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Introduction: Several independent lines of evidence point to various forms of N — L —
particle clumping or aggregation throughout Saturn’s rings. The signature of self- i ‘ WW 1
gravity wakes, transient gravitationally-bound clumps of particles at the stability - T ;
limit, is present in multiple datasets across the A ring as well as in much of the B s |—
ring. Images of the C ring also show non-axisymmetric structure that is due to [ | ;
either clumps, localized gaps, or a combination of the two. We present 2o
observations from the Cassini UVIS stellar occultations that reveal the presence of {00 — |
clumps and gaps across the rings. Self-gravity wakes in the A and B rings produce a
characteristic variation in line-of-sight optical depth with viewing geometry. This

signature is absent from the C ring and Cassini Division, though there are 0.05 |—
variations observed that are likely due to the finite vertical extent of the rings. -
Localized holes have been observed, however, in the C ring and Cassini Division
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that have been interpreted as the clear zone produced by a nearby massive object Sosos T sooo0osgoo 4= a1 g R sosos—ougn L Toos oo 3009 I
(Baillié et al. 2013). We extend the analysis of the statistical moments of the UVIS
stellar occultation data to the skewness and kurtosis that place additional Figure 1: Optical depth (red, scaled by 0.04 in left panel), normalized excess variance (blue), skewness (green), and kurtosis (purple) of Saturn’s rings from
constraints on the distribution of particle sizes and the presence of outliers such as the Beta Centauri 771 stellar occultation at 10 km radial resolution. The variance is largest in the A ring, dominated by large self-gravity wakes (Figure 2).
large aggregates or localized gaps. In addition some occultations have very slow Skewness is negative in the C ring and Cassini Division, especially in the ramp features, but positive and correlated with optical depth elsewhere. The
speeds in the frame of the ring particles, providing a direct measurement of the Kurtosis is negative in the A ring, but barely so in the inner B ring where self-gravity-wake-like behavior is also seen.
ring transparency at the scale of the largest particles and clumps.
Ghosts in the rings Inferring particle properties from distributions of statistical moments
.  E REEREE s R 0.010 ¥ v ¢ ¥ T ¥ [ & ¥ & a & 1 . . . . . . .
SEIf'graV'ty wakes O T ' ' i poorgees | Distributions of the statistical moments E (excess variance), S (skewness), and K (kurtosis)
250 Jooos- B with optical depth (directly calculated from the first moment, or mean, of the data)
3 200 : ! ’ : provide ready comparisons between different ring regions. Figure 5 shows that the C ring
. m omws| - MV%WW4 ; plateaus and background C ring have very different characteristic particle sizes based on E,
£ o % ooos | WM L . and the shape of E(t) in the background C ring suggests a size sorting with optical depth.
° 5 [ #o. ;ﬁ%i: Figure 6 shows a comparison of all three moments between the structurally similar C ring
0 SN S ol - and Cassini Division ramps.
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Figure 2: N-body simulation showing the formation of self- = - - +Mﬁ - =/ A 3
gravity wakes with a characteristic cant angle and semi- 2 : NN AN I R i) 0.001 ; T —i
regular spacing at the Toomre most-unstable wavelength of "Wr7ea 11779 117706 117797 117798 117799 N AP B SR R E/ -
. . . . . . Ring Plane Radius (km) 0.0 0.2 0.4 0.6 0.8 B | g 07000'~""I""Illllll|HHHHJ‘HHJHH‘LHJJHH|JHHHH‘HHHHI:
about 50 m in the A ring. Saturn is down and orbital motion is Slant Optical Depth i s Cossn ovison bo 01 02 o o 05 08
to the right. The red indicates the formation of rticularl o 3 = S b e . L . .
_ 5 , ?t 0 O, 4 pa t.cu arty = oiE ey v J\j i - " rer e i Figure 5: Distribution of E in the C ring for
massive clump. If such an object forms in a uniform ring 2  (21oming Nolparticies>e) = : ph ke B : . .
. . . 5 - 2 o \[’\/ = - A e : the low-t regions and the plateaus with
without self-gravity wakes, it can open a truncated propeller S . 5. ot o4 — R e AR - , , ,
(Figure 3) o . v A - NN T - single-sized-particle models from Colwell
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Figure 3: Image of a propeller feature in Saturn’s A ring. An Ghosts Width W (m) I TR T TR regions beyond the effective particle or clump
unresolved moonlet at the center of the feature perturbs the _ . L : : size revealed by the excess variance, E. Skewness
orbits of the neighboring ring particles opening aptruncated gap Figure 4: Left: Examples of two "ghosts” in the Cassini Division and the Flgure 6: Atthough the optical depths is diagnostic ofythe resence of ga s: or “ghosts”
. . . : distribution of ghost widths corresponding to a shallower size distribution of and overall structure are similar, the . sho* P 5P 5
(black) that is nearly devoid of particles. The area of the gap is . L g WO “ 7o the ri hibit in the C ring. Kurtosis appears to be particularly
much larger than that of the moonlet that produces it, so boulders or moonlets than a fragmentation distribution (Baillie et al. 2013). o rambs I e THES S diagnostic of the strong self-gravity wake
. . . Right: While the excess variance of the C ring and its plateaus can be fit with different particle sizes and gaps as 5 . rons Selraravity
occultations are much more likely to cross the gap. Baillié et al. _ A . . led in distributi FEand S structure in the A ring.
. . . .. simple power-law distributions (top), to simultaneously fit the observed revealea in distributions ot k and .
(2013) found a distribution of gaps in the C ring and Cassini . . . .
L _ . _ _ skewness ghOStS must be inserted, with a |arger percentage in the p|ateaus References: Baillié et al., 2013, Astron J. 145, 171. Colwell et al., 2018, Icarus 300, 150.
Division consistent with accreted ObjECtS (Flgu re 4) : This work supported by NASA through the Cassini Data Analysis Program grants NNX10AF20G and NNX15AH22G and by the Cassini project.
than the background C ring.




