
Our solar system: 
the giant planets and their moons







Water?



Billion years ago





Ice giants are much smaller: started with 
similar sized core, but could not accrete 
enough material



Gas giants
Jupiter, Saturn
Much more massive
Abundances similar 
to sun

Ice Giants
Uranus, Neptune
Much less massive
Similar cores as gas 
giants



Gas giants
Jupiter: energy from 
contraction (2 cm/yr)

Saturn:  energy from 
differentiation (heavier 
elements sink)

Ice Giants
Cold

















Bands of clouds

Great Red Spot: 
high-pressure 
storm



Red spot is shrinking!



Bands rotate at different speeds
(like weather on earth)



Jovian aurora (like 

Earth: Northern lights)











Saturn (and its rings)











Saturn’s aurora









Rings: water ice a few m across
remnants of a moon  

Thousands of km across; ~10 m thick!
<100 million years old







E ring:  thousands of m thick
Water from geysers on the moon Enceladus  









Uranus





Tilted by 90 degrees!
-past collision













Neptune





















Clouds: scattering prevents detections of structure









Galilean satellites of Jupiter



Io: a volcanic moon heated by tides







Io: cloud around Io because of 
Jupiter’s magnetic field



Europa:  smallest of inner moons; ice world

















Ganymede and Callisto











Europa Clipper
 Launched on 2024.10.14 by NASA (US)

 Arrived at Europa in 2030.04

 Cost:  $2B USD

 9 instruments

Objectives:

Confirm liquid water between ice and ice-ocean exchange

Composition and chemistry

Geology of surface features







JUICE: Jupiter Icy Moons Explorer

 Launched on 2023.04.14 by ESA (Europe)

 Arrive in 2031.07

 $1.6B USD

 Will enter orbit around Ganymede

 With flybys of Europa and Callisto

Similar science goals, but for Ganymede



Moons of Saturn



Moons of Saturn



Moons of Saturn



Titan: the main moon of Saturn  

























NASA/Dragonfly Mission: 
drone to Titan!



Enceladus: 
ice moon















Enceladus: 
geysers!







Daphnis:  A shepherd moon



Mimas: the death star moon



Moons of Uranus





Miranda: an ice world?



Umbriel: weird ring at the top



Sycorax: 
example of how 
the moons are 

found



Moons of Neptune



Triton:  going in the wrong direction!
captured Kuiper Belt Object?
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