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BACKGROUND
 The Kepler space telescope continues to revolutionise 
theories of planet formation in a number of ways, including 
the discovery of numerous circumbinary planets. Although 
long thought to be nearly impossible to form (e.g. 
Paardekooper et al. 2008), Kepler is beginning to probe the 
statistics of these systems and they seem to be a 
surprisingly common phenomenon (approximately 1-10% of 
all close binary systems; Welsh et al. 2012).
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SIMULATIONS
 We have performed a series of high resolution (107 
particle) SPH simulations of a Kepler-16 analogue 
embedded in a gaseous circumbinary disc, using a 
modified GADGET-2 (Dunhill et al. 2013) that carefully follows 
the dynamics of the planetary and stellar bodies. We have 
also implemented a careful artificial viscosity prescription in 
addition to a Navier-Stokes viscosity, This is parameterised 
as a Shakura & Sunyaev (1973) alpha-disc. A representative 
snapshot of these simulations is shown in Figure 1.
 Parameters varied between our models include the disc 
surface density, viscosity, planet semimajor axis and radial 
disc extent. While none of them show variation in the 
planetary eccentricity over the timescales simulated, disc 

torques allows us to 
see long-term trends.

KEPLER-16B
 Of the multiple circumbinary systems discovered to date, 
Kepler-16 is perhaps the most unusual dynamically. A binary 
with moderate eccentricity (e = 0.16), the system’s planet is 
a Saturn on a nearly circular orbit (e < 0.01; Doyle et al. 
2011). Orbiting just at the edge of dynamical stability, the 
planet has presumably migrated to its current orbit through 
its parent accretion disc. This hypothesis is strengthened by 
the difficulty of amassing planetesimals in situ due to the 
huge velocity dispersion (e.g. Paardekooper et al. 2012).
 However, simulations (e.g. Pierens & Nelson 2008) have 
shown that such a scenario typically results in the rapid 
growth of planetary eccentricity. This presents Kepler-16b as 
a puzzle, as it must have migrated to its current orbit without 
undergoing such eccentricity growth.
 One way to explain this would be to find a set of disc 
parameters that actively damp the planet’s eccentricity. We 
aim to identify these using simulations of a Kepler-16 
analogue system embedded in a disc (see right). An 
alternative scenario would be a 4th body orbiting further out 
in the system exchanging angular momentum with planet b 
and causing its eccentricity to stay low.
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DISC TORQUES
 Orbit-averaged disc torques on the planet are presented 
in Figure 2, showing that a trend towards positive torques is 
emerging. These provide angular momentum to the planet, 
damping its eccentricity. This will allow us to set real limits 
on the gas surface density of Kepler-16’s protoplanetary 
disc, by calculating a timescale for the eccentricity 
damping. Assuming a disc lifetime of 1 – 10 Myr, we can  
scale this to provide a maximum disc surface density.

A pdf of this poster and movies of some simulations can be found at http://www.astro.le.ac.uk/~acd23/K16.html

Figure 1: Representative 
surface density (in the x-
y plane) rendering of a 
Kep le r-16 ana logue 
using a logarithmic colo-
ur scale. The behaviour 
in all of our simulations 
fo l lows th is general 
pattern, with the gas 
interior to the planet 
driven by the binary and 
exterior dominated by a 
single spiral mode.
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Figure 2: Orbit-averaged disc torques on the planet for a Kepler-16 
analogue embedded in a ‘canonical’ circumbinary disc. This shows 
positive growth, indicating a trend towards eccentricity damping.


