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Brazils Route to ESO Membership

Albert Bruch11

Laboratrio Nacional de Astrofsica LNA, Itajub, Brazil

On 29 December 2010, in a ceremony held at the Ministry of
Science and Technology in Brazils capital, Braslia, the then
Minister, Sergio Machado Rezende and the ESO Director General Tim
de Zeeuw signed the accession agreement by which, pending
ratification by the Brazilian Congress, Brazil becomes the 15th ESO
Member State and the first non-European member. An overview of the
historical background, the current state of astronomy in Brazil,
and the motivation that made Brazil apply to become an ESO Member
State is presented. History The signature of the accession agree
ment to ESO (see de Zeeuw, 2011) is the latest highlight in
Brazilian astronomys very long and distinguished history, which
goes back much further than most nonBrazilian astronomers are
aware. Long before Brazil was established as a state, at a time
when various European powers still disputed dominion over its vast
expanses, Brazil hosted the first astro nomical observatory, not
just in the Americas, but also in the southern hemi sphere. In 1639
the German naturalist and astronomer Georg Marcgrave founded an
observatory in Recife (Prazeres, 2004), which was then the capital
of a Dutch colony. The probable appearance of this observatory is
shown in Figure 1. Should we consider this as the first European
Southern Observatory? However, troubled times and warfare between
the countries disputing hegemony over the rich Brazilian colonies
impeded the long-term survival of these initial astronomical
activities and astron omy only took firm root in Brazilian soil
after the country became an independent empire in 1822. On 15
October 1827, the Emperor Dom Pedro I established the institution
that has now evolved into the Observatrio Nacional (ON) in Rio
deFigure 1. A contemporary engraving by Zacharias Wagener of a
building in 17th century Recife that may have hosted the first
astronomical observatory in the Americas.

1919 in Sobral, Cear, which contributed decisively to the first
observational proof for Einsteins theory of general relativity.
Astronomy began to establish itself in other Brazilian institutions
in the late 19th century and this progressed, primar ily in the
universities, and most notably in So Paulo and in Porto Alegre, at
a rather modest pace during much of the 20th century. Astronomy in
Brazil has only really taken off during the past three or four
decades. The three main factors that have contributed to this
substantial and very successful increase are:Figure 2. The early
home of the Observa tory Nacional in Rio de Janeiro, photographed
in 1921, which today hosts the Museum of Astronomy and Related
Sciences.

Janeiro (Videira, 2007), and is shown in Figure 2. It was
originally meant to provide essential services to the newly founded
state such as time-keeping, and fundamental scientific research in
astronomy only gradually became part of its activities. Arguably
the observatorys most notable scientific achieve ment was the
organisation of the expedition to observe the solar eclipse of
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1. New funding lines that permitted promising Brazilian students
to receive their professional education abroad, mainly in Europe
and in the USA. 2 Newly created graduate courses in astronomy,
meaning that scientists could be trained in Brazil, taking
advantage of the expertise brought back by others who had obtained
their degrees in foreign countries. 3. The creation of the
Observatrio do Pico dos Dias (OPD) and the installation of a
medium-sized (at the time) tele scope which gave the growing astro
nomical community access to a com petitive observational
infrastructure for the first time. The above-mentioned factors
resulted in the dramatic growth of Brazilian astronomy, both in
terms of the number of scientists, as well as in scientific out
put. It quickly became evident that the available instruments were
insufficient to satisfy the rapidly growing demand and that there
is no really good site for a modern optical observatory in Brazil.
So, instead of enlarging the existing facilities at a location that
is far from ideal for astronomical observations, and following the
modern trend towards the globali sation of science, it was
recognised that international collaborations were the right way
forward for the further develop ment of astronomy in Brazil.
Infrastructure for astronomical research So as to make telescopes
and instru ments with a wide range of apertures, characteristics
and capabilities available to Brazilian astronomers, Brazil became
a partner in the Gemini Observatory, the SOAR Telescope and finally
entered into a Cooperative Agreement with the CanadaFranceHawaii
Tele scope (CFHT), giving Brazilian astrono mers access to a range
of facilities besides the Brazilian OPD. Brazilian observational
optical astronomy takes place primarily at the OPD (shown in Figure
3). When the observatory was planned in the 1970s, logistical
consider ations demanded that the observatory was built within easy
reach of the big population centres where most astrono mers were
located. A site within the tri-

Figure 3. Aerial view of the OPD, the principal obser vatory on
Brazilian territory, located in the Serra da Mantiqueira in the
southern part of the State of Minas Gerais, operating a 1.6-metre
telescope (main build ing) and two 0.6-metre telescopes.

angle formed by the cities of So Paulo, Rio de Janeiro and Belo
Horizonte was chosen as a compromise between easy accessibility and
good observing con ditions. The observatory is operated by the
National Astrophysical Laboratory (Laboratrio Nacional de
Astrofsica [LNA]), based in Itajub, Minas Gerais, which is a
research institute of the Minis try of Science and Technology, and
is responsible for providing the optical astronomical
infrastructure to the entire scientific community. Today the OPD
hosts three telescopes with apertures between 1.6 metres and 0.6
metres, and it is equipped with an instrument suite that is
tailored to serve its users well. An effort to upgrade the
observatory is underway to keep it competitive, despite the
increasing light pollution and the growing number of other
facilities that are now open to Brazilian astronomers. The Gemini
Observatory operates two 8-metre-class telescopes on Hawaii (Mauna
Kea) and in Chile (Cerro Pachn) on behalf of a consortium of seven
countries. Although very well used by Brazilian astronomers, and
extremely important for the development of optical astronomy in
Brazil, the rather small share of Gemini that Brazil was able
to

purchase has proved to be a severe limi tation. Brazil currently
owns 2.5% of Gemini. In 2010 it purchased additional observing time
from the United Kingdom, increasing its access to the telescopes by
a factor of two and it is anticipated that Brazil will increase its
share in Gemini to about 6 % after 2012, when the UK leaves the
partnership. With abundant access to rather small telescopes (OPD)
and limited access to big telescopes (Gemini), the Brazilian
astronomical community felt the need for something in between: a
decent amount of time at an intermediate-sized tele scope. So
Brazil joined forces with three US institutions (NOAO, University
of North Carolina and Michigan State University) to build and
operate the SOAR Telescope (Southern Astrophysical Research Tele
scope), located next to Gemini South on Cerro Pachn (see Figure 4).
SOAR is a 4.1-metre telescope that is optimised for high image
quality. Brazil entered this consortium as the majority share
holder with a stake of about 34%. Brazil ian astronomers also have
access to the 4-metre Blanco Telescope at CTIO through an agreement
with NOAO about the exchange of observing time, which complements
the services and instruments offered by SOAR. The cooperative
agreement with the CFHT, which is located on Mauna Kea, Hawaii, is
meant to provide access to a
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Figure 4. The 4.1-metre SOAR Telescope on Cerro Pachn,
Chile.

highly productive wide-field 4-metre-class telescope with
competitive instruments in the northern hemisphere. The agreement
is limited in time and will be reviewed, with the aim of
potentially renewing the contract, in 2012. Brazilian participation
in all these interna tional observatories is managed by the LNA,
which thus exercises a key role in optical astronomy in Brazil.
Apart from these installations, which are open to the entire
astronomical community, some institutions operate their own
facilities on a more modest scale, and these either serve a
specific scientific purpose or con centrate on education and
outreach. The most recent and arguably most im portant (and
certainly the biggest) of these is IMPACTON, a robotic one-metre
telescope for observations of nearEarth objects, which is currently
being commissioned by the Observatrio Nacional, and is located in
the interior of Pernambuco State. Other areas of astronomical
research have also benefitted from Brazils contributions to
international projects and collaborations. These include space
astronomy (Brazil is a partner in the CoRoT space mission, and it
is also engaged in the PLATO mission), high energy astrophysics
(through the partici pation of Brazil in the Auger experiment), and
cosmology (Brazilian institu tions are members of the International
Center for Relativistic Astrophysics Net work [ICRA-Net]). The
growing importance of large surveys and the exploitation of data
banks for astronomical research has been recognised and has led to
the recent cre ation of the Brazilian Virtual Observatory (BraVO),
as the national branch of the International Virtual Observatory
Alliance. BraVO unites researchers from various institutions in a
coordinated effort to cre ate infrastructure and tools for
datamining and to disseminate the concept of the Virtual
Observatory in Brazil. In parallel, the LIneA (Laboratrio
Interinsti tutional de e-Astronomia) collaboration is formed by
scientists working at three research institutes of the Ministry of
Sci ence and Technology (MCT) to develop the infrastructure and
software to store and process large astronomical datasets.

Jos-Williams Vilas-Boas

SOAR Inc.

Figure 5. The dome of the Itapeninga Radio Obser vatory (ROI) in
Atibaia, So Paulo.
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Figure 6. Mounting the 1300 optical fibres of the SOAR Integral
Field Spectrograph at the LNA Optics Laboratory.

for Gemini, where it was responsible for the fibre feed between
the telescope and the bench spectrograph (although, unfortunately,
through lack of funding the instrument was never built). In a
success ful attempt to find a place on the interna tional market
for astronomical instrumen tation, the LNA has also built the fibre
feed for the Frodospec spectrograph at the Liverpool Telescope on
La Palma. Independent efforts in instrument devel opment are
ongoing at the Observatrio Nacional, which, in collaboration with
the IAG, is building a camera for the J-PAS (Javalambre Physics of
the accel erating Universe Astrophysical Survey) project in Spain.
Facilities for instrumen tation development are also being
installed at the Federal University of Rio Grande do Norte in
Natal. Size of the Brazilian astronomical community According to a
census (updated in 2010), there are 341 fully trained and active
astronomers (i.e. with a PhD) in Brazil (up from no more than a
handful some 40 years ago). This workforce is comple mented by 313
postgraduate (Masters and PhD) students. Thus, more than 650
scientists are active in astronomical research. While there is a
concentration of astronomers in a few universities and federal
research institutes, the num ber of groups in other places is
rapidly increasing as a result of the policy of the federal
government to strengthen science and higher education in less well
developed parts of the country. In conse quence, astronomy is being
pursued today in 46 institutions ( and counting), which are widely
spread across Brazil. While many of the smaller groups are part of
physics or other related university departments, postgraduate
education in astronomy is offered in 19 institutes. There is not
enough room here to char acterise all these institutes in detail.
However, it may be worthwhile to briefly enumerate the most
important. With the IAG (see Figure 7), the University of So Paulo
hosts the dominant research institute in astronomy in the country.
It is home to about 20% of the total work force mentioned above.
This is twice

LNA

Radio astronomy, which was already comparatively well developed
before the steep increase in optical astronomy activities began,
has not followed the same steeply rising path. Apart from some
modest investments in specialised instru ments operated by small
groups, no major effort has been made to provide access to a
competitive infrastructure for the general community. The
Itapeninga Radio Observatory (ROI; Figure 5), located in Atibaia,
some 50 kilometres from So Paulo, and operated by the Nacional
Space Research Institute (Instituto Nacional de Pesquisas Espaciais
[INPE]) is the only instrument available to all astronomers. This
1890 GHz, 14-metre antenna has not had a major upgrade since it was
built in 1974. Access to more modern equipment would be very much
welcomed by the radioastronomy community. Instrumentation The
desire to participate in both scientific research in astronomy and
in techno logical development has led to the imple mentation of the
necessary infrastructure to build astronomical instruments for use
at international observatories, such as SOAR. These efforts are
concentrated at the LNA and INPE, in collaboration with the
universities and other scientific institutions. While most of the
activities in instrument development at INPE are related to fields
other than astronomy (e.g., observation of

the Earth from space), a group at INPE is currently building
MIRA X, a small survey satellite to observe the spectral and
temporal behaviour of a large num ber of transient X-ray sources.
Moreover, INPE is collaborating with the LNA and the Instituto de
Astronomia, Geofsica e Cincias Atmosfricas (IAG) of the Uni versity
of So Paulo to develop the Brazil ian Tunable Filter Imager (BTFI),
which is an innovative camera and integral field spectrograph for
the SOAR telescope. Other longterm collaborations between INPE and
LNA on instrumentation for the OPD are also ongoing. In the past,
instrumentation development at LNA was rather modest and restricted
to immediate OPD needs. But during the past decade much effort has
been invested in turning such activi ties into one of the
fundamental pillars of the institute. The LNA has built labora
tories and workshops, and provided them with state-of-the-art
equipment, with a special emphasis on optical metrology and the
handling of optical fibres for astronomy (see Figure 6 as an exam
ple). In collaboration with the IAG and other university
institutes, the LNA has built SIFS, a 1300-channel integral field
spectrograph (currently being commis sioned at the SOAR Telescope).
It is also constructing the SOAR Telescope Echelle Spectrograph
(STELES) and is planning a similar instrument for the OPD. The LNA
was a member of the winning team in an international competition
for the detailed design study of the Wide Field Multiple Object
Spectrograph (WFMOS)
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Figure 7. Urania, the Muse of Astron omy, from a picture window
in the library on the former campus of the Institute of Astronomy
and Geophysics of So Paulo University.

(instrument development among them), come from the same sources,
including the government funding agency FINEP (Financiadora de
Estudos e Projetos), as well as from Brazilian state funding
agencies, which normally do not fund the operation of astronomical
infrastruc ture. While other states also contribute, FAPESP, the
funding agency of So Paulo state, plays a dominant role. CNPq
(Conselho Nacional de Desenvolvi mento Cientfico e Tecnolgico), a
branch of the MCT, is extremely important as a provider of stipends
for students and grants for established scientists. A similar role
is played by CAPES (Coordenao de Aperfeioamento de Pessoal de Nvel
Superior), a branch of the Ministry of Education. Apart from
stipends and grants, CNPq also finances smaller scale projects for
individual scientists, scientific meetings, etc. (as do the state
agencies).

as many as the second most important, the venerable Observatrio
Nacional in Rio de Janeiro. Strong astronomy groups can also be
found at INPE, located in So Jos dos Campos, the Federal Uni
versity of Rio de Janeiro (distributed between the Observatrio do
Valongo and the Department of Physics), the Federal University of
Rio Grande do Sul in Porto Alegre and the Federal University of Rio
Grande do Norte in Natal. While all these astronomy centres carry
out research in many fields, the Brazilian Centre of Physical
Research (Centro Brasileiro de Pesquisas Fsicas [CBPF]), Rio de
Janeiro, which hosts the Brazilian branch of ICRAnet, focuses
mainly on cosmology. Administratively, the numerous astron omy
groups are distributed between government institutions, which are
directly subordinated to the federal Minis try of Science and
Technology (CBPF, INPE, LNA, ON), entities belonging to federal or
state universities, and (increas ingly) private universities. The
community founded the Brazilian Astronomical Society (Sociedade
Brasileira de Astronomia [SAB]) in 1974. The Society currently has
678 members. As measured by the number of publications in refereed
journals, scientific productivity was all but non-existent
until

the end of the 1960s, but as the number of active astronomers
has increased, a steep and continuing rise in the number of
published papers has been observed (Figure 8). The role of Brazil
as a signifi cant producer of scientific papers was recognised when
it became a member of Astronomy and Astrophysics, the lead ing
astronomical journal in Europe. Although optical and infrared
observa tional astronomy is predominant, Brazil ian astronomy
embraces a wide range of special fields. There are at least 16
major areas of astronomy that are being actively pursued by
astronomers in Brazil and that have recently been identified in the
context of a National Plan for Astronomy1. The relative importance
of the various disciplines can be gauged from the number of
publications that they have generated. Table 1 gives the per
centages of papers by Brazilian authors in refereed journals by
area in 2008. Funding Brazilian astronomy is largely publicly
financed. Operating costs for facilities open to the entire
community are borne exclusively by the Federal Government, normally
through MCT research insti tutes. Funds for the development of new
projects and capital investments

Specific funding by the federal and state governments, such as
PRONEX (Pro grama a Ncleos de Excelncia) and the Millennium
Institutions (Institutos do Milnio) in the past, and the current
(vir tual) National Institutes of Science and Technology (INCT) has
also greatly bene fited Brazilian science. Two astronomyrelated
National Institutes have been cre ated: INCT-A (A for
astrophysics), which focuses on preparing the astronomical
community for the challenges and oppor tunities of the future, and
INCT-E (E for espao [space]) which focuses on space technology and
astronomy from space. Direct personnel costs are, of course, car
ried by the employers, who are, in most cases, the federal or the
state govern ments. However, the private sector is also involved
through private (in general, nonprofit) universities with research
and higher education interests in astronomy. Longterm strategic
outlook Brazils young and vigorous community feels that it has
gained an international reputation as a respected player in global
astronomy. It is not seen as an accident that Rio de Janeiro was
chosen to host the IAU General Assembly in 2009, but rather as
recognition of the achievements of Brazilian science. The community
is
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by guaranteeing access to the future generation of giant
telescopes, i.e. the European Extremely Large Telescope, and
opening up opportunities for Brazilian industry to take part in its
development and construction; it provides access to ALMA,
satisfying and fostering the development of a community of radio
astronomers who have not benefited from significant investments
similar to those made in optical astronomy during the past three
decades; it opens up a wide range of opportuni ties for the
participation in technological development as part of the instrumen
tation programme for ESO telescopes. It is felt that the
development model for optical astronomy which Brazil has followed
in the past, i.e., offering its sci entists a suite of instruments
with diverse characteristics on small and medium sized telescopes
up to to the 8-metreclass Gemini giants, although with limited
access in the case of the larger instru ments, has lifted the
astronomical com munity to a level of maturity. This pro gress now
permits the next step or rather leap in its evolution: the ascent
to a new and higher level in scientific, technological and
instrumental terms, which is expected to be the natural con
sequence of Brazils association with the strongest organisation in
ground based astronomy in the world. We are confident that not just
optical astronomy will be strengthened, but that the fertile
environment of partnership with ESO will benefit Brazilian
astronomy as a whole, as well as related technological
fields.References de Zeeuw, P. T. 2011, The Messenger, 143, 5
Prazeres, A. 2004, Georg Marcgrave, e o desenvolvimento da
astronomia moderna na Amrica Latina, na cosmopolita Recife de
Nassau, http://www.liada.net/NASSAU%20&%20
GEORG%20MARCGRAVE.pdf Videira, A. A. P. 2007. Histria do
Observatrio Nacional: a persistente construo de uma identidade
cientfica. Ro de Janeiro: Observatorio Nacional Links1

Figure 8. Evolution of the number of publications by Brazilian
astronomers in refereed journals over the past decades.

aware that worldwide astronomy is characterised more than ever
by inter national collaborations. Consequently, success for a
national community depends decisively on its participation in the
international community. Moreover, it is understood that the grow
ing necessity for international collaborations, the numerous
scientific opportu nities that present themselves in the worldwide
scenario, combined with the elevated costs for large-scale
scientific projects, call for a medium- and longterm strategic plan
for astronomy to direct and coordinate the further develop ment of
the field in Brazil. Therefore, with the active support of the
Ministry of Science and Technology, in 2010 the community
elaborated a National Plan for Astronomy1 as a guideline for the
future of astronomy in the country, aligned to the general policy
for science and tech nology of the federal government.Optical and
infrared stellar astronomy Theoretical cosmology Optical and
infrared extragalactic astronomy Physics of asteroids Theoretical
stellar astrophysics Chemical evolution of stellar systems
Dynamical astronomy Solar radio astronomy Instrumentation
Exoplanets Other

Among many other issues, this docu ment emphasises the need to
maintain access to a competitive observational infrastructure, on
penalty of losing the respected position gained by Brazilian
astronomers. Different ways of achieving this purpose have been
studied by the INCT-A and a special commission cre ated by the MCT.
Based on these results the broad majority of the astronomical
community came to the conclusion that the association of Brazil
with ESO would be the most effective of all the available options.
More than any other alternative, the association with ESO benefits
the country in many ways, the most impor tant advantages being
that: it gives Brazil immediate access to ESOs existing telescopes,
fostering scientific collaboration (and competi tion!) with
scientists of other member states, and enlarging the scope of
instruments already at the disposal of Brazilian astronomers
significantly, thus eliminating some limitations felt by parts of
the community; it meets one of the main recommenda tions of the
National Plan for Astronomy28.8 % 17.4 % 11.9 % 5.8 % 4.3 % 4.3 %
4.3 % 3.2 % 3.2 % 2.7 % 13.2 % Table 1. Percentage of papers pub
lished in refereed journals by area in 2008.

National Plan for Astronomy: http://www.lna.br/
PNA-FINAL.pdf
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Telescopes and InstrumentationThe first European ALMA antenna
from the AEM Consortium (Thales Alenia Space, European Industrial
Engineering and MT-Mechatronics) being carried on an ALMA
transporter during the handover to the ALMA Observatory at the
Operations Support Facility (OSF). After testing at the OSF, it
will be moved to the ALMA Operations Site on the Chajnantor
plateau. See Announcement ann11022 for more details.

Telescopes and Instrumentation

The Science Impact of HAWK-I

Ralf Siebenmorgen1 Giovanni Carraro1 Elena Valenti1 Monika
Petr-Gotzens1 Gabriel Brammer1 Enrique Garcia1 Mark Casali11

in one-hour on-source integration are: 23.9 in J, 22.5 in H and
22.3 in Ks. The efficiency, defined as the proportion of photons
converted into electrons passing the telescope, instrument optics
and detector, is computed for various near-infrared (NIR)
instruments and is shown in Figure 1 for the NIR cameras SOFI,
VISTA, ISAAC, CONICA and HAWK-I. The efficiency of the HAWK-I
instrument is 7080 % and so it is the most efficient NIR camera in
ESOs instru mentation suite. The stability of the zero point is
important for absolute photometry. For HAWK-I, there is a small
periodic scatter in the zero point of J ~ 0.1 mag over a period of
a year, significantly lower than that of either CONICA or ISAAC.
Along with the distortion caused by the instrument optics,
atmospheric refraction produces a geometrical shrinkage of the
field of view with increasing zenith distance. The differential
achromatic refraction is ~ 0.6 arcseconds, as measured over the
full 7.5 by 7.5 arcminute field size of HAWK-I and for a zenith
distance between 0 and 60. During science operations three
technical challenges were identified: the entrance window,
radioactive events in the detector material and the instrumental
distortion correction. The instrument was first installed in July
2007. At the begin ning of the observing period P81 in 2008 the
instrument suffered from a damaged coating of the entrance window.
This defect was fixed by a replacement win dow installed during an
intervention in the

ESO

HAWK-I is ESOs most efficient nearinfrared camera, and after two
and a half years of operations we review its science return and
give some future directions in the context of the Adaptive Optics
Facility. The instrument underwent major technical challenges in
the early phase of its operations: there was a problem with the
entrance window, which was replaced, and radioactive events occur
in the material of two of the four detectors. A number of high
quality science papers based on HAWK-I data have been published,
indicating a good performance and scientific return. HAWK-I is
well-suited for a variety of attractive science cases and a project
is in development to provide a faster readout, which would improve
the capabilities for Galactic observations. When combined with the
laserassisted ground layer adaptive optics system, HAWK-I will
become an excellent facility for challenging follow-up observations
of exoplanetary transits. Instrument overview and performance
HAWK-I is a cryogenic wide-field camera installed at the Nasmyth A
focus of the VLT Unit Telescope 4 (UT4). The field of view is 7.5
by 7.5 arcminutes, with a crossshaped gap of 15 arcseconds between
the four 2RG 2048 2048 detectors. The pixel scale is 0.106
arcseconds. The instrument is offered with ten filters in two
filter wheels: four broadband filters (Y, J, H and Ks), which are
identical to the filters used in VIRCAM/VISTA, and six narrowband
filters (Br, CH4, H2, 1.061m, 1.187 m, and 2.090 m). The image
quality is seeing-limited down to at least 0.4 arcseconds. Typical
limiting magnitudes (Vega) to reach a signal-tonoise ratio (S/N) of
five on a point source

summer of 2008. The instrument also suffered from radioactive
events which contaminated two of the four chips of the detector
mosaic (Finger, 2008). The contamination can be seen in the dark
exposures. One of the four detectors shows on average a
welllocalised decay every 75 s. The event affects an area of 77
pixels and is eliminated by a cleaning algorithm in the pipeline.
Another detector is similarly affected, and, although the events
are much less frequent, they generate charge which is not local
ised to within a few pixels, but spreads in a diffuse charge cloud
with an unpredictable location, resulting in glitches that cannot
be cleaned during data analysis. However, the sensitivity limit of
the indi vidual detectors shows that there is no major degradation
of the detection limit caused by these radioactive events. The
HAWK-I instrument team has recently undertaken observations to
assess the relative sensitivities of the four HAWK-I detector
chips, using observations of the high Galactic latitude field
around the z=2.7 quasar B0002-422 ( 00h 04m 45s, -41 56; 41?) taken
during technical time. The observations consisted of four sets of
11 300 s sequences in the NB1060 filter; details of such an
observational set-up are discussed in the HAWK-I User Manual. The
four sequences are rotated by 90 in order that a given position on
the sky is observed by each of the four chips of the HAWK-I
detector. The jitter sequences are reduced fol lowing the standard
two-pass back ground subtraction work flow described in the HAWK-I
pipeline manual. ObjectsFigure 1. Comparison of the efficiency of
the NIR instruments SOFI, VISTA, ISAAC, CONICA and HAWK-I is
shown.

courtesy P. Hammersley
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stack

AOF and GRAAL The Adaptive Optics Facility (AOF; see Lelourn et
al., 2010; Paufique et al., 2010 and Arsenault et al., 2010) will
provide a correction of the ground layer turbulence, improving the
image quality of HAWK-I. The resulting point spread function (PSF)
diameter that collects 50 % encircled energy is reduced by 21% in
the Ksband, and by 11% in the Yband, under median seeing conditions
at Paranal of 0.0.87 arcseconds at 500 nm. Hence, the AOF will
provide better seeing statistics. When installing the AOF on UT4,
the secondary mirror of the telescope will be replaced by a
deformable secondary mirror (DSM) with more than 1000 actuators. In
addi tion, four laser guide stars will be installed on the
telescope structure, and a wave front sensor system, GRAAL (ground
layer adaptive optics assisted by lasers), will be used to measure
the turbulence from artificial guide stars. GRAAL will be installed
between HAWK-I and the Nasmyth flange. HAWK-Is field of view is not
affected by GRAAL. It is planned to begin installing the AOF in
2013, with a total telescope downtime of a few months (subject to
the exact distribution of tech nical time) due to the installation
of the new secondary mirror, the lasers and GRAAL. The schedule
anticipates that the AOF will be operational from 2015. Normal
adaptive optics systems aim at correcting atmospheric turbulence
down to the diffraction limit of the tele scope. The price to be
paid is a limit in corrected field of view (less than 1 arc minute)
and a limit in sky coverage (less than 50 %) since a bright guide
star is required even when using laser guide stars. The AOF ground
layer adaptive optics mode (GLAO) does not provide
diffraction-limited image quality, but it does correct the full 7.5
by 7.5 arcminute field of view and the sky coverage is practically
100 %. HAWK-I science return When HAWK-I was conceived, the
selected science cases, according to the document, Science Case for
0.92.5m infrared imaging with the VLT (ESO/STC-323), were:

1. Galaxy evolution from deep multicolour surveys; 2.
Multi-wavelength observations of normal and active galaxies; 3.
Structure and evolution of nearby galaxies; 4. Galactic star and
planetary formation; 5. Outer Solar System bodies. HAWK-I started
to operate regularly in April 2008. A significant number of
observations executed during P81 were affected by the damaged
entrance window coating, and were reexecuted by ESO. In the period
from mid-2008 until end of 2010, 26 refereed papers were published
containing HAWK-I results. They have 350 citations to date and an
h-index of 10. Of these 26 papers, two were published in Nature,
seven in ApJ, four in ApJ Letters, one in AJ, four in MNRAS, and 12
in A&A. The two Nature papers, Tanvir et al. (2009) and Hayes
et al. (2010), resulted in ESO press releases. To evaluate the
science impact of HAWK-I, we have compared the number of papers
based on data obtained at the other NIR VLT instruments during
their first 2.5 years of science operations. The rate of
publication turns out to be fairly similar among all the VLT
instruments considered (NACO, ISAAC, SINFONI and CRIRES). The sci
ence output of HAWK-I up to the end of 2010 can be summarised as
follows: 1) In most cases, publications which are based on HAWK-I
present results on extragalactic, high redshift astrophys ics. The
most relevant papers being the characterisation of the galaxy pop
ulations around z ~ 2 (Galametz et al., 2010; Hayes et al., 2010;
and Lidman et al., 2008) and beyond redshift z ~ 6 (Vanzella et
al., 2010; Fontana et al., 2010; Castellano et al., 2010a,b; and
Bouwens et al., 2010). Such a burst of results for extremely high
redshift targets was not expected at the time when defining the
HAWK-I science cases, while the results at intermediate redshifts
were expected from science case #1. 2) The other fields explored so
far are Milky Way stellar populations (Brasseur et al., 2010),
trans-Neptunian objects (Snodgrass et al., 2010), gamma-ray bursts
(DAvanzo et al., 2010) and qua sars (Letawe & Magain, 2010).
Stellar

Figure 2. Number counts as a function of aperture magnitude of
the four HAWK-I detectors: chip1 (red line), chip2 (orange), chip3
(green), chip4 (blue line) and the co-addition of all four chips
(black line). Dashed lines give the number of spurious detections.
Radioactive events are most common for chip 2, which nevertheless
has a similar detection probabil ity as the other chips, but an
enhanced number of spurious detections at faint flux (> 17 mag)
levels (shown as dashed orange).

are detected using the SExtractor soft ware. The resulting
number counts as a function of aperture magnitude observed by each
detector are shown in Figure 2. The limiting magnitudes, here taken
to be the magnitude where the number counts in Figure 2 decrease
sharply, provide a proxy for the individual detector sensitivities.
The sensitivities agree to within 10 % between the individ ual
chips. We also show in Figure 2 the number counts for a deep
co-added stacked image of the four rotated and aligned jitter
sequences which are a fac tor of two deeper than the individual
sequences. We used the co-added stack to assess the number of
spurious sources detected on each individual de tector: objects
matched from the single chip image to the deeper image are
considered to be real, while objects that only appear on the single
chip images are considered spurious. The image arte facts on
detector 2, which are caused by radioactive events, do result in an
ele vated number of spurious detections at faint magnitudes,
reaching 20 % at the limiting magnitude.

10

The Messenger 144 June 2011

population studies have been ham pered by HAWK-Is large minimum
detector integration time (DIT), which causes saturation on bright
sources and almost completely prevents observations in the Galactic
disc. 3) No papers were published in the field of star formation
and structure of nearby galaxies (science cases #3 and #4) in the
period up to and including 2010, in spite of the fact that several
programmes have been queued and successfully executed. 4) Contrary
to expectations, HAWK-I was intensively used to study exoplanets,
via transit or occultation techniques (Gibson et al., 2010;
Anderson et al., 2010; and Gillon et al., 2009), and to conduct
supernova search campaigns (Goobar et al., 2009) for spectroscopic
follow-up. Transit observations, in particular, are expected to be
increas ingly important in the nearby future as a windowed readout
of the detec tors has been implemented. 5) The majority of the
observations pub lished require or benefit from the large field of
the instrument. In Figure 3 we give two examples of JHKs
colour-composite maps highlighting the superb image quality of the
HAWK-I camera. Future directions: HAWK-I + GRAAL It is anticipated
that HAWK-I will be equipped with GRAAL and routinely operate in
GLAO mode from 2015 onwards, which will open up new paths for
competitive science cases in the coming years. The image quality
delivered by HAWK-I + GRAAL is expected to be 20 % better in
comparison with today. For seeing in the Ks-band of 0.6 arcseconds,
the GRAAL-supported instrument is expected to deliver a resolution
of 0.5arcseconds on a regular basis. Given HAWK-Is pixel scale of
0.106 arcseconds, the PSF delivered by HAWK-I + GRAAL will still be
Nyquist-sampled, which is particularly important for precise
PSFphotometry, astrometry and the analysis of morphological
structures on subarcsecond spatial scales. Currently, half of the
HAWK-I Ksband images show an image quality (full width at half
maxi

Figure 3. Three colour (J [1.25 m], H [1.65 m] and Ks [2.15 m])
com posite maps obtained with HAWK-I. The upper image shows the
nearby galaxy Messier 83, total exposure time was 8.5 hours and
field of view 13 arcminutes squared. On the bottom, an image of 6
by 5.2 arc minutes of two stellar clusters in the Carina Nebula is
shown, obtained during HAWK-I science verification.

ESO/M. Gieles, Acknowledgement: Mischa Schirmer

mum, FWHM) on point sources larger than 0.6 arcseconds. This
arises from the fact that 70 % of the HAWK-I observa tions were
executed during DIMM (differential image motion monitor) seeing
worse than 0.83 arcseconds. Half of the HAWK-I observations were
performed at a median DIMM seeing of almost 1 arc second. The
poorer than average seeing conditions prevalent during most HAWK-I
observations is a result of the demand for

good seeing conditions for NACO and SINFONI. Observing with
HAWK-I together GRAAL will result in a much better image quality
performance. The question arises: what kind of scientific projects
will be feasible with HAWK-I + GRAAL that are currently not
feasible with HAWK-I, or only under very rare con ditions, when the
seeing is exceptionally good. We outline three selected science
cases of HAWK-I + GRAAL.
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1. Cosmological surveys A deep, wide-field NIR imaging survey
complementing the HST/CANDELS cos mological survey is required.
CANDELS1 is the largest single project in the history of the Hubble
Space Telescope, with 902 assigned orbits of observing time and
obtains images at J and Hband over a total field of view of 30 30
arc minutes. The survey will be completed in 2014. As the
scientific exploitation also relies on multi-colour imaging, HAWK-I
+ GRAAL is an ideal instrument to complement the survey with very
deep Ks and Yband imaging, as well as with nar rowband imaging
aimed at searching for very high redshift galaxies. Morpho logical
studies of galaxies at intermediate and high z are a particular
goal of the project that can be pursued only with a spatial
resolution of < 0.5 arcseconds over a wide area. A wide field of
view is essential in such a study, since structural properties are
analysed on sufficiently large statistical samples. HAWK-I obser
vations in the Y-band, complementing the first two CANDELS fields,
have already been scheduled. VISTA does offer the requested
wide-field capability, but delivers neither the spatial resolution
nor the required sensitivity. In order to reach the same limiting
mag nitude, VISTA requires an integration time 16 times longer than
HAWK-I + GRAAL. However, the NIRCAM2 instrument onboard JWST will
have a field of view almost six times smaller than HAWK-I, but will
offer at least a factor 15 in improved sensitivity. JWST is
expected to become operational in ~ 2016. 2. Nearby wide-field
imaging Stellar population studies, both in nearby galaxies and in
Galactic fields, currently suffer most from crowding and will bene
fit from an improved Ks image quality provided by HAWK-I + GRAAL.
High spa tial resolution coupled with a wide field of view is an
important requirement for stellar population studies. A problem of
current HAWK-I observations, when tar geting crowded stellar
populations, is that the relatively large minimum DIT of 1.7 s
causes saturation on the brightest sources, which are numerous when
ob serving towards the Galactic disc. The

HAWK-I instrument operation team is at present testing a new
windowed detector readout scheme that allows very short exposure
times on the brightest pixels and, in parallel, long exposures for
the remaining field. Such a new detector read out mode in
combination with HAWK-I + GRAALs improved seeing capabilities
should lead to an increase of HAWK-I observations in this research
field. 3. Exoplanets and transits HAWK-I has recently proved to be
an excellent instrument with which to perform challenging
observations of exo planetary transits. In order to obtain an
overall picture of an exoplanets atmos pheric properties,
occultation data in many photometric bands are required. With a
continuously growing number of newly discovered planets and
planetary candidates, there is a high demand for comprehensive
follow-up observations by NIR imaging. Crucial requirements for
such observations are a wide field of view, allowing for a large
number of refer ence sources for precise relative photom etry, and
an instrument sensitive enough to collect a sufficient number of
photons, typically for a S/N > 1000, in a short time. From space
the CoRoT satellite (Moutou et al., 2008) is a mission particularly
designed to discover transiting exoplanets. CoRoT has already found
several hundred systems with candidate transiting planets. The
mission will continue beyond 2015 and will possibly be followed up
by PLATO (Roxburgh & Catala, 2006), an ESA project study due to
be launched in 2018. Similarly, from the ground, there are robotic
search projects ongoing on small telescopes. Instrumentation
includes wide-field imag ing capabilities covering several degrees
in optical bands. The goal is to discover a large sample of
candidate planetary transits which will be followed up on larger
telescopes by radial velocity stud ies or NIR imaging. Examples
are: WASP (Cameron et al., 2009) which has already detected 16
systems and will continue for several years; or HAT-South, which is
the first global network dedicated to search for transiting
planets. The increase in sensitivity of HAWK-I + GRAAL will allow
exoplanetary transits

to be followed up around stars signifi cantly fainter than those
observed at the moment (Ks of 811 mag). Therefore a larger volume
of planethost star systems can be probed, so that potential exoplan
ets detected by CoRoT come within reach of the VLT and hence
provide important NIR constraints on the physical nature of the
planets. Observations with VISTA will not have the required
sensitivity to perform such investigations. Since the large field
of view is important for precision photometry, there is no strong
advantage in using JWST/NIRCam instead.References Anderson, D. R.
et al. 2010, A&A, 513, 3 Arsenault, R. et al. 2010, The
Messenger, 142, 12 Bakos, G. A. et al. 2011, AAS Meeting 217,
253.02 Bouwens, R. J. et al. 2010, ApJ 725, 1587 Brasseur, C. A. et
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Volume 253, 29 Castellano, M. et al. 2010a, A&A, 511, 20
Castellano, M. et al. 2010b, A&A, 524, 28 Coppin, K. E. K. et
al. 2010, MNRAS, 407, L103 DAvanzo, P. et al. 2010, A&A, 422,
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talk_rock/crosstalk.pdf Fontana, A. et al. 2010, ApJL, i725, 205
Galametz, A. et al. 2010, A&A, 522, 58 Gibson, N. P. et al.
2010, MNRAS, 404, L104 Gillon, M. et al. 2009, A&A, 506, 359
Gogus, E. et al. 2010, ApJ, 718, 331 Goobar, A. et al. 2009,
A&A, 507, 71 Greiner, J. et al. 2009, ApJ, 693, 1610 Hayes, M.
et al. 2010, Nature, 464, 562 Hayes, M. et al. 2010, A&A, 509,
L5 Hickey, S. et al. 2010, MNRAS, 404, 212 Le Louarn, M. et al.
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p3d A Data Reduction Tool for the Integral-field Modes of VIMOS
and FLAMESChrister Sandin1 Peter Weilbacher1 Ole Streicher1 Carl
Jakob Walcher1 Martin Matthias Roth11

Feature Logging, at different levels of verbosity Configuration
by a plain text file Combination of raw-data images Dark current
subtraction Spectrum extraction: regular/deconvolution methods

ESO pipelines x x partly x x/ x automatic partly x partly
x/x

p3d x x all recipes x/2 x x interactive x x x x/x

Table 1. Comparison between features of p3d and the IFU modes of
the ESO VIMOS (version 6.2) and FLAMES (ver sion 2.8.7)
pipelines.

Leibniz-Institut fr Astrophysik Potsdam (AIP), Germany

Spectrum extraction: subtraction of a scattered-light component
Fully automatic spectrum tracing Creation of a dispersion mask
Flat-field normalisation Flux calibration Full error propagation
Interactive inspection of intermediate and final products Reduction
using a GUI/scripts

The second release of the data reduction tool p3d now also
supports the integral-field modes of the ESO VLT instruments VIMOS
and FLAMES. This article describes the general capabilities of p3d
and how its different tools can be invoked, with particular
reference to its use with data from VIMOS and FLAMES. p3d is a
general and highly automated data reduction tool for fibre-fed
integral field unit (IFU) spectrographs. Based on an early
proprietary version, p3d was rewritten from scratch to be more
versatile, user-friendly, extendable and informative (Sandin et
al., 2010). The first release supported four IFUs: the lens array
and PPAK of the PMAS spectro graph at the Calar Alto Observatory;
SPIRAL at the AAOmega spectrograph at the Australian Astronomical
Observa tory; and VIRUS-P at the McDonald Observatory. The second
release of p3d supports most of the remaining instru ments,
including the four higher resolu tion IFU modes of VIMOS (HR-Blue,
HR-Orange, HR-Red, and MR), as well as all the setups for the three
IFU modes of FLAMES (ARGUS, and the two sets of mini IFUs). Data
reduction features All the reduction capabilities of p3d, with
supporting test studies, are described in detail in Sandin et al.
(2010). p3d itself is available at the project website1. In Table 1
we outline the available features of p3d and the two ESO pipelines
for VIMOS (version 6.2) and FLAMES (i.e. GIRAFFE; version 2.8.7).
Cosmic-ray hits in single images, or in images that cannot be
combined, are not removed by p3d. Instead, for ESO data, we
recommend

using the DCR program (Pych, 2004) first, and thereafter, if
required, combining the resulting images in p3d using an average.
All extracted images of p3d are accompanied by an error image. By
default p3d shows graphical results of the spectrum tracing, the
crossdispersion profile fits (used later when deconvolving
overlapping spectra), the quality of the dispersion solution, and
the optimally ex tracted spectra. Figure 1 shows an example. This
makes it easy to check that the outcome is correct and
satisfactory; and if it is not these plots will quickly provide
important clues for a

solution to the problem. p3d comes with an integrated spectrum
viewer that works with any IFU (row-stacked) spec trum image,
together with a fibre position table. The algorithms used in p3d
are described in Sandin et al. (2010). With this new release all
parts of p3d are now thoroughly documented. The installation
procedure is described in the distribution README file, and the
various recipes are, together with all the options, described in
detail in the headers of the respective files. A more appealing
version of the same doc umentation is available at the project

Figure 1. The fitted cross-dispersion line profiles for a set of
the spectra in the VIMOS fourth quadrant (with grism HR-orange).
The different lines are: inten sity (in raw counts) at the middle
column of the biassubtracted continuum image (black line); the
fitted Gaussian profiles (blue lines); the initial position of each
spectrum (vertical red lines); and the vignetted spectra, which
were not fitted (vertical blue lines).
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#!/bin/bash cpath=`pwd` path=/data/user/VLT-P87/C/2011-04-27 cd
$path name=ngc1-hr-blue-T1-1a
parfile=${p3d_path}/data/instruments/vimos/nvimos_hr.prm
userparfile=../p3dred/user_p3d.prm opath=../p3dred/odata/$name
mkdir -p $opath df1=\ VIMOS_IFU_OBS117_0001_B.1.fits.gz,\
VIMOS_IFU_OBS117_0002_B.1.fits.gz,\
VIMOS_IFU_OBS117_0003_B.1.fits.gz,\
VIMOS_IFU_OBS117_0004_B.1.fits.gz group=1,1,1,2 # Files 1-3 are
combined, file 4 is used single # Extracting the object spectra for
quadrant 1: logfile=../p3dred/logs/dred_${name}_objx_q1.log
masterbias=../p3dred/odata/VIMOS_SPEC_BIAS118_0001_B_mbias1.fits.gz
tracemask=${opath}/VIMOS_IFU_LAMP118_0001_B_imcmb1_trace1.fits.gz
dispmask=${opath}/VIMOS_IFU_WAVE118_0001_B.1_dmask1.fits.gz
flatfield=${opath}/VIMOS_IFU_LAMP118_0001_B_imcmb1_flatf1.fits.gz
${p3d_path}/vm/p3d_cobjex_vm.sh $df1 $parfile
masterbias=$masterbias \ tracemask=$tracemask dispmask=$dispmask
flatfield=$flatfield \ userparfile=$userparfile opath=$opath
detector=0 \ logfile=$logfile loglevel=2 group=$group & \ #
Click away the popup window (for a 1600x1200 screen): sleep 1
&& xdotool mousemove 800 600 && xdotool click 1

cd,cur=cpath path=/data/user/VLT-P87/C/2011-04-27 cd,cpath
name=ngc1-hr-blue-T1-1a
parfile=!p3d_path+/data/instruments/vimos/nvimos_hr.prm
userparfile=../p3dred/user_p3d.prm opath=../p3dred/odata/+name
file_mkdir,opath df1=[, $ VIMOS_IFU_OBS117_0001_B.1.fits.gz, $
VIMOS_IFU_OBS117_0002_B.1.fits.gz, $
VIMOS_IFU_OBS117_0003_B.1.fits.gz, $
VIMOS_IFU_OBS117_0004_B.1.fits.gz] group=[1,1,1,2] ; Files 1-3 are
combined, file 4 is used single ; Extracting the object spectra for
quadrant 1: logfile=../p3dred/logs/dred_+name+_objx_q1.log
masterbias=../p3dred/odata/VIMOS_SPEC_BIAS118_0001_B_mbias1.fits.gz
tracemask=opath+/VIMOS_IFU_LAMP118_0001_B_imcmb1_trace1.fits.gz
dispmask=opath+/VIMOS_IFU_WAVE118_0001_B.1_dmask1.fits.gz
flatfield=opath+/VIMOS_IFU_LAMP118_0001_B_imcmb1_flatf1.fits.gz
p3d_cobjex,df1,parfile,masterbias=masterbias, $
tracemask=tracemask,dispmask=dispmask,flatfield=flatfield, $
userparfile=userparfile,opath=opath,detector=0, $
logfile=logfile,loglevel=2,group=group

Figure 2. An example of a script that can be used to extract
object spectra in VIMOS data. The script on the left-hand
(right-hand) side is used from the shell (IDL command line).

website1; these web pages are updated with each new release. p3d
is based on the Interactive Data Language (IDL)2, which must be
installed on the system. All computing platforms supported by IDL
can be used with p3d. There are three ways to invoke p3d. The first
is through the graphical user inter face (GUI), which can be
started either from the IDL command line or using the shell script
provided. This approach cor responds to the ESO tool Gasgano. The
second is to run the individual recipes from the command line, and
the third is to use the shell scripts provided; this last approach
most closely corresponds to the ESO tool Esorex. The shell scripts
use the IDL Virtual Machine together with the compiled binary files
that are provided, with or without an IDL license. The shell
scripts work on all platforms with a bash shell. The GUI method is
an easy entry point for the new user. By comparison, the two script
methods allow the more experi enced user to save time, since she or
he can simply execute the scripts anew,

after any change to the procedure or the code. Figure 2 shows an
example of a simple script, using both methods, which can be used
to reduce VIMOS data. Details regarding VIMOS and FLAMES When p3d
is used with FLAMES and VIMOS some care is required in the
configuration procedure to produce the most accurate outcome
possible. We emphasise that the required modifica tions are small
when comparing data that were extracted either before or after the
respective refurbishments (cf. Hammersley et al., 2010; Melo et
al., 2007). Here we note the details of each instrument separately,
beginning with VIMOS. VIMOS With VIMOS data the reduction is done
for each of the four quadrants individually. The data from the four
quadrants are combined in a final step after the data have been
flux calibrated to produce a datacube image with all 1600 spectra.
Data from quadrants one, two and four,

are all traced well, without any required user interaction. The
third quadrant sometimes requires a manual parameter adjustment to
trace all the spectra properly; this is caused by the spectrum
pattern, which is less well defined than in the other quadrants.
The tracing plots show that the tracing procedure some times misses
one spectrum in the last group of spectra. With pre-refurbishment
data, a similar problem is only found in data from the fourth
quadrant. The scat teredlight subtraction should be used in all
spectrum extraction procedures to set the zero background level
properly; we recommend a zeroth-order polyno mial fit. We found
that the first-guess dispersion solution of p3d allows the emission
lines that are required to create an accurate dispersion mask to be
easily identified for all grism setups and quadrants. For our data
from P86 (PI: Lundqvist), the maximum residual (for HR-blue and
HRorange) between the true wavelength and the fitted wavelength of
any arc line was 0.0020.007 nm for a fifth-order polynomial. Larger
residuals are found in
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Figure 3. The p3d spectrum viewer showing an extracted datacube,
where all four quadrants of VIMOS have been combined. The four
different pan els show: the spectrum image (upper left); the
spatial map at a selected wavelength (upper right; north is up and
east left); ten stored spatial maps of different wavelengths
(middle panels); the selected spectrum, in this case the average of
the 33 spectra that are marked in the spatial map (bottom
panel).

low-transmission spectra. We also found that the highest
accuracy level can be achieved in more spectra if cosmic-ray hits
are removed in the arc image before creating the dispersion mask.
Noise reduction is a good reason to replace an extracted flat-field
image with a smoothed version. Such a replacement proved impossible
with VIMOS, due to the strong fringing at red wavelengths. With the
new data the fringing effects are smaller, but still present. The
default is therefore to avoid any smoothing of the flat-field
image. Moreover, if twilight flatfield images are available, it is
possible to use their transmission correction and correct the data
further. In Figure 3 we show the spectrum viewer display for an
extracted and combined dataset of a supernova remnant (using
HR-orange).

The data were not flux-calibrated, but the data from the
separate quadrants were re-normalised using the mean flat-field
spectrum of each quadrant. FLAMES The three different IFU modes of
FLAMES use the same instrument configuration file. Since there is
only one detector, all spectra are reduced at once. We have found
that the tracing works well in all cases, although the last sky
fibre is always outside the CCD. The calibration fibres are reduced
along with the other fibres, but are never used by p3d. Fur
thermore, p3d provides a linear firstguess dispersion solution for
the same set of arc lines that is used by the GIRAFFE pipeline.
However, in order to enable easy identification of all the arc
lines to be used, it is advisable to re

strict the set of arc lines to the brightest before the
reduction is begun. In our data from P83 (programme ID 083.B0279,
PI: Neumayer), the maximum resid ual, between the true wavelength
and the fitted wavelength of any arc line, is constant at about
0.0050.006 nm, for a fourth-order polynomial using about 20 lines
and the LR02 setup. While the fring ing effects in the red
wavelength range are lower with the refurbished instrument than
previously, one should still not smooth the flat-field data to
remove the fringes more completely. Our reduced data of the nuclear
region of the galaxy NGC 3621 were fitted with stellar population
models and are shown in Figure 4; specifically we used the
pixelfitting code PARADISE (Walcher et al., 2009), as well as a
preliminary version of
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Figure 4. A spectrum of the circumnuclear disc of the galaxy
NGC3621. The data (black line) are fitted with a stellar pop
ulation model (red line). The blue line is the con tinuum used to
normal ise the data. Yellow areas mark wavelengths masked from the
fit. The lower panel shows the fit residuals.

VIMOSIFU (Monreal-Ibero et al., 2005). While the new version of
p3d already contains a high level of functionality, there are many
features that could still be included. For example, flux
calibration, automated dispersion-mask creation, and an integrated
line-fitting tool. With suffi cient interest from the community we
would consider adding full support also for the two remaining
fibre-fed IFUs, viz. IMACS (Magellan) and Integral
(WHT).Acknowledgements We thank Peter Lundqvist and collaborators
for providing us with data from the refurbished VIMOS instrument
(programme ID 086.D-0992). References Gonzlez-Lpezlira, R. A. et
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al. 2005, ApJ, 628, L139 Pych, W. 2004, PASP, 116, 148 Roth, M. M.
et al. 2004, ApJ, 603, 531 Sandin, C. et al. 2010, A&A, 515,
A35 Walcher, C. J. et al. 2009, MNRAS, 398, 44 Links1
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the Charlot & Bruzual (in prep.) stellar population model
(see Gonzalez et al., 2010). The lower panel shows the residuals of
the fit, i.e. a pure emission line spectrum. Note the presence of
[O iii] at 436.3 nm and of WolfRayet features at 415422nm. This
plot demonstrates the excellent quality of the data and of the
reduction procedure, allowing even the faintest features to be
identified reliably. Both VIMOS and FLAMES benefit from optimal
extraction. The associated

profile-fitting stage in p3d makes use of modern multi-core
workstations for improved processing speed. Instrumentspecific
guidelines on how to tailor the extraction are provided on the p3d
Wiki3. Outlook The old version of p3d has already been used
successfully to reduce and publish data from various instruments
(Roth et al., 2004) including first data from the

p3d project website: http://p3d.sourceforge.net. IDL can be
downloaded free from: http://www.ittvis.com. 3 p3d Wiki:
http://sourceforge.net/apps/mediawiki/
p3d/index.php?title=Main_Page2

MPG/ESO 2.2-metre telescope image of the spiral galaxy NGC3621
taken with the Wide Field Imager (WFI). NGC3621 is a nearby Sd
galaxy with a high inclination, situated at a distance of 6.2 Mpc.
The centre hosts a Seyfert 2 active galactic nucleus and a nuclear
star cluster. The colour image was formed from broad-band (B, V and
R) and narrowband ([O iii] and H) images selected from the ESO
archive by Joe DePasquale as part of the Hidden Treasures
competition (Hainaut et al. 2011, The Messenger, 143, 57). See
image eso1104a for more details.
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Phase 3 Handling Data Products from ESO Public Surveys, Large
Programmes and Other ContributionsMagda Arnaboldi1 Jrg Retzlaff1
Remco Slijkhuis1 Vincenzo Forch1 Paulo Nunes1 Diego Sforna1 Stefano
Zampieri1 Thomas Bierwirth1 Fernando Comern1 Michle Pron1 Martino
Romaniello1 Dieter Suchar11

ESO

Phase 3 represents the final step in the execution of ESO large
programmes and public surveys, which starts with the submission of
the letters of intent for public surveys and proposals for large
programmes, i.e. Phase 1, and continues with the preparation and
submission of observing blocks for service mode observations, i.e.
Phase 2. In this paper we present the new Phase 3 infrastructure
deployed on 10 March 2011. This infrastructure supports the
reception, validation and publication of data products from the
public survey projects and large programmes to the ESO Science
Archive Facility. Access to the survey data products by the
astronomical community The ESO public survey projects on the
near-infrared 4-metre VLT Infrared Survey Telescope for Astronomy
(VISTA) (Emerson et al., 2006) and the optical 2.6-metre VLT Survey
Telescope (VST) (Capaccioli et al., 2005) are ambitious projects
that range from very wide area surveys with short exposures, like
the VISTA Hemisphere Survey (VHS), which aims at covering the whole
southern hemisphere, to deep surveys concentrating on small areas
or even a single pointing on the sky, and going very deep. Typical
examples of the latter are the UltraVISTA and VIDEO surveys (for an
overview of the six VISTA and the three VST public surveys see
Arnaboldi et al. [2007]). A plot reproducing the survey areas of
the six VISTA surveys is shown in Figure 1. In addition to the
imaging surveys, ESO opened a call for spectro

Figure 1. Summary of the regions of the sky covered by the six
VISTA surveys: VHS is shown as the blue shaded areas; VIKING areas
in light green; VVV areas in light blue; VMC areas in purple; and
the ULTRAvista and VIDEO fields in red and yellow,
respectively.

scopic public surveys and the selected projects will soon follow
the same policies and procedures for telescope operations, access
to data products and publication. The raw data collected at the
survey telescopes for the different projects amounts to about 700
GB per month, which in turn are condensed into a few terabytes of
data products each year. Because of the legacy value of the public
survey projects, ESOs policy is to ensure their longterm archival
value by supporting easy access to the data prod ucts and fostering
their wide scientific use by the astronomical community at large,
beyond those projects initially iden tified by the survey teams.
Phase 3 policies and concepts Policies As stated in the ESO Council
document on the VLT/VLTI science operation poli cies (Meeting#104,
1718 December 2004), the ESO Science Archive Facility (SAF) is the
collection point for the survey products and the primary point
of

publication/availability of these products to the ESO community.
As part of the implementation of the Councils recom mendations, a
dedicated group within the Data Products Department (DPD) was set
up to oversee the definition of the requirements for Phase 3 and
their imple mentation for the validation, ingestion and publication
of data products from the various ESO projects in the SAF. The
Phase 3 tools, user manuals and defini tions of data standards are
all available on the ESO website1. The dependencies between
telescope time allocation and the delivery of data products to the
ESO SAF is made explicit in the policies for public surveys. In
fact, further allocation of observing time at the survey telescopes
beyond the first year and a half, and the scientific follow-up at
the VLT of the public survey targets is subject to timely delivery
of the survey products and their compliance to the specifications
detailed during Phase 1. The Public Survey Panel that initially
took part in selecting the public survey pro jects will
periodically review the progress of the surveys and report to the
OPC for any additional allocation of telescope time to these
projects. Concepts The Phase 3 concepts provide the frame work that
supports the data submission process and facilitates data
access
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Phase 3 Programme

and spot checks of the metadata content and the reported quality
parameters are carried out. A summary diagram of the Phase 3
process and the various respon sibilities is shown in Figure 3.Data
Collection C

Data Collection A

Data Collection B

Release 1

Release 2

Release 3

Release 1

Release 2

Release 1

Figure 2. Block diagram illustrating the hierarchy of the Phase
3 concepts: from Phase 3 programme to collection and data
release.

Phase 3 process and tools The Phase 3 process consists of the
following steps that are carried out by the PI/CoI and the ESO
staff working in the External Data Products (EDP) group. PI/ CoI
activities include the definition of new data collections and
releases, data prep aration and validation, data upload to the ESO
staging area, creation and upload of the release description, and
finally closing the release. The PI of an ESO programme can
delegate the Phase 3 process to one or more people to distribute
the effort of data submission and release preparation. Multiple
delegates can, in principle, work on the same data release but it
is the sole responsibility of the PI to finally ensure the overall
consistency. On the ESO side, the EDPs activities are to create the
Phase 3 programme, validate the submitted data, then carry out
their archival and publication. The validation of the submitted
data includes the automatic validation of the data against the
published format standards for data products, including their
header keywords, as a first step, and the verification of the data
release content as a second step. During scientific validation, the
completeness and consistency of the data release description with
respect to the submitted products is examinedData preparation Users
data validation Data release denition

through the ESO archive. They form a simple hierarchical
structure where the Phase 3 programme is at the top, fol lowed by
data collection and data releases at the bottom. A data release
must be associated to one, and only one, data collection. The
hierarchy of the Phase 3 concepts is illustrated in Fig ure2. The
data collection allows the data from a given programme to be
organised according to high-level criteria into selfconsistent
groups, which the archive user then can browse and access. As an
example of the application of these concepts, a Phase 3 programme
is then one of the survey projects (e.g., VHS), one data collection
of which may corre spond to one target object, or a target region
in case of a survey (e.g., the South Galactic Pole for the VHS
survey). The collection name must be defined when starting data
submission and cannot be revised at a later stage by the user. Each
data release must also be supported by a release description that
specifies con tent, data properties and form. The individual data
release may be considered to be a version of the data collection.
Subsequent data releases for the same collection may follow the
initial release to add more data accord ing to the progress of the
observing pro gramme (e.g., Release 2, 3, etc.). The Phase 3
infrastructure allows the data provider to complement, update or
supersede a previous release according to the PIs strategy for data
publication.

Tools The Phase 3 infrastructure consists of the following
components: a web application the Phase 3 release manager that
allows the PI to manage the Phase 3 delegation, and define
collections and releases; the release validator, which is a com
mand-line application that verifies the data standard and validity
of the header keywords against predefined rules; the FTP server
(phase3ftp.eso.org) that is used in the Phase 3 process by the
PI/CoI. On the ESO side, the release manager is accessed in
operator mode at the beginning of the Phase 3 process, to cre ate a
new Phase 3 programme, and at the end, after the data products pass
the science validation, for their ingestion into the ESO archive.
Applying for the automatic ingestion of the data products ex tracts
the header information and loads this information into the ESO meta
data repository, while all data files are sent to the bulk storage
system in the ESO archive. Two independent copies of all the data
are kept for reasons of safety. A summary showing the different
interfaces of the Phase 3 infrastructure with users and the archive
facility is dis played in Figure 4. An important aspect of the
support pro vided by the EDP group is the monitoring of the
submitted data products with respect to the executed observations.
To this end a dedicated application is used, which accesses the
metadata repository and allows the association between dataData
transfer to ESO

P.I. Data provider Closing the data release

Figure 3. Schematic diagram illustrating the Phase 3 process and
responsibilities.

Data publication

Archival storage

Verication by EDP scientist

Automatic data release validation
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P .I.

Web interface Release Manager

Staging area

Data Validation, Ingestion process EDP

sees that the first IDPs to be ingested and accessible by the
community will be those generated by the most advanced pipelines.
These IDPs will be made avail able via the query interfaces in the
sci ence archive domain dedicated to data products. Phase 3 in
operation

Archive users, researchers

Archive Query interfaces

Archive Query engine

Mass storage

Metadata repository

Catalogue database ESO Archive

VO client

IVOA Data Access Protocols

The Phase 3 tools were developed by the Data Flow Infrastructure
Department, and the operational deployment was car ried out by the
Operations Technical Support Department within ESO. The pro ject
manager for the Phase 3 Infrastruc ture is Remco Slijkhuis, in
collaboration with the EDP group. Inputs from public survey users
were collected during a dedicated oneday workshop on VISTA data
products at ESO on 30 November 2010. The presen tation of the Phase
3 infrastructure and tutorials were followed by a joint discussion
with the VISTA survey teams, and whenever possible, the requests by
PIs for extra functionality were imple mented in the Phase 3
infrastructure that was deployed on 10 March 2011. The current
Phase 3 submission for the VISTA public surveys is ongoing with 6.8
terabytes of data products currently uploaded on the Phase 3
staging area. Once the scientific validation is completed by the
EDP group, these data products will be safely stored, and then
become available for community access via the archive query
interfaces. For enquiries on the Phase 3 process or to initiate a
Phase 3 submission, please contact [email protected], quoting Sub
ject: Phase 3.References Arnaboldi, M. et al. 2007, The Messenger,
127, 28 Capaccioli, M., Mancini, D. & Sedmak, G. 2005, The
Messenger, 120, 10 Emerson, J., McPherson, A. & Sutherland, W.
2006, The Messenger, 126, 41 Links1

ESO community

Figure 4. Diagram illustrating the Phase 3 data flow and
intefaces with users and the ESO Science Archive Facility. The
staging area provides 15 TB of disk space.

engaged in further developing the Phase 3 infrastructure so as
to be able to accept catalogues and internal data products (IDPs).
Catalogues As high-level data products, the resulting source
catalogues from the public survey projects represent particularly
impor tant results. They are delivered at the milestones set by the
major survey releases, the first of which is on 1 Octo ber 2011, a
year and a half after the beginning of science operation with
VISTA. Source catalogues require the data from different bands and
tiles to be merged and a global calibration across tiles to be
applied. The catalogues are different from the source lists, which
are per-tile products and can be downloaded as entire FITS tables.
The cata logue contents will be searchable via a dedicated query
interface in the ESO archive. Basic functionalities will be
supported to allow the archive user to carry out searches by
position as well as by non-positional source parameters for sources
in any areas of the southern sky, for further scientific selection
and investigation on the users computer. IDPs An important aspect
of the Phase 3 con cepts is that they were developed to support the
publication of the data prod ucts generated by ESO as part of the
quality control process. The DPD fore

product files and the successfully executed OBs at the survey
telescopes stored in the Phase 2 database. Data standards The
definition of data standards and the deployment of the rules as the
basis of the automatic validation are key responsibilities of the
EDP group. Data standards are required to characterise the level of
data reduction and calibra tion, to track provenance, which allows
ESO to monitor survey progress, and finally to support the query
for specific data products and VO protocols via the ESO archive
interfaces. For the VISTA data, a number of product types were
identified: tiles, pawprints, stripe images, weight maps and source
lists. Their definition and relevant key words are illustrated on
the Phase 3 web page1. Whats next? Publication of catalogues and
internal data products While supporting the Phase 3 process for ESO
programmes and developing new data standards, the EDP group is

Phase 3 web information: http://www.eso.org/sci/
observing/phase3.html
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Colour-composite image of the nearby Carina dwarf spheroidal
galaxy formed from the combination of thousands of images in U, B,
V and I with many telescopes and imagers including the MPG/ESO
2.2-metre telescope and Wide Field Imager. See the article by
Stetson et al. (p. 32) for more details.
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A VISIR Mid-infrared Imaging Survey of Post-AGB Stars

Eric Lagadec1 Tijl Verhoelst 2 Djamel Mekarnia 3 Olga Suarez 3,
4 Albert A. Zijlstra 5 Philippe Bendjoya 3 Ryszard Szczerba 6
Olivier Chesneau 3 Hans Van Winckel2 Michael J. Barlow7 Mikako
Matsuura7, 8 Janet E. Bowey7 Silvia Lorenz-Martins 9 Tim
Gledhill101 2

ESO Instituut voor Sterrenkunde, Katholieke Universiteit Leuven,
Belgium 3 Fizeau, OCA /UNS/CNRS, Nice, France 4 Instituto de
Astrofisica de Andalucia, Granada, Spain 5 Jodrell Bank Centre for
Astrophysics, University of Manchester, United Kingdom 6 N.
Copernicus Astronomical Center, Torun, Poland 7 University College
London, United Kingdom 8 Mullard Space Science Laboratory,
Univerisity College London, United Kingdom 9 Universidade Federal
do Rio de Janeiro, Brazil 10 University of Hertfordshire, United
Kingdom Post asymptotic giant branch (AGB) stars are key objects
for the study of the dramatic morphological changes that low- to
intermediate-mass stars undergo during their evolution from the AGB
towards the planetary nebula stage. There is growing evidence that
binary interaction processes may play a determining role in shaping
many objects, but so far direct evidence for binarity is still
weak. We report on a systematic study of the dust distribution
around a large sample of post-AGB stars that probes the
symmetry-breaking in the nebulae around these systems. According to
our current understanding of stellar evolution, all stars with main
sequence masses in the range 18MA evolve via the asymptotic giant
branch

phase to the planetary nebula (PN) stage. As they ascend the
AGB, their mass-loss rate increases from solar-like values of 10 14
MA /yr up to 10 4 MA /yr. The inte grated mass lost from these
stars is an essential component of galactic evolu tion, as it is
the main source of s-process elements in the Universe and the main
producer of carbon. AGB stars are also the main contributors to the
dust phase of the interstellar medium (ISM). During the last stages
of AGB evolution, the remains of the convective hydrogen enve lope
are ejected during final, quiescent and sporadic mass-loss events.
Dust grains and molecules, predominantly CO, form in their winds,
forming large circum stellar envelopes that can be detected in the
infrared and millimetre domains. A departure from spherically
symmetric massloss is observed in a substantial fraction of
suspected AGB to PN transi tion objects. In particular, multipolar
structures are often associated with protoplanetary nebulae (PPNe).
The three-dimensional morphologies of these objects are projected
on the sky, thus making it difficult to determine the intrinsic
morphology of PPNe and PNe. But it is estimated that around 80 % of
all PNe show aspherical morphologies. Hubble Space Telescope
observations of PNe, for example, show a large range of
morphologies, including elliptical, bipolar, multipolar or round
nebulae. Hydrodynamical models explain many of the observed
structures from a struc ture-magnification mechanism, where a fast
wind from the central star of the PN ploughs into the earlier slow
AGB wind, amplifying any density asymmetry already present: this is
the generalised interacting stellar wind model (GISW). Another
model has also been proposed to explain the shaping of PNe. In this
model shaping occurs at the end of the AGB phase, when fast
collimated jets are triggered and shape a bipolar nebula. If the
direc tion of the jets changes with time, then multipolar nebulae
can be formed. Such jets could be formed through inter action with
a companion, e.g., in an accretion disc (see Balick & Frank
[2002] for a review). Much of the theory of the shaping of PN and
PPN relies on the presence of cir

cumstellar material in either a dusty torus or a disc. Our team
has discovered some discs/tori in the heart of PNe (Lagadec et al.,
2006; Chesneau et al., 2006; Matsuura et al., 2006; Chesneau et
al., 2007) using adaptive optics on ESOs Very Large Telescope (VLT)
and midinfrared (MIR) interferometry at the Very Large Telescope
Interferometer (VLTI). But the role of these discs/tori in the
shaping of the nebulae is still unclear, as we know neither the
fraction of the total dust mass that is present in these central
cores, nor the fraction of objects exhibiting such a disc/torus
structure. In order to observe the inner region of post-AGB stars,
we need MIR observa tions, as the dust optical depth is smaller at
longer wavelengths. The MIR is the only wavelength range at which
we can ob serve the inner morphology of stars from the AGB to the
PPN phase. Furthermore, the main source of radiation for these
sources in the MIR is direct emission from dust, while at shorter
wavelengths it is scattered light. Mid-infrared imaging is thus the
best way to study the dusty structures inside these evolved stars.
Many MIR imaging observations of postAGB stars have been made in
the past. But the only available MIR imaging survey (Meixner et
al., 1999) has been made with 3-metre-class telescopes and suf fers
from limited angular resolution for the morphological study of the
observed objects; in addition the survey selection is biased, as
known bipolar nebulae were observed. The survey consisted of only
17 resolved sources. Some work has been done using 8-metre-class
tele scopes, but always focusing on particular individual bright,
well-known objects. Here we present the results from the first
mid-infrared Nband imaging survey of a large number of post-AGB
stars with 8-metre-class telescopes. We aim at a systematic survey
probing the inner dusty regions of post-AGB stars. Target selection
and observations The large sample of observations came from five
distinct observing runs from VISIR/VLT, Michelle/Gemini North and
T-Recs/Gemini South.
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Our sample contains the brightest postAGB stars observable from
Paranal and includes PPNe, R CrB stars, RV Tauri stars and Water
Fountains. R CrB stars are hydrogen-deficient post-AGB stars with
known obscuration events. RV Tauri stars are pulsating post-AGB
stars, located at the high luminosity end of the Population II
Cepheid instability strip. These RV Tauri stars are likely to
harbour compact dusty discs. Water Fountains are oxygenrich PPNe
characterised by the presence of blue and red-shifted OH and H2O
masers, hence their curious class name. Some bona fide PN and
evolved massive stars were also observed. Most of the observations
were obtained with the MIR instrument VISIR on the VLT. The
excellent observing conditions during our run (0.43 mm of
precipitable water vapour in the atmosphere), com bined with the
burst mode on VISIR, allowed us to obtain high quality diffrac
tion-limited images. The burst mode readout allows every single
frame of an exposure to be saved. In this way it is possible to
follow rapidly evolving events or to improve the spatial resolution
by taking short enough exposures to freeze atmospheric turbulence,
as in lucky imaging (e.g., Law et al., 2006). This mode can be used
only for objects that are bright enough to provide a high enough
signal-to-noise (S/N) in a single elemen tary frame. We thus
observed 93 evolved stars in a quasi-uniform way in the
mid-infrared, with a spatial resolution of the order of 0.3
arcseconds (which is the diffraction limit at this wavelength). Two
kinds of objects: resolved cores and detached shells From the set
of 93 objects we observed, 59 appear as point sources. Among the
extended targets, we resolved a wealth of different structures,
such as resolved central cores, dark central lanes, de tached
shells, S-shaped outflows. If we consider only the PPNe from our
sample, we arrive at a sample of 52detected objects.

IRAS 10197

IRAS 16594

1 IRAS 17311

1 IRAS 17441

1Figure 1. VISIR 10 m images of a sample of postAGB stars with
resolved central cores. The designation of each target is given and
the spatial scale is shown.

1close to the central star; the objects with detached shells are
characterised by the presence of a clear double-peaked distribution
to the SED, with a first peak at a wavelength shorter than 1 m due
to the central star, and a second peak due to the cool dust in the
shell. The flux is much lower in the nearIR due to the absence of
dust close to the central star. Figure 3 shows examples of both
SEDs. The very strong correlation between the presence of a dense
core and the bipolar morphology is an indication that the dense
cores play a role in the shaping of the nebulae. Two main classes
of models have been proposed to explain the shap ing of nebulae.
The first class of models is based on the GISW models and here a
fast wind from the central star of a PPN or PN interacts with a
slower wind, a remnant of the AGB phase, assumed to be toroidal. In
the second class of mod els, the primary shaping agents are
highspeed collimated outflows or jets that are created at the end
of the AGB phase or at the beginning of the PPN phase. The
interaction of these jets with a spherical AGB wind will create
lobes that are in fact

For the largest objects that are clearly resolved, we notice
that the PPNe can be divided into two categories. On the one hand
the objects with a dense cen tral core, in the form of a bright
central source or a dark lane, with most of the emission coming
from the poles, indicate the presence of a large amount of dust,
making the central regions optically thick even in the MIR. Four
examples are shown in Figure 1. On the other hand, some objects do
not have such a dominant cen tral core, and we can observe either a
detached shell or the central star (exam ples in Figure 2). The
objects without a central core all have an elliptical morphol ogy,
while the objects with a central core are either bipolar or
multipolar. Both types of sources are differentiated in their
spectral energy distribution (SED): the objects with a dense
central core or an equatorial dark lane have a rather flat SED in
the near-infrared wavelength range, due to the presence of hot
dust
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IRAS 07134

IRAS 17163

1 IRAS 19374

1 IRAS 19500

Most AGB stars have a large-scale circu larly symmetric
morphology, while PNe display a variety of morphologies from
elliptical to bipolar or multipolar. Optical imaging surveys of PNe
indicate that 80 % of the PNe show a clear sign of departure from
circular symmetry, and thus that approximately 20 % of PNe are
spherical. The shaping of the PNe is thought to occur at the very
end of the AGB phase or the beginning of the PPN phase. It is thus
surprising that in our sample of 25 resolved PPNe, we do not find
any circular ones. The fact that we do not observe any circular
PPNe could be a sample selec tion effect. We selected our targets
as bright IRAS 12 m sources. To be a bright emitter at these
wavelengths, an object needs to have dust with a tem perature of
approximately 300 K, which must therefore be located close to the
central star. This is the case for the stars with a central core,
which are aspherical. The spherical PPNe are fainter than the
non-spherical ones in the mid-infrared, due to the lack of a
central torus/disc emitting in this wavelength range. At the end of
the AGB phase, the envelopes of the AGB progenitors of circular
PPNe are ejected and rapidly cool down while expanding. There are
thus very few spherical PPNe that are bright in the midinfrared.
Furthermore those bright PPNe are compact and thus difficult to
spatially resolve. The best way to detect such spherical envelopes
is thus at longer wavelengths, and such detached shells are
actually observed in the far infrared with the Herschel Space
Observatory. Formation of point-symmetric structures

1Figure 2. VISIR 10 m images of a sample of postAGB stars with
detached shells. Annotations are as in Figure 1.

1

IRAS 17441 100.00 10.00Flux (Jy) Flux (Jy)

IRAS 19500 100

1.00 0.10

10

1 0.01 1 10 Wavelength ( m) 100 1 10 Wavelength ( m) 100

Figure 3. Typical spec tral energy distributions of the two
classes of objects observed. Left: an object with a dense
equatorial dusty torus and a bipolar/multipolar morphology. Right:
an object with a detached shell and an elliptical morphology.

cavities. If the direction of the jets changes with time,
multipolar nebulae can be shaped. Both models require the presence
of a central torus/disc in the core of the neb ula. Our
observations clearly indicate that the bipolar and multipolar
nebulae do have such a central structure in their cor
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