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34 The inner regions of protoplanetary disks

Figure 1: Pictogram of the structure and spatial scales of a protoplanetary disk.
Note that the radial scale on the x-axis in not linear. Above the pictogram it
is shown which techniques can spatially resolve which scales. Below it is shown
which kind of emission arises from which parts of the disk.
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Fig. 1. This figure (Dullemond & 

Monnier 2010) sketches the  

different gas and dust regions of 

the disk surrounding a typical 

young star. With the angular 

resolution and spectral coverage 

of the Keck Interferometer, the 

inner disk regions (sub-AU to 

few-AU) can be directly probed. 

Fig. 2. Model images (left panels) 

and corresponding visibility curves 

(right panels) at 3.5 µm and 10.7 µm 

for one of our primary targets, the 

well known Herbig Ae object AB 

Aur. We note that for ease of 

comparison, we have converted the 

observable measured by the KI 

Nuller (null depth) into its 

equivalent visibility modulus. These 

models are predictions from the 

solution developed in Tannirkulam 

2008 for this object. Note an 

alternative way to visualize the data 

that can be obtained: at each value 

of the projected baseline, we will 

have 382 spectrally dispersed 

visibility points across the K, L and 

N bands (330 in K, 10 in L and 42 in 

N). 

Fig. 3. Representative 

examples of calibrated data 

obtinaed thus far. All 

objects appear clearly 

resolved. Note the large 

null N-band leakages (20-

80%). Note also the clearly 

higher V2 in the Br! line, 

showing that hot gas 

emission originates inside 

the dust sublimation radius. 

Dullemond & Monnier (2010, ARAA)

Close environment of young stars
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Figure 1: Pictogram of the structure and spatial scales of a protoplanetary disk.
Note that the radial scale on the x-axis in not linear. Above the pictogram it
is shown which techniques can spatially resolve which scales. Below it is shown
which kind of emission arises from which parts of the disk.
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Fig. 1. This figure (Dullemond & 

Monnier 2010) sketches the  

different gas and dust regions of 

the disk surrounding a typical 

young star. With the angular 

resolution and spectral coverage 

of the Keck Interferometer, the 

inner disk regions (sub-AU to 

few-AU) can be directly probed. 

Fig. 2. Model images (left panels) 

and corresponding visibility curves 

(right panels) at 3.5 µm and 10.7 µm 

for one of our primary targets, the 

well known Herbig Ae object AB 

Aur. We note that for ease of 

comparison, we have converted the 

observable measured by the KI 

Nuller (null depth) into its 

equivalent visibility modulus. These 

models are predictions from the 

solution developed in Tannirkulam 

2008 for this object. Note an 

alternative way to visualize the data 

that can be obtained: at each value 

of the projected baseline, we will 

have 382 spectrally dispersed 

visibility points across the K, L and 

N bands (330 in K, 10 in L and 42 in 

N). 

Fig. 3. Representative 

examples of calibrated data 

obtinaed thus far. All 

objects appear clearly 

resolved. Note the large 

null N-band leakages (20-

80%). Note also the clearly 

higher V2 in the Br! line, 

showing that hot gas 

emission originates inside 

the dust sublimation radius. 

Dullemond & Monnier (2010, ARAA)

Near-infrared interferometry

VLT Interferometry is now mature enough to provide:
- Enough data to perform a precise modelling of the environment
- Image reconstruction using aperture synthesis 

Close environment of young stars



Can we perform gray image reconstruction?

MWC 158 data obtained with VLTI/PIONIER.
- Why is there such a large visibility dispersion with wavelength?
- Is image reconstruction using wavelength synthesis and gray 

hypothesis still valid?

0. 2. 4. 6.
10+7

0.0

0.5

1.0
V2 data

B/λ

Vi
s2

−4 −2  0  2  4

−2

 0

 2

 4

 6

+0.00e+00

+2.04e−03

+4.09e−03

+6.13e−03

+8.18e−03

+1.02e−02

+1.23e−02

+1.43e−02

+1.64e−02

+1.84e−02

+2.04e−02

relative α (milliarcseconds)
re

la
tiv

e 
δ 

(m
illi

ar
cs

ec
on

ds
)

−4−2 0 2 4

−2

 0

 2

 4

 6

+0.00e+00

+2.04e−03

+4.09e−03

+6.13e−03

+8.18e−03

+1.02e−02

+1.23e−02

+1.43e−02

+1.64e−02

+1.84e−02

+2.04e−02

relative α (milliarcseconds)

re
la
tiv
e 
δ 
(m
illi
ar
cs
ec
on
ds
)



MWC158 observed with AMBER

Borges Fernandes et al. (2011, A&A 528, A20)

✓ Precise modelling of a disk with: θ = 72±7° and i = 56±4°

✓ H-band data more dispersed than K-band data:
➡ Is it because of the instrument and the atmosphere?
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H-band: difference between broad-band data 
and spectral dispersed data in HD 45677

bg=
NIR

interferometry

E. Tatulli

Principles

Recombination

Atmospheric

turbulence

The observables

Interferometry

& YSOs

Context

NIR continuum

emission

Emission lines

Imaging

State of the art

Next steps

Perspectives

The structure of the inner rim
How sharp is the inner rim?

Depends on dust grains size and distribution

If inclined disk: asymmetries (skewness) depending on dust

characteristics

Closure phase is a powerful observable to probe such asymmetries

[Monnier et al. 2006]

IONIC PIONIER
Monnier et al. (2006, ApJ 647, 444) Lazareff et al. (2011, in prep.). See Wed talk.



MWC 158 in H-band with PIONIER and AMBER

PIONIERAMBER
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MWC 158 in H-band with PIONIER and AMBER

➡ this is not an instrumental defect !!

PIONIERAMBER
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Components in the Spectral Energy Distribution

7

Lachaume (2004)

Ft = Fs + Fd         Ft Vt = Fs Vs + Fd Vd

Malfait et al. (1998)



Components in the Spectral Energy Distribution

7

Lachaume (2004)

Ft = Fs + Fd         Ft Vt = Fs Vs + Fd Vd

Malfait et al. (1998)

H band



Polychromatic Model: standard disk + star

- Centro symmetric model

- Non-resolved star

- Rings-modelized thin disk

- SED modeling

- Interferometric data modeling



Polychromatic Disk Model + star: simulations

Vt = f + (1-f) Vd        =>       1-Vt = (1-f) (1-Vd)
Degenerescence between f = Fs/Ft and Vd.  We need f
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« Correcting » from star contribution

Corrected data seems to be more resilient to chromatic effects

f = Fs/Ft

Malfait et al. (1998)
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Image reconstruction

Radical differences:
- presence of central extended emission
- presence of a ring of emission
- directions of elongations are different

With original visibilities With modified visibilities, w/o star



Modelling

size (FWHM) : 
a = 2.82 ± 0.04 mas

Object orientation :
θ = 72 ° ± 1 °
i = 55.9 ° ± 0.9 °

Star flux ratio : ~30%
Gaussian flux ratio : ~50%
Ring flux ratio : 15-20%
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Summary and Conclusion

- Interplay between the disk and the star emissions and 
not an instrumental effect.

- Polychromatic changes due to astrophysical properties 
of the objects are important in H-band

- Possibility to correct from this effect
- Be careful with modeling and image reconstruction !!

Work in progress:
-Closure phases may be significant
-Carefull modeling wih minimum components
-PMS nature is not yet definitive
-Application to other objects
-New image regularization
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