Claus Madsen

7S +
5() B
19853013 Lt

$WILEY-VCH







The Jewel on the Mountaintop

Fifty Years of the European Southern Observatory

Claus Madsen






Acknowledgement:

As artitle, The Jewel on the Mountaintop is derived from a speech by
Swiss Ambassador Jean-Pierre Keusch at the inauguration of the 3.5-metre
New Technology Telescope (NTT) on 6 February 1990. The NTT was,
in many ways, a precursor to the Very Large Telescope, which — staying

with the metaphor — constitutes the true jewel on the mountaintop.

Cover Photo:
Dawn at Paranal — the first rays of the Sun ave reflected by the
telescope enclosures at Pavanal. (Photo: Gerd Hiidepohl)






ADRIAAN BLAAUW

In Memoriam






Table of Contents

Author’s Preface

Prologue
The Hinge: The VLT
Part I: Catching Up
Chapter I-1 - The Oldest Science
Chapter I-2 - Returning from the Abyss
Chapter I-3 - A Dramatic Twist
Chapter I-4 - In the Most Remote Place God Could Find
Chapter I-5 - ESO — Quo Vadis?

Chapter I-6 -
Chapter I-7 -
Chapter I-8 -
Chapter I-9 -
Chapter I-10

Towards the 3.6-metre Telescope

Sky Mapper

Of Heaven and Hell, the Vatican and the Mission
The Changing of the Guard

- Garching United

Part II: Years of Experimentation

Chapter I1-1

- Upping the Ante
Chapter I1-2 -
Chapter II-3 -
Chapter II-4 -
Chapter II-5 -
Chapter II-6 -
Chapter I1-7 -
Chapter II-8 -
Chapter I1-9 -

Inventinga Game Changer

EMMI, SUSI, SOFI and the other Darlings
Hubble at ESO

History in Passing

An Annus Mirabilis

Decision Day

A Mountain in the Middle of Nowhere
NTT First Light

Part III: The Breakthrough

Chapter ITI-1 -

Chapter I11-2

Chapter I11-3 -
Chapter I11-4 -
Chapter III-5 -
Chapter I11-6 -
Chapter I11-7 -
Chapter III-8 -
Chapter IT1-9 -

Back to the Drawing Board
- Aux Instruments, Chercheurs!
Breaking the Seeing Barrier
From double-sight to supersight: Interferometry
The Return of the Dalton Brothers
Bang for the Buck
Paradigm Revisited
Upgrading, De-scoping

Clouds on the Horizon

Chapter ITI-10 - At the Brink

Chapter ITI-11 - Tranquillity in Chile, Icy Winds in Europe
Chapter ITI-12 - Tuninga Formidable Science Machine
Chapter ITI-13 - The Countdown

Chapter I1I-14 - Clear Skies, at Last

Chapter ITI-15 - First Fringes of the Phoenix

Chapter I11-16 -

Part IV: Towards New Horizons

Chapter I'V-1
Chapter IV-2
Chapter IV-3

- ALMA
- Into New Territory
- Buds at Paranal

Not just a Telescope, an Observatory; Not just an Observatory, a Home

15

15

19
21
25
35
43
53
59
75
85
93
99

107
109
119
125
137
147
155
171
177
187

199
201
215
231
243
251
265
271
279
289
295
305
317
327
337
351
361

367
369
393
401



Chapter IV-4 -
Chapter IV-5 -
Chapter IV-6 -
Chapter IV-7 -
Chapter I'V-8 -
Chapter IV-9 -

Of Eponymous Birds and Euros

The VLT in Retrospect

A Love Affair

A Growing Organisation

The Surge

Born in Europe, at Home in the World

Chapter IV-10 - A Window to the Public

Epilogue
References

Appendices

Appendix 1 - Important Milestones
Important milestones during the period covered in Part I

Important milestones during the period covered in Part II

Important milestones during the period covered in Part III

Important milestones during the period covered in Part IV
Appendix 2 - List of ESO Council Presidents and Directors General
Appendix 3 - List of Interviewees
Appendix 4 - List of Acronyms
Appendix 5 - Index of Names
Appendix 6 - Subject Index

411
427
445
451
457
487
501

513

517

527
529
529
531
532
533
535
537
538
543
550



Author’s Preface

n early 1988, my supervisor at ESO, Richard West, called me to his office, where

I met with Adriaan Blaauw, who had served as ESO’s second Director General,
succeeding Otto Heckmann. Richard explained that Adriaan had begun to work
on a series of articles about the early years of the organisation at the suggestion
of ESO’s then Director General Harry van der Laan. These articles had originally
been intended for The ESO Messenger, but had soon turned into a book project,
and Richard asked me to assist Adriaan in particular with pictures. Richard had
served under Adriaan and it was clear that great respect and mutual sympathy existed
between the two. Richard wanted to extend all the help he could to Adriaan in his
new undertaking. During the months to come I did my best to help, but the task
soon changed from one simple job among many to a deeply fascinating assignment
that enabled me to obtain a deeper insight into ESO’s history as told not just by an
insider, but by someone of the impeccable academic and human stature that has
always characterised Adriaan. It was an intellectual feast that I have never forgotten.

I had joined ESO only eight years earlier as a member of what was then called the
ESO Sky Atlas Laboratory. The main task of the laboratory was to produce the
ESO Survey of the southern skies, based on large photographic glass plates obtained
with the ESO 1-metre Schmidt telescope at the La Silla Observatory and later also,
together with the UK’s Science Research Council (SRC), the ESO/SRC Deep Sur-
veys, a task that also involved the UK Schmidt Telescope at Siding Spring in New
South Wales, Australia. All in all, the task of the laboratory took more than 20 years
to complete. My own task was peripheral to the main job, but it included developing
techniques to enhance the exploitation of the tremendous scientific treasures that
were contained in these glass plates. Furthermore, I had become interested in, and
made a bit of a name for myself in, wide-field imaging techniques and their applica-
tion to astronomy. But when Adriaan began his book project my professional path
had taken a twist. In 1986, ESO established an information service and Richard,
who had been in charge of the laboratory, was appointed head of this new service.
He asked me whether I would like to follow him into this new endeavour, and this
enabled me to pursue another interest of mine, the public awareness of science and,
more generally, the interaction between science and society, topics that were to deter-
mine my continued career for the decades to come.
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THE JEWEL ON THE MOUNTAINTOP

Adriaan’s book was published in 1991. Although it was a history tracing the earli-
est years of ESO, it appeared to me as almost eerily timely, for at the time ESO was
passing through a rough patch as we struggled with the challenges of the recently
approved Very Large Telescope (VLT) project. His precise description of the diffi-
culties in the 1950s and 1960s provided both food for thought and a good under-
standing of the challenges ahead — but also of the ingenuity, tenacity and immense
dedication displayed by everyone who had been associated with the great adventure
that we now label rather summarily ESO. This is perhaps the most important les-
son learnt from what we now call an adventure and the “five-star success” (Flensted
Jensen, 2002) that has enabled the strong comeback of European astronomy: success
does not come by itself. Rather it is the result of a mechanism that can foster, absorb
and bring to fruition great ideas, wherever they may be. Many battles were fought,
many mountains climbed (also literally), many hurdles overcome — some which are
widely known, others which will remain known to only a few. Some which deserve
scrutiny because lessons can be learnt from them, others that deserve little more than
to disappear in the mist of forgotten times.

Meanwhile, many years have passed. In December 2009, ESO’s Director General,
Tim de Zeeuw asked me if I would be interested in writing a new book about ESO’s
fascinating history — focussing on the more recent period that Blaauw for obvious
reasons could not cover. I gladly accepted the offer and the challenge. I have been
privileged to follow ESO’s evolution for more than 30 years, and in connection with
the 40th anniversary actually produced a video about ESO’s history. With this back-
ground, and in preparation for this book, I have carried out extensive interviews with
key actors, both from inside and outside the organisation, trying to obtain a more
comprehensive understanding of ESO’s role and evolution. These interviews and
conversations have been invaluable and I am more than pleased to acknowledge the
many people who have given me their time, and their voices, telling me their version
of the ESO story. A complete list of interviewees is given in Appendix 3.

The interviews have complemented the treasure trove of information found in Zhe
ESO Messenger, the quarterly magazine that has been published since 1974 (and now
amounting to a staggering 10 000 pages), the Annual Reports, minutes of the ESO
Council and Committee meetings and a myriad of other publications from ESO.
Of course, with such rich material, the challenge has been that of selection. It is the
hard job, but also the prerogative of the author, to make the choices. I have done so
knowing that others might have chosen differently.

10
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This book sees ESO’s development as falling into four distinct phases: Catching Up
(1962-1980), Years of Experimentation (1980-1990), The Breakthrough (up until
the VLT’s inauguration and science operations, and also first fringes at the Very
Large Telescope Interferometer [VLTT]), and finally, Towards New Horizons (up
until 2007'), when ESO began to set the research agenda through new and unique
projects. This is a rough division, of course. The reality is that while one can observe
a chronological development — and a logical evolution both of the organisation and
the scientific and societal context in which it has operated — the process was any-
thing but linear or straightforward. Rather, it was an iterative one, and with vari-
ous elements compounding and interacting with each other. In this sense a simple
timeline is an inadequate guide for a full comprehension of ESO in all its dimen-
sions — for science, for the scientists, for technology, for the Member States and for
their citizens. It is therefore hoped that the excursions that I have made from the
exact timeline help the reader, rather than cause confusion. Also, while it is hoped
that members of the astronomical community will read this book with interest, it is
aimed at a wider audience, for the ESO story is not just interesting in its own right.
Itis both a symbol of, and an example for, a period during which Europe struggled to
regain its former position as a continent of science through a process of cooperation
and integration — ultimately within a framework known as the European Research
Area (ERA). Many astronomical ideas and concepts are therefore explained in a way
that makes them accessible to readers with a variety of backgrounds.

In his book, Europe’s Quest for the Universe, Lodewijk Woltjer summarises the main
elements behind the advances in modern ground-based astronomy, to which ESO has
so richly contributed. He writes: “The trio that ... has dominated progress was increased
sensitivity, increased angular resolution and increased wavelength coverage.... To the
above we have to add a fourth: cost reduction.” But there is a fifth element, which is
perhaps the single most important one: the human one. This is therefore also a story
about people — how many individuals from many different cultures and walks of
life came together to contribute to the ESO project; mostly working hand-in-hand,
though sometimes also struggling to find common ground — each thinking and act-
ing within his or her own reference system — yet at the end of the day found con-
structive and forward-looking solutions. This is perhaps the essence of ESO’s suc-
cess: its ability to rally world-class people and top-notch material resources in pursuit

' 'The year 2007 coincides with the departure of ESO’s sixth Director General, Catherine Cesarsky. Although
some important developments that took place after 2007, but which originated earlier, will be mentioned, the
author does not attempt to describe ESO’s history beyond 2007.
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a common and fundamental goal for humankind — to obtain a deeper and better
understanding of the Universe in which we live and of which we are a part.

This is now the time for acknowledgements and thanks. I have already mentioned
my “interview victims”, several of whom provided most valuable comments as the
manuscript progressed. But others have helped. They include my long-time collabora-
tors and friends: Hans Hermann Heyer, who helped me with photographs, Herbert
Zodet provided sound recordings of past interviews, Uta Grothkopf supplied ESO’s
publication statistics and helped me to find many papers and logbooks, Jean-Michel
Bonneau was a competent source as regards ESO budget and finance questions,
Ferdinando Patat and his team provided statistical information about observing
proposals. I must also thank Elisabeth Volk for her invaluable help in (re-)establish-
ing contact with former colleagues, and for many fruitful conversations about ESO’s
long history, and Mafalda Martins, who did the graphical layout of the book. I also
want to thank everyone who provided photos for the book (as indicated in the cap-
tions). Note that images without a specific photo credit are courtesy of ESO. Last,
but certainly not least, I wish to acknowledge the work of and thank the four peo-
ple, who agreed to review the final version of the manuscript: Bob Fosbury, Henrik

Grage, George Miley and Richard West.

This book is dedicated to the memory of Adriaan Blaauw. My last visit to him took
place in July 2010, when I conducted my final interview with him about his long
association with ESO. He also provided most valuable comments on the early draft
manuscript of this book. Even at the age of 96, he was not only able to draw on his
rich memories in a clear and succinct manner, but having visited both ESO Head-
quarters and Paranal Observatory recently, it was also evident that he retained a keen
interest and pride in the further development of the organisation. “My dream now,”
he confided to me, “is zo live to see ESO celebrate its SOth anniversary in 2012.” Sadly,
that wish would not be fulfilled. On 1 December 2010, he passed away.

12
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Despite his great age, Blaauw travelled to Chile to visit Pavanal in February 2010. Here he is seen enjoying
the Paranal sunset together with Tim de Zeeuw, ESO’s current Director General. (Photo: Ueli Weilenman)






Prologue
The Hinge: The VLT

“OK for everybody on the mountain. Thank you very much:
We have the First Light!”

Massimo Tarenghi, Paranal Observatory,
Monday, 25 May 1998, 22:00 hours local time.

had the good fortune to be on Paranal on 25 May 1998, the night of first light for

the first VLT Unit Telescope, Antu. Together with my colleague Herbert Zodet
and a small team from Swiss television, I was supposed to produce a piece for the
international television news, to be distributed by satellite. I vividly remember the
tense atmosphere in the control room as night fell — soon to be transformed into
moments of complete elation once the first exposures had been provisionally exam-
ined. People react very differently in such situations: Jason Spyromilio spontaneously
broke into a beautiful dance of joy. Massimo Tarenghi kept his carefully controlled
composure, but he was clearly happy too. For a split second, he gave away his true
feelings as only an astronomer can: “Ohb-point-five!” he cried triumphantly to Jorg
Eschwey, the site construction manager, referring to the image resolution of 0.5 arc-
seconds. We did a short interview with him in the control room immediately after-
wards, and although he clad his statement in modest words, his deep sense of satis-
faction was plain.

The observing team left the control room for halfan hour or so for a midnight cham-
pagne party, the only time ever that observations were interrupted for reasons other
than adverse weather conditions or technical problems. I stayed behind because I had
promised to give a telephone interview to the early morning programme on German
radio. As I was put through to the studio at WDR, I heard the usual pop song and
a traffic alert concerning jams on the highways in the Cologne area. Then the stu-
dio host announced that he was now connected live to the Paranal Observatory,
where the world’s biggest telescope had just been put to use for the first time. And
then he fired off his question: “So, what did you see...?” The public mass media have
their own dynamics — the VLT had been on its way for more than 20 years, it was
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more than ten years since the project had been formally approved, and thousands of
individuals had been involved in realising this dream — and then there were just a
few seconds to explain the outcome. I honestly don’t recall what I said, but probably
not much more than a minute later, it was over; the next song was played, followed
by the weather forecast for North-Rhine-Westphalia. Showers, I believe.

Massimo Tarenghi (right) talking ro the author at the VLT console shortly after first light, with Herbert
Zodet behind the camera. (Photo: Peter Gray)

We did the news piece for television on our return to Santiago, uploaded it to the sat-
ellite for worldwide distribution the following day and then attended the first light
press conference at ESO’s Santiago Office. I left for Europe in the late evening and, as
usual, the in-flight entertainment included a news programme, and suddenly I found
myself, with some 300 other passengers, watching the VLT first light: happy faces,
Jason’s joyous dance, a view of the planetary nebula NGC 6302 (the Bug Nebula, one
of the first light press pictures), and an excited Rolf Kudritzki, of the Universitits-
Sternwarte Miinchen, praising the first pictures at the Garching press conference.
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The public mass media indeed have their own dynamics — catch a few photons from
outer space, and everybody watches.... For me, it was the end of a string of intensely
hectic days. I closed my eyes.

Before that, for years, we had toured the ESO Member States with exhibitions and
presentations about the VLT. At a technology fair in 1997, a very important repre-
sentative of his government’s ministry for research literally stormed into our stand.
He must have had an awful day. It was late and he had clearly only come because one
of his subordinates had implored him to stop by. He was in an extreme hurry and
exuded an unholy mixture of exhaustion, frustration and stress. He nodded briskly
and went up to a model of the VLT. “So this is the VLT,” he barked, “this [expletive]
thing that is costing us so much money....” In such circumstances, prudence would
normally dictate a cautious reply, but he caught me off guard, and it was the end of
along day for me too. So, instead of seeking refuge in diplomacy, I shot back: “Ifyou
think this is expensive, what are you going to say, when this telescope delivers the first
picture of a planet outside the Solar System?” He looked at me, completely stunned,
and then became very friendly. Nonetheless I felt uncomfortable that night, feeling
that I had committed the unforgivable sin of overselling. Yet only seven years later,
the VLT did exactly that: it delivered the first direct image of an exoplanet.

There are many tales to be told about the VLT and some of them will be mentioned
in this book. The VLT represented the dream of a generation of astronomers and it
marked an impressive comeback for European astronomy after decades of taking sec-
ond place to scientists across the Atlantic. How did ESO achieve this great success
and where would ESO go after this magnificent achievement? What did it mean for
science? What did all of this mean for Europe? And what did it mean for the prover-
bial man in the street, whose tax money had enabled the realisation of this dream?

Searching for these answers, we will embark on a historic journey that began 45 years
before the magical moment of first light, that 25th day of May 1998....






Part I:
Catching Up



Ont aignd:

Frof. 0. Hesksann ﬂm

Hrecteur de 1'Che:rvatoelire de Hambourg

Frof. k. Unadld s
Directeur de 1'Cbservatoire de Kiel Rl ecds™ lewager—

M’Em da #Eﬁnmtum roval de Belgigue ﬁ‘/;-ﬂ_--« .f—-

I &, Couder
Astronome de 1'Cbssrvatoire de Faris

Frof. A. hﬂ“ ||I|"'

Mrectear de 1'Ubservatoire de Faris LE

Prof. R. 0. Redman -
Directeur de 1'Cbasrvatoire de Cambridge ﬂ

Prof. J. H. Jort

Mrecteur de 1'Obsssvatoire de Leyde ,_.-_-}'-ﬁmt"

Frof. P. Th. Oosterhoff
Astronome de 1'Observatoire de Leyde M

Diresteus dv laboratoire Astronoique “Kayteyn T yen YOMA

Prof. 5. Lindblad .1
HHrectour de 1'0bservatoire de stockholm M :
Prof. K. Iundmark

Directeur d¢ 1'0bsarvatoirs de Luand

Prof. K. 3. Malsguist -
Directeur de 1°'Observatoire 4'uUppeala

Signatoriestothe 195+ declaration.




Chapter I-1

The Oldest Science

“The situation in the thirties was largely that Europe —
European astronomers, in a way, left big telescope astronomy

to the Americans.”

Bengt Stromgren!

stronomy has often been described as the oldest of the sciences. It is evident that
most cultures have studied the heavens and that these studies have deeply influ-
enced people’s lives both in practical terms and in their world view.

Without prejudice to other cultures, however, it seems fair to state that for several
centuries, astronomy, as a science, was closely associated with Europe, especially fol-
lowing the Renaissance and the Enlightenment. Copernicus, Tycho and Kepler stand
out as early examples, though still tied to the pre-telescope era. The great break-
through enabled by the invention of the telescope and its use for astronomical obser-
vations by Galileo, initiated an increasingly dynamic evolution of European astron-
omy. The names of Adams, Le Verrier, Halley, Messier, Remer, Lacaille, the Cassinis,
the Herschels, Laplace, Lomonosov, Bode, Piazzi, Struve, Bessel, Fraunhofer, and
many others grace the history of astronomy. Newton stands out by establishing the
mathematical framework that has held for centuries. At the beginning of the 20th
century, scientists such as Hertzsprung, Eddington, Oort and others were expand-
ingour knowledge about the world, but names like Hoyle, Bethe and von Weizsacker
also deserve mention, as they signal the gradual transition of astronomy in the direc-
tion of astrophysics, from a taxonomical and phenomenological description of the
world to a physical understanding of it. The advent of nuclear physics, Einstein’s the-
ories of relativity and the strange world of quantum physics also set their mark on
the science of astronomy as much as they were inspired by it.

! Interview with Bengt Strémgren by Lillian Hoddeson and Gordon Baym, 13 May 1976. (Niels Bohr Library

and Archives, courtesy: The American Institute of Physics).

21



THE JEWEL ON THE MOUNTAINTOP

For astronomers in Europe in the first half of the 20th century, the main focus was
the study of the stellar system known as the Milky Way galaxy, or simply the Gal-
axy, and the individual stars therein. As Adriaan Blaauw expressed it, at the time “zbe
Universe was the Universe filled with the stars....” Their studies ranged from objects
in the Solar System (including asteroids and comets), individual stars (including
double and variable stars) to the shape, structure and kinematics of the Milky Way.
Whilst the attention of observational astronomy in Europe was on our own galaxy,
interest in modern-day cosmology — the study of the large-scale properties of the
Universe as we know it today — received a boost in the US with Edwin P. Hubble’s
1925 paper, based on his observations with the 100-inch Hooker reflector in Cali-
fornia. This paper provided empirical evidence that some of the fuzzy patches in the
sky — nebulae — were stellar systems far away from, and independent of, our gal-
axy. Hubble’s 1929 paper went further and suggested that these systems were inde-
pendent galaxies and moving away from us. This discovery set US astronomy on a
quite different path from that pursued by European astronomers, even though sci-
entists in Europe, such as Alexander Friedman, Georges Lemaitre?, Willem de Sitter,
Arthur Eddington, and Otto Heckmann had undertaken seminal theoretical work
in cosmology, which today forms one of the main areas in astronomical research
worldwide.

Where was astronomy in the mid-1950s? The main focus of many astronomers was
on stellar evolution and on understanding the internal structure of the stars and
their atmospheres, supported by progress in nuclear physics. Stellar spectral classi-
fication was important in determining the ages, masses and temperatures of stars,
greatly helped by theoretical modelling, which in turn was enabled by technological
advances in the field of computing. Astronomers had also developed a fairly good
understanding of the Milky Way system as a whole, with its different stellar pop-
ulations and star formation taking place in the spiral arms. Radio astronomy had
enabled the mapping of neutral hydrogen (HI) in the Milky Way, and there was an
emerging understanding also of how spiral structures form from discs of gas and
dust. So, for stellar astronomy, a coherent if rudimentary and incomplete picture was

2 Two years before Hubble’s famous paper, Lemaitre had publishcd his ideas about the cxpanding Universe —
not dissimilar to those of Hubble’s — in the Annales de la Société scientifique de Bruxelles (Block, 2011). The
philosophical roots of the idea of galaxies as islands in the Universe, however, can be traced back to Immanuel
Kant’s work The General History of Nature and Theory of the Heavens, published in 1755.
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beginning to emerge, although many questions were still open. Many details of star
formation, internal stellar structure, chemical abundances and their relationship to
stellar evolution were all poorly understood, as were late stellar evolutionary stages.
The situation was even less clear when it came to extragalactic astronomy. The dis-
pute about the reality of the Big Bang took centre stage; with proponents, such as
George Gamow, arguing that the Universe was expanding — and thus ever chang-
ing — while opponents, such as Fred Hoyle?, countered that the Universe could exist
within a general steady state, expanding, perhaps, but with new matter being con-
stantly created to replenish it. With time, the Big Bang theory gained widespread
acceptance. Establishing the age of the Universe was a related question, and here too
the ideas were quite rudimentary, with estimates ranging between 10 and 20 billion
years. But, as so often, searching for answers led to new questions. Radio astron-
omy would soon lead to the discovery of mysterious radio sources such as quasars,
which served as probes in the study of the intervening space. The advent of space
flight would soon open up potent windows for observations in previously inaccessi-
ble wavelength domains, such as gamma and X-rays. The combination of ever more
sophisticated observational techniques and a better general theoretical understand-
ing provided for a dynamic development of the discipline in a continuous interplay
between observations, theoretical work and the development of new technologies.
New and powerful telescopes — both in the optical and radio domains — would
play an important role, but in the mid-1950s, all the large telescopes were located in
the northern hemisphere.

While differences existed between astronomy as conducted in Europe and in the
United States of America, by the middle of the 20th century this reflected the hard
reality that the twin scientific communities were confronted by very different cir-
cumstances. Thanks to philanthropy, American astronomers had been able to con-
struct large new telescopes in sites that were favourable to astronomical observations
— under clear skies and on mountaintops far away from cities — beginningin 1918
with the 100-inch Hooker reflector on Mount Wilson and culminating in 1948
with the 200-inch Hale telescope on Mount Palomar in southern California. Euro-
pean astronomers were not so fortunate. It is fruitless to speculate to what extent
this was a result of a different scientific emphasis, but it is clear that the maelstrom
of the world wars and totalitarian ideologies that engulfed Europe had dire conse-
quences for all European science, including astronomy.

3 Fred Hoyle was arguably one of the most pronounced opponents of the Big Bang theory. Ironically, to ridicule
the idea, he was also the man who coined the term.
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But Europe’s relative weakness in the field was a problem for astronomy as a whole.
As Otto Heckmann, ESO’s first Director, wrote in his book Sterne, Kosmos,
Weltmodelle: “American astronomy, based on large instruments, seemed destined to
remain a monologue, even though fruitful science demands dialogue, yes even contro-

versy.” (Heckmann, 1976).
So, in the early 1950s, a group of astronomers undertook an important initiative to
reverse the decline of European astronomy. The vehicle for change and turnaround

was to build new and competitive observational facilities.

In the southern hemisphere.
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Chapter 1-2
Returning from the Abyss

“Ul faut faire ’Europe.”

Charles Fehrenbach!

he initiative by the astronomers, however unique it may have appeared, reflected

the prevailing zeitgeist: a European desire to rise from the ashes of the Second
World War and an understanding that this had to happen within a broader Euro-
pean framework. This understanding was underpinned by the Cold War chill (the
Warsaw Pact being signed in 1954), causing western European countries to move
closer together, Germany’s arduous efforts to re-join the community of civilised,
democratic nations and, of course, by the gigantic economic and social challenges
that faced each of Europe’s nation states at the time. Food rationing in the United
Kingdom, for example, was only lifted in the summer of 1954. In France the Fourth
Republic was entangled in protracted colonial wars and saw no less than eight govern-
ments between 1953 and 1958. At the same time, two social trends gained strength:
the drive towards European cooperation and the notion that science and technology
constituted the key to a better future. Following one of the most horrific and bitter
conflicts in the history of humankind, post-war European cooperation was not built
on love. It was built on a desire to avoid the mistakes of the past that had caused the
conflict. This meant reaching out to former enemies, and it is therefore not surpris-
ing that European integration became a project driven primarily by an intellectual
and visionary elite — in politics, but also in science?. In the political arena, Euro-
pean cooperation was first suggested by Winston Churchill in his famous speech on
19 September 1946 in Zurich, but was given a more concrete form on 9 May 1950
by the French Foreign Minister Robert Schuman, initiating the process that would
later lead to the Treaties of Rome and, ultimately, to the creation of the European
Union. It should be mentioned that post-war cooperation between the countries of

' Quoted in Blaauw, 1991.

2 By contrast, when the International Council of Scientific Unions was created after the First World War, it was
not possible to include scientists from what was then known as the Central Powers, Germany and Austria.
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western Europe was nurtured by the United States of America and science and tech-
nology were fields that presented themselves as fertile ground for cross-border collab-
oration. As the historian of science John Krige has pointed out, the US saw this as
an important element of its “foreign-policy objectives in the European theatre” at the
time (Krige, 2005). So it was a member of the US delegation to the fifth UNESCO
General Conference in June 1950, Nobel Laureate Isidor I. Rabi, who encouraged
European collaboration in nuclear physics. On 1 July 1953, the European Council for
Nuclear Research (Conseil Européen pour la Recherche Nucléaire, CERN) opened a
convention establishing a European Organisation for Nuclear Research for signature,
and thus began a research facility that would evolve to become the world leader in
particle physics. This convention also inspired and paved the way for a series of other
European collaborative projects in science. ESO would become the second such ini-
tiative, with its convention based on that of CERN. Also in ESO’s case, gentle US
encouragement played an important role, both during the initial discussions and later
on, although there is no direct evidence that this was led by wider strategic consid-
erations, as was the case for CERN. Thus, in the spring of 1953, Walter Baade — a
German astronomer who had emigrated before the war and was now working at the
Palomar and Mount Wilson Observatories — visited Leiden®. In discussions with
Jan Oort, then Director of the Leiden Observatory (Sterrewacht Leiden) and argu-
ably one of the most respected European astronomers, the idea of a European obser-
vatory was born — an idea that rapidly caught on. Soon thereafter, in June a group
of astronomers began to consider it, using the opportunity of a conference on Galac-
tic research, held in Groningen*, and by the beginning of 1954 it was given concrete
form, with a formal statement signed in Leiden on 26 January of that year by 12
leading astronomers from Belgium, France, Germany, the Netherlands, Sweden and
the United Kingdom. The main elements of the statement, including the scientific
rationale, would later find their way into the convention: an observatory was to be
established in the southern hemisphere, comprising a large telescope (3-metre class)
and a Schmidt survey telescope (thus imitating the highly successful combination
at Mount Palomar), jointly supported by several European countries. However, the
statement also declared that participation should be restricted to neighbouring coun-
tries (“le nombre des participants a quelque pays voisins formant un groupe restreint”).

Baade had worked at the Hamburger Sternwarte in the 1920s before joining the Palomar and Mount Wilson
Observatories in 1931. In the mid-1930s he had contemplated a return to Europe to assume the directorship of
the Hamburger Sternwarte. Before his migration, Baade had been awarded a one-year Rockefeller fellowship,
sponsored by Harlow Shapley. He was the first German astronomer to be accepted for a fellowship after the
Great War.

International Astronomical Union (IAU) Symposium No. 1.
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Participants at the IAU Conference No. 1 in Vosbergen (Groningen), from left to right: Guillermo Haro,
Bertil Lindblad, Wilhelm Becker, Richard Stoy, Walter Baade, Otto Heckmann, Viadimir Kourganoff,
Joran Ramberg, Jan Hendrik Oort, Lukas Plaut, Carl Schalén, Adriaan Blaanw, William Morgan,
Harold Spencer-Jones, Laura Nassau, Pieter Oosterhoff, Jason Nassau, Priscilla Bok, Pieter van Rhbijn,
Petr Grigorevich Kulikovsky, Boris Vasilevich Kukarkin, Viktor Ambartsumian, Pavel Petrovich
Paranago and Oleg Melnikov. (Courtesy: J. Merkelijn-Katgert Leiden/IAU)

The choice of the southern hemisphere had historical justification and recognised
that the southern skies, being relatively unexplored and at the same time featuring
objects of particular interest, offered rich hunting grounds for Europe’s astrono-
mers. With easy access to the centre of the Milky Way and a unique view of the twin
Magellanic Clouds, the southern skies could provide the stage for the comeback of
European observational astronomy that its astronomers so coveted.

European astronomers had shown interest in southern hemisphere astronomy quite
carly. In 1750, Nicolas Louis de Lacaille observed the southern skies from the Cape
of Good Hope, determining the positions of nearly 10 000 stars. Later, in 1834, John
Herschel set up his observatory at Wynberg in the Western Cape Province, with the
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purpose of extending the catalogues compiled by his father, William Herschel, to
cover objects in the southern skies. John Herschel recorded 2307 nebulae and 2102
double stars, which were added to the General Catalogue of Nebulae and Clus-
ters. By the mid-20th century, astronomers from Belgium, Germany, Ireland, the
Netherlands, Sweden, and the United Kingdom had access to observational facili-
ties in South Africa, as had the Americans (Harvard). Aside from the many inter-
esting objects in the southern skies, in South Africa the astronomers found observa-
tional conditions that were vastly superior to those in Europe, with clear skies and
truly dark sites.

The Leiden Statement was a clear manifestation of the strong desire by Europe’s
astronomers to regain their position at the forefront of astromical research. Within
months, they had transformed a vague idea into a specific project proposal. Possi-
bly intoxicated by the speed of events, they also stated that there was “no task more
urgent” (“il n’y a pas de tiche plus urgente”) than to establish this new observatory®.
Alas, it was to take eight years, before the formal agreement, in the shape of an inter-
governmental agreement, was signed, and no less than 22 years before the large tele-
scope, called for in the statement, would point to the stars for the first time. One of
the important lessons from the creation of ESO is that the key to success lay in the
ability of Europe’s astronomers to undertake concerted actions in pursuit of clearly
defined goals. Followingin the footsteps of particle physicists, astronomers pioneered
formally organised cooperation in science in Europe. It was hardly a coincidence.
Astronomers have a long tradition of cross-border collaboration. It can in fact be
argued that by its very nature few sciences are as amenable to international collab-
oration as astronomy. But pooling resources also meant addressing the rather more
tricky issue of finding the right balance between national projects and joint activi-
ties. This was perhaps more of an issue for the larger countries, and notably for France
and the UK, both of whom at some level might have had the capacity to go it alone.
Tackling this issue was bound to be difficult and to take time, and for a while it led
to rather different decisions in those two countries.

At the same time, the astronomers’ impatience was understandable, for European
astronomy was steadily ceding ground to the US. Discussing the state of European

5 As we shall see later, to avoid losing time, the idea was by and large to copy telescopes in the US rather than to
start independent development projects (Heckmann, ibid.).
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astronomy in 1950s, Gustav Tammann wrote: “There were top achievements [in Eu-
rope], but they came from single individuals. The average situation compared with the
United States was desolate. Every young PhD student, particularly when he was inter-
ested in observations, had only one aim: to find at least a temporary position in the US.”

(Tammann, 1995).

The long wait ahead of Europe’s astronomer was, obviously, not known to them as
they set about to create the basis for their new observatory already towards the end
of the following year — in 1955. Hardly surprisingly, given both the historic and
contemporary links, the Leiden Statement had identified South Africa as the place
to locate the observatory. During the coming years, the efforts focussed on finding
the right location there, while also creating the necessary financial basis and legal
framework for an observatory. In his book about ESO’s early history, Adriaan Blaauw
(Blaauw, 1991) has provided an in-depth account of these efforts and the details
shall not be repeated here. It suffices to mention that having looked at a number of
locations in various parts of the country, interest gradually focussed on two loca-
tions in the Great Karoo semi-desert, which covers a vast area roughly between Port
Elizabeth and Cape Town: Zeckoegat, at 1000 metres elevation, located 80 kilome-
tres south of the town of Beaufort West, and Klawervlei, 35 kilometres northwest
of it, offering three particular sites with elevations between 1490 and 1970 metres.
Site tests were initially carried out with the help of 25-centimetre reflecting tele-
scopes, with visual assessment of the diffraction rings and, using small refractors,
with the help of photoelectric measurements, to determine atmospheric extinction.
Basic meteorological data were recorded as well. Later, measurements of temperature
variations at different elevations above ground were used to better understand local
conditions regarding turbulence and its effect on what astronomers call “seeing”, i.c.
the blurring and twinkling of stellar images caused by atmospheric effects. To assist
the scientists, young people with practical skills were sought. An announcement in
De Verkenner, the Dutch Boy Scouts’ magazine, explained that “during the next two
years, ... simple astronomical observations are to be made at a number of places in South
Africa. Since the observers will have to work and live under fairly primitive conditions,
scouts [are sought] to take these measurements. Leaders or former scouts, who would
like at least four months of adventurous life in South Africa can [obtain] further infor-

mation....” Among the volunteers were two young Dutchmen, Jan Doornenbal and
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Albert Bosker¢. After the South African campaign had ended, both rejoined ESO in
1965. Doornenbal later became Head of the Mechanical Group at La Silla, but left
in 1969, whereas Bosker would serve ESO for 38 years, ending his career as Deputy
Administrator at Paranal. In South Africa, observers worked on a sunset-to-sunrise
work plan for 25 consecutive nights, followed by six days off. As André Muller, a
Dutch astronomer who was to play a key role at ESO during the early years, reported,
“for the participants of the ESO Seeing Expedition 1961 in the Union of South Africa:
With the exception of these five nights, there will be no opportunity for outings, whatso-
ever!” Site testing in remote areas is a tough job, which requires almost superhuman
stamina, dedication and discipline. It involves relatively sophisticated technology,
yet it takes place under the most primitive general conditions and furthermore, in
this case, cost was becoming an issue’.

Photo lefi: André Muller and Paul McSharry at the Flathill observing site. At the end of an observ-
ing period, all the observers met to compare results. Photo right: Albert Bosker and McSharry with a
25-centimetre Danjon seeing telescope. (Photos: Jan Doornenbal)

To boost the ESO undertaking and instil renewed enthusiasm by doing real sci-
ence, Charles Fehrenbach, then director of the Observatoire de Marsceille, proposed
installing a refractor, the so-called Grand Prisme Objectif (GPO) at Zeckoegat. The
GPO was a double astrograph with twin four-metre-long telescope tubes. One was
equipped with a prism and, by rotating the prism between exposures, it was possi-
ble to obtain radial velocities — the velocity with which an object moves along the

¢ Dedicated boy scouts as they were, once in South Africa they started a local Boy Scout Troop, which stood out
by being interracial — unheard of in South Africa at the time, but tolerated locally.

7" At the time costs had to be covered out of national research agency budgets.
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line of sight — with an accuracy of about 5 km/s®. The GPO, which became opera-
tional in 1961, was used thus to measure the radial velocities of stars, a project fully
within mainstream European research of the time. In a sense, the GPO enjoyed the
honour of being the first ESO telescope and, as it turned out, it came close to being
so twice. First in South Africa and later, at ESO’s site in South America where it fol-
lowed hot on the heels of the 1-metre photometric telescope, which, in a provisional
dome, was the first telescope to become operational there. Fehrenbach’s suggestion
was not only motivated by scientific reasons. He also saw this as a move to secure
continued French support for the ESO project, at a time of great uncertainty in that
country’. In an article in 7he ESO Messenger he later summarised the situation:
“During these bad years (1953—-1960), the United Kingdom definitely withdrew from
this project and the French authorities did not feel themselves to be very much involved.
The French delegation was no longer authorised to participate, but the astronomers did
not want to give up the project and they thought of building a French station for study-
ing the Magellanic Clouds, the operation of which would be in the framework of ESO.”
(Fehrenbach, 1981). German astronomers also installed a 40-centimetre telescope at
the Klawerlei site to carry out photometric measurements. It was used both for site
testing and for photometric observations of the Milky Way.

The site tests ceased in early 1963 and they ended with a surprise. As Blaauw put it
in his book, perhaps slightly tongue in cheek: Az the end, bewilderment and consent.”

Meanwhile, in Europe, much effort went into organisational matters. It should
be remembered that ESO did not yet exist as a legal entity and thus all activities
depended on the goodwill of national institutes and agencies. The original cost esti-
mate foresaw a capital outlay of 2.5 million US dollars and an operational budget of
100 000 US dollars per annum. This estimate was soon revised upwards to 3.5 mil-
lion and 135 000 US dollars respectively. By 1959, the expected capital need had

grown to 5 million US dollars. And as site tests were underway, their cost, too, went

It is interesting to compare this number with the performance of the instrumentation in use nowadays. The
HARPS spectrograph at La Silla, for example, provides an accuracy better than 60 cm/s. For spectrographs for
the next generation of telescopes much higher performance is planned.

Prcoccupied with its domestic problcms, the position of France vis-a-vis ESO was unclear for a long time. In his
memoires, Otto Heckmann alludes to discussions among the remaining four countries — Germany, Belgium,
the Netherlands and Sweden as to whether to proceed without French participation. Luckily, it did not become

HCCCSSZ.[Y.



THE JEWEL ON THE MOUNTAINTOP

up. The cost of the final site-testing period of one and a half years had increased
tenfold over the cost of the preceding time period of similar duration. The grow-
ing cost meant that the original thought that ESO could be established as a joint
facility between national organisations was no longer viable. Stronger commitment
was needed and that could only come from the national governments. Blaauw later
described the situation: “Many of the delegates from government side had been peo-
ple who had a leading position in science policy in their own countries, and we have
Jjust been fortunate ... that the people in these important positions of science policy have
been so broad-minded that they said a European effort, also from the government point
of view, is the one that is the thing of the future.” Without prejudice to others who
helped behind the scenes, the names of two civil servants stand out: Henk Bannier
(of the Netherlands), who first argued for an intergovernmental agreement and Gésta
Funke (of Sweden). Both later became presidents of the ESO Council. The conse-
quence was the decision, in 1960, to pursue a solution involving an international con-
vention and the setting up of an intergovernmental organisation. It was fortuitous.
This particular legal framework has proved to be invaluable in ensuring the stability
and long-term strength of the organisation — essential as it embarked on the long
road towards facilitating a recovery for European astronomy. But the group that had
fought so hard to get ESO off the ground was not yet at the goal. In 1959, the United
Kingdom withdrew from the project, giving preference to collaboration within the
British Commonwealth — arguably a most serious setback for the ESO project as
it struggled to stay afloat. Fortunately, at the same time, the Ford Foundation (of
the US) declared its willingness to support a European observatory under certain
conditions — notably that at least four countries were ready to commit to the pro-
ject'® !, The grant of one million US dollars, 20% of the estimated capital cost, was
undoubtedly instrumental in bringing the discussions regarding ESO to a success-
ful conclusion. On 5 October 1962, representatives of the five founding countries
gathered in Paris to sign the ESO Convention. The Convention would come into
force upon parliamentary ratification of the fourth signatory. On 17 January 1964,

!0 The original statutes of the Ford Foundation allowed support for initiatives to strengthen world peace, free-
dom and democracy as well as education. In the late 1950s, the Foundation expanded its portfolio temporar-
ily to include science and engineering. Heckmann attributes the Ford grant to ESO to the diplomacy of Bertil
Lindblad and Jan Oort, arguing that support for this project would stimulate the early efforts of European inte-
gration in general (Heckmann, ibid.).

The Ford grant not only ensured the necessary capital base for ESO, but may also have played a role in finally
securing French participation. The grant was discussed with Jean Monnet and the French Minister of Finance,
Antoine Pinay and it is believed that the topic was also raised with the President of the Republic, Charles de
Gaulle. This was not the last time that ESO affairs became a topic for discussion in the highest political circles
in France.
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the final hurdle was passed, as France deposited its instrument of ratification. But
by that time a series of decisive operational decisions had already been taken, deter-
mining the future of the organisation.

ESO was a child of the European integration process, but it also played its own role in the process by foster-
ing a true European astronomical community. The 1963 European Astronomers Conference at Nijenrode
Castle is an example. Organised by the Kapteyn Foundation for Research in Astronomy, the meeting
brought together a number of upcoming scientists from across Europe. It was seen at least by some as an ESO
conference, occurring as it did just one year after the signing of the Convention. At the meeting, Heckmann
introduced the young audience to “Instruments for the ESO Project”, André Muller to the site-testing in
South Africa and Chile. Seen in the photo are: (1) Luc Braes, (2) Waltraut Seitter, (3) Trientjes Stuit, (4)
unidentified, (S) unidentified, (6) Whitney Shane, (7) Ernst Raimond, (8) Kristen Roblfs, (9) Adriaan
Blaauw, (10) Jan Oort, (11) Otto Heckmann, (12) Jorgen Otzen Petersen, (13) Richard West, (14) Jirg
Pfleiderer, (15) Peter Wild, (16) unidentified, (17) Ulrich Schwarz, (18) Erik Hog, (19) unidentified, (20)
Bruno van Albada, (21) James Lequeux, (22) Ulrich Haug, (23) Jan Borgman, (24) Theodor Schmidt-
Kaler, (25) Wim Rougoor, (26) unidentified, (27) Kees Zwaan, (28) Max Kuperus, (29) Tibor Herczeg,
(30) Marcel Bonneau, (31) unidentified, (32) Raphael Steinitz, (33) Pierre Charvin, (34) Jorn Berentsen,
(35) unidentified, and (36) Mart de Groot. (Courtesy: J. Merkelijn-Katgert)
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Chapter I-3

A Dramatic Twist

“When one is riding south along the Panamericana

from Vallenar to La Serena one sees the big massif,

well isolated from the higher mountain chains in the east,
towering over the surroundings.

We feel that the mountain is beautiful.”

Gésta Funke, from a speech on the occasion
of the dedication of the road to La Silla, 24 March 1966.

he first two years of the new organisation entailed dramatic decisions of huge

significance. For eight years, the founding fathers of ESO had worked hard to
achieve their goal. It had certainly been an uphill struggle, requiring patience, diplo-
macy, political lobbying and a strong pioneering spirit, not least during the site tests.
Now, with the Convention signed, they wanted to see practical results. The Con-
vention, which was based on the CERN Convention, both provided the framework
and set out specific tasks for the new organisation. It also described the governing
structure, with a council comprised of Member State representatives' as the supreme
organ of the organisation. The running of the organisation would be the responsibil-
ity of the Director General. An associated financial protocol established the Finance
Committee as an advisory body to the Council.

A sentence from the preamble establishes the overall framework: “The Governments
of the States parties to this convention ... desirous of jointly creating an observatory
equipped with powerful instruments in the southern hemisphere and accordingly pro-
moting and organising co-operation in astronomical research....” ESO was not just a
new observatory: the authors also clearly intended to give the new organisation a
central role in European astronomy, although there is little evidence to suggest that
they had a clear vision of what that role might be. It is also interesting that the Con-
vention simply spoke about astronomy. Admittedly, this was before the opening up

! Two from each country, representing the national astronomical community and the government, respectively.
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of the electromagnetic spectrum — the possibility of observing celestial objects in a
variety of wavelength domains — had really occurred. But radio astronomy already
existed. This notwithstanding, Article IT specified that the purpose of the organisa-
tion was to “build and fit out an astronomical observatory in the southern hemisphere.”
The initial programme for the future observatory was also described in detail. The
observatory was to comprise a “telescope with an aperture of about 3 metres, a Schmidt
telescope with an aperture of about 1.20 metres, not more than three telescopes with a
maximum aperture of 1 metre, a meridian circle?,” as well as the necessary auxiliary
equipment and buildings. Importantly, the Convention incorporated the option of
supplementary programmes — a provision that has enabled ESO to develop new
activities over the course of the 50 years of its existence. Given the 1954 statement
and the work undertaken in South Africa during the preparatory period, it was note-
worthy that the Convention simply stated that the observatory must be located in
the southern hemisphere. What had happened?

Jurgen Stock was a German-born astronomer. He had spent part of his childhood
in Mexico and later in his professional life he remained closely associated with Latin
America. He did his PhD under Otto Heckmann (who was to become ESO?s first
Director General®) in Hamburg, but then moved to the US, according to Heckmann
because during the long preparatory phase he had lost faith in the ESO project
(Heckmann, ibid.). In any event, Stock was a true adventurer and became involved
in site-testing activities in Chile*, on behalf of his American employers®. During this
work, he found Cerro Tololo, a 2200-metre-high mountain in Chile’s Norte Chico
(the Little North), a semi-desert area. Located in the Elqui valley area some 80 kilo-
metres east of the Chilean town of La Serena, Tololo was to become the home of
the first major observatory in Chile, the Cerro Tololo Inter-American Observatory
(CTIO) — effectively the American Southern Observatory. However, Stock had also

The meridian circle was never acquired. Instead, ESO installed an astrolabe at the National Observatory of
Chile, located at Cerro Caldn, just outside the capital, Santiago de Chile. For many years, the astrolabe also
formed the nucleus of the scientific cooperation between ESO and the Chilean astronomical community.

Originally, Heckmann’s official title was that of Director. This was changed in 1967 following a reorganisation
that, among other changes, saw the appointment of Adriaan Blaauw as Scientific Director.

The fascinating story of Jiirgen Stock’s activities is provided in some detail in the book Geheimnisvolles
Universum by Dirk Lorenzen.

Both American and European astronomers had on earlier occasions been active in Chile. An article in The ESO
Messenger (Diirbeck ez al., 1999) describes their work and even a brief site search in the Atacama Desert, con-

ducted by Heber D. Curtis in 1909.
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spent time at the Boyden Observatory in South Africa, maintaining contact with
European astronomers and with Heckmann, his old mentor. With his experience of
site testing, Stock quickly understood that Chile offered conditions far better than
those found in South Africa and he informed Heckmann accordingly. By the spring
0f 1961, the ESO Committee, a predecessor of the ESO Council, became interested.
Heckmann met Stock in California and Stock showed a number of photographs
from northern Chile that left a deep impression on Heckmann. In June, Jan Oort,
the chairman of the Committee, contacted his American colleague Donald Shane,
who was involved in a US project to install a telescope in Chile, with a view to pos-
sible collaboration. The South African choice was no longer certain. It has later been
a source of speculation whether the political situation in South Africa played a role
in, or possibly was the cause of, ESO’s sudden change of interest®. However, all the
available evidence, for example, as provided in writing and orally by Danjon, Blaauw
and Oort, suggests that political considerations played only an indirect role, in that
they may have stimulated an interest in considering alternative sites. When the sci-
entific findings became available, no further convincing was necessary: in terms of
seeing, temperature variations during the night, and the number of clear nights, the
Chilean data were significantly better. In fact the number of clear observing hours
was more than 50% higher for the Chilean sites. Unsurprisingly, the Committee did
not find it difficult to reach a unanimous decision.

In November 1962, a few weeks after the signing of the Convention, a two-man ESO
team arrived in the Chile: André Muller, who had considerable experience from
the site tests in South Africa and was already a long-time ESO stalwart, and Paul
McSharry, a young South African geodesist who had also assisted in the site-testing
effort in his home country. They joined Jiirgen Stock, conducting tests at Tololo and a
site further to the north. Their findings convinced ESO that the Chilean option was
worth pursuing, so in June 1963, Jan Oort, Otto Heckmann, Charles Fehrenbach,
Heinrich Siedentopf and André Muller went back to the country, where they met
with their American colleagues, Frank K. Edmondson, Nicholas Mayall and Jiirgen
Stock, representing the (US) Association of Universities for Research in Astronomy

(AURA), now in charge of the main US project.

Together, they undertook a visit to the area around Tololo, partly by helicopter,
courtesy of the Chilean Air Force, partly on horseback — preserved for eternity by

¢ 'This speculation was not unreasonable given the growing worldwide concern over the situation in South Africa,
dramatically enhanced by the Sharpeville massacre in March 1960.
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The photo to the left was taken at the meeting in June 1963 between ESO representatives and their US
counterparts. From left to right: Siedentopf, Oort, Frank Edmondson (AURA President), a tour guide,
Muller, Heckmann, Febrenbach, two unidentified participants and a Sr Marchetti (an architect). The pic-
ture was taken at Cerro Morado, a mountain near Cerro Tololo, on 10 June. The photo to the right is the
famous picture of the group exploring the terrain. (Courtesy: Frank Edmondson)

the famous photograph. Early discussions conducted by Heckmann with Chilean
authorities and universities also confirmed that ESO would be welcome. From this
time, it seems that Chile had de faczo been selected as the host country for Europe’s
observatory. In November of that year, the ESO Committee took the formal deci-
sion, albeit subject to confirmation by the ESO Council, which would be set up
upon ratification of the Convention. But the question of exactly where the observa-
tory should be built remained open. Despite most cordial relations, the initial idea
of placing it together with the American observatory proved not to be feasible. As an
international organisation at intergovernmental level, ESO possessed a legal status
that was difficult to reconcile with that of AURA, itself an association of national
universities. This became a serious issue in connection with the question of land
ownership and although the discussions between the Americans and the Europe-
ans remained inconclusive, ESO began to consider alternatives. This was painful for
some, not least for Jan Qort, who favoured as close a collaboration with the Ameri-
can astronomers as possible. Common scientific interests and close personal friend-
ships certainly played a strong role. However, the feeling, especially among the gov-
ernment representatives behind ESO, was that an independent observatory would
better serve Europe’s interests in the long run. So, in October 1963, Heckmann
returned to Chile. He had been authorised to approach the Chilean authorities with
a view to understanding the conditions under which the Europeans could estab-
lish their observatory, but things went not just very smoothly but also very quickly:
faster than ESO had anticipated. Heckmann went the whole way: within a couple
of weeks, he completed and signed the formal agreement between ESO and Chile,
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called the Convenio, setting the legal framework for ESO’s activities in the Republic
of Chile. It was a daring act to put it mildly, since it had neither been presented to
the ESO Committee in advance, nor had the Convention been ratified. The reasons
for Heckmann’s swift, unilateral move, however, were understandable: his conversa-
tions had been helped significantly by the German immigrant community in Chile.
One name that recurs is that of Father Bernhard Starischka, who headed the German
School, the Liceo Alemén, in Santiago.

Photo left: Having obtained a PhD in astronomy in Bonn, Father Starischka was no stranger to European
astronomy. Here he is seen with Waltraur Seitter and Hans Schifer at the Observatorium Hohber List.
(Photo: The Seitter Estate (Hilmar Duerbeck), courtesy: AIP Emilio Segre Visual Archives). Photo right:
Heckmann (to the left) at La Silla.

With a common nationality, faith and professional background, Heckmann found
it easy to develop a good rapport with Father Starischka, who he had already met
in Germany in 1959. Father Starischka was quite influential in Chile and had con-
nections to people in high positions in Chilean society, including ministers in Presi-
dent Jorge Allesandri’s administration. Elections were due and it was not clear what
changes they might bring. Heckmann saw a unique but narrow window of oppor-
tunity. It was not to be lost and he acted accordingly. Grudgingly, because of the
circumstances under which it had been concluded, the ESO Committee went along
with the deal and it was finally approved at the first formal meeting of the ESO
Council on 5 February 1964. On 17 April, the Chilean government also endorsed the
Convenio: ESO’s future now lay in the Chilean desert. Hardly more than a month
later, the ESO Council selected the location for its observatory, a 2403-metre -high
mountain, some 100 kilometres northeast of La Serena and 90 kilometres north of
Tololo. At the time the mountain was known as Cinchado Norte, but today it is

called La Silla — Spanish for “the saddle” — because of its saddle-shaped top. The
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final selection had been based on desert plots that were government properties, where
water could be found and mining activity was limited. Given the extensive search in
the preceding years and the resources that had been allocated to finding the best pos-
sible site, it is almost unbelievable that no real site-testing was carried out at La Silla.
Yet so strong was the conviction that “almost any site in the La Serena area at the
level of 2000-3000 metres, well isolated from surrounding mountain peaks, should be
adequate,” as Blaauw wrote. Heckmann certainly had no doubts. He described it as

a stroke of luck (“ein Gliicksfall”). Time would show that he was right.

It had been a long journey. Ten years had passed since the Leiden Statement. But
within the last two and a half years or so, things had changed completely: the Con-
vention had been agreed, signed and ratified, the basic institutional settings defined
— and alocation for the new observatory had been settled, albeit in a completely dif-
ferent place than originally expected. Even so, for a while La Silla — or, as it became
colloquially known, “the mountain” — would remain exactly that: alone mountain
in the middle of the desert.

Following the site decision, ESO could begin to build its observatory — and its future. On-site conditions
were tough, but so were the people. Seen here are André Muller and Hans-Emil Schuster (right) during a
relaxed moment. This picture was taken after the completion of the road, possibly as late as 1967. (Photo:
Jan Doornenbal)
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Chile would, however, develop into one of the most important countries for ground-
based astronomy in the world, with observatories at Cerro Tololo (AURA, US),
La Silla (ESO, Europe) and Las Campanas (also known as CARSO, owned by the
Carnegie Institution for Science, US), in addition to the Chilean observatory at
Cerro Caldn. The Soviet Academy of Sciences was also installing an observatory not
so far from Santiago, but withdrew after the political events in 1973. Later, other
sites would be opened, including Cerro Paranal, Llano de Chajnantor and Cerro
Armazones.
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Chapter I-4

In the Most Remote Place God Could Find

“En vez de dejar que estas maravillas se perdieran,

Dios las dispuso todas en el lugar mds remoto de la Tierra.”

Leyenda de la Creacién de Chile.

ccording to alegend, much treasured in Chile, when God had created the won-

ders of the world, He had a bit of everything left over: rivers and valleys, glaciers
and deserts, mountains, forests, meadows and hills. Instead of letting these wonders
go to waste, God put them all in the most remote place on Earth. This was how Chile
was created. Despite the charming story, scientifically minded people subscribe to a
different explanation, but they too would undoubtedly agree that Chile offers spec-
tacularly beautiful scenery and extraordinary landscapes.

Chile became fully independent from Spain in 1818 — in the aftermath of the Napo-
leonic wars — and in the period 1879-83 it fought a war with Peru and Bolivia (the
War of the Pacific), which gave the country control over large parts of the Atacama
Desert with its vast mineral riches. The heroes of the war, at least from a Chilean
perspective, are still revered. Their names grace public squares, parks, streets and ave-
nues in many places in the country.

Located on the western rim of South America, and stretching roughly from the
15th parallel to the southern tip of the continent, Chile is almost 4300 kilometres
long, with all climate zones except the tropical. The northern part is mostly desert,
thanks to the particular conditions found here: the Pacific anticyclone shields the
area from the cold air of Antarctica, while the cold Humboldt current running along
the coast creates an inversion layer — with a semi-permanent cloud layer — at alti-
tudes of about 1000 metres. Precipitation occurs over the ocean or on the coast itself,
but a low mountain range running north to south along the coast is enough to pre-
vent clouds from penetrating further inland. On the other side of the country, the
Cordillera de los Andes effectively blocks humid continental air from the East.
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The mountain, which became known as La Silla, is located in the IV Region, with
La Serena as its capital. From La Serena, Ruta S — known elsewhere as the Pan-
American Highway — winds through sparse scrubland and the low coastal moun-
tain range. Shortly after the pass of La Cuesta de Pajonales, at La Frontera — a mod-
est place where truck drivers check in for a meal and some rest — travellers can spot
a mountain ridge with white shining domes to the east: the La Silla Observatory.
Back in 1964 the area was largely empty and the Chilean government ceded to ESO
a property of 627 square kilometres around the mountain to ensure proper protec-
tion from mining and other disruptive activities. The price was 8000 US dollars, to
which should be added another 6000 US dollars, paid to a family subsequently claim-
ing to hold a title to a part of the land. Corrected for inflation, the total price would
amount to about 100 000 US dollars today. It might appear that for such a large
stretch of desert the price was quite favourable, but it did reflect the market value at
the time. The odd fact that more than one party held a title to a particular piece of
land gave rise to a smile or two rather than to serious concern. The story was, however,
to repeat itself at a later point in ESO’s history — this time on a very different scale.

With the acquisition of La Silla, Europe’s astronomers could begin to realise their
new observatory. The first telescopes to be built for La Silla were mid-sized telescopes
and we note an interesting, if not surprising, correlation between traditional national
areas of expertise (in the Member States) and the projects they worked on. The Dutch
took a lead in developing a I-metre photometric telescope following their scientific
interests and expertise, particularly at the Kapteyn Laboratory in Groningen. The
French built a 1.5-metre spectroscopic telescope, essentially a copy of the one at the
French national observatory at Haute-Provence (Observatoire de Haute-Provence,
OHP) as well as the double astrograph (GPO) already mentioned, while in Germany
work focussed on the Schmidt telescope (a speciality of the Hamburger Sternwarte)
— and the 3.6-metre telescope to which we shall return. The telescopes were all very
different, of course, but in terms of detectors, they reflected the practice of the day:
they either relied on photographic plates or on direct photoelectric measurements of
the light coming from the object of observation, i.e. measuring the intensity of the
light in different, distinct colours.

Meanwhile, in Chile, the overall observatory infrastructure had to be created. A base

camp was established at the foot of the mountain, and a 20-kilometre-long road built
to enable the transport of the heavy and bulky, yet delicate, instrumentation from
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the camp to the top of the mountain. A number of general facilities such as work-
shops, dormitories, a power station etc. were also needed to support the observatory.

The base camp at Pelicano ca. 1967. (Photo: Jan Doornenbal)

The base camp was established where the road from the Pan-American Highway
reaches the foot of the hills that lead up to La Silla. The name of the camp was Campo
Pelicano. Blaauw’s well-chosen quote from the ESO Annual Report of 1964 lets us
catch a glimpse not only of how far (or how little) the ESO project had evolved, but
also the conditions the small group of ESO employees, truly pioneers, were facing.
At the end of 1964, the La Silla operation comprised:

“a) Office in La Serena, functioning with five persons active,
b)  Camp Pelicano, with two old houses and four new ones installed, a carpenter’s work-
shop in use, fifteen persons active, animals’ camp installed and functioning with five

horses and six mules, two wells ready with one pump installed.

¢)  Road project [i.e. planning and lay-out of the road], ready from camp Pelicano to
the top of La Silla.”

The camp manager, a Chilean, had organised life according to Chilean traditions,
where the staff ate separately according to rank and status. The freshly arrived
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Europeans displayed a more egalitarian view and soon changed this, so that from
then on, all staff would frequent the same quarters and eat together.

In 1966, the road to La Silla was completed. It was now possible to bring equipment
up to the top of the mountain, and soon after, the first scientific work at La Silla
began. Later in that year, the I-metre photometric telescope was the first telescope
at La Silla to become operational. This was certainly a milestone, but the 1966
Annual Report dryly noted that, “the astronomical observing activity was started late
in November, after the 1-metre Photometric Telescope had been installed in a provi-
sional building.” And in December, the first visiting astronomer, Jean Pierre Brunet
from the Observatoire de Marseille, arrived at La Silla, “¢0 initiate a photoelectric
programme of observations of stars in the Magellanic Clouds.” However, it took until
mid-1968 before the system that we know today, with six-month observing periods,
was put in place, following a decision by the Scientific Programmes Committee (see
also the following chapter). The first call — for what became P2! in ESO jargon —
announced in the £SO Bulletin No. 4, illustrates nicely the atmosphere of ESO at
the time:

Applications for the use of the ESO 1-metre Photometric Telescope for the period March
1 — September 1, 1969.

Applications for the use of the above mentioned telescope within the above period
may now be submitted to the Directorate of the European Southern Observatory, 131
Bergedorfer StrafSe, 205 Hamburg 80, W. Germany.

The applications should be received by the Directorate not later than September 1, 1968.

Applicants may expect to be informed by November 1, 1968 whether, and how much,
time will be granted.... The application should normally be endorsed by the Direc-
tor of the applicant’s Institute. It will be reviewed by the ESO Scientific Programmes
Committee... .

The ESO Budget provides for travel funds and for fixed allowances for lodging and
food to such an extent that, as a rule, it will not be necessary for the applicants to whom
observing time is granted (or for their Institute) to contribute financially. Defrayal of

! The numbering system was referred to in the ESO Annual Report for 1972, with the period 1 November 1969-1
May 1969 as P1.
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travel expenses of accompanying wives is foreseen to a limited extent and only in case the
observers will have to stay in Chile for a period of at least 6 months.

Hamburg-Bergedorf, June 1968.”

So long observation runs were considered — and the remark about accompanying
wives clearly suggests that observers were assumed to be male.

In 1968, the 1-metre telescope
was also followed by the GPO
and the 1.5-metre telescope,
which became “the king of
the hill” — at least as regards
its size. It was originally fit-
ted with a Cassegrain spectro-
graph, which became known as
the “Chilicass”?, and soon after

with a coudé spectrograph.
Observational astronomy was

Working with the coudé spectrograph at the 1.5-metre
telescope. very different then from today,

as is illustrated by a small anec-
dote told by the Belgian astronomer Jean-Pierre Swings, the son of Pol Swings, one
of the founding fathers of ESO. “My first experience at La Silla was in January 1972
when [was a Carnegie fellow in Pasadena, doing research on peculiar emission-line stars
with infrarved excess. I used the 1.5-metre telescope coudé spectrograph. One of the objects
was the star HD 45677, a peculiar Be star that my father had already worked on in the
1940s. It has a tremendous infrared excess due to circumstellar dust in an equatorial
ring. I decided to make a very long exposure — of three nights. In the middle of the sec-
ond night, there was an earthquake — so we closed the shutter and resumed observa-
tions afterwards. Afterwards we developed the plate. Nothing had moved, so my spec-
trum was perfect!”

% Richard West offers a fitting description of what it was like to observe with the 1.5-metre telescope in the early
years. Observing a 13th magnitude nova in the Large Magellanic Cloud (LMC), I spent three nights at the
Chilicass spectrograph ... exposing continuously for 4, S, and 7.5 hours, respectively. To do the visual guiding prop-
erly.... I had to balance most of the time in total darkness, high up on a ladder at the edge of the floor platform. It
was indeed a rewarding feeling when I finally saw a useable spectrum on the small plate in the dim darkroom light
at the end of the night.” (West, 2002)
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Whilst scientific life had begun ar La Silla, more mundane issues bad to be addressed as well, such as
securing the water supply. This picture was taken in October 1971, when ESO was searching for addi-
tional water sources. The search was led by Jacques Rouel (sitting with his back to the camera). To his right
is Emile Leroy, to his left Raul Villena with his hand on his cheek. The man to the left is unidentified.
(Photo: Svend Laustsen)

In the following year (1969), according to the ESO Annual Report, the first scien-
tific publications were registered by ESO: four by ESO staff (Arne Ardeberg, Eric
Maurice, James Rickard and Bengt Westerlund) and one by a visiting astronomer,
Frangois Noél. Since then, ESO has kept track of scientific publications based on
observations with telescopes at ESO, and this record provides an important key to
understanding the impact that ESO has exerted on European astronomy over the

years?.

Among the early observers was a Czech astronomer, Lubo§ Kohoutek, who, after the
political turmoil in his homeland in 1968, had found a position at the Hamburger
Sternwarte. His main scientific interest was the study of planetary nebulae, objects
that are stars in their final evolutionary phase rather than planets in formation as the
name seems to suggest. His first observing run, in January 1974, however included a
somewhat different object: Comet 1973f, which he had discovered during the previ-
ous year and which, at the time, was expected to become the brightest comet of the

3 The current record year for publications was in 2011, with 783 refereed papers.
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century. It did not*, but bright comets have always aroused public interest, so a press
conference was organised at the hotel at La Silla. Bengt Westerlund, as ESO Direc-
tor for Chile, chaired the session, but the “star attraction” was the comet discoverer
himself. Such events were rare at La Silla, and not really part of the La Silla ethos
at the time. Nonetheless, it provided the public with a glimpse of the work of the
observatory and the fascination of astronomy. And at that time, La Silla had truly
become a working observatory — a factory, as Kohoutek later described it. The 1974
ESO Annual Report lists 66 publications (albeit including a few articles published
in popular magazines). Unsurprisingly, most of the research activities focussed on
the classical domains of European astronomy — the study of the Milky Way and its
components — although some extragalactic work had begun.

The sharp increase in scientific
activity and thus in publications
was not only due to the imple-
mentation of the initial tele-
scope programme, as foreseen
in the Convention. In 1967,
the installation of a telescope
not foreseen in the Convention
had already begun: a 0.6-metre
telescope owned by the Ruhr-
Universitit Bochum. This was
to become the first of a number
of national telescopes that with
time added to the growing tel-
escope park at La Silla. Unlike
the ESO telescopes that were

essentially purpose-built, the

Bochum tel tand-
“La Silla 19xx?” — Under this heading the March 1978 ESO ochum tefescope was a § and

Messenger cartoon addressed the question of the proliferation
of telescopes at La Silla. (Drawing by Karen Humby) Supplied by Boller & Chivens

ard off-the-shelf instrument,

# The comet reached magnitude 0, making it the 10th brightest comet of the century. By contrast, Comet West
(C/1975 V1), discovered a couple of years later by ESO astronomer Richard West and not expected to become
very bright, reached magnitude -3 and, in the 20th century, only superceded by Comet Ikeya-Seki (C/1965 S1).



THE JEWEL ON THE MOUNTAINTOP

(B & C) in the US. Initially in-
stalled in a provisional dome
(the one used for the 1-metre
telescope and later to be used by
the Dutch 0.9-metre telescope),
it was equipped with a photom-
eter built at the Georg-August-
Universitit Géttingen. Built
“to supplement in an optimal
way the instrumental plans of
ESO”(Schmidt Kaler & Dachs,
1968), it became a highly pro-
ductive and reliable workhorse
at La Silla for many years.
Bochum observers also became
the equivalent of what Mir cos-
monauts became to spaceflight

— known for their long-dura-
Joachim Dachs preparing for a night’s observations with the ~ 101 observing runs, often last-

Bochum photoelectric reflector in 1982. (Photo: by the author)  ing for months’.

The Bochum telescope was soon to be followed by a 0.5-metre photoelectric telescope
equipped with a four-channel photometer for Stromgren narrowband photometry.
The telescope belonged to the University of Copenhagen (Kebenhavns Universitet)
and was admitted to La Silla following the accession of Denmark to the ESO Con-
vention in 1967. This telescope began its career in the provisional dome, until it was
placed in its own building in 1971. The telescope had been built in Denmark and
in 1971 ESO acquired a copy of it, partly to serve as a testbed for technologies to be
applied to the 3.6-metre telescope?. The idea of using a telescope that was in service

> The longobserving runs gave rise to the expression “the good-weather catastrophe”. Astronomers obviously need
good weather, but after many weeks or months of clear skies — and thus uninterrupted work, even the most
dedicated scientists may have longed for the occasional break under the excuse of an overcast night.

The case of what became the ESO 0.5-metre telescope is also interesting from other points of view. According
to the Annual Report of 1968, “The Copenhagen Observatory generously agreed to build this telescope at their own
cost. The instrument is to be provided with a digitally controlled presetting system. It should not be considered as an
additional telescope in the sense of the ESO Convention....” Over the years, again and again, Member States have
made additional voluntary donations to ESO, ranging from instruments and various other pieces of equipment
to complete telescopes. The reference to the ESO Convention shows that there was an ongoing discussion, and
perhaps some unease in certain corners, about how freely the Convention could actually be interpreted.
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in this way was repeated twenty years later when the NTT played an important role
in the preparation programme for the Very Large Telescope. Further national tele-
scopes to follow included the Dutch 0.9-metre telescope, the Danish 1.54-metre tel-
escope, and three Swiss telescopes, first a 0.4-metre telescope (installed under a spe-
cial arrangement since Switzerland was not yet a member of ESO), later a 0.7-metre
and, finally, the 1.2-metre Leonhard Euler Telescope, used now for exoplanet hunt-
ing — a topic to which we shall return.

For a while La Silla would be populated with about as many national telescopes as
telescopes belonging to ESO. The organisation provided logistical support and main-
tenance in return for part of the available telescope time. This significantly increased
the scientific life at the observatory and brought a whole generation of young astron-
omers into contact with ESO (and with each other) at an early stage in their careers,
but it also drained resources and it was not liked by all ESO Member States. Blaauw
alludes to discussions in Council about the proliferation of telescopes, with concerns
about available space and status of the national telescopes. And in his book Europe’s
Quest for the Universe — and on a more critical note — Woltjer states that “/zhe/
multiplicity of efforts may well have been detrimental for the progress of the main pro-
Jject, the 3.6-metre telescope.” We shall return to the 3.6-metre project shortly, but it
is worth noting that the question of prioritisation has remained with ESO and has
resurfaced on several later occasions.

L LT
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The ESO office in Vitacura in December 1968. The main building to the left contained offices for the staff,
whereas the building to the right of the centre was the first Astroworkshop, providing mechanical services
for the observatory. The photo was taken from a small tower at the adjacent United Nations compound.
(Photo: Eric Maurice)
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In parallel to the development of the La Silla site, ESO had established an office
complex on land donated by the Chilean government in Santiago’s Vitacura district,
adjacent to the United Nations Economic Commission for Latin America (CEPAL).
Furthermore, already in 1964, ESO had acquired a guesthouse, a charming colonial-
style house in the agreeable nearby district of Las Condes. The decision to create an
office in Santiago was preceded by discussions both about the location and the role
of this office. AURA and CARSO, the two US observatories, had set up their central
offices in La Serena’, but ESO preferred to locate their offices in Santiago to main-
tain closer contacts with the universities, the government authorities and also out
of consideration for the needs of its staff — schools, medical services, cultural life
and, in general, the amenities that a capital city can offer. The close scientific inter-
action with the American astronomers, however, fell somewhat by the wayside. To
understand this, it should be mentioned that the question of whether ESO should
have its own staff of scientists — or not — was still undecided. ESO’s Santiago Cen-
tre with offices, library, photographic service and a technical workshop was finished

in March 1969, at the same time as the inauguration of La Silla.

The inanguration ceremony at La Silla. From left to right: Gabriel Valdés Subercaseaux, Minister of
Foreign Affairs of Chile; Olof Palme, Minister of Education of Sweden; the President of Chile, Eduardo
Frei Montalva and Henk Bannier, President of the ESO Council.

7 ESO also established an administrative office in La Serena in 1964.
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ESO — Quo Vadis?

“Bei ESO lag nichts vor als die Pariser Konvention
und ibr Finanzprotokoll.”

Otto Heckmann, 1976.

he establishment of La Silla, even if the main telescope was not yet there, meant

that a dream had come true for Europe’s astronomers: they could begin to do
science. Astronomers are driven by their unrelenting thirst for knowledge and the
need to understand of some of the greatest riddles the Universe has to offer. To
address these questions, they need telescopes, ever more advanced and (most of the
time) ever bigger. Given the magnitude of this overall task it is perhaps not surprising
that their focus is precisely on that: getting access to telescopes. This was their pur-
pose in creating ESO in the first place. But what did that mean in practical terms?
What kind of organisation would ESO be? How should it be run? How would it fit
into the overall scientific landscape? And how would it adapt to changes, whether sci-
entific, technical or political? There were many different opinions about these issues,
but very little is set out in the Convention, which — when it came to defining the ini-
tial telescope programme — is otherwise remarkably specific and precise. Developing
the institutional framework for ESO’s activities thus became the task for the Director
General together with the various committees, and in particular the ESO Council.

Otto Heckmann had been appointed as Director (General) of ESO in 1962. He was
highly respected as a scientist and had been Director of the Hamburger Sternwarte!,
apost he assumed in 1941. During the war, he had managed to keep many young sci-
entists on his staff on the pretext that they were vital for the war effort, a rather unu-
sual label for astronomers, but one that may have saved the lives of young scientists.
In 1942, he also published the book Theorien der Kosmologie, and, as Alfred Behr
later noted in Heckmann’s obituary in Zhe ESO Messenger (Behr, 1983), “whoever
witnessed the period of intellectual suppression in the late thirties in Germany, can

! Hamburger Sternwarte is located in Bergedorf, on the south-eastern fringes of Hamburg, some 15 kilometres
from the city centre. The present site was opcncd in 1912, in what was then rclativcly tranquil countrysidc.



THE JEWEL ON THE MOUNTAINTOP

imagine the hazardous enterprise of such a publication at that time.” But Heckmann
was also a man of the old school — disciplined and autocratic. Even so, he was highly
respected among his senior collaborators, as someone who would listen to advice and
support his people. Heckmann felt comfortable in Hamburg and he used the ser-
vices of the observatory there to help him during the early years. Here he surrounded
himself by a small team, with Jéran Ramberg (of Sweden) as Technical Director and
Johan Bloemkolk, a Dutchman, as Head of Administration. He also used his private
resources: his wife, Joahanna, acted as an unpaid secretary during his tenure. There
was little reason, he thought, to look for an alternative place for ESO’s Headquar-
ters, despite the statement in the Convention that the Headquarters “shall be provi-
sionally established in Brussels™.

Aerial photo of the Hamburger Sternwarte in 1960. (Courtesy: Hamburger Sternwarte)

Behr’s account is not undisputed. Interested readers are referred to a detailed discussion by Jochen Schramm
(Schramm, 1996). Whatever facts, Heckmann’s appointment was endorsed by prominent scientists including
Oort and Blaauw, who, given the proximity of the war, were unlikely to accept any German candidate solely on
the basis of scientific merit.

With the appointment of Blaauw as his successor, it is therefore no wonder that there was some speculation that
ESO might move to Amsterdam, but this was never seriously considered.
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The first specialised ESO Committee, established even before the organisation for-
mally came into being, was the Instrumentation Committee. This was created in
1961 and continued until 1974, chaired by Charles Fehrenbach until 1971, with the
exception of a short period in 1961/62, when Otto Heckmann led the proceedings.
From 1971, Jan Borgman chaired the meetings. As the predecessor to the Council,
we have already met the ESO Committee, which was created in 1953 and ceased in
1963, chaired for most of the period by Jan Oort*. In 1967, a Scientific Programmes
Committee was established, led by Bengt Stromgren. This committee initially looked
after both the allocation of observing time and scientific policy, but split in 1971
into an Observing Programmes Committee and a Scientific Policy Committee. The
Scientific Policy Committee, in turn, absorbed the Instrumentation Committee
to become the Scientific Technical Committee, which still plays a key role today in
ESO as the principal forum for discussing the scientific orientation of the organi-
sation. What were the issues confronted by these committees? The main questions
were how an operational model for the allocation of telescope time could be devel-
oped, now that the first telescopes had become available, basic issues of how much
work should be done within the organisation and how much could be carried out
by external contractors and the question of scientific staff and the rules for employ-
ment. Let’s take cach of these issues, but in reverse order.

One of the fundamental questions was whether ESO should be an observatoire de
mission — a service provider operating observational facilities on behalf the Mem-
ber States and their scientific communities — or become a scientific centre in its own
right, with its own scientific staff. This issue has been a source of discussion and ten-
sion that has surfaced on several occasions during ESO’s history, with the pendulum
taking a few swings, although the general idea that ESO needed a group of active
scientists became widely accepted in the mid-1970s (albeit following dramatic dis-
cussions, which both Blaauw and Woltjer have described in their books). We shall
return to this later, since it had implications that went far beyond the question of hir-
ing staff. One aspect, however, should also be mentioned at this stage — the idea that
staff would be hired for limited periods of time, or, as it was expressed in those days,
as semi-permanent staff (originally thought to mean for three years). Astronomers

4 Bertil Lindblad chaired two meetings, Otto Heckmann and Paul Bourgeois one each.
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joining ESO were thus expected to have positions in their home countries to which
they could return after their stint at ESO. Although this was seldom the case, the dis-
cussion cast a long shadow forward to the wider mobility question — still unresolved
— within European science today in the context of the European Research Area.

The question of what should be done by the organisation and what could be done
outside it was no less of a source of diverging opinions. Today we would term this
outsourcing, but this would fail to describe the situation in the early 1960s accu-
rately since ESO in fact had a minute staff. The question, therefore, was rather what
insourcing might be required and how that could be achieved. This turned out to be
far more serious than many had thought and the failure to solve this question in a
timely fashion undoubtedly was a major contributor to what emerged as ESO’s big-
gest problem at the time: the snail-paced progress of the 3.6-metre project. With
the benefit of hindsight, the answer today would have been that ESO both needed
to possess in-house competencies and work closely with industry. But hindsight was
not available in the early 1960s. On the contrary: “.. even if you put together the best
European astronomers and their instrumentally minded colleagues, they had no expe-
rience at all in realising a project of that size!” as Adriaan Blaauw expressed it in an
conversation with the author many years later.

On the question of allocation of telescope time, the original thinking was that appli-
cations would first be considered by the country from which the application came
and subsequently by ESO, reflectinga traditional view of European cooperative pro-
jects. However, in the end, the national pre-selection was never carried out and ESO
simply collected and assessed all the applications through the appropriate committee.
One reason why this could happen may have been the small number of applications
at the beginning — quite natural given the limited number of telescopes. In 1967,
ESO organised an information meeting in Hamburg for applicants. Five astrono-
mers attended. This would soon change and today, ESO receives about 2000 appli-
cations each year. Nonetheless, this single-stage European-level evaluation of propos-
als clearly preceded practices in other fields of science by decades and it is interesting
to note the many similarities between the selection procedure at ESO and the one
used by the European Research Council (ERC), established 40 years later and widely

praised for its work and its new approach.
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That the European view on matters prevailed within ESO (despite the small number
of Member States) is also evident in its support for the creation of the journal Aszron-
omy and Astrophysics (A¢rA4) in 1968. A& A was the result of a merger of five (later
six) national astronomical journals in Belgium, France, Germany, the Netherlands
and Scandinavia, initially at the initiative of Stuart Pottasch, Jean-Louis Steinberg,
and Anders Reiz (Blaauw, 2004). Since the new journal had no legal personality
of its own, ESO made its good
offices available for the pur-
pose of concluding contracts
on behalf of the journal. In the
usual reserved style of the day,
the 1968 Annual Report stated
that “ESO lent its administra-
tive and legal advice to the foun-
dation of a new international
astronomical journal” Behind
this factual statement lies the
fact that A¢»A4 contributed to

ESO on television — While ESO had begun 1o address some  instilling a sense of European
of its institutional issues, work proceeded on the telescopes to be
installed at La Silla. Dutch television showed the construction
of the I-metre telescope at Rademakers in Rotterdam. This
phoro, taken from a television screen, shows (from left to right) has become one of the lcading
the head engineer at Rademakers, Blaanw, Jan Doornenbal journals for professional astron-
(at the time mechanical engineer at the Kapteyn Laboratory

identity to its own astronomical
community. Meanwhile, A¢&A4

. , , ) omers and ESO has maintained
in Gmmngen) and Martin de Vries, astronomer at Kapteyn.

The person seen from behind is Ben Hooghout, who designed
the telescope. The programme was transmitted in March 1965.  directors ever since.
(Courtesy: Jan Doornenbal)

its links with it and its board of
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Chapter I-6
Towards the 3.6-metre Telescope

“The design of a large telescope, though not possible without
the help of astronomers, is essentially an engineering problem.
1t may well be that the organisation of a close co-operation
between engineers and astronomers is one of the really
important steps towards a modern large telescope.”

Klaus Bahner, ESO Bulletin S, 1968.

On 25 March 1969, La Silla was officially inaugurated. The formal ceremony
took place in the (empty) Schmidt telescope dome, with high-level visitors
from Europe and Chile, including the President of Chile, the Chilean Minister of
Foreign Affairs and the Swedish Minister of Education of the time, Olof Palme. Yet
despite the festive occasion and the joy of having passed an important milestone
towards the realisation of the initial programme, ESO still had a long way to go.
Work on the main project, the 3.6-metre telescope, as well as on the Schmidt survey
telescope progressed in Germany, albeit slowly. The initial idea, harking back to the
first discussions in 1953/54 had been that ESO’s main telescope should be a copy
of the 3-metre telescope at the Lick Observatory in the US. This observatory dates
back to the late 19th century. Placed on a mountaintop near San José in California it
illustrates well how American astronomy progressed through the opening of obser-
vational sites under superior conditions. The 3-metre telescope (120-inch), known
today as the C. Donald Shane Telescope, was the largest at Lick and the second larg-
est reflector in the world when it was commissioned in 1959. Today we would call
it a classical telescope, meaning one with a massive, monolithic primary mirror and
a telescope structure on an equatorial mount, contained in a huge dome. Yet at the
time, the Lick telescope was a modern telescope, just entering into service as ESO
was being formed. However, it soon became clear that what one today might call a
copy-and-paste solution would not be the right approach for ESO. Firstly, large tele-
scopes usually represent one-off solutions, developed to satisfy the particular scien-
tific requirements of the time. Secondly, the chosen location has a significant influ-
ence on the particular design, as have a number of perhaps more mundane, but very
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practical considerations such as access to the site. It is therefore not surprising that
the history of the development of the astronomical telescope is one of constant refine-
ment, improvement and adaptation. Historically, this has been a fairly smooth pro-
gression and, it could be argued, with only a few paradigm changes: the switch from
the refractor to the reflector, the introduction of multi-mirror (array) telescopes and,
in the late 20th century, the development of thin-mirror and segmented-mirror tel-
escopes, to which we shall return later. At this stage it sufhices to understand that
ESO’s decision not simply to build a copy of the Lick telescope was fully in line with
this tradition of continued development and ultimately gave European astronomers
abetter (and larger) telescope. There was another advantage, perhaps not fully appre-
ciated at the time: the well-proven value of learning by doing. By the end of the 3.6-
metre telescope project, ESO had built up the skills, and the self-confidence, ena-
bling it not simply to think of the next generation of astronomical telescopes but to
lead their development, at least as regards some of the crucial technologies needed.
What a learning curve! But let us return to the situation in the late 1960s.

Originally, the task of designing the main mechanical structures for the telescopes
had been given to an engineering company in Hamburg, run by Walter Strewinski.
Strewinski possessed an ingenious, but complex mind. He clearly exerted a strong
influence on the design of 3.6-metre telescope but, due to his erratic ways, he also
caused much frustration and in any case, his small design firm was clearly inade-
quate to carry out a task of this magnitude. By 1969, the lack of tangible progress
with the design of the mechanical structure caused ESO’s Council to lose patience
and ESO began to take the 3.6-metre project into its own hands. While Council
and the Instrumentation Committee had long been uneasy about the situation, this
new development had started in the previous year. A small group was set up at the
Hamburg Office! and charged with addressing automation aspects? of the telescope.
The group was led by a Danish astronomer, Svend Laustsen, and initially included
another Dane, Mogens Blichfeldt, a mechanical engineer. In Chapter I-4, we saw
how the 1-metre telescope carried a strong Dutch signature and the 1.5-metre a clear
French signature. From now on, the 3.6-metre project would acquire a Danish char-
acter, even if the magnitude of the project obviously meant the involvement of experts

! The group was not physically located at the observatory, but occupied rented rooms, first at the Iduna-Haus, in
the centre of the town of Bergedorf.

2 Computer control oftelescopcs was in its infancy in those days.
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from many countries, with Bernth Malm (from Sweden) and Jean Weber (a French-
man) among the first recruits. The group formed the nucleus of what was to become
the ESO Telescope Project Division, created in 1970. Building a major astronomical
telescope is not a simple task: the technical challenges are numerous. New and inno-
vative solutions, going hand-in-hand with technological progress, mean that, nor-
mally, no two telescopes are alike. Finding people who can master telescope design
and construction is a challenge in itself. Reaching the critical mass of competent sci-
entists and engineers necessary to realise a major project, such as the 3.6-metre, is no
less of a challenge. The small group in Hamburg quickly got its teeth into the pro-
ject, but it, like Strewinski’s group, was nowhere near sufficient to deliver a modern
telescope of this size’.

Before we turn the next page of the tale of the 3.6-metre, let us briefly stop to look
at the telescope as it was planned. It was a quasi-Ritchey-Chrétien telescope® with a
primary mirror 3.5 metres in diameter. There were three foci: an f/3 prime focus at
the top of the telescope with a camera including a Gascoigne plate corrector (later
to be replaced by a triplet corrector offering a wider field of view), an /78 Cassegrain
focus below the primary mirror and an /730 coudé focus located below the observing
floor. The increase in size of the primary mirror over that of the Lick telescope was
chosen to compensate better for the obscuration of the prime focus cage, which had
to accommodate the observer. As it happened, upon delivery of the primary mirror,
it turned out that the useable area could be extended to about 3.6 metres, increas-
ing the light-collecting area and giving the telescope its name. The telescope was to
have an equatorial mount with a combined horseshoe and fork structure, one of the
modifications that Strewinski had proposed to the Lick design. Strewinski had also
suggested the use of interchangeable top ends, with those not in use being stored
outside the telescope rather than being carried within the telescope’s mechanical
structure at all times.

The primary mirror, provided by Corning Glassworks in the US (and paid for with
the grant from the Ford Foundation) was made of fused silica and had a mass of
11 tonnes. The order was placed in January 1965 and the blank was delivered in
February 1967 and shipped to REOSC, the French optical company, for polishing.

> From the outset, designing the entire telescope was not part of the task of the group.

4 A Ritchey-Chrétien optical design, named after its inventors Henri Chrétien and George Ritchey, combines a
concave primary with a convex secondary mirror. To improve the image quality over a wider field of view than
the classical Cassegrain telescope, both mirrors are hyperbolic.
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Due to flaws in the surface, it
had to be returned to Corning,
but — with a new top layer —
was back at REOSC in 1969
and finally accepted by ESO
in 1972. Despite the delay
caused by the defects in the
original blank, when the mir-
ror arrived in Europe there
was no mechanical structure

in sight. Heckmann’s faith in
The 3.6-metre primary mirror at REOSC in 1968. Strewinski and his company

had been in vain. At the same
time, Heckmann’s term in office was coming to an end after having been extended
in 1967. Council chose Adriaan Blaauw, who had been associated with ESO since
day one, to succeed him. They also made it clear that the most important task for
the incoming Director General was to complete the 3.6-metre telescope®. Blaauw
assumed office officially on 1 January 1970, but by the autumn of 1969, he had
already started to look for solutions to what was now a major problem for ESO. He
first contacted CERN in Geneva, asking for help. Soliciting help from CERN was
natural: CERN had in many ways served as a model for ESO, and delegates of three
of ESO’s Member States also represented their countries on the CERN Council.
Most importantly, CERN also possessed the necessary skills and capacities needed to
develop advanced scientific instrumentation on a scale that made it possible to engage
in telescope design, even if the field was new to the CERN engineers. Even better:
at the time, CERN was about to complete what was the world’s first proton—pro-
ton collider, the Intersecting Storage Rings (ISR), while the next project, the Super
Proton Synchrotron (SPS) was still a while away. At precisely the right time, CERN
had free capacity in terms of engineering work.

In parallel, Blaauw also made contact with ESRO, the European Space Research
Organisation®, whose Director General Hermann Bondi — himself an accomplished
cosmologist — also viewed potential cooperation favourably. Blaauw has provided

The pressure was on, as can be seen by aletter of 4 June 1970 from the Chairman of the ESO Science Policy Com-
mittee, Bengt Strémgren, to the ESO Council: “.. any postponement regarding the 3.6-metre Telescope wonld
endanger the future of ESO.”

Together with the European Launcher Development Organisation (ELDO), ESRO was transformed into the
European Space Agency (ESA) in 1975.
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The process of establishing institutional links between ESO and CERN was greatly eased by personal rela-
tions and friendships. Seen in this picture, obtained at CERN in December 1966, are Henk Bannier (left)
and Gista Funke. Bannier was President of the CERN Councilin 1964— 66, followed by Funke (1967-69).
Funke presided over the ESO Council in 1966-1968, Bannier in 1969-1971. (Photo: CERN)

the details of the discussions both with CERN and ESRO, so that we shall restrict
ourselves to recalling that, after due consideration by the ESO Council and subse-
quent successful negotiations with CERN, an agreement was signed on 16 September
1970, allowing ESO to establish its Telescope Project (TP) Division on the CERN
premises in Meyrin on the outskirts of Geneva, straddling the Franco-Swiss border.
The agreement foresaw that ESO would set up its operations with its own personnel,
but with help from CERN’s scientific and technical divisions. Furthermore, CERN
would provide space for the erection of ESO offices as well as administrative and
logistical support, while ESO would appoint a head of the division, with the same
authorisation and powers as a CERN division head. We shall return to the political
aspect of the CERN-ESO collaboration in Chapter IV-9. At this moment, however,
our focus will remain on the 3.6-metre telescope project.
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At the first Committee of Council” meeting, held in Hamburg on 6 May 1970,
Blaauw presented a thorough document — “the first one to describe in comprehen-
sive way the various aspects of the [3.6-metre telescope] project, their interrelations,
the time schedule and the personnel planning....” The main author of the report was
Svend Laustsen, assisted by the small technical group as well as Joran Ramberg. Three
paragraphs in the introduction defined the new path, an almost complete relaunch
of the project:

A. ESO must form its own group of astronomers, engineers, etc. which group shall be
able to conduct the project through all its phases including the first period of operation
of the instrument in Chile... .

B. The group must at any time have all parts of the project under firm control. But in
order to keep the group within reasonable bounds, a major part of the design work and
all construction work will be done by consulting and manufacturing firms... .

C. The group should be offered the best possible working conditions. For its tasks in
Europe it should be located in a scientific and technological milieu and be offered good
service facilities.”

The initial plan foresaw the staff complement growing from 5.5 full-time equivalent
positions in July 1970 to 26 by 1 January 1972.

Svend Laustsen was appointed as head of the new ESO division with Alfred Behr
and Anders Reiz as close collaborators. On 1 October 1970, Laustsen’s group moved
from Hamburg to Geneva. During the subsequent years he oversaw the building up
of a highly competent group of engineers, some on ESO contracts and some seconded
from CERN. One of the key recruitments from CERN?® was Wolfgang Richter,
who became chief engineer of the 3.6-metre telescope. Other recruits of key impor-
tance involved staff from CERN’s Services and Buildings Division, including Jacques
Rouel and Emile Leroy. But for some skill sets ESO needed to look elsewhere. On
the occasion of ESO’s 40th anniversary Svend Laustsen wrote in The ESO Messenger:
“In the optical field, however, ... we had not succeeded ... in attracting optical technicians.

The Committee of Council was intended to allow Council Members to meet under less formal circumstances
and, among other things, discuss sensitive issues ahead of the regular Council Meetings. The Committee of
Council was instituted in December 1969.

Several key people remained on CERN contracts though they worked full-time for ESO.
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Finally Alfred Bebr and I agreed to ask Ray Wilson at the Zeiss Works, whether he
knew of any young man he could recommend to us. He replied: ‘No, I do not know of
any technician for that job, but I can offer myself to ESO as an optician...." Shortly after
taking up his duties he presented plans for an optics group, and according to this Francis
Franza, Maurice Le Luyer, Daniel Enard ... were engaged.” (Laustsen, 2002) All of
them were key recruitments, but as we shall see, the hiring of Ray Wilson and Daniel
Enard would turn out to be of especially decisive importance for the organisation.

Asaninitial task, the TP Division drew up a revised schedule and presented it to the
ESO Council in February 1971. The plan foresaw the completion of the 3.6-metre
building by December 1975, followed by the telescope assembly and culminating
with first light in 1976.

The way forward had now been defined, but it was less straightforward than many
would have liked. Telescope design had not stood still in the intervening years and
the long delay meant that Strewinski’s design was no longer up to date, particularly
in terms of exploiting the benefits offered by the new electronic control systems. Since
the telescope optics were ready, the new telescope team was forced to accept a num-
ber of technical compromises. Both time and financial pressure made this unavoid-
able. But sometimes this pressure turned out to be beneficial. Thus the next step was
the crucial decision to discard the existing plans for the telescope building and begin
again from scratch. The original design, developed by the Hamburg-based firm of
Lenz Architekten & Ingenieure, foresaw a huge, rectangular coudé floor, protrud-
ing from the circular telescope building and involving very high cost. Too high, the
Finance Committee thought®. In the end, a much smaller and undoubtedly bet-
ter solution was found. The most important changes involved the reduction of the
coudé floor by more than 50% and a dramatic reduction in the area to be heated",
paving the way for the design of the clean, cylindrical building that has since graced
the highest point of La Silla.

? The Optical Group was established in March 1973.
10 Chapter I1-3 will look at the question of the coudé focus from an instrumentation point of view.

1 OVC[' thc dCCadCS, an impoftant t[cnd in telCSCOPC dCSign has bCCn to remove as many hﬁat sources as POSSiblC
to avoid thermal effects within the telescope enclosure that could degrade the seeing. At ESO, the fruits of this
were reaped with the 3.5-metre NTT and later with the VLT, but these were carly days and the complexities of
dome seeing were poorly understood.
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By 1973, construction contracts had been awarded to industry for the building (to
the Dutch company Interbeton), the 350-tonne steel dome (Krupp, Germany) and
the main mechanical structure (Creusot-Loire of France). Further contracts included
the main gears for the telescope (MAAG, Switzerland) and the provision of the die-
sel-driven power turbines (Motoren Werke Mannheim)'2. Major industrial contracts
are coveted by industry, and therefore often involve difficulties as Member States vie
for them. It appears, however, that the awarding of the main contracts for the 3.6-
metre telescope presented fewer problems than some of the large contracts for later
telescope projects. It is also possible that, in this situation, time pressure had a healthy
effect on the decision making. With major national projects on their way in both
France and Germany, ESO had to deliver on its promise to European astronomy, if
it were not to lose its relevance before it had really begun in earnest.

At La Silla, construction started in June 1973 and 18 months later, after 3000 cubic
metres of concrete with 350 tonnes of reinforcing material had been poured, this
work was completed (Leroy, 1975). In Europe, the mechanical structure was assem-
bled for test purposes at a factory in Saint Chamond near Lyons in the autumn
of 1974. The tests were completed by November 1975. Before it was shipped out
from the Port-St-Louis-du-Rhoéne near Marseille, the ESO Council had a chance to
inspect the test assembly.

In 1973, the first ESO TP staft were transferred to Chile with a gradual build-up in
numbers as the 3.6-metre project progressed. For many TP staff the prospect of mov-
ing to Chile involved interesting tasks in an unusual environment, and it was not dif-
ficult to convince people to leave Europe for a period of time. However exciting the
task may have been for the individual staff members, though, there was a price to pay
for their families, most of whom would settle in Santiago, 600 kilometres away, and
accept that while they might live a materially comfortable life there, neither Chile
nor Santiago could, at that time, offer medical and educational standards comparable
to those in Europe. Spouses — almost always husbands — spent long and exhausting

12 Along with these contracts, ESO also awarded a contract for the building to house the planned Danish 1.54-
metre telescope. This illustrates that the new TP Division almost instantly had additional tasks on its hands,
beyond delivering the 3.6-metre telescope. According to the ESO Annual Report of 1974, it also included tasks
previously carried out by the Technical Department of ESO-Chile, including “construction of support facilities
such as new stores and workshops, living quarters for the local staff; the improvement of the water, heating and elec-
trical distribution networks as well as the road improvement programme.” Clearly this was far from negligible:
Laustsen later estimated that these tasks may have taken up to 50% of the capacity of the TP Division. Perhaps
we also see the seeds to the 1987 suggestion that the VLT could be built with only a small addition to the staff,
an idea that we today regard as totally unrealistic.
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The main mechanical structure of the 3.6-metre telescope at the factory site of Saint Chamond.

duty tours at La Silla, and La Silla became the burial ground for many a marriage.
“ESO is a disaster for families,” as one staff member expressed it.

Q

But for one employee, simply transferring to Chile was not good enough®. As project
leader, Svend Laustsen felt that he had to be reachable on the site all the time. Mar-
ried and with four school-age children, he took over some abandoned drawing ofhices
that had been erected next to the construction area (close to where the Swiss 1.2-
metre Leonhard Euler Telescope is now located) as his private quarters and moved
there with his wife and two younger children. His wife looked after their school edu-
cation, often served as a charming host for many visitors from Europe and created
an atmosphere of normality in this otherwise rather unusual place — a combination
of a remote mountain observatory and a large construction site. The Casa Laustsen
became a popular place on the mountain, often referred to as “the Culture House”.

13 There are a few examples of staff living for extended periods at La Silla, with or without family. Mart de Groot
is one and Hans-Emil Schuster another.
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A rare example of family life at La Silla — Kirsten Laustsen with daughter Susanne (photo left) and
Susanne having fun with one of the desert foxes that thrive on waste food ar La Silla. (Photo: Svend
Laustsen)

Q

On 7 April 1976, the Spanish vessel MV Riviera arrived at the Pacific seaport of
Coquimbo, 150 kilometres southwest of La Silla, with the mechanical parts for the
telescope in its hold. Twenty-three trucks were waiting, forming a 500-metre-long
convoy, to transport 450 tonnes of material to La Silla (Plathner, 1976). It took three
days, but everything arrived safely and the assembly of the main mechanical struc-
ture could begin.

Snow at La Silla in 1975. The building to the lefi is the Danish 1.54-metre telescope. Behind, the 3.6-

metre building, still with an uncovered dome, is seen. (Photo: Svend Laustsen)
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On 26 May, La Silla was hit by a severe storm. “There was ice all over as we drove up to
the dome. When we came out again, the wind had pushed the cars quite a bit from where
we’d left them. The wind speed at the top of the mountain reached at least 200 km/b,
then the anemometer was blown down,” Laustsen later recalled. The result was severe
damage to the inner insulating shell of the dome.

Soon after, on 2 June 1976, the telescope optics left the factory site at Ballainviliers
near Paris. They travelled first to Dunkirk and then onboard the m/v Anjou to
Coquimbo. CERN’s press office did not miss the opportunity: its press release car-
ried the headline: “Precious Cargo — Don’t Drop!” They didn’t. But if Laustsen had
thought that all the troubles had now been put behind them, he was wrong. On
26 August, as the installation work at La Silla was running at full speed, lightning
struck the dome of the building. T was in the dome at that moment together with some
colleagues ... suddenly there was an enormous bang. It did not seem to come from any
specific direction; we were right in the middle of it. We later found a hole in the dome.
The lightning destroyed a lot of the electrical equipment, giving us a month-long delay.”
In earlier times, some might have interpreted these events as wrath of the heavens,
but 20th century scientists had a more rational approach to the problems. They sim-
ply carried out the repairs.

By mid-September, the optical alignment and testing of the telescope optics began,
carried out by Ray Wilson, Francis Franza, Maurice Le Luyer and André Bayle from
REOSC, with tracking tests by Charles Fehrenbach. On 8 November 1976, the
moment that everybody had been waiting for finally arrived: the slit of the huge dome
opened under the velvety dark sky and the 3.6-metre telescope mirror caught its first
photons from the star-speckled firmament. First light at last*! Laustsen made his first
entry in the observation log for the new telescope: a small field in the beautiful globu-
lar cluster Omega Centauri®. Selecting the targets for the first objects to observe was
his prerogative, though several astronomers made suggestions and soon saw impres-
sive new images of their pet objects. It had been a long journey for ESO and some
intensive years for Laustsen and his team. Never a man for theatrical gestures or bold
statements, he was deeply satisfied by reaching this goal. In a brief report in the Zhe
ESO Messenger, dated 12 November, he wrote: “During the first five nights we have

4 Asis normal, the 3.6-metre had seen technical first light a few days before. At that time, however, the primary
mirror had not been finally adjusted and no astronomical images could be obtained.

5 At the suggestion of Ray Wilson, who was interested in a field with many stars to assess the optical quality of
the IEICSCOPC.
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taken about 30 plates and the image quality looks very good. We still have to deter-
mine the limiting magnitude, but it should be at least 24m', possibly even fainter.””
One of the first observations was of a 16th magnitude irregular dwarf galaxy in the
constellation of Sculptor. This object had been discovered a year earlier by Richard
West on a plate obtained with the ESO 1-metre Schmidt telescope. The combination
of a wide-field survey telescope and a large telescope, which had proved its value on

Mount Palomar, was now also available to Europe’s astronomers.

The 3.6-metre telescope and the 1.4-metre Coudé Auxiliary Telescope. (Photo: John Launois/Black-Star)

16 Asa technical term magnitude is an expression of the brightness of an astronomical object. The brightest star
in the sky, Sirius (¢ Canis Majoris) has a magnitude of ~1.5. The faintest stars that can be seen with the naked
eye are around 6. The difference in brightness between two objects whose magnitudes differ by one is roughly
afactor of 2.5.

Laustsen’s prime focus photos clearly demonstrate the optical quality and success of the 3.6-metre telescope
(Wilson, 2010), but it would take a very long time before the telescope was able to reach its full performance,
with the dome seeing being the main culprit. At the time of first light, this was not clear. As Ray Wilson later
wrote: “The terrible ‘chimney effects’ of dome air were (fortunately) mitigated by the Gascoigne plate prime-focus
corrector which sealed off the tube as well as correcting the spherical aberration and field coma” (Wilson, ibid.). In
Chapter I1I-8 we return to the 3.6-metre upgradc, which was undertaken in the 1990s.
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The Cassegrain focus was used for the first time on 19 April 1977, in photographic
mode since the photometer was still a few months away from installation. At that
time, about 700 plates had been obtained at the prime focus, with “many ... under
evaluation by astronomers in the ESO countries,” as Laustsen reported in the 7he ESO
Messenger (Laustsen, 1977). Nonetheless, the use of the telescope remained restricted
for a while. This is not unusual: the commissioning phase of any new telescope is a
period of fine-tuning and testing as much as it is a time for initial science to be done.

Finally, with the observing period commencing in October 1977, the 3.6-metre tele-
scope was opened for visiting astronomers. A total of 49 applicants submitted 54 pro-
posals for the first round, with 26 being accepted. The first observing period coin-
cided with ESO’s 15th anniversary. A fine birthday present, even if many wished
that it had come earlier.

Among the first users was a young Italian astronomer, Massimo Tarenghi, who
came to observe clusters of galaxies. The 3.6-metre still had teething problems, and
Tarenghi quickly developed an interest in the technical aspects, becoming what
today would be called an instrument scientist. He developed an automatic plate
changer for the 3.6-metre prime focus, so that the astronomer would no longer need
to ride in the cage during the observations'.

The 3.6-metre building is a towering building. It stands 45 metres tall, overlook-
ing the mountain ridge with its retinue of telescope domes. Next to it, a much nar-
rower cylindrical tower, connected to the main building through a horizontal tube
and a suspended walkway can be seen: this building that houses the Coudé Auxil-
iary Telescope. The building was originally supposed to host a 1.4-metre siderostat,
feeding light into the coudé focus, but in 1973, it was realised that installing a tele-
scope instead would greatly enhance the scientific capacity. So the mirror, which

'8 Partly because of the delay, the ESO 3.6-metre telescope came right at the time when technological advances
enabled major changes in observing practices. The tension between what was and what could be is nicely illus-
trated by an anecdote, told later by Daniel Enard: “Around the Cassegrain adapter and instruments arose a fierce
debate, in particular as to whether the astronomer should sitin the Cassegrain cage to guide the telescope through an
eyepiece or whether it was at all thinkable to trust a television camera and perform the control from the control room!
Although an eyepiece was included, the ‘modern’ school eventually won, but not before making three prototypes of
the ‘Cassegrain chair’, an improbable object somewhere between a medieval torture device and a dentist’s chair for
cosmonauts.” (Enard, 2002). Illustrations of these remarkable contraptions appeared in The ESO Messenger, pre-
sented with the dubious comment: “these three chairs represent the latest in European modernity!” (Richter, 1976).
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Photomontage showing the planned siderostat at the 3.6-metre telescope. (Photo: OHP)

was already at hand, was used for the new telescope. The CAT marked ESO’s first
step away from classical telescope design. To accommodate the telescope within the
dome, which had already been designed, Wolfgang Richter had proposed an unusual
alt-alt mount for the telescope, instead of the classical equatorial mount, which had
become common. However, because of the pressure to finish the 3.6-metre telescope,
he soon left the CAT project to a newly-arrived young engineer, Torben Andersen.
Andersen’s design contained several novelties for ESO. The telescope had no fewer
than four secondary mirrors, mounted in a turret. Each mirror had a different coat-
ing, optimised for a particular wavelength domain. A tertiary mirror rotated to keep
the output light beam pointing in a fixed direction. Finally, Andersen introduced
the idea of direct drives, which have since become the norm in telescope design.
The mechanical structure was produced by MAN in Germany and the optical ele-
ments were delivered by Grubb Parsons (UK). In 1979 the telescope was assembled
at CERN for testing before being shipped to Chile. The CAT became a very popular
telescope and ensured that the coudé spectrograph in the 3.6-metre building could
be used independently of the main telescope. In the mid-1990s, it was one of three
telescopes that, for a while, were used in remote-control mode from Garching, but
at the end of September 1998 it had its last observing run. In 2006, the telescope
returned to Europe, having been bought by Lund Observatory, now also Andersen’s
home institute, and mounted in a former water tower, retrofitted with a proper dome.
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Torben Andersen in front of the CAT at the assembly hall at CERN in Geneva. (Photo: Roy Saxby)

73



| | BN

~ !
The ESO I-metre Schmidt Icle.u‘()[l) "11 LaSilla.
(Photo: Bernard Pillet)

", "



Chapter I-7
Sky Mapper

“The stars with deep amaze
Stand fixed in steadfast gaze, ...”

John Milton, 1645.

In addition to the 3.6-metre telescope and the other smaller telescopes, the ini-
tial programme also foresaw the installation of a Schmidt telescope at La Silla.
At Mount Palomar, the combination of a major telescope and a survey telescope had
proved extremely successful, with the survey telescope finding interesting objects that
could subsequently be studied with the bigger telescope with its special instrumen-
tation. A Schmidt telescope is a giant photographic camera with a large field of view
and excellent aberration-free image quality, thanks to the combination of a spheri-
cal primary mirror and an elaborately shaped corrector plate — a huge aspheric lens
— at the top end of the telescope, at the centre of curvature of the primary mirror.
The detector — in those days large photographic glass plates — is located inside
the telescope. Since the focal plane is curved, the glass plates had to be bent accord-
ingly during exposure, requiring the plates to be fairly thin, so as not to break in the

plateholder.

Schmidt telescopes are associated with the Hamburger Sternwarte. It was here that
Bernhard Schmidt, a somewhat introverted optician of Swedish—Estonian origin,
developed the original concept. With ESO being so closely linked to this observa-
tory, it was natural that ESO’s Schmidt telescope would be built in Hamburg. The
task was given to Walter Strewinski, the engineer who we have met in connection
with the 3.6-metre telescope. Strewinski had already built a Schmidt telescope for the
Hamburger Sternwarte with a 1.2-metre mirror and a corrector plate of 80 centime-
tres. This telescope had been in service since 1954. The ESO Schmidt was originally
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expected to be a copy of the telescope at Mount Palomar*?, but instead it became a
bigger sister of the Hamburg one, with a primary mirror of 1.6-metre and a 1-metre
corrector plate. One of the reasons for this choice was that ESO wanted to be able to
fit an objective prism and the smaller aperture (than the Palomar one) would help to
save weight and thus potentially provide for greater stiffness of the tube. But, impor-
tantly, the telescope was designed to have the same focal length — and hence image
scale as that of the Palomar® telescope, 1 millimetre = 67.6 arcseconds®.

Strewinski demonstrated his skill in the mechanical design. As Bruce Rule (of the
Palomar Observatory) put it: “Most of the new ideas and the new mounting proposals
involve rearrangements of the equatorial mounts to combinations closer to symmetri-
cal designs.” (Rule & Sisson, 1965). This was also what Strewinski had in mind. He
designed the telescope so that if an imaginary sphere surrounded all the movable
parts, the centre of gravity of these parts would coincide with the centre of a sphere
around which the telescope rotated, so that a minimum of force was required to
move the telescope. He had already tested this solution with success at the Hamburg

Schmidt.

The primary mirror was made of Schott Duran, a borosilicate glass with minimal ther-
mal expansion, while the single corrector plate was made of ultraviolet-transmitting
UKS50 glass and the objective prism of UBK 7 with a resolution of about 450 A /milli-
metre in blue light (near what astronomers call the Hy line at 4340 A). The pri-
mary mirror and the additional optics were figured by Carl Zeiss in Oberkochen,
Germany. The telescope offered an unvignetted image field of 5.4 x 5.4 degrees
on the sky, to be recorded on photographic plates, each 30 x 30 centimetres in size.

In terms of detection capacity, to use modern-day terminology, each Schmidt plate
would contain the equivalent of something like 800 megapixels or more — depend-
ingon the particular kind of photographic emulsion. But, seen from today’s perspec-
tive, there would be serious drawbacks as well. Firstly, the nonlinear transformation

Now known as the Samuel Oschin Telescope.

We will recall the association of Walter Baade with the Hamburger Sternwarte. Coming from Hamburg, Baade
was familiar with the work of Bernhard Schmidt and his telescope design and he naturally became involved in
the Palomar Schmidt Telescope. It is illustrative of the mutually enriching relationship between the two con-
tinents after the war that the Europeans now thought of copying the US telescope.

* The UK Schmidt Telescope (UKST), which would be added to the southern hemisphere telescopes at the Anglo-
Australian Observatory in Siding Spring, New South Wales, somewhat later also featured that focal length.

Angular measure, subdivison of 1 degree (= 60 arcminutes = 3600 arcseconds).
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of intensity into density, depending both on the intrinsic characteristics of the type
of emulsion, the production batch and the actual processing, made photometry a rel-
atively complicated and uncertain affair. Secondly, the data would be analogue. To
exploit them scientifically — to extract the information in a digital form — it was
necessary to scan the plates, a cumbersome and time-consuming exercise. Thirdly —
and perhaps the worst problem — the general sensitivity, known as detective quan-
tum efficiency, was low, and at low intensity levels the inherent sensitivity dropped
even further, an effect called the Schwarzschild effect or linear reciprocity failure.
To counter the latter problem, the plates were subjected to a hypersensitising treat-
ment, typically by baking them in an oven filled with nitrogen or hydrogen shortly
before exposure. This increased the sensitivity markedly, but occasionally caused
inhomogeneities across the plates. Often, working with these plates was more of an
art than anything else, but at the time, there was no alternative and photographic
plates, therefore, remained the primary detector in astronomy for a century.

Heckmann taking a stroll outside the Schmidt telescope. (Photo: Svend Lauststen)
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The ESO 1-metre Schmidt telescope was delivered to La Silla in late 1971, two years
late. The delay was partly the result of Strewinski’s simultaneous involvement with
the 3.6-metre telescope. The installation was overseen by Heckmann, who had kept
his involvement with ESO for a while after his retirement as Director General, a fairly
unusual occurrence in the history of ESO. By 1972, the telescope began operations
but, over the following couple of years, it would undergo a series of adjustments and
major improvements, notably in the drive and control systems, optical collimation
and mirror handling, an effort led by André Muller. Muller had been involved with
ESO in Chile since the beginning and also in South Africa. During the early Chile
years, he had the function of superintendent, which meant being the chief trouble-
shooter. In 1969, he went back to ESO’s Headquarters in Bergedorf to take charge
of the organisation of observing programmes, while Bengt Westerlund took over
in Chile, now with the title of Director for ESO Chile. As problems continued to
plague the Schmidt telescope, Blaauw decided to send Muller back to La Silla. At
La Silla, he worked with the Dutch engineers Jan van der Ven and Jan van der Lans, as
well as Hans-Emil Schuster, a German astronomer, who had previously been involved
with the Hamburg Schmidt telescope. Schuster had joined ESO in early 1964 and
arrived in Chile in October 1964 as assistant to Muller, so the two knew each other
well, and together they formed an excellent team.

During the 1950s, the Palomar Schmidt telescope had been used to produce the
National Geographic Society/Palomar Observatory Sky Survey®, which had covered
all of the northern sky as well as the part of the southern sky that could be reached
from the site near San Diego in California (down to =30 degrees). This survey, car-
ried out in two colours (using blue-sensitive and red-sensitive photographic plates),
had strongly influenced contemporary astronomical research. It provided the first
major inventory of objects in the sky and went much deeper than any previous sur-
vey. Targets found on the images could be chosen for study with larger telescopes, and
the photographs themselves could be used to study variable objects (by comparing
plates obtained at different times) and moving objects — such as comets and aster-
oids. The plates could also be used for astrometric purposes, the positional determi-
nation of objects in the sky, as well as for photometry.

The 1954 Leiden Statement made explicit reference to the Palomar Observatory and
also called for a Schmidt telescope of a similar size (the latter being repeated in the

5 'The National Geographic Society/Palomar Observatory Sky Survey was led by Rudolf Minkowski, a friend of
Walter Baade from his Hamburg days and a pre-war émigrée from Germany.
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1962 Convention). Though not specifically stated, it secemed an obvious idea to carry
out a survey of the southern sky similar to the Palomar survey and ESO intended
to do exactly that. A major argument for placing the observatory in the southern
hemisphere was that this part of the sky had not been as well explored as the north-
ern part. When the United Kingdom began to consider installing its own Schmidt
telescope (the UKST) at the future Anglo-Australian Observatory in 1967, it was
with the expressed objective of extending the Palomar survey to cover all of the
southern sky. This, for ESO somewhat surprising development, led Blaauw to con-
tact Vincent Reddish, who was in charge of the British plans, to see if it was possi-
ble for ESO to join forces with the Science Research Council of the UK and even-
tually this resulted in an agreement to carry out a joint survey. The agreement was

signed in January 1974.

Guido Pizzaro during an observing run with the Schmidt telescope. (Photo by the author)

When the Schmidt telescope at La Silla was commissioned, Schuster became respon-
sible for its operation, and thus for the implementation of the survey, and remained
so until 1991¢. At the Schmidt, Schuster had two Chilean assistants, Oscar and
Guido Pizzaro. Together they formed a very dedicated and capable team, albeit much

¢ From 1984 to 1987 he assumed the post of acting director at La Silla and from 1987 he oversaw the site testing
in the north of Chile until 1991.
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smaller than that of the other large southern hemisphere Schmidt — the UKST. To
deal with the Schmidt plates ESO established its Sky Atlas Laboratory in Geneva
in 1972. The laboratory was headed by Richard West, assisted by French photogra-
phers, Bernard Dumoulin — who joined from CERN — and Bernard Pillet. The
task of the laboratory was to produce both glass and film copies of the plates from
both Schmidt telescopes’. It evolved to become the larger of the world’s two special-
ist laboratories capable of dealing with Schmidt plates, combining industrial produc-
tion methods with the extraordinarily high demands in terms of quality and preci-
sion that were inherent to this kind of scientific work®.

In the ESO Bulletin No. 10, West introduced the new project “az the request of the
Director General of ESO in order to inform in detail the ESO Council and its Com-
mittees as well as other interested parties of the purpose and scope of the ESO Sky Survey
Project.” (West, 1974). In the article, he pointed out that rather than simply copying
the Palomar approach and using it for a southern sky survey, new methods in astron-
omy, as well as progress in the field of astronomical photography, warranted a new
approach. The ESO/SRC survey would set completely new standards. It is interest-
ing to note that while Palomar and its owners, the California Institute of Technol-
ogy (Caltech), provided valuable help to ESO to get the project going, when in 1987
it was decided to undertake a second Palomar Survey, ESO returned the favour and
worked closely with the Americans in the realisation of what eventually became the

Palomar Observatory/ESO Sky Survey.

The Southern Sky Survey, now carried out jointly by ESO and SRC, comprised 606
fields and covered the area from the celestial pole up to —20 degrees (securing an
overlap with the Palomar Survey, quite prudent since the southernmost Palomar
plates did not have the same quality as the other plates, due to the larger interven-
ing airmass®). The survey was carried out in two spectral bands, the J-band (plates
obtained with the UK Schmidt telescope) and the R-band (with the ESO Schmidk).
Kodak IIIa-J and IIIa-F emulsions were chosen for the plates and both kinds were

Unlike for the Palomar Atlas, it was decided not to offer copies on photographic paper. This was because paper
prints would not do justice to the quality — and thus scientific usefulness — now possible thanks to advances
in the copying process.

8 By 1990, the ESO Sky Atlas Laboratory had produced more than 300 000 high-fidelity copies of Schmidt plates
for the Atlas (ESO Press Release, 26 January 1990).

Obscrving celestial objccts from the ground implics looking through the terrestrial atmosphcrc. Since the atmos-
phere introduces various negative effects, such as scattering and absorption of light as well as wavefront defor-
mation (see Chapter III-3), astronomers prefer to observe objects at zenith, where the amount of intervening
air is smallest.
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hypersensitised. For the red survey (covering 6300-6900 A, thus including the He
line at 6563 A), the aim was to reach alimiting magnitude of 22.5. This would require
an exposure time of 120 minutes (90 minutes for the J-plates), placing extremely
tough demands on the quality of the telescope guiding and drive systems. Given
that observations could not be carried out in moonlight, the demands on the perfor-
mance of the telescope and the intricacies of hypersensitisation, particularly for the
red plates®, it was clear that this project would last quite some time. In fact it turned
out to be a herculean task. It was decided, however, that ESO would initially pro-
duce what became known as the Quick Blue Survey (QBS), to “accelerate the [optical]
identification of thousands of radio and X-ray sources ... in parts of the sky not covered
by the Palomar Atlas.” (Lauberts, 1982). The Quick Blue Survey would use coarse-
grain unsensitised ITa-O plates exposed for 60 minutes to reach a limiting magni-
tude of 21.5 and covering the spectral range of 3850-5000 A. The Quick Blue Sur-
vey was completed in 1978, after which ESO concentrated fully on the red survey'.

High-fidelity copying of the large Schmidt plates was both a science and an art. Here, Bernard Dumoulin
of the Sky Atlas Laboratory is seen processing an atlas copy plate. (Photo: Bernard Pillet)

10 The I1Ia-F emulsions used for the red part were considerably more difficult to sensitise.

! The QBS coverage was later extended from —20 degrees to the celestial equator.

81



THE JEWEL ON THE MOUNTAINTOP

An early research project linked to the survey involved the University of Uppsala
(Uppsala Universitet). The ESO Annual Report of 1973 explains that “ir was ... felr
that the expertise (and necessary time) was not available within ESO for a large-scale
searching of the Schmidt plates. In order to avoid haphazard first exploitation of this
freld and to put the searching for new objects into a system that would be of advantage
to all parties involved, the idea arose that ESO should collaborate with an observatory
with experience in this field.”> Andris Lauberts of Uppsala University carried out
the measurements using specially designed survey machines built at the university.
They were to cover all New General Catalogue (NGC) and Index Catalogue (IC)
galaxies, all galaxies with an angular extension of more than 1 arcminute (1 milli-
metre on the original plates) as well as clusters and planetary nebulae. This led to the
ESO/Uppsala Survey, published in early 1982, with positional coordinates, angular
extension, B-magnitudes, clas-
sification and, in some cases,
radial velocities. The catalogue
listed more than 18 000 objects,
of which “about 60% [were
recorded] for the first time”
(Lauberts, ibid.). This work was
followed up by a systematic scan
of the galaxies found on the
Schmidt plates, this time using
a PDS scanner at ESO Head-
quarters. The new survey also
included the deep red plates.
It was carried out by Andris
Lauberts and Edwin Valentijn

and completed with the pub-

The Optronics scanner was originally installed at ESO in licati
ication of The Surface Photo-
Geneva. With the move to Garching in 1980, it was trans- f

ferred, together with the entire Sky Atlas Laboratory metry Cdtﬂlggue of the ESO-
equipment. Uppsala Galaxies in 1989.

The main survey (also called the Deep Survey) was finished in 1990 when the last
copies were produced and distributed. At that time, however, plans were under way

12 Such an institute was the Uppsala Observatory, whose director, Erik Holmberg, had worked at Mount Palomar.
Under Holmberg, Peter Nilson in 1973 had published the Uppsala General Catalogue of Galaxies, based on the
Palomar Sky Survey, and listing almost 13 000 galaxies visible from the northern hemisphere (Nilson, 1971).
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to repeat the Palomar Survey, and Caltech contacted ESO for advice. Although ESO
was prepared to help Caltech re-establish its own production facility, the final out-
come of the discussions, concluded in January 1990, was that ESO took over the cop-
ying process of the new survey, extending the life of the Sky Atlas Laboratory until
2002, when it finally closed.

As a scientific project of its own, in terms of its duration and the resources invested,
it was arguably the largest project that ESO has ever carried out. Further to the main
programme, the Schmidt also carried out a smaller wide-field survey in the near-
infrared (which was not subject to copying) and also produced many plates with the
objective prism. Its legacy is several thousand wide-field photograph plates, each a
record of a part of the sky at a particular epoch. The project also constituted a con-
crete link between ESO and UK astronomers in a period before the UK joined the
organisation.

With the completion of the ESO survey, there was free capacity for other, user-
proposed projects such as a quasar survey by Lutz Wisotzki and Dieter Reimers.
The search, known as the Hamburg/ESO Survey (HES), began in 1993. It was an
objective-prism survey covering the southern extragalactic sky (about 9000 square
degrees, partitioned into 373 ESO Schmidt fields). The purpose was to record the
largest possible number of bright quasars®, both for statistical studies and for detailed
follow-up studies with other telescopes (Reimers & Wisotzki, 1997) — in other
words the classical function of a sky survey. With the scanning of the plates, the
survey was completed towards the end of the decade. Another project was an aster-
oid project led by Claes-Ingvar Lagerkvist, together with a group from Deutsche
Luft- und Raumfahrtforschung (DLR) Berlin, to study asteroids near Jupiter in orbits
similar to the planet, but located 60 degrees ahead of it in the Jovian L4 Lagrangian
point. These objects are often referred to as Trojans, because they carry names from
Greek mythology related to the Trojan War. The telescope searched about 900 square
degrees around the Jovian L4 point twice, with follow-up observations of selected

objects by the Bochum telescope, as well as by the NTT.

"> Quasars — short for quasi-stellar radio sources — are extremely luminous, seemingly star-like objects at large
(cosmological) distances. Today, quasars are considered to be galaxies with very massive black holes at their
centres. Aside from the intrinsic interest in understanding quasars, their brightness makes them useful for the
study of the intervening space. The discovery of quasars, which goes back to the late 1950s and early1960s, is an
interesting story, demonstrating the interplay between radio and optical astronomy.
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But slowly, twilight fell on the Schmidt telescope and in December 1998, it was closed
down'®. Other telescopes with wide-field capacity, not comparable to the Schmidt
as regards the field of view, but with much more sensitive detection systems®, began
to take over. For ESO, the closing of the Schmidt led to an interruption in survey
programmes that has only been convincingly ended in December 2009 when the
4.1-metre Visible and Infrared Survey Telescope for Astronomy (VISTA) telescope
began operations at Paranal. As VISTA entered into full operation, a research group
under the name of LS-Quest from Yale University began using the ESO Schmidt tel-
escope again, now equipped with a mosaic of 112 thinned, back-illuminated CCDs
(each with 600 x 2400 13y x 13y pixels), covering almost the full field of view of the
telescope (approximately 3.6 x 4.6 degrees), and built at Yale University and Indi-
ana University. Thanks to the giant leap in sensitivity, compared to the photographic
plates of yesteryear, it is possible to cover 1200 square degrees of the sky, zwice, in
just one night. The plan is to return to the same field with a four-day rhythm for a
continuing search of 4800 square degrees to find low-redshift Type Ia supernovae,
RR Lyrae stars and trans-Neptunian objects. The camera was previously used at the
Samuel Oschin Schmidt telescope at the Palomar Observatory and installed in early
2009, with first light in April 2009.

4 The UK Schmidt Telescope, from the outset better resourced than the ESO operation, continued its classical
operations with photographic plates, until 2005, although the transition to other observing modes had begun
long before.

5 CCD mosaics.
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Chapter I-8

Of Heaven and Hell,

the Vatican and the Mission

“There is general unrest in the country,
but for the time being it does not affect the ESO establishments.”

ESO Council meeting minutes, June 1971.

In the past chapters, we have looked at the establishment of the La Silla Obser-
vatory and the build-up of the telescope park, more or less as stipulated in the
Convention. We have also seen how additional telescopes were added. The desire to
exploit the new site was clearly strong, perhaps insatiable. La Silla was becoming a
Heaven for Europe’s astronomers. Or perhaps more appropriately expressed, the best
place next to Heaven. This view was undoubtedly shared by the new Director Gen-
eral, Adriaan Blaauw. He was fully occupied by the work involved in reviving the
moribund 3.6-metre project, but Blaauw was also an astronomer himself. Staying
at La Silla gave him the occasional opportunity to observe. In those early days the
atmosphere at ESO was a curious blend of a pragmatic “let’s-do-it”, hands-on ethos
and at the same time a rather elevated and reserved atmosphere. Blaauw’s wish to
observe might well have been fully understood and appreciated by his scientist col-
leagues’, but some administrators found it hard to understand? that a Director Gen-
eral would take time to “/ook at the stars”, as they put it. But, Blaauw’s wish to observe
was not only the desire of a scientist, but also a way for him to see for himself how
ESO really functioned for visiting astronomers: the core business of the observatory.

Staying active in science whilst also holding high office is obviously not easy. Blaauw therefore hired Richard
West as a scientific assistant to carry out some of his observations. West was also charged with buildingup a sci-

entific library before he became head of the ESO Sky Atlas Laboratory.

One of the challenges of science organisations like ESO is to turn what could easily become a destructive ten-
sion between an administrative backbone, acting within strict legal and fiscal rules and regulations and, not to
forget, traditions and a free-wheelingacademic world into a fruitful symbiosis. Over the years, however, I believe
that ESO has been remarkably successful in this respect.
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Blaauw was an unpretentious and congenial Director General, well liked by his staff.
Christiaan Sterken, who at the time served as a junior astronomer? recalls Blauuw’s
straightforward manner: “Tn 1971 (mid-April or early May) Adriaan Blaauw spent
considerable time in the guesthouse, and before returning to Hamburg he went on a
shopping expedition with Hilde Fritsch (in charge of the Guesthouse), and he bought a
typical Chilean carpet. He asked for a hammer and nails, climbed a chair, and started
hammering the thing on to the living room wall (between the window doors to the gar-
den). I had to hand him the nails, one by one, till the DG’s [Director General’s] hand-
iwork was done.” Another example serves to illustrate his management style. Life in
Chile was not easy in the early 1970s, either for the local population or for the for-
eign ESO staff. Travel between the observatory and Santiago became more difficult,
and staff had to accept long and time-consuming coach rides. For the occasional vis-
iting astronomer, this may have been quite acceptable, but staff who regularly had to
commute found it hard. When Blaauw asked a young staff member about his wellbe-
ing at ESO and he seized the opportunity to express unhappiness about this contin-
ued nuisance, Blaauw’s reaction was prompt. “Give me your bus ticket,” he said. “You
can have my plane ticket instead!” But Blaauw’s generous manners could not com-
pensate for the fact that the situation in the country was worsening. Strikes, power-
cuts, shortages of all kinds of everyday supplies, from spare parts and fuel to food,
and a burgeoning blackmarket, were sure signs of Chile’s downward spiral in the
carly 1970s. Uncertainty and fear became widespread and this affected the families
of the ESO staff, however privi-
leged, as well as every citizen of
the country. The blackmarket
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ESO’s international staff were able to import goods from
Europe duty free. To sell goods, however, they were required In November 1972, the ESO

to obtain permission from ESO’s administration. In this let-

ter, a departing staff member requests permission to sell his Council paid a visit to Chile.

car, refrigerator, automatic washing machine and gas cooker. Council meetings in Chile have

3 The equivalent of a student in today’s ESO terminology.

86



CHAPTERI-8 -+ OF HEAVEN AND HELL, THE VATICAN AND THE MISSION

been most helpful in fostering a deeper understanding of the operational issues on
the ground — far away and quite remote from the perspective of ministry offices in
Europe. On the fourth day of the meeting — 24 November 1972 — a Council del-
egation was received by the President of the Republic, Salvador Allende. Allende
showed great interest in the ESO project. He also expressed an interest in cooper-
ation between Chilean universities and ESO, “rot only for the education of young
astronomers and their preparation for fellowships in Europe, but also in the technolog-
ical sector™. A few years eatlier, at the inauguration of La Silla, Allende’s predecessor
had, almost poetically, declared that “.. for us [the ESO Observatory] not only means
the construction of material buildings for a centre of scientific progress; we hope ... that
it will benefit our country to have among us men who silently explore the heavens from
this vantage point. May they reveal to us the harmony and greatness of the Universe and
the humility which their profession and their dedication teach them.” Allende’s com-
ments could certainly be seen as a move towards a relationship with more concrete
benefits for Chile. In the aftermath of the audience, Council discussed the issue of
closer cooperation with Chile, and in general, there was a readiness, within the lim-
its of the organisation, to see what could be done. But unknown to Council were
the dramatic events that lay ahead — the general further deterioration of the over-
all conditions in the country® and the abrupt and gruesome end of Allende’s presi-
dency, less than ten months later.

On 10 September 1973, Hans-Emil Schuster returned to Santiago after a visit to
Europe. “It was strange,” he said in an interview with the author. “Everyone seemed
to leave the plane in Buenos Aires, where we made a ground stop. In the end, there were
only three passengers continuing to Chile. In Santiago, we found the airport almost
empty. There was no immigration check and no custom’s officers. Outside, all the taxis
had disappeared. I called the ESO Guesthouse in Las Condes and they sent a car to
pick me up. We drove through deserted streets and arrived at the Guesthouse. On the
next morning, a bus came to pick us up and take us to La Silla. We saw planes in the

sky and at the edge of the city we were stopped by the police at a roadblock. ‘No-one can

No direct record of the discussion has been available to the author. The quote is based on the recollection of the
ESO Council President, Augustin Alline, who took part in the encounter and is contained in the minutes of
the Council debate that followed immediately afterwards.

In areport to the ESO Council, Bengt Westerlund noted that from early 1973, the ESO staff were really living
in a ‘special hazard’situation. A civil war seemed imminent, travel on the Pan-American Highway became risky...”

and of course, the overall supplics ofgoods, including food, had dwindled.

87



THE JEWEL ON THE MOUNTAINTOP

travel to the North,” we were told, so we returned to the Guesthouse. Bengt Westerlund
told me to stay and ‘guard’ the Guesthouse. He would remain at the ESO Office in
Vitacura. We had a visitor ... [from an Eastern European country] ... who told us that
all foreigners were requested to report to the nearest police station or military patrol. He
insisted on following this order, so I locked him in his room. That may have saved his
life. During the night we heard shots. For three days, we did not know how things were
at La Silla.” On that day, Monday 11 September 1973, the military staged a bloody
coup d’état, bringing an end to the government of Salvador Allende and the begin-
ningofa 16-year long dictatorship. “Finally, we obtainedlaissez-passer documents and
came to La Silla.” At La Silla, the Belgian administrator, Georges Anciaux, had been
ata police station to help with the release of a close relative of an ESO employee, who
had been detained. Other staff members off duty had also tried to reach the obser-
vatory, but few had succeeded in passing the checkpoints and only under caution
that no-one could guarantee their safety. Whilst communication with La Silla was
interrupted, the Vitacura office managed to establish shortwave radio contact with
the German embassy in Buenos Aires and thus families in Europe could be notified
about the well-being of their loved ones.

The events in Chile sent shockwaves through the ESO Member States and the ESO
Council. Nonetheless, neither ESO nor the Americans considered withdrawing.
ESO’s mission was clear and unambiguous — to serve the scientific communities of
its Member States, and that essentially meant to serve science. ESO found itself in
a classical dilemma — seen in many other cases where fundamental political issues
become entangled with human activities such as sports and the arts as well as sci-
ence. Could serving science, unquestionably a noble goal, stand above politics? The
Council had no doubts and did not waver. The task would therefore be to ensure that
ESO’s mission was not jeopardised, despite the difficult times. It would be for ESO
management to manoeuvre with extreme care in the years to come to avoid any sign
of support or collusion with the military regime, yet to protect the organisation and
its ability to operate as necessary and in accordance with its remit. Contacts with
the regime were kept to a necessary minimum and at as low a level as possible. ESO
would be correct and polite, as befits conduct in international affairs, but it would
refrain from large public manifestations in the country. Thus there never was a fes-
tive inauguration of the 3.6-metre telescope and the NTT inauguration in 1990,
during the final days of Pinochet’s rule, took place in Europe, with a relatively low-
level parallel event in Chile. The ESO Council did not pay any further visits to the
country until a new democratic government took over.
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The turbulent situation in Chile, both before the coup d’étar and afterwards fed into
an ongoing discussion about ESO’s presence, especially in Santiago. These delibera-
tions had already come up in 1972 in connection with the TP Division, which had
begun to become active in Chile. A plan for expanding the facilities in Santiago
was not approved by Council. Many argued that the distance between the obser-
vatory and the ESO centre in Santiago had an adverse impact on the efficiency of
the organisation. Furthermore, the office in La Serena could play an increased role,
when La Silla was fully developed, meaning at the time the when 3.6-metre project
was completed. Conversely, it was felt that perhaps some of the functions carried
out at the Santiago centre could perhaps be transferred to Europe. This scheme may
appear rather confusing, but it illustrates a more basic issue that has remained with
ESO, in sense because it has been “built into the system™ the constant dialogue, and
occasional tension, about the proper balance between the main research facilities in
Chile, for which the organisation exists, and the Headquarters in Europe, without
which it cannot function. There have been, and are, many aspects of this dialogue
and many operational decisions have hinged upon the contemporary state of it. It is
therefore understandable that the ESO Council discussed these matters, although
often in an inconclusive way. The visit to Santiago in 1972 had convinced some mem-
bers that a move might be unwise. Even so it was thought that the La Serena office
could play a bigger role. ESO also acquired land to build a compound for its interna-
tional staff there. But discussions about the individual merits of the various solutions
ceased when the incoming Director General, Lodewijk Woltjer, presented a much
more radical approach — to concentrate activities at the observatory proper — at
La Silla. In his proposal to Council, submitted for the December 1974 meeting, he
argued cogently why, both from a point of view of cost and scientific efficiency, the
existing solution needed to change. In his arguments we also see a return to the sub-
ject of a scientific centre in Europe (see also the next chapter). Since such a centre
was lacking, Santiago had taken over some of these necessary functions, he argued,
an altogether unsatisfactory situation in his view. On the other hand Woltjer also
underlined that ESO staff should be ‘free to live where they prefer”, and continuing to
live in Santiago, an option that most preferred, could be made possible by the intro-
duction of regular flights between Santiago and Pelicano, the old base camp at the
foot of La Silla, where an airstrip had just opened. A further element of his restruc-
turing plans was to reduce the number of international staff and increase the hiring

of local staff from Chile. And so, it was decided.
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The decision to relocate almost all ESO staft in Chile to La Silla made sense at the
time. It improved the overall efliciency of the operation and it, literally, distanced,
and shielded the organisation and its staff from the grim political situation in the
country. Woltjer defends the decision in his book, adding that “.. iz any case, it was
not ESO’s role to finance an astronomical centre [in Santiago]”. But it came at a price.
In the short term the cost was simply the additional expenses incurred to keep the full
staff on a desert site, with additional financial compensation and much more travel.
In the longer run it may have contributed to isolating ESO from Chilean society.
La Silla was sometimes compared to a monastery, also in the European media. And
it may have contributed to creating the impression that ESO did not care about the
host country and its inhabitants. This was hardly justified, but — twenty years on
— this isolationist image would come back to haunt ESO.

Before we conclude this chapter, we shall briefly return to the issue of internal com-
munication. With facilities in several locations, some of which lay 12 000 kilometres
apart, communication constituted a major challenge. Before the advent of modern
information technology this was even more daunting, but necessary for the proper
functioning of the observatory® and for the organisation as a whole. Working in rela-
tive isolation, the risk was high that each facility would develop its own solutions and,
in an understandable attempt to achieve the best results, acquire ever more functions
locally, sometimes leading to rivalry and what might appear as wasteful duplication.
When these changes were denied by the management, disappointment and frustra-
tion might occur. Keeping everyone informed was therefore of huge importance.
When solid information was lacking, it left ample space for stereotypical expecta-
tions. Such problems were often countered with humour, albeit mixed with a degree
of sarcasm that was hard to overlook. Garching — meaning the ESO Headquarters
— became known in Chile as “the Vatican”, while La Silla enjoyed the doubtful hon-
our of being called “the Mission” in Europe. The importance of communication was
recognised by Adriaan Blaauw, who instigated the creation of an ESO newsletter, 7he
ESO Messenger. In May 1974, the first issue of the new in-house magazine appeared.
The primary aim of this new publication (which succeeded the ESO Bulletin) was to
strengthen internal communication, but also “¢0 give the outside world some impres-
sion of what happens inside ESO.” (Blaauw, 1974). The first issue was rather modest,

¢ Aslate as the early 1970s, the only means of telecommunications at La Silla was a shortwave radio, though tel-

ephone and telex connections followed later in the decade.
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with just six pages, written in English, but with selected texts also reproduced in
Spanish. It provided various titbits of information about new staff, technical pro-
jects, construction progress and general issues, but it soon also included articles about
astronomy. This was originally meant to motivate the non-astronomical staff at ESO.
However, it soon became clear that the magazine could provide a window onto ESO
for the outside world. The editor therefore sought a balance between light and easy-
to-read stories of general interest and more technical articles. It occasionally even
published letters to the editor, such as the following in the December 1979 issue,
allegedly from a certain ‘H.D.: “Since The Messenger is evolving in the direction of
serious journals, one should consider the problem of quoting articles in lists of references.
The other day I found the reference: ‘ESO Mess’— which is perbaps not the best compli-
ment to the otherwise fine organisation....” A particularly amusing article, written by
the editor, discussed the transformation of observing, from the classical style with
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The article “Brave New World”, published in the December 1979 issue of The ESO Messenger, offered a
dark-humoured preview of how computer automation might determine the way astronomers would work
in the future.
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the astronomer glued to the eyepiece, patiently guiding his telescope for an hour or
more, to the modern automated (as it is described) mode of observation. Nonetheless,
from September 1976 (issue no. 6) onwards it increasingly became a forum for scien-
tific users and instrument builders to describe their projects. With some variations
in emphasis, depending on the respective editors in charge, this would continue up
to the present. The ESO Messenger might even sometimes be used for fast presenta-
tion of new research results: though without a peer-review system it never aspired to
become a formal journal. The Spanish summary was discontinued in March 1988,
although two articles, in much abbreviated versions, appeared slightly later. The last
one, with the title, ‘Mi Visita a La Silla’, described a recent visit to the observatory
by André Muller, the ESO Superintendent in Chile of the early years. This article
was published in December 1988. It is gratifying to note that The ESO Messenger
today has a wide readership outside the organisation and thus evidently continues
to fill a specific need, but it failed to become the internal communication tool that
Blaauw had in mind.

Despite the continued need for internal communication, later attempts also failed.
In 1988, Harry van der Laan encouraged the creation of the ESO Echo, but this ran
to only two issues. Again in 2000 Catherine Cesarsky instigated the creation of an
on-line newsletter, called Open Skies. Although it survived for several years it never
really caught on as a major information and communication channel within the
organisation.
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The Changing of the Guard

“Twas lucky to come to ESO when 1 did ... it [was] possible

to develop ESO as a scientific organisation with gradually
the astronomical community on the continent identifying
itself with their organisation, something fostered with

the VLT project and its policy of building instruments in the
institutes of member countries.”

Lodewijk Woltjer, communication
with the author, November 2011.

he arrival of Lodewijk Woltjer to ESO in 1975 initiated a phase change within

the organisation. Before coming to ESO, he had been chairman of the astron-
omy department at Columbia University. He was not primarily an observational
astronomer, but a theoretician. He had a broad overview of the science, understood
what European astronomy needed to do to evolve and become competitive, and
his approach was not at all theoretical. As Johannes Andersen, one of the Euro-
pean astronomer who was heavily involved in the early instrumentation programme
and known in the scientific community for his occasional incisive remarks, put it:
“Having a theoretician as Director General was of great help to the instrument build-
ers, because he actually believed that the laws of physics also applied to instruments.”
Woltjer is a strong-willed person, in his own quiet way direct and blunt if necessary,
but also a master of tactics and thus able to navigate the sometimes complex and sen-
sitive landscape of science politics.

What brought Woltjer back to Europe was a strong desire to push European astron-
omy forward and he saw that ESO had the potential to achieve this goal. He pos-
sessed both the will and the intellectual strength to get his way, even if — this being

It would be hard to argue otherwise, but Woltjer chose another no-nonsense explanation: “Technical matters
concerning large optics are generally better left to optical engineers than to scientists.” (Woltjer, ibid.). And he pro-
ceeded accordingly.
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Europe — not everyone agreed with him from the outset. A key to his success was a
much closer link between active scientists, engaged in frontline research, and the tele-
scope and instrument builders at ESO. This could only be achieved by having active
scientists working directly at ESO, carrying out their own science, but also interact-
ing with the engineers — pushing them, but also working with and helping them to
achieve excellence in all aspects of the ESO operation. As he said in an interview with
the author: T wanted to have the opportunity to make ESO also a first-class scientific
institution and not only a place where telescopes were built....” But that was precisely
what some Member States did not want, sticking to the concept of the observatoire
de mission. Blaauw had already pushed for a scientific group, but failed to convince
the Council. At the same time, Council and its President, Bengt Stromgren, had
wooed Woltjer for some time.

With Blaauw’s term expiring, Council gave in. Blaauw quotes from the minutes
of the Committee of Council meeting in November 1974, only eight weeks before
his term of office as Director General came to an end: s 0 the creation of an astro-
nomical Centre in Europe, which had been made a condition by Professor Woltjer for
his acceptance of the position of Director General® ... a course of action would seem to
be acceptable ... to start recruiting a nucleus team....” But the battle was not over yet®.
Woltjer recalls a stormy Council meeting in October 1975 in which this development
was under threat of being undone. Woltjer did not yield. In the end, a showdown was
avoided through firm handling by the otherwise convivial Council president of the
time, Bengt Stré’)mgren. The matter came up again at the December Council meet-
ing, but Woltjer stood fast. Introducing his plan for “The Scientific-Technical Centre
of ESO in Europe” he once more presented the case for having a dedicated scientific
group. “Some ... have expressed ... that it would be more efficient to have a small num-
ber of persons who would spend all their time on [supporting the 3.6-metre telescope
and its instrumentation] and for the duration would forget their about their research

In his book, Blaauw mentions his own struggle to convince Council of the necessity of establishing a science
group. He also writes that “an astronomer of outstanding qualification had, in private, expressed to the Director
General interest in [leading this group]. However, contrary to expectations raised at Committee of Council, the
Council meeting of November 1972 held in Chile acted reluctantly. It authorised the Director General ro approach
the person concerned about the intended association with ESO, but rejected creation of the research-oriented group.
As a result, interest on the part of the person concerned faded.”
cil now tried to win for the post of Director General.

The person concerned” was Woltjer, whom Coun-

In fact, the observatoire de mission discussion resulted in a proposal in Council to reduce the TP Division on
the grounds, that the 3.6-metre telescope was now close to completion, after which ESO would no longer need
telescope and instrument development capabilities on this scale. With the clarity and determination character-
istic of him, Woltjer — not yet in office — made it clear that he did not intend to lead ESO in this condition.
The discussion then subsided.
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activities... . Could one really believe that the optimum use of the 3.6-metre telescope
— or the European cooperation with that in mind — could be effectively promoted by
second rate-scientists? Or does one have the illusion that one could get such scientists to
an organisation where research is judged to be superfluous or in any case an impermis-
sible luxury?” he wrote. Both Blaauw and Woltjer have dealt with this topic in their
books. It illustrates how deep-rooted this discussion has been within ESO, and it
has returned on later occasions, albeit in more benign forms. This is illustrated by
the frequently changing status of the science group, sometimes forming a division,
sometimes an office linked to the Office of the Director General, sometimes a direc-
torate — sometimes headed by a deputy director for science, a division head or even
something else*. It also shows why Woltjer was the right leader for ESO at the time.
Only someone with a strong personality and a clear vision for the future could have
brought ESO forward in a decisive way. Woltjer’s vision — and victory — was a vic-
tory for ESO and for European astronomy. He soon began to unfold that vision. Dur-
ing his term of office, he carefully cultivated ESO’s potential, exploited fresh ideas
from the scientific community and wove them into the ESO programme, preparing

the ground for the breakthrough that ESO achieved towards the end of the century.

In ESO’s newly established scientific group, Woltjer gathered a group of young and
talented scientists from all over the world. The first three members were Jiirgen
Materne (Germany), Michel Dennefeld (France) and Phil Crane (USA). Even
though Dennefeld was still a student, he already had some experience with ESO,
having worked as a co-opérant*> in Chile. Phil Crane had been involved in CCD
detector development at Princeton. The group was soon strengthened with the
arrival of John Danziger (Australia), who joined the group from Chile. With time
it grew, adding short-term visitors, fellows and staff astronomers. Among others the
group included Guido Chincarini and Massimo Tarenghi (Italy), Jorge Melnick and
Herndn Quintana (Chile), Daniel Kunth, Danielle Alloin, Marie-Heléne Ulrich
Demoulin, Philippe and Mira Véron (France), Alan Moorwood (UK) and Peter
Shaver (Canada). Their diverse national origins clearly reveal one of the decisive fea-
tures and strengths of ESO: its commitment to scientific excellence and its ability to

Currently, the science group is vibrant and strong, headed by a Director for Science. The latest change, which
occurred in early 2008, followed a strong recommendation by an international visiting committee and was fully
accepted by the Member States. For the time being, at least, this discussion has been consigned to its grave.

The civilian equivalent of military service in France.
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free itself of national constraints when it came to recruitment. Woltjer nurtured the
group, even walking from office to office to pick up “his scientists” for lunch at the
CERN canteen. The group soon began to exert its influence on the operations and
the future development of the organisation. It was initially headed by Franco Pacini,
who, in 1978, was succeeded by Per-Olof Lindblad, a mild-mannered Swedish sci-
entist with a decidedly stately air and the son of Bertil Lindblad, one of the astron-
omers who had signed the 1954 declaration. In the years to come, the Science Divi-
sion remained a highly dynamic group, with members leaving (often returning to
their home countries) and others joining. Early newcomers to the group in Garching
included Helene Sol, Joachim Krautter, Gosta Gahm, Ian Glass and many other,
mostly young, scientists — many more than we can mention in this book.

| - - :
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Gerhard Bachmann (left) entertaining guests during the lunch offered by the German President on the
occasion of the inauguration of the Headquarters building in Garching. (Photo by the author)

Whilst the incoming Director General was supported on the science side by the
changing heads of the science group (later Science Division), the key person on the
administrative side was Gerhard Bachmann, who was ESO’s Head of Administra-
tion from the end of 1972. This post was generally considered to be the second high-
est staff position in the organisation. Bachmann, a German national, had worked in
a German state government administration and in NATO before he joined ESO as
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Head of Finance and subsequently took over as Head of Administration from Johan
Bloemkolk. Bachmann remained in this position for almost 20 years. With his broad
Berliner dialect, he could be jovial, but he ran a tight ship for his staff. His tasks
were not confined to budgets, bookkeeping and personnel issues. A great admirer of
French diplomacy in particular, he was often called upon to help solve delicate issues

of a diplomatic nature over the years.

Lodewijk Woltjer, Robert Fischer, Bernard Dumoulin, Philippe Crane and Jiirgen Eichler, project man-
ager for the ESO Headquarters building on bebalf of the Max-Planck-Gesellschaft. The person to the
extreme left is thought to be Walther Nobel, an assistant to Febling and Gogel, the architects of the building.
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Chapter I-10

Garching United

“The Federal Republic of Germany, together with the
Max Planck Society for the Advancement of Science,
offers ESO a site at Garhing near Munich

Jor its European Headgquarters.”

Introduction, official proposal to the
ESO Council 29 April 1975.

etting up the TP Division also threw up the question of where ESO’s long-term

home should be. The choice of Hamburg had been largely coincidental, while
the selection of Geneva constituted a very deliberate choice, driven mainly by the
need to gain access to a rich and highly competent technical reservoir. However,
there was also a small “ESO group” in Marscille, a relic of the early years, where eve-
rybody chipped in with whatever they had to offer!. With facilities at La Silla, in
La Serena and in Santiago as well, some people muttered that ESO seemed to be an
excuse for travelling. Reducing the geographical spread was necessary. The arrival
of ESO at CERN, had stimulated a group of Swiss astronomers, notably Marcel
Golay, the Director of the Observatoire de Geneve, to consider Swiss membership
of ESO. With the first technical departments now on Swiss territory and the rec-
ognised need for bringing ESO’s European activities together in one place, the idea
of suggesting that the new headquarters could be in Geneva was in the air?. At the

! The Marseille group was not formally part of ESO.

2 In the end, nothing became of this. The Swiss decision to join ESO came too late for this idea to be scriously
considered. Nonetheless, the disappointment in Switzerland was palpable: in a jab at the Germans, on 4 Decem-
ber 1975, the newspaper Tribune de Genéve titled “We want to keep what we have” (“Nous voulons garder ce que
nous avons”), but did not spare the Swiss of criticism either: “The Swiss Science Council saw this too late. The
Confederation risks one day becoming the sad figure of the Far West cowboy who closes the stable door after all the
horses have bolted.” (“Le Conseil suisse de la Science a vu juste trop tard. La Confederation risqué d'avoir un jour
la triste figure du cow-boy du Far West qui ferme soigneusement [’ écurie aprés que rous les chevaux son parties.”).
This might appear to be a drastic comment, but it must be understood against the background that Geneva had
also lost its bid to host the European Molecular Biology Laboratory (EMBL). In any event, on 1 March 1982,
upon completion of the ratification formalities, the Swiss Confederation joined ESO as its seventh member.
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same time, however, the German government was wary of losing ESO. For histor-
ical reasons few other international organisations had settled in Germany at that
time and this had not gone unnoticed by the German Federal authorities. In June
1973, the German Council delegate read out a formal statement, in effect offering to
host a new ESO Headquarters in Germany. Blaauw has described how this became
intertwined with the still unresolved discussion about whether ESO should develop
into a scientific centre in its own right or follow the idea of being an observatoire de
mission. Irrespective of this, in December 1973, Council authorised the Director
General to “study the offer of the German government....” In the course of 1974 the
offer became more specific, with Garching being the site of choice, leading to a for-
mal proposal by the German government presented to the ESO Council at its meet-

ing of 29-30 April 1975.

Garching was a small rural village, located some 15 kilometres north of Munich, on
the high plain that leads to the Alps. The quality of the soil is poor and did not allow
prosperous farming and so land was cheap. In 1958, the German government chose
this rather uninspiring place as the site for Germany’s first experimental nuclear reac-
tor, which, because of the shape of its building, became known as the “Atom Egg”.
Opver time the site became the breeding ground for a dynamic research campus and
a powerhouse for work in the physical sciences. By the late 1970s, the Max-Planck-
Institut fir Plasmaphysik and the Max-Planck-Institut fiir Extraterrestrische Physik
had been joined at Garching by the Max-Planck-Institut fiir Astrophysik and the new
Max-Planck-Institut fiir Quantenoptik was also expected to settle on the campus.
It was clear that the stimulating environment here was precisely what ESO needed.

In December 1975 the Council accepted the German offer and half a year later, the
administration left the Bergedorf premises for a new start in an interim location —
an apartment building in Garching. The decision to bring together all ESO facili-
ties in Europe also required a new Headquarters Agreement between ESO and the
Federal Government. The Agreement formally confirmed the commitment by the
government to provide land and a Headquarters building free for a period of 99 years.
This agreement was signed on 31 January 1979. ESO could now look forward to
bringing its European staff together under one roof, but — perhaps understanda-
bly — not all staff saw this positively. Many of the staff, especially those in Geneva,
decided against a life in Munich and, in the wake of the transfer, ESO lost a sizable
fraction of its very competent engineering and technical staff. While recovery was
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certainly possible, it slowed down a number of activities, such as instrumentation
development. Construction of the new home for ESO began in October 1978 and
the building was ready in September 1980.

The German government was clearly prepared to put an adequate headquarters build-
ing at the disposal of ESO. Through the Max-Planck-Gesellschaft, which oversaw
the construction project, they appointed the upcoming German architects Hermann
Fehling und Daniel Gogel to be in charge of the project. They had already designed
the adjacent building for the Max-Planck-Institut fiir Astrophysik and had made
a bit of a name for themselves. Yet it was the ESO Headquarters building that ele-
vated them to the status of star architects (even if the expression may be ill-chosen in
the context of an astronomy book). The result was a modernistic unusually-shaped
concrete building with offices, an auditorium, a large library, laboratories and an
assembly hall for instrumentation. All in all, 4200 square metres of space awaited
the ESO staff as they began to arrive, either from their interim offices elsewhere in
Garching, or from Geneva. At the time, there were a total of 40 staft members in
Europe (Fischer & Walsh, 2009). With 120 offices, an auditorium, laboratories and
storage rooms, this was certainly a generous space allocation, but it would not take
long, before the growth of the organisation, led by an increasingly dynamic and ambi-
tious programme, meant that an expansion became necessary®.

The main idea behind the unusual design was to create open “communication spaces”,
such as the entrance area with its bridges and stairs and to enable a fast transition
from one area of the complex building to other areas: at the price of creating what to
many newcomers must appear as a bit of a maze. The German weekly, Die Zeit, tried
to describe the challenge that the architects had seen and attempted to solve. In a
somewhat free translation of the article, it said that “organising the building was more
complicated than [the Max-Planck-Institut fiir Astrophysik], because [at ESO], thinkers
and engineers, software people and technicians work together, as closely as possible, yet

3 'The first extension was built in 1986, adding a wing of 1300 square metres to the existing building. In addi-
tion, the workshop area was expanded by 500 square metres. A further expansion occurred in 1990, when an
additional storey of 575 square metres was added. Alas, this expansion also only provided a temporary reprieve.
In 1998, as a provisional measure, ESO began to install offices in containers and, as the need for offices contin-
ued to rise, ESO rented office space elsewhere on the Garching campus. By 2008, almost half the ESO staffin
Garching were housed outside of the Headquarters building. In that year, Council agreed to add a completely
new building complex to the existing Headquarters, based on the outcome of an architectural competition in
the preceding year. Construction work began in early 2012.
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clearly separated and without disturbing each other.”* (Sack, 1980). Less epideictic and
in his own unique way, then-editor of 7he ESO Messenger Philippe Véron oftered his
view of the new headquarters building: “ short period of familiarisation was needed
during which everybody lost their way during a few hours or a few days in what, at first
sight, looks like a labyrinth of the kind used to test the intelligence of rats. But human
beings are on average cleverer than rats and the problem is quickly solved; after a while
it appears that everybody found the building to be very convenient and a pleasant place
to work in.” (Véron, 1981). It is probably impossible to achieve consensus about mod-
ern architecture, and some technical staff who had to fit their equipment into curved
rooms — in some cases even to cut large holes in massive concrete walls simply to
get the equipment into these rooms — may not have seen the building in the same
way as the journalist from Die Zeit. Yet the ESO Headquarters remains a landmark
building, and the goal of fostering communication and interaction between various
groups in ESO by means of the architecture has undoubtedly been achieved®.

Lodewijk Woltjer welcoming the inauguration guests at the Garching Headquarters (photo left). President
Karl Carstens and Woltjer during a relaxed moment. (Photos by the author)

On 5 May 1981, the new Headquarters building was inaugurated in the presence
of the President of the Republic of Germany, Karl Carstens, the Prime Minister of
Bavaria, Franz-Josef Strauss, diplomatic representatives of the Member States, the
President of the Max-Planck-Gesellschaft, Reimar Liist, and the ESO Council and

numerous members of the scientific community. Because of the large number of

* “Die Organisierung dieses Hauses war komplizierter als die des anderen, weil hier Denker und Ingenieure, Rechner,

Mechaniker miteinander arbeiten, miglichst nabe beicinander, aber deutlich und storungsfrei voneinander
getrennt.”

> For manyyears the ESO Headquarters building remained an object of study by groups of architectural students.
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participants, the assembly hall, intended for the integration of large components
(even telescopes) had been transformed into a festive hall for the day. The inaugu-
ration itself was followed by a formal lunch, offered by President Carstens, and an
evening state reception at the Antiquarium, the stunningly beautiful 16th-century
renaissance hall of the former Royal Palace in Munich. In between these events, and
on the following day there was a scientific symposium entitled Evolution of the Uni-
verse. The symposium featured high-profile speakers, such as Hubert Curien, two
Nobel Laureates (Hannes Alfvén and Manfred Eigen), a former Director General of
CERN (Léon van Hove) and two astrophysicists of world renown, Dennis Sciama
and Jan Oort, the spiritual father and long-time associate of ESO. The strong show-
ing at the inauguration marked the arrival of ESO on the research campus and helped

to put Garching on the world map of physics.

Jan Oort speaking at the scientific symposium in connection with the inauguration of the Garching
Headguarters. (Photo by the author)

With the move in September 1980, the reorganisation, as Woltjer had planned
it, had been achieved. In its new Headquarters, ESO Garching was becoming an
important focal point for optical astronomy in Europe. And a natural meeting place
for astronomers from the Member States and beyond. The Visiting Astronomers
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office, led by Jacques Breysacher and ably assisted by Christa Euler — perhaps the
most famous non-astronomer female in European astronomy — handled the appli-
cations for observing time and organised the meetings of the biannual Observing
Programmes Committee (OPC), which tended to grow as the number of propos-
als kept increasing,

The many ESO conferences created important fora for the exchange of ideas and
drew many scientists to Garching. Others came to use the measuring machines, the
PDS and Optronics scanners with which they digitised their photographic plates,
or to reduce their data with the help of computers at ESO.

The Users Room at Garching where visiting astronomers could reduce their observational data obtained

at La Silla. (Photo by the author)

This was a time when microelectronics bcgan to assume great prominence. It was
not limited to control systems for telescopes and the development of new detectors,
but also to the treatment of astronomical data — or “image processing” as it became
known. At ESO, the first step in that direction was taken by a young Dutchman,
Frank Middelburg. The son of the Dutch Ambassador to Chile, Frank Middelburg
had followed the early epoch of ESO’s presence in the country, and in 1967, he joined
the organisation to work at La Silla. Middelburg developed an interest in the use of
computers for image analysis. At the time ESO’s Santiago office operated a Grant
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Measuring Machine, a one-dimensional scanner used for spectra on photographic
plates. In 1975, he was transferred to Geneva, where ESO acquired a two-dimensional
S$-3000 Optronics scanner (for the scanning of Schmidt plates) and from then on the
system, which he almost single-handedly developed and named the Image Handling
and Processing System (IHAP), became an official ESO project. In the years to come,
IHAP would be expanded and it not only became the workhorse image processing
software at ESO, but was also implemented at 15 major institutes in Europe. IHAP
owed its success to the fact that it contained most of the functions of systems still
to come. However, it was highly optimised for the HP-2100 mini-computers that
ESO had selected for its facilities. Porting the system to other platforms, or even
using it with operating system updates, required a major effort and posed consid-
erable problems (Grosbel & Biereichel, 2003). With new non-photographic detec-
tors, notably the CCDs, emerging and in general, the move towards digitisation, it
was clear that more powerful computer systems would be needed, and ESO moved
to VAX 11/780 computers.

Even though IHAP was a well-developed and popular system by 1980, ESO had
embarked on developing a more versatile software system, which received the name
MIDAS — the Munich Image Data Analysis System. King Midas acquired his fame
by turning everything he touched into gold®. ESO’s MIDAS could hardly compete
with such a performance, but it did become the dominant image processing software
for astronomy in Europe for more than ten years, with yearly releases and substan-
tial user support. More significantly, MIDAS was conceived as an open and modu-
lar system. The MIDAS development was led by Phil Crane, initially supported only
by Klaus Banse, but later the group™® grew in size.

So where was ESO by the early 1980s? From the perspective of the Member States it
would seem to have accomplished its task. It had completed the initial programme

¢ A software project more likely to make gold was software with the same name, but developed for the financial
sector, and at the time unknown to ESO. For this reason ESO had to change the formal name of its software
product to ESO-MIDAS (Bansc, 2003).

7 Others working on MIDAS were Preben Grosbel, Charlie Ounnas, Daniel Ponz, Frangois Ochsenbein, Michéle

Péron and Rein Warmels.

The Image Processing Group was ultimately absorbed into the Data Management Division to which we shall

return. In the end, given thata competingimage processing system called IRAF had been developed in the USA,

Riccardo Giacconi decided that ESO should concentrate its resources elsewhere.
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foreseen in the Convention and it had established a highly efficient setup in the sense
of extremely smooth operations and a high degree of user satisfaction. With all Euro-
pean activities finally concentrated in one place, the ESO “system” was complete.
And the organisation had begun to prepare for the future, embracing new ideas and
concepts. On the other hand, by that time, ESO had not really achieved anything
that had not been done before by others. For all its merits a 3.6-metre telescope as
the major observational facility was perhaps not so much to write home about after
all. Some individual Member States had in parallel embarked on programmes that
would develop national 4-metre-class telescopes of their own. On Hawaii, France
was building the 3.6-metre Canada France Hawaii Telescope. In Spain, the Ger-
man Max-Planck-Gesellschaft was erecting a 3.5-metre telescope. Among the coun-
tries that would later join ESO, the UK was already operating the 3.9-metre Anglo
Australian Telescope (AAT) at a site in New South Wales, Australia and was plan-
ning to build the 4.2-metre William Herschel Telescope on La Palma in the Canary
Islands. In addition Italy’s 3.5-metre Telescopio Nazionale Galileo was being con-
sidered and would later also be built on La Palma. From a global perspective, there
were nine telescopes in the 3.5-6-metre range, though only three of these were in
the southern hemisphere. Also, in the field of detectors and instrumentation, cru-
cial for a telescope’s ability to collect scientific data and generate new knowledge,
others — notably the AAT — had moved more astutely. Finally, telescope designers
had begun to develop and test new ideas, such as implementing alt-azimuth mounts
and dreaming about arrays of interconnected telescopes. Ideas for much larger tele-
scopes existed as well. If ESO had caught up, reaching the goal also meant realising
that this goal was itself moving fast.

In the world of science, ESO’s reputation was still mixed. To many astronomers, per-
haps especially in non-member states, ESO was the target of scorn, perhaps also of
envy. Some American astronomers assailed ESO for its luxurious habits, such as fly-
ing its staff and visitors in and out of La Silla instead of having them take the bus.
Woltjer coolly dismissed the criticism, simply referring to the higher efficiency and
the matter was put to rest. But the fact remains that in the global community, scep-
ticism prevailed. It is almost as if ESO was the ugly duckling of world astronomy.
But ugly ducklings may become beautiful swans, and ESO’s Member States under-
stood this.
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Chapter 1I-1
Upping the Ante

“It was no longer a question of catching up

with the rest of the world, but of taking the lead.”

Lodewijk Woltjer, in his book
Europe’s Quest for the Universe.

O ptical astronomy is fundamentally a question of photon-hunting. If we disre-
gard the Sun, we cannot travel even to the nearest star to carry out detailed
in situ measurements. Hence astronomy is really an example of remote sensing, catch-
ing a little of the electromagnetic radiation that reaches us from objects in the sky
and analysing it. But that radiation is weak and some therefore say that astronomy
is photon-starved. The remedy is to set up traps — telescopes with large collecting
areas — the larger the better. In December 1977, scientists gathered at CERN in
Geneva to discuss exactly how to do that. The occasion was an ESO Conference enti-

tled Optical Telescopes of the Future.

In his introduction to the meeting, Woltjer mentioned the long lead times for new
telescope projects, twenty years or more. He also stressed that, in spite of the merits
of the Hubble Space Telescope, whose launch was then expected in 1983, in many
areas of astronomical research large ground-based telescopes would offer better per-
formance. The science case that he outlined covered studies of the chemical compo-
sition of main sequence stars in globular clusters in the Milky Way and of similar
objects in nearby galaxies, detailed spectroscopic observations in the field of cosmol-
ogy, studies of faint optical counterparts to the mysterious radio- and X-ray sources,
and also “high time-resolution photometry of X-ray sources, pulsars and other objects.”
A man of great clarity, he did not hide his ambitions: “The scientific case for one or
more very large future telescopes is strong. The investment costs ... would not much exceed
the sum ... of the present ESO, German and French large telescope projects. As such, the
construction of a very large telescope of the future would be a fitting project for Euro-
pean cooperation.” (Woltjer, 1977).
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Of the more than 240 participants, 19 came from the US. Not surprisingly, though,
with 15 out of a total of 46 presentations, they played a prominent role. There were
also many presentations by scientists from the UK and Canada. In the part dedi-
cated to incoherent arrays and multi-mirror telescopes — arguably the core part of
the conference — US astronomers gave seven out of the twelve talks.

It was evident that new ways had to be found to overcome the existing barriers in
telescope design, whether technical or financial. Topics such as active and adaptive
optics were mentioned as theoretical possibilities. Interferometry was mentioned
as well, although with widespread scepticism. Nonetheless the options presented
by Don Hall from Kitt Peak for what was then called the KPNO Next Generation
Telescope — a 25-metre equivalent aperture optical and infrared telescope — more
or less described the general situation. They were:

1) An “Arecibo Bowl” solution, i.e. a stationary, spherical primary composed of pas-
sive segments. The celestial object would be followed on the sky by pivoting the
secondary mirror;

2) A “Rotating Shoe” solution, reminiscent of the Arecibo Bowl, but enabling the
entire structure to rotate in azimuth. ('This solution came to be realised in 1997
with the 9.2-metre effective aperture Hobby-Eberly telescope at the McDonald
Observatory in Texas and its sister, the Southern African Large Telescope
[SALT] in Sutherland, South Africa);

3) A giant steerable dish, with suggested 25-metre diameter (again for the KPNO
project);

4) A Multi-Mirror Telescope, i.c. several mirrors on a single mount. This repre-
sented a scaled-up version of the University of Arizona/Smithsonian MMT" on
Mount Hopkins, which would soon go into operation;

5) An array of individual telescopes in the 8—10-metre-class, the solution finally
selected by ESO; or

6) Arrays of smaller telescopes, in some proposals up to one hundred or more
2-metre-class telescopes.

! The Multiple Mirror Telescope (MMT) constituted a radically new approach to telescope design. It served as

an important source of inspiration also for the Europeans in the years to come.

110



CHAPTERII-1 . UPPING THE ANTE

From ESO, both Ray Wilson

ALXT
GENERATION and Wolfgang Richter gave
T::%:EEEEI_T presentations, but they elected

to describe generic issues rather
than a particular project. None-
theless, the presentation by
Richter contained a drawing of
a 16-metre f/8 Cassegrain tel-
escope with a segmented mir-
ror. The telescope was housed
in an enclosure, but outside the
enclosure, Richter had placed
a 60-metre windmill. This was
intended to reduce the wind
load on the telescope, and
simultaneously produce energy

for the facility (Richter, 1978).

F - _.-._; . .Tl?e v:{in:mill, not sur;;lrisir;igly,
- joined the not-so-small collec-
STEE!?*"&TE'LE DISH Sy tion of curious, but long forgot-

The 25-metre steerable dish — one of the telescope concepts pre- ten ideas, but the notion of the

sented by Don Hall at the 1977 ESO conference ar CERN. 16-metre telcscope remained.

b TIELESCOHE

Wolfgang Richter’s proposal for a 16-metre telescope, to be operated in the open air, but with a giant wind-
mill “to diminish the influence of the wind”.
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While much of the conference focussed on the technical challenges and merits of
the individual ideas, lurking in the background was also a deeper issue, about how
astronomy should be conducted in the future. More precisely, where should the bal-
ance lie between investments in large telescopes, expected to be used only by a few
elite scientists, and smaller telescopes, of which there could be plenty and thus also
be available for a much larger number of astronomers. This issue came to the fore in
the final panel discussion, chaired by Jesse Greenstein of Caltech/Palomar Observa-
tories. Harry van der Laan expressed the concern of many vividly: “The astronomical
commaunity does not consist of one mastermind and n robots. The creativity and enthu-
siasm that goes with individuality and rivalry are aspects that must have great weight
when considering the next generation of facilities.” In spite of the fairly sharp debate, a
consensus seemed to emerge. The technology was not ripe enough to think in terms
of really large single-dish telescopes. But without increased light-collecting power,
many of the science goals could not be achieved. Therefore the solution lay in arrays
rather than in single-dish extremely large telescopes. On the other hand, the indi-
vidual telescopes of such arrays ought to be bigger than the already existing large tel-
escopes to allow real progress.

Despite the relatively low profile of ESO? at the meeting — at least as regards the
number of presentations — the Geneva conference was pivotal for the development
of a European Very Large Telescope project. It was the first major conference in this
process, which would span two decades. Further milestone conferences, still to come,
were the ESO conference on the Scientific Importance of High Angular Resolution
at Infrared and Optical Wavelengths (1981), which ensured that adaptive optics and
interferometry remained on the agenda, the VLT workshops in Cargese (1983) and
in Venice (1986), among many other meetings.

The Geneva conference opened up interesting perspectives for the future and Woltjer
was clearly determined that ESO should play a leading role in that future. So, after
the conference, Woltjer asked Wolfgang Richter to set up a study group at ESO.
Not surprisingly, the group looked at three options: a single 16-metre telescope, four

% There were no presentations of an ESO large telescope project per se, but in his introduction Woltjer “for illus-
lmtive])urposes, [comidered] some aspects (;fa 16-metre aperture equimlenl te/escope” (’)
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8-metre telescopes and sixteen 4-metre telescopes. At the same time Woltjer started
to ponder a name for ESO’s new project. “Why don’t we call it what it is?” was Ray
Wilson’s straightforward answer. “Why not simply call it the Very Large Telescope?”
And so, under the heading “Ten Nights at the Very Large Telescope (VLT)!”, in 1978
The ESO Messenger opened its pages to contributions from members of the scientific
community, describing the science they would wish to conduct with the new tele-

scope. The fire had been lit.

The work of the study group, however, was disrupted by the move to Garching and
the ensuing reorganisation of ESO’s technical departments. In addition, two new tel-
escope projects, to which we shall return below, meant that resources, always scarce,
had to be reallocated to those other tasks. But in January 1981 a new study group
was established, initially chaired by Ray Wilson and, from April 1981, by Jean-Pierre
Swings. In the course of 1982, it became clear that the limited array concept (of four
8-metre telescopes) was the preferred option’, although a number of technical ques-
tions remained to be clarified and, indeed, solved. One of the main issues was the fea-
sibility of interferometry on the scale required for such a facility. The idea behind the
array was the light beams of each telescope could be combined, either incoherently or,
preferably, coherently. In the first case, the array would act as a “light bucket” with
a light grasp equivalent to a 16-metre telescope. In the second case, the array could
be used as a giant interferometer, yielding an angular resolution comparable to that
of a much larger telescope. We shall look at this later. The outcome of the work by
the study group was presented and discussed at a meeting of about 50 scientists in
Cargese, Corsica, in May 1983. At the meeting there was support for the basic idea
that the VLT should consist of an array, rather than a single-dish telescope. Fol-
lowing the workshop, ESO’s Scientific Technical Committee — and subsequently
Council — decided that ESO should set up a dedicated project group within the
organisation. Daniel Enard was appointed to lead this group. Before joining ESO in
February 1975, Enard — an outstandingly gifted, yet modest engineer — had worked
at the Optical Division of MATRA, the French automotive and defence company.
At ESO, he had made his mark mainly by developing scientific instrumentation, an
area in which ESO had been trailing badly. Since 1980, he had been in charge of the
instrumentation group and as leader of the VLT project group he would play a cru-
cial role in developing the project to the stage where it could be formally submitted
to the ESO Council for approval.

® The 16-metre option was found to be too risky from a technical point of view and the 4-metre was viewed as not
ambitious enough and therefore politically risky (Wilson, 2012).
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The project group would interact with an advisory committee, comprised of members
of the scientific community and led by Jean-Pierre Swings. The committee would,
in turn, be assisted by dedicated working groups dealing with critical issues such as
instrumentation (imaging and spectroscopy), site selection and interferometry. To
ensure consistency and cohesion, the chairs of the working groups were also mem-
bers of the advisory committee.

The new VLT project group again reviewed the three main options, this time also
from a technical/industrial point of view, and increasingly the array solution emerged
as a winner. In an article in 7he ESO Messenger, Daniel Enard provides the main
arguments for the final choice of the 4 x 8-metre telescope array. But, as he also
acknowledged, this choice had its own challenges: “Tndeed, the array concept pre-
sented a number of problems which had to be matched by adequate solutions. There
were three of them: the feasibility of the primary mirror, an efficient way to recombine
the beams and a building concept combining a low-cost, a minimal degradation of see-
ing, the best use of the site’s topography, and an optimal arrangement for interferome-
try.” (Enard, 1987). ESO therefore carried out a number of detailed feasibility stud-
ies, mostly contracted out to European industry, leading to a proposal that could be
discussed again with the broad scientific community. For this purpose, a conference
was organised at the Cini Foundation in Venice in October 1986.

The participants in the landmark VLT conference in Venice in October 1986.
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Building on the outcome of this meeting, ESO then formulated its formal proposal
to the Member States for the construction of the VLT. We shall return to this pro-
posal in Chapter II-6, but for now, we need to look at a few parallel developments
within ESO, some of which had a direct bearing on the VLT project and on ESO as
awhole. At this stage, we shall just note that “the VLT was very much in the air”, to
quote Jean-Pierre Swings®.

Nonetheless, ESO would need a few interim steps, partly because they were highly
prudent from a development point of view, partly to deal with the growing short-
term needs of ESO’s users, not the least due to the entrance of Italy and Switzerland,
which had become a reality around 1980 (even if the formal membership process with
its political and legal steps had not been completed).

The addition of two new Member States meant dealing with a larger user commu-
nity, adding to the pressure on the ESO facilities. To alleviate this pressure some-
what, it was decided that the entrance fee of the two newcomers should be used to
construct a new large telescope. At the same time this new facility, which became
the 3.5-metre New Technology Telescope, could be used to test the many new ideas
about telescope design that were emerging in these years and without which the much
larger telescopes of the future could never be built. The construction of the new tele-
scope fitted nicely with the proposal by Italy to pay part of its entrance fee in-kind
by providing the primary mirror®.

Around the same time, another option came up that would expand the La Silla tele-
scope park further. The Max-Planck-Institut fiir Astronomie, located in Heidelberg,
was undertakinga substantial effort on its own, which included the construction of
a 3.5-metre telescope, to be placed at Calar Alto in southern Spain, as well as two
2.2-metre telescopes, one for Spain and one to be erected in Namibia. The Namibia
telescope had been built but, for political reasons, was never installed in its foreseen

* Interview with the author for the ESO 1992 promotional film The VLT Tale.

> In1968 Italian astronomers had acquired a 3.5-metre blank for a planned Italian National Telescope. As was
custom at the time, this was cast with an aspect ratio (thickness vs. diameter) of 1:5 for a traditional, passive
tclcscopc. With the new ideas about thin tclcscopc mirrors cmcrging, the idea was to slice the Italian mirror
into two, but it turned out that only the top part could be used. This was then thought to become the primary
mirror of the Italian National Telescope Galileo on La Palma, a modified copy of the ESO NTT. The Italian
in-kind contribution to ESO was converted into orders to Italian industry.
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location and instead had been stored in boxes for several years. Following an agree-
ment between the Director of the Max-Planck-Institut, Hans Elsisser (who had actu-
ally himself taken part in the early ESO site tests in South Africa) and ESO’s Direc-
tor General, the 2.2-metre telescope was put at ESO’s disposal on a 25-year loan from
the Max-Planck-Gesellschaft, on the condition that ESO installed the telescope at
its own cost¢. Woltjer, in turn, had not only committed to doing this in record time,
but also allocated a mere five million deutschmarks for the job. Undoubtedly, Woltjer
was keen to demonstrate ESO’s prowess, but there was a scientific need for speed, too:
the 2.2-metre was a fine telescope and should be available to scientists sooner rather
than later. He asked Massimo Tarenghi to become project scientist, but soon after
changed his status to project manager. Tarenghi acted without delay and in a way
that, for ESO, was unusual at the time. He brought two accomplished Chilean staff
members, Gerardo Ihle and Manuel Cartes, up to Europe and put them in charge
of the installation of the telescope. He also solicited help from Carl Zeiss, the com-
pany that had produced the telescope. Finally, at the suggestion of Robert Fischer?,
he decided not to develop a new dome, although initial plans had been to construct
a scaled-down version of the 3.6-metre dome. Instead, he procured a commercially
available dome from Observa Dome in the US, which was installed in a space of just
six weeks in October/November 1982 (Bauersachs, 1982). Erection of the telescope
began on 15 February 1983, and first light was achieved by 22 June of the same year.
This must be close to a world record for such an undertaking! The initial instru-
mentation was a photographic camera and the Boller & Chivens spectrograph with
a CCD camera. Later instrumentation included a Wide-Field Imager (WFI)® and
FEROS, the Fibrefed Extended Range Optical Spectrograph, which was transferred
from the ESO 1.52-metre telescope.

The telescope would serve as a most useful addition to the arsenal at La Silla and it
also played an important role in a series of experiments that ESO undertook regard-
ing possible remote control of telescopes. For a while three telescopes were being
operated remotely from Garching, the CAT, the NTT and the 2.2-metre telescope.
The rationale for remote control was partly to reduce travel costs and time, and to
allow for a much more eflicient operation of the telescope. Satellite communication,

¢ 1In addition the Max-Planck-Gesellschaft would receive 25% of the available observing time.
7 ESO’s Head of Contracts and Procurement.

8 In the VLT era, much dccpcr surveys were needed than the ESO/SRC Survey and thus the requirements
exceeded the capability of the Schmidt telescope. The WFI was a joint project of ESO and the Max-Planck-
Institut fiir Astronomie to provide ESO with a wide-field capability, covering 0.5 x 0.5 square degrees with a
67-megapixel camera. We shall deal with the issue of survey telescopes again in Chapter IV-3.
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which had become a readily available option, opened up new opportunities. How-
ever, the first attempts began much more humbly and without involving satellites
in geostationary orbits. The first test was carried out over a distance of a few metres
in June 1984 by Tarenghi and Gianni Raffi, a software engineer based at Garching.
They tried the idea from a console a few steps away from the telescope, causing a few
smiles at La Silla. After that, they moved to La Serena, to continue the experiment
from the ESO office there. Since the 2.2-metre telescope was not really designed for
remote control, a telescope operator (then called a night assistant) stayed behind to
check that everything was working properly and also to carry out the few manual
functions that could not be steered remotely. The computers in the control room and
at the La Serena office (two HP-1000 systems) were connected by a telephone line.
The observers thus had the choice of observing remotely or talking to the night assis-
tant, when they needed his help. With a smile, Tarenghi later recalled: ¢ a certain
moment, the operation went so smoothly that we decided to continue observing without
interruption. When we were finished — in the morning hours — we called the night
assistant and told him that e could now close the dome. ‘OK’, he replied, “but before I
do so, could I please go to the toilet, because you have gone on for hours without talking
to me.”” (Tarenghi, 2010).

With the completion of the 2.2-metre, Tarenghi became involved in the NTT pro-
ject, first as a consultant, but soon after as project manager. The NTT was a spring-
board to the VLT and we shall therefore deal with this telescope in some detail.
The next chapter examines some of the underlying ideas that made this telescope so
revolutionary.
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Chapter 1I-2
Inventing a Game Changer

“The development of telescope optics is a fascinating story....
Over all its history, the optical development of the telescope
bas also depended on technical inventions,

above all in mirror materials, glasses, support systems

and means of achieving high reflectivity.”

Ray Wilson, 1996.

he task of an optical astronomical telescope is simply to collect and focus the

faint light from objects in the sky. It usually does so by means of one or more
mirrors and the bigger the main (primary) mirror, the more light it can collect. Since
a mirror reflects light, what really matters is the reflecting top layer of what is nor-
mally a glass substrate. For almost all telescopes, this layer is comprised of alumin-
ium and, remarkably, only a few grams of it will suffice to create a thin, yet highly
reflective coating, even for the largest mirrors. However, to keep this reflective layer
in its place one needs a support — the glass substrate already mentioned — prop-
erly shaped, and fixed in a mount that can turn to point the telescope towards its
target and to counter the rotation of the Earth during prolonged observations. One
also needs equipment to detect the light as it arrives at the focus and thus the whole
structure needed to keep these few grams of aluminium correctly positioned, and to
exploit the light scientifically, becomes a giant machine weighing many tonnes, in
fact sometimes hundreds of tonnes.

In the case of ESO’s 3.6-metre telescope, to maintain the shape of the primary mirror
accurately, irrespective of the direction in which it points, the glass mirror weighs 11
tonnes. [t is supported by a mirror cell and a polar axis of 119 tonnes and the mechan-
ical structure needed to keep the secondary mirror in its right place adds an addi-
tional 70 tonnes to the mass budget. Including the non-moving pedestal, the mass
of this telescope is of the order of 245 tonnes. Clearly, any increase in the diameter
of the primary mirror to improve the “photon catch” would involve a string of addi-
tional problems related to the overall mass growth and, even if these were solvable,
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would surely lead to a dramatic increase in cost. For traditional telescope designs,
the relationship between cost and size seems to follow an empirical law, according
to which the cost rises by roughly the 2.6th power of the diameter of the primary
mirror. For these reasons, the practical upper limit in terms of diameter of the pri-
mary mirror was considered to be around 5 metres, the size of the famous Hale Tele-
scope at Mount Palomar’.

If astronomers wanted to build telescopes with larger light-collecting surfaces, they
would have to fundamentally rethink the way telescopes were designed. Among the
optical scientists who had thought about this was Ray Wilson, at the time working
at Zeiss, where he was conducting a study for the optics of the ESO 3.6-metre tele-
scope in 1966. Originally, it was neither the weight issue nor the cost that caused him
to think about other solutions, but rather the inherent difficulties of maintaining a
proper alignment of the main optical elements of a telescope — between the primary
and the secondary mirror — as the telescope changed its orientation during track-
ing. Poor alignment resulted in an aberration that opticians call decentring coma.
He dubbed the problem “Cassegrainitis”, because it applied to all classical Cassegrain
telescopes. His great insight was the realisation that if it were possible to measure the
adverse effect on the image, then it would be possible by means of an active support
system to correct the problem. It would also be possible to correct other kinds of aber-
rations such as astigmatism. At the time, however, Zeiss showed little interest in these
thoughts and moving to ESO (in 1972) gave Wilson the opportunity to pursue the
idea further. In 1977, after the completion of the 3.6-metre telescope, he published
his ideas, followed by a more elaborate paper in 1982, in which he also introduced
the term “active optics”. The idea was stunningly simple. The telescope mirrors would
be controlled by an active support system that would apply the necessary force to
the mirrors to maintain them aligned with each other (in spite of tube flexure?) and
correct for gravitationally induced deformation as the telescope changed its orienta-
tion. The correcting forces would be applied on the basis of analysis of an actual star
image during the observations, so that the telescope would, in effect, be self-adjust-
ing and always produce the optimal result®. But simple ideas do not always convince
everybody. In a comprehensive article about the history of active optics in The ESO
Messenger, Wilson recalls the reaction of an American scientist, when he explained

The Russians had built a 6-metre telescope at the Special Astrophysical Observatory, which revealed the huge
problems associated with conventional telescopes of that size.

Deformation of the telescope mechanical structure under the influence of gravity.

Alternative — but less elegant — solutions, pursued elsewhere, involved correcting the telescope according to

pre-calculated flexure, rather than measuring the actual image deterioration.
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the system. “Well, my feeling is that such a system will never be realisable in practice,”
said the American (Wilson, 2003). Feelings or not, he was wrong.

But why was this idea so important? Firstly, significantly improving the image quality
meant a dramatic improvement in the resolution of the images that could be obtained
with the telescope. But higher resolution also means that more (light) energy is con-
centrated in a smaller area on the detector. This in turn makes it possible to detect
fainter objects. However, the real advantage was that with an active support sys-
tem, the primary mirror in particular could be made much thinner, breaking out
of the straightjacket that led to a disproportionate weight growth when increasing
the diameter of the mirrors. With lower mass, thermal effects would be minimised
and the whole telescope structure could be slimmed down. And last, but not least,
stringent specifications as regards the optical quality of the mirrors could be relaxed,
because much could be corrected by the support system. Basically, the invention of
active optics held the potential to push the door wide open to much larger telescopes,
both technically and financially. If only it would work.

To demonstrate the feasibil-
ity of active optics, an experi-
ment was set up in the optical
laboratories at Garching with
a thin I-metre test mirror rest-
ing on an active support sys-
tem with 75 actuators, pro-
duced by Oberto Citterio of
the Laboratorio CNR Fisica
Cosmica e Tecnologie Relative*

in Milan. In addition to Ray
Wilson, the experiment mainly
involved Paul Giordano and
Lothar Noethe, the latter join-
ing ESO in 1983 from Siemens.

The setup was not just used to

The active optics experiment at the ESO optical laboratory in
Garching. (Photo: Hans Hermann Heyer) demonstrate that the active

4 The mirror was later donated to the Deutsches Museum, the huge technical museum in Munich, where it was
prominently displayed in the permanent astronomy exhibition.
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support system worked but also the image analyser, based on a Shack-Hartmann sys-
tem of lenslets and a CCD detector allowing for real-time analysis. The latter was of
essential importance for the success of the entire system. The tests went on for about
one year. Although the team had expected complications along the way, at least one
problem was completely unexpected. After a successful start, the test results began to
raise eyebrows. Results could not be repeated, and the system seemed to behave in a
completely random way. Evidently, something was wrong, but what? In the end, the
team decided to remove the mirror and check the actuator system below. This was
not an entirely trivial exercise, but it — literally — brought the cause of the prob-
lems into the light of day. The ESO Headquarters building is located on a green-field
research campus north of the small town of Garching near Munich. Looking out of
their office windows staff could enjoy the charming view of fields being tended to by
local farmers. Less pleasant, though, was that by autumn, the Headquarters building
seemed to have been selected as cosy winter quarters for harvest mice. Some found
the warmth and darkness underneath the 1-metre mirror experiment an almost ideal
place to build a nest, with food right on their doorstep — since mice seem to like to
cat the protective layer of plastic around electrical cables (and, if need be, the copper
wire as well). The affair caused a great deal of amusement and discussions about the
solution — some suggested simply getting a cat, but being a high-tech place, ESO
instead acquired an ultrasound system which made the mice migrate, presumably
to more welcoming locations.

Wilson’s active optics became the main novel feature of the New Technology Tele-
scope. But when it went into operation it combined a host of technical solutions that,
in combination, made it one of the world’s finest optical telescopes, perhaps the fin-
est. We shall look at the NTT in more detail later, but at this stage it is important to
realise that the NTT constituted a bold attempt to exploit a wide range of new ideas
about telescope design. Woltjer’s decision to go ahead, backed by the ESO Council,
allowed ESO to cut free of its existing programmatic paradigm, to search for and to
develop new pathways. In a sense, it was the birth of a new ESO, but, just like stars
that form inside dense clouds of interstellar dust and gas, and are thus shrouded from
our sight, it would take a while for the new ESO to become visible.

Whilst the first light of the NTT that we describe in Chapter II-9 undoubt-
edly marked the professional high point of Ray Wilson’s career, he subsequently
received several high honours, including the prestigious Medaille Lallemand of
the French Académie des Sciences in 2005, and, in 2010, both the Tycho Brahe
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Prize of the European Astronomical Society, and the Kavli Prize’, awarded by the
Norwegian Academy of Science and Letters (Det Norske Videnskaps-Akademi),
the Kavli Foundation and the Norwegian Ministry of Education and Research
(Kunnskapsdepartementet), for his seminal work.

> Shared with Roger Angel and Jerry Nelson of the US — other great telescope builders.
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Chapter 1I-3

EMMI, SUSI, SOFI and the other Darlings

“The long time ... has led me into reconsidering
whether the coudé spectrograph really deserves the high

priority it has been given, and I am convinced that it does not.”

Johannes Andersen (letter of 9 October 1974 to Ray Wilson).

Astronomy is as close to fundamental science as it gets. Yet progress in astron-
omy has always depended strongly on technology. Sometimes the necessary
technologies existed already, sometimes they had to be invented and, in such cases,
astronomers often gave a hand in the technical development. Galileo, the first person
known to have used a telescope for astronomical observations, did not invent it. But
he put it to use as soon as he could lay his hands on one. Conversely, John Herschel,
the astronomer, played a major role in the development of photography. Astropho-
tography, it has been said, was the step that “turned observational astronomy into a
true science” (Schilling & Christensen, 2009). Astronomers were no longer depend-
ent on the human eye and the subjective and fallible perception caused by the sig-
nal processing in the human brain. Instead they had objective records that could be
measured and compared. And they could collect light over long periods of time, add-
ing photons as they came in. The introduction of solid-state detectors came as a god-
send (if that term can be used in connection with astronomy)'. The increase in quan-
tum efficiency was dramatic, data came in digital form and thus could be exploited
scientifically much more easily. Cumbersome darkroom processing, often at the end
of a long night and a tiring observing run, became a memory of a distant past. But
CCDs were still far from perfect and once more, astronomers played an important

! In the course of the 1970s, the photographic plate was supcrccdcd as the detector of choice, in a sense simply

because the emerging world of electronics provided exactly that — a choice! Initially image intensifiers were
used in front of photographic film, and also electronographic cameras, pioneered by André Lallemand, pro-
Viding a badly needed increase in scnsitivity. Yet thcy were not very practical to use, and the next step — the
Spectracon and McMullan cameras — was a short one, as subsequently, charge-coupled devices became avail-
able. Readers interested in electronic cameras will find an overview in a paper by Dennis McMullan and Ralph
Powell (McMullan & Powell, 1977).
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role, together with industry, in optimising the performance, with respect to spectral
sensitivity, even better quantum efficiency, lower noise and more eflicient read-out.
We have already discussed why astronomers are keen to have bigger telescopes, but
we see here that there is more to it than large mirrors. The auxiliary instruments and
their detectors, the equipment with which astronomers actually record and analyse
the light from their targets, are at least as important. But whilst astronomers have
expended great efforts on developing their telescopes, for a long time, their focus
has been rather less on what we today call instruments. In fact, in the past, the term
was used almost arbitrarily, as can be seen in the ESO Technical Report No. 1, in
which Svend Laustsen describes the 3.6-metre telescope as ESO’s principal instrument
(Laustsen, 1974)2. Fortunately, all of this has changed, enabled by technological pro-
gress and by changes in telescope design. This, in turn, has led to new operational
concepts and to an explosion in the amount of scientific information — i.e. data —
that we collect. The development of astronomical instruments has arguably been one
of the most dynamic and significant areas for the evolution of the science. But we are
jumpingahead. The roots of ESO’s instrument development programme were laid in
connection with the 3.6-metre project, and the early phase was anything but auspi-
cious. It is indicative that Blaauw’s book on the early history of ESO pays only scant
attention to the question of instrumentation for Europe’s new flagship telescope.

The 3.6-metre telescope had three foci: firstly a prime focus at the top of the telescope
used for direct photography. Behind the main mirror was the Cassegrain focus, with
the light being bounced from a secondary mirror through a central hole in the main
mirror. And finally, a coudé focus was located a floor down in the telescope build-
ing, with the light being brought there by means of a series of mirrors. Much atten-
tion and effort, and many hopes, were directed towards the coudé focus of the tele-
scope. In conventional telescopes, the coudé focus offers the only place where very
heavy and bulky instrumentation can be placed. Unlike the other conventional foci
(prime focus and Cassegrain), the instrumentation is not mounted on the moving
structure and so the coudé was the location of necessity for the large instruments
that were needed to obtain high spectral resolution®. We have already encountered

To be fair it should be noted that the terminology was different in those days. What we today call an instru-
ment was then called an auxiliary instrument. However, even this term betrays the somewhat subordinate sta-
tus of this component in the minds of many telescope designers.

The preoccupation with the coudé spectrograph, to which Johannes Andersen alludes at the beginning of this
chapter, was not simply a technical question. Rather it was rooted in the fact that while it was a key instrument
for stellar observations, it was less useful for the observation of faint galaxies. Yet at least some astronomers saw

the 3.6-metre tclcscopc as crucial for opening up cxtragalactic studies for European researchers.
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Gerbard Schnur riding in the prime focus cage at the top of the 3.6-metre telescope. From this position, the
observer guided the telescope and exchanged the photographic plates. (Photo: Jobn Launois/Black-Star)

the term spectrograph many times and will continue to do so. The reason is simply
that a spectrograph is the most important tool in the hands of an astronomer. In a
typical spectrograph, a diffraction grating spreads (disperses) the light from the astro-
nomical objects into its individual colours, or as the scientists would express it, wave-
lengths. These spectra provide a wealth of information about the target object. With
an echelle grating it is possible to obtain high dispersion spectra, i.c. of high resolu-
tion, and a wide wavelength coverage at the same time. This is ideal for detailed stud-
ies of the chemical composition of stars, for example. The first instrumentation plan
for the 3.6-metre telescope — i.c. for the instruments to be mounted at the three foci
— was modest and at the same time reflected traditional thinking. Woltjer put it less
diplomatically: when he arrived at ESO he found that “.. instrumentation develop-
ments were in a catastrophic state.” (Woltjer, ibid.).

A joint ESO/SRC/CERN conference on Research Programmes for the New Large
Telescopes, held at CERN in May 1974, provided a forum for thinkingabout the kind
of instrumentation needed to tackle some of the big research questions. One of the
participants was Johannes Andersen, a young, dynamic astronomer from Denmark,
who had recently gathered experience in spectroscopy first at the Observatoire de
Marseille and subsequently at the Dominion Astrophysical Observatory in Victoria,
Canada. Not a timid person, in his characteristic bold way he quickly developed a
good rapport with Woltjer, who was poised to become the next Director General
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of ESO (though at that time he had not yet been formally appointed). Andersen
brought fresh ideas with him and he became an important player — together with
Ray Wilson*and Daniel Enard — in fundamentally revising the plans for the coudé
instrumentation for the 3.6-metre telescope. They developed the design for a power-
ful, up-to-date scientific tool: the Coudé Echelle Spectrometer (CES), which would
offer a resolving power of 100 000°. That, however, would take considerable time, and
in the end, it was only put to use after the Coudé Auxiliary Telescope was installed
in November/December 1980.

The CES at the 3.6-metre telescope. (Photo by the author)

So, at the start of operations, the 3.6-metre instrument complement was sparse. Aside
from the prime focus camera and a photometer, the main instrument was a Boller &
Chivens spectrograph, another off-the-shelf instrument bought in the US. The deci-

sion to go for a readily available commercial instrument was not undisputed, but it

The working relationship between Wilson and Andersen is nicely illustrated by an anecdote, told years later by
Andersen on the occasion of the retirement of Ray Wilson: “Returning from my first observing run at La Silla
in March 1973, I came on a fine morning to the newly-established ESO TP Division in Geneva to visit a Danish
colleague. Treated to my then standard sermon on spectrograph design, he quickly introduced me to the new Head
(and only member) of the Optics Group with a comment that we might have common interests to discuss. Indeed we
had: after what seemed like five minutes, the cleaner politely suggested that we get out of his way; everybody else had
gone home long ago!” (Andersen, 1993).

w

The resolving power of a spectrograph is normally given by a number that expresses its ability to resolve features
in the electromagnetic spectrum in a given wavelength domain.
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was taken for reasons of time and was, in any case, necessary for extragalactic stud-
ies. Yet it is also an indication of the lower importance given in the early years to
planning and developing instruments for frontline science relative to the efforts of

building the telescope itself.

Aside from the CES, the first steps to develop dedicated instrumentation at ESO
began with a spectrograph for the 3.6-metre Cassegrain focus, an instrument called
CASPEC. CASPEC was an echelle spectrograph enabling a resolving power of
20 000 (and later up to 50 000). Such a resolution was previously the domain of
coudé focus instruments, but since CASPEC did not need an elaborate optical train
of mirrors — each resulting in additional light loss — it could be used to study
much fainter objects (down to the 15th magnitude). This opened up new possibili-
ties for studying stars in the Milky Way and nearby extragalactic objects. The devel-
opment of CASPEC was led by Maurice Le Luyer and began in the TP Division in
Geneva in the mid-1970s. The instrument saw first light on the 3.6-metre telescope
in June 1983 (D’Odorico ¢z a/., 1983). An SEC Vidicon tube had initially been fore-
seen as detector, but this was changed in favour of a 512 x 320 pixel, thinned, back-
illuminated RCA CCD detector® — the first such detector at ESO7 to come into
operation in a spectrograph.

This instrument was followed by the ESO Faint Object Spectroscopic Camera,
EFOSC, conceived by Daniel Enard. EFOSC was a focal reducer and spectrograph
capable both of imaging and faint object spectroscopy and in this sense the first
multi-purpose, or multimode, instrument at ESO. Focal reducers provide for a rea-
sonable field of view even with a small detector, while better concentrating the light
and thus ensure a better signal-to-noise ratio (Dekker, 2009). The optical design
of EFOSC, which became the mother of many other FOSCs produced elsewhere,
was due to Bernard Delabre, an ingenious young optical engineer from France and
one of the unsung heroes at ESO?. It was first installed at the 3.6-metre telescope

¢ A CCD that has been thinned has higher sensitivity, especially to shorter wavelengths, and also has a higher
quantum efficiency than front-illuminated CCDs, because the light can pass through the back layers instead of
through the CCD’s gate structure at the front which blocks some of the light.

The first CCD detector at La Silla was used at the Danish 1.54-metre telescope for direct imaging (Pedersen &
Cullum, 1982). Both systems had been procured in the US. Although in the days of the Cold War, such advanced
equipment was not easy to get, thanks to the efforts of Phil Crane, ESO succeeded.

Delabre has played a key role in developing the optical design for most of ESO’s instruments.
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in June 1984 and offered to the user community in April of the following year. The
detector in this case was also a thinned, back-illuminated RCA CCD.

The move towards multi-purpose instruments was based on the experience that con-
stant instrument changes, necessary on the 3.6-metre telescope to accommodate
many different observational needs, were time-consuming and achieving a perfect
optical alignment reliably could be problematic, quite apart from the wear on connec-
tors that had to be constantly connected and disconnected with every change. Perhaps
more importantly, there was no flexibility during an observing run. The reasoning
was, therefore, that if the telescope had fixed instruments that could perform differ-
ent types of observations, this would bring about a major improvement in efficiency.

Multi-purpose instruments tend to be much more complex than their single-purpose
brethren. This almost inevitably has consequences for their size and weight. And since
Cassegrain instruments are mounted underneath the primary mirror — and thus
riding on the structure as the telescope tracks the stars — there are limits to what
can be done this way. The solution came not primarily from changes in instrument
design, but from electronics. Or rather from the new possibilities created by the intro-
duction of computer control for telescopes. In the earlier chapters we have discussed
the equatorial mount used by most classical telescopes. A simpler solution is the alti-
tude-azimuth (alt-az) mount, where the telescope rotates about two mutually perpen-
dicular axes, one of which is vertical, leading to a cleaner, simpler and more symmet-
ric design and load distribution. This was first introduced for large telescopes by the
Russians with their 6-metre Bolshoi Teleskop Alt-azimutalnyi (BTA) telescope? at
the Zelenchuk Special Astrophysical Observatory in the Northern Caucasus region.
Tracking the stars with an alt-az mount is more complex, because the telescope has
to move around two axes with continuously changing speeds. Furthermore, the field
— the image, so to speak — rotates, so that the detector must rotate as well to keep it
steady. However, with the advent of modern computer control, all of this is possible.
The advantages are that alt-az mounts are lighter and cheaper to make. They can also
carry heavier, i.e. larger, telescopes. More importantly in the context of instrumen-
tation, however, is that they enable the use of another type of focus — the Nasmyth
focus. In this scheme a flat tertiary mirror diverts the light coming from the

? In operation since 1976, i.e. the year of first light for the ESO 3.6-metre telescope.

19 Tn classical tclcscopcs, the Nasmyth focus can be used only to rclay the light, e.g.toa coudé instrument.
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secondary mirror towards a location on the side of the telescope’s main mechani-
cal structure, which can easily accommodate heavy and complex instrumentation.
And by rotating the flat mirror through 180 degrees, instruments can be placed on
cither side of the telescope. This was the solution adopted for the New Technol-
ogy Telescope, which for a while became the main field of occupation for the ESO
Instrumentation Departments!, which had been established within the TP Divi-
sion. The NTT meant a major change at ESO in terms of instrumentation develop-
ment, not only because the technological advances opened up new perspectives for
sophisticated design solutions, but also because instrumentation was included from
the outset in the telescope project in a way that had not been the case before. Seeing
instrumentation as integral to the entire project and as a vital means of optimising
the scientific use of the telescope, in other words adopting a holistic approach to the
development of a new “science machine”, has been the hallmark of ESO ever since

and is the foundation of the success of both the NTT and the VLT.

The original instrument com-
plement for the NTT comprised
EMMI, the ESO Multi-Mode
Instrument, and the infrared
spectrometer (IRSPEC, which
was transferred from the 3.6-
metre telescope). The EMMI
two-channel instrument (ultra-
violet [UV]-blue and Visual-
red) was specifically developed
for the NTT and was a good
initial all-round instrument for
both imaging and medium- and

high-resolution spectroscopy. It

This photo of EMMI, taken in 1989 during the final testing
at Garching, provides a good impression of the complexity of
the new generation of instruments. (Photo: Hans Hermann
Heyer) However, its designers had not

was efficient, flexible and had
wide wavelength coverage'.

! The reason for two departments was to separate work on optical and infrared instruments. These evolved at a
different pace and in any case had somewhat different requirements.

12 Years later, to illustrate the versatility of EMMI, Hans Dekker made an analogy with the mythical Bavarian
animal, the “egg-laying woolmilkpig” (Dekker, 2009).
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anticipated the spectacular first-light images produced by the NTT (see also Chap-
ter I1-9). These images provided a stark illustration of what could be achieved by con-
trolling the dome temperature and ventilation to optimise the local seeing. But they
also demonstrated the quality of the site — and it was realised that the instruments
would not be able to take full advantage of superb atmospheric conditions when they
occurred. Since it became clear that this actually happened “for a relevant fraction of
the observing time” (D’Odorico, 1991)3, ESO set out to quickly develop a CCD cam-
era that, with a pixel size corresponding to 0.13 arcseconds, would be able to exploit
these opportunities — the SUperb Seeing Imager, or SUSI, for short*. And quick it
was: SUSI saw first light in April 1991, sitting on the so-called Nasmyth B platform
of the telescope, together with IRSPEC.

Let us briefly turn to the subject of observations in the infrared. Infrared observa-
tions complement observations at visual wavelengths. They provide us with addi-
tional information about the nature of the objects that we study and, in some cases,
they allow us to study objects that cannot be seen at all in visible light. This is, for
example, the case for stars in their early formation phase, which occurs inside dense
clouds of gas and dust, impenetrable to visible light. Likewise, the central part of the
Milky Way is heavily obscured by dust while it shines brightly in the infrared. At
certain wavelengths, infrared observations can be carried out from the ground, but
at others space-borne telescopes are needed. ESO, of course, focuses on the ground-

based work.

If ground-based observational astronomy is normally a struggle for photons, it could
be said that infrared observations are as much a struggle against photons. This is
because of the high degree of infrared radiation in the local environment compared
to that coming from distant celestial sources. Infrared radiation is basically heat and
heat is of course generated almost everywhere. Even the telescope structure itself radi-
ates heat and so does the large quantity of electronics associated with any modern
telescope. Add to this the fact that the atmosphere is partly opaque to infrared radia-
tion from the Universe (while itself being a strong infrared emitter) and the challenge

13" According to the 1990 ESO Annual Report, about 10% of the observing time at La Silla offered a seeing better
than 0.5 arcseconds (full width at half maximum [FWHM)]).

' In 1995, ESO in collaboration with the Osservatorio Astronomico di Roma upgraded the instrument with a

new imager with a much larger field and of a better camera as regatds read-out spccd and sensitivity.
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facing infrared astronomers becomes clear. As ESO astronomer Hans-Ulrich Kéaufl
expressed it rather graphically: “Translated into the words of optical astronomy this
is equivalent to observing stars from within a furnace (like the one in which the VLT
blanks have been cast) rather than from a dark astronomical site.” (Kiufl, 1993). At
least part of the technical remedy is cryogenics. The study of heat sources in the sky,
thus, becomes cool science, literally speaking. The engineering task is to build com-
plex opto-mechanical instruments that can operate flawlessly in ultra-low temper-
atures. But there is more to it. Even without the local effects the excess radiation
from space is sparse. Observing an object in the infrared therefore requires a con-
stant check on the general sky background, which is achieved by switching between
the field of observation and a neighbouring field. This is best achieved with the help
of a so-called “chopping secondary”, i.e. by moving the secondary mirror frequently
— and rapidly — between two positions. This is not in itself trivial, considering the
mass of the mirror and the requirements in terms of constant optical precision, but
it is feasible.

Infrared astronomy, however, was not just a struggle for or against photons. It was
also a struggle for detectors. The technological development received a boost in the
1980s in the context of the US Strategic Defence Initiative, also known as the Star
Wars Programme. This however meant that whilst new detectors were being devel-
oped in America, the US military also controlled the market and obtaining export
licenses was difficult. Since US observatories had better access and furthermore ben-
efited from the Hubble Space Telescope programme®, ESO and European astrono-
mers were put at a disadvantage. In Europe, the French and UK carried out military
development programmes in this area as well, but obtaining access to these develop-
ments for civil applications was exceedingly difficult.

ESO’s first infrared imager offered as a common user instrument was IRAC, the
InfraRed Array Camera, which was mounted on the MPG/ESO 2.2-metre telescope
in 1988. The camera had a 64 x 64 pixel detector. It was followed in 1992 by the
Thermal Infrared Multimode Instrument (TIMMI). Developed at the Laboratoire
d’électronique et de technologie de I'information (LETI/LIR) in Grenoble, the first
TIMMI detector was based on the detector of ISOCAMY, flown on the ESA Infrared

5 In particular, the development of the NICMOS instrument for the Hubble Space Telescope (HST).

16 Despite the difficulties rcgardingmilitary dcvclopmcnts, Pierre Léna had started discussions with Commissariat
3 I’Energie Atomique (CEA) about supplying the detectors for ISOCAM. Together with Frangois Sibille, he
carried out important preparatory work for this project. The principal investigator of ISOCAM was Catherine
Ccsarsky, who became ESO Director General in 1999.
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Space Observatory (ISO). TIMMI was described as a kind of infrared EFOSC (Kiufl
et al., 1992), and like its next of kin placed at the Cassegrain focus of the 3.6-metre
telescope. It provided for imaging as well as some long-slit spectroscopy, and as such
was probably the first instrument of its kind in the world (Kiufl, 1994). The TIMMI
instrument was built by the Service d’Astrophysique of the French Commissariat
a ’Energie Atomique. In view of ESO’s VLT instrumentation plans, the TIMMI
contract therefore also served to test the waters regarding procurement of scientific
instruments from national institutes, a topic to which we shall return later. As part
of the La Silla upgrade effort, described in Chapter III-8, TIMMI was replaced
in 2000 by a completely new camera — now with a 240 x 320 pixel detector —
this time built by the Astrophysikalisches Institut und Sternwarte of the Friedrich-
Schiller-Universitit (FSU) in Jena, Germany”. The Universitit Wien was also
involved and contributed software. TIMMI 2, as the instrument was called, was
discontinued in June 2006.

A further instrument for the near-infrared (wavelengths in the range 1-2.5 um)
was SOFI, an imager/spectrometer: i.e. yet another “infrared EFOSC”. SOFI was
installed at the NTT on La Silla in early December 1997 (Moorwood ez a/., 1998).
From a semantic point of view, the name constituted a bit of a paradox: SOFI stands
for “Son OF ISAAC”, the larger and more complex Infrared Spectrometer And Array
Camera (ISAAC) infrared instrument, which was being built for the VLT. As we
shall also see later, developing advanced instrumentation can take a long time, but
SOFI was in fact realised by ESO in less than two years and in parallel with the ongo-
ing ISAAC development. For that reason it was also finished before its father, hardly
a normal father—son relationship! SOFI, however, was a son in spirit and to some
extent even in parts. It was built in the context of the NTT Upgrade Plan to main-
tain the NT'T, and La Silla, as a competitive facility, albeit at low cost and within
a minimum use of time. This does not mean that it was a secondary instrument in
terms of its scientific capabilities. By the late 1990s, infrared detector development
had made great advances, opening new opportunities for observers. Thus SOFI pro-
vided much improved performance over IRSPEC, its predecessor at the NT'T, both
in terms of resolution, limiting magnitude and sensitivity.

It is difficult to overestimate the importance of the increased focus on instru-
mentation. In fact, improvements in instrumentation optics, allowing for higher

17 This project was funded by means made available to institutes in the former East Germany in connection with

the German reunification effort.
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efficiencies, and dramatically increased sensitivity of detectors and the associated
electronics had a significantly stronger impact than the growth in telescope size.
The increase in sensitivity of existing telescopes was equivalent to a fivefold growth
in their size (Gilmozzi, 2006). This development had, however, only just started. As
we shall see when we deal with instrumentation for the VLT in Chapter III-2, enor-
mous strides forward could still be made, a situation that prevails to this very day.
Yet, as we build ever more efficient instruments, fitted with detectors that exploit
almost 100% of the light, it also becomes clear that the next leap forward will only
be possible with larger telescopes. Much larger telescopes. We will come back to this
issue later in the book. For now, we shall take a look, not at a larger telescope, but at
one in an unusual place.






Chapter 11-4

Hubble at ESO

“ESO has provided much more than an operational
infrastructure for the ECF. It has

created a rich and active scientific environment for the staff
and enabled the exchange

of ideas on a wide range of technical issues.”

Fosbury & Albrecht, 2002.

SO is devoted to ground-based observational astronomy, but there are clear syn-

ergies with space facilities as well. As the project for the Space Telescope (later
to be named after Edwin P. Hubble) began to take firm shape, both the synergies
with observatories on the ground and the need for astronomers to be involved early
on became evident, in the US as well as in Europe. The 2.4-metre Hubble Space
Telescope is a joint NASA/ESA project, although with a 15% share, ESA is a rela-
tively small partner. The main facility to handle the data is the Space Telescope Sci-
ence Institute (STScI) located on the campus of the Johns Hopkins University in
Baltimore, Maryland (with Riccardo Giacconi as its first director). To assist Euro-
pean astronomers, however, a service facility in Europe was considered necessary. In
1980, ESA invited bids to host and co-sponsor this facility, and on 26 June 1981, it
selected ESO over rival proposals by the Royal Observatory Edinburgh, the Institute
of Space Astrophysics at Frascati and the Institut d’Astrophysique de Paris. As rea-
sons for choosing ESO, Bob Fosbury and Rudi Albrecht wrote: “Strong points of the
ESO proposal were the large, although not 100%, overlap of the ESA and ESO scientific
commaunities and the fact that ESO was already operating a major multinational obser-
vatory in Chile using an operating concept similar in many respects to that foreseen for
HST.” (Fosbury & Albrecht, ibid.). So, on 23 February 1983, the Directors General
of ESA, Erik Quistgaard, and ESO, Lodewijk Woltjer, signed the agreement for the
Space Telescope European Coordinating Facility (ST-ECF), and in April 1984, the
facility was set up at ESO’s Headquarters in Garching. The ST-ECF was headed by
Piero Benvenuti, who had worked in the International Ultraviolet Explorer (IUE)
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project. It had an original staff complement of fourteen, seven from ESA and seven

from ESO.

The ST-ECF was intended ‘%0 enhance the capabilities within Europe for the scientific
use of the Space Telescope and of its data archive.” (Benvenuti, 1984). The initial tasks
of the ST-ECF were “coordination of development of ST-related data analysis software
in Europe and with the Space Telescope Science Institute in the US, [developing] orig-
inal application software for the reduction and analysis of ST data, [creating] an effi-
cient means of archiving, cataloguing, retrieving and disseminating non-proprietary ST
data,” as well as providing advice and support for European ST users.

The telescope was originally supposed to be launched on the NASA Space Shuttle in
1983, but the project suffered serious delays. For a long time the launch was scheduled
for October 1986, so that the ST-ECF was established well before the planned start
of operations. But on 28 January of that year the Space Shuttle Challenger exploded
during launch, with the tragic loss of seven astronauts, and the entire shuttle fleet
was grounded for 32 months. The launch of the Space Telescope finally occurred on
24 April 1990 to much public attention. This was not simply because of the impres-
sive sight of the launch itself, but because of the massive public relations campaign
that NASA had conducted in support of the project. On 20 May 1990, the telescope
saw official first light, initially with a one-second exposure, followed by another of
30 seconds of NGC 3532, an open cluster of stars in the southern constellation of
Carina. First light images are always a special experience. They are not intended to
be used scientifically. More than anything, they provide the first glimpse of how the
telescope is performing, of great interest to scientists and engineers alike. They are of
course also widely disseminated by the media and of interest to the public in general.
At this point the scientists and engineers may subsequently spend quite a bit of time
carefully analysing the images to understand better how well the telescope works
and how it can be further fine-tuned. But the requirements of the media in terms of
immediate information, in simple straightforward language, are difficult to recon-
cile. And so it happened that the first reports about Hubble’s first light were quite
upbeat. This was misleading, for things were far from well. A second observation car-
ried out some days later, a 100-second exposure with Hubble’s Wide-Field Planetary
Camera, confirmed the growing suspicion that something was seriously wrong. On
17 June 1990, first light was then achieved for the second on-board instrument, the
Faint Object Camera (FOC), an ESA contribution to Hubble.
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According to Eric Chaisson, then Director of Educational Programs (and also han-
dling media requests) at the Space Telescope Science Institute, the STScI scientists
were acutely aware of ESO’s initial success with its 3.5-metre New Technology Tele-
scope (see Chapter II-9), which had delivered the then sharpest image of a celestial
object ever obtained. “There was a bit of a race between ESA and ESO for the sharpest
images of the sky,” he claims (Chaisson, 1994). This is a bit of stretch, though. Firstly,
space-borne and ground-based facilities are clearly complementary; secondly if there
had ever been competition in the field of optical imagery between the ESONTT and
the Hubble Space Telescope, it was certainly one of (a very modest) David against
(a mighty) Goliath'. However, in this phase, it was indeed the NTT that took home
the points — a fact that, as we shall see later, was not without irony. In any event, the
first light images obtained with Hubble’s FOC did not bring relief to the NASA/ESA
team in Baltimore. As it turned out, the telescope’s primary mirror suffered from
an optical flaw, the primary mirror being too flat along the edges by a minute, but
decisive 2 um. This caused a spherical aberration, which meant that only about 15%
of the starlight was concentrated within 0.2 arcseconds, the rest being spread over
a much larger area (Wilson, 1999). A layman might have described the images sim-
ply as fuzzy or out of focus, but things were more complicated than that. And that
proved to be a good thing.

As soon as the problem was recognised, a frantic search for solutions began. Between
August and October 1990, an ad hoc panel of experts was formed to consider possible
solutions. With Hubble in orbit above the Earth, there was obviously no possibility
of a quick fix to the problem. The way forward therefore branched into two strands
— what could be done immediately in terms of processing the degraded images and
what could be done to cure the problem by 77 situ treatment, which would have to
await the first service mission with NASA’s Space Shuttle. Two ESO scientists played
important roles in that connection, Ray Wilson and Leon Lucy, of whom the latter
would soon join the ST-ECF team.

For the short-term solution, the particular pattern of the stellar images, caused by
the spherical aberration, lent itself well to analysis and the application of the numer-
ical image-processing technique known as deconvolution. Some of these deconvolu-
tion methods are closely related to those used in work on another problem that was
recognised even before the launch of Hubble. Astronomers call this “undersampling

! In Chaisson’s estimate, the NTT cost 1/100 of Hubble, though this cannot take the launch cost for the service
missions into account.
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of the point spread function (PSF) by the detector array”, meaning that the detector
is not able to capture details as fine as those that the telescope can actually see. The
reason for this was partly that at the time the telescope was designed, CCD detectors
were coarse, small and with relatively few pixels. To cover a reasonable field, detec-
tors were mounted next to each other in an array®. Another reason had to do with
the wish to minimise “detector noise”. In any event, it was thought that this prob-
lem could be corrected partly through image reconstruction, and therefore scien-
tists had been thinking about this for a while. Lucy had been working with another
ESO colleague, Dietrich Baade, and in an article in 7he ESO Messenger in Septem-
ber 1990 they proposed their method as a powerful way of dealing with the gravely
affected Hubble images (Baade & Lucy, 1990). During the previous year, they had
already demonstrated the efficiency of their method in connection with the NTT
first light image, which featured a treated version as an add-on to the already out-
standing image, produced with the NTT’s active optical system. The methods devel-
oped by Lucy, Richard Hook and Hans-Martin Adorf at the ST-ECF to reconstruct
full-resolution images from dithered exposures from the Hubble cameras became a
standard operating procedure for Hubble and strongly influenced the choice of pixel
scale for the telescope’s subsequent cameras (ACS and WEFC3).

With the application of the Lucy method and others developed elsewhere, it became
possible to reconstruct the Hubble images and thereby achieve the originally fore-
seen resolution, although crucially it could not make up for the loss in contrast and
sensitivity. The work of those early years, thus, helped to deal with a serious threat
to the Hubble programme. But it also had a long-term effect. Appropriately, Bob
Fosbury and Rudi Albrecht, wrote: “While, in retrospect, those three years of aber-
rated HST operation have been largely eclipsed by the superb optical performance sub-
sequently achieved, the mathematical infrastructure triggered by those early needs has
matured and grown into many areas of astronomical data analysis, including spectros-
copy as well as imaging.”

As regards possible longer-term solutions to Hubble’s ailment, Ray Wilson carried
out a thorough analysis of the first images. Transforming what opticians call the lon-
gitudinal aberration into the wavefront aberration — which is the physical measure
of the aberration — was necessary to understand the precise nature of the error and
therefore to work out any possible corrective measure. In the end some 15 different

% To cover the gaps between the detectors the technique of “dithering” was developed, i.c. combining multiple,

slightly shifted exposures.
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options to solve the problem presented themselves. They ranged from a group of
solutions to provide a full-field correction at full aperture to providing corrections
for the individual on-board instruments. A group of options was designated radi-
cal solutions. The first group contained proposals such as placing a helium lens over
the telescope or an aspheric mirror placed at an angle of 45 degrees above the tele-
scope, possibly as a free-flying module. Based on his mathematical analysis, Wilson
provided an elaborate overview with the pros and cons of each solution. One option,
however, did not need scientific computation. It was listed under the radical solu-

tions and simply said: “Build new HST!” (Wilson, 1990)>.

In the end a relatively simple solution known as COSTAR was chosen. COSTAR,
or the Corrective Optics Space Telescope Axial Replacement, was designed to cor-
rect the spherical aberration for three of Hubble’s instruments, the Faint Object
Camera, the High Resolution Spectrograph (HRS), and the Faint Object Spectro-
graph (FOS). It was popularly described as a “contact lens”, but in reality consisted
of several pairs of small mirrors that would correct the flaw before feeding the light
into the science instruments, in what opticians call pre-focal plane correction?. New

instruments, developed later each contained their own corrective optics, so that

COSTAR could be removed during the 2009 servicing mission.

As Wilson later acknowledged: “What determined what would be done, what could be
done, was not people doing equations with optics on the Earth, but the astronauts up in
space ... the COSTAR solution was chosen because it was the only one they could carry
out.” COSTAR could be slipped in as replacement of the High Speed Photometer,
and thus did not require high-precision work during the EVA — or spacewalk —
beyond what was possible for the astronauts with their thick suits and gloves. The first
servicing mission was carried out in December 1993, and COSTAR was installed,
as well as a new, corrected, camera called WFPC2. Among the astronauts was the
Swiss astronomer Claude Nicollier, who had in the past also observed at La Silla.
It was therefore a particular pleasure to receive him and his colleagues at the ESO
Headquarters on 16 February 1994, as the team made a high-profile visit to Europe.

> Much of Wilson’s report is found again in the official NASA/STScl report, published in 1991. The radical solu-
tions, however, are not!

Wilson provides a brief overview of the options for correcting the spherical aberration in the March 1991 issue
of the ST-ECF Newsletter.
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On Wednesday, 16 February 1994, the STS-61 crew that successfully repaired the Hubble Space Telescope
during a Space Shuttle mission in December 1993 paid a visit to the ESO Headquarters. Among the crew
members was the Swiss scientist Claude Nicollier, who had previously carried out observations at La Silla.
Seen here are Nicollier and Harry van der Laan. The ESO flag was flown on the Shuttle mission and is
now on display at the ESO Headquarters. (Photo: Hans Hermann Heyer)

The ST-ECF was born before the internet-based worldwide web, originally developed
at ESO’s sister organisation CERN, changed so much about the way that we com-
municate and work. Not surprisingly, among the first professionals to understand
and exploit the new opportunities offered by the web were scientists and so, by the
mid 1990s, some of the original functions of the ST-ECF were no longer necessary.
Of course, it was still important for ESA to possess in-house expertise as regards
Hubble and its instruments as well as an independent data analysis and curation
capability. Following a review by Len Culhane, Rolf-Peter Kudritzki and George
Miley, the ST-ECF took on new tasks including work on the Guide Star Catalog 11
(GSCII) and post-operational archive calibration. The ST-ECF developed unique
know-how, for example, in the area of dealing with slitless spectroscopy data, from
Hubble’s ACS® and NICMOS¢ instruments, delivering science-ready data to what
has become known as the Hubble Legacy Archive. At the same time, not having

> Advanced Camera for Surveys

¢ Near Infrared Camera and Multi-Object Spectrometer
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day-to-day operational responsibilities, it could act in some respects as a think tank.
In a sense, the ST-ECF moved from being fundamentally a Hubble outlet, provid-
ing an interface to the European astronomical community, to contributing to the
ongoing Hubble programme in an integrated manner. In this way the ST-ECF also
helped to secure a strong European participation in the Hubble programme, perhaps
even exceeding that which the financial contribution might seem to suggest. On the
other hand, with the encouragement of NASA, the ST-ECF also began an outreach
effort’, aimed at demonstrating that Hubble included significant European partici-
pation. This effort would later be integrated into ESO’s outreach activities.

With its iconic status, the HST generated much interest among visitors to the ESO Open House Days. In
this picture, from October 2006, Michael Rosa and Lars Lindberg Christensen are surrounded by visitors,
curious to learn about the telescope and the role of ST-ECF. (Photo: Hans Hermann Heyer)

In 2010, the sun set on the ST-ECF. Amazingly, Hubble was still going strong®. It had
arguably become the most iconic telescope in the history of astronomy, but it had seen

7 Led by Lars Lindberg Christensen, who later took charge of ESO Outreach.
8 Hubble’s design lifetime was 15 years.
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its last servicing mission and, in any case, had outlived the original need and reason
for having a pied-a-terre in Europe. The next large space telescope, originally known
as the Next Generation Space Telescope and later renamed the James Webb Space
Telescope, will require a different operation model. Furthermore, by 2002, ESA had
decided to move some of its activities from Garching to its own centre at Villafranca
near Madrid, which in the past had been the operational centre for the IUE.

The location of the ST-ECF ar ESO strengthened the ties between Europe’s space-borne and ground-based
observational astronomy. Like ESO, the ST-ECF had a Users Committee. In this photo, from 1998, the
committee members, together with Tim de Zeeuw who was visiting ESO at the time, are taking time off
to see for themselves the progress on VLT instrumentation, in the shape of the high resolution spectro-
graph UVES. From left to right: Reynier Peletier, Max Pettini, Tim de Zeeuw, Yannick Mellier, Lukas
Labbardt, Sandro D’Odorico and Giovanni Zamorani. (Photo: Robert Fosbury)
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What, then, did the ST-ECF mean to ESO? The ST-ECF was embedded in the ESO
system, yet it always kept a high degree of independence. It operated in a fruitful
symbiosis with ESO and, especially under the directorship of Giacconi, became an
important cultural interface, between those familiar with space-borne operations in
astronomy and those on the ground. The combination of the information technol-
ogy (IT) revolution and the operational concepts and requirements of space oper-
ations strongly influenced ESO’s thinking about the VLT, especially in the area of
data management and curation of scientific data’. Indeed perhaps the most impor-
tant contribution lay in the operational experience gained from constructing a sci-
ence archive with the original data at STScI and a copy at the ST-ECF in Garching,
the content of which would be made available to the worldwide community of sci-
entists, released after one year of propriety usage by the original observing teams. It
became the model upon which the ESO Science Archive was built and run, both as
an archive in its own right and as an integral part of an overall operating concept
for the VLT and some of the other telescopes at ESO. Through the ST-ECF, ESA/
ESO relations were strengthened considerably, both institutionally and at the per-
sonal level. Thus the two organisations organised workshops and published reports
about topics in astrophysics that could be addressed in a complementary way by each
other — such as exoplanet research, fundamental cosmology, studies of star popula-
tions in the Milky Way, including their chemistry and dynamics, and on synergies
between the Herschel mission and the Atacama Large Millimeter/submillimeter

Array (ALMA) project.

? In fact, the long-term head of the ST-ECF, Benvenuti, also became the first — interim — head of ESO’s Data
Management Division, established during Riccardo Giacconi’s directorship at ESO.
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Chapter II-S
History in Passing

“Comets drive people dotty.”

Nigel Calder, 1980.

f members of the public were asked to list well-known astronomical objects apart

from the planets in the Solar System, one object that would almost certainly come
out at the top of the list would be a comet — Halley’s Comet, named after the
famous British astronomer Edmund Halley. It is a tradition to name comets after
their discoverers, but Halley’s great contribution lay not in discovering the comet of
1682, but in showing that it was a periodic comet that had been seen in the past. In
fact, research by historians of astronomy has since revealed observational records of
Halley’s comet as far back as 164 BC (Tammann & Véron, 1985), and perhaps even
earlier. But more importantly Edmund Halley’s insight enabled him to successfully
predict the return of the comet in 1758, 76 years later — an event that he unfortu-
nately was not to enjoy himself. Since then, Halley’s Comet has been with us as a
recurrent feature and through its returns in 1835 and 1910 attained an almost iconic
status. The return in 1985/86, thus, was not a surprise, yet it was eagerly awaited by
those astronomers who take a special interest in the Solar System and its objects.
And, of course, members of the public had also heard about the famous visitor, but
few living people had actually seen it. This time Halley would be welcomed by an
armada of astronomical telescopes placed all over the world and also spacecraft from
Japan, Russia (USSR) and Europe. The most ambitious space project was the Giotto
mission from ESO’s sister organisation, the European Space Agency. To coordinate
the global observation effort, the International Halley Watch was set up in 1982 as
a network of observers across the planet and with NASA’s Jet Propulsion Labora-
tory (JPL) as the central node.

The conditions for observing the comet were somewhat complicated by the fact that
around the time of perihelion, the closest point to the Sun, the comet and the Earth
would be on opposite sides of the Sun. On the other hand, the comet was predicted
to reach its peak brightness while moving through the southern skies, a fact that
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naturally pleased ESO observers. It was therefore evident that ESO’s telescopes at
La Silla could make a major contribution to the worldwide effort. Perhaps of great-
est importance were precise measurements to determine the orbit and the rotation of
the comet’s nucleus, crucial information needed to steer the spacecraft scheduled to
perform fly-bys. For the Giotto probe, it meant penetrating the coma and sweeping
past the nucleus at a distance of a few hundred kilometres. Without a correct orbit
determination, the probe might not achieve this goal.

During the 1910 passage — or apparition as astronomers call it — the first detection
was made by the Helwan Observatory in Egypt on 24 August 1909, eight months
before the comet passed perihelion. By the time of the second apparition in the 20th
century, however, progress in observation techniques allowed astronomers to follow
the comet for much longer (and earlier). This allowed them to study the comet before
heat from the Sun had caused the development of the coma, the characteristic giant
cloud of gas and dust that surrounds the comet’s nucleus, and the source of the bright-
ness that allowed naked-eye observations during the passage. The first detection was
made with the 5-metre Hale Telescope at Mount Palomar as early as 16 October
1982, no less than 40 months before perihelion. At that time, the comet was at a dis-
tance of 10.5 AU, i.e. beyond the orbit of Saturn, and racing towards the Sun. And
on 10 December of that year, ESO reported its first detection? by Holger Pedersen,
using the significantly smaller Danish 1.54-metre telescope and blind tracking. At
the time, Halley had a magnitude of a mere 24.5, more than 8 magnitudes fainter
than when it had first been spotted in 1909.

Meanwhile, the need for fresh positional information to refine the orbital calcula-
tions remained. In an article in 7he ESO Messenger, one of the observers, Richard
West, provided a vivid description of this difficult work, and we shall simply let
him speak here, describing this quite unusual observing run: “During most of the
months of June and July 1985, Halley was bebind the Sun and could not be observed.
From about 15 July, attempts to obtain images of Halley were made in various places,
and it now appears that the first confirmed sighting was made at the European South-
ern Observatory on 19 July. On this date Halley was at declination +18 degrees and
only 30 degrees west of the Sun. From the time the comet rose over the eastern horizon

An astronomical unit (AU) equals the mean Sun-Earth distance or roughly 149.6 million kilometres.

First attempts with the 3.6-metre telescope and the 1.54-metre Danish telescope had been undertaken as early
as 1980, but they had failed, the comet’s nucleus being too faint for the detector, photographic plates at the 3.6-
metre telescope, and the electronographic McMullan camera on the 1.54-metre (West, 1983).
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at La Silla to the moment when the sky brightness became excessive, there was at most
20 minutes. The only telescope at La Silla which is able to point in this direction is the
40-centimetre double astrograph (GPO) — all others are prohibited [from doing so] by
sophisticated computer control or limit switches without pity. The 40 centimetre is also
the smallest telescope on La Silla, so the outcome of the attempt to observe Halley was
very doubtful. At this very low altitude, accurate guiding is difficult because the refrac-
tion in the Earth’s atmosphere changes very rapidly as the object moves away from the
horizon. Moreover, the expected brightness of Halley was only 14.5-15.0 and it could
under no circumstances be seen in the guiding telescope. Offset guiding at the rate of the
comet’s motion was therefore necessary.

Together with Drs Pereyra and Tucholke, I was not optimistic about the prospects on
that morning, when we made the first attempt. A heavy bar, which supports the dome,
obstructed the view and it was only possible to get one good 10-minute Ila-O plate.
After processing, it was inspected carefully — it showed stars down to 16th magnitude
or fainter, but there was no obvious comet image. Since the field is in the Milky Way,
there were several very faint images; however, they all turned out to be faint stars when
a comparison was made with the Palomar Atlas.

Another plate was obtained on 20 July, but this morning the wind was strong and gusty
and the telescope could not be held steady. The limiting magnitude was therefore about
0.5 magnitudes brighter than on the preceding morning. Then came a snowstorm and
with that the end of our attempts.” (West, 1985) But they were not in vain. Usinga spe-
cial enhancement technique, the comet was in fact later found on both plates, allow-
ing new positional determinations that were subsequently confirmed from other
observatories. As a side note, it was gratifying that the venerable GPO, which had
been in service during the early days in South Africa as well as at La Silla, was still
found to be a very useful instrument, albeit for these rather special observations. It
is worth remembering at a time when observers sit comfortably behind flat-screen
monitors in air-conditioned control rooms that observing with a telescope like the
GPO meant working in an open dome, hardly a pleasure in a situation with strong
winds and icy temperatures.

® The GPO was finally retired in the middle of 1995. Some 15 000 photographic plates had been obtained with it.
Belgian astronomer Olivier Hainaut and his French colleague Christian Coutures switched off the light (Ihle,
1995).
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When Halley passed perihelion on 9 February 1986, it was again behind the Sun as
seen from the Earth. This was just one month before the planned encounter with the
Giotto probe and once more updated positional measurements were in high demand.
Fortunately on 15 February, when the comet was seen no more than 15 arcminutes
above the horizon, the first ground-based observations could be made from La Silla
— once again with the venerable GPO (Laustsen ez a/., 1987). The carly sighting con-
firmed that the comet had survived its perihelion passage and allowed for higher pre-
cision determination of the orbit as Giotto and the other space probes were racing
towards their encounter. Astrometric observations from La Silla continued right up
to shortly before the encounter on 13 March.

The first observation of Comer Halley after peribelion. The comet is the tiny white dot just above the
horizon.

As Halley moved closer to the Sun, it slowly began to brighten and eventually to
unfold a spectacular dust and ion tail. However, some of the most spectacular obser-
vations were only obtained after perihelion. At the beginning of March 1986, the
comet reached its peak brightness, with a magnitude of 2.6, while on 11 April it
reached its closest point to the Earth.
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While many observers focussed on improving our knowledge of the nucleus — its
composition and structure, its jet-releasing vents and its rotation, the ESO Schmidt
telescope was essential to study the large-scale phenomena, such as the evolution of
the tails. But specially developed equipment was also used at La Silla. With a wide-
field camera equipped with a CCD detector, Holger Pedersen obtained a truly spec-
tacular time-lapse sequence of the rapid changes in Halley’s tails between 23 Feb-
ruary and 8 March.
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From Holger Pedersen’s time-lapse observations: Variations in Comet Halley’s ion tail in early March

1986.

On 13 March, ESA’s Giotto space probe delivered a sterling performance in a dramatic
close encounter with Halley. Not surprisingly, the probe was seriously damaged* by
cometary dust particles, and its camera was destroyed. But before this happened, it

# Orginally thought to have been lost, Giotto survived and was brought back into action for a new cometary
encounter. Although the camera remained dysfunctional, the spacecraft collected very valuable data about

Comet Grigg-Skjellerup six years later, a feat of which ESA can justifiably be proud.
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had captured stunning close-up images of the nucleus, leading to a revision of our
ideas about this kind of body. From the point of view of this book, the Giotto expe-
rience also emphasised the value of close cooperation between ground-based and
space-borne facilities with their complementary capabilities. With scientists from
ESA and ESO working hand in hand during these intense months there is no doubt
that relations between the two organisations was strengthened.

As Halley again moved away from us towards its icy aphelion, which it will reach
in December 2023, observations gradually ceased. However, in 2003, using three
Unit Telescopes of the Very Large Telescope Array, ESO astronomers caught a final
glimpse of the famous celestial body. With a magnitude of a feeble 28.2, no other
observations have ever been made of a comet that faint and far away — 4200 million
kilometres or 28.06 AU from the Sun. However, with today’s technology it would
even be technically possible to follow the comet throughout its entire orbit.

Of course, Halley’s Comet generated strong public interest. Weather conditions in
Europe were not favourable, but many people saw a comet for the first time. Some
even went for comet flights on chartered airplanes, evading the winter clouds. ESO
had just established an information service and a small embryonic group was begin-
ning to form. The Halley apparition clearly offered a unique chance to launch this
new service, and within the shortest space of time the group created an itinerant exhi-
bition with spectacular images of the comet, obtained from La Silla. The first stop
for the show was the head office seat of the Reuschel Bank in downtown Munich.
The exhibition opened here on 20 March amidst great public attention. Much of
the image material, including the time-lapse sequence, would later find its way into
planetarium programmes in Europe. Perhaps coincidentally, the 1986 apparition of
Comet Halley became the moment of birth for ESO’s public outreach activities to
which we shall return in Chapter I'V-10.

Halley’s Comet has occasionally been described as the comet of the century. If bright-
ness is the determinant, Halley does not deserve this title. The brightest comet of
the 20th century was Comet Ikeya-Seki (C/1965 S1), but other comets have stood
out, including Comet West (C/1975 V1), Comet Kohoutek (C/1973 E1), Comet
Hyakutake (C/1996 B2) and Comet Hale-Bopp (C/1995 O1). Even so, Halley vis-

ited us fwice in the 20th century and it is bound to remain the archetypal cometary
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event in the public perception. Yet if 1986 had been a remarkable year in terms of
the public awareness of astronomy, the following year would be no less interesting,
although this time the events were completely unexpected.
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Chapter I1I-6

An Annus Mirabilis

“I don’t think that any astronomer slept
for more than 2-3 hours a day during the first

two weeks.”

Patrice Bouchet!

or Europeans, the month of February is associated with the depths of winter,

with rain or snow depending on the location. But in the southern hemisphere, it
is summer with warm days and clear skies. February is a good month to observe in.
Naturally, the nights are not as long as the winter nights, but the observing condi-
tions are usually excellent. In the language of the ESO Annual Report, “the October-
to-April period includes the meteorologically most favourable months and also coincides
with the Magellanic Clouds season.” The month of February 1987 was no exception
and La Silla was as vibrant as ever, with 14 telescopes in operation.

To accommodate the visiting astronomers, La Silla has a hotel and a large canteen.
Since the observatory is open 24 hours a day, the canteen is not only open most of
the time, but also geared to serve different kinds of meals at odd times. In the after-
noon, at tea time, astronomers normally show up, some to have breakfast and all to
have a chat before preparations for the work during the coming night begin. From
the canteen there is a wonderful view of the surrounding mountains and, 27 kilome-
tres away, another string of telescope domes can be seen: the Las Campanas Observa-
tory, operated by the Carnegie Foundation. While sipping their tea in the afternoon
of 24 February, how many astronomers took a casual glance at Campanas, with its
domes reflecting the afternoon sunlight? We shall never know, but if some of them
were still sleepy from the previous night’s observations, they would soon wake up
and look across the valley.

! Interview with the author on 16 October, 1992.
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The canteen at La Silla, seen sometime in the 1980s. (Photo: Albert Bosker)

Before tea, Bo Reipurth, who was the Astronomer on Duty during that week, sat in
his office busily preparing for the night. Stefano Cristiani came into the office and
handed him a telex?. Reipurth took a quick glance at it. “Well, another supernova,” he
said and gave the telex back. Occupied with operational issues, he had clearly not yet
grasped what this meant. “Take a look at the magnitude...,” Cristiani suggested. Then
the implications dawned on Reipurth. He went over to the restaurant with the telex.

The telex contained a note from the IAU Central Bureau for Astronomical Telegrams
with the number Circular 4316. It said: “SUPERNOVA 19874 IN THE LARGE
MAGELLANIC CLOUD — W. Kunkel and B. Madore, Las Campanas Observa-
tory, report the discovery by Ian Shelton, University of Toronto Las Campanas Station,
of a mag S object, ostensibly a supernova, in the Large Magellanic Cloud....”

Supernovae of the core-collapse type are massive stars — at least eight times heavier
than the Sun — that have come to the end of their life-cycle. It is a little similar for

2 With three large observatories in the IV region of Chile, direct contact between them could be expected on such
an occasion. An alert call had also come in from Mark Phillips at Cerro Tololo to Patrice Bouchet, who had just
arrived in Santiago after an observing run at La Silla. Needless to say, Bouchet made a dash back for La Silla.
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human beings: being overweight can shorten your life and the end can be unpleas-
ant. In the case of supernovae, the end is apocalyptic, as the star succumbs to a giant
explosion. During the last phase, the temperature inside the star rises dramatically,
which leads to a process known as nucleosynthesis, the building up of heavy elements
originally from hydrogen and helium, but already transformed in the nuclear fur-
nace to carbon, oxygen, neon and silicon. Supernovae are thought to be cosmic fac-
tories in which a wide range of elements are forged. Most of the heavy elements that
we find on Earth were formed inside a supernova. With the explosion that rips the
star apart, the outer layers are ¢jected into the surrounding interstellar space, carry-
ing some of these elements and thereby enriching the local environment. Some of
these elements may ultimately become part of the building materials for a new star.
During the explosion the star increases its brightness so much that it can shine as
brilliantly as a whole galaxy. Detecting supernovae is therefore not in itself difficult.
And, given the number of stars in the Universe, supernovae are frequent occurrences.
Yet they also happen within a gigantic volume of space. Detecting them at the time
of their explosion is thus to some extent a matter of luck. Supernovae are also com-
mon in our own galaxy, the Milky Way. Their frequency is thought to be around
one every few decades. However, they may well occur in places that are out of sight
for us, behind the thick dust clouds that are concentrated in the plane of the Milky
Way. Seeing a supernova with the unaided eye is therefore extremely rare. But it has
happened. The previous occasion was in 1604, when a supernova was observed by
Johannes Kepler. A few years earlier, in 1572, Tycho Brahe — Kepler’s mentor —
had seen one, the famous supernova in Cassiopeia. Tycho noticed the phenomenon
and described it as a “new star” (szella nova), because the brightness increase enabled
him to see it for the first time. Derived from Tycho’s description, the term supernova
was introduced in the 1930s by Walter Baade and Fritz Zwicky, a Swiss astronomer,
who like so many other scientists from Europe had emigrated to the US.

The situation that day in February 1987 was clearly exceptional: at a distance of
only 160 000 light-years, this was the closest recorded supernova since the telescope
was invented. Furthermore, no supernova had been discovered at such an early stage
before. And this time a battery of advanced telescopes with sophisticated instru-
ments was ready.

However, a rather curious problem showed up. Most of the telescopes and indeed the
detectors and instruments had been developed with much fainter objects in mind
and not for observing objects as bright as this supernova. Before night fell, astron-
omers and technicians had to come up with some fairly creative solutions at the
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telescopes to cope with this excessive amount of light. On the other hand, it also
meant that smaller telescopes could also be used with some advantage®.

After sunset, we gathered in a small group waiting for full darkness to set in. As the
evening glow faded, the Large Magellanic Cloud emerged, and in it appeared a faint
reddish star. At that moment I realised that it was the most distant star I'd ever seen
without the help of a telescope, its light having travelled for 160 000 years before reach-
ing us,” Reipurth later recalled (Reipurth, 2010). But then a hectic observing night
began. Telescopes were trained on the target, shutters opened, photons were col-
lected, probing eyes were cast on the first images, spectra and photometer readings
as they appeared on the screens in the control rooms.

Wide-field images of the Large Magellanic Cloud taken on 23 and 25 February 1987. These were taken
with a Hasselblad camera viding piggyback on the GPO and the Danish 1.54-metre telescope respectively.
The supernova is seen as a bright star to the right and below the Tarantula Nebula in the right-hand photo.
(Photos by the author)

One of the first questions was, which star (and which kind of star) had exploded. If
that star had been studied earlier, it would provide important information about how
stars evolve into supernovae. Here, the ESO/SRC survey came in handy. At Garching,
Richard West made the first identification on ESO Schmidt plates obtained before

the event, as soon as the first astrometric information became available. It turned

® Since smaller telescopes are less likely to be heavily oversubscribed, it is easier to carry out long-term observa-
tions with them. In the case of SN1987, the 0.6-metre Bochum telescope in particular played an important role,
fOllOWing thc SuPCrnOVa for a ycaf.
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out to be a blue supergiant, known to astronomers as Sanduleak -69 202. This was
a surprise, since supernovae had been thought to originate from red supergiants.
Another burning question was — what kind of supernova was this? Supernovae come
in two different main types, and until this moment, no Type II had ever been seen
in an irregular galaxy, such as the Large Magellanic Cloud. But during the very first
night at La Silla, the astronomers concluded that here was another surprise — this
was indeed a Type II. There was more to come. Later, in The ESO Messenger, John
Danziger and Patrice Bouchet captured the early moments of this remarkable epi-
sode: “During that initial period was the news, informally propagating at that stage,
but soon officially revealed in IAU Circulars ... that neutrino bursts had been detected,
providing observational evidence that the theory was on the right track, but also giving
a precise time for the collapse of the core after the physicists had clarified which reported
events were real’. These neutrinos certainly played a part in giving an extra incentive
push that we were on to something special....” (Danziger & Bouchet, 2007) Indeed.
It was in fact the first time ever that neutrinos from a celestial body other than the

Sun had been detected.

Given the unpredictability of supernovae, it was a lucky coincidence that a number
of visiting astronomers specialising in supernova research were present at La Silla,
including Henning Jorgensen, Patrice Bouchet and John Danziger¢. Also ESO’s
Director General, himself also an expert on the Crab Nebula’, was at La Silla at the
time (Woltjer habitually spent an extended period at the observatory at the begin-
ningof each year). As we have discussed in Chapter I-5, observing time was based on
applications that had been vetted by the Observing Programmes Committee. But
allocation of telescope time is the prerogative of the Director General. He or she will
normally follow the recommendations by the OPC, but this was no normal situation
and observers were therefore requested® to abandon whatever programme they had

To detect neutrinos, large undcrground facilities are used, often in former mines or other largc subterranean
cavities. In the case of SN1987a neutrinos were detected at the Kamiokande observatory in Japan, the Irvine-
Michigan-Brookhaven detector in the USA and at the Baksan Neutrino Observatory in the former USSR.

For the detection of the neutrinos, Masatoshi Koshiba was awarded the Nobel Prize in Physics in 2002.

The main results of the observations were presented in a paper by Danziger ez al., which later also became the
contribution of the ESO astronomers to the VLT Time Capsule (See Chapter III-11).

A remnant of the supernova observed in the year 1054.

Danziger and Bouchet use the term cncouragcd rather than rcquested, but it rcally meant the same!
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planned in favour of studying the supernova. Most observers embraced the order with
enthusiasm, as did astronomers elsewhere at southern hemisphere observing sites.

The excitement is clear also from The ESO Messenger of March 1987, published only
20 days after the event, in which two photographs of the LMC region were shown,
before and after the explosion. Under the heading “Chronology of a Once-in-a-Life-
time Event”, Richard West, the editor, wrote “Only 48 hours separate the two photos
. but during this brief interval an event happened that excited an entire generation
of astronomers. Reflecting the importance of this supernova, the Central Bureau for
Astronomical Telegrams issued no less than 15 IAU Circulars in the course of nine days
only, breaking all records in the history of astronomy. At ESO, these circulars were read
through a computer link to the Headquarters in Garching as soon as they were issued,
and immediately sent on to the observers at La Silla by telefax. In this way, and also by
numerous telex messages and phone calls, the scientists were kept informed about what
was going on in other places.”

After the third night, Woltjer — in John Danziger’s Messenger article described as
“the admiral” — decided to have dedicated daily meetings of all the observers. To
continue the metaphor, the admiral steered his fleet effectively and efliciently —
with an authority that few others could match. The meetings lasted for hours and
one senses the excitement in a (later) statement by Patrice Bouchet: “The follow-up on
the observations... . I hope that every future generation of astronomers will experience
something like that ... it was fantastic!” If the internal exchange of information func-
tioned flawlessly, there was of course an equally intense exchange of news between
the observatories. Richard West has already mentioned the IAU Circulars, but nat-
urally information was exchanged through all possible means — also reaching the
US media. Here, the admiral was more cautious. He sensed that, with the largest tel-
escope park in the southern hemisphere, this was not simply ESO’s chance to dem-
onstrate its scientific clout — a chance he had no doubt longed for — but also that
it was important to ascertain that the information to be released was correct and its
origin properly acknowledged. Amidst the understandable excitement during those
hectic days, not all observers may have agreed with this, but Woltjer had steeled
himself — and he was not alone. “The decision was correct. Others would have done
exactly the same,” one of the senior astronomers who were present later confided to
the author. For the same reason, Woltjer also pushed for fast publication of the results
in the way scientists normally do — in a peer-reviewed journal. And so, as early as
May 1987, just three months after the supernova had been discovered, six papers with
38 authors appeared in Astronomy & Astrophysics, covering astrometry, optical and
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infrared photometry, polarimetry, optical and infrared spectroscopy and high-resolu-
tion spectroscopy of this unique object. Aside from information about the supernova
itself — the precursor star, the explosion and the material ejected into the interstel-
lar medium — the supernova had also acted as a powerful light source in the LMC,
much as a searchlight does. In this way it was possible to obtain valuable informa-
tion about intervening matter in the halo of our own galaxy. This information came
through high-resolution spectroscopy with the Coudé Auxiliary Telescope’, the 1.4-
metre telescope that was connected with the 3.6-metre telescope, feeding the CES.
ESO also organised the first full-scale international scientific conference, with 200
participants, at the Garching Headquarters, as early as July that year.

Photo left: The participants listening to a talk by Paul Murdin at the VLT Conference in Garching. Photo
right: Wilhelm Kegel, Bruno Leibundgut, Gustav Tammann and Bob Kirshner in discussion. (Photos:
Herbert Zodet)

What happened to the supernova? In the first instance, the brightness increased to
magnitude 4.5 on 28 February, then dropped briefly. It rebounded to reach 4.0 in
late March and continued until it peaked on 10 May at a magnitude of 2.8. This is
thought to have been driven by the radioactive decay of nickel and cobalt, and the
subsequent fading matched the half-life of cobalt-56 (Danziger & Bouchet, ibid.;
Wheeler, 2007).

In a review article, 20 years later, Claes Fransson and his colleagues summarise the
outcome of SN1987a so far. “It provided several observational firsts, like the detection
of neutrinos from the core collapse, the observation of the progenitor star on archival

? Especially in the study of interstellar lithium.
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Picture left: Light echoes from SN1987A4, observed with the NTT. Emanating in all directions, some of
the light from the supernova was reflected by interstellar matter. By observing the resulting light echo ir
was possible ro construct a three-dimensional view of the supernova surroundings. Picture right: The light
curve of SN 19874 over more than ten years. (Source: Nick Suntzeff)

photographic plates, the signatures of a non-spherical explosion and mixing in the ejecta,
the direct observation of supernova nucleosynthesis ... observation of the formation of
dust in the supernova, as well as the detection of circumstellar and interstellar mate-
rial.” (Fransson et al., 2007). Several of these firsts were due to ESO observations,
including the observations of the cobalt content (observed with the 1-metre tele-
scope) and the detection of dust in the envelope of the supernova on day 530 after
the explosion was detected. Thus the supernova has remained an interesting object
to observe, among others, with several VLT instruments, such as UVES, ISAAC and
SINFONI®. And it still retains a secret or two: according to our current understand-
ing of the ultimate fate of a supernova, it may end as a black hole or as a neutron star,
perhaps in the form of a pulsar — an extremely compact, rapidly spinning object.
Inspite of intense observations, however, nothing has been found so far.

While the supernova electrified the world’s community of astronomers, the public
impact in Europe was more modest, although far from negligible. By pure coinci-
dence, a seasoned European science journalist, who shall remain unnamed here, was
present at La Silla at the time. His objective was to write about a visiting astronomer
specialising in supernova research. In the morning after observations of SN 1987A

had begun at La Silla, the author of this book met him happily walking towards the

10 See Chapter I11-2
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restaurant and a hearty breakfast. “So, have you filed your story?” 1 asked. “No,” he
said. “The supernova is not interesting. It can’t be seen from Europe!” The author’s reac-
tion shall not be reported here, but it must have left a certain impression on him —
two hours later he returned. 7 just sent the article,” he said.

The famous gravitational arc in the galaxy cluster Abell 370, observed with the FOcal Reducer and low
dispersion Spectrograph (FORSI) on the VLT.

SN 1987A was handed to astronomers on a silver platter, not a frequent occurrence.
Normally, astronomy is associated with carefully planned, often difficult, painstak-
ing observations followed by months of meticulous analysis of the data. This is the
way most great results come about, and the following is no exception. Thus the year
1987 saw the publication of another important discovery, explaining the origin of
the mysterious luminous arcs that had been observed in clusters of galaxies. French
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astronomers had carried out spectroscopic measurements of such an arc, in a cluster
known as Abell 370, with the ESO 3.6-metre telescope. The result showed a redshift
similar to that of a much more distant object. It was concluded that the arc phenom-
enon was the result of bending of the light from a distant galaxy in an intermediate
gravitational field, leading to a displaced and distorted image of the galaxy in question
(Soucail ez al., 1988). Already predicted by Einstein, such an effect would be observ-
able if a heavy object lay almost exactly in the line of sight between the object from
where the light originated and the observer. Accordingly the phenomenon became
known as an Einstein ring caused by gravitational lensing. Aside from providing fur-
ther evidence that Einstein’s general theory of relativity is correct, it had the welcome
effect that, thanks to the optical enhancement by the lens, such natural lenses ena-
bled astronomers to study the furthest reaches of the Universe, so to speak, for free.

Gravitational lenses were undoubtedly a hot topic at the time. Later in the same year,
another group, led by the Belgian astronomer Jean Surdej, and using the MPG/ESO
2.2-metre and 3.6-metre telescopes at La Silla, had found a gravitationally lensed
quasar in the southern constellation of Cetus. The first of this kind had been dis-
covered back in 1979, but the new result was the first one found purely with opti-
cal observations and based on a systematic search programme carried out at La Silla

(Surdej ez al., 1987)".

The year 1987, however, had more to offer. At La Silla yet another telescope was added
to the already impressive park. This new telescope was of a very different kind from
those already gracing the mountain ridge. And although it constituted very good
news indeed, it almost started as a disaster.

Peter de Jonge, who had worked at ESO in Chile in the 1970s, had become direc-
tor of IRAM, the Institut de Radioastronomie Millimétrique in Grenoble, founded
in 1979 by the Centre National de la Recherche Scientifique (CNRS) of France,
Germany’s Max-Planck-Gesellschaft and the Spanish Instituto Geogréfico Nacional.
He was keen to establish close connections between his new institute and ESO.
IRAM was now building an array of 15-metre telescopes for observations in the

! Soon after, Surdej and his team discovered the Cloverleaf Quasi-stellar Object (QSO) at ESO. This object, for-
mally designated as GL 2 = H 1413 + 117, is a quadruply lensed quasar that was first observed with the MPG/
ESO 2.2-metre telescope. The scientific paper, published in Nazure, was also selected for the VLT Time Capsule
(see Chapter II1-11).
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submillimetre/millimetre domain to be placed at the 2550-metre-high Plateau de
Bure near Grenoble'. It appeared possible to add one more antenna to the produc-
tion at a very reasonable cost and thus the idea arose to place it in the southern hem-
isphere. At the same time, Swedish astronomers were thinking about participation
in a major radio astronomy project. These ideas were given a boost by the arrival
from the UK of Roy Booth as director of the Swedish Onsala Space Observatory
(Onsala Rymdobservatorium, OSO). In August 1982, at the IAU General Assem-
bly in Patras, Greece, Booth and de Jonge discussed the idea and the prospect of a
collaboration between OSO and IRAM. In subsequent conversations with Woltjer,
they gained his support, leading to a three-way partnership, now with ESO, and the
decision to place the new telescope at La Silla. In June 1984 Council approved the
necessary agreements with Sweden and IRAM. Accordingly, IRAM oversaw the
installation of the telescope, OSO was responsible for operations and the facility was
incorporated into La Silla like a national telescope. With its 15-metre diameter dish,
the Swedish-ESO Submillimetre Telescope (SEST), as it was called, became the first
large millimetre/submillimetre reflector in the southern hemisphere. It also marked
ESO’s first step away from being a purely optical astronomy observatory.

In early 1987, SEST assembly at La Silla was completed. The assembly had begun in
the previous year and progressed well. The 176 panels had been mounted to form the
collecting dish, followed by the subreflector (the equivalent of the secondary mir-
ror of an optical telescope) on its four supporting legs, a quadrupod. For the pur-
pose of mounting, a scaffold had been erected at the north side of the telescope. The
mounting then followed casily by rotating the telescope in azimuth (around the ver-
tical axis). Then, on Saturday 22 November, when most of the assembly team had
gone down to La Serena for the weekend, an accident happened. La Silla is located
at 29 degrees southern latitude. At noon, the Sun is close to zenith during the south-
ern summer. At an elevation of 2400 metres, the solar intensity is immense, and a
15-metre dish with highly reflective panels will collect a lot of it. For that reason,
the mounting was not carried out close to midday. On the previous day, the quadru-
pod with the subreflector had been mounted, although only fixed in a preliminary
way. The work continued in the morning, when a handset used to rotate the tele-
scope from the top of the scaffold broke. Unable to rotate the dish, heat started to

12 Europe’s involvement in millimetre astronomy involved a range of facilities. These included the array on the
Plateau de Bure, the 30-metre IRAM antenna at Pico Valeta in Spain, the 20-metre at Onsala in Sweden, the
15-metre James Clerk Maxwell Telescope (JCMT) at Hawaii, and others (Shaver & Booth, 1998). But, as already
mentioned the 15-metre SEST was the only one in the southern hemisphere, in stark contrast to Europe’s engage-

ment in optical astronomy.
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build up. While trying to repair the handset, the engineer noticed smoke from edge
of the subreflector, prompting him to alert the fire brigade. The firefighters quickly
arrived on the scene®, but due to strong winds and problems with the water pres-
sure, they could not reach the 15-metre dish and the subreflector in its zenith posi-
tion. It was necessary to lower the dish towards the horizon. This was not easy, how-
ever. Firstly, the quadrupod was not properly fixed. Secondly, the scaffold was in the
way. Thirdly, to clear the scaffold the engineer had to operate the telescope manually
from inside the pedestal (out of sight of the telescope). Working under stress, when
tilting the telescope dish, the engineer drove the dish into the scaffold. Meanwhile,
the fire caused molten aluminum from the upper structure to drop onto the surface
of the dish, burning holes in the panels. Luckily, the fire could be contained. After
replacing the parts that had been destroyed and repairing those that had only been
lightly damaged, the telescope was handed over to ESO on 13 March 1987 with first
light achieved just 11 days later (Booth ez 4/., 1989). A unique facility, it would con-
stitute an important element of the observatory until it ceased operations, with the
last scheduled observation on 26 August 2003. We shall briefly return to the SEST
again in the context of the ALMA project.

After the fire. Photo lefi: Preparing the new subreflector for the SEST. Photo right: Albert Grewe measur-
ing the accuracy of the reflecting panels with a theodolite. (Photos by the author)

=~

In December 1986, Lodewijk Woltjer had informed Council of his wish to pass on
the baton as ESO Director General by 1 January 1988. He did so with the intention

13 Fire has been an extremely rare occurrence at La Silla. However, on 25 October 25 1992, the dome of the 1-metre
telescope caught fire. Luckily neither the telescope itself nor the delicate instruments suffered any damage.
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of achievinga decision to construct the Very Large Telescope before his departure. In
March 1987, ESO submitted the formal proposal, in the shape of a 342-page docu-
ment, entitled “Proposal for the Construction of the 16-metre Very Large Telescope”.
In the scientific community, it became known simply as the Blue Book. According to
the proposal, the VLT would comprise a linear array of four independently mounted
8-metre telescopes, each with two Nasmyth foci, and a common incoherent focus,
hence the term “a 16-metre telescope™. There would also be a coherent focus and
this opened up the possibility of using the four telescopes as an optical interferome-
ter with a baseline of 104 metres. The primary mirrors would be thin meniscus mir-
rors and both the primary and secondary mirrors were to be actively controlled — an
extension of the system that would be used at the NT'T, at the time under construc-
tion. While Cassegrain foci were possible, they were not foreseen to be implemented
“until the need for it is proven”, and therefore also not budgeted for. Importantly, the
telescopes were designed to work without adaptive optics (AO) — understandable,
since the first AO systems were only under development at the time®. As an interest-
ing feature, the telescopes were to be operated in the open air with a fixed, giant wind
screen providing the necessary protection during observations and inflatable domes
to be used in case of bad weather'¢. The proposal did not contain a dedicated instru-
mentation plan but referred to “a preliminary model instrumentation package [that]
was outlined at the Venice Workshop in October 1986”. The ideas included a focal
reducer with spectroscopic capability — a VLT EFOSC, a multimode instrument
(reference was made to EMMI, the instrument which was planned for the NTT),
a high-resolution instrument for the incoherent combined focusV, infrared instru-
mentation including cameras optimised for two pass-bands (1-5 pm and 8-20 um),
a photometer and spectrographs for medium- and high-resolution work. Despite the
strong interest in the interferometric option, expressed especially by French astron-
omers, no instrumentation for interferometry was mentioned — a testimony to the
experimental character of optical interferometry at the time.

The proposal set mid-1994 as the target for first light, with completion of the entire
facility in 1998 and finally provided a budget estimate of 382 million deutschmarks

' Together, the four telescopes would have the same light-collecting surface as a 16-metre telescope.

1> Even so, it was clear that adaptive optics was likely to play a big role and a whole chapter in the proposal was
devoted to this technology.

16 Open-air operation remains a fascinating possibility for telescope designers. Later, the OverWhelmingly Large
(OWL) Telescope project for a 100-metre telescope also pursued this idea.

'7 In the end, this is only planned to be realised with the second generation VLT instrument ESPRESSO.

167



THE JEWEL ON THE MOUNTAINTOP

at 1986 values. Optimistically, it stated that it would not be necessary to add more
than a dozen people to the Telescope Project Division staff (55 people at the time).

Woltjer’s ambition, however, went beyond the VLT approval. He also pushed to
choose Cerro Paranal as the site for the new telescope, as the preliminary results
from the long site-testing campaign had convinced him of the superior conditions
that prevailed there. The Blue Book, however, did not press the matter, but rather
it stated that “iz would seem ... advantageous to postpone a definite choice of site until
some time in 1990, so that the available data on which a decision is to be based will be
as complete as possible.” This notwithstanding, under the title “A Time for Change”,
published in The ESO Messenger in June 1987, Woljer presented his thoughts about
ESO’s future, including the two-site scenario. Appearing on the front page of the
journal, his article featured a picture of the Paranal mountain with a truck climbing
the steep slope of the eastern side, testifying to the accessibility of the site. Richard
West, who as editor of The ESO Messenger and author of the ESO press releases
excelled in masterly chosen, and often quite subtle, plays on words, selected a seem-
ingly innocent caption: The road to Paranal.

On 5 October that year, the Council came together in Paris to celebrate ESO’s 25th
anniversary. The event took place in the distinguished surroundings of the Kléber
Centre des Conférences Internationales, where the ESO Convention had been
signed two and a half decades earlier. On this occasion the French hosts presented
an extraordinary gift to ESO’s Director General, an original print of the book by P.
S. de Laplace, Systéme du Monde. ESO’s birthday present to itself was a coffee table
book entitled Exploring the Southern Sky, with Svend Laustsen as the main author
and published by Springer Verlag, appearing in English, German, French, Spanish

and Danish language versions.

In parallel with the formal celebration, ESO organised a large exhibition at the pres-
tigious Palais de la Decouverte on Avenue Franklin and close to the main artery of
Paris, the Champs Elysée. The exhibition, as well as the anniversary event and the
book, was not only a celebratory gesture, but also served to present the Very Large
Telescope project to a wider audience, including key decision makers.

In terms of European research infrastructures this time stands out as quite unique,
possibly because the governments of several of the major countries on the continent
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had prominent science ministers (Curien, Ruberti, Riesenhuber). Within a few years,
major steps and decisions were taken about the Large Hadron Collider at CERN, the
establishment of the European Synchrotron Radiation Facility (ESRF), the Euro-
pean Transonic Windtunnel, European participation in the International Space Sta-
tion, the Ariane V programme, ENVISAT and other large-scale initiatives. And of
course the VLT.

As regards the latter, needless to say the scientists on the ESO Council were all highly
supportive of the proposal. But ESO also benefited from the strong commitment and
close cooperation between three influential science administrators: Umberto Vattani
of Italy, Jean-Francois Stuyck-Taillandier of France and Christian Patermann of Ger-
many. Even so, in the run up to the decision about the VLT it had become clear that,
whilst there was strong support in most Member States, a positive decision could not
be regarded as a foregone conclusion. Unexpectedly, in France the situation was per-
haps more critical than elsewhere.

Hubert Curien, one of the most prolific science ministers and an ardent supporter
of European cooperation in science, had prepared the way for the forthcoming deci-
sion, with French support for the VLT. He was backed by the President of the Repub-
lic, Frangois Mitterand, whose science advisor, Jean-Daniel Levi, was very much in
favour of the VLT project. But by 1986, the socialist government had lost in par-
liamentary elections and the new French Prime Minister was Jacques Chirac. This
was the difficult epoch of “co-habitation”, where the President and his Prime Minis-
ter represented opposing political camps and the policies and decisions of the previ-
ous government were questioned, including the French position regarding the VLT
project. The Science Minister was also new in office and he did not express himself
very clearly on the subject. Shortly before the decisive Council meeting in Decem-
ber 1987, Pierre Léna, one of the two French Council delegates, was summoned to
the Prime Minister’s Office, where he was received by an advisor. Léna knew that
there was some opposition there to the VLT project, but during the two-hour long
conversation he reiterated the arguments in favour of the VLT. The meeting ended
at 9 pm. The next day, Léna received a call asserting that the Prime Minister had
agreed to the VLT. The vote of the delegate from the Ministry of Foreign Affairs to
the ESO Council would be positive. Encouraging signals had also been sent from
other European capitals.

The stage, it seemed, was set for a positive decision on the VLT, but it would turn out
that there were more hurdles to overcome.
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Chapter 1I-7
Decision Day

“Europe Decides To Build The World’s
Largest Optical Telescope”

ESO Press Release, 8 December 1987.

On 8 December 1987, Council convened at the ESO Headquarters. The main
point on the agenda was the proposal to construct the VLT as it had been pre-
sented in the Blue Book. The discussion began with a zour de table to assess the gen-
eral mood. First to speak was Jan Bezemer of the Netherlands, who declared that
his government was ready to approve the proposal. Next to speak was Jean-Francois
Stuyck-Tallandier on behalf of the French delegation. France would be in favour,
but hoped that a decision could be obtained with unanimity. Italy followed suit, but
stressed that they saw a zeed for unanimity. The Belgian delegation declared its sup-
port as well, but could only vote ad referendum (i.c. subject to later confirmation),
since for internal political reasons (a forthcoming election), the final decision on the
part of the Belgian government had been deferred. Switzerland and Sweden were in
favour. Germany, represented by Christian Patermann, declared that Germany, too,
would support the project. The German government did not insist on unanimity, but
could, on the other hand, not cover the contributions of countries that might not
be able to participate — basically a position that Switzerland had also assumed. It
looked good. Last to speak was Henrik Grage from Denmark. He stressed that whilst
the Danish delegation strongly supported the VLT as such, he was not authorised
to commit his country financially'. With a share of 2.9% Denmark was the small-
est contributor in real terms, but still, with this statement unanimity seemed out of

reach. Would the proposal fall?

! The Danish astronomical community was fully behind the VLT project, but in the wake ofgcncral prioritisation
discussions in the country’s research council, the VLT had not fared well, partly because of Denmark’s engage-
ment in the Nordic Optical Telescope (NOT), which occurred at the same time and for which more resources
had become necessary than originally foreseen.
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The wish for unanimity was not just a question of cost-sharing, but also linked to the
ESO Convention. The Convention had described a well-defined initial programme.
But wisely, Article II, paragraph 3 allowed for a supplementary programme, which
could be approved with a two thirds majority. Countries that did not vote in favour
of the supplementary programme would neither be required to contribute to it finan-
cially, nor allowed to use the extra facility. Whilst the option was technically there,
using it would change ESO fundamentally by breaking the coherence of the organi-
sation, increase the administrative overhead and complicate matters tremendously.
In other words, proceeding without unanimity was not an attractive option. But,
on the other hand, time was short — a solution had to be worked out without delay.

One reason was that shortly before, in the middle of October, the stock market had
crashed. Within a five-day period, the Dow Jones Industrial Average had suffered a
decline of a staggering 31%. Though the markets recovered quickly, the event sent
tremors through the financial system and created considerable nervousness every-
where — certainly also in the finance ministries of ESO’s Member States. Postpon-
ing the decision about the VLT, thus, would be a risky bet.

A solution was formally proposed by the Swiss delegate, Peter Creola®. The decision
could be split into two resolutions, voted on independently. The first would be to
build the VLT, as proposed and within the foreseen budget. The second vote would
address the financing. Unanimity could be obtained for the first resolution and the
second resolution would basically declare that 2.9% of the financing was — at that
moment — not covered. Denmark would be invited to join the project in the course
of 1988. It was a simple solution that received immediate support from the French
and the German delegations. Nonetheless, the drafting of the resolution texts took
time. Council was anxious not to send wrong signals either to Denmark, whose par-
ticipation was still hoped for, or to any of the other countries who might renege on
their promise, using the argument that other countries had not committed firmly.
And, as Pierre Léna remarked, it was important to announce in a clear manner to the
outside world “that the VLT was started”. As expected, the first resolution received
unanimous support, and after much fine-tuning, the second resolution passed as
well, with seven votes in favour and — understandably — Denmark abstaining®. The

% This solution had been informally discussed already at the preceding Committee of Council meeting on
1 December with the full support of Mr Grage.

3 Ashoped, Denmark joined the VLT project fully in 1989, restoring the “musketeer principle” that has been fol-
lowed by ESO over its lifetime.
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factual minutes of the Council meeting fail to capture the intensity of the discussions
as the delegates, guided by the President, Kurt Hunger, and assisted by the Director
General, struggled to find a way forward. But later, in an interview Harry van der
Laan, who attended the meeting as incoming Director General, recalled: Iz was a
very long Council meeting, interrupted several times by coffee breaks, by the necessity
of consulting ministries back home, with an excellent lunch to improve the atmosphere,
and when we all thought — and Prof: Hunger, the President of Council thought — we
are ready for a vote — this was after many tours de table we had to deal with particu-
larly thorny issues, to try to mitigate conditions and provisional acceptance that some
delegations wanted to make ... when we were ready for the vote, at the very last second,
the Italian delegate, Griccioli, raised his hand ... Christian Patermann [the German
government delegate], I saw him tense, looking extremely disturbed, when the Italian
delegate said: ‘Mr President, I still have a very important issue!” There was dead silence
around the table. And then be said: My President, what about the press release?’ This
was such an incredible statement ... that it totally broke the tension, everybody roared
with laughter. Patermann couldn’t contain himself and he laughed the loudest of all.”
Keen to bring the meeting to a successful conclusion, Peter Creola refocused the
attention of all: “Look, Gentlemen, suppose an Earth tremor occurs in any minute, with
us not having taken the decision!” (Léna, 2012). And then the vote was cast.

Griccioli’s successful intervention to relieve the tension of the meeting reveals a
deeper change within ESO and within science in general. Attempts to involve the
public at large were practically non-existent in the early years of ESO. Europe’s great
adventure in astronomy happened within the confines of the professional community
of scientists and, perhaps, to some extent, the rather limited world of advanced ama-
teur astronomers. But these were times of change and the need for a much more extro-
vert communication culture had been recognised. By 1987, press releases and thor-
ough public information had begun to be seen as an integral part of ESO’s activities.

The decision to build the VLT did not go unnoticed across the Atlantic. Under the
title “European Telescope Will Be Biggest”, Malcolm Browne wrote in the New York
Times: ‘American astronomers who had hoped to build a telescope of equivalent power
will be forced to watch from the sidelines.” He continued: “Dr Peter A. Strittmatter,
director of the University of Arizona’s Steward Observatory, said that American scien-
tists now face a crisis.... We congratulate European astronomers for ESO’s decision to
build a 16-meter telescope, but we can’t help envying them.” But competition stimulates
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business. American plans to build a 15-metre New National Technology Telescope
had just been scrapped, although in September 1987 they had been replaced by a rec-
ommendation to build two 8-metre telescopes (one to be placed in each hemisphere)
(McCray, 2004), 2 much more moderate proposition. But ESO’s decision may have
boosted another large telescope project that had been underway at the University of
California since the late 1970s — the 10-metre W. M. Keck telescope, which would
enter into operation in 1993, with an interconnected twin telescope achieving first
light in 1996. Others in the US made plans, too, and Japan would also soon be join-
ing the company with its 8.2-metre Subaru Telescope. What was on the drawing
boards at the various design bureaus, however, was more than a number of large,
new telescopes. It was blueprint for a new golden age of astronomy. Especially grat-
ifying to European astronomers was that for the first time in almost 100 years, the
old continent was playing a key role.
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Chapter I1I-8

A Mountain in the Middle of Nowhere

“If the stars were visible from just one place on Earth,
people would never stop

travelling to that place in order to see them.”

Lucio Anneo Seneca, Naturales Questiones.

o almost every living soul on Planet Earth, Cerro Paranal is a place in the mid-

dle of nowhere, which is of course one of the prime reasons why it is of interest
to astronomers. Paranal is located some 130 kilometres south of the Chilean port
town of Antofagasta and about 12 kilometres inland from the Pacific Ocean. Stand-
ing more than 2600 metres tall, it forms an almost perfect cone. Cerro Paranal is
part of the range of mountains that runs along Chile’s Pacific coastline — relatively
low mountains as opposed to the majestic Andes range further to the east that also
demarcate Chile’s eastern borders. Between the twin mountain ranges stretches the
Atacama Desert, thought to be the driest place on Earth: the average rainfall in the
region is just 1 millimetre per year. Some weather stations in the Atacama Desert
have, in fact, never recorded rain. Paranal is indeed an inhospitable place, without
water, without vegetation, without animal life. The indigenous people, generically
known as the Atacamenos, live a simple life along the eastern fringes of the desert.
And, along the coast, there are a few towns with seaports. But the main desert is
empty. Or almost so. In the 16th century, Spanish conquistadores came through
this region in their attempt to expand the Spanish empire southwards. Later, others
have traversed the arid land under the blazing Sun. The trails of many of those trav-
ellers can still be found, for little changes in this landscape which seems locked in a
time-warp. Yet it is anything but static. During the early hours of the day or towards
sunset, this seemingly monotonous landscape is modulated by long shadows and
intensely glowing colours as the low rays of sunlight are reflected by minerals embed-
ded in the topsoil of the desert. Minerals are the treasures of the Atacama. And as
the Sun sinks below the horizon, another treasure unveils itself — the breathtak-
ing night sky with the centre of the Milky Way overhead and the twin Magellanic
Clouds vying for attention from their positions to one side of the Milky Way’s band
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of stars. Standing atop Paranal is like having a front seat to the intensely beautiful,
yet enigmatic view that the Universe offers us. Some describe Paranal as out of this
world, but the truth is that in a very basic sense, it may be more in tune with the world
than we think'. Yet it takes more than beauty to seduce levelheaded astronomers.
In their quest for finding the best observational sites, terms like sky transparency,
water vapour column density, atmospheric turbulence, temperature gradients, num-
ber of photometric and spectroscopic nights make astronomers’ hearts beat faster. Of
course, seasonal variations and long-term climatic effects are important, too. Estab-
lishing what these might be required meteorological studies over long time periods,
clearly impossible in the case of northern Chile, as meteorological records have not
been obtained for much longer than half a century in this sparsely populated part
of the world. Nonetheless, some information existed and piecing the various bits of
information together enabled astronomers to obtain a general idea of the prevailing
conditions. It looked promising. One such piece came from the records of the Monte-
zuma Station, near San Pedro de Atacama, which was operated from 1923 and into
the 1950s by the Smithsonian Institution, to undetake solar observations. Other
information constraining the conditions in the area of interest came from work in
the 1970s by John Warner, observing from a site near La Paz. Also general findings
by Jiirgen Stock, whose pioneering work in the early 1960s on behalf of AURA can-
not be overestimated, played a role. In 1968, he reported in the ESO Bulletin: “There
are a number of mountains of sufficient elevation south of the town of Antofagasta and
very close to the coast. The abrupt rise from the Pacific Ocean on one side, and a large
flat plain, more than 1000 metres lower, on the other side give these mountains rather
special conditions.” (Stock, 1968). As space satellite imagery became widely availa-
ble, Arne Ardeberg, then Director of La Silla, used this new tool and, finally, an i»
sit inspection of the area in April 1983 by Lodewijk Woltjer and a small group of
senior ESO staff enabled ESO to home in on a few specific, highly promising sites.
A description of the expedition, in which Paranal was “discovered” is given in Zhe
ESO Messenger (Woltjer, 1991). Shortly afterwards, a small site-testing team set up
shop on Paranal. The core members of the team were Francisco Gomez and his sons
Francisco and Italo together with Julio Navarrete. The team had two containers at
their disposal, one with beds and one called “the office” with the instruments. For
seven years, they carried out continuous meteorological and seeing measurements,
first under the leadership of Arne Ardebergand subsequently of Marc Sarazin, with

! The Atacama Desert has also been struck by a meteorite, known as the Vaca Muerte metorite. The impact is
believed to have occurred 3500 years ago. In the late 1980s and early 1990s, two ESO astronomers, Harri
Lindgren and Holger Pedersen, assisted by Canut de Bon of the Universidad de La Serena, collected 77 mete-
orite fragments in the desert, amounting to a total of 3400 kg (H. Pedersen et 4/., 1991).
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Hans-Emil Schuster in charge of the logistics. The team received supplies twice a
month, but other than that was left on its own. Until 1987, when the road was built
and it became possible to bring water to the summit, water was kept at the foot of
the mountain, so that people had to walk down to wash.

Site testing meeting at Paranal. From right to lefi: Hans-Emil Schuster, Marc Sarazin, Roberto Alcayaga,
Francisco Gomez Campiano, Alfonso Vargas and Julio Navarrete.

Life in the sun-scorched Atacama could be hard, but not necessarily one that would
be considered particularly dangerous. Yet the desert can be treacherous. And if rain
isindeed a rare occurrence at Paranal, it is different along the coast. Few people have
had more experience in moving around in this arid landscape than Arne Ardeberg.
On Monday 27 July 1987, Ardeberg, with a driver, had left Paranal in a southwest-
erly direction to carry out further site-testing measurements in the area. Earlier in
the day, there had been sudden and very heavy rainfall, turning the part of desert
close to the coast into a field of mud. Eventually, the heavy-duty four-wheel drive
vehicle got stuck. They decided to head back towards Paranal on foot, but after a
while fatigue set in and Ardeberg felt the need to rest. The driver continued, how-
ever, with Ardeberg set to follow somewhat later. By midnight, the driver reached
the summit. But by the next morning, Ardeberg had still not shown up and the small
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Paranal team became seriously worried. They contacted Daniel Hofstadt at La Silla,
who initiated a search, including soliticiting help from the armed forces. However,
the heavy rainfall had also hit Antofagasta causing a major mudslide and the emer-
gency services were all engaged in the rescue operation in the town. On Wednesday,
the weather conditions improved and ESO hired a helicopter in Santiago and sent it
up to the Paranal area. The search focussed on an area to the south and southwest of
Paranal, the desert area in which Ardeberg was likely to be, but it did not yield any
results. Eventually, the Chilean Air Force freed up capacity in the shape of an addi-
tional helicopter. The carabineros also put together a search team of some 60 officers,
in addition to two ESO teams, combing the desert in a systematic way. Still without
success, it was decided to expand the search area towards the north. This time they
were lucky: after four days, Ardeberg was found in a location far north of Paranal —
alive. “I'm fine, I've no problems!” was his comments according to the Chilean daily
El Mercurio, as he got out of the helicopter at Antofagasta’s air force base. “His ‘cold
blood’ and extraordinary capacity to survive allowed him to go on for four days,” the
newspaper concluded (Guicharrousse, 1987). Newspapers are never shy of drama, of
course, but this had indeed been a close call. Luckily, this remained an isolated inci-
dent during the years of site testing,

Apart from recording basic meteorological parameters, the initial site testing involved
a visual assessment of the photometric conditions®. The work would soon receive a
boost with the arrival of a young Frenchman, Marc Sarazin who joined ESO in 1984.
He came from the Engineering School of Physics in Marseille, and had worked on
problems of the propagation of light in atmospheric turbulence. The recruitment of
Sarazin and the conscious investment in a long-term research activity in this field
would pay off handsomely. Not simply in terms of assuring that the best site would
be chosen, but also in developing a comprehensive understanding of the complex phe-
nomenon of “seeing”, whether high up in the atmosphere or at ground level, including
the issue of dome seeing. To improve this knowledge, both about the quality of the
candidate sites and to try to understand some of the local phenomena, a dedicated

> “Su ‘sangre fria’y extraordinaria capacidad de supervivienca le permitieron mantenerse cuatros dias.”

> Woltjer quickly became convinced of the merits of the site and he even suggested moving the NTT, at the time
under construction. The place that he had selected for the NTT, however, was not on Paranal itself, but on a
close-by, but lower mountain north of Paranal, which he dubbed the NTT Peak. Within ESO it kept that name
for several years, even if the NTT never moved there. Today, the peak is home to a telescope of a similar size,
albeit different in every other way: the 4.1-metre VISTA telescope.
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effort under the project name of the La Silla Seeing Campaign, or LASSCA for short,
began in January 1986. The campaign consisted of a wide range of measurements,
including classical data obtained with the meteorological station and an acous-
tic sounder (SOund Detection And Ranging — SODAR) to reveal perturbations
caused by small temperature variations in the air between 30 metres and 800 metres
above the site (Sarazin, 1986). Furthermore, a radar sounding receiving station pro-
vided by the French Centre National de Recherches Météorologiques was used to
track balloons flying high into the troposphere, the realm of jetstreams. Importantly,
the tests also included three telescopes at La Silla, the MPG/ESO 2.2-metre tele-
scope, the ESO 1.52-metre telescope and, finally, the ESO 50-centimetre telescope.
At the 2.2-metre, Gerd Weigelt and his team observed a number of single and dou-
ble stars, using a method with ultra-short exposures, known to professional astron-
omers as speckle interferograms, a technique that had been proposed by Antoine
Labeyrie in 1970 and developed further by Weigelt. For astronomical observations,
speckle interferometry would de facto remove the effects of the atmosphere, but the
technique could only be applied in particular cases and only if the sources were rea-
sonably bright*. Used in the context of LASSCA, however, the interferograms would
serve a different purpose, showing the diffraction patterns of the refractive index
changes in the atmosphere. Simultaneous observations with the 1.5-metre telescope,
carried out by Jean Vernin and Max Azouit looked at the scintillation, i.e. the twin-
kling of the stars, whilst Francois and Claude Roddier mounted an interferometer
at the 50-centimetre telescope. This first concerted effort at ESO was conducted as
part of the work by the VLT working group for site evaluation, at the time under the
chairmanship of Harry van der Laan.

Sarazin soon replaced the system of visual and photographic assessment of the see-
ing by developing an automated 35-centimetre telescope known as a Differential
Image Motion Monitor, or DIMM?>¢. The entrance of the DIMM was fitted with

Speckle interferometry built on work by the American physicist David Fried in the 1960s. Speckle imaging
basically means making exposures of a few milliseconds of stars, thereby obtaining images of the star in a “fro-
zen” atmosphere. For the purpose of studying astronomical object, these images can be added and/or analysed
to reconstruct high-resolution pictures of the source. Speckle interferometry was already used for observations
of binary stars with telescopes at La Silla in the late 1970s (Ebersberger &Weigelt, 1978).

> The principle of the DIMM goes back to the 1950s (Hosfeld, 1954). Frangois Roddier developed the mathemat-
ics to needed get absolute measurements (Pedersen ez 4/.,1988), and with the advent of CCD technology, such
measurements became feasible.

The DIMM:s were built by the Belgian company AMOS in Li¢ge. It was their first contract for an optical tele-
scope, but since then AMOS has become a major supplier of precision optical instruments in astronomy, includ-
ing the movable Auxiliary Telescopes for the VLT.
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two circular holes, creating two images of a star on the CCD detector. Under per-
fect conditions, the images would be identical as regards their position. However, the
distortion of the wavefront, caused by turbulence in the atmosphere, would mean
that the two spots would shift relative to each other, allowing for a precise determi-
nation of the shift and thus of the amount and frequency of changes in the atmos-
phere. Since the measurements would be of the relative image motion, the result
would not be influenced by tracking problems, e.g., induced by the wind (Roddier
& Sarazin, 1990). In Chapter I11-3, we will discuss how this technique can be used
not only to study the atmosphere, but also to correct for the effects of the turbu-
lence on the images.

Site tests at Cerro Vizcachas. The 3.6-metre telescope at La Silla can be seen in the distance. (Photo by
the author)

A prototype of the instrument was tested at La Silla in 1986, and the first DIMM
was installed on Paranal in April 1987. It was followed one year later by one at Cerro
Vizcachas, the peak next to La Silla and at the time a serious candidate site for the
VLT. Before that, as is the custom at ESO, the instrument was tested in Garching.
It passed the tests, but Garching itself certainly did not, according to Sarazin, who
wrote tongue-in-cheek: “The ESO parking lot in Garching must be eliminated from
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the list of candidate sites for the VLT. During the night of 19 April, the second seeing
monitor underwent final full-scale tests before being shipped to La Silla. It was an oppor-
tunity to verify that the seeing in Garching is not of the quality that the VLT deserves.
During the few minutes we had before the instruments were covered with condensation,

an average seeing of 3 arcseconds was measured. (Not all that bad for Europe, though!)”
(Sarazin, 1988).

Later site tests’ also included La Montura (four kilometres northeast of Paranal) and
Cerro Armazones, 20 kilometres east of Paranal — the mountain that would later
be chosen for the ESO European Extremely Large Telescope (E-ELT) project. ESO
focused strongly on sites in Chile, but that did not mean that others outside Chile
were excluded. In fact, at the suggestion of Pierre Léna, site tests were carried out on
the French island of La Réunion in the Indian Ocean. Later, tests were also done in
Namibia. However, the results could in no way compete with those obtained in the
Atacama Desert.

The data collected with the DIMMs covered a period of one and a half years, but other
measurements were made as well. Firstly we remember the year-long visual assess-
ments made by the Chilean site-testing team, which had actually yielded data of re-
markable reliability and consistency?®. Secondly, the altitude distribution of the tur-
bulent layers was studied with three instruments: a scintillometer (for high-altitude
effects), the acoustic sounder (SODAR) for the 30-800 metre elevation range, and
finally microthermal sensors for monitoring local effects close to the ground. In May
1990, the results were presented in a report by the Site Selection Working Group,
now chaired by Jean-Pierre Swings’. The data spoke for themselves: apart from its
principal asset, the low amount of water vapour in the air, Paranal offered up to
70 clear nights per year more than La Silla. Importantly, these were the longer win-
ter nights which therefore offered much more observing time. In terms of seeing,
Paranal also turned out to be superior, though interestingly, it also became clear that
La Silla was in fact a better site than had been thought so far. The median seeing for
La Sillawas 0.76 arcseconds and Paranal bettered it by reaching 0.66 arcseconds. But
when considering nights with exceptional seeing (better than 0.5 arcseconds), with

A dedicated campaign, similar in scope to the LASSCA campaign (though without major telescopes), was con-
ducted in 1992 in the Paranal area under the name PARSCA 92. Since, Paranal itself was subject to heavy con-
struction work at that time, many tests were carried out from the nearby NTT Peak (Sarazin, 1992).

One reason for the consistency was certainly that the measurements were carried out over the whole period by
the same small group of people.

Succeeding Harry van der Laan in this function.
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16% of all nights, Paranal came out as a clear winner with 2.4 times as many such
nights as La Silla. From a science point of view, this was it! But Paranal was bound
to pose a number of operational and logistical problems as well as financial issues. A
second site selection working group™ was therefore established to consider the full
range of questions.

As we shall discuss later, Chile is prone to earthquakes. For that reason, important
seismic studies were carried out by the Institut de Physique du Globe in Paris by Raul
Madariaga, a geophysicist who was well acquainted with the geology of Chile. The
result was promising, as it showed that although also Paranal is also in a seismically
active area, the rock there — solid granite — was considered to be more favourable
in case of earthquakes than the geology in other areas in Chile.

Finally, a multi-disciplinary study by Michel Grenon of the Observatoire de Geneve
provided further information, in particular about the long-term evolution of the
local climate. Grenon had conducted botanical studies in the area since 1971, and
he pursued an independent and highly interesting avenue of enquiry, using “biogeog-
raphy as a tool to define with a high spatial resolution the integrated climatic properties
over various time scales depending on the life duration and propagation times of living
beings considered.” (Grenon, 1990). His conclusion further underpinned the notion
that ESO was on the right track in its efforts to find a home for its new telescope.
All the climatic indicators considered here, biogeographic and meteorological, lead to
the conclusion that Pavanal mountain is located in the best possible area of South Amer-
ica for the settlement of a modern astronomical observatory,” were his closing words.

On 4 December 1990, Council unanimously voted in favour of Paranal as the site for
the VLT. During the meeting, snow was falling gently outside the Garching Coun-
cil Room, perhaps indicating the first signs of Christmas. If so, ESO had just given
itself the greatest Christmas present it could think of.

The primary purpose of the site tests was to ensure that the VLT would be put in
the best possible location. But, as the understanding of the many aspects of “see-
ing” improved, in particular as regards the construction of telescope enclosures, this

10 Comprised of Jean-Pierre Swings (Chairman), Inmo Appenzeller, Arne Ardeberg, Gerard Lelievre and Sergio
Ortolani.
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also led to major improvements in the performance of existing telescopes. In this
sense, the tests not only led to the choice of a new, and better, site, but also to major
improvements at La Silla, to which we shall return later. The atmospheric models
that were developed also took ESO on a path towards predicting observational con-
ditions, much like the weather forecast, and formed a fundamental element of what
later became known as flexible scheduling. The unique expertise built up by ESO was
made available to others and Sarazin subsequently took part in other site characteri-
sation efforts, e.g., in Uzbekistan, Argentina and Morocco. He also chaired the site
selection committee for the US Large Synoptic Survey Telescope (LSST) project.



LaSill.ain 1989. (Photo by the author)




Chapter 1I-9
NTT First Light

A Revolution in Ground-Based
Direct-Imaging Resolution”

ESO Press Release, 11 May 1989.

n 1988, the La Silla skyline changed. A conspicuous new building appeared on the

hill that had been occupied by the Swiss 0.4-metre telescope in the past. It looked
very different from any other dome, with an appearance that reminded some of a
ship, others maybe of a somewhat peculiar shoebox: the New Technology Telescope.
The NTT was a 3.5-metre telescope’ on an alt-az mount. The primary mirror was a
meniscus, 24 centimetre thick and weighing 6 tonnes, resting on a system of actua-
tors?. The thickness was chosen as a compromise between a fully rigid classical mirror
and a very thin mirror that would need active support at all times. Both the shape of
the NTT primary and the position of the secondary mirrors were actively controlled.
In a break with previous practice, the telescope had neither a Cassegrain, nor a prime
focus. Instead it featured multimode instruments placed at the twin Nasmyth foci.
The telescope was housed in a very compact and well-ventilated enclosure? to avoid
dome seeing, an ailment that had been the curse of the classical telescopes. For the
same reason, and as is now customary, all heat-generating sources had been removed
from the observing floor. Since the compactness meant that the telescope could only
move in altitude within the building, the enclosure was designed to rotate with the
telescope. Technically, but also in a very visual way, the NTT signalled the dawn of
a new age of telescope design.

From the outset, it was not at all obvious that this new telescope would become the
pioneer of a new generation of telescopes. In fact, when idea of the telescope first

ESO astronomers colloquially talk about the 3.6-metre telescope — meaning the classical telescope at the very
top of the La Silla mountain — and the 3.5-metre N'TT. But this is a bit curious since the 3.6-metre features a
primary mirror of 3.57 metres diameter, whereas the mirror of the NTT is actually 3.58 metres in diameter.

75 axial actuators, three fixed points and 24 lateral actuators.

Inspired by the Multiple-Mirror Telescope building on Mt. Hopkins.
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arose — with Wolfgang Richter as the key engineer — the most novel feature had
been the alt-azimuth mount, an idea that, as we have seen, had also begun to be
used elsewhere. Soon, however, Ray Wilson’s ideas about active optics support sys-
tems were adopted as an integral part of the project. The early phase also brought
a reminder of the troubles of the 3.6-metre telescope project: originally a German
consortium had been tasked with designing the telescope, but in the end their pro-
posal did not meet with satisfaction at ESO. Massimo Tarenghi, the NTT project
leader, consulted Wolfgang Richter, who had stayed in Geneva when ESO moved
to Garching. In the end, ESO decided to revise the design completely with the help
of an internal group, with Rainer Grothe and Sergio Lopriore as the main people
involved. The contract for the main mechanical structure was awarded to Innocenti-
Santeustacchio (INNSE) in Brescia, Italy, while Carl Zeiss won the contract for the
delivery of the mirrors. The primary mirror was cast on 25 July 1984 at the Schott
Glassworks in Mainz and transferred to Carl Zeiss Oberkochen in June 1986 for

the optical figuring.

The NTT primary mirror at Zeiss, mounted on the support structure, seen shortly before delivery to ESO.
(Photo by the author)
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Around this time the building was completed and the main mechanical structure
arrived in Chile from Genoa. On 13 July 1988 the NTT primary mirror was pre-
sented to a wider audience at a press conference at Carl Zeiss in Oberkochen. Before
this public event, the optical elements — the primary, secondary and Nasmyth mir-
rors had been subject to thorough testing by the manufacturer. The results were truly
impressive, as reported in The ESO Messenger: “... the results of the Carl Zeiss inter-
ferometric tests, established in a most rigorous way, are as follows for the whole optical
train M1, M2, M3: (a) 80% geometrical energy within ca. 0.30 arcseconds; (b) 80%
geometrical energy within ca. 0.125 arcseconds for the Intrinsic Quality*.” In a qualita-
tive assessment, the project team wrote that “the results were so good that they exceeded
even the expectations of both Carl Zeiss and ESO in all respects.” (Wilson et al., 1988).
However, despite the statement about the “the whole optical train”, the telescope
optics were not tested together before being shipped to Chile.

The mirror arrived safely at La Silla in September 1988 and was installed at the NTT
in January 1989, and everyone was getting ready for the moment of first light. In
Chapter I1I-14 (in connection with the VLT), we shall discuss in more detail why
this is so significant, but at the moment, it suffices to say that traditionally, first light
is the milestone that marks the passage of a telescope into the ranks of active scien-
tific instruments. First light is normally preceded by extensive tests of all the sys-
tems, and this was no different in the case of the NTT. So, as soon as possible, Ray
Wilson took a first glance through the telescope at a real star. He had longed for this
moment and his expectations were high — after all, the optical test results at Zeiss
had been outstanding. Wilson is a truly kind and gentle person with a wide breadth
of interests. But below his amenable appearance is a personality with marked opin-
ions and attitudes, not infrequently deviating from mainstream thinking. “Ray, the
heretic,” he sometimes calls himself, with a smile — and some pride. Perhaps these
are the hallmarks of a perfectionist. So it is no surprise that his dream was to build
the perfect telescope. But what he saw that night at the telescope was far from per-
fect. An expert optician, it did not take him long to recognise serious spherical aber-
ration in the images. His first thought was that it was possibly caused by a large tem-
perature gradient, in other words a transient effect. But he was worried as he went
to bed. The next night brought certainty: the reason why the images suffered badly

4 Meaning “if five terms, to be controlled actively, are mathematically removed from the combined image forming
wavefront”.
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from spherical aberration was a matching error between the primary and the sec-
ondary mirror: the figure of the primary mirror was flawed! We have already dis-
cussed the Hubble Space Telescope and the optical problem that initially plagued
this telescope. At the time of the NTT commissioning, this was still not known,
but it is sobering to realise that, within slightly more than a year’, two astronomical
telescopes — both highly praised, eagerly awaited by the scientific community, and
indeed expected to become the standard bearers of astronomical science — would
turn out to feature flawed optics. The error had essentially the same cause in both
cases too: faulty test procedures leading to an incorrect figure for the primary mir-
ror and hence a problem known as matching error. It is easy to criticise the tests, but
the truth is that testing a Ritchey-Chretien Cassegrain telescope, with its combi-
nation of a hyperbolic primary and a convex secondary, is intrinsically difficult and
even minute errors may have catastrophic effects. A key tool to probe the optical
performance is known as the compensation system or reflective null corrector. This
piece of equipment is itself difficult to manufacture because of the extreme preci-
sion required. Of course, the experts at Carl Zeiss knew how to make a null correc-
tor, but sometimes human fallibility also puts in an appearance in the cathedrals of
science and technology. It turned out that during the manufacture, a spacer error in
the optical system of the null corrector had been discovered. However, the techni-
cian who was supposed to correct the error had mistaken a sign in front of a num-
ber and thereby doubled the mistake rather than eliminated it! In the end, the dis-
placement was 1.8 millimetres. This may seem like a small amount, but in optics the
result is dramaticé. In his book, Reflecting Telescope Optics, Wilson quotes an optical
expert at Zeiss, Christoph Kithne, for the following remark: “God invented the num-
ber, the devil invented the sign!” (Wilson, 1996). However, in the case of the NTT,
it was not divine intervention that made up for the error. Fittingly for a telescope
that is “active”, the solution lay at hand — in the active support system. We remem-
ber that the actuators underneath the primary mirror serve precisely to influence the
shape of the mirror, so in principle, it should be possible to cure the fault by means
of forces applied by the actuators.

> The Hubble Space Telescope was launched on 24 April 1990, one year, one month, and one day after the NTT
first light.

Zeiss had decided not to pcrform an additional test, known as the pentaprism test, which would have revealed
the problem. In the parallel case of the Hubble Space Telescope, Perkin Elmer, the company responsible for the
optics, had also not made this final check. In the case of the NTT, the error was corrected by the active optics
system. This was not possiblc for the Hubble Space Telcscopc, its optical system bcing a passivc one.
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Since the start of the NTT
project Woltjer had firmly
supported Ray Wilson’s ideas
about telescope design, but he
had imposed one condition on
the project: the telescope also
had to work in a passive mode.
For this reason, with a thick-
ness of 24 centimetres, and thus
an aspect ratio of 1:15, the pri-

mary mirror was not as thin —
Lothar Noethe, Gaetano Andreoni and Ray Wilson in the and therefore also not as flex-
NTT control room during first light. ible — as Wilson had wished.
But, fortunately, Wilson had
allowed for sufficient range in
the forces that could be applied

. :-] H g & by the support system. Using

slightly less than 90% of the
—I_Q LQ SCO & full range, it was possible to
P fully correct the error.
On the night that began on
22 March 1989, the corrected
NTT saw first light with spec-
tacular success, delivering “zhe
best ever recorded images in
ground-based astronomy,” as
Wilson subsequently wrote in
The ESO Messenger. The NTT
team had chosen a perfect
night, and in the telescope con-
trol room, Ray Wilson, Lothar

Noethe and Jorge Melnick,

among others, watched with

growing excitement as the first
images appeared on the com-

“The Best Telescope Yet” was the beadline about the NTT in
Sky and Telescope, the American popular astronomy maga-
zine in September 1989. General, Harry van der Laan,

puter screen. ThC Director
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recalled: “Lots of people were sceptical [in view of the many new design ideas]. First
light was something we looked forward to with anticipation and also with some trepi-
dation. But when the first results came in we could hardly contain ourselves!”

Ray Wilson later described the moment as “the culmination of his career” (Wilson,
2002), which by a stroke of luck coincided with his birthday. The best image was
obtained two hours after midnight. From La Silla, the image files were transferred
to a control room in Garching, where Richard West and his team waited in suspense.
Upon arrival of the first picture, a crowded field of 47 x 47 arcseconds in the globular
cluster Omega Centauri, West withdrew to his office, packed with charts and pho-
tographic plates. Soon thereafter, he emerged with a happy smile: he had identified
the field in the cluster and had found a photographic plate of the same field obtained
with the 3.6-metre telescope during commissioning. The comparison was breathtak-
ing: the NTT image displayed a resolution of 0.33 arcseconds against 1.0 arcseconds
for the 3.6-metre telescope’. “Some people said: Did they fake this? This can’t really be
true that the very first experiment more than meets the specifications,” van der Laan
continued. But true it was.

Field Near Centre of Omega Centauri

[ 12" {

12"

ko
1-metre Schmidt (~2") 3.6-metre (~1")

NTT (raw;0.33") NTT (deconvolved;0.18")

A result that raised eyebrows — the NTT first light image of a small part of Omega Centauri.

7 Itis a tribute to the new design, underpinned by technological advances, that while the NTT yielded a three-
fold increase in resolution, the construction cost actually amounted to roughly a third of the cost for the 3.6-
metre tClﬁSCOPC.
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Impressive as it was, it could be bettered: in 1991, an observing team led by Reinhard
Genzel obtained NT'T images® with a resolution of 0.25 arcseconds® of a field in the
Milky Way centre. The observations were part of a long-term study by the group of
the motion of stars at the centre of the galaxy in order to determine the mass of the
black hole then believed to reside there and now confirmed.

The success of the NT'T, in the first hours of its use, provided a strong boost to ESO
at a time when the organisation was preparing for the VLT. Despite severe technical
limitations at the commissioning stage in 1989, early observations included, among
others, studies of planetary nebulae, the optical identification of X-ray sources and
naturally observations of SN1987A. With the advantage of the superior optical per-
formance, the small nebula of interstellar matter, excited by the ultraviolet flash at the
explosion, could be imaged “better than any reported to date” (Gouiffes ez al., 1989).

Astronomy is a highly compet-
itive science, and so, resting on
one’s laurels is not good: either
for scientists or their telescopes.
Having already yielded the
sharpest image ever obtained
with a ground-based optical tel-
escope, at first light, the NTT
soon broke another record. It
was used to detect galaxies of
the 29th magnitude, at least 2.5
times fainter than had ever been
seen before by any telescope, be

it on ground or in space. This
The NTT Deep Field in the constellation of Sextans. Thispicc  was achieved in 1991 with an
tureshowsasmlelpﬂrt oftheﬁeldandreum[sgalaxies down to image of a small section of the
the 29th magnitude — in the words of the ESO Press Release )

equalling “the faint light of a glow-worm in Garching, as Sky called the NTT Deep Field.
seen from La Silla, 12 000 kilometres away”. It was based on almost seven

8 With a special instrument for high-resolution imaging in the near infrared, SHARP.

?  After image stacking and appropriate image processing.

193



THE JEWEL ON THE MOUNTAINTOP

hours of observing time and the stacking of 41 individual images of the same field
in the constellation of Sextans — selected for its apparent “emptiness”, understood
as meaning that it was free of bright objects. Of course, the field was anything but
empty really: it was full of faint galaxies. s a matter of fact, it is not even certain that
there is any place where we are able to see the sky background,” wrote Bruce Peterson,
the principal investigator, in ZThe ESO Messenger (Peterson et al., 1991). This was
important, since what the team of scientists cautiously described as “detecting and
measuring extremely faint galaxies”was in fact a bold attempt to see if the point could
be reached beyond which we would see no galaxies anymore. Even if the NTT Deep
Field image did not provide any spectroscopic information, from which redshifts
could be inferred, it seemed clear that this point had not yet been reached. This not-
withstanding, “this NTT picture has given us a tantalising, first glimpse of what can
be done with the new and improved observational means which are now at our disposal.
1t has given us a unique look into regions of the Universe, so remote in space and time
that they have never before been explored. This is the type of work that will be at the
Srontline of optical observational cosmology during the coming years,” wrote Peterson.
There would indeed be more deep fields to come.

The first results from the NTT were presented at a press conference in connection with the inanguration
celebrations on 6 February 1990. Seen from left to right: Manfred Ziebell, Daniel Enard, Ray Wilson,
Harry van der Laan and Masssimo Tarenghi. (Photo: Hans Hermann Heyer)
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The early success of the NTT also contributed to increasing the confidence of the
Member States with respect to ESO’s next project — the VLT. This was clearly
pronounced during the festive inauguration of the telescope, held at the Garching
Headquarters, on 6 February 1990 in the presence of, among others, science minis-
ters from Belgium (Louis Tobback), France (Hubert Curien) and Germany (Heinz
Riesenhuber). Italy was represented by Antonio Ruberti (at the time Italian Minis-
ter and later European Commissioner for Research), while Ambassador Jean-Pierre
Keusch represented Switzerland. As already mentioned, the realisation of the NTT
had become possible with the extra funding provided by the two new Member States,
Italy and Switzerland. Indeed Ambassador Keusch put the early success of the NTT
into the wider context of the VLT: “With the commissioning of the NT'T, its excit-
ing career as one of the world’s outstanding scientific instruments now officially begins.
The other key role of our new telescope is of course that of a technological predecessor to
the Very Large Telescope, decided by the Member States in December 1987.... ESO’s
budget will have to be increased considerably, but I am confident that Member States
will honour their commitment and that the Executive, building on its experience with
the NTT, will cope successfully with this new challenge.”

The NTT brought new opportunities to the scientific community of Europe. La Silla
now had two 4-metre-class telescopes and this enabled ESO to address a problem
that had been present for a long time. As mentioned earlier, obtaining observing
time is a highly competitive process. The telescopes had long been oversubscribed
and thus many scientifically very highly-ranked research projects could not be pur-
sued. In 1987, for example, ESO received more than twice the number of applica-
tions than the slightly over 300 that could be accommodated. At the same time, to
satisfy as many users as possible, observing time, when granted, had been strictly
apportioned. On the 3.6-metre telescope it could be one night (or less) and practically
never exceeded a few nights. Indeed, of those proposals accepted, roughly half were
granted less observing time than they had actually applied for (Breysacher, 1988).
While this was often quite enough to secure a rich harvest of data, some research
projects needed considerably more observing time, frequently spread over long time
intervals. ESO’s Director General described the problem as follows: “The following
scenario is ... a painful reality for many an ESO user. You request five nights in a judi-
ciously balanced trade-off between minimal astronomical needs and your estimate of
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the OPC’s" range. Then you get three nights, of which one is partly cloudy; your astro-
physical goal shifts another year and the substance of your PhD student’s thesis erodes
precariously. The focus of your own scientific attention is blurred, you have to work in
several areas at once and a rival/friend on another continent takes a decisive lead.” (van

der Laan, 1988).

The solution, it appeared to van der Laan, was to introduce the idea of Key Pro-
grammes, and these were proposed in the spring of 1988. Successful Key Programme
applications would be granted substantial observing time, thus enabling exciting new
science to be done. Examples of observing projects from which this approach would
benefit included optical identification of distant radio sources, the study of nearby
clusters of galaxies as well as of high-redshift (i.c. exceedingly distant) galaxies, the
search for quasars and gravitational lenses (as described in Chapter II-6). With a
heavy bias towards extragalactic research, this clearly stimulated a shift in research
priorities within the scientific community. It also helped the community to prepare
for the much more powerful VLT, a telescope that with its larger light grasp would
be ideally suited for exactly that kind of research.

The Key Programmes quickly became a hot topic among European astronomers'.
Applying for massive amounts of telescope time would surely not be less competi-
tive, and this had an interesting side effect, as can be seen in the description of one
of the first successful proposals: ¢ least three distinct groups ... were alveady involved
in the study of gravitational lensing effects. Observations were being performed with ...
the help of various telescopes on La Silla as well as at other observatories (Very Large
Array [VLA], Canada France Hawaii Telescope [CFHT], Palomar, Kitt Peak, etc.). A
general feeling existed that our individual work was progressing very slowly, the number
of effective nights that were allocated to our programmes being modest.... We all knew
that there was a total absence of coordination between our independent programmes
and that, of course, we could not avoid duplicating observations of similar objects. Fur-
thermore, each of our teams was hoping very much to broaden its observational interests:
those studying highly luminous quasars wished to look also at distant radio galaxies, and
vice versa, but this would remain a mere dream until ... it became really possible for our

' As mentioned in Chapter I-5, OPC, the Observing Programme Committee, is the body that evaluates observ-
ing proposals and recommends time allotments to the Director General. It is the body that has to make the
often painful choices between the many excellent proposals that the user community submit to ESO on a twice-
yearly basis.

"' In fact no less than 42 proposals were submitted in response to the first call in 1988. Twelve proposals were
aCCCPth.
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present team to submit an ESO Key Programme entitled Gravitational lensing: qua-
sars and radio galaxies. We do feel very fortunate today since our programme has been
generously allocated 54 nights with the ESO 3.6-metre and/or NTT telescopes, 48 with
the MPG/ESO 2.2-metre telescope and 9 effective nights with the Danish 1.54-metre
telescope during the next three years, starting effectively during period 43 (1 April-1
October, 1989).” (Surdej ez al., 1989). Thus the advent of the NTT not only realised
ESO’s aspirations in terms of exploring new ground as regards telescope technologies,
but also gave European astronomers a tool with which they could decisively advance
their research. What the NTT did 707 do, was to reduce the pressure factor on the
La Silla telescopes. It seemed that the more and the better observational facilities that
were put at their disposal, the more ideas were developed in the increasingly vibrant
European community of astronomers.

The Key Programmes were complemented by a new training programme for young
astronomers. This allowed for doctoral students to spend up to two years at ESO,
either at Garching or in Chile as part of their studies. This gave wonderful oppor-
tunities for promising young people and at the same time contributed to forging an
carly awareness of the European dimension in astronomy. We shall return to this in

Chapter I'V-8.

The initial success of the NTT, the Key Programmes and the Student Programme
all pointed towards a bright future for European astronomy. But obviously the most
important contribution to that future was the momentous decision to construct the
VLT. Yet it would be while before that telescope would collect photons from distant
celestial objects. In the coming chapters, we shall look at the arduous path towards
the realisation of this project and the breakthrough for European astronomy that

it signified.
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Chapter I11I-1
Back to the Drawing Board

"Whereof what’s past is prologue,

what to come — In yours and my discharge.”

William Shakespeare, from The Tempest.

In his memoirs Riccardo Giacconi, who was to become ESO’s fifth Director Gen-
eral, writes “VILT ... represented at least six times the organisation’s annual budget”
(Giacconi, 2008). The VLT expressed the aspirations of Europe’s astronomers, but
it certainly also constituted a gigantic challenge for the engineers, scientists and
project managers at ESO. If anyone was acutely aware of this fact it was Harry van
der Laan, who took over as Director General from Lodewijk Woltjer in January
1988. Van der Laan was the third Dutchman in a row at the helm of the organisa-
tion. Before assuming the post, he had been in charge of the national Dutch radio
observatories at Dwingeloo and Westerbork, as well as serving as scientific director
of the Leiden Observatory, but he had also been involved in the discussions about
the VLT project, notably as the first chairman of the Site Selection Committee.
Van der Laan is extremely eloquent, perhaps — some might say — with an occa-
sional hint of loftiness, yet always deeply human in his approach to his staff. Barely
a month before, Council had taken its historic decision to embark on the VLT pro-
ject, based on the Blue Book. Van der Laan’s task was to turn the proposal into real-
ity. The path towards this goal would be bumpy, which should not have come as a
surprise to anyone. Pushing technology for science is about doing things that no one
else has done before. How could this project 7ot have entailed surprises? Indeed, as
Adriaan Blaauw expressed it: “.. ESO again entered a phase of pioneering, but this
time not just by European standards, but on a worldwide scale: whereas expertise for
certain components of the VLT is available heve and there, no ground-based observa-
tory of the scope foreseen for VLT is in existence yet. Therefore ESO has had to build up
in-house expertise, and in close collaboration with experts from outside, a set up quali-
fied to do the job.” (Blaauw in Krige & Guzetti, 1995).
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The main issues that would mark van der Laan’s tenure were the detailed design
of the VLT — what in contemporary ESO parlance is called a Phase B' — the site
selection, the key decisions on interferometry, the awarding of the main industrial
contracts (for the mirror blanks, figuring and the main mechanical structure). In
parallel there was the development of an initial VLT instrumentation plan and the
decision to devolve this programme to include national institutes, the introduction
of the concept of Key Programmes and the student programme. In this chapter, we
shall look at each of the VLT-related issues from a project management point of view,
and discuss more technical isssues in the chapters that follow.

In reality, the Blue Book was effectively a conceptual description with many options
and some top-level specifications. It could be nothing more, since much research
and development (R&D) still had to be done. This applied, for example, to the pri-
mary mirrors, where there still was discussion about the possible use of metal mir-
rors instead of glass ceramics. Nobody had ever cast a blank of that size and while
ideas existed about how to do it, they were still unproven. In the area of adaptive
optics, development had also only just started. The Blue Book presented the Unit
Telescopes as a linear array, but it also kept open the choice of site (though Paranal
was prominently mentioned), a choice that might affect the final configuration of
the array. And while there was no doubt that the interferometer would influence the
layout, it was not yet clear how.

The VLT project also meant that ESO changed from being a single-mission pro-
gramme organisation to a project-driven one with multiple activities running in
parallel. Since the setting up of the TP Division, ESO had very much been a hands-
on operation, in the sense that the people would take part at the most practical
level in developing telescopes and equipment for La Silla. But with the VLT, ESO
moved into a regime of heavy industrial interaction and cooperation, with stringent
requirements for the upfront definition of detailed technical specifications, financial
management and liability questions, especially in R&D-intensive areas. This in turn
necessitated changes within the organisation and the recruitment of a number of new
staff members. The first major change involved the splitting of the now venerable Tele-
scope Project Division into two: a Project Division and a Technology Division. Two
years later, the Project Division was transformed into a dedicated VLT Division?.

' At the time this was called the Final Design.

% InJanuary 1995, however, the VLT division was again split into two when a dedicated Instrumentation Divi-
sion was established, moving some 40 staff from the VLT Division.
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We have seen how Woltjer had prepared the ground for ESO’s next steps, by navi-
gating the political landscape, identifying promising technological solutions and
very much by recruiting the right people. But his style had been fairly autocratic.
This had hardly been an issue in the past. As a European organisation, ESO was
steeped in a Franco-German culture, with a fairly strict hierarchical order. The aca-
demic world in the 1950s and early 1960s was hardly any different. But now it was
nearly the 1990s, and van der Laan had different ideas about how ESO should be
run, with a more inclusive, or participatory, management style. Furthermore, the
constraints on budget and personnel’, developing the VLT, completing the NTT
and maintaining operations at La Silla, forced him to introduce a matrix organisa-
tional structure with about 20 individual VLT-related integrated task groups (cov-
ering optics, electronics and mechanics) — something new at ESO. The restruc-
turing also meant changes at the upper management level. The early phase of the
VLT project, which we would today call Phase A, had been skilfully led by Daniel
Enard. With the transition in 1988 into the detailed design study, the Phase B, an
initial triumvirate of Enard, Tarenghi and Robert Fischer led the project. However,
in November 1991, after a brief interim period, during which time the project was
managed by Joachim Becker, who had come from the acrospace industry, Massimo
Tarenghi was appointed as project manager. Tarenghi brought both a profound sci-
entific background and his project experience from the 2.2-metre and NTT pro-
jects. Ray Wilson, naturally, continued to play an important role as regards the VLT
optics, although mainly as a consultant.

While the new organisational structure was being put into place, van der Laan set
out to turn the VLT project into reality. First, this required a careful reassessment of
the project, now from the point of view of a practical implementation, which meant
taking firm decisions on a number of key issues. Work began on the detailed design
and — for components with long lead times, such as the primary mirrors — with
preparing the calls for tender. The outcome of this would reveal that the original pro-
ject schedule had been too optimistic.

® 'The staffing level was set by the ESO Council and the Council had traditionally displayed considerable reluc-
tance in increasing the staff complement. Realising the problems this created for the implementation of the VLT
project, van der Laan pushcd hard for a staff increase. In the pasta solution, which had been widcly used, was
to hire personnel as auxiliary staff or in other categories intended for temporary functions. Towards the end of
the 1980s this was no longer tenable and it was decided to convert many of these positions into regular interna-
tional staff positions. Thus the limited staffing increase of nine positions, to which Council agreed under pres-
sure from the Director General, mainly went into converting existing positions instead of increasing the per-
sonnel. It wasn’t until 2006 that Council formally gave up its practice of determining the staff level and left the
decisions to the Director General within the general limit of the budget.
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By 1992, the VLT had assumed the shape that we know today, seen here in this aerial photo: The four 8.2-
metre Unit Telescopes in their enclosures, placed in an almost trapezoidal configuration, with the mova-
ble 1.8-metre Auxiliary Telescopes on tracks, the interferometric focus building at the centre of the photo
and the control room building to the left, below the telescope deck. A comparison with the illustration on
p- 200 shows how much it had changed. (Photo: Gerd Hiidepohl)

Meanwhile, over the next two years, the project would undergo significant changes
and become the VLT that we know today: this was partly because a reconsideration
of the scientific requirements led to the decision to add Cassegrain foci to all the
telescopes. This was a costly proposition and had major repercussions for the over-
all telescope design. The changes included raising the altitude axis to gain free space
underneath each telescope, significantly complicating the design of the primary mir-
ror (M1) cell (among other things requiring a rotator and adding considerable weight
at what is its weakest point) to the M2 unit as well as modifying the M3 tower. How-
ever, measured by the amount of science that has since been done with Cassegrain
instruments on the VLT, there can be no doubt that this addition was important®.
According to the Blue Book, the VLT was intended to be operated in the open air,

4 During the period 1999-2009, the twin Cassegrain instruments FORS1 and FORS2 alone provided the basis
for no less than 1359 research papers. In 2009, when X-shooter, the first second generation instrument for the
Casscgrain focus, became operational, it instantly gained second position in terms of the amount of requested
observing time.

204



CHAPTERIII-1 - BACK TO THE DRAWING BOARD

but equipped with inflatable shelters to protect the telescopes in extreme weather
conditions. Experiments with inflatable shelters began at La Silla, using a half-scale
test setup in early 1988. However, when Paranal was finally chosen as the site, the
features and conditions on this location firstly dictated that the idea of operating the
telescopes in the open air should be abandoned® and secondly, it opened up options
for a different configuration of the array than the one foreseen in the Blue Book.
The idea of a linear array was therefore scrapped. But all of these changes took time.
For example, the introduction of huge enclosures meant that extensive wind-tunnel
tests were required to ensure that the seeing conditions on Paranal were not adversely
influenced by the buildings or by their placement relative to each other. Finally, a
major decision was that for the realisation of the project, ESO would act as its own
main contractor. It would, in other words, not delegate the overall project manage-
ment to an external company, but instead define, prepare and monitor a large num-
ber of individual contracts for individual items or services to be delivered by industry.

The first major contract to be concluded concerned the primary mirrors, for which
the Blue Book had presented two options — glass ceramics or metal blanks. ESO
had carried out experiments with aluminium mirrors but eventually decided against
this solution®. Two suppliers of glass blanks made offers to ESO — the Schott Glass-
works in Mainz, Germany and Corning, the US glassmaker that had also supplied
the blank for the 3.6-metre telescope. The Schott offer was for blanks produced in
Zerodur, a patented glass-ceramic product with a zero thermal expansion coeffi-
cient. Corning, on the other hand, had proposed a traditional solution of fused silica.
The Schott product was clearly superior from a technical point of view”. But it was

> Also, by this time, the NTT experience offered proof that a telescope enclosure could be designed in a way that
avoided the dreaded dome secing problem. The final decision to go for a scaled-up, simplified NTT building
was taken in 1992 (Zago, 1992).

For a while, an idea to form an industrial consortium under the name LAMA (Large Active Mirrors in Alu-
minum) with the participation of firms in France, Germany, Italy and Switzerland was floated. They would
produce an 8-metre metal mirror for ESO with financial support by the European technology programme,
EUREKA, which had been established in 1985 as a Franco-German initiative. The LAMA project was not an
ESO suggestion, but the initiators were keen to exchange information with ESO, based on ESO’s own experi-
ments with metal mirrors which — among others — included the successful testing of two 1.8-metre nickel-
coated aluminium mirrors (Dierickx & Zigmann, 1991), and for ESO to possibly procure an 8-metre blank
from the consortium.

The development of Zerodur dates back to the late 1960s.The first Zerodur blanks for astronomical purposes
were for the 2.2-metre and the 3.6-metre Max Planck telescopes at Calar Alto in southern Spain in the 1970s.
Zerodur made the Schott Glassworks a world leader in this most demanding market (Morian, 2003).
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expensive and required a longer delivery time. Furthermore, Schott proposed to use
a novel technique, spin casting, which had not been tested and entailed a risk that it
was reluctant to carry itself®. Questions of liability became a major issue. However,
after lengthy negotiations, a satisfactory solution was found. The VLT mirrors obvi-
ously required a huge mass of glass to be prepared and poured at a very high tempera-
ture into a mould. For this purpose, vital parts of the equipment had to be made out
of platinum because of its unique non-corrosive characteristics. It was feared that the
substantial amount necessary — about seven tonnes — might severely, if momentar-
ily, impact the world market? and, in any case, involve costs that could not possibly
be covered by the VLT project. Robert Fischer', however, came up with an innova-
tive solution: Schott should de facto rent the amount of platinum for the duration
of the casting, thus reducing the financial burden to acceptable levels'. In Septem-
ber 1988 a contract was signed with Schott for the delivery of four 8.2-metre blanks
at a price of 55.5 million deutschmarks. As already mentioned, at that time no one
had ever cast a glass mirror of that size, but Schott had firm ideas about how to do it.
However, they also had to erect an entirely new production plant. In July 1989, the
traditional ground breaking took place and the buildings, totalling 50 000 square
metres, were completed in 1991 (Miiller ez al., 1993). The second large VLT con-
tract was also awarded in July 1989 — this time to REOSC for the polishing of the
VLT primary mirrors at a price of 36 million deutschmarks. REOSC also needed
a new facility, although it was more modest in size: a mere 1100 square metres, but
equipped with a 32-metre high tower for interferometric tests. This plant was dedi-
cated in April 1992 by Hubert Curien, then the French Minister for Research and
Space. We shall look at the mirror production shortly. However, from the point of
view of project management, the logistics of the mirror production, in combination
with the expected construction of the telescopes, dictated a delay of several years®>. It

The necessary R&D was supported financially by the German Federal Government.

The world production of platinum in 1987 was less than 130 tonnes, and the market price was in excess of 10 mil-
lion US dollars/tonne.

=

In projects like this, with their strong focus on technology and science, it often happens that rather little credit
is givcn to the administrative side. However, in several conversations that the author has conducted with some
of the key actors, Robert Fischer was recognised and praised for his contribution to the VLT programme, not
the least for the superior way in which he guarded the integrity and credibility of the procurement activities.

Accepting this solution, Schott bought the platinum at the London Commodity Exchange and sold it again
after closing the 8-metre production line.

'The Blue Book foresaw the complction of the first blank in December 1993, but the new projection suggcstcd
November 1995. The delivery of the last blank, originally expected in December 1998 now slipped to August
2000, and possibly even into 2001, depending on the polishing capacity of REOSC. In the end, however, the

dclivcry occurred earlier than feared.
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appeared that the optics might not be completed before the year 2000. The news was
presented to the Scientific Technical Committee (STC) in October 1988 and subse-
quently to Council. Among the major contracts still pending were the contracts for
the M2 unit, the secondary mirrors with their complex control systems, and for the
main mechanical structure. The contracts for the M1 mirror cells with their intricate
support systems and, of course, the VLT enclosures were also pending.

To stimulate interest in industry and to give a fair chance to all, a four-day infor-
mation meeting for European industry was organised at the City Hilton hotel in
Munich in April 1989.

Almost 300 representatives from industry attended the VLT Industry Days at the Munich City Hilton.
(Photo by the author)

Q

The sizes of the main VLT contracts were such that they whetted the appetite of
industry, causing fierce competition not simply between individual companies® but
also, to some extent, between countries. ESO has to act within strict procurement
rules, aimed at securing the best deal for the organisation. Importantly, it does not

'3 In many cases, the number of potential bidders was small, due to the challenging technological requirements.
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have to follow the principle of juste retour, i.e. awarding industrial contracts in a way
that is proportional to the contributions of its individual Member States. However,
even without the juste refour requirement, Member States eventually like to see a
balanced return on their investment, at least within a time period of perhaps five or
ten years. This is normally possible, but in a project with a few very large contracts
the representatives of the Member States naturally keep a close watch on ESO’s pro-
curement activities. Occasionally, it may also cause situations where delegates must
master the delicate balance between the interests of the organisation as a whole and
the legitimate interests of the government and country that they represent.

In June 1990, the call for tender for the main mechanical structure went out to indus-
try. This was the largest individual contract of the project, with a value of 76.5 mil-
lion deutschmarks. Eight offers were received. In the end, two bids stood out as most
promising, one from a consortium in Italy, another from a group of companies in
France, Belgium and Switzerland. But both proposals raised points of concern. After
evaluation by ESO’s technical and administrative experts, their recommendation
came out in favour of the Italian consortium. However, the Finance Committee,
which normally deals with large contracts and must approve them before ESO can
go ahead, could not reach an agreement. It eventually became an issue for the ESO
Council and it was finally decided to organise individual meetings with bidders to
review their proposals. These were carried out over the summer and, in September
1991, ESO finally signed the contract with the Italian consortium under the acronym
AES, made up of three partners: Ansaldo Componenti (of the IRI Finmeccanica
Group), European Industrial Engineering (EIE), and SOIMI (Societa Impianti
Industriali, a part of the Asea-Brown Boveri (ABB) Group). The contract covered
all the steel structures, the hydrostatic bearings on which these heavy structures
would rest, direct drive motors to move the telescopes and high-precision encoders
to measure their exact position in order to ensure accurate pointing. A kick-off meet-
ing followed in October of that year.

In 1991, construction work started at Paranal. This was only nine months after Coun-
cil had chosen the site. The work involved lowering the mountain by 28 metres, which
meant removing 350 000 cubic metres of rock to create a telescope platform of the
desired size. The blasting, which began on 23 September, was done by Interbeton,
the Dutch company that had carried out the concrete work for the 3.6-metre
telescope at La Silla thirty years earlier. ESO’s men on the spot were two former
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Blasting at Paranal.

employees, Peter de Jonge and Jorg Eschwey', brought back to ESO by Harry van
der Laan. Blasting is hard and extremely dirty work — and quite obviously, poten-
tially dangerous. Yet even in the rough atmosphere of the blasting operation, serene
beauty could be found, in the person of Stuart Dunn, the blasting engineer. Also a
trained opera singer, he treated his workers to sublime aria performances during the
rest periods. But at an early stage, Dunn raised concerns about the stability of the
rock, leading to an additional geological study by Fabien Bourlon, a French geologist.
The study, however, confirmed that the VLT could safely be built there, but that it
did require structural reinforcement of one of the telescope building foundations®.

Then the news broke that a nitrate mine was being opened by the company Minera
Yolanda at a distance of only 21 kilometres from the mountain. Readers will recall
that when ESO chose La Silla it also secured the ownership of a substantial area
around the mountain to avoid the potential adverse influence of mining activities
in terms of light pollution and dust in the atmosphere. Mineral extraction in Chile
is often done by open-cast mining. ESO had sought protection around Paranal in

14 A hugely experienced construction engineer, Eschwey left ESO in 1980 for the USA. There he advanced to
become Vice President of a large (billion-dollar turnover) construction company, before he was lured back to
ESO. He would also stay involved with ESO after his formal retirement, helping both with the ALMA project
and the Headquarters expansion in Garching.

5 In order not to damage the granite base, the blasting left the last 1.5 metres unscathed. This was subsequently
crushed with jackhammers and the rubble, basically pebbles, carefully removed in order to ensure a clean sur-
face and sturdy connection between the base rock and the reinforced concrete.
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Not really a happy lunch in the park — a thoughtful Jacques

Beckers during a site-testing mission to the Paranal area.

a similar way as it had done
for La Silla, but even if the
piece of protected land around
Paranal was not small, a major
mine right on the outskirts
was bound to create worries.
To determine the effect on the
observational qualities of the
site, Jacques Beckers carried
out a study of the atmospheric
pollution from the mine. For-
tunately, the mine was located
southeast of Paranal and thus
the prevailing winds could be
assumed to offer some help. To
everybody’s relief, it turned out
not to create any significant
problem, and a few years later,
the mining activities ceased.

The layout of the four VLT Unit Telescopes as well as the underground tunnels are clearly visible in this
aerial photo, obtained in 1994. (Photo: Herbert Zodet)
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Gradually, despite the progress achieved — with the important project changes made
and the detailed design of the project advancing, major contracts awarded, the site
development underway etc. — a sense of crisis emerged. The shortage of staff had
begun to bite and manifested itself in several ways: the internal structure was not
functioning in an optimal manner and reorganising the top-level project manage-
ment had proven to be fraught with problems. Compared to the Blue Book, the
schedule was slipping. Key contracts were still pending and where work had begun in
industry, especially on the main mechanical structures, the work was moving much
more slowly than anticipated. And there were growing concerns about cost. In June
1992, the Director General had warned about an increase of 50 million deutsch-
marks, though this could only be an estimate.

Perhaps there was nothing unusual about the problems. It seems that any large project
goes through distinct phases — from jubilation and excitement when it is approved,
through a sobering realisation of what the project really requires, to a period of hard
troubleshooting and, fortunately, in most cases, to a success that everyone can then
acknowledge and enjoy. But by late 1992, troubleshooting was called for more than
anythingelse. With the ending of Harry van der Laan’s term of office, Council chose
Riccardo Giacconi as ESO’s next Director General. He would soon get a chance to
demonstrate his awesome skills as a troubleshooter.

Arriving in January 1993, Giacconi brought a breath of fresh air into ESO. Some
would say a storm. For Riccardo Giacconi was not just a man with a mission, but an
impatient one. His impatience was not only caused by his realisation that he would
not have much time to accomplish his task, but also by his awareness that astrono-
mers in the US were on track to step into a new age in ground-based optical astron-
omy. In fact, the very same year as he joined ESO, the first 10-metre Keck telescope
obtained first light on its excellent site at Mauna Kea, in the Hawaiian Archipelago.
Once again, US astronomers had been faster than their European colleagues and a
new parameter space for discoveries had been opened up by them. Giaconni came to
Europe from America to resurrect a project that needed to move quickly to an imple-
mentation phase, but soon encountered a string of further challenges. He is a tre-
mendously energetic person with what sometimes appears to be tunnel vision in his
search for uncompromising excellence, combined with an uncanny skill to strike at
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the heart of a subject. He had played a pivotal role in developing X-ray astronomy, for
which he was later awarded the Nobel Prize in Physics (in 2002), had been in charge
of the Uhuru satellite project, then the Einstein Observatory, and subsequently led
the Space Telescope Science Institute in Baltimore before the launch of the telescope
in 1990. He had also led the institute during the stormy time when the telescope’s
serious optical flaw was discovered, threatening to make Hubble the laughing stock
of science — had the potential loss of the considerable, expected scientific exploits
not been so dramatic. Riccardo Giacconi considers himself to be an adventurer rather
than a scholar and his direct ways support that notion: an eloquent diplomat he is
not. With his characteristic candour, he stated that the ESO he found had ‘% wealth
of engineering and scientific talent”, yet — in his view — “[the] organisation resem-
bled a civil service agency rather than [a] research institution”. Others would have dis-
agreed. ESO, of course, operated within a European culture and had to respond to
the ways and expectations of that culture. But, aside from that, ESO certainly was
supposed to act as a service agency for the Member States’ scientists'é. But it is an
undeniable fact that the result was a clash of cultures that led to tension between
the staff and the Director General. That tension would prevail for all of Giacconi’s
tenure, but it is a tribute to both parties that it never impeded the strong desire to
develop the VLT and to make it the success that it has become. Indeed it remains a
fact that the wonderful VLT project, initiated by Lodewijk Woltjer and prepared
by Harry van der Laan, was now infused by Giacconi’s ideas, especially about oper-
ational aspects, and with his single-minded, sometimes ruthless, drive was reener-
gised and fully delivered. To paraphrase Giacconi, the situation caused by the uneasy
relationship was “grave, but not serious”. Serious challenges, however, were soon to
come from elsewhere.

In April 1993, Council convened for an extraordinary meeting, with several criti-
cal issues on the agenda. Most pressing were the state of the VLT project and the

16 This was not simply a question of different opinions. Rather it is deeply rooted in the differences in the way
research is funded, at least in astronomy, in Europe and in the USA. In the USA there is an integrated fund-
ing system that has a strong focus on the end result — the science — while in Europe funding is more diverse,
with different funding regimes, each with their own area of responsibility. The problem has remained unre-
solved, as can be seen in the ASTRONET Roadmap from 2008: “While European astronomers gain access to
their major facilities as the result of peer-reviewed selection, they are generally unable to obtain dedicated funding
to carry out the associated analysis and publication of results at a speed that is competitive with their non-European
colleagues and competitors, the latter often being funded by substantial grants associated with the use of the facili-
ties.”(ASTRONET, 2008).
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relations with Chile, to which we shall soon return. The new Director General
reported on his first impressions and expectations for the VLT project”. In June,
he presented them in a more formal way in a written report to Council and since
the assessment had not changed, we shall simply review the main findings and con-
sequences. Compared to the original proposal, the VLT project was now suffering
from a serious delay. The key reason for the delay was the lack of manpower. Fur-
thermore, and partly as a result of this lack, the cost was going up. The cost increase
was also due to the additional requirements on the telescope, not the least the inclu-
sion of the Cassegrain foci. Some costs had not — or not in a sufficient manner —
been considered in the Blue Book, e.g., for interferometry, various mirror handling
tools and technical CCDs. In many cases, the budget contained in the Blue Book
was based on a best estimate, while now, the real cost was becoming clear. The orig-
inal price of 382 million deutschmarks had been set in 1986 prices. Giacconi’s esti-
mate, now based on a cost to completion calculation, was for 573 million deutsch-
marks, against 430 million deutschmarks, the original price, properly adjusted for
inflation and contingency. But that was not enough. Giacconi also presented a plan
for a significant increase in the personnel — 46 new staff to be added to the exist-
ing complement of 193 staft’®. Finally he presented his ideas about a general reor-
ganisation of ESO, with policy issues including project budget planning to be car-
ried out within the Office of the Director General and a major staff increase in the
VLT-related functions, such as a dedicated VLT system engineering group, more
resources for software development and VLTT as well as data management, includ-
ing data reduction and analysis, calibration and archiving. First light would now take
place in January 1998 according to his projections. The plan laid the foundations for
the operational concept that became an essential element of the ultimate success of
the VLT, but at the time, the reaction was anything but ecstatic. It was shock treat-
ment. At least one government representative speculated loudly about cancelling the
entire project, but most Council members seemed to accept that there could be no
going back. Giacconi got it his way: or almost. The implication of the cost increase
was, of course, increased Member State contributions, possibly also involving aloan.
At the meeting in December 1993, Council did not, in principle, reject an increase,
but made it contingent on a financial audit, and in any case made it clear that the
increase would have to be lower than that requested by the Director General. Since

17 Some of the “first impressions” were based on a thorough project review that had uncovered several technical
weaknesses — not unusual for a complex project like the VLT.

'8 This included an increase of 12 members of staff that Council had already approved at the preceding meeting
in April.
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neither the loan nor the full, increased contribution option found sufficient support,
the only option left was a postponement of certain parts of the programme. Sensi-
bly, but painfully, the VLT Interferometer fell victim to the hard financial realities.
Furthermore the plans for creating adequate living quarters on Paranal in the form
of a Residencia were provisionally shelved. Staff would continue to live in steel con-

tainers for several years to come.
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The financial problems in the early 1990s caused considerable headaches both for Council, the ESO man-
agement and the staff. Here’s a somewhat sarcastic comment by Philippe Dierickx, not only a master opti-
cal engineer, bur also a skilled cartoonist.
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Chapter I11-2
Aux Instruments, Chercheurs!

“The 3.6-metre at La Silla had started operation in 1978.

In the following 1S years — before the VLT —
starting almost from scratch ESO succeeded to established itself
as a self standing, bigh quality instrument builder.”

Sandro D’Odorico, retirement lecture,
31 May 2010.

n Chapter II-3, we reviewed the steps in instrumentation development pre-VLT.

This period was characterised by a growing understanding of instrumentation
not only as an issue of equal importance to the construction of a new telescope, but
also as something that should be addressed early on and in conjunction with the tel-
escope developers. Importantly, ESO had itself become a centre for the development
of modern instrumentation. The VLT would benefit both from the experience gained
and the capacity of ESO to conceive and orchestrate an almost all-encompassing
instrumentation programme. Thus, almost ten years before first light, the first VLT
instrumentation plan was presented to the scientific community. The trend was to
develop permanently installed multi-mode instruments suitable for remote control,
capitalising on the revolution in electronics and allowing for dramatically increased
efficiency. But the VLT, conceptually different from any other large telescope, also
gave ESO the opportunity to take the next step in instrumentation. With no less
than 12 individual foci available (excluding the common foci), frequent instrument
changes at the telescope, as had been necessary on the 3.6-metre telescope, would
no longer be needed, thus enhancing the efficiency and the performance of the sys-
tem. It would now be possible to develop a suite of permanently mounted instru-
ments, each of them optimised for specific tasks'. In this chapter, we will look at
these instruments. For the lay reader, this means diving into a world of technical

! During the early discussions, placing duplicatcs of the main instruments at each of the Unit Tclcscopcs had
been considered. The idea was never realised as the gain was found to be marginal and the trade-offs considera-
ble. However, the legacy of these early considerations was the decision to build two nearly identical focal reduc-
ers, the FORS1 and 2 instruments.
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terms and concepts and a possibly bewildering set of acronyms. For the astronomer
it simply means looking at what has arguably been the world’s most comprehensive
and coherent instrumentation programme in astronomy.

In late 1988, two panels were set up to discuss the VLT instrumentation. One group,
chaired by Jacques Beckers, dealt with interferometry, the other — led by Bernard
Fort — with instrumentation for the individual Unit Telescopes. At ESO, the instru-
mentation programme was led by Jacques Beckers (diffraction-limited and interfer-
ometric instrumentation), Sandro D’Odorico (optical instrumentation) and Alan
Moorwood (infrared instrumentation) (D’Odorico e 4., 1991). Both D’Odorico
and Moorwood were old hands at ESO. Moorwood had joined ESO in 1978 after
working at the European Space Research and Technology Centre in Noordwijk,
the Netherlands. D’Odorico had arrived at ESO just two years later from the
Osservatorio Astronomico di Padova. Together they would play decisive roles in
ESO’s instrumentation programme for more than 20 years. In June 1989, the first
ideas were presented to the scientific community in a document entitled ESO VLT
Instrumentation Plan: Preliminary Proposals and Call for Responses. Those days
were clearly infused by great optimism and excitement. And ambition?. The intro-
ductory text concluded: “There is time to get our act together, there is room for consul-
tation, there is money for bright ideas, there are potential rewards for bold initiatives.
We invite your response.”

The call resulted in close to 40 replies. Following their evaluation, in March 1990, the
revised plan was presented to the Scientific and Technical Committee, followed by
a new call, now for proposals for specific instrumentation. If the VLT was an ambi-
tious project, the instrumentation plan was no less so.

The instrumentation plan foresaw a total of ten different instruments, of which ini-
tially two were to be built by ESO and eight by consortia of national institutes. The
rationale for retaining instrument-building activities at ESO was obviously to exploit
and maintain existing expertise, but also to establish the necessary standardisation
aspects for the full instrumentation programme. The rationale for devolving the

%z At the time the VLT was to offer no less than 18 foci. In addition to the Nasmyth and the (newly added)
Cassegrain foci as well as the coherent and incoherent common foci, it was also thought that each Unit Tele-
scope would have a coudé focus. The technical installations necessary for the coudé were in fact implemented,

but in the end no instrument was dcvcloped.
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programme, on the other hand, was to exploit unique expertise in the scientific com-
munity, to strengthen the overall involvement and thus support for the VLT and, of
course, to lessen the burden on the organisation. In any event, the instruments con-
tained in the plan constituted the first generation suite of instruments for Europe’s
new telescope. The parameter space covered was exciting: high-resolution imagingin
the optical and infrared wavelengths, low- and high-resolution spectroscopy in the
optical and infrared domains and multi-object spectroscopy, an area that with time
would become significantly more attractive. As a start, in the optical region, four
instruments were planned, each with a more or less well-chosen acronym: FORS1
and 2° (FOcal Reducer/low dispersion Spectrograph) and UVESI and 2 (U V-Visual
Echelle Spectrograph). In the infrared domain, the plans were for ISAAC (Infra-
red Spectrometer And Array Camera) and CONICA (Coudé Near-Infrared Cam-
era). Further instruments foreseen included a multi-fibre area spectrograph®, a visible
speckle camera, and an imager/spectrometer for the 8—14 um range, a high-resolu-
tion visible spectrograph for the combined focus, a multichannel Fourier transform
spectrometer® and finally, a high-resolution infrared echelle spectrograph.

It seems fair to say that with the VLT instrumentation programme ESO broke new
ground also in terms of project management and implementation. Back in the early
days, we have seen that the national scientific communities built specific instruments
for the first telescopes at La Silla. But the VLT instrumentation programme was
on a different scale and its realisation was also based on the experience from space
activities” — with clearly defined requirements and specifications, in-depth design
reviews and very tight project control, all following a clear project implementation
path. Everything was governed by firm contracts between ESO and its various con-
sortium partners, including penalty clauses for late delivery or other cases of non-
compliance. If this was new for ESO, it was even more so for the national institutes
with their more academic traditions. But mostly they lived up to the challenge, not
least because it was a win-win deal. ESO would cover the hardware costs, the insti-
tutes the manpower costs. In return, the institutes would receive guaranteed observ-
ing time, arguably the most coveted commodity among scientists. Aside from the

FORSI and 2 were quite similar, but not identical. Orginally, FORS1 allowed for polarimetry, FORS2 not.
4 UVES 2 was never built.

5 MFAS, later known as FUEGOS.

¢ Later abandoned in favour of CRyogenic high-resolution InfraRed Echelle Spectrograph (CRIRES).

The space experience that proved so invaluable was introduced forcefully by Joachim Becker, the VLT Project
Manager, who came to ESO from the space industry.
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immediate benefits it brought to ESO itself and indeed to the individual scientists in
the Member States, ESO’s decision to devolve its instrumentation programme con-
tributed greatly to establishing a network of excellence that involved its user com-
munity fully in the project. In addition to the importance of harnessing expertise
wherever it might be in Europe, came the strong feeling of ownership that is felt by
the scientific community.

The first science instrument to be mounted on the VLT was FORS, the Focal
Reducer/Low dispersion Spectrograph, placed at the Cassegrain focus of the first
Unit Telescope. FORS was developed under a contract between ESO and the Uni-
versitits-Sternwarte Miinchen, the Universitits-Sternwarte Gottingen and the
Landessternwarte Heidelberg, with Immo Appenzeller as Principal Investigator®
and Gero Rupprecht as the person at ESO responsible for the instrument. The con-
tract was signed on 6 February 1992, together with a contract for the second exter-
nal instrument foreseen, CONICA, an infrared camera and spectrometer built by
a different consortium.

FORS was designed as an all-round instrument, but clearly aimed at extragalactic
research projects, including the measurement of redshifts of distant galaxy clusters,
counts of galaxies, the determination of their colours and shapes and the study of
gravitational lenses.

On 15 September 1998, FORS1 was ready for action at Unit Telescope 1 (UT1). The
very first technical image was stunningly sharp with a resolution of 0.6 arcseconds.
“Not bad,” was the dry comment by Walter Seifert, the optical engineer. “Let’s see if
we can do better!” They had hit the focus, but in a sense they could do better still. For
the formal first light image, the team had chosen a spiral galaxy, NGC 1232. This
target was mainly picked because it would fill the entire field of view of 6.8 x 6.8 arc-
minutes, but it is also a truly beautiful sight. And the FORS image certainly did jus-
tice to that sight. In the year 2000, the popular US astronomy magazine Sky and Tel-
escope included it among the ten space pictures with the highest impact in the 20th
century. The picture became an icon of the VLT; it was used repeatedly and appeared
everywhere, in books, magazines, on CD covers, on giant murals and in numerous
exhibitions. It even featured as a giant back-lit reproduction on the ceiling of the

8 With Rolf Kudritzki (Munich) and Klaus Fricke (Géttingen) as Co-Investigators.
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The famous FORS image of NGC 1232, a beautiful spiral galaxy at a distance of 120 million light-years.

European Union pavilion at EXPO 2000, the World Exhibition in Hanover. Since
their first days (or perhaps one should rather say nights) the two FORS instruments
have been the workhorses of the VLT. This becomes evident from the publication
statistics, often used to assess scientific productivity. Celebrating 20 years of FORS
science operations in 2010 (i.e. roughly ten years for each instrument), Gero Ruppre-
cht noted that FORS data had played a role in eight out of the ten most highly cited
VLT science papers. Perhaps more impressively, its publication rate of one paper per
observing night has made FORS the most publication-efficient instrument on the
VLT ever, with UVES hard on its heels (Rupprecht ez 4/., 2010). During construc-
tion things had gone well and there was a remarkably smooth cooperation between
the consortium partners. But this is not to say that there were no problems along the
way. During the test phase in Europe, the collimator unit fell from a crane and was
destroyed. Luckily, since FORS2 was under construction, the team simply exchanged
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the part and thus no delay resulted. During the first installation at Paranal, the
instrument suffered from water damage. To the uninitiated, this may sound rather
strange given that FORS was after all placed in the middle of the world’s driest desert.
It appeared that the source was coolant from a leaking hose linked to the VLT guide
camera controller, in front of the instrument. The commissioning team was left with
little choice but to dismantle the entire instrument and carefully clean every sur-
face. But on the very next night, it happened again. In such cases, perhaps only dark
humour can brighten the day. Jokes were cracked about FORS as Paranal’s Yellow
Submarine, referring to the yellow paint on its casing. More effective than the jokes,
though, were different hoses that have been used ever since.

The two instruments to be built by ESO were ISAAC and UVES. They would be
available early on Unit Telescopes 1 and 2, respectively, and they too were unique
instruments with a huge science potential. ISAAC, the infrared imaging spectro-
graph, provides for imaging and spectroscopy in the 1-5 pm wavelength domain as
well as polarimetry in the non-thermal 1-2.5 pm domain.

ISAAC was the first VLT instrument developed by ESO and, aside from its spe-
cific characteristics, it is a testament to the progress achieved in instrumentation
for infrared observations. As we remember, infrared instrumentation had from the
outset been separate from instruments designed for visual wavelengths. This was
partly because of the slower progress in the development of two-dimensional pan-
oramic array detectors for this particular wavelength domain. But much had hap-
pened since the days, when infrared work was regarded as “a dark art” (Moorwood,
2009). ISAAC was the first instrument with a two-dimensional detector array in
the near-infrared, making it essentially a near-infrared EMMI. As such it is an all-
round instrument, suited for observing just about any kind of object in the infrared
Universe, from star-forming regions in the Milky Way and brown dwarf stars to dis-
tant clusters of galaxies. ISAAC was mounted at the Nasmyth focus of the first Unit
Telescope in November 1998.

As mentioned, the second ESO instrument built in-house was UVES?, the two chan-
nel high-resolution UV-Visual Echelle Spectrograph, led by Hans Dekker. UVES was
designed to be a direct competitor to HIRES, a spectrograph at the 10-metre Keck

? Software was supplied by the Osservatorio Astronomico di Trieste.
pp Y
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A look into the interior of ISAAC: inside the vacuum vessel. (Photo: Hans Hermann Heyer)

Telescope on Hawaii. Since this had been in operation for several years, the Keck
astronomers had gained a considerable advantage and ESO would have to work both
hard and fast to produce an instrument that could outperform HIRES.

Jean-Louis Lizon enjoys a relaxed moment during the installation of UVES. (Photo: Peter Gray)
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With first light on 27 September 1999, UVES became the first instrument to be
installed at Unit Telescope 2, Kueyen. Weighing no less than 8 tonnes, UVES was
conceived for placement at the Nasmyth focus with its large, stable platform at the
side of the telescope main structure. Like FORS, the early plans for UVES foresaw
two instruments (Dekker & D’Odorico, 1992) with slightly different characteris-
tics. However, in 1994, the idea was dropped. Instead, it was decided to build a single
instrument with two arms (covering UV to blue, and visual to red light, respectively).
The heart of this elaborate instrument was a mosaic of two optical echelle gratings,
84 cm x 21 cm x 12 cm in size — at the time the largest in the world. The two-arm
solution meant that the performance both in the UV and the red could be optimised,
providing exactly the desired competitive edge vis-2-vis its Hawaiian counterpart®.

The combination of very high
resolution (potentially up to
110 000) and the light grasp of
the 8.2-metre Unit Telescope
made UVES ideal for study-
ing the presence and composi-
tion of intergalactic gas (using
distant quasars as background
light sources), as well as inves-
tigating the physical conditions
and element abundances in the
faintest stars in the Milky Way
galaxy and beyond. It is no won-
der that UVES became a heav-

ily sought-after instrument and

has played such an important

UVES spectrum of SN 19874, covering the wavelength role in many of the discover-
range 479-682 nm. The spectrum is divided into many indi-  jes made with the VLT. Indeed
vidual parts, here seen as “steps”, which are characteristic
of an echelle spectrograph. The spectrum reveals both infor-
mation about the chemical composition and state of the mat-
ter from the supernova. VLT instruments in terms of

over the years, it has maintained
its position as one of the top five

10 UVES owes its success to much more than just the two-arm concept. Other features of the instrument include
the field rotator and the atmospheric dispersion corrector. The end-to-end observing concept and its spin off,

the centralised open access science archive with calibrated data also constitute essential elements of the story.
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popularity (quantified, perhaps a bit negatively, in terms of oversubscription) and

in the publication statistics.

Q

In the course of the 1990s, ESO undertook a dedicated effort
to boost its activities in the field of detectors within its two
detector teams, one for optical and one for infrared detectors.
Among other things, the groups developed new and highly effi-
cient detector controllers, FIERA and IRACE that for more
than a decade became the standard for all instruments at
ESO’s telescopes. The photo, from 1996, shows Manfred Meyer
from the infrared detector team with an IRACE controller.

Another of the instruments
planned for early deploy-
ment was CONICA, built by
the Max-Planck-Institut fiir
Astronomie (Heidelberg), the
Max-Planck-Institut fiir extra-
terrestrische Physik (Garch-
ing) and the Osservatorio
Astronomico di Torino under
an ESO contract. CONICA
stands for Coudé Near-Infrared
Camera, but due to programme
changes linked to the financial
problems that hit ESO in 1993,
the individual coudé foci were
abandoned and it was instead
decided to move CONICA toa
Nasmyth focus and fitit with an
adaptive optics unit, renaming
it NAOS-CONICA to which
we shall return in the following
chapter. The combined instru-
ment only saw first light on 25
November 2001, at Unit Tele-
scope 4, Yepun. The instrument

may havebeen delayed, butitbecame very successful: over the first decade of operations it

provided thebasis forabout 240scientific papers (Fusco & Rousset, 2011), includingspec-

tacular images of the Galactic Centre and the first direct image of the brown dwarf

2M1207 with its giant planet companion (see also Chapter IV-5).

The science instruments at the VLT had changed considerably in comparison with

the specifications originally set in the earlier days of the VLT planning. Not only had

their performance improved, but their complexity had also increased dramatically.
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The sheer physical dimensions of instruments had also grown, as well as their con-
struction times. For some instruments, the lead time approached ten years and
development happened in parallel with the telescope construction itself. Involving
national institutes entailed challenges in terms of project management to secure
delivery on time, within specifications and budget. So it comes as no surprise that the
instrumentation programme underwent changes and modifications along the way
— from the 1989 document to the Instrumentation Plan itself and then through
the period of realisation.

The last instrument of the first batch was FUEGOS, a multi-object fibre spectro-
graph and one of the external instruments to be built by the Observatoire de Paris-
Meudon, the Observatoire de Geneve, the Laboratoire d’Astrophysique de Toulouse
and the Osservatorio Astronomico di Bologna. Progress towards its realisation was
slow and in 1997 ESO saw itself forced to cancel the original contract and involve
additional partners to build a successor instrument, with ESO in charge of the pro-
ject management. The two main components were the fibre optics and the mechan-
ical part of the spectrograph. The contract for the fibre optics part was awarded to
what became known under the name of AUSTRALIS, a consortium of institutes in
Australia", and given the appropriate nickname of OzPoz, whereas the mechanical
part, GIRAFFE, remained in the hands of the Observatoire de Paris-Meudon, but
ultimately ten national institutes contributed to this instrument'. The final instru-
ment, which was renamed FLAMES, would also feed the high-resolution spectro-
graph UVES. FLAMES was installed on the Nasmyth platform of Unit Telescope
2 between September 2001 and March 2002 (Pasquini ez 4/., 2002). An important
feature of FLAMES was its large field of view, no less than 25 arcminutes in diame-
ter. Combined with the fibre positioner and GIRAFFE, it allows up to 132 objects
to be observed at the same time. As a novelty, FLAMES also contained a so-called
integral field unit. We have discussed the unique role of spectroscopy for our under-
standing of the celestial objects that we observe and this chapter has illustrated how
important this is to astrophysicists. Normally, astronomers will obtain spectra of an
individual object, say a star or a galaxy, or of a number of objects using a multi-object
spectrograph. Integral field spectroscopy marks the next step in sophistication, as it
allows the simultaneous spectral analysis of multiple parts of extended objects, or for

" The institutes involved were the Anglo-Australian Observatory, the Australian National University and the
University of New South Wales. The prospect of involving institutes in Australia came about in connection
with Australia’s bid to join ESO in 1995.

12 Aside from the institues already mentioned, the observatories of Geneva and Lausanne, Cagliari, Palermo and
Trieste were involved.
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example, of multiple objects in crowded fields such as a globular cluster of stars. The
ability to study individual objects (or areas) with a minimum of angular separation
is of course the outcome of much improved telescope performance, with larger and
better telescope optics and, decisively, the application of adaptive optics.

Bernard Delabre and Bernard Buzzoni during the integration of the Nasmyth field corrector for FLAMES
in September 2001. (Photo: Peter Gray)

In 1993, a working group chaired by Laurent Vigroux and comprised of ESO staff
and external experts reviewed and revised the instrumentation plan. UVES 2 was
cancelled. On the other hand new instruments were proposed and discussed at a
conference in Garching in May 1994. The new instruments that formed this second
wave of the first generation instruments were VISIR, VIMOS and NIRMOS. In
the same year, ESO decided to create a dedicated Instrument Division, from Janu-
ary 1995 headed by Guy Monnet. Before Monnet had been Director of the Canada
France Hawaii Telescope. Together with D’Odorico and Moorwood, he would over-
see the evolving instrumentation programme up to 2006.
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Next in line, as regards ESO contracts, was VISIR (the VLT Imager and Spectrome-
ter for the mid InfraRed). This instrument was designed to cover the 10-20 um spec-
tral domain, with the aim of studying, among other things, the interstellar medium,
cool stars, and circumstellar and protoplanetary discs. VISIR would be the most
powerful instrument of its kind in the world by far. The contract was signed in
November 1996 with a French—-Dutch consortium of institutes'?, with expected com-
pletion in early 2001. Realising the instrument turned out to be a bigger challenge
than expected. In particular the wish to have maximum efficiency in the 20 pm
wavelength range, meant that the instrument had to be cooled to 25 K (-248 degrees
Celsius), not a trivial requirement for a complex opto-electronic and opto-mechan-
ical piece of hardware. Non-instrument related problems, such as a fire and the sub-
sequent flooding of the CEA building in Sarclay that housed the laboratory, added
to the problems and so the development of the instrument was anything but quick.
VISIR was shipped to Chile in March 2004. Upon arrival, it barely avoided a dis-
aster. ESO’s normal procedure is to subject new instruments to thorough testing in
Europe and, upon successful completion of the tests, dismantle the instrument, pack
and ship it to South America. However, to save time, VISIR was not dismantled and
thus arrived in Chile in one piece and in a single box'. During customs clearance,
however, an alert SAG inspector® noticed a wasp peering out of a hole in the wooden
crate. Chile is understandably keen to protect its agriculture and enforces its vetenary
border controls accordingly. The inspector therefore decided that the crate — with
contents — should be destroyed. Luckily, Armin Silber from the ESO Instrumenta-
tion Division, was present to receive the consignment and he managed to convince
the inspector that it would suffice to spray the outside of the crate with insecticide,
arguing that the crate would be taken into the desert and any surviving bugs inside
would perish there. And so, on 1 May 2004, VISIR saw first light (Lagage ez al.,
2004), almost cight years after the signing of the contract. The scientists were happy
and so was a SAG inspector who had travelled to Paranal to personally witness the
burning of the crate — with or without any surviving bugs.

13 The Service d’Astrophysique of the CEA, Saclay, the Netherlands Foundation for Research in Astronomy
(NFRA), Dwingeloo, the Institut d’Astrophysique Spatiale (Orsay, France) and the Netherlands Foundation
for Space Research (SRON).

' This was not the only instrument that arrived in one box. TIMMI (see Chapter II-3), simply occupied an econ-
omy-class airplane seat, with a ticket issued in the name of Mr TIMMI. Alas, in the meantime instuments had
not only grown in capability but also in size and weight. Thus the total weight of the VISIR instrument amounts
to no less than 2300 kg.

15 Servicio Agricola y Ganadero (Agricultural and Livestock Service).
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Another instrument that went through a difficult gestation was VIMOS (VIsible
MultiObject Spectrograph). The contract was signed in August 1997 between
ESO and the VIRMOS consortium' and foresaw two instruments, VIMOS and
NIRMOS, for the visible and infrared spectral bands, respectively. VIMOS is a
multi-object instrument like FLAMES and can observe many objects (in fact, thou-
sands) at the same time. The prime purpose for VIMOS and its near-infrared sister
NIRMOS would be the simultaneous observations of a large sample of galaxies at
different redshifts, i.e. cosmic epochs. As such the twin instruments were expected
to become powerful tools for cosmological studies. VIMOS was installed at Unit
Telescope 3, Melipal, in early 2002. Unfortunately it had a number of problems;
the most conspicuous being that it exceeded its weight specifications by a third, or
one tonne, which introduced serious problems of flexure and exceeded the allowed
torque on the telescope. Further mechanical problems appeared and it took a long
time before the instrument achieved its full performance. Yet, aside from its scien-
tific importance, this instrument has also played an important role in the technical
evolution process of advanced scientific instrumentation.

The problems with VIMOS, however, led to the decision to cancel its infrared sis-
ter, NIRMOS. Instead, the detectors acquired for NIRMOS found a good home in
a new instrument, which, at least with respect to imaging, would act as a replace-
ment, and with much improved performance — the High Acuity Wide field K-band
Imager (HAWK-I).

To complete the overview of what finally constituted the first generation VLT instru-
ments, we need to mention SINFONI (Spectrograph for INtegral Field Observa-
tions in the Near Infrared) and finally CRIRES.

Like NAOS-CONICA, SINFONI" combined a Multi Application Curvature
Adaptive Optics (MACAO) module with a Spectrometer for Infrared Faint Field
Imaging (SPIFFI) (Bonnet ez al., 2004). SINFONI was the second VLT instru-
ment designed for integral field spectroscopy and the first for infrared work. It saw

16 Laboratoire d’Astronomie Spatiale Marseille, Observatoire Midi-Pyrénées (Toulouse) and Observatoire de
Haute-Provence in France, and, in Italy, the Istituto di Fisica Cosmica del CNR, Osservatorio Astronomico
di Brera, Osservatorio Astronomico di Capodimonte, Istituto di Radioastronomia del CNR and Osservatorio
Astronomico di Bologna.

17 The SINFONI consortium compriscd the Max-Planck-Institut fiir extraterrestrische Physik, the Department
of Physics, University of California, Berkeley (US), Universitit zu K6ln, Max-Planck-Institut fiir Astrono-
mie, Heidelberg, University of Oxford, Ingenieurbiiro Weisz, Munich, Leiden Observatory, NOVA and the
Netherlands Foundation for Research in Astronomy.
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first light on 31 May 2004 on Unit Telescope 4, Yepun. In 2006, it demonstrated its
awesome capabilities by enabling observations with a resolution of a stunning 0.15
arcseconds across a star-forming galaxy, BzK155043, at a distance of 11 billion light-
years (Genzel, 2006). In February 2006, SINFONI was used for the first time with
the laser guide star system on Yepun (see next chapter).

The last of the first generation VLT instruments, CRIRES, was developed as an ESO
in-house project. Although it had been on the wish list since the earliest days of the
VLT instrumentation plan, due to lack of resources it only started as a project in 1999
(Moorwood, 2003). Hans Ulrich Kiufl was responsible for the project. CRIRES is a
high-resolution infrared spectrograph with a resolving power of about 100 000, cov-
ering the spectral range from 1-5 um. As the detector it uses a mosaic of Raytheon
1024 x 1024 pixel InSb CCDs, providing a focal plane array of 4096 x 512 pixels
— reminding us once more of the incredible progress in the field of infrared area
detectors over the last 15 years. The instrument saw first light in May 2006 on Unit
Telescope 1, Antu. It was — and still is — a unique instrument. In terms of sci-
ence it is particularly well suited to study a range of objects from the atmospheres of
Solar System bodies, the chemistry and kinematics of the interstellar medium to the
dynamics of the accretion discs around black holes. To some extent it can be seen as
an infrared UVES, but the combination of nearly diffraction-limited spatial resolu-
tion (thanks to adaptive optics) and the high spectral resolution makes it extremely
powerful, superior to any other similar instrument in the world.

Overview of the VLT instruments by the end of the first decade.
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Before we round up we must briefly return to HAWK-I. This is a high-resolution
infrared (0.85-2.5 um) camera with a field of view of 7.5 x 7.5 arcminutes. With
a pixel size of 0.1 arcseconds it is able to exploit even the best seeing conditions at
Paranal. Asan imager, it partly replaces the cancelled NIRMOS instrument, though
of course without the spectroscopic capabilities. HAWK-I was commissioned in
2007, seeing first light in August of that year. HAWK-I was chosen following the
first call for proposals for second generation VLT instruments in November 2001.
However, since it uses parts originally intended for an earlier instrument, it is often
considered to be a generation 1.5 instrument.

VLT instrumentation now moved towards the second generation to be implemented
during the second decade of the century. The formidable point-and-shoot Cassegrain
focus X-shooter — a single-object spectrograph covering the whole spectral range
from the UV to the near-infrared iz a single exposure — would be the first newcomer.

With a large fraction of first generation instruments in operation or about to be
installed at the telescope, the process of identifying the first concepts of the second
generation was initiated in 2001. ESO adopted the same approach of fully involv-
ing the user community through conferences on the scientific priorities, the first
of which was held in June of that year, followed by feasibility studies and competi-
tive calls for proposals. The advances in the scientific knowledge and understand-
ing of the Universe, from the planets associated with stars in the relative vicinity of
the Solar System to the primeval galaxies at high redshift, coupled with the techni-
cal development, especially in the area of the near-infrared detectors and adaptive
optics, led to the identification of four new instrument concepts of highest priority,
which were the subject of a call in November 2001. Following extended feasibility
studies, four new instrument contracts were established with consortia of external
institutes: the K-band Multi-Object Spectrograph (KMOS), X-shooter, the Multi
Unit Spectroscopic Explorer (MUSE) and Spectro-Polarimetric High-contrast Exo-
planet REsearch (SPHERE). ESO would contribute in many key areas like detector
systems and AO and, in the case, of X-shooter, coordinating the full project includ-
ing the final integration. As for the first generation instruments, each would consti-
tute a major step forward in its scientific capability, but at the same time take its place
in a coherent pattern of instruments with complementary and mutually enhancing
contributions to astronomy.
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KMOS, a near-infrared, multi-object spectrograph, will enable studies of a large
sample of extremely distant galaxies detected with imagers such as the VISTA tele-
scope or HAWK-I.

As already mentioned, X-shooter is a unique facility that allows simultaneous obser-
vations covering the spectral range from the UV to the near-infrared, in a “point-
and-shoot” mode. It aims to provide comprehensive “instant” information about
objects such as gamma-ray bursts, QSOs or X-ray binary stars, where time is a key
factor in making successful observations. Mounted at the Cassegrain focus of UT 2,
X-shooter was the first second generation instrument to go onto the VLT ¥,

Next in line is MUSE, an integral field spectrograph for the visual. It has a field of
1 x 1 arcminutes — significantly larger than that of VIMOS — and able to yield a res-
olution of 0.2 arcseconds. This instrument will rely on the full use of adaptive optics
with four laser guide stars. SPHERE will be used for exoplanet studies, with extreme
adaptive optics and all the tricks of the trade to characterise these objects and, if pos-
sible, search for biomarkers in their atmospheres. It is therefore the natural successor
to NAOS-CONICA. However breathtaking the performance of these new instru-
ments may be, it is beyond the scope of this book to deal with them, but in passing
the author cannot but mention one additional, new instrument, ESPRESSO. This
instrument is an ultra-stable® echelle spectrograph, designed for deployment at the
incoherent, common focus of the VLT. With ESPRESSO, the VLT will finally (also)
become what it was originally conceived to be — a 16-metre equivalent telescope, as
it looks at the time of writing, around 30 years after the VLT project was approved.

But as impressive as the first generation instrument suite was, we still have to men-
tion those designed for the common, coherent focus — i.e. for the VLT Interfero-
meter. We shall look at these in Chapter III-15. In any event, the efforts and inge-
nuity going into scientific instrumentation have increased tremendously. So has, of
course, the scientific output, but for that to happen, we need to look at an area that
is of critical importance to ground-based astronomy. It is, in fact, decisive.

18 X-shooter was commissioned in 2008 and made available to scientific users in 2009.

' The consortium behind X-shooter comprised the Niels Bohr Institute and the DARK Cosmology Centre of
the University of Copenhagen, and the National Space Institute, the Observatoire de Paris and the Université
Paris Diderot, with contributions from the CEA and the CNRS, the Observatories of Brera, Trieste, Palermo
and Catania; the University of Amsterdam (Universiteit van Amsterdam), the Radboud University Nijmegen

(Radboud Universiteit Nijmegen) and ASTRON.

20 Expcctcd to be able to measure radial vclocity variations in the range of a few cm/s.
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Chapter 11I-3
Breaking the Seeing Barrier

An old dream of ground-based astronomers

bas finally come true.”

Merkle ez al., 1989.

Astronomy is a constant struggle for photons. Astronomers build larger telescopes
and improve their detector systems to gather more light. But increasing the size of
the light-collecting surface, or rather the pupil, in theory also leads to better resolution.
The pupil of the human eye will, when dark-adapted, achieve a diameter of roughly 8
millimetres. This enables us, in principle, to distinguish objects with an angular sep-
aration of 15 arcseconds (although physiological limitations of the eye normally lead
to a much poorer value). A telescope with a diameter of 10 centimetres will allow us
to distinguish objects with a smaller separation, roughly 1.2 arcseconds. This is the
case for visible light, but the resolution that can be obtained with an optical system is
also dependent on the wavelength of the radiation and it is important to remember
the interplay between those two factors. But, for all practical purposes in astronomy,
another factor is usually even more important: the terrestrial atmosphere. When we
look at the stars from the ground, we see the starlight as it is after it has passed through
the atmosphere. Since atmospheric turbulence has the same effect as an optical lens,
and the atmosphere changes almost constantly, this leads to a continuously varying dis-
tortion of the wavefront of the light. This in turn degrades the image quality that can
be obtained with the telescope. The sad outcome is that while larger telescopes will col-
lect more light, and thus allow us to see fainter objects, telescopes beyond 50-60 cen-
timetres in diameter will not provide us with better resolution, even if in theory they
should do so' — unless one can do something about it. One of the first scientists to
ponder this problem was the American astronomer Horace Babcock, who presented a
paper in 1953 with preliminary thoughts on “The Possibility of Compensating Astro-
nomical Seeing” (Babcock, 1953). At the time, no real practical solution was in sight,

! This applies to observations in the near-infrared. With shorter wavelengths, the maxium resolution is reached
already with telescopes of about 15-20 cm.
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but serious research began in the US in the 1970s, although not in astronomy: the first
practical use was in satellite-tracking systems. Later, research in what had now been
termed adaptive optics continued in the US in the framework of the Strategic Defence
Initiative, popularly known as the Star Wars Programme, driven forward by the US
President Ronald Reagan. For this reason, the development of adaptive optics was con-
sidered as classified information and could not be made available to astronomy. Still,
some adaptive optics activities also began in astronomy, e.g., at the Kitt Peak National
Observatory, where Jacques Beckers was working on the problem.

In March 1981, ESO organised a conference on the Scientific Importance of High
Angular Resolution at Infrared and Optical Wavelengths. We have mentioned this
conference in Chapter II-1 in the context of the early VLT activities. Among the par-
ticipants was John W. Hardy, who had been involved in classified US military research
projects since the early 1970s, and therefore was not at liberty to reveal any details®. The
French military was also undertaking work in this area, but this too was unknown to
the participants of the conference. However, astronomers had clearly become active in
the field, sensing the scientific gains that could be achieved by mitigating the effects of
atmospheric turbulence. One of the participants, Fritz Merkle, had studied a system
with electrostatic actuators. Another was Pierre Léna, a great promoter of interferom-
etry (and, in general, high-resolution imaging), who realised that to make interferom-
etry work the atmospheric distortion had to be overcome. It was one of those crucial
moments that can happen at conferences, where the right people come together at the
right moment. Woltjer realised the potential of this: perhaps this was the way towards
the large optical interferometer that some were dreaming of in connection with the
VLT. Later adaptive optics would be seen, not simply as the way towards the interfer-
ometer, but as a crucial technology in its own right, enabling a full exploitation of the
powerful new telescopes — both to collect more light a7d to obtain sharper images.

As part of the preparations for the VLT, Pierre Lénaled the interferometry study and
this work was presented at the 1986 Venice conference. Ahead of the conference, on
21 November 1985, the group held a workshop at ESO in Garching. Several ques-
tions were still open and opinions varied widely. Within the global interferometry
community some harboured doubts about whether it would make any sense at all

% Years later he described some of these activities in an article in Scientific American (Hardy, 1994). A fuller
account of the efforts by the US military is given in Duffner (2009).
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to use large telescopes as interferometers. Speckle imaging, on the other hand, no
longer seemed to be the way forward and the option of adaptive optics, although at
this time identified theoretically, had not been tested (or more precisely, used for civil
rather than military applications). The issue was obviously of a technical and a scien-
tific character, but it had a political side as well. Achieving consensus was important
to secure the backing of the community for the VLT project. In this situation Léna,
backed by Jean-Claude Fontanella (from ONERA?) and Michel Gaillard (CGE*
research director), proposed that a prototype device be built to demonstrate the fea-
sibility of adaptive optics.

The proposal was presented at the VLT meetingin Venice, leading to a contract with
the Observatoire de Paris, ONERA and LASERDOT, the CGE successor company.
The result became known as the VLT Adaptive Optics Prototype (though colloqui-
ally called Come-On), which was first tested at the Observatoire de Haute-Provence
during the nights of 12-23 October 1989, with a follow-up observing run in Novem-
ber of the same year. As so often is the case, the idea was stunningly simple, at least
in theory: to carry out a real-time analysis of the image distortion of a star, using a
Shack-Hartmann system of lenslets, just like in active optics. The lenslets created a
series of individual star images on the detector, each different from each other. The
difference, or to be more precise the relative displacement, of the individual star
images from the theoretical location, would provide the necessary information for
analysing the instantaneous distortion. This in turn would be used to control the
shape of a small flexible mirror, inserted in the optical train and supported by piezo-
electric actuators. Changing the shape of the mirror meant deforming it in a way that
neutralised the original distortion of the wavefront of the light as it finally arrived
at the detector after its bumpy ride through the terrestrial atmosphere and the tele-
scope’s surroundings. Put simply, the telescope would yield the same optical perfor-
mance as if it were in space. Obviously, the correction would have to be conducted in
real time, in the case of the prototype meaningabout 100 times per second (100 Hz).

By today’s standards the AO prototype was rather simple, with only 19 actuators¢,
but it nonetheless provided full proof of the concept, delivering diffraction-limited

> Office National D’Etudes et de Recherche Aerospatiale.
Compagnie Générale d’Electricité.
> Reminding us of the producers — CGE, the Observatoire de Meudon, and ONERA.

¢ NAOS-CONICA, the first adaptive optics instrument on the VLT used 185 actuators operating at 500 Hz.
The next generation of extremely large telescope AO systems will have many thousands of actuators and work
at frequencies beyond 1 kHz.
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images’ in the infrared wave-
Uncorrected Corrected length domain (from 2.2 um
and beyond), and with notice-
able improvements in resolu-
- tion for shorter wavelengths.

However, as simple as the idea

was, realising it meant tackling
a number of challenges. Firstly,
the optical correction could
1" only be applied to a small field

Adaptive Optics at ESO 3.6-metre telescope around the optlcal axis, the so-

called isoplanatic patch, typi-

An early Come-On result at the ESO 3.6-metre telescope: A Cally only covering a few tens

5.5 magnitude star (HR 6658 located in NGC 6475), here  of arcseconds in the infrared.
observed at 3.5 um. The left image shows a normal observation  This was simply because light
(without adaptive optics). The resolution is 0.8 arcseconds. The
right image, with adaptive optics, features a dramatic increase
in resolution to 0.22 arcseconds and reveals that the star is, in

Jfact, a double star. pass through different cells of

from stars located further afield
on the celestial sphere would

air and thus needed to be cor-
rected differently. Secondly, the adverse optical effects of the atmosphere are less pro-
nounced in the infrared compared to the visible band and are thus easier to correct®.
Thirdly, as we know the resolving power of the telescope is a function not only of the
pupil size but also the wavelength, and this meant that AO would potentially yield
much more impressive results in the visible, but that the system would require sig-
nificantly more actuators and much faster correction. That in turn required dramati-
cally increased computing power. Finally, the system needed a bright star to allow the
image analyser to do its work. Since bright stars are not found everywhere in the sky
— and could not be assumed to reside close to observational targets — much more
sensitive detectors would be needed. But, despite these difficulties, a very promising
start had been made, more than justifying the opening of a couple of champagne
bottles at the ESO Headquarters. It was a real breakthrough. The ESO press release
clearly found the right words: “Catchinga Twinkling Star: Successful Tests of Adap-
tive Optics Herald New Era™. It is interesting that within a period of only half a year,

7 Meaning that the images reflected the maximum theoretical performance of the telescope and that the atmos-
pheric disturbance had been eliminated.

8 A further limitation was the rudimentary state of infrared detectors at the time.

? ESO press release, 26 October 1989
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CHAPTER III-3 - BREAKING THE SEEING BARRIER

two technologies, albeit somewhat related, that would change telescope design for-
ever and pave the way for giant advances in astronomy, became available. The first,
servo-controlled active optics was, as already mentioned, invented at ESO, the other,
adaptive optics, was first demonstrated in astronomy by a joint ESO/French team.
If 1987 had been an annus mirabilis for ESO, 1989 was an annus mirabilis for the
world of astronomy. And no less so for ESO. Nature expressed it this way: “The gam-
ble taken by ESO in 1985 when it decided to rely on adaptive optics for the VLT seems
to have paid off.” (Dickman, 1989).

The following year, between 11 and 16 April, Come-On was mounted at the
Cassegrain focus of the 3.6-metre telescope at La Silla. The original wavefront sen-
sor used a Reticon array detector, able to work with a tenth magnitude star, and the
camera was a 32 x 32 pixel infrared (IR) camera.

Michel Faucherre preparing Come-On+ for observations with the 3.6-metre telescope. (Photo: Herbert
Zodet)
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A second run at the 3.6-metre was carried out between 31 December 1990 and 8 Jan-
uary 1991 this time with a coronagraph® designed by the Observatoire de Paris-
Meudon, and an improved detector as wavefront sensor, now allowing the use of 13th
magnitude guide stars (Gehrig & Rigaut, 1991). Further observing runs followed, but
in December 1992, the instrument was succeeded by Come-On+, now with 52 actu-
ators and an electron-bombarded CCD as a photon-counting detector (sensitive
enough to work with 15th magnitude stars) for the wavefront sensor, working up to
200 Hz — twice the speed of the first prototype. These early attempts, Come-On and
Come-On+, provided the proof that it was possible to deliver the AO performance
expected for the VLT, but as prototypes, they were not really scientist-friendly. Thus
an AO run required a specialist team to be present at the telescope. ESO’s philoso-
phy, however, was standardisation and ease of use, allowing even the most complex
systems to be used by scientists without any specialist knowledge. The term plug-and-
play might be an exaggeration, but it would indicate the thrust of ESO’s intentions
for its users. Even so, impressive scientific observations were obtained with both pro-
totypes, including images of the circumstellar disc around the star Beta Pictoris (see
also Chapter III-7). The next step was to develop a user-friendly upgrade under the
name of ADONIS (Beuzit & Hubin, 1993). Developed by ESO and the Observa-
toire de Paris, ADONIS featured improved control software and was be fitted with
the 256 x 256 pixel SHARP II camera, developed at the Max-Planck-Institut fur
Extraterrestrische Physik, and also benefited from much improved mechanics. ‘7
worked!” as Jean-Luc Beuzit, the person responsible for the instrument, later stated
(Beuzit, 2009)"". “Since 1996, the telescope operator has also been operating ADONIS!”

With the successful demonstration by Come-On and Come-On+, it would appear
that the time had come to address the AO requirements of the VLT. AO systems
were foreseen at the coudé foci of each Unit Telescope, mainly to support the VLTT.
In 1993 MATRA had begun a design study for a coudé AO system for the VLT,
Alas, the timing was far from optimal. As mentioned, in 1993 the financial difficul-
ties had led to a postponement of the VLTI, but it also affected the AO coudé sys-
tems. As a result, CONICA, one of the VLT instruments that was already under
development, was relocated to the Nasmyth focus. These changes ultimately led to
a long delay, but eventually the contract for the AO system intended for CONICA

10 The reason for the coronograph was that a main target was the circumstellar disc around Beta Pictoris. Only by
avoiding the direct light from the star could the faint disc of matter be seen.

"' At the time, half of the scientific papers based on AO observations worldwide were obtained by ADONIS.

12 Despite the disturbance of the AO programme, the study later provided important input to the development
of NAOS.
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was signed in March 1997 between ONERA, the Laboratoire d’Astrophysique de
I’Observatoire de Grenoble (LAOG) and the Observatoire de Paris, in collabora-
tion with ESO. The Principal Investigator was Anne-Marie Lagrange, a former ESO
astronomer now working in France. The combined instrument, NAOS-CONICA,
or NACO for short, saw first light in November 2001.

By 1998, ESO could again begin to seriously consider implementing the VLTI,
including its AO component. The goal was a low cost, yet reliable and easy-to-oper-
ate system and the solution was the 60-actuator MACAOQ system, using wavefront
curvature sensing and what are known as bi-morph mirrors, an idea developed by
Frangois Roddier. This system was simpler than the by now classical Shack-Hart-
mann-based AO system, but it nevertheless yielded medium-order correction and
was able to work with systems with up to about 200 actuators. The principle which
had been tested with great success at the 3.6-metre Canada France Hawaii Telescope,
was taken over by ESO and found use in six AO systems at the VLT. Domenico
Bonaccini Calia, who had joined ESO from the Osservatorio Astrofisico di Arcetri,
in Florence, was responsible for the conceptual design. MACAO was approved in
1997 and installed between June 2003 and June 2004.

We have seen how, within a short space of time, the technology of adaptive optics
improved — with more actuators, faster computers, more sensitive wavefront sen-
sors and alternative ways to analyse the deformation of the wavefront itself. But some
tricky problems remained. How, for example, could a larger field on the sky be cor-
rected? Despite the increased sensitivity of the sensors, what was to be done when
observing a target in a field void of sufficiently bright stars? And with the increasing
number of instruments and AO systems, would it not make more sense to make the
telescope itself adaptive? The answers were: multi-conjugate adaptive optics, laser
guide star systems and, yes, adaptive telescopes.

The idea behind multi-conjugate adaptive optics is that if a comprehensive determi-
nation of the disturbances at different heights in the atmosphere and in different
directions can be obtained, then it will be possible to obtain a fully corrected field
significantly larger than that possible with traditional adaptive optics. For this to
happen, a technique known to the astronomers as atmospheric tomography is nec-
essary. This technique was developed in late 2000, in Europe mainly by Roberto
Ragazzoni, Enrico Marchetti and Gianpaolo Valente (all from Padua), and Frangois
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Rigaut (Meudon), with financial support by the European Union Framework Pro-
gramme. Atmospheric tomography implies probing the atmosphere in different
directions, with the help of natural or laser guide star systems and thus construct-
ing a three-dimensional map of the atmosphere at a given instant. Corrections can
then be done by means of several deformable mirrors, and, as a result, a larger field of
view can be covered with all the point spread functions (i.e. the rendition of the stel-
lar images) subject to the same degree of correction over the field. Expressed in more
simple terms, with conventional adaptive optics, the blurring of the stellar images
would increase towards the edges of the field. With the new system this would not
occur, despite the much fact that the field would be much larger. As an idea, multi-
conjugate adaptive optics was relatively new. Jacques Beckers had proposed it in 1988
at the ESO Conference on The Very Large Telescopes and their Instrumentation
(Beckers, 1988), but it was only after the technique of atmospheric tomography had
come about that it became possible to test the idea. By the turn of the century, our
understanding of the atmosphere, the ways to measure the continuous changes and
the required technology had matured enough to take the next step: to build a dem-
onstrator device. Among others, the demonstrator was strongly supported by Rob-
erto Gilmozzi, who we shall meet later in the book. While strongly involved in the
VLT project, he had also begun to dream of even larger telescopes, and it was clear to
him that the larger the telescope, the more dependent it would be on adaptive optics.
And so, in January 2002, ESO launched a demonstrator project®. Readers will by
now have realised that astronomers, next to their ability to develop novel technolog-
ical solutions in support of their research, are as astute when it comes to inventing
acronyms. In this case, the acronym was truly emblematic: MAD, the Multi-con-
jugate Adaptive optics Demonstrator. Such an acronym would inevitably give rise
to jokes. Hardly oblivious to this, the project manager, Enrico Marchetti (who had
joined ESO), took the lead, putting a sign on the door to his office: Mad Manager,
it said. But of course, there was nothing crazy about MAD. In October 2005, it was
successfully tested in the laboratory and on 25 March 2007 on the sky, mounted at
the VLT Unit Telescope 3, Melipal®.

'3 Aside from ESO, MAD involved a consortium led by the Universidade de Lisboa, providing the high-resolution
infrared camera (CAMCAO), and the Observatories of Padua and Arcetri (Florence) developed the instrument
control software and a new type of wavefront sensor.

14 The honour of the first successful on-sky test of a multi-conjugate adaptive system, however, goes to solar astron-
omers, who applied their system in April 2005 on the German Solar Vacuum Tower Telescope at Tenerife (von
der Liihe ez 4/., 2005).
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It takes only a casual glance at the sky to realise that stars are not distributed evenly
on the sky. We clearly recognise the Milky Way because here we find a much higher
concentration of stars than anywhere else. And as we have seen in this chapter, adap-
tive optics is dependent on the presence of a guide star of sufficient brightness in the
field of observation. But extragalactic research often involves studying parts of the
sky far from the Milky Way’s band of stars. If, in these seemingly dark parts of the
sky, no star bright enough for adaptive optics can be found, perhaps one could be
“made”? The idea was to shine a powerful laser beam with a wavelength of 5892 A
onto the sky. The laser would excite sodium atoms in the upper atmosphere, the so-
called mesosphere, around 90 kilometres above ground®. These atoms would then
re-emit the laser light, producing a point light source bright enough to be used for
the wavefront sensor. This would be an artificial star so to speak — though astrono-
mers with their particular phraseology would rather speak of a LGS, or laser guide
star. The potential of this was mind-blowing, for the statement that “stars are not dis-
tributed in an even way on the sky” is, in the context of adaptive optics, a dramatic
understatement. The sky coverage of conventional adaptive optics, i.e. the system
that relies on the presence of a suitably bright star, is of the order of 1% only. Supple-
mented with a LGS, the sky coverage increases to perhaps 90%'¢.

Once again, the US military'” had been ahead of everyone else and undertaken sig-
nificant efforts in this area, though — as could be expected — in absolute secrecy.
Tests had been carried out as early as 1983 and in the period 1988-90, further tests
had been performed from a US Air Force site in Hawaii (Hardy, ibid.). But, as in the
case of adaptive optics, civilian astronomers were not far behind. In Europe, Renaud
Foy (at the time working at the Observatoire de Paris and Centre d’Etudes et de
Recherches Géodynamiques et Astronomiques [CERGA]) and Labeyrie — without
knowledge of the US experiments — had presented their ideas about “adaptive tel-
escopes with laser probes” in 1985 (Foy & Labeyrie, 1985). The gradual realisation,
not the least because of the work in Europe, that knowledge about this technology
could no longer be contained, led to the decision by the US military in 1991 to declas-
sify information about American efforts in this area (Duftner, 7bid.). In astronomy
early attempts, notably at the Lick Observatory and at the W. M. Keck Observatory,
appeared promising, and the Max-Planck-Institut fiir Extraterrestrische Physik in

15 Weak radiation from the same layer of sodium atoms creates the “air glow”.
!¢ In the infrared K-band (2-2.4 pm) and using a visible-light wavefront sensor.
'7 Through the Defense Advanced Research Projects Agency (DARPA).
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Garching (MPE) (through the German/Spanish observatory at Calar Alto in Spain)
also began to develop a system, known as ALFA*® (Qu'irrenbach, 2000).

In 1999, ESO set up a group to look at LGS systems, headed by Bonaccini. Among
the recruits to the group was Wolfgang Hackenberg, who brought with him expe-
rience from the ALFA project. In 2003 work began on the first laser guide star
facility at ESO, with a 4W continuous wave sodium laser called PARSECY, in a
collaboration with the MPE (Garching) and the Max-Planck-Institut fiir Astron-
omie (Heidelberg). The system was installed at Unit Telescope 4, Yepun, in 2006
and became operational the year after. The main elements were a) a laser laboratory,
of roughly the size of a small container®, b) the laser itself; ) a relay system based
on photonic crystal fibres to deliver the laser beam to d) a 50-centimetre launch
telescope attached to the M2 unit of the telescope. Finally ¢) an LGS monitor, a
30-centimetre telescope about four kilometres away from the site, providing continu-
ous information about the density of the sodium layer, the possible presence of clouds
along the line of sight (of the laser) and the performance of the laser itself (Bonaccini
et al.,2001). This was only the beginning. The way forward lay in developing a sim-
pler and better system. Simpler, in that it could be used as a routine feature during
observations and did not require any specialised staff at all times. Better in terms of
being lightweight (and thus imposing fewer demands on the telescope main struc-
ture) and by optimising the relationship between input, in terms of energy, and the
output in terms of photons returned. This required an intensive R&D effort at the
laboratory in Garching. LGS systems were spreading across the world, with differ-
ent groups testing different technical solutions. To obtain a deeper understanding
of the actual physical processes connected with laser-induced excitation of sodium
atoms, ESO teamed up with a group of quantum physics experts of the University
of California, Berkeley?'. The result of these efforts was a new fibre-optics-based con-
tinuous-wave laser delivering a power of 50 W. The R&D effort also led to patents
and licensing agreements with industry.

18 Adaptive optics with Laser guide star For Astronomy.
! The Paranal Artificial Reference Source for Extended Coverage.
20 The cabin was mounted underneath one of the Nasmyth platforms, thereby rotating with the telescope itself.

! Led by Dimitri Budker, but also involving William Happer at Princeton.
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The laser guide star system at the Yepun telescope. The picture also provides a spectacular view of the south-
ern Milky Way and the twin satellite galaxies, the Magellanic Clouds. (Photo: Gerd Hiidepohl)

With the advances in adaptive optics, the dream of making the telescope itself adap-
tive had come closer to realisation. This could be done by turning the large second-
ary mirror into a fully deformable mirror: clearly a non-trivial task given its size and
mass. Among the advantages of this are that it would offer “fast wavefront correc-
tion without the addition of supplementary optics or mechanics. Moreover, with the two
Nasmyth and Cassegrain foci this gain is threefold. The system gives better throughput
to science instruments, lower emissivity for thermal IR instruments, large field of view
accessible to all instruments and less complexity/crowding at the focal planes” (Arsenault
etal.,2006). As in the case of the LGS systems, practical tests were started in the US,
though based on seminal work at institutes in Italy, especially by Piero Salinari and
his team at the Osservatorio Astrofisico di Arcetri. The first test was carried out in
2002 at the Multiple Mirror Telescope on Mount Hopkins in Arizona and later (in
2010) at the Large Binocular Telescope (LBT) on Mount Graham, also in Arizona.
At the LBT, the 0.9-metre secondary mirror was controlled by no less than 672 actu-
ators workingat an incredible 1000 Hz, ten times faster than the first AO system. At
ESO, at the suggestion of Norbert Hubin, who was in charge of ESO’s AO activities,
plans were initiated to develop the VLT Adaptive Optics Facility (AOF) in 2004.
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This took the form of a feasibility study to be carried out by a consortium led by the
Italian company Microgate?. The aim would be to turn Unit Telescope 4, Yepun,
into an adaptive telescope, with the help of a new secondary mirror with 1172 actu-
ators, operating at a frequency of 1200 Hz. It falls beyond the scope of this book to
deal with the VLT AOF, which at the time of writing is still under development, but
it nonetheless deserves to be mentioned in the historical context. Since the AOF is
also a pathfinder project for the future E-ELT it is certainly not an end point in this
development. It can also be seen as a powerful illustration of how telescope technol-
ogy in its widest sense has developed over the last 30 years or so.

The development of ever more efficient adaptive optics systems has had a profound
influence on contemporary astrophysics, notably in the field of extrasolar planets
and high-resolution imagery of the Galactic Centre, i.e. studying the black hole at
the centre of our stellar system as well as other areas that depend on high-resolution
imaging. It is also a good illustration of ESO workingat its best, with stable funding
and the ability to mobilise a critical mass to “drive” industry. The alliance between
national institutes, initially especially in France, but later also with German and Ital-
ian institutes, and ESO, as well as with Europe’s high-tech industry, helped to cata-
pult European astronomy to the forefront of this most competitive science. But our
story has wider implications. Unsurprisingly, we see that in these extremely special-
ised fields of high technology, such as interferometry, adaptive optics and LGS sys-
tems, the group of experts in the world is very small. Many of them have found their
way to ESO for a period of time, not least because ESO has been able to combine
good working conditions with very interesting professional challenges. But many
have also moved on to other projects elsewhere in the world. At a time when research-
ers’ mobility and “brain circulation” are seen as a key to innovation, economic pros-
perity and our ability to tackle grand societal challenges with the help of science
and technology, the examples from astronomy provide an interesting case to study.
It also offers a nice illustration of the nature of hi-tech developments — the impe-
tus of competition and the value of co-operation — that has led to the coining of
the term “co-opetition”.

However, in our story of the VLT, which basically spans the 1990s, we have taken a
huge jump ahead in time. We shall therefore now turn to the other main elements
of the project and return to the beginning of that decade.

2 Together with the Osservatorio Astrofisico di Arcetri, Microgate built, assembled, delivered and tested the
adaptive secondary of the MMT.
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From double-sight to supersight:

Interferometry

I had always considered interferometry an interesting option
Jor the VLT, bur without much confidence in its early realisation.”

Lodewijk Woltjer, 2006.

As Lodewijk Woltjer writes, one of the major elements behind the progress of
astronomy has been the improvement in spatial resolution — the sharpness
with which astronomical objects can be seen. In the previous chapter, we have dis-
cussed the relationship between resolving power and telescope size, one of the reasons
why astronomers always dream of larger telescopes. But even in the best of worlds,
there are limits on how big telescopes can become, if for no other reasons than hard
financial ones. Could there be other ways to increase spatial resolution — to register
the finest details in objects far away? The answer was found in a technique known as
aperture synthesis using interferometry. It seems fitting to describe optical interfer-
ometry — the coherent combination of light beams from two or more separate tele-
scopes — as the holy grail of astronomical imaging. The basic idea emerged from what
had perhaps been one of the most fundamental challenges to physics — to under-
stand the nature of light. The first experiment to demonstrate the wave property of
light — known as the two-slit experiment — was carried out in the early 19th cen-
tury by the Englishman Thomas Young, whose work was followed up by Augustin
Fresnel of France. When light from a source passes through two separate slits, the
waves emanating from each of the slits will interfere with each other, generating an
interference pattern that can be analysed and thus provide information about the
source. This led the French physicist Hippolyte Fizeau, in 1868, to suggest that it
should be possible to measure fine details with interferometry, such as the diameters
of stars (Monnier, 2003). Early examples, towards the end of the 19th century, dem-
onstrated the validity of the idea. A first try at building such a telescope was under-
taken in 1874 by Edouard Stephan at the Observatoire de Marseille (Léna, 2007)
and in 1920/21 the diameter of the (bright) red giant star Betelgeuse (¢ Orionis) was
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determined with a stellar interferometer at the Mount Wilson Observatory. How-
ever, for practical astronomical purposes the concept was really developed in radio
astronomy, where the much longer wavelengths made it somewhat easier. Optical
interferometry, i.c. in the wavelength domains of visible and infrared light, remained
a challenge. And a daunting one, indeed. In the early 1970s, the French astronomer
Antoine Labeyrie breathed new life into the idea, with a set of interconnected opti-
cal telescopes on the plateau of Calern near Nice in France. The work of Labeyrie,
i.e. the idea that ultra-high image resolution could be achieved by combining light
from separate telescopes, came early enough to influence the ESO Conference at
CERN in 1977. Yet the magnitude of the challenges that had to be met to make
optical interferometry work in terms of controlling a complex dynamic system with
nanometre precision was clear and many people remained highly sceptical. Woltjer’s
remark at the beginning of this chapter reveals the low degree of expectation. Pierre
Léna recalls the substantial scepticism also expressed at the conference by Harry van
der Laan and Robert Hanbury-Brown, both scientists with considerable knowledge
in this field (Léna, 2008). Although everybody saw the promise held out by optical
interferometry, their confidence in its feasibility was limited. But somehow, Fizeau’s
spirit prevailed: in the European context it does not seem unreasonable to see the
technique of optical interferometry as a French preoccupation, but astronomers in
other countries — notably in Germany — also thought that it was worth following
up. Indeed it was.

But what is aperture synthesis? Recall that the larger the diameter of the primary
mirror of a telescope (its entrance pupil) is, the sharper the image it yields. Expressed
more technically, astronomers talk about the spatial resolution, rather than image
sharpness, because spatial resolution describes more precisely how fine details can
be discerned or how close objects can appear on the sky, and still be seen as distinct
objects. The spatial resolution of an interferometer, on the other hand, is not limited
by the size of the individual telescopes, but by the separation between them. How-
ever, in this case, the spatial information of an astronomical object is distributed over
the entire area — known to astronomers as the (#,v) plane — whether it is covered
by telescopes or not. Therefore, in order to obtain as much information as possible,
it is necessary to locate the individual telescopes in a way that allows for an optimal
sampling of the (#,v) plane, and then to fill the gaps by means of computational tech-
niques generically known as image reconstruction. To improve the sampling, the tel-
escopes can be physically moved in the course of an observational sequence, or sim-
ply, in time, the rotation of the Earth will do the job. Indeed, as the Earth rotates,
the telescopes (as seen from the sky) probe different parts of the (#,v) plane. The Very
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Large Telescope Interferometer makes use of both possibilities, by enabling the com-
bination of light from the main 8.2-metre Unit Telescopes (in their fixed locations)
and from a series of 1.8-metre Auxiliary Telescopes, mounted on tracks and thus
movable over the entire telescope platform.

As we have seen in the past chapters, the notion of doing optical interferometry on
a large scale was around already in the early 1980s and the idea shaped quite a bit of
the thinking behind the VLT, in spite of much scepticism. As the detailed planning
of the VLT began in 1988, it was also time to address the issue of interferometry in
a serious way. To lead the interferometry programme, ESO hired Jacques Beckers,
who at the time worked at NOAO, the National Optical Astronomy Observatory
in the US. Before joining ESO, he had been involved in an abandoned NOAO pro-
ject known as the 16-metre National New Technology Telescope (NNTT), for a
telescope with four 8-metre mirrors on a single mount'. We have briefly alluded to
it in Chapter II-7. Beckers arrived in June 1988, charged not only with the interfer-
ometry programme, but also with the development of adaptive optics (which as we
have seen in the past was very much linked to the needs of interferometry) as well
as the site testing and thus, also to the selection of the site. This particular combina-
tion of tasks made sense, since “it was completely clear that whether the interferom-
etry was going to happen or not, the issue of interferometry had a major effect on the
site choice and on the design of the telescopes,” Jaques Beckers recalled in an interview
with the author. At the time this de facfo meant a choice between Cerro Paranal and
Cerro Vizcachas, a peak close to La Silla and located within ESO’s territory. Because
of its natural shape Cerro Vizcachas would lend itself well to the linear telescope
array that was foreseen in the 1987 Blue Book proposal. Paranal would not. ESO
sought advice from a tiger team of internationally renowned experts from the inter-
ferometry community?. The team comprised Tim Cornwell (National Radio Astron-
omy Observatory [NRAO]/VLA), Chris Haniff (Cambridge/UK), Shri Kulkarni
(Caltech), Jean-Marie Mariotti (Meudon), Jan Noordam (NFRA/Dwingeloo),

! Inearly 1987 an informal meeting took place between John Jefferies, director of the NOAO, accompanied by
Jacques Beckers and Woltjer. The topic was possible cooperation between the NNTT, which was expected to
be placed at a northern hemisphere site, and the VLT.

% The tiger team supplemented the VLT Interferometry Panel, mentioned earlier, which consisted of scientists
from the ESO Member States: Robert Braun, Paolo di Benedetto, Dennis Downes, Renaud Foy, Reinhard
Genzel, Laurent Koechlin, Antoine Labeyrie, Pierre Léna, Jean-Marie Mariotti and Gerd Weigelt, with Jacques
Beckers in the Chair. The tiger team, however, earned its name by taking the critical, but at the time not uni-
versally supported, decision about the configuration of the VLTI (Beckers, ibid.).
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Farrokh Vakilii (CERGA/Nice), Gerd Weigelt (Max-Planck-Institut fiir Radioas-
tronomie [MPIfR]) and was chaired by Oskar von der Lithe (Beckers, 2003). The
outcome was to abandon the linear array and instead choose a trapezoidal configura-
tion, much like the one that was finally constructed. In the language of interferom-
etry this was described as a “2D, non-redundant” solution. This pointed to Paranal,
which had also proven to be superior on other accounts. Paranal had better seeing
and the observing platform, which could be created, would allow for a change of
the array to improve coverage in the (#,v) plane. The change could be achieved with
small mobile telescopes, though at least one astronomer thought that the 8-metre
telescopes should be movable (!). A further change that happened in this early phase
was the decision to locate the point where the beams were combined in an under-
ground system and not, as originally foreseen, above the surface.

The three drawings on the left image illustrate some of options considered for the VLTI. The cartoon with
the comment “interferometrist’s feelings” to the right testifies to the agonising process that finally led to the
current configuration. (Courtesy: Oskar von der Liihe)

While ESO solicited the advice of the tiger team, it also assembled a powerful —
if small — in-house group of specialists, including Oskar von der Lithe, Bertrand
Kochler, Fritz Merkle and Francesco Paresce, who later became VLTI project
scientist.

Work on the VLTI was progressing. Now the configuration had been deter-
mined — the location of the individual 8.2-metre telescopes had been fixed with
two smaller auxiliary 1.8-metre telescopes moving on tracks and thus helping to
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A happy moment at the ESO HQ: Daniel Enard (extreme left), Harry van der Laan, Fritz Merkle,
Massimo Tarenghi and Oskar von der Lithe. The photo was obtained after the signing of the tripartite
agreement between ESO, CNRS and MPG in 1992 for enhancing VLTI with a third auxiliary telescope.
(Photo: Hans Hermann Heyer)

fill in the (#,v0) plane. With additional funding from Germany and France, a third
Auxiliary Telescope became possible®. But as already mentioned, the VLT project
as a whole became engulfed in trouble, leading to the postponement of the interfer-
ometer as a result of the general project cost overrun. The March 1994 issue of Zhe
ESO Messenger summarises the decision as follows: “I its October 4th and Sth 1993
meeting Council expressed its approval of the revised VLT/VLTI project ... for content,
schedule and staff. Financial difficulties discussed in the Finance Committee meeting
of November 8th and 9th 1993, and recent expression of concern in a diplomatic note
from the French Government have led to reconsideration of this plan. Following the
presentation and discussion of different alternatives for cost reduction, Council adopts
Sfurther modifications to the VLT programme plan. This includes the postponement of

® 'This was a voluntary contribution by the CNRS of France and the German Max-Planck-Gesellschaft signed
on 18 December 1992. Originally the money had been set aside for an independent interferometry project, but
when the VLTI bcgan to appearasa realistic projcct, the funds were relocated towards this purpose.
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the implementation of VLTI, VISA*, Coudé Train and associated adaptive optics for
all telescopes. In consultation with the Scientific Technical Committee a solution will
be sought to introduce adaptive optics at the Nasmyth foci at the earliest possible time.
Furthermore, the Executive will endeavour to reintroduce full Coudé and interfero-
metric capabilities at the earliest possible date. This will include provisions for continu-
ing technological research and development programmes devoted to this end.” This was
a painful decision, indeed. Calls for tender, already issued, had to be cancelled. Key
people, who in various ways were associated with the interferometer project, ulti-
mately left the organisation — Jacques Beckers, Oskar von der Lithe and Fritz Mer-
kle. In Council, the French science delegate, Pierre Léna, himself an ardent advo-
cate of VLTI, resigned in the face of what he perceived to be dwindling support for
interferometry, also in the community. The prospect for the realisation of this most
ambitious part of the VLT project looked decidedly bleak. However, Giacconi, who
had by then assumed the helm at ESO, decided to continue those activities that had
a direct bearing on the construction work at Paranal. He clearly hoped that, with
time, it would be possible to reinstate the VLTI programme one way or the other
— as hinted in the Council declaration. And so, on Paranal the tunnel system was
duly excavated, and in general the infrastructure prepared so as to be ready for bet-
ter times. The loss of qualified staff was serious. The world of optical interferometry
is a small one in terms of experts. Those who stayed did so in the hope of a revival
of the project. One factor that contributed to maintaining a certain degree of hope
was that, at the time, quite promising discussions were ongoing between Australia
and ESO about membership. Australian membership would have brought financial
relief, but it would also have meant the involvement of the Australian scientific com-
munity that possessed considerable knowledge about interferometry, albeit mostly
from radio astronomy. Then, in early 1996, the talks with Australia collapsed.

On the other side of the Atlantic Ocean (or perhaps rather, the Pacific), things looked
much brighter. Since the early 1980s, US astronomers in California had worked on
plans for two 10-metre telescopes to be placed in Hawaii, what eventually became the
Keck telescopes. We have referred to the Keck telescopes several times already. Like
most other major projects, the original project (known as the Ten-Meter-Telescope,

or TMT") had had a somewhat bumpy time, but in 1993, Keck I had seen first light

* The VLT Subarray, VISA, was the array of auxiliary telescopes. At the June 1994 meeting, the ESO Council
had already decided to continue with the development of the array, albeit with expected installation as late as

2003.
> Not to be confused with today’s TMT, the Thirty Meter Tclcscopc!

248



CHAPTERIII-4 - FROM DOUBLE-SIGHT TO SUPERSIGHT: INTERFEROMETRY

and since then it had pointed its huge mirror to the sky every night. Furthermore,
at the beginning of the decade plans were being revived for building the second tele-
scope, Keck IT. It would then be possible to combine the light of the twin telescopes
and also include what the Americans called smaller outrigger telescopes, the equiv-
alent of ESO’s Auxiliary Telescopes. In 1996, Keck II was ready and the interferom-
etry programme could commence with support from NASA.

The VLT is a complex machine. In the previous chapters we have reviewed manage-
rial and financial aspects. We have also looked at technical issues including scien-
tific instrumentation. But the heart of any telescope is its mirrors. In the following
chapter, we shall follow the production of these optical masterpieces and the asso-

ciated equipment.
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Chapter I1I-5

The Return of the Dalton Brothers

“Joe Dalton was delivered in time and well

within specifications....”

Miiller ez al., The ESO Messenger, 73.

F riends of late 20th century youth culture may associate the Dalton Brothers with
a famous rock band. Others will perhaps think of the — infamous — members
of the Dalton Gang who were killed in Kansas in 1887. Yet others will think of the
well-known cartoon series known as Lucky Luke, created by the Belgian cartoonist
Maurice De Bevere. With a Belgian optical engineer in charge of the VLT mirror
contracts (and someone who knew his cartoon classics), it is perhaps less of a surprise
that the Dalton Brothers — Joe, Jack, William and Averell — would also become
associated with these spectacular mirrors. The engineer was Philippe Dierickx, who
promptly assigned the names to the four blanks. He had joined ESO in 1986 after
submitting an unsolicited application. At the time he worked at REOSC and his
boss Jean Espiard, on learning that Dierickx might move to ESO, had commented:
“There you will meet the best telescope designer in the world — Ray Wilson!” Before
being accepted, Dierickx attended an interview at ESO, with Wilson as a member
of the interview panel. When Wilson heard that the young candidate was working
with Espiard, he remarked: “Then you're working with the best telescope designer in
the world — Jean Espiard!”

In Chapter III-1, we mentioned that the contract for the provision of the four 8.2-
metre primary mirrors for the VLT was the first major contract to be concluded.
To produce the mirrors, the Schott Glassworks had to erect a new factory hall, and
this would become the centre of attention, not just for the Schott experts but, obvi-
ously also for the ESO team, notably Massimo Tarenghi, Philippe Dierickx and Ray
Wilson. A detailed technical account of the manufacturing process is provided in

The ESO Messenger, 73 (Miiller ez al., ibid.).
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Schott had decided to use its new spin-casting technique, which meant spinning
the mould while the liquid glass was cooling down. The mould had a curved bot-
tom and with centrifugal forces at play, the blank would assume a shape more or less
like the final mirror. In December 1990, the first pouring of glass — no less than
45 tonnes — occurred. Before the pouring, the glass was prepared in a huge ves-
sel and heated. This process took 24 days. The temperature of the glass at the time
of the pouring was 1300 degrees Celsius. The pouring itself took four hours, after
which the mould, covered by an overhead heating system was moved to a different
position and the spinning process began. Perhaps the most spectacular moment was
the lifting of the cover with the heating system, exposing the glowing surface of the
glass — 50 square metres — to ambient air and enveloping the whole factory hall in
an intense heat wave that probably only those present will truly be able to imagine.
The power radiated was 20 megawatt. Gradually the glass began to cool. When the
temperature had dropped to 1100 degrees Celsius and the glass mass had assumed
the desired concave meniscus form, the mould stopped spinning and was moved
into a dedicated furnace for the annealing phase, which was scheduled to take four
months. After that the first machining of the concave and convex sides was done
with a diamond grinding tool, and then the glass again disappeared into a furnace,
to undergo the ceramisation process, transforming the glass into the glass ceramic
Zerodur. Then it was time for the drilling of the central hole and the fine grind-
ing. With this completed, the blank was ready to undergo acceptance tests by ESO
and subsequently to be transferred to REOSC for the final, but critical production
stages. Put on paper many years hence, all of this seems like a fairly straightforward
process, but at the time, though the individual steps were clear, there were complica-
tions — and that was hardly surprising! According to the contract, Schott provided
a two-year warranty for the blanks. This de facto meant that Schott had to produce
six blanks, of which ESO would acquire four. However, considering the probability
of failures (we remind ourselves that such mirrors had never been produced before),
Schott was actually prepared to cast up to 12 mirrors, although in the end this was
not necessary. This could in principle have meant a production rate of one mirror per
month, but the requirements for space for the subsequent production processes were
such that this did not appear to be feasible. At the same time, the furnace could not
simply be turned off — the production of the raw glass material had to go on, unin-
terrupted, with 60 tonnes being produced every month. Much of this glass eventu-
ally was used for other purposes. But then another problem occurred. After a few
months of cooling in the annealing oven, the first blank broke. Soon afterwards, the
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second one broke too'. Schott mobilised some of its best engineers to find out what
was going on. They carefully traced the history of each crack and managed to repro-
duce the beginning of the cracks. The cause of the problem, it turned out, was chem-
ical contamination between the mould and the first millimetres of glass, leading to
a crystalline layer with a different thermal expansion coeflicient from the Zerodur.
Stresses built up while cooling, resulting in cracks (Dierickx, 1993). The solution
was to deploy a special alloy on the surface of the mould, reducing the crystalline
layer dramatically. With this problem solved, the production resumed without any
further serious mishaps. In July 1993, the first blank had completed the production
cycle and was carefully placed in a specially designed container that would protect it
during the subsequent journey, first to France and, four years later, on the long trip
across the Atlantic Ocean to South America. In the afternoon of 19 July 1993, the
journey began with a short drive to the Rhine port of Mainz. As if Heaven wanted
to carry out a test of its own, it happened in torrential rain.

Close to midnight, the river barge Eldor left the port with the first VLT mirror blank
safely stored in its hold. The route foreseen took the vessel and its fragile cargo to
Rotterdam, into the English Channel and up the Seine, passing through Paris dur-
ing the night of 23 July, to arrive at Evry, its destination just south of Paris and just
a few kilometres from the REOSC plant. Not surprisingly, the passage of the mir-
ror led to considerable attention by the local population as roads were blocked by the
slowly movinglorry carrying the 8.4-metre wide, and rather unusual-looking, mirror
container. It may have caused some traffic delays and, perhaps, some irritation among
motorists, but it also represented a chance to raise the visibility of the project in the
public mass media. Of course, ESO’s Information Service was on the spot, covering
the mirror’s journey with pictures and video footage, to be used for press releases and
other publicity materials. A great deal of planning had gone into this effort, and it
seemed that the passage through Paris would offer a unique chance to obtain a spec-
tacular picture. The VLT represented the utmost in cutting-edge technology made-
in-Europe. Now the mirror would pass close by the Eiffel Tower, itself a powerful
symbol of Europe’s technological prowess, albeit from bygone days. And so the team
descended on Paris ahead of the vessel’s arrival. The photographers first found the best
location for their shot and then went out to the locks at Suresnes to meet the vessel.
Here Herbert Zodet, one of the photographers, boarded the vessel to film the passage

! The exact number ofpourings is still considered confidential by Schott.
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from the bridge of the ship, while the others went back through the Bois de Boulogne
to their chosen location near the Debilly footbridge to wait for the right moment,
which would occur around 11 pm. Shortly before the boat arrived, however, the lights
that had illuminated the Eiffel
Tower and every night provide
a spectacular view of this iconic
building were abruptly turned
off. To this very day the author
of this book, who accompa-
nied the team, feels the sense
of despair as the Eldor passed
quietly in front of the darkened

Eiffel Tower and the photogra-

The passage through Paris at night —the Eldor in front of the phers realised that they had just
Paris City Hall. (Photo: Hans Hermann Heyer) missed the shot of a lifetime!

Like Schott, REOSC had
built a new production facility,
which was located on a green-
field site at St. Pierre du Perray.
The original REOSC plant was
located in Ballainvilliers, a vil-
lage some 20 kilometres south
of Paris and to the west of the
river Seine. Having signed the
mirror contract with ESO,
REOSC started to plan the nec-
essary expansion of its original
facility. But, completely unex-
pectedly, it was denied a build-
ing permit by the local town
hall, which, according to the
local press “would rather lose
[the company] than their rural

Archeological excavations continued even during the construc-
tion of the new REOSC facility in Saint Pierre du Perray.
(Courtesy: Roland Geyl, REOSC)
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environment”*. Since the problem could not be resolved, REOSC erected its new
plant at Saint Pierre du Perray, on the eastern side of the Seine and close to the har-
bour of Corbeil. Before construction started, however, the new site was inspected by
archaeologists, who quickly made a find of Merovingian remains, causing another
delay. Fortunately, after a few months, the exploration was completed and the con-
struction work could continue. Despite these difficulties, the building was ready in
time to receive the first VLT mirror.

On 26 July, the mirror container was unloaded from the ship and, at midnight com-
menced the last leg of its first journey, on the N 104 dual carriageway and finally on
the local road leading to the plant. In the months to come, Joe — as the first blank
had now been dubbed — would undergo fine grinding and polishing with extensive,
continual testing, until the mirror had reached its final figure. The last, and most crit-
ical part, would be the polishing — from the point when the mirror blank was within
afew micrometres from its specified shape. The polishing machine was placed directly
underneath the test tower enabling iz situ high-precision interferometric measure-
ments of the surface. There can be no doubt that REOSC delivered a sterling perfor-
mance and that the French engineers and technicians fully matched their colleagues
in Germany who had produced the blanks. Nonetheless, the polishing of the first
mirror did involve an incident. The grinding and polishing tables were fitted with a
robot arm, under which the grinding or polishing tool was mounted. The tool itself
comprised a set of carefully prepared ceramic tiles, glued onto a wooden mandrel.
The tool would normally be checked every 24 hours, before a new polishing sequence
began. As polishing involves sprays of water, the mandrel was protected by a coat of
varnish, but at some point the wood had nevertheless absorbed some humidity, caus-
inga minute displacement of the tiles. On that day, since the 24-hour period had not
yet ended, the tool was used without further checking. The technician quickly dis-
covered that something was wrong, but too late to prevent scratches. Fortunately, the
scratches could be removed by a slight change in the radius of curvature of the mirror.
As the mirror would remain within the stringent specifications, ESO agreed to this
and the subsequent mirror blanks were also polished to the slightly modified figure.
The acceptance tests, carried out by an ESO team involving Philippe Dierickx, Ray
Wilson, Daniel Enard and Matthias Hess, gave testimony to the high quality of work
carried out by the French opticians: the surface roughness was 2 nm. A precision of

2 Le Parisien, 27 November 1990. The position of the town hall caused quite a stir, as can be seen in the 22 Novem-
ber 1990 Essonne edition of Le Parisien: “Incroyable! La petite mairie bloque extension de lenterprise de pointe
et risqué de lui fuire perdre un contrat de 140 millions.” (The amount indicated is given in French francs, the cur-
rency still used at that time).
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21 nm was achieved over the whole optical surface of the mirror form during the
polishing process, enabling a diffraction-limited resolution of 0.03 arcseconds in
the visual part of the electromagnetic spectrum. “For illustration, [it] corresponds to
an accuracy of only 1 millimetre deviation over a surface with a diameter of 165 kilo-
metres (equivalent to the entire Paris area),” wrote Richard West in a press release
on 13 November 1995. The incident had caused a delay of three months, yet as it
turned out, this delay did not create problems for ESO. As other parts of the pro-
ject were delayed as well, it was decided that the first mirror should remain in stor-
age at REOSC until 30 October 1997. The delivery was thus in the first instance
simply to the designated storage area. This was nonetheless marked with a celebra-
tion on 21 November 1995. This also provided for a photo opportunity with the key
project managers lined up in front of the mirror: Giacconi, Tarenghi and Dierickx
from ESO, Dominique de Ponteves, Jean Espiard, Marc Cayrel and Jacques Paseri
from REOSC. The REOSC technicians watched quietly from behind the mirror.
Dierickx noticed them, turned around and saluted the technicians. Giacconi imme-
diately understood and clapped his hands, too. Then everybody joined in. “It lasted
quite a while — and was quite an emotional moment,” Dierickx later recalled.

The REOSC team and key peaple involved in the contract. (Photo: Hans Hermann Heyer)
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Jack, VLT mirror number 2, was delivered by Schott in October 1994, William on 21
September 1995 and Averell, the final mirror, was formally handed over to REOSC
on 30 September 1996. REOSC, in turn, closed the order with the delivery of Averell
on 14 December 1999. It was not only a milestone for the VLT project, but also for
REOSC, whose technicians had outdone themselves. The fourth mirror far exceeded
ESO’s specifications by far. In fact, it was twice as good as the other mirrors?, argu-
ably making it the most accurate large telescope mirror in the world.

The first 8.2-metre primary mirvor in its specially designed transport container being loaded onto MV
Tarpon Santiago az the port of Le Havre in November 1997. (Photo: Philippe Dierickx)

Much work obviously went into obtaining the highest possible optical quality of the
mirrors, but an equal degree of attentiveness was required to ensure the safe han-
dling and transport of these fragile pieces. A broken mirror means seven years of

? Between working on William and Averell, REOSC took time out from the VLT project to polish the twin
8-metre mirrors for the Gemini telescopes. ESO accepted this because of the delays at the construction site and
ultimately the additional experience gained by REOSC benefitted ESO, as was clearly demonstrated by the
quality of the fourth mirror, Averell.
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bad luck, some say. Astronomers would likely concur, though for them, the loss of
a mirror might have implications that could last much longer than seven years! The
development of some of the mirror handling tools and of the transport equipment
was also entrusted to REOSC*and tested in advance with a dummy mirror with the
same dimensions and weight as the originals, but made of reinforced concrete. The
first transport tests were carried out in the summer of 1992, i.e. one year before the
first blank became ready. The concrete “mirror” underwent a sea voyage, road trans-
port and positioning on the grinding table at REOSC. It was also used for testing
the mirror cell, underwent a transatlantic voyage (again testing the container) and
was finally used in connection with the integration of the telescope in Chile. Today,
the concrete mirror rests on its laurels, in the shape of a support system, and is on
permanent display outside the interim visitors centre at Paranal. But before it came
that far, the disc had to endure elaborate tests. Aside from the importance of assur-
ing the safety and proper functioning of the handling equipment, the key issue was
of course to ensure the safety of the mirror during transport, whether exposed to
irregular movements in rough seas or subjected to the inevitable shocks incurred as
the river barge passed locks en route to its destination. Shocks might also occur on
the road, possibly in Europe, but certainly in Chile during the last stretch through
the desert. To test for this, the container was fitted with vibration sensors (acceler-
ometers) and the data were carefully analysed. The tests included “high-speed” driv-
ing, at 25 km/h, full power acceleration followed by emergency braking, or acceler-
ation while driving over a 5-centimetre-thick wooden beam. Reporting on the first
tests in the The ESO Messenger, characteristically, Dierickx couldn’t help remarking
“the beam is still 0.K.!” (Dierickx & Ansorge, 1992).

At times like these, when there is an increased focus on fostering close links between
research and industry in support of innovation, it should be mentioned that the coop-
eration between ESO and its industrial contract partners for the VLT mirrors can
only be described as exemplary. Philippe Dierickx said: “Following the contracts was
a fantastic experience.... We were very lucky to work with professional, but also pro-
Sfoundly honest people... . If they had a problem they were putting their cards on the table
. it was clear who was on which side, but they were genuine and saying exactly what
they were doing.” Both Schott and REOSC also gained considerable experience in
the field of large mirrors (casting, handling, polishing with i7 situ control, etc.) ena-
bling them to attract customers from elsewhere, including the US.

4 Supplied by SOCOFRAM under subcontract to REOSC.
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nd another bubble?”

‘--I'J‘_. (1]
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Philippe Dierickx is not only well acquainted with cartoon classics. Here he gives his own account of the
quality inspection of the first primary mirvor. But, as with many cartoons, this lives from exaggeration.
In fact, the tests showed that the mirror was fully within specifications. (Illustration: Philippe Dierickx
and Ed Janssen)

Fittingly, much effort went into the manufacture of the primary mirrors, giant discs
8.2 metres in diameter, but a with thickness of only 175 millimetres, i.c. an aspect
ratio of about 47, an incredibly high value for such a large mirror. This meant that
the support system would be at least as important as the mirrors themselves. The
mirror cell is a complex structure, featuring active support elements as well as the
interfaces to the tertiary mirror (M3) and the instruments at the Cassegrain focus.
Importantly, since weight matters, it was necessary to develop a lightweight system
that would possess the necessary stiffness and provided easy access to the 150 axial
supports, with their hydraulics and computer-controlled active force actuators, as
well as the 64 lateral supports located around the outer edge. The support structure
also had to accommodate a mirror cooling system and various safety features for the
primary mirror, including earthquake protection.

Stefano Stanghellini was responsible for this part of the design for the VLT Unit Tele-

scopes. Originally a nuclear engineer, he had also worked in the acrospace industry
and thus been exposed to the need for and challenges of lightweight construction.
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This was valuable experience for telescope design as telescopes became ever larger.
The call for tender for the M1 cell was issued in early 1993, with many of Europe’s
high-tech industries responding,

Before approving the final contract, at the instigation of Giacconi, ESO gave design
contracts to two competing consortia, GIAT Industries together with SFIM (both
based in France) and to a consortium of Carl Zeiss and MAN GmbH. of Germany.
The companies were not only asked to deliver the complete design in the form of
drawings but also in the form of 1:1 mock-ups that were assembled in a tent behind
the ESO Headquarters as well as full size prototypes of the actuators. While the
German consortium was highly experienced in telescope manufacture, GIAT were
novices in the field. But GIAT brought valuable experience from the defence indus-
try sector concerning lightweight products of high stiffness, based on laser cutting
and laser welding manufacturing technologies using thin metal sheets, and the par-
tial use of super-high grade Swedish steels. Whereas a cell using conventional tech-
nologies would have weighed some 18-20 tonnes, GIAT’s proposed mirror cell had
a mass of only 11 tonnes, yet was able to support not just the 23-tonne mirror, but
also the complex equipment inside the mirror cell itself (including the support for

The first M1 cell, seen here at the GIAT factory in St. Etienne in 1997. The actuators for the active optics
and the earthquake protection system ave clearly visible. (Photo: Herbert Zodet)

260



CHAPTER III-5 - THE RETURN OF THE DALTON BROTHERS

the mirror as well as an earthquake protection system), adding another 8 tonnes, as
well as the Cassegrain rotator and scientific instrumentation weighing 4.5 tonnes.
GIAT/SFIM, with their team of young, highly dedicated engineers and the back-
ing of its management (which was then diversifying away from purely defence-ori-
ented projects) dispelled all doubts and secured the final contract for the delivery of
the four M1 cells.

One of the problem areas revealed by the project review instigated by Giacconi
in 1993 was with the 1.2-metre convex hyperbolic secondary mirror, M2, that is
mounted high above the primary mirror and reflects the light to the Cassegrain focus
behind the primary — or via a flat tertiary mirror to one of the Nasmyth foci. The
secondary has other tasks as well, such as field stabilisation to compensate for wind
buffeting. It must also be able to switch rapidly between neighbouring parts of the
sky, a feature that is particularly important for infrared observations. It should be
what astronomers call a “wobbling mirror” (for the stabilisation) and a “chopping
secondary” for the continuous shift between target regions. It became clear that a
conventional mirror would not be able perform as required at high frequencies and
it was therefore necessary either to choose a light-weighted mirror or use new mate-
rials. The M2 would of also be an actively centred and focused mirror (in the sense
of Wilson’s active optics) and thus be housed in an M2 unit that would allow all the
necessary functions. Initially, the contract for the M2 units was awarded to MATRA
(of France), with MAN and REOSC as subcontractors. REOSC in turn chose a US-
based company in Massachusetts, Carborundum, Inc. that offered a silicon carbide
substrate for the M2 blank. In the end, however, the company could not deliver and
the contract was cancelled. Since the initial solution could no longer be realised, in
November 1994 the German company Dornier Satellitensysteme took over as the
main contractor, but with REOSC still responsible for the optics. REOSC now
turned to another US company, Brush Wellman, Inc., specialising in beryllium.
Thanks to its combination of low density, high rigidity and advantageous thermal
characteristics, beryllium is often used in highly demanding aerospace applications.
In fact, beryllium had been considered by ESO, but initially thought to be too expen-
sive. Furthermore, producing large beryllium mirrors is far from trivial. But it had
been done. The 0.5-metre secondary mirror for the first Keck telescope was a beryl-
lium mirror, for example. However, since this was intended for infrared observations,
it was uncoated, made of “optical beryllium”. ESO’s requirements were tougher. They
needed “space-technology” beryllium with super-high strength and characteristics in
general. With the telescope covering both visible and infrared wavelengths, the mir-
ror also had to be coated with nickel.

261



THE JEWEL ON THE MOUNTAINTOP

Despite early production mishaps, from ESO’s perspective things went well initially.
Brush Wellman successfully performed the isostatic pressing of the first blank and
transferred it to Loral American Beryllium, Inc. in Florida for light-weighting and
machining. Then, a few weeks before delivery, the company filed for bankruptcy. In
alast-minute operation, ESO managed to secure the mirror blank and have it trans-
ferred to another company, Speedring, Inc. in Huntsville, Alabama. The aspherisa-
tion was then carried out by Tinsley, Inc. near San Francisco. The nickel coating was
then applied before the mirror was finally shipped to REOSC for polishing®. Luck-
ily the production of secondary mirrors for the other Unit Telescopes went more
smoothly. At the time, the secondary mirrors for the VLT were the largest beryllium
mirrors ever produced for civilian applications.

By early October 1997, the first of the secondary mirrors was delivered to Dornier
for integration, and in December the first M2 unit arrived at Paranal just in time
for the first light preparations.

As already mentioned, the contract for the main mechanical structure had been
awarded to an Italian consortium under the name of AES.

We will remember that the original VLT proposal envisaged operating the telescopes
in the open air, with giant inflatable domes to provide protection only when adverse
weather conditions interrupted observations. Open-air operation was a dream of tel-
escope engineers and astronomers alike, as it would eliminate the need to combat the
dreaded effects of dome seeing, the degradation of observing conditions due to local
thermal effects. We shall revisit this topic later. However, once open-air operation
was jettisoned, ESO began to design appropriate enclosures, under the leadership of
Michael Schneermann, a German engineer. The shape of the proposed enclosures
looked like something between a classical dome and the avant-garde NTT building,
described in Chapter II-9. They comprised two cylindrical parts — a fixed part and
arotatingstructure. The fixed lower part, of concrete and rising to the Nasmyth level
of the telescope, carried the large rotating part of the building. The upper part, a steel
structure covered by insulating plates, had a 9.5-metre-wide observing slit equipped
with a wind screen with variable wind protection and louvres to enable an optimal

5 With its contractors ESO carried out pioneering work. The technologies developed under the ESO contractare
now expected to be used for the James Webb Space Telescope.
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flow of air through the enclosure. The rotating part moved together with the tele-
scope, but independently of it, enabling an unhindered view of the sky. An essen-
tial element of the enclosure would be the elaborate active thermal control system

to avoid dome-seeing effects.

The contract for the manufacture of the enclosures was awarded to a consortium
named SEBIS. SEBIS brought together two of the AES partners (SOIMI S.p.A. and

EIE s.r.l.) as well as other Italian companies.
Whether in Europe or on the site in Chile, work was going on to build the VLT. But

meanwhile, many