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The NTT Provides the Deepest Look Into Space

B.A. PETERSON, Mount Stromlo Observatory, Australian National University, Canberra
S.D’ODORICO, M. TARENGHI and E. J. WAMPLER, ESO

The ESO New Technology Telescope
on La Silla has again proven its extraor-
dinary abilities. It has now produced the
“deepest” view into the distant regions
of the Universe ever obtained with
ground- or space-based telescopes.

Figure 1: This picture is a reproduction of a
1.1 x 1.1 arcmin portion of a composite im-
age of forty-one 10-minute exposures in the
V band of a field at high galactic latitude in
the constellation of Sextans (R.A. 10" 45™;
Decl. —=0° 14’).

The individual images were obtained with
the EMMI imager/spectrograph at the Nas-
myth focus of the ESO 3.5-m New Technolo-
gy Telescope using a 1000 x 1000 pixel
Thomson CCD. This combination gave a full
field of 7.6 x 7.6 arcmin and a pixel size of
0.44 arcsec. The average seeing during these
exposures was 1.0 arcsec.

The telescope was offset between the indi-
vidual exposures so that the sky background
could be used to flat-field the frame. This
procedure also removed the effects of cos-
mic rays and blemishes in the CCD.

More than 97 % of the objects seen in this
sub-field are galaxies. For the brighter galax-
ies, there is good agreement between the
galaxy counts of Tyson (1988, Astron. J., 96,
1) and the NTT counts for the brighter galax-
ies. However, the limiting magnitude for this
image s ~ 1 mag fainter than for previous  galaxies is shown on the accompanying map This V-image represents the deepest im-
work. A magnitude sequence of a few of the  on page 2. age that has ever been published.




The new picture reaches magnitude 29
and shows enormous numbers of ex-
tremely faint and remote galaxies whose
images almost completely fill the field of
view.

The Observations

Beginning in March 1991, and to-
gether with Yuzuru Yoshii of the Nation-
al Astronomical Observatory in Tokyo
and Joseph Silk of University of Califor-
nia, Berkeley, we have embarked upon
an observing programme with the NTT
aimed at detecting and measuring ex-
tremely faint galaxies.

To avoid problems with bright objects
in the field, we pointed the NTT towards
an “empty field” in Sextans. Previous
observations had shown that no objects
brighter than about magnitude 20 were
visible in this direction. As will be seen,
this first attempt has been highly suc-
cessful.

Using a Thomson high-quality CCD
detector in the ESO Multi-Mode Instru-
ment (EMMI) at one of the NTT Nasmyth
foci, Bruce Peterson took forty-one ex-
posures of this field, totalling 6 hours 50
minutes. The individual pictures were
registered and co-added to produce a
combined image of which a small part
(about 2% of the total area) is repro-
duced on the photo on the front page of
this issue of The Messenger.

Characteristics of the Picture

It has been known for some time that
on very deep sky exposures, most re-
corded objects fainter than about mag-
nitude 24 are galaxies, rather than indi-
vidual stars. In simple terms, this is be-
cause, as we look further and further out
in space, we see more and more galax-
ies, while there is only a limited number
of foreground stars in the Milky Way.

More than 97 % of the objects in the
frame are galaxies. The brightest ones,
of about magnitude 21-25, can clearly
be seen to have different shapes and
can be accordingly classified. Thanks to
the good angular resolution, it is possi-
ble to see that some of the fainter im-
ages are more or less elongated. This
may be due to the galaxy type or to the
inclination.

Calibration exposures were made on
the same nights and we determined that
the limiting magnitude of the frame is
fainter than magnitude 29. This is more
than one magnitude, i.e. at least 2.5
times, fainter than any other image ob-
tained so far by any optical telescope,
on the ground as well as in space. We
have indicated a magnitude sequence
on the drawing.

The frame shows enormous numbers
of faint galaxies whose images to a large
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A Magnitude Sequence in the NTT Picture
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Figure 2: This map identifies some of the galaxies which are seen in the deep NTT frame on the
fromt page. The computer-drawn ellipses reflect their sizes and shapes. Note that the
identifying numbers are located to the right of the objects they refer to.

The following sequence of measured V-magnitudes illustrates the extraordinary depth of this
picture: V = 20.3 (galaxy no. 72), 21.1 (73), 21.5 (64), 23.0 (62), 23.4 (80), 24.9 (114), 26.3 (58),
26.8 (92), 27.5 (105), 27.7 (110), 28.0 (13), 28.4 (10), 29.0 (70), 29.1 (45).

extent overlap each other. As a matter
of fact, it is not even certain that there is
any place where we are able to see the
sky background. Already this simple ob-
servation is of great cosmological sig-
nificance: the number of galaxies still
appears to be increasing at these very
faint magnitudes. It seems that we have
not yet reached a point where we begin
to ook through the system of galaxies,
as we can look through the stars in the
Milky Way system.

A single frame, however, cannot with
certainty discern between relatively
nearby dwarf galaxies, very distant “nor-
mal” galaxies, or extremely remote
superluminous galaxies. If some of the
faintest images here seen belong to
dwarf galaxies like the Magellanic
Clouds, then their redshifts are likely to
be 0.5 to 0.7, corresponding to look-
back times of 38—48 % of the age of the
Universe. Those which are normal
galaxies like the Milky Way will have
redshifts of the order of 3—3.5 and the
look-back time would be 88-91%.
However, if any of them are brighter

than the Milky Way Galaxy, then their
distances would be even larger.

Follow-up Observations

A number of follow-up observations
are now being undertaken.

First of all, reasonably accurate col-
ours of most of the observed galaxies
will be measured. With the NTT, this will
be possible for those which are brighter
than magnitude 28. An R-frame similar
to the V-frame shown here has already
been obtained; a comparison may en-
able us to cast some light on the ages of
the galaxies observed.

The NTT will also be able to obtain
spectra of the galaxies brighter than
about magnitude 24. This will make pos-
sible the measurement of their redshifts,
i.e. their velocities and cosmological
distances.

The differentiation between relatively
nearby dwarf galaxies and much more
distant normal galaxies will also be pos-
sible by means of continued observa-
tions of the same sky field. Dwarf galax-



ies at redshift 0.5 would be close
enough for individual supernovae to be
observed in large numbers. Contrarily,
supernovae in normal galaxies at red-
shift 3 or more would be too faint to be
observed. A comparison of pictures ob-
tained at different times will tell whether
short-lived supernovae are seen or not,

HST —the First Year
R. FOSBURY, ST-ECF

At the end of April, the Hubble Space
Telescope completed its first year in or-
bit. With a projected lifetime, however,
of some fifteen years, the observational
programme of the spacecraft is just be-
ginning. After the announcement in June
1990 of the spherical aberration in the
primary mirror, the first assessment by
astronomers tended to relegate the ob-
servatory to the role of a “large IUE with
some UV imaging”.

Now that the science verification
phase of the commissioning process is
nearing completion and the Guaranteed
Time and General Observer pro-
grammes have started, it is a good time
to assess what we have learned so far
and try to paint a somewhat more realis-
tic picture of the current capabilities of
the instruments as they will be until the
optical correctors are installed late in
1993 (current estimate).

In our eagerness to examine and
assess the first real observations with
the cameras and the spectrographs, it is
perhaps too easy to overlook the tre-
mendous complexity of the spacecraft
and the ground operation and so to
underestimate the achievement that the
by now regular observing schedule rep-
resents. In the early months of the year,
many of the pointing and target acquisi-
tion problems were overcome and by
April, when revised pointing control
software was installed in the on-board
computers, the rate of successful com-
pletion of planned observations had be-
come encouragingly high.

An engineering assessment of the
spacecraft reveals both good news and
some cause for concern. The new NiH2
batteries, specified at a late stage in the
project, are performing well and the so-
lar arrays are exceeding expectations in
their power output. This means that the
extra power can be used to minimize the
thermal cycling of the scientific instru-
ments and so help to extend their
lifetime. Also, the thermal behaviour of
the spacecraft as a whole is excellent
and imposes no additional operational

and therefore immediately give impor-
tant information about the nature of the
objects seen.

This NTT picture has given us a tan-
talizing, first glimpse of what can be
done with the new and improved obser-
vational means which are now at our
disposal. 1t has given us a unigue look

restrictions on the observing pro-
grammes. Communications with the
ground, both direct and via the TDRS
system, are no problem with a bit-error-
rate some thousand times better than
the minimum specification. The data
management is also operating well, al-
though a failed memory unit (one of six,
four of which are currently used) caused
the HST to enter a deep sleep — “hard-
ware sunpoint safemode” state - re-
cently. A five-day recovery process was
completed just in time to intercept the
observing schedule for some GHRS ob-

into regions of the Universe, so remote
in space and time that they have never
before been explored.

This is the type of work that will be at
the frontline of optical observational
cosmology during the coming years.

servations of the flare star AD Leo coor-
dinated with a variety of ground- and
space-based observatories.

After an equivocal start, the pointing
performance has been improved to a
level where most target acquisitions are
successful. The spacecraft motions in-
duced by the solar arrays during ter-
minator transitions mean that the “jitter”
does not meet specifications although
large parts of the orbit are extremely
quiet (~ 5 milliarcseconds rms). Noisy
periods, which would degrade certain
observations, can be rendered benign

Figure 1: A WFPC observation in the [NIi] line of the circumstellar envelope of the eruptive
variable star n Car. The restored image is a composite from four CCDs and shows structures
down to 10 A.U. in size. (Credit: J. Hester/CalTech and NASA.)



Figure 2: The first HST WFPC observation of Jupiter. This “true colour” composite has about
the same resolution as the pictures taken by Voyager five days before encounter in 1979. The
banded structure at the limb is caused by the planet’s rotation during the six-minute sequence
of red, green and blue filter observations. (Credit: NASA.)

by building suitable schedules. The Fine
Guidance Sensors (FGS) which provide
the errors to the pointing control system
in one of two alternative modes -
Coarse Track and Fine Lock — are
affected by the spherical aberration but
this is somewhat offset for the Fine Lock
observations by the much lower than
expected rate of spoiled acquisitions
due to the unknown multiplicity of guide
stars. Now that software has been pro-
vided for anticipating velocity aberration
due to the orbital motion of HST, short
observations under gyro control only
can be made with good enough stability
for some purposes and greatly reduced
acquisition overhead. This will enable
observers to apply for programmes of
short “snapshot” mode observations
which will fill unavoidable gaps in the
schedule and increase the overall uti-
lization of the observatory. One of the
six gyros failed at the end of 1990. Four
of the remainder are used by the control
system.

The optical performance of the tele-
scope has now been characterized with
sufficient accuracy to enable the specifi-
cation of corrective optics for WFPC |l
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and for COSTAR - the scheme to re-
place the HSP with corrective optics for
FOC, FOS and GHRS (see ST-ECF
Newsletter #15, pp. 22, 23). The mea-
surements made on the original test
equipment used in the figuring of the
primary mirror and in-orbit observations
agree well and, incidentally, give a horri-
fically graphic picture of the blunder in
the mirror testing which resulted in the
infamous “HST point spread function”.
At the moment, the process of collimat-
ing the telescope remains incomplete,
primarily because the two cameras and
the FGS have somewhat differing re-
quirements.

The individual scientific instruments
are working well. The WFPC suffers
some UV (< 3000 A) problems due to
contamination — probably from the
lanoline used to lubricate the rivets in
the instrument structure! The interaction
of spherical aberration with the Casse-
grain repeater optics in the camera pro-
duces a position-dependent PSF which
complicates the processes of photome-
try and image restoration. The FOC is
nominal. The FOS, and to a lesser extent
the GHRS, suffer from magnetically in-

duced image motion. This can, with the
exception of the FOS red-side spec-
tropolarimetry, be corrected using re-
vised software. The FOS spectral re-
sponse below 1500 A decreases below
expectation and below that of the
GHRS, probably due to contamination
of the surface of a grazing incidence
mirror. The HSP is rather seriously
affected by the combination of spherical
aberration and spacecraft jitter and has
not yet progressed very far through its
science verification programme.

A workshop at the STScl in Baltimore
in the middle of May gave the parti-
cipants a mature review of the perfor-
mance of the observatory and a good
perspective of the early scientific results
from the science verification observa-
tions and the beginning of the GTO and
GO programme. Contrary to some of the
earlier assessments, based more on the
overall size of the PSF than on its de-
tailed characteristics, the imaging per-
formance of the cameras is qualitatively
different from even the best ground-
based telescopes. With the MTF ex-
tending almost to the diffraction limit,
the resolution of sources with a limited
dynamic range, e.g. planetary surfaces,
is spectacular. The comparison of the
(restored) 2200 A image of the M87 jet
shows it to be essentially identical with
the 0.1 arcsec resolution VLA map ob-
tained at a wavelength some one
hundred thousand times longer. The
WFPC emission-line image of n Car
shows a wealth of structure down to 10
A.U. dimensions including a jet at right
angles to the previously supposed di-
rection of bi-polar outflow. Other cir-
cumstellar observations obtained during
the first year were of the emission-line
ring around Supernova 1987A and the
twisted jet in R Agr. The multi-line
studies of the Orion nebula and, most
recently, the Cygnus loop demonstrate
the ability of the WFPC to resolve ioniza-
tion structures in these nearby objects
with consummate ease.

UV images of the cores of globular
clusters are yielding some surprising re-
sults. The core of M15 shows no light
cusp and indeed has a radius of 2 arc-
sec; the radial light distribution does not
fit equilibrium models. The core of 47
Tuc in UV light — after accounting for the
filter red-leaks — shows a central con-
centration of blue stragglers (a
phenomenon noted by Sandage in
1953), one of which falls within the X-ray
source error box.

For small, isolated sources, the spec-
trographs are affected only by the re-
duced throughput of the small aper-
tures. One of the most exciting new
results came from observations of the
absorption spectrum of the nearby
quasar 3C273 made with both the FOS



and the GHRS. In addition to lines from
the Galactic halo and at the redshift of
the Virgo cluster, there are nearly an
order of magnitude more Lyman-a sys-
tems than expected from the behaviour
of the forest above z ~ 2. Indeed, with a
velocity resolution of 3.5 km/s, the
GHRS is proving to be a superb inter-
stellar medium machine with lines down
to mA equivalent width being seen in the
UV spectra of bright stars (€ Per, [ Pic
and Capella). As an interesting aside,
atmospheric Ol lines can be seen and
used to provide an accurate internal
wavelength calibration. Studies of exo-

tic elements in % Lup and chromo-
spheric features in « Tau were pre-
sented. The current sophistication in the
modelling of the atmospheres and
winds of hot stars was demonstrated by
the successful fitting of the P Cyg pro-
files in Melnick 42, a 100 Mg, in the
30 Dor nebula.

Within the Solar System, the HST pro-
vides the opportunity to carry out exten-
sive planetary campaigns, something
not afforded by the fly-by missions.
Mars can be studied for long periods
with a surface resolution similar to or
exceeding that obtained under excep-

The “Discovery” of Paranal
L. WOLTJER', Observatoire de Haute-Provence, France

Introduction

Early morning on April 10, 1983 an
expedition consisting of Mr. Bachmann,
Ms. Demierre, Dr. Muller, Mr. Schuster,
Mr. Torres and myself left La Silla to
explore some northern sites in Chile.
The next day we visited the Paranal area
for a first inspection. After subsequent
discussions with the Intendente in An-
tofagasta and a visit to the areas of
S. Pedro de Atacama, we returned by
plane to have another look at Paranal
and its surroundings. Soon thereafter,
under the leadership of Dr. Ardeberg, an
observing station was set up at Paranal
that provided the data based on which
some seven years later the decision
could be taken to locate the VLT there. It
may be of some interest to describe the
reasons why Paranal could be consid-
ered a promising site so early on.

At the beginning of the eighties plans
for the VLT were still in a preliminary
stage. It was clear, however, that in-
frared observations would constitute an
important part of the raison d’étre of the
VLT; the choice of 8-m unit telescopes
was, in part, dictated by the wish not to
be diffraction limited at 20 microns
wavelength. Since infrared observations
from the ground are hindered mainly by
water vapour in the earth’s atmosphere,
a very dry site was needed. Water va-
pour will absorb wherever it is located,
and what matters is therefore not the
local humidity but the integrated amount
of water vapour in the atmosphere
above the site. It is usually expressed in
mm of precipitable water — the amount

'Professor Lodewijk Woltjer was Director General of
ESO from 1975 to 1987.

of rain that would fall if all the water
vapour rained out. Sites with less than
1 mm of HoO are comparatively very
good sites for IR observations, sites with

tional circumstances from the ground
only at opposition. The atmospheres of
Jupiter and Saturn can be seen at a
resolution similar to that of the Voyager
approach sequences and, of course, the
ultraviolet part of the spectrum is avail-
able for the first time.

Some of the data discussed at the
workshop are already in the public do-
main and available from the ST-ECF
archive in Garching. All of the science
verification data will become public
soon after the end of the SV phase later
this summer.

more than 3 mm rather poor. The local
humidity has only a limited relation to
the integrated amount of water vapour.
If it is locally very humid, the integrated

Figure 1: The first ESO expedition to Paranal (from left to right: H.-E. Schuster, A. Muller,
G. Bachmann, and the author; photograph Ms. U. Demierre).



amount of HxO is generally high, but
above some dry sites there may be a
more humid layer higher up. Thus, in
looking for high-quality sites, one should

Figure 3: Identification of sites in Chile.
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Figure 2: Paranal stands isolated and has the shape of a cone, two features of vital importance for the air flow over and around the mountain.

begin by looking for very dry sites, but
subsequently measure the integrated
amount of H,O; this may be done with
an instrument that monitors the intensity
of the infrared emission bands emitted
by water molecules. Two such instru-
ments were bought by ESO from Kitt
Peak National Observatory about a de-
cade ago.

Low water vapour content was, of
course, not the only condition. The VLT
site should also meet the traditional
criteria of low cloudiness and low atmo-
spheric turbulence.

What was Known in 19837

The site surveys conducted by AURA,
ESO and CARSO had indicated that
some of the world’s best sites were
located in Chile, inland from La Serena
and somewhat further north. Some
studies had also been conducted at La
Peineta, east of Copiapd, where the
number of clear nights was somewhat
larger than at Tololo/La Silla, but with
stronger winds. There was some reluc-
tance to go so far north, because it was
believed that the Magellanic Clouds
would be the most important objects for
study; even at La Silla the Small Cloud
would be at best 43° from the zenith,
and further north the situation would be
still less favourable. In the meantime it
has become clear that, though impor-
tant, the Magellanic Clouds account for
only a small percentage of the total ob-
serving time at the large telescopes, be-
cause the southern sky is so rich in
other interesting objects. By 1980, some
water vapour measurements had been

made at La Silla and at Tololo which
indicated that these were fair, but cer-
tainly not excellent infrared sites.

Long before these site surveys were
made, the Smithsonian Institution had
operated the “Montezuma station”
(2700 m) just south of Calama in north-
ern Chile. C.G. Abbot who for almost
fifty years directed the Smithsonian As-
trophysical Observatory was engaged in
a programme to measure the “solar
constant”, the intensity of the solar radi-
ation and its possible variations with
time. Since an important part of the so-
lar radiation is emitted in the near in-
frared, searches were made for the
driest spots on earth (1). The best place
at moderate altitude was found to be
Mt. St. Katherine in the Sinai desert,
where from 1934 to 1937 observations
were made. Finally “war, excessive iso-
lation and the tendency to intestinal
sickness there” caused the end of the
activities. In the southern hemisphere,
South West Africa (now Namibia) was
rather disappointing, but more favour-
able conditions were found in northern
Chile. Observations of the sun were ob-
tained at Montezuma during some two
decades beginning in 1923. Abbot
found that the winter water vapour con-
tent averaged below 3 mm, with many
days below 1 mm. Unfortunately the
variations of the “solar constant” found
by Abbot appear to have been spurious
since satellite data indicate much smal-
ler variations. Although the precise
calibration of the water vapour mea-
surements is perhaps uncertain, it is
clear that Montezuma is an exceptional-
ly dry site, as was amply confirmed by



Ardeberg’s measurements in northern
Chile half a century later. It is interesting
to note also that C.P. Butler of the
Smithsonian observed in 1935 for a few
days at Mt. Aucanquilcha, nearly 6000
m, and found the solar radiation to be
stronger there than anywhere else on
the earth’s surface (2). The same moun-
tain was later included in the ESO site
survey by Ardeberg.

Afterwards, when it had become clear
that high-precision measurements of
the “solar constant” are unlikely to be
made from the surface of the earth, in-
terest in dry sites diminished until the
advent of IR astronomy led to its revival.
During 1975-1976, J.W. Warner made
a 12-month series of measurements at
Chacaltaya (3) a cosmic-ray research
station at 5360 m near La Paz. Monthly
averages of H,O were mainly in the
range 2—3 mm, perhaps somewhat dis-
appointing for such a high site. The ten-
tative conclusions that could be drawn
from all these data were that very dry
sites might be found well to the north of
La Silla, but that going too far to the
north into Peru was likely to be counter-
productive.

Precipitation has some relation to
humidity. Here the situation was clear:
to the north of La Silla rainfall declines to
very low values, while to the east in the
higher Andes and to the far north
(Chacaltaya) it increases. Rainfall has an
interesting temporal pattern in Chile: at
La Silla and Copiap¢ it rains in winter,
but in the far north the little rain that falls
comes in summet, a pattern continuing
into Peru. This would tend to suggest
that the La Silla precipitation comes
from disturbances to the south, while
disturbances to the north cause the pre-
cipitation in the very north of Chile. It
might then perhaps be expected that
the atmosphere would be relatively un-
disturbed in the region in between. In
the desert, however, the strong daily
heating would still cause much tur-
bulence, except close to the coast,
where it might be suppressed by the
cool breeze from the ocean. In gen-
eral, island or coastal sites seem to
have more favourable conditions for
astronomical “seeing” than sites further
inland.

Finally, cloudiness is an important pa-
rameter. It was known that cloudiness
diminished going from La Silla to
Copiapé. Day-time cloudiness at Mon-
tezuma appeared to be of the order of
30 %, while at Chacaltaya it was already
substantially higher. Everyone who has
visited La Silla in summer will have seen
the towering clouds above the moun-
tains to the east, some of which must
still be present during part of the night. A
study of satellite data by Ardeberg con-
firmed these findings: cloudiness is low-

est in the northern Chilean deserts, but
increases in Peru (4).

From all these rather fragmentary
data it seemed that it would be worth-
while to look for high coastal sites sub-
stantially to the north of La Silla but
within Chile. Some evening looking at
the map of Chile, | realized that there
was only one place with mountains in
excess of 25600 m coming close to the
coast, namely the area around Paranal.
The only mention | have found of this
area in the astronomical literature is by
J. Stock, who made the Tololo site sur-
veys (5): “There are a number of moun-
tains of sufficient elevation south of the
town of Antofagasta and very close to
the coast. The abrupt rise from the
Pacific Ocean on one side, and a large
flat plain, more than 1000 m lower, on
the other side, give these mountains
rather special conditions. High stability,
that is, good seeing, is expected for
night-time conditions. Furthermore, the
extremely low humidity makes this area
very suitable for astronomical work in
the infrared. Since this area is absolutely
arid, water supply for an observatory will
be difficult and costly. Underground
currents may exist, but most likely at a
prohibitive distance and depth.” It is
curious to note this preoccupation with
water, which also played such an impor-
tant role in ESO’s site selection. The
Chileans had discovered long before
that water can be transported. In any
case, it seemed worthwhile to have a
look at the Paranal area.

To Paranal

On maps of northern Chile, many
roads are indicated. Not all of them exist
and even if they do they need not be

installation in 1987.

passable. The road passing a few km
east of Paranal being the old
Panamericana, we at least had a
reasonable confidence that we could
get there. Accordingly we first went to
Taltal and spent the night at the hosteria
there. Food was difficult to obtain, but
fortunately the owner — a retired seaman
and part-time gold miner — was bar-
becuing a pig for some friends. The next
morning we set out along the coast
under a somber cloudy sky. Fifty km
further north at Paposo, the old frontier
town (with Bolivia), we turned inland,
and a steep climb began. We came into
the clouds at about a thousand metres
altitude. Suddenly, after going up a bit
further, the clouds gave way to a spec-
tacularly clear, deep blue sky. At La
Silla, when one looks near the sun, the
blue usually turns milky because of
scattering of the sunlight, but here it
remained unchanged until as close to
the sun as one dared to look. At the
same time, the last trace of vegetation
disappeared as we entered the most
absolute desert we had ever seen. Not a
trace of life was there: no birds, no in-
sects, nothing at all. Nor did we meet
any car on the more than 100 km road
that brought us through the Paranal
area. To the east, the Vicuiia McKenna
mountains shimmered in the heat of the
sun, but towards the ocean the atmo-
sphere looked more stable. Our vehicles
were insufficient to actually go up to
Paranal, and so we moved on to An-
tofagasta. Our first view, however, had
already been sufficiently impressive that
we paid a visit to the Infendente of the
province to obtain his agreement for
some ESO activities there. At the time
this was particularly necessary, since
the mounting of strange equipment

Figure 4: The author (right) and A. Ardeberg inspect the site for the new camp before its



close to the coast in the middle of no-
where by some foreigners could easily
have been misinterpreted. Subsequent-
ly, we passed by Montezuma and vis-
ited S. Pedro de Atacama to see the
area further to the east. It did not seem
easy to find there fully free standing
mountains with heights of less than
4000 m — about the highest possible for
normal work without special provisions
for oxygen.

We planned to fly back from S. Pedro
via Paranal, and then over some inland
mountains near the Salar de Punta Ne-
gra. Accordingly a plane was chartered
which landed on the airstrip of S. Pedro,
but it got stuck in the sand. All of us had
to push to get the plane to a harder part
of the surface, and when finally we were
taking off, not all passengers looked
very happy. Since the pilot had deliber-
ately taken only a small amount of fuel,
the plane managed to take to the air and
half an hour later we landed at An-
tofagasta. The subsequent flight over
Paranal was interesting. Flying over the
narrow strip of mountains between the
old Panamericana and the ocean, the
atmosphere was absolutely stable, but
as soon as we came east of the road,
strong turbulence was felt. The view
was spectacular with the blue ocean
and white low clouds on one side and
the steep cliffs and absolute desert on
the other. After circling Paranal a few
times, we continued the flight south-

ward, still more convinced that mea-
surements should begin there as soon
as possible. A few months later Dr. Ar-
deberg had the observing station in-
stalled and manned by Mr. Gomez and
son, who measured the H,O content
every two hours around the clock and,
of course, also made observations of
cloudiness and other meteorological pa-
rameters.

A site may be very dry and the sky
very transparent and free of clouds;
however, if the “seeing” conditions are
not very good, it is all in vain. Fortunate-
ly, the seeing monitor installed by Dr.
Sarazin some years later showed that
also as far as atmospheric turbulence is
concerned, Paranal is excellent, in fact
better than La Silla.

The Future

Paranal has now been chosen as the
site for the VLT. This gives a unique
chance to rationally construct a new
observatory which may look rather dif-
ferent from La Silla with a smaller resi-
dent staff and a more intensive direct
communication to Europe. It will be par-
ticularly important to place at and
around Paranal only telescopes and in-
struments that use the essential charac-
teristics of the site, and especially dur-
ing the installation phase of the VLT to
avoid the plethora of small telescopes

which have made the La Silla operation
rather heavy.

Paranal is probably the observatory
site with the lowest cloudiness in the
world and also among the best in “see-
ing” and water vapour content. Are
there still better sites to be discovered?
Some astronomers think that the central
area of the antarctic plateau — closer to
the pole than the region of strong winds
— may be particularly suitable because
of its very low humidity. Since the sun is
never far below the horizon, the number
of hours of darkness is rather small and
the site seems appropriate only for IR
and sub-mm observations. The cost per
hour of observation would be very high,
and it is clear that only special-purpose
instruments could justify this cost. On a
longer time scale the lunar base current-
ly under study may offer unique
possibilities for astronomy at all
wavelengths. None of this, however, is
likely to endanger the role of Paranal as
one of the world’s leading observatories
for the next half century.
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ESO Awards VLT Contracts to Dutch and Danish Firms

The decision to place the world’s
largest telescope, the ESO 16-metre
equivalent Very Large Telescope (VLT)
on the Paranal mountain in the Chilean
Atacama desert, taken by the ESO
Council on 4 December 1990, has now
been followed up by an important next
step. During a small ceremony on April
26, 1991 at the ESO Headquarters in
Garching, two major contracts were
signed which will together define the
future shape of the VLT Observatory
and its infrastructure.

Following a call for tenders which was
responded to by a large number of en-
gineering companies in the ESO
member countries, ESO awarded con-
tracts to INTERBETON of The Hague,
the Netherlands, and COWlconsuit of
Copenhagen, Denmark. The contracts
were signed by Mr. A.J.M. Boersma,
Area Director (INTERBETON), and Mr.
K. Ostergaard Hansen, Executive Direc-
tor (COWIlconsult), and Professor H. van
der Laan, Director General of ESO.

INTERBETON will carry out the level-
ing and landscaping of the Paranal
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mountain, so that it can accommodate
the entire array of 8-metre and auxiliary
telescopes as well as associated build-
ings that together make up the VLT Ob-

From left to right: Mr. K. Ostergaard Hansen, Executive Director of COWlconsult; Prof. H.v.d.

servatory. About 23 metres will be cut
off the Paranal peak by blasting and
ripping, leaving a fiat area of about
20,000 m? at 2640 m altitude. In July

Laan, Director General of ESO; Mr. A.J.M. Boersma, Area Director of INTERBETON.



































































































































































































