Figure 3: Drilling rig in operation, preparing the next earth removal.

compaction density tests are continu-
ously made to verify that the specified
loading capacity of the road, needed for
the heavy transports, is obtained.

The ESO staff furthermore initiated
sub-soil investigations at the location of
the telescopes and started with survey

Figure 1: First earth removal by explosives, September 23, 1991.

work of the road leading to the Paranal
area in view of improving the road,
which is of paramount importance for
both the construction and future opera-
tion of the VLT Observatory.

Last but not least, the ESO staff was
involved in designing, contracting and in

Figure 4: Excavation material loading.

the installation of the construction base
camp which provides offices, dor-
mitories and living quarters in which
they will work and live for a number of
years, until the new Observatory Build-
ings, under design with COWI| Consult in
Denmark, are available.

A Report on the Second ESO Conference on High Resolution
Imaging by Interferometry
J.M. BECKERS and F. MERKLE, ESO

Over 200 scientists and engineers
participated in the October 15 to 18,
1991 ESO Conference on “High Resolu-
tion Imaging by Interferometry”, a con-
ference devoted to ground-based opti-
cal interferometric imaging in as-
tronomy. This was the second confer-
ence on this topic, the first one having
been held also in Garching in March
1988. In addition to four introductory
and review talks, the conference in-
cluded 150 contributions on single- and
multiple-aperture interferometric imag-
ing and three working sessions on
adaptive optics, detectors and path-

length compensation. Sixty of these
contributions were given orally, the rest
by means of poster presentations. To
keep the size of the conference within
reasonable limits and to avoid parallel
sessions, the scope of the meeting ex-
cluded related topics like astrometry by
interferometric means and contributed
papers on astronomical adaptive optics.
The latter topic will be a major topic at
the April 1992 ESO meeting in Garching
on “Progress in Telescope and In-
strumentation Techniques”. Attendees
included participants from Australia,
Canada, China, Japan, Mexico, the

USA, the USSR, and of course many
European countries.

Tutorials

As was the case in the first confer-
ence, it was preceded by a day of tuto-
rials intended for newcomers to the
field. It is becoming very clear, however,
that these tutorials have a much broader
function. They are also attended by
“oldtimers” (old in this field means more
than half a dozen years!), including a
Nobel Laureate, who wanted to catch
up on recent developments in the more
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Figure 1: Images of the object R136 in the Magellanic Clouds obtained with the Hubble Space
Telescope (left, after image restoration) and by means of speckle interferometry with the La
Silla 2.2-m telescope (right), (Courtesy G. Weigelt et al.)

relaxed atmosphere associated with the
tutorials and preceding the main confer-
ence. Over two thirds of the conference
participants attended the tutorials which
were given by Frangois Roddier on Op-
tics of the Atmosphere, Gerd Weigelt on
Speckle Interferometry, John Davis on
Long Baseline Optical Interferometry,
and by one of us (FM) on Adaptive Op-
tics.

The Conference liself

Four full days were devoted to discus-
sions on the rapid progress in the tech-
niques of astronomical imaging by inter-
ferometric means and in the presenta-
tion of recent astronomical results.
Broadly, the techniques and their results
can be divided by single-aperture imag-
ing and multi-aperture imaging. Single-
telescope interferometric imaging
started in 1959 with Antoine Labeyrie's
pioneering work in speckle interferome-
try. Since then these techniques have
come a long way, reaching the stage
where diffraction-limited imaging can be
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obtained on relatively faint, complex ob-
jects. Recently full aperture, speckle in-
terferometry with single telescopes has
been complemented with single-tele-
scope interferometry using masks on
the telescope aperture. Several results
of the masked aperture observations
were presented at the conference.

In terms of the development of imag-
ing algorithms the latter provides an im-
portant step towards multi-aperture in-
terferometric imaging in which the sub-
apertures of the single telescope are
replaced by an array of telescopes. In
the resulting interference signal at the
combined focus the amplitudes and clo-
sure phases are measured as is done in
the single masked aperture experiments
and also in radio astronomy observa-
tions. The algorithms for making images
are virtually the same for all three types
of observations. The trick in multi-aper-
ture interferometry is the combination of
the radiation in such a way as to obtain
the highest possible sensitivity by main-
taining the interference signal, or fringe,
contrast.

Betolgeuse 710nm  Jon 1901
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We here summarize the parts of the
conference on speckle imaging, masked
aperture imaging and multi-aperture im-
aging. The outline of the conference is
being followed. Using a number of real-
time experiments in his magnificent
opening lecture, Prof. W. Martienssen of
the University of Frankfurt/Main demon-
strated the dual nature of light, waves
and particles. It was a fascinating ex-
perience, even to the conference parti-
cipants most of whom are experts in this
field but who, like us, forget about the
beauty of light in their quest to manipu-
late it.

Speckle Interferometry:
Nearing Maturity?

In contrast to previous conferences
and workshops on speckle interferome-
try, there was relatively little discussion
of the many different techniques avail-
able for the analysis of speckle observa-
tions. In the past a wide variety of al-
gorithms was always discussed and
compared. The present discussions and
results focussed, however, mostly on’
bispectrum analysis (or their analogues:
speckle masking and triple correlation)
for the analysis of speckle images, with
a somewhat lesser attention given to the
Knox & Thompson algorithms. The latter
requires fewer numerical resources for
data analysis, otherwise the bispectrum
technique appears to be preferred.
Judging from the presentation of many
astronomical results one has to con-
clude that this type of observation is
reaching a state of substantial maturity.
Also the excellent agreement between
the images of R136 obtained with the La
Silla 2.2-m telescope with those ob-
tained with the Hubble Space Telescope
(Fig. 1) provides convincing evidence
that speckle imaging has come of age.

At the conference results were pre-
sented of other objects, including ob-
servations of such diverse objects as
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Figure 2: Images of the variations of the red supergiant a ORI taken with the 4-m Herschel telescope at three epochs using aperture masking.
The width of the Airy disk for this telescope is about 30 milli-arcsec resulting in only 3 to 4 pixels in this 50 milli-arcsec star. (Courtesy Baldwin et

al.)
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Figure 3: Layout of the VLT Interferometer. Large dark circles indicate the locations of the 8-m
telescopes. Small dark circles are the locations of the stations for the 180-cm diameter mobile
auxiliary telescopes. The large rectangle is the location of the interferometric tunnel. A detailed
description of the VLTI layout will appear in a future issue of the Messenger.

Eta Carinae, the Seyfert galaxy NGC
1068, the Galactic Cenlre (see Sep-
tember 1991 issue of the Messenger)
and the Sun.

Impact on the
VLT Instrumentation Programme

With the 8- to 10-m diameter tele-
scopes coming on the scene, the tech-
nique of speckle interferometry will re-
sult in images with a linear resolution 4
times larger than shown in Figure 1 (or
16 times the number of pixels per reso-
lution element). The VLT instrumentation
programme inciudes two instruments
for diffraction-limited imaging with the
individual VLT telescopes: a near-in-
frared camera for the 1 to 5 ym region to
be built by a consortium headed by the
Max-Planck-Institut fiir Astronomie and

a visible speckle camera (see also Sep-
tember 1991, The Messenger). Both of
these cameras will make use of the
unique high imaging qualities of the VLT
telescopes. In their performance they
will be aided by the VLT adaptive optics
which can be viewed as a way of im-
proving the astronomical seeing hence
enhancing the sensitivity and limiting
magnitude of the cameras.

In contributions by Roddier and one
of us (JMB) the point-spread function of
so-called partial adaptive optics was
discussed. The VLT adaptive optics will
be designed to work fully at 2 pm under
median seeing conditions. At shorter
wavelengths it will work partially. It is
becoming very clear through numerical
modelling that in such a partially func-
tioning adaptive optics system the
point-spread function consists of a
spike with the characteristics of an Airy
disk superposed on a broad halo with
the width approximating the seeing
disk. The shape of this function is not
unlike that of the aberrated Hubble
Space Telescope. The fraction of the
total energy in the spike characterizes
the point-spread function well. It
amounts to 10% or more at visible
wavelengths depending on the seeing.
Because of the narrowness of the spike
(0.0125 arcsec at 500 nm) and the rela-
tively large width of the halo (0.5 arcsec)
the relative central intensity of the spike
is large. Roddier therefore suggested
that long-exposure images may be used
to good advantage over speckle images
to give a better limited sensitivity than
speckle cameras, of course after image
restoration for the background halo (a la
Hubble). The VLT Visible Speckle Cam-
era will probably be designed to
accommodate this partial adaptive op-
tics, long-exposure imaging mode.

Figure 4: Artist's view of the planned Keck Interferometric Array consisting of two 10-m
telescopes and 4 movable 150-cm telescopes. (Courtesy A. Meinel et al.)
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Figure 5: Image reconstruction with the VLT Interferometer 8-m-telescope array (no auxiliary telescopes used). Left: input test image. The image
Is observed at 1 um wavelength where the radius of the Airy disk is 30 milli-arcsec. The object is therefore just unresolved with the individual 8-m
telescopes, Declination = 65°. Middle: image reconstructed without using the central (u,v) plane coverage resulting from a single 8-m telescope.
Right: image reconstruction including the single 8-m (u.v.) plane coverage. (Courtesy R. Braun et al.)

Aperture Masking:
a Step Towards Multi-Aperture
Interferometry

Many large-aperture telescopes (e.q.
Hale telescope, Herschel telescope and
Anglo-Australian telescope) are now be-
ing successfully used for high angular
resolution imaging using aperture
masks to mimic multi-aperture interfer-
ometry. Figure 2 shows a fine result of
these experiments for the variable red
supergiant star Betelgeuse.

These experimental observations are
of great importance not only because of
their astrophysical impact but also as a
precursor to the imaging with multiple
aperture interferometers. By using aper-
ture masking the validity of imaging al-
gorithms can be evaluated under realis-
tic observing conditions, including vari-
ous levels of photon noise.

Multi-Aperture Interferometry

A great deal of time was devoted to
discussing the progress in multi-aper-
ture interferometry. In contrast to speck-
le interferometry this is a field which is
experiencing rapid advances in the de-
velopment of experimental techniques
but with the ability to do full two-dimen-
sional imaging still to be realized. Inter-
ferometers in existence are now used to
do astrometry (not within the topic of the
conference) and to determine a limited
number of parameters on stellar objects
like diameters and binary orbits and
separation. Table 1 lists the interferome-
ters presently routinely in operation.

The last two interferometers in
Table 1 (SUSI and COAST) have only
recently come into operation and first
results were reported at the conference.
What is especially impressive in these
new interferometers is that “first fringes"
are obtained soon after the installation
of the interferometer testifying to the

8

tional properties is we
of the art.

fact that the construction of optical in-
terferometers and delay lines with the
required opto-mechanical and opera-

Il within the state

In addition to the operational inter-

Figure 6: Artist's view of Antoine Labeyrie's proposal for a Lunar Optical
foreground one of the 27 telescopes on its transporter. To the right in the background the
beam-combining station. (Courtesy A. Labeyrie.)

Table 1: Optical Interferometers now in Operation

Location Maximum Number of
Baseline Telescopes®

CERGA/I2T 140 m 2

CERGA/GIZT 70m 2

CERGA/Soirdete 15m 2

MMT 5m 6

Mt, Wilson/Mark 11l 32m 3

Mt Wilson/ISI 183m 2

Narrabri/SUSI 640 m 2

Cambridge UK/COAST | 100 m 2

Number of telescopes in use at this time, Often mora telescopes are planned.

Very Large Array. In

Telescope |
Aperture

26 cm
150 cm
100 cm
180 cm

5cm
165 cm
14 cm
40 cm
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Figure 7;: Diameters of stars normalized to the same magnitude as a function of spectral type
as observed with the Mark Ill interferometer. (Courtesy A. Quirrenbach et al.)
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Figure 8: The fringe visibility as a function of interferometer baseline for two spectral bands
centred respectively on a TiO molecular band and the nearby continuum for the giant star
[} PEG. The derived diameters of respectively 0.0176 and 0.0161 arcsec have an error of *
0.0001 arcsec so that the differences are real. The differences are an important diagnostic for
the extended atmosphere. (Courtesy A. Quirrenbach et al.)

ferometers listed in Table 1, a number of
interferometers are in the construction
and planning phase. The former include
the Big Optical Array (BOA) by the US
Naval Research Laboratory, the US
Naval Observatory Astrometric Inter-
ferometer, the ESO VLT Interferometer
(see Fig. 3), the IOTA array by the Center
for Astrophysics, an array at the Khazan

Observatory (USSR), and the IRMA
array by the University of Wyoming. In
the planning phase are the Optical Very
Large Array (OVLA) by Antoine Labeyrie,
the Keck Interferometric Array (KIA)
shown in Figure 4, the CHARA inter-
ferometer of Georgia State University,
and extensions of some of the arrays
listed in Table 1.

Most of these arrays are intended to
produce images in ways similar to the
way this is done in radio interferometers
using image synthesis techniques rely-
ing on tracking the object while it moves
across the sky, thus causing the genera-
tion of a number of tracks in the (u,v)
Fourier transform plane. The relatively
large sizes of some of the telescopes
involved causes these tracks to be rela-
tively “fat” and to give a good (u,v) plane
filling near the low frequency origin. The
latter is very important in giving high
quality images (see Fig. 5).

At a minimum one night is needed to
generate an image as shown in Figure 5.
Often more than one night might be
needed if a good signal-to-noise ratio is
required. An important advantage of the
VLT Paranal site is the large periods of
clear skies allowing uninterrupted (u, v)
plane tracks. Time synthesis techniques
are, however, obviously inadequate for
observations of full images of objects
which change on a rapid time scale (less
than one day). For that type of interfero-
metric imaging “snapshots” are desired
which can only be obtained by arrays of
many telescopes or by the capability to
rapidly reconfigure an array with fewer
telescopes. Antoine Labeyrie described
his plans to construct such an Optical
Very Large Array, or OVLA, containing
27, or perhaps even 130, telescopes on
Earth and eventually on the Moon. Fig-
ure 6 shows an artist's view of the lunar
version of OVLA. A price to pay for mak-
ing snapshot images by the simulta-
neous use of so many telescopes at
once, over an array of a few telescopes,
is the loss in signal-to-noise. This results
from the need to mix in optical interfer-
ometry all radiation directly, so that the
signal for each two-telescope baseline
contains the photon noise of the light
collected by all telescopes. This is a
major difference between optical and
radio interferometers where such a loss
does not occur.

Some Results of Multi-Aperture
Interferometry

As already mentioned, full imaging
with multi-aperture arrays has not been
achieved yet. The results of aperture
masking experiments (see Fig. 2) gives
confidence that the imaging arrays now
being implemented will result in as-
tronomical images within the not too
distant future. Impressive results were,
however, presented at the conference
on the orbit of spectroscopic binaries
and on stellar diameters, including
asymmetries in the shape of stars like
Mira. As an example we show in Fig-
ures 7 and 8 some of the diameter ob-
servations made with the Mt. Wilson
Mark Ill interferometer.



Major Uncertainties about the
Atmospheric Wavefront Structure
Function

The spatial frequency distribution of
the wavefront distortions introduced by
the earth atmosphere is of great impor-
tance for the behaviour of interferome-
ters and for the wavelength dependence
of the seeing disk size. Frequently it is
assumed to correspond to a Kol-
mogoroff distribution which results in
the RMS wavefront differences to grow
as the baseline to the power 5/6. Seri-
ous concemns were expressed at the
conference about the validity of the Kol-
mogoroff distribution. Observations with
the two Mt Wilson interferometers
(Mark 1l and the ISI, see Table 1) give
very different results. Whereas the Mark
Il interferometer indeed gives results
consistent with a Kolmogoroff distribu-
tion, the ISl researchers find the expo-
nent to decrease from = 5/6 to = 1/2 for
good seeing conditions. This is a very
large difference which will have a major
influence on the predicted performance
of interferometers and large telescopes.

Future Meetings

ESO plans to hold its next meeting in
this conference series (High Resolution
Imaging by Interferometry Ill) in the
spring of 1994. The topic of adaptive
optics, of major interest for interferome-
try, will be dealt with extensively in the
April 27-30, 1992 ESO conference on
“Progress in Telescope and Instrumen-
tation Techniques”. From January
11-15, 1993 the IAU Symposium

SCIENTIST (DATA ARCHIVIST) - ref. ESD7A6

A position as Scientist (Data Archivist) will shortly be available in the Science Archive
Software Group of the Space Telescope European Coordinating Facility (ST-ECF) at the
ESO Headquarters in Garching near Munich, Germany, for a Scientist with a university
degree in astronomy, physics, or related field.

Requirements:

- several years of research experience, including publications in international refereed
journals. The research should be based on data obtained with state-of-the-art
instrumentation, preferably also with space-based telescopes.

- strong computer science background, acquired either through formal education or
through participation in major computer system develoment work.

— familiarity with the principles of computer system management, networking and data
base management.

- experience with UNIX and C; knowledge of VMS and Fortran an advantage.

- ahigh degree of familiarity with the principles of software development methodology,
software system design and modern storage devices.

- excellent English language communication skills.

Assignment:

The ST-ECF operates the European Science Data Archive for the Hubble Space
Telescope, which archive has been developed in collaboration with the Space Tele-
scope Science Institute. It is also used by ESO to store data obtained at the telescopes
on La Silla. The Archive uses magnetic tape and optical disk storage, operated through
a dedicated processor and data base hardware. The system is networked to the ESO
computing facility and can also be accessed through wide-area networks,

The task of the Scientist (Data Archivist) is the continued maintenance and the further
development and upgrading of the system. He is expected to develop cost-effective
technical solutions, to negotiate H/W and S/W acquisitions, and to supervise staff and
subcontractors. Issues of importance are: system and data compatibility with the
STScl, system reliability and security, flexibility to incorporate user requirements.

This position will be awarded initially for a period of 3 years, renewable to a maximum
of 6 years (Auxiliary contract).

Application forms can be obtained from (indicating the ref.no.):

European Southern Observatory
Personnel Administration and General Services
Karl-Schwarzschild-Str. 2
8046 Garching near Munich, Germany.

No. 158 in Sydney, Australia, on “Very
High Angular Resolution Imaging” will

PROFILE OF A KEY PROGRAMME
Optical Identification of Celestial High Energy Sources
G.F. BIGNAMI, P.A. CARAVEQ and S. MEREGHETT], Istituto di Fisica Cosmica del CNR,

Milano, Italy

focus on interferometric imaging at both
optical and radio wavelengths.

J. PAUL, B. CORDIER and A. GOLDWURM, Service d’Astrophysique, Centre d’Etudes de

Saclay, France

P. MANDROU, J.P. ROQUES and G. VEDRENNE, Centre d’Etude Spatiale des Rayonnements,

Toulouse, France

The problem of the optical identifica-
tion of high energy (X-and y-ray) sources
is a classic of modern astronomy. It is
only through the optical studies that one
can gain complete understanding of ob-
jects, galactic and extragalactic alike,
which emit a lot of their energy, through
thermal and non thermal processes, in
photons 1000 or one million times more
energetic than the optical ones. For hard
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X-rays and v rays the problem is compli-
cated by the source location accuracy,
limited by the physics of the detection
interaction. In particular, the focussing
of photons is only possible if their
wavelength is comparable to the sur-
face roughness of the reflecting surface,
and this happens, in practice, only up to
a few keV.

This is why, in the presence of a poor-

ly positioned high-energy source, one
tries to exploit the soft X-ray domain to
zero on the possible optical counter-
parts. Broadly, this has been the
strategy adopted in our Key Programme
“Optical follow up identification of hard
X-ray/soft y-ray sources discovered by
the SIGMA telescope” (see also Bignami
et al., 1990). About two thirds of it have
already been carried out, and the first



