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Harmony of the Worlds
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Harmony of the Worlds
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Most Exoplanetary Systems are also Non-resonant
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Most Exoplanetary Systems are also Non-resonant
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Planets Migrate In Disks
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Planet Migration Readily Generates a Resonant Chains

: : time=0.15Myr
Migration model
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|. Planetary embryos grow in a
planet-forming disk

line
2. lce-rich embryos migrate
inward through rocky zone

3. Planets form in orbital resonances”
with their neighbors

0.05 0.10 0.15
time (millions of years)

4. After gas disk dissipates, most systems
go unstable and resonances are broken
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~10 Resonant-chain Systems have been Discovered
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~10-100 Myr
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Observed as Resonant Chains
e.qg. Kepler-223 (Mills et al. 2017)
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Are Resonant-chain Always Disrupted?
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Gomez et al. 2005
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~5 Gyr
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Observed as the General
Kepler Multi-Planet Systems
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TOI-4495

Resonant Chains TOI-4495
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An Adolescent System about 1.8-Gyr-old
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Photoevaporation should have Concluded
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Stellar Obliquity (Orbit Tilt)

Stellar obliquity: the angle between the orbital axis of a planet and the rotation axis of its host star.

Can be measured by the shadow of the planet on the host star.
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Stellar Obliquity From Keck Planet Finder

Stellar Obliquity: 3+-12 degrees
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Resonant Chains
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A surprisingly low Q’ <1200

c.f. Q of Mars = 1000
Q’ of Neptune = 30000
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Var: rho

l.e+0_
' 0 ' 3
I

0.0002

5.e-06

Max: 10.05
M_n: 5.288e-06

Planet Migration in a Turbulent Disk?
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See also Choksi & Chiang 2020
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Conclusion

Earth 1 % % 1% 1EER ity

Image Credit: Arnaud Pierens
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https://ui.adsabs.harvard.edu/abs/2013A%26A...553L...2C/abstract

