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A new instability along toroidal magnetic field in differentially rotating plasmas
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We discuss a new type of instability expected to take place in an accretion disk, which has a differentially rotating plasma
threaded by a weak magnetic field, by performing linear eigenvalue analysis. We study the linear stability of a disk with a
localized, toroidal magnetic field in the radial direction, which can be expected in an accretion disk during the nonlinear evolution
of the magneto-rotational-instabilities (MRI).

The MRI is believed to be a strong source of magneto-hydro-dynamic (MHD) turbulence and the resultant angular momentun
transport in the accretion disk, which is required for the gas to accrete onto the central object. Once the MRI grows, the syster
is chiefly governed by the toroidal and radial magnetic field newly generated by the dynamo action of MRI. Such a configuration
allows the Alfven waves to propagate along toroidal direction.

In this talk, we study the linear stability of the Alfven wave in the local Cartesian coordinate, the so-called shearing periodic
box, and show that the toroidally propagating Alfven wave can become unstable if its wavelength is larger than the length scal
of the localized magnetic field gradient. We investigate our results of the linear eigenvalue analysis by changing the structur
of the localized magnetic field, and discuss some properties of the instability with examining the eigenvectors and eigenvalues
It is revealed that this type of instability may also appear in non-rotating plasma, but it is highly suppressed in a rigid body
rotating plasma. In addition to the linear analysis, the corresponding nonlinear behavior will also be discussed by using MHD
numerical simulations. This instability plays an important role in the plasma transport because it probably couples with the
magnetic reconnection occurring in the equatorial plane and then to contributes to the saturation mechanism of the MRI.
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Particle acceleration and angular momentum transport during magnetorotational instabil
ity in kinetic accretion disks
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Magneto-rotational instability (MRI) in a gravitational rotating system is known to play an important role on the formation
of the astrophysical accretion disk and the angular momentum transport, and the nonlinear time evolution of magneto-rotationz
instability has been extensively investigated by using MHD simulations so far. The mean free path of plasma, however, is no
necessarily smaller than the characteristic scale length for some classes of astrophysical accretion disks, and the collisionle
behavior of MRI beyond the MHD approximation needs to be understood. In this talk, we study momentum transport and par-
ticle acceleration of the kinetic (collisionless) MRI by focusing on magnetic reconnection. We discuss that a strong pressure
anisotropy is associated with the formation of the channel flow, and the anisotropic channel flow can lead to a rapid magneti
reconnection, that can occurs sporadically in three-dimensional system. As a result of the reconnection, non-thermal power la
distribution with a hard spectral index p=1-1.5 is quickly formed. We also discuss that the so-called alpha parameter in the
standard accretion disk model, which is numerically measured from the Reynolds and Maxwell stresses, can be dramaticall
enhanced during the nonlinear time evolution of MRI. The kinetic MRI is one of plausible mechanisms to explain much more
efficient angular momentum transport and high-energy particle emissions observed from massive black holes such as Sgr A
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Numerical Simulation of Kinetic Magnetorotational Instability using a new Hybrid Tech-
nique
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The evolution of Magnetorotational instability (MRI) is considered to be important in the context of efficient angular momen-
tum transport in the accretion disks in our universe. Conventionally, the nonlinear evolution of MRI is studied under the MHD
approximation which assumes the mean free path of the plasma is sufficiently small compared to the actual size of the disk
However some classes of the accretion disks, for example the disk around, SgeAound to be constituted with a collision
less plasma and therefore the kinetic effect of the plasma, such as generation and relaxation of the pressure anisotropy, should
taken into account.

For the inclusion of the kinetic plasma effects, hybrid code, which treats ions as particles and electrons as massless char
neutralizing fluid, may provide a robust approach resolving the ion scale physics and integrating over the Keplerian time scale
However in the 2 dimensional simulation of the MRI, it is well known that the system eventually grows to a set of channel flows.
In this state, the density of the plasma is found to be extremely low in the region where the magnetic field is enhanced as
result of a strong dynamo effect of the differential rotation of the disk. In this low density, strong magnetic field region, the CFL
condition determined by the R-mode wave is found to be severe. Moreover, since the extremely low density region is generate
in the channel flow, the division-by-density operation in the conventional hybrid code leads to an unexpected termination of the
calculation.

In this study we adopted a new approach of hybrid simulation to a differentially rotating system. In this approach, the finite
electron inertia is taken into account which gives a upper bound in the phase velocity of the R-mode wave, providing a reduce:
CFL condition. In addition, the new approach is almost free from the division-by-density operation and the extremely low den-
sity region generated in the channel flow can then be calculated appropriately. With this new code we would like to discuss the
nonlinear evolution of the 2 dimensional kinetic MRI.
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Self-organization and flow in high-beta magnetized plasmas
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FERGTRA S22 (MHD) I K D 5ok C & 2 RIAFHIHSUI Z ORGED X7 — )LDVl & KE 3E-> TV AICEED 59,
G ORFRZER A r — )V 2§l T M HHIER EORBENTHBIT 52 &N TE %, HiT 572D OFEAMAE R,
5. TOWHET T XEA RO T O—72 &AM kidE e MRa Y —fEE ZRICON TERIRCHIE LN SR EXE
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B IREEZ N U 727200 OfS B aREEZ L TWVW5, KiFan ) okEz il LT3 DN KGO TH D . NS
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2T EMNSHDAT 2 uaxy Z7AEROEFE TN T3,
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C OEHERHED b —F AR OIS DN T, SRR D HIST #&E TEREMM THh N, SHBD b a1 XV 7z
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[1] M. Nagata et al., Phys. Rev. Lett. 71, 4342 (1993)

[2] M. Nagata et al., Phys. Rev. Lett. 90, 225001 (2003)
[3] M. Nagata et al., Phys. Plasmas 10, 2932 (2003)
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Observations of Alfvenic waves in the solar atmosphere
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We investigate the formation mechanism of solar filaments by two-dimensional magnetohydrodynamic (MHD) simulations.
Solar filaments are cool dense plasma clouds in the hot tenuous corona. Filaments abruptly erupt with flares, hence, they are t
important objects to comprehend the explosive events in the solar atmosphere. On the other hand, their formation mechanism
still unclear as well as the mechanism for eruptions.

Filaments always appear inside the coronal arcade fields, and the cool dense plasma is sustained by the magnetic forc
Observations show that filaments are categorized as normal polarity filaments or inverse polarity filaments. The normal polarit)
filaments have the same polarity with the surrounding coronal magnetic fields, while the inverse polarity filaments have opposite
polarity. One candidate to explain the origin of the cool dense plasma is condensation by the radiative cooling in the corona
The current condensation model can reproduce the normal polarity filaments, but not the inverse polarity filaments. We propos
a new condensation model to reproduce the inverse polarity filaments, and demonstrate it by two-dimensional MHD simulation:
including radiative cooling, thermal conduction along the magnetic field and gravity. Our model starts from the formation of
the magnetic flux rope. The relatively dense plasma at the lower corona is trapped inside the flux rope and lifted up to the
upper corona. The dense plasma causes imbalance between the radiative cooling and the background heating, while the thert
conduction along the closed field line of the flux rope does not suppress the thermal imbalance. Consequently, the condensatit
process is triggered and the cool dense plasma is formed. We test two types of heating term (one depends on magnetic press
and the other depends on density) and two types of formation mechanisms of the flux rope (one is the conversing motion at th
footpoints of the coronal arcade field and the other is the interaction between the emerging flux and the coronal arcade field). A
a result, the cool dense plasma is formed inside the flux rope in every case. We also show that our model has a possibility t
reproduce the density of solar filaments, which is 10 -100 times larger than that of the surrounding corona, qualitatively.

F—TU—RK K74 AV, TOIRVA
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Comparative study of Observation and Calculation of Hot Fast Flow above a Solar Flare
Arcade
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Solar flares are one of the main forces behind space weather events. However, the mechanism that drives such energe
phenomena is not fully understood. The standard eruptive flare model predicts that magnetic reconnection occurs high in th
corona where hot fast flows are created. However, there is not enough observational knowledge of the physical parameters
the reconnection region. The inflow into the reconnection region, the temperature of the plasma in the reconnection region, an
the temperatures and densities of the plasma jets predicted by reconnection, have not been quantitatively measured in sufficie
First, we will show a flare that occurred on the west solar limb on 2012 January 27 observed by the Hinode EUV Imaging
Spectrometer (EIS) and found that the hot (?30MK) fagi@{0 km s?1) component was located above the flare loop and discuss
how extent we understand the key-region of solar flare. Second, it is important to answer why the most observation cannot dete
the predicted flow or temperature in the reconnection region. One of the reasons why we cannot observe inside the magnet
reconnection region is due to its darkness. Generally we can see the bright cusp-like structure during solar flare, although tf
reconnection region is faint/blind. One may think that the temperature in the reconnection region is enough higher than that o
cusp-like flare loops. Thus the wavelength of emission from reconnection region is different from flare loops. However, this is
not entirely true. Magnetic reconnection causes rapid heating. Thus ionization cannot reach to the equilibrium stage. We hav
calculated the ionization process in the down stream of Petschek type magnetic reconnection. From our result, we can clear
see that plasma cannot reach the ionization equilibrium in the down stream of slow-mode shock. The typical emissions fron
magnetic reconnection region are FelXX or FeXX, although the plasma temperature is equal to 40MK. The typical temperature
and density of post flare loops are 10 MK and 10711 /cc, and the dominant emissions from post flare loops are from FelXX
to FeXXIll. Thus the wavelength of emission from reconnection region is not so much different from post flare loops. We will
discuss how the emissions from reconnection region looks like by using several ionization calculations of magnetic reconnectior

F—T— K T, and, W, K5
Keywords: flare, corona, non-equilibrium ionization, sun
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Magnetic Evolutions at Extremely High Latitude Region during Polarity Reversal Ob-
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Magnetic Evolutions at Extremely High Latitude Region during Polarity Reversal Ob-

served with Hinode
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The magnetic field in the Sun’s polar region is a key ingredient of the solar dynamo mechanism because the polar field strengt
at a solar minimum has a correlation with solar activity of the following cycle. The evolution processes of the polar field (its
polarity reversal and its build-up after the reversal) are thought to be caused by magnetic flux transport due to meridional flow
and diffusion by turbulent convection. Nevertheless, our understanding of the meridional flow and diffusion in the polar region
is still poor because of many difficulties in magnetic observation near the limb.

We recorded time evolution of magnetic polarity distribution within the whole of both polar regions derived from the high-
accuracy spectropolarimetric observation with Solar Optical Telescope aboard Hinode. In the north polar region, the latitudina
polarity inversion line (PIL) between the preexisting negative polarity region and transported positive polarity region migrates
from 60 degrees latitude at January 2012 to 68 degrees latitude at September 2012. Then the whole of the north polar regic
becomes positive at September 2013. The migration speed of the PIL is’5 @@esuary - September 2012) and then becomes
8.5 ms! (September 2012 - September 2013). According to a flux transport model, the speed-up is understood as a result of
diffusion process. In contrast, the whole of the south polar region observed in March 2013 has still ample positive field. The PIL
locates out of the observed region (over 67 degrees latitude).

We examined a few parameter sets of the meridional flow pattern and the diffusion coefficient with an advection-diffusion
model. The observed PIL migration in the north polar region can be explained well if there is slightly strong diffusion without
the meridional flow.

F—T— FOEBK, W, (RC B, Mt ss, X1 7€
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Properties of small-scale jets in a sunspot chromosphere revealed through spectroscoy
observations
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High-resolution observations with HINODE Solar Optical Telescope (SOT) revealed that small-scale jets frequently occur in a
sunspot chromosphere though their driving mechanism is not well understood yet because of lack of spectroscopic informatior
such as temperatures and Doppler velocities, in the chromospheric observations with Hinode SOT. Spectroscopic observations
the small-scale jets were attempted using an Interferometric Bldimensional Spectrometer (IBIS) at the National Soar Observator
(NSO), and suggested that temperature enhancements associated with the jets happened in the lower chromosphere though t
upward flows were not clearly detected (Reardon, Tritschler, Katsukawa 2013). We've tried obtaining another spectroscopic dat
set of a sunspot chromosphere with better spectral resolution with IBIS, and carried out careful analysis of spectral profiles an
their temporal evolution. The study shows majority of the heated plasma in the lower chromosphere has a bulk flow slower that
the sound speed in the chromosphere. The spectral profiles indicate enhancements in the blue wing, which suggests a part of
heated plasma has a supersonic upflow. In addition, small temperature enhancements are also found in the upper chromosph
near the end of the duration of the jets. The supersonic upflows are possibly responsible for heating in the upper chromospher
This study provides an important observational support for slow-mode waves as acceleration and heating mechanism in th
chromospheric jets. We are going to present a new spectroscopic observation of chromospheric jets made by the Interfac
Regiong Imaging Spectrograph (IRIS) spacecraft that has just started observations since 2013.

F—T—F: KB, B, Vv &, I, GO T, IRIS
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Fast magnetic reconnection W|th a moving X-point in resistive MHD
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vavickh, b LIZERS— FDOT T XEA RARZENZ N H— LT 505D 337 > 3 VRO E#EEDORTEE
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SV AZPEMCT BT EZHNE T B, KT, 2 R0\ A ISR LT, BEIY 2 RptRE T2 595 2 &l
0. 7Y T7a—HcIERE 2RO m ) a7 Y3 YETNVEEAT B, HLLD Tl —< ViR Fv
TemfBIE MHD & 2 a L—> g Y292 L. JENFMEIG 2RI it L7z, 7z, Bk axs g VIc X D Bk E
NIZRNC K> T, BT 3 X fizfiDedilii ) a7 2 a3 YA H CHERNICTEET 5 nfREMEic DWW T B MRS L7z,

[1] e.g, N. F. Loureiro, et al., Phys. Plasmas, 19, 042303 (2012)
[2] K. Kusano, K. Nakabou, et al., in preparation
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Dynamical Petscheck Reconnection
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Thermal conduction effect on the Petschek magnetic reconnection

S P (IR
KONO, Shunya* ; YOKOYAMA, Takaaki'

HOURY
LUniversity of Tokyo

We simulated the magnetic reconnection including the nonlinear thermal conduction effect with two-dimensional MHD equa-
tions. Magnetic reconnection is considered to be the basic process of the solar explosive phenomena. In the atmosphere w
high temperature and low density like solar corona, time-scale of the nonlinear heat conduction becomes shorter and can becor
comparable to the Alfven time-scale. Thermal conduction effect should be considered. Previous studies have showed that, in tt
model of magnetic reconnection produced by Petschek, adiabatic slow mode shock wave generated from the localized diffusic
region is dissociated into isothermal shock wave and conduction front due to the thermal conduction. However, the effect of the
thermal conduction on the energy release rate in the magnetic reconnection is not explained enough in the past.

Here we investigated how the thermal conduction influences the energy conversion rate. We calculated the energy release r:
in different magnitude of the magnetic diffusivity to see the dependence on the Lundquist number. As a result, due to the therme
conduction effect, adiabatic shock wave is dissociated into isothermal shock wave and conduction front and this makes tempe
ature in the reconnection outflow jet smaller. In the outflow region with small temperature, density becomes larger. Considering
mass conservation between the mass flux in the reconnection inflow and that in the outflow, inflow velocity is accelerated becaus
of larger density in the outflow region. This causes increase of the energy release rate in the magnetic reconnection. That increa
rate tends to become larger as the magnitude of magnetic diffusivity becomes smaller. Smaller magnetic diffusivity correpond
to the larger Lundquist number. In the real solar atmosphere, plasma gas has larger Lundquist number than that in this numeric
simulation. This means that thermal conduction effect on the energy release rate in magnetic reconnection might become mo
effective in the real solar atmosphere.

F—U—F: K7 L7 Y axr v a v, B, and
Keywords: solar flare, magnetic reconnection, thermal conduction, corona
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Analysis on turbulent reconnection of three-dimensional resistive MHD simulation
Analysis on turbulent reconnection of three-dimensional resistive MHD simulation

WANG, Shuoyany® ; YOKOYAMA, Takaaki' ; ISOBE, Hiroak?
WANG, Shuoyany* ; YOKOYAMA, Takaaki' ; ISOBE, Hiroak?

1The University of Tokyo2Kyoto University
1The University of Tokyo2Kyoto University

This study starts from a three-dimensional current sheet with random perturbation on velocity, in order to understand more ot

the 3D reconnection in a more general way.

Due to the periodic boundary condition, the core of current sheet quickly develops a resonance netlike pattern under tearin
instability. Small reconnection site mainly form two chains on either side of the current sheet center and constitute a zigzac
arrangement. The outflow from one reconnection site is fed into the counterpart on the other side thus composes a positiv
feedback system resembles even double tearing mode. As the inflow being enhanced, slow-mode shocks are identified along
current sheet. The conversion of the magnetic energy is further raised. Total kinetic energy of the current sheet presents 4 ste
of development while first 3 exhibit linear growing tendency. At the same time, reconnection rate increases by 5 times comparet

with the early phase. Thus we have achieved faster reconnection without localized resistivity in a more universal idea.
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lon Acceleration Mechanisms in the Exhaust Region of Magnetic Reconnection
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Magnetic reconnection is considered to be a key mechanism to convert magnetic field energy into plasma kinetic and therms
energy in various plasma phenomena, in particular, in many astrophysical systems. In collisional plasma, many works assumin
magnetohydrodynamic approximation have revealed that plasma jets can be accelerated up to the upstream Alfven velocit
However, in the case of the collisionless plasma, which is common in many astrophysical phenomena, there is still no conclusiv
theory of the ion acceleration mechanism and the maximum plasma jet velocity because of the complexities of plasma phenomet
and the associated high numerical cost.

In this study, we performed a large-scale 2D particle-in-cell simulations with adaptive mesh refinement under an open boundar
condition. The simulation was performed until the MHD condition is well-satisfied in the exhausts,

which allows us to study a long-time dynamical evolution of the structure of the diffusion region and exhausts.

To analyze the detailed mechanisms of the ion acceleration in the exhausts, we also performed test particle simulations c
the dynamical background plasma. We found that the ions are accelerated mainly by the electric field perpendicular to the
reconnection plane. However, effects from other electric field components are not negligible;

in particular, the contribution from the electric field along the exhausts becomes significant as the ions are accelerated. W
also compared the results with the velocity distribution functions inside of the exhausts.

In this talk, we present our numerical results of the particle-in-cell simulation, and discussed its physical interpretations of the
structure. We also discuss the ion kinetic mechanisms leading to the formation of reconnection jets.

Keywords: magnetic reconnection, ion acceleration
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Waves and particle acceleration around the separatrices of magnetic reconnection

A R =
FUJIMOTO, Keizd*

VENIRE
INational Astronomical Observatory of Japan

Understanding the properties of waves in magnetic reconnection is very important in collisionless plasmas. The waves ca
transport the momentum and energy between the different species in plasmas, which results in the anomalous magnetic dissiy
tion, particle heating, and formation of non-thermal particles. Therefore, the wave activities relevant to the kinetic interactions
can have a significant impact on the dynamical behaviour of magnetic reconnection. Theoretical modeling of waves in the recor
nection region is also beneficial to reveal the reconnection dynamics using in-situ satellite observations where wave propertie
are obtained in much higher time resolution than plasma distribution functions.

Recent satellite observations in the Earth’s magnetotail have shown that the wave activities are significantly enhanced in
broad range of frequency around the separatrices of anti-parallel magnetic reconnection. The waves were recognized as low
hybrid waves, Langmuir waves, electrostatic solitary waves (ESWSs), and whistler waves. In most cases, they were associate
with cold electron beams and density cavity. However, because of the limited space-time resolutions of the observations, it ha
been difficult to identify the generation mechanisms of the waves and their roles in magnetic reconnection.

In this study, large-scale 2D particle-in-cell simulations with adaptive mesh refinement have been performed under an ope
boundary condition. The simulations use a set of more realistic parameters than those in most other simulations, achieving low
plasma beta in the upstream region that leads to stronger electron beams in the reconnection region. The wave activities &
dominant in the inflow side of the separatrices. The waves are generated mainly due to the electron beams that constitute tl
Hall current. The relatively weak beams before strong acceleration trigger the Buneman instability which results in the waves
with a frequency of the lower hybrid range. The strong acceleration occurs along the field line due to a localized potential humg
and causes the density cavity. The intense electron beams excite the electron two-stream instability and the beam driven whistl
instability. The former mode gives the Langmuir waves and the flat-top electron distributions in the parallel direction, both of
which have been observed frequently in the Earth’s magnetotail. The latter mode, on the other hand, scatters the electrons
the perpendicular direction, forming isotropic distribution with non-thermal high-energy tail. Both the Buneman and electron
two-stream instabilities evolve the ESWSs in the nonlinear phases.

In this talk, we present the generation mechanisms of the waves around the separatrices and their roles in magnetic reconne
tion. The mechanism of the intense electron acceleration along the field line will be discussed.

F—U—R RV axy v ay, T, KihiE, R I alb—va v
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Minimum spatial scale for maintaining vigorous magnetic reconnection
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Magnetothermal instability in the solar outer corona
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Cosmic-ray Parker Instability and Galactic Plane Symmetry
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Formation of Dense, Cold Loops by Parker Instability in Galactic Gas Disks
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We performaced two dimensional numerical simulations of Parker instability taking into account the cooling and heating
functions of the interstellar medium (Inoue et al. 2006). Our numerical experiment is based on the simulation code "CANS+" in
which the HLLD Riemann solver (Miyoshi & Kusano 2005) is used to solve the MHD equations. We found that the cold, dense
filaments formed at the valley of magnetic field lines by Parker instability coupled with the cooling instability are deformed into
loops of dense, cold gas when the Ram pressure at the left- and right-hand side of the filament is different. The maximum numbe
density and the lowest temperature of cold, dense filament at 100Myrs is about 200 per cubic cm and 50K, respectively. Thes
results support the model in which thermal instability triggered in the dense region formed by Parker instability is responsible
for the formation of molecular loops found in the Galactic center region (e.g., Fukui et al. 2006).
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