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Stars, Planets, and Disks

Solar system; http://ssd.jpl.nasa.gov/orbits_outer.html .

' llustration of 4-planet system r C3
by Lynette Cook
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Stars, Planets, and Disks

Solar system; http://ssd.jpl.nasa.gov/orbits_outer.html .

® Proto-solar nebula

® Extra-solar planets

' llustration of 4-planet system r
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Stars, Planets, and Disks

Solar system; http://ssd.jpl.nasa.gov/orbits_outer.html .

® Proto-solar nebula

® Extra-solar planets

® Disks integral to star and
planet formation
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lllustration of 4-planet system r
by Lynette Cook
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Planet-Disk Connection

® |nitial conditions for planet formation

® Building blocks present in terrestrial zone!? R-01AU  R=IAU  R>I0AU

T~2000 K T~100 K T~10 K
| ~mm | ~ 10mm | ~ mm

® T suitable for dust, ice?

® \Water, volatiles available for formatlon of
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Focus: Terrestrial’ Regions

® Farth-like planet formation

® Hot Jupiters: Migration

R>I10AU
T~10 K
| ~ mm
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Focus:“Terrestrial’ Regions

Hot Jupiters: Migration
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Focus:“Terrestrial’ Regions

® Disk Accretion / Outflow

Shu et al.
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The Challenge

® |nner disks are small

® nearest star forming
regions at| 00+ pc

® | AU < 10 mas

® Available resolution
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Interferometers

® Synthesize large aperture using
smaller apertures
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Interferometers

® Synthesize large aperture using
smaller apertures
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Resolving Inner Disk Regions

Young Accretion Wind/ Gaseous Dust
Star Column Outflow Accretion Disk Sublimation F

H Gas Gas cont. H2O Vapor?
(Brg) (H-9 CO?

0.1 AU 0.3 AU 0.4 AU
Eisner 2007
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Resolving Inner Disk Regions

Young Accretion Wind/ Gaseous Dust
Star Column Outflow Accretion Disk Sublimation F

H Gas Gas cont. H2O Vapor?
(Brg) (H-9 CO?
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Inner Disk Dust:
Measured Inner Disk Radii consistent with Dust Sublimation
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Inner Disk Gas

® Sample of T Tauri and
HAeBe stars with Kl

® Emission from dust
near [su,s Would

produce flat size vs. |
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Inner Disk Gas

Sample of T Tauri and
HAeBe stars with Kl

Emission from dust
near Tsus Would

produce flat size vs. |

Observed size
increases with I
evidence of gas
(pseudo) continuum

Many show evidence
for Brg emission

distributed compactly

Tuesday, May 3, 2011

- _bGTau '
PIRL | u,‘“ w""

6!

21 22 23
A (um)

3.11AS 205 A

5.4 MWC 480

2 1 22 2.3
A (um)

“©IHD 142666

o[HD 144432

21 22 23
A (um)

. IMWC275

' 'V1295 Agl

.||‘

21 2.2 23
A (um)

21 22 23
A(um)

21 2.2 23
A (pum)

21 22 23
A (um)

.0IMWC 1080

21 22 23
A (um)

21 22 23
A (pm)

Mazz.o

4.2 fWC 758
£ ' ; ‘

{8 38

{c 36 "

|RW Aur

st 1

' F ' ||u|'l|"|||'|.'ﬁ

.
’l
.

21 22 23
A (um)

3.4}

21 22 23
A(um)

. MWCBSS

21 22 23
A(um)

“1AS 442

| "
Es. "l,'u'i“tﬁ"""""ﬂ
“l

21 22 23
A (um)

Kl data

Eisner et al. 2009




Gas Kinematics: Higher Dispersion
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® Brg line-widths a few hundred km/s




Gas Kinematics: Higher Dispersion

® Brg line-widths a few hundred km/s

® CO, H20 lines have (Keplerian) line-widths less than
100 km/s (although blends can be broader)
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Gas Kinematics: Higher Dispersion

® Brg line-widths a few hundred km/s

® CO, H20 lines have (Keplerian) line-widths less than
100 km/s (although blends can be broader)
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Gas Kinematics: Higher Dispersion

® Brg line-widths a few hundred km/s

® CO, H20 lines have (Keplerian) line-widths less than
100 km/s (although blends can be broader)
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Phase Referencing Buys Sensitivity:
ASTRA

*

Distant source




Phase Referencing Buys Sensitivity:
ASTRA

® [wo interferometers




Phase Referencing Buys Sensitivity:
ASTRA

® [wo interferometers




Phase Referencing Buys Sensitivity:
ASTRA

® [wo interferometers

- one tracks atmospheric phase

- other is phase-stabilized, can
integrate longer while
maintaining coherence

- phase difference between two
arms gives relative positions
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On-Sky Phase Referencing

Keck-ASTRA Phase Referencing
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KI SPR Results: Hydrogen
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KI SPR Results: H

MWC275

. — . Infall/Outflow
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Probing H,O and volatiles

® grism resolutions insufficient to resolve lines
(Vikepler < 100 km/s), but can resolve blends

® for individual lines, need NIRSPEC behind
interferometer (quite feasible)

Eisner & Hillenbrand submitted
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What we’ve learned...

Underlying Image from Akeson et al. 2005
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What we've learned... Jidnebocks of pares

Terrestrial planet formation
feasible.

Underlying Image from Akeson et al. 2005
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What we've learned... Jidnebocks of pares

Terrestrial planet formation
feasible.

T(R=1 AU) > 300 K

No water ice.

No dust at <0.1 AU...

Hot Jupiters can’t
form in situ.

Gas at <0.] AU

Migration can occur,
maybe halt?

Gas composition?
Habitability?

Underlying Image from Akeson et al. 2005
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Thank you.
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Thank you.

Take home message: Keck
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