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COLLISIONAL DISRUPTION THEORY

e (ollisional erosion of small moons
Soter 1971; Pollack, Summers and Baldwin 1973
e Post-Voyager: Catastrophic disruptions of icy moon(s)
Shoemaker 1982; Smith et al. 1982; Harris 1984
¢ (Charnoz et al. 2009 destruction during the LHB - but the rings are 4 Gyr old

IDEA.:

e Rings have a mass comparable to Mimas
e Mimas-sized moon (ring parent) within the Roche zone destroyed 1n a collision
with an ecliptic comet - Single event? Recent?

PROBLEMS:

e Rings are nearly pure 1ce while inner moons are about 60/40 1ce/rock
e How do you form or move a Mimas inside of the Roche zone and keep 1t there?
e How (1m)probable 1s a catastrophic collision?




COLLISIONAL DISRUPTION THEORY

MODIFIED COLLISION SCENARIO

Differentiated Mimas-sized ring parent moon located just outside Roche zone
Held 1n place by 4:2:1 MMR with Enceladus and Dione — a ~ 150000 km
Incomplete disruption unbinds icy mantle leaving rocky core

Icy proto-ring spreads viscously

Inner migrating debris becomes the rings

Outer migrating debris re-accretes onto rocky core becoming Mimas

Mimas exchanges angular momentum with new rings migrates outwards rapidly
Ring parent mass = mass of Mimas + mass of Rings = 1.5x Mimas?

Ring parent J =J of Mimas + J of Rings — a ~ 157000 km

Disruption time 7 ~ 35 Gyr so P(t<200 Myr)~0.5% - 3-s1igma event




Saturn system without rings

Watch on youtube: google “dubinski Saturn youtube™ -14.8L I
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Hypothetical M = 2Mpnrimas (1.5 Marimas?)
Ring Parent Moon a = 140000 km ~1.48 h
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Comet

R =22 km
V; — 44 km/S
Mi — 10—3MM7jmas

Origin
e QOort Cloud

o Kuiper belt (more likely)
Voo = 3 km/s 7 < wv; <40 km/s
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Debris spreads along orbit S
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t after one orbit
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In lower energy impacts, the rocky core remains completely intact.
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Orbaital phase mixing/collisional dissipation

Rapid evolution o =~ 0.5 km/s
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Icy proto-ring straddling the Roche radius




ome collisional debris migrates inward
to become Saturn’s ring system
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Remnant accretes ring debris
Migrates outward

.....

1 da\™! M? a—rl

S aturn
S = 0.60 ——urn__
migration a dt ClzzQMMimaS

(Goldreich and Tremaine 1982)

~ 200 Myr



Saturn Today

HST Image Oct-1997

200 Myr?



Results from 3 simulations

Collision Vrel (km/ S) QD (105 J/ kg) M remnant,l / MMimaS Rlng ice fraction

rear-end 11.2 0.3 1.02 1.0
side-on 224 1.2 0.74 1.0
head-on 44 .2 4.9 0.16 0.91




Ring Parent, Enceladus and Dione in MMR 4:2:1
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Orbaital evolution after destruction of ring parent moon
Prior to destruction tidal heating of Enceladus 1s >100X larger
If k»/Qs=1.6x10"" the situation is more extreme...
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NEXT STEPS

With a precise mass of the rings, the detailed parameters can be constrained

Ring parent: mass, composition, orbital radius

Comet: mass range, impact energy, probability of impact

Hydro-code simulations needed

Simulation of cold accretion for Mimas and ring spreading

Is a young Mimas compatible with the observed cratering and internal structure?

In situ analysis by a lander or sample return mission for Mimas and other 1cy moons
to determine age



