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Credit: 
NASA/GREECE

Credit: 
NASA/THEMIS

Credit: NASA/FAST

Global 
perspective 

Magnetospheric 
processes

Ionospheric & 
atmospheric

processes



Why study other space environments? (M. Kivelson 2010) 

• As Margy Kivelson noted in her 2010 GEM talk, we are physicists. And as physicists there 
is a driving desire to change the parameters governing the system (e.g., Earth’s 
magnetosphere) in order to test whether behavior varies as predicted. 

• Earth’s magnetosphere experiences varying solar wind input, but other parameters, which 
are important for understand magnetospheres, such as plasma sources, rotation rate, 
magnetic field magnitude, size of magnetosphere change only very little or not at all.

• In contrast, elsewhere in the Solar System there are environments sourced by active moons 
that tap into the vast rotational energy of the planet, magnetospheres filled with neutrals 
and dust, and magnetic configurations that exhibit extreme tilts (e.g., Uranus) to the 
induced variety (Mars and Venus). 

• Studies of planetary magnetospheres can be considered our experiments. 
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Magnetospheric scaling to planetary radius 

Credit: Bagenal & Bartlett



Planetary magnetic field configurations
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Magnetospheres throughout the Solar System 

Characteristics Mercury Earth Jupiter Saturn Uranus
Plasma Density [cm-3] ~1 4000 >3000 ~100 ~3

Composition H+ H+, O+ H+, On+, Sn+ H+, O+, H2O+, OH+ H+ (?)

Source Solar Wind 
(SW)

Ionosphere + SW Io (heavies), 
ionosphere (H+)

Enceladus, Rings Atmosphere? 
Moons?

Plasma motion SW driven SW + rotation 
driven

Rotation driven Rotation driven Rotation (+SW?)

Magnetic field @ 
surface [nT]

~300 31,000 428,000 22,000 23,000

Credit: Kivelson & Bagenal (2014)

Image Credit: NASA/ESA/J. 
Saur/University of Cologne

Ganymede too!



Current sources in SW vs rotationally driven systems (credit: Barry Mauk) 
Current sources in a rotationally powered 

magnetosphere are controversial
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space within our solar 

system 



Expectations from Earth
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Expectations based on Earth auroral observations vs reality (at Jupiter) 

Paschmann (2002)

However, unlike Earth, potential-driven processes the do not cause the 
most intense aurora.  The most intense aurora are broadband

• The most intense aurora is caused by 
flat, energy-monotonic electron 
distributions likely generated by 
stochastic processes 

• Electron inverded-V’s (downward) 
accompanied with upward ion beams; 
sometime showing upward 
electrostatic acceleration
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Unexpected similarity between Jupiter’s dawn storms and Earth’s auroral substorms (Bonfond et al, 2021)



Discrete and diffuse aurora: comparisons between Earth and Mars

Credit: N. Schneider et al. (2015)



Intense ion outflow associated with moon-planet interactions

e-
H+

Jupiter Graphic:
Bonfond/ULiège/SwRI/NASA

Alfvén wave packets
See review by Saur et al. (2004) Bi-directional electrons

Szalay et al. (2020a)

Energetic H+
acceleration
Clark et al. (2020), this work

EMIC waves
Sulaiman et al. (2020)

Io’s auroral footprint
Mura et al. (2018)

Alfvénic fluctuations
Gershman et al. 2019, Sulaiman et al. 2020

< 10 keV H+
field-aligned acceleration
Szalay et al. (2020b)

Low-energy
H+
acceleration 
near torus 
boundary
Szalay et al. (2020b)



Polar auroral region 

ABriefReviewofUltravioletAuroralEmissionsonGiantPlanets35

Fig.3Typicalpseudo-imageof
Saturn’snorthernFUVaurora
obtainedwiththeUVIScamera
onboardtheCassinispacecrafton
6Jan2013from08:38(SCT).
Planetocentricparallels(from
60°to90°)andlocaltime
meridiansaredrawnevery10°.
Thelocaltimepolarmapis
showingsomeofthetypical
componentsofSaturn’saurora:
abrightdawnsectionofthemain
emission,noonfeaturedetaching
polewardfromthemain
emission,diffusedusksidemain
emission,andnightsideouter
emission.Dawn(06LT)istothe
left;noon(12LT)istothebottom
ofthefigure.Seetextfora
detaileddescriptionoftheimage

thecombineduseofthedifferentinstrumentsonboardthespacecraft.Forexample,itmakes
itpossibletoobservetheauroralemissionsfromavantagepointthreadingthesamemag-
neticfluxtube(Bunceetal.2014).Asaresult,itisnowpossibletosimultaneouslymeasure
thecharacteristicsoftheenergeticparticlesgivingrisetotheauroraandtheauroraitself.
UVISisprimarilyaspectrograph.ItsFUVandEUVchannelsaredesignedtoobtainhigh-
resolutionspectrainthe56–191nmrangefromwhichonemayderive,forexample,color
ratiosindicatingthepenetrationdepthoftheimpingingparticlesandthusestimatetheiren-
ergy(e.g.Gustinetal.2012).SincetheFUVandEUVchannelsbothconsistofaspectral
slit,UVISisnotprovidingtrueimagesoftheauroralregion.Thesecondspatialdimension
isobtainedbyslewingthespacecraftinthedirectionperpendiculartotheslitlength.This
motionallowsonetospatiallyscantheauroralregionsfromwhichpseudo-2Dimagesmay
bereconstructed(Grodentetal.2011).Figure3displaysatypicalpseudoimageofSaturn’s
FUVauroraobtainedwiththeUVIScameraonboardtheCassinispacecraft.Thiscomposite
imagewasreconstructedfroma∼1hobservingsequenceduringwhichtheUVISspectral
long-slitwasscannedtwiceacrosstheauroralregion(theaurorawasuninterruptedlyaccu-
mulatedinthespectralslitduring8secbins).Itwasobtainedon6Jan2013from08:38
(SCT).Thesub-spacecraftlatitudewascloseto48°andthealtitudewas∼8.6RS,which
offeredanoptimumviewpointofSaturn’snorthpole.

TheincreasingnumberofobservationswithHSTandCassiniUVISisatthebasisofthe
growingcomplexityofpossibleauroralmorphologies.Thesevariousauroralemissiondis-
tributionsmaybeorderedaccordingtotheirspatialanddynamicalcharacteristics.Thesein
turnmayberelatedtospecificprocessesinthemagnetosphere.ContrarytoJupiter,Saturn’s
UVaurorahasbeenimagedatalllocaltimes,primarilythankstotheoccasionalhighlati-
tudevantagepointoftheCassinispacecraftprovidinganoptimumviewofSaturn’spoles.
ItshouldbementionedthatduringAprilandMay2013,anewcampaigntookplaceduring
whichcoordinatedobservationsofSaturn’sauroraweremadebytheCassinispacecraftand
severalEarth-basedtelescopes.Theresultsofthiscampaignwillbepublishedinajournal
specialissue(2014IcarusSpecialIssue:SaturnAuroralCampaign).

Saturn

Zheng et al. 2021
Grodent et al. 2015

Dunn et al.

• Jupiter’s “polar cap” region is of high interest because it is unlike the other planets. Additional, it is filled with electric 
potential structures that reach to > 1 megavolt à accelerating electrons upward and ions downward. 

• Studies have also shown that Jupiter’s auroral regions are dominated by “broadband” processes (perhaps Alfvénic?) 
and they create the most energetic and likely brightest auroral features. 

• Unlike Earth, Saturn’s and Jupiter’s moons also play a role in scattering ions and electrons into the atmosphere



Jupiter’s unusual magnetic topology 

Zhang et al. (2021)



Summary

§ We’re gifted with a diverse set of planetary environments in our cosmic 
backyard, making it possible to probe fundamental physics across a large 
parameter regime.

§ Similar physical processes found at Earth operate across the solar system, but in 
some environments they’re not masked by competing mechanisms. E.g., 
localized wave environments found near the moons of Jupiter or the multi-
species and –charge state plasma found in the Gas Giant magnetospheres. 

§ Workshop style meetings (like GEM & CEDAR) that facilitate a collaborative 
format is perfect for developing interest & consensus on the big open 
auroral/magnetospheric questions that can be pursued with current datasets 
and modeling capabilities


