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apparent radial velocity [m s-1]
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'T'11t the orbit:

planet-planet scattering
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'T'11t the orbit:

Kozai cycles

Fabrycky & Tremaine (2007)



'T'11t the orbit:

Kozai cycles

Fabrycky & Tremaine (2007)



'T'11t the orbit:

Kozai cycles + tidal friction .©

Fabrycky & Tremaine (2007)



T1lt the disk:

stellar tlyby, or distant companion
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Hot stars with hot Jupiters
have high obliquities
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Internal gravity waves

stellar equatorial plane

vorticity

prediction:
hot stars are
misaligned
in general

(not only
hot Jupiters)

Rogers et al. (2013)



Spot crossings

Dai et al., in prep.



Spot crossings

Dai et al., in prep.



Spot crossings
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Spot crossings
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Spot crossings

Dai et al., in prep.



Spot crossings

transform time — stellar longitude (in the rotating frame)
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Spot Crossings
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tidal realignment

tidal forces too weak

tidal dissipation
too slow

rotation too fast
(Dawson 2014/)



starspot variability

Lime
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vsini method
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California Kepler Survey
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Winn et al. (2017)
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Hot stars with hot Jupiters
have high obliquities
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Hot stars without hot Jupiters
have low obliquities
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Hot stars without hot Jupiters
have low obliquities
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Risk factors for high
obliquity

 hot star with
hot Jupiter

- cool star with
warm Jupiter

e name 1s
Kepler-56

(see next talk)




Theories

misalignment mechanism

tilt the stzar: internal gravity
waves, spin-orbit resonance

tilt the disk: chaotic accretion,
* stellar flybys or companions,
magnetic interactions

* tilt the planet: Kozai
cycles, p-p scattering, ...
realignment mechanism

star-planet tides
star-disk interactions



