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Abstract directly the planetary migration theory with observa-
tions, and to give insights and constrains on the physi-

Propeller features discovered in Saturn’s rings betray cal properties of the rings and of the moonlets.

the presence of moonlets, about 200 meters in size.

These moonlets interact gravitationally with the rings, 2. Migration of the propeéllersin a

and therefore, their orbit should evolve with time. Last : :

year, we presented the calculation of their migration partlcle ring

rate, assuming the rings are a smooth, laminar particle2 1. Non-self-gravitating ring

disc. Actually, the A-ring is marginally gravitationally . ) .
unstable, and we expect clumps to form and disappearWe compute (numerically and analytically) the inter-

continuously in it. These clumps exert torques on a icigo;ngftg:et%s Tg&?le;fi?]g itﬂgg rtire1$t p;rttigfs' ilsn
moonlet, giving rise under some conditions to a vary- ne Iectezil a’nd thgre isyno ressure effe?:tp(in contrast
ing migration rate, and a random walk of the moonlet. 9 ’ P

The amplitude and the timescales we find are compat-tO the standard theory of type | migration in a gaseous
ible with the observations 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 massn located at a distance,, from the centre
nof Saturn should be

1. Introduction

The Cassini spacecraft has been orbiting the Saturnia
ring system since 2004, offering the possibility to ob- Ir 57y 2 1/3
serve the coupled evolution of the ring system and the Wm _ 356 Tm_ ('7”> rm$,
satellites. Due to short orbital timescales (1 year is Msagurn \ Msaturn

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 abous km [8, 9, 7]. They are most
probably caused by the presence of moonlets about L .

hundred meters in size, embedded in the ring, and scat—2'2' Self-gravitating ring

tering ring particles [6]. As they are embedded in the Saturn’s A ring is marginally gravitationally stable [3].
ring, these small bodies should exchange angular mo-The ToomreQ parameter, which is a measure of the
mentum with the ring, and migrate [2]. This migration importance of self-gravity, is expected to be of the or-
could be detected by Cassini observations through theder of2 ~ 7, indicating that the ring particles’ mutual

where ¥ is the surface density of the ring arfe
the orbital angular velocity. This gives typically

—1 myr~!, inwards. This is not compatible with ob-
servations, that show migration rates two orders of
magnitude larger, in both directions inwards and out-
wards.

cumulative lag, or advance with timteof the orbital gravity is indeed a strong effect. It leads to the regular
longitude¢ induced by a small variation of the semi- formation and dispersion of gravity wakes, which are
major axis and the angular veloc®y/(6¢ = 692 x 6t), local density enhancements elongated in parallel di-

offering for the first time the possibility to confront rections by the Keplerian shear. Those over-densities




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

Using N-body numerical simulations, we have com- [1] Crida, A., Papaloizou, J., Rein, H., Charnoz, S., Salmon,
puted the force felt by a test particle on a fixed orbit in J.: Migration of a moonlet in a ring of solid particles:
a clumpy disc for various surface densities of the disc ~ Theory and application to Saturn’s propellers, AJ, sub-
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measure the amplitude and the correlation time of the ™ " ;o aAng Propeller Migration In Saturn's Rings, DPS
stochastic forces in all simulations, from which the dif- meeting #41, #18.07, 2009.
fusion coefficientD can be derived [4]. The change in
semi major axis due to the effect of stochastic forces [3] Daisaka, H. and Tanaka, H. and Ida, S.: Viscosity in

with diffusion coefficientD after timet is then given a Dense Planetary Ring with Self-Gravitating Particles,
by [4]: Icarus, 154, 296-312, 2001.
Aa = E«/Dt . [4] Rein, H., Papaloizou, J. C. B.: On the evolution of mean
Q2 motion resonances through stochastic forcing: fast and
In our simulations, we find0~'"'m2?s 3 < D < slow libration modes and the origin of HD 128311, A&A,
10~1'm2 573, allowing for a migrationAa between 497, 595-609, 2009.

2.7 and 270,/t/(1 year) metres, depending on the [5] Rein, H., Papaloizou, J. C. B.: in preparation.
disc parameters. This range embraces the observa-

tions, so that this mechanism could well be an expla- [6] Spahn, F., Sregevic, M.: Density patterns induced by
nation for the observed migration of the propellers in ~ small moonlets in Saturn’s rings?, A&A, 358, 368-372,
2!

Saturn’s rings. 000.
. [7]1 Srentevic, M., Schmidt, J., Salo, H.,Sei3, M., Spahn,
3. Conclusion F., Albers, N.: A belt of moonlets in Saturn’s A ring,

. . . Nature, 449, 1019-1021, 2007.
In this paper [1], we have shown that the interaction of

a moonlet with a homogeneous, non self-gravitating [8] Tiscareno, M. S., Burns, J. A., Hedman, M. M., Porco,
particle disc can’'t account for the observed migration  C. C., Weiss, J. W., Dones, L., Richardson, D. C., Mur-
of the propellers. However, taking the ring’s self- ray, C. D.: 100-metre-diameter moonlets in Saturn’s A
gravity into account, one finds that the gravitational ring from observations of ‘propeller’ structures, Nature,
wakes exert a random force on the moonlets, which 440, 648-650, 2006.
leads to their stochastic migration ; this migration has [g] Tiscareno, M. S., Burns, J. A., Hedman, M. M., Porco,
variable rate and direction. As the rate and direction of = " c. c.: The Population of Propellers in Saturn’s A Ring,
the observed migration change with time as well (with AJ, 135, 1083-1091, 2008.
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.



