CHARM-X:
lings in 2013-2014
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Solstice Mission Inclination Profile
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Highlights of 2013-2014%*

A. Spoke update

B. Spectacular high-phase image, “waving at Saturn”

C. The true core of the F Ring: calm in the midst of chaos
D. “Noise” shows particle size varying with location

E. New object discovered at the outer edge of the A Ring
F. Wandering ringlet in the D Ring

G. Fine structure: Overstable oscillations of the rings

H. Digging for organic material in the rings

. Infalling meteoroid Mass Flux measured; rings can be old

J. A look to the future

*An incomplete list!
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ISS: spokes

All Observations
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Mitchell et al (2013) study the evolution of “spokes” seen in the rings during periods that the sun is not far from the
ring plane, and charging of the ring material is slight. The abundance of spokes was low during prime mission, peaked
near Equinox, and has fallen off strongly since then, probably because solar photocharging of the rings and near-ring
environment drives the dust that makes spokes visible back into the rings quickly when the sun is at elevation angles
greater than |15 degrees.The curves at right show a strong peak in occurrence frequency near to several planet-

related frequencies (the SKR period in the N Hemisphere is the closest match).



A new image mosic was released by ISS from carefully planned observations
obtained when the Sun was eclipsed by Saturn. The E and G rings are especially
obvious in bluish, forward scattered light, entirely due to diffraction which is
dominated by the tiny dust particles residing there. The main rings have a redder
color because multiple scattering from and between the larger main rigng particles

plays a larger role and the main ring particles are reddish because of “pollution”
by an unknown absorbing material.

C. Porco et al.
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UVIS: particle size distributions vary with location
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UVIS stellar occultations show variations in
particle sizes and clumpiness across the rings
This scatter plots show how a stellar brightness
variance paramteter changes with optical depth for
different regions in the rings. If all regions were the
same, then all the points would lie on a single curve.
Different regions, identified by color, lie on distinctly
different curves reflecting differences in their particle
populations. This tool may provide important clues
about particle size variations, and the underlying
dynamics causing them, with very good radial
resolution. This behavior can be compared with RSS
profiles which independently measure particle size
variations.

J. Colwell et al.
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Longitude Residual (deg.)

ISS: new object discovered at the very edge of the A Ring

ISS has discovered and tracked the orbital evolution of an
object seen at the very outer edge of Saturn’s A Ring. The
object, dubbed ‘Peggy’ informally, is possibly as large as 3 km
in radius, but is not seen directly and its properties are inferred
from the manner in which it perturbs nearby ring material. It is
possible that this object is in the process of being expelled from
the A Ring by gravitational torques, a process which is
complicated by the Janus - Epimetheus 7:6 resonance at the A
Ring edge. It has long been theorized that small moons are
occasionally spun out of the main rings and it will be very
exciting to track this object or group of objects over time. It is
unknown if the object evolved to its current location by torques,
or if the object was locally formed by compaction associated

Z_ ' ' | . with the edge-forming resonances. Such an object, with such
sL a= 136771.9km " an explanation, has been studied near the outer edge of the B
L Object 1 . ’o,' . | ng
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L RO i The lower figure shows longitude residuals for, apparently,

L a= 136775.2 km _,;/" A more than one object. “Peggy"” is represented by the single

N Object2 (o W8 . - linear treand at bottom left; starting around 2013.1, a horizontal
a1k ‘_.«t'" 'b,gcovery i trend can be distinguished and starting around 2013.5, a

P I o - . steeper trend diverges. Each of these separate trends is

sk ' caused by a separate object in a different orbit. The original
4f . o object must have split into two or even more separate objects
st . . on slightly different orbits.
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F Ring core: calm in the midst of chaos

The very existence of the km-wide F Ring core, which has kept a stable orbit since Voyager, is puzzling because
it lies in a region so filled with resonances that particle orbits become chaotic very quickly. A new model shows
how the unique properties of the region allow chaos-causing perturbations to be canceled and in fact for ring
material to accumulate in one of a set of special locations determined by the precession period of the material.
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The colored plot at left shows how the semimajor axis (SMA) of
a particle at an arbitrary location in the F Ring region fluctuates
wildly over only a decade or so. However, some brief periods of
stability can be seen.The plot above shows the outcome of a long
evolution, where the average SMA is plotted against the initial
SMA for many particles.The red dots are particles with
exceedingly stable orbits over the entire integration time; they lie
at discrete locations not far from resonances with Prometheus.
The F Ring core (arrow) lies in one of these stable predicted
zones. The new theory shows how the rapid orbital precession in
the region turns Lindblad resonances into stable sites by
canceling each perturbation on the subsequent encounter.

Cuzzi et al (2014) Icarus, published online 1/12/2014
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D68: eccentric ringlet in the D Ring

Elliptical and precessing only D68 exhibits longitudinal brightness
o o781, 00K ae 2820 10K o S54sragd ' ' -  variations that rotate around the planet
3 5 = at around 1751.65 deg/day, and that
[> ik might also evolve over time-scales of
1 vyears.

D68 possesses a substantial
eccentricity (ae =25 +/- Ilkm) and its
precession rate is roughly consistent
with current models of Saturn’s gravity
field.

Dé68’s radial position does not exhibit
obvious variations that can be
attributed to normal mode oscillations
with m=1.

D68’s mean radius decreased at a rate
of 2.4 +/- 0.4 km/year between 2005
and 2013. D68 also seems to have
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VIMS: occultations reveal “overstable” radial oscillations

Using results from ingress and egress occultations, Hedman et al (2014, A.).) showed that viscous overstabilities permeate
the entire inner A ring. Such structures result from an oscillating balance between viscous stress in collisions, and the
natural orbital radial oscillations. The two figures directly below (black) show how these axisymmetric compressions can
arise on top of ubiquitous trailing self gravity wakes; x is radial, y is angular, and z is vertical. The orange and blue curves
show inferred wavelength (about 200m) and amplitude of the overstabilities.

‘ ' In several regions, the wavelength becomes poorly
defined and the amplitude drops to zero.These may
be regions where the occulted star itself is too
broad to resolve the pattern.
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Why are the rings reddish?
organic” or inorganic origin?

14

Cuzzi et al 2009; Saturn from Cassini-
Huygens

Nano-)iron



VIMS Digging Deep for Organlcs
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VIMS scientists have detected the spectral signature of what
seems to be, at least one kind of organic material, and shown how
it varies across the rings. The result supports the idea that the C
Ring and Cassini Division are more “polluted” by C-chain
material, like soot, plausibly from extrinsic bombardment.The C-
Ring or aromatic material is not as definitively detected, but
something of that nature appears to be pervasive, and therefore -
more likely to be primordial or intrinsic to the rings.
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eccentricity

CDA: Mass flux of micrometeoroids is much smaller than expected
Kempf et al (2013) AGU Fall Meeting and 2014 Boulder Planetary Rings Workshop

Since Voyager, it has been thought that the
rings must be much younger than the Solar
System, or constant bombardment and pollution
of the rings by interplanetary meteoroids would
have darkened them more than observed.

One of the uncertainties is the ring mass (to be
measured by Cassini in the late orbits) and the
other is the mass flux of infalling meteoroids
(mostly microns-to-mm-size).

« CDA has now determined for the first
time the mass flux into the Saturnian
system

* The measured flux implies that
Saturn’s main rings could be as old as
the solar system

« Mass flux is dominated by particles
originating from the Kuiper belt

Semimajor axis



Planning a Terrific Finale
F-ring and Proximal Trajectory
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