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Electron dynamics surrounding the X-line in magnetopause-type asymmetric reconnection is investigated
using a two-dimensional particle-in-cell (PIC) simulation. We study electron properties of three
characteristic regions in the vicinity of the X-line. The fluid properties, velocity distribution functions
(VDFs), and orbits are studied and cross-compared. In the low-beta side of the X-line, the normal electric
field enhances the electron meandering motion from the high-beta side. The motion leads to a
crescent-shaped component in the electron VDF, in agreement with recent studies. In the high-beta side
of the X-line, the magnetic field line is highly stretched in the third dimension. As a result, its curvature
radius is comparable with a typical electron Larmor radius. The electron motion becomes chaotic, and
therefore the electron idealness is no longer expected to hold. Around the middle of the outflow regions,
the electron nonidealness is coincident with the region of the nonadiabatic motion.

Reference:
- Zenitani, S., H. Hasegawa, and T. Nagai, submitted to J. Geophys. Res. (MMS special issue)
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One of the main questions about magnetic reconnection concerns how this mechanism may account for
fast magnetic energy conversion to kinetic and thermal energies, resulting in explosive events in
astrophysical and laboratory plasmas. Over the past decade progress has been made on the initiation of
fast reconnection via the plasmoid instability and what has been called " “ideal" tearing, which sets in
once current sheets thin to a critical aspect ratio: as shown by Pucci and Velli (2014) once the thickness
reaches a scaling a/L ™~ S~-1/3, the time scale for the instability to develop becomes of the order of the
Alfvén time and independent of the Lundquist number. However, given the large values of the Lundquist
number in natural plasmas, this transition might occur for thicknesses of the inner, singular layer,
approaching the ion inertial length. When this occurs, Hall currents produce a three-dimensional
quadrupole structure of magnetic field, and the dispersive waves introduced by the Hall effect accelerate
the instability. Here we present a linear study showing how an "ideal tearing mode" is achieved when Hall
effects are taken into account, including scaling laws for sheet aspect ratios and growth rates. We show
that for an appropriate scaling of the aspect ratio in the parameter space (S, d_i/L), the instability
develops on ideal timescales and the associated growth rate does not depend on the parameters,
suggesting a revision of the phase diagrams describing different regimes for magnetic reconnection in
space and laboratory plasmas.
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Solar wind species like electrons, protons and alpha particles are detected to possess temperature
anisotropies with respect to ambient magnetic field. Microinstabilities driven by these anisotropies are
responsible for an upper check of higher values of temperatures at different radial distances of solar wind.
For a homogeneous and non-collisional medium, we employed a macroscopic quasilinear kinetic model
to display asymptotic variations and saturations of temperature anisotropies and wave energy densities for
electromagnetic electron cyclotron (EMEC) and electron firehose (EFH) instabilities. A bi-Maxwellian form
of particles distribution adopted all the time except that temperatures may vary in time $tS. We showed
that, in (S\beta_{\parallel}$, ST_{\perp}/T_{\parallel}S) phase space, the saturations stages of
anisotropies associated with core and halo electrons lined up on their marginal stability curves for EMEC
instability. For case of EFH instability, the electrons and protons dynamics saturated at firehose and
proton cyclotron marginal stability curves, respectively. Next, we interpreted the outstanding issue that
most of observed proton data resides in nearly isotropic state in phase space. Here, in quasilinear
frame-work of inhomogeneous solar wind system, we formulated a set of self-consistent quasilinear
equations to show a dynamical variations of temperatures with spatial distributions. On choice of different
initial parameters, we showed that, interplay of electron and proton instabilities provided an
counter-balancing force to slow down the protons away from marginal stability states. Our present
approach may eventually be incorporated in global-kinetic models of the solar wind electrons and ions.
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The cyclic self-reformation of perpendicular collisionless shocks was first identified in one-dimensional
(1D) kinetic particle-in-cell simulations. In early studies, the reformation was defined as the cyclic
accumulation and release of ions. The release ions toward upstream (ion reflection) takes place
periodically at the ion gyro period of the downstream, which forms the shock foot region. Later, the cyclic
self-reformation of perpendicular shocks was also identified in two-dimensional (2D) full particle-in-cell
simulations with a simulation domain shorter than the ion inertial length in the shock tangential direction.
However, some of recent 2D full particle-in-cell simulations with a large simulation domain argued against
the evidence of the cyclic self-reformation of perpendicular shocks due to rippled structures at the shock
front. In the previous studies, the cyclic self-reformation was identified from the cyclic oscillation of the
magnetic field at overshoot, since the magnetic field and the ion density are well correlated in 1D
simulations and 2D simulations with a small simulation domain. In the present study, we analyze ion
particle data obtained from large-scale 2D full particle-in-cell simulations with different ion-to-electron
mass ratio, and discuss the effect of the mass ratio to the evidence of the cyclic self-reformation of
perpendicular shocks.

F—U— R BEREER NFIIal—Yav
Keywords: collisonless shock wave, particle-in-cell simulation

©2017. Japan Geoscience Union. All Right Reserved. - PEM21-05 -



PEM21-06 JpGU-AGU Joint Meeting 2017

FHIFOREEMEILMET IV
Anomalous convection diffusion model of cosmic rays

*PH =
*Tohru Hada'

1. MM KRERFERESE TEMRERARIEIE T FEM
1. Earth System Science and Technology, Interdisciplinary Graduate School of Engineering Sciences, Kyushu
University

ARBPOFER (BIXNF—HENT) EXd. REMEBEZCHERNZORERINSEEZLEETDH
%, FIC. ARDAKIRIBOWKIRAERDIZE. A ANGHAMEZF > cBwE’HLobLNE, TDLD
BREFWMEERET2EALBBETNE LT BEAMDTLRBEBBIBRICTIS 72 a1l (28 #oz
BALBEILBARREZEZ DI ENTE S, BETIRETS, 777237 IUHOBLUBEDICDOWTEEIC
BAL. TOBEFTMDA EZHBT 5, RiIC. BEERISAE LT, 777 a7V EBRIEHAEXNORIE
%KD, B S BILREZTONFICL DT A MITHEORR EUEBERT 2. AET I ERTHE
BBOBIRILF—KERRICOVWTHEERT 2,

F—7— R FHE LK
Keywords: cosmic rays, diffusion

©2017. Japan Geoscience Union. All Right Reserved. - PEM21-06 -



PEM21-07 JpGU-AGU Joint Meeting 2017

BRIEI N ER T DR N Z £+ 5 MHDHEH]
MHD relaxation with flow inside a sphere

QLA RE' BRIl B
*Kohei Yamamoto', Akira Kageyama'

1. PR KRE
1. Kobe University

SREEDOHRBIFALICE CIAH 5N 7=MHD (Magnetohydrodynamics, BRI 12) FADEMIRR
EELSDOOHBRINTERL, MEAN) Y TAREEVOHRFEDO T THRIIRILF—DPRNERBEVD
Woltjer-TaylorEimiC L i, BRI (BEREBIFHNETR) 27070 &I Sforce-freelREETH
%5, R7IORIDREBHWIBEA TH DI L ITRBRTHIRSINTWVWSREITTARL, ZOREEEFIALE
BaBRTZATER (BIZIEF) x> 3 VER) £1T7hbhTWa, L L. Woltjer-Taylori25m Tl &i&IK
BTORNOIXLF—HIPERTEDZIENREINTWVD, BLIEIDORENRYILELBWVBEERKT S
7=, ANHDHBESMHDIEFRENED LI BREDI EBRAETEMRIZE LAAMHDY 2 2 L —Y 3 Y TR,
EAXAARRIEEMWEOMHDARERNTH 2, ERESCLKRTOMHDARIXOBREXERE. EMARELL
Yin-Yang-Zhong#&F [Hayashi & Kageyama, JCP, 2016] % ffi> 7-#UEMICEEF L7z, HEEMAMHDEFM D
vXal—YaveERYIAL—YavVORDIREDLEWVL., ARETIE (BRBEDHR) 2ERIAAPMNYT
DOMHDARXZ2BZRRET (TRDLLEMYEERT) HETEI2EVWIRTHE, —BHURRTIOTIE
. ¥RFAAOEBERH RNy /LEH) OBEEENEEEREFAOBEARH GkEmA B OBRBE(,
mTHEHMATONE, KXFERTIE. BRE—Rm>TICBVWEBEZMALEOENEREE L TZORBBRE
B L7, b, WHOEH. BEE—% EREZEIEOELE, FREEDOLD. BRE—RDOR
7 T OX VHIFIEETEERICENED. RNLEL 2., REOHMELS+MEWLSH., ZOFNIEREFE (Buk
BERE) #FEIN D, 20 (%) EBERBICSITIRNOEBTRILF—E . MRTRILF—E,cHEBLTZ
RIEEXE AW [E/E, = 0109600, EHREILE T2 ANOEEERETEAN Eobhof,
I, BHMROEREFIGHPEITTIEAR WL, DFE Y Woltjer-TaylorEBii A F 30 3 Zforce-freelRETIX W & A
lXo& W L, #BETIEH. BRARPHEED S OBMBREBENBROBEICOVWTRET 3,

F—T7— R IMEDE, FEFIRKR. Yin-Yang-Zhongt&F
Keywords: magnetohydrodynamics, plasma relaxation, Yin-Yang-Zhong grid

©2017. Japan Geoscience Union. All Right Reserved. - PEM21-07 -



PEM21-08 JpGU-AGU Joint Meeting 2017

EBRFIyIY)IARIDaVHLERRFIvIYIARIIaVADE
BICEAT D> Ial—3 ViftR
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The origin of high energy cosmic rays (>10'>°eV) has not been fully understood, and the acceleration
mechanism is still controversial. Recently Chen et al. (PRL, 2002) proposed the particle acceleration by
the large-amplitude Alfvén waves at gamma-ray bursts as a model of the generation of ultra-high energy
cosmic rays (>1 0'%eV), based on the wakefield acceleration mechanism which was initially proposed by
Tajima and Dowson (PRL, 1979) in the context of laser-plasma interactions in the laboratory. The
wakefield acceleration in laboratory is induced by an intense laser pulse (or transverse electromagnetic
waves) propagating in a plasma. The mechanism may also operate in relativistic shocks in nature because
it is known that large-amplitude electromagnetic precursor waves are excited by synchrotron maser
instability driven by the particles reflected off the shock-compressed magnetic field in relativistic shocks
(Hoshino and Arons, PoP, 1991). In fact, Hoshino (ApJ, 2008) demonstrated the generation of the
non-thermal electrons by the wakefield induced by the ponderomotive force of the electromagnetic
precursor waves in relativistic magnetized shocks by means of one-dimensional Particle-In-Cell (PIC)
simulation.

The wakefield acceleration has been discussed only in one-dimensional shocks so far. It is not known very
well whether or not the same mechanism can operate in more realistic multi-dimensional systems. In
multi-dimensional shocks, the inhomogeneity may appear in the transverse direction of the shock, and the
waves emitted from different positions at the shock may overlap with each other. Consequently, the wave
coherency which is essential for the ponderomotive force may be broken and the wakefield acceleration
may not occur. Another possible problem is the competition between the synchrotron maser and Weibel
instability. The Weibel instability occurs near the shock front due to effective temperature anisotropy
generated by the reflected particles in the shock transition region. Since both the instabilities are excited
from the same free energy source, the efficiency of the precursor wave emission may be affected or even
completely shut off.

To solve these subjects, we investigated in this study the properties of the precursor wave emission in
relativistic shocks by using the two-dimensional PIC simulation. Since the growth rate of the synchrotron
maser instability at high harmonics are significantly large, the precursor waves are high-frequency
electromagnetic waves and thus may easily be damped. Therefore, our simulations were performed with
high spatial resolution to resolve the precursor waves well. We observed that large-amplitude, coherent
precursor waves were excited in two-dimensional shocks, and found that the amplitude of the precursor
waves was large enough to induce the wakefield acceleration even if the Weibel instability occurs. In
addition, the amplitude of the precursor wave remains finite and has reached a quasi-steady state by the
end of the simulation. In this presentation, we quantitatively evaluate the efficiency of the precursor wave
emission in both one-dimensional and two-dimensional shocks, and then discuss the possibility of the
wakefield acceleration model for the production of non-thermal electrons in an astrophysical shock.
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We investigate the onset of fast magnetic reconnection starting from equilibrium configurations relevant
for astrophysical as well as for laboratory plasmas, that differ from the simple Harris current sheet
configuration. In particular we present an analytical as well as a numerical study of the linear instability for
equilibrium magnetic fields which go to zero at the boundary of the domain and of a double current sheet
system, the latter previously studied as a proxy for the m=1 kink mode in cylindrical plasma. We show how
the "ideal" tearing trigger condition is changed by assuming such different equilibrium profiles. Finally we
present results for incompressible 3D MHD simulations of a double current sheet, in triperiodic geometry.
We examine and contrast the destabilization and transition to turbulence describing the evolution of the
magnetic energy and dissipation, and possible application to heliospheric phenomena, in particular CME
evolution and relaxation.
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The simulation result of Vlasov code has high signal-to-noise ratio, in comparison to PIC (particle-in-cell)
code. In the past, due to the scarcity of computing power, most researchers use PIC code as a tool toward
novel explorations and investigations. With the rapidly enhancement in computing power of
supercomputers, the high resource-demanding Vlasov simulation of potency has become wildly adoptable
and efficiently achievable. In this study, we adopt grid-base Eulerian solver, instead of the customary
semi-Lagrangian method, to solve Vlasov-Ampére equations for electrostatic plasma. We use three-step
high-order leapfrog scheme for the solutions of energy-conserving Vlasov-Ampere equations. We use
fifth-order central finite difference method to calculate the first derivative in Vlasov equation along the
real space. We use cubic spline method to calculate the first derivative and integration along velocity
space in the Vlasov equation and Ampére law without magnetic field, respectively. We use forth-order
leapfrog method for time stepping. Subsequently, we examine the correctness of grid-base Eulerian solver
in solving Vlasov-Ampeére equations for electrostatic plasma by linear Landau damping test.

Keywords: Vlasov simulation, electrostatic plasma
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Numerical simulations of space and astrophysical plasmas need an accurate method for solving Maxwell's
equations. The divergence-free property of the magnetic field is the fundamental constraint in the system
that must be satisfied in a numerical solution because otherwise, the simulation will become unstable.
The Constrained-Transport (CT) scheme, which exactly preserves the discrete divergence-free property,
has been quite successful in numerical Magnetohydrodynamics (MHD). In recent years, the CT scheme for
Maxwell's equations has been ingeniously combined with an HLL-type (Harten-Lax-Van Leer) Riemann
solver for the hydrodynamics part in a consistent fashion. The scheme known as the HLL-UCT shows
excellent performance in numerical MHD as well as two-fluid plasma simulations.

It is straightforward to apply the same technique to kinetic Particle-in-Cell (PIC) type simulation method.
However, the numerical properties of the scheme as applied to kinetic simulations are not known very
well. In fact, artifacts arising from numerical noise inherent in the PIC method (which is absent in a
grid-based fluid code) should carefully be analyzed.

In this study, we apply the HLL-UCT scheme to a quasi-neutral plasma hybrid code in which ions are
treated as kinetic macroparticles whereas electrons are assumed to be a fluid. We found that naive
application of HLL-UCT to a hybrid code may lead to artificial heating and/or cooling of ions, presumably
because of excessive dissipation in the HLL-UCT scheme. We thus quantify the numerical artifact by
extensive numerical experiments with varying mesh size, the number of particles per cell, plasma beta,
etc. We found that the numerical heating/cooling may be explained by absorption (or dissipation) of
spontaneous emission of waves arising from a discrete particle effect. Practical workarounds to minimize
the numerical artifact for long time simulations will be discussed.
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Designing high-order finite difference scheme for
magnetohydrodynamics: shock capturing and divergence-free
conditions.
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Space and astrophysical plasmas are rich in dynamic phenomena such as convection, eruption, shock,
accretion, and so on. Their macroscopic dynamics is well described by magnetohydrodynamics (MHD).
Since the system of MHD equations are highly nonlinear, a numerical simulation is an indispensable tool
to reveal its complicated physics.

The plasma is frequently associated with supersonic flows such as the coronal mass ejection, supernova,
and jet, which yield various shocks and discontinuities. Furthermore, these flows are almost inviscid, thus
will become turbulent. Reliable MHD simulations need to resolve these phenomena simultaneously, which
is a contradictory issue for computational fluid dynamics and thus is challenging. Moreover, the MHD
simulation should carefully handle errors of the divergence for magnetic field, which is not necessarily
free in numerical simulations.

Many works have been devoted to develop exact or approximate Riemann solvers (upwind schemes) for
(M)HD to accurately capture shocks and discontinuities. Nowadays, such shock capturing schemes are
adopted as a standard method for MHD simulations (Kritsuk et al. 2011). On the other hand, various
high-order interpolation techniques are proposed to improve the resolution of small scale structure (e.g.,
turbulence), and they can be incorporated into shock capturing schemes.

Shock capturing schemes are based on the finite volume method, which automatically satisfies the
conservation laws but has a difficulty in achieving high order of accuracy in multi-dimension. The finite
difference method is rather convenient for designing multidimensional high-order scheme. Conservative
finite difference schemes have been proposed by approximating fluxes to high order, and succeeded in
high resolution MHD simulations (Jiang et al. 1999; Mignone et al. 2010).

We consider another type of the conservative finite difference scheme for MHD, which interpolates
physical variables to high order and utilize a variety of Riemann solvers to capture shocks. We also take
special care of the divergence-free condition for magnetic field. Combination of the upwind scheme and
the constrained transport (UCT) method, which satisfies divergence-free condition within machine
accuracy without violating upwind property (via Riemann solvers), is thought to be a powerful strategy
especially for low beta plasmas. We test various type of the UCT method. In this paper, we will present
details of our code design and its performance, especially focusing on the comparison among different
interpolation techniques, Riemann solvers, and UCT methods.
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Study of anisotropic electrons distributed around the wake of an
ionospheric sounding rocket by a 1D Vlasov-Poisson simulation
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EHESANO Y NIEHMBASTEABERECENT 5720, TORAICME (V414 2) ERENhZES
SARBEBBETRTS. O vy bV A 7HhTIE, D4 7FDOUHR AR 75 A ER
8, ZE— KAy A 7EREIMHEDEREH TT 27 AV RIHER I3 I & HYamamoto[PhD. thesis,
Tohoku University, 2001] IC& > THRESI N TW3. ZF®D#%, Endoetal. [JGR, 2015] Tl&, S-520-26 O
Ty NEBRTOTSATRBEANT—95L &1, ZOREBDE— RIEEROBER (BENWEFH1270
bOYEHRE (ESCH) , UHR E— RNiEE) THD EfEmINiz. ZORK;E, ARBRTEHAI MRV R
ZJ—E—NFOREIEEHIC, OT Y NROREVREAICKRULEBEZELZRL TV, ZOBERIE, REZE
BLTEAMEEO2EFIO Y NABDY A4 7 ICHIGLEEELFmEES5, TRICELTENRTIhOTS
ATREIDFIE - RRLTCWEZEETREBLTWS. LAL, VT4 7AACEVWTWLWHRIEESHFD TS
AIXDBEDE D BEBAHTHEEL TWENTDWTIEREZE SIS > TULARL,

ZITHRR, VA VEECSIID2EESHEBOZEMAFICOVTERT B8, —RITEBIHKEL
EBERBEOEANSESORBE /I XAV RNIACEEA2ER T Ia L — /a/J—F%ﬁ%bT
W3, BORAAO—RTEEEREL, ZEEFHIF-600A ,=Xs600A, (A : TNIR) &93. 2
T, ZEDT ) v RIBFAX=A,EF 5. HPOEZRESEIF-252 <X<25)\DL:§§7£3'%>. Fre, WFDEE
FHDRFE—RTOH%EE, EFOREZBEHEIZ-10V, =V =10V, (V,, : EFEEE) , 1T V0OFE
ERMERIE-15V, SV=15V,, (V,, 1 41 A VBEE) & LTBYIRD. EEEZEDS ) v RigER, @%@Av
=0.1Vy, A FVEAV=0.0025V, &F 5. ¥Ial—YavoORERTy AL, At=01w ' (w
SAVERY) ELTEHETS. 20D, SAREEREICHESLHODI —F U FRHIZ, E%%Et%?ta%s
1 (Eg= Apw ’m, /e m, : BFEE, e: BRRE) L7152, HEHTRIARRG, BF - 14V0T5V
7HEARVERERET 2RT7YV Vv ARAICRET 5. FELAERORKERREIEHERBIKCIPEXiao et
al., CPC, 1996], EFDLHICKTGL-BIHZDDMHIET7 — ) TE#H % FIFE L /=A% [Birdsall and Langton,
Taylor & Francis Group, 2008] TK® 3. X2l —>a v TEBIRININFOEELGEAR KR VOEIS DR
ZilE, ENODV A VHARDERDHEHET.

BEDHRETIE, 74 7BROTCHRIC, BREE & ICRBEMNMERT 2EBIRFNBEN, t=469At (F
M3AmMmIEY) T —SVEEIEOSNDE -0, FNLUBOEEIFIToTWAWL., LAL, RFETIEDAL
EEV A VR (FR#N0.4m) MEX TORESHBAROERIVEELEZITHY, BHIROZRITH
B, YA VRAOEEARDOEMEIOREKEZRFT L TVWS. EFOREIMEAMICEALTE, ;]
I— NDt<469AtDEHETEHENTHY, V1A VABITREIILFE—LEOEFEELHREAHA, V147
BRAGTIRE—DE—LBRSHREAHI,ELNTWVWS. BIEE VA4 74D SRAIICED > TERBIRENIC
Ho TREBMICENADEFICKE>T, T, BEBE VA 7HMUDPSRHRAISHENAL D ETHEFNERD
PBEZICLYRFINDZ I EICL>TRETWSR EEZIONS.
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Particle Simulations on Near-Spacecraft Plasma Perturbations in Polar
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ARERTIE, HERBE /D I—  AROKXRFOEEICLYEDSN TV, BERPE-EHE S X
REBEROHES I 2L —2aViIRICOVWTHRE S 5, BEERBEH X THEE T, HaRE2/RT—)
EEDTIAVNBEDHERSE (MLF¥a3YUTq) PERINDZZErMOENE, /LT T —TIEYZKRR
DAREWREPFDZD, ICIF+ U R—VEMENZ—EDOT Y NRBREEEL TE 7, LHALRUEEDIC
ELBVIAIPY—REVSETIAT L LDEIREKICE S (205 BRAICRITIHEX, +0ICE
BINTWBEFVWWLWATZW, AR TR, FETSAVHEBEERORERIT TEBDOH B3IRTND T AT
HFUIal—rarvFEYEBICERL. 80y NREPEFERLIO TS ATEREL £ DELOHF
EXNZXLERATZEE2BEET 3,

INETICOOY Yy NRETEOHMARABE AEVEHIORTAICTT 2KEFEEY. OBHBE > XYETF
ORMEICER T 2047y N/BFEV o4 VEEDENTME. 2T 2& 610, TRICEELARBEED
TDEFFAFTIVRICALTHALALBANRAG 7, BICEEAETI., Y —ABHBEERMISG TREINDEX
BRKYZ bOMZ, P—2XAROEEDNERICERT 2 REMEMRICEDCRRERIFET 28I TREI N
f=o IRIEE, GESMPY A4 7ADESOEBEMICRONZEEREE., 75 XV KEE— NOBEES 7
B3 27-0DAELMBLTHY. ZOVHERELBRET 3,
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Numerical Modeling of Plasma Wave Electric Field Effects on
Spacecraft Charging
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ARRTIE. 77 AVFEBOREEHERFOAIHEEMEHRRE SSAVHFIIaL—Yavick
WEIRT 3, N7y 7O—TICE3REOEATIXO—5 REDKRE & BEXICEHEEEM DL N
SN THY[e.g., Malaspina et al., 2014], FEHBERICL Z2AEFHEERDOEH;HNRER L FRINTWS, &
NFETICARROREERP P ERMBRE ICN T 2EKFUEDNF v VNN—FRICEUAESI L TWB[Wang et
al., 2014a; 2014b]H'. FERFICKEBIORECHEMRICE 2FELEEENM+LTRVREERSI TV
%, F-FHEEMOAIZ. BEEAL TO—THOBMEEZRAZ Z&ICLYThNdH, ABEKREELL
BT 5010, BEEAE 7O—TBHZTNFTNORHIERICHTBINE (DEW) 2EBTIVELD
%,

AERTIE, ThODORBEICEALT, 75XV FUIal—yarvaRWARERERBEHRET S, &
I TCRRETBVLIEESOHBMAER AT —IVIZFEHY A XLV F+DICKEW, LA > TREIERIEEM
MIC—HRAERBERTHDELT, YIal—ryavyEFAICEHMLE, COSEETIVICEY. AOY AR
KERHDRFBRICT LT, AEFEROLERAE FTNICERT 2FEESMNLEEABRTZIEICKRIILEZ, £
aREKY —2DEM[Boehm et al., 1994] % ST 2 T, ABRROERNVRETIIEEMABLTWVWS, {14
BWRELT, REBERBEI200MV/MUTOYIaL—YaviERERB<GHATEZERLEE L,
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BENDIERE S & DL EIR ISR TE RN o7, T TGCeotailHEICEEH I N TV 2 BIHE AL
(EFD) IZ& > TEAISN/BENDIERERHR D ICD W THEHRIT 21TV, BENORAE L P T WHIGEREE 1 4
VEE - AFVBREDBRERAE L. BENEEEKD%EARY MUERICE > THELTERLEZE S
%, BENEESERADARY NMUVICIZRRZ21R9—U N EETRZZENbA o, FRNEFNDARY ML A
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