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NASA, photometry of 150,000 stars
Kepler Looking for Earth-like planets in transit

Mission

~30 ppm in 6 hours; 30 minute cadence
120 days are public (+90d this month!)
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I~y Ine Kepler Orrery

) credit: D. Fabrycky
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Resonance Preference

T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
4:3 3:2 2:1

750 5:3 3.1 |
15 SR ; —

N (all ratios)
o
|

1.0 1.5 2.0 2.5 3.0 3.5 4.0
|:)out/Pin



Raw Kepler Flux

Confirming a planetary system
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Detrended Kepler Flux
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Dynamical Model of Transits

1) Use Newton’ s equations to integrate a 3-body
system. r, I,

2) Find transit by Newton’ s method cr 1,
3)

Fabrycky (2010)
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Detrended flux
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“Great Inequality
frequency /

The orbits are torqued up and down (the periods
fluctuate) as the line of conjunctions sweeps
passed the lines of apsides.
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Kepler-11 parameters

Planet Period Radius Mass Density
(days) (Rp) Mg) (g/cm3)
10.30375 | 1.97 4.3 3.1
b +0.00016 | £0.19 | +2.2,-20 | +2.1-1.5
13.02502 | 3.15 13.5 2.3
c + 0.00008 | £+0.30 | +4.8,-6.1 | +1.3,-1.1
22.68719 | 3.43 6.1 0.9
d +0.00021 | £+0.32 | +3.1,-1.7 | +0.5,-0.3
31.99590 | 4.52 8.4 0.5
e +0.00028 | £+ 043 | +2.5,-1.9 | +0.2,-0.2
46.68876 | 2.61 2.3 0.7
f +0.00074 | £0.25| +2.2,-1.2 | +0.7,-0.4
118.37774 | 3.66 -
g | +000112[+035| <300




Planet radius (R,)
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Duration changes probe Mutual Inclination
Miralda-Escude 2002

Lack of precession of Kepler-11e
> i g4,ls<2°at1-o
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KOI-730: A Resonant 4-Planet System

P/P=1.33341(3)
P/P=1.50157(5)
P/ =1.33411(8)

Fabrycky et al., in prep



Disk Migration Theory
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Kepler, the Multiple-Transiting
Planet Machine

* Multiplanets are now on a firm statistical footing
* New types of planetary systems
(extremely compact, multi-resonant)

« Multiple-transits allow for the easy interpretation
of transit timing variations (TTV)



KOI-126: A Triply Eclipsing Hierarchical
Triple with Two Low-Mass Stars

Time ~.
~

P Time

Carter, Fabrycky, Ragozzine et al. 2011, Science
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