
A subset of Kepler planets lie near mean motion 
resonance (MMR)
• Why do planets lie preferentially slightly outside 

of resonance?
• Why are resonant planets so rare?
• Do resonant and non-resonant planets have the 

same formation pathway?
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The orbits of near-resonant planets can be 
probed in detail with transit timing variations 
(TTVs)
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Generalized resonant angle
𝜓 = 𝑘𝜆2 − 𝑘 − 1 𝜆1 − ෝ𝜛

Among Kepler planets,
when Δ < 0.6%, 𝜓 librates 
when Δ > 0.6%, 𝜓 circulates

This is a non-equilibrium state

From Weiss 
et al. (2022)

What can we learn about the origin of these planets?

MMRs form during the protoplanetary disk phase and 
are highly sensitive to disk conditions

We tested 4 hypotheses proposed to explain the 
presence of planets wide of MMR:

              Laminar disk        Turbulent disk

    Tidal damping      Planetesimal damping Conclusions:
Some dynamical excitation is required to 
reproduce the near-resonant Kepler systems. 
Stochastic forces from turbulent eddies in the 
inner disk is a compelling solution to this problem.

Aside:
Determining resonance from TTV data is tricky due 
to degeneracies! Make sure to use the generalized 
resonant angle 𝜓 instead of standard resonant 
angles 𝜙1, 𝜙2 (see paper for details).
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