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Edit footer on master slide, 1 January 2011

Infrastructure
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Upgrade the infrastructure!

Challenges for the decade

MIDI, VINCI table removed and volume for Gravity and MATISSE implemented

MATISSE
goes there!

GRAVITY
comes here!

VLTI Laboratory Infrastructure

PIONIER 3D: Removal and  Re-integration on FINITO table using a periscope as optical relay with support from IPAG. 
The re-commissioning has been delayed due to weather conditions, it cannot be done before June

VLTI Laboratory Infrastructure

AT service station: I2
It is in service:
• The reference plates are integrated and aligned
• The ATs control axis have been validated
• The M12 tower is implemented and aligned
• The first part of the upgrade of the STS AT3 and 

AT4 has been made in it.

Auxiliary telescopes

VLTI lab infrastructure

MIDI Decommissioning

Cooling, feed-through, false floor, etc..

VLTI Laboratory Infrastructure

progress(in(the(system(characterization,(but(the(main(drawback(is(that(system(
parameters(are(not(logged(by(the(system.(

1.2 Heidelberg'test'bench'and'prototype'
An(alignment(campaign((Heidelberg(+(Eric(Gendron,(Fanny(Chemla,(Françoise(
Delplancke)(took(place(during(Calendar(Week(18.(The(CIAO(warm(optics(were(
aligned(to(the(input(beam((test(bench)(and(output(beam((cryostat)(without(the(
derotator.(
The(following(problems(were(identified:(

1. the(2(flat(mirrors(at(the(exit(of(the(test(bench((which(bring(the(beam(to(
the(height(of(the(AOMS)(are(undersized.((

2. the(AOMS(mirrors,(on(the(off4axis(side(have(the(exact(dimensions(needed(
to(transfer(the(2(arcsec(FOV(when(the(system(is(aligned(to(prescription.(

The(first(one(creates(difficulties(for(the(system(testing(in(Heidelberg.(The(
effective(field(of(view(is(now(roughly(elliptical(with(size(1(x(2(arcsec2(and(makes(
the(testing(conditions(difficult.(Yet,(ray(tracing(simulation(suggest(that(the(
vignetting(at(the(best(alignment(should(not(be(as(large(as(actually(observed(
(Figure(1).(I(recommend(therefore:(

a4(optimizing(the(alignment(with(the(current(mirrors.(With(the(alignment(
campaign(of(CW18,(this(may(now(be(the(case.(Yet,(we(may(loose(this(
condition(after(re4aligning(the(derotator(if,(in(this(process,(some(field(is(
transferred(between(the(parabola(and(the(TTM.(
b4(planning(to(change(these(2(mirrors(with(larger(ones.(

The(second(problem(will(hit(us(in(Paranal.(It(removes(the(flexibility(to(transfer(
field(or(pupil(lateral(errors(between(CIAO(and(the(STS.(This(will(constrain(the(
operations((another(argument(to(stop(the(derotator(and(make(the(internal(
alignment(in(CIAO(static).(

(
Figure&1:&left:&FOV&measured&in&the&sub;apertures&of&CIAO&prototype.&This&is&based&on&data&collected&
with&the&prototype&of&template&#1.&Right:&ray;tracing&simulation&of&FOV&with&test&bench&periscope&
mirror&diameters&of&19cm.&The&black&circles&delimit&the&nominal&FOV.&The&red&regions&indicate&the&
actual&FOV.&

This(week((CW19)(the(Heidelberg(team((Zoltan(Hubert,(Eric(Mueller)(are(
reinstalling(and(aligning(the(derotator(to(restore(the(conditions(for(system(
testing.(

Upgrading the lab 
and infrastructure

PIONIER 3D

Eight star separators

CIAO contribution

MIDI decommissioning

Prepare GRAVITY  
and MATISSE spots

Contribution to CIAO

New AT 
alignment 
station

AT obsolescence and 
adaptation to astrometry

UT 
adaptation 

to 
astrometry
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Improve performance

PHASING the array: 
GRAVITY for MATISSE phase 

the array 

 

NAOMI 
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Figure 1. Layout of the AT telescope (transporter not included). 
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The Astrophysical Journal, 783:104 (13pp), 2014 March 10 Woillez et al.

Figure 10. Top: synthetic off-axis K-band fringe packet intensity (gray scale) reconstructed over an optical path difference range of −30 µm to + 30 µm (vertical axis)
for an integration period of 0.5 s, displayed vs. time (horizontal axis). At time zero, the previously open fringe tracking loop is closed: the fringe position is stabilized
and the contrast increases. This illustrative simulation is based on the same data set used in Figure 9. Middle: corresponding instantaneous fringe contrast. Bottom:
corresponding instantaneous fringe phase.
(A color version of this figure is available in the online journal.)

becomes harder than detecting faint fringes themselves. The
origin of this decorrelation can only be guessed. Based on the
similitude with the impact of the AO tip/tilt-induced piston,
also shown in Figure 9, its partial correction seems like the most
probable culprit. Note that these decorrelations would have had
a drastic impact on an eventual astrometric application.

3.2.2. Secondary Residuals

We then looked at the residuals measured by the off-axis
fringe tracker when receiving the feed-forward correction. This
configuration gives a more accurate estimation of what to ex-
pect when this fringe tracker is slowed down on fainter ob-
jects. As shown in Figure 9, the main difference is a drop in
square contrast to 0.9 around the 16 Hz fast fringe tracker con-
trol bandwidth. This corresponds to the previously mentioned
∼117 nmRMS at 10 Hz of secondary residual disturbance shown
in Figure 8.

The ASTRA longitudinal metrology follows the same control
pattern as the cloudé metrology, presented in Colavita et al.
(2013), where the piston measurements are high-pass filtered
before correction by the FDLs. This implementation makes the
system more tolerant to metrology breaks, but the internal OPD
fluctuations on time scales longer than the filter time constant
of τ = 2 s are not corrected. This effect is responsible for
the coherence losses at sub-hertz integration frequencies in
Figure 9, “without metrology low frequencies.” However, this is
the configuration used for the fringe contrast measurements with
integration frequencies in the 1–10 Hz presented in the following
section. Ideally, but considered too late, this filter time constant
should have been increased as soon as the integration frequency
fell below 10 Hz.

Finally, Figure 10, based on the same data set as Figure 9,
provides a direct illustration of the benefits and performance

of off-axis fringe tracking: closing the fringe tracking loop
improves the fringe contrast of long integrations and stabilizes
the fringe position. This illustration is an optical interferometry
equivalent of the open-loop versus closed-loop illustrations
shown with AO (Rousset et al. 1990).

3.2.3. Atmospheric Contribution

The contribution of the atmosphere to the differential piston
has been studied by Daigne & Lestrade (2003) for the range of
integration frequencies (102 Hz to 10−2 Hz) in which we are in-
terested. Although focused on the Very Large Telescope Interfer-
ometer on the Unit Telescopes, their models are for an observing
configuration and atmospheric conditions (0.65 arcsec seeing)
similar to what we had for our bright pair study (0.55 arcsec
seeing per the Mauna Kea Weather Center seeing monitor14).
We therefore used their estimations as an order of magnitude
assessment.

For the separation of 7.4 arcsec considered in Figure 9, the
atmospheric contribution µ2

atm is negligible compared to the in-
strument contribution even for the lowest exposure frequencies
(µ2

atm = 0.8–0.9 down to 10−2 Hz). The atmospheric contribu-
tion would only become comparable to the instrument contri-
bution for separations on the order of 20 arcsec and only for
integration frequencies beyond 1 Hz. In practice, and as illus-
trated in the following section, the instrument was never pushed
beyond this 20 arcsec separation and 1 Hz integration frequency
limit.

3.3. First Faint Contrast Measurements

Ultimately, the goal of off-axis fringe tracking was to observe
intrinsically fainter objects, measuring visibilities similar to,

14 http://mkwc.ifa.hawaii.edu/current/seeing/
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Woillez et al. 2014, KeckI

NAOMI: Adaptive optics 
for the VLTI 

CIAO: IR WFS for UTs 
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Some statistics

- Page 1 -

VLTI Demand Summary for Period 97
generated by OPO-STASI on Fri Oct 2 11:23:15 2015

The total VLTI request in Period 97 is 63.4 nights.

Summary of time request per array and instrument (nights):

 V_UT V_AT Total
AMBER   7.1  12.7  19.8
PIONIER   0.4  43.2  43.6

Total amount of requested time per array in the last 5 periods (nights):

 97 96 95 94 93
V_UT   7.5  18.2   0.0  32.1  39.3
V_AT  55.9 175.1   0.0 127.0 134.5
Total  63.4 193.4   0.0 159.1 173.7

Total amount of requested time at individual UTs (nights)(*):

 97 96 95 94 93
V_UT  22.8  57.4   0.0  92.6 108.1

Total GTO time request (nights): 0.0 of which 0.0 at V_UT.

VLTI Demand by UT (nights)(*):

 97 96 95 94 93
UT1   6.4  17.0   0.0  22.9  28.7
UT2   4.6  10.4   0.0  17.0  20.9
UT3   4.9  12.3   0.0  24.6  27.4
UT4   6.9  17.6   0.0  28.2  31.2
Total  22.8  57.4   0.0  92.6 108.1

(*) The time requested at the individual UT is the sum of the requests for the baselines
that include the given UT.
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 PIONIER/AMBER back in science operation 
 Full PIONIER data reduction support (ESO-IPAG 
agreement) 
 Gravity first commissioning finishing tomorrow 
 NAOMI proceeding to FDR - ESO-IPAG sub-
contract 
 GRAVITY for MATISSE (GRA4MAT): Phase A 
conducted. New project structure discussed with 
MATISSE and GRAVITY (1st meeting Dec 3rd)

Update



GRAVITY

11
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Infrastructure: accomplished
VLTI Laboratory + CCL

• MIDI decommissioned
• PIONIER 3D commissioned
• Gravity FO commissioned
• Infrastructure commissioned

• Cooling
• Power
• Cryo-vaccum
• Cabling
• Ect…

• Gravity BCI implemented



COLLABORATION ESO-JMMC

13
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  JMMC: an exceptional contribution to optical 
interferometry  
 ESO-JMMC collaboration: delivery of a calibrator 
catalog completed (and presented to STC) 
 VLTI Expertise center: how can ESO help?



VLTI ROADMAP

15
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Goal of the roadmap
Established with EII !
Establish the scientific pertinence of VLTI in the “ELT era”!

 Identify key scientific areas where VLTI is unique!

 Single area killing case vs. workhorse!

 Identify key scientific areas where VLTI can act in 
synergy with other facilities (e.g PLATO)!

 Define an instrumental/infrastructure roadmap to reach 
this goal (technological readiness)!

STC oversight (april 2016) - VLTI community days (sept 
2016)
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Timeline
 Epoch 1 (2015-2020):Make GRAVITY & 
MATISSE a success engage the community!

 Epoch 2(2020-2030): Third generation 
instrument(s) with limited infrastructure upgrade!

Epoch 3: Infrastructure upgrade (?)
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Key areas of scientific strength for 
VLTI

Preparing the future

Fundamental stellar physics including rotation, pulsation … 
How do stars and planetary systems form? 
How do stars enrich galaxies? 
How do massive stars form and interact with their 
environment? 
How do SN progenitors work? 
Binaries from birth to death. 
Do we understand SMBH interaction with host galaxy 
The galactic center 

Improvement of the cosmological distance scale; 
Ground based astrometric follow-up of exoplanet detections 
(post-GAIA); 
Characterisation of host stars in the context of exoplanet 
and asteroseismology transit missions (e.g PLATO); 
Constraints on strong lensing. 
 Microlensing

AREAS of strength (ASTRONET, USD, ESO Prioritisation)

AREAS to investigate

Global approach 
 vs single object 

approach
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Establish the instrumental roadmap

VLTI

VISIBLE

High spectral 
resolution (> 30000)

High dynamics Higher angular 
resolution (longer 

baselines

Increased imaging 
capability (more tel)

Polarimetry

“Wide” field 
astrometry

Sensitivity

Fundamental stellar physics (PLATO) 
Asteroseismology synergy 
Kinematics of accretion/ejection 
Star-Environment interaction

Visitor vs. Facility ?

Planet formation 
Exoplanet & Brown dwarfs in HZ

Strong lensing 
SMBH mass measurements

All science 
Enable time resolved imaging 

(Novae, hydrodynamics, convection)

Preparing the future

EXO Planet:GAIA and EXAO 
follow-up

All science - PLATO
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Initiatives communautaires

LSP | 19 October 2015 

Community initiatives 

" White paper: visible interferometry (P. Stee OCA) 

" High dynamics 3-5 micron visitor instrument  
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viii Science cases for a visible interferometer

(from 3 to 13 µm) combining the beams of up to 4 UTs or Auxiliary 1.8m Telescopes
(ATs) of the VLTInterferometer, will extend the astrophysical potential of the VLTI
by overcoming the ambiguities existing in the interpretation of simple visibility mea-
surements from MIDI and will enable direct image reconstruction. MATISSE key
science programs cover the formation and evolution of planetary systems, the birth
of massive stars as well as the observation of the high-contrast environment of hot
and evolved stars.

In the visible, after decades of spectrally resolved interferometry with respec-
tively I2T, GI2T and VEGA on the CHARA array (Mourard et al., 2009a) we
have decide to push for a new instrument in the visible which will allow direct
image reconstruction, following the PIONIER success as well as high spectral res-
olution, from the VEGA concept. In this direction a prototype, named FRIEND
(Fibered and spectrally Resolved Interferometric Experiment - New Design) as been
designed and was already tested onto the sky (Berio et al., 2014a). Having a visible
instrument on the VLTI seems to be promising since by reducing by a factor 4 the
observing wavelength (going from the K band to the visible) is equivalent, regard-
ing the spatial resolution, to an increase by a factor 4 of the baseline length, i.e.
reaching a nearly kilometric baseline. This future instrument can also be installed
on the CHARA array, an US facility with 6 telescopes of 1m which will be equipped
with adaptive optics.

With the idea to develop strong science cases for a future visible interferome-
ter, we have organized a science group around the following main topics: Pre-main
sequence stars, Main sequence stars, Fundamental parameters, Asteroseismology,
Pulsating stars, Evolved stars, Massive Stars, Active Galactic Nuclei (AGNs) and
Imaging technics. A meeting was organized in January 15 & 16, 2015 in Nice with
the support of the Action Specific in Haute Résolution Angulaire (ASHRA), the
Programme National en Physique Stellaire (PNPS), the Lagrange Laboratory and
the Observatoire de la Côte d’Azur, in order to present and discuss possible science
cases for a future visible interferometers. This book presents these science cases
developed with the help of the following people:

- Allard France - Benisty Myriam - Bigot Lionel - Blind Nicolas - Bo�n Henri
- Borges Fernandes Marcelo - Carciofi Alex - Chiavassa Andrea - Creevey Orlagh
- Cruzalebes Pierre - de Wit Willem-Jan - Domiciano de Souza Armando - Elvis
martin - Fabas Nicolas - Faes Daniel - Gallenne Alexandre - Guerrero Pena Carlos
- Hillen Michel - Hoenig Sebastian - Irland Michael - Kervella Pierre - Kishimoto
Makoto - Kostogryz Nadia - Kraus Stefan - Labeyrie Antoine - Le Bouquin Jean-
Baptiste - Lebre Agns - Ligi Roxanne - Marconi Alessandro - Marsh Thomas -
Meilland Anthony - Millour Florentin - Monier John - Mourard Denis - Nardetto
Nicolas - Ohnaka Keiichi - Paladini Claudia - Perraut Karine - Perrin Guy - Petit

September 4, 2015 16:41 World Scientific Book - 9.75in x 6.5in Science˙cases˙visible page ix

Preface ix

Pascal - Petrov Romain - Schaefer Gail - Schneider Jean - Shulyak Denis - Simon
Michal - Soulez Ferreol - Stee Philippe - Steeghs Danny - Tallon-Bosc Isabelle -
Tallon Michel - Ten Brummelaar Theo - Thiebaut Eric - Thevenin Frederic - Van
Winckel Hans - Wittkowski Markus

I warmly thanks all the contributors for their participation and the redaction of
the following chapters.

Ph. Stee

A high-precision thermal infrared instrument for the VLTI
D. Defrère, O. Absil, S. Lacour, J.B. Le Bouquin, B. Mennesson, J. Surdej, and K. Tristram

Synopsis: We propose to unlock the next level of high-dynamic range observations of the VLTI with a nulling

interferometric instrument operating in thermal infrared, a sweet spot to image and characterize young extra-

solar planetary systems.

Expected results at end of programme: The proposed instrument will both serve as a technology demon-
strator for future interferometric instruments, including PFI, and make breakthrough discoveries in the
field of extrasolar planet science. With an anticipated dynamic range of 10°4, the proposed instrument will
contribute significantly to three main areas: exoplanets, exozodiacal disks, and planet-forming regions. First,
it will be sensitive to a handful of young self-luminous or irradiated gas giant planets at angular separations
smaller than what future extremely large telescopes will be capable to resolve. Low-resolution spectroscopic
observations of such planets (e.g., ø Boo b, Gliese 86d, or HD 169830b) in the thermal infrared (3.5-4.5µm) are
ideal to derive the radius and effective temperature of the observed planets and provide critical information to
study the non-equilibrium chemistry of their atmosphere via the CH4 and CO spectral features. Second, the
proposed instrument will be sensitive to faint exozodiacal disk emissions around nearby main-sequence stars
(ª50 zodis) and will inform us on the faint-end of the exozodi luminosity function (complementarity with the
LBTI in the Northern hemisphere). Finally, the improved dynamic range (compared to the second-generation
instrument MATISSE) will open a new observational window on the planet-forming regions and will allow to
study the physics of planet formation in more details. New detection strategies and/or techniques developed
for the proposed instrument (e.g., multi-telescope statistical data reduction, mid-infrared beam combination,
mid-infrared phase tracking) will pave the way towards future interferometric instruments such as PFI or
Darwin (first 4T nuller).

Relation / complementarity to E-ELT: Future E-ELTs will provide an angular resolution of ª10 mas in the
near-infrared (assuming a collecting aperture of 39 m in diameter). The proposed instrument will offer a
similar angular resolution in the thermal infrared (i.e., ª5 mas or 0.1 AU at 20 pc) and hence complementary
information to characterize the observed planets and circumstellar disks. The proposed instrument could
also make use of less-solicited telescopes such as the ATs and, therefore, could be used to carry out large
surveys. New discoveries could then be followed up with E-ELTs.

Connection between JRA and networking: The proposed instrument has direct connections with PFI (tech-
nology demonstrator and science precursor) and the development of Niobate beam combiners (astropho-
tonics).

Funding needs, contributions from partners, industry and other external funding resources: S. Lacour
has received an ERC grant (ERC-639248-LITHIUM) to develop new concepts of astrophotonic devices using
Niobate technology and will contribute to the proposed instrument.

Envisioned co-funding, project-related OPTICON history, and envisioned end-product: In parallel, fund-
ing will be applied for at the University level, National Science Fondations and regional organisations to hire
one PhD student.

Partnership; look seriously to involving industry: Industries will be required to manufacture the Niobate
beam combiners and participate in the design studies. Other industry partners like AMOS (Liège, Belgium)
and research companies like the Liège Space Center (CSL) will be contacted for a direct involvement in the
project and with the aim of a future participation to the design of a nuller space instrument.

Identify economic spin-offs or explore other benefits for society: Fundamental research aimed at retrieving
very faint signals in the thermal infrared. Use of some of the developed hardware and software components
(cf. photonics, statistical reduction algorithms, etc) in other research areas will be considered.


