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KEPLER’S CIRCUMBINARY PLANETS
! Among the Kepler mission’s most exciting discoveries are a 
handful of circumbinary planetary systems. Despite low number 
statistics, indications are that ~10% of close binary systems host 
planets (Welsh et al. 2012).
! Notably, these systems are co-planar and the planets lie on the 
edge of dynamical stability. This indicates that they arrived at their 
current orbits through gentle disc migration rather than through 
catastrophic interactions such as scattering.
! A clear trend is low eccentricity planets orbiting moderately 
eccentric binaries. Of particular note is Kepler-16b, with e < 10-2 
(Doyle et al. 2011). Previous simulations (e.g. Pierens & Nelson 2008) 
have shown that a migrating circumbinary planet will grow its 
eccentricity on short timescales, so circular orbits are unexpected.
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SIMULATIONS
! We have performed a series of high resolution (107 particle) SPH 
simulations of an analogue to the Kepler-16 system embedded in a 
circumbinary disc, using a modified version of GADGET-2 (Springel  
2005; Dunhill et al. 2013). We carefully follow the dynamics of the 
planetary and stellar bodies and use a Shakura-Sunyaev alpha-disc 
with α = 0.01. A representative snapshot of one of our simulations is 
shown in Figure 1.
! We ran three primary simulations, varying the planet’s mass and 
eccentricity. We found that a planet of Kepler-16b's mass does not 
open a full gap in the disc and so its eccentricity is strongly damped 
by positive torques from co-orbital material. In runs with a more 
massive and initially eccentric planet we find that there are no 
significant changes in how the planet’s orbit evolves beyond the 
difference in total angular momentum of the system (see Figure 2).

Figure 1: A representative surface density rendering of  the central region of one 
of our SPH disc simulations, with a logarithmic colour scale. All of our models 
follow this pattern, with the gas interior to the planet driven by the binary and 
exterior dominated by the single spiral mode excited by the planet.

ABSTRACT

! Using SPH simulations of a Kepler-16 analogue embedded in a 
circumbinary disc, we find eccentricity damping due to disc torques. 
This can explain the observed low eccentricity of the planet 
Kepler-16b. We use the surface density scaling of these torques to 
place a limit on the disc surface density in which Kepler-16b formed.

DISC TORQUES AND SURFACE DENSITY
! Orbit-averaged disc torques on the planet �d are presented in 
Figure 2 for our three models, showing that a trend towards positive 
torques emerges.

! These disc torques set a limit on the surface density �p through 
which Kepler-16b migrated, as the one scales linearly with the other. 
Assuming that its eccentricity was always low (e < 0.1), this gives the 
angular momentum that the disc torques must act to damp. If the 
eccentricity damping timescale τe is similar to the planet’s migration 
time (Pierens & Nelson 2008), we have

Assuming an order of magnitude uncertainty in τe, this gives a lower 
limit on the surface density of �min ~ 10 - 100 g cm-2.
! Given the current lack of observational constraints on disc 
surface densities at small radii this lower limit provides an important 
constraint on theories of planet formation.

Figure 2: Orbit-averaged disc torques on the planet for our Kepler-16 analogues 
embedded in a circumbinary disc. The trend in all three cases is towards net 
positive torques, which act to damp the planet’s eccentricity. This mechanism 
explains how Kepler-16b maintained its low eccentricities as it migrated.
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Movies of our simulations can 
be viewed and downloaded from 

the web by scanning this QR 
code or by visiting 

www.acdunhill.com/kepler-16b
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