
Abstract

Among the curious optical properties of 
Satun's rings, one is the fact that they 
appear to be composed of primarily water 
ice with very few contaminants. This work is 
aimed at determining if the rings are 
capable of hiding other material (namely 
silicates) in such a way that it does not 
appear in the spectrometry of the rings. Our 
research was focused on finding patterns in 
the amount of silicates visible for a fixed 
percent total particle silicate mix (1%) and 
variable surface density (30, 40, and 60 
g/cm^2 respectively) .  This was 
accomplished using N- body spherical 
particle simulations that model interactions 
between ring particles. These simulations 
were then input into a data analysis 
program  called SwiftVis, which also 
allowed ray tracing of incoming photons to 
give us an idea of what we would see. Our 
results indicate thus far that the surface 
density of the rings (which varies between 
the different sections of the rings) has the 
largest contribution to variation in optical 
structure. Quantitatively determining 
whether a silicate particle is visible simply 
requires knowledge of the last particle to 
reflect light back to the camera. For a 40 
g/cm^2 ring system, the amount of silicates 
that show up in the photometry is about 
25% of the original percentage (i.e for a 1% 
total fraction the amount of silicates visible 
is .25% of the total number of particles). 
These values vary widely from ring to ring 
as the surface density changes.

Introduction

Saturn's potential for hiding contaminants is 
of interest because it may help distinguish 
between formation scenarios for the rings 
themselves.  The rings appear to be fairly 
pure water ice with little contaminants, and 
this would require a ring system that 
separates particles out by density and frees 
them from outside contamination.  Even if 
such a condition can be achieved at 
formation, it is difficult to maintain with 
space weathering.  A more likely hypothesis 
is that the rings do contain some silicates, 
but they are hidden from view by the 
gravitational wakes generated by clumping 
ice particles.  This experiment looked at the  
silicate-hiding potential of 3 different 
surface density ring simulations using N-
body simulations. 

Experimental Methods

The simulations were run assuming 
spherical particles with a power law size 
distribution with radii ranging from 0.1-1.0 m 
with a differential slope of -2.8.  The 
simulation cells were located 130,000 km 
from the center of Saturn.  This location is 
in the A ring, just inside of the Encke gap.

Simulation output was analyzed and light 
scattering calculations were performed with 
SwiftVis.  The program enabled scatter plot 
rendering of the simulation cells and 
allowed comparison of the natural 
gravitational wake formation of the ring 
particles with silicates with a scatter plot 
containing all of the silicate particles 
highlighted and drawn on top of the gravity 
wakes.  In addition to the scatter plot 
comparisons, SwiftVis is also capable of 
producing photometric renderings of the 
simulation cells.  This makes it fairly 
straightforward to compare the actual 
contents of the rings with their 
appearances.  

In the simulations presented here, 1% of the 
particles in the cell were given a silicate 
density. The others had a density of porous 
ice. This was done for 3 different surface 
densities (30, 40 and 60 g/cm2)).  The 
purpose of the photometry was to find out 
what percentage of the silicate particles 
were the last to scatter light to the camera 
(and hence what percentage is actually 
visible).

Results and Conclusion

These preliminary results imply that high 
density material will be hidden 

Our results varied significantly from ring to 
ring (or as the surface density changed) but 
for the A ring we achieved a fairly 
consistent result. For a ring system with a 
surface density of 40 g/cm2, the percentage 
of silicates that are visible to the camera 
goes as 25% of whatever the initial silicate 
mix is.  This means that for a 4% mix of 
silicate particles to ice particles, 1% of 
those silicates will be the last to reflect light 
to the camera and hence will be visible to 
the camera.  As the surface density 
increased, we observed more clumping of 
the material and a much more variable 
percentage of visible silicates (for the 40 
g/cm2 case it was pretty much constant for 
0.5%-4%, but for 60 g/cm2 it varied with 
percentage change).  It seems that the rings 
are perfectly capable of hiding silicate 
contaminants inside their gravity wakes 
with no change in outer appearance (see 
figure).  These results are significant for 
investigations into the possible nature of 
recently discovered propeller objects in the 
rings, since different densities resulting 
from variable ring contents would change 
the photometric properties of the rings and 
provide some explanation for the bright 
nature of the aforementioned propellers.  An 
inherent difficulty of working with 
simulation data is the lack of noise of any 
kind, which must be kept in mind when 
making comparisons between simulation 
data and Cassini probe data.  This research 
was part of a much bigger project on the 
moonlets (small moons) present in the 
rings, which is continuing through the 
Spring 2011 semester at least.  This hiding 
silicates research has not been done before, 
and so we are not continuing off of previous 
work (hence the lack of references).  
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There are three panels shown for each surface density. Moving from left to right we have:  a scatter plot drawn with 
silicates highlighted red using a painters algorithm for drawing order, the same type of plot with silicates on top, and a 
photometry plot ray traced with one million photons with silicate material highlighted red and color enhanced 100X.  In 
all of these simulation, 1% of the particles were silicates. The fraction of light reflected from silicates is shown in the top 
right of each plot. A much smaller fraction of the reflected light comes off silicate bodies. The higher the surface 
density, the less visible the silicates are. This appears to be a result of high density material being hidden in gravity 
wakes.
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