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with respect to Mercury’s year, to the strong tempera-
ture gradient at the surface from day to night sides, and
as a consequence the importance of surface/exosphere
interaction, and to its intrinsic small magnetosphere
which allows direct solar wind/surface interaction and
a particular magnetospheric ion circulation. All these
particularities give to Mercury’s exosphere its peculiar-
ity. But the most important and up to now most de-
bated point when describing Mercury’s exosphere is to
properly include all the loss and supply processes of
Mercury’s exosphere. In the case of the sodium exo-
sphere, several laboratory studies helped modelers to
constrain such processes, whereas the present lack of
laboratory studies and observations for the other ele-
ments supposed to be present in Mercury’s exosphere
make their study one of the main objective and most
promising result of the future planed missions.
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The existence of a sub-surface ocean at Europa
and the possibility of its sustaining life is one of the
most exciting scientific questions of our time. Unfor-
tunately, the remoteness of the satellite makes it dif-
ficult to study this ocean directly. Studies of the at-
mosphere and atmospheric escape can provide clues
needed for understanding Europa’s icy shell and sub-
surface ocean. The composition and energy distri-
bution of material escaping from Europa are indica-
tive of the interaction between its surface and the lo-
cal plasma. Observations of this material made from
Earth can provide insight into Europa’s surface com-
position and interior and will help determine the ca-
pabilities needed for future Europa missions. The dis-
covery of Europa’s molecular oxygen atmosphere (Hall
et al. 1995) was quickly followed by ground based ob-
servations of a sodium exosphere extending more than
ten satellite radii above Europa’s surface (Brown and
Hill 1996). Modeling of this exosphere by Leblanc et
al. (2002) indicates that roughly 40% of the material
sputtered from Europa’s surface escapes forming an ex-
tended neutral cloud in orbit around Jupiter. Recent
Cassini and Galileo spacecraft observations are sugges-
tive of water products lost from Europa (Mauk et al.
2003, Lagg et al. 2003) and constitute the first obser-
vations of Europa’s extended cloud. We consider mod-
els of the large scale morphology of this cloud which
suggest significant morphological differences from the
extensively studied Io neutral cloud. We also discuss
strategies for confirming these predictions by observ-
ing the sodium and oxygen components of the neutral
cloud as they extend along Europa’s orbit. References:
Brown, M. E. and R. E. Hill, Nature, 380, 229-231,
1996. Hall, D. T., D. F. Strobel, P. D. Feldman, M.
A. McGrath, and H. A. Weaver, Nature 373, 677, 1995.
Lagg, A., N. Krupp, J. Woch, and D. J. Williams, GRL,
30, 10-1, 2003. Leblanc, F., R. E. Johnson, and M. E.
Brown, Icarus 159, 132-144, 2002. Mauk, B. H., D.
G. Mitchell, S. M. Krimigis, E. C. Roelof, and C. P.
Paranicas, Nature, 421, 920-922, 2003.
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In-situ energetic ion measurements from the Galileo
spacecraft and remote energetic neutral atom (ENA)
images from the Cassini spacecraft have been previ-
ously interpreted as revealing an unexpectedly massive
torus of gas co-orbiting with Jupiter’s moon Europa
(Lagg et al., 2003; Mauk et al., 2003). Here we report

on the results of detailed modeling of the ENA emis-
sion process from the Europa regions. Updates to the
distribution and composition of the trapped energetic
ion populations are included in the models, as are con-
siderations of the partitioning of the gas products into
multiple atomic and molecular species. Comparisons
between the models and the Cassini observations re-
veal a torus with a total gas content equal to (0.5 +/-
0.2) E34 atoms plus molecules. This value is higher
than, but within a factor of 3 of, an estimate inferred
from a prediction of gas densities derived from Voyager
plasma measurements and modeling of the interaction
between the plasmas and the gases assumed to be em-
anating from Europa (Schreier et al., 1993). Lagg, A.,
N. Krupp, J. Woch, and D. J. Williams, Geophys. Res.
Lett., 30, DOI 10.1029/2003GL017214, 2003. Mauk, B.
H., D. G. Mitchell, S. M. Krimigs, E. C. Roelof, and
C. P. Paranicas, Nature, 241, 920, 2003. Schreier, S.,
A. Eviatar, V. M. Vasyliunas, and J. D. Richardson, J.
Geophys. Res., 98, 21231, 1993.
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The Galileo spacecraft passed through the Io torus
and its inner boundary on December 7, 1995 and
November 5, 2002, during the J0 and A34 passes. Mea-
sured plasma densities on both passes indicated a steep
gradient at the Io torus inner boundary located between
4.5 and 5 jovian radii (Io is at 5.9 Rj), as well as a much
less steep gradient in the outer torus, with a boundary
at distances greater than 8 Rj. A simple particle model
for Iogenic ion pickup and torus formation developed
by Wang et al. (2001) produced an ion distribution
which spans distances as far as 0.5 Rj (20 Io radii)
away from Io, as was observed by Galileo. Unlike ob-
servations, however, the modeled torus inner boundary
is not steep and is much closer to Jupiter. It is possible
that an outward transport of ions in the inner torus via
flux tubes or some other mechanism will steepen the in-
ner torus boundary. We alter the pickup conditions of
the Wang et al. model and couple it to a simple ra-
dial convection model in an attempt to reproduce the
observed inner boundary density gradient and location.
In the Wang et al. model, which assumed a background
plasma flow velocity at Io equal to the corotation ve-
locity (74 km/s), the ion pickup velocity is 57 km/s.
Decreasing the speed of the plasma flow, such that the
ion pickup velocity is 20 km/s, is sufficient to move the
inner boundary from 3.4 Rj to 4.7Rj.
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Sputtering and radiolysis of the icy satellite surfaces
are important sources of neutrals in the Jovian and
Saturnian systems [1,2]. We have presented collisional
Monte Carlo models of surface-bounded exospheres of
the icy satellites in which the sublimation and sput-
tering sources of H2O molecules and their molecular
fragments are accounted for as well as the physical and
chemical exchange at the atmosphere-icy surface inter-
face. Products of radiolytic interactions by more pene-
trating electrons and ions in the volume ice are incorpo-
rated into the sublimation source of escaping volatiles.
The very tenuous hydrogen and oxygen exospheres orig-
inate from a balance between sources from irradiation

of the icy satellite surface by solar UV photons and
magnetospheric plasma and losses from pick-up ion-
ization and ejection following dissociation or collisions
with the low energy plasma ions. The surface-bounded
exospheres of the icy satellites are characterized by the
hot coronas formed due to atmospheric sputtering, by
suprathermal radicals entering the regolith that can
drive radiolytic chemistry, and by a supply of pick-
up ions and neutrals into the surrounding planetary
magnetosphere. This general picture of the surface-
bounded exosphere formation is illustrated with calcu-
lations of the near-surface oxygen atmosphere of Eu-
ropa and the supply rate of neutrals to the Europa’s
near-orbit torus[3]. The surface-bounded exosphere
and neutral gas torus provide an extended region for
the Jupiter Icy Moons Orbiter detection of neutrals
and ions originating from Europa. [1] Johnson, R. E.
2002. Surface boundary layer atmospheres. In Atmo-
spheres in the Solar System: Comparative Aeronomy
(M. Mendillo, A. Nagy, J. H. Waite, Eds.) pp. 203-219.
Geophys. Monograph, AGU. [2] Cooper, J.F., R.E.
Johnson, B.H. Mauk, H.B. Garrett, and N. Gehrels
2001. Icarus 149(1), 133-159. [3] Shematovich, V.I.,
R.E. Johnson, J.F. Cooper, and M.C. Wong 2004, (sub-
mitted to Icarus).
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The thermalization of metastable oxygen atoms in

the stratosphere and mesosphere has been investigated.
Non-Maxwellian O(1D) distributions have been calcu-
lated at altitudes of 25 and 50 km taking into ac-
count the energy-transfer and quenching collisions of
fast O(1D) atoms with the ambient gas. The evolu-
tion of the energy distributions of nascent metastable
oxygen atoms, produced by ozone photolysis, has been
determined by solving the time-dependent Boltzmann
equation. The time-dependent and steady state O(1D)
distributions have been computed and used for calcu-
lations of parameters characterizing O(1D) thermal-
ization and quenching in the stratosphere and meso-
sphere. The steady state O(1D) distributions contain
3 - 5% of non-thermal atoms. These fractions of hot
atoms are larger by two to three orders of magnitude
than the non-thermal fractions of hot ground state
oxygen atoms. The effective temperature of the non-
Maxwellian distributions have been found to be 14%
and 33% higher than thermal temperatures of the am-
bient gas at 25 and 50 km. The non-equilibrium rate
coefficients and yields of NO molecules in the atmo-
spheric reaction O(1D)+ N2 corresponding to the non-

Maxwellian distributions of O(1D) atoms have been
calculated.
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Measurements of thermospheric winds and temper-
atures were obtained at Arequipa, Peru, during five
major magnetic storm periods between 1996 and 2002.
The instrument used was a pressure scanning Fabry-
Perot interferometer observing at the wavelength of 630
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nm. The weather for these storm periods were gener-
ally clear so that measurements were obtained over suc-
cessive nights, and the behavior of the thermosphere
could be followed from the time of initiation to the ter-
mination of the magnetic activity. The results showed
no particular parttern of behavior of the thermosphere
in comparing the results for these storms. Among the
highlights of the observed features were a reduction of
the zonal thermospheric wind during the evening hours
after twilight and a significant heating of the thermo-
sphere during the course of the storm activity. The
meridional winds were not larger than 100 ms−1 dur-
ing any one storm period.
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A new multi-emission Fabry Perot Interferometer
was installed at the Early Polar Cap Observatory in
Resolute, Canada in the summer of 2003. The instru-
ment will provide neutral wind measurements from the
upper and lower thermosphere and the mesosphere us-
ing the O 6300, 5577 and OH 8920 Å emissions. The
instrument is fully automated and will able to provide
routine daily coverage during the northern winter sea-
son. During the 2003/04 northern winter season, we
have observed strong 8-hour and 12-hour waves in the
neutral winds from the OH and O 5577 emissions. The
8-hour wave was greatly damped between 87 and 97
km, while the damping in the 12-hour wave was much
smaller. We will present some new results and discuss
their implications.
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The thermosphere is subject to additional electric

and magnetic forces, not important in the middle and
lower atmosphere, due to its partially ionized atmo-
sphere. The effects of charged particles on the neu-
tral atmospheric dynamics are often parameterized by
ion drag in the momentum equations and Joule heating
in the neutral energy equation. The formal relation-
ship among the electromagnetic energy, atmospheric ki-
netic energy, and Joule heating is illustrated through
the conversion terms among those three types of en-
ergy. It is shown that there will always be an accom-
panying conversion of kinetic energy into Joule heating
when electromagnetic energy is generated through the
dynamo mechanism of the atmospheric neutral wind.
Likewise, electromagnetic energy cannot be fully con-
verted into kinetic energy without producing Joule
heating in the thermosphere. In this paper, the effect
of neutral wind on Joule heating is analyzed in paral-
lel with analysis of the energy conversion terms. Such a
discussion has heretofore been lacking in the literature.
Presented in this paper is the self-consistent parame-
terized form of ion drag in the momentum equations
and Joule heating in the thermal energy equation for
the neutral atmosphere that are functions of magnetic
field, the Pedersen and Hall conductivities, and the dif-
ference between ion velocity and neutral wind.
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The Joule experiment included a full complement
of rocket and ground–based experiments to study phe-
nomena associated with Joule heating in the auroral
region. The present work concentrates on determining
the amount of thermospheric heating present during
the experiment. Heating from electron precipitation
is estimated directly from the observed electron fluxes
and from optical measurements of auroral emissions.
The Joule heating rate is estimated using conductivi-
ties based on charge-carrier mobilities in the thermo-
spheric gas in conjunction with the measured electric
fields and winds.

SA23A-06 1330h POSTER

Thin Ionization Layers and the
Enhanced Aurora

Jay R Johnson1 (609-243-2603; jrj@pppl.gov)

Hideo Okuda1 (609-243-2642; okuda@pppl.gov)
1Princeton University, Plasma Physics Laboratory,

PO Box 451, Princeton, NJ 08543, United States

Nearly half of the time, auroral displays exhibit
thin, bright layers known as “enhanced aurora.” There
is a substantial body of evidence that connects these
displays with thin, dense, heavy ion layers in the E-
region. Based on the spectral characteristics of the en-
hanced layers, it is believed that the enhanced emis-
sions result when wave-particle interactions heat ambi-
ent electrons to energies at or above the 17 eV ioniza-
tion energy of N2. We investigate instabilities that oc-
cur in dense, heavy ion layers in the presence of strong
cross-field currents that accompany electron precipita-
tion. The heavy ion layer increases the growth rate
of the instability and heats ambient electrons into a
suprathermal tail. Such electrons could produce the
enhanced emissions observed in the aurora. We present
analytical full-wave solutions and full-particle electro-
static simulations of the nonlinear development of the
instability.
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We study the impact of enhanced solar flare radiation
on the low- to mid-latitude ionosphere. The method-
ology is to develop an EUV irradiance spectrum based
upon observations that can be used in the NRL iono-
sphere model SAMI3. Since solar irradiance observa-
tions typically do not have the cadence necessary to
follow the evolution of a flare, we have developed tech-
niques for computing flare spectra from the available
solar data. The initial simulation study will use a
generic flare radiation spectrum to test the technique
and develop a baseline understanding of the impact of
flare radiation on the ionosphere. Subsequent stud-
ies will ingest flare spectra based on actual events and
model results will be compared to observations if avail-
able. A previous study of the Bastille Day storm found
that flare radiation can increase the F-region iono-
sphere density by up to 50% [Meier et al., Geophys.
Res. Lett. 29, 10.1029/2001GL013956, 2002]. Research

supported by ONR.
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Astronomical spectrographs routinely record the op-

tical nightglow spectrum as part of nearly every ob-
servation. These spectra are often of high resolution
and can offer larger simultaneous wavelength cover-
age than is traditionally available in experiments car-
ried out by aeronomers. A small sample of such data,
provided to SRI researchers by astronomers utilizing
the W.M. Keck Observatory telescopes’ instrumenta-
tion, has revealed information regarding previously un-
observed features of the nightglow, as well as other at-
mospheric “surprises.” A larger sample of such data
drawn from similar instrumentation worldwide would
offer the further benefits of large temporal and spatial
baselines, yielding a unique resource for atmospheric
researchers. The National Virtual Aeronomical Ob-
servatory (NVAO) is being developed to act as both
a repository for such data, and as a conduit between
the data in its proprietary astronomical form and the
potential non-astronomer user desiring the data in a
easily accessible and interpretable format. The even-
tual goal of the NVAO is to allow the student or re-
searcher to carry out “observations” of specific aspects
or features of the nightglow as measured at numerous
times and locations, and to provide on-line tools for
the data’s interpretation. Presented here is the current
status of and future plans for the NVAO as well as spe-
cific science results drawn from data to be archived in
the NVAO.
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The SERSIO (Svalbard EISCAT Rocket Study of
Ion Outflows) was conducted during the month of Jan-
uary 2004 and culminated with the launch of the SER-
SIO sounding rocket from Svalbard on January 22, 2004
at 08:57 UT. The launch conditions consisted of auroral
emissions dominated by a strong 630.0 nm [OI] aurora
located just equatorward of the LYR and NYA zenith,
ion upflows exceeding 500 m/s and naturally enhanced
ion-acoustic lines in the radar echoes. The event be-
gan at approximately 0850 UT and lasted for about
one hour. The event followed by eight hours the ar-
rival of a CME at 0105 UT and the event began with
a period of strongly northward IMF (25 nT). The pay-
load reached an altitude of 780 km encountering re-
gions of ELF and VLF waves along with electron fluxes
mostly below 1 keV. The particle measurements were
supported by nearby passes of two DMSP spacecraft
(F-14 and F-14), two NOAA spacecraft (NOAA-15 and
NOAA-16) and the CUTLASS radar. We present the
preliminary results from the imagers, EISCAT radars,
CUTLASS radars, satellites, and rocket experiment.
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The Air Force Space Test Program launched the
Advanced Research and Global Observations Satellite
(ARGOS) on February 23, 1999. ARGOS was in a near-
polar sun-synchronous orbit with an ascending node lo-
cal time of 1430. The instruments on board used re-
mote sensing techniques to measure the composition,
density and temperature of the thermosphere and the
ionosphere. On board ARGOS was the Low Resolution
Airglow and Auroral Spectrograph (LORAAS) instru-
ment, which measured upper atmospheric airglow in the
far- and extreme-ultraviolet passband. Every ninety
seconds a limb scan, or atmospheric radiance profile,
was collected. This study will focus on a statistical val-
idation of a one-dimensional electron density retrieval
algorithm for the oxygen emission at 911Å. To do this,
we will perform electron density profile retrievals using
a one-dimensional algorithm. Our particular interest is
in data from limb scans near the terminator. We will
then compare these findings with data from ground-
based ionosondes. Although ARGOS is no longer op-
erational, this study will be valuable for the Special
Sensor Ultraviolet Limb Imager (SSULI) on a recently
launched satellite of the Defense Meteorological Satel-
lite Program (DMSP). This first satellite to carry a
SSULI instrument was launched October 18, 2003 into
an orbit close to the terminator. The SSULI instru-
ments are similar to LORAAS, and therefore we plan
to use this analysis to demonstrate the value of using
the 911Åemission for the retrieval of electron density
profiles near the terminator.
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Models of metastable helium, He(23S), production
in the upper thermosphere and lower exosphere over
Arecibo show that creation by recombination of He+

can be non-negligible relative to the photoelectron im-
pact on He(11S) source. Due to large ground-state He
abundance in the winter, and to photoelectrons from
an illuminated conjugate thermosphere, the strongest
10830Å intensities (arising from He(23S) solar reso-
nance) occur during the winter. The contribution to

the 10830Å airglow brightness from He+ recombination
reaches more than 10% in the morning twilight when
He+ peak concentrations are more than ∼30% of the
topside composition, and He+ recombination becomes
increasingly dominant for solar zenith angles greater
than 100◦. Measurements of the topside ionosphere at
Arecibo have shown that He+ layer concentrations in
the winter and near the equinoxes are often as high
as 50% and significant He+ concentrations can per-
sist throughout the night. A hot metastable compo-
nent from recombination renders ambiguous interpre-
tation of the 10830Å spectral profile in terms of exo-
spheric temperature. The presence of such a popula-
tion may explain reported observations of 10830Å line
widths that increase with shadow height, implying twi-
light temperatures much hotter than those expected of
a thermalized neutral population. Modeling of 10830Å
line profiles comprised of both thermal and nonthermal
He(23S) components is investigated to assess the role
of He+ recombination in the generation of metastable
He and the implications for the derivation of neutral
temperature in the upper thermosphere.
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Ionospheric patches are significant perturbations on
F-region electron densities in the polar cap ionosphere.
There are many questions related to their formation,
transport, and eventual transformation into blobs on
the nightside. In an earlier study, we showed that
patches observed by ionosondes can be tracked across
the polar cap using 2-D convection patterns and a tra-
jectory analysis package. The present study allows for a
full three-dimensional convection analysis of the patch
fate. Measurements provided by three high-latitude
tomography arrays located in Greenland, Alaska and
Scandinavia are supplemented by ISR, Ionosonde and
DMSP measurements. The data are assimilated into
a 3-D global ionosphere model. The background model
for the assimilation is the NCAR TIMEGCM, with com-
prehensive high latitude inputs. We will investigate
several patch events and determine whether and un-
der what conditions patches can be routinely tracked,
given the instruments and moeling capabilities cur-
rently available.
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The scientific objective of the ASPERA-3 experi-
ment is to study the solar wind - atmosphere interac-
tion and characterize the plasma and neutral gas envi-
ronment in the near-Mars space through energetic neu-
tral atom (ENA) imaging and in-situ ion and electron
measurements. The ASPERA-3 instrument comprises
four sensors, two ENA sensors and an electron and ion
spectrometer. The Neutral Particle Imager (NPI) pro-
vides measurements of the integral ENA flux in the en-
ergy range 0.1 - 60 keV with no mass and energy res-
olution but a comparatively high angular resolution of
4.6◦×11.5◦ . The Neutral Particle Detector (NPD) pro-
vides measurements of the ENA flux in the energy range
0.1 - 10 keV, resolving velocity and mass (H and O)
with a coarse angular resolution of 5◦ ×30◦. The ENA
detection technique is based on the atom - surface inter-
action. The Electron Spectrometer (ELS) is a standard
top-hat electrostatic analyzer in a very compact design
covering the energy range 0.01 - 20 keV with an energy
resolution of 8%. Ion mass resolving sensor IMA (Ion
Mass Analyzer) provides ion measurements in the en-
ergy range 0.01 - 32 keV/q for the main ion components
with mass/charge 1, 2, 4, 8, 16, and the molecular ion
group (20 - 40) amu/q. The instantaneous field of view
is 4.6◦ × 360◦ . Electrostatic sweeping performs the el-
evation (±45◦) coverage. We present and discuss the
first ASPERA-3 measurements during the cruise phase
and at Mars. The focus will be given to (1) ENA obser-
vations in the interplanetary medium, (2) identification
of the main plasma domains in the combined ion / elec-
tron data, (3) plasma observations inside the obstacle.
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The Analyzer of Space Plasmas and Energetic
Atoms (ASPERA-3) experiment is currently collecting
data at Mars. ASPERA-3 determines the electron, ion,
and neutral particle components of the plasma using
four instruments: Electron Spectrometer (ELS), Ion
Mass Analyzer (IMA), Neutral Particle Imager (NPI),
and Neutral Particle Detector (NPD). The ELS instru-
ment measures 128 logarithmically spaced samples of
the electron spectrum between 1 eV and 20 keV every
four seconds. Its 8% energy resolution allows a more
detailed investigation of the plasma in the Martian en-
vironment than previous electron measurements. This
paper presents the first results of ELS measurements
in the ionosphere of Mars, including the first high-
resolution measurement of the Martian photoelectrons.
Spectral peaks are clearly seen where they have been
predicted by models.

URL: http://www.aspera-3.org

SA23B-03 1405h

Solar Flux and Solar Wind Dependence
of Dayside Photoelectron Fluxes in
the Mars Strong Crustal Field Region

Michael W. Liemohn1 (liemohn@umich.edu)

Jacki Frank1 (jackims@umich.edu)

David L. Mitchell2 (mitchell@ssl.berkeley.edu)
1University of Michigan, AOSS Department, 2455

Hayward St., Ann Arbor, MI 48109, United States

2University of California, Space Sciences Laboratory,
Berkeley, CA 94720, United States

Observed characteristics of photoelectrons in the
dayside ionosphere of Mars are examined. During the
mapping and extended phases of its mission, the Mars
Global Surveyor satellite routinely passes over the re-
gion of intense crustal magnetic fields in the southern
hemisphere of Mars. When this occurs on the dayside
(2 p.m. local time), the magnetometer and electron re-
flectometer instrument usually measures the planetary
magnetic field and electrons produced by photoioniza-
tion of the upper atmosphere. The electron fluxes re-
spond to the solar flux illumination along the magnetic
field line and the solar wind conditions surrounding the
planet. Results from a systematic study of the elec-
tron flux intensity and pitch angle distribution are pre-
sented. The physical processes governing how the pho-
toelectrons vary with solar flux and solar wind condi-
tions are discussed.
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