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SED of Protoplanetary Disks
SED of TTS + disk
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Dust Evolution & SED

Planet
Formation
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(Dullemond & Dominik 2005) (TanakaVeE[Hzclal. 2005)
Dust evolution — SED model calculation



Photoevaporation of PPDs

Photo-
evaporating
flow

PDR

Central Star Disk
(e.g., Shu et al. 1993)
Physical structure of photoevaporating disks
+ Dust dynamics & coagulation in the disks
— Effect of photoevaporation flow on
dust evolution & SEDs of PPDs



¥ Effect of

Photoevaporating
Flow on Dust
Dynamics



Basic Equations of Gas Flow

1D steady flow In vertical direction

Mass Cons. Eq. : pv,=const.
Momentum L dv, 1dP GM.z o pkT
Cons.Eq. ° “dz pdz 1’ r m,

Boundary Condition :
Junp condition at ionization front

Vie=C?/2¢, pie = (2¢° /7 ¢,?)py
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Gas Temperature

Local Thermal Equilibrium
(FX+ 1_‘pe_l_l-gr_Aline:O) Nsk
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Energy exchangety collisions
between gas and dust particles
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UV & X-ray Rad. from Central Star

TW Hydra Model b v B
UV Stellar blackbody ¥ ™| <
+ Thermal ol
bremsstrahlung ! /
(Tor=2.5x 10%K)  ooill [

+ Lya emission (Cf Costa et aI 2000)
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Gas Temp. & Velocity Profiles

Temperature Velocity
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Effect on Dust Dynamics

Q7= (pgasCs/ps p)(VdUSt_VgaS _)ap crit

Critical
dust radius
ap < ap, crit
— upward
ap = ap, crit
— downward
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Sub pym - um sized grains move toward
disk surface with gas flow @ 0.1-10AU

— Effect on observational properties ?
(cf. Nomura & Inutsuka 2004)
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Equation of Dust Evolution
Coagulation equatii(l)n for dust particles
%"‘ Advect. = Ele Bi—j,j(Pi—j(Pj - mi(PiZ Bi,j(pj
B, ;=n(aj+a;)2 Av pS/rh;mj a
Advect.=<{d (V,¢;)/dz (quiescent)
d(V.,o; -Dop[d(¢./p)/dz])/dz (turbulent)
V, (dust) - v, (gas) = -(p.a/c.py) Q2 Z
Boundary condition
N,,:—10% cm-3 -
V2, Bc= Vi —
Radial motion -
a=>yan (Lric=Teqqy) — Move inward rapidly

Initial condition Dark cloud model

nOU

Ve r




Effect of Photoevap. on Size Distril.
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Sub-um sized particles disappear due to
coaqulation & photoevaporating flow
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Effect on

Spectral Energy
Distribution



Calculate SEDs of Disks

Dust Size & Spatial Distributions

|
Dust Opacity

!

Disk Structure (Temp. & Density)
+ Radiative Transfer

!
Thermal Dust Emission from Disks




Pdust/ Pdust, 0

Resulting SEDs
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Model calculations without photoevap.
reproduce observations of CTTS disks



Effect of Photoevaporation on SED
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§o Summary

Physical Structure of Photoevaporating
Protoplanetary Disks

|

Sub pym - um sized grains move toward
disk surface with gas flow @ 0.1-10AU

Dust Evolution in Photoevaporating Disks
— Sub um - um sized particles disappear

|
Spectral Energy Distribution Models

w/0 photoevap. : reproduce obs. of CTTSs
with photoevap. : Rad. flux @ MIR-FIR \
(Class Il11-like ?)
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