
The Interaction of Planets with Collisonal Debris formed by Gi-
ant Impacts Eiichiro Kokubo1 and Hidenori Genda2, 1National Astronomical Observatory of Japan
(kokubo@th.nao.ac.jp) and 2University of Tokyo

Introduction

In the standard scenario of solar system formation,
the final stage of terrestrial planet formation is the
giant impact stage where protoplanets or planetary
embryos collide with one another to form planets.
So far this stage has been mainly investigated by N -
body simulations with an assumption of perfect ac-
cretion in which all collisions lead to accretion. How-
ever, this assumption breaks for collisions with high
velocity and/or a large impact parameter. In order
to understand the final stage of terrestrial planet for-
mation, we have to consider the effects of imperfect
accretion on orbital and accretionary dynamics.

Realistic Accretion Condition

We derive an accretion condition for protoplanet col-
lisions in terms of impact velocity and angle and
masses of colliding bodies, from the results of nu-
merical collision experiments[1]. We adopt this re-
alistic accretion condition in N -body simulations of
terrestrial planet formation from protoplanets and
compare the results with those with perfect accre-
tion and show how the accretion condition affects
terrestrial planet formation[2].

We find that in the realistic accretion model,
about half of collisions do not lead to accretion.
However, the final number, mass, orbital elements,
and even growth timescale of planets are barely af-
fected by the accretion condition. For the stan-
dard protosolar disk model, typically two Earth-
sized planets form in the terrestrial planet region
over about 100 Myears in both realistic and perfect
accretion models.

Debris-Planet Interaction

In the simulations with the realistic accretion condi-
tion we also find that typically 10-20% of the total
protoplanet mass is released as collisional debris in
this stage. We next perform N -body simulations of
gravitational interaction of a planet with collisional
debris to investigate the orbital evolution of terres-
trial planets.

We demonstrate that if the debris is distributed
locally around a planet orbit, the orbital eccentricity
of an Earth-sized planet can be damped to ∼ 0.01

Figure 1: An example of the orbital evolution of
a terrestrial planet with collisional debris on the
semimajor axis-eccentricity plane. The initial planet
mass is 0.9M⊕ and the initial total mass of the de-
bris is 0.1M⊕. The initial planet semimajor axis and
eccentricity are 1 AU and 0.1, respectively. The de-
bris is initially represented by 20 particles with high
eccentricity that are distributed between 0.75 AU
and 1.25 AU. The planet eccentricity decreases from
0.1 to ' 0.01 due to the dynamical friction from the
debris in 100 Myears.

through dynamical friction from the debris in about
100 Myears (Fig.1).
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