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' Rings and Moons around Saturn
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'Bloody Fight

*based on personal prejudices

Primordial Satellite vs Random Passing Object
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ROBIN CANUP
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'What would be a Smoking Gun!?

Primordial Satellite vs Random Passing Object

Icy mantle

@& AN , _ Gaseous
— 8- e
Rocky core |

Titan-size
satellite

Residual disk
of icy fragments

Core falls
into Saturn

Canup2010 R " Hyodo+2017
- Should occur before the gas dissipation (first ~few Myrs) - Higher probability during the cataclysm (up to 3.5Ga?)
- High-T phase (then, it cannot keep water ice as solids...) - Is there a temperature increase during the formation?

- Composition/isotopes can be “linked” to Saturn!? - The composition/isotope can be distinct from Saturn



. Rings Formed Satellites?
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Summary — Why do we go to Saturn?

e :
0S nhet Early SS evolution (<10 Myrs)
A . . v Gas from protoplanetary disk

- instability? core accretion?

v Heavy elements (inc. ice)
- pristine 1ce? amorphous ice?
- planetesimals? pebbles?

Ring formation (S8S evolution)
v A cataclysm? 3-body instability?
v’ Passing comet? Primordial moon?

Saturn’s interior and magnetosphere Rings’ billion-year evolution
¥ Interaction btw particles and magnetic field v How did it spread, forming moons?
v Saturn’s internal structure perturbs rings v Why does it look clean?



NominalSuccess ~ Poatl) Launch 2028, Arrival 2039

ngh resolutlon |mag|ng Of the rlngs -“\3; ) (2028-Launch, 2029-Earth, 2030-Venus, 2031-Earth, 2034-Earth, 2039-Saturn)

Extra Success 1
Atmospheric Observation

R & S o

Extra Success 2

Particle analysis

¢ Expectation from numerical simulations s% fg ¥
' (<100m/pix) |
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Exploration of Saturn’s rings: BESUimage by Cassin
: L : : Relative velocity to rings: ~15-20km/s JUU‘ n/pIX)

(I) High-resolution imaging of the rings Min. distance to Saturn: ~2000-5000km

(2) Spectroscopic observations of Saturn's atmosphere

(3) Analysis and collection of ring particles

*The content here 1s an example.
(rendezvous 1s also currently being considered)
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B?I‘)? ] : Self oravity wakes

(b Xb‘ —)L : ~100m)
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H#E 3 : Propellers and moons

(moon size : ~30m)
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What Do Ring Particles Look Like!?

NO ONE has ever seen before!!

. : 057 066 074 082 090 0.98 1.07 1.5 . IMAGINARY
, 80 90 100 110 120 130 140 2o gy Lo s ane Ak
~BEST IMAGE SR A e T

15 OVERSTABILITY

IMPACTS

ENCOUNTERS
0.6 0.8 1.0

The image (Saturn's A ring) was taken in visible light with the Cassini spacecraft wide-
angle camera on Dec. 18, 2016. The view was obtained at a distance of approximately
34,000 miles (56,000 kilometers) from the rings and looks toward the unilluminated side
of the rings. Image scale is about a quarter-mile (340 meters) per pixel.
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Close Approach Science #1

Atmospheric composition is keys to understand:
% jiipiter (1) Where Saturn formed
aatom (2) How Saturn formed (pebbles or/and planetesimals?, GI?)

Uranus
& Nenturie (3) Comparison to Jupiter (another giant planet)
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Special thanks to S. Nishimoto, N. Ozaki, K. Enokida!
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Close Approach Science #2

_ o= Rings composition needs more study:

(1) Bulk composition?
(2) Radial variation?
(3) Isotopes of minor elements (inc. refractroy)

Close Ring
Occultations

~Noon Local Time Distant Ring Occultations

https://WW\‘VI.‘;ilgnét;r:;/i;;g/space—images/cassinis—f—ring—and—proximal—orbits Sp eCial thanks to S. NiShimOtO” N. Ozaki) K. EnOkida!
(20284F-HuERFT 1VF, 20294F-HuBk, 20304F-4 5, 203145 -HbER, 20344F-HuER, 20394F- 1 2 2%)
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Launch 2028, Arrival 2039
(2028-Launch, 2029-Earth, 2030-Venus, 2031-Earth, 2034-Earth, 2039-Saturn)
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Nominal Success LR
High-resolutionii |mag|ng of the rmgs >

Extra Success 1
Atmospheric Observation

Extra Success 2
Particle analysis

e i Expectatlon from numerlcal S|mulat|ons q \ i
; . (<100mlplx) |
e ”E & Vu "‘f 52016 ag Mighikosh irl‘ro. Shub

Exploration of Saturn’s rings: . Bestimagelby Cassini
(1) High-resolution imaging of the rings ety g0 0 Oy (2300m/pix)

Min. distance to Saturn: ~2000-5000km
(2) Spectroscopic observations of Saturn's atmosphere

(3) Analysis and collection of ring particles

*The content here is an example.
(rendezvous is also currently being considered)
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