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Views of Earth’s Magnetosphere
with the IMAGE Satellite

J. L. Burch,’* S. B. Mende,? D. G. Mitchell,? T. E. Moore,*
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The IMAGE spacecraft uses photon and neutral atom imaging and radio sound-
ing techniques to provide global images of Earth’s inner magnetosphere and
upper atmosphere. Auroral imaging at ultraviolet wavelengths shows that the
proton aurora is displaced equatorward with respect to the electron aurora and
that discrete auroral forms at higher latitudes are caused almost completely by
electrons. Energetic neutral atom imaging of ions injected into the inner mag-
netosphere during magnetospheric disturbances shows a strong energy-de-
pendent drift that leads to the formation of the ring current by ions in the
several tens of kiloelectron volts energy range. Ultraviolet imaging of the
plasmasphere has revealed two unexpected features—a premidnight trough
region and a dayside shoulder region—and has confirmed the 30-year-old
theory of the formation of a plasma tail extending from the duskside plasma-

sphere toward the magnetopause.

The IMAGE (Imager for Magnetopause-to-
Aurora Global Exploration) spacccraft was
launched on 25 March 2000 into an elliptical
polar orbit (apogee altitude = 7.2 Earth radii;
perigee altitude = 1000 km) (/). The IMAGE
instruments image the tenuous plasmas that
populate the inner regions of Earth’s magne-
tosphere, which is the region of space domi-
nated by the geomagnetic field and shielded
by it from the solar wind. The interaction
between the solar wind, with its embedded
interplanetary magnetic field, and Earth’s
magnetic field results in the transfer of ener-
gy, momentum, and mass to the magneto-
sphere and drives the large-scale flow of
plasma within it. The energy thus transferred
accumulates in the magnetotail, the portion of
the magnetosphere on Earth’s night side that
is drawn out like the tail of a comet by solar
wind flow, until it is released explosively in a
process known as a magnetospheric substorm
(2). Such events involve a change in the
morphology of the geomagnetic field from a
stretched configuration to a more dipolar one
and the acceleration of plasma flows toward
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and away from the planet. Substorms are
associated with changes in the morphology
and brightness of the aurora.

The energy transfer from the solar wind to
the magnetosphere can continue over an ex-
tended period of time, several hours to days,
resulting in a sustained enhancement of the
large-scale sunward flow of plasma from the
magnetotail toward the dayside magneto-
sphere. Such periods of sustained plasma cir-
culation are known as geomagnetic storms
and are characterized by the growth of the
ring current (an east-west current encircling
Earth at geocentric distances between 2 and 6
Earth radii and carried by trapped energetic
charged particles) and by the occurrence of
multiple substorms (3). Geomagnetic storms
can occur at any time during the 11-year solar
cycle, but occur most frequently around solar
maximum and arc often triggered by the ar-
rival at Earth of coronal mass ejections and
the associated shocks.

Our picture of the dynamics and changing
structure of the inner magnetosphere during

substorms and geomagnetic storms is largely
a statistical one, based on data acquired by
single spacecraft at single points in space at
different times and on the results of numeri-
cal simulations. However, placing this picture
on a solid observational footing and testing
and validating the results of our models re-
quire that we image, on a global scale and
with a temporal resolution of minutes, the
coupled intcractions of the different inner
magnetospheric plasma populations as they
process and redistribute the energy received
from the solar wind. Here we present global
images of Earth’s inner magnetosphere as
seen with instruments on board the IMAGE
spacecraft during the gecomagnetic storms of
24 May and 8 June 2000 and during a sub-
storm that occurred on 10 June 2000.

Experimental Techniques

Magnctospheric plasmas are invisible to stan-
dard astronomical observing techniques, al-
though their properties can be determined
through in situ measurcment. To obtain the
necessary global images, IMAGE uses three
different and innovative imaging technolo-
gics that allow these plasmas to be sensed
remotely: neutral atom imaging, ultraviolet
(UV) imaging, and radio sounding. Three
neutral atom imagers, covering the low (10
eVto 1 keV) (4), medium (1 to 30 keV) (5),
and high (20 to 500 keV) (6) energy ranges,
detect energetic neutral atoms (ENAs) pro-
duced by charge-exchange reactions between
magnetospheric ions and the hydrogen atoms
of Earth’s exosphere (the high-altitude exten-
sion of the neutral atmosphere). Unlike the
parent ions, the ENAs are not constrained by
the geomagnetic field and can travel in line-
of-sight paths to the imagers aboard the
spacecraft, making it possible to construct
images of the ion source populations. Neutral
atom imaging is used to image the ring cur-
rent, the inner edge of the plasma sheet, and
outflowing ionospheric plasma. The second
technique used by IMAGE is the detection of
extreme ultraviolet (EUV) solar photons
(wavelength A = 30.4 nm) resonantly scat-

Fig. 1. Partial picture of the auroral oval on 16 june 2000 at 22:49 UT, with overlaid continental
outlines and geographic grid. Simultaneous images from the FUV S112 and SI13 channels show
auroral emissions from proton precipitation (red) and electron precipitation (yellow). The images
from both channels (right) are overlaid to highlight the differing morphology and spatial distribu-
tion of the proton and electron auroras.
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tered by singly ionized helium atoms in
Earth’s plasmasphere (7). The plasmasphere
is a doughnut-shaped region of cold (~1¢eV),
dense (10* cm™3) plasma of ionospheric or-
igin that surrounds and corotates with Earth.
It is composed largely of protons but has a
helium ion component that accounts for 10 to
15% of the total plasmaspheric density (8).
The third imaging technique used on IMAGE
is radio sounding of plasma gradients and
boundaries (9). In addition to the instruments
using these three techniques, IMAGE carries
far-ultraviolet (FUV) imaging instruments
that provide highly resolved wideband imag-
es of the aurora (/0-12). Auroral imaging
provides a diagnostic of the dynamic state of
the magnetosphere.

Global Imaging of the Proton Aurora

The IMAGE FUV imager takes global imag-
es of the aurora in three different wavelength
channels: (i) broadband N, Lyman-Birge-
Hopfield emissions in the wavelength range
140 to 190 nm, (ii) narrowband (4 nm wide)
Ol line emissions at 135.6 nm, and (iii) a
number of selected narrow bands (~0.1-nm
each) in the vicinity of the Lyman alpha
(Ly-) line of hydrogen (121.6 nm). The
broadband images arc obtained by the wide-
band imaging camera (WIC), whereas the
narrowband images are recorded through the
two wavelength channels (SI12 and SI13) of
the spectrographic imager (SI). The SI12
channel is designed to image fast hydrogen
atoms with Doppler-shifted Ly-a, thus ob-
taining global images of the proton aurora.
The SI is a grating-based instrument that

Fig. 2. FUV WIC imag-
es from 10 june 2000
for the period 10:41 to
11:41 UT, showing the
latter part of a period
of substorm activity
and the subsequent re-
covery. Auroral images
are obtained every 2
min by the FUV instru-
ment. Here four repre-
sentative images are
shown, which suffice
to follow the develop-
ment and recovery of
auroral activity during
this period. The prime
meridian extends from
the pole to the lower
left quadrant of each
image. Along this me-
ridian the universal
time (UT) labeled in
each figure is equal to
the local time. Circles
of geographic latitude
are shown every 10°
Dayglow emissions (re-
sulting from the inter-
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minimizes throughput at Ly-a (121.6 nm)
and at other auroral nitrogen and oxygen
emission lines, while maximizing throughput
at 121.8 nm, which is emitted by hydrogen
atoms traveling away from the imager at
energies of about 8 keV. As energetic protons
precipitate into the atmosphere and collide
with the atmospheric gases, they capture
clectrons from the neutral constituents (such
as N, O,, and O) through charge-cxchange
reactions. The protons are thus converted into
fast neutral hydrogen atoms, which emit
Ly-a radiation through resonant scattering of
solar Ly-a. Subsequently, the hydrogen at-
oms may be converted back to protons and
continue their motion along the magnetic
field into the atmosphere only to be converted
again to hydrogen atoms, with the process
repeating itself perhaps thousands of times.

Because the Ly-a radiation from Earth’s
geocorona (/3) is at least 100 times more
intense than the proton aurora, an imager with
very high spectral resolution is required. By
observing the Doppler-shifted Ly-o, IMAGE
FUV observes the actual precipitating parti-
cles (fast hydrogen atoms), unlike the other
channels and all previously flown auroral
imagers, which observe the atmospheric glow
created by the energy input of the auroral
particles into the atmosphere.

The dynamics of the aurora, especially the
development of auroral substorms, has been
studied extensively by ground-based tech-
niques and by FUV auroral imagers flown on
previous spacecraft missions (/4-17). These
imagers detected atmospheric emissions pro-
duced almost exclusively by precipitating

action between neutral atoms and molecules and photoelectrons produced by solar EUV and x-ray
emissions) have been substracted with the method of Immel et al. (32).
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electrons. Until now relatively little progress
has been made in describing the global dy-
namics of proton precipitation even though
protons carry by far the largest fraction of the
particle energy in the magnetosphere. The
ring current consists mainly of stably trapped
protons (/8), but a fraction of the trapped
energetic protons are scattered out of their
trapped orbits by wave-particle interactions
and precipitate into the atmosphere, causing
the proton aurora. Although the largest frac-
tion of the precipitating energy into the auro-
ra is carried by electrons, there are regions in
which protons represent the major source of
auroral energy into the atmosphere (/9).

Even though proton precipitation is an
important energy input to the upper atmo-
sphere, the global distribution of the proton
aurora is not known. In models, the electron
and proton ovals are assumed to be symmet-
ric and located at the same position (/9).
What knowledge there is about the global
distribution of proton auroras comes from
statistical patterns of proton precipitation,
which show that the proton oval is shifted
equatorward from the electron oval before
midnight and poleward of it after midnight
(20). With IMAGE, the proton oval can fi-
nally be seen (Fig. 1). The SI13 image shows
auroral atmospheric emissions, which are
caused by electrons and some protons. These
auroras show a diffuse band at lower latitudes
and narrow structures at higher latitudes. The
SI12 image shows only diffuse auroral emis-
sions, which are produced overwhelmingly
by protons during that part of their lifetime
when they exist as charge-exchanged hydro-
gen atoms. The third image shows that both
electron and proton auroras contain a diffuse
band at lower latitudes, but the highly struc-
tured auroras seen at higher latitudes are for
the most part caused by electron precipita-
tion. The image set shown is a typical exam-
ple of nightside auroral behavior during a
post substorm-onset period. From such exam-
ples we can observe directly that large pole-
ward expansion of the aurora affects only the
electrons, and the high-latitude discrete auro-
ras rarely contain any protons.

Substorm Plasma Injection

Models of magnetospheric substorm onset
identify the development of a region of mag-
netic reconnection at geocentric distances of
about 20 Earth radii down the geomagnetic
tail and an associated region of neutral sheet
current disruption closer to Earth at 6 to 10
Earth radii (21). Mechanisms for the current
disruption have not been identified, but the
effect has been observed as a rapid dipolar-
ization of the magnetic field from an initial
stretched configuration. This dipolarization is
accompanied by the injection of plasma from
the plasma sheet toward Earth. The plasma
injection, which typically moves across geo-
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synchronous orbit in the equatorial plane, is
associated with rapid intensification of the
discrete aurora near its equatorward edge.
Subsequently, the aurora becomes active,
spreads poleward, and often develops a fea-
ture known as the westward traveling surge,
which moves rapidly from midnight toward
the dusk meridian. Although the global au-
roral forms have been imaged before, the
plasma injection and subsequent transport in
the inner magnetosphere have had to be mod-
eled from localized in situ measurements of
the plasma. With IMAGE, the plasma injec-
tion and transport associated with substorms
is being imaged repeatedly by neutral atom
imagers. Energetic neutral atom images have
previously been obtained during substorms
by an energetic ion detector on the Polar
spacecraft (22, 23). During those times when

90

MENA (8.6 keV)
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Polar was in the polar cap region, in which
ion fluxes were generally below the instru-
ment threshold, the observed signals were
primarily due to neutral atoms. These previ-
ous measurements were an important precur-
sor to the higher resolution and wider energy-
range neutral atom imaging now being per-
formed by IMAGE. Whereas the neutral
atom images obtained with the IMAGE ENA
instruments provide global measurements of
the ion distributions, the production of ion
images requires image inversion (24, 25),
which takes advantage of the on-board mea-
surement of the exospheric hydrogen atom
densities using their UV emissions.

A series of UV auroral images from FUV-
WIC (Fig. 2) records the auroral activity dur-
ing a substorm on 10 June 2000 and its
subsequent recovery. Ground magnetic

HENA (16-27 keV)

records and images from the Ultraviolet Im-
ager on the Polar satellite (/7) show a sub-
storm intensification at 09:18 UT. The FUV
WIC camera began imaging the aurora at
10:15 UT after a perigee pass of the IMAGE
satellite, during which global auroral viewing
was not possible. The subsequent series of
images tracked the last part of the extended
substorm activity on 10 June and the period
of recovery. Six ENA images from the IMAGE
MENA (5) and HENA (6) instruments (Fig. 3)
show the evolution of the inner magnetosphere
during this same period of substorm activity
and recovery. At 11:00 UT, when the auroral
emissions are still rather intense (as shown in
Fig. 2), strong ENA emissions in the lowest
energy range (Fig. 3A) are seen to cover most
of the nightside hemisphere. At higher energies
(Fig. 3B), the substorm-injected ions have drift-

HENA (39-60 keV)

Fig. 3. MENA and HENA images from 10 June 2000 at 11:00 UT (top row) and
11:40 UT (bottom row). The view is from above the north pole at geocentric
distances of about 4 and 5 Earth radii for the top and bottom rows, respec-
tively. The top row (A to C} is during the late stages of a substorm, which
began at 09:18 UT, whereas the bottom row (D to F) is well into its recovery.
Although the images are produced every 2 min, 6-min averaged images,
representing data from three successive spin periods of the spacecraft, are
presented. Each row contains an 8.6-keV neutral atom image from MENA,
a 16- to 27-keV image from HENA, and a 39- to 60-keV image from
HENA. In each image the white circle represents Earth, upon which the
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terminator is shown. Two magnetic field lines with equatorial intersections
at 4 and 8 Earth radii, respectively, are shown at noon, midnight, dawn, and
dusk local times. The noon field lines are noted with an S (sun), and the
midnight field lines by A (anti-sun). The MENA images have a horizontal field
of view of 120° the vertical field of view is limited by an on-board program
to 90° of spin phase centered on Earth. The MENA color bar is presented in
terms of count rate. The HENA images are similar except that the width
is 107°, the height is 100°, and the color bar is presented in terms of
neutral atom flux. Earth appears smaller in the bottom row because the
spacecraft increased its altitude between 11:00 and 11:40 UT.
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ed well beyond the dusk meridian, while at still
higher energies (39 to 60 keV), the leading
edge of the substorm ion population has drifted
beyond the noon meridian (Fig. 3C).

By 11:40 UT, the overall ENA signal has
diminished at the lower energies (Fig. 3D),
whereas the higher energy particle fluxes re-
main relatively strong (Fig. 3, E and F) and
the higher energy particles have drifted far-
ther around Earth, reaching the dawn merid-
ian (Fig. 3F). Because all of the global au-
roral imaging that has previously been per-
formed in the magnetosphere was of the elec-
tron aurora, it has not been known exactly
where the injected ions are transported and
precipitated. The ENA images (Fig. 3) show
that ions with energies of several keV remain
mostly within the nightside hemisphere. The
higher energy particles (several tens of keV)
drift rapidly through the dusk hemisphere and
into the moming hours, and their fluxes re-
main strong even after the substorm subsides.
The drift period for 50-keV protons in a
dipole field at a radial distance of 4 Earth
radii is 3.4 hours. Comparison of the 39- to
60-keV ENA data from the two times (11:00
and 11:40 UT) shows that this result is

HENA (16-27 keV)
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roughly consistent with the drift motion of
the cloud of ENA emissions.

In evaluating the ENA images it is impor-
tant to note that the measured ENAs are those
with velocities directed toward the spacecraft
so that the relative geometry of the viewing
aspect and the geomagnetic ficld causes the
signals from certain regions to be cnhanced
over others. In addition, the concentration of
atmospheric hydrogen atoms near Earth,
combined with the focusing action of Earth’s
nearly dipolar magnetic field lines, causes the
ENA signal to be enhanced at low altitudes.
Such cffects can be reduced by an image
inversion process that converts the ENA im-
ages into ion images (24, 25). Such a process
(25) has been applied to the HENA data from
10 June (Fig. 3, B and C, E and F). The image
inversion results yield the spatial distribution
in the equatorial plane of the ion flux inte-
grated over the line of sight (Fig. 4).

Development of the Ring Current

A geomagnetic storm occurred on 24 May
2000, with a drop in the surface magnetic
field strength of 147 nT during the storm’s
main phase, as measured by the Dst, or dis-

HENA (39-60 keV)

Fig. 4. Results of an image inversion (25) applied to the HENA data for 11:00 (top row) and 11:40
UT (bottom row) on 10 June (Fig. 3). Plotted is total ion flux integrated over magnetic pitch angle
in the equatorial plane. The view is from above the north pole toward the equatorial plane. The

dotted lines are 1 Earth radius apart.
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turbed storm time index. The build-up of the
ring current, which was responsible for the
magnetic perturbations felt on Earth during
this storm, can be seen in images from the
HENA instrument (6) (Fig. 5). Previously,
energetic neutral atoms were detected with
ion detectors on the ISEE-I and IMP 7/8
spacecraft (26), and an ENA image was con-
structed from the [SEE-1 measurements (27).
Those measurements provided an important
baseline for the design of the HENA instru-
ment. The IMAGE HENA data for this storm
show two particularly noteworthy features.
First, the ENA emission is at its maximum
from low altitudes, at the footpoints of the
magnetic field lines, and this feature is con-
fined to the night side of Earth. Farther from
Earth on the day side, a distinct region of
ENA emission from the ring current peaks
between about L = 3 and L = 4. Whereas the
outer extent of this emission is limited by the
steep radial decline in geocoronal density,
the drop at the inner edge must be dominated
by the contours of the parent-ion distribution.
Second, this peak in the ring current distribu-
tion is asymmetric. It does not completely
surround Earth; rather, it is strong only in the
dusk-noon quadrant and decays quickly be-
tween noon and dawn. This second feature is
energy-dependent, as shown by a comparison
of HENA data for two different energy rang-
es, 16 to 27 keV (Fig. 5A) and 27 to 60 keV
(Fig. 5B). The higher-energy data show a
partial ring current that is much more distinct,
and more strongly confined to the quadrant
about the noon meridian, than is the lower-
energy population, demonstrating that the
ring current ion distribution is a strong func-
tion of energy during the main phase of this
storm.

The ENA data for the 24 May storm (Fig.
5) show the strongest ENA emissions coming
from the auroral regions close to Earth. This
observation is consistent with the substorm
conditions that existed at the time the images
were made. On the other hand, observations
of the ring current during quiet periods be-
tween substorms shows that the ENA emis-
sions from low altitudes are reduced to low
levels, and that the strongest emissions come
from the equatorial ring current. For example,
HENA data acquired during the recovery
phase of a modest magnetic storm on 8 to 9
June 2000 (Fig. 6) reveal a distinct ring-
shaped maximum in the ENA emission, with
a low-emission region (down by about a fac-
tor of 2) in the dawn-midnight quadrant. The
emission from the footpoints of the field
lines, where the ions enter the dense atmo-
sphere, is relatively low. Because the neutral
gas density is highest at the magnetic field
footpoints, the low ENA flux from that re-
gion implies that the ion fluxes are also low.
This conclusion must be qualified by the
understanding that from the observing posi-
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tion of the spacecraft at the time the data were
taken, ENA emission from the field foot-
points would only be produced by the inter-
action between upward-flowing energetic
ions and the upper atmosphere. Because dur-
ing relatively quiet times the energetic ion
population moving parallel to the magnetic
field is typically depleted by collisions with
the atmosphere, it is no surprise that this
emission is low. Any ENAs originating from
these regions would have to be scattered (ei-
ther as ions or neutrals) into the upward-
going direction through collisions and escape
the atmosphere before they lose all of their
energy.

Dynamical Response of the
Plasmasphere to Magnetic Storms

Cold plasma from the ionosphere flows out-
ward along magnetic field lines, where it
accumulates. This accumulation creates a
roughly doughnut-shaped region that encir-
cles Earth at the magnetic equator and is
called the plasmasphere (28). Nearest Earth,
planetary rotation generates an inward-direct-
ed radial electric field that causes plasma-
spheric plasma to corotate with Earth. At
greater distances, a dawn-to-dusk directed
electric field generated by the solar wind flow
through the outer magnetosphere dominates
plasmaspheric motion. Depending on the
strength of the interaction between the solar
wind and Earth’s magnetic field, this electric
field penetrates into the magnetosphere, caus-
ing a flow of plasma perpendicular to both
the electric field and the geomagnetic field
and directed toward the dayside magneto-
spheric boundary. Plasma caught up in this
sunward flow does not accumulate; instead, it

Fig. 5. ENA images of
the ring current during
the main phase of a
geomagnetic storm on
24 May 2000. Data for
two energy ranges are
shown: 16 to 27 keV
(A) and 39 to 60 keV
(B). The view is from
about 4.3 Earth radii
above the north mag-
netic pole. The sun (S)
is toward the lower
left. The enhanced
emission at the upper
edge of both images is
an instrument artifact
and should be ignored.
The images were pro-
duced by integrating
the ENA counts over 6
min (three spacecraft
spin  periods), from
06:18:51 to 06:24:49
UT.
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is carried to the dayside magnetopause where
it is assumed to be lost. The boundary-like
transition between the high-density inner re-
gion and the lower-density outer region is
called the plasmapause (29).

During magnetic storms, the electric field
induced by the solar wind becomes stronger,
penetrating into dense plasma within the plas-
masphere. Instead of continuing to drift
around Earth, these outer plasma shells are
drawn away from the plasmasphere. This
plasmaspheric erosion is accompanied by the
injection of energetic plasma from the mag-
netospheric tail, which becomes the ring cur-

Fig. 6. ENA emission as seen
with the IMAGE/HENA instru-
ment from 5.0 Earth radii above
the north magnetic pole during
the geomagnetic storm of 8 to 9
June 2000. The image shows the
ring current at 21:18 UT on 9
June during the later stages of
the storm, when the Dst had re-
covered to —26 nT from a main
phase Dst of —87 nT at 20:00
UT on 8 June. In the image, the
Earth’s disk is inscribed, along
with representative dipole mag-
netic field lines at L = 4 and 8 for
the sunward (down), dawn (left),
midnight (up), and dusk (right)
merdians. The terminator (great
circle separating day from night)
is also drawn onto the Earth disk
for reference. The ENA emission
is integrated over an energy
range from 27 to 60 keV. (The
ENAs are assumed to be hydro-
gen, because the HENA instru-
ment does not identify the ENA
species in the mode for which
these data were taken.)

rent. Owing to actions of the convection,
corotation, interactions with the ring current,
and continued ionospheric outflow, plasma-
spheric plasma is seen throughout the inner
magnetosphere and beyond to the dayside
magnetopause. Modeling of these processes
suggests that plasmaspheric erosion results in
an extended tail of cold plasma extending
from the plasmasphere outward in the local
afternoon to the dayside magnetopause, espe-
cially during magnetic storm times (30, 3/).

With IMAGE we can begin to assemble a
global description of plasmaspheric structure,
of its motion, and of the physical processes
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that dominate its behavior. As noted above,
EUV light from the sun is absorbed and
reemitted by helium ions, making the plas-
masphere luminous in 30.4-nm light. The
EUV instrument (7) on IMAGE is able to
selectively see light at this wavelength and
returns global images of the plasmasphere
(Fig. 7), making it possible to identify and
follow the pattern of plasmaspheric ebb and
flow throughout the inner magnetosphere
with a global image every 10 min.

Six EUV images beginning near the main
phase of the 24 May 2000 magnetic storm
and extending over the next 3 hours show a
changing distribution of plasmaspheric plas-
ma during a magnetospheric disturbance (Fig.
7) and reveal a global pattern of behavior only
hinted at in previous single- or multipoint stud-
ies. With the sun located off to the lower right,
Earth’s shadow in UV light can be seen in these
images extending up and to the left. In the
premidnight sector of the plasmasphere, just to
the right and extending away from the shadow
is a narrow channel mostly emptied of plasma.
“Bite outs” of plasma have been measured pre-
viously by ground-based radio techniques and
by orbiting spacecraft, but we have never
known the longitudinal extent or the cause
of these features.
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The images also reveal what appears to
be a plasmaspheric “shoulder,” where the
plasmapause position moves outward
abruptly as it is traced toward earlier local
times in the dawn hemisphere. Comparison
of the location of this shoulder in the six
images shows it to be nearly corotating
with Earth. The apparent shape of the
shoulder also evolves from rounded (in the
first image) to very sharp (in the final
image). This evolution in shape may be due
to the change in perspective from a side
view (at a large angle to the plane of the
nearly dipolar magnetic field lines) to a top
view (looking parallel to the plane of the
field lines). At this point there is no clear
explanation for this feature, which has been
seen in several EUV images acquired dur-
ing magnetic storms.

The EUV images from 24 May also
show the predicted plasmaspheric tail (3/)
formed by solar wind—driven convection.
The tail connects to the main body of the
plasmasphere in the afternoon/dusk sector
and extends toward the sun. The overall
motion of plasmaspheric plasma is domi-
nated by electric fields generated by
Earth’s rotation and by the solar wind.
However, these electric fields are poorly

Distance (Earth radii)

Ty T L LT

-5 0 3 -5

e T w2 i By o o

0
Distance (Earth radii)

Fig. 7. Extreme ultraviolet emissions from the plasmasphere as imaged by the EUV instrument from
above the northern polar cap during a magnetic storm on 24 May 2000. The first image was
acquired near the peak of the storm, at about the same time as the HENA images shown in Fig. 5.
During the 3-hour period covered by the images, the spacecraft was rising above the Northern
Hemisphere. The view is from Earth’s morning side toward the north magnetic pole. The yellow
circle indicates Earth. The sun is to the lower right corner of each image, opposite the dark shadow
region. Notable in each image are the northern EUV aurora, most likely from excitation of O* with
an emission line at 53.9 nm; a bright dayside emission, which is at least partially due to 58.4-nm
emissions from the helium geocorona; a narrow ion trough extending from the shadow region
toward the dusk meridian; a plasma tail that develops in the duskside hemisphere; and a sharp
discontinuity, or shoulder, in the outer boundary of the plasmasphere in the morning hours. Each
image pixel is an integral of the EUV volume emission rate along the corresponding line of sight.
The volume emission rate is proportional to the local He* density.
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known near Earth at low magnetic lati-
tudes. This region is characterized by the
intermingling of hot plasmas injected from
the tail with cooler plasmaspheric plasma.
Wave-particle interactions, mesoscale elec-
tric fields due to charge separation, and a
variety of other physical processes are
thought to cause cross-field diffusion, heat-
ing, and localized enhanced convection. By
following features observed at the relative-
ly high resolution (0.6° by 0.6°) of the EUV
instrument, it is possible to map electric
fields throughout the inner magnetosphere.
Details of the penetration of the global
convection electric field, the importance of
ionospheric conductivity, and the impact of
mesoscale physical processes on plasma
and energy transport can all be studied by
the global mapping of electric fields.
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