
Random walk migration of moonlets in Saturn’s rings

A. Crida (1,2), J.C.B. Papaloizou (2), H. Rein (2), S. Charnoz (3), J. Salmon (3)
(1) Université de Nice Sophia-antipolis / CNRS / Observatoire de la Côte d’Azur, Boulevard de l’Observatoire, BP 4229,
06 304 NICE Cedex 4, FRANCE,crida@oca.eu
(2) Department of Applied Mathematics and Theoretical Physics, University of Cambridge, Centre for
Mathematical Sciences, Wilberforce Road, Cambridge CB3 0WA, UK
(3)Laboratoire AIM-UMR 7158, CEA/CNRS/Université Paris Diderot, IRFU/Service d’Astrophysique,
CEA/Saclay, 91191 Gif-sur-Yvette Cedex, FRANCE

Abstract

Propeller features discovered in Saturn’s rings betray
the presence of moonlets, about 200 meters in size.
These moonlets interact gravitationally with the rings,
and therefore, their orbit should evolve with time. Last
year, we presented the calculation of their migration
rate, assuming the rings are a smooth, laminar particle
disc. Actually, the A-ring is marginally gravitationally
unstable, and we expect clumps to form and disappear
continuously in it. These clumps exert torques on a
moonlet, giving rise under some conditions to a vary-
ing migration rate, and a random walk of the moonlet.
The amplitude and the timescales we find are compat-
ible with the observations.

1. Introduction
The Cassini spacecraft has been orbiting the Saturnian
ring system since 2004, offering the possibility to ob-
serve the coupled evolution of the ring system and the
satellites. Due to short orbital timescales (1 year is
equivalent to about 700 orbits of the A ring) it may be
possible to observe the exchange of angular momen-
tum between the two systems. One of the most striking
discoveries of the Cassini spacecraft is the observation
of propeller shaped features in the A ring (located be-
tween122 000 and137 000 km from Saturn), with lon-
gitudinal extent about3 km [8, 9, 7]. They are most
probably caused by the presence of moonlets about
hundred meters in size, embedded in the ring, and scat-
tering ring particles [6]. As they are embedded in the
ring, these small bodies should exchange angular mo-
mentum with the ring, and migrate [2]. This migration
could be detected by Cassini observations through the
cumulative lag, or advance with timet of the orbital
longitudeφ induced by a small variation of the semi-
major axis and the angular velocityΩ (δφ = δΩ× δt),
offering for the first time the possibility to confront

directly the planetary migration theory with observa-
tions, and to give insights and constrains on the physi-
cal properties of the rings and of the moonlets.

2. Migration of the propellers in a
particle ring

2.1. Non-self-gravitating ring
We compute (numerically and analytically) the inter-
action between a moonlet and a ring test particle. In
this analysis, the gravity of the other ring particles is
neglected, and there is no pressure effect (in contrast
to the standard theory of type I migration in a gaseous
protoplanetary disc). This leads to the torque exerted
on the moonlet by an initially unperturbed, homoge-
neous ring. We find that the migration rate of a moon-
let of massm located at a distancerm from the centre
of Saturn should be
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where Σ is the surface density of the ring andΩ
the orbital angular velocity. This gives typically∼
−1 m yr−1, inwards. This is not compatible with ob-
servations, that show migration rates two orders of
magnitude larger, in both directions inwards and out-
wards.

2.2. Self-gravitating ring
Saturn’s A ring is marginally gravitationally stable [3].
The ToomreQ parameter, which is a measure of the
importance of self-gravity, is expected to be of the or-
der of2 ∼ 7, indicating that the ring particles’ mutual
gravity is indeed a strong effect. It leads to the regular
formation and dispersion of gravity wakes, which are
local density enhancements elongated in parallel di-
rections by the Keplerian shear. Those over-densities

EPSC Abstracts
Vol. 5, EPSC2010-719, 2010
European Planetary Science Congress 2010
c© Author(s) 2010



give rise to stochastic forces which act on the embed-
ded moonlet.

Using N-body numerical simulations, we have com-
puted the force felt by a test particle on a fixed orbit in
a clumpy disc for various surface densities of the disc
and sizes of the disc particles. We find that a moonlet
would feel a torque strongly varying with time. We
measure the amplitude and the correlation time of the
stochastic forces in all simulations, from which the dif-
fusion coefficientD can be derived [4]. The change in
semi major axisa due to the effect of stochastic forces
with diffusion coefficientD after timet is then given
by [4] :

∆a =
2
Ω

√
Dt .

In our simulations, we find10−17m2 s−3 < D <
10−11m2 s−3, allowing for a migration∆a between
2.7 and 270

√
t/(1 year) metres, depending on the

disc parameters. This range embraces the observa-
tions, so that this mechanism could well be an expla-
nation for the observed migration of the propellers in
Saturn’s rings.

3. Conclusion
In this paper [1], we have shown that the interaction of
a moonlet with a homogeneous, non self-gravitating
particle disc can’t account for the observed migration
of the propellers. However, taking the ring’s self-
gravity into account, one finds that the gravitational
wakes exert a random force on the moonlets, which
leads to their stochastic migration ; this migration has
variable rate and direction. As the rate and direction of
the observed migration change with time as well (with
rates compatible with our model), it seems likely to us
that the moonlets are undergoing such a random walk
migration.

The dependence of the migration rate on the ring’s
parameters offers an exciting possibility to constrain
the nature of the ring particles and the physical pro-
cesses occurring in the rings by measuring the migra-
tion of the moonlets. Bringing together a more de-
tailed version of our model [5] with future, more nu-
merous observations of propellers, should therefore be
very helpful to understand Saturn’s rings.
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