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Quaternion Expression of Gyrokinetics

# Tadas Nakamura[1]
[1] FPU

https://www.fpu.ac.jp/facultymembers/tadas.html

It is known J.C. Maxwell used Hamilton’s quaternions to express Maxwell equations in his masterpiece &quot;Treatise on
Electricity and Magnetism.&quot; The theory of vector analysis, which is familiar to us in modern physics, is developed a little
after that by W. Gibbs and O. Heaviside. At the end of the 19th century and the beginning of the 20th century, there arises «
heated controversy on this topic. Which is the better description of electromagnetism: the Gibbs/Heaviside’s vector analysis o
guaternions?

It turned out more and more physicists prefer the vector analysis and few people pay attention to quaternions in the latter ha
of the 20th century. However, quaternions resurrect in the 21th century in connection with computer graphics; the quaternion i
found to be suitable to calculate 3 dimensional rotations in games or movies. Now more and more computer engineers learn tt
theory of quaternion for this purpose.

This fact suggests quaternions are suitable to express something related rotations, whereas vectors are good for parallel trar
tion. In the controversy of quaternion vs vector analysis, it is regarded as a disadvantage of quaternions that square of its vect
component becomes negative. However, this is reasonable when we consider a quaternion represents rotation. When we expr
2 dimensional rotation by an ordinary complex number, the fact that the square of its imaginary part becomes negative corre
sponds to 180 degree rotation. A similar interpretation is possible for quaternions and negative square of the vector compone
(imaginary component) is understandable in the same way.

Provided that quaternions are suitable for rotations, it is expected they are useful to express particle gyration in magnetize
plasmas. The gyration in a 2 dimensional plane is often expressed by a complex exponential function in plasma physics. It cank
extended to 3 dimensional case when we introduce quaternions to express rotations. The exponential function of quaternions b
comes considerably complicated due to the their anti-commutable nature and we need to use Baker&amp;#8211;Campbell&amj
formula for multiplications. This complication is essential to express the complicated nature of 3 dimensional rotations. Appli-
cations to numerical calculations and drift approximations will be discussed in the talk.
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Phenomenological description of a plasma obeying non-gaussian statistics

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

Space plasma is tenuous and collisionless, and thus the description of the space plasma using classical fluid formulation c:
be justified only for a limited range of time and spatial scales. However, since this 'limited range’ spans over many orders of
magnitude, the fluid formulation has been successful in explaining the majority of space plasma phenomena of our interes
On the other hand, there also exist important phenomena where the classical fluid formulation fails to describe, for example
transport of cosmic rays where their scattering statistics by MHD turbulence can be non-Gaussian, phenomena within Deby
scales or non-neutral plasma where the presence of long-range interaction is essential. Based on this perspective, we introdt
our recent attempt to describe the complex behavior of space plasma that obeys non-Gaussian statistics. The evolution equatic
naturally involve fractional differential/integral operators, representing the non-locality and the memory effect. There are a few
critical issues to be resolved, such as the non-physical evolution for the sub-diffusive regime and the non-unique definition of the
fractional derivatives. We will present a few concrete examples to discuss how the proper phenomenology should be defined fc
describing the evolution of space plasma.
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Theoretical analysis of feedback instability using gyrofluid model for magnetosphere

# Seiya Nishimura[1]
[1] Hosei Univ.

The feedback instability occurs in the coupled system of the magnetosphere and ionosphere, which is a theoretical modt
explaining the spontaneous development of the quiet aurora arc. In this study, we extend the model of the magnetosphere
the gyrofluid model used in the study of the magnetic confinement fusion plasma. This extension makes it possible to properl
discuss kinetic effects on the feedback instability in the framework of the fluid model. Using the derived model, the linear
stability analysis of the low-frequency feedback instability is performed. It is found that high-wavenumber modes are strongly
affected by the kinetic effects. In particular, the stabilizing effect of the electron Landau damping is dominant and stronger for
the high-parallel-wavenumber modes. This result indicates that a mode with the smallest parallel wave number primarily grow:s
during the spontaneous development of the quiet aurora arc.
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Analysis of feedback instability in the M-I coupling system with inhomogeneity of
field-line length

# Ryo Ito[1]; Tomo-Hiko Watanabe[2]; Shinya Maeyamal2]
[1] Science, Nagoya Univ.; [2] Dept. Physics, Nagoya Univ.

Aurora that colors the polar night has attracted people from ancient times. However, the physics mechanism is still unsolved
and various studies are still in progress. A possible model that explains spontaneous development of auroras is the feedba
instability. Physics essence of the feedback instability is a resonance of the Alfven wave propagating in the ionosphere.

In the previous research(T.-H. Watanabe 2010), for the sake of simplicity, the length of the earth’s magnetic field lines was
assumed to be uniform, but in reality, it is not uniform. Purpose of our research is to reveal what influences on the feedbacl
instability arise by means of the realistic magnetic configuration. As the first step, following the previous research(T.-H. Watan-
abe), we investigate the case with the uniform field-line length as an linearized initial value problem. While the previous researct
focused on the eigenmode solution, existence of the eigenemode is not guaranteed in the inhomogeneous field-line length ca
Therefore, we developed a new formulation by means of the Laplace transform, and find a solution stating from an arbitray initial
condition. In this formulation, the eigenmode is represented in terms of a pole in the inverse Laplace transform. We are currentl
revisiting the previous study by means of the new approach, and promoting comparison with a result of linear simulation tha
numerically solves the initial value problem. Then, we will promote the calculation by replacing the model with inhomogeneity
of the magnetic field-line length.
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Linear theory of tearing instability under uniform resistivity

# Tohru Shimizu[1]
[1] RCSCE, Ehime Univ.

The linear perturbation equations of the tearing instability derived in FKR theory (Furth, et.al., Phys. Fluids, 1963) and
Loureiro theory (Loureiro, et.al., Phys. Plasmas, 2007) are numerically examined as initial value problems, where the inner an
outer regions are seamlessly resolved under uniform resistivity. In this study, the uniform resistivity assumed in the outer regiol
plays an important role of essentially changing all the conclusions derived in those theories. First, it suggest that FKR theor
fails to find the higher growth rate solution. Second, the upper limit of the growth rate predicted in Loureiro theory modified by
the resistive MHD outer region is shown to be partially consistent with the growth rate in the beginning of each tearing instability
observed in the compressible and viscous MHD simulation of the plasmoid instability (PI) based on uniform resistivity. Finally,
the linear theory cannot directly support the existence of the critical Lundquist numlz$ 8P| based on uniform resistivity.

If $S_c$ exists, the basic mechanism of Pl must be fully nonlinear, a condition that is not studied in this paper.
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Pitch angle diffusion of electrons by oblique whistler waves

# Fumiko Otsuka[1]; Mitsuo Oka[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ; [2] SSL, UC Berkeley; [3] ESST Kyushu Univ.

Wave-particle interaction plays an important role in particle scattering process in collisionless plasma. Especially the pitch
angle diffusion is essential and fundamental to the energy and spatial diffusion processes. Electromagnetic whistler mode wav
have been observed near the Earth’s bow shock and in the Earth’s magnetosphere. These waves are thought to be responsible
the electron scattering (e.g., Oka et al., 2017, Wang et al., 2019). For obliquely propagating whistler waves, not only fundamente
cyclotron resonance, but also other resonances, such as transit time resonance, anomalous cyclotron resonance, higher-harm
cyclotron resonance can come into play (Terasawa and Matsukiyo, 2012).

In this presentation, we study the interaction between electrons and oblique whistler waves by performing test particle simu
lations. We specify the oblique whistler waves obeying cold plasma dispersion relation. We integrate the motion of relativistic
electrons in the given electromagnetic field, and evaluate the pitch angle diffusion coefficient. We compare the scattering pro
cesses for the monochromatic wave and multi-waves with broadband spectrum, and also discuss the dependence of the we
propagation angle relative to the background magnetic field. The results will be applied to understanding of the electron scatte
ing process in the Earth’s bow shock.
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Nonlinear Trapping Conditions of relativistic electrons interacting with whistler-mode
chorus emissions at oblique angles

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

We have derived explicit formulae of inhomogeneity factors controlling the nonlinear trapping conditions for Landau and
cyclotron resonances to analyze nonlinear wave trapping and associated acceleration of energetic electrons by an obliquely prc
agating chorus element generated at the magnetic equator. In evaluating the frequency sweep rate of the chorus element
observed at fixed positions, we assumed the quasi-parallel propagation. We find efficient acceleration of relativistic electron:
by nonlinear trapping at Landau resonance with obliquely propagating whistler-mode chorus emissions. The acceleration is du
to the perpendicular component of the wave electric field rather than the parallel electric field. We performed test particle sim-
ulations to confirm that nonlinear wave trapping by both Landau and cyclotron resonances can take place for a wide range ¢
energies, resulting in efficient acceleration of relativistic electrons.

Reference:

Omura, VY., Hsieh, Y.-K., Foster, J. C., Erickson, P. J., Kletzing, C. A., &amp; Baker, D. N. (2019). Cyclotron acceleration
of relativistic electrons through Landau resonance with obliquely propagating whistler-mode chorus emissions. Journal of Geo
physical Research: Space Physics, 124, 2795&amp;#8211,2810. https://doi.org/10. 1029/2018JA026374
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Multi-state AUSM-type scheme for magnetohydrodynamics

# Takashi Minoshima[1]; Keiichi Kitamura[2]; Takahiro Miyoshi[3]
[1] JAMSTEC; [2] YNU; [3] Phys. Sci., Hiroshima Univ.

The magnetohydrodynamic (MHD) simulation has been extensively employed to study nonlinear dynamics in space and as
trophysical plasmas. To capture high speed flows, discontinuities, and shocks in these plasmas, many modern MHD simulatic
codes are based on upwind schemes (Godunov methods, flux difference splitting methods, and flux vector splitting methods
Numerous studies have been devoted to develop robust and accurate schemes for MHD simulations. In particular, Miyoshi ar
Kusano (2005) developed the HLLD scheme that can capture the fast mode shock, the rotational discontinuity, and the conta
discontinuity. By virtue of its high accuracy and robustness, the scheme becomes a de fact standard for MHD simulations o
space and astrophysical plasmas.

The Advection Upstream Splitting Method (AUSM; Liou et al.1993) and its variants (e.g., Liou 1996) have been developed to
solve the Euler equation in aerodynamics. The AUSM-type schemes are alternative to other upwind schemes (Godunov, FD:!
and FVS), in order to improve accuracy, robustness, and computational efficiency. Recent AUSM-type schemes are formulate
to extend to all-speed regimes so that they can solve complex flow problems involving a wide range of Mach numbers (e.g., Liot
2006). The schemes are also known to be robust against a multidimensional shock anomaly at a high Mach number (carbunc
phenomena), whereas familiar multi-state Riemann solvers such as Roe and HLLC(D) schemes tend to suffer from it. Sinc
these advantages are quite useful for MHD simulations as well, the extension of the scheme has been proposed thus far (Han
al. 2009, Kitamura et al. 2019). However, their schemes are not designed to capture the rotational discontinuity, and thus th
accuracy may be insufficient to resolve the Alfven wave.

In this study, we propose a new AUSM-type scheme that can capture the multiple MHD discontinuities. The numerical flux is
split into mass flux, pressure flux, and magnetic tension flux that is proportional to the normal component of the magnetic field.
We derive the magnetic tension flux that is consistent with the HLLD solution so as to capture the rotational discontinuity. We
also modify the mass and pressure fluxes based on the Simple Low-dissipation AUSM (SLAU) schemes (Shima and Kitamur:
2011, Kitamura and Shima 2013), in order to improve the robustness against the shock anomaly and the resolution of low spee
flows. Various benchmark tests are conducted to evaluate the capability of the scheme. In particular, the scheme successfu
solves a multidimensional MHD shock without the anomaly. Details of the scheme and its performance will be presented.



R0O08-09 |5 BRYG AFEZEEI) B¥R: 10 B 24 H 16:00-16:15

EEERI RPN OIS A - & UToEt

# REP 2244 [1)
[1] 5K - B

Eigenvalue Problem Formulation for Linear Kinetic Plasma Dispersion Analysis

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

The quality of space plasma measurements by in-situ spacecraft observations have been improved remarkably in recent yea
The high temporal, energy, and angular resolutions of distribution function measurements in space allows us to look into detaile
structures in velocity space. The distribution functions that deviate substantially from conventional Maxwellian or bi-Maxwellian
are now commonly observed in many space plasma environments. Similarly, non-Maxwellian distribution functions are found in
Particle-In-Cell (PIC) simulations as well.

Linear kinetic dispersion analysis has conventionally been performed assuming that the zeroth-order velocity distribution
function can be represented by a superposition of Maxwellian distribution functions. It is very well known that the linear
response for Maxwellian velocity distribution function is described by the standard plasma dispersion function. This allows us
to make use of the conventional methodology in plasma physics in pursuing linear analysis. However, if the distribution function
is far from Maxwellian, we need to adopt a different approach.

Another problem in conventional linear dispersion analysis is that it is essentially a root-finding problem. In other words, we
usually start with an initial guess and try to find a solution iteratively. If we know a good initial guess, the convergence to the
solution can be quite fast. Otherwise, we need trial and error with various (often randomly chosen) initial guesses. Since it is
difficult to find all the (physically relevant) solutions, in general, we can not prove whether or not the system is stable (i.e., no
mode with a positive growth rate) with this approach. Similarly, it is not easy to write a computer code that automatically surveys
physical solutions for a wide range of parameter space.

In this report, we present a formulation of kinetic plasma dispersion analysis as an eigenvalue problem. The advantage of th
eigenvalue problem formulation is that all the solutions (or eigenvalues) can be automatically obtained numerically without an
iterative root-finding procedure. The basic idea is to expand the linearized distribution function with an appropriate orthogonal
function basis that allows analytic continuation into the lower half of the complex velocity plane. As a proof of concept, we
present the result obtained for the simplest example of electrostatic waves in an unmagnetized electron plasma. We will als
discuss extensions of the method, including, multiple species, magnetized plasmas, electromagnetic waves, and non-Maxwelli:
distribution functions.
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A comparison of relativistic particle integrators in a fast magnetized flow

# Seiji Zenitani[1]; Tsunehiko Kato[2]
[1] Kobe U; [2] CfCA, NAOJ

The particle-in-cell (PIC) method is one of the most important methods to study complex plasma phenomena in space. Basi
frameworks and detailed numerical schemes for PIC simulation have long been established. For example, the Boris (1970) intt
grator to advance particles was proposed a half century ago. However, there is a renewed attention to basic numerical schen
for PIC simulation, in particular in particle integrators. For example, Vay (2008) and Higuera &amp; Cary (2017) have proposed
numerical schemes to preserve the force-free condition, E + V x B =0, which is ideal to study fast magnetized flows. The author:
have also proposed higher-accuracy extensions of the popular Boris scheme (SZ & Umeda 2018, SZ & Kato 2019).

In this contribution, we will present a comparison of various particle integrators for PIC simulation. Carrying out 14,000
long-term test-particle simulations, we have carefully checked particle motions in the electromagnetic field, which is relevant
to perpendicular shocks. We have found that the popular Boris solver numerically accelerates particles. The boost amplitude
proportional to (delta §«x2. One can suppress the boost by using higher-accuracy Boris-type schemes. The force-free scheme
are supposed to be free from the boost, however, surprisingly, we have found that the Higuera-Cary scheme often decelerat

particles. We will present second-order theories on the force balance and the angle accuracy to explain the numerical accelel
tion/deceleration.
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Extension of a gyrokinetic simulation code to dipolar geometries

# Tomo-Hiko Watanabe[1]
[1] Dept. Physics, Nagoya Univ.

A variety of space plasma phenomena in the Earth’s magnetosphere are related to magnetized plasma instabilities, such
the kinetic-ballooning instability and the trapped-particle driven instability, and share common physics processes with magnetic
fusion plasmas. The gyrokinetic equations have been widely used in theoretical and numerical studies on micro-scale (or kinetic
dynamics of fusion plasmas. Therefore, it is natural to consider application of the gyrokinetics to space plasmas as well.

We have developed the GKV code [1] for studying drift wave turbulence and zonal flows in tokamak and helical plasmas, and
has extended the code to dipolar geometries. The initial result for the ring dipole configuration shows destabilization of a drift
wave in the inner side of the torus. Figure shows the eigenfunction along the field line, the eigenfrequency and the linear growtl
rate of the ion temperature gradient mode in the zero beta limit. In the dipole configuration case, thus, that a stronger instabilit
drive is found near by the Earth side boundary. This is attributed to the assumption of a constant pressure along the field line
We are currently extending the theoretical and numerical models to incorporate the non-uniform pressure distribution, and ar
applying the gyrokientic code to shear Alfven wave resonance.

[1] T.-H. Watanabe and H. Sugama, Nucl. Fusion 46, 24-32 (2006).
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Experimental investigations on space and astrophysical phenomena with intense laser:

# Yasuhiro Kuramitsu[1]
[1] GSE, Osaka Univ.

We have been working on model experiments of space and astrophysical phenomena, such as collisionless shocks, magne
reconnections, and particle acceleration, using high power lasers. In laboratories, one can access the global structures of phenc
ena and the local information of plasmas in a controlled manner, and thus, the laboratory experiments can be a complementa
tool to investigate space and astrophysical phenomena. We report our recent progress on collisionless shocks and particle acc
eration in laser experiments together with the relevant numerical experiments.
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A theory of a non-relativistic electron acceleration by the stochastic shock drift
acceleration with a pitch-angle anisotropy

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

The acceleration of the cosmic ray is one of the important subjects in astrophysics. Galactic cosmic rays are believed to b
accelerated by the 1st order Fermi acceleration (e.g. Drury 1983) at a supernova remnant (SNR) shock. However, this accelerati
process is not efficient for non-relativistic electrons (with energi@deV). Then an alternative acceleration process of such
electrons is needed to explain observed electron fluxes at SNRs. This is called the electron injection problem. It has still bee
discussed.

We proposed the stochastic shock drift acceleration as a plausible acceleration model of non-relativistic electrons (Katou an
Amano 2019). This model takes into account both an adiabatic acceleration in the shock transition region and a stochastic pitcl
angle scattering by whistler waves. Our previous study showed that this model reproduces a power-law energy spectrum ar
cutoff energy consistent with in-situ observations at the Earth’s bow shock. However, we cannot discuss an electron distributior
around the cutoff energy since the assumption of an isotropic pitch-angle distribution, which is considered in previous model, is
not satisfied. In this study, we extend our model to include the dependence of an electron distribution on the pitch-angle. The
new model considers the dependence of the distribution function on energy, space, and pitch-angle. We use the numerical co
to solve the model equation. In this presentation, we discuss the spatial and pitch-angle dependence of distribution function ne
the cutoff energy and the dependence on macroscopic parameters (e.g. shock velocity and shock normal angle) of shocks.

FHEROIEZ, FHEYHRCE I 3 EELAT—<D—DTH 5. FHEO S b, iR LTINS & D, BHE
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WKHERE L, A1y B A T (HEIC B 2B FINERICOW TR 5. FTLLETIVTR, MEOETIVTEZ TV R)VF—
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Intense electromagnetic wave emission and associated particle acceleration in relativist
shocks

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

The acceleration mechanism for generating ultra-high-energy cosmic rays (UHECRS) is one of the most important unsolvet
problems in astrophysics. Relativistic shocks in extragalactic astrophysical objects such as jets from active galactic nuclei (AGNs
and gamma-ray bursts (GRBs) are considered as efficient acceleration sites and commonly proposed sources for UHECFK
Observations of anisotropy in the arrival direction of the UHECRS favor the extragalactic origin.

In relativistic shocks, large-amplitude electromagnetic waves are excited by synchrotron maser instability (SMI) in the shock
transition and propagate upstream (Hoshino &amp; Arons 1991). The precursor wave emission via the SMI is widely studied by
means of 1D particle-in-cell (PIC) simulations. Hoshino (2008) demonstrated that the pump electromagnetic wave decays int
a Langmuir wave via parametric decay instability and found that nonthermal particles are generated in the manner analogot
to wakefield acceleration (WFA) during the nonlinear process of the Langmuir wave collapse. The WFA is first proposed in
laboratory plasmas (Tajima &amp; Dawson 1979) and recently applied for UHECR acceleration (e.g., Chen et al. 2002). The
WFA in the context of relativistic shocks is considered a promising candidate for UHECR acceleration.

It was believed that in multidimensional shocks, the intense wave emission via the SMI would cease soon due to inhomogeneit
along the shock surface. Recently, however, our high-resolution 2D PIC simulations in pair plasmas showed that the wave
emission continues (lwamoto et al. 2017, 2018). Although our studies give positive results for the WFA in relativistic shocks, we
could not directly demonstrate it because finite mass difference of two opposite charges is essential for exciting the wakefield.

In this presentation, by performing 2D PIC simulation of ion-electron shocks, we will demonstrate that the wakefield is indeed
induced by the large-amplitude precursor wave. Especially for relatively high magnetization, the precursor wave amplitude is
significantly amplified and exceeds that in pair plasmas due to a positive feedback process associated with ion-electron couplir
through the wakefield. Nonthermal electrons and ions are generated during the nonlinear process of the wakefield collapse al
the particle energy spectrum shows a power-law distribution.
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Vlasov code simulation of contact discontinuities

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

The stability of contact discontinuities formed by the relaxation of two Maxwellian plasmas with different number density but
the same plasma thermal pressure is studied by means of a one-dimensional electrostatic full Vlasov simulation. Our simulatio
runs with various combination of the ion-to-electron ratio of the high-density and low-density regions showed that transition
layers of density and temperature without jump in the plasma thermal pressure are obtained when the electron temperatures
the high-density and low-density regions are almost equal to each other. However, the stable structure of the contact discontinui
with a sharp transition layer on the Debye scale is not maintained. It is suggested that non-Maxwellian velocity distributions are
necessary for the stable structure of contact discontinuities.



R0O08-P02 |/IF RAZ—815 BERS: 108 25H

ULF wave modulation of the whistler-mode chorus generation in the inner
magnetosphere

# Yuto Katoh[1]; Lunjin Chen[2]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] U Texas, Dallas

We carry out electron hybrid code simulations for the study the modulation of the generation process of whistler-mode choru:s
emissions under the presence of ULF waves in the inner magnetosphere. Previous studies revealed properties of chorus genera
depending on the number density of energetic electrons [Katoh et al., JGR 2011], temperature anisotropy of velocity distributior
function [Katoh et al., JGR 2018], and spatial gradient of the background magnetic field [Katoh and Omura, JGR 2013]. The
properties of both energetic electrons and the background magnetic field are also varied by the presence of ULF waves in tf
inner magnetosphere [e.g., Xia et al., 2016]. The range of parameters controlling chorus generation should be examined by
self-consistent simulation reproducing the generation process of chorus emissions. By referring the variation of the backgroun
magnetic field for toroidal and poloidal mode ULF waves, we carry out a series of electron hybrid code simulations for the
condition of chorus generation. Simulation results clarify that the variation of the spatial gradient of the background magnetic
field controls whether or not distinct chorus emissions are generated from the magnetic equator. The results of the presel
study serve useful information in understanding in-situ observation of both chorus and ULF waves and related wave-particle
interactions occurring in the inner magnetosphere.
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PIC simulation on nonlinear development of lower-hybrid instabilities driven by
energetic ions.

# Tsubasa Kotani[1]; Mieko Toida[2]; Toseo Moritaka[2]; Satoshi Taguchi[3]
[1] Earth and Planetary Sciences, Kyoto Univ.; [2] NIFS; [3] Grad school of Science, Kyoto Univ.

Instabilities driven by energetic ions are important issues both for space plasmas and magnetic fusion plasmas. Radio Fr
guency (RF) waves in the range from the ion cyclotron frequency to the lower hybrid resonance frequency are often observe
during the period of neutral beam injection (NBI) in Large Helical Device (LHD) plasmas. These waves can be excited by insta-
bilities due to energetic ions generated by the NBI perpendicular to the magnetic field. Some studies indicate that these wave
contribute the ion energization in the magnetosphere.

Using a one-dimensional, electromagnetic, Particle-In-Cell (PIC) code, we study instabilities driven by energetic ions assum
ing that the energetic ions have a non-Maxwellian ring-like distribution in the velocity space perpendicular to the magnetic field.
This PIC code enables us to self-consistently simulate full dynamics of electrons and ions and evolution of electromagnetic fields
using the full Maxwell’s equations and the equations of motion of particles. We focus on the nonlinear evolution of LHW and
ICEs caused by continuous energetic-ion injection into a plasma.

Simulating in the 50 times periods of ion-cyclotron period, LHW grows stronger in the initial phase although ICEs grow grad-
ually. In the lower-hybrid frequency region, the peak wave number increases as time proceeds.

A A VDB E R TALERBIRNG 70 A R0FH T ARICHE T 2 BEAYELERE TH S, KEIANY )L
BERIRY & T B UAD 75 A EEEE T, 77 AIEAD 2D mE DR 1A S NS T & TSI
FELY VROEE % E DA A UL B, TORE. A4 A 70 b a ViR ETR R & o T2
GICEEICBIRT AEFNEEINE EEZ5NT VS, HERESE T, TS DENHIBRKGN D DBEAL LD
HRHICHEELTOVWS LRI N TV, AT, WSICHEERY) V ROBE i % & DA A Ve 59K
BORBGAZE N & ZF DIERME R R . 220 L OTDERKL 7> 2 2 Lb—2 3 YAV THRN TV, RS, &ER 1
BT ARNIFEALFT B LICKBMBICTEAH L TWS, A4 YA 70 o EO S0EREDOR Ty I alb—
vaYxEitizo 2 A, TR BIE DS K N EEICER D, KR L T iiohTr4 > 7o bo
VIO U O 15 B T E IS MR o T, KTz, (RBIREKHE OIREEA CRLEITTR 5 IEE DL R & HEic
RKELIRBT EHHLITIE DTz, BB TR, FHEHICOREHA AV ZEE LG EDY I 2 L— g > E DL,
RN T DI E D TV 2 BN IR & L ILDY D RO DI OV T EHE T %,
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Electron acceleration through synchrotron maser instability in a relativistic
electron-proton plasma

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

The acceleration mechanism of high energy cosmic rays is still controversial. Neutron stars, active galactic nuclei and gamme
ray bursts are thought to be the possible sources of the cosmic rays. Furthermore, high-intensity electromagnetic radiations a
observed around such high energy astrophysical objects. It is known that large-amplitude electromagnetic waves are excite
in relativistic shock fronts by synchrotron maser instability (SMI). SMI is generated through the resonance between relativistic
cyclotron motions of a plasma and electromagnetic waves. Previously, the SMI in an electron-positron plasma was extensivel
studied by Hoshino & Arons et al. (1991) and lwamoto et al. (2017), but few studies have focused on SMI in an electron-proton
plasma which is more general in space. In this presentation, we report the results of numerical simulation of SMI in an electron
proton plasma, using particle-in-cell simulation. The system has one spatial dimension(x direction) and the boundary condition
are periodic. The plasma is uniformly magnetized, with ambient magnetic field in the z-direction. The initial plasma distribution
function is a ring distribution for both electrons and protons. The plasma temperaturg/is.J,c*=3.9 X 1073, the Lorentz
factor of the ring is gammg40, the relativistic cyclotron frequency Omeg@mega.=2.23 X 10~!, the mass ratio pm.=20,
and the system size L/(c/Omegp1.14 X 10?. Two instabilities, electron-SMI and proton-SMI, are generated. The latter has
larger spatio-temporal scales than the former. Some of the electrons accelerated by the electron-SMI are further accelerat
efficiently by the proton-SMI. In the presentation we discuss linear dispersion relation of the electron- and proton-SMI.

B E N2 FHIRD S BRIC T XIVF—DENEDITDOWVTIE, FONEMEEIZIZ L A EDh> TV, FHIEROM
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lon scale instabilities in the transition layer of collisionless perpendicular shock:
Dependence on upstream parameters

# Takuro Nishigai[1]; Takanobu Amano[2]
[1] Earth and Planetary Science, Tokyo Univ.; [2] University of Tokyo

The acceleration of cosmic rays (high-energy charged patrticles) is one of the most important problems in the space physic:
The collisionless shock waves in plasmas have been studied over half a century because they are believed to be the major sou
of cosmic rays. In this study, we investigate plasma instabilities in the collisionless shock transition layer and associated particls
acceleration and heating processes. In the transition layer, there are three electromagnetic field structures called foot, ramp a
overshoot that are generated by the ions reflected by a potential barrier in the shock (reflected ion). In the regions, various kinds
instabilities are excited and energy exchange proceeds between three plasma species, i.e., upstream ions, electrons and refle
ions.

Low-frequency and long-wavelength instabilities generated in the transition layer strongly affect the global electromagnetic
structure of the shock. In particular, we focus on Mirror instability, Alfven lon Cyclotron (AIC) instability and Weibel instability,
all of which are excited by an effective temperature anisotropy generated by the reflected ions. It is well known that Mirror
and AIC instabilities generate a rippled shock surface (Winske & Quest, 1988). On the other hand, it has been found that thi
Weibel instability dominates at very high Mach number shocks. The magnetic field amplified by the Weibel instability eventually
dissipates via spontaneous turbulent magnetic reconnection that produces high-energy electrons (Matsumoto et al., 2015). Tt
means that a fraction of the reflected ions’ kinetic energy is converted into the upstream electrons and ions through magnetic fie
amplification. It is a very hot topic that requires further investigation. Qualitatively, the Weibel instability will be the dominant
mode at very high Mach numbers (or weak magnetic field), and otherwise, the rippling mode (Mirror and AIC) should be domi-
nant. However, the parameter dependence of the transition between the two regimes has not been understood.

In this study, we adopt an idealized model for describing the dynamics in the shock transition layer. We consider a homoge
neous plasma in the upstream rest frame, which consists of three particle species: the upstream ions, upstream electrons, :
reflected ions. The initial velocity distributions are assumed to be Maxwellian distributions for the upstream ions and electrons
while the reflected ions form a ring distribution in the direction perpendicular to the ambient magnetic field. An initial result
of two-dimensional Particle-in-Cell (PIC) simulation shows that the upstream electrons are mainly heated in the perpendiculal
direction by electrostatic waves in the initial phase. On the other hand, almost no change was observed in the ion velocity dis
tribution at this stage. In the subsequent phase, we observed a growth of the AIC instability and pitch-angle scattering of the
reflected ions by the generated waves. In this presentation, we will report simulation results on the transition between differen
regimes that will happen depending on upstream physical parameters such as the Alfven Mach number, plasma-to-cyclotrc
frequency ratio, and ion-to-electron mass ratio.
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O ARG EIC K 280820 LB AhindEfE i S Tws  (Matsumoto et al., 2005 C AUE 14>
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High power laser experiment on shock reformation

# Takumi Higuchi[1]; Shuichi Matsukiyo[2]; Tohru Hada[3]; Hiroo Murakami[4]
[1] ESST, Kyushu Univ.; [2] ESST Kyushu Univ.; [3] IGSES, Kyushu Univ; [4] ESST, IGSES, Kyushu Univ.

Collisionless shocks often play essential roles in various high-energy phenomena in space. They are different from the usu
collisional shocks in various ways. In this presentation, we discuss the so-called ""shock reformation,” one of the features unique
to the collisionless shock. It is a periodic collapse and formation of the shock front that occurs even when the upstream plasm
is uniform and time-stationary. Within the shock reformation cycle, the shock foot, ramp, overshoot, and the ion reflection
from the shock front all repeat to appear and disappear. The shock reformation was theoretically predicted in the 1980s b
computer simulations but has not been identified in laboratory experiments. This research aims at the first demonstration ¢
shock reformation using the Gekko XII high power laser at the Institute of Laser Engineering (ILE), Osaka University.

The experimental method is as follows. An aluminum foil target surrounded by nitrogen gas, to which an external magnetic
field is applied, is irradiated by the Gekko Xl laser ( "6084beams, a wavelength of 1053 nm, a Gaussian long pulse (1.3 ns)).
The target plasma sweeps the magnetized gas plasma, which is produced by the intense radiation due to laser-foil interactic
As a result, a shock wave is generated in the magnetized gas plasma. The target is an aluminum foil €8 3nmm1-2
mm. A focal spot size of the laser is 0.3-2.8mm. The gas pressure is 0, 2.5, 5 Torr. We utilize a number of diagnostics sucl
as self-emission measurement, shadow measurement, collective Thomson scattering(CTS) measurement. The external magn
field parallel to the target surface is applied by a Helmholtz coil (50 tuf)s Using a capacitor bank consisting of two 3 mF
x4 capacitors, charging at 1.4 kV and driving a pulse current with a duration of about several hundred microseconds, a uniforn
magnetic field of about 4 T is applied in the region of interest. In the ILE experiment conducted in June 2019, we confirmed
the generation of shock waves for each gas pressure. Furthermore, the experiment with the external magnetic field of 2.8 T w:
succeeded and found that the characteristic of shock propagation is different from the cases without an external magnetic fiel
In the forthcoming ILE experiment scheduled in August, we will conduct experiments with an external magnetic field of 3.5 T
or more to demonstrate the shock wave reformation. Detailed results of the analysis will be presented.
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35T EDOFEZITV, HEEEY 74+ —A— 3 VOIGEE HIET, DI E Z X ZOREREMET 5,
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One-dimensional PIC simulation of shock reformation reproduced in high power laser
experiment

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

We have performed experimental demonstration of a shock reformation using a high power laser at the Institute of laser en
gineering (ILE) at Osaka University. In shock reformation a shock front is periodically formed and destroyed in a time scale
of the gyro motion of ions reflected at the shock. It was predicted by particle-in-cell simulation in the 80’s, but has not been
verified observationally. In the experiment, the supersonic target plasma generated by ablating a flat target foil with high powe
laser sweeps a surrounding magnetized gas plasma to form a shock in it. In this study we reproduce the interaction between t
magnetized gas plasma and the un-magnetized target plasma using full particle-in-cell simulation, and clarify the measureme
conditions and setting of the experiment for demonstration of reformation.

As initial conditions, one-dimensional space (x direction) is divided into two regions. The right side is filled with the mag-
netized gas plasma, and the left side is filled with the un-magnetized target plasma. While the gas plasma is at rest, the targ
plasma is continuously injected from the left side boundary with a supersonic flow velocity. The magnetic field in the gas plasma
is in the z direction. The density ratio of the target plasma to the gas plasma is 9, the temperature ratio is 4, the ratio of the
electron plasma frequency to the electron cyclotron frequency in the gas plasma is 10, and the ratio of the flow velocity of the
target plasma to Alfven velocity in the gas plasma is 12. Also, ion to electron mass ratio of in both regions is 100. A discontinuity
is formed between the target plasma and the gas plasma (contact discontinuity), and a shock is generated in the gas plasma.
confirmed that a part of the target plasma penetrates into the gas plasma across the contact discontinuity, and some target plas
is reflected at the discontinuity. On the other hand, the gas plasma easily penetrates into the target plasma across the discontinu
and those gas plasma ions are accelerated. Furthermore, we confirmed that shock reformation occurs in the gas plasma. We v
also discuss the measurement conditions suitable for the experiment by examining the time-space scale of the shock reformatic

PARBBUE, RBRA L —T—RA280T (ILE) & DHLFEFERIC KD, @i L—Y =2 ORI 7 4 — A —
73 YOFBINFGEEZIRA TV DS, VT —A— g reld, WREm TR ESNIAZ Oy A @I tE> T, i
D EHINCTERL « A2 1R ORI BIR T, 80FEMUCKI T I a L—Y 3 VIC K> TP NI, RIEBHIIZEEE
BRENTOEY, EERTE, PREZ—7 Y h2EmlEL——T7 7L — 3 Y LT TESmiE—7 v 75 A,
35T DS Z N LT HHAART I AR 2 ETed % T LT FHMAAARAT T A HICE R 24T %,
AWFETIE. TORMLLIEH AT T A LHHE L TOWIRWE =7y b 75 XA O ELERZ 7 Vi itz IV CRE
L. U7 4 =A== 3 VORISR EIZIEREFE PRI DT DM ZH 5 MY B,

ZIHVRIFRIRETE, FIINC 1028 (x5m) 2 2 DO, GRS LIe AT 5 X< FERC#{E L T
WERWE =Ty NI AR RGO S, HATITAEERIEL TS E L, z AiMICHSEZENT 5, 2—7 v F 75 A<
A BRI TGN FIIRER D DIEA SN TH AT T A 2T, X—7w FTIAXEHAT T X O#EELE 9.
REHE 4. HATIARHOE T T I AR LT A /0 bV REEOKIZ 108 L, X—F v F I AXDASH
WEENATIAIPDT VTN HEEDLIE 12 & Ule, e, Wi AMOA A > LB FOBEILIE 100 & LTz,
Z=w N T IGAREHNAT Z A DICAERH NP ENS L LI, ART T AHICHEH RN E L, X—
Ty b T I ARDT L —EBIEARERH 2 A THRAT T AR AL, Rle—iBId Rk TR END Wb
Teo —TIHAT T ARBIHIRNAE G ICARERIHIZBZ TX—7 v FTIAIHPIRATE, RALIEHAT I A AF
VFNEENS T LA o, EHIC, HEETHRAT I AIHDOAF Y O—ENKFENTY T+ —A—2 3 VN
Bzl llc, BETIE, V74— A= 3 VO « ZE AT —)V72kEE L. EERT ORISR 2R %,



R0O08-P08 |/IF RAZ—815 BERS: 108 25H

KB JE & KRR A A > DT & RAKMNDOEZED TSR

# 38 IEA [1; <5 W0t (2], =2 T (3], P 952 [4)
[1] HIEA - B - “EHOBRYEE; [2] SRALK + B - H090; [3] RTTAE [4] RITTA - & AT LN

Numerical simulations of the solar wind and ions of martian origin precipitating onto the
surface of Phobos

# Masaki Tanabe[1]; Naoki Terada[2]; Yohei Miyake[3]; Hideyuki Usui[4]
[1] Dep. Geophysics,Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Kobe Univ.; [4] System informatics,
Kobe Univ

http://pat.gp.tohoku.ac.jp/

We investigate the trajectories and precipitations of the solar wind plasma and ions of martian origin onto the surface of
Phobos using electrostatic particle-in-cell (PIC) and test particle simulations. While the origin of Phobos is still unclear, the
two hypotheses, captured origin or giant impact origin, have been proposed. The captured scenario is based on the fact th
Phobos has reflection spectra resembling D-type asteroids. But this scenario has difficulty in explaining Phobos orbit (nearl
circle and small inclination). On the other hand, giant impact scenario relatively naturally explains the characteristics of the
orbit. However, it is unclear whether the mixture of martian mantle and impact asteroid materials have reflection spectra similai
to those of Phobos. To elucidate the giant impact scenario, we have to reveal the alternations of the surface materials and spec
by space weathering and/or the impact of small dusts. For revealing the effects of space weathering processes by the solar wi
plasma and ions of martian origin, we examine the distribution of ions precipitating onto the surface of Phobos.

The orbits of ions originating from the atmosphere of Mars are affected by electromagnetic fields generated by the solar wind
Phobos interaction. For this reason, we need to evaluate the electric potential around Phobos to track these ions. We calcul
a quasi-steady state solution of the electric potential around Phobos in the solar wind using a self-consistent PIC simulatior
Though Phobos mean size is about 11 km, we changed it to 1 km in simulation to save computational resources.We used tt
approximately the real ratios of the solar wind bulk to thermal velocities and Phobos size to ion gyro radius. 2-D electrostatic PIC
simulations were performed under a southward interplanetary magnetic field condition. We found that the night side of Phobo:
is negatively charged and it decreases in the deep inside the wake region. The surface charging was stronger around the pc
Then, we calculated the orbits of ions of martian origin to estimate the amount of incident ions to the Phobos surface using a te:
particle simulation. In this presentation, we show the electric potential around Phobos and the distribution of incident ions for
each species of ions originating from Mars.

Tz BIE AR TS X< L NERGD ST 544V OBHZITY, FNENNEOHE T + R ADXKMICH#ZE
TEHEEOEYEY I 2 L—a U &iTo 7. 74 RADRIRIE, fRE/INKEORIER & B KEZEiNAIHENTVS
MARRETH 5. FETIL, 74 KRZAH D BVNSZIU T SR AR MV O T LIk D, HEPuE (EMIEL,
FRIEWEICIR > 7280E) OFIIZNEETH 2. EREZLHIL, HEPEORME B RICHHIAT 20, AESX Y bV
VI8 L EZERIEKIE OIREYD, T 4+ RALRMEDRG AT MV ONIAHTH S, BERELEHZ VAT 5725
WX, FHBUETER SN RIAEZUC K % 7 + RARBYEDOEK & KEART MIVOZELZIHENICT 208D 5.
Z T TAWIZX, KBRS I X< DHE5T, KEKRKDSHRHT 274 0 OFELS G - FHLERZIHS M
L, TNEDAF VDT + RARBNDMEZE S 2 i Uiz,

NEBERGEIEDA A &, KEFEFHELERIC X O 7 4 R ZJEICAE D NI EBREHIC K > THRED I 5 TR f#ize
T B8, BWEITO 12DICIE T + RABADEERT 2 v )Vt REL 208N H 5. Z THRIEBIZEROEH
BART V¥ v IV H OSSR 5 PIC 2— RZHWWT, KBRS NICBU 2 HEEFIREED 7 + R A AR T
VIR NWAEFE L. T RADOY A XFRED 111Y A XTHB 1km e L, KIGEHEE L A4 - EFZFNETN
DOPGHEE DL, EHIC T+ RAY A RCHT B4 DY v A RO EHELRIZ, MAZESD R T 2 X0TtDE
BT IRARKIFVIal—yariirolc. TOMRT + RAKANCB O CTEDHENA LN, £z, WRIORRASE
TRADHENZDFEDENTVBE LV ERMESNT-. FEHEICX ZERFEAICBOTHIED IF EmFE
FELTwbCetbholz. ZLTCZ T THELONIEEBRHIGREDOILTT A MY al—y 3 VT, AERAE
FA A DOPERIES T2, ARKTIIHBEEROEE LA r— )V Z Y Vit TR LE#E TSI Ak I a L —
va VORRZRUIR, KERFEAF ICONWTAF T OWYEZRLTT A RAKMEICT VL AT BAE D
MBI iham S 5.
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Numerical simulation of a collision between space elevator and space debris

# Daichi Sugita[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]; Yuki Tsujino[4]
[1] ESST,Kyushu Univ.; [2] IGSES, Kyushu Univ; [3] ESST Kyushu Univ.; [4] ESST, Kyushu Univ.

The main elements of the space elevator are a long and sturdy cable that extends from the ground to the outer space (upto”
Re) and a vehicle (climber) that can travel back and forth along the cable. If it is realized, the system will be a completely new
traffic infrastructure that can be used continuously for a long time. The space elevator has the advantages of costs, environmen
impact, and safety aspects compared to conventional rockets. Also, the cost-effectiveness of launching spacecraft from tt
space elevator has been discussed. Despite the early proposal of the key concepts (the idea of a &quot;tower&quot; reachil
geosynchronous orbit was proposed by a Russian scientist Konstantin Tsiolkovsky in 1895), the space elevator was far fror
realization due to the high technical demands of the cable. However, with the discovery and development of new material:
typified by carbon nanotubes, the feasibility has increased, and there appear an increasing number of academic studies, f
example, on the conceptual design (e.g., Edwards, 2007), and climber and wind influence (e.g., Lang, 2005, Williams, 2009)
although there are still many unsolved issues.

In this presentation, we discuss the collision of space debris with the elevator. It is well known that the near-earth environmen
is filled with an enormous number of space debris with a variety of sizes and weights. Although the population is relatively
low, there are large and heavy debris (such as &quot;dead satellites&quot;) that may hit the space elevator in a long time scal
giving a significant impact to the elevator. In order to proceed, we first developed a numerical model to simulate the motion
of the cable using the lumped-mass model, i.e., the cable is represented by a continuous elastic spring-mass point system. T
following forces are included in the model: gravitational force due to the Earth, the centrifugal force and the Coriolis force due to
the rotation of the Earth, internal stress and internal dissipation due to the cable. After determining the equilibrium positions of
the mass points, we then checked small-amplitude oscillations of the system and verified that they correspond to those obtaine
by eigenvalue analysis. We observe that, when a large impact is given to the cable, the cable response becomes nonlinear in
sense that the cable no longer oscillates around its equilibrium solution, but it can fall to the ground or cable rupture can take
place. Detailed parameter analysis will be presented for varying magnitudes of the impact, locations where the impact is giver
and the direction of the impact.

a4y MR 2R FEHADORRETFERE LTFHILRN—2MEEEN TS, ThidH 255 (16Ref )
WKETTr—7 NV EREL, T—7 IV LEOREE (VI 4~—) ICX O EEFHZITERTZHES AT LTHS, Lk
NoT, BTy FOXIIMENETTIZ AR, EMichizo THEMICRIHTEZ 0 v 7T k%, £, FHI
LR—% ED SR S HFEROFTHME R I 2N TES, ikoayry FEHiRL, FHILX—=XZaX
b RBEAOFE, ZEHTENTWASD, FHILAN—XOFMNERIZE L, BRICEEBENEDTH-7, LML
WL IE> T, A=KV T/ Fa—TIWREINDZHEMOFRR LR Z & > DIFICERICI A 7 — 7 )V OFBIEN
AE O, HENARIKEL TV 5, Edwards[2007]C &K 2 FH T L \—2DOREXEEHIIHEE D . Lang[2005],Williams[2009]
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X DEIRFREET 208D S, R TIEFHILN—ZICKIEEENGZ 5NEROTr—T VDA A F I
ACEH Uz £9. =70V 0O#i 7z I 2 L— T 57D0HMEETIVEFE L. 77—7VI& Lumped Mass£(C
X0 2RO —ERRE UGERL., 2hboiiERic K5 E ), #HiEROBIRICERK T 2018 a0 4y Ji, r—
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Structure of the asymmetric reconnection outflow

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

http://www.cosmos.ehime-u.ac.jp/

Most popular and simple magnetic reconnection is the symmetric anti-parallel magnetic reconnection. In this case, the mag
netic reconnection outflow can be accelerated over Alfven speed. Then, the outflow is decelerated by the fast shock forme
behind the plasmoid. Therefore the fastest reconnection outflow is observed in the reconnection fan. On the other hand, i
the case of asymmetric reconnection, the structure of the reconnection outflow is quite different. In this study, | show that the
maximum value in outflow speed is observed in the lower beta side plasmoid, and the slow outflow region is formed between th
reconnection fan and the plasmoid.

REYYIIVEHSY) ax Ty a ik, WHKETRAY) 3% 7 a >y Tho, F0HE, Vaxrsyaryr7 vk
Ja—d, 2TV T T VMG EETIHE NG C ENARETH B, TF0DH, I XEA RIEFICTERE
NBT7—AMYav 7 TRGERZZTBH T LICiEs, ZDRS, 7Y M T70—0ORKEEIZ. Aa—T gy 7k
Enyaxsrar7y NTERINESNS, /. EifEZ A Tl OREEEE K & D IERFRRIEFRR A TRE A
VaxryarTid, Vaxrsyary7o s 7a—0EENRKESERE b > TEk, AT, Fic, 7
Y R 7 a—0ORKEIZ. IERFEIICEFGE VIR I3y T 7 VNEDE T T X BDENMID TS XEAL RNTE
XNz emRT, e, Vaxryay 77 VNET T REA RNOMOFEBICARETEBDSER E N, ZOEHHE
BWdm TS XEA FMEBMT T XEA RNMRAT S LI KBGO E —83 5 2 & ZRT,
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Plasma dynamics and field evolution in large-scale magnetic reconnection

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

We investigate an evolution of large scale two-dimensional magnetic reconnection by means of a two-dimensional hybrid
simulation. In the evolution, the electromagnetic field structures, e.g. Hall magnetic field around the diffusion region, are
developed by the local plasma dynamics. Some of these field are considered to be phasestanding field structures and others
propagating away as plasma waves. Therefore histories of the evolution are partly recorded in the local and/or border structur

in the whole magnetic reconnection region. We discuss the causal relationship between the plasma dynamics and field evolutic
in large-scale magnetic reconnection.
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Identification of Shocklets using Convolutional Neural Networks (CNNSs)

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

Large amplitude magnetohydrodynamic (MHD) waves are ubiquitous in space, in particular, in the solar wind and regions
near collisionless shocks. One type of those large amplitude waves is the so-called shocklet, found in the foreshock regio
of collisionless shocks. They are steepened low-frequency MHD waves with high-frequency precursor waves attached at th
steepened front and are believed to be the product of nonlinear evolution of finite amplitude MHD waves. Statistical analysis of
shockets demands a large amount of magnetic field data and the identification of shocklets within the data. This is an enormous
time-consuming effort as long as we rely on the conventional method of identifying the shocklets by visual inspection of time
series. In this study, therefore, we will develop a model to detect shocklets using the neural network (hereafter, NN).

The NNs are mathematical models of information processing that simulate the cerebral nerve system, which is the core o
information processing systems. Among various types of the NNs, we make use of the convolutional neural networks (CNNSs)
known to be suited for processing data that has a known grid-like topology. Examples for the CNNs applications include time-
series data, which can be thought of as a 1-D grid taking samples at regular time intervals, and image data, which can be thoug
of as a 2-D grid of pixels. CNNs have been tremendously successful in practical applications (Goodfellow et al 2016). They
are widely used in the field of image recognition. CNN was trained to identify low-frequency plasma waves that occur in the
upstream region of Saturn using images constructed from the Cassini magnetometer time series data with an accuracy of 94
plus or minus 2% (Ruhunusiri. 2018).

In this research, shocklets and turbulence time series obtained by the Magnetospheric Multiscale (MMS) are converted int
images and given as an input to the CNN. Here, for identification, background turbulence other than shocklets, magnetomets
noise, and satellite vibration is defined as turbulence. The three components of the magnetic field data are converted into imay
data. The implementation of the CNN for wave identification consists of three steps: training, verification, and testing. Training
and verification are used to select the most accurate CNNs architecture. Tests are used to assess whether CNNs have been ab
identify shocklets from all waveforms. These CNNs enable shocklets and turbulence to be recognized by extracting shocklet an
turbulence features and validating the classified ones. In the poster, we will show that CNNs can be successfully used to identif
the shocklets from multi-point observation satellite data.

KGR SDE BB 575 & Tl KIRIBOREARIA (MHD) EIDMFEIE L., JEREREZ L TW5, TOIEREHEIO
—fflc, 2Bt U7z RIRIEEE RN & SRR ES av 7 Ly h EMENZ N D S, ~av 7 Ly hOF
IsHEtEOHMmICIE. 2L O T— 2D ETH ZH, IERIFHRICK D avy 7Ly hEEZEL TV, ¥
KIS T — Z DFNTIIE SR IRIFE DD O, — DT —Z Ui TE b otz ZTTAIETIE = 2a—F )by
F7—2 (LIFNNs) ZHWT, ¥ avy Ly Ml KRS T — 2 O S g « SkEE Tl 2 7 V2R %,

NNs & (3B D R phf R 2 Rt U T G S OB T T IV TH %, NNsO—FRICERARZ 2 —TF )Ly hT—
27 (LR CNNs) 5% %, CNNs &i&, KTIRD F RO V=D 7—ZOUHIFDON SR a—F )Ly hT—
TCTHB, BTIRDO RO Y—%HT 27 —206 L UTRKERYIT—20H 0, CHUIHERHBRTES L2y >
W —TOTICEH E NI DR, BT — X TR E T IV - IoTIicid SNz DTH % (Goodfellow et al 2015,
CNNs ISR TIL HNENTED ., ZO—Flic, Bl E sy o —ZIc X 0B s N/ET— 2 LT
CNNsZJEH L, TRICEBITZ TS AW R 94% T T AR A F A 2 % DK T LIzwizehd % (Ruhunusiri 2018,

AWFZE TR, HIBRAEE S PE 2 BT 2 MMS ORERYIRG 15T — 2 BifbNnizy ay 7 Ly b EfLiRZERICERL,
CNNSIZ AT %, T Tiploizdicy av 7 Ly SUSNOYSRELTR. WEH/ 4 X, HEOIRIM IR LT %, W
3T DT — R KBRS B, WD 7= D CNNs DFZEEZFIE « MiFE « TAND I ATy T TH 5, e
FREEIE. HRBREEEOE CNNs ORHEZ BN 572 DI %, 7 A ME CNNsD IR TOEIEN ST av 7 Ly b
FHATE TS 2T B DICEHT %, TNHDCNNsSICED, YavZ Ly k ERFROREEZME L. 75
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Development of pyCANS+

# Yosuke Matsumoto[1]
[1] Chiba University

Magnetohydrodynamic simulations have played important roles for understanding space and astrophysical phenomena. V
have developed a high-order (greater than the fifth), shock-capturing code CANS+ (Matsumoto et al., PASJ, 2019), and shown i
high-capability of solving shock waves and turbulence simultaneously both of which are inherently important in those circum-
stances. | recently proposed that CANS+’s heavy computational workload, which is mainly due to the high-order reconstructior
and the approximate Riemann solver, can be replaced by simple matrix-vector computations of a pre-trained neural networ
prediction. In this idea, we have to prepare a large set of training data, with which the over-fitting problem must be addressed t
construct a general-purpose neural network.

To overcome this difficulty, | proposean-the-flytraining during MHD simulations of a particular problem. A neural network

is trained during the simulation run using the data during a time interval. After acquiring a sufficiently high prediction accuracy,

the reconstruction and the numerical flux calculation procedures are then replaced by the neural network’s prediction. The accl
racy is continuously checked afterward, and the procedure returns to the training phase when the accuracy became lower thai
threshold value. Because Chainer, which is the framework | use for constructing a neural network, is based on Python languac
and CANS+ and other common simulation codes are written in Fortran or C languages, we have to adopt mixed program lan
guages for this strategy. We adopted f2py, which is a part of the Numpy library, to automatically generate an interface betweel
Python and Fortran programs. By using f2py functionality, the main program of CANS+ written in Fortran can be replaced by

a Python program. CANS+ code can benefit from this mixed programming in accessing not only Chainer but also other usefu
Python libraries such as the HDF5 data 10 library. | present detailed implementation of Python programs into CANS+ code by
using f2py library.
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