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Roche-lobe Overflow

The Roche Limit
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Asymptotic Trajectories
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Critical Core Mass

Mp(M⊕)
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Observed Remnants
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Summary

Inspiralling Hot Jupiters

≈ 20 with ttide < 4 Gyr

Stable Roche-lobe overflow: a ∝ ρ−1/3p

Analytical Calibrated ρp(Mp)

ρp(Mc ,Matm, inflation)

Complex trajectories

Fate determined by Mc

Valsecchi+14,15 Jackson+16

No Remnants (“gas Neptunes”)

Planet formation: Mc & 6M⊕

Tidal evolution: 106 . Q . 107 excluded

Small “Keplers”: only if Q is low
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Thank you!
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Mass-Radius Relation
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Mass-Density Relation ρp(Mp)

Cold Gas Balls

Kρ
5/3
p

[
1−

(
ρ0
ρp

)1/3
]
∼ GM

2/3
p ρ

4/3
p

(
ρp
ρ0

)1/3

= 1 +

(
Mp

Mmax

)2/3

Mmax ' 3MJ

Inflated Hot Jupiters

Adiabatic Mass-Loss:

ρ
1/3
p ∝ 1 +

(
Mp

Mmax

)2/3

Wu&Lithwick 13, Ginzburg&Sari 16

Gas
MJ ≈ 300M⊕

Core
Accretion

Gravitational
Instability

Mc ∼ 10M⊕



Mass-Density Relation ρp(Mp)

Cold Gas Balls

Kρ
5/3
p

[
1−

(
ρ0
ρp

)1/3
]
∼ GM

2/3
p ρ

4/3
p

(
ρp
ρ0

)1/3

= 1 +

(
Mp

Mmax

)2/3

Mmax ' 3MJ

Inflated Hot Jupiters

Adiabatic Mass-Loss:

ρ
1/3
p ∝ 1 +

(
Mp

Mmax

)2/3

Wu&Lithwick 13, Ginzburg&Sari 16

Gas
MJ ≈ 300M⊕

Core
Accretion

Gravitational
Instability

Mc ∼ 10M⊕



Mass-Density Relation ρp(Mp)

Cold Gas Balls

Kρ
5/3
p

[
1−

(
ρ0
ρp

)1/3
]
∼ GM

2/3
p ρ

4/3
p

(
ρp
ρ0

)1/3

= 1 +

(
Mp

Mmax

)2/3

Mmax ' 3MJ

Inflated Hot Jupiters

Adiabatic Mass-Loss:

ρ
1/3
p ∝ 1 +

(
Mp

Mmax

)2/3

Wu&Lithwick 13, Ginzburg&Sari 16

Gas
MJ ≈ 300M⊕

Core
Accretion

Gravitational
Instability

Mc ∼ 10M⊕


