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Brief history of TTVs study 

•  Theoretical predictions: 
–  Holman & Murray (2005): planet-planet interactions  

(angular momentum exchange) 
–  Agol et al (2005): also indirect interaction 

•  First observation: Kepler-9 Holman et al. (2010) 

•  Mean Motions Resonances (MMRs): 
–  Enhance TTV signal 
–  All TTV-confirmed planets are in MMRs 
–  Most systems are far from MMRs, exact resonances 

are avoided. 
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Revisiting Kepler-9  
(Holman et al. 2010) 

•  First system to exhibit multi-transiting planets: 
P1=19.24 , P2=38.91    --  2:1 resonance 

•  First to exhibit TTVs. 
•  Solved system using RV+photometry. Predicted dramatic 

TTVs (Fig. S4): 
•  A revisit to Kepler-9 with x6 data (Dreizler & Ofir 2014, A&A sub.) 

–  Masses reduced to ~55% H10 value 
–  Radii increased  
–  ρ→1/3ρH10, to better than 3% 

•  Photometry alone, RV incompatible. 
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Revisiting Kepler-9: why?  
 

•  Interaction time not covered → systematic errors 
•  Reducing data points - vs. - reducing time span 

Partial 

Full 

Diluted 

Full: 31±1M⊕ 
Diluted: 33±2M⊕ 

68 transits K-9b 
36 transits K-9c 
~1400d 
9 transits K-9b 
6 transits K-9c 
~200d 
9 transits K-9b 
6 transits K-9c 
~1400d 

Planetary 
mass range 
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•  Of the very first Multi-transiting systems, recently 
validated (Rowe et al 2014) 

•  No long-term TTVs, no low-order MMR. 
•  BUT: only 3 frequencies in O-C of Kepler-117b. 
•  TTVs phased with the orbit of perturbing planet. 
•  Why? 

Kepler-117: what 
Ofir, Dreizler & Borkovits (A&A submitted) 

PKepler-117c 
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•  N-body fit: Masses of mb~2MNep and mc~2MJup 
•  It can be harmonically decomposed efficiently. 
•  Circular toy model of barycenter motion 

–  Inner planet a test particle: 
•  Possibly first observation of TTV dominated by 

indirect interaction (Agol et al. 2005).  
•  Strong for systems with long-period massive 

planets 
–  Earth-Jupiter TTVs are >7hrs(!) 

•  Many giant planets in long 
orbits 

Kepler-117: why 
Ofir, Dreizler & Borkovits (A&A submitted) 
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KOINet (1) 

•  Kepler-9: increased baseline has non-linear 
benefits. 

•  Kepler-87 (Ofir et al. 2014), Kepler-90 (Cabrera et al. 2014), 
others: TTVs are sparse on long-period planets. 

•  KOI-410: TTVs exist, but what are they? 
•  Interesting morphologies to follow up(~60 KOIs from 

Mazeh et al. 2013): 
–  Parabolic 
–  chaotic / unknown (long period planets) 
–  Sinusoidal with poorly known (super) period 
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Conclusions 

•  Kepler-9: observations need to cover interaction 
time -- rewards are better than linear in time. 

•  Kepler-117: Barycenter-motion TTVs are 
important when long baselines are available. 

•  KOINet tries to extend the baseline where 
needed. 
–  Have a ≥1m telescope? join KOINet! 

•  Large TTVs exist out of MMRs. 
•  With long baselines data, TTVs are the rule, not 

the exception, since multiplicity is the rule. 
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Thank you. 


