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We propose a simple theoretical model for aggrega-
tive and fragmentative collisions in Saturn’s dense
rings. In this model the ring matter consists of a bi-
modal size distribution: large (meter sized) boulders
and a population of smaller particles (tens of centime-
tres down to dust). The small particles can adhesively
stick to the boulders and can be released as debris in
binary collisions of their carriers. To quantify the ad-
hesion force we use the JKR theory [1]. The rates of
release and adsorption of particles are calculated, de-
pending on material parameters, sizes, and plausible
velocity dispersions of carriers and debris particles. In
steady state we obtain an expression for the amount of
free debris relative to the fraction still attached to the
carriers. In terms of this conceptually simple model
a paucity of subcentimeter particles in Saturn’s rings
[2] can be understood as a consequence of the increas-
ing strength of adhesion (relative to inertial forces) for
decreasing particle size. In this case particles smaller
than a certain critical radius rcr remain tightly attached
to the surfaces of larger boulders, even when the boul-
ders collide at their typical speed. Furthermore, we
find that already a mildly increased velocity dispersion
of the carrier-particles may significantly enhance the
fraction of free debris particles, in this way increasing
the optical depth of the system.

The critical radius can be approximately expressed
in the following form:
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Here ρd and ρc are the material densities of debris
and carriers, correspondently (we assume for ice ρc =
ρd = 900 kg/m3), Reff - the effective radius of carri-
ers, vc - velocity dispersion of carriers, γ = 0.74N/m
- the adhesion coefficient for smooth ice particles,
which can be reduced in the case of rough particles.
D = 3

2
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Y , Y = 7 · 109 Pa is the Young modulus

and ν = 0.25 – the Poisson ratio.

The dependence of the critical radius on velocity
dispersion vc and radii R of carriers is shown at fig.
1.

Figure 1: Contour graph, showing the dependence of
the critical radius for debris release rcr on velocity dis-
persion vc and radii R of carriers. Solid contour lines
are for the adhesion coefficient γ = 0.74N/m and
the dashed lines for γ = 0.1N/m. Parameter ranges
plausible for Saturn’s rings are highlighted in grey.
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