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Observation of (pre-)Transitional disks

--disk with a wide gap

SED from observations Model
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Gap Opening by Planet(s)
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Ideas:

How to deplete the

dust fraction in the — = k-
gap? 025AU 2AU 36 AU

Dust depletion
By 1072 ~ 1075
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‘Filtration’ effect at the rim of the gap
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Two groups of particles
with only coagulation
2 Zgas

P \ Micron-sized grains,
coupled with gas
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‘One-box’ Model

> b ) gas

Particles of different sizes
trap,
fragment & coagulate
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M b — z" M acc Infinite reservoir of small grains

M SUt =2ar U, Z%OX (S < Strap) Depends on gas background profile



‘One-box’ Model
--gas background
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‘One-box’ Model

--coagulation and fragmentation
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Biernstiel et al 2011, Mathis et al 1977 etc. ISM for KBOs and ABOs.



‘One-box’ Model

--concentration of big bodies
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Equations

Evolution equations:
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Initial conditions

e Viscous disk (MMSN) after 1Myr
- M.=M solar

— 7" =0.01

Parameter space
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Dust depletion at 50AU after 3Myr
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Parameter space: turbulent parameter
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Parameter space: sticking efficiency
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Parameter space:
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Planet formation in the ‘box’?

e Only forming asteroids at ~50AU
e How about at 5AU?

e Problem of the time-scale for
Saturn’s core formation

Jupiter’s formation
->Trapping particles in the outer disk
->Triggering Saturn formation
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Gravitational Stirring

<10km:
-velocity dispersion: Turbulence V.S. Gas drag
-cross section: Geometrical cross section
-dispersion: Advection V.S. Diffusion

10km-100km:
-velocity dispersion:
Gravitational stirring V.S. Gas drag
-cross section: Gravitational focusing
-dispersion: Eccentricity & inclination

>100km:
-velocity dispersion:
Gravitational stirring V.S.
-cross section: Gravitational focusing
-dispersion: Eccentricity & inclination

“’“d—”(s )m(s')Av(s, s')A(S,..., s')eds' Ar



Planet’s core formation at 5AU after ~1Myr
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Conclusion & Future Work

e Conclusion

— We don’t necessarily need multiple gas
glants to explain the optically thin gap in
(pre-)transitional disks.

e Future Work

— More realistic model of coagulation &
fragmentation

— Solving radial distribution
— Forming a series of planets
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