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Reaching out the inner astronomical units

SEEDs collaboration
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A VLTI-PIONIER large program
Goals:

• Constraining the shape of the
inner disk;

◦ Vertical structure;
◦ Non-axisymmetry

• Constraining the nature of the
emission (gas,dust)

• Determining the temperature;

• Relation with central star outer
disk;

• Signposts of planet formation;

AA48CH07-Dullemond ARI 16 July 2010 20:8
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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.

210 Dullemond · Monnier
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A PIONIER large program

Sample:

• The brightest Herbig AeBe stars
(Hillenbrand+ 92, Thé+ 94, Malfait+ 98)

• 55 targets selected

• B0 to G stars

Strategy:

• Snapshot survey: parametric modelling
of emission morphology.

• Agressive uv coverage and image
reconstruction on best resolved objects

J.-P. Berger PIONIER LP HAeBe 4/13
4/13



Examples of visibility distributions (I)

HD)85587)

MWC297)

HD150197)

B.)Lazareff)

Examples)of)visibility)paberns)1)
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Examples of visibility distributions (II)
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Parametric modelling
Visibility and Closure-Phases

Aim: Providing morphological parametrisation of the H band
emission
Method: Point source + Thin elliptical ring + Azimuthal
modulation + Blurring + Halo (11 parameters)
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Temperature distribution
On average consistent with silicate dust grain sublimation.
Good correspondance between interferometry and photometry
except for a few cases.

Mean value: ≈ 1600 K

Unreliable determinations

︷︸︸︷
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Size - Luminosity relation
Confirmation of previous studies e.g. Monnier+ (2002,2005)

1000 K

2000K

1500 K Θgrain = 1.0µm
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Reconstructed images

In most cases: not sharp "inner edge" detected.
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The origin of the "halo"
The case of HD 100546

Are we seeing the inner rim of transitional outer disks?
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Conclusion
1. VLTI is an operational, efficient, "imaging" interferometer;

2. PIONIER LP allows the morphology of the inner rim to be
constrained;

3. Temperatures measured consistent with sublimation but...

4. inner RIM very smooth (no sharp transition)?

5. evidence for external inner rim ?

6. Image reconstruction still in progress: simultaneous
photometry requests

7. The combination of PIONIER, GRAVITY and MATISSE: a
unique insight shed on the structure of protoplanetary disks
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Interferometric Imaging 
 

2014 Sagan Workshop, Pasadena, CA, 2014 July 22 

Planet Formation Imager Concept 
planetformationimager.org 
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Figure 3. Mosaic of hydrodynamics simulations of a protoplanetary disk with four embedded planets (background), the
gap that is opened by one of the planets (top-left panel), and of the circumplanetary accretion disk (bottom-left panel),
illustrating the need to probe a wide range of spatial scales in order to study the mechanisms that are at work during
planet formation. The background image is the 10 µm model image of the four-planet simulation by Dong, Whitney &
Zhu described in Sect. 4.2, while the insets show surface density profiles from simulations by Ayli↵e & Bate.? Besides the
physical scales (in au) we give the angular scale on the sky for a distance of 140 pc (in mas), which corresponds to the
distance of the most nearby star forming regions (e.g. Taurus).

4.4 Exoplanetary System Architecture

Planet population synthesis models aim to reproduce the observed exoplanet system populations by linking
planet formation models with models about the dynamical processes of planet-disk interaction, planet-planet
interaction, dust evolution, and accretion physics. These models depend on a proper knowledge of the relevant
processes and on the adjustment of a large number of free parameters, which introduces major uncertainties.

PFI will change the situation fundamentally, both by providing robust information about the initial conditions
of planet formation and by probing the protoplanet distribution during the evolutionary phase that is most critical
for shaping the architecture of exoplanetary systems, namely the first ⇠ 100 Myr. Observing planetary systems
during this time interval will allow PFI to determine where in the disk planets form and how they migrate through
interaction with the gas-rich disk, providing insights into the mechanisms that halt migration, for instance at
deadzones, disk truncation points, or during the disk dissipation phase (typically at ⇠ 10 Myr).

Achieving this goal will require detecting planets in a statistically meaningful sample of systems at di↵erent
evolutionary phases, e.g. of the order of 100 systems in the classical T Tauri/Herbig Ae/Be phase (⇠ 0.5 Myr),
transitional disk (⇠ 5 Myr), and early debris disk phase (⇠ 50 Myr). These observations will allow us to construct
planet population diagrams for these di↵erent evolutionary phases and to compare them with the population
diagrams for mature exoplanet systems. Based on state-of-the-art population synthesis models we expect dra-
matic changes during these phases, such as the inward-migration of the Hot Jupiters during the first 1-2 Myr
and the ejection of planets due to dynamical instabilities (e.g. Raymond et al.?).

Another important objective of PFI will be to determine the location of the “snow line” for important
molecules like water (H2O), marking the location where these molecules condense to form ice grains. At the

Thermal IR imaging interferometer 
with <1 milliarcsecond resolution to 
resolve giant planet formation 
processes down to the scale of 
circumplanetary accretion disks 

Credit: Kraus et al. 2014, simulations from 
Ayliffe, Bate, Dong, Whitney & Zhu 
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	Protoplanetary disks at astronomical unit scale

