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least partly composed of higher altitude
particles than their darker surroundings. If
this interpretation is correct, then the
500-mbar maps show little sensitivity to

the presence of these clouds in the field to-

the west of the GRS (longitudes to the
west of 335°W), either because the up-
welling is weak and the 500-mbar temper-
ature difference is too small to measure or
because the particles in these clouds are so
small as to be ineffective in scattering or
absorbing the 22- and 37-pm radiation
from which the 500-mbar temperatures are
largely derived. However, exceptions to
the correlation between visually bright
and thermally cool areas abound, includ-
ing the locally dark STrZ, which is rela-
tively cool, or the visually bright region
south of the GRS, a part of which is
relatively warm. It is clear that substantial
revision will be required of the simple
paradigm that regions of upwelling, cold
air are associated with saturated gas—pro-
ducing bright condensate particles.

The GRS temperature field will be fur-
ther constrained by PPR G1 observations
made at high emission angles, which have
not yet been completely reduced. Further
elucidation of the relationships between
the temperature field, circulation, and
cloud properties will also be made using
maps of nearly all longitudes over a narrow

latitude strip just north of the equator
(13).
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Galileo Plasma Wave Observations in the lo
Plasma Torus and Near lo

D. A. Gurnett, W. S. Kurth, A. Roux, S. J. Bolton, C. F. Kennel

The Gallileo plasma wave instrument detected jovian radio emissions, narrowband upper
hybrid waves, and whistler-mode emissions during the inbound pass through the lo
torus. The upper hybrid waves provided an accurate profile of electron density through
the lo torus and in the vicinity of lo. These measurements show that the torus density
has increased by about a factor of 2 since the Voyager 1 flyby in 1979. A well-defined
peak in the electron density was observed in the wake of lo, with densities as high as

about 4 X 10* per cubic centimeter.

Here we give an overview of results from
the Galileo plasma wave instrument dur-
ing the inbound pass through the lo torus
on 7 December 1995, including the flyby
of lo. The plasma wave subsystem (PWS)
was designed to measure the spectrum of
plasma waves and radio emissions over a
frequency range from 5 Hz to 5.6 MHz (1).
During the inbound pass, magnetospheric
particle and fields data were obtained from
15:21 to 18:25 UT (universal time). This
period includes the Io closest approach
(CA) at 17:46 UT. Intense jovian radio
emissions called hectometric radiation (2,
3) are evident in the electric field spec-
trogram at frequencies above 1 MHz (Fig.
1). At somewhat lower frequencies, an
intense narrowband emission line extends
across the electric field spectrogram at
frequencies of a few hundred kilohertz.
Narrowband emissions of this type are
observed in the magnetospheres of Earth
(4) and the outer planets (2, 5) and are
caused by electrostatic waves at the upper
hybrid frequency fj;- At even lower fre-
quencies, an intense band of noise extends
across both the electric-field and the mag-
netic-field spectrograms in the frequency
range from a few hertz to a few kilohertz
(Fig. 1). The presence of a magnetic com-
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ponent in this frequency range, between
the proton cyclotron frequency (~10 to
30 Hz) and the electron cyclotron fre-
quency (~20 to 60 kHz), uniquely identi-
fies this noise as whistler-mode emissions
(6). The same type of noise was detected
during the Voyager 1 pass through the lo
torus (7); however, Voyager did not have
a magnetic antenna, so a unique mode
identification was not possible. Whistler-
mode emissions of this type are believed to
be generated by energetic radiation-belt
electrons (8).

Considerable variability exists in the
intensity of the whistler-mode noise (Fig.
1). Numerous steplike enhancements last-
ing several minutes can be seen, for exam-
ple, from 17:09 to 17:15 UT. Compari-
sons with data from the energetic-particle
detector (EPD) show that these enhance-
ments are closely correlated with increases
in the intensity of trapped 15- to 300-keV
electrons (9). Large variations in the spec-
trum and intensity of the low-frequency
electric and magnetic noise can also be
seen near the point of closest approach to
lo. A brief, intense burst of broadband
electric and magnetic field noise in the
downstream wake of lo, from about
17:45:30 to 17:47:30 UT, corresponds al-
most exactly with the region where the
EPD instrument detected an intense bidi-
rectional field-aligned beam of 15- to 100-
keV electrons (10), apparently accelerated
in the vicinity of lo.

The emission line at f;,; provides an
accurate method of determining the local
electron density. The upper hybrid fre-
quency is given by fuy = (f2 + f2)?
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where f_ is the electron plasma frequency
and f_ is the electron cyclotron frequency
(6). The electron plasma frequency is giv-
en in hertz by f, = 8980V N, where N is
the electron number density in particles
per cubic centimeter, and the electron
cyclotron frequency is given in hertz by f,
= 28B, where B is the magnetic field
strength in nanoteslas. The electron den-
sity can be computed from f;;;; and f_ using
the equation N = (fZ,; — f2)/(8980)2
cm™3. In the Io torus it is usually the case
that f,; >> £, so under these conditions
it is adequate to use a simple magnetic
field model for f.. We used the O, model
of Acuna and Ness (11).

The calculated electron density in the
torus gradually increased from about 7 X 10?
cm™? at 7.5 Ry (jovian radii) to about 4 X
10> cm™ at 5.9 R;, just before the Io flyby
(Fig. 2). As Galileo flew through the wake of
lo, the electron density increased sharply,
reaching a peak of about 4.1 X 10* cm™ at
17:46:43 UT (12). A broad secondary peak
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of about 5.3 X 10° cm™ occurred a few
minutes after the lo flyby, at about 17:50:27
UT. Thereafter, the electron density de-
clined rapidly, reaching a nearly constant
plateau of about 4.5 X 102 cm™> after about
18:10 UT. Except in the vicinity of lo, the
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Fig. 2. The electron density profile obtained from
the upper hybrid emission line. Also shown is the
profile based on Voyager 1 measurements (13).
CA, closest approach to lo.
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Fig. 1. Frequency-time spectrograms of the electric and magnetic field intensities obtained from the
Galileo PWS during the inbound pass through the lo torus on 7 December 1995. The intensities are
color-coded, with blue representing the lowest intensities and red representing the highest intensities.
Universal time (UT) is in hours and minutes and the radial distance from Jupiter is in jovian radii (1 R, =
71,492 km). The various horizontal lines, particularly in the magnetic field spectrogram, are spacecraft-
generated interference.
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electron densities are believed to be accurate
to within about *5%. Near lo, rapid time
variations and other complexities lead to
larger uncertainties (12).

The electron density along the Galileo
trajectory has been computed by Bagenal
(13), using an empirical model of the torus
based on Voyager 1 measurements (14).
Beyond the orbit of Io, the Galileo elec-
tron densities are consistently about a fac-
tor of 2 larger than the Voyager measure-
ments (Fig. 2). This increase suggests that
volcanoes on lo, which are the source of
the torus plasma, may now be more active
than they were during the Voyager era.
Inside the orbit of lo, the two profiles are
quite different. Most likely these differ-
ences are the result of longitudinal effects.
Voyager 1 and Galileo passed through the
torus at different System III longitudes.
Substantial longitudinal effects are known
to be present inside the orbit of lo (15).
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