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Satellites that are formed inside the corotation ra-
dius of a planet migrate slowly inwards as a result of
tidal dissipation in the central body. Eventually they
are tidally disrupted and form planetary rings. We use
N -body simulations of gravitational aggregates (rub-
ble piles) to study the tidal disruption of both homo-
geneous satellites and differentiated bodies contain-
ing a denser core. These bodies are initially placed
in synchronous rotation on circular orbits at different
distances from the planet. In cases where tidal disrup-
tion occurs, we analyse the disruption process and the
properties of the rings that are formed.

We find that the Roche limit for a rubble pile is
closer to the planet than for a fluid body of the same
mean density, and this effect is enhanced if the satel-
lite is differentiated. Significant zones exist around
Uranus and Neptune in which inward migration and
tidal disruption may occur; similar zones may have ex-
isted around the early Jupiter and Saturn.

Within its Roche limit, a homogeneous satellite is
totally disrupted and forms a narrow ring. The initial
stages of the disruption are similar to the evolution of a
viscous fluid ellipsoid, which can be computed semi-
analytically. Later, however, gravitational instability
produces irregular structure and dynamics within the
ring.

On the other hand, a differentiated satellite tends
to undergo a disruption of its mantle only. This pro-
cess is similar to Roche-lobe overflow in interact-
ing binary stars, although proceeding simultaneously
through both Lagrange points L1 and L2, and pro-
duces streams of ejected particles whose trajectories
are initially well described by solutions of the re-
stricted three-body problem. Again, however, gravita-
tional instability affects the streams near nodes where
the particles comes almost to rest in the corotating
frame and the density is enhanced. This type of dis-
ruption process produces two narrow rings on either
side of a remnant satellite. If a differentiated satellite
is placed sufficiently close to the planet, however, it
undergoes a total disruption.

We analyse the initial density profile and dynamical
state of the newly formed rings, which have epicyclic
motions of large amplitude. Using a variety of ana-
lytical and numerical models, we investigate the sub-
sequent spreading and nonlinear oscillations of nar-
row rings. Viscous overstability is weakened by the
spreading of the ring, with the result that the relative
epicyclic amplitude typically decays slowly while the
absolute amplitude may grow. Confinement of the ring
by external processes may subsequently allow the os-
cillation to grow to a nonlinear amplitude as observed
in many narrow rings.
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