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Researching and forecasting the ever 
changing space environment (often referred 
to as space weather) and its influence on 
humans and their activities are  model- 
 intensive disciplines. This is true because 
the physical processes involved are com-
plex, but, in contrast to terrestrial weather, 
the supporting observations are typically 
sparse. Models play a vital role in establish-
ing a physically meaningful context for inter-
preting limited observations, testing theory, 
and producing both nowcasts and forecasts. 
For example, with accurate forecasting of 
hazardous space weather conditions, space-
craft operators can place sensitive systems 
in safe modes, and power utilities can pro-
tect critical network components from dam-
age caused by large currents induced in 
transmission lines by geomagnetic storms.

As in other scientific communities, the 
expertise to develop these models is con-
centrated in a small section of the space sci-
ence research community. This presents 
an obvious bottleneck in the community’s 
access to the models that they desperately 
need. Without help, model developers can 
support only their own research and that of 
their immediate collaborators. The bulk of 
the space science research community is 
at risk of model starvation, and the return 
on the investment in the development of 
these models might not be maximized. Effi-
cient progress in developing and imple-
menting effective space weather forecast-
ing requires a way to break this bottleneck. 
Model developers often lack experience in 
preparing their models to meet the very dif-
ferent stresses that they experience in a real 
operational forecasting environment. But for 
them, as a group, to acquire this expertise 
would clearly be an inefficient use of their 
time and talents.

More than 10 years ago, the space science 
community recognized that a solution was 
needed. The Community Coordinated Mod-
eling Center (CCMC; http:// ccmc .gsfc .nasa 
.gov) was conceived as a means to improve 
the community’s access to models and to 
help model developers prepare models for 
operation.

This original initiative was approved 
by the Committee for Space Weather and 
became an integral element of the inter-
agency National Space Weather Program. 
CCMC was subsequently established with a 
steering committee that included represen-
tatives from key stakeholder organizations, 
including NASA, the National Science Foun-
dation, the Air Force Weather Agency, the 
Air Force Research Laboratory, the National 
Oceanic and Atmospheric Administration, 
and the Office of Naval Research.

CCMC began operations in 2000. Located 
at NASA Goddard Space Flight Center, in 

Greenbelt, Md., it operates a dedicated com-
puting facility that has since grown to host 
more than 40 space science models. These 
cover almost all the physical domains of 
importance to space weather.

The inventory currently includes 6 solar 
coronal models, 7 inner heliospheric mod-
els, 13 models of the Earth’s magnetosphere, 
9 models of the ionosphere, and 9 models of 
the thermosphere. A number of these mod-
els can be coupled to create more complete 
simulations of times and space weather 
events of interest. The models include both 
static and  time-  dependent approximations.

CCMC activities fall into three broad cat-
egories: executing model runs upon request 
from researchers in the community, exe-
cuting model runs in near real time and 
publicly disseminating the resulting space 
weather products, and performing validation 
of the models in a setting independent of the 
model developers.

Users can request model runs using a Web 
interface that guides them in specifying any 
adjustable model parameters and selecting 
the input data they wish the model to use. 
CCMC staff review users’ requests and then 
execute them. Upon completion, the model 
results are posted to CCMC’s publicly accessi-
ble results database, and users are sent a URL 
that enables them to browse their results. 
The Web page to which the URL directs users 
presents a range of powerful visualization 

solutions developed to enable them to 
explore the results of the run. 

For example, Figure 1 illustrates a visual-
ization of a complex flux transfer event (one 
way in which the solar wind and Earth’s 
magnetosphere exchange mass, energy, and 
magnetic flux) during a time-dependent 
simulation of the Earth’s magnetosphere 
run at CCMC using the Space Weather Mod-
eling Framework, which was developed at 
the University of Michigan. The visualiza-
tion was created using the Space Weather 
Explorer tool developed within CCMC. Since 
its inception, CCMC has executed more than 
5000 runs requested by more than 600 differ-
ent users from 33 countries.

To support NASA’s space weather needs, 
many models are also run with the Space 
Weather Laboratory, CCMC’s parent organi-
zation, on a daily, and in some cases con-
tinuous, basis, using the latest “real time” 
data feeds. Results from these near–real 
time runs are disseminated to the public 
through the Integrated Space Weather Anal-
ysis system (ISWA; http://iswa .ccmc .gsfc 
.nasa .gov), which is updated continually. 
The ISWA site, which is not strictly part of 
CCMC, is much more than a simple reposi-
tory of model results. It is a comprehensive 
presentation of the current and past state of 
the space weather environment, combining 
both observational data and model results 
in a mutually supporting context. Visitors to 
ISWA’s site can view the current state of the 
heliosphere or dial the clock back and see 
the same presentation for times in the past. 
This “look back” feature is frequently used 
by flight engineers within NASA to diagnose 
possible space weather causes of glitches 

Transforming Community Access 
to Space Science Models

Fig. 1. The complex interweaving of magnetic field lines on the sunward side of Earth during a 
simulation of a typical flux transfer event at the magnetopause. The Earth is drawn to scale. The 
color map shows electron density in the equatorial plane (red is higher density; blue is lower 
density). This image was created using the Space Weather Modeling Framework (SWMF) model 
and the Space Weather Explorer (SWx) visualization tool.
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A realistic time-varying geomagnetic field is crucial for under-
standing RB dynamics, particularly during storm time. Some
models have included just such a field; Zheng et al. (2003) for
instance, use the T96 and T01 (Tsyganenko, 2002a, b) models that
take IMF and Dst as inputs. Zheng et al. (2003) solve the
convection–diffusion equation in the context of this realistic
magnetic field to create a RB forecasting model. A similar
approach to including a realistic magnetic field is taken by
Ukhorskiy et al. (2006) who take the field from the TS05 model
(Tsyganenko and Sitnov, 2005). They then use a test particle
method to study storm-time transport and loss.

Sources, losses and transport of energetic plasma during a
storm are not fully understood. Flux intensities at the main phase
of a storm are significantly depleted (Reeves et al., 2003). The
relative importance of adiabatic expansion due to ring current
intensification, and other sources and losses needs to be
quantified. From observations, Chen et al. (2006) find some
events where radial diffusion provides the main source of
particles, and other events that are due to internal, locally
accelerated, sources. Reeves et al. (2003) note the intriguing
response of the RB to geomagnetic activity, with populations
either dropping or rising compared to prestorm values for reasons
that are not fully understood.

In this paper, we present a new approach to modeling the RB
during active times. We include the radiation belt environment
(RBE) model into the space weather modeling framework
(SWMF), thereby giving us the ability to couple the RB model
with a magnetosphere model and ionosphere model, which are
further coupled with other components of the SWMF. The global
MHD model obtains a realistic time-varying geomagnetic field
(Ridley et al., 2002; Gombosi et al., 2004; Zhang et al., 2007). This
magnetic field is used as input to the RB code. We describe the RB
model in Section 2, and the coupled model in Section 3. Finally, we
present some of our results modeling the 23–26 October 2002
storm in Section 4.

2. The RBE model

The RBE model (Zheng et al., 2003; Fok et al., 2008) is a
convection–diffusion model created to understand the RB during
active periods. Fok et al. (2008) provide a complete description of
the current status of the RBE model. Here we will only highlight
the main points.

The RBE model solves the bounce-averaged Boltzmann
equation given by (Fok et al., 2008):
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on an ionosphere-based grid. f s is the average distribution
function on the field-line between the mirror points, li and fi

are magnetic latitude and longitude at the ionospheric foot point,
and h _lii and h _fii are the corresponding bounce averaged drift
velocities. Electrons with energies ranging from 10 keV to 6 MeV
are considered. The physical domain of the model is defined by
the ionospheric foot-points of the closed field-line region. The
innermost field-line is considered to have its foot-point at 11:8&

latitude #L ' 1:06$ while the outermost foot-point is at 70:2&

#L ' 8:72$ with a non-uniform resolution. The grid spacing in the

polar direction ranges from 2& at low latitudes, to half a degree at
high latitudes. In the azimuthal direction the grid consisting of 48
points is set to be equally spaced. It should be noted that the
phase-space density, advanced with Eq. (1), is a function of first
and second invariants, magnetic latitude in place of the third
invariant, magnetic drift shell, local time, and time.

The impacts of gradient-curvature drift, cross-tail potential,
and corotation are included in Eq. (1) through the bounce
averaged drifts in #li;fi$ coordinates in the following manner
(Fok and Moore, 1997):
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ME is the dipole moment of the earth, and ri is the radial distance
of the ionosphere. The terms in Eq. (5) correspond in order to: the
gradient-curvature drift, the electric potential, and the corotation
of the earth. For full details and derivation of the above equations,
refer to Fok and Moore (1997).

The effects of a time-varying magnetic field, and the associated
induced electric field, are included in this model. Zheng et al.
(2003) used an empirical magnetic field model to study the effect
of time-varying magnetic field during active time periods.
Additionally, they utilize an empirical model (Weimer, 1996) for
the ionospheric potential. Zheng et al. (2003) demonstrate
reasonable agreement with data, and illustrate the efficacy of
this approach. In Section 3 we discuss improvements to this
technique by replacing the empirical magnetic field and potential
models with physics-based approaches. Coupling the RBE model
to physics-based magnetic and electric potential models is
important for probing RB physics and sorting out different RB
processes, and also will hopefully lead to better space weather
prediction models.

3. The coupled model

The major scientific aims of coupling the RBE model with a
global model are to physically include the effect of time-varying
magnetic field in the RB, to add a physics-based ionospheric
potential, and to gain the ability to study the RB solution as part of
a larger system. These advantages bring with them some
formidable challenges. The models interact in a three-dimen-
sional, overlapping domain, they use vastly different grids, and the
magnetosphere’s solution is potentially distributed across many
processors at any given time during the simulation. In this section
we discuss the coupling and challenges of including the RBE into
the SWMF.

The SWMF incorporates physical models of various regions
into a single parallel and efficient executable (see Tóth et al., 2005
for details). Each physical region is treated as a component of the
SWMF and is assigned a two letter abbreviation. The current
version of the SWMF has 10 components including: solar corona
(SC), eruptive event generator (EE), inner heliosphere (IH), solar
energetic particles (SP), global magnetosphere (GM), IM, RB,
ionosphere electrodynamics (IE), upper atmosphere (UA), and
polar wind (PW). Each component can be represented by one or
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Theory and Models Controlled 
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Four Elements of Achieving Predictive Understanding
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Outline

• Laboratory magnetospheres are facilities for conducting 
controlled tests of space-weather models 

• How does a laboratory magnetosphere work?

• Production and study of “artificial radiation belts”

• Recent tests of radiation belt remediation

• Outlook: the largest magnetosphere on Earth
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 Laboratory Magnetospheres

LDX: High Beta Levitation

CTX:
Polar Imaging &

Vorticity Injection
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What has been discovered…

• High-pressure “artificial radiation belt” can be created (easily) in the 
laboratory, but “size” matters.

• Low-frequency, interchange dynamics dominate (2D physics in 
magnetized plasma). Radial particle transport models verified.

• Structure and dynamics of internally-driven motion are well-represented 
by flux-tube averaged gyrokinetic simulations

• Turbulent convection creates inward pinch and sustains plasma profiles 
comparable to planetary magnetospheres

➡ Many controlled experiments are possible…
Example: radiation belt “remediation” with mass injection
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Internally-Driven Drift-Resonant Transport
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Polar Precipitation with Inward Transport

Polar 
Imager
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World’s Largest Lab Magnetosphere

8

Size matters:
At larger size, trapped particle energy, intensity of “artificial 
radiation belt”, and plasma density significantly increase.

5 m
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Magnetic Levitation Expands Scientific Capability
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Levitation for Higher Density Plasma Studies
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Levitated Dipole Achieves Extreme Plasma 
Beta and Magnetospheric Profiles

11

In the last set of levitated and supported 
shots (100805033-51) the upper mirror 
plasma was significant

Upper mirror plasma is 
modeled as two currents, 
Im1 and Im2, that are 
evenly distributed across 
two sets of filaments.

Central mirror plasma, 
Im1, can be several kA.  
Outer mirror plasma is 
always less than a couple 
hundred amps.
 

Figure 4.11: A grayscale visible light image of a plasma shot with magnetic field lines overlaid
in yellow, separatrix in red, and current density contours in blue. The upper mirror plasma
current is modeled as 2 currents (I

M1 and I
M2) distributed over a finite set of points in the

upper mirror.

The upper mirror plasma is seperated by the mechanical upper catcher into an inner

region (inside the catcher) and an outer region (outside the catcher). Figure 4.12 shows

the electron cyclotron resonances zones for a typical magnetic configuration on LDX. The

locations of the resonances indicate that the inner upper mirror plasma should only form

when the 10.5 GHz and/or 6.4 GHz power sources are on (it should not form with just the

2.45 GHz power source). Figures 4.13(a) and 4.13(b) show that the inner plasma is seen on

the visible light camera when all power sources are on but is not seen when only the 2.45

GHz source is on.

Instability, or some other unknown event, often causes the inner upper mirror plasma

to be rapidly loss. When this loss occurs there is a rapid change in the flux measured by

flux loop 11 that coincides with a simultaneous decrease in the visible light emitted from the

67

High-β Plasma
High-Confinement

Steady-State

Plasma Ring Current

High Accuracy Equilibrium Measurements
Cassini at Jupiter (Dec 30, 2000)

Combining Whole-Plasma Imaging

Shot 50701011 Light Emissions
> 40 keV X-Ray Image
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Example Experiments…

• Radial transport of trapped radiation belt particles
• Destruction of drift-echoes with applied “whistler chorus”
• Observation of turbulent inverse energy cascade by 

breaking rotational symmetry of plasma flow
• Creation of outward “planetary wind” (like Jupiter) by driving 

supersonic plasma rotation and centrifugal interchange
• Active feedback control of turbulent mixing
➡ Most recent example: 

Radiation belt “remediation” with mass injection

12



Columbia University and MIT place no restrictions on dissemination of data/material on this page

First “Exploding Pellet” Experiments
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Polar
Imager

200 micron Polystyrene

Probe Array
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First “Exploding Pellet” Experiments
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Fast Camera View
250 µsec/frame

200 micron Polystyrene

Next-step: “Exploding Pellet” Experiments scheduled August in larger 
MIT device with ×100 more energy with faster dynamics expected
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First “Exploding Pellet” Experiments
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Laboratory Magnetospheres: 
Very Large Plasma Experiments World-Wide

• Columbia University: 1.7 m dia; 1.5 kW heating power
Turbulence studies, radiation belt dynamics and transport

• MIT: 5.0 m dia; 25 kW heating power; Levitated
World’s largest, highest energy, most capability (1 MW available)

• Univ. Tokyo: 2.0 m dia; 40 kW heating power; Levitated
e-/e+ plasmas, supersonic flow, highest power and near “perfect” confinement

• HIT (Harbin, China): 3.5 m x 10 m (under construction)
Solar wind, magnetotail distortion, 
space weather

16
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High Density and Large Size are required for 
Controlled Investigations of Alfvén Wave Dynamics

1012 C.T. Russell / Planetary and Space Science 49 (2001) 1005�1030

Fig. 8. The solar wind interaction with the Moon when the interplanetary
magnetic !eld is perpendicular to the solar wind "ow. The solar wind
is completely absorbed on streamlines that intersect the Moon, leaving a
cavity on the downstream side that !lls by ion motion along the magnetic
!eld at the ion thermal velocity. Because of the charge neutrality condition
in the plasma the electrons move with the ions. In MHD terms the region
in which the plasma is moving toward the wake is called an expansion
fan (Spreiter et al., 1970).

interplanetary magnetic !eld perpendicular to the solar wind
"ow. Not shown is the "ow-aligned case that occurs much
more rarely. In both cases the "owing plasma is absorbed
by the moon leaving an empty wake behind the Moon. In
the aligned-"ow case the plasma cannot "ow into the cavity
behind the moon but the wake does narrow to a diameter
less than that of the moon. In the case with the interplanetary
magnetic !eld perpendicular to the "ow, the plasma closes
behind the Moon at the ion thermal velocity. Since the ions
are much more massive than the electrons and since charge
neutrality requires electrons and ions to stay together in the
solar wind, ion motion governs the electrons as well.
An important aspect of this interaction is the electric !eld.

The solar wind is a "owing, magnetized plasma and hence
has an electric !eld in the frame of reference of the Moon.
Thus ions produced on one side of the moon by photoion-
ization of its tenuous atmosphere will be accelerated down
on to the surface, while on the other side ions will be re-
moved from the moon (Freeman and Ibrahim, 1975). In this
way the solar wind electric !eld both implants ions into the
lunar surface and removes them from the lunar atmosphere.
However, the currents through the body of the Moon, driven
by this electric !eld, are very, very small because of the ex-
tremely low electrical conductivity of the lunar surface. The
solar wind does cause currents in the interior of the moon
by carrying a spatially varying magnetic !eld past the moon
that the moon sees as a time varying magnetic !eld and that
induces a voltage across the moon. These currents "ow en-
tirely within the moon and do not penetrate the crust. Fi-
nally, we note that Mars�tiny moons Phobos and Diemos
have been reported to cause disturbances in the solar wind
(Riedler et al., 1989; Dubinin et al., 1990; Sauer et al., 1998)
but since these moons orbit close to the bow shock when
they are in the solar wind it is di#cult to separate lunar from
planetary e$ects.

Fig. 9. The average con!guration of the magnetic !eld in the Mercury
magnetosphere as drawn in the noon-midnight meridian based on the
Mariner 10 "ybys. (Russell et al., 1988).

4. Mercury

To the non-specialist Mercury looks much like the Moon.
It has a cratered surface and no signi!cant atmosphere
but unlike the Moon it has a magnetic !eld that de"ects
the solar wind well above the surface. The magnetic !eld
con!guration in the noon-midnight meridian is shown in
Fig. 9 as inferred from two "ybys by Mariner 10 in 1974
and 1975. Some recon!guration of the magnetosphere was
detected on the !rst "yby and interpreted in terms of a
magnetospheric substorm as on Earth (Siscoe et al., 1975),
but, since Mercury has no signi!cant ionosphere, stresses
might be communicated much more rapidly in the Mer-
cury magnetosphere than in the terrestrial magnetosphere.
Under the assumption that Mercury�s magnetosphere was
responsive to the interplanetary magnetic !eld orienta-
tion in a manner similar to that on the Earth, Luhmann
et al. (1998) modi!ed Tsyganenko�s (1996) terrestrial mag-
netic !eld model to apply to Mercury. Fig. 10 shows the
equivalent magnetic !eld models for three IMF conditions
obtained by Luhmann et al. (1998). They then assumed that
these model !elds were immediately attained when the IMF
changed and calculated what IMF conditions would create
the magnetospheric conditions observed. Their conclusion
was that the dynamics of the Mercury magnetosphere could
be directly driven with little or no storage of energy in the
magnetic tail, unlike the terrestrial magnetosphere.

1016 C.T. Russell / Planetary and Space Science 49 (2001) 1005�1030

Fig. 15. Magnetic !eld lines in the noon-midnight meridian of the jovian
magnetosphere showing the current sheet in the magnetodisk region (after
Russell et al., 1998a, b).

magnetic !eld in the noon-midnight meridian shown in
Fig. 15. As can be seen in this !gure the nose of the mag-
netosphere is sharper than that of the Earth. Just as the
aerodynamic shape of a supersonic airplane allows the bow
shock to form very close to the nose of that airplane, the
more streamlined shape of the jovian magnetopause allows
the bow shock to be formed closer to the magnetosphere
than at Earth (Stahara et al., 1989).
The existence of a variable source of mass in the inner

jovian magnetosphere provides an extra dimension to the
dynamics of the jovian magnetosphere. There is possible
control by the rate of mass addition as well as by the solar
wind and the interplanetary magnetic !eld. This mass addi-
tion could a"ect the size and the shape of the magnetosphere.
We do not yet know how variable is this mass-loading rate,
so we cannot yet estimate how important this e"ect is on the
size of the magnetosphere. If mass loading were to totally
cease we estimate that the magnetopause stando" distance
would be only about 40RJ which is similar to the smallest
stando" distances seen, but these conditions also most prob-
ably correspond to periods of higher than usual solar wind
dynamic pressure.
As we discussed above, the Earth�s magnetosphere is very

much a"ected by the strength and orientation of the inter-
planetary magnetic !eld, or more correctly, the product of
the solar wind velocity and the component of the magnetic
!eld perpendicular to the solar wind #ow. While the mag-
netic !eld strength is almost a factor of 10 smaller at Jupiter
than at the Earth, the enormous size of the magnetosphere
might compensate for this decrease. We can estimate the im-
portance of the solar wind electric !eld on a magnetosphere
by comparing the solar wind electric !eld, the product of

the magnetic !eld perpendicular to the solar wind #ow and
the solar wind speed, with the corotational electric !eld of
the planetary magnetosphere that is equal to the corotational
speed !R times the north-south component of the magnetic
!eld. Since the corotational speed increases as R and the
magnetic !eld decreases as R3 (in a dipole) the electric !eld
of a rotating dipolar magnetosphere decreases as L!2. Thus
the terrestrial corotational electric !eld is 14L!2 mV m!1

and that of Jupiter 4900L!2 mV m!1 where L is the dis-
tance in planetary radii. The solar wind electric !eld at 1
and 5:2 AU respectively is typically 3 and 0:4 mV=m. If all
of this !eld were able to penetrate the terrestrial and jovian
magnetospheres, the interplanetary and corotational !elds
would be equal at 2:1RE and 100RJ respectively. Since at
Earth only about 10% of the solar wind electric !eld �pene-
trates�the magnetosphere, the typical distance at which the
electric !elds balance is 6RE. If the same rule applied to
Jupiter the balance point would be about 300RJ. In fact, we
have reason to believe that reconnection is even less e"ective
at Jupiter than at Earth. While #ux transfer events, one man-
ifestation of magnetopause reconnection, were observed at
the jovian magnetopause they were typically smaller and less
frequent than on Earth (Walker and Russell, 1985). More-
over, the reconnection is apparently less e$cient for high
beta conditions that occur behind high Mach number shocks
(Scurry et al., 1994), and the jovian shock has a signi!-
cantly higherMach number than the terrestrial shock. Finally
and most importantly, jovian auroral phenomena behave dif-
ferently than terrestrial aurora (Clarke et al., 1996; Prange
et al., 1998). Jovian aurora rotate with Jupiter and are asso-
ciated with the inner magnetodisk portion of the magneto-
sphere. Unlike terrestrial auroras they do not cluster about
the boundary between open and closed !eld lines. It is clear
that the jovian magnetosphere works much di"erently than
the terrestrial magnetosphere.
The electric !eld associated with corotation arises be-

cause the ionosphere rotates with the atmosphere and the at-
mosphere rotates with the planet. Since electrons can move
quite freely along the magnetic !eld, the magnetic !eld lines
are equipotentials and transmit this electric !eld to the equa-
tor regions. It is, of course, possible that this electric !eld
is altered in some way. If some process �held�the #ux tube
!xed in the equatorial plane, it would either have to bend
because it was also !xed to the ionosphere, or it would
have to slip with respect to the ionosphere. If it slipped with
respect to the ionosphere, a potential drop would have to
appear across the point where the #ux tube slipped. As dis-
cussed for the Earth this velocity shear leads to intense au-
rora. Thus, to zeroth order, auroral pictures of Jupiter may
simply show us where this slippage is taking place.

7.1. Mass addition at Io

Io is the engine that drives the jovian magnetosphere and
mass addition is the fuel that powers the magnetosphere.
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atmosphere by collisions at the lo� �altitude ends of
magneticfield lines.

Radiation belts Region of high fluxes of very energetic
electrons and ions that encircles the earth in the inner
portion of the magnetosphere.

Solar wind Plasma that flows outward from the sun and
fills interplanetary space.

SPACE PLASMA PHYSICS is the study of the plas�
mas that originate from the sun and from the planets and
moons within the solar system. These plasmas occupy
interplanetary space and the magnetospheres of planets.
This article gi� es an o� erall description of the plasma pro�
cesses which control the large�scale structure and dynam�
ics of the near�earth space plasma en� ironment. This in�
cludes the formation of the solar wind and interplanetary
plasma disturbances. It also includes the interaction of the
solar wind plasma and magneticfield with the magnetic
field of the earth and how this interaction leads to the in-
teresting and dynamic space plasma environment which
exists in the vicinity of the earth. Topics include energy
transfer to and within the earth’s magnetosphere, forma-
tion of magnetospheric structure, and disturbances of the
magnetosphere–ionosphere system which constitute what
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FIGURE 1 Schematic illustration of the magnetosphere in the noon–midnight meridian plane.

has recently been termed“space weather.” Space plasma
physics also includes the interaction of the solar plasma
with other planets, the mixing of solar and planetary plas-
mas, and a wide range of wave modes associated with
plasma oscillations in space.

I. INTRODUCTION

The sun continuously emits a stream of ioni� ed particles,
which is referred to as the solar wind and is the primary
component of the plasma whichfills interplanetary space.
The average speed of this stream in the ecliptic plane is
!���"����������������"��������������������������
������������������������������������������������
������������������������������� !����� !���"������
�����������������������"����������������������
����������������� ’s internal magnetic field is approx-
imately that of a dipole. However, the interaction of the
solar wind particles with the earth’s magnetic field com-
presses the earth’s field on the dayside and draws the field
out into a long tail on the nightside. This interaction also
confines most of the magnetic field of the earth to a re-
gion�referred�to�as�the�magnetosphere�(see�Fig.�1,�which
is a sketch of the magnetosphere in the noon–midnight

Mercury Earth Jupiter

Size 2 RH 10 RE 100 RJ

Density (c / ωpi L) 0.1 0.003 0.00001

Comments Va/L ~ fci Alfvén Resonances Propagating Alfvén
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Laboratory Magnetospheres at Any Scale
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Space Power Facility (SPF)Space Power Facility (SPF)
Plum Brook Facility at Sandusky
World’s Largest Vacuum Vessel
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• Laboratory magnetospheres are facilities for conducting controlled 
tests of space-weather models 

• Very large plasmas can be produced in the laboratory, continuously, 
with low power

• “Artificial radiation belt” dynamics and transport can be studied. 

• “Artificial radiation belt” with large energy, belt intensity, and density 
are produced using larger laboratory magnetospheres

• Preliminary tests of radiation belt “remediation”

• Outlook: We can build/operate the largest magnetosphere on Earth
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