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Long story short

Mdust = 0.01Mgas

Mdust = 0.1Mgas

(Lin, 2019)



From dust to planets
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Streaming instability? (Youdin & Goodman, 2005)

Secular gravitational instabilities (Youdin 2011; Takahashi & Inutsuka, 2014)



Streaming instability

ρdust/ρgas

One-fluid model of dusty gas (Lin & Youdin, 2017)

PLUTO code



Streaming instability timescales in a MMSN-like disk

Kan Chen,

Nanjing

→ Cambridge

!ρdust < ρgas

!ρdust > ρgas
!  
cm particles 
!

αvisc ≃ 10−3

Σdust = 0.1Σgas

Chen & Lin, in prep.

SI is easily killed by viscosity



Rapid planetesimal formation require ρdust & ρgas

ρd ∼ 0.01ρg in ISM ρd ∼ ρg for SI
HOW?



Dust settling?

Yes... if the disk is laminar



Hydrodynamic turbulence in protoplanetary disks

Vertical shear instability (Nelson et al., 2013)

I ∂Ω
∂z

6= 0 + rapid cooling ⇒ unstable

Ω = ΩKep(R) + Ωcorr(R, z)

What happens to dust?



Lifting dust particles by the VSI

Lin (2019), one-fluid approximation
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Classic picture: passive particles

large particles and/or weak turbulence dust settles

small particles and/or strong turbulence dust lofted

What about particle feedback and solid abundance?



Effect of metallicity (Σdust/Σgas)

Mdust = 0.01Mgas

Mdust = 0.1Mgas

Lin (2019), one-fluid approx.

Dust-loading → buoyancy → stabilizes VSI



Effect of metallicity (Σdust/Σgas)

Mdust = 0.1Mgas

Lin (2019), one-fluid approx.

Self-stabilized dust layer, similar to ‘dead zones’



Effect of metallicity (Σdust/Σgas)

= Hgas
R

Lin (2019), one-fluid approx.

More dust settles to thinner layers



Active dust settling in turbulent disks

dust settles

induces buoyancy

weakens turbulence

increase particle size decrease vert. shear

increase metallicity

particle back-reaction stabilize VSI

Settling via dust-loading: Σdust & (Hgas/R)Σgas

Dust rings should be thinner than dust gaps



Side note: dust-free model of dusty gas

polytropic gas  
with dust

pure gas 
with cooling≈

(for small particles)

∂ρ

∂t
+∇ · (ρv) = 0,

∂v
∂t

+ v · ∇v = −1

ρ
∇P −∇Φ,

∂P

∂t
+ v · ∇P = −ΓP∇ · v + Pv · ∇ ln c2

s +
ΓP

ρgas
∇ · (fdusttstop∇P).

Lin & Youdin (2017); built upon Laibe & Price (2014), also Fromang & Papaloizou (2006)



Full two-fluid treatment with FARGO3D

Mdust = 0.01Mgas

Mdust = 0.05Mgas



Full two-fluid treatment with FARGO3D

Mdust = 0.01Mgas

Mdust = 0.05Mgas

protoplanet



Dusty disk-planet interaction

planet



Dusty disk-planet interaction
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Well-defined rings ⇒ settled dust

Dust settling also implied by polarization observations (S. Ohashi)



Dusty disk-planet interaction

planet

Is dust settling compatible with gap opening?



2019 ASIAA Summer Student Program

Full 3D disk-planet simulations
(Jiaqing Bi & Robin Dong, UVic)



2019 ASIAA Summer Student Program

Axisymmetric disk-planet simulations
(Simin Tong, Jilin → Leiden)



2019 ASIAA Summer Student Program

(Credit: Simin Tong) An unsettling result...
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Summary

Dust settling depends on solid abundance (Lin, 2019)

Some questions under investigation

Dust settling v.s. disk-planet interaction
with Jiaqing Bi (UVic), Simin Tong (→ Leiden)

Streaming instability v.s. physical disk conditions
with Kan Chen (→ Cambridge)

‘Streaming instability’ in razor-thin disks?
with Sayantan Auddy (ASIAA)



Thank you

@linminkai
mklin@asiaa.sinica.edu.tw


	fd@rm@1: 
	fd@rm@0: 


