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The 172 Known Nearby Exoplanets
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Jovi-centric view of giant planet formation...



formation of Jupiter and
origin of atmosphere

*gravitational instability: protoplanetary clumps

*core accretion model

core from grains of ice, rock, metal

core grows to critical mass (~10 M)

gravitational collapse: H,, He, Ne (most volatile gases) captured
atmosphere forms from H,, He, Ne, & volatiles released from core

planetesimals added throughout the formation (and afterward) to
explain heavy element enrichment

e cold icy planetesimals

e clathrate hydrates, “cold”, nevertheless
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cold planetesimals and heavy element enrichment
requires T<30 K to trap N, and Ar
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Origin: clathrate-hydrates

cold planetesimals from interstellar cloud may not have
survived the formation of solar nebula (high T)

e clathrate hydrates trap volatiles containing heavy
elements in the cooling, feeding zone of Jupiter

e predicts , with 100% efficiency
of trapping in clathrates (Gautier et al., 2001), but

clathrates must be cold (< 38K) to trap argon



Cylindrical Maps of Jupiter: 1°S - 14°N

NASA Infrared Telescope Facility
Middle Infrared Array Camera: 4.8um

1995 Dec 7, 22:05 UT
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Temperature (K)

Jupiter clouds

ECCM -- Jupiter (1x and 3x solar N,5,0) _ (depleted N,.S.0)
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Jupiter: what is missing?
water
abundance in “well-mixed” atmosphere

Is presumably the original carrier of heavy
elements to Jupiter.

Help is on the way!
Juno 2011
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Temperature (K)

Saturn with 1x, 5x, 10x solar O, N, S, Ar

100 ~- 1x solar 1192
1 NH3z ice |— 5x solar ({1
X
150 ol ittt = 10x solar
———— —  —  — ——  — ——— —— — — - _2
200 :2
16
250 18
410
300 115
120
350 - {25
10 10° 10* 10° 102 10" 10°

Cloud density (g/l)

Pressure (bar)

18



VIMS/Baines




Saturn at 5 um
25 December 2005

_R=391051 km
Phase = 153 deg

04:51:58
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technology challenges
* tps (heat shield):'
left over from G' |
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dlrect-to-ea th, or rel
* power: w |

m'cfowave

*NV‘

It)’




a4

Tom Spilker: mis













28



889 nm (0.5 bar)
727 nm (3 bar)
756 nm (>3 bar)

1 NN T winds

el Galileo Imaging

e Gierasch, et al; Ingersoll, et al (2000)
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Planetocentric Latitude

Day side clouds and
night side lightning
Jan 1,2001, 6:37 (8:21)

[
i

-172 -170 -168 -—-166 —-164 —162 -160

Longitude

Cassini Imaging
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(Dyudina, etal., 2004)
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NH; Mixing Ratio vs. Pressure
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Saturn cloud morphologies
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Saturn vortices

Vasavada et al. 2006
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