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planar 3-body problemplanar 3-body problem
(not restricted + (not restricted + octupolar octupolar approx.)approx.)



Conservative energyConservative energy
relativity + spin + relativity + spin + octupolar octupolar approx.approx.
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Intermediate evolution:Intermediate evolution:
ωωeqeq  / n = f/ n = f22/f/f11(e)(e)

Goldreich & Peale (1966)Goldreich & Peale (1966)



Rotation tidal wobbleRotation tidal wobble
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Equations of motionEquations of motion



linearized linearized systemsystem



drift on the eccentricitydrift on the eccentricity
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full tidal evolutionfull tidal evolution
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m2 = 0.2 MJ

a2 = 1.8 AU
m2 = 0.15 MJ

a2 = 1.4 AU



ConclusionsConclusions
• Tidal effects are responsible for a slow secular

evolution of the spins and orbits of close-in
exoplanets.

• Tidal effects alone align the spin axis,
synchronize the rotation and orbital periods,
and damp the eccentricity of the orbit.

• Tidal effects combined with planetary
perturbations may present unexpected
behaviors such as the pumping of the
eccentricity.

• The pumping effect is more effective for
planets where the spin fully damped by tides,
but the orbit is only slowly modified.


