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Abstract

Even 450 years after Galileo Galilei’s discovery of
Saturn’s rings, their origin and evolution is still not
known. The rings are the brightest of the four ring sys-
tems of the solar system and have at least the mass of
the moon Mimas[?]. Interactions with Saturn’s moons
and viscous spreading of the ring material seem to
imply a ring age of about a tenth of the age of the
Saturnian system of about 4.5 billion years[?, ?]. A
young ring age is problematic because the disruption
of a Mimas-sized body or a comet in the Roche zone
of Saturn would result in a ring with a much larger
rock content than observed today([?, ?, ?]. The unique
ring color resulting mainly from the pollution of the
ring material with interplanetary meteoroids provides
a key for constraining the ring age[?, ?, ?].

Here we report on the first direct measurements
of the meteoroid flux into the Saturnian system by
Cassini’s Cosmic Dust Analyzer (CDA). We measured
the impact speed vectors of 133 extrinsic micromete-
oroids > 2um and determined their orbital elements.
We determined the mass flux into the Saturnian sys-
tem to be 10~ ¥kg/m?s. This finding suggest a ring
exposure time of 4.5 billion years and is in support of
an early ring generation from a proto-Titan during the
formation of the Saturnian system[?].

References

[1] Esposito, L. W., Ocallaghan, M. & West, R. A. The
structure of Saturn’s rings - Implications from the Voy-
ager stellar occultation. Icarus56, 439—452 (1983).

[2] Charnoz, S., Dones, L., Esposito, L. W., Estrada, P. R.
& Hedman, M. M. Origin and Evolution of Saturn’s Ring
System, 537 (Springer, 2009).

[3] Cuzzi, J. N. et al. An Evolving View of Saturn’s Dy-
namic Rings. Science 327, 1470 (2010).

[4] Lissauer, J. J., Squyres, S. W. & Hartmann, W. K. Bom-
bardment history of the Saturn system. Jour. Geophys.
Res. 93, 13776-13804 (1988).

[5] Charnoz, S., Morbidelli, A., Dones, L. & Salmon, J.
Did Saturn’s rings form during the Late Heavy Bombard-
ment? Icarus 199, 413428 (2009).

[6] Dones, L. A recent cometary origin for Saturn’s rings?
Icarus92, 194-203 (1991).

[7] Durisen, R. H. Particle erosion mechanisms and mass
redistribution in Saturn’s rings. Advances in Space Re-
search 4, 13-21 (1984).

[8] Durisen, R. H., Bode, P. W., Cuzzi, J. N., Cederbloom,
S. E. & Murphy, B. W. Ballistic transport in plane-
tary ring systems due to particle erosion mechanisms.
II - Theoretical models for Saturn’s A- and B-ring inner
edges. Icarus 100, 364-393 (1992).

[9] Cuzzi,J. N. & Estrada, P. R. Compositional Evolution of
Saturn’s Rings Due to Meteoroid Bombardment. Icarus
132, 1-35 (1998).

[10] Canup, R. M. Origin of Saturn’s rings and inner moons
by mass removal from a lost Titan-sized satellite. Nature
468, 943-926 (2010).



