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Abstract

Saturn’s moons perturb the rings due to their gravi-
tational interactions with the ring material. Here, we

wherer and{2 are the optical depth of the ring and the
Keplerian frequency of the orbit. The inelasticity of
the collisions is quantified by the coefficient of restitu-
tion € which determines the relative loss of the relative

present a model which accounts for the heating of the velocity during a collision. The constaht is of the
ring material due to these perturbations. The results order unity, wh_erg we uske, = 1/3 (se'e [_6]). In case
emphasize the importance of the moon Prometheus forof tangential friction the amount of dissipated energy

the velocity dispersion in the outer A ring of Saturn,

which is probably 10 times higher than in the inner-

most A ring. An enhanced velocity dispersion would

in turn lead to an enhanced production of smaller de-
bris particles by knocking them off from larger parent

bodies. This could lead to an increasing optical depth
and brightness and limit the observability of the self-
gravity wakes in the outer A ring. Furthermore, the

velocity dispersion can be strongly enhanced in the
vicinity of the major resonances (e.g. Janus 5:4) ex-
plaining the observed halos around them.

1. Model

The kinetic energy in the rings is determined by gain
and loss terms

et det| o det|de? W
dt dt coll dt shear dt torque
whose balance accounts for the equilibrium. In the

following we treat the square of the velocity disper-
sion ¢ = 2Ey,/M rather then the specific kinetic
energy Ein /M. We consider three contributions to
the energy balance: (a) Collisions, which lead to a dis-
sipation of energy - cooling, (b) shear, which heats the
ring material due to viscous friction and (c) angular

momentum transfer, which also leads to an increasing

kinetic energy of the ring particle, and thus, a heating.

1.1
The inelastic collisions of the particles lead to a loss of
kinetic energy (e.g. [6, 9])
dc?
dt

Inelastic collisions

= —kmQ(1 — 2)? 2

coll

would be larger.

1.2 Shear friction

The Keplerian shear causes a friction which heats the
medium. The amount of energy dissipated by unit time

is given by
2
= ]CQI/ (@)
shear 2

(e.g. [6, 9]) where the viscosity is denoted bynd
the constank: is set to unity.
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1.3 Angular momentum transfer

The moons outside and inside the rings exchange an-
gular momentum with the ring particles due to grav-
itational interactions. The main contribution is ex-
changed due to the first order Lindblad resonances. In
adissipating ring the angular momentum transfer leads
also to an exchange of energy which can be quantified
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[3], where we sum over the contributions of all per-
turbing moons. As a model of the transfered specific
angular momentunt,,, /M we use a continuous [3]
or a discrete model [4]. The semi-major axis of the
moons and the radial ring position are denotedipy
andr.
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Figure 1 shows the resulting equilibrium velocity dis- meinschaft (Sp 384/25-1).

persion in the A ring. The shear (dashed line) is
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Both observations support the model discussed here

and motivate its further development.



