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Long story short

(Lin, 2019)
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From dust to planets
protoplanets

Disk of gas and dust
spinning around young Sun gravity
S ‘\ ‘/ A B

—

km planetesimals

Dust grains
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mm-cm grains Dust grains clump
into planetesimals

grains ——Jp planetesimals

Planetesimals collide
and collect into planets

r g/ HOW? .,

sticking

@ Streaming instability? (Youdin & Goodman, 2005)
@ Secular gravitational instabilities (Youdin 2011; Takahashi & Inutsuka, 2014)



Streaming instability
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@ One-fluid model of dusty gas (Lin & Youdin, 2017)
@ PLUTO code



Streaming instability timescales in a MMSN-like disk
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Rapid planetesimal formation require paust 2 P
~J as

pd ~ 0.01pg in ISM

HOW? |

>

pd ~ pg for Sl




Dust settling?

z/R,

z/R,

0.15 7T 0.01
0.10 0.01
0.05 0.01

-0.00 0.01

-0.05 0.01

o015 Pdopt=00Po 000
0.15 1.39
0.10 1.16
0.05 0.93

-0.00 0.70

-0.05 0.46

0.10 0.23

_015 . pd/pg! t=8Q00PQ

07 08 09 10 11 12 13
R/R,

0.00

@ Yes... if the disk is laminar |



Hydrodynamic turbulence in protoplanetary disks

o Vertical shear instabilityJ(Ne|son et al., 2013)

> % # 0 + rapid cooling = unstable
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What happens to dust? J




Lifting dust particles by the VSI

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

large particles

small particles

and/or

and/or

weak turbulence

—»

dust settles

strong turbulence

@ What about particle feedback and solid abundance?

——» dust lofted




Effect of metallicity (Zqust/Lgas)
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@ Dust-loading — buoyancy — stabilizes VSI
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Effect of metallicity (Zqust/Xgas)
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Lin (2019), one-fluid approx.
@ Self-stabilized dust layer, similar to ‘dead zones’



Effect of metallicity (Zdust/ZEas)
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Lin (2019), one-fluid approx.

@ More dust settles to thinner layers

1000



Active dust settling in turbulent disks

particle back-reaction

dust settles

¢

increase metallicity

'

induces buoyancy

stabilize VSI

f

increase particle size

o Settling via dust-loading: ~ Zdust & (Hgas/ R) X gas J

@ Dust rings should be thinner than dust gaps

weakens turbulence

f

decrease vert. shear




Side note: dust-free model of dusty gas

polytropic gas N/ pure gas
'Y

with dust with cooling

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




Full two-fluid treatment with FARGO3D

log(pd/pgy), t=500P,

Mgyst = 0-01Mgas
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Full two-fluid treatment with FARGO3D
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Dusty disk-planet interaction
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Dusty disk-planet interaction

] [ [
no settling himm =2.15 au h1mm =0.70 au
ass=31073 ass=3107%

(Pinte et al. 2016)
o Well-defined rings = settled dust

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



Dusty disk-planet interaction
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Is dust settling compatible with gap opening? )




2019 ASIAA Summer Student Program

o Full 3D disk-planet simulations
(Jiaging Bi & Robin Dong, UVic)
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2019 ASIAA Summer Student Program

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

log(pd/pg), t=200P,

torque

0.5 1.0 1.5 2.0 2.5
R/rg




2019 ASIAA Summer Student Program

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

Dust settling depends on solid abundance (Lin, 2019) J

Some questions under investigation
@ Dust settling v.s. disk-planet interaction
with Jiaging 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)
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