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I. Introduction 

The justification for building the 3.5-m 
New Technology Telescope (MTj went 
well beyond a mere quantitative in- 
crease of the research opportunities for 
the community after ltaty and Switzer- 
land had joined ESO (Woltjer 1980): with 
the N l l  €SO wished to demonstrate the 
f~asibility of the technologlcal and con- 
ceptual breakthrough which is required 
for the transition from conventional tele- 
scopes to the Very Large Telescope 
(VLr). 

Atready at first llght, the viability of the 
active optics principle and the benefits 
of a very compact enclosure were lm- 
pressively confirmed (Wllson 1989) with 
an effective Image quality of 0.33 arc- 
sec. Comparison with the measure- 
ments obtained with the differential s+ 
eing monltor (DIMM2) on Vizcachas and 
La Silla shows that the pmbablllty of 
encountering such a good seeing even 
in the excellent period of 1988-1990 
hardly ever exceeded 1-2 % for one- 
hour averages (Sarazin 1990). The fact 

that the exposure times at first light 
were as short as 10 seconds (the instru- 
ment rotator was not yet installed) may, 
therefore, have helped (see also Sarazin 
1889). The legend Insists In any case 
that the coincidence of first light and the 
birthday of the father of the active optics 
concept, Ray Wilson, were instrumental 
for this early success. 

It has often been remarked that after 
the commissioning period the N l l  ap- 
parently never fully repeated this early 
performance. However, it deserves to 
be noted that since the end of 1990 the 
average swing recorded with DIMM2 
kept deteriorating until the middle of 
1993 when a dramatic improvement 
started which still has not levelled off. 
The most recent data are fully compar- 
able to the 1988-1990 La Silta data and 
the Paranal measurements (Sawin 
1994). A mare detalld report by Marc 
Sarazln will appear in one of the next 
issues of The Messenge~: Moreover, 
preliminary analysis of 6 nights worth of 
SUSl obsewations in January 1994, dur- 

ing which DIMM2 measured an external 
seeing (averaged over the actual dura- 
tion of the individual SUSl exposures) 
of 0.65 k 0.15 arcsec, Indicates that, if 
anything, the N+!T delivered slightly bet- 
ter Images than predicted by DIMM2. 

In any event, sufficiently many excel- 
lent obsewations have been obtained to 
raise the expectations of the observers 
community substantially above the 
traditional level. However, these hopes 
have often been disappointed. The 
specific technical reasons are diverse 
but often relate to a lack of reliability. 
W'iR the benefit of hindsight it is obvious 
today that the commissioning period of 
the NIT was too short and the complex- 
Ity of the NTT and its subsystem re- 
quires more attention than corresponds 
merely to the Increase in the number of 
telescopes on La Sllla from eleven to a 
d m n .  

The potentlal of the NTT in preparing 
for the VLT was re-emphasized by J. 
Schwars acting as an external adviser to 
the Director General. Starting in August 



1993, ESO has therefore performed a 
detailed analysis of the present status of 
the N l T  and various strategies for im- 
provements. With the support and en- 
couragement of the ESO committees 
concerned and the Working Group Sci- 
entific Priorities for La Silla, a concerted 
effort is now being undertaken to more 
fully exploit the potential of the NlT, in 
the interest of its own users as well as of 
the VLT. 

2. Objectives of an NTT Upgrade 

From the above it is clear that the 
most immediate objective must be to 
stabilize the performance of the NlT. 
Once this has been achieved, better use 
should be made of the N l T  in prepara- 
tion for the operation of the VLT. This 
leads to objectives Nos. 2 and 3, namely 
to test the VLT control system and to 
verify the VLT operations concept with 
the NlT. 

To achieve the latter goals will not be 
inexpensive. However, any major teeth- 
ing problems of the VLT will be incom- 
parably more costly. The N l T  is the only 
ESO telescope which provides a suit- 
able platform for these efforts because 
in many ways it anticipates VLT con- 
cepts. Although implemention of the 
VLT control system and operations plan 
are not required from a pure N l T  point 
of view, it is also clear that the technical 
realization of the present N l T  control 
system does not offer much of an option 
for gradual but significant upgrades. For 
instance, only complete replacement of 
the computer hardware will give the N l T  
a new long-term perspective. 

These three objectives will be pur- 
sued in three consecutive phases, I, II, 
and Ill. 

3. Phases of Implementation 

For technical reasons, we start with 
the constraints which define the begin- 
ning of Phase II: Much of the justification 
for upgrading the N l T  control system 
derives from the expected feedback into 
the version to be installed at the VLT. 
Accordingly, the N l T  schedule is deter- 
mined by the timetable for the VLT. 
Since the very first tests of the Tele- 
scope Control Software (TCS) should 
not be performed with a working tele- 
scope, the original plan foresaw that the 
NTT would only see build 2 of the TCS 
after build 1 had been thoroughly 
checked during the European assembly 
of the mechanical structure of unit tele- 
scope No. 1 in Milan. With the current 
schedule of the Milan tests extending 
into the first weeks of 1996 but no delay 
of first light, a more closely interleaved 
test pattern will have to be developed. 
The other constraint is that in order to 

have a profound effect on the actual VLT 
control system, full installation at the 
N l T  should commence as early as 
possible. This will be in late 1995. 

This Phase ll will last for about one 
year. During the first 4-6 months, the 
installation will not permit any scientific 
observations to be carried out. Thereaf- 
ter the plan foresees observations only 
in service mode. The reason is that only 
in this way the two most important and 
apparently conflicting requirements can 
be fulfilled, namely to let the telescope 
produce scientific data at the earliest 
possible moment and to give the techni- 
cal staff enough time to fully re-commis- 
sion the telescope. Service observers 
can more easily cope with temporary, 
varying, and not properly documented 
operating conditions. Flexible schedul- 
ing can ensure that always the techni- 
cally most suitable and scientifically 
most important programmes are carried 
out. 

Phase I covers the period between 
now and the beginning of Phase II. Its 
primary aim is to stabilize the perform- 
ance of the N l T  This will mainly be 
done by introducing a more rigorous 
operations model of which more con- 
tinuous monitoring of the performance 
will be an essential component. Sub- 
stantial technical improvements are not 
foreseen. The emphasis will rather be on 
robustness, transparency, and quantita- 
tive accountability. If major repairs 
should turn out to be necessary, it will in 
each case be considered whether a low- 
er loss of scientific opportunities would 
be incurred if they were postponed 
until Phase II. Clearly, the preparation 
of Phase II will continue throughout 
Phase I. 

Finally, during Phase Ill also the mod- 
el for operation of the VLT, which is due 
for the Council meeting in December 
1994, should be tested and im- 
plemented step by step. In this way, the 
NTT would logically become the first 
(fifth) unit telescope of the VLT and 
serve as a training camp for future VLT 
operations staff. 

Phases I and II have been approved, 
their implementation is proceeding. The 
discussion of Phase Ill will continue 
during the preparation of the VLT Oper- 
ations Plan. 

4. Operational Framework 

The main organizational measure ta- 
ken has been to form a dedicated team 
which as of April 1, 1994 will be put in 
full charge of the Nl7. On La Silla, this 
NTT Team currently comprises 2 soft- 
ware (PG and RR), 1 electronics (DG), 
and 1 opto-mechanics (PhG) engineer 
as well as two astronomers (GM [also in 
charge of the local coordination on La 

Silla] and JS). In Garching, we so far 
have one software engineer (AW - soft- 
ware group leader and responsible for 
re-building the control system) and one 
astronomer (DB - project scientist). 
Vacancy notices for one astronomer 
each at both sites have been published 
recently. This edition of the Messenger 
contains the advertisement of a post- 
doctoral fellowship position which IS to 
be re-filled at the end of 1994. Further- 
more, two more software engineers will 
be recruited soon. They will start their 
work in Garching but for Phase II be 
transferred to La Silla together with one 
current member of the VLT software 
group (Eric Allaert) in Garching. Finally, 
the N l T  Team IS happy that Edmond 
Giraud was given the opportunity to 
take leave of absence from the Obser- 
vatoire de Marseille in order to return to 
La Silla for one year and to work with the 
N l T  Team until its scientific staff com- 
plement is complete. 

In the domains of electronics, opto- 
mechanics, and all stand-by services, 
the above staffing level is far from being 
sufficient to fully cover all needs of the 
NTT. Areas such as detectors, mainte- 
nance and construction, wiring, 
mechanics, computer networking, etc., 
are not all represented on the N l 7  
Team. This is intended because full self- 
sufficiency would not be a realistic goal 
if the costs are to be affordable. There- 
fore, the daily operation of the NTT will 
continue to rely strongly on the support 
by numerous technical services on La 
Silla, especially the Operations Group. 
On a rotating schedule, a fixed number 
of night assistants will maintain close 
familiarity with the N n .  In fact, the most 
fundamental role of the NTT Team will 
be to integrate a broad spectrum of 
expertise into one joint concept. Espe- 
cially a stronger unification of ESO-Chile 
and ESO-Garching will have pilot 
character also for the operation of the 
VLT. The adequacy of the present staf- 
fing level will be carefully monitored and, 
if necessary, further adjusted. 

At least during Phase I, the operation 
of IRSPEC will not be directly integrated 
into the responsibilities of the NTT 
Team. Since the Infrared Team is gener- 
ally acknowledged to function well, the 
chances of immediate improvements 
are relatively minor whereas the price to 
be paid for a discontinuity could be non- 
negligible. This approach is, of course, 
made easier by the present lack of con- 
crete plans for the upgrading (or even 
replacement) of IRSPEC. 

5. Phase I 

Because of their large number, we 
here only list the activities in extreme 
brevity: 



0 Perform complete inventory of prob- 
lems and assets. 

0 Complete commissioning of NTT and 
accomplish transfer of know-how to 
NTT Team. 
Establish automatic operation of ac- 
tive optics system as default mode; 
use - 80 % of light from guide star for 
continuous image analysis and tele- 
scope autofocussing. Make results 
more transparent to users; perform 
automatic quality and plausibility 
checks. 
In addition to the La Silla site monitor, 
use second guide probe in Nasmyth 
station B (EMMI) for independent im- 
age quality monitoring and log NTT 
dome-internal meteorological condi- 
tions. The objective is to identify con- 
stellations which significantly com- 
promise the effective NTT seeing. A 
prototype of the VLT enclosure 
management system will be devel- 
oped for the N IT  in order to actively 
minimize degradation. 
lntroduce regular computer system 
management (back-ups, configura- 
tion control, load monitoring, etc.). 
Perhaps upgrade CPU of NTT com- 
puter; if unavoidable ditto for operat- 
ing system. The present workload of 
the NTT computer runs at a level of 
60 % of its capacity. This had for a 
while been seen as one possible 
reason for one or more of the real- 
time nodes (altitude axis, azimuth 
axis, and rotator) often losing syn- 
chronization with the NTT computer. 
However, since September 1993 this 
problem has essentially vanished af- 
ter a bug in the recovery procedure 
had been discovered and corrected. 
Install computer-based problem 
tracking system for reporting by us- 
ers, follow-up by maintenance staff, 
and as a source of recipes for future 
problems. 
Document limiting performance of 
telescope and instruments. Compari- 
son of actual results against these 
reference data will enable early rec- 
ognition of anomalies as well as false 
alarms. 
Regularly measure key characteris- 
tics of CCD detectors. Provide sim- 
plified procedures for checks also by 
Visiting Astronomers. 
Step by step identify areas in need of 
regular preventive maintenance. 
Introduce procedures towards put- 
ting soft- and hardware under strict 
configuration control. 
Continue remote observing from 
Garching at modest level. This ob- 
sewing mode had a rather successful 
start (Balestra et al. 1993, Baade et al. 
1993) and helps to ensure that the La 
Silla and Garching view of the NTT do 
not differ too widely. 

Extend scope of MIDAS Data Organ- 
izer (Peron et al. 1994) to on-line ap- 
plications in order to better support 
quality and health control of the data 
sets acquired. 
Enhance logging of normal telescope 
and instrument operations and un- 
scheduled events. Use database to 
measure observing efficiency (later 
compare old and new control sys- 
tem), identify possible problems and 
design solutions (for instance, in this 
way it was possible to track down a 
problem in the CCD control software 
which caused the data to be irrecov- 
erably lost in about 1 % of all cases). 
Perform several field tests of individu- 
al components of the new control 
system (cf. Section Phase I!). Always 
return to the old system. 
Most of these activities have started 

already. Obviously, they rely in many 
cases strongly on the active support 
and always on the advice by other 
groups and individuals at ESO. 

To the above list have to be added the 
routine support of Visiting Astronomers 
and the rescue operations in case of 
acute failures. However, the ultimate 
purpose of many of the above measures 
is, of course, that the incidence and 
severity of open crises and latent prob- 
lems will be significantly reduced. 

6. Phase I 1  

That the development of a new NTT 
control system according to VLT stan- 
dards is at all affordable, is due to the 
modular, layered design of the VLT con- 
trol software which foresees a large 
proportion of shared general-purpose 
utilities (Raffi 1992). The N l T  effort, 
then, largely consists in implementing 
the NTT specific applications on top of 
this lower-level software. This work has 
been broken down into 19 work compo- 
nents. They closely follow the schedule 
according to which the VLT software is 
being written. At the same time, they 
provide an additional corset to that 
timetable and via the advanced field 
tests with the NTT some extra check 
points of the products. 

The first two tests are scheduled for 
May 1994 and comprise the VLT Local 
Control Unit (LCU) common software in 
stand-alone mode and embedded in the 
VLT Central Control Software (CCS), re- 
spectively. The first application will be 
the control of the NTT building. In an 
analogous fashion, work component 3 
concerns secondary and tertiary mirror 
of the NTT and will take place in Sep- 
tember 1994. 

One of the central work components 
is the control software for EMMI. It plays 
a special role also in so far as it has been 
taken on by the software group on La 

Silla (G. Andreoni and R. Schmutzer are 
the main responsibles). This is a major 
contribution of the La Silla observatory 
in the framework of the VLT develop- 
ment. Although the support of the latter 
cannot at this phase be a significant 
responsibility of La Silla, it is, on the 
other hand, important that all ESO 
sites share the same technical and 
methodological standards. The EMMl 
work component is one more step into 
this direction. 

Important improvements are ex- 
pected from the replacement of the 
present lSlT TV cameras with VLT tech- 
nical CCD cameras. Higher effective 
sensitivity, lesser non-linearity, larger 
dynamical range come to everyone's 
mind as expected improvements. At 
least as important appears the resulting 
potential of direct digital signal process- 
ing which will, for instance by automatic 
detection and centring of sources, 
noticeably enhance the observing effi- 
ciency. - Also for the scientific CCDs 
the VLT CCD controller will be installed, 
thereby closing another feedback loop 
prior to the coming into operation of the 
VLT. 

For selected observing modes, for in- 
stance imaging through frequently used 
standard filters and grism spectroscopy, 
an attempt will be made to maintain an 
on-line calibration database. When 
combined with automatic data reduc- 
tion procedures, this will permit the ob- 
server a quantitative on-line quality con- 
trol. Although publication quality may in 
many cases not be a realistic goal, quick 
and objective quality control is of course 
of central importance in the case of ser- 
vice observing. 

A close companion of service observ- 
ing will be flexible scheduling. Among 
the possible operations features which 
are presently being discussed for the 
VLT, this couple clearly marks the most 
drastic deviation from the standard 
model for ground-based observatories. 
Promising though the theoretical 
supporting arguments are, without prior 
practical tests and quantitative mea- 
surements the risk might be inaccept- 
ably high. 

7. Phase Ill 

The goal of this period will be to es- 
tablish a VLT-like operations model. In 
order to obtain meaningful feedback 
about it, it is essential that the hardware 
be changed as little as possible. For a 
while this may also mean the exclusion 
of visitor instruments. Possible up- 
grades which might be considered in- 
clude the replacement of IRSPEC 
(which was first installed at the 3.6-m 
telescope in 1985 and in Phase Ill will be 
rather old given the ever accelerating 



evolution of IR technology) and rapid 
tip-tift guiding with M3 (the solution 
adopted by the Italian Galilea project) or 
M2 (borrowing from the VLT concept). 
Because of its commonalities with the 
VLT, the NlT will provide optimal train- 
ing opportunities for VLT operations 
staff both In Chile and Garching. 

a Furher Sources of Information 

The N7T Team will do its best to 
support prospective applicants for ob- 
serving time as well as actual observers. 
An updated edition of the EMMI/SUSI 
users manual will soon become avail- 
able. A completely revlsed version is 
expected to be ready for the Sep- 
tember 30 deadline and will be access- 
lble also via anonymous ftp and under 
Xmosaic. 

News too recent for inclusion into 
manuals will be posted in the dedicated 
usenet newsgroup ~o.visas.ntt. For the 
time being, this newsgroup will nM be 
exported. Any messages posted can be 
read only after logging onto the captive 
account esobb on the ESO cornpu- 
ters (Internet address: 134.171.8.4 or 
ftphost.hq.eso.org). 

Any additional inquiries we request to 
be e-mailed to the dedicated M l T .  
account (ntt@eso.org on Internet or 
ES0: :W on SPAN). Because of the 

time difference between Europe and 
Chile, the weekly shift system an La 
Silla, and duty trips or vacations of tJrr 
staff members, this is the only way to 
make sure that your message is pro- 
cessed within the shortest possible 
time. 

9. User Feedback 

No sewice can be expected to be 
better than the constructive criticism 
which it receives from its dents. The 
NlT  is no exception. On the contrary, 
the numerous tasks and h e  very tight 
schedule will make Insufficiencies un- 
avoidable. Your echo will help us to find 
the right course more quickly. Every 
N lT  Team member will be happy to 
accept and forward your suggestions. 
A particularly efficient communication 
channel may again be the WIT account 
mentioned before. 
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VLT Main Structure Design 
M. QUATTRI, ESO 

The main structure of the VLT unit 
telescope has been completely de- 
signed in almost all its details, and per- 
formances have been calculated in as 
much detail as possible, to ease critical 
paths in the production process. This 
has meant ordering, and in some cases 
constructing, some of the components 
of the structure, such as drives, encod- 
ers and the largest mechanical assem- 
blies, before the Final Design Review 
has been performed. 

The Large Mechanical 
Assemblies 

One of the biggest challenges that the 
Italian consortium AES (Ansaldo Geno- 
va, EIE Venice, SOlMl Milan) encoun- 
tered was to design a system, in spite of 
the large dimensions and masses in- 
volved, with a high'first locked rotor 
eigenfrequency (8 Hz) which will conse- 
quently allow a high control loop band- 
width (about 3 Hz according to what 
Martin Ravensbergen, responsible for 
the telescope main axis control system, 
foresees with feasible design). 

Beginning 
of Construction 
Left: This impressive photograph of the 
Paranal mountain and future VLT site 
was published in the January issue of the 
National Geographic Magazine. It was 
taken by Roger Ressmeyer. The picture 
clearly shows the location of the four 
8-metre telescopes. Also visible is the 
final stretch of the road designed to 
facilitate the transport of the &metre 
mirrors from the telescope to the 
aluminization plant in the Hotel Area, 
about 3 km from the summit. One can 
also see the two locations of the seeing 
moriitor, details of which were given in 
previous issues of "The Messenger", and 
t.hs meteorological tower which will be 
part of the astronomical weather station 
which will serve as an essential comple- 
ment to the utilization of the VLT: During 
the current months a consortium com- 
prising the Swedish company Skanska 
and the Chilean company Belfi will start 
the final excavation of the remaining part 
of the site which will house the interfero- 
metric complex and tunnel between the 
unit telescopes. Then they will proceed 
to pour concrete and initiate construc- 
tion of the observatory. 

M. TARENGHI, ESO 
Photo O 1994, Roger Ressmeyer-Starlight 

As a consequence, the disturbance 
rejection capability of the telescope will 
be such that the tracking of the tele- 
scope under wind buffeting, whose 
energy content is significant up to about 
1 Hz and which is the most important 
disturbance effect overall, will allow us 
to reach the accuracy of 0.05 RMS in 
autoguiding mode at least 60 % of the 
nights without the need to use M2 field 
stabilization, while the accuracy will be- 
come 0.03" RMS in all conditions using 
M2 field stabilization. 

After the Preliminary Design Review 
carried out in November 1992, the anal- 
ysis of the dynamic performance of the 
main structure has been refined in more 
and more detail. During this process it 
was discovered that the preliminary de- 
sign model did not properly take into 
account the real interaction between the 
structure, the centring azimuth hydro- 
static bearing and the azimuth drive, 
and that the preliminary model intro- 
duced some extra stiffness which had 
led us to overestimate the first locked 
rotor eigenfrequency around the altitude 
axis. After removing the overconstraint, 
the first locked rotor around altitude re- 
sulted in about 6.5 Hz, very far indeed 
from the value specified by ESO. 

Several solutions have been studied 
since then to increase this eigenfre- 
quency which was dominated by the 
radial displacement of the centring 
azimuth hydrostatic bearings, in itself 
virtually infinitely stiff, causing the defor- 
mation of the base frame thus allowing 
rotation of the fork arm. 

The solution was found by AES 
changing the load introduction pattern 
in the fork arm. This modification led to a 
first locked rotor eigenfrequency around 
the altitude axis of 8.11 Hz. 

The lowest natural frequency of the 
telescope is about 7.2 Hz, but the mode 
is such that it is neither excited by the 
drive motion nor by the wind due to the 
protection provided by the enclosure, 
and thus will not reduce the disturbance 
rejection of the main structure. 

This achievement of the specified first 
locked rotor eigenfrequency has closed 
the activities on the structural design 
and has started the activities of produc- 
tion of the final drawings for procure- 
ment and construction of the large 
mechanical assemblies. Moreover, this 
has also validated the design of the 
azimuth bearings whose tracks have 
already been built and are being 
machined in the Ansaldo factory in Ge- 
nova (Fig. l ) .  

The Hydrostatic System 
with Active Centring 

The completion of the structural de- 
sign has brought us to the definition of 
the boundaries of the centring azimuth 
bearings. 

These are the radial bearings which 
run around the inner azimuth track and 
centre the telescope azimuth axis. 

The preliminary design of AES 
foresaw a passive arrangement which 
made use of the mechanical structure 
as a spring to allow the accommodation 
of differential displacement of the base 
frame of the fork with respect to the 
inner track due to temperature differ- 
ence, or to run-out tolerance of the track 
itself. 

A more detailed analysis of the be- 
haviour of the system under the extreme 
functional temperature range has 
brought us to rethink the passive solu- 
tion, due to the danger of possible jam- 
ming if the relative displacement caused 
the maximum allowable load in the pad 
pockets to be reached. 

Now the solution for the centring pads 
consists of four pairs of pads each con- 
trolled by an electrovalve which will 
maintain the load on the pads constant 
at about 15 t. This will be done acting on 
the volume of the pad back-chambers 
by injecting or letting out oil in a continu- 
ous manner. 

Even though this system was de- 
signed mainly as a safety device it will 
also be useful to centre the azimuth axis 
at a better level than the minimum run- 
out of the track. 

The centring bearings were the last 
open issue concerning the hydrostatic 
system. 

The prototype of the azimuth axial 
bearing has already been thoroughly 
tested by Riva Hydroart in Milan (Fig. 2) 
and has been proved to fulfil the require- 
ments of the VLT main structure. The 
production of the azimuth axial bearings 
is already going on and already four 
pairs of pads for the azimuth axis of one 
telescope have been prepared for final 
machining (Fig. 3). 

The Drive System 

Also the final design of the drive sys- 
tem has been completed. Two seg- 
mented motors on the altitude axis of 
36 kNm maximum continuous torque 
each and 2.6 m diameter and one seg- 
mented motor on the azimuth axis of 
125 kNm maximum continuous torque 



and 9,5 m diameter are directly coupled firmed the E M  calculation performed the production ofthe control dactronl~ 
to the relevant axis, driving the teie- and proving this ~6ILItion to be well with- which is being done by SOPREL in 
scope without Introducing friction. In the specified values. Some more tests Milan. 

A first reduced scale prototype of the will be carried out to better characterize The tachometer is directly coupled to 
motors has been tested at PHASE In the system. the axes and is in fact a segment of the 
Genova and the ripple torque has been The production of the permanent same motor. 
measured giving results which con- magnets Is already going on, as well as 

The Encoders 

If to design the mechanical structure 
for such a high dynamic performance 
was a big problem, no less of a problem 
was to find a suitable solution for the 
encoder of the VLT. 

The high accuracy, stability and 
interacting speed requlred by ESO's 
specifications called for a directly cou- 
pled encoder with all the problems that 
such a requirement brings in a machine 

. with axes of 2.5 and 9.5 m diameter. 
The solution proposed by AES was 

based on the products of the American 
company Uptodyne, which pduces 
length measurement devices based on 
laser Doppler measurement. 

This solution Is well established for 
measurement of linar distances but 
this is the first time that this has been 
implemented to measure angles. 

2: The pmt* oltb amuth axla1 pads on th. te-. . .J wi ths rest lab of ~ i v a  ~ydroart pkve hat the demanding requirements 
~ n .  for the VLT encoder were satisfled. 



figure 3: 7 7 ~  first series of ninuth axid pads I 
&dy to undergo final madlining at fhE; fac- 
iwy of Riva Hydroart In Milan. 

At the end of this programme the re- 
sults have reasonablv proved that the 
system as designed-& fulfil the re- 
quirements, and eswciallv has shown a - -  

fairly large f lexibili6 in rno;nting toleran- Flguw 4: The &kcape foundaffons in the test hall of Ansaldo in Milan 
ms, which is very much appreciated in 
the case of fitting on large diameters 
such as for the VLT. 

will be a very interesting task which ESO fhe first telescope will be ready for 

Foundations in Milan will follow carefully because of the infor- ESO testing in Milan starting from Au- 
mation which can be gained for the gust 1995. 

S i n ~ e  November last year in Ansaldo same operation to be performed on Before getting to the final act of de- 
premises in Mllan, AES has been pre- Paranal. claring the telescope fully compliant 
paring the test facilltles for the main with the requirements, we are sure we 
structure. Next Steps will encounter many problems which we 

The foundations have been dug out will have to solve. 
and the concrete walls which simulate The redesign needed tu meet the dy- Nevertheless, the results of the final 
the concrete pier an which the tele- namlc specification has caused a delay design assure us that all the provisions 
scope will be mounted on Paranal has in the activities planned to deliver the are there to provide the astronomical 
been built (Fig. 4)). first telescope on Paranat in April 1996. community with an instrument at the 

The next operation will be to place the AES has prepared a series of recovery limit of the technology which is allow- 
Interfaces with the azimuth tracks and to actions which will allow the delivery of able today, and which has the potential 
align them within 0.5 mrn planalty. This the first telescope In July 1998. to provlde performan% as required. 

A New Approach for the InBitu Cleaning of VLT Mimrs: 
The Peel-Off Technique 
/? GIORDANO, €SO 

I. Introduction 

This paper describes the second ap- 
proach' selected by the VLT Telescope 
Group for the in-situ cleaning of VLT 
mlrrors. 

The use of a strippable adhesive wat- 
ing to remove dust and other organlc 
contamination is a somewhat uncon- 
ventional cleaning procedure but has 
proved to be effective in removing even 
small particles and providing a perfectly 
clean surface. 

' The first approach Is the 00, snow-flake tech- 
nlqe currently in use at la. Sllla. See next article. 

To apply the material onto the optlcal 
surface, it is preferable to use a soft 
brush or a non-contact technique. After 
a drying phase, the duration of whi~h 
depends on the ambient conditions, the 
cured film is removed from the surface 
by attaching adhesive tape to the edge 
of the film. Durlng the removal phase, 
known as the "peel-off process", all the 
contaminants, including sub-micron 
particles trapped by the material, are 
removed from the optical surface. 

Various market products mainly dedi- 
cated to the cleaning of small opticat 
components were tested and discussed 

by J. Bennett [I]. Their scaling-up to 
large opti~al mirrors was only possible 
at great cost and without any guarantee 
for the film removal on large areas. 

For the reasons mentioned above, the 
VLT Telescope Group declded to carry 
out its own research programme. 

2. Requirements 
The selection of a suitable cleaning 

product was based on the following 
criteria, 

Cleaning efficiency: This parameter 
could be expressed as the possibility to 



restore reflectivity and micmroughness 
of the mirror by approaching the values 
of a freshly coated Aluminium (Al) mirror 
by at least 95%. 

Removal mpblli@ For large optical 
surfaces, the dried film shall be removed 
in one piem, with no risk of breakage. 
The ped-off of a 2-rn diameter mirror is 
the first challenge. The final goal would 
be to treat a mirror as large as the 8.2-m 
VLT MI  mirror. 

ApplicabiIIty: The fragility of the At 
coating, as well as the mirror glass sub- 
strate, compels us to concentrate our 
mention on the application of the dean- 
Ing product by non-contact techniques. 

Safefy aspects: This last requirement 
conmrns the purity of the product and 
atso the absence of chemical solvents. 
Additional contamination by organic 
components of the optical surface shall 
not be tolerated. The application on 
large surfaces shall be made with a 
maxlmum of safety for the personnel 
and the environment. 

3. Selected Product 

The first run of investigations started 
with the German chemical company 
Bayer AG in Leverkusen and has proved 
useful. Mr. Zallner rapidly understood 
the ESO cleaning requirements, and a 
good professional interaction was es- 
tabtished. After three or four working 
runs the ideal product corresponding to 
ESO's criteria of cleaning efficiency, re- 
movability and safety, was established. 

The second part of the investigation 
was carried out with the collaboration of 
two other companies. The IRSA com- 
pany, a producer of high-tech varnishes, 
modified the selected Bayer product In 
such a way that it could be used with the 
mirror in vertical position, without any 
deterioration of the good cleaning prop- 
erties of the product. The firm Jahnke 
GmbH, a representative of the company 
Wagner, advised us in the selection of 
the spray-gun unlt, the "Fine Coat", 
which is particularly suitable for applica- 
tion of thixotropic material. 

4. Experiments 

Intensive tests were conducted in the 
optical laboratory In Garching using the 
various lRS4 formuiations and achieving 
a uniform spraying on optical surfaces. 
Proof of the suftabllity of the product 
was obtalned at La Sllla Observetory 
during the technical time allocated for 
the installation of the 00, cleaning 
device on the NlT (28 S p m b e r  - 
10 Ociober 1993). 

4.1 Cleaning efficiency evaluation 
Dust eontaminatioll of the optical sur- 

faces is currently evaluated at ESO- 
Garching by using the @can 
scattemmeter p]. It is a portable instru- 
ment, purchased from T.M.A. Technolo- 
gy {USA), designed to measure the 
quantity of light scattered by surface 
Irregularities (Bi-directional Reflectance 
Distribution Function or B.R.D.F.) r e  
gardless of whether they are surface 
micro-defects or dust contarninatlon. 
Another parameter provided by this in- 
strument is the surface reflectivity at 
the wavelength of 670 nm. From the 

TABLE 1. 

BRDF' BRDF Reflectivity RMS 
t0,0I2 [so,l8ol % a 

' Bl-directionat Reflectan- OiuOlon Function measured as soattwed power normalized by the 
Inddent power and the cosins of the gotar angle. 
[D,O] and [50,180j am the locations of tbe iwa scatter detectm, 

1 st cleaning 

2nd cleaning 

NTr M3 mirror (freshly coated) 

scattered llght measurements an equiv- 
alent mlcro-roughness value of the 
optical surface (RMS) has been corn- 
puted. 

The regular use of the  scan, both in 
the laboratory and In-situ on telescopes, 
confirms the hlgh sensitlvIty of this 
equipment and Its sultabllity for the 
evaluation of dust mntamlnation on 
ogtlcal surfaces and in the selection 
of cleanlng products and techniques. 

9.224E-04 1.465E-04 86.8 27 

5.908E-04 1.008E-a4 87.0 21.4 

8.909E-04 1.274E-04 89,6 29.1 

4.2 Removal test: {see photo) 
Several removal tests have been per- 

formed on the "1.6-m test plate" stored 
in the metallzation plant of the 1.52-m 
telescope buildlng. The experiment has 
been carried out In beBer condiions 
than ln Garching, mainly due to the ex- 
tremely low air humidity, typlcdly 15 %. 
Several layers of product were applied 
to the vertical surface, without any run- 
ning of the material. An optimally dried 
film wlth a thickness of about 100 micro- 
metres dlowed us to savefy remove the 
film, that is without breakage. Dlfflculties 
stlll remain with regard to starting the 
removal process, but when the first cen- 
timetres at the edge are free, the fllm 
removal can be performed wlth two 
hands. 

4.3 Cleaning the "ChlIimap " 

The 40-cm telescope (Chilimap) 
stored in the prevlous metalizatlon plant 
had been out of service for at least 15 
years and its main mirror was never re- 
coated. The in-situ cleanlng was carried 
out successfully. No measurements of 
reflectivity or micro-roughness were 
performed before cleaning, but values 



obtained after two consecutive cleaning 
processes are excellent and may be 
compared with the values of a freshly 
coated mirror (see Table 1). 

4.4 Comparative study 

A comparative cleaning study has 
been conducted taking as reference the 
product Opti-Clean, the stripping mate- 
rial giving the best cleaning results [I] 
and which has been regularly used at 
ESO for the cleaning of small Al coated 
mirrors. The advantages of the "XL 
Clean 5" coating are shown in Table 2. 

Solid resin 
high 

TABLE 2. 

A flat mirror (diameter = 158 mm) with 
a protected reflective layer was exposed 
for 5 years to the dust contamination of 
our laboratory. Half of the mirror has 
been cleaned using the Opti-Clean and 
the other half with the product selected 
by ESO, known as XL Clean 5. The 
results are shown in Table 3. 

Opti-Clean 

5. Technical Data 

Name: XL Clean 5 
Based on a polyurethane emulsion 

produced by Bayer AG. Easy applica- 

XLClean 5 

TABLE 3. 
I I 

8 I 

tion with a spray-gun. Multilayer appli- 
cation recommended to obtain a final 
dried film of 100 micrometres. Drying 
time about 2.5 hr largely depending on 
the relative humidity of the air. No spe- 
cial safety regulations to be applied dur- 
ing the application of the product. 
Possibility of removing any product re- 
mains during washing of the mirror sur- 
face before the coating operation. Con- 
sumption: 500 g/m2 

Dusty mirror (full surface) 

XL Clean 5 process (I f2 part) 

Opti-Clean process (1/2 part) 

XL Clean 5 on complete surface 

better still on a sample plate. This pre- 
cautionary measure is recommended to 
evaluate the adhesion quality of the 
Aluminium coating over the glass sur- 
face. 

Another advantage of this peel-off 
product is that it provides protection 
during packing and trans-oceanic trans- 
portation of expensive and delicate opti- 
cal pieces. A long-term ageing test of 
the XL Clean 5 product has been initi- 
ated at ESO. 

6. Conclusion 

The product selected bv ESO fulfils 

BRDF 
(0,o) 

1.555E-02 

3.327E-04 

5.641 E-04 

2.720E-04 

our requirements for the in-situ cleaning 
~~f~~~~~~~ 

of large mirrors and has been success- 
fully tested for mirrors up to diameter [ I ]  Jean M. Bennett, Lars Mattson, Michael P. 
-I c - Keane, and Leif Karlsson. "Test of strip 
1.u Ill. coating materials for protecting optics." 

A precaution before using Applied Optics, Vol. 28, No. 5, 1 March 
such a new product in the cleaning of 1989. oaae 1018, 

BRDF 
(50,180) 

1.429E-02 

5.840E-05 

8.335E-05 

3.920E-05 

astronomical mirrors is to perform a first [21 T.M.A.' T&hnologies, Inc. P.O. BOX 3118 
test on a small area of the mirror or BOZEMAN, MT 59715. 

InBitu Cleaning of the NTT Main Mirror by C02 Snow- 

Reflectivity 
Yo 

78.6 

87.3 

87.6 

87.3 

Flake Sweeping 

RMS 
A 

93.5 

15.6 

29.1 

15.4 

P. GIORDA NO, ESO-Gavching, and A. TORREJON, ESO-La Silla 

1. lntroduction 

Since the beginning of 1992 most 
telescope mirrors on La Silla have been 
cleaned regularly using the C02 snow- 
flake technique. Although this manual 
operation could be considered an easy 
one for some telescopes on La Silla, it 
has sometimes required mountaineering 
skills on the part of the operator. In fact, 
this preventive cleaning operation has 
become a very delicate and risky under- 
taking. 

The C02 cleaning method, prese- 
lected for the optical maintenance of 
VLT mirrors, should be an improvement 
on the conventional manual methods 
and should be tried out on existing tele- 

scopes before its implementation on the 
VLT. 

A telescope such as the NTT working 
in a well-ventilated dome is more ex- 
posed to dust contamination than an 
older telescope. A prototype C02 snow- 
flake cleaning project was therefore 
proposed at the beginning of 1991 for 
the NTT. This selection was also guided 
by the idea to finalize the original con- 
cept of the NTT. It should be remem- 
bered that a cleaning system, based on 
a wet process, was foreseen earlier and 
that part of it was already included in the 
M I  cell design, but never completed. 

Experience gained during the installa- 
tion phase of the NTT on La Silla was of 

paramount importance for the develop- 
ment of the ESO concept of CO, clean- 
ing. 

2. Realization 

A contract was awarded at the end of 
September 1992 to the company ICMP 
for the final design, manufacturing, 
assembly, testing and transportation to 
Chile of the cleaning device. 

ICMP is a small engineering/mechani- 
cal company located in France close to 
Grenoble. The engineering staff of this 
company were involved, directly or indi- 
rectly, in the construction of various 
mechanical sub-systems early on in the 



3.5m telescope project and more re- 
cently in the MT. The NlT M I  mirror 
handling tool and altitude axis lock-pin 
were constructed by them. 

After tests on an Internal prototype, 
the company solved a great many prob- 
lems connected with the critical use of 
cryogenic products. The main goal was 
to obtain a final pre-adjusted product, 
easy and safe to operate. Figure 1 Itlus- 
bates the flnal concept. 

3. Description of the C02 Cleaning 
Device 

Two arms with a. series of 10 lnjecto~ 
are connected to a turntable fixed under 
the M3 unit of the telescope. In the rest 
posltlon they are totally in the shadow of 
the M3 splders. 

For the cleaning operation, during day 
time, the telescope is inclined to at least 
70 degrees. Connection is made to two 
electrical and one C02 pipe connects 
The electrical control cabinet and tne 
CQ cylinders are permanently installed 
in the dome. The operator, facing the 
M I  mirror and using a portable hand- 
set, can start and control the cleaning 
operation. The cleaning device Is re- 
moved from its Wing position. The 
arm rotation and the ejection of liquld 

C02 are accomplished simultaneously 
for the left side of the mirror which re- 
ceives a hlgh quantity of CU2 snow- 
flakes. (See Figure 2,) 

On reaching the lowest point of the MI 
the liquld GO2 distribution Is stopped and 

transferred to the right-hand arm which 
is now a? the top posltion of the MI. 

The rotation motion is maintained untll 
the lower point of the M I  Is cleaned 
again. The pipes are now purged with 
OO, gas and the C02 cleanlng device is 



Figure 3: View of the turn-table 

then parked under the M3 spiders. The 
cleaning process duration (the only ad- 
justable parameter) was optimized to 
twice 45 seconds! 

4. First Installation and Tests 

A period of five days was reserved at 
the N T  at the end of September 1993, 
for the installation, testing and staff 
training for the C02 snow-flake cleaning 
device. It has been installed in the free 
space between the main mirror and the 
M3 Unit. 

The supply pipes (liquid and gas C02, 
electricity) pass through the central hole 
of the main mirror and its cell. A plate at 
the back of the M I  cell will receive the 
various connectors. Flexible pipes will 
ensure interfacing between this plate 
and the C02 cylinders resting on the 
telescope floor. 

After adjustment of the two arms in 
the shadow of the M3 spiders, several 
tests were performed to check: 
- the rotation of the arms 
- the parking position (stability, repro- 

ducibility, efficiency) 
- the transfer of C02 liquid and gas 
- the safety functions (electro-valves, 

one year before, but cleaned regularly 
manually with the same GO2 snow-flake 
technique except during the last two 
months previous to this installation. 

After three successive cleaning oper- 
ations, several circular zones appeared 
on the mirror surface corresponding to 
the direct impact of the COP jets. 

Measurements at an ambient temper- 
ature of 10 degrees with the Uscan 
scatterometer are listed in Table 1. 

The limitations of this technique are 
well known and are illustrated by the 
present test. Extremely fine particles 
settling for a long time on the optical 
surface and suffering humidity varia- 
tions and/or electrostatic charge need 
extremely high forces for their removal. 
However, it is important to remember 
that this cleaning technique was pro- 
posed and investigated with the objec- 

emergency button, etc.) and the tive of regularly removing dust contami- 
cleaning of the pipes using clean C02 nation deposited over a clean mirror. 
products. We will know more about the efficien- 
Three cleaning processes were per- cy of this technique after the re-coating 

formed to evaluate the efficiency of the of M I  (next year) and the regular weekly 
system and to train staff from the Opti- cleaning of its surface, with monitoring 
cal Group on La Silla. of reflectivity and light scattering. 

5. Results and Comments 6. Conclusion 

Measurements of mirror reflectivity at The C02 cleaning prototype installed 
670 nm as well as part of the light on the N l T  seems user-friendly and 
scattered by dust contamination were easy to operate, important parameters 
carried out, using the portable Uscan to justify weekly utilization. With this 
scatterometer. cleaning periodicity, which has already 

The cleaning evaluation was per- been adopted, only a limited additional 
formed on quite a dusty mirror, coated contamination is expected. 

TABLE 1. 

BRDF' 
(0,o) 

Dusty mirror 

After 1 st cleaning 
-- 

' Bidirectional Reflectance ~istribution Function. 
Absolute reflectivity measurements computed with reference to a dielectric mirror. 

BRDF' 
(50,180) 

After 2nd cleaning 

1.325E-02 

1.100E-02 

REFLECT. 
Yo 

1.051 E-02 

6.474E-03 

4.004E-03 

ABS' 
R % 

3.581 E-03 

RMS 
Angst. 

79.1 

80.6 

80.8 

82.7 

84.2 

86.9 

80.3 

84.4 79.0 



S C I E N C E  W I T H  T H E  VLT 

Obsewation of Solar-System Objects with the VLT 
7; ENCRENAZ, DESPA, Observatoire de Paris, Meudon, France 

As a continuation of various active on- 
going programmes of ground-based 
planetary observations, many promising 
research developments can be anucl- 
pated from planetary obsewations with 
the VLT, especially in the near-infrared 
range. The use of adaptive optics will be 
essential to reach the full capabilities of 
the VLT, buth for imaging and for spec- 
troscopy. 

Introduction 

In spits of a sucaessful space pm- 
gramme developed over the two last 
decades, there are still important ques- 
tions wich remain unsolved concerning 
our understanding of Solar-System 
bodies. In fact, on many occasions, the 
new results coming from space data 
have raised new questions, dealing, in 
particular, with formation and evolution 
processes. As an example, the study of 
the chemical composition of planetary 
and cometary atmospheres has led, in 
several cases, to unexpected results 
which have been used as tests against 
formation and evolution models. 
Ground-based observations have 

provided a very important contribution 
as a complement to space missions. In 
particular, our knowledge of the chemi- 
cal composition of the atmospheres of 
the giant planets has been mostly in- 
ferred from ground-based infrared 
spectroscopy. Observations of stellar 
occultations, obtained simultaneously 
from several ground-based or airborne 
telescopes, have provided the first 
detection of Uranus and Neptune rings; 
they also have allowed the exploration 
of the upper atmospheres of Jupiter, 
Uranus, Neptune and Titan. Taking 
advantage of the newest technological 
developments, the planetary ground- 
based exploration programme is still 
very active, as Illustrated by the interna- 
tional campaign presently organizgd In 
all observatories for monitoring Jupiter 
at the time of the collision of comet 
Shoemaker-Levy 9 with this planet, 
around July 20,1094. 

The Astrophysical Problems 

One of the major astrophysical inter- 
ests of observing Solar-System bodies 
is that they can provide cIues about the 
origin of the Solar System. By studying 

objects in various evolutlonay stages, 
information can be derived about forma- 
tion and evolution processes involved h 
thelr history. 

The most primitive bodies are found in 
two classes of objects: (1) the giant 
planets, which are massive enough to 
have accreted around their core the 
surrounding gas of the primordial nebu- 
la; (2) the cornets, which are small and 
cold enough to have escaped any evo- 
lutionaw process since their fortnatlon. 
In these objects, the chemical composi- 
tion and the elemental and Isotopic 
abundance ratios (such as HeM, WH 
and C/H) are powerful indicators of their 
origln scenarlo and their history. 
Another important diagnostic is given by 
the study of the surface of the solid 
bodies (asteroids, cometary cores) and 
their physical and dynamlcal properties. 

The atmospheres of the terrestrial 
planets have evolved significantly since 
their origin; indeed, a major and fas- 
cinating problem In planetology is the 
cornparathe study of the evolution of 
the atmospheres in the case of Venus, 
the Earth and Mars. Here again, the 
chemical and isotopic composltion (in 
particular the W H  ratio) can provide 
Important tools which constrain the 
evolutionary models of these planets. 

In addition, monitoring the spatio- 
temporal behaviour of planetary atmo- 
spheres is a key element to address 
specific problems, presently pwrly 
understood: climatology in the ease of 
Mars and Venus, general circulation and 
auroral phenomena In the case of the 
giant planets, Ices sublimatjon and out- 
gassing of a comet as it approaches the 
Sun.. . In these specific cases, the 
ptanets and comets can be considered 
as prlvlledged laboratories, in which a 
large variety of physical and chemical 
processes can be investigated. 

The Observations to be 
Performed 

What are the observations whlch will 
allow us to address these questions? 
For determining the chemical composl- 
tlon of planetary and cometary atmo- 
spheres, high-resolution spectroscopy 
is best suited. The infrared and rnillimetre 
ranges are of special interest for the 
study of neutral molecules. The spec- 
trum of a Solar-System object is com- 

posed of two components: (1) the solar 
component, reflected or scattered by 
the object, and (2) the thermal compo- 
nent, which peaks at longer 
wavelengths (15 microns in the case of 
Mars, 70 microns in the case of Nep- 
tune). In the reflected component, 
atmospheric constituents show absorp- 
tion features glvlng information upon the 
column density of the absorber. In the 
thermal part of the spectrum, the outgo- 
ing flux refers to the atmospheric level 
where the optical depth approximates 
unity. The line can thus appear in emis- 
sion or in absorption, depending upon 
the shape of the thermal profile and the 
sign of the temperature gradient. The 
observed lines can be used to obtain 
information upon the vertical distribution 
of the molecule. In addition to these 
components, SolarSystem objects, 
and comets in particular, can show 
fluorescence emission lines, in the UV, 
the visible or the 1R range. 

In addition to spectroscopy, imaging 
techniques provlde useful information 
on the surface of objects Ilk8 the Moon, 
Mars and the giant planets Jupiter and 
Saturn. Multiband CCD and Infrared im- 
aging allows to map the mineralogy of 
surfaces, or to monitor the cloud mor- 
phology of the giant planets. This tech- 
nique is being improved with the on- 
going development of imaging spec- 
troscopy, which allows, at least on the 
brlght planets, a coupling of both spatial 
and spectral capabilities. 

Another powerful technique is the 
photometric monitoring of a stellar 
uccultation by a planet. As the planet 
passes in front of the star, the stellar flux 
is refracted by the planet's atmosphere. 
By studying the stellar lightcurve at the 
time of immersion and emersion, it is 
possible to derive the refractive index 
of the atmosphere. In addition, this 
method allows the detection of rings 
around the planets; it provided the first 
evidence for rings around Uranus and 
Neptune. 

A Few Recent Results from 
Ground-Based Obsewationa 

High-resolution spectroscopy in the 
near-Infrared (1 -5 microns) has led to 
major discoveries over the past few 
years. A few examples are given below. 



the spectral range where parent 
molecules, directly outgassed from the 
nucleus, exhibit their strongest fluores- 

----- HF --- cence emission signatures. Comet 
Halley provided a unique opportunity for 
this research. High-resolution observa- 
tions with the 0.9-m telescope of the 
Kuiper Airborne Observatory, in the 3- 
micron region, provided the first obser- 
vational evidence for the presence of 
water vapour in a comet (Mumma et al., 
1986; Larson et al., 1988; Fig. 2). The 
same experiment was repeated later on 
other bright comets. The observations 
provided the abundance of H,O, the 
temperature, the velocity field, and an 
estimate of the ortho-to-para ratio of 
water, which can provide a constraint 
upon the temperature at the time of the 
comet formation. 

Another area of successful spectro- 
4,000 4) 00 4,200 4,300 4,400 4,500 scopic research is the study of fainter 

Wavenumber (cm-' ) and fainter Solar-System objects, made 
possible with the development of more 

Figure 1 : The 2.3-micron spectral window in the spectrum of the dark side of Venus (FTS, and more sensitive spectrometers. A re- 
CFHT). The spectral resolution is 0.23 cm-'. The figure is taken from Bezard et al. (1990). markable example is provided with the 

recent detection of N2, CH4, CO and 
C02 ices on the surface of Neptune's 
satellite Triton (Cruikshank et al., 1993; 

The lower atmosphere of Venus, be- 1989, 1992). These emission lines could Fig. 3), with the CGS4 cryogenic spec- 
low 50 km, is hidden by a thick and originate from thermal emission in the trometer at the UKlRT 3.8-m telescope 
opaque cloud which prevents it to be hot atmosphere. (Mauna Kea, Hawaii), using moderate 
observed at almost all wavelengths. Cometary research has also benefited spectral resolution (R = 300). 
However, there are a few discrete near- from near-infrared spectroscopy. This is Because infrared observations re- 
infrared spectral windows, between the 
strong absorption bands of the domin- 
ant atmospheric constituent C02, where 
the thermal radiation is emitted from the 

2 . 6 0  2 .67  2.t6 
wovelenglh l p m )  

lowest cloud layers. High-resolution 
spectroscopy of these regions (Bezard 
et al., 1990; Fig. I ) ,  performed with the 
FT spectrometer of the 3.6-m CFH tele- I 

scope at Mauna Kea (Hawaii), has led to .f' , 
the abundance determination of various ; 
minor constituents (H20, CO, COS, SO2, 
HCI, HF, HDO), either from the 2.3-mi- 'g 
cron window or from the 1.8-micron a 

window. The D/H ratio has been found o 

equal to 120 times the terrestrial value novenumbtc (ci') 
(de Bergh et al., 1991). According to 
evolutionary models of the planet, this 
strong deuterium enrichment would im- 
ply a high abundance of water in Venus' 
past history. ,. 

In the case of the giant planets, there .: , 
is also a "spectral window", where there 
is no absorption by the dominant ab- .; - 
sorber CH4. This is the 4-5-micron re- : o 
gion, where thermal radiation comes a 

from deep tropospheric levels (a few 0 
3780 3790 . 3000 1010 3020 

bars in the case of Jupiter). This range is xovenumbtr (~i'l 
thus best suited for searching minor at- 
mospheric species. CH~D,  G ~ H ~ ,  co Figure 2: The high-resolution spectrum of the 2.7-micron H20 band recorded with the FTS of 

and more recently AsH3 have been de- the Kuiper Airborne Observatory in comets Halley and Wilson. The resolving power is 100,000. 
Upper curve: Moon (atmospheric transmission); lower curves: Wilson and Halley. The absolute 

tected in both Jupiter and Saturn. Doppler shift is in the range 0.4-0.5 cm-', and is sufficient to separate the terrestrial water 
imp0rtant has been the lines (shown in absorption in the lunar spectrum) from the cometary emissions. Both cometary 

unexpected detection of the H3+ in spectra are uncorrected from atmospheric transmission and instrumental response, but the 
an auroral spot of Jupiter at 2.1 n-krons lunar spectrum is used to calibrate the relative intensities. The figure is taken from Larson et a/. 
and later at 4 microns (Drossart etal., (1988). 
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Figure 3: The infrared spectrum of Triton in the near-infrared range. Upper curve: observations; 
lower curves: scattering models including ices of N,, CO, CO, and CH,, with two abundances 
of CO, (0.10 % in Model 1, 10 % in Model S). The figure is taken from Cruikshank etal. (1993). 

quest a very dry terrestrial atmosphere, 
most of the results mentioned above 
have been obtained in high-altitude 
sites or even from aircraft. However, in 
the visible and near IR (below 2.5 mi- 
crons), the amount of terrestrial water 
vapour is less critical. Two very signifi- 
cant results have been obtained in 
planetary physics using the 3.6-m ESO 
telescope on La Silla: the first one is the 
detection of rings around Uranus (Sicar- 
dy etal., 1982) and Neptune (Hubbard et 
al., 1986), using the stellar occultation 
technique; the second is the first imag- 
ing of Solar-System objects (Titan, 
Pallas and Ceres) at the diffraction limit 
in the near-infrared, using the adaptive 
optics instrument (COME-ON) at the 
3.6-m ESO telescope (Saint-Pe et al., 
1993; Fig. 4). The latter results open a 
new field of Solar-System imaging ob- 
servations, which is likely to develop in 
the forthcoming years. 

summarizes the maximum sizes of the 
brightest Solar-System objects, with the 
number of pixels of each object over 
the central meridian, at 2 microns and 
10 microns respectively. 

Assuming a seeing of 0.3 arcsec in 
the best cases, one can see that the 
factor 2 advantage in spatial resolu- 
tion is achieved above a wavelength of 
10 microns. At lower wavelengths, an 
adaptive optics system is needed. 
Based upon the present experience of 
the COME-ON+ instrument now operat- 
ing at La Silla, we will assume, in what 
follows, that the VLT 8-m telescopes will 
be equipped with an adaptive optics 
system which reaches the diffraction 
limit for wavelengths higher than 1 mi- 
cron. This high spatial resolution capa- 
bility will be useful for direct imaging, 

TABLE 1. 
I 

Solar-System Solar-System Observations with 
the VLT 

With respect to a 4-m-class tele- 
scope, the use of the VLT is going to 
provide a double advantage: a factor 2 
gain in spatial resolution, and a factor 4 
in collecting flux (for unresolved sour- 
ces, or for a constant aperture in the 
case of extended sources); the latter 
advantage implies, for photon-limited 
observations, a factor 4 in observing 
time. 

The diffraction limit of an 8-m tele- 
scope is about 0.06 arcsec at 2 microns 
or 0.3 arcsec at 10 microns. Table 1 

Venus 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
lo 
Europe 
Ganymede 
Callisto 
Titan 
Ceres 
Pallas 
Vesta 

Size 1 (arcsec) 

but also for high-resolution spectros- 
copy (Encrenaz et al. 1992), as it will be 
possible to concentrate the whole flux of 
a weak object on the narrow (less than 
0.5") entry slit of a cryo-echelle grating 
spectrometer (R > 50,000). 

Table 1 shows that a large number of 
Solar-System bodies will be spatially re- 
solved at two microns. Two types of 
observations will benefit from the VLT: 
(1) high-resolution imaging spectros- 
copy of extended objects; (2) photo- 
metry and spectro-photometry of weak 
objects. 

I. High-resolution imaging 
spectroscopy of extended 
objects 

The expected performances are a 
spatial resolution of 0.06 arcsec and a 
spectral resolving power of 100,000 at 
2 microns. The first targets to be studied 
are the bright extended planets: Venus, 
Mars, Jupiter and Saturn. A few specific 
examples are given below. 

Imaging spectroscopy in the near- 
infrared has already been achieved, at 
moderate spatial resolution, to investi- 
gate the lower atmosphere of Venus on 
the night side of the planet. This has 
been achieved by coupling the FT spec- 
trometer of CFHT with a bidimensional 
camera, providing the full spectral re- 
solving power (40,000) and a spatial res- 
olution of 0.5 arcsec (about 100 km on 
the surface of the Venus disk). In the 
future, the use of adaptive optics on a 4- 
m telescope will improve the spatial res- 
olution by a factor about 5, which will 
correspond to the spatial resolution 
achieved by the Galileo probe at the 
time of its Venus flyby (Carlson et al., 
1991). The use of the VLT will improve 
again this limit by a factor 2, allowing to 
investigate in more depth both the 
atmospheric composition and the com- 
plex cloud structure which was revealed 
by the Galileo data. 

Number of pixels 
2 microns 

1 000 
300 
780 
317 
67 
38 
20 
16 
28 
26 
13 
11 
6 
8 

10 microns 

200 
60 

157 
63 
13 
7 
4 
3 
5 
5 
2 
2 
1 
1 
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Figure 4: lsophotes of Ceres in L'band. The image was recorded with the adaptive optics system COME-ON at the ESO 3.6-m telescope at La 
Silla, in May 1991. The spatial resolution is 0.25 arcsec, corresponding to the diffraction limit at 3.5 microns: The maximum level is normalized to 
1 and two levels are separated by 5 % in flux. The figure is taken from Saint-Pe et a/. (1993). 

The study of the Martian atmosphere 
is also going to benefit from the use of 
high-resolution imaging spectroscopy. 
The distribution of minor atmospheric 
species, and especially CO, over the 
disk of Mars has been the subject of a 
large debate and is not yet fully under- 
stood. Combining high spatial and 
spectral resolution will allow to resolve 
the individual lines of the CO (2-0) band 
at 2.3 microns, and to study their spatio- 
temporal variation. At opposition, a spa- 
tial resolution of 25 km (0.06 arcsec) will 
be reached with the VLT, comparable 
to the resolution achieved with space 
orbiters like the PHOBOS spacecraft 
(Rosenqvist et al., 1992). 

A third example is provided by the 
observation of H3+ in the auroral regions 
of Jupiter. Using an 8-m telescope with 
a diffraction limit of 0.06 arcsec actually 
achieved, it will be possible to reach 
both a spectroscopic resolving power of 
100,000 and a spatial resolution of 
200 km on the Jovian disk. The detec- 

tability of the Doppler-broadened H3* 
lines should be increased by a factor 
larger than 10 with respect to the pre- 
sent data, and the improved spatial res- 
olution will allow us to better define the 
contours of the existing aurorae and to 
identify hot spots. The same search 
could be attempted on other giant 
planets also, with the limitation of the 
available flux. 

In the near-infrared range, the VLT will 
also allow us to map smaller objects, 
presently too small to be resolved both 
spatially and spectrally. The first excit- 
ing target is lo, which is known to have 
a stable, but apparently patchy, SO2 
atmosphere (Lellouch et al., 1992). Here 
again, observing the Doppler-broaden- 
ed SO2 line, at 4 microns requires max- 
imum spectral resolution. lo will be fully 
resolved, with 10 pixels along the cen- 
tral meridian and a K-magnitude of 
about 10 per pixel, allowing a complete 
mapping of the atmosphere in correla- 
tion with the volcanic activity. Another 

promising target is Titan. First diffrac- 
tion-limited images of Titan have been 
obtained in the near-infrared range, with 
the ESO 3.6-m telescope, equipped 
with adaptive optics. Titan's K-mag- 
nitude within a 0.06 arcsec pixel will be 
about 12, easily detectable with the VLT. 
Infrared spectroscopy will be needed to 
isolate the near-infrared windows, free 
from methane absorption, in order to 
probe the surface of Titan. The gain in 
sensitivity and spatial resolution pro- 
vided by the VLT will be of extreme 
interest in preparation to the Cassini- 
Huygens mission, designed to explore 
Titan's atmosphere and surface in 
2004-2008. 

Another promising field of research is 
the observation of comets with the VLT. 
As mentioned above, the near-infrared 
range is very well suited for studying the 
Doppler-broadened fluorescence emis- 
sions of the parent molecules. Deter- 
mining the spatial distribution of parent 
molecules in comets will be essential for 



understanding the thermodynamics of 
the coma. The use of the VLT will im- 
prove the sensitivity limit and/or in- 
crease the spatial and spectral resolu- 
tion of the observations. For a comet 
located at 0.3 AU from the Earth, a 
spatial resolution of 0.06 arcsec corre- 
sponds to a diameter of 15 km, compar- 
able to the size of a cometary nucleus; 
even for a more distant comet, it will be 
possible to probe the inner coma in de- 
tail. In addition, if the resolving power 
reaches 300,000, the Doppler lines can 
be resolved, providing a determination 
of the velocity field. 

Finally, a ipecial mention should be 
made about imaging spectroscopy of 
planets and comets in the thermal infra- 
red range, in the 10-micron and 20-mi- 
cron atmospheric spectral windows 
(Drossart, 1993). In particular, the giant 
planets and Titan show, in the 7-14- 
micron range, emission lines due to 
hydrocarbons which allow to probe the 
thermal structure of their upper atmo- 
spheres, to study the density distribu- 
tions of these hydrocarbons and to 
monitor their spatio-temporal variations. 
Another exciting study could be the 
search for oscillations on Jupiter and 
Saturn, which should benefit from an 
improved spatial resolution for dis- 
criminating the various oscillation 
modes. 

K-magni- 
tude 

12.8 

11.5 
10.3 
8.8 
9.0 
8.35 
9.7 

13.0 
12.6 
12.8 

12.3 

12.5 

TABLE 2. 

PLANET 
Satellite 

JUPITER 
Amalthea 

SATURN 
Mimas 
Enceladus 
Tethys 
Dione 
Rhea 
lapetus 

URANUS 
Ariel 
Titania 
Oberon 

NEPTUNE 
Triton 

PLUTO 

2. Photometry and spectro- dynamical models of these objects, and 
photometry of weak objects could open a new field of research. The Angular 

size 

0.08 

0.06 
0.08 
0.16 
0.16 
0.24 
0.23 

0.09 
0.12 
0.12 

0.19 

0.14 

The use of the VLT will offer a factor 4 
improvement in terms of collected sig- 
nal, which translates, for photon-limited 
observations, into a factor 4 gain in ob- 
servation time. A new class of faint ob- 
jects, the bare satellites of the outer 
Solar System, can be observed with 
near-infrared spectrophotometry, for a 
determination of their mineralogic prop- 

use of VLTl might also allow to accu- 
rately localize hot spots on larger ob- 
jects, like volcanoes on lo or auroral 
spots on the giant planets. At Jupiter's 
opposition, a 10-km volcanoe on lo 
would have an angular size of 10 milli- 
arcsec and could thus be resolved, and 
a temporal monitoring of volcanic activi- 
ty could be possible. 

erties. Table 2 lists the angular size and 
the K-magnitude of some of them, too C ~ n ~ ~ u s i o n  
small to be imaged, but bright enough 
for spectrophotometric observations. 

We can use as a comparator the re- 
cent observation of Triton, on a 3.8-m 
telescope, with a resolving power of 
about 300 and 4 nights of integration 
(Cruikshank et al., 1993). The same ob- 
servation could be made in one single 
night with the VLT. Uranus' satellites 
could be observed at wavelengths up to 
2.5 microns, with the same spectral res- 
olution, in a few nights of integration 
time. It will also be possible to resolve a 
few pixels on the disk of Triton, as well 
as on the surfaces of Saturn's largest 
bare satellites. 

Finally, a last programme to be men- 
tioned is the photometric study of bare 
cometary nuclei. Comet Halley was 
monitored at the 3.6-m ESO telescope 
up to very large heliocentric distances, 
where some signs of activity were still 
detectable. A systematic search for ac- 
tivity on many distant comets will pro- 
vide interesting constraints upon the na- 
ture of the volatiles outgassed at large 
distances from the Sun. 

Observations of Solar-System 
Bodies with the VLTl 

We have seen that the near-infrared 
range is well suited for the study of faint 
and cold Solar-System objects. The use 
of the VLTl will allow systematic studies 
on point-like objects such as asteroids 
and bare cometary nuclei. At a distance 
of 3 AU from the Earth, a diameter of 
7 km (typical of a cometary nucleus) 
corresponds to an angular diameter of 
10 milliarcsec, and could be resolved 
with the VLTI. Measuring the diameters, 
the shapes, the rotation period, the 
mineralogy and the thermal properties 
of a large number of samples will pro- 
vide a statistical information which will 
be very important for constraining the 

Many promising research pro- 
grammes are expected to be performed 
on Solar-System objects with the VLT, 
using either the 8-m telescopes or the 
VLTl mode. An essential factor will be 
the availability of an adaptive optics sys- 
tem at the 8-m telescope foci, in order 
to take full advantage of the large size 
of the mirrors, both for imaging and 
spectroscopic observing programmes. 
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High-resolution imaging from the 
ground is substantially easier in the 
infrared than at visible wavelengths. The 
seeing-limlted angutar resolutjon de- 
creases with wavelength h as 1-'I5 or 
faster, the coherence time of the atmo- 
sphere increases with hm or more, and 
the isoplanatic angle 8, over which the 
phase dlstributlon is constant, increases 
with hW5/H, with H being the distance of 
the turbulence layer. With the recent 
advent of large-format, low-noise detec- 
tor arrays it has now become possible to 
fully exploit these natural advantages of 
the h 2 l  pm wavelength range. 

Several techniques have been em- 
ployed for achieving high angular reso- 
lution in the near-infrared. Direct, long- 
exposure observations typically result in 
about 1" resolution, but exceptional 
data with 0.5" resalwtion Rave been re- 
ported in very good seeing. If individual 
speckles can be seen with short ex- 
posures, diffraction-limited images can 
be obtained (0.15" at 2pm with a 3.5-m 
telescope). Various reconstruction tach- 
niques have been employed, ranging 
from the simple shift-and-add (SSA) 
algorithm (recentring each short expo- 
sure frame on the brightest speckle of a 
bright compact feature in the brightness 
distribution, Christou 1992) operating in 
the image plane, to the Knox-Thompson 
(Knox 1976) and triple correlation 
("speckle masking": Lohmann et al. 
1983) phase retrieval algorithms work- 
ing in spatial frequency space. Intetfero- 
metric techniques, such as non-redun- 
dant aperture masks (e.g. Haniff and 
Buscher 1992), have also been em- 
ployed in single telescopes. 

When the 256 x 256 pixel, low read 
noise (1 50 e), low dark current NIC- 
MOS 3 arrays (Rockwell International) 
became generally available in late 1989, 
we decided to put together a general- 
purpose, near-infrared camera for high- 
resolution imaging (50 milliarcsecond 
pixels and a 12.8 arcsecond field of 
view). To be able to continuously read 
out the array efficiently (duty cycle 
>70 % for the entire array at a frame 
rate 5 5  Hz and 2ps per pixel) and with 
high speed (up to 10 Hz for single quad- 
rant [128Tmode) we equipped the cam- 

era with 4 fast digital signal processors 
(DSPs), followed by a VMS computer 
system. This configuration allows on- 
line, quick-look data analysis (such as 
SSA) which has turned out to be ex- 
ceedingly useful for getting a first im- 
pression of the quality of the data and 
for making decisions at the telescope. 
This is the concept of SHARP (System 
for High Angular Resolution infrared Pic- 
tures) which we then proposed to the 
ESO Director General, Harry van der 
Laan, to bring to the ESO as a new 
(guest observer) facility. A central scien- 
tific goal with SHARP on the MT has 
been (and continues to be) imaging of 
the central stellar cluster of the Galaxy 
for answering the key question of 

whether (or not) the Galactic Centre 
t 

contains a massive black hole of about 
10' Mg. If it does, SHARP should detect 
proper motions of stars in the central 
2 arcseconds within a time period of 
about 6 years. Already SHARP'S first 
observing run in August 1991 demon- 
strated the capability of the new instru- 
ment and delivered a = 0.25" K-band 
(2.2pm) image of the central 6" which 
we reported in an earlier Messengerarti- 
cle (Eckart et al. 1991, see also Eckart et 
al. 1992). Subsequent observing runs 
delivered fully diff raction-limited (0.15" 
FWHM resolution), H- (3.6pm) and K- 
band images with 2: 350 stars in the 
central parsec ( ~ 2 5 " )  and ==40 sources 
within 2" of the dynamic centre, thus 

I " "  I  ' 
0 

R.A. (arcsec) 
Figure 1 : 0.6" (FWHM) false-colour image of the K-band emission of NGC 1808 Iracconi- 
Garman eta/. 1994). The image is a mosaic of several frames and has been "Lucy"-cleaned, as 
described In the text. The cotour table is logarithmic and the map borders lyellow lines) cover a 
20" field. 



confirming the feasibility of the proper 
motion experiment. These results were 
obtained from a combination of the 
shift-and-add algorithm with a "Lucy" 
deconvolution (Lucy 1974) as a method 
of obtaining high dynamic range, 
"CLEANed" images (Eckart et al. 1993, 
Genzel and Eckart 1994). SHARP has 
also been employed for non-redundant 
mask, interferometric image reconstruc- 
tions. First results have been presented 
in the last Messenger (Bedding et al. 
1993). 

In the present article we give an over- 
view of the first extragalactic results that 
have been obtained with SHARP on the 
N T .  

Observing Extragalactic Nuclei 
with SHARP 

The flux density sensitivity of SHARP 
is determined by the read noise of the 
array, RN (- 50 electrons in read-reset- 
read mode). Given the overall quan- 
tum efficiency-transmission product of 
SHARP, 11 -0.2, and broad-band opera- 
tion (Avlv = 0.2), the 100 flux density 
sensitivity for observing a "point" source 
in integration time per frame t on the 
3.5-m N T  (A- 8.2 m2) is 

AS(1Oo) - 14 hv RN NPi,l(Av A 11 t), 

where N,,, is the number of pixels over 
which the flux of the point source is 
distributed. For 50 milliarcsecond pixels 
and 0.5" to 0.7" short-integration time 
seeing NPi,- 100-200. Hence, with t -  1 
second, AS(1Oo) without averaging pix- 
els is about 15 to 30mJy, corresponding 
to K-band magnitude 11.5 to 12.5. For 
integration times t < 1 sec, a fraction E of 
the power is still in a diffraction limited 
(0.15" FWHM at 2ym) component so 
that the sensitivity of diffraction-limited 
imaging is about lie? 10 times worse 
than AS(lOa), resulting in limited mag- 
nitudes of 9 to 10. For non-diffraction 
limited operation the limiting sensitivity 
can be further improved by either some- 
what larger pixels (planned for a future 
version of SHARP), or by averaging pix- 
els, or by having better seeing (a matter 
of telescope design and location, as well 
as luck). In any case this consideration 
already indicates that a camera with a 
NICMOS 3 array on a 3-m-class tele- 
scope permits, for the first time, true 
subarcsecond near-infrared imaging as 
a relatively routine matter on a number 
of bright nuclei. As speckles are already 
smeared out for integration times of 
about 1 second or more, the method 
that is employed here should be called 
"rapid guiding" rather than "speckle" 
imaging. Typically a few 10' to a few l o 3  
frames are coadded after recentring on 
the brightest feature in the map. This is 

followed by a step of Lucy-deconvolu- 
tion (or another form of "CLEAN") to 
correct for the wings of the point-spread 
function (the "seeing pedestal"), using a 
nearby star as deconvolution key. As a 
"CLEANn-restoring beam we use a 
Gaussian of FWHM resolution about the 
same FWHM resolution as the raw re- 
centred data. As the image is very well 
sampled, a modest degree of super- 
resolution or image sharpening (say 
from 0.6 to 0.4", depending on the 
source brightness) can also be achieved 
without too much risk and has been 
done for the data sets described below. 
The final images then have a point 
source sensitivity to faint structures at 
least an order of magnitude lower than 
the limit given above (AS(1 0, 15 min) 
-16 to 18). 

So far we have observed over a dozen 
compact galactic nuclei. Here we pre- 
sent our results on the brightest sources 
(Table 1). 

Observations of Starburst Nuclei 

Figure 1 shows a 0 . 6  FWHM resolu- 
tion K-band mosaic (2 array settings, 
Table 1, Tacconi-Garman et al. 1994) of 
the central 2 0  (1 kpc) of the "hot spot" 
galaxy NGC 1808 (Sersic and Pastoriza 
1965). In addition to the bright nuclear 
source (about 20 mJy), the circum-nu- 
clear 2 ym emission shows two arm-like 
features and a number of compact 
knots. The data strengthen the starburst 
interpretation of the infrared, visible and 
radio emission of the galaxy (Saikia etal. 
1990, Krabbe, Sternberg and Genzel 
1994). The circum-nuclear near-infrared 
continuum emission is globally well cor- 
related with the radio continuum and By 
emission-line knots found by Saikia et 
al. and Krabbe et al., indicating that 
much of the near-infrared continuum 
emission of NGC 1808 comes from a 
reasonably young (< 10' years) stellar 
component. In particular the arm-lridge- 
like structure arching east and north of 
the nucleus show a very good overall 
correlation with the radio continuum and 
infrared line emission there. However, 
on the smallest scales probed by the 
maps, this correlation appears to break 
down, as local peaks in radio con- 
tinuum, By and in 2ym continuum are 
slightly (0.5 to 1") displaced from each 

other. The prominent compact knots 6" 
north-west and 1 0  south-west of the 
nucleus do coincide with two of the 
visible, blueish hot spots (Veron-Cetty 
and Veron 1983), but then others do not. 
These displacements may be the result 
of large, local spatial variations in ex- 
tinction, although the average extinction 
on a scale of 2" appears to be no more 
than Av=6 (Krabbe et al.). Alternatively 
and more likely, displacements between 
different tracers may be the result of 
time evolution, considering the spatially 
smooth J/H/K colour distributions. The 
2 ym knots may be local concentrations 
of red or blue supergiants (typically a 
few 102 per knot) that may be signposts 
of the late evolutionary stage (a few 107 
years) of giant OB associations. Given 
typical velocity dispersions in molecular 
clouds (a few kmls), separations of 1" or 
more between H II regions (By and radio 
continuum), supernova remnants (radio 
continuum) and supergiants are entirely 
consistent with age differences of a few 
10' years. The observations thus sug- 
gest that the central kpc of NGC 1808 
currently undergoes an active phase of 
star formation (total rate about 10 Ma 
yr-') originating (at any time) in a number 
of giant HI1 regions1OB clusters. These 
giant star formation complexes are 
probably associated with molecular 
clouds, may live for about one genera- 
tion of OB stars and are then replaced 
by others bubbling up elsewhere in the 
disk of tcle galaxy. 

The SHARP maps of the nearby, lumi- 
nous (4x 10" Lg, Rieke et al. 1980) star- 
burst galaxy NGC 253 (Fig. 2, Table 1, 
Sams et al. 1994) teach another lesson. 
While this galaxy also shows a number 
of prominent near-infrared hot spots in 
its central 150 pc, it turns out that most 
of these spots are not actually physical 
entities but merely directions of lower 
local extinction in a highly obscured nu- 
clear region (Sams et al. 1994). This is 
evident from comparing the maps at 
different wavelengths (Fig. 2). The long- 
est wavelength (K-band) map is the 
smoothest, while the H- and even more 
the J-band map show an increasing 
amount of structure. Mm-interferometry 
of the CO 1-0 line (Canzian et al. 1988) 
indicates that the average Hz column 
density in the central 8 is about 3x  lo2' 
cm-2 (Av=20), consistent with the ex- 

FWHM 
Resolution 

ABLE 1. Bright Galactic Nuclei Observed with SHARP 

Linear 
Resolution 

6 PC 
31 PC 

14-27 PC 

130 PC 

t (Frame) 
[secs] 

5 
4 

0.5-1 
1-2 

Galaxy 

NGC 253 
NGC 1808 
NGC 1068 
NGC 7469 

Distance 
[MPc] 

2.5 
10.9 
14 
66 

Number 
of Frames 

300 (JIHIK) 
200-1000 (JIHIK) 

10300 (K) 
5000 (K) 
700 (JIH) 



Figure 2: 0.5" ('FWHM) false-colour "Lucy1'-cleaned Images of NGC 253 in the J-band (I.Zpm, top left), H-band (1.6pm, top right). K-band 
(2.2pm, bottom left) and J-K colour (bottom right) (from Sams et at. 1994). Each tick on the Dec-axis Is 5.5: each tlck on the R.A. -axis is 1.55". 
The colour table is linear. 

tinctlon values required to explaln the 
structure in the new-Infrared contlnuum 
maps (Sams et al. 1894). While It is 
difficult to obtain detailed quantitative 
estimates of the dust extlnction from the 
near-Infrared data because of the un- 
certain relative locations of emitters and 
absorbers, the near-infrared colour map 
shown in Figure 2 is a good qualitative 
indicator of the (clumpy) spatial dlstrlbu- 
tlon of dust (and gas) on sub-arcsecond 
scales. Sams et al. find that the most 
prominent extinction peak (identical with 
the local 'hole" of 1.2 pm emission 2 
north-east of the intensity maximum) is 
associated wRh the radio nucleus of 

NGC 253 and that the extlnction map is 
globally well correlated with the radio 
map of Antonucci and Ulvestad (1988). 
In contrast to most other embsion 
peaks on the near-infrared maps, the 
brightest K-band peak (= 15 mJy at K) 
does appear to be more than a direction 
of low extlnction, namely a concentra- 
tion of hot dust. Clearly, the effect of 
dust mixed with the stars may have 
an important effect on the near-infra- 
red brightness distribution in a num- 
ber of starburst nuclei, and near-infra- 
red colour maps are a useful tool to 
detect and map out the absorblng 
dust. 

Active Galactic Nuclei 

Figures 3 and 4 show = 0.4" resolu- 
tion near-infrared maps of two of the 
active galactic nuclei that have been 
studied with SHARP, NGC 1068 and 
NGC 7469. For SHARP results on the 
Seyfert l/QSO I Z w l  see Eckart et al, 
(1994). The near-infrared emission from 
NGC 1068 (Fig. 3) is characterized 
by the bright (5OOmJy at 2.2 pm, 
r 1.5 x 1 o1 Lg) Seyfert 2 nucleus, plus a 
stellar bar at position angle 45" extend- 
ing to radii of about 16" (I kpc at 14 
Mpc). The high-resolution data now 
suggest that at radii larger than about 7" 
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Nguw 3: 0.P W H M j  false-dour image of the K-band emissim of the m?ml  ( I b g 2  of 
NQC 1088 (from Qulmbach eta!. 7994). W#I tha excaptlon of the bright nucleus the map has 
not been Pucy"-c/aned, in or& to emphasize the faint& (K= 17) extended strucfures, The 
colour fable Is I&hmic. 

Flgure 4: 0.4" (FWHM) false-mlour, "Lucyn- 
cleaned rmages of NGC 7469 In the &band 
(top left), #-band (top tight) and K-band mt-  
tom left) emission, with lagarlthmic mlwr 
tables. The bottom right contains a 0.6" 
{FWHM) J-K wlow map (fmm 79mI-Gar- 
man et al. 19%). Each Image covers a 
6.4"x6.4" field. See also page 516 of this 
Issue. 

spectlvely, at r> r, tha distribution very 
close to the nucleus appears to be slgni- 
ficantty flatter. Thle Is a fairly difficult 
measurement to make quantitatively, as 
the brightness of the stellar bar at r= I" 
Is only 10T'q5 of the nuclear source. At 
face value this finding suggests that the 
2pm stellar light Is dominated by the 
large scale (= l o2  pc) dlsWbar and that 
there ts no bright, nuclear stellar cluster 
on a scale 2 30pc. The SHARP data 
also confirm earlier proposals that the 
nuclear source has an Intrinsic diameter 
i O . 1 "  (7 pc) and is domlnated by hot 
dust emission, The J/H/K flux density 
spectrum can be descrlbd by a power 
law (S=V-~'). It IS an lnterestlng ques- 
tion for future research what the nature 
of this dust source is and whether it 
could be associated with the putative 
parsec-smie, dusWmolmutar torus. The 
near-Infrared peak Is displaced 0.4 SW 
of the centroid af the vislbfe amisdon 
(Gallais 1891). There is also a compact 
2pm Hpline emission source at about 
the same pmitlon (Blietz et al. 1993) but 
mid-infrared lmaglng (Cameron st a!. 
1993) shows that most of the warm clr- 
cum-nuclear dust is asmciated with the 
narrow line region. 

While the extended emission in NGC 
1068 is domlnated by a bar-lke stwc- 
ture, the Seyfert 1 gataxy NGC 7469 
(2 3 x 10" Lo) exhibits a ring. Figure 4 

the oval bar structure (mlnor to major 
axis ratlo ==0.7) turns into two am-like 
features. This radlus is coincident with 
the Inner radius of the drcum-nuclmr 
gas/dust/star formation ring (8.g. Teles- 
co and Decher 1988), suggesting an In- 
terpretation In terms of spiral arms that 
have formed at the Inner Undbtad reso- 
nance near the end point of the 4ar. The 
hig h-resolution near-infrared data also 
probe the radial brightness distribution, 
and hence, the density distribution of 
the stellar Hght very close to the Ssyfert 
nucleus. A first-order analysis of the Da- 

ness distribution along the major axis 

ta In Figure 3 (Quirrenbaeh et al. 1904) - 
suggests that the 2pm stellar light may 
have an effective core (half peak intensl- a 
ty) radius of r p 2 f  1". White the bright- a 
@.a. 457 and minor axis (p.a. 135") of 
the bar can be well fitted by a power law 
of exponent a=-0.95 and -1.85, re- 

Y 

3 2 1 0 -1 -2 -33 2 1 O -3 -2 -3 

R.A. (arcsec) 



shows the 0 . 4  JIHIK SHARP images 
(Table I ) ,  as well as a 0 . 6  J-K colour 
map (Tacconi-Garman et al. 1993, Gen- 
zel et al. 1994). Outside of the Seyfert 
nucleus (9OmJy at K) there is a 1.5" 
radius, ring structure with embedded 
knots. The colours of the ring are con- 
sistent with a stellar cluster reddened by 
A"-a few; in contrast, the very red nu- 
clear colours suggest hot dust emission, 
as in the case of NGC 1068. The near- 
infrared images of Figure 4 are in very 
good agreement with similar resolution 
visible speckle images (Mauder et al. 
1994) and with a VLA map of the 5 GHz 
radio emission (Wilson et al. 1991). All 
these data and - 0.9" near-infrared 
spectral line imaging with the MPE FAST 
spectrometer fit a model in which the 
-500 pc ring is powered by a luminous 
starburst forming about 50 Ma of new 
stars per year for the last 1 to 3 x 1 0 ~  
years (Weitzel et al. 1994). One super- 
nova explosion every two years is im- 
plied and may be detectable by means 
of time variability in the high-resolution 
near-infrared maps. The triggering 
mechanism for the circum-nuclear burst 
in NGC 7469 remains unclear as, in con- 
trast to NGC 1068, the SHARP data do 
not show evidence of a bar structure. 
Perhaps the burst was triggered by the 
interaction of NGC 7469 with its neigh- 
bour, IC 5283. 

The data we have presented in this 
report only represent a selection of a 
sample of about a dozen galaxies that 
have been observed so far with SHARP. 
We believe that this brief glimpse al- 
ready demonstrates the power of the 
new tool of subarcsecond near-infrared 
imaging. The future is clearly bright. 
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Infrared Spectroscopy of Galactic Globular Clusters 

'~sservatorio Astronomico, Pino Torinese, Italy; 'ESO; 30sservatorio Astrofisico, Firenze, Italy 

1. Introduction 

Galactic globular clusters (GGCs) are 
the best templates for studying the 
physical and chemical properties of old 
stellar systems at different evolutionary 
stages. Zinn (1985) distinguishes two 
main subsamples on the basis of their 
spatial distribution, kinematics and 
metallicity; the halo system charac- 
terized by low rotational velocity and 
metallicity ([Fe/H])S-0.8) and large ve- 
locity dispersion, and the disk+bulge 
system which is metal-rich ([Fel 
HI)>-0.8) and exhibits a large rotational 
velocity and lower dispersion. 

From theoretical models (Renzini and 
Buzzoni 1986, Chiosi et al. 1986) it is 
expected that the integrated luminosity 
of old stellar populations is dominated 
by the luminous red giant branch (RGB) 
stars which are close to the He-flash. 

This scenario is largely confirmed by 
photometric and spectroscopic optical1 
infrared observations of the central re- 
gions and of the brightest single stars in 
many clusters (see for example Frogel et 
al. 1983a, b and references therein). The 
average temperature of this red and 
cool stellar component, i.e. the location 
of the red giant branch in the HR dia- 
gram, is directly related to the metal 
content of the cluster; the higher [FeIH] 
the cooler the stars (Frogel et al. 198313). 
Therefore, any temperature sensitive in- 
dex (e.g. V-K, photometric CO) could, in 
principle, be used to determine the 
metallicity of globular clusters. The main 
limitations in the use of photometric in- 
dexes are extinction and contamination 
by foreground stars and both effects are 
particularly important when studying 
high metallicity clusters in the bulge. A 

way to overcome these problems is to 
use spectroscopic indices (which are 
intrinsically unaffected by extinction) in 
the infrared where the contamination 
from foreground stars is much less im- 
portant than in the optical. We use two 
spectral indices in the infrared H band 
centred on SiI+OH 1.59 ym and CO(6- 
.3) 1.62,um together with the "classical" 
CO(2-0) 2.29pm feature. These indices 
are good temperature indicators in cool 
stars (Origlia et al. 1993). 

In this article we present integrated 
spectra of these features for a sample of 
GGCs and show that diagrams based 
on their equivalent widths can be used 
to tightly define the metallicity sequence 
from metal poor halo clusters to the 
most metal rich in the disk+bulge. 

(continued on page 23) 



New NTT Images of SN 1987A 
H-a and RI W A6584 i m ~ w  of trw mBu/oskies near SN 1387A that were Wen by the NlT on December i9, $1993. H-a 

Images are an the right and N N Imriges am to the M. me upper image of m h  pair is the raw image whik the /ow& is after 
deconvolution using the Lucy-Richardson image restoration technique (ESO preprint $975). All !magas we shown with a 
logari'thmic intensity scale and they are otfented so that north Is up and easf is to the la?. The CCD pkd size In tha original 
Image is 0.129 arcsedpx. The filfer bandpasses were -7d and the wavelengths were antred to be cowcf for the redsAifi 
ofthe Supmva.  The seeing forth # 11 image was about 0.7 amsec (FWWM), and for fhe #-a image it was about 0.8 arcsec 
(FWHM), The resolution of the da~onvolved hag6 is -d2 arcsec (FWHh$ for tkf8 N I1 Image, md it is -0.3 arcsec (FWHM) 
fur the H - a  Image. In the deconvolved Itnag= tfie flux from star2 (NW of the inner loop) and star 3 (SE of the loop) hawe been 
comp~e$$ad,'nfo shgk pkels (whlfe dots) at the Iocations of the star Images. The deconvulution procedure produces s m  
"ringing" around bmht objects. In the decondvsd imagm, tfngfng caused by the inner loop and the two bright companion 
sfam has CBW breaks In the Yew falnf outer hops and distoHons in the Intens/typprofle near the inner hop. 

Note that h the raw N /I image star2 is much brlghter than shr3, buf that /n the N-a image star3 is much brighfwthan star 
2. This is because star3 1s a Be star with strong Ka emission while star2 has #-a absorption in its spectrum. The Mjddle star 
in the line o f  three skvs along the BW edge of the pictures is a close d8ubIe. The Intam& distribution of light around the inner 
loop is different in H-a from that of N 11. Also, whlle the SE portlon of the Inner loop is now fading, the btfghf portions are now 
Increasing in brightnem (MU CirWlar #5g2fl. It seems {ikdy that interactions betwem the expaffding SN envelope and 
dilutedgas within tbe innerloop are genmtIw UVphotons that are beginning to reionize the nebula. 

L-E  WANQ and E.J. WAMPLER 



Figure 1 : Spectra centred at 1.59, 1.62 and 
2.29 kim of the selected galactic globular 
clusters in the halo (top panel) and in the disk 
(bottom panel). The equivalent widths Ware 
in /! and the metallicities are given in the 
lower right hand corners. 

2. Observations and Data 
Reduction 

The data were collected during sever- 
al observing runs (June 1991, November 
1992, April and October 1993) at the 
ESO N l T  telescope using the IRSPEC 
infrared spectrometer (Moorwood et al. 
1991) equipped with a SBRC 62x58 
lnSb array detector. The pixel si:e was 
2.2 arcsec along the slit and -5 A along 
the dispersion direction yielding a re- 
solving power R=1500 with a 2 pixel 
(4.4) slit. 

Deep, long-slit spectra centred at 
1.59 (Sil), 1.62 (CO 6-3), and 2.29 (CO 
2-0) blm of a sample of galactic globular 
clusters in the halo and in the disk were 
obtained. The total average integration 
time was 16 minutes (sources+sky) for 
each grating position with automatic te- 
lescope beam switching every 2 min- 
utes. The instrumental and atmospheric 
responses were corrected using refer- 
ence spectra of featureless 05-6 stars. 
Data reduction was performed using the 
IRSPEC context of MlDAS and more 
details about IRSPEC reduction can be 
found e.g. in Origlia et al. (1993). 

3. Results and Discussion 

Normalized spectra of the central re- 
gion (about 6"x4" centred on the core) 
of the observed clusters are displayed in 
Figure 1. The shaded areas correspond 
to the measured equivalent widths in A 
given on each spectrum which were 
computed using the procedure de- 
scribed in Origlia et al. (1993). 

In Figure 2 we plot the measured 
equivalent widths in spectroscopic 
equivalents of colour-magnitude diag- 
rams, i.e. 1.62 vs 1.6211.59 and the 1.62 
vs 1.6212.29. 

In these diagrams the clusters are dis- 
tributed over the loci defined by giant 
stars (cf. Fig. 5c Origlia et al. 1993). The 
warmer and less metallic systems are at 
the bottom left while cooler and more 
metallic ones progressively move up 
and to the right. There is general agree- 
ment between the metallicities given in 
Figure 1 (taken from Zinn 1985) and the 
trend in Figure 2 but with a few remark- 
able exceptions: Ter 5 ([FeIH] = +0.24, 
the highest value in our sample) appears 
to be much warmer than NGC 6440 ([Fel 
HI = -0.26) and other clusters of lower 
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Figure 2: Spectroscopic 1.6; vs 1.62/1.59 
and 1.62 vs 1.62/2.29 colour-magnitude 
diagrams. 

metallicities while NGC 6553 ([FeIH] = 

-0.28) seems to be as cold as clusters 
with [Fe/H]>O (NGC 6528, Lil 1). Unless 
this is due to large anomalies in the CIFe 
and SiIFe abundances, this probably 
demonstrates that our IR indices pro- 
vide a more precise measurement of 
[FeIH] in high metallicity systems. The 
same conclusion can be drawn from the 
plots of spectroscopic indices versus 
[FeIH] in Figure 3 which show a scatter 
at large metallicities which is consid- 
erably in excess of the measurement 
accuracy. 

We are now studying the possible 

Figure 3: Correlation between the 1.62, 1.62/1.59 and 1.62/2.29 indices with the metallicities 
reported by Zinn (1985). Open circles are the halo clusters and filled ones are the disk+bulge 
clusters. 
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precise metallicity scale on diagrams Astrophys. J. 275, 773. 
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Probing Dust Around Main-Sequence Stars with TlMMl 
I? 0. LAGAGE and E. PA NTIN, SAp/DAPNIA, CE Saclay, France 

The search for extra-solar planetary 
systems is a fascinating challenge. Di- 
rect imaging of such planets is hope- 
less, at least nowadays, so that efforts 
have been focused on looking for possi- 
ble effects induced by a planet on its 
host star, such as faint modulation of 
the apparent flux (Paresce 1992 and 
references therein) or modulation of the 
apparent period in case of pulsars 
(Wolszczan and Frail 1992); but these 
searches are difficult. Since the discov- 

ery by IRAS in 1984, that many main- 
sequence stars are surrounded by dust 
(Aumann et al. 1984, review by Back- 
man and Paresce 1993 and references 
therein), it has been recognized that 
gravitational perturbations of dust orbits 
by a planet could result in large modifi- 
cations of the dust structure, such as 
voids of matter in the region inside the 
planet orbit or asymmetries (for exam- 
ple, Roque et al., in press). That is why 
many telescopes have been pointed to- 

wards main-sequence stars with IR ex- 
cess, in an attempt to image the dust 
responsible for the excess. 

Up to now, only the dust around the 
@-Pictoris star has been unquestionably 
imaged, thanks to visible observations 
(Smith and Terrile 1984). The dust was 
shown to be in a disk-like structure. But 
even with sophisticated techniques, us- 
ing coronographic adaptive optics or 
antiblooming CCDs, the region inside a 
radius of 2.5" (40 AU at the distance of 



gun B - M  dud a d s m w d  af Qpn with TlAaM @.ah and Pan- in press). The pixel field of view in use was 0.3': 
msponding to 5AU at the distance of &Pic (18.5 pc) and the total field is about 20nx20: Easf is at the top, north on the IeR; the mlour scale 
logarithmic. The star contribution (of the same order as the dlsk contribution) has been removed; but the image shown here has not yet been 

~wnvolved from the point spread function (full width half maximum of 0.Q7. 

$-Pic, 16.5 pc), where traces of planets 
are expected to be present, has been 
inaccessible so far (Lecavelier des 
Etang et al. 1993, Gotimowski ei at. 
1993). The problem with visible obser- 
vations is too high a contrast between 
We central star and the dust disk emis- 
sion, which originates from scattering of 
the star radiation. 

In the Mld-Infrared domain WlR) the 
situation is quite different. Indeed, the 
radiation at these wavelengths origi- 
nates from thermal radiation of grains, 
which reprocess a small fraction of the 
vlsible radiation into the mid-infrared 
domain, where the photospheric emis- 
sion of the star is much fainter than in 
the vislbte. For example, at 10~rn, the 
dust contribution and the star contribu- 
tion in the $Pic system are of the same 
order, so that it is possible to remove 
the star contribution and to obtain the 
disk shucture down to the diffraction 
limit of the telescope (0.7" for a 3-m- 
class telescope). By using appropriate 
deconvolution techniques, we can even 
expect to go beyond the dhct ion limit. 

To achieve the diffraction limit In the 
M18, we had to await the recent de- 
velopments of monotihic detector 
arrays (although the scanning technique 
allows, in principle, for high angular res- 
olution with monodeteetors, such ob- 
servations are difficult and consume 

a lot of telescope time). ESO has re- 
cently acquired a 10pm camera, TIMMI, 
equipped with a detector array manu- 
factured at the LETIRIR, CEN Grenoble. 
This camera was built under an ESO 
contract, by the Service d'Astrophysi- 
que (SAp) at Saclay, which had already 
developed two other ground-based 
low instruments: C1Ov (Lagage et al. 
?993a), in collab.boratlon with the Obser- 
vatoire de Lyon, and CAMIRAS (&age 
et al. 1993b)); both in use in the northern 
hemisphere. The TtMMi camera has 
now started its scientific life, as shown 
betow. Technical details on nMMl can 
be found in the papers by Lagage et al. 
1993c, and k u f l  et al. 1994. 

We observed PPc with TIMMI at the 
3.6-m telescope durlng 5 half nights at 
the beginning of January 1993. Two 
nights were usdess, h u s e  of too var- 
iable a seeing. Only about one hour was 
lost for technical reasam. (After moving 
the f/36 rotator to align the dlsk with one 
of the axes of the array, the guiding had 
lost the north1 This software problem is 
now fixed.) The final image obtained 
through the 10.3 - 13pm filter and the 
smallest pixel field of view (0.3") is 
shown in Figure I ;  the on-source inte 
gration time is 75 min, spread over 
3 nlghts, corresponding to a total ob- 
sewing time of about 200 min (the in- 
crease in time originates from the ob- 

serving technique; no loss is due to the 
acquisition system, even with a flow of 
data as high as one 14 bit pixel every 
ps!). The observing technique used to 
remove the huge photon backgrwnd 
generated by the telescope and the at- 
mosphere (lo6 times brighter than the 
faintest signal detected in the &Pic disk) 
is the standard chopping (moving of the 
secondary mlrror at a frequency of a few 
Hz) and nodding (moving the telescope 
every minute) techniques. The only little 
trick is that the mirror chopping frequen- 
cy is half the effective sky chopping 
frequency (AABBAABB . . . instead of 
ABABABAB . . .). The nearby (a few de- 
grees) a-Car star was used bath as 
photometric reference and as point: 
spread function reference; the full width 
half maximum was measured to be of 
O.P, close to the diffraction limit. 

The image of Figure 1 confirms with- 
out ambiguity the previous claims that 
the 8-Pic disk is extended at I O p m  
(Telesco et al. 1988, Backmann ef al. 
1992); the extension is observed up to 
more than 4" from the star. Then, these 
observations definitely dlsmiss the 
models with large grains (> 10 prn), 
which, at 4" from the the star, would 
have a blackbody-like temperature af 
70 K, too low to be observed at 10pm. 
Another tntereeing feature is the mor- 
phology of the disk, which appears 



asymmetric. The asymmetry seems too 
wide in size to be due to the emission of 
a cold companion, but could be 
accounted for by the presence of a 
planet on a slightly excentric orbit, able 
to generate arc-like structures in the 
dust disk (Roque et al., in press). The 
other possible dust trace generated by a 
planet, a void of matter, is not apparent 
on Figure 1. But the brightness of the 
disk seen on Figure 1 is (schematically) 
the result of 2 parameters: the dust den- 
sity number and the dust temperature. 
Modelling the dust temperature, we 
found a temperature induced brightness 
gradient steeper than observed, so that 
a deficiency of matter towards the star is 
needed, even if the brightness is still 
increasing (Lagage and Pantin, sub- 
mitted). 

Note that thanks to the Richardson- 
Lucy deconvolution algorithm, we were 
able to resolve the disk structure at the 
level of one pixel. That means that a 
better sampling of the diffraction pattern 
would make sense. An improvement in 
this direction could be easily achieved 
by upgrading TlMMl with the new 
128x192 Si:Ga detector array under 
manufacturing at the LETI/LIR (Lucas et 
al., in press) and whose pixel size will be 
of 75 x 75 pm2, instead of 100 x 100 pm2 
for the actual detectors. Note also that 
the reference for the point spread func- 
tion has to be taken not too far away 
from the object, because the aberra- 
tions (decentring coma . . .) of the 3.6-m 
telescope in the f/36 configuration, of 
the order of I " ,  depends on the tele- 
scope position (Gilliotte, private com- 
munication). 

Another promising candidate to im- 
age in the MIR is 51 Oph. Indeed, the 
lOym emission from this object is large 
(10 Jy) and almost entirely due to ther- 
mal radiation of dust (Cote and Waters 
1987). Furthermore, from similarities be- 
tween the gaseous optical and ultra- 
violet lines detected around fi-Pic and 
51 Oph, it was concluded that the 51 
Oph dust was probably in a disk-line 
structure seen edge-on, like the fi-Pic 
structure (Lagrange-Henri et al. 1990, 

Grady et al. 1993), which makes the 
detection easier. But the object has the 
disadvantage of being far away from us 
(70 pc). Nevertheless, given the size of 
the [&Pic disk observed, it was worth- 
while trying to image the 51 Oph dust. 
The observations were conducted in 
June 1993. After data analysis, we were 
able to image a dust envelope. . . but 
that of a-Sco, the reference star! This 
observation is encouraging for the pro- 
grammes aiming at studying the dust 
around late-type stars (Mekarnia, pri- 
vate communication); but this is another 
subject. Fortunately, we always observe 
two reference stars; the second refer- 
ence star was point-like. Oph 51 also 
appears point-like; nevertheless, the 
negative result led to interesting con- 
straints on dust disk models (Pantin and 
Lagage, in preparation). 

We have now observed all the few 
main-sequence stars of the southern 
hemisphere with a large 10ym excess. 
(The last data, obtained in December 
1993, are not yet fully reduced). We are 
now observing stars with a much fainter 
excess, but which are nearby, so that 
we can still expect a detection. How- 
ever, for two reasons the best window 
for detecting new disks is not the 10km 
window, but the 20pm window, even 
though it has a poorer atmospheric 
transmission than the 10b~m window: 
first, most of the star disk candidates 
exhibit a sizeable excess only beyond 
10ym (Aumann and Probst, 1991); sec- 
ond, the 20ym radiation is emitted by 
grains twice cooler than the grains de- 
tected at 10ym; these grains are at least 
4 times more distant from the star, 
which is more than enough to compen- 
sate for the loss in diffraction-limited 
angular resolution. The 17ym channel of 
TIMMI, with a sensitivity more than an 
order of magnitude worse than ex- 
pected for a good 20pm camera, is of 
no help for the kind of programmes dis- 
cussed here. The weather conditions at 
La Silla may not be good enough to 
justify an ESO investment in a 20ym 
camera. On the contrary, Paranal is a 
promising site for 20pm observations, 

so that a 20pm channel is an indispens- 
able complement to the lOpm channel 
of the Mid-Infrared instrument under 
study for the VLT. We can anticipate a 
large use of this window for all the pro- 
grammes dealing with dust around 
stars, whatever their evolutionary stage: 
young, main-sequence or late-type. 
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NTT Observations of Obscured Globular Clusters 
S. ORTOLAN/, Universita di Padova, Italy 
E. BICA, Universidade Federal do Rio Grande do Sul, Brazil 
B. BA RBU \/: Universidade de SZo Paulo, Brazil 

The bulge of our Galaxy contains a centre. At the Galactic plane, the extinc- "windows"), such as the Baade Win- 
number of globular clusters hardly ob- tion may amount to more than Av=30 dow, have been known for some time 
servable due to the high obscuration magnitudes. A few clusters and fields and can be easily observed. More re- 
close to the direction of the Galactic located in regions of low extinction (or cently, however, a number of very ob- 
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ever, much better than our previous 
1.6 best value obtained at the Danish 
telescope. Also the reduction tech- 
niques contribute to the improved re- 
sults. The relatively new Daophot II and 
Allstar codes, installed in Midas in 1991, 
were used for our new fields. These 
reduction programmes are much better 
than the "old" Daophot I, mainly be- 
cause of the more accurate treatment of 
the mathematical deconvolution of 
crowded stellar images and the im- 
proved point spread function (which is 
the mathematical function of the stellar 
shape). From the features of our new 
diagram it can now be verified that Pal 6 
is in the class of bulge metal-rich globu- 
lar clusters (Ortolani et al. 1990, 1992). 
Pal 6 has a reddening A" = 4.3 magni- 
tudes and can be studied in the V band. 

Liller 1 was observed during the same 
observing run and reduced with the 
same technique. It is so heavily ob- 
scured that its brightest giants are at the 
detection limit in V. Clearly, for this kind 

O '. 3. O 3. 4. 4. 5. O 5. '. O of globular clusters, the observations u- I must be shifted to bands farther in the 

Figure 1 : V vs (V-I) Colour-magnitude diagram for Palomar 6. red. Indeed we have been able to study 
the CMD of Liller 1 in I and Gunn z with 
the NTT and the above-described 
equipment. The results are shown in 

scured clusters could be identified, and proved quality of the new results. The Figure 2 for a circular extraction of r < 
colour-magnitude diagrams (CMDs) can photometric quality is better and the 35" centred on Liller 1. The z mag- 
be built using near infrared bands like, diagram deeper. This is due mainly to nitudes are instrumental. The giant 
e.g., I and Gunn z (which are less the high optical quality of the N T  im- branch is clearly detected and the CMD 
affected by interstellar reddening) corn- ages, even if the seeing at the time of reaches the horizontal branch level at 
bined to sophisticated technology avail- the observations of Pal 6 was not excel- I= 19.9. The giant branch indicates a 
able at the N-. The study of these lent (around 1" FWHM). This is, how- very metal-rich cluster, because 
clusters is important because they are 
possible tracers of the bulge population. 

Such is the case of Liller 1, a very 12.0 
obscured globular cluster, discovered 
by Liller (1977) as the optical counter- 13.0 
part of the X-ray source MXB 1730-33. It 
is seen projected very near to the galac- 14.0 
tic centre direction at galactic coor- 
dinates 1=354.81°, b= -0.16" and an 15.0 
inspection of the ESO R plates shows 
that it is among the faintest known 16.0 
globular clusters or globular cluster 

17.0 candidates in the Galaxy. 
Another example is shown in Figure 1, 

where the V vs (V-I) CMD for Palomar 6 , 18. 0 
is shown, to be compared with a previ- - 

19.0 ous diagram obtained by Ortolani (1986) 
from observations with the Danish 

20.0 1.5-m telescope. Using the N IT  tele- 
scope, we could reach the giant branch 
and horizontal branch of this cluster (at 21.0 

V=19.7 and V-I=2.7), while only the red 
giant can barely be seen in the previous 22.0 

diagram. 
The new observations were made at 23.0 

the red arm of EMMI. A LORAL front- 
illuminated CCD (ESO # 34) with a pixel 24.0 
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size of 15pm (0.35") was used. The -1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

CCD array has 2048x2048 pixels, from 
I -Gunnz 

which only the central 500x500 were Figure 2: 1 vs (I-z) Colour-magnitude diagram for a circular extraction of r < 3 5  centred on 
extracted and reduced. Notice the im- Liller 1. The z magnitudes are instrumental. 



Figure 3: Colour-magnitude diagram for the field near Liller I, of size - lO'x8' containing 
20,000 stars. 

metallicity effects are seen also in these are little affected by blanketing in less 
near-infrared bands, which otherwise metal-rich clusters. 

Another important result can be seen 
in Figure 3 where we show the CMD for 
the whole field of size - 101x8' contain- 
ing about 20,000 stars, which is pro- 
vided by the present equipment. In ad- 
dition to the strong main sequence, the 
bulge field GB and HB are observed. 
Note the similarity of the latter compo- 
nent, in terms of values and morpholo- 
gy, to Liller 1. We conclude from this 
similarity that Liller 1 is located at the 
distance of the bulge bulk stellar popu- 
lation (close to the Galactic centre) and 
present similar metallicity. An interesting 
future project would be high-resolution 
spectroscopy of giant members for bet- 
ter metallicity determination of stars in 
the inner bulge. As such stars have I = 
18 magnitudes, one clearly will need 
telescope apertures such as that of the 
VLT. New, direct image observations 
in the cores of these clusters are also 
planned with the WFPCll of Space Tele- 
scope. 
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Fine Structure in the Early-Type Components in Mixed 
Pairs of Galaxies 
L. REDUZZI, R. RAMPAZZO, Osservatorio Astronomico di Brera, Italy 
J. W SULENTIC, University of Alabama, U.S.A. 
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Elliptical galaxies were once viewed 
as the simplest of the forms assumed by 
stellar aggregates in the universe. Many 
observational discoveries in the past 15 
years have altered this simple viewpoint. 
Both kinematic and morphological com- 
plexities are rapidly becoming the rule 
rather than the exception when ellipti- 
cals are studied closely. We describe 
here a new observational study of fine 
structure in elliptical members of binary 
galaxy systems. The structure is not al- 
ways obvious in raw images because 
the smooth contribution from the stellar 
component is so strong. We consider 
techniques for enhancing these clues 
into the structure and evolutionary his- 
tory of elliptical galaxies. 

I. Introduction 

One of the competing explanations 
for the origin of (many or all) elliptical 
galaxies views them as merger pro- 
ducts. Fine structure, such as the shells, 
ripples and X-structure observed in 
many ellipticals, is considered by some 
as evidence for merginglaccretion 
events. An objective definition of what 
constitutes a merger product must 
await a better understanding of the 
phenomenon and its frequency of 
occurrence. Even allowing for a large 
uncertainty in the numbers, it seems 
that a link exists between observed fine 
structure and other suspected sig- 
natures of past interaction, such as 

kinematically decoupled cores, unusual 
UBV colours and X-ray emission. 
We are interested in the structure of E l  
SO galaxies that are paired with spiral 
galaxies in so-called mixed morphology 
pairs. The existence of physical pairs of 
mixed type was questioned until recent 
optical and FIR studies showed that 
considerable numbers nlust exist. We 
are interested in comparing the proper- 
ties of galaxies in such pairs with iso- 
lated galaxies of similar morphological 
type. We are searching for evidence that 
the morphology difference of galaxies in 
mixed pairs might be due to secular 
evolutionary effects related to periodic 
encounters with the close companion. If 
many of the structural peculiarities now 



found in ellipticals can be ascribed to 
interaction, then we might ex* an 
even greater frequency of occurrence in 
binary systems. The problem is, of 
course, detecting and enhancing such 
fine structure. 

Figure 1: Upper kf4 Original image of E5M-01 (&r= 13-28). This galaxy (with 172-3275 km 5-7 
is paired with the spiml E508-02. (Upper right) €508-01 with model subtmchn. No substruc- 
ture is obwved. (LM -1 math of ellipfciit): twist in^ and imhoa l  shape derived from 
the model used in fhe above subtractim 

We adopt a modelling technique in 
order to study the flne structure In the 
early-type components of mixed pairs. 
A galaxy is modelled udng the photo- 
metric and geometrical information &- 
tained from an iscrghotal fitting al- 
gorlthm. We find that the frequency of 
occurrence of shells and X-mcture 
appears to be lower than that found In a 
sample of relatively isolated ellipticals 
(Schweizer 1992). A true deficit may im- 
ply that pairs undergo fewer tow mass 
accretion events or that fine structure is 
destroyed rather than created by in- 
teraction. 

II. The Sample 
Our primary sample of mixed pairs 

was selected from the southern sky us- 
ing criteria similar to those employed In 
complling the CPG (Karachentsev 1972; 
Sulentic 1989). The original sample was 
extracted from the Lauberts and Vaten- 
tijn (1989) catalogue. The working sam- 
ple includes pars of galaxies that are 
isolated and that show a maximum 
component size ratio of four to one. The 
IRAS detected members of the southern 

sample with known redshift have also 
been obsewed in CO with SEST (Com- 
bes at al. 1993). The enhanced FIR and 
CO emission detected in that sample 
gives us confidence that we are dealing 
with physical binaries and multiplets. 
We have recently supplemented our ; 
southern sample with 168 northern mix- 
ed pairs that were Imaged at KPNO by 
N. Sharp and JWS. 

We have imaged 16 of the southern 
mixed palrs (and 3 early-type pairs) with 
the 90-cm ESO-Dutch telescope at La I 
Silla (Chile) tfimugh B, V and R Besset 
filters. We used a 512x512 CCD (# 33) 
with 27pm pixels and a s~ale of 0.44 , 
arcssc prl. Typical exposure times 
were 7'10 mln in R, 20 min In V and 45 m h  
in B. A set of standard stars was ob- 
served for photomtric callbtation. 
Combimed with a previous angle 
(Rampno & Sulentic 1992) observed 
with the 2.2-m ESU telescope we now 
have imaging data for a total of 41 pairs 
which include 45 early-type galaxies. 
The 2.2-m sample was taken from a 
mixed pair catalogue compiled by one 
of us from visual Inspection of the ESO/ 
SERC sky survey. Only three of the pairs 



Figure 2: (Lev Original image of AM 2312-511. (MMdle) Ths pair after model subtraction. (77bht) The pair affer s u b w o n  from the mainal 
Image of a 89x69 pixel low pass modd (with 5 x 5  plxel boxcar smthing). 

with known redshift are above 10,000 
kms-'. A complete photometric analysis 
is In ptogress but we want ta report here 
on the search for substructure In the 
early-type components. 

Ill. Rne Stmcture Detection 
Fine structure near the centre of an 

elliptical galaxy is usually many orders 
of magnitude less intense than the stel- 
lar component. The essential secret to 
revealing and enhancing R lnvolves an 
understanding of the spatial frequency 
distribution in an Image. If we were to 
take the 2D Fwrier Transfom of an 
image, we could represent the spatial 
frequency content of an Image by Its 
power spectrum. White noise dominates 
at the highest frequencies while galaxy 
structure and large scale background 
variations dominate the low and inter- 
mediate frequencies. Fiat fidding will re- 
move most of the instrumentally in- 
duced background variations. Removal 
of the low spatial frequency galaxy com- 
ponent in the Fourier domain would in- 
volve filtering of weighting the power 
spectrum so that the low frequencies 
are removed or underrepresented. Re: 
transformation into real space will yield 
an image displaying only higher spatial 
frequency structure (if it is present). Fil- 
tering In the Fourier (linear spatial fre- 
quency) domain is not a trivial task how- 
ever. Modification of the power spec- 
trum usually results in the introduction 
of unwanted artifact that greatly com- 
plicates interpretation of the data. It is 
almost always preferable to use filter or 
modelling tools In the non-linear real 
space domain rather than in tt-te Fourier 

ABLE I. Early-iyp member of pairs showing shdures 

Other 
[dent. 

E471-471 
E471-470 
E412-07 

E541-240 
€541-241 

Notes 

Tidal 
origin 

One 
dlstortd 

Small central 
disk 

Uncertain 

Uncertain 

SO+Spiral 

Ban, 
Small galaxies 
supedmposed 

Spiral? 

Spiral-like 
or jet-Hke 

TIdal Orlgln 
Tldal Orlgln? 

Multlple object 
Comp, 

peudo-splral 

Contamlnatlon 
by a star 
Triplet 

Triplet 
I I I I I I I I I  

Note: Morphological types are determined frwn lnspsctbn of We CCD frame. Column6 are: (1) Ripples, 





Figure 4: An example of X-stntcfum found at the centre of €556-13, 
the early-type component of a non-hierarchical mixed pair: Note the 
two typical brightness enhancements at the opposite ends of the X- 
structure also visible in IC 4762 

to the possibility of false structure re- 
lated to artifact produced by the model 
subtraction. The average apparent mag- 
nitude of the detected objects was 
&= 14.5. Table 1 and Figure 3 sum- 
marize the results of our structural anal- 
ysis. X-structure is one of the less We- 
quently observed forms of fine struc- 
ture. IC 4767 is the prototype of *hi$ 
structural class (Whitmore & Bell 1988). 
Figure 4 shows the clear presence of X- 
structure in the centre of the early type 
galaxy E556-13. It is the only example in 
our sample. X-structure has been attri- 
buted to a phase mixed population of 
stars (Binney & Petrou 1985) and can 
apparently also be created by internal 
phenomena (see Merrit & Hernqulst 
1991). Related to X-structure we notice 
an isophotal boxy structure. 

figure 5 shows an example of an ear- 
ly-type galaxy with incipient spiral or jet- 
like structure. This is visible in all the 
photometric bands we studied. Most of 
the "tail" features appear more indica- 
tive of ongoing tidal interaction than as 
remnants of a past merger event (as in 
NGC 7252). Two cases, E605-05 and 
El13-42, show tails more suggestive of 
a merger in progress (they are imaged in 

Figure 5: Fine structure in E123-11. The structure is reminiscent of 
incipient spiral arms. It appears very sharp at the centre and then 
widens and becomes more diffuse towards the outskirts. 

Rampaizo & Sulentic 1992). We ob- 
sewed both of these "E+S" examples 
because the tall features suggested tha 
presence of a splral member on the ESO 
sky survey. EB05-05, In particular, 
appears to be a triplet or compact group 
In the process af coalescence. 

Considering all fine structure (shells, 
tails, jets, X-structure, dust lanes and 
patches) we find a detection percentage 
(sea Fig. 3)that is simllarto the one found 
for a sample of isolated galaxies 
(Schweizer 1992). Our result must be 
considered preliminary untll we have 
controlled it with a well matched isolated 
sample. Our sample is fainter on average 
than the isolated sample we arecompar- 
lng ourselves with, so we cannot rule out 
the possiblilty that we have miss- 
ed fine struoture In some of the fairrter 
gataxies. Our results suggest that early- 
type galaxies In pairs show no more fine 
structure than field objects. We think 
that our percentage Is an upper limlt 
considering the sub]eetlvlty exlstlng in 
the classificatlon/identificaiion of vari- 
ous and faint features, It should also be 
taken into account that the percentage 
Is clearly augmented by tall features that 
are a direct result of tidal effects rather 

than mergerlaccretion events. If we 
consider features like shells/ripples (= 
20 %) or X-structure (2 %), we actually 
flnd a deficit compared to the Schweizer 
sample, on average, by a factor of three. 

We believe that correction for the 
effect of our fainter sample Is unlikely to 
reverse this deficit. This is all the more 
surprising because the frequency of 
other features agrees very well wlth ln- 
dependent samples and environments. 
For Instance, we find evidence for inter- 
nal dust tanes tn 37 % of our sample 
which is consistent both with Schweizer 
(1992) and Ebneter et al. (1988). We 
would Hke to make a few prsllmlnary 
inferences. If shells/ripples are created 
by interaction with a companion as sug- 
gested by Thomson &Wright (1990), we 
woutd expect to find an Increase of such 
features in an Interacting sample. Slnce 
we do not, we are forced to reject this 
hypothesis. One way out would be to 
argue that Interaction would destroy fine 
structure after a relatively short period of 
time. The same argument is valid also In I 

the case of X-structure, the lack of an 
interaction related e m s  may indicate 
that such features are due to Internal 
processes. I 



References 

Binney J. and Petrou M. 1985, M.N.R.A.S., 
214, 449. 

Capaccioli M., Piotto G. and Rampazzo R. 
1988, Astron. J., 96, 487. 

Combes F., Prugniel P., Rampazzo R. and 
Sulentic J.W. 1993, Astron. & Astrophys., 
in press. 

Ebneter K., Djorgovski, S.B. and Davis M. 
1988, Astron. J., 95, 422. 

Forbes D.A. and Thomson R.C. 1992, 
M.N.R.A.S., 254, 723. 

Karachentsev I.D. 1972, Comm. Spec. Ap. 
Obs. 7, 1. 

Jedrzejewski R.I. 1987, M.N.R.A.S., 226, 747. 
Lauberts A. and Valentijn E.A. 1989, The Sur- 

face Photometry Catalogue of the ESO- 
Uppsala Galaxies, ESO, Garching. 

Merritt D. and Hernquist L. 1991, Ap.J., 376, 
439. 

Prieur, J.-L. 1989, in Dynamics and Interac- 
tion of Galaxies, ed. R. Wielen, Springer- 
Verlag, p. 72. 

Rampazzo R. and Sulentic J.W. 1992, Astron. 
& Astrophys., 259, 43. 

Schweizer F. 1992, in Structure, Dynamics 
and Chemical Evolution of Elliptical galax- 
ies, eds. I.J. Danziger, W.W. Zeilinger and 
K. Kjar, ESO/EIPC, p. 651. 

Sulentic, J.W. 1989, Astron. J., 98, 2066. 
Sulentic, J.W., Arp, H. and Lorre, J. 1985, 

Astron. J., 90, 522. 
Thomson R.C. and Wright A.E. 1990, 

M.N.R.A.S., 224, 895. 
Whitmore B.C. and Bell M. 1988, Ap.J., 324, 

741. 

Contribution of the ESO Adaptive Optics Programme to 
Astronomy: a First Review 
J.L. BEUZIT7, B. BRANDL', M. COMBES', A. ECKART', M. FAUCHERRE~, 

' Observatoire de Paris and Universite Paris VII, France; Max-Planck-lnstitut fur Extraterrestrische Physik, 
Garching, Germany; ESO; Observatoire de Grenoble, France; Ecole Normale Superieure and Observatoire 
de Paris, France 

Since 1988, the Messenger has kept 
its readers informed [ I ]  of the steady 
progress being made in the ESO adap- 
tive optics (AO) programme. The latest 
developments have been described in 
detail [2]. We simply recall here the main 
features. ComeOn Plus [3] is an adap- 
tive system installed at the f/8.09 
Cassegrain focus of the 3.6-m tele- 
scope at La Silla. It differs from the early 
prototype ComeOn in many ways: the 
deformable mirror has 52 actuators (in- 
stead of 19); a broader temporal band- 
pass (30 Hz) is available; modal control, 
which optimizes the efficiency of A 0  for 
a given observation, is implemented, 
and a user-friendly interface (ADONIS) 
using artificial intelligence to optimize 
the use of the system in real time is in 
preparation. The mechanical structure 
has been redesigned for high rigidity, 
and the optical train allows the installa- 
tion of new elements, possibly provided 
by visitors, such as a coronograph, 
single-mode optical fiber pick-up, and in 
the future, spectroscopic capability or 
polarimetry. 

In parallel, an agreement has been 
concluded between the Max-Planck-ln- 
stitut fur Extraterrestrische Physik in 
Garching and the Observatoire de Paris 
to install and operate a copy of the 
Sharp Infrared camera used at the NlT. 
This new camera, called SharpII, is now 
on loan to ESO for Periods 52 and 53. 
ESO is planning to buy an upgraded 
version of the camera, with some new 

features, namely a Fabry-Perot spec- 
trometer (resolution ca.3,000), addition- 
al image scales and filters. This up- 
graded version will then permanently 
enhance the A 0  system. 

Originally designed as a prototype 
system to evaluate the value of A 0  for 
the VLT, the first version of Come On 
was soon being used to obtain astro- 
nomical data, but was far from being 
user-friendly. Nevertheless the remark- 
able results obtained during technical 
runs in 1992 and 1993 and the unique 
availability of such a dedicated system 
on a large telescope encouraged ESO to 
take the risk of offering this "non-ESO 
standard" instrument to a broad com- 
munity. To do so, a new staff member 
(M.Faucherre) was recruited and train- 
ed at La Silla to maintain, improve and 
operate the system, allowing visiting 
astronomers to use this new facility 
without special competence in exploit- 
ing adaptive optics. For the past eight 
months the ComeOn Plus/Sharp ll con- 
figuration has been offered to visitors 
(see announcements for Periods 52 and 
53), and the requests for observing time 
have steadily grown in number. 

As a consequence, observing pro- 
grammes of great diversity have bene- 
fited from 40 observing nights in Periods 
51 and 52, broadly covering the fields of 
planetary, galactic, stellar and extra- 
galactic astronomy. They all aim to ex- 
ploit the near diffraction limited and high 
sensitivity imaging capability of AO, 

sometimes coupled to other functions 
such as coronography or spectrogra- 
phy. We present here some recent re- 
sults in advance of forthcoming publica- 
tions. They provide a good overview of 
the variety of fields currently covered by 
the astronomers using the A 0  system 
and demonstrate the worldwide leader- 
ship obtained in Europe, as no other 
group to date is able to present such 
applications of adaptive optics to fron- 
tier astronomical problems. 

Solar System 

The minor planets Ceres [4] and 
Pallas [5] were observed successfully. 
The axis of rotation of Ceres was deter- 
mined, as well as the value of the 
ground thermal properties. Titan [5] was 
imaged in the 1.19-2.14km band 
(Fig. I ) ,  a wavelength where the stratos- 
pheric haze is transparent and the low 
altitude clouds or even the ground may 
be observed. The ultimate purpose is to 
characterize the nature of Titan's 
ground and to test the current hypo- 
thesis of a global ocean. The tentative 
image obtained during Period 51 needs 
confirmation, and these infrared studies 
will complement Hubble Telescope ob- 
servations in order to prepare for the 
Huyghens descent probe of the Cassini 
mission, planned to reach Titan in 2004. 
Examined in this band, Titan exhibits 
bright areas departing from circular 
symmetry. These may be caused by al- 



ure 1: ?ii%n, satellite of Saturn, observed in the i.96-2.14 p 
band with adaptive optidSharpl1. The PSF was deteRnin& on e 
star a few  mi^& bdbre. .$be &emdon and b 0.18" wide. 

Figure 2: An Image of the muMpla star Sanc(uI88k -&Y4i in the 
LMC, obtained In Nomber  1993 with adaptive optlcs/Sharpll at 
2.2p-n. The M d  is 6x64 nmth is up, east M. 7?w PSF is 0.W wlde, 
as detmlned indepndently. Thb is a raw Image, not yet upgrad& 
by resturatlon methods. 738 pfcture shows mainly the bAghtmf 
ownponent in iha prevlwsly resolved du~ter. A is now resolved into 
several previously unknown cwnponents. 

bedo variations at the su*ce or by the object 11 Carinae P] (Fig.3) has been an to determine with accuracy the relative 
low atmospheric cloud structure. object of Interest. q Carinae was ab- position of the Infrared core with regard 

sewed early in the A 0  programme (April to the multiple object discovered earlier 

Stellar Astronomy 1991) and demonstrated the mapping In the visible by WeigeR with speckle 
capability of relatively extended objects interferometry. The infrared detailed 

The detailed structure of rn~lsslve (6 x 6'9 when the central souroe is bright, core map confirms the bipolar structure 
stars was first examined with optical New obsewations are planned in 1994 observed at larger scale (30")~ the 
speckle Interferometry, aiming to re- 
solve assumed sup~masslve objects 
into multiple systems. One of the very 
massive stars, Sanduleak-6P41 in the 
Large Magetlanlc Cloud, was believed 
before 1988 to be over 120 times more 
masslve than the Sun. However, obser- 
vations conducted in 1988 [6] wlth the 
ESO 22-m resolved the assumed star 
into a. tight duster of slx objects, and the 
mass of the most massive object was 
lowered to 90 Mg [71. flgure 2 shows 
how the A 0  obsenrations, carried out in 
November 1993, again modify thls re- 
sult. The previous 80 Ma object has 
been resolved again and the brightest 
component will again decrease in mass. 
Establishing the upper llmft of massive 
stars is fundamental for theories of birth 
and evolution of stars, as well as for the 
determination of the cosmic scale. 

Clrcumstellar Environment 

The high wsolution A 0  imaglng of 
young stars has already led to the dis- 
covery of the disk surrounding the dose 
binary ZCMa m. 

The evidence for a circurnstellar disk 
and associated bipolar flow in the active 

Fil 3: The c s of the rl Carinae nabula obsem 1981 wit1 IW 
Gims camera. c he image &e Is 4x5- k up an0 north m me n'ght. The catour map is a 
compite of L'(3.6p-n) and M (5fii-n) bands where colwrs represent m l w r  tempmtwe blue 
is hot, red is coider). The dust tempmture is determined wlth a resolutbn of O.P6* to be 
9110-350 6 decreasing away from the central heating source. The positioning accuracy of L' 
and M maps k 30 milIiat-wec, after mmction for instrumental Mure. 



Figure 4: me Frosty Lm nebula rpost AGB 
star) observed In the K' Infrared band with 
adaptive optics/SharpIl. The field ts 6x6: 
mrth Is up and east is left. The PSF was 
&termlnsd to be 0.3" wide, despite 1.5' 
seefng due fo re18tIvely pow oBservlng con- 
dlfions, The nebula main axis Es tilted by 
-14" with w a d  to tAe ~ ~ t f h - ~ ~ ~ t h  d k -  
flon. The narrowing of the isophotes nsar the 
e q u a ~ l  plane is an Indication of the disk 
embedding the central object. The nebula is 
asymmetrk and the suspected presence of 
an unseen companion, the obvious central 
object, is on an orbit 0.25" away from the 
wct amire. Exposure time 300s. 

HST and gives hints on sporadic ejec- 
tion of matter which may be related to 
the ultrabrlght event of 1843. 

An object of particular int- b the 
evolved post Asymptotic Giant Branch 
bipolar source Frosty Leo (Fig. 4), where 
evidence for a disk seen edge-on was 
previously complemented by the de- 
monstration of the dust-to-gas relative 
velocity. Adaptive optics imaging of this 
source in April 1893 allows us to identify 
and precisely locate the central star [ID]. 
Its excentric position, relative to the 
accurately positioned nebula isophotes, 
strongly suggests that a binary system 
is at the origin of the disk and bipolar 
structure. In addition, knowing from pre- 
vious measurements the propagation 
velocity of the ejected shell (10 k d s ) ,  it 
is possible to derive the position of the 
emitting abject from the isophote cen- 
troid position. It Is remarkable that the 
positions of these centroids regularly 
move and give hints on what could be 
the orbit of the emitter. This orbit fits 
with the current position of the observed 
star and a companion mass (ca. 6 b) 
may then be derived. 

Many current programmes deal with 
bipolar flows and jets, circumstellar 
disks around young or evolved stars, 
etc., where the superior resolution of A 0  
becomes extremely valuable. 

Star Clusters 
The possibllii to resolve rich fields of 

stars with 0.1" resolution has two ad- 
vantages: by reducing the background 
and concentrating the energy, it in- 
creases the sensitjvity and by sharpen- 
ing the image it reduces confusion. 

Figure 5: The R138 region In the Large 
Magellank Cloud 30 Ooradw nebula, Im- 
aged at 22pm by adapfive qpfi&Aarpll. 
77-m resolution is 0.2" W M ,  north is up and 
east left. The soale is indicafed. Fainter &rs 
In ihe cluster may be either 08 stars or 
peAaps red superglants. 





stars adequate for referencing are 
selected in fields which are expected, 
from a variety of criteria, to be rich in 
remote galaxies. These fields are sys- 
tematically mapped as far from the star 
as possible, given the size of the iso- 
planatic field (usually 20-30", depend- 
ing on the seeing, the amount of ex- 
pected correction and the wavelength of 
operation). 

In the beginning phase of this pro- 
gramme two galaxies were observed in 
K in the cluster J1836.3CR at a redshift 
z = 0.42 [13]. The spatial resolution is 
0 . 4  and the galaxies are clearly re- 
solved (Fig.7). Their integrated mag- 
nitudes are K=15 and K=18. The V-K 
colours indicate the brighter source to 
be an elliptical and the fainter a spiral 
galaxy, as confirmed by the examination 
of the clearly visible shape of the im- 
ages. This programme will be pursued in 
a systematic way in order to determine 
the colours and morphological types of 
remote galaxies. 

The ESO Adaptive Optics system was 
initially conceived as a technological 
prototype. Its performance now makes 
it a valuable tool whose uses will con- 
tinue to grow and fully exploit the excel- 
lent seeing of the 3.6-metre after the 

recent improvement of the dome ther- 
mal control. It is hoped that this continu- 
ous operation and scientific productivity 
shall ease the design and operation of 
the A 0  system@) on the VLT for a broad 
community of astronomers, especially 
as regards the ground follow-up of the 
Hubble Space Telescope and of the IS0 
satellite mission to be carried out be- 
tween 1995 and 1997. 

Many other aspects of adaptive op- 
tics need to be covered in the future, if 
possible before the VLT system(s) are 
put into operation: infrared wavefront 
sensing (possibly reaching magnitudes 
mK=8-lo), improved wavefront sens- 
ing at visible wavelengths using ultra 
low noise, fast readout CCDs (reaching 
m,=17-18 for low-order A 0  correc- 
tion), understanding the detailed prop- 
erties of turbulence and its associated 
optimized correction [14]. And this is 
without speaking of laser artificial stars, 
which could easily be tested and put 
into operation, after proper study of 
stray light effects, on the powerful 
ComeOn PlusIAdonis system. 
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OTHER A S T R O N O M I C A L  NEWS 

P. BENVENUT1, ST-ECF 

At its last meeting in December, the 
ESO Councll approved the proposal by 
the Director General for the constitution 
of a new Data Management Dlvlsion. 
The purpose and scope of this new dlvl- 
sion are not totally new to ESO: it will 
have under its responsibility the support 
of those activities which produce, pm- 
cess, store and distribute sclentlfic data 
and information, all tasks which are al- 
ready carried out by different groups in 
ESO. The rationale for the reorganiza- 
tion of these activities within a division is 
based on the recognition of their grow- 
ing importance in the operation of an 
observatory and on the consequent 
need for a better coordination among 
them and for a more rigorous link be- 
tween them and the requirements of the 
users of complex modern telescopes, in 
the case of ESO of the refurbished MT 
and of the VLT. 

It is becoming evident, particularly 
from the experience of operating space 
observatories, that the various tasks 
and services which an observatory has 
to perform and offer in support of its 
users community, cannot anymore be 
considered in isolation, rather they must 
be seen in the context of an end-to-end 
model of operation. According to this 
model, which is schematically shown 
below, the information and the science 
data should flow transparently from the 
preparation of an observing proposal, 
through the observation, calibration and 
reduction up to the storage of the data 
into the archive. 

The user should be able to access this 
informatlon at any time, possibly re- 
motely via computer: for example, when 
retrieving a set of public data from the 
archive, she or he should be able to 
access at the same time the abstract of 
the proposal to which the data belong, 
as well as the performance of the instru- 
ment at the time of the observation, the 
relevant calibration data and pro- 
cedures and any other related informa- 
tlon whlch can be useful for a scientific 
exploitation of the archive. Similarly, a 
user who intends to submlt an observ- 
ing proposal should be able to obtain 
up-to-date lnformation about all the 
ESO telescopes and instruments and 
possibly perform realistic simulations of 
her/his obsewatlons, or retrieve similar 
relevant data from the archive. These 
latter requirements wlll become essen- 

tial If, as it Is planned for the refurbished 
NlT and for the VLT, part of the obser- 
vations will have to be performed in 
service mode. In this case the obsewa- 
tory should also have available tools for 
real-tlme scheduling of observations 
according to thelr priority and to the 
prevailing meteo and seelng conditions, 
even if they belong to different proposals. 

The new Data Management Division 
will have to provide the support for the 
imgfementation of this end-to-end 
scheme of operation, with the notice- 
able exception of the data acqulsitlon 
processes and telescope control which 
is the task of a specific group in the VLT 
Division and with which the Data 
Management Division has an important 
interface, 

The high-level requirements which will 
be used as a guide for planning the 
Division activity can be summarized as 
follows: 

Users shall have access to complete 
and up-to-date information on all 
ESO facilities. This information shall 
be offered using state-of-the-art 
technology and, if network capacity 
permits, shall be accessible remotely. 
There shall exist software simulators 
for the major ESO observing facilities. 
Tools for remote proposal entry shall 
exist. These tools shall be designed 
to include sercive observing mode. 
A flexible scheduling system, whlch is 
capable of quasi real-tlme reschedul- 
ing, shall exist. 
Quick-look tools shall be available to 
the users of the telescope and of the 
archive for real-time evaluation of the 
scientific quatlty of the observations, 
The user shall be able to compare, in 
real time, her/his observations with 
simulations and with existlng data ex- 
tracted from the archive, 
Reduction and calibration procedures 
and their software implementation 
shall exist for each observing mode of 
the ESO facilities, ESO shall define 
the standards for the development 
and implementation of this software 
and coordinate and monitor its de- 
velopment when this Is done by third 
parties. 
Calibration plans and calibration 
databases shall exist for each observ- 
ing mode. 
ESO shall maintain knowledge and 
expertise on the state-of-the-art data 

analysis systems and offer limited 
support to the users on their utilina- 
tion in the analysis of astronomical 
data. 
ESO shall develop advanced meth- 
ods for the analysis and interpretation 
of astronomical data. 
All scientific data shall be archived 
together with the lnformation which b 
needed for their scientific use. 
Users shall be abie to browse through 
the archive and retrieve public data. 
ESO shall be a European focal point 
for astronomical applications of ad- 
vanced software techniques. 
It is quite clear that these require- 

ments are very demanding and that their 
Implementation, given the limited 
manpower currently available, should 
be carefully planned in a staggered 
schedule according to priority, At the 
time of writing, this prioritization analy- 
sis has just started and it will be pre- 
sented in detail in a forthcoming issue of 
the Messenger. We can however indl- 
cate here the guidelines along which the 
main activities of the division will unroll, 
In order to obtain a better coordination 
and control, four groups have been 
formed within the new division: Obser- 
vation Support and Data Management, 
Science Data Analysis, Computer 
Management and Operations, Ad- 
vanced Systems and Planning. 

The long-term goals of the first group, 
led by Miguel Albrecht, Is to imptement 
an environment, based on advanced In- 
formation handling techniques, which 
allows a user to efficiently prepare an 
observing proposal. Within this environ- 
ment the user, starting from a scientific 
idea, should be able to consult the Ilter- 
ature on the subject, extract the fields 
containing the objects of interest, iden- 
tify guide stars and pointing strategies, 
browse through exlsting data and ob- 
servations of the same type of objects, 
identify the ESO instrument whlch Is 
best suited for the specific scienm, ex- 
periment with the instrument simulator 
In order to optimize the exposure time 
and the obsewlng procedures, fill and 
submit the observlng proposal. Current- 
ly, the highest priority is given, In close 
collaboration with the MlT Group, to the ' 

definition and implementation of a caii- 
bratlon plan for the EMMl and SUSl 
instruments and of the procedures for 
monitoring their performance. Another 



Proposal n A possible end-to-end model 
f Selection k 

Instruments 
Handbooks 
& Simulators 

important activity of the group is the re- 
definition of the tools for the submission 
and handling of observing proposals, 
following the requirements of the NTT 
refurbishment plan and of the new Ob- 
serving Programmes Committee. 

The Science Data Analysis Group is 
led by Preben Grosb~l,  who is also the 
Deputy Head of the Division, and it is 
essentially the previous Image Process- 
ing Group which has a long and suc- 
cessful tradition in the development of 
Data Analysis Systems. One of its tasks 
will continue to be the maintenance of 
the MlDAS system. However, its activity 
is now focussed on the definition and 
implementation of reduction and cali- 
bration procedures for all ESO instru- 
ments, both for those in operation and 
those under development for the VLT. 
Similarly, in collaboration with the VLT 
Software Group and the Operation 
Group at La Silla, the tools and pro- 
cedures for a quick-look analysis of the 
observations will have to be defined 

and implemented for each instrument. 
The tasks of the Computer Manage- 

ment and Operations Group, led by 
Peter Dierckx, are rather obvious and 
certainly not new. The change is rather 
in scope, since the group will take under 
its responsibility the management of all 
the different local area networks in ESO 
with the exclusion of that used by the 
Administration. A number of rationaliza- 
tions and standardizations are planned 
which should result in an overall im- 
provement of the service. 

The last group, Advanced Systems 
and Planning, is led by Joseph Schwarz 
and has the broad (and ambitious!) task 
of keeping ESO on the forefront of com- 
puters and software evolution. It should 
monitor the development of systems in 
different areas and propose their appli- 
cation to specific ESO activities. The 
first output of this group, the manpower 
of which is drawn from all groups in the 
division and also elsewhere in ESO, will 
be a medium long term plan for the 

The ESO Library lnformation System 
U. MICHOL D, ESO Library Garching 

evolution of hardware and software at 
ESO. 

The main problem which is affecting 
all groups is the severe shortage of 
manpower when compared with the 
tasks which should be fulfilled: as men- 
tioned before, we will try to cope with 
this difficulty by proper prioritization and 
rationalization of our activities. In par- 
ticular we could foresee a more effective 
integration of similar ESO and ST-ECF 
tasks, following the successful example 
of the development and operation of the 
archive. Also, several astronomical pro- 
jects are currently tackling problems 
which are similar, if not equal, to those 
faced by ESO for the operation of NTT 
and VLT: whenever possible we will try 
to establish effective collaborations 
which, as it was shown in the case of the 
archive joint development with the ST 
Science Institute and with the Canadian 
Astronomical Data Centre, can save re- 
sources and avoid unnecessary dupli- 
cation of effort. 

Since November 1993, the automated so-called lnformation Desk offers lists of brief ESO Libraries Online Catalogue in 
ESO Library lnformation System is avail- new acquisitions, and users can enquire a Nutshell and the more detailed ESO 
able to the public. At present, it provides about their User Status, i.e. view the User Guide to the Online Catalogue. 
access to three components: The Li- items they have on loan. Following is a short introduction to the 
brary Catalogue can be searched, the Two user guides are available: The system. If you are interested in further 



information or would like to obtain the 
user guides, please contact the libra- 
rians at the Main Library in Garching 
(esolib@eso.org on the Internet). 

1. How to Access the ESO Library 
lnformation System 

The Library lnformation System is in- 
stalled on ESO's libhost computer. 
From within ESO, you can reach the 
machine by using one of two different 
logins: 

rlogin -I library libhost (defaults refer 
to Main Library, therefore it is the 
recommended login for users in 
Garching) or 
rlogin -I lslib libhost (defaults refer to 
La Silla Library, recommended for us- 
ers in Chile). 
X-terminal users from within ESO will 

find it convenient to bring up a window 
with the library system by simply 
pressing the left mouse button and 
choosing the LIBRARY option from the 
root menu (defaults will refer to Main 
Library). 

From outside ESO, you can telnet into 
the system: 

telnet libhost.hq.eso.org 
login: library or login: lslib 
Once you are connected, please 

specify the terminal type you are using 
by selecting from the list presented. Us- 
ers of PCs probably will have to choose 
the vt100 terminal type. 

2. The Library Catalogue 

2.1 Which Library items can be 
found in the Catalogue? 

The ESO Libraries Online Catalogue 
contains all Books, Journals, Standards, 
CD-ROMs, Diskettes, Microfiches, Vid- 
eo-Tapes, Slides, and Observatory Pub- 
lications available in the ESO Libraries in 
Garching (Main), La Silla, and La Serena. 

The database includes journal titles 
and the holdings of these journals that 
you will find in each of the three libraries, 
but does not refer to individual articles. 

In addition, the inventory of the ESO 
Historical Archive (EHA), compiled by 
Prof. A. Blaauw can be searched. In 
future, also Preprints received in the 
ESO Libraries will be retrievable. 

2.2. How to query the Catalogue 

The software is easy to use and main- 
ly self-explanatory. Every screen is di- 
vided into two parts: Above a dotted 
line, you find commands and options. 
You can move around in this area by 
using the TAB key and pressing RE- 
TURN or by typing the first letter of the 
option. 

Below the line the information you 
retrieved is displayed. This might be a 
list of brief records or a record in full. To 
move around here, you usually need the 
arrow keys. 

Once you have entered the Library 
Catalogue, you can specify if you want 
to query the catalogue by AUTHOR, TI- 

TLE, OTHER COMBINATIONS, etc. or 
just by any WORD OR PHRASE, which 
is usually the most convenient choice, 
because it searches the whole database 
for the search term. This option is also 
recommended if you want to look up 
keywords. Use the Boolean Operators 
AND, OR, NOT, if required (Fig. 1). 

To plck a new button, flrst return to buttons by pressing TAB(s). 
Type In the words you want to lookup below, then press ENTER, 5 truncates 
HELP GOBACK STARTOVER PRINT 
CLEAR ckm OPTIONS 

CATALOG LOOKUP BY WORDS OR PHRASE 

words or phrase ==== ) -mlammH [ -  7 - A -  l a q  - 
llbrary ==== >MAIN 

Figure 1 : Catalogue Lookup by any Word or Phrase. 

To pick a new button, press TRB or button's first letter. 
To see more about an item, enter its number, then press RETURN or ENTER. 
HELP GOBACK STARTOVER PRINT 

JUMP TO: 
BACKWARD MARK : 

YOU FOUND 16 ITEMS IN THE CATALOG 

Cullum, M.J. at: MAIN & others 
A 4-2 / 149 pubyear: 1990 

9) ESO's Very Large Telescope : 2 : 1986 copies: 1 (T.BEDDING) 
D'Odorico, S. at: MAIN & others 
A 4-2 / 112 pubyear: 1986 

10) Very Large Telescopes, their coples: 1 (MANUALS) 
Ulrich, M.H. at: MAIN & others 
CI 4-2 / 90 pubyear: 1984 

-,I 11) ESO VLT instrumentation olan co~ies: 1 (SHELVES) 
European Southern ~bserv'atoru (ESO) at: MAIN & others 

Figure 2: List of Search Results. 

To pick a new button, press TAB or button's flrst letter. 
To view the next ~tem(s) you found, press RETURN or ENTER now. 
HELP GOBACK STRRTOVER PRINT 
REQUEST: LIKE OPTIONS 
'dmm BACKWARD MARK 

THIS IS RECORD NUMBER 8 OF THE 16 YOU FOUND IN THE CATALOG 
A 4-2 / 149 

ESO class mark: A 4-2 / 149 
Title: Telescope and observatory interfaces for VLT 

instrumentation 
Publisher: Garching: European Southern Observatory. 1990 

Physlcal descrlptlon: 64 p. 
Series: ESO Very Large Telescope Project 

Serres vol no: Doc.no: TS-TlE3-1 (1) 
Editor: Cullum, M.J. 

II (Dlsplaylng 1 of 2 volumes) 

MAIN CALL NUMBER COPY MATERIAL LOCATION 

Figure 3: Record 8 of 16 retrieved is displayed in full 



Please note that the dollar-sign ($) 
must be used to truncate search terms! 

On all Catalogue Look up screens, an 
additional line allows you to specify 
whether you want to limit your search to 
items in one particular library (MAIN, LA- 
SILLA, etc.) or whether you want to 
query the whole catalogue (Library: 
ALL). 

As a result of your search, usually a 
list of brief records will be displayed. 
You will be informed about the exact 
number of items you retrieved. For each 
item, the author, title and class mark as 
well as the publication year and the cur- 
rent location are shown (Fig. 2). 

If you want to see more details of one 
particular record, place the cursor on 
this record and type VIEW. The full rec- 
ord will be displayed. If it doesn't fit on 
one screen, press the FORWARD button 
that takes you to the second page 
where you will also be informed about 
the Class Mark (Call Number), the for- 
mat (Material), how many copies are 
available and where they can be found 
(Location). In case an item is on loan, the 
name of the borrower is displayed 
(Fig. 3). 

If you are not satisfied with your 
search results, use the GOBACK or the 
START OVER button and refine your 
query. 

2.3 Marking items 

The MARK function is a preparation 
for printing or mailing search results by 
e-mail. In order to MARK items, TAB to 
the MARK button and enter the list 
number of the item you want to mark. 
Confirm by pressing RETURN. An aster- 
isk between the list number and the title 
tells you that the item has been marked. 
If you want to remove the print mark, 
just go through exactly the same proce- 
dure again or, in case the cursor is still 
placed on the item you want to unmark, 
simply press RETURN again. 

On every new screen, TAB again to 
the MARK button and proceed as de- 
scribed. Unicorn will refer to your list of 
MARKed items if you enter the PRINT 
command. 

2.4 Mailing search results by e-mail 

For further usage of your search re- 
sults, you may want to send the results 
by e-mail to your own account. You can 
do so by using the PRINT command 
button. On the PRINT screen, choose 
the PRINT SEARCH RESULTS option. If 
you MARKed particular items on the 
Lookup screen before, the system will 
default to the selected records and offer 
to print them. You can add or delete 
record numbers or just mail the whole 
list by typing ALL in this field. TAB to the 

EMAlL ADDRESS line and insert the ad- Catalogue, press the STARTOVER 
dress. Confirm by pressing RETURN button several times, until you reach the 
(Fig. 4). PUBLIC ACCESS CHOICES screen. 

From here, you may move into other 

2.5 Exiting from the Library 
Catalogue 

areas than the Library Catalogue. e.g. 
the lnformation Desk. 

If you want to leave the system com- 
If you wish to exit from the Library pletely, press STARTOVER-again. You 

a new button, flrst return to buttons by pressing TAB(s). 
any changes to the print optlons below, then press RETURN or ENTER. 

GOBACK 

I PRINT SEARCH RESULTS: 

result list ==== >1,3,4,% 

sort by ==== >AUTHOR 

type of output ==== )FORMRTTED 

'lease choose a destination: 

prlnter ==== > 
IR ernall address ==== >- 

Figure 4: Mailing Search Results by E-Mail. 

-- 

Toplck a new button, press TAB or button's flrst letter, 
Enter the number of a bulletln board headlng, then press RETURN or ENTER. 

GOBACK STARTOVER PRINT 

INFORMATION DESK CHOICES: 

2 )  New ficqu~sitions La Sllla Library 
3 )  General Inforrnatlon 

Figure 5: Options on the lnformation Desk. 

To plck a new button, press TAB or button's flrst letter. 
To see the next page of ~nforrnatlon, press RETURN or EINTER riow. 
HELP GOBACK STARTOVER PRINT NEWCOMMAND 

Ffmrim 

The Big Bang. The creation and evolution of the 
Silk, Joseph 
fl 26-1 / 30 

The early universe. Facts and fiction 
Boerner, Gerhard 
R 26-1 / 70 

La cometa di Halley dal passato a1 presente due:21/7/1994,23:59 
Maffei- Paolo 
A 15-2 / 6 2  

Figure 6: User viewing his Checkouts. 
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will be returned to the Welcoming 
screen. Choose END, and you exit from 
the system. 

3. Borrowing Items 

In order to charge items out, you must 
have an account with the library. Please 
contact the librarians if you wish to get 
one. 

Borrowing items is only possible at 
the public terminals in the libraries. 
Press the function key which is reserved 
for CHARGING items, insert your user 
ID and Personal Identification Number 
(PIN), and confirm by pressing RETURN. 

You will be asked for the number of 
the item you want to charge out. On the 
inside cover page of books you will find 
a barcode label, showing the item 
number. Use the barcode reader which 
is attached to the terminal to read the 
barcode number in. 

4. lnformation Desk 

The lnformation Desk provides 
access to various lists of catalogue 
items and library memos. For example, 
new acquisitions in the ESO Libraries 
will be announced here for one month. 
The buttons known already from the Li- 
brary Catalogue are available here, too. 
You may browse through the list or view 
items in full, as you wish (Fig. 5). 

5. User Status 

Via the option USER STATUS on the 
Public Access Choices screen, users 
may view their own circulation status, 
i.e. how many and which items they 
have charged out. This option is avail- 
able from every terminal. 

On the User Status screen, the sys- 
tem prompts you to type in your user ID. 
Use the tabulator key to TAB to the PIN 
field and insert your Personal Identifica- 
tion Number. Press RETURN to confirm 
both numbers. For questions regarding 
User ID and PIN please contact the 
librarians. 

You may select from various options 
regarding the User Status, of which at 
present only the CHECKOUTS are of 
interest to users of the ESO Libraries. 
The top of the information area shows 

the total number of items checked out. 
Below, a list of your currently charged 
out library items is displayed. If the 
checkouts don't fit on one screen, the 
FORWARD button appears and is pre- 
selected. You also see the note MORE 
on the bottom line of the screen. 

Press the GOBACK button to return to 
the previous screen. Type STARTOVER 
or GOBACK again to return to the Wel- 
coming screen (Fig. 6). 

6. Exiting from the System 

You leave the Library lnformation Sys- 
tem by pressing the STARTOVER 
button several times until you reach the 
Welcoming Screen. Press END to leave 
the system. 

7. One Look Ahead 

The availability of an online library cat- 
alogue is the necessary basis for all 
further improvements and projects re- 
lated to bibliographic data management 
at the ESO Libraries. The library infor- 
mation system can thus easily be inte- 
grated into the activities of the recently 
established Data Management Division. 

For the near future, the following en- 
hancements, which will be carried out 
by the Observation Support and Data 
Handling Group of the Data Manage- 
ment Division, are planned or consid- 
ered: 

Preprint Database 
At present, preprints received in the 
ESO Libraries can be found via 
STARCAT. In order to provide users 
with an integrated catalogue, a data 
transfer utility will be set up, and all 
library items including preprints will 
be retrievable through the Library In- 
formation System. 

IAU Astronomy Thesaurus 
The first version of the IAU Astronomy 
Thesaurus, compiled by R.M. Shob- 
brook & R.R. Shobbrook, has just 
been released. The thesaurus is avail- 
able in machine-readable form. Inclu- 
sion of the thesaurus into the Library 
System will allow users to search for 
terms within a controlled thesaurus 
structure, both hierarchical and 
cross-linked via related terms. 

Mosaic User lnterface 
The ESO Libraries Online Catalogue 
could be accessible via the Mosaic 
user interface in order to facilitate 
access to the holdings of all ESO 
Libraries. Such a function would be 
implemented via a simple search and 
retrieve interface. 

Optical Character Recognition (OCR) 
Interface 
An OCR station located in the library 
could provide both general users and 
librarians with a tool to scan data and 
text. For example, the Library System 
could be routinely fed in this way with 
additional information such as refer- 
ences to single publications within 
proceedings (contents tables). 
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The New ESO Observing Programmes Committee 
J, BREYSACHER, ESO 

1. Introduction 

As shown in Figure 1, the number of 
proposals received by ESO per observ- 
ing semester has considerably in- 
creased over the past sixteen years. To- 
day, about 500 proposals per period are 
currently submitted. This healthy situa- 
tion, which reflects the dynamism of 
European astronomy, is also a matter of 
concern for the ESO Observing Pro- 
grammes committee (hereafter OPC). 

The appointment of OPC members- 
at-large - a process which started in 
1988 when the number of proposals per 
period was of the order of 350 - has 
contributed to keep at an acceptable 
level the amount of work for each OPC 
member, but now with 500 proposals or 
more the situation is becoming critical 
again. 

How to reduce the workload of the 
OPC while still improving the quality of 
the refereeing work is a topic which has 
been extensively and often debated by 
this Committee. Among the various 
proposed alternatives to the present 
system, the appointment of a number 
of discipline-oriented sub-committees 
appears to be the most attractive and 
realistic approach. 

2. Structure of the New OPC 

2.1 Appointment of sub-committee$ 

The basic idea is that every sub-com- 
mittee (alternatively called panel) should 
review a more or less similar number of 
observing proposals, in order to achieve 
a distribution as even as possible of 
the workload. The present nine scientific 
categories used for the classification of 
the observing proposals are therefore 
abandoned and replaced by six new 
ones', where the grouping of the sub- 
jects is somewhat different; one sub- 
committee being appointed for each of 
the following categories: 

A - Galaxies, Clusters of Galaxies, 
and Cosmology 
B - Active Galactic Nuclei and 
Quasars 
C - Intergalactic and Interstellar 
Mediums 
D - High-mass and/or Hot Stars 
E - Low-mass and/or Cool Stars 
F - Solar System 
The sub-categories included in each 

of these main categories are detailed in 

' This new classification is inspired by the one in 
use at the Space Telescope Science Institute. 

Table 1. Due to the reduced number of 
proposals submitted for Solar System 
studies (always less than 30 per semes- 
ter), these are reviewed by a smaller 
panel. Figure 2 shows how the propos- 
als received for Periods 51 and 52 could 
be redistributed, using the new classifi- 
cation scheme. With the exception of 
category F, the histograms reveal a 
rather well balanced distribution of the 
proposals between the new scientific 
categories. 

2.2 Composition of the sub- 
committees 

The increase in the number of submit- 
ted proposals (Fig. 1), indicates that 
very soon, about 600 applications for 
observing time will have to be reviewed 
by the OPC. Assuming that these will 
essentially be distributed within the five 
new main categories, the A, B, C, D and 
E sub-committees will each receive 
about 120 k 20 a~~ l i ca t ions  Der semes- 

committees have been assigned 6 
members each. Two of them are current 
OPC members, i.e. representatives 
nominated by the respective national 
committees and/or members-at-large 
nominated by the Director General. 
They serve five years, not immediately 
renewable. The chair rotates between 
these two members only. The four other 
members are "expert advisers" selected 
by the Director General in consultation 
with the OPC chairman without nation- 
ality consideration for a staggered two/ 
three years term. ESO staff astronomers 
might be asked to participate as "expert 
advisers" if required. For the time being, 
three members only are in the F sub- 
committee, the chair and two advisers. 

The chairmann of the OPC is not 
assigned to any of the sub-committees. 
His role is to coordinate the activities of 
the various panels when they meet, to 
ensure that the evaluation of the pro- 
posals is progressing properly. 

. . 
ter (cf. Table 1). 

On this basis, considering that a 
2.3 The "new" Observing 

number of 60, to a maximum of 80, Programmes Committee 

proposals can be reviewed by each ref- The final recommendation for tele- 
eree, and that each proposal is given to scope time allocation will be the respon- 
3 referees, the A, B, C, D and E sub- sibility of the "new" Observing Pro- 

YEAR 

Figure 1 : Increase in the number of proposals received by ESO per observing semester. Key 
Programmes are marked separately Arrows indicate when new telescopes became available. 



grammes Committee composed of 12 
members (8 national representatives + 4 
members-at-large). The chairman is 
necessarily chosen among the national 
delegates, for its deputy there is no con- 
straint. Both of them are appointed 
annually by Council. 

As all the refereeing work, and pre- 
liminary ranking of the proposals, is be- 
ing done by the discipline-oriented 
panels, there will be no further need for 
the presence of experts in specific areas 
- like SEST - during the OPC delibera- 
tion. The main task of the new Com- 
mittee will be  to define a unique cut-off 
line for every telescope after merging 
the recommendations made by the vari- 
ous panels. 

The Director General and/or the 
Associate Director for Science as well 
as the ESO scientist responsible for 
the Visiting Astronomer's Programme 
attend the OPC meeting. 

3. Refereeing Work 

The procedure in use at the moment 
for evaluating the relative scientific 
merits, and for ranking the submitted 
proposals, although not perfect, has 
nevertheless proved to be rather effi- 
cient over the past decade. The need 
for a fundamental change essentially 
originates from the fact that the number 
of proposals to handle is now too large 
for the number of referees involved in 

TABLE 1. New OPC Categories and Subcategories - I 1 Categories 1 Subcategories I 
Galaxies, clusters of 
galaxies, and cosmology 

nearby galaxies, stellar populations, galaxy morphology, pecu- 
liar/interacting galaxies, bulges, core, and nuclei of nearby 
galaxies, kinematics of galaxies and clusters of galaxies, cool- 
ing flows, galaxy surveys, distance scale, large scale structure, 
distant galaxies, evolution and cosmology, gravitational lens- 
ing, microlensing 

AGN and quasars starburst galaxies, BL Lac, Seyfert galaxies, active nuclei 
galaxies, galactic jets, quasar absorption and emission lines, 
host galaxies, radio galaxies, high-redshift galaxies, quasar 
surveys, gravitational lensing, microlensing 

Interstellar and intergalac- 
tic mediums 

circumstellar matter, planetary nebulae, novae and supernova 
remnants, gas and dust, giant molecular clouds, cool and hot 
gas, diffuse and translucent clouds, cooling flows, star forming 
regions, globules, protostars, HI1 regions, quasar absorption 
lines 

High-mass and/or hot 
stars 

Low-mass and/or cool 
stars 

pre-main sequence stars, TTauri stars, HH objects, outflows, 
stellar jets, upper-main sequence stars, mass-loss, winds, WR 
stars, LBV stars, novae and supernovae photometry, pulsars, 
massive and eruptive binaries, X-ray binaries, CVs, white 
dwarfs, neutron stars, black hole candidates, young star clus- 
ters (open), OB associations 

low main-sequence stars, subdwarfs, brown dwarfs, circum- 
stellar disks, early evolution, stellar atmospheres, chemical 
abundances, post main-sequence stars, giants, supergiants, 
AGB stars, stellar activity, pulsating/variable stars, binaries, old 
star clusters (globular), blue stragglers, astrometry 

I Solar system I planets, comets, minor planets and asteroids I 

the work. In consequence, the existing however, some amendments to elimi- 
OPC procedure will basically be applied nate the recognized weaknesses of the 
at the level of the sub-committees with, current system. 

1 PERIOD 51 493 PROPOSALS 

PERIOD 52 556 PROPOSALS 

109 

GALAXIES AGN & INTERSTELLAR HOT STARS COOL STARS SOLAR SYSTEM 
AND CLUSTERS QUASARS INTERGALACTIC 

MEDIUMS CATEGORIES 

Figure 2: Distribution among the six new scientific categories (cf. Table 1) of the observing proposals received for Periods 51 and 52. 
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3.1 Panel review of the proposals All technical and instrumental related have to be discarded. The final product . . 

Every panel member will receive the 
complete set of proposals correspond- 
ing to his discipline with indication of the 
ones (about 60) he has to referee within 
three weeks, and those for which he is 
primary reviewer (about 20). In view of 
their small number, the Solar System 
proposals are all evaluated by the three 
members of panel F. 

Once the ratings and recommended 
numbers of nights from every referee 
are available, one week before the panel 
meetings, ESO produces per discipline 
and for each telescope a list in which the 
programmes are ranked according to 
their average grade (3 referees per pro- 
posal). The average recommended 
number of nights is used to sum up the 
observing time required as one goes 
down the list, and a cut-off line is drawn 
when the number of nights "reserved" 
for the discipline is reached. 

Due to the existence of the six panels, 
the definition of the cut-off line for a 
given telescope, at the discipline level, 
obviously requires some special atten- 
tion. Based on time allocation statistics 
over the past two or three years, an 
average number of nights to be 
assigned per semester to a discipline 
will be derived for each telescope. This 
will help defining a preliminary cut-off 
line per telescope and per discipline, 
each panel having nevertheless the free- 
dom to select more proposals, if jus- 
tified by the large number of excellent 
programmes received. The reverse is 
also possible, i.e., less proposals re- 
commended for time allocation by the 
panel than allowed by the position of the 
cut-off line. 

A major change compared to the cur- 
rent procedure is that every referee will 
now have to submit in written form to 
the chair of the panel the arguments for 
his grades and recommended amount 
of observing time. Another important 
modification with regard to the present 
situation is the disappearance of selec- 
tive discussion of proposals. In the new 
system all proposals will be discussed. 

issues for feasibility of the submitted 
programmes will have to be clarified 
during the panel meetings. Whenever 
necessary, the "technical cost" of pro- 
posals will also be evaluated. This 
means that each panel has (i) to identify 
the programmes requesting either a 
special equipment or an ESO instrument 
the use of which implies a deviation 
from the standard block scheduling, (ii) 
to make a recommendation on whether 
or not the required extra technical effort 
appears justified, considering the scien- 
tific merit of these programmes. 

When the panels have completed the 
review of their respective set of propos- 
als, every chair has to hand over to the 
ESO responsible for the Visiting As- 
tronomer's Programme, for each tele- 
scope, a revised classification of the 
submitted proposals which reflects the 
final decision of the panel. 

3.2 Final OPC recommendation 

At the OPC meeting, the following 
new documents are distributed to the 
members of the Committee: 

for every telescope, a classification 
list of the programmes resulting from 
the merging of the priority lists from 
the panels, 
a set of tables showing, for each tele- 
scope, how the programmes above 
the cut-off line are distributed over 
the months and the moon phases, 
and the pressure on the various in- 
struments. 
For each telescope, the cut-off line is 

now defined by the number of nights 
available for astronomical observations, 
the technical time being considered 
separately. At this stage, it is quite clear 
that a number of programmes selected 
by the various panels will be located 
below the cut-off line. Under the guid- 
ance of the OPC chairman, the main and 
difficult task of the committee members 
is then to harmonize their views and 
decide which of the programmes in the 
"grey zone" have to be saved and which 

Meeting on Key Programmes 
C. CESARSK~ J. BREYSACHER and R. KUDRlTZKl 

of this meeting must indeed consist of a 
realistic list of proposed allocations. 

To achieve this goal, a mechanism 
similar to the one used by the HST Time 
Allocation Committee is foreseen. Each 
of the six chairs is asked to describe two 
proposals in his discipline: one immedi- 
ately above the cut-off line and one im- 
mediately below. Programmes with the 
same mean grade are taken first. Once 
the six disciplines have been reviewed, 
each OPC member is requested, 
through a vote, to select 6 proposals 
among the 12 presented. Only the 6 
best-ranked proposals are kept for the 
next iteration. The process is stopped 
as soon as the situation is judged satis- 
factory for the telescope under consid- 
eration. The exercise is then repeated 
for the next telescope. 

Final Remark 

This change in the structure and func- 
tioning of the OPC will become effective 
for the spring meeting (May 24-27, 
1994) of the Committee. 

The strong reduction in the number of 
applications to be reviewed by every 
referee that the present scheme allows, 
should contribute to maintain and pos- 
sibly reinforce the confidence in the 
refereeing work done by the OPC. 

The fact that the intended new proce- 
dure can to some extent be based on 
the system currently in use - corrected 
from its weaknesses - is certainly an 
asset. Another advantage is that exter- 
nal referees are not any longer needed 
for reviewing the key programmes. The 
same uniform treatment can be applied 
to both current proposals and key pro- 
posals, thus eliminating biases in the 
grading. 

Adjustment in the OPC and sub-com- 
mittees composition will be required as 
soon as national members are replaced, 
or when delegates from new countries 
become officially involved in the ref- 
ereeing of the scientific programmes. 

Following a "Preliminary Enquiry" car- the Director General, Prof. H. van der were not expected to be a "long-term" 
ried out in 1988, the key programme Laan, proposed an experiment: to allo- acquisition "of large databases", but to 
scheme was introduced at ESO starting cate the extra observing time in a re- address "a major astronomical theme, 
from Period 43 (April 1 -October I, vised manner, "such that a number of providing very specific goals and outlin- 
1989). Taking advantage of the addition programmes can receive very substan- ing a structural research strategy" (The 
of the NTT to the La Silla telescope park, tial portions of time". Key programmes Messenger, No. 51). The foreseen im- 



plementation time of a given key pro- 
gramme was between one and four 
years. 

In the period between April 1989 and 
October 1993, 83 key programmes 
were proposed, of which 33 were 
accepted (Table 1 and 2). In the inter- 
vening semesters, 16 to 31 % of the 
time at the 3.6-m telescope, 14 to 26 % 
of the time at the NTT, and 14 to 28 % of 
the time at the 2.2-m telescope were 
attributed to key programmes. Original- 
ly, the small telescopes were not offered 
for key programmes, but eventually they 
were involved more and more heavily. 
(Fig. 1). Meanwhile, the number of ordi- 
nary proposals submitted to ESO con- 
tinued to increase steadily, year by year. 

By 1993, the time had come to assess 
the results of the key programme "ex- 
periment", and to take advantage of the 
experience gained to devise new rules. 
No new key programme proposals were 
solicited, and, at the request of the Ob- 
serving Programmes Committee, the 
ESO Science Division and the Visiting 
Astronomers Section organized an in- 
formal review of all ESO key pro- 
grammes, ongoing or completed. 

The meeting took place in Garching 
on November 22 and 23, 1993. The 
principal investigators of the 33 key pro- 
grammes were given 15 minutes each 
to present a digest of their results, and 
to comment on possible difficulties en- 
countered during the execution of the 
programme. In addition to the principal 
investigator and some of their co-inves- 
tigators the meeting was attended by 
the Director General, Prof. R. Giacconi, 
members of the ESO scientific staff, the 
members of the OPC and a group of 
distinguished astronomers. 

The presentations were followed by 
an extended and lively discussion be- 
tween the audience and a panel consist- 
ing of six invited astronomers (R. Ku- 
dritzki (chair), J. Andersen, G. Gilmore, 
J. Lequeux, A. Renzini and P. van der 
Kruit), six principal investigators of 
key programmes (J. Bergeron, B. Fort, 
M. Mayor, G. Miley, R. Reimers and 
G. Vettolani), and the OPC chair. 

A prevailing opinion in the panel and 
the audience was that too many of the 
programmes had not been of the funda- 
mental character expected. Also, it was 
felt that too many key programmes were 
running simultaneously, so that each of 
them had not sufficient observing time 
per semester and extended over too 
long a period. At the same time, every- 
body agreed that a large number of very 
interesting results had been obtained; in 
fact, by gathering representatives of all 
fields of astrophysics the meeting was 
an excellent opportunity to informally 
review scientific results obtained with 
ESO facilities. From that point of view 

the meeting was exciting and suc- 
cessful. 

The meeting ended with a closed ses- 
sion, chaired by C. Cesarsky, where the 
Director General, the panel and the OPC 
members issued recommendations for 
ESO key programmes in the future: 
(1)The idea of key projects (KP), 

granted to programmes of excep- 

tional scientific interest and well 
adapted to the ESO facilities, should 
be retained. The KP programmes are 
to be performed on the three main 
ESO telescopes (NTT, 3.6-m, 2.2-m). 

(2) Only a few KPs (of the order of three 
or four) should be carried out simul- 
taneously in a given period. KPs 
should be achieved in a relatively 
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TABLE 1 .  Distribution of the accepted key programmes 
I I I I OPC Categories I No. of KPs I 
I I accepted I completed* / 

1. Galaxies, Clusters of Galaxies 
2. Quasars, Seyferts, Radio Galaxies 
3. Magellanic Clouds 
4. Interstellar Matter 
5. Star Clusters, Galactic Structure 
6. X-Ray Sources 
7. Stars 
8. Miscellaneous 

I Total 1 33 I 17 I 
I * at the end of Period 52 I 

Period 45 12 

Period 47 6 

TABLE 2 .  Number of key programmes 

I Period 49 1 1 5 1  5 1 3 1 2 5 1  

Programmes 

1 Period 51 4 3 3 1 2 5 1  

Observing time committed: 1795 nights 
+8 monthslyear at the I - m  telescope (DENIS project) 
c24 months at the GPO (EROS Project) 
+84 hourslsemester at SEST 

short time (appr. 2 years), not count- (3) The applicants of a KP have to dem- 
ing an initial test run, if necessary. onstrate that they have or can have 
The total amount of observing time the means to achieve their scientific 
per period spent on KPs should re- goals, including access to data re- 
main within a TBD percentage of the duction software and hardware and 
total available time. to theoretical models. 

Running Received 

(4) Once the OPC selects a KP, the ESO 
staff decides on its feasibility - after 
which ESO is committed to ensure 
that the KP receives proper support 
from ESO. 

(5) While a given total number of nights 
is assigned once the KP is accepted, 
this number is only indicative. KPs 
are reviewed every year by the OPC; 
for this purpose the recipients have 
to submit in advance a written report, 
and have also to make an oral pre- 
sentation at the OPC meeting. The 
number of nights assigned to the 
programme in the following year is 
fixed at that meeting. Loss of observ- 
ing time due to bad weather is com- 
pletely taken into account. 

(6) The data obtained are the property of 
the KP team for one year after the 
last observations have been taken, 
after which they become public 
through ESO. 

(7) "Long-term Projects" are not KPs. 
(But perhaps they should be recog- 
nizable in a more obvious way at the 
proposal level.) The OPC decides at 
each meeting whether they should 
continue. It is hoped that the new 
working structure of the OPC will 
make it easier to maintain continuity 
and memory. 

(8) Extended projects of fundamental 
character, carried out on small tele- 
scopes, are not KPs, but "Special 
Projects". ESO is not committed to 
support them to the extent they 
support KPs and the applying groups 
are encouraged to take in charge as 
much as possible of the work re- 
quired. 

Accepted Completed 
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A N N O U N C E M E N T S  

MPQRTANT NOTlCE 
Please remember that the deadlines for Appllcatlons for Obssrvlng Tlme at La Silla have been changed to April I and October 1. 

The dmdline for Period 54 (October I, 1994-April I, fW) Is now April I, 1994, and 
the deadline for Period 55 (April 1 -October 1, 1995) is October 1, 1994, 

Council and Committee Members in 1994 
Council 
Belgium: 

Franc& 

Germany 

Italy: 

The Netherlands: 

Sweden: 

Portugal: 

J. P. Swings 
E.L. van Dessel 
H. Jsrgensen 
H.Grage 
c. Charsky No$-President) 
J. Fouan 
M. Grewing 
A. Hansm 
F. Pacinl 
C. Chluderi 
E, Campo 
E.P.J. van den Heuvel 
J, B e m e r  
6. Gustafsson 
8. Brandt 
G. Tammann 
P. Creola (President) 
St. Bertha (Obsenrer) 
F. Bello (Observer) 

Committee of Councll 
J.P. Swings E. Campo 
H. Qraga J, memer 
J. Fouan B. Gustaffsson, B. Brandt 
A Hansen P. Cmla 
F. PacinT 

Scientlflc Technical Cornmlttee 
J. Andersen' (1992-96) T. Lago (1 991 -95) (Observer) 
S. Beckwith (1994-98) B. Marano (1993-97) 
A. Bleeha (1992-96) S. Ortolan1 (1993-97) 
R, Braun (1093-97) J.W. Pel (1992-96) 
K.S. de Boer (1991 -95) Ch. Stetken (1 990-04) 
D. Dravlns (1993-97) L Vtgmux (1990-94) 
R. F o ~  (1 990-94) 

Finance Committee 
Belgium: 

Denmark: 
France: 
Germany: 
Italy: 

H. van den A b k W  
P. Grognard 
B.K. Rosengreen 
P. Laplaudhl. Nauciel 
B. Schmidt-Kd-MM. Stbtzel 
U. Sessl 

The Netherlands: 
Swedsn: 
Swltzerfmd: 
Portugal: 

J. Baemer 
J. Gustavsson* 
C1 Augustin 
F. Bello (Obsenrer) 

Obsenring Programmes Commlttee 
Members Substitut~ 
C.-J. Bgmsson (1993-97) E. van Gronhgen 
J. Lequem (1 Q94-9e) M. GBrln 
G. Chincadni (1 9g2-86) G. VettoIan1 
Knude (1994-88) N.N. 
J. Krautter* (lS92-OB) Th. Gehren 
W Schrnute (1983-97) Y. Chmlelewskj 
E.L van Dessel(1890-94) C. Arplgny 
F. Verbunt (3993-97) J. Lub 
T Lago (1993-96) (Observer) 

P. Barthel, Member at large 
B. Pagel, Member at large 
R. Sanclsl, Member at large 
C. de Bergh, Member at large 

Users Commlttee 
M. Bergvall (I=-96) N.N. 
J.V. Clausen (T991-95) M.N. 
M. Dennefeld" (1992-95) P. Magaln (IgW -94) 
S. Di h e g o  All~hlerl(1993-96) H. Zlnneck (1992 -95) 

Time-Table of Council Sessions and 
Committee Meetings 
March 29 
April 28 
May 2-3 
May 5-6 
May 9-10 
May 24-27 
June 7-8 
November 3-4 
November 7-8 
November 22-25 
NOV. 30-DBC. 1 

Programmes Approved for Period 53 

Finance Committee 
Council 
Users Commlttw 
Scientific Technical Committee 
Finance Commlttee 
Obsewlng Programmes Committee 
Council 
Scientific Twhnlcal Committee 
Finance CommHee 
Observing Programmes Committee 
CounclI 

KEY PROGRAMMES 
ESO No. Ptinclpal Investlgabor TRle of w bmitted programme Telescope 

1-003-43K de Lapparentet al. Aredshiff survey of galaPdes with z 5 0,6 using muhi-sllt spectres- Prrr 
COPY 

1-012-43K Bergeron et d. tdentltlcation of high redshift gafaxies wlth very targe gaseous halos NlT 



ESO No. Principal Investigator Title of submitted programme Telescope 

Bijhringer et al. 
Miley et al. 
Cristiani et al. 
Reimers et al. 

Redshift survey of ROSAT clusters of galaxies 
Astudy of the most distant radio galaxies 
A homogeneous bright quasar survey 
A wide angle objective prism survey for bright QSO 
CO as a tracer for the molecular content of the Magellanic Clouds 
A photometric and spectroscopic study of supernovae of all types 
Radial velocity survey of southern late type Hipparcos stars 
Astrophysical fundamental parameters of early-type stars of the 

Hipparcos Survey 
High precision radial velocity determinations for the study of the 

internal kinematical and dynamical structure and evolution of 
young stellar groups 

CCD and conventional photometry of components of visual binaries 
Deep near infrared survey of the southern sky (DENIS) 
Is our halo dark matter made of compact objects? 

3.6m, 2.2m, 1.5m 
NTT 
2.2m, 1.5m, O.9mDu 
3.6m, 1.5m, O.9mDu 
SEST 
3.6m, 2.2m, 0.9Du 
1.5m Danish 
1.5m 

Israel et al. 
Turatto et al. 
Mayor et al. 
Gerbaldi et al. 

Hensberge et al. 

Oblak et al. 
Epchtein et al. 
Ferlet et al. 

0.5m, O.9mDu 
I m 
GPO 

The Comet Shoemaker-Levy-9/Jupiter colli- 
sion (joint programme coordinated at ESO by 
R.M. West) 

Millimetre observations of post-impact molecules (SEST). 
IR observations (3.6m, NTT). 
CCD imaging, photometry, and spectrophotometry (1.5m Danish). 
lmaging of the lo PlasmaTorus (1.5m Danish). 
Accurate pre-impact astrometry of S-L 9 (1.5m Danish). 
Imaging and surface polarimetry of the dust, and Fabry-Perot interferometry of the 
gas in S-L 9 with a specialized focal reducer (1 m). 
Search for differences in the optical emission of the individual nuclei of S-L9 
(1.5m). 
High speed photometry of light echoes from impact of S-L9 on Jupiter (Im). 

ESO No. 

06002 

Title of submitted programme and telescope(s) 

Time-Series CCD Photometry of Cataclysmic Variables Discovered by ROSAT 
(0.9m Dutch). 
Galactic Bulge Planetary Nebulae: Physical and Chemical Properties (Wolf-Rayet 
Nuclei) (1.5m). 
Two-Dimensional Speckle Polarimetric Observation of Young Stellar Objects 
(3.5m NTT). 
High Angular Resolution Survey of Polarized Southern Pre-Main Sequence Stars 
(3.5m NTT). 
Spectropolarimetry of Broad-Line Radio Galaxies (3.6m). 
Search for White Dwarfs and Eclipsing Binaries in Globular Glusters (3.5m NTT). 
The Sunyaev-Zeldovich Effect in Southern Clusters of Galaxies (SEST). 

Acker/Stenholm/Stasinska/Gesick/Tylenda/ 
Gorny 

Ageorges/Monin/Menard/Eckart 

Physical Conditions in and around Compact HI1 Regions (2.2m). 
Polarimetry of the Extranuclear Regions of Starburst Galaxies (3.6m). 
CNO in Yellow Supergiants (1.4m CAT). 
Medium-Resolution Spectra of Bulge Globular Cluster Stars for Population 
Synthesis (1.5m). 
Study of the Galaxy Distribution in the Shapley Concentration (3.6m). Bardelli/Zucca/Vettolani/Zamorani/Collins/ 

Scaramella 
Beddinghon der Luhe/Zijlstra/Quirrenbach/ 

Eckartflacconi-Garman 
Bergeron/Le Brun 

High-Resolution Infrared Interferometry Among Evolved Stars (3.5m N'TT). 

Identification of the Gaseous Systems Detected by their CIV and Ly-alpha 
Absorption in the Quasar Spectra of the HST KP (3.5m NTT). 
Search for Disks around Main Sequence Stars Using Adaptive Optics in the 
Infrared (3.6m). 
Search for Pulsations in the proposed Optical Counterpart of PSR 1509-58 (3.6m). 
Proto-Planetary Nebulae: Search for Direct Evidence of Common Envelope 
Evolution (3.6m). 
Study of the Variability of the Li I Feature in a Sample of Carbon Stars 
(1 m, 1.4m CAT). 
Magnetospheres of Helium-Weak Stars in the Sco-Cen Association (1.4m CAT). 
Using Ellipticals in Pairs as a Probe of the Universality of the Fundamental Plane 
(1.5m). 
Low-Resolution Spectroscopy of Optically Faint ROSATX-ray Sources in the Rho 
Oph (1.5m). 
Pre-Main-Sequence Binaries and Early Stellar Evolution (3.5m NTT, 3.6m). 
Spectroscopic Study of Blue Horizontal Branch Stars in Globular Clusters (1.5m). 

Beuzit/Lagrange/Mal betflessiermidal-Madjar/ 
Ferlet/Lecavelier/Hu bin 

Bignami/Caraveo/Mereghetti/Gouiffes 
Bobrowsky/GrebeI/Roberts 



ESO No. 

01065 

Title of submitted programme and telescope(s) 

"Global Mapping" Photometry of the Brightest Galaxies in Nearby Abell Clusters 
(1.5m Danish). 
Cepheid Variables in the Sculptor Group Galaxies (3.5m N q .  
Search for Star-Formation in Dust Lanes of Ellipticals (2.2m). 
UBVRl Photometry of FK5 Faint Stars (0.5m). 
Fine Structure of the HR Diagram of Stars Belonging to theThin and Thick Disk 
and to the Galactic Halo (1.4m CAT). 

CapaccioIi/Piotto/Aparicio/BresoIin 
Carollo/DanzigerlSparks 
CarrascoILoyola 
Cayrel de Strobel 

Cayrel/Nissen/Beers/Spite F./Spite M./An- 
dersen/Nordstrom/Barbuy 

Chin/Whiteoak/Mauersberger/Wilson/Henkel 
Chini/Kriigel/Kreysa 
ChiniIKrugellKreysa 
CimattiIDi Serego AlighieriIFosbury 
CimattiNan der WerfIShaverlDi Serego 

Alighieri 
Cox/BachillerlHuggins/Forveille 
Cox/Bronfman/RoeIfsema/Martin-Pintadol 

Bachiller/Cernicharo 

Survey of Very Metal-Poor Stars and Nucleosynthesis in the Galaxy (1.5m). 

CN Chemistry and Extragalactic 1 2 ~ / ' 3 C  Ratios (SEST). 
Large Dust Grains around Solar Type Stars (SEST). 
Star Formation Efficiency in Spiral Galaxies (SEST). 
When Did the Distant Radio Galaxies Form? (2.2m). 
CO Emission in Distant Radio Galaxies (SEST). 

A Complete CO Map of the Helix (SEST). 
Radio Recombination Lines in Eta Carinae (SEST). 

Magnitude Calibration for Homogeneity Studies of the Universe (0.9m Dutch). 
SN 1987A(SEST, 1.5m Danish, 2.2m, 3.6m). 

Cunow/Naumann/Ungruhe/Sommer 
Danziger/Bouchet/Gouiffes/Lucy/Fransson/ 

MazzaliIDella ValleIChugai 
DanzigerICarollo 
Danziger/Gilmozzi/Zimmermann/Hasingerl 

MacGillivray 
De Angelis 
De GrijsNan der KruitIPeletier 
De Winter/Grady/The/Grinin/Perez 

Optical and Infrared Colour Gradients in Early-Type Galaxies (1.5m Danish, 2.2m). 
The Origin of the Extragalactic X-ray Background: Optical Identification of Deep 
ROSAT Observations in Pavo (3.6m). 
Photometric Study of the Asteroid 1620 Geographs (0.5m). 
Optical Surface Photometry of Egde-on Spiral Galaxies (1.5m Danish). 
Disentangling the Photometric Variations of Intermediate-Mass Young Stars and 
Guiding Satellite Observations (0.5m Danish). 
Exploring and Modelling the Spectroscopic Variations of Bright Herbig AeIBe 
Stars (1.4m CAT). 
Spectroscopy of Recent Novae Observed at La Silla (1.5m). 
Novae as Standard Candles: Calibrations of Nova Shells (3.6m). 

Della Valle 
Della Valle/Bianchini/Durbeck/6gelman/Orio 
Di Martino/Zappala/Uras/Farinella/Cellino/ 

BarucciILazzarin 
Di Serego Alighieri/Cimatti/Fosbury 
DubathIMeylan 

Spectroscopic Observations of Family Asteroids (1.5m). 

Improving the Unified Models forthe Most Luminous AGN (2.2m, 3.6m). 
Velocity Dispersion Field in the Cores of High-Concentration Globular Clusters 
(3.5m NTT). 
Measurement of Parallaxes of 30 Brown Dwarf Candidates (1.5m Danish). 
Orbital Periods, Superhump Periods and Masses of SU UMaType Dwarf Novae 
(0.9m Dutch). 
Stellar Duplicity of Very Low Mass Stars (1.5m Danish). 
Search fore+ Annihilation Sites Near Black Hole Candidates (SEST). 
Proper Motions in the Galactic Centre (3.5m NTT). 

DuquennoyIMayor 
DurouchouxNilhu/Wallyn/Grindlay/Rubio 
Eckart/Genzel/Hofmann/Drapatz/Sams/ 

Tacconi-Garman 
EckartIZinneckerlLeinerl 
Edvardsson/Feltzing/Gustafsson/Lambert/ 

MorellRomkin 
Emersonneixeira 

The Binary Frequency among X-ray Selected Weak-IineTTauri Stars (3.5m NTT). 
Europium and Carbon in the Galactic Disk (1.4m CAT). 

A 1.3mm Survey of Embedded Young Stellar Objects in Vela, Lupus, Norma & CrA 
(SEST). 
Spectral Propelties of HPQs (1.5m). 
Optical Properties of FR-I Radio Galaxies (2.2m). 
Lithium Abundance Determination in a Sample of Volume Limited Main Sequence 
K Stars (1.4m CAT). 
Spectroscopy of Two Southern Supercluster Candidates (3.6m). 

Near-IR Imaging of Galactic Globular Clusters (2.2m). 
Mapping of the Extended Dust Clouds Around alpha PSA(Formalhaut) and beta 
Pic at 1.3mm (SEST). 
Detection and Measurement of the Gravitational Shear around Magnified Radio 
Sources (3.5m NTT). 
Extended UV Continua in Nearby Radio Galaxies (3.5m NTT). 
The Distribution of FIRImm Light in Galaxy Discs (SEST). 
Abundances in a Distant Globular Cluster Ruprecht 106 (2.2m). 

Fosbury/Cimatti/Di Serego Alighieri 
Franceschini/Andreani/Clements 
Fran~oislDanzigerIBuonannolFusi Peccil 

MatteucciIMarconi 
Franx 
Freudling/Alonso/Da CostaIWegner 
Friedli/MartinetlWozniaWBlecha/Pfennigerl 

Bratschi 
GarayIGomezlRodriguez 

Evolution of Galaxies from Galaxy Kinematics at z = 0.3 (3.5m NTT). 
The Peculiar Motion of Galaxies (1.5m Danish, 1.5m). 
Bars within Bars and Dynamics of Inner Region in Spiral Galaxies (1.5m Danish). 

Molecular Gas toward OHIIR Stars Associated with High Velocity Maser Outflows 
(SEST). 



Name(s) 

Giallongo/Cristiani/Fontana/Savaglio/Trevese 
Grebel/Calzetti/Sokolowski/Roberts 
GredeVKopp 
Group for Long Term Photometry of Variables 
Guibert/Alard/Terzan/Bienayme/Bertin 
Guibert/Bienayme/Robin/GazelleNalls- 

Gabaud/Alard/Paillous/Tajahmady/Bertin/ 
Terzan 

Hafner/Barwig/Mantel/Hawkins 
Hafner/Simon/Fiedler/Sturm 
Hainaut-Rouelle/Hainaut/Detal 
Hainaut/West 
Hawkins 
Heber/Dreizler/Napiwotzki/RauchANerner 
Heidt 
Held/Piotto 
Henkel/Chin/Whiteoak/Mauersberger/Langer/ 

Wilson 
Henning/Martin K./Stecklum 
Heydari-Malayeri/Lequeux/Le Bertre 

Hirth/Mundt/EisloffeI 
Hofmann/Eckart/GenzeI/Drapatz/Sams/ 

Tacconi-Garman 
Holweger/Rentzsch-Holm 
HutsemekersNan Drom/Remy 
Infante 
Infante/Fouque/Quintana 
Jablonka/Kotilainen/Mellier 
Jorissen/Mayor/North 
Jourdain de Muizon/D'Hendecourt/Schmitt B./ 

Trotta 
Knude 

Kohoutek 

Labhardt 
Laerkvist/Dahlgren/Williams I./Fitzsimmons 
Lagerkvist/Magnusson/Erikson 
Lagerkvist/Mottola/Di Martino/Neukum 
Lagrange/Corporon/Bouvier 
Lecavelier/LagrangeNidal-Madjar 
Leinert/Weitzel 

Lemoine/FerletNidal-Madjar/Emerich 
Lennon/Mazzali/CasteIlani/Pasian/Marconi/ 

Bonifacio 
LiIIer/Alcaino/Alvarado/Wenderoth 
Lin Yun 
Lopez/Mekarnia/Lefevre/StarcWDanchi/ 

Townes/Bester/Dougados/Ghez/Perrin 
Lorenz/Drechsel/Mayer 
Lutz/Genzel/Drapatz/Cameron/Harris/Najarro/ 

Hillier/Kudritzki 
Lutz/Stern berg/GenzeI/Krabbe/Blietz 
Macchetto/Giavalisco/Steidel/Sparks 

ESO No. Title of submitted programme and telescope(s) 

The Physical State of the Gas in Galaxies at High Redshifts (3.5m NTT). 
Starburst Galaxies: High Resolution Studies of Dust and Superwinds (3.6m). 
CO Multi-Line Studies towards Southern OB Associations (SEST). 
Long-term Photometry of Variables (0.5m Danish). 
Photometric Calibration for Faint Bulge Variable Stars (1.5m Danish). 
Microlensing and the Galactic Disk Missing Mass Problem (Schmidt). 

Search for Eclipses in Faint Cataclysmic Variables (0.9m Dutch). 
Binaries with Early Type Components (0.5m). 
Pole Determination of Selected Asteroids (0.5m). 
Physical Properties of the Kuiper Belt Member Candidates (3.6m). 
lnfrared Colours of Very Low Mass Stars and Brown Dwarfs (2.2m). 
NLTE-Analyses of Hot post-AGB Stars of Population II (3.5m NTT). 
Microvariability in X-ray Selected BL Lac Objects (1.5m Danish). 
Deep CCD Photometry of the Tucana Dwarf Spheroidal Galaxy (2.2m). 
Oxygen Burning in Massive Stars: Examining Sulfur Nucleosynthesis (SEST). 

Probing Interstellar Dust by NIR Spectrometry (3.5m NTT). 
Diffuse Interstellar Bands toward Compact Massive Star Clusters of the 
Magellanic Clouds (3.5m NTT). 
High Spatial Resolution Studies of Outflows from Young Stellar Objects (3.6m). 
High Spatial Resolution NIR lmaging Polarimetry of the Galactic Centre 
(3.5m NTT). 
High-Resolution Spectrometry of Sharp-Lined A Stars (1.4m CAT). 
Polarization Properties of BAL QSOs (3.6m). 
High Resolution lmaging of Galaxies and Arcs in CL0017 (3.5m NTT). 
Dynamics in Medium z Clusters (3.6m). 
Infra-Red Spectroscopy of Gravitational Arcs (3.5m NTT). 
The Evolutionary Status of S Stars and Dwarf Barium Stars (1.5m Danish). 
Search for Solid Molecular Hydrogen in Molecular Clouds (3.5m NTT). 

Density Variation and the Absence of Dark Matter in the Galactic Disk 
(1.5m Danish). 
Spectroscopy of Questionable Planetary Nebulae mainly towards Galactic Bulge 
(1.5m). 
Nature of Late-Type stars in the ROSATAll-Sky Survey (0.5m, 1.4m CAT). 
Protoplanetary Disks around Main-Sequence Stars (SEST). 
High Precision Stellar Radial Velocities, Part IV (1.4m CAT). 
Optical and lnfrared Photometry of Pre-Main Sequence X-ray Sources in the 
ScoCen OB Association (0.9m Dutch, 1 m). 
Optical Identification of Pre-Main Sequence X-ray Sources in the Sco-Cen OB 
Association (1.5m). 
Deep BVRl Photometry of the HSTTargets NGC 4496 and NGC 4536 (2.2m). 
Rotational Properties and Shapes of Hilda Asteroids (0.9m Dutch). 
Pole Orientations and Shapes of Asteroids (0.5m, 1 m). 
Physical Study of Trojans and Outer Belt Asteroids (0.9m Dutch). 
The Spectroscopic Binarity of Ty CrA (1.4m CAT). 
lnfrared Imagery of Protoplanetary Disk: 68 Oph and alpha PSa (3.6m). 
A Systematic Search for Low-Mass Companions to Nearby K and M Dwarfs 
(3.5m NTT). 
The Isotopic Ratio of Interstellar Lithium (3.6m). 
High Resolution Spectroscopy of B-Stars in NGC 330 (3.6m). 

UBVRl Photometry of Globular Cluster Standard Stars (1 m). 
Near-Infrared lmaging of Young Stellar Objects in BOK Globules (2.2m). 
Near-Infrared High Angular Resolution lmaging of Dust Shells Around Late-Type 
Stars (3.6m). 
Absolute Dimensions of Early-Type Binaries (0.5m, 1.4m CAT). 
Hel Stars as Contributors to the Galactic Centre Energetics (3.5m N V .  

NIR Spectral Mapping of Starburst Galaxies (3.5m NTT). 
Ultra-Deep Multicolour Broad-Band lmaging of Cluster Galaxies at Redshift z-3.4 
(3.5m N V .  
Study of the Repeatability of the UBVRl Light Curves of MiraVariables in 
Successive Cycles (0.5m). 
Crowded Star Fields in the Near lnfrared (2.2m). 
Stellar Populations in Irregular Galaxies (2.2m). 
1.25 to 2.2 micron imaging of barred galaxies (2.2m). 



ESO No. Title of submitted programme and telescope(s) 

Mauersberger/HenkelANilson/Whiteoak/Chin 
MauersbergerlHenkelANhiteoak~Tieftrunk 
MegeathIWilson 
Megeath/Wilson 
Mekarnia/Dougados/Ghez/Lagage/Lefevre/ 

Lopez/Perrin 
Melnick/Heydari-Malayeri/Proust 
Menard/Lena/Catala/Monin/Bouvier/Malbet/ 

Schuster 
Mendes de Oliveira 
Mendez/Kudritzki/Roth/MuschieloWHamann/ 

Gabler 
Metcalfe/McBreen/Bouchet/Smith N./Hanlon/ 

O'Flaherty 
Meylan/Djorgovski~hompson/Smith J. 
Meylan/Dubath/Mayor 

Miley/van OjiWRoettgering 
Minniti 
Minniti/Claria 
Mirabel/Dottori/Duc 
MirabeIlDuc 
Moeller/Warren 
Molaro/Pasquini/Castelli/Bonifacio 
Molaro/Primas/Castelli/Bonifacio 
Molinari/Chincarini/Governato 
MoorwoodNan der Werf/Oliva/Kotilainen 

Schwarz 
OrigliaIFusi Pecci/Ferraro 
Ortolani/Barbuy/Bica 
Ortolani/Barbuy/Bica 
PakuII/Pietsch/Kahabka 
Palazzi/Penprase/Casey 
Pallavicini/Haisch/Schmitt/Rosner/Pasquini 
Pasquini/Molaro 
Pasquini/Randich/Andersen 
Paunzen/Weiss/Kuschnig 
Petitjean/CarswelI/Rauch 
Piotto/Ferraro/Origlia/Palazzi 
PletsNaelkensNan Winckel 
Pont/Mayor 
Poretti/Bossi/Mantegazza/Zerbi 
Prusti/Knee 
Queloz/Dubath/Mayor 

Quintana/Slezak/lnfante/Melnick/Bijaoui 
Quintana/Slezak/lnfante/Melnick 
Ramella/Dacosta/Focardi/Geller/Nonino/ 

Smith C. 
Rampazzo/Bland-Hawthorn/Hernquist/Bland- 

ford 
Randich/Schmitt 
Reduzzi/Ram~azzo/Bonfanti/Sulentic 

Sams/Eckart/Genzel/Hofmann/Drapatz/ 
Tacconi-Garman 

Wave Propagation in the beta Cephei Star alpha Lupi (1.4m CAT). 
Systematic Search and Study of Ap Stars with Magnetically Resolved Lines 
(1.4m CAT, 1.5m). 
The Origin of the Peculiar Solar Elemental Abundances (SEST). 
Sub-mm Observations of Dense Gas in the Starburst Galaxy NGC 4945 (SEST). 
A CO (3-2) Search for Circumstellar Disks around Southern PMS Stars (SEST). 
2 micron Spectroscopy of Young Southern Clusters (2.2m). 
Mid-Infrared lmgaging of Circumstellar Envelopes around Evolved Late-Type 
Stars (3.6m). 
The Primordial Helium Abundance (3.5m NTT). 
Deep High-Angular Resolution lmaging of Selected Young Stellar Objects with 
COME-ON PLUS (3.6m). 
AStudy of Emission Line Spiral Galaxies at Redshifts 0.2 to 0.4 (3.5m NTT). 
Spectrophotometry of Central Stars of Planetary Nebulae in the Galactic Bulge 
(3.5m N V .  
Simultaneous IR, Radio and CGRO Observations of BL Lac Objects (2.2m). 

A Search for Quasar Protoclusters at High Redshifts (3.5m N n ) .  
A Complete Census of High-Velocity Stars in the Core of the Globular Cluster 
47 Tucanae (1.5m Danish). 
The IR Continuum Alignment of High Redshift Radio Galaxies (2.2m). 
Kinematics of Bulge Giants and the Formation of the Galaxy (3.6m). 
The Age of the Galactic Bulge (2.2m). 
Dwarf Galaxies in Tidal Tails (3.5m NTT). 
lnfrared Counterparts of Black Hole Candidates (2.2m). 
Searches for High-Redshift z > 2 Lyman alpha Galaxies (3.5m NTT, 3.6m). 
Beryllium Abundance in Halo Dwarfs (3.6m). 
Searching for the Second Stellar Generation (3.6m). 
Spectral Atlas of the S0781-SO783 Supercluster z - 0.25 (3.5m NTT). 
Role and excitation of hot molecular gas in AGN's and starburst galaxies (2.2m, 
3.5m NTT). 
Optical Study of a new Accreting Black Hole Candidate (3.5m N m .  
Wind Structure of Red Giants in Symbiotic Systems (1.4m CAT, 3.5m NTQ. 
lmaging of Circumstellar Envelopes in Resonance Scattered Light (1.4m CAT, 
3.6m). 
High Resolution Mid-IR lmaging of Galactic Globular Clusters (3.6m). 
JHK Photometry of Reddened Bulge Globular Clusters and Nearby Fields (2.2m). 
Globular Clusters in the Galactic Bulge (1.5m Danish 3.5m N V .  
X-ray Source Population of the SMC (2.2m). 
High Resolution Spectroscopy of Central Stars in Reflection Nebulae (1.4m CAT). 
Chromospheres, Coronae and Winds of Cool Giants (1.4m CAT). 
Li Abundance in Turnoff Stars of NGC 6397 (3.5m N m .  
Hunting Young, Nearby G Stars (0.5m, 1.4m CAT). 
Pulsation among lambda Boo Stars (0.5m). 
The Very Weak CIV Absorption Line-Systems (3.6m). 
Near-Infrared Observations of Cepheids in Local Group Galaxies (2.2m). 
Search for the lambda Bootis Phenomenon in Herbig-Ae Stars (1.4m CAT). 
Accurate Masses of Late-Spectral Type Stars (1.5m Danish). 
Pulsation Mode Identification of Multiperiodic Delta Sct Stars (0.5m, 1.4m CAT). 
The Parent Cloud of HD 104237 (SEST). 
Duplicity and the Velocity Dispersion Gradient in the Sculptor dSph Galaxy 
(3.5m N m .  
A Wide Area Survey of the Shapley Concentration: Spectroscopy (3.6m). 
A Wide Area Survey of the Shapley Concentration: Photometry (2.2m). 
Redshift Survey in the Hydra-Centaurus Region (1.5m). 

Internal Dynamics of the Luminous lnfrared Galaxy NGC 6240 (3.5m N T ) .  

The Very Young Open Cluster IC 2602 (3.6m). 
Frequency and Fine Structure in Isolated Early-Type Galaxies: A Control Sample 
(0.9m Dutch). 
UBVRl Surface Photometry and Geometry of Binary Galaxies (0.9m Dutch). 
Absorption Lines in the New Double Quasar HE 1104-1805 AB (3.5m N T ) .  
Protostars - Further Studies (SEST). 
Probing the Gravitational Potential and Anisotropy of Elliptical Galaxies 
(3.5m NTT). 
High Spatial Resolution Spectral Line lmaging of the Galactic Centre (3.5m N V .  



ESO No. 

Sams/Genzel/Brandl/Eckart 
Saracco/lovino/Garilli/Molinari 
Schulz/A'Hearn/Stuwe 
Seaquist/lvison/Evans/Schwarz 
Sembach/Danks/CauIet 
Shaver/Wall/Kellermann 
Siebenmorgen/Kaufl 
Siebenmorgen/Krugel/Peletier/Zeilinger 
Smette/Surdej/Reimers/WisotzkiNogel 
Sommer-Larsen/Christensen/Beers/Flynn 
Sterken/Debehogne/Spoon 
Stirpe/Giannuzzo 
Stirpe/Santos-Lleo/Alloin 
Szeifert/BascheWKaufer/Wolf 
Szeifert/BascheWKaufer/Wolf 
Szeifert/BascheWKaufer/Wolf 
Tacconi-Garman/Alloin/Cameron/Eckart/Gen- 

zel/Rouan 
Tadhunter/Morganti/Fosbury/Shaw/Dickson/ 

Jackson 
Telting/Henrichs/Van Paradijs/Aerts 
TheNan den Ancker 
Theissen/de Boer/Heber/Mohler 
Thomas N. 
Tinney 
Tinney/Gemmo/Hasinger/Pietsch/Kahabka 
Tinney/Mould/Reid 
Tsvetanov/Di Serego Alighieri/Cimatti/Fosbury 
Vacca/Leibundgut 
Van der BliekIGustafsson 
Van der Hucht/Richter/Churchwell/De Graauwl 

Gredel 
Van der HuchtAIVilliams/Gunawan/Bouchet 
Van der Klis/Augusteijn/BergerNan Paradijs 
Van der Kruit/De Grijs/Peletier 
Van der Werf 

Van der Werf 
Van der Werf/Shaver 
Van Dessel/Sinachopoulos 
Van Paradijs/Charles/Martin A./CasaresNan 

der Klis 
Van Paradijs/Leibundgut/Abbott/Augusteijn 
Wael kens/Daems 
Waelkens/Mayor 
Wagner/Bock 
Webb/Barcons/Bowen/Lanzetta~ytler 
Weigelt/Appenzeller/Beckmann/Davidson/ 

Kohl/NuObaum/SchoIIer/ScholzNan Elst/ 
Wagner 

Weiland/Becker/GroBmann 

Wiedemann 
Will/Schmidt 

Title of submitted programme and telescope(s) 

Diffraction Limited K-Band Studies of High-z Galaxy Evolution and Morphology 
(3.6m). 
Deep K-Band Searches for High-z in the Vicinity of Selected QSOs (2.2m). 
Optical Multicolour Luminosity Function of Field Galaxies (0.9m Dutch). 
Impact of P/Shoemaker-Levy 9 on Jupiter (3.5m N m .  
A Maser Survey of Symbiotic Miras (SEST). 
A Unique Probe of Diffuse Galactic Matter: Spectroscopy of Ti II (3.6m). 
A Search for Radio-Loud Quasars at z > 5 (3.6m). 
The Origin of Starbursts and lnfrared Emission in Galactic Nuclei (3.6m). 
Probing the Radiation Field in Active Galaxies (2.2m). 
Test of the Minihalo Model forthe Ly-alpha Clouds (3.5m NlT). 
Bright Blue Horizontal Branch Field Stars in the Inner Galactic Halo (1.5m). 
Microvariations of LBVs (0.5m Danish). 
Are Narrow Line Seyfert 1 Nuclei Variable? (1.5m). 
International AGN Watch: Variability of the High-Luminosity AGN Fairall 9 (1.5m). 
lncreasing Element Abundances Towards the Galactic Centre II (3.6m). 
lncreasing Element Abundances Towards the Galactic Centre I (1.5m). 
lncreasing Element Abundances Towards the Galactic Centre (0.9m Dutch). 
Diffraction Limited Broadband Studies of the Seyfert Galaxies NGC 7469 and 
NGC 1068 (3.6m). 
Polarimetry of a Complete Sample of Radio Galaxies: are all Radio Galaxies Giant 
Reflection Nebulosities in the UV? (3.6m). 
Seismology of Rapidly-Rotating Early-Type Stars (3.6m). 
The Luminosity Function of Very Young Open Clusters (0.9m Dutch). 
Do sdB Stars Always Contain Cool Binaries? (1 m). 
Longitudinal Variability of the lo PlasmaTorus (3.5m NlT). 
Parallaxes of VLM Stars (2.2m). 
The Search for QSOs Behind Local Group Galaxies (3.5m NlT). 
The Kinematics of Stars at the Bottom of the Main Sequence (3.6m). 
Unified Model of Seyfert Galaxies: Mapping the Mirror (2.2m). 
High-Resolution Imaging of Wolf-Rayet Galaxies (3.5m N w .  
Chemical Abundances Analysis of the Royal Standard Stars for IS0 (1.4m CAT). 
lnfrared Morphology of Ultra-Compact HI1 Regions (3.6m). 

Search and Monitoring of Eruptive Wolf-Rayet Dust Formation (2.2m). 
IR Counterparts of Highly Reddened Low-Mass X-ray Binaries (2.2m). 
Near-Infrared Surface Photometry of Edge-on Spiral Galaxies (2.2m). 
Search for Redshifted H alpha Emission from Damped Ly alpha Systems (2.2m, 
3.5m N m .  
Search for Redshifted [CII] 158 Micron Emission from High Redshift QSOs (SEST). 
Search for Very Distant IRAS Galaxies (3.6m). 
CCD Photometry forthe Interpretation of the Main Sequence (0.9m Dutch). 
Black Hole Candidates in Faint Soft X-ray Transients (1.5m Danish). 

Supernova Lightcurves (0.9m Dutch). 
Study of the W Serpentis Star HD104901 B (1.4m CAT). 
Radial-Velocity Variations in Post-AGB Stars (1.5m Danish). 
Synchrotron Spectra of Gamma-Ray Blazars (1.5m Danish, SEST). 
Dynamics of Galaxies to - 160h -1 kpc (3.5m NlT). 
Speckle Masking and Speckle Spectroscopy of Stellar and Extragalactic Objects 
(3.6m). 

Molecular Cloud Complexes in the Extreme Dwarf Irregular Galaxy IC 1613 
(follow-up) (SEST). 
Activity in Very Distant Comets (3.5m N T ) .  
Photometry of Weak-LineTTauri Stars in Chamaeleon and Lupus (1 m). 
Exploration of CO Fundamental Bands in Late-Type Stars (3.5m N v .  
The Shape of the IMF in Young Galactic Open Clusters at Low Masses 
(1.5m Danish). 
The UV Background at z > 4.5 (3.5m N m .  
Structure and Variability of the Winds of A-Type Supergiants (0.5m). 

CO Excitation Conditions at the Edge of the Galaxy (SEST). 
Spectroscopic Study of Newly Discovered, Distant Planetary Nebulae (1.5m). 
The Age of Elliptical Galaxies in Clusters (3.6m). 
Adaptive Optics Observations of Lindroos Wide Binaries (3.6m). 
lomicron Photometry of pre-Main Sequence Binary Systems (3.6m). 



Postdoctoral Fellowship on La Silla 
A postdoctoral fellowship is offered on La Silla, starting during the last quarter of 1994. The position is open to a young PhD recipient 

with strong interest in optical observational astronomy. The successful applicant will have a demonstrated potential for independent as 
well as collaborative research within and beyond the Astronomy Support Department (ASD) of the La Silla Observatory. Research interests 
represented in the ASD include active galactic nuclei, star formation, planetary nebulae, abundances and activity of cool stars, magnetic 
stars, supernovae, and the interstellar medium. The spectrum of the observing facilities on La Silla is among the broadest currently 
available at ground-based observatories. 

The holder of the position will spend 50 % of the time as a member of the newly formed NTT Team which comprises scientists and 
engineers charged with the operation and upgrading of the 3.5-m New Technology Telescope (NTT). Emphasis will be on the support of 
Visiting Astronomers and the monitoring of the performance and calibration of the optical instrumentation of the NTT; these duties are to 
be performed in close collaboration with other Team members and the technical staff of the Observatory. Familiarity with modern software 
utilities is a requirement. 

The ESO fellowships are granted for a period of one year, normally renewed for a second and exceptionally for a third year. 
The monthly basic salary will be not less than 5059 DM to which are added an expatriation allowance of 30-45 % as well as a mountain 

allowance of 5-10 %. Applications should be submitted to ESO not later than 15 May 1994. Applicants will be notified by 31 July 1994. 
Application forms are available from ESO Personnel and General Services (PGS), Karl-Schwarzschild-Str. 2, D-85748 Garching b. 
Munchen, Germany. Applicants should arrange for 3 letters of reference to be sent by the same date directly to PGS. 

For further information: contact the project scientist (Internet: dbaade@eso.org or SPAN: ES0::DBAADE). 

ANNOUNCEMENT 1 r 
ESO Workshop on 

SCIENCE WITH THE VLT 
An international conference to highlight the observational oppor- 
tunities introduced by the VLT and the 8m class telescopes. 

Garching, Munich, Germany 
28th June - 1st July 1994 

Scientific sessions: 

Stellar populations in the Galaxy and nearby galaxies 
Star formation 
Late stages of stellar evolution 
Planetary systems 
ISM studies 
Supernovae 
Distance indicators 
Galactic nuclei and AGN 
Large scale structure 
Gravitational lensing 
The most distant galaxies and quasars 

Each session will comprise a review by an invited speaker followed 
by contributed talks. Poster papers are also encouraged. 

CONTRIBUTIONS IN THE FORM OF WORKED-OUT OB- 
SERVING STRATEGIES for planned VLT instruments (CONICA, 
FORS, FUEGOS, ISAAC and UVES), or other possible instru- 
ments, are encouraged. 

Closing date for applications (with or without proposed contri- 
buted papers): 30 April 1994. 

Organizing Committee: I 
(Working Group on Scientific Priorities for the VLT) 
K. de Boer (Bonn), B. Fort (Pic-du-Midi), R.-P. Kudritzki (Mun- 
chen), B. Marano (Bologna), S. D'Odorico (ESO), L. Vigroux 
[Chair] (Saclay), J.R. Walsh (ESO), J. Wampler (ESO) 

1 Contact: I 
I J.R. Walsh (jwalsh @eso.org) or 

J. Danziger (jdanzige Q eso.org) 
European Southern Observatory, 
Karl-Schwarzschild-Str. 2 
D-85748 Garching bei Munchen, Germany 
Fax: +49 8932 00 6480 

ANNOUNCEMENT 

ESO Workshop on 
QSO Absorption Lines 

ESO, Garching 
21 - 24 November 1994 

An ESO workshop on QSO absorption lines will be held from 21 
to 24 November 1994, at the Headquarters of the European 
Southern Observatory, Garching bei Munchen, Germany. 

The workshop is intended to discuss the theory and observa- 
tions of QSO absorption lines in relation to the following topics: 

Galactic halo and interstellar medium 
Low-redshift systems 
Intrinsic absorption lines and BAL systems 
Ly-alpha clouds 
Damped systems 
Metal systems 
Probing the large scale structure 
Probing the Universe at high redshifts 

Organizing Committee: 
S. D'Odorico, G. Meylan, P. Petitjean, P. Shaver, J. Wampler, 
ESO 

Contact Address: 
Georges Meylan, European Southern Observatory 
Karl-Schwarzschild-Str. 2, 0-85748 Garching bei Miinchen, 
Germany 
e-mail: gmeylan@eso.org fax: + 4989320-06-4801320-23-62 

New ESO Publications 
(December 1993-February 1994) 

Scientific Report No. 13: "ACatalogue of Quasars and Active 
Nuclei" (6th Edition). Eds. M.-P. Veron-Cetty and P. Veron. 

Scientific Preprints 

961. N.N. Chugai and I.J. Danziger: SN 19882: Low Mass Ejecta 
Colliding with the Clumpy Wind? M.N.R.A.S. 

962. P. Dubath, G. Meylan and M. Mayor: On the Velocity Dispersion 
in the Core of the Globular Cluster M15. The Astrophysical 
Journal. 



963. E. Cappellaro et al.: New Emission Nebulae in the POSS Field 
1 8 ~  48"'+ 0". M. N. R.A.S. 

964. N.S. van der Bliek, T. Prusti and L.B.F.M. Waters: Vega: Smaller 
Dust Grains in a Larger Shell. Astronomy and Astrophysics. 

965. R. Gredel, E.F. van Dishoeck and J.H. Black: Millimetre Obser- 
vations of Southern Translucent Clouds. Astronomy and As- 
trophysics. 

966. S. Pellegrini and G. Fabbiano: The Very-Soft X-Ray Emission of 
X-Ray Faint Early-Type Galaxies. The Astrophysical Journal. 

967. A. Moneti, I.S. Glass and A.F.M. Moorwood: Spectroscopy and 
Further lmaging of IRAS Sources Near the Galactic Centre. 
M. N. R.A.S. 

968. H.E. Schwarz: Morphology and Kinematics of Planetary 
Nebulae. Invited paper presented at 34th Herstmonceux Con- 
ference: "Circumstellar Media in the Late Stages of Stellar 
Evolution." Cambridge, UK, 12-16 July 1993. 

969. P. Molaro and L. Pasquini: Lithium Abundance in a Turnoff Star 
of the Old Globular Cluster NGC 6397. Astronomy and As- 
trophysics. 

970. F. Matteucci: Abundance Ratios in Ellipticals and Galaxy For- 
mation. Astronomy and Astrophysics. 

971. J. Einasto et al.: The Fraction of Matter in Voids. TheAstrophysi- 
cal Journal. 

972. M. Tarenghi, B. Garilli and D. Maccagni: Galaxy Structures in the 
Hercules Region. The Astronomical Journal. 

973. B. Leibundgut: Observations of Supernovae. To appear in The 
Lives of Neutron Stars, eds. J. van Paradijs and A.M. Alpar 
(Dordrecht: Kluwer). 

974. P.A. Patsis et al.: Hydrodynamic Simulations of Open Normal 
Spiral Galaxies: OLR, Corotation and 4/1 Models. Astronomy 
and Astrophysics. 

975. L.B. Lucy: lmage Restorations of High Photometric Quality. R.N. 
Hook and L.B. Lucy: lmage Restorations of High Photometric 
Quality: II. Exemples. 
Papers presented at: "The Restoration of HST Images and 
Spectra II", a workshop at the Space Telescope Science Insti- 
tute, 18-19 November 1993. 

976. E. Giallongo et al.: The Gunn-Peterson Effect in the Spectrum of 
the z=4.7 QSO 1202-0725: The Intergalactic Medium at Very 
High Redshifts. The Astrophysical Journal Letters. 

977. M. Della Valle et al.: The Nova Rate in Galaxies of Different 
Hubble Types. Astronomy and Astrophysics. 

978. J.-L. Starck and F. Murtagh: lmage Restoration with Noise 
Suppression Using the Wavelet Transform. Astronomy and As- 
trophysics. 

979. A.F.M. Moorwood and E. Oliva: Extended Infrared Line Emission 
Excited by Starburst and Seyfert Activity in NGC 3256 and in 
NGC 4945. The Astrophysical Journal. 

980. A.G. Gemmo and C. Barbieri: Astrometry of Pluto from 1969 to 
1989. Icarus. 

981. N. Hubin and L. Noethe: Active Optics, and Laser Guide Stars. 
Science. 

982. W. Freudling, L. Nicolaci da Costa and P.S. Pellegrini: Testing 
the Peculiar Velocity Field Predicted from Redshift Surveys. 
M.N.R.A.S. 

983. C. Aspin, Bo Reipurth and T. Lehmann: Is ESO Ha: 279 a Pre- 
Main Sequence Binary? Astronomy and Astrophysics. 

The Proceedings of the ICO-16 Satellite Conference on 

Active and Adaptive Optics 
(ESO Conference and Workshop Proceedings No.48) 

have just been published. The price for the 546-page volume, 
edited by F. Merkle, is DM 90.- (prepayment required). 

Payments have to be made to the ESO bank account 
2102002 with Commerzbank Munchen or by cheque, ad- 
dressed to the attention of 

ESO, Financial Services 
Karl-Schwarzschild-StraBe2 
0-85748 Garching bei Munchen, Germany 

984. P. Bouchet et al.: SN 1987 A: Observations at Later Phases. To 
be published in IAU Colloquium 145 on Supernovae and Super- 
nova Remnants. Xian, China, May 24-29, 1993. Cambridge 
University Press. 

985. L.B. Lucy: Optimum Strategies for Inverse Problems in Statisti- 
cal Astronomy. Astronomy and Astrophysics. 

Technical Preprint 

62. R.N. Wilson and B. Delabre: New Optical Solutions for Very 
Large Telescopes Using a Spherical Primary. Astronomy and 
Astrophysics. 

ESO Publications Still Available 
A number of books 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 publications. 

Proceedings 
No. Title and year of publication 

29 High Resolution lmaging by Interferome- 
try Part I and 11, 1988 

30 Very Large Telescopes and Their In- 
strumentation, Part I and 11, 1988 

31 First ESOIST-ECF Data Analysis Work- 
shop, 1989 

32 Extranuclear Activities in Galaxies, 1989 
33 Low Mass Star Formation and Pre-main 

Sequence Objects, 1989 
34 Second First ESO/ST-ECF Data Analysis 

Workshop, 1990 
35 Bulges of Galaxies, 1990 
36 Rapid Variability of OB Stars; Nature and 

Diagnostic Value 
37 The ESOIEIPC Workshop on SN 198A 

and Other Supernovae, 1991 
38 Third ESOIST-ECF Data Analysis Work- 

shop, 1991 
39 High-Resolution lmaging by Interferom- 

etry, Part I and 11, 1993 
40 High-Resolution Spectroscopy with the 

VLT, 1992 
41 Fourth ESO/ST-ECF Data Analysis 

Workshop, 1992 
42 Progress in Telescope and Instrumenta- 

tion Technologies, 1993 
43 Astronomy from Large Data Bases II, 

1993 
44 Science with the Hubble Space Tele- 

scope, 1993 
45 Structure, Dynamics and Chemical 

Evolution of Elliptical Galaxies, 1993 
46 Mass Loss on the AGB and Beyond, 

1993 
47 Fifth ESOIST-ECF Data Analysis Work- 

shop, 1993 
48 ICO-16 Satellite Conference on Active 

and Adaptive Optics, 1994 

Price 

DM 95.- 

DM 95.- 

DM 30.- 

DM 40.- 
DM 50.- 

DM 20.- 

DM 40.- 
DM 45.- 

DM 80.- 

DM 30.- 

DM 110.- 

DM 45.- 

DM 25.- 

DM 90.- 

DM 70.- 

DM 80.- 

DM 90.- 

DM 70.- 

DM 30.- 

DM 90.- 

Other Publications 
The Surface Photometry Catalogue of the DM 50.- 

ESO-Uppsala Galaxies (eds. A. Lau- 
berts and E.A. Valentijn), 1989 

ESO's Early History: The European Southern DM 25.- 
Observatory from Concept to Reality 
(ed. A. Blaauw), 1991 

The Strasbourg-ESO Catalogue of Planetary DM 135.- 
Nebulae, Part I and II (eds. A. Acker, F. 
Ochsenbein, B. Stenholm, R. Tylenda, J. 
Marcout, C. Schohn), 1992 




