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Tidal Evolution

As the frozen core grows, tidal response
of Neptune will evolve

Thermal Evolution

Presence of a frozen core leads to generalization
of the thermal evolution equations
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- Most models are inviscid and can explain thermal
evolution

- Such models fail to explain tidal evolution .

- Thermal and tidal evolution of Uranus can be explained with Thermal Evolution of Neptune
a growing frozen core

- Does Neptune also have a growing frozen core?

Tidal Quality Q

Tidal Love Number k2

o
o

©
o
———————

o
N)

4 6
Time [Gyr]

Core Radius/Planet Radius

o
o

N
o
o

w
o
—————

The tidal evolution of Neptune
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Orbital Migration

1 The moons migrate due to tidal responses
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Thermal evolution of Neptune with the growing frozen core model (blue) and
fluid model (red) with parameters V = 0.281 and C'» = 5000, The top inset shows

The growing frozen core model showing the frozen core (brick pattern) the core radius and the bottom inset shows the thickness (dashed curve) and

with radius , at the top of which develops a thermal boundary layer of temperature contrast (solid curve) across the thermal boundary layer.
temperature contrast AT and thickness 0, and overlain by a fluid Temperature Profile
envelope (blue). The black arrow indicates the growth of the frozen
core with time. The fluid layer is assumed to be composed
predominantly of H O over the range of radii occupied by the frozen
core, and also includes an outermost gas (H/He) portion.
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Orbital evolution of Neptune’s moons. The dashed line indicates co-rotation.The vertical
black lines indicate resonances: Proteus-Galatea 1:2 and Despina-Naiad 9:11.
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