
S
M

2004 Joint Assembly

Cite abstracts as: Authors (2004), Title, Eos. Trans. AGU, 85(17), Joint Assembly Suppl., Abstract #####-##.

JA427

SM43C-06 1330h POSTER

Trapped, Streaming and
Counter-Streaming Energetic
Electrons in the Geomagnetic Tail:
Cluster/RAPID

Patrick W. Daly1 (49-5556-979-279;

daly@linmpi.mpg.de); Joseph F. Fennell2; J. Bern
Blake2; James Roeder2; Reiner Friedel3;
Geoffry D. Reeves3; Christopher H. Perry4; Jackie
Davies4; Malcolm W. Dunlop4; Manuel Grande4

1Max-Planck-Institute für Aeronomie, Max-Planck-
Str. 2, Katlenburg-Lindau 37191, Germany

2The Aerospace Corporation, 2350 E. El Segundo
Blvd., El Segundo, CA 90245-4691, United States

3Los Alamos National Lab, Bikini Atoll Rd., Los
Alamos, NM 87545, United States

4Rutherford Appleton Laboratory, Chilton, Didcot
OX11 0QX, United Kingdom
During the Cluster orbit 474 on July 26-28, 2003,

with apogee in the geomagnetic tail and slightly to-
wards the dawnside, the RAPID energetic particle spec-
trometer was in its high resolution mode for the en-
tire 58 hours, permitting detailed 3-D electron distri-
butions over an unprecedented length of time. On July
27, from ca. UT 0830 to 2300, very enhanced elec-
tron fluxes were observed, exhibiting a wide variety
of distributions: trapped, counter-streaming, and field
line streaming. The largest fluxes are seen in conjunc-
tion with the current sheet crossing, with trapped and
counter-streaming distributions observed within very
short time intervals. These results are interpreted in
terms of the geometry and dynamics of the central
plasma sheet.

SM43C-07 1330h POSTER

Energetic Electron Distributions at the
Dusk and Dawn Magnetotail Flanks:
Cluster Rapid Observations

J. F. Fennell1 (+1 310 336 7075;
joseph.fennell@aero.org); J. L. Roeder1 (+1 310
336 7081; james.l.roeder@aero.org); R. Friedel2

(+1 505-665-1936; rfriedel@lanl.gov); M. Grande3

(+44 1235 446501; m.grande@rl.ac.uk); P. W.
Daly4 (+49 5556 979 297; daly@linmpi.mpg.de);
T. A. Fritz5 (+1 617 353 7446; fritz@bu.edu)

1Aerospace Corp., MS:M2-259 POBox 92957, Los An-
geles, CA 90009-2957, United States

2Los Alamos National Laboratory, MS: D-436, Los
Alamos, NM 87545, United States

3Rutherford Appleton, Laboratory, Chilton, didcot,
OX OX11,OQX, United Kingdom

4Max-Planck-Institut fuer Aeronomie, Max-Planck-
Str. 2, Katlenburg-Lindau D-37191, Germany

5Boston University, Dept. of Astronomy 725 Com-
monwealth Ave, Boston, MA 02215, United States
We use the Cluster Rapid/IES data to character-

ize the energetic electron fluxes and angular distri-
butions at the dawn and dusk nightside plasmasheet-
magnetopause boundary in the magnetotail. During
the mid to late June and December 2003 the Clus-
ter satellites were crossing the equatorial plane near
the nightside magnetopause at dawn and dusk respec-
tively. We focus on burst mode data, which provides
detailed energy and angular distributions for the four
spacecraft, during 16 and 24 June 2003. During Decem-
ber, we focus on the new Rapid NM3 data that provides
burst-mode-like IES data on C2 only. We examine the
electron distributions in light of their possible sources
and spatial characteristics.

SM43D CC: 518 C Thursday 1330h

The Magnetospheric Interaction With
the Jovian Satellites: Theory and
Observation I (joint with P)

Presiding: C P Paranicas, Applied
Physics Laboratory, Johns Hopkins
University; C Higgins, Middle
Tennessee State University

SM43D-01 1330h INVITED

Energetic Particle Interactions in the
Vicinity of Io

Richard M Thorne (310 8255974;
rmt@atmos.ucla.edu)

UCLA, Department of Atmospheric Sciences, 7127
MS, Box 951565, Los Angeles, CA 90095, United
States
Changes in the distribution of energetic particles

measured by the Galileo Energetic Particle Detector in
the vicinity of Io can be used to model the global distri-
bution of magnetic and electric fields in the vicinity of
the moon. Some changes are simply caused by an adia-
batic response of the particles as they are carried past
Io by the co-rotational flow. There is also evidence for
non-adiabatic scattering processes, which allow entry
of particles to regions inaccessible by direct flow. The
presence of narrow field-aligned electron beams in the
wake region behind Io and also across the polar caps of
the moon requires a strong acceleration source close to
the footpoint of the magnetic flux tube in the Jovian
upper atmosphere. We suggest that this is a result of
current flow between Io and the atmosphere, as a con-
sequence of the differential rotation rates.

SM43D-02 1350h INVITED

Thermal Plasmas Near Jupiter’s
Galilean Moons

Louis A Frank1 (319-335-1695;
louis-frank@uiowa.edu)

William R Paterson1 (319–335-1864;
william-paterson@uiowa.edu)

1The University of Iowa, Department of Physics and
Astronomy, 413 Van Allen Hall, Iowa City, IA
52242, United States

Although the Galileo spacecraft was destroyed dur-
ing its plunge into Jupiter in September of 2003, sci-
entific efforts related to the Galileo mission are not
ended. Among the many gems left to our scientific
community as a legacy are the measurements acquired
during numerous near encounters with Jupiter’s 4 large
moons. High-resolution measurements from the plasma
instrumentation (PLS) recorded during many of these
encounters yield unprecedented evidence of complex
phenomena associated with the motions of the moons
through the Jovian magnetosphere. The plasma envi-
ronment of each moon exhibits unique characteristics.
Many exciting findings have been reported, but it is un-
likely that the full scientific gain from the mission has
been realized yet. Additional significant insights can be
achieved through theory and modeling efforts guided by
these remarkable observations, and through continued
analysis of the measurements. With that in mind, we
provide an overview of findings based on plasma obser-
vations near the moons, and we discuss these findings
in the context of other past and recent work directed
toward understanding the environments of the moons
and their interactions with Jupiter and with Jupiter’s
magnetosphere.

SM43D-03 1410h

Energetic Electron Beams in
Ganymede’s Magnetosphere

Donald J. Williams (1-240-228-5405;
donald.williams@jhuapl.edu)

Johns Hopkins Applied Physics Laboratory, 11100
Johns Hopkins Road, Laurel, MD 20723-6099,
United States
Data from a series of Galileo close encounters with

the Jovian moon Ganymede have provided much infor-
mation about its magnetic field, its magnetosphere, and
its trapped particle populations. Data obtained from
the Energetic Particles Detector (EPD) during the fi-
nal Ganymede encounter on December 28, 2000 yield
further insights into the dynamics of Ganymede’s mag-
netosphere. The encounter occurred at mid-latitudes
at the beginning of the moon’s plasma wake. In the re-
gion where trapped-like electron and ion distributions
were measured, field-aligned electron beams also were
observed. These beams were observed on two of the
three occasions when EPD was oriented such that it
could sample any extant beams (pitch angles greater
than 170 degrees). We will discuss possible sources for
these beams and compare them with those measured at
Io.

SM43D-04 1425h INVITED

Satellite-magnetosphere interactions at
Jupiter as revealed with energetic
charged particle measurements

Barry H. Mauk (240-228-6023;
Barry.Mauk@jhuapl.edu)

The Johns Hopkins University Applied Physics Lab-
oratory, 11100 Johns Hopkins Road, Laurel, MD
20723, United States

Aspects of the interactions between Jupiter’s mag-
netosphere and the Galilean satellites are reviewed as
revealed by measurements of energetic charged parti-
cles. Addressed specifically are: 1) Energetic charged
particle diagnostics of the connection between the
satellites and Jupiter; 2) Diagnostics on the topology,

geometry, and evolution of the magnetosphere-satellite
interactions; 3) Interactions between energetic parti-
cles and the satellite surfaces and atmospheres; and
4) the dispersal of satellite generated materials within
Jupiter’s space environment. Outstanding questions
are highlighted as they may relate to such future mis-
sions as the Jupiter Icy Moon Orbiter (JIMO) and the
Jupiter Polar Orbiter.

SM43D-05 1445h INVITED

Moon-Ionosphere Coupling

Margaret G. Kivelson (310-825-3435;
mkivelson@igpp.ucla.edu)

UCLA/Institute of Geophysics and Planetary Physics,
6843 Slichter Hall, 405 Hilgard Ave., Los Angeles,
CA 90095-1567, United States

Data acquired by Galileo in its glorious tour of
the Jovian magnetosphere, supplemented by the auro-
ral images acquired by the Hubble Space Telescope,
provide the foundation for increasingly detailed and
sophisticated descriptions of the perturbations of the
magnetospheric plasma as a result of its interaction
with a good-sized moon. Many aspects of the inter-
action had been anticipated before the close flybys oc-
curred, but perhaps not all of the early work on the
subject had been fully digested. We now know much
more about the disturbances launched from the moon
into the jovian ionosphere but we are still wringing our
hands over the evidence that strong coupling to the
ionosphere extends along the orbits of the moons far
into the downstream region. The development of field-
aligned electric fields coupling the moons to the planet
has been upgraded from speculative to probable follow-
ing multiple observations of narrowly beamed relativis-
tic electrons on passes by Io. Questions remain as to
how energy from equatorial regions reaches the auroral
ionosphere of Jupiter despite the strong reflection of
Alfvén waves from field-aligned density gradients. Al-
though this matter is not fully understood, some inter-
esting ideas have been proposed and will be discussed.

SM44A CC: 518 C Thursday 1530h

Comparative Magnetospheres I (joint
with P)

Presiding: K Kabin, University of
Alberta; S Ledvina, University of
California, Berkeley

SM44A-01 1530h INVITED

Mars Global Surveyor Observations of
High Altitude Ionospheric Clouds

Dana Hurley Crider1 (336 449-7269;
dcrider@lepvax.gsfc.nasa.gov)

Mario H Acuna2 (mario.h.acuna@nasa.gov)

David L Mitchell3 (mitchell@ssl.berkeley.edu)
1Catholic University of America, 106 Driftwood Dr,

Gibsonville, NC 27249-3310, United States

2NASA Goddard Space Flight Center, Code 695,
Greenbelt, MD 20771, United States

3Space Science Laboratory, University of California,
Berkeley, CA 94720, United States

As Mars Global Surveyor orbits Mars, it crosses into
different plasma regimes, as is evident by the electron
spectra obtained by the Electron Reflectometer (ER).
Below about 380 km, the electron spectra are dom-
inated by locally produced photoelectrons indicating
the solar wind electrons do not have access to that re-
gion. We investigate the appearance of this electron
signature at altitudes above the observed photoelectron
boundary height. These may be detached high alti-
tude ionospheric clouds, analogous to those observed at
Venus by the Pioneer Venus Orbiter. Like at Venus, we
are unable to distinguish the morphology of the clouds
with a single cut through at any given time. However,
we analyze their occurrence rates as a function of posi-
tion and upstream parameters to understand the con-
ditions under which they occur.
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The Martian ionospheric loss rates
versus solar EUV flux

Stephen H. Brecht1 (925-254-3865;
sbrecht@pacbell.net)

Stephen A. Ledvina2 (510-643-1352;
ledvina@ssl.berkeley.edu)

Janet G. Luhmann2 (jgluhman@ssl.berkeley.edu)
1Bay Area Research Corp., P.O.Box 366, Orinda, CA

94563, United States

2Space Sciences Laboratory, University of California,
Berkeley, Berkeley, CA, United States

One of the outstanding questions of Martian aeron-
omy is the loss rate of atmospheric ions to the solar
wind. The outer atmosphere is exposed to the so-
lar wind convection electric field and thus it is ex-
pected, and confirmed by observations, that Mars loses
its outer ionosphere due to ion pickup. The impor-
tance of this loss process relative to other loss pro-
cesses is however undetermined. For example, oxygen
is lost by photochemical escape and pickup ion sput-
tering in addition to direct ion pickup. The absolute
and relative rates are further variable since they are
determined bysolar extreme ultraviolet flux as well as
solar wind parameters. Using global hybrid simulations
of the solar wind interaction with Mars, including an
oxygen ionosphere and exosphere, we investigate the
dependence of the pickup ion loss rate on solar EUV
and solar wind conditions including the interplanetary
magnetic field direction. Strategies and sensitivities to
Mars ionospheric models will also be discussed within
the context of numerical issues to be addressed. This
research is ongoing and will report comparisons to the-
oretical by other researchers. In addition, studies in-
cluding issues concerning resolution of the simulations
will be presented.

SM44A-03 1610h

3D global MHD simulation of the
interaction between Saturn’s
magnetosphere and Titan’s
atmosphere/ionosphere

YingJuan Ma1 (734-647-3370; yingjuan@umich.edu)

Andrew F Nagy1 (anagy@umich.edu)

Thomas Cravens2 (cravens@ku.edu)

Igor Sokolov1 (igorsok@umich.edu)
1Space Physics Research Laboratory, University of

Michigan, Ann Arbor, MI 48109

2Dept Physics Astronomy, Univ Kansas, Lawrenc, KS
66045

We present our simulation results of the interaction
between Saturn’s magnetospheric plasma flow and Ti-
tan’s atmosphere/ionosphere by using a multi-species
global MHD model. A chemical model is used to de-
scribe Titan’s atmosphere/ionosphere, which is based
on 10 neutral and 7 ion spieces. This new model uses
spherical coordinates (similar to our Mars model) lead-
ing to very good( 28km) altitude resolution. The simu-
lation results are compared with the Voyager measure-
ments and we also discuss our plans for the anticipated
Cassini observations.

SM44A-04 1630h

The Response of the Magnetotails of
Earth and Jupiter to a Rotation of
the Interplanetary Magnetic Field

Raymond J Walker1 (310-825-7685;
rwalker@igpp.ucla.edu)

Tatsuki Ogino2 (ogino@stelab.nagoya-u.ac.jp)

Keiichiro Fukazawa2

(fukazawa@stelab.nagoya-u.ac.jp)
1Institute of Geophysics and Planetary Physics and

Department of Earth and Space Science, UCLA, Los
Angeles, CA 90095-1567, United States

2Solar Terrestrial Environment Laboratory, Nagoya
University, Toyokawa, Japan

It has long been recognized that the solar wind and
its interplanetary magnetic field (IMF) drive magne-
tospheric dynamics at the Earth. Jupiter‘s magneto-
sphere on the other hand is dominated by a massive
rotating equatorial plasma sheet and the solar wind and
the IMF are not thought be as important as at Earth.
We have carried out global MHD simulations of the re-
sponse of the magnetospheres of the Earth and Jupiter
to northward and southward turnings of the IMF. The
most dramatic changes occurred when the IMF at the

Earth was southward and that at Jupiter was north-
ward. (Jupiter‘s intrinsic magnetic field is in the op-
posite direction to that of the Earth.) In all cases the
IMF was turned southward or northward and held con-
stant. For southward IMF at the Earth dayside recon-
nection was followed by reconnection in the near-Earth
magnetotail and a plasmoid was launched tailward. A
steadily reconnecting system with a neutral line at x=-
16RE then evolved which lasted for the duration of the
numerical experiment. In similar fashion dayside re-
connection was followed by tail reconnection at Jupiter.
However, unlike the case at Earth, the reconnection at
Jupiter was episodic both on the dayside and in the tail.
Following the onset of dayside reconnection large am-
plitude waves that modulated the reconnection formed
on the Jovian magnetopause. The waves had a wave-
length of approximately 30RJ and a period of about 30
hours. During each episode in the tail a near-Jupiter
(x<-100RJ) neutral line and plasmoid formed. Then
both the neutral line and the plasmoid moved tailward
and the process started again about 30 hours later.

SM44A-05 1645h

Solar Wind Interaction With the Moon

Jasper S Halekas1 (510-643-4310;
jazzman@ssl.berkeley.edu)

Stuart D Bale1 (bale@ssl.berkeley.edu)

David L Mitchell1 (mitchell@ssl.berkeley.edu)
1Space Sciences Laboratory, University of California,

Berkeley, CA 94720, United States

Earth’s Moon, lacking both a global magnetic field
and any significant atmosphere, presents an ideal lo-
cation to study plasma flow past a solar system body
in one of its simplest incarnations. Despite its rela-
tive simplicity, however, the lunar plasma wake inter-
action displays a rich array of interesting physics, with
aspects of both fluid and kinetic behavior that may
also prove relevant to smaller obstacles (such as aster-
oids) or those with more significant magnetic fields. We
present a new study of the solar wind interaction with
the Moon, using data from the Lunar Prospector (LP)
spacecraft to characterize the plasma environment very
near the Moon. We utilize magnetometer and electro-
static analyzer measurements from 3813 LP orbits to
determine the local magnetic field and electrostatic po-
tential with unprecedented resolution at altitudes of 15-
120 km. This exceptionally large data set allows us to
examine the low-altitude lunar wake in detail, includ-
ing its variation with altitude and its symmetry proper-
ties. By using WIND to monitor the ambient solar wind
(shifting the data appropriately to take into account
the separation between WIND and LP), we can also sort
LP data by solar wind magnetic field, density, tempera-
ture, velocity, etc. to determine how the lunar wake re-
sponds to varying plasma conditions and magnetic field
orientations. At 80-120 km above the Moon, we observe
a ”classical” lunar wake signature, with enhanced mag-
netic fields in the central wake (ensuring pressure bal-
ance) and reduced fields near the wake boundary due
to diamagnetic currents, together with an ambipolar
potential drop across the wake boundary (resulting in
central wake potentials 300-400 V negative relative to
the solar wind). On some orbits, we also see large mag-
netic field perturbations (”limb shocks”) caused by in-
teractions with crustal magnetic sources near the limb.
At lower altitudes, we see a gradual transition from this
classical magnetic signature to a more disordered signa-
ture, which is influenced more directly by local crustal
fields. The observed wake signature at higher altitudes
responds clearly to changes in solar wind parameters,
while that at lower altitudes is again more disordered
and depends more obviously on local crustal fields than
solar wind conditions.

SM51A CC: 220 C-E Friday 0830h

The Magnetospheric Interaction With
the Jovian Satellites: Theory and
Observation II Posters (joint with P)

Presiding: C S Paty, University of
Washington; C M Cohen, California
Institute of Technology

SM51A-01 0830h POSTER

Characterizing the Energetic Heavy Ion
Environment Inside 4 Jovian Radii

C. M. S. Cohen1 (626 395-6614;
cohen@srl.caltech.edu)

E. C. Stone1

1California Institute of Technology, MC 220-47,
Pasadena, CA 91125, United States

On 21 September 2003 Galileo impacted Jupiter to
end its 8-year tour of the Jovian magentosphere. Dur-
ing this last phase data was collected in the very inner
part of the magnetosphere at distances < 4 Rj. The re-
gion from 2 to 4 Rj was previously explored by Galileo
during its 34th orbit around Jupiter. We present the
combined data from these two passes obtained by the
Heavy Ion Counter (HIC) for heavy ions at energies
above 2 MeV/nucleon. In particular we discuss the
significant ion absorption near the moons Thebe and
Amalthea, the anisotropic pitch angle distribution and
the dramatic increase in heavy ion intensity with de-
creasing radius seen in this region

SM51A-02 0830h POSTER

Longitudinal and Temporal Variations
in the Io Plasma Torus During the
Cassini Jupiter Flyby

Andrew J. Steffl1 (1-303-492-3617;
steffl@colorado.edu)

Fran Bagenal1 (1-303-492-2598;
Fran.Bagenal@lasp.colorado.edu)

Peter A. Delamere1 (1-303-735-0508;
Peter.Delamere@lasp.colorado.edu)

1Univ. of Colorado/LASP, Campus Box 392, Boulder,
CO 80309-0392, United States

The Cassini Ultraviolet Imaging Spectrograph
(UVIS) obtained several thousand 2-D spectrally dis-
persed images of the Io torus during the Jupiter flyby.
We use a “cubic centimeter” spectral emissions model
to derive electron temperatures and densities and ion
mixing ratios from the UVIS spectra. We find rela-
tively minor variations (∼5% amplitude) of the torus
brightness and electron temperature with System III
longitude when averaged over a 44-day period during
the inbound leg of the flyby (1Oct2000-14Nov2000).
The peak in brightness of the torus ansa occurred near
λIII=110◦ , while the peak in torus electron temper-
ature occurred near λIII=40◦. The magnitude of the
temperature variation is consistent with that found by
the analysis of Voyager UVS spectra by Herbert and
Sandel (2000), but the phase is offset by ∼160◦. In
contrast to the long-term longitudinal variations, we
find variations of almost a factor of two in the com-
position and electron temperature of the torus plasma
over one Jovian rotation. Both the magnitude and the
phase of these strong longitudinal variations are ob-
served to change with time. The change in phase is not
consistent with plasma that is simply lagging behind
the corotation velocity by ∼3% i.e. System IV.

SM51A-03 0830h POSTER

Time variability of plasma production in
the Io torus

Fran Bagenal1 (bagenal@colorado.edu)

Peter Delamere1 (delamere@lasp.colorado.edu)

Andrew Steffl1 (steffl@colorado.edu)

Mihaly Horanyi1

1Laboratory of Atmospheric and Space Physics Uni-
versity of Colorado, UCB 392, Boulder, CO, United
States

Observations of ultraviolet emissions from the ma-
jor ion species (S+, S++, S+++, O+, O++) of the Io
plasma torus made during the Cassini (October 2000 -
March 2001) flyby have revealed significant time vari-
ability in density, composition and temperature. Our
homogeneous torus model for mass and energy flow sug-
gests that the observed variability is best characterized
by a sudden change in the neutral source rate, abruptly
decreasing from 1.8 tons/s to 0.7 tons/s near the be-
ginning of the Cassini observing window. Simultane-
ous observations of Jovian dust streams by the Galileo
space craft during the Cassini flyby show a significant
(ie. ∼ 2-3 orders of magnitude) and short-lived (i.e.
time scale ∼ few weeks prior to and concurrent with
the opening of the Cassini observing window) enhance-
ment in the dust emission rate. Assuming that the dust
streams are related to Io’s volcanic activity [Kruger et
al., 2003] and that the volcanic activity is coupled to
plasma production in the torus, we have modeled the
time variability of torus plasma conditions using the
time scales of dust emission variability to constrain Io’s
neutral source rate. Preliminary results suggest that
the increased neutral source rate is a small fraction of
the observed dust emission rate enhancement.


