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Falling Falling Hot-Hot-
JupitersJupiters

Levrard Levrard et alet al. (2009). (2009)



Spin evolution time-scale:Spin evolution time-scale:

Correia & Laskar, Correia & Laskar, ExoplanetsExoplanets (2010) (2010)
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Orbital evolution time-scale:Orbital evolution time-scale:

Correia & Laskar, Correia & Laskar, ExoplanetsExoplanets (2010) (2010)
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Intermediate evolution:Intermediate evolution:



Rotation tidal wobbleRotation tidal wobble

Correia & Laskar, Correia & Laskar, NatureNature (2004) (2004)
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linearized linearized systemsystem



drift on the eccentricitydrift on the eccentricity



moderate close-in planetsmoderate close-in planets



Correia, Boué & Laskar, Correia, Boué & Laskar, ApJ LettApJ Lett (2012) (2012)
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eccentricity pumpingeccentricity pumping



equilibrium eccentricityequilibrium eccentricity

Mardling, Mardling, MNRASMNRAS (2007);  Laskar, Bou (2007);  Laskar, Boué & Correia, é & Correia, A&AA&A (2012) (2012)

HD 209458 b



HD 10180, seven planets! HD 10180, seven planets! (or nine)(or nine)

Lovis Lovis et al. (A&A 2011)et al. (A&A 2011)



unstable system?unstable system?

Lovis Lovis et al. (A&A 2011)et al. (A&A 2011)



tidal dissipationtidal dissipation

Lovis Lovis et al. (A&A 2011)et al. (A&A 2011)

k2/Q = 0.0015



tidal constrainttidal constraint

Lovis Lovis et al. (A&A 2011)et al. (A&A 2011)



eccentricity evolutioneccentricity evolution

Laskar, BouLaskar, Boué &é &
Correia, Correia, A&AA&A (2012) (2012)



HD 80606HD 80606
(inner restricted problem)(inner restricted problem)

Kozai Kozai effect:effect:
((II > 39º) > 39º)

Naef et al, 2001Naef et al, 2001

(a(app = 0.45 AU, e = 0.45 AU, epp = 0.92) = 0.92)

Eggleton & Kiselva (2001)Eggleton & Kiselva (2001)
Wu & Murray (2002)Wu & Murray (2002)

Frabrycky & Tremaine (2007)Frabrycky & Tremaine (2007)
Correia Correia et alet al. (2011). (2011)



HD 80606HD 80606
II  ~ 85º, e ~ 0~ 85º, e ~ 0 II  ~ 45º, e ~ 0.99~ 45º, e ~ 0.99



HD 80606HD 80606
semi-major axissemi-major axis

((aapp = 0.45 AU,  = 0.45 AU, eepp = 0.92) = 0.92)

time (Myr)time (Myr)Wu & Murray (2002)Wu & Murray (2002)
Frabrycky & Tremaine (2007)Frabrycky & Tremaine (2007)

Correia Correia et alet al. (2011). (2011)

eccentricityeccentricity



HD 80606HD 80606
semi-major axissemi-major axis inclination / obliquityinclination / obliquity

((aapp = 0.45 AU,  = 0.45 AU, eepp = 0.92) = 0.92)

time (Myr)time (Myr)Wu & Murray (2002)Wu & Murray (2002)
Frabrycky & Tremaine (2007)Frabrycky & Tremaine (2007)

Correia Correia et alet al. (2011). (2011)



HD 80606 - misalignmentHD 80606 - misalignment

Rossiter-McLaughlin median projected angle = 50ºRossiter-McLaughlin median projected angle = 50º
(Pont (Pont et alet al. 2009). 2009)

Correia Correia et alet al.. (2011) (2011)



HD 98800HD 98800
Torres et al. 1995Torres et al. 1995
Boden et al. 2005Boden et al. 2005

aabb = 0.98 AU,  = 0.98 AU, eebb = 0.79, = 0.79,
MM11 = 0.7  = 0.7 MMsunsun, , MM22 = 0.6  = 0.6 MMSunSun

Modeling indicate that this isModeling indicate that this is  a T a T TauriTauri
transition disc that is just reaching the debristransition disc that is just reaching the debris
disc stage, with a disc stage, with a collisional collisional cascadecascade  havinghaving

been recently initiatedbeen recently initiated......

It has a large infrared excess attributed to aIt has a large infrared excess attributed to a
circumbinary disc. Substantial extinctioncircumbinary disc. Substantial extinction

suggests that the pair is observed throughsuggests that the pair is observed through
some of this material.some of this material.



HD 98800HD 98800
Torres et al. 1995Torres et al. 1995
Boden et al. 2005Boden et al. 2005

aabb = 0.98 AU,  = 0.98 AU, eebb = 0.79, = 0.79,
MM11 = 0.7  = 0.7 MMsunsun, , MM22 = 0.6  = 0.6 MMSunSun

aapp = 5.2 AU,  = 5.2 AU, eepp = 0.5,  = 0.5, MMpp = 1  = 1 MMJupJupII  ~ 23º~ 23º



HD 98800HD 98800

(I sin (I sin ωω, I cos , I cos ωω))

LL22  precessesprecesses
aroundaround  LL11

(or -L(or -L11))

LL22  precessesprecesses
around around ee11

(or -(or -ee11))

e = 0.79e = 0.79

(Farago & Laskar, 2010)(Farago & Laskar, 2010)



HD 98800HD 98800

(I sin (I sin ωω, I cos , I cos ωω))

e = 0.9e = 0.9

LL22  precessesprecesses
around around ee11



HD 98800HD 98800

(I sin (I sin ωω, I cos , I cos ωω))

e = 0.5e = 0.5

LL22  precessesprecesses
aroundaround  LL11



HD 98800HD 98800

(I sin (I sin ωω, I cos , I cos ωω))

e = 0.79e = 0.79

time (Myr)time (Myr)



HD 98800HD 98800

time (Myr)time (Myr)



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 and lead to stationary equilibriums
for the spin and the orbits.

• In the restricted inner problem, a body may
migrate by means of a tidal-Kozai mechanism.
In the restricted outer problem, initial prograde
orbits may become retrograde and vice-versa.


