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From protoplanetary disk to planets
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Obs. of Dust Emission from PPDs
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Dust Evolution & SED

Quiescent disk  pust evolution in disks
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How to Supply Small Dust Grains?
Turbulent disk, R=1AU, t=10°%yr
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(Nomura et al. 2007) - Fragmentation ?

Supply of small dust grains to inner disk
Vertical: cloud - disk midplane
Radial: migrate with gas accretion flow
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Size growth,
settling, & migration
of dust particles and
Disk model



Dust size growth, settling, migration

Coagulation edg. for dust particles
0P, + 1 a(R(PiVR)+a((Pin)
ot R OR 0z
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Av: relative velocity bw. parficles
a:

-Brownian motion

-settling & radial
velocity differences

-turbulent induced
velocity differences

Turbulent V,e, =—(Q2zD Jp, - D, (69,/0z)
mixing D, =ac H/(1+Q, /D) D=p,.c./a




Velocity of Dust particles (Vi&V,)

Eqg. of motion for dust a : dust radius
dU GM.,
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Eqg. of motion for gas
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Gas Density Profile

Hydrostatic equilibrium in z-direction

dpP pGM .z

dz - P87 (x> +2z°)?

Z
P=ka/ump, M.=0.5 M, ‘ /X
Surface density: = (—energy balance)
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Gas & Dust Temperature Profile
Gas: Thermal equi. (Iyx+ I'pe+Lg-Ay o =0)

[y : X-ray heating
(H, H, Ionization)

~<. Rad. cooling

Lya, Ol, CIl, CO lines)

: FUV heating L+ Gas-dust
(grain photoelectric) collisions

Dust: Local radiative equilibrium
jo dv x, § [ dQ=4r jo dv kB, (T,)

Heating: lrradiation from central star
Cooling: Dust thermal radiation
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Resulting
Dust Size & Spatial

Distributions



Dust size distribution (only V,)
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Dust size distribution (only V,)
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Small-dust/Gas Ratio (only V,)
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Small dust/Gas Ratlo (only V )
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Effect of radial migration: Vy vs. V,
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Dust size distribution (V, & V,)
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Effects on Dust
Continuum Emission



Effect of dust inflow on SED

Disk temp. & density + Dust evolution
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Effect of dust inflow on SED

Disk temp. & density + Dust evolution
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Spatlal dlstrl of dust em|SS|on
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85 Summary

Dust size growth, settling, and radial
migration in protoplanetary disks

Supply of small dust grains to inner disk
{Vertical: cloud - disk midplane < nout

Radial: migrate with gas accretion = o

SED model calculations
n,,~10%m= or a >10273
- consistent with observations
Effects on spatial distri. of dust emission
 Fasoum’Fasoum \ @ inner disk

- Observational diagnostics by ALMA
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