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Abstract

The nonlinear evolution of magnetic reconnection is investigated using a broad variety of simulation codes
such as magnetohydrodynamic (MHD) codes, hybrid codes, and electromagnetic full particle codes. We re-
view several key processes that control the reconnection rate and the structure of the current sheet: 1. the
boundary effect on reconnection, namely, driven versus spontaneous reconnection, 2. the topology of recon-
nection structure, namely, Sweet-Parker versus Petschek reconnection, and 3. non-MHD/kinetic effects such
as the Hall current term and the electron inertia term in a generalized Ohm's law. Computer simulationsmade
great strides in understanding how the macroscopic reconnection system responds to microscopic energy

dissipation, and vice versa.
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Fig. 1 Ugai and Tsuda's numerical simulation of reconnection.
Time dependent compressible MHD equations are
solved, and this figure shows the solution in the quasi
steady state, reproducing well the characteristics of the
Petschek model such as the slow shock. Only one quad-
rant of the system is shown. Solid curves show magnetic
field lines and vectors represent velocity vectors. Local
resistivity enhancement is assumed near the origin. The
dotted line indicate the boundary of the diffusion region
givenby D = | vXB/7J | =1, and the dot at the origin
is the position of the magnetic neutral point.
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Fig.2 Satoand Hayashi's numerical simulation of reconnection. Time dependent compressible MHD equations are solved, and these
figures show time evolution of the system, revealing how reconnection is driven by the inflow from the top and bottom boundaries.
Anomalous resistivity model is used. Slow shocks characteristic to the Petschek model are well reproduced.
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Fig. 3 Biskamp's numerical simulation of reconnection. Time dependent incompressible MHD equations are solved, and these figures
show the solution in the quasi-steady state. Stream lines (top panels) and magnetic field lines (bottom panels) are shown for three
different magnetic Reynolds number (left: Ry, = 1,746, middle: Ay, = 3,492, Ay = 6,984). Only one quadrant of the system is shown
in each figure. Uniform resistivity is assumed. Note that the diffusion region length increases with increasing Ry, which is differ-

ent from the characteristics of the Petschek modei.
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T2 RTBEHETOINTI TOHEBEDP S VL DOh
BELTHAL). MHDYIalb—Ya YiIBII2E%
BRENIL, BREBBHRE 7S AAREILE - ThHik X
N5 A4 F FP* LHDI (Lower Hybrid Drift Instabil-
ity | RRIREGHE F V7 PREE) REVBEMEEZDS
NTWwa, 44 Y FROMEIZIE, 1472 BEBTFOHN
HEPAF L OREEZBLLILEXEDY, A4 LE
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CEEORTEEEALILENFDDL. DL hES
FGAIY— MR LD BBRBRBE TR I T,
FZOL)ICHNBRBYTX BB BHRIXER
DREENBELLEZONS.
ROGHIILHADI TH A A+ ViBRENFBFREI VS
W ATy — MCETFHELICERICE S KB 2
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[22]). 198026, WF ¥ I 2L —¥ 3 TLHDI
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N—FTHb7=HLHD EBIIEF LB L THET S
72dh, VaRyYa YIZLELBESERORREE 2hi
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F, 19904EAHEEIC k5 L LHD #8h & » LKW K S
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D ERNEE I L oprde+olnd L FAliTE 2 (eg.
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T, 5= Ukvy;) EEES. DELVEERZ, EXOE
1EPA AV OEE5ETAE2HLINVDIKEL, BFO%
B AIEIAROERELBRT LI ENMOLNTHY,
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Z DD LN T VWA,
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BERICELTEBIZ—BI GBI LdPblo7: (Hor-
uchi and Sato, 1994[28] ; Hesse et al., 1999[29]). 4 &~
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WEWIKERIIBETHS, EEEMY IR a D
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BWTH, TRAVF-BOREB T, HlERI 708
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R2TIwhrdHRL .
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BRBEASTHDE, HT, MM 7Yy F, 2K
FIZF LR EMEA X, 16HAMED Z08BVuEE
%57 L7 (Fig. 4) (Shay et al,, 2001[30] ; Birn eral., 2001
[31]). ZOBEEBOIERIZ, /4 ¥ L BFOEEDE
VALARENBZ AR BETHLILERLTBHIE
iR, EE-BIE, Rbshizr—20FAicB
TH—NVEBREZANLZEVFVETHL I EEFRL
TWwh,

LA L, HFY3Ialb—3aryoshlsro®me -
HEE - EHEZEHELT, B3zt — A 0ERIO
YOENY AR Y a VEBRTHBT A2 ERHITAD
b, A—VEHREEL DB FOENEGAETEHDIZD
FEBL TV EVIFEIMEINR TS (Hesse et
al, 1999029]). ZO#EEEZIT, BHEBERTOE
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T, k= VEREVPDEORETHA L) REZHIZE
WESBRMAEIhTWwA, $2%8, 16HAED MHD
RETRERRABr oLV RRERAAS LD, €
N TREREROE AN 2 REHZEEMIZ—EIZL
TWwa, Lal, BREROEF NV ER 7 uHEDOR
BELTEBTNIEIREENREZ LIRS INT
W5, I u#RCAINERESFICI Y Po—LEh
g TVEPIISHOBETHLEEDRL,
3 7 U RBECEBRRE IR ESICL o TAERES L
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Fig. 4 The reconnected magnetic flux versus time from a variety
of simulation models: full particle, hybrid, Hall MHD and
MHD (for resistivity of 0.005). (This figure is from Birn et
al., 2001 [31]).
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D EEDb - RSO T CoOSM N T E8 07 D
BB TV 5.

T EOBRIE, Varr T arHRELTVWSEIE
MBBRROBRETHY, EEREDV IR Va vIZB
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bIXLFE-THY, BhsrilEEHombeabd
T, SHOBEIRKVICHFING. REBETERO L
CATHEICN, BITTS 79 AT Y — PORRE
T—FEEEFHEY)IAZ ¥ a rOBES (eg. Pritchett er
al, 1996(32]), % LCHeko LHDI % &% b atHah
TOTI A BRIIMRD LHETH S, BiZThZh
DE— FHIMTIZENLOTIIERL, HEIIEELD-
TH-GEBEPETIEMOREL 2V ) 2EH BT
AU RVIZH A OTH .

5.2.3 BIXN¥—HFINE

B2, FERNBZANY-NFEROMEIIONT
I T X\, HBREAETE, Vaxrys
VIS TEFIAA 3 BLIZ 1 MeVEETTHT
BREBOBLANVF—-ARY MVEBHKT S Z L8
HxhTv:Ab (Baker er al, 1979[33] ; Christon et al,
1988(34]). RV I* 7 ¥ a vid, BETHET H
FROBAECHRL B REHR T ERLXEN 2 RS
CEDNRERESNTVAY, BRENELEEHEET, F
HTOBIANF—NT AR DL LTHELE
ETH5b.

BEciE, Vairrya roREY, I70BRO
FMWEIZ L 5T, EREANAREHTHREISDPDHL
Nxwvend [REEA] 28HL70: LaL, Vai
7 ¥a BT AIERKE I RNV F — RO A
X, RI3Y I 7 uBROFNYRT TRARATIZVER
FrvoTidiuhtBEbhd., 3LTFATV— P
B SRk R IENC & ) METRYEEL & 0 T S
hanThhid, BEEHERHFRETHRFSNL7 VM
HBROL I, REPOZRVLF—ART PV EBH
TEHDS Lz, LA LEEOHERBESA BN X
BE, Va(syas YEBTRESIFERBTIEIRL,
KEEOEEEOHE YY) F VKB Bl LI L
AL XN TV B (Kojima ez al,, 1994[35]). Z DIRANKL
FmEZH L 2D P REBOMEIRFL-N D05, Rk
OV YREIIEIEO A — a7 KT RN
TayvrRETHBAShAEENBIRTHL I EDD
PoThBY, BIANVKF—BTFERICL > TAUWTHS
I b A s T\ 5 (Shimada and Hoshino, 2000[361).
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