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Abstract
Radar instruments are part of the core payload of the
two Europa Jupiter System Mission (EJSM) space-
craft: NASA-led Jupiter Europa Orbiter (JEO) and
ESA-led Jupiter Ganymede Orbiter (JGO). At this
point of the project, several frequency bands are un-
der study for radar, which ranges between 5MHz and
50MHz. Part of this frequency range overlaps with
that of the natural Jovian radio emissions, which are
very intense in the decametric range, below 40 MHz.
Radio observations above 40 MHz are free of interfer-
ences, whereas below this threshold, careful observa-
tion strategies have to be investigated.

We present a review of spectral intensity, variabil-
ity and sources of these radio emissions. As the ra-
dio emission are strongly beamed, it is possible to
model the visibility of the radio emissions, as seen
from the vicinity of Europa or Ganymede. We have
investigated Io-related radio emissions as well as ra-
dio emissions related to the auroral oval. We also re-
view the radiation belts synchrotron emission charac-
teristics. We present radio sources visibility products
(dynamic spectra and radio source location maps, on
still frames or movies), which can be used for opera-
tion planning. This study clearly shows that a deep un-
derstanding of the natural radio emissions at Jupiter is
necessary to prepare the future EJSM radar instrumen-
tation. We show that this radio noise has to be taken
into account very early in the observation planning
and strategies for both JGO and JEO. We also point
out possible synergies with RPW (Radio and Plasma
Waves) instrumentations.

1. Context
In the frame of the future ESA-NASA EJSM (Eu-
ropa Jupiter System Mission), instrumental studies

have been initiated by ESA to evaluate the techni-
cal feasibility and science objectives of the differ-
ent instrumental packages. The EJSM/Laplace con-
cept is composed of two spacecraft: NASA-led JEO
(Jupiter Europa Orbiter) and ESA-led JGO (Jupiter
Ganymede). The study of sub-surface layers of Europa
and Ganymede through radar sounding is one of the
main science objectives of this space mission. Unfor-
tunately, the radio environment of Jupiter is dominated
by strong natural radio emissions, which can interfere
with radar measurements near Europa or Ganymede.

The jovian radio emissions were discovered in
1955. Since then, decades of ground based and space
based observations provided a good knowledge of the
characteristics of these emissions. Ground based ob-
servations are limited by the terrestrial ionospheric
cutoff, which reflects out radio waves with frequencies
lower than 10 MHz. Space based observations are usu-
ally limited at high frequencies because of the limited
resources available on a spacecraft. The jovian radio
spectrum is composed of several components that will
be reviewed in this paper. These radio emissions dom-
inate the galactic background, which is usually the ma-
jor source of noise for planetary radar measurements.

The radar instrumentation under study for the EJSM
mission is foreseen to operate at frequencies ranging
between 5 MHz and 50 MHz. This frequency range
can be split into two ranges at ∼40 MHz. Below
that limit, the radio spectrum is dominated by very
intense and sporadic cyclotron radio emissions with
sources located along high latitude field lines, close
to Jupiter. At higher frequencies, the radio noise will
be the combination of the galactic background and the
synchrotron radiation emitted by the jovian radiation
belts.
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2. Discussion
We present an analysis of the natural radio sources in
the environment of Jupiter. These natural radio emis-
sions are very intense non thermal radio emissions that
are well above (∼ 50 dB) the galactic background be-
low their high frequency cutoff at ∼ 40 MHz. These
radio emissions are strongly beamed along a thin hol-
low cone that can be modeled. It is thus possible to
predict the visibility of these radio emissions for a
given observing geometry.

The visibility modeling indicates favorable configu-
rations below 40 MHz, down to ∼22 MHz, depend-
ing on the longitude of the observer and on that of
Io. Below 22 MHz, radio sources may always be visi-
ble. Indeed, we predict the visibility of the radio emis-
sion, not there occurrence. This means that their pre-
cise temporal occurrence is not modeled, but the time-
frequency domain envelope, in which they can occur,
is predicted. The visibility analysis hence provides us
the shadow zones, which are clean from jovian radio
emissions. The visibility modeling of Io related ra-
dio (Io-DAM) sources has been thoroughly checked in
several previously studies. It is not the case for au-
roral oval radio emissions (non-Io-DAM), for which
we used the same emission beam opening angle model
than that of Io-DAM. The results of the reanalysis of
Voyager data indicates that this assumption was legit-
imate. However, further work on available datasets
needs to be done to improve the modeling of non-Io-
DAM visibility.

The results of the JUNO mission will improve our
knowledge of the Jovian magnetic field in the radio
sources region (which is essential for more accurate
radio source modeling). JUNO will also put definitive
numbers on the high frequency cutoff of DAM emis-
sions. Even if JUNO will not have goniopolarimet-
ric capabilities, it will derive constraints on the radio
source properties such as their location and their emis-
sion beam topology.

The visibility modeling shows that the visible radio
sources are located between 0 and 0.5 RJ above the
Jovian limb, close to the magnetic poles of the planet.
The equatorial extension of the radio sources location
is typically ±0.5 RJ centered on the rotation axis of
Jupiter.

When the emission is visible, the safest strategy is
to operate in the far side of Galilean satellite. This
reduces the orbital fraction available for radar studies
to ∼ 35%. However, strategies have been proposed
to mitigate the natural radio emissions of Jupiter: go-
niopolarimetric analysis, antenna nulling, or frequency

context observations. The latter proposition can be ap-
plied only to the JGO spacecraft which includes an
RPW instrument in the model payload. We thus pro-
mote a reduced RPW instrumentation onboard JEO,
which would provide this frequency context observa-
tions, in addition to the RPW science objectives. Con-
sidering the antenna pattern nulling, the precise loca-
tion of the radio sources has to be taken into account.
These sources may be far from Jupiter: the lower the
frequency, the farther from Jupiter above the magnetic
poles.

Systematic operational visibility plots will be com-
puted in cooperation with radar teams. A website
containing up-to-date visibility simulations, as well as
online tools to compute other radio source visibility
products, is in preparation and will be available at the
following URL:
http://www.lesia.obspm.fr/ExPRES

3. Conclusion
We show that the natural radio emissions of the Jovian
magnetosphere are a critical source of noise for radar
operations below 40 MHz. It is possible to predict
which system III longitudes are cleaned from radio
emissions above 22 MHz, whereas there can be radio
emissions at all times below that frequency. We pro-
pose and analyze mitigation solutions to discriminate
or attenuate the Jovian radio emissions. We strongly
support instrumental synergies, especially with RPW
instrumentation, on both EJSM spacecraft.
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