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Streaming instability for planetesimal formation

(Drazkowska et al., 2022, PPVII)

SI?



Streaming instability of dusty gas

Dense dust clump 
collapses into 
planetesimals

Chen & Lin (2018) Pluto simulation without a dust module



State-of-the-art simulations (Nesvorný et al., 2020)

https://www.youtube.com/watch?v=WA4Y8VCqBqE


The SI is both simple and complex

• Mutually interacting dust and gas in rotation + relative drift 
• But PPDs are much more

Simple ingredients

Abstract interpretation

• Resonance between dust-gas drift and inertial waves (Squire & Hopkins 2018)



Our extensions to the SI and dust dynamics

• (alpha) turbulence: weakens the SI (Chen & Lin, 2020) 

• vertical structure: “vertically shearing” SI (Lin 2021) 

• magnetic fields: accretion flows, live MHD (Yinhao’s talk) 

• thermodynamics



SI in modern protoplanetary disks

Laminar accretion flow

(e.g. Riols et al. 2020, Cui & Bai 2021)

streaming instability?
Due to large-scale 
magnetic fields

pressure bumps



Nonlinear evolution of the SI in accreting disks

∂P
∂R

≡ 0

Lin & Hsu (2022), Hsu & Lin (2022)



Parameter study

Wang & Lin (in prep.)

ρd/ρg = 100

ρd/ρg = 10

ρd/ρg = 1

ρd/ρg = 0.1

ρd/ρg = 0.01

clumping even in 
dust-poor disks



Decent concentrations in dust-poor disks

Wang & Lin (in prep.)

log(ϵmax/ϵinit)

ρd
ρg

= 0.1 → 10

isothermal gas



Non-isothermal gas-dust interaction

• Small dust: heating/cooling, ionization  

• Large dust: dynamical interaction with gas:

• Non-isothermal gas instabilities + dust 

• Streaming instabilities + gas heating/cooling 



Radial buoyancy 
N2

R

Vertical buoyancy 
N2

z

Bounssinesq shearing box

• Gas: incompressible but with cooling and/or thermal diffusion 
(Latter & Papaloizou, 2017)

• Dust: appended as a pressureless fluid, coupled through drag 
(Lehmann & Lin, 2023)



SI + radial buoyancy N2
R > 0

Lehmann & Lin (2023)

Isothermal AdiabaticFinite cooling

Inertial waves 
stabilized



“Dust settling” instability + vertical buoyancy N2
z > 0

Lehmann & Lin (2023)

Isothermal AdiabaticFinite cooling



Convective overstability: N2
R < 0

Lehmann & Lin (2023)

entropy decreasing outward  + cooling = growing inertial waves 
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More dust

Dust-loading reduces ; finite drag suppresses small scalesN2
R



Nonlinear evolution

Lin & Lehmann (in prep.)

COS

Wave turbulence, 
Zonal flows, 

elevator flows, 
vortices

Dust-trapping, 
streaming 

instabilities?

(Teed & Latter, 2021) (Raettig et al. 2021)

• Dedalus spectral code (Burns et al., 2019) to evolve the 
axisymmetric dusty Boussinesq equations + dissipation



Example run

Dust-gas ratio

Lin & Lehmann (in prep.)



Dust rings

Lin & Lehmann (in prep.)

Dust-gas ratio
Pressure (scaled)



Elevator flows & buckling

Lin & Lehmann (in prep.)

Dust-gas ratio

Vertical velocity



COS & dust feedback I

Lin & Lehmann (in prep.)

Parasites halt growth 
(Latter 2016)

?

More dust



COS & dust feedback II

Lin & Lehmann (in prep.)

Nothing can 
happen in the 
linear stage More dust



Summary

• Extended SI: turbulence, accretion flows, MHD, non-
isothermal gas 

• Gas accretion + weak pressure gradient: moderate clumping 
even at low dust-to-gas ratios  

• COS: non-steady dust rings, too much dust weakens the 
instability 

• ASIAA postdoc deadline: Nov. 15

@linminkai
Thank you


