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ESO, the European Southern Observa-
tory, was created in 1962 to . . . estab-
lish and operate an astronomical observ-
atory in the southern hemisphere,
equipped with powerful instruments, with
the aim of furthering and organising col-
laboration in astronomy... It is support-
ed by eight countries: Belgium, Den-
mark, France, Germany, Italy, the Neth-
erlands, Sweden and Switzerland. It op-
erates the La Silla observatory in the Ata-
cama desert, 600 km north of Santiago
de Chile, at 2,400 m altitude, where four-
teen optical telescopes with diameters
up to 3.6 m and a 15-m submillimetre
radio telescope (SEST) are now in op-
eration. The 3.5-m New Technology Tel-
escope (NTT) became operational in
1990, and a giant telescope (VLT = Very
Large Telescope), consisting of four 8-m
telescopes (equivalent aperture = 16 m)
is under construction. It is being erected
on Paranal, a 2,600 m high mountain in
northern Chile, approximately 130 km
south of Antofagasta. Eight hundred sci-
entists make proposals each year for the
use of the telescopes at La Silla. The
ESO Headquarters are located in Garch-
ing, near Munich, Germany. It is the sci-
entific, technical and administrative cen-
tre of ESO where technical development
programmes are carried out to provide
the La Silla observatory with the most
advanced instruments. There are also
extensive facilities which enable the sci-
entists to analyse their data. In Europe
ESO employs about 200 international
Staff members, Fellows and Associates;
at La Silla about 50 and, in addition, 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 ma-
terial connected to its activities. Press
Releases inform the media about par-
ticular events. For further information,
contact the ESO Information Service at
the following address:

EUROPEAN
SOUTHERN OBSERVATORY
Karl-Schwarzschild-Str. 2
D-85748 Garching bei München
Germany
Tel. (089) 320 06-0
Telex 5-28282-0 eo d
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TECHNICAL PREPRINTS

0070. D. Baade: The Operations Model for the Very Large Telescope.
Invited talk given at the fall meeting of the Astronomische Ge-
sellschaft in Bonn, September 1995, 18–23. To appear in R.
Schielicke (ed.) Reviews in Modern Astronomy, Vol. 7. Springer.

PERSONNEL MOVEMENTS
International Staff (April 1 – July 31, 1996)

ARRIVALS

EUROPE
KÖNIG, Norbert (D), Head of Administration
TELANDER, Christine (S), Division Secretary (DMD)
ZIAIEPOUR, Houri (F), System Archive Engineer

EMSELLEM, Eric (F), Fellow
DUC, Pierre-Alain (F), Fellow
DROUET D’AUBIGNY, Christian (F), Coopérant

CHILE

PERSSON, Glenn (S), Paid Associate, SEST
SHETRONE, Matthew (USA), Fellow
TURATTO, Massimo (I), Paid Associate

TRANSFERS FROM GARCHING TO CHILE

PHAN, Duc Thanh (B), Software Engineer
CHIESA, Marco (I), Software Engineer

DEPARTURE

EUROPE
BACHMANN, Gerhard (D), Head of Administration
NASTVOGEL-WÖRZ, Michael (D), Software Support Engineer
DIERCKX, Peter (B), System Manager
JANSEN, Ronald (NL), Accounting Assistant
MAYR, Stephanie (D), Junior Analyst
PATAT, Ferdinando (I), Student

CHILE

KNEE, Lewis (CDN), SEST Fellow
RÖNNBACK, Jari (S), Fellow
GEOFFRAY, Hervé (F), Student
LEDOUX, Cédric (F), Coopérant

Local Staff Chile (April 1 – July 31, 1996)

ARRIVALS

GAJARDO, Maria Soledad (RCH), VLT Software Engineer
WENDEROTH, Erich (RCH), Instrument Operator

DEPARTURES

FERNÁNDEZ A., Juan (RCH), Cook
FERNÁNDEZ del R., Juan (RCH), Imports/Exports
AVILÉS, Roberto (RCH), Instrument Operator
ESPINOZA, Juan (RCH), Cook

ESO Proceedings Still Available
A number of proceedings published by ESO are still available.

To permit you to complete the series or simply to inform you about
any volume that you may have missed, we reproduce here a list of
some of the more recent ESO proceedings.

No. Title and year of publication Price

40 High-Resolution Spectroscopy with the DM 45.—
VLT, 1992

41 Fourth ESO/ST-ECF Data Analysis DM 25.—
Workshop, 1992

42 Progress in Telescope and Instrumenta- DM 90.—
tion Technologies, 1993

43 Astronomy from Large Data Bases II, DM 70.—
1993

44 Science with the Hubble Space Tele- DM 80.—
scope, 1993

45 Structure, Dynamics and Chemical DM 90.—
Evolution of Elliptical Galaxies, 1993

46 Mass Loss on the AGB and Beyond, DM 70.—
1993

47 Fifth ESO/ST-ECF Data Analysis Work- DM 30.—
shop, 1993

48 ICO-16 Satellite Conference on Active DM 90.—
and Adaptive Optics, 1994

49 Dwarf Galaxies, 1994 DM 90.—
50 ESO/OAT Workshop “Handling and DM 35.—

Archiving Data from Ground-based Tele-
scopes”, 1994

51 Third CTIO/ESO Workshop on “The DM 50.—
Local Group: Comparative and Global
Properties”, 1995

52 European SL-9/Jupiter Workshop, 1995 DM 80.—
53 ESO/ST-ECF Workshop on “Calibrating DM 60.—

and understanding HST and ESO instru-
ments”, 1995

54 OSA/ESO Topical Meeting on “Adaptive DM 80.—
Optics”,1996
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ESO Fellowship Programme 1997/98
The European Southern Observatory (ESO) intends to award up to six postdoctoral fellowships tenable at the ESO Headquarters,

located in Garching near Munich, and up to two postdoctoral fellowships tenable at ESO’s Astronomy Centre in Santiago, Chile.
ESO facilities include the La Silla Observatory in Chile, the VLT Observatory on Cerro Paranal, and the astronomical centres in

Garching and Santiago. At La Silla, ESO operates eight optical telescopes with apertures in the range from 0.9 m to 3.6 m, the 15-m SEST
millimetre radio telescope, and smaller instruments. First light for the first telescope of the Very Large Telescope (VLT) consisting of four 8-
m telescopes is expected in the first quarter 1998. Both the ESO Headquarters and the Astronomy Centre in Santiago offer extensive
computing facilities, libraries and other infrastructure for research support. The Space Telescope European Co-ordinating Facility
(ST-ECF), located in the ESO Headquarters building, offers the opportunity for collaborations. In the Munich area, several Max-Planck
Institutes and the University Observatory have major programmes in astronomy and astrophysics and provide further opportunities for joint
programmes. In Chile, astronomers from the rapidly expanding Chilean astronomical community collaborate with ESO colleagues in a
growing partnership between ESO and the host country’s academic community.

The main areas of activity at the Headquarters and in Chile are:

• research in observational and theoretical astrophysics;
• managing and constructing the VLT;
• developing the interferometer and adaptive optics for the VLT;
• operating the La Silla Observatory;
• development of instruments for current ESO telescopes and for the VLT;
• calibration, analysis, management and archiving of data from the current ESO telescopes;
• fostering co-operation in astronomy and astrophysics within Europe and Chile.

In addition to personal research, fellows in Garching spend up to 25% of their time on the support or development activities mentioned
above. These activities offer the opportunity to make short-term visits to the ESO sites in Chile and to develop in-depth knowledge of the
operations of the observatory. In Chile, fellows and staff astronomers spend one week at ESO’s Centre in Santiago, one week at La Silla
Observatory and have the third week off. At La Silla, fellows help in supporting visiting astronomers, and participate in the development and
maintenance of the telescopes and instruments. The fellowship programme in Chile offers a unique opportunity to learn and to participate
in the process of observational astronomy while pursuing a research programme with state-of-the-art facilities.

Applicants should have a recent doctorate. The basic monthly salary will be not less than DM 5526 to which is added an expatriation
allowance of 9–12% in Garching, if applicable, and up to 40% in Chile. The fellowships are granted for one year with the expectation of a
renewal for a second year and, for Chile only, exceptionally a third year. Fellowships begin between April and October of the year in which
they are awarded. Applications should be submitted to ESO not later than October 15, 1996. Applicants will be notified in December 1996
or soon thereafter. The ESO Fellowship Application Form must be used, which is available directly from ESO or from http://www.eso.org/
adm/personnel/fellows. The applicant should arrange for three letters of recommendation from persons familiar with his/her scientific work
to be sent directly to ESO. These letters should reach ESO not later than October 15, 1996.

Further inquiries, requests for application forms, and completed applications should be addressed to:

European Southern Observatory
Fellowship Programme
Karl-Schwarzschild-Strasse 2
D-85748 Garching bei München
Germany

New ESO Proceedings Available

The Proceedings of the OSA/ESO topical Meeting on

Adaptive Optics
(ESO Conference and Workshop Proceedings No. 54)

have been published. The 542-p. volume, edited by M. Cullum, is
available at a price of DM 80.– (prepayment required).

Payments have to be made to the ESO bank account 2102002
with Commerzbank München, or by cheque, addressed to the
attention of

ESO, Financial Services,
Karl-Schwarzschild-Strasse 2,
D-85748 Garching bei München, Germany

New ESO Preprints
(February – June 1996)

SCIENTIFIC PREPRINTS

1131. J.K. Kotilainen et al.: Near-Infrared Line and Continuum Imaging
of the Nuclear Starburst Region NGC 1808. A&A.

1132. E. Giallongo et al.: The Proximity Effect, the UV Background and
the statistics of the Lyman-Alpha Lines at High Resolution. ApJ.

1133. J.-L. Starck et al.: Astronomical Image Compression Based on
Noise Suppression. PASP.

Mr. Gerhard Bachmann Retired
After more than 25 years at

ESO, most of that time as Head
of Administration, Mr. Gerhard
Bachmann retired on May 31,
1996, just after his 65th birthday
on May 24. Mr. Bachmann was
born in Berlin, began his profes-
sional career in the “Senatsver-
waltung” of Berlin and became in
1963 assigned to the NATO Or-
ganisation in France and Lux-
embourg. He came to ESO in
October of 1970 and was ap-
pointed Head of Administration
in December 1972, succeeding Mr. J. Bloemkolk.

Throughout his time at ESO, Mr. Bachmann has greatly con-
tributed to the success of the Organisation. Council Members
and other officials of the Member States have repeatedly stated
how impressed they were by his diplomatic abilities and his thor-
ough knowledge of the interaction of science and politics in the
field of astronomy. He played an important role in the negotiations
with Chile and explored a closer co-operation with EU. Inside
ESO, he has ensured the smooth running of the Organisation’s
Administration, making certain that ESO has avoided unneces-
sary bureaucracy, yet adhered strictly to the Rules and Regula-
tions which govern this international organisation.

All of us at ESO wish Mr. Bachmann a happy and healthy
retirement, much of which we understand he will spend in his
beautiful house in the south of France.
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A N N O U N C E M E N T S

ESO Workshop on

Galaxy Scaling Relations: Origins, Evolution
and Applications

ESO-Garching, 18–20 November 1996

Scaling relations between various galaxy parameters, such as the Tully-Fisher relation, the Faber-Jackson relation, and more recently
the Dn-sigma relation and the Fundamental plane of early-type galaxies have been extensively studied in the local Universe. They are
interesting both for investigating galaxy properties themselves and for their application to estimate distances of galaxies. With the arrival of
the new generation of 8-m-class telescopes and the availability of HST imaging, it will be possible to measure scaling parameters of galaxies
at high redshifts. The purpose of this workshop is to discuss our current knowledge of scaling relations in the local Universe and current and
future attempts to measure and understand scaling relations at high redshift.

The meeting will cover the following main topics:
• Phenomenology of spiral, elliptical, and cD galaxy scaling relations, and their dependence on the environment
• Physical origin of the scaling relations
• The scaling relations at moderate and high redshifts
• Scaling relations as distance indicators
• Comparison with other distance indicators
• Peculiar Motions and implications to large-scale structure theories

Scientific Organising Committee: R. Bender (University of Munich), L. da Costa (ESO, Chair), M. Franx (Groningen), W. Freudling
(ST-ECF), M. Haynes (Cornell), E. Huizinga (ESO), J. Mould (Mt. Stromlo), A. Renzini (ESO), S. White (MPA).

Contact Address:
Luiz da Costa
European Southern Observatory
Karl-Schwarzschild-Strasse 2, D-85748 Garching bei München, Germany
e-mail: scalwork@eso.org    Fax: +49 89 320 06 480

Three Vacancies on La Silla for:
Astronomer/Team Leader (CSO401), Infrared Astronomer (CSO402),

Astronomer (CSO502)
Experience and knowledge: Several years of post-doctoral experience in the areas of high-dispersion optical spectroscopy, infrared

imaging and/or spectroscopy, faint-object imaging and spectroscopy, or adaptive optics and proven capability of working in and/or leading
multi-disciplinary teams. Good working knowledge of English and Spanish is essential.

Assignment: The La Silla Observatory operates on the basis of multi-disciplinary teams. There are four telescope teams to run the SEST
sub-mm telescope, the 3.6-m and its Coudé Auxiliary Telescope (CAT), the New Technology Telescope (NTT) and the 2.2-m, ESO 1.5-m,
Danish 1.5-m, Dutch 0.9-m, ESO 0.5-m and Schmidt telescopes. Each team consists of 10–15 persons including astronomers, technicians,
engineers and night assistants. They are fully responsible for operations and are supported in the specialised technical areas by technicians
and engineers from the so-called support teams (Optics, Detectors, IR, Mechanics, Electronics and Software). Each telescope team has 2
staff astronomers, as well as 2–3 post-doctoral fellows and 2–3 students. Staff astronomers and fellows share the responsibilities of instrument
support acting as instrument scientists in charge of direct support to visiting astronomers at the telescope, documentation, upgrades,
calibration plans and on-line data reduction facilities.

One of the staff astronomers on each team acts, on a rotating basis, as Team Leader and as such assumes the task of providing
supervision and motivation to all the members of the team. Team Leaders are responsible for administrating the Team’s budget and monitoring
the performance of the team members. Team Leaders report to the Observatory Director and are members of the observatory management
team. They receive managerial and administrative support from the observatory management for budgeting and personnel issues.

The available positions will fill vacancies in the 3.6m+CAT team, to support CASPEC, CES, TIMMI and/or ADONIS, in the NTT team to
support SOFI and in the 2.2+1.5 team to support IRAC and/or EFOSC. Information about these instruments is available through the La Silla
pages on the WWW.

Staff astronomers must be able to provide scientifically sound judgements on the many technical issues facing a modern observatory.
ESO therefore requires, supports, and encourages staff astronomers to carry out dynamic and independent research programmes using La
Silla telescopes, as well as facilities at other observatories. Active publication in leading journals is considered essential. Staff astronomers
use up to 50% of their time on research, and are supported with excellent facilities and adequate travel grants to attend conferences, work
with collaborators and visit other observatories.

Duty Station: La Silla staff astronomers are based at  the ESO research and administrative centre in Santiago and are required to spend
at least 105 nights per year at La Silla.

Contract: These positions are for an initial period of three years renewable for another three with the possibility for tenure after the fifth
year.

Starting date: as soon as possible.
Remuneration: The remuneration for this post will be commensurate with the background, experience and family status. The basic

monthly salary (tax-free) will not be less than DM 6,403. Furthermore, an expatriation allowance as well as some other allowances may be
added.

Applications and three letters of recommendation should be submitted by September 15, 1996 to the:

European Southern Observatory, Personnel (Ref.: Post No. & Title)
Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
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Four hundred years ago, it was the
site of the leading observatory of the
world and residence of the Danish as-
tronomer Tycho Brahe. This year, during
the final days of May, astronomers and
engineers converged on the island of
Hven on the occasion of the ESO/SPIE
Conference on Optical Telescopes of
Today and Tomorrow. The conference
was part of a series of  astronomy-relat-
ed activities which take place this year
on both sides of Øresund, the narrow
stretch of water that separates Denmark
and Sweden. Other events include an
astronomy summer school, meetings for
amateur astronomers as well as two ex-
hibitions in Landskrona and Copenha-
gen. Both have been organised with the
support of Copenhagen 96, the organi-
sation responsible for the extensive ac-
tivities in connection with Copenhagen
being the European Capital of Culture
1996.

The exhibition in Landskrona is main-
ly a historical exhibition about Tycho
Brahe. However, ESO and the VLT are
presented in a section called “Tycho’s
Heritage”. The exhibition was inaugurat-
ed on April 12 by His Majesty Carl XVI
Gustav, King of Sweden. In the picture,
Prof. Arne Ardeberg explains the work-

The King of Sweden Visits ESO Exhibition

ing principle of the VLT to the King (at
the centre) and his entourage. On the
King’s left is seen Ann Catrin Haglund,
head of the regional authority, and Gösta
Nilsson of the City of Landskrona.

The second exhibition opens at the
Tycho Brahe Planetarium in Copenha-

gen in July this year. This is an ESO ex-
hibition which has been  prepared jointly
by the planetarium, the Copenhagen
University Observatory, Copenhagen
Astronomical Society and ESO’s Educa-
tion and Public Relations Department.

C. MADSEN
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checked daily by ODT members; we
strive to respond to queries within one
day.

We registered an average of 11,000
monthly accesses during the first six
months on-line; 50% of these accesses
are local.

5. General Remarks
The planning and implementation of

the new ODT WWW cluster was led by
ODT fellows in Garching with assistance
from the optical detector engineers at La
Silla. The response of the ESO commu-
nity has been very encouraging and we
have received many useful comments
that have helped us to improve the qual-
ity of the pages. Providing high-quality
information to the astronomical commu-
nity is considered a top-priority task for
the Optical Detector Team; regular up-
dating and improvement of the Web
cluster is part of this goal.

The ODT home page can be ac-
cessed at the following URL: “http://
www.eso.org/odt”.

Figure 3: Example of the layout of a specific detector page (CCD #25 mounted on NTT with
SUSI).

Paola Amico
pamico@eso.org

3. Layout and Styles

The graphical layout of a WWW page
depends on the user browser and its set-
tings. The layout of the ODT Web cluster
is optimised for viewing with the Net-
scape Navigator version 1.1N (or great-
er). The pages are sized to A4 format in
order to limit the use of scroll bars. The
length of the blue marble bar shows the
optimum page width. All pages are rec-
ognisable by the ODT logo, which is a
spectrum with shaded letters “odt”. The
background colours of the pages are
used to denote the level within the tree:
light green (1), pastel blue (2), light blue
(3) and light orange (4). Report/com-
ment forms and special pages have a
grey background.

4. ODT Helpdesk and Access
Statistics

The ODT helpdesk provides a contact
point for all users who need additional
information or who have special re-
quests. Access is made by sending
e-mail to odteam@eso.org or using the
report/comment forms that are within the
ODT Web cluster. The incoming e-mail is

organise it in a tree-like structure, limited
to 4 hierarchical levels (Fig. 1) containing
the following pages:

• Level 1 – ODT homepage (main
index), see Figure 2.

• Level 2 – Information on CCDs at La
Silla (present and past).

– Research, developments
and planned upgrades.

– The helpdesk mailbox.
– Document archive (FITS

images and ps files).
– Who is Who in the ODT. 
– ODT’s internal Web area

(restricted to ODT staff).
• Level 3– Specific detector pages

(see Fig. 3). 
– ODT activities.

• Level 4– Advanced information on
detectors.

The ODT Web cluster is linked to the
ESO Web through the Telescopes, In-
strumentation and Detectors link in the
ESO portal. This structure is supported
by navigation links, which allow the user
to move to the upper adjacent level, the
ODT homepage or the ESO portal.

The most relevant pages for the typi-
cal user are those containing technical
information on CCDs in levels 3 and 4.
These pages follow a well-defined struc-
ture, consisting of three main parts:

1. The upper part contains a table
with the key characteristics of the CCD
system. If variations of these values are
discovered during routine tests, Web
pages are updated within a few days of
the test.

2. The middle part of the page contains
a plot of the detector quantum efficiency
and provides links to more detailed infor-
mation on the linearity, cosmetic quality
and an image archive, from which low-
level flat fields and bias images can be
retrieved in FITS format. These images
are not meant to replace standard cali-
bration images taken by the observer
during the run, but allow a first estimation
of the cosmetic quality of the CCD. (Click-
ing on the quantum efficiency curve gives
access to a magnified version of the plot
(also available in postscript format) and
to a text table of q.e. data.

3. The third part of the page provides
various services: access to advanced-
level information (e.g.: (CTE, full well) for
different read-out anodes, information on
the history of the detector and a warning
area for special comments and a mailbox
report form.

The bottom of the page is reserved for
the navigation area.

We have established a restricted area,
accessible from the homepage by ODT
members (password restricted), that the
ODT is using as an Intranet. The ODT is
using the Intranet to put all of our project
information, scheduling plans and docu-
mentation on-line, so that team members
working in Garching and Chile are literal-
ly “working from the same page”.



34

Figure 1: Diagram of the ESO-Optical Detector Team Web Cluster structure. The different lev-
els can be identified by their corresponding background colour.

1. Introduction

ESO’s Optical Detector Team (ODT)
was formed in the first half of 1995 in or-
der to improve the quality of ESO’s opti-
cal detector systems. One of our first
tasks was to improve communication of
system performance to the ESO commu-
nity. The World Wide Web (WWW) is the
best avenue for this communication. Al-
though some data had been posted on
the Web, in the summer of 1995, this in-
formation was, in general, disorganised,
incomplete and in some cases obsolete.
Thus, we initiated the development of a
new ODT Web cluster, a cohesive whole
designed to maximise usability and com-
pleteness of information on optical de-
tectors within the ESO Web. The dead-
line for going on-line was fixed for begin-
ning of September 1995.

The design of our Web cluster was
constrained by the following questions:
Who is the typical user of ESO’s Web?
What kind of information does this user
require? The typical user of the ODT
WWW is an astronomer who is proceed-
ing through the complete observation
cycle: preparation of an observing pro-
posal, preparation for an observing run,
making the observations and finally, re-
ducing the data. The information we
need to provide must therefore address
all CCD-related questions which could
arise during this process:

• the list of optical detectors presently
offered in combination with the different
instruments and telescopes.

• quick look information on a specific
detector, such as CCD type, pixel and
detector size, quantum efficiency curves,
read-out noise, conversion factor, dark
current, and full frame readout time.

• advanced level information: linearity
curves, cosmetic quality, charge transfer
efficiency, available readout modes.

• general information on optical detec-
tors, such as planned upgrades and de-
tector history.

• on-line manuals.
To fully serve the purpose, the infor-

mation on the Web must be kept
up-to-date, be continuously available on
the network, and it must be unambigu-
ous. Ambiguity is avoided by designating
the ODT Web cluster as the only source
of information about optical detectors at
ESO.

2. Structure and Content of the
ODT Web Cluster

The World Wide Web offers much
freedom in the way of structuring and
presenting information. However, for the
sake of efficiency, clarity and complete-
ness of our Web cluster, we decided to

The Optical Detector Team WWW Pages
P. AMICO AND T. BÖHM, ESO

Figure 2: The ODT main index page. This page provides access to the different information and
services.
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DMD Major Milestones 1996–2001
1996 Q12 • Finalise DFS design/responsibilities/interfaces

Q34 • Science Archive design document
• Construct SUSI pipeline, OB/STS & Archive prototypes for NTT

1997 Q12 • Operational prototypes on NTT, prototype development continues
• Data Flow Operations begin

Q34 • PhaseI/II operational
• Test camera supported on Paranal
• UT1 integration

1998 Q12 • DFS instrument modules operational
• STS/MTS/LTS and user support services fully operational
• Science Archive operational

Q34 • Full DFS operational
• ISAAC & FORS1 integration

1999 Q12 • CONICA  integration
Q34 • VLTI prototypes, UVIS integration

2000 Q12 • VISIR & FORS 2 integration
Q34 • FUEGOS integration

The DFS is a critical component of the
VLT machine that will have a fundamen-
tal  bearing  on  the  VLT’s  scientific pro-
ductivity. The success of the DFS will
depend as much on the astronomers
that use it as the designers and main-
tainers of the system. The feedback of

ideas and modifications from the user
community must occur efficiently if the
DFS is to provide astronomers with high-
quality data products. Over the next
years, DMD will host a series of work-
shops in which astronomers will be invit-
ed to participate in a broad range of dis-

cussions on the functionality and servic-
es offered by the DFS. These work-
shops will continue into the VLT opera-
tional era.

Peter Quinn
e-mail: pquinn@eso.org
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cess catalogue information for target ac-
quisition and observation optimisation.
Raw and calibrated data will be migrated
from a data cache system to Garching
for long-term archive and distribution to
astronomers. Cache systems on Para-
nal and in Garching will be of the  order
of 1 terabyte in capacity. The main ar-
chive in Garching will have a capacity of
order 100 terabytes and consist of
mixed storage media for a variety of ac-
cess needs. The archive will be connect-
ed to a DFS pipeline for recalibration of
raw data as required since the archive
will not store calibrated and derived data
in the long term. A number of other ar-
chive resources, such as the HST data-
base, will be available to VLT archival re-
searchers. The availability of data from
ground and space-based telescopes to-
gether with a software environment of
tools for the manipulation of these
“meta-data” resources will provide a
powerful archival research environ-
ment. The design of the VLT Science Ar-
chive will be complete in 1996 and soft-
ware systems will be prototyped on the
NTT in early 1997. Archive specialists

Fabio Sogni and Houri Ziaeepour form
the current design team.

User Support

VLT users will need support in three
main areas:

(a) Proposal preparation in Phase I
and II,

(b) Calibration and analysis of VLT
instrument data,

(c) Archival research.

The User Support Group, based in
Garching,  will address these needs via
services offered on the World Wide
Web. The group is also responsible for
general ESO WWW services and intra-
net facilities. As part of the observation
handling system, a software team in
User Support is responsible for the de-
sign and implementation of the Short,
Medium and Long Term Scheduling
Systems. These systems will be con-
structed using the SPIKE engine devel-
oped at STScI for HST scheduling. A
collaborative programme between DMD

and STScI will deliver a prototype of the
Short Term Scheduler for testing on the
NTT in early 1997. A leader for the User
Support group will be identified in June
this year. Currently the group consists of
Maurizio Chavan, Resy de Ruijsscher
and Rein Warmels.

Other DMD Activities

In January 1996, ESO entered into a
contract with Serco GmbH to provide
Information Technology management for
the operations at Garching. Serco oper-
ates a Help Desk to assist PC and work-
station users with operational problems,
upgrades and maintenance. The opera-
tion of the UNIX infrastructure and net-
working at ESO is also Serco’s responsi-
bility. Serco provides IT planning support
to ESO as well as resources for short-
term projects with fixed milestones and
objectives. Joe Schwarz is the ESO man-
ager of the Outsourcing Services Centre
within the DMD and acts as ESO’s single
point of contact to the Serco operations.

An ongoing activity now under the re-
sponsibility of DMD is the Palomar Ob-
servatory Sky Survey II plate copy
project. ESO has undertaken to provide
the community with film copies of the IIIa-
J, IIIa-F and IV-N plates from the Palomar
Schmidt telescope as part of the second-
generation sky survey. Positive glass
copies of the original plates are made at
ESO. These plates are then used for the
film production and are also sent to STScI
for digital scanning. The plate taking is
approximately 80% complete in IIIa-J
and IIIa-F and about 40% complete for
the production of film copies. Jean Que-
batte leads the photographic laboratory
team of Peter Dorn and Gisela Strigl.

The Next 5 Years

The testing of prototypes for the DFS
on the NTT in early 1997 marks the be-
ginning of an important five year pro-
gramme for the DMD. By the end of
1997 the DFS will need to support the
test camera on UT1. User Support and
Science Archive resources will be in
place to support both classical and serv-
ice mode observing proposals on the
VLT in 1998.  By the end of 1998, the
DFS has to be fully operational to sup-
port the first VLT instrument operations.
As new VLT instruments are designed
and come on-line, a prototyping and
commissioning process will involve spe-
cific support for all the available instru-
ment modes within the DFS.

DMD will provide staff for the opera-
tion of the DFS on Paranal. Preparing
and operating the scheduling system,
Observation Block handling, pipeline
processing, quality control of calibra-
tions and archive operations will be car-
ried out by DMD Data Flow Operations
staff in collaboration with telescope op-
erators, instrument scientists and staff
astronomers.

The VLT Machine
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sponsibilities in Quality Control, Pipeline
and system engineering respectively.
The Data Pipeline Group is also respon-
sible for the 95NOV release of MIDAS
and the modification of MIDAS for use in
the VCS. MIDAS will be used for NTT
prototyping and will remain a valuable
asset. Significant care has been taken to
ensure that the design and high-level
implementation of  the Data Pipeline is
independent of any specific data analy-
sis system although MIDAS will be used
for the low-level implementation on the
first VLT instruments.

The VLT Science Archive

Miguel Albrecht leads the Science Ar-
chive Group which is responsible for the
design and implementation of the ar-
chive. Currently the group operates the
NTT archive and the European HST ar-
chive in collaboration with the Space Tel-
escope European Co-ordinating Facility
located within ESO. The VLT Science
Archive will be distributed between Pa-
ranal and Garching and provide five
types of services:

(a) Catalogue access for on-line and
off-line needs,

(b) Storage of raw data from the VLT,
(c) Distribution of data to VLT users,
(d) Archive research on VLT and other

data sets,
(e) Recalibration of raw data.

At the VLT, classical-mode astrono-
mers and ESO staff will be able to ac-

The DFS is the scientific operating
system of the VLT. The VLT can be
viewed as one machine with multiple
components that interact. Unless the
components of the VLT machine work
together in an efficient manner, the sci-
entific potential of the VLT will not be ful-
ly realised. With the DFS as a science
operating system, the VLT machine can
be scheduled and can make use of re-
dundancy, pipeline and aggregation of
resources to maximise throughput. In
the design of the DFS, many opportuni-
ties exist to exploit the single machine
vision of the VLT.

The concept of the DFS arrived late in
the process of designing and imple-
menting of the VCS. The VCS system is
responsible for the control of the VLT
Unit Telescopes and their associated in-
struments. This responsibility extends
from low-level motor control to high-level
assessments of the technical quality of
data and its movement from instruments
to storage. VCS was designed and par-
tially implemented before concepts like
Observation Blocks were introduced. It
is therefore clear that the success of the
DFS will depend critically on the close
collaboration of software and system de-
signers from DMD and the other ESO
divisions. In September 1995, a Data
Flow Project Team was formed by the
Data Management Division to bring to-
gether astronomers and engineers from
the VLT, Science and Instrumentation
Division to address the many interfaces
issues opened between the DFS and
VCS. This Team has worked hard to

crystallise the critical system interface
issues and a number of collaborative
software programmes are now under
way between DMD and the VLT soft-
ware group. A recent review of the status
of VCS and DFS design in April 1996
(see this volume) pointed out the impor-
tance of the ongoing work of the Data
Flow Project Team.

The development of a close collabo-
ration and coupling between VCS and
DFS will be aided and accelerated by
the prototyping of DFS modules and
VCS on the NTT. In July 1996, the NTT
will be taken off the air for six months in
order to install VLT-specific hardware
and software for testing. From the begin-
ning of 1997, the NTT will act like a sin-
gle unit telescope. Several modules of
the DFS, including the Observation
Block System, will be extensively tested
using SUSI as a trial instrument. All
modules of the DFS will first be tested
and modified within the NTT prototyping
environment before going on a VLT unit
telescope.

Data Pipeline Group

Under the leadership of Preben Gros-
bøl, the Data Pipeline Group is responsi-
ble for the final form of the DFS design
as well as the implementation of the
Pipeline and Quality Control modules of
the DFS. Michèle Péron is the system
designer for the DFS and is working to
finalise the DFS design documents by
the middle of 1996. Pascal Ballester,
Klaus Banse and Carlos Guirao have re-
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The ESO Data Management Division
P. QUINN, ESO Data Management Division

data is provided by ESO which helps
relieve the “deluge” significantly since
most data reduction systems expand
raw data by factors of 2–5 before cali-
bration is complete. Secondly, by guar-
anteeing the calibration process to a
given accuracy, ESO has to continu-
ously monitor the applicability of cali-
bration data and the performance of tel-
escopes and instruments over long pe-
riods of time. The quality control of the
calibration process will ensure the long-
term usefulness of the data.

Once ESO adopted the principles of
service observations and delivery of cal-
ibrated data for the VLT, it was obvious
that the flow of data must be managed
from start to end of the observing proc-
ess. The ESO Data Management Divi-
sion was formed to design and imple-
ment the Science Data Flow System for
the VLT. Beginning in 1994, the division
was formed from pre-existing groups at
ESO whose responsibilities covered
proposal submission, data archiving and
the processing of ESO telescope data
using the MIDAS system.

By the end of 1995, the division con-
sisted  of  three  main  components:  the
Science Archive Group, the Data Pipe-
line Group and the User Support Group.
Each of these groups addresses specific
components in the Data Flow System
(DFS).

Astronomers are currently at an im-
portant cross-road in their ability to
gather information about the Universe.
Firstly, computers and astronomical de-
tectors have simultaneously increased
in performance. Modern observatories
using high-throughput, large-format de-
tectors for imaging and spectroscopy
are capable of producing tens of giga-
bytes of raw data every clear observing
night. Although this allows rapid
progress on observing programmes, the
data rate and volume can easily satu-
rate current network technologies and
consume the disk space typically found
on most workstations. Secondly, large
telescopes in the 8–10-m class are go-
ing to be the workhorses of optical and
IR astronomy well into the next century.
These telescopes will be available to
astronomers around the globe and
competition for these expensive re-
sources will be fierce. Observing pro-
grammes then have to be undertaken in
the most efficient manner possible, min-
imising the effects of the weather in or-
der to complete programmes in the
shortest possible time.

Because of this “data deluge” and
the need for maximum efficiency, as-
tronomers are faced with the realisation
that perhaps the classical observing cy-
cle of trekking to the telescope and re-
turning home with a tape of unproc-
essed data is no longer the most effi-
cient or practical way to do astronomy.
ESO astronomers stood at this cross-
road and considered the options care-
fully when designing the Science Oper-
ation Plan for the VLT.

In this plan, ESO decided to enable
the VLT to execute observing pro-
grammes in a service mode. Astronom-
ers can specify programmes in a
Phase I–Phase II proposal process and
the resulting observations would be
completed by ESO astronomers and
technicians at the VLT when the condi-
tions are most favourable for that pro-
gramme. In this way, ESO astronomers
would be as efficient and competitive
as possible in completing the types of
frontier programmes that will be com-
mon place on the VLT. Furthermore,
ESO decided to meet the challenge of
the data volume potential of the VLT by
insisting that the VLT should be able to
deliver calibrated data to the astrono-
mer with a well-defined accuracy. This
has two immediate benefits for the as-
tronomer. Firstly the data processing
and storage necessary to calibrate the

(1) Programme Handling: The electronic submission of Phase 1 proposals.
Preparation of a 6-month schedule for service and
classical mode observing sessions.

(2) Observation Handling: Phase II proposals are prepared using software tools.
Observation Blocks are created for each target.
Medium-Term Scheduler system prepares a list of
possible Observing Blocks to be executed for the next
few nights.
Short-Term Scheduler systems select the next Obser-
vation Block to be executed by the VLT Control System
(VCS) based on environment and configuration data.

(3) Science Archive: Provides on-line catalogue services to observers.
Stores raw data passed by the VCS.
Data distribution and archival research on VLT data.

(4) Pipeline: Organise raw data and calibration information for
analysis.
Schedule calibration processing of data.
Apply approved calibration recipes.

(5) Quality Control: Maintain calibration plan for a given instrument and
mode.
Compare calibration data with simulators.
Study long-term trends in calibration data.
Assess quality of calibrated data with respect to
standards.

The Design of the DFS

In early 1995, the Data Flow Working
Group was formed to formulate the re-
quirements on the DFS following the
guidelines of the Science Operation Plan.
The group consisted of astronomers, in-
strumentation and software experts from
several ESO divisions under the leader-
ship of Preben Grosbøl. Discussions
within the group focused on the charac-
terisation of the “observing cycle” from
proposal entry to final archive of the data.
This cycle was broken down into compo-
nent processes and the outline of the DFS
took shape. A fundamental concept that
holds the component processes together
is that of the Observation Block. This
“quantum of data” in the data flow system
is an object which contains the essential
target and instrument information to de-
fine an observation of a single object. An
Observation Block is defined by either a
classical observer at the telescope or a
service mode observer. Whether the ob-
server uses service-mode capabilities or
not, the Observation Block is intrinsic to
the flow of data from place to place in the
VLT operation. Preliminary design docu-
ments describing the services offered by
each of the modules in the DFS and their
interrelationships were drawn up and dis-
tributed by the middle of 1995. The basic
modules in the DFS are:
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object’s disintegration. The positive as-
pect of this event is the implication that –
if the nucleus of SW3 survives – fresh
material from the nucleus interior be-
comes easily accessible on the surface.
It is in the affected regions of the surface
that the original and unmodified ingredi-
ents of the pre-solar nebula can be
found (rather than on the largely evolved
and processed surface crust of periodic
comets that did not split). This perspec-
tive makes comet SW3 – at the moment
– much more attractive for addressing
fundamental questions of the solar-sys-
tem formation by in-situ experiments
than  any other ROSETTA target.

7. Concluding Remarks

The splitting of SW3 in 1995 was an-
other example of how brittle cometary
nuclei are. Unlike in most previous
events,  however,  the  break-up of  SW3
is well documented by high-quality
ground-based observations, many of
them carried out at ESO. SW3 repre-
sents an excellent candidate for a com-
prehensive analysis of cometary frag-
mentation, which could lead to a better
understanding of the disintegration proc-
esses involved in the evolution of com-
ets. An important unresolved key ques-
tion both for the continuing break-up
modelling and for the ROSETTA mission
is the survival of the SW3 fragments. It
will be addressed by further observa-
tions when the comet becomes visible
again after its conjunction with the Sun.
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of the nucleus as the comet approaches
the Sun (the outburst of SW3 happened
just 2–4 weeks before perihelion). Sub-
sequently, the new and highly active re-
gions release a large amount of gas and
dust into the coma which simultaneously
erodes the internal structure of the weak-
ly bound comet body. As a result, major
pieces can separate from the nucleus.

(2) A spin-up of the nucleus due to re-
action forces from the outgassing results
in new cracks in the surface due to a cen-
trifugal stress in the nucleus. Hence, the
gas and dust release increases which
may both weaken the internal structure
of the cometary body and may further
accelerate the nucleus rotation. When
the  critical rotation  rate  is  reached (or-
der of a few hours; Sekanina, 1982), the
comet  begins to disintegrate.

(3) The  impact of a major body on the
nucleus severely damages the surface
crust. The follow-up  scenario of such an
event resembles that described under
(1). The impactor may have been a grav-
itationally bound fragment of the nucleus
itself. Such companions are suspected
to remain undetected in the proximity of
the nucleus for very long times.

The  enormous  OH  production  ob-
served in September and October 1995
(Crovisier  et  al., 1996)  and  the  small
nucleus size (our own unpublished ob-
servations indicate a nucleus radius of

1–1.5 km, see also  Birkle and  Boehn-
hardt, 1996)  required almost the whole
nucleus surface  being active during the
pre-splitting outburst. This constraint
may be somewhat relaxed if one as-
sumes a significant production of materi-
al from minor nucleus fragments re-
leased during the outburst. The detec-
tion of further fragments (for instance
our IR fragment F or any of the addition-
al ones reported by other observers,
see IAU Circular 6301) could be evi-
dence for the existence of numerous
fragments around the nucleus.

6. SW3 and ROSETTA

The recent  outburst and  fragmenta-
tion of  the  SW3  nucleus  may  initiate
new considerations about the role of  the
comet  for the  ROSETTA mission. Since
this spacecraft project is very ambitious
from the operational and scientific point
of view (for instance continuous monitor-
ing of the comet from circumnuclear or-
bit over about one year and  two  surface
science packages to be landed on the
nucleus), the splitting of SW3 presents
new risks but also has some attractive
aspects. The risks are the increased
danger for the ROSETTA spacecraft
from  the debris around  the nucleus and
– even worse – the disappearance of the
comet if a break-up should result in the

Hermann Boehnhardt
e-mail: hermann@bigbang.usm.uni-
muenchen.de
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Figure 2: SW3 on December 12–14, 1995. The series of images was obtained by H. Boehn-
hardt (Munich) and H.U. Kaeufl (ESO) at the ESO NTT with EMMI and at the ESO 3.6-m tele-
scopes with TIMMI. The upper three subimages show the relative motion and brightness varia-
bility of fragments A–C as seen in the visual wavelength range. The lower subimage gives the
10-micron view of the inner coma of SW3. Image orientation and scale is given in the figure, no
image deconvolution applied.

month before the nucleus splitting. Thus,
the increased activity apparently repre-
sented a prelude to the dramatic break-
up of SW3.

The existing observations do not pro-
vide a clear indication on the physical
processes  involved in  the  SW3  nucleus
fragmentation. Possible scenarios are:

(1) The disruption of the surface crust
over a large area caused by erupting
pressurised gas under the surface layer

sequence show B to have split from C
before A separated from C, both events
in late October and early November
1995 (Sekanina, private communica-
tion). One can exclude that the outburst
of SW3 observed in September 1995
coincided with the break-up of the nucle-
us (Sekanina et al., 1996). Instead, we
agree with Sekanina (1996) and Crovisi-
er et al.(1996) in their conclusion that the
outburst commenced more than one

B, C, F), but only three at either wave-
length region (see Fig. 2). Two frag-
ments (A and C), i.e., those at the ex-
treme ends of the almost linear chain,
seemed to be present both in the visual
and IR wavelength range. The third
companion, B in the visual and F in the
infrared, were clearly different. Hence
they produced significant signal levels
only in the specific wavelength regions.
The three-day observing run also re-
vealed an increase in the distance be-
tween the fragments A, B and C and
short-term variations in the brightness of
their innermost regions.

The continuously increasing separa-
tion between the pieces A-C was con-
firmed by the follow-up observations
scheduled on a short notice for the NTT
on 7 and 31 January 1996 (see Fig. 3).
By that time the fragments clearly had
their own comae and tails embedded in
a common sheath of material and the
relative brightness of the companions
may have stabilised.

Inspection of the earlier images of
SW3 taken before the break-up detec-
tion in mid-December 1995 confirmed
an extensive coma development. The
central brightness peak in the coma was
elongated in the east-west direction.
However, applying the Richardson-Lucy
deconvolution algorithm to the central
coma region, the elongated  peaks seen
on November 28 and December 1–2,
1995 could be resolved into  two  sepa-
rate  fragments  (see  Fig. 1b,c). Evident-
ly, the distance and the position angle of
the two pieces changed during this 5-
day interval. Despite all our efforts, we
were unable to resolve the central coma
peak in the late October to early Novem-
ber images (see Fig. 1a). However, the
deconvolved images may indicate the
presence of separate fragments already
by that time.

5. Break-Up Scenarios

The ESO images of comet SW3 pro-
vide a unique documentation of the evo-
lution of the SW3 fragments after the
break-up. Using position measurements
of the three condensations A, B, C, it is
possible to derive solutions for the
break-up sequence (for a theoretical
background see Sekanina, 1982). An in-
itial analysis of the ESO data (supple-
mented with those of other observers)
performed independently by Sekanina
and Boehnhardt & Kaeufl (1996) indicat-
ed a two-step break-up sequence, with
the fragments A and B breaking off as a
single body from the fragment C around
October 24, 1995, while A and B them-
selves broke apart on December 1,
1995. In the meantime some more
measurements became available and
the earlier ones were remeasured in or-
der to improve the position accuracy and
to determine  the intrinsic uncertainty of
the values. Based upon these new data,
improved solutions for the separation
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H. Boehnhardt and K. Birkle  from  late
December 1994 until late June 1995 us-
ing telescopes at ESO La Silla and at the
Calar Alto Observatory. During that peri-
od of time the comet behaved normally:
a coma and tail were detected in late
January 1995 when the comet was at
2.8 AU solar distance and developed as
expected. The comet was brightening
gradually until at least August 20, 1995,
when it  was  estimated  by  a Japanese
amateur astronomer at magnitude 13.

The  first indication  that  something
unusual  happened  to  SW3  came  from
J. Crovisier and collaborators (1995,
1996) who  detected a much higher OH
production with the Nancay radio tele-
scope on September 8–12, 1995, com-
pared with that on September 1–5,
1995. Amateur astronomers reported

the comet to be about 5 mag brighter
than expected in late September 1995
(around 8 mag). This elevated coma
brightness continued and still increased
during October 1995 (SW3 then being
brighter than 6 mag, i.e. more than 200
times brighter than normal at this dis-
tance). However, at that time the reason
for this strong and continuous outburst
of the comet was unclear.

3. The Break-Up of the Comet

A regular observing programme on
SW3 by the first two authors of this pa-
per was scheduled at ESO-La Silla for
December 12–14, 1995. By means of
simultaneous observations using the
NTT plus EMMI for the visual wave-
length range and the 3.6-m telescope

plus TIMMI for the mid-IR range the gas
and dust content in the comet should be
characterised. Alerted by the reports on
the SW3 outburst, the authors ap-
proached colleagues with a request for
additional images of the comet before
the beginning of their own observing
campaign. As a result, exposures of
SW3 were taken between late October
and early December 1995. All these ob-
servations (including those taken after
the break-up was detected – see below)
had to be made under rather difficult
conditions: since the comet’s elongation
from the Sun was only between 43 to
56°, these images were taken through
high air masses (elevations from 35
down to 12°) and the daily observing
window was rather short.

4. The ESO Image Gallery of the
Break-Up

The break-up of the comet was de-
tected by Boehnhardt and Kaeufl (1995)
during their simultaneous  observations
at  the NTT  and 3.6-m  telescopes. The
R filter and 10-micron images revealed a
total of four fragments in  the coma  (A,

Figure 1a: SW3 on October 27, 1995. The 20-sec B-filter exposure
was obtained by J. Manfroid (Liège) with the Dutch telescope at ESO-
La Silla. This subframe of the central coma region was deconvolved by
Richardson-Lucy algorithm. North is up and east to the left, the field of
view is 22 × 22 arcsec.

Figure 1b: SW3 on November 27, 1995. The 120-sec B-filter exposure
was obtained by K. Reinsch (Göttingen) with the 2.2-m telescope at
ESO-La Silla. This subframe of the central coma region was decon-
volved by Richardson-Lucy algorithm. Image orientation as in Figure
1a, the field of view is 19 × 19 arcsec.

Figure 1c: SW3 on December 2, 1995. The 120-sec R-filter exposure
was obtained by J. Storm (ESO) with the Danish 1.5-m telescope at
ESO-La Silla. This subframe of the central coma region was decon-
volved by Richardson-Lucy algorithm. Image orientation as in Figure
1a, the field of view is 27 × 27 arcsec.

a b

c
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the molecular lines is dominated by the
cosmic microwave background radiation
and, given our observational uncertain-
ties, we can derive a conservative upper
limit to TCMB of 6.0 K. Detection of more
molecular absorption-line systems at
similarly high, or higher, redshifts offers
the possibility of observing the evolution
of TCMB as a function of redshift.

Although the excitation temperature
of the molecular lines is low, the actual
kinetic temperature of the gas may be
considerably higher. The abundance ra-
tio of the isomeric molecules HCN/HNC
acts as a thermometer of the kinetic tem-
perature; when this ratio is ~ 1, the gas
has a T k of approximately 15–20 K,
whereas if the ratio is well in excess of 1,
the temperature is 50–100 K. This effect
stems from the way molecules are
formed through gas-phase reactions.
For our absorption lines towards
PKS1830–211, we estimate the kinetic
temperature to be around 16 K.
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An interesting application of redshift-
ed molecular absorption lines in general
comes from the fact that the excitation of
the molecules might be dominated by
the cosmic microwave background radi-
ation. For dense gas this requires rela-
tively high redshifts, but for diffuse gas,
where collisions between molecules are
infrequent, this can occur at intermedi-
ate redshifts. This latter situation seems
to apply to the absorbing gas towards
PKS1830–211. For the HCN, HCO+ and
HNC molecules we have derived an ex-
citation temperature of 6–8 K. This is
significantly higher than the expected
temperature of the cosmic microwave
background radiation, TCMB, which at a
redshift of z = 0.89 should be 5.16 K1,
but since these lines are heavily saturat-
ed they only give an upper limit to Tx.
The unsaturated lines of CS, N2H+ and
H13CO+, which directly give Tx, have an
excitation temperature of only ~ 4 K.
This is less than the expected tempera-
ture of the cosmic background radiation,
but given the 3σ errors, the excitation
temperatures are still consistent with a
TCMB at z = 0.89 of 5.16 K. The very low
values of Tx show that the excitation of

1In the big-bang theory, the temperature of the mi-
crowave background radiation scales as TCMB = Tbg

(1+z), where Tbg is the temperature at z = 0.

1. Science with an Ordinary
Comet

Until recently comet 73P/Schwass-
mann-Wachmann 3 (hereafter SW3)
was considered a rather ordinary comet
and as not being worthwhile a dedicated
observing programme. Therefore, not
much more than orbital elements and
brightness estimates were available
when the European Space Agency ESA
became interested in this object as a po-
tential target for the next cometary mis-
sion ROSETTA. SW3 belongs to the
family of Jupiter comets a group of  com-
ets with  orbits substantially and repeat-
edly affected by Jupiter’s gravitation. In-
deed, it was Jupiter that brought SW3
into its present orbit: two encounters in
1965  and 1978 changed the perihelion

distance and inclination of the comet’s
orbit from 1.02 to 0.94 AU and from 17.3
to 11.4°, respectively (Belyaev et al.,
1986).

But what  is the  scientific interest  in
observing SW3 nowadays? The driver
was ESA’s selection of the comet as a
back-up target for the ROSETTA mis-
sion. The design of the scientific experi-
ments onboard ROSETTA and the  plan-
ning of the mission operations require
the knowledge of basic physical proper-
ties of the comet, such as the nuclear
size, rotation, activity profile, chemistry,
the production rates of gas and dust, etc.
Addressing these mission-related pa-
rameters on the basis of observations,
one simultaneously contributes to the
characterisation of SW3 as a member of
the Jupiter family  comets. It is important

to learn about the similarities and diver-
sities among  comets and comet families
and to establish a classification scheme
for these solar-system objects which are
believed to represent the most  pristine
and unaltered remnants of the solar sys-
tem nebula. In that way it may be  possi-
ble to constrain the formation history
and conditions of our planetary system
and furthermore the development of
comets since their formation in the inter-
planetary and interstellar environment
around the Sun.

2. The Prelude Observations

As a potential ROSETTA target, com-
et SW3 was monitored more thoroughly
than usual. Almost monthly, broadband
filter imaging of SW3 was  performed by

The Break-Up
of Periodic Comet Schwassmann-Wachmann 3:
Image Documents from La Silla Telescopes
H. BOEHNHARDT, Universitäts-Sternwarte München, Germany
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Figure 2: Absorption spectra from the lens to PKS1830–211 at z = 0.88582 observed with the
SEST. The flux level has been normalised to unity and represents the flux from both images of
the background radio source (which remains unresolved by the SEST telescope beam).

didate PKS1830–211. It is a strong radio
source, with a radio morphology consist-
ing of two compact components, sepa-
rated by ~ 1″ and connected by an ellip-
tical ring (Fig.1). The two components
are parity-reversed images of a back-
ground quasar consisting of a core and a
jet (Kochanek & Narayan, 1992; Nair et
al., 1993). The extended feature of the
lensed image makes PKS1830–211 ide-
ally suited for modelling of the potential
of the lensing galaxy and for deriving
cosmographic parameters. One major
drawback has been the unknown red-
shift of both the lens and the source.
PKS1830–211 is located close to the
Galactic Centre, at l = 12.2°, b = –5.7°,
but the galactic extinction is moderate,
with AV ≈ 2.7m (Subrahmanyan et al.,
1990). Nevertheless, deep imaging in

the BVRIK bands (Subrahmanyan et al.,
1990; Djorgovski et al., 1992) has failed
to detect an optical counterpart of nei-
ther the lens nor the background QSO. A
recent attempt with the Keck telescope
also failed (Djorgovski, private commu-
nication). Since PKS1830–211 is a
strong source even at mm-wavelengths,
with a flux ≥ 2Jy at λ3 mm, we decided to
search for molecular absorption lines to-
wards it, despite the unknown redshift.

We started our search in June 1995
and found the first absorption line after
only a few hours of observation, at a fre-
quency of 96.2 GHz. After confirming the
detection, we observed at selected fre-
quencies in the 3- and 2-mm band in or-
der to establish the identity of the line.
The candidate absorption line did not
reach the zero level, but had a depth of

~ 35% of the continuum level. Our first
interpretation was that the absorption
was unsaturated. However, since the
background source consisted of two
components, separated by 1″, we could
not exclude the possibility that the ab-
sorption was caused by molecular gas
covering only one of them. It finally
turned out that the absorption was
caused by the HNC(2←1) line at a red-
shift of z = 0.88582 ± 0.00001. This was
established by detecting the J = 2←1
lines of HCN and HCO+ as well as the
J = 3←2 lines of HCN, HCO+ and HNC.
Subsequently we also observed absorp-
tion lines of CS(3←2), N2H+(2←1),
N2H+(3← 2) and H2CO(211 ← 110). The
detection of the N2H+ molecule suggest-
ed that the absorption of the more abun-
dant molecules like HCN, HCO+ and
HNC were saturated, despite not reach-
ing  the  zero  level.  We  therefore  tuned
to  the  isotopic  H13CO+(2 ← 1).  After
some  integration  this  transition  was
also detected, clearly showing that the
HCO+(2←1) line was heavily saturated.
Some of the observed absorption pro-
files are shown in Figure 2.

The flux ratio between the two lensed
images of the compact core represents
different point-image magnifications.
VLBI observations at λ2 cm gives a flux
ratio of the NE and SW cores of 1.78 ±
0.10. If the molecular gas only covers
one of the compact cores, the point-im-
age magnification ratio is directly given
by R = (Tc lTabs) – 1, where Tc and Tabs
are the total continuum flux and the
depth of a saturated absorption line
measured from the continuum level, re-
spectively. Our molecular absorption-
line data imply a point-image magnifica-
tion ratio of 1.75 ± 0.15. From this we
conclude that the SW core is obscured
by molecular gas, while the NE compo-
nent is not.

Utility of the Absorption Lines
Towards PKS1830–211

The individual continuum fluxes com-
ing from the NE and SW cores can be
derived directly from a single spectrum of
the saturated J=2←1 lines of HCN, HCO+

or HNC. Since PKS1830–211 is known to
have changed its millimetre continuum
flux with a factor of two on a time scale of
~ 8 months (Steppe et al., 1993), these
lines can be used as a sensitive probe of
the  time  delay  between  the  lensed
images  of  the  core.  The  lensed  image
of PKS1830–211 shows considerable
structure at low radio frequencies (but not
at millimetre wavelengths), making it
possible to construct a detailed model of
the gravitational potential of the lens. A
measurement of the time delay therefore
has the potential of giving an accurate
value for the angular-size distance and,
hence, a value for the Hubble constant.
This may prove to be the most valuable
result from the detection of molecular
absorption lines towards this source.
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is likely that the absorbing gas resides in
the host of the BL Lac object.

A second molecular absorption line
system, this time at a redshift z = 0.685,
was detected towards the radio source
B0218+357 (Wiklind & Combes, 1995).
B0218+357 has been identified as a
gravitational lens on the basis of its radio
morphology (cf. Patnaik et al., 1993). It
consists of two compact flat-spectrum
cores, separated by 0.34″ and a steep-
spectrum ring. The absorption takes
place in the lensing galaxy, where we
have detected 15 different molecular
transitions of molecules such as HCO+,
HCN, HNC, CN, H2CO and CS (Wiklind
& Combes, 1995; Combes & Wiklind,
1996). Surprisingly, we have been able
to observe the isotopomers 13CO and
C18O, while C17O remains below our de-
tection limit. Together with a nondetec-
tion of molecular oxygen O2, the molec-
ular line data has allowed a stringent lim-
it on the O2/CO ratio, with implications
for chemical models (Combes & Wiklind,
1995).

A third molecular absorption-line sys-
tem was detected in June 1995 towards
the background source B3 1504+377, at
a redshift of z = 0.673. Similarly to
PKS1413+135, a small impact parame-
ter and the absence of gravitationally
lensed images of the radio source im-
plies that the absorption takes place in
the host galaxy to B3 1504+377 (Wiklind
& Combes, 1996b).

Searching for More Molecular
Absorption Line Systems . . .

We have also searched for molecular
absorption lines associated with MgII
and CIV absorption-line systems, as
well as in the host galaxies of optically
visible AGNs, without detecting any. The
metal absorption-line systems are char-
acterised by impact parameters (project-
ed distance between the line of sight to
the background AGN and the centre of
an intervening galaxy) of tens of kpc
and, due to the centrally concentrated
molecular gas distribution found in near-
by galaxies, it is not surprising that we
find no molecular gas. The nondetec-
tions of molecular absorption at the red-
shifts of optically visible AGNs is readily
understood as a selection effect; a mo-
lecular cloud in the line of sight is likely
to cause several magnitudes of extinc-
tion, making the AGN virtually invisible
at optical wavelengths. The three de-
tected molecular absorption-line sys-
tems are characterised by a small im-
pact parameter between a radio source
and the centre of a galaxy which, albeit
distant and faint, has been optically
identified. The AGN associated with the
radio source is not seen at optical wave-
lengths. The redshifts obtained from op-
tical spectroscopy has been that of the
intervening or associated galaxy.

While optical spectroscopy has a
large instantaneous bandwidth, but limit-

ed spectral resolution, the contrary ap-
plies for millimetre wave spectroscopy.
Measured in velocity, the bandwidth of a
typical  mm-wave  receiving  system  is
~ 3000  km s–1,  while  the  resolution  is
~1 km s–1. This means that one needs to
know the redshift of an absorbing galaxy
to a relatively high accuracy in order to
correctly tune the receivers. An alterna-
tive is to search for molecular absorption
in a source with unknown redshift by se-
quential tuning of the receivers. From
our experience with the known molecu-
lar absorption line systems, we know
that it is not only CO which is likely to
show strong absorption, but also HCO+,
HCN and HNC. Hence, by searching
over the 3-mm band (80–115 GHz) we
can  cover  the  redshift  intervals  z =
0–0.44 and z = 0.55–3.32. The  ‘hole’ at
z = 0.44–0.55 can be filled by observing
the 149–160 GHz band at λ2-mm (Table
1). The SEST telescope is ideal for such
a search since it is equipped with new

low-noise SIS receivers covering the 3-
and 2-mm bands and has an instantane-
ous bandwidth of 1 GHz. Furthermore,
the receivers can be tuned from the con-
trol room, making it possible to rapidly
change the frequency. With a strong
continuum source, i.e. 1–2 Jy, the whole
3-mm band can be searched in less than
12–20 hours. The additional search in
the 2-mm band increases this time only
slightly, as SEST supports a dual ob-
serving mode where the 3-  and 2-mm
receivers can be used simultaneously.

. . . and Finding One with
Unknown Redshift

A small impact parameter and the ab-
sence of an optically visible AGN seems
to be a prerequisite for detecting molec-
ular absorption lines, making radio iden-
tified gravitational lenses with small im-
age separation good candidates. One
such object is the gravitational lens can-

Figure 1: VLA image of PKS1830–211 at 15 GHz (from Subrahmanyan et al. 1990), showing
contours of the flux and the electric field polarisation vectors.

TABLE 1: Redshift coverage of saturated molecular absorption lines.

Molecular transition 3-mm band (80–115 GHz) 2-mm band (149–160 GHz)

CO(1–0) 0.00–0.44
HCO+(2–1) 0.55–1.23 0.12–0.20
CO(2–1) 1.00–1.88 0.44–0.55
HCO+(3–2) 1.31–2.34 0.67–0.80
CO(3–2) 2.00–3.32 1.16–1.32
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logue. Group 4 includes 6 galaxies close
in projection (in particular 4 of them),
Group 5 is a triplet very close in projec-
tion, and Group 6 is located at the bot-
tom of the potential well, around the cD
galaxy.

Luminosity Function
in the V Band

The luminosity function in the V band
shown in Figure 4 has been derived:

– directly, for the brightest galaxies
(V < 18) with velocities belonging to the
cluster;

– for fainter galaxies, for all the ob-
jects of our CCD photometric catalogue,
to which we have subtracted the back-
ground counts in the V band taken from
the ESO-Sculptor survey (Bellanger et
al., 1995, Arnouts et al., 1996, see pre-
print by Lobo et al., 1996 for details on
this subtraction).

The best fit is obtained for a power
law of index α = –1.5±0.1, similar to that
obtained in central regions of clusters,
such as e.g. in Coma, which we have

re-analysed in detail recently (Biviano et
al., 1996, Lobo et al., 1996 and referenc-
es therein).

Conclusions

The combined data obtained with the
MAMA measuring machine, CCD imag-
ing and spectroscopy with MEFOS have
led to one of the richest velocity cata-
logues for a single cluster. This will allow
a detailed analysis of the physical prop-
erties of Abell 85, which will be com-
pared to those derived from X-rays (Pis-
lar et al., 1996).
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ed by a factor of 10 or more (Radford,
1996). Yet another gravitationally lensed
galaxy has been detected by Casoli et
al. (1996). They observed CO emission
from a gravitational arc at z ≈ 0.7. With a
magnification factor of ~ 50, this is intrin-
sically a relatively inconspicuous galaxy.

Apart from these gravitationally
lensed objects, there have been search-
es for CO emission in nonlensed sys-
tems at high redshifts, which have all
been negative. In fact, there are no con-
firmed observations of CO emission in
nongravitationally lensed objects at red-
shifts higher than z ≈ 0.3. Hence, high-z
galaxies, including those with detected
CO emission, appear not to contain ex-
tremely high molecular gas masses. At
most, they are similar to nearby exam-
ples of merger systems, such as Arp
220. Nevertheless, the lensed systems
have shown that molecular gas which
has undergone a substantial stellar
processing does exist at high redshifts.

Gravitationally magnified CO emis-
sion is, however, not our only means to
study molecular gas at high redshifts.
Just as in the optical wavelength band, it
is easier to detect molecular absorption
lines than the corresponding emission
lines and, with an appropriate alignment
of an intervening galaxy and a back-
ground radio continuum source, it is

possible to probe the molecular ISM at
very large distances. This has been
demonstrated by the detection of more
than 40 different molecular transitions at
redshifts ranging from z = 0.25 to
z = 0.89 (Wiklind & Combes, 1994,
1995a, 1995b; Combes & Wiklind,
1995). Due to the greater sensitivity of
absorption lines, it is possible to observe
molecules other than CO. Paradoxically,
this is easier to do for gas at large dis-
tances, since Galactic absorption almost
always gets confused with emission.

Molecular Absorption Lines
at Intermediate Redshifts

The first molecular absorption at a
cosmologically significant distance was
detected with the SEST telescope in De-
cember 1993, towards the BL Lac object
PKS1413+135 (Wiklind & Combes,
1994). The CO(J = 1←0) transition was
seen at a redshift of z = 0.247. The con-
tinuum radio source is completely ob-
scured at optical wavelengths and coin-
cides with an edge-on galaxy with the
same redshift as the absorption. The
redshift of the BL Lac itself is not known,
but since the impact parameter between
the radio core and the nucleus of the gal-
axy is < 0.1″ and since there are no indi-
cations of gravitational lensing effects, it
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Background

Molecular gas is the cold and dense
part of the interstellar medium (ISM)
which is directly involved in the forma-
tion of stars. The possibility of studying
this ISM component at high redshifts
would give us an insight in the conditions
for stellar formation when these may
have been quite different from what is
seen in present-day galaxies. It was
therefore with great interest that astron-
omers greeted the news in 1991 that
emission from the rotational J=3–2 line
of carbon monoxide (CO) had been de-
tected in the galaxy F10214+4724 at a
redshift of z = 2.29 (Brown & Vanden
Bout, 1991). A standard conversion fac-
tor between the integrated CO emission
and the column density of H2 implied a
molecular gas mass of 2 × 1011 M0,
which meant that the molecular gas con-
stituted a major part of the total mass of
the galaxy. Three years later CO emis-
sion was detected in the Cloverleaf qua-
sar at z = 2.56 (Barvainis et al., 1994). In
this case it was known that the CO emis-
sion was magnified by gravitational lens-
ing, making it impossible to derive the
intrinsic H2 mass. It is now clear that also
F10214+4724 is a gravitationally lensed
system (Matthews et al., 1994) and that
the molecular gas mass is overestimat-
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obtained in the interval 13,350 < v <
19,930 km/s, which will be taken as the
criterion for galaxies to belong to Abell
85. This leads to a total number of 308
galaxies with measured velocities be-
longing to Abell 85, making this velocity
catalogue (hereafter the A 85 velocity
catalogue) one  of  the  richest  ones  for
a  single cluster.

The bi-weight mean velocity for this
sample is 16,458 km/s, with a high ve-
locity dispersion of 1185 km/s, in agree-
ment with the existence of substructure.

The velocity of the cD galaxy is
16,734±48 km/s and 16,447±126 km/s
as given by Beers et al. (1991) and Ma-
lumuth et al. (1992) respectively. We will
use the Beers et al. value, which has the
smallest error bar; this value is equal to
the mean cluster velocity within error
bars.

Search for Clustering Patterns

In order to search for substructure in
Abell 85, we have performed on the A 85
velocity catalogue a hierarchical test
based on the binding gravitational ener-
gy of galaxies (see Serna & Gerbal,
1996 for a full description of the meth-
od).

The result of such an analysis is dis-
played and reveals several interesting
features. From left to right on Figure 3:

Groups 1 and 3 are probably just isolat-
ed background galaxies (their spatial
distribution shows no concentration),
while Group 2 has a velocity close to the
lower limit of that of the cluster and ap-
pears tight in projection. All the other

galaxies can be considered to form the
actual Abell 85 cluster, for which the ve-
locity dispersion then becomes 760 km/
s, a value more typical of rich clusters
than the high value given above when
analysing the whole A 85 velocity cata-

Figure 4. Luminosity function in the V band for the CCD catalogue (defined in text) and best fit
with a power law of index α = –1.5 ± 0.1.

Figure 3. Result of the hierarchical test performed on the 154 brightest members of Abell 85, where E represents the binding energy of the system
and the tiny numbers are the catalogue numbers for each galaxy. From left to right, groups 1 to 6 are indicated below the figure, as well as the
average velocity and velocity dispersion of each group.
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above and display the result in Figure 1.
The main structure of the cluster ap-
pears very smooth, with a clear elonga-
tion towards the south in the central re-
gion coinciding with the presence of the
South blob observed in X-rays (see Ger-
bal et al., 1992). This confirms the idea
that Abell 85 is bimodal, with a main
body in which both the galaxies and the
hot intracluster gas appear smoothly
distributed, and a blob south of the cen-
tral zone.

Velocity Distribution

The velocity distribution of the 551
galaxies of our redshift catalogue is dis-
played in Figure 2 as a function of dis-
tance to the cluster centre. We can see
from this figure that there is indeed a
“sheet” of galaxies with velocities of
about 6000 km/s, as mentioned by pre-
vious authors. Behind the cluster, there
is a large number of galaxies following a
velocity distribution suggestive of a cer-
tain periodicity that could correspond to
voids and sheets of galaxies and could
therefore be used as an indicator of
large-scale structures in this direction.

A good agreement between the mean
and median values of the velocities is

Figure 1. Kernel map distribution of the galaxies in the central regions of the MAMA photometric catalogue of Abell 85 (as defined in text),
obtained with 10 bootstrap resamplings. Co-ordinates are in arcseconds relative to the centre.

measuring machine at the CAI, Ob-
servatoire de Paris. This catalogue is
complete for b J < 18.0; the galaxy posi-
tions obtained are very accurate (1–2″)
while magnitudes are not due to usual
problems with photographic plates.

We therefore made observations of
six fields of 6.4 × 6.4′ in the central re-
gions of the cluster with the Danish 1.5-
m telescope in the V and R bands. Re-
ductions were made with IRAF and us-
ing the software developed by O. Le
Fèvre. This allowed us to recalibrate the
magnitudes of our MAMA catalogue,
and also to obtain a deeper photometric
catalogue in V and R of the central re-
gions of the cluster (hereafter the CCD
catalogue).

Spectroscopic observations were per-
formed with the ESO 3.6-m telescope
equipped with MEFOS, and a dispersion
of 224 Å/mm in the wavelength region
3820–6100 Å, during 6 and 2 nights in
November 1994 and 1995. We obtained
421 reliable redshifts, leading to a spec-
troscopic catalogue of 592 objects in this
region, 551 of them being galaxies (in-
cluding the 150 published by Beers et
al., 1991 and Malumuth et al., 1992).
The reduction was made with IRAF and
velocities were measured using cross-
correlation techniques.

Projected Galaxy Distribution

We performed a kernel analysis of the
MAMA photometric catalogue described

Figure 2. Velocity distribution as a function of distance to the cluster centre, with two lines
indicating the velocity range in the cluster.
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a very young embedded cluster of proto-
stars near the Galactic Centre is thrown
open here, although other explanations
(a luminous evolved star such as an OH/
IR star or a dust-enshrouded supergiant;
Becklin et al., 1978, Rieke et al., 1978)
have been considered in the past. Yet
the fact that there are massive young
stars such as WR stars and a cluster of
HeI stars in the IRS16 complex near
SgrA* (see the review of Genzel et al.,
19951) begs the question whether mas-
sive star formation continues in the Ga-
lactic-Centre region, even though no
compact radio sources or ultracompact
HII regions have been found.

It would be particularly worthwhile to
extend the current 10-micron search for
massive protostars to the Galactic Cen-
tre circumnuclear disk of dense molecu-
lar gas (e.g. Genzel, 1989).

A 5 × 5 mosaic of 10-micron TIMMI
images would cover most of the relevant
area. This TIMMI project would benefit
greatly from the successful implementa-
tion of the 3.6-m refurbishment plan (M2
mirror), as it would probably enable us to

reach the 10-micron diffraction limit of
0.7 arcsec. This would much improve the
10-micron point source sensitivity and
the chance of detecting massive proto-
stellar objects in the circumnuclear ring.
On the other hand, ISOCAM images may
soon reveal the presence (or absence)
of young stellar sources in the circumnu-
clear disk region, albeit with poorer spa-
tial resolution. Follow-up diffraction-limit-
ed imaging with TIMMI is likely to be
needed. We hope for the best possible
image quality at the 3.6-m by then.

Finally, we briefly discuss our results
on IRS7 and SgrA* (which are in agree-
ment with those of Gezari et al.,
1994a,b). IRS7 – the brightest source in
the 2.2-micron K-band – is not detected
in our images, suggesting that this red
supergiant lacks a warm optically thick
dust shell. However, IRS7 is clearly de-
tected at 7.8 and 12.4 micron (see Ge-
zari et al., 1994a), suggesting that our
non-detection at 10.1 microns may be
due to absorption in the silicon feature
around 9.7 microns, either locally or
along the line of sight. As for SgrA*, we
see no mid-infrared source at its posi-
tion, which may imply that there is no or
very little warm dust in the immediate vi-
cinity of the Galactic-Centre monster.
However, SgrA* has been claimed to be
detected in deep 8.7-micron images (S.
Stolovy, data presented at the recent
ESO/CTIO conference in La Serena).

P.S. We have also obtained 10.4-mi-
cron [SI V] and 12.8-micron [Ne II]
narrow-band images of the innermost

1In this review, Genzel et al. display a K-band
spectrum of IRS3 obtained with their 3D spectrome-
ter at the ESO-MPIA 2.2-m telescope. This spec-
trum shows a hint of weak HeI 2.06-micron emission
on an otherwise featureless rising continuum, indic-
ative of a highly reddened hot massive star. Krabbe
et al. (1995) also mention that IRS3 could be a
young massive star, although in their paper the HeI
feature in IRS3 is barely discernible. Long ago,
Rieke et al. (1978) already suspected that IRS3
could be a very young stellar object.

Galactic-Centre region, in an attempt to
study the spatial distribution of the ener-
gy and excitation sources in this region.
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As the largest gravitationally bound
systems in the Universe, clusters of gal-
axies have attracted much interest since
the pioneering works of Zwicky, who ev-
idenced the existence of dark matter in
these objects, and later of Abell, who
achieved the first large catalogue of
clusters.

Clusters of galaxies are now analysed
through three different and complemen-
tary approaches: optical imaging and
spectroscopy, which allow to derive the
galaxy content, X-ray imaging and spec-
troscopy, giving information on the phys-
ical properties of the X-ray gas embed-
ded in the cluster, and from which the
total dynamical mass of the cluster can
be estimated, under the assumption of

hydrostatic equilibrium, and, for clusters
of redshifts z ≥ 0.31 deep optical imag-
ing of arcs and arclets in clusters.

As a complementary approach to that
of large cluster surveys such as the
ENACS (ESO Nearby Abell Cluster Sur-
vey) ESO key programme, we have cho-
sen to analyse in detail a few clusters of
galaxies, by combining optical and X-ray
data. We present here results on the first
of the two clusters observed at ESO:
Abell 85.

This cluster is rich and located at a
redshift z p 0.055, corresponding to a
spatial scale of 97.0 kpc/arcmin (H0 t 50
km/s/Mpc). Previously published data on
this cluster include partial CCD imaging
by Murphy (1984), redshift catalogues by

Beers et al. (1991) and Malumuth et al.
(1992), totalling 150 redshifts; these au-
thors evidenced the existence of sub-
structure in Abell 85 as well as the pres-
ence of a foreground group of galaxies.
Abell 85 has a double structure in X-rays
(Gerbal et al.,1992 and references there-
in), and is therefore not fully relaxed, as
many other clusters indeed, contrarily to
what was previously believed.

Observations

We first obtained a photometric cata-
logue of 4232 galaxies (hereafter the
MAMA catalogue) in a region of ±1°
around the cluster centre, by scanning a
bJ photographic plate with the MAMA
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Figure 1a (left = intensity linear, right = log intensity): TIMMI 10-micron image (λ/∆λ = 2.5) of the central 40 × 40″ of the Galaxy. The image scale
is 0.66″ per pixel. North is up, east to the left. The box indicates the position of SgrA*, which is however not detected to a limiting 3-sigma
sensitivity of about 0.3 Jy/sq″. While much of the mid-infrared emission is due to diffuse non-stellar emission, the two isolated sources north-west
of SgrA* (IRS3 and IRS6) are almost certainly powered by embedded stellar objects.

Figure 1b (left = intensity linear, right = log intensity): TIMMI 17-micron image (λ/∆λ = 11.5) of the central 20 × 20″ of the Galaxy. The image scale
is 0.33″ per pixel. Note the overall similarity to the 10-micron image, except for the cocoon source IRS3 which appears to be heavily self-absorbed
due to silicate dust. It is unclear whether IRS3 is a luminous evolved star or a deeply embedded massive protostar.

the Orion Nebula (Wynn-Williams et al.,
1984). Those sources would have about
0.4 and 0.2 Jy at 10 microns and similar
values at 17 microns, if displaced from
Orion to the distance of the Galactic
Centre (8.5 kpc). This takes into account
a foreground extinction of around 1 mag
in the broad N band and 0.5 mag in the
Q band toward the Galactic Centre (cor-
responding to Av = 27 mag, see e.g.
Rieke and Lebofsky, 1985 for the inter-
stellar extinction law towards the Galac-

tic Centre). It is useful to compare our
mid-infrared images to the K, L′, and
M-band images of the Galactic Centre
by Herbst et al. (1993) in order to more
clearly isolate sources with flux density
distributions rising toward longer wave-
lengths. A combined inspection of K, L ′,
M, N and Q-band images suggests at
least one compact such source within a
12 × 12 arcsec (0.5 × 0.5 pc) field around
the SgrA* position: IRS3! It is a very red
source in the K, L′, M images, and is

bright at 10 microns (7 Jy) and even
brighter at 17 microns (approx. 10 Jy).
Notice that the 17-micron detection is at
a much lower signal-to-noise level than
the 10-micron detection. IRS3 is known
to have a noticeable 9.7-micron silicate
absorption feature (Becklin et al., 1978,
Rieke et al., 1978), indicating a tempera-
ture gradient in a dust shell or cocoon
and considerable local extinction. The
question whether IRS3 is indeed a
deeply embedded massive protostar or
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spiral galaxies with the 64-m Parkes Ra-
dio Telescope.

Within the Abell radius of the cluster
A3627, 109 velocities have so far been
reduced leading to a mean velocity of <
vobs > = 4882 km/s and a dispersion of σ
= 903 km/s. This puts the cluster well
within the predicted velocity range of the
GA. The large dispersion of A3627 sug-
gests it to be quite massive. Applying the
virial theorem yields a mass of ~ 5 × 1015

M0, i.e. a cluster on par with the rich,
well-known Coma cluster – yet consider-
ably closer. In fact, simulations show,
that if Coma were at the position of
A3627 in velocity space and subjected
to the same foreground obscuration, the
two clusters would be indistinguishable.
A3627 even has –  like Coma – 2 domi-
nant cD galaxies at its core.

The most intriguing aspect of the rec-
ognition of the new cluster is its position

at the approximate centre of the GA
overdensity. Although very massive as a
cluster, its mass contributes only about
10% of the total mass predicted for the
Great Attractor. Hence, it is not “the”
Great Attractor as such, but it is the
prime candidate for being the hitherto
unidentified centre of this large-scale
overdensity. This is supported by the re-
cent analysis of the ROSAT PSPC data
of A3627 by Böhringer et al. (1996)
which finds this cluster to be the 6th
brightest X-ray cluster in the sky for the
ROSAT spectral band and confirms its
virial mass.

The results from our programme with-
in the whole search area in combination
with the Southern Redshift Catalogue
suggest furthermore that A3627 is the
dominant component of an apparent
“great wall” structure – similar to the
Coma cluster in the (northern) Great

Wall – including the nearby Pavo, Indus
clusters below the Galactic plane and
the shallow overdensity in Vela above
the Galactic plane at 6000 km/s. This
whole large-scale structure embodies
what has been dubbed in 1987 the then
unseen Great Attractor.
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sources at mid-infrared wavelengths, so
that it is easy to find an empty sky posi-
tion. The very Galactic Centre is the ex-
ception in this respect; there is no other
clustering of strong mid-infrared sources
in the Galaxy that rivals the innermost
parsec.

The images shown have not been
flat-fielded, as this appears to be unnec-
essary: the overall gradient in sensitivity
across the array is less than 10%, and
the pixel-to-pixel variations are even
smaller (Käufl, 1995).

The star βGru was used as a point
source calibrator (N = –3.55, Q = –3.58)
and also to measure the seeing at mid-
infrared wavelengths; α Cen (N = –1.52,
Q = –1.55) was used, too.

Significance of the Images

A major goal of our observation was
to compare the 17-micron image to the
10-micron image in order to find out
which of the well-known 10-micron
sources in the Galactic Centre (Gezari
et al., 1985) have a rising flux density
distribution towards longer wavelengths.
The high spatial resolution mid-infrared
TIMMI array data are superior to earlier
single-beam raster-scan observations
(Becklin et al., 1978, Rieke et al., 1978).
The idea behind all this was to try to
search for dust-enshrouded massive
protostars, similar in kind to the
Becklin-Neugebauer and IRc2 objects in

Abstract

We have obtained 10 and 17 micron
(N and Q band) images of the central
square-parsec of the Galaxy. The imag-
es were taken with ESO’s mid-infrared
64 × 64 pixel array camera TIMMI (Käufl
et al., 1992, 1994) at the 3.6-m tele-
scope on La Silla. The reduced images
are displayed in Figure 1a,b: in total, 4
images are shown, two at each wave-
length (i.e. a linear and a logarithmic
stretch) in order to emphasise the full
dynamic range. The images represent
1.5 and 7 minutes net on chip integration
time at each wavelength, respectively.
The images indicate that the morpholog-
ical structure of the innermost parsec of
the Galactic Centre is rather similar at
both wavelengths, but differs significant-
ly at certain locations, in particular at the
position of IRS3. This compact source
projected about 2 arcsec west and 4 arc-
sec north of SgrA* is found to have an
extinction corrected spectral energy dis-
tribution ν Fν peaked near 10 microns
and may be a massive protostar (Lbol  >
104 L0) or a cluster of protostars near
the Galactic Centre. This might be possi-
ble, as there is indeed some dense gas
in the innermost parsec from which stars
can form (Jackson et al., 1993). In none
of our images, mid-infrared emission
from SgrA* is detected. Likewise, the
strongest 2-micron source (IRS7) could
not be detected, neither at 10 nor at 17

microns, to a 3-sigma limiting flux of
about 0.3 and 4 Jy per arcsec–2, respec-
tively.

Technical Details

The N band images (λ = 10.1 micron,
δλ = 4.0 micron) were taken with a pixel
scale of 0.66 arcsec/pixel in 1.2 arcsec
seeing. Due to the high thermal back-
ground (sky and telescope) the on-chip
integration time of the individual frames
had to be very short (7 ms). Otherwise
standard infrared techniques were em-
ployed, i.e. chopping the secondary mir-
ror (2.5 Hz) and nodding the telescope.
Sky frames were taken in a location
clear of 10-micron sources. The Q band
images (λ = 17.15 micron, ∆λ = 1.5 mi-
cron) were taken with a smaller pixel
scale (0.33 arcsec/pixel), a necessity
due to the even higher thermal back-
ground at the longer wavelength. At 17
micron, the seeing FWHM  was 1.5 arc-
sec – i.e. close to the diffraction limit at
this wavelength at this telescope. Again,
hundreds of short exposure frames were
coadded, this time with an individual
on-chip exposure time of 12 ms. The
same chopping and nodding as for the N
band images was employed, and ap-
proximately the same sky position was
used. The overall on-source observing
efficiency for the N and Q band integra-
tions was 40%.

We note that the sky is fairly clear of
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A photograph of the innermost part of the cluster ACO 3627 (25 × 25 arcmin), i.e. approximately
the region within the core radius Rc < 10.4 arcmin, as seen on the ESO/SERC lllaJ field 137.
The central bright elliptical galaxy (a cD galaxy with blue magnitude BJ = 14.4) is the well-known
radio source PKS 1610-60, one of the strongest radio sources in the southern hemisphere.
Another cD galaxy is located to the left of the radio source (BJ = 14.0). Careful inspection will
reveal 59 cluster members present in this photograph, a large fraction of those are early-type
galaxies. Note furthermore the huge number of galactic foreground stars, which will give some
inkling about the inherent difficulties in mapping the galaxy distribution across the Milky Way.

A deep survey for partially-obscured
galaxies behind the southern Milky Way
using the lllaJ film copies of the ESO/
SERC sky survey reveals the cluster
A3627 at Galactic co-ordinates   l  =
325°, b = –7° to be the most prominent
cluster in the southern hemisphere,
were its galaxies not overlaid by the dust
and stars  of the Milky Way. Subsequent
follow-up observations find this strongly
obscured galaxy cluster to be the near-
est, rich, massive cluster in the Uni-
verse, comparable to the well-known
Coma cluster identified already by Wolf
in 1906. Moreover, this massive cluster
lies – within its errors – at the centre of
the Great Attractor and most likely con-
stitutes the previously unidentified bot-
tom of this potential well (cf. Kraan-Kor-
teweg et al., 1996 for further details).

Systematic deviations of galaxies
from the uniform expansion field indicate
the existence of a “Great Attractor” (GA)
– a large mass concentration of ~ 5 ×
1016 M0, at a redshift v ~ 4500 km/s,
close to or behind the southern Milky
Way (Lynden-Bell et al., 1988). The na-
ture and extent of the GA has been the
quest of many optical and IRAS galaxy
surveys, as well as X-ray searches.
While there is a considerable excess of
optical-lRAS galaxies in this region, the
absence of a dominant rich cluster at its
centre remained peculiar.

However, our Milky Way cuts across
the central part of the large-scale over-
density of the GA (cf. Fig. 3b and 6b in
Kolatt et al., 1995). Even if the core of
the GA were in the form of luminous
matter, it would be overlaid by the dust
and the numerous foreground stars of
our Milky Way – our Galaxy blocks the
view of about 25% of the extragalactic
sky.

For some years, two of us (RCKK and
PAW) have led a dedicated effort to un-
veil the distribution of galaxies behind
the southern Milky Way making use of
the lllaJ ESO/SERC survey. The films
are inspected by eye with a 50 times
magnification. All galaxies larger than D
= 0.2 arcmin are recorded, i.e. a factor
five smaller compared to the ESO/Upp-
sala Catalogue of Galaxies of the south-
ern hemisphere. Although heavily
crowded with the images of the stars of
our Galaxy, careful scrutiny has re-
vealed over 10,000 previously unknown

galaxies – leaving, however, the inner-
most strip of the Milky Way completely
opaque.

The cluster of galaxies Abell 3627 is
close to that innermost strip. It had been
catalogued in 1989 in the extended cat-
alogue of rich clusters, because of the
foreground obscuration only about 50 of
the larger galaxies were noted. The true
significance of the cluster became un-
veiled with the identification of over 600
additional cluster members, many of
which are just below the Lauberts diam-
eter limit of 1 arcmin. Correcting the ob-

served properties of the galaxies for the
foreground extinction would make this
cluster the most prominent overdensity
in the southern skies.

To arrive at the distribution of the un-
covered galaxies in redshift space, ob-
servations have been made at the 3.6-m
telescope of ESO using the multifiber
system MEFOS built at the Paris-Meu-
don Observatory (cf. Felenbok et al.,
1996), individual spectroscopy at the
1.9-m telescope of the SAAO (South Af-
rican Astronomical Observatory), and Hl
observations of low surface brightness
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cated for this programme at ESO, and
we will not be able to test the capabilities
of ADONIS (Come-On-Plus’ upgrade)
under such good conditions before a
long time (e.g. July 2000 will be almost
as good for Vesta). ADONIS is the best
instrument available to carry out this pro-
gramme, thanks to the large spectral
coverage offered by its cameras (COM-
IC, sensitive from 1.0 to 5.0 µm and an
upgraded version of SHARP II), and the
possibility to use a CVF. This pro-
gramme was awarded one night on the
Canada-France-Hawaii Telescope. The
infrared camera used with this instru-
ment is not sensitive above 2.5 µm and it
is not equipped with a CVF. Despite a too
short allocated time to complete our sci-
entific objectives, these observations will
refine the current map of Vesta and per-
form some exploratory observations of

the water distribution over Ceres and
Pallas.
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Figure 5: Map of the pyroxene distribution on Vesta. This is the first mineralogic map of Vesta
based on direct observations. Map A: extracted from the images whose wavelength corresponds
to the bottom of the pyroxene band. Map B: extracted from the images whose wavelength is
outside the pyroxene band. The contour level is a measurement of the reliability of the data. The
correction of the limb darkening introduces an artificial enhancement in the intensity of the two
maps close to the limb. Map A shows clearly the existence of a pyroxene dominated hemi-
sphere on Vesta (for longitude below 180°). This hemisphere becomes bright in the top map
corresponding to the spectral range outside the pyroxene band. Some smaller structures are
visible in each hemisphere. The range below –15° and above +80° of latitude, should be consid-
ered with caution since these data result from pixels located close to the limb of Vesta. Also, our
longitudinal coverage being incomplete, the points on these maps close to longitude 0° and
180° have been obtained only from a small number of pixels, also localised close to the limb.
Considering the bottom map, the bright hemisphere might correspond to a region where the
largest number of impacts on Vesta occurred, the dark hemisphere to some older material,
unaltered since the Vesta formation.
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Figure 4: The map
extraction is done by
assuming a spheroi-
dal shape for Vesta,
with a ratio of 1.2 be-
tween the two diame-
ters.
– a: image of Vesta
after 50 iterations of
Lucy-Richardson
– b: residual after
subtraction of the
spheroidal model
– c: map extracted.
Similar maps were
produced for all the
images of our data
set. During the 1994
opposition only 80%
of Vesta's surface
was visible. The un-
seen regions are
black. Note the limb
darkening present in
the extracted map.

complete longitude coverage of Vesta at
each wavelength. Still, a rough estimate
of the pyroxene distribution can be as-
sessed by combining all the data into
two maps – the first one summing all the
individual maps obtained at wave-
lengths outside the pyroxene band – the
second, all those obtained inside the
band. These two maps are reproduced
in Figure 5. The black area corresponds
to some “Terra Incognita” that was not
visible at the time of the observations. It
must be noted that, because we could
not obtain a good coverage of Vesta, the
reliability of the map varies much with
the longitude. The regions of the map
around 90° and 270° have been imaged
several times and can be relied on, while
the regions around 0° and even more
around 180° are built from just a few pix-
els close to the limb. In a similar way, the
maps of the regions below –15° and
over 80° of latitude are not reliable.
Among the features visible in the reliable
parts of the maps, there is a strong albe-
do variation from one hemisphere to the
other, variation even enhanced on the
map corresponding to wavelengths in
the bottom of the pyroxene band. This
confirms previous photometric observa-
tions of the existence of a dark and a
bright hemisphere on Vesta[3]. The dif-
ference of contrast between these two
hemispheres from one map to the other
indicates an enhancement of the pyrox-
ene content of the left hemisphere (lon-
gitude below 180°) . Smaller details can
be seen: the left hemisphere shows for
example two bright spots separated by a
dark region. Also the bright area visible
on the right hemisphere is elongated
and might correspond to a large impact
zone on Vesta. A more detailed analysis
of these maps is beyond the scope of
this paper, and will be given in Dumas
and Hainaut (1996).

The most encouraging result remains
that even with poor seeing and weather,
at high airmass and during a non-optimal
opposition, we could obtain such a de-
tailed map. The next step is of course to
complete the pyroxene map of Vesta,
and to extend it to the feldspar and oli-
vine bands. The May 1996 opposition is
one of the most favourable in terms of
angular diameter (0.65″, 1.4 × its diame-
ter in 1994) and aspect angle (more than
99% of the surface will be visible). We
also wish to extend this programme to
Ceres and Pallas in order to map the
water of hydration that their surface is
suspected to have retained since the as-
teroid belt formed[13]. Also in the case of
Ceres some observational results[12] and
calculations[8] sustain the fact that this
asteroid might have some polar caps
whose thickness varies with the season-
al variations induced by the inclination of
its rotation axis[17]. Ceres and Pallas will
be at opposition at about the same time
as Vesta, making of May 1996 a fantas-
tic period for the study of asteroid miner-
alogy. Unfortunately, no time was allo-

(Fig. 4). We used the orientation of the
rotation axis set in the Magnusson’s syn-
thesis of the published pole solutions[14].
Our data are in perfect agreement with
that orientation but cannot refine it. The
local divergence of Vesta with a pure el-
lipsoid will produce some errors in the
projection for the region close to the
limb. As described later, this portion of
the images is not taken into account in
the final map and therefore is of little
consequence. It should be noted that
one single pixel on a Vesta image may
be projected into an area that strongly
varies depending on the angle θ be-
tween the normal to the surface of the
asteroid and the line of sight. More spe-
cifically, a pixel close to the limb will cor-
respond to a huge region of the minor
planet that is seen in very poor condi-
tions. This effect is taken into account by
affecting a “weight” to each data-point:
this weight is maximum for the sub-Earth
pixel, and is equal to zero for the pixels
where θ = 90°. Each individual map is
corrected for the limb darkening effect,
using a simple cos(θ)κ law[4], where the
exponent κ is adjusted to the data. This
simple correction tends to over-correct
the extreme edges of the limb, and will
have to be refined. The final maps are
obtained by taking the weighted median
of the individual maps.

4. Results

Since our longitudinal coverage is not
complete, we cannot confirm the triaxial
shape measured from speckle inter-
ferometry[6] and HST[20] . But the two di-
ameters measured from our images are
in very good agreement with the HST
measurements (560 km × 450 km). As
mentioned before, we could not obtain a

ever be noted that the enhancement in
resolution achieved by this technique is
not as good as that of the Lucy deconvo-
lution.

The data have been processed using
the Interactive Data Language (IDL), ex-
cept the wavelet restoration which was
performed with the ESO-MIDAS “wave-
lets” context. The results of these three
restoration techniques show an excel-
lent agreement in most cases (Fig. 2) –
the disagreeing ones can all be ex-
plained either by a very bad raw image
of Vesta, or a bad PSF. We are therefore
confident that the features seen on Ves-
ta are not artifacts introduced during the
restoration process but rather some real
albedo variations over the surface, due
to some change in the nature of the min-
erals that form the asteroid regolith. It is
interesting to note that HST observed
Vesta nearly simultaneously in the visi-
ble wavelengths (WFPC Zellner et al.,
FOC Albrecht et al.). The WFPC team
kindly made their raw and restored im-
ages available to our group, allowing us
to compare our results. Figure 3 shows
the comparison of HST (visible) and
ESO (near-infrared) Vesta images re-
corded at nearly the same central longi-
tude of the asteroid. Although some dif-
ferences have to be expected because
of the different wavelength ranges, the
main albedo features are identical as
well as the overall shape of the asteroid.
As the instrumental set-up was com-
pletely different and the data processing
totally independent, we take this as an
additional confirmation of the reality of
these features.

We extracted a map from each Vesta
image by modelling the minor planet
with an oblate spheroid whose eccen-
tricity  was  adjusted  to  fit  the  images
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Figure 2:
– a: raw image
– b: PSF (logarithm
grey-scale)
– c: Vesta image de-
convolved by Lucy-
Richardson (50 itera-
tions)
– d: result of the
wavelet transforma-
tion applied to the
raw image. There is
an excellent agree-
ment between the re-
sult of Lucy-Richard-
son deconvolution
(which use a PSF)
and the wavelet
transformation (sim-
ple spatial filtering).

centre-of-mass determination. Once the
centring is done, we average the object
cube in order to get a final and unique
image for each quadrant. For every
wavelength we end up with a set of two
images of Vesta and two images of the
star. In what follows, we refer to these as
“raw images”, in the sense that only the
standard processing and no restoration
technique has been applied. The imag-
es containing a pattern of systematic
noise (induced by the reading of the
camera) at a non-negligible level, have
been filtered in the Fourier space[21].

None of the four nights was photo-
metric, therefore no spectrophotometric
calibration star was imaged. The images
have been calibrated relatively to each
other by adjusting the total integrated
flux of each raw image to the measured
flux of a spectrum of Vesta at the same
wavelength.

To recover the optimal image resolu-
tion, we applied different restoration
techniques:

– Wiener filtering, which is a simple
division of the object by the PSF in the
Fourier space, taking in account a cer-
tain level of noise present in the images.

– Richardson-Lucy deconvolution, us-
ing a new-generation algorithm by Hook
and Lucy [1] based on an iterative maxi-
mum likelihood optimisation. We per-
formed some tests on synthetic and real
images of Vesta and of the PSF. They
show that the best restoration is ob-
tained after 50 iterations. A smaller
number of iterations does not restore all
the details of the image, while continuing
over 50 iterations tends to create a
“hole” in the centre of the minor planet
disk and enhance its limb.

– Wavelets spatial filtering : the image
is transformed in the wavelet space[16],
from which some spatial frequencies are
extracted to build the restored images.
The advantage of this technique is that it
does not require a PSF. It should how-

sponding object-cube. Images of the
dome were obtained through the same
CVF. They were normalised and com-
bined to generate a template flat-field,
which is applied to each image of the
data cube. However, we do not have
suitable frames at each of our wave-
length. We then found that the short-
scale structures do not change much
with the wavelength in the 1.5–2.5 µm
range, allowing us to use the flat-fields
obtained at a nearby wavelength. Each
object image is then recentred on the
central pixel of the frame. This is per-
formed by zeroing the average phase of
the image in the Fourier space. This
technique proved to be much more ac-
curate than the methods based on the

weather was far from ideal (poor seeing
and/or non photometric) during 3 of the
4 nights when we observed, and finally
the camera displayed a systematic pat-
tern noise. As a consequence, the data-
set (illustrated in Fig. 1) does not cover
the whole visible surface, and the re-
gions observed do not have an equal
coverage in wavelength. In order to es-
tablish a map of Vesta we had to com-
bine some images recorded at different
wavelengths. This has the same disturb-
ing effect as looking at a landscape
through a stained glass window. Each
observation of Vesta consisted in a se-
ries of 30–50 short exposures (5 sec
each) obtained in two different quad-
rants of the SHARP II camera, ensuring
that the minor planet and the back-
ground are recorded simultaneously.
We also obtained images of the solar-
type star SAO 78355, which was chosen
for its angular proximity to Vesta and its
magnitude close to that of our object, in
order to be used as reference Point-
Spread-Function for further deconvolu-
tion, as well as a rough photometric cali-
brator.

3. Data Reduction

A bad pixel map was produced for
each night, and the corresponding pixels
were interpolated over in every individu-
al image. For each object (Vesta and
star) the data are distributed in two
“cubes” of images: two object-cubes and
two sky-cubes, one for each quadrant
used during the exposure. For each
quadrant, a unique sky frame is ob-
tained by taking the median of the
sky-cube. This sky frame is then sub-
tracted from each image of the corre-

Figure 3: Adaptive
Optics observations
of Vesta from ESO
(near-infrared) and
HST (visible) – (Zell-
ner B., Storr A., priv.
comm.). These two
images were record-
ed at nearly the
same central longi-
tude. The overall
shape of the asteroid
is the same as well
as the main albedo
features. On the AO
images, Vesta is
about 9 pixels across
the chip. The AO im-
ages have been de-
convolved using 50
iterations of the
Lucy-Richardson al-
gorithm.
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First Ground-Based Mapping of the Asteroid Vesta
C. DUMAS (Observatoire de Paris-Meudon (DESPA) and University of Hawaii (IfA))
O.R. HAINAUT (University of Hawaii (IfA))

quires  extremely  heavy  and  complex
image reconstruction techniques. The
original goal of our AO observations was
to obtain resolved images of the whole
visible surface of Vesta at 12 wave-
lengths sampling the 2.0 µm pyroxene
band. Constraining this dataset with the
spectra obtained from laboratory sam-
ples of HED meteorites, we would have
obtained  some  crucial  indications  on
the distribution of the pyroxene band
strength, on the pyroxene chemical
composition and grain size distribu-
tion[11]. The location of the impacting
zones on Vesta could then have been
determined with a very high accuracy,
leading to a better understanding of the
chemical and physical processes under-
gone by Vesta during its lifetime.

2. Observations

During its December 1994 opposition,
we observed Vesta in the Near-Infrared

Figure 1: The entire data set recorded during a total of 3 h 50 min of observation time from Decem-
ber 9–13, 1994. The x-abscissa is the central longitude of Vesta and the y-abscissa is the
wavelength of the CVF at which Vesta was imaged. For each exposure, we obtain two images.
The images shown are the raw images, i.e. no restoration has yet been applied to recover the
optimal resolution of the instrument. We have recorded images at different wavelengths, from
1.5 to 2.37 µm, in order to scan the 2.0 µm pyroxene band. We do not have a complete longitu-
dinal coverage of Vesta. Our images are roughly centred on the Vesta longitude 100° and 250°.
Some features at the surface are already visible in the raw images. The rotation period of Vesta
is 5.3 h and its angular diameter was 0.44″ for the 1994 opposition.

Asteroid 4 Vesta has been imaged in
the Near-Infrared using the ESO 3.6-m
telescope equipped with the Come-On-
Plus adaptive optics system. The result
of these observations is the first minera-
logic map of a minor planet obtained
from ground-based observations. We
will discuss the data acquisition and re-
duction techniques that we used and de-
veloped, and present our ground-based
observational prospects.

1. Introduction: Vesta

With a mean diameter of 520 km[20],
Vesta is the third largest asteroid. Its or-
bit is located in the Main Belt, at 2.4 AU
from the Sun. Its surface albedo is very
high (0.38) compared to other asteroids
whose albedo does usually not exceed
0.15. Vesta is large enough to have ex-
perienced a differentiation phase during
its accretion: the heaviest elements like
Iron separated to sink towards the core
of the primordial body. While it cooled
down, basaltic lava flows erupted on
Vesta’s surface through the cracks in the
forming crust. At that time, highly ener-
getic collisions between asteroids were
very frequent, redistributing the material
all over the surface. Previous observa-
tions[2,10,18,19] showed that the surface of
most of the minor planets appears uni-
form, with little or no albedo variation.
Surprisingly, spectrophotometric obser-
vations of Vesta[15] revealed a spectrum
dominated by some strong absorption
bands whose intensity varies with the
rotation of the asteroid[9], implying that
the surface of Vesta has some dark and
bright areas. The dark regions are inter-
preted as some old material darkened
by the erosion processes (solar wind
and photo-dissociation) over its lifetime,
while the brighter spots are considered
to be some fresher material excavated
by cratering impacts with smaller bod-
ies. During such impacts, some frag-
ments  reached  a  sufficient  velocity  to
escape the gravitational field of Vesta
and be released in the inner solar sys-
tem. It is generally accepted that these
fragments are at the origin of the basaltic
achondrite (HED) meteorites[15].

With the availability of the Hubble
Space Telescope and its corrected op-
tics, and with the development of Adap-
tive Optics on telescopes of the 4-m
class, we are now able to obtain direct
images resolving the disk of the biggest
asteroids. Speckle Interferometry pro-
vides a similar resolving power[5], but re-

with Come-On-Plus (CO+). The images
were obtained on the Nicmos SHARP II
camera through a Continuously Variable
Filter (λ/∆λ Q 60). The pixel size was
0.05″, ensuring us a sufficient sampling
of the image in order to satisfy the
Shanon’s principle. We did not select a
smaller pixel size because the broad
“wings” of the objects would not have fit
in the corresponding field. At the time of
the observations, the inclination of Ves-
ta’s rotational axis with respect to the
line of sight was such that we could see
almost 80% of its surface during an en-
tire rotation period. Its angular diameter
was 0.44″, almost 9 pixels across the
chip. Because of some scheduling con-
flicts we could not observe Vesta during
its transit, but only after, when it was at
higher airmasses, pushing CO+ beyond
its nominal limit of 60° of zenithal dis-
tance. We could only secure 3h50min of
data, instead of the 10h originally attrib-
uted to achieve our goals. Moreover, the
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and European astronomers will held
about a 50% share of the whole stack.
Maintaining adequate access to HST,
and especially to the Next-Generation
Space Telescope now under study, is vi-
tal for European astronomy to get full
profit from its investments on ground-
based as well as space-borne tele-
scopes (e.g. VLT, GEMINI, LBT, CO-
BRAS/SAMBA, ISO, XMM, etc.). Only if
such access will be secured (and ex-
panded) will European astronomy re-
main fully competitive. The third lesson
also comes from the HST experience.
With the HDF, for the first time a huge
amount of high-quality, frontier-science

data are made public just days after hav-
ing been obtained. This example is likely
to be contagious, and a growing fraction
of astronomical data is likely to be dis-
tributed in a similar way in the future. We
should prepare and be prepared for that,
and anticipate the sociological changes
that such a new operation mode will
bring along. The fourth lesson, perhaps
a hardly new one, was that a large varie-
ty of observational capabilities is re-
quired to make progress in observation-
al cosmology, and it is somewhat reas-
suring to appreciate once more that the
current VLT instrumentation plan offers
in fact the needed diversification. How-

ever, and this was the fifth lesson, the
explosion we are now witnessing thanks
primarily to HST and Keck can only ac-
celerate further as more 8–10-m-class
telescopes come into line. Hence, timing
becomes essential. With progress being
so fast, maintaining the schedule and
deploying focal instruments in the short-
est possible time is a top priority for the
VLT project.

Alvio Renzini
e-mail: arenzini@eso.org

Aerial view of Paranal taken by H. Zodet in May 1996.
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of spirals) is to follow their evolution with
redshift. R. Bender and M. Franx report-
ed about the construction of the funda-
mental plane relation for cluster ellipti-
cals up to z Q 0.4, thus setting a tight
lower limit ( z Lp 2) for the formation ep-
och of the bulk of the present-day stellar
content in these galaxies. Combining
HST imaging (giving accurate effective
radii and surface brightness distribu-
tions) with 8–10-m-telescope spectros-
copy (giving velocity dispersions and
metallicity indices) is the winning strate-
gy in this field, and D. Koo reported re-
cent Keck observations of high-z ellipti-
cals as well as spirals and faint blue gal-
axies. The evolution of the fundamental
plane and Tully-Fisher relations involve
both dynamical and stellar population
properties of galaxies. As such, they can
constrain the formation epoch of the
stars in these galaxies, but still allow a
variety of galaxy-build-up scenarios. For
example, in some CDM simulations of
galaxy formation and evolution (reported
by G. Kauffmann and M. Steinmetz) the
bulk of stars may well form at very high
z, but their assembly to build up the big
galaxies of today does not complete the
process before z <~ 1. Thus, even more
fundamental than the fundamental plane
itself may eventually be the empirical
construction of the distribution functions
of the velocity widths and velocity dis-
persions at various redshifts. Velocities
– better than luminosities – indeed rep-
resent a rather direct measure of the
depth of galaxy potential wells, and their
distribution traces the assembly of dark
matter halos on galaxy scales, the firmer
result of CDM simulations.

Next to galaxies on the mass scale,
galaxy clusters at high redshift also re-
ceived wide coverage at the meeting, in-
cluding X-ray searches (H. Böhringer)
and their optical counterparts (G. Chin-

carini), group and cluster detection from
QSO absorption line systems (P.
Petitjean and M. Haehnelt) and from
gravitational shear (P. Schneider and B.
Fort). While systematic studies of mod-
erate redshift clusters (unfortunately
mostly limited to the northern hemi-
sphere) are now well under way (R.
Carlberg), successful detections of clus-
ters around powerful AGNs were report-
ed. These included a cluster at z t 1.2,
that combined HST and Keck data show
to contain already red (i.e. old) ellipticals
(M. Dickinson), and the detection of
clustering at a redshift as high as p 2.4
(P. Francis). Tracing the evolution of
large-scale structure (LSS) at high red-
shift was then illustrated both by present
and planned galaxy redshift surveys (V.
De Lapparent and G. Vettolani), and by
gravitational shear (P. Schneider and B.
Fort).

While the emphasis of the meeting
was obviously on high-redshift objects,
D. Tytler in his comprehensive general
introduction emphasized that a great
deal about the early universe can be un-
derstood by looking at nearby objects.
For example, dating the oldest stars and
mapping the age, chemical and kinemat-
ic structure in our own Galaxy and in
nearby galaxies, getting stellar abun-
dances for residues of the Big Bang nu-
cleosynthesis, etc. One crucial aspect of
the local universe still worth investigating
concerns normalisations. While getting
rich samples of galaxies at high red-
shifts, one would like to compare them to
fair samples at z Q 0, so as to gauge the
change that has intervened in between.
This includes e.g. the local luminosity
function for morphologically typed galax-
ies (G. Vettolani reported on the ESO
redshift survey results), supernovae of
Type Ia, where observation of high-z
counterparts can help determine q0 (B.

Leibundgut), and of course the local LSS
with its walls, filaments, and voids that
may or may not persist to high redshifts
depending on the cosmological model.

Altogether, this wealth of data needs
to be framed in a world model to make
sense to us. As S. White pointed out, the
current (standard) world model is based
on a fairly limited set of basic assump-
tions, namely: (1) most matter is in some
“dark” nonbaryonic form, (2) ordinary
baryons are present in the amount pre-
dicted by Big Bang nucleosynthesis, (3)
primordial density fluctuation are gaus-
sian and were generated by quantum ef-
fects during inflation, (4) structures grow
solely through the effect of gravity, and
(5) galaxies form by dissipative collapse
within massive halos made of dark mat-
ter. Within this frame the observations
should allow us to unambiguously deter-
mine a consistent set of the main model
parameters: H 0 Ω0) Ωb, ΩCDM, Λ, and n,
the spectral index of the primordial fluc-
tuations. As S. White emphasised,
should this effort fail, we will have to give
up some of the five basic assumptions.

The role that the VLT will be able to
play in observational cosmology will ulti-
mately depend (besides the commit-
ment of the ESO community) on its com-
plement of focal instruments and on
their efficiency. For this reason VLT in-
struments were on stage both at the be-
ginning and at the closure of the meet-
ing, with the PI’s of the first-generation
instruments and of those under consid-
eration illustrating their scientific drivers
and their technical performances. Thus,
I. Appenzeller, S. D’Odorico, P. Felen-
bok, O. LeFèvre, R. Lenzen, A. Moor-
wood, and K. Taylor presented respec-
tively FORS, UVES, FUEGOS, VIR-
MOS, CONICA, ISAAC, AUSTRALIS,
and SINFONI, all acronyms that will be-
come familiar to us like today are SUSI
and EMMI and TIMMI, etc. Some limita-
tions of the first-generation instruments
emerged clearly at the meeting, espe-
cially concerning the multiobject and
area spectroscopy, and G. Monnet in its
closure talk illustrated how ESO is going
to cope with this in selecting the next-
generation instruments.

In the end, what lessons did we learn
from this most exciting meeting, that
may be relevant for planning the future
science at the VLT? The first lesson was
that VLT-grade projects need extensive
preparation, both in terms of finding and
selecting the appropriate targets, and in
terms of dedicated scientific software to
handle enormous data cubes. The sec-
ond lesson comes from the tremendous
success of a combined HST and Keck
approach to so many astrophysical
problems, with HST providing high-reso-
lution imaging on fairly wide fields and/or
UV spectroscopy, and the 10-m tele-
scope providing spectra of sufficient res-
olution of the same objects. By the year
2000 about a dozen 8-m-class tele-
scopes will be in operation world-wide,

Figure 2: A 3.5-hour integration on the galaxy ~ 2″ from the z = 4.7 QSO BR1202-0725 obtained
with the EMMI spectrograph at the ESO 3.5-m NTT (courtesy of S. D’Odorico). The spectrum
shows a strong emission line identified as Lyα at z = 4.702, and a continuum level in agreement
with the integrated magnitude of this object (I = 24.1, Fontana et al., 1996, MNRAS 279, L27).
This level of the rest frame ultraviolet continuum indicates a star-formation rate of ~ 30 MA yr–1.
The C IV emission doublet is not detected, which sets an upper limit to its intensity of  ~ 1/10 that
of Lyα. The object is one of the-high redshift candidates from a deep, four-colour study of the
galaxies in the field of the QSO (paper presented by E. Giallongo).
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age rate as derived from the local abundance of heavy elements (assuming q0 = 0.5 and H0 = 50
(paper presented by M. Giavalisco).

The Early Universe with the VLT
HIGHLIGHTS OF THE ESO WORKSHOP, APRIL 1–4, 1996

A. RENZINI, ESO

Progress in science is not a steady
process. Occasionally, when a funda-
mental breakthrough takes place, the
frontier of our knowledge of Nature
moves suddenly ahead more than it had
in years before. Those who last April at-
tended in Garching the workshop “The
Early Universe with the VLT” were left
with the feeling that one of these quan-
tum jumps is indeed taking place right
now in observational cosmology. The
main breakthrough is probably repre-
sented by the success of a simple but
robust photometric criterion for the iden-
tification of high-redshift galaxies, that
has allowed to find star-forming galaxies
all the way to z t 3.5, and that may well
work also beyond (cf. Steidel et al.,
1995, AJ, 110, 2519; see also Macchetto
and Giavalisco, 1995, The Messenger,
81, 14). M. Giavalisco showed a series
of impressive Keck telescope spectra of
these galaxies, selected in both the ge-
neric field and the Hubble Deep Field
(HDF), and together with D. Macchetto
argued for these objects being the pre-
cursors of present-day spheroidals
caught in the act of their formation. Fig-
ure 1 (also shown by Giavalisco, from
Madau et al., 1996, preprint) gives an
idea of the kind of high-level information
on the evolution of the universe that we
can now grasp from these data. The glo-
bal star-formation rate (SFR) per unit
comoving volume appears to climb a
factor p 10 from z t 0 to z Q 1, a result
that comes from the Canada-France

Redshift Survey that was presented by
F. Hammer. Beyond z = 1, one now has
a set of lower limits established by HDF
and Keck spectroscopic data. These lim-
its are likely to move up somewhat as
new data will soon become available,
with the expectation that in a few years
the whole diagram will be filled all the
way to z Q 5 with determinations as ac-
curate as those now available for z <~ 1.
The product will be the accurate recon-
struction of the whole global star-forma-
tion history of the universe. Theoretical
work on the chemical evolution of the
universe (hopefully a closed box indeed)
that parallel these observations was pre-
sented at the meeting by M. Fall, while
complementary constraints on the early
SFR that can be obtained from far-infra-
red observations by FIRAS/COBE and
ISO, were discussed by J.L. Puget, M.
Rowan-Robinson, and A. Franceschini.

Searching for very high redshift galax-
ies, either by Lyα imaging or photometri-
cally locating breaks in the spectral en-
ergy distribution, was further discussed
by K. Meisenheimer, E. Thommes, and
E. Giallongo, the latter reporting the dis-
covery of the so far most distant star-
forming galaxy at z t 4.7, about 2″ away
from a quasar with the same redshift
(see Fig. 2). 3D spectroscopic observa-
tions of this object were also presented
by G. Adam, and the merits for high-red-
shift studies of a 3D, adaptive optics fed
spectrograph on the VLT were further il-
lustrated by G. Comte. Yet another way

of finding high-redshift galaxies was il-
lustrated by Y. Mellier, who advocated
strong gravitational lensing by massive
clusters offering the advantage of ampli-
fying the light of distant galaxies, thus
helping their detailed study.

While the very high redshift galaxies
played the primadonna role at the meet-
ing, very impressive was also the
progress of systematic studies of the
redshift and morphology of galaxies at
more moderately high redshifts (R. Ellis,
M. Colless, and W. Couch). The HDF
images have now allowed to morpholog-
ically classify galaxies as faint as I t
24.5, and have shown once more that
the well-known excess in faint galaxy
counts is mainly due to blue, irregular,
star-forming galaxies. So, the ratio of
blue to red galaxies appears to increase
with redshift, both in the field as well as
in clusters (the latter being the Butchler-
Oemler effect), and it remains to be
quantitatively established what differ-
ence exists (if any) between field and
clusters as far as the evolution with z of
the B/R ratio is concerned.

Intriguingly, Figure 1 suggests that the
global SFR may peak somewhere
around z t 2, tantalisingly close to the
well-known peak in the QSO redshift
distribution that was reviewed by S.
Cristiani. However, the distribution itself
remains somewhat uncertain beyond z
t 2, and various speakers (R. McMa-
hon, R. Webster, A. Omont, and P. Shav-
er) reported on current efforts to put it on
firmer grounds, with special emphasis
on prospects to detect QSOs beyond
the z t 5 wall. What relation is there be-
tween the peak in the QSO activity and
the expected peak in the global SFR?
Hence, what relation is there between
the formation of galactic spheroids, and
that of massive central black holes, the
likely powerhouse of QSO emission?
These questions did not receive an-
swers at the meeting, but several speak-
ers (H. Röttgering, A. Cimatti, and S. di
Serego Alighieri) discussed the latest re-
sults – especially from HST – concern-
ing high-redshift radio galaxies, and the
perspectives to understand the connec-
tion between galaxy formation and nu-
clear activity. The relative contribution of
QSO’s and primeval galaxies in reionis-
ing the universe was then explored by A.
Blanchard.

A complementary approach to gather
insight into the formation of galactic
spheroids (i.e., ellipticals and the bulge

Figure 1: The global star
formation and metal pro-
duction rates per unit co-
moving volume (right
scale and left scale, re-
spectively) as a function
of redshift (from Madau
et al. 1996, preprint).
The open triangle gives
the local value (from
Gallego et al. 1995, ApJ,
455, L1); filled circles are
from the Canada-France
Redshift Survey (Lilly et
al., 1996, ApJ, 460, L1);
the cross is from Steidel
et al. (1996, ApJ. in
press); and the filled
squares are for galaxies
in the Hubble Deep
Field. The horizontal line
is the cosmic-time aver-
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E
The primary mirror cell of the VLT (Unit 1)
is turned at the St-Chamond GIAT factory, pri-
or to undergoing dimensional check and paint-
ing (16/07/96).
The structure of the primary mirror cell has
been assembled face down on a dedicated
jig, by welding together a number of sub-
assemblies previously generated by means of
laser cutting and welding technology.

(Photographer: H.-H. Heyer)

G  VLT enclosures 1 and 2 photographed
by H. Zodet in May 1996.
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newly-installed dual screen HP-735 at
the Danish 1.54-m. The graphical user
interface will resemble the one at the
Dutch telescope but the functionality will
of course be expanded to allow the con-
trol of the significantly more complex
DFOSC instrument. DAISY will interface
to the DFOSC controller (slit, filter, and
grism wheels, camera focus) as well as
with the telescope focus unit, the filter
and shutter unit (FASU), and the CCD
controller. Thus DAISY will provide an
integrated interface to the complete in-
strument.

The new HP-735 workstation and the
newly installed 150 MHz Pentium PC,
which controls the CCD, are now capa-
ble of reading out a full 2k ×  2k CCD

frame (when using a single read-out am-
plifier) and display it on the MIDAS dis-
play on the workstation in less than 90
seconds. In the coming year we will ex-
periment with using two amplifiers simul-
taneously. This should reduce the read-
out time to well under 1 minute.

EFOSC-2 CCD Upgrade

In the last week of July we plan to install
a UV-sensitive CCD in EFOSC2. The
device will be a thinned LORAL 2k ×  2k
chip of the platinum flash gate type. This
means that the device will not need UV
flooding to achieve the high quantum ef-
ficiency (a significant operational advan-
tage), but otherwise the specifications

are very similar to the ones of the chip
currently in operation at the ESO 1.52-m
telescope (see above). The new CCD will
be significantly larger than the Thompson
chip currently in use but the pixels will be
slightly smaller (15 µm compared to
19.5 µm). The field of view will thus in-
crease, but we expect that the image
quality will degrade towards the edges of
the field as EFOSC2 was not designed
for such a large-format detector.

With this upgrade, the optical instru-
ments mounted on the three main tele-
scopes operated by the 2.2+1.5-m Tele-
scope Team will all have high-quantum-
efficiency, large-format CCDs, making
them truly competitive for the coming
years.

IRAC1 – Back in Good Shape

C. LIDMAN and H. GEMPERLEIN

heated insulating material when the de-
tector is baked inside the dewar. The liq-
uid was removed and baking is per-
formed now with greater care. Since that
time there have been two observing
runs with the camera. The performance
of IRAC1 has returned to that measured
in 1994.

IRAC1 is ESO’s 1–5-micron imager
on  the  2.2-m  telescope.  It  has  been
operating in its present form since
1994.

For IRAC1, 1995 was a disappointing
year. Apart from its infrequent use by the
community, the camera had suffered
from significantly reduced throughput

and significantly higher backgrounds
than what was found during the initial
test observations of 1994.

During the new year, it was discov-
ered that an oily liquid was deposited on
the inside of the entrance window lens.
The origin of this liquid is unclear, but
may be due to the evaporation of over-

The Mechanical Support Team (MST)
G. IHLE

Everyone who observes at, or visits,
La Silla would have come into contact
with the Mechanical Support Team.
Some of the time, it is a last-minute mod-
ification to a well-prepared experiment;
at others, it is a broken pair of spectacles
or a broken luggage handle that needs
repairing.

The day starts with the eight-o’clock
meeting with the other teams. This is
where and when the previous night’s
problems are discussed. Back to the
workshop, and after a short discussion,
the mechanics plan the day’s activities.
The stand-by mechanic takes care of
all the emergency calls while the other
mechanics are dedicated to continuing
projects or maintenance. The dome
mechanics continue to check daily the
condition of the domes, compressors
and hydraulic systems of all the tele-

scopes. The cryogenic experts produce
the cryogenic liquids vital to the contin-
uing operation of modern detector sys-
tems.

At ten o’clock, there is a break: it’s cof-
fee time. The famous CAD (Café A las
Diez) is held in the design and engineer-
ing office. Issues of importance are dis-
cussed. If you happen to arrive you will
probably find interesting conversation
and a good provision of chocolates or
cookies that many times are provided by
our friends in Garching.

Problems of varying complexity and
bewildering variety appear continuously,
and most of the time they have to be
solved as soon as possible.

During the whole year there are other
jobs that require special attention. The
aluminisation of telescope mirrors is one
of great importance. This delicate job is

handled by the MST until the mirror is
left at the aluminisation plant, where the
Optical Group takes over. After cleaning
and aluminisation, the MST take care of
its re-installation.

The different projects that are devel-
oped by the MST at La Silla start from an
idea that is expressed as detailed de-
sign to the manufacturing of parts to a
precision, when required, of no less than
a few microns. The MST have conceived
projects as the Schmidt guider and film
holder, EFOSC2, the 1.52-m telescope
mechanical upgrade, the NTT telescope
installation, the CCD adapter flange for
the CES, the mechanical improvements
for different telescopes, etc. They have
been carried to reality by a group of me-
chanics with a vast experience and a
willingness to make things to the highest
quality.
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The La Silla News Page

The editors of the La Silla News Page would like to welcome readers of the fourth edition of a page devoted to
reporting on technical updates and observational achievements at La Silla. We would like this page to inform
the astronomical community to changes made to telescopes, instruments, operations, and of instrumental
performances that cannot be reported conveniently elsewhere. Contributions and inquiries to this page from
the community are most welcome. (P. Bouchet, R. Gredel, C. Lidman)

A New CCD for the B&C Spectrograph on the
ESO 1.52-m Telescope

C. LIDMAN

During the beginning of March, a new
CCD (#39) was installed at the ESO
1.52-m telescope. This CCD is intended
for use with the B&C Spectrograph. The
new CCD is a UV-flooded, thinned, Loral
CCD and is a 2048 × 2048 array of 15
micron pixels.

Compared to the old Ford CCD (#24),
the new CCD has a five-fold increase in
sensitivity at 4000 Å and a two-fold in-
crease in sensitivity at 6000 Å. This
large increase in sensitivity is gained at
the expense of a slight decrease in the
resolution of the instrument, particularly
in the blue. This is demonstrated in Ta-
ble 1 which lists the FWHM (Full Width
at Half Maximum) for various spectral
lines at different slit widths. With the ho-
lographic grating (#32) this translates to
a resolution of 2500 at 3700 Å.

The dark current of the new CCD is
5.2 ADU (6.2 electrons) per hour and the
read noise is 5.8 ADU. The pixel scale
along  the  slit  is  0.82  arc seconds  per
pixel.

At the time of writing this article, the
new CCD has now been in operation for
two months. The quality of the UV flood
is continually monitored and to date
there is no degradation in the efficiency
of the CCD nor in the uniformity of the
response. With proper care, the UV
flood can be maintained for five months
or longer, as has been demonstrated by
the CES CCD.

The installation of the new CCD has
only been possible through the com-
bined efforts of many people both at La
Silla and Garching. This includes the
CCD group in Garching, in particular S.
Deiries and O. Iwert, the optical detector
group at La Silla, the 2.2-m team, and C.
Ledoux and H. Duerbeck who took all of
the initial test observations.

TABLE 1.

Slit width                      3888 Å                        4922 Å          7635 Å
 arc sec.          #24 (old)     #39 (new)       #24 (old)  #39 (new)      #24 (old)  #39 (new)

1.0 1.64 2.50 1.41 2.27 1.40 1.79
1.5 1.97 2.70 1.67 2.48 1.70 2.01
2.0 2.39 2.99 2.04 2.77 2.09 2.30
2.5 2.83 3.33 2.55 3.10 2.46 2.66
3.0 3.34 3.73 3.04 3.47 2.81 3.09
4.0 4.25 4.51 3.96 4.28 3.68 3.85

The FWHM  of chosen spectral lines, as measured in pixels, for various slit widths. The pixel
size of the old and new CCDs are identical. Grating #7 was used.

The DFOSC CCD Upgrade

In July we will be upgrading the
thinned LORAL CCD currently mounted
on DFOSC to a UV-sensitive device.
This upgrade will be done by Copenha-
gen University Observatory, who has
provided the camera and controller, to-
gether with the ESO optical detector
team. This upgrade is expected to im-
prove the quantum efficiency (QE) very
significantly, not only in the UV but over
the full optical wavelength range. The
QE of the detector will be very similar to

the one of the chip currently mounted at
the Boller and Chivens spectrograph on
the ESO 1.52-m telescope, i.e. above
80% QE from 350 nm to 750 nm and
above 50% down to 320 nm and up to
850 nm.

The Danish 1.54-m TCS Upgrade

The graphical user interface for the
Telescope Control System has also
been significantly redesigned, and is
now based on one fixed window. The in-
terface is now easier to use and more

transparent than the previous one. New
functionality has also been added, in-
cluding a graphical user interface to the
object catalogue handling. We plan to
install and commission the new version
in the coming months.

The DFOSC Control System
Upgrade

At the same time as the TCS upgrade,
the Data Acquisition Integrated SYstem
(DAISY), developed originally for the
Dutch telescope, will be ported to the

News at the Danish 1.54-m Telescope
J. STORM
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proval for service programmes with the
NTT in February/March 1997. Assuming
the aforementioned phases of the big
bang go according to the plan, we ex-
pect that we shall be doing some very
limited service observing on the NTT
during that period. As was made clear in
the announcement of opportunity, this
observing is strictly shared risks. As any-
one who has commissioned an instru-
ment or a telescope will be well aware,
the number of problems that we shall
face cannot be overestimated. Depend-
ing on the progress with the big bang, a
decision will be made on what may be
made available to the community during
period 59. However, we do want to wel-
come users back to the telescope before
the official end of the big bang in July
1997. This is a critical part of the proto-
typing the NTT is supposed to perform in
advance of the arrival of UT1.

We expect that the NTT that comes
out of the big bang will be better than
what we had before. The problem dis-
cussed in the last issue of the Messen-
ger regarding the sensitivity of EMMI
has now been traced to the long period
between aluminisations of the telescope
mirrors and also to the bad state of the
RILD mode selection mirror which
seems to suffer from acne. A similar
problem has been found in the SUSI M4
mirror. Although the latter should be re-
placed before the big bang, the former
cannot be replaced so soon. We hope
for a significant improvement in sensitiv-
ity for the whole telescope after the up-
grade.

What will the NTT Scientific
User See

For a start we plan to replace the NTT
console for one more functional. Users
familiar with the remote control room can
expect a similar look and feel. A number
of new workstations will be in place both
for the control of instrument and tele-
scope but also to provide access to data
flow tools such as pipeline and schedul-

er within the control room. The some-
what uncomfortable situation of having
to do data analysis on the same work-
station that is taking the data will hope-
fully be a thing of the past with a dedicat-
ed workstation planned for off-line use
by the astronomer.

The new control system will come
with a new operations scheme, and peo-
ple who have applied for NTT SUSI
service time and whose proposals are
selected by the OPC shall be using a
phase II proposal preparation tool to
specify their observations in more detail.
At phase II observing blocks (OB) will be
created. These OBs marry targets and
observations into a single entity that can
be scheduled and executed. The ob-
serving blocks will be run by the NTT
team in service mode and checked
against the requirements before we
send the data to the applicant.

We strongly value the comments and
suggestions from the community at all
times. Moreover, during this rapid proto-
typing phase, the user community can
be most influential and helpful. There-
fore, all users of the NTT are strongly
encouraged to help us make an NTT
that suits their scientific needs.

Comings and Goings

The NTT team composition has been
fairly stable over the last few years; but
now, as the big bang approaches, some
changes have taken place. Pierre Martin
has arrived as a new NTT fellow and
Stephane Brillant has also joined the
team as a student. Also Marco Chiesa
and Thahn Phan Duc, both of whom are
software engineers, have transferred
from Garching to La Silla to be closer to
the action. Sadly, Roberto Aviles, one of
the NTT instrument operators, is no
longer with the team.

Jason Spyromilio
jspyromi@eso.org

Big Bang

The first thing we plan to do in the big
bang is the re-aluminisation of the sec-
ondary mirror of the NTT. This will be
done while the old control system is still
in place so that we can verify the optical
alignment of the M2 unit before remov-
ing any other optical element. Following
the reintegration of the M2 unit we will
start the control system upgrade. This is
split into four parts. In the big bang part 1
we shall upgrade the major telescope
subsystems (building, altitude, azimuth,
M1, M2 and M3) and the adapter rotator
on side A (the SUSI side). This work will
last until the middle of September and
we expect that the re-aluminisation of
the primary as well as a number of main-
tenance activities will also occur during
this time. Following this part 1, we will
begin to integrate the various subsys-
tems into the NTT control system. At the
same time side B (the EMMI side) and
the instruments will be upgraded. In this
second part of the big bang we plan to
have a period of complete system inte-
gration of all control functions.

With the end of the big bang part 2 we
plan to re-align the telescope and re-alu-
minise the tertiary mirror of the tele-
scope (which has to be removed in any
case for the alignment). At the same
time we shall be installing the new CCD
controllers (ACE) on EMMI and SUSI.
The completion of part 3 will allow us to
begin the commissioning phase for the
new control system and the instruments.
We expect to be doing this during De-
cember and January of 1996/97. When
we have a global understanding of the
control system we shall then plug this
system into the VLT data flow system
which will handle all parts of observing
external to the direct control of the in-
strument/telescope.

Bringing the NTT Back to the
Users

A number of applications having been
submitted, we are awaiting the OPC ap-
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Flow software. The aspects considered
covered:

– the software development cycle
from requirements to implementation

– maintainability, ease of integration
and scalability of software

– test procedures, documentation and
user’s support

– operational aspects
– interfaces between VLT control and

Data Flow software

The VLT Control Software

The programme was based on pres-
entations and several demonstrations,
as quite a large portion of the software is
ready at least in a first version or in a
prototype form.

The VLT common software was first
introduced. This is by now a well-estab-
lished product, developed in an incre-
mental way through a series of Releas-
es since 1994, typically twice or three
times per year. It contains now an
amount of code of about 500 Klines and
is distributed to Instrument Consortia
and VLT Contractors. In addition, a com-
plete CCD control software package is
now available, which is also distributed
to Consortia. This is going to be used
now both for technical and scientific
CCDs.

The part which is becoming more crit-
ical now in the VLT programme is obvi-
ously the telescope control software,
both the subsystem control and the co-
ordinating software. This software is ba-
sically the same on the NTT upgrade
and on the VLT. It will be tested in paral-
lel during the so-called NTT Big Bang
starting in July at La Silla (recommis-
sioning of the NTT with the new soft-
ware) and with the first telescope struc-
ture at the manufacturing site in Milano.

The presentations about the Instru-
mentation standards used by ESO, but
also by the Instrumentation Consortia,
concluded the presentations on VLT
control software.

It was clear from all this that ESO de-
velopments are well aligned with the
VLT milestones, although still quite
some work has to be done. This was

also the subject of presentations cover-
ing the telescope integration and com-
missioning periods, from the point of
view of the control software. Looking at
planning, while still quite some effort will
go into completing the common software
this year, more and more effort will be
shifted towards telescope control soft-
ware in the medium range. On the long-
er run control software for instruments
will take more and more effort, although
this is to a large extent a collective effort
by the Astronomical Community of
member  countries channelled through
the Consortia.

The ongoing training of the Paranal
software support team, well integrated
with the VLT software development
team, was also explained. This is part of
the strategy to cope with the software
support and maintenance activities at
Paranal.

An interesting presentation was given
also on the VLT Interferometer software
plans, a new potential “customer” of the
VLT software standards.

The DMD Data Flow Software

On the final day of the Review, DMD
presented an overview of the design and
implementation status of the VLT Data
Flow System (DFS) (see this issue’s arti-
cle on the DMD for a general discussion
of the DFS). The DMD presentation was
preceded  by  a  discussion  of  interface
issues between the DFS and the VLT
Control Software (VCS). An outline of
software needs of instrument develop-
ers and operators was also presented.

The DMD presentation showed the
system breakdown of the DFS into com-
ponents of the observing cycle from pro-
posal entry to archival research. The
concept of Observation Blocks as the
quantum of data that flows in the DFS
was outlined. Observation Blocks will be
passed to the VCS for execution. VCS
will request services from the DFS such
as catalogue support and archival stor-
age of calibration and raw data. DFS will
request site and instrument status data
from the VCS so that the short-term
scheduling of Observation Blocks can

be done to optimise the scientific
throughput of the VLT. Since the DFS
design process began only in 1995,
there is a significant difference in the de-
velopmental status of VCS and DFS.
Many important pieces of software infra-
structure were developed within the VLT
software effort before the DFS was de-
fined. Hence there is a critical need for
DMD, INS and VLT software groups to
work together to define and address the
various open interface issues between
the DFS and VCS. In September 1995, a
Data Flow Project Team was formed
with members from VLT, DMD, INS and
Science divisions. This team will play a
vital role in the successful union of VCS
and DFS. The work of the team will be
critical in the NTT prototyping pro-
gramme. By the beginning of 1997,
DMD in collaboration with VLT plan to
run prototypes for DFS archive, pipeline
and scheduling systems on the NTT.

Conclusion

The general feeling was that ESO is
well on track both with respect to the
technology used and in relation to the
next VLT milestones. The effort made by
ESO in the NTT upgrade project, used
also as a testbed for the VLT and DMD
software, was appreciated and encour-
aged. Still a number of areas exist where
the ongoing developments have to be
checked and improved. We look forward
to the written report by the Reviewers to
then start a number of corrective ac-
tions.

The VLT software group has been
running VLT control software workshops
in the last two years, to strengthen the
collaboration with Consortia and Con-
tractors. The above Review was clearly
not meant to be a replacement for this
year’s Workshop. This is expected to be
held in the second week of September,
in collaboration with the DMD and INS
Division. Invitations will be sent out to
the VLT partners before the summer.

Gianni Raffi
e-mail: graffi@eso.org

The NTT upgrade project  has the following goals:
1. Establish a robust operating procedure for the telescope to minimise

down time and maximise the scientific output.
2. Test the VLT control system in real operations prior to installation on

UT1.
3. Test the VLT operations scheme and the data flow from proposal

preparation to final product.

time in advance, it is difficult to give
you an update on how we are doing
with  the  big  bang.  Right  now  the
preparations are in their final hectic

days. I would, however, like to con-
centrate more on what we plan to do at
the  time  you  will  be  reading   this
article.

J. SPYROMILIO, ESO

By the time this issue of the Messen-
ger appears in print, the NTT will be in
the big-bang phase of the upgrade.
Since this article is being written some
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chopping or tip-tilting. The value speci-
fied, and determined according to the
interferometric and infrared require-
ments, were 20 Hz along the optical axis
and 26 Hz in rotation. The design
calculation had shown better perform-
ances (27 and 36 Hz respectively) after
the modification of the top ring using a
stiffer section.

Last March the tube was equipped
with accelerometers, and, using an elec-
tronic hammer, the impulsive excitation
was applied to the M2 dummy both
along the optical axis and the axes per-
pendicular to it. The results are shown in
Figure 5: the dotted line shows the re-
corded spectrum of the displacement of

Figure 6: Top unit dynamic performance 0.75% and 2.75 % damping (Koehler, Koch, Quattri).

the M2 dummy. B. Koehler and F. Koch
have compared the experimental results
with the calculated spectrum, shown in
Fig. 5 with the solid line, and have found
a very good agreement among the two,
which tells how reliable the calculations
performed by AES are.

It was very interesting to see that the
curves had even a better agreement af-
ter having applied a higher damping fac-
tor to that mode in which the spiders
move on the bolted attachments to the
top ring (see Fig. 6).

The fact that the effective damping is
the same as the one used in the analysis,
and generally used for welded structures,
gives an idea of how good the bolted junc-

The VLT Software Review
P. QUINN, G. RAFFI, ESO

A Status Review of the VLT control
software was held in ESO, Garching,
from April 24–26, 1996. The purpose of
the Review was to provide the ESO
Management and the Divisions involved
in using the VLT software with a quanti-
tative report on the status of the soft-
ware, close to important milestones of
the VLT programme.

ESO representatives of the different
“VLT software User” Groups/Divisions
were present, including Instrumentation,
La Silla and of course DMD and VLT
(Software Engineering, NTT Upgrade,
VLTI).  A  team  of  external  Reviewers
was  appointed  from  the  international
scientific community: Drs. R. Doxsey
(STSci), Chairman, A. Daneels (CERN),

S. Wampler (Gemini) and T. Axelrod
(MSSSO). They provided already a
number of relevant comments and re-
marks during and at the end of the Re-
view. A written report will also be for-
warded to ESO.

The review had a dense three-day
agenda, involving not only the VLT con-
trol software aspects but also the Data

tions in the structure have been designed
and realised. On the other hand, the fact
that the vibration modes which involve
bolted parts are better damped gives the
feeling that the behaviour of the structure
during seismic events could be better
than the one calculated with the very con-
servative damping factor of 0.75%.

In the next months, till end of July, the
main structure will be thoroughly tested
in all its components, and a complete
picture of its performances will be avail-
able. The start is positive and very en-
couraging.

Marco Quattri
e-mail: mquattri@eso.org
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by the “dirty” industrial environment (one should not forget
that heavy tool machines are operated in the same building).

After a first assembling of the tube on the main structure to
perform a number of alignments, the telescope has again
been taken apart as one can see in Fig. 1 and 2. This opera-
tion was necessary to carry out a modification of the altitude
hydrostatic pads to facilitate the maintenance (mainly to
make accessible pressure transducers and check valves as
seen in Figure 3) and perform the final alignment of the alti-
tude axis. At the same time the M1/M3 unit concrete dummy
has been placed on the fork and centred with respect to the
azimuth axis (Fig. 1), ready now to be bolted on the tube
structure.

At the same time the altitude drives (2.8 m diameter) are
being pre-assembled ready to be lifted on the Nasmyth plat-
form (Fig. 4).

Now the tube structure has been repositioned on the fork,
and the dummy has been mounted, making the main struc-
ture ready to undergo the dynamic tests during week 22.

The first test results though have been obtained during the
month of March 1996. In fact, one of the reason to dismount
the tube from the fork and place it on supports was precisely
to test the dynamic performance of the M2 dummy, which
forms with top ring and spider the so-called telescope Top
Unit.

The eigenfrequencies of the M2 along the optical axis and
around the axis perpendicular to it will define the perform-
ance of the M2 unit under the wind action (important for the
Optical Path Variation in the interferometric mode) and while

Figure 4: Altitude drive pre-assembling. P

Figure 5: Top unit dynamic performances 1% damping (Koehler, Koch, Quattri).
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Figure 2: The tube is placed on supports for
the Top Unit dynamic test.
O

Figure 3: Altitude hydrostatic bearing pads
and locking pin support.                                  P

Bartolamei, obtaining far better results
than specified and eliminating all the
concerns that these operations had
caused the designer.

As a matter of fact, even though dur-
ing the conceptual and final design
phases all the difficulties related to the
machining and alignment of large pieces
had been thoroughly investigated, the
designers were waiting for the real oper-
ation to test on the field that the assump-
tions used would have given the fore-
seen results.

In fact, the major concerns which ac-
companied us during the phases of as-
sembly were related to the alignment
precision and its stability in time, both
required to meet the final specified align-
ment of the axes of the telescope. The
concrete foundations long-term stability

would have played a major role in the
overall long-time stability of the tele-
scope, also impacting on the functionali-
ty of the hydrostatic bearing system
which needs plane journals to work at its
best performance. Also the encoders
could have been affected by instability of
the mounting due, for instance, to tem-
perature gradients in the mechanics,
and this would have influenced the re-
peatability of the system degrading the
final performances.

All these concerns have now been
ruled out by the results obtained in Mi-
lan. The precision of alignment of the
azimuth bearing journals, both position-
ing and run-out, as well as planarity,
have been met better than specified, as
already mentioned in previous articles.
Their stability has proved to be so good
that during all the surveying time until
now (and it will continue until the dis-
mounting of the main structure) no mod-
ifications have been detected, and the
azimuth hydrostatic bearing system
runs in a smooth and stable manner.

The positioning and alignment of the
large mechanics have been carried out
with outstanding precision and repro-
ducibility even after multiple dismount-
ing and mounting. The reference pinning
of the different pieces has made it feasi-
ble and will make the assembling of the
structure in Chile faster and “easier”.

The altitude encoder has been com-
pletely assembled in a laboratory built
on purpose next to the telescope, and its
mounting stability is kept under control.
It shows that no modifications of the rel-
ative position of the measuring elements
take place due to temperature cycling or
micro-vibration induced into the system
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Figure 1: The M1/M3 concrete dummy is positioned on the fork.

T E L E S C O P E S   A N D   I N S T R U M E N T A T I O N

The assembly of the main structure is
progressing very fast in Milan, and the
telescope will finally be completed and

Main Structure: Progress and First Test Results
M. QUATTRI, ESO

functional at the end of September. At
this stage of the mounting, one can say
that the tasks which were considered

the most difficult, from the assembly
point of view, have been carried out by
AES’s crew under the supervision of Mr.


