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Introduction: The origin of Earth’s Moon re-
mains uncertain. The leading hypothesis relies on the
Moon accumulating from an impact-generated disk.
Recently, [1] proposed an alternative scenario in which
the Moon forms progressively via multiple smaller
impacts. Each impact results in the formation of a
“moonlet”, and the Moon results from the consecutive
merging of several moonlets. These impacts produce
much smaller disks, of order 0.1-1M, which are much
smaller than in other impact scenarios [2,3]. The mass
of the moonlet formed from such disks iwas estimated
in [1] using a standard analytical prescription from [8].
In [2] we revised this expression using a more accurate
numerical modeling of the protolunar disk, and found
that the mass of the moon that would form from a giv-
en disk would be generally much smaller than predict-
ed by [8], especially at large specific angular momen-
tum (Jspec = 1). The evolution of a < 1My disk has
not been studied in detail, so it is not clear if predic-
tions from [4] or [2] would be accurate in this context.
The initial mass and position of each “moonlet” are
essential parameters for their subsequent tidal evolu-
tion and for whether moonlets formed by subsequent
impacts will merge to grow the Moon. It has also im-
plications for the number of moonlets, and thus the
total number of impacts, that may be required to grow
a lunar-mass object, which may affect the probability
of success in this scenario.

Numerical model: We model the disk’s evolution
using a hybrid numerical model [2,3]. The code in-
cludes viscous spreading of a Roche-interior disk, res-
onant interactions between the disk and outer moon-
lets, and formation of new objects at the Roche limit.
We neglect tidal interactions as those processes affect
the system on much longer timescales.

Accretion simulations: We have performed a
suite of numerical simulations to study the accretion of
a moonlet from disks similar to those produced by the
impacts considered in [1]. The initial structure of the
disk is adapted from that of the disk shown in Figure 6
of [1] (R. Rufu, personal communication). We consid-
er disks with a total mass 0.1 — 1M, with 30-50%
inside the Roche limit, and a surface density profile for
the outer disk o o r=* with « = 2 — 3. The outer disk
is composed of 600 bodies with an outer edge from
5—9Rg . The produced disks have 0.99 < Js,. <
1.2, while [1] finds disks with 0.7 < Js,.c < 1.14.

Figure 1 shows the mass of the largest object at 10*

years as a function of the disk’s specific angular mo-
mentum. Black triangles are results from a set of 60
simulations, while the red crosses are from the canoni-
cal case [2] and are shown for reference. The black
lines are the analytical estimates from [4], considering
either that 0 or 5% of the disk’s mass escapes the sys-
tem (continuous and dashed line, respectively). The
blue lines are revised analytical estimates from [2].
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Figure 1: Ratio of the mass of the largest body at t = 10*
years to the initial disk mass, as a function of the disk’s
specific angular momentum. Black triangles are results
from the new set of simulations. Red crosses are from
canonical disks [2] and are shown for reference. Small
symbols are cases where the mass of the second largest
body is at least 20% that of the largest one. In those cases
we added the mass of the two bodies, since tidal evolution
could cause them to merge later on. The black solid and
dashed lines are analytical estimates from [4] assuming O
or 5% of the disk’s mass escapes, respectively. Blue lines
are our revised analytical estimates from [2].

We find good agreement between our numerical
results and our revised analytical. While our simula-
tions do not cover the full range of possible disk /e,
it appears that disks with Js,.. = 0.99 would form a
moonlet whose mass is about a factor of ~2 smaller
than predicted by [4]. If that trend continues at smaller
Jspec» It is possible that twice as many impacts as esti-
mated in [1] could be needed to form a lunar-mass
object. This may affect the likelihood of a multiple-
moon scenario, as a larger number of impacts having
struck the Earth is unlikely.
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