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Observation of (pre-)Transitional disks
--disk with a wide gap

Espaillat et al 2010

SED from observations Model

Optically 
Thin Gap



Gap Opening by Planet(s)

Zhu et al 2011

4 Jupiters
In resonance

Dust depletion
By 10^2 ~ 10^5

Ideas:

How to deplete the 
dust fraction in the 
gap?

How to form 
multiple gas giants?
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KARAOKE



‘Filtration’ effect at the rim of the gap

Positive(Negative) pressure gradient

->Particles feeling Tail(head) wind & 
gaining loosing) angular momentum

->Particles drifting outward (inward)

->Piling up at local pressure maximum 
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Two groups of  particles 
with only coagulation
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Total mass needed to be trapped to get a significant amount of depletion
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Σ gasΣ

Micron-sized grains, 
coupled with gas

∆

Fraction of small particles get trapped 12 ≈∆traptrapnsπ



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

Crida et al 2006
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‘One-box’ Model
--coagulation and fragmentation
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‘One-box’ Model
--concentration of big bodies
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Equations
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Evolution equations:

Diagnostic equation:
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Initial conditions
• Viscous disk (MMSN) after 1Myr
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Dust depletion at 50AU after 3Myr
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Parameter space: turbulent parameter

210−=α
310−=α
410−=α



Parameter space: sticking efficiency
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Parameter space: planet position

AUr planet 70=
AUr planet 50=

AUr planet 30=



Planet formation in the ‘box’?

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

• Problem of the time-scale for 
Saturn’s core formation in situ in MMSN

Jupiter’s formation
->Trapping particles in the outer disk

->Triggering Saturn formation



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. Tidal damping
-cross section: Gravitational focusing
-dispersion: Eccentricity & inclination
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Planet’s core formation at 5AU after ~1Myr

Tens of 10 
earth 
mass cores

Concentration 
of solids within 
0.01AU

Significant 
amount of 
depletion



Conclusion & Future Work
• Conclusion

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

– We can form the core of Saturn in a short 
time-scale

• Future Work
– More realistic model of coagulation & 

fragmentation
– Solving radial distribution
– Forming a series of planets
– …
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