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The Questions

® Big Picture: Origins

® how do stars and planets form!?

g L . " o, Pk o ey s o Y N " il . F

LT Sk, T L, ) S RO N S’ P RS i e e~ T e T e b Py - i L AT Gy Rl T TG o0 el b L o rou, g e

5 'l . a - v b b e 3 : . - . £ : . = LR E

. -I: P T NS i "_'I;'I.-L:L'..:'i.l_': .F P :!.‘;r]. T L .: g -' NI e r_-_u_c_l_..rl_ P _'-\.':‘i":-;p et gl -:-r._‘ i .' J:.r--'._."-p R TP " i g’ i _:q,r-‘ Gty
( ol i A — - ", _’_.\ 'f“ ~ = 'C1TANY ol raYadas s e - '..__-._r,. 2 | ~ ’. ~ a s R __'ﬂ o i e 1

g L



Star Formation

® Disks form during collapse of cloud to star

® accretion through disk onto star

® envelope/halo contributions




Initial Conditions for Planets

® Planets form in disks: how and when!?

® distribution, amount, chemistry, temperature
of dust & gas in protostars TTs HAEBEs
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Planetary Signposts

® Protoplanet blobs, gaps, variability in TTs

® test when planets form, how they accrete,
whether they migrate
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The Challenge

® Disks are small

® nearest star forming
regions at| 00+ pc

e | AU < |0 mas




Wanted: Spatial resolution

® spectroscopic veiling very useful

® SEDs alone cannot distinguish geometry, T, dust properties

Eisner, Chiang, & Hillenbrand 2006



Lots of Progress

® Disks from ~1-100 Myr

® size scales & geometries

oy LM T R = ] P T - by U bt o e - PR T
" = Y s ;‘._ T e [ .h sCwill o F o sl ;-'r"nf "-r.i... 1”:_.‘,:{.' A e .'-":"'I'. =75 ...___';._Jr..h b Rt _: e RN :_IJI P oy
A e B E e RO

R Ea 2
: - o ; . N | - 5, ot B et b 1, P, 0 S ]
B SR SO e e Sl T A e T, Dt S R SR R U LS




Inner Disk Radii
Adapted from Millan-Gabet et al. PPV Review
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I(R) for a T Tauri Star:
Keck-1 Grism Data

a =~ 0.9+ 0.05



Dust -

Evolution P e

Inner disk Outer disk

HD 163296 ' HD 163296

HD 144432 HD 144432
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Gas Infall/Outflow

e outflow (Malbet et al. 2005) | Malbet et al. 2005

2160 2170 2180

® disk? see Tatulli et al. 2006 s
= Tatulli et al. 2006

® no infall signatures yet...




Resolving Transition Disks
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® Disk models with small dust grains 1.0

- fB=1 (or >1): submicron-sized dust

- Rn=0.06AU,Ti» =1100 K

Eisner, Chiang, & Hillenbrand 2006



Debris Disks

Absil et al. 2006:Vega



Small & Large Scales

synergy with ALMA

— flatdisk
— — — - flared disk
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Going Forward

® |nvestigate detailed disk structure

® imaging, spectroscopy, polarization




Imaging

® Lots of baselines allow imaging | kHa 101 Image
(see aperture masking results!)

- e I g # - Wi ) R
i T Eep ¥ |-|I=__-I- oy | BLTCHET .t ._‘r'--. |!'_.ql_: e L.d_:|.u_-_|- w5 I.II_ :l_u‘:_ INT-'!L..‘ y
o --‘: b“ LA T "'-ii. T, o A Iy vl wh i f o el T S
ey RN

y o ."-.-"_-"f.':.'jll __._»‘--.M e ,'::-,_;:_-"f:‘-..' R AT, .,-.__,'_; '_C-:"T"I.-.':;- T _'..-','--"’.."lt !

1
s
=1

Tuthill et al. 2002



Kinematics

!

22900 22920

Wavelength (Angstroms)

Carr, Tokunaga, & Najita 2004




Planetary Signatures

® gaps and protoplanets

® need long baselines to resolve; difficult for
TMT-type instruments
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Gap Detection

Varniére et al. (2005);
Crida et al. (2005)
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Toy Models




Dense Interferometer

80-100m baselines only

® Few rotating baselines (space)
or many-element ground-based

- 80-200m baselines only

- 20-300 m baselines 100% null Ls
(~20m apart)
10% null

-




Comparison to ELT/ALMA

 at 5 AU, T~100 K; Amax~30 um




Gaps/Holes

® “Transition objects” found by Spitzer

® apparent inner clearings: planets!?
® evolutionary stage: gas dispersed!?

Planetesimals Low-mass giant planet  High-mass giant planet

images courtesy of Joan Najita



Gaps/Holes & Gas

® Spatial distribution of gas can diagnose
evolutionary stage

Gas within Rhole Gas within Rinner No gas within Rnole




Instrument Questions

® \What resolution do we need!?

® e.g.,for gaps,>100m baselines required

Le Whgt uv coverage do we need’ |
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Spatial Resolution

e | AU atTaurus:~10 mas at 2 um

® ~|00m baselines to resolve inner disk




Spectral Resolution

® Disk Keplerian speeds ~|-10 km/s (similar
for jets/infall)
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uv coverage

closure relations: 3-4 tels

more phase info w/ more tels

Old disks: Faisk/F+ < 0.0
Planets: Fpianed/F+ < 10°2

need >10 elements Y SR

sparse or filled array?

Tuthill & Monnier 2000



Field of View

Separation (AU)

® |arge scales at high resolution

® Astrometry



Sensitivity

® hundreds of YSOs brighter than K~ 1 |; but often
very red,V~I5
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Prioritized Requirements!?

® sub-mas resolution

® unique capability of interferometers

@ imaging
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