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Abstract:
Previous work on moonlets assumed that they were just a single 
indestructible spherical particle and focused primarily on the effects 
such a body would have on the surrounding ring material (Lewis and 
Stewart 2009, Icarus 199:387-412; Sremcevic et al. 2007, Nature 
449:1019-1021). Both observations and numerical simulations of 
Saturn’s small inner moons show them as very low density rubble piles 
(Porco et al. 2007, Science 318:1602). Unlike the small moons, 
moonlets embedded in the ring material will experience regular 
collisions with self gravity wakes tens of meters across. Even with a 
single spherical core, these collisions can lead to the shedding of 
significant amounts of accreted material. We describe numerical 
simulations in which we explore the parameters required for stability of 
moonlets embedded in the ring material. Because of their location well 
inside the Roche limit, these bodies require either higher densities or 
some internal strength in order to stay together. We explore how much 
strength is required for these moonlets to be stable against the regular 
impacts they sustain in that environment. This work was funded by NSF 
AAG award number 0907972.

Background:
The small inner moons and gap moons of Saturn are all low density 
rubble piles. They effectively fill their Hill spheres and have only a very 
weak hold on the material near their surface. It seems unlikely that the 
moonlets inferred to produce propeller structures in Saturn's rings can 
have a similar nature as they are constantly experiencing significant 
collisions with the material around them, including gravity wakes that are 
themselves tens of meters across.

Previous work (both published and unpublished) has shown that if a 
single large particle core is assumed for a moonlet, it will accrete 
material to a point, then shed it off. This shedding is often the result of a 
collision with ring material and it causes the moonlet to drift radially in 
the opposite direction from the material that is shed. When there isn't a 
single large core, these types of events can split the moonlet apart if the 
only thing holding it together is gravity. In this type of situation the 
material of the moonlet itself completely changes over time.

The goal of this work is to explore what is required for a moonlet to hold 
together through gravity, adhesion, or tensile strength. We are still in the 
early phases where we are exploring ways of building reasonable 
configurations for moonlets without the surrounding background material 
that can be dropped into a background. We will then evolve the 
combined system for various parameters on the moonlet particles to see 
what is required for the moonlet to survive extended periods of time.

Current Progress:
Most of our time to date has been spent looking at parameters to build 
stable small aggregates that are not embedded in ring material. We 
have used two basic approaches to this:

●dense lattice of identical particles,
●gravitationally collapsed body using power law size distribution.

Figures in the middle of the poster show each of these two approaches. 
We have also set up some of the backgrounds to embed the particles 
that constitute a stable moonlet without collisions into.

Results:
The only actual result at this time is 
frustration with the numerics of getting 
stable aggregates near the edge of the 
Roche limit using gravity as the only 
attractive force. Starting with a solid 
core and having other particles fill the 
Hill sphere of that core is a very 
different problem from trying to get a 
core of higher density particles that 
hold together by gravity alone. Without 
adhesion or tensile strength, the 
smooth surface of perfect spheres 
used in most numerical work leads to 
easy deformation that progresses to 
instability.

Future Work:
This work is still in the early phases 
and there are many ways that we 
intend to extend it. There are three 
different approaches that we want to 
consider for holding a core together:

●gravity from higher density particles,
●short range adhesion force, and
●tensile strength connections.

The first two are fairly straightforward. 
The third mirrors work just published in 
Icarus by a group at the University of 
Maryland.

Another approach that we will consider 
is the use of non-spherical particles. 
Having polyhedra rest face-on-face 
provides stability and a certain level of 
structural integrity. This can be 
compared to spherical particles using 
the three approaches listed above.

The final goal of this work is to use an 
evolved background that we can drop a 
moonlet into. There are multiple 
options for evolving the background as 
well. We will try some with no moonlet 
present as well as some with a single 
particle that has the same mass as the 
aggregate. This will allow the 
background to have particle on 
horseshoe orbits and otherwise match 
the dynamics that we expect when the 
aggregate is present.

Regular lattice configurations: This figure shows the initial conditions and what we get after 
10 orbits for two regular lattice configurations at two different densities. Using lower densities 
of smaller R

0
 leads to the structure shearing out.

Accretion in a patch: This figure shows some of the configurations we have been playing 
with to get particles in a patch to accrete so that most are in a single large body. We plan to 
drop that body into an evolved background. R

0
=140,000 km 

Clusters of particles: Using a 
clustering algorithm built into 
SwiftVis, we can find groups of 
particles that are gravitationally 
bound. The largest such group can 
be selected out.

Combined system: The tall figure 
on the right shows the main cluster 
from the adjacent figure dropped 
onto a background. We plan to 
integrate systems like this to see 
what is required to keep the 
moonlet together.
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