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Maximum energy of an electron acceleration at the Earth bow shock

# Takuma Kato[1]; Takanobu Amano[1]
[1] University of Tokyo

The acceleration of non-thermal particles is an important subject in space physics. The shock accelerated non-thermal electro
have been observed at the Earth bow shocks (Gostling et al. 1989). These electrons are supra-thermal (with energies from 1k
to 100keV), and their distribution is power-law. However, acceleration models proposed in the past could not reproduce sucl
observed spectra. Recent in-situ satellite observations of the Earth bow shock found wave-particle resonances between whist
waves and electrons at the shock transition region (Oka et.al. 2017). These results indicate that whistler waves play an importa
role for the acceleration of supra-thermal electrons.

We propose a new acceleration mechanism that takes into account the effect of stochastic pitch-angle scatterings by whistl
waves during the course of the Shock Drift Accelerations (SDA), which is an adiabatic acceleration process for supra-therma
electrons at the shock transition region (Wu 1984, Leroy and Mangeney 1984). By introducing stochasticity with pitch-angle
scatterings, the acceleration efficiency may be improved. We theoretically analyzed the energy spectrum of electrons by usin
a box model which considers the dependence of an electron distribution only on energy and pitch-angle. We showed that th
electron energy spectrum becomes a power-law and its spectral index depends only on the magnetic field gradient in the limit ¢
strong scattering. We also found the maximum energy attainable through the proposed model, and it scales linearly with the pitct
angle scattering coefficient. We have also confirmed these results by performing Monte Carlo simulations. We demonstrated th:
the proposed model is qualitatively consistent with observations. In this presentation, we quantitatively discuss the consistenc
between the theory of the proposed model and observations.
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Wakefield acceleration in two-dimensional relativistic shocks

# Masanori lwamoto[1]; Takanobu Amano[1]; Masahiro Hoshino[1]; Yosuke Matsumoto|[2]
[1] University of Tokyo; [2] Chiba University

The origin of high energy cosmic rays has not been fully understood, and the acceleration mechanism is still controversial
Recently Chen et al. (2002) proposed the particle acceleration by the large-amplitude Alfven waves at gamma-ray bursts as
model of the generation of ultra-high energy cosmic rays, based on the wakefield acceleration (WFA) mechanism which wa:
initially proposed by Tajima and Dowson (1979) in the context of laser-plasma interactions in the laboratory. The WFA in lab-
oratory is induced by an intense laser pulse (or transverse electromagnetic waves) propagating in a plasma. The mechanis
may also operate in relativistic shocks in nature because it is known that large-amplitude electromagnetic precursor waves a
excited by synchrotron maser instability (SMI) driven by the particles reflected off the shock-compressed magnetic field in rela-
tivistic shocks (Hoshino and Arons, 1991). In fact, Hoshino (2008) demonstrated the generation of the non-thermal electrons b
the wakefield induced by the ponderomotive force of the electromagnetic precursor waves in relativistic magnetized shocks b
means of 1D PIC simulation.

In multidimensional systems, it is well known that Weibel instability (WI) develops in the transition region of weakly magne-
tized shocks. Previous PIC simulation studies in multiple dimensions indeed showed that the shock transition is dominated b
the WI at low magnetization. Since both WI and SMI are excited from the same free energy source in the same region and th
growth rate of the W1 is larger than that of the SMI at low magnetization, it was believed that the WI dominates over the SMI
and the precursor wave emission could be shut off in multidimensional shocks.

Recently, by using 2D PIC simulations, we have shown that the SMI can coexist with the WI and that the precursor wave
emission continues to persist to the Weibel-dominated regime (lwamoto et al. 2017). We also showed that the wave power i
sufficient enough to induce wakefield for a wide range of magnetization parameter. However, the WFA did not operate in our
previous simulation in pair plasmas because the finite mass ration between positive and negative charges is essential for the WF
To investigate the feasibility of the WFA in relativistic shocks, we carried out 2D simulations in ion-electron plasmas. We found
that the wakefield is indeed induced in the upstream. In this presentation, we discuss the acceleration mechanism.
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Theory and Observation of Nonthermal Electrons at Quasi-perpendicular Bow Shock

# Takanobu Amano[1]; Takuma Kato[1]; Naritoshi Kitamura[2]; Yosuke Matsumoto[3]; Masahiro Hoshino[1]
[1] University of Tokyo; [2] University of Tokyo; [3] Chiba University

The acceleration of energetic charged particles has been a topic of great interest both in space physics and astrophysics. In-s
observations of particles in space often find an extended non-thermal tail typically with a power-law in the energy spectrum.
One of the most promising mechanisms to produce such non-thermal particles is the first order Fermi acceleration at shoc
waves. However, it is very well known that shock-associated enhancements of energetic electron fluxes are very rare at travelir
interplanetary shocks (Lario et al. 2003, Dresing et al. 2016). On the other hand, relatively strong planetary bow shocks that stan
in the solar wind sometimes produce energetic electrons (Gosling et al. 1989, Oka et al. 2006, Masters et al. 2013). Radio ar
X-ray synchrotron emissions from young supernova remnant shocks suggest that the acceleration of electrons is highly efficiel
at these shocks. The question is that what controls the shock acceleration efficiency for the non-thermal electrons.

Historically, the energetic electrons associated with shock crossings have been observed as spiky flux enhancements. With t
unprecedented temporal resolution of particle measurement made by the MMS (Magnetospheric MultiScale) spacecraft, such
spike is now resolved to be a gradual flux increase from the upstream to downstream within a thin shock transition layer. This
signature of supra-thermal electrons may potentially be understood with a recently developed theoretical model for the electro
acceleration at quasi-perpendicular shocks.

The theory, which we call stochastic shock drift acceleration (SSDA), is based on the classical shock drift acceleration bu
takes into account the effect of stochastic pitch-angle scatterings. It assumes that a fraction of particles are trapped within th
shock transition region because of strong pitch-angle scatterings. The trapped particles experience a nearly constant fractior
energy gain per unit time via the magnetic mirror force (or equivalently, the gradient-B drift in the direction of the motional
electric field). The SSDA theory predicts a power-law energy spectrum with its spectral index determined solely by the magnetic
field gradient scale length. The energetic particle intensity profile within the shock transition layer should increase gradually
toward downstream. These features are qualitatively consistent with some of the shock crossings observed by MMS.

In this study, we conduct quantitative comparisons between the theory and MMS observations of high Mach number quasi
perpendicular shocks. The electron energy spectra at the shock may well be represented by a power law from just above tl
thermal energy ("0.2keV). We find that the cut-off energies of the power-law component sometimes exceed the upper limit of the
FPI instrument ("30 keV). A bursty appearance of high-frequency whistler waves (with frequencies around 0.1-0.5 times electror
cyclotron frequency) is a typical signature of such strong shocks, suggesting that pitch-angle scatterings are going on for th
accelerated electrons. Assuming the diffusion-convection equation for the energetic electrons, we may estimate the pitch-ang
scattering coefficients from the observed profiles of the particle intensity. We will discuss the consistency between the theory o
SSDA and MMS observations.
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Magnetic Field Saturation of the lon Weibel Instability in Interpenetrating Relativistic
Plasmas

# Yosuke Matsumoto[1]
[1] Chiba University

The magnetic field is a fundamental physical quantity found everywhere in the universe. It plays essential roles in galaxy spira
arms, high-energy astrophysical phenomena, star formation, and cyclic dynamos at the interior of stars and planets. Because
its ubiquity, the origin of the magnetic field is of great interest in various research fields.

The Weibel instability arises from anisotropy in the plasma velocity distribution function. Because the instability feeds the
free energy of the anisotropy and converts it into magnetic energy, it is one of the promising mechanisms responsible for the
origin of the magnetic field. Following early theoretical works, numerical simulations have revealed its wide applicability. The
generated magnetic field plays crucial roles in collisionless shock formation, associated particle accelerations, and afterglow
of gamma-ray bursts. Recent experiments using high power laser facilities have succeeded in showing detailed images of tt
nonlinear structure characterized by filaments of the current.

Kato [2005] proposed a theoretical model describing magnetic field evolution in cylindrical currents of the electron Weibel
instability, and found that the maximum magnetic field could be obtained when the current reached the so-called Alfven curren
(Alfven, 1939). This gives an upper limit of the cylindrical current in which the Larmor radius of patrticles in the self-generated
magnetic field is comparable with the filament size, and thus determines the magnetic field saturation.

In this talk, we show the evolution and saturation of the Weibel instability in interpenetrating relativistic ion-electron plasmas
by means of three-dimensional (3D) PIC simulations. Large-scale, long-term simulations enabled us to elucidate for the first time
the coalescence of ion-scale current filaments and the resulting magnetic field saturation after reaching the ion Alfven currer
limit.

To explore the nonlinear evolution of the Weibel instability, we used a fully kinetic electromagnetic PIC code (Matsumoto et
al.,, 2017). Simulation runs were initialized by two cold unmagnetized counter flows with a bulk Lorentz factor of gamma=5
in the laboratory frame. The beams were set in the x-direction with the periodic boundary condition in the all directions. The
cold counter-streaming condition induced a very large anisotropy of the velocity distribution in the system. Consequently, the
relativistic Weibel instability grew rapidly in the whole region of the simulation domain.

We found that the Weibel-generated magnetic fields sustained for long time periods after reaching the ion Alfven current limit
in the 3D space; the Weibel filaments are stable during the filament merging process against secondary instabilities such as t
Buneman and other electrostatic modes found in 2D in-plane simulation studies. We also found that electron heating process
continue during coalescence of ion-scale filaments in the late nonlinear stage and are crucial for the sustained magnetic field.
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High power laser experiment on collisionless shock

# Shuichi Matsukiyo[1]
[1] ESST Kyushu Univ.

Laboratory experiment on collisionless shocks by using high power laser is performed in collaboration with the Institute of
Laser Engineering (ILE) at Osaka university. An aluminum foil target surrounded by nitrogen gas is irradiated by Gekko XIlI
hyper laser. The target foil is ablated to produce expanding aluminum plasma. This target plasma sweeps a surrounding nitroge
gas plasma which is produced as a result of photo ionization due to strong radiation through laser-target interaction. Then,
shock is formed in the gas plasma. The above shock formation process is observed using a humber of diagnostics such as 1
optical imaging based on self-emission, shadowgraphy, and collective Thomson scattering. We will discuss characteristics of th
shocks by analyzing the observed data. In particular, upstream of the shock at early time stage is paid attention to focus on loc
plasma heating due to a microinstability.
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Development of Langmuir Probe for Spacecraft with Charged Potential

# Yoshiki Tatera[1]; Takumi Abe[2]; Wataru Miyake[3]
[1] Tokai Univ; [2] ISAS/JAXA,; [3] Tokai Univ.

The floating potential of a spacecraft in space varies with the number flux of charged particles incident to and emitting from
its surface. A low earth orbit (LEO) satellites is known to be negatively charged due to incidence of thermal electrons, and its
potential can be negatively charged up to several volts. In addition, it is known that the ion sheath with a thickness of severa
centimeters is formed on the spacecraft surface. In the case of spacecraft on which active experiments are carried out, it
possible for the potential to be much larger and then the sheath thickness on the spacecraft surface is possible to be seve
tens centimeters. Such a situation is unacceptable for measurements by a Langmuir probe because an amplitude of the swe
voltage to obtain the current versus voltage (I-V) relationship in the Langmuir probe measurements is typically a few volts, and
therefore the sweep with respect to the floating potential cannot cover the voltage range necessary for the electron temperatt
and density estimation. Furthermore, undesirable impact may be exerted to the probe measurement because of the ion she
formed on the spacecraft surface. Therefore, it is important to identify whether or not the probe is stays inside the sheath durin
its measurement.

We are developing an electric circuit for the Langmuir probe which can be used on spacecraft with large floating potential so a:
to avoid such unfavorable situation. In the developed circuit, the voltage sweep to get the I-V relationship consists of two steps
1) coarse sweep for wide voltage range to get the I-V relationship consisting of the three regions of the ion current saturatiot
region, retarding region and electron current saturation region, and 2) fine sweep for narrow voltage range. A voltage from O tc
100V is applied to the probe to find the space potential on the spacecraft in the first step. In actual measurement, the circuit |
designed to find the potential on which the gradient of logarithmic probe current with the voltage becomes maximum in a wide
range of the voltage sweep. In the second step, the probe voltage is determined with respect to this space potential so that one
obtain the I-V relationship with a fine step which is necessary for the electron temperature and density estimates. Such a circu
for Langmuir probe measurement was first developed a few years ago. However, the circuit did not work properly because of th
significant noise to the probe current.

In this study, we try to modify the logic of the FPGA program in the circuit to overcome the problem. Then, the performance
was tested by confirming whether the reference potential with respect to the plasma could be properly determined. It wa
concluded that the circuit can successfully determine the potential. We try to verify experimentally how ion sheath formed on
the spacecraft surface affects the measurement to estimate plasma parameter. A result of the present study is summarizec
follows, 1) Inside the ion sheath, the electron temperature and density tend to be estimated higher and lower, respectively, the
that outside the sheath. 2) In the measurement inside the ion sheath, the reference potential estimated from the coarse sweep te
to be shifted to higher voltages compared that obtained outside the sheath. 3) The circuit can not properly decide the referen
potential for the narrow range sweep voltage when the probe locates deep inside the sheath. We notice important feature in tl
I-V relationship in the ion saturation and the electron retarding regions when the probe is put deeper inside of the sheath(closer !
the conductive body). In the future, we will also study a possibility to distinguish inside and outside of the sheath about the probe
position from the |-V relationship by discussing the electric potential distribution around the conductor and the sheath generatior
process of the probe surface in the ion sheath.
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On the Boris solver in particle-in-cell simulation

# Seiji Zenitani[1]; Takayuki Umeda[2]; Tsunehiko Kato[3]
[1] Kyoto U; [2] ISEE, Nagoya Univ.; [3] CfCA, NAOJ

Particle-in-Cell (PIC) simulation has been extensively used in theoretical plasma physics. In PIC simulation, the Boris methoc
is a de facto standard to advance charged particles. Owing to its accuracy, robustness, and stability, it has been used for nearly
years. Meanwhile, there is a growing demand for better particle solvers in PIC simulations in plasma astrophysics.

As a first topic, we will introduce a new form of the Boris integrator to advance particles. The new form takes advantage of
two exact solutions for the Coulomb-force part and for the Lorentz-force part, and then it achieves the second-order accurac
Numerical tests are conducted by test-particle simulations and by PIC simulations, in comparison with the Boris solver. The nev
solver provides a better accuracy than the Boris solver in most cases, whereas it only requires few extra computation time.

As a second topic, we will present a numerical boost problem in a relativistic magnetized flow. It is found that gyration-based
solvers lead to an unphysical boost in the flow direction in the relativistic regime. Our analysis and numerical tests reveal tha
the numerical boost for cold particles is proportional to the square of the timestep, i.e. ¢(dedtaQur new solver reduces the
numerical boost to 1/3 of that of the Boris solver. This fact gives us further confidence to employ the new solver.
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Divergence-free shock-capturing schemes for magnetohydrodynamics

# Takashi Minoshima[1]; Takahiro Miyoshi[2]; Yosuke Matsumoto[3]
[1] JAMSTECG,; [2] Phys. Sci., Hiroshima Univ.; [3] Chiba University

The magnetohydrodynamic (MHD) simulation is an indispensable tool to study various macroscopic dynamics in space-
terrestrial plasma environments. A common strategy to build an MHD simulation code for the space plasma would be based o
a shock-capturing scheme. The shock-capturing scheme calculates an intermediate state between computational cells through
exact or approximate solution of the Riemann problem, in order to update the hyperbolic conservation laws in a divergence form
Numerous studies have been devoted to develop robust and accurate Riemann solvers for MHD equations, and currently, tl
HLLD approximate Riemann solver by Miyoshi and Kusano (2005) becomes a de fact standard for MHD simulations of space
and astrophysical plasmas.

Many Riemann solvers are designed based on a one-dimensional problem, and they can be extended to multi-dimensic
by a dimension-by-dimension fashion. However, MHD shock-capturing schemes do not necessary preserve the divergence-fr
condition of the magnetic field, and its violation may lead to an unphysical solution. Staggered grid spacing for the magnetic field
is one of the method to perverse the divergence-free condition, in which the induction equation is discretized to be consister
with the curl form (Evans and Hawley 1988). Developing a proper method to combine the shock-capturing scheme with the
divergence-free scheme has been a major concern for computational MHD.

In this paper, we propose two simple methods for the divergence-free shock capturing scheme. The scheme adopts the HLL
Riemann solver and the staggered grid spacing as a building block. The critical issue is the calculation of the electric fielo
(numerical flux of the magnetic field) at the cell corner that should be consistent with the solution of the Riemann problem. The
first method is a successive one-dimensional reconstruction of the numerical flux from a cell center to a corner. The secon
method is a recovery of a proper amount of numerical diffusion in the familiar Flux-CT scheme by Balsara and Spicer (1999).
Furthermore, we incorporate a multi-dimensional upwinding in order to obtain a less oscillatory solution in advection-dominated
problems. The two methods are consistent with a one-dimensional shock-capturing scheme for one-dimensional problem
Various benchmark tests and physical problems are demonstrated to measure the capability of the proposed methods.
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Effects of background heavy ions on magnetic field structure and ion dynamics in a large
scale magnetic reconnection

# Masao Nakamura[1]
[1] Dept. of Aerospace Eng., Osaka Prefect. Univ.

We investigate effects of background heavy ions on magnetic field structure and ion dynamics in a large scale magneti
reconnection. After the formation of fast reconnection jets away from a diffusion region, the background heavy ions exhibit
unmagnetized Speiser-type motions far from the diffusion region, although the protons show various characteristic motion:
according to the distances from the reconnection line. These motions result in a change of density rate and a momentum exchan
between the protons and background heavy ions through the electromagnetic field in the reconnection jets That makes derivatio
of the ion cross-tail current carriers and distributions and the field structure form the no heavy ion case.
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lon and electron energy partition during magnetic reconnection

# Masahiro Hoshino[1]
[1] University of Tokyo

lon and electron heating and their energy partition during collisionless magnetic reconnection are investigated using particle
in-cell simulations. We analyze the time evolution of the ion and electron temperatures associated with the motion of the
reconnecting flux tube, where the plasma temperature is defined as second-order moment of velocity distribution function ir
the center of the flux tube frame, and we show that the plasma heating during magnetic reconnection can be separated into tv
stages: the nonadiabatic heating stage, in which the magnetic field lines are just reconnecting in the X-type diffusion region, an
the adiabatic heating stage, in which the flux tube is shrinking after two flux tubes merge. During the adiabatic heating stage, th
plasma temperature T and the volume of the flux tube V follows the standard fluid-type adiabatic relation. In the nonadiabatic
heating stage where the reconnecting flux tube covers not only the X-type diffusion region but also the separatrix boundary o
reconnection, we found numerically that the ratio of the increment of the ion temperature to that of the electron temperature ca
be approximated by Ti/Te = (Mi/Mé'}*, where Mi and Me are the ion and electron masses, respectively.
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destabilization of kinetic Alfven wave driven by collisionless magnetic reconnection
with strong guide field

# Kazuya Shimomura[1]; Tomo-Hiko Watanabe[2]; Shinya Maeyama]|2]
[1] Particles and astrophysical, Nagoya Univ.; [2] Dept. Physics, Nagoya Univ.

Magnetic reconnection is a fundamental physical mechanism that leads to conversion of magnetic energy to kinetic energ
topological change of magnetic field lines, and self-organization in space and laboratory plasmas. In collisionless plasmas, it i
considered that two fluid or kinetic effects play essential roles in production of the reconnection electric field in the diffusion
region. It is also suggested that the electron inertia effect or the anomalous resistivity become more important than particle orb
effects.

We have carried out numerical simulations of the collisionless magnetic reconnection with the strong guide field by use of the
gyro kinetic model [1], where we have found that the reconnection electric field forms the beam electrons at the X-point. The
liner dispersion relation in a limit of plane waves suggests that the kinetic Alfven wave can be excited by the beam when the
beam velocity exceeds the Alfven speed.

To investigate the beam instability in the field configuration via the magnetic reconnection, it is necessary to reveal the structur
of a total distribution function during the reconnection. We have developed the full-f reconnection model with the nonlinear
term of the electric field acceleration and have carried out a numerical simulation by use of the new model, where the shiftec
Maxwellian distribution function of electrons is formed at the X-point during the magnetic reconnection. In addition, by use of
this simulation result, we have also analyzed the beam instability of the kinetic Alfven wave in the X-point configuration formed
during the magnetic reconnection.

[2] A. Ishizawa and T.-H. Watanabe, Physics of Plasmas 20, 102116 (2013)
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Analysis of Feedback instability in the magnetosphere-ionosphere coupling system with
lonospheric inhomogeneity

# Junya Hiwatari[1]; Tomo-Hiko Watanabe[2]; Shinya Maeyama]|2]
[1] Particle and Astrophysical Science, Nagoya Univ.; [2] Dept. Physics, Nagoya Univ.

Aurora coloring the polar night sky. The variety of colors and curtain-like shapes and behaviors have continued to attract
people. Aurora is a light emission phenomenon when plasma particles emitted from the sun and falling on the earth collide witt
neutral particles in the atmosphere and particles in the excited state return to the ground state. Neutral particles emit light i
the earth’s ionosphere, but in order for plasma particles flying from outer space to penetrate into it, a physical mechanism the
accelerates that plasma particle is necessary. Moreover, we can not give clear answer to the fluctuating behavior characteris
of aurora even today. Since the aurora is observed even in the quiet time without explosive energy opening phenomenon such
magnetic reconnection, its physical mechanism exists potentially in the terrestrial ionosphere and the magnetosphere surroundi
it . However, its details are often unresolved.

The theory considered to give the most influential answer to these problems is the physical mechanism of Feedback instabilit
in the magnetosphere - ionosphere coupled system.

The area where we can observe aurora is the ionosphere E layer (altitude 100 - 120 km), and the degree of ionization in th
region is low and it is filled with weakly ionized plasma. Therefore, collision with neutral particles is important. The electron
cyclotron frequency is larger than the collision frequency with neutral particles, so that the collision with neutral particles can be
ignored. However, in the ion motion, the collision frequency with the neutral particle is larger than the ion cyclotron frequency,
so the influence of the magnetic field is small for ions.

Unlike such ionosphere, the magnetosphere (altitude 1,000-100,000 km) is filled with completely ionized plasma, so tha
collisions between neutral particles and electrons or ions can be ignored.

The outline of Feedback instability is as follows. In the Earth’s magnetosphere, there is a magnetic field line extending from the
ionosphere to the magnetic equator. The Alfven wave along this magnetic field and the wave of density fluctuation propagatin
in the vertical direction to the magnetic field existing in the ionosphere resonate with each other. As a result, field aligned curren
and density fluctuation grow spontaneously. Therefore, it is believed that only waves of frequencies causing resonance gro
selectively, resulting in the generation of aurora.

In previous studies, physical quantities in the ionosphere have been treated as uniform with height averaging and not highl
dependent (Robert L. Lysak, 1991, T. - H. Watanabe, 2010 etc). This is due to the fact that the thickness of the ionosphere is a ve
small scale compared with the it of the magnetosphere. However, the physical quantity of the ionosphere actually depends on tt
altitude, in particular the conductivities are changing drastically. Therefore, in this research, we performed a linear analysis witt
a model that treats various physical quantities in the ionosphere as heterogeneous with altitude dependence. As a result of t
linear analysis, it was found that there were situations that became unstable even in consideration of ionospheric heterogeneit

ME DR ZE"F DA —10T, TDEREEPN—T VIRDILIRLBENINAZRE T LI TE T, A—uJ &3, K
B B & NUHIERICE% D 13 < 75 X<k 7OV REHH O PR IS EZE U, IIERIRARIC 75 o To ki TS RLECIRREIC R 5 Iy
DFMBZRTH S, PR TN I OITHEROBEERE /2, Z ICE THEREZEMMD SRR LIz 7T AR
BATZE0IE. MhZDT T AR T EIERE 3 K5 RYFEEDNETH 5, Tz, A—aFIHBINRES
DHLEFNH L TIE, SHTEHMERBZAZE5ZA5 T LIEETETWVEREY, BKY aXxT a3 0K D RERNTT U
F—DORMIRSOR ORI TE A —a IWBNENE T e 5. Z OV PRSI HIEREE BERE > 7 N2 HLD % < A A
WKBENICFIEL TWREDTH R T N5, LH L. ZORIIE RIS C WS,

CNSDOMEICH LT, REANEEAZGABEEZADN TSGR, XA - BHERSRICETIZET7 4 —F
INY TARLGEMEE WS VRN T % o

A —1T OFEHE GBI E N2 IS FEREE EJE (S 100-120km TH O, T OB TORBEMEIIK < 5973607



FTAR Tz ENT WD, ZDIHHNER 7L DERVEETH S, ETOEH T, PHRT & OEZLEBEE D &
BV A 70 A Y EBEOTTINRE DT RERL 1 L OBZRIIEAT LN TE S, L LAY OEETIE, H
TERL T & DEZEFBIA A T A 70 ba VEEBE D & RENTEDHE ORI NE W,

COXSIEEE L IZRLD., WRE (BE 1,000-100,000km 3522 BEE TS A TN TWbicd, BT A
F 2 ORI BN THERIF & OHERIEHT N TE S,

T4 — BN IREEEDOBIIGIEIRD L FB0 Th %, HBRRLSIEICIE, EEEE D S BEAXUREICHT 2 B85 DMFEEL T
WBDTEMN, TORHITI - T2 Alfven i1 & FBEEEICAFE T 2 I RE S AT 2B S TP HWICHIB L
H. FORRE LTI IEREREES ENARMICKET %, LIz -> T, LEEG|E IO 72T
IMERNICKRKE L, A—0 I8 ETRICED EEZ LN TN 5,

CNETOWIFE T, BB TOEYME I E S A% L > TEBIKELEVE—REDE LTH->TZ7% (Robert
L. Lysak, 1991% T. -H. Watanabe, 2016 &), Zhid. BEEEOE X DSKEORE SICHARTIEFIT/NE WA —)LT
HBHTEICHK LTS, L L, EEOBEE ORI EEICKELTED., O TEEEEREFMULIEL
TW5, £ TARMETIE, EHETOREYHEDN G ZR O —RE DL UTIRS BT )V THRIEMRT 2175
Too RUEMRATORER, BEEE O AR M EEBICANTGATEALE L RDIRNMAET BT Wb - Tz,



R008-13 218 D B¥RY: 11 B 24H 15:15-15:30

TS - RS 1 B8 1) B AU IR ELIR D FE 4 & 2 DFFIE

# YN B (1], w1, 3l R 2]
(1] %0k - B - B [2] K - B - BT

Generation of magnetohydrodynamic turbulence and its properties in the
magnetosphere-ionosphere coupling

# Tomo-Hiko Watanabe[1]; Shinya Maeyama[1]; Masatoshi Kaneyama[2]
[1] Dept. Physics, Nagoya Univ.; [2] Physics, Nagoya Univ.

Magnetosphere-ionosphere (M-1) coupling in the polar region plays an essential role in auroral dynamics. Feedback instability
is one of a possible mechanism to explain self-excitation of auroral arcs. In our recent simulations, we observed spontaneot
transition from the feedback instability growth phase to a nonlinear turbulence phase. After the saturation of the instability
growth, the Alfvenic turbulence is generated in the M-I coupling system where counter-propagating shear Alfven waves interaci
each other. The turbulent spectrum shows a power law scaling close’td é&n a low wavenumber side in consistent to the
magnetohydrodynamic turbulence theory by Goldreich and Sridhar (G-S). Scaling for the parallel wavenumber is also investi
gated to be compared with the G-S theory. Turbulent spectrum on the ionosphere also presents a different property from that
the magnetosphere, which will be useful in comparison with auroral observations.
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Impact of the IMF Rotation on the depolarization front and Alfven Transition Layer

# DongSheng Cai[1]
[1]1SIS, U Tsukuba

3D three-dimensional global PIC simulations are performed in order to analyze the dynamics of the magnetotail as the
interplanetary magnetic field (IMF) rotates from north to south. This IMF rotation has quite different impacts within meri-
dan/equatorial planes which can be analyzed over two successive temporal phases. First, as IMF rotates from North to Daw
Dusk direction, the X-point (magnetic reconnection) evidenced in the magnetotail (meridian plane) is moving earthward (from
x=-35 Re to x=-17.5) distance at which it stabilizes. This motion is associated to the formation of &quot;Crosstail-S&quot;
patterns (within the plane perpendicular to the Sun-Earth line) through the neutral sheet in the nearby magnetotail. Second, :
IMF rotates from dawn-dusk to South, the minimum B field region is expanding within the equatorial plane and forms a ring.
This two-steps scenario is analyzed in strong association with the cross-field magnetotail current Jy, in order to recover the pre
signatures of substorms triggering. The second step dynamics (IMF rotation from Dawn-Dusk to South) is very complex and
requires to be classified into two sub-phases (A and B) because the full penetration of the IMF into the magnetotail takes a certa
delay. In the first phase A, Jy in the magnetotail disappears. After the dipolarization, IMF penetrates the magnetotail region, J
appears again in the second phase B, and a thinning of the current sheet occurs. In these two sub-phases, we will investig:
how current thinning, recovery of Jy are associated to the dynamics of the dipolarization front by visualizing the so called Alfven
transition layer.
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Numerical simulations of plasma/dust environment near lunar surface

# Yohei Miyake[1]; Masaki N Nishino[2]
[1] Kobe Univ.; [2] ISEE, Nagoya University

Lunar dust is one of important constituents of the moon exosphere. The dust particles are supplied from a regolith laye
covering the moon surface. A number of dust transport mechanisms such as the dynamic fountain model have been proposed
explain the existence of submicron-sized dust particles even at the altitude of 100 km. It is widely believed that an electrostatic
effect as a result of interactions with surrounding plasma play an important role in the dust mobilization and transport processes
In the present study, we assess the lunar electric and dust environment near a complex landscape on the moon by means of part
simulations. The particle-in-cell simulation reproduces an electric environment resulting from electrodynamic interactions among
a solar wind plasma, a photoelectron cloud, and a solid lunar surface. The obtained environment is utilized for subsequent du
dynamics simulations. The dust dynamics computations are based on the test-particle approach. Although inter-dust dire
interactions are excluded under assumption of low dust density, a time-variable charge on each dust grain, due to collection ¢
emission of plasma particles, is taken into consideration based on the Monte-Carlo approach. Our numerical simulations showe
that the stochastic charging of small dust grains plays a crucial role in dust levitation as well as dust mobilization across the
sunlight-shadow interface.
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Stochastic motion of electrons in the presence of parallel propagating finite amplitude
whistler mode waves

# Yasuhiro Nariyuki[1]; Shinji Saito[2]; Makoto Sasaki[3]; Tohru Hada[4]
[1] Faculty of Human Development, Univ. Toyama; [2] Nagoya Univ.; [3] RIAM, kyushu Univ.; [4] IGSES, Kyushu Univ

Diffusion processes of electrons have been the main topic to understand radiation belt dynamics. Although the quasi-linez
theory for whistler wave modes has been used to model the diffusion processes, a recent test particle simulation pointed out th
effects of finite amplitude, which is not incorporated into the quasi-linear theory, can play a significant role in electron diffusion
[Saito et al, JGR, 2016]. The purpose of the present study is to model the electron diffusion processes including the effects c
finite wave amplitude. By using the Mori projection operator method [Mori, PTP, 1965], we obtain the generalized Langevin
equation from the equation of motion of electrons. We discuss to model the dependence of the diffusion coefficients on the wav
parameters by using test particle simulation data.
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The condition of electron temperatures to maintain total pressure in contact
discontinuities: kinetic simulations

# Naru Tsujine[1]; Takayuki Haruki[1]; Takayuki Umeda[2]; Yasuhiro Nariyuki[3]; Masahiro Sato[1]
[1] University of Toyama; [2] ISEE, Nagoya Univ.; [3] Faculty of Human Development, Univ. Toyama

Contact discontinuities in Magnetohydrodynamic regimes are boundary layers where, at constant pressure, the particle numb
density and temperature rapidly change, without a corresponding change in the normal plasma flow and magnetic field. Hybri
and patrticle-in-cell simulations of contact discontinuities have previously been performed, and its stability has been discusse
[Wu et al., GRL, 1994, Lapenta & Brackbill, GRL, 1996]. When the total pressure is almost constant on the electron time scale
in the absence of an electron heat flux, then the initial pressure and temperature profiles satisfy a pressurpgelatio (.-
pi1) <0 and a temperature relatioff {-T.1)(T:2-T;1) <0 [Tsai et al., JIGR, 2009]. Here the subscript i indicates an ion, e
indicates an electron, and 1 and 2 indicate the regions of low and high particle number densities, respectively.

In this study, we analytically reconsidered the derivation of both pressure and temperature relations. We then performed Vlaso
simulations with initial parameters based on observational data [Hgiah, GRL, 2014], using a 4th-order conservative and
non-oscillatory scheme [Umedat al.,, CPC, 2012]. We investigated the physics of contact discontinuity structure by varying
the ratio of ion and electron temperatures between a low and high particle number density region. As a result, we found tha
the constant total pressure on the electron time scale is not maintained with the initial pressure and temperature relations b
is maintained with T; "T.2. We also observed that the ion number density structure diffuses even though the total pressure is
maintained in all cases. These results show that the condition of total pressure on the electron time scale cannot stabilize t
contact discontinuity.
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Outstanding issues on nonlinear MHD waves in space plasmas

# Tohru Hada[1]
[1] IGSES, Kyushu Univ

Large amplitude magnetohydrodynamic (MHD) waves are ubiquitous in space, in particular, in the solar wind and regions nea
collisionless shocks. The existence of these waves is confirmed by in-situ spacecraft experiments, providing us with exceller
opportunities to examine various nonlinear physical processes of large amplitude waves in general. There remain numerous isst
left unsolved, however, despite the importance of these waves not only in space plasma but also in high-energy astrophysic
environment (e.g., as a scatterer of cosmic rays). In this presentation, by limiting our attention only to quasi-parallel propagating
Alfven waves, we will first review our current understanding of the subject, and then discuss possible future development of the
modeling effort, incorporating the multi-point, high-accuracy spacecraft data. In particular, we will study some of the important
assumptions made when various reduced models are derived.
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Waves and Near-Fields in Plasmas

# Tadas Nakamura[1]
[1] FPU

http:/www.fpu.ac.jp

Solutions to Maxwell’s equations consists of two parts: propagating components (electromagnetic waves) and the near-fielc
Unfortunately, there seems to be considerable confusion on the latter. For example, Coulomb interaction is often explained &
the result of interchange of virtual photons, however, the Coulomb field is not a photon but a near-field. Also, little attention is
paid to the difference between propagating plasma waves and plasma near-fields in space physics.

The near-field is understood as the off-shell solution to the inhomogeneous linear equations; the term &quot;off-shell&quot;
means solutions that do not satisfy the dispersion relation. When the field source is static (Coulomb field or magnetic dipole, fo
example), it is easy to decompose the field into waves and off-shell near-fields. Here in this talk, the way to do this decompositiol
for time-dependent field source is explained. When we solve Maxwell's equations, usually we make use of Fourier-Laplace
transform to obtain the dispersion relation. The time dependence of the fields is obtained by the inverse Laplace transform usin
the residue theorem; the wave components are obtained from the residue at the pole of dispersion relation. One can obtain t
near-field component by subtracting this residue contribution from the solution of the inhomogeneous equations.

This result can give answers to a variety of questions. Is the earth’s magnetic field made of photons? What component ¢
Alfven waves comes from the photons? Why can auroral electrons carry closed currents when their speeds are much faster th
the Alfven speed? How can the Jupiter’s moon lo carry currents near its body? These examples will be explained in the talk.
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Becomes the black hole the origin of the gravitational waves?

# Hiroshi Oya[1]
[1] Geophysics, Tohoku Univ.

1. INTRODUCTION

As results of a study on the observations and analyses of the decameter radio wave pulses from the center of our Galaxy, it h
been concluded that the super massive objects at the center of our Galaxy consist of two black holes which are forming a binal
system rotating with common period of 2200sec; two black holes called Gaa and Gab, here, are associated with spin with rotatio
periods of 176.4+-1.7 sec and 148.6+-1.0 sec with orbiting velocities 18% and 21.4% of the light velocity, respectively. The radius
of the orbits of Gaa and Gab are 0.13 AU and 0.15 AU ; applying Newtonian dynamics with assumption of coincidence of the
orbital plane surfaces with the observing direction, it has been concluded that Gaa and Gab have masses of (2.27+-0.06)x1C
SM and 1.94+-0.03)x10°6 SM with unit of solar mass as SM; total mass for the binary BH is then given by (4.22+-0.03)x10°6
SM which is fairly close to (4.35+-0.13)x10°6 SM that is resulted by studies of the group of stellar tracking projects.

2. PROBLEM OF STABILITY OF THE BINARY SYSTEM

Considering the all parameters deduced for the Gaa and Gab binary system, the discussions have been raised from stz
points of the stability of the binary system these are 1) symmetry of the shape relating to the tidal disturbances and rotatione
disturbances, 2) generation of the gravitational waves which make dissipation of the orbiting energy.

3. DISCREPANCY FOR GENERATION OF GRAVITATIONAL WAVES

The symmetry problem 1) can be solved by assuming super symmetric nature of the Kerr BH with the maximum rotation
as well as simple state of the objects inside of the event horizon which is described by only two parameters such as mass at
angular momentum. The reduction of the radii of the orbits of the binary due to the emissions of gravitational waves is however
is inevitable in so far as we follow the traditional theory of the generation of the gravitational wave from the black hole.

4. THE THEORETICAL INVESTIGATION OF THE GRAVITATIONAL WAVE PROPAGATION

In the present studies the propagation of wave general across the event horizon have been theoretically investigated using t
space time of Minkowski that is realized in the frame that is making free fall in the black hole space time. The results has
indicated, both for Shwartschild and Kerr black holes, that the waves are ceased to propagate at the event horizon. Then v
concluded that black hole is not able to be origin of the gravitational wave.

5. DISCUSSION AND CONCLUSION

The LIGO results that reported observations of the gravitational wave from the stellar mass black hole mergers might be
separated to the truth of the observation of the gravitational waves and assumption of the origin as to be black hole merger. A
alternative interpretation of the possible origin of the merger is the merger of the compact stars which have no event horizon. Ir
2001 and 2004, Mazure and Mottola presented the possibility of the existence of black hole mimics called gravastar (gravitatione
vacuum condensation star) that is quite same compactness as stellar black hole but has no event horizon. By the study of ©
study the existence of the graviton which is currently assumed as origin of gravity force meets problem because the graviton i
also a wave in the regime of the quantum mechanics.
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Re-examinations of the FKR and Loureiro’s linear theories of tearing instability

# Tohru Shimizu[1]; Koji Kondoh[2]
[1] RCSCE, Ehime Univ.; [2] RCSCE, Ehime Univ.

The FKR (PhysFluids1963) and Loureiro(PhysPlamsas2007)’s theories are numerically re-examined as a kind of the initia
value problem, which are well-known as the linear theories of the tearing instability in the magnetohydrodynamic magnetic
reconnection problem. Modifying the traditional treatments of those theories, a group of new perturbation solutions are found
The new results are completely different from those of the traditional theories and can answer why those theories give som
mutually inconsistent results. It is shown that our new perturbation solutions of Phi(x) and Psi(x) shown below are consistent
with full-MHD simulations of the plasmoid instability with the uniform resistivity.
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An example of zero-crossing solution

based on the Loureiro's perturbed eqs.
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Plasma acceleration in the asymmetric magnetic reconnection

# Koji Kondoh[1]
[1] RCSCE, Ehime Univ.

In the case of the magnetic and/or plasma environment on both sides of current sheet is asymmetric, the structure of th
magnetic reconnection is significantly different from that in the symmetry case. In this paper, | report the plasma acceleration ir
the asymmetric magnetic reconnection.
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Study on the reconnection jet fronts based on fully kinetic simulations

# Takuma Nakamura[1]; Takayuki Umedal[2]
[1] IWF, OeAW; [2] ISEE, Nagoya Univ.

We have performed a series of 3-D fully kinetic particle-in-cell simulations of anti-parallel magnetic reconnection to investigate
the three-dimensional development of reconnection jet fronts treating three instabilities: the lower hybrid drift instability (LHDI),
the ballooning/interchange instability (BICI), and the ion kink instability. Sufficiently large system size and high ion-to-electron
mass ratio of the simulations allow us to see the coupling among the three instabilities in the fully kinetic regime for the first
time. In this study, we particularly focused on the two cases changing the initial density ratio R between the center of the curren
sheet and the background region. In Case-A, R is set to be 20, which is large enough to excite the LHDI at the reconnection je
fronts. In this case, as the jet fronts develop, the LHDI and BICI become dominant over the ion kink instability. The rapid growth
of the LHDI enhances the BICI growth and the resulting formation of finger-like structures. The small-scale front structures
produced by these instabilities are similar to recent high-resolution observations of the dipolarization fronts in the near-Eartt
magnetotail using the Magnetospheric Multiscale (MMS) mission. On the other hand, in Case-B in which R=3.3, we see neithe
rapid growth of the LHDI nor turbulent development of the jet fronts. These results indicate the importance of the LHDI in the
turbulent development of the reconnection jet fronts and the resulting energy conversion at the jet fronts.
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Electromagnetic linear dispersion relation for plasma with a drift across magnetic field
revisited

# Takayuki Umeda[1]; Takuma Nakamura[2]
[1] ISEE, Nagoya Univ.; [2] ISAS,JAXA

A current across the magnetic field is formed in various situation in plasma. The relative drift between ions and electrons
due to the cross-field current becomes a source of various microscopic instabilities. Fully electromagnetic and kinetic linea
dispersion relation for plasma with a drift across magnetic field is derived by assuming an uniform background plasma. The
dielectric permittivity tensor for shifted Maxwellian velocity distributions is also presented.



R008-P05 215 Poster B¥RY: 11 8 25H

| RGBT SV T3 2 L— 3 VRV REEBIIT oy B A DD
Rl R

i BIF [1]; # hnge JEA [1]; BEAS FEAK [2]; FHF 9z [3]
[1] BAEK « B« HUBRYPEE; [2] SR - BE - HERYEE; [3] MK « & AT LG

Study of electron distribution functions around the wake of an ionospheric sounding
rocket by a 1D Vlasov-Poisson simulation

Ken Endo[1]; # Yuto Katoh[1]; Atsushi Kumamoto[2]; Hideyuki Usui[3]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] System informatics, Kobe Univ

A sounding rocket moving supersonically in the ionosphere interacts with the surrounding plasma. It leads to the formation of
a rarefied plasma region called plasma wake behind the rocket. Through several rocket experiments carried out previously, it h:
been suggested that plasma waves are excited around the rocket wake [Yamamoto, 2001; Endo et al., 2015]. Endo et al. (20
classified plasma waves observed in the S-520-26 rocket experiment into three groups as Group A, B, and C. They conclude
that Group A waves are electrostatic electron cyclotron harmonic (ESCH, ECH) or/and upper hybrid resonance (UHR) mode
waves and that Group B and C waves are whistler mode waves. The intensities of these waves had spin-phase dependence wt
was different depending on kinds of plasma waves. Considering that the observed waves could be short-wavelength electrosta
modes, the obtained spin-phase dependence should represent the spatial distribution of free-energy sources for plasma wi
instabilities. The actual distribution functions around the rocket wake, however, are not well known, and the relation with the
wake formation process is unclear.

Singh et al. (1987) carried out a one-dimensional Vlasov-Poisson simulation and showed that two- or multi-stream electron:
appear on the wake-axis up to 1.3 % of the near-wake region (ion void or the most diluted region nearest spacecraft). However, tt
electron distribution function in other part of the plasma wake could not be reported due to the effect from the boundaries [Singt
et al., 1987], lack of computational resources, and large numerical errors from particle-in-cell (PIC) like calculation scheme in
time development of the electron distribution function [Sakanaka et al., 1971; Singh, 1980].

In this study, we develop a one-dimensional Vlasov-Poisson code and carry out simulations on our own in order to investigate
the distribution functions near the wake edges and the region more downstream. We assume a simulation model similar to thi
adopted by Singh et al. (1987), in which plasma expands into a void region along the magnetic field line. In this simulation, the
time variation of plasma distribution was regarded as the spatial variation downstream. In order to suppress numerical error:
we adopted the time-splitting method [Cheng and Knorr, 1976] and the rational CIP method [Xiao et al., 1996] as used in Abe
(2006). We perform simulations for two cases of ion-electron mass ratimJw 2.9:10* assuming @ dominated plasmas in
the lower ionosphere and;fm.= 40. In the latter case, we achieve calculation up to 43 % of near-wake region, and find six types
of charge density disturbances including Langmuir waves propagating from the wake edge to the outside and inside of the wak
The obtained Langmuir waves are triggered by an oscillating electric field around the wake edge. The oscillating electric field
generates electron beams associated with the Langmuir waves. The electron beams form non-Maxwellian distribution function
around the wake edge. At the wake center, we obtain two- or multi-stream electrons, which are produced mainly by the negativ
wake potential. These simulation results indicate that non-Maxwellian electrons are created due to both the inward polarizatio
electric field formed close to the wake axis, and the oscillating electric field appearing more outside.

In this presentation, we will show the simulation results of the charge density disturbances and electron distribution functions
and will discuss their generation process showing the relationship with electric field.
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Dynamics of energetic protons interactingwith electromagnetic ion cyclotron waves

# Tomohiro Sekine[1]; Yoshiharu Omura[2]; Danny Summers|[3]
[1] Electrical Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Memorial Univ. Newfoundland

We perform simulations of non-relativistic protons interacting with EMIC waves

in the Earth’s magnetic

eld. We

nd that the non-relativistic protons are trapped

and accelerated by waves. We also perform simulations of the motion of relativistic
protons in the Juvian magnetic

eld. We

nd highly efficient acceleration of the

protons by the EMIC waves. The efficiency is greater than that at the Earth.

In this acceleration process, the direction of proton velocity along the magnetic

eld is reversed. We observe that this acceleration process is quite similar to the
acceleration process of relativistic electrons by whistler-mode chorus waves, called
Relativistic Turning Acceleration(RTA). We modify the nonlinear trapping theory

for the relativistic proton case. We con

rm that our results satisfy the theoretical

conditions for RTA.
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Shear Alfven wave turbulence: Particle-In-Cell simulation

# Shinji Saito[1]; Yasuhiro Nariyuki[2]; Takayuki Umeda[3]
[1] Nagoya Univ.; [2] Faculty of Human Development, Univ. Toyama,; [3] ISEE, Nagoya Univ.

The solar wind is known to be in highly turbulent state. Turbulent cascade process supplies fluctuation energy at magnetc
hydrodynamics (MHD) scales into kinetic scales where ion and electron kinetics have a crucial role for physics of turbulence
such as nonlinear cascade to shorter scales and dissipation. In-situ observations in the solar wind at 1 AU have demonstrated t
magnetic energy spectrum at the kinetic scales becomes steeper than that at MHD scales, and reaches at electron kinetic scale
suggests that undamped or weakly dissipated fluctuations cascade into electron kinetic scales. Various kinetic wave modes, su
as Alfven-cyclotron mode, kinetic Alfven mode, and whistler mode, are proposed as key constituent modes in kinetic turbulence
These fluctuations are expected to be converted from fluctuations in MHD regime. However, there is an open question for th
conversion process from MHD to kinetic fluctuations.

The purpose of this study is to investigate nonlinear cascade process of shear Alfven mode turbulence into electron kineti
scales. In order to demonstrate the conversion process in wave turbulence in fully kinetic regime, two-dimensional fully kinetic
particle-in-cell simulation is used, which covers scales well-larger than ion kinetic scales by resolving electron kinetics. The
simulation is initialized by a superposition of shear Alfven mode waves with wave length well-longer than ion inertial length.
It is expected that the self-consistent development of shear Alfven mode turbulence leads to some undamped/weakly dissipat
fluctuations at kinetic scales and finally dissipate at electron kinetic scales. We will show the cascade of shear Alfven wave
turbulence into electron kinetic scales and discuss how the fluctuations at electron kinetic scales are dissipated.
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Anomalous trapping of low pitch angle electrons by coherent whistler mode waves

# Masahiro Kitahara[1]; Yuto Katoh[1]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Chorus emissions that are one of coherent whistler-mode waves observed in the inner magnetosphere scatter energetic el
trons in pitch angle, while the pitch angle scattering is closely related to energetic electron precipitation into the atmosphere
contributing to diffuse/pulsating aurora. Conventionally, it is considered that energetic electrons satisfying the cyclotron res-
onance condition in the energy range from a few keV to tens of keV are scattered toward the loss cone by chorus emission:
However, previous studies indicate that low pitch angle electrons tend to be scattered away from the loss cone by coherel
whistler-mode waves [e.g. Li et al., 2015]. In this study, we derive the equations of the motion of electrons including the terms
neglected in previous studies and theoretically reveal anomalous trapping of low pitch angle electrons scattered away from th
loss cone. Furthermore, we carry out a spatially one-dimensional test particle simulation along a dipole magnetic field assumin
whistler mode waves propagating along the field line with frequency sweeping. In the simulation results, we reproduce that the
large amplitude chorus waves generate a bump in the pitch angle distribution. We find that particles near the loss cone are mo

effectively scattered away from the loss cone and the bump generated in the pitch angle distribution becomes large for large
wave amplitude.
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Interaction between energetic electrons and whistler mode chorus waves in 1-D, 2-D an
3-D magnetic fields

# Keita Takahashi[1]; Yoshiharu Omura[2]; Danny Summers[3]
[1] RISH; [2] RISH, Kyoto Univ.; [3] Memorial Univ. Newfoundland

To evaluate the validity of a 1-D and 2-D model magnetic fields, we perform test-particle simulations and monitor the resonant
trapped electrons in 1-D, 2-D and 3-D models. With respect to the adiabatic motions of electrons, the trajectories of electron:
in the 1-D and 2-D motions show agreement with those in the 3-D model in terms of cyclotron and bounce motions. When
simulations including the whistler mode waves are performed, we find that cyclotron resonance occurs with similar timing in
each models. Though relativistic turning acceleration (RTA) is observed in each models, the energy that electrons acquire in th
1-D and 2-D models is greater than those in the 3-D models. It is confirmed that the 1-D and 2-D model realizes the Earth's
dipole magnetic field adequately only near the equator, which suggests that the results of simulations based on the 1-D model
high-latitude positions may be greatly different from those in 3-D model.
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Data analysis of collisionless shock experiment using high power laser

# Yumi Horie[1]; Shuichi Matsukiyo[2]; Tohru Hada[3]
[1] ESST,Kyushu,Univ.; [2] ESST Kyushu Univ.; [3] IGSES, Kyushu Univ

Collisionless shocks often play important roles in various high energy phenomena in space. We have performed a collisionles
shock experiment using a high power laser at the Institute of laser engineering (ILE) at Osaka University to investigate multiscale
structures of the transition region of a collisionless shock. Our goal is to understand non-equilibrium plasma processes occurrin
in the shock transition region reproduced by the experiment with a number of diagnostics including collective Thomson scattering
measurement.

The experimental method is as follows. An aluminum foil target in the nitrogen gas is irradiated by the Gekko No.12 laser
(7250 J«3beams, 527nm, Gaussian shape with 1.3ns duration). The target plasma expanding with supersonic flow velocity
sweeps the gas plasma which is produced by the strong radiation due to laser-foil interaction. The target is the aluminum foil o
3 mmx*3 mm=*200 um, the gas pressure is varied as 2.5, 5, 10 Torr. We utilize a number of diagnostics such as shadowgraphy
self-emission streaked optical pyrometer (SOP), collective Thomson scattering (CTS), etc. In particular, the CTS measuremel
is effective in measuring the local quantities inside the shock transition region. We confirmed that a shock is successfully forme
for each gas pressure. In the case of the gas pressure of 5 Torr and 10 Torr, a steep shock surface is seen by the SOP and the |
measurements. In the case of 2.5 Torr, the transition from upstream to downstream relatively blunt. In this case, the temperatu
increase of the upstream gas plasma is observed even in the early stage before that a shock is clearly formed. It is found that ti
temperature increase is caused by the interaction between the target aluminum ions and the gas plasma. We will also estim:
the shock parameters for each gas pressure and report the conditions for the upstream temperature increase.

In the forthcoming ILE experiment scheduled in October this year, we will apply an external magnetic field to reproduce a
magnetized collisionless shock. The results will also be reported if possible.
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Nonlinear evolution of Alfven waves in the DNLS system

# Saori Kan[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST,Kyushu Univ.; [2] IGSES, Kyushu Univ; [3] ESST Kyushu Univ.

Large amplitude magneotohydrodynamic (MHD) waves are ubiquitous in space plasma, in particular, in the solar wind and
regions adjacent to collisionless shocks. The existence of these waves is confirmed by spacecraft experiments, providing |
with excellent opportunities to examine various nonlinear physical processes of large amplitude waves in general. There remali
numerous issues left unsolved, however, despite their importance not only in the field of space plasma but also in nonlinear wa
physics. In this presentation, we make a re-visit to the relatively well-known model of the derivative nonlinear Schroedinger
equation (DNLS), which describes the nonlinear evolution of nearly degenerate two Alfven waves that propagate quasi-paralle
to the background magnetic field. Via theory and numerical simulation employing the CELF scheme (energy conserving, variable
time step), we will discuss the Rieman problem within the DNLS and show that a series of solitons are generated, as expecte
from the inverse scattering analysis.
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Cross-reference simulations by scalable communication library for the study of
wave-particle interactions in magnetospheres

# Yuto Katoh[1]; Keiichiro Fukazawal[2]; Takeshi Nanri[3]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] ACCMS, Kyoto Univ.; [3] RIIT, Kyushu Univ.

We carry out a series of electron-hybrid and MHD cross-reference simulations for the study of the generation and propagatiol
of chorus emissions in the planetary magnetosphere. Chorus emissions are electromagnetic plasma waves commonly obsen
in planetary magnetospheres and are a group of coherent wave elements changing their frequency in time. While the generati
process of chorus has been reproduced by numerical experiments [e.g., Katoh and Omura, GRL 2007a] and has been explair
by the nonlinear wave growth theory [Omura et al., JGR 2008, 2009], previous studies revealed similarities and differences o
the spectral characteristics of chorus in planetary magnetospheres, which has not been understood yet.

In the cross-reference simulations, we use the MHD code for the investigation of the range of variation of the spatial scale o
the planetary magnetosphere. The electron hybrid code is used to reproduce the generation process of chorus emissions un
the initial conditions provided from the MHD simulations. An electron fluid code [Katoh, 2014] is also used for the study of the
propagation of chorus emissions in the meridional plane of the magnetosphere.

We have been developing a cross-reference simulation code by scalable communication library for the study of wave-particl
interactions in planetary magnetospheres. We use Advanced Communication Primitives (ACP; http://ace-project.kyushu-u.ac.jp.
library for the communication among the simulation codes, which enables us to carry out 'strong’ cross-reference simulations
the data exchange among simulation codes is conducted by direct memory access, instead of file output as has been usec
conventional 'weak’ cross-reference simulations. In the present study, we describe the simulation models used in the developir
code and show their initial results.
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Dynamics of the space elevator under unstable conditions

# Yuki Tsujino[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ.; [2] IGSES, Kyushu Univ; [3] ESST Kyushu Univ.

The space elevator, which basically is a cable connecting the earth and the outer space (up to 16 Re), is expected as a n
means of transport. If it is realized, it can be a traffic infrastructure that can be used continuously for a long time. Also, by
the departure of spacecraft from the satellite on the space elevator, people can advance further into the universe. The techni
demands of the space elevator are high, and it was far from realization, but with the discovery and development of new material
typified by carbon nanotubes, the feasibility has increased, and the research is progressing. Recently there appears an increas
number of academic studies about the conceptual design (e.g., Edwards, 2007) and climber and wind influence (e.g., Lang, 20C(
Williams, 2009), although, overall, the research is still at the initial stage of examination.

Since there is numerous debris flying near the earth that can collide the space elevator, and since the debris density is grea
influenced by the atmospheric density, one cannot ignore the space weather connection to the stable and long-term operation
the space elevator. In this research, we focused on the dynamics of the cable when a significant impact is given to the spa
elevator. First, we developed a numerical model to simulate the motion of the cable using the lumped-mass model, i.e., the cab
is modeled by a continuous elastic spring-mass point system. The following forces are included in the model: gravitational force
due to the Earth, the centrifugal force and the Coriolis force due to the revolution movement around the earth, internal stres
and the friction of the cable. We first determined the equilibrium positions of the mass points and then checked small-amplitude
oscillations of the system correspond to those obtained by eigenvalue analysis. We will report the simulation results on the cabl
movement when a finite amplitude impact is given at various locations, directions, and magnitudes, with and without including
the effect of cable disconnection.

BME, G4 (16RefgfE) i LTI ADROED 294 5M—DFRIET Ty FTHS, 1y b, aA b &
BN, REHCGREND D, TNOEMRT ZH 7R FHAOIETEE UT, FHILAN—X—OREaH
ENTVD, FHILLAR—X—F, FbiuEliEToE0 ) & EIEPEINOE ) LI K 551728 U Tl &7
EORSEEY (m—7) TH3, LENS>T, a7y FOXSITHENETTIREL, EICh > THkEICHIH T
THRMWA T TR B, Fle, FHILAN—2— LOBHEN SHEERLTHMDHFET S5 L TANENESICELID
FHANMEHTHENTES, FHILAN—Z—OHEMMNWERITE <, BEICEFEENEDTH ST, h—RrF/
F 1 —TIREINZHEMOFRLMFE T o MFITTEENEE D, HIRNIARIEL T35, Edwards[2007]C &%
FHILAN—X—OWERHRFHTIAE D, Lang[2005],Williams[2009]= 5 D — 7 IV ORI, 75 A < —RE DB
DNTD¥IIIZEE B B DY, F ZWII RGNS E R0,

HIEREFEICIEZ K OFHT T VDMEET 5728, ERFEIAr —)L Tl TN b L FHIL X=X OHEFREEET
ZREND D, FleTHT T VEREIEEEICET 3 KRAREISHEINS D, FHRAEOMELEETH D, K
MR T TFHILARN—=X—ICKERBEHEPEZ SNEREOT—TIVDEAF 7 ACHERH Uz, £9. 7F—7I)LDEH)
EYIal— b9 37008MEET IV ERKE LIz, 7—7)Vid Lumped MassEic & © 2O MEIX—E MR LT
L., TS oHERIC K2 ES), #iEROHIRICERT 25018 3V AV T, 77— )VOMHEIC X 2 NEBIS ) 72 &k L
Teo TINHMPFAAIEZ RS, BAMEREOMR L UTH/IMREIAXY VRS, I alb—a VORSRE 5T
5T xR LIz, r—7 MW NT I 7E S BROIEENIND 2552 8E U, BRR 55 F T — 7 )ViES) 251 E
LTzo 77— 7 VOB RIRIEIRS) & HIBRNDIE FICDWT, 727 —7)Vicinb 2R IR MAEZ B 2 72581 r— 70
MU E N5 T &zl DONTZETIVE AW THIES 2 RO TAER R T 5,
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