Exploring the potentlal planet-forming region

IN young stellar disks with infrared interferometry
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Circumstellar Disks as Sites of Planet Formation
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10%yrs; 10-10* AU; 10-300K

1054 yrs; 1-1000AU; 100-3000K

10%" yrs; 1-100AU; 100-3000K

10" yrs; 1-100AU; 200-3000K

Planets form in the inner regions of the circumstellar disks around
young stars through coagulation & agglomeration of dust particles.

Studying these disks can help us...
...to learn about the initial conditions of planet formation,
...to understand how planet formation affects the disk evolution, or
...to detect embedded protoplanets, either through their thermal
emission, or the signatures they impose on the disk.

However, the spatial scales of the
potential planet-forming zone
(few AU) are not accessible with
conventional imaging techniques.

Since recently,

infrared interferometry allows us
to achieve the required
~milli-arcsecond angular resolution!

200 AU =1,3" = 1,300 mas

——




Infrared Interferometry

In recent years, infrared long-baseline interferometry could provide already exciting new
information about the dust and gas distribution in protoplanetary disks using model fitting.
For example, some recent studies conducted with the VLT and CHARA interferometer
(Kraus et al. 2008; Tannirkulam et al. 2008) revealed that the near-infrared emission

in the disks around intermediate-mass stars can be dominated by the emission of hot gas
located inside of the dust sublimation radius.

0 0 1 H H .
Another |mportar_1t _aspe;t is the re_:c_:e_:nt dev_elopment of VLT"A‘; B(I)El;oil;::;é
aperture synthesis imaging capabilities, as illustrated und orbit
here with two recent interferometric images of surface structure

on the main-sequence star Altair

(Monnier et al. 2007) and of the

young Orion Trapezium Fast-spinning star Altair

binary system 6! Orionis C

(Kraus et al. 2009).

New interferometers, such as the
CHARA array, will soon allow
efficient and high-fidelity
interferometric imaging

of protoplanetary disks.

CHARA/MIRC

Monnier et al. 2007; Kraus et al. 2009




CHARA Infrared Interferometry

The CHARA array was constructed by an consortium lead by

Georgia State Univ. and is located on Mt. Wilson, California.
Incorporating six telescopes arranged in a Y-configuration, CHARA forms
a virtual telescope with the resolving power of a 330 m telescope.

six 1m-telescopes

\ Together with the
p MIRC 4-telescope beam
¥ combination instrument

and the CHAMP fringe tracker
(which were built at

the Univ. of Michigan)

the CHARA array is a
particularly powerful facility
for near-infrared
interferometric imaging.




Sagan Fellowship Project Outline & Outlook

In the course of this project, Simulation demonstrating interferometric imaging
we will use the CHARA array of a T Tauri disk (M,=0.5 M) with an
and other infrared interferometer embedded accreting Jupiter-mass protoplanet
to study protoplanetary disks with Model image uv coverage
unprecedented resolution. w coverage} vis? (162); bispocrum (108) | + |

Radiative transfer modeling will

allow us to constrain the structure

and composition of these disk, O
providing insight into the regions

where planets are forming. ) —_—

uv plane Y coordinate [m]
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Furthermore, using aperture synthesis )
Reconstructed image

techniques, we aim to obtain the
first interferometric images of the
terrestrial planet-formation zone.

Model image

Infrared interferometric imaging offers the
fascinating prospect to directly detect the
hot accretion region around protoplanets
or planet-induced disk gaps or spiral waves.
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