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VEGA : Mourard et al. (2009) 
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N. Nardetto, D. Mourard, K. Perraut 

and all the VEGA team 

09-2007: Integration 

07-2008: First science light 
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07-2009: Remote operation 

06-2010: First science papers 

10-2010: Mode 4T 

06-2013 : 17 publications 

3T VEGA + IR instruments (CLIMB, MIRC)   

30 programs, 50 nights per year 

2013 : Service d’Observation labellisé 

SO2 + S05 (http://www.jmmc.fr/job_offers.htm) 

Instrument ouvert à la communauté 
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Main characteristics of VEGA/CHARA 
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Two VEGA niches :  

•! High angular resolution (330m of baseline in optical = 0.3 mas) 
!! photospheric angular diameters, asteroseismology, binaries 

•! High spectral resolution (R = 30000) 
!  environment & kinematics, rotation, disks 
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10 Aql (RoAp) : Perraut et al. (submitted) 
Determining the position of 10 Aql in the HR diagram to constrain Teff law  
(biased by spots) and also to better understand the pulsating mechanisms.  

At the limit of the spatial resolution 

of VEGA (3% of precision) 
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Improving the surface brightness relation  

for the distance determination of Eclipsing Binaries in the Local Group  
(Araucaria Project: !"#$%&'()*"+#$+,-.+/0123+4,$5%#3+6783+9:+;<=>+?")$,(@#+,$+/A+)  

HD186882 ($ Cyg) 

V-K=0.04 

!UDD=0.764 ± 0.005 

mas 

!2=1.7 

Précision 0,6 % 

HD176437 (% Lyr) 

V-K= 0.01 

!UDD=0.743 ± 0.005 

mas 

!2=2.6 

Précision 0.6% 

+ Di Benedetto 2005 

+ Boyajian 2012 
+ Brown 1974 

+ VEGA 

Challouf (PhD) et al. in prep 

R+!=d 
The main limitation is the precision on ! (surface-brightness relation) 

VEGA niche :  

High-angular resolution  

(0.3 mas) 
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"!Confirmation of dark disk  

and of its orbital motion 

"!H& very close to the F star 

"! Existence of a wind and of 

a possible filling Roche lobe 

on the F atmosphere 

I 

V 
'#

RV (km/s) 

MIRC 
VEGA 

VEGA niche :  

Spectro-interferometry 

(environment + kinematics) 
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VLTI as an imager
until 2010: limited imaging 
capability
Competition is strong since 
2006 (MIRC at CHARA)
The gain  from 3 to 4 T is not 
just “adding one telescope”
4 telescopes (AT or UT) 
operational (superb  VLTI 
group)
Second generation instruments 
Gravity and Matisse to come 
around 2014

Niche for a visitor instrument
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Context > Instrument > Comm > Results > Perspective

IONIC 4-beam combiner
Compactness
Stability where it
matters most
Credit: P. Labeye (LETI) 
and M. Benisty (LAOG)

Picture of the integrated optic chip (1.5 x 4cm)

PIONIER at VLTI
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Table 1. Summary of the scientific requirements compared to the al-
ready demonstrated performances. Error is defined as the accuracy for
one calibrated data point.

Topic Sp. Band Mag. V2 error CP error
Herbig AeBe disks H,K > 5 5% 5deg
T Tauri disks H,K > 7 5% 2deg
Debris disks H,K - 1% 1deg
Faint companions H,K - - 0.5deg
Hot Jupiters H,K - - 0.03deg
Demonstrated H 7.5 (AT) 15 – 3% 0.5deg

gular separation range from 5 to 100 mas with a typical dynami-
cal range of 1:200 in one hour of observation (Absil et al. 2011,
in prep). These characteristics are complementary to the on-
going radial velocity and adaptive optics surveys. We have ini-
tiated several surveys from massive to low mass stars, including
young stars and stars in nearby moving groups, with the goals
to reveal previously unknown faint companions and, when pos-
sible, to determine dynamical masses.

Deep integration on few selected targets will permit to as-
sess what is the best possible dynamic range achievable, until
possibly reaching the planetary regime (1:1000). If successful
PIONIER will have the means to separate the flux contribution
of the planet from that of its parent star and potentially obtain
low spectral resolution information. In order to achieve such a
result, systematic biases on the closure phase estimate have to
be hunted down and understood at the unprecedented level of
0.03 deg.

2.4. High level specifications

The specifications of PIONIER have been defined as a trade-
off between the requirements for the key astrophysical programs
and the technical contraints due to the project small size and
fast timeline. A summary is presented in Table 1. We used the
experience gained with IONIC-3 (Berger et al. 2003), VINCI (Le
Bouquin et al. 2004, 2006), and AMBER to make the following
strategic choices:
– the combination of 4 telescopes (6 baselines) simultaneously,
– the use of an integrated optics beam combiner,
– operation in the H- and K-band,
– a small spectral dispersion across few channels,
– a fast readout of the camera.

As built, PIONIER matches all these requirements except for
the K band extension which is contemplated in the future. The
instrument has been integrated and commissioned with the H-
band integrated beam combiner that was already available at the
IPAG laboratory (Benisty et al. 2009).

3. Instrument description

Figure 2 summarizes the key elements of the PIONIER instru-
ment. Functionally, it consists of the following subsystems.

3.1. Injection and Optical Delay Unit (IOPDU)

The Injection and Optical Delay Unit (IOPDU) injects the free-
space beams from the VLTI into optical fibers. It includes a tip-
tilt correction, an OPD modulation and a polarization control.
The IOPDU is made of four strictly identical arms, one per VLTI
beam.

1. A dichroic mirror extracts the required band from the VLTI
beams, while other wavelengths are used to feed the infrared
VLTI guiding camera IRIS. The translation stage that sup-
ports this optics has two observing positions (the H-band and
K-band dichroic) and a free position to let the beam pass un-
affected when PIONIER is not in use.

2. A modulation of the optical path length is introduced by a
mirror mount in a Physik Instrument (PI) piezo translation
stage. It provides an OPD range of ±400 µm.

3. The tip-tilt mirror, mounted on PI piezo devices, allows the
beam angle to be corrected up to a frequency of 100 Hz with
a range of ±200” (laboratory angle, corresponding to ±13
times the size of the PSF).

4. A Lithium-Niobate plate of 1mm thickness allows the polar-
ization phase-shift between the vertical and horizontal axis
to be controlled. The amount of phase-shift is accurately
adjusted by tilting differentially the plates in the individual
beams.

5. The off-axis parabola focuses the light into the single mode,
polarization maintaining fiber.

PIONIER’s fast tip-tilt correction comes in addition to the
one provided by the telescopes. It mainly compensates for the
additional contributions coming from the tunnel turbulence. The
IRIS guiding camera provides the beam angle of arrival mea-
surements at a rate from 100 Hz to 1 Hz depending on the target
brightness (Gitton et al. 2004).

3.2. The Integrated Optics Beam Combiner (IOBC)

The Integrated Optics Beam Combiner (IOBC) takes as input the
signals from the IOPDU, and delivers 24 interferometric outputs.

The IOBC is fed by polarization maintaining single-mode H-
band fibers, whose lengths have been equalized with an accuracy
of 20 µm. Consequently, these fibers introduce a negligible dif-
ferential chromatic dispersion. The polarization phase-shift be-
tween the vertical and horizontal axes (i.e. the neutral axes of
the IO chip, aligned with those of the fibers) is of the order of
1 fringe. It is compensated by the Lithium-Niobate plates of the
IOPDU.

The design of the IOBC is described in detail in Benisty
et al. (2009). The four incoming beams are split in three and
distributed in the circuit in a pairwise combination. A so-called
“static-ABCD” combining cell is implemented for each base-
line. It generates simultaneously four phase states (almost in
quadrature). Consequently, 24 outputs have to be read. The low-
chromaticity phase shift is obtained through the use of specific
waveguides with carefully controlled refraction index. This com-
biner can be used both in fringe-scanning mode (VINCI-like) or
ABCD-like mode. There is currently one combiner available in
the H band and one that is being developed for the K band (Jocou
et al. 2010).

3.3. Imaging Optics and Dispersion Unit (IMODU)

The Imaging Optics and Dispersion Unit (IMODU) images the
24 outputs of the IOBC onto the camera’s focal plane, with or
without spectral dispersion in the perpendicular direction (1, 3
or 7 spectral channels across the H band). This unit is the one
that was used with the IONIC-3 instrument at IOTA (Berger
et al. 2003). Its image quality permits to focus about 80% of
the flux into a single pixel of the PICNIC camera (pixel size
40 µm). If needed, a Wollaston prism can separate the linear ver-
tical and horizontal polarization states. The angle between the
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Results : SS Lep

An incisive look at the symbiotic star SS Leporis
N. Blind, H.M.J. Boffin, J.P. Berger, J.B. Le Bouquin, A. Mérand, 
B. Lazareff, G.Zins. Submitted.
Orbit, masses, radius (M giant), temperatures, envelope
Constraints on co-evolution of Algol-like system
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C. Paladini et al.: R For observed with PIONIER

a regularization term which imposes priors on the image. The
relative weight between these two terms is controlled by a mul-
tiplicative factor called “hyperparameter” (µ). We use the so-
called L-curve approach to estimate the optimal value of µ (see
Fig. 15 in Renard et al. 2011). That is we use the maximum pos-
sible weight for the regularization which is still compatible with
the data.

We perform the following tests to explore the reliability and
unicity of the images.

– We use different starting points (Dirac, Gaussian). This has
no impact on the final images.

– We test two different regularizations: “total variation” (with
µ = 104) and “smoothness” (with µ = 106). As expected the
final images are differente. The image with “total variation”
is shown in Fig 4. The image with “smoothness” is rather
similar to the one built with BSMEM (see Sec. 3.2).

– We reconstruct images of the star T Lep with the data set pre-
sented in Le Bouquin et al. (2009). The images are roundish.
This is a strong test that the reconstructed asymmetries in
R For are not artifacts from the uv-plane.

3.2. Reconstrution with BSMEM

We use BSMEM (Baron et al. 2012) with the same parameters as
MiRA. The regularization approach in BSMEM is a minimiza-
tion of the total entropy of the image. The final images are shown
in Fig 4.

3.3. Discussion

The MiRA algorithm with the “total variation” regularization
tend to favor the sharp edges in the images. It is probably the
most reliable for the central object. This is why the double
star reconstructed by BSMEM is not considered as significant.
Moreover this structure fall just at the resolution limit of the ob-
servations. However the “total variation” regularization creates
obvious artefacts in the extended environment, expected to be
smooth. Consequently the following structures are trustable in
the image:

– The image is composed of a double structure, with a compact
core and a more extended environment.

– The compact core is elongated in the NS direction (FWHM
of 2 mas and 4 mas). It is “gray”.

– The extended environment ressembles an arc in the South
and at ≈ 3 mas of the central core. It is brighter in the first
spectral channel (1.59 µm).

– Possibly, the stars is plunged into a diffuse environment at
larger scale (the bluish region in the image). This is at the
limit of the dynamic in the data.

Previous images of evolved giant at very high angular res-
olution are R Aqr from Ragland et al. (2008) ; T Lep from
Le Bouquin et al. (2009). Our image is the first true model-
independent image reconstruction.

4. Discussion

C-rich Miras, including R For, show obscuration events that
cannot be reconciled with spherically symmetric dust ejection
(Whitelock et al. 1997, Feast et al. 2003, Whitelock et al. 2006).
The alternative scenarios involve ejection around an equatorial
disk or as puffs in random directions.
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B. Freytag and S. Höfner: Three-dimensional simulations of the atmosphere of an AGB star 575
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Fig. 1. Time sequence of five snapshots for model S (st28gm06n02). The model age in years is indicated on top of each frame. The axes are in solar
radii. Shown from left to right are log density (color range from 10−13 to 2 × 10−7 g/cm3), log temperature (color range from 800 K to 50 000 K),
velocity field (pseudo-streamlines of the velocity components within the image plane integrated over 5 × 106 s) and grey intensity.

Fig. 5. Comparison between the reconstructed image in the first
spectral channel and a model image extracted from Freytag & Höfner
(2008), at scale. The units of the figure are AU.

4.1. Classical explanation

Freytag & Höfner (2008) attempt to plug the convection into the
modeling of the mass loss and dynamical atmosphere. Their
model images are rather compatible with ours, including the size
of the central object (see Fig. 5). The asymmetry and the small
size of the central objet come from a combination of tempera-
ture gradient between convection cells and dust obscuration. The
shape of the molecular layer is directly linked to the structure of
convection, which are very large in the models.

4.1.1. Atmospheric modelling

Although the reconstructed image present strong asymmetries,
they appear mostly at high spatial frequencies (V2 below 0.3?!),
therefore we made an attempt to compare the observations with
dynamic model atmosphere (Höfneret al. 2003; Mattsson et al.
2010). Although the models are spherically symmetric, they are
the most advanced tools so far available for interpreting the ob-
servations of strongly variable AGB stars. The models solved
the coupled system of equations for: hydrodynamics, frequency-
dependent radiative transfer, and time-dependent treatment of
dust formation (Gail & Sedlmayr 1988; Gauger et al. 1990). For
the comparison we selected from the initial grid a subsample of
models covering the parameter space of the star (Table ??).

Two effective temperature estimates can be found in the lit-
erature for this object, but they were not used for the preselec-
tion of the parameters for the following reasons. According to
Bergeat & Chevallier (2005) R For has an Teff of 2 000 K, while
according to Lobel et al. (1999) the temperature is 3 200 K. The
first temperature is too low, and out of the range covered by
the grid of model atmospheres. The second temperature is too
high and in the grid there are no models with such a temperature
developing stellar winds. Lobel et al. (1999) justified this sur-
prisingly high temperature with the fact that lower temperatures
could not reproduce the observations of visual, near-IR photom-
etry plus the corresponding mid-IR IRAS spectrum. The authors
compared hydrostatic Pʜ��ɴɪ� model atmospheres (models by
Allard et al. 1995) with a visual spectrum, in particular with
the region where the Na D lines are located, showing that only
the model atmosphere with such a high temperature have the
gas pressure reduced enough in order not to saturate the lines.
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Figure 5: squared visibility
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Figure 5: squared visibility
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