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Investigation of Energetic Particle Hybrid Simulation Model
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Nonlinear evolution of MRI studied by an MHD code with the compact difference scheme
and the LAD method
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The magnetorotational instability (MRI) is one of the most important phenomena in the accretion disk. Turbulence generatec
by MRI causes the turbulent viscosity in the disk and is a strong candidate of the driver of mass accretion. Recent study suggest
that the turbulence induced by MRI also plays an important role in the planetesimal formation in the protoplanetary disk. In the
planetesimal formation process, both the ionized gas and dusts coexist in the disk and the motion of dusts is strongly affected t
the motion of gas through collisional and/or frictional effects. Kato et al. (2010;2012) showed the possibility that meter-sized
dusts are gathered locally due to the modification of the disk gas distribution through the evolution of MRI and that situations
favored for the planetesimal formation are created in the localized region. In addition to the effect pointed out by this simulation,
we should take into account effects through the Kelvin-Helmholtz instability (Sekiya, 1998; Barranco, 2009) and the streaming
instability (Youdin & Goodman, 2005) generated by the dust-gas interaction as well as the time evolution of the global disc
structure (Suzuki et al., 2010). In order to carry out the MHD simulation considering these effects, we need to develop the
scheme that can accurately resolve both short wavelength waves in turbulence and discontinuity appeared in the evolution
instabilities.

In the present study, we develop an MHD simulation code using an 8th-order compact difference scheme with the loca
artificial diffusivity (LAD) method (Kawai, 2013). The compact difference scheme proposed by Lele (1992) enables us to solve
turbulent flow accurately up to the wavenumber range corresponding to a few grid points. The LAD method for MHD simulation
proposed by Kawai (2013) enables us to reduce unphysical oscillations generated in central difference type scheme like tf
compact difference scheme. We have also applied parallelization by MPI using the pipeline algorithm to the code in order tc
increase the box size with keeping the high spatial resolution. By using the pipeline algorithm, we have applied the domair
decomposition to the code with maintaining the accuracy of the compact difference scheme. We carry out a series of standal
test problems for MHD simulations and clarify pros and cons of the developed MHD code for the study of MRI. By conducting
spatially 2-dimensional test problems, we find that the maximum value of the numerical error appeared in the computation of the
divergence of the magnetic field is the order of 18} which is approximately consistent with the results of Kawai (2013).

We then carry out the 3-dimensional MHD simulation of MRI by the developed code. In order to realize the differential
rotation, we use the shearing box boundary condition (Hawley et al., 1995) and the 9-wave method (Dedner et al, 2010) so &
to suppress the divergence error caused by the interpolation in the shearing box boundary. We initially set the uniform vertica
magnetic field and assume the perturbation in the three-components of the velocity vector whose amplitude is 1% of the soun
speed. Our developed simulation code can solve the linear growth and nonlinear evolution of MRI. Our newly developed code
enables us to solve the MRI driven turbulence accurately, which is important in solving not only a wide range of the evolution of
the disk but also the fine structure of the saturation and nonlinear evolution mechanism of MRI. We show the characteristics o
the developed code and study results of the 3-dimensional MHD simulation of the nonlinear evolution of MRI.
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Yin-Yang Dynamo Simulation with in-situ visualization Using ParaView/Catalyst
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PIC simulations on magnetic perturbation around the Solar Probe Plus spacecraft
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Electron temperature anisotropy during compression of current sheets thicker than the io
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Validity of gyro-averaging method for oblique whistler-mode wave particle interaction
Validity of gyro-averaging method for oblique whistler-mode wave particle interaction
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We perform test particle simulations of energetic electrons interacting with oblique whistler-mode waves in the Earth’s mag-
netic field. We first solve exact equations of motion of test electrons under the electric and magnetic fields of obliquely propagat
ing coherent wave with right-hand polarization. In this test, the energetic electrons undergo multiple cyclotron resonances. W
also apply gyro-averaging method by treating electron motion as its guiding center motion to simplify the complicated cyclotron
motion [1,2]. The result shows that the gyro-averaging motion is successfully consistent with the direct motion of the electron.
Applying this result we can just use the guiding center motion of electrons to represent the completed motion of electrons. There
fore, these method can be utilized in the particle simulations of oblique propagation waves to reduce the relativistic equations ¢

motion and minimize the computation resources, which makes simulations of multiple particles more feasible.
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Effects of the alpha-proton drift velocity on alpha firehose instabilities in the solar wind
Effects of the alpha-proton drift velocity on alpha firehose instabilities in the solar wind
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In situ measurements have shown that the less-abundant alpha particles are characterized by temperature anisotropy wh
could drive the anisotropy-driven kinetic instabilities in the solar wind. In the collisionless limit, the differential alpha-proton
flow velocity usually has finite value of the order of the local Alfven velocity. The presence of such differential flow may affect
the properties of dispersion relations for anisotropy-driven instabilities. By making use of linear Vlasov theory, the present study
investigates the effects of the alpha-proton drift velocity on firehose instabilities driven by parallel temperature anisotropy of alphe
particles. It is found that for parallel firehose mode the dispersion properties are asymmetric in that the maximum growth rate
is larger for forward propagating mode than for backward propagating one in the proton rest frame. For both parallel (forward
propagating mode) and oblique firehose instabilities overall growth rates increase as the alpha-proton drift velocity increase:
Consequently, the firehose instability thresholds are distinctly influenced by the presence of the alpha-proton drift velocity.

F—7— R firehose instability, solar wind ions, the alpha-proton drift
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Vlasov simulation of the Rayleigh-Taylor instability
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3-dimentional electromagnetic particle simulations about the low frequency componen
of Broadband Electrostatic Noise
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Test-particle simulation of electron elastic collision with neutral H20 molecule originated
from Enceladus

FHPAT #35R b 5 I JEN 2
TADOKORO, Hiroyast* ; KATOH, Yuto?®

VRO TRIRE, 2 BERY:
Tokyo University of Technology, Tohoku University

Water group neutrals #0, OH, and O) in Saturn’s inner magnetosphere play the dominant role in loss of energetic electrons
and ions because of abundance of the neutral particles [e.g., Paranicas et al., 2007; Sittler et al., 2008]. The observations
injected electrons and ions in the inner magnetosphere suggest that these particles do not survive very long time due to tt
neutral cloud originated from Enceladus [e.g., Paranicas et al., 2007; 2008]. Thus, the previous study suggested that the neut
cloud contributes to loss processes of plasma in the inner magnetosphere. However, little has been reported on a quantitati
study of the electron loss process due to electron-neutral collisions.

In the present study, we examine the variation of energetic electron pitch angle distribution at the magnetic equator and loss ra
of precipitated electrons into Saturn’s atmosphere through pitch angle scattering due to elastic collisions with s@whahé
Saturn’s dipole magnetic field line around Enceladus. We conduct one dimensional test-particle simulation for monoenergeti
electrons along Saturn’s dipole magnetic field line around Enceladus when the co-rotating electron flux tube passes the den:
H>O region in the vicinity of Enceladus ("6.4 minutes). The initial electron pitch angle distribution is assumed to be isotropic. In
case of 1 keV electron, Tadokoro et al., [2014] showed that

1. the equatorial electron pitch angle distribution near the loss ca8 (legrees and-160 degrees) decreases with time
through pitch angle scattering due to elastic collisions and that the distribution around 90 degrees shows significant scatterin
due to the dense region o£B,

2. Itis found that the electrons of "19 % to the total number of equatorial electrons at the initial condition are lost in 380
seconds.

3. The calculated loss time is fourth faster than the loss time under the strong diffusion.

We also show the loss rates through pitch angle scattering of electrons with not only 1 keV but also several hundreds eV
several tens of keV.

F—U—F: TAMITFYIa b= g v, #2277 FAER, T2
Keywords: Test particle simulation, elastic collision, Enceladus, Saturn
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The nonlinear evolution of the Kelvin?Helmholtz (KH) instability at a transverse velocity shear layer in an inhomogeneous
space plasma is investigated by means of a four-dimensional (two spatial and two velocity dimensions) electromagnetic Vlaso
simulation. When the rotation direction of the primary KH vortex and the direction of ion gyro motion are the same (i.e.
the inner product between the vorticity of the primary velocity shear and the magnetic field vector is negative) there exists &
strong ion cyclotron damping. In this case, spatial inhomogeneity inside the primary KH vortex is smoothed and the secondan
Rayleigh?Taylor/KH instabilities are suppressed. It is also found that another secondary instability on the electron inertial scale
is simultaneously generated at secondary shear layers for both cases, but at different locations. The small-scale second:
instability takes place only when the inner product between the vorticity of the secondary shear layer and the magnetic fielc
vector is positive, suggesting the damping of small-scale processes by ion gyro motion. These results indicate that seconda
instabilities occurring in the nonlinear stage of the primary KHI show different evolutions depending on the sign of the inner
product between the magnetic field and the vorticity of the velocity shear layer. The difference of the nonlinear evolution
depending on the ion-to-electron mass ratio is also discussed.
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