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ESO Celebrates its New Technology Telescope

In the presence of a distinguished au-
dience of ministers and high-ranking
officials, as well as representatives of
European industry and scientists from
the member states, the European
Southern Observatory officially inaugu-
rated its revolutionary 3.5-metre New
Technology Telescope (NTT) on Febru-
ary 6, 1990.

The festive act took place simulta-
neously at ESO's Headquarters in
Garching near Munich, F.R. Germany,
and at the La Silla Observatory in the
Atacama desert, Chile. The two ESO
sites, 12,000 kilometres apart, were
connected with several transatlantic
communication links, including a direct
TV connection. This is the first time live
TV images have been transmitted be-
tween ESO establishments in South
America and Europe. During the cere-
mony, the NTT at La Silla was remotely
controlled from Europe.

The NTT inauguration was well re-
ported in the international press, and
also in the TV evening news in various
ESO member countries and in Chile.
Bavarian television devoted the entire
30-minute “Abendschau” on this day to
ESO and its new telescope.

The texts of the official speeches are
brought in this Messenger issue on
page 6ff.

The Programme in Europe

At the ESO Headquarters, the day
Started with a press conference which
Was attended by about 50 media rep-
fesentatives from all over Europe. A

comprehensive press kit had been pre-
pared, including the new NTT brochure,
technical fact sheets and photos of the
NTT as well as more than two dozen
astronomical images recently obtained
with the new instrument.

On the European side, the inaugural
ceremony took place in the ESO Au-
ditorium under the watchful cameras of
five national TV companies and in the
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presence of representatives of most
major newspapers and news agencies
in the ESO member countries.

The solemn event was officially
opened by Professor Harry van der
Laan, ESO Director General, who wel-
comed the guests and briefly outlined
the importance of the NTT. He was
followed by Dr. Raymond Wilson, ESO
Senior Optical Scientist and father of the

At the Press Conference in Garching. From left to right: Manfred Ziebell, Daniel Enard,
Raymond Wilson, Harry van der Laan, Massimo Tarenghi. The photos accompanying this
report about the NTT inauguration were obtained by ESO photographers J. Quebatte and H.-
H. Heyer (Garching) and by the newspaper "El Dia” (La Silla).



The international press in Garching.

revolutionary “active optics” concept,
now incorporated into the NTT. Pro-
fessor Massimo Tarenghi, Manager of
the NTT project, spoke about the first,
extremely promising astronomical re-
sults from the NTT and stressed the
crucial role played by European industry
in this high-tech venture.

Then a 25-minute BBC-made film
about ESO was shown for the first time.
The producers, Peter Mopurgo and Pat-
rick Moore from the “Sky at Night" pro-
gramme, both present in the auditorium,
received a hearty applause for their ex-
cellent work.

In the subsequent address, Professor
Per-Olof Lindblad, President of the ESO
Council, stressed the important inter-
play between astronomy and technolo-
gy and the need to provide the very
best. The NTT is a great gift to European
astronomy.

At this moment, the first live TV im-
ages from La Silla could be seen on the
screen in Garching. After transmitting a
panorama of the mountain, the camera
from Chile's Television Nacional focus-
sed on the NTT building and the assem-
bled guests under the sun shade. On
behalf on the observatory staff, Daniel
Hofstadt, Chairman of the La Silla
Management Team, recapitulated the
developments which have now led to
the installation at La Silla of the tech-
nologically most advanced optical tele-
scope in the world.

From the ESO Headquarters in
Garching, Professor Antonio Ruberti,
ltalian Minister of University, Scientific
and Technological Research, now ad-
dressed the audience on both sides of
the ocean. He mentioned the essential
contribution of his country to the NTT
project and the enthusiasm of par-
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ticipating Italian industries. Pushing a
button on the control terminal installed
in the Auditorium for this purpose, the
Minister then rotated the NTT building;
this could be followed live on the TV
screens.

The next speaker was Ambassador
Jean-Pierre Keusch, Director of the Di-
rectorate of International Organizations,
Bern, Switzerland. Although he “felt a
slight disappointment not to be phys-
ically at La Silla", he was fascinated by
the possibilities of remote control and
thought that the Swiss entrance fee to
ESO had been well spent. The Am-
bassador opened the NTT doors with a
push of a button.

Dr. Heinz Riesenhuber, German Fed-
eral Minister of Research and Technolo-
gy, saw the NTT as the latest achieve-
ment in a long chain of advances in
astronomical technology, reaching all
the way back to Stonehenge. It is also a
“financial masterpiece”, having stayed
well  within  the originally foreseen
budget. Expressing the hope that this
would also be the case for ESO’s next
project, the Very Large Telescope, the
Minister sent a command to the NTT
which was soon seen to move obligingly
towards a horizontal position.

At this moment, Monsignor Cox,
Coadjutor Archbishop of La Serena -
the capital of the IVth Region in Chile, in
which La Silla is located — pronounced a
blessing of the new instrument. Here-
after, the ESO Director General declared
the NTT officially inaugurated.

Professor Hubert Curien, French
Minister of Science and Technology, ad-
ded his appreciation of ESO “as one of
the most interesting European organiza-
tions” and underlined the paramount im-

In the Auditorium: Former ESO Director General Adriaan Blaauw, between delegates Mats
Ottosson (S) and Peter Creola (CH).



There were many known faces in the ESO Auditorium.

From left to right: Ambassador Keusch (CH),
Minister Riesenhuber (D), Minister Curien (F),
Minister Tobback (B).

portance of European collaboration in all
fields. Astronomy may serve as a good
example.

A short video film with a summary of
the most recent astronomical images
from the NTT and their scientific signifi-
cance was then shown. It was based on
CCD images obtained by ESO staff as-
tronomers towards the end of the com-
missioning phase in December 1989 —
January 1990 and had been prepared
by the ESO Information Service during
the days (and nights) preceding the in-
auguration.

At the end of the official programme,
two ESO staff members who have
carried a particularly large measure of
responsibility for the success of the NTT
project were honoured in a brief cere-
mony. Massimo Tarenghi was elevated
to the rank of “Commendatore dell'Or-
dine al Merito della Repubblica Italiana”
by Minister Ruberti, and Raymond Wil-
son received the "Medal of the Universi-
ty of Geneva" with accompanying de-
scriptive scroll from the hands of Pro-
fessor Marcel Golay, Director of the
Geneva Observatory. As a token of
gratitude for cheerful support to their
busy husbands throughout the long
vears of the NTT project, the Director
General presented Mrs. Tarenghi and
Wilson with flowers.

After a break for refreshments, a sci-
entific session followed with talks by
three distinguished European astrophy-
sicists, Professors G. Miley (Leiden, the
Netherlands), F. Pacini (Florence, ltaly)

A happy moment.

and G. Tammann (Basel, Switzerland).
They all stressed the NTT's great obser-
vational possibilities in various as-
tronomical fields of particular actuality.

Events in Chile

In Chile, the inaugural events com-
menced with dinners in La Serena and
at the La Silla Observatory during the
evening of February 5. Many distin-
guished guests had come from San-
tiago and La Serena, including most of
the Ambassadors of the ESO member
states and many official representatives
of Chilean institutions and organiza-
tions. The Chilean media were well rep-
resented and reported widely about the
NTT and ESO, also during the days be-
fore.

In the morning of February 6, the
guests and ESO staff members




Raymond Wilson thanks Marcel Golay.

gathered under a sunshade in front of
the NTT building. The simultaneous pro-
ceedings in Europe could be followed
via an audio link during part of the cere-
mony. Unfortunately, this link broke
down towards the end, but a running
commentary was provided to the guests
instead.

It was also possible to transmit TV
pictures at a slow rate through the new
64 kbaud digital link from Garching to La
Silla.

The guests at La Silla experienced the
remote control commands from Europe
at close quarters and, after the cere-
mony, were able to visit the NTT build-
ing under the guidance of ESO en-
gineers and astronomers.

The New Technology Telescope

The centre of attention on this
memorable day, the ESO 3.5-m New
Technology Telescope, is an astronomi-

-

George Miley talks about distant objects and early times. To the left former ESO Director  Franco Pacini reveals the secrets of super-
General Lo Woltjer. novae.
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Gustav Tammann discusses the distance scale and other observational facts.

cal instrument for the 21st century and
incorporates many new technologies, in
particular within optics, mechanics and
electronics. Moreover, the NTT building
has been especially conceived to en-
sure a minimal influence on the observa-
tions.

Already during the night of “first light”
(cf. Messenger 56, p. 1), the 24 million
DM (14 million US §) NTT has demon-
strated its enormous observational

Official guests at La Silla.

possibilities. In the meantime, this has
been fully confirmed by a great variety of
astronomical observations, carried out
by ESO staff astronomers in the course
of the start-up phase. A small gallery of
recent astronomical images from the
NTT is shown on page 14ff.
Unprecedentedly sharp images have
been obtained (down to 0.33 arc-
seconds FWHM) and extremely faint ob-
jects have been recorded (under seeing

i

conditions not unusual at La Silla, stars
near 26th magnitude are registered in
15-minute CCD exposures; this corre-
sponds to magnitude 27 in one hour).
For more information about the new
CCD detectors, now in use at the NTT,
the reader is referred to the article by S.
D'Odorico on page 59.

This indicates that, in the optical re-
gion of the spectrum, the NTT achieves
a spatial resolution only three times
worse than that predicted for the Hubble
Space Telescope (which is now ex-
pected to be launched in mid-April
1990). The introduction of adaptive
techniques at the NTT (cf. Messenger
58, p. 1) may further reduce this gap
during the next years. The limiting mag-
nitude of the two telescopes in the opti-
cal region is about equal.

The first visiting astronomers from
ESO member countries to the NTT were
received at La Silla on January 17, 1990.
The first programme was dedicated to
Supernova 1987A in the Large
Magellanic Cloud.

The NTT, while an excellent telescope
in its own right, is also the forerunner of
ESQO's next telescope project, the 16-
metre Very Large Telescope, which is
expected to be ready in 1999. Consist-
ing of four 8.2-metre telescopes, it will
become the largest ground-based tele-
scope in the world. The Editor
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Official Speeches at the NTT Inauguration
Prof. H. VAN DER LAAN, ESO’s Director General

Your Excellencies, Honoured Guests,
Ladies and Gentlemen,

To welcome all of you, in ESO
Headquarters and on our La Silla Obser-
vatory in Chile, to this festive dedication
of our New Technology Telescope, is a
pleasure and a privilege. This is one
event on two continents, ESO's two
major sites connected by several elec-
tronic  communication links, ESO's
guests and ESO staff present and par-
ticipating on a wintry afternoon in
Bavaria and on a sunny summer morn-
ing at 2400 m, high in the beauty of the
Atacama desert. We hope that technol-
ogy will not fail us now, but if it does and
we cannot hear and see each other,
then still it will be a celebration, in two
simultaneous parts, by people linked by
their engagement for astronomical ex-
ploration.

ESO, a small but not uninteresting
European Organization, has since its
founding 27 years ago, been enriched
by three new member states, Denmark,
Italy and Switzerland. The latter two na-
tions, for now the latest members of this
8 European nation astronomy chain, ob-
tained the green light for their accession
with a Council decision on 26 March
1980, effected in the course of 1982. In
that same Council meeting it was de-
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cided that the entrance fee to be paid by
the new members in accordance with
the ESO Convention, would be used for
the construction of a telescope of 3.5 m
aperture, exploiting the newest tech-
nologies. Note that this imaginative pro-
ject could only be realized because all
member states agreed not to profit from
this entrance fee to reduce their own
contributions . . . Thus it became possi-
ble to enhance ESO's capacity in the
form of total telescope time offered,
through an addition to its suite of tele-
scopes, an enhancement required by
the enlargement, by about 25%, of the
ESO user community.

From that set of decisions to this day,
a lengthy path had to be travelled, often
in the literal sense of the term, which
took many ESO staff members to indus-
tries throughout Europe and frequently
to our observatory in Chile. This path
required persistence and patience, from
the staff and from their spouses and
families, in order for this common effort
to achieve the communal success which
today we celebrate jointly.

The New Technology Telescope,
equipped with active optics, precision
large scale mechanics, housed in a clev-
erly different, octagonal building (named
corn silo by some...) and able to be
controlled remotely from Europe, bears

its prosaic name with good reason. It is
already now the centre of envious atten-
tion. With two press releases and sever-
al descriptive articles in our journal The
Messenger, it has attained popularity far
beyond our member states, with a
number of more or less identical twins
being spawned with highest priority in
astronomers’ plans for the future else-
where.

Just to be sure that in, say, five years
the NTT will not be an Old Technology
Telescope, we intend to equip it with
adaptive optics, exploiting its superb
optics and its marvelously low ‘dome
seeing’ and then to attain image sharp-
ness only thought possible for space
telescopes one hundred times as ex-
pensive as the NTT.

The designation ‘New Technology Te-
lescope’ is warranted by the innovations
to which | have alluded and of course
the creativity, improvization, collabora-
tion and esprit de corps achieved by
ESO staff in Europe and in Chile and by
our industry partners. A complex facility
like the NTT is, to begin with, necessarily
full of problems and faults, infant's
teething troubles. The community as-
tronomers keenly competing to get their
hands on this exciting machine for their
ambitious research goals, will need pa-
tience and tolerance as we perfect this
telescope in practice, the telescope
which on the cover of the American jour-
nal Sky & Telescope was named ‘the
best telescope yet' . ..

The NTT is the result of many talented
people's cumulative efforts. | can name
but three of them: my predecessor
Lodewijk Woltjer, who guided the deci-
sion-making and guarded the tele-
scope's relative simplicity, Raymond
Wilson, whose creative development of
active optics concepts was followed by
the careful nitty gritty of implementing
concepts into real life systems that
work, and last but not least, Massimo
Tarenghi who transformed his as-
tronomer self into project scientist, pro-
ject manager and project engineer rolled
into one. His dedication to the NTT, his
fondness for his team and his love of
astronomy brought it all to this happy
climax.

The European House of Astronomy,
blessed by the riches of both hemi-
spheres’ starry heavens, is today the
better equipped for our exploration. May
the creative innovation which the NTT
represents, inspire the ambitious collab-
orations which make this house such a
fascinating abode.



Dr. R.N. WILSON, ESO Senior Optical Scientist

Ladies and Gentlemen,

In my brief talk today, | shall limit
myself to the single point “IMAGE
QUALITY", but we should not forget that
many forefront technologies are in-
volved in the other vital aspects of the
telescope (e.g. tracking, pointing, re-
mote control). However, the image qual-
ity aspect is that where the NTT is
unique and, we believe, a milestone in
telescope development.

There are three factors which have led
to the remarkable image quality of the
NTT:

(1) The concept of “active optics"

(2) The figuring quality for 3 mirrors
achieved by Carl Zeiss based on the
active optics concept

(3) The building concept around the
ALT-AZ mounting, which maintains
optimum conditions of the local air.

1. Active Optics concept

This is a perfectly classical feedback
control system. It looks like this. A star
image in the field of the telescope is fed
into the image analyser (upper box), its
results then processed in the microcom-
puter (lower box) which sends signals to
control the position of the secondary
mirror and also to the supports of the
primary mirror. The key element is the
on-line image-analyser which, with the
micro-computer, defines the image
properties which have to be optimized:
only that which can be measured can be
optimized (a basic principle of feedback
control). The image analyser is the brain
of the telescope which enables it to

maintain itself “actively”. In contrast, a
normal “passive” telescope has no
brain: it has to be maintained by difficult,
off-line interventions.

2. Figuring of the NTT optics by Carl
Zeiss, Oberkochen

One of the two principal advantages
of the active optics concept is that cer-
tain optical manufacturing tolerances
can be relaxed. This enables the manu-
facturer to concentrate on achieving, in
the technical optical sense, the ex-
tremely “smooth” surfaces necessary
for the exceptional image quality of the
NTT.

To realize this, the manufacturers
have developed a technology, both for
testing and for figuring, which is unsur-
passed in the entire world. Here is a
view of the primary mirror of the NTT, in
its final cell placed on the turntable of
the figuring machine, as set up for the
final tests. | should like you to note that
the mirror blank, of superb quality
manufactured by Schott of Mainz, is
relatively thin, another important conse-
quence of active optics.

3. The building concept

The total airpath from the telescope to
the top of the atmosphere is part of the
optical system. The “local” part near the
telescope is influenced by the telescope
itself, the building with its facilities and
nearby site conditions. In classical tele-
scopes with big domes, the influence on
the local air has often been very nega-
tive, sometimes the worst optical effect
altogether.

Let me show you with a simple analo-
gy, as drawn by my colleague Ed Jans-
sen, the fundamental characteristic of
the NTT building which enables it to
maintain vastly improved conditions of
the local air.

You see here a situation which is very
common for me on a hot summer's day
when | get into my car on the ESO
parking lot. Both myself and the car
suffer acutely from the heat. So | first
open the left-hand window. But this
does little good: the hot air cannot es-
cape. Then | open a fairly narrow slit in
the roof, a situation already more
favourable than most classical domes.
But the air still cannot circulate effec-
tively. The next stage is to open the roof
fully. This brings a big improvement and
both | and the car feel much better. But
the last stage goes further and repre-
sents the equivalent of the NTT building:
| have opened also the right-hand win-
dow, giving a through draught and full
upward convection. | and the car are
happy.

Now here, in comparison, is the NTT
building, manufactured by the Italian
firm Mecnafer, in its most open state for
optimum natural ventilation: vertical
walls, completely open at the top, com-
pletely open on both sides, although
you cannot see from the slide that the
back wall can also effectively be fully
open.

A final word about the figure in green
overalls in the foreground. This is my
friend and colleague Francis Franza,
without whose fundamental contribution
throughout the project we would not be
celebrating this inauguration today. |
wish also to express my deepest thanks
to many other colleagues for their major
contributions.

Prof. M. TARENGHI, ESO NTT Project Manager

Ladies and Gentlemen,

For the past 6 years | have had to act
fast and be on time as Manager of the
NTT Project. Today is no exception.

The NTT adventure began in 1982

with the entry of ltaly and Switzerland
into ESO.

At that time it was decided to build the
NTT, a telescope of 3.5 m aperture with
improved performances, able to obtain
the best possible images from Earth. All
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this with a budget of only 24 million DM,
less than one third of the cost of a
conventional 4-metre-class telescope
such as the ESO 3.6-m.

The difference in concept and shape
between the old and new ESO tele-
scopes is evident in this drawing.

Now you can see how they look in
reality on La Silla.

Many years of experience accumu-
lated by ESO running the La Silla tele-
scopes combined with the experience
of many other observatories and en-
riched by the exploitation of new tech-
nologies have guided the NTT concept
and realization.

Time does not allow me to describe
at length the NTT characteristics, new
ideas and solutions utilized in the optics,
mechanics, building and computer con-
trol.

Now that the telescope has been inte-
grated into its rotating building it is not
entirely visible. Only at the time of the
erection in Europe at INNSE (Italy) was it
possible to admire the complete struc-
ture.

Even more difficult to see are three of
the major technological features of the
NTT Project:

— the hydrostatic bearing system which
supports the 110 tons of the tele-
scope on a thin film of oil which is
thermally controlled;

— the large and very accurate roller
bearing supporting the rotating 250
ton building;

— the 78 active supports in the primary
mirror cell.

It is important to remember that al-
ready on the occasion of the “first light”
on 23 March 1989, remote control was
used to receive images in Garching via
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satellite. Remote control from Europe
will become a routine procedure with
the NTT Telescope.

The first results have surpassed even
the great expectations we had at the
beginning of the Project.

What counts is not only the perfection
of the optics and mechanics but the unit
design of the whole system, the combi-
nation of the rotating building and tele-
scope in one machine able to produce
the best possible pictures of the sky.

The NTT has opened up new observa-
tional frontiers for astronomers and it
has significantly narrowed the gap be-
tween the potential of ground-based te-
lescopes and the Space Telescope.

European industry has shown great
competence in building such a large,
sophisticated and sensitive instrument. |
would like to give my sincere thanks to
them for their hard work and commit-
ment.

Finally | would like to thank all my
colleagues with whom | shared mo-
ments of expectation, difficulties, en-
thusiasm, even panic, and great satis-
faction.

It is this group of active people who
have invented the first active telescope
in the world: the NTT.

Prof. P.O. LINDBLAD, President of the ESO Council

Your Excellencies, Honoured Guests,
Dear Friends and Colleagues,

Astronomy is, as the Finnish
philosopher George Henri V. von Wright
would classify it, an epistemic science —
the motive force of its scientific enter-
prise is the strive for knowledge, the
urge of man to find out, for himself and
independently of being told, how things
are — about the universe in which he
lives. Its basic psychological drive is
curiosity.

The final product of our efforts as
astronomers, we think, is of benefit to
mankind, but in a form that cannot be
expressed in economic value or profit.

To convince our supporting govern-
ments that their money is well spent, do
we have any other way than to —
perhaps naively said — provide the very
best.

The aim of astronomy is not to ad-
vance technology. However, to provide
the very best, astronomers need the
most advanced technology available.




Because of the unique and often very
extreme requirements put by as-
tronomy, astronomy has often been the
driving force and inspiration to push
technology to its very limits.

This is why this New Technology Tele-
scope is such an important tool, not only
to pursue the final aim of astronomy, but
also to be a test bed for development of
technology for our next big project, the
Very Large Telescope.

Without European collaboration and
generous support by our governments
the very impressive constructions in the
remote mountain desert of Chile could

not have been achieved. This collabora-
tion has been of fundamental impor-
tance for the advanced position of Euro-
pean astronomy today.

Modern communication systems tie
together the centres of our Organiza-
tion. The same technique that allows us
to inaugurate this new telescope simul-
taneously on La Silla and in Garching,
however, deprives us of a good excuse
to visit the beautiful country of Chile and
its charming people — to enjoy the dark,
brilliant starry sky of La Silla and the
wonder of the central Milky Way pass
over your head through the zenith.

The entrance contributions of Italy
and Switzerland made the New Tech-
nology Telescope possible. Thanks to
the forsight of the former Director Gen-
eral, Professor Woltjer, and to the in-
genuity and dedication of Professor
Tarenghi, Dr. Wilson and other ESO staff
in Europe and Chile, as well as the skill
of European industry.

This telescope, whose construction
rests on the most advanced knowledge
and technique, is given to European as-
tronomers whose responsibilities it is —
from now on — to use this telescope to
provide — the very best.

D. HOFSTADT, Chairman of Management Team, La Silla Observatory

Your Excellencies, Honoured Guests,
Ladies and Gentlemen:

Bienvenidos. Welcome to La Silla.

Twenty-five years ago La Silla was but
one more mountain in this desert.

At the time scientists in Europe were
planning an international observatory in
the southern hemisphere. The idea was
to promote European astronomy with
advanced observing facilities in a site
where the Magellanic Clouds, our galac-
tic centre and other targets of great
astrophysical interest could be ob-
served.

Chile had welcomed our young or-
ganization with a Convention signed in
1963 and offered the exceptional sky
transparency at the edge of its Atacama
desert. Soon thereafter, this mountain
was chosen and a base camp installed
in the valley. Activity began — first on
horse back, later by road and trucks.

It was largely thanks to French assis-
tance that our first telescopes came to
light. The Grand Prism Objective, our
Galileo-type telescope came first. Soon
to be followed by a 1-m, a 1.52-m aper-
ture telescope and a set of four (4) smal-
ler photometric units on the platform
below.

Part of the original ESO agreement
considered a highly detailed and deep
sky survey. It was initiated in 1972 with a
Schmidt telescope designed and con-
structed in Hamburg. By now two major
atlases at different wavelengths have
been completed and are used world-
wide as reference maps for the southern
skies.

But the most important observing
facility was still to come. In 1976 our
largest telescope, the 3.6-m began its
Scientific life. Through the years it has
acquired an unparalleled set of instru-
ments, detectors, configuration options
Which stimulated a vast number of sci-
entific programmes. It also provided us
with a reasonable amount of head-

aches...

The appendix tower on the western
side contains yet another technological
challenge: an innovative telescope
which is connected with a highly effi-
cient spectrograph located in the main
building, a powerful and unique tool for
high-dispersion spectroscopic work.

As our organization was growing, two
institutes in Europe, the Copenhagen
University and the  Max-Planck-
Gesellschaft in Germany entrusted us
their instruments. A 1.5-m and a 2.2-m
telescope found their home base at La
Silla. The same occurred recently
through collaboration with the University
of Gothenburg in Sweden when we
brought the largest sub-mm telescope,
south of the equator, into operation,
thus extending our observing bandwidth
capacity to the longer wavelengths.

Meanwhile our Italian and Swiss col-
leagues maintained a keen interest in
our evolution and realized that La Silla
had still some space for ... another
telescope. In 1982 these two countries
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formally joined our adventure adding
new resources and ambitions which
have materialized now into the New
Technology Telescope in front of us.
New technology in the domain of op-

tics, structures and communications
had been tested and was not unfamiliar
to our staff. Clearly, the time had come
to cristallize our ideas and courage into
a different challenge. And today we are
about to turn over to the scientific com-
munity a truly exceptional tool to reach a
deeper grasp into the universe.

But maybe the most important aspect
of our brief history is that our observato-
ry has developed its own soul. Through
a quarter century we have learned and
consolidated our own road to the
challenge of the future.

| wish to end by thanking all my col-
leagues who have worked and sweated
for the success of our enterprise, some-
times with great sacrifices. | can prom-
ise that much more sweat and work will
be required to demonstrate that what
we are claiming will become true.



Prof. A. RUBERTI, Minister of University, Scientific and Technological Research, Italy

Distinguished Colleagues, Mr. Direc-
tor General, Ladies and Gentlemen,

It was with great pleasure that |
accepted the Organization's kind invita-
tion to be present here today, on the
occasion of the opening ceremony of
the NTT telescope. A telescope that,
with its innovative conception repre-
sents the first operational application of
the new technologies developed by the
European astronomical scientific com-
munity with the contribution of the in-
dustrial sector.

Today's event has a particular mean-
ing for Italy. The approval of this project
has been promoted with great determi-
nation by my Government. By entering
ESO, ltaly has intended to give an
essential contribution to the construc-
tion of the NTT. Our researchers, first of
all Professor Tarenghi, the Project
Manager, and our industries have
accepted with enthusiasm the invitation
to collaborate.

This support, which was already unre-
servedly expressed in the past, has
been confirmed by my Government also
for the future.

Along the developing line of the NTT,
it has been recently decided to start an
even more ambitious project, aimed at
providing the European astronomers
with an optical observation instrument
which will be one of the most powerful in
the world: the VLT, for the construction
of which the experience and the results
of the NTT, starting its operative life
officially today, will be invaluable. This
was also a decision supported with res-
olution by my Government; | remember
that my predecessor was the first,
among the Research Ministers of the
Member States, to publicly express a
favourable opinion of this project on the
occasion of a congress held in Venice.

We supported the VLT at that time
and we still support it today because
Italy firmly believes in the value of the
international scientific cooperation, par-
ticularly because we wish to best contri-
bute to enable ESO to maintain the pre-
eminent role it has reached in the world
today. The policy of our Government
and of our researchers shall always aim
at eliminating obstacles coming be-
tween the reaching of such a goal and at
letting the possible problems find a
positive solution to enable a satisfactory
course of the project and of the organi-
zation in its entity.

The development of a broader and
broader international cooperation is one
of our priorities and we intend to give it a
significant contribution, strengthening,
at the same time, national programmes.
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This is therefore the clue to interpret our
firm support for ESO's development.
We still intend to guarantee, on the one
hand, our support in the future to ESQ,
and on the other hand, to favour the
launch of great national initiatives, such

as:

— the project of building a second
supertelescope, the Columbus, which
is going to be placed in the northern
hemisphere and which will thus be a
complement of the VLT;

— the construction of the national tele-
scope Galileo, with a diameter of 3.5
metres for which project the tech-
nologies set up for the NTT will be
made available.

— the further development of the VLBI
European network with the antennae
of Bologna and Noto and, possibly,
even others.

— the close scientific and technological
cooperation between earth and
space astronomy.

On closing this address, and confirm-
ing once again ltaly's full satisfaction
with the results obtained, | wish to ex-
press, Mr. Director General, my sincere
thanks to all who contributed to the
success of the initiative with their effi-
cient work and especially:

— to Professor Woltjer, who preceded
you, for taking the Organization to the
vanguard of world astronomical

studies and for having wanted and

almost brought to its conclusion the

NTT and for having contributed in a

resolute way in the early 80's to our

decision to enter ESO.

— to you, Professor van der Laan, for
having taken owver with equal en-
thusiasm the spirit of Professor Wolt-
jer's work and for all that will be done
in the future to maintain the level of
excellence of the Organization, fos-
tering the general agreement of ob-
jectives which is  absolutely
necessary.

— to Professor Tarenghi and the entire
staff, particularly to Dr. Wilson, re-
sponsible for the optics, for having
made the building of the NTT, with
their daily efforts, possible.

I am thoroughly convinced, Mr. Direc-
tor General, that thanks to the efforts
made up to now, by your managers and
by all researchers, ESO has now
reached its full scientific and technologi-
cal development which enables us to-
day to look with optimism at more am-
bitious future goals.

To the benefit of all the European
scientific community, | give thus all re-
searchers and all those who are in-
volved in the activities of ESO my best
wishes for their future work and for fur-
ther significant success like the one we
have seen today.



Ambassador J.-P. KEUSCH, Director of the Directorate of International Organizations,

Bern, Switzerland

Your Excellencies, Director General,
Ladies and Gentlemen,

The inauguration of ESO’s New Tech-
nology Telescope is a very special event
in the history of European scientific and
technological cooperation. It is therefore
with great pleasure that | participate in
these celebrations. Let me first convey
to you the greetings of the Swiss Gov-
ernment and in particular of our foreign
minister, Mr. René Felbert, who was un-
fortunately not able to attend.

Compared to ESA, the European
Southern Observatory is small in terms
of its budget and number of persons,
but the events we are watching and
indeed participating in are proof that a
successful scientific endeavour, even in
our times, must not necessarily cost bil-
lions. Not only are we inaugurating to-
day the world's most modern and most
performing optical telescope, we are
also writing technological history by
operating this instrument, high on a
mountain top on the other side of the
world, by remote control via satellite
from here at Garching.

For some of us, it might be perhaps
just a little disappointing not to be phys-
ically at La Silla, not to have the material
feeling of what we have built together.
To me, | must admit, this is quite fas-
cinating. We have watched Minister
Ruberti actually operating the telescope
and we have seen on this screen how
his command was diligently executed.
What a spectacular change to the deci-
sion-making and executing process we
are accustomed to, where long chains
of commands and elaborate organiza-
tional structures usually prevent us from
actually seeing happen what we want to
realize! Here we see in real time and | am
looking forward to my turn in a minute
for pushing this button.

But let me briefly turn back to the
history of the NTT. When Switzerland
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took the decision to join ESO at a late
stage, almost 20 years after the entering
into force of its Convention, it could
have been interpreted as a lack of inter-
est and collaboration spirit in the frame
of European scientific and technological
integration. Reality was somewhat more
complex, but today we see a positive
aspect of our delayed entry.

Because we joined late we had to pay
the handsome sum of DM 6 million as
an entry fee and it became available
immediately. Together with the even
more substantial Italian contribution, it
has been a decisive element for ESO. All
this money went into the construction of
this beautiful new telescope. | dare say it
would not have been constructed so
rapidly if it had had to go through the
normal budgetary processes. The Italian
and Swiss entry fees have been trans-
formed into this splendid example of
scientific ingenuity and technological in-
novation.
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With the commissioning of the NTT,
its exciting career as one of the world's
outstanding scientific instruments now
officially begins.

The other key role of our new tele-
scope is of course that of a technologi-
cal predecessor to the Very Large Tele-
scope (VLT), decided by the Member
States in December 1987. This time
there is not such a special contribution.
ESQ's budget will have to be increased
considerably, but | am confident that
Member States will honour their com-
mitment and that the Executive, build-
ing on its experience with the NTT, will
cope successfully with this new
challenge.

Let me conclude by extending the
Swiss Government's most hearty con-
gratulations to the European Southern
Observatory and to its brand new and
shining telescope. In pushing this
button, | would like to wish it all the best
for a long and brilliant career.

Dr. H. RIESENHUBER, Federal Minister of Research and Technology, Bonn, F.R. Germany

Meine sehr geehrten Damen und
Herren, als deutscher Minister begriiBe
ich Sie besonders gern in deutsch.

Pero al mismo tiempo quiero saludar
a las Excelencias y a nuestros amigos
en La Silla que han contribuido tanto
durante los Ultimos anos para el éxito de
Nuestro trabajo aqui.

Knowing that | have to submit myself
to the lingua franca of ESO — during the
past 27 years it was English — | herewith
wish to welcome all of you very heartily,
especially our new partners from Swit-
zerland, from ltaly, Prof. Ruberti, Bot-
schafter Keusch, who have contributed
to the success of this work, not only by
pushing the button in such a brilliant

way, but by joining this common effort
as good partners on a long way which
we will continue to walk together.
Astronomy is the oldest science we
have got. From the stones of
Stonehenge to the lenses of an NTT was
a very long way, but what was the driv-
ing power over these years was the
curiosity of mankind to discover what is

11



behind it all, what we can understand, to
see the changes of the unchanging, and
to find out which new instruments we
must erect in order to understand what

we have not yet found.

On this long road, NTT is the most
elaborate and the most modern instru-
ment we have worldwide. It has been
shown in the way the new technologies
have been implemented, it has been
shown in the way we have used the
most modern devices of micro-elec-
tronics, of control, of new equipment-
sharing systems. This all has led to a
unique instrument for our science. Itis a
technical masterpiece. It has already
shown what it can do. But let me state
that it is a financial masterpiece as well.
Not only because it costs one third of

the last generation of telescopes with
the same mirror diameter, but also be-
cause ESO managed to stick to time
schedules and cost schedules and this
is an extremely important thing.

It has been stated that we are now
embarking on a new generation of tele-
scopes with the Very Large Telescope
project. This is a challenge. A large tele-
scope, a very costly telescope, and we
have to cooperate with each other so
that it will be a success. It will be a
challenge for the management. ESO has
decided not to use a prime contractor,
to do on its own responsibility this job.
This means that in the forthcoming
years, all efforts must be directed to this
very subject. The challenge is also a
financial one and | am looking very

Monsignor COX, Coadjutor Archbishop of La Serena

Dear Brothers,

The brotherly cooperation of people,
institutions and countries has made
possible the installation of this new tele-
scope, a wonder of modern technology.
With it, scientists will explore space and
heavenly bodies and we will be able to
know better and admire better the uni-
verse in which we live.

Its immensity astounds us and will
always be the object of scientific investi-
gations, but the human spirit will also
search for the origin and the sense of
everything which exists. This cannot be
answered, not even by the most perfect
scientific instrument. It is the domaine of
philosophy and, in the last instance, of
faith.

Let us listen because of this with
humble respect to the words of the holy
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scriptures in the first chapter of the book
of Genesis:

“In the beginning God created
Heaven and Earth. And the Earth was
void and empty and darkness was on
the face of the deep. And the spirit of
God moved over the waters and God
said ‘let there be light'. And light was
made and God saw that the light was
good.”

And with our thoughts in God, let us
ask for his blessing so that the use of
this telescope will always be for the
service of peace, for the real good of
man and honour of our Creator.

Benedictio deo omnipotentis. Patris
et filii et spiritus sancti descenda su per
hoc instrumento et superomnis qui cum
colaborant et maniat semper.

In nomina patris et filii et spiritus sanc-
ti, Amen.

much forward that, in the same way as it
has just been shown, ESO will stick to
schedules for the VLT, time-wise and
money-wise.

I will not comment in detail the techni-
cal achievements we have in front of us,
the combination of large-scale optics, of
sensor and control technologies, of mi-
cro-electronics, of new manufacturing
and measuring systems. This has been
important, not only for this telescope,
but also for a new generation of en-
gineers as well. | do think that our indus-
tries will make excellent use of these
new possibilities.

Ladies and Gentlemen, what we are
inaugurating now is a new instrument for
the science. During the past years,
young scientists have become accus-
tomed to cooperate with the best possi-
ble instruments and in the best possible
spirit. This is also the task of the future. |
think that we must all get used to under-
stand that jointly we can achieve goals
that are beyond the reach of any single
nation: in basic research, in coping with
the problems of the environment, in new
and very large technologies. | believe
that what we have here is a piece of
equipment that demonstrates the im-
portance of applying excellent instru-
ments to pure science. This is a
challenge for the young generation
which gets together in joint efforts that
are always above the possibilities of in-
dividual countries.

In this spirit | wish a good success to
NTT, to the coming VLT, to the spirit of
our scientific community, and to the in-
tegration of all our scientific nations into
one world-wide community. May they
successfully climb the steep path into
the future!




Prof. H. CURIEN, Minister of Science and Technology, Paris, France

Messieurs, Collegues!

Aprés le geste symbolique et trés
émouvant de Monseigneur I'Archeve-
que de La Serena, j'ai le devoir un peu
ingrat de vous ramener du ciel vers la
terre.

| would first underline the major inter-
ests of European associations, of Euro-
pean organizations like ESO. ESO is not
the first one, it's not the biggest one, but
it is one of the most interesting ones, of
the most fruitful ones. Now being an
astronomer in Europe, it is a must to
cooperate with ESO, as it is a must for
particle physicists to cooperate with
CERN, as it is a must for a space scien-
tist to cooperate with ESA. We needed
some organizations in Europe, we now
have this and we are very happy to see
how efficient they are.

A second point concerning ESO is
that it is a very big centre for studying
instrumentation and not only instrumen-
tation for telescopes. All what you have
done here in the frame of ESO is indeed
very fruitful, very useful for astronomers,
but there are also many technological
spin-offs, useful in many fields of phys-
ics and mechanics. | think that also for
Europe this is really of great value.

Another point | wanted to say is that
here at ESO there is a place where peo-
ple meet to discuss their plans, their
hopes and their needs for the coming
years. We need such places in Europe
within the big fields of science, places
where people can meet informally, dis-
cussing, asking for something — asking
from time to time a bit too much — but
it's always interesting to have the mea-
sure of the maximum. | can assure you
and I'm sure that our colleagues here
are of the same spirit, that on the side of
the governments we are really doing all
the best we can to improve the situation
of our scientists. Well, it is'nt so bad in
our countries, in Europe!

What we did achieve, for example in
astronomy, is a model we can follow in
other fields in which we have no such
cooperation yet. For instance, what do
you think about the possibility to have
such a cooperation and coordination in
oceanography? We have very great am-
bitions in our countries in Europe. There
have already been very important na-
tional achievements in oceanography,
but | think we could make more if we
had something like ESO in order to dis-
cuss plans and to see in which direc-
tions we should move within this very
important field of activity.

I will not be too long, but | would like
to make a last remark: Pushing a button,
our colleagues have shown that it is very

easy to control from here something
which is almost at the antipodes. But of
course it is easy. Is it not easy to control
a satellite which is turning around Venus
or going to the very end of our planetary
system? The geography now is not at all
what it was 20 or 40 years ago. When
we are achieving some projects for sci-
ence we can now think in more global
terms — and not only European ones.
More and more we will go in this direc-
tion, for instance if we think about
meteorology or environmental studies.
More and more we must have this in
mind and more and more we can also
realize this.

In  conclusion, je voudrais vous
souhaiter a tous, a I'ESO, a tous les
collaborateurs de I'ESO le meilleur
succes, un superbe resultat pour ce te-
lescope qui vient d'étre béni et inauguré
et aussi une tres belle réussite pour la
prochaine étape, le Trés Grand Téle-
scope. Merci.

Editors note: The speeches by Prol. van der Laan,
Dr. Wilson, Prof. Tarenghi, Prof. Lindblad, Mr. Hof-
stadt and Prof. Ruberti have been reprinted from
written texts received. The lexts by Ambassador
Keusch, Dr. Riesenhuber, Monsignor Cox and Prof.
Curien are slightly edited transcriptions of the re-
corded speeches.

Marciana Marina, Isola d'Elba, Italy.
Topics of the workshop:

I

Organizing Committee:

L. Lucy (ESO).

First Announcement

ESO/EIPC Workshop on SN 1987 A

and other Supernovae
17-22 September 1990

A joint ESO/EIPC workshop on SN 1987 A and other supernovae will be
held from 17 to 22 September, 1990, at the Elba International Physics Centre,

— SN 1987 A compared to other supernovae
X-rays, UV, optical, IR and radio observations
Models and synthetic spectra

Explosive mechanisms and nucleosynthesis
Molecule and dust formation
Pulsars and late-time energy deposition

I.J. Danziger (ESO), F. Ferrini (Pisa), W. Hillebrandt (MPI Garching),

For further information please contact:
John Danziger, European Southern Observatory, Karl-Schwarz-
schild-Str. 2, D-8046 Garching, Fed. Rep. Germany
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NTT Image Gallery
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The ESO New Technology
Telescope Building

The ESO New Technology Telescope
(NTT) is here seen in its peculiar building
at the La Silla Observatory. The tele-
scope incorporates various new tech-
nologies; it is the first with an “active
optics” system which keeps its 3.58-
metre main mirror in perfect shape.

The telescope has one vertical and
one horizontal axis (this type of mount-
ing is referred to as “alt-azimuthal”). The
building rotates with the telescope dur-
ing the observations.

The NTT was erected at La Silla dur-
ing 1988-89. The first regular as-
tronomical observations were made in
January 1990 and it was inaugurated on
February 6, 1990.

The NTT 3.58-metre Main
Mirror

The 3.58-m main mirror of the ESO
New Technology Telescope is made of
the glass ceramic material “Zerodur”. It
is comparatively thin (thickness 24 cen-
timetres) and weighs 6 tons.

It is mounted in such a way that it is
completely exposed to the surrounding
air. This ensures that the mirror always
has the same temperature as the air
around it and also that the air flow over
the mirror surface is as uniform as pos-
sible. In this way, the NTT is able to
produce the sharpest possible as-
tronomical images.
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The NTT Windscreen

During periods of high winds, the ESO New Technology
Telescope is protected by a windscreen. It is elevated in front
of the telescope to an appropriate height so that it does not
impede the observations. In this way wind buffeting on the
telescope structure is avoided and the NTT remains stable,
even during wind speeds up to 70 km/h.

Bl

The Central Area of the Crab Nebula

The Crab Nebula, one of the most famous objects in the
northern sky, was observed rather low above the La Silla
horizon (altitude ~35°) with the NTT. Despite this adverse
condition, the picture shows in great detail the complex
structure. The Crab Nebula is the remnant of a supernova
which exploded in the year 1054.

This view of the central area was obtained with a CCD
camera through a red broad-band filter. It depicts both the

filamentary structure mainly emitting in the light of hydrogen
atoms, as well as the diffuse background light from electrons
being accelerated in the magnetic field in the nebula (the
synchrotron process).

The central pulsar is the lower right one of the two brighter
stars near the centre. The “Wisp Nebula” lies to the right of
the pulsar.

Technical data: Exposure: 3 minutes; Filter: R; Seeing: 0.70
arcsec; Field: ~ 140 x 145 arcsec; Date: December 18, 1989;
Observer: Massimo Tarenghi.

Herbig-Haro Object No. 34

The northern part of the L1641 cloud in Orion contains a
large number of small nebulae, known as Herbig-Haro (HH)
objects. There are also several jets; one of the most promi-
nent is associated with the HH-34 nebula. It is here shown in
a red CCD exposure with the ESO New Technology Tele-
scope.

The jet consists of a large number of knots with typical
widths of about 0.6 arcsecond, i.e. they are just resolved on
this picture which was obtained with the NTT under very
good seeing conditions.

The jet originates at a young star (near the top) and points
straight towards HH-34 (bottom) at a distance of 100 arc-
seconds from the source of the jet (46,000 A.U. or 7 - 10'?
km). The nebula has a typical bow shape and is seen where
the jet rams into the surrounding interstellar cloud. It shines in
the light of excited atoms and ions. Most of the radiation seen
on this photo comes from hydrogen.

Technical data: Exposure 15 min; Filter R; Seeing 0.55
arcsec; Size of field: ~77 x 110 arcsec; Date: December 3,
1989; Observer: Bo Reipurth.
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Light Echo Around SN 1987 A

Supernova 1987 A exploded in the Large Magellanic Cloud
in February 1987. It was the first naked-eye supernova in
nearly four hundred years.

A “light echo” was discovered around this supernova in
early 1988. It is light from the supernova, reflected in interstel-
lar dust clouds in the LMC, located in front of the supernova.

This NTT image shows the outer light echo in mid-
December 1989. The supernova is the object at the centre,
which is shaped as “Napoleon’s Hat". The light echo is the
bright circular feature extending nearly all the way around the
supernova at a radial distance of about 1 arcminute. On this
high-resolution CCD image, some structure can be perceived
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in the light echo. In particular, there are obviously multiple
rings in some directions. This corresponds to the spatial
distribution of the reflecting dust clouds.

Technical data: Exposure: 10 minutes; Filter: R; Seeing:
0.50 arcsec; Field: 130 x 130 arcsec; Date: December 18,
1989; Observer: Massimo Tarenghi.

Supernova Remnant N 49 in the LMC

The beautiful filamentary structure of the supernova
remnant N 49 in the Large Magellanic Cloud is well brought
out on this short CCD exposure with the NTT. It was obtained
in red light and most of the emission seen on this image
comes from hydrogen atoms.

The nebula was first catalogued by American astronaut-
astronomer Henize in 1955. It is located about three degrees
due north of the LMC bar. The N 49 nebula is also a source of
strong radio emission.

Technical data: Exposure: 3 minutes; Filter: R; Seeing: 0.78
arcsec; Field: 105 x 75 arcsec; Date: January 6, 1990;
Observer: Holger Pedersen.

The Surroundings
of Supernova 1987 A
in the LMC

A CCD exposure of Supernova
1987 A in the Large Magellanic Cloud
was made with the NTT in the light of
nitrogen ions, under very good seeing
conditions. The image is shown in false
colours to enhance faint variations of
the surface intensity.

It is seen that the supernova is situ-
ated at the northern end of a region that
is comparatively void of interstellar
material. It almost appears as if the
progenitor star of the supernova has
been moving in this direction, leaving a
trail behind. However, the motion of the
supernova has not yet been measured,
so this is so far only a hypothesis.

A small nebula is seen around the
supernova.

Technical data: Exposure: 5 minutes;
Filter: [N1l] 658 nm; Seeing: 0.45 arcsec;
Field: 125x 115 arcsec; Date: De-
cember 18, 1989; Observer: Massimo
Tarenghi; Image processing: Joe Wam-
pler; False-colour representation to en-
hance details.



Dwarf Galaxy
NGC 625

The small, irregular galaxy on this NTT
CCD image is NGC 625 in the southern
constellation of Phoenix. The distance is
not well known, but it is probably some-
where between 20 and 30 million light-
years.

The exposure was made through a
red filter and shows the overall struc-
trure of the galaxy. The brightest stars
are well visible as rather sharp points of
light, while the emission nebulae are
more diffuse.

Note also the dust lanes which hide
the light from stars behind them and
therefore appear as darker patches
among the bright stars and nebulae.

Technical data: Exposure: 90 sec-
onds; Filter: R; Seeing 0.68 arcsec;
Field: 140 x 105 arcsec; Date: De-
cember 31, 1989; Observer: Jorge Mel-
nick.

The Peculiar Galaxy ESO 060-1G 26

Far down in the southern sky, on the border between the
constellations of Volans and Carina, lies this small group of
galaxies. It was first discovered at ESO in 1974. The central
galaxy is visibly disturbed and now carries the designation
“ESO 060-1G 26". The less disturbed galaxy of elliptical
shape is "ESO 060-G 27". The distance to the system has not
yet been measured, but is probably in excess of 150 million
light-years.

This excellent NTT exposure shows in hitherto unknown
clarity the peculiar structure of the galaxies in this group. The
strange forms are the result of a "recent” galaxy encounter,
during which the mutual gravitational attraction pulled out
stars and interstellar matter, from ESO 060-1G 26.

Technical data: Exposure: 10 minutes; Filter: R; Seeing:
0.54 arcsec: Field: 115 x 115 arcsec; Date: December 24,
1989; Observer: Massimo Tarenghi.

Violent Motion in NGC 1808

NGC 1808 is a large spiral galaxy in the southern constella-
tion of Columba. This NTT picture of its inner regions give an
impression of violent motion; this is confirmed by spectros-
copic observations.

There is a strong radio source at the centre of this galaxy
and it is classified as being of Seyfert type.

Technical data: Exposure: 6 minutes; Filter: R; Seeing: 0.71
arcsec; Field: 115 x 115 arcsec; Date: December 15, 1989;
Observer: Massimo Tarenghi.
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Distant cluster of galaxies

One of the main uses of the NTT will
be observations of very faint and distant
galaxies. It is particularly well suited to
such studies, thanks to its great light-
gathering efficiency.

On this 15-minute exposure is seen a
distant cluster of galaxies in the south-
ern constellation of Hydra. The brightest
galaxies have magnitudes around 18;
the faintest objects which can be per-
ceived on this photo are close to mag-
nitude 26. Some of these are stars in the
Milky Way Galaxy, others are extremely
distant galaxies. The good resolution of
the NTT facilitates the separation of the
two types of objects — the images of
galaxies are more diffuse than those of
stars.

Technical data: Exposure: 15
minutes; Filter: R; Seeing: 0.75 arcsec;

Field: 150 x 98 arcsec; Date: 23 De-
cember 1989; Observer: Edmond
Giraud.

Infrared Image of
Giant Planet Jupiter

This is a very short CCD exposure of
the giant planet Jupiter, obtained with
the NTT through an infrared filter with a
passband near 1000 nm. At the time of
the observation, Jupiter was only 35
above the northern horizon at La Silla.

The image has been subjected to
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moderate image processing: the intensi-
ty over the surface has been flattened to
bring out small intensity variations over
the entire surface.

The image shows many of the bands
in the Jovian atmosphere, and also
some of the whirls in these bands. The
Great Red Spot in the south is not very
prominent in this spectral band, but is
still faintly visible near the western rim.
None of the satellites were in transit at
the moment of observation.

This is an excellent image by a
ground-based telescope; the smallest
features which can be perceived (that is
the linear resolution) on Jupiter's disk
measure about 2000 kilometres.

Technical data: Exposure: 0.03 sec-
ond; Filter: Gunn-z; Diameter of Jupi-
ter's disk: 47 arcsec (equator); Seeing:
0.6 arcsecond; Date: UT January 6.174,
1990; Observer: J. Melnick; Image pro-
cessing at ESO Headquarters with
IHAP/MIDAS.



Comet Austin

This is a short NTT CCD exposure of
the newly discovered Comet Austin
(1989 c 1) which may become compara-
tively bright during mid-April 1990 when
it approaches the Sun to within 50 mil-
lion kilometres. On May 25, it will be only
36 million kilometres from the Earth. Af-
ter mid-April, it will be well visible from
the northern hemisphere in the early
morning.

Curves of equal brightness (iso-
photes) are shown. The stars in the field
are trailed because the telescope was
set to follow the comet's motions. On
this date, the comet had not yet de-
veloped a real tail and the image shows
the dust cloud (coma) around the nuc-
leus which is overexposed on this im-
age. It is situated at the centre of the
isophotes. At the time of the exposure,
the comet was nearly 300 million
kilometres from the Earth and 255 mil-
lion kilometres from the Sun, still outside
the orbit of planet Mars. The magnitude
was about 9.

Technical data: Exposure: 5 minutes;
Filter: R; field: 75 x 75 arcsec; Seeing:
1.2 arcsec; Date: January 23, 1990; Ob-
servers: P. Bouchet, J. Melnick, L. Pas-
quini and Ch. Gouiffes.

On January 25, 1990 we at ESO
were shocked and saddened by the
message of Pierre Charvin's death.
President of the Observatoire de
Paris and astronomy leader in
France, Prof. Charvin always showed
a deep interest in ESO affairs and
contributed through the years to the
development of ESO’s relations with
astronomical institutes in his country.

The past five years he was a
member of our Scientific-Technical
Committee and for the last two years
he energetically served as STC presi-
dent. In that function he became very

Professor Pierre Charvin, T January 24, 1990

involved in the planning of the VLT
and its instrumentation.

In an impressive commemorative
meeting, in the Salle Cassini of the
Observatoire de Paris, attended by
his institute's staff and by astronom-
ers from throughout France, | spoke
on ESO's behalf, ending as follows:

“De la part de 'ESO, de notre per-
sonnel, de notre communaute des
utilisateurs, du directorat de I'ESO,
du Conseil et du STC, jexprime
notre sentiment de reconnaissance
et notre profond respect. Je suis re-
connaissant d'avoir la possibilité de
faire cela dans cette salle, m'adres-
sant au personnel de I'Observatoire
de Paris et a tous ceux qui sont
concernés avec ‘notre science’ en
France. Nos pensees et notre sym-
pathie sont destinées a la famille en
deuil. Notre meémoire pour Pierre
Charvin est marquée par notre admi-
ration pour son enthousiasme et
pour son énergie creatrice.”

With profound regret to miss him
so prematurely, we pay tribute to this
prominent colleague and friend.

Harry van der Laan
Director General

fl _& ‘.H

New ESO Scientific
Preprints
(December 1989—February 1990)

680. |.J. Danziger et al.: Molecules, Dust and
lonic Abundances in SN 1987 A,

L.B. Lucy et al.: Dust Condensation in
the Ejecta of SN 1987 A, II.

P. Bouchet et al.: The ESO Infrared
Data Set.

To be published in Supernovae, Pro-
ceedings of the 10th Santa Cruz Sum-
mer Workshop in Astronomy and As-
trophysics, held at UC Santa Cruz, July
10-21, 1989, ed. by S.E. Woosley
(Springer-Verlag, New York).

681. S. di Serego Alighieri, G. Trinchieri and
E. Brocato: Ha Imaging of X-ray Lumin-
ous Early-type Galaxies: Clues on the
Hot, Warm and Cold Phases of the
ISM. To be published in Windows on
Galaxies, Fabbiano et al. (eds.), Proc.
of Workshop in Erice, 21-31 May
1989,

682. M.R. Rosa and J.S. Mathis: Wolf-Rayet
Nebulae — Chemical Enrichment and
Effective Temperatures of the Exciting
Stars.

M.R. Rosa: Atomic Data for and from
the Analysis of Gaseous Nebulae. To be
published in: Proceedings of the First
Boulder-Munich  Workshop on  Hot
Stars, Boulder, CO, August 1989, C.D.
Garmany (ed.), Publ. A.S.P. Conf. Ser.

683. B. Barbanis: Escape Regions of a Quar-

tic Potential. Celestial Mechanics.
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684

685.

686.

687.

688.

689.

690.

691.

692,

693.

694.

695.

696.
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. G. Zhao and P. Magain: The Abun-
dance of Scandium in Extreme Metal-
Poor Dwarfs. Submitted to Elba Work-
shop “Chemical and Dynamical Evolu-
tion of Galaxies”.

M.-P. Véron-Cetty and L. Woltjer:
Galaxies Around Luminous Quasars.
Astronomy and Astrophysics.

M. Sarazin: ESO Site Evaluation for the
VLT. To be published in the Astrophy-
sics and Space Science issue devoted
to the Proceedings of the X European
Regional Meeting of the |AU, Teneriffe,
3-9 July 1989.

F. Fusi Pecci et al.: The Variation of the
Red Giant Luminosity Function “Bump”
with Metallicity and the Age of the
Globular Clusters. Astronomy and As-
frophysics.

G. Zhao and P. Magain: The Chemical
Composition of the Extreme Halo Stars:
Il. Green Spectra of 20 Dwarfs. As-
tronomy and Astrophysics.

M. Heydari-Malayeri: Discovery of a
Low Mass Ble] Supergiant in the SMC.
Astronomy and Astrophysics.

P.A. Shaver: Radio Recombination
Lines at 25 — A Summary of 1AU Collo-
quium No. 125, Puschino, U.S.S.R. To
be published in Radio Recombination
Lines: 25 Years of Investigation. |AU
Colloquium No. 125, eds. M.A. Gordon
and R.L. Sorochenko. Kluwer
Academic Publishers, Dordrecht, the
Netherlands.

T. Le Bertre: Observational Study of
CS 776. Astronomy and Astrophys-
ICS.

T. Le Bertre, S. Deguchi and Y. Nakada:
Contribution to the Interpretation of
Carbon Stars Associated with Oxygen-
Rich  Circumstellar Envelopes. As-
tronomy and Astrophysics Letters.

T. Le Bertre and L.-A. Nyman: Observa-
tions of 86 GHz SiO Maser Emission in
Late-type Stars. Astronomy and As-
trophysics.

T. Le Bertre and H.-E. Schwarz: Photo-
metric and Polarimetric Observations of
two IRAS Galactic Sources. Astronomy
and Astrophysics,

F.R. Ferraro et al.: CCD-Photometry of
the Galactic Globular Cluster NGC
2808. Astronomy and Astrophysics
Suppl.

P. Bonifacio, F., Castelli and P. Molaro:
Chemical Abundances of Two New Ex-
tremely Metal Poor Stars. To be pub-
lished in Proceedings of Elba Workshop
on “Chemical and Dynamical Evolution
of Galaxies", 4—14 September 1989,

F. Matteucci and E. Brocato: Metallicity
Distribution and Abundance Ratios in
the Stars of the Galactic Bulge. As-
trophysical Journal Letters.

Bo Reipurth: FU Orionis Eruptions and
Early Stellar Evolution. Review pre-
sented at AU Symposium No. 137
“Flare Stars in Star Clusters, Associa-
tions and the Solar Vicinity", Byu-
rakan, Armenia, USSR, October 23-27,
1989.

B. Reipurth et al.: Spectroscopic Pre-
Main Sequence Binaries I. Improved
Elements of V826 Tauri. Astronomy
and Astrophysics.

“Evolution in the Universe”

An exhibition with this title was held last year on the occasion of the 375th anniversary of the
University of Groningen. According to the organizers, more than 10,000 people saw the
exhibition, to which also ESO contributed. From Groningen, it has now moved to Enschede
and it can later be seen in The Hague over the summer, in connection with the COSPAR
Plenary Meeting. Here is a view from the set-up in Groningen (photo Wim Melis).

BBC Makes ESO Film

Late last vyear, the well-known
popularizer of astronomy Dr. Patrick
Moore, producer Pieter Morpurgo and a
camera crew from BBC-TV paid a visit
to La Silla in order to produce a new film
about ESO. Made on ESO's behalf, this
film is a general introduction to the or-

ganization and the work carried out at
La Silla and Garching. The film sub-
stitutes the previous ESO film which
was made in 1985.

At the same time, the BBC team pre-
pared two programmes for the popular
Sky at Night TV series, which has run on
BBC every month for more than 30
years. Devoted to the NTT, the first of
the two programmes was broadcast in



February 1990 and the second pro-
gramme, about millimetre astronomy, is
due to be shown very soon. The pictures

show Patrick Moore and his team “in
action” interviewing Jorge Melnick and
Ray Wilson for the NTT programme.

The new ESO film had premiere on
February 6, at the time of the NTT Inau-

guration. C. Madsen (ESO)

Caltech and ESO Join Forces to Produce Sky Atlas

The California Institute of Technology
(Caltech) of Pasadena, California,
U.S.A., and the European Southern Ob-
servatory have concluded an agreement
by which ESO will undertake the re-
sponsibility of producing high-quality
copies of photographic sky survey
plates obtained with the Palomar
48-inch Oschin Telescope and to distri-
bute the resulting photographic atlas.

The second Palomar Observatory Sky
Survey is a decade-long project to
photograph the entire northern sky us-
ing sensitive photographic techniques.
The new atlas of the heavens, contained
on 2,682 glass plates or film transparen-
cies, will serve as the basic astronomi-
cal guide to the northern skies for de-
cades to come. It will be known as the
Palomar Observatory - European
Southern Observatory Atlas of the
Northern Sky.

“We are delighted that ESO will be
copying and distributing the results of
the Palomar Sky Survey"”, says Robert J.
Brucato, assistant director of Palomar
Observatory. “ESO has considerable
experience from their work on the
Southern sky surveys conducted by
ESO and by the United Kingdom
Schmidt Telescope in Australia and the
results were excellent. We had been
planning on doing the copying and dis-
tributing at Caltech, but we decided to
have the work done at ESO in the inter-
est of making high-quality copies avail-
able to the astronomical community at
the minimum price possible”.

The photographic work at ESO will be
Carried out by a team of experienced
Photographers. The laboratory employs
highly specialized techniques, many of

which were invented at ESO, and which
guarantee a minimal loss of information
in the copying process. The laboratory
staff has more than 15 years of practice
with survey and atlas work in the south-
ern sky.

The multi-million dollar Palomar Ob-
servatory Sky Survey is funded by
grants from the Eastman Kodak Com-
pany, the National Geographic Society,
the Samuel Oschin Foundation, and the
Alfred Sloan Foundation, with additional
funding from NASA and the National
Science Foundation. Begun in 1986, the
survey is scheduled for completion in
the mid-1990s. ESO expects to termi-

nate the copying a few years later, hav-
ing then distributed the entire atlas to
astronomical institutes all over the
world.

Caltech took its first step in the busi-
ness of sky surveys in 1948, when Insti-
tute astronomers and technicians began
the eight-year task of mapping the
northern sky for the first Palomar Sky
Survey. This proved to be one of the
most important developments in 20th
century astronomy, because it provided
astronomers with an unprecedented
wealth of information about the
heavens. ESO carried out similar sur-
veys of the southern sky after the erec-

A workshop organized by ESO on

standing of OB stars.

First Announcement

RAPID VARIABILITY OF OB-STARS:
NATURE AND DIAGNOSTIC VALUE
will be held from 15 to 17 October 1990 at ESO, Garching, FRG.

The purpose of the workshop is to extensively discuss the various models
which have been suggested to explain the rapid variability of early-type stars.
In addition to the comparison of observations with models, an attempt will be
made to assess the impact, if any, of the variability on the general under-

Topics include: Observations of O, B, and Be stars — Photometry — Line
profiles — Nonradial pulsation — Star spots — Circumstellar structures —
Atmospheric diagnostics — Transient phenomena — Mass loss.

The Scientific Organizing Committee consists of H. Ando, D. Baade (chair),
C.T. Bolton, H. Henrichs, and L.B. Lucy.

For further information, please write to Dietrich Baade, ESO, Karl-
Schwarzschild-Str. 2, D-8046 Garching bei Minchen, or send e-mail to
ESOMC 1::OBSTARS (SPAN), or OBSTARS (1 DGAESO51 (EARN/Bitnet), or
PSI% 026245890024 :: OBSTARS (X 25).
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tion of the ESO Schmidt telescope at La
Silla, in 1972, Part of this work was done
in collaboration with the UK Schmidt
telescope in Australia.

In 1980, Caltech astronomers began
planning for a new, northern survey be-
cause of advances in photographic and
telescope technology and the changes
in the heavens over the ensuing three
decades. The Oschin Telescope was
substantially refurbished before the sec-
ond sky survey was begun. This in-
cluded a new, $ 380,000 lens that
enables the telescope to focus a wide
range of wavelengths. In addition, ad-
vances in photographic technology
have led to the development of photo-

graphic plates that are far more sensi-
tive than those available in 1948.

Each glass plate is 14 inches square,
and photographs a segment of the sky
about 6.5 degrees across, about 13
times the diameter of the full moon. It
would take 894 such segments to cover
the entire northern hemisphere of the
sky, but since each segment is photo-
graphed at three wavelengths, the sur-
vey will finally comprise 2,682 plates.
Because of the trails of overflying air-
planes, plate defects, or other observa-
tional problems, the Caltech astronom-
ers expect that they will have to expose
two plates for every one that is finally
accepted for the survey.

Orders for the new Atlas should be
sent to the ESO Information Service,
Karl-Schwarzschild-StraBe 2, D-8046
Garching bei Mlinchen, Federal Repub-
lic of Germany.

The cost of one atlas (894 copies
each in B, R and [; in total 2,682 copies)
is DM 60,000 on film and DM 460,000
on glass, if prepaid. It is also possible to
pay before each shipment; in this case
an inflation variation will be applied and
it is expected that about one-tenth to
one-eighth of the total price will be
called up each year. Reservations can
be made until July 1, 1990.

(From ESO Press Release 2/90)

Near-Ground Seeing on an Interferometric Platform

L. ZAGO, ESO

1. Introduction

The ideal location for an optical tele-
scope, short of being in orbit, would be
being magically suspended in the air,
out of all ground-induced turbulence.
Most observatories try the next best, a
location on a steep peak or ridge, in the
generally correct assumption that the
abrupt rising of the mountain does not
give the air flow the time and space to
bring ground-induced turbulence on the
telescope.

An interferometric observatory, how-
ever, which is made of several, possibly
mobile, telescopes, will need a much
larger flat space than is usually the case
for a single telescope. This is in particu-
lar the case for the VLT, which requires a
large and rather fiat platform of the order
of 180 x 150 m to accommodate the
four main unit telescopes, the optical
laboratories and the tracks for the smal-
ler auxiliary telescopes. One may then
fear that telescopes located at some
distance from the edge of the platform
will have their seeing affected by turbu-
lence created along the stretch of flat
surface upwind.

The purpose of this article is to de-
scribe a simplified model of the near-
ground seeing phenomenon aimed at
identifying the main influencing parame-
ters and the order of magnitude of their
effects.

2. A Simplified C:Model

The temperature structure coefficient
C: is the local parameter which most
suitably represents the optical quality of
an atmospheric layer. The local C? can
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in principle be expressed in terms of
bulk parameters of the atmosphere,
such as temperature, pressure, wind ve-
locity and their derivatives. However, a
rigourous formulation will generally be
very complex for any non-trivial aero-
dynamic field and the calculation of
CE will require a finite element or differ-
ence scheme.

Therefore we will take here some sim-
plifying assumptions in order to derive a
simple analytical formulation, which at
the price of some quantitative accuracy,
yet allows to identify the physical quan-
tities influencing the seeing phenome-
non and obtain useful comparative data
for different situations.

We start from the relationship of C?
with dissipation rates:

C2 = a%cpe3 (1)

List of symbols

g, = dissipation rate of temperature var-
iance.

¢ = dissipation rate of turbulent kinetic
energy.

o2 = a constant equal to about 3.

0 = potential temperature.

z = height above ground.

U = wind mean velocity.

o, = wind turbulent velocity.

u, = flow friction velocity.

Ky = eddy diffusivity for heat.

Km = eddy diffusivity for momentum.

k = von Karman’s constant = 0.4.

g = gravity acceleration.

q (2) = local vertical heat flux.

g = air-ground heat flux.

Neglecting transport in the longitudi-
nal and transversal direction and under
conditions of stationary turbulence, the
dissipation rates can be expressed as:

2
€g = Kn (ﬁ) ;

dz @
dU\? gdé
€= Kn (—dz) ~ Ky

For Ky we take here the expression
valid for a stationary boundary layer (K,
is then assumed equal to K,,/1.35):

Kp = k?2? 11-(2{ @)

In this way C? is expressed in terms
of the vertical temperature and velocity
profiles only. One should note that the
velocity gradient represents here a scale
of the mechanical turbulence: indeed for
a stationary boundary layer, the turbu-
lent velocity o, (rms of velocity fluctua-
tions) is directly related to the velocity
gradient through the friction velocity u,.

LA )

Note also that temperature and veloc-
ity are not properly independent vari-
ables, as the temperature gradient is
linked through Ky to the velocity turbu-
lence by the heat flux equation:

q(z) = I\’Hﬁ = k222 av

do
= 5
dz dz ©

dz

The local flux q(z) is generally a func-
tion of the surface-air heat flux gs, which
depends on thermal ground characteris-
tics, solar irradiation and also on wind
turbulence as a more turbulent fliow will



exchange more heat with the ground.
For the purpose of parametric evalua-
tion, one can assume the following pro-
portionality:
ul
q(2) x ¢y i (6)

One can now use expressions (1) to
(6) to compute and compare the seeing
of different situations. As a reference
case, we shall take a “good seeing”
situation for an optimal location on the
mountain, that is on the windward edge
of the mountain ridge, with the following
conditions:
® Mean wind velocity U = 10 m/s.
¢ Turbulent velocity o, = 0.75 m/s. Note
that measured values of wind turbu-
lence at any given mean velocity are
quite scattered: at Paranal, for instance,
for a mean of 10 m/s, the rms may range
from 0.4 to 1.4 m/s. We then use ex-
pression (4) to get an estimate of the
local velocity gradient and evaluate Ky
from (3).
® The vertical heat flux is more difficult
to estimate. We will assume here a value
of 0.009 K m/s: note, for reference, that
on a large plain the night-time surface
heat flux can be of the order of 0.03 K
m/s, while a value of the order of 0.003
K m/s would be typical for the upper
surface layer and therefore could be ta-
ken in principle for a mountain peak
appearing really “suddenly” into the
flow. Nevertheless, some concession
should be made to surface effects along
the slope and therefore the assumed
value of 0.009 K m/s. The local tempera-
ture gradient is then evaluated from
equation (5).

The resulting C? profile is found in
Figure 1 (solid line). Integrating from 5 to
60m over a vertical line, for a
wavelength of 0.5pum, a pressure of
770 mb, a temperature of 10°, one
arrives at a seeing contribution of 0.13
arcsec, indeed a reasonable value for
the near ground contribution.

Expressions (1) to (6) already aliow
some quick-look conclusions about the
dependence of C? on atmospheric pa-
rameters: the most immediate is that
either no wind turbulence (% = 0), oriso-
thermal conditions (5 = 0) would mean
a zero C&.

The model shows an almost linear
dependence of the near-ground seeing
with the turbulent velocity: at the refer-
ence mean velocity of 10 m/s, the com-
puted seeing varies from 0.06 arcsec
with o, = 0.4 m/s to 0.28 arcsec with g,
= 1.4 m/s. With respect to mean velocity
the model shows an increase of seeing
with lower mean velocities: 0.28 arcsec
for U = 5m/s and the typical corre-
Sponding average o, of 0.65 m/s. How-
ever, one should note that at lower
mean velocities the range of associated
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Figure 1: C% as a function of height for the reference case at the platform edge (solid line) and
for distances of 50, 100 and 150 m respectively (dotted lines) from the edge with zp = 0.1 m

and Afs = 1°.

turbulent velocities become relatively
larger: for instance, again at Paranal, for
a mean wind of 5m/s we record o,
values from 0.1 to 1.1 m/s, so that, in
reality, the model is telling us that at low
wind mean velocity one may expect a
very large scattering (from very good to
very bad) of near ground seeing values.

3. Seeing Along an Extended
Platform

We will now apply the simplified C2

model to the case where a hypothetic
telescope is not located on the moun-
tain peak or ridge but at some distance
from it with respect to the prevailing
wind direction. In this case the air flow
reaching the telescope’s field of view
will have already “felt” the ground sur-
face upwind:
e Additional turbulence will be caused
by the friction along the upwind surface.
e In the likely case of a temperature
difference between the air flow and the
ground, the convective heat transfer
across the flat surface will modify the
temperature distribution with respect to
the condition in the incoming flow.

When the undisturbed wind flow
meets a flat ridge, the surface stress
increases immediately. This sudden in-
crease travels upwards so that one can
divide the air flow by a boundary line
(see Fig. 2): the flow below this line is

called the internal boundary layer (IBL)
and has been affected by the terrain, the
flow above has not. From the considera-
tion that the vertical signal velocity
should be proportional to the surface
stress, the following equation has been
derived which links the height 6 of the
IBL to the distance » from the edge:

1+2 (lni - 1) =kBZ ()
20 20 20

where B is a constant approximately
equal to 1.3 and z; is the roughness
length of the flat surface. Figure 3
shows the evolution of the height & of
the IBL as a function of fetch %, over a
length of 200 metres for zo = 0.05 m,
which corresponds to a smooth ground
(for instance the runway area of an air-
port), zo = 0.1 m (countryside with roads

LB

Figure 2: Growth of the internal boundary
layer.
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Figure 3. Height of the internal boundary layer as a function of fetch x for different values of
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Figure 4: Seeing in the IBL (integrated from 5 m to the top of the IBL along a vertical line) as a
function of fetch » for different values of Ats. Note that there are no IBL effects until about
30 m from the edge where the height of the IBL reaches 5 m.

and a few hedges) and z; = 0.25m
(many hedges, a few structures).

Very approximately, velocity profiles
below and above 6 are logarithmic with
different slopes so that a kink appears
at 8. From the condition of continuity
across the |BL interface one can com-

pute the local friction velocity u3;, ob-

taining then & from (4). The vertical heat

flux in the IBL is assumed constant and
equal to the average air-surface flux:
2

u.
q9(2) = ¢, =CyUAl, = —ég—LUAQ, (8)

where Ab; is the potential temperature
difference between the top of the IBL

and the ground, while Cy, is the bulk heat
transfer coefficient, here assumed to be
equal to the momentum transfer coeffi-
cient for a turbulent boundary layer.

One has now all the inputs for a C?
model in the IBL.

Figure 1 shows the vertical C? profile
computed for » = 50, 100 and 150 m,
assuming zg = 0.1 m and A0g = 1° the
C? values in the IBL are in this case
about one order of magnitude greater
than in the free wind flow. However,
because of the short integration path,
the high C# does not necessarily result
in an unacceptable seeing contribution,
as one can see from Figure 4. Only in
case of a strong ground cooling, the IBL
seeing becomes relatively large.

4. Conclusions

While it should be reminded that the
results computed with this simple model
of C% cannot claim any absolute accura-
cy, it is nonetheless possible to draw
some conclusions from the comparison
of different situations.

The height and turbulence of the IBL
are dependent on the average rough-
ness of the surface, which a good de-
sign should therefore try to minimize, by
avoiding raised structures and any kind
of obstacles likely to contribute to the
turbulence generated locally. However,
the stronger effect on the IBL seeing will
likely be caused by temperature dif-
ferences between the ground and the
incoming flow: this difference will have
to be minimized by selecting surface
materials which are lightweight and of
low conductivity: for instance porous
gravel should be used rather than solid
rock. In this way the heat flux through
the ground will be reduced and the ther-
mal time constant of the surface will be
correspondingly decreased.

In a next article, we will discuss the
possible seeing effects in the wake of
other structures, which is another im-
portant aspect of the design of a multi-
telescope observatory.

Visiting Astronomers
(April 1-October 1, 1990)

Observing time has now been allocated for
Period 45 (April 1-October 1, 1990). The
demand for telescope time was again much
greater than the time actually available.

The following list gives the names of the
visiting astronomers, by telescope and in
chronological order. The complete list, with
dates, equipment and programme titles, is
available from ESO-Garching.

3.6-m Telescope

April:  Butcher/Slingerland/Pottasch  E./
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Baade/Christensen-D./Frandsen, Boulanger/
Falgarone/Gérin/Harmon, Ogelman/Gouiffes/
Melnick/Augusteijn/Hasinger/Pietsch, Dan-
ziger/Bouchet/Gouiffes/Lucy/Wampler/
Fransson/Mazzali, Turatto et al. (4-004-45K),
Chincarini/Buzzoni/Molinari, di  Serego
Alighieri/Fosbury/Quinn/Schlételburg/Tad-
hunter, Reimers/Koester, Tammann/Leib-
undgut/Stein.

May: Sackett/Jarvis, Magazzu/Strazzulla,
Moorwood/Oliva, Hensberge et al. (5-005-
45K), Baade/Crane, Reipurth/Dubath/Mayor,
Ehrenfreund/Leger/Foing, Mollenhoft/Ma-
dejsky, Bertola et al. (1-008-43K), Shaver,
Melnick/Gopal-Krishna/Steppe/Giraud, Dan-
ziger/Bouchet/Gouiffes/Lucy/Wampler/
Fransson/Mazzali.

June: Leinert/Haas, Perrier/Mariotti/Mayor/
Duquennoy, Danziger/Bouchet/Gouiffes/
Lucy/Wampler/Fransson/Mazzali, Turratto et
al.  (4-004-45K), Epchtein/Le Bertre/
Blommaert/van Langevelde/Nguyen-Quang-
R./Winnberg/Lindquist/Habing, Ferlet/Vidal-
Madjar/Dennefeld, Rosa/Mathis, Pottasch
S.R./Manchado/Garcia Lario/Sahu K.C.

July: Kaufl/Stanghellini/Renzini, Lagrange-
Henri/Maillard/Vidal-Madjar/Gry/de  Muizon/
Ferlet/Beust, Glass/Moorwood/Moneti,
Danziger/Bouchet/Gouiffes/Lucy/Wampler/
Fransson/Mazzali, Turatto et al. (4-004-45K),
Sicardy/Brahic/Barucci/Ferrari/Fulchignoni/
Rogques, Habing et al. (5-004-45K), Dettmar/
Shaw/Klein, Cappellaro/Held/Capaccioli,
Held/Cappellaro/Capaccioli, Bertola/de



Zeeuw/Zeilinger,  Danziger/Bouchet/Gouif-
fes/Lucy/Wampler/Fransson/Mazzali, Turatto
et al. (4-004-45K), Morganti/Tadhunter/di
Serego  Alighieri/Fosbury/Danziger, Nota/
Greenfield/Clampin/Paresce.

August: Neri/Grewing/Bassgen M., Bender
et al. (1-004-43K), Webb/Carswell/Shaver,
Wampler et al. (2-010-45K), Dubath/Melnick/
Mayor, Danziger/Bouchet/Gouiffes/Lucy/
Wampler/Fransson/Mazzali.

September: Molaro/Castelli/Bonifacio,
Borra/Sanvico/Cristiani/Levesque/Shaver,
Mazure et al. (1-014-43K), Rhee et al. (1-005-
43K), de Lapparent et al. (1-003-43K),
Marano/Held/Cappi, Danziger/Bouchet/
Gouiffes/Lucy/Wampler/Fransson/Mazzali,
Turatto et al. (4-004-45K), Ogelman/
Gouiffes/Melnick/Augusteijn/Hasinger/
Pietsch.

3.5-m NTT

May: Jarvis, Danziger/Bouchet/Gouiffes/
Lucy/Wampler/Fransson/Mazzali, Pollacco/
Houziaux/Manfroid/Hill, Buonanno/Fusi
Pecci/Richer/Fahlmann/Ferraro, Surdej et al.
(2-003-43K), Ortolani/Renzini/Rosino.

July: Richtler/Wagner/Held/Capaccioli,
Danziger/Bouchet/Gouiffes/Lucy/Wampler/
Fransson/Mazzali, Piotto/Djorgovski, Zin-
necker/Moneti/Rosa, Walton/Barlow/Walsh/
Clegg, Auriére/Koch Miramond/llovaisky/
Chevalier/Lauzeral.

August:  Meylan/Djorgovski/Shaver/Weir,
Bender et al. (1-004-43K), Surdej et al. (2-
003-43K).

September: Miley et al. (2-001-43K),
Danziger/Bouchet/Gouiffes/Lucy/Wampler/
Fransson/Mazzali, Bergeron et al. (1-012-
43K).

2.2-m Telescope

April: Danziger/Bouchet/Gouiffes/Lucy/
Wampler/Fransson/Mazzali, Turatto et al. (4~
004-45K), v.d. Hucht/Thé/Williams, Test-
Moorwood, Moneti/Zinnecker/Reipurth, Dou-
gados/Rouan/Léna, (Bernard/Loup/Giard),
Moeller/Kjaergaard, Surdej et al. (2-003-

43K), Reinsch/Pakull/Festou/Beuermann/
Burwitz, Sackett/Jarvis, Hutsemekers/van
Drom,  Reinsch/Pakull/Festou/Beuermann/

Burwitz, Hutsemekers/van Drom.

May: MPI time.

June: Test-Moorwood, Epchtein/Le Bertre/
Blommaert/v. Langevelde/Nguyen-Quang-
R./Winnberg/Lindquist/Habing, Hopfensitz/
Grewing, (Ehrenfreund/Kaufl), (Foing/d’Hen-
decourt), Reinsch/Pakull/Festou/Beuermann/
Burwitz, Richtler/Kaluzny, Alcaino/Liller/Al-
varado/Wenderoth, Spaenhauer/Labhardt,
Glass/Moorwood/Moneti.

July: Glass/Moorwood/Moneti, Wink/Gre-
Ve, v.d. Veen/Blommaert/Habing, Danziger/
Bouchet/Gouiffes/Lucy/Wampler/Fransson/
Mazzali, Turatto et al. (4-004-45K), Dettmar/
Shaw/Klein, Tosi/Focardi/Greggio/Marconi,
Bertola/de Zeeuw/Zeilinger, Longo/Capac-
Cioli/Busarello/Di Martino F., Morganti/
Tadhunter/di Serego Alighieri/Fosbury/Dan-
Ziger.

August: Test-Moorwood, (v.d. Kruit/de
Jong R.S), Danziger/Bouchet/Gouiffes/
LUCYNVampler/Fransson/MazzaIi, Turatto et
al. (4-004-45K), Gustafsson/Eriksson/Olofs-
son/Lambert/Paresce, Surdej et al. (2-003-

Announcement

12th European Regional Astronomy Meeting
of the International Astronomical Union (IAU)

EUROPEAN ASTRONOMERS LOOK TO THE

FUTURE
8-11 October 1990, Davos, Switzerland

organized jointly with the Astronomy and Astrophysics Division
of the European Physical Society (EPS)

with support from the European Space Agency (ESA) and the European
Southern Observatory (ESO)

Meeting Objectives

The 12th European Regional As-
tronomy Meeting (ERAM) of the Interna-
tional Astronomical Union (IAU) is a gen-
eral astronomy meeting covering all fields
of astronomy: solar system, stellar, galac-
tic and extragalactic astronomy as well as
cosmology. The theme European As-
tronomers look to the Future reflects the
positive outlook for ground-based and
space astronomy throughout Europe and
the new opportunities for Europe-wide
cooperation.

Programme Concept

The meeting will be divided into plenary
and poster sessions. Forward-looking re-
vies of active scientific areas in as-
tronomy, a few brief reports on particular-
ly exciting unpublished discoveries as
well as a brief review of instrument pro-
jects and long-range plans in the form of
a panel discussion will be scheduled for
plenary sessions. Poster sessions will be
devoted to contributed papers grouped
according to subjects and in most cases
accompanied by discussion sessions. In
addition, prospective and very recent
PhDs will be given ample opportunity to
present their work in a separate oral ses-
sion.

Venue and Timing

The meeting will be held in the Kon-
greBzentrum, Davos, Switzerland from 8
to 11 October 1990. The meeting will start
in the early afternoon of Monday, 8 Oc-
tober, and will end around noon on Thurs-
day, 11 October, to facilitate travel on
those days.

Davos, located in the canton of Gri-
sons, can easily be reached by train or
car from many countries in Europe and is
a three-hour train journey from Zurich air-
port.

Accommodation

Favourable hotel rates, and very cheap
pension accommodation will be available
for participants.

Meeting Language

All sessions will be conducted in En-
glish.

Special Considerations

It is expected that at least partial
support may be granted to deserving
young astronomers. Ways to facilitate the
participation of astronomers from coun-
tries with monetary exchange difficulties
are being studied.

Scientific Organizing Committee

J. Bergeron, |IAU representative, Paris

A.A. Boyarchuk, Moscow

C. Chiuderi, Arcetri

K. Fredga, Solna

B. Kovachev, Sofia
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R. List, ESA, Paris
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P. Léna, Meudon

F. Sanchez, Tenerife
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T. Courvoisier, Genéve

C. Fréhlich, Davos

B. Hauck, Lausanne

U.W. Steinlin, Basel, Chairman
J.0. Stenflo, Zirich

Contact Address

To receive the second announcement,
which will contain the outline of the pro-
gramme, an invitation to submit contri-
buted papers, and forms for hotel reser-
vations, funding applications, and regis-
tration instructions, please contact:
Professor U.W. Steinlin
Astronomisches Institut
der Universitit Basel
VenusstraBe 7
CH-4102 Binningen

Switzerland

Calendar

15 April Second Announcement

15 July Deadline for return of regis-
tration form, hotel reserva-
tions, support applications

31 August  Deadline for abstracts of
contributed papers

21 Sept. Final programme to parti-
cipants

8 October Abstract booklet
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43K), Barbieri et al. (2-007-43K), Bender et
al, (1-004-43K).
September: MPI time.

1.5-m Spectrographic Telescope

April: Calvani/Marziani, Courvoisier/
Bouchet/Blecha, Acker/Jasniewicz/Du-
quennoy, Pollacco/Walsh/Tadhunter/Hill,
Sivan/Perrin.

May: Renzini/Greggio/Bragaglia, Gerbaldi
et al. (5-004-43K), Hutsemekers/van Drom,
Bica/Prugniel/Alloin, Paturel et al. (1-017-
45K).

June: Paturel et al. (1-017-45K), Bassgen
M./Grewing/Diesch, Hron, Greve/McKeith,
Courvoisier/Bouchet/Blecha, Polcaro/
Giovannelli/Manchanda/Norci/Pollock/Rossi/
Viotti, Acker/Stenholm/Lundstrém, Pottasch
5.R./Manchado/Garcia Lario/Sahu K.C.

July: Augusteijn, Gehren/Axer/Fuhrmann/
Steenbock/Reile, Longo/Capaccioli/Busarel-
lo/Di Martino F., Habing et al. (5-007-45K),
Andreae/Drechsel, Walsh/Pottasch S.R./
Walton.

August: Ramella/Focardi/Geller, Schmitt/
Pasquini, Barbieri et al. (2-007-43K).

September: Gerbaldi et al. (5-004-43K),
Rafanelli/Schulz H./Marziani, Falomo/Maras-
chi/Tanzi/Treves, Bettoni/Bertola/Buson,
Claudi/Bianchini/Friedjung/Sabbadin.

1.4-m CAT

April: North, Pottasch S.R./Sahu K.C.,
Gratton/Sneden, Gratton/Gustafsson/Eriks-
son, Mauron, Pasquini.

May: Pasquini, Westerlund/Krelowski, Pas-
quini/Spite  M./Restaino, Hutsemekers/van
Drom, Gredel/v. Dishoeck/Black, Gredel/v.
Dishoeck/Black, Crane/Palazzi/Mandolesi,
da Silva/de la Reza/Dore.

June: Wilson/Henkel/Stahl, Gosset/Vreux,

Greve/Keenan/Dufton, Boffin/Arnould/
Forestini/lsern/Canal/Rebolo/Abia,  Holwe-
ger/Lemke,

July: Lagrange-Henri/Ferlet/Vidal-Madjar/
Beust, Vladilo/Molaro/Centurion/Monai, Cuy-
pers/Waelkens, Benvenuti/Porceddu, Fran-
Gois.

August: Andersen/Gustaffson/Saar/
Zwaan, Gustafsson/Eriksson/Olofsson/Lam-
bert/Paresce, Van Kerkwijk/Waters/Verbunt/
van Paradijs/Coté/Pols/v.d. Heuvel.

September: Crane/Blades/Penprase, Kiirs-
ter/Schmitt/Cutispoto/Fleming/Dennerl,
Klrster/Schmitt/Cutispoto/Fleming/Dennerl,
Lagrange-Henri/Ferlet/Vidal-Madjar/Beust,
Foing/Jankov/Char/Martic/Doyle/Neff,

1-m Photometric Telescope

April: de Jong/Hu/Slijkhuis, Persi/Origlia/
Ferrari-Toniolo, v.d. Hucht/Thé/Williams,
Baudzus/Schmidt-Kaler/Hanuschik/Dem-
mer, Courvoisier/Bouchet/Blecha, Sterken/
Longo/Busarello, Reinsch/Pakull/Festou/
Beuermann/Burwitz.

May: Reinsch/Pakull/Festou/Beuermann/
Burwitz, Pottasch S.R./Manchado/Garcia
Lario/Sahu K.C., Courvoisier/Bouchet/Ble-
cha, Prugniel/Bica/Alloin, Augusteijn/Nather/
Winget.

June: Nyman/Le Bertre/Hall/Norris, Le
Bertre et al. (5-006-45K), Courvoisier/
Bouchet/Blecha, Giard/Bernard/Dennefeld/
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Perault/Sales,  Munari/Whitelock/Massone,
Terzan.

July: Le Bertre et al. (5-006-45K), Sicardy/
Brahic/Barucci/Ferrari/Fulchignoni/Roques,
Courvoisier/Bouchet/Blecha,  Liller/Alcaino/
Alvarado/Wenderoth, DI Martino M./
Pirronello/Mantegazza, Habing et al. (5-007-
45K).

August: Habing et al. (5-007-45K), Nieto/
Davoust/Poulain/Bender/Capaccioli/Prug-
niel, Weiss/Schneider/Kuschnig/Rogl,
Schmitt/Pasquini.

September: van Kerkwijk/Waters/Verbunt/
van Paradijs/Coté/Pols/van den Heuvel,
Schneider/Weiss/Kuschnig/Rogl,  Schmitt/

Pasquini, Di Martino M./Zappala/Cellino/
Farinella/Davis, Foing/Jankov/Char/Martic/
Doyle/Neff.

50-cm Photometric Telescope

April:  Antonello/Mantegazza/Poretti/Ri-
boni, Kohoutek.

May: Kohoutek, Franchini/Alcala/
Chavarria/Terranegra/Covino/Ferluga/Stalio/
Pasquini.

June: Drechsel/Lorenz/Mayer.

July: Sinachopoulos.

August: Debehogne/Di Martino M./Zappa-
la/Lagerkvist/Hahn/Magnusson/De Campos/
Cuypers/Cutispoto.

September:  Kurster/Schmitt/Cutispoto/
Fleming/Dennerl, Foing/Jankov/Char/Martic/
Doyle/Neff.

GPO 40-cm Astrograph

June: Aniol/Duerbeck/Tsvetkov/Tsvetkova.

July: Aniol/Duerbeck/Tsvetkov/Tsvetkova.

September:  Debehogne/Machado/Mou-
rao/Caldeira/Vieira/Netto/Zappala/De  Sanc-
tis/Lagerkvist/Protitch-B./Javanshir/Wosz-
czyk.

1.5-m Danish Telescope

April: Lindgren H./Ardeberg/Lundstrom,
Ardeberg/Lundstrom/Lindgren H., Brocato/
Caputo/Castellani,  Chevalier/llovaisky/Pe-
dersen, Miller/Ballard, Mazure et al. (1-014-

43K), Rhee et al. (1-005-43K), Pollacco/
Walsh/Tadhunter/Hill.

May: Pollacco/Walsh/Tadhunter/Hill, An-
dersen/Nordstrom/Mayor/Olsen, Nordstrém/
Andersen, Danish time.

June: Lindgren H./Ardeberg/Lundstrom,
Ardeberg/Lundstrom/Lindgren H., Cacciari/
Ferraro/Fusi  Pecci/Stanghellini/Oculi/Tessi-
cini, Ortolani/Barbuy/Bica, Cacciari/Ferraro/
Fusi Pecci/Stanghellini/Oculi/Tessicini, Er-
kens/Wagner.

July: Danish time.

August: Mayor et al. (5-001-43K), Surdej et
al. (2-003-43K), Danziger/Bouchel/Gouiffes/
Lucy/Wampler/Fransson/Mazzali, Barbieri et
al.  (2-007-43K), Azzopardi/Lequeux/Re-
beirot, Bender et al. (1-004-43K), Mayor et al.
(5-001-43K).

September: Mayor et al. (5-001-43K), Lind-
gren H./Ardeberg/Lundstrom, Danish time.

50-cm Danish Telescope

April: Danish time, Ardeberg/Lundstrém/
Lindgren H.

May: Danish time, Ardeberg/Lundstrom/
Lindgren H., Lampens/Dommanget.

June: Lampens/Dommanget, Group for
Long Term Photometry of Variables.

July: Group for Long Term Photometry of
Variables.

August: Group for Long Term Photometry
of Variables.

September: Group for Long Term Photo-
metry of Variables.

90-cm Dutch Telescope

April: de Vries C.P./v. Dishoeck/Blades/
Penprase, Martin W./Kohoutek,

May: Martin W./Kohoutek, Dutch time.

June: Dutch time, van Genderen/v.d.
Hucht, van Genderen.

July: van Genderen/v.d. Hucht, van
Genderen, Dutch time.

August: Dutch time, van Genderen/v.d.
Hucht, van Genderen, de Vries C.P./v. Dis-
hoeck/Blades/Penprase.

September: de Vries C.P./v. Dishoeck/
Blades/Penprase, Dutch time.

The ESO
USERS MANUAL
Version 1990
Now Available!

The long awaited new version of the
ESO Users Manual has just been deli-
vered by the printer and will be distri-
buted during the second half of March.

If your Institute has not received a
copy, please write to the

Visiting Astronomers Service
ESO Headquarters
Karl-Schwarzschild-Str. 2
D-8046 Garching bei Munchen
F.R. Germany.



ESO’S EARLY HISTORY, 1953-1975

VI. Further Developments in Chile; 25 March 1969: The First Phase Dedicated;
The Introduction of National Telescopes*

A. BLAAUW, Kapteyn Laboratory, Groningen, the Netherlands

“La construccion del observatorio de La Silla ——— es un gjemplo notable de lo que se puede lograr por medio de eficiente y, sin duda

trascendente, cooperacion internacional.”

From the speech by Olof Palme on behalf of the ESO member states at the dedication of the Observatory.

The Inauguration

On March 25, 1969, an audience of
more than 300 people: members of the
ESO Council, Government officials, rep-
resentatives of AURA, CARSO, IAU and
CERN, other guests and staff members
of ESO were assembled in the large
dome on La Silla which years later
would house the Schmidt telescope.
They celebrated the completion of the
first phase of the construction pro-
gramme. Three years and one day ear-
lier, the road to the summit had been
dedicated and an extensive building
programme then lay ahead. Now, the
Observatory entered its full operational
phase with the middle-size telescopes.

Many speakers marked the occasion:
after an introduction by ESQO’s Director,
O. Heckmann, they were, in this order:
J. Sahade as Vice President of the Inter-
national  Astronomical Union;  Olof
Palme, Minister of Education of Swe-
den; J.H. Bannier, President of the ESO
Council; Gabriel Valdes S., Minister of
Foreign Affairs of Chile; and Eduardo
Frei Montalva, the President of the
Republic of Chile; after which the
Archbishop of La Serena, Msgr. Juan
Francisco Fresno pronounced the be-
nediction. The inauguration proper was
pronounced by President Frei, who for
this occasion had landed by helicopter
on La Silla. At the lunch following the
Cceremonies, the audience was ad-
dressed by the French Minister of Edu-
cation, Jacques Trorial.

The texts of the addresses, with
translations into or from Spanish, have
been published in £SO Bulletin No. 6 of
July 1969. Olof Palme spoke, in Span-
Ish, on behalf of the six ESO Member
States. Let me quote some parts of his
Speech in the English translation:

“The erection of the La Silla Observa-
tory —— — is not only of vast importance
for the future of astronomical research,
but also a striking example of what may
be achieved through efficient, and truly
far-reaching, international cooperation.
——~— Scientific progress and interna-

Previous articles in this series appeared in the
numbers 54 1o 58 of the Messenger.

INAUGURATION CEREMONIES ON LA SILLA

On March 25, 1969 inauguration ceremonies took place on La Silla, celebrating the completion
of the first construction phase of the Observatory.

The top photograph shows the President of the Republic of Chile, Eduardo Frei Montalava,
pronouncing the inauguration. It took place in the dome which, several years later, would
house the Schmidt telescope, before an audience consisting of the ESO Council and many
guests among whom Chilean government authorities, representatives of other scientific
institutes, and ESQO staff.

The bottom photograph, taken during one of the preceding speeches, shows in the front row
from left to right: Otto Heckmann, Director General of ESO; Gabriel Valdes S., Minister of
Foreign Affairs of Chile; Olof Palme, Minister of Education of Sweden; President Frei; and
Hendrik Bannier, President of the ESO Council,

From a series of photographs in the ESO Historical Photographs Archives.
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tional cooperation are important instru-
ments in the realization of the objectives
of any modern society.”

On the occasion of the inauguration
several other events, among which
Council's second meeting in Chile, took
place to which | shall return later in this
article. Let us first look back upon the
developments that had led to the com-
pletion of the first phase. In the course
of the three years since the dedication
of the road, buildings for the telescopes,
the Hostel, dormitories, workshop, stor-
age space, etc. had been erected and in
Santiago the Headquarters building had
been completed. We shall not follow
these developments here in detail, only
main lines will be sketched. The photo-
graphs accompanying this article show
the changing face of La Silla over these
years.

Developments on La Silla,
1967-1969

An interesting report on the situation
early 1967 results from a visit to La Silla
of the Dutch Ambassador in Chile,
D.G.E. Middelburg on 17 February 1967
[1]. He was one of those in the European
Diplomatic Corps in Santiago who
followed ESO’s activities with great in-
terest and active support, and he de-
veloped a special relation to ESO
through his son Frank [2]. From the Am-
bassador’s report to the Dutch Ministry
of Foreign Affairs | quote a few lines in
translation from Dutch: “——— On the
mountain | met considerable activity.
Provisional lodgings, dining and office
rooms are in use since some time. A
Dutch telescope is housed in a provi-
sional steel dome. Concrete founda-
tions are now being laid for three large
domes and for a hostel. ——— As an

MAY 1967, CONSTRUCTIONS ON LA SILLA

illustration of the considerable problems
that have to be solved, let me mention
that all personnel, all building materials,
all tools, supplies and provisions have to
be brought from far away. ——— The
relation to the Chilean authorities is very
good. Weak points in the organization
are: communications and personnel.
——— La Silla has neither telegraph nor
telephone connection. By means of their
own radio telephone emitters and re-
ceivers ESO has created a provisional
connection Santiago—La Serena—La
Silla. — — — One can imagine what delays
and misunderstandings may arise when
passing on technical and sometimes
complicated messages to collaborators
of different nationalities — — —. Personnel
problems arise partly from these poor
connections. Obviously [these] are un-
avoidable for an organization manned
with Dutchmen, French, Belgians, Ger-
mans, Swedes and Chileans
Difficulties were also encountered with
young astronomers, coming from the
intimate European academic circles and
transferred to the loneliness of an al-
most uninhabited desert. Some of these
lack the pioneering spirit of their elder
colleagues ———. For this problem, too,
the ESO Direction may well find a solu-
tion in due course. ——— The ambitious
and daring project —-—— develops
favourably —— ="

By the end of 1967, Camp Pelicano
had been extended with several
facilities including a clubhouse and a
soccer field for the personnel. On La
Silla, a Camp had been added for the
personnel of the construction firms, and
the buildings for the 1-m, 1.5-m and
Schmidt telescopes were almost com-
pleted as well as the heating plant. Con-
struction of the GPO building had been
started again after a lengthy interruption

due to road constructions in the neigh-
bourhood. Also the building for the first
of the "national telescopes” (about
which we will have to tell more below),
the one of the Bochum Observatory,
was completed except for the mounting
of its dome. For the purpose of measur-
ing atmospheric temperature fluctua-
tions by the method devised by Sieden-
topf (and described in article 1l), a sec-
ond 24 m high mast had been erected
on the secondary summit of La Silla in
addition to one on the highest top which
had been erected in 1966. Supervision
of the construction work had been taken
over from the retiring engineer H.O.
Voigt by his successor Raul Villena per
August 1, 1967.

Astronomical activity with the 1-m te-
lescope in its provisional dome had
been well under way throughout the
year. In Santiago, concrete foundations
for the Headquarters and the connected
mechanical workshop were partly
finished.

In the course of the next year, 1968,
almost all elements on La Silla assumed
their intended functions. The 1-m tele-
scope was transferred from the provi-
sional dome to its definitive one in Sep-
tember, the 1.5-m telescope was in-
stalled in its dome in the middle of the
year, the GPO was put into operation in
June, and an aluminizing plant was in-
stalled in the building of the 1.5-m tele-
scope [3]. The Bochum B60-cm tele-
scope was installed in September. Pre-
parations were made for the erection of
the building for a second “national in-
strument”, the 50-cm Danish photomet-
ric telescope (see below). The Hostel
was finished and became available for
those, staff and visitors, who during
those early years had had to be satisfied
with the provisional huts, dining rooms,

Left photograph: The building for the 1.5-m Spectrographic Telescope taking shape. In the fareground, left, part of the provisional dome for the

1-m Photometric Telescope.

Right photograph: Construction of the Hostel. Both photographs from slides by the author.
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LA SILLA, DECEMBER 1967

Left photograph: Buildings and domes for the Spectrographic Telescope (left) and the Photometric Telescope (middle) nearly completed, as

seen from a site near the GPO.

Right photograph: La Silla's earliest Residential Quarters, Office Buildings, Catering Facilities for night- and day workers, elc., located on the
western mountain slope, beneath the water tanks and near the Schmidt Telescope building. Both photographs from slides by the author.

etc. — they had been primitive, yet not
unattractive for the pioneering-minded.

A very important improvement of the
operations was the conclusion of a con-
tract with the Chilean national communi-
cation system ENTEL by which La Silla
was incorporated in the national tele-
phone system in exchange for ESO
allowing ENTEL to place one of its relay
stations on La Silla [3]. From that mo-
ment on, the Observatory felt consid-
erably better integrated with the rest of
the world.

In 1968 also the road on the summit
area was extended to the top where
ultimately the 3.6-m telescope was to be
placed. Moreover, in order to create suf-
ficient space on this site, the top was
lowered by about 9 metres [3]. This en-
largement of the area was found
necessary because a geological fault
across the site had been detected, limit-
ing the space of the telescope founda-
tions to either the one or the other of the
two approximately equal parts.

The Santiago Headquarters

Meanwhile, an important develop-
ment had taken place in Santiago: the
Creation of the ESO Headquarters build-
ing. The ESO Convention contains no
mentioning of a Centre or Headquarters
In the country where the Observatory is
established, nor is there reference to it in
the Convenio, the agreement between
ESO and the Chilean Government. Yet,
from the beginning of its activities in
Chile, ESO planned it, in Santiago, be-
sides the main facilities on La Silla and
the Office in La Serena. Before we follow
the realization of this project, it is useful
to have a brief look at the philosophy
behind it, the more so because the role
of the Santiago establishment was dras-

tically reduced in the second half of the
1970's.

Already during the site testing in
South Africa, the question of the infra-
structure of the Observatory was occa-
sionally taken up by the ESO Com-
mittee, although not to the point where
basic decisions were to be taken, for the
switch to South America became more
and more a reality. Nevertheless, it was
the concensus of opinion that ESO
would have to create, besides its Obser-
vatory in the Karroo desert, a centre in
or near the city of Capetown at a dis-
tance of some 300 km. Such a centre
would serve for entertaining contacts
with Government authorities, for trans-
port services, and almost certainly also
as a base with offices for administration
and staff scientists and with technical
laboratories from where much of the
operation of the Observatory would
have been conducted. A serious draw-
back for the operations on the sites
tested, particularly of the one at
Zeekoegat, would have been the re-
moteness from centres with sufficient
educational and cultural facilities to
make employment attractive for staff
members with families coming over
from Europe. Capetown seemed the
natural candidate for such a centre.
Thus, in the report on their visit to South
Africa in  August—September 1962,
Fehrenbach and Heckmann wrote:
'——— Nous sommes convaincus que
l'etablissement de I'Institut a Capetown
est non seulement parfaitement possi-
ble, mais trés indiquée Les
possibilités de la ville de Capetown sont
considérables. ——-"[4].

Transferring this structural aspect
from South Africa to Chile, the choice
was less obvious. The capital Santiago
is at a distance from the Observatory

about twice what Capetown would have
been. With La Serena much nearer, it
was clear that here the base for the
building activities had to be established.
But should it also serve as a base for the
scientific and technical staff, and hence
become the staff's residential area?

At this point let me briefly refer to a
somewhat connected aspect of ESO's
role in European astronomy about which
opinions were not always unanimous:
should ESO become a scientific institute
in its own right — or should it rather be
what our French colleagues used to call
an “Observatoire de mission"? By this
we mean, a facility of which the function
is basically to serve astronomers from
the participating institutes to collect ob-
servational data which they then carry
home for further analysis. The Conven-
tion is not explicit on this point; in its
preamble it speaks of “creating an ob-
servatory equipped with powerful instru-
ments ——— and accordingly promoting
and organizing co-operation in as-
tronomical research”. Co-operation only
in running the facilities — or also in the
joint effort in the study of the heavens?
The same uncertainty is encountered in
the initial historical statement of 26 Janu-
ary 1954 reproduced in my first article.

| may have occasion to come back
later to this recurrent matter of policy. In
the present context we note that in the
19683 stage of planning a Centre called
Headquarters was foreseen in Chile in-
cluding among other items: a large lec-
ture room, many offices for astronomi-
cal staff besides those for visiting as-
tronomers, a rather complete library,
photographic services, etc., clearly sug-
gesting a research centre of consid-
erable scope. (See, again, Ramberg's
article in ESO Bulletin No. 2 referred to
befare.) But, where to build this Centre?
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At the July 1963 meeting of the ESO
Committee, in the context of the report
on the visit of some Committee mem-
bers to Chile (the “Summit meeting” de-
scribed in article Ill), its Chairman is
quoted mentioning that “——— AURA is
setting up its Headquarters in La Sere-
na. In this little town few English speak-
ing people are living; yet is has a small
English school. Santiago offers better
possibilities for cultural life; it has two
good French schools, two German, one
English, and one Swiss school. — —-"
The matter was discussed again on
January 20, 1964, on the occasion of an
informal preparatory meeting of the ESO
Committee (preceding the meeting with
representatives of AURA and CARSO
mentioned in article Ill). The Directorate
referred to the better contacts with Gov-
ernment authorities, embassies and
representatives of international firms in
Santiago, and to the advantage of the
presence of universities and European
schools. On the other hand, the impor-
tance of La Serena as a centre for the
co-ordination of constructions was ob-
vious and there was the important fact
that AURA established here its
Headquarters. According to the minutes
“The discussion converges towards the
opinion that the ESO Headquarters
should be located in Santiago and an
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ESO supply office should be erected at
La Serena. ——-"[5]. A decision was
postponed until more experience would
have been collected in Chile. Yet, the
decision in favour of Santiago was taken
already at the second Council meeting,
in May 1964. The minutes report that,
after discussion of the various argu-
ments mentioned before, and in particu-
lar upon the expression of preference
for Santiago by the previously hesitant
French delegation, the decision was ta-
ken unanimously.

The Vitacura Donation

Meanwhile, for the Council meeting of
May 1964 the Directorate had prepared a
presentation of various offers for land in
the Santiago area [6]. However, shortly
after this, in August 1964 the Chilean
Ministry of Foreign Affairs generously
suggested that ESO might receive as a
donation state-owned grounds in San-
tiago. These grounds were adjacent to
the United Nations buildinginthe Vitacura
district, an attractive and prestigious lo-
cation. By letter of September 18, 1964
the Chairman of the Finance Committee
authorized the Director to react positive-
ly, and after study of the proposition from
architectural and technical points of view
and anextensive series of internal Chilean

SEPTEMBER 1968, MOVING THE 1-m TELESCOPE

In September 1968 the 1-m telescope could be moved to its perma-
nent dome. Dismantling it and laking it out of the provisional dome
required taking the latter apart, for the slit was too narrow to let
telescope and base through.

Left-hand photograph: The telescope tube hangs on the crane, in
the foreground left the provisional building and in the right
foreground the dome. In the background the building of the Bochum

Right-hand photograph: Telescope fube and base on their way to

Photographs by Eric Maurice in the ESO Historical Photographs

legal steps [7], the contract between the
Chilean Government and ESO was
signed on October 30, 1964 [8].

The donation concerned an area of
about 3.4 ha. Conditions from Chilean
side were only that no residential build-
ings should be included, and that reali-
zation should start within one year after
the signing of the contract. For pur-
poses of architectural harmonization,
consultation took place between ESO's
architect de Vlaming and the architect
(Duhart, a pupil of Corbusier) of the ad-
jacent UN building — one of quite unor-
thodox design. By the time of the dedi-
cation of the road on La Silla, March
1966, the architectural designs had
been completed [9]. Construction began
early 1967, and at the time of the 1969
dedications the building was just ready
to receive ESQO's guests and start its
function in science and administration. It
was of simple, yet distinguished style,
fitting the representative aspect of its
future intended role.

The National Telescopes

Returning now to La Silla, we must
first report on an originally unforeseen
element.

The intermediate-size telescopes de-
scribed in article IV and erected on La



Silla in the second half of the 1960's, as
well as the Schmidt and the 3.6-m tele-
scope that would follow later, all be-
longed to the Initial Programme defined
in the ESO Convention. The term “Initial”
indicates that beyond these, at some
stage in its development, ESO might
wish to add other instruments. What one
had in mind were instruments of differ-
ent properties but having the same
status as the earliest ones. A small addi-
tion of this kind was realized in the year
1971: the 50-cm photoelectric tele-
scope, not only because of the need for
such observational data but also be-
cause it was to serve for trying out auto-
mation designs in the development of
the large Telescope [10]. It was a dupli-
cate of the Copenhagen 50-cm national
telescope put on La Silla in 1969 as
described below, and it became part of
the regular budget.

However, an extension of the tele-
scope park not foreseen in the early
days constituted the so-called national
telescopes. They may be defined briefly
as telescopes which are the property of
one of the member states or, even
narrower, of an institute in one of these
states and placed on La Silla, making
use of La Silla's favourable climatic con-
ditions and logistic facilities, and for
which, as a compensation for ESO's

services, ESO then obtains a certain
fraction of the observing time. In prac-
tice, ESO as a rule has provided the
building for the telescope, with or with-
out the dome. In the course of time
these telescopes have become an im-
portant and, from the point of view of
the community of observers, virtually in-
tegral part of the ESO facilities. In the
following | shall briefly review their early
history: by the time of the dedications in
1969 the first proposals of this kind had
already been realized.

The First National Telescope:
the Bochum 60-cm

The first proposal for such a tele-
scope was an initiative of the Director of
Bochum Observatory, Th. Schmidt-Ka-
ler, discussed by Council in its meeting
of November 1966 following pre-discus-
sion in the FC. The telescope, meant for
photoelectric work, was to be acquired
with financial support from the Deutsche
Forschungsgemeinschaft (DFG), the na-
tional science foundation of the German
Federal Republic. Accordingly, partners
in the negotiations were ESO, the DFG
and Bochum University. In his presenta-
tion of the proposition to Council, Heck-
mann placed it from the outset in the
context of possibly having more such

Archives.

additions to the ESO facilities. The
Bochum proposal was in principle ap-
proved at the same Council meeting,
but the contract between the three par-
ties in its final form signed only in 1969
after successive approximations [11].
Principal conditions of the contract were
that ESO would be granted 30 % of the
observing time, that apart from the tele-
scope, the DFG also paid for the dome,
and that neither of the parties would
terminate the agreement within 20
years.

Meanwhile, the building for the
Bochum telescope was completed in
1967, and equipped in April 1968 with a
prefabricated dome as had also been
done for the preliminary housing of the
1-m telescope. Contrary to what was
done for later national telescopes, the
Bochum building included dormitory
facilities for the observers. The tele-
scope was installed in September 1968.
A description, including the Bochum
photometer, has been given by Th.
Schmidt-Kaler and J. Dachs in ESO Bul-
letin Nr. 5 of December 1968.

Already on the occasion of this first
Council discussion, in November 1966,
there was reference to two other poten-
tial proposals. A. Reiz, attending the
meeting as “observer” on behalf of Den-
mark that would join ESO in August

OVERVIEWS OF LA SILLA, 1968

Left photograph, June 1968: Taken from near the water tanks, from
foreground to background: the provisional Residential Area, the
Schmidt telescope building, and, from left to right, buildings of the
GPO, the 1-m, and the 1.5-m telescopes.

Right photograph, October 1968: Aerial photograph taken from the
South-West. From left to right: the buildings of the 1-m, the 1.5-m,
the provisional 1-m, and the Bochum telescopes, and the Hostel. In
the foreground before the Hostel, site preparation for dormitories.
This photograph may be compared to the one taken from the same
position in October 1966, shawn on page 30 of the previous article,
Both photographs by Eric Maurice in the ESO Historical Photographs
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MEALS IN OLD AND NEW AMBIENCE

Left photograph: May 1967; Kapteyn Laboratory observers M. de Vries and R. Mulder, with ESO's mechanic J. Doornenbal, relishing a meal in

the prowvisional restaurant.
Photograph from a slide by the author.

Right photograph: January 1969; Tea-time in the new cafeteria. At the foreground table from left to right: Albert Bosker, anonymous, J.

Palisson, Hans-Emil Schuster and A. Siméon.

From the ESO Historical Photographs Archives, in collection marked “January 1969 von Dr. Muller”.

1967, expressed the hope that a nation-
al 1.5-m Danish telescope, still in the
planning stage, might be put on La Silla,
and there was also reference to a (dis-
tant) possibility that Uppsala Observato-
ry might move the Schmidt telescope it
had in 1957 installed at Canberra, Aus-
tralia, to La Silla — a proposition that was
never realized. We shall return later to
the Danish 1.5-m telescope.

The Danish 50-cm Telescope

The second national instrument in-
stalled was the 50-cm photoelectric te-
lescope belonging to Copenhagen Ob-
servatory. Early consultations with the
Director of ESO led to a proposal for the
Council meeting of December 1967, just
after Denmark’s joining ESO. At that
time, the telescope was meant to be

temporarily only on La Silla, for a
specific programme, and it therefore
was first, in February 1969, installed in
the provisional building of the 1-m tele-
scope after the latter had been moved
into its proper dome. However, already
in the course of 1968 Council agreed in
principle to install the telescope on a
more permanent basis, which led to first
draft contracts between ESO and its

Following the dedication ceremonies in March 1969, the German Minister of Education, Dr. Gerhard Stoltenberg, visited the ESO Guesthouse
where he made acquaintance with members of the ESO staff and their wives. In these three photographs Director General O. Heckmann
infroduces to Dr. Stoltenberg from left to right: Mrs. Ursula Villena, Raul Villena, Harold Hyslop; André Muller and Johan Bloemkolk; Mrs. Louise
Muller and Mrs. Olga Hyslop.
From a series of photographs in the ESO Historical Photographs Archives.
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THE HEADQUARTERS IN THE VITACURA SUBURB OF SANTIAGO

Left photograph: December 1967, the construction stage visited by Victor Blanco (left) and Jirgen Stock (middle) of AURA-Cerro-Tololo, with

Raul Villena of ESO.
Photograph from slide by the author.

Right photograph: December 1968, view of HQ from the roof of the adjacent United Nations building: main building of HQ is to the left of the

middie of the photograph.

Photograph by Eric Maurice in ESO Historical Photographs Archives.

owner of 1968 [12]. The agreement in its
final form between Copenhagen Univer-
sity and ESO was signed only in 1975,
simultaneously with that for the Danish
1.5-m telescope [13]. For the housing of
the telescope a new dome was built,
identical to the one for the ESO 50-cm
instrument. These buildings were
finished in 1972 and in it the telescope
became operational again in 1973.

The Danish National 1.5-m Tele-
scope; Basic Considerations

It would take many years until the next
national telescope would be installed:
the Danish 1.5-m. (A 40-cm telescope
with its housing and adjacent office
space was installed in 1975 by the
Geneva Observatory; however, as Swit-
zerland was not yet a member state of
ESO at that time, its status was different
from that of the telescopes discussed
here.) The Danish 1.5-m was the subject
of an application by Reiz and Stromgren
of 9 November 1968 [14] which was
accepted in principle by Council in its
meeting of June 1969. However, the
telescope became operational only a
decade later, in October 1979, an epoch
well beyond the period covered by this
series of articles. Council's approval in
1969 must be seen in the context of far
reaching proposals for extensions of the
telescope facilities submitted in the year
1968 by the Scientific Programmes
Committee, a committee installed in De-
Cember 1967 and to the activities of
Which | shall return in the next article.

It was this Danish telescope that in an
early stage evoked more thorough dis-
Cussion of national telescopes in gener-
al than Council had devoted to them in

the beginning. This started at the De-
cember 1968 meeting and continued at
the meetings of March, June and De-
cember 1969. In these discussions the
French delegation, whereas it fully
supported the acquisition of the Danish
telescope, stressed the importance of
formal aspects such as the question
whether these telescopes would fit with-
in the ESO Convention and the Con-
venio with Chile, it warned for over-
crowding on La Sillla, and insisted on
careful selection of such telescopes and
certain scrutiny of their observing pro-
grammes, and study of the financial im-
plications. The first French remarks
were added as an addendum (by P.
Lacroute) to the minutes of the De-
cember 1968 Council meeting [15].
Further discussion was based on two
documents: “Instruments étrangers im-
plantés a La Silla; Essai d'évaluation de
la valeur de la contribution de I'ESO"
[16] prepared by the French delegation,
and one by the ESO Directorate: “Gen-
eral Conditions for Admission of Nation-
al Telescopes on La Silla” [17]. The
laborious discussions, at which the
French delegation took the view that
national telescopes should be consid-
ered in the category of Supplementary
Programmes as defined in the Conven-
tion (see my article |) — did not lead to a
clearcut policy for future applications. It
had fallen into the background by the
time when, years later, the matter of
national telescopes became of interest
again. However, the discussions were
symptomatic for growing concern
among Council with regard to develop-
ments in ESO. In the next article we will
return to these worries. For the moment
we will forget about them, just as Coun-

cil did — superficially at least — when it
proceeded to Chile for the festive dedi-
cations . ..

The Dedications

On their way to Chile, Council on
March 17, 1969 paid a visit to AURA’s
Kitt Peak National Observatory near
Tucson, Arizona. Confrontation with this
observatory, of comparable size to what
ESO intended to become, naturally
should be instructive, and was prompt-
ed by a history of mutual collaborative
attitude and AURA’s counsel in ESO’s
instrumental developments. AURA's
President W.A. Hiltner and Kitt Peak
Director N.U. Mayall were, in turn,
guests at the ESO ceremonies in Chile.

Council arrived in Santiago on March
19 and acquainted itself that same day
with the Headquarters in Vitacura. The
next day it visited the Guesthouse, en-
joyed the swimming pool and a recep-
tion by the German Minister of Educa-
tion Dr. G. Stoltenberg, and on March 21
visited Cerro Calan Observatory and its
Director Claudio Anquita followed by a
general reception at ESO Headquarters.
On March 22 a full-day Council meeting
took place there. On March 23 Council
flew to La Serena and visited this town
and its surroundings, and on March 24 it
went by bus to Pelicano and next to La
Silla. Council members stayed in the
Hostel and visited the many installations
in operation: telescopes, workshops,
powerplant, storerooms, dormitories,
etc. On March 25 the inauguration cere-
monies described in the beginning of
this article took place. On March 26,
Council paid a visit to Cerro Tololo In-
teramerican Observatory, and after hav-
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ing spent the night in La Serena, they
flew back to Santiago on March 27 [18].

The Dedication Symposium on
the Magellanic Clouds

The dedications also induced ESO to
organize its first broad scientific sym-
posium at the Headquarters in Santiago
on March 28 and 29. Subject were the
Magellanic Clouds, one of those objects
of research at which ESO had aimed
from its very beginnings. Participants
came from Argentina, Australia, Chile,
Mexico, South Africa, the United States
and, naturally, from the ESO member
states. The Proceedings of the sym-
posium, edited by André Muller, were
published in 1971 [19). The symposium
underlined ESO’s taking up its tasks in
astronomical research — although at that
time modest observing programmes
had been underway with the first tele-
scopes, as we shall see in the next
article. An early report on the sub-
jects discussed at the symposium was
given by Bengt Westerlund in Sky

and Telescope of July 1969 (Vol. 38
No. 1).
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REPORT ON THE FOURTH JOINT ESO/CTIO COLLOQUIUM

“The 1001 Nights of SN 1987 A”

Compiled by P. BOUCHET, ESO

1. Introduction

The fourth joint ESO/CTIO colloquium
was held at La Silla on November 20,
1989, in order to celebrate properly the
results of the 1001 nights spent after the
outburst of SN 1987 A. This colloguium
consisted of informal talks followed by
debates and a round-table discussion
dealing with the acquired experience in
a supernova follow-up, the current ob-
servations of SN 1987 A, the future joint
ESO/CTIO monitoring of SNs, and the
preparation for the next bright super-
nova(e?) (observations in Chile).

Most of the staff astronomers and
visitors from the three observatories of
the IVth region of Chile (La Silla, CTIO,
Las Campanas) were able to attend the
meeting, which largely contributed to its
success.

The colloquium ended in the gym-
nasium of La Silla where the ESO As-
tronomy volleyball team brilliantly de-
feated the CTIO one, in an intense
game. To conclude in the very best way
this pleasant and fruitful day, a cocktail
was then offered to everybody.

We present in the following a
summary of the talks given during the
meeting.
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2. VISIBLE
SPECTROPHOTOMETRY:
Mark M. Phillips/CTIO

SN 1987 A in the Large Magellanic
Cloud has provided a unique opportuni-
ty to study the spectral evolution of a
Type Il supernova. Taking advantage of
the superb observing conditions that
characterize the “Norte Chico” of Chile,
astronomers at ESO and CTIO have led
the way in obtaining precise spec-
trophotometry of this important object
at visual wavelengths. These observa-
tions have yielded a number of impor-
tant findings, a few of which are listed
below:

2.1 Abundance Anomalies
in the Hydrogen Envelope

The first spectra obtained of SN
1987 A were characterized by strong H
and He P-Cygni emission lines.
Attempts to model these early spectra
have suggested that the helium abun-
dance in the outer envelope of the
supernova may have been as much as a
factor of 2-3 times the solar value. As
the supernova expanded and cooled
over the following weeks, strong ab-

[7] Cou. Doc. Chi-12 and 14 in EHA-
.A2.14. and letters of Heckmann to
Oort of 4 and 13 Oct. 1964 in EHA-
.LA.2.10.

[8] ESO Basic Texts, Section B4.

[9] See the sketches included in the Annual
Report 1965.

[10] See, for instance, Ann. Rep. 1968, p. 10.
The realization of this telescope became
part of the task of the ESO TP-Division.

[11] See FHA File 2.9.2. The last one of the
signatures was on Sept. 11, 1969, by the
Chancellor of the Un. of Bochum.

[12] See FHA File 2.9.3.

[13] See Doc. Cou-205 of Nov. 7, 1975 in
FHA File 2.9.3.

[14] See Council Minutes December 1968.

[15} “Problémes posés a I'ESO par V'implan-
tation sur ses terrains d’Instruments
étrangers”.

[16] See Minutes 13th Cou Meeting, p. 12.

[17] Cou-doc No. 55 of May 30, 1969 in FHA
1.1.11.2.1.

[18] Details of the programme of the Council
visit are in EHA-I.A.2.16. See also B.E.
Westerlund’s report in Sky and Tele-
scope, Vol. 37, No. 6 of June 1969.

[19] A.B. Muller, ed., The Magellanic Clouds,
Astrophysics and Space Library,
Vol. 23, Reidel Dordrecht 1971.
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Figure 1: Selected optical spectra of SN
1987 A obtained at CTIO which illustrate the
evolution from days 198—-907. Identifications
of the most prominent emission and absorp-
tion features are indicated. The narrow [Olll]
and [Sll] lines visible in the spectrum for day
907 are due to the circumstellar material that
surrounded the progenitor Sk -69202.



sorption lines of Ba, Sr, and Sc were
observed, indicating similar enhance-
ments of the s-process elements. These
findings suggest that the progenitor of
SN 1987 A, Sk -69202, may have
undergone a phase where the products
of a He-burning shell were mixed in sig-
nificant quantities to the surface.

2.2 The “Bochum Event”

Approximately three weeks after the
outburst of SN 1987A, two emission
“bumps” appeared in the blue and red
wings of H-a and several other emission
lines. It seems likely that these bumps
were the first observable consequence
of the arrival, at the photosphere, of
energy associated with the radioactive
decay of %®Ni and %6Co. For this to have
occurred less than a month after out-
burst implies significant mixing of
radioactive material outwards into the
hydrogen envelope.

2.3 [Fell] Emission During the “Nebular”
Phase

Emission lines of [Fell] became clearly
visible in optical spectra of SN 1987 A
around 200 days after outburst, growing
in strength until approximately day 650
(Fig. 1). Forbidden emission lines of Fe,
Ni, and Co were observed in the infrared
at approximately the same time. These
observations represent the first unam-
biguous detection of the products of
explosive nucleosynthesis in a type I
Supernova.

2.4 Emission Line Profile Variations

At the beginning of the nebular phase
(day 200 or s0), the peaks of the H1, Nal,
Call, and [Fell] lines all displayed a
prominent redshift, apparently due to
Scattering by electrons in the hydrogen
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Panel) and [Call] 7291, 7323 (top panel) emis-
Sion lines in SN 1987 A to the flux in the CTIO
R band, plotted as a function of time.
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Figure 4: The evolution of the spectral energy distribution from 1 to 20 um deduced from ESO broad band photometry, and the evolution of the
spectrum obtained through CVF filters, for the indicated dates (X-axis: wavelength in um; Y-axis: flux density in erg s~ em™2 um™).

envelope. The peaks of the [Ol] 6300,
6364, [Call] 7291, 7323, and [CI] 9824,
9850 lines lacked such a redshift during
the same period, proving conclusively
that these emission lines originated in a
physically distinct zone. Between days
525-590, however, the peaks of all of
the observed emission lines underwent
a sudden blueshift, coinciding nearly ex-
actly in time with the development of a
far-infrared excess in the flux distribu-
tion of the supernova. These two
phenomena have been successfully in-
terpreted (by ESO astronomers at first)
as observable consequences of the for-
mation of dust in the ejecta. Although
the blueshifted peaks have persisted to
the present, further changes have con-
tinued to occur in the profiles of at least
some emission lines. Most prominent of
these has been a broadening of the [O]]
6300, 6364 lines which occurred be-
tween days 700-800, the cause of which
is not yet fully understood.

3. UBVRI PHOTOMETRY:
Mario Hamuy/CTIO

Since the announcement of the out-
burst of SN 1987 A, the CTIO staff has
undertaken a regular photometric
monitoring of the Supernova. The data
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obtained have been used together with
the ESO infrared observations to con-
struct the ESO/CTIO bolometric light-
curve.

Large discrepancies have been found
between the observations of UBVRI
photoelectric photometry of SN 1987 A
carried out a CTIO and at SAAO. In
order to clear up the origin of these
differences we calculated synthetic
magnitudes using different bandpasses
from our spectrophotometric database.
For this purpose we made laboratory
measurements of the bandpasses used
at CTIO, with which we were able to
successfully reproduce the CTIO photo-
electric photometry. On the other hand,
the SAAO photometry could be synthet-
ically reproduced using the standard
Kron-Cousins band functions. We con-
clude that the discrepancies between
both data sets are due only to the
differences between the photometric
systems used at both observatories. In
addition, we found that the contribution
of the emission lines in the spectrum of
SN 1987 A to the R and | magnitudes is
non-negligible for the purpose of trans-
forming the broad-band magnitudes to
monochromatic fluxes (see Fig. 2). The
effect of the emission lines in the UBVRI
photometry must be carefully taken into

account when deriving the bolometric
light curve of SN 1987 A.

4. INFRARED OBSERVATIONS:
Patrice Bouchet/ESO

An infrared monitoring programme of
SN 1987 A was started at La Silla on
February 27, 1987, and is still going on.
The observations carried out (at the
1-m, 2.2-m and 3.6-m telescopes) con-
cern broad band photometry from J
(1.24 um) to QO (20 um), as well as
spectrophotometry in the four atmo-
spheric windows (1.4-2.4 pm;
2.9-4.2pm; 4.7-54pum; 8-—13 um)
with CVFs (/AL ~80). The ESO team
working on this programme include I.J.
Danziger and L.B. Lucy from ESO-
Garching and, familiar to all ESO in-
frared users, our observer R. Vega,
whose active and enthusiastic participa-
tion has been crucial for the pro-
gramme. T. Le Bertre and A. Moneti also
collaborated for some of the observa-
tions.

Since we started this work, a large
amount of observing time has been de-
dicated to it, resulting in the most com-
plete set of such data ever collected on
a supernova (including SN 1987 Al). Fig-
ures 3 and 4 illustrate our results.
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Figure 5: The spectral index a as function of time.

4.1 The IR Excess and Excess Emission
atMm

Even in the earliest photometry, there
was a clear excess in the far IR. By day
100, an emission started to develop in
the M band (4.8 um), which was attri-
buted to CO. By day 260, an excess
appeared at N1 (8.4 um), probably due
to SiO. We define the infrared spectral
index a by fitting from L (3.8 um) to QO,
excluding M and N1, the function:

FV = Fo vt

Figure 5 shows the evolution of the o
index: it started near the Rayleigh-Jeans
law (0. = 2) and decreased rather uni-
formly. Such a continuous temporal var-
iation argues for a single physical cause,
the most obvious explanation being the
earfy and continuous formation of dust
(starting at about day 100). However,
with these data alone it is not possible to
rule out that several effects may have
conspired to produce the uniform varia-
tion. The IR excess till day 300 could be
due just to the gradual transformation
from a dense and optically thick plasma
radiating like a black body to a low
density optically thin plasma radiating
by free-free emission (a = 0). Indeed, «
leveled out a 0 between days 200 and
300. After that time, « resumed its de-
Crease as a cool component appeared.

4.2 The Thermal Component

Around day 550, our broad band pho-
tometry reveals the emergence of a cool
Component (Fig. 4). When the thermal
emission rapidly dominated the total ob-
Served flux, the optical magnitudes be-
gan to accelerate their decline in bright-
ness. (U-V) decreased roughly uniformly

while (V-K) suddenly changed evolution
from blue to red, even though there has
been no corresponding change in the
bolometric lightcurve (see next section).
The simultaneity of these events can be
most easily explained by the formation
of dust (or the accelerated formation of
dust, if the early IR excess is due to
dust) local to the Supernova. The ESO
team (Danziger et al. 1989, and Lucy et
al. 1989, 1990) were first to announce
and discuss the formation of dust in the
ejecta of SN 1987 A. These authors
have estimated the dust extinction in
various optical emission lines, and using
these line optical depths, have shown
that the inflection in the V lightcurve at
around day 500 can be modelled by a
simple extrapolation of this lightcurve
from the linear decline phase, reddened
according to the estimated extinction
from the emission lines. They have also
shown that the line optical depths
appear to provide evidence for selective
extinction.

4.3 The Bolometric Lightcurve

The CTIO UBVRI photometry together
with the ESO infrared photometry have
been used to derive the bolometric light-
curve (Suntzeff and Bouchet, 1990). In
order to estimate the luminosity of the
thermal component (discussed in the
previous section) a black body fitted
between L and QO (with an interpolation
at M to avoid the contamination by CO)
has been integrated up to zero frequen-
cy. Since the actual flux in the far IR is
probably a combination of line emis-
sions and thermal re-radiation from
dust, the estimated total flux from the
fits is an upper limit to the thermal radia-
tion. The resulting bolometric lightcurve

(the only one available which takes into
account the measured infrared flux up
to 20 um), is by now well known and
understood (see the curve on page 41
of this issue of the Messengen as
follows:

® During the first 10 days the high tem-
perature plasma produced by the
passage of the shock, cooled to a tem-
perature typical of hydrogen recombina-
tion (T ~5500K), which produces a
rapid decline of the lightcurve.

® Between days 10 to 125, there was a
slow brightening to maximum followed
by a rapid decline as the hydrogen re-
combination front propagated inward
into material that was being heated by
radicactive decay of ®Ni and °Co. At
that time, the radioactive decay energy
was trapped behind the hydrogen re-
combination front and produced both
mechanical work in accelerating the
plasma and later a diffusion wave of
energy that was seen as the broad max-
imum {mixing of the radioactive material
outward, and of hydrogen inward into
the core). Note that the light curve
slowed its rise around day 30 at the time
when SN 1987 A began to be powered
by energy released from the diffusion
wave of thermalized radioactive energy,
rather than the recombination of the hy-
drogen ionized purely by the shock, as
discussed by M. Phillips in his talk (see
also Lucy, 1988).

e Between days 125 and 800, the re-
combination front had passed through
the diffusion wave of trapped energy,
and the observed bolometric flux be-
came due to the fraction of the radioac-
tive energy from the decay of 8Co that
was thermalized by inverse Compton
scattering.

o After day 800, measurements made in
August and November 1989, showed a
levelling off of the lightcurve. Subse-
quent observations made in December
and January confirmed the reality of the
levelling off. This result, and its interpre-
tation as probably due to the presence
of a pulsar, has been communicated
recenfly in I.A.U. Circular 4933 (Janu-
ary, 1990) and the ESO Press Release
PR 01/90. It is presented in this issue of
the Messenger (page 41).

In conclusion, the main results con-
cerning the ESO/CTIO bolometric light
curve are:

At least up to day 800:

The sum of the observed flux (be-
tween 3200 A and 20 pm) with the ob-
served high-energy flux as fit by the
models, is consistent with SN 1987 A
being powered purely by the decay of
~0.07 Mg, of *®Co.

No more than 30 % of the thermal flux
can be due to an infrared echo without
violating the energy budget. Any pulsar,
IR echo or radioactive source other than
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56Co must have a luminosity inferior to
1.5x 10% ergs™".

At least from day 900 on, the
bolometric lightcurve lies above a linear
extrapolation from earlier epochs, which
implies that a hitherto undetected ener-
gy source started to contribute signifi-
cantly to the total energy output.

4.4 The Spectrophotometry

The infrared range is perfectly suited
for spectroscopic studies of super-
novae: in fact, whereas optical emission
lines are strongly temperature and den-
sity dependent, the infrared forbidden
line fluxes depend only weakly on tem-
perature (for T = 1000 K). In addition,
for several years after the explosion, the
densities in the ejecta exceed the critical
densities of most of the fine-structure
levels, so the line fluxes are independent
of the density in the emitting region.
Once the transitions become optically
thin, the masses of heavy elements in
the ejecta can be directly determined
from the IR line fluxes. Moreover, the
major IR continuum opacity in the H/He
gas envelope is free-free absorption,
which becomes small after several
months. In the mantle, where the heavy
elements are ionized, the total free-free
optical depth is small at infrared
wavelengths after ~6 months, and the
formation of optically thick dust in the
envelope produces a continuum (and
alters the gas phase abundances in the
ejecta). Our CVF spectra have been
used to determine the masses of the
heavy metals in the mantle, and particu-
larly for °®Co, through the observation of
the [Coll] line at 10.52 pm.

The modelling of the spectrum leads
to the conclusion that, at t = 1000 days,
an “Infrared catastrophe” should occur
as the radioactive heating rate drops
below the saturated, high temperature
cooling produced by fine structure lines.
At the time of this writing (January 1990)
this “catastrophe” has not yet occurred.

5. SEARCHING FOR THE PUL-
SAR: Christian Gouiffes/ESO

The duration of the neutrino burst de-
tected by the Kamiokande and the IMB
groups as well as its energy suggest
that a neutron star was born after the
explosion of the supernova SN 1987 A in
the LMC. If the conditions are not too
unfavourable (optical thickness too high
or a pulsar beam not pointing in the
direction of the earth for example) one
might expect to detect optical pulses
from the Pulsar.

We have started at ESO a continuous
search in order to look for the possible
emergence of this pulsar. The observa-
tions were carried out at different tele-
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scopes where the installation of a
photometer was possible:

® The 3.6-m telescope and the Danish
1.54 were the most used.

e The acquisition programme allowed
us a time resolution of 1 msec.

® The famous Crab Pulsar (which has a
period of rotation of 33 msec and is
bright enough to be detectable with cer-
tainty in a few seconds integration at the
3.6-m telescope) was observed when
possible to check our acquisition pro-
gramme.

After the announcement in January
1989 by Middleditch et al. (IAU Circular
4735) of the discovery of a nearly 2-KHz
periodic signal from SN 1987 A, we
modified our equipment in order to get a
sample rate of 10 KHz. In February
1989, SN 1987 A was observed at the
3.6-m telescope. The data, which were
immediately sent to Garching (Max-
Planck-Institut fir Physik und Astrophy-
sik) to be analysed, did not show any
significant signal, giving an upper limit of
magnitude 20 for the pulsar (Ogelman et
al., IAU Circular 4743).

We continue our monitoring at a rate
of approximatively 1-2 nights per
month. A Fast Fourier Algorithm de-
veloped by P. Grosbgl from ESO is used
at La Silla at the Sun computers to have
a quick look at the data a few hours after
their acquisition and react immediately if
something is wrong in the acquisition
programme or in case we detect some-
thing . ..

At the moment of writing, no signifi-
cant signal has been detected from SN
1987 A in the many hours of observa-
tions that we got. Even for this 1001
nights meeting no significant signal
came out.

The recent infrared observations (P.
Bouchet, this article) that show a level-
ling off of the bolometric lightcurve en-
courages us to continue our effort.

6. THE NEBULOSITY NEAR
SN 1987 A: E. Joseph Wampler/
ESO

Because the progenitors of type Il
supernovae were expected to be red
supergiant stars, there have been a
number of studies of the expected in-
teraction of a supernova explosion on
the remnant red supergiant wind (see
Chevalier, 1987 for an early discussion
of the SN 1987A situation and other
references). Beginning on about day 80,
narrow nebular lines were seen in IUE
spectra of SN 1987 A (Wamsteker et al.,
1987, Fransson et al., 1989). These lines
grew in strength for about 400 days and
then faded. This suggested that the
supernova is surrounded by a thin nebu-
lar shell with a radius of about 400 light-
days (~ 1.3 arcsec at the distance of the

Large Magellanic Cloud). On about day
300 the optical continuum had faded
sufficiently that nebular lines could be
seen in the optical spectral region, and
the extension of the nebular lines be-
yond the width of the supernova con-
tinuum spectrum indicated the presence
of a small bright nebula, about 2 arcsec
in diameter (Wampler and Richichi,
1989). It was already expected that the
blue supergiant phase of SN 1987 A that
occurred just before SN 1987 A ex-
ploded would produce a high density
shell of shocked gas around the pro-
genitor star. The UV flash that accom-
panied shock break-out in the first
minutes of the explosion would then
ionize the shell; the observed nebular
lines are a signature of the recombining
gas.

On August 29, 1989, UT, the NTT was
used to obtain images of the supernova
in conditions of 0.4 arcsec seeing; some
of these were published in the De-
cember issue of the Messenger. A com-
posite of more recent images taken on
December 18 by Sandro D’Odorico and
Massimo Tarenghi is shown here in Fig-
ure 6. We are indebted to them for per-
mission to publish their data here. With
the stellar images subtracted, it is seen
that the nebula consists of three main
structural components: an inner oval
nebula, an outer filamentary loop north
and south of the inner nebula and a
“light echo” that is shaped like “Napo-
leon’s hat” and extends to about 6 light-
years to the north of the supernova. The
inner structure of the nebula appears to
be morphologically very similar to galac-
tic planetary nebula.

it has been supposed that planetary
nebulae begin during the red giant
phase of a star’s evolution, but that their
complex structure results from an in-
teraction between the red giant wind
and the wind and radiation from the
subdwarf nucleus (Balick, 1987; Balick
and Preston, 1987). Because SN 1987 A
never became a subdwarf and after its
red giant phase it was only a blue giant
for a short period of time these observa-
tions may prove useful for constraining
models of planetary. nebula formation.
Even if the nebulosity around SN 1987 A
is classified as a planetary nebula, it is
not likely that SN 1987 A is the first
observed supernova to explode inside a
planetary nebula. Dickel and Jones
(1985) have suggested, on the bases of
modelling Tycho’s supernova remnant,
that Tycho’s supernova (a type-| super-
nova) exploded inside a planetary
nebula.

We are very fortunate to have had a
nearby supernova explode in our
lifetimes. At the present time the studies
of the expanding envelope and the
surrounding nebulosity can proceed in-



dependently, but soon the two will begin
to interact and we can expect even
more fireworks!

7. WHAT THE STORY TEACHES
US: Patrice Bouchet/ESO

The following is certainly not intended
to be a complete review of the subject
(for this purpose, the reader may refer to
Arnett et al., 1989 and Hillebrandt and
Hoflich, 1989), but rather a brief
summary, from an observer's point of
view, of the highlights of SN 1987 A.
(Note that additional references can be
found in these two reviews.)

7.1 The “Peculiarities”

The fact that the progenitor was a
blue supergiant has certainly been the
first surprise of SN 1987 A. However, it
was already known before SN 1987 A
exploded, that a low metallicity and/or
an extensive mass loss could lead mas-
sive stars to such a blue phase. Only the
effects of an appropriate mixing seem to
have been studied after the explosion of
the supernova. The blue appearance of
the progenitor is probably due to these
three interconnected effects, and it is
therefore not considered anymore as an
extraordinary characteristic of SN
1987 A, but rather as one possible road
in the stellar evolution. However, it is
worth noting that it is thanks to SN
1987 A that we are now aware of it!

The second surprise was the relatively
low luminosity of SN 1987 A relative to
other “normal” SN lls: this has been ex-
plained as a consequence of the more
Compact structure of the progenitor.
Moreover, as we have seen above, the
bolometric lightcurve is perfectly inter-
Preted in the same frame and with the
same mechanism as those used for
other SN lIs. In particular the role of the
radioactive decay of “°Co to power the
lightcurve is a confirmation of the first
Suggestions made by Weaver and
Woosley (1980).

. It turns out, then, that the main “pecu-
liarity" of SN 1987 A is that it could be
seen! Selection effects (like extinction
and distance) favour, indeed, the detec-
tion of bright explosions (in visible light).
And, for instance, if the same supernova
Would explode near Cass A (which is
Closer but in a region of high extinction),
It could only be detected as a neutrino
émitter and (perhaps) as an infrared
Source. This leads one to question the
Present supernova rates.

~The (relative) proximity and low ex-
llhction of this supernova allowed inten-
Sive and complete studies, which
Proved the absolute necessity of such
Observations in order to get a trustwor-
thy picture of what was going on. For

Figure 6: A composite image in [Olll] and [NIl] light of the nebulosity near SN 1987 A. The

images were taken with the NTT by S. D'Odorico and M. Tarenghi on December 18, 1989. The
images of SN 1987 A and its two field stars have been removed in order to show the nebular
structure more clearly. North is up and East is to the left. The size of the figure is 14 x 13

arcsec.

instance, the use of SN 1987 A to check
the reliability of the absolute fluxes de-
duced from theory, showed that the
models have to be quite sophisticated,
and that a large amount of observational
data has to be available. It now seems
dangerous to use SN lls as a kind of
standard candles.

7.2 The New Concepts

The detection of the neutrinos a few
hours before the explosion indicates the
formation of a neutron star: this is the
first direct evidence that this can really
occur! These direct observations have
been used to place new constraints on
the fundamental properties of such par-
ticles (rest masses, lifetimes, magnetic
moments, mixing angles, etc.), on im-
portant physical quantities such as the
nuclear equation of state, and on the
existence of exotic particles (axions and
majorons). This is especially interesting
as axions can be of importance in cos-
mology as candidates for the dark mat-
ter. However, although numerical simu-
lations have reproduced the luminosity
and the spectrum of those neutrinos,
none could account for the energy ba-
lance of the explosion. Clearly, some-
thing is still missing in the current
models.

Another important new concept intro-
duced by the observations of SN 1987 A
refers to the presence of an in-
homogeneous mixing of shells of differ-
ent chemical composition. In fact, mix-
ing occurred:

e Before the explosion (induced by
large-scale motions due to the rotation
of the progenitor). This makes the
academic dogma of an onion-shell-like
structure (before the explosion) quite
obsolete.

e During and after the explosion (due to
Rayleigh-Taylor instabilities or to the ex-
pansion of hot bubbles of radioactive
Nickel). This was realized because of the
early detection of X and v rays, the need
to match the theoretical models to
the observed bolometric lightcurve
(“plateau”), and the interpretation of the
visible and infrared spectra.

Finally, a major discovery was the de-
tection by the ESO team of dust conden-
sation in the metal rich ejecta with a
clumpy distribution (Danziger et al.,
1989, Lucy et al., 1989, 1990). One of the
firstimplications of this discovery may be
that the isotopic anomalies observed in
meteorites can be explained in terms of
dust of elementary and isotopic com-
position characteristics of the ejecta of a
supernova which has condensed before
being diluted into the primitive nebula of
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normal isotopic composition (Clayton,
1982). It seems then plausible that at
least one supernova exploded in the
vicinity of the proto-sun, some 10° years
before its formation (Lee, Pappanas-
stassiou and Wasserburg, 1976).

7.3 The Open Questions

Although the appearance of SN
1987 A has led to new concepts as well
as an extraordinary improvement in our
understanding of type-ll supernovae,
some points remain obscure:
® The amount of dust condensed and
its possible contribution to the total
amount of dust in the galaxies. As
pointed out by J. Wampler during this
colloquium, the dust formed in the ejec-
ta is expelled at great velocity and soon-
er or later will have to slow down, with a
high probability of being destroyed.
® The enrichment of the circumstellar
and interstellar matter in heavy elements
(Danziger et al., 1990 were first to deter-
mine abundances and they show that
there are large uncertainties in the quan-
titative estimates which are strongly
model dependent).
® The stimulating role in star formation
in dense intersteliar clouds (Opik, 1953;
Herbst, 1977). Klein (1990) showed that
the clouds could be destroyed in Ray-
leigh-Taylor time scales, and give rise to
fragmented small clouds which could
prevent star formation.
® The determination of H, through a
thermal interpretation at maximum visi-
ble light (Branch, 1977, found H, = 49 +
8 kms™ Mpc™"). With the VLBI, Bartel
(1990) estimated the distance to the
LMC and deduced H, = 60 + 20 kms™"
Mpc™', which in itself is not so new.
However, Bartel stressed the point that
he could get a far higher accuracy
(~20%) by radio interferometry with
Arecibo and VLBI.

On the other hand, some points tradi-
tionally related to the supernova
phenomenon, or still speculative
theories, have not received any input yet
from SN 1987 A. Among them are the
following ones:
® The relation between supernovae and
phenomena observed in quasars;
® The acceleration of galactic cosmic
rays in the shock wave fronts created by
the explosion;
® The role of supernova induced star
formation in producing and sustaining
spiral structures in galaxies (Mueller and
Arnett, 1976; Gerola and Seiden, 1978);
® The possibility that supernova explo-
sions that took place during the first
billion years or so after the big-bang (at
a time when the galaxies we see today
had not yet formed) impressed on the
universe its large-scale structure (Os-
triker and Cowie, 1981; Ikeuchi, 1981).
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As one can see, future topics of inter-
est are not missing! Much has still to be
done to exhaust all the information col-
lected during these first 1001 nights of
observing SN 1987 A. These observa-
tions will be continued at La Silla, espe-
cially in the infrared and sub-millimetre
ranges, where more than 80% of the
energy is now concentrated. We will
also witness the birth of the remnant,
watching for any kind of surprise. New
telescopes and new detectors will soon
be in operation, and new exciting results
will certainly be obtained.
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The Bolometric Light
Curve of SN 1987 A

Continuing IR photometry in the J, H,
K, L, M, N1, N2, N3, Q bands at ESO -
La Silla combined with UBVRI photome-
try reported from CTIO (IAUC 4881,
4910) shows that the bolometric light
curve on 10 November 1989 (day 991)
lies 1 x 10% ergs s™' above a linear ex-
trapolation from earlier epochs (Suntzeff
and Bouchet, A.J. 1989, in press). This
levelling off was aiready apparent for the
previously observed day 14 August
1989 (day 903) though at a lower level of
significance and is confirmed by obser-
vations in less than ideal conditions on
20 December 1989 (day 1030) when
black body fitting gives T = 160 K and
log L = 38.30 + 0.05. Because more
than 80 per cent of the flux is now
emitted redward of the M band, the
levelling off is almost completely due to
the near constancy of the flux integrated
over the M, N, Q bands for days 903,
991 and 1030. This implies that a hither-
to undetected energy source is now
contributing significantly to the total
energy output. If it were due to 57Co, the
original amount would have to be 20-25
times the anticipated 0.0017 solar
masses (Woosley and Pinto, Workshop
on Gamma-ray Spectroscopy, 1988),
but this is contradicted by the observed
[Coll] 10.52 p line strength on day 526
(Danziger et al., Proceedings of Santa
Cruz Workshop, July 1989). A thermal
echo from external dust seems unlikely
since it would coincidentally need to
have a colour temperature (150—180 K)
similar to that of the SN’'s emission.
Moreover, the corresponding scattering
echo (cf. IAUC 4746) is not evident in the
smooth UBVR light curves (IAUC 4881,
4910). Nevertheless, CCD frames
should be inspected for new echoes
within 5 arcsec of the SN.

Uncentainties in luminosities derived
by fitting black body curves to the far-IR
data have been checked using emission
curves for isothermal dust clouds of as-



tronomical silicate. With a dust mass
0.05 solar masses, inefficient dust emis-
sion at A > 30 p lowers the luminosity by
only 0.1 dex.

Pulsar emission, absorbed and re-
radiated by dust in the ejecta (JAUC
4746), seems the most likely explana-
tion of our observations. Other spec-
troscopic signatures of such input
should be sought.

Subsequent IR observations in Janu-
ary and February 1990 substantiate the
flattening of the light curve.

P. Bouchet, I.J. Danziger, L.B. Lucy
(ESO)

The bolometric light curve of Supernova
1987A »
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A Photometric Study of the Bright Cloud B in Sagittarius
A. TERZAN, Observatoire de Lyon, St-Genis-Laval, France

1. Introduction

The study of the intrinsic properties of
variable stars provides important infor-
mation about stellar populations in the
galactic bulge. The period of a variable
star has the advantage of being inde-
pendent of the distance, whereas the
general distribution of stars in a colour-
magnitude diagram is strongly influ-
enced by the interstellar absorption.

1t is this particular property of the vari-
able stars which has led to numerous
photographic studies since 1951 in the
direction of the galactic centre, in order
to detect such stars and to measure the
distance between the Sun and the
Centre of our Galaxy. In the course of
this work various objects have been
studied, such as the areas around the
globular cluster NGC 6522 and the sour-
ces Sgrl and Sgrll in which many vari-
ables of the RR Lyrae type have been
detected (blue variables, giants of spec-
tral type A-F with 0.2 < P < 0.5 and A
(amplitude) < 0.8, distance indicators
used in particular for the determination
of the extragalactic distance scale).

But the study of red variable stars in
these regions is even more important
and fruitful because we know that M-
type giants are a major component of
the stellar population in the central re-
gions of galaxies of types E, SO and Sb
(our galaxy is of type Sb or more exactly
SAB (rs) bc according to de Vau-
Couleur’s classification scheme).

In 1958, Nassau and Blanco (1958)
were the first to prove, with the help of
objective prism plates, that there exists
a large number of M giants in the field of
the globular cluster NGC 6522. This
work was later followed and enriched by
V and | plates (Klube, 1966), on which
the detection of M giants was facilitated
by means of the large values of the
colour index (V-I).

On the other hand, the accumulation
of photographic data in J, H, K, L of the
Johnson system for long-period vari-
ables (LPVs) detected in the Magellanic
Clouds and in the solar neighbourhood
(Wood and Bessel, 1983), as well as the
refinement of the pulsation theory for
Mira Ceti type variables (Fox and Wood,
1982) have permitted the deduction of
certain fundamental physical properties
of the LPVs. It was in this way that Wood
and Bessel, in 1983, were able to show
that the LPVs near the galactic centre
differ considerably from those in the
Magellanic Clouds and in the Local
Group: While the J-K colours in these
three regions are practically the same
for P < 250 days, the LPVs near the
centre of the Galaxy are particularly red
when compared to other variable stars
of the Mira Ceti type and they are all
stars of spectral type M.

In 1965, working in particular in the
red and near infrared photographical re-
gions of the spectra (Asy ~640 and
830 nm), | detected 421 red variable

stars (Terzan 1965, 1966, in the field of
one square degree centred at the star
45 Oph (o = 17" 24T 1; § = —29° 49'),

In the same year, Arp (1965) studied
the particularly important question
about the contamination of the popula-
tion in the region of NGC 6522 by the
projection in the same field of the im-
ages of the stars situated between the
cluster and the Sun. He concluded that
about 90% of the stars which have a
colour (B-V) = 1.0 are indeed stars at
large distance which belong to the
population in the central region of the
Galaxy and resemble a stellar cluster
and where the difference in magnitude
from the centre to the exterior (in the
direction from the galactic centre to-
wards the Sun) is only 0.3 mag.

In 1966, Clube demonstrated that the
stars which have V > 15.5 and B-V >
1.6 are mainly situated in the galactic
bulge.

Then, in 19786, Lloyd Evans (1976) af-
ter a comparison of V and | plates taken
in three selected fields towards the
galactic centre (NGC 6522, Sgrl, Sgrll),
confirmed the predominance of red
stars in the galactic bulge. He detected,
in particular, 121 red variable stars of
the Mira Ceti type having periods signifi-
cantly longer than those located in
globuilar clusters.

This short historical overview in which
only a few important steps in the study
of the content of the galactic buige have
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been mentioned, shows how interesting
it is to continue the photometric study of
the central region of the Galaxy, in order
to enrich our knowledge about the con-
tent of the galactic bulge and to search
for those objects (variable stars, open
and globular galactic stellar clusters,
diffuse objects, galaxies, proper motion
stars, planetary nebulae, etc.) which
populate the bright cloud B in
Sagittarius or are seen in this central
direction of the Galaxy.

2. Plan and Method
of Working

The plan and method of working, the
chronology and place of the observa-
tions, the method of dividing into 4 parts
a large field of 10" x 10° centred on
the star 45 Oph, the reason for the crea-
tion and study in the first place of a
central field O and the description of the
proposed stages in the advancement of
the programme of work have been de-
scribed previously (Terzan, 1977; Terzan
et al., 1982; Terzan and Turati, 1985;
Terzan and Ounnas, 1988).

When the analysis of our U, B, V and
R plates, covering a field of 10" x 107,
centred on star 45 Oph, is finished, we
will undertake an individual study of all
these new variable stars, in order to
determine for the majority of them the
period, the amplitude and the type as
well as a study of the spatial distribution,
not just in square degree but also in the
different types of variability.

The last phase of this programme will
necessitate a great deal of work in
photoelectric or photographic photome-
try in one or several of the four chosen
spectral domains U, B, V and/or R as a
function of their luminosity.

Thus we hope to reach the final goal
of our research which is essentially the
analysis (detection and study) of the ob-
jects populating the galactic bulge and
offering a very rich subject matter to
contemporary astrophysics and en-
abling us to advance our knowledge of
the central region of the Galaxy.

3. Variable Stars

3.1 OBSERVATIONS

All of the photographic plates studied
for the present work originate from two
series of observations made:

— in June-July 1968, by Terzan at the
48"  Schmidt  telescope  (f/2.44,
67”1 mm ') of Mount Palomar Observa-
tory, on 10" x 10" plates;

— since 1976, by technical collaboration
of Schuster at the ESO 1-m Schmidt
telescope (f/3, 67'5mm™') of ESO/
Chile, on 12" x 12" plates.
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Figure 1: New variable stars detected north of the globular cluster Terzan 1: «« = 17" 32™ 35,

6 =-30"26" 18"

Top: R plate (A, = 6400 A) No. 3716, taken on April 16, 1980 with the ESO Schmidt telescope

on La Silla.

Bottom: R plate (h.y = 6400 A) No. 3757, taken on June 12, 1980 with the ESO Schmidt

telescope.

3.1.1 Detection

The blink microscope of the Obser-
vatoire de Lyon was used to make com-
parisons among all the B, V and R plates
of the fields A, D and B. Equipped with 5

eyepieces of different magnification, the
mechanical, optical and electronic per-
formance of this instrument enables the
detection of a difference in brightness of
the order of 0.2 mag and the reading,
with a precision of +3 of the X; Y



coordinates
origin.

On the other hand, the provision, on
one of the beams which scans the plate,
of an optical system comprising two
lenses, enables, by making small
changes in positioning, the compensa-
tion
~ for the difference in focal length
occurring between the exposure of
plates (at the same telescope) on differ-
ent occasions, or
— for the difference in scale between
two plates originating from different te-
lescopes but with comparable scales
(671 mm™" for Palomar Schmidt tele-
scope/B7"5 mm™" for ESO Schmidt te-
lescope).

relative to an arbitrary

3.1.2 Measurements of the coordinates
(o, 8; 1, b)

The measurement of the coordinates
X and Y of each variable star and their
transformation into a and & (equinox
1950.0) and then into | and b, was done
at ESO Garching with the microdensi-
tometer S 3000-Optronics.

The precision of the measurements
for a and 6 is + 073.

3.2 RESULTS

3.2.1 Variable stars of types L and/or M

In chronological order of the reduc-
tions, we have detected:
~ Field O: 621 red variable stars (Terzan
et al., 1982) (Fig. 1)

- Fields A + D: 1592 red variable stars
(Terzan and Ounnas, 1988)

~ Field B: 1238 red variable stars (Ter-
zan, 1990)

In all 3451 stars.

The histogram (Fig. 2) shows N, that is
the number of stars for which it has
been possible to determine the “ob-
served amplitude”, in amplitude steps of
dm = 0.5 magnitude. It shows that

(1) of a total of 1862 variable stars,
503 have an amplitude between 2.1 and
3.0 magnitudes. This is only a prelimi-
nary result, because of the 3451 new
variable stars discovered in fields O + A
+ B + D, we have only been able to
define A = R [max] — R [min] for 1852 of
them. The others have a R [min] which is
uncertain: approximately equal to or
fainter than 18 mag.

The grouping of these 493 variable
stars in an amplitude interval between
2.1 and 3.0 mag. leads us to formulate
the hypothesis that in the direction of
the galactic centre the variable stars of L
and/or M type are probably more
Numerous than in other regions of our
Galaxy.

The confirmation or the disproval of
this hypothesis is only possible after the

termination of the studies of the vari-
ables in the remaining field C and the
construction of the light curves and the
determination of the type of variability
for all of the variables which have been
discovered.

(2) The number of variable stars de-
creases very rapidly towards large am-
plitudes.

3.2.2 Cepheids and/or RR Lyr type
variable stars

The detection and the study of new,
short-period variable stars of RR Lyr
and Cepheid type is the subject of
another research programme which will
follow and complement the current
work.

We already have many U and B plates
covering the fields O, A, B, C, and D. An
UBV photometric sequence has already
been established (Terzan and Bernard,
1981) for the future measurements. For
the time being, we try to enlarge our
plate collection, by repeating the B ob-
servations, 2 or 3 times each night, in
order to establish the light curves (for
the RR Lyr variables) by means of a
large number of measurements.

4. Planetary Nebulae

In view of their spatial distribution —
mainly in the galactic plane with a strong
concentration towards the glactic centre
— the current study will eventually lead
us towards the discoveries of new
planetary nebulae. The number of
planetary nebulae known in our Galaxy
is now 1180, cf. the new catalogue by
Acker (1990).

It is estimated that the total number
may be of the order of 20,000, but this is
only an approximate estimate in view of
the uncertain knowledge of the distan-
ces, even if Ry, the distance between
the Sun and the galactic centre, is quite
well known.

What concerns the detection of new
planetary nebulae in the direction of the
galactic centre, the possibilities are
rather small because optical studies in
this direction are made very difficult by
the strong and very irregular extinction
over the entire field. Contrarily, planet-
ary nebulae are strong emitters in the
far-infrared spectral region and the IRAS
(Infra-Red Astronomical Satellite) mea-
surements can help us to make new
identifications. The IRAS Survey in the
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Figure 3: Identification charts in B and R of a
new possible planetary nebula: « = 17" 39™
24% 6 = -25° 44’ 05!'5: | = 2.3, b = 2.3.
Paosition on ESO/R (No. 520): X = 102 mm;, y
=110 mm.

12—1000 nm region overcomes the diffi-
culty of the strong extinction in the visi-
ble region. But the limited spatial resolu-
tion of the IRAS measurements (3—5
arcminutes) is an inconvenient obstacle
for the identification of individual objects
and it gives no information about their
morphology.

Despite all the advantages and disad-
vantages of the choice of observation
(photographical or IR), the continued
study of our UBVR plates of the central
region of our Galaxy has enabled us to
discover 10 new PN candidates (Terzan
and Qunnas, 1988) in fields A and D.
After the photometric study of field B,
this list has been enlarged by 16 other
candidates.

Figure 3 shows photographic repro-
ductions in B and R of one of our most
recent PN candidates.

This demonstrates that good plates
always have surprises in stock for us
and that “The ESO/SERC Survey of the
Southern Sky is by far not exhausted of
its riches!” (Saurer and Weinberger,
1987).
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5. The Discovery of Galaxies
in a Direction Near the
Galactic Centre

In 1978, | detected three diffuse ob-
jects (Terzan et al., 1978a, b) 2 degrees
west of the galactic centre, and only 5
degrees from the galactic plane. These
detections were made on ESO Schmidt
telescope plates and were subsequently
confirmed by photographic observa-
tions with the ESO 3.6-m telescope.
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Figure 4: High proper-motion star Terzan 31: « = 17" 28™ 4979, & = —29° 48’ 58.4; my,, =
m, = 15.0, u = 07585, 0 = 215°.

Top: R plate (A, =
the Mount Palomar Observato
Bottom: R plate (A.y =
telescope.

In 1980, when 24 other diffuse objects
in the same region were announced
(Terzan and Ju, 1980), | put forward the
hypothesis that most of them could be
galaxies, seen through a "second trans-
parent window”, a region with less inter-
stellar obscuration. Unfortunately, the
observed images did not allow any mor-
phological study.

The possible confirmation of the ex-
tragalactic nature of these objects
necessitated the establishment of a new

- 6400 A) No. PS 3753, taken on June 24, 1968 with the Schmidl telescope of

6400 Z No. 5205, taken on August 1, 1983 with the ESO Schmidt



observational programme and the tak-
ing of plates with a large telescope.

In 1981, Johnston et al. (1981), during
their search for an optical counterpart of
the extended X-ray source detected
with the HEAO 1 Scanning Modulation
Collimator near 4 U 1708-23 (| = 09 5;
b =99 4), found an anonymous z = 0.03
cluster of galaxies (CL 1709-233), the
Ophiuchus Cluster which falls outside
the northern limit of a field. Withina2< 1
x 296 rectangle, centred on their so-
called “dominant central galaxy” (17"
0em 25%6; -23°18'35", 1950.0),
Johnston et al. have found 108 galaxies
and they suggest that the steep-spec-
trum radio source MSH 17-023 is
associated with this cluster.

The successive additions to this list of

diffuse objects (originally defined as
“galaxy?” or “nucleus of galaxy?” (Ter-
zan, 1985; Terzan and Ounnas, 1988;
Terzan, 1990) have now confirmed our
hypothesis (Terzan, 1985), namely that:
- there is indeed a “second transparent
window”, very near the galactic centre,
near the north-east border of the Bright
Cloud B in Sagittarius,
- the extent of the Ophiuchus Cluster is
considerably greater than 291 x 291,
- the number of objects which populate
it is well above 108 (Johnston et al.,
1981).

In June 1986, an observing pro-
gramme of the Ophiuchus Cluster in
UBVR with the ESO Schmidt Telescope
was carried out with great success.

The reduction and the continued
Study of the new plates will permit us to
count accurately the galaxies which
populate this cluster, as well as to deter-
mine the morphological types, their dis-
tribution in the cluster. Moreover, it will
tell us how large the window is and also
the size of the cluster.

6. New Stars With Proper
Motions u > 0.2 arcsec/year

In 1980, 42 nearby stars were de-
tected in the direction of the galactic
Centre (Terzan et al., 1980) by means of
their large proper motions, above 0.2
arcsec per year. One of these (No. 31)
had already been mentioned in 1964
(Terzan, 1964) as having a large motion
(Fig. 4).

In 1988, the measurements and the
study of our plates of fields A and D had
enabled me to detect a total of 185
other, new stars with proper motions in
excess of 0.2 arcsec per year (Terzan et
al., 1988).

When the measurements of all plates
of fields O, A, B, C and D have been
Completed, we shall start a photometric
Study of these stars, in particular a study
of the white dwarfs which may be
among them.

Name X-ray source designation

Terzan 1 XB 1733-30 (Makishima et al., 1980)
Terzan 2 XB 1724-31 (Grindlay, 1978)

Terzan 3 XB 1745-25 Makishima et al., 1980)

A preliminary observing period (Ter-
zan, May 1989, 1-m telescope with the
QUANTACON  photometer, UBVRI)
within this programme resulted in the
measurement of 58 stars, each at least
twice over 6 nights (r.m.s. = = 0.02

‘mag), but not a single white dwarf was

identified.

7. Open and Globular
Stellar Clusters

7.1 OPEN CLUSTERS

The presence of a “grouping” of some
bright stars on a photographic plate
within a relatively small area (~1' -2') is
by no means proof of the existence of
an open galactic cluster, especially in
the central direction of the Galaxy. This
“grouping”, which often is the image of
a real open cluster, may sometimes only
be the result of a simple “projection”
effect of star images in a given direction.
for this reason, photometric studies are
absolutely necessary.

For instance, object No. 20 (Terzan
and Ju, 1980), visible on UBV and R
plates, seems to be an open galactic
cluster. However, before its true nature
can be confirmed, it is necessary to
establish and discuss the U-B/B-V and
V/B-V diagrams following UBV mea-
surements of all the stars supposed to
be “members” of this cluster.

7.2 GLOBULAR CLUSTERS

In 1966, a total of 112 globular clus-
ters were known in our Galaxy. In 1972,
after extensive photographic observa-
tions and careful reduction of the plates
obtained in the red and near-infrared
photographic wavelength region, result-
ing in the discovery of 11 new globular
clusters (Terzan 1-11), this number had
increased to 123. This represents an
increase of 10% of the number of ob-
jects, which are the oldest known ob-
jects, showing up soon after the Big
Bang and whose chemical composition
is related to that of galaxies in their
earliest evolutionary stages and whose
ages constitute an important observa-
tional parameter for cosmological mod-
els. As an important particularity we may
mention that the globular clusters Ter-
zan 1, 2 and 5 are “extended X-ray
sources”, detected with the HEAO 1
Scanning Modulation Collimator.

At present, after the recent discovery
of three other galactic globular clusters
by Djorgovsky (1987), their total number

amounts to 130. To this list must be
added another 13 “candidates” (Terzan,
1985, 8 objects; Terzan, 1990, 5 ob-
jects), whose detailed morphological
study is envisaged in June 1990 at the
ESO 1.52-m telescope.

Conclusion

The importance of this kind of re-
search consists not only in the large
number of discoveries of many new
members of the one or the other group
of objects (variable stars, planetary
nebulae, open or globular stellar clus-
ters, proper-motion stars, galaxies,
etc.). Above all, it should be stressed
that the availability of an extensive col-
lection of observational data now en-
ables us to proceed with a detailed
study of the objects which populate the
galactic bulge. It provides modern as-
trophysics with a vast material and
promises to increase our knowledge
about the central region of our Galaxy.
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First Evidence of DIB Carriers in the Circumstellar Shell of a

Carbon Star
T. LEBERTRE, ESO

The origin of the diffuse interstellar
bands (DIBs) represents one of the
longest standing unsolved problems in
astronomy. Although it is well estab-
lished that they originate in the interstel-
lar medium, no convincing identification
of the responsible agent(s) has yet been
made. They could be produced by large
molecules, e.g. the fashionable poly-
cyclic aromatic hydrocarbons (PAHSs), or
by atoms adsorbed on interstellar
grains. A search for DIB features in stars
with circumstellar dust shells (CDSs),
carried out twenty years ago, was un-
successful. It was therefore inferred that
the DIB agents are not present in the
circumstellar environments of late-type
stars. Since then sky surveys have been
made in the infrared range and have
revealed the existence of numerous red
long-period variables, very often en-
shrouded inside dense CDSs; most of
these objects are miras evolving
through the asymptotic giant branch
(AGB). There is growing evidence that
these sources are among the main con-
tributors to the replenishment of the in-
terstellar medium. In these conditions,
the absence of DIBs in the spectra of
late-type stars appears puzzling. With
the new instruments and better detec-
tors available today, it seems worth to
readdress observationally this problem.

However, the search for DIB features
in late-type star spectra is difficult: one
should extract features with probably
small equivalent widths against a com-
plex background of blended lines com-
ing from the star. An ideal case one
would dream of would be that of a bi-
nary system made of an early-type star
close to a late-type star either inside its
CDS or on the other side of it with
respect to us. In such a case, one would
be able to probe the circumstellar envi-
ronment by its absorption effects on the
early-type spectrum. The companion
should be bright enough in order to
allow acquisition of spectra with a good
signal to noise ratio. In practice, this
means that white dwarfs are excluded;
therefore, if the two objects are phys-
ically associated, the companion should
be less evolved which means that it can
be neither a supergiant nor a star earlier
than B2. The line of sight to the com-
panion should pass very near the late-
type star in order that the extinction is
significant, but not too much if one
wants to get the spectrum of the com-
panion separately. Practically, with the
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present instrumentation, it means a dis-
tance between 1 and 2-3" for miras up
to ~2 kpc.

It does not seem that a systematic
search for such cases has ever been
done. It is difficult to estimate their prob-
ability of occurrence as it depends on
many factors, related to the formation
and evolution of binary systems, which
are still not well known. However, we
can suspect that it is not too small since,
serendipitously, one such case was
found. In a detailed presentation of ob-
servations obtained on CS776 [1], it is
shown that this carbon star has a com-
panion of type A3. The companion is
physically associated to CS776 and at a
distance of slightly less than 27 it is
significantly reddened (Ag ~ 2). A
kinematic distance of 1.3 kpc can be
deduced from 2.6 mm CO observations;
the projected separation of the compan-
ion and the carbon star is therefore
~ 2000 AU. From the mapping of inter-
stellar extinction around CS776, it
appears that there is no significant inter-
vening material; therefore, the redden-
ing of the companion should be due
to the circumstellar material lost by
CS 776.

The companion of CS776 was ob-
served in April 1989 at the ESO 1.5-m
telescope equipped with its recently im-
proved spectrograph [2]. A slit-width of
1.5” was used; the detector was an RCA
CCD (ESO No. 13) with pixel size 15 um.
The companion spectrum could be re-
gistered separately from the one of
CS776 thanks to the combination of
good seeing conditions (< 1") and excel-
lent optical quality of the refurbished
telescope and instrument. For compari-
son, a bright unreddened star of spec-
trum A3 was also observed. A division
of the object spectrum by the unred-
dened star spectrum allows the cancel-

lation of the stellar features and an easy
search for features due to agents in the
CS776 circumstellar shell. Also, care
was taken to observe both objects at
same airmass for cancelling effectively
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Figure 1: 4300—4600 A spectrum obtained in
April 1989 at the ESO 1.5-m telescope; spec-
tral resolution is ~7 A (FWHM). The position
of the feature at 4430 A is marked.
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Figure 2: 5700-6000 A spectrum; the posi-
tion of the feature at 5780 A is marked. The
sodium doublet at 5690 A is almost resoived.

EDITORIAL NOTE

“Discovery of a Low Mass B[e] Supergiant in the SMC” by M.
Heydari-Malayeri, ESO (The Messenger 58, 37)

Due to a most regrettable incident, a manuscript by Dr. M. Heydari-Malayeri, ESO, La
Silla, prepared for the European journal Astronomy & Astrophysics, was published in
the December 1989 issue of the Messenger. The error occurred as a result of a highly
unlikely string of individual events during the editorial process. Although publication in
our journal automatically excludes publication of the same manuscript in Astronomy &
Astrophysics, we have been pleased to learn that the editors of Astronomy & Astrophy-
sics have decided to make an exception in this particular case and to publish Dr.
Heydari-Malayeri’s article (with a few, minor changes) in one of the forthcoming issues
of that journal. | have expressed my sincere apologies to all involved and immediately
taken the steps necessary to avoid such mistakes in the future.

R.M. West, Messenger editor
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Figure 3: 6100-6400 A spectrum. The posi-
tion of the feature at 6284 A is marked.

telluric features; this is important for the
DIB at 6284 A which is affected by an O,
atmospheric band. Grating No. 21 was
used in the range 3860-6690 A. The
spectral resolution was ~7 A (FWHM).
The strongest certain DIBs [3] were
searched for in the ratioed spectrum. in
this spectrum, the DIB at 4430 (Fig. 1),
5780 (Fig.2) and 6284 A (Fig.3) are

clearly detected, but not the one at
5797 A (Fig. 2).

The presence of DIB carriers in a car-
bon star CDS is of importance. It sug-
gests that at least some of them are
carbon-rich and gives support to the
hypothesis that some type of PAHs are
responsible agents. If PAHs are indeed
DIB carriers, it means that the carbon
star CDSs are among the sites of forma-
tion of PAHs; carbon-rich planetary
nebulae were already known as sites of
formation of PAHSs (see for instance [4]).
The ratio of the equivalent widths of
5780 to 5797 A is ~2 in the interstellar
medium [3]; the non-detection of 5797 A
in the CS776 companion spectrum
gives support to the principle of dividing
DIBs into families [5]. A recent work
carried out at ESO [6] shows that the
DIB carriers and the 2175 A feature
carriers (most probably small graphite
grains) do not share the same origin.
The presence of DIB carriers around
CS776 suggests that graphite grains or
their progenitors are not formed there,
and lets little room for the existence of
pure-carbon dust in carbon-rich CDSs.
It is worth to remind that, around carbon

PHL 1222: an Interacting Quasar Pair?

G. MEYLAN, Space Telescope Science Institute, Baltimore, Maryland, USA
S. DUORGOVSKI and N. WEIR, Palomar Observatory, California Institute of Technology,

Pasadena, California, USA

P. SHAVER, European Southern Observatory

The “By-Product” of a Survey

The origin of quasars and Active
Galactic Nuclei (AGN) is one of the out-
standing problems of modern ex-
tragalactic astronomy. Mergers and
Qravitational  interactions  between
galaxies are probably more frequent at
large redshifts, and may lead to the
appearance of quasars and other AGN.
As a matter of fact, there is now an
increasing body of evidence — from ob-
Servations and computer simulations —
that gravitational interactions between
Qalaxies may be somehow responsible
for the onset and fueling of the nuclear
activity (e. 9., Hernquist 1989, and refer-
ences therein).

Three close pairs of quasars or AGN
at large redshifts have been discovered
recently: PKS 1614+051, QSO + AGN,
at z = 3.215 (Djorgovski et al. 1985,
1987 a), PKS 1145-071, QSO + QSO, at
Z = 1.345 (Djorgovski et al. 1987b), and
QQ 1343+266, QSO + QSO, at z =

2.030 (Crampton and Cowley 1987). in
these three systems we may be
witnessing the triggering events re-
sponsible for the nonthermal activity in
both objects, i.e., the birth of pairs of
AGN at redshifts where the comoving
density of quasars was close to its max-
imum. Their further study, and discov-
eries of more such systems, can help us
to better understand the processes re-
sponsible for the origin and mainte-
nance of nonthermal activity in the cores
of galaxies.

We report here the discovery of a
close pair of quasars, possibly the most
interesting system of its kind, known as
PHL 1222 = UM 144 = QSO 0151 +048.
It is composed of a close physical pair
of QSOs with similar redshifts, z = 1.91,
and separated by 3.3 arcsec (Meylan et
al. 1989, 1990).

The discovery of such pairs of
quasars is the by-product of a survey for
gravitationally lensed quasars. We are

stars, there is unambiguous observa-
tional evidence of only SiC and MgS
grains.

Finally, most studies of DIBs are
made at high-spectral resolution (R >
10,000). This is required if one wants to
separate the components due to several
intervening clouds but limits the sample
of observable objects to bright ones and
the sample of DIBs to narrow ones.
However, the mere detection of DIBs
does not necessitate such spectral res-
olution and the advantages of working
at a lower resolution (~1000) are ob-
vious.
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conducting such an optical imaging sur-
vey, with a spectroscopic follow-up for
the promising cases. A sample of known
QSOs has been selected on the basis of
apparently large absolute luminosities
and high redshifts. So far, this survey
has yielded one close pair of possibly
interacting quasars, PKS 1145-071
(Djorgovski et al. 1987 b), one very prob-
able gravitational lens, UM 425 (Meylan
and Djorgovski 1989), several other
promising lens candidates, and several
cases of foreground or associated
galaxies within a few arcsec from the
quasars (Djorgovski and Meylan 1989,
and Meylan et al. 1990). Our survey has
now merged into the ESO Key Pro-
gramme for Gravitational Lensing (Sur-
dej et al. 1989).

PHL 1222: the Initial Observations

The quasar PHL 1222 = UM 144 =
QSO 0151+048 (Burbidge 1968) is one
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Figures 1a and 1b: Figure 1a contains a false-colour image of the PHL 1222 system and Figure 1b displays the corresponding contour map.
Both figures come from the same stack of CCD VR frames obtained at La Silla with the 2.2-m telescope, with a total integration time of 4.5
hours. The field shown is 45 x 45 arcsec, with north at the top and east at the left. The components of the PHL 1222 system are indicated with

letters on the right image.

of the objects selected as potential lens
candidates on the basis of the two
criteria mentioned above. The first piece
of evidence of the multiple character of
PHL 1222 is found in the multicolour
CCD frames obtained with the 40-inch
telescope at Las Campanas Obser-
vatory (Chile) on UT 1988 October 21.
These images show at least one close
companion (which we denote as B),
with the same colours (within the
errors) as the bright QSO itself (de-
noted as A).

The confirmation of the interesting
character of PHL 1222 is provided by
observations taken at the ESO La Silla
observatory. Spectra of both compo-
nents A and B were obtained with the
ESO Faint Object and Spectrograph
Camera (EFOSC) at the ESO 3.6-m tele-
scope, on the nights of UT 1988 De-
cember 8, 9, and 10. Some deep imag-
ing frames were obtained with a high
resolution CCD camera at the ESO/PMI
2.2-m telescope, on the nights of UT
1988 December 11, 12, and 13. Subse-
quent images and spectra were ob-
tained at Palomar Observatory using
the 200-inch Hale telescope and the
4-Shooter  imager/spectrograph, on
the nights of UT 1989 September 6
und 7.

False-colour image and contour map
of the system are shown in Figures 1a
and 1b, respectively. Both come from
the same stack of CCD VR frames ob-
tained at La Silla with the 2.2-m tele-
scope. The total integration time
amounts to 4.5 hours. The field shown is
45 =% 45 arcsec, with north at the top and
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east at the left. The isophotal levels are
spaced logarithmically in factors of 2.
The components of the PHL 1222 sys-
tem are indicated with letters: the com-
panions labelled B, C, D, and E, in de-
creasing brightness, encircle the bright
image of the quasar A. The separation
between the quasar image A (V = 17.6
mag) and its brightest companion B (V =
21.25mag) is 3.3 arcsec. The
differences in BVR magnitudes between
A and B components are almost con-
stant, Am ~ 3.55, but from the colour
indices, companion B seems slightly
bluer than the quasar A. Object C, at 6.8
arcsec from A, is unresolved and redder
than A or B. Objects D and E are both
resolved, at about 4 arcsec from A; they
are very blue in colour.

PHL 1222: a Gravitational Lens or
an Interacting Quasar Pair?

The spectra of the two components A
and B (with a total exposure time of 3
hours in each B300 and R300 grism)
immediately confirmed that both objects
are quasars, with the same emission
lines (viz., CIV 1549, CIll] 1909, and
Mgll 2799) at about the same redshift, z
= 1.91. Differences in velocity between
the two spectra have been obtained
from emission line redshifts (AV = 1380
+ 240 km s ') and from cross-correla-
tion (AV =520 + 160 km s ). These AV
values are typical of velocity dispersion
in clusters of galaxies. The relative in-
tensities of the CIV 1549 and CIll] 1909
lines are reversed in the spectra of A
and B. While the continuum of the faint

quasar B is nearly flat, the continuum of
the bright quasar A increases signifi-
cantly from the blue to the red, so much
as to have a flux level twice as high in
the red than in the blue (thus the bluer
B-V colour index of component B). Ad-
ditionally, the equivalent widths of the
emission lines are much larger for the
fainter component B. All these dis-
similarities in the shapes of the emission
lines and the continuum, as well as the
differences in redshift, favour the in-
terpretation of PHL 1222 as being a
physical quasar pair rather than a gravi-
tational lens.

Component C of the system (see Fig-
ure 1), very red in colour, has been
weakly detected in the R300 grism
spectra. The very low S/N ratio ham-
pers any clear determination of the na-
ture of this object. It could be a
foreground galaxy at z ~ 0.8 if we inter-
pret the increase in intensity towards
the red as the break at 4000 A. It may
also be a foreground galactic star, pos-
sibly an M dwarf. The nature of the
remaining companions is still unknown.
It is possible that we are seeing a com-
pact group or a cluster core still in the
process of formation. Further studies of
this system are likely to be highly re-
warding.

In spite of a few attempts about ten
years ago, PHL 1222 has not been de-
tected in radio. Sramek and Weedman
(1980) summarize the flux density limits
obtained so far: 20 mJy at 1415 MHz,
18.3 mdy at 2380 MHz, and 2.3 mdy at
4885 MHz, We are unaware of any other
radio observations of this system.



PHL 1222: a Tentative Estimate
of the Total Mass of the System

Under the assumption that the two
QSOs are gravitationally bound, and
that there is no other massive object in
their vicinity, their projected separation
and their velocity difference allow us to
place a lower limit to the total mass of
the system by using the Virial mass
equation. At z = 1.91, with Hy = 75 km/s/
Mpc and Qq = 0, 3.3 arcsec correspond
to 28 kpc, whereas with Q, = 1, 3.3
arcsec correspond to 18 kpc. Consid-
ering a minimum separation of about 20
Kpc and a minimum velocity AV = 500
kms™', the (minimum) virial mass
amounts to about M + Mg = 1.7 x 10"
Mg, a reasonable value for normal
galaxies. Allowance for projection
effects would suggest a true value of the
total mass of the system several times
larger than that.

PHL 1222: a Possible Interaction
Event

Recent numerical simulations show
that gas distributed throughout a galaxy
responds strongly to the tidal field of a
close companion. In some cases, dy-
namical instability drives a large fraction
of the gas into the inner regions of the

galaxy (Hernquist 1989). A strong burst
of star formation may follow and subse-
quent evolution may lead to the forma-
tion of a black hole. Continued accretion
of gas by the black hole may provide
enough power to explain quasars and
nuclear activity. From an observational
point of view, the “interaction model”
seems also to be the dominating para-
digm for explaining the origin of nuclear
activity in galaxies (cf. Fricke and
Kollatschny 1989 for a recent review
and further references).

Most interestingly, PHL 1222 was al-
ready known to have an absorption sys-
tem with z,ps > Zom, Which almost coin-
cides with the redshift of the fainter
component B. This absorption may be a
signature of the ambient gas in a prob-
ably interacting system. The coinci-
dence between the binary character of
PHL 1222 and its z,,s > z,, absorption
system raises an important question: do
the other quasars showing Z,ps = Zem
also have close neighbours? For exam-
ple, there is substantial associated Mg i
2799 absorption in component B of the
PKS 1145-071 system (Djorgovski et al.,
in preparation).

Many quasars with z,,5 = z,,, have
been intensively studied spectroscopi-
cally, but not by deep and/or high-reso-

PHL 1222 = UM 144 = QSO 0151+048
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Figure 2: CCD spectra of components A and B, obtained at ESO, indicating that both objects
are quasars. The spectrum of the brighter component A is scaled down by a factor of 6 for
easier comparison. The two spectra show some dissimilarities in redshifts, in the shapes of the
emission lines (viz., CIV 1549, Clll] 1909, and Mg Il 2799) and in the continuum, which favour
the interpretation of PHL 1222 as being a physical pair of quasars rather than a gravitational

lens.

lution imaging (Foltz et al. 1988). It is
possible that more interacting systems
can be found by imaging quasars with
Zabs = Zem. We have already obtained 4
nights at the 3.5-m NTT telescope,
which will hopefuly begin to answer this
question.
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ADDENDUM

Narrow Band Imaging of M87 with the
NTT by B. JARVIS, ESO
(The Messenger 58, 10)

The first reported observation of the H, +
[NII] features in M87 was by Arp (1967) who
observed the filamentary feature SE of the
nucleus. This was followed by Walker (1968)
who discovered a “fan-shaped emission jet”
in the light of [OI] A3726-29. Ford and
Butcher (1979) published ISIT video camera
images showing that the H,, + (N1I] structure
extended to the NE and into the core, van
den Bergh (1987) has possibly obtained the
deepest images of the filamentary structure
in M87 using a CCD but of lower resolution
than those obtained in this article.
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Twenty-three Missions at ESO-La Silla

Research Based on Discoveries and Rediscoveries of About 1400 Planets with the GPO
H. DEBEHOGNE, Observatoire Royal de Belgique

Which Interest?

The science of minor planets is mod-
ern research. It influences both as-
trometry and celestial mechanics, and
also related sciences, such as
mathematics, physics, astronautics.

Let us recall some important results:
1. Determination of the Astronomical

Unit (A.U.), the base of all distances
in astronomy;

2. Computation of planetary masses,
particularly of those of Venus and
Mercury which have no natural
satellites;

3. Improvement of our knowledge
about the Earth’s orbit and rotation;

4. Calculation of systematical errors in
stellar positions;

5. The advance of the lcarus perihelion,
five times greater than the one of
Mercury, supports the Theory of
General Relativity;

6. Several problems within celestial
mechanics and astronautics benefit
from our knowledge about minor
planets.

The experience of the minor planets’
specialists leads to:

1. Compilation of sky maps and cata-
logues;

2. Identification of radio sources,
quasars, pulsars with optical objects
and location of variables, binaries;

3. Determination of the Einstein effect
during a total solar eclipse, e.g. by
means of the simulation method (De-
behogne, 1977);

4. Study of the dynamical, physical and
chemical properties of space as-
tronomy experiments;

5. Control of artificial satellite network;

6. Research on natural satellites, trans-
plutonian objects, and planetary sys-
tems;

7. Determination of stellar proper mo-
tions and parallaxes.

Still young after two centuries, this
kind of research is a test for astronomi-
cal photography, is noticed by the pub-
lic in connection with the Earth grazers
or with targets for interplanetary rockets
and takes part in the study of the ring
systems whose creation and evolution
may explain the origin and evolution of
the solar system.

Some peculiar interests are: the dis-
covery of a second ring of asteroids
beyond Neptune, the computation of or-
bits, the families, the poles of rotation,
their size, the chemical constitution,
their number (4225 minor planets have
been numbered by October 1989). ..
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Preparation of the Missions

The choice of plate centres comes
from the ITA (Institute of Theoretical As-
tronomy, Leningrad) diskette, from
Ephemeridi Malikh Planet and from the
Minor Planet Center (MPC) diskette. For
three years now we are computing at
Uccle graphs at whatever scale, date,
number of positions (T. Pauwels’ pro-
grammes).

Methods of Observations

Three exposures {1 to 21 minutes x 3)
are made with an off-set along & be-
tween each of them. Sometimes, we
have two or more fields on the same
plate using the Trépied-Metcalf method.
Three images permit: safer and easier
asteroid identification and discovery;
studies of the accuracy of the stellar
positions and proper motions; identifi-
cations of nearby asteroids; improve-
ment of the possibilities to compute a
preliminary orbit.

Measurements and Reductions

We measure and reduce by means of
the OPTRONICS at ESO-Garching with
West’'s programmes, or on the AS-
CORECORD (Valongo-Univ. Fed. Rio de
Janeiro or Brussels).

See Acta Astronomica (Debehogne,
1986) for the description of the problem
in algebra and modern language. Bijec-
tions, between sky and plate, are deter-
mined by means of sub-sets (reference
stars) and with determination of the nor-
mal equations by matrix multiplication.
We use the Catalogue SAO given on
magtape by the “Centre de Données
Stellaires a Strasbourg”.

Results

Thousands of positions have permit-
ted improvements of orbits or the deter-
mination of new ones; 1400 discoveries
or rediscoveries have been obtained un-
til October 10, 1989. The 3 discoveries
in 1976 became 274 in September 1989
(following the asteroids present on the
MPC diskette of 1986). As special ob-
servations, let us recall:

1. V 348 Sgr observed in 1979 with a
magnitude variation from 12.0 to
17.0 in four days;

2. The Halley Comet, with R. West, the
first and only observations 5 days
after the perihelion passage,
supporting the approach by Giotto;

3. The Earth grazer (distance to the
Earth = 900.000 km) which could be
a satellite 70.000 km high, but not
known by the Satellite Service of the
Institute of Space Aeronomy of
Brussels.

Users and Orbits

We try to serve all computers of or-
bits: Minor Planet Center (MPC), Insti-
tute of Theoretical Astronomy of Lenin-
grad (ITA) and ourselves. We do not
agree with observers who limit their
work to two nights, when it is possible to
have more. How to compute orbits if
each observer limits his observations at
two nights for a given asteroid? He has,
then, more time to obtain very many
discoveries, confirmed by those obser-
vers who observe more than two nights
and, thus, who make fewer discoveries!

In special and rare cases, | agree that
the discovery is given to both observers:
first the observer whose observations
give an orbit and, secondly, the one who
has the first night (see below). On the
Minor Planet Circulars, many discov-
eries, with 75% and more observations
noted 809 (ESO La Silla-Observatory),
are given to another observatory.

More than 1000 orbits were calcu-
lated at Uccle by us, using the Gauss-
Encke method with amelioration owing
to the variations computation (Stracke,
1929).
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Figure 1: Discoveries in September—QOctober
1989. To lose a night in the central part of the
mission is a catastrophe. Discovery is taken
in the sense that the orbital elements are not
on the MPC 1986 diskette.
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Connections between CCD and
GPO at La Silla

During the night of October 1, 1989,
O.H. Hofmann and H. Rabhan found a
fast-moving asteroid with a CCD from
their home institute, mounted on the
ESO 1-m telescope. It was recognized
later as 4197 1982 TA, a very recently
numbered asteroid.

The following nights, till October 12.0
(Moon = 0.88) and perhaps October
13.0 (Moon = 0.95), we observed this
asteroid at the GPO (magnitude equal to
15.6).

M. Hoffmann writes about this collab-
oration: “Visual discoveries of asteroids
by chance have become unusual in as-
tronomical research during this century.
New observing techniques, however,
have led to a new variety of this
“method”. When CCD images of star
fields are displayed in the control rooms
of the telescopes, there is a finite proba-
bility that unexpected objects also
appear on the screens. Unfortunately, a
large fraction of this recorded informa-
tion remains unnoticed and wilfl be er-
ased from the magtapes eventually.

We had an opportunity to combine
the ESO 1-m telescope with a CCD-
camera system of the DLR for a pro-
gramme of photometry of near-Earth as-
teroids. These objects use to move
quickly through considerable angles in
the sky.

The night of October 30/31, 1989, we
Suddenly noticed that one of the
background stars in a field of (4197)
1982 TA jumped a little westward from
frame to frame. From its speed and di-
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Figure 2: Discoveries from 1976 to 1989. Dis-
Covery is taken in the sense that they are
recognized as ours by the Minor Planet Cen-
ter (MPC). Numbered: 62.

1989 date

rection of motion we concluded that it
might be a normal main-belt asteroid
close to opposition and estimated its
position for the next night. It could then
be recovered on exposures of the GPO
and followed during the next days.

It is obvious that a CCD camera can
lead to many similar discoveries when
pairs of images are compared during the
subsequent image processing.”

Institutions Involved

The Observatorio do Valongo, Univer-
sidade Federal do Rio de Janeiro
(UFRJ), the Observatories of Uppsala,
Belgrade, Turin, Rio de Janeiro, the
University of Teheran and the Royal
Observatory of Belgium (Uccle-
Bruxelles) have all taken part in the
missions.

Theoretical Developments:
New ldeas

Theorem of the minimum. In the re-
ductions (more generally, in the rect-
angular algebraic systems), the error
effect where the error is acting will be
minimum at the gravity centre of the
reference stars (of the independent
terms) only for systems of odd degree
(1,8,5,7...), not for even degree (De-
behogne, 1972).

The Einstein effect must be solved by
the simulation method (Debehogne,
1977). This is a work only for astromet-
rists skillful in asteroids.

In the orbital computations, the effect
on the elements of systematical errors
on the observations is a linear function
of the error value and a sinusoidal one of
the error direction: for each element we
find two directions with an error effect
equal to zero for whatever error value
(Theorem of the two directions without
error effect) (Debehogne, 1988).

The test stars are used to study the
external accuracy (Debehogne, 1970).
Fictitious reference stars and fictitious
errors (Debehogne, 1972) are also used.

If it is necessary to use observational
sequences from instruments with differ-
ent focal lengths and to use uncata-
logued stars, except on the instrument
with the shorter one, then the final accu-
racy will be the accuracy of the mea-
surements on the plate taken with the
larger one, when the subsets of inter-
mediate reference stars are sufficient:
the number of stars for each instrument
should be equal to 10 times the degree
of the bijections used.

Conclusions

Editors, editorial boards and referees
ought to support the publication of posi-
tions of known and also of new minor

planets. The Minor Planet Circulars are
important, but they are not accepted as
publications by the “Money Au-
thorities”?

Each position is the determination of a
bijection between two sets of points (sky
and plate) by means of two subsets
(reference stars). That implicates the res-
olution of one or two rectangular, alge-
braic systems of equations (reduced to
squared ones, by the matrix or by the
least squares method). Such discov-
eries, such mathematical developments,
such theorems, coming directly from the
observations and having implications in
mathematics, ought to be supported.
The lack of publication possibilities is a
pity; a new “Journal des Observateurs”
would be highly desirable.
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Resolving the Fornax Globular Clusters with the NTT

B. JARVIS, European Southern Observatory
P. SEITZER, Space Telescope Science Institute, Baltimore, U. S. A.

We have obtained high spatial-resolu-
tion CCD images in a night of excellent
seeing of two of the five globular clusters
(Clusters No. 2 and No. 3) in the Fornax
dwarf-spheroidal galaxy using the NTT
with the aim of extending their colour-
magnitude (C-M) diagrams into their
cores. The images, shown in Figures 1
and 2, were obtained with a high resolu-
tion RCA CCD (0.129" pixel™') using
EFOSC2. The average seeing (FWHM)
for Cluster 3 was 046 while that of Clus-
ter 2 was 0758 in the Johnson V band. B
band images were also taken. All ex-
posures were of five minutes duration.

Figure 3 shows our instrumental C-M
diagram for Cluster 2 based on prelimi-
nary reductions using DAOPHQOT. This
cluster has been resolved by NTT in
both the B and V images for the first
time right into the core. These data will
be further improved by additional image
processing to correct for regions of poor
charge transfer. Even though our ex-

Figure 1: False-colour CCD image of Fornax globular cluster No. 2 taken in the Johnson V

posures are of only five minutes, already
three times as many stars have been
resolved and measured compared to
the most recent published photometry
by Buonanno et al. (1985) and nearly 10
times as many measured by Verner et al.
(1981), both based mainly on a mixture
of photographic and CCD photometry.

Our C-M diagram is sufficiently deep
to reach the base of the horizontal
branch and confirms the morphology of
the metal-poor C-M diagrams obtained
by both these authors but with a much
higher degree of accuracy. Cluster 3,
although observed in considerably bet-
ter seeing than Cluster 2, was still not
resolved to the core, but still yields a
considerably better C-M diagram than
has been previously done.

But what is so interesting about the
Fornax galaxy globular clusters? Well,
firstly, the Fornax galaxy is a dwarf
spheroidal, and the only dwarf spheroi-
dal known to contain a globular cluster

band with EFOSC2 at the NTT. The seeing (FWHM) was 058 and the exposure 5 min. S is
approximately up and E is approximately to the right. This globular cluster is resolved 1o its

core for the first time.
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Figure 2: Fornax globular cluster No. 3 taken
in the Johnson V band. The seeing (FWHM)
was 046 and the exposure 5min. S is ap-
proximately up and E is approximately to the
right. The cluster is not resolved to its core!

system. It is therefore probably the least
massive galaxy known to contain globu-
lar clusters. Five such clusters have de-
finitely been identified (Hodge, 1961); a
remarkably large number for such a low-
mass galaxy. Secondly, Fornax is one of
seven dwarf companions to our own
galaxy and an obvious laboratory for
comparing their chemical evolutions
with both our own galaxy and those of
the LMC and SMC.

The histories of the Fornax globular
clusters are clearly complex since inte-
grated light observations have shown
that although their ages seem consis-
tent with those of the galactic globular
cluster population, their metal abun-
dances of these clusters vary by a factor
of about an order of magnitude (eg. Zinn
and Persson, 1981). Moreover, there are
significant mean metallicity differences
between the Fornax clusters and those
of the field stars. These clusters are
therefore of interest and importance
since they represent a sample all at the
same distance but containing a large
spread in metal abundance. These im-
ages also now enable us to study the
structural parameters of the clusters,
important for understanding their dy-
namical histories.

References

Buonanno, R., Corsi, C.E., Fusi Pecci, F.,
Hardy, E., and Zinn, R., 1985, Astron. As-
trophys., 152, 65.



17 T T T I ¥ T T I

18

19

20

Instrumental V

21

22

IT!IIIIII‘III]IIIII|l||l]llll

IIIIIIIIIIIlllIlllllJlllIllll

23 L L [l 1 I L 1 I 1 I

o
3]

1 1.5
Instrumental (B-V)

Figure 3: Instrumental V vs B-V colour-magnitude diagram of Fornax globular cluster No. 2.

Verner, G., Demers, S., Hardy, E., and Kun-
kel, W.E., 1981, Astron. Astrophys., 86,
357.

Hodge, P.W., 1961, A.J., 66, 83.
Zinn, R., and Persson, S.E., 1981, Ap.J., 247,
849.

[
n
o

Preparing for Comet Austin

Professional and amateur astronom-
ers all over the world are excited about
the prospects of seeing a really bright
comet during the coming months. A
newly discovered comet, known by the
name of the amateur who first saw it, is
now getting brighter each day. Observa-
tions are made almost every night at the
ESO La Silla Observatory and elsewhere
in order to follow the development of the
comet and also to try to predict the
maximum brightness which the comet
will reach by mid-April this year.

Comet Austin -
aVery Large Comet

When Comet Austin was discovered
by New Zealand amateur Rodney R.D.
Austin on December 6, 1989, it was
already obvious that it must be an un-
usually large object. At that time the
Comet was still more than 350 million
kilometres from the Sun and yet it was
SO bright that it was seen as an 11th
magnitude object (that is, 100 times
fainter than what can be perceived with
the unaided eye).

More observations were soon made,
establishing the comet’s orbit and it was
found that it will pass through its perihe-
lion (the point of its orbit where it is
Closest to the Sun) on April 9, at a dis-

tance of about 53 million kilometres,
inside the orbit of Mercury, the planet
closest to the Sun.

Thereafter it will move outwards again
and, by good luck, it wili come within 36
million kilometres of the Earth on May
25. It will be well situated in the sky for
observation from the northern hemi-
sphere after April 20, when it can be
seen low above the north-west horizon,
just after sunset, and even better above
the north-east horizon, shortly before
sunrise. It is expected that Comet Austin
will then have developed a tail which
should be easily observable and pro-
vide spectators with a grand celestial
view.

How Bright Will
Austin Become?

One important question worries the
astronomers. How bright will Austin ac-
tually become? Will it — according to the
most optimistic predictions — become
as bright as the brightest stars in the
sky? Or will it “stall”, much short of this
goal, like the ill-famed Kohoutek comet
in 19747

At the centre of a comet is a “nu-
cleus”, a big chunk of ice and dust, with
a diameter from a few hundred metres
to several tens of kilometres. The

diameter of the nucleus of Comet Halley
was about 15 kilometres and that of
Austin appears to be even larger. When
cometary nuclei come close to the Sun,
their surface ices evaporate due to the
intense solar light. A surrounding cloud
is formed - it is known as the “coma” —
and also a tail that points away from the
Sun.

A comet’s brightness is determined
by the amount of gas and dust in this
cloud which in turn depends on the rate
of evaporation from the nucleus. This
rate is very unpredictable and accord-
ingly, so is the comet's brightness.
When theoretical predictions are uncer-
tain, only observations can (perhaps)
yield an answer.

Observations at ESO

For this reason, observations of Com-
et Austin have been carried out by ESO
staff astronomers at the La Silla Obser-
vatory during the past months.

In concordance with observations
elsewhere, a preliminary conclusion is
that Comet Austin does have a good
potential to become bright, but also that
its current brightening, as it comes clos-
er to the Sun, is “running slightly behind
schedule”. This is based on accurate
photometric observations, carried out
with the automatic Danish-SAT 50-cm
telescope, accurately measuring the
rate of brightening from night to night
(see the article on page 55).

On the other hand, spectra of Comet
Austin, obtained with the 1.52-m spec-
trographic telescope at ESO in mid-
February, already show the strong emis-
sion of many different gas molecules in
the coma cloud around the nucleus. Di-
rect images from the 3.5-m New Tech-
nology Telescope in late January also
showed a strong jet of dust particles,
emanating from the nucleus. These
observations clearly indicate that
the evaporation process is well under
way.

Finally, and rather significant, is the
recent detection of a long tail of ions
(electrically charged atoms) stretching
more than 2 degrees in the direction
away from the Sun. It was first seenon a
photographic plate obtained with the
ESO 1-m Schmidt telescope on Febru-
ary 25 under difficult observing condi-
tions in the evening twilight, low above
the horizon. A reproduction of this plate
is shown on page 56.

However, another Schmidt photo-
graph, obtained the day after, showed a
much shorter tail. Thus the one seen on
the photo was of brief duration and was
probably caused by momentary interac-
tion with a burst of rapid particles in the
solar wind, not unusual at this time of
maximum solar activity.
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Predictions

The orbital computations indicate that
Comet Austin appears to be a “new"”
comet, now approaching the Sun for the
first time ever. The behaviour of “new”
comets is much more difficult to predict
than that of “periodic” comets who
move In closed orbits and regularly pass
near the Sun, like Comet Halley.

It is believed that new comets are
covered by a thin layer of ices which
begins to evaporate, already at a large
distance from the Sun. Some of them
may therefore be rather bright while
still far from the Sun. However, when
the deposit of ice is all gone, the
brightness stalls; this is the most likely
explanation for Comet Kohoutek's per-
formance.

It remains to be seen how comet Aus-
tin will behave. In the best case it could
reach magnitude -1 to -2 and rival the
last bright comet, Comet West in 1976.
It is perhaps more likely that it will reach
magnitude 0O, that is the same bright-
ness as the brightest stars. In late April,
when it is best visible from the northern
hemisphere, it would then have mag-
nitude 2, about as bright as the Polar
Star. Presently, the most pessimistic
predictions would put it at magnitude 2
at maximum, and 3.5 in late April.

This photographic image of comet Austin was obtained with the 40-cm double astrograph
(GPO) at La Silla on February 26.0 UT. The 12-minute guided exposure shows the diffuse
central area in which the cometary nucleus is surrounded by a dense dust and gas cloud. A
diffuse dust tail points towards southeast (left, downwards) and the beginning of an ion tail can
be discerned above it. Observers: H. Debehogne and R. M. West.

The best guess, based on the recent
ESO observations, is the middle way. If
that holds true, Comet Austin will indeed
become a grand spectacle with a fine
tail on the morning sky in late April.
Since it approaches the Earth it will only

A Dust Jet From Comet Austin

On January 23, the ESO NTT was
used during a short period of mediocre
seeing (1.2 arcsec) to image Comet
Austin. The direct, isophotal picture is
shown on page 19 in this Messenger
(where the image data are also given).

Image processing with the IHAP sys-
tem at ESO Headquarters removed the
symmetrical component of the comet-
ary coma by means of the so-called
radial renormalization method. The re-
sidual image, that is the asymmetrical
component, clearly shows the presence
of a comparatively bright, anticlockwise
jet, emanating from the overexposed
nucleus. It begins on the side which is
facing the Sun and consists of dust par-
ticles which are released from the sur-
face of the nucleus into space due to the
heating effect of the Sun. The dust jet
reflects the sunlight and can therefore
be seen. On the date of exposure, the
comet had not yet developed a real tail.

At this time, the comet was nearly 300
million kilometres from the Earth and at
heliocentric distance 1.71 A.U. (255 mil-
lion kilometres). The total magnitude
was about 9.

Discrete structures have been ob-
served in several comets at comparable
or even greater heliocentric distances,
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fade slowly and we should be able to
enjoy it all through the month of May.
But, of course, comets are notoriously
unpredictable . . .!
(From ESO Press Release 04/90,
issued on March 2, 1990.)




for instance faint sunward emissions
were seen in P/Halley at 1.6 A.U. after
perihelion in 1910. There are also re-
ports about jets seen in P/Halley at more
than 2 A.U. preperihelion in 1985. In
1955 a distant comet discovered by

Baade displayed a sunward fan or
streamer (but not a jet) at aimost 4 A.U.
from the Sun.

The presence of a jet in comet Austin
at 1.7 A.U. preperihelion is not a very
rare event among comets. Still, it is to

Photometry of Comet Austin

J. MANFROID, Institut d’Astrophysique, Cointe-Ougrée, Belgium

P. BOUCHET and C. GOUIFFES, ESO

Strémgren photometry of Comet Aus-
tin (1989 c1) has been obtained at La
Silla with the ESO-SAT 50-cm tele-
scope, between February 12 and Febru-
ary 25, 1990. Two diaphragms were
selected, 35 arcsec and 240 arcsec, in
an attempt to distinguish between the
nucleus and the coma.

Whenever possible, comet photome-
try is done with a special set of filters
isolating molecular or ionic features, or
the continuum. Hence different physical
and chemical characteristics can be
analysed. Our observing run was dedi-
cated to stellar photometry. The SAT
telescope is permanently equipped with
one of the most appropriate photomet-
ric systems for that purpose, the Strém-
gren one. By design this cannot be
changed.

Stromgren (uvby) photometry of com-
ets is not uninteresting, however. Fig-
ure 1 shows a spectrum of Comet Aus-
tin obtained with the ESO 1.52-m tele-
scope by P.B. and C.G. Superimposed
are schematically indicated positions of
the v, b and y passbands. The vy filter
includes a moderately strong feature of
C.. Hence the y magnitude is not too
biased towards a special molecular
emission or towards the continuum. In
fact it is rather well representative of the
visual magnitude (V). Studies of other
Comets (such as P/Halley) show a differ-
ence of only a few tenths of a magnitude
between y and V. On the other hand, the
b and v filters include strong bands of C,
and C, respectively, and can be used in
a study of those molecules.

Our main purpose was to monitor the
brightness variations of Austin as it
neared the Sun, in order to get a more
Precise idea of its appearance in April
and June, when it is most favourably
Placed for astrophysical observations.
The evolution of the apparent mag-
Nitude of a cometary coma is usually
written as

M=M+5logA+25nlogr M

Whgre M is an “absolute” magnitude
(which would be observed if both r and

A were equal to 1 A.U.). nis a parame-
ter depending on the evolution of the
comet. Obviously that law was adopted
because n apears to be constant during
relatively long time intervals. For most
comets this parameter lies between 2
and 6. The precise value is important in
order to get accurate predictions, as
shown by equation (1).

The origin of the 5 log A term is sim-
ple. It reflects the apparent size increase
of the coma, which is inversely propor-
tional to the square of A, assuming no
intrinsic variation. This is all right when
one integrates the brightness over the
whole object. But this is not what we
did, we used fixed apertures and equa-
tion (1) does not hold. Let us consider
two limiting cases. Firstly, the aperture
is very large and contains the whole
coma. Then we are back in the condi-
tions of relation (1). Secondly, the aper-
ture is so small that we see the peak
value of the nuclear surface brightness.
This maximum value is of course a con-

be hoped that the activity observed al-
ready at this distance will continue
through the perihelion passage on April
9, so that we shall have the opportunity
to admire a really bright comet this
spring. R.M. West

stant. Hence it would show no A depen-
dency. The relevant equation would be

m=M+25nlogr @

We are somewhere between those two
cases. Applying relation (1) we find val-
ues of 2.6 and 2.3 for n (respectively for
the 35 and 240 arcsec diaphragms). Ap-
plying (2) instead, we find 3.5 and 3.0
(see Fig.2a and Fig.2b). We may
assume that the small diaphragm mag-
nitudes better follow law (2) (n = 3.5),
and that the large diaphragm encom-
passes most of the coma, so that the
derived magnitudes obey law (1) (hence
n = 2.3). This is a very crude approxima-
tion but it tends to show that the overall
integrated brightness does not rise as
fast as foreseen. The predicted values
around 5 were probably too optimistic.
On the other hand the nuclear region
seems to brighten more rapidly. This is
confirmed by the telescopic aspect dur-
ing the 13 days interval of our observa-
tions.
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Figure 1: Low resolution spectrum of Austin (1989 ¢ 1) obtained with the 1.52-m ESO telescope
on February 16. The major spectral features are indicated. The passbands of the Stromgren v,

b and y filters are shown below.
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TABLE 1. Stromgren photometry of Austin

(1989 c1)

Date u Y b ¥

Diaphragm 240 arcsec.

Feb 13.0 10.95|10.11| 8.83| 8.61

15.0 10.54 |10.01| 8.73| 8.55
16.0 10.21| 9.84| 8.55| 8.44
17.0 10.52|10.01| 8.63| 8.50
18.0 10.43| 9.98| 8.56| 8.40
21.0 10.41| 9.88| 8.40| 8.24
22.0 10.27| 9.79| 8.33| 8.17
23.0 10.16| 9.75| 8.26| B.09
24.0 10.22| 9.69| 8.20| 8.04
25.0 10.11| 9.62| 8.18| 8.03

Diaphragm 35 arcsec.

Feb 12.0 12.36| 11.56 | 11.03| 10.75

13.0 12.64)|11.69|11.05| 10.76
15.0 12.32(11.72|10.87 | 10.59
16.0 12.05)| 11.37 [ 10.79| 10.53
17.0 12.30| 11.34 [ 10.73 | 10.46
18.0 12.12111.29| 10.65( 10.39
21.0 11.91]11.16| 10.57 | 10.31
22.0 12.21]11.22(10.51| 10.27
23.0 11.86(11.03|10.33 | 10.08
24.0 11.97111.09110.35|10.11
25.0 11.95)10.98|10.28 | 10.05
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Figure 2: Variation of the y magnitude in both diaphragms (Fig. 2a, 35 arcsec, Fig. 2b,
240 arcsec) as a function of log r. These graphs allow to derive the values of n according to

law (2).

Those conclusions are still uncertain.
During that time lapse the distance
comet-Sun (r) decreased from 1.36 to
1.12 A.U. while the distance comet-
Earth (A) decreased from 1.83 to 1.69.
Those relatively limited ranges do not
permit a reliable extrapolation. More-
over we are neither in case (1) nor in

case (2). An elaborate model of the
coma would be needed to derive more
appropriate laws. Unfortunately Austin
will now cease to be measurable during
several weeks, and we will have to wait
until mid-April, when the comet moves
into the morning sky, to see if it really
becomes a Great Comet.

Comet Austin Develops an lon Tail

The upper photo is a reproduction of a
photographic plate, exposed 6 minutes with
the ESO Schmidt telescope at La Silla in the
avening of February 24, 1990 (Feb. 25.0 Uni-
versal Time). It was made on blue-sensitive
emulsion during evening twilight, only 15°
above the horizon. The telescope was set to
follow the comet's motion; this is why the
images of stars are trailed. The reproduction
has been photographically amplified to bring
out better the details in the faint tails.

There are two tails. The short, stubby one
consists of dust particles reflecting the light
from the Sun; it measures about 20 arcmin.
The narrow ion tail mostly shines in the light
of CN and CO, molecules; it is more than 2°
long. It has the appearance of a double helix
with at least two cross-over points and sever-
al wiggles. The shape is determined by the
deflection of the electrically charged ions in
the interplanetary magnetic field which is in
turn influenced by the intensity of the solar
wind.

The photo below was obtained one day
later, on February 26.0 UT. The exposure
time was now 12 minutes, but the ion tail is
shorter. This indicates that the event which
caused the long tail the day before, must
have been transitory. Probably Comet Austin
encountered a “magnetic border zone" in
interplanetary space, where the magnetic
field, carried by the solar wind, abruptly
changed intensity and/or direction.

The plates were obtained on lla-O emul-
sion behind a GG 385 filter, the observers
were Hans-Emil Schuster and Guido Pizarro,
and the photographic work was made by
Herbert Zodet.
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~ NEWS ON ESO INSTRUMENTATION

Status Report on EMMI: Results from the Testing in Garching
H. DEKKER and P. MOLARO, ESO

In the Messenger No.57 of Sep- two channels in order to enable the use  these coatings, the on-axis transmission
tember 1989 a status report on EMMI  of optimized multilayer coatings. As an  of the red medium dispersion collimator
was given at the start of the integration  example of what can be obtained with is shown in Figure 1. From measure-
and test period. This period has now
been concluded; at the time these lines 100 T T ' T T T
are written the instrument is about to be
packed and shipped to La Silla. The
integration of the instrument in the NTT
Nasmyth room B will take place this
spring. Installation at the telescope will 95 1
take place as soon as the second adap-
tor/rotator of the NTT is fully tested at
the end of June and a first period of
tests on the adapter is scheduled for
July. We describe here some of the re-
Sults obtained during the tests in
Garching.

The image quality is a complex func-
tion of focus, position on the CCD and
Wavelength (because of secondary col-
our in the lens optics) so it is difficult to 85 1
give a single number. In general, image
quality in the red arm is at the level of
10~25 ym. EMMI was tested and will be
initially used with the red F/2.5 camera
and 1024 x1024 Thomson 3156 chip.
The blue optics are now in the last
phase of assembly at the manufacturer.
We intend to fit the blue F/4 camera and
a coated Thomson chip during the inte-
gration on La Silla. With these cameras,
the pixel matching will be 0.45 (red) and
0.28 arcsec/pixel (blue). The experience 100 .
with EFOSC2 (matching .15-.25 arc- 5 -
Sec/pixel, depending on the detector %
mounted) has shown that image sam-
pling at this scale is necessary if we are
to exploit the not-too-rare periods of
excellent seeing at the NTT. For direct
imaging in the red we are considering
the option of a second long camera. For
Instance, the F/5.3 camera combined
with a Tektronix 1024 x 1024 chip with
24 um pixels will provide a matching of
0.27 arcsec/pixel and a field of 4.5 x 4.5
arcmin at the expense of reduced
Wavelength coverage in grism spectros-
Copy. Another possibility would be a
2948 % 2048 Ford CCD with 15 micron
Pixels. The decision for a high resolution 20
red camera/CCD option will be taken
later this year depending on a number of
Mainly operational considerations.

EMMI being a multipurpose instru- | | ) TR . L
ment, the light meets more optical sur- 300 400 500 600 700 800 900 1000
fa‘ces than would be necessary in a de- WAVELENGTH (nm)
dicated instrument. This was one of the Figure 2: The efficiency of the EMMI optics in imaging and low dispersion as compared with
reasons for splitting the instrument in  EFOSC2.
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Figure 1: The transmission of the red collimator (consisting of two cemented doublets) in single

pass. It is used in double pass, so the total efficiency in the range 4000-10000 A will be over

90 %, still better than a single aluminium mirror.
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ments of the optical units we calculate
an overall efficiency of 85 and 70% in
the red imaging/low dispersion and
medium dispersion modes respective-
ly; somewhat better in the corre-
sponding blue modes. EMMI is in each
of these modes more efficient than
the competing 3.6-m instruments
EFOSC, Boller & Chivens or Caspec.
Figure 2 compares the efficiency of
EMMI in imaging and low dispersion
with EFOSC2.

Ghosts and stray light are very low.
Lens optics in spectrographs have a
well-known disadvantage which is the
possibility of spurious reflections. With
modern optical design programmes
such ghosts can be accurately pre-
dicted and — by adjusting the design
parameters — reduced to insignificant
levels. In fact, the only noticeable ghost
occurs at a cemented interface in the
collimator which has a reflectivity of
.01% and had not been considered in
the ghost analysis.

EMMI will be mounted at the adapter
of the NTT and is co-rotating to follow
the field rotation. Rotation rates when
tracking near the zenith will be much
higher than the 15 deg/hour experi-
enced by instruments at equatorial tele-
scopes. Our design specification for fle-
xure calls for an image motion on the
detector of less than 10 um in the dis-
persion direction when rotating the in-
strument by 180 degrees, a very hard
requirement in view of the large number
of moving functions and the size of
EMMI. A typical assignment within the
image motion error budget calls for a
contribution of 2 ym due to any particu-
lar function. For the grating unit this
translates into a maximum admissible
flexure of just 0.4 arcsec on the grating
surface when turning the unit upside
down! The structure of EMMI, the
grating units as well as many other
critical units were each individually
tested and many improvements were
made in order to meet this objective.
Further flexure tests of the complete
instrument will be carried out at the
telescope.

EMMI was controlled by an engineer-
ing version of the control software which
was continuously improved during the
test period. A first version of the user
interface with softkeys and forms on the
Ramtek monitor was also tested. We
used a Thomson 1024 x 1024 setup
chip mounted on the red arm, controlled
by the new VME camera and a stand-
alone version of the new CCD pro-
gramme, a configuration sufficient for
the Garching tests. All in all, the integra-
tion and test of EMMI in Garching pro-
ceeded very smoothly and without ma-
jor negative surprises. Still, a substantial
amount of work remains to be done for
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Figure 3: The echelle spectrum of a nearby G-type star taken with EMM] from Garching. Note
the strong O. bands in orders 20 and 23 caused by the large airmass and low altitude.

the integration of the EMMI hard- and
software with the NTT environment.

As an appetizer for future users, we
show in Figure 3 an echelle spectrum of
the Sun (probably the first solar spec-
trum ever recorded from Garching) ta-
ken with a 3-cm telescope and a 35-m
fiber link. This sun spectrum gives a first
impression of the quality of the data that
can be obtained with this instrument.
Note that echelle spectroscopy is a de-
manding application; focus and image
quality must be optimized in a large
wavelength range over the complete
CCD field and stray light and ghosts are
most apparent in echelle mode.

The spectrum has been recorded us-
ing a slit with a width of 0.5 arcsec and a
height of about 17 arcsec (38 pixels) that
was illuminated along its full height by
diffused sunlight from the fiber. A star
spectrum would appear much narrower
depending on the seeing and tracking
accuracy. In the figure, red (up to 7700 A)
is at the top and blue (starting at 4000 A)
at the bottom. The figure does not dis-

play the whole CCD because the image
has been truncated to eliminate two
dead columns on the right side of the
setup chip. However, this does not
cause any spectral gap since the adja-
cent orders overlap for about 90 A each
side. Expert eyes can recognize at a
glance the atmospheric A and B Op
bands in orders 20 and 23 (the first and
the fourth order counting from the top),
H,, at the centre of order 24, the D, and
D, resonance lines of Nal on 0rder__2?‘
the Mglb multiplet at . = 5170 A in
order 31 and H;, in order 33.

Figure 4 displays a portion of the ex-
tracted and wavelength calibrated order
24. Background has been evaluated av-
eraging from the two adjacent inter-
orders and subtracted. The calibration
in wavelength has been performed us-
ing an image of a Thorium/Argon lamp
taken with the same set-up. Then the
order has been normalized with a spline
interpolation through continuum win-
dows. To check the photometric accu-
racy we have measured the equivalent



widths of the strongest lines, not con-
taminated by water-vapour lines. The
comparison of our equivalent widths
with those of the Moore et al. (1966)
solar atlas, paying attention to add all
the possible contributions, has shown
an agreement within +0.004 A, and
without systematic trends. Such a small
difference can be easily accounted for
considering the uncertainty in the draw-
ing of the continuum and the accuracy
of the measurements in our spectrum
that has a S/N of =200.

The level of the scattered light mea-
sured in the interorder region stays fairly
low all over the CCD and in the red it
remains below 2% of the nearby order
intensity.

The spectral resolution measured
from the arc image is slightly varying
from one order to the other likely due to
non-perfect focusing over the entire
wavelength range. The best resolution is
found in order 28 where the average
FWHM of the arc lines is 0.48 A giving a
resolving power of = 12,000. This is
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Figure 4: A portion of order 24 extracted from the echellogram of Figure 3 showing the region

around H,,.

what one expects taking into account
the Rs product of this grating (7700 for a
1 arcsec slit), the slit width (0.5 arcsec)
and pixel size (0.45 arcsec).
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The Thomson 10242 Pixel CCD at the New Technology

Telescope
S. D'ODORICO, ESO

Many of the guests who admired on
the recent inauguration the impressive
images taken with the NTT telescope
(see the leading article in this issue of
the Messenger and Fig. 1) were prob-
f»ibly not aware that one of the most
Important components in the chain that
Produced those results is a 19 x 19 mm
silicon device, a 2D detector usually
known as a charge-coupled device or in
short a CCD, and its associated elec-
tronics,

CCDs are nowadays the more inten-
sively used detectors in astronomy be-
Cause of the convenience of their digital
Output, the precise geometry of their
discrete elements, the good linearity
and uniformity, the high quantum effi-
Ciency and the low values of the intrinsic
Sources of noises such as read-out and
dark current. At ESO, the six largest
telescopes are now equipped with CCD
Cameras for imaging and spectroscopy
and they are used in these modes for
the largest fraction of the observing
time,

Several industrial companies produce
CCDs of interest to astronomical appli-
Cations: those who currently deliver
chips which are in regular use at differ-
ent telescopes are Thomson CSF and

EV in Europe and Tektronix, Texas In-

& ¥ S i
Figure 1: A 30-minute exposure of the Balmer-line dominated supernova remnant 0548-70.4 in
the LMC taken at the NTT with EFOSC2 and the Thomson 10247 pixel CCD in the light of He
and [NI]. in this false-colour reproduction, objects of higher intensity, both stars and nebulae,
are shown in red. The field is 2.6 x 2.6 arcmin with a sampling of 0.152 arcsec/pixel. The low
read-out noise of this CCD device (<10 e /pixel) is an important asset for this kind of
observations where one wants to detect faint features against a relatively low background.
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strument and EG & G Reticon in the
USA.

While many of these devices show
excellent properties, they hardly fulfil the
desiderata of astronomers either in term
of size (they are just too small!) and of
other working parameters. In one of
many initiatives to foster the develop-
ment of better devices for astronomy,
ESO joined INSU of France in 1988 to
support the production of 1024 pixels,
front-illuminated CCDs by Thomson
CSF.

Three devices of this type (TH 31156)
were delivered to ESO during 1989 and
they were intensively tested in the ESO
detector laboratory. One was installed
on the EFOSC2 focal reducer at the NTT
in December 1989. It had been previ-
ously coated at ESO with laser dyes to
enhance the UV-blue quantum efficien-
cy. Figure 2 shows the final efficiency
curve. The other characteristics of this
CCD, now designated as ESO # 17, can
be summarized as follows: ro.n =6 e
pixel, dark current at 140 "K 30 e /pix/
hr, high charge transfer efficiency,
linearity over a dynamic range of 10°,
cosmic events rate 1.5 events/cm®/min,
saturation level of one pixel 1.6 10° e,
absence of any major blemish. These
properties make the TH 31156 CCDs a
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Figure 2: The guantum efficiency curve of the TH 31156 CCD (ESO # 17) after coating in the

ESQO laboratory.

good choice for a wide range of observ-
ing programmes and explains why de-
vices of this type have now also been
introduced at the AAT 150-inch and the
Tololo 4-m telescopes.

Figure 3: A view of the TH 31156, 10247 pixels CCD on the new mounting designed and
realized at ESO. With a 2.3-1 liquid nitrogen tank, the dewar can operate the CCD at the
required temperature of 140 °K for periods longer than 24 hours without refilling.
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The December 1989 commissioning
run at the NTT represented also the
culmination of two other important de-
velopments carried out at ESO in the
field of optical detectors. The CCD was
installed with a new, versatile control
camera based on commercially avail-
able VME-bus boards and on custom-
made boards interfacing the CCD to the
VME-bus. The camera (Reiss et al.
1989, SPIE Vol. 1170) was developed in
the ESO electronics lab in the last three
years and finds a wide range of applica-
tions in present and future ESO instru-
ments.

The CCD was installed in the dewar
on a new front-end also designed at
ESO for use with CCDs as large as
6 % 6 cm (Fig. 3). Other novel features of
the new mounting are the location of the
pre-amplifier board close to the chip to
minimize the system noise and various
artifices adopted to maximize the ther-
mal insulation and to facilitate a precise
spatial adjustment of the chips.

First Announcement
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ching bei Minchen, F.R. Germany.




The European Science Data Archive for the Hubble Space

Telescope
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Introduction

In the framework of the cooperation
between NASA and ESA on the Hubble
Space Telescope (HST) project the ar-
chiving of the science data have always
been ranked high in priority. Not only will
it be very difficult to apply for and obtain
observing time on HST (as those who
participated in the first round of observ-
ing proposal submission can confirm),
the utilization and optimum exploitation
of these very expensive data sets can
only be achieved through archival re-
search. This has been demonstrated
through the very successful de-archival
programmes operated by the IUE data
archive.

Initially HST data will be archived at
the ST Science Institute (STScl) in the
Data Management Facility (DMF) on op-
tical disks. As these disks are being
produced, a second copy is made and
is shipped to the ST European Coor-
dinating Facility (ST-ECF) immediately.
This means that the ST-ECF will get a
full copy of the HST archive immediately
after the observations are carried out.
The implication of this is that the ST-
ECF had to build a near identical archive
with equivalent data retrieval capa-
bilities and security measures: as is well
known, HST data will nominally remain
Proprietary for a period of one year after
the end of the respective observing pro-
gramme, with some exceptions.

The HST Science Data Archive of the
ST-ECF was designed and implemented
In collaboration with ESO and with the
STScl. Realizing that during the pro-
lected life time of more than 15 years it
Would not be possible to maintain hard-
ware compatibility, emphasis was
Placed on a design which would allow
Sqﬂware and data compatibility even on
different hardware configurations.

The logical configuration of the two
archive facilities (DMF at STScl and Sci-
ence Data Archive at the ST-ECF) was
designed during 1985, and mapped into
available hardware. Initially the two
hé?fdware architectures were similar, but
this changed as time passed. The soft-

ware elements were identified, and
STScl and ST-ECF agreed to assume
responsibility for the development of the
various parts of the system; in addition,
site-specific utilities were developed in
both places. Around 1987 the Canadian
Astronomy Data Centre (CADC) at
Dominion Astrophysical Observatory
decided to build a similar archive and
participated in the development through
discussions and collaboration.

It should be noted that the DMF at the
STScl is considered to be an interim
facility. Its functions will be taken over
by the Data Archive and Distribution

System (DADS), which is currently in the
early planning stages. This changeover
is expected to occur not earlier than
1993. As far as the ST-ECF is con-
cerned, the Science Data Archive is the
European HST archive during the
lifetime of the mission. Interface control
documents have been negotiated to
make sure that continued data transfer
will be possible.

Archive Requirements

The HST will produce formidable
amounts of data, with more to be ex-

Telescopes:

Mirrors and Supports
Active and Adaptive Optics
Seeing Management
Buildings

Mounts and Controls
Operation/Remote Control

First Announcement

PROGRESS IN
TELESCOPE AND INSTRUMEN-
TATION TECHNOLOGIES

From 27 to 30 April 1992
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Garching bei Miinchen, F.R. Germany

PRELIMINARY PROGRAMME:

Results from Recently Completed Telescopes
Reports on Telescopes under Construction
Plans for Future Telescopes

Chair: M.-H. Ulrich. For further information contact “Telescope 92",
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Garching bei Mlnchen, F.R. Germany.
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pected when the second-generation
scientific instruments go into operation
in the mid-1990’s.

Currently we expect 1-2 Gbytes of
data per day, which roughly translates
into about an optical disk platter per
day. As mentioned above, these data
sets will be shipped to the ST-ECF soon
after the observations were taken.

Part of the information, the observa-
tion catalogue {i.e. the information con-
tained in the header of the sets) will get
sent to the ST-ECF in near real time via
computer network. For this purpose we
recently installed a dedicated link to
ESOC Darmstadt in order to connect to
the NASA Network using also TCP/IP. In
addition, SPAN can be used as long as
both archives are using VAX computers.
This ensures that information on what
has been observed can be made avail-
able to European astronomers as soon
as possible.

Archive Hardware Design

The archive hardware system is de-
signed following the client-server mod-
el: it consists of an archive server (hold-
ing the mass storage devices and taking
care of bulk data handling), and of a
catalogue server, allowing efficient
access to the HST catalogue of obser-
vations and to some astronomical cata-
logues, to be used for scientific support.
No user accounts are maintained on the
archive and the catalogue servers, both
for decoupling system work from stan-
dard user work, and for archive security
reasons. User access (local or remote)
to the HST archive and catalogue is
guaranteed on other computers in a
LAN, acting as clients.

At the ST-ECF, the archive server is a
microVAX II/VMS computer, connected
to the ESO/ST-ECF LAN and equipped
with standard magnetic media (magne-
tic tape, 1.8 Gbytes of staging disk
area). Four optical disk units (an Alcatel-
Thompson Gigadisk, two LMS! Laser-
drive 1200 s and a Maxtor 800) can be
used to physically store the data.

Currently acting as the catalogue
server there is a Britton-Lee IDM 500
database machine, running the OMNI-
BASE/IDM software, and accessible
from the archive microVAX and from one
of the two clustered 8600 VAXes con-
nected to the ESO/ST-ECF LAN. This
device is currently being replaced by a
more efficient system based on a gener-
al-purpose computer (a Sun) and a
commercial data base management
system (DBMS), selected after bench-
marks and comparisons between differ-
ent DBMS’s have been made, in close
collaboration with ESO/IPG.

An 8-mm cartridge tape device has
recently been made available to allow a
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Figure 1: Software structure showing system components and their interrelations.

cost-effective eventual distribution to
users of large quantities of data. The
helical scan technology is currently de-
veloping fast, so it is likely that other
devices will be purchased, after the
community of users has been con-
tacted. The upgrade of the microVAX
itself with a more efficient system is
being considered, although with low
priority at this time.

Archive Software Architecture

As already mentioned, a software sys-
tem for the archiving of HST data has
been built in a joint effort between STScli
and ST-ECF: the File Handler and re-
lated processes, database and network
interfaces were developed at the STScl,
the User and the Operator Interfaces
and the Request Handler were written at
the ST-ECF. The User and the Operator
Interfaces are layered on the Proteus/
TermWindows software (P/TW), de-
veloped as a collaboration between ST-
ECF and ESO/IPG.

STARCAT (Space Telescope ARchive
and CATalogue) is the user interface to
the HST archive: it can be accessed
from any terminal in ESO/ST-ECF, and
through computer links from remote
sites. STARCAT is the way of accessing
the HST catalogue and other catalogues
available for reference which are stored
on the catalogue server. It is the only
part of the system actually visible to the
user, therefore it has been built in such a
way that it is easy to use: there is no
command syntax to learn, and cata-
logue queries can be issued through a
form-filling mechanism. It can be con-
sidered as a stable software product,
since it has had lots of feedback from
the astronomers’ community. De-ar-

chiving requests can be issued from
STARCAT, and are managed by the Re-
quest Handler. Actual manipulation of
files, including OD handling, is taken
care of by the File Handler and its pro-
cesses, which rely on the Operator In-
terface for exchanging messages with
the system operator(s). All of the com-
ponents of this rather complex system
are different processes, some of them
running on different computers, and
connected to each other by NET, the
network interface.

All of the code has been written to be
portable through different operating
systems, DBMS’s, network protocols.
VMS and Unix implementations are
available for STARCAT, catalogues have
been integrated in the IDM and Sybase
systems, and network connections have
been using DECnet and TCP/IP pro-
tocols.

Software developments at the ST-
ECF will consist in improvements to
STARCAT (in collaboration with ESO/
IPG), and in software developments for
the rest of the system (in collaboration
with STScl and CADC). In particular,
only the STARCAT side of this exercisé
will be of relevance to the user, since it
involves the interface the archival re-
searcher will find when dealing with the
system; the other upgrades of the soft-
ware will handle the kerne! of the system
(being mainly relevant to operator-re-
lated operations) and therefore will be
transparent to users.

Archive Operations

As mentioned above, the observation
catalogue will be accessible to on-site
and off-site users through computer
networks. This will normally not be trué



for the data, except maybe in the case
of spectral data (several 10°°3 bytes),
which could be transmitted at least lo-
cally.

However, the main reason (in addition
to bulk) why the data will normally not be
available on-line is the fact that it is
indeed difficult to keep them on-line. To
make a year's worth of data available
on-line would require a robotic arrange-
ment able to handle in the order of 500
12-inch platters. Not only would this re-
quire a substantial amount of money, it
is also very difficult to plan in the ab-
sence of operational experience. Thus it
is foreseen to initially perform the actual
de-archiving of data through operator
intervention; this also provides an addi-
tional measure of data security.

Before accessing the HST catalogue,
an identification phase will be needed:
browsing the catalogue, a free-of-
charge activity, will require just selfre-
gistration, while data retrieval will re-
quire privileged ST-ECF staff interven-
tion, if involving costs for the user.

Scientists will use STARCAT to
browse through the HST observations
catalogue and, through its form-filling

mechanism, to identify and select data
of interest. From within STARCAT, users
will then issue a de-archive request
which will be verified for validity, exis-
tence and proprietary status of data,
and available user credit, and finally
queued for operator action. STARCAT
can then be left, and the system will
notify completion of operations via an e-
mail message.

When the files are retrieved, they will
be directly delivered on the user’'s data
analysis work area on disk, if at ESO/
ST-ECF; otherwise, a hard medium will
be produced. Magnetic tapes are cur-
rently supported; upon special request,
data can be shipped also on 8-mm car-
tridge tapes or Maxtor 5" 1/4 WORM
OD’s. As the market develops, other
storage media are likely to become
available.

Current Status

At this time the hardware elements of
the archive are in place and the software
has been developed. An end-to-end test
of a data transfer from the HST (at that
point it was located in a clean room at

Lockheed) through the NASA system,
through the DMF at the STScl, into the
ST-ECF Science Data Archive was
carried out earlier in order to verify that
the planned transfer will indeed work.
An archive readiness review was held at
the STScl in mid-November. At the pre-
sent time we are going through the final
preparations for launch. The overall ar-
chive system is being exercised at the
ST-ECF, before the first HST data are
available to users (roughly 7 months af-
ter launch time), on the IUE LBL archive,
to get a feeling of what day-to-day de-
archival operations on the HST archive
will look like.
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A new IHAP User's Manual, version April
1990, is available:
— the command description is alphabetically
ordered

= it contains all updates since March 1985
= more introductions are given

= reduction methods for 2-D spectra are
described

= the manual was revised by M. Véron
(OHP), D. Baade, P. Grosbel (ESO) and
others.

_ The technical details of IHAP are described
N a new IHAP “Engineering Manual". Please
contact Ch. Euler for these new manuals.
IHAP is mostly used at La Silla where HP/
1000 computers control telescopes (includ-
Ing the NTT), instruments and detectors.
P. Biereichel

MIDAS Memo
ESO Image Processing Group

1. Application Developments

Since December 1989 the Portable
MIDAS has finally become the default
version within ESO on the VAX/VMS
machines. This led to a heavy workload
of fixing bugs and ironing out problems
all over the system. We now have a
much more stable system and many
minor improvements and additions have
been included. No major new applica-
tions have been added in the meantime,
except some new algorithms in the
LONGSLIT package.

2. System Developments

Most  UNIX workstations running
MIDAS do not have their own tape unit
but must share a common network tape
station. A remote tape server task is
now available for UNIX systems using
TCP/IP protocols. When installed, it
enables the tape commands in MIDAS
to access a remote drive as if it were a
local device. The interprocess com-
munication interfaces have been re-
written and now use sockets instead of
pipes. Therefore, they should be more
portable and work also on pure BSD
machines, e.qg. Alliant.

3. Better Support
of DECwindows Under VMS

The portable MIDAS is supported on
both VAX/VMS and UNIX systems. To
ensure full compatibility of MIDAS with
the latest release of VAX/VMS, a VAX
station 3100 running VAX/VMS was
purchased by the Image Processing
Group. This system will be kept updated
with respect to the VMS operating sys-
tem and the DECwindow X11 based
display manager. New releases of
MIDAS will be verified on this VAX sta-
tion and thereby certify them for the full
range of VAX/VMS systems. The DI
server (the programme which manages
the MIDAS windows) used to be run as a
batch job. That created problems for
distributed systems with a single
generic batch queue. Now the IDI server
is spawned as a separate process
(which also speeds up execution).

4. Change of MIDAS Release
Cycle

The release cycle of MIDAS has been
modified to ensure greater stability and
reliability in the future. The internal de-
velopment version of MIDAS (i.e. new) is
frozen every second month. The last
frozen version before a release will be
tested both internally and at a number of
external beta-test sites. The actual
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ESO, the European Southern Observa-
tory, was created in 1962 to . . . establish
and operate an astronomical observa-
tory in the southern hemisphere, equip-
ped with powerful instruments, with the
aim of furthering and organizing collabo-
ration in astronomy . .. It is supported
by eight countries: Belgium, Denmark,
France, the Federal Republic of Ger-
many, Italy, the Netherlands, Swedenand
Switzerland. It operates the La Silla ob-
servatory in the Atacama desert, 600 km
north of Santiago de Chile, at 2,400 m
altitude, where fourteen optical tele-
scopes with diameters upto 3.6 mand a
15-m submillimetre radio telescope
(SEST) are now in operation. The 3.5-m
New Technology Telescope (NTT) has
recently become operational and a
giant telescope (VLT=Very Large Tele-
scope), consisting of four 8-m tele-
scopes (equivalent aperture = 16 m) is
underconstruction. Eight hundred scien-
tists make proposals each year for the
use of the telescopes at La Silla. The ESO
Headquarters are located in Garching,
near Munich, FRG. It is the scientific-
technical and administrative centre of
ESO, where technical development pro-
grammes are carried out to provide the
La Silla observatory with the most ad-
vanced instruments. There are also
extensive facilities which enable the
scientists to analyze their data. In Eu-
rope ESO employs about 150 internatio-
nal Staff members, Fellows and Asso-
ciates; at La Silla about 40 and, in addi-
tion, 150 local Staff members.

The ESO MESSENGER is published four
times a year: normally in March, June,
September and December. ESO also
publishes Conference Proceedings,
Preprints, Technical Notes and other
material connected to its activities.
Press Releases Inform the media about
particular events. For further informa-
tion, contact the ESO Information Servi-
ce at the following address:

EUROPEAN

SOUTHERN OBSERVATORY
Karl-Schwarzschild-Str. 2
D-8046 Garching bel Miinchen
Fed. Rep. of Germany

Tel. (089) 32006-0

Telex 5-28282-0 eo d

Telefax: (089) 3202362

Bitnet address: IPS@DGAESO51
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Technical editor: Kurt Kjar

Printed by Universitats-Druckerei
Dr. C. Wolf & Sohn
Heidemannstrae 166

8000 Miinchen 45

Fed. Rep. of Germany

ISSN 0722-6691
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MIDAS release will be based on this
frozen version correcting major prob-
lems found during the beta-tests. This
procedure is expected to give several
advantages, namely: (a) installation pro-
cedures will be checked independently
thereby making it possible to clarify the
documentation, (b) problems in special
applications can be reported in the re-
lease notes and help files, and (c) up-
dates of the MIDAS Users Guide can be
collated earlier and made available
much closer to the actual release data
than is now possible.

5. IEEE Floating Point Format in
FITS

The original FITS agreement specified
8-, 16- and 32-bit integers as the only
data formats. All integer formats are
limited by an absolute error, whereas
floating point formats can span a much
wider numeric range with only a relative
error. With the increased dynamic range
of astronomical data, most image pro-
cessing systems now process data in
floating point format. To avoid time con-
suming conversions to and from inte-
gers and possible loss of accuracy, the
FITS committee proposed the inclusion
of the IEEE-754 32- and 64-bit floating
point formats in the allowed FITS data
types. This proposal was accepted as a

standard by the IAU FITS Working
Group after a formal vote in December
1989. Thus, the use of IEEE floating
point numbers in the FITS data matrix is
valid as of January 1, 1990.

The MIDAS intape/outtape com-
mands have been upgraded to accept
IEEE floating point data in FITS files
(available from the 90 MAY release).
Since it will take some time before all
FITS readers in the community are up-
dated, MIDAS will still default to write
FITS tapes in the original integer format
until the 90 NOV release.

6. MIDAS Hot-Line Service

The following MIDAS support services
can be used to obtain help quickly when
problems arise:

@ EARN: MIDAS (v DGAESO 51

® SPAN: ESOMC1::MIDAS

® TIx.: 528 282 22 eso d, attn.: MIDAS
HOT-LINE

@® Tel.: +49-89-32006-456

Users are also invited to send us any
suggestions or comments. Although we
do provide a telephone service we ask
users to use it only in urgent cases. To
make it easier for us to process the
requests properly we ask you, when
possible, to submit requests in written
form through either electronic networks
or telex.

Contents
The Editor: ESO Celebrates its New Technology Telescope . ..........covveenn. 1
Official Speeches at the NTT INAugUIration . . .. ... v vt it e ee e e 6
NI Image Galleryi: s svms o e s e B S a i R ST et B e 14
H. van der Laan: Professor Pierre Charvin, T January 24,1990 . . ................ 19
New ESO Scientific Preprints . ... ot 19
C. Madsen: BBC Makes ESOFIUM ;cw « vva o s ve i s s v aiei s anial s s d s ae widia s 20
Caltech and ESO Join Forces to Produce Sky Atlas . ........coiiiiiiinnn. 21
L. Zago: Near-Ground Seeing on an Interferometric Platform ... ................ 22
Visiting Astronomers (April—October 1990) . . ... ... ..o ienaann 24
A. Blaauw: ESO's Early History, 1953—1975. VI: Further Development in Chile;

25 March 1969: The First Phase Dedicated; The Introduction of National

TEIRECORRS: &osve s s e el e oo s i i e S S R s 27
P. Bouchet: Report on the Fourth Joint ESO/CTIO Colloquium “The 1001 Nights of

ST OBTN s smarayas sremaomsmmim s s rvm e as s At S St B 5.5 34
P. Bouchet, |.J. Danziger, L. B. Lucy: The Bolometric Light Curve of SN 1987A . . . .. 40
A. Terzan: A Photometric Study of the Bright Cloud B in Sagittarius . ............. M
T. Le Bertre: First Evidence of DIB Carriers in the Circumstellar Shell of a Carbon

S O o s e T R o e T B i 0B o s S SR oA D 46
EETOTA D & 4 5o it i s e i b L i s B ) 1 68 008 46

G. Meylan, S. Djorgovski, N. Weir, P. Shaver: PHL 1222: an Interacting Quasar Pair? 47

B. Jarvis: Addendum (Narrow Band Imaging of M87 withthe NTT) . ... ........... 49
H. Debehogne: Twenty-three Missions at ESO-LaSilla........................ 50
Staff MOVEIMENTS . .. . oottt et e et et e e e e e 51
B. Jarvis, P. Seitzer: Resolving the Fornax Globular Cluster withthe NTT ... ... ... 52
Prapaning for GOMBEAUSTIN sers-omsm s srms siwisiasiainss oss e e e s o suasy (A e 53
R.M. West: ADust Jet from Comet Austin . .. ... ..ottt 54
J. Manfroid, P. Bouchet, C. Gouiffes: Photometry of Comet Austin .............. 55
H. Dekker, P. Molaro: Status Report on EMMI: Results from the Testing in Garching . 57
S. D'Odorico: The Thomson 1024% Pixel CCD at the New Technology Telescope ... 59
R. Albrecht, F. Pasian, F. Ochsenbein, B. Pirenne, A. Richmond, G. Russo, C. Vuerli:

The European Science Data Archive for the Hubble Space Telescope . .. .... .. 8:13

6

ESO Image Processing Group: MIDAS Memo



	The Messenger No. 59 - March 1990_00001
	The Messenger No. 59 - March 1990_00002
	The Messenger No. 59 - March 1990_00003
	The Messenger No. 59 - March 1990_00004
	The Messenger No. 59 - March 1990_00005
	The Messenger No. 59 - March 1990_00006
	The Messenger No. 59 - March 1990_00007
	The Messenger No. 59 - March 1990_00008
	The Messenger No. 59 - March 1990_00009
	The Messenger No. 59 - March 1990_00010
	The Messenger No. 59 - March 1990_00011
	The Messenger No. 59 - March 1990_00012
	The Messenger No. 59 - March 1990_00013
	The Messenger No. 59 - March 1990_00014
	The Messenger No. 59 - March 1990_00015
	The Messenger No. 59 - March 1990_00016
	The Messenger No. 59 - March 1990_00017
	The Messenger No. 59 - March 1990_00018
	The Messenger No. 59 - March 1990_00019
	The Messenger No. 59 - March 1990_00020
	The Messenger No. 59 - March 1990_00021
	The Messenger No. 59 - March 1990_00022
	The Messenger No. 59 - March 1990_00023
	The Messenger No. 59 - March 1990_00024
	The Messenger No. 59 - March 1990_00025
	The Messenger No. 59 - March 1990_00026
	The Messenger No. 59 - March 1990_00027
	The Messenger No. 59 - March 1990_00028
	The Messenger No. 59 - March 1990_00029
	The Messenger No. 59 - March 1990_00030
	The Messenger No. 59 - March 1990_00031
	The Messenger No. 59 - March 1990_00032
	The Messenger No. 59 - March 1990_00033
	The Messenger No. 59 - March 1990_00034
	The Messenger No. 59 - March 1990_00035
	The Messenger No. 59 - March 1990_00036
	The Messenger No. 59 - March 1990_00037
	The Messenger No. 59 - March 1990_00038
	The Messenger No. 59 - March 1990_00039
	The Messenger No. 59 - March 1990_00040
	The Messenger No. 59 - March 1990_00041
	The Messenger No. 59 - March 1990_00042
	The Messenger No. 59 - March 1990_00043
	The Messenger No. 59 - March 1990_00044
	The Messenger No. 59 - March 1990_00045
	The Messenger No. 59 - March 1990_00046
	The Messenger No. 59 - March 1990_00047
	The Messenger No. 59 - March 1990_00048
	The Messenger No. 59 - March 1990_00049
	The Messenger No. 59 - March 1990_00050
	The Messenger No. 59 - March 1990_00051
	The Messenger No. 59 - March 1990_00052
	The Messenger No. 59 - March 1990_00053
	The Messenger No. 59 - March 1990_00054
	The Messenger No. 59 - March 1990_00055
	The Messenger No. 59 - March 1990_00056
	The Messenger No. 59 - March 1990_00057
	The Messenger No. 59 - March 1990_00058
	The Messenger No. 59 - March 1990_00059
	The Messenger No. 59 - March 1990_00060
	The Messenger No. 59 - March 1990_00061
	The Messenger No. 59 - March 1990_00062
	The Messenger No. 59 - March 1990_00063
	The Messenger No. 59 - March 1990_00064

