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Outline

ÅBrief  overview of auroras & Jupiterôs space environment

ÅNASAôs Juno mission 

ÅBrief  overview of Jupiterôs main auroral  region

ÅJupiterôs polar cap auroras: major  discoveries and new mysteries

ÅFuture of Jupiter  exploration  (if  time permits)
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Earthôs magnetosphere and auroras

Credit: NASA

Credit: SwRI/Jerry Goldstein

Å Particle transport and 
energization generates 
bright, discrete auroras

Å Scattering of quasi-
trapped particles via 
plasma waves generates 
diffuse, featureless, 
auroras



Space physicistsô view of Earthôs auroras



Why study auroras?

Credit: NASA/GSFC/Joe Grebowsky Credit: OôDonoghue et al., 2021

Å Not only do auroras provide context in understanding magnetospheric processes, but they also are key in 
understanding the coupling between a planets atmosphere, ionosphere, and magnetosphere (left panel)

ÅParticle precipitation is a dominate heating mechanism for Jupiterôs upper atmosphere (right panel)



Auroras are not unique to Earth

Brown dwarf: LSR J1835+3259
Credit: Caltech/NASA/JPL

Credit: NASA/GSFC/CU Credit: NASA/ESA/John Clarke Credit: NASA/ESA/J. Nichols

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

Å Auroras occur elsewhere in the Solar System and cosmos
ÅMagnetic field
Å Plasma
Å Atmosphere



Jupiterôs vast space environment

Credit: Bagenal & Bartlett



Jupiter is comprised of a multi -species and charge state plasma 
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Jupiterôs inner magnetosphere: Galilean moons, corotating plasma, intense rad. belt

Image Credit: Szalay et al. (2022)

Image Credit: 
NASA/JPL/UofArizona

Image Credit: Szalay et al. 
(2024)

Image Credit: Jia & Kivelson (2021)

Io

Europa

Ganymede

ÅIo (dominate source) and Europa supply plasma to Jupiterôs magnetosphere



Current sources in SW vs rotationally driven systems

Current sources in a rotationally powered 

magnetosphere are controversial
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Jupiterôs complex auroral regions

ÅHubble images made it possible to detail the morphology of Jupiterôs auroras (e.g., Clarke+ 2004); however, 
emissions were first observed with sounding rockets (Moos+ 1968) and Voyager UVS instruments (Broadfoot+ 
1979) but had limited spatial resolution

Credit: NASA/ESA/J. Nichols Grodent et al. (2015)



X-ray emissions in Jupiterôs polar cap 

Å Soft (< 2 keV) and hard X-rays (> 2 keV) carried by precipitating energetic ions and electrons (e.g., Dunn+ 
2022) 

Branduardi-Raymont et al. (2008)Gladstone et al. (2002)



Where do the polar cap aurora map to in the magnetosphere?

Cowley et al. (2001)
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Å Motivated by IR observations, Cowley et al. (2003) proposed the ionospheric flow 
map shown below

Å Improved magnetic field mapping by Vogt+ (2011) suggested these regions were 
likely connected to open magnetic flux, i.e., polar cap, cusp, lobes, etc. 

Å Opening of magnetic flux via the IMF can close along the magnetopause (i.e., no 

need for a Dungey cycle)



Science Objectives

Origin

Interior

Atmosphere
Auroras/Magnetosphere



NASA Junoôs extended mission trajectory
Juno Extended Mission Proposal 
φ   
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Foldout 4-1. <Caption>. 

Juno Extended Mission Proposal 
φ   
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Foldout 4-1. <Caption>. 

Credit: Juno/SwRI/Extended Mission Proposal



Overview of Jupiterôs Main Auroral RegionDijmÂmËmÄÂ: JÉÅmËiÆ²Ê AÉÆÄÆȩ ̂ÄÂiÊ

4

Å The various auroral zones of  Jupiter were first explicitly defined from 

energetic electron spectra (Mauk et al., 2020)

Å Diffuse aurora: 

Å Most equatorward and broadest in latitude

Å Electron intensities greater outside the loss cone (trapped) 

than inside the loss cone

Å Electron intensities within the loss cone are predominantly 

downward (precipitating)

Å Zone-I

Å Intermediate and narrow in latitude

Å Brightest in UV

Å Electron intensities greatest in the downward loss cone

Å Zone-II

Å Poleward and narrow in latitude

Å BÆmklË mÂ YZ (f} gÄÂËÆeÊË ÈmËl ³f̧egó eÉÆÄÆe eË EeÆËl eÂh 

Saturn)

Å Electron intensities comparable in both upward and 

downward loss cones
FȩÊi gÄ̧ÄÆ YZ m¿eki Äj JÉÅmËiÆ²Ê ÊÄÉËliÆÂ eÉÆÄÆe

Zone-I

Zone-II

Polar Cap 

aurora

General Plasma Properties (low altitude)

| B|  ~ O(105) nT

ne~ O(10-3 
t10-2) cm-3

Te~ O(103
t104) eV

fce~ O(106) Hz and fci ~ O(103) Hz

fpe~ O(103
t104) Hz 

ǩe~ O(1 t10) km 

vA  c

Diffuse 

aurora

Credit: Ali Sulaiman, Juno Workshop, 2022

ÅCheck out Ali Sulaimanôs Fall 2023 MIPSE presentation



Juno observations of Jupiterôs auroras 

Å Juno reveals that  Jupiterôs polar cap aurora have high òcolor ratiosò indicating  emissions 
coming from  deeper in the atmosphere? 

Å Energetic electron precipitation  or another mechanism?
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PJ1-North PJ1-South 

Upward electrons

Upward electrons

Precipitating 
MeV 
ions

MeV 
ions
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North South

Mauk et al., 2017, 2020; Clark et al., 2017a; Clark et al., 2017b; Clark et al., 2020; Paranicas et al., 2018

Energetic particle 

observations: upward 
electron beams and 
megavolt potentials


