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High-efficiency nonthermal particle acceleration by 3d turbulent magnetic reconnection

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

Nonthermal particles whose energy much larger than the thermal plasma are ubiquitously observed in astroplasma envirol
ments, and the energy density of the nonthermal particles is known to be often larger than that of the thermal plasma. Amon
many variety of acceleration processes of these nonthermal particle, the accelerations by shock wave and magnetic reconnect
are believed to play the most important role for the origin of the observed nonthermal particles. Roughly speaking, two elemen:
tary plasma acceleration processes are occurring: one is the stochastic acceleration under the resonant interaction of a char
particle with turbulent waves, and the other is the direct acceleration where a charged particle can gain its huge energy onl
by a single interaction with a localized, large-amplitude electric field. However, the acceleration mechanisms in details are still
controversial.

In this presentation, we focus on the turbulent reconnection in many magnetic islands, which is thought to be responsible fo
determination of the maximum attainable energy of accelerated particle in the system. We have already demonstrated by using :
PIC simulation that the particle acceleration efficiency of the classical 2nd order Fermi acceleration with many magnetic clouds
becomes to be 1st order of the ratio of Alfven speed and the speed of light, if we take into account of many magnetic island:
instead of those magnetic clouds (Hoshino, PRL, 2012). However, the behavior of three-dimensional reconnection remains elt
sive. Based on our result of 3d PIC simulation, we discuss that the acceleration process of multiple magnetic islands seen in 2
PIC simulation can work in more realistic 3d magnetic islands as well.
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Time variation of diffusion region in the asymmetric magnetic reconnection

# Taisuke Fuchida[1]; Koji Kondoh[2]; Shinya Nitta[3]; Tomohide Wada[4]
[1] Sci. and Eng., Ehime Univ.; [2] RCSCE, Ehime Univ.; [3] Tsukuba Univ. of Technology; [4] RIKEN

Magnetic reconnection is widely accepted as an important elementary process of mass, momentum and energy transport in t
geomagnetosphere and the solar atmosphere. Especially, the asymmetric reconnection is more general than the symmetric @
such as Anemone type solar flares and flux transfer events at the dayside magnetopause. However, it is also a phenomenon t
has many unsolved problems. We aim at clarifying the nature of the asymmetric magnetic reconnection using MHD simulation.

In the previous work by Cassak &amp; Shay in 2007, a structure of the Sweet-Parker type diffusion region for an asymmetric
reconnection was studied. As a result, it was shown that the reconnection point (X-point) and the stagnation point (S-point
separate and the X-point shifts toward the higher beta side from the S-point in the steady state. In this study, the relation betwee
X-point and S-point for the spontaneous reconnection is studied by the numerical simulations using the current driven anomalou
resistivity model.
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3D outflow jets originated from magnetic reconnection

# Keizo Fujimoto[1]
[1] Division of Theoretical Astronomy, NAOJ

The 3D dynamics of magnetic reconnection is one of the key issues in space and astrophysical plasmas. The observatio
in the Earth’s magnetosphere, solar flares, and laboratory experiments have suggested that the reconnection processes are f
three-dimensional, accompanied by intense wave activities at the x-line and localized flow burst downstream of the x-line. In
particular, the present study has focused on the 3D structure of the outflow jets generated by collisionless magnetic reconnectic
The outflow structure of reconnection is considered to be three-dimensional from the observations, but the mechanism leading
the 3D reconnection jets has been poorly understood, mainly because of the limitation of computer resources.

We have challenged the 3D reconnection problem by means of the particle-in-cell (PIC) simulations with adaptive mesh
refinement. Large-scale 3D PIC simulations have revealed that the thin current layer formed around the x-line is unstable to tw
types of the shear-driven modes in the anti-parallel configuration. One is a current sheet shear mode which has an intermediz
scale between the ions and the electrons. This mode is generated due to the velocity shears in the inflow direction, so that tl
current sheet is perturbed in the inflow direction. The other is an electron shear mode driven by the electron velocity shear in th
outflow direction. Since the shear scale in the outflow direction is much larger than that in the inflow direction, the wavelength
of the electron shear mode is larger than that of the current sheet shear mode. The electron shear mode fluctuates the curr
sheet in the outflow direction. As a result, the flux ropes arising from the secondary tearing mode have a typical scale in the
current density direction, corresponding to the wavelength of the electron shear mode. Because the flux ropes move downstrez
much slower than the ambient plasma, the reconnection jets tend to be blocked by the flux ropes and generate 3D flow channe
between the flux ropes. Therefore, it is found that the reconnection outflow jets have a typical scale corresponding to the electrc
shear mode arising in the thin current layer. The interesting point is that the scale is roughly consistent with that of fast plasme
flows termed the bursty bulk flows (BBFs) observed frequently in the Earth’s magnetotail. It is surprising that the BBFs have
an MHD scale (much larger than the ion inertia length), but they are originated from the electron instability where the electron
inertia plays an important role.

In the presentation, we show the recent results of a large-scale 3D PIC simulation of magnetic reconnection and explain ho
the 3D reconnection jets are generated from turbulence arising at the reconnection x-line.
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Kinetic Ohm’s law in relativistic magnetic reconnection

# Seiji Zenitani[1]
[1] NAOJ

Magnetic reconnection draws recent attention in relativistic astrophysics, in particular after the discovery of Crab gamma-ray
flares. Owning to this, kinetic modeling of relativistic reconnection has now become an active topic of research. From the physic:
viewpoint, relativistic reconnection is an ideal material to test the traditional theories.

In nonrelativistic kinetic reconnection, it is widely accepted that the reconnection electric field at the X-line is balanced by
the divergence of the pressure tensor in the electron Ohm’s law. This term, the local diffusion of the electron momentum, is
sometimes referred to as the thermal inertial effects. This pressure-tensor paradigm was recently questioned by a numerical wo
on asymmetric reconnection, which reported that the bulk inertial term is a major player at the X-line.

In this contribution, we examine a relativistic Ohm’s law in kinetic magnetic reconnection. With some help from radiation
physics, we decompose the relativistic stress-energy tensor to derive the kinetic Ohm’s law. Then we evaluate the the compositic
of the Ohm’s law in particle-in-cell (PIC) simulation. It was found that a new inertial term plays a role at the X-line in the
relativistic regime. We discuss our physical interpretation, by using these results.
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Modulational instability of circularly polarized Alfven waves in solar wind plasmas with
random density fluctuations

# Yasuhiro Nariyuki[1]; Jungjoon Seough[2]
[1] Faculty of Human Development, Univ. Toyama; [2] Univ. of Toyama / JSPS Fellow

Radial evolution of low-frequency Alfven waves in solar wind plasmas has not been fully understood yet. Since nonlinear
Alfven waves are nonlinearly coupled with longitudinal fluctuations, the characteristics of density fluctuations can affect the
damping of the Alfven waves. In this presentation, we report the result of our theoretical analysis, in which Ruderman’s model
(Ruderman, POP, 2002) is extended to include the non-zero beta ratio.. The roles of novel dispersion terms are discussed.
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Theoretical analysis on coherent elements of plasmaspheric hiss

# Yoshiharu Omura[1]; Satoko Nakamura[2]; Craig A. Kletzing[3]; Danny Summers[4]; Mitsuru Hikishima[5]
[1] RISH, Kyoto Univ.; [2] Dept. of Geophys., Kyoto Univ.; [3] Department of Physics and Astronomy, Uol; [4] Memorial
Univ. Newfoundland; [5] ISAS

Recent observations of plasmaspheric hiss emissions by the Van Allen Probes show that broadband hiss emissions in tl
plasmasphere comprise short-time coherent elements with rising and falling tone frequencies. Based on nonlinear wave grow
theory of whistler-mode chorus emissions, we have examined the applicability of the nonlinear theory to the coherent hiss
emissions. We have generalized the derivation of the optimum wave amplitude for triggering rising tone chorus emissions tc
the cases of both rising and falling tone hiss elements. The amplitude profiles of the hiss emissions are well approximated b
the optimum wave amplitudes for triggering rising or falling tones. Through the formation of electron holes for rising tones
and electron hills for falling tones, the coherent waves evolve to attain the optimum amplitudes. An electromagnetic particle
simulation confirms the nonlinear wave growth mechanism as the initial phase of the hiss generation process. We find very goo
agreement between the theoretical optimum amplitudes and the observed amplitudes as a function of instantaneous frequen
We calculate nonlinear growth rates at the equator and find that nonlinear growth rates for rising-tone emissions are much large
than the linear growth rates. The time scales of observed hiss emissions also agree with those predicted by the nonlinear theo
Based on the theory, we can infer properties of energetic electrons generating hiss emissions in the equatorial region of tf
plasmasphere.
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Quasilinear theory of the expanding box model for proton cyclotron and parallel firehose
Instabilities

# Jungjoon Seough[1]; Yasuhiro Nariyuki[2]
[1] Univ. of Toyama / JSPS Fellow; [2] Faculty of Human Development, Univ. Toyama

It is generally believed that the temperature anisotropy-driven kinetic instabilities play an important role in regulating the
measured proton temperature anisotropy in the expanding solar wind. Linear and quasi-linear theories as well as numeric
simulations in uniform plasmas are often employed in order to understand the properties of locally excited instabilities. However,
since the solar wind itself expands in inhomogeneous interplanetary plasma, the effect of the expansion on the kinetic instabilitie
should be taken into account. In this study, we present quasilinear theory of the expanding box model to investigate how the solz
wind expansion affects proton cyclotron and parallel firehose instabilities in the expanding solar wind.



R008-08 217 B B¥RI: 11 B 3H 11:55-12:10

Nonlinear Processes in Space Plasmas

# Peter Yoon[1]
[1] IPST, Univ. Maryland

Many, if not all, physical processes in nature exhibit nonlinear behavior. Space plasma is no exception. In this talk some
examples of nonlinear processes in space plasma will be discussed. The underlying theme in all the examples is the kinet
plasma turbulence theory. The first example is the problem of non-Maxwellian plasma velocity distribution function widely
detected in space environment. A theory based on kinetic plasma turbulence formalism explains the origin of non-Maxwellian
electron distribution function in terms of a concept where it is viewed as a dynamical steady-state between the electrons an
plasma turbulence. Such a steady-state may be termed the turbulent quasi-equilibrium, and it may be described heuristically
the non-additive thermo-statistical state. A second example is taken from the Earth’s auroral ionosphere where the precipitatin
energetic electrons excite upper-hybrid waves, which in turn, nonlinearly merge to produce the harmonic extraordinary mode
Such a process has recently been observed. A process that is similar but is a reverse counterpart takes place in the ionosph
modification experiment. In the ionospheric heating experiment, a powerful ordinary (O) mode pump wave is launched to the
auroral ionosphere from the ground. When the O mode coverts to the upper-hybrid mode, them the high-intensity upper-hybri
mode subsequently undergoes decay interaction with electron Bernstein and lower-hybrid waves. The nonlinear interactio
involving the upper-hybrid, Bernstein, and the lower-hybrid mode is considered important for the ionospheric heating, and thus
represents the third example. These are but a few examples that lend themselves to nonlinear kinetic plasma turbulence thec
The kinetic plasma turbulence theory is at an incomplete stage when compared with the more mature linear theory, and mar
scientists are unaware of its usefulness. Itis the purpose of the present talk to disseminate the notion that nonlinear kinetic theo
is important for studying natural plasma processes.
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Self-consistent discharge growing model of helicon plasma

# Shogo Isayama[1]; Tohru Hada[1]
[1] ESST, Kyushu Univ

Helicon plasma is a high-density and low-temperature plasma generated by the electromagnetic (Helicon) wave excited in th
plasma. It is thought to be useful for various applications including electric thrusters. Physics of helicon plasma production
involves such fundamental processes as the wave propagation (dispersion relation), collisional and non-collisional wave damj
ing, plasma heating, ionization/recombination of neutral particles, and modification of the dispersion relation by newly ionized
plasma. There remain a number of unsolved physical issues such as, how the Helicon and the TG modes influence the plasi
density, electron temperature and their spatial profiles. While the Helicon mode is absorbed in the bulk plasma, the TG mode i
mostly absorbed near the edge of the plasma. The local power deposition in the helicon plasma is mostly balanced by collision:
loss. This local power balance can give rise to the inhomogeneous electron temperature profile that leads to time evolution c
density profile and dispersion relation. In our study, we construct a self-consistent model of the discharge evolution that include:
the wave excitation, electron heat transfer, and diffusion of charged particles.
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Derivation of Landau damping without Landau contours

# Tadas Nakamura[1]
[1] FPU

http;//mira.bio.fpu.ac.jp/tadas

Landau damping is one of the most important ingradients in plasma physics, and it is usually derived by deforming the
integration contour in v (= velocity) complex plane to avoid poles of wave dispersion. This procedure is purely mathematical one
coming from inverse Laplace transform, and the deformation of the contour has no

physical meaning. However, confusion is often found even in textbooks and some physical meaning is provided for the contou
deformation. Interestingly the volume of &quot;Physical Kinetics&quot; in the Landau textbook series, which was written after
the Landau’s death, has fallen into this pitfall.

To clarify this point, a derivation of Landau damping without Landau contours has been developed here. The knowledge of
analytical continuation or integration contour deformation, which may be hard to understand for who are not familiar to the theory
of complex analysis, is not required. Though one need to know complex numbers enough to understand Laplace transform, &
simple elementary integration formula can perform velocity integration to obtain Landau damping.
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Wakefield Acceleration in Relativistic Shock Waves

# Masanori lwamoto[1]
[1] Earth and Planetary Sci.,Univ. of Tokyo

Many particle acceleration mechanisms have been proposed to explain the origin of high energy cosmic rays. Among man
important acceleration processes in astrophysical plasmas, however, a wakefield acceleration has not been understood yet. A
the discovery of the theoretical concept of plasma wakefield acceleration by Tajima and Dowson (1979), the particle acceleratio
by an ultra-intense laser pulse has been widely investigated in laboratory plasmas. When an intense laser pulse of the transve
electromagnetic wave propagates through plasma, a longitudinal plasma wave can be excited by the ponderomotive force, whi
expels electrons from the region of high laser intensity. The phase velocity of the excited plasma wave, which is equal to the
laser pulse group velocity, is close to the speed of light in vacuum. The electric field associated with this fast plasma wave is the
able to accelerate particles efficiently.

In astrophysical plasmas, Chen et al. (2002) discussed the possibility by the wakefield acceleration of Alfven waves anc
suggested that the ultra-high energy cosmic rays may be generated by the wakefield acceleration. Lyubarsky (2006) argut
the large-amplitude precursor electromagnetic waves generated in relativistic shock waves, and suggested the electrostatic fie
generated by the large-amplitude electromagnetic waves accelerates particles. Hoshino (2008) extended the previous studies
demonstrated the efficient particle acceleration by the incoherent wakefields induced by the large-amplitude precursor electr
magnetic waves in the upstream region of a relativistic shock wave by using one-dimensional Particle-In-Cell (PIC) simulation.

In this study, we argue and demonstrate the wakefield acceleration in relativistic shock waves by using the PIC simulation
The wave coherency of the precursor wave, which is required for the ponderomotive force, is essential to the wakefield acceler:
tion. However, the previous one-dimensional simulations could not solve this subject. In this presentation, we will pay a specia
attention to the wave coherency in two-dimensional simulation and report my results.

THBICEENDZBZRNVF—RTOERANZALE LT, 2L O AINEBENEZ SNTEED, DD
BENE A 5 = X LOH T EMEIEOMTEEH X O #EA TRV, MIEREIEERIEERE TS X TIE K <A
SNT IR TH D, Tajima and Dawson (1979) K > TZ OEARFINE Z 2 E NIz, 75 X~ HIC R mE O R
DBEWIETHZL—P—OVAZAFTZ L. L= OVADRY TFTaE—T ¢ 71 Thi - BaE & T Bz s
EEN, HERO TS A=A ENS, L—F— OV RITBRIT 2 X517 AREDIEENEDT, TOTFR
SEONHEEIZIZIZCHTH D, ZORT Vv INCHIEE NN IR L#EENS, ThhL—F—ZH»
TR TH % .

FHH 75 A< Tld. Chenetal. (2002 &> T, 7V T ANVIKIC K B i hnisild s o 3oL F—F i 2Bk LS
5T ENERIE NIz, F7z. Lyubarsky (2006)&. HXGERAE B ClE AIRIEERLE DB SN, C OERLIEIC X > Tl
B R TCIEEOImEE NS T & 2/R LTz, LyubarskyDfiff5t #5213 C. Hoshino (2008))%, f#% FiRIC(EfEd % K
IRIGERL DG 2 i U, S8 B TIEae—L > b affiisingEhd: U5 T &% 1 T Particle-In-Cell (PIC)
Tal—Yyavicko TR,

AW TR, HNERIVERIIC B 2 In#EE, PICY R a—L—Yaya—RE@HLTCYIal—yard
%o MEMEIEROMEITERIE OO — L Y AICH B, RO 1 oty 2 2 Lb—r 3 Y TIRENEDbO SR - 7z,
SRIOFEEXTIE, 2Q0TICBFZEMPEOaA—L Y AL MBI ANT, 1 0TI B 35170198 & LLigiETd %,



R0O08-12 217 B B¥RI: 11 B 3 H 14:15-14:30

Ty 2 NEUET BRI 0D = RIS & FE T

# AN PEST [1]; KEF 22 [2]; ok 162 [3]; 2 554 [2]
[1] TEERFE; [2] BK - FH: [3] K3 CfCA

Three-dimensional structures of a high-Mach-number shock and associated electron
accelerations

# Yosuke Matsumoto[1]; Takanobu Amano[2]; Tsunehiko Kato[3]; Masahiro Hoshino[2]
[1] Chiba University; [2] University of Tokyo; [3] CfCA, NAOJ

Astrophysical shock waves have been a candidate for the origin of cosmic-rays. In particular, X-ray emissions from supernov:
remnant shocks have provided great opportunities to examine how high-energy electrons are produced at collision-less shock
Numerical simulations have revealed that electrons can be efficiently heated and accelerated via resonant interactions with plast
kinetic waves, such as the electron shock surfing acceleration mechanism in which electron-scale Buneman instability playe
key roles. Recently, Matsumoto et al. [2015] proposed a new acceleration mechanism by turbulent reconnection in the shoc
transition region through excitation of the ion-beam Weibel instability.

In order to deal with the two different acceleration mechanisms in a self-consistent system, we examined 3D PIC simulatior
of a quasi-perpendicular, high-Mach-number shock. With the help of the high computational capability of the K computer,
we successfully followed a long time evolution in which the two different acceleration mechanisms coexist in the 3D shock
structure. The Buneman instability was strongly excited ahead of the shock front in the same manner as have been found in 2
simulations. In the transition region, the ion-beam Weibel instability generated strong magnetic field turbulence in 3D space. The
turbulence was much stronger than those found in 2D simulations. Plasma blobs found in the turbulent region indicated magnet
reconnection took place in 3D magnetic field structures. As aresult, electron energy spectrum in the downstream region exhibite
a high energy tail following a power-law distribution. In this talk, we present how such relativistic electrons are produced during
traveling in the 3D shock structure.
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High power laser experiment on collisionless shock: Potential of Thomson scattering
measurement

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

A collisionless shock often plays some crucial roles in high energy phenomena in space, since it is a sort of an efficient energ
converter. At a shock, upstream flow energy is converted into various different types of energies. While a part of it is dissipatec
as downstream thermal energy, some parts are used to produce high energy non-thermal particles, large amplitude waves, ¢
However, detailed mechanisms of the energy conversion have not been well understood.

We have performed the laboratory experiment on collisionless shocks by using high power laser in collaboration with the
Institute of Laser Engineering at Osaka university for the past few years. In the experiment expanding target plasma sweer
and compresses a surrounding gas plasma resulting in a discontinuous structure in its density. The density jump at the forwa
edge of the structure appears to satisfy the theoretical jump condition of a stationary plane shock. In the experiment planed to k
performed in this year the local structure of a shock transition region will be measured by using collective Thomson scattering
measurement. The potential ability as well as issues of this method to measure the local non-equilibrium plasma is discussed.
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Nonlinear evolution of MRI by an MHD simulation with the compact difference and the
LAD method

# Kenichiro Hirai[1]; Yuto Katoh[1]; Naoki Terada[2]; Soshi Kawai[3]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Dept. Aerospace
Eng., Tohoku Univ.

The magneto-rotational instability (MRI) (Balbus & Hawley, 1991) is one of the most important phenomena in accretion disks
and causes turbulence driving the mass accretion in the disks. Recent studies suggested that MRI is saturated by the paras
instability (Goodman & Xu, 1994; Pessah, 2010), which is related to the Kelvin-Helmholtz instability and magnetic reconnec-
tion. These phenomena generate not only turbulence but also discontinuities simultaneously. Therefore, for the study of th
time variation of turbulence caused by MRI, we should use an MHD code of high accuracy, low dissipation, and robustness a
discontinuities.

In the present study, we have developed an MHD simulation code using an 8th-order compact difference scheme (Lele, 1992
local artificial diffusivity (LAD) method (Kawai, 2013), and shearing box boundary condition (Hawley et al., 1995). Our de-
veloped code can solve the wide wave number range without numerical dissipation and thus our code can resolve the structu
of MRI more accurately. We carry out a simulation of the evolution of MRI using the developed code in the local shearing box
with the number of grid points (256, 256, 128) and the initial Betmagnetic field. In the simulation result of MRI, we find the
anisotropy of the energy cascade process and waves excited through the parasitic instability. We find that wave number spect
of generated waves are consistent to results of the previous analytical study. Our newly developed code enables us to solve t
MRI driven turbulence accurately, which is important in solving not only a wide range of the evolution of the disk but also the
fine structure of the saturation and nonlinear evolution of MRI.
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Multidimensional divergence-constrained relativistic two-fluid simulation code

# Takanobu Amano[1]
[1] University of Tokyo

Relativistic plasmas are known to exist around compact astrophysical objects such as neutron stars and/or black holes. Ide
relativistic magnetohydrodynamics (RMHD) approximation has commonly been used to investigate the dynamics of high-energ)
plasmas. There has been growing interest in incorporating resistive effect into the model to take into account dissipation o
magnetic field energy, which often dominates the total energy of the system. In contrast to the classical counterpart, howeve
resistive RMHD is not so commonly adopted because implementation of Ohm’s law is much more involved.

On the other hand, the relativistic two-fluid model has rarely been considered as a macroscopic model, mainly because
contains small-scale physics that appears to be unimportant in large-scale phenomena. We here explore the possibility of tl
relativistic two-fluid model being used as an alternative model to RMHD, in particular, with the effect of resistivity. Since the
resistive effect in the two-fluid can easily be taken into account as a friction term between the fluids, we think that it may offer
a numerically more convenient model. We have developed a second-order three-dimensional simulation code for the two-flui
equations. The code employs the HLL (Harten-Lax-van Leer) approximate Riemann solver and the UCT (Upwind Constrainec
Transport) scheme originally proposed for MHD. By carefully designing discretization of the electromagnetic field, we show that
the divergence constraints for both the magnetic and electric fields are simultaneously satisfied up to machine precision. Finit
difference approach for extension to higher orders will also be discussed.
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Study of whistler-mode chorus in the Jovian magnetosphere by electron hybrid and
MHD simulations

# Yuto Katoh[1]; Keiichiro Fukazawa[2]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] ACCMS, Kyoto Univ.

Whistler-mode chorus emissions are electromagnetic plasma waves commonly observed in planetary magnetospheres. Cho
emissions are a group of coherent wave elements showing a variety of frequency shifts in time; typically rising tones, occasion
ally falling tones, and sometimes observed as hiss-like broadband emissions. While the generation process of chorus has be
reproduced by numerical experiments [e.g., Katoh and Omura, GRL 2007a] and has been explained by the nonlinear wave grow
theory [Omura et al., JGR 2008, 2009], numerical experiments have revealed that nonlinear wave-particle interactions betwee
chorus and energetic electrons play essential roles not only in generating chorus but in energizing relativistic electrons. Since tf
nonlinear trapping of resonant electrons by chorus results in very efficient acceleration of trapped particles, chorus should pla
significant roles in the energization process of radiation belt electrons in planetary magnetospheres. On the other hand, previo
studies revealed similarities and differences of the spectral characteristics of chorus in planetary magnetospheres, which has
been understood yet.

In the present study, by carrying out cross-reference simulations by electron hybrid and MHD codes, we investigate physica
processes which differentiate the spectral characteristics of chorus emissions in planetary magnetospheres. Our previous si
ulations have revealed that the spectral characteristics of chorus vary depending on both the inhomogeneity of the backgrout
magnetic field and the velocity distribution function of energetic electrons in the equatorial region of the magnetosphere. We us
the MHD code for the investigation of the range of variation of the spatial scale of the Jovian magnetosphere in the region from
5 to 20 Rj, where Rj is the radius of Jupiter, corresponding to the region where intense chorus emissions are identified by thi
Galileo spacecraft observations [Katoh et al., JGR 2011]. By referring the results of the MHD simulations, we conduct a series
of electron hybrid simulations for the condition required for the chorus generation and resultant spectral characteristics of choru
in the Jovian magnetosphere. Our simulation results should provide important clues in understanding similarities and difference
of chorus emissions in planetary magnetosphere and also the energization process of relativistic electrons.

FRAYAT—F— R« I—F AGFHIEERGEICHE L TERIE NS 75 X E#EITH O R R Rc 2k
ae—L Y NaEEIThH S, I— T ARGHIBREMSE OREREFEZRERE LT, keVHEDOEIZRIVF—E T &
DI IR FHEFRIC K > TEKE NS T EHHE N E 72> TS [e.g., Katoh and Omura, GRL 2007ajE 51c,
O—J A OFEERE T, HRERNE & OVF—E721F0 KT IEMEnEEfE & FRFCAE T a T eAY, TFEOGT
BRS 2 2 L— g VT K DIES D &5 7z [Katoh and Omura, GRL 2007b;Katoh et al., Ann. Geophys. 2008FF Tl
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SRR O EGERRIC B W T E 3—F AT OFEEENERI TN TV 3 [e.g., Horne et al., Nature Physics, 2008; Katoh
etal., JGR 2011] 22— AR DFEAEFEMGICEI 9 5 Bl @ﬁi%bm@@%ﬁ@fwéﬁmmmam JGR 2008, 20Q9]
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Gyro-averaging method for simulation of whistler-mode wave-particle interactions at
oblique angles

# Yikai Hsieh[1]; Yoshiharu Omura[2]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.

Whistler-mode chorus waves propagating with obligue normal angles have been observed by many satellite missions in th
Earth’ inner magnetosphere. In this study, we have analyzed the propagation condition of an obliquely propagating coherer
wave, and have developed a wave model with the whistler-mode dispersion relation. Solving the equations of motion of rela:
tivistic electrons interacting with the wave, we perform test particle simulations of energetic electrons along the Earth’s inner
magnetosphere field line to reveal the interactions between oblique whistler-mode waves and energetic electrons. By confirmin
that the Poynting vector of oblique whistler-mode wave is nearly parallel to the background magnetic field, we apply gyro-
averaging method, which just treat particle motion as its guiding center motion to simplify the complicated cyclotron motion
and reduce the simulation system from 2 dimension to 1 dimension. This method was successfully examinated in a recent stuc
[1]. We can achieve higher numerical efficiency through this gyro-averaging method than the method which we directly solved
the 2 dimensional equations of motion. In the simulation, the energetic electrons undergo multiple cyclotron resonances. Th
simulation result shows the validity of gyro-averaging method, how the waves trap and accelerate the energetic electrons, ar
how the waves develop after the interactions.

Reference:
[1] Nunn and Omura (2015), A computational and theoretical investigation of nonlinear wave-particle interactions in oblique
whistlers, J. Geophys. Res. Space Physics, 120, doi:10.1002/2014JA020898.
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Decaying Whistler Turbulence at lon Scales: Particle-In-Cell simulation

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

Solar wind observations show that a magnetic fluctuation spectrum has two spectral break points around 1Hz and a few ter
of Hz in a spacecraft frame at 1AU. The spectrum becomes steeper at the break points in frequency. The Taylor hypothesis |
the solar wind implies that these scales correspond to ion and electron inertial (or Larmor) scales. The hypothesis suggests tt
ion and electron kinetic properties have an important role to make the steeper spectra of the magnetic spectrum in the solar win
Dissipation and/or dispersion properties of kinetic turbulence should be investigated in more details including kinetic properties
of ions and electrons.

Two-dimensional electromagnetic particle-in-cell simulation in magnetized, homogeneous, collisionless electron-ion plasme
has been done to demonstrate the forward cascade of decaying whistler turbulence at ion scales. Fluctuations with right-hand
polarization at scales larger than ion inertial length are applied as an initial condition of the simulation, which satisfy a dispersion
relation of whistler waves in cold-magnetized plasma. The particle-in-cell simulation, which includes full kinetic properties of
electrons and ions in collisionless plasma, demonstrates turbulent cascade and dissipation of fluctuation energy self-consisten

Discussion will focus on properties of decaying whistler turbulence at ion scales, such as the power-law index, wavenumbe
anisotropy, and plasma heating. Comparison of properties of whistler turbulence at ion scales with electron scales will also b
discussed.
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Electron acceleration by lower-hybrid waves near the geomagnetic equator:
One-dimensional test particle simulation study

# Fumiko Otsuka[1]; Kaiti Wang[2]; Shuichi Matsukiyo[3]; Tohru Hada[1]
[1] ESST, Kyushu Univ; [2] ISAPS, NCK Univ.; [3] ESST Kyushu Univ.

THEMIS satellite mission observed equatorial emissions with a multi-banded frequency structure in the Earth’s inner mag-
netosphere (Wang et al, 2015). The observed waves are in a range between proton gyrofrequency to lower-hybrid frequenc
propagating nearly perpendicular to the background magnetic field, and almost linearly polarized. These features of observe
waves are consistent with the properties of lower-hybrid waves. These lower-hybrid emissions are related to whistler-modk
waves, which are well known for their capability to accelerate radiation belt electrons. In this presentation, we focus on mod-
eling the electron accelerations by the lower-hybrid waves. Specifically, the test particle simulation method is adopted. In this
simulation, we construct the lower-hybrid waves based on a cold plasma dispersion relation using parameters consistent with tt
THEMIS observation on 7 May 2008. The relation between the extent of electron accelerations and the wave angle, the ang|
between the wave vector and the background magnetic field, will be investigated and reported.
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Test particle simulation of electron current generation by RMF: next generation electric
thrusters

# Yuki Tomiku[1]; Kazuki Yamanokuchi[1]; Tohru Hada[1]
[1] ESST, Kyushu Univ

For long-term space missions such as exploration of outer planets, electric thrusters are considered to be useful because
their high specific impulse (fuel efficiency). On the other hand, lifetime of many of the conventional electric thrusters is limited
by electrode wastage. In view of these circumstances, we have been engaged in research and development of the next genera
electric thrusters in which electrodes do not contact with the plasma directly.

Presently we are dealing with the concept utilizing the Rotating Magnetic Field (RMF), which has been developed primarily
for an application to the plasma confinement in the field-reversed configuration. In the RMF, the transverse magnetic field drive:
the azimuthal electron current, which in turn pushes the plasma via the Lorentz force in a presence of radial component of th
background magnetic field.

One of the central issues of the RMF is the generation of azimuthal electron current. While many of the past studies focuse
on penetration of the RMF into the plasma from fluid (MHD) point of view, in this presentation we show results of test particle
simulations in which we discuss how electrons react to the RMF, leading to the azimuthal current. Some interesting nonlinea
physical processes appear such as the phase synchronization and the resonance broadening. Application to the thrusters will
presented as well.
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< UAS (FRC) OFELFAEOELDTH B, EHIC. RUEOFESMORIREKS Lt EN-EBFEREoa—
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Numerical modeling of plasma detachment

# Takashi Nakai[1]; Tohru Hada[2]
[1] ESST, Kyushu Univ.; [2] ESST, Kyushu Univ

Electric thrusters, characterized with high specific impulse, are considered to be useful for long-term space missions such ¢
those to outer planets. On the other hand, the performance of many of the conventional electric thrusters (e.g., ion engines)
limited by electrode wastage due to the direct contact of the electrodes with plasma. We have been involved in the research al
development of ""electrodeless™” (no direct contact of electrodes with plasma) thrusters.

One of the central issues of the electric thrusters is the plasma detachment. If the plasma remains guided by the magnetic fie
provided by the thruster, it does not escape into free space and no thrust will be obtained.

In this presentation, we propose a new numerical model to simulate the plasma detachment. By using this model, we sho
under what conditions the plasma can be separated from the thruster. We mention also the issue of the plasma detachmen
equivalent to the physics of solar wind acceleration.
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Theoretical study of collective Thomson scattering in a non-equilibrium plasma

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

Recently, a variety of high energy astrophysical phenomena have been successfully reproduced in laboratory experiments usi
high power laser. We take part in the experiment of collisionless shocks in collaboration with a group at the Institute of Laser
Engineering at Osaka University. The transition region of the collisionless shock is usually in a highly non-equilibrium state. In
order to understand the mechanism of energy dissipation at the collisionless shocks, we need to clarify the relaxation process
occurring there. To diagnose such a local plasma, the Thomson scattering (TS) measurement has been widely used. Here the
is defined as an elastic scattering of a low frequency incident electromagnetic wave due to its interaction with free electrons in
plasma. Although the TS measurement has been used for a long time to measure the plasma not only in experimental devices |
also in space (ionosphere), detailed theory of the TS in a non-equilibrium plasma is not well established.

In this study, we investigate how a non-equilibrium plasma near the shock transition region is observed by the TS measuremer
First, we assume that a plasma just upstream of a shock consists of background electrons, ions, and beam electrons. T
beam instability generated in such an unstable local plasma is reproduced by using one-dimensional full particle-in-cell (PIC
simulation. The linear growth rate as well as the trapping frequency at non-linear stage of the instability are confirmed to be
consistent with theoretical predictions. The obtained spectrum of the electron density fluctuations are utilized to investigate th
virtual TS. A wave equation of the scattered waves when a probe light is incident into this non-equilibrium plasma is numerically
solved to examine the spectrum of the electron density fluctuations.
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Study of fast magnetic reconnection by using newly high resolution MHD scheme

# Masanori Ogawa[1]; Masaki Fujimoto[2]; Soshi Kawai[3]
[1] Earth and Planetary, Tokyo Univ; [2] ISAS, JAXA,; [3] Dept. Aerospace Eng., Tohoku Univ.

Magnetic reconnection is an important process to drive explosive release of magnetic energy by reconnecting anti-paralle
magnetic lines in space plasma, such as particle acceleration in solar flares and large-scale convection in the Earth’s magr
tosphere. Magnetohydrodynamics (MHD) simulation where plasmas are treated as fluid is one of the useful methods to lear
macroscopic effects of magnetic reconnection. However, kinetic effects of plasma particles around an X-line are significant tc
drive fast reconnection, since the MHD approximation is broken in the vicinity of the X-line. Consequently, reconnection rate
which means energy release efficiency is low ,the so called slow reconnection. Previous researches have shown that partic
simulations including kinetic effects achieve fast reconnection, while MHD simulations do not[e.g., J. Birn et al., 2001].

In this study,we attempt to simulate the fast magnetic reconnection by using a newly high order MHD scheme proposed by
S. Kawai[2013]. The results show reconnection rate is higher than previous results by MHD simulations. In addition, as the
resolution is higher, the reconnection rate is expected to be higher, since current sheet becomes thinner. As a result, simulatio
with high resolution allow secondary magnetic islands and generate multiple X-lines. We confirm, however, local reconnection
rate at the most major X-lines, and the rate is equivalent to that from previous particle simulations. Consequently, these resul
show that the newly scheme enables us to perform fast magnetic reconnection. Furthermore, we check this argument is consiste
at other various condition and verify this scheme is useful to study magnetic reconnection in the MHD-scale phenomenon.
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Variation of X-line electric field structure associated with variation of reconnection rate

# Kenya Shimizu[1]; Masaki Fujimoto[2]; Iku Shinohara[3]
[1] Earth and Planetary Science, Tokyo Univ.; [2] ISAS, JAXA; [3] ISAS/JAXA

We have inspected how the electric field structure around an X-line varies according to reconnection rate. Reconnection rat
is controlled not by electron physics in the vicinity of the X-line but by the macroscopic circumstances surrounding the X-
line. In a very simple simulation of collisionless magnetic reconnection, where reconnection is initiated in a thin current sheet
with anti-parallel magnetic field bounded by a periodic boundary, reconnection rate explosively increases, hits a peak, slowly
declines, and then reconnection terminates. We show that spatial structure of out-of-plane electric field (reconnection electri
field) and temporal variation of the current-sheet-normal component of magnetic field according to the phase of reconnection
Reconnection electric field at the outer edge of the electron diffusion region (EDR) reflects the MHD condition at an electron
frame. The time evolution of the normal magnetic field at the edge of the inner EDR is closely related to the temporal behavior of
reconnection rate. Comparing between the developing phase and the decaying phase of reconnection, we find that reconnect
rate is affected by the reconnection electric field at the edge of the outer EDR though the gradient of the reconnection electri
field at the edge of the inner EDR. This perspective is also applicable to complex cases including X-line’s retreating and plasmoi
ejection.
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Vlasov simulation of the Rayleigh-Taylor instability

# Yasutaka Wada[1]; Takayuki Umeda[2]; Shinobu Machida[3]
[1] none; [2] STEL, Nagoya Univ.; [3] STEL, Nagoya Univ.

The Rayleigh-Taylor instability (RTI) develops at an interface between two fluids with different densities when an external
force is applied from a heavy fluid to a light fluid. The RTI is seen as a secondary instability of the Kelvin-Helmholtz instability
taking place at the magnetopause. The spatial scale of the secondary RTI is on the ion inertial scale or ion gyro scale whel
non-MHD effects are important. In the previous studies of ideal MHD simulations, the RTI develops symmetrically in the
horizontal axis. On the other hand, previous hall-MHD and Finite-Larmor-Radius (FLR)-MHD simulations have shown that the
RTI develops asymmetrically in the horizontal axis. In this study, basic processes of non-MHD scale RTI are of interest. We
perform four-dimensional Vlasov simulations of the RTI with two spatial dimensions and two velocity dimensions. We vary the
ratio of the ion inertial length and/or the ion gyro radius to the spatial scale of the density gradient layer, and discuss the effect o
the non-MHD effects on the linear growth and nonlinear development of the RTI.
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lon kinetic effects to nonlinear processes of the Kelvin-Helmholtz instability

# Takayuki Umeda[1]; Satoshi Ueno[2]; Takuma Nakamura[3]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ; [3] ISAS,JAXA

The nonlinear evolution of the Kelvin&amp;#8211;Helmholtz (KH) instability at a transverse velocity shear layer in an in-
homogeneous space plasma is investigated by means of a four-dimensional (two spatial and two velocity dimensions) electra
magnetic Vlasov simulation. When the rotation direction of the primary KH vortex and the direction of ion gyro motion are the
same (i.e. the inner product between the vorticity of the primary velocity shear and the magnetic field vector is negative) there
exists a strong ion cyclotron damping. In this case, spatial inhomogeneity inside the primary KH vortex is smoothed and the
secondary Rayleigh&amp;#8211;Taylor/KH instabilities are suppressed. It is also found that another secondary instability or
the electron inertial scale is simultaneously generated at secondary shear layers for both cases, but at different locations. T
small-scale secondary instability takes place only when the inner product between the vorticity of the secondary shear layer ar
the magnetic field vector is positive, suggesting the damping of small-scale processes by ion gyro motion. These results indica
that secondary instabilities occurring in the nonlinear stage of the primary KHI show different evolutions depending on the sign
of the inner product between the magnetic field and the vorticity of the velocity shear layer. The difference of the nonlinear
evolution depending on the ion-to-electron mass ratio will also be discussed.
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