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Abstract

the data of Double Star Program and Cluster missions. However some works were still conducted by

In the past two years, most of the works on magnetospheric physics were made by using

computer simulation or using the data from other space missions and ground geomagnetic observations.
This paper briefly review these previous works based on papers selected from the 28 publications from
April 2008 to April 2010. The subjects covered various sub-branches of magnetospheric physics, including

geomagnetic storm, magnetospheric substorm and etc.
Keywords

1 Geomagnetic Storms

Similar to the Dst index, the SYM-H index may also
serve as an indicator of magnetic storm intensity, but
having distinct advantage of higher time-resolution.
Cai et al.ll for the first time used the NARX neural
network to predict SYM-H index from Solar Wind
(SW) and IMF parameters. Total 73 time intervals
of great storm events with IMF/SW data available
from ACE satellite during 1998 to 2006 were used to
establish the ANN model. Out of them, 67 were used
to train the network and the other 6 samples for test.
Additionally, the NARX prediction model was also
validated using IMF/SW data from WIND satellite
for 7 great storms during 1995-1997 and 2005, as well
as for the July 2000 Bastille day storm and Novem-
ber 2001 super-storm using Geotail and OMNI data
at 1 AU, respectively. Five interplanetary parameters
of IMF B, B, and total B components along with
proton density and velocity of solar wind were used
as the original external inputs of the neural network
to predict the SYM-H index about one hour ahead.
For the 6 test storms registered by ACE including
two super-storms of minute. SYM-H < —200nT, the
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correlation coefficient between observed and NARX
network predicted SYM-H is 0.95 as a whole, even as
high as 0.95 and 0.98 with average relative variance
of 13.2% and 7.4%, respectively, for the two super-
storms. The prediction for the 7 storms with WIND
data is also satisfactory, showing averaged correla-
tion coefficient about 0.91 and RMSE of 14.2nT. The
newly developed NARX model shows much better ca-
pability than Elman network for SYM-H prediction,
which can partly be attributed to a key feedback to
the input layer from the output neuron with a suit-
able length (about 120min). This feedback means
that nearly real information of the ring current sta-
tus is effectively directed to take part in the prediction
of SYM-H index by ANN. The proper history length
of the output-feedback may mainly reflect on average
the characteristic time of ring current decay which
involves various decay mechanisms with ion lifetimes
from tens of minutes to tens of hours. The Elman net-
work makes feedback from hidden layer to input only
one step, which is of 5min for SYM-H index in this
work and thus insufficient to catch the characteristic
time length.

Xu et al.? studied the statistical relationship be-
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tween solar wind conditions and geomagnetic storms
in 1998-2008. They used the ACE data and pressure-
corrected Dst index (Dst*) to display the correla-
tions between solar wind structures and geomagnetic
It was found that, within the Earth’s up-
stream solar wind, the dominant feature was Inter-

storms.

planetary Coronal Mass Ejections (ICMEs), primar-
ily magnetic clouds, during solar maximum period
but Corotating Interaction Regions (CIRs) at solar
minimum. During rising and declining phases, solar
wind features became unstable for the complicated
solar corona transition processes between the max-
imum and minimum phases, and there was a high
CIR occurrence rate in 2003, the early period of the
declining phase, for the Earth’s upstream solar wind
was dominated by high-speed southern coronal-hole
outflows at that time. The occurrence rate of Sec-
tor Boundary Crossing (SBC) events was evidently
higher at the late half of declining phase and mini-
mum period. ICMEs mainly centered on the max-
imum period but CIRs on all the declining phase.
The occurrence rate of ICMEs was 1.3 times of that
of CIRs, and more than half of ICMEs were Magnetic
Clouds (MCs). Half of magnetic clouds could drive
interplanetary shock and played a crucial role for geo-
magnetic storms generation, especially intense storms
(Dst* £ 100nT), in which 45% were jointly induced
by sheath region and driving MC structure. Sixty
percent of intense storms were totally induced by
shock-driving MCs; moreover, 74% of intense storms
were driven by magnetic clouds, 81% of them driven
by ICMEs. Shock-driving MC was the most geoef-
fective interplanetary source for four fifths of it able
to lead to storms and more than one-third to intense
storms. The rest of intense storms (19%) were in-
duced just by 3% of all detected CIRs, and most of
CIRs (53%) were corresponding to nearly 40% mod-
erate and small storms (—100 < Dst* < 30nT). The
true Sector Boundary Crossing (SBC) events actu-
ally had no obvious geoeffectiveness, just 6% of them

corresponding to small storms.

2 Magnetospheric Substorms

On February 26, 2008, the THEMIS satellites

observed two substorms that occurred at about

Chin. J. Space Sci. 2010, 30(5)
04:05 UT and 04:55 UT, respectively. Pu et al.l?) dis-
play detailed features of the two substorms with em-
phasis on the first. In both substorms a distinct au-
roral intensification occurred during the earliest stage
of onset, about 1 to 2min after midtail reconnection
began. This initial intensification was weak and local-
ized and thus had the signatures of a pseudo breakup.
In both substorms, a second, major intensification
occurred next in the substorm onset sequence, fol-
lowed by rapid and extensive poleward expansion.
This second intensification had the features of the ma-
jor expansion onset and was nearly co-incident with
observations of earthward flows and magnetic dipo-
larization in the near-Earth tail. During the growth
phase of the two substorms, open magnetic flux accu-
mulated in the polar cap; in the expansion/recovery
phase the polar cap open flux was quickly reduced.
These observations are in agreement with the asser-
tion that tail reconnection initiates the initial pseudo
breakup and the ensuing major expansion and re-
leases and transports energy to eventually cause near-
Earth dipolarization and the expansion phase onset
of these two substorms.

Zhang et al.l]

introduce an effective processing
method to acquire the time derivative of the AFE index
as a coefficient. Using this coefficient, the AE index
can be divided into the four stages: quiet, ascending,
descending and active stage. The statistical results
show that the ascending and descending stages of the
AFE index are dominant and occupy two thirds of the
whole period. An analysis of the relationship between
the occurrence frequency of the Dst index and AFE in-
dex in solar cycle 23 shows that the monthly variation
of the occurrence frequency of the ascending stage of
AF is closely related to the Dst index.

A substorm event has been simulated for the
first time by using SWMF (Space Weather Modeling
Framework) developed by the University of Michi-
gan in Wang et al.l’l. The model results have been
validated using Geotail and Cluster satellite observa-
tions. The substorm onset occurred at 22:08 UT on
28 September, 2004, as identified from FUV WIC ob-
servations on the NASA IMAGE spacecraft. SWMF
can couple effectively the magnetosphere, inner mag-
netosphere and ionosphere processes and is driven

by the solar wind and IMF (Interplanetary Magnetic
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Field) parameters, which are measured by ACE satel-
lite and time delayed to the upstream boundary of the
model. It shows that (1) SWMF can predict well the
large-scale variations of the magnetospheric magnetic
field and ionospheric currents during the substorm
event; and (2) the accuracy of the time delay of the
solar wind from ACE to the outer boundary of the
model has great effects on the model results. Finally,
the substorm trigger mechanism has been discussed
and the way of improvement of the model has been
pointed out.

Tang et all® present observations of a sub-
storm on 13 March 2008 by Time History of
Events and Macroscale Interactions during Sub-
storms (THEMIS) spacecraft in the near-Earth tail
during the plasma sheet expansion evidenced by in-
crease in the plasma density and temperature. The
main features of the event are as follows: (1) Cross-
tail current reduction or Current Disruption (CD)
was observed in the near-Earth tail at ¢ = —8.0 R,
and y = —2.0 R, marked by a sharp drop of |B,]
and accompanied by sharp increases in the plasma
density and temperature, manifesting a rapid expan-
sion (recovery) of the local plasma sheet. During the
course of the plasma sheet expansion, the propagation
speed of the dipolarization is —48 km/s in tailward di-
rection and —35km/s in azimuthal direction. (2) In
the inner edge of the plasma sheet, slow flux pileup is
observed. The magnetic flux pileup is characterized
by continuous enhancement of B, and B; and a re-
duction of the plasma density, pressure Py, and b in
the flow-braking region. The tailward moving plasma
sheet expansion (CD) is also passing across the flow-
braking region. In short, the dipolarization in the
inner edge of the plasma sheet can be attributed to
CD, while the tailward progression of dipolarization
in the flow-braking region can be attributed to mag-
netic flux pileup. (3) A sharp decrease in the magni-
tude of B, at P; (—13.1 R, 2.5 Re, —0.56 R,) prior
to the dipolarization at Ps is difficult to explain as
part of the outward evolution of the CD. The rapid
change in the magnetic field topology, and signatures
of earthward flows and dipolarization observed at P;
prior to Pi2 onset may be caused by inward motion of
flux from magnetic reconnection in the midtail (20—

30 R.). Tail reconnection prior to substorm expansion

can result in a sudden change of the near-Earth con-
figuration, which may result in instabilities related to
the onset of CD.

Wei et all”l studied the westward ionospheric
electric field perturbations on the dayside associ-
ated with substorm processes. The case presented
by them suggests that some substorms can produce
strong westward electric field perturbations and drive
westward equatorial electrojets on the dayside iono-
sphere. This westward electric field is created by
an overshielding-like imbalance state of Field-Aligned
Currents (FACs), Region 2 (R3) FAC greater than
Region 1 (Ry) FAC, which is built up through Rs
FAC enhancement rather than R; FAC reduction due
to IMF northward turning. The substorm processes
should be responsible for the westward electric field
especially through polar cap shrinkage and magnetic
field dipolarization.

A comparison between substorm omnset times
identified by geomagnetic westward electric jet AL in-
dex, substorm electric jet AE index and field-aligned
current AF index and auroral breakup were con-
ducted by Ding et all8l. They found that if au-
roral onsets are chosen as zero time, then AL and
AE onsets are mainly distributed between [—5, +6]
min, with just several events between [—9, +9]. Field-
aligned current AF onsets are relatively widely dis-
tributed, that is [—8, +7] min. The average AL, AE,
AF onsets are 0.5, 0.5, and —0.1 min. The most pos-
sible AL onset is at the same time as auroral onset,
but that is 1 min before for AE and AF onsets. The
substorm onsets got by geomagnetic indices get closer
to auroral onset with more intense substorm activi-
ties. For the 5 super substorms, AL and AE onsets
It is indicated that

for intense substorm, electric jet will increase before

are both before auroral onset.
auroral breakup.

3 Solar Wind-magnetosphere-
ionosphere Interaction

The quasiperiodic variations of the Interplanetary
Magnetic Field (IMF) sector structure at the ACE
satellite (L) were investigated using power spectrum
analysis by Du et al.?). Tt appears that the two-sector

structure of the IMF dominates during the solar ma-



448

ximum, lasting 3 years from 2000 through 2003, and
the four-sector structure dominates during the solar
activity minimum. A possible explanation is intro-
duced for this phenomenon in which the IMF sector
structures vary with the tilt angle of the Heliospheric
Current Sheet (HCS) with respect to the solar rota-
tion axis. During the solar activity maximum, the
HCS is perpendicular to the ecliptic plane. There-
fore the spacecrafts at L, point are expected to pass
through the HCS only twice in one solar rotation,
which gives rise to the observed two-sector structure
of the IMF. On the other hand, during the solar ac-
tivity minimum, the HCS is nearly parallel to the
ecliptic plane, and the polarity of IMF B, changes
several times in one solar rotation due to the wavy
nature of the HCS, which may lead to the observed
four-sector structure.

Wei et al.l'% studied the unusually long lasting
multiple penetration of interplanetary electric field to
equatorial ionosphere under oscillating IMF B,. Dur-
ing November 11-16, 2003, the Interplanetary Mag-
netic Field (IMF) B, oscillated between northward
and southward directions, which suggests discontinu-
ous magnetic reconnection associated with the mul-
tiple pulses-like reconnection electric field. The Ji-
camarca Incoherent Scatter Radar (ISR) measure-
ments of ionospheric zonal electric field showed sim-
ilar fluctuations during this period. The high cor-
relation coeflicient of 0.71 between the reconnection
electric field and equatorial zonal electric field dur-
ing 125 hours suggests that the Interplanetary Elec-
tric Field (IEF) pulsively penetrated into the equa-
torial ionosphere due to the discontinuous magnetic
It is implied that the short lifetime
(< 3 hours) dawn-dusk IEF pulses can penetrate into

reconnection.

ionosphere without shielding, in other words, they
may exhibit the “shielding immunity”. The averaged
penetration efficiency is about 0.136 and highly local
time-dependent. Furthermore, the intense AU and
AL indices imply that the multiple electric field pen-
etration is associated with a “High-Intensity Long-
Duration Continuous AE Activity (HILDCAA)”.
Han et al.' present the first evidence for parti-
cle injection in the dawn-side equatorial plane caused
by a sudden enhancement of the solar wind dynamic

pressure (Psg,dyn). The observational results demon-

Chin. J. Space Sci. 2010, 30(5)
strate that the Psg dyn caused two effects: (1) instan-
taneous particle energization in the dayside, and (2)
particle injection in the dawn side at approximately
7min later. The former effect has been suggested
to be energization of the preexisting particles by the
sudden compression of the magnetosphere. They ar-
gue that the latter effect was due to acceleration of
relatively hot ions in the dawn-side plasma sheet by
a bipolar electric field caused by the Psg, dyn.

Yue et all'? used the magnetic field data of
GOES satellites from 1997 to 2007 and the plasma
data of MPA on the LANL satellites from 1997 to
2004 to study the properties of magnetic field and
plasma (0.03-45keV) at the geosynchronous orbit
(6.6 R.) within 3 hours before and after the arrival of
shock front at the geosynchronous orbit through both
case study and superposed epoch analysis. It is found
that following the arrival of shock front at the geosyn-
chronous orbit, the magnetic field magnitude, as well
as GSM B, component increases significantly on the
day-side (08:00-16:00LT), while the B, component
has almost no change before and after shock impacts.
In response to the interplanetary shock, the proton
becomes much denser with a peak number density
3

of 1.2cm™°, compared to the typical number den-

sity of 0.7cm™3.

The proton temperature increases
sharply, predominantly on the dusk and night side.
The electron, density increases dramatically on the
night side with a peak number density of 2.0 cm™3.
The inferred ionospheric O" density after the inter-
planetary shock impact reaches the maximum value
of 1.2cm™ on the dusk side and exhibits the clear
dawn-dusk asymmetry. The peak of the anisotropy
of proton’s temperature is located at the noon sector,
and the anisotropy decreases towards the dawn and
dusk side. The minimum of temperature anisotropy
is on the night side. It is suggested that the Electro-
magnetic Ton Cyclotron (EMIC) wave and whistler
wave can be stimulated by the proton and electron
temperature anisotropy respectively. The computed
Electromagnetic Ion Cyclotron Wave (EMIC) intense
on the day side (08:00 LT-16:00LT) with a frequency
value of 0.8 Hz, and the wave intensity decreases to-
wards the dawn and dusk side, the minimum value
can be found on the night side. The computed elec-

tron whistler wave locates on the day side (08:00 LT-
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16:00LT) with a value of 2kHz.

Zhang et al.!'3] carried out numerical simulations
to study the magnetospheric Ultra Low Frequency
(ULF) waves excited by positive and negative im-
pulses of solar wind dynamic pressure. The sources
of ULF waves in the magnetosphere are generally be-
lieved to be either the external solar wind pertur-
bations or the internal plasma instabilities. When a
sudden impulse of the solar wind dynamic pressure
impinges on the magnetopause, ULF waves might be
excited and thus the solar wind energy is transported
into the Earth’s magnetosphere. In this paper, we
study the ULF waves excited by different kinds of
sudden solar wind pressure impulses through an MHD
simulation. We primarily focus on the responses of
the Earth’s magnetosphere to positive/negative im-
pulses of solar wind dynamic pressure, and positive-
negative impulse pairs. The simulation results show
that the ULF waves excited by positive and negative
impulse have the same amplitude and frequency, with
180A degrees difference in phase, if the amplitude
and durations of the input impulses are the same.
In addition, it is found that Field Line Resonances
(FLRs) occur at certain L-shell regions of the Earth’s
magnetosphere after the impact of different positive-
negative impulse pairs, which appear to be related
to the duration of the impulses and the time interval
between the sequential impulses. Another result is
that the energy from the solar wind could be trans-
ported deeper into the inner magnetosphere by an im-
pulse pair than by a single pulse impact. The results
presented in this paper could help us to better un-
derstand how energy is transported from solar wind
to the Earth’s magnetosphere via ULF waves. Also,
these results provide some new clues to understanding
of how energetic particles in the inner magnetosphere
response to different kinds of solar wind pressure im-

pulse impacts including interplanetary shocks.

4 Radiation Belt, Ring Current and
Plasmasphere

Li et al.' proposed the total flux variation of the
entire outer zone relativistic electrons to describe the
final effects of storms/substorms on changing the en-

tire outer zone relativistic electron population. The

total flux of the relativistic electrons is the summa-
tion of their omnidirectional integral fluxes over the
entire outer zone. By analyzing the total flux varia-
tions of relativistic electrons in the entire outer zone
during about 18 storms from August 1990 to March
1991, this paper investigates the statistical relation-
ships between the total flux variations of the entire
outer zone relativistic electrons and the intensities
of storms/substorms. The statistical results indicate
that the primary impact of a storm development is
the net loss of relativistic electrons from the entire
outer zone via the main phase losses of relativistic
electrons, whereas the continuous intense substorm
activity (average AE > 200nT) can lead to the net
increases of the relativistic electrons in the entire
outer zone. Furthermore, the more intense the sub-
storm activity, the larger the increases of the rela-
tivistic electrons, indicating that the continuous in-
tense substorm activity can effectively supply rela-
tivistic electrons for the entire outer zone. Since the
net increases of the relativistic electrons usually oc-
cur during the continuous intense substorm activity,
the effective acceleration of the relativistic electron is
correlated with the continuous intense substorm ac-
tivity, e.g., the stochastic acceleration of electron by
whistler mode chorus waves.

Xiao et al.l'® utilized a recently introduced rel-
ativistic Kappa-Type (KT) distribution function to
model the omnidirectional differential flux of ener-
getic electrons observed by the SOPA instrument
on board the 1989-046 and LANL-01A satellites at
geosynchronous orbit. They derive a useful correla-
tion between the differential flux and the distribution
of particles which can directly offer those best fitting
parameters (e.g., the number density N, the ther-
mal characteristic speed ¢ and the spectral index k)
strongly associated with evaluation of the electromag-
netic wave instability. They adopt the assumption
of a nearly isotropic Pitch Angle Distribution (PAD)
and the typical LMFIT function in the program IDL
to perform a non-linear least squared fitting, and find
that the new KT distribution fits well with the ob-
served data during different universal times both in
the lower and higher energies. They also carry out the
direct comparisons with the generalized Lorentzian
(Kappa) distribution and find that kappa distribu-
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tion fits well with observational data at the relatively
lower energies but display deviations at higher ener-
gies, typically above hundreds of keV. Furthermore,
the fitting spectral index k basically takes 4, 5 or 6
while the fitting parameters N and ¢ are quite dif-
ferent due to different differential fluxes of electrons
at different universal times. These results, which are
applied to the case of a nearly isotropic PAD, demon-
strate that the particle flux satisfies the power law not
only at the lower energies but also at the relativistic
energies, and the new KT distribution may present
valuable insights into the dynamical features in those
space plasmas (e.g., the Earth’s outer radiation belts
and the inner Jovian magnetosphere) where highly
energetic particles exist.

Fu et all'8) investigated the nightside to day-
side evolution of the inner magnetosphere: Imager
for Magnetopause to Aurora Global Exploration Ra-
dio Plasma Imager observations. It took about 12h
for the IMAGE satellite to fly from the outbound pass
to inbound pass of every inner magnetosphere cross-
ing. This provides a unique opportunity to study
the nightside to dayside evolution of the corotating
inner magnetosphere when the outbound pass is in
the nighttime while the inbound pass is in the day-
time because a flux tube observed on the nightside
may be observed again on the dayside in such situa-
tion. The differences between the two observations
may be caused by the evolution of the flux tube.
By analyzing both the passive and active sounding
measurements from the IMAGE Radio Plasma Im-
ager, they study two cases concerning this evolution.
One, under a quiet geomagnetic condition, shows a
typical evolution process during which the plasma-
pause was observed on both the nightside and the
dayside. The other, during the recovery phase of
a magnetic storm, shows a different inner magneto-
spheric structure in which the distinct plasmapause
observed on the nightside becomes unidentifiable on
the dayside as the density in the nearly empty night-
side plasma trough increases to a level similar to that
of the plasmasphere. It is shown that the evolutions
of the inner magnetosphere in both cases were pri-
marily controlled by the fast plasma refilling of the
flux tubes from the ionosphere as the flux tubes drift

from the nightside to the dayside. In the former case

Chin. J. Space Sci. 2010, 30(5)
the fast refilling was confined inside L = 6.3, while in
the latter case the fast refilling extended to at least
L = 10. The present observations provide an exam-
ple for fast refilling as a possible cause of the smooth
density transition from the plasmasphere to the sub-
auroral region and demonstrate the importance of the
plasmasphere-ionosphere coupling in controlling the
structures of the inner magnetosphere.

Li et al.l'™] tried to establish a global quasi-linear
diffusion model of electrons by using the whistler-
mode wave amplitude distribution model, the elec-
tron density distribution model and the IGRF10 mag-
netic field model in 1 < L < 7 region. The numerical
results reveal that the variation of plasmapause lo-
cation changes the electron loss region controlled by
whistler-mode hiss and acceleration region controlled
by whistler-mode chorus through changing electron
density and wave intensity under different geomag-
netic conditions. The variation of the electron loss
region is consistent with the variation of the slot re-
gion, and meanwhile the variation of the electron ac-
celeration region is consistent with the variation of
the outer radiation belt, suggesting that variations
of electron diffusion regions by whistler-mode waves
cause the structure-variations (including size and spa-
tial location) of the slot region and the outer radia-
tion belt. During the recovery phase of a great storm,
for electrons with certain energy, as their loss region
controlled by hiss disappears, the inner radiation belt
may connect with the outer radiation belt together
completely.

Su et al.l'® constructed a three-dimensional re-
alistic plasma trough electron density model (particu-
larly a field-aligned density variation model) following
the previous works. They examine the evolution of
energetic electrons in the outer radiation belt at lo-
cations L = 4.5 and L = 6.0 with and without incor-
poration of electron density variation along magnetic
field lines. Numerical calculation shows that neglect
of the density variation along magnetic field lines gen-
erally results in overestimates of relativistic electrons
Phase Space Density (PSD) due to an underestimate
of the plasma parameter fpe/fce along the field lines.
Particularly, the overestimates of PSDs due to ne-
glecting field-aligned density variation are found to

increase with kinetic energy Ej and L increasing. At
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L = 4.5, maximum overestimates of PSDs over all
the pitch angles are found to be by a factor of —1.5,
2.1, and 4.7 for energies of 1.0, 2.0, and 3.0 MeV in 2
days. At L = 6.0, maximum overestimates of PSDs
over all the pitch angles are found to be by a factor of
—1.5, 18, and 47 for energies of 1.0, 2.0, and 3.0 MeV
in 2 days. This result suggests that incorporation of
a field-aligned density variation model is very impor-
tant to evaluate cyclotron wave-particle interaction in
the outer radiation belt.

Xiao et al.'¥ develop a new code which uses a
hybrid finite difference (HFD) method to solve a 2-D
bounce-averaged energy pitch angle diffusion equa-
tion in the outer radiation belts. They implement
the numerical algorithm by adopting a split operator
technique, an implicit scheme for dealing with diag-
onal diffusion coefficients, and an alternative direc-
tion implicit scheme for off-diagonal (or cross) diffu-
sion coefficients. They show that their code HFD can
successfully overcome the unstable problem when the
large and rapidly varying cross diffusion coefficients
are included. Particularly, they examine whether res-
onant interactions with obliquely propagated whistler
mode chorus and hiss waves result in a net acceler-
ation or loss of relativistic electrons in the outer ra-
diation belt L = 4.5. Numerical simulations show
that chorus waves can yield significant acceleration
of relativistic electrons, while hiss waves are primar-
ily responsible for scattering equatorially mirroring
electrons toward the loss cone.

5 Magnetic Structure and Current
System in the Magnetosphere

The equivalent ionospheric electric currents in the
polar region mainly consist of the DP1 and DP2
systems. The former involves a westward electrojet
around midnight, while the later involves a two-cell
system with foci on the morningside and eveningside,
respectively. In space weather prediction and now-
casting, sophisticated models of the polar currents
are needed, but concise and convenient models are
also useful to predict or nowcast the principal char-
acteristics of the current systems, such as intensity
and position. Xu et al.29) propose a “key points

model” for outlining the basic features of the polar

region current system for different disturbance levels.
The “Key Points model” (or KP model) includes six
key points of the current system: the centers of two
DP2 cells, the maximum densities of the eastward and
westward electrojets, and the maximum densities of
the northward and southward currents. Each of six
key points is described by three parameters: inten-
sity, local time, and latitude. The AFE-dependences
of the 18 parameters are deduced from the equiva-
lent current systems for every 5 min during a 2-d
period (18-19 March 1978). The KP model reveals
systematic variations of the current systems. When
AF increases, the currents and the current densities
are simultaneously enhanced linearly, and most of the
In addi-
tion, when AFE increases, the key points Ko and K4

key points concentrate towards midnight.

for the evening current cell move equatorward, while
the key points K7 and K3 for morning cell move pole-
ward.

Wang et al.l?!l performed field-aligned currents
in the varying northward and dusk ward IMF with
nonzero dipole tilt by SWMF simulation. Their study
concentrates on the FACs distribution for the vary-
ing northward and duskward Interplanetary Mag-
netic Field (IMF) conditions when the dipole tilt
A global MHD simulation (the Space
Weather Modeling Framework, SWMF) has been
used to perform this study. Hemispheric asymmetry
of the time evolution of northward IMF B, (NBZ)
FACs is found. As the IMF changes from strictly
northward to duskward, NBZ FACs shift counter-
clockwise in both summer and winter hemispheres.

is nonzero.

However, in the winter hemisphere, the counterclock-
wise rotation prohibits the duskward NBZ FACs from
evolving into the midday R; FACs. The midday R;
FACs seem to be an intrusion of dawnside Ry, FACs.
In the summer hemisphere, the NBZ FACs can evolve
into the DPY FACs, consisting of the midday Ry and
Ry FACs, after the counterclockwise rotation. The
hemispheric asymmetry is due to the fact that the
dipole tilt favors more reconnection between the IMF
and the summer magnetosphere. When mapping the
NBZ and DPY FACs into the magnetosphere it is
found that the NBZ currents are located on both open
and closed field lines, irrespective of the IMF direc-
tion. For the DPY FACs the hemispheric asymmetry
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emerges: the midday R; FACs and a small part of
Ry FACs are on closed field lines in the winter hemi-
sphere, while a small part of the midday Ry FACs and
all the Ry FACs are on open field lines in the sum-
mer hemisphere. Both IMF By and dipole tilt cause
the polar cap hemispheric and local time asymmet-
ric. When the IMF is northward, the summer polar
cap is closed on the nightside while the winter po-
lar cap is open. The polar cap boundary tends to
move equatorward as the IMF rotates from north-
ward to duskward, except in the summer hemisphere,
the polar cap on the dawnside shifts poleward when
the clock angle is less than 10°. The further poleward
displacement of the polar cap boundary on one oval
side is caused by the twist of the tail plasma sheet,
which is in accordance with the changing open field

lines topology in the magnetotail.

6 Geomagnetic Field and Auroras

Han et al.?? took advantage of high time-resolution
(1s) geomagnetic field measurements obtained at low-
latitude stations to investigate frequency differences
of Pi2 pulsations between the dayside and the night-
side. Firstly, they examined two Pi2 cases globally
observed by multiple ground stations and found that
the dominant frequency peaks at the dayside showed
latitudinal dependence, i.e., the higher (lower) fre-
quency peak was predominant at lower (higher) lat-
itude. They also noticed that the dominant Pi2 fre-
quency on the nightside was apparently higher than
that on the dayside. They argue that the multiple fre-
quency peaks observed on the ground are harmonics
of a plasmaspheric Cavity Resonance Mode (CRM)
and that the latitudinal dependence of the dominant
frequency peaks may result from the energy coupling
between the CRM and Field Line Resonance (FLR)
occurred in the near Earth space. They also ar-
gue that the frequency difference between the day-
side and the nightside could be caused by the reason
that a higher harmonic was observed in the night-
side plasmasphere but was not effectively observed in
the dayside. In addition, they statistically examined
829 Pi2 events that were simultaneously re-corded at
Kakioka (KAK, Maglat=27.2°) and Jicamarca (JIC,
Maglat=0.0°), the two stations separated by about
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10h in Local Time (LT) and one of them (JIC) is
They found that the
Pi2 frequency observed at KAK on the nightside was
higher than that observed at JIC on the dayside on

average. After investigating the occurrence histogram

located at the dip equator.

of the frequency difference (Af = fyic — fkak) for
the events simultaneously observed at KAK and JIC,
they found that close to half of the events had the
identical frequency (JAf| < 1.0mHz). The statistical
results are consistent with the facts reflected by case
studies.

The waveform of geomagnetic Sudden Com-
mencement (SC) on the ground depends on both lat-
itude and Local Time (LT). Using high-resolution
(1s) geomagnetic field measurements obtained at Ji-
camarca (JIC, Maglat = 0.0°) from 1998 to 2005, Han
et al.[?¥) examined the waveforms of 188 SC events
and found that some of the SCs observed at nighttime
(approx. 22:00-05:00LT) and dawn time (approx.
05:00-07:00LT) had a common observational feature,
i.e., a positive impulse always appeared at the begin-
ning of the main impulse of the SC, which led to these
events show Preliminary Positive Impulse (PPI) or
‘Stepwise’ structure in the waveforms. In particular,
the occurrence rate of the PPI/Stepwise events at the
dawn time was clearly higher than that at the night-
time. This is the first complete report of this observa-
tional feature for the SCs observed at the dip equator.
Based on a comparison of our observations with the
previously proposed model calculation of Kikuchi et
al.13% they suggest that the PPI /Stepwise events ob-
served at the dawn-time dip equator reflect the effects
of the Tonospheric Currents (ICs) and Field-Aligned
Currents (FACs). They therefore argue that this ob-
servational result provides evidence for the validity of
the model calculation.

Hu et al.24 used the data acquired from three-
wavelength (427.8, 557.7 and 630.0nm) all-sky im-
agers (ASIs) at Yellow River Station (YRS) in Ny-
Alesund, Svalbard, to examine the synoptic distri-
bution of dayside aurora. The results demonstrate
that the Maximum Emission Regions (MERs) at each
wavelength are all located in the postnoon sector, but
have rather different Magnetic Local Time (MLT) dis-
The so-called 15 MLT
“hot spot” is the overlapping region of the MERs at

tributions from each other.
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three wavelengths, and the prenoon “warm spot” is
characterized uniquely by an increase of emissions at
the 557.7nm wavelength. The detailed dayside auro-
ral spectra and morphology as a function of MLT are

discussed.

7 Space Plasma

Previous multi-dimensional particle simulations have
shown that electron phase-holes can be formed dur-
ing the nonlinear evolution of bi-stream instability.
In these holes, the parallel cut of the parallel electric
field (E)) has bipolar structures while the parallel cut
of the perpendicular electric field (£, ) has unipolar
structures. Lu et al.[® two-dimensional (2D) elec-
trostatic particle-in-cell simulations are performed to
investigate the evolution of E) in such electron holes
for different plasma conditions, and the generation
mechanism of the unipolar structures of F | is also
discussed. The electrons trapped in electron holes
bounce in the parallel direction, which leads to trans-
verse instability. At the same time, they gyrate in
the background magnetic field, which tends to sta-
bilize electron holes. In this way, the trapped elec-
trons are forced to accumulate locally, and the charge
density has variations along the perpendicular direc-
tion inside the electron holes. The balance between
these two effects leads to the following results: in
weakly magnetized plasma (£2¢ < wpe, but {2 is com-
parable to wpe Where (2, and wpe are the electron
cyclotron frequency and electron plasma frequency,
respectively), electron holes have two-dimensional
structures (isolated along both the parallel and per-
pendicular directions). Within such holes the parallel
cut of £/, has unipolar structures. In strongly mag-
netized plasma (26 > wpe), electron holes have one-
dimensional structures along the direction perpendic-
ular to the background magnetic field within which a
series of islands (with alternate positive and negative
E ) develop because of the variations of the charge
density along the perpendicular direction. Therefore
one recovers that a parallel cut of F| has unipolar
structures at the location of the holes. Present results
show that the unipolar structure of £, in electron
holes is attributed to the balance between the elec-

tron transverse instability and the stabilization of the

background magnetic field. The unipolar structures
of F| in electron holes last for hundreds to thousands
of electron plasma periods. They are destroyed and
the streaked structures are formed in the whole sim-
ulation domain after the electrostatic whistler waves
are excited and have sufficiently large amplitude. The
influences of the initial perpendicular thermal veloc-
ity of electrons (via temperature anisotropy) and the
drift speed of electron beam on the structures of E |
are also analyzed in details. At last, the relevance be-
tween our simulation results and the unipolar struc-
tures of the parallel cut of ¥, observed in the auroral
region is discussed.

Particle-in-cell simulations evidenced that su-
percritical, quasi-perpendicular shocks are non-
stationary and may suffer a self-reformation on the

Yang et al.20]

ion gyro scale. investigate the evo-
lution of the electric field at a non-stationary, super-
critical perpendicular shock. The contributions of the
ion Lorentz, Hall, and electron pressure terms to the
electric field are analyzed. During the evolution of
the perpendicular shock, a new ramp may be formed
in front of the old ramp, and its amplitude becomes
larger and larger. At last, the new ramp exceeds the
old one, and such a non-stationary process can be
formed periodically. When the new ramp begins to
be formed in front of the old ramp, the Hall term be-
comes more and more important. The electric field
E, is dominated by the Hall term when the new ramp
exceeds the old one. The significance of the evolution
of the electric field on shock acceleration is also dis-
cussed.

Satellite observations clearly reveal that su-
perthermal electrons in space plasma generally pos-
sess a pronounced non-Maxwellian distribution that
can be well modeled by a & distribution. Lu et al. [27]
performed one-dimensional (1-D) particle-in-cell sim-
ulations to investigate the evolution of whistler waves
driven by superthermal electrons with a typical k dis-
tribution in the presence of a cold plasma population.
The results obtained from the linear theory are first
confirmed: with the increase of the spectral index
for the x distribution, the linear growth rate of the ex-
cited waves increases and instability threshold for the
temperature anisotropy (A = T, /T) — 1) decreases.
Then they further find that with the increase of k,
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the fluctuating magnetic field energy density at the
saturation stage also increases. Therefore, from both
the linear growth rate and the fluctuating magnetic
field energy density at the saturation stage, they can
find that a bi-Maxwellian distribution (k — o0) over-
estimates the importance of whistler waves, since the
observed value of k lies in the range 2 < kK < 6.
They also find that the x values of the electron dis-
tributions become smaller with the excitation of the
whistler waves.

Driven by a waveform inflow, multiple X line re-
connection is initiated in a long current layer, and
the plasmoids are bound between two neighboring
reconnection sites. Liu et al.?8] investigate the be-
haviors of the plasmoid-like structures in the absence
and presence of an initial guide field B,y normal-
ized by By (Bp is the initial intensity of B, field
at the top and bottom boundaries of the simulation
domain) using a Hall Magnetohydrodynamic (MHD)
code. For the case with B,o = 0 the profiles of the
out-of-plane B, component are the bipolar signature
or the bipolar wavelike signature which is caused by
Hall effect and independent of the external mecha-
nism. Such B, features are in line with the observed
signature of a closed-loop-like plasmoid in the mag-
netotail. The bipolar and fluctuation signatures of
B, have an asymmetric feature in the presence of a
small B,o(= 0.1), and the B, profile becomes a pos-
itive signature as By reaches or exceeds 0.3. In the
case of Byy = 0.5, By a bulge appears in the B,
signature when the enhanced B, regions caused by
Hall effect take place in the plasmoid. The B, bulge
evolves into a peaking signature, whose maximum is
quickly raised and approaches the lobe magnetic field
strength. Such a significant enhancement of the B,
component in the central region of the plasmoid might
be representative of the observed strong core field in
the magnetic flux rope. The present results indicate
the following implications: (1) Hall effect and a preex-
isting cross-tail component B, are two important fac-
tors controlling the occurrence of various plasmoid-
like structures in the magnetotail. (2) In the later
phase the nonlinear interaction between Hall effect
and the By flux added by the plasma inflow makes
a most important contribution to the growth of the
core B, field.
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A three dimensional Hall MHD simulation is car-

ried out by Zhang et al.!*!

to study roles of initial cur-
rent carrier on the topology of magnetic field, on the
generation and distribution of FACs (Field Aligned
Currents) and on the appearance of Alfvén waves.
With consideration of contribution of ions on initial
current, the topology of resulted magnetic fields turns
to more complex. In some cases, it is found that not
only the traditional B, quadrupole structure but also
a reversal By quadrupole structure is presented in the
simulation box, which can explain the satellite ob-
served features near the diffusion region that is incon-
sistent to the Hall MHD theory with the total initial
current carried by electrons. Several other interesting
features are also emerged. First, motions of electrons
and ions are decoupled from each other in the small
plasma region (Hall effect region) with a scale com-
parable with the ion inertial length or ion skin depth
di = ¢/f2,. In the non-Hall effect region, the global
magnetic structure is shifted in 4y direction under
the influence of ions with initial y directional motion.
However, in the Hall effect region, magnetic field lines
are bent in —y direction, mainly controlled by the mo-

tion of electrons and B, is generated. Second, FACs

(‘]II = [— By% —l—Bz% +O(52)] /B) emerge as

a result of B,. Compared with the prior Hall MHD
simulation results, the generated FACs shift in +y
direction as well as the dawn-dusk symmetry is bro-
ken. Third, electron and ion Walén relation in Hall
Here, Ac = f2))/f25) and
A; = £/ 24 are the Walén coefficients of ions and

plasma is A, x A; = 1.

electrons, respectively, {2, 2 and {25 are the elec-
tron, ion and Alfven parallel vorticities. In our sim-
ulation, A; ~ 0.76, A, ~ 1.36, A; X Ae &~ 1.03, which
is consistent with the Walén relation in Hall plasma,

indicate the presence of Alfvén wave.

References

[1] Cai L, Ma S Y, Zhou Y L. Prediction of SYM-H index
during large storms by NARX neural network from IMF
and solar wind data [J]. Ann. Geophys., 2010, 28:381-393

[2] Xu D, Chen T, Zhang X X. Statistical relationship be-
tween solar wind conditions and geomagnetic storms in
1998-2008 [J]. Planet. Space Sci., 2009, 57:1500-1513

3] PuZY, Chu X N, Cao X, et al. THEMIS observations of
magnetotail reconnection-initiated substorms on February



Cao Jinbin et al.: Magnetospheric Physics in China: 2008-2010

(5]

[6]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

26, 2008 [J]. J. Geophys.
doi:10.1029/2009JA014217
Zhang Lingqian, Liu Zhenxing, Ma Zhiwei, et al. A new
processing method for the AFE index [J]. Sci. China, 2008,
51:1713-1720

Wang H, Ma S Y, Ridley A J. Comparative study of a
substorm event by satellite observation and model simu-
lation [J]. Chin. Sci. Bull., 2010, 55(9):857-864

Tang C L, Li ZY, Angelopoulos V, Mende S B, Glassmeier
K H, Donovan E, Russell C T, Lu L. THEMIS observa-
tions of the near-Earth plasma sheet during a substorm [J].
J. Geophys. Res., 2009, doi:10.1029,/2008JA013729

Wei Y, Pu Z, Zong Q, et al. Westward ionospheric electric

Res., 2010, 115, A02212,

field perturbations on the dayside associated with sub-
storm processes [J]. J. Geophys. Res., 2009, 114, A12209,
doi:10.1029/2009JA 014445

Ding Weizhen, Cao Jinbin, Du Aiming. Statistical re-
search of substorm onset identified by geomagnetic in-
dices [J]. Chin. J. Space Sci., 2010, 30(1):17-22

Du A M, Xu WY, Feng X S. Dependence of the IMF sec-
tor structure on the solar dipole tilt angle [J]. J. Geophys.
Res., 2008, 113, A07105, doi:10.1029/2008JA013032

Wei Y, Hong M, Wan W, et al.

ing multiple penetration of interplanetary electric field

Unusually long last-

to equatorial ionosphere under oscillating IMF B [J].
Geophys. Res. Lett., 2008, 35, 102102, doi:10.1029/
2007GL032305

Han D S, Yang H G, Nose M, Huang D H, Chen Z T, Hu
H Q. Dawnside particle injection caused by sudden en-
hancement of solar wind dynamic pressure [J]. J. Atmos.
Solar-Terr. Phys., 2008, 70:1995-1999

Yue C, Zong Q G, Wang Y F. Response of the magnetic
field and plasmas at the geosynchronous orbit to inter-
planetary shock [J]. Chin. Sci. Bull., 2009 (Special, Is-
sue): 4241-4252

Zhang X Y, Zong Q G, Yang B, et al. Numerical simu-
lation of magnetospheric ULF waves excited by positive
and negative impulses of solar wind dynamic pressure [J].
Sci. China: E, 2009, 52(10):2886-2894

Li L 'Y, Cao J B, Zhou G C, Li X L. Statistical roles
of storms and substorms in changing the entire outer
zone relativistic electron population [J]. J. Geophys. Res.,
2009, doi:10.1029/2009JA014333

Xijao F, Shen C, Wang Y, Zheng H, Wang S. Energetic
electron distributions fitted with a relativistic kappa type
function at geosynchronous orbit [J]. J. Geophys. Res.,
2008, 113, A05203, doi:10.1029/2007JA012903

Fu H S, Tu J, Song P, Cao J B, Reinisch B W, Yang B.
The nightside-to-dayside evolution of the inner magneto-
sphere: IMAGE RPI observations [J]. J. Geophys. Res.,
2010, doi:10.1029,/2009JA 014668

Li Liuyuan, Cao Jinbin, Zhou Guocheng. Whistler-mode

(18]

(19]

20]

(21]

(22]

(23]

(24]

(25]

(26]

27]

(28]

[29]

(30]

455

waves modify the high-energy electron slot region and
the outer radiation belt[J]. Chin. J. Geophys., 2008,
51(2):361-324

Su Z, Zheng H, Wang S. Dynamic evolution of energetic
outer zone electrons due to whistler mode chorus based
on a realistic density model [J]. J. Geophys. Res., 2009,
114, A07201, doi:10.1029,/2008JA014013

Xiao F, Su Z, Zheng H, Wang S. Modeling of outer ra-
diation belt electrons by multidimensional diffusion pro-
cess[J]. J. Geophys. Res., 2009, 114, A03201, doi:10.
1029/2008JA013580

XuWY,Chen GX,DuAM, WuYY, Chen B, Liu X C.
Key points model for polar region currents [J]. J. Geophys.
Res., 2008, 113, A03S11, doi:10.1029/2007JA012588
Wang H, Ridley A J, Luehr H. SWMF simulation of field-
aligned currents in the varying northward and dusward
IMF with nonzero dipole tilt[J]. Ann. Geophys., 2008,
26:1461-1477

Han Desheng, Yang Huigen, Chen Zhuotian, Nielsen C P.
Coupling of Pi2 wave energy in the inner magnetosphere
as inferred from low-latitude ground observations [J]. Sci.
China: E, 2008, 51(10):1-14

Han D S, Li Q. Geomagnetic sudden commencement at
the dawn-time Dip equator [J]. Earth Planets Space, 2008,
60:607-612

Hu Z J, Yang H, Huang D, et al. Synoptic distribution of
dayside aurora: Multiple-wavelength all-sky observation
at Yellow River Station in Ny-Alesund, Svalbard [J]. J.
Atmos. Solar Terr. Phys., 2009, 71(6):794-804

Lu Q M, Lembege B, Tao J B, Wang S. Perpendicular
electric field in two-dimensional electron phaseholes: A
parameter study [J]. J. Geophys. Res., 2008, 113, A11219,
doi:10.1029/2008JA013693

Yang Z W, Lu Q M, Wang S. The evolution of the elec-
tric field at a nonstationary perpendicular shock [J]. Phys.
Plasmas, 16:124

Lu Q M, Zhou L H, Wang S. Particle-in-cell simulations
of whistler waves excited by an electron distribution in
space plasma[J]. J. Geophys. Res., 2010, 115, A(02213,
doi:10.1029/2009JA 014580

Liu C X, Jin S P, Wei F S, Lu Q M, Yang H A.
Plasmoid-like structures in multiple X line HallMHD re-
connection [J]. J. Geophys. Res., 2009, 114, A10208,
doi:10.1029/2009JA014257

Zhang X G, PuZ Y, Ma Z W, Zhou X Z. Roles of initial
current carrier in the distribution of field-aligned current
in 3-D Hall MHD simulations [J]. Sci. China: E, 2008,
51(3):323-336

Kikuchi T, Tsunomura S, Hashimoto K, Nozaki K.
Field-aligned current effects on midlatitude geomagnetic
sudden commencements [J]. J. Geophys. Res., 2001,
106(A8):15555-15565



