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visibility V  : spatial extent

closure phase ∑ϕ : asymmetry

The VLTI

B=baseline

V eiϕ  =  FT{ Object } (B/λ)

Why interferometry ?

λ/2B ~1.5-10 mas i.e., ~0.2-1 AU

V



The context: milliarcsecond angular 
resolution astronomy

Astrophysical topics requesting 
marcsec astronomical resolution 
are numerous;

Optical long-baseline 
interferometry is an important 
tool

Current sensitivity sets 
restriction mostly to stellar 
physics but things are 
considerably improving

Imaging through aperture 
synthesis is requested to tackle 
complex phenomenons

Monnier et al Science 2007

Kloppenborg et al Nature 2010
Kloppenborg et al. 2010 Nature

Context in 2009: imaging era at the mas 
scale (e.g. MIRC/CHARA: 6T in the NIR).

PIONIER

Building PIONIER:
• OK from ESO: End of 2009
• Integration: Jan.-Sep. 2010
• First Light: Oct. 2010 
• PI : JB LeBouquin / JP Berger

• Statistics of disk properties
• Study time-variable objects 
• Image well-resolved disks

Science goals : YSO + Debris disks
• sensitive 
• accurate 
• providing multi-baselines simultaneously



Near IR excess
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NIR size-luminosity diagram
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Figure 7
The size-luminosity diagram obtained from near-IR (NIR) interferometric measurements of T Tauri and
Herbig Ae stars. The observed NIR sizes can be compared against different disk models, including disks with
optically thin cavities and those that are optically thick but geometrically thin. The most realistic disk models
that include backwarming suggest dust evaporation temperatures are between 1,500 and 2,000 K. Adapted
from Millan-Gabet et al. 2007.

whereas (the very few measured) T Tauri disks seemed broadly comparable to the Herbig Ae
disks.

Following the first generation of measurements, larger samples of high-quality measurements
were collected using the longest baseline interferometers, especially the PTI and Keck Interfer-
ometers (Eisner et al. 2004, 2005; Akeson et al. 2005a,b; Monnier et al. 2005). A summary of these
data are reproduced in Figure 7 and allow a detailed examination of disk properties as a function
of luminosity beyond the earlier work. We see here that with reasonable assumptions about disk
backwarming (see Section 3.3), the inferred dust evaporation temperatures are typically between
1,500–2,000 K even when assuming gray dust; as we discuss in more detail below, these high
temperatures are somewhat problematic based on laboratory data of real grains. Note that most
of these measurements were only done along one position angle of the disk; due to projection
effects, the true inner radius might be somewhat larger.

Another key result from the size-luminosity diagram is a definite departure from the Rrim ∝ L1/2
∗

scaling law for some (but not all!) of the brightest sources in the sample, the Herbig B0–B3 stars:
For these sources, the measured radii are smaller than the trend of the rest of the sample (see
Figure 7). In other words, they are undersized. Apparently, the nature of the dust inner rim and/or
the gas inward of the dust rim changes for these very luminous sources. Monnier & Millan-Gabet
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all low-/intermediate-mass pre-main-sequence stars have disks. An often used indicator of the
presence of a circumstellar disk, or at least of circumstellar material, is IR flux in excess of what
can possibly be explained by a stellar photosphere of a reasonable size. By studying the fraction
of stars with NIR excess flux in young clusters of ages from 0.5 to 5 million years, Haisch, Lada
& Lada (2001) established a clear trend: that the “disk fraction” decreases with age, or in other
words, that disks have a lifetime of a few million years.

A question is, however, whether one can be sure that the NIR excess is indeed from a disk
and not from some circumstellar envelope or disk wind. Although we know from imaging that
the cold outer circumstellar material is indeed disk-like, little is known about the nature of the
material inward of what telescopes can spatially resolve. The lack of correlation between AV and
NIR excess (Cohen & Kuhi 1979) is inconsistent with a spherical dust geometry, and the spectral
shape of the IR excess for T Tauri stars and brown dwarfs can be explained fairly well with models
of irradiated dusty disks with a flat (Adams & Shu 1986) or flared shape (Kenyon & Hartmann
1987, Calvet et al. 1992, Chiang & Goldreich 1997, Menshchikov & Henning 1997, D’Alessio
et al. 1998). However, for Herbig Ae/Be stars this was initially not so clear and still remains under
debate. It appears that the JHKL photometric points nicely line up to form a bump very similar,
though not identical, to the peak of the Planck function at a temperature of about ∼1,500 K.
This is perhaps most clearly seen in the spectrum of the prototype Herbig Ae star AB Aurigae
(Figure 2). This NIR bump was not at all expected from any of the above mentioned models:
They tend to yield relatively smooth multicolor blackbody curves in which a continuous series
of Planck peaks at different temperatures add up to a smooth curve. Now there appeared to be
a single Planck peak in the spectrum, albeit often with a bit of excess emission toward longer
wavelengths. This NIR bump, as it is often called, is not just a small feature: It contains a large
amount of energy. The bump alone can contain up to half the IR flux from the entire system and
nearly all the emission originating from the inner AU or so. It can therefore not be ignored; it
must be understood in terms of some physical model.
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Figure 2
The spectral energy distribution of the Herbig Ae star AB Aurigae. Red is the measured emission. Blue is the
steller spectrum predicted with a Kurucz stellar atmosphere model. The excess of flux above the atmosphere
(the “IR excess”) is the thermal emission from the dust in the disk. The emission in the near-IR (NIR) clearly
has a bump-like structure and is often called the NIR bump. In green, a Planck curve at a temperature of
1,600 K is overplotted. The golden curve is the sum of the Planck curve and the stellar atmosphere.
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Ring diameters

Protoplanetary disks:
directly revealing the structure of protoplanetary disks at 

planet formation scales

S. Renard et al.: Milli-arcsecond images of the Herbig Ae star HD 163296 5

Fig. 3. Reconstructed images of the B10 model of HD 163296 in the H (left) and K bands (right). The dashed green ellipse cor-
responds to the location of the rim in this model. The models used are presented in the upper left corner. Same conventions as in
Fig. 1.

Fig. 4. Reconstructed images of a geometrical model of HD 163296 with only a star plus a Gaussian ring in the H (left) and K bands
(right). The dashed green ellipse corresponds to the location of the rim in this model. The models are presented in the upper left
corner. Same conventions as in Fig. 1.

4. Discussion

In this section, we discuss the reconstructed images.

4.1. Dynamic range

To compute the theoretical dynamical range of our image, we
use an estimator based on the one proposed by Baldwin & Hani�
(2002) �

n
(�V/V)2 + (�CP)2 , (2)

where n is the total number of measurements, �V/V is the relative
error in the visibilities, and �CP is the error in the closure phases
(in radian). This number indicates the maximum contrast that
can be reached in the image given the data, i.e. the ratio of the
maximum of the image to the minimum value that can be trusted.

Applying Eq. (2) to the data, a dynamic range of 780 is found
in the K band. In the H band, for which there is fewer data and
the error bars are slightly larger, a dynamic range of 400 is com-

puted. Minimum cut levels of 1/780 and 1/400, respectively, are
applied to all the K and H figures.

4.2. Use of the spectral information

The decision to present one reconstructed image in the H and
one in the K band results from di�erent tests made on the B10
model. A trade-o� has to be made between ensuring that we
have enough data to pave the (u, v) plane and the wavelength
dependency expected from circumstellar disks. Because of the
intrinsic chromaticity of the object, we prefer to reconstruct two
separated images in the H and K bands, otherwise two separated
visibilities, sampling di�erent emitting regions, may correspond
to the same spatial frequency. We show in Fig. 5 the combina-
tion of both reconstructed images that illustrate complementary
features.

For each band, we used all the data points in the di�erent
spectral channels, assuming implicitly the object to be grey in
each separated band. Compared to the model, this method pro-

S. Renard et al.: Milli-arcsecond images of the Herbig Ae star HD 163296 5

Fig. 3. Reconstructed images of the B10 model of HD 163296 in the H (left) and K bands (right). The dashed green ellipse cor-
responds to the location of the rim in this model. The models used are presented in the upper left corner. Same conventions as in
Fig. 1.

Fig. 4. Reconstructed images of a geometrical model of HD 163296 with only a star plus a Gaussian ring in the H (left) and K bands
(right). The dashed green ellipse corresponds to the location of the rim in this model. The models are presented in the upper left
corner. Same conventions as in Fig. 1.

4. Discussion

In this section, we discuss the reconstructed images.

4.1. Dynamic range

To compute the theoretical dynamical range of our image, we
use an estimator based on the one proposed by Baldwin & Hani�
(2002) �

n
(�V/V)2 + (�CP)2 , (2)

where n is the total number of measurements, �V/V is the relative
error in the visibilities, and �CP is the error in the closure phases
(in radian). This number indicates the maximum contrast that
can be reached in the image given the data, i.e. the ratio of the
maximum of the image to the minimum value that can be trusted.

Applying Eq. (2) to the data, a dynamic range of 780 is found
in the K band. In the H band, for which there is fewer data and
the error bars are slightly larger, a dynamic range of 400 is com-

puted. Minimum cut levels of 1/780 and 1/400, respectively, are
applied to all the K and H figures.

4.2. Use of the spectral information

The decision to present one reconstructed image in the H and
one in the K band results from di�erent tests made on the B10
model. A trade-o� has to be made between ensuring that we
have enough data to pave the (u, v) plane and the wavelength
dependency expected from circumstellar disks. Because of the
intrinsic chromaticity of the object, we prefer to reconstruct two
separated images in the H and K bands, otherwise two separated
visibilities, sampling di�erent emitting regions, may correspond
to the same spatial frequency. We show in Fig. 5 the combina-
tion of both reconstructed images that illustrate complementary
features.

For each band, we used all the data points in the di�erent
spectral channels, assuming implicitly the object to be grey in
each separated band. Compared to the model, this method pro-

4 S. Renard et al.: Milli-arcsecond images of the Herbig Ae star HD 163296

Fig. 1. Reconstructed images of HD 163296 in the H (left) and K bands (right), after a convolution with a Gaussian beam at the
interferometer resolution. The colors are scaled to the squared root of the intensity with a cut corresponding to the maximum
expected dynamic range (see text for details). The blue ellipse traces the location of the main secondary blobs, and the green dot-
dashed ellipse corresponds to the location of the rim in the B10 model, with its width given by the green dashed ellipses. North
is up and east is left. The sub-panel in the right corner of each plot indicates the Gaussian beam at the interferometer resolution,
applicable to Figs. 3, 4, and 6.
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Fig. 2. Contours of the reconstructed images of HD 163296 in the H (left) and K bands (right), after a convolution with a Gaussian
beam at the interferometer resolution. The contours vary linearly between the minimum cut corresponding to the maximum expected
dynamic range and the image maximum, with a step around 0.1.

To demonstrate that the bright inner disk is clearly seen
in the reconstructed images, i.e., that the central spot includes
more energy than that from the star alone, reconstruction of a
simpler model is performed. This model is the same as the B10
model but without the bright inner disk, i.e. a star surrounded
by a Gaussian ring. The star fluxes in the H and K bands remain
the same and the Gaussian ring accounts for 70% of the flux in
the H band and 86% in the K band. Figure 4 clearly indicates
that the star alone does not spread across more than over 4 pix-
els in the K band and 7 in the H band, which is less than in Fig. 3.

This analysis performed on existing models allows us to state
which features in the reconstructed images from Fig. 1 can be
trusted. We argue that the main secondary blobs present around
the main central spot are real. Their spatial distribution along an
ellipse and the intensity present between these peaks and the cen-

tral spot are also real. However, the clumpy structure of the ring
is probably not representative of the reality, but only of the actual
(u, v) plane. More observations at di�erent spatial frequencies
will probably change the actual position of these peaks along
the ellipse, which may be smoothed. However, we conclude that
the inclination and orientation of the observed distribution of
peaks along an ellipse are real. This orientation and inclination
are indeed very close to the ones fitted by B10 and Tannirkulam
et al. (2008), and are consistent with previous estimates at dif-
ferent wavelengths (Isella et al. 2007). The second feature that
we think is representative of the reconstructed image is that the
central spot is extended and not reduced to an unresolved point
as a point-like star would be. The shape of this central spot is
certainly dependent on the filling of the (u, v) plane, although
the position of the centroid is certainly representative of reality.

Renard et al A&A 2010

Benisty et al.: HR 5999 inner disk
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Fig. 1. UV coverage obtained in the K-band (left) and in the H-band (right).
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Fig. 2. Reconstructed images in the K band (left) and in the H band (right). The interferometric beams (defined as the maximum angular resolution)
are given in the lower right corners. The images are shown in 14 mas x 14 mas.

asymmetry of the emission: a point-symmetric object has a zero
closure phase. The main observables are therefore the squared
visibility amplitudes, V2, and the closure phases (CP). The
goal of the image reconstruction is to numerically retrieve an
approximation of the true brightness distribution of the source
given a set of V2 and CP. To account for the data, the Fourier
transform of the image should fit the measurements. However,
due to the sparse UV coverage, the image reconstruction
problem is ill-posed as there are more unknowns, e.g., the pixels
of the image, than measurements. Additional constraints are
therefore required to supplement the available data and retrieve
an unique and stable solution. Few algorithms exist to perform
image reconstruction (Hofmann & Weigelt 1993; Ireland et al.
2006; Baron & Young 2008; Meimon et al. 2009). In this paper,
we use the the Multi-Aperture Image Reconstruction Algorithm
(MiRA; by Thiébaut 2008). The solution is normalized and
positive and the code finds the best agreement of the image

with the data, favoring e.g., the simplest or the smoothest image
(Thiébaut & Giovannelli 2009). We used a 150x150 grid, with
a scale of 0.2 mas/pixel, and the V2 and CP have a weight
inversely proportional to their individual error. All spectral
channels were combined to maximize the uv-coverage and
obtain two polychromatic images, for the H band and the K
bands. For more details on the image reconstruction process that
we applied, we refer the reader to Renard et al. (2010).

3. Reconstructed images

We present in Fig. 2, the resulting images in the K and H bands.
The interferometric beams are shown in the lower right corners,
and are defined as the maximum angular resolution along the U
and V axis. The images clearly resolve the inner environment
around HR 5999, and reveal di�erent features. The ’blobby’ as-

3
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MWC 275

S. Kraus et al.: Origin of hydrogen line emission in Herbig Ae/Be stars 1159

Fig. 1. Illustration of the regions which have been proposed as the origin of the permitted hydrogen recombination line emission observed towards
HAeBe stars (this sketch is not to scale; read Sect. 1 for details about the individual mechanisms).

Table 1. Target stars and adopted stellar parameters.

Star Spectral L! d T! AV R! (a) log L(Brγ)
L!

(b) log ṀBrγ
acc

(c) v sin i Hα (d) Ref.
type [L!] [pc] [K] [R!] [M! yr−1] [km s−1] profile

HD 104237 A5 30 116 ( f ) 8000 0.31 2.9 −2.74 −7.45 12 ± 2 (g) D(h) (i)
HD 163296 A3 26 122 ( f ) 8700 0.12 2.2 −2.78 −7.12 120+20

−30
( j) D(h) (k)

HD 98922 B9 890 540 (e) 10 600 0.3 9.1 −1.56 −5.76 – P(h) (l)
MWC 297 B1.5 10 600 250 23 700 8 6.1 >−0.6 – 350 ± 50 (m) S(h) (m)
V921 Sco B0 19950 800 30 900 5.0 5.0 >−0.7 – – D(n) (n)

Notes – (a) The stellar radius R! is computed using the given effective temperature and bolometric luminosity; (b) luminosity of the Brγ emission
line, as determined by Garcia Lopez et al. (2006) from ISAAC spectra; (c) mass accretion rate, as determined from the L(Brγ)−Lacc relation
(Garcia Lopez et al. 2006); (d) this column described the Hα-line profile shape of the stars in our sample using the classifications: D: double-
peaked profile; P: P-Cygni profile; S: single-peaked profile; (e) for HD 98922, we assume the minimum distance given by Garcia Lopez et al.
(2006).
References: ( f ) van den Ancker et al. (1998); (g) Donati et al. (1997); (h) Acke et al. (2005); (i) Tatulli et al. (2007a); ( j) Finkenzeller (1985);
(k) van den Ancker et al. (2000); (l) Garcia Lopez et al. (2006); (m) Drew et al. (1997); (n) Habart et al. (2003).

which we find in our small sample of HAeBe stars (Sect. 7) in
Sect. 8.

2. Observations and data reduction

2.1. VLT/ISAAC spectroscopy

The profile of the emission lines carries important information
about the kinematics of the emitting gas. Therefore, we com-
plement the spatially resolved AMBER spectro-interferometry
with high-spectral resolution (R ∼ 9000) spectra obtained with
the VLT/ISAAC instrument.

Besides archival ISAAC data (ESO programme
073.C-0184, P.I. Habart), we also obtained new spectroscopic
data (for HD 163296 and V921 Sco, ESO programme 077.C-
0694, P.I. Kraus) in order to measure the line profile as close
in time to the AMBER observations as possible. This new
spectroscopic data covers not only the Brγ 2.1661 µm line
(Fig. 2, left), but also the Paβ 1.2822 µm line (Fig. 2, right).

The raw spectra were extracted using IRAF procedures
and then corrected for atmospheric features using telluric stan-
dard star observations obtained during the same night. For
wavelength-calibration, we aligned the raw spectra to publicly
available high-resolution (R = 40 000) telluric spectra taken at
the NSO/Kitt Peak Observatory. To compare the final ISAAC
spectra (Fig. 2) with the spectra extracted from the AMBER
data, we convolved the ISAAC spectra to the spectral resolution

of AMBER (R = 1500) and found good agreement (see Figs. 3a
to 7a, top panel).

2.2. Archival ISO and Spitzer/IRS spectroscopy

In order to optimally constrain the SED for the stars in our sam-
ple, we obtained near- to mid-infrared spectroscopic data from
the ISO and Spitzer Space Telescope archive. The Spitzer/IRS
spectra were pre-processed by the S13.2.0 pipeline version at
the Spitzer Science Center (SSC) and then extracted with the
SMART software, Version 6.2.5 (Higdon et al. 2004).

2.3. VLTI/AMBER spectro-interferometry

AMBER (Petrov et al. 2007) is the NIR beam-combiner of
the Very Large Telescope Interferometer (VLTI), which is lo-
cated on Cerro Paranal/Chile and operated by the European
Southern Observatory (ESO). Combining the light from up to
three of the four 8.4 m unit telescopes simultaneously, AMBER
measures not only visibility amplitudes, but also the closure
phase (CP) relation. In the course of three ESO open time pro-
grammes (077.C-0694, 078.C-0360, 078.C-0680, P.I. Kraus),
we obtained spectrally dispersed interferograms in AMBER’s
medium resolution (MR) mode (R = 1500) on four HAeBes;
namely, HD 163296, HD 104237, HD 98922, and V921 Sco.
These new data sets were complemented with archival data from
MWC 297 and HD 104237, obtained earlier during AMBER

Kraus et al 2007

Earth orbit



The inner disk
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Figure 3
Pictographic representation of the inner disk region out to a few astronomical units. Shown are the
magnetospheric accretion depicted near the star, the dust-free gas disk in the middle, and the dust rim on the
right.

Goldreich model and thus obtained a complete description of the SEDs of Herbig Ae/Be stars in
terms of a simple irradiated disk model.

So if this simple model of the NIR bump is basically correct, then one may wonder why mainly
Herbig Ae/Be stars show such a huge bump while T Tauri stars are not known for displaying
such a conspicuous feature. Dullemond, Dominik & Natta (2001) argue that because the stellar
luminosity is at much longer wavelengths for T Tauri stars, a bump of this kind would be partly
“swamped” by the flux from the star, though a close look at the spectrum should still reveal such a
bump. On first sight, T Tauri star SEDs do not show such a strong bump. But through a careful
subtraction of the stellar spectrum, Muzerolle et al. (2003) show that T Tauri stars consistently
have such a NIR bump, though perhaps weaker in a relative sense than the Herbig stars. So in
that sense, T Tauri stars are no different from Herbig stars.

In spite of the early success of these models, there was no easy way of telling with just NIR
photometric data whether it was indeed the true nature of these objects. Indeed, much sim-
pler spherically symmetric envelope models, in which the dust was also removed inward of the
dust evaporation radius, could also fit the NIR bump and even in a number of cases the en-
tire SED (Pezzuto, Strafella & Lorenzetti 1997; Malfait, Bogaert & Waelkens 1998; Mirosh-
nichenko et al. 1999; Bouwman et al. 2000; Vinković et al. 2006). In fact, such models appear
to be more consistent with the lack of clear observed correlation between the NIR flux and
the disk inclination. For a simple perfectly vertical wall model of the rim such a correlation
is clearly expected, with little NIR flux observed at near face-on inclinations as illustrated in
Figure 4a,b, and discussed in more detail in Section 3.1. Perhaps the most clear counter-example
is AB Aurigae, which has a huge NIR bump (see Figure 2) but is known not to be very far from
face-on (e.g., Eisner et al. 2003; Corder, Eisner & Sargent 2005). Note, however, that AB Auri-
gae is an object that is still surrounded by a substantial amount of non-disk-related circumstellar
material, which may contribute to the NIR flux.

The key to distinguishing these models from each other is to spatially resolve the NIR disk
emission. Because the spatial scale we are talking about here is about 1 AU in diameter, which
means 7 mas at typical distances of Herbig Ae stars, no NIR telescope is even remotely able to
make spatially resolved images of these structures to tell which model is correct.
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Decoding interferometry data
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Figure 5
Single-baseline IR interferometers have revolutionized our understanding of the inner disk of young stellar
objects (YSOs) by measuring the size scale and morphology of the dust and gas at the inner edge within
1 AU of the central star. In this figure, we present a primer on how to decode interferometry data as typically
presented in observational papers. The interferometer measures the object’s “visibility” as a function of the
telescopes separation (“baseline”), with longer baselines probing finer angular scales. Here we show two
simple examples of inner disks, a “sharp rim” model and a “fuzzy rim” model—the intensity images are
shown as well. Using arrows and labels, we show how measurements at different baselines can be used to
directly constrain the size of the disk, the sharpness of the rim, and the fraction of light coming from the star
and disk. By combining multiwavelength measurements from multiple interferometers such as VLTI, Keck,
and CHARA, we can now span a wide range of spatial scales necessary to unmask the true nature and
morphology of the inner regions of YSO disks. New instruments are being developed to allow true imaging
within the next few years.

Herbig Ae disks conducted by Millan-Gabet, Schloerb & Traub (2001)]. At that time, before the
theoretical advances of the hot inner dust rim, the large measured sizes were seen to support the
spherical envelopes models (e.g., Miroshnichenko et al. 1999), which had the feature of a large,
optically thin inner cavity. Also, detailed measurements of AB Aurigae showed little size variation
with position angle, consistent with a spherical geometry.

However, for two bright Herbig Be stars direct evidence for disk-like (i.e., nonspherical) ge-
ometry was obtained using a variant of IR interferometry called “aperture masking.” The aperture
masking technique uses a single telescope, in this case the Keck telescope (Tuthill et al. 2000),
and puts a mask in the optical beam to allow light from only a partial set of subapertures to
interfere at the camera focal plane. This masking mimics a set of small telescopes observing simul-
taneously as a miniature interferometer. Because the aperture mask can contain relatively many
subapertures, this technique allows for a true image reconstruction, in contrast to “long baseline”
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(early) YSO program on PIONIER:
~70 TTS, HAeBe, TD.
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Reconstructed images

© J. Kluska 

V eiϕ  =  F.T.{Object } (B/λ)

Image reconstruction algorithm (e.g. MIRA)
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Parametric modeling: 
provides Rin, surface 

brightness, asymmetries

Inner disk modeling
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Parametric modeling: 
provides Rin, surface 

brightness, asymmetries

"Tdust, Tgas from thermal balance, 
and full vertical hydrostatic"

Refine with ProDiMo 
e.g. sedimentation, 
physical conditions

Inner disk modeling



Transition disks

 Complex disk structures
[Fukagawa+2011,Muto+2012]

 Companion candidates in the gap
[Huelamo+2011,Biller+2012]

 Massive (resolved) outer disks 
[Andrews+2012]

0.4” = 57 AU 

[Muto+2012]

SAO206462 

T Cha          (G8)   Gap < 12   AU
SAO206462 (F4)           < 45   AU
HD142527   (F6)           < 130 AU
... 

[Cieza+2011]

[Andrews+2011]

[Verhoeff+2009]

Benisty et al. in prep



Close companions & asymmetries

✴ SAO 206462 & T Cha: no companion (contrast>1.2%)

✴ HD142527: point source at ~1.5 mas (3% contrast)?  
Or inner disk rim ?

No detection of bright companions [Pott+2010]

Low asymmetry  - no sharp rim

Explained with anisotropic scattering

CP

B [Mλ]

Separation
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HD142527

Search for companions at separations 
3-50 mas (~0.5-7 AU)



T Cha

✴ Candidate companion @ 6.7 AU ? [Huelamo+2011]

✴ Single temperature black body ~ 1500 K
 

✴ Tiny inner disk : 0.07-0.13 AU

✴ M = 3 10-11 M☉ of carbon

✴ H=0.2 AU @ 1 AU sets outer disk radius

Olofsson et al. in prep © J. Olofsson
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Pinte et al. 2008

T Tauri stars

© F. Anthonioz
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Perspectives

Jet launchingPlanet forming region
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Perspectives

Jet launchingPlanet forming region

VEGA-
CHARA (V)
0.4-4 mas 
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Perspectives
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Perspectives

Jet launchingPlanet forming region
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Perspectives

Jet launchingPlanet forming region
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HD104237
Grady et al. 2004

4 mas

Reconstructed images
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