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At higher latitudes, such as in Sweden, people can

see auroras almost every night, but people at lower
latitudes see them only during especially strong
magnetic storms. The aurora crowns the globe in
light. This ultraviolet image of the aurora
encircling the North Pole was made by the NASA
spacecraft Dynamics Explorer 1. The photograph
shows the sunlit hemisphere in the upper left and a

fainter airglow near the Equator.

Above our atmosphere, ions and charged par-
ticles bounce along and spiral around magnetic
field lines, deflected from direct impact on the
atmosphere and the people below. Thus, the
geomagnetic field forms a mantle protecting us
from harmful cosmic radiation. To understand
how life on Earth has evolved through these
and other influences, we need to understand

their balance in the Sun-Earth system.

\N

Events on the Sun can trigger changes in
the electrical and chemical properties of the
atmosphere, the ionosphere, the magneto-
sphere, the ozone layer, and high-altitude tem-
peratures and wind patterns. These changes
cause magnetic storms, communications static,
power blackouts, and navigation problems for
ships and airplanes with magnetic compasses.

Also, satellites and spacecraft can be damaged

or can reenter Earth's atmosphere prematurely
because of solar storms. The ability to antici-
pate particle outbursts and fluctuations in the
plasma flowing from the Sun and in the
magnetic field due to solar activity will be
increasingly useful as more of our science,
commerce, and national security depend on

the operation of vehicles in space.

This view of the aurora Australis, or Southern Lights, was taken by the Discovery spacecraft. The photograph

shows a band of airglow (extending from the middle to the

right side), whose existence is attributable to atomic

oxygen, at an altitude of 80 to 120 kilometers above the Earth. This type of airglow is most intense at latitudes

of about 65 degrees north and south and in the spring and fall of the year. Other atoms, such as molecular

nitrogen, can also contribute to airglows.
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SOLAR
ENERGY
GENERATION

WIND

SOHO
Regions of input and response in the solar-
terrestrial system. The spacecraft measure mass
and energy within the regions or observe transfer
processes across boundaries between the regions.

the solar wind. Polar will measure the flow of
plasma to and from the ionosphere on auroral
magnetic field lines and will observe the
deposition of particle energy into the iono-
sphere and upper atmosphere. Equatorial
missions will observe and sample the buildup
of particles in the Van Allen radiation belts.
Geotail will provide extensive simultaneous
measurements of entry, storage, acceleration,
and transport in the geomagnetic tail. It will
sample the inflation and collapse of the
magnetotail: what controls it and how cou-
pling occurs between the solar wind input and
the Earth’s fields.

The combined data set from the space-
craft and from complementary ground-based
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observations will be used to construct quanti-
tative models to describe how mass, momen-
tum, and energy from the solar wind are trans-
ported across boundaries, stored and ener-
gized in the magnetosphere, and subsequently
dissipated into the Earth’s atmosphere.

The chart on the following pages lists
the GGS Initiative investigations, their
Principal Investigators, and the institutions
supporting them.

NASA is collaborating with the Euro-
pean Space Agency (ESA) in two additional
solar-terrestrial missions, SOHO and Cluster.
SOHO will investigate the interior dynamics of
the Sun that produce the energy flow and
magnetic field structure at the base of the solar

corona. It will also study the corona to better
understand the energy deposit and subsequent
acceleration of plasma and particles into the
solar wind. Cluster will use four spacecraft to
conduct three-dimensional investigations on
smaller scale spatial structure and on plasma
turbulence throughout the polar and middle
magnetosphere as well as in the solar wind.

ESA will provide both the SOHO and
Cluster spacecraft while the investigations,
launch, mission operations, and network
support are shared with NASA. Together,
SOHO and Cluster form the ESA Solar
Terrestrial Science Program (STSP).

NASA characterizes its contribution to
solar-terrestrial missions in the 1990s as the
International Solar Terrestrial Physics (ISTP)
science initiative, whose aim is to derive the
physics of the behavior of the solar-terrestrial
system to predict how the Earth's atmosphere
will respond to changes in the solar wind.
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Investigation

Principal Investigator

Institution

Geotail

Electric Fields Detector

K. Tsuruda

Institute of Space and Astronautical Science

Magnetic Fields Measurement/Geotail Inboard Magnetometer

S. Kokubun/M. Acuna/
D. Fairfield

Institute of Space and Astronautical Science/
Goddard Space Flight Center

High-Energy Particles

T. Doke

Waseda University

Low-Energy Particles

T. Mukai

Institute of Space and Astronautical Science

Plasma Waves Investigation/Multi-Channel Analyzer

H. Matsumoto/R. Anderson

Kyoto University/University of lowa

Energetic Particle and Ion Composition

D. Williams

The Johns Hopkins University Applied Physics Laboratory

Comprehensive Plasma Investigation

L. Frank

University of lowa

Ground-Based

Canadian Auroral Network for the Origin of Plasmas in Earth’s
eighborhood Program Unified Study

G. Rostoker

University of Alberta

Satellite Experiments Simultaneous with Antarctic Measurements

J. Dudeney

British Antarctic Survey

Sondrestrom Radar

J. Kelly

Stanford Research Institute

Dual Auroral Radar Network

R. Greenwald

The Johns Hopkins University Applied Physics Laboratory

Theory and Modeling

Mission-Oriented Theory

M. Ashour-Abda

University of Califor

I'heory, Mode

ind Simulation Support

D. Papadopoulos

University of Maryland

I'heory, Simulation, and Mode

M. Hudson

Dartmouth Cq

Mode of the Atmosphere-Magnetosphe nosphere System

M. Rees

University of Alaska
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GEOTAII

SPACECRAFT

he Geotail spacecraft inaugurated
the ISTP Program with its launch by
a Delta II rocket from the Cape Ca-
naveral Air Force Station on July 24,
1992. Geotail uses lunar gravitational assists to
keep the spacecraft on the nightside of the Earth
in its initial distant orbit around the Earth. This
orbit has an apogee (farthest point from Earth)
of 220 Earth radii and a perigee (closest point to
Earth) of approximately 8 Earth radii. Geotail
will be repositioned later into a near-Earth
elliptical orbit with an apogee of approximately
30 Earth radii. The solar wind draws the
Earth’s magnetic field into a long tail on the
nightside of the Earth and stores energy in the
stretched field lines of the magnetotail. During

active periods, the tail couples with the near-

EQUATORIAL
MISSIONS

Orbits of the GGS Initiative spacecraft, with the

Geotail orbit in yellow.

Earth magnetosphere, sometimes releasing
energy stored in the tail and activating auroras
in the polar ionosphere. Geotail measures the
flow of energy and its transformation in the
magnetotail and will help clarify the mecha-
nisms that control the input, transport, storage,
release, and conversion of mass, momentum,

and energy in the magnetotail.

INVESTIGATIONS

The following investigations are sponsored by ISAS.

Electric Fields Detector (EFD)—Geotail’s
measurement of the electric field in the tail is key
to developing a theory about the formation of
the magnetotail. Electric fields in the near-Earth
magnetosphere are closely coupled with the
ionospheric electric field. EFD studies the
coupling of these fields, especially during
substorms, using electric-field antennas sam-
pling at 64 samples per second and an electron
beam technique at 2 samples per spin. In
addition, the merging of magnetic fields in the
plasma sheet generates electric fields that help to
accelerate particles, which can be measured by

other instruments on board the spacecraft.

Magnetic Fields Measurement (MGF)—Infor-
mation about the dynamics of the transport of
mass, momentum, and energy between the

magnetospheric and ionospheric plasma can

be inferred from monitoring changes in the
magnetic-field configuration in various
regions. MGF measurements as rapid as 16
samples per second in the near-Earth tail
plasma should provide more information
about mechanisms (for example, field-line
merging) that transfer energy and trigger sub-
storms. MGF investigates magnetic merging
in the magnetotail, which is thought to
produce a bubble of plasma, called a plas-
moid, that flows down the tail during the
active periods. Also, MGF observes the
distant tail to determine its magnetic-field

whether well ordered or filamen-

structure
tary, for example—and its dynamic changes
associated with substorms. MGF contains the
Geotail Inboard Magnetometer provided by
the United States.

High-Energy Particles (HEP)—Measurements
of high-energy particles up to 25 million
electronvolts (MeV) for electrons, 35 MeV for
protons, and 210 MeV per charge for ions can
indicate plasma boundary surfaces and reflect
whether magnetic field lines are open or
closed. The composition and charge state of
energetic particles provide rich information on
where particles originate, and different solar
events produce different energetic-particle sig-
natures. Small, hot sites in the corona produce

samples rich in helium ions, for example. The
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SPACECRAFT

he Wind spacecraft will be
launched by a Delta II rocket from
the Cape Canaveral Air Force
Station into a figure-eight orbit
around the Earth and the Moon on the Sun
side of the Earth. The Wind orbit will have an
apogee as far as 250 Earth radii and a perigee
of at least 5 Earth radii. The satellite will spin
at 20 revolutions per minute. From this orbit,
Wind will measure properties of the solar-
wind plasma before it reaches the Earth and
will observe the volume of geospace called the
foreshock, where turbulence is produced by
particles reflected from the bow shock. Later,
Wind will be inserted into a small circular
orbit between the Earth and the Sun around

the point where their gravity fields are

EQUATORIAL
MISSIONS

Orbits of the GGS Initiative spacecraft, with the

Wind orbit in yellow.
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balanced, near 250 Earth radii, to continuously
observe the solar wind an hour or so before it

intercepts the magnetosphere.

INVESTIGATIONS

Radio and Plasma Waves (Waves)—The Sun
and the Earth emit radio waves that affect
particles in the interplanetary plasma and
carry some of the energy flowing there. The
radio and plasma wave instrument will
measure the properties of these waves and
other wave modes of the plasma over a very
wide frequency range. Analyses of these
measurements, in coordination with plasma,
energetic-particle, and magnetic-field measure-
ments, will further the understanding of these

phenomena.

Solar Wind Experiment (SWE)—In this
investigation, ions and electrons in the solar
wind and the foreshock regions (particles
whose energies are in the kiloelectronvolt
range) will be measured at a rate of once per
minute for ions and 20 times per minute for
electrons. From these measurements, the
solar-wind velocity, density, temperature, and
heat flux can be deduced. Electron and ion
velocity distributions should reveal properties
of the flowing plasmas and their pivotal role in

the transfer of mass, momentum, and energy

from the Sun to the Earth. Because the solar
wind is an extension of the corona, from which
it is accelerated, these measurements also
assist in studies of the Sun. Measurements
made in the foreshock are important for

understanding the structure of the bow shock.

Magnetic Fields Investigation (MFI)—MFI
will investigate the structure and fluctuations
of the interplanetary magnetic field, which
influence the transport of energy and the
acceleration of particles in the solar wind. The
direction of the magnetic field vector, which
MFI will map, is crucial in interactions
between the solar wind and the magneto-
sphere. The magnetometer, which measures
the intensity of the magnetic field, has a
measurement rate of 44 vectors per second.
These fundamental magnetic field measure-
ments are especially important to the interpre-

tation of other data from Wind.

Energetic Particle Acceleration, Composition,
and Transport (EPACT)—The EPACT investi-
gation will determine elemental and isotopic
abundances for the minor ions making up the
solar wind with energies in excess of 20 keV.
This direct sampling of solar matter is a way to
study events on the solar surface and the incor-
poration of solar material into the solar wind.

Because the solar-wind ions” high charge
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POLAR

SPACECRAFT

he Polar spacecraft will be launched
by a Delta II rocket from the

Western Space and Missile Center.

Its orbit will be inclined 90 degrees
from the Equator with an apogee of 9 Earth
radii and a perigee of almost 2 Earth radii. In
this orbit, the spacecraft will initially provide
measurements of plasma entry and transport
in the northern dayside cusp regions at high
altitudes and over the southern polar cap at
low altitudes as well as global imaging of the
northern auroral zone. With time, the orbit
will precess so that measurements can be taken
at low altitudes in the northern polar cusp and
at high altitudes in the southern polar cap with
global imaging of the southern auroral zone

from high altitude. The main body of the

GEOTAIL
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Orbits of the GGS Initiative spacecraft, with the

Polar orbit in yellow.
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spacecraft spins at 10 revolutions per minute,
while a smaller platform on the spacecraft is
despun and can be pointed to maintain the
viewing field of certain instruments.

The Polar spacecraft will contain eleven
instruments that can be divided into three
categories. The first three instruments will
observe the local electromagnetic fields in the
low-frequency range of the electromagnetic
spectrum. Five instruments will measure the
particles entwined with these fields and
attempt to determine what causes particles
trapped along the magnetic field lines to rain
down into the atmosphere and light up the sky
in brilliant auroras. The three imaging
subsystems will document the consequences as
these fields and particles affect the Earth’s
atmosphere below by measuring photons in
the visible, ultraviolet, and x-ray wavelengths
of the electromagnetic spectrum.

An important feature of the Polar (and
Wind) spacecraft is the onboard intercon-
nection of instrumentation for electronic com-
munication. Data sharing among the instru-
ments can be triggered by pattern recognition
schemes in sophisticated onboard computers.
These interconnections allow efficient han-
dling of high-data-rate acquisition. For
example, data on the magnetic field can be

communicated to particle instruments

for use in their data organization and
compression.

As an ensemble, the Polar instruments
will provide a comprehensive picture of the
magnetized plasma at different energies, mass
discrimination, and angular resolution about
the magnetic field while simultaneously
recording measurements of energy deposited in
the atmosphere. This spacecraft is key to the
GGS inventory of plasma and energy sources
and sinks in the solar-terrestrial system. Vari-
ations in solar-wind conditions cause large-
scale disturbances in the geomagnetic tail and
significant rearrangements of plasmas and
currents at auroral altitudes. These large-scale
effects, influenced by the converging magnetic
field (which is anchored in the Earth’s core),
cause particle precipitation and extraction in
the northern and southern auroral zones. Polar
will record these effects and their accompany-
ing emissions of photons in the x-ray, ultravio-
let, and optical ranges. Polar’s location will
allow it also to document ions leaving the
atmosphere and subsequently appearing in the
solar wind or electrons of solar-wind origin

precipitating to auroral altitudes. These meas-
urements will be used to define the geometry
of field lines with a spatial resolution down to

the smallest scales.
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characteristic modes of plasma behavior. In
addition to obtaining the power spectra of
plasma emissions, attempts will be made to
determine the propagation characteristics
associated with these processes. These wave-
particle processes mediated by the electromag-
netic turbulence are thought to play a central
role in momentum transfer in the geospace
system, particularly in the boundaries
between regions.

The following group of Polar instruments will
define the particle populations that accompany the
electromagnetic fields identified in the high-latitude

magnetosphere.

Hot Plasma Analyzer (Hydra)—The Hydra
ensemble of electrostatic analyzers, which
compose one-half of Hydra, will filter electrons
and ions in energy per unit charge between

1 eV and 30 keV and observe them in 12
directions simultaneously. In addition, a
device called a parallel-plate analyzer with a
position-sensitive array will image the elec-
trons within and near the magnetic field with
1.5-degree angular resolution in energies
between 10 eV and 10 keV. Hydra will
measure at a rate of 2 samples per second for
complete coverage, although higher frequency
energy sweeps or fixed-energy, high-frequency

readout are reprogrammable in flight. The
low-energy electrons sampled by Hydra will be
especially good tracers of the global magnetic
topology when compared with simultaneous
measurements acquired by SWE in the solar
wind. Hydra will also document the electron
and ion signatures that accompany geomag-
netic substorms, auroral arcs, field-aligned
currents, and particle precipitation.

Thermal Ion Dynamics Experiment (TIDE)—
TIDE will sample ions extracted from the
ionosphere whose mass will be determined by
a time-of-flight scheme. Low-energy ions from
0.1 eV per charge to 100 eV per charge will be
the focus of TIDE; such ions can be remotely
diagnosed by their relatively low ionization
state as compared with ions of solar-wind
origin. These measurements will be used to
evaluate the ionosphere as a source of plasma
for the magnetosphere, identify the energiza-
tion and transport mechanisms for low-energy
ions, and study the storage and loss of iono-
spheric ions.

Toroidal Imaging Mass-Angle Spectrograph
(TIMAS)—At higher energies (50 eV to 30
keV), this instrument will sample ions of
resolved mass that are either energized ions of
ionospheric origin or stored particles of solar-
wind origin. Routine data acquisition occurs at

a rate of 10 times per minute (once per satellite
spin), but it is reprogrammable by ground
command. TIMAS will study the properties,
location, and morphology of the polar cusp, the
principal source region for entry of solar-wind
plasma and the hot ionospheric plasma into the
magnetosphere. TIMAS data will be used in
combination with data from TIDE and from the
SWICS instrument on Wind to determine the
ultimate origin of mass in the high-latitude
magnetosphere.

Charge and Mass Magnetospheric Ion Compo-
sition Experiment (CAMMICE) —CAMMICE
will determine the composition of major ion
constituents in the near-Earth plasma sheet and
in the ring current between 6 keV per charge
and 60 MeV per ion. For full angular distribu-
tion, CAMMICE measures at a rate of 10
samples per minute, or once per spin of Polar.
However, the angular resolution is quite high,
approaching 0.2 degree. This investigation will
add to our understanding of the mechanisms
that control the energization, storage, and
precipitation of particles in the high-latitude
magnetosphere.
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round-based observations will

complement the GGS Initiative

space observations by remote

sensing of the magnetosphere to
provide coverage of regions between space-
craft. While the spacecraft are taking measure-
ments at various points in space, ground-based
instruments will be studying phenomena near
the Earth in the high-latitude ionosphere. This
region is the last link in the chain of interactions
through which mass, momentum, and energy
are transferred from the Sun to the Earth’s
atmosphere.

Measurements taken by the ground-
based instruments will indicate the effects of
processes occurring in the magnetosphere (as
observed by the spacecraft) on the Earth’s
atmosphere. Unlike spacecraft, ground-based
instrumentation can also be used to study
phenomena in a particular spatial region over
an extended period of time so that changes that
occur over long time spans can be observed.

The high-latitude ionosphere acts as a
boundary to the processes occurring in the
inner and outer magnetosphere, the magne-
tosheath, and even certain regions of inter-
planetary space. At boundaries between
regions, interactive coupling takes place to
allow the transfer of mass, momentum, and
energy from one region to another. Measure-

ments taken in the high-latitude ionosphere

e e —— = N m

can contribute to our understanding of the
role that boundaries and boundary condi-
tions play in determining the global dynamic
behavior of the solar-terrestrial system.
Experience has shown that clusters of
instruments yield the highest scientific
returns. The cluster may be composed of a

chain of the same type of instrument (such as

a magnetometer, which provides a one- or
two-dimensional representation of iono-
,f,ﬁ_#i.,, current patterns), or it may contain
different instruments that measure the
components of the solar-terrestrial system
from a single site. Both types of instrument
arrangements are included in the four

ground-based experiments that support the

TR T
B MARIA
® MPA & MARIA
A BARS
CJASI

Locations of the CANOPUS sites and their instruments. The Magnetometer and Riometer Array (MARIA)

includes magnetometers and relative ionospheric opacity meters (riometers) to measure (1) the intensity of the

magnetic field and (2) particle precipitation. The Meridian Photometer Array (MPA) contains optical sensors,

which measure in visible light. The All-Sky Imager (ASI) consists of a wide-angle camera that images from

horizon to horizon. Finally, the Bistatic Auroral Radar System (BARS) measures horizontal components of

the electric field in the auroral ionosphere.
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The Sondrestrom Radar antenna at Sondre

Stromfjord, Greenland.

particle flux, ionospheric conductivity, and
magnetic-wave intensity and polarization.
These measurements reveal the contrasts in the
behavior of the ionosphere-magnetosphere
system in the Northern and Southern Hemi-
spheres, providing important insights into the

mechanisms involved.

Sondrestrom Radar

Like Halley Station, Sondre Stromfjord,
Greenland, contains a close clustering of

varied but complementary remote-sensing

instruments that study the thermosphere,
ionosphere, and magnetosphere. Its location
beneath the dayside auroral oval makes it an
ideal site for studies of ionospheric conditions
near the polar cusp, the polar cap, and the
poleward edge of the auroral oval. Itis
particularly useful for identifying the iono-
spheric manifestations of magnetospheric
phenomena and boundaries such as the polar
cusp. The Sondrestrom Radar measures
several parameters simultaneously over a
broad altitude and, because it is steerable, as a
function of latitude and longitude. These
measurements can be used to derive important
ionospheric physical characteristics, including
electron density and temperatures; ion
composition, temperatures, and drift; plasma
velocity; ion-neutral collision frequency;
neutral wind; ionospheric conductivity; and

electric fields.

DARN

DARN is an international network of radars
located in high latitudes and operated by
investigators from the United States, Great
Britain, Canada, France, Germany, and
Finland. These radars operate by sending a
signal in the wavelength of the object to be
measured and measuring the signal as it is

returned or scattered back. Specifically, the

DARN radars use backscatter from iono-
spheric irregularities to study plasma
convection and electric fields in the high-
latitude ionosphere. DARN data will be used
for a wide range of global studies: determina-
tion of the global structure and dynamical
evolution of high-latitude plasma convection,
measurement of magnetohydrodynamic
(MHD) waves, measurement of substorm
dynamics, observations of atmospheric gravity
waves, and studies of high-latitude plasma

structure and ionospheric irregularities.

S
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Radar antennas that are part of DARN.
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This orthogonal view of a simulated magnetosphere shows the density of particles in plasmas in the

magnetosphere. The density is greater at the magnetopause and less in the magnetosphere as shown by the
brightness of the colors, red being the most dense, then yellow, green, and blue. This area is covered by the

Polar spacecraft’s Hydra instrument. The Geotail orbit is shown superimposed on the simulation.

large regions and the cross-field currents that
connect them. On the smallest scale, the
microscale, kinetic models characterize the
motions of individual particles according to
their physical properties. On the intermediate
scale, or mesoscale, hybrid models combine
fluid elements of large-scale structures, such as
the solar-wind or magnetotail plasma, with
kinetic particle effects.

The influence of microscale processes on
global effects (and vice versa) is not yet fully
understood. Microscale processes modify the
basic properties of the magnetospheric
medium, such as its conductivity, which
determines coupling between large-scale
regions. For example, within each region,
kinetic plasma turbulence plays a key role in
dissipating the free energy established by the
large-scale hydromagnetic configuration.
However, this local dissipation can also be in-
fluenced by the plasma state in distant regions.

The simulations pictured on these pages
illustrate modeling from the global scale of
geospace down to the end of the energy chain
in the upper atmosphere. The MHD simula-
tions of magnetic field lines (previous page)
and of particle density in the magnetosphere
(at left) are global, or whole-system, simula-
tions. The other two sets of models show
energy deposition from the magnetosphere

into the ionosphere and the upper atmosphere,
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images of the auroral zone to compare with the
imaging information obtained from the Polar
spacecratt.

The University of Maryland team is inves-
tigating global, mesoscale, and microscale proc-
esses. The challenge is to tie the local kinetic,
wave-particle interactions to the global three-
dimensional MHD models, which describe the
bulk flows of energy and momentum in large
areas. One ambitious method being examined

for synthesizing the two models is to incorpo-

’

rate local kinetic codes and dynamic “cell
within the global MHD code to simulate
important regions such as the magnetopause.
he kinetic codes communicate their boundary
conditions into the MHD simulations.

This team will also be developing the next
generation of global models by updating
simulation codes, using the spacecraft data
taken simultaneously from different magneto-
spheric regions. Multidimensional visualiza-
tions that facilitate the interpretation and
comparison of global and local simulation data
are also being developed to take advantage of
advances in high-power workstations.

T'he Dartmouth College team will rely on
comparisons of satellite data to particle simula-
tion data to gain information about energy and
mass transfer in microscale and mesoscale
processes in the equatorial and auroral regions.

In the equatorial region, investigations will

These simulations produced by global circulation models of the upper atmosphere show the actual total energy

deposition into the upper atmosphere (from direct solar radiation at the Equator and magnetospheric input at

the poles) in terms of temperature. The brighter colors show higher temperatures at the poles in the upper

atmosphere in contrast to ground-level temperatures. Arrows indicate wind velocities.

examine the dynamic effects of geomagnetic
storms, the loss of ions from the ring current,
coupling between the solar wind and upper at-
mosphere, and the acceleration of particles by
stepping up their energy as they cross field
lines. In the auroral regions, studies will focus
on particles flowing along field lines in an
acceleration process that produces the aurora.
The team from the University of Alaska/
NCAR is conducting an investigation called
Modeling of the Atmosphere-Magnetosphere-
[onosphere System (MAMI). Tt focuses on

the response of the ionosphere and upper

atmosphere to magnetospheric input of energy
and momentum carried by particles and fields.
Quantities are calculated for atmospheric
winds, temperatures, and ion densities and
composition. The team studies excitation of
atmospheric gases from the precipitation of
energetic electrons and derives spectral
emission rates from observations by Polar
instruments for quantitative studies of auroral
images. The quantities calculated for mass,
momentum, and energy conducted into the

ionosphere are used as input for other models.
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Spacecraft

DSN

* Acquires down-
linked telemetry.
» Transmits
spacecraft and
instrument
commands

GGS
CONTROL
CENTER

* Monitors
spacecraft health.
* Constructs
command loads.
* Provides
real-time
command and
control for
spacecraft and
instruments.

DDF

« Receives and
organizes data
products from the

DCF

» Produces formatted (level-zero and CDHF.
SIRIUS) data for the CDHF from the raw « Creates physical
data stream containing recorded data media distribution
from DSN. volumes.

« Checks the quality of the data and
takes out redundant datasets.

+ Coordinates the time and groups the

data by instrument.

+ Ships media to
RDAFs, archival
storage. and ISAS.

» Tracks status of data
distribution.

* Services data

retrieval requests.

CDHF

« Receives instrument level-zero and SIRIUS data, housekeeping data.
attitude and orbit data, command history data, and key prameters

» Processes level-zero instrument data into key parameter data

« Provides online access to level-zero data, quicklook data, orbit and
attitude data, and key parameter data

» Transfers level-zero SIRIUS, orbit, attitude, key parameter, and support

data to DDF for distribution

RDAFs

« Create and maintain CDHF-resident
software for processing key
parameters.

« Send instrument command lists and
schedules to the SPOF

* Process event data.

» Perform data analysis.

« Retrieve instrument level-zero data,
key parameter data, attitude and
orbit data. and telemetry from
the CDHF and archival storage. if
necessary.

SPOF

« Receives science
requirements - instrument
command lists and
schedules - from the RDAFs.

« Provides mission control
with conflict-free instrument
command sequences.

« Verifies quality of key
parameters.

« Coordinates instrument
observations with other
projects

« Participates in ISTP-related
research

Schematic representation showing the flow of data from the GGS Initiative satellites to the science community

for analysis.
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this extremely important
planning and operations
function, the SPOF person-
nel will be the scientific
monitors of the program.
During periods of
special interest, the GGS
Initiative spacecraft will co-
ordinate their data-gathering
efforts with other interna-
tional missions. The Inter-
Agency Consultative Group,
representing the space
agencies of the United
States, Japan, Europe, and
Russia, is taking the lead in
this coordination, has
defined multimission science
objectives, and has recom-
mended standardization of
data formats and the
conduct of specific space-
craft campaigns, each of
which will have a definite

scientific focus.
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Inner ?—mm:ﬁc..,vﬂm:w _Bmeq :7\_\:

he potential Inner Magnetosphere Imager
(IMI) mission would extend the imaging per-
formed by the Polar spacecraft. It would use
new techniques for imaging energetic neutral
atoms, photons, and charged particles to
remotely sense the ring current, ﬁ_;.ij;vﬁrc?s
plasma sheet, and auroral regions. In combina-
tion with Grand Tour Cluster mission data, IMI
data would provide a new perspective on the
magnetosphere global system that would help
reveal how local processes determine global

dynamics.

_jrwzcﬁi\_ma-_c:c phere-Mesosphere
Energetics and Dynamics (TIMED)

Complementing data collected from ISTP, the
potential TIMED mission would provide the
first comprehensive space-borne investigations
of physical and chemical processes in the ter-
restrial mesosphere and lower thermosphere-
ionosphere between 60 and 180 kilometers.
T'his region is a crossroads, or transition region,
in the flow of mass, momentum, and energy
through the coupled atmosphere-ionosphere-
::.x.ﬁ;:fﬁ_:._.c .f%.f,?,_j\‘s_:c_.: ;:j:m_wrclc
temperatures and thermal gradients reach
extreme values, turbulent flow changes to

diffusive molecular flow, the composition

26

Inner Magnetosphere Imager
A New Window on the Plasma Universe

The potential Inner
Magnetospheric
Imager (IMI) mission
would examine the
components of the
Earth’s
magnetosphere by

measuring (clockwise

from upper left)

energetic neutral
atoms, ionized
helium, and
ultraviolet radiation
to image,
respectively, the ring
current and inner
plasmasheet, the
plasmasphere, and

the Earth’s corona.
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