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Relaxation of pressure anisotropy and the evolution of Magneto Rotational Instability in

collisionless accretion disk
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Magneto-Rotational Instability (MRI) is a plasma instability which is considered to take place in a magnetized differentially
rotating astrophysical disks. It was first proposed by Velikhov in 1959 and later by Chandrasekhar in 1960. Its importance in
astrophysical rotating disk was pointed out by Balbus and Hawley in 1991. This instability can generate MHD turbulence within
a few periods of orbit and can generate a strong turbulent viscosity. Thus this instability is considered to play a major role in the
context of accretion which requires a strong viscous effect to transport angular momentum in the disk.

These nonlinear behaviors of MRI, such as generation of turbulence or accretion due to the strong turbulent viscosity, art
mainly studied by numerical simulations under MHD approximation which assumes the plasma as a single component fluid
However, recent analytical and numerical studies have shown that kinetic effects can be important on the evolution of MRI in
dilute accretion disks which are often found around black holes. These studies have mainly focused on the effect of pressur
anisotropy and results from the linear theory indicates that initial pressure anisotropy may severely affect the evolution of MRI.
Since these studies were carried out with Landau fluid closure, relaxation process of ion pressure anisotropy was included &
so-called "Hard Wall approximation”.

In this study, we newly developed a hybrid code in a local differentially rotating system, including the process of ion’s pitch
angle scattering in a self consistent manner. From the results, we find a relaxation of pressure anisotropy by effective pitch angl
scattering during the evolution of MRI. In this presentation we would like to focus on the effect of initial pressure anisotropy on
the evolution of MRI.
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A kinetic model of asymmetric magnetic reconnection in three-dimensional space is analyzed theoretically and with numerica
calculations. Consider the case where the two magnetized plasmas are colliding each other; for example suppose that the plas
shock is propagating through the uniform background plasma.

In order to provide a clear understanding of the magnetic reconnection presented here, we show a simple representatic
of the model with the cartoon in Fig.1PlasmaAis the stationary plasma whose magnetic field is given by BlasmaBis
propagating with the velocity vin the positive y direction. The electric field of this plasma is given by (&,/c)B; (c being
the velocity of light). The magnitude of the field is smaller than that of the figeld.B., B, < B,. The crossing angle is defined
as the angle between the fields 81d B,. This angle plays an important role in generating the magnetic neutral sheet. If the
crossing angle is greater than a right angle, then the magnetic neutral sheet is created in front of the shock. The resonant parti
interacting with the shock is trapped by the neutral sheet. Accordingly such the particle is accelerated by the electsic field E
in the neighborhood of the neutral sheet. If the angle is nearly equal to a right angle, the direction of the acceleration is almos
the same as the direction of the magnetic field B'he reason is that the direction of the electric field is almost the same as
the direction of the field B This is the way of the field-aligned acceleration presented by the author [1]. If the crossing angle
is smaller than a right angle, then the magnetic neutral sheet is not created. Therefore the effective energy gain of the partic
cannot be expected.

[1] S. Takeuchi, Phys. Plasmas 19, 070703 (2012).
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X Fig.1 Cartoon of the asymmetric reconnection

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

PEM27-06 0 0:301A 00:50 240 10:15-10:30

00000000000000000000000 _ o
Collisionless magnetic reconnection under the Landau fluid approximation

0o oo > oooo!
Kota HirabayasHi*, Masahiro Hoshinb

00000000000 00O0o0Ooo0ooon
! Department of Earth and Planetary Science, The University of Tokyo

Magnetic reconnection has been widely researched as a mechanism of generation of hot and fast plasma flow by releasil
magnetic enregy stored in a system. Especially, the reconnection accompanied by slow shocks around a localized diffuion regio
so-called Petschek type reconnection, is regarded as important from the point of view of the rate for magnetic energy release. |
collisionless plasmas, however, the knowledge of this type of fast reconnection is not enough now.

In general, it is known that ions are accelerated along magnetic field lines from a diffusion region. Due to this beam component
the distribution function of ions is largely disorted and the temperature along the magnetic filed is enhanced. Althogh PIC or
hybrid simulations have been performed to solve the effect of the beams self-consistently, the results do not indicate the cle
evidence for generation of slow shocks predicted by Petschek’s theory.

In our research, as an intermediate picture between the ordinary isotropic MHD aproximation and the kinetic theory, we
performed a series of fluid simulations by using the double adiabatic limit and the Landau closure model. We investigated the
effect of the pressure anisotropy and the Landau damping on global dynamics of magnetic reconnecion.

Under the fluid apprximation, the parallel pressure is enhanced across the slow shock since mirror motions are accelerate
with the deformation of magnetic flux tubes. The structure downstream is greatly difference from the isotropic MHD case, and
the outflow region becomes wider. In this talk, we report the detail of the structure formation.
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At dayside magnetopause, magnetic reconnection takes place between the terrestrial dipole field and the solar-wind magne
field. In such an configuration with asymmetric upstream conditions, reconnection behaves differently from the standard sym
metric reconnection in the magnetotail. Since the upcoming MMS mission will extensively probe dayside magnetopause during
its first phase, it is of immediate importance to understand key properties of asymmetric reconnection. In the MHD regime,
the CSB (Cassak-Shay-Birn) theory is very successful to approximate reconnection properties with asymmetry. However, in th
kinetic regime, recent simulations have reported that the reconnection rate is substantially lower than the CSB prediction. W
investigate the anomalous slow-down with particle-in-cell simulations. This is attributed to the kinetic dissipation mechanism
around the electron-scale dissipation region. In this contribution we discuss the electron motion near the dissipation region, it
impact on the global reconnection rate, and the influence of the guide-field geometry.
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Nonlinear evolution of Alfvenic turbulence is a fundamental process in the solar wind magnetihydrodynamic (MHD) turbu-
lence. The past observational studies suggested that the MHD turbulence close to the sun is the "slab” fluctuation, where tf
wave number vector is parallel to the ambient magnetic field, while the "2D” fluctuation, where the wave number vector is per-
pendicular to the ambient magnetic field, becomes dominant with increasing heliocentric distance. However, the energy transfe
process from the "slab” fluctuation to the "2D” fluctuation is still unclear. In the present study, we numerically discuss the non-
linear evolution of the "imbalanced (high cross helicity)” Alfvenic turbulence by using a two-dimensional ion hybrid code. The
dissipation processes related to the ion kinetics are demonstrated.
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Whistler-mode chorus emissions with rising tones are generated through the nonlinear wave-particle interactions occurring i
the region close to the magnetic equator. The mirror force plays an important role in the nonlinear interactions and the spatie
inhomogeneity is a key parameter of the chorus generation process. The spatial magnetic field inhomogeneity along a field lin
is widely changed during a geomagnetically disturbed period. In the present study, by a series of self-consistent electron hybri
code simulations, we discuss the effect of the spatial inhomogeneity of the background magnetic field on the generation proce:
of whistler-mode chorus emissions. We have conducted numerical experiments with different spatial inhomogeneities of the
background magnetic field, while we assume that the initial velocity distribution function and the number density of energetic
electrons are the same at the magnetic equator in all simulation runs. The simulation results reveal that the spectral characterist
of chorus significantly varies depending on the magnetic field inhomogeneity. In the simulation result assuming the smalles
inhomogeneity, we observe the excitation of broadband whistler-mode waves whose amplitude is comparable to distinct choru
elements appeared in other simulation runs. We find that the broadband waves are a group of wave elements with rising ton
nonlinearly triggered in the region close to the magnetic equator. Based on the simulation results, we show that the small spati
inhomogeneity of the background magnetic field results in the small threshold amplitude for the nonlinear wave growth and
makes the triggering process of rising tone elements to emerge easily in the equatorial region of the magnetosphere.
Keywords: whistler-mode chorus, numerical experiment, wave-particle interaction
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The magnetosphere-ionosphere (M-I) coupling through the shear Alfven waves plays a key role in spontaneous growth o
quiet auroral arcs in polar regions. The feedback instability in the M-I coupling system, which explains simultaneous growth
of ionospheric density, field-aligned current, and electric field perturbations, has often been analyzed by the MHD or two-fluid
equations. For a more realistic analysis under the magnetospheric condition, however, kinetic effects of ions and electrons al
necessary to be incorporated in the theoretical model.

The gyrokinetic (GK) equations for magnetized plasmas have been derived for describing the Alfven and drift waves of
which frequency is much lower than the gyro-frequency. Using a theoretical model reduced from the GK equations, we have
developed a linear formulation of the feedback instability in a flux tube geometry, where the finite Lamor radius (FLR) effect of
ions can be accurately incorporated. The FLR effect leads to increase of the real frequency of the feedback coupling in a larg
perpendicular wavenumber region. The dispersive Alfven wave is also described by the gyrokinetic equations for electrons an
the ion polarization effect. The feedback instability analysis will also be addressed in case with the kinetic electrons.
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Interaction between the solar wind and the mini-magnetosphere of dipolar magnetized objects is investigated by a three
dimensional hybrid simulation, which treats the ions as kinetic super particles via particle-in-cell method and the electrons as
a massless fluid. The hybrid simulation is suitable for the study of the mini-magnetosphere which scale is an order of the ior
Larmor radius of the solar wind ions at the magnetopause boundary, because the ion kinetic effects are important for its structur
Since the dayside sheath thickness is also an order of the ion Larmor radius, the bow shock has a downstream transition regi
which overlap with the boundary layer of the magnetosphere. We will also discuss the effects of the interplanetary magnetic fielc
(IMF) condition for the bow shock and boundary layer structures of the ion scale magnetosphere.
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The Vlasov simulation is known as one of plasma kinetic simulation methods, in which the Vlasov equation is discretized on
grid points in phase space. Compared to the Particle-In-Cell (PIC) method, the Vlasov simulation is free from the statistical noise
and is easy for parallel computation. On the other hand, the Vlasov simulation has the difficulty in advancing the distribution
function in velocity space. Especially, the Vlasov simulation of magnetized plasma is quite difficult, owing to the gyro motion
around the magnetic field line (solid body rotation in velocity space).

To overcome the difficulty, we have developed a multi-moment advection scheme (Minoshima et al. 2011; 2013). The schem
treats not only point values of a profile but also its zeroth to second order piecewise moments as dependent variables. The sche
remarkably reduces numerical diffusion and is suitable for advancing the distribution function in velocity space. We have suc-
cessfully applied the scheme to electromagnetic Vlasov simulations.

Here, we newly propose a simplified form of the multi-moment advection scheme. The new scheme treats zeroth to secon
order piecewise moments as dependent variables at cell center, while point values of a profile are not. Then the scheme adoj
a collocated grid system. The basic equation is discretized in a finite volume formulation. A numerical flux at cell face is eval-
uated by a one-dimensional high-order interpolation, even in multi-dimensional problems. These modifications greatly simplify
the scheme compared to the previous one. Benchmark tests of a multi-dimensional advection and rotation problem show that tl
new scheme keeps profile well for very long time calculation ("1,000 rotations). The application of the scheme to electromagnetic
Vlasov simulations will be presented.
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The interaction between a plasma flow and a small dielectric body with a weak intrinsic global magnetic field is studied by
means of a five-dimensional full electromagnetic Vlasov simulation with two configuration and three velocity spaces. The inter-
action of a plasma flow with a dielectric object is quite different from that with a magnetized object such as the Earth. Due to the
absence of the global magnetic field, the dielectric object absorbs plasma particles which reach the surface, generating a plas
cavity called a wake on the anti-solar side of the object. In the present study, entry processes of ions into the nightside wake ta
are examined. A high-resolution simulation run is now performed by using the K computer. A preliminary result will be shown.

0000o0:0000000000o0,0000000,00000U00,000
Keywords: computer simulation, Vlasov code, K computer, small body

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

PEM27-P01 go:booboboobo 00:50 240 16:15-17:30

Jddoodooddoodoodoodn _
Effects of turbulence in fast magnetic reconnection

0000 ™ o0ooo?oo0o00t!
Katsuaki Higashimoti, Nobumitsu Yokot, Masahiro Hoshinb

!DpoDD0DD0D0O000000,200000000000
LUniversity of Tokyo, Department of Earth and Planetary Sciefidajversity of Tokyo, Institute of Industrial Science

ooooboooobooobooR,00D0000D0O0O0OO0O0OOOOOOOOOOOOODDOOODDOOODDOO
goboooboobooboobooooboobbooboobooboobooboobbooboobooboon
ubogbuooboobgbbooboaobooboobooboboabo

ooooooooooboooooooobooooooOOOOOOO0OOooOoOoOoooooDODODDOOO0O0OD0OD 1960
0000000000000 00000O00000000000000000 [Sweet, 1958; Parker, 19570 00000
000000000000000000000000000 (R,~Y?000)000000000000000000O0O
gooooooobooobooboobooooooboooboooobooboooobboobDoobDobooDoDooDooDboo
oobooooboooooooboboooooobobooobooooobooooooboooobooboooobooboooOooooooboboon
Oo0000000DOO00000000000000000000ooooooooooooOoDOO [Loureiro+, 20091
Oo0o0o0o0O0oooooooooooOoO0OO0OOOO0O00OooOoOooooOoOOO0COOOOg [Yokoiand Hoshino,
2011p 0000000000000 O0O00o0Oo00o0OoO00OoO00OO000OO00OO0O0DODOOoOOOOO
gobooboboooboobooboooboboooooboboooboo

gooooOoOCOOOOO0O0O0O0O0OO0UOUUOUUOUOOOOOOOoMADOODODOO [e.g., Yoshizawa, 19907 O O
oooooooooooMMHDOOOOO0OO0OO0OO0OO0OO0O0OO0OOODDODOOOOOOOOOOOOOOOODDOOODOOO
MHDOODOOOOOOO0OODODOOO0O000oooooooooooooooooooooooooboooooooDoooo
000000000 oOhmODOO0O0O0O000000000O0OD0O0O00000000O0O0000000D000OoOoOOO0
ooboooobooobobobooobooobboooboobooooooboobboboobooOooboboooobOooDbbo0o0oDoo
ooboooboobooobooOoobOoooooboooobooobboobooooboooboooboOoooboooboOoon
gboooooobobooooooooboboooooooboobobooooboobOoboooooooooboon
oboooboooooboobooooobooobooobooboooboooooboobooboobooooboooboaoon

goooo:ggobobuoooo,oo,0boboooo,bo,bbbooooob,booooooon
Keywords: magnetic reconnection, turbulence, cross-helicity, laminar flow, reconnection rate, simulation

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]“ g

Geoscience
Union

PEM27-P02 go:booboboobo 00:50 240 16:15-17:30

0000000000000 00000O00D0O000000 HalMHDO OO OO

[]
Revisiting hybrid and Hall MHD models for space plasma simulations
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One of the outstanding difficulties for modeling space plasma phenomena is the huge gap between many different tempor:
and spatial scales. Accordingly, there exist several physical models suitable to describe phenomena occurring on a specific sca
The well-known magnetohydrodynamics (MHD) description gives an adequate view for macroscopic phenomena like global
magnetospheric dynamics. On the other hand, key phenomena such as reconnection at the near earth neutral line is belie\
to be crucial even for the global dynamics of the magnetosphere. This calls for a more sophisticated model that is able to, &
least in an approximate manner, describe kinetic effects controlling the key processes, while keeping the global dynamics ye
computationally tractable. It is known that when the spatial scale becomes of the order of ion inertial length, the Hall term starts
to play a role. Indeed, the importance of the Hall term in reconnection physics has been recognized for years. The Hall MHD
model would therefore be the simplest model beyond ideal MHD. One may also includes kinetic effects by treating ions as
an ensemble of macroscopic particles rather than a fluid. The hybrid model usually do so while approximating electrons as
massless charge-neutralizing fluid, thus ignoring their finite inertia and kinetic effects. Since these models do not include higt
frequency waves associated with electron scale physics, computational requirement is much less than the fully kinetic model i
which both electron and ions are treated as kinetic particles. It appears that they are useful tools to describe physics beyond ide
MHD. In reality, however, they tend to be numerically unstable when dealing with the scale length smaller than the ion inertial
length. Because of this, the applicability of the models have been severely limited to date.

Here, we look for the reason for the numerical difficulty and reconsider the formulation of these models. By analyzing the
linearized magnetic field induction equation including the Hall current, we find that the problem seems to become ill-conditioned
for the high frequency whistler mode branch. Namely, for whistler waves, even a small numerical error in the ion fluid velocity
would be substantially amplified, implying a numerical instability. We suggest that the problem may be resolved by retaining an
approximate non-zero electron inertial current term. Since the exact expression for the electron inertial current is not desirable fc
our purpose of describing waves with frequency much smaller than the electron cyclotron frequency, we assume that electror
are magnetized. Under this assumption, the electron inertial current may be approximated by a temporal derivative of the electri
drift velocity, which makes the equation of motion of the electron fluid as essentially an equation describing time evolution for
the electric field. In this model, the induction equation no longer involves explicit dependence on the ion fluid velocity. Linear
analysis has been carried out to find that the present model gives an adequate description for scales larger than the electron iner
length. Comparisons with other models (MHD, Hall MHD, two fluid) as well as the applicability of the model will be addressed.
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Dispersion relation of helicon waves with dissipation
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An open boundary condition in the AMR-PIC simulations of magnetic reconnection
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One of the main issues on magnetic reconnection processes is the mechanism breaking the frozen-in condition around tl
x-line and providing the electric resistivity in collisionless plasmas. It has been recognized empirically in magnetohydrodynamic
simulations that the Petschek-type fast reconnection can be achieved only when an intense resistivity arises locally near tt
x-line. However, the generation mechanism of the resistive effects in collisionless plasmas is poorly understood in the kinetic
framework. In 2D reconnection, it has been demonstrated by kinetic simulations that the momentum transport due to the Speise
type motion of the electrons around the x-line gives rise to the so-called inertia resisticity which results in the electron viscosity
term in the generalized Ohm’s law. Although the electron viscosity gives sufficient dissipation for supporting the reconnection
electric field under the thin current layer on the order of the electron inertia length, such a thin current sheet has been observe
neither in the laboratory experiments nor in the geomagnetosphere. Recent 3D particle-in-cell (PIC) simulations with the adaptiv
mesh refinement (AMR) have revealed that an electromagnetic turbulence in the current density direction gives rise to significar
anomalous dissipation in association with plasmoid formations and enhances the effective width of the current sheet. Howeve
the observations in space and laboratory have shown even wider current sheet during the fast reconnection, which implies tt
existence of more intense turbulence. It is reasonable to expect that, in a much larger system in the current density direction, tt
plasmoid formations are more three dimensional, which results in more turbulent current sheet.

The previous AMR-PIC simulations of magnetic reconnection have employed the periodic boundary condition in the outflow
direction and the conducting wall condition in the upstream direction. These boundary conditions have an advantage that th
implementation is easy, but they require very large system size for one to investigate the quasi-steady reconnection process
Furthermore, the particles split around the x-line accumulate eventually in the downstream region, so that the number of th
super-particles in the system increases as reconnection goes on. In order to achieve more efficient simulations of quasi-stea
reconnection, we have developed an open boundary condition for the AMR-PIC model both in the downstream and upstrear
directions. The open boundary condition allows the particles and magnetic flux to leave the system in the downstream directio
and to enter the system in the upstream direction. There are two advantages of using the open boundary condition: the first is
enable us to shrink the system size drastically in the reconnection plane, and the second is that the total number of the supe
particles in the system is decreased. As a result, the redundant computer resources can be used to increase the system size ir
out-of-plane direction. We expect that by using the open boundary condition one can obtain one order larger system size in th
current density direction.

In this paper, we show initial results of the 2D AMR-PIC simulations of magnetic reconnection under the open boundary
condition. It is described that the initial current sheet plasma is removed from the system and quasi-steady reconnection i
achieved. By comparing to the results of the previous AMR-PIC simulations, we will discuss the efficiency by using the new
boundary condition.

Keywords: magnetic reconnection, AMR-PIC model, open boundary, turbulence
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Cassini observations revealed that Saturn’s moon Enceladus (3.95Rs) ejects ngdtiralrilits southern pole with temporal
variability [e.g., Hansen et al., 2006]. This volcanic activity, so-called 'plumes’, leads to the electromagnetic coupling between
Saturn’s ionosphere and plasmas around Enceladus. The coupling causes auroral activities around the footprint of Encelad
[Pryor et al., 2011]. They discovered Enceladus footprint aurora with temporal variability and reported that observed field alignec
fluxes of electrons and ions are sufficient to brighten the footprint aurora observed by EUV onboard Cassini. They interpretec
that the variability of auroral brightness reflects variations of plume activities. In contrast, an electron precipitation into the
atmosphere through pitch-angle scattering also causes auroral emissions. The dominant physical process controlling the activ
of the footprint aurora is still controversial.

In the present study, for the quantitative evaluation of auroral emissions caused by the pitch-angle scattering through elast
collisions between magnetospheric electrons ap@ ldarticles, we have developed a spatially one dimensional test-particle
simulation code with monoenergetic electron along a dipole magnetic field at Enceladus (L = 3.95). We assume that the initia
velocity distribution of energetic electrons at the magnetic equator forms a velocity distribution with a loss-cone. It is assumed
that the cross sections of elastic collisions are Born-dipole approximation [Khakoo et al., 2008]. An interaction between an
electron and a background neutral cloud is solved by the Monte-Carlo method using the differential cross sections of elastit
collisions for H,O. We show a preliminary result of the variability of precipitating electrons with several hundred eV to several
keV and estimation of the expected brightness of auroral emissions.
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