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The magnetosphere of Jupiter has been observed by many spacecraft, but most of these 
results have been discoveries of the global and general properties of the magnetosphere. They have 
typically raised more questions than they answered. Here we present some of the outstanding 
questions needed to truly understand Jupiter’s magnetosphere and note that these questions can be 
answered by small, focused missions. Such missions are a fruitful place for collaboration between 
NASA’s heliophysics and planetary science directorates. 
 Past missions to Jupiter have made great discoveries about its magnetosphere, but for many 
reasons, those discoveries have raised more questions than they answered. To answer those 
questions and truly begin to understand this complex system, more observations and observations 
focused on key issues are necessary. Four open questions and unresolved problems out of a long 
list are: What is the origin of Jupiter’s radiation belts? How and to what extent does the solar wind 
control of Jupiter’s magnetosphere? What is the nature of reconnection at Jupiter and how does it 
control the dynamics of the magnetotail and magnetospheric boundaries? How does Jupiter’s 
magnetosphere response to the variable volcanic output from Io? 

Jupiter’s radiation belts are by far the most intense in the solar system and have been an 
enigma since they were discovered over half a century ago1. The radiation belts of Jupiter share 
some similarities with those of other planets. At the same time, they exhibit significant differences 
that are key to our understanding of the basic astrophysical processes of particle acceleration. 
Missions to Jupiter have shown us a host of transport, source and loss processes important in 
forming and sustaining the radiation belts; however, the decades old mystery pertaining to the 
energetics is still unresolved. Recent discoveries made by the Juno spacecraft, have put the 
spotlight on auroral processes as a means to generate high-energy ions and electrons that can fill 
Jupiter’s vast magnetosphere2,3, including energetic ion conics4 and upward ion beams5. We can 
reasonably suspect that they must play some role in the generation of energetic particles throughout 
Jupiter’s inner magnetosphere. Unfortunately, Juno can only provide a limited amount of detail of 
the high-energy electrons (e.g. above the ~1 MeV limit of the Juno/JEDI instrument.) Many 
mysteries regarding the >1 MeV electrons still exists and understand their distribution at Jupiter 
has broad applications to particle acceleration in planetary and astrophysical systems. 

It	 is	 commonly	 assumed	 that	 Jupiter's	 magnetospheric	 dynamics	 are	 internally	
driven,	by	Jupiter’s	10	hour	rotation	period	and	the	volcanic	activity	of	Io6,7.	However,	the	
extent	to	which	the	solar	wind	influences	the	magnetosphere	is	still	under	debate8,9,	due	in	
part	 to	 the	 lack	 of	 an	 upstream	 solar	 wind	monitor	 on	 Jupiter.	 The	 solar	 wind	 directly	
influences	the	location	of	the	Jovian	bow	shock	and	magnetopause	(and	therefore	the	size	of	
the	 magnetosphere),	 has	 been	 shown	 to	 influence	 the	 intensity	 and	 morphology	 of	 the	
auroral	 radio	 and	 ultraviolet	 emissions,	 and	 transports	 energy	 and	 mass	 into	 the	
magnetosphere.	 Disentangling	 the	 Jovian,	 Io,	 and	 solar	 wind	 influences	 is	 critical	 in	
understanding	the	overall	magnetospheric	dynamics	and	especially	the	auroral	morphology.	
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An	analysis	of	Galileo	data10	suggests	that	activity	in	Jupiter's	magnetosphere	is	produced	by	
the	interplay	of	internal	and	external	factors	with	roughly	equal	significance. 

Magnetic reconnection is an important physical process that allows for the release of mass 
and energy from a magnetosphere and is a fundamental aspect of a magnetosphere’s dynamics. In 
the Earth’s magnetosphere, reconnection at the day side of the magnetopause and in the 
magnetotail is driven by the solar wind., in a process called the Dungey cycle11. At Jupiter, it is 
commonly assumed that centrifugal stresses are the dominant factor driving magnetospheric 
dynamics6. The proposed internally-driven tail reconnection process is known as the Vasyliūnas 
cycle7. It occurs as mass loaded flux tubes rotate into the night side, are stretched radially by the 
centrifugal force, break off, and release a plasmoid. While the Vasyliūnas cycle is generally 
thought to drive tail reconnection at Jupiter, this picture is almost purely theoretical due to the 
limited data from Jupiter’s magnetotail. 

The New Horizons mission, when flying down the magnetotail following its Jupiter flyby, 
did not observe an organized magnetotail, with an Earth-like current sheet and well defined lobes. 
Nor did it observe large-scale plasmoids12. Instead, it observed small, transient “blobs” of plasma, 
leading to theories of a continuous “drizzle” rather than occasional, large plasmoids13. Recent 
measurement by the Juno mission10 and earlier measurements by Galileo identified13,14	suggest	
an	average,	down-tail	mass	flux	of	under	120	kg/s,	compared	to	the	mass	source	of	over	500	
kg/s	originating	from	Io.	Since	this	mass	is	believed	to	be	lost	through	down-tail	flow,	the	is	
not	clear	why	the	measurements	of	input	and	outflow	do	not	match.	In	both	Juno	and	Galileo	
data,	these	transport	events	occur	roughly	once	every	2-3	days,	but	the	origin	of	this	quasi-
periodicity	is	unknown.	

Reconnection on the day side of Jupiter’s magnetosphere also seems different from the 
same process at Earth. There is little evidence for large-scale reconnection as it is seen at Earth, 
although this is inconclusive, since there is also little data. However, the role of a viscous 
interaction along the flanks has been suggested15. Earth-like reconnection requires anti-parallel 
magnetic fields and may be suppressed by some plasma conditions. The appropriate solar wind 
conditions for reconnection are significantly less common in the outer magnetosphere. The 
suggested viscous interaction would result from the sheer flow across the magnetopause, on the 
flanks of the magnetosphere, and drive a Kelvin-Helmholtz instability. The resulting vortices 
would drive localized reconnection on small scales. Although not observed at Jupiter, such Kelvin-
Helmholtz vortices have been observed on Saturn’s magnetopause16.	

Io’s volcanic activity may vary dramatically with short-term eruptions, or remain roughly 
constant on a long timescale. As the main source of plasma within the magnetosphere, this implies 
a similarly dynamic variability in the magnetosphere. The variability of the Io plasma torus 
observed around the Cassini Jupiter flyby suggested that the gas production from Io could change 
by a factor of 2-3 within a month17. Coincidently, the flux of nanodust particles, the so-called 
“stream particles”, increased by 2-3 orders of magnitude during the same period18. Stream particles 
originated from Io’s volcanic plumes that acquired electric charges and are accelerated away from 
the magnetosphere. The Hisaki spacecraft has provided a long, continuous data set on EUV 
emissions from the Io torus19, but as a small, Earth-orbiting telescope, the spectra are essentially 
unresolved. Efforts to correlate these and other parts of the system have been inconclusive, since 
observations of the aurora, Io’s atmosphere and Io’s volcanic activity are rare (weekly to monthly, 
or less frequent.) While all these processes are clearly coupled, we know very little about how they 
are coupled. The data on these various aspects of the Jovian system are often not measured 
simultaneously, and the sampling is sparse. Characterizing the properties of multiple aspects of 
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the system, over the course of months or longer and at daily cadence or better is critical to 
understanding the responses of the magnetosphere to the variable volcanic output from its major 
plasma source - Io. 
 Past missions to Jupiter have collected a wealth of information, but for many reasons the 
magnetospheric results have been those of discoveries, rather than a deep understanding of this 
complex system and how its components interact. Many of the past missions have been flybys, 
and that is an inherent limits when studying a dynamic system. Galileo the first spacecraft to orbit 
Jupiter, suffered from very low data rates due to the failure of its high gain antenna to deploy. As 
a result, most of the mission became focused on the satellite encounters. Away from these 
encounters, the magnetospheric data were very limited. The current Juno mission has an excellent 
complement of particles and fields instruments, but the instruments and the mission were 
developed to study the polar magnetosphere and aurora. Due to its polar orbit, the spacecraft orbit 
spends little time near the equator. Finally, the Europa Clipper and JUICE missions, in 
development, are very much focused on satellite studies. While they will also make 
magnetospheric measurements, these are limited by an orbital tour driven by the needs of satellite 
encounters. 

We recommend that NASA consider small, focused missions to study the magnetosphere 
of Jupiter, and the potential for missions consisting of small spacecraft and, if at all possible, 
multiple small spacecraft. In addition, we believe these missions could be conducted as a fruitful 
collaboration between its Planetary Sciences and Heliophysics Divisions. Several concepts for 
small, magnetospheric missions to Jupiter have been suggested and studied, and it appears that 
small, focused missions of this sort are viable, requiring resources between that of a Small Explorer 
and a Discovery mission. 20,21,22,23 
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