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Confirmed Planets
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Confirmed planets: 1028
Planet candidates: 4664
Eclipsing binaries: 2165

Transit method

P-type:
Kepler-16b, Kepler-34b, Kepler-35b, Kepler-38b, Kepler-47b,
Kepler-47c, Kepler-47d, Kepler-64b, Kepler-413b, KIC 9632895




AlIM: To provide an analytical description of a circumbinary planetary orbit

- modelling TTVs
- habitable zones in P-type systems (Eggl, Georgakarakos & Pilat-Lohinger 2015; in prep)

- low mass binaries
- planet formation in binaries
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Hierarchical Triple System (HTS)

r, R Jacobi vectors m, << mg,My

coplanar system

—— Initially circular
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Hierarchical Triple System (HTS)

e No long term changes in the semi-major axes of the orbits (e.g. Harrington 1968).

+ coplanarity

the dynamical evolution of the hierarchical triple is dominated by the time
dependent changes in the eccentric (Runge-Lenz) vectors of the inner and
outer orbit
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Two body problem

circumscribed o _

circle a = Ssemil-major axis,
e = eccentricity,
e = Runge-Lenz (eccentric)

vector,

pericentre @ = |longitude of pericentre,
E=eccentric anomaly,
f=true anomaly
T = period of the orbit,
n = mean motion (T=211/n),
[=nt+c mean anomaly

(c is a constant).

~

apocentre O
empty focus

reference direction
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METHOD:

e long term (secular) evolution: Hamiltonian formulation
e mid term (~T,) and short term (~ T,) evolution: Runge-Lenz vector
e N0 mean motion resonances ( n, # kn,, k € Z)

e semi-major axes and binary eccentricity constant
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LONG TERM MOTION

H = Hy+ H, + H,

r/R small
where /

o Gmimd ; "
0=~ mym i
2(mg +my) L3 H,=- mOR‘ >3 M;(5)'Pj(cos6)
1s the Keplerian energy of the inner orbit, j=2
G*(mo + m1)*m3 /
Hy =~ 3
2M Lj
; E ; (_1 )ﬂ d" 2\n
1s the Keplerian energy of the outer orbit, and Pulx) = (1 —x°)
2"n! dxm

L mgt+m  my My
H, = Gmof R - m)

1s the perturbing Hamiltoman, with rg2 and r12 being the distances between mg and ms and
my and ma respectively
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MID AND SHORT TERM EVOLUTION
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where h= R x R.
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Maximum and averaged squared eccentricity
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Post-Newtonian correction

3
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— 3PN — 1

5 3 5
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Red — non-relativistic full equations of motion
Green — relativistic full equations of motion
— Blue — analytical solution
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Analytic description of the system’s evolution

Binary orbit Planetary orbit
w1 = g = Kspnt, oy = arctan(ey;/€;;),
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APPLICATION TO REAL SYSTEMS

Kepler-16, Kepler-34, Kepler-35, Kepler-38, Kepler-64, Kepler-413

Red — Numerical solution

Green — Analytical solution
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resonance trapping? (Kley & Haghighipour 2014) + 2nd planet? (Kley & Haghighipour 2015)



More details can be found in: Georgakarakos, N., Eggl, S. (2015), ApJ, 802, 94

THANK YOU FOR YOUR ATTENTION
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Kepler-413
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