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at the Earth 3-4 days in advance. By detecting stream
interfaces in the predicted velocity we obtain 2-3 days
advance warning of a stream interface. We then use the
climatology of an index relative to the predicted inter-
face (the cdfs) to forecast the probability of enhanced
activity. We will evaluate the quality of the predictions
for the years 1995-1996 and apply it to current obser-
vations as we progress into the declining phase of the
current cycle.
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An important space weather threat is associated
with very high energy electrons trapped in Earth’s
outer Van Allen zone. Past work has shown that radi-
ation belt electron fluxes are highly dependent on the
solar wind speed (V gy ). Generally, when V gy . goes
above 500km/s, the radiation belt electron fluxes in-
crease substantially. We have used the Wang-Sheeley-
Arge (WSA) method to predict the solar wind speed
near Earth’s orbit based upon solar surface measure-
ments. This approach gives a predicted solar wind time
series with a lead-time of two to three days. This fore-
casted solar wind speed is then convolved with linear
and nonlinear filters in order to provide a predicted flux
of electrons at various spatial locations throughout the
outer radiation belt. We compare predicted and mea-
sured electron fluxes in order to assess the prediction
efficiency and available lead times for this forecasting
tool. We also compare forecasts based on the WSA
method with results obtained by convolving filters with
solar wind speeds measured by ACE sensors at the L1
point just upstream of the BEarth.
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The Salammbo coded is a diffusive radiation belt
code aimed at representing the dynamics of relativistic
electrons in the inner magnetosphere. The code cur-
rently incorporates physics capturing the majority of
the observed dynamics, but does not include all pro-
posed mechanisms that could be responsible for some
of the detailed dynamics observed - in particular, it
does not include chorus acceleration. However, we do
have at our disposal a range of data taken in situ. Tra-
ditionally diffusive models use data as boundary condi-
tions only. We here use properly inter-calibrated data
from a range of LANL geosynchronous and GPS parti-
cle instruments whenever they are available to seed or
"nudge” the code, allowing the code in effect to act as
a physics based interpolater of the data. This process
yields a data/model global synthesis representation of
the state of the relativistic electron belts that is better
than any representation that can currently be achieved
from models or data alone, in spite of some ”missing
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physics”. We present here the data ingestion methods
used and first runs of this new synthesis model. We
test this model against in-situ measurements of space-
craft not part of the assimilation process: In general
the synthesis model is able to reproduce measured in-
situ fluxes to within a factor of two, irrespective of ac-
tivity level. This is of the same order as the fidelity
of our spacecraft inter-calibration and thus as good as
one can be expected to do. We are thus able to pro-
duce a high fidelity state of the global magnetosphere
against which this and other physics based models may
be compared.
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The purpose of this study is to understand the
role of the plasmasphere in equatorial electrodynamics,
with a focus on the role of ion-drag processes in the
nighttime low-latitude thermospheric structure. This
study utilizes the Coupled Thermosphere-ITonosphere-
Plasmasphere-Electrodynamics (CTIPe) model where
the equatorial plasmasphere is self-consistently coupled
to the electrodynamics and the global ionosphere and
thermosphere system. Ion-drag processes play a sig-
nificant role in the momentum and energy interactions
between the ionized and neutral species. Comprehen-
sive elucidation of the spatial and temporal variations
of the 3-dimensional ion-drag, especially in the evening
prereversal enhancement of the zonal electric field, re-
quires a self-consistent plasmaspheric distribution to-
gether with the electrodynamics and polarization fields
associated with the E- and F-layer dynamo. Further-
more, the impact of ion-drag parallel to the field-lines
must be considered, since the parallel ion drag in the
vicinity of a pronounced Equatorial Ionization Anomaly
has a significant impact on the latitudinal structure of
the equatorial thermospheric structure. In this study,
the mechanism responsible for the latitudinal structure
of neutral wind and temperature, such as Equatorial
Temperature and Wind Anomaly, Midnight Tempera-
ture Maximum and superrotation of the Earth’s upper
atmosphere, is addressed. The model results indicate
that the ion-drag variations derived from the interact-
ing plasmasphere and electrodynamics is an important
consideration in these phenomena.
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We motivate and illustrate a new technique to cer-
tify time variations, observed in spacecraft frame of
reference, as compressible slow or fast magnetosonic
Like the Walén test for Alfvén waves, our
method for identifying compressible modes requires no
Galilean transformation. Unlike the Walén test, we use
covariance techniques with magnetic field time series to
select three special projections of B(t). The projections
of magnetic fluctuations are associated with three,
usually non-orthogonal, wavevectors that, in princi-
ple, contribute to the locally sampled density fluctu-
ations. Wavevector directions (k(CoV)) are derived
from eigenvectors of covariance matrices and mean field
directions, By. Linear theory for compressible modes
indicates that these projections are proportional to the
density fluctuations. Regression techniques are then
applied to observed density and magnetic field pro-
files to specify coefficients of proportionality. Signs
of proportionality constants, connecting the three pro-
jections of B and J§p, determine whether the com-
pressional modes are of the fast (+4) or slow (-) type.
Within a polytropic-closure framework, the proportion-
ality between magnetic and density fluctuations can
be computed by relating k, the polytropic index, ~,
and the plasma 3. Our certification program validates
the direct interpretation of proportionality constants
comparing their best-fit and error values with the di-
rections of wavevectors required by the dispersion re-
lation, l:c(Disp) inferred from experimental measure-
ments of 8 and ~. Final certification requires that for
each mode retained in the correlation, the scalar prod-
uct of wavevectors determined through covariance and
dispersion-relation analyses are approximately unity
k(CoV) - k(Disp) ~ 1. This quality check is the
compressible-mode analogue to slope-one tests in the
Walén test expressed in Elsidsser [1950] variables. By
products of completed certification include the assign-
ment of various portions of time-domain data streams
to the compression or rarefaction phases of fast/slow
modes structures, the directions of wave-power prop-
agation in the plasma frame and relative to the mag-
netic field direction as well as their phase speeds with
respect to the background plasma. These certifications
also imply temporal trains of electric fields of the am-
bipolar type, including spatially varying B (t), that

waves.

may be the cause of some of the structured observa-
tions of E” that have recently been detected near the
diffusion region. Along with Walén tests the new proce-
dures enable surveys for the presence and roles of non-
dispersive fast, intermediate, and slow MHD waves in
geospace. Geophysical examples from the Polar satel-
lite illustrate fast, slow and even admixtures of fast and
slow magnetosonic waves retrieved through our analy-
sis. On this experimental basis, we discuss the roles of
compressible-mode structures in boundary layers asso-
ciated with the magnetopause.
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In a case study we elaborate on the spatial struc-
ture of the dayside aurora within 0800-1600 MLT and
discuss its implications for magnetopause reconnec-
tion topology. The detailed 2D auroral morphology is
obtained from continuous ground observations at Ny
Alesund (76° MLAT), Svalbard during days when the
interplanetary magnetic field (IMF) was oriented in the
southeast direction (By > 0; Bz < 0). The ma-
jor auroral features consist of sequential activations
of latitudinally separated, sunward moving, arcs/bands
(dayside BPS precipitation) in the prenoon (0800-1100
MLT) and postnoon (1200-1600 MLT) sectors which
are separated by a deep minimum in activity/intensity
within the 1100-1200 MLT sector. The latter “midday
gap” aurora is attributed to the presence of compo-
nent, steady state reconnection at the subsolar magne-
topause where the stagnant magnetosheath flows lead
to field-aligned currents (FAC) which are of only mod-
erate intensity. The much more active and intense au-
rorae in the prenoon (0800-1100 MLT) and postnoon
(1200-1600 MLT) sectors originate in magnetopause re-
connection events that are initiated well away from the
subsolar point, presumably in the form of antiparal-
lel merging taking place near-simultaneously at high
magnetopause latitudes in the southern/prenoon and
northern/postnoon hemispheres, respectively, where
the stronger boundary layer flow shears give rise to
more intense FACs and aurorae.

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.



SM12A-1192 1330h POSTER

Cluster Electron Cusp Dispersions and
IMAGE Proton Auroras as Evidence
for Continuous Merging at the
Magnetosphere

Deirdre E Wendell (713-348-3644;
dwendel@rice.edu); Patricia H. Reiffl
(reiff@rice.edu); Andrew Fazakerley?
Jean-Michel Bosqued?’: Stephen Mende?, Mel L.
Goldstein5; J. David Winlﬂilﬂgham6

1Rice University, 6100 Main St., MS 108, Houston,
TX 77005, United States

2Mullard Space Science Laboratory, Holmbury St.
Mary, Dorking RH5ZNT, United Kingdom

3CESR/CNRS, 9 Avenue du Colonel Roche P. O. Box
4346 31028, Toulouse Cedex4, France

4Space Physics Research Group, University of Cali-
fornia at Berkeley, SSL, Berkeley, CA 94720-7450,
United States

S5NASA, Goddard Space Flight Center, Greenbelt, MD
20771, United States

6Southwest Research Institute, 6220 Culebra Rd.

P.O. Box 28510, San Antonio, TX 78228, United

States

‘Whether magnetic reconnection at the earth is in-
trinsically non-steady is still a controversial question.
Some authors have made a case for a pulsed merging
process, with 1 minute of active reconnection followed
by 8 minutes without merging. To pursue this issue,
we examine Cluster cusp crossings for evidence of ongo-
ing electron dispersion. Because electrons disperse very
rapidly before becoming trapped with dispersing ions,
their dispersion indicates contact with a field line that
is still actively reconnecting. The detection of electron
dispersions on multiple satellite cusp crossings, during
periods of steady IMF and ideal inter-spacecraft spac-
ing (less than 8 minutes and greater than 1 minute),
would support a more continuous merging process. A
statistical estimate of the number of Cluster cusp cross-
ings with electron dispersions may serve as a proxy, in
the absence of ideal inter-spacecraft spacing and ex-
tended periods of steady IMF. Moreover, SI-12 proton
aurora data supplement Cluster electron and ion data
in tracking the presence of an active merging sight.
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We survey the occurrence of reconnection jets at the
poleward edge of the cusp detected by Cluster as a func-
tion of the interplanetary magnetic field (IMF) clock
angle. The survey covers 3 years (2001-2003) of data
and is restricted to periods of relatively stable IMF.
Our survey indicates that these jets occur only when
the IMF clock angle is within 50 degrees of the GSM
z direction. We will discuss this finding in relation to
component versus anti-parallel merging models.
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Results are presented from a study of the northern
magnetospheric cusp crossed by the 4 Cluster satellites
during 16:25-17:55 UT on 18 April 2002 when the solar
wind dynamic pressure was rather low and IMF Bz was
suitable (southward) for reconnection at subsolar mag-
netopause. The satellite orbit and data from the FGM,
CIS, PEACE, STAFF and WHISPER instruments re-
veal that the satellites have crossed through the edge of
a structured exterior cusp. Three distinct anti-sunward
ion flow events of duration about 1.5, 17.5 and 19.0
minutes, with bulk flow roughly parallel to the magne-
topause surface, are detected in the cusp region. The
ion density in the events measured by one of the satel-
lites (C3) is up to 10 times less than that measured by
other satellites (C1 and C4, no data from C2), which
seems to arise from the low northward-westward flow
encountered by C3 compared to C1 and C4. The mag-
netic field fluctuations in By (=& 50 nT) associated with
the anti-sunward ion flow events are nearly twice as
strong as those in Bx and Bz, suggesting strong field-
aligned currents. The sharp inward/outward walls in
all directions of the anti-sunward flow events are de-
tected with expected/reversed time sequence by the 4
satellites, with time delays of up to 10 sec./4 sec. That
suggests reversed and accelerated plasma flows in all
directions inside the events (faster acceleration closer
to the walls) compared to the flows outside the events.
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Energetic electrons (e.g. 50 keV) travel along field

lines with a high speed of around 20 RE371 These
swift electrons trace out field lines in the magneto-
sphere in a rather short time, therefore, can provide
nearly instantaneous information about the changes in
the field configuration in the geospace regions. The
energetic electrons in the high latitude boundary re-
gions (including the cusp) have been examined in detail
by using Cluster/RAPID data for four consecutive high
latitude/ cusp crossings between 16 March to 19 March
2001. Energetic electrons with high and stable fluxes
were observed in the time interval when the IMF had
a predominately positive Bz component. These elec-
trons appeared to be associated with a lower plasma
density exhibiting no obvious tailward plasma flow (<
20 keV). On the other hand, no electrons or only spike
-like electron events have been observed in the cusp re-
gion during southward IMF. At this time, the plasma
density was as high as that in the magnetosheath and
it was associated with a clear tailward flow. The fact
that no stable energetic electron fluxes were observed
during southward IMF indicates that the cusp has an
open field line geometry. The observations indicate
that both the south and north high latitude magne-
tospheric boundary regions (including both north and
south cusp) can be energetic particle trapping regions.
The energetic electron observations provide new evi-
dences to understand the dynamic cusp processes. Fi-
nally, the trajectory tracing of test particles have been
performed by using the Tsyganenko 96 model which
demonstrates that energetic particles (both ions and
electrons) could be indeed trapped in the high latitude
magnetosphere.
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On 7 December 2000, the Cluster spacecraft were
trailing a slowly expanding moagnetopause near dusk,
remaining within 1R of a model boundary for more
than three hours. This orbit allows a detailed prob-
ing of the structure of the low latitude boundary layer
(LLBL). During this time the IMF trended from south
to north, a rotation punctuated by several sharp south-
ward excursions. The aim of the paper is threefold: (1)
using twin-satellite observations to find the effect of
this IMF behavior on the LLBL; (2) to compare the
observations with theoretical predictions of the layered
structure of the LLBL and its field-aligned currents
(Sonnerup and Siebert, 2003); and (3) to find the iono-
spheric imprints this boundary layer leaves at FAST al-
titudes. This work is supported in part by NASA’s Liv-
ing with a Star program. Sonnerup, B. U. O., and K. D.
Siebert, Theory of the low latitude boundary layer and
its coupling to the ionosphere: A tutorial review, in
Earth’s Low-Latitude Boundary Layer, Geophys. Monogr. Ser.,
vol. 133, edited by P. T. Newell and T. Onsager, p. 13,
American Geophysical Union, Washington, DC, 2003.
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We present statistical results from the energetic
electron and ion data set obtained by the RAPID ex-
periment on Cluster when these satellites were in the
vicinity of the dayside cusp and magnetopause.The en-
ergy range of RAPID for ions extends from 30 to 1500
keV and for electrons from 20 to 400 keV.The data used
were obtained from Jan.l to Apr.30, 2001 and Mar.1
to Apr.30,2002 to identify the cusp, to study its lon-
gitudinal extent in magnetic local time, to study its
dependence on the solar wind velocity and the Inter-
planetary Magnetic Field(IMF) and to determine the
relationship of energetic particles to this region. Fur-
thermore, the relation between the energetic particles
and local plasma and magnetic field is explored in de-
tail for two events. The criteria used to identify the
cusp region are: 1. High density(comparable to that
in the sheath) 2. Small or stagnant plasma flow( <
60 km/s ) 3. Turbulent magnetic field Energetic ions
are essentially present on each pass ( 80% of such op-
portunities)through this region.The energetic electron
behavior observed in the cusp region was significantly
more structured and variable than the ions. The loca-
tion of cusp is affected by IMF By and/or solar wind
Vy( solar wind dynamic pressure on Y-direction). The
particle spectra are characterized by a power law and
the power law index is found to be closely related to
solar wind velocity.
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IMAGE low energy neutral atoms (LENA) imager
responds to the neutral atoms formed by the magne-
tosheath interactions with the hydrogen exosphere dur-
ing periods of high solar wind dynamic pressure. De-
tailed analyses of the LENA data have shown that the
high-altitude cusp can be monitored because the cusp
indentation structure makes the emission have a dis-
tinct direction. Most of the cusp emission events in-
clude a sudden impulse on the ground, created by the
contact of a rapid increase in the solar wind dynamic
pressure to the dayside magnetopause. When the sud-
den impulse timing is compared with the change of the
dynamic pressure at ACE spacecraft, the time delay of
the solar wind to the magnetosphere can be obtained.
Our extensive survey for the cusp emission from near-
noon orbits during 2001 has identified a significant
number of events. We mapped the motion of the cusp
emission on the modeled magnetopause considering the
corresponding solar wind conditions, and examined how
the high-altitude cusp responds to the variations of the
solar wind with a time resolution of 2 min. Results of
analyses show that the equatorward/poleward motion
of the cusp is prominent as expected, and that the dis-
placements usually do not exceed 1 Re per 2 min. Sev-
eral events have larger displacements, e.g., 2 Re per 2
min, i.e., about 100 km/s. One such rapid motion event
was observed at April 12, 2001, when POLAR/TIDE
also measured the corresponding motion of the cusp si-
multaneously. Our events also include simultaneous ob-
servations of IMAGE and SuperDARN radar on April
11, 2001. The ionospheric cusp measured by the radar,
and the LENA high-altitude cusp show correlated vari-
ations in latitudes. Detailed characteristics of the mo-
tion of the high-altitude cusp, including its connection
to the ionosphere, will be presented, and discussed in
terms of the corresponding variations of IMF and solar
wind dynamic pressure.
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In this study we present preliminary observations
showing the relationship between charge exchanged
neutral atom emissions from the magnetosheath and
the appearance of cusp-like signatures in the iono-
sphere. The Low Energy Neutral Atom imager on IM-
AGE can be used to detect the magnetosheath neu-
tral atom signature during strong southward IMF con-
ditions. Correspondingly, under such conditions, day-
side reconnection is enhanced and the ground based Su-
perDARN radars monitor the increase in the flow and
backscattered power associated with enhanced activity
in the cusp. We present data from the SuperDARN
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radars, showing typical cusp signatures during the pe-
riod of enhanced neutral atom emissions observed by
LENA. We show that there is a significant correlation
between the backscattered power at high latitudes de-
tected by the radar and the ENA emission recorded at
LENA. As the magnetopause is eroded due to the in-
creased reconnection activity, the neutral density near
the reconnection site will be higher than under nor-
mal conditions, resulting in a higher flux of charge ex-
changed neutral atoms observed by LENA. Also there
may be a greater influx of magnetosheath particles
which can charge exchange in the magnetosphere re-
sulting in an increase in neutral atom emissions ob-
served by LENA. The particle precipitation also ionizes
the high latitude ionosphere producing irregularities re-
sulting in an increase in the radar backscattered power.
We present the observations showing the relationship
between the ENA emissions and the radar backscatter
in the cusp region.
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Global Flow Rates of 15-eV to 33-keV
Ions Away From Earth Near the Polar
Satellite Apogee Versus Perigee
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As previously reported, the southern hemispheric
outflow rates of 15-eV to 33-keV H+, OJr and He+
ions observed 1996-98 by the TIMAS instrument on
the Polar satellite about two Rp geocentric distance,
near perigee, are significantly less than rates observed
by instruments at somewhat higher altitudes, espe-
cially the HT rates. In this paper a comparison is
made with TIMAS observations in the northern hemi-
sphere, at 4-9 Ry, by scaling local flow densities along
magnetic field lines in the combined IGRF-95 internal
and Tsyganenko-95 external field models. The north-
ern hemispheric outflow rates are indeed substantially
greater within the given energy range, indicating con-
tinued acceleration of lower-energy ions above the Po-
lar perigee altitude. Specifically, the northern rates for
O1 and He™m ions are, respectively, about 3-5 and 6-
10 times greater than their southern counterparts, the
larger multiplier associated with summer season (April-
September). In absolute numbers, in units of 1025 s =1,
the northern outflow rates are in the range of 1-3 for
the OT and 0.3-1 for the HeT, the larger numbers in
the summer of 1998, about two years past solar mini-
mum. The average Kp is about 2. The northern hemi-
spheric outward flow rate of HT ions is as much as 30-
100 times greater than the southern counterpart, but
that is largely due to solar origin ions with net flow
away from the cusp region. Unlike the ionospheric HT
ions, the solar ions have much enhanced flow rate dur-
ing the summer season (by almost a factor of three),
presumably because the northern cusp is then tilted
more toward the solar wind source.
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Latitudinal variation of the electron
density over the northern polar cusp
from RPI/IMAGE observations
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When IMAGE flew through the northern polar re-
gion near 04 - 14 MLT, on March 4, 2003, the Radio
Plasma Imager (RPI) on IMAGE satellite measured 10
electron density profiles along the satellite track, each
from the satellite to lower altitudes along the magnetic
field. The IMF was predominantly southward and the
kp index was 5- during the event. An enhancement in
the density is observed near dayside 73°- 82° invariant
latitude. The Tsyganenko 1996 (T96) magnetospheric
model shows that the topological separation between
closed and open field lines is near 70°. The enhance-
ment may have occurred poleward of the dayside cusp
as a result of heating and ionization due to reconnec-
tion and precipitation particles with some convection
time delay.
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Electron Density Profiles Measured
with IMAGE Radio Plasma Imager
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A dynamic fluid semi-kinetic (DyFK) model is used
to simulate the ion field-aligned flows within flux tubes
drifting along a model specified convection line across
the polar ionosphere. In this DyFK model, the colli-
sion dominated portion of the flux tube is treated with
a moment-based fluid model for altitudes from 120 to
1100 km, while the generalized semi-kinetic model is
used for 1100 km to 3 RE region. The effects of auro-
ral soft electron precipitation, centrifugal acceleration,
wave-driven transverse ion heating and parallel poten-
tials are incorporated into the simulation of the ion
field-aligned transport. The modeled field-aligned elec-
tron density profiles in the polar cap are compared with
several field-aligned density profiles measured by the
Radio Plasma Instrument (RPI) on the IMAGE satel-
lite on March 4, 2003, in a weak magnetic storm (mini-
mum Dst value of -58 nT). The electron densities were
substantially elevated during the magnetic storm, with
electron density reaching 10 cm-3 at 2.8 RE altitude.
It is found that reasonable parameters for the indicated
aurora processes could raise the modeled electron den-
sities to the level of the densities measured by the IM-
AGE/RPI. The simulation results indicate that the O+
becomes the dominant ion species in the altitude range
considered for high density cases.
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The O+ Density Trough at 5000 km
Altitude in the Polar Cap
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At altitudes near 5000 km over the Southern polar

cap region of the terrestrial magnetosphere/ionosphere,

the Thermal Ion Dynamics Experiment (TIDE) on-
board the Polar satellite has observed O+ ion density
trough regions, in which the O+ densities were at least
one order of magnitude lower than the surrounding O+
densities. In the O+ density trough regions, the es-

timated O+ densities were generally lower than 0.01

per cc. From December 1, 1997 to November 30, 1998,

polar cap O+ troughs in Polar/TIDE observations oc-

curred at a frequency of about 48%. Statistical ex-
amination of the Polar perigee observations from De-
cember 1, 1997 to November 30, 1998 shows that the

Polar perigee passes evenly covered the southern po-

lar cap region, while the O+ density trough was al-

ways located on the nightside portion of the polar cap
magnetosphere/ionosphere, and that invariant latitude
spans of such troughs could be as large as 230 in ex-
tent. The trough occurrence displayed strong seasonal
dependence; in the winter season (e.g. for July in the
southern hemisphere) the O+ ion density trough occur-
rence frequency ranged up to 92%, while in the sum-
mer season (e.g. for January in the southern hemi-
sphere) it decreased to as infrequent as 15%. The O+
ion density trough occurrence appeared relatively inde-
pendent of the geomagnetic Kp index, and IMF Bz, By
conditions, although it generally anti-correlated with
the solar wind dynamic pressures in the solar wind dy-
namic pressure range 0.8 - 2.6 nanopascal. However,
as suggested by the seasonal dependence, the O+ ion
density trough occurrence was strongly related to the
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solar zenith angle (SZA). In the SZA range 500 to
1250, the trough occurrence increased monotonically
with SZA. Also, case-by-case examinations of near-
simultaneous O+ densities and vertical velocities ob-
served by the DMSP satellite group orbiting at 840
km altitude indicate that the O+ density troughs ob-
served at 5000 km altitude exhibit moderate correlation
or anti-correlation with topside ionosphere density or
velocity features at 840 km altitude for approximately
half of the near-conjunction cases examined.
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Measurements of Polar Cap Absorption
(PCA) Events at Very High
Geomagnetic Latitudes in the
Antarctic
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The availability of imaging riometer data from the
Automatic Geophysical Observatories (AGOs) P5 and
P6, located a few degrees on either side of the south-
ern geomagnetic dipole provides an unprecedented op-
portunity to study polar cap absorption (PCA) events
at the highest latitudes to date. Of equal importance
is the opportunity provided by these imaging instru-
ments, together with similar instruments at other AGO
sites and South Pole, for investigations of the spatial
structure with time of the absorption events. The imag-
ing riometer data are used together with interplane-
tary charged particle measurements from the EPAM
instrument on the ACE spacecraft to provide new un-
derstanding into the effects of solar particle events on
the very high latitude ionosphere. Results from stud-
ies of three events in 2000 (February 18, November 8,
November 24) will be discussed in some detail.
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Ground based OI 630.0 nm Observations
of Sunlit Cusp from
Sondrestromfjord, Greenland
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‘We have used a high resolution (0.01 nm)imaging
spectrograph to measure auroral emissions along the
magnetic north-south meridian from Sondrestromfjord,
Greenland (67° N, 51° W; 74.5° N Mag. Lat.). The
red line (OI 630.0nm) emission intensities during a
magnetically disturbed day (January 21, 2001) showed
significant enhancement near local noon (SZA 86°).
Salient characteristics of the observations include (1)
a gradual buildup in column emission rates of up to
3000 R, which is a four-fold increase above the nor-
mal dayglow emission rates, (2) a sharp equator-ward
boundary, and (3) a poleward moving form following
the emission peak. These are characteristic signatures
of emissions of magnetospheric cusp origin. Simulta-
neous incoherent scatter radar measurements show a
significant increase in Te (up to 4500 K) in the direc-
tions of optical emission enhancement. Model intensi-
ties using the radar measurements of Ne, Te, and Ti
are consistent with our observations.
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Plasma Density and Temperature
Measurements in the Cusp Ionosphere
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A Black Brant X sounding rocket (NASA 35.033)
was launched on December 14th, 2002 at 11:16:48 UTC
from Ny Alesund, Norway to study the electrodynam-
ics of the cusp ionosphere and the open/closed field
line boundary region. The launch was coordinated
with satellite measurements and with optical and radar
ground-based observations. The rocket was launched
during Bz southward conditions and reached an apogee
of 771 km, well above the F-layer peak. Measurements
by a fixed-bias (ion) Langmuir probe and a swept Lang-
muir probe on the rocket payload provide plasma den-
sity, density fluctuations, and electron temperature, as
well as the plasma potential. The swept Langmuir
probe used a 2.5cm diameter titanium nitride coated
spherical electrode whereas the fixed bias probe used
a 10 cm diameter, 6.4 mm thick ring as the active el-
ement. On the upleg of the rocket trajectory, a very
disturbed ionosphere was encountered, with large am-
plitude (>20%), large scale (typically 10 m-10km) ir-
regularities superimposed on the background, indica-
tive of the open magnetic field line cusp environment.
By contrast, the downleg profile shows a smooth den-
sity profile without irregularities that is consistent with
the dayside ionosphere on closed magnetic field lines.
Elevated electron temperatures were observed coinci-
dent with regions of energetic precipitations. These
may have been due to instrumental effects, however,
and a detailed analysis is still underway. We com-
pare both the density and temperature measurements
gathered with the rocket instruments with those mea-
surements simultaneously gathered with the EISCAT
radar, and with temperatures derived from the Cal-
gary Suprathermal Ton Imager, that was also part of
the rocket payload.
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Main Characteristics of the VLF
Magnetic Field Waves Recorded by
the Search Coil Magnetometer
Experiment Onboard the CUSP
Sounding Rocket
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The CUSP rocket is a NASA Black Brant X sound-
ing rocket dedicated to the exploration of the electrody-
namic coupling, pulsations, and acceleration processes
in the dayside cusp and the boundary layer interface.
The launch occured on December 14, 2002, from Ny
Aleysund, Spitzbergen (79° N) during Bz negative con-
ditions. We present the magnetic field waves measure-
ment collected in the frequency range [10 Hz - 10 kHz]
by the three axis Search Coil Magnetometer (SCM) ex-
periment onboard CUSP. The observations reveal the
presence of intense field fluctuations corresponding to
ELF hiss which is only seen on closed field lines and
hence can be used to define the magnetic boundary of
the cusp. Several data analysis techniques were applied
to the 3 components of the magnetic field fluctuations
associated with the ELF hiss to obtain information re-
garding the wave polarization and the wave vector di-
rections. The magnetic field wave data are compared
with simultaneous observations of electric field wave
data to further enhance our understanding of these
wave phenomena. The main results coming from this
detailed study are presented and discussed.

Vélizy 78140,
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Santimay Basul (1-202-404-4384;
basu@ppd.nrl.navy.mil)

Howard Kuenzler!
(Howard.Kuenzler@hanscom.af.mil)

Peter Ning? (pning@att.net)

Sunanda Basu® (sbasu@bu.edu)

1Space Vehicles Directorate, Air Force Research Lab-
oratory 29 Randolph Road, Hanscom AFB, MA
01731, United States

28cion Associates, 1374 Wright Avenue, Sunnyvale,
CA 94087, United States

2003 Fall Meeting F1257

3 Boston University, Center for Space Physics, Boston,
MA 02215, United States

The plasma density irregularities and their turbu-
lent motion in the cusp following the launch of the
NASA Cusp Rocket on December 14, 2002, were stud-
ied by the Air Force Research Laboratory (AFRL) from
ionospheric scintillation observations by using trans-
missions from a quasi-stationary satellite at 250 MHz
and GPS at 1.5 GHz. The multi-instrumented rocket
was launched from Ny Alesund at 11h 16m 48s and
the rocket attained 300 km altitude after 2m 27s into
the flight and reached its apogee at 760 km after 8m
8s. At this time the 300 km sub-ionospheric locations
of UHF scintillation measurements from Ny Alesund
(75 MLAT) and from Longyearbyen (74.1 MLAT) on
Spitzbergen corresponded closely to the rocket flight
path. Scintillations were in a quiescent phase earlier
that day, becoming suddenly enhanced to saturation
levels prior to 1100 UT and maintaining this increase
up to 1250 UT. The rocket was launched during this
active phase when a burst of GPS phase fluctuations
was also observed. The most significant result was the
broadening of the scintillation spectrum at 250 MHz
that exceeded 2 Hz indicating at least a 5-fold increase
in the turbulent motion of plasma density irregularities
compared to that prior to the scintillation enhance-
ment. The enhancement of scintillation was coinci-
dent with the enhanced plasma convection and radar
backscatter recorded by the SuperDARN radars at Ice-
land and Finland. The increased spectral width of
the backscatter return from these two radars indicat-
ing turbulent electric fields agreed very well with that
obtained from the broadening of the power spectrum of
scintillations. The rocket in-situ observations of elec-
tric field fluctuations and plasma density irregularities
are being studied in relation to the magnitude of scin-
tillations and their spectra.
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The NASA Cusp rocket Campaign of December
2002 provides a unique combination of in situ and
ground-based instrumentation for the investigation of
the Earth’s cusp. The CUTLASS HF radars provided
2-D convection measurements over the rocket trajec-
tory region during launch from Ny Alesund on Decem-
ber 14. The radars ran in a special mode with high
spatial and temporal resolution. Stereo operations al-
lowed a full 16 beam scan to be generated every 48
s, whilst simultaneously a restricted 6 beam scan lo-
calized over the trajectory was generated every 18 s.
Excellent data coverage was obtained from both radars
over almost the entire rocket trajectory, allowing 2-D
convection information to be recovered. The remaining
SuperDARN array provided the global convection solu-
tion at a resolution of 2 min. The spatial and temporal
variations of the ionospheric convection flows under the
influence of transient magnetopause reconnection pro-
cesses will be presented, along with an examination of
the location and motion of geophysical boundaries de-
rived from radar spectral width.
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High-precision vector magnetic field observations
from the Orsted satellite are used to investigate small-
scale, field-aligned currents on spatial scales down to
600 m. Placed in a low-Earth, polar orbit, the slowly
drifting orbit plane has covered all local times since
launch in 1999 with more than 25000 polar passes.
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Small-scale currents are primarily found in the cusp

2003 Fall Meeting

with densities of 10-100 pAm ™2, reaching more than
1000 uAn172 during disturbed conditions. These val-
ues are 1-2 orders of magnitude larger than large-scale
region 1 and 2 currents. Current densities are 2-4 times
larger when the ionosphere is illuminated than when in
darkness. While the location of currents follows the
changes in cusp location with changing IMF, the in-
tensity of the currents seems to depend on the level of
solar wind turbulence. The data suggest that small-
scale currents may be associated with significant local
heating of the ionosphere and thermosphere.
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We consider auroral ion heating sociated with
broadband ELF (BBELF) wave activity in downward
current, downward electric field regions on the pre-noon
dayside at altitudes of 2000-4000 km, using data gath-
ered from the FAST spacecraft. Statistics from 11 day-
side passes are collected, and parameters including ion
and electron distribution function moments, BBELF
wave activity indices, and field aligned current density
are indexed. Relationships between these parameters
are quantified and compared to a larger similar study
on the nightside (Lynch et al., 2002). We wish to de-
termine whether the observed qualitative similarity be-
tween return current regions on the dayside and the
nightside is backed up by a quantifiable parameter re-
lationship. On the nightside it is found that the BBELF
wave activity in these regions is highly correlated with
a specific combination of parameters from the ion and
field aligned current density data. This empirical rela-
tionship has guided theoretical developments in mod-
elling of the return current region (see the related talk
by Jasperse et al.)
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Vision of the Future: Exploring Moons
and Magnetospheres with
Magnetometers
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In recent months, planetary scientists have been of-
fered a Jupiter Icy Moons Orbiter (JIMO) mission that
“will provide unprecedented opportunities for investi-
gation of the Jovian magnetosphere and its interactions
with icy surfaces of Galilean moons, putative subsur-
face oceans of these moons, . and the interplan-
etary solar wind.” In the spirit of never saying no
to temptation, we will consider some of the questions
that can be investigated by JIMO, focusing on problems
whose investigation requires fields and particle mea-
surements. The primary targets of the mission are the
icy moons, Europa, Ganymede, and Callisto. Galileo
measurements provided compelling evidence that all
three respond inductively to the time-varying magnetic

Cite abstracts as:

field of Jupiter and that Ganymede has a stable intrin-
sic magnetic field. Additional magnetometer measure-
ments from a spacecraft dwelling in a highly inclined
orbit around one of these moons will provide invalu-
able insight into the properties (depth of burial, spatial
extent, conductivity) of the conducting layer, a subsur-
face ocean or a soft ice layer. Such measurements will
also provide stronger bounds on the strength of the in-
ternal magnetic moments of Callisto and Europa and
will identify the properties of the higher order moments
of Ganymede. Such constraints are needed for models
of the interiors. Two magnetospheres (Jupiter’s and
Ganymede’s) will be probed in new ways. Extensive
dwells at roughly fixed radial distance from Jupiter of-
fer opportunities to monitor substorm-like dynamics in
a systematic manner and to probe asymmetries of par-
ticle and field structure. At Ganymede, a long inter-
val within the magnetosphere will offer opportunities
to learn how steady reconnection affects a magneto-
sphere and to map out the details of the interior and
the boundary. It does sound irresistible.

SM12B-02 1400h

A New Jovian Magnetospheric Field
Model for Galileo and Jupiter Icy
Moon Orbiter (JIMO) Missions

Krishan K Khuranal (kkhurana@igpp.ucla.edu)

Nikolai A Tsyganenko2
(Nikolai. Tsyganenko@gsfc.nasa.gov)

Hannes K Schwarzl! (hschwarzl@igpp.ucla.edu)

Iinstitute of Geophysics and Planetary Physics,
Slichter Hall, UCLA, Los Angeles, CA 90095,
United States

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

Global magnetic field models are required to inter-
pret field and plasma observations collected by Galileo
in Jupiter’s magnetosphere. Accurate models would
also be needed to define the changing magnetic field
in the rest frames of the icy satellites for the JIMO
mission. Previous models have been inadequate be-
cause of simplifying assumptions or inadequate data
coverage. We have recently developed a new model
of Jupiter’s magnetospheric field which borrows from
techniques and methods developed by modelers for the
earth’s magnetospheric field. The model uses observa-
tions from all of the six spacecraft that have traveled
through Jupiter’s magnetosphere. The model incorpo-
rates an internal spherical harmonic model (VIP4), new
modules for ring and magnetotail currents and shield-
ing fields from an axially symmetric magnetopause.
The structural model of the current sheet incorporates
the delay and hinging of the current sheet observed at
large distances. The thickness of the current sheet is
modeled as a sinusoidal function of local time such that
the current sheet is at its thinnest in the dawn sec-
tor and is the thickest in the dusk sector. The model
also correctly includes the effect of the 3.2 degrees
tilt between the Jovian orbital and equatorial planes
‘We use Tsyganenko and Peredo [1994] models of disk-
shaped current sheets to model the magnetic field of
Jupiter’s current sheet. The delay and hinging of the
current sheet is introduced by using the general defor-
mation technique [Tsyganenko, 1998]. The shielding
field from the magnetopause for the equatorial current
sheet and the internal field is specified by Cartesian
and cylindrical harmonics, respectively. Comparisons
of the model with observations are presented from var-
ious local times in Jupiter’s magnetosphere.
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The Galileo mission demonstrated the extensive and
varied interactions between the Jovian magnetosphere
and the icy Galilean satellites. In particular, the
Galileo plasma wave investigation showed the surpris-
ingly complex array of plasma and radio wave phe-
nomena accompanying Ganymede’s magnetosphere, ev-
idence of an extensive magnetospheric interaction at
Europa, and a weaker yet highly variable interaction
at Callisto. The plasma wave observations showed that
all three moons were sources of plasma for the Jovian
magnetosphere. Furthermore, the Galileo observations
of Jovian radio emissions extended those of earlier Voy-
ager and Ulysses and provided unique insight into the
dynamics of the Jovian magnetosphere. The Jupiter
Icy Moons Orbiter (JIMO) offers important extensions
to the Galileo studies mentioned above. Primarily, the
ability to orbit each of these moons will enable much
more complete maps of the magnetospheric interac-
tions than possible with even the multiple flybys pro-
vided by Galileo. More importantly, however, the ad-
ditional power and data volume promised by the JIMO
spacecraft means that the microphysics of these inter-
actions can be addressed, given an accompanying set
of fields and particles instruments. JIMO also provides
the possibility of actively sounding the ionospheres of
the moons to obtain complete ionospheric profiles along
the orbit and down to the surface. In addition, JIMO
provides the opportunity to make important advances
in the study of the Jovian magnetosphere and its ex-
tensive array of radio emissions. The resources avail-
able on this platform would enable extensive direction-
finding and polarization studies of the radio emissions
from anywhere along the orbit as has been demon-
strated by the Cassini Radio and Plasma Wave Science
instrument. The periods in orbit about the moons pro-
vide multiple occultations of the higher frequence radio
emission sources (decametric and hectometric) so that
direction-finding can be performed without complica-
tion from the complex antenna patterns usually found
at the higher frequencies.
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Radio sounding of the Earth’s topside iono-
sphere and magnetosphere is a proven technique from
geospace missions such as the International Satel-
lites for Ionospheric Studies (ISIS) and the Imager
for Magnetopause-to-Aurora Global Exploration (IM-
AGE). Application of this technique to the Jupiter Icy
Moons Orbiter (JIMO) mission will provide unique re-
mote sensing observations of the plasma and magnetic
field environments, and the subsurface structures of
Europa, Ganymede, and Callisto. Spatial structures
of ionospheric plasma above the surfaces of these bod-
ies will vary in response to magnetic field perturba-
tions from magnetospheric plasma flows, ionospheric
currents from ionization of sputtered surface mate-
rial, and induced electric currents in salty subsurface
oceans. Radio sounding at 3 kHz to 10 MHz will pro-
vide globally-determined electron densities necessary
for the extraction of the oceanic current signals and
will supplement in-situ plasma and magnetic field mea-
surements. Long-range magnetospheric sounding, pio-
neered by the radio plasma imager (RPI) instrument
on IMAGE, has provided electron density distributions
along magnetic field lines and in radial directions on
time scales of minutes. RPI has also been able to mea-
sure the entire electron plasma density distributions
(in the orbit plane) of the Earth’s polar cap and the
plasmasphere within one pass of the spacecraft. In a
similar manner, a radio sounder orbiting an icy moon
would be able to measure the electron density along the
magnetic field into each hemisphere and provide infor-
mation on the Jovian magnetospheric background, the
magnetospheric influences on the moon’s ionospheres,
and distortions of magnetic field line geometry from
model predictions. The higher-power source available

Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.



