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Kepler-16 system
Moderately eccentric close                                
binary (M1 = 0.69M☉,                                            
M2 = 0.20M☉, e = 0.16,                                             
P = 41 days)

Saturn-mass planet (b) in                                            
a ~circular orbit (e = 0.0069,                                   
P = 228 days)

Coplanar to within 0.3º, orbital angular momenta 
aligned to spin of primary star within 3º (Winn et al, 
2011)

Implies dynamically quiet history
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Secular evolution allows                                         
eccentricity to oscillate                                        
with a period ~ 50 years

Driven by action of                                               
the central binary

Ignoring higher-frequency                                        
oscillations, eccentricity                                          
is confined between                                                    
e = 0.006 and e = 0.066 (Leung & Lee, 2013)

Eccentricity
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Kepler-16b formation unlikely in-situ due to high 
velocity dispersion in inner disc − Paardekooper et 
al (2012), Meschiari (2012), Pelupessy & Portegies 
Zwart (2013).

This plus quiet dynamical                                                               
history implies migration                                
through a gas disc

Current orbit supports                                                                       
this: puts planet at the                                    
natural inner edge of a                                      
circumbinary disc

In-situ formation?
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Migration through gas                                        
disc − interaction with                                     
planet is important

For single-star case:

• Eccentricity doesn’t grow unless disc or 
planet is extremely massive (Papaloizou et al., 
2001; D’Angelo et al., 2006; Dunhill et al., 
2013)

For circumbinary case:

• Eccentricity is easily excited on short 
timescales (~103 years), even for a Saturn 
mass planet (Pierens & Nelson, 2008)

Migration
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Eccentricity is still lower than expected from 
simulations

This requires active                                               
eccentricity damping                                               
during disc phase

For single star case,                                                                                                   
this usually occurs                                                       
(Dunhill et al., 2013)

While circumbinary eccentricity is easier to excite, 
damping may still occur for some subset of disc 
parameters

Planet-disc interactions
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Planet-disc interactions

Alternative explanation: 4th body in system in a 
wider orbit, Kozai cycles

But no observational signatures reported so far…
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Have run a series of analogue Kepler-16 systems 
with circumbinary discs

Modified GADGET-2 SPH code, 107 particles, 3D

Navier-stokes viscosity − α-disc

Initially relax disc for 100 binary orbits

Include initial gap in disc

Parameters varied:

Simulations

• Surface density

• Viscosity
• Semimajor axis

• Radial extent of disc
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A movie of one of these simulations can be found at

http://www.astro.le.ac.uk/~acd23/K16.html
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Extremely computationally expensive − need to 
resolve dynamics of binary, which is 5.5 times 
shorter than planetary timescales

Over the timescales simulated to date (~103 binary 
orbits), no change in e seen beyond that excited 
by binary forcing

But analysis of disc torques allows us to examine 
the long-term trends

Work still in progress…
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Negative torques extract angular momentum and 
grow eccentricity

Have found no cases where net torque from disc 
is positive − but maybe a positive trend?

Currently running lower-resolution models to 
explore longer timescales

Disc torques
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Kepler-16b shows strong signs of having migrated 
through a gas disc

This process ought to have caused its eccentricity 
to grow, but has not

Could be explained by a set of disc parameters 
that cause a net negative torque on the planet

Alternative explanation: eccentricity damping due 
to 4th body, but no sign of this from observations

Watch this space…

Summary
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