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Magnetic reconnection in viscosity-dominated plasmas
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Magnetic reconnection is essentially multi-scale phenomenon. From fully kinetic to magnetohydrodynamic (MHD) scales, a
wide variety of models are utilized to identify triggering mechanisms for fast reconnection. The so-called GEM reconnection
challenge has compared numerical simulations with fully kinetic (Particle-In-Cell), partly kinetic (Hybrid and Hall-MHD), and
conventional resistive MHD models under the same initial condition, and it has shown that only the MHD model cannot achieve
fast reconnection (Birn et al. 2001). This result indicates that kinetic effects are the essential physics and the resistive MHD i
insufficient to model fast reconnection.

There are several kinetic effects proposed for the candidate to trigger fast reconnection, such as the Hall effect, the dispersic
of whistler waves, the electron inertia and pressure anisotropy. We particularly focus on a two-scale structure in the diffusion
region. In the fully kinetic model of electron-ion plasmas, the diffusion region is composed of a thinner electron diffusion region
embedded in a thicker ion diffusion region. We hypothesize that fast reconnection may be triggered even in the MHD model if it
attains a two-scale diffusion region like the kinetic model. Since the ion and electron diffusion regions are respectively measure
as the vortex and current sheet, the two-scale diffusion region may be observed in the visco-resistive MHD with the viscosity
larger than the resistivity (i.e., magnetic Prandtl number is larger than unity). However, this is not expected in conventional MHD
simulations because they often use only the resistivity and ignores the viscosity (i.e., magnetic Prandtl number is almost zero).

Then, we perform two-dimensional visco-resistive MHD simulations of magnetic reconnection in viscosity-dominated plas-
mas. A simple Harris sheet configuration with uniform viscosity and resistivity is assumed as an initial configuration. When the
viscosity is sufficiently high, the two-scale structure of thicker vortex and thinner current sheet is observed in the diffusion region,
and subsequently, the diffusion region begins to thin down. The thinning speed increases with decreasing the thickness, implyir
that the thinning is driven by the viscous vortex motion. The vortex originates from the viscous heating at the downstream. High
viscosity immediately dissipates and opens the outflow jet, thus tends to localize the diffusion region. We observe the upstrear
propagation of rarefaction waves, which accelerate the plasma toward the diffusion region. As a result, the current sheet in th
visco-resistive MHD model becomes much thinner than in the resistive MHD model. Explosive reconnection is expected in the
visco-resistive MHD. Since the magnetic Prandtl number is estimated to be much larger than unity in hot and tenuous astrophy:s
ical plasmas (e.g., stellar corona and active galactic nuclei disks), our result indicates the importance of the visco-resistive MHIL
against the conventional resistive model.
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Numerical simulation of asymmetric reconnecton with GPU
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An MHD-scale dynamics of collisionless magnetic reconnection
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We usually believe that an MHD-scale dynamics can be adequately described with the MHD approximation. However, this
idea is not always straightforward in collisionless plasmas, where the time scale of thermal relaxation is much larger than that o
phenomena of interest. The present study considers this problem for magnetic reconnection.

Magnetic reconnection is an explosive energy converter from the magnetic field energy into plasma kinetic energy. The
reconnection processes are believed to play a key role in energetic phenomena in space such as geomagnetic substorms, s
flares, and the generation of the pulser wind. One of the main issues in reconnection has been the mechanism that enables f
energy release in a realistic time scale. Since the reconnection processes give rise to a MHD-scale dynamics, a lot of reconnecti
models have been developed historically in the MHD framework. One of the most promising models is the Petschek mode
suggested in 1964. The Petschek model provides a fast reconnection in a wide range of plasma conditions (leading to magne
Reynolds number). The key assumptions of the model are a compact diffusion region localized in the vicinity of the x-line and a
pair of the switch-off slow shocks extending from the x-line. The compact diffusion region is necessary to keep the reconnectior
rate high, avoiding the current sheet from elongation. Most part of the plasma is accelerated at the slow shocks, which allov
the energy conversion in a broad area downstream the x-line. Although the Petschek model has been demonstrated by the MF
simulations under certain setups, the model has not been accepted. In fact, the dynamical behavior of reconnection depen
significantly on the resistivity model in the MHD simulations, and clear slow mode shocks have merely been observed in geo-
magnetosphere.

To assess the MHD reconnection model, the present study has performed huge-scale particle-in-cell (PIC) simulations wit
the help of the adaptive mesh refinement (AMR). The simulation domain extends to more than 600 ion inertia length in the
outflow direction with a large ion-to-electron mass ratio and an open boundary condition. We believe that the system size is
sufficiently large to describe the MHD-scale dynamics of reconnection. After a long-time evolution, we find that a long current
layer is formed in the exhaust, which is reminiscent of the Sweet-Parker reconnection model. However, the magnetic dissipatio
takes place only around the x-line, so that the reconnection rate remains high as in the Petschek model. The transient regit
formed around the field line separatrix almost satisfies the Rankine-Hugoniot relation for the slow mode shock. However, we
found that no plasma acceleration occurs in the transient region. Instead, the ions are accelerated in the current layer through t
Speiser motions, while the electrons gain the energy in the Hall region from the reconnection electric field. Therefore, the plasm:
acceleration mechanism in collisioneless reconnection is different clearly from that in the Petschek model. The decoupling
motions between the ions and the electrons generate the Hall current even far downstream the x-line. Thus, the dynamics
the exhaust is not able to be described in the MHD framework. The present study suggests that magnetic reconnection is
MHD-scale phenomenon, but the MHD approximation is not adequate in collisionless plasmas.
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Study of fast magnetic reconnection by using newly high resolution MHD scheme

AN
OGAWA, Masanori*

L HRGUR A IEE B AT IR BR R R R 22 B
!Department of Earth and Planetary Science, The University of Tokyo

&) AT v a > ERROHATRR IR EED S T & TGO T3 )V F—72 BPRINICIR IS 2815 CTh %, TDBH
KUFKEE T L7 T OREFHs o BRI U N O KR AR 74 & 2 858 97 2 BRI Th 5, WY axr v a
UHRDERGETEICITEEES I 2 L— 3 B2, ZOHTE AN TIEERLIRIAIIY (MHD) 22— 3
YERWE. MHD & 7'5 X ERifkE LTS 728, L ORI 7 OEMITIES #W AR TE 5. 37%bE MHD &
STORAT —)VOYHHSOEBICELETERZEEZ 5. LKL, BRY 337 Y 3 VIR Y PR S 7 B Eh 3
LR TH ST, WD DEREL D ZHTH 2 ILEGHE TIE MHD SELIDEEN, 775 X<k OEHEmIIRI R
WEBICES. (o CEFRRIRIRZ Z £72 0 MHD TlE, XY a33x7 Y a YOI I)VF—RBGIHRZ /RS a7
Tayl—rhhELED BN a7 Y g Y EMHINS). WEOMIHCBWT, EEERIIERZ ZTk 7O — Fix
EOFEATIEENY IR T ayL—FBRERTEZDICHL, MHD I—RicksVaxryarL—h3Ek&D,
MHD Tlidi#WY a3 7Y 3 YHAIHETERNT EAVRENTz [e.g., J. Birn et al., 2001]
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Dynamical Petschek Reconnection: New Mechanism of Fast Magnetic Reconnection
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Effects of EMIC rising tone emissions on energetic particles in the inner magnetosphere
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Rising tone electromagnetic ion cyclotron (EMIC) emissions, or so-called EMIC triggered emissions, have been observed ir
the inner magnetosphere. In order to reproduce the EMIC triggered emissions, we perform self-consistent hybrid simulation:
with a real scale non-uniform ambient magnetic field model. We obtained two different triggered emissions, coherent rising
tone emission and broadband EMIC bursts, which are generated in high and low magnetic field gradient model, respectively
We estimate effects on plasmas by the EMIC rising tone emissions in the inner magnetosphere. For energetic protons, whic
drive EMIC waves, broadband emissions induce rapid precipitation of energetic protons into the loss cone since the scatterin
by the concurrent triggering takes place faster than that of the coherent emissions. On the other hand, the coherent trigger
emission causes efficient proton acceleration around the equator because of the stable particle trapping by the coherent risi
tone emission. The rising tone EMIC waves also causes an effective heating of cold heavy ions by parallel electric field inducec
by counter-propagating EMIC waves. The generation of the EMIC waves are also modulated due to the cold ion heating
Relativistic electron scattering by the rising tone emissions reproduced by the hybrid simulations are also estimated by tes
particle simulations. Nonlinear trapping causes significant electron scattering in wide energy range. Broadband EMIC wave
induce rapid, weak and continuous precipitations.

F—U—F: NEESE, N TV Ry ab—y g >, EEk FHEEH
Keywords: inner magnetosphere, hybrid simulation, wave-particle interaction

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PEM26-09 215302 FFRE:5 H 24 H 11:15-11:30

I—J AEGFAEERE O & T )V — B 7 O PRI 2 KIS DN T
Dependencies of the generation process of whistler-mode emissions on temperature anis
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By a series of electron hybrid simulations, we study dependencies of the generation process of whistler-mode chorus an
hiss-like emissions on temperature anisotropy of energetic electrons.

Whistler-mode chorus emissions are electromagnetic plasma waves commonly observed in planetary magnetospheres. In
Earth’s inner magnetosphere, chorus emissions are observed mostly on the dawn side and are enhanced during geomagnetic
disturbed periods. Chorus emissions appear in the typical frequency range from 0.2.tg @ighfa gap at the half £y, where
f.co represents the electron gyrofrequency at the magnetic equator. Recent in situ observation in the magnetosphere revealed
presence of whistler-mode hiss-like emissions, whose wave amplitude is comparable to those of chorus emissions.

The generation process of chorus has been reproduced in electron hybrid simulations and has been explained by the nonline
wave growth theory [see review by Omura et al., in AGU Monograph "Dynamics of the Earth’s Radiation Belts and Inner Magne-
tosphere, 2012]. The generation mechanism of hiss-like emissions is also explained by the nonlinear wave growth theory and hi
been reproduced by simulations [Katoh and Omura, JGR 2013]. In the present study, by an improved electron hybrid code witl
OhHelp library [Nakashima et al., 2009], we conduct a series of electron hybrid simulations for different temperature anisotropy
(A7) of the initial velocity distribution function of energetic electrons. We vary iA the range from 3 to 9 with changing the
number density of energetic electrons,jéo as to study whether distinct rising-tone chorus emissions are reproduced or not in
the assumed initial condition. Based on the simulation results, we reveal properties of the chorus generation for the assumed A
parameter range.

Keywords: whistler-mode chorus, the Earth’s inner magnetosphere, numerical experiments
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A self-consistent model of helicon plasma production
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Helicon plasma is a high-density and low-temperature plasma generated by the electromagnetic (Helicon) wave excited il
the plasma. Then, helicon plasma is expected for various applications. On the other hand, there still remain a number ¢
unsolved physical issues regarding how the plasma is generated using the helicon wave. The mechanism of helicon plasn
production includes the wave propagation in the plasma (dispersion relation), collisional or non-collisional wave damping and
plasma heating, and ionization/recombination of neutral particles which causes time evolution of the dispersion relation. In
this study, we use the linear theory of helicon plasma, fluid simulation, and particle simulation to construct self-consist model
including these physics.

In previous, we studied the helicon wave propagation and the process of plasma heating. And we showed the efficiency of moc
conversion in bulk plasma depends strongly on the magnitudes of dissipations. However, there is a problem that has not be
much studied: How do the helicon and TG modes influence the plasma density, electron temperature and their profiles? Whil
the helicon mode is absorbed in the bulk plasma, the TG mode is mostly absorbed near the edge of the plasma. The local pow
deposition in a helicon plasma is mostly balanced by collision loss. This local power balance can give rise to an inhomogeneou
electron temperature profile which is related to time evolution of density profile. In our study, we construct a self-consistent
discharge model which includes wave excitation, classical electron heat transfer, and diffusion of charged particles.
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A theoretical model of nonlinear Alfven waves including kinetic compressional modes
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It is well known that magnetohydrodynamic (MHD) turbulence in solar wind plasmas often has clear correlations between
magnetic field and velocity field (Alfvenic correlations). Although it is widely believed that Alfvenic fluctuations play important
role in making developed MHD turbulence and scattering charged particles, damping processes of the fluctuations have not be
clarified yet. Over the nearly four decades, nonlinear evolution equation of Alfven waves has been discussed by many author:
Mio etal(1976) and Mjolhus(1976) derived a nonlinear evolution equation of envelope-modulated Alfven waves. Rogister(1971),
Mjolhus and Wyller(1988), and Spangler(1989,1990) derived a kinetic-fluid model including nonlinear Landau damping of
compressional fluctuations. Hada (1993) derived a nonlinear evolution equation set including compressional propagating mod
by using a novel expansion. In the present study, we discuss a nonlinear evolution equation of Alfven waves including bott
kinetic effects and compressional modes. Such a model was phenomenologically discussed by Nariyuki and Hada(2007). W
here systematically derive and discuss the expansion of Hada (1993) in the resultant kinetic-fluid model. We also discuss effec
of mean fields and thermal noises.

F—T— R BRI, B, AR
Keywords: Alfven waves, kinetic theory, solar wind
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A Pedagogical Calculation on the Poraziation Vector in an MHD Wave

R [ 1
NAKAMURA, Tadas™*

VRN R A

LFukui Prefectural University

AR LG TEY E CEREE D OBREHIHT S LI, FEALDEEFMEEL BIE LT, Bk D BN
D Ry & F NSNS HIT T, E WS FIEE ST, THUCHED &, e ZNnDIN &0 S KNI R h AR
FOWVWEEDTHD., BHREE D SYHNEATHZ2HhDOXSICEKDNICHKS, THUCH LT, WDOhDOHEFRE (R
RIFT7 74V TIXEREE D &0 9 DIEEIHEZBRICT 28ENEMIE T, AENEREDIEFEVEDTH
BEVWIHIVIGETHIAL TS, UL, T7A4 YR UYTETANT MVP EWVWS EDEfES>TWT, TNzFofh
SEHL TV,

U UARBICHEAN Y MV P WS DRRBELZDTHAHI?  DNbNDTT XY 578 TR Ok
DY A rn b a VEENSENMN S SMERE VD EONELHASNTED, MHD BEROHEFEICE>T05, TDTF
A TONMEROFRZT 2 & ZIC, TOBERITHIGULIDMNT FVP LS EDOECENICIZERTEZ 2D, il
NTHB LB T UTHIS LTI ERZFE L RN EDNDD %, LEED>T, 77 ML e s & DIEEHE
FOBATBEEHNENT MV THD, REANGZLDREIMERTHS EEABIEINZETHS,

FEEINIREE T, 7 R—)VOFERHIOEREE [EEM ] ICXDFERE BRI IKX5HICHITEN, F5F
2% &0 EBEHEOHRINC T F 1= FBIHORRIMNCHHIT 2 LR TEZLDORH > 551, ThESMERE LT
HOMD EWIIGOTH, EEINCHER LT,

Z LT, NERODG TR, MHD 79 XD MEFRE L, TOEUNKLEDTZDDT, 5HRT MU P &EE
AUTEREED T Y 7 AV o)VGEAZEEET &, BAZEHOLE LR CFEICE > THOMNRT VDI TH B, T
DI, TEEMR ] &V DRMMIEEZhEVD &, HEBHRTIEM L 2 NiEh o EEBRN DL BELH LV ERICKE S,

AFEEHISHT LOIRBR E VWS &0, TIAYFTIHMENTWEY A 70 b Vildhin s < 570 MERZDh -
T, &Y EENHEOMGRZHIT 2 &0 5 BENBRD D OEKRICTHZ B o T RISENTATG NS, )
275 X< DM Z oI, BREE D BX UMY ML PO—iGhZz#md 5.

F—"U— F: MHD ¥, 772 )b, &l & RS
Keywords: MHD wave, Polarization Vector, Electric field and Electric Flux
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Modeling of Particle Acceleration in Shock-Shock Interaction

A B 1 BT 1B
NAKANOTANI, Masaru'* ; MATSUKIYO, Shuichi' ; HADA, Tohru!

LIUNRZERZEBERR S B L2
HGSES,Kyushu University

I ZHE I IS T ROV R (FHED ZAEKRT 2 EEZ N TS, LELAEDNS, TNE TOWZETIEHE—OE
B2 GE L TH D HEOBERIIC X283 H X DRI NTVAEY, UL UEBOEERIC X 3 IEIE&E8#E TH
% LEZ 5N T3 [Gieseler and Jones, 2000, Melrose and Pope, 1993151C 38U T, DO R AT - #2595 C
IR 5, HIAE. avFEEHHIC K D4 U7 & bk <UEE 5 O 2 [Hietala et al., 2011,Concharov
etal., 2014] K2 2L MBI KGR L E R 2 Y] 2 C LR EMIRE TN TV 5 [Lu et al., 1999]

T OEEN - EEAHAIERZ NS 72D LT T IVRL 7Y 2 2 Lb— 3 YV, ®FRE =D ORI E B O
B B EE Lz, BRELT, ETD - DOEBRPOMTKFZEVIRT L TIEEIND  ehnhoiz (T x
VM), 5, TNSDOEFIE ZDOEROM TIHEI 2 d %, T OWED HROE T2 Yy FMEGELL. &
T OEEW I TONRPHERZED D T e 0Tz, THEORRE G TRSRN-EREAH HIERIC I 58 7 Ohns
Btz T UL L., hEIC B 2R/ 8T A—R72RT,

F—U— R HEE SRR, 5 - B AR, R hnis
Keywords: Collisionless Shocks, Shock-Shock Interaction, Particle Acceleration
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Detection of Group of Black hole Binaries at the Center Part of Our Galaxy Based on

KSR E
OYA, Hiroshi'*

LR

Tohoku University
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ORI RFLI K DEPRT 27/ A —XER OVADINZEECTH— « 7T 7 R—)VHNAF U —ZEKL T
WA T zitEm L CE . milENc g | ke RALRE - BERREHERT /1 A — 2B TGN K % 2014FOBIANC D =,
Gaa-Gab N1 VU —Y A7 LOM 3 systemD/NA V) —DfFEZAS ML, 3EEHET TNV ZERHALT 280N
DFEET SgrAZzHUICNIET 5 2 L ZHH 5 MM Lz,

2. By 2T I e B ARe

BRI IR AR T 1 A — 2 BT 2 O Tirbh iz, TEEH A7 L Yoneyama, Zao 5 & U Kawatabi
D3IFME DD, Ff 83km, K 44km D I FHRMRE T NS, 22.816MHZIC THvlE 1kH TR Mo ZEEF LG
JACT L A= G I NG, JFESITHFEE 100HzOMARE 3 F ¥ > Vi Bl S, gLY 27V V7 6kHz TA
DEME NI B THT—2 & LT E NS, BHAEARNIE SR O B9 2 LUt D 1 A N b 5 SR FhOER B o
ZMFEDEES 4 A 10 HICh Tz 2 HHMIC THIEE Nz,

3. T — X

T — A RENTEEE B & LT SRIFSRHUODERAY, BUASGH SR, a1 R XK D B RE L 72 % 3 H 18,19, T 20 H.
SBWNHIC DOV T T o Tze NTICKR L T, Bl Z 3 EETIVTEML., Z DMz i RO B = RIC X 51
LD L (RA ,Dec) ZHlilE L DB % % & o7z, Bl ST A Z—I3SEHH ks Uy Eo S
IZBUT % foF2 D 15 77 fifi7z Bl 3 RliltiBa gz VT 1 70fiie LT L7z,

FAREICIE, BRI 2SN L TEBE NS EETUE 7Y oL BT —2ICNIET 2 FEt 7 v oe
OHBZRD BT E > TW0B, BB, MHTRESGNZRFGT | LODFHR & L TELNS IV ADIKIE ORI E &S
IWALNIVDRK L 55 2R ET 2N TH 5,

4.  FER

41 i BUJERER 22.186MHZIC B\ Tld, EEEREIC X 2 IR OO AL A ORI, AN ORORELNC i E A
T PEE T, 24arc minid ODFNER L, FEHEHICE 3arc minfEEDEDH % T LN IBETIVEREN SRE N,
fRAT OSSR, ETFIVEBENROE & THRIEI NS SgAD T & REEOTEHEEMNED E & THE X N7z Binary /51
EOMIEEMELN, 4D T T v - F—)LNAF VU —, Gaa-Gab, Gac-Gad, Gae-Gdd X U Gag-Gah<xf LLL R &
3505 T 0%, SEROTRICYS D, Gaa (RA (0.01,0.53 ;Dec(-0.45,0.63) —Gab (RA (0,109 ;Dec(-1.53,1.33)
LB T7 4= hEHAVED, TOREOEWKT S LA F)—0DF ) Gaalitr, HMOMIEMEIZRFE (RA)
MEE{E 0.01arc min  A5E4E(R 22 0.53 arc mind’f& (Deo) M- FEIff-0.45 arc minkE4E(R 2% 0.63 arc minTdH % T & &R
o FENTNNAFT Y —D/)— FF— GabDFdibWFE LT +—< v F TREND, ALCT7+—~<v FTLTF. Gac (RA
(1.34,1.89 ;Dec(-0.30,0.0.41) —Gad (RA (-0.28,0.40 ;Dec(-1.53,1.33); Gae (RA (0, 0) ;Dec(0, 0) —Gaf (RA (-
0.47,0.67 ;Dec(-1.09,1.54); Gag (RA (-0.14,0.70 ;Dec(0.81,1.08) —Gah (RA (-0.681.22 ;Dec(0.27,0.54) & 75>
T3, LLEOERIE GabD itk DIFEDO—FIZH & LT, T XTORFIZOTEMEHEHER 20D 1.89 arc minlA
WKHDTNEDBHNAFV—DEDTHA—=RERIVIVAD SGrACiEZRi > TNWE T L ZRB LT3, I45bb
FNXTD )V AP ARFE 17h45m4A0sy’4-29000 28" 14 L#Y 2 arc minBAN TR U HICAET 2 Z E MR 5N 5,

4.2EHEND BH /(T XA Z—

BH /A F VU —D /N5 11E Dopplerfh5ic & 2 BB N S/ 6N, Ko, ZHED S IEHT M E Nz
EEFHEDRD 5N D NIRIIETHE - 7 7T —l#) 2 e U BH N F VU —DEEZ KD, TOHAENENS
ISIVAHIAN 1—T 5w 7 R —)IVDOAE VHMEGE L. 7OV AEHOENWERILE BS T LI KD FNFhOERZS
TW3, HEELERADAIHO -8, BREORIMES 1 Bk BH OME cEEER & v B XNzl (72 & %13 Eizenhauer,
2004) ICHEHLL T B,

5. ftia

SAIfENT LTz 450D BH NA 1) —h 5 OEIED S D7)V AEZ DIFEA/S— k F— BH L #uEET 5 & 2R,
NHEFEHIE Z N ZF N Gaa-Gab%k 2050sec Gac-Gadk 1024sec, Gae-Gak 1200sec Gag-Gafk 325secx /s L., B & HifH
. 1K EZ AL LT, Gaa,130-132 Gab,104-107% Gac,82-84 Gad, 57-60 Gae,15-17 Gaf,11-14; Gag,17-18
MU Gah,14-15- /5%, TNHEDEERE > TREET % BH/NA TV —EZ ONED 2arc mindDFEE T SgrA % IcH 3 &
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Gas accretion and particle acceleration during collisionless magnetorotational instability

PRS- CIN
HOSHINO, Masahird*

HOURY
LUniversity of Tokyo

Enhanced angular momentum transport and efficient particle acceleration during the magnetorotational instability (MRI) in a
collisionless accretion disk are studied using three-dimensional particle-in-cell (PIC) simulation with a pitch-angle isotropization
model. It is well known that the magnetic reconnection plays an important role on the nonlinear saturation of MRI, and we find
that the plasma pressure anisotropy inside the channel flow \ithga. induced by active magnetic reconnection during the
nonlinear stage of MRI suppresses the onset of subsequent reconnection, which in turn leads to high magnetic field saturatic
and enhancement of Maxwell stress tensor of angular momentum transport. Meanwhile, during the quiescent stage of reco
nection the plasma isotropization progresses in the channel flow, and the anisotropic plasma with gue to the dynamo
action of MRI outside the channel flow contributes to rapid reconnection and strong particle acceleration. This efficient particle
acceleration and enhanced angular momentum transport in a collisionless accretion disk may explain the origin of high energ
particles observed around massive black holes.

F—TU— R AR, MR ZOE, B, R, ) ax 72 a >, Bl

Keywords: accretion disk, magnetorotational instability, angular momentum transport, particle acceleration, magnetic reconnec
tion, turbulence
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Instability and Turbulence Generation through Non-uniform Toroidal Magnetic Field in
Accretion Disks

SRR 22K 1 B Eh !
HIRABAYASHI, Kota'* ; HOSHINO, Masahirb

VIR AR AR AR 2R
LGraduate School of Science, The University of Tokyo

Plentiful dynamics observed in accretion disks, e.g. disk winds, jets, and outflows, are believed as the results of angula
momentum transport highly enhanced by magnetohydrodynamic turbulence. The magneto-rotational instability (MRI) is one
of the most successful mechanisms to drive the required turbulent state, and generates a large toroidal magnetic field in tt
nonlinear evolution. In this study, we investigate the local stability of accretion disks especially focusing on the stage when the
toroidal field is dominant, which is important to understand the dynamics and the nature of turbulence in well-developed disks,
and suggest another possible path leading to the turbulent generation.

It is known that the differentially rotating plasmas threaded by the uniform toroidal field are unstable essentially for the
perturbation with a vertical wavevector. Our linear analysis, however, shows that if the initial toroidal field has non-uniformity,
the unstable modes confined within the equatorial plane, or with no vertical wavenumber, appear. Furthermore, a series of twc
dimensional nonlinear simulations reveal that when the plasma beta is not so low (réughlythis unstable mode can grow
as far as the background field configuration breaks down. As another possible situation, we study the stability of the toroida
field with wavy structure. The simulations show that after the above unstable modes grow enough to interact with neighboring
modes, they couple, marge, and eventually evolve to very turbulent state. In the saturated stage, the alpha parameter describ
the efficiency of the angular momentum transport reaches to the same level with the previous studies of a toroidal MRI. This
instability plays an important role in plasma transport since it may couple with magnetic reconnection occurring in an equatorial
plane and then contribute to the saturation mechanism of MRI.
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Hybrid simulation of an ion scale magnetosphere: Structure of the magnetopause bount
ary
Hybrid simulation of an ion scale magnetosphere: Structure of the magnetopause bount
ary

RS HER 1
NAKAMURA, Masao"*

VR R

LOsaka Prefecture University

An ion scale magnetosphere is studied by performing a three-dimensional hybrid simulation. The hybrid simulation treats
the ions as kinetic super particles via a particle-in-cell method and the electrons as a massless fluid. In this study, the ion sca
magnetosphere has a dayside stand-off distance which is several to a hundred times larger than the ion Larmor radius of the so
wind proton in the magnetic field strength which magnetic pressure equals to the solar wind dynamic pressure. The daysid
magnetopause boundary has a double- or triple-layer flow structure due to the finite Larmor radius effect in the interaction be
tween the solar wind and the magnetosphere. The flow structure is controlled by the interplanetary magnetic field. For the sma
ion scale magnetosphere, the bow shock cannot well steepen because the dayside sheath thickness is an order of the ion Lar
radius and the shock transition region overlaps with the boundary flow structure. We will discuss the plasma convections, currer
flows, and field structures in various solar wind conditions.

F—T =R AF VAT =V, NA TV R Ialb—va Yy
Keywords: lon scale magnetosphere, hybrid simulation
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Numerical simulation of active spacecraft charglng in interplanetary space

BN R 525 2 /NI i 3 5 L] s 3
HOSHI, Kentd* ; MURANAKA TakanobL? KOJIMA, Hirotsug? ; YAMAKAWA, Hiroshi 3

LR 2 L2 AIE R AU LA I, 2 U2 AR AR T L2, 3 it A E A e
IKyoto University, Graduate School of Engineering, Department of Electrlcal EngineébDegartment of Electrical and Elec-
tronic Engineering, School of Engineering, Chukyo UniversiBesearch Institute for Sustainable Humanosphere, Kyoto Uni-
versity

—ICFH I BT 2 BRI, EOERELBIINDZEICDOENS & LT, Bt d NEHF LA SN TN S.

U UIEAE, FHiB 2 BEBIC IS & 8, v U 72 FEic ) < SBREG D 2 WV CHuE R Z 17 5, #ifz e feitE 5 Ahvie

HENTW53

%”%'-é*?ﬁﬂﬁﬂ@f:&)b:/rﬂvi 3BT O ZRITV, B« B & OMBLERIC X > THEN 2195 ¥ A7 L&, #HEERI =
WEH U CHEN 2B 20RO THMEEY AT L3 e Bixo et iR 5%,

B OGEIZESIOR, A4 VI OGEIZVEDAF REES DR THEZRETE S0, #EESINAE L
70, Kigsit st TE 3.

EHICBEEINTVAREBMN FIZI Y ZIIB kg LR THEROLY VN HANTIFRICRETH 5720, e - A
I/ NI R D T H OHEEREB & LD 155

AFER T, FRCEE M2 N B 5 B 172 W T2 F B HEEIC DWW T, Z OREENFTETEREZ RS % 728, KR/
EREICBU 2D D OMER - E— L Z R L7z =0Tt FUll PIC Y 2 2 L—3 3 Y RITo RIS OV TR
T5.

FRIC, KFZEGERE, KBFEIRA & € — LG T OKIF 1, Yo I K 3800 K 2 FHEREENOZLICDOWVT, %
SEMZERIC B % BN E R RN LTz e & Otk d F ¢, iHMliZ179 .

F 7z, BERZEMICB B0 E UTHREEN TV S HEEL A VS DW TR LTSI DOV T RS,

WEEAVER, HELIERKETY—2INO X S 1IfiEs c & TABBEB O T k> OESEE S 1, #i1L 3 24
EHFRTH%.

AREXTIE, WET P —DEIRDRIICK B ArERIEOZILISOWTHNT U, Z OHEREANG 2 % 20 DWW TG
5.
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Yin-Yang-Zhong: An overset grid for a sphere
Bl B 1
KAGEYAMA, Akira *
VIR o AT LEEREETZERE
!Graduate School of System Informatics, Kobe University
JFE G TR AR iR T2 D LW EHEA&F TYin-Yang-Zhong (£ > « Y « V') K&+ ZBFE LTz, BREEFEI
BRUA A BV OBUERTRICIIRS ARGEREERTH 20, EREEZ O F LB IS & Ml & F T
KT RERT 5 L0 S [N B 5. Yin-Yang-Zhonghg 113 BEROYMUMHEIC Yin-Yang & 725k D . BROJF R iIC

& (=77 VEREICHEED L) Zhongt& 7&iES, Yin-Yang k& 1-& ZhongHBHER DB TIE HWIC—ED 7 1) » KA
HE-oTHBO, EGKEFECE DO TEEDRS THEMEZ1TS . SHEFKAL I Yin-Yang-Zhongh 13D < T LWLEER
A% (MHD) 22 L—y 3 ya— RZEF Lz, TOI— R MPI 2> Tt E N TV 53, BRNEBOHLERT
HEMARETO— FOIEL T2 EEMNCHERE LT,

FoU— R AUV, BOR T STERY I 2L —ya Y, A VY Y U T
Keywords: Yin-Yang grid, overset grid, computer simulation, Yin-Yang-Zhong grid
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