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Introduction:  The study of planetary magneto-

spheres has driven solar system exploration from the 
earliest Explorer 1 mission that discovered the Van 
Allen radiation belts around our Earth, to the Voyager 
spacecraft that presented the first comprehensive view 
of the multitude of novel magnetospheres in our solar 
system, to the flagship Cassini and Galileo spacecraft 
that have discovered and studied the magnetospheres 
of our closest giant planet neighbors Saturn and Jupi-
ter. Understanding these planetary magnetospheres is 
fundamental to our determination of the origins and 
workings of solar systems and could also be crucial to 
understanding how life is protected from the harsh 
space environment. In this presentation we will discuss 
the evolution of planetary magnetospheric research and 
our vision for the future including a discussion of tar-
gets within the solar system and also how magneto-
spheric research can advance our knowledge of ex-
oplanetary systems, as well as inform the interpretation 
of those emissions.  

History: The study of planetary magnetospheres 
has evolved from the detailed studies of the Earth’s 
magnetosphere to the long-term deep dive into Sat-
urn’s magnetosphere provided by the Cassini mission. 
Single flyby missions such as the Voyagers provided 
the initial insight into the outer planetary magneto-
spheres that was followed by orbital missions such as 
the Galileo mission at Jupiter and Cassini at Saturn.  

As the field has evolved, capabilities have as well. 
We have come from single point measurements of 
plasmas to global imaging of magnetospheres through 
Energetic Neutral Atom (ENA) imaging. Further study 
of the workings of the giant planets has also added to 
our toolkit with induction measurements and their val-
ue to assessing the habitability of icy moons in the 
outer solar system, and also radio emissions from the 
giant planet auroral zones as proxies for the true plane-
tary rotation rate and interior structure.  

Future Exploration: The structure of planetary 
magnetic fields provide a crucial insights to the inner 
workings of giant planets. The magnetic field structure 
can also be used to discern fundamental properties of 
ocean worlds such as whether or not there are salty 
subsurface oceans. In addition radio emissions from 
aurora can be used to determine the planetary spin rate 
and other features of the magnetosphere. Exploiting 
these space physics phenomena to discover the funda-
mental physics of planetary systems is crucial to our 

future exploration of the solar system and our under-
standing of solar systems beyond our own.  

In the next decade NASA and ESA have planned 
detailed exploration of the Jovian magnetosphere, spe-
cifically its moons Europa and Ganymede. Currently 
the Juno mission is undergoing detailed mapping of 
Jupiter’s deep interior by making unprecedented mag-
netospheric observations via a sequence of highly-
inclined orbits. The Europa Clipper mission will ex-
ploit Europa’s moon-magnetosphere interaction to 
study the magnetic induction signal from the subsur-
face ocean. This magnetic induction signal is key to 
understanding the global characteristics of Europa’s 
subsurface ocean, including the ocean depth and salini-
ty. The Jupiter Icy Moons Explorer (JUICE) mission 
from ESA will study both the Jovian magnetosphere 
and the mini-magnetosphere of Ganymede. These mis-
sions will unlock the mysteries of Jupiter’s magneto-
sphere providing detailed understanding that will be 
needed to assess radio emissions from the multitude of 
giant planets found in exoplanetary systems.  

Following these missions the key next step for 
planetary magnetospheres is the detailed exploration of 
the ice giants. Ice giants are one of the most commonly 
found type of exoplanets, and so understanding our 
two closest ice giants Uranus and Neptune is key to 
understanding the constituents of other planetary sys-
tems. Uranus and Neptune are known to have magne-
tospheres unlike any yet studied in detail, with 59° and 
47° tilts of their magnetic axis from the spin axis re-
spectively. Uranus, with its spin axis nearly pointing to 
the sun for some portions of its year such that it rolls 
about its orbit, consequently has a unique solar wind-
magnetosphere interaction. Neptune’s magnetosphere 
is known to produce aurora, and the tilt of the magnetic 
pole could result in time-dependent induction effects 
on its large moon Triton, which is theorized but not yet 
known to contain a liquid ocean. Both ice giants emit 
powerful radio emission from their auroral zones.  

Exoplanetary Magnetospheres: The planets of 
our solar system display a range of different space en-
vironments and solar interaction regimes, from 
non/weakly magnetized, to magnetized with solar 
wind-driven convection, to rotation-dominated magne-
tospheres. All magnetized planets with an appreciable 
magnetosphere are immersed in a dynamic energetic 
particle (hot plasma), as well as cold plasma environ-
ment. Within our solar system these planetary magne-
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tospheres (Earth, Jupiter, Saturn, Uranus, and Neptune) 
are also significant emitters of low-frequency radio 
waves that are consistent with a cyclotron-maser insta-
bility set up in a field-aligned current region.  

Terrestrial Auroral Kilometric Radiation (AKR) 
emissions in the ~30-800 kHz range have long been 
known to be associated with auroral intensifications 
and magnetospheric substorms. In a similar fashion, 
recent remote imaging using Energetic Neutral Atoms 
(ENAs) obtained by the Cassini mission have revealed 
that the periodic Saturn Kilometric Radiation (SKR) 
emission from Saturn's high-latitude magnetosphere is 
highly correlated with simultaneous large-scale injec-
tions of energetic particles in the night side magneto-
sphere. These observations imply that the engine be-
hind the AKR and SKR is a current system associated 
with the planetward fast plasma flows during an injec-
tion and/or the resulting plasma pressure gradients of 
the heated plasma.  

Radio observations in the <200 MHz range is so far 
the only technique that shows promise to provide con-
straints on the magnetospheric processes of exoplanets 
and their stellar-wind interaction. In this presentation 
we will show the relation between radio emissions and 
magnetospheric acceleration processes in our own so-
lar system as a laboratory to determine what remote 
radio observations of exoplanets may tell us about 
magnetospheric processes. These observations could 
provide valuable insight into which exoplanets have 
magnetospheres and hence have some protection from 
their stellar-wind.  
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