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Abstract

The energy and angular distribution of the electrons
that precipitate in Jupiter’s aurora are still poorly con-
strained. We propose to address this problem by using
EUV/FUV synthetic spectra of H2 auroral emissions.
A sensitivity study allows us to designate lines that can
be used to diagnose the properties of the electron pre-
cipitation.

1. Introduction

The precipitation of energetic particles around
Jupiter’s magnetic poles gives rise to intense aurora.
The most intense emissions are produced by H, with
the intense Lyman-α line, by H2, which has a wide
spectrum in the EUV/FUV, and by H+

3 , which domi-
nates the IR spectrum. Energetic electrons play a lead-
ing role in auroral processes whereas ion precipitation
is far less important [1, 2]. The energy and angu-
lar distributions of these electrons, which originate in
the magnetosphere, still have to be characterized accu-
rately. It has been showed that the H Lyman-α line can
be used to constrain the energy of electrons under 10
keV, but brings no information on the most energetic
electrons [3]. This line is also a bad proxy to get infor-
mation on the angular distribution of electrons since it
depends only weakly on it. Other observable quanti-
ties are therefore required to get all the information on
the precipitating electrons.

Several authors used H2 emissions in FUV spectra
of Jupiter’s aurorae to retrieve information on the elec-
tron precipitation [4, 5, 6, 1, 7, 8]. But no strong con-
straints have been put on the electron energies and no
one tried to constrain their angular distribution on top
of the atmosphere. So accessing to both the energy and
angular distributions of electrons still has to be done.
In this respect, we propose here a sensitivity study of
H2 auroral emissions.

2. H2 synthetic spectra

2.1. H2 emission

The total intensity in the emission spectrum of H2

reaches 100-200 kR in the diffuse auroral region and
several hundred kR in the main oval [9]. This spec-
trum contains thousands of lines between 700 Å and
1800 Å. The lines are due to the deexcitation of elec-
tronic levels towards the fundamental X 1Σ+

u . The
most intense emissions are those of the Lyman and
Werner bands, which correspond to transitions from
theB 1Σ+

u and C 1Πu states. Less intense bands start-
ing at the B′ 1Σ+

u , D 1Πu, B′′ 1Σ+
u and D′ 1Πu states

are also present.
We use a multi-stream kinetic transport code to

compute excitation rates of H2 states. This code solves
the Boltzmann equation and accounts for both the ab-
sorption of the solar EUV/FUV flux and the collisions
between auroral electrons and atmospheric particles.
It has been described in [3].

The electron impact direct excitation rates of the
rovibrationalB, C,B′,D,B′′ andD′ states are calcu-
lated. Excitation functions recommended by [10] are
used.

Excitation rates of the B and C states due to cas-
cades from the EF 1Σ+

g , GK 1Σ+
g and HH̄ 1Σ+

g

states are also calculated, following [11]. In this aim,
Franck Condon factors involved in the excitation via
O and S branches of the X ground state to the Ryd-
berg 1Σg states have been computed by introducing
J-dependent radial wave functions. The subsequent
spontaneous Einstein emission coefficients have been
introduced in the model, following the treatment re-
ported in [12, 13]. Adequate Einstein coefficients have
then been used to calculate the transitions from the
gerade to the ungerade states.

Eventually, Einstein coefficients from the MOLAT
database [12, 13] are used to calculate the emission of
the B, C, B′, D → X lines and continuum . Non-
published coefficients are used for the B′′, D′ → X
lines.
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2.2. Radiative transfer
Radiative transfer calculations are carried out to cal-
culate the spectrum which emerges on top of the at-
mosphere. Absorption by CH4 is taken into account.
Self-absorption by vibrationnaly excited H2 is mod-
elled as proposed by [14].

3. Sensitivity study
We study the sensitivity of the H2 auroral spectrum
towards the energy of the electrons precipitated in the
aurora. We point out a few lines which vary signifi-
cantly with this energy and whose relative intensities
can be used to constrain it.

We also study the variations of the spectrum with
the initial angular distribution of electrons and we in-
vestigate how to constrain the direction of the precipi-
tation.

We test our criteria by using them on available spec-
tra.

4. Conclusion
A sensitivity study of line by line synthetic spectra of
H2 in the aurorae of Jupiter allows us to point lines that
can be used as diagnostics of the energy and angular
distribution of electrons precipitated in the aurorae.
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