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Harmony of the Worlds 
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P2 ∝ a3
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Most Exoplanetary Systems are also Non-resonant 

Fabrycky et al. 2014



Hubble Symposium 20236

Most Exoplanetary Systems are also Non-resonant 

Fabrycky et al. 2014
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Planets Migrate in Disks

FARGO3D Benitez-Llambay 
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Planet Migration Readily Generates a Resonant Chains

Mills et al. 2017Bean et al. 2020
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~10 Resonant-chain Systems have been Discovered
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Lithwick & Wu 2012

Batygin & Morbidelli 2013

Gomez et al. 2005

Tides

Planetesimal Scattering

Giant Impact Collisions

Izidoro et al. 2017

Goldberg & Batygin 2022

Are Resonant-chain Always Disrupted?

~10-100 Myr ~5 Gyr
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Resonant Chains TOI-4495

11

TOI-4495

-F-type Host

-2.6-day and 5.2-day orbit

-2.7 Re and 4.1 Re
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Bouma et al. 2023Casanellas & Lopes 2011 Berger et al. 2018

An Adolescent System about 1.8-Gyr-old

TOI-4495
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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.


Image Credit: George Zhou
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Stellar Obliquity From Keck Planet Finder

Stellar Obliquity: 3+-12 degrees
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Resonant Repulsion

Lithwick & Wu 2012

Batygin & Morbidelli 2013


Millholland & Laughlin 2019

Resonant Chains TOI-4495

A surprisingly low Q’ <1200

c.f. Q’ of Mars = 1000
Q’ of Neptune = 30000
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Planet Migration in a Turbulent Disk?

Image Credit: Uribe

Goldberg & Batygin 2023

See also Choksi & Chiang 2020

TOI-4495

TOI-4495
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Conclusion

Image Credit: Arnaud Pierens

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

