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Open clusters are favorable environments for extrasolar
planet detections with the transit method. It is expected that a
consistent number of planetary systems were born from pro-
toplanetary disks in the early stage of the cluster. However,
the subsequent dynamical evolution of the planets and their
survival can be significantly affected by encounters between
their parent stars and other stars in the cluster. Binary star
systems are particularly effective in altering the orbital config-
uration of planetary systems possibly leading in some cases to
their disruption. According to [1], about 27% of planets can
be liberated from their stars in an open cluster generating a
population of free–floating planets [2]. Numerical simulations
with N–body codes [3] estimate a lower fraction of planetary
ejections, about 3%. The variability of these percentages is
possibly due to different choices of the initial orbital param-
eters of the planets and of the cluster density. An additional
consequence of multiple stellar encounters is that planets can
also develop high eccentricities and possibly migrate in inner
(or outer) orbits [3].

We are performing a statistical study of the planet orbital
evolution around stars in open clusters. We sample at a regu-
lar step the initial orbital elements of the planets (semimajor
axis and eccentricity) and the cluster density. The trajectories
of stars and planets are numerically integrated with the code
NBODY6 [4] appropriately modified for handling planetary
orbits. We report the results of a first set of simulations where
we model open clusters with a population of 3000 stars with a
primordial binary fraction of ∼ 30%. We consider three differ-
ent models for the cluster with values for the virial radius (r) of
1.0, 1.5, and 2.0 pc, respectively. The density of the the cluster
ranges from about 700 stars/pc3 to about 200 stars/pc3. In our
simulations we concentrate on the fate of planets with semima-
jor axis comparable to that of Jupiter, Saturn, and Uranus and
we derive the dependency of the ejection (and migration) rate
on the initial orbital configuration of the planetary system and
on the cluster virial radius. We place a planet around 50% of
single stars with mass in the range 0.4–1.6 M�. The planet has
a mass of 1 MJup and is on an elliptical orbit with eccentricity
ranging from 0.0 to 0.6. Following these assumptions, the total
number of planetary systems in the cluster is 671. No star with
planet will evolve off the main sequence and lose mass during
our simulation and, as a consequence, we do not include this
effect in our model. The semimajor axis a of all the planets is
fixed to a single value a0 at the beginning of the simulation.
Different simulations are performed with different values of
a0. We concentrate on three values: a0 = 5, 10, 20 AU. The
fraction of stars with planets is relatively high to grant a sig-
nificant statistical output. Typically, after 1 Gyr of evolution
(even if most of the galactic open cluster are younger) there
are about 200-300 planetary systems surviving in the cluster.

In Fig. 1 we show the fraction of planets gravitationally
ejected by one (or more) stellar encounter during the evolution
of the cluster. The planet escapes from the gravitational field of

0.75 1.0 1.5 2.0 2.25
Virial radius (pc)

0

5

10

15

20

F
ra

ct
io

n 
of

 e
je

ct
io

n 
(%

)

5AU
10AU
20AU

Figure 1: Fraction of planets that escape from their parent star
because of stellar encounters during 1 Gyr of the cluster evo-
lution. The three sets represent the percentages of disrupted
planets for different virial radius, each set gives the values for
the three initial semimajor axis chosen in our simulations.

its star and it becomes a free-floating planet. The percentage is
about 5–7% of the initial planets in those simulations where the
planets are initially located at 5 AU, approximately the same
distance of Jupiter from the Sun. When the semimajor axis
a0 of the planets is set to 20 AU, more planets are ejected and
the fraction of escapers reaches about 15% for denser clusters
(r = 1.0 pc).

In Fig. 2 we show the distribution of the semimajor axis
a and eccentricity e of the planets surviving within the cluster
after 1 Gyr. In this simulation all the planets have a0 equal to
20 AU. A significant fraction of planets (about 25%) have their
orbits displaced because of stellar encounters. Some planets
migrated in inside orbits down almost to 10 AU. An almost
equal percentage of planets have their orbits moved outside
with semimajor axis up to 60 AU. About 48% of planetary
eccentricities are significantly increased during the simulation
while 28% are reduced.

Fig. 3 compares the initial value of eccentricity with the
final one for all the planets survived in the cluster after 1 Gyr.
The percentages of eccentricity excitation (or damping) drop
to 25% and 17%, respectively, when the initial semimajor axis
a0 of the planets is set to 5 AU. Also the rate of migrating
planets decreases from 25% when a0 = 20 AU to 9% when
a0 = 5 AU.

Our preliminary results on planetary evolution in open
clusters show that stellar encounters may be a relevant dynam-
ical process in particular for planets at large distance from their
parent stars.
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Figure 2: Orbital distribution of the planets after 1 Gyr for a
simulation with virial radio r = 1.0 pc and initial semimajor
axis a0 = 20 AU. The squares show the orbits whose semi-
major axis has been changed by a stellar encounter. The filled
circles represent planets whose semimajor axis has not been
modified during the evolution of the cluster.
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Figure 3: Comparison between the initial and final (t=1Gyr)
eccentricity of the planetary systems for a simulation with
virial radius r = 1.0 pc and initial semimajor axis a0 = 20

AU. A significant increase is observed. The symbols are the
same as in Figure 2.
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