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ABSTRACT

We present three planetary science objectives for the future Low Frequency Array (LOFAR): (1) the radio imaging of
Jupiter's magnetosphere (Io torus and auroral regions) with arcsec and msec resolutions ; (2) the detection and
monitoring of nonthermal radio emission from extrasolar planets' magnetospheres ; (3) the detection and study of solar
system planetary lightning. For each objective, instrumental constraints are outlined. All require an efficient rejection of
interference (man-made, terrestrial lightning…) as well as a correction for ionospheric propagation effects
(scintillations).

INTRODUCTION

The Low Frequency Array (LOFAR) could bring considerable advances in the field of planetary science. We focus here
on three particular issues: (1) the radio imaging of Jupiter's magnetosphere (Io torus and auroral regions) with arcsec
and msec resolutions ; (2) the detection and monitoring of nonthermal radio emission from extrasolar planets'
magnetospheres ; (3) the detection and study of solar system planetary lightning.

RADIO IMAGING OF JUPITER'S MAGNETOSPHERE

Jupiter emits intense decameter radio waves, detectable from the ground in the range ~10 to 40 MHz [1]. They are
produced by energetic electron precipitations in its auroral regions, as well as near the magnetic footprints of the
galilean satellite Io (and also probably Ganymede). These electrons are accelerated by magnetospheric processes such
as reconnection of Alfvèn waves, taking place at the magnetopause nose, in the magnetotail, or in the vicinity of the
satellite interacting with the Jovian magnetic field. The corresponding radio emissions are excited at the local electron
cyclotron frequency (fce) from kilometer to decameter wavelengths, but only the frequencies ≥10 MHz can be detected
with ground-based radiotelescopes above the Earth's ionospheric cutoff.

These emissions are nonthermal, very intense (Tb ≥ 10
15-20

 K), broadband (∆f ~ f), very anisotropically beamed
(hollow cone of ~ 0.1-1.0 sr around the local magnetic field), and circularly or elliptically polarized. They are consistent
with emission on the X (extraordinary magneto-ionic) mode generated near its cutoff fx ~ fce in regions where the
cyclotron frequency dominates the local plasma frequency (fce » fpe). Similar radio emissions are produced in the
highly magnetized (high-latitude) regions of all magnetized planets' magnetospheres. Their common generation
mechanism has been identified as the cyclotron-maser instability, whose characteristics fulfill all the observed radiation
properties (see [2] and references therein). The decameter emission is strongly modulated by Jupiter's rotation, by the
orbital position of Io (and marginally Ganymede). It also displays shorter timescale structure like fast bursts drifting in
the time-frequency plane, attributed to electron bunches moving at about c/10 along magnetic flux tubes [3].

Radio imaging imaging of these decameter emissions with arcsecond angular resolution and millisecond time resolution
should give access to:
• an improved mapping of the surface planetary magnetic field, deduced from the highest frequency of radio

emission coming from a given point above the ionosphere (emission is produced at the local electron cyclotron
frequency, proportional to the magnetic field amplitude) ; this will lead to an improved model of Jupiter's
internal field, which is a crucial input to magnetospheric physics [4] ;

• detailed information on the Io-Jupiter electrodynamic interaction: imaging will allow to measure the angle
between the field line instantaneously threading through Io (or Ganymede) and the one(s) emitting radio waves
at that time, which is a strong constraint of the interaction mechanism (current circuit or Alfvèn waves) [5,6] ;
when performed at millisecond time resolution, imaging should allow to "see" the electron bunches thought to be
at the origin of the sporadic drifting decameter bursts, and to follow them along magnetic field lines, measuring
thus their speed and energy, and revealing possible electric potential drops along magnetic field lines;
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• correlation of radio images with ultraviolet and infrared images of the aurora as well as of the galilean satellite
footprints will provide complementary information on the precipitated energy and an interesting input to
magnetospheric dynamics [7] ;

• imaging of decameter radio sources through the Io plasma torus will allow to probe for the first time the torus
electron density as a function of longitude through analysis of the Faraday rotation of decameter waves crossing
the torus ; diffraction effects that may be at the origin of observed fringe patterns could also be studied [8].

It should be noted that very fast imaging should be allowed by the very high intensity of Jovian decameter bursts, up to
several million Jansky as seen from the Earth.

RADIO EMISSION FROM EXTRASOLAR PLANETS

Magnetized extrasolar planets are expected to possess intense magnetospheric radio emissions similar to Jupiter's
decameter ones. These emissions are as intense as solar radio bursts [9]. The decameter range provides thus the best
contrast between stellar and planetary electromagnetic emissions. Although the most intense jovian radio bursts would
be detectable by LOFAR from a distance of no more that about one parsec, because of the bright galactic background, it
has been suggested that planetary radio emissions may be much more intense than Jupiter's ones in specific conditions
[10,11]. These include magnetized "hot Jupiters" (massive planets orbiting very close to their parent star), and
unmagnetized planets orbiting close to a strongly magnetized star. We have predicted that the radio emission could
reach 10

3
 to 10

5
 times that of Jupiter, making it detectable from tens of parsecs range. Although it will not be possible

to image the planet, and not even to resolve it from its parent star, circular polarization measurements will allow to
distinguish the planet's emission from the stellar one. Detection of exoplanetary radio emissions would bring
information on the planet's rotation period, magnetic field moment, and allow to extend comparative magnetospheric
physics to a totally new range of physical conditions.

SOLAR SYSTEM PLANETARY LIGHTNING

Radio signatures of lightning discharges have been detected by the Voyager spacecraft near Saturn (up to 40 MHz) and
Uranus (up to about 15 MHz) [12,13]. Corresponding flux densities at the distance of the Earth are between about 1 and
100 Jansky. Up to a few events per minute were detected by Voyager 1 near Saturn, with 30-300 msec duration.
LOFAR would allow to detect and monitor the lightning activity at these two planets. Imaging will allow to locate
lightning sources on the planetary disks (even if with moderate accuracy). They could then be correlated to optical
imaging of clouds and allow to study electrification processes, atmospheric dynamics, composition, geographical and
seasonal variations, comparatively to the Earth's case. In addition, lightning may play a role in the atmospheric
chemistry, through the production of non-equilibrium trace organic constituents potentially important for biological
processes. LOFAR observations would also allow to assess the existence of lightning at Neptune (marginally detected
by Voyager), at Venus (where their existence is very controversial [14,15]), and at Mars (possibly resulting from dust
cloud charging [16]). At Jupiter, low altitude ionospheric layers of meteoritic origin seem to prevent the escape of
atmospheric radio waves [17].

CONCLUSION

For each of these objectives, specific instrumental constraints are required. All require an efficient rejection of
interference (man-made, terrestrial lightning…) as well as a correction for ionospheric propagation effects
(scintillations).
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