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UNDER THE SIGN OF THREE:
AMBER JoINS THE VLTI

AMBER IS THE LATEST ADDITION TO THE INTERFEROMETRIC INSTRUMENTATION ON PARANAL. THIS SHORT
NOTE, WRITTEN AS THE PEOPLE WERE STILL TRAVELLING BACK FROM THE FIRST COMMISSIONING, REPORTS ON
THE SUCCESSFUL INTERFEROMETRIC COMBINATION OF BOTH TWO AND THREE VLT UNIT TELESCOPES.

N THE NIGHT OF MARCH 20,

2004 and 9 weeks later, in

the rising sun of June 1,

champagne bottles popped

again in the control room of
the VLT Interferometer on Paranal. This is
not such an uncommon sight in that room,
but please do not think of the VLTI as a cen-
tre of repeated transgressions in what is
known as a (mostly) alcohol-free observato-
ry. In fact, the good collection of empty bot-
tles on the shelves of the VLTI control room
is the result of celebrations for the success of
a long series of instruments and systems in
this Mecca of interferometric technology.
Messenger readers may be already familiar
with the news concerning systems by the
names of VINCI, MIDI, Delay Lines,
MACAO-VLTI, FINITO, Auxiliary
Telescopes, ...

The most recent arrival, and the subject
of the celebration on these particular nights,
was AMBER. The acronym stands for
Astronomical Multiple BEam Recombiner,
and its specialty is the combination of three
telescopes, yielding simultaneous measure-
ments on three baselines at each time and
therefore measuring the closure phase which
is the elementary cell of image reconstruc-
tion with long baseline interferometers. For
comparison, instruments like VINCI and
MIDI only combine two telescopes, yielding
measurements on one baseline at a time. In
addition, AMBER offers operation in three
bands of the near-infrared (namely J, H and
K, from 1 to 2.4 microns), either independ-
ently or simultaneously. It can observe with
three ranges of spectral resolution, the high-
est being MAA = 10,000 which is unprece-
dented in an instrument of this kind. This
higher potential of AMBER comes at the
cost of complexity: a look at Figure 1 can
quickly convince you of this. To put it in the
words of an illustrious visitor to the VLTI
laboratory during the integration of
AMBER: “Too many mirrors!”.
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Figure 1: The AMBER instrument in the VLTI laboratory.

AMBER was designed and built by a
consortium of several French (Observatoires
de Grenoble et de la Cote d’ Azur, Université
de Nice, INSU), German (Max Planck
Institute fiir Radioastronomie in Bonn) and
Italian (Osservatorio Astrofisico di Arcetri in
Florence) institutes, under the leadership of
R. Petrov (Nice). As in the case of MIDI, its
costs are borne mainly by the consortium,
which is compensated by ESO by means of
guaranteed time. AMBER arrived on
Paranal in February 2004, and immediately
a group of consortium members and ESO
staff got busy with its assembly. The main
goal of the first run in March was only to
assemble the instrument and verify its per-
formance in the laboratory, already a com-
plicated and quite intensive process. This
goal was accomplished in less than five

weeks, and soon the first attempts on the sky
with the VLTI test siderostats took place. As
for all VLT and VLTI instruments, a long
period of commissioning is needed, with the
goal of characterizing the performance and
the reliability of AMBER before actually
offering it to the community. The first
fringes, obtained on the two stars 8 Centauri
and Sirius, were an extra bonus.

The real observations on the sky started
in May 20, when an AMBER team visited
Paranal again and, with the support of ESO
staff, began extensive tests using the small
siderostats as well as the large UT tele-
scopes. The first fringes, i.e. the first suc-
cessful interferometric combination of two
Unit Telescopes (UTs) using AMBER, were
obtained on May 28, observing 51 Hydrae



with a spectral resolution of
1,500, only seconds after
acquiring the beams sent by
the UTs in the VLTI focal lab-
oratory. Many operational and
software bugs were corrected
and a sample of stars with dif-
ferent characteristics were
observed. As a very prelimi-
nary and quite conservative
result, it can be said that
observing at low resolution up
to magnitude K=8 and in
medium resolution up to mag-
nitude K=7 is fairly straight-
forward, because these are the
magnitudes for which fringes
can be immediately detected
by eye in individual frames.
The evaluation of the actual
limiting magnitudes will need
some further analysis of the
data. In the last hour of this
first commissioning period,
simultaneous  interference
between the beams coming
from three UTs was obtained,
which is a first for telescopes
of this size and might be some
day recorded as the birth date
of imaging with the VLT inter-
ferometer. This was a chal-
lenge indeed, since it was nec-
essary to use two UTs with
only tip-tilt correction, and
one UT without. By next July,
the analysis of the recorded
data should allow us to assess
the immediate possibilities of
AMBER and pave the way
toward its fully optimized
operation, to be achieved in
the next commissioning runs.

Stay tuned until then for
more details and... keep those
bottles cool!

Figure 2: The AMBER integration team on Paranal worked over a period of five weeks, and there
was a considerable changeover of personnel. In the picture, the people present in the last part of
the integration: Romain Petrov, Alain Délboulbé, Fredrik Rantakyro, Etienne Le Coarer, Andrea
Richichi, Pierre Kern, Stéphane Lagarde, Carla Gil, Mike Fischer, Mario Kiekebush, Florence Puech,
Gérard Zins, Fabien Malbet.
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Figure 3: First fringes on the star 51 Hya, recorded with UT2 and UT3 on May 28. Top and middle:
part of the light from UT2 and UT3, used for photometric monitoring. Bottom: interferometric com-
bination. The fringes are slightly tilted due to the optical path difference between the two beams,
a few tens of microns in this case. The fringes are spectrally dispersed in the horizontal direction.
This raw image, recorded at medium spectral resolution of about 1200, covers the K-band from 2.0
(right) to 2.4 (left) microns



THE MIDI DaATA FLOW:

FIRST OBSERVING PERIOD

MIDI, THE FIRST SCIENTIFIC INSTRUMENT FOR THE VLTI, HAS BEEN OFFERED TO THE COMMUNITY SINCE THE
BEGINNING OF THE OBSERVING PERIOD P73. IN THIS ARTICLE, WE PRESENT A NUMBER OF DIFFERENT SOFTWARE
TOOLS THAT ARE AVAILABLE FOR THE PREPARATION OF OBSERVATIONS, THE PROCESSING OF MIDI DATA IN REAL-
TIME DURING OBSERVING, THE PIPELINE REDUCTION OF DATA AT THE COMPLETION OF OBSERVATIONS AND THE

DISTRIBUTION OF THESE DATA.
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IDI 1s THE MID-INFRARED
Instrument for the VLT
Interferometer (Leinert et
al., 2003). It covers the
wavelength range 8 to 12
microns and records spectrally-dispersed
fringes, making it possible to reach a resolu-
tion (A/B) of 20 milliarcsec at 10 microns. The
main scientific objectives include the study of
protostars and very young stars, circumstellar
discs, brown dwarfs, tori around galactic
nuclei, the centre of our own galaxy and the
search for exoplanets. Recent observations of
the Seyfert core of NGC1068 in the near-
infrared (using the VINCI instrument;
Wittkowski et al., 2004), as well as in the mid-
infrared (MIDI; Jaffe et al., 2004) illustrate the
possibilities offered by infrared long-baseline
interferometry (Richichi & Paresce, 2003).
The Service Mode (SM) has been support-
ed at the VLT since the beginning of opera-
tions with the first telescope ANTU in 1999
(Comeron et al., 2003). With MIDI, an inter-
ferometer is offered to the whole community
for the first time. Here we present a suite of
observation preparation, data processing and
quality control tools that has been developed
for MIDI observations. Drawing on the expe-
rience gained with the VLTI Commissioning
instrument, VINCI, we show the first results of
the quality control of interferometry observa-
tion data.

OBSERVATION PREPARATION
The science operations of the MIDI instrument
from the proposal stage to data delivery are
integrated into the general VLT scheme. For
the current observing period, P73, a total of 20
MIDI programmes has been accepted and
scheduled for observation. From these, 12 are
“Service Mode” programmes and 8 are
“Visitor Mode” programmes. A total of 71
hours of VLTI execution time has been sched-
uled for Service Mode. These P73 pro-
grammes cover the scientific categories “B:
Galaxies and Galactic Nuclei”, “C: Interstellar
medium, star and planet formation” and “D:
Stellar evolution” (see www.eso.org/observing).

WEeB TooLs FoR VLTI
OBSERVATION PREPARATION
In order to plan an interferometric observation
and to assess its feasibility, one needs adequate
tools to model the visibility for a specified
array configuration, taking into account con-
straints like shadowing effects or the range of
the delay lines. In addition, appropriate cali-
bration stars must be selected. Two specific
tools are provided for this purpose: the VLTI
Visibility Calculator (VisCalc) and the calibra-
tor selection tool (CalVin). VisCalc provides
calculations of simulated dispersed visibilities
based on software models of the VLTI instru-
ments. The declination and spectral energy
distribution, as well as the source geometry,
are parameters used to specify the observation
target. Visibilities are calculated analytically
for uniform discs, gaussian discs and binaries.
Visibilities may also be calculated numerically
for a user-provided brightness distribution
which is uploaded as a FITS file. The user-
specified observation conditions include the
starting hour angle and the duration of the
observation, as well as the instrument and
array configuration. Different results can be
displayed (Fig. 1) including the uv-tracks, the
input image and its Fourier transform, plots of
visibility versus time, visibility squared versus
time, loss of correlated magnitude, or the illu-
mination distribution.

The calibrator selection tool (CalVin) pro-
vides a similar interface and involves a two
stage selection process. On the first input page,
the target coordinates, the array and instrument
configurations can be selected. The default
search criteria are displayed on an intermedi-
ate page which allows the search parameters to
be refined. On the results’ page, the table of
matching calibrators (Fig. 1) is listed. For all
matching calibrators, the visibility and
“observability” information is calculated and
displayed. It is then possible to use VisCalc
for a more comprehensive calculation of the
visibility information.

Both tools can be accessed from the VLT
Exposure Time Calculators page on
http:/www.eso.org/observing/etc. The standard
version shows only those configurations that
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Figure 1: Sample results from the calibrator selection tool CalVin (left) and from the visibility calculator VisCalc (right).

are offered for the current Call for
Proposals. 1t is updated for each new Call
for Proposals in order to reflect the offered
VLTI baseline configurations and instru-
ment modes. An “expert” version, accessible
from the ETC preview page
(http://www.es0.0rglobserving/ etc/preview.html)
offers an extended interface with many more
choices. It supports the modes and configu-
rations that are currently not offered.

MIDI CALIBRATORS
To obtain a good accuracy for the calibrated
visibility measurements, it is important to
establish a list of calibration stars that do not
show any strong features and that are neither
variable nor multiple. In 2003, ESO organ-
ised a workshop on VLTI -calibrators
(Richichi et al., 2003). During this work-
shop, the following two strategies were dis-
cussed:

e The search for suitable objects, in large
catalogues like CDS (http://cdsweb.u-
strasbg.fr), based on specified criteria.

e Establishing a smaller set of calibration
stars based on suitable objects in the lit-
erature (Richichi & Percheron, 2002). If
necessary, complementary measure-
ments can be taken (Kimeswenger et al.,
2004). This strategy reduces the list, but
it preserves objects which have already
been studied. Furthermore, with a small-
er list, the frequency of observations will
be greater, and hence detailed know-
ledge of the sources could be acquired
more rapidly.

In the case of MIDI, the calibrators used in

CalVin are extracted from a list that is pro-
vided by the MIDI consortium. Photometry
was performed for these stars and the limb-
darkened diameter was obtained by fitting
atmosphere models. The initial list contains
more than 500 calibrators and after careful
filtering, based on the “goodness-of-fit” of
the atmosphere model, as well as the experi-
ence with VINCI observations, we selected
nearly 200 potential MIDI calibrators for
P73. The following graph (Fig. 2) shows the
distribution of the size and accuracy of the
MIDI calibrators.

Even though this list is still evolving, we
still encourage the use of CalVin calibrators.
There are at least two advantages to this
strategy. Firstly, a large volume of data on
CalVin calibrators is obtained and therefore

their quality can be verified. The goal is to
update the CalVin list with re-measured
objects (see lessons learnt with VINCI). The
second advantage is that by using the same
calibrators through the year, it becomes pos-
sible to study changes in instrument per-
formance over extended timescales.

PHASE 2 AND OB PREPARATION
The observation details, including finding
charts and observing strategy, are specified
by the user in Observation Blocks (OBs) that
are assembled with P2PP (Phase 2 Proposal
Preparation, www.es0.org/observing/p2pp).
MIDI-specific information includes parame-
ters such as the array configuration, a range
of Local Sidereal Time (LST), and the spec-
ification of a calibration star. Using the LST

MIDI calibrators
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Figure 3: MIDI waterfall display. This example of the output display illustrates three
components. The image on the right-hand-side is the so-called ‘waterfall display’
which shows the fringes in the entire data. The diagram on the top left-hand cor-
ner displays the central fringe and the one on the bottom left-hand corner is the
result of the fringe amplitudes for the entire scan.

constraint, a user can specify the projected
baseline length, the projected azimuth angle
or the zenith distance. The calibration star is
selected on the basis of criteria such as angu-
lar distance, brightness or spectral type (see
Sect. MIDI Calibrators).

For the observing period P73, only one
observing mode is offered. This is the dis-
persed-fringe mode, which uses a prism to
provide a spectral resolution of R~30 at N-
band (10 microns). In P73, observations are
executed as pairs of science and calibration
star OBs with an execution time of 1 hour
per calibrated visibility spectrum. As a
result, the user only needs to specify a few
parameters in P2PP.

MIDI observations are scheduled in dis-
creet units, or blocks. Two major time slots
have been reserved for MIDI Service Mode
observations, one at the beginning of April
and a second one at the end of July. The first
block of Service Mode observations using
the UT2-UT3 baseline took place at the
beginning of April and was very successful.
A total of 30 pairs of science and calibration
star OBs (30 hours of VLTI observing time,
i.e. 60 hours of telescope time) have now
been successfully executed. However, the
scheduling of interferometric observations
with several telescopes and matched LST
constraints is complex and, for this reason,
carry-overs for MIDI programmes are not
offered at this stage.
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DATA REDUCTION PIPELINE
The algorithms used in the data reduction
pipeline have been described and provided
by the MIDI consortium and adapted in the
Data Flow System environment. The on-
line pipeline infrastructure at Paranal pro-
vides an environment where the pipeline
recipes are executed automatically. This task
includes the recognition of the type of raw
frames (an input data file with classification
information), assignment of the appropriate
reduction recipe, selection of the appropriate
reference data and the execution of the
reduction steps. The pipeline infrastructure
receives the raw frames from the on-line
archive system. It then classifies the incom-
ing frames in accordance with a set of rules.

The MIDI raw data are delivered to the
pipeline in the form of several FITS files.
These files contain the results of both inter-
ferometry as well as the photometry obser-
vations, for calibrators and science targets.
Since the interferometry data volume is
rather large (about 1GB per visibility point)
it is delivered in several split FITS files. The
procedure for the data reduction involves
two stages. In the first stage, when calibra-
tion data arrives, the raw undispersed visi-
bilities are calculated from the dispersed-
fringe data (Fig. 3). Additionally, the theo-
retical visibilities are also computed. This is
achieved by extracting the necessary param-

eters from the calibrator database, based on
the same list as used by the web-based cali-
brator selection tool CalVin. From the cali-
brator raw visibilities and the theoretical vis-
ibilities, the transfer functions are computed.
In the second stage, when the science data is
available, the calibrated visibilities are com-
puted by using the above transfer function as
well as the raw undispersed science visibili-
ties. At Paranal, the Instrumental Transfer
function can only be derived from observa-
tions that immediately precede that of the
science object. In Garching, the association
process can make use of all the calibration
data taken during a certain period of time,
including calibrations taken after the science
observation. It is possible for instance to use
either the closest calibrator in time or any
other more suitable calibrators.

With MIDI, one had to face the chal-
lenge of large data volume (20 GB per night
for MIDI) and therefore all efforts have been
made to streamline the processing. The
pipeline recipes currently make it possible to
process one night of data (about 20 GB) in
about half an hour. This enables immediate
on-line data quality assessment and provides
ample time for the off-line data quality con-
trol at Garching.

The off-line processing at Garching
yields a number of product files providing
the visibility results and all the information
for the Quality Control. This allows the QC
scientist and the PI to quickly assess the
quality of the data. All observations are
processed with a set of pre-defined parame-
ters, which are a compromise to allow both
consistent quality control and science reduc-
tions. In some cases, the resulting science
products alone (e.g. uncalibrated visibilities
with uncertainties) may be sufficient to
achieve the overall science objectives.
However, it is usually expected that some
data re-processing will be necessary to
achieve the optimal result.

DATA QuALITY CONTROL
Quality Control (QC) consists mainly of ver-
ifying the quality of the data, producing cal-
ibration data, and monitoring the instru-
ments on different time scales.

During operation, several types of cali-
bration data are evaluated for the purpose of
quality control: technical calibrations such
as the determination of the read out noise,
the characterisation of the detector linearity,
the stability of the reference pixels, the dis-
persive elements transmission, the wave-
length calibration and the determination of
the output of the instrument using a known
source, and the calibration of the science tar-
get using an astronomical calibrator. The
technical calibrations are used for the scien-
tific data reduction as well as for the moni-
toring of the health of the instrument in
order to detect any problems (for example
transmission degradation of an optical ele-
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ment). More information on Quality Control
can be found on www.eso.org/observing/dfo/
quality.

LEssONS LEARNT WITH VINCI
During the 3 years of VINCI operations
(since the first fringes in March 2001), we
systematically observed potential calibra-
tors. We have been able to monitor these
objects and to estimate more accurate diam-
eters (Fig. 4).

We selected the list of potential MIDI
calibrators for P73 based on the results from
VINCI observations. However, one should
recall that since the wavelength of observa-
tion with VINCI and MIDI is different, the
quality of the calibrator can also change
drastically between 2.2 and 10 microns. Fig.

Ballester P. et al., The MIDI Data Flow
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5 shows the instrumental transfer function,
covering several different array configura-
tions during VLTI commissioning with the
VINCI instrument. Trends of the instrumen-
tal transfer function will also be monitored
for MIDI.

QuALITY CONTROL, INSTRUMENT
TRENDING AND MONITORING

In the case of MIDI, we are still in the
process of defining the list of QC parameters
which best describes the status of the instru-
ment and the quality of the observations.
Using VINCI experience and the data from
the first MIDI observations (commissioning
and Service Mode observations), we are
gaining knowledge about such instrument
monitoring. Using calibrator stars from the

CalVin list provides us with some objects
which are observed several nights during
each MIDI run. These objects allow us to
detect any trends in the instrument and
therefore identify any changes or systematic
effects. Fig. 6 shows the instrumental trans-
fer function measured over several nights.

DATA PACKAGES
After each MIDI run, the full data set is
processed. A package is created for each
completed or terminated run. The data pack-
age follows the same structure as the other
VLT instruments. We distribute all the raw
data associated with the programme (acqui-
sition on both telescopes, raw data on the
fringe search, raw data on the fringe track
and its associated calibration). Included in
the package are the technical calibration data
which are used to calibrate the science data.
Concerning the astronomical calibrators, we
decided to include in each package only the
data associated to the astronomical calibra-
tor requested by the PL. If the calibration of
the science data requires more than one
astronomical calibrator, the PI can request
the data for additional calibrator stars from
the Garching archive.

We also distribute product data when the
data were processed successfully by the
pipeline (FITS product, PAF file, and associ-
ated log file). If several calibrators were
observed during the night we provide the
instrumental transfer function measured on
the calibrators.

CONCLUSION
MIDI is now fully integrated into the gener-
al science operations scheme of the VLT.
Specific tools have been developed, particu-
larly in the area of observation preparation,
data quality control and instrument trending
to deal with the specific aspects of interfer-
ometry. These developments will remain
important as the VLTI Auxiliary Telescopes
(Koehler et al., 2004) are installed as it will
allow users to observe with the VLTI every
night throughout the year. The publication of
a follow-up Messenger article is anticipated,
in which the overall VLTI science operations
scheme and service mode philosophy will be
discussed in more detail.
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FIVE YEARS OF SCIENCE OPERATIONS
OF THE VLT oN PARANAL

THE OPERATIONS STATISTICS OF THE FIRST FIVE YEARS OF VLT SCIENCE OPERATIONS ARE PRESENTED AND
ANALYSED. THE DIFFICULTIES AND SUCCESSES ENCOUNTERED IN THE ORGANISATION AND EXECUTION OF THE
SCIENCE OPERATIONS SUPPORT TASKS ARE REVIEWED. THE LESSONS DRAWN FROM THIS EXPERIENCE ARE

DISCUSSED.

GAUTIER MATHYS

PARANAL ScCIENCE OPERATIONS, ESO

INNER TIME. One of my table

fellows raises his glass of

wine: "Cheers!". This would

not be a particularly remark-

able scene, if we were not in
the dining room of Paranal Observatory — a
place where consumption of alcoholic drinks
is, as a rule, not allowed. Someone else asks
me if I know why the Director of the
Observatory has made the exception tonight
of offering each of the diners one (and only
one!) glass of wine. It takes me one second
to realise today's date: April 1, 2004. Five
years ago, exactly, on the evening of April 1,
1999, at the very same time, instead of
enjoying a good Chilean Cabernet
Sauvignon with some hearty food, I was sit-
ting at the console of UT1, together with a
couple of other early Paranal Science
Operations staff members, for the first ever
night of actual science operations of the
VLT. This was quite an exciting time —
almost: fog and clouds all night actually pre-
vented us from even opening the dome! Yet,
the night of April 1-2, 1999 would forever
be recorded as the first night of science oper-
ations of the VLT, and we just celebrated a
few weeks ago the fifth anniversary of this
achievement. Incidentally, it was not before
the night of April 3—4, 1999, that the first
general observer data of the VLT could
eventually be obtained, since the UT1 dome
also had to be kept closed on April 2-3, due
to high winds! This anniversary represents a
good opportunity to take a look back at what
has happened in those five years and to
reflect on what we have learned from it. And
a lot has happened, indeed! Science opera-
tions started in April 1999 with the lone
UT1: today all four Unit Telescopes collect
scientific data on a nightly basis. The rather
simple and conventional instruments FORS-
1 and ISAAC, which were originally mount-
ed on UT1, are still there at present, but they
have been joined by five more instruments
on the other three telescopes. While FORS-
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2 and UVES remain rather traditional in
their functionalities and bear quite a number
of similarities with instruments that existed
at 4-m class observatories before the VLT
era, the last three arrivals, FLAMES, NACO
and VIMOS, break new ground in the areas
of observational paradigm and efficiency.
This is not over, actually: around the corner
come MIDI (the first VLTI instrument to be
used in full science operations), VISIR and
SINFONI (both to be commissioned in
2004), and a little later, AMBER, CRIRES
and OMEGACAM (the latter on the VST).
The number of service mode runs scheduled
for Period 63 (April 1-September 30, 1999)
was 84; this number reached 300 in Period
72 (October 1-March 31, 2004). To support
this fast growing operation, and in parallel
with its development, a huge recruitment
and training effort had to be made. During
the Science Verification of UT1, in August
1998, the embryonic Paranal Science
Operations (PSO) department was com-
posed of Roberto Gilmozzi (who in 1999
moved on to become Director of the Paranal
Observatory), myself, and two data handling
administrators (José Parra and Blanca
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Camucet). Nowadays, it counts 56 members
(including 13 ESO fellows “on loan” from
ESO's Office for Science for their functional
duties).

These are but a few numbers, to illus-
trate where science operation of the VLT on
Paranal has come from and where it stands
now. What has happened along the way can
be better understood by taking a finer look at
the operations statistics. From their analysis,
complemented by a reflection on the diffi-
culties and successes encountered in the
organisation and execution of the science
operations support tasks, lessons can be
drawn. The results of this exercise are pre-
sented in the rest of this article.

WHAT THE NUMBERS TELL US...
A fundamental feature of the science opera-
tions of the VLT is the implementation of
two modes of observation: service and visi-
tor. In the traditional Visitor Mode (VM),
successful proposers are allocated a number
of nights on fixed dates, on which they trav-
el to Paranal to carry out their observations.
By contrast, observations for Service Mode
(SM) are queued for execution by PSO staff




whenever the constraints set by the users are
fulfilled. When SM was originally consid-
ered, it was realised that, in order to achieve
the flexibility needed to take full advantage
of this mode, it is necessary that a sufficient
fraction of the available observing time be
devoted to it. Yet, it was unclear whether it
would be possible to reach a fraction of 50%
of the time assigned to SM, which had been
adopted as the target number, and this was a
source of concern. Five years later, the chal-
lenge has been met beyond the most opti-
mistic expectations, as illustrated in Figure
1. The ratio of the time actually used for SM
observing to that devoted to VM, averaged
over all four Unit Telescopes over the first
five years of science operations, is close to
60/40. The concern nowadays is rather not to
let this ratio be tipped even more towards
SM, so as to maintain sufficient direct con-
tact between the observatory and its users.
The total time available for execution of
scientific observations, or science time, is
the sum of the SM and VM nights. For UT1,
between April 1, 1999 and April 1, 2004,
1604.5 nights have been dedicated to sci-
ence, which represents more than 89% of the
total number of 1796 nights corresponding
to the five year interval from April 1, 1999 to
April 1, 2004. The remaining 11% of the
time were dedicated to planned technical
interventions (labelled as engineering time
in Figure 1) and to commissioning of new
systems. Engineering time has primarily
been spent on preventive maintenance activ-
ities, which are scheduled at regular inter-
vals, and include mirror recoatings, which
take place every 18 months. The ratio of sci-
ence time to total time over the first four
years of operations of UT2 is similar to UT1,
87%. By contrast, when UT3 and UT4 went
into operations, they were equipped with a
single instrument (FORS-1 and FORS-2,
respectively), whose use made sense
(almost) only in dark time periods. To this
day, this is still the case for UT3, where the
only instrument in operations is VIMOS.
Therefore the fraction of the total time that
could be devoted to the execution of scien-
tific programmes was limited on these tele-
scopes by the Moon phase, and hence is con-
siderably lower than on UTI1 and UT2.
Paranal Observatory optimised the use of
this time by concentrating on UT3 and UT4
commissioning and planned technical activ-
ities that could be carried out indifferently
on any telescope. One can accordingly see in
Figure 1 that the total numbers of commis-
sioning and engineering nights on UT3 and
UT4 are larger than on UT1 and UT2,
although UT3 and UT4 have come into
operations after UT1 and UT2. This left only
a limited number of (bright time) nights
when no useful technical or commissioning
activities could be scheduled: these nights
appear as non-operational time in the figure.
The very small number of such nights that
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also appear for UT1 and UT2 (less than 1%
of the total number of nights since beginning
of operations) mostly results from a higher
than expected rate of completion of SM
observations, a lower than planned need for
time for maintenance activities, delays in the
readiness of new instruments to be commis-
sioned, and low demand of the astronomical
commmunity for observations in specific
right ascencion ranges. Such deficiencies in
the scheduling process only appeared in the
first periods of operations and they have
since been corrected: there has been no non-
operational time on either UT1 or UT2 since
Period 68.

Of course, some unforeseen events occa-
sionally hamper observation, such as bad
weather or equipment failure. The resulting
downtime is summarised in Figure 2. Bad
weather is the primary source of loss of
observation time, with losses averaging 9%
of the science time. Leaving out UT3, down-
time due to technical failures is of the order
of 3.5%. The technical downtime number
for UT3 is significantly higher than for the
other telesccopes, mostly due to the difficul-
ties encountered with VIMOS in the first
months of its operations (see D'Odorico et
al. 2003) and to a failure of the coating plant
during the last re-coating of the primary and
tertiary mirrors of UT3. Over its first five
years of operations, the fraction of the time
during which UT1 was not available for sci-
entific observations for technical reasons
(either because of planned engineering and
commissioning activities or because of trou-
bleshooting of technical problems) was less
than 15%; a similar number applies to the
first four years of science operations of UT2.
Accounting also for weather downtime, both
UT1 and UT2 were actually used for observ-
ing 76% of the time since their operations
started. Downtime due to do other reasons is
much smaller, less than 1% of the science
time for all telesccopes. It includes execu-
tion downtime (due to operator errors during
the observations), preparation downtime
(resulting from mistakes in the preparation
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of the observation blocks by the users), and
idle time (lack of executable observation
blocks in the SM queues, reflecting deficien-
cies in the processes of telescope time allo-
cation and long-term scheduling).

Of all the VLT instruments, the one that
so far has been most used is ISAAC, with a
grand total of 1070 nights of usage over the
first five years of VLT operations (see
Figure 3). It is followed by UVES, which
has just overtaken FORS-1 in spite of
totalling one year less in operations. Not sur-
prisingly, the four instruments that have
been most used until now are those that have
been in operations for the longest time, that
is the four instruments that were originally
mounted on UT1 and UT2: ISAAC, UVES
and the two FORS instruments. For these
instruments, the usage number includes, in
addition to the science time, the technical
time that was specifically devoted to the
instrument (e.g. to characterise its perform-
ance, to test new observation templates, to
check its functionality after a technical inter-
vention, etc.). For FLAMES, NACO, and
VIMOS, which were commissioned on tele-
scopes already in operation, the commis-
sioning time also contributes to the usage
statistics. Commissioning nights (including
Science Demonstration Time) represent the
major fraction of the VLTI entry in Figure 3
(which refers only to nights when interfer-
ometry was carried out with the Unit
Telescopes - the far more numerous nights
of siderostat use do not appear). A small
amount of science time also contributes to
the VLTI usage number, corresponding to
MIDI Guaranteed Time Observations. The
meaning of "No operations" is the same as in
Figure 1, while "No instrument" refers to
technical or commissioning time dedicated
to work on the telescope itself: establish-
ment of pointing models, calibration of
adaptive optics system, various performance
tests (such as tracking accuracy, etc.) and, of
course, mirror recoatings. Finally, a very
small number of nights were dedicated to a
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guest instrument on UT2 (SPIFFI, commis-
sioned and used for science observations)
and to preparatory work for the Laser Guide
Star Facility (LGSF) on UT4.

Of course, mere statistics of usage of tel-
escope time only give an incomplete picture
of the value of VLT operations for their ulti-
mate goal, that is, to maximise the scientific
return of the VLT. In order to complement
this picture, the opinions of the users repre-
sent an important element. At the end of
their observing runs, visiting astronomers
are requested to complete a questionaire, in
which they rate various aspects of the sup-
port given by the Observatory and are invit-
ed to write the comments that they judge rel-
evant. Over the first five years of operations,
357 end-of-run reports have been received:
about 50% of the users return such reports.
Their feedback is summarised in Figure 4.

More than 75% of the users report that
they have completed at least 75% of their
planned programme. Also, with the excep-
tion of the computing facilities (to which I
shall come back below) the various aspects
of the support given by the observatory that
are considered in the questionnaire are rated
"good" or "excellent" by more than 75% of
the users. The work of the support
astronomers and of the telescope operators is
particularly appreciated, with almost 97% of
the top two qualifications. The only reason
why the technical support does not receive
the same positive appraisal is that a signifi-
cant fraction of the users consider its evalu-
ation as "not applicable" (N/A): they had no
need for it because they encountered no
technical problem. This, of course, can also
be interpreted as a high level of satisfaction,
so that if the "not applicable" answers are
added to the "good" and "excellent" ones,
the fraction of the visiting astronomers who
judge the technical support better than just
acceptable reaches almost 99%. It is particu-
larly pleasing that the perceived quality of
the support work of the Paranal staff is sig-
nificantly better than that of the food and
lodging at the guest house, which is always

Instrument usage

very popular with visiting astronomers! It
will be a great challenge to keep the level of
satisfaction at the same height in the coming
years, but we definitely intend to try to do
so!

The more mitigated opinion of the users
about the computing facilities on Paranal —
"only" between 50 and 65% of "good" to
"excellent" ratings appears to result from a
rather complex conjunction of various fac-
tors. The on-line pipeline gets the highest
number of N/A answers of all the items con-
sidered in the questionnaire. This generally
arises when an on-line pipeline is not avail-
able (yet) for the instrument mode used by
the visiting astronomer. However a fraction
of visiting astronomers react to the lack of
such a pipeline for a given observing mode
by giving a rating of "poor". One should not
be surprised that on-line pipeline reduction
is not available for a significant fraction of
VM runs: such pipelines are prioritarily
developed for relatively standard observa-
tion modes, which are well suited to SM,
while observations of a more experimental
nature, which lend themselves poorly to
automated data processing, tend also to
require the presence of a visiting astronomer
at the telescope. If one discards the N/A
answers, one finds that "good" and "excel-
lent" ratings account for 71% of the remain-
ing answers. This represents a lower limit of
the appreciation of the performance of the
existing on-line pipelines, which brings
them into the same ballpark as other items
on which users are invited to give their opin-
ion. On the other hand, for the offline work-
station on which the users can process their
data at the telescope as well as for the Linux
PCs where they can prepare the observing
run in the Paranal residence, a similar trend
has surfaced in the past couple of years:
namely, the number of N/A answers in the
end-of-run reports is increasing. This
reflects the fact that a growing number of
users come to Paranal with their laptop com-
puters, on which they carry out both obser-
vation block preparation and data reduction,
not a deficiency of the service provided by
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the Observatory. Accordingly, it is justified
to ignore the N/A answers to obtain the
"true" image of the evaluation of the com-
puting facilities put at the disposal of the vis-
iting astronomers. This raises the fraction of
"good" and "excellent" to, respectively, 74%
and 67% for the offline workstations and the
residence computers. For the latter, another
factor has to be considered. Until the middle
of Period 68, the visitors office was in the
old camp, in a container, where the condi-
tions were far from ideal for computers.
Accordingly, it made little sense to invest in
high-performance computing equipment,
which would very quickly be damaged and
rendered useless. In January 2002, the visi-
tors offices were moved to their definitive
location in the residence, and were equipped
with state-of-the-art Linux PCs fully config-
ured with all the major observation prepara-
tion and reduction tools. From that moment,
the level of satisfaction expressed in the end-
of-run reports increased considerably.
Finally, a number of users appear to be dis-
concerted by the HP-UX operating system
of the offline workstations of the control
room, which was originally adopted for con-
sistency with the computers that control the
telescopes and instruments. However, few
institutes in ESO member states use this
operating system, and the improvement of
performance of the ever more popular Linux
machines in the past few years makes them
an increasingly appealing alternative in the
users’ view. Use of this alternative for
replacement of the current offline machines
is under study.

The generally positive feedback of the
visiting astronomers is mirrored by that of
the SM users, which has been analysed in
detail in a previous issue of The Messenger
(Comerén et al. 2003).

...AND WHAT THEY DON'T
There is more to VLT science operations of
the VLT on Paranal than just statistics.
Efficient and smooth operations involve a
wide range of aspects that cannot be reduced
to dry numbers.

The popularity of SM observing with
users, reflected by the fact that the number
of SM nights exceeds by 50% that of VM
nights, is a testimony to the success of SM
operations. The latter, though, would not be
achieved without a close-knit collaboration
between PSO and the Garching based
Users’Support Group (USG). I am pleased
to stress here the excellent interaction that
has been built between these two operations
teams located 13,000 kilometers apart. One
of its most concrete manifestations has been
the implementation, since August 2002, of
the so-called "Short-Medium Term
Schedules" (SMTS). On a day-to-day basis,
these (restricted access) Web pages provide
the PSO astronomers with an up-to-date
vision of the status of the SM queues, with



emphasis on the most critical aspects of the
observations to be executed — stressing in
particular the time-critical character of some
of them. This tool, which has been devel-
oped as the result of a narrow interaction
between USG and PSO, is instrumental for
the optimisation of the real-time (or short-
term) scheduling (STS) of SM observations.
Proper handling of the latter, in turn, is the
key to ensuring a high completion rate of the
highest ranked runs. It can be noted that PSO
night-time astronomers cannot rely on a
computerised scheduling tool for STS deci-
sions: in order for them to make such deci-
sions "manually" in an adequate manner, it is
essential that priorities are well defined and
unambiguously communicated. What is also
essential to ensure that high priority runs are
completed is to avoid local oversubscrip-
tions in the multi-dimensional parameter
space (target location, sky transparency, see-
ing, lunar illumination) at the stage of cre-
ation of the SM queues. This has been
described in detail in a previous Messenger
article (Silva 2001). By contrast, the oppo-
site effect, local undersubscription, may on
occasion result in a lack of executable obser-
vation blocks in SM nights, leading to a tel-
escope being left idle. It is now the reponsi-
bility of the Visiting Astronomer Section
(visAs) to make sure that local over- and
undersubscriptions are, as far as foreseeable,
not built into the allocation of telescope
time. Reaching this balance is not trivial,
and some unfortunate experiences in the first
few periods of science operations of the VLT
taught us the hard way what had to be avoid-
ed. It must be put to the credit of USG (orig-
inally) and visas (more recently) that the
number of deficiencies encountered in this
area is now quite small.

Experience shows that the flexibility of
observation scheduling in SM effectively
allows the scientific return to be optimised
and the technical downtime to be minimised,
by switching during the night between the
instruments mounted on the various foci of a
given UT. The overheads involved in this
operation prove to be small (of the order of
a few minutes). By contrast, the benefits of a
well-timed instrument switch for the scien-
tific outcome of a night can be quite substan-
tial. This is of course the case when one of
the instruments undergoes a technical failure
that requires time-consuming troubleshoot-
ing work. But more generally, instrument
switches can also (and do regularly) happen
to take the best advantage of the evolution of
the observing conditions. This is especially
beneficial for an instrument such as NACO,
whose performance depends critically on
environmental conditions (e.g. long correla-
tion time of the turbulence) that are rather
infrequently met and may be variable on
short timescales. Such flexibility is quite
demanding on the support staff, as it requires
PSO astronomers to be cross-trained so as to

oW
3 38

Number of answers
—_ —

Figure 4: Responses of the visiting astronomers to the end-of-run questionnaire
about the evaluation of the support provided for their observing run (qualitative
marks) and the completed fraction of their intended programme (percentages in
parentheses, applying only to first abscissa bin).

be able to support the various instruments
mounted on a given telescope. This chal-
lenging undertaking is well underway. But
the understanding of flexible scheduling at
Paranal Observatory goes beyond the alter-
nation between instruments during a sched-
uled SM night. While some technical nights
appear on fixed dates in the long-term
schedule, in practice, planned night-time
technical tests are to the extent possible exe-
cuted during periods when the environmen-
tal conditions are not optimal for execution
of SM observations and/or when the pres-
sure in the SM queues is comparatively low.
Also, on occasion, when delays in the arrival
on Paranal of new instruments forced the
observatory to cancel scheduled commis-
sioning activities, the corresponding time
was returned to science operations (primari-
ly in SM). Several users benefitted from this
as their programmes were belatedly allocat-
ed time that had been denied to them as part
of the original time distribution. However
this requires that the OPC ranking and com-
ments are made in such a way as to allow
additional runs, below the formal cutoff line,
to be allocated time in the course of a peri-
od.

A couple of additional points about the
VLT SM operations experience are worth
noting. On the one hand, we have found that
a clear definition of the respective priorities
of the various Target of Opportunity (ToO)
programmes approved by the OPC for exe-
cution on the same UT is needed. Even
though the probability that conflicting trig-
gers for execution of two different ToO
observations with the same telescope at the
same time can a priori seem negligibly
small, in practice this has happened several
times during the first five years of operations
of the VLT! One can easily understand why
the resolution of such cases in real time,
when a delayed decision may result in miss-
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ing the observation of a unique event of tran-
sitory nature, is far from ideal. On the other
hand, we have learned (sometimes the hard
way...) that allowing exceptions to the SM
rules and handling observation blocks in a
non-standard manner often turns out to be
very time-consuming and error prone. This
may (and does on occasion) ultimately prove
counterproductive. Therefore requests from
users to deviate from the established proce-
dures cannot always be granted. This is not
done lightly, but only after careful assess-
ment of the balance between the gain that
the considered exception can bring (to the
single run of interest) and its possible nega-
tive impact (not only on this very run, but
also overall, on all SM runs).

One feature of the organisation of the
science operations support that is probably
unique to the VLT is that, for each UT, a
Paranal staff astronomer is present all night
long to help the visiting astronomer through-
out the whole run. This appears to be great-
ly appreciated by the users. The benefits of
this operations scheme are especially signif-
icant for short VM runs, which makes it par-
ticularly appropriate to the current Paranal
situation, where the average VM run length
over the last 5 years has been below 2 days.
Users have been encouraged, or even urged,
by ESO to consider longer runs, without
success. Short runs not only represent an
additional burden for support astronomers,
in particular by increasing the number of
introductions to be given and by resulting in
the simultaneous presence of more visiting
astronomers on Paranal, all of whom have to
be attended. They also put a significant
stress on the logistic aspects, in particular
the accommodation. Indeed room demand
almost permanently exceeds the Paranal res-
idence capacity, due in great part to the suc-
cession of visits of teams integrating and
commissioning systems still to be put into
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operations. To make matters worse, both
from the support and from the logistics
points of view, runs consisting of half nights
(or other fractions of nights) are becoming
increasingly frequent. Nights shared
between two (or more!) VM runs, or
between a VM run and a SM part, are no
longer exceptions. Besides the already men-
tioned crowding inconveniences, another
consequence that should be pointed out is
the increase of complexity and the accompa-
nying decrease of flexibility of the SM STS
process when only fractions of nights are
available for SM operations. Finally, while
shortage of accommodation is one of the
reasons why it is not always possible to
authorise the presence of two visiting
astronomers for a single run, it is also worth
noting that, with the highly automated VLT
observation process and the support of a
dedicated Paranal astronomer all night long,
the presence of two observers during a VM
run is effective only in a limited fraction of
cases. For the same reasons, the value of a
VLT run for the training of young
astronomers in observations is often quite
limited.

THE STAFFING CHALLENGE
Beyond the numbers and the procedures, the
successes and the difficulties, science opera-
tion of the VLT on Paranal is the work of a
group of people. This group did not exist on
April 1, 1998. Six years later, it counts 56
members. Taking into account staff turnover
(some of the group members went to contin-
ue their career elsewhere, either inside or
outside ESO), an average of more than
twelve members of the PSO department
were recruited each year for the last six
years! All of them had to be integrated in the
group, and to be trained: this represents a
huge effort. That this could be achieved in
such a way that, in spite of some deficien-
cies, science operations of the VLT have
overall been successful, is a testimony prob-
ably more to the enthusiasm, motivation,
dedication and competence of the people
who joined the group than to particularly
brilliant planning or organisation of the
growth of the department. Planning, as a
matter of fact, was made close to impossible
by the difficulties met in the recruitment
process, at least for the staff astronomers.
Indeed after the first few staff astronomers
had been hired, the response to subsequent
vacancy notices was very low. Candidates
were few and their qualification and experi-
ence level was often significantly below
what had so far come to be expected for
ESO staff astronomers. It just appeared that
the limits of the market had been reached,
that the large number of positions that had
been opened in a very short time had
absorbed all the astronomers in the commu-
nity who fulfilled the requirements and were
willing to work as operations support
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astronomers in a forefront but remote obser-
vatory. The shortage of candidates applying
for positions of operations support staff
astronomers on Paranal persists to this date
(admittedly somewhat less extreme than a
couple of years ago). While it is tempting to
conclude that it would have been desirable
to start recruiting PSO astronomers longer
before the start of science operations, the
persistent shortage of applicants for these
positions leads one to question whether it
would have been reasonably possible to start
early enough to avoid the problem complete-
ly. As a consequence of the recruitment
delays resulting from the shortage of suit-
able candidates, the PSO department was
understaffed for four years. In order to reach
a viable minimum staffing level, the recruit-
ment requirements had to be lowered. The
high level of enthusiasm and motivation of
the more junior staff recruited under these
conditions could not completely compensate
for their lack of experience. Accordingly, a
considerable training effort was required.
This added to the demands put on the insuf-
ficient number of experienced PSO
astronomers, some of whom started to show
signs of wear. The combination of the pre-
dominence of junior astronomical staff in
the department, with the excessive workload
already assigned to its most experienced
members, impedes the implementation of an
intermediate managerial structure between
the head of the department and the bulk of
its members. Nevertheless, the recruitment
difficulties that have been faced have also
had some positive consequences. Most
prominently, it gave the ESO Chile postdoc-
toral fellows the chance to grow into full
operations support astronomers. This is ben-
eficial both for the fellows, opening for them
a career opportunity at the observatory earli-
er than would normally have been expected
in the past, and for the observatory, since the
training effort required to bring former fel-
lows to the level of staff astronomers is con-
siderably less than for external recruitees at
the same stage of their career. It must be
stressed however that, to be appointed as
staff astronomers, ESO fellows have to go
through the same open recruitment process
as all other applicants, and they have to con-
vince the selection board at that stage that
they are effectively the best candidates for
the considered positions. Note also that the
use of ESO fellowships to develop opera-
tions support astronomer qualifications in
young people is critical for the VLTI, since
the very small community of astronomers
with experience of optical interferometry
does not represent a sufficient recruitment
pool.

Fellows who move up to staff
astronomer positions will eventually acquire
sufficient experience to take up more senior
responsibilities in the PSO department.
However, for the time being, the additional

experience that would be most valuable can
only come out of the community. I can but
encourage and urge our relatively senior
readers to give more consideration to job
opportunities that open on Paranal. In partic-
ular, one option that seems to have received
little attention so far, is that of a limited-term
contract as part of which an astronomer from
some institution in Europe is either second-
ed to ESO or granted an extended leave of
absence, so as to come and work in the PSO
department for a few years, before going
back to his/her original place. The continued
success of the science operations of the VLT
depends on the support of the community.
In return astronomers who come to Paranal
for a few years get a unique opportunity to
further develop their expertise and experi-
ence, which upon their return to their origi-
nal institution they can share with the astro-
nomical community of their country. And
the experience of working at Paranal
Observatory, to keep the results of the oper-
ations at the same level as, or better than,
described in this article, is without any doubt
an exciting and very challenging one!
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TH'ESOBSERVATOIRE: MERGING
LA SiLLA AND PARANAL OBSERVATORIES

RoBERTO GILMOZzI AND JORGE MELNICK (ESO)/;
N )

he scientific role of La Silla
beyond 2006 was assessed by

a working group composed of Table 1: Operational costs of telescopes in the OPTICON/FP6 proposal
members of the STC, of the Telescope Cost in
UC and of ESO, and chaired Installation namep Country Euros Per
by Andrea Cimatti. Their “La Silla 2006+”
report is available through the ESO web 3.9m Tel AAT UK 7331 Night
(www.eso.org). The main conclusion of the 3.5m Tel CAHA 3.5m D 7796 Night
report .1s that “.... 'the La Silla observatory 2 om Tel CAHA 2.2m D 2925 Night
will still be a crucial component of the ESO Py = = e o
facilities and will be a fundamental ESO om '€ 9
component to perform world-class scientific 3.6m Tel ESO-3.6 INT 6631 Night
research for European astronomers”. The 3.5m Tel ESO-NTT INT 7296 Night
report recommends that La Silla continues to 2.2om Tel ESO/MPG-2.2 | INT 2654 Night
operate beyond 2006 with only two tele- -
4.2m Tel WHT K 10727 Night
scopes: the NTT and the 3.6m. me v 0 !g
The working group also examined the 2.5m Tel INT UK 1999 Night
scientific productivity of La Silla in terms of 3.8m Tel UKIRT UK 926 Hour
publications and citations (these data are 3.5m Tel TNG | 7326 Night
avallabl.e in the report). Flgu're 1 presenFs a > 5m Tel NOT INT 3745 Night
comparison of the productivity of La Silla - -
with other major observatories compiled by 2.5m Tel Aristarchos Gr 1973 Night

Uta Grothkopf. La Silla is seen to be one of
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Figure 1: Number of publications per year for most

of the major observatories. Publication year
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Table 2: Evolution of La Silla
facilities since 1995

(*) The March-September
period was used when num-

bers varied within a year.
(**) The IRIS and Marseille

YEAR Telescopes Number of National Projects (**)
operated by ESO Instruments (*)
50cm Dan, 60cm Bochum, 35cm Marseille,
= 19 e DENIS, IRIS, 72cm Swiss
50cm Dan, 60cm Bochum, 35cm Marseille,
1996 10 24 DENIS, IRIS. 72cm Swiss, MARLY, Brazil
1997 10 19 50cm Dan, 60cm Bochum, 35cm Marseille,
DENIS, IRIS, 72cm Swiss, 1.2m Swiss, MARLY, Brazil
1998 8 18 50cm Dan, 60cm Bochum, 35cm Marseille, DENIS,
IRIS, 1.2m Swiss, MARLY, Brazil
1999 6 17 500n‘1 Dan, 35cm Marseille, DENIS, IRIS, 1.2m Swiss,
Brazil
2000 6 14 50cm Dan, DENIS, IRIS, 1.2m Swiss, MARLY, Brazil
2001 6 13 50cm Dan, DENIS, IRIS, 1.2m Swiss, MARLY, Brazil
2002 6 14 50cm Dan, 1.2m Swiss, IRIS, MARLY, Brazil
2003 4 (3) 9 50cm Dan, 1.2m Swiss, REM, 1.54m Dan, Tarot II?
2006+ 2 6 1.2m Swiss, REM, Tarot Il, ILMT?, 2.2m?

agreements are still valid, but
have operated only until the
dates shown.

the most productive ground-based observa-
tories in the world, and was only surpassed
in publications by HST after 1997.

La Silla is also very cost effective. Table
1 presents a compilation of operating costs
for all major European observatories. The
data was gathered as part of the EC/FP6
OPTICON Access program (www.otri.iac.es/
opticon). According to the EC definition,
direct costs do not include items like instru-
ment development, renewal of equipment
(e.g. computers), etc. Therefore, although
there are differences in the way the direct
costs are computed by each observatory, the
figures in Table 1 are directly comparable.

A rather surprising result of this compar-
ison is that, while the operations models of
the different observatories vary widely, the
operations costs are remarkably similar (not
counting the Hawaii telescopes).

So, whether an observatory operates
with large numbers of staff permanently on
the mountaintop, or with most of the techni-
cal staff located off the mountain, the cost of
producing high quality data is roughly con-
stant. Taking the numbers at face value, La
Silla comes out as one of the most cost effec-
tive European observatories.

OPTIMIZING COSTS
The LS2006+ working group also asked
ESO to look for ways of optimizing the
operation of La Silla in order to further
reduce costs. Thus, the ESO management
examined a number of different scenarios to
estimate 2006+ operating costs. To set the
results into perspective, it is useful to exam-
ine the evolution of La Silla both in terms of
facilities and costs over the past decade.
Table 2 presents the evolution of facilities
operated by ESO and also by “National”
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consortia. Figure 2 presents the correspon-
ding evolution in cost (past and projected
future). The result is that going from four
telescopes to only two does not lead to a fac-
tor of two reduction in cost. There are fixed
costs — one third of the La Silla budget goes
into maintaining the infrastructure. All the
studied scenarios showed that it is impossi-
ble to reduce the costs of La Silla below a
certain limit without seriously compromis-
ing the quality of the product. In fact, we
can predict this limit from the OPTICON
table: two telescopes times 330 nights times
7k =4.6M .

The most cost effective scenario was
found to be the one in which La Silla and
Paranal are merged into a single observato-

Total

ry. By sharing highly qualified staff, and
realizing all the potential synergies between
the two observatories, the projected cost of
running La Silla comes out very close to the
OPTICON limit.

Thus, LS2006+ recommended that ESO
investigate the possibility of merging the
two observatories. The plan was studied
during 2003, and the outcome is presented
below.

A MERGED LA SILLA AND
PARANAL OBSERVATORY

All relevant departments of the two observa-
tories held consultations and discussions that
resulted in joint proposals that underlie the
merger plan. The plan is based on merging
the individual groups within the observato-

€12,000,000 T

€ 10,000,000

€ 8,000,000

€6,000,000

€ 4,000,000

€ 2,000,000

€0
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Figure 2: Evolution of La Silla costs since 1995
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Table 3: Merger implementation

Stage 1 Stage 2

Stage 3

Stage 4

CODA: 1S IT POSSI-
BLE TO BREAK THE

Merge electronics
groups

Merge the software

Separate Power genera-
tion and distribution to
10kV (outsourcing option)

Merge Instrumentation

COST BARRIER?
La Silla has introduced
two innovations (at least

Merge mechanics
Silla move to IT La

Communications on La

Separate Electrical from

Silla | Electronics on Paranal

Merge Optics

for medium size observa-
tories) that should allow

Create Instrumentation

on La Silla team on La Silla

Create Maintenance

Merge Maintenance

Merge Logistics

reduced costs and
increased efficiency. The
first is to control all (ESO

Separate IT from soft-
ware at La Silla

Possible upgrade of La
Silla Paranal WAN band-
width

operated) telescopes from
a common Paranal-like
control center. The new

ries to a more matrix like structure rather
than a La Silla department of Paranal obser-
vatory (this option did not arise within the
low level technical discussions amongst the
staff and was therefore not explored
although it remains a viable option).

The current operational paradigms differ
dramatically between the two observatories
with La Silla mostly a stable operation sup-
porting visitors and Paranal a growing
observatory performing a significant frac-
tion of service observing. We believe that
this diversity is to the benefit of our users
and the staff and therefore the Science
Operations departments will not be merged,
at least initially. Being a well-established
and robust scientifically successful opera-
tion, La Silla provides the ideal conditions to
explore innovative ways of carrying out sci-
ence operations.

Additional benefits of the merger are
identified in the training value, both for ESO
staff and for future observational astrono-

Gilmozzi R. and Melnick J., Th’ESObserva

mers, and in possible long-term savings. The
La Silla workshop will continue producing
parts, and spare parts, for Paranal. La Silla
support of Paranal’s peak load activities will
also continue. Moreover, La Silla will con-
tinue to provide the community with the
infrastructure and support to deploy new
instruments without the constraints of
Paranal. An excellent example of such a
project is the 3.6m/HARPS combination.

MERGER IMPLEMENTATION
The following phases are foreseen (see
Table 3). They are broken down according to
the sequence in which they would occur.

As they merge, groups report to the
Heads of Department on Paranal (with the
exclusion of the La Silla Science Operations
department). After each stage, an assessment
of the process will take place and modifica-
tions or improvements introduced if neces-
sary. Th’ESObservatoire will, of course,
have a single director.

toire

control  zentrum  (the
RITZ) provides the envi-
ronment required to optimize the time and
expertise of the operations staff.

The second innovation is to implement a
formal quality management system for con-
tinuous improvement. La Silla is probably
the first observatory in the world to obtain
an ISO9001:2000 certification. This process
should allow us to optimize the use of
resources.

The LS2006+ working group recom-
mended that ESO should investigate ways of
keeping the 2.2m telescope in operation
without increasing the global cost of La
Silla. With the innovations above, we
believe we will be able to continue to offer
FEROS to the community (if demanded) for
part of the time. The complete telescope
(with FEROS, WFI, and GROND) could be
offered the rest of the time to groups inter-
ested in long term targeted programs (in a
cost neutral way to ESO).

General view of the Paranal
Observatory Platform with six
domes (from left to right): ANTU,
KUEYEN, MELIPAL, AT1, VLT
Survey Telescope (still to be
installed) and YEPUN. Some of
the positions for the Auxiliary
Telescopes and the railway
tracks on which they move are
seen in the foreground

(ESO PR Photo 02d/04).
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DO IT YOURSELF:
LA SILLA QUICK-LOOK TOOLS

E. PompPEl, M. BILLERES, T. DALL, C. FOELLMI,
O. HaINAuT, L. GERMANY, G. Lo CuRTO, |. SAVIANE

EUrROPEAN SOUTHERN OBSERVATORY

uring astronomical observa-

tions it has always been of

great importance to be able

to asses the quality of the

data being collected at the
telescope and the conditions of the night.
The way astronomers normally do this is by
processing the raw data transmitted from the
instrument workstation with some semi-
automated software package. The data
reduction normally depends on the instru-
ment characteristics, but basically the main
divisions are set by the wavelength range
covered (optical, infrared, sub-millimetric,
radio) and by the way the light is collected
(imaging or spectroscopy).

The codes are normally written either by
dedicated software engineers, or by the
astronomer him(her)self: the first case
applies for all Paranal instruments and for
some instruments at La Silla, namely
FEROS, HARPS and TIMMI2, for which
pipelines were written by the consortium
that originally built the instrument.

The astronomical community felt that
the remaining instruments at La Silla could
also benefit from having similar tools.
Although the Observatory does not have the
resources to develop such extensive soft-
ware, simple and targeted tools were imple-
mented for the other instruments, in order to
perform some specific steps of the data
reduction quickly and with almost no inter-
action from the user, allowing the observer
to assess the quality of the data in real time
without diverting their attention from the
observations. Given their simple structure it
was decided to name these codes quick-look
tools, rather than pipelines, in order to stress
the difference from more complete reduction
software.

With the exception of the tool developed
for CES, which runs automatically as new
frames are acquired, these quick-look scripts
must be launched by the observer on a
selected frame (or set of frames), and may
require human interaction. A database of cal-
ibrations for most of the standards observing
modes has been built (or is in the process of
being completed) by the Instrument Scientist
for each instrument, with the help of his/her
colleagues: the users can choose to use this
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or to run the tool using the calibrations taken
during the same observing run. Master cali-
bration frames can be created in real time by
ancillary scripts.

This note briefly describes the quick-
look tools now available at La Silla and
developed by resident astronomers for opti-
cal (CES, EFOSC2, EMMI, SUSI2, WFI)
and infrared instruments (Sofl), both for
imaging and spectroscopic capabilities. All
tools are installed on the off-line worksta-
tions used by the visitors and also available
for download on the respective instrument
web pages.

OPTICAL INSTRUMENTS: CES,

EFOSC2, EMMI, SUSI2, WFI
The CES (Coudé Echelle Spectrograph) is a
very high resolution (R~220,000) spectro-
graph mounted at the 3.6m telescope: given
its unique characteristics, it required a dedi-
cated quick-look tool to examine the data.

EMMI (the ESO Multi Mode Instrument)
and EFOSC2 (the ESO Faint Object
Spectrograph and Camera 2) are both imag-
er and spectrographs at low resolution, while
EMMI also has medium (R~5,000) and high
(up to 70,000) resolution modes. In addition
to this, EMMI has the additional complica-
tion of having two detectors, one optimized
for the blue and another for the red. SUSI2
(SUperb Seeing Imager 2) and WFI (Wide
Field Camera) are imaging cameras, the first
optimized for high spatial resolution, while
the second was optimized to cover a large
field of view (30"). In total, five quick look
packages were developed, four for spec-
troscopy and one for imaging.

For imaging, a specific package is avail-
able to obtain a complete photometric cali-
bration of the images on the Landolt system
for all La Silla optical instruments with
imaging capability — EFOSC2, EMMI,
SUSI2, WFI (see http://www.sc.eso.org/
~ohainaut/bin/tmag.cgi).
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Figure 1: Visualization of one order of an echelle spectrum reduced by
the EMMI echelle quick-look. The order is bias subtracted, flat fielded,
de-blazed and dressed up for the occasion.
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Figure 2 : Example of red spectrum obtained with the quick-tool. The science object is

divided by a standard star. The region around 14,000

cannot be perfectly corrected

due to the presence of an absorption band of the atmosphere.

For spectroscopy, several packages
have been developed:

(1) for the CES, a quick-look tool for
data quality and signal-to-noise evalua-
tion. The output is a one dimensional
spectrum, plotted in term of S/N ratio vs.
pixel (see http://www.ls.eso.org/lasilla/
sciops/3p6/ces/).

(2) for EMMI, a low and medium
dispersion spectroscopy quick-look tool
is available: it is possible to obtain good
quality data with fine tuning of the
parameters of the script and master cali-
brations derived during the observing
run. The output is a bias corrected, flat-
fielded, sky subtracted and wavelength
calibrated one dimensional spectrum (see
http://www.ls.eso.org/lasilla/sciops/ntt/emmi/
quickred/EMMI_quickred.html).

(3) for EMMlI-echelle spectra, a
quick-look tool has been recently com-
pleted. The output is a bias corrected,
flat-fielded, blaze corrected and wave-
length calibrated multi-order or merged
one dimensional spectrum  (see
http://www.ls.eso.org/lasilla/sciops/ntt/emmi/
emmiPyQuick.html).

(4) And finally, for EFOSC2, a low
dispersion spectroscopy quick-look tool:
good quality data with fine tuning of the
script and up-to-date calibrations. The
output is a bias corrected, flat-fielded,
sky subtracted and wavelength calibrated
one dimensional spectrum  (see
http://www.Is.eso.org/lasilla/sciops/efosc/
docs/qlook/).

An example of a quick-look reduced
EMMI echelle spectra is shown in Fig. 1.

INFRARED INSTRUMENT: SOFI
Sofl (short for Son of Isaac) is an infrared
imager and spectrograph, both at low and
high resolution. Two tools were written,
one for imaging and another for spec-
troscopy. The first returns the zero-point
of the night, without correction for colour
or airmass, provided that standard stars
have been observed, while the second
returns a flat-fielded, sky subtracted and
wavelength calibrated one-dimensional
spectrum. Extensive information on how
they work and what assumptions are
done can be found on the respective tool
web page. For imaging, see http:/www.ls.
eso.org/lasilla/sciops/ntt/sofi/reduction/
SOFI_img_quicktool.html and for spec-
troscopy, see http://www.Is.eso.org/lasilla/
sciops/ntt/sofi/reduction/SOFI_spec_quick-
tool.html. In Fig. 2 we show an example of
a quick-look reduced spectrum in the
NIR. Both tools make extensive use of
the eclipse package developed by ESO;
more information on it can be found at:
http://www.eso.org/projects/aot/eclipse.

CONCLUSIONS
All instruments on La Silla Observatory
now have a dedicated tool able to return
an evaluation of the quality of the data
taken by the observers. It should be
stressed that, while these tools can cer-
tainly be improved, they were not intend-
ed to produce publication quality data.
Our brief experience with the newly
developed tools confirms that they have
been very well received by the visiting
astronomers.

NEWS FROM THE

LA SILLA SITE

L. GERMANY, SciOps

STAFFING MOVES
There’s been quite a bit of staff movement at
La Silla over the last few months. We have had
to bid farewell to Rene Mendez, who has now
taken up a position at the Universidad de Chile,
and Malvina Billeres who will finish off her
last 6 months as an ESO fellow doing 100%
research in Vitacura. We still have Fernando
Selman with us at La Silla, though his official
post is actually VST astronomer at Paranal. He
will remain with us for the next 6 months or so
(depending on the progress of VST), and has
taken over responsibilities as head of the
Imaging instrument force. We welcome
Valentin Ivanov back to ESO Chile, and this
time to La Silla. Valentin was a fellow at
Paranal, went to Garching for his third year,
and now is back in Chile as a staff member in
the Infra-red team at La Silla. In particular, he
will be instrument scientist of Sofl, taking over
from the wonderful job Malvina has done in
recent years. Dominique Naef has also joined
us from Switzerland. For the next year he will
be working from a Swiss National Foundation
grant primarily as a support astronomer for
HARPS. Lastly, with the departure of Rene,
John Pritchard has taken over as leader of the
astronomers on La Silla — we wish him well
and many happy schedules to come!

MORE UPDATED MANUALS
In December, we bought you news of many
upgrades to documentation (both paper and
internet) here on La Silla. The latest addition
is the new manual and the complete atlas of
Echelle wavelength calibrations for EMMI.
Both are linked to the main EMMI webpage. In
addition, we now have a variety of quick-look
tools, developed in-house by the La Silla sup-
port astronomers, for long-slit spectroscopy
(EMMI, EFOSC2), EMMI Echelle Spectro-
scopy, CES observations, the optical imagers
(WFI, SUSI2, EFOSC2, EMMI), and both the
spectroscopic and imaging modes for Sofl.
See the full article in this same edition of The
Messenger.

LA SILLA - CERTIFIED!
At the end of March the Quality Management
System implemented at La Silla during the past
year underwent a thorough audit by SQS (The
Swiss Association for Quality and Manage-
ment System). At the end of the audit La Silla
received a certification of compliance with the
requirements set by the ISO 9001:2000 stan-
dard. La Silla is most likely the first
Observatory to achieve this certification. More
details to come in the next Messenger.
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ExXPLORING CoOsSMIC EVOLUTION
WITH THE FORS DEEP FIELD

THE FORS INSTRUMENTS AT THE ESO VLT HAVE BEEN USED TO STUDY THE COSMIC EVOLUTION OF
GALAXIES. FROM A LARGE SAMPLE OF DISTANT GALAXIES OBSERVED NEAR THE SOUTH GALACTIC POLE WE
OBTAINED NEW RESULTS ON THE PHYSICAL PROPERTIES OF HIGH-REDSHIFT GALAXIES, ON THE EVOLUTION OF
THE GALAXY LUMINOSITY FUNCTION AND OF THE COSMIC STAR FORMATION RATE, ON THE CHEMICAL ENRICH-
MENT OF THE UNIVERSE, AND OTHER SIGNPOSTS FOR CHANGES WITH COSMIC TIME.
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HE IDEA OF A “FORS DEEP

Field” (FDF) was born in 1997

when scientists at the

Heidelberg State Observatory

and the University Obser-
vatories of Gottingen and Miinchen drew up
plans for the use of the guaranteed observing
time granted to them as a reward for build-
ing the two FORS instruments for the ESO
VLT. By that time various deep field proj-
ects (notably the HDF-N) had already result-
ed in important new information on the dis-
tant universe and its evolution with cosmic
age. But the combination of the larger (rela-
tive to the HDF) field-of-view of FORS, the
excellent optical quality of the VLT, and the
superior light collecting power of the VLT
combined with the high efficiency of the
FORS spectroscopic observing modes
promised important new opportunities in
this area. Therefore, a significant fraction of
the guaranteed FORS observing time was set
aside for very deep observations of a care-
fully selected region of the southern sky cor-
responding to the field-of-view of FORS in
standard resolution mode. A description of
the selection criteria, of the objectives of the
FDF programme, and of various technical
details has been provided in an earlier issue
of The Messenger (Appenzeller et al., 2000),
and thus will not be repeated here. Instead,
the present contribution will be devoted to
highlights among the scientific results
obtained so far from the FDF.

OBSERVING A COMPLETE SAMPLE
OF DISTANT GALAXIES

The FDF programme started in 1999 as soon
as the first unit telescope of the VLT became
available for scientific work. As a first step
we used FORS1 at the VLT unit telescope
Antu to obtain deep images of the FDF
through five standard broad-band filters (U,
B, g, R, and I) during 1999 and 2000. The
broad-band images were later supplemented
with narrow-band images taken through
selected interference filters. Although
observing conditions during the 1999 runs

were rather unfavourable and part of the
time was lost to poor weather, it was eventu-
ally possible to collect more than 300 indi-
vidual images with a total integration time of
about 39 hours. The resulting co-added
FORS image for the blue filter band turned
out to be nearly as deep as the corresponding
HDF-N image, while the visual and the I-
band images were only about one magnitude
less deep than those of the HDF-N. Of
course, due to the atmospheric blurring typ-
ical of ground-based observations, the
FORS images are less sharp than those of
the HST deep fields. On the other hand, with
(FWHM) angular resolutions ranging
between 0.53 arcsec in the / and 0.97 arcsec
in U-band, the resolution of the FDF images
compares favourably with other ground-
based deep fields. As a result, on our images,
which cover a sky area of about seven by
seven arcmin (or 1/15 of the area covered by
the full moon), more than 10 000 objects are
visible, i.e. the same number of objects as in
the new (much deeper, but smaller) “HST
Ultra Deep Field”. Almost all objects are
distant galaxies. There are also eight spec-
troscopically confirmed quasars and more
than 50 faint stars. A colour image of the
FDF, produced by combining our B (blue), R
(red) and I (deep red) monochromatic
images is presented in Fig. 1. To make fine
details and the fainter objects better visible,
an image sharpening procedure (the Lucy-
Richardson deconvolution algorithm) and a
non-linear flux scale has been applied to the
original image. Therefore the image has an
effective resolution of about 0.4 arcsec, but
a somewhat higher noise level than the orig-
inal images.

In addition to the FORS frames we
obtained near-infrared (J and Ks bands)
images of the FDF using the Sofl instrument
at the ESO NTT on La Silla. Due to the
smaller telescope aperture, these images are
much less deep. But they were important for
the analysis of our data as they improved the
accuracy of the photometric redshifts and
they helped us to discriminate between very
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Figure 1: Colour image of the FORS Deep Field. The image was produced by combining images obtained in a blue, a red and a deep-red filter
band. As pointed out in the text it has been processed to increase the resolution (to about 0.4 arcsec) and to make fainter features visible. The
image covers a field of 7.1 x 7.1 arcmin?. North is up, east to the left.

red compact galaxies and very cool stars.
The large number of distant galaxies and the
uniform conditions under which the differ-
ent images were obtained make the FDF sur-
vey a unique data base for studying extra-
galactic stellar systems at different distances
and cosmic ages. However, to evaluate our
images, first the flux recorded from the indi-
vidual objects had to be measured accurate-
ly. With about 10* targets this obviously
required automatic procedures. While such
procedures are standard tools of modern
astronomy, their application to the FDF
images turned out to be more complex than
expected. Part of the difficulties encountered

were due to the fact that most of our objects
had (even in the moonless nights used for
this programme) a surface brightness
amounting to only a small fraction of the
brightness of the night sky. Hence the back-
ground and the instrumental response func-
tions had to be determined with very high
accuracy to avoid introducing errors from an
incorrect background subtraction. Moreover,
instrumental effects and unresolved faint
background galaxies produced unusual
noise properties and artifacts which had to
be studied and taken care of. As a result it
took about two years of hard work to pro-
duce a catalogue of all objects for which the

brightness could be measured with an error
at least five times smaller than the observed
value. This catalogue, published by Heidt et
al. (2003), lists the coordinates, the bright-
ness in the different filter bands, and other
properties of 8753 FDF objects.

THE REDSHIFT DISTRIBUTION OF
THE FDF GALAXIES

Because of the expansion of the universe,
the wavelength of the light which we receive
from distant galaxies is always shifted to a
value larger than the wavelength at which
the light had been emitted. Today
astronomers normally describe this ‘red-
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Figure 2: The distribution of the photometric redshifts in the FDF. The ordinate gives the num-
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Figure 3: The distribution of the well measured spectroscopic redshifts in the FDF. The ordi-
nate gives the number of galaxies per redshift interval of 0.05. The colours differentiate galax-
ies with different levels of star formation activity, ranging from insignificant star formation

(magenta) to extreme starbursts (dark blue).

shift’ by a dimensionless quantity denoted as
z which is the ratio between this wavelength
shift and the wavelength at which the light
was emitted. Since the spectra of galaxies
contain spectral lines and continuum fea-
tures with known emitted wavelengths, red-
shifts can be derived from spectra or — less
accurately — from photometric data (as
described for the FDF sample by Bender et
al. 2001). Since the redshift increases with
distance, it can be used to determine dis-
tances. Moreover, because of the finite
velocity of light, redshifts also provide
information on the epoch when the light was

116

emitted. Hence, observing galaxies with
high redshifts allow us not only to look into
the distant universe but, more importantly, it
allows us to look back into cosmic history.
So far photometric redshifts have been
derived for about 7000 FDF galaxies. But
accurate spectroscopic redshifts (which take
much more observing time) have been deter-
mined and catalogued for a subsample of
341 FDF objects only (Noll et al. 2004). For
statistical investigations the larger data base
of the photometric redshifts is obviously an
advantage. On the other hand, these redshifts
are less accurate than those derived from

spectra. Fortunately, for those FDF objects
where both types of redshifts have been
derived, a comparison has shown that the
average mean error of our photometric red-
shifts is only about 0.03 for small redshifts
(increasing proportional to (1+4z) for larger
z), which is sufficient for most statistical
purposes.

In Figs. 2 and 3 we present the distribu-
tions of the observed photometric and spec-
troscopic redshifts. As shown by Fig. 2 the
number of observed galaxies increases rap-
idly with redshift for z < 0.5 and decreases
again gradually for z > 1. As has been known
from earlier studies, the initial increase
reflects the increasing volume of space sam-
pled with increasing redshift, while the
decrease is due to the fact that at high red-
shifts (i.e. at large distances) we observe
only the rare luminous galaxies. The range
of redshifts in Fig. 2 (0 < z < 7) corresponds
to a distance range of 0-13 billion light
years or a look-back time of up to 13 billon
years (which covers more than 90% of the
present age of the universe). The appearance
of FDF galaxies of different redshifts is
illustrated by Fig. 4. As shown by this figure,
at intermediate redshifts many galaxies
appear blue due to the redshifted UV-radia-
tion of massive young stars. At very high
redshifts galaxies appear deep red and rather
compact.

While Fig. 2 provides an essentially cor-
rect representation of the redshift distribu-
tion of our flux-limited FDF galaxy sample,
Fig. 3 is affected by selection effects. Firstly,
in order to include a sufficient numbers of
distant galaxies, during the spectroscopic
observations priority was given to targets
with  higher  photometric  redshifts.
Therefore, compared to Fig. 2 our Fig. 3
contains a larger fraction of high-redshift
objects. Secondly, galaxies with redshifts
around z = 1.5 have no strong spectral fea-
tures in the wavelength range accessible
with FORS. Hence, although many such
objects were observed, accurate redshifts
could often not be determined, resulting in a
dearth of such galaxies in Fig. 3. Our data
also show that at different redshifts different
types of galaxies tend to be observed.
Typical elliptical galaxies, containing no
young blue stars, are observed at low red-
shift only (since at higher redshifts their
radiation is shifted out of the wavelength
range of FORS). On the other hand, star
forming galaxies can be observed at any red-
shift (£ 7).

A characteristic property of Figs. 2 and 3
are conspicuous maxima of the galaxy den-
sities at distinct redshifts (e.g. at z=10.3, 0.8,
2.4, and 3.4). Because of the lower accuracy
of the photometric redshifts, these maxima
appear broader in Fig. 2. But they are pres-
ent in both (independently derived) distribu-
tions and they obviously reflect the sponge-
like large-scale structure of the matter distri-



Figure 4: The appearance of FDF galaxies of different redshift. Examples of the
observed redshifts are indicated by numbers placed to the right of the correspon-
ding object. Three decimals indicate spectroscopic redshifts, 2 decimals photo-
metric redshifts. The image covers about 80" by 90”. North is up, east to the left.
The bright (yellowish) elliptical galaxy near the centre (with z = 0.331) is FDF-6005.
It is one of the brightest FDF galaxies and one of the few FDF objects visible on the
Palomar Observatory Sky Survey. The galaxy north-west of FDF-6005 with z =
4.995 is one of the most distant FDF objects for which a spectroscopic redshift has

been derived so far.

bution in the universe. A detailed analysis
shows that the observed structure agrees
well with the predictions of the CDM sce-
narios of cosmic structure formation. The
conspicuous overdensity of galaxies at z =
0.3 can be traced to a galaxy cluster which is
directly visible in the lower right of Fig. 1.

OBSERVING COSMIC EVOLUTION
Among the important new results of the FDF
programme are new insights into the evolu-
tion with cosmic time of the properties of
galaxies. Since our photometric redshift
sample contains galaxies with very different
redshifts and (at all redshifts) of very differ-
ent intrinsic luminosity, it is particularly
well suited to derive the luminosity distribu-
tion of galaxies as a function of the redshift
(and cosmic age). Therefore, as described in
detail by Gabasch et al. (2004), we were able
to derive luminosity distributions for the
FDF galaxies up to redshifts of 5, i.e. for
about 90% of the cosmic history. Out to a
redshift of 2.5, the UV data can be described
with a flat slope of the luminosity function
not changing throughout time (o0 = —1.1 in
the Schechter notation). The slope in the rest
frame blue is slightly steeper and also con-
stant with time. At even higher redshifts, we
found no evidence for the very steep slopes
(o0 =—-1.6) discussed for Lyman break galax-
ies in the literature. The analysis of the lumi-

nosity function fits between 0.5 and 5 yields
a brightening of the UV rest frame charac-
teristic magnitude by 2.6 mag and at the
same time a decrease of the characteristic
density by a factor of ten. The rest-frame
luminosity functions furthermore allow us to
derive the star formation rates as a function

of cosmic time or redshift. From earlier
investigations it has been known that, com-
pared to today, star formation occurred at a
much higher rate during the first few billion
years of the cosmic history. As illustrated by
Fig. 5 the FDF data confirm this result.
Furthermore, the FDF results favour a
scheme of the galaxy evolution where the
overall star formation have stayed almost
constant up to very early ages of the uni-
verse. Even more direct evidence for a
change of the properties of the star forming
galaxies with cosmic age is shown in Fig. 6.
This figure (from Noll et al. 2004) compares
the average spectra of FDF starburst galax-
ies observed in the redshift range 3 <z < 4
(corresponding to a cosmic period when the
universe had reached about 10% to 15% of
its present age) and 2 < z < 3 (corresponding
to the time when the universe had reached
about 15% to 25% of its present age). As
shown by the figure, the spectra show the
same basic features, but distinct quantitative
differences. As an example we note that the
galaxies observed at the earlier cosmic
epochs show on average much stronger Ly-
o emission and weaker absorption lines of
heavy elements. Moreover, the UV continu-
um appears steeper. As pointed out by Noll
et al. (2004) these differences can be
explained assuming a lower abundance of
heavy elements and a lower average mass of
the star forming galaxies at the earlier epoch.
This is not unexpected since we know that
during the Big Bang only hydrogen and heli-
um nuclei had been formed while practical-
ly all other elements were produced later in
stars. In the FDF we obviously look back
into epochs where the universe was too
young to have already formed the fraction of
heavy elements which we observe today.

A more quantitative view of the chemi-
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Figure 7: Mean strength of the resonance doublet of the carbon ion C*** in the spectra of FDF
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is approximately proportional to the abundance of heavy elements, the diagram illustrates
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age).

cal enrichment of the universe by stars is
provided by Fig. 7 (from Mehlert et al.
2002) where the strength (in terms of the
rest-frame equivalent width W) of the reso-
nance doublet of the carbon ion C*** in the
spectra of starburst galaxies is plotted as a
function of the redshift. The data points at
z> 1 are from the FDF. The point at z =0 is
based on published spectra of local starburst
galaxies. The blue symbols include all
galaxies for which the line was measured.
The green and red symbols refer to luminos-
ity-selected subsamples which were investi-
gated separately to make sure that the
observed variation is not due to a selection
effect. (For details see Mehlert et al., 2002).
Since in local starburst galaxies the C***
strength is found to be approximately pro-
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portional to the heavy element content, the
blue data points in Fig. 7 trace directly the
chemical enrichment history of the universe.
According to this figure about 2/3 of the
heavy nuclei seem to have been formed
already at z = 2.5, i.e. during the first few bil-
lion years of the cosmic history. This result
is in good agreement with the high star for-
mation activity at these early epochs indicat-
ed by Fig. 5.

THE TULLY-FISHER RELATION AT
INTERMEDIATE REDSHIFTS
Evolutionary effects such as those described
above may also affect established relations
between different properties of galaxies,
such as the Tully—Fisher relation (TFR,
Tully & Fisher 1977) connecting the lumi-

nosity and the maximum rotation velocity of
the discs of spiral galaxies. This relation can
be understood as a combination of the virial
theorem and the centrifugal support of spiral
galaxies. Comparing the TFR of present-day
spirals and that of distant galaxies observed
at earlier cosmic epochs, it is possible to
quantify the evolution in luminosity which
the spirals have undergone. This makes the
TFR a powerful tool to test predictions of
numerical simulations based on the hierar-
chical scenario of galaxy formation, accord-
ing to which small galaxies have formed
first, followed by the successive build-up of
larger systems via merging processes.
However, observational studies of the TFR
of distant galaxies were so far limited to
small samples with 10-20 objects and thus
could not be used to test whether the lumi-
nosity evolution differs between slowly
rotating (i.e. low-mass) and rapidly rotating
(high-mass) spirals. Therefore, we carried
out medium-resolution spectroscopy of 113
FDF spiral galaxies covering redshifts
between z = 0.1 and z = 1 (Ziegler et al.
2002, Bohm et al. 2004).

From these spectra we extracted spatial-
ly resolved rotation curves. By fitting simu-
lated velocity fields to the observed rotation
curves, the maximum rotation velocity could
be derived for 77 FDF spirals. The simula-
tions took into account all geometric effects
and, in particular, the seeing and the influ-
ence of the slit width. In Fig. 8, we compare
our sample to the local TFR. The FDF sam-
ple was sub-divided according to the rota-
tion curve quality. Solid symbols in Fig. 8
denote high-quality rotation curves with a
large spatial extent and high symmetry,
which yield robust values of the maximum
rotation velocity. While the distant low-mass
spirals were found to be brighter by up to 2
magnitudes in the rest—frame B-band than
their local counterparts, the high-mass
objects do not show a significant evolution
in luminosity. This offers an explanation for
the discrepancies between previous studies
of the distant TFR as combination of selec-
tion effects and small number statistics. Our
finding is at variance with the results of
numerical simulations, which predict a
stronger brightening of high-mass spirals.
This may indicate the need for a more real-
istic modeling of the stellar population prop-
erties in N-body codes.

Ly-ot GALAXIES
In addition to results of a statistical nature,
the FDF also yielded new information on
individual objects and on interesting particu-
lar classes of objects. Examples are the so-
called “Ly-o. galaxies”. These are starburst
galaxies showing extremely strong Ly-o
emission lines relative to the continuum.
Such objects are not observed in the local
universe but (as also indicated in Fig. 6) they
become rather common at high redshifts.



Their strong Ly-o flux is surprising since
multiple resonance scattering in this line
results in a very long effective light path of
this radiation. Hence any dust absorption
will reduce the escape probability of Ly-o
photons dramatically. Therefore, it has been
suggested in the literature that the high-red-
shift Ly-o. galaxies are very young galaxies
which do not yet contain heavy elements
which could condensate into dust particles.
However, our FORS spectra (e.g. Fig. 9)
contain conspicuous spectral lines of carbon,
silicon and nitrogen, showing that such
objects are not devoid of heavy elements. In
fact, a model fit of the spectrum of the z =
3.304 Ly-a galaxy FDF-4691 indicates for
this object a heavy element abundance com-
parable to that of the Magellanic Clouds (the
closest major companion galaxies of the
Milky Way; Tapken et al., 2004). Hence Ly-
o photons obviously escape from this galaxy
in spite of the presence of heavy elements,
i.e. in the presence of matter which can form
dust. A detailed model comparison and ded-
icated radiative transfer calculations for
FDF-4691 have shown that this is possible
since the Ly-o line is formed in a highly tur-
bulent medium and since the line-of-sight HI
column density is relatively low.

GALAXIES AND

THE INTERGALACTIC GAS

Among the eight quasars in the FDF one
(Q0103-260, z = 3.36) is sufficiently bright
for high-resolution spectroscopy. Therefore,
we used the UVES echelle spectrograph at
the VLT to study the absorption by the inter-
galactic gas in the direction of the FDF
(Frank et al., 2003). As expected we found a
close correlation between the redshift distri-
bution of the intergalactic absorbers and of
the galaxy density along the line-of-sight. As
illustrated by Fig. 10, this correlation is par-
ticularly evident for the “metal absorption
systems” which trace the high-density inter-
galactic matter. Since according to current
CDM structure formation scenarios galaxies
form first and most efficiently in volumes of
the highest dark matter density (which also
are regions of high baryonic matter density)
and since galactic winds are expected to
enrich the intergalactic medium with heavy
nuclei as soon as star formation and stellar
evolution have set in, the observed correla-
tion is not surprising. However, more inter-
estingly, the correspondence of metal
absorption and galaxy clustering is not com-
plete and the metal line strengths vary sig-
nificantly between the different systems. At
z =2.558 we find, e.g., a reliably identified
close pair of metal absorption systems in an
apparent void of galaxies. However, this
may be due to the incompleteness of our
spectroscopic survey at faint magnitudes.
On the other hand, the existence of a promi-
nent galaxy clustering at z = 2.34 without a
detectable metal absorption system is unex-
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Figure 9: The spectrum of the Ly-o galaxy FDF-4691. In the low-resolution spectrum (magen-
ta) the strong Ly-c line (observed at 5230 A) is unresolved and truncated. The resolved profile
of this line is presented in the inset (black line) together with a theoretical profile calculated
from a model of the Ly-o forming region of FDF-4691 (red line).

pected. At this redshift metal systems are
easily detected. Therefore, the absence of
detectable metal absorption can only be
explained assuming that (compared to the
other galaxy clusterings) the galaxies at z =
2.34 have been less efficient in chemically
enriching their environment.

Appenzeller I. et al. , Cosmic Evolution with the FORS Deep Field

With an angular size corresponding to
the size of a large galaxy cluster at redshifts
2 - 5 the FDF is not well suited to study clus-
tering effects in the angular distribution. On
small scales, which can be investigated in
the FDF, the observed clustering is consis-
tent with the findings of other studies. But
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there are a few regions which show an unex-
pected behavior. Most interesting is a sur- 10 i i B I . S O S|
prisingly high density of galaxies with red-
shifts near 3.36 within a few arc sec (project-
ed distance < 60 kpc) of the bright QSO 8
observed at this redshift. It may indicate that
this QSO is located in an exceptionally - 4
dense protocluster at this redshift.

ke
" N
ONGOING AND FUTURE WORK b
In this report we described a few examples :l' i 3
of scientific results obtained so far from the S
FDF. Many studies using FDF data are still ‘_§' ' i

in progress and some of the data (such as the
stellar content of the FDF and observations
obtained outside the optical range) have 2 H -
hardly been touched. Among the exciting
ongoing investigations is a more thorough I 1
study of cosmic chemical evolution using .“ h [“_‘_Ilﬂ ”. ” [ A ”. : Hﬂ I|| i
medium resolution spectra of FDF galaxies 0 5 2.4 28 3.2 36
(obtained with the VPH grisms of FORS2) Redshift

apd ?nﬁproved syr?thetl.c spectra. Moreover, a Figure 10: Histogram of the redshift distribution of spectroscopically observed FDF
significant effort is being ma.de to extend th.e galaxies in the redshift interval 2 < z < 3.7 (blue line) and the redshift positions of the
FDF galaxy sample to redshifts z > 5. In this metal absorption systems of the FDF quasar Q0103-260 observed in this redshift range
range different search techniques have to be (black vertical lines).

used since such objects show no flux in most

of the FORS broad-band filters (except for a

weak signal at / in some cases). Using nar-

row-band observations in deep-red filter

bands we were able to identify a sample of

very promising candidates for such very = REFERENCES
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Revisiting the orion Nebula

Wide Field Imager Provides New View of a
Stellar Nursery (ESO PR Photo 20/04)

An international team of astronomers, led by
Massimo Robberto (European Space Agency
and Space Telescope Institute), used the Wide
Field Imager (WFI), a 67-million pixel digital
camera that is installed at the ESO/MPG 2.2m
telescope at La Silla, to obtain very deep
images of this region. The image shown is a
false-colour composite of all of the images
obtained in B, Ha, [Olll], and [SII] where each
waveband was associated to a given colour: B
to blue, [OIlll] to green; Ha to orange, and [SlI]
to red. The field of view covers 34’ x 33'.
North is up and East is to the left.

Among others, these observations allow the
astronomers to measure the rates of mass that
falls onto the young stars and to determine if it
depends on the position of the stars in the clus-
ter. If this were the case, it would indicate that
the final stages of star formation are affected by
the onset of ionizing radiation from the most
massive stars. The astronomers also obtained
images of the Orion Nebula in several narrow-
band filters corresponding to emission lines -
hydrogen (Hao), oxygen ([Olll]), and sulphur ([SII])
- enabling them to probe the morphology of the
nebula in these prominent lines.
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CONSTRAINING THE TIME VARIATION
OF THE FINE STRUCTURE CONSTANT

THE VARIATION OF SEVERAL FUNDAMENTAL CONSTANTS IN PHYSICS CAN BE PROBED BY MEASURING WAVE-
LENGTHS OF ATOMIC TRANSITIONS IN THE HIGH REDSHIFT UNIVERSE. IN PARTICULAR ANY POSSIBLE VARIATION
IN THE ELECTROMAGNETIC FINE-STRUCTURE CONSTANT (ot = €2/hc) CAN BE DETECTED IN THE ABSORPTION
SPECTRA OF DISTANT QUASARS. USING A WELL DEFINED SAMPLE OF ABSORPTION LINE SYSTEMS WE DERIVE A
30 UPPER LIMIT ON THE TIME VARIATION OF ot OF =2.5 X 1076 yr™ < (Aot /o At) < +1.2 X 10776 yr.

RAGHUNATHAN SRIANAND', PATRICK PETITJEANZ:3,
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ost of the successful Fe 1IA2374
physical theories rely on 25 M
the constancy of few
fundamental quantities
(such as the speed of - o
light ¢, the fine structure constant 0., the pro-
ton-to-electron mass ratio y, etc.). However, e oo
some of the modern theories of fundamental (A T - =
physics try to unify fundamental interac- e e > /]
tions. They require the existence of extra ' i % |
“compactified” spatial dimensions and
allow for the cosmological evolution of their
scale size. As a result, these theories natural-
ly lead to the prediction of cosmological
variation of fundamental constants in a four-
dimensional sub-space (Uzan 2003 and ref-
erence therein). Therefore constraining the
possible time variations of these fundamen-
tal physical quantities is an important step
towards a complete physical theory. ]
One of these constants is the fine-struc- —
ture constant o (=e*/fic= 1/137.03599976(50)
on earth), where e is the charge of the elec- -
tron and 7 the reduced Planck constant). It
characterizes the strength of the electromag-
netic interaction between charged particles. L 0.254
The time evolution of o can be probed in the - | : I 2 I 1
framework of standard Big-Bang models
using measurements performed at different
redshifts (z). One has to measure a quantity
that is sensitive to a change in o in the
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some cross-sections that depend on o. It is
found that [Aa/aAt] = (0.2 £ 0.8) x 107"
yr .

CONSTRAINING o WITH

QSO ABSORPTION LINES

At higher redshifts, the possible time
dependence will be registered as small shifts
in the absorption line spectra seen toward
high redshift QSOs as the energy of the
atomic transitions depend on o.. One has to
disentangle the contributions of the global
redshift due to the expansion of the universe
and the shift due to the variation in o.. To do
so one needs at least two transitions with dif-
ferent sensitivity coefficients for the varia-
tions in o. As the redshift will be the same
for all transitions the relative shift will there-
fore constrain Ac. Initial attempts to meas-
ure the variation of o. were based on alkali-
doublets (e.g. Varshalovich et al. 1996) such
as the well known Si IV doublet. The best
constraint obtained using this method is
Ao/oe = (0.5 = 1.3) X 107 (Murphy et al.
2001). The generalization of this method,
called the many-multiplet (MM) method
(Dzuba et al. 1999) gives an order of magni-
tude improvement in the measurement of
Ao/o. compared to the alkali-doublet method
by using not only doublets from the same
species but several multiplets from different
species (e.g. Webb et al. 2001). The sensitiv-
ity to variations in o of different line transi-
tions from different multiplets were comput-
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ed using many-body calculations taking into
account dominant relativistic effects (Dzuba
et al. 2002).

In simple terms, the MM method
exploits the fact that the energy of different
line transitions vary differently for a given
change in o. For example rest wavelengths
of Mg IT AA2797, 2803 and Mg I 12852 tran-
sitions are fairly insensitive to small changes
in o thereby providing a good anchor for
measuring the systemic redshift (see Fig. 1).
By comparison the rest wavelengths of Fe II
multiplets are quite sensitive to small varia-
tions in o. Thus, measuring consistent rela-
tive shifts between an anchor and different
Fe II lines can in principle lead to an accu-
rate measure of Ao.. The accuracy at which
the variation can be measured depends very
much on how well absorption profiles can be
modeled. It is usual to use for this Voigt pro-
files that are convolved with the instrumen-
tal profile and characterized by column den-
sity (), velocity dispersion (b) and redshift
(z) in addition to the rest-wavelength of the
species. In real data small relative shifts can
be introduced due to various systematic
effects such as inhomogeneities in the
absorbing region, poor wavelength calibra-
tion, isotopic abundances, and atmospheric
dispersion effects, etc. However most of the
random systematic effects may be canceled
by using a large number of measurements.
The MM method applied to a large heteroge-
neous samples of QSO absorption lines

Figure 2: Absorption spectra of Mg Il and Fe Il
are simulated using random values of the col-
umn densities, N, the Doppler parameter, b,
and noise, keeping the signal-to-noise ratio,
wavelength sampling and spectral resolution as
in a typical UVES spectrum. Spectral shifts
corresponding to a given value of Ao/o. are
introduced. Our procedure is applied to the
simulated data and the best fitted value of Aa/a
is recovered. Top panels show the relationship
between the input and derived value of Ao/a. in
the case of a single clean component (left-hand
side) and a blend of two components (right-
hand side). A typical absorption profile is also
shown in these panels. Dots are the values from
individual realizations and the points with the
error bars are the weighted mean obtained from
30 realizations. The lower panels give the distri-
bution of the recovered Ao/o. around the true
one. Best fitted Gaussian distributions are over-
plotted.

resulted in the claim for a smaller value of o
in the past, Ao/or = (=0.574 £ 0.102) X 107
for 0.2 <z < 3.7 (Murphy et al. 2003).

AN ESO-VLT LARGE
PROGRAMME
The data used in this new study were
obtained with the Ultra-violet and Visible
Echelle Spectrograph (UVES) mounted on
the ESO KUEYEN 8.2-m telescope at the
Paranal observatory for the ESO-VLT Large
Programme “Cosmological evolution of the
Inter Galactic Medium” (PI Jacqueline
Bergeron). This programme has been
devised to gather a homogeneous sample of
echelle spectra of 19 QSOs, with a uniform
spectral coverage, resolution and signal-to-
noise ratio suitable for studying the inter-
galactic medium in the redshift range
1.7-4.5. Spectra were obtained in service
mode observations spread over four periods
(two years) covering 30 nights under good
seeing conditions (< 0.8 arcsec).

The data were reduced using the UVES
pipeline, a set of procedures implemented in
a dedicated context of MIDAS, the ESO data
reduction package. The main characteristics
of the pipeline is to perform a precise inter-
order background subtraction for science
frames and master flat-fields, and to allow
for an optimal extraction of the object signal
rejecting cosmic ray impacts and performing
sky-subtraction at the same time. The reduc-
tion is checked step by step. The extraction
slit length is adjusted to optimize the sky-
background subtraction. The final accuracy
is better than 1%. Addition of individual
exposures is performed using a sliding win-
dow and weighting the signal by the total
errors in each pixel. As the error spectrum is
very important for our analysis, great care
was taken while combining the error spectra
of individual exposures. The wavelength
calibration has been carefully checked using
the calibration lamp and it is better than
SMA ~ 7x1077 rms over the full wavelength
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Figure 3: Example of Ao/ estimation from real data: Voigt profile fits to 4 randomly chosen systems (out of 23) in our sample are shown in the
first 4 columns from the left. The QSO name and absorption redshifts are given on top of the panels. The points with the error bars are the
observed data and the continuous curve is the fit obtained using multicomponent Voigt profile decomposition. The locations of different com-
ponents are marked with vertical dotted lines. The plots in the right most column demonstrate how Ao/ is extracted from these systems. We
plot %2 as the function of Ao/o. . The minimum in this curve (marked with a dot) gives the best fitted value of Ao/o. and the error in this measure-
ment (error bar around the dot) is based on the standard statistical method of computing errors from Ay? =

range of interest, 310-540 and 545-900 nm.
Details can be found in Chand et al. (2004)
and Aracil et al. (2004). In our analysis we
have only used absorption lines that are red-
shifted beyond the position of the Lyman-o
emission line from the quasar. Signal-to-
noise ratio of ~40 to 80 per pixel and spec-
tral resolution > 45,000 are achieved over
the wavelength range of interest. This is a
factor two improvement on signal-to-noise
ratio at similar (or slightly higher) resolution
compared to data used in earlier studies.

SIMULATIONS
As a first step we performed a detailed
analysis on simulated data to have a clearer
understanding of various possible systemat-
ics that can affect the analysis of real data.
The results of this exercise are used to
validate our procedure and define selection
criteria that will minimise systematics in our
analysis. Absorption spectra of Mg II and
Fe II were simulated for given column den-
sity, N, and Doppler parameter, b, at spectral
resolution and signal-to-noise ratio similar

Srianand R. et al.,

to our data, introducing spectral shifts corre-
sponding to a given value of Ao/o.. We con-
sidered two cases: a simple single compo-
nent system and a highly blended two-com-
ponent system. In the highly blended case
we restricted the separation between the two
components to be always smaller than the
velocity dispersion of one of the compo-
nents. We then fitted the absorption lines in
order to recover Ao/o introduced in the
input spectrum. This exercise allowed us to
determine the precision that can be reached
using our method and fitting procedure.

We used the Voigt profile fitting method
and standard ? statistics to fit the absorption
profiles consistently and to determine the
best fit value of Ao/o. The relationships
between the input and recovered value of
Aa/a are shown in Fig. 2. The method works
very well in the case of simple single com-
ponent systems where one expects minimum
uncertainties due to systematics. The devia-
tion of the recovered value with respect to
the true one distributes like a Gaussian with
6 =0.21 X 1075, This shows that Ao/o, can

Time Variation of the Fine Structure Constant

be constrained with an accuracy of
0.06x 107> when we use 10 such systems. In
the blended case one can see that a tail in the
distribution appears and that the accuracy is
less (6 = 0.34x107 ). Using strongly blend-
ed systems may therefore lead to false alarm
signals. Based on detailed simulations we
come up with selection criteria that will min-
imise the systematics in our analysis (see
Chand et al., 2004 for detail).

FITTING REAL DATA
We illustrate the method in Fig. 3 using 4
randomly chosen systems from our sample.
We vary Ao/o, ranging from —5.0 X 107 to
5.0 X 107 in step of 0.1 X 107, and each
time fit all the lines together. %> minima
obtained for each of these fits are plotted as
a function of Ac/o (right most panel in Fig.
3). The value of Ao/ow at which this Ao/o is
minimum is accepted as the measure of the
best possible Ao/o. value. Following stan-
dard statistical procedure we assign a 1o
error bar to the best fitted value of Ao/o. by
computing the change in Ao/o implying
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AxP=x2 - %2, = 1. We always consider two
different models: (i) one in which the b
parameters for all species are the same and
(i1) one in which b parameters for different
species are different. In all systems we
notice that Ao/o. derived in both cases are
consistent with one another within 16 uncer-
tainty. We use the result with lower reduced
x? for our final analysis.

Results obtained for the 23 systems in
our sample and that from the literature are
summarized in Fig. 4. The shaded region
passing through most of the error bars is the
weighted mean (with 1/error®> weights) and
its 3¢ error from our sample. The histogram
in the left hand side of the panel shows the
distribution of Ao/o.. It is clear that most of
our measurements are consistent with zero
within the uncertainties. The simple mean,
weighted mean and standard deviation
around the mean obtained for our sample are
(-0.02£0.10) X 107, (-0.06 £ 0.06) X 1073
and 0.41 X 107 respectively. The weighted
mean value is consistent with all the data
points with a reduced %> = 0.95. Thus our
study gives a more stringent 36 constraint of
—0.24 < Aa/o. (in 1075) < +0.12 over the red-
shift range of 0.4 < z <2.3. The median red-
shift of the whole sample is 1.55 which cor-
responds to a look-back time of 9.7 Gyr in
the most favoured cosmological today (see
caption of Fig. 4). This gives a 3¢ constraint
on the time variation of Ao/o to be —2.5 X
1071 < (Ao/oAt) < 1.2 107 yr!. To our
knowledge, this is the strongest constraint
from QSO absorption line studies till date
(Chand et al. 2004, Srianand et al. 2004). In
addition, our study does not support the
claims by previous authors of a statistically
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significant change in Ao/o, with cosmic time
at z>0.5.

WHAT’S NEXT?
Even though our study is consistent with no
variation in o, it still does allow smaller
variations in excess of what is found based
on the Oklo phenomenon. Thus it is impor-
tant to further improve the constraints at
higher redshifts. In addition there are some
shortcomings of the MM method that need
to be avoided. For example, the MM method
assumes that all species trace each other per-
fectly. However, any ionization or chemical
inhomogeneity in the absorbing cloud may
produce relative shifts between Mg II and
Fe II lines at the level expected in the case of
small variations in o.. Also any peculiar iso-
topic abundance of Mg can mimic small
variations. Thus it is important to perform
detailed MM analysis using only multiplets
from single species such as Ni II (or Fe II as
in Quast et al. 2004) using a well defined
high quality sample. It is also demonstrated
that OH and other molecular lines can be
used to improve limits on the variation in o
(see for example Chengalur & Kanekar,
2003). In addition other constants can be
constrained in a similar way. Although it is
hard to make any quantitative prediction,
theorists estimate that variations of the pro-
ton-to-electron mass ratio could be larger
than that of the fine structure constant by a
factor of 10-50. It is possible to constrain
this constant by measuring the wavelengths
of radiative transitions produced by the
hydrogen molecule, H,. On-going ESO pro-
grammes have been dedicated to this pur-
pose (Ledoux et al. 2003, Ivanchik et al.
2002).

Figure 4: Ao/o. measurements from the UVES sample:
The measured values of Aa/o. from our sample (filled cir-
k cles) are plotted against the absorption redshifts of
Mg Il systems. Each point is the best fitted value
obtained for individual systems using 2 minimization.
1 The open circle and stars are the measurement from
= Oklo phenomenon (Fuijii et al., 2000) and from molecu-
lar lines (Murphy et al., 2001a) respectively. The weight-
ed mean and 1c range measured by Murphy et al.
s (2003) are shown with the horizontal long dashed lines.
Clearly most of our measurements are inconsistent with
this range. The shadow region marks the weighted
- mean and its 3¢ error obtained from our study [< Ao/
> = (-0.06 + 0.06) x 1075]. Our data gives a 3c con-
straint on the variation of Ao/o to be 2.5 X 10716 yr' <
41 (Ao/oAt) < 1.2 x 1078 yr' in the case of a flat universe
with Q, = 0.7, Q= 0.3 and H, = 68 km/s/Mpc for the
median redshift of 1.55.
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EXTRAGALACTIC EMBEDDED CLUSTERS:
EXPLORING STAR FORMATION

INFRARED TECHNIQUES TODAY ALLOW US TO EXPLORE THE FIRST AGES OF STAR FORMATION IN STARBURST
GALAXIES. YOUNG MASSIVE CLUSTERS BURIED IN A THICK DUSTY COCOON REVEAL THEIR NATURE THROUGH
INFRARED IMAGING AND SPECTROSCORPY.

EMMANUEL GALLIANO & DANIELLE ALLOIN

EUROPEAN SOUTHERN OBSERVATORY

OW STAR FORMATION TAKES

place in galaxies is a topic

which has been studied

extensively over the past

decades: in particular, the
discovery of starburst galaxies in the early
80’s (Weedman et al. 1981) drew attention to
the fact that, under certain conditions, the
star formation rate could be extremely high
and very different from what is currently
observed in our Galaxy or in the Magellanic
Clouds. Of course, the diversity in star form-
ing conditions was already known from the
mere existence in galaxies of at least two
populations of star clusters, the open clusters
and the globular clusters. Yet, the starburst
phenomenon was revealing a new side of
star formation and its occurrence on
unprecedented scales, opening insights into
the history of star formation over cosmic
times. Starbursts are mostly found in the
central regions of spiral galaxies still rich in
gas and dust, and are the site of ~25% of the
high-mass star formation. One hundred solar
masses of stars per year can be formed in a
starburst galaxy, while this rate is only one
solar mass per year in the disc of the Milky
Way. Hence, extragalactic starbursts consti-
tute a natural laboratory for testing our ideas
about star formation, about the evolution of
massive stars and the physics of the inter-
stellar medium; they might be as well a tes-
timony of processes which were certainly of
prime importance in the early ages of galax-
ies.

Deep imaging surveys in the infrared
and submillimetre (using ISO, SCUBA
and/or COBE) have demonstrated that half
of the energy of the extragalactic back-
ground at these wavelengths is emitted by
extremely red starburst galaxies (Madau
1999). Consequently, studying their local
analogues, the nearby dusty starburst galax-
ies, brings clues about the predominant
mode of star formation at remote epochs and
contributes to our understanding of the evo-
lution with time of the initial mass function,
the star formation rate and the chemical
enrichment of galaxies.

Thanks to observations at increased spa-
tial resolution, the star forming regions in
starburst galaxies have been resolved into
entities which are sometimes called super
star clusters (SSCs) or young massive clus-
ters (YMCs). These clusters have sizes from
0.5 to 20pc and weigh from 10° to 10° solar
masses. Starburst galaxies like NGC253,
MS82 or NGC1808 contain hundreds of such
clusters, while in the exceptional case of
young mergers like the Antennae galaxies
their numbers can surpass one thousand.

As of today, several questions remain
matters of hot debate, among them:

e What are the specific physical condi-
tions which lead to the formation of YMCs
in starbursts, and in particular, what is the
role —if any— of the active galactic nucleus
(AGN) often observed at the centre of
actively star forming galaxies? Is the long-
standing claim of an AGN-starburst associa-
tion (at face-value still unproven) a
favourable factor for the formation of mas-
sive star clusters? Is this factor related to the
infall of material toward the AGN?

e What is the fraction of stars which
were indeed born in YMCs and is there a
connection between the YMCs observed in
starbursts and the evolved globular clusters
in the halos of galaxies?

The sizes, masses and stellar velocity
dispersions of YMCs are comparable to
those of globular clusters. Conversely, the
ages of these two classes of objects differ by
a factor 1000: while the oldest globular clus-
ters are nearly as old as the universe
(~13 Gyr), young massive clusters are only a
few to 100 Myr old. Numerical simulations
as well as analysis of the observed cluster
mass distribution in the two classes of
objects suggest that only the most massive
clusters remain bound through a Hubble
time, while the least massive ones are dis-
persed, providing a potential reservoir for
field stars (Fall & Zang 2001). Under such a
scenario, the YMCs would be the progeni-
tors of stars currently gravitationally bound
in globular clusters or stars in the field,

depending on their initial mass. Whether the
observed stellar mass function in young
massive clusters is consistent, after the stel-
lar population has evolved, with that
observed in globular clusters, remains an
open and controversial point (Elmegreen
1999).

One of the limitations in the study of star
formation processes within starbursts arises
from the fact that most analyses of YMCs
have focused on their optical properties. Yet,
there is strong evidence that some young
massive clusters are almost completely
obscured by dust, and hence invisible in the
optical. In such cases, only infrared (IR) or
radio studies can reveal their presence. The
first outstanding example of such embedded
YMC:s is to be found in the Antennae galax-
ies, where Mirabel et al. (1998), comparing
mid-infrared (MIR) ISO images with HST
optical images, discovered a powerful star
forming region which was detectable only
on the MIR images. Just a few other exam-
ples of such intense —and hidden— star form-
ing activity are known to date. However, the
near future —with MIR instruments such as
VISIR on the VLT- promises many more
discoveries and a better understanding of the
starburst phenomenon and of its implica-
tions on the evolution of galaxies.

We present in the following how new
populations of embedded young massive
clusters were uncovered in NGC1365 and
NGC1808, and illustrate the potentialities of
NIR spectroscopy for the study of these
objects.

AssOCIATED MIR/RADIO SOURCES:
EMBEDDED STAR CLUSTERS?
Let us now focus on NGCI1365 and
NGC1808. These two galaxies have long
been known to display enhanced star forma-
tion in their central region (radius between
500pc and lkpc) and to host an AGN. In
both cases, HST has resolved out a popula-
tion of bright (un-embedded), compact and
young star clusters, in the star bursting cen-
tral region.
In parallel, high-angular resolution radio
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Figure1: Archive HST images of the starburst regions of NGC1365 (F814W) and NGC1808 (F658N). These galaxies are respectively located at
18.6Mpc and 10.9Mpc, translating into linear scales of 90 pc/” and 50 pc/”. North is up and East is left. The circles show the locations of the
brightest compact centimetre radio sources (Forbes & Norris 1998 and Collison et al. 1994). The lack of correlation between the structures seen

in the optical and the radio sources is striking.

maps have been obtained at centimetre
wavelengths and unveiled the presence of a
population of circumnuclear bright radio
sources. Interestingly, the positions of these
sources do not match the positions of the
brightest optical knots detected with HST.
Figure 1 displays archive optical images
obtained with HST/WFPC2, on top of which
circles mark the positions of the brightest
observed centimetre sources. The observed
centimetre spectral index of the sources indi-
cates the presence of non-thermal processes:
as no obvious optical counterpart to most of
the radio sources could be found, they were
proposed to be individual radio supernovae.
Indeed, radio supernovae are intense syn-
chrotron sources that appear and disappear
within periods of months to years after Type
II or Type Ib supernovae events. However,
because of the short lifetime of radio super-
novae, the fact that several of the centimetre
sources could be observed simultaneously
made this interpretation rather unlikely, and
the nature of these sources remained some-
what mysterious.

Recently, we have obtained high angular
resolution images with 3.6m/TIMMI2 at La
Silla, and discovered the bright MIR coun-
terparts of these radio sources (Galliano et
al. 2004). Hence, the whole picture gets
clearer: they can now be interpreted as the
signature of young embedded massive clus-
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ters. Rough estimates of their ages and mass-
es corroborate this interpretation: from their
centimetre and MIR fluxes, and from their
spectral indexes, these embedded clusters
are found to have masses on the order of 10°
solar masses, and ages of a few million
years. The observed non-thermal component
at centimetre wavelengths can result from a
high rate of supernovae, coinciding with the
evolutionary stage of the star cluster popula-
tion when the most massive stars undergo
collapse (one every few thousand years).
Still, the MIR observations only provide
indirect evidence of the presence of massive
young star clusters associated with the radio
and MIR sources. Some more direct evi-
dence ought to be found, such as signatures
of the strong ultraviolet radiation field
expected from the massive young stars.

SEARCHING FOR HIl REGIONS
THROUGH THE DUST
In this section, we present new data obtained
with VLT/ISAAC, which give direct evi-
dence for the presence of massive young star
clusters associated with the compact
radio/MIR sources in the circumnuclear
regions of NGC1365 and NGC1808.

At the early evolutionary stages of a star
cluster, very massive stars are still present,
and until an age of about 6 Myr, the emission
is dominated by nebular lines and continuum

from the ionised regions (called HII regions)
surrounding the massive hot stars, rather
than by stellar photospheric emission.
Hence, a direct proof that the radio/MIR
sources are indeed young massive clusters is
the detection of the nebular emission excited
by the ionising photons emitted by the mas-
sive stars. There were good reasons to search
for such a proof in the NIR: the effects of
extinction are minimised and a wealth of
nebular lines are present in this wavelength
range. Nebular lines from embedded star
clusters had so far only been detected in two
sources, namely the Antennae Galaxy and
NGC5253, respectively by Gilbert et al.
(2000) and Turner et al. (2003) with NIR-
SPEC on the Keck telescope.

Using ISAAC/VLT, we have obtained K
(2.2um) and L (3.5um) images of NGC1365
and NGC1808, as well as low resolution
spectra of the brightest radio/MIR sources.
The results are displayed in Fig. 2.
Composite colour images (Red=10um,
Green=3.5um and Blue=2.2um) are shown
together with the K-band (1.9-2.4um) and L-
band (3.2—4.2um) spectra of the reddest
sources. These coincide spatially with the
intense radio centimetre sources mentioned
above. The nebular emission from the HII
regions surrounding the most massive stars
still present in these clusters is clearly
detected through Hydrogen recombination



Figure2: Composite colour images of the cen-
tral region of NGC1365 (a) and NGC1808 (b).
Blue corresponds to the K-Band (2.2um),
green to the L-band (3.5pym) and red to the N-
band (10pm). The dimensions of the image are
40" x 40" (3.6kpc x 3.6kpc for NGC1365 and
2.1kpc X 2.1kpc for NGC1808). North is up,
East is left. The central bright source on each
image is the AGN. The reddest sources in the
circum-AGN environment identify the deeply
embedded young massive star clusters, found
in spatial coincidence with the observed
intense centimetre radio sources. The nature
of these sources is directly revealed by the K-
and L-band spectra, given for the circled
sources. The X-axis of each plot shows the
wavelength in ym and the Y-axis the flux den-
sity in mdy. Between approximately 2.5pum and
3um, the opacity of the atmosphere does not
allow to record data from the ground. Nebular
lines arising from the ionised regions sur-
rounding the massive stars are detected (Pac,
Brd, Bry, Pfy and Bra). Moreover, the spectra
show H, and PAH emission excited in the
photo-dissociation regions surrounding the
clusters. For clarity, only the most prominent
lines were labelled. The observations were
made with VLT/ISAAC in the K- and L-bands,
and with TIMMI2 in the N-band.

lines (by increasing wavelength: Paa., Brd,
Bry, Pfy and Bro). Several H, lines are
detected in the K-band spectrum and a clear
signature of PAH emission is seen at 3.3um.
These molecular lines trace the emission
from photo-dissociation regions (PDR) sur-
rounding the clusters and are excited by far
UV radiation from the massive stars. The
analysis of these observations will be pre-
sented in a forthcoming paper.

The results presented above illustrate the
potential of IR imaging and spectroscopy for
the study and understanding of star cluster
formation processes.
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Two NEw VERY HOT JUPITERS
IN THE FLAMES SPOTLIGHT

RADIAL VELOCITY FOLLOW-UP OF 41 OGLE PLANETARY TRANSIT CANDIDATES CARRIED OUT WITH THE MULTI-
OBJECT SPECTROGRAPH FLAMES oN THE 8.2-m VLT KUEYEN TELESCOPE HAS REVEALED THE EXISTENCE OF
JUPITER-MASS COMPANIONS AROUND TWO TRANSIT CANDIDATES. THEY ARE EXTREMELY CLOSE TO THEIR HOST
STARS, ORBITING THEM IN LESS THAN 2 DAYS.
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OR CENTURIES, THE BRIGHTNESS
variations of the star Algol
inspired the superstitions and
fears of ancient cultures. The
Ancient Arabs referred to Algol
as the Al-Ghul, which means “The Ghoul”
or “Demon Star”, and Ri’B al Ohill, the
“Demon’s Head” while for the Greeks its
behaviour was attributed to a pulsing eye of
the Gorgon Medusa. John Goodricke in
1782 was the first to explain correctly the
Algol variability by assuming the existence
of a darker companion which eclipses the
brighter star of a binary system. The binary
nature of Algol was confirmed in 1889 by
Hermann Carl Vogel who found periodic
Doppler shifts in the spectrum of Algol A
(spectral class B8V), and the overlaying
spectrum of the companion, Algol B, of type
Am. In March of this year, photometry and
spectroscopy working in tandem again led to
the discovery of two new giant planets
belonging to the (still rare) family of the
very hot Jupiters.
Since the pioneering discovery of 51Peg
B by Mayor and Queloz in 1995, more than
120 extra-solar planets have been discovered
so far. Almost all of them have in common
the fact that their presence was revealed by
radial velocity surveys, which consist in the
monitoring of the periodic wobble of the
spectral lines of the host star caused by the
gravitational influence of its planet.
Nonetheless, similar to the anecdotal exam-
ple of Algol, planets can also reveal their
existence by the imprints left in the light
curve of their host stars. In order for a plan-
etary transit to happen, the angle between
the plane where the planet lies and the imag-
inary line joining our telescope to the host
star should be close to zero. The probability
of such alignment is roughly proportional to
the ratio of the radius of the host star to the
size of the orbit of the planet. This probabil-
ity lies at 0.5% for planets orbiting at 1AU
and rises up to 10% for those orbiting at
0.05AU. Looking at orbital properties of the
extra-solar planets known to date around
solar-like stars, we see that only 0.7% of
them orbit at distances smaller than 0.05AU

(which corresponds to an orbital period less
than 4 days). If we further assume that 50%
of stars are binaries for which planets are not
expected to exist, we end up with the conclu-
sion that in a sample of 3000 stars we should
find only one planetary transit! Adding the
fact that astronomical nights have a finite
length (i.e, we only observe at night!) and
that not all nights are clear nights, we can
certainly consider the figures presented
above as optimistic. Thus in reality, the
probability of observing a transit is much
smaller than 1/3000. Another important
issue is the accuracy of the photometric
measurement. Given the relative size of the
planetary disc as compared to the stellar one,
the observations of planetary transits are
somewhat challenging and require a photo-
metric precision of the order of a few milli-
magnitudes. The bottom line is simple: in
order to find planets through photometric
transits we need to be able to observe with
high accuracy, for a long time, a huge num-
ber of stars.

This is exactly what the OGLE (Optical
Gravitational Lensing Experiment) team has
accomplished. Started more than one decade
ago, the OGLE program was originally
designed to detect microlensing events via
photometric monitoring of a huge number of
stars (of the order of millions of stars) in the
Galactic bulge and Magellanic Clouds.
OGLE not only found hundreds of
microlensing events but also contributed to
many other fields. In particular the second
phase of the OGLE survey (Udalski et al.
2002) detected 62 short-period multi-transit-
ing objects located in the direction of the
constellation of Carina for which planets
could be the root cause.

FLAMES: THE RELEVANCE OF
THE THAR TECHNIQUE IN A

8-M CLASS TELESCOPE

Although the shape of the light dip in the
light curve can already give suspicions con-
cerning the nature of the transiting object, its
final characterization demands however
spectroscopic measurements from which
radial velocities will be derived, such as is



done in the ongoing radial velocity surveys
aimed to look for extra-solar planets. The
amplitude of the radial velocity variations
observed in the host star depends essentially
on the mass of the planet and the size of its
orbit around the host star. Typically for Hot
Jupiters like 51Peg, these variations are
around a hundred meters per second. These
require the ability to monitor the shifts of the
stellar spectra with an accuracy of about 10
m/s, i.e., to put it in terms of pixels, we need
to be able to detect displacements of a spec-
trum on a CCD at a level of a hundredth of a
pixel. Due to variations in the refractive
index of air related to changes in atmospher-
ic pressure and temperature, shifts of even a
few hundred m/s per night might occur. To
put it simply, all objects observed on a given
night will show amplitudes at a hundred m/s
level due only to the changes in the ambient
conditions. Other systematic effects have to
be added to this radial velocity error such as
mechanical flexures, centring errors, etc.

Many of these problems were solved
using fibre fed spectrographs, where one
fibre is fed with the light from the object and
a second fibre, called the simultaneous cali-
bration fibre, receives light from a ThAr
lamp. Comparing the ThAr emission line
spectrum taken in parallel with the scientific
observation with the one done in the begin-
ning of the night, we can measure how much
the spectrograph has shifted at a given time.
This shift is then used to correct the shift of
the fibre illuminated by the stellar light. This
technique has been shown to be extremely
successful in obtaining highly accurate radi-
al velocities. The high-resolution spectro-
graph HARPS recently installed at the 3.6-m
telescope at La Silla/ESO is state-of-the-art
in the use of the simultaneous calibration
technique. It can measure radial velocities to
a precision of 1m/s!

The arrival of FLAMES (Fibre Large

OGLE-TR-113

km/s

ol

-+

OGLE-TR-132

km/s

398

39.4 . 1

0.6 0.8 1

phase

Figure 1. Phase-folded radial velocity measurements of OGLE-TR-113 and OGLE-TR-132 with
the respective orbital solution (solid line). The dotted lines correspond to fit curves for lower
and upper 1-sigma intervals in the semi-amplitude K of the radial velocity curve which is direct-
ly related to mass of the planet; the larger the semi-amplitude K, the more massive the planet

is.

Array Multi-Element Spectrograph) to
Kueyen in 2003 opened the doors of the
VLT to the world of accurate radial veloci-
ties. Using the UVES-fibre link, FLAMES
allows for the simultaneous observations of
seven objects whose spectra are recorded in
the red-arm CCD mosaic of UVES along
with the emission line spectrum of the ThAr
which is fed into an eighth fibre. The radial
velocity accuracy is around 30-50 m/s.
Work is in progress to bring these figures
down to a 10-20 m/s level which requires a
refinement in the reduction software to deal

Name Period (d) | Radius (R)) Mass (M)
OGLE-TR-56 1.21 1.283 £0.16 1.45 £ 0.23
—0.05
OGLE-TR-113 1.43 1.08 1.35 £ 0.22
+0.07
-0.13
OGLE-TR-132 1.69 1.15 1.01 £ 0.31
+0.8
HD209458 3.52 1.35 = 0.02 0.69 + 0.06
Table 1. Properties .
of the four known Jupiter 4332 1 1
transiting extrasolar
planets. Jupiter
and Saturn are list- | Saturn 10756 0.84 0.3
ed for comparison.

with this particular mode and a better char-
acterization of the other possible sources of
systematics effects (again at a level of a hun-
dredth of a pixel).

VERY HOT JUPITERS
The association of the collecting power of a
8-m class telescope with the simultaneous
calibration technique makes FLAMES a
superb instrument to look for extra-solar
planets around faint stars such as the transit
candidates found by OGLE, which have
visual magnitudes around 16.

Thus, during eight consecutive half-
nights in March 2004, Kueyen pointed
towards the constellation Carina and the
UVES red-arm CCD mosaic gradually
received the light of the 41 OGLE top tran-
sit candidates. The data were reduced and
analysed during the second half of each
night. Objects showing large radial velocity
variations (to a km/s level) as expected for
the case of spectroscopic binaries, or show-
ing large rotation as a sign of orbital syn-
chronization resulting from tidal effects,
were excluded. A few days later, when all
velocity points collected during the 8 half-
nights were analysed together, two new
planets emerged from the data — one around
OGLE-TR-113 and another around OGLE-
TR-132! The phase-folded radial velocities
of OGLE-TR-113 and OGLE-TR-132 are
shown in Figure 1.

Orbital parameters of the systems and
their physical parameters such as radii and
masses for the host star and its planet can be
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Figure 2. The four known transiting extrasolar planets plotted in the Mass-Radius diagram.
The red solid points represent the three planets found by the OGLE survey. HD209458
(Charbonneau et al. 2000) is shown as a blue point. Jupiter and Saturn are indicated for sake

of comparison.

derived when the spectroscopic, kinematic
and photometric information are analysed
together. The stellar spectrum yields the
spectroscopic characteristics of the host star
such as gravity, effective temperature and
metallicity which are needed as input param-
eters for the combined analysis of the radial
velocity curve and light curve which, in turn,
contain information about the masses of
star-planet system and geometry of the sys-
tem (i.e., size of the transiting body and
orbital inclination, for instance). Orbital
periods, radii and masses derived by Bouchy
et al. (2004) for OGLE-TR-113 and OGLE-
TR-132 are summarized in Table 1. Also
indicated in Table 1 are the characteristics of
the other two transiting extrasolar planets
known to date plus our own giant planets
(Jupiter and Saturn). For OGLE-TR-113, the
parent star is of the K-type (cooler and less
massive than the Sun) and is located at a dis-
tance of about 1200 light-years. The orbiting
planet is about 35% heavier and its diameter
is 10% larger than that of Jupiter. It orbits
the star once every 1.43 days at a distance of
only 3.4 million km (0.0228 AU). By com-
parison, in our own solar system, Mercury is
17 times farther away from the Sun. The sur-
face temperature of that planet, which like
Jupiter is a gaseous giant, is corresponding-
ly higher, probably above 1800 °C. The
OGLE-TR-132 system is about 6000 light-
years far from the Sun. This planet is about
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as heavy as Jupiter and about 15% larger. It
orbits an F-dwarf star (slightly hotter and
more massive than the Sun) once every 1.69
days at a distance of 4.6 million km (0.0306
AU). The photometric transit observed by
OGLE is close to the detectability limit. As a
consequence, the derived physical parame-
ters are not as well constrained as for
OGLE-TR-132. New photometric observa-
tions carried out with FORS?2 are on the way
to help to better constrain its light curve. In
Figure 2 we compare the radii and masses of
all four transiting giant planets found so far
with Jupiter and Saturn. In spite of their very
short orbital periods, they are quite similar
to our own Jupiter.

The discovery of OGLE-TR-113 and
OGLE-TR-132 shows that in spite of being
quite rare, the case of OGLE-TR-56
(Konacki et al. 2003) is not an isolated and
bizarre event of Nature. The distribution of
orbital periods of the extra-solar planets dis-
covered so far suggests that planets around
the Jupiter mass pile up at an orbital period
around three days (Udry et al. 2003). The
three very hot Jupiters recently found pro-
vide evidence that in fact the three days of
orbital period does not represent an absolute
limit for the existence of giant planets. In
addition, the fact that the spectral types of
the host stars span from F to K also suggest
that very hot Jupiters are possible around
different types of stars.

THE FUTURE: SPACE MISSIONS
The complementarity of the transit and radi-
al velocity techniques now opens the door
towards a detailed study of the true charac-
teristics of exoplanets. Space-based searches
for planetary transits — like the COROT and
KEPLER missions, scheduled to fly in the
coming years, will yield hundreds of transit
candidates. With instruments like HARPS
and FLAMES, the European extra-solar
planet community (or the planet hunters as
the media like to call us) is in an excellent
position to take the lead in the ground-based
radial velocity follow-up, which will in the
future lead to the characterization of other
worlds. Hopefully the fruitful tandem started
in the 18th century will keep unmasking
many other ghouls throughout the sky for
years to come!
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New VLT/NACOQO IMAGES OF TITAN

AS A COMPLEMENT TO THE NASA/ESA Cassini/HUYGENS misSION, NEW VLT/NACO IMAGES HAVE BEEN
OBTAINED OF THE ATMOSPHERE AND SURFACE OF TITAN, THE LARGEST MOON IN THE SATURNIAN SYSTEM.

(BASED ON ESO PRESS PHOTOS 08A-c/04 AND ESO PRess ReLEASE 09/04)

ITAN, THE LARGEST MOON OF

Saturn was discovered by

Dutch astronomer Christian

Huygens in 1655 and certain-

ly deserves its name. With a
diameter of no less than 5,150 km, it is larg-
er than Mercury and twice as large as Pluto.
It is unique in having a hazy atmosphere of
nitrogen, methane and oily hydrocarbons.
Although it was explored in some detail by
the NASA Voyager missions, many aspects
of the atmosphere and surface still remain
unknown. Thus, the existence of seasonal or
diurnal phenomena, the presence of clouds,
the surface composition and topography are
still under debate. There have even been
speculations that some kind of primitive life
(now possibly extinct) may be found on
Titan.

Titan is the main target of the
NASA/ESA Cassini/Huygens mission,
launched in 1997 and scheduled to arrive at
Saturn on July 1, 2004. The ESA Huygens
probe is designed to enter the atmosphere of
Titan in early 2005, and to descend by para-
chute to the surface.

Ground-based observations are essential
to optimize the return of this space mission,
because they will complement the informa-
tion gained from space and add confidence
to the interpretation of the data. Hence, the
advent of the adaptive optics system NAOS-
CONICA (NACO) in combination with the
VLT now offers a unique opportunity to
study the resolved disc of Titan with high
sensitivity and increased spatial resolution,
and two research teams have recently report-
ed their results on Titan.

IMAGES OF TITAN
A team of French astronomers [1] used the
NACO state-of-the-art adaptive optics sys-
tem on the fourth 8.2-m VLT unit telescope
(Yepun) in November 2002 and 2003, to
map the surface of Titan by means of near-
infrared images and to search for changes in
the dense atmosphere. These extraordinary
images have a nominal resolution of 1/30th
arcsec and show details of the order of 200
km on the surface of Titan. To provide the
best possible views, the raw data from the
instrument were subjected to deconvolution
(image sharpening).
Images of Titan (figs. 1-3) were
obtained through 9 narrow-band filters, sam-
pling near-infrared wavelengths with large

1.08um

1.24um

1.28um 2.12um 2.17um

20 Nov 02

25 Nov 02

26 Nov 02

Figure 1 shows Titan (apparent visual magnitude 8.05, apparent diameter 0.87 arcsec) as
observed with the NAOS/CONICA instrument at VLT Yepun on November 20, 25 and 26, 2002,
between 6.00 UT and 9.00 UT. The median seeing values were 1.1 arcsec and 1.5 arcsec
respectively for the 20th and 25th. Deconvoluted (“sharpened”) images of Titan are shown
through 5 different narrow-band filters - they allow to probe in some detail structures at differ-
ent altitudes and on the surface. Depending on the filter, the integration time varies from 10 to
100 seconds. While Titan showed its leading hemisphere (i.e. the one observed when Titan
moves towards us) on Nov. 20, the trailing side (i.e the one we see when Titan moves away
from us in its course around Saturn) - which displays less bright surface features - was
observed on the last two dates.

Figure 2: Images of
Titan taken on
November 26, 2002
through nine different
filters to probe differ-
ent altitudes, ranging
from the strato-
sphere to the sur-
face. On this night, a
stable “seeing”
(image quality before
adaptive optics cor-
rection) of 0.9 arcsec
allowed the
astronomers to attain
the diffraction limit of
the telescope (0.032
arcsec resolution).
Due to these good
observing condi-
tions, Titan’s trailing
hemisphere was
observed with con-
trasts of about 40%,
allowing the detec-
tion of several bright
features on this sur-
face region, once
thought to be quite
dark and featureless.

1.04pm

1.24pum
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Figure 3: Titan images obtained with NACO
on November 26th, 2002. Left: Titan’s surface
projection on the trailing hemisphere as
observed at 1.3 um, revealing a complex
brightness structure thanks to the high image
contrast of about 40%. Right: a new, possibly
meteorological, phenomenon observed at
2.12 um in Titan’s atmosphere, in the form of
a bright feature revolving around the South
Pole.

Figure 4: This shows the clearest view of 60 0 300 240 180
Titan’s surface available so far. It was E— o

obtained through a “transparent”, narrow
spectral window with the 8.2-m VLT YEPUN
telescope and the NACO adaptive optics
instrument operated in the Simultaneous
Differential Imager (SDI) mode. It covers
about three-quarters of the full surface and
has an image resolution (sharpness) of 0.06
arcsec, corresponding to 360 km on the
surface. One degree of longitude on the
equator corresponds to 45 km on Titan’s
surface. The brightness is proportional to
the surface reflectivity. The nature of the i
various regions is still unknown although it . B
is speculated that the darkest areas may 60 0 300 240 180
indicate the extent of reservoirs of liquid

hydrocarbons.
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Quadrant 1: 1.600 pm

Quadrant 2: 1.575 um

Figure 5 shows four images of Titan, obtained
simultaneously with the NACO adaptive optics
instrument in the SDI observing mode with the
corresponding wavebands indicated. The indi-
vidual images have a diameter of 0.86 arcsec
and have here been magnified for clarity. As
explained in the text, the images obtained at
wavelengths 1.575 and 1.600 um penetrate
right to the surface while the images at

1.625 um show the comparatively featureless
atmosphere.

[ Quadrant 3: 1.625 um

Quadrant 4: 1.625 um
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Figure 6 shows simultaneous images of Titan, obtained on February 7, 2004, with NACO in SDI mode. Left: at 1.575 um with a clear view
towards the surface. Right: at 1.625 pm, where the atmosphere appears entirely opaque.

9O

Figure 7 shows views of Titan, obtained on six nights in February 2004. At the right, the image from the first night (Feburary 1-2, 2004) has
been enlarged for clarity and the coordinate grid on Titan is indicated. The images are false-colour renderings with the three SDI wavebands as
red (1.575 um; surface), green (1.600 um; surface) and blue (1.625 um; atmosphere), respectively.

Figure 8: Earlier image of Titan
by NACO, obtained in a wave-
band at 1.3 um that does not per-
fectly match an atmospheric win-
dow (cf. Fig. 3) is compared to a
new SDI-NACO image of the
same region (right). The greater
clarity and contrast of the latter is
evident; it is due to the smaller
degree of “atmospheric contami-
nation”.
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Figure 9 identifies the low-reflection areas now seen on the surface of Titan and which were
given provisional names by the research team [2]; see the text.

variations in methane opacity. This permits
sounding of different altitudes ranging from
the stratosphere to the surface. Titan har-
bours a north-south asymmetry at 1.24 and
2.12 um, while the opposite is observed with
filters probing higher altitudes, such as 1.64,
1.75 and 2.17 um. A high-contrast bright
feature is observed at the South Pole and is
apparently caused by a phenomenon in the
atmosphere, at an altitude below 140 km or
so. This feature was found to change its
location on the images from one side of the
south polar axis to the other during the week
of observations.

SDI ViEws OF TITAN:

THE QUEST FOR THE SURFACE
To best observe the surface of Titan, one ide-
ally looks in a spectral band in which the
atmosphere is completely transparent. In
February 2004, another team [2] working at
the VLT obtained images of Titan’s surface
through a spectral window near wavelength
1.575 um with unprecedented spatial resolu-
tion and with the lowest contamination of
atmospheric condensates to date.

They accomplished this during six
nights in February 2004, at the time of the
commissioning phase of a novel high-con-
trast imaging mode for the NACO adaptive
optics instrument on the 8.2-m VLT YEPUN
telescope, using the  Simultaneous
Differential Imager (SDI, [3]). This novel
optical device provides four simultaneous
high-resolution images (Fig. 5) at three
wavelengths around a near-infrared atmos-
pheric methane absorption feature.

The main application of the SDI is high-
contrast imaging for the search for substellar
companions with methane in their atmos-
phere, e.g. brown dwarfs and giant exoplan-
ets, near other stars. However, as the present
photos demonstrate, it is also superbly suit-
ed for Titan imaging.

Titan is tidally-locked to Saturn, and
hence always presents the same face towards
the planet. To image all sides of Titan (from
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the Earth) therefore requires observations
during almost one entire orbital period, 16
days. Still, the present week-long observing
campaign enabled the team to map approxi-
mately three-quarters of the surface of Titan.

A new map of the surface of Titan (in
cylindrical projection and covering most,
but not all of the area imaged during these
observations) is shown in Fig. 4. For this, the
simultaneous ‘“atmospheric” images (at
waveband 1.625 um) were “subtracted”
from the “surface” images (1.575 and
1.600 um) in order to remove any residual
atmospheric features present in the latter.
The ability to subtract simultaneous images
is unique to the SDI camera.

This truly unique map shows the frac-
tion of sunlight reflected from the surface —
bright areas reflect more light than the dark-
er ones. The amount of reflection (in astro-
nomical terms: the “albedo”) depends on the
composition and structure of the surface
layer and it is not possible with this single-
wavelength (“monochromatic”) map alone
to elucidate the true nature of those features.

Nevertheless, recent radar observations
with the Arecibo radiotelescope have pro-
vided evidence for liquid surfaces on Titan,
and the low-reflection areas (dark in Fig. 4
and 9) could indicate the locations of those
suspected reservoirs of liquid hydrocarbons.
They also provide a possible source for the
replenishment of methane that is continu-
ously lost in the atmosphere because of
decomposition by the sunlight.

Presumably, the bright, highly reflective
regions are ice-covered highlands.

A comparison of Fig. 8 with Fig. 3
obtained through another filter is useful. It
demonstrates the importance and gain of
clarity of employing a filter that precisely
fits the atmospheric window. It also provides
independent confirmation of the reality of
the gross features, since the observations are
separated by 15 months in time.

Over the range of longitudes which have
been mapped in Fig. 4, it is obvious that the

southern hemisphere of Titan is dominated
by a single bright region centered at approx-
imately 15° longitude. (Note that this is not
the so-called “bright feature” seen in HST
images at longitude 80°-130°, an area that
was not covered during these VLT observa-
tions).

The equatorial area displays the above
mentioned, well-defined dark (low-reflec-
tion) structures. In order to facilitate their
identification, the team decided to give these
dark features provisional names — official
names will be assigned at a later moment by
the Working Group on Planetary System
Nomenclature of the International Astro-
nomical Union (IAU WGPSN). From left to
right, the SDI team has referred to these fea-
tures informally as: the "lying H", the "dog"
chasing a "ball", and the "dragon's head".

More VLT observations of Titan will be
made in the coming months, with the goal of
assisting the Cassini-Huygens team in the
interpretation and understanding of what
will certainly be a rich and complex flow of
information about this enigmatic moon.

NOTES
[1] The results presented at the beginning of this
article are based on an article published in
Astronomy & Astrophysics (A&A 417, L21-24,
2004): “VLT/NACO adaptive optics imaging of
Titan” by E. Gendron et al. The team is composed
of Eric Gendron, Athéna Coustenis, Pierre
Drossart, Michel Combes, Mathieu Hirtzig,
Francois Lacombe, Daniel Rouan, Claude Collin,
and Sylvain Pau (LESIA, Observatoire de Paris,
CNRS, France), Anne-Marie Lagrange, David
Mouillet, Patrick Rabou (Laboratoire
d'Astrophysique, Observatoire de Grenoble,
France), Thierry Fusco (ONERA) and Gérard
Zins (ESO).

[2] The SDI work is described in detail in a
research paper “First surface map of Titan at 1.575
microns” by M. Hartung et al., in press in
Astronomy & Astrophysics.The team is composed
of Markus Hartung (ESO-Chile), Laird M. Close
(Steward Observatory, University of Arizona,
Tucson, USA), Rainer Lenzen, Tom M. Herbst
and Wolfgang Brandner (Max-Planck Institut for
Astronomie, Heidelberg, Germany), Eric Nielsen
and Beth Biller (Steward Observatory, University
of Arizona, Tucson, USA), and Olivier Marco and
Chris Lidman (ESO-Chile).

[3] The novel Simultaneous Differential Imager
(SDI) is a special set of optics mounted into the
near-infrared camera CONICA on VLT YEPUN.
It is comprised of a double calcite Wollaston
prism responsible for the quad beam splitting and
a special four-quadrant narrow-band filter that is
located directly in front of the detector. It was
developed and deployed by Laird Close (Steward
Observatory, University of Arizona) and Rainer
Lenzen (Max-Planck-Institut fiir Astronomie in
Heidelberg) in collaboration with ESO. NACO is
an abbreviation of NAOS/CONICA. The NAOS
adaptive optics corrector was built, under an ESO
contract, by Office National d'Etudes et de
Recherches Aérospatiales (ONERA), Laboratoire
d'Astrophysique de Grenoble (LAOG) and the
LESIA and GEPI laboratories of the Observatoire
de Paris in France, in collaboration with ESO. The
CONICA infra-red camera was built, under an
ESO contract, by the Max-Planck-Institut fiir
Astronomie (MPIA) (Heidelberg) and the Max-
Planck Institut fiir Extraterrestrische Physik
(MPE) (Garching) in Germany, in collaboration
with ESO.



VENUS TRANSIT 2004:
A TREMENDOUS SUCCESS!

HENRI BOFFIN & RiCHARD WEST (ESO)

On June 8, a large part of the world
shared a unique sight never seen before by
any person now living. During a little more
than six hours, planet Venus crossed the face
of the Sun, offering a wonderful show for
everybody to admire. And luckily, the
observing conditions were rather favourable
in large areas of the world.

Reports received testify to an extremely
large numbers of public events spread over
all continents. It appears that even the VT-
2004 National Nodes, set up by the VT-2004
programme to, among others, provide
access to comprehensive guides to events in
their respective regions and countries in the
local languages via their individual web-
sites, are still struggling to get the full pic-
ture in their own area. Many events were
indeed organized by the VT-2004 National
Nodes and by other VT-2004 Network
Members. Just to give a small hint of what
was going on, here are some brief excerpts
from recent reports by a few of the VI-2004
National Nodes:

Germany: Among the many public
events, the most spectacular one in this
country may have been that in the castle
garden of Schwetzingen (a city close to
Mannheim), organised by the most
important astronomical institutions and
publishers of astronomical journals in
that region — the site was specially cho-
sen as the Venus Transit was observed
from here on June 6, 1761.

Hungary: Observations and demonstra-
tions in high schools were organized by
the Hungarian Astronomical Asso-
ciation (HAA) with the help of the
Hungarian Schoolnet Physics Section.
Visual, photographic and video observa-
tions were eagerly planned by dozens of
active observers and co-ordinated by the
Occultation Section of the Hungarian
Astronomical Association. A member of
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the Association travelled to northern A few examples of Venus Transit public events all around the world: Reckange/Mess
Norway to observe the transit from (Luxembourg), Karditsa (Greece), Wroclaw (Poland), Constantine (Algeria), Dublin (Ireland), and

Vardg, i.e., the observing site of the Cologne (Germany).
famous expedition by Maximilian Hell
in 1769. There were also Hungarian
observers in Australia and Brazil.

Malta: Observations of the Venus Transit
were held in the capital city Valletta in
one of its recently restored public gar-
dens, the Upper Barrakka Gardens
which were used in the 16-17th cen-
turies by the Knights of Malta.

A CD-Rom containing relevant informa-
tion about the event and an 11-min video
of how to observe the event (prepared
with the courtesy of Czech producers
Herafilm and Czech TV with the collab-
oration of the Czech British High
Commission and with the assistance of
ESO and NASA) was distributed in all

Maltese schools. This was greatly appre-
ciated by all schools and by the Ministry
of Education. This activity was the cli-
max event of the Malta Astronomy
Week organised from the 3rd to the 9th
June 2004. Considering that that period
is a peak period for tourists in Malta,
brochures were also distributed in the
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main hotels and this event was support-
ed by the Malta Tourism Authority.

Spain: All national newspapers and
monthly magazines carried news about
the Venus Transit, and the National
Radio Station (RNE-Radio 5) News
Service was airing daily 3-min docu-
mentaries on the Venus Transit.
Information brochure were distributed to
over 150 planetariums, science centres,
universities, observatories, amateur
groups, etc. with a total of 30,000
copies. Several museums also printed
materials, with information about the
VT-2004 project. Three different plane-
tarium shows were started, in Pamplona,
La Corufia, Granada and Madrid, draw-
ing many thousands of people. A CD-
ROM with multimedia presentations,
information and school activities was
also distributed.

EVENTS AT ESO
Of course these were only a very minor part
of the activities which took place all over the
world. In Garching, the members of the ESO
AGAPE amateur astronomers, in collabora-
tion with the ESO Education and Public
Relations Department, organized several
activities. Apart from setting up some tele-
scopes for ESO personnel to witness the
event, a larger manifestation took place on
the market place of Garching city, in close
cooperation with the Garching City Council.
Members of AGAPE welcomed about 1,000
persons eager to view the Venus Transit.
And for those who were as unlucky as
astronomer Le Gentil in 1769 (who, having
traversed a large portion of the globe, endur-
ing all the perils of a long sea-voyage, and
waiting for 8 years for the transit to occur,
was unable to observe it because of a vexa-
tious, black cloud that covered the Sun), or,
more prosaically, for those who could not
get to directly see the event for one reason or
another, there was no need to despair. There

The ESO Amateur Astronomer group AGA
Garching to share this unique event.

were indeed ample opportunities to witness
the event in real-time from several websites,
and in particular from the VT-2004 Central
Display page.

This page, powered by Akamai and
therefore mirrored on many hundreds of
sites all over the world, offered selected
images from the event, acquired by col-
leagues at the large solar telescopes, from
the Canary Island to China. All images were
chosen and commented live by a team of
professional astronomers in the “VT-2004
Control Room” at the ESO headquarters in
Garching.

The Central Display was duly archived.
Anybody who was unable to follow the
event, can therefore still see the evolution of
the Central Display in this comprehensive
archive.

.

PE was present on the central market place of
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Judging from the number of Web hits,
there is no doubt that the VT-2004 web site
was a resounding success. Following the
record impact of the Mercury transit last
year, the present one was more than ten
times higher, with more than 54 millions hits
on the VT-2004 website and 1.75 terabytes
of data delivered during an 8-hour interval,
covering the transit period. Thanks to good
preparation, the VT-2004 website with its
hundreds of Akamai mirrors did not suffer
the fate of several smaller servers which col-
lapsed under the load as was reported in the
news.

Another way to measure the big success
of the Venus transit is the number of images
which have appeared on many web sites:
those from the members of the VT-2004
Network, the listed webcast sites, the web-
sites linked directly from the National Nodes
pages, etc. Many are displayed at the
“Photos” section of the VT-2004 website.

It might be worth mentioning that a very
useful “by-product” of the VT-2004 pro-
gramme is the basic Image Processing, now
available to everybody! Digital images fre-
quently contain more information than is
obvious at first glance. Wanting to help
observers in getting the most out of their
digital camera images, also those of the
Venus transit, an easy-to-use facility was set
up at the Ondrejov Observatory in the Czech
Republic in the framework of the VT-2004
programme. Here, observers could submit
their images and have a variety of well doc-
umented operations performed on them.
Many amateur astronomers used the pipeline
to analyse their images of the Transit and
provide better timing measurements (see
below).

Also particularly welcome were the



large number of drawings made by children
who witnessed the Venus transit. These
drawings are now deposited in the VT-2004
Gallery and come from many different
places in ESO countries and elsewhere,
including, e.g., the Czech Republic,
Luxembourg, Greece, Hungary, Slovenia or
the United States. All drawings entered into
the Gallery before June 30 had a chance to
win one of 25 unique VT-2004 T-shirts. And
apart from photos or drawings, the event has
also inspired poetic expression and a new
section on this subject was opened at the VT-
2004 web site.

ReAL-TIME AU MEASUREMENT
A unique aspect of the VT-2004 programme,
the VT-2004 Observing Campaign, consist-
ed of the real-time measurement of the
Astronomical Unit — that is, the mean dis-
tance between the Earth to the Sun. Also this
went very well. Over 2700 observing teams
registered and at this date, 1500 have already
entered their observations of the timings of
the “contacts” of Venus’ black circle with the
solar disc, with a total of ~4400 timings so
far. This exceptional enterprise — a coordina-
tion of a large number of telescopes and
instruments all over the world — has never
been attempted before and proved very suc-
cessful. During the event, and after, a real-
time display showed the measured astro-
nomical unit as more data came in. This
allowed the VT-2004 computers to reenact
live the measurement of the distance from
the Earth to the Sun as was done by
astronomers in the past centuries.

As could be expected, some contacts
were easier to measure than others, and in
particular, the data concerning the first con-
tact were rather far off and the computed
AU-value fluctuated as more and more
observations were entered in the database. In
retrospect, it appears that some observers
posted their first contact measurements as if
they corresponded to the third contact, mak-
ing the dispersion larger than it really was.
As soon as the second contact was meas-
ured, the measurement of the astronomical
unit stabilized pretty close to the real value,
149.6 million km, with a dispersion of about
2 million km. It is perhaps somewhat sur-
prising that the obtained value is so close to
the correct one, therefore largely beating the
uncertainty which plagued historical meas-
urements of this fundamental unit. One rea-
son is most certainly that in order to ensure
maximum stability in this real-time calcula-
tion, it was necessary to introduce — for this
particular phase of the project — scientifical-
ly more rigorous computations, within
which it was assumed that the initial value of
the astronomical unit was not too far from
the real one. This particular mathematical
method apparently stabilized the solution
faster than anybody expected.

In a next phase, a solution according to
Delisle's or Halley's method will be attempt-

A random selection of drawings received by the VT-2004 programme.

ed once the deadline for receiving timings,
July 10, is past. This new solution will
reflect in a more realistic way the errors by
individual observers. Further calculations
will include the determination of the size of
the Sun, of Venus, etc. by means of other
algorithms. This will allow gaining a com-
plete picture of the characteristics of this
large and absolutely unique database collect-
ed during this exceptional public exercise.
The database is open for everybody to use
and apply their own tools or methods.

THE PROGRAMME GOES ON
If the Venus transit is over, the VT-2004 pro-
gramme certainly isn't. Apart from the living
photo, videos, drawing, and writing gal-
leries, the VT-2004 web site is a wonderful
“memory”” bank on the Venus Transit which
will serve for many years to come.
Information and Educational sheets,
Teachers “cookbook”, and “Guidelines for
Observers” are but a few example of the rich
material available.

Moreover, a video contest has been
launched. In this, members of the public —
either as individuals or in teams — are invit-
ed to present a video of maximum 8 minutes
(in any European language but with an
English transcript of the manuscript) in con-
nection with the Transit of Venus on June 8,
2004. The video could either present the

Boffin H.M.j. & West R., The Venus Transit 2004

astronomical event, the local event that was
witnessed, including preparations for the
observations, reactions of participants and
on-lookers, ... or it could try to demonstrate
sociological or historical aspects, or wider
scientific or philosophical issues, etc.

From all the entries received before
September 15, an international Jury will
select 12 laureate videos which will be
shown during the VT-2004 Final Event, to
take place in November 5-7, 2004 in central
Paris (France), and made available to the
media. Two members of each laureate team
will be invited to this Final Event, during
which the Jury will award the prizes. The
first prize of the video contest is a free trip
for two to the ESO Paranal Observatory in
Chile. The VT-2004 organisers have already
received many expressions of interest in this
contest from different places.

The Final Event, which will take place
during the European Science Week, will be a
true encounter between Science and Society
during which the VT-2004 programme and
the public impact of the Venus Transit will
be discussed. We are convinced that this
pilot project will serve as a very useful guide
to future ones whenever opportunities again
present themselves.

To get more information on the VT-2004
programme or to browse the galleries, go to
http://www.vt-2004.0rg.

© ESO - June 2004
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SERVING EUROPEAN SCIENCE:
THE EIROFORUM COLLABORATION

OVER THE LAST FEW
years, the idea of a
“European Research
Area” (ERA) has gained
strong support among
science policy makers
and, increasingly, among
scientists  themselves.
The goal of the ERA is to establish a single
“market” for research on our continent,
allowing for better co-ordination of research
efforts, synergies between projects, the
achievement of “critical mass” (both human
and financial) and thus to strengthen the
competitiveness of European research.
These goals necessitate deep structural
changes in the way science is organised,
breaking up existing borderlines and barriers
between national research systems in
Europe.

Behind the ERA concept are strong driv-
ers, as expressed not least in the now famous
Conclusions from the pivotal European
Council meeting in Lisbon (March 2000)
and the European Council meeting two years
later in Barcelona, firstly setting out very
ambitious aims for Europe’s further devel-
opment towards becoming the world’s most
dynamic knowledge-based economy by the
year 2010 and secondly recommending an
increase in research spending in Europe by
50 % over the same period of time. These
decisions have catapulted research policies
to the centre stage of the European political
discourse, both at the national level and in
the context of the European Union.

While there is thus a strong political
imperative behind the changes in European
research and the goals seem clear, much dis-
cussion takes place over the way to realise
the ERA. Indeed questions abound: What
can we do to tackle the imminent recruit-
ment crisis for European science and tech-
nology personnel? How can we increase the
mobility of scientists in a way that enables
attractive career perspectives and takes
account of social issues and other legitimate
concerns? How should the relationship be
between fundamental, researcher-driven
research and targeted research and technolo-
gy development? To what extent should the
public finance research — to what extent
industry? How can we — at the European
level — best support the pursuit of excellence
as the primary driver for improving overall
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research performance? Are the current deci-
sion-making processes and structures ade-
quate to support research at the European
level? How do we best deal with research
infrastructures in Europe? How do we co-
ordinate decisions on new facilities in a way
which makes sense to the scientific commu-
nity and to society which pays for them?
Clearly, these issues are very complex and
challenging.

RESPONDING TO THE CHALLENGE
Dealing with the challenges ahead of us and
offering our experience and expertise in the
common effort to forge a successful ERA is
the background for the establishment of a
close collaboration, under the name of
EIROforum, among Europe’s leading inter-
governmental research organisations: the
European  Organization for Nuclear
Research (CERN), the European Fusion
Development Agreement (EFDA), the
European Molecular Biology Laboratory
(EMBL), the European Space Agency
(ESA), the European Southern Observatory
(ESO), the European Synchrotron radiation
Facility (ESRF), and the Institut Laue-
Langevin (ILL). Between them they cover a
wide spectrum of scientific disciplines —
from particle physics, astronomy and space
research to molecular biology, materials sci-
ence and neutron research. Each of them
operates major research infrastructures for
their respective scientific communities, most
of which are highly organised. Within their
disciplines, they had created their own
European Research Areas long before the
term was coined. These organisations repre-
sent a particular operating model, owned by
their member-states, belonging to their sci-
entific communities and with a European
remit. At the same time, they
represent “European success

CLAUS MADSEN (ESO)

A FORUM FOR EXCHANGE
The added value of the EIROforum collabo-
ration lies in synergies between their indi-
vidual activities — both at the technical level
and concerning other areas, such as out-
reach, human resources and science policy —
cross-fertilization through interdisciplinarity
and the sharing of resources and ideas.
Significantly, the EIROforum partnership
represents an annual research investment in
Europe of almost the same size as that of the
European Union’s Framework Programme.
By working together, the partner organisa-
tions therefore achieve a higher visibility
and considerably increased attention from
science policy makers, raising the possibili-
ty for engaging in fruitful dialogue on mat-
ters of crucial importance to the long-term
future of our Continent.

The EIROforum Council is comprised
of the Directors General (or equivalent) of
the partner organisations. Currently, the
chair is held by EFDA, but rotates every
July. The next period will be presided over
by ESA. The Council is supported by a Co-
ordination Group with senior staff members
from the partners constituting the opera-
tional interface between the member organi-
sations. A series of thematic working groups
and ad-hoc teams complement the Council
and the Co-ordination Group, dealing with a
wide range of practical topics.

A PLATFORM

FOR JOINT PROJECTS

Most, but not all, activities that are organ-
ised within the EIROforum frame involve all
the member organisations. Among the most
visible examples are a series of successful
outreach activities targeting secondary
school pupils. The programmes, carried out

stories” having provided facili-
ties and a working environment
in which European scientists
could develop and reach the
highest standards amidst strong
international competition. Given
the overall problems regarding
European scientific and techno-
logical competitiveness, this is a
noteworthy achievement of
which these organisations and
European science can be proud.

ESO’s Current EIROforum Team

Council: Catherine Cesarsky

Co-ordination Group: Claus Madsen, Peter Shaver

TWG on Human Resources: Roland Block

TWG on Outreach and Education: Richard West

TWG on Instrumentation: Guy Monnet
(Detector Sub-group: Reinhold Dorn)

TWG on Grid: Klaus Banse, Markus Dolensky

TWG on EU matters: Claus Madsen

Conference on infrastructure management
and voting rights: lan Corbett

Scientific Conferences: Peter Shaver




The signing of the EIROforum Charter in Brussels on the 12th of November 2002.

in collaboration with the European
Commission, have included ‘Life in the
Universe’, ‘Sci-tech/Couldn’t be without it!”
(dealing with links between basic science
and technology). A new programme,
‘Einstein’s Magic City Contest’ is under
development for possible implementation
during the Year of Physics in 2005.

A longer-term, Europe-wide activity tar-
geting science teachers, has also been organ-
ised by the EIROforum. This programme
was so far known under the name ‘Physics
on Stage’ and has involved many thousands
of teachers since it commenced in the year
2000. From 2006, the programme will
change name to ‘Science on Stage’ to reflect
the wider range of disciplines to be covered
and an increased focus on interdisciplinarity.

While our organisations are of course
devoted to front-line research, the engage-
ment in educational activities is based on
very worrying trends as regards the future
recruitment of talented young people to sci-
ence. For example, a recent survey showed a
decline of 17 % in physics graduates over
the period 1997/98-2001/2002.

None of these activities could have been
carried out by the individual EIROforum
organisations. Yet by working together and
joining forces with some of Europe’s most
innovative and enthusiastic science teachers
— and with substantial financial support by
the European Commission — it has been pos-
sible to carry out activities of sufficient scale
and visibility. Starting as ad-hoc activities,
they have developed into a coherent, long-
term programme aiming to reverse the seri-
ous drop in numbers of young people who
declare themselves ready to pursue studies
and careers and science (particularly in
physics).

Scientific and technical collaboration is,
by its very nature, more specialised and
tends to involve clusters of organisations,
rather than the whole group. Accordingly,

EMBL, ESRF and ILL have established a
Partnership for Structural Biology (PSB),
whereas the collaboration between CERN,
ESA and ESO is based on our traditional
close links. Thematic Working Groups in
detector development and Grid technologies
are investigating possibilities for joint activ-
ities and has held first workshops. Other
areas where cooperation may prove to be of
great benefit are technology transfer and
issues relating to human resources.

A VOICE IN THE

SCIENCE POLICY DEBATE

On the background of the ERA develop-
ment, science policy issues are clearly of
high priority to the EIROforum. A series of
briefings in the European Parliament, as
well as frequent meetings and consultations
with high representatives of the European
Commission has enabled a fruitful dialogue
with key decision makers. This dialogue has
been reinforced by a Statement of Intent
between the EIROforum partners and the
European Commission, in which both par-
ties pledge to cooperate towards the devel-

The EIROforum
information
stand at the
2002 FP-6
Launch
Conference in
Brussels.

opment of the ERA. The statement was
signed by the Directors General of the
organisations and the European
Commissioner for Research, Philippe
Busquin, in October last year. Among the
current science policy issues we find the
debate about the character and operational
aspects of the new European Research
Council, the preparation for the 7th EU
Framework Programme and the long-term
implications of the legal base for research as
implied by the proposed Constitutional
Treaty.

FORGING THE ERA
EIROforum is a child of the ERA, both with
respect to its remit and regarding the partic-
ular time in which it was created. Together
with its partners, ESO played a crucial role
in its formation, not the least during its first
tenure as EIROforum Chair (2001). The
original team, the ESO DG assisted by Peter
Quinn and Richard West, helped to shape the
collaboration and prepare it for the chal-
lenges posed by the emerging European
Research Area.

When, on 12 November 2002, the col-
laboration was sealed with the official sign-
ing of the EIROforum Charter at the Palais
du Heysel, Commissioner Busquin, who
attended the ceremony, stated that “The
establishment of EIROforum is a concrete
example of the dynamic created by the
European Research Area. Europe has
unquestioned excellence in science. By
working together, Europe’s leading research
organisations can make that more visible on
the European and world stage.”

In this sense, ESO’s continued engage-
ment in the EIROforum collaboration both
provides a window for European astronomy
and supports a partnership whose common
expertise and experience constitutes a great
asset as the European research landscape is
re-modelled.

Further information is given at the
EIROforum website: www.eiroforum.org.
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REPORT ON

The visit of Prof R. Sunyaev to ESO/Chile and the Topical Meeting
“Accretion onto Compact Objects”

| physics.

DANIELLE ALLOIN, ELENA MASON, KIERAN O'BrIEN (ESO)

Over the period April 4 to April 17, we had the
great pleasure of the visit of Prof. Rashid Sunyaev in
Chile. This was an opportunity for him to visit some of
ESO's facilities (Paranal, Santiago) as well as APEX,
and also to pay a visit to the new facilities of our col-
leagues in La Serena (among others Magellan and
Gemini).

For us, it was an opportunity to organize discus-
sions and meetings to make use of his vast experience
in the field of cosmology and high energy astro-

On this occasion we held a Topical Meeting in
Santiago, on April 15, on the subject of: “Accretion
onto Compact Objects”. About 30 participants attend-
ed the Meeting, among them many students from PUC

and from ESO. Presentations ranged from theory (the
theory of accretion, the evolution of low-mass X-ray
binaries and millisecond pulsars controlled by gravita-
tional radiation, the mapping of eccentric orbits in tri-
axial log potential, ...) to observational results (echo-
sounding in X-ray binaries, warped molecular gas
around AGN, formation of high mass stars via accre-
tion, ...).

Theoretical problems in astrophysics are discussed
only occasionally in Chile, as the astronomical activi-
ty is really dominated by observational subjects thanks
to a top-level suite of telescopes. So, this provided an
interesting change and gave new perspectives to the
young audience at the Topical Meeting.

REPORT ON THE ESO CONFERENCE:
PLANETARY NEBULAE BEYOND THE MiLkY WAY

T his three-day ESO workshop, held
from 19 to 21 May 2004, devoted to
extra-galactic planetary nebulae
(PN), was the first full workshop on the
topic. Previously there had been discussions
of extra-galactic PN on the final day of the
pentennial IAU Symposium on Planetary
Nebulae (last held in Canberra in 2001) and
a one day meeting during the IAU General
Assembly in den Haag in 1994. The field has
expanded considerably in the last decade
with many PN now detected in Local Group
galaxies, extensive surveys underway in
nearby early-type galaxies and in the inter-
galaxy regions of galaxy clusters, together
with the use of PNe as kinematic probes for
galaxy potentials. There are currently many
thousands of PN catalogued in external
galaxies, far surpassing the approximately
1500 known in the Milky Way.

Alan Moorwood, Head of Instrumen-
tation at ESO, in his welcome address pre-
sented a reflection from his attendance at a
PN Symposium in New York in 1977. He
noted that the order of the first few talks at
this workshop — on surveys in the Magellan-
ic Clouds and Local Group galaxies — was
similar to that 27 years before.

However after a few talks, Alan had to
agree that a lot had happened in the field
since 1977! There were 16 invited reviews,
26 contributed talks and two discussion ses-
sions over three full days, and also 13
posters, for a total of 65 participants. We
present a selection from among the topics.
Since all the speakers presented their talks in
electronic form we collected them together
after the conference and made them avail-
able linked to the items in the conference
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programme at http://www.eso.org/gen-fac/
meetings/extgalpn04/programme.html  where
the reader is referred for more details.

The first extra-galactic PN were those
discovered in the Magellanic Clouds and
surveys are still on-going. G. Jacoby
(WIYN) suggested that all the PN had been
probably been discovered in the SMC,
whilst many more remain to be discovered
in the LMC. The cumulative plot of the
number of PN against the magnitude in the
[OII] 5007A line — known as the PN
Luminosity Function (PNLF) — showed a
dip at about four magnitudes below the peak
for the SMC (see Figure 1). This was subse-
quently referred to as “Jacoby’s deficit”. The
photographic Ho survey of the UK Schmidt
Telescope in Australia is still discovering
many more LMC PN. W. Reid (MacQuarie
University) showed how the Ho and
matched R-band images are differenced to
reveal more than a thousand new PN candi-
dates in the LMC, which are then followed
up with multi-object fibre spectroscopy on
the AAT.

In other Local Group galaxies the census
of PNe conducted with the Wide Field
Camera at the Isaac Newton Telescope was
presented by R. Corradi (ING). Local Group
dwarf galaxies were surveyed in various nar-
row and broad filters and the images are
reduced and publically available. L. Magrini
(Firenze), P. Leisy (ING) and collaborators
discussed spectroscopy of some of the can-
didates from this survey. The census of PN
in the Local Group is complementary to var-
ious Asymptotic Giant Branch (AGB) stellar
surveys which were summarized by M.
Groenewegen (Leuven). The AGB surveys

J. R. WaALsH and M. ReJkuBA (ESO)

form not only an important test of stellar
evolution models, but also an excellent tool
for studying chemical evolution of dwarf
galaxies.

Deep surveys in nearby galaxy clusters
such as Virgo and Fornax reveal the pres-
ence of true intra-cluster PN. J. Feldmeier
charted the discovery of these objects. The
early surveys were beset by interlopers,
mostly z=3.1 Lyman-alpha galaxies; but
later surveys with spectroscopic follow-up
(detection of the [O III] 5007,49591& doublet
allows clear discrimination from back-
ground emission line objects) are revealing
numbers of PN wandering in the spaces
between galaxies. The intra-cluster PN have
enormous potential for studying the number,
origin, metallicity and kinematics of the
intra-cluster stars. Current estimates suggest
that about 15% of cluster stellar mass may
reside in intra-cluster stars. Multi-fibre
instruments on large telescopes show that it
is feasible to measure the kinematics of the
intra-cluster PN and M. Arnaboldi showed
some Virgo PN spectra recently taken with
FLAMES on the VLT.

The PNLF is now an established second-
ary distance indicator and R. Ciardullo in his
review showed that the first suggestion that
PN could be used as distance indicators was
made in 1966. It was not until the 1990’s
that the PNLF was routinely applied to near-
by early-type galaxies. The method works
comparably well to surface brightness fluc-
tuations with very little dependence on
metallicity of the galaxy. The next challenge
for the observers is to compare the PNLF
constructed from Hp and other lines with the
[O 11I] 5007A PNLF.



Figure 1: The I |
Planetary Nebula 20
Luminosity
Function (PNLF) is
shown for the
Small Magellanic
Cloud. This was
presented by G.
Jacoby and, given
that searches for
PN beyond 5007A
magnitude of 23
have failed to find R— e
further PN, it is
suggested that this
PNLF may be 2 T |

10

IIIIIII

T

Number of PN

SMC Total PN

complete. 14 16

L. Girardi (Trieste) showed the advances
in modelling PN evolution, but also the
enormous difficulties and lack of a complete
theoretical understanding of the PNLF.

R. Shaw, L. Stanghellini and E. Villaver
(NOAO) presented different aspects and sci-
ence from the high resolution HST survey of
PN in the Magellanic Clouds. The high res-
olution slitless spectroscopy with STIS has
enabled the study of expansion ages, con-
nection of morphology to environment and
the central star progenitor properties, such as
winds and transition times, enabling tests of
stellar and PN evolutionary models by plac-
ing the PN central stars in the HR diagram.

One of the aims of the conference was to
draw-out the links of extra-galactic PN with
other stellar indicators of galaxies and one
session was devoted to the stellar connec-
tion, focussing on Asymptotic Giant Branch
(AGB) stars, the progenitor stage to PN, and
the stellar parameters of PN central stars.
On the theoretical side, L. Willson (Iowa
State) showed the complexities of mass loss
on the AGB and how difficult is its parame-
terization.

One stumbling block to applying the
classical abundance determination methods
for emission line spectra is the, sometimes
large, difference in the PN abundances
derived from the optical recombination lines
for O and Ne, for example, with those
derived from the much brighter collisionally
excited (forbidden) lines, such as [O II]
3727A and [O IIT] 5007A. X. Liu (Peking)
showed that for some PN the discrepancy
between the forbidden and recombination
line abundances can reach a factor of ten.
However the likely reason is that cold,
metal-rich, clumps, with a small fraction of
the gas mass, make a strong contribution to
the recombination lines, whilst the majority
of hotter and lower abundance gas produces
most of the forbidden line emission. The
metal-rich intrusions may be ejected by the
star at late evolutionary stages or may even
be planetismals within the ionized region.
The bright collisionally excited lines are
used to derive metal abundances and various
talks discussed O abundance determination
in NGC 6822, Sextans A and B and M33
extending out to NGC 5128 (3.5Mpc) and
NGC 4697 (10Mpc). For the latter galaxy,
R. Mendez (Univ. Hawaii) showed a com-
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parison of the long-slit integrated stellar
light metallicity with PN metallicities. These
results suggest metallicities with large dis-
persions in the halos of ellipticals. With
8—10m class telescopes determinations of O,
He, N, Ne, etc. in PN become feasible and
large samples can be achieved with multi-
object spectrometers, enabling studies of
abundance gradients at large galactocentric
radii.

The final day of the conference was
almost solely devoted to dynamical studies
of galaxies using the PN as probes. On
account of their strong line emission (in par-
ticular the [O IIT] 5007A line) and the nar-
rowness of the lines (typically < 30 km/s),
PN make ideal tracers of the gravitational
potential of a galaxy to large radii, where the
integrated stellar light has surface brightness
too low for detection. N. Douglas (Katpeyn
Laboratory) described the work done by the
Planetary Nebula Spectrograph (PN.S)
group. This dedicated instrument provides
detections and radial velocities in a single
observation. Large samples of PN have been
collected with the PN.S and detailed kine-
matic modelling is being undertaken. A.
Romanowsky (Nottingham) showed the
results of modelling PN kinematics for the
ellipticals so far studied (most with low X-

ray luminosity) by the PN.S team. There
appears to be little evidence for dark matter
(M/L stays low even at 6 R, — see Figure 2)
as also discussed by O. Gerhard (Basel) and
N. Napolitano (Kapteyn Laboratory). Ideally
samples of about 1000 PN are required per
galaxy for detailed modelling of the compo-
nents of the potential. For M31, velocities
for over 2700 PN have been measured with
the PN.S and H. Merrrett (Nottingham)
described the mapping of the various halo
components, including the dwarf galaxies
NGC 185 and 205. Comparison with the
M31 stellar RGB kinematics was presented
by A. Ferguson (MPA, Garching).

During the conference there were sever-
al “mini-workshops”: one on M 31 as men-
tioned above and another on NGC 5128
which has over 1100 PN candidates and
almost 800 confirmed. E. Peng (Rutgers
University) presented extensive kinematic
modelling, and studies of the AGB stars (M.
Rejkuba) and abundance measurements of
the PN (J. Walsh) were also discussed. There
were two scheduled discussion sessions on
“Observational Challenges” and “Future
Challenges” at the end of the second and
third days respectively.

With so many PN now known in galax-
ies beyond the Milky Way some standardiza-
tion of the nomenclature is desperately
required. This topic formed part of the first
discussion session and was in fact triggered
by an enquiry from a German amateur
astronomer.

The meeting concluded with a confer-
ence summary by H. Ford (Johns Hopkins).
He very bravely commented on every talk,
with collages from the presentations and
digital photos of the speakers. Many people
contributed to the lively meeting: the SOC
and in particular Letizia Stanghellini who
co-chaired; Nausicaa Delmotte helped with
the web pages. The smooth running of the
conference organization was almost entirely
due to Christina Stoffer, with Britt Sjoeberg
helping out on the public holiday.

1.2

Figure 2: The observed
velocity dispersion, 1
scaled to that at the

centre, derived from

the PN is shown as a

function of effective 0.8
radius for four early

type galaxies (NGC &
821, 3379, 4494 and
4697) from the presen-
tation of A. '
Romanowsky. The hori-
zontal dashed line (red)

is the result of a model 04 -
based on an isotropic E
isothermal halo and the i
dotted blue line an 02 #

isotropic constant M/L
Hernquist model. The
absence of increasing
M/L suggests that any

dark-matter halo must 0
make a minor contribu-
tion in these galaxies.



46

FELLows AT ESO

THOMAS DALL

SINCE Jury 2002 1
have been a Fellow at
ESO Chile with
duties at the La Silla
Observatory. It is no
coincidence that I
asked to be assigned
to La Silla: as a PhD
student I had a stu-
dentship at the Nordic Optical Telescope on
the island of La Palma, and there I experi-
enced observatory work first hand, being
granted responsibility as Support Astro-
nomer and got involved in all aspects of the
observatory work. I was getting my hands
dirty — and getting an appetite for more.

On La Silla I find myself in a similar,
although bigger, environment. The “hands-
on” experience is one of the biggest assets of
working at La Silla and cannot be underesti-
mated. I learn a lot all the time, both scien-
tifically from interacting with the visiting
astronomers and from a technical point of
view by working with the rest of the staff,
and by getting ever more involved in differ-
ent projects. Since April 2003 I have been
the Instrument Scientist for the Coudé
Echelle Spectrometer (CES) at the 3.6m tel-
escope.

The subject of my PhD was pulsations in
stars, mainly & Scuti pulsators. The main
complication in the understanding of these
stars is that they are very fast rotators — a fact
that has falsified all modelling attempts so
far. Since I came to ESO my scientific work
has shifted a bit. I still study stellar structure,
and I am still intrigued by rotation, but my
focus is now on late type active stars, study-
ing the relationships between rotation and
magnetic fields. Also symbiotic and cata-
clysmic variables are now part of my world.
The atmosphere on La Silla and the work
with the high-resolution spectrographs has
fuelled my scientific work as well as given
me valuable experience with a broad range
of instrumentation, and I am very glad I
made the decision to come to work for ESO
in Chile.

MARINA REJKUBA

I BECAME A FELLOW
at ESO Garching in
October 2002 after
finishing my PhD at
Pontificia Universi-
dad Catolica de Chile
in  Santiago. For
duties 1 opted for
Paranal science operations support. This
allowed me to learn a lot about all the VLT
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instruments, to meet visiting astronomers
and gain an overview of the science done at
the VLT. For that I travel to Chile four times
a year and spend 56 days and nights on the
mountain. The rest of the time I spend work-
ing on my scientific projects in Garching. In
this way it is easy to divide the duties and
science time and take the greatest advantage
of both.

Life at ESO Garching is very inspiring.
The large number of seminars and colloquia
and many visiting astronomers ensure that
no astrophysical topic passes undiscussed. It
is also a place where I can always find an
expert to answer my questions and many
people to discuss with and share the ideas.
During my PhD I studied in detail the near-
by peculiar elliptical galaxy NGC 5128, also
known as Centaurus A. In this galaxy we
determined the recent star formation history
in the halo, studied the old stellar popula-
tions and discovered many new globular
clusters and more than 1000 Mira variable
stars. The Mira variables are among the most
luminous stars and can be used to determine
not only the distance to the galaxy, but also
the age distribution of its stars. Now, I still
continue working on my pet object,
Centaurus A, but also extend the studies of
stellar populations to Magellanic Clouds,
other Local Group and more distant galax-
ies. The central theme of these projects is the
formation and evolution history of elliptical
and dwarf galaxies.

In my free time I like to read books,
learn new languages, or go for a bike ride or
a hike in the Alps. In Germany table games
are very popular and it is never a problem to
gather a keen group of players and spend a
pleasant evening chatting and fighting over
some board or cards.

GIUSBERT VERDOES

T WAS BORN AND GREW
up in The Hague in
the Netherlands. I
chose to study astron-
omy in the university
closest to the sea and
my sailing dinghy:
Leiden. After my
undergrad studies, I
moved to the Space
Telescope Science Institute (STScl) in
Baltimore, USA, to start the first half of my
Leiden PhD under the joint supervision of
Stefi Baum and Tim de Zeeuw. I studied the
centres of radio galaxies using Hubble Space
Telescope imaging and spectra. Today, still
one of my favorite general astrophysical top-
ics is to find out how different galaxy evolu-
tion would have been without active nuclei

or, put more bluntly, do AGNs matter?

After my PhD I moved from STScl to
ESO in November 2002. I knew a bit about
the American ‘sharp-eyed spider’ and I
wanted to get to know its European sharp-
and large-eyed counterpart. ESO sits in
many ways at the centre of the European
web of observational astronomy. I also felt
quite attracted to the spider’s many legs:
with the Fellowship system, ESO provides
plenty of opportunities to gain experience
and expertise not only in astrophysics, but
also in fields such as instrument and soft-
ware development, outreach, and organiza-
tional matters. My functional duties started
in the Science Verification team for the
VIMOS instrument. This also led me to start
working on something new. For possible
verification projects, I asked myself what
the ‘redshift-machine’ VIMOS could do for
the ‘redshiftless’ Universe. This eventually
led, via a regular proposal, to a nice VIMOS
project on globular clusters in Centaurus A
and involves a few collaborators in and out-
side ESO. I am now carrying out functional
duties in the department of Education and
Public Relations, working on educational
projects. It is great fun to be forced to
approach astronomy from a completely dif-
ferent angle.

Lastly, as a flatlander by nature, a strong
fringe benefit of working at ESO Germany
is its proximity to beautiful mountains.
Southbound trips provide for very nice
recreation over the weekends all year round.
To conclude: 1 am very happy at ESO and
can see only one unimportant question. I
love to see the alpine skyline on a clear day
from the top floor at ESO, but.....where are
the sea and my dinghy?

PAuL VREESWIJK
I CLEARLY REMEMBER
the first time [ saw
Paranal observatory,
from the plane bet-
ween Santiago and
Antofagasta  (note
that you have to be on
the side of the Andes
to be able to see it).
Four tiny telescopes
and some surrounding buildings in an ocean
of reddish mountainous desert. The perspec-
tive changes completely when arriving at the
telescope platform on Paranal: an impressive
array of four immense telescopes, designed
for the sole purpose of observing the night
skies in great detail. After a dozen weeks as
an ESO fellow on Paranal, the platform site
is still just as amazing as the first time.
Scientifically my main interests are the



use of gamma-ray burst (GRB) afterglows as
a tool to study high-redshift star-forming
regions. GRBs are distant explosions,
caused by the deaths of massive stars, and
the resulting afterglows in the optical can be
a million times brighter than their host
galaxies. But only for a few minutes, as the
afterglows fade away extremely rapidly. So
one has to be very quick to profit from their
brightness. This requires different observing
strategies than commonly used in astrono-
my; most objects in the sky do not change
their brightness in zillions of years.

To allow rapid VLT observations of
GRB afterglows, an ESO working group
recommended to implement the so-called
Rapid-Response Mode (RRM), the automat-
ic mode of the VLT. As a fellow and because
of my scientific interests, I'm involved in the
implementation of this RRM on Paranal.
I find this quite exciting: as a GRB goes off
and is localized on the sky by a satellite, due
to the implementation of the RRM, the VLT
is now able to automatically start pointing to
the GRB, and observe the afterglow within
minutes of the GRB explosion. And thanks
to high-precision instruments such as
UVES, one can obtain detailed properties of
high-redshift star-forming regions. So
among other superlative statements one can
make about the VLT project, one can add
that it is the biggest robotic telescope in the
world.

ForMER ESO DG ADRIAAN BLAAUW
TURNED 90

On April 12, former ESO DG professor Adriaan Blaauw reached his 90th birthday.
Adriaan, together with many friends, family members, colleagues from The
Netherlands and abroad, celebrated this occasion on April 17, during an informal
get-together at the 19th-century country-mansion Nienoord in Leek, near
Groningen.

Well over 200 people including ESO Director General Catherine Cesarsky, shown
here with her predecessor, enjoyed a most pleasant event on a warm, sunny
afternoon. The event was offered to Adriaan by his present and former colleagues
from the Groningen Kapteyn Institute and Leiden Observatory, who join in with
colleagues worldwide in congratulating Adriaan and his wife, and wishing them
well for the years to come.

ESO AT THE EXPLORING THE FRONTIER SYMPOSIUM

The symposium, which was co-chaired
by ESO’s Director General, Dr. Catherine
Cesarsky, took place on 18-21 May
2004 at the Max-Planck Society's
Harnack-Haus in Berlin. It was dedicated
to presenting and discussing the funda-
mental scientific questions that will be
addressed by major future astrophysical
facilities during the next few decades.
The meeting programme featured 11
invited reviews, 27 contributed talks and
49 posters. The meeting was attended by
160 participants from 17 countries.

ESO’s presence included an
exhibition/information stand with empha-
sis on the ALMA and OWL projects. The
symposium (and thereby ESO) was pre-
sented widely in the local and interna-
tional media; ESQO's Director General
gave several interviews, including one for
a major television series on groundbreak-
ing science. This was also a topic on the

Ep JANSSEN (ESO)

prime-time TV news on the second German channel.
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SCIENCE PRODUCTS FROM LARGE PROGRAMMES
TO BE AVAILABLE FROM THE ESQO ARCHIVE

BENOIT PIRENNE AND PETER QUINN, ESO DMD

SO 1S COMMITTED to producing

and maintaining a data stream

from the VLT Observatory that

forms a data heritage for inter-

national astronomy. This goal
is being realised by an end-to-end opera-
tional approach that maintains data integrity,
produces appropriate metadata, maintains
and executes calibration plans and produces
quality controlled data products. ESO has
also designed and produced advanced data
products from surveys that are available
from the ESO/ST-ECF Science Archive
Facility (SAF) and which feed archival sci-
ence programs and future applications for
VLT time. ESO also wishes to ensure that
the full scientific potential of the VLT is
realised by granting large amounts of tele-
scope resources to large programmes chosen
on scientific merit by the Observing
Programme Committee (OPC). To ensure
that the scientific products from these pro-
grammes also form an effective part of the
VLT data heritage and the emerging interna-
tional virtual observatory, ESO is defining
requirements and procedures for large pro-
grammes that will ensure their scientific out-
put can be published through the SAF. This
goal is directly supported by the recommen-
dations of the recent ESO workshop on
Large Programmes and Surveys, endorsed
by the Scientific Technical Committee
(STC) at its April 2004 meeting.

WHAT DOES THIS MEAN?
Starting with Period 75 results, PIs of
Observing Programme Committee-approved
large programmes will be required to return
the data products (processed images and
spectra, catalogues) to the ESO archive at
the time of the publication of their scientific
results in a refereed publication. This

requirement will be made clear in the call for
observing proposals for Period 75 in the
large programmes section. Each approved
programme will have to agree on the content
of their data product delivery with ESO
before the start of the programme.

SOME DETAILS

e The various files representing the
processed products shall be delivered in
FITS format for images and in VOTable or
FITS format for tables (e.g., spectra or cat-
alogues). FITS to VOTable conversion
software will become available from ESO
and other VO partners in the coming
months, once a spectral data model has
been agreed upon.

e Each new data delivery (or reduced data
package) shall be accompanied by:

— A package description page in HTML
format, such that it can be immediately
made available on the ESO archive
web site;

— An accompanying table containing
one row per file and a short description
of each file;

— An accompanying table containing,
for each product file, a list of the orig-
inal raw files that have been used in the
fabrication of the product. In this way,
future users of the product will be able
to go from the products to its con-
stituent raw files and conversely from
the raw files to the products.

e Each data delivery will be considered as
one single "Data Package" by default. A
delivery can consist of several distinct
packages if it makes sense. The package(s)
will be made available to the community
through the ESO archive web. See for
example the way the "High-z QSO spec-

troscopy” program is made available:
http://archive.eso.org/wdb/wdb/eso/packages/
query?pkg_id=175. Also note the pointer to
the package description within the page as
well as the possibility to access each file
individually.

e ESO will manage the incorporation of the
science data products in the most effective
form for publication and utilization within
the VO.

e Principal Investigators of large pro-
grammes currently on-going (e.g., P73 or
before) are strongly encouraged to consid-
er delivering their products under the pro-
posed scheme for early publication in the
archive.

EVERYBODY WINS
The above implementation conditions may
seem constraining and adding overhead to
the production of the science results.
However, the benefits of this initiative are
large for both the future users of the archive
or the VO and for the large programme
teams. The former will have a large pool of
high quality data to compare, cross-correlate
and analyse whereas the PI of the large pro-
gramme, whose products have been used in
new work, will have a chance to dramatical-
ly increase his/her paper’s citation rate as
each product will be tagged with the ESO
programme ID and hence with the PI name.
Moreover, the “bibcode” of the accompany-
ing publication will also be attached to the
description of all products. Statistics of data
download rates will also be made available
to the large programme PIs on request.
Finally, we would like to recommend to PIs
of currently on-going large programmes to
consider returning their data to the archive
already now.

VisiT EIROForRuUM AT ESOF 2004

he EuroScience Open Forum (ESOF2004) is the first
pan-European interdisciplinary scientific conference,
modelled on the well-known and highly successful

and Naturejobs, the career resource of the journal, with the aim of
furthering the career development of young researchers.
EIROforum and its member organisations will contribute to the

meetings in the US by the American Association for the

Advancement of Science (AAAS). ESOF2004 will be
held at the Stockholm City Conference Centre in Stockholm,
Sweden, this summer, between 25-28 August. It is intended to con-
tinue with ESOF meetings on a biannual basis in the future.

Its objective is to bring scientists from all fields, and people inter-
ested in science and technology, from all over Europe to a single
meeting. The participants will be scientists, science policy makers,
administrators and representatives from media as well as the science
based industries. Some 2-3 000 participants are expected to take part
in the conference.

The programme includes 270 speakers from 33 countries and
more than 80 scientific workshops, symposia, plenary lectures and
debates. The conference also includes public outreach activities in
Stockholm. Another activity, known as the ESOF2004 Career
Programme, is organised by the Marie Curie Fellowship Association
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programme by organising a special scientific session under the title
‘European Research at the Cutting Edge’ providing an overview of
some of the most exciting recent research results obtained at our
facilities. Furthermore, a public outreach event involves video-con-
ferences between several of our research organisations, including
CERN in Geneva and the Paranal Observatory in Chile, and the cen-
tral venue in Stockholm. Finally, EIROforum will have a 70 sq.m.
information stand with a number of activities during the conference.
ESOF2004 is an inititative by Euroscience, but has received
strong support by the European Commission, the European Science
Foundation, Nature, The Swedish Research Council, DFG, the
Stifterverband fiir die deutsche Wissenschaft, The Bank of Sweden
Tercentenary Foundation, the Robert Bosch Stiftung, etc.
For more information, including registration, please see
www.esof2004.org
CLAus MabpseN (ESO)



NOVA-ESO-MPIA workshop on

VLTI/MIDI
Data reduction, Analysis and Science

Leiden Observatory/Lorentz Centre, The Netherlands
October 11-15, 2004

The VLT-interferometer Mid-Infrared Instrument (MIDI) is unique in its kind and the only interferometric instrument available through an open
call for proposals. The objective of the workshop is to provide the knowledge and tools to astronomers to:

1. Identify where MIDI can lead to new insights in astronomy

2. How to reduce MIDI data

3. How to interpret MIDI data

The program has sessions on:
A: Basics of optical interferometry
B: The VLTI/MIDI instrument
C: Science with MIDI
D: MIDI data reduction and analysis tools, and ESO observing preparation tools
E: Teams will be formed and be working on MIDI data of Active Galactic Nuclei, Evolved stars, Young stars, Hot stars

The format of the workshop will be lectures combined with teamwork. Teams will reduce and analyze MIDI data during the workshop.

SOC members: Walter Jaffe, Andreas Quirrenbach, Eric Bakker (contact person), Christoph Leinert, Uwe Graser, Francesco Paresce.
Full details and registration information can be found at: http://www.strw.leidenuniv.nl/~nevec/workshop_2004 or by email: bakker@strw.leidenuniv.nl

Date for interest to participate: 1 September 2004 (required)
Date for registration: 15 September 2004

International Astronomical Observatories in Chile (IAOC) Workshop in 2004

THE CooL UNIVERSE:
OBSERVING Cosmic DAWN

Universidad Tecnica Federico Santa Maria (UTFSM), Valparaiso, Chile
2004, October 4-8

Sponsors: ESO, NOAO, LCO, Gemini, NRAO, NAOJ
Host: UTFSM
Rationale: With the official start of the ALMA construction phase, it is of utmost importance to usher in the astrophysical topics which will be
the prime scientific drivers for this outstanding facility. This is why we have chosen to organize the 2004 IAOC workshop on the subject of the
cool universe and in particular, the contribution ALMA will make towards our understanding of the formation of astronomical objects at scales
that range from protoplanetary systems to galaxies. Chile, the home of ALMA and the location of several existing submm, mm and cm tele-
scopes (ASTE, APEX, CBl...), is a place that is particularly appropriate for hosting such a workshop.
The workshop will consist of a series of tutorial and reviews, each followed by oral contributions, to discuss physical processes in cool materi-
al and the astronomical objects in which they take place.
Topics covered (tutorial and reviews):

Observing procedures and derivation of physical quantities in the submm/mm window

The cosmic microwave background (CMB): theory and observation

Galaxy formation up to enlightment: theory and predictions

Emission processes on the ISM (includes maser)

Molecular clouds and fragmentation: modeling and observations

Star formation, stellar evolution, astrochemistry: models and observations

The ISM properties across redshifts (includes absorbers)

Fragmentation within protoplanetary discs: models and predictions

Observational facilities on the Atacama Plateau

Concluding remarks and Prospective

Scientific Organizing Committee: Danielle Alloin (Chair), Claire Chandler, Edith Falgarone, Guido Garay, Santiago Garcia-Burillo, Ryohei
Kawabe, Anthony Readhead, Luis Felipe Rodriguez, Peter Shaver

Local Organizing Committee: Danielle Alloin, Eduardo Hardy, Kotaro Kohno, Cedric Ledoux, Chris Lidman, Lars Nyman, Bernadette Rodgers,
Miguel Roth, Malcolm Smith, Massimo Tarenghi

Dead-line for pre-registration: July 15, 2004

Full details, list of invited reviewers and registration information can be retrieved from http://www.sc.eso.org/santiago/science/cooluniv and by email at
cooluniv@eso.org
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Applications are invited for the position of a

SENIOR ASTRONOMER

DIRECTOR OF THE LA SiLLA/PARANAL OBSERVATORIES
Career Path: VIl

Assignment: The Director responsible for both Observatories will lead a multi-disciplinary team and act as a link between the User
Community, the Director General and the Observatories. She/he will in particular be responsible for:
e the continuation, creation and implementation of scientific and technical policies for the operation of the Observatories in accordance
with overall ESO policy
¢ the management of the Observatories and their staff members through the definiton and implementation of goals and objectives
e the Observatories budget
e the representation of both observatories in the science community, public and public relations (e.g.media support, exhibitions, pre-
sentations etc.) in close interaction with the Public Relation Officers in Garching and Santiago.

The Director of the Observatories reports directly to the Director General and as a member of the ESO Management contributes directly to
the development of the overall policy, strategic planning and maintains professional contacts at highest level outside the Organisation. The
Staff of the Observatories presently consist of about 70 International and 150 Local Staff Members who work in groups or teams.

As a Senior Astronomer the Director of the Observatories is a member of the ESO Science Faculty and is expected and encouraged to active-
ly conduct astronomical research. She/he should foster the participation and integration of the scientists of the Observatories in the ESO
Faculty and in the Office for Science in Santiago.

Qualification and Experience: Basic requirements for the position include a PhD in astronomy, astrophysics or physics or related fields,
substantial and long or equivalent experience in management and leadership preferably gained within multinational scientific organisations.
A proven record in astronomical systems such as instruments, large optical telescopes or systems of equivalent complexity as well as an
outstanding record of astronomical research and international scientific collaborations are required. Initiative, ability to judge, to decide and
to work with people of different nationalities as well as excellent communication skills are essential. The position requires a very good knowl-
edge of English and a working knowledge of Spanish or willingness to learn it.

Duty stations: La Silla, Paranal and Santiago, with regular duty travels to Munich to ESO's Headquarter.

Starting date: 1 April 2005

Remuneration and Contract: We offer an attractive remuneration package including a competitive salary (tax free), comprehensive pension
scheme and medical, educational and other social benefits as well as financial help in relocating your family. The initial contract is for a peri-
od of three years with the possibility of a fixed-term extension or permanence. Serious consideration will be given to outstanding candidates
willing to be seconded to ESO on extended leaves from their home institutions. The title or the grade may be subject to change according
to qualification and the number of years of experience.

Applications: If you are interested in working in a stimulating international research environment and in areas of frontline science and tech-
nology, please send us your CV (in English) by 15 August 2004.

All applications should include the names of four individuals willing to give professional references.

For further information, please contact Mr. Roland Block, Head of Personnel Department, Tel +49 89 320 06 589, e-mail: rblock@eso.org. You
are also strongly encouraged to consult the ESO Home Page (http://www.eso.0rg/)

PERSONNEL MOVEMENTS

International Staff UTTENTHALE, Stefan (AT) Student
(1 April 2004 - 31 May 2004) CHILE
ANDRETTA, Vincenzo (IT) Associate
ARRIVALS
EUROPE BECKER, Karl (DE) Associate
AHMADIA, Aron (US) Student DELVA, Pacome (FR) Student
BERTA, Stefano (IT) Student GIUFFRIDA, Giuliano (IT) Student
GRILLO, Claudio (|T) Student HAUBOIS, Xavier (FR) Student
IRWIN, Jimmy (US) Associate HUNTER, lan (GB) Student
LOPS, Roberto (IT) Associate MILLOT, Nadia (FR) Student
LUCUIX, Christian (FR) Electronics Engineer NOTERDAEME, Pasquier (BE) Student
MARTINEZ, Pascal (FR) Associate RAGAINI, Silvia (IT) Student
MIRALLES, Joan-Marc (AD) Associate RAHOUI, Farid (FR) Student
PUGLIESE, Giovanna (IT) Associate REVERET, Vincent (FR) Fellow
QUIROS-PACHECO, Fernando (MX) Student
REUNANEN, Juha Pekka (FI) Associate DEPARTURES
SPECK, Hartmut (DE) Associate EUROPE .
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ESO FeLLowsHIP PROGRAMME 2004/2005

The European Southern Observatory awards several postdoctoral fellowships to provide young scientists opportunities and facilities to
enhance their research programmes. Its goal is to bring them into close contact with the instruments, activities, and people at one of the
world’s foremost observatories. For more information about ESO’s astronomical research activities please consult http://www.eso.org/science/.
Fellows have ample opportunities for scientific collaborations: a list of the ESO staff and fellows, and their research interest can be found at
http://www.eso.org/science/sci-pers.html and http://www.sc.eso.org/santiago/science/person.html. The ESO Headquarters in Munich, Germany host the Space
Telescope European Coordinating Facility and are situated in the immediate neighbourhood of the Max-Planck-Institutes for Astrophysics
and for Extraterrestrial Physics and are only a few kilometers away from the Observatory of the Ludwig-Maximilian University. In Chile, fel-
lows have the opportunity to collaborate with the rapidly expanding Chilean astronomical community in a growing partnership between ESO
and the host country’s academic community.

In Garching, fellows spend beside their personal research up to 25% of their time on support or development activities of their choice in the
area of e.g. instrumentation, user support, archive, VLTI, ALMA, public relations or science operations at the Paranal Observatory.
Fellowships in Garching start with an initial contract of one year followed by a two-year extension.

In Chile, the fellowships are granted for one year initially with an extension of three additional years. During the first three years, the fellows
are assigned to either the Paranal or La Silla operations groups. Together with the astronomer in charge, they contribute to the operations at
a level of 80 nights per year up on the mountain and 35 days per year at the Santiago Office. During the fourth year there is no functional
work and several options are provided. The fellow may be hosted by a Chilean institution and will thus be eligible to apply for Chilean observ-
ing time on all telescopes in Chile. The other options are to spend the fourth year either at ESO’s Astronomy Center in Santiago, Chile, or
the ESO Headquarters in Garching, or any institute of astronomy/astrophysics in an ESO member state.

We offer an attractive remuneration package including a competitive salary (tax-free), comprehensive social benefits, and provide financial
support in relocating families. Furthermore, an expatriation allowance as well as some other allowances may be added. The Outline of the
Terms of Service for Fellows provides some more details on employment conditions/benefits.

Candidates will be notified of the results of the selection process in December 2004/January 2005. Fellowships begin between April and
October of the year in which they are awarded. Selected fellows can join ESO only after having completed their doctorate.

The closing date for applications is October 15, 2004.

Please apply by:

- filling the form available at http://www.eso.org/gen-fac/adm/pers/forms/fellow04-form.pdf attaching to your application: a Curriculum Vitae including a
publication list (the latter split into refereed and non-refereed articles, please) an outline of your current and past research, as well as of your
research plans if you came to ESO (max. 2 pages) a brief outline of your technical/observational experience (max. 1 page)

- arranging for three letters of reference from persons familiar with your scientific work to be sent to ESO before the application deadline.

All documents should be typed and in English. The application material has to be addressed to:
European Southern Observatory
Fellowship Programme
Karl-Schwarzschild-Str. 2
85748 Garching bei Muenchen
Germany
vacancy @eso.org

Contact persons: Nathalie Kastelyn, Tel. +49 89 320 06-217, Fax +49 89 320 06-497, e-mail: nkastely@eso.org for applications for Chile
Katjuscha Haase, Tel. +49 89 320 06-219, Fax +49 89 320 06-497, e-mail: khaase@eso.org for applications for Garching

All material must reach ESO by the deadline (October 15); the same applies to recommendation letters which should be sent directly by the
reference person; applications arriving after the deadline or incomplete applications will not be considered!
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ESO, the European Southern
Observatory, was created in 1962 to “...
establish and operate an astronomical
observatory in the southern hemisphere,
equipped with powerful instruments, with
the aim of furthering and organising col-
laboration in astronomy...” It is supported
by ten countries: Belgium, Denmark,
France, Germany, Italy, the Netherlands,
Portugal, Sweden, Switzerland and the
United Kingdom. ESO operates at three
sites in the Atacama desert region of
Chile. The Very Large Telescope (VLT), is
located on Paranal, a 2,600 m high moun-
tain approximately 130 km south of Anto-
fagasta. The VLT consists of four 8.2
metre diameter telescopes. These tele-
scopes can be used separately, or in
combination as a giant interferometer
(VLTI). At La Silla, 600 km north of
Santiago de Chile at 2,400 m altitude,
ESO operates several optical telescopes
with diameters up to 3.6 m. The third site
is the 5,000 m high Llano de Chajnantor,
near San Pedro de Atacama. Here a new
submillimetre telescope (APEX) is being
completed, and a large submillimetre-
wave array of 64 antennas (ALMA) is
under development. Over 1300 proposals
are made each year for the use of the
ESO telescopes. The ESO headquarters
are located in Garching, near Munich,
Germany. This is the scientific, technical
and administrative centre of ESO where
technical development programmes are
carried out to provide the Paranal and La
Silla observatories with the most
advanced instruments. ESO employs
about 320 international staff members,
Fellows and Associates in Europe and
Chile, and about 160 local staff members
in Chile.

The ESO MESSENGER is published
four times a year: normally in March,
June, September and December. ESO
also publishes Conference Proceedings,
Preprints, Technical Notes and other
material connected to its activities. Press
Releases inform the media about particu-
lar events. For further information, con-
tact the ESO Education and Public
Relations Department at the following
address:

EUROPEAN

SOUTHERN OBSERVATORY
Karl-Schwarzschild-Str. 2
D-85748 Garching bei Miinchen
Germany

Tel. (089) 320 06-0

Telefax (089) 3202362

Email: ips@eso.org

URL: http://www.eso.org
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Front Cover Picture: Cosmic Ballet or Devil's Mask?

Composite image of the superb triple system NGC 6769-71, located in the southern Pavo con-
stellation (the Peacock) at a distance of 190 million light-years. This image was obtained on April
1, 2004, the day of the Fifth Anniversary of ESO's Very Large Telescope (VLT). It was taken in the
imaging mode of the Visible Multi-Object Spectrograph (VIMOS) on Melipal, one of the four
8.2-m Unit Telescopes of the VLT at the Paranal Observatory (Chile). The two upper galaxies,
NGC 6769 (upper right) and NGC 6770 (upper left), are of equal brightness and size, while NGC
6771 (below) is about half as bright and slightly smaller. All three galaxies possess a central
bulge of similar brightness. They consist of elderly, reddish stars and that of NGC 6771 is
remarkable for its "boxy" shape, a rare occurrence among galaxies. (ESO PR Photo 12/04)



