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The ESO Council meeting that took
place in Milano on November 28-29,
1995, was of great importance to the or
ganisation for the number and complexi
ty of the issues that were discussed and
the decisions that were reached.

I thought I would comment on some 01
the highlights as a means of inlorming
the European Astronomical Community
of significant developments.

Programmatic and Financial
Matters

The Council was brought up to date
on the very considerable progress which
had occurred in all aspects of the VLT
project. The Council members were able
to see with their own eyes and touch the
430-ton mechanical structure of one of
the VLT unit telescopes just assembled
in the Ansaldo lactory in Milano.

They also received reports on the
successlul delivery 01 the lirst 8.2-m mir
ror at REOSC in Paris, a lew weeks be
lore, and the satislactory progress 01 all
other aspects 01 the technical develop
ments 01 the VLT telescopes.

The successlul development 01 signil
icant portions 01 software was, lor in
stance, vividly demonstrated through its
application at the ND (see article by Ja
son Spyromilio in this issue of The Mes
senger). Programmatic reports on the
development of the most important
sub-units were normally accompanied
by photographic or videotape reports.

Particularly important in this respect
was the visual demonstration on the
completion 01 the civil engineering
works on Paranal and the degree 01
progress on the erection 01 the tele
scope enclosures.

From the point 01 view of schedule
and cost, the Executive could report
that notwithstanding the delay imposed
on the construction by the legal issues
in Chile, the official lirst light could still
occur in the first hall 01 1998, although
internal contingency had been severely
eroded. The projected costs of VLT at
completion were also reported to re
main within the agreed budget, al
though internal contingencies had
been substantially reduced due to loss
es associated to the programmatic de
lays in Chile.

This linancial and schedule status
report was embodied in the written VLT
semi-annual report wh ich is currently
based on the Work Break Down Struc
ture (WBS) and Management Inlorma
tion System (MIS) tools.

I believe it is fair to say that the
Council received these reports with
great satislaction because they portray
a healthy, stable and resilient pro
gramme which was able to absorb
technical and political mishaps and re
spond positively and effectively.

The reports on all other aspects of
ESO also showed an organisation
which is successlully reengineering it
seil while carrying out its tasks and

achieving the Council mandated savings
in operations with good margins.

As a result, the Council was in a posi
tion to approve the 1996 budget pro
posed by the Finance Committee, as weil
as the use 01 the 1997-1999- financial
projections as a base for planning. Fur
thermore, Council tackled and resolved
the knotty problem of cash Ilow created
by the demand lor large payments to con
tractors upon delivery 01 the main compo
nents of VLT.

In an important resolution the Council
authorised the Director General to open a
line 01 credit in the banking sector to be
used for the VLT programme, only as re
quired, with a fixed amount of no more
than 40% 01 one yearly contribution. This
credit is to be completely relunded by the
year 2003 and in any case to be kept to a
minimum by several means. Member
states willing to make an advanced con
tribution could completely avoid the loan
alternative and reduce the required
amount. The Executive is pledged to a to
tal saving of 20 MDM in operating ex
penses over the period 1995-1998 and is
required to absorb the losses due to de
lays in Chile within the VLT programme.
The Member States committed them
selves to a minimum constant contribu
tion (inflation adjusted) lor the period
1996-2002.

By these decisions the Council has
created the necessary conditions for the
successful completion 01 the technical
part of the VLT programme.



Relations with Chile and other
States

Another important decision by the
ESO Council was essential to assure
the operation of the VLT on Paranal in
Chile.

As part of the settlement of the claims
by the La Torre family against the Gov
ernment of Chile regarding the owner
ship of Paranal at the time of the dona
tion, the Chilean Government will dis
burse approximately 10 MDM to the
c1aimant.

While willing to make this effort in
reaching this agreement, the Govern
ment of Chile required from the ESO
Council some assurance that, after the
settlement, ESO would not seek further
damages to repay for the losses suf
fered.

The direct losses to ESO linked to sci
entific contractors had been reduced to
a sum of about 8 MDM.

The Council resolved to forego these
claims, with appropriate assurance to be
given to the Government of Chile, at the
time of exchange of the instruments of
ratification of the new "Accuerdo".

As mentioned above, the Council also
decided that no increase in the run out

costs of VLT to compensate for the loss
es should be granted to the Executive,
resulting therefore in additional savings
required in the VLT programme.

As a result of this action, the legal pro
ceedings regarding Paranal could be
concluded on January 12, 1996 and the
"Accuerdo" has been submitted for its
ratification in Parliament by Chile on Jan
uary 16, 1996.

It is important to point out that even
without the ratification of "Accuerdo" the
legal basis of ESO ownership of Paranal
is now settled. Our relations with the Chil
ean Government are excellent, with
strong assurances at the highest level of
the Government of the desire of Chile to
have ESO develop VLT on Paranal.

Significant steps were also taken by
the Council with regard to the discussions
related to new memberships. A general
resolution about new members was ac
companied by the appointment of an
ESO Negotiating Team to initiate discus
sions with Australia and Spain.

Since then the Government of Austral
ia has also formally named a negotiating
team and preliminary discussions have
started (February 5, 1996). The Govern
ment of Spain has expressed interest in
starting the process (January 19, 1996).

Concluding Remarks

Many other significant issues were dis
cussed and acted upon during this Coun
cil Meeting.

I would like to recall the discussion of
the "Chile Operating Plan in the VLT era",
the endorsement of the Chile reorganisa
tion plan effective since December 1,
1995, the appointment of Daniel Hof
stadt, Jorge Melnick and Massimo Taren
ghi to head respectively the Santiago, the
La Silla and the Paranal operations.

Also, I would like to mention the impor
tant report by the STC on "La Silla 2000"
and the discussions regarding the forth
coming visit of the ESO Visiting Commit
tee.

These matters have been and will be
taken up in greater detail during the
course of the year in future issues of The
Messenger.

Finally, I should note actions of Council
in the re-appointment of Dr. Peter Creola
as President of Council, Dr. Jean-Pierre
Swings as Vice President of Council, Dr.
J. Gustavsson as Chairman of the Fi
nance Committee, Dr. Steve Beckwith as
Chairman of the STC, Professor Krautter
as Chair of the OPC and Dr. Lequeux as
Vice Chairman of the OPC.

TELESCOPES AND INSTRUMENTATION

VLT News
M. TARENGH/, ESO

During the past 3 months a great deal
of work has been carried out on the Chil
ean site where the VLT is being assem
bled. Skanska-Belfi, the Swedish-Chile
an consortium in charge of the construc
tion of the foundations for all the build
ings on the Paranal peak are in the proc
ess of terminating their activities and the
Italian consortium SEBIS has completed
the erection of the steel frame of the first
enclosure unit. Figure 1 depicts in an
impressive way the transition of the typi
cal work associated with civil engineer
ing activities to the work related to me
chanical erection. Enclosure no. 1 in the
middle of the picture is going through
the last moments of the erection of the
roof and a number of workers are oper
ating in the proximity of the upper part of
the structure.

The remaining pieces of the enclo
sure structure of no. 1 (the shutter of the
enclosure) are lined up ready in pre-as
sembled form on the summit of Cerro
Paranal on the left side of Figure no. 1.
During the last week of February 1996
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the external panels of enclosure no. 1
were installed and in the course of April
1996 the structure will be c1osed. The
fixed part of enclosure no. 2 is being
erected and is already visible in Fig
ure 1.

The foundations of the third telescope
have been completed and are ready for
the integration of the enclosure. In tele
scope no. 4 (Figure no. 1) one can see
the scaffolding around the foundations
which was used to align the interface
boxes of the enclosure structure. These
units proved to be very effective with
their special anti-seismic device during
the course of the strong earthquake that
occurred in July 1995. The steel struc
tures for enclosures 3 and 4 left Italy by
sea transport at the beginning of March.
In the background of Figure 1 the steel
frame structure of the control building is
visible. This will be used in the lower
floor for integration, laboratory and tech
nical areas, and the upper floar will be
used for the control rooms from which
astronomers and technical people will
perform their observations.

All the underground tunnels allowing
access to the different telescopes as

weil as the interferometric tunnel and
the interferometric laboratories, are em
bedded in the ground and are already
being utilised for access to the lower
part of the foundations.

The impressive delay line tunnel is a
remarkable feature in the centre of the
figure, also the two bridges crossing the
tunnel that allow the mobile 1.8-m tele
scopes to go from the northern to the
southern side are clearly visible.

In the interior part of the foundations
of telescopes 3 and 4 one can see two
rings covered by blue plastic sheets pro
tecting the two embedded beams on
which the azimuth tracks of the unit tele
scopes will be assembled.

In March the company SPIE Ba
tignolles will intervene on the summit of
the mountain to complete all the electri
cal and mechanical installations in the
telescope buildings, control building and
interferometeric complex, and in the
summer the company AES will start as
sembly of the first telescope structure.

Figure 2 gives more detail of the deli
cate phase of the lifting of the roof. The
human presence inside the enclosure
gives an idea of the global dimensions
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of the construction. The structure has a
low-weight construction, specially de
signed to protect the telescopes from
the strong desert wind.

Seen from the Technical and Hotel Ar
eas, see Figure 3, the summit of Paranal
is starting to take its final shape. Exten
sive work has been done in the course
of the last months to prepare the road
connecting the Hotel Area with the sum
mit in order to be able to have a safe
transport of large and delicate pieces
like the 8.2-metre primary mirror. The
same activity of widening the road up to
12 km and minimising the slope was
performed on the 25 km separating the
old Panamericana from the Hotel Area.

In the foreground of the picture one
can see the present accommodation
complex that is sufficient to accommo
date about 300 people. On the extreme
left is the old ESO camp. In the middle
there is the Skanska-Belfi camp that
now has been taken over by ESO and
will be used in the course of the next
year as a temporary hotel until the final
accommodation complex has been built.
On the right side of the picture above the
other camps is the SEBIS camp utilised
for the Italian team in charge of the erec-

Figure 2.
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Figure 3.

tion of the assembly of the enclosures
as weil as of the telescopes. Near the
soccer field in the foreground of the pic
ture we will soon start the construction
of the building that will be used for the

aluminisation of the primary mirror and
for the construction of the other techni
cal complexes necessary to operate the
new ESO Observatory. One of these
technical buildings will accommodate

the power generators that will produce
the necessary electrical power. A con
tract with the company CEGELEC is
about to be signed for this important and
vital uni!.

The Plan for Optical Detectors at ESO
J. BELETIC, ESQ-Garching

1. Introduction

In January 1995, ESO gave in
creased emphasis to optical detectors
by establishing the optical detector
group within the Instrumentation Divi
sion. This restructuring was intended to
provide the resources necessary to sig
nificantly improve ESO's technology in
optical detectors. In addition to this
group in Garching, there are several oth
er persons, including a group of engi
neers at La Silla, that work on optical de
tectors. In order to co-ordinate our ef
forts, we have organised into the Optical
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Detector Team (ODT) and we have de
fined a strategy for our work. These
plans have been reported to the Scien
tilic Technical Committee (STC) and the
User Committee (UC) and we have re
ceived their support. The intent of this
article is to present our plans to the
whole of the ESO community.

2. Our Vision

Our plans are guided by the following
technological developments:

CCD devices are becoming nearly
perfect detectors of optical radiation;

high quantum efficiency devices can be
made for wavelengths from the atmos
pheric cut-off at 300 nm to -1000 nm.

Readout amplifiers for CCD devices
have improved so that it is now pos
sible to attain less than 2 electrons
noise at "slow" readout rates (100
kpixel/sec/port) and 4-6 electrons noise
at 1 Mpixel/sec/port.

It is possible to build electronics today
that can run any CCD detector or mosaic
of detectors that we can envision for the
next 10 years.

Our vision is for ESO to have detector
systems of high quantum efficiency, low



Specifications of the FIERA CCD Controller
The fundamental goal for FIERA is to make a controller that can optimally operate any

GGO chip or mosaic that ESO acquires for the next 10 years. The limitation of the entire
detector system should be due solely to the GGO and the imagination of the user. The
electronics (hardware and software) of FIERA should be transparent to the user. Later this
year we will publish an article on FIERA after we complete the prototype testing. We list
here some of the specifications of the FIERA design:

• 50 MHz fundamental clock
• Up to 32 readout ports
• Up to 50 Mpixel/sec total
• Up to 21 bits/pixel
• Up to 5.5 Mpixel/sec/port
• Initially 1 MHz pixel rate limitation at 16 bits per pixel (set by AlO limitation)
• Readout noise must be dominated by the GGO device for both slow and fast readout;

the electronic noise must be negligible
• Fully programmable high-current clock drivers (25.5 V swing, 0.1 V resolution at 50

MHz, 2 amps instantaneous per driver)
• Nearly unlimited number of control bits (at 50 MHz)
• Analogue biases fully programmable with hardware limits on potentially damaging

biases
• 4 gain settings
• 64k offset levels
• 4 low pass filter settings (can optimise clamp & sampie at 4 speeds)
• Gbit/sec fiber optic data link from detector head to embedded computer
• Embedded telemetry and test signals
• No software in the detector head / minimalistic design
• Fully modular and expandable.

The FIERA controller consists of three modules:

• A set of detector head electronics that will be mounted as close to the GGO as possi
ble, preferably on the GGO cryostat itself. (If there is too much distance between these
electronics and the GGO, we will use pre-amplifiers to boost the video signal for low noise
performance.)

• A OG power supply module that generates a set of clean voltages for the detector
head electronics. This power supply should be within 3 metres of the detector head elec
tronics.

• The detector computer with a custom-made computer interface board. The interface
board contains a Gbit/sec duplex fiber link and two G40 OSP chips for system control and
interface to external computers/processors. The distance of the fibre-optic data link be
tween the detector computer and detector head electronics can be up to 500 metres with
standard parts, up to 20 km with pin compatible upgrade to more expensive transmitter/
receivers.

For the system we only need to custom design six printed circuit boards; the computer
interface board and five boards in the detector head:

• communications board (fiber link and bus interface)
• clock drivers
• analogue biases
• video processing (amplification, gain, offset, correlated double sampling, digitisation)
• custom backplane

A good feature of the system is that there is no software or processors in the detector
head. The detector head runs via an "extended bus" structure provided by the Gbit/sec
data link. All system "smarts" reside in the G40 sequencer chip and the SPARG computer
that is used as the dedicated computer for the system.

noise and fast readout. While fast read
~ut is only mandatory for a few applica
tlons, such as adaptive optics and rapid
Iy varying phenomena, high speed will
make nearly every instrument more effi
?ient. Acquisition, focusing, direct imag
Ing and calibration data collection will
greatly benefit from high-speed readout.
Also, the ability to read and display im
ages quickly will be a significant advan
tage during instrument integration and
testing.

3. The Present Status 01 ESO's
Optical Detector Systems

CCO detector systems are made of
three basic components: CCO chips,
cryostats and the CCO control electron
ics. At La Silla, there are backside-illumi
nated, high quantum efficiency (q.e.)
~COS at all instruments, with the excep
tlon of the B&C and EFOSC2. B&C is
being upgraded in March 1996 and we
are working with the astronomy depart
ment in Chile to define the proper time to
upgrade EFOSC2.

We will always strive to obtain better
CCOs, but at present the major weak
ness of our systems is the control elec
tronics. The CCO controllers that are
presently in use on La Silla named the
"VME controllers", are amo~g the poor
est functioning controllers of any major
?bservatory. The standard readout rate
IS 15 kpixels/sec, the electronics suffer
from a myriad of noise problems, and
the system has internal crosstalk that
prohibits use of more than one readout
port. Consequently, the VME systems
read slowly with relatively poor noise
and occasionally suffer more dramatic
problems. The La Silla detector engi
n~e.rs should be given credit for main
tammg and optimising these systems as
weil as possible.

In order to remedy this situation for
the VLT instruments, a new-generation
CCO controller has been under develop
ment at ESO for several years. The ACE
(~rray Control Electronics) system pro
VIdes a significant enhancement over
the ~ME: better noise performance and
re~dlng of multiple ports to rates of 90
kpIX~ls/sec/port. Fundamentally, there is
nothl.n.g wrong with ACE, except that its
speclflcation will be outdated for future
a~plications. ACE is not capable of oper
ating the new generation of high-speed,
low-noise CCO devices to the fullest of
their capabilities.

4. Primary Development Effort
Through 1996 - Advanced
CCD Controller

ESl? must produce many CCO sys
tem~ m the next few years in order to
provlde for the VLT instruments and to
Upgrade La Silla. The most sensible ap
proach is to produce a single "universal"
Controller that can operate all of ESO's
CCO devices. This saves money and

time in production, maintenance and
training. Since the ACE controller can
not satisfy the readout requirements of
the new generation CCO devices, the
optical detector team has started a par
allel development effort for an advanced
CCO controller.

We are pleased to report that the ad
vanced CCO controller development
has proceeded very weil since we began
this effort in the second quarter of 1995.
We have established a system architec
ture that should be able to run any CCO
chip or mosaic that is foreseen through
the year 2005. The advanced controller
will be able to operate up to 32 readout
ports at multi-MHz pixel rates (per port),
and all major parameters will be fully
programmable. The system design goal

is to have performance limited only by
the CCO device and the imagination of
the user. Thus, the system can be run
slowly to get the very lowest noise « 2
electrons) for long-exposure faint spec
tra or run fast (expect 4-6 electrons
noise at 1 Mpixel/sec/port) for acquisi
tion, focus, calibration or direct imaging.
The advanced controller has been given
a name: FIERA (Fast Imager Electronic
Readout Assembly). Proposed by our
Chilean staff and voted in by the OOT,
FIERA has the meaning "wild animai",
such as a lion, in both Spanish and Ital
ian. The specifications for the FIERA
controller are Iisted in the box below.

We are applying most of our research
and development energies to FIERA
through 1996 so that the development
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process follows an accelerated sched
ule. We are being assisted in the devel
opment by two ESO member institu
tions: (i) Roma Osservatorio has provid
ed a staff member to work part-time in
Garching, (ii) University Copenhagen
has provided a "tiger team" for design re
view.

The first FIERA prototype will be run
ning in May 1996 and we plan to take the
remainder of 1996 to iterate on the hard
ware design and to write the control soft
ware. Production and deployment will
commence in January, 1997. Since the
FIERA development schedule has be
come a tangible reality, all instruments
with detector deliveries starting in 1997
have given their approval to using
FIERA for their detector systems.

The ACE system, which was success
fully tested at the ND in January 1995,
is now completing final design changes
and it will be used as the controller for
the FORS 1 instrument delivery in
March 1996. We will also use ACE for
the Big-Bang upgrade in the second half
of 1996.

5. CCD Procurement

In parallel with controller develop
ment, ESO is procuring the best of the
new generation of CCO devices. In
Table 1 we indicate the specifications of
the kind of devices that we are looking
for.

We are seeking two different CCO
sizes with the qualities indicated in the
Table:

• 2k x 4k, 15-micron pixel, 3-side but
table device with 2 readout ports along
the 2k side. For use in scientific instru
ments as single devices or in mosaics.
In many cases (e.g. SUSI-2, FUEGOS),
there will be two devices in a 4k x 4k
mosaic.

• 128 x 128, 25-micron pixel, split
frame transfer device with a total of 16
readout ports (8 top, 8 bottom). For use
in the NAOS adaptive optics system, but
also may be useful for VLTI.

At present, we are involved in a pre
liminary enquiry to gather information
from prospective manufacturers and we
aim to have a procurement in place
around the end of first quarter 1996.

We are pursuing a second source for
2k x 4k detectors via a consortium to ob
tain CCO chips from MIT Lincoln Labo
ratory (MIT/LL). MIT/LL produces some
of the best CCOs in the world. Their de
vices have consistently established the
lowest readout noise at rates from 50
kHz to 5 MHz and MIT/LL has much ex
perience with thick devices with high
q.e. in the near infrared. The contract
with MIT/LL will produce a limited
number of devices, but we expect to get
high-quality thinned devices on both
standard silicon and thick, high-resistivi
ty silicon. These devices are the first
choice for the red arm of UVES.

We have also initiated a contract with
Mike Lesser of the University of Arizona
to produce three thinned VLT test cam
era chips and four more thinned 2k x 2k,
3-side buttable, 15-micron Loral devic
es. With a number of thinned Loral 2k x
2k devices already in stock at ESO, we
have CCOs that are presently first
choice for UVES blue, backup for UVES
red and are appropriate for upgrades at
La Silla. The VLT test camera CCO,
which was designed exclusively for
ESO, has a 2k x 2k, 24-micron, 4-port
array with four small "tracker" chips at
the corners. The compatibility of the VLT
test camera device with the Tek/SITe 2k
x 2k devices gives the advantage that
each kind of CCO serves as a backup
option for the other.

We have a small contract to obtain
two Philips 7k x 9k, 12.5-micron arrays
from the first lot of CCOs ever made by
filling the width of a 6-inch fabrication
wafer with pixels. The first devices will
not be suitable for scientific application
since these are front-side devices with a
vertical anti-blooming drain that limits
sensitivity to 400-900 nm and a peak
q.e. of 28%.

6. Cryostat Developments

ESO has been developing two kinds
of cryostats for use with the CCO sys
tems: (i) a bath cryostat, which has a
tank of liquid nitrogen with hold times of
over 2 days, and (ii) a continuous-flow
cryostat that, via feed from a 100 litre
liquid nitrogen tank, can keep a CCO

chip cool for over two weeks. Both types
of cryostats have been designed to work
with the same detector head, which is
removable from the cryostat body.

The new bath cryostat design was
tested in January 1995 at the ND, and
during 1995, a total of 10 detector heads
and 5 bath cryostat tanks were pro
duced. One complete system has been
fully tested for integration with the FORS
1 CCO. Ouring 1996, the bath cryostat
for the VLT test camera will be integrat
ed and tested. The continuous-f1ow cry
ostat prototype has been given a thor
ough test at the CES facility and during
1996, the two continuous flow systems
for UVES will be fabricated.

Ouring 1996, we will begin work on
thermoelectric cooling of the NAOS
wavefront sensor CCO devices.

7. La Silla Upgrades

Test time has been granted February
29 - March 8, 1996 to upgrade the B&C
spectrograph on the ESO 1.5-m tele
scope. We will install a Loral / U. Arizo
na 2k x 2k, 15 micron CCO chip that has
high quantum efficiency (q.e.) in visible
and UV, as demonstrated by the new
CES chip.

Upgrade of the B&C will leave one
last low q.e. device on La Silla, in
EFOSC2 at the 2.2-m telescope. We
plan to use another Loral / U. Arizona 2k
x 2k to upgrade EFOSC2. At present, a
definitive date has not been established
for this upgrade, as this upgrade must
be co-ordinated with the potential move
of EFOSC2 to the 3.6-m telescope.

As part of the ND Big Bang, we will
upgrade the electronics of the SUSI and
EMMI detectors to the ACE/LCU sys
tems in November 1996. These systems
will provide readout rates to 90 kHz out
of 2 ports for the CCO devices on SUSI
and EMMI. Oepending on the noise vs.
speed performance of the CCO devices,
this will enable a sixfold deerease in
readout time. The days of 5-minute
readout of the EMMI Red 20482 CCO
are numbered.

8. Schedule of Deliveries
of Detector Systems
to Instruments

TABLE 1. Speci(ications o( the new eeo devices required by ESO

Very low noise at "slow" readout rates (50-100 kHz) - goal is 2 e- or less
Moderate noise at 500 kHz - goal is 3-4 e-
Fairly good noise at 1 MHz - goal is 4-6 e-
High q.e. from 300 nm through 1000 nm, specifically

Wavelength 320 350 375 400 450 500 600 700 750 800 900 1000
q.e. (%) 70 70 70 80 80 85 85 80 75 70 50 15

Very good cosmetic quality and high charge transfer efficiency

(The term kHz relers to kpixels/sec/port, and MHz means Mpixels/sec/port; a eCD chip or a mosaic may
have many ports operating in parallel.)
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In addition to the La Silla detector up
grades (B&C, EFOSC2), the OOT has
taken the following commitments for op
tical detector system delivery:

1996 March FORS 1
ACE/LCU plus eng. grade Tek/SITe
2k x 2k

1996 July ND
3 ACE/LCU systems (no new cryo
stats or CCOs). Telescope integration
November 1996.

1996 December FORS 1
Put science grade device and final
version of all electronics into the sys
tem.



1997 June VLT Test Cam #1
FIERA with thinned chip (2k x 2k +
tracker chips). We may need to deliv
er this system earlier.

1997 July UVES
FIERA blue arm (2k x 2k eng. grade
device).

1997 September SUSI-2
FIERA with UV-sensitive 4k x 4k (two
2k x 4k devices).

1997 September NAOS
FIERA with AO chip (128 x 128),
plus spare system (thermo-electrical
Iy cooled dewar).

1998 January UVES
Upgrade blue arm to science grade,
deliver red arm 2k x 4k (single chip or
mosaic of 2k x 2k), plus spare parts. If
possible, we will deliver the red arm
with the long-term goal of a 4k x 4k
mosaic. In addition, the blue arm may
be outfitted with a new generation 2k
x 4k device.

1998 March FORS 2
FIERA with Tek/SITe 2k x 2k.

1998 March FUEGOS
FIERA with eng. grade 4k x 4k (two 2k
x 4k chips).

1998 December VLT Test Cam #2
FIERA with thinned chip.

1999 March FUEGOS
Put science grade devices into system.

The ESO community should note that
we are taking the position that all new
CCO controllers on the VLT and new
ones on La Silla (under ESO mainte
nance) will be FIERA systems. We take
this stance because we have the respon
sibility to maintain all optical detector sys
tems. In addition, ESO instruments
should get the benefit of the advanced
capabilities provided by FIERA. (This
statement does not include the new sys
tem at the Oanish telescope or FEROS,
since FIERA will not be available until
1997.)

9. One Observatory - La Silla
and Garehing

. The OOT has made great strides in
Improving communication between

Garching and La Silla. One aspect is
weekly video conferences on every
Thursday. In addition, we plan for more
personnel exchanges - at least one visit
per year of each member to the other
site for functional work. Also, all large
development projects are now a shared
concern, both for design and for mainte
nance - no more dichotomy of develop
ing in Garching and giving to La Silla for
maintenance.

FIERA is a first big step in this area.
The second step we have taken is a
"universal" temperaturelvacuum sens
ing & temperature control box that will be
used with VME, ACE and FIERA sys
tems. This system is being developed in
La Silla with interaction by Garching
staff.

The third design area where we are
combining efforts is a new CCO detector
testbench. All members of the OOT will
contribute to design and critique the de
velopment as it progresses in 1996.

10. Communication with the ESO
Community - World Wide
Web

We have taken the approach that the
World Wide Web is the best avenue for
communicating information to the ESO
user community. A new, clearer and
more concise presentation of data about
ESO's CCO devices went on-line in the
beginning of September 1995. Besides
providing standard data, we use this
medium for user requests. This informa
tion will continue to evolve as we receive
comments and constructive criticism
about the content and format. Please
assist us with continual improvement.

11. Facilities

A new facility upgrade planned for
1996 is the design and construction of a
new CCO testbench. With an increased
number of new detectors and the old
testbench dependent on the VME con
troller, Garching (and perhaps Chile)
needs a new testbench. To be operated
by the FIERA controller, the testbench
will utilise the knowledge gained from

the many years of experience with the
present CCO testbench.

We are also developing an optical set
up to scan a 2 micron wide (minimal
wings) spot of variable wavelength
across the pixels of CCO devices. We
will use this apparatus to measure the
diffusion of photoelectrons that causes
degradation of PSF in CCO devices.
PSF degradation was an unwelcome
surprise during the CES upgrade and
we must become expert at measuring
this behaviour for all of our CCO chips.
High quality PSF is important for nearly
every application, but especially so for
adaptive optics and high-resolution
spectroscopy.

12. Optical Detector Workshop 
October 8-10, 1996

The ESO CCO workshops held in
1991 and 1993 were valuable venues of
information exchange about astronomi
cal CCO detectors. After abrief respite,
ESO will continue the series with an Op
tical Oetector Workshop to be held dur
ing October 8-10, 1996 in Garching.
The attendance of the workshop is being
limited due to space constraints and our
desire to create an intimate setting for
information exchange. We have re
ceived confirmations of attendance from
most of the leading manufacturers and
major observatories. (If you wish to at
tend, please submit arequest to
jbeletic@eso.org)

13. Closing Comments

The optical detector team has estab
lished a coherent plan of activities for
improving ESO's technology in this criti
cal area. Our mission is to develop, im
plement and maintain optical detector
systems that are the best that science
and technology can provide. We encour
age feedback on the direction and plans
that we present in this report.

(please send comments to:
jbeletic@eso.org or odteam@eso.org)

Pointing and Tracking the NTT with the "VLT Control
System"
A. WALLANDER, F. BIANCAT MARCHET, M. CHIESA, P. GLAVES, D. GOJAK,
M. NASTVOGEL-WÖRZ, R. PARRA, T. PHAN DUC, R. ROJAS, J. SANTANA,
J. SPYROMILlO, K. WIRENSTRAND, ESO

Introduction

One of the three main goals of the
Nn Upgrade Project is to test the VLT

control system in real operation before
installation on Paranal. Although ND
and VLT have large differences in optics,
mechanics and electronics, the VLT

Common Software and the standardisa
tion of VLT control electronics provide a
common base. The strategy of the ND
Team has been to develop ND unique
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Figure 1: System Block Diagram.

applications on top of this common base
and field test them on the telescope sub
system by subsystem, thereby providing
feedback to the VLT development and
preparing for the ND Big Bang.

Lately, with the advancement of VLT
applications as weil as moving to more
complex and higher level ND applica
tions, the common base of ND and VLT
has been found on an even higher level.
The heart of TCS, pointing and tracking
of the telescope, is an example of this.
The design, development and test of this
subsystem has been performed in e10se
collaboration between VLT TCS group
and ND Team, with the aim of having
nearly identical systems for ND and
VLT. Such an approach does not only
make optimal usage of available re
sources, but even more important, al
lows a thorough testing of the control
system before first usage at Paranal.
The resulting application code, silling on
top of the VLT Common Software, com
prises of about 75,000 lines of C and
C++ code of which 50 % are comments.

Differences between the two tele
scopes, mainly interfaces to hardware
and other subsystems, have been isolat
ed in the code. With techniques of com
pilation flags, subelasses and a dedicat
ed module per telescope defining instal
lation procedures and configuration pa
rameters (e.g. site location), the target
telescope is specified at installation
time. Thus an installation consists of
checking out the standard modules from
the software archive and executing an
installation script unique per telescope.

8
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The pointing and tracking of the tele
scope was subject of a ND field test the
first ten days (nights) of December 1995.
As for all previous field tests the strategy
was to replace workstations, hardware
and software, execute the test, and then
restore the original system. In addition to
the change of VME boards and 1/0 wir
ing two major hardware changes were
required. The VLT GPS based timing
system replaced the old Cerme e10ck re
quired for tracking, and all electronics
prQcessing the data from the encoder
heads were replaced. To use the limited
available test time as efficient as possi
ble, a large number of staff working in
shift participated, and a detailed test
plan and formal reporting kept the activi
ties under control.

System Architecture

Three application modules, written in
C++ and based on the event handler de
livered with the JUL95 release of VLT
Common Software, are running on the
workstation. These modules mainly
have administrative responsibilities in
performing system start-up and shut
down, providing hooks for user inter
faces, providing interfaces to other sub
systems, and forwarding requests to
tracking axes. Examples of the latter are
preset and offset requests and pointing
modelling and meteorological data (tem
peratures, pressure and humidity) re
quired by tracking. Data for status dis
plays and alarms are generated using
the CCS scan system, mirroring part of

the LCU databases on the workstation
database. In addition to standard VLT
engineering user interfaces, prototypes
of TCS GUI's, developed using the pan
el editor, provides the interface to the
user. We believe it is important to involve
the final users, in this case the telescope
operators, as early as possible in this
area.

A telescope preset request from the
GUI results in commands sent to all con
figured tracking LCU's. During this test
only altitude and azimuth were included,
but in a final system the rotator in the
active focus station will also be ineluded.
From here on the LCU's can operate au
tonomously by having the reference co
ordinates, expressed in right ascension,
deelination and epoch, and the sidereal
time obtained from the time bus.

The GPs receives time information
via an antenna mounted on the roof of
the building and distributes absolute uni
versal time to the tracking LCU's via the
fiber optic time bus.

The two main tracking axes, altitude
and azimuth, comprise encoders, veloc
ity controllers, power amplifiers, brakes,
and interlock sensors. This hardware is
controlled and monitored from a VME
based LCU with standard VLT 1/0
boards and drivers. The application soft
ware in the LCU, written in C and based
on LCC delivered with the JUL95 re
lease of VLT Common Software, is re
sponsible for interfacing the hardware
and performing position control. Having
received the reference co-ordinates and
the time bus signal, the tracking applica
tion calculates every 50 ms the required
absolute position of the axis using slalib
(a widely used library, developed by Pat
Wallace, for astronomic position, time,
and co-ordinate conversion calcula
tions). This value is forwarded to the po
sition controller which uses linear inter
polation to produce new reference val
ues for the velocity controller, imple
mented in hardware, every 2 ms.

The altitude and azimuth encoder sys
tems are completely different for VLT and
ND. Nevertheless, it was decided to re
place the existing ND encoder interpola
tion electronics with a newer generation
from the same supplier used also by Tel
escopio Nazionale Galileo. Identical sys
tems will be used forthe VLT rotators. The
new generation interpolation electronics
increases the theoretical resolution by a
factor 4 (smallest detectable change of
angle is less that 0.01 "), allows a faster
read-out (position controlloop speed can
be increased from 5 to 2 ms), is more
compact, and provides a cleaner inter
face to the software.

Results

As was expected beforehand, most
problems were encountered with the en
coder handling. This part could not be
tested in the lab due to lack of similar
hardware. During the test, firmware



Figure 2: VLTINIT TeS "First Light "Oecember 1995.

problems were discovered, which pre
vented the use of all four encoder heads,
and in order to proceed with the test it
was necessary to operate in a degraded
mode using only one of the four encoder
heads. These problems shall now be re
solved together with the supplier.

At the early stages of the test engi
neering tools delivered with VLT Com
mon Software were extensively used.
The tools inducer and IcudrvTk, which
allows the engineer to access and exer
cise the VME boards directly, made it
Possible to identify and solve many
problems related to the hardware. The
sampling tool, which allows sampling
and real-time trending of signals at 20
Hz, was absolutely essential when tun
ing the position control loops.

On the 7th of Oecember the first at
tempt was made to track on the sky. The
telescope operator Jorge Miranda point
ed to a bright star, and the guide probe
video monitor was switched on. After
Some pointing model parameters were
adjusted the star appeared on the
screen and stayed in the same position.
Figure 2 shows the reaction of the test
ing crew at this moment.

In order to verify as much perform
ance and functionality as possible, a
script was written using the VLT se
quencer, to write star trail characters on
the sky using offsets and differential
tracking. It should be noted that this test
also demonstrated the power and sim
plicity of the sequencer scripting lan
guage. The resulting CCO image is
shown in Figure 3. This exercise showed
a serious problem, clearly visible on the
Image, of tracking stability. There ap
pears to be a low frequency « 0.2 Hz),
approximately 1.5 arcseconds peak to
peak, tracking error. The same behav
10ur was confirmed during normal track
Ing. Unfortunately, the remaining test
time did not allow an extensive investi-

gation of the problem. Oata for off-line
analysis were obtained, but it is believed
it will be very difficult to find a solution
without having access to the telescope.
On the other hand, we are confident that
the cause and a solution can be found
quickly at the beginning of the ND Big
Bang. Note that the old control system
does not exhibit this behaviour and was

Figure 3.

tested extensively during the handover
back to normal operation.

Conclusion

Considering the limited amount of tel
escope time and the complexity of the
test, we consider it to be a major step
towards the ND Big Bang and VLT
commissioning.

The experience obtained will be very
valuable for the ESO test period of the
VLT main structure in Milan. Later, it will
become a tremendous advantage dur
ing commissioning of the VLT at Para
nal, when a large part of the control sys
tem has already been in operation at the
ND for more than one year.

At the same time we still have to
solve some of the problems encoun
tered, mainly encoder handling and
tracking stability, as weil as implement
missing functionality and fine tune the
system. It should also be remembered
that the step from operating a system
with experts present to routine operation
can be rather large.
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J. SPYROMILlO, ESO

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

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

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

preparation to final product.

This issue of The Messenger is the
last before the ND upgrade project
goes into phase 11 (the Big Bang) of the
upgrade. In July this year the ND will go
off-Iine to install the VLT control system
on the telescope. Many people ask me
why the ND is going off-line for a whole
year for a change in the control system.
This appears to a number of people as a
disproportionate length of time. The
modifications to the ND are not Iimited
to the telescope itself. Every subsystem
of the ND is upgraded to VLT standards
from the building and hydraulics to the
target acquisition systems. The slow
read-out electronics for the CCOs are
also being upgraded to the ACE system
which should cut down the read-out
times dramatically. In addition the sup
porting systems such as scheduling,
phase 2 proposal preparation tools, au
tomatic data reduction are being up
graded as weil. Alignment procedures
and tools for the VLT are also being tried
out during this period.

The ND team fully appreciates that
removing a resource as valuable as the
ND from the community for any length
of time is painful. The astronomers with
in the team are also 'active users of the
telescope and will also suffer the with
drawal symptoms. However we firmly
believe that for every month that is ex
pended on the ND now, we shall gain a
month on the VLT UT1. This does not
only apply to the software and hardware
installations but also to the operation of
the VLT as a scientifically useful tele
scope. The transition from a facility that
works to one that produces science is
often long. The ND project as a test bed
for VLT operations aims to cut this tran
sition time down to a minimum for UT1.

Operational News

The statistics for 1995 are in. The
ND had a total down time of less than

10

48 hours in 1995. This is 2.1 % of the
time available for observing and puts us
at the bottom of the published results
for 4-m-class telescopes. In this case
being at the bottom is the best posi
tion to be in. This number has been
achieved by a number of ways. First
and foremost the dedication of the op
erational staff. Preventive maintenance
also plays a big role. The ND has a
maintenance plan which details the ac
tivities of the team every day of the
year. Operations have been moved
from the minds of individuals to docu
ments and check lists. The ND runs
according to a plan and this transparen
cy of operations minimises the time lost
due to mistakes.

Unfortunately, some bad news have
also to be reported. The sensitivity of
EMMI has dropped significantly. Prelim
inary investigations indicate that some
of the very sophisticated coatings of the
EMMI optics which had reflectivities as
high as 98% have aged more rapidly
than expected. The problems are being
further investigated as this article is
written and the latest EMMI sensitivities
will be published on the Web. The re
coating of the elements is not an opera
tion that can be undertaken on very
short timescales. However, every effort
to recover the nominal sensitivity is be
ing made.

Progress with Big Bang
Preparations

On page 7 of this issue of The Mes
sengeT, a detailed description of the first
test of the VLT Telescope Control Sys
tem can be found. However it is appro
priate here to say a few words about
the significance of this field test. In the
past the ND team has tested a number
of subsystems of the control system to
be installed during the big bang. How
ever, the TCS test can fairly be de-

scribed as the biggest challenge for the
VLT software to date. Problems were
found during the test but no show stop
pers. In the article describing the details
of the test, an image where the ND
was made to write "VLT" on the sky is
shown. Although this image showed a
problem with the tracking in the new
system, I am confident that this problem
will be solved. It should be noted that
this image was created by using a very
large number of functions of both the
new TCS and the VLT control system.
The image was generated by using
the differential tracking and offsetting
modes of the new TCS and was run in
a completely hands free mode. A script
for the higher level operation software
(also known as the sequencer) was
written in a few minutes in the scripting
language for the VLT. The script was
executed at the workstation level, and
the actual movement of the telescope
was performed by two independent 10
cal control units synchronised by the
VLT standard absolute time reference
system.

The importance of the sequencer in
the VLT style operations cannot be
overstated. The sequencer is the prima
ry communications tool between the
outside world and the VLT control soft
ware. It makes possible the co-ordina
tion of the telescope, instrument and
detector control software.

As the article is being written, the au
thor is on La Silla watching the EMMI
instrument being controlled by VLT
standard instrumentation software and
electronics. These results give great
confidence that baring unforeseen
problems we expect to be ready for the
big bang in time.

E-mail address: jspyromi@eso.org
(Jason Spyromilio)



The La Silla News Page

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

Image Quality of the 3.6-rn Telescope
s. GUISARD, ESO-La Silla

· Another 3 test nights were used dur
Ing the beginning of February for testing
the optical performance of the 3.6-m tel
escope. The first two nights were dedi
cated to the realignment of the second
ary mirror and to the study of the relative
m?vement of the primary and secondary
mlrrors with telescope position. Antares,
a wavefront analyser, was used for this
purpose. The third night was used for
Image quality measurements. Very
promising results were obtained.

Image Quality

The term image quality is defined
here as the full width at half maximum
(FWHM), usually expressed in arc sec
onds, of a stellar image as measured at
the detector in real observing condi
tlons. Within the astronomical commu
~ity, it is termed, somewhat improperly,
the seeing".

The image quality depends on sever
al parameters:

· (a) The optieal quality (teleseope and
Instrument)

For this study we measured the image
quality at the Cassegrain focus with a di
rect CCO. Therefore, we do not include
any image degradation from instru
ments.

The optical quality depends on :
- the diffraction limit;
- residual aberrations from theoretical

optical design;
· - intrinsic optical quality (due to the

flguring of the optics);
- Positioning of the primary and sec

ondary mirrors with respect to each oth
er (this includes spacing, tilt and decen
tnng, and the variation of these parame
ters both with zenith distance and move
ment of the telescope);

- support of the mirrors (quality of the
support at zenith and variation with ze
nith distance).

(b) The seeing

The seeing is the degradation of the
wavefront by the entire atmosphere,
from the high atmosphere down to the
air layers near the detector. It is usually
decomposed in several components:
outside seeing (site seeing), dome see
ing, mirror seeing, instrument seeing, al
though the phenomenon for each com
ponent is the same. The cause of seeing
is temperature inhomogeneities in the
air which induce phase differences in the
optical path. The effect is to smear the
light of astar. Usually the atmosphere is
the worse part of the telescope. In the
case of the 3.6-m we shall see that this
is not completely true.

(e) Other parameters

- focusing the telescope
- sampling of the detector
- guiding accuracy
- vibrations of the telescope

The image quality study aims at ana
Iysing and reducing all the above-men
tioned effects at the 3.6-m.

Results 01 the Study at the 3.6-m,
February Test Nights

(a) The optical quality of the
telescape

After realigning M2 with respect to M1
during the two first nights (this removes
the decentring coma) the following aber
rations remained. The telescope was
pointing at the zenith. All the values rep
resent the diameter of the circle contain
ing 80% of the light. The unit is in are
seconds.

Oecentring coma: 0.11"
Astigmatism: 0.40"
Triangular astigmatism: 0.45"
Quadratic astigmatism: 0.20"

The combination of all these aberra
tions would produce an image of 0.65"
diameter (80% light) in the absence of
atmosphere and seeing effects. It is not
the optimal value as the intrinsic optical
quality of the telescope (mirror perfectly
aligned, perfectly supported, no atmos
phere) is less than 0.4".

The remaining astigmatism and trian
gular astigmatism are too high. These
aberrations are due to the M1 support. In
fact, they appeared after the last alu
minisation (Gctober 1994). Before this,
the values used to be lower than 0.20".
Several problems concerning the lateral
pads of M1 were found. and partly
solved. It is foreseen during the next alu
minisation period (June 1996) to check
all the forces applied at the back of the
mirror, and to also check the lateral
pads.

It is important to note that these val
ues are for the telescope pointing at the
zenith. We have known for a long time
that telescope flexure associated with
observing away from the zenith causes
the optical quality to deteriorate rapidly.

Ouring the third night the stability in
the image quality with telescope move
ment was measured. The telescope was
first moved to the south to a zenith dis
tance of 60 degrees and then returned to
the zenith. The optical quality at the ze
nith was measured to be 1.0", signifi
cantly larger than the 0.65" measured at
the zenith before the telescope was
moved and after alignment of the prima
ry and secondary mirrors. It nearly
comes back to its original value if you go
north and come back to zenith. Further
tests will be performed to measure the
movements of M1 and M2 for different
positions of the telescope.

(b) Seeing at the telescape

A seeing monitor (dimm4) was in
stalled recently on the tube of the tele
scope to measure the combination of
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Conclusion

The results obtained during the last
test period are very promising. We have
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1.41"
24

1.00"
1.26"
1.09"
1.53"
48

3 Sept. 1995

shown that images with 0.7" to 0.9"
FWHM are possible during a whole
night. However, we also have found
what is required to get these results. To
progress further at the 3.6-m we need
to:

- eontinue the effort of eliminating the
hot sourees in the dome and to eventu
ally insulate the eonerete walls;

- ehange the M2 unit to a NTI-like M2
unit that would enable us to eompensate
for tube flexure when observing away
from zenith. It would also eliminate the
non elastie phenomena present in the
aetual M2 unit design;

- a Wavefront analyser ean easily be
installed inside the rotator, it would be
very easy to aetivate (or semi-aetivate)
M2.

In faet, the reeommendations I made
above, whieh are a eonclusion of the
night tests, are not far from the follow
ing: 'The potentially exeellent optieal
quality of the 3.6-m ean only be exploit
ed if improvements in dome and tele
seope seeing are effeeted and a high
preeision of eentring maintained" (Ray
Wilson, ESO Teehnieal Report No. 8,
Oetober 1977).

4 Oet. 1995

0.70"
1.21"
1.02"
1.40"
13

2 Sept. 1995

Average dimm2
Average 3.6-m
Best value 3.6-m
Worse value 3.6-m
Number of measurements

Average dimm2 0.90"
Average 3.6-m 1.16"
Best value 3.6-m 1.01"
Werse value 3.6-m 1.36"
Number of measurements 30

Average dimm2 1.13"
Average 3.6-m 1.26"
Best value 3.6-m 1.00"
Worse value 3.6-m 1.51"
Number of measurements 25

- outside seeing was good.
So, ean the astronomer expeet similar

results? Unfortunately, the answer is no.
Even if adeteetor with the appropriate
sampling would be available, the follow
ing eonditions for good seeing at the
3.6-m have to be satisfied:

- good external seeing;
- observation only near zenith (be-

eause of the flexure in the teleseope me
ehanies and movement of the opties);

- good optieal alignment of the pri
mary and seeondary mirrors. (Even at
the zenith, it is not eertain that the
primary and seeondary mirrors will re
main aligned from the previous night.
This is due to the non-elastie movements
produeed in the M2 unit. The only way
of verifying the alignment would be to do
an image analysis with a wavefront sen
sor before observations start);

- the air temperature within the dome
is homogeneous.

(c) Image quality measurements

- the temperature differenees
throughout the dome were smaller than
normal,

- the optieal alignment was good
and was eheeked before the observa
tions,

- the teleseope stayed near the ze
nith,

We measured with a direet GGO
(0.19" per pixel) the FWHM of a star
near the zenith. The measurements
were done during the third night test.
Antares was mounted during the begin
ning of the night to eheek the optieal
quality; it was still 0.65". We stayed near
zenith to avoid the non elastie move
ment of the teleseope meehanies and
opties.

The site seeing was good all night, an
average of 0.73" with 48 measure
ments. At the 3.6-m, the average image
quality was 0.92" (48 measurements).
This is by far the best result aehieved
during all the test nights. The best result
was around 0.73", near the aetual opti
eal quality of the teleseope (0.65"). The
worst value was 1.05". These results
are eompared to the results obtained
during previous test nights whieh are
shown in Table 1.

The average value during the last
night test is better than any single
measurement made during the other
test nights. Although the outside seeing
values are not eomparable for all the
nights, the nights of September 2 and
3, 1995 showed outside seeing values
very near to the night of February 9,
1996.

The good results of the last night run
ean be explained by:

the site and dome seeing. Gomparison
between these values and those meas
ured by the outside seeing monitor
(dimm2) will give us the dome seeing.
These measurements need to be done
over a one-year period so that seasonal
effeets ean eventually be deteeted.

Using the experienee gained at other
observatories, a mirror eooling system is
being studied. The heat produeed inside
the eage will be removed with a eooling
system.

About the Photometrie Stability of EFOSC1
S. BENETTI, ESO-La Silla

This brief report deals with the long
term photometrie stability of EFOSG1.
EFOSG1 is a foeal redueer attaehed to
the Gassegrain foeus of the ESO 3.6-m

teleseope. EFOSG1 is equipped with
GGO #26.

In this study, photometrie standards,
all from Landolt [AJ 104, 340 (1992)],

were imaged during 16 photometrie
nights with the S, V and Re filters. Ouring
five of these nights, standards were also
observed with the le filter. The date of
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the observations span from September
11, 1991 to Oetober 14, 1995. For all
data, standard reduetion proeedures
were applied (BIAS subtraetion, and FF
eorreetion, with preference to sky FFs
when available). When available, the ex
tinetion eoeffieients for the night (as
found in the ESO-La Silla WWW pages)
were used.

The equation (M - m =Sm X (B - V) +
Km) was then fitled for eaeh filter (m =B,
V, Re' Icl and for eaeh nighl. Averaged
over all the nights the eorresponding
equations for EFOSC1 are the follow
ing:

B-b =+0.190±0.013x (B - V) +24.06±0.09 (")
V-v = +0.050 ± O.Ollx (B- V) + 24.75± 0.08
Re - r= +0.011 _ 0.012 x (B- V) + 24.80 ± 0.07
le - i = -D.035 ± 0.002 x (B - V) + 23.62 ± 0.05

The instrumental magnitudes were
ealeulated with the counts expressed in
AOUs (the eonversion faetor for CCO
#26 is 4e-/AOU).

The inverted A in the Figure shows the
re-aluminisation date of the 3.6-m pri
mary mirror (during Oetober 18, 1994;

n calculated without one anomalous point. This
point is circled by parentheses in the Figure that
shows the trend in the zero points, Km' with time (Ju
lian days).

the previous one was done during Au
gust, 1990). A signifieant inerease in the
effieieney is measured (especially in the
V and Re bands, see figure). If we eom
pute lhe zero points for the observations
before this date only, we get:

Ks =24.05 ± 0.09
Kv =24.73 ± 0.08
KR =24.77 ± 0.05
K

1
=23.58 _ 0.01

The zero points for the firsl point after
the re-aluminisation (January 7, 1995)
are 0.08 mag higher in B, 0.14 mag
higher in V, and 0.16 mag higher in Re'

From an inspeetion of the figure, itls
c1ear that there is an overall fair photo
metrie stability for EFOSC1 and that
the fluetuations in the zero points are
smaller than 0.1 mag for all filters. Fur
thermore, no obvious systematie
trends are seen before Oelober 1994.

Unusual View of VLT Site
Hanging from a crane, ESO photographer H.H. Heyer took this view over the VLT plalform in Ihe late-evening sunlight at the end of February
1996. Apart from the VLT Unil 1, with almost fully assembled steel structure, Unit 2 is behind at left and the interferometric tunnel stretches across
at nght.
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SCIENCE WITH THE VLT/VLTI

A New Start for the VLTI
ISAG -Interferometry Science Advisory Gommittee*

1. Introduction

It has always been ESO's aim to oper
ate the VLT in an interferometric mode
(VLTI) which allows the coherent combi
nation of stellar light beams collected by
the four 8-m telescopes (UTs) and by
several smaller auxiliary telescopes
(ATs). In December 1993, in response to
financial difficulties, the ESO Council de
cided to postpone implementation of the
VLTI, Coude trains and associated
adaptive optics for all the UTs but includ
ed provisions for continuing technologi
cal and development programmes de
voted to the aim of reintroducing these
capabilities at the earliest possible date
(see The Messenger No. 74, December
1993). In July 1994, the ESO Council
approved a revised VLTI implementation
plan to provide at least the VLT interfero
metric sub-array (VISA) consisting of
three ATs by the year 2003 and, provided
additional funds could be obtained, inte
gration of the UTs by 2006.

The desirability of carrying out the full
VLTI programme as originally envisaged
at the earliest possible moment has not,
however, diminished, especially in view
of VLTI's exceptional capabilities and re
sulting potential for new and exciting dis
coveries. In recent years, interferometric
projects have begun to play a central
role in ground-based high-resolution as
tronomy, and numerous instruments
have been completed or are in the pro
cess of construction (see Table 1 for a
summary of the present situation in this
regard). Several large-aperture interfer
ometers will probably come on-line near
the turn of the century. The impending
presence of these new instruments rep
resents an important incentive both for
c1arifying the scientific cases for various
VLTI implementation plans and for en
suring VLTl's competitiveness in the in
ternational context over the next 10-20
years.

The complexity and ambitious scope
of VLTI mean that its astrophysical re
percussions are difficult to define fully,
even for many of its most vocal support-

·Francesco Paresce (ESO; co-chairman), Denis
Mourard (Nice; co-chairman), Tim Bedding (Syd
ney), Jim Belelic (ESO), Chris Haniff (Cambridge),
Christoph Leinert (Heidelberg), Fabien Malbet (Gre
noble), Jean-Marie Mariotti (Meudon), David Mo
zurkewich (Washingion), Reinhard Mundt (Heidel
berg), Palrick Petiljean (Paris), Andreas Quirren
bach (MPE Garching), Thorsten Reinheimer (MPlfR
Bonn), Andrea Richichi (Arcelri), Huub Röttgering
(Leiden), Oskar von der Lühe (ESO), Rens Walers
(Groningen).
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ers. However, the primary scientific is
sues that it seeks to address are weil
defined, although there remains a need
to present these coherently to the wider
community in order to justify the signifi
cant resources which the project re
quires. Another pressing need is to de
velop an implementation plan that will
optimally exploit the various technologi
cal stages of the project and ensure their
compatibility with a vigorous, yet realis
tic and timely, astrophysical programme.

In order to study these issues and to
establish a clear set of guiding principles
for the development of VLTI, a new Inter
ferometry Science Advisory Committee
(ISAC) was established in April 1995.
This committee has met twice to review
the present technical status of VLTI, its
scientific rationale as elaborated by past
advisory panels (ESO VLT Reports 59
and 65), and the present recovery plans.
The committee has now begun to define
and prioritise the key science drivers for
the programme and the technical speci
fications that flow from them. This article
briefly presents these science goals as
they currently stand. The list is not
meant to be frozen or complete, but rath
er is intended to stimulate community
reflection and comment. The preliminary
recommendations of the committee are
discussed in the last section of this arti
eie.

To provide a forum for the discussion
of the ideas presented here, ESO has
decided to host a workshop on "Science
with the VLTI", in Garehing on June 18
21 of this year (see The Messenger
No. 82 and the announcement in this is
sue). It is hoped that this will allow the
whole of the ESO community to further
refine the concepts outlined in this arti
c1e and to make a case for any capability
or role omitted here.

2. Science Goals

2. 1 Extrasolar planets

Searches for extrasolar planets have
started to assume centre stage both in
the professional arena and in the
public perception of astronomy. The re
cent detection of a planet orbiting 51
Peg (Mayor & Queloz, 1995) has gener
ated much interest, and it is widely be
lieved that more giant gaseous planets
around solar-type stars can be found by
precise radial-velocity and astrometrie
surveys. 80th these methods are indi
reet, in that they measure the motion of
the star around the barycentre of the

star-planet system. While radial velocity
searches could soon become a very effi
cient method to detect exoplanets, they
have a serious drawback: they cannot
determine separately the planetary
mass and its orbital inclination; only M
sin i is measurable. In contrast, astro
metrie observations give M directiy. Of
course, in planetary systems which are
viewed "pole-on", astrometry provides
the only way to detect reflex motion.

The VLTI has the potential to be an
extremely powerful instrument for pre
eise narrow-angle astrometry. For in
stance, the atmospheric limit for deter
mining the separation vector between
two stars which are 10" apart is about
10 ~las for a half-hour integration. Real
ising this potential is achallenging but
solvable task. It requires monitoring the
baseline vector inside the interferometer
with - 50 pm precision and measuring
the differential delay between the two
stars with - 0.005 pm precision. Imple
menting an astrometrie mode in VLTI
with these capabilities would enable us
to detect Sun-Jupiter systems out to a
distance of 1 kpc and small planets (10
Earth masses) around the closest stars.

The following observing strategy
could be adopted for the VLTI astrome
try programme: a list of - 200 target
stars would be observed in the near in
frared with VISA. These stars must be
bright enough for fringe tracking (K -.:;
12), wh ich will allow the astrometrie ref
erence sources to be relatively faint (K
-':;17) and ensure that references for
phasing can be found for almost any ob
ject of interest. The integration time
would be half an hour per star per night.
With thirty observations of each target
star over ten years, this would require a
total commitment of 300 nights on VISA
spread over a decade. The data for each
star would be used to solve for relative
parallax and proper motion, with any re
siduals indicating the presence of plan
ets. In practice, one would use two or
three different astrometrie reference
stars for each target to remove ambigui
ties from the motions of the reference
stars themselves.

The target list would include candi
date planetary systems found from ra
dial velocity searches, for which VLTI
could determine the inclination and thus
the planetary mass. The list could also
include candidates from a large-scale
astrometrie survey such as the GAlA
project, a mission proposed within the
Horizon 2000+ programme of ESA. In
the GAlA data, which should also have a



precision of - 10 /las, albeit over much
wider angles, planets would be revealed
by conspicuous residuals in the astro
metric fit, but the mission Iifetime and
temporal sampling would generally not
b~ adequate to determine planetary or
bits.

While observations of candidate exo
planets would make the VLTI pro
gramme quite efficient, the target list
should also include a survey of other "in
teresting" objects. Examples are the
closest stars, for which the VLTI can de
tect planets with lower masses than can
r.adial velocity searches, IR-excess stars
~Ike ßPic, and pre-main-sequence ob
Jects in low-mass star forming regions
and in Orion. The astrometric mode of
the VLTI would thus open new vistas in
the study of the formation and evolution
o~ planetary systems. It could also pro
~Ide an input list for even more ambi
tl?US space interferometry projects
almed at spectroscopic investigations of
extrasolar giant and Earth-like planets.
One such project, DARWIN, is also un
~er study as a cornerstone mission with
In Horizon 2000+.

While these indirect methods will cer
tainly yield a wealth of data about extra
solar planetary systems, the direct de
tection of photons originating from the
planet itself would enable more detailed
astrophysical studies. Examples include
determining the chemical composition
and temperature of the planets through
spectroscopy, and studying surface
~tructure and rotation by analysing the
hghtcurve. However, in the visible and
near-IR regimes it is prohibitively difficult
to detect planets against the glare of the
parent star. The only chance lies in the
mid-infrared, where the contrast is re
duced by several orders of magnitude.
In the 10 and 20 /lm atmospheric win
dows, the thermal emission of a planet
depends strongly on its temperature (for
example, at 10 11m the Earth is brighter
t~an Jupiter). Simple sensitivity calcula
tlons show that Jupiter at a distance of
10 pc would not be detectable against

the thermal background in a reasonable
time with an Earth-based (and therefore
uncooled) B-m telescope. It should be
kept in mind, however, that other plane
tary systems may be very different from
ours. In particular, other giant planets
may be warmed by internal heating,
which is stronger in planets that are
younger or more massive. Planets may
also be warmed by strong irradiation, ei
ther because the parent star has an ear
Iy spectral type or because the orbit is
small (as in the case of 51 Peg). There
may be a realistic chance of detecting
such warm giant planets in the solar
neighbourhood with the VLTI at 10 or
20 /lm, provided their temperature is at
least 400 K. Suitable candidate objects
for such an ambitious project, which
would require several hours of integra
tion time with the full array of four B-m
telescopes, could be drawn from the as
trometric survey list.

2.2 Low mass stars and brown
dwarfs

Ninety percent of stars in our Galaxy
are less massive than the Sun. Despite
this fact, the properties of stars with low
or very low masses are far less certain
than those of their more massive coun
terparts. For instance, establishing an
observational mass-Iuminosity relation
ship for stars with masses smaller than
0.3 M,,, is still an active field of research
(Henry & McCarthy 1993). Similarly, ob
servations are still unable to significantly
constrain the lower end of the mass
spectrum that is produced by the star
formation process.

Even less weil understood are sub
stellar objects: the elusive brown dwarfs.
It seems that, after a long and eventful
search, the question of their existence
has recently been settled by clear detec
tions (Rebolo et al., 1995; Nakajima et
al., 1995). Of course, this result opens a
new field of study for this latest class of
cosmic objects which will finally allow
theory to be related to observations. Un-

fortunately, this relation is rather indirect
because the classical observables of a
brown dwarf (broad-band photometry
and spectrum) are determined by its
very thin atmosphere, while its physical
status depends mostlyon the age and
mass.

Progress in understanding low-mass
stars and brown dwarfs clearly requires
a method for determining masses. The
first step is to perform radial velocity sur
veys of large sampies of low-mass stars
in search of spectroscopic binaries.
However, while these surveys provide
fundamental statistical results (Duquen
noy & Mayor, 1991), they can only yield
masses for each component if combined
with direct imaging measurements. Du
quennoy et al. (1995) have recently dis
cussed the impact of the VLT and VLTI
on such a programme. In particular, they
show that the combination of high-preci
sion (- 15 m/s) radial velocity data with
parallaxes provided by Hipparcos and
angular separations from VISA would al
low the determination of masses of very
low mass stars with aprecision at the
percent level. Even the mass of a sus
pected 0.03 M(-) brown dwarf companion
could be estimated with - 5% accuracy,
firmly establishing its sub-stellar nature
and allowing one to test evolution sce
narios for these still mysterious objects.

2.3 Star formation and early stellar
evolution

Young stellar objects (YSOs) exhibit a
large variety of different phenomena,
such as infrared excesses, luminosity
variations and highly collimated jets with
velocities of several hundred km/so
These phenomena suggest the pres
ence of a circumstellar accretion disk
and strong magnetic fields. Understand
ing the inner regions of YSOs, including
their accretion disks and jets, is an im
portant area of current research and is
related to the question of how our own
solar system formed. The similarity of
some YSOs to AGNs, particularly the so-

Programme (Nation). Number 01 simult. Baselines Maximum Element diameter Year 01 operation

I---------------~
(ultimate) Baseline [m] [m]

---_._-----_.__.

12T (F) 1 140 0.27 operational
GI2T(F) 1 65 1.52 operational

ISI (USA)3 1 35 1.65 operational

COAST (GB) 3 (6) 100 0.40 operational

SUSI (AUS) 1 640 0.14 operational

IOTA (USA) 1 (3) 45 0.45 operational

NPOI (USA) 3 (6,15) 250 0.35 operational

ASEPS-O ITT (USA) 1 100 0.45 operational

CHARA (USA) 10 350 1.00 1997

KIIA (USA) 1/6/15' 75/1802 10/1.5 1998

LBT (USAII)4 1 20 8 1999

~LTI (EUR) 6/3/61 128/2002 8/1.8 2000

'Beam combination main / auxiliary / hybrid - 2between main / auxiliary telescopes - 3heterodyne, to be changed into a homodyne interferometer - 4mono-

Iithic array. - (Last update: 02/01/96).
'-----

TABLE 1. Current Ground-based Optical Lang Baseline Interferometer (OLBI) Projects
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Figure 1: The top pan shows a HSTIWFC image of the bipolar jets from the HH 30 star in the
[Sill 6716, 6731 lines (with the eontinuum eontribution subtraeted). The HH 30 star is not visible
due to strong extinetion in the eireumstellar disko The star is assumed to be loeated in the eentre
of the gap between the two jets (i.e. 0.3" to the left of the very end of the brighter jet). In the
lower pan, the measured FWHM of the bipolar jets as a funetion of distanee is shown. For the
visible pans of the jet, average full opening angles of about 6 degrees (Ieft pan) and 2 degrees
(right pan) have been derived. However, for the invisible pan of the jet, i.e. between the souree
and the first point of measurement the jet opening angle must be eonsiderably larger (at least
50°) as indieated by the dashed line.
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called classical T Tauri stars, means that
progress in understanding the physics of
star formation may have important impli
cations for extragalactic astronomy.

A major programme for the VLTI is to
study systematically the rich circumstel
lar environments of YSOs at aresolution
of about 2 mas, which corresponds to
20-30 stellar radii (0.3 AU) for the near
est star-forming regions (d = 150 pc).
The factor of twenty increase in resolu
tion over HST provides access to the
phenomena which occur in the inner re
gions around young stars and should
provide important input to the theoretical
models. However, even VLTI will not be
able to resolve the innermost parts of the
accretion disk, where material is pre
sumably funnelled via magnetic fields
onto the stellar surface and where other
parts of the rotating magnetosphere ac
celerate and collimate the outflowing
matter. Nevertheless, observing just out
side these regions should allow mean
ingful extrapolations.

Very few direct studies of circumstel
lar disks have been performed so far,
because this requires high resolution in
the near- and mid-infrared domains. Im
portant parameters yet to be determined
include the morphology of circumstellar
disks, the temperature distribution, the
relative contributions from scattered
stellar light and thermal disk emission,
the disk chemical composition and the
properties of dust grains.

In a few objects, minima in the broad
band spectrum have been tentatively at
tributed to zones cleared by a planet or
faint companion (Marsh & Mahoney,
1993), although different interpretations
based on material properties are also
possible. These gaps lie around 1 AU
and would be detectable with the VLTI
(Malbet & Bertout, 1995). The determi
nation of visibility curves at 2 and 10 mi
crons should indicate the interesting
candidates; imaging will be required to
study the phenomenon with its asym
metries due to the presence of the orbit
ing object. Generally, distribution of dust
and gas, and of the spatial distribution of
temperature can be measured and will
clarify the initial conditions for possible
subsequent planet formation.

The question of how YSO jets are ac
celerated and collimated should also be
addressed with the VLTI. Although the in
nermost region will not be resolved, im
portant constraints on models can be
derived from observations beyond about
30 stellar radii. Astart has been made with
HST and ground-based telescopes, and
studies of jet width as a function of radius
show that at least some YSO jets have full
opening angles of greater than 50° for
small distances from the star. This behav
iour, wh ich is observed for of at least a few
YSO jets, is illustrated in Figure 1 on the
basis of arecent HSTIWFC image of the
bipolar jets from the HH 30-star in the [SII]
6716,6731 lines (Ray and Mundt, 1996).
The figure shows how drastically larger
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the opening angle of this YSO jet must be
on small scales (i.e. within < 0.3" or for <
50 AU from the star). A similar behaviour
has been predicted by the theoretical
models of Camenzind (1990) in which the
jets are accelerated and collimated by
rotating magnetospheres and in which
one expects large jet opening angles for
jet radii much smaller than the light cylin
der, wh ich is expected to have a radius of
about 30 to 100 AU for typical rotation
periods for T Tauri stars of a few days.

The VLTI can also investigate possi
ble connections between variations of
the central star and the formation of new
knots in the jet. For a jet speed of 300
km/s, a new knot resulting from an out-

burst would move outwards and be de
tectable after a few days, allowing its
proper motion to be accurately meas
ured. This is similar to VLBI observa
tions of aso jets. The need to pursue
these observations with high spectral
resolution (R > 1000) and within 1-2
days because of the high proper motion
of the knots (up to 1 mas/day) probably
will require the inclusion of the UTs on
the basis of current brightness esti
mates.

Measuring orbits of very close bina
ries would be another valuable science
programme. High angular resolution is
needed to produce accurate masses for
lunar-occultation and spectroscopic bi-



Figure 2: Histogram of CADARS (Catalogue of Apparent Diameters and Absolute Radii of
Stars; Fracassini et al., 1988) stars with apparent diameters above 1 mas and declinations
south of +40°. The solid fine represents the cumulative frequency.

baselines in the NIR. Most of these stars
are late-type giants. Some 50% have
apparent diameters of 2.5 mas or more
and will permit detailed studies of their
surfaces. Figure 2 shows the histogram
for the distribution of apparent diameters
and spectral class.

The superior imaging capability of
VLTI will make possible the study of
physical characteristics of surface phe
nomena and their variation with time.
Important surface phenomena are due
to hydrodynamic and magnetohydrody
namic effects and result in large-scale
convection cells in the outer convection
zones and concentrations of magnetic
fields. The study of convection through
surface temperature and line-of-sight
velocity variations provides clues to the
fundamental properties of the convec
tion zone. The temporal variation of ac
tive regions provides insight in the un
derlying dynamo processes which gen
erate magnetic fields in stars.

Figure 3 shows the interferometric
signal (visibility magnitude) which can
be expected for a relatively quiet (solar
type) and an active star. It is important to
notice that the signatures in the visibility
functions occur at high angular frequen
cies and have small magnitudes. Only
structures on active giants will probably
be weil resolved by VLTI. Although the
target sources are bright (most stars
have visual magnitudes between 2 and
8), the low visibility signal and the high
spectral resolution required to perform
measurements of velocities and Zee
man profiles will make necessary the
use of the UTs.

The detection of surface features on
cool giants and supergiants using large
single telescopes has been one of the
most important successes of interfero
metric imaging (Buscher et al. , 1990;
Wilson et al., 1992). The best-studied
example is Betelgeuse. The image

A survey by von der Lühe et al. (1995)
indicates that about 2000 stars with dec
linations less than 40° north have appar
ent diameters of one milli-arcsec and
more and therefore are resolved to VLTI

2.4 Stellar surface structure

search for new companions. Measuring
visibilities at different wavelengths in
the near- and mid-infrared bands will al
low us to investigate the temperature
and density distributions of the circum
stellar material and search for gaps
which might indicate the formation of
planets. Finally, closure-phase imaging
will be used to provide the detailed
geometrical information needed to un
derstand the fascinating phenomena
mentioned above.

naries within a reasonable time: an orbit
of 100 AU takes about 1000 years, but
one of 4 AU will be eompleted in 8 years.
Fortunately, the incidence of binaries
a~ong young stars is high (Reipurth &
ZInnecker, 1993) and is probably close
to 100% in some molecular clouds
(Ghez et al., 1993; Leinert et al., 1993).
~asses from binary orbits will finally pro
vlde urgently needed empirical checks
on the evolutionary tracks used in inter
preting the observations of young stars.
. The key capabilities of VLTI in this

!Ield are its resolution, sensitivity and
In~rared response. There are many
b~lght YSOs (V =11-15, K =6-9) which
will make ideal targets. Once the first
t~o ATs become available, a good first
light project would be to determine stel
lar masses from orbital motion and to
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Fig~re3: Distribution ofvisibility magnitude for a quiet (solar-type) star (Ieft) and for an active giant (right). The phenomena shown are convection,
act/ve regions (starspots and plages) and small-scale magnetic fields. The large contribution at low frequencies is due to the sharp edge of the
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Figure 4: Image of the M2 lab supergiant
Betelgeuse at 710 nm obtained using optical
interferometry with the 4.2-m WHT (adapted
from Buscher et al., 1990). This maximum
entropy reconstruction shows a single bright
feature that is offset from the centre ofan oth
erwise uniform disko It represents the first re
solved image ofa star apart from the sun, and
shows a convective hotspot. This type of fea
ture has recently been rediscovered by HST
at ultraviolet wavelengths. The large appar
ent size of Betelgeuse means that it is one of
the few stars than can be resolved with HST.
VLTI, with its 100-m base!ine, will suffer no
such !imitations and offers the prospect both
of investigating stars such as Betelgeuse at
much higherspatial resolution, and of extend
ing surface studies to more distant popula
tions and less extended stellar types. Gon
tours are plotted at 5, 10,20,30, ... 90, 95 %
of the peak intensity. Note the scale of the
axes - this is the one of the largest stars in
the sky (in terms of apparent size).

shown in Figure 4 is typical of those now
being regularly obtained, which show a
small number of bright unresolved fea
tures containing typically 5-15 % of the
stellar f1ux superimposed on an other
wise uniform disko The relationship, if
any, between these features and the
well-documented mass loss and varia
bility of Betelgeuse is at present un
clear.

These surface features, which appear
as bright "hotspots" of emission, are
probably the result of large-scale con
vective upwellings of material from hot
ter regions of the stellar interior
(Schwarzschild, 1975). Their number,
evolution timescale and brightness are
certainly all consistent with such an hy
pothesis, but their detection has raised a
number of further questions that wililike
Iy be amenable to large interferometers
like the VLTI. For this reason, cool
evolved stars are among the most prom
ising targets for pilot interferometric ob
servations. A brief summary of the possi
ble science goals for such observations
are Iisted below:

Frequency of occurrence. Although
now imaged on a handful of massive M
supergiants, there is growing evidence
that surface inhomogeneities are also
present on Mira-type long-period varia-
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bles, Le., stars of much lower masses
(TuthilI et al., 1994; Haniff et al., 1995).
Limitations on the resolving power cur
rently attainable from the ground mean
that only the nearest and most luminous
sources have been observed. The pri
mary goal of an interferometric survey of
the local neighbourhood will be to deter
mine the frequency of occurrence of
these hotspots as a function of type and
luminosity class.

Evolutionary timescale. One of the
most useful diagnostics in the study of
surface inhomogeneities will be the pre
cise determination of their evolutionary
timescales. Predictions exist for convec
tive models, (Schwarzschild, 1975) but
there has been little effort to monitor
these stellar surfaces using high-resolu
tion imaging methods. A dedicated inter
ferometer offers the possibility of such a
programme.

Multiplicity. Gurrent ground-based
studies of stellar hotspots have been
constrained by the limited resolutions of
monolithic telescopes. In this sense, ob
servations have only been able to place
limits on the sizes and multiplicities of
the hotspots seen on these targets.
Once again, predictions for these prop
erties exist for a number of models, im
plying that significant progress could be
made if observations at much higher
spatial resolution were available.

Location. Another useful diagnostic
for elucidating the physical mechanism
responsible for surface features will be
the identification of the precise radial
depth at which they occur. Because of
the abundance of molecular and atomic
species in cool stellar atmospheres,
spectrally resolved measurements pro
vide useful information as to the radial
stratification of the stellar atmosphere,
and so it should be possible, in principle,
to map out the vertical locations of the
surface inhomogeneities.

Mass 1055. Perhaps the most exciting
prospect lies in tying together the ob
served surface features with the prodi
gious mass loss and variability of cool
giants and supergiants. Mass loss from
cool stars remains a very poorly under
stood area, and interferometric observa
tions offer the prospect of imaging cir
cumstellar dust very close to the stellar
surface, of monitoring the photospheric
radius directly, and of directly relating
spatially resolved images with photo
metric and polarimetric variability.

As weil as the main areas Iisted
above, one should not forget more mun
dane, but equally important, problems
that could be addressed by the VLTI.
These include precise angular diameter
measurements, which lead to effective
temperature, and studies of the atmo
spheric structure. All the questions
raised here can be addressed by a com
bination of programmes: (i) detailed
studies of selected sources, (ii) monitor
ing of selected sources every month,
and (iii) a survey of the local neighbour-

hood. In many instances, interferometric
data will provide the first direct measure
ments with which to confront - and per
haps overturn - existing theories.

2.5 Be stars

Be stars show Ha. emission that is
strongly variable and usually double
peaked. They are also known to be rapid
rotators, which led Struve (1931) to sug
gest that the emission arises in a circum
stellar disk of ejected matter. This model
has not been universally accepted (Doa
zan, 1987), but optical interferometry
has now confirmed that Be star enve
lopes are indeed flattened (Mourard et
al., 1989; Quirrenbach et al., 1993,
1994; Stee et al., 1995).

Ad hoc models which assume a disk
geometry have been successful in de
scribing the winds of Be stars (e.g., Marl
borough, 1987), but a theoretical mech
anism for disk formation only came
through the work of Bjorkman & Gass
inelli (1993). They showed that Goriolis
forces in the radiation-driven wind of a
rapidly rotating star will force the flow of
gas towards the equatorial plane and
create a very thin, dense disko Many
questions remain unsolved, however.
This model underestimates the amount
of matter in the disk by a factor of about
100 and predicts a disk opening angle
which is much smaller than that derived
from the statistics of shell stars. Also, the
important variable character of Be stars
(short-, middle- and long-term) is not un
derstood. Indeed different mechanisms
could give the same classical measure
ments. Fortunately, one can show that
the analysis of the interferometric data
through the different variation cycles al
lows the determination of the correct
processes.

VLTI at optical and infrared wave
lengths is very weil suited to resolving
the disk structure of Be stars and moni
toring time variability. There are more
than 100 Be stars brighter than 6th mag
nitude and they have already been weil
studied by classical techniques (spec
troscopy, photometry, polarimetry). In
terferometry brings new constraints on
the size and morphology of the disk (in
cluding velocity and density fields), on
the central star itself (radius, ellipticity,
surface activity and limb-darkening 
see Gidale & Vazquez, 1995) and on the
effects of a binary companion.

Be stars make good targets for long
baseline interferometers, thanks to the
simultaneous presence of a point-like
continuum source (the central star) and
a resolved structure (the emitting enve
lope). The programme demands a good
spectral resolution (R=1 0,000 in the vis
ible and R=100-1000 in the near-IR).
Moderate (u, v) coverage is sufficient
because the geometry is simple - even
without images, and strong constraints
can be placed on the physical processes
involved in the Be phenomenon. The
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Figure 5: Simulated 2.2 pm imager ofan active galaxy at a distance of 5 Mpc, when observed at three different spatial resolutions. Left: 0.5 arcsec
resolution (adapted from a SHARPINTT image of NGC 1068). Middle: 0.06 arcsec resolution (adaptive optics on a UT). Right: 0.003 arcsec
resolution (VLTI). The galaxy is assumed to contain a point-like AGN surrounded by a star cluster. From Genzel et al. (1995).

large apertures 01 the VLTI will be vital to
achieve high spectral resolution maps in
a lew nights.

2.6 AGB stars

All stars with initial masses :5 8M,. end
their lives on the Asymptotic Giant
Branch. An AGB star consists 01 a de
generate C/G core surrounded by a very
extended convective atmosphere lrom
which mass is lost via a dense and dusty
outflow at rates 01 10--8 to 10"'" M. /yr and
expansion velocities 01 5-30 km/so The
mass-Ioss mechanism in AGB stars is
poorly understood. It is believed to be
related to the slow pulsations and the
lormation 01 dust, which is subsequently
pushed out by radiation pressure. Im
proving our understanding 01 the physi
cal mechanisms that drive this process
is important because mass loss domi
nates AGB evolution and also because
AGB stars play an important role in the
~hemical evolution 01 galaxies by return
Ing gas and dust to the ISM.

Questions that may be addressed
are: (i) Where does the dust lorm in the
extended atmosphere? II it lorms too lar
away Irom the photosphere the mass
loss rate resulting Irom radiation pres
Sure on the dust grains is insufficient to
explain the observations. (ii) What is the
role 01 the pulsations in the mass loss
process? Is the star distorted due to the
large convective motions in the enve
!ope? (iii) What molecules are depleted
In the dust lormation region? (iv) How
does dust lormation depend on the
phase 01 the pulsation and on the chem
Ical composition 01 the star?
. Several theoretical studies have high
Iighted the potential 01 mid-inlrared inter
lerometry lor studying AGB envelopes
and addressing some 01 these issues
(Lorenz-Martins et al., 1995; Winters et
al., 1995; Ivezic & Elitzur, 1996). The

mid-inlrared region is ideal lor studying
dust lormation near AGB stars and the
accompanying depletion 01 atoms and
molecules. Astart has been made by
Danchi et al. (1994) using the Inlrared
Spatial Interferometer, wh ich has two
1.65-metre apertures (see Table 1).
Their measurements, made at 10 IJm
using baselines up to 13 m, allowed a
detailed study 01 the inner radii lor 13 01
the brightest late-type stars. The VLTI,
with its 8-m apertures and 10-20 IJm ca
pability, is uniquely suited to extending
this work to lainter and more distant ob
jects and with higher spectral resolution.
For example, the location and properties
01 the silicate dust can be studied by
measuring the change in size 01 the ob
ject as a lunction of wavelength through
the silicate features at 9.7 and 18 mi
crons (Lorenz-Martins et al., 1995). The
layers above the photosphere in which
dust forms may extend to about 10 stel
lar radii, which is several tens of milliarc
sec at distances 01 500-1000 pc and
easily accessible to VLTI. Direct imaging
of the stellar disk will also be possible,
so limb darkening and distortions Irom
sphericity can be measured. II an AGB
star is imaged throughout a pulsation
cycle and if simultaneous radial velocity
data are taken, the distance can be
measured.

The mid-infrared also is the obvious
wavelength region for studying post
AGB stars. Many post-AGB candidates
were discovered in the IRAS point
source catalogue to show warm dust
(500 K) and turn out to be binaries. The
most lamous example 01 such an object
is the Red Rectangle (see Van Winckel
et al., 1995). It appears that mass loss
on the AGB can be affected by the pres
ence 01 an unseen companion, with
mass being stored in a circum-binary
disko It is currently unclear whether
these disks are stable and how they af-

fect the further evolution of the object
and the formation 01 a planetary nebula.
The disks should be a lew to several
tens of AU in size, which means they can
be resolved by VLTI at a distance 01
500 pC.

2.7 The Ga!actic centre

The central 0.1 pc of our Galaxy will
be an important target for VLTI at wave
lengths Irom 2 to 10 IJm The resolution
of the VLTI at 2 IJm is about 2 mas,
which at the Galactic centre corre
sponds to 15 AU or about 1500 times
the Schwarzschild radius of a 106 M" ,
black hole. The first and most important
goal will be to test for the presence of a
central massive black hole by measur
ing the three-dimensional velocity field
of the star cluster centred on IRS 16.
The current astrometric programme at
the NTI (Eckart et al., 1995) could be
continued with higher precision and radi
al velocities could be determined at very
small distances from the centre of the
star cluster, where observations with
single telescopes are limited by crowd
ing.

Another very important goal for the
VLTI will be detailed observations 01 the
infrared sources close to the position of
SgrA·. It is presently unclear whether any
of the objects lound at 2.2 IJm is the true
counterpart of the compact radio source.
The study of a potential IR counterpart of
SgrA* would give completely new in
sights into the vicinity of the central object
of our Galaxy, and could perhaps give us
a direct view of the putative accretion
disko In addition, the high angular resolu
tion of the VLTI will enable us to obtain
infrared spectra 01 individual stars in the
very crowded Galactic centre region. It
will thus be possible to make a census of
the stellar population in this area, to
check whether there is ongoing star for-
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shaped emission has been observed di
rectly. In Seyfert 1 galaxies, the Broad
Une Region (BLR) can be seen in emis
sion lines, but in Seyfert 2s our line of
sight to the nucleus is obscured by the
torus, making the BLR undetectable ex
cept in scattered light. One way to inves
tigate the unified model directly is to im
age the very central part of the active
nucleus.

Infrared imaging of the central regions
is clearly important for our understanding
of AGN. Dust near the nucleus will be
heated by the UV f1ux from the central
engine and there is good evidence that
most, if not all, the infrared emission from
AGN comes from heated dust (see
Barvainis, 1992). The size of the emitting
region is quite small. For example it is
5h71pe or 0.16"±0.04 (1 cr) in NGC 4151
(Neugebauer et al., 1990) at 10 11m.

About 20-30 nearby Seyfert galaxies
are bright enough to be used as refer
ences for fringe tracking. For these, the
central parsec will be probed in the opti
cal and infrared. It is also useful to probe
larger seales in more distant objects, to
trace any cosmological evolution. Fig
ure 5 shows simulated images of a typi
cal AGN observed at different angular
resolutions and Figure 6 shows how the
angular sizes of the relevant regions
scale with redshift.

If fringe tracking cannot be done on
the object itself, a nearby reference star
can be used. It is thus important to
search for new objects (radio selected or
by-products of planned surveys) located
near bright stars. The overall impact of
VLTI in extragalactic astronomy will de
pend on the sky coverage. Calculations
for the adaptive optics system on a unit
telescope in the visible predict a sky cov
erage of about 1% (Theodore et al.,
1994). This increases by a factor of 4-5
if the correction is done in the near infra
red and becomes even greater in the
mid-infrared. A catalogue of bright stars
in the near infrared is needed to search
efficiently for observable objects.

3. Conclusion

On the basis of the above science
goals, ISAC reached a clear consensus
as to the appropriate phasing of capabil
ities that would minimise costs and max
imise possible scientific benefits both in
the short and long term. The recommen
dations are:

1. That the VLTI should be brought
into operation as soon as possible.

2. That the development of VLTI
should proceed in sequenced phases of
increasing complexity, leading to the full
implementation of the VLTI as endorsed
by previous committees.

3. That the earliest phases should fo
cus on:

(a) the near- and mid-infrared regimes
(1-5 11m and 10-20 11m),

o

Although our understanding of the
AGN phenomenon has increased dra
matically, major fundamental issues re
main unsettled. These include the pre
eise mechanisms involved in feeding the
central black hole, the relationship be
tween AGN activity and ultraluminous
starbursts, and the reason why some
AGN in elliptical galaxies are radio loud
(but not those in spirals). The relation
ship between members of the AGN zoo,
ranging from the brightest quasars to
barely-active Seyfert galaxies, is not un
derstood.

There has been much debate on the
relation between radio-Ioud quasars and
radio galaxies (for a review see Antonuc
ci, 1993). It could be that these objects
are intrinsically similar but with differ
ences that can be related either to
their evolution,their environment or their
orientation to our line of sight. The
third possibility is currently the most
favoured. In this scenario, the bright nu
cleus is surrounded by an obscuring
torus of dust and gas, resulting in twin
beams of continuum emission. If our
line of sight falls along one of these
beams then we see a quasar, other
wise the object appears as a radio gal
axy.

A similar explanation can be applied
to Seyferts, in which double cone-

Extended Emission Une Region

-2-3
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AGNs are thought to be powered by
accretion onto a massive black hole. For
reasons that are not understood, but are
probably related to the way galaxies
form, there are many more AGN at high
redshifts than locally. The space density
of high-Iuminosity AGN at z - 2 is 100
1000 times greater than at the present
epoch.

2.8 Active Galactic Nuc/ei

mation in the vicinity of the Galactic cen
tre, and to search for "peculiar" stars,
which may be the remnants of stellar col
lisions. Observations at 10 11m would
also reveal the distribution of warm dust
associated with SgrA*.

Observing the Galactic centre is quite
achallenging task for the VLTI because
of the high density of sourees. Hybrid
configurations formed by combining the
UTs with the ATs will give good coverage
of the (u, v) plane, in particular when the
technique of multi-frequency synthesis
is employed. The focal plane instru
ments needed for observations of the
Galactic centre are (i) an instrument for
the mid-infrared with spectral resolution
R "" 200, and (ii) a near-infrared instru
ment with R "" 2000. For the investiga
tion of SgrA*, polarimetrie capabilities
would be very valuable.
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Figure 6: Angular extension as a funetion of redshift for regions with linear sizes of 1 pe (open
squares), 10 pe (open triangles), 100 pe (filled squares) and 1 kpe (open eireles). The ealeula
tions assumed Ho = 75 km/s/Mpe and qo =0.5. The differenee in look-back time between adja
cent symbols is eonstant and equal to about 0.5 Gyr.
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(b) the provision of single-mode in
struments (i.e., a beam-combining in
strument which covers a field of view
~qual to the extent of the Airy disk of an
Individual telescope of the array) for
both of these wavelength regimes,

(c) the implementation of a narrow
~ngle astrometrie capability in the near
Infrared,

. (d) the deployment of three 1.8-m ATs
~Ith low-order adaptive correction (Le.,
t1p and tilt),

. (e) the incorporation, at the earliest
tlt:ne possible, of two UTs augmented
~Ith low-order adaptive correction (Le.,
tlP and tilt),

(f) the capability to operate with up to
four array elements simultaneously so
~s to. permit reliable phase retrieval and
Imaglng using c10sure techniques.

4. That the later phases should allow:

(a) operation at shorter wavelengths,

(b) .incorporation of higher levels of
adaptive compensation,

(c) operation using all four UTs as weil
as the auxiliary array elements.

The reaction of the whole ESO com
~unity to the ideas outlined in this article
IS W~rmly encouraged, and indeed may
be Plvotal in better defining ESO's pro
gramme. Please feel free to contact any
of the ISAC members listed here or send
e-mail to isac@eso.org. We also invite
everyone with an interest in the scientific
Potential of VLTI to attend the ESO
Workshop in Garehing on June 18-21

where we look forward to constructive
feedback.
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SCIENCE WITH LARGE MILLIMETRE ARRAYS

Science with Large Millimetre Arrays
A Summary of the ESO-IRAM-NFRA-Onsala Workshop

P A. Shaver, ESO

The next major step in millimetre as
tronomy, and one of the highest-priority
items in radio astronomy today, is a
large millimetre array with a collecting
area of up to 10,000 m2 . A project of this
scale will almost certainly require inter
national collaboration, at least within Eu
rope, and possibly with other major part
ners elsewhere. In order to establish a
focal point for this project within Europe,
a study has been undertaken by the In
stitut de Radio Astronomie Millimetrique
(IRAM), ESO, The Onsala Space Ob
servatory (aSO), and The Netherlands
Foundation for Research in Astronomy
(NFRA). In the context of this project, a
workshop attended by some 100 partici
pants was held at ESO Garching on Oe
cember 11-13, 1995 to discuss the sci
entific advances which such an array will
make possible.

In his opening remarks, the Oirector
General of ESO, Riccardo Giacconi,
stated that ESO is committed to support
ing the large millimetre array project as
the possible new major prospect in Eu
ropean ground-based astronomy. He
added that the form and extent of this
support will have to be discussed in the
relevant committees.

The array concept under study has
been outlined in arecent document
("LSA: Large Southern Array"), wh ich is
available from IRAM or ESO. The initial
concept was briefly reviewed at the
workshop by O. Oownes: an array of
some 50 x 16 m antennas with base
lines up to 10 km, operating at a site in
northern Chile above 3000 m altitude to
wavelengths as short as 1 mm, provid
ing the high sensitivity of a collecting
area of 104 m2 and angular resolution
better than 0.1 ". He pointed out that this
array would be a reasonable next step in
terms of collecting area, at the cost of a
small scientific satellite. These parame
ters set the scene for the following talks.

The array was placed in the context of
21st century astronomy by M. Longair*,
who described it as a millimetre equiva
lent to the Hubble Space Telescope, one
which will open up new ways to tackle
many of the most important problems of
astrophysics. Star-forming galaxies that
would be difficult to see with HST will be
detectable out to redshifts of - 10-20,

• Owing to transportation difficulties, M. Longair
and J. Crovisier were unable to attend the work
shop, and their papers were presented by A. Blain
and P. Encrenaz respectively.
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thus providing a window into the 'dark
ages' beyond z - 5 when much of the
key activity in galaxy formation may
have taken place. With its high sensitivi
ty and angular resolution, the LSA will be
particularly weil suited for studying grav
itational lensing of high redshift galaxies
- strong lensing, weak lensing (the
shear field), and cluster arcs. Millimetre
astronomy is currently undergoing a rev
olution, with observations of the high
redshift Universe and an increasing di
versity of objects, and Longair conclud
ed that the LSA will play an important
part in the multi-wavelength approach to
the great problems of astronomy.

The study of young galaxies in the
early Universe is one of the main sci
ence drivers for the LSA, and there were
presentations by S. White, G. de Zotti, P.
van der Werf, M. Rowan-Robinson, and
A. Blain on this subject. White pointed
out that HST images of distant "protogal
axies" already show them to be complex
structures suggesting that they are gas
rich and dynamically evolving; the LSA
will be capable of studying them in de
tail, and determining their space distri
bution over a large redshift range for
comparison with theories of large scale
structure evolution. Oe Zotti stressed
that very strong dust emission may be
the dominant signature of young galax
ies, in which case millimetre observa
tions will be lhe principal means of find
ing young galaxies in the early Universe
and understanding their evolution. The
uniform sensitivity to such galaxies over
a large redshift range may even provide
an opportunity to investigate the geome
try of the Universe. Rowan-Robinson
placed the LSA in the context of other
FIR/mm surveys for distant galaxies us
ing IRAS, ISO, SCUBA, and FIRST. A
survey with the LSA would be complete
Iy dominated by galaxies at high red
shift; it would have unprecedented
source density, lhe highest proportion of
z> 2 sources, and exceptional positional
accuracy and resolution. A. Blain con
c1uded that as many as 104 galaxies at z
> 5 may be detectable in both line' and
continuum with the LSA, and that gravi
tational lenses could be up to a thou
sand times more numerous in the mm
waveband than in optical/radio. P. van
der Werf reviewed existing mm search
es for, and observations of, high-redshift
galaxies, commented lhat our own Gal
axy could be detected up to z - 3-5 in
CO or the 158 ~m [CII] line with the LSA,

and discussed search strategies. At still
higher redshifts, P. Encrenaz discussed
the prospects of searching for primordial
molecules such as LiH and LiH+.

The potential of the LSA for studying
high-redshift quasars and quasar ab
sorption systems was highlighted by the
presentation of new results by A. Omont
and T. Wiklind. Omont showed detec
tions of mm continuum radiation from the
highest redshift quasars; observations
with the Plateau de Bure interferometer
indicate that the emission from the z =
4.7 quasar APM 1202-07 comes from
two components, the quasar itself and
another object at the same redshift 2.5"
away. The LSA will make it possible to
map such emission and search for other
such objects, some of which may be
dust-obscured. Wiklind showed results
from the exciting new field of molecular
absorption-line spectroscopy of quasars.
As many as 15 distinct molecular transi
tions have already been detected in indi
vidual absorption systems in quasar
spectra out to redshifts of 0.89; the high
est-redshift system was discovered
purely by spectral scans in the millimetre
wavebands, in a radio Einstein ring
which has not yet been optically identi
fied. Several molecular transitions have
been detected in individual systems. The
LSA will greatly expand this work, by vir
tue of its high sensitivity and discrimina
tion of point sources against extended
emission, making possible such impor
tant measurements as gravitationallens
time delays, the temperature of the mi
crowave background as a function of
redshift using different molecular transi
tions, and isotopic ratios at cosmological
distances.

The LSA will contribute to studies of
the physics of active galaxy nuclei, with
its high sensitivity, its discrimination of
point sources, and its ability to probe
deeply into galactic nuclei because of
low synchrotron and dust opacity at milli
metre wavelengths. T. Krichbaum de
scribed the kinds of science that will be
possible if the LSA can be used as a
phased array for mm VLBI. At wave
lengths shorter than 3 mm, VLBI is capa
ble of resolutions of a few tens of micro
arcsec, corresponding to fractions of a
parsec at z = 1. Space VLBI at mm
wavelengths would provide still higher
resolution. Unprecedented sensitivity
would also be possible: - 1 mJy, corre
sponding to brightness temperatures Ta
- 102-104 K and Ta -10c106 K for



Gurrent state-of-the-art in miltimetre arrays: the four 15-m antennas of the IRAM interferometer on Plateau de Bure, France.
Photo: A. Rambaud, IRAM.

baselines of hundreds and thousands of
kilometres respectively. A variety of new
observations would become possible,
ranging from the immediate environs of
supermassive black holes in galactic nu
clei and extragalactic mega-masers, to
milliarcsec imaging of Galactic objects
wlth relatively low brightness tempera
tures (particularly stars and stellar
winds) - a new fjeld of scienlific re
search. S. Wagner discussed variability
as a diagnostic of AGN, and pointed out
that the high sensitivity of the LSA will
allow monitoring of a large fraction of the
flat-spectrum radio-Ioud quasars in the
Universe. R. Chini discussed mm con
tinuum observations of AGN and galax
Ies, Showing how a combination of infra
red and millimetre observations can dis
tinguish between types, even if optically
obscured. High resolution millimetre
Continuum maps of galaxies can provide
a POwerful tool for studying star forma
tion.

Several presentations by F. Combes,
C. Henkel & T. Wiklind, D. Downes, F. Vi
allefond, R. Genzel and L. Tacconi con
cerned molecular line studies of galax
Ies. The LSA will be able to resolve indi
vidual clouds in other galaxies and
achleve the same angular resolution for
galaxies at z - 1 as can be achieved now
in local galaxies, wh ich will provide di
rect information on galaxy evolution.
The main dynamical features - spiral

arms, secondary bars and rings - will be
resolved with enough sensitivity to con
strain theoretical scenarios. The mass
spectrum of molecular elouds in nearby
galaxies will be determined, as will in
sights into large-scale star formation
processes and the H2/CO ratio. Special
studies, such as mapping of gravitation
al arcs in molecular lines, will be possi
ble. The LSA will address questions
such as the origin and kinematics of the
molecular gas in early-type galaxies. It
will make possible detailed studies of
the central regions of galaxies - molecu
lar tori and rings, and nuclear star forma
tion. The large collecting area and high
sensitivity of the LSA will be required to
spatially resolve the tori in AGN (NGC
1068 could be observed with 3 pc reso
lution), and to kinematically detect the
central engines. The Magellanic Clouds
provide a laboratory for interstellar medi
um and stellar studies, and F. Israel
summarised the wide range of objects
that will be detectable with the LSA.

In our own Galaxy, many elasses of
objects could be studied in unprece
dented detail. P. Mezger pointed out
that, if SgrA* at the Galactic centre is an
underfed black hole, and if such objects
occur in most galaxies, then as the elos
est example it will be very important to
study in detail. The LSA would permit
unobscured study of this object and its
environment. R. Lucas explained how

the LSA will be particularly suitable for
the study of diffuse molecular clouds in
absorption against extragalactic sourc
es; thousands of sources will be acces
sible to the LSA, and as they will sampie
random (unperturbed) clouds, they will
be ideal for unbiased statistical studies.
T. Wilson and M. Walmsley discussed
the potential contributions of the LSA to
our knowledge of molecular clouds and
astrochemistry. The large interferometer
would contribute most from studies of
molecular clouds near star-formation re
gions - the conditions at the start of
cloud collapse, and the interaction of
newly-born stars with nearby molecular
clouds. Spectral scans with high resolu
tion and sensitivity, and molecular maps
with the same high angular resolution as
the continuum maps, will provide new in
formation on the chemistry, dynamics,
and evolution.

Observing and understanding the for
mation of stars and planets is another of
the main science drivers for the LSA,
and was covered in talks by M. Felli, S.
Beckwith, A. Dutrey, R. Bachiller, and
several poster papers. The elusive pro
tostars may best be found by virtue of
their cold dust emission at millimetre
wavelengths, and a large millimetre ar
ray will be ideal. In the early collapse
phase the disks will be opaque at mm
wavelengths, so easy to detect in the
continuum. Other clues to the presence
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The Director General of ESO, Riccardo Giacconi, giving his opening remarks at the workshop.

of young stellar objects - infrared and
maser emission - can be followed up at
high angular resolution by the large ar
ray. The earliest phases require high an
gular resolution in order to locate the
thermal dust emission, the high density
molecular clumps, and the small-scale
molecular outflows. The study of the ev
olution from disk to planet formation will
require line and continuum observations
with an angular resolution of 0.1" and
high sensitivity. One would like to study
the morphology and kinematics of disks,
the presence of rings, the distribution of
molecules and dust. Molecular outflows
are important both as an essential ingre
dient of star formation and for an under
standing of the physics of astrophysical
jets in general. K. Menten and C. Thum
discussed molecular and recombination
line masers from stellar envelopes. In
addition to the study of the envelopes
themselves, these masers can be used
for a variety of purposes, ranging from
distance measurement to "maser guide
stars" that can assist in imaging faint
emission around the stars.

The LSA will produce a quantum jump
in the multi-wavelength continuum study
of stars, as summarized by R. Pallavicini
- thousands of stars of many types over
practically the entire HR diagram will be
detectable. This work will have an im
pact on studies of the winds of early
stars, the photospheres and chromo-
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spheres of giants and supergiants, ther
mal emission from other evolved stars,
the disks of pre-main sequence stars,
the non-thermal emission from active
stars, etc. By observing at mm wave
lengths, one can go deeper into a stellar
atmosphere, and explore a higher ener
gy (> 1 MeV) electron population in
flares. Measurement of the optically
thick free-free emission from the photo
spheres of normal stars will permit the
determination of stellar radii for those
stars with well-determined parallaxes.
C. Fransson pointed out that the LSA will
also be important for supernova re
search, as radio supernovae are first
seen at high frequencies, and the LSA
will be able to detect them out to 30 Mpc.
VLBI studies of supernovae can be used
for distance determinations. The angular
resolution of the LSA will be important in
the study of supernova remnants and
their proper motions. In the case of SN
1987A, the fact that the LSA and HST
will have similar angular resolution will
be important; the prediction that the su
pernova shock wave will hit the [0111]
ring in the year 2005±3 may provide im
petus for an early construction of the
LSA!

Molecular line observations of circum
stellar shells around evolved stars pro
vide a unique probe of time-dependent
chemistry, and M. Guelin indicated that
the LSA will be capable of resolving

these shells at distances of 6-10 kpc,
the distance of the Galactic molecular
ring. Planetary nebulae were described
as "dust factories" by P. Cox, and LSA
studies will provide important informa
tion about the process of interstellar en
richment. Many species of molecules
have already been detected in 44 plane
tary nebulae, and the LSA will greatly
advance such studies.

The study of solar-system objects
would greatly benefit from combined ob
servations using the LSA in conjunction
with spacecraft. The LSA will contribute
much to planetary science - our own so
lar system and possibly evidence about
extrasolar planets. A. Marten described
the progress that has been made from
close encounters with planets by some
two dozen spacecraft, and said that mil
limetre observations with the LSA would
contribute to a wide variety of topics 
composition, isotope studies, thermal
structure, dynamics (winds), meteorolo
gy. LSA continuum observations of as
teroids would complement radiometric
observations at other wavelengths, con
tributing to the determinations of their
size and albedo, as outlined by J. Cro
visier". In addition, it would provide the
unique possibility to sampie their sub
surface temperature and study their
thermal properties. LSA continuum ob
servations of comets would explore dust
sizes not accessible to optical or radio



Sensitivity of the Large Southern Array for typieal eontinuum observations, compared with that
of some other large teleseopes (approximate wavelength and sensitivity are indieated by the
loeation of the teleseope name in this plot). The broadband spectra of 3C273 (at z = 0.16 and
redshifted to z = 4) and IRAS 10214+4724 (at z = 2.3 and redshifted to z = 10) are also shown
for eomparison.
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\
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correlator would also be a technical
challenge, but, as A. van Ardenne
showed, current developments in micro
electronics are promising and the ten
fold increase in correlator power is pos
sible.

L. Woltjer concluded the workshop by
again placing the LSA in context: it will
be a counterpart of both the HST and the
VLT, and will also serve the adjacent
communities such as those of ISO,
FIRST, and SOPHIA. In terms of the ev
olution in sensitivity and resolving pow
er, the LSA is a logical and necessary
development in millimetre astronomy,
similar to that now being made in optical
astronomy. He mentioned the advantag
es of ESO being involved in some way in
this endeavour. There are many issues
to be decided in the technical optimiza
tion of the LSA, and that is the purpose
of the present Study Project. Funding
possibilities should also be explored
now, if the LSA is to be buHt sometime in
the next decade.

The complete proceedings of this
workshop will be published in the ESO
Astrophysics Symposia series.

E-mail address: pshaver@eso.org
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gether with the need for a manageable
number of dishes, implies large sizes for
the individual antennas. They should be
moveable, to provide high sensitivity at
short baselines. Some initial configura
tion ideas were outlined, including a hi
erarchical (fractal) scheme. A. Baudry
also made the case for subarrays capa
ble of quick phase calibration, and com
mented on the use of the extended
IRAM array as a testbed. Overall techni
cal requirements (wavelength coverage,
angular and spectroscopic resolution,
polarization requirements, etc.) were still
to be fully defined based on scientific
objectives. D. Plathner described possi
ble novel telescope designs that would
meet the required specifications at low
cost.

J. Lamb commented that the provi
sion of the large number of mixers re
quired for the LSA would be a significant
challenge. Millimetre receivers are al
ready close to fundamental sensitivity
limits, and the main advances to be
made are in reliability and simplicity.
Forecasting from the present he would
predict SIS receivers with solid-state 10
cal oscillators, perhaps with HEMT re
ceivers for frequencies < 150 GHz. Cry
ogenics would be a major issue. The

observations - the large-size particles of
the dust coma. Millimetre spectroscopic
observations would be important to de
termine the molecular composition of
the nucleus ices sublimating into the
coma, to study the kinematics of the
?ometary atmosphere and to investigate
ItS physical conditions, as weil as
searching for new mOlecular species.
~he combination of high angular resolu
tion and high sensitivity provided by the
LSA would permit the study of the struc
~ure and evolution of the gas and dust
~ets of comets, in relation to the outgas
Ing processes of the cometary nuclei.

J. Lequeux concluded the scientific
presentations by considering the syner
gy between the LSA and the VL1. He
pointed out that these two instruments
W!II be highly complementary, as they
will both have high sensitivity and angu
lar resolution. Furthermore, he said that
the main scientific drivers for both the
LSA and the VLT are cosmology and
star formation, so that the science pro
grammes will also be complementary 
these are also the domains where the
~ynergy will be at its best. For example,
In the case of high-redshift galaxies,
the millimetre observations will be bi
ased in favour of dust-rich galaxies,
whereas the optical is biased against
Such objects.
. There followed aseries of presenta

tlons. about the LSA Study Project, fo
Cusslng on various technical aspects. R.
Booth provided an overview, stressing
that, with the Plateau de Bure interfer
Ometer and the 10-m HH, 15-m SEST
and JCMT, 20-m Onsala, and 30-m
IRAM dishes, Europe is already strongly
developed in millimetre astronomy, and
the LSA is a logical next step.

The obvious location for the LSA is
the Atacama desert in Chile, both for the
unparalleled atmospheric conditions
and for complementarity with the VL1. L.
Bä.äth described the search presently
belng undertaken for a site sufficiently
lar.ge for the LSA and at an appropriate
altltude and within reasonable distance
of infrastructure. One site has already
bee~ identified which is worthy of more
detaJled study. R. Hills discussed the
~roblem of atmospheric phase fluctua
tlons due to water vapour, for which cor
rections are required in order to obtain
angular resolution significantly below 1
arcsec.. There are a number of possible
Correctlon techniques (also discussed in
poster papers by M. Bremer and P. Hall);
the most promising is based on meas
urements of the atmospheric emission in
the beam of each antenna.

~oSsible array concepts and configu
r~t1ons were outlined by S. Guilloteau.
1he large collecting area of the array, to-
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REPORTS FROM OBSERVERS

Giant Gas Halos in Radio Galaxies:
A Unique Probe of the Early Universe
H. RÖTTGERING, G. MILEY and R. VAN OJIK, Leiden Observatory, The Netherlands

galaxies were found in the context of an
ESO Key Programme in which we were
involved. The results formed the basis of
lhe PhD theses of Huub Rättgering and
Rob van Ojik and have been presenled
in several articles. Two previous Mes
senger articles described our lech
niques for finding high-redshift objecls
and lhe preliminary results of lhe Key

ic protogalactic distribution and (iv) neb
ular continuum emission associated with
strong emission line regions. Although
polarisation results suggest that dust
scattering is occurring, as yet no single
model for the radi%ptical alignment is
satisfactory (see Longair, Best and
Rättgering, 1995) .

Almost half the known high-redshift
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Figure 1: NTT and 3.6-m speclra of 4 z > 2 radio galaxies found during (he ESO Key Pro-
gramme.

Radio galaxies are important labora
tories for studying the early Universe,
because they generally emit three
components (IR-optical-UV continuum,
emission lines and radio continuum) that
are all highly luminous. Unlike quasars,
the various emission components of ra
dio galaxies are spatially extended and
weil resolved from the ground. Not only
can different diagnostics be derived for
each of these components, but studies
of the relationships between them can
place unique constraints on the emis
sion mechanisms, the contribution of
stellar and non-stellar sourees, the dy
namical state of the thermal plasma, the
physical state of the galaxian environ
ment and the star-formation history.
These properties are relevant to the for
mation and evolution of galaxies, active
nuclei and radio sourees.

Ouring the last decade the number of
known radio galaxies with measured
redshifts weil over 2 has grown dramati
cally. There are now more than 70 radio
galaxies with z > 2. This redshift corre
sponds to look-back times of - 90%,
close to the epoch at which the galaxies
must have formed. It also corresponds
to the peak of the "AGN era", when the
space-density of luminous quasars and
radio galaxies was several hundred
times larger than the present value.

Several years aga it came as a big
shock when it was discovered that, un
like the case for nearby radio galaxies,
the radio emission of z> 0.6 radio galax
ies is roughly aligned with the optical/IR
continuum (Chambers, Miley and van
Breugel, 1987; McCarthy et al., 1987).
Several models have been proposed or
considered to account for this alignment
effect (e.g. see McCarthy, 1993). The
two most promising models are scatter
ing of light from a hidden quasar by elec
trons or dust (Tadhunter et al. , 1989; Fa
bian, 1989) and star formation stimulat
ed by the radio jet as it propagates out
ward from the nucleus (Chambers, Miley
and van Breugel, 1987; McCarthy et al.,
1987; Oe Young, 1989; Rees, 1989; Be
gelman and Cioffi, 1989). Other scenari
os involve (i) inverse Compton scatter
ing of CMB photons, (ii) enhancement of
radio luminosity by interaction of the jet
with an anisotropie parent galaxy, (iii)
alignment of the angular momentum of
the nuclear black hole with an anisotrop-

1. Introduction
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AGN axis, but outside the radio source,
is strong evidence that photoionisation
by anisotropically emitted radiation from
the active nucleus is occurring. Because
the halo extends beyond the radio struc
ture with less violent and more ordered
kinematics than inside the radio struc
ture, we conclude that the outer halo and
its kinematics must predate the radio
source. The ordered motion may be
large-scale rotation caused by the ac
cretion of gas from the environment of
the radio galaxy or by a merger. AI
though alternatively the halo may be
caused by a massive outflow, we argue
that bulk inflow of the emission line gas
is inconsistent with the most likely orien
tation of the radio source.

The large velocity-widlh of the Lya
gas contained within the radio source
compared to that of the outer halo sug
gest a direct interaction of the radio
source with the gas. The spatial correla
tion of enhanced, blueshifted Lya emis
sion and the sharp bend of the radio
structure suggest that the emission-line
gas could have deflected the radio jet.
The impact of the jet could have acceler
ated the gas at this position and may
have locally enhanced the Lya emis
sion.

3. Lyo: Absorption: A New
Diagnostic of High-Redshift
Neutral Gas

Another unexpected discovery which
came as a direct result of studying the
properties of the Key Programme radio
galaxies is that deep narrow troughs of
ten "disfigure" the Lya profiles. High
resolution spectra show that in some
cases these features are too sharp to be

@

(Fig. 4). The gas contained within the ra
dio structure has a relatively high veloci
ty width (- 1500 km S-1 FWHM). The
component of the Lya emission that co
incides with the bend in the radio struc
ture is blueshifted with respect to the
peak of the emission by 1100 km S-1.
There is low surface brightness Lya
emission aligned with, but extending
40 kpc beyond both sides of the radio
source. This halo has a narrow velocity
widlh (- 250 km S-1 FWHM) and a veloc
ity gradient of 450 km S-1 over the extent
of the emission. The presence of the qui
escent Lya component aligned with the

Figure 3: A Golour representation of the Lya halo of the radio galaxy 1243+036 at z = 3.6, with a
Gontour plot of Ihe 8.3-GHz VLA map superimposed.
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2. Lyo: Emission: Clues to Galaxy
Formation

Programme (Miley et al., 1989; 1992).
Here we shall concentrate on one of the
most interesting scientific aspects of the
project, namely the nature of the gas as
sociated with many of the distant radio
galaxies.

One of the most remarkable features
of distant radio galaxies is that they
Usually possess giant luminous halos of
ionised gas, which can extend to > 150
kpc, with velocity dispersions of typically
- 1000 km S-1. On the arcsecond scale
these halos are highly c1umped. In Fig
ure 1 we show ND and 3.6-m spectra of
z> 2 galaxies that were discovered dur
ing the ESO Key programme. Integra
tion times are typically 1-2 hours. The
dominant emission line in these spectra
is Lya A1216. The Lya emission can be
as luminous as 1044 erg S-1. Other lines
that are olten present, but with fainter in
tensities « 10% of Lya) are e IV, He 11,
eili].

One of the most spectacular high
redshilt gas halos so far known is that
associated with one of our Key Pro
gramme galaxies, 1243+036 at z =3.6.
Deep narrow-band imaging and high
resolution spectroscopy show an ex
tended Lya halo with complex kinemat
ICS (van Ojik, 1995; van Ojik et al.,
1995a).

The Lya halo of 1243+036 has a lumi
nosity - 1044.5 ergs S-1 and extends over
- 20" (135 kpc). The Lya image (Figures
2 and 3) shows that the emission-line
gas is aligned with the main axis of the
radio Source and has structure down to
the scale of the resolution. High-resolu
tion spectra show that the Lya emitting
gas has a complex kinematic structure

27



with respect to the line of sight, (ii) evolu
tionary stage and (iii) properties of the
environment, with the smaller radio
sources being situated in denser environ
ments than the larger radio sources.

Considering the filling factors and
physical parameters derived from our Lya
observations, we estimate that a gas halo
has a characteristic mass of - 109 M (",
and is typically composed of - 1012

clouds, each having a size of about 40
light-days, i.e. comparable with that ofthe
solar system. It is tempting to speculate
that these clouds are intimately associat
ed with the early formation stages of indi
vidual stars and that they delineate a fun
damental phase in galaxy evolution.
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Figure 4: A two-dimensional representation of the 2.8 Aresolution spectrum of Lya of 1243+036
(z =3.6) taken through a slit oriented along the main axis of the radio emission.

that high redshift synchrotron jets have a
strong influence on the gas through
which they propagate. The gas associat
ed with larger radio sources (> 50 kpc)
tends to have (i) larger Lya sizes, (ii)
smaller velocity dispersions and (iii) less
likely to undergo Lya absorption than the
gas associated with smaller radio sourc
es. There are also correlations between
the distortions in the two-dimensional
Lya spectra and the complexity of the
radio structure which implies a link be
tween the radio structure and the gas
kinematics.

In addition to these statistical argu
ments, the data on 1243+036 presented
above provides a compelling direct ex
ample that the jet-gas interaction can be
vigorous enough to bend the jet.

The general properties of both the Lya
absorption and emission data can be
explained qualitatively as being produced
by different regions within a single large
gaseous structure. Three different sce
narios can be invoked to explain the ob
served correlations between the radio
and gas properties. They are based on
differences in (i) orientation of the system

An ultimate aim of studying high-red
shift galaxies is to constrain models of
galaxy formation. Recent observational
evidence suggests that distant radio gal
axies may weil be proto-cD galaxies.
Deep continuum images with the HST
show that a radio galaxy at z = 3.8
(4C41.17) is composed of many (> 20)
distinct sub-kiloparsec clumps distribut
ed within a 100 kpc Lya halo. These
clumps may be undergoing vigorous
star formation (van Breugel, 1996; van
Breugel et al., 1996).

We have suggested that the ordered
motion in the giant gas halos surrounding
1243+036 (Figs. 2, 3 and 4) may weil be
due to rotation of a protogalactic gas disk
at z =3.6 out of which the galaxy associ
ated with 1243+036 is forming. A gravita
tional origin of the rotation of such a large
disk implies a mass of - 1012 sin-2(/) M .. ,
where iis the inclination angle of the disk
with respect to the plane of the sky. Such
a picture would be consistent with some
current galaxy formation models. For ex
ampie, numerical simulations by e.g.

5. The Formation of Galaxies
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explained as separate kinematic compo
nents of the emission, but that they are
definitely due to absorption by neutral
hydrogen in the line of sight. An example
is provided by the Key-Programme radio
galaxy 0943-242 at z =2.9 (Röttgering
et al., 1995). A spectrum of the Lya pro
file (Fig. 5) reveals a complex emission
line profile which is dominated by a nar
row trough centred 250 km S-1 blueward
of the emission peak and which appears
as a "bite" out of the spectrum. The obvi
ous interpretation is that it is due to H I
absorption. The necessary column den
sity is 1 x 1019 cm-2 . Because the ab
sorption is so deep, it must cover the
entire Lya emission region, which has a
spatial scale of 1.7". The linear size of
the absorber is thus at least 13 kpc. This
was the first direct measurement of the
spatial scale of an absorber with a col
umn density of - 1019 cm-2 .

We have now analysed deep high-res
olution spectra for a sampie of 18 distant
radio galaxies (van Ojik, 1995; van Ojik et
al., 1995b). Most of the spectra were tak
en using the EMMI-spectrograph on the
NTT with integration times of a few hours.
H I absorption features appear wide
spread in the Lya profiles. 11 radio galax
ies of the sampie of 18 have strong (> 1018

cm-2) H I absorption.
Since in most cases the Lya emission

is absorbed over the entire spatial extent
(up to 50 kpc), the absorbers must have
a covering fraction close to unity. Given
the column densities and spatial scales
of the absorbing clouds, the typical H I
mass of these clouds is - 108 M.).

The Lya absorption provides a new
diagnostic tool for studying and spatially
resolving neutral gas at high redshifts.
Because the spatial extension of the ab
sorbing region can be studied, the Lya
absorption can provide information
about the properties of the neutral gas
(e.g. dynamics and morphologies) which
cannot be studied using quasar absorp
tion lines.

4. Interaction with the Radio
Sourees: Nature of the Gas

There are several pieces of indirect
evidence from the Lya emission data

- 0.02 '---''--'--.1---l.--'----'--'--'--'--'--'-..L-..L--'---L--'--L..-'--''--'--.1--'----'--'--'--'--'--'
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Figure 5: Part of the high-resolution spectrum (1.5 A) of the Lya region of the z = 2.9 radio
galaxy 0943-242. (see also Röttgering et al., 1995).
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Evrard et al. (1994) using hierarchical
cl,ustering scenarios indicate that rotating
dlsks with radii of several tens of kilopar
secs should be common around forming
galaxies at high redshift.

6. The VLT and the Next Decade

Because of their unique diagnostic
abilities, high-redshift radio galaxies are
among the most important targets both
for the HST and the next generation of
large optical-IR telescopes, including
the VL1. The VLT should allow the enig
~atic outer fainter regions of the galax
I~S to be mapped and the spatial exten
sions in some of the weaker emission
lines to be measured, thereby providing
new diagnostics on the state of the gas.

Here we have concentrated on dis
Cussing the gaseous properties of high
redshift galaxies. Studies of stars, dust
and synchrotron emission are of course
also essential if the history of the galaxy
formation is to be pieced together. High
spatial resolution images and spectra will
measure spectral energy distributions
and polarisations for the nuclear regions
and continuum clumps, while the kine
matics and morphological distribution of
the gaseous clumps should provide clues
to ,:"hether and how the observable gas is
belng converted into stars.

Not only are distant radio galaxies in
teresting in their own right as laborato-

ries for studying galaxy formation, but
their environments are particularly in
triguing regions of the Universe to exam
ine in detail. Such topics are outside the
scope of the present article. However,
we remark that since low-redshift
radio-Ioud objects tend to be in rich clus
ters of galaxies, the surroundings of
high-redshift radio-Ioud objects are
among the most fruitful places to seek
the most distant clusters.

We expect that such studies will pro
vide important new insights into the evo
lution of galaxies and clusters and that
the VLT will playa major role in this ex
citing work.
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Introduction

CCO astrometry ofters the possibility
of measuring proper motions for the
nearest galaxies, either from the ground
or ~sing HST, in only 5-10 years. An in
ertlal reference frame, however, is need
ed against which to measure these mo
tions. We have therefore been using the
L~ Silla telescopes to seek OSOs be
hl~d several of the nearest satellite gal
aXles of the Milky Way, using a variety of
teehniques.

The Prospects for Proper
Motions

. In a previous Report, Tinney (1993)
dlseussed some of the features which
make CCOs almost ideal detectors for
small-angle, relative astrometry at ex
~remel~ high preeisions (i.e., 110 mas).
n partleular, it was suggested that an

astrometrie programme targeted at the
nearest galaxies eould be fruitful.

Sinee then, observations at two
epoehs (May and June 1994) of a field in
the globular cluster NGC 6752 have
been sueeessfuily earried out in exeel
lent seeing (better than OS') using SUSI
on the NTT. These observations were
eentred on the known OSO 01908
6002, and aimed to both test the astro
metrie limits to whieh SUSI eould be
pushed, and to measure the proper mo
tion of NGC 6752 over a baseline of 18
months. Eighty-two referenee stars were
seleeted, based on their eolour-magni
tude diagram membership of the cluster,
and used to define a linear transforma
tion (with an allowed rotation) from a sin
gle frame in the first epoeh to eaeh of
rest the frames. The typical one-sigma
residuals in a and 0 about these trans
formations were only 3.5 and 4.2 mas
(respeetively). This means that the posi
tion of a single objeet (i.e. the referenee
OSO) eould be determined in a and 0 at
a single epoeh to within 1.8-2.1 mas.
This essentially confirms the expeeta-

tion that the NTT/SUSI combination will
be ideal for high-precision astrometry,
and means that with observations car
ried out every other year over a six-year
period, proper motions can be meas
ured to ±0.2 mas/year*.

The Search for Reference
Objects

It is therefore c1ear that, teehnically,
there is no reason why proper motion
programmes for the nearest satellite gal
axies of the Milky Way (which are ex
peeted to have proper motions of 0.5-2
mas/year) can't be begun now. And sci
entifically, the rewards from such a pro
gramme would obviously be of incredi
ble value to our understanding of the dy
namics of the Local Group, the forma-

·Unfortunately, no subsequent observations of
this fjeld have yet been obtained in sufficiently good
seeing to actually produce a proper-motion estimate
for NGC 6752.
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tion of the Milky Way, and not least the
total mass of the Milky Way (see, for ex
ample, Majewski (1994), Lynden-Bell &
Lynden-Bell (1995) and reference there
in).

The one thing stopping us, however,
is that to measure such small proper mo
tions, a distant and unresolved refer
ence frame against which to measure
motions is needed - Le. reference
asos. At the magnitudes at which this
astrometry will be carried out (20-21.5
mag) the number density of asos is
more than adequate to provide ~ 5
asos behind the Owarf Spheroidal
(dSph) galaxies, and ~ 20 - 100 be-

Carina dSph 06:41 :36.7 50:57'58 (2000)

>light Ascension

Some Serendipitous Results

Figure 2 shows a sampie of the spec
tra for the asos identified. Among lhe
more interesling are aJ0240-3434AB
and GJ0641-5059.

QJ0240-3434AB (The Fornax QSO
Pair): Certainly lhe mosl dramalic result
of the programme of speclroscopic
follow-up was the discovery thaI the opti
cal counterpart to one of lhe ROSAT
sources behind the Fornax dSph is aclu
allya pair of asos at Z= 1.4 separaled by
6.1" (Tinney, 1995). The exact nature of
lhis system is still unelear. With a separa
tion of 6.1 ", this system, if it is interpreted
as a gravitational lens, has one of the
largest separations known. Moreover,
unlike the proto-typical lens 0957+561
(which has a similar separation), no lens
ing galaxy or cluster is obvious. Whether
this system is a 'dark' lens, or a distinct
aso pair (possibly pointing to a high

(3.6-m), EFOSC2 (2.2-m), EMMI (ND),
and the RGO+FORS speclrographs on
lhe Anglo-Australian Telescope (AAT).
Our search stralegy was made consider
ably more powerful by the flexibility of the
EFOSC1/2and EMMI instruments, wh ich
allowed a given night to be used for both
imaging and spectroscopy, as dictated
by changing weather conditions, and
the available spectroscopic candidate
lisls.

The complele details of this pro
gramme will be published elsewhere (Tin
ney, Da Cosla & Zinnecker, 1996), how
ever, Figure 1 nicely summarises lhe
main results to date, for lhe lhree primary
largets ofthe Sculptor, Fornax and Carina
dSph galaxies. In each case, 3-4 asos
have been identified sufficienlly elose to
the galaxy cenlre to have a network of
reference stars suilable for astrometry.
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hind the Magellanic
Clouds. Unfortu
nately, aso sur-
veys tend (not
unreasonably) to
avoid such large
sources of fore
ground contamina
tion, meaning that
almost no asos
useful as astro
metric references
are al ready known.
In 1994 we there
fore began a pro
gramme of identify
ing asos useful as
reference objects
on the lelescopes
of La Silla.

Because our aim
is 10 identify as
many asos as pos
sible, using as little
telescope lime as
possible, we have
used as many dala

as are available to us to construcllisls of
aso candidates. This has included using
UBVRI plale dala from the 48" UKST
and CCO UBVRI dala from lhe ND,
3.6-m, MPIA 2.2-m and Oanish 1.5-m to
search for UV-excess candidates (the
CCO data were required to calibrate lhe
plate dala, however, it was also searched
for UV-excess candidates missed in lhe
shallower plate data sels); using CCO UB
data (from lhe same lelescopes as
above) 10 identify the oplical counlerparts
to X-ray sources from ROSAT pointed ob
servations; and, using CCO UB imaging
10 idenlify lhe oplical counlerparts to radio
sources. aso candidates identified us
ing aillhese lechniques were then spec
troscopically observed using EFOSC1
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redshift cluster), it clearly merits to be
further studied, and monitoring is being
attempted on the AAT.

GJ0641-5059: As its designation sug
gests, this emission-line galaxy was ob
served to be resolved and is not a aso.
However, it is still a remarkable object
Indeed. Its spectrum shows strong H
Balmer lines, along with strong [0111],
[Ne 111], He land [Oll] - so much so that
the continuum is almost invisible in the
figure. All the lines are unresolved at 200
km/so An examination of the line ratios
shows the system to be a H 11 galaxy
(rather than an AGN - Veilleux & Oster
brock, 1987). However, its extraordinari
Iy high [0 111]A5007/Hß ratio, places it

among the most highly excited of such
systems known.

Conclusion
We have found that standard aso sur

vey techniques can be efticiently applied
to search for asos in arbitrary locations
- i.e. behind nearby galaxies. Once such
inertial reference objects have been
identified, astrometrie programmes tar
geled al these galaxies can be com
menced with the ND. In fact, the ND will
be extremely weil placed to commence
these programmes later this year, when
service mode operations begin after its
re-commissioning, since service mode
observing ofters the best chance of ob-

taining images in the excellent seeing
conditions essential for these high-preci
sion astrometrie observations.
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forming regions. During their earliest
phase of evolution stellar objects are
thought to generate a fast, weil collimat
ed bipolar wind that sweeps up the am-

A Multiline Molecular Study of the Highly
Collimated Bipolar Outflow Sandqvist 136
G. GARAY 1, I. KÖHNENKAMP 1 and L.F ROORIGUEZ 2
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IntrOduction (SneIl, Loren & Plambeck, 1980; Ro
drfguez, Ho & Moran, 1980). a wealth of

FOliowing the discovery of bipolar mo- observations have shown that this phe-
lecular outflows in the earliest 80's nomenon is commonly detected in star-

31



Figure 1: Con/our map of veloci/y in/egra/ed CO(1--70)
line wing emission from Ihe Sandqvis/ 136 bipolar
outflow, superimposed on a V-band image of /he
globule laken from Ihe Digi/ised Sky Survey. Co-ordi
nale labels are J2000. Blue conlours correspond /0 /he
emission in/egra/ed in /he veloci/y range from -13.5/0
-8.5 km g-1 (blueshit/ed wing) and red con/ours /0 /he
in/egraled emission in /he veloci/y range trom -0.5 /0
4.5 km g-1 (redshitted wing). The lowes/ con/our and
con/our in/erval are, respec/ively, 1.8 and 0.8 K km S-1

for Ihe redshif/ed emission and 1.0 and 0.5 K km g-1 for
/he blueshifled emission.

bient gas in its vicinity, giving rise to the molecu
lar outflows. Bipolar flows are frequently found
associated with other tracers of the dynamical
interaction between the high-velocity wind and
ambient gas, such as Herbig-Haro objects
(Reipurth, 1991), shock-excited infrared H2

emission (Bally, Lada & Lane, 1993), and optical
jets (Mundt, 1988). Reviews of the characteris
tics of bipolar molecular outflows have recently
been presented by Bachiller & G6mez
Gonzalez (1992) and Fukui et al. (1993). The
majority of the outflows show a moderate de
gree of collimation, while few have highly colli-
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Figure 2. Observed spec/ra across /he 5'x 10'cen/ral region of Ihe Sandqvis/ 136 globule. The grid spacing is 1'. Otfse/s are from /he reference
position al CI = 11 h5gm 1.25 and () =-64°52'0". In each box /he veloci/y scale ranges trom -20 /0 20 km g-' . Upper left CS(2 1) emission. Anlenna
/emperature scale: -0.1 /0 1.5 K. Upper right: SiO(2 --71) emission. An/enna lempera/ure scale: -0.1 /0 0.4 K. Bot/om lett: CH30H(2k --7 1k)
emission. An/enna lempera/ure scale: -0.2/01.8 K. Bot/om right: CH30H(3k --7 2k) emission. Anlenna /empera/ure scale: -0.2 101.8 K. The cross
indica/es /he position of /he /RAS source 11590·6452.
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Red lobe

Observations

flow in rotational transitions of silicon
monoxide (SiO), methanol (CH30H),
carbon monosulfide (CS), and formyl ion
(HCO+).

The observations of the Sandqvist 136
outflow, stimulated by the recent availa
bility at the 15-m SEST radio telescope of
sensitive SiS receivers operating in the 2
and 3-mm bands, were performed during
September 1995. We used the 2- and 3
mm receivers to simultaneously observe
the J = 3 -7 2 and J = 2 -7 1 transitions of
CS, the J =3 -7 2 and J =2 -71 transitions
of SiO, and some of the Jk = 3k -7 2k and
Jk =2k -71 k transitions of CH30H. Single
sideband receiver temperatures were
typically 120 K for both receivers. As
backend we used high-resolution
acousto-optical spectrometers providing
a channel separation of 43 KHz and a
total bandwidth of 43 MHz. This resulted
in spectral resolutions of 0.13 and 0.09
km S-l and total velocity coverages of 133
and 89 km S-l at the 96.7 and 145.1 GHz
frequencies of the CH30H lines, respec-

CoreBlue lobe

0.5

o

much-needed information about their
physical and chemical evolution.

Sandqvist 136 (Sandqvist, 1977) is a
small dark cloud or Bok globule, located
at a distance of -175 pc from the Sun,
which harbours a highly collimated bipo
lar outflow near its centre (Bourke et al.,
1996; see Figure 1) The CO outflow is
found to be weil described as a biconical
flow, with a semi-opening angle of 15°
and inclined from the line of sight by an
angle of - 84°, in which the gas moves
outwards with a constant radial velocity
(with respect to the cone apex) of - 28
km S-l . The outflow appears to be driven
by a very young stellar object, with a lu
minosity of - 7 Lr", possibly still undergo
ing accretion of matter. Its characteristics
at infrared and millimetre wavelengths
are similar to those of Class 0 objects
(Andre, 1995). Since the lobes of this
outflow extend by - 4' in the plane of the
sky it is an ideal source for a detailed
study, using single-dish instruments, of
the physical and chemical characteris
tics across highly collimated, low velocity
shocks. In this article we report extensive
molecular SEST observations of this out-

0.5
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Figure 3, Spectra ot the spatially integrated fine emission tram the blue and red lobes ot the
Sandqvist 136 outflowand tram the central position (Middle column).
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mated bipolar morphologies (Andre et
al., 1990; Bachiller et al., 1990; Bachiller,
Fuente & Tafalla, 1995; Lada & Fich,
1996). The class of highly collimated out
flows are thought to be driven by jets that
accelerate the ambient gas through the
propagation of shocks (e.g. Raga &
Cabrit, 1993).

The interaction of high-velocity jets
from young stars with the surrounding
ambient gas generates strong shock
waves which are expected to produce a
significant transformation of the physical
properties of the molecular surroundings
as weil as of its chemical composition.
Although there has been a substantial
a~o~nt of work on the physical charac
tenstlcs of outflows, very little is known
about their chemical composition. Basic
questions such as: How is the chemistry
~f the swept-up ambient molecular mate
nal affected by the winds from young
stellar objects? or 00 molecular abun
dances serve as sensitive probes of the
evolutionary stage of bipolar outflows?
(cf. van Oishoeck & Blake, 1995) have
not yet been answered. Shocks in dense
~olecular clouds are expected to radiate
In several molecular lines in the millime
tre and submillimeter wavelength ranges
and hence are open to investigation by
spectroscopic observations at these
wavelengths. Since different molecules
and t,heir isotopes respond differently to
physlcal conditions (such as tempera
t~re and density) their observations pro
vlde unique tools to probe the outflows.
Mapping outflows in different molecular
species is thus essential to the study of
the physical and chemical structure of
the shocks.

Most of the studies of molecular out
flows from young stellar objects have fo
Cused, to a large extent, on observations
of the CO(1-70) line (Bally & Lada, 1983;
Lada, 1985). Emission in this transition is
easy to detect, both due to the relatively
I~rge abundance of CO and easy excita
flon at the densities and kinetic tempera
t,ures of molecular flows. Very few multi
IIne mapping of molecular outflows have
been performed so far. Part of the rea
son, other than the usual constraint on
Observing time, is that observations in
the range of wavelengths that permit us
to probe abundances in outflows have
bee~ made available only recently. In
partlcular the Swedish-ESO Submillime
tre Telescope (SEST) has recentiy un
dergone important upgrade in the receiv
er front end, opening the 2-mm wave
length range for observations and sub
stantially improving the performance in
the 3-mm wavelength range. In these
ranges, emission from a plethora of mo
lec~lar lines is expected to be detectable,
whIch can be used to trace the motions
and,physical conditions of the gas at the
~arllest stages of star formation. Accord
Ingly, the SEST has opened the avenue
for a detailed investigation of the chemi
~al COmp?sition of southern skies out-
ows, whlch would undoubtedly provide
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Figure 4. Contour maps ot vefocity in tegra ted fine wing emission trom the Sandqvist 136 bipolar outflow. Bfue contours correspond to the emission
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tively. Within the available bandwidths,
three rotational transitions of CH30H
could be observed at 2 mm (30 -7 20N,
3_1 -72_1E, and 30 ~ 20E lines) and three
at3 mm (20 ~ 10E, 20 ~ 10N, and 2_ 1 -7
L 1E lines). The antenna half-power
beam width and main beam efficiency
were, respectively, 34" and 0.66 at the
highest observed frequency of 147 GHz
and 57" and 0.75 at the lowest observed
frequency of 87 GHz. In each transition,
we mapped the molecular emission with
in a region of - 5' x 10', with 60" spacings.
All the observations were performed in
the position switch mode. The integration
times on source were typically 3 minutes
per position.

Results

The spectra in the J =2 -71 lines of CS
and SiO and in the Jk =2k -7 1k and Jk =

3k -7 2k lines of CH30H observed across
the 5' x 10' region mapped with SEST are
shown in Figure 2. Two emission compo
nents, originating from physically and
chemically different environments, can
be distinguished from this figure. A nar
row line emission, at a velocity of-4.5 km
S-1, arising from the ambient cloud mate
rial at the core of the Sandqvist 136 glob
ule (see upper left panel), and a broad
line emission which arises from the bipo
lar outflowing gas. Particularly striking
are the cases of methanol and silicon
monoxide molecules, in which the emis
sion from the broad component is much
stronger than in the narrow component.
The broad emission is detected at red
shifted velocities with respect to the sys
temic ambient cloud velocity toward the
northwest region of the map (the red
lobe) and at blueshifted velocities toward
the southeast region (the blue lobe).

Figure 3 shows the spectra of the spa
tially integrated line emission, in all the
observed transitions, from both the blue
and red lobes as weil as from the central
core position. Emission in the lines of SiO
is found to arise only from the lobes, no
emission being detected atthe core of the
globule. The CH30H profiles show strong
emission from the broad component and
weak emission from the narrow ambient
cloud, while the CS and HCO+ profiles
show a mixiure of strong emission from
the quiescent ambient cloud and relative
Iy weaker wing emission at the position of
the lobes. The vertical bars shown in the
spectra of methanol indicate the expect
ed positions of the three rotational transi
tions, within the observed velocity rang
es, for a rest velocity of -4.5 km S-l. Wing
emission is detected in all the observed
molecules: CS, SiO, HCO+ and CH30H.
Maps of the velocity integrated emission

TABLE 1. Oerived Parameters of Sandqvis/ 136 Outflowing Gas

Offset pos. Wing

00. t:iJ TR
(') (') (I<)

1 -3 Blue 6
1 -2 Blue 9
0 2 Red 6

-1 2 Red 6
~

2.4 X 1014

1.7x1014

6.2 X 1014

4.3x10 14

SiO CS HCO+
-

TR NT TR NT NT
(K) (cm-2 ) (K) (cm-2 ) (cm-2)

9 7.6x 1011 6 6.7 X 1012 9.2 X 10 11

9 6.2 X 10 11 8 5.7 X 1012 1.0x 1012

8 2.2 X 1012 7 1.3x1013 2.0 X 1012

6 1.8 x 10 12 6 1.2x1013 8.8 X 10 11
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TABLE 2. Molecular Abundances Relative to CO.
C---'

--

Moleeule Sandqvist 136 TMC-1
-

blue lobe red lobe

CH30H 4 x 10-3 8 X 10-3 2.5 X 10-5

SiO 1 x 10-5 3 X 10-5 < 2.5 X 10-8

CS 1 X 10-4 2x10-4 1.3 X 10-4

HCO+ 2 X 10-5 2 X 10-5 1.0 X 10-4
'----

5 10 15 20 25 30
Energy(K)

Figure 5. Rotation diagrams for the methanol
transitions observed toward the red lobe,
central core, and blue lobe of Sandqvist 136.
~he lines correspond to least squares linear
flts to the observed data. The derived values
of the rotational temperature and total column
density are given in the lower left corner.

in the blue and red wings of the
SiO(3~2), CH30H(30~2o)A+, CS(3~2),
and HCO+(1 ~O) lines are shown in Fig
u~e ~. These maps show that the spatial
dlstnbution of the wing emission from the
Sandqvist 136 bipolar outflow is similar in
all the observed molecular species. The
emission peaks of the blue and red
lobes are offset by - 4' or 0.2 pe from
each other with a position angle of - -120

•

Since at least two rotational lines of
the CS, SiO, and CH30H moleeules
were observed simultaneously, we per
formed rotational diagram analysis in or
der to derive their rotational temperature,
Trat. and total column density, NT. In this
method these parameters are derived
from a fit to the relationship between the
quantity 3 k f Tmbdv/Bw/12vS and the en
ergy of the upper level of the transition.
Here /1, v, and S are the transition dipole
moment, frequency, and line strength of
the transition, respectively, and f Tmbdv is
the velocity integrated main beam bright
ness, obtained directly from the observa-

tions. In Table 1 we give the derived rota
tional temperatures and column densi
ties of CS, CH30H and SiO in selected
positions of the red and blue lobes of the
outflow. For the blue lobe we integrated
the emission in the LSR velocity range
from -9.3 to -5.3 km S-1, while for the
red lobe we integrated the emission in
the LSR velocity range from -3.7 to 0.3
km S-1. As a mode of illustration we show
in Figure 5 a sampie of the data used
for the derivation of the parameters
associated with the CH30H moleeule.
Plotted are data obtained at three posi
tions within the Sandqvist globule: blue
lobe, red lobe, and central core position.
The rotational temperature and total
methanol column density derived from a
linear least squares fit to these data are
shown in the lower left corner. The de
rived rotational temperatures of the out
flowing gas at the lobes and of the quies
cent gas at the core position are all sim
ilar, with an average value of 8 K and a
dispersion of 2 K. Further, there is no sig
nificant differences among the rotational
temperatures derived using different
molecular species. These temperatures
are somewhat lower than the kinetic tem
perature derived for the quiescent dark
cloud of 13 K (Bourke et al., 1995).
Whetherthe rotational temperatures pro
vide a good estimate of the kinetic tem
perature of the outflowing gas is not
clear. Bachiller et al. (1995) suggest that
the methanol populations are likely to be
extremely sub-thermal and therefore that
the rotational temperatures are consider
ably smaller than the kinetic tempera
tures.

The abundance of species X relative
to CO, [X]/[CO], of the outflowing gas in
the lobes of Sandqvist 136 are given in
Table 2. They were directly derived as
the ratio of the molecular column density
of species X, obtained from the rotational
analysis (see Table 1), and the column
density of CO moleeules in the corre
sponding velocity range. The latter was
computed from the ratio of the observed
emission in the 12CO and 13CO lines as
suming a 12CO/13CO ratio of 89 and an
excitation temperature of 8 K (see
Bourke et al., 1996 for a description of
the method). Since for the Sandqvist 136
cloud the ambient gas and shocked gas
are weil distinguishable, both spatially
and kinematically, the derived abun
dances of the outflowing gas are not af
fected by the emission of the quiescent
gas.

Discussion

The data presented in the previous
section c1early illustrate that the chemis
try of the molecular gas near the core of
the globule has been substantially modi
fied as a result of the interaction between
the shocks and the ambient medium.
Particularly notable are the strong emis
sion in the lines of methanol and silicon
monoxide at the position of the lobes,
showing that these species are dramati
cally affected by the shocks. To quantita
tively assess the chemical changes of
the ambient medium due to the outflow
phenomena requires to know the chemi
cal abundances of the quiescent ambient
gas. These have not yet been deter
mined for the Sandqvist 136 globule. We
note that the spectra observed toward
the central position of the core region re
fleet the conditions of the dense molecu
lar gas that surrounds the recently
formed star, with a possible contribution
from a circumstellar disk, and thus they
do not probe the chemical state of the
large scale ambient medium. We will as
sume that the abundances of the
Sandqvist 136 quiescent ambient cloud
are similar to those of cold dark clouds
which show no evidence of star forma
tion, such as the TMC-1 ridge and the
L134N cloud (see van Dishoeck et al.,
1993, and references therein). The [Xli
[CO] abundance ratios in the TMC-1 dark
cloud are given in column 4 of Table 2. A
comparison of columns 2, 3 and 4 of Ta
ble 2, shows that the [CH30H]/[CO] and
[SiO]/[CO] abundance ratio in the lobes
of the Sandqvist 136 outflow have been
enhanced with respect to that of the qui
escent ambient gas in dark globules by
factors of -200 and -1000, respectively.

The spatial distribution of the emission
in the SiO and CH30H lines and their
spectacular enhancement with respect
to that of the ambient medium shows that
shocks play an essential role in the pro
duction of these molecules. The forma
tion route of these species by the action
of shocks is twofold: via gas phase and
via grain surface processes. Shocks can
raise the gas to high temperatures and
drive many chemical reactions which are
inefficient at ambient c10ud tempera
tures. Shocks can also partially destroy
dust grains leading to the injection of sev
eral absorbed atoms and moleeules from
the grain surface into the gas phase.
Whether the high abundance of silicon
monoxide and methanol moleeules seen
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Dalgarno, 1977; Hartquist, Oppenheim
er & Dalgarno, 1980). Models of the
chemistry in regions behind fast dissoci
ative shocks predict a substantial en
hancement in the abundance of SiO
molecules (Neufeld & Dalgarno, 1989).
In particular, for shocks with velocities of
60-80 km S-1 propagating in agas with
pre-shock density of 104 cm-3 (about the
density of the Sandqvist 136 globule of
5 x 103 cm-3 ; Bourke et al., 1996) the
predicted column densities of SiO mole
cules are - 2 - 4 X 1012 cm-2, similar to
those derived in the lobes of the
Sandqvist f1ow. A possible drawback
with dissociative shock models is that
the predicted temperatures of the
post-shock gas are high (- 200 K), while
the derived rotational temperatures are
an order of magnitude smaller. Since the
post-shock temperature in C shocks are
much lower than in J shocks of the same
speeds, the former type of shocks would
appear as most pramising to explain the
observed characteristics of the Sand
qvist flow. In particular the synthesis of
molecules fram atoms and ions can be
highly efficient behind non-dissociative
C-type shocks. The detection of profuse
SiO emission from other highly collimat
ed bipolar outflows have been reported
by Bachiller, Martfn-Pintado & Fuente
(1991), Mikami et al. (1992), Martfn
Pintado et al., (1995), and Zhang et al.
(1995).

The large [CH30H]/[CO) abundance
ratio of the outflowing gas in the
Sandqvist lobes, greater than in quies
cent dark clouds by factors of - 200, can
not be explained by gas phase chemis
try alone (Miliar, Herbst & Charnley,
1991). Similar enhancements in the
abundance of methanol in other young
bipolar outflows have been reported by
Bachiller et al. (1995). The large in
crease in the CH30H abundance is most
likely the result of desorption from dust
grains due to shocks (Charnley, Tielens
& Miliar, 1992). Refractory grains are
likely to be surrounded by icy grain man
tles, whose compositions depend on the
physical conditions of the ambient medi
um. Molecules such as H20 and CH30H
are expected to dominate in atomic hy
drogen-rich. ambient medium such as
that of molecular clouds. Shocks can
raise the temperature of the gas evapo
rating the icy organic mantles of the
grains and returning these material to
the gas phase.

We also find that the [HCO+)/[CO)
abundance ratio of the outflowing gas in
Sandqvist 136 is smaller than in quies
cent dark clouds by a factor of - 5. Theo
retical models of gas phase chemistry
behind shocks predict that the abun
dance of molecules such as HCO+, CN,
and H2CO should decrease with respect
to the pre-shock abundances (Iglesias &
Silk, 1978; MitcheII, 1987). For instance,
theoretical calculations of a 10 km S-1

shock propagating into a cloud with a
pre-shock density of 104 cm-3, show that

SIO (3-2)

into the gas phase, by shocks, of Si from
a population of refractory grains which
are composed of silicates and graphites.
Once silicon is injected into the gas
phase, chemical models based on
ion-molecule reactions predict a large
abundance of SiO molecules (Turner &
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toward the Sandqvist 136 outflow are
produced in the gas-phase shock chem
istry or released directly from the dust
grains by shock evaporation remains to
be investigated.

The high abundance of SiO mole
cules is most likely due to the injection

-15 -10 -a 0 5 10 16
VELOCITY (KmIa)

Figure 6. Position-velocity diagram of the 8iO emission along the symmetry axis of the outflow.
Top: 8iO(3 -..72). Gontour levels are { -1, 1, 2, 3, 4, 5 and 6} x 0.030 K. Bottom: 8iO(2 -..71).
Gontour levels are {-1, 1,2,3,4,5,6 and 7} x 0.0275 K.
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the abundance of HCO+ decreases by a
factor of - 20 (Iglesias & Silk, 1978). The
derived [HCO+]/[CO] ratios in the lobes
of Sandqvist 136 then give further sup
port to the notion that the abundances
in the lobes are a product of shock
chemistry.

In addition to the wing emission detect
ed toward the lobes of Sandqvist 136 in
the lines of SiO and CH30H, we note the
presence of emission at velocities com
parable to the systemic velocity of the
globule. In particular for silicon monox
ide, emission in the velocity range of the
ambient cloud is observed only at the
P?sition of the lobes. This can be appre
clated in Figure 6 which shows velocity
position diagrams of the emission in the
SiO lines along the symmetry axis of
the outflow. The strength of the emis
sion in the red lobe is roughly constant
with velocity, with peaks at -4.1 and -0.8
km S-l, while in the blue lobe the emis
sion peaks at a velocity of -5.0 km s-1,
close to the ambient cloud velocity. This
result suggests that the enhancement of
SiO and CH30H molecules might be due
to two different processes: heating of
grains within the ambient core medium by
the UV radiation produced in the shocks,
which can evaporate volatile grain man
t1~s and trigger gas-phase reactions, and
dlrect shock processing of dust located
:",ithin the shocked region. The low veloc
Ity emission would then arise from pre
shock gas heated by the radiation from
the hot post-shock gas, while the high
velocity emission arises from the cold
post shock gas.

Conclusions and Outlook

Multiline molecular observations to
ward the Sandqvist 136 dark globule
have revealed a spectacular enhance
ment in the abundance of silicon monox
ide and methanol molecules at the lobes
of the associated bipolar outflow. The
~patial distribution and broad line pro
f1~es of the SiO and CH30H emission in
dlcates a common mechanisms for the
excitation of these lines: shocks. We
?onclude that the shocks created by the
Interaction between flows and the sur
rOunding medium play a major role in the
production of these molecules. In partic-

ular the strong emission observed in the
methanol lines suggest that these lines
can be used as powerful signposts of the
chemical impact of bipolar outflows on
the surrounding ambient medium. It ap
pears that the Sandqvist 136 shock pro
duces the evaporation of icy grain man
tles resulting in the injection into the gas
phase of large amount of ice mantle con
stituents, such as methanol. Further, the
shock seems to be sufficiently powerful
that refractory dust grains are partially
destroyed, liberating into the gas phase
a significant amount of Si atoms that are
later converted to SiO by ion-molecule
reactions and/or shock chemistry. Final
Iy, we find that the SiO and CH30H
emission detected toward the lobes not
only traces shocked outflowing gas but
also ambient medium gas that has been
heated by the UV radiation from the hot
post shock regions.

It has been suggested that the strength
of the emission in diverse trace mole
cules might be considered an indicator of
the evolutionary stage of bipolar outflows
(Bachiller & G6mez-Gonzalez, 1992). It
would appear that the profuse emission
observed in the lines of methanol and sil
icon monoxide from the Sandqvist 136
outflow implies that we are witnessing an
early stage of the outflow phase in which
molecules in icy mantles and atoms in
dust grains are efficiently liberated back
into the gas phase. How much of the en
hancement factor depends on wind ve
locity and/or on evolutionary age has not,
however, yet been established. The de
termination of the abundance of more
complex organic molecules in the lobes,
such as CH30CH3 , HCOOCH3, and
CH3CN, which can potentially serve as
clocks of the evolutionary state of the
outflows (van Dishoeck & Blake, 1995),
should be obtained to provide answer to
these questions.
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On the Optical Emission of the Crab Pulsar
EP. NASUT/l, 3, R. MIGNANll, PA. CARAVEOI and G.F. BIGNAMP,2

summer of 1054. The identification has
been confirmed by the discovery of
pulsed optical emission at the radio peri
od (Cocke et al., 1969).

tected at optical wavelengths. It is identi
fied with a star ( V - 16.5) near the cen
tre of the Crab Nebula, the remnant of
the supernova explosion observed in the

The Crab Pulsar (PSR0531 +21) was
the first Isolated Neutron Star (INS) de-

I/Stituto di Fisica Cosmica deI CNR, Mi/an, Ita/y; 2Dipartimento di /ngegneria /ndustria/e, Universita di Cassino, Ita/y;
3Universita deg/i Studi di Mi/ano, Ita/y

1. Introduction
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Figure 1: Spectrum of the Grab Pulsar in the wavelength range 4900- 7000 Aas measured with
EMMI after a 40-min exposure. The spectrum has been sky subtracled and correcled for inter
stellar absorption. The (Jux distribution is modelled by apower law with a best fitting spectral
index a = -0.10 ± 0.01. A broad (. A. - 100 A) absorption feature cenlred on A. = 5900 A is
visible.

A 40-minute spectrum of the Grab
Pulsar was taken on January 1991 with
the ND. The telescope was equipped
with the ESO Multi Mode Instrument
(EMMI) (Melnick, Oekker and O'Odo
rico, 1991) mounting a "Red" THX 10242
GGO detector. The instrument was oper
ated in the Red Medium Dispersion
Mode (REMD), with a projected pixel
size of 0.44 arcsec. A medium disper
sion grating blazed at 6200 A was
used, providing a spectral resolution of
2.1 Npixel in the wavelength range
4900-7000 A. According to the seeing
conditions (- 1.2 arcsec) the Pulsar was
centred in a 1.5 arcsec slit, with the long
axis oriented East-West and extending

2. The Observations

sands of times brighter than Geminga (V
= 25.5) and PSR0656+14 (V = 25).
Therefore, it is the only INS within reach
of optical spectroscopy. Nevertheless,
our knowledge of the optical spectrum of
the Grab Pulsar rests mainly on the pio
neering observations of Oke (1969), and
on multicolour photometry (Kristian et
al., 1970; Middleditch et al., 1987; Per
cival et al., 1993). Thus, it seemed ap
propriate to bring the knowledge of the
Grab optical emission up to modern as
tronomy standards.

14,78

5000

14,74

5500

Figure 2: V filler image of the Grab Nebula taken on October 1995 wilh EFOSG al Ihe
ESO 2.2-m. The Grab Pulsar is indicated by the arrow (Gourtesy S. Molendi and M. -H. Ulrich).

However, the Grab remains by far the
brightest of the optically emitting INSs,
hundreds of limes brighter than
PSR054069 (V = 22.4), Vela (V = 23.6)
and PSR 1509-58 (V = 22) and thou-
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For almost 10 years, the Grab was the
only INS seen at optical wavelength.
The Vela pulsar was observed in 1976
(Lasker, 1976) and PSR0540-69 in 1985
(Middleditch and Pennypacker, 1985).
Thus, it appears natural that the Grab
was used as a test case for the un
derstanding of the optical, nonthermal
emission from pulsars. The original
model of Pacini (1971) explains the opti
cal emission of young pulsars as syn
chrotron or curvature radiation produced
by energetic particles moving in the pul
sar magnetosphere, close to the light
cylinder. As a result, a simple depend
ence is found between the optical emis
sion and the pulsar's key parameters. In
particular, the bolometric luminosity
should scale with ß4p-10 where ß is the
pulsar's magnetic field and Pis the peri
od. Using the Grab as a reference, this
law was used by Pacini (1971) to predict
the optical luminosity of the Vela pulsar.
Indeed, a few years later, the Vela pulsar
optical counterpart was detected at the
expected magnitude (Lasker, 1976).

The above model also implies a regu
lar decrement of the optical luminosity
due to the pulsar's slow down (L oe p).
When Krislian (1978) claimed the evi
dence for the Grab secular decrease,
the Pacini's law was considered proved.

Ooubts were raised with the discovery
of optical pulsations from PSR0540-69
(Middleditch & Pennypacker, 1985), but
its apparent overluminosity could be ex
plained revisiting the model for the ef
fects of the pulsar's duty cycle (Pacini &
Salvati, 1987). More recently, optical
counterparts have been found for Gemi
nga (Bignami et al., 1987) and proposed
for PSR0656+14 (Garaveo et al., 1994a)
and PSR1509-58 (Garaveo et al.,
1994b).
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Crab's secular decrease

m = 0.0064425

= 0.00415314

q = 16.4694

= 0.0926605
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2=0.076263
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fit data to y=mx+q

30

-

5. Conclusions

model filter response (Bessei, 1990),
yielding a value of 16.64 ± 0.1.

In order to investigate the time de
pendence of the optical luminosity we
plotted our values together with previous
measurements from Kristian et al.
(1970) and Middleditch et al. (1987). To
allowa direct comparison, no interstellar
extinction correction has been applied to
the visual magnitudes. A linear regres
sion to all the available data was then
computed. The points in Figure 3 show a
significant correlation (- 90 %), corre
sponding to a monotomic increase of the
visual magnitude with a rate of 0.008 ±
0.004 mag/year i.e. a value certainly in
agreement with the theoretical one
(- 0.005 mag/ year), although of limited
significance. Actually, the big error bars
attached to the first three measures
make it difficult to assess the reality of
the effect as weil as its real magnitude.

The first high-quality optical spectrum
of the Crab Pulsar has allowed the accu
rate measurement of the pulsar spectral
shape in the visible domain.

While a flat power law (0. =0.1 ± 0.01)
describes weil the optical spectrum, a'
dip is found at A = 5900 A. Although of
unknown origin, it is probably to be asso
ciated with the pulsar (or its immediate
surroundings) since no evidence for a
similar dip is found in the adjacent nebu
lar spectra. More observations are obvi
ously needed to confirm the existence

(I) KriaUan 01 al. (1970)

(2) Nlddlodllch 01 "I. (1987)

16.2 I- (3) pre.enl work

16 '---..l-I--'--L---L---'---'-I-'--''---.L.--'------'-I-'_L--..l--!.---l

o 10 20

year since 1969
Figure 3: Linear fit of the V magnitudes of the Grab Pulsar vs. time. An apparent correlation is
visible. which supports the presence of a decrement in the opticalluminosity of the pulsar. The
best fitting s/ope corresponds to a decrement of 0.008 ± 0.004 maglyr, where the low signifi
cance is due to the large errors bars associated with the first three measures.

the CCO response. However, we can
not exclude that the observed feature is
due to a data analysis artifact induced by
the interpolation of the rather coarse
spectral data available for Feige 24
(which has f1ux value every 80 A, Le. 40
times worse than our spectral data).

The origin of this absorption dip is not
very clear. Since this has not been ob
served in the spectrum of the nebula, it
can not be due to absorption by the
interstellar medium or the nebula itself.
An alternative, more Iikely, explanation
suggests that the absorption takes place
very close to the pulsar.

4. The Secular Decrease

Using the appropriate value for the
Crab spin down (P - 4 10-13SS-1) a sec
ular decrease of - 0.005 mag/year is ex
pected. A decrement of - 0.5%/yr in the
optical f1ux of the Crab pulsar, based on
relative photometry measurements, was
indeed announced by Kristian (1978),
but without mentioning any magnitude
value nor any uncertainty. A measure of
Crab's magnitude compatible with the
expected decrement was later given by
Middleditch, Pennypacker and Bums
(1987). In order to have a better grasp of
the secular decrease, we compared the
published values of the Crab V magni
tude with the results of our recent obser
vations. We used our photometric point
plus the V magnitude obtained integrat
ing the Crab spectrum over the John
son's V band, and convolving with a

6. arcmin along the remnant. The two
~Imensional spectrum was reduced us
Ing the spectral analysis packages
LONG and ALiCE available in MIOAS.
After standard reduction (cosmic ray
?Ieaning, bias subtraction and flat-field
Ing), the wavelength calibration was per
formed using the spectrum of an He cali
bration lamp. After sky-subtraction, a
one-dimensional averaged spectrum of
the pulsar was extracted. The spectrum
was then corrected for the atmospheric
extinction (z = 1.61), using standard ta
bles for La Silla available in the ESO da
tabase, and f1ux-calibrated using, as a
reference, the spectrum of the standard
star Feige 24 (Oke, 1974). To obtain a
"clean" spectrum of PSR0531 +21, the
nebular background was also subtract
~d. The subtraction of emission/absorp
tion features from the nebula was diffi
?Ult because of the wavelength scatter
Induced by the spread in radial velocity
?f the expanding gas. Residual features
In the pulsar spectrum, clearly identified
as due to excess or defect of subtrac
t~on, Were removed. The spectrum was
flnally corrected for the interstellar ex
tinction using an E(B - V) =0.51 ± 0.04
(Percival et al., 1993) and the extinction
curve of Savage & Mathis (1979).

New photometric observations of the
Crab Pulsar have been performed on
O?tober 1995 by S. Molendi. 7 one
minute V filter exposures have been
collected with EFOSC2 at the ESO
2.2-m telescope (Fig. 2). The seeing
was around 0.9 arcsec, with an airmass
-. 1.2. Two 3-minute images of the Sto
ble field F117-18 (Stobie et al., 1987)
ha~e been used to compute the zero
POint magnitude. The aperture pho
tometry, computed on the average
frame, yields a magnitude of 16.72 ±
0.05 for the Crab pulsar, where the un
ce~ainty includes both photometry and
cahbration errors.

3. The Spectrum

The f1ux distribution (IogFv vs. logv) of
the Crab Pulsar is plotted in Figure 1, to
be compared with the one reported by
Oke (1969) obtained with much scanter
data. The spectral shape is weil fitted by
a flat power law (Fv oe v<x) with a best fit
spectral index 0. = -0.10 ± 0.01. For
?Omparison, Oke (1969) gave a spectral
Index 0. =-0.2 with no quoted uncertain
ty, while Percival et al. (1993), fitting the
observed f1uxes computed at the peak of
U, Band V bands, obtained 0. = -0.07 ±
~.30. The power law spectral index aris
I~g from our spectrum is far more pre
Cise than anything available so far.
. An interesting, unidentified, absorp

tion feature is visible in the otherwise f1at
Continuum of the pulsar close to A =
590~ A. Since the feature is barely rec
ognlsable also in the raw data, but not in

t
thhe ~p~ctroscopic flats, we are confident

at It IS real and not due to a variation in
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and to clarify the nature of the absorp
tion feature.

In parallel, the long-term evolution of
the optical luminosity of the pulsar has
been studied and found to be poorly
constrained by the data available so far.
Fitting all the available f1ux measure
ments as a tunction ot time, we obtain a
decrement of 0.008 ± 0.004 mag/yr
which is consistent with the expected
value of - 0.005 mag/yr. However, in
view of the error to be attached to the
data points, the result is far from conclu
sive and no elaim for a measure of the
secular decrease can be put forward at
this time. New precise measurements
are required to proof the presence of a
secular decrease and to quantify its ac
tual value.
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2-Micron Images of Titan by Means of Adaptive Optics
M. COMBES, L. VAPILLON, E. GENDRON, A. COUSTENIS and 0. LAI
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Figure 1: The GOME ON+/ADONIS adaptive optics system.

measured by a wavefront sensor (Fig. 1)
using part of the light of the observed
source (if quite stellar-like and sufficient
Iy bright) or of a elose star in the isoplan
etic field (-30 arcsec). Opposite phase
corrections are then applied thanks to a
thin deformable mirror in a pupil plan (0.
Saint Pe et al. , 1993, Icarus 105, 263).

The first spatially resolved image of
Titan's disk was obtained, in May 1991,
by DESPA (0. Saint-Pe, 1993), demon
strating the feasibility of mapping Titan's

The aim of adaptive optics is to cor
rect in real time the phase perturbations
induced by the atmospheric turbulence
on the incident wavefront reaching
the telescope. These perturbations are

Hight resolution
image
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Space Research Department (DESPA)
of Paris Observatory with the collabora
tion of French companies (ONERA and
LASERDOT).

2. Adaptive Optics

In this paper we present spatially re
solved images of Titan's surface ob
tained in September 1994, by means of
adaptive optics at the ESO 3.6-metre
telescope, in narrow-band filters in the
near infrared spectral range, defined in
such a way that the contribution of the
flux reflected by Titan's ground surface
is maximised.

Spatially resolved images of Titan
would provide significant clues to under
stand better the controversial nature of
Titan's surface. Imagmg Titan is a diffi
cult task due to Titan's small angular di
ameter as seen from Earth (0.8 arcsec).
It must be performed in the near in
frared since Titan's surface cannot be
observed in the visible range due to a
uniform and opaque layer of aerosols in
Titan's stratosphere.

During the definition phase of the
Cassini-Huygens ESA-NASA mission,
T. Encrenaz and M. Combes (DESPA,
Paris Observatory) and, independently,
M. Tomasko, P. Smith and colleagues
(Univ. of Arizona) have shown that there
must exist transparency windows in Ti
tan's atmosphere where both the molec
ular absorption and the scattering ex
tinction are sufficiently faint to allow to
probe the Titan's surface. This has been
confirmed by several authors who ob
served photometric or spectroscopic
fluctuations of Titan's near infrared flux.
The most favourable spectral range is in
the near infrared around 2.0, 1.6, 1.28,
1.08 and 0.94 micron.

COME-ON+ is the first adaptive op
tics system devoted to astronomy. It
has been developed for ESO by the

1. Introduction
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Figure 2: Titan observed in the K1 and K2 narrow-band filters, centred at 2.0 and 2.211 m, during the night of Sept. 16, 1994. The orbital phase is
about 85 degrees LCM (Greatest Eastern Elongation). The images were corrected for flat-field and centre-to-limb effects and deconvoluted by the
associated PSF The images were also oversampled bya factor 3 and then smoothed (with conservation of the recovered spatial resolution 
0.13 arcsec - and have isophot contours). Note the hemispheric asymmetry in the K2 image (more sensitive to the atmospheric contribution than
K1), and in particular the bright south limb, probably due to a strong aerosol concentration in this area. The K1 image allows us to sound the
deeper atmosphere and the surface. It exhibits an additional bright feature near the equator with respect to K2 images.

surface in the near infrared transparent
windows of Titan's atmosphere, in spite
of its small angular diameter (0.8 arcsec
as seen from Earth) and of degradation
effects due to the atmospheric turbu
lence.

3. Observations and First-Level
Data Reduction

Titan was observed in the K1 and K2
narrow-band filters (2.0 and 2.2 pm) dur
Ing the nights of September 14-18,
1994. The orbital phase is about 85 de
grees LCM (Longitude of Central Meridi
an) on Seplember 16, that is close to
Greatest Eastern Elongation.

In K1, one third of lhe recorded flux is
expected to have been reflected by Ti
tan's surface. In K2 the recorded f1ux is
entirely due to backscattering by the
stratospheric aerosols. We have de
duced the surface contribution in our K1
images by subtracting the stratospheric
Contribution deduced from the K2 imag
es, according to a weighting factor esti
mated from the stratospheric transmis
Sion in K1 and K2, above the expected
level of the aerosols responsible for this
stratospheric contribution to the record
ed images.

The raw images were corrected for
bad pixels and correlated noise, for the
sky contribution and for flat-field effects.
They are diffraction-limited thanks to the
efficiency of the COME-ON+ adaptive
OptlCS system. TI1e Point Spread Func
tlon is obtained by recording a stellar

Figure 3: Titan's surface at 2 micron. This image was obtained after subtraction of two thirds of
the intensity of the K2 image from the K1 image. This treatment leaves a significant bright
equatorial region, centred near 114 degrees LCM and extending over 30 degrees in latitude and
60 degrees in longitude. Other bright spots are visible in the S-W region (near 25° S) and in the
northern part (near 30° N).
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Figure 4: Titan's surface: ADONIS image at 2 micron on the left and Hubble Space Telescope image near 1 micron to the right. The central
equatorial bright spot is observed on both, as weil as indication of additional features near the Iimbs. The spatial resolution is similar, the contrast
is about 3 times higher in the adaptive optics image.

source in the close vicinity ofTitan, in the
same filter and with similar exposure
time, just after Titan's image recording. A
high degree of symmetry could be no
ticed, showing that the fixed optical ab
errations are weil corrected by the adap
tive optics. The very high signal-to-noise
ratio in the PSF allows a very efficient a
posteriori deconvolution process, using
different methods such as Lucy-Rich
ardson, Maximum Entropy and Maxi
mum Likelihood. The final resolution is
diffraction-limited (0.13 arcsec) with a
sampling of 0.05 arcsec/pixel.

4. Preliminary Analysis and
Results

The expected radiance as a funclion
of angle from the centre of the image
was modelied using results on the sur
face albedo and the CH4 absorption co
efficients at 2.0 and 2.2 ~lm from Cous
tenis et al. (1995, Icarus 118,87-104).
The limb effects on each image were
then corrected. There is a significant
hemispheric asymmetry in the K2 imag
es (more sensitive to the atmospheric
contribution than K1), and in particular
the southern hemisphere appears
brighter than the northern one. After de
convolution, the K2 images show the
South limb locally very bright, probably
due to a strong aerosol concentration in
this area. The K1 images, correspond
ing to the centre of the 2.0 micron at
mospheric window, allow us to sound
deeper in the atmosphere and down to
the surface and exhibit an additional
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bright feature near the equator (Fig. 2).
We have deduced the surface contri

bution in our final images by subtracting
K2 images from the K1 ones, as ex
plained in seclion 3. Our images exhibit
a large, weil defined equatorial bright
spot associated with smaller and fainter
features in the southern hemisphere of
Titan, all rotating over six consecutive
nights at the expected rotation rate of Ti
tan's solid body (Fig. 3).

These findings are in agreement with
the Hubble Space Telescope images
(Smith et al., 1995, Icarus, in press) both
on their location and shapes (Fig. 4). As
expected from the properties of scat
tering extinction, the contrast of the
surface features is higher in our infra
red images (- 30%) than on HST red
images (- 10%). The spatial resolution
(0.13 arcsec) is very similar.

The COME-ON+ Titan images, joined
to HST observations, lead to the firm
conclusion that the observed features
are definitely due to Titan's surface
structures. Titan's surface is then inho
mogeneous. The model of agiobai
ocean covering Titan must be ruled out.
From comparison with 1993 images, un
der processing, we tentatively infer that
large cloud structures are not present in
the troposphere.

We have performed a preliminary anal
ysis of 1994 CVF images near 2 micron.
At 2.10 J..lm, in the wing of the H20 ice
band, the absorption by liquid hydrocar
bons (C2H4, C2H6) is expected to be
strong. However, the 2.1 0 J..lm images are
quite similar to K1 images. This does not
favour the presence of large (clean) hy-

drocarbons lakes in the "dark regions".
At 2.00 J..lm, at the centre of the ices

absorption bands (H20, CO2, NH3), a de
crease in the contrast between bright
and dark regions would be expected if
the bright equatorial spot is related to the
prominent presence of ices. The 2.00
J..lm images do not show such a contrast
decrease. They are intermediate be
tween K1 images and K2 stratospheric
images, suggesting that the surface
contribution to the f1ux is lower than in
K1 and that the entire surface of Titan is
quite dark in the ices band.

There is no evidence, at the present
step of data reduction, for chemical dif
ferences between the bright features
and their environment.

We have new images recorded using
ADON IS in October 1995, near Titan's
Western Elongation, that allow us to re
cover fuH coverage of the satellite's rota
tion and should provide more clues for
understanding the chemical nature of
the bright and dark features. The trailing
hemisphere appeared completely dark
in the HST images. In our data, however,
with a contrast three times higher, we
may hope to distinguish new features.
The results should provide us with pow
erful tools for optimising the observing
programmes of the instruments of the
Cassini-Huygens ESA-NASA mission
and in particular of the VIMS instrument
on the orbiter and the DISR on the Huy
gens Probe which both will be able to
clearly image Titan's surface.

E-mail address: A. Couslenis
couslenis@megasx.obspm.fr



Simultaneous Optical Speckle and ADONIS Imaging
of the 126 mas Herbig Ae/Be Binary Star NX Puppis
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ESO/MPI 2.2-m, ESO 3.6-m) simulta
neously observed NX Pup in the optieal
and in the near infrared utilising two of
the most sophistieated high spatial reso
lution teehniques - namely optieal
speekle in eombination with speekle
masking reeonstruetion (Weigelt, 1977)
and adaptive optics imaging using
ADONIS and the SHARP eamera. We
obtained simultaneous high spatial reso
lution images of NX Pup from the V to
the K band (cf. Table 1).

The great drawback of all high spatial
resolution instruments is their sma/l field
of view which makes it very time eon
suming to obtain absolute photometrie
ealibrations by observing standard stars
one by one. Therefore, it proved to be
advantageous to have also a "smaller"
teleseope like the Danish 1.54-m with its
"wide field" eeD eamera (6' x 6' eom
pared to 6" x 6" of the speekle eamera)
available for doing photometrie ealibra
tions while at the same time dedieating
the larger teleseopes to high-resolution
imaging alone (a similar approach
should be considered for fortheoming
high spatial and high speetral resolution
observations with the VLT, where f1ux
ealibrations could be obtained with an
auxiliary teleseope thus helping to in-
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JD 2440000 +
Figure 1: V (y in the Strömgren photometrie system) light eurve of NX Pup from 1983 to 1995
(eompiled from LTPV data, open eireles). Note the rapid variations with an amplitude of = 1.7"'.
Marked are the dates of the HSTIFGS observations, the first NIR adaptive opties observations
(CO+), and the eurrent simultaneaus data set presented here. At the time of all three high
angular resolution observations NX Pup was relatively bright.

Observations

quenee stars exhibiting an IR exeess
and that the seeondary has a speetral
type between mid Fand late G. How
ever, by studying more than 350 indi
vidual Strömgren photometrie measure
ments whieh had been aeeumulated in
over 12 years of LTPV monitoring (cf.
Fig. 1), we realised that a eonvergent
pieture of the evolutionary status of NX
Pup A & B eould only be obtained by
quasi-simultaneous high spatial resolu
tion observations in the optieal and near
infrared.

On March 11, 1995, three of La Silla's
four largest optieal teleseopes (D1.54-m,

95) Filter (Ac. FWHM) Exposure time
_.

B,V,R 5s,2s,5s

V (545 nm, 30 nm) 629x50ms

R (656 nm. 60 nm) 1927x70 ms

R (656 nm, 30 nm) 2285x70 ms

Ha (656.3 nm. 4 nm) 1903x70 ms

H,K 400xO.5 s (each)

-

UT (11.3.19

01:30
01:15
00:15,03:00
01 :00, 02:45
03:15
02:30

D1.54/CCD camera
ESO-MPG 2.2-m/speckle cam.
ESO-MPG 2.2-m/speckle cam.
ESO-MPG 2.2-m/speckle cam.
ESO-MPG 2.2-m/speckle cam.
ESO 3.6-m/ADONIS+SHARP

Introduction

We have obtained simultaneous high
Spatial resolution optieal speekle and
near-infrared adaptive opties images of
the 126 mas Herbig Ae/Be binary star NX
Pup and eould derive accurate estimates
for the evolutionary status of both eom
ponents. Furthermore, we were able to
deeompose the overall speetral energy
distribution into its eonstituent parts,
namely the eontribution of the two stellar
photospheres and the infrared exeess
due to eireumstellar material assoeiated
With both stars.

The Herbig Ae/Be star NX Pup is 10
eated in the Gum nebula at a distanee of
'" ~50 pe and belongs to a group of
bnght PMS stars whieh have been sys
tematieally monitored for more than a
deeade from La Silla in the course of the
~ong-Term Photometrie Variables pro
Jeet (LTPV, The & Bibo, 1990, Sterken et
al. , 1995 and referenees therein).

On New Year's Day 1993, NX Pup
~as resolved as a binary with a separa
tion of 126 mas by the Fine Guidanee
Sensors (FGS) of the Hubble Spaee Tel
eseope (HST) in the V band (Bernaeea
et al., 1993). Exaetly one year later (Jan
uary 1st, 1994) the eombined light of the
elose binary was deeomposed from the
ground for the first time using ESO's
adaptive opties prototype eOME-ON+
& SHARP in JHK at the ESO 3.6-m tele
seope (Brandner et al., 1995, see also
Tessier et al. , 1994 for details on the im
age reeonstruetion).

The eombination of the optieal HST
~ata, ealibrated in f1ux by interpolating
TPV observations, with the near infra

red data obtained with eOME-ON+ al
r.eady a/lowed for a (erude) determina
t!on of the speetral types and luminosi
lies, and henee masses and ages for
both eomponents. We eould show that
both stars are very likely pre-main se-

TAßLE 1. Journal of observations (all observations are simultaneaus within 3 hrs)

-------~ -
Telescope/instrument
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1 Shulter maps far lhe CCO eameras at lhe Ouleh
gO-em and the Oanish 1.54-m. and EFOSC2 at the
ESO/MGP 2.2-m are available via WWW from
http://www.astro.uni-wuerzburg.de/brandner/
shultermaps.html. Shulter maps for EMMI (red &
blue) and SUSI will be made available by lhe ND
team in lhe near future.

fielded) and "ts" and "tl" are the exposure
times of the short and the long exposure,
respeetively.

The resulting shutter map for the eeo
camera at the Oanish 1.54-m is shown in
Figure 2 1• A eomparison of shutter maps
obtained several months apart indieate
astability to within 10%. Henee, residual
photometrie errors for a 1-s seientifie ex-

I-l
-1 .0 +--_-----.-__--+-_O_.2_"-,-1_9_0_Ä_U-+---__,------t-

-1.0 -0.5 0.0 0.5 1.0
arcsec

Figure 3: Set of simultaneous high spatial resolution images of NX Pup A and B. The optical
data (top) have been obtained with a speckle camera at the ESOIMPI 2.2-m, whereas the near
infrared data have been obtained with AOONISISHARP at the ESO 3.6m telescope. The speck
le data allow for the determination of the spectral type of the NX Pup Band reveal that the
majority of the Ha excess originates in NX Pup A which is also the component with the stranger
IR excess.

shutter map = (short x tI - long x ts) /
(Iong - short)

where "short" and "Iong" are the raw
data (i.e. bias subtracted but not flat-

proeedure to obtain such a shutter map
is straightforward: aseries of short-Iong
short exposures, typically domeflats with
exposure times of '" 0.5 s (ts) and 3 s (U)
and eount rates of a few 1000 AOU
(short) to less than 20,000 AOU (Iong)
are repeated eight to ten times. After av
eraging the two short exposures of each
series, the resulting shutter map ean be
eomputed by

1.0 V

0.5

ü
Q)
Cf) 0.0ü J.....
~

-0.5

crease the efficiency of the larger tele
scopes and to improve the scientific
quality of the data).

Data Reduction

Photometrie ealibration
of short-exposure eeo images:
shutter maps

All eeo cameras at ESO are
equipped with a mechanical shutter.
Problems in short exposures « 10 s)
arise from the shutter delay, i.e. the time
delay between starting or ending an ex
posure by sending a signal to the eeo
camera and the actual beginning of the
shutter movement. Furthermore, me
chanical shutters need a certain time
to move from the centre of a eeo to
its edge and viee versa. The resulting
(inhomogeneous) illumination pattern
on the eeo leads to gradients across
the field and to photometrie errors. Map
ping the shutter movement yields a typi
eal delay between 50 ms (eeO eamera
at 01.54-m) and 500 ms (EMMI/Red
at the NTT) for the central part of the
eeo, which in a 1-s exposure already
amounts to a photometric error of 5% to
50%!

This is weil known, and the usual ad
vice given to observers to eireumvent
this problem is not to take exposures
shorter than 10 s. However, when ob
serving bright objeets (e.g. eeo stand
ard star fields) with a larger telescope,
one is forced to defoeus the telescope in
order to avoid saturation of the brightest
stars on the eeo. This in turn induces
errors in the photometrie transforma
tions for the (usually not defoeused) pro
gramme stars.

A better approach is to aetually map
the shutter movement and the resulting
illumination pattern on the eeo. The
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NX Pup A 1__ B

Separation o ~'126 ± 0 ~'003

PA 62 ~8 ± 1~7a

SpT FO-F2 F7-G4
ULG) 16-19 7-9
Mass ~2 MG) 1.6-1.9 MG)
Age 3-5 x 106 yr 2-6 x 106 yr
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Table 2: Evolutionary status ot NX Pup A & B

detection of 1.3 mm dust continuum
emission (Henning et al., 1994) sug
gests that the disk around NX Pup A is
cut off at about 20 AU possibly due to the
presence of component B which itself
has much less circumstellar matter lett.

In a future observing run we aim at
obtaining high spatial resolution observa
tions of NX Pup near its minimum bright
ness. One would expect that NX Pup A
then is completely obscured and would
only be visible in the optical though light
scattered by circumstellar material, simi
lar to the active Herbig Ae/Be star Z CMa
where the IR companion was detected i~
the visual e.g. by Barth et al. (1994).
Measurements of the polarisation of NX
Pup A & B near minimum brightness us
ing speckle polarimetry would be a test
for the scattered light hypothesis.
. Clearly, for b~th NX Pup A and B spa

tlally resolved Imaging towards longer
wavelengths are necessary, which in
turn allow for more detailed model calcu
lations and to better constrain the struc
ture and geometry of the circumstellar
material around each star. With the
equivalent of TIMMI in combination with
adaptive optics at one VLT telescope it
will become possible to resolve NX Pup
also in the Land M, whereas the VLTI
will allow high spatial resolution obser
vations of NX Pup at 10 and 20 microns.

Acknowledgements: Many thanks
to P.S. The and C. Sterken for distribut
ing the LTPV data via CDS.

E-mail address: Wollgang Brandner,
brandner@astro.uni-wuerzburg.de

1.3mm

-3

<>

-4

100~m

<>

studied extensively by Bibo & The
(1991). We reanalysed the colour mag
nitude relations derived from the LTPV
data and found indications that variable
extinction is the main cause for the vari
ability. The blueing in colours when NX
Pup is near its minimum brightness can
be explained by additional scattered
light due to circumstellar material (see
Schöller et al., 1996).

If we adopt a MK type of F1 IV-V for
NX Pup A, the observed V-R colour
(0.30m) yields a visual extinction Av

z 0.48m• By assuming the same extinc
tion for NX Pup B, its V-R colour yields a
spectral type F7V. However, the fact that
NX Pup B's IR excess is significantiy
smaller than that of NX Pup A might indi
cate that, while it suffers the same fore
ground extinction as NX Pup A, its cir
cumstellar extinction might be consider
ably less. Studies, e.g. by Krautter
(1980), indicate that the amount of fore
ground extinction in the direction of the
Gum nebula might be as small as Av ""
0.15m out till 500 pe from the Sun. If NX
Pup B suffered no additional extinction,
its V-R colour would yield a spectral type
of G4V. Accordingly, we compute 4,01 ""

7.3 - 9.4 L0. Mass and age determina
tions based on theoretical evolutionary
tracks computed by D'Antona & Maz
zitelli (1994) are summarised in Table 2.

The IR excess of NX Pup A can be
approximated by a viscous accretion
disk spectrum in which FA falls off oe f....-4/3

towards longer wavelengths. The non-
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Figure 4: Oereddened (assuming Av = 0.48m) spectral energy distribution ÄF;. ot NX Pup A and
B tram the UV to the mm range. The tilled diamonds, open triangles, and open squares indicate
OUr own simultaneous measurements. The total spectral energy distribution can be decom
POsed into tour parts (dotted fines): the photospheric emission trom NX Pup A (F1 V) and NX
Pup B (F7V), a viscous accretion disk around NX Pup A, and circumstellar matter around NX
Pup B which is approximated by a blackbody The dashed lines mark both the SEOs ot the
individual stellar photospheres plus the IR excess due to circumstellar matter tor NX Pup A and
B: The overall SEO is indicated by a solid fine and gives a reasonable tit to the observed flux
distribution (diamonds).

POSure can be reduced from 10% to 1%
even with shutter maps not obtained in
~he same night. All short exposure CCD
Images (observations of CCD standard
star fields and of NX Pup) were correct
ed using the shutter map.

Speckle and adapUve optics
observations

The speckle images were recon
structed by the speckle masking method
(~chöller et al., 1996). The f1ux calibra
tlon was done by combining the relative
Photometry of the components derived
from the speckle images with the abso
lute photometry of the (unresolved)
components obtained with the Danish
1.54-m telescope.

The adaptive optics images were
pro.cessed following the procedure de
scnbed by Tessier et al. (1994). IR stand
ard stars were observed with ADONIS/
SHARP to allow for a flux calibration.

Results

Most of the light detected in V and R is
emitted by the stellar photospheres of
NX .p~p A and B. Both components also
eXhibit a NIR excess. WhiJe the SED of
NX Pup B peaks at H, the SED of NX
~U'p A is still rising at K. Hence, the ma
Jonty of the IR excess arises from com
POnent A.

The photometrie variability has been
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A World Wide Web Tool
for Spectrophotometric Standard Stars
J. R, WALSH, ST-ECF, ESO
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coverage from about 3300 to 10000 A,
Oke listed f1uxes for 38 stars with band
passes from 20-80 A in the blue and
40-360 A in the red, However, these
stars were never intended as standards
in the accepted sense, but for compari
son of the absolute spectral energy dis
tribution of white dwarfs with models. In
collaboration with the HST project,
which had foreseen the need for
UV-optical standards to enable calibra
tion of the Faint-Object Spectrograph
and the Goddard High-Resolution Spec
trograph, Oke (1990) published uniform
data for 25 stars from 3200 to 10200 A
with flux determinations every 1 A in
the blue and 2 A in the red. These
data, taken with the Haie double-beam
spectrograph, were combined with IUE
and Voyager observations to yield a set
of HST spectrophotometric standards
(Turnshek et al., 1990; Bohlin et al.,
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wide wavelength intervals, then spuri
ous features are typically seen at the
positions of these absorption lines in the
calibrated target spectrum. Providing
excellent standard stars with a high den
sity of flux measurements is a long and
time-consuming process; there is clearly
a compromise between having many
standards over the sky and requiring a
correction for the different airmass of the
target and standard. Currently most
standards are within about 30° of any
target.

The best-known set of optical spec
trophotometric standards is that of Oke
(1974), These are white dwarf standards
observed with the Palomar multichannel
spectrometer and having a wavelength

2. Available Speetrophotometrie
Standards

12
RA (hr)

Figure 1: An RA-Dec sky map of the positions of the HST, Oke (1990) and eTio standard stars.
In the WWW tool, clicking at the position of one of the standards brings up a page of details on
that particular standard (see Figure 2),

Spectrophotometric standards play a
vital role in all aspects of astronomical
spectroscopy, independent of the type of
objects observed and the spectral reso
lution. The role of a spectrophotometric
standard is to correct for the wave
length-dependent sensitivity of the at
mosphere + telescope + spectrograph +
detector combination and to provide the
absolute zero points of the flux (or mag
nitude) scale. Without standards, accu
rate astrophysical diagnostic line ratios
cannot be determined, spectral energy
distributions cannot be computed and
matching of spectra from other wave
length bands (UV, IR, radio) cannot be
accomplished, for example. In addition,
the provision of spectrophotometric
standards enables (photometric) cali
bration of narrow band imaging data.

To be useful, spectrophotometric
standards should satisfy the following
criteria:

• be bright (but not too bright that
shutter timing or shading at very short
exposure times are a source of error)

• be single stars
• have a spectral energy distribution

which is 'flat' with wavelength, or at
least does not have too many narrow
features

• have a sufficient density of f1ux mea
surements with wavelength to allow ef
fective calibration of even high-resolu
tion spectra

• be weil distributed on the sky so that
airmass corrections between the stan
dard and the target are not large,

Of course, no set of stars could be
found to satisfy all these criteria. A range
of brightness is preferable so that the
standards can be used on large and
small telescopes and at a range of spec
tral dispersions. If there are close com
panions to the stars they should be
much fainter and not very much different
in colour to minimise calibration uncer
tainties, There is of course no stellar
source with a flat (FA or Fv = constant)
spectrum. White dwarfs come closest to
being the ideal real standard since they
have few lines, and these are usually
weak. If the standards have absorption
lines they should be broad rather than
narrow, otherwise the detected flux at
the centre of the lines can critically de
pend on the spectral resolution. If the
standard star fluxes are tabulated at

1. Importanee of Speetro
photometrie Standards
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Hz 21
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Figure 2: An example 'page' tor the standard star Hz 21 taken trom the WWW tool.

were of limited use for work at higher
resolution. The CTIO group have re
observed these standards and provide
f1ux measurements at 50 A intervals
from 3300 to 10000 Afor 19 stars. In es
tablishing the absolute magnitudes of
these standards they used a set of 11
bright equatorial standards taken from
Taylor (1984). Since Vega is the primary
standard (Hayes & Latham, 1975) these
are secondary standards, and the south
ern Stone and Baldwin standards there
fore tertiary standards. Their spectral
type is rather varied with few white
dwarfs.

3.AWWWTool

. I~ 1992 I produced a booklet giving
flndlng charts and magnitude and f1ux
vs. wavelength plots for the Oke (1990)
standards and the HST standards (a to
tal of 40 stars). This was distributed to
observatories and interested individuals
(Walsh, 1993). I have subsequently de
veloped this booklet into a tool on the
World Wide Web to allow easy access
to information on the standards and
their f1ux distributions. So far the Oke
(1990) data, the old HST standards the
primary WD standards (Bohlin, 1995)
and the Hamuy et al. (1992, 1994) sec
ondary and tertiary standards have
been included (69 stars in total). The
aim of the tool is to allow easy access to
the standard star data with the observ
ing astronomer in mind. Co-ordinates
a.n,d finding charts are given and the po
sition of the nearest standard is availa
ble on a map. By viewing the flux data
for a standard, the astronomer can then
quickly decide which is the best stand
ard to use for effective and accurate cal
ibration of the target spectrum. The
URL is:

http://www.eso.org/
spect-phot-standardsl
optuvstandards.html

1990). The V magnitudes synthesised
from the Oke data, however, show small
offsets trom photometric data by 0.03
mag. on average. The Oke (1990) nar
row-band magnitudes should therefore
be corrected as detailed by Colina &
Bohlin (1994).

The Hubble Space Telescope Faint
<?bject Spectrograph (FOS) has a con
tlnuous wavelength coverage from 1140
to 9200 Aat aresolution of - 1300, so it
is an ideal instrument for spectroscopy
of standard stars. Comparison of FOS
spectra with model atmospheres how
ever showed some discrepancies in the
UV, suggesting that the absolute f1ux
measurements in the UV were not relia
ble. White-dwarf models have now
reached a degree of reliability that they
c~n be used to provide the true f1ux dis
tnbutions for standard stars. Bohlin &
Colina (199S) (see also Bohlin, 1995)

have begun publishing a set of primary
white-dwarf spectrophotometric stan
dards which should provide the funda
mental basis for calibration. The abso
lute fluxes are reliable to about 1% and
the relative fluxes should be good to
about 2%. Eight primary standards are
used and FOS observations of another
18 stars provide secondary standards.
These stars are of intermediate bright
ness (V = 9-16 mag.), so are ideal as
spectrophotometric standards for large
telescopes.

The Oke (1974 and 1990) standards
were observed from Palomar and so are
restricted to northern declinations and
the equatorial region (the most southerly
is at 8 =-21°). For observation in the
south there were standards established
by Stone & Baldwin (1983). However,
these standards were only tabulated at
rather wide wavelength intervals, so

The first page of the tool is an intro
duction which allows brief details of the
sources of the data to be viewed. Access
to the information on each standard is by
two routes: an RA ordered list giving
also spectral type and magnitude; a
c1ickable sky map. Figure 1 shows the
disposition of all the standards on an
RA-Dec plot as used in the WWW tool.
There are some regions of the sky which
are over-represented by standards and
others at high declinations which are
under-represented. From either of these
entry points, the user arrives at a page
for each standard containing the co-ordi
nates, magnitude and colour, a finding
chart and plots of FA and AB mag. vs.
wavelength. Figure 2 shows a typical
such 'page' for the standard star Hz 21.
The finding charts for each standard are
produced either from publications or
from the Digital Sky Survey. The epoch
of these images is mostly that of the
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original Palomar Sky Survey or South
ern Sky survey. A number of the stars
have large proper motions so that
up-to-date images would be preferred. [I
would welcome images from other
sources (e.g. EFOSC or EMMI acquisi
tion images) to replace these finding
charts.] The standard star data are usu
ally tabulated as narrow band magni
tudes, and in converting the monochro
matic AB magnitudes to flux the defini
tion:

AB mag = -2.5 x 10g1Q(F)- 48.59

(e.g. Hamuy et al., 1992) was used.
Each standard star 'page' also car

ries clickable entries to the ST-ECF
anonymous ftp account where the data
are held. For each star and data source
(some stars are covered by more than
one set of measurements), there are
ASCII files of the AB magnitude vs.
wavelength and flux (ergs cm-2 S-1 A-1

and ergs cm-2 S-1 Hr1) vs. wavelength.
Depending on the data reduction sys
tem used, AB mag. or flux (FA or Fv) is
required. There is a readme file in each
directory of the anonymous ftp account
describing the contents. In addition
there is aMIDAS command file to con
vert all the ASCII (f1ux) files in each di
rectory into MIDAS tables. Clicking from
the standard star 'page' to the ftp area
moves to the appropriate directory,
rather than opening a single file. In
each directory there are two files for
each star (one for magnitudes, one for
fluxes) and there may be other files in
another ftp directory for the same star.
The user must exercise some judge-

ment here - the data retrieved depend
somewhat on the application.

4. Prospects

The WWW provides an ideal method
of access to such data and the observ
ing astronomer can display the output
on the same screen as the data-viewing
tool. It should enable observers to select
the most suitable spectrophotometric
standard appropriate to their particular
observation. When service observing (or
queue scheduling) is implemented, the
spectrophotometric standard may be
automatically chosen. However there
are a number of considerations to ad
dress in choosing the 'best' standard, as
I have emphasised. There should also
be allowance for user preference, for ex
ample when it is found that a particular
standard with a particular instrument
combination always gives a consistent
value for the Balmer decrement.

Even if an astronomical instrument is
internally weil calibrated, observation of
spectrophotometric standards is still re
quired. The atmosphere, even at optical
wavelengths, has time-varying emission
and transmission properties, necessitat
ing at minimum zero point calibration.
The presence of water vapour, cloud
and dust can give a wavelength-de
pendent atmospheric extinction, which
can only be corrected by a calibrator
above the atmosphere. Thus ground
based pipeline calibration must always
make allowance for night-to-night varia
tions in a way not needed by orbiting tel
escopes. Good sky coverage by high
quality spectrophotometric standards

will thus remain a necessity.
I would welcome comments on this

tool and in particular suggestions for ad
ditional standards to include.

Thanks

I should like to thank Fionn Murtagh
for his invaluable help in getting this
WWW tool set up and to Michael Nau
mann for detailed comments on an earli
er version.
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Planning for La Silla in the VLT Era: What Came Out?
J. ANDERSEN, Chairman of the Working Group

As readers will be aware, an ESO
Working Group has been engaged in
charting the future of the La Silla obser
vatory at the time when it will operate
jointly with the VLT. The final (6th) ver
sion of the report of the WG was pre
sented to Council and the Director Gen
eral at the Council meeting in Milan in
November 1995. Thus, it is now part of
ESO's mid- and long-range scientific
and technical planning and available as
document ESO/STC-174 rev. (22 Nov.
1995) and from the ESO WWW home
page.

Earlier articles (The Messenger 78, 3
and 80, 4) have described the charge
and composition of the Working Group
and the procedures it adopted to involve
the views and ideas of the community in
the preparation of its plan. These includ
ed a questionnaire survey of the entire
community and discussions of drafts of
the plan with the ESO committees in
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several iterations. The input of the OPC
on the scientific aspects was especially
appreciated.

Colleagues interested in the detailed
recommendations of the WG are ad
vised to consult the report itself. Here, I
should like to share with readers a few
general points, especially such as have
emerged in the discussions over the last
few months. I should also like, on behalf
of the WG, to thank the many colleagues
inside and outside ESO who have con
tributed to making the report as compre
hensive and thorough as possible.

The Impact ot the VLT

The VLT will not be an exclusive toy,
reserved for a small elite: With a number
of foci exceeding the total number of
telescopes on La Silla and a collecting
area some seven times as large, the
VLT will make a major impact on virtually

all sections of ESO's user community.
Hence, already for scientific reasons

per se, La Silla and other observatories
with 1-4-m class telescopes will not be
conducting "business as usual" in the
VLT era. While all analyses show that a
broad complement of such interme
diate-size facilities will continue to be
needed, their work will be largely condi
tioned by the research done at the 8-m
giants, and their tasks then will be differ
ent from now. It is therefore appropriate
for the community to begin preparing its
scientific plans for the use of inter
mediate-size telescopes in the VLT era,
and for ESO to begin preparing to pro
vide the facilities that will be needed.

Future Needs tor
Intermediate-Size Telescopes

Many of the projected highest-priority
uses of intermediate-size telescopes in



conjunction with VLT projects involve di
rect imaging or spectroscopic surveys.
Some of these needs can be met by ex
isting ESO telescopes with suitably up
graded instrumentation, and a new
state-of-the-art infrared imager/spectro
graph (SOFI) and upgraded high-resolu
tion optical imager (SUSI-II) have been
approved and are under construction for
use at the upgraded ND from late 1997.
The longer-term use of the 3.6-m tele
scope might also be in such (spectro
scopic) surveys.

It is, however, also one of the findings
of the WG that ESO does not possess a
truly competitive wide-field imaging tele
scope. Plans must be developed to pro
vide such a facility, perhaps in collabo
ration with other communities with par
allel interests. It is also concluded that
multifibre spectroscopy is an area in
which La Silla simply cannot become
competitive before FUEGOS comes on
line at the VLT, and the community's
needs in this field will have to be satis
fied elsewhere.

Long-Term vs. Medium-Term
Planning

The WG estimates that in the
steady-state era, when the VLT is fully
operational, ESO should operate about
four telescopes in the 1-4-m class in ad
dition to the VLT, carefully optimised to
complement it as weil as possible. The
remaining, mostly smaller, telescopes
need not necessarily be closed outright
at that time, but can be turned over for
certain periods to institutes or consortia
who want to operate them on a self-con
tained basis to carry out specific
projects, as happens on La Silla already
today.

Despite the hypnotic effect of the
magic number 2000, ESO will not be in
the steady state yet by that year. During
the transition period, i.e. for almost an
other decade from now, La Si/la will re
main the bread and butter of a sizeable,
if decreasing fraction of the ESO com
munity. The WG has attempted to layout
a plan for a gradual change in the com
plement of facilities offered on La Silla
during that period, synchronised with the
commissioning of new instruments on
the VLT and tuned to obtain the most

cost-effective operation. Readers are re
ferred to the report itself for the details.

Paranal vs. La Silla

Suggestions have repeatedly been
made that in the somewhat longer term it
would be preferable to move some La
Silla telescopes to Paranal, or replace
them by new ones there, and subse
quently close La Silla, since operating
only one observatory would be substan
tially cheaper. However, the practical as
pects of this suggestion have not been
worked out. Accordingly, the report re
quests that an assessment be made of
the number of sites actually available in
the Paranal areas for potential new tele
scopes, and the cost of building them
there.

While this work is still going on, it ap
pears that, first, the number of such
sites is actually close to one. Second, in
an organisation with a transparent cost
structure and low fixed overheads, there
is no apriori reason why operating a
given telescope should in fact be cheap
er on Paranal than on La Silla. And tele
scopes are not built or moved without
substantial costs. In other words, while
a possible future telescope providing
new scientific capabilities and based on
modern technical and operational expe
rience might be best placed in the
Paranal area, the long-term closure of
La Silla is by no means a foregone con
clusion.

What is the Plan?

First, it is important that discussions
of the plan be based on the final ver
sion, which incorporates important mod
ifications requested at the joint meeting
of the ESO committees on November 2,
1995. The existence of several versions
of the plan does carry some risk of con
fusion, but is the inevitable result of a
real interaction with the community and
incorporation of the feedback received.
The gain is a reasonable degree of cer
tainty that all constructive ideas and le
gitimate concerns have been given full
opportunity to be expressed and taken
into account.

Second, the WG report is a scientific
and technical review, not an organisa-

tional or financial plan, although it can
not of course be removed from these re
alities. Organisational and financial as
pects were not directly included in the
WG's charge, and they cannot be con
sidered separately for La Si/la, but must
involve ESO as a whole. Thus, the plan
addresses the perceived future scientific
needs for La Silla and the facilities re
quired to fulfil them, and attempts to as
sign an order of priority. As ESO's struc
ture and financial situation evolve, due
to internal reorganisation and changes
in the world around us, circumstances
will dictate how far down the priority list it
will be possible to go.

How to Use It?

It would be naive to pretend that a first
round of addressing such a complex
subject as the development of La Silla
over the next decade can produce a de
finitive list of detailed answers. A pre
mier research organisation must be able
to adapt to changing scientific priorities
and opportunities and exploit new tech
nical developments that we cannot now
foresee. And the world outside science
is not static either.

Accordingly, what actually happens
will no doubt differ from the present de
scription in several respects. Some
technical aspects are al ready identified
in the plan for further study and clarifica
tion (e.g. the optimal long-term use of
the 3.6-m and 2.2-m telescopes); others
will find better solutions along the way
than those now proposed. Clearly, the
actions eventually taken should take
such developments into account.

Thus, the goal of the presenl report is
basically to initiate a continuing process
of forward planning for La Silla, and to
provide a general framework for the de
tailed elaboration of such plans. It is the
final recommendation of the report that it
be taken up for revision at regular inter
vals, e.g. in a three-year cycle. A deliber
ate approach to the future development
will, we hope, benefit both the scientific
output of La Silla, ESO's financial plan
ning, and the morale of the staff.

E-mail address:ja@bro835.astro.ku.dk
(Johannes Andersen)
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ANNOUNCEMENTS

Sharing Time on the ESO 3.6-m
and the CTIO 4-rn Blanco Telescopes
G. MONNET, ESO

The proceedings 01 the lollowing ESO Astrophysics Symposia are available Irom
Springer.

ESO Astrophysics Symposia Proceedings

ESO Studentship Programme

• The Light Element Abundances

• Science with the VLT

IRS: 1 to 5 micron infrared spectrom
eter. Uses a 256 x 256 SBRC array,
with a 40 e- r.o.n. and about 7e-/sec.
dark current. Full weil is 50,000 e-.
Scale on the detector is 0.32 arcsec.
per pixel. Maximum slit length is 16 arc
sec. The instrument is cooled at 35 K;
its configuration (entrance mirror, slit, fil
ter, grating tilt) is fully computer control
led. A TV camera allows to directly view
the field being observed (Iimiting mag. 19
during full Moon). Two gratings (of a total
of 5 available) are mounted side by
side. 2 px spectral resolution may vary
from 400 to 10,000.

1, 1996 - March 31, 1997 period 58.
On the ESO side, the idea of initiat

ing a telescope time exchange with an
other southern Observatory came from
the ESO User's Committee last May.
This was driven by the unfortunate tim
ing of the ND big-bang, which puts
most of our infrared capability out of
use, almost exactly when the bulk of
ISO data appear. We think that this ex
change will enhance European capabili
ty to make the best scientific use of
these invaluable data, and we hope that
oversubscription for "CTIO" time will be
large.

Note that the closing date for applications is
June 15, 1996.

Potential candidates, or their supervisors should obtain the detailed inlormation about
the programme by requesting the brochure and application lorm Irom the

European Southern Observatory
Studentship Programme
Karl-Schwarzschild-Str. 2
0-85748 Garehing bei München, Germany

The brochure describes the prerequisites lor participation in the programme, as weil as
the research interests 01 staH members who might work with the students and who would
act as the local supervisors.

The European Southern Observatory has positions available lor 12 research stu
dents. Six 01 these positions are at the ESO Headquarters in Garehing, and the other
six are at the Observatory in Santiago and La Silla, Chile. Students normally stay ap
proximately two years, so that each year a total of 6 students (3 at each location) may
be accepted. These positions are available to students enrolled in a Ph. O. (or equiva
lent) programme in the ESO member states and exceptionally at a university outside
the ESO member states.

• The Bottom of the Main Sequence and Beyond

• aso Absorption Lines

ESO has negotiated an attractive price lor these proceedings. They may be ordered
direclly lrom books stores or through Springer.

FAX: (4930) 8201 301
e-mail: orders@springer.de
Post: Springer-Verlag, P.O. Box 311340,0-10543 Berlin

In order to make more efticient use of
the astronomical observing potential of
our two institutions, as weil as to foster
closer co-operation, ESO and CTIO are
beginning an experiment to exchange
4m-c1ass telescope time.

The exchange will start with the next
proposal period (ESO Period 58, CTIO,
2nd semester 1996). The instrument
available for use of the European com
munity on the CTIO 4-m telescope is
their Infrared Spectrograph (IRS). This
very efticient instrument will provide our
user community with spectrographic ca
pabilities in the 1 to 5 micron range cer
tainly not available during the upcoming
ND "big-bang". Only when both SOFI
at the ND and ISAAC at the VLT come
on board will we be able to ofter equal
or superior performances in that do
main. Abrief outline of the performance
of the IRS folIows. Prospective users
are encouraged to refer to the docu
mentation on the CTIO WWW pages
for more details (www.ctio.noao.edu/ftp/
pub/manuals/irs/irs.html).

Users from the CTIO community
have asked for access to ADONIS,
TIMMI and EFOSC at the 3.6-m tele
scope. We have tentatively agreed to
"swap" 12 nights per semester, and en
vision this initial attempt to run for 3 se
mesters. The exact number of nights
will be determined by scientific merit
and proposal pressure.

Proposers from the ESO community
who wish to observe at CTIO with IRS
should submit a proposal to ESO on
our normal telescope request form, for
the normal ESO proposal deadline of
March 31 and September 30, but indi
cate clearly on the front page that ob
servations at CTIO are requested. Pro
posals will be rated by the ESO OPC
based on scientific merit, and then
passed to the CTIO scheduler, and
vice versa. Input to the OPC from the
appropriate technical reviewers of the
instrument host institution will be
soughl.

Note in the next proposals due
March 31,1996 that, because of difter
ences between semesters, the time be
ing sought for the CTIO infrared spec
trometer will be August 1, 1996 - Janu
ary 31, 1997. CTIO use of the ESO 3.6
m instruments will occur in the October
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ARSTANNOUNCEMENT

Quasar Hosts
A Workshop co-sponsored by ESO and IAC to be held in
Tenerile

23-27 September 1996

Recent theoretical and observational developments are leading
us to locus our attention on the nature 01 quasar hosts, their
environment, their inlluence on what we see 01 an AGN, and the
AGN's inlluence on them.

Topics to be covered include:

• Latest observational results
• The radio-Ioud radio-quiet dichotomy
• High-redshift quasar hosts
• Properties 01 high-redshift active galaxies,

e.g., the alignment ellect
• Local environments 01 quasars
• Star lormation and the ISM 01 quasar hosts
• Quasar hosts and Unilied Schemes
• Quasar hosts and evolution
• The lormation 01 quasar hosts

Please contact:

D.L. Clements (dclement@eso.org)
I. Perez-Fournon (ipf@JI.iac.es)
P. Crane (pcrane@eso.org)

European Southern Observatory
Karl-Schwarzschild-Str. 2
D-85748 Garching bei München, Germany
FAX: +89 320 23 62

New Scientific Preprints
(November 1995 - February 1996)

1111. D. Clements et al.: A New Large Sampie of Ultraluminous
IRAS Galaxies. MN.R.A.S.

1112. PA Shaver, J.V. Wall and K.1. KeJlermann: PKS 1251-407: A
Radio-Loud Quasar at z =4.46. MN.RAS.

1113. H.U. Käull and L. StangheJlini: Detection of Quasi-Stellar
10 11m Emission in the Central Region of the Elliptical Galaxy
NGC 3136B. Astronomy and Astrophysics.

1114. M. Kissler-Patig, T. RichtIer and M. Hilker: The Elliptical Glob
ular Cluster System 01 NGC 720. Astronomy andAstrophysics.

1115. D.L. Clements et al.: Optical Imaging 01 Ultraluminous IRAS
galaxies: How Many are Mergers? MN.RAS.

1116. O. von der Lühe, S. Solanki and Th. Reinheimer: Observing
Stellar Surface Structure with the ESO-VLT Interferometer. lAU
Symp. 176, "Stellar Surface Structure", ed. K.G. Straßmeier,
Vienna, 1995.

1117. S. Cristiani: Cosmological Adventures in the Lyman Forest.
Lecture presented at the International School 01 Physics "En
rico Fermi" Course "Dark Matter in the Universe", Varenna, 25
July - 4 August 1995.

1118. G. Meylan: Studies Through Radial Velocity Measurements of
the Peculiar Motions of Stars in Galactic Globular Clusters. lAU
Symp. 174, "Dynamical Evolution of Star Clusters: Confron
tation 01 Theory and Observations", eds. P. Hut and J. Makino
(Dordrecht: Kluwer), in press.

1119. J. T. van Loon et al.: Discovery 01 the First Extra-Galactic SiO
Maser. Astronomy and Astrophysics.

1120. P. Goudfrooij and E. Emsellem: lonized Gas in Early-Type Gal
axies: Its Ellect on Mgb and Other Stellar Line-Strength Indi
ces. Astronomy and Astrophysics.

1121. G.C. Van de Steene et al.: Optical Observations of Planetary
Nebula Candidates from the Northern Hemisphere. Astronomy
and Astrophysics.

1122. G. Mathys et al.: A Kinematical Study 01 Rapidly Oscillating Ap
Stars. Astronomy and Astrophysics.

1123. D. Minniti et al.: Globular Cluster Halos Around Dwarf Elliptical
Galaxies. Astronomy and Astrophysics.

Brunella Monsignori Fossi
Bru~ella Monsignori Fossi died .suddenly on January 22,

1996, In her ollice at the Astrophyslcal Observatory in Arcetri.
Her recent scientilic interests were mainly related to the interpre
tation 01 the atmosphere 01 cool stars. The work which she
together with collaborators and students, had done over th~
years on the spectroscopy 01 hot plasmas led to results which
were widely known, lor example the "Arcetri code".

Brunella Monsignori Fossi loved science, and had developed
a programme at Arcetri to bring astronomy to the general public.
In this fjeld of activity she also assisted ESO on many occasions.
She was an absolute master in conducting such activities that
touch thousands 01 people and demonstrate the lascination 01
astronomy.

She will be greatly missed by everyone who knew her.

New ESO Proceedings Available

The Proceedings of the ESO/ST-ECF Workshop on

Calibrating and Understanding
HST and ESO Instruments

(ESO Conlerence and Workshop Proceedings No. 53)

have been published. The 300-p. volume, edited by P. Benvenuti
is available at a priee of DM 60.- (prepayment required). '

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

ESO, Financial Services, Karl-Sehwarzsehild-Str. 2,
D-85748 Garching bei München, Germany

1124. L. Pasquini: Lithium in Old Clusters. To be published in the Proe.
of the Ninth Cambridge Workshop on "Cool Stars, Stellar Sys
tems and the Sun", R. PaJlavicini and A. Dupree, eds., in press.

1125. P. Andreani et al.: Looking for the S-Z Effect Towards Distant
ROSAT Clusters of Galaxies. Astrophysical Journal.

1126. A. Caulet and R. Newell: Probing the ISM 01 the Superbubble
LMC2 in the Large Magellanic Cloud: I. Ti 11 and Ca 11 Ab
sorption Lines. Astrophysical Journal.

1127. Bo Reipurth et al.: HH110: The Grazing Collision of a Herbig
Haro Flow with a Molecular Cloud Core. Astronomy and Astro
physics

1128. L.F. Rodrfguez and Bo Reipurth: VLA Detection 01 the Exciting
Sources 01 HH34, HHl14 and HH199. Revista Mexieana deAs
tronomfa y Astroffsica.

1129. ~.F.M. Moorwood et al.: Starburst Superwind and Liner Activity
In NGC 4945. Astronomy andAstrophysics.,

1130. P. Goudlrooij: The Distribution 01 Dust and Gas in Elliptieal Gal
axies. Invited talk given at a eonferenee on "New Extragalaetie
Perspectives in the New South Africa: Changing Perceptions of
the Morphology, Dust Content and Dust-Gas Ratios in Galax
ies". Held in Johannesburg, South Alriea, during January 22
26,1996. Proc. ed. by D.L. Block (Kluwer, Dordreeht). , , ,
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