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Summary of Plasma Observations 
Spacecraft Instrument Timeframe Energy Range Regions Explored at Jupiter 

Pioneer 10 Plasma Analyzer (PA) DOY 330 – 356, 1973 0.1 – 18 keV (protons) 
0.001 – 0.5 keV (electrons) 
 

foreshock, dawn magnetosheath, 
inner/outer magnetosphere 

Pioneer 11 Plasma Analyzer (PA) DOY 330 – 344, 1974 0.1 – 18 keV (protons) 
0.001 – 0.5 keV (electrons) 

foreshock, dawn magnetosheath, 
outer, inner and mid-latitude 
magnetosphere  

Voyager 1 Plasma  Science (PLS) DOY 59 – 81, 1979 0.01 – 6 keV/q (ions) 
0.004 – 6 keV(electrons) 
 

foreshock, dawn magnetosheath, 
outer/inner magnetosphere, 
magnetotail  

Voyager 2 Plasma Science (PLS) DOY 183 – 225, 1979  0.01 – 6 keV/q (ions) 
0.004 – 6 keV(electrons) 
 

foreshock, dawn magnetosheath, 
outer/inner magnetosphere, 
magnetotail	 

Ulysses Solar Wind Observations 
Over the Poles of the Sun 
(SWOOPS) 

DOY 33 – 47, 1992 0.255 – 34.4 keV/q (ions) 
~0.001 – 0.814 keV (electrons) 

foreshock, magnetosheath, 
boundary layer and outer, inner 
and mid-latitude magnetosphere  

Galileo Plasma Particle 
Investigation (PLS) 

DOY 341, 1995 – 
DOY 264, 2003 

0.9 – 52 keV/q (ions) 
0.9 – 52 keV (electrons) 

equatorial inner & outer 
magnetosphere, satellite flybys  

Cassini Cassini Plasma 
Spectrometers (CAPS) 

October 2000 – April 
2001 

~0.001 – 50 keV (ions) 
0.6 – 28 keV (electrons) 

dusk bow shock, magnetosheath, 
and boundary layer 

New Horizons Solar Wind Around Pluto 
(SWAP) 

DOY 56 – 173, 2007 0.02 – 7.5 keV/q (ions) dusk magnetosphere, distant 
magnetotail, boundary layer and 
magnetosheath 

Juno Jovian Auroral 
Distributions Experiment 
(JADE) 

JOI 7/4/2016 0.01 – 50 keV/q (ions) 
0.1 – 100 keV (electrons) 
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Upstream Solar Wind 
ICME dominated  CIR dominated  All solar wind types combined 

Numerous studies of SW upstream of Jupiter 
(e.g.  Slavin et al. 1985; Joy et al. 2002, Nichols et al. 2006, 
Jackman and Arridge, 2011, McComas et al. 2014, Ebert et 
al. 2014, among others) 
-  Dynamic pressure distributions of ICMEs 

and CIRs appear bimodal. 
-  Less apparent when considering all SW 

types. 
-  SW obs. upstream of Jupiter are needed to 

infer correlations between SW and remotely 
observed auroral emissions.  

McComas et al. 2014 

Ebert et al. 2014 



Upstream SW + Remote Sensing 
JADE-I	SW	observa>ons	 Jovian	Auroral	Emissions	

Nichols	et	al.	2009	

-  Plenty of discussion regarding role of solar wind in driving variations in auroral 
emission features.  

 
-  Simultaneous observations of upstream solar wind/IMF and remotely sensed 

auroral emissions are needed to accurately identify correlative relationships.  
 

-  Understanding gained from these studies will help guide interpretation of the 
auroral observations when Juno is inside the magnetosphere. 



Magnetospheric Boundaries 

Richardson	1987	

related to the bin size, the data were analyzed by using
different bin sizes from 2–20 RJ. The bimodal signature
persists for all bin sizes up to 15 RJ or half of the separation
of the means of the two distributions that form the bimodal
signature. In other words, the bimodal distribution signature
persists in the data until the scale size of the bin approaches
the scale size of the system.
[22] The polynomial coefficients of the bow shock and

magnetopause shape models vary with solar wind dynamic
pressure. Table 2 provides the pressure values of the
surfaces with standoff distances corresponding to different
probabilities of being inside the magnetopause or inside the
bow shock, respectively. These probability surfaces are
defined by equation (2) with the coefficients corresponding
to pressure values from Table 2. Because the probability
varies monotonically with distance from Jupiter, the bow
shock location is usefully described in terms of the percent-
age of time an observer would be inside the bow shock at a

given distance. On the other hand, the bimodal distribution
of the magnetopause location makes the probability of
observing the magnetopause near the 50th percentile surface
low. If the subscript (i) is used to distinguish the compressed
and expanded subsolar distances in the bimodal distribution,
then the magnetopause location is more accurately
described by using one standard deviation (si) bands about
the means (mi). The range of dynamic pressures that corre-
spond to the compressed magnetopause location are 0.306
(+0.108, !0.078) nPa. For the expanded state, the pressures
are 0.039 (+0.020, !0.014) nPa. Similarly, the bow shock
locations of the somewhat speculative bimodal distribution
are generated from equation (2) by using pressures of 0.315
(+0.148, !0.104) nPa for the compressed and 0.070
(+0.041, !0.028) nPa for the expanded states.
[23] Figure 6 compares the models developed here with

the Huddleston [Huddleston et al., 1998] and Voyager
[Lepping et al., 1981a] magnetopause and bow shock
models. In all panels, the Huddleston models (high, low
solar wind dynamic pressure) are represented with solid
lines, the Voyager models with dashed lines, the newly
developed models are shaded to show a range of proba-
bilities in the boundary location. Open circles indicate
actual boundary crossings observed. In places where there
are multiple closely spaced crossings, the open circles
appear to be filled. There is a substantial spread in the
dawn-dusk dimension of the observed dayside crossings
suggesting that the upstream boundary is rather blunt. The
Huddleston models of the bow shock and magnetopause for
high solar wind dynamic pressure conditions are both
slightly more compressed at the nose but are otherwise

Table 2. Solar Wind Dynamic Pressures Required in the
Polynomial Fits to Reproduce Bow Shock and Magnetopause
Surfaces at the Observed Median, Quartile, and Decile Probability
Levels

Magnetopause, nPa Bow Shock, nPa

10th percentile 0.030 0.063
25th percentile 0.048 0.111
50th percentile 0.209a 0.258
75th percentile 0.383 0.382
90th percentile 0.518 0.579

aDefines a low-probability magnetopause surface.

Figure 6. Comparison of the probabilistic bow shock (a) and magnetopause (b) models with previous
models. The area between the 25th and 75th percentiles of the probability of being in the solar wind is
shaded in panel (a). In panel (b), shading indicates one sigma bands about the means of the bimodal
distribution in the probability of being inside the magnetosphere. Solid lines show the high and low
pressure models of Huddleston et al. [1998]. Dashed lines show the Voyager models [Lepping et al.,
1981a].
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Joy	et	al.	2002	

-  Plasma observations provide a definitive signature 
of magnetospheric boundaries. 

-  Location of boundaries constrain the shape and 
extent of the magnetosphere. 

-  Aurora emissions may vary with boundary motion.  Ebert	et	al.	2014	

Estimated bow 
shock distance 
distribution 
during Juno 



SW-Boundary Interactions 

-  There are several theoretical models describing SW-magnetospheric interactions at 
Jupiter but few observational constraints. 

 

-  Additional observations of the plasma flow, density, temperature and composition 
inside the magnetopause and in the outer magnetosphere are needed. 

Desroche	et	al.	2012	

[18] The components of the flows parallel to these fields
are then used to calculate the velocity shear, with the shear
speed plotted in Figure 9. The shear speed is normalized to
the maximum speed, which varies between 526 km/s and
537 km/s depending on the magnetopause shape and IMF
orientation. The shear is generally maximized on the dawn
flank and minimized on the dusk flank, as expected, how-
ever the exact topology is sensitive to both the magne-
topause shape and IMF orientation. The shear is not
maximized in the equatorial region, where the Alfvén speed
is minimized, but at higher latitudes. This is due to the lower
magnetosheath speeds near the equator (Figure 3). The shear
is small near the subsolar region because the flows are per-
pendicular - the magnetosheath flow is in the ẑ direction,
while the magnetosphere flow is parallel to the ŷ axis, in the
direction of corotation. The region where steady state
reconnection is viable, based on the shear flow and the

Alfvén speed, is plotted in Figure 10. Reconnection is sup-
pressed along much of the dawn flank even where the shear
is small, due to the low Alfvén speed in this region. On the
dusk flank, reconnection is suppressed when the fields are
parallel - namely when the asymmetry of the magnetopause
causes a rotation of the magnetosheath field out of the
equatorial plane and toward parallel with the magnetosphere
field. Reconnection between the steady state fields is gen-
erally allowed between noon and dusk, local time. Even in
regions where reconnection is not suppressed, the recon-
nection rate may be reduced due to the shear flow. Cassak
and Otto [2011] found that the shear flow dependent
reconnection rate is

E ¼ E0 1" vs2

vA2

! "
ð5Þ

Figure 11. Region of the magnetopause viable for reconnection (indicated with red) with the magneto-
sphere b = 1. b in the magnetosheath is approximately unity. At this lowDb, the field geometry allows for
the onset of reconnection along most of the magnetopause. The exceptions are the southern dawn flank,
where in the cases of the more symmetric magnetopauses the highly bent back field is parallel to the
draped field in the magnetosheath, and the dusk flank in the case of an IMF with a component antiparallel
to the Z-axis.

DESROCHE ET AL.: CONDITIONS AT JUPITER’S MAGNETOPAUSE A07202A07202

11 of 18

where E0 is the reconnection rate without a velocity shear, vs
is the shear speed, and vA is the Alfvén speed of the recon-
necting magnetic field. We note that this will further reduce
the ability of large-scale reconnection to mediate the solar
wind interaction.
[19] In addition to a velocity shear, the onset of recon-

nection can be affected by the presence of a pressure gradi-
ent across the reconnection region. Swisdak et al. [2003] and
Swisdak et al. [2010] showed that when the diamagnetic
drift caused by the pressure gradient exceeds a critical value,
reconnection is suppressed. The diamagnetic drift propa-
gates the X-line; when the drift is large enough the outflow
speed of the plasma in one direction cannot eject the
reconnected field lines from the X-line region. As in the case
of the velocity shear, the critical value for the diamagnetic
drift is the plasma outflow speed, nominally the Alfvén

speed of the reconnecting fields. Swisdak et al. [2010]
reformulated this limit on the diamagnetic drift for the
onset of reconnection in terms of the difference in the plasma
b and the magnetic shear angle, q.

Db < 2
L
li

! "
tan

q
2

! "
ð6Þ

where L represents a typical pressure scale length near the
X-line, li is the ion inertial length, L

li
# O 1ð Þ, and q is the

shear angle between the magnetic fields. Phan et al. [2010]
used solar wind observations to verify this formulation.
Based on the plasma properties and magnetic field from the
Erkaev simulations we are able to calculate the plasma b in
the magnetosheath, which varies between 1 and 4. The
plasma b in the magnetosphere is less well constrained.

Figure 12. Region of the magnetopause viable for reconnection (indicated with red) with the magneto-
sphere b = 10. b in the magnetosheath is approximately unity. With this higher Db, the onset of recon-
nection is mostly suppressed. The exceptions are the northern dawn flank, where the bent back field
lines are antiparallel to the draped magnetosheath field, and the dusk flank, when the IMF has a com-
ponent parallel to the planet’s spin axis (and therefore antiparallel to the mostly dipolar magnetosphere
field in this region).

DESROCHE ET AL.: CONDITIONS AT JUPITER’S MAGNETOPAUSE A07202A07202
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Where KH instabilities are probable 

Where magnetic reconnection is probable 
β=1	 β=10	

Huddleston	et	al.	1997	
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Fig. 2. Jupiter’s UV aurora as observed 
using HST/STIS. With increasing 

latitude, the components are the 
satellite footprints, the main oval, and 

the high latitude emissions.

Fig. 3. Representative 
interplanetary data near 
Jupiter’s orbit during the 
declining phase of the solar 
cycle, as obtained by Ulysses 
in 2004 (note that Jupiter was 
at a substantially different 
heliospheric longitude during 
this interval).  Vertical lines 
are plotted at one day 
intervals, from which it can be 
seen that daily observations 
will be needed to sample 
several points in the narrower 
maxima. Adapted from 
Nichols et al. (2006).

Fig 1. Schematic figures 
showing the (upper panels) 
magnetospheric and (lower 
panels) ionospheric flow 
regions and associated 
auroral/current phenomena 
for the cases of (left 
panels) a predominantly 
viscous solar wind 
interaction and (right 
panels) including a 
Dungey Cycle interaction.  
From Delamere and 
Bagenal (2010) and 
Cowley et al. (2005) .

Interplanetary magnetic field strength

Solar wind velocity

Solar wind dynamic pressure

Reconnection voltage

Satellite 
footprints

Main oval

High-latitude polar emissions

-  Understanding how the SW couples to the magnetosphere has important 
implications for global magnetospheric dynamics. 

Delamere	and	
Bagenal,	2010	 Cowley	et	al.	2003	

SW interaction mediated by KH instabilities SW interaction mediated by reconnection 

SW-Boundary Interactions 



Juno: Capture Orbits and Prime Mission 

0 20 40 60 80 100 120
−30

−20

−10

0

10

20

30
Juno Orbit #1

0 20 40 60 80 100 120
Rho [RJ]

−30

−20

−10

0

10

20

30

Z 
m

ag
ne

tic
 [R

J]

214

215

216

217218

219

220

221

222

223224

225

226

227

228

229
230

231

232

233

234

235
236

237

238

239

240

241
242 243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260
261

262

263

264

265

266
267

Pj 1 2016 240 12:51:00

-  Juno will explore Jupiter’s: 
-  Auroral regions 
-  Polar magnetosphere 
-  Plasma sheet  
-  Outer magnetosphere/

cushion region 
 

-  Little to no in situ plasma 
observations in many of 
these regions. 
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The Big Picture Magnetospheric Science Objectives of the Juno Mission

Fig. 1 (A) The magnetosphere of Jupiter extends 63–92 Jovian radii in the direction towards the Sun, with a
tail that stretches beyond the orbit of Saturn >4 AU, and occupies a volume over a thousand times that of the
Sun. (B) Intense auroral emissions are signatures of the coupling between the planet and the magnetospheric
plasmas. (C) The Juno spacecraft will fly through the regions where the auroragenerating particles are excited.
(D) The magnetosphere is dominated by a ∼1 ton/s source of plasma from Io’s volcanic gases that forms a
toroidal cloud around Jupiter. (E) Close to the planet are strong radiation belts comprising energetic (MeV)
electrons that emit synchrotron emission

mapped out the equatorial magnetospheric structures and monitored their temporal variabil-
ity.

Jupiter’s strong magnetic field makes the magnetosphere of Jupiter the largest ob-
ject within the heliosphere (Fig. 1), stretching in the direction towards the Sun for typi-
cal distances of 63–92 RJ (the radius of Jupiter, RJ = 71492 at the 1 bar level, see the
Appendix). Over a ton/second of Io’s SO2 atmosphere escapes the satellite. The escaping
neutrals are dissociated, ionized and trapped by the magnetic field. The resulting dense
(∼2000 particles/cm3) torus of plasma, roughly corotates with Jupiter’s ∼10 hour spin pe-
riod. The ions of sulfur and oxygen (Ti ∼100 eV) are excited by the ∼5 eV thermal elec-
trons and radiate ∼1.5 terawatts of UV emission. Rather than cooling on expansion, the
iogenic plasma is heated (by an as-yet-unknown process) to temperatures of ∼10 s keV
as it is transported radially outwards (via flux tube interchange motions) on timescales of
weeks. Coupling of the magnetospheric plasma to Jupiter’s rotating atmosphere dominates
the dynamics of the magnetosphere, the ensuing strong centrifugal forces producing an ex-
tended, equatorially-confined plasmadisk. Associated with the electrical currents that cou-
ple the magnetospheric and ionospheric plasmas are intense auroral emissions that span the
spectrum from X-rays to radio. The hot plasma in Jupiter’s plasmadisk inflates the magneto-
sphere, making it larger and more compressible than a magnetic dipole alone. While the vast



Plasma Sheet 

Radial 
Current 

Half	lost	as	fast	neutrals	
	->	extended	neutral	cloud	

	
Half	transported	out	to	plasma	disk	

Delamere	&	Bagenal	2003	

-  Ions are picked up by Jupiter’s 
magnetic field, spun up to the 
planet’s rotation rate and transported 
radially outward.  



Plasma Sheet 

6  Proton Properties 

K. Bodisch, F. Bagenal, R.J. Wilson, L. Dougherty 

 Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, Colorado, USA 

4  Parameter Fit Uncertainties 

3  Error Analysis 

E-mail:  Kaleb.Bodisch@colorado.edu 

Proton Characteristics in the Jovian Magnetosphere!
Based on Re-Analysis of Voyager PLS Data!

SM31C-2514!

1  Abstract 
Sources of protons in the Jovian magnetosphere could be from the interaction of solar wind, 
out-gassing from the icy moons and escape from Jupiter’s ionosphere. We attempt to quantify 
the relative importance of these different sources by exploring the spatial distribution of 
density and temperature of protons in the magnetosphere. Through reanalysis of Voyager 1 and 
2 Plasma Science (PLS) data obtained between 5 and 30 RJ we produce temperature and 
density profiles of protons in those regions. Combining these profiles for protons with those of 
heavy ions (under the assumption of anisotropic Maxwellian distributions) we extrapolate 
along the field to create global maps of proton density and temperature.!

2  Voyager PLS Instrument 

•  MODES: 
 E1: Low energy electron mode which 
measures the range 10-140 V with 16 
contiguous channels.!
 E2: High energy electron mode which 
measures the range 10-5950 V with 16 
contiguous channels.!

7  Proton Ionospheric Escape 

References:!
Bagenal, F. and Sullivan, D. (1981), Direct plasma measurements in the Io torus and inner magnetosphere of Jupiter, J.G.R., 86, 8447-8466!
Bagenal, F. et al. (1985), Revised Ion Temperatures for Voyager Plasma Measurements in the Io Plasma Torus, J.G.R., 90, 1755-1757!
Bagenal, F. and Delamere, P.A. (2011), Flow of mass and energy in the magnetospheres of Jupiter and Saturn, J.G.R., 116 A05209!
Belcher J.W. (1983), The low-energy plasma in the Jovian magnetosphere, Cambridge Univ. Press, pp. 68-105!
Barnett, A. (1984), Analysis of Data from the Voyager Plasma Science Experiment Using the Full Cup Response, PhD Thesis, MIT!
Delamere, P.A. et al. (2005), Radial variations in the Io plasma torus during the Cassini era, J.G.R., 110, A12223!
McNutt, R.L. et al. (1981), Positive ion observations in the middle magnetosphere of Jupiter, J.G.R., 86, 8319-8342.!
Nagy, A.F. et al. (1981), Is Jupiter’s Ionosphere a Significant Plasma Source for Its Magnetosphere?, J.G.R., 91, 351,354!
Russell, C.T. et al. (2005), Statistics of depleted flux tubes in the jovian magnetosphere, Planetary and Space Science!
Wilson, R.J. (2015), Error analysis for numerical estimates of space plasma parameters, Earth and Space Science, 2, 201-222 

 L:  Low-resolution ion mode 10-5950 V with 16 channels.!
 M:  High resolution ion mode 10-5950 V with 128 channels. 

•  Errors in measurement above as described below!
•  Two sample spectra below used for error analysis!

Why Re-Analyze?!
•  Original program too sclerotic.!
•  New composition information from Cassini UVIS to specify O+/S++!

Method of Re-Analysis!
•  All L mode and M mode data are characterized by current and are 

measured in femptoAmps = fA!
This poster:!
•  L and M-modes analyzed for protons!
Next Door Poster (#2513):!
•  M-modes analyzed for heavy ions.!
!

Error2 = 105 + 2.5*10!5 I 2

•  Average noise level approximated at 300 femptoAmps =(105)1/2!
•  Measurement percent error derived to be 0.05%=(2.5*10-5)1/2       

as illustrated below!

5  Protons Sample Spectra 
•  Protons parameters derived by fitting L and M mode spectra!
•  Proton signatures most often present in the instrument D-cup 

due to spacecraft orientation (see next door poster)!

L mode vs. M mode!

•  The above L-mode and M-mode measurements were made at 
approximately the same time. !

•  In L-mode, longer accumulation time per channel allows for 
small flow to be observable over the noise in areas of low 
density.!

•  L-mode enabled the determination of proton characteristics in 
the outter magnetosphere which could not be mapped using data 
from M-mode!

Using both L and M mode spectra, proton temperature and density 
are determined between 5 and 40 RJ.!

3 RJ!

6-8 RJ!

Method A:!
•  Toroidal outflow region spanning radially from 6-8 RJ 

with a height of 3 RJ!

Method B:!
•  Assume Heavy ion Source with outflow of 500 kg/s (Delamere 

& Bagenal 2003)!

This Estimate of 1-2 x 1027 H+ s-1 is about 
10% of estimate from Nagy et al 1986.!

8  Conclusions and Future work 

•  When detectable signal in multiple cups we get determinations 
of Vr, Vphi and Vz.!

•  If there is only information in a single cup, assume zero Vr 
and Vz and allow for variation from corotation in Vphi!

Future!
•  Fill data gap between 7 and 10 RJ where there is hot dense plasma!
•  Explore proton measurements taken by Voyager 2!
•  Working on new field line models for both heavy and hydrogen ions!
•  Aim to test data against models such as Nichols et al. (2016) below!

•  Uncertainties in parameter were determined using covariance 
matrices and the results can be observed below.!

•  Assumes all Ions have the same bulk flow!
•  For analysis of heavy ions, further assumptions were made. 

See next door poster for details!

Using the modeled results from the Voyager flyby of 
Jupiter, the  approximate proton Ionospheric escape rate 
estimated from data between 6 and 8 RJ.!
•  Assumptions!

•  Protons account for ten percent of total ion density!
•  An average ion transport time of 50 days, consistent with 

physical chemistry model of torus!

•  Calculated average noise level using residuals from the model fit!

OutflowH+ =
OutflowHeavies

< Ion mass > *qe
*0.1

OutflowH+ =1.4*10
27s!1 " 2.5kg / s

Conclusions!
•  Protons comprise approximately 10% of thermal 

plasma in Jupiter’s magnetosphere!
•  Properties seem to track heavy ions.!

Vphi!

Ne!

NH+/Ne!

T(H+)   T(heavy)!

Vphi!

Ne!

NH+/Ne!

T(H+)   T(heavy)!

•  Protons track heavy ion trends remarkably closely!
•  Are differences in temperature between protons and heavy 

ions real? To be checked!

NTotal = Nii=0

number _ ion_ species
!

NH+ = 0.01*NTotal

OutflowH+ =
< NH+ > *"Z *! *(8

2 # 62 )*(7.14*109cm )
3

50days*86400 sec
day

OutflowH+ =1# 2*10
27s#1 = 2 $ 3kg / s

19.8	RJ	 34.7	RJ	Vϕ	=	201	km/s	
T	=	29	eV	
ni	=	0.1	–	0.3	cm-3	

Vϕ	=	240	km/s	
T	=	89	eV	
ni	=	0.02	–	0.05	cm-3	

Bagenal	et	al.	1981,	reprocessed	data	shown	here	by	Bodisch	et	al.	2015;	Dougherty	et	al.	2015	

-  Plasma mass density dominated by heavy ions. 
  

-  Data shown here reprocessed to include estimates for O+/S++ based on Cassini 
UVS observations + physical chemistry model (e.g. Delamere, Steffl, and Bagenal, 
2005). 

H+	

O2+	
S3+	
O+/S++	



Plasma Sheet 

[7] In section 2wepresent a simplemodel of an axisymmetric
plasma sheet based on in situ observations of the plasma
density and temperature and derive basic descriptions of
how the latitudinal distribution and total plasma pressure
vary with distance from the planet. In section 3 we use this
axisymmetric model to quantify the distribution of mass,
total mass of the plasma sheet, and discuss current models of
the plasma sources. In section 4 we quantify the distribution
of energy in the plasma sheet and estimate the sources and
losses. Finally, in section 5 we summarize our findings.

2. Simple Model of Plasma Sheet

[8] We first derive simple descriptions of the approxi-
mate conditions (density, temperature, latitude distribution,
and thermal pressure) in the Jovian and Saturnian plasma
disks. We know that there are significant variations with local
time and longitude (see review chapters of Dessler [1983],
Bagenal et al. [2004], and Dougherty et al. [2009]). For the
initial purposes of deriving the net flow of mass and energy
through the system we take a simple, azimuthally symmetric
description. Given the orders of magnitude variations in
plasma properties with radial distance, we regard the factors
of few variations with longitude and local time to be sec-
ondary. In the future, important clues about the dynamics
of the system will come from examination of deviations
from this symmetric model.

2.1. Plasma Density
[9] In Figure 1 we have combined various measurements

of density in Jupiter’s plasma sheet from the Voyager (1979)
and Galileo (1996–2003) missions. The Voyager 1 Plasma
Science (PLS) instrument measurements were obtained on
the approach to Jupiter in the late morning sector [McNutt
et al., 1981; Bagenal and Sullivan, 1981]. The Voyager PLS
charge densities shown here are derived from a summation
of currents measured across the 10–6000 eV energy range.

The derived charge density does not depend on assumptions
of composition and agrees well with the sum of densities
for separate ion species derived by fitting resolved spectral
peaks (see appendices A and B of McNutt et al. [1981] as
well as simultaneous electron measurements [Scudder et al.,
1981]. The semiregular factor of ∼5 variation in density is
due to the flapping of the plasma sheet over the spacecraft.
Electron density has also been derived from measurements
by the Voyager Plasma Wave (PWS) instrument, recently
cataloged by Barnhart et al. [2009] These PWS local mea-
surements of charge density have been averaged over radial
distances to give 9 points in the outer magnetodisk (>20 RJ)
and agree well with the PLS measurements of total charge
density.
[10] The Galileo spacecraft orbited Jupiter for 7 years and

made extensive measurements of plasma properties in the
plasma sheet. We have taken estimates of plasma density
derived via statistical moments of measurements from the
Galileo Plasma Science (PLS) instrument and archived in
the Planetary Data System (W. Paterson, private commu-
nication, 2009). We plotted all Galileo data within ±30° of
noon and ±30° of midnight. The densities derived from
Galileo data beyond about 20 RJ are generally lower than
Voyager 1 values. This may be because of the assumption
that the mass/charge is 16 in the Galileo analysis. If there are
significant numbers of protons in the outer magnetosphere,
fitting the Galileo data with both protons and heavy ions
may yield higher densities. We point out that the depen-
dence of total charge density on composition is not a strong
effect (depending as (charge/mass)1/2), and we estimate the
net uncertainty to be less than a factor or 2.
[11] We derive a profile (gray line in Figure 1) of equa-

torial plasma density (n0, in cm−3) versus radial distance
(R, in RJ) that is an approximate average (by eye) of the func-
tional form

n0 ¼ a1 R=6ð Þ$b1þa2 R=6ð Þ$b2þa3 R=6ð Þ$b3 ð1Þ

where the coefficients are given in Table 1. Figure 1 also
shows a power law fit to Galileo PLS data (light blue line)

Figure 1. Density measurements derived from Voyager 1
PLS (black line), Voyager 1 PWS (blue triangles), and
Galileo PLS (all orbits) obtained ±30° around noon (green
diamonds) and ±30° around midnight (red circles). The pro-
file from Frank et al. [2002] (pale blue curve, equation (2))
is based on Galileo PLS data from the G8 orbit data obtained
on the nightside. The model profile used in this study (thick
gray curve, equation (1)) is a composite of three power law
profiles (blue, purple, and yellow lines).

Table 1. Model Parameters for Jupiter’s Plasma Sheet Model
Used in This Study

Property Coefficient Value

Density (cm−3)
This study (equation (1)) a1 1987

b1 −8.2
a2 14
b2 −3.2
a3 0.05
b3 −0.65

Frank et al. [2002] (equation (2)) a1 3.2 × 108

b1 −6.9
a2 9.9
b2 −1.28

Scale height (equation (6)) a1 −0.116
a2 2.14
a3 −2.05
a4 0.491
a5 0.126

Azimuthal flow (km/s) Vco 12.6 km/s per RJ

<28 RJ a1 1.12
a2 1/50

>28 RJ 200 km/s
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obtained on the G8 orbit in the magnetotail presented by
Frank et al. [2002] with the functional form

nFrank02 ¼ a1R"b1 þ a2R"b2 ð2Þ

where the coefficients are given in Table 1. Our model
profile somewhat underestimates the peak densities in the
outer plasma sheet, but we show in section 3.1 that this does
not significantly affect our estimates of mass and energy
flows in the system.
[12] In Figure 2 we compare the plasma sheet density pro-

file for Jupiter described in Figure 1 with a profile of plasma
density derived from Cassini CAPS ion data at Saturn. The
profiles represent the peak density, n0, in the center of the
plasma sheet. The Saturn values outside ∼5 RS are from
Thomsen et al. [2010], who took statistical moments for data
obtained October 2004 through March 2009. The profiles in
Figure 2 (bottom) are derived from measurements taken
at low latitudes and when the corotational flow was in the
CAPS field of view [Thomsen et al., 2010, Figure 3c]. To
push the profiles inward of 5 RS we took density values
from an earlier analysis of CAPS data by Sittler et al. [2008].
Similar plasma densities were found by the Voyager PLS
instruments when they flew through the system in 1980 and

1981 [Richardson, 1986; Richardson and Sittler, 1990] as well
as derived from Cassini CAPS ELS by Schippers et al. [2008],
from Cassini RPWS measurements by Persoon et al. [2009]
and from the Cassini Langmuir probe by Morooka et al.
[2009]. Allowing for uncertainties in the measurement plus
spatial and temporal variability, we consider these values to
have a confidence of about a factor of 2.

2.2. Temperature
[13] In Figure 3 we plot ion temperatures derived by the

PLS instruments on Voyager 1 (black) and Galileo (green).
We ignore electrons because they tend to be much colder
than the ions at both Jupiter [Scudder et al., 1981] and
Saturn [Sittler et al., 1983], and we are primarily concerned
with total thermal energy density in this paper. Ion tem-
peratures tend to be less well determined than other plasma
properties such as flow and density. This is partly because of
the assumptions that must be made about ion composition
but the derived temperatures also tend to depend on the
energy range of the measuring instrument (10 eV to 6 keV
for Voyager, 1 eV to 52 keV for Galileo). For example,
if one looks at the plots of temperature derived from the
Voyager PLS data [e.g., Belcher, 1983, Figure 3.13] one
sees low temperatures (∼10 eV) in places (usually where the
density is higher) out to as far as 40 RJ. Away from these
relatively small regions of cold dense plasma the Voyager
PLS instrument recorded a fairly constant temperature of
the heavy ions of ∼100 eV. Note that S+ and S++ or O+ ions
moving at 200 km/s have kinetic energy of 6.6 keV and
3.3 keV so that if they have temperatures >100 eV, much of
the flux is above the 6 keV limit of the Voyager PLS
instrument. On the other hand, when one looks at the Galileo
PLS observations one sees a wider range in temperatures,
particularly in the outer plasma sheet. We only show the tem-
peratures around noon in Figure 3. The data around midnight
showed even greater scatter. Further work is needed to ascer-
tain whether this is a true variation between the Voyager

Figure 2. Density profiles for (top) Jupiter and (bottom)
Saturn. The model profile for Jupiter was derived from data
shown in Figure 1. The densities at Saturn are derived from
Cassini CAPS data (<5RS) by Sittler et al. [2008] and (>5 RS)
by Thomsen et al. [2010].

Figure 3. Temperature of the thermal ions derived at Jupi-
ter from the Galileo PLS data obtained ±30° around noon
(green diamonds) and from Voyager 1 PLS data (black
crosses, McNutt et al. [1981]). The model profile used in
this study (black curve) is derived beyond ∼10 RJ from
estimates of the vertical scale height of density in the plasma
sheet (see equations (3) and (4)).
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2.4. Pressure
[20] For the thermal plasma that dominates the density in

the plasma sheet, with temperatures of 10 eV to 1 keV, we
calculate the local thermal pressure as P = nkT. Radial
profiles of local plasma pressure are calculated from equa-
torial density, n0 (Figure 2), and temperature (Figure 4) and
shown in Figure 6 for Jupiter and Saturn. Pressure can also
be derived from measurements of fluxes of particles at
higher energies. At Jupiter it is these 20 keV to 50 MeV
particles, particularly sulfur ions, that dominate (by about a
factor of 10) the pressure in the Jovian plasma sheet [e.g.,
Mauk et al., 2004]. The measured intensities of these more
energetic particles rapidly drops inside about 10 RJ. Mod-
eling the fluxes of energetic neutral atoms coming from the
Jovian system [Mauk et al., 2003] suggests that the energetic
ions are lost due to charge exchange with the extended
neutral cloud that extends from Io out beyond the orbit of
Europa.
[21] At Saturn, Sergis et al. [2009, 2010] calculate the

pressure of energetic (>3 keV) ions from Cassini MIMI data.
The average radial pressure profile of Sergis et al. [2010,
Figure 11] is shown in Figure 6. The energetic particle
pressure is greatly reduced at Saturn but they contribute
more pressure than the thermal plasma beyond ∼11 RS. We
suggest this difference of Saturn from Jupiter is partly due to
higher density of neutrals removing energetic particles via
charge exchange as they move inward, as well as perhaps a
weaker heating process in Saturn’s smaller magnetosphere.
[22] At Jupiter the high plasma pressures in the plasma

sheet dominate the local magnetic field pressure producing
values of b = P/(B2/2m0) greater than unity beyond ∼15 RJ,

increasing to greater than 100 at 45 RJ [Mauk et al., 2004].
Early attempts to calculate the radial forces on the plasma
found that centrifugal forces of the rotating thermal plasma
could not balance the magnetic stresses [McNutt, 1984;
Mauk and Krimigis, 1987] which Paranicas et al. [1991]
later found could be balanced with pressure gradient for-
ces associated with the 20–200 keV plasma population. Not
only does the plasma pressure dominate the magnetic pres-
sure, but the radial profile of plasma pressure is also con-
siderably flatter than the 1/R6 variation in magnetic pressure
for a dipole field. It is the high plasma pressure in the plasma
disk that doubles the scale of Jupiter’s magnetosphere from
the dipolar stand‐off distance of ∼42 RJ to 65–90 RJ. The
shallow gradient in plasma pressure accounts for the high
compressibility of the magnetosphere with the subsolar mag-
netopause varying as solar wind ram pressure to the −1/∼4.5
power, rather than −1/6 power for a magnetic dipole [Slavin
et al., 1985; Huddleston et al., 1998; Joy et al., 2002; Alexeev
and Belenkaya, 2005]. Delamere and Bagenal [2010] argue
that the high‐beta plasma inside Jupiter’s magnetosphere
limits the solar wind interaction to a viscous boundary layer.
[23] At Saturn the plasma pressures are less than Jupiter

but the plasma beta is still greater than unity beyond 8 RS
[e.g., Sergis et al., 2010] and has values of 2–5 in the
plasma sheet. Chou and Cheng [2010] recently built a model

Figure 5. Scale heights of plasma density at (top) Jupiter
(equation (6)) and (bottom) Saturn.

Figure 6. Profiles of thermal pressure of the thermal (green
solid) and energetic (blue dotted) ion populations at (top)
Jupiter and (bottom) Saturn. The ratio of hot/cold (red dashed)
is the ratio of the energetic population pressure to that of the
thermal pressure.
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Bagenal	and	Delamere,	2011;	Bagenal	et	al.	2014	

-  Juno can provide new insight into the  
     vertical and radial profiles of the 
     plasma sheet, including measuring  
     the conditions within days of the  
     perijove passes through the auroral  
     region.      
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dropped below our energy per charge scan range at •0430 UT 
on DOY 64. The protons drop out because of the decrease in 
the relative speed between the spacecraft and the plasma near 
closest approach. Using the same criteria as for the Voyager 1 
L mode data, we selected 161 Voyager 2 L mode spectra for 
analysis. The smaller number of spectra as compared to the 
number selected from the Voyager 1 data set reflects the fact 
that during the Voyager 2 encounter the effective Mach num- 
bers of the various plasma constituents were lower. As a re- 
sult, fewer spectra are resolved into the H + and heavy ion 
peaks, a resolution which we require for our quantitative anal- 
ysis. We can draw some qualitative conclusions about upper 
limits to the temperature for the unresolved L mode spectra 
(i.e., as in Figure 5), but we defer this discussion until after 
presentation of the quantitative results. On the basis of the fits 
to the L mode data discussed in Appendix B (and many other 
examples given by McNutt [1980]) we choose to fit H +, S 3+, 
and O + to the L mode spectra selected for analysis, with S 3+ 
and O + constrained to have the same temperature. The H + 
temperature is an independent fit parameter, and all species 
are assumed to be comoving. Other schemes are possible, but 
this selection seems to give the most consistent and error-free 
results. 

We have applied our nonlinear least squares fit analysis to 
these selected Voyager 1 and Voyager 2 spectra to obtain val- 
ues of the mass density, bulk velocity component into the side 
sensor, and temperature of the plasma in the dayside middle 
magnetosphere. The mass densities so derived, normalized to 
the proton mass (i.e., essentially in amu cm-•), from both the 
L and the M mode, are shown by the crosses in Figure 6 for 
Voyager 1 and in Figure 7 for Voyager 2. We emphasize that 
even though there is an intrinsic ambiguity in the species 
identification for a given A/Z* peak (i.e., is the 16 peak S 2+ or 
O+?), the total mass and charge density determinations are 
unaffected by that ambiguity (see Appendix A). For corn- 

pleteness, the Voyager 1 plot contains mass density determi- 
nations inside of 10 R• from the fits of Bagenal and Sullivan 
[this issue]. Comparison with the charge density curve in the 
Voyager 1 figure shows that the spectra excluded from the 
analysis tend to lie away from crossings of the plasma sheet. 
This is consistent with plasma in the sheet being more dense 
and cooler (see below), resulting in spectra with less noise and 
better species resolution. The situation is less clear on the 
Voyager 2 pass, where the plasma sheet crossings are less well 
defined. 

The velocity components as determined from the Voyager 1 
M mode and L mode analyses are shown in Figure 9. We give 
the components obtained from the L mode and the M mode 
analysis separately both to show the respective coverages and 
because the M mode determinations of •/r n are more accurate. 
These data are shown for the same time period as that used in 
the density plot (Figure 6). Radial distance from Jupiter is 
shown at the top. We have also plotted the velocity com- 
ponent which would be measured in the side sensor if the 
plasma were rigidly corotating with the planet. In general, the 
velocity component lags the corotation value, with the lag in- 
creasing with increasing radial distance [McNutt et al., 1979]. 
Where the results from both the L mode and the M mode 
analyses are available, it can be seen that these are in good 
agreement and show the trend to constant velocity com- 
ponents outside of •20 R•. This is the basis for our velocity 
model used in computing the charge density curves of Figures 
6 and 7. 

Prior to the Voyager 1 encounter, there was no expectation 
that the magnetospheric flow would deviate from rigid corota- 
tion as close to Jupiter as • 10 R•. We have been extremely 
conservative in our selection of spectra for quantitative analy- 
sis, at least in part, to establish unequivocally this departure 
from corotation. Our best estimates of Vn are from fits to the 
resolved M mode spectra such as those given in Figure 3. The 
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McNub	et	al.	1981	

-  Plasma co-rotation starts to break down at ~17 - 20 RJ (e.g. McNutt et al. 1981). 
-  Coupling currents and corresponding aurora are stronger in region where plasma 

slips behind cororation (e.g. Hill 1979).  
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Frank	and	Paterson,	2002	

observed with Voyager 1 which exhibited a System III
dependence at radial distances in the magnetotail in the
range of about 20 to 40 RJ. For four planetary rotations the
ion temperatures were higher in an active sector located at
System III longitude of 260!.
[30] On the other hand, a clear identification of a longi-

tudinal dependence of ion densities was not possible with
the Galileo measurements because of the severe radial
dependence of these densities. The relatively rapid radial
motion of the spacecraft was the primary factor which
prevented a decisive outcome.
[31] At perijove at about 9 RJ the ion temperature was

about 5 ! 106 K and similar to that in the hot torus at 7 RJ

as reported by Frank and Paterson [2001]. These authors
also had reported a strong System III dependence of the ion
densities at 7 RJ at distances of about 0.5 RJ off the
magnetic equator. The densities at System III longitudes
in the range of 270! were about a factor of 10 greater than
those at 0! to 90!. Remote observations of singly ionized
sulfur emissions have previously supported the presence of
an active sector at longitudes of about 180! to 250! in the Io
torus [Pilcher and Morgan, 1980, 1985; Trafton, 1980;
Trauger et al., 1980; Schneider and Trauger, 1995;
Schneider et al., 1997]. Outside of the Io torus and in the
current sheet in the radial distance range of about 10 to 25
RJ, an increase in ion temperatures with increasing radial
distance is found in the measurements for the inbound and
outbound segments of all three orbits presented in the

present work. At radial distances in the range of 25 to 30
RJ the ion temperatures are in the range of 5 ! 107 to 108 K.
This dramatic temperature increase supports the presence of
a strong heating mechanism for the ion plasmas at radial
distances of about 20 to 30 RJ. One exception to this
behavior of temperatures was the transient, radially outward
flow of relatively cooler ion plasmas, 107 K, at 10 to 15 RJ

on 7 April.
[32] Three phenomena which exhibit a dependence on

System III longitude have been identified above: (1) the
intensities of singly ionized sulfur emissions in the torus as
observed with Earth-based telescopes, (2) the 10-hour
periodicity of ion temperatures in the magnetotail at radial
distances of "20 to 40 RJ as recorded by the Voyager 1 and
Galileo spacecraft, and (3) a latitudinal thickening, or bulge,
in the plasma torus at radial distances of "6 to 8 RJ as
determined with the Galileo thermal ion observations. These
phenomena are not the signature of simply the rotation of
Jupiter with its offset magnetic moment because they do not
exhibit the corresponding 5-hour periodicity. Such an
observed longitudinal asymmetry may be accounted for
by a ‘‘magnetic anomaly’’ model of the Jovian magneto-
sphere as reviewed by Hill et al. [1983].
[33] There are two other previous observations which

support the existence of a magnetic anomaly in the magne-
tosphere of Jupiter which are of significant global import.
The first is the magnetospheric ‘‘clock’’ which was detected

Figure 9. Schematic diagrams for the three principal types
of electron pitch angle distributions: (a) narrow field-
aligned beams, (b) scattered beams, and (c) isotropy. The
directional differential intensities j are shown as functions of
pitch angle a. The increasing time indicates that the initial
narrow electron beams (Figure 9a) are pitch angle scattered
into wider angle distributions (Figure 9b) and finally into
isotropy (Figure 9c).

Figure 10. Examples of the three principal types of
electron pitch angle distributions. Directional differential
intensities are plotted as functions of pitch angle in each
panel for all sensors. Date and time can be employed to
place these measurements in the context of Figures 5, 6, and
7. Shown in this figure are field-aligned beams in Figures
10a and 10b, a scattered beam in Figure 10c, and an
isotropic distribution in Figure 10d.
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Electron pitch angle and energy distributions provide information about these currents. 



Polar Magnetosphere 
Little to no in situ plasma measurements, many fundamental questions: 
 
-  What is the high latitude structure of the magnetosphere? Is it fundamentally 

similar or different than Earth? 
 

-  Where and how are the particles that excite the aurora generated? 
 
-  How do the currents close between the plasma disk and the aurora region? 
 
-  What causes the transient polar aurora? 
 
-  How open is the magnetosphere to the IMF? 

-  What is the size and the variability of Jupiter’s polar cap? 

-  How is the main aurora related to magnetospheric dynamics and/or changes in the 
solar wind? 

 

-  Is there significant outflow from Jupiter’s ionosphere? How much does it 
contribute to Jupiter’s plasma environment? 



Acceleration Region 

-  Electron and ion observations are 
needed to help discover the structure 
and location of the auroral acceleration 
regions at Jupiter. 

 
-  What will this sketch look like for 

Jupiter? 
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Fig. 24 The three types of
auroral zones based on
experience from Earth: upward
currents, downward currents and
Alfvénic regions. Adapted from
Carlson et al. (1998)

would expect from our understanding of Earth’s auroras, hence, we will have an opportunity
to see if a similar menu of phenomena can be attributed to the various Jovian auroras.

3.1.4 Auroral Physics

The obvious advantage of studying auroral processes at Earth comes from both the long
and extensive coverage of observations from the ground, from several decades of spacecraft
observations from a range of altitudes, including inside the Earth’s AKR sources (Viking,
FAST). As in many areas of science, detailed knowledge tends to change basic questions
into more complex questions. Studies of aurorae at other planets, such as Jupiter, requires
us to return to the more basic issues (what are the driving forces, how do the processes
work, what factors modulate auroral behaviors, etc.) and test our understanding of the un-
derlying physics under rather different conditions. In their introductory chapter to Keiling
et al. (2012)’s recent monograph of auroral studies, Mauk and Bagenal (2012) note that
“A central question of planetary space science in general and auroral physics in particular
is: What aspects are universal and what aspects are specific to the conditions that prevail at
any one planet?” The current understanding of auroral processes at Earth is summarized in
Paschmann et al. (2002) as well as in Keiling et al. (2012) where several chapters compare
Earth with other planets.

Upward	Current	Region	at	Earth	 Sketch	of	Auroral	Accelera>on	Regions	at	Earth	

From	Ergun	talk	at	2015	Juno/Cassini	Workshop	



Precipitating Electrons 

Gus>n	et	al.	2016	 -  Remote sensing observations 
used to estimate mean energy 
and energy flux of precipitating 
electrons; suggest spatial 
variability.  

 

-  Observations from Juno will 
provide ground truth.  

In order to empirically determine the brightness and mean
energy distribution associated with each auroral region, both the
vertical brightness and hEi histograms have been fitted with two
distributions often used in this field of study. First, a Maxwellian
distribution,

D ¼ C
E
E0

e"E=E0 ; ð1Þ

and a kappa distribution

D ¼ C
E
E0

1þ E
E0

k

! "
eð"1"kÞ: ð2Þ

A third distribution, allowing a greater flexibility in terms of shape,
has also been used, namely the ‘generalized’ Maxwellian
distribution

D ¼ CEn=2E
" n

2þ1ð Þ
0 e"E=E0 : ð3Þ

In these equations, C is a constant factor, E is the electron energy (or
the brightness), E0 is the most probable value for the Maxwellian
and kappa distributions (i.e. the characteristic energy), while the
most probable value is nE0/2 for the generalized Maxwellian.
Parameter k is the spectral index of the kappa distribution and n
is a free parameter of the generalized Maxwellian distribution. This
distribution is Maxwellian for n = 1 and becomes strongly non-
Maxwellian for high values of n. More details on this distribution
may be found in Dzifčáková (1998) and references therein. Fig. 3
shows that the kappa and Maxwellian distributions do not provide
good fits to either the brightness or energy histograms of the differ-
ent regions. Instead, the generalized Maxwellian provides the best
agreement with the observed profiles, usually with strong non-
Maxwellian characteristics (n& 1). Interestingly, the brightness
and energy distribution of each auroral zone share very similar

characteristics for both observations. The E0 and n parameters of
the best generalized Maxwellian are provided in Table 1.

As seen in Fig. 3a, b, o and p, the ME 1 region is very bright and
characterized by the most energetic primary electrons. The vertical
brightness distributions are relatively symmetric, around '260 kR.
The electron mean energies hEi determined from the CR method
are mostly between 100 and 700 keV, with several individual pix-
els at higher or lower values. The average hEi value is quite high
('300 and '355 keV for observation 1 and 2, respectively). It
should be noted that mean energies found in the literature are gen-
erally determined from spectra obtained from the sum of numer-
ous pixels, which averages the energies so obtained, while the
distributions shown here reflect the range of values reached by
the individual pixels of the auroral region, which expand the range
of inferred values. Fig. 3o and p clearly show that several pixels
have hEi larger than 400 keV, well above values generally observed.
As seen in Fig. 11a, for hEi larger than 400 keV, the CR is larger than
20 for a viewing angle of 70!. For a pixel with a total unabsorbed
UV brightness of 200 kR and CR = 20, the (1550–1620 Å) unab-
sorbed intensity is 25 kR, while the absorbed (1230–1300 Å) emis-
sion is 20 times less, i.e. 1.25 kR. In other words, pixels associated
with very high electron energy undergo a very low S/N in the
absorbed spectral bandwidth, which induces a very high uncer-
tainty on the energies inferred for high energy pixels of the distri-
butions. As a result of this large uncertainty, pixels with hEi larger
than 400 keV should be considered with caution. A way to over-
come this problem is to bin the pixels in groups or sum all the pix-
els of a given region, to increase the S/N ratio, as proposed in
Sections 4.2.1 and 4.3.1. The mean energy map (Fig. 2) and distri-
butions (Fig. 3) presented here should then be seen as first order
estimations.

The bright winding afternoon main emission (ME 2 ‘‘kink”
region) shows a very asymmetrical vertical brightness distribution,

Fig. 2. Map of the precipitating electron mean energy for the two STIS observations, both in a Earth-orbit view (a and c panels) and in a polar projected view (b and d panels).
All the auroral regions, labels and grids are identical to those of Fig. 1. The ME1 and ME2 regions are the most energetic ('330 keV and '130 keV respectively), followed by
the poleward flare emissions (70–90 keV). The IFP shows very weak absorption while the SSS and GFP show significant hydrocarbon absorption. The images are smoothed
over a 3 pixels boxcar for better legibility.
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Fig. 4. (a) Energy–energy flux relationship for the main emissions (light blue and green stars) and flare emissions (black and yellow crosses) of the two STIS observations,
along with data points obtained by Gustin et al. (2004a) (dark blue stars and red diamonds). (b) and (c) STIS points from ME1 with the classic Knight relation. Curves are
shown for best fits (red) and electron source density n = 1000 m!3 (dashed) and n = 10,000 m!3 (dot-dashed), with electron source temperature fixed to 2.5 keV. (d) and (e)
Same as (b) and (c) with the relativistic Knight relation. (f) and (g) STIS points for ME2 with the classic Knight relation. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 4. (a) Energy–energy flux relationship for the main emissions (light blue and green stars) and flare emissions (black and yellow crosses) of the two STIS observations,
along with data points obtained by Gustin et al. (2004a) (dark blue stars and red diamonds). (b) and (c) STIS points from ME1 with the classic Knight relation. Curves are
shown for best fits (red) and electron source density n = 1000 m!3 (dashed) and n = 10,000 m!3 (dot-dashed), with electron source temperature fixed to 2.5 keV. (d) and (e)
Same as (b) and (c) with the relativistic Knight relation. (f) and (g) STIS points for ME2 with the classic Knight relation. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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Conclusions 
-  Plasma measurements from 8 previous missions have revealed a lot about the 

structure of and dynamics within Jupiter’s magnetosphere. 

-  There are still many open questions. 

-  Juno’s orbit provides an opportunity to makes observations in several regions of 
the magnetosphere that are either under-sampled or completely unexplored. 

 
 

-  Key objective is to determine the structure of the region that accelerates the 
particles that produce the aurora. 

 
-  Many other high impact science opportunities during mission. 
 
 


