Constraining the initial

conditions for planet formation
with ALMA, JWST and the ELTs




From dust to planets

Observations provide constraints to models that bridge the “gap”

Directly observable /
through IR and mm Exo-
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observations planets

Solar system constraints (but only | object! And 4.5 billion years ago!)
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Which observations probe what?
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Evolution of dust in disks

® Search for the presence of large (cm-size) grains

® The basic idea is to search for mm spectra that approach the black
body spectrum

e |imit for optically thick disk or grey dust (size>>A\)
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(Beckwith & Sargent 1991)
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Deep survey for Iarge grains in Tau/Oph
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Large PdBI,ATCA & VLA survey to measure the long wavelengths emission
from disks; 43 single, well characterized young stars

® Most disks have low values of B: early growth, slow evolution
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Grain growth in disks: model predictions
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® Models predict a radial dependence of the grain growth
® larger grains at small R, smaller (but still large) grains at large R

® Qualitative agreement with data, ...but...
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Grain growth in disks: model predictions

=0 40 60
Disk Radius [AU]

® Models can be used to predict radial variations of grain growth
® Specific predictions can be tested at mm-waelengths

® |imited to the outer regions of the disks + large errorbars
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MID-IR probes inner regions
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® Correlation of the dust properties in the inner and outer regions of the disks

® Qualitative agreement with model predictions, ...but...

® Samples still limited and biased
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Pebbles should not survive in disks!
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® Radial drift of mm-cm size particles at
r~100AU can be very fast

® Viscosity, porosity, gas/dust ratio

® Trapping in disk patterns

® \Vortices, spiral arms...

*EOS' Leonardo Testi, Protoplanetary disks with ALMA, JWST and the ELTs, Garching Apr 15,2010 L,;
+ "

Thursday 15 April 2010




Something must slow down radial drift

4 Hz 100 '"GHz

® Grain Trapping: e.g. spiral arms, vortices, density enhancements

e [Ffficient Gas Removal: photoevaporation, variations of gas/dust
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Complementary approaches

® ALMA - cold dust/gas, bulk of disk material

® Dust evolution, radial dependence of grain properties

® Molecular gas content, chemistry and evolution

o |JWST

® MIRI: Dust properties, gas content evolution (H2, [Nell],...)
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Probing the inner disk: gas content
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(Photoevaporation evidence from [Nell]

Pascucci & Sterzik 2009)

® Chemistry of the inner disk: e.g. water content

® Gas removal mechanisms: e.g. photoevaporation
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Conclusions

® mm observations with ALMA will probe the growth of dust
in disks and constrain planet formation theories

® The combination of infrared and millimeter continuum
observations will allow to test the physical models for grain
evolution in disks

e ALMA will probe the cool molecular component of the disk
resolving the chemical, thermal and kinematical structure at

large radi

® |JWST and E-ELT will probe the physical and chemical
processes in the inner regions of the disk
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