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Saturn’s Rings to the Star and to the Eye

UVIS Normal Optical Depth
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Ring occultation statistics probe meter-size
structures and times scales of hours

L+ Small particles lead to /|
small variance.
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Large particles lead to 5* '
large variance.







Voyager occultations
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found numerous
density waves
in Saturn’s rings
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Excess variance

(above Poisson statistics)
arises from structures

in Saturn’s rings.

Can we use this statistic
to see structural

change within a

density wave?



Janus 5:4 Density Wave BetCenl105I
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Between the wave crests, the variance in not symmetric, as expected for constant wakes



A non-linear model for lions (predator) & gazelle (prey)
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Figure 1: Predator-prey dynamics over 20 years. (1)
Figure 2: Limit cycle corresponding to predator-prey dynamics
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Granola Bar Model for Self-Gravity Wakes

 In Saturn’s rings, the ring particles orbit in the Roche zone
(surrounding the Roche limit) where accretion competes with
disruption

* The ring particles form transient clumps, termed self-gravity wakes,

which are tilted and elongated with a typical radial scale of the
Toomre wavelength A;~ 60m, and a tilt of about 20°.

* We model these with a Granola Bar Model: The wakes dominate the
statistical moments of the Cassini UVIS star occultations in the A & B

rings



Self-Gravity “Wake” Model

Model Parameters Affecting Measured Optical Depth

& — Puore Wake Normal Optical Depth Gap Normal Optical Depth

Mark Lewis simulation

Colwell’s Granola-Bar-Model (GBM)



BetCenlO05l, Janus 5:4 Density Wave, E vs Phase
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Structure, Dynamics, Origins

* Perturbed by passing density waves, self-gravity wakes grow and

erode on orbital timescales with a full amplitude of 60%, and a phase
lag Ap ~45°

* Our analysis shows W = 18-29m; S+W ~ 60m; H/W < 0.12, thus H < 4m

* These results are consistent with a simple dynamical model of the
rings, analogous to an ecological Predator-Prey interaction

* Collisions or azimuthal instabilities of these wakes may lead to the
straw features seen in Cassini images

* Gaps & ghosts in the rings surround larger fragments remaining from
the ring origin, or maybe large aggregates forming recently: These also
affect the statistics, and we are investigating this using the GBM
formalism...
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We reproduce SN0, but don’t assume

* An integer number of particles;

e Cylindrical shadows

* That particle area and optical depth are both small;
* The conditional variance formula;

* Moment Generating Functions or their logarithms (also called
cumulants).

e Use no special techniques or approximations
* This formulation naturally accounts for edge effects



Eckert (2020 EPSC) showed that different viewing angle occultations do not follow SN90
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Solve for Compressed Gap Width

* Assuming no wake growth, conservation of particles in the gaps (no
accretion or erosion). W = W, &

* T(t) = Tgap™ So/S(t) + In [1 + Wy/S(t)] [2]
* Solving:
S(t) = [Tgap™ So + Wol/T [3]

* Jerousek 2017, Fig 7: S/W~2; T,

* Toomre wavelength in this region A; ~ 60m; This gives Wy,=20m, S,=
40m; S+W =60m ~ A;

* Note: No free parameters in this No-Growth Wake model

~0.2 at the Janus 5:4 density wave
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