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Abstract

The 7t2 Simulation Science Symposium was held October 16-17, 2003 at National
Institute for Fusion Science, aiming at creating interactions between diversified
research areas in the Simulation Science. Researchers from a variety of fields presented

recent results and stimulating cross-cutting discussions have been made.
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X 5. Nested Grid - THE LS FEITIHOEMEY I 2 L— 3 Ofl, F.0Z
R O EVERBE A % 2 A (Matsumoto & Hanawa 2003b).
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Matsumoto, T. & Hanawa, T. 2003b, A Fast Algorithm for Solving the Poisson Equation
on a Nested Grid, Astrophys., J., 583, p. 296

--------------------- 2003a, Fragmentation of a Molecular Cloud Core versus
Fragmentation of the Massive Protoplanetary Disk in the Main Accretion Phase,
Astrophys. d., 595, p. 913

Truelove, J. K., Klein, R. I., McKee, C. F., Holliman, J. H., II, Howell, L. H. &
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ZOF M, DNA-F L UEE A EOBREMCLIE AL, AR EORENLTHTe
b0 &, WhikFE 272, T T, Engrailed Homedomain RT3, LM X OB LB EHOTLE
ERIZBADREER T 730 B (EERTF) 2T, DNA LOESENE (X BiRHs)
ZRLT, EROBRITRERAS, LOBRELOTRICELT, 5L CRIE H xR %
—DEALE (~30 keal/mol} ik, FERIE (~ [0kcal/mol) LB THY TR EBL\DHD T L 48]
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bl ot, LALZZ TRER AR, THEAEREIC—BLALAVWERERBEZICHLIONTHY,
BHIX Q) RNicBIT3B A%, RBICHSHIZLEOTHS, $hbL, BEICE = et g1t
AScs ENT, KRERBEOEEREROSHLEZERHALNICR-T=DTHS, ZOHEL, HEROFHE
FTAIYRLTITRBEIGGHRETERY, 22T, 2O et B bIEAS 2oL BTL Wi EE
EAERTAIENRUNELRT,

Prgreiled Homeodommnd:

] .
*-r Counter Cations

‘ + Sobvatam

Fngrailed Homeodomams 2 —T w
DNADESE T 29 THHS
(MDD} 2al~als

9. MD ¥3al—3avIck>TDNA- RV Y BEREITHITIUFAEELEZRD D

TR BLEAS # TEXABYBH IR LI, FOIORFHEFEEXRVIIZLN
N2 FOEDICE, FETAIIZLANIC, ERITBASN T dod, SeoDT7 77725
PIEBTAZLRNUKRETHALEZONT, DEDRBEAS TOHRETHY, LIVEDIRERE
(D IZEABIELE ThHD, FITHEDIL, DNAZUA7EREERICHL T, BEKS FEITLIT
Atz MD 3 3al—3arZETT52LI2E-oT, Z0FHERR (MY =7M) bfatRINCZ D7
775 (ASe) ZRDBZEIZBNEST-, FOLDERLLERFT, ZOMRE Ty /MDD
BEOREN, FERFITRIN,

DR DRER, Engrailed Homedomain & DNA O A RERICHITHH AR ALF—&
16 (AGoina) VX, EBRIEL FRIEDOEZES, HEHD 22.43 keal/mol 235 0.59 keal/mol IZFET, LFEY
Bl /NSTAZLITERSI LT, LALZORRET T, SHRERSBREREIC—BLEZDNT
Fevwinkh E 2 5B, 2T, Engrailed Homedomain @ Lys50 %, #2737 B TFRICHIOTI/
B GIn I ERLE-EREICHT3ERT —#2 AT, THMELOLEEIT o7, BRICERK
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B EEBETDHEDI, A a— SR BRI ABEE TV I ENLEA S bYE T, =k
X — 2L (AGun) ICBET BRI DO T M E TR 2 (IRLT-, TOKE, EBREL TRAEOBET, 1t
3 22.21 keal/mol 75 0.13 keal/mol &, FERIZBIENZIRD T3 ERALMITAY, TRKSE LR
B Eas Lz,

10. £EHPRICHETIAEHZOSHE

IH3LT MD HEEZMASDLEDIZLIEIST, (DRONBERCABN LR BE2ET i,
B4 TBATEREIU T2, BERICI, ASce DAZLT, OB IC L ThikE+1ED, ALK S A
REFZLCE>T, LROMRERIZENTELZOTHS,

LI TH il oTe B D UL, DNAF 7 HEEEIZRT 5 MD V31— a3 ThY,
‘S FEBELEHIREESEREIIET A HE, BECRHBERWNL, 25020 BEED
FHRIOIHI, RIS T Z o BEL R T500ThHD, RENMEZ, B — L oliRe,
U AR E 7 F OB E R (2 74 A= a BAR) 20 T LB 2 A 80D, BT R
&, MIED MD HEEIIL, AR TFRED 0— "L AREAEETIE, XXM HEBREY
BEIKTHT 2020 BEE2A T8, i CEILEEEABEITTRAESIL, &
(dabri RSl 1515 Va8 31 R o o

CHBIZRIET 2DiciX, MEERRLVEREICRERT 2260, $THALRS, TR
wBIDERAFED, IRB T NIFEORL RO THANG, B TEORRMARBARICEE ST 20
ITBETHD, LRV ThH, EROIIZEFE-BFEORICHLT, 202 E—FHizk
SUTEROES LML, FELEB R THETH S, I, 2REB—FIUIE- SV THELELLT
b (RE, ~1,000 BOFFLORAERE S TR TIRAEE), hEh B —REHEOM I, &
FEDL A TIXE O RR B ICRAV 2 BBEANTE 3 (BF K HUBBEE O B0 VT, A5y
TRV TERO TER), LIehoT, TRBIVE—FBELOBTHRBHIEN, S8B00F
AR EOERMRIIITEOL2DF—LRAHZLIEME A2V,

11. F&8

HEIC, BRTRRLERN—RIZOVWTER TS, A FEMRZCREVTIR, B HENZD
HHRET I ELEITBRTH D, [EBROERS AT ARIC BT, Z0AE— KIS 2o
TWBDMN 2 JEVORAEF IR T I2EBBO THETHS, KAREBORZA VOB TLE
DRERARITR IO, ATEHIOZEFINT, E0R RIS/ Bk (DNA) O

22— Ll — e OERICOV TR,
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ER T, AL—2OBGRTREER a0, BRI 4 BRI, AHFFEICBWTE
BRET (P UECRET) H BLRUHL, SbI O EHBES B OHMETREL, Th
ESOTHLUWEREIERAIETATLERIC LT TEE, FILLBE T, ZRBE-HE
BEORITEZEERTHE, MEDNGRICHRLT, OE>OFRBEICMA > CTREL TZELH
BT, BICHLWAERBZOAENTEIZZDE, Bx HELTEDRG, FREONLEBS TR~
=851, AL THEMAUL, BHLEVhERPEEII T R ORBETLEIIHEETHNOL
3z, EH OB, FOERICENT, FXITIhbD, EHFECBITAVIal—Tard (T
VADEED, BB THLELHLOTHS, |

B

DNA-# A7 EBSRERICBIT2 g ¥—E{2 R+ 2R EEOBREL, 7V R KFED
Novotny ###& Brown & (KERELRE), ERFONHARKLLOHXRFRATHD,
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HERFH AP IaL—avIzskB
MRS FBo FiEEDREA
BRSEEEs BRIl —a iRt f— i #pE!

1 [FLHIC

FSREESFOLEAKBEDRE VL 2RR5 010, HERE IR FE8H% (DPD) &~
Tal—i3l, 23,4, 5 25, #ETOATWALERTATFENYE (all-atom MD)
Tal—varysTCOHERRII1IO0OnE, 100mThsd, LOLEREESFOBRY TIEED
FAFT IR, TALIVKRELHERMCOEHE I SD, allatom MD I = L—i3
YCRFSTCH DB, £IC, MD OERIEIZEZZADPD VI alb—a BV D

IODPDYVIab—iarEFRVEEBRESES TORBRYFIBEY A 17 A0, BAE
THITbnT 3, fl2 . BEPOBERALL-ERERSTFORMIE, Fo¥50L0L<lE2o
OETMRDO — DT REREZIHEUEN L, — DO I AEFRRTALOIR VI a2 b— 3 i,
WAFBIZ LD fTEA TS (6,7, Zhic kD, BOFEERMRS TV ARBS3 I8 TESLL
At o,

ARRTIIAVAr—ATORREMSTFOBSFHECREVL LTH A b@mbh T3
~AFHZFLT) 2 RFAx—F N (CipEs) OIRE 8] DR EIT 5728, DPD /I =
L—a YERVTITY, COFRDODPD Ial—arit, JuyZELLviThbhTiy, £
BTN TWAHREHSMICBREZ LTS (9, ABEERTIE, DPDYIalb—a 2B
T, O LY EVWHsOFRE BT ‘

2 EE7ZLIYXL

GBS T EERT AT, BLU BESTFHEEZ -2 FL LTHBMLL TR, =
@ﬁﬁ&ﬁ%ﬁﬁﬁﬁﬁﬁf%ékﬁﬁféozmginﬁbﬁﬁ%wﬁﬁﬁ@ﬁ&ﬁ%\ﬁﬁ
AU VETHIEES LW T, BF BN L 2ROEIIEET 5.

= (FS+FE+FR+R), 1)
J#i
I, FS aREH. FR 74 ah, FD dBghsf Ry, Thbid, BT i LHTFj
OZEMATHD M. BETHD. TT, SHICINLDONRAENIIE, SUTFTOIE < H
5, Bl Ty = -1, EBIE, vy = |yl & =y /ry EERET S, o, Ay bFTEL
T Re ¥ 8AT 5,

FS = —aij(1 — 715/ Rc)&;j #nj<Ro @
0 if r; 2 Re,
2R L V= -
F“J' = O"w(?"ij)'f'ijC/ Jt, (3)
FR = - oty (3 - 7) (4)
13 2ET ] 7 3] T

! E-mail: nakamura@tcsc.nifs.ac.jp
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2T, BEw(r) U ToOXTET S,

" (1-7r) ifr<Rg,
i) = {0 T . 5)

EHIT, MBREMSTHT, BERFRICIILITO X 5 2580538 <.
F’E = ax(rij; — r0)€;; if 7 is connected to j. (6)

ULEERAWTEHET S, MEREMGLE LTIE. BHEERZHVS,

3 FHEHER

FA A REIESEAR O Ci2Es &
B (K) Pl o FAIZEEL
AR O ELZ RO S, £
TEEEIC OV T, FhFITiE,
ROBEICHYETEHI7 AUV
DHERETEIOICELZD,

BERAICHE LN ROBS THE
X, CoEg DIREE, £ L THRDIE

EIISU T, BREERET 5, flx B : =7 L-mEEHES T (CioEe) OBEICL 5T
: 5 s () OEALEE L WEOEEAS, 50 % (5) OB~F+
1T C12Eg DIEED 50 % DHEIT SFAMICRY, 65 % (B) iE. FATHICRD

I~ I UEE, 65 % TiXT
A TBERE (X)), ZihuxE
BRYICELNT-HERE—ET 5,

%’I

&

AMEETTOICHRD, RREENHPEBRRICIT, BERT FMA R2HEJHESEL
7= P L ETET,
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Arrhenius diffusivity and intra-well temperature
in power-law correlated cluster surface diffusion.

Yutaka Maruyama

National Institute of Advanced Industrial Science and Technology (AIST),
2266-98 Anagahora, Shimo-shidami, Moriyama-ku, Nagoya 463-8560, Japan

Surface diffusion of adsorbates in particular with many internal degrees of freedom
has been intensely studied over the past few years. This is because they interact with
surfaces via qualitatively different potential energy from that for single adatoms and
often exhibit novel complex behavior. .

One of the most interesting findings is that the experimentally observed fast surface
diffusion of gold nanoclusters on graphite{l] is a ~“Levy-walk"[2] more strictly, a
““truncated Levy-walk,"[3] in which sticking durations (periods of time which the
cluster spends in oscillating before escaping from a potential well) and jump durations
(periods of time between two successive stickings) both obey power-law distributions,
having no characteristic time scale. The power-law nature of the diffusion implies the
presence of nonexponentially correlated activation-relaxation processes, which contrasts
markedly with the appearance of exponentially correlated thermal activation-relaxation
processes in the majority of systems. Long(-lived) jumps as well as short stickings
conflict with the widely accepted hypothesis of local-equilibrium within a potential well.
Hence, the applicability of equilibrium rate theory such as transition state theory (TST),
in which jump frequency can be generally understood, at least except for very high
temperatures, in terms of the Arrhenius form, exp(-E/k,T) (kg is Boltzmann's constant),
seems to be questionable. However, experimentally, the temperature dependence of
diffusion coefficients was found to be an Arrhenius-type, confusing us.

My question is whether the power-law correlated activation-relaxation dynamics can
actually accord with Arrthenius behavior? Computationally, temperature dependence of
the power-law diffusion dynamics as well as that of diffusion coefficients has not been
examined yet because the absence of characteristic time scales makes the convergence

of diffusivities and statistics remarkably slow, requiring extremely long (> s) MD
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runs[3]. Here I therefore study the temperature dependence in the range of 200-670 K
by performing extremely long (10 2 s) MD simulations with a Langevin-thermostated
two-dimensional Frenkel-Kontrova(FK)-type([4] cluster-surface model|3} (see Fig.1).
Here in this wok[5] we observe Arrhenius behavior in diffusivity; however, it
originates mainly from the temperature dependence of the mean square jump length but
not from that of the mean jump frequency. Intra-well temperature of the cluster as a
whole, which is defined as the mean kinetic energy in sticking states, is lower than
substrate temperature. This conflicts with the widely accepted hypothesis of local-

equilibrium within a potential well.

Fig.1 Snapshot of a gold nanocluster (Au,,s) on graphite (two-dimensional

potential surface).

[1]L. Bardotti et al., Surf. Sci. 367, 276 (1996) and references therein.

[2]W. D. Luedtke and U. Landman, Phys. Rev. Lett. 82, 3835 (1999).

[3]Y. Maruyama and J. Murakami, Phys. Rev. B 67, 085406 (2003).

{4] The classical standard Frenkel-Kontorova model represents an infinitcly long one-
dimensional chain of particles harmonically coupled with their neighbors and
subjected to an incommensurate sinusoidal potential.

[5] Y. Maruyama, in preparation.
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TETWE,
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BEE, EHZOBERIBEL LTHRETH3 (1), HLSE, BELBMEBANE LICHEE
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TS OMEFBEMT 2 ik D, FHAROBHRELEHT 5. —H, RS HIES (B
R TR, 74T AT R TR, BRBT 4 DAY b 3] ORMIRERBHT 5. BHRRT 4
ZAZEFR, BT TAPEEFT 4 T AP RMRCHRETIHETH S, BREBIE, BiIc
T4 ZAYPRIKEALTHOENTED, ThoAFBMFEEDRFTENA TN T 2,

B/ - BT, BROMEARESHR, 2 XRATHLOXRE, SERONTHRING, /2, B
B, #HERE, CAYNAIUHESICEDRDBE T ENTHETE S, BFNEA A—UAhE DS
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BEF800 2 FITHBI U A ERANA SR DT, Sy ThyIal—Y 3BT 3EEKE, o
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fli’)"/‘/ﬁﬁf\ib:ﬁﬂ‘%ﬁu—yﬂﬁﬁ%y7 PO TN ABARER DT, 3IRTERFIITRL, 2
REFOHBEARETH S, SEOFETIE, MDGRAPE2 &, VAH N —ILRSEEEESTEEH
KHNTWS, YIal—3i g yBiid, #H3 35 MDGRAPE2 R~ FOKE®Ial—v3vT
ORI TEICHTET Siced, BMICEIEBTERWA, B L 410 MDGRAPE-2 X HINZ &,
JHGEARELEZETEL - FERRAX—/3—a ¥ 12— % (FUNITSU VPPTO0E) 4 PE % fL»
FIBEICEAT, BHECLIEEEOSELNTA, £, Che 2802 Ial—3 T8
GG, EHMICE CHImER T LR TE T3,

EUF, B2ETRER - BFEICOWT, BIEFETROFHHZLEFAHEE MDGRAPE-2 IO NT,
84 F T3 MDGRAPE-2 L EBR- X AWIBE & — B MHD O— R AR A —/8—2 ¥ a—
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2. B - Bk

AR ELITICRT,
Q—l‘% = —(u(r, ) Vw, (r,0)+ (B(r,!)-V)jz(r, t) @
QAL _ (e, V) A1) ' | | @2)
ot :
V-ulr,t)=0 ‘ T@23)
E(r.0)+u(r,0)x B(r,{)=0 (2.4)
B(r,0y=—zxVA.(r,1) (2.5)
w.{r,0) = 2-V xu(r,1) (2.6)
jry=2-VxB(r,0) : 2.7
I

walr, ), o, ), A, ) 12 2 REFTEICBEASIA 50 £6< B, B/, XY PVRF VoL,
wlr, ), Elr,d), Blr.i) {2 KOCEMPOMEI, g, RBTHB, Kic, wHiL BENBEHR - #H7
SAYVRELTHBEICHEEL TV S S ERRTRBIC, RDE ST MVRF YU v LAl ) b
ﬁnwﬁ¢pq%i§¢%°

EJ (r—r(0)) (2.8)

r,[ =Z:Qr r—!}(!)) | 29 -

J, 040 &, FNFNiB/BEOT + 5 AL FOERLER, Gy BRT Y ABRIENT A Y —
/w&%ﬁin(nxr§§@747x/bmu%%T¢uﬁaabwrﬁao-m 2 () ORI,

(r. ), d,lr, ) D BRD D NFBRDHLC, ) LIREDH 0 ) PROBICHZTLERD L, S DS
%D‘é‘%t%')o

'J.-( )=—V2 z_] ,- ,-(1) . | (2.10)
o )= T () = 0,510 an

OB 2RTTOTA I IOFNRERTHS, E6ic, HIE B ) LA u(r, i, kR
koRBEND, '

B(r,)= —7xVA4.(r Eijvcr OIEY: | (2.12)

u(r,t)=—z2xV(r, §:n(nvcr no)xz 2.13)

3 (2.12), (2.13) @Eiﬂt&_&:&&n-;lﬁﬁ&ﬁfo
EDEX (28 ~ @.13) ZRWT, BEAER Q1) LRBOREAER 22 2HERASZ, X7,
BEAERCER @7+ 7 AV FOERXERAT S,

Zd(;("a )=S0 {Us(r— =0 (2.14)

. dr, J.(0)

rrEL, U= = —u(r, z)+m” (:;,t} {2.15)
= S VG(r—r(0)x1 (2.16)

f=i
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B(r.)=3"J,(0VG(r~r)x1 - 2.17)
=i
RRIYHIPOBHEIBEDIBEED T 4 S AV MK TAARRFMO YT D, rBEHDT 73 A
YrOEBOTEER e OMBBS TS,

a0, (¢ 2
%—Q,(:)LV-[U,&(r—r‘)]d r=0 (2.18)
T DR ERIEER ST & ArBARER T s TR 2 &, RDZOORMRE LTHRLN S,
d, (1 '
20 g (2.19)
dr _ _40
" =u(n.!) Q,(I)B(r"t) {2.20)

(219 BREROEER, X QB IFEDT 47 A FONBICHT ARBREEAERTH S,
FERIC LT, BUROFBEEAEN 22) 2B EHT,

pDACITIND S PIAL )T 3 PV T S P

| CBEOZ7 A FORADTERE  DEEEDETV, e 2 0DEBREELLE, XOXMRELT
Fhha.

4.0 _, (2.22)
dt
chid, BRORENEET,
LETHRONLRA (219), (220), 24, #HFi- WEoRehd, £/ X220 TOMEBRT
ORIR L FHERD BRI, =k & LAY LES 2.16), (217 ThB.

3. B FEHFEREL MDGRAPE-2
I (2.16), QAN ICRNB EA Y IR—UESE, SRR TFHO 2 RICHAIL, £ 21—V 3
YERICHT AES LB AYAETHDE, FOT, BEIL, COESFPMBLLHETAITERT
Do LA, BHEFRE (ZAITVLL)ERAVRCER, TRO—D20fTH3, LL, &
Wy V) AL REHIWET, I—FORVFFr ABEUHEF T WEVWIRALH B,
TEE, EFERTATVLL, B2 FTREHNIVE2 -3 L1308, ESCEHNT
ARICBATL 3%, 43, CORLBMAFEFERL, A - ESESHELT S8y
FI 42N AR MDGRAPE-2 % Jiju i,
MDGRAPE-2 DEHZH 1 177,

i g i i g L etk e m by

B41 MDGRAPE-2
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MDGRAPE-2 if, 64 ¥ v h PCI R— R & LTEEEIN, PCRTV—FRAT—Ya VREBELTHEAT
AT EMNTEB, Y= 0SiL, RedHat Linux, Solaris, AIX X ¥ T b, ¥K— b 578, Fortran &
C TH%, MDGRAPE2 i, 0¥ I LP T/ 7SVERERUHTE THAT 5, MDGRAPE-2
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4 ZalL—va R

T T T, WS - #YE & MDGRAPE-2 BTV THR LIS HL (K 4) &, ilifitod MHD 22— F £ il
A==V a—2EAVTHELEER (RS #UEIT B, I ab—ra VAR, 1D
DEVWER—FE 3DD/PNEWNBY—FHBRRELTED, 513 E, EBR—rohi=00F—
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FER—FENFRORMRBEORET A 7Oy FLTH S, BHOBNIIZ OZROT LA VBT
H5B, — FLUANOBTICIE, B MELOLREFEELEY, RTOI— S 3LUNOBTORK
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(a} Electric current (b) Vorticity
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' E4 T Bk BER
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METMICTE> TERTAN 7 A MEXN T {HEENREATVLS, I, ¥ al—i3
ATEORMGE, X SAEBELTIZLY, FELOAREERHVTE, EUENCRISOEKENELN
ST EN, K4, 5 Lhialing, B ez 8 LA, FrEfsilidB 4 oBS TR0, E5
DBETHI0RTHY, MaHBELZHENTETH S, B - BFERIERINCEREL TS 1:L
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Collisionless reconnection in a three-dimensional open system
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abstract

Plasma insiabilities and collisionless driven reconneciion in an open system are investigated
by means of electromagnetic particle simulations. Two-dimensional simulation in a long time
scale reveals that there are two evolving regimes in the temporsl behavior of current layer
structure, dependently on the spatial size of plasma inflow through the upstream boundary, i.e.,
a steady regime and an intermittent regime. In a three-dimensional open system collisionless
driven reconnection evolves dynamically under the influence of external driving flow and three
different types of plasma instabilities excited in a thin current sheet.

1 Intrbducti_on

issue. The excitation of magnetic reconnection
needs a ricroscopic process, which leads to the

Self-organization phenomena have attracted many generation of electric resistivity, such as wave-

scientists in the wide academic fields to the study
of the underlying universal rules [1]. Plasma is a
typical example in which self-organization phe-
nomena are often observed in spite of its com-
plex natures [2]. Thus, many efforts have been
made to understand the spontaneous formation
of structures by the plasma itself and to improve
plasma confinement in a fusion device by tak-
ing optimal advantage of this self-organization.
There are four key factors to make the behavior
of plasmas complex, i.e, 1} a hierarchy consist-
ing of micro-scale physics through macro-scale
physics, 2) non-linearity, 3) non-equilibrium, and
4) an open system. In this paper we investigate
the role of these factors in the self-organization
by examining the structure formation process
and dynamical behavior of kinctic plasmas in an
open’ system, where energy inflow and outflow
cxist, through the boundary. Especially, we fo-
cus on the physics of magnetic reconnection be-
cause it is a fundamental mechanism to control
the structure formation process of magnetized
plasmas in the complex open system.

There are two key issues in considering mag-
netic reconnection. One is a local or microscopic
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particle interaction, binary collisions, and so on.
The other issue is a global or macroscopic issue.
Magnetic reconnection results in global plasma
transport and global change of field topology.
The problem is how to solve both microscopic
physics and macroscopic physics consistently and
simultaneously. It is impossible to solve numer-
ically the dynamical evolution of the whole sys-

tem consisting from the microscopic process through

macroscopic process by using only equations based
on the first principle ( equations of motion for
particles and the Maxwell equations } due to the
power limitation of presently existing computers.

Instead, we propose two approaches to attack
this problem. The first approach is to use an
open model, in which the information of physics
in the external (surrounding) system is intro-
duced as a boundary condition, and only a lo-
cal reconnection system is solved under a given
boundary condition. Thus, there is an energy
flow through the boundary in this approach. The
sccond approach is to construct the cross-hierarchy
model connecting the microscopic physics and
macroscopic physics. Microscopic physics is solved



by kinetic model, while macroscopic physics is
solved by MHD model. In this approach, both
models are coupled by taking in the information
from each other and their dynamical evolutions
are solved simultaneously. In this paper we dis-
cuss the model and the simulation results in the
first approach.

2 Open boundary model

A local reconnection system is solved by means
of an explicit eleciromagnetic particle simulation
[3]. As an initial condition we adopt a one-
dimensional equilibrium with the Harris-type anti-
parallel magnetic configuration as

B(y) = (Bz(y)10>0)1 (1)
B; (y) = By tanh(y/L)a (2)
P(y) = Bj/8m sech®(y/L), (3)

where By is a constant and L is the scale height
along the y-axis. There is a magnetically neutral
sheet at ¥y = 0 in the initial equilibrium. The
initial particle distribution is assumed to be a
shifted Maxwellian with spatially constant tem-
peraturc and average particle velocity, which is
equal to the diamagnetic drift velocity.

In order to study the dynamical evolution
of the reconnection system mutually interact-
ing with surroundings we have developed a new
open boundary medel, in which a free condi-
tion is used at the downstream boundary (z =
+x3} and an input condition is used at the up-
stream boundary (y = *) [4,5,6]. The plasma
inflows are symmetrically driven from two up-
stream boundaries by the external electric field
imposed in the z direction. Figure 1 shows the
spatial profiles of the driving electric ficld im-
posed at the upstream boundary at five differ-
ent time periods {5]. The amplitude of driving
field E,4(z,t) is initialized to zero at t=0, and
increases with time while keeping a bell-shaped
profile near the center and a flat profile in the
periphery for an initial short time. After then a
constant profile is kept with maximum flux input
rate Eg. The spatial size of initial bell-shaped
profile 24 is named input window size, because
the inflow velocity is locally enhanced within this
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Figure 1. Spatial profiles of the driving electric
field imposed at the upstream boundary at five
different. time periods in the case of x5 = 0.84x;

and Eg = —0.04By, where the time unit is w7}

region. The parameters Fy and x4 control the
openness of system. The distribution function
of incoming particles at the input boundary is
assumed to be a shifted Maxwellian with a con-
stant temperature and the average velocity equal
to the E x B drift velocity.

Field quantities E;, Ey and 8E,/dz are as-
sumed to be continuous at the downstream bound-
ary {(z = +x3). The condition JE,/dxr = fi-
nite allows the change in the y-component of
magnetic field which is the necessary condition
for a magnetic island to go freely through the
boundary. The boundary condition for particles
is determined so that charge neutrality is main-
tained and the net number flux of particles at
the boundary is equal to that associated with
the fluid velocity in the vicinity of the down-
stream boundary. That is, there exist both out-
going particles and incoming particles through
the downstream boundary in this model, and
their difference gives the net number flux. We
know the number flux of outgoing particles by
observing them directly at the boundary. Un-
der the assumptions that the net number flux
of ions is the same as that of electrons, and the
incoming particles satisfy the same distribution
function as that just inside the boundary, we can -
calculate the number fluxes of incoming ions and
electrons, and get their velocities and positions.
Thus, the total number of particles is a function
of time in this open model.
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Figure 2: Spatiotemporal structure of off-plane
electric field —FE.(f,y) for the narrow input win-
dow

3 Dynamical behavior of colli-
sionlss reconnection

We examine the relationship between the dy-
namical behavior of kinetic plasmas and the open-
ness of system by carrying out several simulation
runs with different values of the input window
size x4 and the flux input rate Ey. As a result, it
is found from the two-dimensional particle sim-
ulations that there are two evolving regimes in
the temporal behavior of collisionless reconnec-
tion, which is strongly dependent on the value
of x4, but insensitive to the value of Ey [4,5].
The steady collisionless reconnection is realized
when the input window size is small, while an
intermittent regime appears as the window size
increases. In the followings we discuss the simu-
lation results in two typical cases, i.e., the narrow
input window case (Ep = —0.04Bp, z4 = 18p;,
m;/m. = 25) and the wide input window case
(Eo = —0.04By, x4 = 36p;, m;/m,. = 25).

First, let us consider the case of the nar-
row input window (z; = 18p;) [4,5,6]. Figure
2 shows the perspective view of spatiotemporal
structure of the off-plane electric field E. in the
t-y plane where the reconnection point is located
at the mid y-axis. After experiencing the initial
transient phase, the system relaxes into a steady
state in which the off-plane electric field becomes
uniform in space and constant in time, and thus
must be equal to the external driving field Eg
at the upstream boundary. In other words, the
reconnection rate is balanced with the flux in-
put rate at the upstream boundary in the steady
state.

1.8100E+001

3.1000E+001

Figure 3: Contour plots of vector potential
A,(z,y) at wet = 755 for the wide input win-
dow.

ent behavior from the narrow input window case
(xqg = 18p;) [4,5]. An elongated current sheet
along the x-axis is created as a result of the
plasma compression over a relatively long range
in the wide window case. The length of the cur-
rent sheet is roughly estimated as L., = 10p;,
which means that the current sheet becomes un-
stable against a collisionless tearing instability.
Magnetic islands are frequently created in the
central region of the current sheet through the
tearing instability, as is shown in Fig. 3. Con-
sequently, the system never reaches steady state
with a single reconnection point and a constant
reconnection rate in the wide input window case.
Furthermore, it is also found that the growth of
magnetic islands is caused by the increase of elec-
tron current density through the electron trap-
ping inside magnetic islands.

4 Structure formation of kinetic
plasmas

The dissipation region has a two-scale structure
underlying the quite different characteristic scale
lengths of electron and ion dynamics [6,7]. The
ion motion decouples from the magnetic field due
to the inertia effect within the region of |y| <
¢/wpi, while the electrons remain to be frozen
in the magnetic field until they enter the region
of ¢/wpe which is slightly larger than an electron
thermal scale [6]. Figure 4 shows the spatial pro-
files of current density for m;/m. = 200 (solid)
and m;/m, = 25 (dashed) in the steady state,
where Eg = —0.04By, and x5 = 18p;. In the case

When the input window size x4 increases twofol@f mi/me = 25, the current density profile has

(zg = 36p;), the system reveals a quite differ-

the same scale as the ion thermal scale, which
is given by the average orbit amplitude of me-
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Figure 4: Spatial profile of current density in
the steady state where the solid and dashed
lines represent the profiles along the y-axis for
m;/m, = 200 and m;/m,. = 25, respectively.

andering ions in the vicinity of neutral sheet [7].
‘When the mass ratio increases to 200, a two-scale
structure of the current density profile becomes
visible, i.e., a large spatial structure (a low shoul-
der} in the ion thermal scale and a small spatial
structure (a central peak) near the center in the
electron inertia scale. Figure 5 displays the time
evolution of the reconnection electric field in the
case of m;/m,. = 200, where Ey = —0.04B; and
zg = 18p;. It is noteworthy in this figure that
the steady state is realized regardless of mass ra-
tio when the window size is small (zg = 18p;).

In three-dimensional case the spatial struc-
ture of current sheet is dynamically modified by
plasma instabilities excited through wave-particle
interaction. In the absence of an external driving
source the lower hybrid drift instability (LHDI}
[8,9] is observed to grow in the periphery of cur-
rent layer in an early period, while a drift-kink
instability (DKI) [10,11] is triggered at the neu-
tral sheet as a second instability after the current
sheet is modified through nonlinear evolution of
the LHDI and its width becomes less than ion
Larmor radius(4,12]. In this way, the LHDI is
not a direct cause of an anomalous resistivity at
the neutral sheet, but collisionless reconnection
is triggered by the DKI in the non-driven case.

How does an external driving flow affect col-
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Figure 5: Temporal evolution of the reconnection
electric field at the X-point for the narrow input
window, where m;/m,. = 200.

lisionless reconnection in three dimensions? Fig-
ure 6 illustrates the spatiotemporal structure of
the n = 8 mode of the electric field E. in the
case of the driving held Ep —0.025;, where
1t is the fourier mode number in the z-direction,
the neutral sheet is located at the mid-point of
y-axis at the initial stage, x4/2xp = 0.42, and
m;/me = 100. The LHDI is excited in the phe-
riphery at the relatively early period. This mode
has an electromagnetic feature as well as an elec-
trostatic feature [13]. The driving electric field
imposed at the upstream boundary carries the
plasma towards the current sheet and compresses
it. The anomalous resistivity generated through
the interaction between particles and the LHD
wave leads to the penetration of the driving elec-
tric field into the current sheet. Figure 6 indi-
cates that the LHD wave itself propagates to-
wards the center of the current sheet together
with the driving field. When the electric field
reaches the neutral sheet, collisionless reconnec-
tion is triggered and the generated fast reconnec-
tion flow carries the magnetic flux towards the
downstream region.

The excitation of magnetic reconnection changes

the spatial structure of the current sheet. Fig-
ure 7 illustrates the perspective view of magnetic
field strength (B2 +B§) in case of By = —0.0458y
and m;/m, = 64, when magnetic reconnection
fully develops (weet = 244). The current sheet is
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Figure 6: Spatiotemporal structure of the n = 8
mode of the electric field E. in the narrow win-
dow case of x3/2xy = 0.42.

splitted into five pieces, i.e., a small island at the
center, two large islands in the downstream, and
two pieces near the boundary. The reconnected
magnetic flux accumulates inside the magnetic
islands and increases the current density there.
When the current density exceeds some critical
value, a kink-like instability is triggered resulting
in the destruction of the island structures. In the
case of Fig. 7 the kink-like instability occurs at
the small middle island first and then at two is-
lands in the downstream region. It is found that
the DKI excited in the middle island can be a
cause of anomalous resistivity.

5 Summary

Structure formation and dynamical behavior of
kinetic plasmas controlled by magnetic recon-
nection is investigated by using newly developed
electromagnetic particle simulation codes [4,5,6].
Two-dimensional simulation in a long time scale
reveals that there are two evolving regimes in
the temporal behavior of current sheet structure,
dependently on the spatial size of plasma inflow
through the upstream boundary, i.e., a steady
regime and an intermittent regime. The steady
collisionless reconnection is realized in the case of
small input window size, in which the reconnec-
tion rate is balanced with the flux input rate at
the upstream boundary. As the window size in-
creases, the current sheet becomes longer, which
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Figure 7: Perspective view of magnetic field
strength (BZ+ B}) in three dimensions at wet =
244, where Ey = —0.04By, m;/m. = 64, and the
weak field region is plotted by an isosurface in
bule.

is favorable to the excitation of a collisionless
electron tearing instability. In this case the sys-
tem evolves toward the intermittent regime, in
which magnetic islands are frequently generated
in the current sheet. The current density profile
has a two-scale structure underlying the quite
different characteristic scale lengths of electron
and ion dynamics, i.e., a large spatial structure
in the ion thermal scale and a small spatial struc-
ture near the center in the electron inertia scale.
In the three-dimensional case the spatial struc-
ture of current sheet is dynamically modified by
plasma instabilities excited through wave-particle
interaction. In the presence of an external driv-
ing source the driving electric field imposed at
the boundary penetrates into the current sheet
in accordance with the propagation of the lower
hybrid drift wave excited in the periphery. When
the electric field reaches the neutral sheet, colli-
sionless reconnection is triggered. Small islands
are generated in the current sheet as a result of
collisionless reconnection. The accumulation of
current density inside the islands leads to the ex-



citation of the kink-like instability leading to the
destruction of the island structure.
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