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Introduction: It is now generally accepted that
meteorite-size fragments of rock can be ejected from
planetary bodies [1].  There are currently some 16 me-
teorites in our collections that were probably ejected
from the planet Mars and a comparable number that
originated on the Moon.  Numerical studies of the or-
bital evolution of such planetary ejecta are consistent
with the observed cosmic ray exposure times and infall
rates of these meteorites [2].  All of these numerical
studies, however, agree that a substantial fraction (up
to 1/3) of the ejecta from any planet in our solar system
is eventually thrown out of the solar system during
encounters with the giant planets Jupiter and Saturn.  In
this abstract I examine the probability that such inter-
stellar meteorites might be captured into a distant solar
system and fall onto a terrestrial planet in that system
within a given interval of time T.  The implications of
these results for the possibility of interstellar pansper-
mia will be examined.

Orbital Evolution of Planetary Ejecta: Planetary
meteorites are currently believed to be ejected from
their planets of origin by large impacts through the
process of spallation [3].  Once ejected from a parent
planet, such meteorites make many close passes to
other planets or interact with orbital resonances created
mainly by the giant planets.  As a result of these en-
counters the orbits of the ejecta alter with time and the
ejected rocks may eventually end up falling onto an-
other planet or leaving the solar system.  In the present
work we make use of the Arnold-Öpik Monte Carlo
evolution scheme [4].  This method explicitly ignores
resonances and thus may lead to errors reaching per-
haps a factor of two compared to the more exact sim-
plectic integrator schemes [5].  Nevertheless, we be-
lieve that this rapid method yields results sufficiently
accurate for our purpose in this estimate.

A number of rough estimates, based on the number
of Martian meteorites collected vs. the number of as-
teroidal meteorites in our collections times the esti-
mated rate at which asteroidal meteorites fall on Earth
each year, suggest that about 500 kg of Martian rocks
larger than 10 cm in diameter fall on Earth each year.
Another estimate puts this at roughly 15 individual
meteorites per year [6].  These estimates must be
treated with caution, as the spectrum of meteorite
masses is dominated by the largest objects, so this fig-
ure might be a considerable underestimate if integrated
over the age of the solar system.  Moreover, this ig-
nores much higher rates of impact that prevailed early
in solar system history.

Our Monte Carlo simulations suggest that about as
many Martian meteorites are ejected by Jupiter as fall
on Earth each year [4]. We thus assume that about 15
rocks greater than 10 cm diameter that originate on the
surface of a terrestrial planet leave the solar system
each year.  These meteorites exit the solar system with
velocites in the vicinity of 5±3 km/sec.  Both very slow
and very fast ejection velocities are rare, so we will use
a mediam ejection speed of 5 km/sec in the following
discussion.

Probability of Reaching a Nearby Star: If we
suppose that N0 (≈ 15) rock fragments greater than 10
cm in diameter are ejected from the solar system each
year, then in a time interval of T years these meteorites
will have traveled a distance of s = veT from the sun,
where ve is the ejection velocity (5 km/sec = 5.1
pc/Myr).  In this year they sweep out a new volume of
∆V = 4πs2ve (1yr) in which the mean number of stars is
ρs∆V.  The stellar density ρs is about 0.06 pc-3 in the
Suns neighborhood [7].  Since the density of meteorites
falls as 1/s2, the s2 factor in ∆V cancels out and the
number of impacts on extrasolar planets per year for
this one-year cohort of meteorites is given by N0veρsσc,
where σc is the cross section for meteorite capture per
stellar system.  Note that this probability is independent
of the distance s.  Over T years the  mean number of
impacts is T times this equation.  In addition, during
this T years there have been T annual cohorts of mete-
orites launched that have reached an average distance
of veT/2 from the sun, so the total number of extrasolar
captures occurring within T years of launch is
N0veρsσcT2/2.  Inserting numerical values for the fac-
tors given above, this amounts to 5.4 x 10-5 σc (AU2)
T2 (Myr) captures per T years.

Capture Cross Section: The principal unknown
factor in the above equation is the capture cross section
σc.  If this were merely equal to the projected area of a
terrestrial planet in the target solar system it would be
equal to πRe

2, where Re is the radius of the terrestrial
planet.  For a typical terrestrial planet of radius 6000
km, this cross section is only about 5 x 10-9 AU2, and
the number of captures in even 109 years is only 3x10�

7�a negligibly small chance of capture.  However,
there are two factors that may raise this cross section
substantially.  The first is the gravitational focussing of
incoming meteorites by the gravitational attraction of
the target system.  The density of interstellar meteorites
at a distance r from the target star is increased over that
far from the star by a focussing factor [1+v(r)/v∞]/2,
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where v(r) is the meteorite�s velocity at a distance r
from the star and v∞ is its velocity far from the star.
For low approach velocities this factor behaves as 1/ v∞
and so may reach a substantial size for rare, low-speed
approaches.

Another factor was suggested by Zheng et al [8].
These authors proposed that, instead of direct capture
by a terrestrial planet, it is much more likely that an
approaching interstellar meteorite will be captured into
a bound orbit by a hypothetical giant planet in the tar-
get system.  Just as Jupiter is the main agent of ejection
from our solar system, it may also serve as the main
entry point for extrasolar meteorites.  Once captured
into the stellar system the meteorites have a much
higher probability of eventually striking a terrestrial
planet belonging to that system

Figure 1  Cross section for Jupiter to capture an in-
terstellar meteorite as a function of velocity of ap-
proach to the solar system.

I used a version of the Monte Carlo orbit evolution
program to estimate the capture probability of inter-
stellar meteorites as a function of the approach velocity
v∞.  The principal results are shown in Figure 1, where
the 1/ v∞ factor at low approach velocities is clearly
seen on this log-log plot as a curve of slope �1.  The
probability drops rapidly at approach velocities higher
than about 1 km/sec, but even at this velocity the cross
section approaches 1 AU2�far higher than that for
direct impact on a terrestrial planet.  The overall inte-
gral of cross section under the curve is about 40.  Us-
ing the velocity dispersion of ±20 km/sec for stars near
the Sun [7], the product of the velocity distribution and
the velocity-dependent cross section yields an over-all
average capture cross section of about 1 AU2.  Using
this average cross section in the equation above indi-
cates that about 1 meteorite ejected from a planet be-

longing to our solar system is captured by another
stellar system every 100 Myr.

Discussion:  We have shown that over the course
of solar system history perhaps a dozen or so rocks
ejected from the surface of one of the terrestrial planets
may fall onto the surface of a terrestrial planet in an-
other solar system.  This figure would only be in-
creased early in solar system history when cratering
rates were perhaps a factor of 1000 larger than at pres-
ent and when the Sun may have been closer to other
stars in its birth cluster.  Similarly, the Earth should
have received a few such interstellar wanderers over
the course of solar system history.  Although this result
may be intellectually interesting, one or two 10 cm
rocks will not have any substantial effect on the geo-
chemistry of the recipient planet.  However, it was re-
cently argued by [9] that, within the confines of the
solar system, planetary meteorites have a very large
probability of carrying viable microbes from one planet
to another.  Although interstellar panspermia seems
much less probable [10], the results presented here,
along with the recent evidence that microbial spores
may have survived for periods of 250 million years on
Earth [11], make it just barely possible that viable or-
ganisms might have been able to make an interstellar
journey.  Much more work on the various survival
factors must be done before this hypothesis can be
granted even a degree of plausibility, but it does not
seem that the transfer probability of at least a few rocks
is too low to entirely rule it out.
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