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Diversity of Exoplanets
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Transitional DiskD FH R

[RASH—ARADFER ., DEOH T ILIZHIBZIND L TLNS
KA HAHEDIFIEALT-,

Strom et al. 1989

“The presence of IR excesses for A > 10 um... and the absence of
excess emission at A < 10 um... may diagnose disk clearing in the
inner regions of the disk. If so, these observations may represent
the first astrophysical evidence of disks in transition from massive,
optically thick structures... to low-mass, tenuous, perhaps
postplanet-building structures.”
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Transitional Disk Dz AH =X L
A A~ & (Grain Growth)

10 100 1000
A [um]

Birnstiel et al. 2011
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Transitional Disk Dz AH =X L
Jt 7% F (Photoevapolation)
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Dust Trap (Pressure Bump)

Rt aoa et ALMA cycle0 band9
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Herbig®! 2 vs T Tauri 2 D 5 F=

Molecular Species

AB Aur DM Tau

N/N(13CO) N/N(13CO)

H2

1.5x1076 1.0x10"7

1 1

1.5x10"-4 2.0x10"-3

1.3x107-5 7.0x10"-4

< 8.0x10"-5 3.0x107-4

<5.0x10"-4 1.0x10"-3

<2.0x107-1 0

Schreyer et al. 2008, Pietu et al. 2005
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HD 163296 CODR/—Z4 1

SMA

Continuum and Emission Line Results

A (mm) Beam PA. Flux (Jy)

1.36 35 x 272 0.615 £ 0.004
1.33 477 % 28 0.670 = 0.007
1.11 370 x 179 1.039 £ 0.007
0.88 18 x 173 1.74 £0.12
0.44 217 x 272 2 75+05

Transitions Beam A Integrated intensity® (Jy km—!)

CO2-1 21 x 1”8 54.17 £0.39
CO3-2 1”7 x 1”3 o 08.72 + 1.69
CO6-5 2'7 x 174 58.66 + 6.44
3Co 2-1 179 x 1”8 18.76 + 0.24
C'®02-1 179 x 178 6.30 +0.16
Cc'703-2 372 x 22 11.64 £0.76

'*CO Column Density [cm™]

Model (2,,=1.5H) Model (z,,=2H) Mode (z,,-2.5H)

cont 1

s, 271GHz 1

12C/13C =67 + 8
160/180 = 444 + 88
180/170 = 3.8 + 1.7

40 60 80
®,, (k)

341GHz.
s CONR/—S54>:155 AU

1

imaginary (Jy)

. wl o Th Y
100 1000

Qietal. 2011

log A(um)




HD 163296 CODR/—Z422

H,* + HD — H,D* + H, + 220K (Wootten 1987, Roberts & Miller 2000)
H,D"+ CO — H, + DCO" COAVES~20KTHEMIZDCO M EMEN
% (Caselli et al. 1999, Pagani et al. 2012),
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Mathews et al. 2013
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N,H* + CO — HCO* + N,
N,H W ZLEFET NIECOITdepletionL TLNSEZTELRT 5,

ALMA cycle0 band7
3

Qietal. 2013
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........................ e | —— S CN2H+ Y NRAO/AUI/NSF/ALMA
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Deuterium Enhancement TW Hya (1)
DCN (J=3-2) 217.238 GHz @ ALMA band 6

The contour levels are at 50%,
Oberg et al. 2012 75%, and 90% of the peak value.

* The image with higher S/N ratio was obtained.
* [t becomes capable of applying to the model fitting much better.



Deuterium Enhancement TW Hya (2)

Multiple pathways to deuterium enhancements in protoplanetary disks.

SINDEWALMADT—3ZFRAWTEREZIEHEIZTKRDT-,

DCN forms at higher temperature than DCO+.  Oberg et al. 2012
DCN formation :viaCH,D"atT>30K
DCO+ formation :via H,D"atT<30K
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H

Vrtilek et al. 1987
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Similarity Solution Disk Model

» Similarity solution for the surface density (Hughes et al. 2008)

2-p
|
(C2 )

C, normalized surface density
C, distance where X(r) starts decreasing

2(r)= %exp
r

Demonstration

power-law

exponentially
» Radial temperature distribution s
Same as power-law disk model 1500 log Ny
. -1000 0 1000 [1/cc]
» Difference between the two models x[AU] 12
truncation caused by power-law similarity .
=
O
= power-law
< N—
I~ similarity
o0 [
o 1 , ,
— -1000 0 1000

Log r[AU] 'out x[AU]



Similarity Solution® R LA 1

163296
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Hughes et al. 2008
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Similarity Solution® R ZA512
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HST
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