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Numerical Modeling of Spacecraft Potential Modulations due to Time-varying Plasma
Wave Fields

# Yohei Miyake[1]; Yuto Katoh[2]; Hideyuki Usui[3]
[1] Kobe Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] System informatics, Kobe Univ

Based on the particle-in-cell (PIC) method, we numerically model the modulation of a spacecraft potential in the presence o
time-varying fields of plasma waves. Recent observations by Van Allen Probes showed apparent spacecraft potential fluctuatior
associated with chorus wave detection [e.g., Malaspina et al., 2014], and a major physical factor of the effect was speculate
as photoelectron current modulations due to wave electric field. Although its dependencies on wave frequency and magnet
field strength have been examined experimentally [e.g., Wang et al., 2014], there are a number of remaining issues such
effects of wave polarization or spacecraft geometry. Also, in-space spacecraft potential measurements are conducted by seei
a potential difference between spacecraft chassis and electrostatic probes, and thus it is necessary to consider the difference
their responses to external wave electric fields.

In this talk, we will discuss such unresolved issues based on particle-in-cell simulations. The typical spatial scale of plasme
wave lengths is much greater than that of the spacecraft size. Hence, we apply a spatially-uniform and time-varying electri
field to the whole computational domain as an external force term in the simulations. We have confirmed that this model car
reproduce the photoelectron-mediated spacecraft potential fluctuations in the presence of a circular-polarized wave electric fiel
We examine the case of multiple spacecraft bodies corresponding to the spacecraft chassis and the probes, which will elucide
detailed mechanism of detecting spacecraft potential modulations in in-situ observations.
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Coherent Vortex Dynamics in Magnetospheric Flow

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

In the northward IMF configuration, the energy transfer between the magnetosphere and solar-wind has been discussed bas
on Kelvin-Helmholtz (K-H) instability and its vortices.Unfortunately, no single precise definition of a vortex is currently uni-
versally accepted, despite the fact that many space plasma researchers claim that many observations have detected vortices
Kelvin-Helmholtz vortices at/around the magnetopause).In the present report, we identify the 3D magnetic vortex structures b
using various vortex identification criteria as follows: 1,The first criterion is Q-criterion that defines vortices as regions in which
the vorticity energy prevails other energies; 2, the second criterion is the laBabderion that is related to the minus of the
Hessian matrix of the pressure related term;3, the third criterion requires the existence of vortex-core-lines that is the Galilean ir
variance. We visualize (please see Figure) and identify vortex structures using these identification method and the coherent vort
dynamics can be summarized as follows: (1) The K-H vortices that are transverse to the flow grows in the shear layer generate
between the solar-wind and magnetopause, and are quickly shed-off from the magnetopause shear layer after the Dawn-Du
(DD) line; (2) The vortices move freely until reaching the stable configuration forming two vortex rows (i. e., Karman vortex
street) inside/outside the velocity shear region across the magnetopause, which is a part of the large wake flow field of the ma
netosphere; (3) They are developed into vortices that have spiral or helix structure; (4) The optimally aligned transverse vorte;
structures (Karman vortex street) inside the velocity shear region mentioned above gradually form the so-called longitudinal o
transverse vortices [Kida, 2006]; (5) Both transverse and longitudinal vortex-cores form this "grid™ structure, although the grid
structure is highly unstable, and both the vortex-cores are broken into pieces by the instabilities (vortex-break-down and the flov
become turbulent-like [Kida, 2006; Kida and Miura, 1998]); and (6) Finally, those scraped vortex-cores mainly in stream-wise
move tailward, survive over long time-range, and form a large or global scale tail spiral motion (see Figure). This persisting
stream-wise tail spiral motions will significantly contribute to the transfer of solar-wind energy into the magnetosphere [Kida,
2006].
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lon and electron accelerations during magnetic reconnection

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

The acceleration of nonthermal particle in collisionless plasma has been a long standing puzzle. Magnetic reconnectiol
is known to be one of important acceleration processes, yet the acceleration efficiency of ions an electrons in reconnectio
is not clearly understood. For example, the satellite observations in the Earth’s magnetotail reported many efficient electrol
acceleration events during the plasma sheet crossing in reconnection, but the ion acceleration events associated with nonthert
ions are few. Furthermore, recent particle-in-cell (PIC) simulation results performed by several researchers also suggested tl
efficient acceleration for electrons but less acceleration for ions during reconnection. In this study, we investigate how and wher
the ions and electrons are acceleration during reconnection by using two- and three-dimensional PIC simulations. Specificall
we focus on the effect of the so-called driven reconnection with an external Poynting flux injection into the plasma sheet. We
also pay a special attention to the coupling between reconnection and the lower hybrid drift instability (LHDI). Based on our
simulation results, we discuss that (1) the electron acceleration can be enhanced by the coupling to LHDI in reconnection, an
(2) the reconnection can generate quite a few nonthermal ions and electrons under the driven reconnection.
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Full Lagrange analysis of electron orbits in collisionless magnetic reconnection

# Seiji Zenitani[1]; Tsugunobu Nagai[2]; Iku Shinohara[3]
[1] NAQJ; [2] Tokyo Institute of Technology; [3] ISAS/JAXA

In order to study inner workings of magnetic reconnection, NASA recently launched the Magnetospheric MultiScale (MMS)
spacecraft. Itis expected to observe electron velocity distribution functions (VDFs) at high resolution in magnetotail reconnection
sites in 2017. To understand the physics of magnetic reconnection, it is important to clarify the relation between electron orbits
and VDFs.

In this work, we study electron orbits and associated VDFs in magnetic reconnection by using a two-dimensional particle-in-
cell (PIC) simulation. We manage to obtain electron orbits as many as possible in our simulation. By extensively analyzing the
dataset, we discover several new electron orbits. In this contribution, we will discuss basic properties of these new orbits, b
modifying a theory of nongyrotropic particle orbits (Buchner & Zelenyi 1989 JGR). Surprisingly, a majority of electrons follow
new orbits. This raises a serious question to our present understanding of physics of collisionless magnetic reconnection.
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Irreversibility of Collisionless Plasmas
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http://mira.bio.fpu.ac.jp/tadas

It is often said that physical processes in collisionless plasmas are reversible. This is because the collision term, which i
believed to cause reversibility, is absent in the Vlasov equation. It is true that the collision term is the source of irresponsibility,
but it does not necessarily mean it is the only source of reversibility, Moreover, the collision term in the Boltzmann equation
is an ad hocterm introduced to express the relaxation process in collisional gases; microscopic equation of each particles ic
reversible.

What is discussed in this presentation is the reversibility resulting from microscopic equations,; collsionless plasmas is an goo
example. When we define an irreversible process as 'a process whose time reversal evolution does not spontaneously hapy
almost for sure’, then irreversible processes may take place in a system with large number of degree of freedom even withot
dissipations. For example, suppose an instability leads a perfect fluid to turbulent flow starting from an equilibrium state. The
time reverse process of this turbulence never hagieost surelyin mathematical meaning (means zero probability measure).

In this sense, the process is as irreversible as processes in collisional gases.

There had been long controversy on the origin of reversibility from the very beginning of statistical physics. In the presentation,
controversy such as Loschmidt’s reversibility paradox or Poincare’s recurrence theorem will be discussed along with the moder
perspective of typicality. Also, the problem of statistical equilibrium for collisionless system will be examined.
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Source Direction of Decameter Radio Wave of the Galaxy Center BH Binaries Decided
by Eliminating lonosphere Effects

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

1. Introduction

Through the current studies on the detection of Ker Black holes located at the center

part of our Galaxy, being based on the observations of decameter radio wave pulses, the investigation of the accurate sour
direction had been deferred from the last works. In this study, the method of determination of the direction of the pulse sources i
newly developed, considering the symmetry of the ray paths, for pair station of the interferometer system ,through the ionospher:
Though the deviation of the arrival direction of radio wave pulses are large apart from the original directions at individual station
of the interferometer system, we can completely neglect the ionosphere effects in the case of taking average for a long perioc
Data analyses to confirm this developed method have been made using newly observed data in June, 2016

2. Confirmation of the symmetry of the ray paths

The exact ray traces of the paths of the arriving radio wave pulses from our Galaxy

center,which are made being based on the ionosphere electron density profiles detected from the ionogram applying the lan
nation method, show large excursion of the arrival direction from direct arrival directions for the case of non-ionosphere effects
; the deviation angles indicate the range from 5 to 15 degree. Exact investigations of the ray trace results, however has reveal
that there are high level of symmetry between the configuration made by pair observation points and incident points of radic
waves from the Galaxy center. Itis, then, concluded that we are able to neglect the ionosphere effect when the accuracy of a fe
arc minute is acceptable.

3. Observation System

The observations to determine the source direction of the decameter radio wave

pulses have been carried out using the long baseline decameter radio wave interferometer of Tohoku university which consis
of three observation stations located at Yoneyama, Kawatabi and Zao in Miyagi Prefecture, Japan; the longest baseline is 84k
and shortest baseline is 44km. The signals observed at 21.860MHz with band width of 1kHz are sent from each station throug
the telemetry system directly to the central station at Sendai where the detected signals are converted into digital signals by Al
converters with conversion rate of 3000 data per second being divided into 3 channels with the 100Hz band width for each.

4. Observations and Data Analyses

From observation data in June , 2016, we have selected two data sets that consist of

8 observation nights with 5 hour continuous observations for each; the first set has been selected from data observed from Ju
5, to morning of June 17,and the second set has been selected from data observed from night of June 17 to June 30.

FFT analyses have been made for each data series of 5 hour duration by taking

correlation with template interferometer fringes which correspond to the source direction with selected deviation angles cen
tered at the Sgr A that is located at RA 17h45m40s, Dec-29deg 00min28sec.

5. Results and Discussions

FFT results are indicated for averaging 8 data elements of each set, by calculating

the average values in terms of the ratio to the standard deviation. In both sets of analyzed data, calculated FFT levels whic
represent 5 systems of black hole binary have indicated clear level dependence that reveal the location of source positions
a region centered at the Sgr A within allowance range of 30 arc minute without disturbance effect of ionosphere. Because th
accuracy of detection by FFT is limited in their frequency resolution ability, we can expect much higher accuracy to decide the
source position in the stage of box car analyses to determine pulse form and accurate pulse periods.
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High-resolution Magnetohydrodynamic Simulation Code CANS+: Assessments and
Applications

# Yosuke Matsumoto[1]
[1] Chiba University

We developed a new MHD simulation code with the aim of providing accurate numerical solutions to astrophysical phenomene
where discontinuities, shock waves and turbulence are inherently important. The code implements the HLLD approximate Rie
mann solver, the fifth-order, monotonicity preserving interpolation scheme, and the hyperbolic divergence cleaning method fo
the magnetic field. This choice of schemes greatly improved numerical accuracy and stability, and therefore saved computation
costs in multi-dimensional problems.

In one-dimensional benchmark tests, including linear Alfven wave propagation and shock tube problems, adopting the spatiall
fifth-order scheme gave superior results as compared with the second-order scheme even additional computational costs arisi
from the higher order reconstruction were considered. In two-dimensional tests of the K-H turbulence, the Orszag-Tang vorte:
problem, and the magnetic reconnection, it was shown that CANS+ code enables to solve discontinuities including shock wave
and turbulence at the same time with high accuracy and stability. The test problem of the Parker instability also showed a higl
capability of solving very low-beta ("t@) plasma in which the numerical divergence errors of the magnetic field maintained
within reasonably low levels.

As an application of CANS+ code, we present global simulations of the accretion disk around a black hole. With a given initial
set up and grid resolutions, CANS+ code could follow a long-term evolution of the accretion disk in which the MRI and resulting
mass accretion into the black hole sustained for 50 rotational periods. The long-term evolution characterized by compressibl
MHD turbulence clearly benefited from adoption of the fifth-order scheme, while they quickly decayed in the results from the
second-order scheme owing to the strong numerical damping effects of the TVD property.
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HLLI-UCT: improving resolution of induction equation by HLLI approximate Riemann
solver and upwind CT method

# Kota Hirabayashi[1]; Takanobu Amano[1]; Masahiro Hoshino[1]
[1] University of Tokyo

The induction equation is one of the basic equations in the magnetohydrodynamics (MHD). Since this equation has the forn
of curl rather than divergence of its flux, not like in other conservation equations, the divergence of the magnetic field must be
preserved, and it should be zero due to nonexistence of a magnetic monopole. Any numerical scheme which breaks this constra
leads to spurious force along the local magnetic field and returns a physically incorrect solution.

A constrained transport (CT) algorithm is a feasible prescription to construct a divergence-free scheme by the use of staggere
arrangement for the magnetic and the electric fields, which guarantees that the divergence error is kept within machine precisio
As a CT method simply requires the electric field evaluated at cell edges, there has been several variants of the CT methc
depending on interpolation schemes for the electric field. An HLL-upwind CT (UCT) method is one of the most important
schemes, which enables one to construct a higher-order scheme by combination of an arbitrary interpolation method and an HL
approximate Riemann solver. As long as the scheme involves simple HLL averaging, however, one inevitably suffers from the
dissipative nature of the HLL Riemann solver, especially for high-beta plasmas. Recently, moreover, it has become clear that th
resolution of the HLL-UCT method cannot be improved simply by replacing the HLL scheme with other HLL-type, non-linear,
and high-resolution Riemann solvers such as HLLC, HLLR and HLLD. The problem arises from the fact that these non-linear
Riemann solvers cannot be separated into an averaging term and a dissipation term in contrast to the HLL scheme. This fa
leads the effect of the numerical dissipation to enter into the interpolated electric field twice, which is the so-called dissipation
doubling.

In this work, we made use of the idea that the dissipation doubling can be avoided by employing the recently proposed HLLI
approximate Riemann solver, where substructure of a Riemann fan is linearly reconstructed consistently with the eigensysten
By combining the HLLI method and the upwind CT technique, we developed an HLLI-UCT scheme. The use of our scheme
successfully overcomes the dissipative property of the original HLL-UCT scheme. Moreover, because the HLLI scheme does nc
rely on specific non-linear jump conditions, which are approximated in a heuristic manner in the case of a non-linear HLL-type
Riemann solver, it is also possible to apply the HLLI-UCT to other non-ideal MHD systems if the eigensystem can be obtained;
of course it can be obtained for any hyperbolic system. Examples include the kinetic MHD system with pressure anisotropy
which may play an important role in collisionless plasmas. Even in such a system for which a non-linear Riemann solver is not
developed, one can apply the HLL-UCT method straightforwardly. In our presentation, we will discuss the impact and some
technical details of the new HLLI-UCT scheme.
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Numerical simulation of helicon plasma discharge

# Shogo Isayama[1]; Tohru Hada[1]; Shunjiro Shinohara[2]
[1] ESST, Kyushu Univ; [2] Inst. Eng, TUAT

Helicon plasma is a high-density and low-temperature plasma generated by the electromagnetic (helicon) wave excited in th
plasma. The helicon plasma is expected to be useful for various applications. On the other hand, there still remain a number «
unsolved important physical issues on the helicon plasma. One of them is the abrupt transition of the plasma density (the helicc

jump) from the low -density (10 /m?3) to the high - density ("1 /m?3) regime as the input power is gradually increased.

Some theoretical models (K. P. Shamrai, 1997, F. F. Chen, 2007) predict that the transition of discharge modes is closely relate
to the stability of the steady state, in which the power absorbed and lost by the electrons is balanced. However, the physic:
mechanism behind the mode transition needs to be further investigated, since in previous models, such seemingly importa
effects are neglected as the plasma transport, spatial inhomogeneity of the plasma density and the electron temperature. In
present research, we study the mode transition process of the helicon discharge by constructing a fluid discharge model whi
includes the wave excitation, electron heating, the power balance between the absorbed energy and the energy loss, and

effects of plasma transport.
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Large-amplitude electromagnetic precursor waves in relativistic shocks

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

The origin of cosmic rays has been mystery for a long time in astrophysics. Diffusive shock acceleration in supernova remnant
is considered a plausible model for the origin of galactic cosmic ray. On the other hand, the acceleration mechanism of higt
energy cosmic rays is still far from fully understood. Recently Chen et al. (PRL, 2002) proposed the particle acceleration by
the large-amplitude Alfven waves in relativistic shocks as a model of the generation of ultra-high energy cosmic rays, basec
on the wakefield acceleration mechanism (Tajima and Dowson, PRL, 1979). Since then much attention has been given to tt
wakefield acceleration mechanism in astrophysical field. Lyubarsky (ApJ, 2006) suggested that large-amplitude electromagnet
precursor waves, which are excited in the shock front by synchrotron maser instability (Hoshino and Arons, PoP, 1991), induc:
the electrostatic field and argued that it may be responsible for the particle acceleration. Hoshino (ApJ, 2008) extended th
previous studies and demonstrated the efficient particle acceleration by the incoherent wakefields induced by the ponderomoti
force of the precursor waves in the upstream region of the shock wave by means of one-dimensional Particle-In-Cell (PIC
simulation.

In two-dimensional systems, however, several problems about the wakefield acceleration may arise because of the nature
the precursor wave. One is the problem of wave coherence of the precursor wave. The wave coherence is essential for i
ponderomotive force, which induces the wakefield acceleration. The precursor waves may overlap with each other, and the wa
coherency may be broken. Another problem is the generation of precursor wave under a competition between synchrotron mas
instability and Weibel instability. The growth rate of the synchrotron instability might get smaller than that in one-dimensional
systems due to the Weibel instability, and the amplitude of the precursor wave might be insufficient to cause the wakefielc
acceleration. Since the previous studies in one-dimensional systems could not solve these problems, we investigated in this stu
the nature of the precursor waves in relativistic shocks by using the two-dimensional PIC simulation and argue the possibility
of the wakefield acceleration in two-dimensional systems. Our simulations were performed with high spatial resolution in order
to capture the precursor waves because growth rates of the synchrotron maser instability at high harmonics are significant
large. We observed that large-amplitude, semi-coherent precursor waves were excited in two-dimensional, relativistic shocks ar
found that the amplitude of the precursor waves was large enough to induce the wakefield acceleration, even if Weibel instabilit
occurs. In this presentation, we compare two-dimensional simulations to one-dimensional simulations, and discuss the possibili
of wakefield acceleration in multi-dimensional, relativistic shocks.
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Nonlinear pitch angle scattering of small pitch angle electrons by whistler mode chorus
emissions

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

Chorus emissions are coherent whistler mode waves with frequency sweeping observed in the inner magnetosphere. Previc
ground-based and satellite observation have indicated that there is strong relation between chorus emissions and pulsating aurc
precipitation. Conventionally, it has been considered that electrons in the energy range from a few keV to tens of keV satisfy
the cyclotron resonance condition and are scattered toward the loss cone by whistler mode waves. Larger amplitude waves c
more effectively scatter the pitch angle of energetic electrons toward loss cone and contribute to the enhancement of the auror
precipitation. However, the simulation result of Li et al. (2015) indicates that small pitch angle particles tend to be scattered
away from the loss cone by whistler mode wave. While the nonlinear motion of resonant particles encountering a coherent wav
has been studied more than 40 years (cf. Omura et al., 1991), in the derivation of the equations, previous studies assumed snr
wave amplitude compared to the ambient magnetic figldB/sthe, 1971) and large pitch angle of energetic electrons (Nunn,
1974).

In this study, we derive the equations without both of the assumptions, and theoretically evaluate the additional term relatec
to the Lorentz force caused by the wave magnetic field and the parallel component of the velocity of a resonant particle. Fur
thermore, we carry out a test particle simulation and reproduce that the additional term plays a role of the pitch angle scatterin
away from the loss cone. In the simulation results of parallel propagating coherent waves with constant frequency, diffusion-like
scattering of resonant electrons is observed in the case of waves with weak amplitude (0.1 Y% ©hRBhe contrary, all of
resonant electrons are scattered in the pitch angle away from the loss cone in the case of waves with larger amplitude (mo
than 0.5 % of B). We also carry out simulations for the case of waves with frequency sweeping and find that particles near
the loss cone are more effectively scattered away from the loss cone by the wave with large amplitude (more than Q)7 % of B
Additionally, we calculate the motion of the large number of electrons and evaluate the variation of pitch angle distribution. As
a result, the wave intensity and the number of particles in the loss cone are not necessarily proportional. These results sugge
that the relation between chorus wave intensity and the flux of auroral electron precipitation is not straightforward and should be
investigated by considering the nonlinear effects.
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Electron-hybrid and MHD cross-reference simulations of whistler-mode chorus in
planetary magnetospheres

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

We carry out a series of electron hybrid and MHD "cross-reference” simulations for the study of the generation process of
whistler-mode chorus emissions in planetary magnetospheres. Chorus emissions are electromagnetic plasma waves commo
observed in planetary magnetospheres and are a group of coherent wave elements showing a variety of frequency shifts in tim
typically rising tones, occasionally falling tones, and sometimes observed as hiss-like broadband emissions. While the generatic
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], numerical experiments have revealed that nonlinear wave
particle interactions between chorus and energetic electrons play essential roles not only in generating chorus but in energizir
relativistic electrons. Since the nonlinear trapping of resonant electrons by chorus results in very efficient acceleration of trappe
particles, chorus should play significant roles in the energization process of radiation belt electrons in planetary magnetosphere
On the other hand, previous studies revealed similarities and differences of the spectral characteristics of chorus in planetal
magnetospheres, which has not 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. We use the Mt
code for the investigation of the range of variation of the spatial scale of the Jovian magnetosphere at the region of 15 Rj
where Rj is the radius of Jupiter, corresponding to the region where intense chorus emissions are identified by the Galile
spacecraft observations [Katoh et al., JGR 2011]. We use the results of MHD simulations as the initial condition of electron
hybrid simulations and reproduce the generation process of whistler-mode waves in the Jovian magnetosphere. By a series
electron hybrid simulations for different properties of energetic electrons at the equator, we clarify the condition for the chorus
generation in the Jovian magnetosphere. Our results can be applied to the condition of chorus generation in other planeta
magnetospheres.
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Rapid decay of nonlinear whistler waves in two dimensions

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

Decay of a nonlinear, short-wavelength, and monochromatic electromagnetic whistler wave in low-beta plasma is investigate
by utilizing a two-dimensional (2D) fully relativistic electromagnetic particle-in-cell code. It has been shown that the nonlinear
(large-amplitude) parent whistler wave decays through the parametric instability in a one-dimensional (1D) system. The preser
study shows that there is another channel for decay of the parent whistler wave in 2D which is much faster than in 1D. Detailec

analysis of the decay process will be reported.
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Whistler Turbulence at lon and Electron Scales: Particle-In-Cell Simulations

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

At magnetohydrodynamic (MHD) scale, power-law spectrum of magnetic fluctuations in the solar wind is similar to the Kol-
mogorov spectrum for a hydrodynamic spectrum with an index -5/3. The MHD turbulence cascades the fluctuation energy intc
shorter scales, and supplies fluctuation energy into kinetic turbulence where the MHD approximation is no longer valid. The
kinetic turbulence is expected to consist of some kinds of fluctuations, which are kinetic Alfven waves, whistler waves, and non-
linear structures. Important issues of the kinetic turbulence are, how the MHD turbulence is converted into the kinetic turbulence
what fluctuations have a key role in the kinetic turbulence, and how they are dissipated and scatter plasma particles.

In this study we focus on cascade of whistler turbulence from ion scales to electron scales. We demonstrate nonlinear develo
ment and the dissipation of the whistler turbulence by using two-dimensional fully kinetic particle-in-cell simulations. We found
a power-law spectrum of magnetic fluctuation with a power-law index -2.5 at ion scales, which is predicted by a scaling law
discussed in Narita and Gary (Ann.Geo 2010). At electron scales, the spectrum clearly shows a steeper spectrum than ion scal
which is evidence that whistler turbulence at electron scales is dissipated through wave-particle interactions. We will discus:
nature of whistler turbulence at ion scales and dissipation process at electron scales.

[1] Y. Narita and S. P. Gary (2010), Inertial-range spectrum of whistler turbulence, Ann. Geophys., 28, 597-601.
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Fractional convection diffusion model for the cosmic ray transport

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

Transport of cosmic rays (energetic particles) in a turbulence field remains to be an important issue, both from astrophysical an
nonlinear science points of view. In particular, it is known that the transport in a plasma with large amplitude MHD turbulence can
exhibit properties of non-gaussian statistics. A natural formalism to model such anomalous transport processes is the fraction
diffusion equation, in which the time and/or spatial derivative contain fractional differentiation operators. In this presentation, first
we briefly introduce the idea of the fractional differentiation/integration operators, and explain how to evaluate them numerically.
Then, as an important application of this model, we discuss the diffusive shock acceleration process by solving numerically the
fractional convection diffusion equation. The results will be compared with those obtained by test particle simulations using sub-
and super- diffusive particles. Possible applications of the present model to other high-energy astrophysical phenomena will b
discussed as well.
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Dust Enrichment process by streaming instability in the dust layer of a protoplanetary
disk

# Ryo Hasegawa[1]; Masaki Fujimoto[2]
[1] Geosciences, Tokyo Univ.; [2] ISAS, JAXA

The formation process of planetesimals is one of the most important unresolved problems in our understanding of the origit
of the solar system. Understanding the process is crucial for our universal understanding of planetary system formation as wel
Protoplanetary disks, where the planetary system formation process is taking place, are made up of gas and dust and the du
to-gas mass ratio is around "0.01 overall. This led previous research on the planetesimal formation to consider only the effect
of gas on the dust motion but to neglect the back-reaction from dust to gas dynamics. Recent studies, however, has propos
the scenario that the streaming instability, excited by the velocity gap between gas and dust in the presence of gas presst
radial gradient, may create concentrated dust patches that may become seeds for the self-gravitational instability which fornr
planetesimals. In particular, the streaming instability is enhanced strongly when the local dust density is comparable or highe
than that of the gas. This leads to the recognition that it is necessary to consider precisely the interaction between gas and dust
the dust layer where dust density is enhanced due to vertical precipitation onto the disk plane.

In this study, to take the interaction between gas and dust into account, we perform hybrid simulations, where gas and dus
are treated as fluid and particles, respectively, and the dust-to-gas mass ratio is set to be "1 in the dust layer. A focus is give
to investigating the relationship between the stopping time of dust particles and dust enrichment resulting from the streamin
instability.
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Secondary instabilities in the collisionless Rayleigh-Taylor instability: Full kinetic
simulation

# Yasutaka Wada[1]; Takayuki Umeda[2]; Shinobu Machida[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.

The Rayleigh-Taylor instability (RTI) is a well-known hydrodynamic instability in neutral fluid as well as in magnetized
plasma, which grows at an interface between two fluids when a light fluid supports a heavy fluid against an external force sucl
as gravity. In previous studies, various numerical simulations for the RTI have been performed by using the MHD code, the Hall
MHD code, the Finite-Larmor-Radius MHD code and the hybrid particle-in-cell code. In this study, the nonlinear evolution of
the RTI at a density shear layer transverse to magnetic field in collisionless plasma is investigated by means of a fully kinetic
Vlasov simulation with two spatial and two velocity dimensions. The primary RTI in the MHD regime develops symmetrically in
a coordinate axis parallel to gravity as seen in the previous MHD simulations. Small-scale secondary instabilities are generate
due to secondary density/velocity shear layers formed at the nonlinear stage of the primary RTI. The secondary instabilities tak
place asymmetrically in the coordinate axis parallel to gravity. It is suggested that these secondary instabilities correspond to tt
electron Kelvin-Helmholtz instability generated by the electron velocity shear, whose evolution depends on the sign of the innel
product between the magnetic field and the vorticity of the velocity shear layer.
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Multi-dimensional wave-number spectra of solar wind MHD turbulence with the finite
cross-helicity: A phenomenology

# Yasuhiro Nariyuki[1]; Yasuhito Narita[2]; Shinji Saito[3]
[1] Faculty of Human Development, Univ. Toyama; [2] IWF; [3] Nagoya Univ.

Although the magnetohydrodynamic (MHD) turbulence in the solar wind has been extensively discussed for several decade
from the observational and theoretical points of view, the consensus of the community on the statistical law has not been achieve
yet. One of the significant alienated points between observational and theoretical studies is the existence of the finite cross h
licity in the solar wind, which is not consistent with the well-known standard phenomenology of the MHD turbulence (Goldre-
ich+Sridhar, ApJ, 1995; Boldyrev, PRL, 2006). While some authors proposed the several models including the finite cross helicity
(e.g., Chandran, ApJ, 2008; Podesta, POP, 2011), those models are also not consistent. On the other hand, Narita (AnGeo, 20
recently proposed the multi-dimensional wave-number model, which agrees with the past phenomenology (Goldreich+Sridhal
ApJ, 1995) through the integration. The important advantage of the multi-dimensional model is that it expresses each wav
number mode of the anti-sunward/sunward propagating waves clearly, which should be parameterized in the one-dimension
perpendicular wave number spectrum using the cross-helicity. In this presentation, we demonstrate that the phenomenolog
including the finite cross-helicity can be obtained as a natural extension of Narita’s model. We also discuss the influence of th
cut-off scale of the wave-number spectra, which can make the pseudo-breaking point in the one-dimensional spectrum.
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Simulation study of the asymmetric magnetic reconnection in the shear flow

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

Asymmetric magnetic reconnection is studied using MHD simulations on the basis of the spontaneous fast reconnection mode
Assymetric magnetic reconnection with shear flow and shear field commonly occurs at planetary magnetopause. It is believe
that these shear field and shear flow prevent reconnection process. In this study, particularly, the effect of the shear flow is studie
in detail.
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lon dynamics and Hall field structure in large-scale steady magnetic reconnection

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

We investigate the ion dynamics and the Hall electric and magnetic field structure in the large-scale steady fast magnetic recol
nection of antiparallel fields using hybrid simulations. The Hall field is induced by the currents due to the ion-electron dynamics
in the diffusion region. The Hall field structure expands within the ion reconnection jet whose width increases monotonically
with increasing distance downstream away from the diffusion region. The leading edge of the Hall field propagates farther away
in the pre-existing plasma sheet boundary layer. We discuss a cause-effect relationship between the ion dynamics and the H

field structure in the large-scale steady fast magnetic reconnection.
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Triggering of explosive reconnection in a thick current sheet by temperature anisotropy
boosted tearing mode

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

It has been widely believed that collisionless magnetic reconnection is triggered when the current sheet thickness thins an
becomes comparable to the ion larmor/inertia scale. Here we challenge this argument by performing two-dimensional kinetic
simulations of magnetic reconnection triggering. In the simulations, the current sheet subject to reconnection is filled with
plasmas having temperature anisotropy and its thickness (L) is larger than the ion scale. Previous studies showed that the grow
rate of the tearing mode is enhanced by the anisotropy and the current sheet with L=1, in which the ordinary tearing mode i
not effective in triggering vigorous reconnection, is destabilized by the temperature anisotropy boosted tearing mode. What w
newly show here is that the temperature anisotropy boosted mode seeds explosive magnetic reconnection even when the init
current sheet thickness is made more than an order of magnitude thicker. The highlight results are: (1) the mass ratio is not ¢
issue in this study allowing us to explore the unprecedented large-L case mentioned above, and (2) the maximum reconnectic
rate has no dependence on the initial sheet thickness and peaks at 0.2 (in the widely used normalized unit). We also discuss t
physical process through which the non-linear tearing instability evolves into explosive magnetic reconnection.
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Test particle simulation on generation of plasma acceleration region by external rotating
magnetic field

# Kento Matoba[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] Kyushu University; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

For long-term space missions such as exploration of outer planets, electric thrusters are considered useful because of th
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 directly with the plasma. Among a few types of the proposed next generatiol
thrusters, we are dealing with the concept utilizing the Rotating Magnetic Field (RMF), which has been first developed for an
application to the plasma confinement in the field-reversed configuration. In the RMF, the transverse magnetic field drives the
azimuthal electron current, which in turn pushes the plasma via the Lorentz force in a presence of radial component of the
background magnetic field.

In the present test particle simulation study, we provide the magnetic field by superposition of the RMF and the backgrounc
divergent magnetic field created by a series of ring currents. The electric field is given in accordance with the time evolving RMF.
The angular frequency of the RMF is chosen so that only the electrons but not the ions can follow the rotation, so that the resultar
electric current produces the Lorentz force perpendicular to the magnetic field. Due to the inhomogeneity of the background fiel
and the finite width of the region where the RMF is applied, the Lorentz force is expected only in a spatially limited area. By
performing the test particle simulations with varying such parameters as the RMF strength, RMF angular frequency, and the
background magnetic field configurations, we will discuss how the acceleration region can be most efficiently produced.

BEHESORMM I v > a VBV T, (LEHEERRD & LEEEHE ) ORBICHY) D EnESHEERBE N FEE I
TWb, —f. AA YT I Vi EDRZOBELHEERB DZ IIWERICED Tz DEME S, T NAHIE L 7= 1ff
TEhL T E EEERNT 2 C L TEMBEREZE U720, HEERBEOEMMNHIRE NS, COBIRZEE A, Bz NEBic
B EIRWVIEEM O XA ESHEERR & LT, B4 R (RMP) R ONEEREIC DOV TG 217> TE T,
DT, TS XIS U T2 Dl & il 7 ml [mEEVSRESZ NS 2 2 & T, 79 A REBICE T MO EH
BLEREALT 5, THUIMEE7E THIS NIz RIS K 2 REGHHRENLD 7S A TiAS (FRC) D5k s
FAEDOEDTH S, THIC, RGO RTOMIGKRD EREENEFEREOT—L Y HICK D, #THROE
HHEE N 21595,

AWFZE TR, BUERHEN TRIEERE 200, BRERZ EECE R 7RO FREBWES 2 A . RMF BUhdERAE 2 [ 9 %,
BFBIGIE RMFICHIET 28D E 52 %, B FORDEFRIGEMNTE S K 91 RMF [BIEEE R ES, EOME#HNc kD
BrERNMEEN, IO —L Y RS %, RGO IE—HM: & RIHERS DR 5 N 7= D A H
Tk, B—L Y HRET AHEEE REMNICE 2139 TH S, [HHRNIEOEIRE. 8. FEES D% )<
FTA=RL L, BRI a—-L Y NEEZ1HDINT A—ZDEREITI,



R008-P05 215 Poster BER9: 118 21H

TS B R AN L E PEOELRERE) 7 0 AOEIMEEMHD 2 2 L— g3 v

¢ BF— 805 [0]; DO BN [1]; <# PR R [2]; 34 5 [3)
[1] HEILA - B - HUERYIEL [2] SCICA - B - i, (3] LA+ T - fizesi

MHD simulation of transition process from MRI to turbulence by using a high-order
MHD simulation scheme

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

In accretion disks, magneto-rotational instability (MRI; Balbus &amp; Hawley, 1991) makes the disk gas in the magnetic
turbulent state and drives efficient mass accretion into a central star. MRI drives turbulence through the evolution of the parasiti
instability (Pl; Goodman &amp; Xu, 1994), which is related to both Kelvin-Helmholtz (K-H) instability and magnetic reconnec-
tion. The wave number vector of Pl is strongly affected by both magnetic diffusivity and fluid viscosity (Pessah, 2010). This
fact makes MHD simulation of MRI difficult, because we need to employ the numerical diffusivity for treating discontinuities in
compressible MHD simulation schemes. Therefore, it is necessary to use an MHD scheme that has both high-order accuracy
as to resolve MRI driven turbulence and small numerical diffusivity enough to treat discontinuities.

We have originally developed an MHD code by employing the scheme proposed by Kawai (2013). This scheme focuses ol
resolving turbulence accurately by using a high-order compact difference scheme (Lele, 1992), and meanwhile, the scheme tre:
discontinuities by using the localized artificial diffusivity method (Kawai, 2013). Our code also employs the pipeline algorithm
(Matsuura &amp; Kato, 2007) for MPI parallelization without diminishing the accuracy of the compact difference scheme.

We carry out a 3-dimensional ideal MHD simulation with a net vertical magnetic field in the local shearing box disk model.
We use 256x256x128 grids. Simulation results show that the spatially averaged turbulent stress induced by MRI linearly grow:
until around 2.8 orbital periods, and decreases after the saturation. We confirm the strong enhancement of the K-H mode Pl
a timing just before the saturation, identified by the enhancement of its anisotropic wavenumber spectra in the 2-dimensione
wavenumber space. The wave number of the maximum growth of Pl reproduced in the simulation result is larger than the linea
analysis. This discrepancy is explained by the simulation result that a shear flow created by MRI locally becomes thinner an
faster due to interactions between antiparallel vortices induced by K-H mode PI, and this structure induces small scale wave
which break the shear flow itself. We report the results of the simulation, and discuss how the saturation amplitude of MRI is
determined.
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PIC Simulations of Wave-mode Conversion in Space Plasmas

# Miroslav Horky[1]; Yoshiharu Omura[2]
[1] Czech Academy of Sciences (RISH Kyoto Univ.); [2] RISH, Kyoto Univ.

Bernstein modes are electrostatic waves in plasmas propagating perpendicularly to an external magnetic field [1]. They hav
characteristic frequencies close to the electron cyclotron frequency/upper hybrid frequency and its harmonics. The Bernstei
waves can couple with electromagnetic waves (like whistler mode chorus) on density irregularities. It means that the electromag
netic wave can scatter on such an irregularity to the electrostatic mode [2,3]. It was proposed that similar mechanism might exis
for direct scattering of electrostatic mode to electromagnetic mode [4]. In this contribution we study scattering of the electron
Bernstein wave modes to electromagnetic L-O mode using 2D-3V electromagnetic PIC code which allows us to analyze bott
the longitudinal electrostatic waves and transversal electromagnetic waves. Our results are compared with observational resu
described in [4] since authors suggest this mechanism as a source of wideband nonthermal radiation.

References:

1. T. H. Stix, Waves in Plasmas, Springer-Verlag, 1992.
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3. B. Eliasson, K. Papadopoulos, Numerical study of anomalous absorptionof O mode

waves on magnetic field-aligned striations, Geophys. Res. Lett., 42, pp. 2603&amp;#8211;2611,
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4. S. Grimald, O. Santol&amp;iacute;k, Possible wave modes of wideband nonthermal continuum
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Nonlinear dynamics of electrons interacting with oblique whistler-mode chorus in the
magnetosphere

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

We perform test particle simulations for relativistic electrons interacting with a whistler-mode chorus packet propagating at
oblique angles. By confirming that the energy transport of oblique lower-band chorus is nearly along the ambient magnetic field
we apply the gyro-averaging method in calculating equations of motion of electrons. We trace evolution of a delta function of
relativistic electrons in a phase space of kinetic energy and equatorial pitch angle, and obtain numerical Green’s functions ¢
the chorus wave patrticle interactions. Examining the Green’s functions in a wide range of kinetic energies, we find that Landat
resonance can accelerate MeV electrons efficiently, and that higher n-th resonances such as n = -1 and n = 2 also contribute
acceleration of electrons at high equatorial pitch angles (*70 degree) and high energies ("2 MeV). We investigate the rate of ener
gain of the cyclotron resonance acceleration and the Landau resonance acceleration, and find that the perpendicular componen
wave electric field dominates both accelerations for MeV electrons. Furthermore, the proximity between the parallel component
of Vp and Vg of oblique whistler-mode waves and the nonlinear trapping condition make the interaction time of Landau resonance
much longer than that of n = 1 cyclotron resonance, resulting in efficient acceleration of MeV electrons.
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3D Electromagnetic Particle Simulations about the Low Frequency Component of BEN

# masaya saji[1]
[1] Information System, Toyama Pref. Univ.

According to PIC simulations, ESW (Electrostatic Solitary Waves) are generated from electron beam instabilities. ESW
correspond the upper frequency component of BEN (Broadband Electrostatic Noise) which is frequently observed in spact
plasma. The generation mechanism of the low frequency component of BEN, however, is still unexplained. We went a statistica
analysis of the low-frequency component of the BEN, was investigated it prone magnetic field strength, ion density and ion
temperature of the relationship, however, could not be confirmed. So the results of the analysis on the assumption PSBL regio
The low frequency component of BEN is two kinds of conditions, which the magnetic field strength and ion density are both
high or both low Then, based on these statistical analyses, we are going to perform a series to reproduce PSBL region
three-dimensional electromagnetic particle simulations with different parameters, and clarify the generation process of the lov
frequency component of BEN.

CNETIC, BEN DIKEERDD, ZOEEWKT ThH D ESW & FIFRIC ©— LARZE MO IERRIIE T E OfS Rihte £
NBEWVHEICHDE, E— LAZENN S DA BEICICBE T % 2 otk - 2 aLb—a Y z2fro . Z 0k
R, WSHCEE T MOA A RE AR L OBRIZRENTZD, C— LA ZLEN & BEN OB & Ok
BRIIESRTE D >z, ZFT T Geotailff BICHEH I N TV EFHHEE (EFD) I & - THEIEIE Nz BEN OfKE R
TS DWTHEGHIENT 21TV, BEN OFE LT WEGRIE & A 4 V&E - A4 ViREOBGRZHAE L. LML, #8
HIBEES 1T K 2 AT CLIABHRE R BR A TR T X I > Tz, 2 T BEN ORI M E Bl E N T\ % PSBLEE ZE
EUTHNT 2 T 2. #5538, BENRER SRR & 4 4 v mENHIcEmy, & LI v 2 kDS
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Numerical simulation of virtual Thomson scattering measurement of non-equilibrium
laboratory plasmas

# Nodoka Katsuki[1]; Shuichi Matsukiyo[2]; Tohru Hada[3]
[1] Earth System Science and Technology, Kyushu Univ; [2] ESST Kyushu Univ.; [3] ESST, Kyushu Univ

Recently, a variety of high energy phenomena in space have been successfully reproduced in laboratories by using high pow
laser facilities. We have performed the laboratory experiment on collisionless shocks by using Gekko XlI high power laser in
collaboration with the Institute of Laser Engineering (ILE) at Osaka University. To measure the local plasma quantities in the
shock transition region, collective Thomson scattering (CTS) measurement is utilized. The CTS is the elastic scattering of low
frequency and long wavelength incident electromagnetic waves by collective oscillations of plasma electrons. The spectrum ¢
the scattered waves enables us to infer the local plasma quantities such as the streaming speed of the plasma, electron den:
electron and ion temperature, the valence of ions, etc, as functions of local position along the path of the incident probe lase
light. If the plasma is nearly in thermal equilibrium, scattered wave spectrum typically has two double-peaks called electron anc
ion features. The electron (ion) feature is produced when an incident wave is scattered by Langmuir (ion acoustic) waves. O
the other hand, the CTS theory in a non-equilibrium plasma has not been established. In the foreshock region a back-streami
plasma is often observed as a beam by which beam instability is easily generated. Although the electron feature is usually to
weak to be detected in an equilibrium plasma, it maypossibly be enhanced by the beam instability in the foreshock. Here, we tr
to diagnose the non-equilibrium plasma in the shock transition region from the characteristics of electron feature.

In this study the CTS in a non-equilibrium plasma is numerically simulated to directly compare with experimental results.
First, PIC simulation is performed to reproduce a beam instability occurring in the vicinity of a shock wave. The obtained data
of electron density fluctuations is incorporated into the wave equation of the scattered waves of the CTS. The wave equation i
solved with an arbitrary time resolution which can be much finerthan that typically used in PIC simulations. Here, we discuss
modification of the electron feature of the CTS spectrum due to the effect of ion beam instability expected to occur in the
foreshock region. An eminent modification is the amplified asymmetric electron feature, when the beam velocity normalized to
electron thermal velocity is 5 and 10. As the beam velocity becomes sufficiently large, the amplified electron feature has a wide
spectrum due to nonlinear effect of the beam instability. Details of parameter survey in terms of the beam velocity, relative bean
density, temperature, and so on, will be reported. If possible, the comparison with the results of Gekko XII experiment plannec
in October will also be reported.
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Structure of electrostatic shocks produced in high power laser experiments

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

We have performed high power laser experiment on collisionless shocks by using Gekko XlI laser at Osaka University. In the
experiment an electrostatic shock is produced by irradiating a target Aluminium foil with the Gekko XII hyper laser in a chamber
filled with 5 Torr Nitrogen gas. When the target foil is ablated, strong radiation is emitted and fully ionizes the surrounding
Nitrogen gas. In such a situation a relatively hot and dense target plasma sweeps a relatively cool and tenuous gas plasma. A
result, an electrostatic shock wave is formed in the gas plasma.

While the shock formation scenario based on the above fluid-like viewpoint has been accepted, the detailed process with
kinetic point of view has not been understood. In this study the interaction between a target and a gas plasmas is reproduce
by using a full particle-in-cell simulation. Initially, two different plasmas are contact, where the gas plasma is at rest and the
target plasma has a finite bulk velocity in the direction pressing the gas plasma. Although the two plasmas are initially separatec
strong electrostatic instability leads to mixing of the two plasmas. In the region initially filled with the gas plasma a sharp density
jump is formed and propagates away from the target with a supersonic velocity, i.e., a shock wave is formed. The electron an
ion foreshocks are produced in front of the shock. The foreshocks are turbulent due to the beam instabilities generated locall
Detailed electron and ion distribution functions are also discussed.
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Numerical simulation of plasma detachment

# Kohei Suzu[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ.; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

Recent space exploration projects are highly developed both in terms of scientific objectives and technologies involved. Ac
cordingly, electric thrusters with long time duration and high performance are considered indispensable, in particular for long-
term space missions such as those to outer planets. The performance of many of the conventional electric thrusters (e.qg., i
engines) is limited by electrode wastage due to the direct contact of the electrodes with plasma. In order to overcome this dif
ficulty, we are involved in research and development of electrodeless thrusters, in which there is no direct contact between th
plasma and the electrodes.

One of the central issues of the electric thrusters is the plasma detachment, the process where the accelerated plasma tra
far away and &quot;detached&quot; from the magnetic field originating from the thruster. If the plasma remains guided by the
magnetic field, it does not escape into free space and no thrust will be obtained as a result.

In order to identify the conditions where the detachment takes place and also to understand the physics of the plasma detac
ment in detail, we are performing computer simulations of the plasma detachment using PIC (Particle-In-Cell) code. First we
produce the diverging magnetic field by a pair of d.c. currents, a continuous stream of both electrons and ions are provided ¢
a central region of the simulation domain, imitating the acceleration region of the thruster. Plasma flows from the region with
intense magnetic field to the region with weak magnetic field, which is similar to the transition of the solar wind from sub-sonic
to super-sonic to the Alfven speed. The plasma with enough initial motional energy density can drag the magnetic field anc
eventually escape from it as the ions become un-magnetized. We show under what conditions the plasma can be detached frt
the thruster, and also discuss details of the particle orbits and a curious wavy structures observed in electron trajectories.
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Parameter characteristics of a conservative and non-oscillatory scheme in Vlasov
simulations

# Naru Tsujine[1]; Takayuki Haruki[2]; Yasuhiro Nariyuki[3]; Takayuki Umeda[4]
[1] University of Toyama; [2] University of Toyama; [3] Faculty of Human Development, Univ. Toyama,; [4] ISEE, Nagoya
Univ.

Vlasov simulations are noiseless methods for directly simulating the development of the distribution functions in phase space
There are a number of methods for interpolating numerical fluxes at the time update of the distribution functions. Among them,
a conservative and non-oscillatory scheme called Positive Interpolation for Conservations (PIC) is a particularly powerful tool.
A limiter function is introduced in this scheme, which preserves the mass conservation, non-oscillatory and positivity of the
distribution functions. However, the limiter function has a number of parameters that needs to be carefully chosen. In this
research, we perform Vlasov simulations using simple models and discuss the relationship between conservation laws such
the entropy conservation and the chosen set of parameters.
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