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Introduction: When planetesimals encounter with a
planet, the typical duration of close encounter during
which they pass within or near the planet’s Hill sphere is
smaller than or comparable to the planet’s orbital period.
However, in some cases, planetesimals are captured by
the planet’s gravity and orbit about the planet for an ex-
tended period of time, before they escape from the vicin-
ity of the planet. This phenomenon is called temporary
capture. Temporary capture may play an important role
in the origin and dynamical evolution of various kinds of
small bodies in the Solar System, such as short-period
comets and irregular satellites.

In most previous works on temporary capture or per-
manent capture with some energy dissipation, orbital sta-
bility of planetesimals in the vicinity of a planet was ex-
amined numerically [e.g. 1-3]. In these studies, orbital
integration was started within or near the Hill sphere of
a planet to study capture orbit. These studies show that
orbits very close to the planet are stable, while they be-
come unstable beyond a certain critical distance from the
planet, and that the critical distance is larger in the case of
retrograde orbits about the planet than in the case of pro-
grade orbits. Although such orbital calculation started in
the vicinity of a planet is suitable for the study of orbital
stability around a planet, it is difficult to discuss relation-
ship between temporary capture orbits and pre-capture
heliocentric orbits based on such calculation. It is also
difficult to evaluate the likelihood of such capture events
from those numerical results.

Recently, temporary capture of planetesimals by a
planet from heliocentric orbits has been investigated in
detail using three-body orbital integration [4]. In the case
of planetesimals initially on circular orbits, it was shown
that planetesimals undergo a close encounter with the
planet before they become temporarily captured. When
planetesimals are scattered by the planet into the vicinity
of one of periodic orbits around the planet, the duration
of temporary capture tends to be extended. The rate of
temporary capture was evaluated, and it was found that it
increases with increasing semi-major axis of the planet,
because the size of the planet’s Hill sphere relative to its
physical size increases with increasing distance from the
sun. The rate of temporary capture in the case of low ran-
dom velocity was also examined and shown to increase
with increasing orbital eccentricity [4]. However, cases

of large orbital eccentricities were not examined in detail.
Moreover, the above calculations assumed that planetesi-
mals and a planet were initially in the same orbital plane,
and effects of orbital inclination were not studied.

In the present work, we examine temporary capture
of planetesimals initially on eccentric and inclined orbits
about the Sun.

Numerical Method: We examine temporary capture us-
ing three-body orbital integration (i.e. the Sun, a planet, a
planetesimal). When the masses of planetesimals and the
planet are much smaller than the solar mass and their or-
bital eccentricities and inclinations are sufficiently small,
the motion of planetesimal in the rotating coordinate sys-
tem centered on the planet is represented by Hill’s equa-
tion. We integrate Hill’s equation for planetesimals with
various initial orbital elements, using the eighth-order
Runge-Kutta integrator as in the previous works [e.g. 4-
6].

The initial azimuthal distance between planetesimals
and the planet was taken to be large enough to neglect
their mutual gravity. Planetesimals are uniformly dis-
tributed radially, and in the case of initially eccentric or
inclined heliocentric orbits, their initial horizontal and
vertical phase angles are also uniformly distributed . Or-
bital integration is terminated when the distance between
the planetesimal and the planet becomes large enough
again, or a collision between them is detected.

Temporary capture of planetesimals is a rather rare
event [4]. In order to evaluate the rate of temporary
capture with high accuracy, we need to integrate a large
number of orbits. On the other hand, we need to save
computing time by minimizing the number of integrated
orbits that are not related to temporary capture. For
this reason, we divide our numerical simulation into two
steps, as in the previous studies [4,5]; the first step is the
calculation in low resolution, and the second step is the
calculation in high resolution. In the first step, we per-
form orbital integration of planetesimals with relatively
coarse grids with respect to their initial semi-major axis,
and horizontal and vertical phase angles. Using results of
this calculation, we search for the range of initial orbital
elements that results in close encounter with the planet.
In the case of low initial random velocity, we set this crit-
ical approach distance to be three times the Hill radius of
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the planet. In the cases of large eccentricities, this crit-
ical approach distance is increased in proportion to the
eccentricity. In the second step, we set finer grids around
those orbits selected in the first step calculation, and per-
form orbital integration to evaluate collision and capture
rates.

In order to study temporary capture of planetesimals
quantitatively, we define the temporary capture time,
Tcap. The temporary capture orbits we are to study here
are those which allow planetesimals to stay in the vicin-
ity of the planet for an extended period of time, as a re-
sult of gravitational interactions with the planet. If we
define the duration of temporary capture by the period of
time during which a planetesimal stays within a certain
distance from the planet, the duration inevitably depends
on the pre-assigned critical distance. Furthermore, if the
pre-assigned distance is not large enough, we may miss
large temporary capture orbits outside the given distance.
In order to avoid such ambiguity, we define the duration
of temporary capture by the time interval between a plan-
etesimal’s first passage of thex-axis and its last passage
of the same axis during an encounter [4]. If a planetesi-
mal crosses thex-axis only once,Tcap = 0.

In addition to the temporary capture time, we also
calculate the number of revolutions around the planet,
which we call the winding number,Nw [4,7]. When a
planetesimal crosses thex- or y-axis in the prograde di-
rection around the planet, 1/4 is added toNw, while the
same amount is subtracted fromNw when it crosses the
axes in the retrograde direction. Finally, after the plan-
etesimal’s last passage of thex-axis,Nw is re-defined by
its integer part.

Results: We found that the rate of temporary capture in-
creases with increasing eccentricity, in agreement with
the previous calculation with a limited range of parame-
ters [4]. In the case of low initial random velocity, tempo-
rary capture in the retrograde direction is common, and
prograde capture is very rare [4]. On the other hand,
both prograde and retrograde captures become possible
for large initial eccentricities. Also, shapes of the orbits
during temporary capture are different between cases of
prograde and retrograde orbits about the planet. In the
cases of small eccentricities, planetesimals tend to orbit
the planet within the planet’s Hill sphere during tempo-
rary capture, while planetesimals initially on large eccen-
tricities tend to orbit outside the Hill sphere during tem-
porary capture. We also found that the long-lived tem-
porary capture in the prograde direction is possible only
with a limited range of initial orbital elements.
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