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The dynamic global core plasma model (DGCPM) is used in this paper to calculate the He" density distribution of the Earth’s
plasmasphere and to investigate the configurations and 30.4 nm radiation properties of the plasmasphere. Validation compari-
sons between the simulation results and IMAGE mission observations show: That the equatorial structure of the plasmapause
is mainly located near 5.5 Rg and the typical scale of plasmasphere shrinking or expansion within 10 min is approximately 0.1
Rg; that the plasmaspheric shoulders are formed and rotate noon-ward from the dawn sector under the conditions of strong
southward turning of the interplanetary magnetic field (IMF); that the plasmaspheric plumes will rotate dawn-ward from the
night sector and become narrow for the southward turning of the IMF. The simulated images from the lunar orbit show that the
plasmasphere locating within the geocentric distance of 5.5 Rg corresponds to field of view (FOV) of 10.7°x10.7° for the
moon-based EUV imager, and that the 30.4 nm radiation intensity of the plasmasphere is 0.1-11.4 R. The plasmaspheric
shoulders and plumes locating toward the moon-side are for the first time simulated with typical scale level of 0.1 R from the
side view of the moon. These simulated results provide an important theoretical basis for the lunar-based EUV camera design.
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1 Introduction 5%—-10% of the plasmasphere plasma, and the ratio be-
tween He™ and H+ changes with geomagnetic activities,
ranging from 1% to 50% [3, 4]. The ions of plasmasphere
are all trapped on magnetic field lines and form a field
aligned distribution. The plasmasphere which strongly

interacts with the ionosphere, ring current and radiation

The earth’s plasmasphere is a torus of cold, dense plasma
region that occupies roughly the same region of the inner
magnetosphere as the ring current and radiation belts be-
tween 2.0-7.0 Rg (Rg is the earth’s radius). The typical

electron density of plasmasphere is 10-10* cm™, with en-
ergy less than 1-2 eV and temperature ranging from 3000
to 5000 K [1, 2]. H" is the principle plasmaspheric ion (it’s
early called the photon-sphere). He" is the second abun-
dant ion in the plasmasphere accounting for approximately
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belt is the core region of inner magnetospheric interactions,
and its evolutional process can affect the inner magneto-
spheric structure and near-earth space environment.
Therefore, the research on plasmasphere has important
scientific and practical value.

One distinct feature of the plasmasphere is to resonantly
scatter the extreme ultraviolet (EUV) radiation of sunlight
[5], and the scattering intensity is proportional to ion density
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of the scattering point. Thus the best method to study the
plasmasphere is to optically image the radiation and then
inverse the images to get plasmaspheric ion densities. The
plasmaspheric EUV radiation contains two main lines: 30.4
nm by He* and 83.4 nm by O". The former is a line spectra
with scattering rate between 1.8x107°-3.4x107 pho-
tons-ion"'-s~' [6], and the later is triplet spectra containing
9 lines with scattering rate between 1.0x107-9.4x10™" pho-
tons - ion~" - s”! [7]. Other ions also emit EUV radiations, but
they are inapposite to detect because of their extremely low
abundance. The advantage of selecting 30.4 nm emission
also lies in that He" is the second abundant ion in the
plasmasphere (~10%, but O" is less than 1%), and its dis-
tributions and dynamic properties can represent the overall
plasmasphere. The 30.4 nm emission is a single line which
is the strongest radiation of plasmasphere, and the magne-
tosphere is optically thin to the line [8]. The background
emissions can be neglected, so the detection and the calcu-
lation are simple and accurate. In addition, the response
time of optical imaging is short in that one image can be
shot in just several minutes. The image is intuitive, which is
suitable for observations and researches on the response of
plasmasphere to geomagnetic activities during storms and
substorms as well as for space weather monitoring and
forecasting.

In this paper, we will briefly describe the dynamic global
core plasma model (DGCPM) which can be used to calculate
the particle distribution of the plasmasphere in Section 2 and
then compare the modeled plasmasphere with observation
results in Section 3. More emphases are focused on analyzing
the storm time plasmasphere evolutions and discussing the
current problems of the plasmaspheric researches. We also
investigate the method of imaging the plasmasphere from the
side views (lunar orbit), analyze its feasibility, and optimize
the parameters of EUV camera in this section.

2 Simulating the 30.4 nm radiation intensity

The plasmaspheric He* resonantly scatters the 30.4 nm ra-
diation of the sun, and the column integrated intensity /
along a given line of sight (LOS) direction L with the ele-
ment ds is

I= 1/4nf e " p(@)gn(r)dsx107°, (D
L

where I is the column integrated intensity (photons cm™s™),
p(0)=1+1/4(2/3—sin2 @) is the phase function [9], @ is the
angle between the incident direction (sun-earth) and scat-
tered direction in the direction of the camera, g is the reso-
nant scattering rate of He* (photons s ion™, related with
solar 30.4 nm radiation flux and He* quantum mechanics
properties, can be seen as a constant during an image period),
n(r) is the density in cm™ at position r, and ris the optical
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depth of 30.4 nm line. Since the magnetosphere is optically
thin above 1000 km (~1.2 Rg) 7 can be set to zero.

The core of modeling He™ 30.4 nm radiation intensity is
to model the He" density distribution. The DGCPM was
used in this study [10]. The dynamical evolution process of
the plasmasphere was achieved through flux tube convec-
tion method. Assume that the density along a magnetic flux
tube is constant and its density is determined by the flux in
or out of the tube at the ionosphere

D F F
TARSE R @
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where D./Dt is the convection derivation in the moving
frame of the flux tube, N is the total ion content per unit flux,
F, and F,, are the flux in or out the flux tube at the northern
and southern ionospheres, B,; and B,; are the magnetic fields
in the northern and southern ionospheres at the foot point of
the flux tube [11, 12]. This first order hyperbolic partial
differential equation can be solved to get the He* density
distribution of the plasmasphere.

In the simulation, the magnetic field model and electric
field model should be considered in the plasmaspheric region.
Since there was no global magnetic and electric observation
data available for the inner magnetosphere, the empirical
models were adopted in our simulations. In our calculations
we used the international geomagnetic reference field (IGRF)
model and Tsyganenko geomagnetic field model, which
includes the contributions from the inner geomagnetic field
and external magnetospheric sources: the ring current, mag-
netotail current system, magnetopause currents, and the
large-scale system of field-aligned currents [13]. The electric
field model used in our calculations was the Weimer model,
which reflects the impacts of solar wind and interplanetary
magnetic field on middle and high latitude ionospheric
electric fields [14], and is more appropriate to simulate ob-
servation data. When simulating the plasmaspheric evolution,
the magnetic flux tubes were initialed with saturated plas-
masphere [15], and the plasmasphere was convected for 5
days to reach an equilibrium state under weak solar wind
conditions. Then the plasmasphere was imposed and driven
by a strong convection so as to investigate its structure and
evolution during storm times.

3 Simulation and observation results

The EUV camera on board the IMAGE spacecraft, a
NASA’s mission operated during 2000-2005, imaged for
the first time the overall plasmasphere at the apogee region
of a polar orbit using optical method and derived two di-
mensional global images of the plasmasphere projected on
the magnetic equatorial plane. In this section, we will ana-
lyze two storm cases observed by IMAGE/EUV imager and
compare them with the results from the DGCPM.
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3.1 Storm on 24 May 2000

During the strong magnetic storm on 24 May 2000 as shown
in Figure 1, the components of the IMF By and B; reached
—20.0 nT, the solar wind speed Vsw exceeded 700 km/s, and
the Dst index reached —150.0 nT with the maximum Kp index
of 8.0. During the period (indicated by the gray region), the
IMF had a strong southward turning, the solar wind velocity
increased continuously, and Dst index decreased continuously
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Figure 1 Geomagnetic index, solar wind and interplanetary magnetic
field (IMF) parameters of 24 May 2000 storm. The gray region is the time
sector for simulation. (a) ¥ component of IMF; (b) Z component of IMF; (c)
solar wind speed; (d) Dst index; (e) Kp index.
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and reached the maximum absolute value, corresponding to
the turning stage of main phase and recovery phase of the
storm. During this stage, the plasmasphere was eroded by
this strong magnetospheric convection and shrank inward,
the sunside plasmapause shrank to approximately 2.0 Rg, and
the nightside plasmapause shrank to approximately 3.0 Rg. The
width of the plume became narrow and the shoulder turned
noon-ward as shown in Figure 2(a). Figure 2(b) represents the
simulation results of the DGCPM with the input parameters
of the gray region in Figure 1. In the simulation, the rotating
speed of the shoulder and the nightside plasmapause were
basically consistent with the observations. The dayside
plasma-pause was slightly larger than the observations. This
slight dissimilarity might be caused by the fact that the
magnetic field pattern in the simulation was different from
the actual pattern and the convection electric field was
stronger than the actual electric field, causing the sunward
convection to become stronger.

3.2 Storm on 26 June 2000

The magnetic storm that happened on 26 June 2000 was
weaker than that on 24 May as shown in Figure 3, both the
components of the interplanetary magnetic field By and B,
were less than —20.0 nT, the solar wind velocity Vsw was less
than 550 km/s, and the Dst index was less than —100.0 nT
with the maximum Kp index of 6.0. During the period rep-
resented by the gray region, the interplanetary magnetic field
also had a south-ward turning, the solar wind velocity in-
creased continuously, and Dst index decreased continuously
and reached the maximum absolute value. During this stage,
the plasmasphere was eroded by relatively strong magneto-
spheric convection and shrank continuously, and the plasma-

Figure 2 Observations and simulation results for 24 May 2000 storm, the earth radii represented by the dashed circles were shown in the images. (a)

IMAGE observation; (b) DGCPM simulation.
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Figure 3 Geomagnetic index, solar wind and interplanetary magnetic
field (IMF) parameters of 26 June 2000 storm. The gray region is the time
sector for simulation. (a) ¥ component of IMF; (b) Z component of IMF; (c)
solar wind speed; (d) Dst index; (e) Kp index.

pause shrank to approximately 3.0 Rg. The plume narrowed as
time went on and rotated dusk-ward (see Figure 4(a)). No
shoulder was formed in this case. Figure 4(b) represents the
simulation results of DGCPM with the parameters of the
gray sector in Figure 3. The simulation results were ap-
proximately consistent with the observations. Both the
dayside and nightside plasmapauses were consistent with
the observation, keeping at 3.0 Rg. The only difference was
that the rotating speed in the simulation was less than the
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observation result.

3.3 Imaging the plasmasphere from the side views

We have simulated the plasmaspheric images from the lunar
orbit using the DGCPM. We assumed an EUV camera on
the moon which viewed towards the center of the earth. The
field of view was 15° (corresponding to the spatial size of
15.0 Rg). The spatial resolution of the image was 0.1 Rg on
the projection plane (the plane crosses the center of the
earth and perpendicular to the normal of the camera). Nine
points in the lunar orbit from lunar dawn to lunar dusk
were selected as shown in Figure 5 to investigate the in-
tensity distributions from different positions. In order to
investigate the shoulder and plume evolution from the side
views, the simulation time of UT09:36 24 May 2000 was
selected, and the corresponding solar wind conditions are
shown in Figure 1.

The intensity of the He* 30.4 nm emission from the
plasmasphere (within the plasmapause) as shown in Figure 6
was 0.1-11.4 R. This result was consistent with early
measurements of 0.1-10 Rayleigh done by sounding rockets
[16], consistent with simulated EUV images of 0.1-15 R of
the plasmasphere [17], and with the measurements of 0.1-7
Rayleigh done by Planet-B mission [18]. According to the
measurements of GEOTAIL satellite [19] and our simula-
tions, the density of the He" beyond 5.5 Rg was quasi-stable,
with a density of 0.2-2.0 cm™ and a corresponding column
integrated intensity of 0.026-0.13 Rayleigh. The intensity in
the plasmasphere trough region outside the plasmapause
was approximately 0.02-0.1 Rayleigh, which was consistent
with the observations.

The images of plasmaspheric shoulders and plumes were

26 June 2000 16:16 26 June 2000

16:16 26 June 2000

Figure 4 Observations and simulation results for 26 June 2000 storm, the earth radii represented by the dashed circles were shown in the images. (a)

IMAGE observation; (b) DGCPM simulation.
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Plasmasphere

Sun

Figure 5 Cartoon for lunar positions of the simulation. The SM coordi-
nates for positions a—i are (0, 60.0, 0), (-22.4, 54.3, 2.0), (—40.7, 40.8, 3.7),
(-52.5, 21.9, 4.7), (-56.6, 0, 5.1), (-52.5, —21.9, 4.7), (-40.7, 40.8, 3.7),
(-22.4,-54.3, 2.0), (0, —60.0, 0), respectively in unit of R.
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modeled from the side view for the first time. At different
positions, because the LOS directions and the projection
directions were different, the shapes and positions of the
plumes in the images were different (see the white rectangle
regions in Figure 6). The closer the moon to its dawn or
dusk, the less distinct the plumes in the images, due to the
shielding and overlapping effect of the LOS integration.
The plasmaspheric shoulders were distinct only in images
of Figures 6(d)—(g) (see the dashed rectangle regions). The
shoulders were not evident at other positions because of the
line overlapping effect and because the spatial size of the
shoulder was approximately 0.2 Rg. In addition, the plas-
maspheric shoulders observed from the moon were not as
apparent as that of polar orbit because of the shielding of the
main body of the plasmasphere.

As is shown in Figure 6, at different positions of the lunar

Intensity (R)

0.01 0.02 0.04 0.08 0.17

0.34

0.68 1.38 279 5.64  11.40

Figure 6 EUV radiation intensity distributions of the earth’s plasmasphere form different positions of the lunar orbit. (a)—(i) Represent the intensities of
the positions shown in Figure 5 respectively, the dashed rectangle regions represent the regions of shoulders, and the white rectangle regions represent the
regions of plumes. The dashed rectangle regions at the lower left corners of (d) —(g) represent the amplified shoulder regions.
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orbit, the main body of the plasmasphere (the plasmasphere,
plume, shoulder) was within 5.5 Rg, which was consistent
with the observations of IMAGE/EUYV. Thus, a field of view
of 10.7°x10.7° and spatial resolution of 0.1 Rg (average
moon-earth distance of 60.0 Rg) can image the overall
plasmasphere effectively and meets the requirements of
scientific research on the plasmasphere.

4 Conclusions

We used the DGCPM to simulate the dynamic structure and
radiation properties of the plasmasphere, compared them with
the observations of IMAGE mission and calculated the plas-
maspheric EUV radiation intensities from different observing
positions on the moon. The main results are as follows.

(1) The plasmasphere was within 5.5 Rg on the magnetic
equatorial plane and within 4.0 Rg on the meridian plane. The
typical scale size of the plasmapause, shoulder and plume
were 0.1 Rg. A field of view of 10.7°x10.7° and spatial
resolution of 0.1 Rg (average moon-earth distance of 60.0 Rg)
are needed for the lunar-based EUV imager.

(2) The average velocity of erosion or refilling of the
plasmapause during storm time observed by IMAGE mis-
sion was approximately 0.7 Rg/h [20, 21], corresponding to
the equivalent spatial resolution, 0.1 Rg in 10 minutes. Thus
time resolution of 10 min or better is needed for the lu-
nar-based EUV imaging.

(3) When imaging from the side view, the 30.4 nm emis-
sion intensity was 0.1-11.4 Rayleigh within the plasma-
pause and 0.02-0.1 Rayleigh outside it. The observation
scope of EUV camera should meet this requirement.

This investigation provides a theoretical basis for the de-
sign of the lunar-based EUV camera. This EUV camera may
image the overall plasmasphere continuously and effectively,
which is favorable to carry out researches on physical prop-
erties and space weather forecasting of the earth’s plasmas-
phere.
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