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What are Kepler planets like?

?



Transit Timing Variations
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Kepler-307b
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Kepler-307c
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(Planet masses & orbits)
{µi, ai, ei,�i,$i}

Easy!

(TTVs)



(TTVs)

Hard!

(Planet masses & orbits)
{µi, ai, ei,�i,$i}



Why is ‘Inverting’ TTVs Difficult?

• Example: 500 different sets of 
parameters with nearly the same 

TTVs 
• TTV depends on all planet masses, 

positions, and velocities 
• Too many parameters: random 

guessing won’t work!



Solving the Inverse Problem: 
Markov Chain Monte Carlo

1. Generate an initial set 
of masses and orbits 

2. Propose new values 
for each set (this is 

the tricky part!) 
3. Keep points with 

probability related to   
their fitness 

4. Rinse and repeat



Planet Masses From TTV
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ρ=0.3 g/cc

ρ=1 g/cc




