
Our solar system: 
Moons  and debris







Water?



Billion years ago





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

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







Bands of clouds

Great Red Spot: 
high-pressure 
storm



Red spot is shrinking!











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



Neptune



Clouds: scattering prevents detections of structure







Europa:  smallest of inner moons; ice world





Ganymede and Callisto



Europa Clipper
 Launched on 2024.10.14 by NASA (US)

 To arrive 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



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?









Debris from the solar system:  
asteroids, comets, Kuiper Belt Objects





Pluto from 
New Horizons Mission



Nitrogen ice
Flows like glaciers

Cratered = old



Ice mountains, 3 km high



Haze!  Pluto has an atmosphere
Likely from solar radiation, will disappear when 
Pluto is farther from the Sun









Pluto’s moons: largest moon Charon





Some moons of Pluto 
found by team including 
Andrew Steffl



Trans-Neptunian Objects





New Horizons flyby of Kuiper Belt Object MU-69
36 km across





Short period comets:  <200 year period, from Kuiper Belt
Long-period comets: >200 year period, from Oort Cloud



Debris from the solar system:  
asteroids, comets, Kuiper Belt Objects











Rosetta Mission: landed on Comet 67P (!!!)



How did they get there?

Planetessimals that never 
formed into planets

Scattered by giant planets!



How did they get here?

Dynamical interactions in 
Oort cloud:

Unstable, sometimes one 
heads to inner solar 
system 



Shoemaker-Levy 9: 
comet that crashed into Jupiter



Into the sun!



Leaving a trail of dust

















Asteroid Itokawa



Hayabusa mission: 
Landed on the asteroid and sample return!



Asteroids Vesta (left) and Ceres (right)

Ceres



Meteors: asteroids that hit the Earth



Origins of our solar system





Origins of our solar system



Origins of our solar system



Origins of our solar system



Origins of our 
solar system





D/H ratio: water from comets?



D/H ratio: water from comets?



Connecting the solar nebula to planet formation



Connecting the solar nebula to planet formation





Very hot disk 
during a burst: 

chondrite 
heating?



The sun formed in a massive 
star-forming region

 Al-26 and Fe-60 abundances: solar material enriched by 
nearby supernova!



DART mission
 Double Asteroid Redirection Test (DART) Mission







Oumuamua (and Borisov-2): interstellar visitors!



Oumuamua: hyperbolic orbit





Oumuamua lightcurve and shape



Artist’s conception of Oumuamua

Density: likely icy body



The Earth as a planet
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