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Abstract. The aurorae at Jupiter are made up of many dif-

ferent features associated with a variety of generation mech-

anisms. The main auroral emission, also known as the main

oval, is the most prominent of them as it accounts for ap-

proximately half of the total power emitted by the aurorae

in the ultraviolet range. The energy of the precipitating elec-

trons is a crucial parameter to characterize the processes at

play which give rise to these auroral emissions, and the alti-

tude of the emissions directly depends on this energy. Here

we make use of far-UV (FUV) images acquired with the Ad-

vanced Camera for Surveys on board the Hubble Space Tele-

scope and spectra acquired with the Space Telescope Imag-

ing Spectrograph to measure the vertical profile of the main

emissions. The altitude of the brightness peak as seen above

the limb is ∼ 400 km, which is significantly higher than the

250 km measured in the post-dusk sector by Galileo in the

visible domain. However, a detailed analysis of the effect

of hydrocarbon absorption, including both simulations and

FUV spectral observations, indicates that FUV apparent ver-

tical profiles should be considered with caution, as these ob-

servations are not incompatible with an emission peak lo-

cated at 250 km. The analysis also calls for spectral observa-

tions to be carried out with an optimized geometry in order

to remove observational ambiguities.

Keywords. Atmospheric composition and structure (air-

glow and aurora) – magnetospheric physics (auroral phenom-

ena; current systems)

1 Introduction

The far-UV (FUV) aurorae at Jupiter can be divided into

three major regions: (1) the outer emissions, including the

satellite footprints, relatively compact blobs associated with

injection signatures as well as more diffuse emissions asso-

ciated with the pitch angle diffusion boundary; (2) the main

emission, an essentially closed auroral curtain associated

with corotation enforcement electric currents; and (3) the po-

lar emissions, which can themselves be divided into (a) an

active region, the locus of very intense flares, (b) a chaotic

and dynamic swirl region, and (c) a dark region, which

may sometimes be flanked by polar dawn spots (see reviews

by Grodent, 2015; Delamere et al., 2014, and references

therein). Previous observations of the FUV main emission

mainly focussed on its location (Grodent et al., 2003, 2008;

Bonfond et al., 2012; Vogt et al., 2011), on its brightness’

spatial (Radioti et al., 2008; Palmaerts et al., 2015; Bonfond

et al., 2015) or temporal (Grodent et al., 2003; Nichols et al.,

2007, 2009) variations, as well as on the spatial and temporal

variability in absorption spectra (Gustin et al., 2004, 2006;

Gérard et al., 2014). The present study focusses on the verti-

cal brightness profile as seen above the limb of the planet by

the Hubble Space Telescope’s far-UV instruments.

According to Knight’s theory of field-aligned currents

(Knight, 1973; Lundin and Sandahl, 1978), the precipitat-

ing energy flux and the electron energy should be correlated.

Moreover, the vertical extent of auroral emissions directly

Published by Copernicus Publications on behalf of the European Geosciences Union.



1212 B. Bonfond et al.: Jovian main auroral emissions – Part 2

depends on the energy of the precipitating charged particles:

the more energetic, the deeper they release their energy to the

background atmospheric particles and the deeper the subse-

quent light emissions. There are two ways to estimate the al-

titude of the auroral emissions at Jupiter. The most common

but somewhat indirect one is based on the so-called color ra-

tio. As the methane density decreases sharply above the ho-

mopause (around 350 km above the 1 bar level, considered as

the reference level hereafter), the ratio of unabsorbed emis-

sions over absorbed emission is indicative of the atmospheric

depth at which the emission took place (Yung et al., 1982).

This FUV color ratio is usually defined as the ratio of H2

emissions from 155 to 162 nm over H2 emissions from 123

to 130 nm, both expressed in kR. Assumptions on the energy

distribution of the precipitating electrons and on the vertical

distribution of methane in the atmosphere allow the conver-

sion from the color ratio to the energy of the precipitating

electrons. Based on color ratio measurements in the main

emission, Gustin et al. (2004) showed that the precipitating

energy flux, which ranges between ∼ 2 and ∼ 30 mW m−2,

is indeed positively correlated with the electron mean energy,

which ranges from ∼ 30 to ∼ 200 keV on the dayside.

The second method consists of directly measuring the ver-

tical profile of the emission above the limb. However, such

a measurement requires a good understanding of the loca-

tion of the limb and an observing geometry such that auroral

emission lies in the limb plane rather than in front of it or be-

hind it. So far, the most accurate measurements of the altitude

of the main emission have been derived from five images of

the post-dusk sector in the visible wavelength by Galileo’s

Solid State Imaging (SSI) system (Vasavada et al., 1999).

The altitude of the brightness peak of these emissions was

measured to be 250 km above the limb of the planet. Similar

to FUV auroral emissions, such visible emissions arise from

the deexcitation of H2 molecules and H atoms (James et al.,

1998). More specifically, these emissions mainly consist of

continuum emission from triplet states of H2 and Balmer se-

ries lines of H following the dissociative excitation of H2.

Hence the visible vertical emission profile is expected to be

very similar to the one observed in the FUV. Similar mea-

surements, but with a much lower spatial resolution, have

been performed in the infrared K band from the Subaru tele-

scope (Uno et al., 2014). The peak altitude determined for

the H2 quadrupole emissions, which result from processes

similar to those leading to the visible and UV emissions, is

much higher: 590–720 km. Hubble Space Telescope (HST)

FUV images regularly display portions of the main emis-

sion above the planetary limb, making it possible to directly

measure its vertical emission profile on the nightside. Cohen

and Clarke (2011) found some significant hemispheric dif-

ferences in the scale height of the FUV emissions at a high

altitude above the limb, which they attributed to temperature

differences between the two polar regions. But they did not

examine the peak altitude of the emissions, which reflects the

energy of the precipitating electrons. The statistical analysis

carried out in Sect. 2.1 shows that the apparent peak altitude

on the nightside is significantly higher than the one from the

Galileo observations. However, we show in Sect. 2.2 that a

good understanding of the impact of hydrocarbon (and more

specifically methane) absorption is necessary before we can

draw firm conclusions from this apparent FUV peak altitude.

2 Observations of the nightside main emission above

the limb

2.1 Imaging observations of the vertical profile

The extraction of the vertical brightness profiles above the

limb requires not only a high spatial resolution but also the

precise determination of the 0 km reference level, assigned

to the 1 bar level. For this reason, we use the large data

set of 1663 images acquired with the Solar Blind Channel

(SBC) of the Hubble Space Telescope’s Advanced Camera

for Surveys (ACS). This channel is dedicated to the far UV

in the range from 115 to 170 nm and has a plate scale of

0.032 arcsec pixel−1. Two filters have been used to observe

Jupiter’s aurorae: the F115LP filter, which includes the H

Lyman-α line, and the F125LP, which does not. ACS-SBC

is known to be affected by some “red leak”, which allows a

significant amount of near-UV and visible light into the in-

strument (Boffi et al., 2008). In our images, these photons

hitting the detector result from the Rayleigh scattering of

the solar light by Jupiter’s neutral atmosphere. As a conse-

quence, the planetary limb is particularly crisp in the images,

as it corresponds to the visible limb at the 1 bar level. Hence,

this originally unwanted solar reflection actually constitutes

a valuable reference to estimate the altitude of auroral emis-

sions above the limb (see discussion in Bonfond et al., 2009).

In order to measure the altitude of the main emission in

ACS images, we follow the procedure described by Bonfond

et al. (2009). We extract successive cuts across the auroral

emissions in such a way that each profile intercepts the plan-

etary center. The scan angle is defined so that 0◦ corresponds

to the dawn equator and 90◦ corresponds to the North Pole.

The range of the scan is defined manually in order to only

cover the main emission and avoid footprint emissions. For

each cut, a vertical profile is extracted and fitted by the sum

of two decreasing exponential functions and a Chapman pro-

file of the form

f (Z)= C exp

(
1−

Z−Z0

H
− exp

(
−
Z−Z0

H

))
, (1)

where C is a constant, Z is the altitude, Z0 is the altitude

of the peak, and H is the scale height. The two exponential

functions account for the combination of (a) the blurring of

the planetary disk by the instrumental point spread function,

(b) the molecular and atomic hydrogen airglow, and (c) the

extended thermospheric emissions discussed by Cohen and

Clarke (2011). Such a combination of exponential functions
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has proved to fit the observed residual vertical profile right

outside the auroral region adequately. We then subtract the

sum of the two exponentials from the observed vertical pro-

file and determine the altitude of the emission peak. In order

to avoid signal-to-noise ratio problems, the profiles with a

brightness at the peak altitude below one third of the bright-

ness at the 0 km altitude on the original profile are discarded.

Profiles containing pixels in the bad row of the detector (i.e.,

a row of non-functioning pixels) are also discarded. Figure 1

(top panel) shows an ACS image of the northern aurorae on

which the main emission is clearly seen above the limb. The

middle panel shows the evolution of the peak altitude as a

function of the scan angle. In this plot, the altitude of the dis-

carded profiles is set to 0 km. The bottom panel shows the

initial observed vertical profile (in black), the sum of the best

fit exponential functions in blue and the final vertical profile

in red.

If the real peak altitude of the auroral curtain is uniform

and if hydrocarbon absorption is negligible, then geometry

implies that the apparent peak altitude as seen from HST

reaches a maximum in the limb plane. The corresponding

observed vertical profile is thus the real vertical profile and

the corresponding peak altitude is the real one as well. For

each sequence of ACS observations (also known as HST or-

bits), two images are selected: one with the F115LP filter

and one with the F125LP filter. For sequences during which

only one filter was used, only one image is selected. Figure 2

shows the peak altitude as a function of the central meridian

longitude (CML) for all the images. With a typical peak alti-

tude of 400± 20 km in the nightside (for a 95 % confidence

level), our results are significantly different from the 250 km

obtained by Galileo-SSI in the post-dusk side. Table 1 shows

the means and the standard deviations of this measured max-

imum peak altitude according to hemisphere and filter. No

clear discrepancy is found whatever the filter or the hemi-

sphere under consideration.

We followed the same procedure as Bonfond et al. (2009)

to model the observed vertical profile using the Monte Carlo

numerical model of electron transport from Shematovich

et al. (2008) and the pressure–temperature relationship de-

rived from the auroral atmosphere profile from Grodent et al.

(2001). Figure 3 and Table 2 show that either a monoener-

getic or a Maxwellian distribution with a mean energy of

∼ 30 keV already provides convincing fits of the observed

profile when they are convolved with the instrumental point

spread function. A Kappa energy distribution could also be

used to fit the profile, but this added level of complexity only

marginally improves the quality of the fit. The mean energy

we obtain (around 20–35 keV) is at the lowest end of the

range of previous estimates of the electron energy for the

main emission based on the color ratio method (i.e., between

30 and 200 keV) (Gustin et al., 2004; Gérard et al., 2014).

It is nevertheless noteworthy that the vertical distribution of

hydrocarbons on the polar atmosphere of Jupiter is poorly

constrained by direct observations and that different sets of

200 400 600 800 10000

5000 km
kR

Figure 1. Top panel: example of an ACS image, acquired with the

F125LP filter on 6 June 2007. The main emission is clearly seen

above the limb. The two long lines indicate the limits of the scan

and the small one indicates the location of the selected profile. Mid-

dle panel: profile of the peak altitude as a function of the rotation

scan angle (stars); 0◦ corresponds to the dawn equator and 90◦ cor-

responds to the North Pole. Bottom panel: example of an extracted

vertical profile (solid black line), along with the associated uncer-

tainty (dashed lines). The blue line represent the best fit background

profile and the red line represents the resulting vertical auroral pro-

file.

hypotheses lead to somewhat different values (Gérard et al.,

2014). Should the actual methane homopause be located at

a higher altitude than assumed by the models used to derive

energies from the color ratios, then the results provided by

this method would overestimate the actual electron energies.

www.ann-geophys.net/33/1211/2015/ Ann. Geophys., 33, 1211–1219, 2015
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Figure 2. Plots of the altitude of the brightness peak of the main

emission above the limb for the northern (top) and southern (bot-

tom) hemispheres. Observations acquired with the F125LP filter are

noted with blue stars and observations acquired with the F115LP

filter are noted with red diamonds. The error bars represent the un-

certainty regarding the altitude due to the uncertainty regarding the

planetary center location.

Table 1. This table lists the mean and standard deviation of the mea-

sured altitude of the brightness peak in the main auroral emissions

as observed above the limb for both hemispheres and filters. The

uncertainty regarding the mean altitude represents the 95 % confi-

dence interval and is computed as twice the standard error of the

mean σm =
σ√
N

, with N being the number of observations.

North South

Mean of the peak altitude

F115LP 385± 35 km 421± 41 km

F125LP 354± 44 km 464± 44 km

Standard deviation (σ )

F115LP 95 km 94 km

F125LP 137 km 111 km

Figure 3. Best fits of a typical observed vertical profile after plane-

tary disk subtraction (solid line), using a monoenergetic distribution

(long yellow dashes), a Maxwellian distribution (red dash-dotted

line), and a kappa distribution (blue short dashed line). The best

fit parameters are listed in Table 2. The measurement uncertainty is

noted with the dotted black lines. The green curves shows the scaled

Io footprint tail vertical profile from Bonfond et al. (2009) and their

related uncertainties for comparison.

Table 2. Parameters of the best fit curves compared to the summed

profile. The mean energy is computed as the ratio of the energy

flux
∫
∞

0 EI (E)dE over the particle flux
∫
∞

0 I (E)dE. Note that the

kappa distribution is truncated at 328 keV.

Distribution Characteristic Spectral index Mean

energy (E0) (κ) energy

Monoenergetic 36 keV – 36 keV

Maxwellian 15 keV – 31 keV

Kappa 2 keV 2.45 19 keV

Contrary to the color ratio method, the limb measurement

method is basically the same for both the Galileo-SSI images

and the present HST-ACS images, as it consists of measuring

the maximum vertical shift between the limb and the bright-

ness peak. Hence, there are two possibilities. The first one

is that the discrepancy in the altitude of the main emission

between the FUV and the visible peak altitudes is real. As-

suming that the five Galileo-SSI measurements are typical,

this would indicate that the energy of the precipitating elec-

trons is larger on the dusk side than on the nightside. The

second possibility is that the apparent FUV vertical profiles

observed by HST are affected by the hydrocarbon absorption

at low altitude. This absorption at the bottom of the profile

would artificially raise the observed peak altitude above the

methane homopause.

A simulation of this effect, using the auroral atmosphere

profile from Grodent et al. (2001), is shown in Fig. 4a. This

simulation assumes that the main emission seen above the

Ann. Geophys., 33, 1211–1219, 2015 www.ann-geophys.net/33/1211/2015/
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limb is a thin curtain in the limb plane and uses a typical au-

roral spectrum made of H2 Werner and Lyman bands. It then

accounts for the wavelength-dependent absorption along the

line of sight as a function of the altitude above the limb to

compute the apparent vertical profile based on a prescribed

emission profile. The two main FUV absorbing molecules

in the Jovian atmosphere are CH4, with a cross section that

abruptly rises below 140 nm, and C2H2, which displays a

much more complex cross section across the whole FUV do-

main. The left panel of Fig. 4a shows two realistic prescribed

emissions profiles peaking at 250 and 400 km. Apparent pro-

files, i.e., the profiles seen by an Earth-based observer after

absorption along the line of sight, are shown in the middle

and the right panels. The absorption is wavelength depen-

dent and, for the sake of the example, these profiles account

for the throughput of the F125LP filter of the ACS camera.

The right panel curves also account for the instrumental point

spread function (PSF). It can be seen that, because of the

strong absorption by CH4 and C2H2 molecules at low alti-

tude, the two apparent profiles end up to be very similar, es-

pecially after convolution by the PSF. As a conclusion, our

model shows that the apparent vertical profile deduced from

the FUV images alone cannot allow us to derive the vertical

emission profile for the nightside main emission because the

apparent peak altitude is too close to the methane homopause

(acknowledging that the ACS-SBC plate scale typically cor-

responds to ∼ 130 km at the distance of Jupiter). Indeed, if

the emission peak was located much higher, then only the

bottom part of the apparent vertical profile would be atten-

uated, but the location of the brightness peak altitude would

remain unchanged.

2.2 Far-UV spectra above the limb

One possible way to resolve the ambiguity raised in the pre-

vious section would be to search for absorption signatures in

spatially resolved FUV spectra, such as those obtained with

the G140L grating of the Space Telescope Imaging Spectro-

graph (STIS). This observing mode offers spatially resolved

spectroscopy in the range from 115 to 170 nm. The slit length

covers 25 arcsec and the width used to observe Jupiter in

the FUV is either 0.2 or 0.5 arcsec. Although it is expected

that observations of a light source at slant angles accumulate

more absorbing molecules along the line of sight, the spec-

tral observations of the auroral emissions at the limb usu-

ally bear less absorption signatures than those located closer

to the center of the planetary disk (e.g., Gustin et al., 2004;

Gérard et al., 2014). These weak absorption signatures ob-

served above the limb suggests that the nightside main emis-

sion actually takes place at relatively high altitude. However,

the representativeness of the few spectra found in the liter-

ature is not clear. Hence, in the present study, we revisit the

whole observation set gathered from 1997 to 2014 with STIS.

Our study requires the selection of spectra capturing the

main emission above the limb. This criterion rules out spec-

a)
Emitted Absorbed Convolved

c)

0°
14.0°
26.6°
36.9°

45°

b)

155-162 nm
123-130 nm

0° 26.6° 45°

Figure 4. Panel (a) shows the UV H2 emission vertical profile, the

apparent profile as seen by ACS/SBC with the F125LP filter above

the limb, and the convolved apparent profiles for two test profiles.

The first one peaks at 400 km (solid line) and the second one peaks

at 250 km (dashed line). Panel (b) shows the apparent color ratios

for various angles between the 0.5 arcsec slit and the normal to the

limb for two simulated vertical profiles peaking at 400 km (solid

lines) and 250 km (dashed lines). Panel (c) shows the apparent pro-

files in the 155–162 nm range (red) and 123–130 nm range (black)

for an emissions profile peaking 250 km above the limb.

tra intersecting the main emission at an ansa or not intersect-

ing the main emission at all. The location of the slit of the

spectrograph relative to the aurora cannot be deduced from

the spectral data alone because of the pointing uncertainties.

Accordingly, we only use spectra for which a context auroral

image was acquired a few minutes before or after the spec-

www.ann-geophys.net/33/1211/2015/ Ann. Geophys., 33, 1211–1219, 2015
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Image File: o6ba02moq
   12/14/2000 12:13:03
Angle: 31°
Correlation: 0.96

Spectrum
Image

Figure 5. Example of a reconstructed STIS image corresponding to

a spectral observation. The white rectangle represents the location

of the slit. The spectral profile (thick line) versus the pixel number is

shown on the side plot and the best fit profile from the reconstructed

image is shown by the thin line. This image clearly shows that the

slit is not normal to the limb and that any point on a profile along

the slit mixes emissions from different altitudes.

tral exposure. In order to account for the time delay between

the imaging and the spectral information, cylindrical projec-

tions of these context images are back-projected accounting

for the planetary rotation (see Fig. 5). Brightness profiles ex-

tracted from the reconstructed images are then compared to

the brightness profile along the slit in order to retrieve the lo-

cation of the slit relative to the aurora. The localization of the

slit position also allows the computation of the angle between

the slit and the normal to the local limb. It should, however,

be noted that the correspondence between the profiles is not

always very good because of the temporal variability in the

polar emissions. As a consequence, we estimate the uncer-

tainty regarding the determination of the angle to lie around

a few degrees.

Unfortunately, no HST spectral observation has been car-

ried out with the slit exactly perpendicular to the limb (see

Table 3). When we include the C2H2 absorption in our

model, we note that even emissions at wavelength longer

than 140 nm are significantly absorbed. Because of the slit

tilt angle and the finite slit width, the brightness at a spe-

cific point along the slit is the result of the accumulation

of light from different altitudes along the line of sight (see

Fig. 5). Emissions from low altitude, which have a high

color ratio but are dim because they are strongly absorbed

by C2H2, are thus mixed with less absorbed emissions orig-

Table 3. List of the STIS G140L spectral observation used to deter-

mine the shift between the H2 brightness peak locations in the 123–

130 nm range and the 155–162 nm range. The angles between the

slit and the normal to the local limb are noted in the third column.

The fourth column indicates the shift between the unabsorbed and

the absorbed brightness peaks as measured in pixels in the spectra.

Finally, the fifth column displays a conversion of these shifts into

kilometers, accounting for the cosine of the angle. Dates are given

in the format of mm/dd/yyyy.

Date File Angle Shift Vertical

rootname in pixels shift

07/26/1998 16:01:22 o43b2txmq 17◦ 2 147 km

11/26/1998 02:17:03 o43b14siq 24◦ 1 75 km

08/15/1999 17:44:11 o5g2e3d1q 34◦ 2 135 km

02/22/2000 16:32:48 o5hyb6g1q 20◦ 2 181 km

11/14/2000 06:06:50 o5hyb5ekq 7◦ 0 0 km

11/14/2000 06:14:08 o5hyb5emq 8◦ 0 0 km

12/14/2000 12:21:05 o6ba02moq 31◦ 3 187 km

12/16/2000 12:34:55 o6ba03v0q 37◦ 1 58 km

01/01/2014 03:23:25 oc1z01lsq 12◦ 1 73 km

01/03/2014 04:47:58 oc1z03y8q 7◦ 1 74 km

01/04/2014 01:31:02 oc1z04b9q 9◦ 1 74 km

01/05/2014 06:12:32 oc1z05heq 7◦ 2 148 km

01/06/2014 02:55:50 oc1z06b2q 20◦ 2 141 km

01/13/2014 22:59:53 oc1z08ehq 20◦ 0 0 km

01/16/2014 00:24:05 oc1z12moq 19◦ 1 71 km

inating from a higher altitude. The contamination by higher-

altitude emissions can be such that the total absorption sig-

nature is strongly dampened. Figure 4b shows the compar-

ison between the color ratio profile for a profile peaking at

400 and 250 km for five slit tilt angles ranging from 0 to

45◦. At 0◦ the color ratio profile is the same for the two

emission profiles, and it rises steeply around 350 km. As the

angle increases, the color ratio profiles become increasingly

different and they increase much less sharply with decreas-

ing altitudes. This geometrical effect could explain the rel-

atively low values observed at the limb for previously pub-

lished color ratios. Moreover, in practice, uncertainties re-

garding the slit angle, the impact of the point spread function,

and contamination by nonauroral emissions (such as airglow

emissions or solar light reflection) at the bottom of the pro-

files (i.e., below 200 km) result in ambiguities concerning the

actual amount of absorption.

Fortunately, another parameter may provide more robust

evidence of methane absorption in the spectral observations:

the shift between the apparent brightness in the 123–130 nm

range (absorbed by CH4) and the 155–162 nm range (not ab-

sorbed by CH4). Figure 4c shows the simulated observable

brightness profile for these two wavelengths, assuming the

same emitted profile peaking at 250 km as in Fig. 4a, for

slit angles of 0, 26.6, and 45◦. Although the increasing an-

gle results in a smoothing of the pair of curves and a shift in

the peak locations, the relative location of the peaks slightly

increases as the secant of the angle. Nevertheless, at larger

Ann. Geophys., 33, 1211–1219, 2015 www.ann-geophys.net/33/1211/2015/



B. Bonfond et al.: Jovian main auroral emissions – Part 2 1217

angles, the smoothing of the profiles will make the identifi-

cation of the peaks increasingly problematic in practice, due

to the limited signal-to-noise ratio in the spectra. Thus, in

Table 3, which summarizes our results, observations at an-

gles larger than 45◦ are excluded. The shift between the two

observed peaks ranges between 0 and 3 pixels, which corre-

sponds to vertical distances of 0 to 185 km with an average

value of ∼ 90 km. Individual results should be considered

carefully because of the limited signal-to-noise ratio. But the

fact that the shift is systematically greater than or equal to

0 km and the relatively low dispersion of the results indicate

that the mean value is robust. According to our simulations,

a 90 km shift would be compatible with a brightness peak at

250 km.

As a conclusion, absorption signatures at the limb are ac-

tually clearly distinguishable in the form of a shift between

the absorbed and unabsorbed brightness profiles. This sug-

gests that the preliminary results from the section above con-

cerning the apparent vertical profile of the main emission

could overestimate the peak altitude and thus underestimate

the mean energy of the precipitating electrons. The effect

of absorption could even reconcile the Galileo-SSI measure-

ments and the HST-ACS measurements. It should, however,

be noted that the altitude measurements are made in the limb

plane, while the spectra are acquired at a random location on

the nightside. Should the main emission auroral curtain be

located behind the limb plane, which is likely, then it would

be possible for emissions actually peaking at 400 km to dis-

play both an apparent peak at 400 km and some significant

absorption. Hence, present data does not allow us to reach

a firm conclusion on that matter. It would require a spectral

scan with the slit as perpendicular as possible to the limb to

verify whether the peak shift between absorbed and unab-

sorbed emissions persists all along the limb.

3 Discussion and conclusions

Observational evidence indicates that the current density, the

precipitated energy flux, and the electron energy are corre-

lated (Gustin et al., 2004). Moreover, as more energetic par-

ticles deposit their energy deeper into the atmosphere, the

measurement of the auroral vertical profile reflects the en-

ergy distribution of the precipitating particles.

The HST image processing method used for estimating the

altitude of the Io footprint at Jupiter (Bonfond et al., 2009)

and the main oval emission at Saturn (Gérard et al., 2009) is

used here for measuring the altitude of the Jovian main emis-

sion. The apparent peak altitude of the main emission above

the limb is ∼ 400 km, which clearly differs from the altitude

of the Io footprint tail, which peaks at 900 km and exhibits a

wider spread (see the green profile in Fig. 2). Such discrep-

ancies most probably reveal a different acceleration mech-

anism as the main emission is associated with the buildup

of a field-aligned potential leading to a narrow energy dis-

tribution (e.g., Ray et al., 2012). On the other hand, the Io

footprint is thought to stem from electron acceleration by in-

ertial Alfvén waves leading to a broader energy dispersion

(Hess et al., 2013). While a kappa distribution was necessary

to fit the observed profile of the Io footprint, a monoener-

getic or a Maxwellian energy distribution with a mean en-

ergy of ∼ 30 keV would suffice to explain the main emis-

sion observations. Such a value is at the lower end of the

30–200 keV energy range derived from the color ratio on the

dayside (Gustin et al., 2004).

More importantly, the peak altitude measured in the FUV

domain on the nightside (400 km) is significantly higher that

the peak altitude measured in visible light on the post-dusk

side (250 km) but lower than the altitude observed in the in-

frared for the H2 quadrupolar emissions (590–720 km). The

vertical profiles in these three wavelength domains are ex-

pected to peak at similar altitudes because these emissions

are largely dominated by electron impact excitation, mostly

with secondary electrons. It is thus the altitude at which these

secondary electrons are formed that controls the emission

profile, whatever the wavelength. This is particularly true

for the FUV emissions, which are essentially related to H2

Werner and Lyman bands emissions and H Lyman-α line

emissions. It is also true for the mid-UV to visible range,

which is related to the combination of (1) H2 A→B con-

tinuum emissions, (2) of strong lines related to the radiative

decay of gerade singlet states of H2 and (3) of members of

the H Balmer series resulting from the dissociative excitation

of H2 (James et al., 1998). The case of the H2 quadrupole

emissions is actually more complicated. First of all, H2 in

the ground electronic state is not only vibrationally excited

by direct electron impact and by excitation of the H2 Lyman

and Werner bands but also by the dissociative recombination

of H+3 (Cravens, 1987). Assuming that the electron impact

excitation process is dominant, one would expect the excita-

tion profiles for all three wavelengths to be fairly similar, but

the lifetime of this vibrational excitation of H2 is relatively

long (∼ a few tenths of a second; Uno et al., 2014). As a con-

sequence, the collisional deactivation would increasingly su-

persede the radiative deactivation as the pressure increased.

Radiative deexcitation would thus be very unlikely at a low

altitude. Both the excitation by the dissociative recombina-

tion of H+3 and the collisional deexcitation would conspire

to make the H2 quadrupole emission vertical profile peak at

a higher altitude than the visible and UV emission profiles.

Further theoretical analyses of the processes associated with

the visible and the H2 quadrupole emissions as a function

of the energy of the precipitating electrons could turn out to

be very useful to quantitatively explain the observed discrep-

ancy between the different wavelengths.

Should such a study confirm the expected similarity of the

FUV and visible vertical emission profiles and should appro-

priate spectral observations show that the FUV emissions ac-

tually peak at 400 km, then the discrepancy between the FUV

peak altitude and the visible peak altitude may be interpreted
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as an indication that the nightside field-aligned currents are

lower than the dusk side currents and possibly even lower

than much of the dayside currents (except in the disconti-

nuity region). However, the FUV profiles should be handled

with caution because they can be affected by hydrocarbon

absorption at altitudes below the methane homopause. Our

simulations show that an emission profile peaking at 250 km,

as observed by Galileo-SSI, could lead to an apparent FUV

profile very similar to an emission profile peaking at 400 km.

Moreover, a detailed analysis of the FUV spectra from the

STIS instrument shows that the generally weak color ratio

observed at the limb results from geometrical effects rather

than from a weak absorption. The assessment of the shift be-

tween the peak altitudes of the emissions in the 123–130 nm

range (i.e., absorbed by CH4) and in the 155–162 nm range

(i.e., not absorbed by CH4) is a much more reliable way to

detect absorption signatures above the limb and provides ev-

idence for significant absorption compatible with a peak alti-

tude of around 250 km. Unfortunately, this observation does

not rule out every ambiguity, as there is no certainty that the

spectra in our data set capture the emission above the limb

at the exact location where the main emission intersects the

limb plane. Emissions taking place at a high altitude but be-

yond the limb rather than at the limb would still show some

absorption signature because the line of sight would intersect

the limb plane at a lower altitude.

In conclusion, our measurements provide a maximum

value for the FUV peak altitude of the main emission on the

nightside (400 km). However, a careful analysis of the spec-

tral absorption signatures shows that these measurements are

not incompatible with earlier measurements (250 km) and

calls for systematic spectral observations along the limb with

a proper slit orientation.
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