
HAL Id: insu-03673131
https://insu.hal.science/insu-03673131

Submitted on 22 Jun 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Copyright

Spatial Distribution of the Pedersen Conductance in the
Jovian Aurora From Juno-UVS Spectral Images

J. -C. Gérard, L. Gkouvelis, B. Bonfond, D. Grodent, G. R. Gladstone, V.
Hue, T. K. Greathouse, M. Versteeg, J. A. Kammer, M. Blanc

To cite this version:
J. -C. Gérard, L. Gkouvelis, B. Bonfond, D. Grodent, G. R. Gladstone, et al.. Spatial Distribution
of the Pedersen Conductance in the Jovian Aurora From Juno-UVS Spectral Images. Journal of
Geophysical Research Space Physics, 2020, 125, �10.1029/2020JA028142�. �insu-03673131�

https://insu.hal.science/insu-03673131
https://hal.archives-ouvertes.fr


Spatial Distribution of the Pedersen Conductance in the
Jovian Aurora From Juno‐UVS Spectral Images
J.‐C. Gérard1 , L. Gkouvelis1 , B. Bonfond1 , D. Grodent1 , G. R. Gladstone2 , V. Hue2 ,
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Abstract Ionospheric conductivity perpendicular to the magnetic field plays a crucial role in the
electrical coupling between planetary magnetospheres and ionospheres. At Jupiter, it controls the flow of
ionospheric current from above and the closure of the magnetosphere‐ionosphere circuit in the
ionosphere. We usemultispectral images collected with the Ultraviolet Spectral (UVS) imager on board Juno
to estimate the two‐dimensional distribution of the electron energy flux and characteristic energy. These
values are fed to an ionospheric model describing the generation and loss of different ion species, to calculate
the auroral Pedersen conductivity. The vertical distributions of H3

+, hydrocarbon ions, and electrons are
calculated at steady state for each UVS pixel to characterize the spatial distribution of electrical conductance
in the auroral region. We find that the main contribution to the Pedersen conductance stems from collisions
of H3

+and heavier ions with H2. However, hydrocarbon ions contribute as much as 50% to Σp when the
auroral electrons penetrate below the homopause. The largest values are usually associated with the bright
main emission, the Io auroral footprint and occasional bright emissions at high latitude. We present
examples of maps for both hemispheres based on Juno‐UVS images, with Pedersen conductance ranging
from less than 0.1 to a few mhos.

Plain Language Summary One of the quantities characterizing the ability of ionospheres to
carry currents perpendicular to the magnetic field is the altitude integrated Pedersen conductivity. On
Jupiter, it is an important quantity that partly controls how electric currents can flow between the
magnetosphere and the high‐latitude ionosphere. It is therefore a key element in the understanding of how
and where the Jovian aurora is formed and an important input to numerical models of auroral precipitation.
We use observations from the UltraViolet spectral imager near Juno's closest approach to Jupiter to
remotely characterize the flux of energy carried by the auroral electrons and their mean energy. These
quantities are evaluated for each instrumental pixel and used as inputs to a model to map the Pedersen
integrated conductivity. The main contributions to the conductance are caused by collisions between
H3

+ and hydrocarbon ions such as CH5
+ and C3Hn

+ with neutral constituents. We present examples of
Pedersen conductance maps for both hemispheres. We find that the conductance is spatially very
variable with values ranging from less than 0.1 to several mhos. The largest values are usually associated
with the bright main emission, the Io auroral footprint and occasional bright emissions at high latitude.

1. Introduction

The ionospheric Pedersen (Σp) and Hall conductances (Σh), which are the altitude‐integrated values of the
corresponding local conductivities, play a crucial role in the electrical coupling between planetary magneto-
spheres and ionospheres. They are considerably enhanced at high latitudes by ionization resulting from the
interaction of auroral electron precipitation with upper atmospheres. Their magnitude and spatial distribu-
tion are therefore important elements to take into account in models of magnetosphere‐ionosphere‐
thermosphere coupling. At Jupiter, the current system flowing between the magnetosphere and the
ionosphere depends on the availability of electric charges along the high‐latitude magnetic field line and
the limiting values of ionospheric conductances. According to the current loop system conceptual model
(Cowley & Bunce, 2001; Ray et al., 2015; Tao et al., 2009), the auroral Pedersen conductance Σp allows the
closure of magnetic‐field‐aligned electric currents (referred to as FACs) into and out of the ionosphere.
The Pedersen current flows in the direction perpendicular to the magnetic field lines and parallel to the
electric field direction. It is in turn modulated by the auroral precipitation that enhances ionization and
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increases the density of electric charges available to carry it across field lines. Although the observed distri-
bution of FACs appears more complex and fragmented than in these early magnetosphere‐ionosphere (M‐I)
models (Kotsiaros et al., 2019), the ionospheric Pedersen conductance plays an important role in the transfer
of momentum and energy between the magnetosphere and the ionosphere of Jupiter. In particular,
whatever the importance of Hall currents, it is the value of the Pedersen conductance that determines the
amount of Joule power dissipation of the M‐I circuit into the ionosphere/thermosphere.

Values of the Pedersen conductance in the literature have been discussed in reviews by Clarke et al. (2004)
and Badman et al. (2015). Strobel and Atreya (1983) estimated the Jovian Pedersen conductance to be on the
order of 10mhos in the case of a bright aurora as had been observed by Voyager for a B = 8 nT. Singhal (1996)
found that an important contribution originates from heavy hydrocarbon ions. Based on theoretical esti-
mates of the electron density profiles, he estimated the auroral conductance to be 1.8 mho for a magnetic
field intensity of 10 nT. Millward et al. (2002) found Σp values up to 1.7 mho for a 10 mWm−2 precipitation
of initial energy E0 of 60 keV electrons. Nichols and Cowley (2004) introduced the concept of a feedback
between the auroral electron precipitation and the Pedersen conductance. They showed that the modifica-
tion of the Pedersen conductance by auroral precipitation has an impact on the distribution and intensity
of the FACs closure into the auroral ionosphere. Their Pedersen conductivity value was based on
Millward et al.'s (2002) model adapted to account for the value of the precipitated electron energy flux. In
their M‐I coupling model, the enhanced value of Σp increases the efficiency of the transfer of the planet's
angular momentum to the plasma of the magnetosphere. Based on a 1‐Dmodel, Hiraki and Tao (2008) esti-
mated the Pedersen conductivity ~0.5 mho for a precipitated energy flux of 22 mWm−2 with E0 = 100 keV,
while Tao et al. (2009) showed a latitudinal cut of Σp peaking at 0.75 mho. Using the 3‐D JIM model
(Achilleos et al., 1998), Smith and Aylward (2009) employed a conductivity model derived from a model
of the auroral ionosphere where the shape of the vertical profile of conductivity at each given pressure level
was the same at all latitudes, even if the absolute conductivities depended on latitude. They estimated Σp
between 1.3 and 1.5 mho. The JTGCMM‐I model by Bougher et al. (2005) and Majeed et al. (2009) predicted
large conductances of about 12 mhos in the Northern Hemisphere. Ray et al. (2012) obtained a latitudinal
peak of 0.75 mho for their baseline model corresponding to Fe = 10 mW m−2 and E0 = 60 keV. The large
range and diversity of conductance values between these studies is mostly explained by the different assump-
tions about the electron fluxes and mean energy of the precipitating electrons. These uncertainties largely
result from of the lack of observational constraints in the auroral regions. Another source of differences is
the fate of the electric charge carried by H3

+ ions after they react with methane near and below the homo-
pause. Most of the earlier studies did not include consideration of the hydrocarbon ions in the multilayered
ionosphere.

The value of spectral remote sensing from space to derive conductances in the Earth's polar ionosphere has
been demonstrated using Far Ultraviolet (FUV) multispectral images collected by polar orbiting satellites
(Coumans et al., 2004; Germany et al., 1994). Comparisons of measurements of the auroral electron flux
on board Juno with the auroral brightness indicates that using in situ measurements to determine the char-
acteristics of the electron beam reaching the Jovian atmosphere is difficult, especially in the high‐latitude
regions (Gérard et al., 2019). Therefore, we use multispectral images collected with the UltraViolet
Spectral (UVS) instrument on board the Juno spacecraft orbiting Jupiter (Bagenal et al., 2017; Bolton
et al., 2017) to characterize the spatial distribution of electrical conductance in the auroral region.

2. Methodology

Ourmethod is based on the use of Juno‐UVSmultispectral images of auroral and polar emissions. Juno‐UVS
(Gladstone et al., 2017) is an ultraviolet imaging spectrograph operating in the 68 to 210 nm range including
the H2 Werner and Lyman bands emissions. The “dog bone” entrance slit is made of three segments with
fields of view of 0.2° × 2.5°, 0.025° × 2.0°, and 0.2° × 2.5°. Global images of both polar regions are
reconstructed by taking advantage of the spacecraft rotation, as the field of view sweeps across the planet
at each rotation. Using a neutral atmosphere model and an electron transport code, it is possible to retrieve
characteristics of the precipitating electron populations from the observation of the photons they produce.

The precipitated energy flux reaching the atmosphere is obtained from the integration of the unabsorbed H2

auroral brightness observed with UVS between 155 and 162 nm (Bonfond et al., 2017) in every UVS pixel.
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This intensity is scaled up by a factor of 8.1 to get the total H2 Lyman
and Werner bands UV brightness. It is then converted into a precipi-
tating energy flux Fe using the approximation that 10 kR of H2 emis-
sion correspond to an electron precipitation of 1 mW/m2 (Gérard &
Singh, 1982; Grodent et al., 2001; Gustin et al., 2016). The H2 emis-
sions below ~140 nm can be partly absorbed by methane if they take
place near or below the homopause (~1 μbar). In these conditions,
the ratio of two spectral bands R = I(155–162 nm)/I(123–130 nm)
can be used as a proxy of the electron penetration depth into the
atmosphere and therefore of the average energy of precipitating par-
ticles. The relation between the ultraviolet color and the initial elec-
tron energy is taken from Gérard et al. (2002) and Gustin
et al. (2006, 2016) calculated using the neutral model A described
by Grodent et al. (2001) for all locations. In this study, we determine
the 126–130 nm brightness instead of the classical 123–130 nm range
to avoid contamination by the UVS line spread function longward of
Lyman‐α. We accounted for this slight change of the color ratio defi-
nition to convert the color ratio into electron energy flux.

The determination of the local energy flux and mean electron energy
quantities allows creating ionospheric conductance maps. The
two‐parameter description of precipitating electrons (Fe, E0) is fed
into an ionosphere model describing the generation and loss of the
different ion species (see supporting information). The vertical distri-

butions of H3
+, heavy ions, and electrons are then calculated for each UVS pixel. The Pedersen conductivity

is integrated with respect to altitude to determine the two‐dimensional distribution of the Pedersen
conductance.

3. Conductivity and Conductance

We now describe the model used to calculate the contribution of the ions that mostly control the altitude dis-
tribution of the Pedersen conductivity. We then describe the dependence of the altitude‐integrated conduc-
tivity (conductance) versus the electron energy flux and the mean electron energy and the result of some
sensitivity tests.

3.1. Ionospheric Model Description

We have developed a simplified ionospheric model to calculate the steady state auroral ionospheric conduc-
tivity corresponding to each UVS image pixel. The input quantities are the atmospheric densities of H2, H,
and CH4, temperature, the energy flux of the precipitation electrons Fe, their characteristic energy E0, and
the local magnetic field. We adopt the H2, H, and CH4 number density profiles displayed in Figure 1. It
was calculated by Grodent et al.'s (2001) one‐dimensional model. This neutral atmosphere model has been
widely used in Jovian auroral studies as it is rooted in satellite observations.

The volume ionization rate q(z) is calculated for a given set of E0 and Fe values, using the analytic expres-
sions given by Hiraki and Tao (2008). They showed that this formulation provides a very good approximation
to Monte Carlo calculations. We assume a mean energy loss ΔE of 30 eV to create an ion pair in H2. The H2

+

ions quickly transfer their charge via the reaction:

H2
þ þH2 ➔ H3

þ þH

so that the H3
+ production is in good approximation equal to the H2

+ production rate. The H3
+ density at

photochemical equilibrium is given by [H3
+]z = {q(z)/α)}0.5, where α is the H3

+ recombination coefficient.
We adopt the value α = 1.2 × 10−7(300/Te)

0.65 cm3 s−1 from Sundström et al. (1994). We adopt the calcu-
lated H+ vertical distribution based on the study by Millward et al. (2002) and linearly scale it with the
incident electron energy flux. Sensitivity tests have indicated that the total Pedersen conductance shows
negligible dependence on the adopted H+ ion density over a wide range of scaling factors. Close to and

Figure 1. Vertical distribution of the number density of H2 (green), H (black),
and CH4 (magenta) used in the ionospheric model.
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below the homopause, H3
+ is rapidly destroyed by reactions with

methane and initiates a chain of charge transfer reactions giving
rise to a series of hydrocarbon ions. We assume that the electric
charge is ultimately transferred to CH5

+ and C3Hn
+ ions at low alti-

tudes (Perry et al., 1999; Singhal, 1996). To avoid the complexity of
solving the neutral‐ion chemical coupling, we partition between
H3

+, CH5
+, and C3Hn

+ according to the fractional ion composition
in the aurora calculated by Perry et al. (1999). He estimated that
these ions recombine with electrons with total recombination coef-
ficients equal to 2.7 × 10−7(300/Te)

0.52 cm3 s−1 and 7.5 × 10−7(300/
Te)

0.5 cm3 s−1, respectively, for the sum of the individual reaction
channels. The electron density Ne is obtained as the sum of the
H3

+, H+, and the hydrocarbon ion densities.

Solar EUV radiation generates background Pedersen conductance
that varies with local time, especially between day and night. Local
maximum values of the conductance produced by solar EUV radia-

tionwere estimated to reach 0.0035mho in the predawn sector and 0.11mho on the dayside (Tao et al., 2010).
It has not been added to the auroral contribution in the maps presented here.

3.2. Conductivity and Conductance

The contribution of ions i with mass mi to the Pedersen conductivity may be written

σip¼ eni=Bð Þ νin ωið Þ= νi2 þ ωi
2

� �
(1)

where e the electron charge, ni is the density of ions i, νin is the ion‐neutral collision frequency (Banks &
Kockarts, 1973), ωi the ion gyration frequency, e the electron charge, and B the magnetic field. The total
contribution of the ions is the sum of the contributions of individual ions. Similarly, the electron‐neutral
conductivity is given by

σep¼ eNe=Bð Þ νen ωeð Þ= νen2 þ ωe
2

� �
(2)

with me the electron mass, νen the electron‐neutral collision frequency, and ωe the electron gyration
frequency.

The total local conductivity is then given by

σtotP¼σep þ Σi σip; (3)

as the sum of the electron and individual ion contributions. The Pedersen conductance Σp is the vertically
integrated conductivity, expressed in mho.

In a first step, we calculate the vertical distribution of the conductivity for a set of (Fe, E0) values. Figure 2
shows an example of the total conductivity and contributions given by (1)–(3) for the case
Fe = 100 mW m−2 and E0 = 100 keV. In this case, the main contributions are provided by the ions with
the exception of the limited region below 300 km where the electron conductivity becomes dominant. The
main contributions are provided by collisions of H3

+ and hydrocarbon ions CH5
+ and C3Hn

+ ions with
the ambient neutral H2 molecules. As expected, the contribution of H+ is small in the conductivity region,
essentially because of the rarity of H+ ions relative to the molecular ions. Our tests have confirmed that
molecular ion conductivity dominates over electron and H+ conductivity in the Pedersen conductance for
a wide range of energies and electron flux. Since the Pedersen conductance is dominated by the
ion‐neutral collision term, it can be well approximated by expression (2). It reaches a peak at the altitude
where the ion gyrofrequency equals the ion‐neutral collision frequency.

More directly relevant to this study, we now describe the variation of conductance (the integrated conduc-
tivity) with the initial energy E0 and the incident electron energy flux Fe at the top of the Jovian atmosphere.
For this purpose, the electron transport code coupled to the ionospheric model has been run successive for

Figure 2. Altitude variation above the 1‐bar level of the contributions to the
Pedersen conductivity in the auroral ionosphere for a precipitation of
100 mW/m2 carried by 100 keV electrons. The green curve represents the
contribution by H3

+ ions, purple by CH5
+, light blue by C3Hn

+, the dark blue
by H+, and red by electrons. The total conductivity is shown by the black dashed
line and the conductance is 2.2 mhos.
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Fe = 0.1, 1, 10, and 100 mW/m2 and E0 values ranging from 1 to
500 keV by steps of 1 keV. The results are presented in Figure 3 as
solid black lines, for a magnetic field of 10 nT, a typical intensity
intermediate between highest and lowest values measured in the
northern auroral region (Connerney et al., 2018). All curves show
a similar shape with a maximum value reached 30 keV. The max-
imum conductance increases nonlinearly with the energy flux.
Indeed, if the mean electron energy is high enough to mostly cre-
ate H3

+ ions along their path, both the electron density and the
conductivity near the conductivity peak are proportional to the
square root of the ionization rate. A similar dependence was pre-
dicted by Millward et al. (2002) and Ray et al. (2010) who pre-
sented conductance curves exhibiting maximum conductance
values for E0 = 60 keV and 80 keV, respectively, for an incident
electron energy flux number of 10 mW m−2. In these conditions,
Millward et al. (2002) calculated a peak value of 1.7 mho while
Ray et al. (2012) obtained 0.8 mho, compared with 1.5 mho at

32 keV in Figure 3. The decrease of the conductivity beyond 32 keV is related to the increasing depth
of the ionization peak that creates H3

+ ions inside the methane layer where they charge transfer to
hydrocarbon ions. CH5

+ and C3Hn
+ recombine 2.4 and 6.5 times faster with thermal electrons, respec-

tively, than H3
+. Consequently, the ion density and Pedersen conductivity decreases when the altitude

of the peak of ionization decreases.

We have made several simulations to test the sensitivity of the conductance to various parameters. For
example, modifications of the magnetic field intensity have shown that Σp decreases nonlinearly with
increasing B intensity. This is the result of the inverse proportionality on B in the first terms of (2)
and (3) combined with the B dependence of the gyrofrequency terms. In another test, the term given
by (3) in (4) was set to zero, leading to the conclusion that the electron contribution to the conductance
was less than 1%.

Similarly, the importance of H+ was also found to be negligible in the ion Pedersen conductance relative to
that of the H3

+ and heavier hydrocarbon ions. This is explained by the fact that at low altitudes, H3
+ and

hydrocarbon ions largely dominate by the ion composition and the contribution to the ion conductivity.
At high altitude where protons become dominant, the ν/ω ratio steadily decreases and the second term in
expression (2) makes negligible contribution to the conductance. A test was conducted to assess the impor-
tance of the charge transfer from H3

+ to heavier ions. The earlier approach (Millward et al., 2002) assumed
that following the reaction of H3

+ ions with methane, the corresponding charge is lost, leading to no contri-
bution to the Pedersen conductance. In our model, the H3

+ charge is ultimately transferred to CH5
+ and

C3Hn+ ions. Although these ions have a recombination coefficient and collision frequency different from
H3

+, they still significantly contribute to the conductivity at low altitude when the electron beam penetrates
into the methane layer. The importance of this contribution is illustrated by the red curve in Figure 3 show-
ing a simulation where the H3

+ charge is lost whenever this ion reacts with CH4. In this case, the maximum

Figure 3. Calculated dependence versus the initial electron energy of the
Pedersen conductance for incident electron energy flux (black curves) of 0.1, 1,
10 and 100 mW m−2 and a magnetic field intensity of 10 nT. The red curve
corresponds to a flux of 100 mWm−2 in the case when the charge carried by H3

+

ions disappears in the reaction with methane near and below the homopause
(see text).

Table 1
Characteristic of Reconstructed FUV Spectral Images in Figures 4 and 5

PJ‐(S/N) Date Start time Stop time SIII longitude of the Sun Juno altitude (RJ)

PJ1‐N 27 Aug. 2016 10:07:42 10:58:21 85°–116° 3.48–2.41
PJ3‐N 11 Dec. 2016 15:32:22 16:22:43 30°–61° 1.94–0.76
PJ6‐S 19 May 2017 06:28:50 07:18:48 225°–255° 0.44–1.64
PJ8‐N 01 Sep. 2017 20:06:02 20:56:18 317°–348° 2.20–1.03
PJ10‐S 16 Dec. 2017 18:34:49 19:25:55 11°–42° 0.67–1.90
PJ12‐N 01 Apr 2018 07:56:41 08:47:50 94°–125° 2.34–1.16
PJ12‐S 01 Apr 2018 10:50:26 11:41:33 199°–230° 1.32–2.50
PJ15‐S 07 Sep 2018 01:42:24 02:31:55 31°–61° 0.49–1.69
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value of Σp drops from 5.1 mhos at 33 keV to 2.7 mhos and by a larger factor at higher energies. We also note
that the asymmetry of the red curve is more pronounced than the black curve since; in this case, the H3

+ ions
are lost at low altitudes.

4. Application to the UVS Images of the Jovian Aurora

Maps of the auroral conductance have been constructed on the basis of spectral imaging observations of
Jupiter's aurora with UVS. We have selected four Juno orbital segments and the North and four in the
South to construct maps of the Pedersen conductance corresponding to these time periods. A time interval
on the order of 50 min, best compromise between the spatial coverage and resolution has been determined

Figure 4. Polar projection of the conductance (left) and H3
+ column (right) calculated for Junon perijoves 1, 3, 8, and

12 in the north. The 0° System III meridian is oriented upward and longitudes increase clockwise. The short black lines
on the conductance maps indicate the mean direction of the Sun during the observations. Projections of the H2
brightness and color ratio are shown in Figures S1 to S4 in the supporting information.
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for each orbit. The dates and times of each of them are listed in Table 1. They have been selected to illustrate
a variety of conditions: the two hemispheres, different levels of auroral brightness and color ratio, filling of
the polar region and orientation relative to the Sun direction. H3

+ column density maps are also generated
for comparison with values deduced from infrared observations. Figures 4 and 5 show the conductance and
H3

+ column density maps in the north and south, respectively. The conductance maps show a large spatial
variability with values ranging from less than 0.1 to more than 5 mhos. All values remain less than 10 mhos.
The highest Σp values are associated with bright auroral regions such as sections of the main emission,
high‐latitude diffuse aurora, and the Io auroral spot. Their spatial structure closely resembles that of the

Figure 5. Polar projection of the conductance (left) and H3
+ column (right) calculated for Juno perijoves 6, 10, 12, and

15 in the south. The 0° System III meridian is oriented upward and longitudes increase clockwise as if the aurora was
seen through the planet. The short black lines on the conductance maps indicate the mean direction of the Sun during
the observations. Projections of the H2 brightness and color ratio are shown in panels (a) of Figures S1 to S4 in the
supporting information. Projections of the H2 brightness and color ratio are shown in Figures S5 to S8 in the supporting
information.
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H3
+ column density, as expected from the dominance of the H3

+ contribution in the Pedersen conductivity
formula. They reach similar values in bright regions of the two hemispheres. Relatively large conductances
are associated with the Io spots, as evidences for PJ12‐north, where the Σp in the Io auroral footprint exceeds
the conductivity of any other component of the aurora. These large values are a consequence of the large
brightness (and energy flux) associated with the spots and their moderate color ratio.

Figures 4 and 5 also illustrate the calculated spatial distribution of the column of H3
+ ions, taking into

account the loss of these ions following reaction withmethane. As for the conductance, the H3
+ column den-

sity is quite variable both spatially and between different orbits, ranging from a few 1011 cm−2 to about
5 × 1012 cm−2. Similarly to the conductance, PJ1‐north shows more extended areas of large column densities
than the other cases illustrated here. In the south, the conductance and H3

+ column reach similar levels to
those in the north. An example of measurements made about 3 hr apart in the two hemispheres is illustrated
with orbit PJ12.

Brightness, color ratio, H3
+ column density and conductance maps for the eight perijoves are provided in the

supplementary information files S1 to S8.

5. Discussion

As clearly visible in Figures 4 and 5, the H3
+ column density varies spatially in the aurora by more than an

order of magnitude and shows a morphology similar to the calculated Pedersen conductance. The largest
values are generally associated with the bright auroral regions. This is an important factor when comparing
with values used in earlier models of the Jovian M‐I coupling. It is important to stress that the conductance
derived in this study is not the effective one accounting for the slippage of the neutral atmosphere from rigid
corotation as introduced by Nichols and Cowley (2004), but the original one defined by expressions (1) to (3).

The H3
+ columns shown in Figures 4 and 5 may be compared with those derived from ground‐based infra-

red spectra of the auroral regions. They were found to range from less than 1 × 1011 to more than 1.5 × 1012

cm−2 in regions of bright emission by Lam et al. (1997), although ambiguity remained between the tempera-
ture and H3

+ column determinations. Stallard et al. (2002) also found columns in excess of 1 × 1012 cm−2

associated with intensity peaks in spatially resolved cuts across the aurora. Raynaud et al. (2004) mapped col-
umn densities generally less than 1 × 1012 cm−2. Moore et al.'s (2017) ground‐based auroral maps show H3

+

columns as large as 1 × 1013 cm−2 on and poleward of the statistical location of the main emission.
Interestingly, Dinelli et al. (2017) analyzed observations made in the north with the Jovian InfraRed
Auroral Mapper (JIRAM) on board Juno during the first Juno orbit. They found H3

+ columns in excess of
2.8 × 1012 cm−2 associated with the bright main emission observed during PJ1‐north. This value may be
compared with the column map shown in Figure 4 for the same orbit. Our H3

+ maps show columns up to
5 × 1012 cm−2 in regions of strong electron precipitation. The agreement with those derived from spectro-
scopic investigations may be considered as satisfactory given the limited spatial resolution of the JIRAM
H3

+ map compared with the UVS data and the time delay separating the FUV and the JIRAM images.
The differences between earlier conductance models are mostly explained by the different assumptions lead-
ing to a variety of different electron energy fluxes and mean electron energy.

A series of tests were also made to assess the sensitivity to various assumptions and limitations.

• First, we vary the intensity of the magnetic field. We find that the Pedersen conductance decreases non-
linearly with increasing B‐field magnitude. This and other simulations confirm the importance of using
an appropriate B‐field model such as JRM09 to estimate the local conductivity (Connerney et al., 2018).

• As shown by Figure 1 and simulations for several different auroral conditions, the Pedersen conductance
is essentially controlled by the H3

+ density distribution, with negligible contribution from electrons and
H+.

• Another source of discrepancy with earlier models stems from the fate of the electric charge carried by
H3

+ ions after they react with methane near and below the homopause. Earlier studies did not include
consideration of the carbonated ions as charge carriers. To test the importance of these ions, we assume
that the electric charges carried by H3

+ ions are lost following reaction with methane. The result is illu-
strated by the red curve in Figure 2. In this case, the conductance drops by about 40% at 30 keV and by
an even larger factor at higher electron energies. We also note that the value of the methane density is
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less important if the electric charge of H3
+ ions is transferred to heavier ions at low altitude than if it is lost

following their reaction with CH4.
• A key quantity in converting UV spectral maps to conductance is the relationship between the FUV color

ratio and the mean electron energy. It depends on the vertical methane density distribution that has never
been directly measured at high latitudes. The relation adopted here (from Grodent et al.'s (2001) model
atmosphere) has been abundantly used in the literature. However, the methane density may be locally
enhanced by the precipitation and spatially redistributed in the auroral region in a complex way involving
a number of poorly constrained quantities.

• The electron energy spectra and pitch angle distributions measured by the Jupiter Energetic Particle
Detector Instrument (JEDI) on board Juno in the auroral region show a variety of shapes and intensity.
Only rarely is the spectrum at Juno's altitude a peaked distribution at high energy. Instead, the electron
flux distribution is usually a broadband spectrum showing a plateau below some variable characteristic
energy, followed by a quasi‐power law distribution (Clark et al., 2018). In this study, we only consider
the case of monoenergetic precipitation whose energy is related in a complex way to the actual energy dis-
tribution reaching the atmosphere.

6. Summary and Conclusions

The enhanced Pedersen conductance Σp in the Jovian aurora exerts direct control on the currents flowing
between the magnetosphere and the ionosphere by increasing the efficiency of the transfer of the planet's
angular momentum to the plasma of the magnetosphere. In this study, we used the characteristics of the
electron precipitation derived from the UVS spectral images. The electron energy flux and their characteris-
tic energy are used to calculate the vertical distribution of the Pedersen conductivity for each pixel of UVS
images. For this purpose, we calculate the vertical distribution of H3

+ and hydrocarbon ions and evaluate
the altitude dependent Pedersen conductivity. We find that

• the only important contribution to this conductance is the term describing the collisions of H3
+ and

hydrocarbon ions with the neutrals;
• for a given electron energy flux, the conductance is maximum for electrons with initial energy ~30 keV;
• hydrocarbon ions contribute as much as 50% to Σp when the auroral electrons penetrate below the

homopause;
• the auroral conductance is spatially very variable with largest values reached in the regions of the main

emission, bright polar patches, and Io's magnetic footprint;
• it is also variable in time and quite inhomogeneous in space, even inside the main region of precipitation;
• the auroral conductance does not locally exceed ~5 mhos, although we expect it can be even larger during

periods of dawn storms;
• it may be as small as 0.1 mho or less, similar to the background value at middle and low sunlit latitudes;

and
• values are on the same order of magnitude between the north and south auroral regions.

Further analysis based on a larger sample of UVS images will analyze whether an asymmetry of the Pedersen
conductance is observed between the two hemispheres. This possibility was raised by Kotsiaros et al. (2019)
who found that the Pedersen current density in the south is generally larger than in the north aurora.
Similarly, the effect of a distributed electron energy spectrum rather than a monoenergetic precipitation will
be discussed in a future study.

Data Availability Statement

The Juno UVS data used for this study are archived and available in NASA's Planetary Data System (https://
pds-atmospheres.nmsu.edu/data_and_services/atmospheres_data/JUNO/uvs.html).
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