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Planets...
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...Stars
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Eclipsing 
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Bigger Picture: Planets around M dwarfs
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Eclipsing 
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Bigger Picture: Planets around M dwarfs
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Multi-Eclipsing Hierarchical Triples
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to Kepler
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• The dynamical interaction between the 
stars is encoded in a variable light curve 
morphology:

• Non-linear conjunction times

• Variable impact parameters 
(between eclipses and during eclipse)

• Accelerations transverse to the line-of-
sight (between eclipses and during 
eclipse)
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In the works...  KIC 7289157
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• Dynamical:

➡Newton’s Equations + Post-Newtonian acceleration in close, 
“inner” binary

➡Optional, additional perturbing accelerations in inner binary:

➡Non-dissipative equilibrium tide (“prolate distortion”, k2) 

➡Rotationally-induced oblate distortion (k2, spin frequency)

➡Tidal damping (Q); negligible on observation timescales

➡Correction to account for the finite speed of light.

• Photometric: Geometrical 3-body eclipse model

“Photodynamical” Model
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• Timescale for secular (orbit averaged) 
variations in the orbital elements 
depends on the period ratio squared, 
mass ratios; need to be short enough to 
see some action in a human lifetime:

• Short periods (<1yr), small period 
ratios (20:1 or better)

Inner Binary Outer Binary
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• Kepler is observationally biased towards 
detecting multi-eclipsing dynamical triples: 
and we* find them!

Slawson et al. (2011)

*Thanks to the hard work of Jerry Orosz, Laurance Doyle, 
  Bill Welsh and the rest of Kepler EB team... 
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Carter, Fabrycky, et al. (2011)
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KOI-126
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KOI-126
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KOI-126: Light Curve Close-up
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KOI-126: Light Curve Close-up
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KOI-126: A Triply-Eclipsing Stellar System
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KOI-126 Absolute Dimensions
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Parameter
Masses

MA

MB

MC

Radii
RA

RB

RC

Average Densities (g cm

Value

1.347 ± 0.032 M!

0.2413± 0.0030 M!

0.2127± 0.0026 M!

2.0254± 0.0098 R!

0.2543± 0.0014 R!

0.2318± 0.0013 R!

KOI-126 Absolute Dimensions
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0.2413± 0.0030 M!

0.2127± 0.0026 M!

2.0254± 0.0098 R!

0.2543± 0.0014 R!

0.2318± 0.0013 R!

~2%

~0.5% • System metallicity and age 
courtesy of KOI-126 A:
• [Fe/H] ~ 0.15
• Age ~ 4+/-1 Gyr

KOI-126 Absolute Dimensions
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KOI-126: More to come

• Mass and radius determinations to better than a 
fraction of a percent
• k2 < 0.6 @ 95% conf. with current data
• k2~0.1 measured to ~1% with full mission data.
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KOI-126: Syzygy! (aka “Mutual Event”)
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In the works...  KIC 7289157
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In the works...  KIC 7289157 Not quite there yet...
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Eclipsing 
Binaries Absolute Dimensions

Hełminiak,  Konacki, Ratajczak, Muterspaugh (2009) 

Tuesday, September 6, 2011



Future of Astronomy, 9/2/2011, Josh Carter (CfA)

Eclipsing 
Binaries

keplerebs.villanova.edu
Slawson et al. (2011)
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