On the origin of stellar spin-orbit
angle in extrasolar systems
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Spin-orbit and orbit-orbit couplings
notation

s

e Equations of motion
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e Secular frequencies: vy, v, v3, v4.

e Exact solution: Boué & Laskar (2006), Boué & Fabrycky (2014)



Archetype 55 Cancri

5 planets in a binary system

On the stellar spin-orbit angle

method angle | ref.
50° | Kaibetal. 11
theory .
0 Boué & Fabrycky 14
. 70° | Bourrier & Hébrard 14
observation
undetected | Lopez-Morales et al. 14
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Model 1: stars + disk
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About the formation of low mass planets

[Ogihara et al. 15]
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Figure: Time evolution of planets formation. The largest planets
have masses 33Mg and 35Mg in panel a) and b), respectively.

u]

8]
I

[
it



About the formation of low mass planets

[Ogihara et al. 15]

| 1
2 2
N | N 10!
2 03 pLS 2 =
» » o
< < g
8 g g
= = =8
£ £ i
g g 10-
L3 L7
201 201

" " " " n n 1073

10° 10* 10° 10° 10 10° 10* 10° 10° 107
Time (yr) Time (yr)

Figure: Time evolution of planets formation. The largest planets
have masses 33Mg and 35Mg in panel a) and b), respectively.

timescale < 0.1 Myr
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Model 2: stars + disk + inner planet
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Model 3: stars + 5 planets
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Model 4: stars + 8 planets
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Conclusion

Spin-orbit origin
e consequence of hot Jupiter formation
external torque
stellar physics
tidal dissipation
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Conclusion

Spin-orbit origin
e consequence of hot Jupiter formation
external torque
stellar physics
tidal dissipation

The 55 Cnc case

e spin-orbit misalignment < stellar physics

Perspectives
e multi transits + obliquity = constraints on stellar physics
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