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Report on the workshop on

THE POWER OF OPTICAL/IR INTERFEROMETRY:
RECENT SCIENTIFIC RESULTS AND SECOND-GENERATION
VLTI| INSTRUMENTATION

HIS WORKSHOP WAS HELD IN
Garching from April 4 through
April 8, 2005, with 2.5 days
dedicated to science from in-
terferometers, and 2.5 days
dedicated to concepts of second-genera-
tion instrumentation for the VLTI. With about
170 registered participants from a large num-
ber of countries and institutions, it can be
safely stated that the workshop was a huge
success. This massive participation forced
the organizers to abandon the idea of holding
the workshop inside the ESO headquarters,
and accept the generous offer of a vast
meeting room at the MPE, made by Prof. R.
Genzel. Similarly overwhelming was the
number of contributions. The number of re-
quests for just the scientific part of the work-
shop could have easily filled a full week-long
schedule with interesting oral presentations,
and difficult selections were necessary.
Naturally, the VLTI was in the spotlight,
and with good justification. More than half
of the total of the world’s interferometric ref-
ereed publications in 2004 originated from
VLTI results, and at the Workshop about two
thirds of the 39 oral presentations were sim-
ilarly centred on recent VLTI results. Next to
the well-known VINCI and MIDI, the newly
arrived AMBER instrument could also be

Figure 1: Progress in detecting angular-diameter
variations in Cepheids by interferometry (presented
by Mérand). Left: first attempt (Mourard et al. 1997,
Science with the VLT Interferometer, Proceed-

ings of the ESO workshop, p. 334). Centre: first
detection (Lane et al. 2000, Nature 407, 485).
Right: recent results by Merand et al. (submitted).
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showcased. AMBER is in fact still under
commissioning, and will start its open time
observations in October 2005. In spite of the
venue and of the implicit focus on the VLTI,
a large number of speakers were not directly
associated with the ESO interferometric com-
munity, and many of the presentations also
gave results obtained at other facilities.

At the beginning and midway through the
Workshop, the audience was fascinated by
historical perspectives, spanning about two
decades, on theinitial ideas, development and
implementation of the VLTI, as presented by
two major players in the project, P. Léna and
J. Beckers. Also fascinating was the outlook
on the future of VLTI (and beyond) provided
at the closing of the science part by A. Quir-
renbach and T. Henning. The final format of
the scientific part of the Workshop consisted
of six sessions on four main topics. Some
selected highlights are summarized below.

A. Richichi reviewed the statistics on
measurements of angular diameters. About
650 sources have at least one direct measure-
ment, but in fact only half of them have re-
peated measures and only about one third are
of sufficient accuracy to constrain theoretical
models significantly. Breakthroughs are qui-
etly occurring in this field, such as very accu-
rate measurements of second-order quantities
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(flattening, limb-darkening), and angular
diameters of important, but not well-studied,
objects such as main-sequence and pre-main-
sequence stars. G. Perrin reviewed the sub-
ject of interferometric measurements of late-
type stars, concentrating in particular on nar-
row spectral-band measurements of Mira
stars, on the subject of fundamental or over-
tone pulsation, and on the circumstellar com-
ponents.

Perhaps one of the most exciting subjects
was that of Cepheid stars, with interferome-
ters now able to directly measure the angular
variations of the diameters and thus to cali-
brate precisely the Period-Luminosity rela-
tionship. Speakers on this topic included
P. Kervella, A. Mérand and J. Davis, with
results from the VLTI, CHARA and SUSI
interferometers. Impressive illustrations of
the progress in this field are provided in Fig-
ures 1 and 2.

An outstanding target was Eta Car. Both
O. Chesneau and T. Gull devoted their pre-
sentations to this exotic object, reporting on
observations with MIDI, as well as with HST
and VLT. Also R. Petrov reported, among his
survey of AMBER results, some brand new
observations of Eta Car which, although of
very preliminary nature, are sure to fuel much
interpretative work (see Figure 3).
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Figure 2: Comparison of SUSI and VLTI measure-
ments (optical and near-IR, respectively) on

the Cepheid star | Car (presented by J. Davis, VLTI
measurements by Kervella et al. 2003, Semaine
de I’Astrophysique Francaise, Conference Series,
p. 531).

Next to the single giant stars and their cir-
cumstellar environments, a staple food of
interferometry is represented by binary and
multiple stars on one side, and by young
stellar objects on the other: it was certainly
interesting to note that the amount of results,
some of which very recent and yet unpub-
lished, was comparable across these areas. C.
Hummel reviewed the subject of interfero-
metric measurements of binary and multiple
stars, highlighting the precision which is now
obtained in the orbital results also for systems
with justa few milliarcsecond separation (see
Figure 3).

A. Boden reported a preliminary physi-
cal orbit for the pre-main-sequence star
HD 98800 B. He obtains masses for the two
components of ~ 0.5 and ~ 0.4 solar mass,
with an accuracy of 5% which is unprece-
dented among the very rare determinations of
this kind for pre-main-sequence stars (see
Figure 3).

The last part of the workshop took the
audience from the familiar subjects of stellar
astrophysics to more exotic areas. K. Meisen-
heimer reviewed the subject of interferomet-
ric measurements on AGNSs, a field which did
not exist until two years ago and that now
already has several observations, mostly ob-
tained at the VLTI. He detailed in particular
the ground-breaking observations obtained
by MIDI on NGC 1068 first (Figure 6,
see next page), and then on Circinus A. A.
Poncelet further illustrated the diversity of
theoretical models available and how the data
can constrain them.

The subject of the Galactic Centre also
took a share of the spotlight, with recent
MIDI/VLTI observations of IRS3 presented
by A. Eckart, representing the first observa-
tion by interferometry of a mid-IR source in
this region. A. Eckart concluded that the ob-
servations, when analyzed in combination
with other photometric and spectroscopic
data, will permit one to assess the size, geom-
etry and grain composition of this source.
Modelling is currently in progress. Even
more intriguing were the prospects for future
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Figure 3: AMBER
observations of Eta Car
on a 3-UT combination.
Left: the spectrally
dispersed visibilities on
the 3 baselines. Right:
same, for the differen-
tial phases (presented
by R. Petrov).

Figure 4: Orbits in

the triple system

Eta Vir (presented by
C. Hummel). The image
shows the constellation
of the three stars with
A, accompanied by Ab,
in the upper right and
B in the lower left. The
other curves show:

the A-B orbit, a zoom-
in on the orbit of B
displaying loops due to
the motion of the
photocentre around the
centre of mass of com-
ponent A, and (note the
scale) the Aa-Ab orbit.

Figure 5: Orbital
measurements of

HD 98800B, obtained
with the Keck Inter-
ferometer (presented
by A. Boden).
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studies of the inner parts of the Galactic Cen-
tre presented by T. Paumard. The speaker
showed that the mass and mass distribution
in the GC can be studied by following the
orbits of stars in aregion smaller by about one
order of magnitude of what is currently pos-
sible. Such orbits would have periods of about
one year, and with their high ellipticity and
precession would permit one to infer the rel-
ativistic effects of the strong gravity connect-
ed with the black hole at the centre of our own
Galaxy.

Interferometric studies of exoplanets are
another subject which will keep us waiting
for 1-2 more years, but equally rich in excit-
ing perspectives. The issue was reviewed by
D. Queloz, who compared the RV, transit and
interferometric methods for the study of exo-
planets. He argued that the VLTI will pro-
vide invaluable information on these systems
starting with the first results from PRIMA,
and suggested a strategy of massive surveys
with this facility. He also advocated that sta-
bility and accuracy should be the first requi-
sites of second-generation VLTI instruments.

SECOND-GENERATION INSTRUMENTATION
FOR THE VLTI
The second part of the workshop continued
with the same enthusiasm as the first part.
M. Scholler, R. Petrov and Ch. Leinert dis-
cussed the lessons learned during the imple-
mentation of the VLTI and its instruments.
The stage was then given to the instrument
proposals, which we summarize briefly be-
low. Most of the proposals required the so-
called VLTI ‘4 x 4’ box, with four UTs and
four ATs equipped with PRIMA star separa-
tors, a 4-beam Fringe Sensor Unit, four Dif-
ferential Delay Line Units (two more than
currently foreseen) and improved Metrology.
In addition, there were presentations of gen-
eral concepts for multi beam fringe tracking
(M. Gai and F. Cassaing), for multiple ana-
morphic beam combination (E. Ribak), for
the combination of VISTA with the VLTI
(G. Perrin) and for the use of heterodyne
detection in the N-band (R. Schieder). A large
number of posters covered an even wider area
of instrumental and technical topics.

The Apres-MIDI concept was proposed
by the former MIDI Consortium presented by
B. Lopez (OCA, Nice) and S. Wolf (MPIA,
Heidelberg). Their approach is to upgrade
MIDI by adding a 4-beam imaging mode with
filters to complement its current spectroscop-
ic mode with two beams only. Prime science
targets are the study of the complex circum-
stellarenvironment of (young orevolved, sin-
gle or multiple) stars and of the detailed struc-
ture of AGN tori. The upgrade involves
adding an opto-mechanical subsystem in
front of MIDI and exchanging a few optical
pieces inside the Dewar.

Two competing concepts — VITRUV and
CavCam - that could lead to a successor
to AMBER were introduced. They permit

120

1.07
I —PB=39m
0.8 4
- —PB=46m
£06r _PB=78m ]
._9 L
> 04f ]
0.2}
O-O:H L Il \\\\T‘*\Af\\\ il Ll

Figure 6: MIDI/VLTI
observations of

NGC 1068 (various
baselines) and the
comparison with theo-
retical models (present-
ed by A. Poncelet).
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multi-beam (four, six or even eight) combi-
nation instead of the current 3-beam only with
AMBER. Prime science targets are stellar
surfaces, circumstellar environments, micro-
quasars, and the central part of AGNs. Both
instruments have roughly the same footprint
as AMBER in the VLTI Laboratory.

VITRUYV, a four- to eight-beam near-IR
instrument, was proposed by a Consortium
presented by F. Malbet (LAOG, Grenoble)
and P. Garcia (CAUP, Porto). In their techni-
cal concept integrated optics is used to pro-
vide a compact maintenance-free beam re-
combiner. Extensions to the /- and L-bands,
plus the addition of a medium spectral reso-
lution mode (for e.g. stellar jets/winds and
stellar dynamics around super-massive black
holes) were also discussed.

A technically different approach was ad-
vocated by D. Buscher from Cavendish Lab-
oratory (hence the provisory instrument name
‘CavCam’) at University of Cambridge. He
proposed a four- to six-beam beam combin-
er with an Envelope Sensor Unit, i.e. not
tracking the individual fringe like an FSU but
instead the fringe package envelope given by
the group delay. The use of bulk optics
ensures optimal efficiency (~ 25 % improved
transparency compared to integrated optics)
but less accurate visibility measurements
since the fringes are not calibrated in flux.
The use of group delay tracking also is less
accurate compared to fringe tracking, but
observations would be more sensitive and
could be obtained on many science objects
lacking a bright enough reference source
required for fringe tracking.

VIDA, a potential additional mode to
VITRUY, was presented by O. Lardiere (Col-
lege de France) and J. Schneider (Observa-
toire de Paris). Here, a densified pupil is used
providing high sensitivity and high dynamic
range at the cost of an extremely small field
of view. Prime science targets are exoplanets
(Hot Jupiters may be detectable), stellar sur-
face imaging, gravitational lenses and AGNSs.
A VIDA test bench is currently under devel-
opment at OCA.

R. Neuhaeuser (University of Jena) intro-
duced the NIFI instrument aiming — on the
technical side — at investigating integrated
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optics based subsystems (beam recombina-
tion and Delay Lines) in the J-, H- and per-
haps K-band. The scientific impetus is to
detect close companions to young stars and
directly image stellar convection.

VEGA was proposed by D. Mourard
(OCA, Calern). This would be essentially a
remake of the REGAIN instrument that is
installed at the GI2T (Calern). Operating in
the 0.5-0.9 um region, with a spectral reso-
lution ~ 5000, it would combine up to four
telescopes. Photon-counting detectors with
30% Q. E. are used to obtain a good sensi-
tivity. Two modes are foreseen, x-A spec-
troscopy with polarimetric information and
multi-band pass imaging. Prime science
targets are spots on magnetic stars, AGN,
Cepheids and astroseismology.

A. Quirrenbach (University of Leiden)
discussed I-UVES, linking the existing
UVES instrument with a beam combiner in
the VLTI Laboratory via 150-m long incoher-
ent fibers. This provides high-resolution
(R ~ 60000) single-baseline interferometric
data in the visible, A = 0.6—0.9 um. Without
adaptive optics on the Auxiliary Telescopes
they would have to be stopped down to about
50 cm. This instrument would essentially be
dedicated to the precise testing of stellar mod-
els via diameter versus wavelength, oscilla-
tion mapping and direct measurement of star
differential rotation.

With all the instruments discussed so
far serving more general science cases,
F. Eisenhauer (MPE, Garching) presented a
dedicated single-topic science facility for the
VLTI. The approach is to develop a low spec-
tral resolution (~ 30) large efficiency (fully
optimized for the K-band), high accuracy
(dedicated AO system with an IR wave-front
sensor, internal differential delay lines, cryo-
genic enclosure) system combining up to six
beams. Preliminarily dubbed GRAVITY, it
was essentially conceived to probe strong
General Relativity effects by observations of
close stellar orbits and differential astrome-
try of flashes in the Galactic Centre, plus pos-
sibly photometric detection of hot Jupiters.

GENIE, the Darwin ground demonstrator
was presented by P. Gondoin (ESA). It is
based on 2-beam interferometry in the L-band



and would offer both anulling and a construc-
tive mode. The science case covers in partic-
ular the survey and detection of possible
exo-solar zodiacal dust discs, as well as Peg-
asides. Other applications include stellar
formation, circumstellar environments, and
AGNs. The Genie Science Team (co-spon-
sored by ESA and ESO) has produced a
comprehensive report on the scientific
prospects of this concept. After two ESA-
funded Phase A studies were performed in

2004 by ALCATEL and ASTRIUM, the deci-
sion has to be taken which concept to choose.

CONCLUSIONS: TOWARDS SECOND-GENERA-
TION INSTRUMENTATION AND INFRASTRUCTURE
The quality of the presented instrument con-
cepts was remarkably high. While in the mid-
infrared Apres-MIDI was basically without
competition except for the fact that one could
ask for a more powerful spectroscopic mode,
the near-infrared had a dense field of com-

petitors. Here the choices to be made are
between bulk optics vs. integrated optics and
envelope tracking vs. fringe tracking on the
technical side, and wide vs. narrow scope on
the scientific side. But with such an enthusi-
astic and knowledgeable community, there
should be no doubt that whatever choice is
taken we will have a second generation of
VLTI instruments that will ensure further
workshops like this one.

DuTtcH MINISTER OF ScCIENCE VISITS
ESO FAcCILITIES IN CHILE

Mrs. Maria van der Hoeven, the Dutch Min-
ister of Education, Culture and Science, who
travelled to the Republic of Chile, arrived at
the ESO Paranal Observatory on Friday after-
noon, May 13, 2005.

The Minister was accompanied, among
others, by the Dutch Ambassador to Chile,
Mr. Hinkinus Nijenhuis, and Mr. Cornelis van
Bochove, the Dutch Director of Science.

The distinguished visitors were able to ac-
quaint themselves with one of the foremost
European research facilities, the ESO Very
Large Telescope (VLT), during an overnight
stay at this remote site, and later, with the next
major world facility in sub-millimetre and
millimetre astronomy, the Atacama Large
Millimeter Array (ALMA).

At Paranal, the guests were welcomed by
the ESO Director General, Dr. Catherine
Cesarsky; the ESO Council President, Prof.
Piet van der Kruit; the ESO representative in
Chile, Prof. Felix Mirabel; the Director of
the La Silla Paranal Observatory, Dr. Jason
Spyromilio; by one of the Dutch members of
the ESO Council, Prof. Tim de Zeeuw; by the
renowned astrophysicist from Leiden, Prof.
Ewine van Dishoek, as well as by ESO staff
members.

The visitors were shown the various high-
tech installations at the observatory, includ-
ing many of the large, front-line VLT astro-
nomical instruments that have been built in
collaboration between ESO and European
research institutes. Explanations were given
by ESO astronomers and engineers and the
Minister gained a good impression of the
wide range of exciting research programmes
that are carried out with the VLT.

Having enjoyed the spectacular sunset
over the Pacific Ocean from the Paranal deck,
the Minister visited the VLT Control Room
from where the four 8.2-m Unit Telescopes
and the VLT Interferometer (VLTI) are oper-
ated. Here, the Minister was invited to follow

an observing sequence at the console of the
Kueyen (UT2) and Melipal (UT3) telescopes.

“Iwas very impressed, not just by the tech-
nology and the science, but most of all by all
the people involved,” expressed Mrs. Maria
van der Hoeven during her visit. “An almost
unique level of international cooperation is
achieved at ESO, and everything is done by
those who can do it best, irrespective of their
country or institution. This spirit of excel-
lence is an example for all Europe, notably
for the new European Research Council.”

Catherine Cesarsky, ESO Director Gener-
al, remarked that Dutch astronomers have
been part of ESO from the beginning: “The
Dutch astronomy community and industry
play a major role in various aspects of the
Very Large Telescope, and more particularly
in its interferometric mode. With their long-
based expertise in radio astronomy, Dutch
astronomers greatly contribute in this field,
and are now also playing a major role in the
construction of ALMA. It is thus a particular-
ly great pleasure to receive Her Excellency,
Mrs. Maria van der Hoeven.”

The delegation spent the night at the
Observatory before heading further North in

The Delegation in front
of Kueyen (UT2). From
left to right: Prof. T. de
Zeeuw, Dr. C. Cesarsky,
Dr. C. van Bochove,
Minister M. van der
Hoeven, Ambassador
H. Nijenhuis, Prof.

P. van der Kruit, Prof.
E. van Dishoeck, Mr.
H. van der Vlies, Mrs.
van der Kruit, Mr.

H. van den Broek, Dr.
L. Le Duc, and Prof.

F. Mirabel.

the Chilean Andes to San Pedro de Atacama
and from there to the Operation Support
Facility of the future ALMA Observatory.

On Sunday, May 15, the delegation went
tothe 5 000-m Llano de Chajnantor, the future
site of the large array of 12-m antennas that
is being built there and should be completed
by 2013. The Minister visited the 12-m APEX
(Atacama Pathfinder Experiment) telescope
and saw the technical infrastructure.

“I am fully confident that the worldwide
cooperationin ALMA will be equally success-
ful as the VLT, and I am convinced that
the discoveries to be made here are meaning-
ful for the Earth we live in”, said Mrs. van der
Hoeven. “History and future are coming to-
gether in the north of Chile, in a very
special way,” she added. “In the region of the
ancient Atacamenos, scientists from all over
the world are discovering more and more
about the universe and the birth and death of
stars. They even find new planets. They do
that on Paranal with the VLT and soon will
be doing that on the ALMA site.”

(from ESO Press Release 14/05)
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