version 
of the filter card based on a more ad-
vanced generation of programmable de-

vices has been developed and success-
fully tested with remarkably low power 
dissipation. Further prototypes are being 
manufactured and will be sent to NRAO 
for integration tests.

Computing

The European ALMA Computing Team 
has leading responsibility for a large 
number of ALMA computing subsystems. 
Within the software development area 
these are: ALMA Common Software 
(ACS), Archive, Executive, Observatory 
Preparation, Telescope Calibration and 
Observatory Support Software (started  
in 2005).

ALMA Computing in Europe is led by 
ESO with significant participation from 
IRAM, Bonn-MPIfR, JBO/University  
of Manchester, Edinburgh-UKATC, Paris-
LERMA, and Madrid-IEM/CSIC. During 
2005 four specialists were seconded by 
the Japanese partners in ALMA to work 
in Europe and two staff positions, 
financed by ALMA-Japan, were filled at 
ESO in Garching.

Software development activity focused 
on producing and integrating two re-
leases in 2005 (R2.1 in March and R3.0 in 
September). The latter release was in-
tegrated and tested at the VLA Antenna 
Test Facility (ATF) by the end of Decem-
ber. Thus, software used for testing  
the antenna prototypes has transited to 
the final version of ALMA software. The 
software test at the end of 2005 was the 
first real test combining three software 
subsystems of ALMA Computing: ACS, 
Control and Archive. This development 
will continue.

System Engineering

The work of the System Engineering and 
Integration (SEI) IPT continued with em-
phasis on System Engineering activities 
at ESO and prototype system integration 
and testing at NRAO. Members of  
SEI supported the other ALMA IPTs in all 
technical aspects to ensure system 
integrity. The SEI team participated in or 
led all design review meetings. 
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Other important achievements were: the 
completion of cabling design of ALMA 
equipment in the antenna, receiver cabin 
layout, EMC analysis and testing and 
preparation and maintenance of a de-
tailed ALMA performance and tolerance 
budget. 

Support was also given to the ALMA op-
eration planning activities with participa-
tion in the operations working group  
and in the procurement activities of the 
ALMA computerised maintenance man-
agement system (CMMS). System 
integration planning for activities in Chile 

progressed well. All equipment for proto-
type system integration was delivered by 
the different IPTs.

Science

The ALMA Science IPT performed a 
variety of tasks in 2005. They carried out 
simulations in order to define the opti-
mum positions of the antenna pad loca-
tions out to a 4-km baseline. This was 
made necessary due to the ALMA re-
baselining from 64 to 50 antennas. The 
impact of two different types of 12-m an-

tennas in the bilateral array was as-
sessed, and the FP-6 contract for ‘ALMA 
Enhancement’ was prepared. The 
contract was accepted by the European 
Commission at the end of 2005.

Work was also carried out within the 
ESA-ESO ALMA Herschel Synergy Work-
ing Group as well as for the Commis-
sioning plan. Finally the ALMA Science 
IPT took part in various reviews, e.g.  
for the Water Vapour Radiometers and 
the ALMA-Japan contributions.

Night sky over 
Chajnantor. The Milky 
Way (right) and the 
Magellanic Clouds (left) 
appear in all their glory.

Following page: The 
5 000-m high Llano de 
Chajnantor plateau  
is being prepared to re-
ceive the ALMA anten-
nas.
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Extremely Large Telescope

The year 2005 has been a very intense 
year in the area of Extremely Large Tele-
scopes, and has marked a watershed  
in ESO’s ELT activities with the OWL con-
cept design review. 

The first four months of 2005 saw the in-
tense negotiations with the European 
Commission for the FP6-sponsored ELT 
Design Study contract. These were par-
ticularly complex, as the reduced funding 
from the EC required extensive realloca-
tions of tasks among the consortium par-
ticipants in order to maintain the original 
goals of the programme.

Most of the rest of the year has been de-
voted to the preparation of the documen-
tation for the OWL review, which resulted 
in the 700-page ‘OWL Blue Book’ re- 
port with another 2 000 pages of auxiliary 
documentation. This included the pre-
liminary definition and analysis of a poten-
tial OWL instrument suite that could cover 
its science case, and which has been ac-
complished through an ESO-coordinated 
intense Community effort.

The Blue Book is publicly available on 
ESO’s web pages (with the exclusion  
of some sections covered by confidential- 
ity clauses with industry).

The OWL concept design review

A comprehensive review was conducted 
by an international panel on 2–5 No-
vember 2005. Members were: Roger 
Davies, Oxford University (Chair); Jean-
Gabriel Cuby, LAM-Marseille; Brent 
Ellerbroek, Thirty-Meter Telescope Pro-
ject Office; Daniel Enard, formerly VIRGO; 
Reinhard Genzel, MPE-Garching; Jim 
Oschmann, Ball Aerospace; Roberto 
Ragazzoni, INAF-Arcetri; Larry Ramsay, 
Hobby-Eberly Telescope; Stephen 
Shectman, Carnegie Observatories; and 
Larry Stepp, Thirty-Meter Telescope 
Project Office.

The first objective of the review was to 
assess whether, or to what extent,  
the proposed technical solutions were 
reasonable, i.e. judge the strengths  
and weaknesses of the OWL approach, 
analyse feasibility issues, evaluate  
cost and schedule estimates, and identify 
the main risks of the project and areas  

to be further explored. The second was 
to recommend whether and how to 
proceed to a next phase of the project.

The panel praised the OWL team for an 
extensive and largely successful feasibil-
ity study for a 100-m ELT. A strong tech-
nical point stressed by the panel was the 
integrated approach chosen for the OWL 
active/adaptive optics system, with in 
particular at least one large adaptive mir-
ror as an integral part of the telescope.

Substantial technical risks were however 
identified, associated with OWL’s double 
segmentation (M1 and M2), the highly 
aspherical M4 mirror and the telescope 
size that makes its Laser Guide Star ‘un-
friendly’. In view of these risks, but also of 
a consolidated cost (~ 1.2 G€) larger than 
the likely available ESO resources in the 
2008–2020 time frame, the panel recom-

mended to consider a smaller diame- 
ter, less complex and less risky ELT. It 
emphasised that most of the OWL design 
effort and virtually all technological devel-
opments started so far were directly 
useful for this new phase. In addition the 
panel recommended to strongly involve 
the ESO Community in all aspects of  
the project and to speed up the currently 
running ELT site selection programme, 
with additional attention given to starting 
government level negotiations for site 
access as soon as possible. The overall 
panel’s recommendation was “that the 
project proceed to Phase B, and begin 
with a new examination of the balance 
between science return, competitiveness, 
AO performance, instrumentation, risk 
and final performance within an afford-
able cost.” It noted that the time to carry 
out such a re-evaluation was already  
in the plans proposed in the Blue Book.

Towards the European ELT

Following the review, the already planned 
two-year consolidation phase towards 
the final project started in December as 
advocated by the review panel. We ex-
pect to develop a basic reference design 
for what is now the European ELT project 
by the end of 2006. The main goal is to 
define the best affordable ELT that can 
be built on a competitive time scale and 

At ESO, work is done on 
developing innovative 
technology for the ELT.
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with acceptable risks. While the project  
is open to international collaboration, the 
work is towards a baseline design that 
could be handled within Europe alone, 
should no other major partner be found.

The process of definition of the E-ELT 
was kick-started with mixed Community-
ESO ELT Working Groups set up by 
ESO’s Director General at the end of De-
cember, one for each of the main ELT 
areas, namely (a) its Science case, (b) an 
Instrument Suite, (c) the associated 
Adaptive Optics Systems, (d) the Tele-
scope and Observatory Design and  
(e) potential Sites evaluation. Their re-
spective chairpersons are: Marijn Franx, 
Leiden and Isobel Hook, Oxford (Sci-
ence); Colin Cunningham, UKATC (Instru-
mentation); Gérard Rousset, Observatoire 
de Paris (Adaptive Optics); Daniel Enard, 
formerly VIRGO (Telescope Design); and 
Roland Gredel, Calar Alto (Site). The  
brief of the five ELT-WGs called for a two 
month burst of activity in January–Febru-
ary 2006 to produce an initial input to  
the ESO Team in the form of ‘tool-boxes’, 
synthesising and collating ELT-related 
present and projected capabilities in their 
respective topic areas, as well as a first 
cut at a prioritisation.

The FP6-sponsored ELT Design Study

The ELT Design Study is a generic tech-
nology development programme towards 
a European Extremely Large Telescope.  
It encompasses 11 main work packages, 
each of which subdivided into tasks.

The contract was signed in April 2005, 
with retroactive effect as of 1 January 
2005. Although the majority of participat-
ing partners committed to maintain the 
originally proposed level of own funding 
even with a reduced contribution from the 
Sixth Framework Programme, the pro-
ject has experienced the withdrawal of a 
number of participants due to lack of 
internal funding. All major objectives of 
the project could be preserved, however. 
The total number of participants is 25 
(including ESO as coordinator) and the 
total estimated budget is 28.8 M€. The 
ESO contribution is 9.4 M€.

Critical activities are essentially on track, 
and several design reviews were held in 
December 2005, broadly in-line with the 
initial schedule. Some activities had to  
be delayed since priority was given to the 
OWL Phase A review. Others have been 
accelerated, for the same reason. This  
is the case for adaptive systems point de-
signs, adaptive optics simulations, and 
for algorithms for reconstruction and con-
trol. As a result, these activities are ahead 
of the initial schedule.

The ELT Design Study relies extensively 
on feedback from specific design pro-
jects, and vice-versa. Examples of this 
constructive feedback include
–	� segment control, wind rejection and 

preferred actuator technology,
–	� possible instrument designs and the 

impact of adaptive optics on instru-
ment studies, and on high contrast im-
aging techniques,

–	� control requirements for friction drives,
–	� requirements for and point designs  

of adaptive optics systems for a 100-m 
telescope, expected performance  
in relation to major science cases,

–	� preliminary tests of a promising tech-
nology (Borofloat glass) for large adap-
tive thin shells.

Symmetrically, the ELT Design Study pro-
vided regular feedback to European ELT 
projects, with e.g.
–	� trade-offs, identification of suitable 

edge sensors for segment position 
control;

–	� verification of wavefront phasing tech-
niques, by way of simulations and 
laboratory experiments; development 
of pattern recognition techniques  
for the data reduction of the phasing 
camera signal;

–	� a thorough review of the effect of 
atmospheric dispersion, the definition 
and feasibility assessment of At-
mospheric Dispersion Compensators 
for Euro-50 and OWL;

–	� the identification of potential alterna-
tives to existing enclosure designs;

–	� AO simulations and subsequent per-
formance assessment;

–	� site characteristics, including first mea-
surements in Argentina.

Following the OWL review, and the con-
vergence of all Community and ESO ac-
tivities towards a unified European ELT 
design, some refocusing of the activities 
is planned for 2006.

Testing of an  
Active Segmented 
Mirror prototype.

Next page: Robert’s 
quartet, a group of inter-
acting galaxies, is 
located about 160 million 
light years away (FORS/
VLT).
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Technical Developments

The Technology Division led or contrib-
uted engineering support to over 100 dif-
ferent ESO projects in 2005. This effort 
was split approximately evenly between 
projects from the Telescope Systems, 
Instrumentation, ALMA and Technology 
Divisions.

Electronic Engineering

The electronic control systems that were 
developed for the VLT over 15 years ago 
were developed according to the com-
mercial standards and components avail-
able at that time. Although these systems 
have performed very reliably, some are 
now commercially obsolete and difficult 
or impossible to maintain. It has there-
fore become necessary to find alterna-
tives, not only to replace already installed 
equipment but also to provide control 
hardware for new telescopes and instru-
ments that are still under development.

Considering the size and technical com-
plexity of the VLT Observatory today, 
such component upgrades are only feasi-
ble at all because of the strong emphasis 
placed on electronic standardisation 
during the VLT construction period. This 
strictly limited the number of different 
components installed and allows such up- 
grade programmes to be practicable 
within the manpower resources available. 
Nevertheless, the entire VLT operates  
as a complex system and extensive hard-
ware and software testing both in Gar-
ching as well as at the Observatory is nec- 
essary to ensure that, by changing one 
component, there are not problems or in-
compatibilities generated elsewhere. 
Even upgrading to a newer version of a 
CPU, for example, which is nominally 
compatible with its predecessor, can cre-
ate problems with some older equip-
ment due to the increased speed of the 
newer units.

One of the main development thrusts 
within the Electronics Department over 
the last two years has been to develop  
a new generation of motor control syst-
ems for both DC and stepper motors. 
These will be used in second-generation 
VLT instruments as well as in other sys-
tems currently under development at ESO 
and its collaborating institutes. Proto-
types of control units for both types of 
motor have been developed and tested, 
and delivery of serially produced units  
to projects is expected to start in the sec-
ond half of 2006. 

Upgrades have also been made to the 
ESO Standard Time Interface Module,  
the controller for the ESO standard cabi-
net cooling unit and the MACCON 
stepper-motor controllers during 2005. 

Mechanical Engineering

Although we had selected Catia V as the 
new CAD tool for future major projects  
to replace the earlier Euclid system, con-
tractual difficulties, which could not  
be satisfactorily resolved, have forced the 
Engineering Department to switch to 
another similar CAD tool, SolidWorks. 
Inventor will continue to be supported for 
instruments and other smaller projects. 

As the CAD system has a close interface 
to the Product Data Management (PDM) 
System that we planned to introduce  
in 2005 for the ESO Technical Archive, 
the selection of the PDM system has now 
been delayed until the start of 2006. 
Nevertheless, many of the paper docu-
ments and drawings from the VLT and 
first generation instruments have now 
been scanned and stored in a temporary 
electronic technical archive that is ac-
cessible online to ESO technical staff. 
The data held in this temporary archive 
can be transferred rapidly to the PDM 
system when this becomes operational. 

Screenshot of 
SolidWorks, the CAD 
tool used in the 
Engineering Depart-
ment.
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Software Engineering

A key internal activity of the Software De-
partment has been the introduction of 
Linux as a replacement for HP-UX and 
Solaris operating systems. At the end  
of 2005, all the VLT Unit Telescopes, the 
NTT and several instruments were run- 
ning under Linux with the JAN2006 VLT 
software release. This software release 
will be the last that supports HP-UX and 
Solaris. This change will reduce by two-
thirds the amount of software testing that 
needs to be carried out. 

As with electronics, all additions or mod-
ifications made to the VLT control soft-
ware that are required to cater for new in-
struments, electronic hardware updates, 
etc., have to be rigorously tested. A night-
ly automatic sequence of integration, 
testing and quality control is carried out 
using the VLT Control Model in Garching 
to ensure that any software change does 
not have an unwanted impact on any 
other part of the VLT control system. As 
these tests have to be carried out sepa-
rately on all supported operating sys-
tems, the motivation to reduce the num-
ber of platforms is obvious. 

Another ongoing upgrade programme re-
lates to the introduction of Gigabit Ether-
net as a standard for the Paranal LAN 
networks. The change to Gigabit Ethernet 
is moving ahead hand-in-hand with the 
introduction of Linux at the Observatory.  

IT Services

Following a study carried out by an Infor-
mation Technology (IT) consultancy firm 
in 2004 on ESO’s IT support services, 
several changes were introduced in 2005 
to improve the inter-site coordination.  
A single IT Management Team has been 
established which has responsibility  
for global IT planning and coordination 
across all ESO sites in Germany and Chile. 
In addition, two new IT staff positions 
have been created with particular respon-
sibility for the coordination of networks 
and communications. These are areas of 
strategic importance to the Organisa- 
tion where responsibility cannot effective-
ly or prudently be transferred to an out-
sourcing company. A few other staff IT 
positions with responsibilities for certain 
key areas are planned for 2006. These 
changes are expected to improve both 
the efficiency and effectiveness of IT sup-
port, harmonise IT policies across sites, 
bring some economies of scale as well as 
contributing to improved network security.

Plasma cleaning of a 
CCD cryostat head.

Another major event in the IT area was 
the re-tendering of ESO’s IT support 
services. The contracts in Garching, San-
tiago and Paranal have been running for 
over six years and re-tendering was re-
quired by our financial rules, not due to 
dissatisfaction with our current service 
providers. The new contract will cover all 
these sites plus La Silla which, up to now, 
has been supported by ESO staff. This  
is also expected to contribute both to the 
efficiency and flexibility of this service.  
A new Outsource Service Contractor has 
been selected and it will take over opera-
tional responsibility in April 2006. 

Following another tender undertaken in 
2004 for inter-site communication serv-
ices, new contracts were signed for inter-
net access in Garching and Santiago as 
well as for dedicated communication links 
between Paranal–Santiago and La Silla–
Santiago. This allowed us to benefit from 
the world-wide reduction in communi-
cations costs as well as to increase the 
bandwidth to Paranal from 2 Mb/s to  
2 × 4 Mb/s, and to La Silla from 2 Mb/s to 
2 × 2 Mb/s. Both upgraded links are now 
double-path for increased redundancy. 
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Schematic drawing of 
the UT4 first-generation 
Laser Guide Star Facility.

Instrumentation

Both SINFONI and VISIR began regular 
operations some 10 days ahead of the 
official start of P75, on 1 April. SINFONI, 
developed through an ESO-MPE col-
laboration, was the first adaptive optics 
corrected, 3D near-infrared integral field 
spectrograph to be installed anywhere 
and is routinely delivering outstanding re-
sults on a variety of astronomical targets 
from the solar system to distant galaxies. 
VISIR, the VLT spectrometer and imager 
for the mid-infrared, has brought new 
capabilities in the thermal infrared out to 
wavelengths around 20 µm and has also 
operated with high reliability and success 
for a wide range of studies. As the ulti-
mate scientific performance of VISIR is 
currently limited by intrinsic instabilities in 
its detectors, we are therefore already 
actively engaged in investigating possibili-
ties for procuring and installing better and 
larger next generation detectors in the 
longer term. Such detector upgrades 
have already proved to be a cost effective 
means of improving the performance 
and/or extending the competitive lifetime 
of several other instruments at the La Silla 
Paranal Observatory.

Of interest also in connection with 
SINFONI was the installation at the end of 
the year of the first-generation Laser Guide 
Star Facility. At its heart is the MPE-Gar-
ching developed PARSEC dye laser, 
located in a clean room laboratory under 
the Nasmyth A platform of Yepun (UT4). 
This feeds an ESO-developed relay and a 
50-cm diameter launch telescope moun-
ted above the M2 secondary mirror. 
Largely for safety reasons there are also 
sophisticated diagnostic and interlock 
systems. After completion of acceptance 
testing in Europe in August, re-integration 
on Yepun progressed substantially by  
the end of the year. The first artificial star 
over Paranal, created by resonant scat-
tering in the thin sodium layer around the 
Earth at 95 km altitude, is expected in 
early 2006. Both SINFONI and NACO will 
make use of these artificial ‘sodium’ stars 
to improve dramatically the number of as-
tronomical objects for which adaptive 
optics correction close to the diffraction 
limit of a VLT Unit Telescope (0.06 arcsec 
in the K-band) can be achieved. 

Further modifications resulted in improved 
reliability of the massive multi-object op-
tical spectrograph VIMOS and its through- 

put for high resolution spectroscopy in 
the red was increased by up to a factor of 
two by replacing the original grisms  
with volume phase holographic gratings.

The OmegaCAM wide field optical cam-
era for the VLT Survey Telescope (VST) 
was almost finished and nearing the end 
of its Preliminary Acceptance Europe. 
The camera itself has been built by a 
German/Dutch/Italian consortium, while 
the detector system, comprising a mosa-
ic of 32 CCDs, has been developed by 
ESO. Following a few additional tests the 
system will be stored until the VST, being 
supplied by the Observatory of Naples, 
has been installed and commissioned on 
Paranal.

CRIRES, the infrared (1–5µm), adaptive 
optics fed, high resolution, cryogenic 
spectrograph built for the VLT by ESO, 
was integrated and extensively tested, 
and is expected to achieve First Light on 
Paranal during the first half of 2006. One 
of the novel features of the instrument  
is its linear array of four 1k × 1k infrared 
detectors developed specially at ESO. 

Manufacturing and procurement of com-
ponents of the HAWK-I infrared camera 
for the VLT proceeded well. All four of its 
2k × 2k detectors were delivered and  
two have been fully tested with excellent 
results. The large diamond turned mirrors 
of the camera itself were also finished 
and delivered and are well within specifi-
cation. Integration should start in 2006 

when the vacuum vessel and mechanics 
of the cryogenically cooled support struc-
ture are expected to be delivered. This 
camera is designed to later exploit ground 
layer adaptive optics correction provided 
by the recently approved Adaptive Optics 
Facility (AOF).

Following a comprehensive Conceptual 
Design Review by an external/internal re- 
view board at the end of September, the 
AOF was indeed approved by Council  
in December. This six-year project aims  
at transforming one of the four VLT Unit 
Telescopes into an adaptive one, with 
four sodium laser guide stars, a new M2 
unit featuring a Microgate-developed 
high-order deformable mirror, as well as 
wavefront sensing systems for the 
HAWK-I and MUSE instruments. By cor-
recting ground-layer turbulence, it will  
in effect ‘improve’ Paranal’s natural see-
ing by a factor of about two in energy 
concentration. This development is in ad-
dition an important pathfinder towards 
the future ESO Extremely Large Tele-
scope. It is based on extensive technlogi-
cal developments of advanced adap- 
tive optics components (large deformable 
mirror, real-time computing and wave-
front sensor) through the Opticon Joint 
Research Activities, and of second-gen-
eration Raman fibre lasers through a  
joint ESO-Industry programme with First 
Light of a 3W prototype achieved in Gar-
ching in August.

Laser Beam Transfer
Optical Fibre

PARSEC Laser
Optical Table

50-cm Launch 
Telescope
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Development of the Multi-Conjugate 
Adaptive Optics Demonstrator also pro-
gressed well. This is a test-bench in-
strument to demonstrate and study many 
of the new Adaptive Optics (AO) ap-
proaches proposed in recent years for 
some second-generation VLT instru-
ments and crucial for the ESO Extremely 
Large Telescope. It will be used both  
in the laboratory and on-sky at the VLT. 
First Light in the laboratory in classical 
(NACO and SINFONI-like) Single Con-
jugate AO as well as in the more exotic 
Ground-Layer AO and Multi-Conjugate 
AO correction modes was obtained 
during the year. Basic hardware for the 
new flavour of layer-oriented wave- 
front sensing (as opposed to classical 
star-oriented wavefront sensing) was 
developed by Arcetri Observatory and 
delivered to ESO. Validation of these 
various approaches will continue next 
year and is supported by extensive 
simulations conducted with the ESO PC-
based cluster.

Design work advanced on the four ap-
proved, second generation VLT instru-
ments. X-Shooter, the wideband UV-IR 
spectrograph being developed by a 
Danish/Dutch/French/Italian consortium 
led by ESO is the most advanced and  
will have its Final Design Review in Febru-
ary 2006. Some long-lead items includ-
ing the optical CCDs and infrared array 
detector have already been ordered. The 
Agreement for KMOS, a multiple, de-
ployable integral field infrared spectrom-
eter being developed by a UK/German 
consortium (with ESO providing the de-
tector system) was signed and the instru-
ment is in its preliminary design phase.  
Its Preliminary Design Review is planned 
for May 2006 when test results of a pro-
totype pick-off arm and diamond turned 
image slicer are expected. The Agree-
ment between ESO and the French/Swiss/ 
German MUSE consortium was also 
ready for signature, and the instrument it-
self continued in its preliminary design 
phase. MUSE is an integral field optical 
spectrograph – actually 24 spectrographs 
– with ESO again responsible for the 
design and procurement of the detector 
systems. It will also be used together  
with the AOF described above in order to 
enhance its sensitivity and resolution. 
Following the two competitive Phase A 
studies concluded in December 2004, 

the approved Planet Finder instrument 
now contains elements of both proposals 
from the French and German led con-
sortia. As the name implies, its main aim 
is to directly detect extra-solar planets, 
possibly down to ‘Jupiters’, achieving  
a contrast of at least 10–5 at 0.1 arcsec 
from a bright central star. It features a fast 
high-order adaptive optics system with  
a number of coronagraphic options, feed-
ing three near-infrared instruments – a 
differential imager, a differential polarime-
ter and an integral field spectrometer. 
After positive recommendation by the  
STC in October, development is starting 
with LAOG (Grenoble) as the Principal 
Investigator (PI) Institute and MPIA (Hei-
delberg) as co-PI Institute. In parallel, 
development of key adaptive optics com-
ponents (high order piezo deformable 
mirror, real-time computing, and wave-
front sensor) is being actively pursued 
through the Opticon Joint Research Ac-
tivities.

Progress was made in selecting the sec-
ond-generation instruments for the VLT 
interferometer. Following a successful 
Workshop held in Garching to review the 
scientific achievements of VLTI and to 
discuss future instrument needs, several 
consortia made instrument proposals. 
Some were presented in December to 

Next page: Image of the 
spiral galaxy NGC 4565 
based on data in the 
ESO Science Archive 
(FORS/VLT)

the ESO Scientific Technical Committee 
that recommended the launch of an 
official Call for Proposals for Phase A 
studies. This was issued in December.

In addition to specific instrumentation 
projects, detector and related develop-
ment work was undertaken to ensure that 
ESO remains at the forefront in this criti-
cal area. Most visibly, development of the 
Next General detector Controller (NGC) 
advanced and saw First Light with both 
infrared and visible detectors. This is de-
signed to meet the needs of all foresee-
able detector systems for the next few 
years – both to achieve the noise, speed 
and other performance requirements  
and also to provide the maintenance 
benefits of a single type of system at the  
La Silla Paranal Observatory. Moreover, 
detector developments and character-
isation together with industry continued in 
various areas aimed at improving the 
quantum efficiency, noise, speed and 
other properties of both visible and infra-
red detectors. In addition to the science 
detectors themselves, new drivers for 
these improvements have come from the 
requirements for adaptive optics wave-
front sensors and the fringe tracking sys-
tems needed for interferometric applica-
tions.

The specially designed 
CRIRES mosaic of four 
infrared detector arrays 
shown together with  
the first laboratory spec-
trum of molecular ab-
sorption bands of CO2 at 
wavelengths around  
4 µm.
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The Astrophysical Virtual Observatory

ESO’s Virtual Observatory activities, con-
ducted by the Virtual Observatory 
Systems (VOS) Department of the Data 
Management and Operations Division, 
included the third and last science de-
monstration for the Astrophysical Virtual 
Observatory (AVO) project, which was 
held on 25–26 January at ESAC, Madrid, 
concurrent with the sixth and last meet-
ing of the AVO Science Working Group. It 
included two science cases: an extraga-
lactic one, on star formation histories in 
galaxies, and a stellar one, on the transi-
tion between the Asymptotic Giant Branch 
and Planetary Nebula phases. The de-
monstration was truly multi-wavelength, 
covering the electromagnetic spectrum 
from the radio to the ultraviolet band, and 
included access to theoretical models, 
building of spectral energy distributions, 
and the concept of remote computing 
and workflows. The demonstration marked 
the end of the AVO project and the be-
ginning of its successor, the EURO-VO. 
AVO’s main achievements include three 
science demonstrations, the first sig-
nificant VO refereed paper, progressively 
more complex VO tools, and a Science 
Reference Mission. 

The EURO-VO work programme is the 
logical next step from AVO as a Phase B 
deployment of an operational VO in Eu-
rope. Building on the experience gained 
within the AVO Project, in coordination 
with the European astronomical networks 
OPTICON and RADIONET, and through 
membership and support of the Interna-
tional Virtual Observatory Alliance (IVOA), 
EURO-VO will seek to achieve the follow-
ing: (1) technology take-up and full VO 
compliant data and resource provision by 
astronomical data centres in Europe;  
(2) support to the scientific community to 
utilise the new VO infrastructure through 
dissemination, workshops, project sup-
port, and VO facility-wide resources and 
services; (3) building of an operational  
VO infrastructure in response to new sci-
entific challenges via development and 
refinement of VO components, assess-
ment of new technologies, and design of 
new components and their implementa-
tion.

EURO-VO is open to all European astro-
nomical data centres. Initial partners in-
clude ESO, ESA, and six national funding 
agencies, with their respective VO nodes: 

Istituto Nazionale di Astrofisica (INAF, 
Italy), Institut National des Sciences de 
l’Univers (INSU, France), Instituto Nacio-
nal de Tecnica Aeroespacial (INTA, 
Spain), Nederlandse Onderzoekschool 
voor Astronomie (NOVA, Netherlands), 
the Particle Physics and Astronomy 
Research Council (PPARC, UK), and the 
Rat Deutscher Sternwarten (RDS, Ger-
many).

EURO-VO will seek to obtain its objec-
tives by establishing three new interlinked 
structures: (1) the EURO-VO Data Centre 
Alliance (DCA), an alliance of European 
data centres that will populate the EURO-
VO with data, provide the physical stor-
age and computational fabric and will 
publish data, metadata and services to 
the EURO-VO using VO technologies; (2) 
the EURO-VO Facility Centre (VOFC), an 
organisation that provides the EURO-VO 
with a centralised registry for resources, 
standards and certification mechanisms 
as well as community support for VO 
technology take-up and dissemination 
and scientific programme support using 
VO technologies and resources; this  
will be located at ESO and will be man-
aged by ESO and ESA; and (3) the 
EURO-VO Technology Centre (VOTC), a 
distributed organisation that coordinates 
a set of research and development pro-
jects on the advancement of VO technol-
ogy, systems and tools in response to 
scientific and community requirements. 

The first VOFC activity was the organisa-
tion of a EURO-VO workshop at ESO 
Headquarters in Garching from 27 June 
to 1 July. The workshop was explicitly 
designed for data centres and large pro-
jects to acquire the knowledge and ex-
perience necessary to allow them to be-
come ‘publishers’ in the VO. It attracted 
120 participants, affiliated with 47 institu-
tions in 16 different countries and repre-
sentatives of 11 IVOA member projects. 

The Euro-VO project web site (http://
www.euro-vo.org/) served 90 GB of con-
tent resulting from 1.5 million web hits  
in 185 000 user sessions. VOS is also  
in charge of the IVOA project web site 
(http://www.ivoa.net), which in 2005 
served 28 GB of web content resulting 
from 2.5 million web hits in 158 000 user 
sessions.

  

MIDAS and Python

Sampo is a three year project that be-
gan in January 2005. It is led by ESO 
and conducted by software engineers 
from Finland as an in-kind contribution 
to joining ESO. The goal of the project  
is to assess the needs of the ESO com-
munity in the area of data reduction  
and analysis environments and to create 
pilot software products that illustrate 
critical steps along the road to a new 
system. Those prototypes will not only 
be used to validate concepts and un-
derstand requirements but will also be 
tools of immediate value for the com-
munity. As an initial project the Sampo 
team has implemented an interface  
from the Python language to the ESO-
MIDAS legacy software system. It al-
lows a user to exploit the extensive leg-
acy of MIDAS software and the power  
of Python scripting in a unified interac-
tive and scripting environment that also 
opens up other Python-based astro-
nomical analysis systems such as PyRAF. 
A new project has been initiated at the 
end of the year and is a direct response 
to requirements emerging from discus-
sions within ESO. There is a clear need 
for ways in which pipelines may be run 
in more flexible ways and with greater 
control. Users wish to move away from 
the concept of ‘black boxes’ and need 
to be able to stop processing at interme-
diate stages and to visualise and check 
intermediate results. The ERDA project 
will study options for software infrastruc-
ture to achieve this in close collaboration 
with ESO astronomers in Garching and 
in Chile.
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Science Archive Operation

The Science Archive Operation (SAO) 
group is responsible for receiving and re-
distributing ESO and HST data, as well  
as providing front-line archive user sup-
port. In April 2005, we opened the ESO 
archive to the worldwide community. Its 
current total holding is 44 TB, correspond- 
ing to 5.1 million files. Roughly 12 TB of 
new data (1.2 million files) were archived 
during 2005, a 70 % increase over 2004. 
The archive is accessed via a Web-based 
data request submission system, whose 
interface was redesigned and deployed 
on 4 April, with the aim to facilitate data 
queries and convey maximum information 
to archival users who might not be famil-
iar with ESO instruments. In addition to 
the general archive Web interface, all cur-
rent VLT instruments and the VLTI MIDI 
instrument now have dedicated instru-
ment-specific forms to query the data. 
Almost 15 000 unique archive requests 
were served in 2005, totalling 23 TB of 
data (30 % increase with respect to 
2004). Of those requests, 13 500 were for 
ESO data, while the remaining 1500 were 
for HST data. In addition, 1600 data 
packages were prepared and delivered to 
Principal Investigators on 2 800 CDs/
DVDs. These are 35 % more packages 
and 45 % more CDs/DVDs compared  
to the previous year. Finally, 140 calibra- 
ted pre-imaging datasets from FORS1, 
FORS2, VIMOS and VISIR were delivered 
automatically within 48 hours of acquisi-
tion at the telescope.

Beginning from April 2005 the first 2.6 TB 
of raw data from the UKIRT Infrared Deep 
Sky Survey (UKIDSS) executed with the 
WFCAM instrument at the UK Infrared 
Telescope (UKIRT) have started to flow 
into the ESO archive. The annual volume 
is expected to be between four and six 
terabytes a year until the survey comple-
tion, in 2012.

Work on the ESO Science Archive Facility 
proceeded at various levels with the final 
goal of setting-up the infrastructure nec-
essary to build an archive, which com-
plies with VO standards in terms of data 
access, format, and interface. The ADP/
MVM pipeline, a data reduction system 
for the production of Advanced Data 
Products (ADP), specifically for WFI, SOFI 
and ISAAC and other imaging instru-
ments on the VLT, was built around the 
core functionalities provided by the EIS/
MVM software. The software was then 
used for the release to the astronomical 
community on 30 September of the 
ISAAC/GOODS science ready dataset 
(astrometrically calibrated stacked 
images and mosaics reduced from 
11 600 science frames, 10 600 calibration 
frames, photometrically calibrated us- 
ing pre-determined zero points from SOFI 
data). 

The major milestones for 2006 include 
the archiving of APEX and VST/Omega-
Cam data. In particular, the latter instru-
ment is expected to produce annually  

in excess of 30 TB of raw data and data 
products. In other words, OmegaCAM 
alone will provide 2.5 times more data 
than the inflow in 2005 from all of the in-
struments combined. With other DMD 
groups, SAO has begun the implementa-
tion of procedures and processes to 
handle this load. This preparation is also 
relevant to future high-volume instru-
ments such as MUSE at the VLT and VIR-
CAM on VISTA.

Fundamentally, archive operations rely on 
a large number of hardware servers to 
store science data and their associated 
metadata in a reliable manner. It has 
been estimated that the archive data 
volume will grow to 1 petabyte by 2010. 
To deal with this volume challenge, a 
petabyte-class archive storage has been 
designed and described in a call for 
tenders for the provision of a new archiv-
ing system. This call for tenders was 
issued and the bids of the participating 
companies were technically reviewed. 
Finally, a contract for installation and 
maintenance of the compute stack stor-
age (fast cache), the primary archive  
and the secondary archive, which holds 
the entire archive contents at another 
physical location, has been signed.

The ESO Science 
Archive contains 44 TB.

Archive operations rely 
on a large number  
of hardware servers.
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ST-ECF

ESO and the European Space Agency 
continue to collaborate through the 
Space Telescope – European Coordinat-
ing Facility (ST-ECF), which provides 
European support of the Hubble Space 
Telescope (HST) and other projects  
of common interest to the two organisa-
tions. In April 2005, the HST celebrated 
the 15th anniversary of its launch. Fol-
lowing the early and painful tribulations 
over the incorrect primary mirror figure – 
and the remarkably successful efforts  
to recover imaging performance using 
iterative digital restoration techniques –  
the telescope and its instruments were 
restored to the exquisite design perform-
ance by the astronauts during the first 
servicing mission in 1993. Since then the 
telescope has produced a continuous 
stream of unique data and discoveries. In 
recognition of the anniversary, the ST‑ECF 
produced a book and a DVD telling the 
Hubble story using accessible language 
and stunning pictures and graphics. 
There were over 60 public events across 
Europe to which material was contrib-
uted. Some 700 000 copies of the DVD 
have now been distributed worldwide  
in 16 European languages and the book 
is being published in English, German, 
Portuguese and Finnish. 

During its 16th year, Hubble continues 
nominal operation with four active sci-
ence instruments: three cameras and a 
fine guidance sensor that can be used  
for astrometric measurements. The 14th 
round of GO proposals were submitted 
early in 2005, resulting in an oversub-
scription rate of 4:1 for proposals and 5:1 
for orbits. Some 34 % of the allocated 
time went to Large or ‘Treasury’ pro-
grammes. ESA astronomers won 26 % of 
the proposals and 18 % of the allocated 
orbits. Given the failure of Hubble’s slit 
spectrograph (STIS) in August 2004, the 
only remaining spectrographic capability 

is provided by the slitless grism/prism 
modes of the Advanced Camera for Sur-
veys (ACS) and the Near Infrared Camera 
and Multi-Object Spectrograph (NICMOS). 
ST-ECF is providing the calibration and 
data reduction software for these modes 
and is responsible for their support. Such 
spectroscopy accounts for more than 
10 % of the allocated observing time on 
these instruments. ST-ECF scientists  
are collaborating in a number of substan-
tial programmes using these capabilities. 
The low sky background and high spa- 
tial resolution means that the HST is the 
most sensitive facility for measuring con-
tinuum breaks in high redshift galaxies.

As part of our continuing provision of the 
European HST archive, we are working – 
within the ESO archive environment – 
with the Space Telescope Science Insti-
tute (STScI), Johns Hopkins University 
(JHU) and the Canadian Astronomy Data 
Centre (CADC) to design, develop and 
create the Hubble Legacy Archive (HLA). 
This process is being conceived to cap-
ture the instrument science knowledge 
associated with Hubble and to provide a 
range of high level science data products 
that will form the lasting legacy of the 
project. It will exploit Virtual Observatory 
(VO) standards and procedures and 
hopefully become an exemplar for the VO 
initiative.

In addition to the work done for the HST 
observatory, largely in collaboration with 
the STScI, we are engaged in a num- 
ber of collaborations with ESO that are 
designed to share, as efficiently and 
effectively as possible, ground and space 
astronomy expertise and capabilities. 
These include data reduction, instrument 
modelling and calibration projects con-
cerned with the VLT instruments FORS2, 
CRIRES and X-Shooter. The ST-ECF 
forms a tangible interface between ESA 
and ESO and is in an ideal position to 
play a role in coordinating various science 
planning activities being carried out by 
the two organisations. One of these is the 
establishment of a series of working 
groups tasked to look at scientific areas 
of common interest and also at syner-
gies between space- and ground-based 
facilities being constructed. Three such 
groups have now been formed and have 
produced or are producing reports for 
wide distribution. The first, on Extra-Solar 

Planets and chaired by Michael Perryman 
(co-chair: Olivier Hainaut) was published 
in March 2005. A report on Herschel/
ALMA Synergies, chaired by Tom Wilson 
(co-chair: David Elbaz), was completed in 
February 2006. The third, on Funda-
mental Cosmology and chaired by John 
Peacock (co-chair: Peter Schneider) is in 
preparation.

Following the completion of some pro-
jects carried out as part of the ESA/
NASA Hubble agreement, the ST-ECF 
has reduced its staff from a maximum of 
21 back to its original complement of 14, 
shared between ESA and ESO funding. 
This reduction was largely completed 
during 2005. Two of these staff – both 
concerned with the instrument physical 
modelling pioneered by Michael Rosa – 
transferred to the ESO Instrumentation 
Division where they are now working on 
related tasks in VLT instrument projects.

The report of the ESA-
ESO working group  
on Extra-Solar Planets 
has been published.
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Public Outreach

As in the previous years, ESO continued 
with a very high level of activity with re-
spect to public communication. These ac- 
tivities were carried out while the depart-
ment underwent a major restructuring, 
taking the recommendations of the Visit-
ing Committee into account and with a 
view to develop a wider, fully coherent set 
of public actions in support of ESO and 
European astronomy. The wider scope for 
activities and the name given to the 
restructured department (Public Affairs  
Department – PAD) reflect ESO’s commit-
ment to play an active role in the pub- 
lic sphere in terms of stimulating public 
awareness of and interest in astronomy, 
also in its European dimension.

To this end, the activities of the depart-
ment are structured along three main  
axes:
–	 Communication
–	 Education
–	 Policy Support

With respect to Communication, the 
activities comprise press releases, press 
photos, video newsreels and films,  
TV support, press conferences and press 
events (including press visits), media re-
lations, brochures and other printed mat-
ter and exhibitions, as well as the ESO 
website.

In the field of Education, they cover exer-
cises and teaching kits, classroom activi-
ties, school visits and teachers’ activi- 
ties such as Summer Schools, as well as 
participation in the major longer-term 
EIROforum educational activities (‘Sci-
ence on Stage’ and ‘Science in School’, 
the European Journal for Science Edu-
cation, set to be launched in the Spring of 
2006). 

Finally, activities under ‘Policy Support’ 
include the Messenger, the Annual Re-
port, organisation of  ‘High-level Events’ 
in member-states and ‘High-level Visits’ 
often involving government ministers, in-
dustrial delegations, members of Par-
liaments, etc. Furthermore overall EU and 
EIROforum relations fall under the remit 
of the department. The EU interaction 
(see page 66), partly channelled through 
the EIROforum partnership, comprises a 
continuing awareness building effort, in-
teraction with science policy makers and 
participation in EU-funded programmes. 

In all areas, the primary goal for ESO is  
to secure the best possible conditions for 
European astronomers in the face of 
strong competition for support, both from 
other areas of science and from non-sci-
entific spending needs.

Media

During the year, ESO issued 34 ‘formal’ 
press releases, 21 of these on science. 
These press releases covered research 
highlights such as the confirmation of  
the first direct image of an exoplanet (ob-
tained in 2004 with the VLT), the discov-
ery of a Neptune-mass exoplanet around 
a small star, observation of the visible 
light from a short gamma-ray burst, the 
farthest known gamma-ray burst (z = 6.3) 
and the discovery of a triple asteroid. 
Seven press releases dealt with instru-
ments and telescopes, but also included 
a release to mark the 1000th scientific 
paper based on VLT data. Furthermore 
there were press releases on institutional 
matters, including EIROforum activities.

A large effort is made to involve the whole 
community in the outreach activities,  
and many releases were done in collabo-
ration with national organisations (e.g. 
PPARC, MPE, CNRS, INAF), the EIRO-
forum or the leading research journal 
Astronomy & Astrophysics. Moreover, a 
Science Outreach Network, consist- 
ing of national representatives in all ESO 
member states, helps ESO to interact 
better with the national media in the mem-
ber states.

ESO also issued 11 press photos. While 
‘Science Press Releases’ are subject  
to a stringent procedure of approval, in-
volving an internal ESO Press Committee 
acting in a peer-review mode to verify  
the scientific claims, ‘Press Photos’ are 
released primarily on the basis of their 
public appeal and are thus subject to a 
different selection procedure.

In addition to the ‘regular’ press releases, 
ESO published seven releases concern-
ing the Deep Impact event in early July. 
Around the time of the collision between 
the Deep Impact space probe and Com-
et Tempel 1, all available ESO telescopes 
observed the comet, constituting the 
largest dedicated observing programme 
for any ground-based observatory in the 
world. On this background, ESO also 
organised a major media event at the 
Headquarters on 4/5 July, providing 
comprehensive real-time information to 
journalists from near and far. The event 
was carried out in collaboration with 
ESA/ESTEC and included videoconfer-
ences and live TV from Paranal and  
La Silla, as well as full access to, and par-
ticipation in, ESA TV broadcasts. ESO 
also set up a dedicated web site with 
background information on the comet, 
the mission and the science done with 
ESO’s telescopes, as well as photos, pre- 
and post-impact interviews with the sci-
entists, and results provided as they 
became available. In total, the web site 
contains about 300 MB of data. It was 
seen by more than 100 000 visitors  
in the course of a month and on the day 
of the impact we registered nearly  
five million hits with 132 GB web traffic.

A major media event 
was organised at ESO in 
connection with the 
Deep Impact encounter 
with Comet Tempel 1.



61ESO Annual Report 2005

Education

With respect to education activities, we 
concluded the ‘Catch a Star!’ 2004 con-
test with a record number of participa-
ting projects (364) from 25 countries. In 
March 2005, ESO hosted the General 
Assembly of the European Association for 
Astronomy Education (EAAE). The EAAE 
was established in the wake of a major 
science teaching conference held at ESO 
in 1994 and the 2005 General Assembly 
marked the 10th anniversary of the as-
sociation. The EAAE constitutes a highly 
valued partner for ESO and an excellent 
interface with the educational systems in 
the European countries.

In November, the EIROforum Science on 
Stage 2005 Festival took place at CERN 
with around 500 participants from all over 
Europe (but also including a delegation 
from Canada). The Science on Stage pro-
gramme is the flagship activity of EIRO
forum in the field of science teaching and 
aims to stimulate a rejuvenation of sci-
ence teaching in Europe by fostering inno- 
vative teaching concepts and their inte-
gration into the teaching world, mostly at 
the lower and higher secondary stage.

Exhibitions and Events

During the year, the ESO PAD organised 
or participated in a number of events  
and exhibitions, both in Garching and 
across the continent. In January, an 
awareness meeting for Danish Industry 
was organised at Garching. In March  
the Venus Transit 2004 project was pre-
sented in a keynote address to a science 
communication conference in Brussels 
with about 900 attendants. In April a 
presentation of the EIROforum Science 
Policy Paper took place in Brussels. In 
June, ESO mounted a large information 
stand at the 1st Salon Européen de la 
Recherche et de l’Innovation in Paris. An 
estimated 28 000 visited this event and, 
among many other attractions, had  
the opportunity to enjoy live videoconfer-
ences from the VLT at Paranal. Later in 
June, ESO hosted a major international 
conference on Public Communication of 
Astronomy (following earlier conferences 
in the Canary Islands and in Washington, 
D.C.). 

Following immediately after the Deep Im-
pact media event, ESO also presented it-
self with an exhibition at the JENAM 2005 
conference in Liège. Further exhibitions 
were organised in connection with the 
EPS-13 Annual Conference and at a con-
ference at Chalmers Technical University 
in Gothenburg.

On 23 October, the Headquarters build-
ing was opened to the public and almost 
2500 people used this opportunity to 
learn more about our organisation and its 
exciting projects. 

In November, at the “Communicating Eu-
ropean Research” 2005 Conference,  
ESO took the lead in organising two sem-
inars on behalf of the EIROforum, one on 
science education and one offering prac-
tical tips to science press officers. ESO 
was also present on the EIROforum stand 
at the associated exhibition.

As part of the overall changes at PAD, 
and in line with its strategic reorientation, 
we also developed a ‘corporate identity’ 
(CI), including a set of defined graphical 
standards, for ESO. The CI has been im-

plemented incrementally during the sec-
ond half of the year, beginning with the 
Annual Report 2004 and the September 
2004 issue of the Messenger. Meanwhile, 
all ESO printed matter now reflect this CI. 
Further changes that have been imple-
mented include style and presentation  
of press releases as well as a targeted ef-
fort to improve the awareness of ESO 
amongst journalists.

Finally, as of April 2005 the PAD has be-
gun an effort to monitor the coverage  
of ESO in the printed and electronic me-
dia, enabling us to produce compila- 
tions of press cuttings for documentation 
purposes, but more significantly allow- 
ing us to assess the real impact of the va-
rious outreach activities.

On this basis, we see a marked increase 
in media coverage, which in turn is also 
reflected in the growing interest in ESO 
by the general public. Thus the public af-
fairs web page keeps drawing increased 
attention. On average, about 250 000 
visitors come every month to the site, with 
peaks above 300 000, and downloads 
per month total about 300 GB. This cor-
responds to roughly 8 500 daily visitors – 
a twofold increase compared to two years 
ago.

ESO stand at Chalmers 
Technical University in 
Gothenburg.
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ESO Press Releases

ESO Press Photo 01/05 (12 January): ESO PR High- 
	 lights in 2004
ESO Press Release 01/05 (13 January): Rebuilding  
	� Spiral Galaxies – Major Observing Programme 

Leads to New Theory of Galaxy Formation
ESO Press Release 02/05 (19 January): Weighing the  
	� Smallest Stars – VLT Finds Young, Very Low Mass 

Objects Are Twice As Heavy As Predicted
ESO Press Release 03/05 (21 February): ESO’s Two  
	 Observatories Merge
ESO Press Photo 04/05 (24 February): Another Look  
	� at an Enigmatic New World – VLT NACO Performs 

Outstanding Observations of Titan’s Atmosphere 
and Surface   

ESO Press Release 04/05 (2 March): Surprise Dis- 
	� covery of Highly Developed Structure in the Young 

Universe – ESO-VLT and ESA XMM-Newton 
Together Discover Earliest Massive Cluster of Gal-
axies Known 

ESO Press Release 05/05 (3 March): Undercover  
	� Stars Among Exoplanet Candidates – Very Large 

Telescope Finds Planet-Sized Transiting Star 
ESO Press Release 06/05 (14 March): VLTI First  
	� Fringes with Two Auxiliary Telescopes at Paranal – 

World’s Largest Interferometer with Moving 
Optical Telescopes on Track 

ESO Press Release 07/05 (15 March): A Tale of Two  
	� Populations – VLT FLAMES Finds Hints of Helium-

Richest Stars Ever Seen 
ESO Press Release 08/05 (22 March): Young and  
	� Exotic Stellar Zoo – ESO’s Telescopes Uncover 

Super Star Cluster in the Milky Way 
ESO Press Release 09/05 (7 April): Is this a Brown  
	� Dwarf or an Exoplanet? – New Young Sub-stellar 

Companion Imaged with the VLT 
ESO Press Release 10/05 (20 April): “Towards a  
	� Europe of Knowledge and Innovation”, the EIRO-

forum paper on science policy 
ESO Press Photos 12a–e/05 (22 April): The Blob,  
	� the Very Rare Massive Star and the Two 

Populations – Striking Image of Nebula N214C 
taken with ESO’s NTT at La Silla 

ESO Press Release 11/05 (27 April): Thousand  
	� Papers and Counting – ESO’s Very Large 

Telescope Passes the 1000 Refereed Publications  
Mark

ESO Press Release 13/05 (30 April): Catherine  
	� Cesarsky Elected Foreign Associate  

of the US National Academy of Sciences 

ESO Press Release 12/05 (30 April): Yes, it is the  
	� Image of an Exoplanet – Astronomers Confirm  

the First Image of a Planet Outside of Our Solar 
System 

ESO Press Release 14/05 (16 May): Dutch Minister of 
	 Science Visits ESO Facilities in Chile 
ESO Press Release 15/05 (30 May): Preparing for  
	� the Impact – ESO Telescopes Take Snapshot  

of Comet 9P/Tempel 1 in Readiness for Major Ob-
servation Campaign 

ESO Press Release 16/05 (7 June): ESO Receives  
	� Computerworld Honors Program 21st Century 

Achievement Award in Science Category 
ESO Press Release 17/05 (9 June): Ultra-fast Movies  
	� of the Sky – Astronomers Commission New High-

Speed Camera on the Very Large Telescope 
ESO Press Photos 20a–c/05 (30 June): Einstein Ring  
	� in Distant Universe – Astronomers Using the  

VLT Discover Bright Cosmic Mirage Far Away 
ESO Press Release 19/05 (14 July): Comet Tempel 1  
	� Went Back to Sleep – Astronomers Having Used 

ESO Telescopes Start Analysing Unique Dataset 
on the Comet Following the Deep Impact Mission 

ESO Press Release 18/05 (14 July): New Sub-Milli- 
	� metre Light in the Desert – APEX telescope Sees 

First Light at Chajnantor 
ESO Press Release 20/05 (1 August): Moving Closer  
	� to the Grand Spiral – VLT Enables Most Accurate 

Distance Measurement to Spiral Galaxy NGC 300. 
ESO Press Photos 24a–b/05 (10 August): Midsum- 
	 mer’s Dream Galaxies. 
ESO Press Release 21/05 (11 August): Rubble-Pile  
	� Minor Planet Sylvia and Her Twins – VLT NACO 

Instrument Helps Discover First Triple Asteroid. 
ESO Press Photo 26/05 (24 August): Celestial Blast  
	 in Bleak Reticulum 
ESO Press Release 22/05 (12 September): Star 
	� Death Beacon at the Edge of the Universe – 

Astronomers Find Farthest Known Gamma-Ray 
Burst with ESO VLT 

ESO Press Release 23/05 (14 September): Black  
	� Hole in Search of a Home – Astronomers Discover 

Bright Quasar Without Massive Host Galaxy 
ESO Press Release 24/05 (22 September): A Cosmic  
	� Baby-Boom – Large Population of Galaxies Found 

in the Young Universe with ESO’s VLT 
ESO Press Release 25/05 (25 September): Desert  
	� Pathfinder at Work – Sub-millimetre APEX tele-

scope inaugurated at Chajnantor 

ESO Press Photos 31a–b/05 (29 September): The  
	 Colossal Cosmic Eye 
ESO Press Release 26/05 (6 October): Flashes Shed  
	� Light on Cosmic Clashes – ESO’s Telescopes See 

Afterglows of Elusive Short Bursts 
ESO Press Photos 33a–b/05 (17 October): Feeding  
	� the Monster – New VLT Images Reveal the Sur-

roundings of a Super-massive Black Hole 
ESO Press Photos 34a–b/05 (4 November): Cosmic  
	 Portrait of a Perturbed Family 
ESO Press Release 27/05 (9 November): Star on the  
	� Run – Speeding Star Observed with VLT Hints  

at Massive Black Hole 
ESO Press Release 28/05 (10 November): Setting  
	� the Stage for Science in Schools – EIRO- 

forum presents the very best of European science 
teaching 

ESO Press Release 29/05 (24 November): Sharp  
	� Vision Reveals Intimacy of Stars – AMBER in-

strument on VLTI Probes Environment of Stars 
ESO Press Release 30/05 (30 November): The Dwarf  
	� that Carries a World – HARPS Instrument  

Finds Neptune-Mass Exoplanet Around Small Star 
ESO Press Release 31/05 (7 December): ESO Signs  
	� Largest-Ever European Industrial Contract For 

Ground-Based Astronomy Project 
ESO Press Release 32/05 (14 December): Witness- 
	� ing the Flash from a Black Hole’s Cannibal Act – 

Short Gamma-Ray Burst Confirms Formation 
Scenario

ESO Press Release 33/05 (21 December): Allo, Allo?  
	� A Star is Ringing – VLT Helps Measuring Tortoise-

like Motion 
ESO Press Release 34/05 (22 December): ALMA  
	� On the Move – ESO Awards Important Contract 

for the ALMA Project 
ESO Press Photos 42a–b/05 (25 December): The  
	� Cosmic Christmas Ghost – Two Stunning Pictures 

of Young Stellar Clusters 
ESO Press Photo 43/05 (29 December): Season’s  
	 Greetings!

The ALMA project 
caught much attention.

Many reports on the  
VLT and its science 
appeared in the media.

The cosmic christmas 
ghost, NGC 2467  
and its surroundings 
(WFI/2.2-m).
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Relations with Chile

The supplementary agreement between 
Chile and ESO signed a decade ago  
has widened and strengthened the coop-
erative relations between ESO and the 
Chilean scientific and local communities. 
The Chilean population is increasingly 
interested in astrophysics and related sci-
ences at all levels. The national and 
regional media cover astronomy as a hot 
topic almost every week and the media 
coverage in Chile of ESO’s achievements 
increased by 150 % in 2005 compared  
to the previous year, according to inde-
pendent monitoring services. Astronomy 
was among the 10 most asked for ca-
reers at the main Chilean universities in 
the last national selection process in 
December 2005. Moreover, local astron-
omy departments not only received more 
applicants, but also better-qualified stu-
dents who faced stronger competition to 
become accepted.

More than 8 000 visitors were received in 
2005 at the La Silla Paranal Observa- 
tory as part of the regular service offered 
on the weekends to local communities 
and also to European travellers who are 
strongly motivated by the exploration of 
the Universe.

In Antofagasta, the ESO-ALMA stands  
at Exponor, the most important industrial 
fair in Region II, were rewarded with  
the first prize of the exhibition, while the  
UCN Astronomy Institute, in a joint effort 
with ESO-Vitacura, offered an active 
programme of public talks and ‘star par-
ties’ for people living in Antofagasta and 
Taltal, the closest neighbours to Paranal.

Also in Taltal, a joint initiative between 
ESO and the local municipality granted 
scholarships to 163 undergraduate 
students. Near La Silla, an agreement 
with the municipality of La Higuera was 
reached to support local schools. 

The ESO-Chile Joint Committee, a part-
nership with the Chilean Government 
launched in 1996 as part of the supple-
mentary agreement, has played a crucial 
role in the establishment and strength-
ening of Astronomy Departments at 
Chilean Universities. In 2005, a total of 
388 k€ was assigned for the develop-
ment of astrophysics and related sci-
ences in the country, in a competitive 
process where representatives from ESO 
and the Chilean Government selected the 
best proposals.

By the end of 2005, more than 200 stu-
dents gathered at ESO-Vitacura for the 
first multi thematic Latin American As-
tronomy School, organised jointly by ESO 
and the Chilean Astronomical Society 
(SOCHIAS). Enthusiastic students from 18 
different countries had the chance to 
learn about front-line areas of research. 
The event was the perfect prelude to  
the 11th Latin American Regional Meeting 

of the International Astronomical Union 
(IAU), held just the following week in 
Pucón, Chile. Given the success of the 
summer school and its impact on the 
education of future astronomers, it is now 
being proposed that such multi-thematic 
schools should take place regularly, in 
association with future Regional Meetings 
of the IAU. 

Another event that generated a wide in-
terest in Chile was the observational 
campaign of Comet Tempel 1 before and 
after the impact with the space probe 
Deep Impact on 4 July. A series of press 
conferences were held at the Vitacura 
office, with links to Paranal and La Silla. 
ESO also joined the Chilean Ministry  
of Education in organising a national edu-
cational videoconference that linked 
Paranal with young students in 18 differ-
ent cities along the country. In addition, 
the main national TV network in the coun-
try presented, together with ESO, a  
50-minutes special documentary that  
was watched by around 500 000 viewers.

Children captivated by 
the Paranal model at the 
2005 Fair of Physics.
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A site museum was built 
along the access road 
to the ALMA operations 
site.

As a long-term approach to increase  
the public awareness of ESO’s commit-
ment to Chile and its people, a part-
nership with Explora/Conicyt (a govern-
mental agency focused on the promotion 
of science among children and young-
sters) was established. As part of the 
celebrations of the International Year of 
Physics, Explora and ESO launched the 
‘100 years, 100 schools’ initiative, which 
allowed the creation of 100 school teams 
along Chile, with children and teachers 
taking science measurements of their en-
vironment, from the Northern Altiplano to 
Antártica. 

In the framework of ALMA, a regional 
fund created by ESO and AUI supported 
in 2005 several projects to improve equip- 
ments of local farmers, developing sus-
tainable tourism initiatives, and improving 
health service in San Pedro de Atacama 
and Toconao. This fund was further 
increased with the joining of the National 
Astronomical Observatory of Japan, in a 
public ceremony in San Pedro de Ata-
cama for the 25th anniversary of the local 
municipality. As part of these celebra-
tions, ALMA offered to the community a 
mobile observatory to allow people to en-
joy observations of the night sky.

Besides this, ALMA has contributed to 
the understanding and protection of ar-
chaeological heritage of the ancient Lican 
Antai culture. A site museum was built  
in an abandoned small estancia, located 
near the ALMA road, allowing visitors  
to learn more about the lifestyle and cul-
ture of the old native inhabitants of this 
area. The book ‘Footprints in the Desert’, 
edited and published by ESO, will further 
promote the cultural heritage of the ALMA 
site’s surroundings.

During Exponor 2005, 
ESO received the award 
for the best exhibition.
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European Affairs

ESO European Affairs are conducted 
partly through direct interactions, primari-
ly with the European Commission, and 
through common initiatives carried out in 
the frame of the EIROforum partnership. 
While we are pleased by the continued 
positive, indeed very constructive, rela-
tions with the EU, the year was character-
ised by many changes on the side of the 
EU, with the still ‘young’ Parliament and 
the new Commissioner in office as well as 
further changes within the Commission 
Services. To this should be added the un- 
certainties associated with the prepa-
ration of FP-7, as it became entangled in 
the political struggle over the future 
Financial Perspectives of the EU. Mean-
while, FP-6 is approaching its final year.

Direct interactions

ESO’s direct interactions include applica-
tions to the Framework Programme (FP). 
These applications follow in response  
to Calls for Proposals and are concen-
trated  in areas in which ESO can make a 
unique contribution, but which cannot  
be covered by ESO’s core funding, and/
or where ESO’s participation, as coordi-
nator or member in consortia of institutes, 
is deemed useful. Major FP-6 contracts 
signed in 2005 were the ELT Design Study 
and the ALMA Enhancement Projects, 
both led by ESO. Another contract that 
should be mentioned was for the VO‑Tech 
project, which is part of the overall Euro-
pean VO activities. For ESO, this contract 
was the first with DG Information Society. 
It is a clear sign that the VO activities are 
seen to be important also beyond astron-
omy.

Most projects under FP-6 with ESO par-
ticipation are linked to R&D, but this year 
ESO also entered into a contract under 
the ERA-net scheme. This scheme pro-
vides support for transnational network-
ing and coordination of national research 
programmes, thus it is primarily seen as  
a network of the main European funding 
agencies. The specific activity, called 
ASTRONET, aims at developing a strate-
gic vision for the whole of European 
astronomy as expressed through a ‘road-
map’. Main participants in ASTRONET 
are ESO, INSU, BMBF, INAF, PPARC, 
NOTSA, MEC (Spain) and NWO, while 
ESA and the Max Planck Society elected 
to become observers. ESO also joined 
the ARENA project, which seeks to in-
vestigate the possibilities for astronomy in 
Antarctica.

An important aspect of the direct interac- 
tions, which take place at various levels, 
is the participation in the consultative 
process carried out by the Commission 
in connection with the Framework Pro-
gramme, particularly in the preparation of 
FP-7. Participating in this process pro-
vides us with an opportunity to raise is-
sues that are important to us and to Eu-
ropean astronomy. 

EIROforum

As we have seen in the past years, the 
EIROforum serves the dual purpose of 
being an important platform for high-level 
political interaction and dialogue with the 
institutions of the European Union, and 
an effective instrument to undertake joint 
activities.

As the European Research Area evolves, 
the political dialogue remains very im-
portant, not the least with a view to en-
suring that much valuable experience 
accumulated within the EIROforum part-
ner organisations is injected into the 
debate on how to organise science and 
science management in the future in 
Europe. This was also the background for 
the presentation on 20 April of the EIRO-
forum Science Policy Paper to an invited 
audience. The presentation, at the Ber-
laymont Building in Brussels, took place 
in the presence of EU Research Com-
missioner Janez Potočnik and the (then) 
Chairman of the Competitiveness Coun-
cil, François Biltgen. The EIROforum 
Science Policy Paper discusses the rela-
tionship between Europe’s Lisbon Strate-
gy and the role for science within that 
strategy as well as proposing a series of 
concrete steps to which the EIROforum 
partners can contribute.

Presentation of the 
EIROforum Science 
Policy Paper on 20 April 
in Brussels at the 
Berlaymont Building.
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Following up on this, EIROforum pre-
sented its views again in a meeting on  
12 October at the European Parliament 
with prominent members of the Com-
mittee on Industry, Research and Energy 
(ITRE). Amongst the participants were 
Jerzy Buzek (former Prime Minister of 
Poland), Pia Locatelli, Vittorio Prodi and 
Philippe Busquin (former EC Commis-
sioner for Research). This meeting fol-
lowed on the heels of the regular autumn 
EIROforum Assembly (the joint meeting of 
the Directors General and the EIRO-
forum Coordination Group) at ILL. This 
meeting also included a first formal ex-
change with Prof. John Wood, Chairman 
of the European Strategy Forum for Re-
search Infrastructures (ESFRI).

The EIROforum was also invited to par-
ticipate in the third European Conference  
on Research Infrastructures, held on  
6–7 December in Nottingham under the 
auspices of the UK Presidency of the  
EU and organised jointly by the Commis-
sion and ESFRI. Representatives from 
ESO attended the conference and, among 
other things, participated with a talk on 
the future needs in astronomy and astro-
physics.

As regards joint activities, these are nor-
mally dealt with by thematic working 
groups and cover outreach and educa-
tion, human resources, grid technolo-
gies, detector technologies/instrumenta-
tion and EU relations. Some activities 
under outreach and education have been 
mentioned on page 61. The Thematic 
Working Group on European Affairs, 
which is chaired by ESO, has proven to 
be an efficient mechanism both for 
exchange of information and for helping 
the EIROforum in its EU interactions.  
This includes the practical implementa-
tion of the Joint Actions between the 
EIROforum and the Commission, carried 
out under the Joint Statement of Intent 
that was signed by the Directors General  
and the European Commissioner in No-
vember 2003.

The Joint Actions comprise the field of In-
strumentation (considerations of setting 
up a Network of Excellence or possibly a 
‘Technology Platform’) and Human Re-
sources (regarding the application of the 
‘European Charter for Researchers’, the 
use of the Commission Mobility Portal for 
Researchers for EIROforum and ESO 
vacancy announcements, and possibly 
training for young scientists, etc.). The 
Joint Actions also include the EIROforum 
European Science Education Initiative 
(ESTI), now co-funded by EIROforum and 
the Commission, as well as discussions 
about a Pan-European Partnership for 
Science Education and EIROforum sup-
port for and participation in the EU Con-
test for Young Scientists. 

In the spirit of the Joint Actions, the Com-
mission invited EIROforum to organise a 
dedicated session on Science Education 
in Europe at the CER 2005 Conference 
(14–15 November 2005). This conference 
attracted around 2 500 participants. 

Finally, under the Joint Actions are pre-
liminary discussions aiming at examin- 
ing the state of international relations  
of the EIROforum partner organisations  
and the EC, e.g. in the context of third 
country participation in the Framework 
Programme, with a view to see if some 
degree of coordination is merited.

Of course many of these activities will de-
pend on the final shape of FP-7 includ- 
ing the financial resources allocated by 
the Commission. This remained unclear 
as the year drew to a close.

As in the previous years, ESO was 
pleased to welcome high-level visits from 
its member states and beyond. The visits 
included key members of the Danish and 
Dutch Governments as well as officials  
of the European Commission. Such visits 
are important, because they contribute  
to deepening the understanding of the 
many-sided activities carried out by our 
organisation.

The Danish Minister of 
Education, Bertel 
Haarder, at the ESO 
office in Santiago.
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The Observing Programmes Committee

The Observing Programmes Committee 
2005

Alfonso Aragón Salamanca
Antonella Barucci (Period 76)
Rolf Chini (Period 76)
Søren Frandsen (Period 76–77)
Eva Grebel
Martin Groenewegen
François Hammer (Period 75)
Artie Hatzes (Period 77)
Rob Jeffries (Period 77)
Jens Knude (Period 75)
Jari Kotilainen
Matt Lehnert (Period 75)
Tommaso Maccacaro (Chairman)
Tom R. Marsh (Period 75)
André Moitinho de Almeida
Thierry Montmerle (Period 75–76)
Göran Östlin
Reynier Peletier (Period 75)
Christian Perrier (Period 75)
Timo Prusti (Period 75)
Daniel Rouan (Period 77)
María Teresa Ruíz
Paolo Saracco (Period 76–77)
Xander Tielens (Period 76–77)
Joachim Wambsganss (Period 76–77)
Lutz Wisotzki

The Observing Programmes Committee 
(OPC) met twice in 2005, in June and in 
November. For the Observing Period 76 
(1 October 2005 to 31 March 2006), 
around 865 proposals were received, a 
new absolute record, while for the Ob-
serving Period 77 (1 April to 30 Septem-
ber 30, 2006), this number was of 850 
proposals, following a long trend of slight-
ly fewer proposals during the southern 
winter semester. From all the proposals 
received, it appears that there is a con-
tinuing high demand for the first genera-
tion VLT workhorses (FORS1, FORS2, 
ISAAC and UVES). Melipal (UT3) saw an 
increase of pressure due to its new in-
strument, VISIR, and the same happened 
for Yepun (UT4) with its new instrument 
SINFONI. With the continued high demand 
on FLAMES and on NACO, the pressure 
factor is now very high on all VLT units 
(about a factor of four). Instruments at  
La Silla experienced a slight increase of 
demand during 2005, when compared  
to previous years, mainly due to the num-
ber of Large Programmes asking for time 
on La Silla. 

With the aim of taking full advantage of 
the complementarity of ground-based 
and space-borne observing facilities, 
ESA and ESO have agreed to establish a 

joint telescope time application scheme 
for those scientific programmes that 
require observations with both the XMM-
Newton X-ray observatory and the ESO 
VLT(I) telescopes to achieve outstand- 
ing and competitive results. During P75, 
the first Period under this agreement, 
ESO received five proposals out of which 
three were recommended by the OPC 
(two of them top ranked). During P77, 
ESO received two such proposals, one 
being top ranked. All these proposals 
were successfully scheduled at both VLT 
and XMM-Newton telescopes, all them 
requiring simultaneous observations at 
the two observatories. From ESA’s side 
two proposals were recommended time 
(one of which is a Large Programme) in 
P75 and four in P77. All were successfully 
scheduled at both observatories.

During 2005 there was a continued high 
pressure for Target of Opportunity (ToO) 
proposals, in particular in the field of 
gamma-ray bursts (GRBs). A large frac-
tion of submitted ToO proposals in P76 
and P77 were GRB proposals requesting 
the Rapid Response Mode of the VLT, 
meaning VLT observations in less than six 
minutes after a trigger (that can be sub-
mitted via mobile phone). Exceptionally, 
some proposals were granted override 
status over visitor mode programmes to 
maximise the chances of successful 
observations of these very time critical 
events. Time lost to visitor mode pro-
grammes during GRB observations is 
returned to the programme during service 
mode. To optimise the scientific return  
of the recommended GRB programmes 
ESO invited the successful PIs to an ob-
servational strategy meeting in Garching. 
These meetings will continue in the up-
coming Periods.

OPC procedures

During 2005 the OPC worked very well 
and although there is currently no need 
for a fundamental revision, several pro-
cedural improvements were delineated 
and will be implemented during 2006. 
Given the growing number of submitted 
proposals every Period, the workload on 
OPC and OPC panel members is reach-
ing a critical level, in particular for Panels 
C (Star Formation and Solar System)  
and D (Stellar Evolution). The OPC selec-
tion, structure, and general statistics on 
time allocation are available to the users 
via the ESO web. 

Large Programmes

‘Large Programmes’ (LPs) are projects 
requiring substantial observing time 
(more than either 100 hours or 10 nights) 
for a well-focused scientific goal. The du-
ration is limited to no more than two 
years (four semesters). Up to 30 % of the 
total time available for the community 
may be committed to LPs. In P76 the 
OPC was faced with eight LPs, recom-
mended three, and several of the rest 
were partly converted into normal pro-
grammes. In P77 there were 20 LPs sub-
mitted and six were recommended. Be-
tween the start of VLT operations in 1999 
(P63) and 2005 (P77), 63 LPs have been 
approved by the OPC for Paranal and  
La Silla telescopes. They cover almost all 
current astronomical topics, from the 
Solar System to the study of cosmologi-
cal parameters.

Public Surveys

Surveys provide large, homogeneous 
data sets covering a variety of combina-
tions in the parameter space of multi-
band, depth and sky area. Often surveys 
span longer time intervals and have a 
broader scope than LPs. From their data-
bases, large uniformly treated products 
can be generated, which can be used for 
a variety of scientific purposes.

At ESO, surveys have been handled as 
LPs in recent years. Some of them  
have been conceived as Public Surveys, 
such as the various EIS surveys (e.g.  
Pre-FLAMES, Deep Public Survey, and 
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the GALEX and XMM follow-up sur- 
veys), FIRES and GOODS. Others have 
been handled as proprietary (or private) 
surveys, such as the U-band VIRMOS 
survey and the SWIRE optical follow-up. 
Many of these surveys are also con-
nected to legacy-type programmes at 
satellites and other observatories.

Surveys will constitute an important 
contribution to the science produced with 
ESO facilities in the forthcoming era  
of the dedicated survey telescopes, VST 
and VISTA. To tackle in the best way pos-
sible this ‘paradigm change’ a new 
concept for the implementation of Public 
Surveys was put in place during 2005, 
allowing Public Surveys to be treated as a 
separate category to Large Programmes. 
This new procedure calls for a deeper in-
volvement of the community in the survey 
production as well as an effective coop-
eration between the community and ESO 
to ensure the scientific quality of the pro-
ducts. During 2005 the Public Survey 
Panel (PSP) met in Garching to evaluate 
the 15 VST Public Survey proposals re-
ceived for the November 2004 Call, and 
identified three core programmes. The 
PSP then held a meeting with the PIs of 
these core programmes and with the  
PIs of not recommended but potential 
merger programmes, in order to optimise 
the science cases and the planning of the 
surveys. The majority of the potential 
merger programmes were incorporated in 
the core programmes. The PSP then 
made a formal endorsement of these 
optimised core programmes to the OPC 
in the November OPC meeting (P77). 
These three core programmes were 
recommended for execution by the OPC.

The Users’ Committee

The Users’ Committee 
2005

Belgium	 Griet Van de Steene

Denmark	 Uffe Gråe Jørgensen

Finland	 Merja Tornikoski

France	 Pascale Jablonka 
	 (Vice-Chairwoman)

Germany	 Sabine Moehler

Italy	 Enrico Cappellaro

The Netherlands	 Lex Kaper (Chairman)

Portugal	 Nuno Cardoso Santos

Sweden	 Sofia Feltzing

Switzerland	 Pierre North

United Kingdom	 Malcolm Bremer

Chile	 Wolfgang Gieren

The Users’ Committee (UC) held its annu- 
al meeting on 11 and 12 April. The meet-
ing was chaired by Lex Kaper. 

After hearing presentations from ESO on 
the La Silla Paranal Observatory, the 
status of ALMA, and the proposal submis- 
sion and time allocation processes, the 
UC provided the feedback from the ESO 
users’ community on the usage of ESO’s 
facilities, partly based 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 both at the La Silla and Para-
nal sites is in general high. The bulk of the 
expressed concerns rest with the avail-

ability of data reduction pipelines for the 
various modes of all instruments, the ex-
istence of alternative reduction tools for 
those instrument modes for which such 
pipelines are not provided, and the deliv-
ery of science-ready data to the commu-
nity. The conclusions of the lively discus-
sions about these topics are reflected in a 
number of action items and recommen-
dations assigned by the UC to ESO. The 
effectiveness of this process for achiev-
ing progress in the direction expected by 
the users is reflected by the fact that 
most of the action items and recommen-
dations that had been set by the UC  
at its previous meeting could be closed 
following corresponding action by ESO. 
Significant progress had been achieved 
on the remaining open issues.

As usual, the meeting featured a ‘special 
topic’, this time on Large Public Sur- 
veys, to which half a day was devoted. 
Presentations were given by frequent 
users and by ESO representatives, on  
the UKIRT Infrared Deep Sky Survey 
(UKIDSS), VISTA, VST, the OmegaCAM 
Guaranteed Observing Time, and the 
ESO Public Surveys. The subsequent dis-
cussion concentrated primarily on the 
expected status of reduction of the data 
that will be made accessible through the 
archive, and on the timescale and pro-
cedure for the proposal submission and 
time allocation processes for public 
surveys on the VST and VISTA. The input 
received from the UC proved very valu-
able for ESO within the framework of the 
implementation of the Large Public Sur-
veys.

Observing schedule  
at La Silla.



70 ESO Annual Report 2005

The Scientific Technical Committee

The Scientific Technical Committee 
2005

Arnold van Ardenne (NL) 
Roland Bacon (F) 
Andrea Cimatti (I) 
Andreas Eckart (D) 
Paulo J. V. Garcia (P) 
Raffaele Gratton (I) 
Thomas Henning (D) 
Richard Hills (UK) 
Hans Kjeldsen (DK) 
Konrad Kuijken (NL) 
Simon Lilly (CH) 
Dante Minniti (RCH) 
Nikolai Piskunov (S) 
Jean-Loup Puget (F, Chairman) 
Patrick Roche (UK)
Ilkka Tuominen (FIN) 
Jean-Marie Vreux (B) 

Following the recommendations of the 
Working Group on Scientific Strategy 
(SSWG), Council, at its 105th meeting in 
Helsinki, approved new terms of refer-
ence and new structure and membership 
for the STC. Thus, in the future, STC 
membership will be chosen not only by 
national representation, but also to 
ensure broad coverage of all the range of 
scientific disciplines required for VLT, 
VLTI, ALMA, and ELT. We reproduce the 
relevant parts of the Council decision 
below.

Structure and Membership

1.	� The STC consists of 14–16 members 
appointed by Council for their scien-
tific and technical eminence, with at 
least one member from each Member 
State and Chile. 

2.	�Members are elected by Council 
based on nominations by the Nominat-
ing Committee. 

3.	�Members are appointed for three- 
year staggered terms so that about an 
equal number retire each year. 

4.	�Good coverage of the relevant astro-
nomical disciplines and techniques at 
all times should be aimed at in ap-
pointing the individual members and 
the actual size of the Committee. 

5.	�The STC Chair is appointed annually 
by Council for no more than three con-
secutive years. 

6.	�At its first meeting in each year, the 
STC elects from its members a vice 
chair to replace the chair at occasions 
when the latter is unable to fulfill her/
his functions. 

 
Conflicts of interest 
 
1.	� The general definition and rules for 

dealing with conflicts of interest on 
ESO committees apply in full to the 
STC. 

2.	�The Principal Investigator of an instru-
ment or project in preparation, in study 
phase, or under construction in the 
ESO programme cannot serve on the 
STC. 

3.	�Directors of the institute of a Principal 
Investigator as defined in 2. are similar-
ly excluded. 

As established by the new procedures, 
Council appointed a special Nominat- 
ing Committee, composed of Drs. Teresa 
Lago (Chair), Jean-Loup Puget, Ewine 
van Dishoeck, Laurent Vigroux, and 
Christoffel Waelkens with the task of pro-
posing the members of STC to be ap-
pointed by Council. In the interim period 
until the new STC was in place, Coun- 
cil extended the appointments of STC 
members whose periods expired in 2005,  
and who did not have conflicts of inter-
ests according to the precepts above. For 
these reasons, the composition of STC 
will change in 2006.

STC 59th Meeting

A full report about the status of the VLTI 
infrastructure, and about the results of 
the Workshop on second-generation VLTI 
instrumentation, were presented to the 
committee. Upon an in-depth review of 
the technical issues underlying the 
difficulties encountered in operating the 
fringe tracker FINITO, the review-panel 
presented a number of recommendations 
that were very much welcomed by STC. 
The committee encouraged ESO to 
pursue these recommendations, and to 
report the findings at the next meeting.

On the issue of second-generation multi-
beam instruments for VLTI, STC encour-
aged ESO to continue contacts with  
the community with the aim of proposing 

ways forward in the next meeting when 
the VLTI recovery team may have iden- 
tified the scale of the problems and solu-
tions for efficient operation.

The PIs of the two competing proposals 
for Planet Finder – the last second-gener-
ation VLT instruments to be decided –  
Jean-Luc Beuzit (LAOG) and Markus 
Feldt (MPIA) – were invited by the Chair to 
present their proposals to the committee. 
STC congratulated the two teams for 
their excellent presentations and for the 
very substantial efforts undertaken in  
the design studies for Planet Finder. STC 
remarked that their developments in 
adaptive optics were not only relevant for 
the Planet Finder, but also for future ELTs 
for which characterisation of extrasolar 
planets is of very high scientific priority. 
 
Noting that the addition of an integral  
field spectrograph – as foreseen by the 
MPIA proposal – to the LAOG system 
would substantially enhance the Planet 
Finder, STC strongly encouraged the 
collaboration between the two teams to-
wards this goal. Thus, STC recommended 
to ESO to proceed to the next phase  
with the LAOG team, and to encourage 
and monitor the merger of the two pro-
jects with the particular aim of imple-
menting the integral field spectroscopy  
and polarimetry options of the MPIA in-
strument into the LAOG proposal.

Because the anticipated strong compe-
tition from other observatories, a Planet 
Finder instrument is relevant only if the 
main scientific programme, which will 
require hundreds of nights, can be con-
ducted quickly. STC thus recommended 
ESO to explore the optimum way of 
achieving this, including the possibility of 
wider collaborations and public surveys.

A substantial part of the meeting was de-
voted to the discussion of issues related 
to ALMA, in particular issues of cost, and 
the ALMA Regional Centres. On the first 
issue, while STC endorsed the recom-
mendations of the ALMA Science Adviso-
ry Committee (ASAC) that the number  
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of antennas would be set at 50, STC ex-
pressed concerns that increases in the 
cost of ALMA may impact other areas of 
the ESO programme.

At its previous meeting (No. 58) STC had 
endorsed the proposal by ESO to issue  
a call for expressions of interest by 
institutes willing to host ALMA regional 
centres. The idea about a distributed 
model with multiple European sites coor-
dinated by a strong centre at ESO was 
welcomed by the committee. 

STC 60th meeting

A substantial part of the meeting was de-
voted to issues related to the interfero-
metric mode of the Very Large Telescope 
(VLTI). A special task force composed of 
staff from the Observatory and Garching 
(the Interferometry Task Force or ITF) was 
formed to investigate the issues identi- 
fied by the VLTI Review Panel. FINITO 
seemed to be working as expected, so 
the failure to track fringes on sky with 
FINITO seemed to be related either to vi-
brations, or to residual high order wave-
front aberrations. Detailed studies of 
these problems were underway. Other is-
sues related to rail alignment were well 
understood and solutions in hand. STC 
appreciated the work carried out by the 
ITF to fully understand the issues related 
to fringe tracking with VLTI, and the oper-
ation of VLTI in general; STC was very 
impressed by the progress made and 
strongly encouraged the team to continue 
their work.

The PIs of the four teams proposing sec-
ond-generation multi-beam instruments 
for the VLTI were invited by the STC Chair 
to present their instruments to the com-
mittee. Thus, STC heard presentations  
by Fabien Malbet (VITRUV – Near-IR 
spectro-imager using fibers), Bruno 
López (MATISSE – Mid-IR spectro-im-
ager), Frank Eisenhauer (GRAVITY – AO 
assisted, two-object, multiple-beam-
combiner), and Chris Haniff (BOBCAT – 
Near-IR spectro-imager using bulk op-
tics). STC appreciated the presentations 
by the four groups and underlined the 
importance these instruments could have 
for the development of the VLTI pro-
grammes in the next decade owing to 
their imaging and spectroscopic capa-

bilities. Because of the importance of the 
science cases for these instruments, 
including in particular the Galactic Centre 
case for general relativity, where the 
unique characteristics of the VLTI should 
allow important breakthroughs, STC con-
sidered that the developments of these 
capabilities should not be unnecessarily 
delayed.

Therefore, STC recommended ESO to 
solicit formal proposals for Phase A 
studies for next generation instruments 
with a deadline early in 2006, to be re-
viewed by ESO in time for the April STC 
meeting. These proposals should ad-
dress not only the scientific capabilities 
and technical descriptions of the pro-
posed instruments, but also the require-
ments on the VLTI infrastructure, observ-
ing strategies, telescope configurations, 
and observing time requirements re-
quired to conduct the key scientific pro-
grammes.  

The preceding months had seen intense 
activity on many aspects of ALMA and 
therefore a substantial fraction of the 
meeting was also devoted to ALMA de-
velopments. In particular, a detailed re-
baselining activity had been undertaken 
and an in-depth international cost review 
had just taken place. These reviews indi-
cated that the new cost estimates could 
be regarded as robust and STC was 
pleased to hear that Council had deter-
mined that ALMA was affordable at the 
new increased cost level, without serious 
disruption to the other major elements  
of the ESO programme. 

STC endorsed the view of the ALMA 
scientific advisory committees that the 
reduction from 64 to 50 antennas was 
painful, but would leave the major sci- 
entific capabilities of ALMA largely intact, 
while any further reduction would seri-
ously erode these capabilities. STC also 

agreed with the ESAC and ASAC that 
further de-scoping options which would 
have substantial impact on ALMA’s sci-
entific capabilities should not be adopted, 
but noted that there was some limited 
scope for cost savings in the provisions 
for support facilities, e.g. at the OSF, and 
such items as travel.

Having heard the reports from the sci-
ence advisory committees and the 
project management on the implications 
of having two different types of antennas 
(US and European; three types in fact 
considering the Japanese antennas), STC 
was satisfied that ALMA’s science goals 
will be met with a heterogeneous array. 

Following the recommendations of the 
59th meeting of STC, the LAOG and 
MPIA joined forces to present a single 
proposal for Planet Finder. STC consid-
ered that the proposed instrument of- 
fers a powerful capability for finding and 
characterising exoplanets and should 
proceed to PDR. STC recommended that 
the guaranteed time (GT) programme  
be reviewed at PDR. Since the GT will not 
suffice to exhaust all of the potential 
targets, STC recommended that the OPC 
should be prepared to award very large 
amounts of observing time also to user 
programmes to ensure that the ESO com-
munity can undertake ambitious plan- 
et finding and characterisation projects. 
However, STC found it premature to 
consider a large public survey with the 
Planet Finder now.

The plan to develop an integrated ap-
proach for adaptive optics at the VLT, 
which had been reviewed by a panel of 
experts just before the meeting, was 
presented to the committee for recom-
mendation. STC considered that the  
proposed Adaptive Secondary will pro-
vide significant improvements in effi-
ciency for HAWK-I and MUSE as well as 
providing vital information on key ELT 
technologies, and recommended that it 
should proceed. At the same time,  
STC asked ESO to develop an optimised 
VLT instrument deployment plan that 
includes the second-generation instru-
ments and AO developments. In par-
ticular, STC asked ESO to investigate 
whether all foci of the adaptive telescope 
can be exploited. 
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Extraordinary STC 61th meeting

Because of the fast cadence of ALMA 
developments during the second half  
of the year, the ESO Medium Range Im-
plementation Plan and the Long Term 
Perspectives were not ready for discus-
sion at the October meeting (60th), so  
an extraordinary meeting was scheduled 
on 22 November, ahead of the Council 
meeting that would discuss these plans. 
The meeting also provided the oppor-
tunity to discuss the OWL Review, which 
took place on 4–6 November, and the 
consequences of the review. Further-
more, a proposal for a wide field optical 
camera for VISTA (darkCAM), which ar-
rived at ESO too late for discussion at the 
October meeting, was also presented in 
this special meeting.

The documents containing ESO’s Me-
dium Range Implementation Plan (MRIP) 
and Long Term Perspectives (LTP) were 
made available to STC well in advance of 
the meeting, and the Director General 
made a detailed presentation of the most 
relevant aspects of the plans at the meet-
ing. The MRIP lays the foundations for 
ESO activities planned in the medium 
term (2003–2009) and contains detailed 
projections for carrying out ESO’s mis-
sion, including completion of VLT/VLTI, 
VST, and VISTA, full operation of the  
La Silla Paranal Observatory, construction 
of the (re-baselined) ALMA, and all the 
steps necessary to enable the start of 
construction of an ELT in 2010. The Long 
Term Perspectives present an outlook of 
ESO’s activities in the period 2003–2025. 
STC was pleased that the MRIP allows 
the important elements of the ESO pro-
gramme to proceed without significant 
disruption after allowing for the ALMA 
cost increases, and endorsed the MRIP 
as presented.

The STC also discussed the Long Term 
Perspectives and emphasised the 
requirement to deliver an ELT on a com-
petitive timescale to maintain ESO’s 
world-leading position. STC encouraged 
Council to continue to pursue this goal, 
stressing their conviction that it would be 
premature to consider reducing invest-
ments in Paranal operations before the 
scientific capability, timescale, and costs 

of the ELT are defined. Indeed, STC ex-
pects the Paranal telescopes to remain 
vital for European astronomy well into the 
ELT era.  
 
A full report on the OWL review was pre-
sented by Roberto Gilmozzi, but unfortu-
nately due to unforeseen problems, the 
written panel recommendations were not 
available at the time of the meeting. STC 
was pleased with the review and the 
response of the OWL team to the (verbal) 
Panel recommendations. In particular, 
STC was very encouraged to have con-
firmation that a very large aperture tele-
scope appears to be feasible. STC reiter-
ated its disposition to becoming fully 
engaged in the scientific definition of the 
ESO ELT in 2006.

As mentioned, the proposal by a UK-led 
consortium to build a wide-field optical 
camera for VISTA had been received too 
close to the October STC meeting to be 
properly assessed by ESO staff in time 
for the meeting. In fact, the detailed anal-
ysis by the Divisions involved (presented 
at the November meeting) revealed sev-
eral serious technical (and political) chal-
lenges for the implementation of the cam-
era. Noting that there is an ESO/ESA 
Working Group on Fundamental Cosmol-
ogy, the STC Chair invited the co-Chair  
of this WG, Peter Schneider, to present 
the views of the Working Group on the 
darkCAM science case. The darkCAM 
consortium is proposing a large (10 000 
square degrees) multi-colour survey to 
investigate a number of burning issues in 
Cosmology, notably the equation of state 
of dark energy from a weak-lensing 
survey. STC concluded that a large multi-
band survey such as that proposed by 
the darkCAM team has great scientific 
potential that goes far beyond the lens-
ing survey. But, given the difficulties re-
ported by ESO, the committee could not 
recommend the approval of the dark-
CAM proposal as presented. However, 
STC encouraged ESO to explore ways of 
achieving the goal of a large, deep, multi-
colour survey, which would be substan-
tially deeper than the multipurpose Sloan 
survey whilst also tackling the nature of 
dark energy.

Cerro Paranal, home  
of the VLT, with VISTA  
in the foreground.
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Summary of Use of Telescopes by Discipline

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

OPC Categories and Sub-Categories

A: Cosmology
A1	� Surveys of AGNs and high-z 

galaxies
A2	� Identification studies of extragalactic 

surveys
A3	 Large scale structure and evolution
A4	 Distance scale
A5	 Groups and clusters of galaxies
A6	 Gravitational lensing
A7	 Intervening absorption line systems
A8	� High redshift galaxies (star forma-

tion and ISM)

B: Galaxies and Galactic Nuclei
B1	 Morphology and galactic structure
B2	 Stellar populations
B3	 Chemical evolution
B4	 Galaxy dynamics
B5	 Peculiar/interacting galaxies

B6	� Non-thermal processes in galactic 
nuclei (incl. QSRs, QSOs, blazars, 
Seyfert galaxies, BALs, radio galax-
ies, and LINERS)

B7	� Thermal processes in galactic nuclei 
and starburst galaxies (incl. ultra
luminous IR galaxies, outflows, 
emission lines, and spectral energy 
distributions)

B8	 Central supermassive objects
B9	 AGN host galaxies

C: �Interstellar Medium, Star Formation 
and Planetary Systems

C1	� Gas and dust, giant molecular 
clouds, cool and hot gas, diffuse  
and translucent clouds

C2	� Chemical processes in the inter
stellar medium

C3	� Star forming regions, globules, 
protostars, H ii regions

C4	� Pre-main-sequence stars (massive 
PMS stars, Herbig Ae/Be stars and  
T Tauri stars)

C5	 Outflows, stellar jets, HH objects

C6	� Main-sequence stars with circum
stellar matter, early evolution

C7	� Young binaries, brown dwarfs, 
exosolar planet searches

C8	� Solar system (planets, comets, 
small bodies)

D: Stellar Evolution
D1	 Main-sequence stars
D2	� Post-main-sequence stars, giants, 

supergiants, AGB stars, post-AGB 
stars

D3	 Pulsating stars and stellar activity
D4	 Mass loss and winds
D5	 Supernovae, pulsars
D6	� Planetary nebulae, nova remnants 

and supernova remnants
D7	� Pre-white dwarfs and white dwarfs, 

neutron stars
D8	� Evolved binaries, black-hole 

candidates, novae, X-ray binaries, 
CVs

D9	 Gamma-ray and X-ray bursters
D10	� OB associations, open and globular 

clusters, extragalactic star clusters
D11	 Individual stars in external galaxies

Percentage of scheduled observing time/telescope/instrument/discipline

Telescope

2.2-m

Total

Instrument

FEROS

WFI

B

4

7

11

C

7

7

14

D

33

13

46

Total

48

52

100

A

4

25

29

Scientific Categories

Telescope

3.6-m

Total

Instrument

CES

EFOSC2

HARPS

TIMMI2

Special-CIGALE

B

0

9

0

0

3

12

C

4

3

29

9

0

45

D

3

6

22

2

0

33

Total

7

28

51

11

3

100

A

0

10

0

0

0

10

Scientific Categories

Telescope

UT3

Total

Instrument

VIMOS

VISIR

Special-ULTRACAM

B

20

10

1

31

C

5

24

3

32

D

3

5

6

14

Total

51

39

10

100

A

23

0

0

23

Scientific Categories

Telescope

NTT

Total

Instrument

EMMI

SOFI

SUSI2

B

6

11

2

19

C

10

28

2

40

D

12

7

1

20

Total

44

51

5

100

A

16

5

0

21

Scientific Categories

Telescope

UT1

Total

Instrument

FORS2

ISAAC

B

15

13

28

C

6

13

19

D

8

15

23

Total

49

51

100

A

20

10

30

Scientific Categories

Telescope

UT2

Total

Instrument

FLAMES

FORS1

UVES

B

7

9

8

24

C

8

5

8

21

D

11

8

18

37

Total

27

27

46

100

A

1

5

12

18

Scientific Categories

Telescope

UT4

Total

Instrument

NACO

SINFONI

B

9

16

25

C

39

3

42

D

10

5

15

Total

60

40

100

A

2

16

18

Scientific Categories

Telescope

VLTI

Total

Instrument

AMBER1

MIDI

B

1

8

9

C

5

19

24

D

12

55

67

Total

18

82

100

A

0

0

0

Scientific Categories

1 AMBER went into operation in October 2005.
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Council

Council and Committee of Council 
2005

President	 Piet C. van der Kruit

Belgium	 Monnik Desmeth
	 Jean-Pierre Swings

Denmark	 Jens Viggo Clausen
	 Henrik Grage

Finland	 Kalevi Mattila
	 Pentti Pulkkinen

France	 Philippe Barré
	 Laurent Vigroux

Germany	 Ralf Bender
	 Andreas Drechsler

Italy	 Vicenzo Dovì
	 Bruno Marano

The Netherlands	 P. Tim de Zeeuw
	 Jan A. C. van de Donk

Portugal	 Fernando Bello
	 Teresa Lago

Sweden	 Claes Fransson
	 Finn Karlsson

Switzerland	 Michel Mayor
	 Martin Steinacher

United Kingdom	 Gerry Gilmore
	 Richard Wade

Council held two ordinary meetings, in 
Helsinki in June and in Garching in De-
cember, and also met for an extraordina-
ry session in September in Brussels, 
adopting a resolution about the overall 
affordability of ALMA, an essential pre-
cursor to placing the ALMA antenna 
procurement contract. The Committee of 
Council met three times during the year, 
in March in Garching, in the middle of 
September in Garching and at the end of 
September in Brussels. The meetings  
in the first half of the year were chaired by 
Prof. Piet C. van der Kruit, and those from 
September by Dr. Fernando Bello, the 
Vice-President. 

In December Council adopted a resolu-
tion on the accession of Spain to ESO as 
the 12th Member State from 1 July 2006.

Council commended the OWL team for 
producing an in-depth Concept Design 
Study for a 100-m telescope which was 
presented at the September meeting and 
reviewed by an external panel chaired by 
Prof. Roger Davies.

Amongst the important issues addressed 
by Council and Committee of Council in 
the course of the year were the status, 
re-baselining, and affordability of ALMA, 
the recommendations of the Scientific 
Strategy Working Group, plans for the 
ELT/OWL, and the report of the OWL Con- 
cept review panel. 

Council was informed on the smooth 
merging of La Silla and Paranal Ob-
servatories. The issue of a new Head-
quarters building in Garching continued 
to be of concern.

The agreements for the instruments 
KMOS and MUSE were approved  
by Council, which noted that guaranteed 
time was awarded on the basis of the 
standing rules.

Council received the regular VLT/VLTI, In-
strumentation and ALMA biannual re-
ports, and the reports from the Chairs of 
the Finance Committee, the Scientific 
Technical Committee, and Observing 
Programmes Committee. Council also 
examined the document “ESO Long Term 
Perspectives 2003–2025” prepared by 
the Executive.

The Council’s Scientific Strategic Working 
Group met four times in Garching dur- 
ing 2005, chaired by Prof. Tim de Zeeuw.  
At the May meeting the group produced  
a report containing terms of reference  
for STC and OPC, rules for the Nominat- 
ing Committee, and rules on dealing with 
conflicts of interest on ESO committees. 
It also discussed proposed next steps for 
the European ELT.

The ESO Tripartite Group chaired by Dr. 
Ugo Sessi met two times during 2005, in 
March in Garching and in October in 
Grenoble. Among the discussion points, 
one very important topic was the CERN 
Pension Fund, as well as the question  
of the establishment of a Kinderkrippe 
(nursery) together with the Max-Planck-
Institut, the improvement of the commu-
nication with staff members in Chile and 
the cost-of-living adjustment in Chile  
on the household and children allowance.

At the ordinary December meeting Prof. 
Richard Wade was elected President of 
Council for 2006 and Dr. Monnik 
Desmeth was elected Vice-President. 
Ms. Rowena Sirey was reappointed  
Chair of the Finance Committee for 2006.
Dr. Lutz Wisotzki was appointed Chair  
of the Observing Programmes Commit-
tee for 2006 and Dr. André Moitinho  
de Almeida was appointed Vice-Chair-
man. For the Scientific Technical Com-
mittee Dr. Linda Tacconi was appointed 
Chair.

Dr. Ewine van Dishoeck and Dr. Laurent 
Vigroux were appointed members of  
the ALMA Board for 2006–2007. Prof. 
Roy Booth was appointed Assessor  
to the ALMA Board for 2006. The Presi- 
dent of Council and the Director General 
are members ex officio.

The H ii region N213C  
in the Large Magellanic 
Cloud (NTT/SUSI2).
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Finance Committee Finance

Finance Committee 
2005

Chair	 Rowena Sirey

Belgium	 Alain Heyen

Denmark	� Edel Bregnbæk (until 
10/2005)

	� Cecilie Tornøe (from 
10/2005)

Finland	 Jaana Aalto

France	 Patricia Laplaud

Germany	� Marlene Lohkamp-
Himmighofen

Italy	 Ugo Sessi

The Netherlands	 Coen J. van Riel

Portugal	 Fernando Bello

Sweden	 Sofie Björling

Switzerland	 Jean-Pierre Ruder

United Kingdom	 Colin Vincent

In 2005 the Finance Committee held  
two ordinary meetings and one extraordi-
nary meeting. All were chaired by Ms. 
Rowena Sirey and took place in Garching.  
The agenda items included various finan-
cial issues, such as annual accounts, 
budget, cash-flow situation, financial 
projections and member states’ contri-
butions as well as personnel issues 
concerning international and local staff.

A very important issue this year was the 
placement of the procurement contract 
for the ALMA production antennas. 

Throughout the year Finance Committee 
meticulously dealt with the issue of the 
financial difficulties of the CERN Pension 
Fund, a pension scheme covering also 
the ESO staff members. 

At the ordinary meetings Finance Com-
mittee received regular updates regarding 
VLTI, Instrumentation and status of the 
ALMA Project.

Finance Committee approved the award-
ing of 21 contracts exceeding 300 000 € 
and 22 single-source procurements 
exceeding 150 000 €. Information was 
received concerning procurement 
statistics, forthcoming calls for tenders, 
price inquiries, etc. 

The Committee received regular progress 
reports on the status of the ERP system 
and on the implementation of additional 
features.

Since the financial year 2004, the ESO 
financial statements have been presented 
in a standard format comprising: the bal-
ance sheet, the statement of income and 
expenditure and the statement of cash 
flow.

After 2003 and 2004, the financial situa-
tion of ESO improved further in 2005.  
The positive cash flow development of 
+56.0 M€ in 2005 is reflected in the cash 
and short-term deposits as of 31 Decem-
ber 2005, which amounted to 76.9 M€.

The net result of the statement of income 
and expenditure for 2005 was +33.7 M€.

The approved budget for 2006 comprises 
three sections: the income budget, the 
payment budget and the commitment 
budget. The income budget amounts to 
192.8 M€ and is thus foreseen to be 
higher than the payment budget, which 
amounts to 173.1 M€. The commitment 
budget for 2006 is 192.3 M€.
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Financial Statements 2005 
(in € 1000)

Balance Sheet

Assets

Cash and short-term deposits

Claims, advances, refundable taxes and other assets

Total assets

Liabilities and equity

	 Dues

	 Advance payments received and other liabilities

	 Total liabilities

	 Cumulated result previous years

	 Annual result

	 Total equity

Total liabilities and equity

31.12.2004

20742

2 669

23 411

3 711

6 723

10 434

–9 888

22 865

12 977

23 411

31.12.2005

76 880

4 958

81838

18 336

16 827

35163

12 977

33 698

46 675

81838

Budget for 2006 
(in € 1000)

Income budget	

Contributions from member states

Other income from member states

Income from third parties

Various income

Total income budget

2006

112139

59 597

17291

3770

192797

Payment budget	

Personnel cost

Other cost

Total payment budget

2006

48 378

124 689

173 067

Commitment budget	

Personnel cost

Projects commitments w/o personnel

Operations commitments w/o personnel

Total commitment budget

2006

48 378

114 424

29 450

192 252

Statement of Income and Expenditure

Income

Contributions from member states

Contributions from third parties and partners

Income from sales and other income

Total income

Expenditure

Expenditure for staff

Operating and other expenditure

Total expenditure

2005 Result

01.01.2005–31.12.2005

126 922

13 825

4195

144 942

45 493

65 751

111244

33 698

Cash flow

	

Cash flow from operating activities

Receipts

	 Income

	 Net movements on accounts receivable

	 Total

Payments

	 Expenditure

	 Net movements on accounts payable

	 Total

Net cash flow from operating activities

Cash flow from financing activities

Net cash flow from financing activities

Net cash flow = Net increase/decrease in cash
and short-term deposits

01.01.2005–31.12.2005

144 942

1406

146 348

–111244

14 612

–96 632

49716

6 320

56 036
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Personnel

The activities of the Personnel Depart-
ment Garching/Vitacura and General Ser-
vices were focused on:

–	� Completion of the implementation of 
HR modules Payroll, Position Plan, 
Travel and Employee Self Service with-
in the ERP system

–	 Review and restructuring of 
	� –	 the General Services in Garching 

–	� logistics and transport in Europe 
and Chile

	 –	� the administrative procedures  
of visitors and visiting scientists in 
Garching and in Chile

	 –	� the Personnel Department home-
page now including information  
for all staff categories in Garching 
and Chile

–	� Preparation and implementation of 
induction courses at all sites in Chile

–	� Preparation of a call for tenders con-
cerning the implant travel office, and 
implementation of the new travel office 
in Garching

–	� Concept, development and start of the 
implementation of the ESO/IPP Kinder-
krippe (nursery)

–	� Common training for Staff Members 
offering administrative services at all 
sites in Chile concerning team building 
and communication

–	� Implementation of the Regulations of 
the Welfare Fund for Local Staff Mem-
bers in Chile as well the outsourcing of 
its administration

–	� Assistance and advice in the proc- 
ess of the merging of the La Silla and 
Paranal Observatories

–	� Revision of the employment conditions 
of and further guidelines for Interna-
tional Staff Members and Local Staff in 
Chile particularly with respect to: 
–	� the application and calculation of 

the Cost of Living index,
	 –	� the regulations of the 8/6 turno 

working schedule applied at the 
Observatory,

	 –	� the guidelines on accreditation and 
official visas,

	 –	 private shipments to and from Chile, 
	 –	� guarantee letters for medical 

emergencies,
	 –	� visits of relatives at the Observatory,
	 –	� family days in Antofagasta,  

La Serena and Santiago

–	� Revision and recommendation re-
garding the package of equilibration 
measures to the Pension Fund

–	� Revision and amendment of the Staff 
Rules and Regulations for Internation-
al Staff and corresponding Adminis-
trative Circulars regarding working time 
and regular medical examinations

–	� Short-term and long-term office ac-
commodation in Garching and as-
sistance in the planning of the new 
building.

In the course of the year, 16 Local and  
40 International Staff Members were re-
cruited. In addition, 123 Students, Fel-
lows, Paid and Unpaid Associates joined 
ESO. The diagram below shows the 
International Staff Members of ESO by 
nationality as of 31 December 2005.

Others
9.7%

Sweden
2.1%

Portugal
0.3 %

The Netherlands
3.5 %

Italy
17.9 %

United Kingdom
5.6 %

Belgium
4.4 %

Switzerland
1.5 %

Germany
32.9 %

Denmark
3.5 %

France
18.5 %

Distribution of Inter-
national Staff Members 
by Nationality as of  
31 December 2005.
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Four Seasons at a Glance

January

The third and last science demonstration 
for the Astrophysical Virtual Observa- 
tory (AVO) project is held in Madrid. The 
demonstration marks the end of the  
AVO project and the beginning of its suc-
cessor, the EURO-VO.

Official Preliminary Design Kick-off meet-
ing for MUSE.

An Awareness Event for Danish Industry 
is held at ESO Headquarters.

ESO takes part in the ‘Futuro Remoto’ 
exhibition, held at the Città della Scienza 
in Naples, Italy.

February

VLTI First Fringes were obtained with two 
Auxiliary Telescopes at Paranal.

ESO’s two observatories, La Silla and 
Paranal, merge.

The first CRIRES laboratory infrared 
spectrum is obtained. 

The European Science Advisory Com-
mittee and the ALMA Science Advisory 
Committee meet at ESO Garching.

ALMA Regional Centre meeting at ESO 
Garching.

ALMA Joint Antenna Technical Group 
Meeting, ESO.

March

VISIR and SINFONI, two new instruments 
for the VLT at Paranal, start regular oper-
ations.

The fourth MACAO is installed. All 8.2-m 
Unit Telescopes of the VLT now have their 
adaptive optics MACAO instrument to use 
in interferometric mode. 

The Multi-conjugate Adaptive Optics 
Demonstrator has First Laboratory Light 
at ESO.

A management and technical review of 
KMOS takes place.

The European Association for Astronomy 
Education (EAAE) holds its triennial 
General Assembly at ESO Headquarters, 
following a meeting on “New Teaching 
Opportunities in Astronomy”. This event 
marks the 10th year of existence of EAAE 
and is also the occasion to announce the 
winners of the ‘Catch a Star!’ 2004 con-
test.
 
The Committee of Council meets in 
Garching.

European ALMA Board, Garching.

ALMA Integrated Project Teams meeting 
at ESO Garching.

April

Astronomers confirm the first image of  
an exoplanet taken with NACO on the 
VLT. The five Jupiter mass planet orbits  
a young brown dwarf.

AMBER is offered with two and three 
UTs, thereby marking the coming of age 
of the VLTI.

865 proposals are received in answer to 
the call for proposals for observing  
time in Period 76. This is a new record for 
ESO.

A Preliminary Design Review of the ALMA 
tunable filter bank is held in Bordeaux, 
France.

ESO’s presence was 
manifest at the Futuro 
Remoto exhibition in 
Naples, Italy.

Right: The announce-
ment of the ‘Catch  
a Star!’ 2004 prize win-
ners during the EAAE 
meeting.

Left: The colossal cos-
mic eye, the spiral gal-
axy NGC 1350 (FORS/
VLT).
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EIROforum’s paper on science policy, 
“Towards a Europe of Knowledge and 
Innovation”, is presented in Brussels  
in presence of European Commissioner 
for Science and Research, Mr. Janez 
Potočnik and the President of the EU 
Competitiveness Council, the Luxem-
bourg Minister for Culture, Higher Edu-
cation, Employment and Research,  
Mr. François Biltgen.

The VLT passes an impressive milestone 
with the publication of the 1000th peer-
reviewed scientific article based on data 
collected with it.

ESO Workshop “The Power of Optical/IR 
Interferometry: Recent Scientific Results 
and Second-Generation VLTI Instrumen-
tation”, ESO Garching.

The Scientific Technical Committee 
meets in Garching.

ALMA Board meeting in Pasadena, USA.

ALMA Management Advisory Committee 
meeting in Pasadena, USA.

Fifteenth anniversary of the Hubble 
Space Telescope launch.

May

Mrs. Maria van der Hoeven, the Dutch 
Minister of Education, Culture and 
Science, visits Paranal and Chajnantor.

A Preliminary Design Review of the  
ALMA Front End Water Vapour Radiom-
eter is held.

A workshop takes place at ESO Garching 
on the ‘Universe Awareness’ international 
education programme.

The Finance Committee meets in 
Garching.

ESO’s Director General, Catherine 
Cesarsky, is elected Foreign Member of 
the British Royal Society and of the  
Royal Swedish Academy of Sciences.

ESO exhibition at Chalmers, Sweden,  
in connection with the 16th International 
Symposium on Space Terahertz Tech-
nologies.

June

The Visitor Instrument ULTRACAM is 
commissioned on the VLT. ULTRACAM is 
an ultra fast camera that can take up  
to 500 pictures a second in three differ-
ent colours simultaneously.

In a ceremony held in Washington, D.C. 
(USA), ESO receives the prestigious 
Computerworld Honors Program 21st 
Century Achievement Award in the 
science category for its visionary use of 
information technology.

Preliminary Design Review of the ALMA 
Band 4 and 5, in Japan.

A EURO-VO workshop is held at ESO 
Headquarters on Virtual Observatories. 

ESO/ESA/PPARC Conference on “Com-
municating Astronomy to the Public II”, 
ESO Garching.

The ESO Council meets in Helsinki, 
Finland.

ALMA Board meeting in The Hague,  
The Netherlands.

European ALMA Board, Garching.

Observing Programmes Committee 
meeting in Garching.

ESO is present at EXPONOR in Antofa-
gasta, the most important industrial con-
vention in northern Chile, and receives 
the award for the best exhibition at this 
event.

ESO is present at the European Research 
and Innovation Salon, Paris, France.

July

The Deep Impact spacecraft hits Comet 
Tempel 1. All ESO telescopes study the 
comet for almost a week thereafter. A 
major media event is held at ESO and the 
ESO web site receives 100 000 visitors 
and nearly five million hits during this pe-
riod.

APEX, the Atacama Pathfinder Experi-
ment, a 12-m modified ALMA prototype 
antenna, is successfully commissioned.
 
ALMA system requirements review, 
Charlottesville, USA.

Mrs. Maria van der 
Hoeven, the Dutch 
Minister of Education, 
Culture and Science, 
visited Paranal.
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JENAM “Distant Worlds”, Liège, Belgium. 
ESO is also present with an exhibition 
stand. 

“Relativity, Matter and Cosmology”, an 
ESO/ESA/CERN Conference is held in 
Berne, Switzerland, as part of the Euro-
pean Physical Society 13th Tri-annual 
meeting “Beyond Einstein – Physics for 
the 21st Century”. An ‘Open Day’ in-
cludes a public video conference with 
Paranal.

ESO Workshop, Garching: “Multiple Stars 
across the H-R Diagram”.

August

NACO on the VLT allows astronomers to 
discover the first triple asteroid.

Auxiliary Telescope No. 3 (AT3) arrives at 
Paranal.

MPA/ESO/MPE/USM Joint Astronomy 
Conference about “Open Questions  
in Cosmology: the First Billion Years”, at 
ESO Garching.

September

The farthest known gamma-ray burst is 
found with the help of the VLT.

The sub-millimetre APEX telescope is 
officially inaugurated at Chajnantor. 

A delegation of Polish politicians visits 
ESO Garching.
 
The EU Young Scientists Contest Award 
Ceremony takes place in Moscow, 
Russia. ESO sponsors a main prize.
 
Extraordinary ESO Council Meeting, in 
Brussels.

European Science Advisory Committee 
and European ALMA Board, Garching.

October

The first optical afterglow of a short 
gamma-ray burst is observed from  
La Silla, helping resolve a 30-year-long 
puzzle.

MIDI is offered with the Auxiliary Tele-
scopes on five different baselines. 

In answer to the call for proposals  
for observing time for Period 77, 850 
proposals are received. 

EIROforum organises a Mini-hearing on 
European Science Policy at the European 
Parliament, Brussels.

The Danish Minister for Education,  
Mr. Bertel Haarder, visits ESO Santiago.

An extraordinary Finance Committee 
meeting is held.

An independent international Cost 
Review of the ALMA project is held in 
Garmisch-Partenkirchen, Germany.

ESO Garching opens its door to the 
public. More than 2 500 people visit the 
Headquarters.

Members of the PPARC Council pay a 
visit to the ESO Headquarters.

The ESO/EAAE Catch a Star! competition 
for European students is launched for the 
fourth year. 

The ESO/Euro3D Workshop, “Science 
Perspectives for 3D Spectroscopy”, is 
held at ESO Garching.

A one day workshop in honour of the 
scientific legacy of Alvio Renzini, former 
VLT Programme Scientist who retired 
from ESO, takes place.

Press Conference with ESO’s Director 
General and Czech scientists at the 
Czech Academy of Sciences, during the 
Czech Science Week. ESO is present 
with an exhibition.

Scientific Technical Committee meeting in 
Garching.

Members of the  
PPARC Council visited 
ESO Garching.
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The ALMA Science Advisory Committee 
meets in Santiago, Chile.

European ALMA Board, Garching.

November

First Light of Auxiliary Telescope 3 is 
achieved.

The OWL 100-m Telescope Concept 
international review takes place.

The EIROforum Science on Stage inter-
national festival brings together at  
CERN around 500 science educators 
from 29 European countries.

ALMA Board meeting in Santiago, Chile.

The Finance Committee holds its 112th 
meeting in Garching.

ALMA Software System Requirements 
meeting, Charlottesville, USA.

The international astrophysics conference 
“Relativistic Astrophysics and Cosmol-
ogy – Einstein’s Legacy”, co-organised by 
ESO, is held in Munich.

ESO/MPA Workshop in Tegernsee, 
Germany, on “Carbon-Rich Ultra Metal-
Poor Stars in the Galactic Halo”.

An international conference “Communi-
cating European Research” is organised 
in Brussels. It attracts more than 2 000 
participants. ESO is present as part of 
EIROforum, with a major exhibition and 
two dedicated sessions, one on Science 
Education issues, the other for press 
officers.

The Observing Programmes Committee 
meets in Garching.

Extraordinary Scientific Technical Com-
mittee meeting in Garching.

December

ESO signs a contract with a European 
consortium for the supply of 25 anten-
nas for ALMA. It is the largest contract 
ever signed in ground-based astronomy 
in Europe.

ESO awards a contract to Scheuerle 
Fahrzeugfabrik GmbH, a world-leader in 
the design and production of custom-
built heavy-duty transporters, for the pro-
vision of two antenna transporting vehi-
cles.  

The ESO Council meets in Garching, and 
adopts a resolution on the accession of 
Spain to ESO as the 12th Member State 
from 1 July 2006.

ALMA Antenna kick-off meeting takes 
place in Paris, France.

The Latin American Astronomy Summer 
School, organised by ESO and the 
Sociedad Chilena de Astronomía, takes 
place in Santiago. 

ESO Workshop on “Groups of galaxies in 
the nearby Universe”, held in Santiago.

ESO releases its 2006 Calendar.

Signature of the ALMA 
antenna contract at ESO 
in Garching.

Participants demon-
strate the magic  
of chemistry during  
the Science on Stage 
festival.

Right: The Open House 
Day at ESO’s Head-
quarters was very suc-
cessfull, also among 
children.
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Publications in refereed journals based on ESO data

Publications

Abraham, Z.; Falceta-Gonçalves, D.; Dominici, T. P.;  
	� Nyman, L.-Å.; Durouchoux, P.; McAuliffe, F.; 

Caproni, A.; Jatenco-Pereira, V.; Millimeter-wave 
emission during the 2003 low excitation phase of 
h Carinae; A&A 437, 977–981

Abraham, Z.; Falceta-Gonçalves, D.; Dominici, T.;  
	� Caproni, A.; Jatenco-Pereira, V.; Wind-wind 

collision in the h Carinae binary system – II. 
Constraints to the binary orbital parameters from 
radio emission near periastron passage; MNRAS 
364, 922–928

Acke, B.; van den Ancker, M. E.; Dullemond, C. P.;  
	� [O i] 6300 Å emission in Herbig Ae/Be systems: 

Signature of Keplerian rotation; A&A 436,  
209–230

Adami, C.; Mazure, A.; Ilbert, O.; Cappi, A.; Bottini,  
	� D.; Garilli, B.; Le Brun, V.; Le Fèvre, O.; Maccagni, 

D.; Picat, J. P.; Scaramella, R.; Scodeggio, M.; 
Tresse, L.; Vettolani, G.; Zanichelli, A.; Arnaboldi, 
M.; Arnouts, S.; Bardelli, S.; Bolzonella, M.; 
Charlot, S.; Ciliegi, P.; Contini, T.; Covone, G.; 
Foucaud, S.; Franzetti, P.; Gavignaud, I.; Guzzo, 
L.; Iovino, A.; Lauger, S.; McCracken, H. J.; 
Marano, B.; Marinoni, C.; Meneux, B.; Merighi, R.; 
Paltani, S.; Pellò, R.; Pollo, A.; Pozzetti, L.; 
Radovich, M.; Zamorani, G.; Zucca, E.; Bondi, M.; 
Bongiorno, A.; Busarello, G.; Gregorini, L.; 
Mathez, G.; Mellier, Y.; Merluzzi, P.; Ripepi, V.; 
Rizzo, D.; The Vimos VLT deep survey: compact 
structures in the CDFS; A&A 443, 805–818

Aerts, C.; Kolenberg, K.; HD 121190: A cool multi- 
	� periodic slowly pulsating B star with moderate 

rotation; A&A 431, 615–622
Afonso, J.; Georgakakis, A.; Almeida, C.; Hopkins,  
	� A. M.; Cram, L. E.; Mobasher, B.; Sullivan, M.;  

The Phoenix Deep Survey: Spectroscopic 
Catalog; ApJ 624, 135–154

Agafonova, I. I.; Centurión, M.; Levshakov, S. A.;  
	� Molaro, P.; Spectral energy distribution of the 

metagalactic ionizing radiation field from QSO 
absorption spectra; A&A 441, 9–21

Aguerri, J. A. L.; Gerhard, O. E.; Arnaboldi, M.;  
	� Napolitano, N. R.; Castro-Rodriguez, N.; Freeman, 

K. C.; Intracluster Stars in the Virgo Cluster Core; 
AJ 129, 2585–2596

Akerman, C. J.; Ellison, S. L.; Pettini, M.; Steidel,  
	� C. C.; Zn and Cr abundances in damped Lyman 

alpha systems from the CORALS survey;  
A&A 440, 499–509

Akiyama, M.; Host Galaxies of High-Redshift Active  
	� Galactic Nuclei in the Great Observatories Origins 

Deep Surveys Fields; ApJ 629, 72–87
Alves-Brito, A.; Barbuy, B.; Ortolani, S.; Momany, Y.;  
	� Hill, V.; Zoccali, M.; Renzini, A.; Minniti, D.; 

Pasquini, L.; Bica, E.; Rich, R. M.; VLT-UVES 
analysis of 5 giants in 47 Tucanae; A&A 435,  
657–667

Andreon, S.; Punzi, G.; Grado, A.; Rigorous lumi- 
	� nosity function determination in the presence  

of a background: theory and application to two 
intermediate redshift clusters; MNRAS 360,  
727–736

Andreon, S.; Valtchanov, I.; Jones, L. R.; Altieri, B.;  
	� Bremer, M.; Willis, J.; Pierre, M.; Quintana, H.; 

Batch discovery of nine z ~ 1 clusters using X-ray 
and K or R, z; images; MNRAS 359, 1250–1260

Antoniucci, S.; Paresce, F.; Wittkowski, M.; VINCI- 
	� VLTI measurements of HR 4049: The physical size 

of the circumbinary envelope; A&A 429, L1–L4
Apai, D.; Linz, H.; Henning, T.; Stecklum, B.; Infrared  
	� portrait of the nearby massive star-forming region 

IRAS 09002-4732; A&A 434, 987–1003

Appenzeller, I.; Bertout, C.; Stahl, O.; Edge-on  
	 T Tauri stars; A&A 434, 1005–1019
Appenzeller, I.; Stahl, O.; Tapken, C.; Mehlert, D.;  
	� Noll, S.; SDSS J1553+0056: A BALQSO 

mimicking a Lyman-break galaxy; A&A 435,  
465–469

Araya, E.; Hofner, P.; Kurtz, S.; Bronfman, L.; DeDeo,  
	� S.; CH3CN Observations toward Southern 

Massive Star-forming Regions; ApJS 157,  
279–301

Arnouts, S.; Schiminovich, D.; Ilbert, O.; Tresse, L.;  
	� Milliard, B.; Treyer, M.; Bardelli, S.; Budavari, T.; 

Wyder, T. K.; Zucca, E.; Le Fèvre, O.; Martin, D. 
C.; Vettolani, G.; Adami, C.; Arnaboldi, M.; Barlow, 
T.; Bianchi, L.; Bolzonella, M.; Bottini, D.; Byun,  
Y.-I.; Cappi, A.; Charlot, S.; Contini, T.; Donas, J.; 
Forster, K.; Foucaud, S.; Franzetti, P.; Friedman, P. 
G.; Garilli, B.; Gavignaud, I.; Guzzo, L.; Heckman, 
T. M.; Hoopes, C.; Iovino, A.; Jelinsky, P.; Le Brun, 
V.; Lee, Y.-W.; Maccagni, D.; Madore, B. F.; 
Malina, R.; Marano, B.; Marinoni, C.; McCracken, 
H. J.; Mazure, A.; Meneux, B.; Merighi, R.; 
Morrissey, P.; Neff, S.; Paltani, S.; Pellò, R.; Picat, 
J. P.; Pollo, A.; Pozzetti, L.; Radovich, M.; Rich,  
R. M.; Scaramella, R.; Scodeggio, M.; Seibert, M.; 
Siegmund, O.; Small, T.; Szalay, A. S.; Welsh, B.; 
Xu, C. K.; Zamorani, G.; Zanichelli, A.; The GALEX 
VIMOS-VLT Deep Survey Measurement of the 
Evolution of the 1500 Å Luminosity Function;  
ApJ 619, L43–L46

Ashwell, J. F.; Jeffries, R. D.; Smalley, B.; Deliyannis,  
	� C. P.; Steinhauer, Aaron; King, J. R.; Beryllium 

enhancement as evidence for accretion in a 
lithium-rich F dwarf; MNRAS 363, L81–L85

Aufdenberg, J. P.; Ludwig, H.-G.; Kervella, P.; On the  
	� Limb Darkening, Spectral Energy Distribution,  

and Temperature Structure of Procyon; ApJ 633,  
424–439

Babusiaux, C.; Gilmore, G.; Irwin, M.; A near-infra- 
	� red and optical photometric study of the Sculptor 

dwarf spheroidal galaxy: implications for  
the metallicity spread; MNRAS 359, 985–992

Baldacci, L.; Rizzi, L.; Clementini, G.; Held, E. V.;  
	� Variable stars in the dwarf irregular galaxy  

NGC 6822: The photometric catalogue; A&A 431, 
1189–1201

Bamford, S. P.; Milvang-Jensen, B.; Aragón- 
	� Salamanca, A.; Simard, L.; The Tully-Fisher 

relation of distant cluster galaxies; MNRAS 361, 
109–127

Bandyopadhyay, R. M.; Miller-Jones, J. C. A.;  
	� Blundell, K. M.; Bauer, F. E.; Podsiadlowski, Ph.; 

Gosling, A. J.; Wang, Q. D.; Pfahl, E.; Rappaport, 
S.; An infrared imaging survey of the faint Chandra 
sources near the Galactic Centre; MNRAS 364, 
1195–1202

Barbuy, B.; Spite, M.; Spite, F.; Hill, V.; Cayrel, R.;  
	� Plez, B.; Petitjean, P.; New analysis of the two 

carbon-rich stars CS 22948-27 and CS 29497-34: 
Binarity and neutron capture elements; A&A 429, 
1031–1042

Barklem, P. S.; Christlieb, N.; Beers, T. C.; Hill, V.;  
	� Bessell, M. S.; Holmberg, J.; Marsteller, B.; Rossi, 

S.; Zickgraf, F.-J.; Reimers, D.; The Hamburg/ESO 
R-process enhanced star survey (HERES). II. 
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Glossary of Acronyms

ACS 	 Advanced Camera for Surveys (HST)
ACS 	 ALMA Common Software
ADP 	 Advanced Data Products (VOS)
AEM 	� Alcatel Alenia Space France, Alcatel 

Alenia Space Italy, European Indus-
trial Engineering s.r.L., MT 
Aerospace Consortium (ALMA)

ALMA 	 Atacama Large Millimeter Array
AMBER 	� Astronomical Multi-BEam combineR 

(VLTI Instrument)
AO 	 Adaptive Optics
AOF 	 Adaptive Optics Facility
AOS 	 Array Operations Site
APEX 	 Atacama Pathfinder Experiment
ASAC 	 ALMA Science Advisory Committee
ASI 	� Italian Space Agency (Agenzia 

Spaziale Italiana)
AT 	 Auxiliary Telescope for the VLTI
AVO 	 Astrophysical Virtual Observatory
BMBF 	� German Federal Ministry for Educa-

tion and Research
BOBCAT	� Near-IR spectro-imager using bulk 

optics
CES	 Coudé Echelle Spectrometer (3.6-m)
CI	 corporate identity
CMMS	� computerised maintenance manage-

ment system
CNRS	� Centre National de la Recherche 

Scientifique (France)
CRIRES	� Cryogenic InfraRed Echelle Spectro-

meter (VLT)
CSIC	� Spanish National Research Council 

(Consejo Superior de Investigaciones 
Científicas) 

darkCAM	 dark energy camera for VISTA
DCA	 EURO-VO Data Centre Alliance
EAAE	� European Association for Astronomy 

Education
EFOSC	� ESO Faint Object Spectrograph and 

Camera (3.6-m)
EIS	� ESO Imaging Survey
ELT	 Extremely Large Telescope
EMC	 Electromagnetic Compatibility
EMMI	 ESO Multi-Mode Instrument (NTT)
ERA-net	 European Research Area Network
ESA	 European Space Agency
ESAC	� European Science Advisory Com-

mittee (for ALMA)
ESFRI	� European Strategy Forum for 

Research Infrastructures
ESTI	� EIROforum European Science 

Education Initiative
EURO-VO	� European Virtual Observatory 
FE	 Front End
FEIC	 Front End Integration Centres
FEROS	� Fibre-fed, Extended Range, Échelle 

Spectrograph (2.2-m)
FINITO	� Fringe Tracking Instrument Nice 

Torino (VLTI)
FLAMES	� Fibre Large Array Multi Element 

Spectrograph (VLT)
FORS	� FOcal Reducer/low dispersion 

Spectrograph
FP	 Framework Programme
FP-6	 Sixth Framework Programme
FP-7	 Seventh Framework Programme
GENIE	� Ground based European Nulling 

Interferometer Experiment (VLTI)
GRAVITY	� AO assisted, two-object, multiple-

beam-combiner (VLTI)
GRB	 Gamma-ray burst
HARPS	� High Accuracy Radial Velocity 

Planetary Searcher (3.6-m)

HAWK-I	� High Acuity Wide field K-band 
Imager (VLT)

HLA	 Hubble Legacy Archive
HST	 Hubble Space Telescope
IAU	 International Astronomical Union
ICD	 Interface Control Document
IEM	� Instituto de Estructura de la Materia 

(Madrid, Spain)
INAF	 Istituto Nazionale di Astrofisica (Italy)
INSU	� Institut National des Sciences de 

l’Univers (France)
INTA	� Instituto Nacional de Tecnica Aero-

espacial (Spain)
IPT	 Integrated Project Team (ALMA)
IR	 infrared
IRAM	� Institut de Radioastronomie Milli-

métrique (France)
ISAAC	� Infrared Spectrometer And Array 

Camera (VLT)
IT	 Information Technology
ITF	 Interferometry Task Force
ITRE	� European Parliament’s Committee 

on Industry, Research and Energy
IVOA	� International Virtual Observatory 

Alliance
JBO	 Jodrell Bank Observatory (UK)
KMOS	 �K-band multi-object spectrograph 

(VLT)
LERMA	� Laboratoire d’Étude du Rayonne-

ment et de la Matière en Astrophy-
sique (France)

LP	 Large Programme
LTP	 Long Term Perspectives
MACAO	� Multi-Application Curvature Adaptive 

Optics (VLT/VLTI)
MAD	� Multi-Conjugate Adaptive Optics 

Demonstrator
MATISSE	� Multi AperTure mid-Infrared 

SpectroScopic Experiment (VLTI)
MEC	� Minsitry of Education and Science 

(Ministerio de Educación y Ciencia, 
Spain)

MIDI	 VLTI Instrument
MPE	� Max Planck Institute for Extraterres-

trial Physics (Germany)
MPIfR	� Max Planck Institute for Radio-

astronomy (Germany) 
MRIP	 Medium Range Implementation Plan
MUSE	� Multi Unit Spectroscopic Explorer 

(VLT)
MVM	 Image processing library
NACO	 NAOS-CONICA (VLT)
NAOJ	� National Astronomical Observatory 

of Japan 
NAOS	� Nasmyth Adaptive Optics System 

(VLT)
NASA	� National Air and Space Administra-

tion (US)
NGC	� New General detector Controller
NICMOS	� Near Infrared Camera and  

Multi-Object Spectrograph (HST)
NOTSA	� Nordic Optical Telescope Scientific 

Association
NOVA	� Dutch Research School for Astron-

omy (Nederlandse Onderzoekschool 
voor Astronomie)

NTT	 New Technology Telescope
OmegaCAM	 Optical Camera for the VST
OPC	 Observing Programmes Committee
OPTICON	� Optical Infrared Coordination 

Network for Astronomy
OSF	 Operations Support Facility (ALMA)
OSO	 Onsala Space Observatory
OWL	 OverWhelmingly Large Telescope
PAD	 Public Affairs Department
PARSEC	 Sodium line laser for VLT AO
PDM	 Product Data Management
PI	 Principal Investigator
PPARC	� Particle Physics and Astronomy 

Research Council (UK)
PRIMA	� Phase-Referenced Imaging and 

Micro-arcsecond Astrometry facility 
(VLTI)

PSP	 Public Survey Panel
R&D	 research and development
RADIONET	 Radio Astronomy Network in Europe
RDS	� Rat Deutscher Sternwarten 

(Germany)
SAO	 Science Archive Operation
SEI	 System Engineering and Integration
SINFONI	� Spectrograph for INtegral Field 

Observations in the Near Infrared
SOCHIAS	 Chilean Astronomical Society
SOFI	 SOn oF Isaac (NTT)
SSWG	� Scientific Strategy Planning Working 

Group
STC	 Scientific Technical Committee
ST-ECF	� Space Telescope European 

Coordination Facility
STIS	 Slit spectrograph (HST)
STScI	� Space Telescope Science Institute 

(USA)
SUSI	 SUperb Seeing Imager (NTT)
TB	 Terabytes
TFB	 Turnable Filter Bank
TIMMI	� Thermal Infrared MultiMode 

Instrument (3.6-m)
ToO	 Target of Opportunity
UC	 Users’ Committee
UKIDSS	 UKIRT Infrared Deep Sky Survey
UKIRT	 UK Infrared Telescope
ULTRACAM	 ultra-fast, triple-beam CCD camera
UT1–4	� VLT Unit Telescope 1–4: Antu, 

Kueyen, Melipal and Yepun
UVES	� UV-Visual Echelle Spectrograph 

(VLT)
VCM	 Variable Curvature Mirrors
VIMOS	� VIsible MultiObject Spectrograph 

(VLT)
VIRCAM	 VISTA IR Camera
VISA	 VLTI Sub-Array
VISIR	� VLT Mid-Infrared Imager Spec-

trometer
VISTA	� Visible and Infrared Survey 

Telescope for Astronomy
VITRUV	� Near-IR spectro-imager using fibre 

(VLTI)
VLT	 Very Large Telescope
VLTI	 Very Large Telescope Interferometer
VO	 Virtual Observatory
VOFC	 EURO-VO Facility Centre
VOS	 Virtual Observatory System
VOTC	 EURO-VO Technology Centre
VST	 VLT Survey Telescope
VVDS	 VIMOS VLT Deep Survey
WFCAM	 Wide-Field Camera (UKIDSS)
WFI	 Wide Field Imager (2.2-m)
X-Shooter	� Wideband UV-IR single target 

spectrograph (VLT)
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La Serena Office
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La Serena
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Guest House
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Las Condes
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Chile
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Antofagasta Office
Avenida Balmaceda 2536
Office 504
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ESO is a partner in the international 
ALMA project

ALMA Office San Pedro de Atacama
Kilómetro 121 CH 23
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Chile
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ALMA Office Santiago
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DVD (Mac/PC)

The ESO Annual Report 2005 DVD 
contains:

–	� All the ESO Press Releases and Press 
Photos published in 2005.

–	� Some press clippings, illustrating  
the presence of ESO in the media.

–	� The four Messenger issues of 2005. 
The ESO Messenger is the in-house 
magazine presenting all the latest news 
about the telescopes and instruments 
at ESO as well as the exciting science 
the ESO user community performs.

–	� The list of all publications based on 
ESO telescopes in 2005.

–	� Four videos in Quicktime format: an 
ALMA trailer, a movie about APEX, a 
news reel about the arrival of the 
second Auxiliary Telescope of the Very 
Large Telescope Interferometer at 
Paranal, and several of the computer 
animations produced in connection 
with ESO press releases.

–	� A gallery of photos, with access to 
high-quality images.

To access all these features, view the 
index.html file in your favourite browser.

Back cover photo: The sky above Paranal with some 
of the docking stations for the Auxiliary Telescopes 
of the Very Large Telescope Interferometer in the 
foreground. A ‘shooting star’ was also captured in 
this image (top right).
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