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In exploration and utilization of the geospace environment, it is very important to understand interactions between space-
craft and space plasma environment. To evaluate the spacecraft-plasma interactions quantitatively, we have been developing a
proto model of "Geospace Environment Simulator” which consists of full-particle plasma simulation code and global MHD
simulation code. By treating both electrons and ions as particles, we started to investigate influence of the heavy ion emission
on the space plasma. For charge neutralization, thermal electrons are also emitted from the beam source. Preliminary results
on the ion beam dynamics and the electron response have been obtained. Prior to the simulations we improved the efficiency
of paralelization of the domain decomposition model of the 3D EM-PIC simulation code developed for the Earth Simulator.
We successfully achieved 99.75% of the efficiency of parallelization. In addition, by global simulations with the 3D MHD
model, we investigated the space plasma environment in which the ADEOS-II (Midori-11) received unrecoverable damage at
the end of October 2003. We examined formation of the hot plasma region around the geosynchronous orbit just after the
arrival of the shock in the solar wind.
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1. Introduction dielectric materials, it is influenced by dynamic variation of

The geospace is a space surrounding the Earth, where  the ambient space plasma and suffered from charging and
electromagnetic dynamics of space plasmas plays dominant  discharge. In addition, for the purpose of propulsion and
roles. The geospace environment is influenced by the solar ~ potential control, some spacecraft actively emit plasma
activity through the interaction between the solar wind and ~ beam. In order to mitigate the influence of the space plasma
the magnetosphere. In the geospace environment many  as well as the plasma beam emission on the spacecraft, we
spacecraft such as commercial satellites and space station  need to understand the interaction process occurring between
are now in operation in the geostationary orbit (GEO) as  the spacecraft and the plasma environment prior to the actual
well as in the low-earth orbit (LEO). In the near future, space activities. Conventionally, vacuum chamber experi-
large-scal e structure with high power/ voltage such as Space  ments have been conducted to test the spacecraft-plasma
Solar Power System (SSPS) will be constructed and utilized. interactions. However, because of the limited size of cham-
Since spacecraft surface is basically made of conductor and  ber the results obtained in the experiments are easily affected
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by the chamber wall which is electrically grounded.
Meanwhile, owing to the recent remarkable progress of com-
puter technology, numerical simulation has become one of
the powerful and important research methods in various
fields. In the solar-terrestrial physics, space plasma simula-
tion is recognized as the powerful and useful method for
quantitative analysis of various plasma phenomena. In the
current research project, we apply the conventional space
plasma simulations to understand the spacecraft-plasma
environment with Geospace Environment Simulator (GES).

GESisanumerica chamber for the research of spacecraft-
environment interactions and the obtained results can con-
tribute to better understanding of the fundamental processes
of the magnetosphere, designs of future satellite projects, and
estimation of electromagnetic environment for utilization of
the geospace. To analyze the background plasma environ-
ment, we basically apply three-dimensional global MHD sim-
ulations. Interactions between the spacecraft and the plasma
environment can be solved with particle model simulations.

In the present report, we show some preliminary results
for the case of heavy ion beam and thermal electron emis-
sion for the charge neutralization obtained with 3D EM
Particle-In-Cell (PIC) simulations. In addition, by global
simulations with 3D MHD model, we investigated the space
plasma environment in which the ADEOS-I1 (Midori-I1) suf-
fered unrecoverable damage at the end of October 2003.

2.3D EM-PIC simulation on heavy ion beam and

thermal electron emission from ion engine

For the orbit-transfer of huge amount of materials for the
SSPS construction from LEO to GEO, large-scale electric
propulsion engine such as advanced ion engine has been stud-
ied as one of possible propulsion systems. In the previous
study using 2D hybrid code, where ions are treated as parti-
cles and electrons as a fluid, we examined a formation of
shock near the ion emitter, Alfven mode perturbation along
the geomagnetic field and plasma heating. To examine the
detail of the effect including electron kinetics, we started to
perform 3D EM-PIC simulation for this model in which both
ions and electrons are treated as particles. Schematic illustra-
tion of the simulation model is displayed in Figure 1. We
hired a domain decomposition model created by multiple
nodes such as 8 cubic nodes maximum. In the center node, we
assume an ion engine and emit ion beam and thermal elec-
trons from a localized source region with the same amount of
charge at each time step. Background plasma is uniformly
placed and they are also solved as particles. Prior to the simu-
lations we improved the efficiency of paralelization of the
domain decomposition model of 3D EM-PIC simulation code.
The efficiency of 99.75% has been achieved successfully.

Figure 2 shows snapshots of spatial distribution of ion
beam and electrons at different times. Red and blue dots
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Fig. 1 Schematic illustration of Domain decomposition model for
heavy ion emission.
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Fig. 2 Temporal evolution of ion beam (red) and electrons from the
neutraizer (blue).

indicate ion beam and electrons, respectively. Considering
the definition of ion flux F, = NV, and the net electron ther-
mal flux Fe = 0.25N .V, , where N, N, V,, and V,_ denote
ion and electron density, ion beam velocity and electron
thermal velocity, respectively, V. =4V, and N = N, haveto
be satisfied for the ion beam neutralization from the theoreti-
cal point of view. In the current simulations, however, we
hired V,, which is smaller than V,,. Therefore it is rather dif-
ficult for the emitted thermal electrons to neutralize the ion
beam with the beam parameter adopted in the current model.
Even this condition is satisfied, simple neutralization process
cannot be applicable in the case with the external magnetic
field B, along the z direction perpendicular to the beam
direction. The emitted electrons have the Larmor radius of
approximately 10 m and it is much smaller than that of the
beam ion which has more than 10 km . The emitted electrons
tend to be trapped by B, while ions can keep propagating
along the x direction as shown in Figure 1. Then charge sep-
aration occurs between beam ions and electrons and intense
electric field due to this charge separation can be induced.
This electric field can affect the distribution of electrons
continuously emitted along with ion beam. Although not dis-
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Fig. 3 Distortion of the magnetic field by intense ion beam current.

played, the background plasma, particularly electrons, are
also affected by the ion beam dynamics and associated
enhanced electric field in the vicinity of the beam source
region, which should be analyzed in detail .

Figure 3 shows a snapshot of magnetic field defined at
each grid point. Because of ion beam which is not fully neu-
tralized with the background and neutralizer electrons, ion
current becomes dominant at the beam region and induces
intense magnetic field which rotates around the ion beam.
This induced magnetic field can modify the dynamics of
electrons and it becomes difficult for the background elec-
trons to approach to the ion beam for the neutralization. The
process of this electron response to the ion beam should be
analyzed in detail, which is|eft as a future work.

In order to understand the influence of the plasma envi-
ronment on the spacecraft surface, we need to introduce non-
plasma interface representing spacecraft surface in the simu-
lation domain. To obtain the simulation results which are
reliable enough to be applicable to the actual design of ion
engine or spacecraft, the spacecraft geometry treated in the
simulation should be modeled as accurate as possible. The
property of the surface material should be also considered in
the simulation model, which is closely associated with pho-
toelectron and secondary electrons from the spacecraft sur-
face. In order to realize complex geometry of spacecraft in
simulations, we started to develop EM PIC simulation code
using unstructured grids last year. We aready succeeded in
generating unstructured grid system for several simple cases.
We have been working on the implementation of a subrou-
tine for solving the Poisson's equation to obtain the potential
values at each grid point for the unstructured-grid model.

3. Space environment causing ADEOS-I1 damage

The three-dimensional MHD model, which treats the plas-
ma as a single fluid described by MHD and Maxwell's equa-
tions, is a powerful tool to provide environments during an
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extreme solar condition in which unexpected problems in
spacecraft devices tend to occur. Since last year, we have
been working on the analysis of the specific space environ-
ment in which the solar battery panels onboard ADEOS-I|
(Midori-I1) suffered a degradation of power supply at 16:13-
16:17 UT on October 24 2003. Before the damage, a shock
in the solar wind was estimated to have arrived at the nose
point of the Earth's magnetosphere around 15:29 UT.

The 3D MHD model has been applied to investigate this
problem. We used solar wind data obtained by the ACE
spacecraft for the initial and boundary conditions of the
model. The x component of interplanetary magnetic field
(IMF) was ignored in this model. The important signatures
found in the simulation are shown by polar plots of plasma
velocity in Figure 4 and configuration of expanded magne-
tospherein Figure 5.

Just after the arrival of the shock in the solar wind, the
Earth's magnetopause abruptly shrinks almost close to the
geosynchronous orbit. Hot plasma in the plasma sheet region
of the magnetotail is convected dayside along with the sun-
ward convection in the magnetosphere, which results in for-
mation of a hot plasma region around the geosynchronous
orbit. Although not displayed, we simultaneously found the
plasma sheet twist caused by a variation in the y component
of IMF from negative to positive value. Due to the sudden
decrease of IMF during the variation of IMF By, dayside

16:06 UT

16:16 UT

Fig. 4 Polar plots of velocity (parallel velocity in red) at 16:06 UT and
16:16 UT.

Oct. 24 15:40 16:16 UT
IMF By=9.2 and Bz=4.4

Fig. 5 Magnetospheric configuration and polar plots for the sudden
decrease of IMF at 16:16UT.
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reconnection decays, the magnetosphere expands and the
open/closed boundary indicated by green line in Figure 4
shifts toward the high latitude around 70-80 degrees, which
is shown around the dayside region in the right panel of
Figure 4. Then the region of the field-aligned plasma entry
with parallel velocity indicated in red contour is aso shifted
at the high latitude region. This plasma entry could be close-
ly related to the drastic change of the space environment at
the ADEOS-II orhit.

In order to examine the cause of the unexpected failure of
spacecraft, it is very important to know the background plasma
environment of the spacecraft orbit. The current global plasma
simulations can play an important role in understanding the
dynamic evolution of the background plasma environment.
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