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Abstract

Kepler Mission suggests that period ratios of pairs of planets show some peaks at
commensurable ratios (e.g., Fabrycky et al., 2012). Some N-body simulations considering
planetary migration suggest protoplanets are captured in mean-motion resonant orbits.
These resonant systems are stable in the calculations. However in some cases, resonant

systems cause orbital instability and finally non-resonant systems are formed.
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Matsumoto, Nagasawa & Ida (2012)

So, we investigated the orbital stability of first-order resonant systems to clarify what
makes resonant systems unstable. We found in resonant systems, when the number of
planets is more than the critical number, the crossing time decreases rapidly, while in
non-resonant system, the crossing time decreases continuously. We also investigated the

parameter dependence of the critical number.

N-body Simulations with Orbital Migration

KOl candidates (Batalha+ 2011, Fabrycky+ 2012)
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N-body simulations (Terquem & Papaloizou 2007, Ogihara & Ida 2009)

N>3 planetary systems cause instability (e.g.,
Chambers+ 1996 ),
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In previous studies, they only investigated
the crossing time of non-resonant systems.
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The orbital stability of resonant planets
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determines the fianl configuration.
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motivation : We investigated the orbital stability of resonant planets to clarify what makes resonant planets unstable.

Numerical Model
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gravitational drag type-I migration (Tanaka & Ward 2004, Tanaka+ 2002)

Orbital Separation (K)

When planets are egal mass and in the same

lity Planetary mass (M )
While semi-major axes of p+1: p resonances are

p+1:p resonances, the orbital separations not dependent on M, Kis dependent on

s ()

i=0, mszp (const.) 3M.

Result

B Number of Planets
6:5, K=6.450, 10°M_,

Mi+Mj

B Orbital Separation & Palentary Mass

normalized mutual Hill space are the same, K. planetary mass due to mutual Hill radius.
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B Chain of Resonances
8:78&7:6, 10°M,,
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When N>N__, in resonant cases, the crossing time decreases rapidly.

Discussion

- the number of planets determines whether planets are finally in resonances or not.

- planets also stop migration at the inner edge and the positive migration torque points
(Morbidelli+ 2008,

the positive torque points (e.g., dead zone inner edge, gap by a gas planet, ...) Matsumoto-+ in prep

N,.. is determined by the torque balance
and depends on t /t when the eccentricity trap occurs (Ogihara+ 2010, Matsumoto+ in prep).

u% when planets are in 6:5 resonances, N_ =8 when T o= 10%yr.
N> 8 N<38

& gas depletion

planets are not in resonances planets are in resonances
te/ta < 4.4X10>

te/ta 2> 4.4 X 70_5

trapped in resonances trapped in resonances

& gas depletion

(Ar=h)

The resonant overlap (Quillen 2011) would affect N__.

with decreasing p (p+1:p) when M_is the same.
N_ (8:7:6)>N_ (7:6)

Summary

Although most of observed planets are not in resonant orbits, the orbital distribution of
planets has some peaks in or near resonant orbits.
We investigated the stability time of planets trapped in mean-motion resonances due to

orbital migration by N-body simulations.

- the stability time of resonant systems is longer than that of non-resonant system.

-when N>N__, the planets in resonances become unstable.

- N__ increases with increasing K or increasing M.

- N__of planets in the chain of resonances are larger than N___of planets in the same

resonances.

Observed systems outside of commensurant orbits would contain the planets over the

critical number and these planets cause orbital instability after the gas depletion.



