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Self-gravity at different scales

104km
105km

≳ kpc

≳ au

≫ Mpc



Gravitational instability



Dispersion relation 
 

m2(Ωp − Ω)2 = c2
s k2 − 2πGΣ |k | + κ2

All you need to know about GI (in discs!)
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Shock heating from spiral arms : Q = 1

Q = 1

qheat
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Mass regulated 

Mass injection :  increases and Q decreasesΣ
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GI and cooling

• Cooling factor determines angular 
momentum transport 




• Disc to star mass ratio 
determines the number of spiral 
arms


• Instantaneous pattern speed is 

, with waves quickly 
dissipating after creation because 
of shocks

αGI ∝ (δΣ/Σ)2 ∝ β−1

∝ Ω



GI and cooling: kinematics

Hall et al. 2020

Speedie et al.  
2024



GI and cooling: planet formation

Longarini et al. 2023b

Rowther et al.  
2024a

Rice et al. 2025  
After 2004!!

 

Dust collapse is  
possible 

Can dust grow 

up to those sizes 
fast enough?

St ∈ [0.1,1]



GI and cooling: planet formation

ΔR1,2 < tsΔv1,2

Very high resolution 
is required to resolve 

collisions

Longarini et al. in prep



GI and cooling: planet formation

ΔR1,2 < tsΔv1,2

Cat Leedham

Very high resolution 
is required to resolve 

collisions

Longarini et al. in prep

Shamrock??



GI and heating

Rowther et al. 2024b



GI and heating

Leedham et al. 2025



GI and infall

Kratter et al. 2010bSpeedie et al. 2025



Viscosity prescription that 
mimics GI (Lin & Pringle 1987)


Activates only when Q ≃ 1

∂Σ

∂t
=

3

R

∂

∂R [ R
∂

∂R ( RΣν)] +
·
Σinj

Injection term  

Mass is added with  at  
·

Minj Rinj

Diffusion equation for a Keplerian disc 

Locally isothermal disc : H/R constant

1D evolution code



1D evolution code
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1D evolution code
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1D evolution code

Longarini et al. subm.



3D PHANTOM simulations

SPH particles injection at  with 

 and Keplerian velocity 

(Also possible gaussian injection TBP 

works also for distorted discs TBP)


Locally isothermal disc:   

 is fixed


Working on implementing injection 
for adiabatic discs - discs with 
cooling

Rinj
·

Minj

cs

inject_keplerian.f90

setup (dusty)isosgdisc

PHANTOM > June 2024 



Self regulation in 3D
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Cooling vs infall

Cooling Infall

Longarini et al. subm.



Morphological analogies / differences

H/R = 0.125 H/R = 0.1

H/R = 0.075 H/R = 0.05

m = 2 m = 3

m = 4 m > 4

Longarini et al. subm.
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Long-lived 

global spiral 
mode

Superposition 
of different  

short-lived modes



Spiral tracking

Longarini et al. subm.



Wave propagationφ
φ
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(kH)2 − |kH | + 1
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Variability and overreflection

Longarini et al. in prep.



Overreflection at corotation?

Mark 1975
Longarini et al. in prep.

Corotation 
(injection)

cg < 0cg > 0

cg =
∂ω

∂k
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Overreflection at corotation?

Mark 1975
Longarini et al. in prep.

Corotation 
(injection)

cg < 0cg > 0

cg =
∂ω

∂k

STW

STW

loopQ > 1

LTW

∮
loop

dR |k(R) | = (2n + 1)π

Constructive interference condition



Overreflection at corotation?

Longarini et al. in prep.

M⋆(t) → H(t)
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Overreflection at corotation?
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M⋆(t) → H(t)

Long wave 
component

Short wave

Period is  
consistent

R < Rinj



Overreflection at corotation?

Long wave 
component

Longarini et al. in prep.

Leading wave 
“contamination”

M⋆(t) → H(t)

Short wave

R < Rinj

Period is  
consistent



Infall and dust dynamics - planet formation?

Gas Decoupled dust



SG is fundamental in astrophysics 

GI and cooling: very successful so far for 
experiments 
  -  Kinematics and angular momentum transport 
  -  Dust dynamics and planet formation 

GI and infall:  
  -  Self regulation in terms of mass 
  -  Good agreement between 1D and 3D 

Infall vs Cooling 
  -  Analogies: morphological scalings, dominant 
     modes 
  -  Differences: pattern speed, global modes 
  -  Planet formation?

Summary


