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Terrestrial planets
Mercury, Venus, Earth, Mars



Gas Giant planets
Jupiter & Saturn



Uranus
Ice Giant planets

Neptune



What are ICE GIANTS?   
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Voyager 2 
Launched 1977

Uranus flyby 1986
Neptune flyby 1989



NASA / JPL-Caltech / Björn Jónsson



Sun from Neptune

Sun from Uranus



ICE GIANT ATMOSPHERES



Voyager Uranus in 1986

Smith et al. 1986



Voyager Uranus in 1986

3.8"

Smith et al. 1986



adaptive optics



power of adaptive optics

keck 10-m
mauna kea

9 july 2004
Hammel & de Pater

H (1.6 µm)

adaptive optics

OFFON



1986
Voyager flyby

solstice

2007
equinox

2028

2049



Keck in 2012  - best maps of Uranus EVER

Larry Sromovsky, Pat Fry, Heidi Hammel, Imke de Pater:  
Keck Observatory, H band (1.6 microns), July 2012



Keck in 2012  - best maps of Uranus EVER

equatorial waves “popcorn” clouds
moist convective storms



Voyager Neptune in 1989

2.3"

Smith et al. 1989



Neptune with Hubble – remarkably variable atmosphere

Neptune anniversary in 2011: in the same 
location in the sky where it was discovered 

nearly 165 years earlier (and no Great Dark Spot)

Hubble’s first look at Neptune after Voyager 
in 1994 - the Great Dark Spot gone!  A NEW 

Great Dark Spot seen in northern hemisphere



Neptune with Hubble – remarkably variable atmosphere

2015-2017: Hubble watches the evolution of a Neptune variable Great Dark Spot



Neptune: fastest winds in the solar system! What drives them?!?       
relative speeds of almost 600 m/s (2,200 km/h = 1,300 mph) - nearly reaching supersonic flow

Also note: Uranus* and Neptune very similar    *asymmetry Kaspi et al., 2013

retrograde 
equatorial jetstream

prograde 
midlatitude jetstream

prograde 
midlatitude jetstream

Wild winds on Ice Giants



MOONS



Miranda

Ariel

Titania

moons of uranus

Umbriel

Puck

Oberon



The half-seen Uranus satellites

Voyager Flyby



Voyager only saw half 
of each Uranian moon

Miranda

Ariel

Umbriel

Titania

Oberon

The half-seen Uranus satellites





Height = 8 km

Image credit: NASA/JPL

Voyager saw cryovolcanoes 
erupting on Neptune’s moon Triton!



RINGS



Uranus rings Neptune rings



Uranus rings

Red = Saturn G ring, Uranus U2
Blue = Saturn E ring, Uranus U1

ring colors determined in 2006 with Keck
de Pater et al. 2006

new rings discovered in 2005 with Hubble



Neptune rings
de Pater et al. 2005

Voyager 2 in 1989



MAGNETIC FIELD



Planetary Magnetic Fields



Unusual magnetic field of Uranus

Dipole tilted 59° from the planet's rotation axis

Dipole offset from the planet's center by about 1/3 of Uranus

Uranus image from the Hubble Space Telescope



Neptune’s field just as strange as that of Uranus



Ice Giant magnetic fields linked to interior structure



ICE GIANT INTERIORS



We need to lock down the distribution of mass as a function of radius. But how?

Measure the gravity field  An orbiting spacecraft is required!  

We’ve done this with Jupiter and Saturn

Composition and Interior



PLANS FOR 
FUTURE MISSIONS



US Planetary Decadal Survey 2013-2022

After Mars and Europa,  the “third highest priority  flagship mission is 
the Uranus* Orbiter and Probe mission” * Both ice giants studied: Uranus 

chosen because the decade was 2013-2022

New US Planetary Decadal Survey 
happening now

Many white papers about Ice Giants



Ice Giant exploration is international



James Webb Space Telescope





Why go to Neptune and Uranus again?

Voyager 2    Launched in 1977



been there, done that

1977 Apple II
1977 Atari VCS - CX2600

Voyager launched 1977More than 30 years later…

2020 iMac Pro

2020 Playstation 5



besides…
everything we can detect in these systems 

has changed

Ice giant cloud distribution
Ring system structure 
Satellite spectra 

Why?

WE DON’T KNOW!   WE CAN’T SEE ANY DETAILS!



one thing hasn't changed
we seek to explore

#ItsTime
#UranusAndNeptuneLetsGoBackArt by Michael Carroll
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