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Three facilities in operation
CHARA

NPOI

4 x 8 m UT
4 x 1.m AT
Bmax = 160m

6 x 1 m Telescopes
Bmax = 330m

6 x 0.12 Siderostats
(+ 4 1x1.8 Keck O?)
Bmax = 79m (437m)

Instruments:

Instruments:

Instruments:

VLTI

!
!

PIONIER: 4T (H, R~40)
AMBER: 3T (H,K, R ~12000)
MIDI: 2T (N R~ 300)

!

Midi decommissioned
Closed for P95
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!
!
!

CLIMB: 3T (H, K, R~5)
MIRC: 4-6T (H,K, R ~40)
PAVO: 3T (R R~ 100)
VEGA: 3T (B,V,R ~1500 30000)

!
!

!

!
V,R: 4-6T, R ~ 80
!
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STEPS 2015

Exquisite constraints on stellar surfaces

VINCI

AMBER

P. Kervella et al.: The diameters of ↵ Cen A & B

A&A 555, A24 (2013)

PIONIER
1093

Table 5. ↵ Cen A squared visibilities, expressed in percents.

2003
Kervella
++✓ Cen squared visibilities and UD
Fig. 6. Overview
of the ↵ Cen and
models. From bottom to top: ↵ Cen A, ↵ Cen B and ✓ Cen (primary
calibrator). The angular diameter of ✓ Cen was measured using 58 Hya
as secondary calibrator.

JD
B (m)
Azim.
V 2 (%)
2 450 000
(N = 0)
± stat. ± syst.
E0-G0
1988.78108
15.9201
64.95
78.99 ± 1.48 ± 2.81
1988.78380
15.9071
65.79
79.61 ± 1.46 ± 2.83
1988.78652
15.8930
66.62
79.82 ± 1.42 ± 2.84
1988.78901
15.8793
67.39
79.80 ± 1.47 ± 2.84
1995.76493
15.9058
65.86
80.15 ± 1.03 ± 0.66
1996.63335
15.7916
24.31
78.66 ± 1.10 ± 0.42
1996.63970
15.8129
26.48
82.19 ± 1.12 ± 0.44
1996.64733
15.8390
29.06
80.33 ± 1.29 ± 0.43
1996.65492
15.8650
31.61
81.49 ± 1.15 ± 0.44
1996.67842
15.9399
39.40
80.87 ± 1.10 ± 0.43
1996.68327
15.9532
40.99
79.40 ± 1.10 ± 0.43
2001.80688
15.3644
83.76
80.71
± 1.94
0.05
Fig. 3. K-band continuum
visibilities of Antares observed
in 2009 (red dots)
and 2010 (blue
dots). The±
fit with
the power-law-type limb-darkened
disk for the 2009 and 2010 data is shown by the red and blue solid lines, respectively. The limb-darkened disk has angular diameters of 37.38 and
37.31 mas and limb-darkening
parameters of 0.087
and 0.15 for the 2009 82.77
and 2010 data,
insets show the enlarged views of the
2001.80954
15.3273
84.59
±respectively.
2.69 ±The0.04
individual visibility lobes.
2002.70376
16.0062
52.80
78.76 ± 0.74 ± 0.05
36.50 ± 0.05 mas (reduced χ = 5.4), respectively. Fitting with only a weak signature of inhomogeneities in the continuum.
2002.70640
16.0057disk (Hestroﬀer
53.63
80.01 ±between
1.07the±2009
0.05
a power-law-type limb-darkened
et al. 1997) re- Comparison
and 2010 data suggests that a
sults in a limb-darkened disk diameter of 37.38 ± 0.06 mas and a time variation with an interval of one year is only marginal. The
2003.83537
14.8150
82.49
±in1.10
± 0.05
limb-darkening parameter
of (8.7 ± 1.6) × 1094.44
finding
Betelgeuse
is reported in Paper II. Therefore,
for the 2009 data same
and 37.31 ± 0.09 mas and (1.5 ± 0.2) × 10 for the 2010 data RSGs may show only a small deviation and time variation in the
2003.83780
14.7695
95.22
82.01
± 1.80
0.04
structure
seen in ±
the continuum.
(the errors were estimated
by the bootstrapping
technique as surface
described in Efron & Tibshirani 1993).
This observed time variation (or absence of it) is much
2003.84099
96.25
85.30
±the1.28
± 0.05
than
maximum
visibility variation of ±40% preThe reduced χ 14.7088
values for the fit to the 2009
and 2010 data smaller
are 3.9 and 3.3, respectively. These values are better than those dicted by the current 3D convection simulations in the third lobe
2003.84356
14.6589
97.08
83.64
±
1.77
±
0.04samples the continuum (see
with the uniform-disk fit but are still higher than 1. This is be- for 2.2 µm, which approximately

2013 Ohnaka ++
2

−2

−1

2

cause of the deviation from the limb-darkened disks in the data
points at visibility nulls at spatial frequencies of ∼87 arcsec−1
(2009 data) and ∼115 arcsec−1 (2010 data), as well as those at

Fig. 18 of Chiavassa et al. 2009). However, this does not necessarily mean that the observed time variation disagrees with the
3D simulations. It is possible that we observed Antares at two

E0-G1
95–100 arcsec in the 2009 data. These last data points were epochs with small variations by chance, given that the 3D simobtained at position angles diﬀering by 20–25 , which suggests ulations of Chiavassa et al. (2009) show that large convective
cells have±lifetimes
of years.
Furthermore, the standard deviathe presence of inhomogeneities
scale of ∼10 mas in 1.132
2462.55258
59.2848on a spatial150.05
0.051
± 0.017
2009. However, as discussed in Sect. 3.3, the reconstructed im- tion of the temporal variation in the visibility predicted by the
3D simulations
is smaller
40%, down to 10%, depending
ages in the continuum
show only a very slight
deviation from the 1.139
2462.55613
59.4391
150.91
± 0.032
±than
0.017
limb-darkened disk: less than 2% (see Fig. 5i). The 2010 data in- on the spatial frequency (see Figs. 11, 12, and 14 of Chiavassa
et al. 2009).
is also possible
that significant inhomogeneities
clude u! points taken59.6365
at position angles diﬀering
by roughly 90 , 1.099
2462.56087
152.05
± It0.031
± 0.017
which are located at spatial frequencies of 130–138 arcsec . remained undetected due to the limited position angle coverage
of our observations.
Therefore,
long-term monitoring AMBER
Still, Fig. 3 shows that
the measured visibilities
closely follow 1.054
2462.56493
59.7975
153.04
± 0.029
± 0.016
the limb-darkened disk. In summary, the overall deviation from observations with better position angle coverage are necessary
to rigorously
test the current
3D convection simulations.
the limb-darkened disks
is small, indicating166.21
that the star shows 0.626
2465.61044
61.2943
± 0.035
± 0.010
A24, page 4 of 18
2470.58454
61.0497
163.19
0.758 ± 0.052 ± 0.012
2470.60337
61.4043
167.84
0.624 ± 0.023 ± 0.010
2470.60778
61.4696
168.93
0.637 ± 0.033 ± 0.010
−1

◦

◦

−1

Table 6. ↵ Cen B squared visibilities.
Fig. 7. Detail of ↵ Cen A squared visibility. The continuous line is the
uniform disk diameter fit (8.314 ± 0.016 mas), and the dotted lines
represent the limits of the ±1 error domain. The visibility curve never
goes to zero due to the bandwidth smearing e↵ect.
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JD
2 450 000
E0-G1
2462.58356
2462.58697
2462.59047

B (m)

Azim.
(N = 0)

V 2 (%)
± stat. ± syst.

60.4413
60.5443
60.6453

157.57
158.40
159.26

17.02 ± 0.36 ± 0.26
17.01 ± 0.23 ± 0.26
16.80 ± 0.77 ± 0.26

2015 Montarges ++ (in prep)

Fig. 1: A light curve of omicron Ceti during the last four luminosity cycles (provided b
of Variable Stars Observers, AAVSO). Currently, the luminosity just started to decrea
which happened to be quite low compared to the previous ones. At those phases, the
from the photosphere and propagating outward in the lower atmosphere of the star

Spectro interferometry was enabled
…%3D%simulaEon%view%…%

Betelguese

MIRA

2014 Chiavassa

Molecular layer spatio-temporal structure exposed

Fig. 2: Three-dimensional hydrodynamical simulation of photospheric intensity maps
wavelengths of the AMBER filter. The maps have been convolved with 2x2 mas g
al. 2010, A&A, 511, id.A5; Freytag & Hoefner 2008, A&A, 483, 571-583)
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Efficiency has enabled surveys!
with N>100 objects
Surface brightness relations
among MS , F, G, K stars

Binarity among massive stars
2014 Ertel ++

Fig. 7.— Plot of the magnitude di↵erence ( mag) vs. angular separations (⇢) for the detected pairs.
Only one detection per object has been considered, and the H-band has been preferred whenever available.
The solid lines indicate the median H-band sensitivity of our survey across the di↵erent separation ranges.
The Ks sensitivity curves are similar. Di↵erent colors indicate observations with di↵erent instrumental
configurations (PIONIER: blue, NACO/SAM: green, NACO FOV: red) while di↵erent symbols indicate
di↵erent observational bands (H: filled, Ks: open). Large circles indicate objects detected by both SAM
and PIONIER.

2014 Sana ++
19

STEPS 2015

118

Boyajian & von Braun et al.

Fig. 8.— Stellar temperature versus radius for all stars in Table 3 plus the collection of low-mass star measurements in DT2. The color
and size of the data point reflects the metallicity and linear size of the star, respectively. See Section 2.3 for details.

Exozodiacal dust

2013 Boyajian ++

Optical interferometry went from snapshot
to imaging
AT configurations

Offered configurations
adruplets are offered for observation:
2-C1-D0 (small B~10-35m)
0-G1-I1 (medium B~40-80m)
1-K0-J3 (large B~60-140m)

Edit footer on master slide, 1 January 2011

6th 2013
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Optical interferometry went from snapshot
to imaging

IMAGING

SNAPSHOT
P. Kervella et al.: The diameters of ↵ Cen A & B

1093

Table 5. ↵ Cen A squared visibilities, expressed in percents.

2003 Kervella ++

Fig. 6. Overview of the ↵ Cen and ✓ Cen squared visibilities and UD
models. From bottom to top: ↵ Cen A, ↵ Cen B and ✓ Cen (primary
calibrator). The angular diameter of ✓ Cen was measured using 58 Hya
as secondary calibrator.

2015 Hillen++ in prep
JD
2 450 000
E0-G0
1988.78108
1988.78380
1988.78652
1988.78901
1995.76493
1996.63335
1996.63970
1996.64733
1996.65492
1996.67842
1996.68327
2001.80688
2001.80954
2002.70376
2002.70640
2003.83537
2003.83780
2003.84099
2003.84356

B (m)

Azim.
(N = 0)

V 2 (%)
± stat. ± syst.

15.9201
15.9071
15.8930
15.8793
15.9058
15.7916
15.8129
15.8390
15.8650
15.9399
15.9532
15.3644
15.3273
16.0062
16.0057
14.8150
14.7695
14.7088
14.6589

64.95
65.79
66.62
67.39
65.86
24.31
26.48
29.06
31.61
39.40
40.99
83.76
84.59
52.80
53.63
94.44
95.22
96.25
97.08

78.99 ± 1.48 ± 2.81
79.61 ± 1.46 ± 2.83
79.82 ± 1.42 ± 2.84
79.80 ± 1.47 ± 2.84
80.15 ± 1.03 ± 0.66
78.66 ± 1.10 ± 0.42
82.19 ± 1.12 ± 0.44
80.33 ± 1.29 ± 0.43
81.49 ± 1.15 ± 0.44
80.87 ± 1.10 ± 0.43
79.40 ± 1.10 ± 0.43
80.71 ± 1.94 ± 0.05
82.77 ± 2.69 ± 0.04
78.76 ± 0.74 ± 0.05
80.01 ± 1.07 ± 0.05
82.49 ± 1.10 ± 0.05
82.01 ± 1.80 ± 0.04
85.30 ± 1.28 ± 0.05
83.64 ± 1.77 ± 0.04

E0-G1
2462.55258
2462.55613
2462.56087

59.2848
59.4391
59.6365

150.05
150.91
152.05

1.132 ± 0.051 ± 0.017
1.139 ± 0.032 ± 0.017
1.099 ± 0.031 ± 0.017

BUT … uv coverage still a limitation
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Optical interferometry went from snapshot
to imaging

Bootstrap − 1,3,5 σ

∆δ (mas)

10

2015 Hillen++ in prep
IRAS08544

0
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∆α (mas)

CAUTION: not the same object
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−10

Optical interferometry went from snapshot
to imaging

PRELIMINARY INTERPRETATION
! Image compatible with
models from Freytag &
Hoefner 2008

Rapid rotators

2015 Paladini ++
MIRAs
10

5

0

−5

2007 Monnier ++
2009 Zhao ++
20111 Che ++

−10

10

R!

5

0

−5

−10
10

5

0
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Symbiotics

Novae
2014 Schaefer ++

2010 Kloppenborg ++

Supergiants
2007 Haubois ++
2011 Blind ++
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2011 Millour ++

CHALLENGES FOR THE NEXT
DECADE
STEPS 2015

VLTI in the next decade

VLTI in the ELT era

GRAVITY

MIDI

PIONIER

AMBER
VINCI
Jean-Philippe Berger
VLTI Programme Scientist
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MATISSE

The scientific ambition is multiple
Understand the structure of AGN nuclei

S2 Orbit

Understand how stars
(single or binary) evolve
and interact with their
environment

Understand GRAVITY

Combination of surveys, detailed imaging & astrometric
campaigns
STEPS 2015

GRAVITY:
pushing the frontiers of our knowledge in black-holes and
fundamental physics.
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relativity with stellar orbits. GRAVITY
will observe the orbits of stars within
the central light-week of the Galactic
Centre by means of interferometric
imaging (upper panels: dirty beam
with a resolution of four milliarcseconds (left), simulated dirty image
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than three electrons with their prototype
detector array (see image in Figure 3).
Based on this success, ESO and SELEX–
Galileo are currently developing a next
generation detector, which is tuned to
GRAVITY’s wavefront sensor and fringe
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answer with GRAVITY: What is the nature
of a BH? How can we resolve the “Paradox of Youth” of the stars in its vicinity?
Even tests of fundamental physics may
come into reach with GRAVITY: Does the

The jet model se
presence of jets
The orbiting hotnatural explanati
quasi-periodicity

osure phases make it also a successor of AMBER. Thus, in many respects MATISSE
uired with two first-generation VLTI instruments - MIDI and AMBER.

MATISSE:
MATISSE

Telescopes:
L, M, N
qualitatively 4
new
questions
• 4T bandes L,M,N
ation, Evolved
R Stars,
~ 4000 • Low,Medium, Large
nd the Galactic Center.

PI: B. Lopez (OCA)
In operation:
2018" Fournir une contrepartie
2018 à

ALMA dans le moyen
MATISSE: PI. B. Lopez (OCA) infrarouge (3-10 microns)

• En opération: 2017
uv coverage

Location of
the Planet

GRAVITY

! Evolutionplanet
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• Observing
formation
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processes
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distribution …)
scale
! Structures
desGalactic
cavités Nuclei
• Mapping
Active
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• Dustplanétaires
and winds from evolved stars
! Recherche de compagnons
High-resolution Imaging Facilities
jeunes

" Toutes les étoiles

entourées de poussière
GRAVITY: PI. F. Eisenhauer"(MPE)
AGN …

In most astrophysical domains which require a multi-wavelength approach, MATISSE will
be a perfect complement of forthcoming high angular resolution facilities such as the Atacama
Large Millimeter Array (ALMA). With the extended wavelength coverage from the L to the N
band,
MATISSE will not only allow one to trace different spatial regions of the targeted objects,
TISSE N band observations
Visiting Committee | 10-14 February 2014
but also different physical processes and thus provide insights into previously unexplored
isk with an embedded planet.
areas, such as the investigation of the distribution of volatiles in addition to that of the dust.

ucted
mage

ightness ratio Star:Planetary Accretion
4mas; 1000 simulated interferograms per
hoton and 10µ m sky background noise;
Words at the bottom
e SNR of visibilities: 20]
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Consolidate image reconstruction
V

2014 Imaging Beauty Contest
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R Car VLTI/PIONIER Dataset
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Relative Intensity

Figure 4.100
(left panel) The VLTI/PIONIER visibility data for R Car are shown here. (right panel) The measured closures
phases are plotted as a function of length of the longest baseline in a given closing triangle. For both panels, the colors
show the 3 di↵erent spectral channels.
Closure

0.25

R CAR 1.61mu FOV 25

0

Hofmann/IRBis
lead investigator, the algorithm used, and some details regardingHummel/CLEAN
use of priors and/or wavelength regularizers.
All
groups −100
were asked to provide text describing their methodologygray
and including a short discussion of their images,
including which image features were likely to be real features and which features were likely to be artifacts. We
have only lightly edited these self-descriptions and thus the subsections below vary in length and detail, with
SPIE Advances in Interferometry, Montreal, CA, 2014 June 27
some entrants
providing
only40a paragraph
of description
while others providing much greater elaboration. A
0
20
60
80
more consistent and complete treatment will be contained in a future refereed paper.
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Duvert/WISARD

Kraus/SQUEEZE-MACIM Kloppenborg
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Table 1. Overview of Interferometric Imaging Beauty Contest Entries
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Figure 5 show the reconstructed images of VY CMa for all 3 spectral channels by the 10 groups who participated in the contest. Likewise, Figure 6 presents the results for R Car. We only show the inner 25 milliarcsecond
field-of-view here. For presentation and comparison purposes we have interpolated each image onto a common
1 milliarcsecond grid, typically 3-5 times more fine than the grid resolution of the submitted entries. The interpolation was done in the Fourier plane by introducing extra zero-padding before an inverse Fourier Transform.

10

Hummel/CLEAN
gray

Monnier++
2014
5
seconds

0
STEPS 2015

-5
-10

0.5010 50.75
1.00 10 5 0 -5 -10
0 -5 -100 10 5 0.25
0 -5 -10
0 -5 -10
Milliarcseconds
Relative Intensity
R CAR 1.67mu FOV 25

Hofmann/IRBis

Young/BSMEM

Sanchez/BSMEM
gray

Kohler/MIRA

Combine spectral resolution and imaging
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Wittkowski++ 2011
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Paladini in prep

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(
VLTI Laboratory Infrastructure
the(testing(conditions(difficult.(Yet,(ray(tracing(simulation(suggest(that(the(
vignetting(at(the(best(alignment(should(not(be(as(large(as(actually(observed( MIDI, VINCI table removed and volume for Gravity and MATISSE implemented
(Figure(1).(I(recommend(therefore:(
a4(optimizing(the(alignment(with(the(current(mirrors.(With(the(alignment(
GRAVITY
campaign(of(CW18,(this(may(now(be(the(case.(Yet,(we(may(loose(this(
comes here!
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(
MATISSE
field(or(pupil(lateral(errors(between(CIAO(and(the(STS.(This(will(constrain(the(
goes there!
operations((another(argument(to(stop(the(derotator(and(make(the(internal(
alignment(in(CIAO(static).(
MIDI Decommissioning

ng a periscope as optical relay with support from IPAG.
ther conditions, it cannot be done before June

Upgrade the infrastructure!
Make it performant (AO + phasing)

CIAO contribution
Prepare GRAVITY
and MATISSE spots

Upgrading the lab
and infrastructure

PIONIER 3D

Auxiliary telescopes

MIDI decommissioning

AT service station: I2

UT
adaptation
to
astrometry

VLTI lab in

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.

Contribution to CIAO

(

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.(

Eight star separators

New AT
alignment
station

AT obsolescence and
adaptation to astrometry
Challenges for the decade

STEPS 2015

Expand the user base and join synergies
Develop VLTI expertise centers: Provide VLTI users with support in
preparing their proposals, reducing their data and reconstructing images
Ongoing discussion with JMMC
A&A 572, L9 (2014)
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2015 Gorman et al.
Fig. 1. Continuum emission: 321 GHz colour scale, 658 GHz contours

at (–1, 1, 2, 4, 8, 16) × 10 mJy beam−1 . Synthesized beams shown at
lower left for 321 GHz (white), 658 GHz (blue). (0, 0) at RA 07 22
58.33454 Dec –25 46 03.3275 (J2000). C marks the continuum peak.
VY is identified as the star, at the centre of the water maser expansion.
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Zhang et al. 2012). It has had a high and variable mass-loss rate,
0.5−1 × 10−4 M⊙ yr−1 in its recent past (Decin et al. 2006), up
to 3 × 10−3 M⊙ yr−1 (Humphreys et al. 2007). This provides
the richest-known O-rich circumstellar envelope (CSE) chemistry, as seen at sub-mm wavelengths by Herschel (Alcolea et al.
2013), for instance, and imaged at ∼1′′ resolution using the
Submillimeter Array (SMA, Kamiński et al. 2013).
VY CMa has a highly asymmetric nebula that extends over
a few arcsec and is shaped like a lopsided heart, irregular and
clumpy on all scales (Humphreys et al. 2007). Very Large Array
(VLA) and SMA observations at 8.4−355 GHz show an unresolved central ellipse, dominated by emission from dust, (e.g.
Lipscy et al. 2005; Kamiński et al. 2013). Strong OH, SiO, and
22 GHz H2 O masers have been imaged by many authors but,
hitherto, there has been no astrometric confirmation that the star
lies at the centre of expansion. The 22 GHz H2 O masers are located in a thick shell of radii 75−440 mas, with Doppler and
proper motions dominated by accelerating outflow (Richards
et al. 1998). Their maximum expansion velocity is 35.5 km s−1
relative to the stellar velocity V⋆ of 22 km s−1 (all velocities are
with respect to the local standard of rest, LSR).
Models (Gray 2012 and references therein; Daniel &
Cernicharo 2013) predict that the 321.22564 GHz JKa,Kc 102,9 –
93,6 , and possibly the 325.15292 GHz 51,5 –42,2 H2 O maser lines
can emanate from conditions found at both sides of the dust formation zone. Maser emission at 321 GHz needs hotter gas than at
22 GHz, whilst lower temperatures and number densities favour
325 GHz. This has been confirmed by imaging in Cepheus A
(Patel et al. 2007), but only the 22 GHz transition has ever been
resolved in a CSE. The 658.00655 GHz v2 = 1, 11,0−10,1 GHz
maser is expected to occur very close to the star under conditions similar to SiO masers (Hunter et al. 2007). More details
of these transitions are given in Table A.1. We present ALMA
observations that test these predictions and, for the first time, resolve sub-mm masers, thermal lines, and continuum.
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300

2. Data acquisition and reduction
We obtained public ALMA Science Verification data for
VY CMa observed on 2013 16–19 August using 16–20 12 m
antennas on baselines from 0.014−2.7 km. Three scheduling
blocks (SB), covering each of the maser lines, are referred to
as the 321 GHz, 325 GHz and 658 GHz SBs. The velocity
STEPS
2015
resolution
after Hanning smoothing is 0.45 km s−1 at 321 and
658 GHz, and 0.9 km s−1 at 325 GHz. More details of obser-
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Fig. 2. Integrated water maser spectra, derived from the interferometric
image cubes, measured in square boxes of width 0.′′ 75, 1.′′ 0 and 0.′′ 4 at
321, 325, and 658 GHz, centred on VY. The 658 GHz spectrum is scaled
by 0.5 and the 22 GHz spectrum by 0.25.
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Description of the proposed programme and attachments
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PRELIMINARY INTERPRETATION
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mid5IR%
Carbon#rich!dust:!amorphous!carbon,!SiC!
Fig. 1: A light curve of omicron Ceti during the last four luminosity cycles (provided by the American Association
of Variable Stars Observers, AAVSO). Currently, the luminosity just started to decrease from the last maximum, Dynamical!atmosphere!
2O,!TiO,!SiO,!…!
which happened to be quite low compared to the previous ones. At those phases, the shock wave is Oxygen#rich!molecules:!H
just emerging
Carbon#rich!molecules:!CN,!HCN,!C2H2,!…!
from the photosphere and propagating outward in the lower
atmosphere
of
the
star.
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Fig. 2: Three-dimensional hydrodynamical simulation
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wavelengths of the AMBER filter. The maps have been convolved with 2x2 mas gaussian PSF (Chiavassa et
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2010,
#%A&A, 511, id.A5; Freytag & Hoefner 2008, A&A, 483, 571-583)
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THE FUTURE OF OPTICAL
INTERFEROMETRY
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Upgrades / new facilities
Infrastructure

MROI

?
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VLTI beyond GRAVITY and
Matisse

Planet Formation Imager
PI: J. Monnier
PS: S. Kraus
http://www.planetformationimager.org/
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Key areas of scientific strength for
VLTI
AREAS of strength
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

Global approach
vs single object
approach

AREAS to investigate
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.
Preparing the future
Microlensing
STEPS 2015

Establish the instrumental roadmap!
in 2016
VISIBLE
Polarimetry

High dynamics

High spectral
resolution (> 30000)

VLTI

Planet formation
Exoplanet & Brown dwarfs in HZ

Visitor vs. Facility ?
STEPS 2015

Higher angular
resolution (longer
baselines)
All science - PLATO

Increased imaging
capability (more tel)

“Wide” field
astrometry
EXO Planet:GAIA and EXAO
follow-up

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

Sensitivity
Strong lensing
SMBH mass measurements

All science
Enable time resolved imaging
(Novae, hydrodynamics, convection)

WRAP UP

STEPS 2015

WRAP UP
Optical interferometry is now a reliable technique!
… but still needs user support to reach wider
community!
Image reconstruction has considerably
progressed but work still remains!
Some performance issues remain to be
addressed (spectro-interferometry)!
PIONIER, GRAVITY and MATISSE will provide
unique angular resolution spectro-imaging
capability: we are OK for the next decade !!
Evolved star community expected to be a strong
contributor to the VLTI prospective effort
STEPS 2015

VLTI SCHOOL!
COLOGNE 6-13 SEPT!
DEADLINE: JULY 15TH
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