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Talk Outline

Brief introduction on the disk-planet interaction

Probing the presence of planets through mm-wave observations

Constraining the physical properties of young planetary systems

New frontiers: - ALMA and VLA observations of transitional disks

Collaborators: J. Carpenter, L. Ricci (Caltech), L. Perez (Caltech/NRAO), N. Turner
(JPL), Claire Chandler (NRAO), Sean Andrews, Katherine Rosenfeld (CFA)
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Disk-Planet interaction
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LkCa 15

Isella A., Perez L., Carpenter J. (2012)

CARMA - Continuum @ 1.3mm

L . Slmoolth Vilscouls moldel -
- (¢) ' : Power-law model ———
F B
g r i g
CEE 0.004 2 E/D h
¢l < ] > % 107 Q _:
§ 1 11 & £ | 5
o C QO
I 1 - o ! ]
g - | +0.002 8 s ]
i . £ . _
1] =
] n
! @ 1] 1 r .
PP RS TR S R O 0 [ ]
1 o SR.A. (?Jrcsec) 0 B I 1 I ! ! . | ‘ ]
Beam size : 0.15” 0O 20 40 60 | 80 100 120 140 160
20 AU @ 130 pc Radius (AU)

Andrea Isella :: 2012 Sagan/Michelson Fellows Symposium :: Pasadena



&Dec (arcsec)

LkCa 15: a wanderful laboratory!
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Asymmetries in the dust emission
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LkHa 330

Gap radius =70 AU

Total flux @ 1.3 mm =50 mly
Flux in the asymmetry = 17 mly
The asymmetry is narrow along
the radial direction (<10AU) and
extended in azimuth (100AU)

0 100 200 300 400 500
U kn)

100 200 300 400 500 600
U (kA

Isella et al. in prep

Andrea Isella :: 2012 Sagan/Michelson Fellows Symposium :: Pasadena



LkHa 330: a planetary system in
formation?

HD simulations of a forming planetary system

‘ \O ‘ 200 T T T T T T T T 2 m

[ 7 - 5 = 5
o FCARMA Z71.3 mm s | EEIXACYS | tEexI0yrs__ | =
o [ 1 00 L | 1 L | M 15 Q:).‘
'y, | ° 8
a - - 50 | 1L i @
© - 15 O
oo -< 0 1 r il B D
O [ - > ] | -0
o - 50 | 1 0r . 23
a - - —
©n L - 400 F 1k 1 o5 <
(j — S
| - as0 L 1t i (@]
- @)
! P [ IR -200 | | | | I I \ | ! ! | I I I 0 3
0.5 0 ~0.5 2200 -150 100 -50 O 50 100 150 200 -200 -150 100 50 O 50 100 150 200 s
OR.A. (arcsec) X (AU) X (AU) ~

Caution is required to convert dust emission asymmetries is local variation of the dust
density due to possible spatial variations in the dust opacity and temperature.

Isella et al. in prep
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Isella et al. (2010) NeW frOntIerS: ALMA

T T T I T T T T I T T T T I T T T

MWC 758 @ 850 pm

1

o GMPQ
Z~ ¢’

Density contrast : (e.g., Kley et al. 2012)

0

—1

| | | I 1 1 | | I 1 | 1 1 l 1 1 1
A Dec,

Shape: ¢ = f(rp ’¢p ,Cs,h) (e.g., Rafikov et al. 2002)

\
; 1 1 1 1 I Il 1 1 1 I Il

1 0 —1

ALMA Band 7 simulated observations of the dust thermal emission
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New frontiers: VLA

. Keck Aperture Masking
CARMA 1.3 mm continuum
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Credit: Karen L. Teramura, UH IfA

* Detect LkCal5b circumplanetary disk.

* Measure LkCal5b orbit

VLA beam @ 7 mm = 40 mas

&

CARMA beam @ 1.3 mm

Sensitivity:
2.5 wly in 10 hrs -> 3 Lunar masses of dust

Rp = 16 AU -> 12mas/yr = % VLA beam

Ongoing Observations
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Summary

* Millimeter-wave telescopes provide the angular resolution and sensitivity
required to study the earliest phases of planet formation through the disk-
planet interaction

* Large gaps in the dust emission suggest the presence of planetary systems
composed by multiple giant planets

* This hypothesis is supported by the detection of asymmetries in the dust
distribution

 ALMA and VLA will constrain the mass and orbital radius of newly formed
planets.
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