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Plasmoid-induced turbulence in 3D magnetic reconnection

00 00 ™, Richard Sydora
FUJIMOTO, Keizd*, SYDORA, Richard

l0gooo0o0oooooon,?000oooo
'RIKEN, 2University of Alberta

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 inertia resistivity gives intense dissipation under the thin current layer
on the order of the electron inertia length, such a thin current sheet has been observed neither in the laboratory experiments r
in the geomagnetosphere. The observational results have shown that the current sheet width during the fast reconnection is mt
larger than that in the 2D kinetic simulations and electromagnetic wave activities are usually accompanied. These characteristi
infer the existence of the anomalous effects due to wave-particle interactions that are not incorporated in the 2D simulations.

In order to investigate the 3D effects in the dissipation process, the present study has performed large-scale particle-in-ce
(PIC) simulations in 3D system. The code employs the adaptive mesh refinement (AMR) and is massively parallelized, whict
enables us to perform highly efficient simulations on state-of-the-art supercomputers. The 3D simulations revealed that thi
thin current layer is unstable to a low-frequency electromagnetic mode wijthcvw < wy g, where w,; and w,y are the
ion cyclotron frequency and the lower hybrid frequency, respectively. The mode propagates in the cross-field direction anc
produces the turbulent flow around the electron current layer, so that the electron current is impeded by the turbulence on averac
The turbulence effect is evaluated by the anomalous terms in the generalized Ohm’s law and is found to provide significan
contribution to the force balance. In particular, it is very interesting to remark that the turbulence effect is strongly enhanced in
association with the plasmoid ejections. Although the present simulations have been carried out for an unrealistic ion-to-electro
mass ratio (mi/me = 100), the linear analyses have demonstrated that the mode still survives for the real mass ratio (mi/me
1836).

In this paper, we show the recent kinetic simulation results in large-scale 3D system, where it is described that the intens
turbulence is caused due to the plasmoid ejections. The possible scenario under the real mass ratio will be discussed using 1
linear analyses based on the two-fluid equations.
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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 is 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 th
strong turbulent viscosity, are mainly studied by numerical simulations under MHD approximation which assumes the plasma a:
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 generation of pressu
anisotropy during the evolution of MRI, and the plasma which constitutes the accretion disk is treated as a Landau fluid.

In this study, we developed 2-dimensional hybrid code to study local differentially rotating collisionless plasma. We treated
ion as a particle and electron as a massless fluid, and included the effect of gravity and tidal force. In this presentation, we woul
like to discuss the generation and relaxation process of pressure anisotropy during the evolution of MRI.
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Evolution of proton temperature anisotropy and Alfvenic turbulence in the radially ex-

panding solar wind

oo oot
NARIYUKI, Yasuhiro'*

loooo
IKNCT

In the present study, we develop an analytical model of the radially expanding solar wind plasma that includes the protor
temperature anisotropy and low-frequency Alfvenic turbulence. The conservation of the "apparent temperature” in the flux tube
is derived as the Bernoulli law in the magnetohydrodynamic (MHD) equations with the pressure anisotropy. Our analytical model
shows that the conversion from "apparent temperature” to "real temperature” occurs in the radially expanding solar wind.
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Numerical calculation of solar thermal convection with the Reduced Speed of Sound
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We suggest the new technique to calculate solar internal convection efficiently. It is important to understand the solar interna
convection. This issue is deeply related to investigation of the solar global flow and the solar dynamo problem. There is a diffi-
culty to solve the solar internal convection numerically, i.e. the speed of sound. The speed of sound is about 200 km/s, wheret
the speed of convection is about 50 m/s at the base of the convection zone. The time step is significantly short with this high spee
of sound. The anelastic approximation is often adopted to avoid this difficulty and there are many works with this approximation.
This approximation, however, requires the frequent global communication in parallel computing and the efficiency becomes bax
with large number of CPUs. A larger resolution with larger number of CPUs is essential to solve the proper angular momentun
transport by turbulence. Therefore, we are looking for another way, i.e. RSST(Reduced Sound Speed Technique). The speed
sound is artificially reduced with the transformed equation of continuity and the time step can be took large. This technique doe:
not require the global communication. We investigate the validity of this technique to describe the convection. 3D simulations of
the convection shows that the characteristic features does not change with RSST when Mach number is smaller than 0.7.
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Magnetospheric sources and mechanisms of Region 2 field-aligned currents
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Field-aligned currents (FACs) are the electric currents that flow along magnetic field lines between the ionosphere and th
magnetosphere. In the ionosphere, large-scale FACs reside in an annulus that encircles the geomagnetic pole. The FACs loca
on the poleward side are calledegion 1>, while those located on the equatorward side are catiegion 2-. Of the two FAC
systems, the latter Region 2 FACs are thought to be closed on the nightside, driven by the pressure gradient in the ring curre
region or the inner edge of the plasma sheet. In order to drive FACs constantly, there must be a regiorBvhiedg(ith |
and E being the current density and electric field, respectively). In the past, this basic energetics of the current system has n
been seriously considered. To investigate the source mechanisms of region 2 FACs, we performed global MHD simulation an
examined the dynamo processes in the magnetosphere. Our new finding is that the region 2 FACs are closed not only on tt
nightside, but also on the dayside even in a quasi-stationary magnetosphere. Similar to the nightside region 2 system, daysi
region 2 FACs are driven by the plasma pressure gradient and their energy source is the thermal energy of the plasma. Howev
unlike the nightside region 2 system, the dynamo region of the dayside region 2 system is located at high latitudes just equato
ward of and adjacent to the dayside cusp. Thus the dayside cusp is essential for the generation of dayside region 2 FACs. V
discuss in detail the physical processes associated with the dayside region 2 system.
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[1] E. Engwall et al., Wake Formation Behind Positively Charged Spacecraft in Flowing Tenuous Plasmas, Phys. Plasmas, 13
062904, 2006.
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Dissipation of electromagnetic energy at relativistic shocks
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Poynting-flux dominated relativistic flows are thought to occur in many high-energy astrophysical environments, including
pulsar winds, jets in active galactic nuclei and gamma-ray bursts. In the case of a pulsar wind, the relativistic flow is terminatec
by a standing shock (the termination shock) occurring at the point where the pressure of the flow equals to that exerted by
surrounding medium. Although neither ideal magnetohydrodynamic (MHD) flows nor ordinary MHD shocks do not convert the
dominant electromagnetic energy into the kinetic energy of particles, observations do suggest that the kinetic energy is dominal
in the downstream of the shock, indicating the presence of an efficient energy conversion mechanism. Magnetic reconnection
often invoked as a mechanism that annihilates the fluctuating component of magnetic fields originating from obliquely rotating
central objects. However, it is suggested that magnetic reconnection cannot provide sufficient dissipation, so that the fluctuatin
component remains until the wind reaches the termination shock.

Motivated by this, the dynamics of a relativistic shock standing in a highly magnetized wind containing a fluctuating component
is studied. The fluctuation is modeled by a circularly polarized magnetic shear wave embedded in the flow (i.e., an entropy
mode wave.) The frequency of the wave measured in the shock rest frame is boosted by the relativistic Doppler shift, anc
thus, can be higher than the plasma frequency in a parameter regime relevant to pulsar winds. This opens up a new dissipati
channel. The upstream wave can be converted into electromagnetic waves (or photons) by the discontinuity and the dissipatic
may be triggered through subsequent instabilities. By utilizing a newly developed relativistic two-fluid code for pair plasmas,
such a energy conversion mechanism is actually shown to exist. It is demonstrated that the shock is strongly modified by sell
consistently generated intense electromagnetic waves. A precursor region is formed ahead of the shock in which significar
amount of the electromagnetic energy is dissipated into particles. It is found that an initial highly magnetized wind is converted
into a particle-energy-dominated, non-relativistic flow across the shock, as required by the boundary condition imposed by ¢
surrounding medium.
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Plasma kinetic processes at collision-less shocks have been investigated and recognized as important for injecting electro
towards so-called the diffusive shock acceleration mechanism. The shock surfing acceleration is one of the prominent mech:
nisms that can quickly accelerate the electrons at the leading edge of the shock foot region by DC electric fields. The underlyin
mechanism of the shock surfing acceleration is the plasma kinetic process between the reflected ions and the incoming electrc
that leads to the excitation of Buneman instability.

We have examined electron acceleration mechanisms at high Mach number shocks by means of two-dimensional PIC sim
lations with a large ion-to-electron mass ratio. We found the electrons are effectively accelerated at a super-high Mach numbe
shock (MLA"30 in the shock-rest frame). The shock surfing acceleration is an effective mechanism for accelerating electrons
toward the relativistic regime even in two dimension. An additional acceleration by the strong electric fields at the shock surface
further energized the pre-accelerated electrons up to gamma ~ 9. These two step accelerations are found only in the super-hi
Mach number shock with a low upstream electron betandition.

The conditions of the electron shock surfing acceleration toward the relativistc regime have been derived from one-dimensione
arguments [Cargill and Papadopoulos; 1988, Papadopoulos, 1988]. These simple estimations still hold in the present twc
dimensional simulations. While all our simulation runs satisfies the unstable condition of the Buneman instability, the shock
surfing acceleration was observed in two simulation runs which also satisfied the trapping condition of accelerated electrons b
the excited electric field. A similar aspect holds in recent two-dimensional PIC simulations with different parameters from our
simulation runs [Umeda et al., 2009; Riquelme and Spitkovsky, 2011].

Exception is also found in a high begacondition. In this run, the Buneman instability was destablized in the foot region.
However, its peak amptitude is not so large that electrons can be escaped from the trapping region before reaching the relativis!
regime. A similar exception was also found by Kato and Takabe [2010]. Although their linear analysis revealed that the foot
region in their simulation result was destabilized by the Buneman instability, the resultant energy spectrum showed a Maxwelliar
like what we see in the present study. These results indicate that we cannot simply understand the high eleetsimblzta
tions from the linear and quasi-linear theories of cold plasma, and detailed analysis of the saturation mechanism of the Buneme
instability with finite electron temperature effects is necessary.
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Large-scale two-dimensional full particle-in-cell simulations are carried out for studying periodic self-reformation of super-
critical perpendicular shocks. It is confirmed that the structure and dynamics of shocks are affected by the coupling betweel
ripples and microinstabilities at the shock front. The shock reformation is absent when electromagnetic instabilities such as th
modified two-stream instability are dominant at the shock foot. Electromagnetic whistler mode waves excited by the modified
two-stream instability couples with the shock-front ripples, resulting in strong scattering of reflected ions at the shock front. On
the other hand, the shock reformation is persistent when there is no microinstabilities or electrostatic instabilities are dominant ¢
the shock foot. However, the reformation period is modified essentially due to the shock-front ripples because reflected ions ar

less scattered at the shock front.

00000:000,0000000000,0000000,0000
Keywords: shock waves, particle simulation, cross-scale coupling, instability

1/1



Japan Geoscience Union Meeting 2012 @ ;«
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]&L’s}!me

Union

PEM26-P15 go:booboboobo 00:50 220 10:45-12:15

Enceladu§ 0000 000000000000 ODOOO0OOOOOOOO
Test-particle analysis of electron scattering in the Saturn’s inner magnetosphere by net

tral H20 from Enceladus

0o oo > oooo!
TADOKORO, Hiroyast*, KATOH, Yuto!

l0o0o0ooOooOoOoooo
LGraduate School of Science, Tohoku University

Cassini observations revealed that Saturn’s moon Enceladus ejects ne@rfibhh its southern pole with temporal variabil-
ity [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 Enceladus [Pryor et ¢
2011]. They reported that observed field aligned fluxes of electrons and ions are sufficient to brighten the footprint aurora ob:
served by EUV onboard Cassini. On the other hand, an electron precipitation into the atmosphere through pitch-angle scatterir
also causes auroral emissions. The dominant physical process controlling the activity 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 ay@ particles, we have developed a spatially one dimensional test-particle sim-
ulation code along a dipole magnetic field at Enceladus (L = 3.95). We assume that the initial velocity distribution of energetic
electrons at the magnetic equator forms a velocity distribution with a loss-cone. An interaction between an electron and a back
ground neutral cloud is solved by the Monte-Carlo method using differential cross sections of elastic collisiop® fokeH
show a result of the variability of precipitating electrons and estimation of the expected brightness of auroral emissions.

gooobo:0bo0oobboobooboo,obb0bo00ooo,00,0b0b0b,000b0bboboo,ob0obooo0
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In the Earth’s inner magnetosphere, whistler-mode chorus emissions are observed mostly on the dawn side and are enhanc
during geomagnetically disturbed periods. Chorus emissions are narrow band emissions observed in the typical frequency ran
of 0.2 to 0.8 ¥Omega with a gap at the half ¥Omegg where ¥Omegg represents the electron gyrofrequency at the magnetic
equator. Components of emissions in the frequency range lower and higher than 0.5 ¥Qmnegespectively called the lower-
band and upper-band chorus emissions. The gap at 0.5 ¥Qglegs been understood by the difference of the propagation
characteristics of whistler-mode waves of frequency higher or lower than 0.5 ¥Qgneagagating along the field aligned
ducts of enhanced/depleted plasma density [e.g., Bell et al., 2009]. The difference of the characteristics of upper-band an
lower-band chorus emissions has been explained by the different propagation properties of whistler-mode waves of differer
wave frequency. For the discussion of the properties of whistler-mode wave propagation in the dipole magnetic field, we have
developed a simulation code with a dipole geometry.

In this presentation we show initial results of the simulation of the whistler-mode wave propagation in the inner magnetosphere
We assume the wave source of monochromatic whistler-mode waves in the equatorial region of the magnetosphere. By assumi
a cold plasma density distribution with a spatial gradient in both latitudinal and radial direction in the dipole magnetic field, we
study the difference of propagation properties of whistler-mode waves of different wave frequency.
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