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Introduction: Terrestrial planet forma-
tion is thought to occur through a multiple
stage process that begins with the agglomer-
ation of planetesimals from dust particles
and continues through a phase of oligarchic
growth that results in a population of
roughly 10-50 Moon-to-Mars sized planet-
ary embryos in the terrestrial zone. The fi-
nal configuration of the planetary system is
reached as gravitational interactions between
these embryos excite orbital eccentricities
and lead to further collisional growth [1].  

Planetary-scale impacts remain important
in determining the evolution of the terrestri-
al planets even after the planets are nearly
fully formed. A late impact between the
proto-Earth and a remaining planetary em-
bryo is widely thought to have formed the
Moon [2]. Collisions between the Earth and
icy planetary embryos may be the source of
Earth�s water [3,4]. Similar giant impacts
may have occurred in the early histories of
Mercury, Venus, and Mars, explaining Mer-
cury�s anomalously high density [5], Venus�s
relatively dry interior [6], and Mars�s hemi-
spheric dichotomy [7,8,9].

Our goal here is to investigate various
collisional scenarios that may have played a
role in the formation of terrestrial planets,
both in the Solar System and in extrasolar
planetary systems.
Method: We study planetary-scale im-

pacts using the publicly available smoothed
particle hydrodynamics (SPH) code GADGET
[10]. GADGET employs a novel formulation
of SPH with entropy as an independent vari-
able. This formulation manifestly conserves
both energy and entropy and has been
shown to outperform the standard SPH
model, with energy as an independent vari-
able, in a variety of test cases [11]. The code
was designed for cosmological simulations
of structure formation. The publicly avail-
able version of the code performs SPH calcu-
lations assuming an ideal gas equation of
state. We have modified the code to read
tabulated equations of state.  

Our modified version of the code has
been subjected to multiple test runs. The
code yields the expected results both in sim-
ulations of planar impacts, for which there is
an analytical solution, and for large planet-
ary impacts, for which comparisons to previ-
ous numerical work [12] were carried out.

The equations of state for iron and
mantle materials were tabulated from the
code M-ANEOS [13,14]. A new finely-grid-
ded tabular equation of state is used for
H2O, which includes three solid phases (ices
Ih, VI, and VII), liquid, and vapor [15,16].
The EOS of the phases and phase boundaries
are based on experimental data [17-20].
Applications: SPH simulations have been

used to argue that a major impact event may
have played an important role in determin-
ing the composition of Mercury, which has
twice as high an iron-to-silicate mass ratio
as the other terrestrial planets. However,
these simulations were carried out using
only ~3000 particles, greatly limiting the
resolution of the resulting debris cloud and
preventing a clear determination of the like-
lihood of such an impact [5].  

A series of recently launched and upcom-
ing missions aim to find transiting Earth-
like planets in the habitable zone around
their host stars. When planetary transits are
detected, the radius of the planet can be de-
termined. Combining this result with the
mass of the planet obtained from radial ve-
locity measurements of the star, the mean
density of the planet can be calculated.
However, there are degeneracies in the
mass-radius relationship that make it im-
possible to uniquely specify the composition
of the planet [21]. SPH simulations can be
used to not only answer definitively the
question of whether a planetary-scale im-
pact occurred early in Mercury�s history, but
also to help break this degeneracy of the
possible compositions of observed transiting
extrasolar planets. We aim to carry out a
study of the efficiency of collisional mantle
stripping across a range of planetary masses
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ranging from that of Mercury to that of the
most massive Super Earths.  

While icy planetary embryos have been
shown to be a dynamically plausible source
of Earth�s water [3], the question of how effi-
ciently the Earth can retain the water during
these collisions has yet to be answered. As
with the problem of collisional mantle strip-
ping, water retention in planetary-scale im-
pacts is a problem that is applicable not only
to the Solar System, but also to extrasolar
planets. This is also a calculation for which
SPH is ideally suited.

We will present example calculations of
giant impact events onto rocky and icy bod-
ies using GADGET.
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