


Disk-planet interaction



Resonances

In resonances, the interaction with the planet is 
amplified.

The gas only interacts with the planet at resonances
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Location of Lindblad resonances
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Lindblad Resonances
m(𝛺 − 𝛺!) = ± 𝜅
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1
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Asymmetry!

Outer Lindblad resonance is
closer to the planet than 
inner Lindblad resonance

for same m.



Migration Torques
Density Torque

Outer spiral is closer to the planet
Lindblad torque is negative

The migration it causes is inward

Inner Spiral

Outer Spiral



Total Torque
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Sum the torques from all resonances

Γ = Γ12 + ∑3456 (Γ7823 +Γ9823 )

Negative
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Corotational Torque
(Horseshoe Drag)

Gas in corotation

librates around the planet

in “horseshoe orbits”



Horseshoe Drag

In the leading (A) U-turn, the gas loses angular momentum,
so its torque on the planet is positive

In the trailing (B) U-turn, the gas gains angular momentum,
so its torque on the planet is negative









Tanaka (Isothermal) Torque

Sum the torques from all resonances

Γ = −(1.36 + 0.54𝛼) :!
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Still negative…



Non-isothermal

If horseshow turn is fast compared to heat transfer, the dynamics is adiabatic

Entropy is conserved!
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