Impact Exchange Between Planets of Gliese 581

INTRODUCTION

The discovery of meteorites
from Mars and the Moon
indicates that in our solar
system large impacts can
transfer rocky material from
one planet to another. It has
been suggested that living
microbes can be exchanged
among the planets by this
mechanism [1]. An obvious
extension is to ask whether this
process could also operate in
other solar systems.
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Ejecta has an initial Keplerian
orbit with an a, e, and i similar to
that of the planet it leaves (figure
1). As the orbit evolves,
perturbations from another planet
could alter the initial orbit (figure
2) causing it to impact a planet, the

Gliese 581 Planetary System

Gliese 581 is a red dwarf star with a mass ~1/3 of our
Sun. The system is ~20 light years from our solar
system and contains four confirmed planets e, b, ¢, and
d respectively. Planet d is thought to resident in the
habitable zone.

The Gliese 581 system contains at least
one planet located in the “habitabl

zone” where liquid water is possible (see
figure). All four planets in the system lie
in close proximity to the star and range
from 0.03 to 0.22 AU, putting each
planet inside the orbit of Mercury.
Planets e and c are speculated to be
rocky in composition due to their range
of acceptable masses. Planet d is too
massive to be considered only rocky and
is thought to be composed of liquid
water or ice. Planet b, however, is the
most massive in the system and is
comparable to Neptune.

We used the Opik-Arnold method to
calculate the fate of 10,000 particles
initially ejected from planets e-d. The
initial velocity ranges (high, medium,
low) were scaled from each planet’s
orbital velocities, which are rather
high by solar system standards due to
the extremely close proximity of these
planets to their central star (see table
below).

The actual mass of each planet is
uncertain, and the literature cites only
a range of acceptable values [2]. We
chose the average values listed in the
table for our work. We estimated the
density by comparing our planet to
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CONCLUSION

Impact ejecta exchange in the Gliese 581 system is very
different from our solar system due to the close proximity of
the planets to their central star and the resulting large
orbital velocities.  Because of this, rather large initial
velocities  (20-100 km/s) are required for orbital
perturbations to allow interplanetary exchanges. Planet d,
which is speculated to harbor life or liquid water [6], would
have a very small chance of transferring material to the
other planets in the Gliese system and thus far more isolated,
biologically, than the inner planets of our own solar system.

Artwork by: Don Davis

Abstract Contact

REFERENCES

References: [1] Melosh, H. J. (1988) Nature 332, 687-688.
[2] Bonfils, X. et al. (2005) A&A, 4433, L15-L18. [3]
Tuomi, M. (2011) A&A, 528, L5. [4] Dones, L. et al.
(1999) Icarus 142, 509-524. [5] Arnold, J.R. (1965)

The transfer of particles within the Gliese 581 system depends strongly on the initial ejection
velocity. Several numerical simulations were analyzed in the case of high (100 km/s), medium (60
km/s), and low (20 km/s). Our standard 10,000 particles were ejected at these various velocities
from each planet e, b, c, and their fates tabulated. Ejections from planet e were most likely to
impact planet d regardless of initial velocity. Ejections from planet b were most likely to impact
planet b and d. Ejections from planet c have a high per of i onb, h [, an
increase in initial velocity resulted in a decrease of impacts on b. Ejections from planet d have a
low probability of impact on any other planet than itself with most ejected particles entering an
initial hyperbolic orbit and being ejected from the planetary system.

another planet with a known value.
This allowed us to calculate the radius
of each planet.

Astrophys. J14, 1536-1547. [6] Von Paris, P. et al. (2011)

parent star, or eject it into
A&A, A58, 532.

interstellar space.

Acknowledgements: Thank you to NASA’s Science
Mission Directorate and LPI for travel expenses

2.52Mm, Kepler 11 f

23.03M,  Neptune
Oapartmentof

T Earth &

7.88M, Kepler 11 r
epler 11 e Er ospheric

1045M,  Kepler 11 ¢




