Solitons on Non-Commutative Spaces
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1 Introduction

OB OIEHZE M ~OILRIL, B — LT3 L LTHLEEYE L LTHLIE
WIZHAWLDEZEGATWD. FERBRZEREZZ 2 28IKIL, DBAAANZENETNTHDN, — %
WZIXRD 2 DI KBIENS

o ENOETIRDERI
o WL+ DB D FEMT

AIE OBEIIRERDEY THD. EHOHMRBITY —~ U ML - TELLERLS
h, EANHBITHEICL > TREND. HImOET UL, BICHERELEATLZ LICRDHDT,
FINCEHEZ BT &, HENETREZF L EXOND. ZOEBERTRMENI D
ITFEFTTHEF TIIRNA 90, T bbb, BHOBRTFHRIIETHRZEME2E L 52 L TELLLER
IEENDDTIERNDD, Lozt ZATHD. BB, BEHOEBTFROKRENEMES b Tn
D ERITIE, B2 OFE RN LIE LIZRERTE THA S [86].

H%EOBMIL, BSOS — VBRI IERHRZEM Lo — VR (NC 7 — VB2 & & T
DLV BRIZESILDTHD. ZNIHMBFOEFRBREDREDET N TH < HH
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HITEY [95], BEFHR—AIRA~DISHLEATH o7, (FlZIX[8, 28, 77].)% T OZAMEN
RBRER O TH ALY LD Z & D8 I Seiberg&Witten? [126] 2 L WAL S 4, FEF]
HAERGR DB REAITAT IR E o 72, Z ORHA TIZIER#LY U § U 1E D-brane £ D b DIZHHIG L,
D-brane OfENTNIEFHLY U b L OB INDITZ D L D12 o7, %BE DN OF N, REIZELY
TNDIEFECED IR DT, A IRGANFRBIZR 272D TH 5.

FERHZEM E OB OBEROBEE R L LTI

o RO

DEF LD, LT CHEHBMNICZINEZHRALL Y.
FE AT HAZE ] 1 R AE B R R £ O FF D FE A TR BB

(2", 2] = 0", (1.1)

TIT, 0 IR EEE TH Y, FERHART A—Z LIEEN 55 ZoBRRIT, BF A%
D IE HEZZ #A BE (%

[q,p] = ih (1.2)

CERIL TR Y, [ZEMORHEERR] 28 < 202 Lo bIERTHRER BT, K OME
BERICRDD LB CTET, bBIEN ST A& 0. L ORER, FHRARZEM LTI LT
BORREH, FEHRER ETIHMBSND &) 2RIV 5 5. HAOIEN Y OiEIEAE
VIO BT L, T2 2R~ OREIR 67 — 0 CREBMENSEITT 5.
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Commutative Space NC Space

X 1: RR S OEE

FHAMHLY U b BT, BEAFES—RICEZ Y, RS E IR O WE B WE
REEHHT. BT, R AL 22 F T, (BfbShie) AV AZ Uy - EV 2T
AZERORER RPN —RICHH L (112, 113], R TRWU(1) A R Z > b % BARRITHERR
THZENTED 1155

SO, BET R —NAVPHRA~OISHPBONER ICER S Tz, (B2 (130, 121].)

4728, Seiberg-Witten B & L THAL 72, N = 2 8X#7 — VEIR O BB R OZE & 13 TEIR.

5%7@/\77‘ 20U I RMBICERL, FTHEIONS.

ﬁnaT%méﬂk%@%£€~9%&ok%é®%ﬂﬁ%L43<#%%ﬁﬁyﬁwﬁéﬁw%Té.%@:
LERERL, 25 L ZAHEREBMBOBRIELIRE LIZONENEK [32, 33 TH 5.

2



F, BRRGORMIINSEELZ R T IATREH 50, BT R RN TZHF
BZERE] TITMBAT ORI SN D . T FEFHZER TIIFEEICR Y, BSBRBROBEN1 D
BRAxRIGABRHTZH 3D D ThSH. Gopakumar-Minwalla-Strominger (GMS) > U k > & FET
N5 371, TORMOBITHD."

ZORETIE, NCT —VHEROER PR Licd &, %Tﬁ%/X&/$//#T@%/T~
VDR % Atiyah-Drinfeld-Hitchin-Manin (ADHM) #5%i%, Nahm #RIEIC BARBIZATS .
#ﬂ@mtk:&viuk%ﬁmmﬁk%hu$5%LmWEMﬁ%LomT¢L<% RN
&%z, &Y Y N CEROEFELE WO ERTOT RS T AIONTHND.

2 NC(=Non-Commutative) Gauge Theories

NC 7 —VHEEROTLBITITIEIZ 2 2OFERD Y, BGT Ol &L &b TEFHKRD 3
DDOFERHSD. ZivbiE, [FERH# Euclid 22| _ETlE, Weyl 22413 X O Seiberg-Witten « >
I oT1IR1LIZRIE ST 65 ¢

(i) R Z—Hix A 5k ( T [EO RN E oM )
T
( FERTHAM ) Weyl 2= #i
!
(i) ARV —F—BROFlR
T
Seiberg-Witten < » 7
!
( AT ) (iii) HR—Hk B % (=) 1o DBIERIC L S5Cid

Seiberg & Witten 238 H 2 L2 DX (i) & (iii) OEMiETH D, ZOFEHTIIET A ¥ —HE%
FAWBER () ICE > TNCH —VEREERL, T D Weyl BH# &5 BHZE FAVTAR
L— & — RO (i) (2B 5. MY FWREES R0 (i) TREM 2R, B4 B R0 b i
ReE525.

ZOFRETIE, NC G = U(N) 4Kt Yang-Mills g & NC G = U(N) (3 + 1) &kot® Yang-
Mills-Higgs #inx B4f & L CERLED S, M EOBEREHEN T 5.

G = U(N) 4 kIt Yang-Mills ¥ @

G = U(N) 4 &7t Yang-Mills g D/ER 1

Ty = —— / d*z Tr F,, F", (2.1)
29vm

TIEATHAZER_E CIE Derrick O (18] (39, 70] 1< bAEBLH 0 ) 2D ST R, BEATRY U R VAT L
%5?%55,&w5®ﬁ@%®#of%&ot

5(3 1 1) WOIE & HEZEH 3 WKIE (KRR : o, 22, o), SR 1 JTE (HBAE : o0) &105 BBk Ch B
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ThHo. 2L, F,, =0,A, —0,A,+[A,,A), D,:=0,+A,, uv=1,2,34 Th%. EE)
FHER? BPS FERXIZENENKRAD X S22 5 ¢

o EH) HER (Yang-Mills FEN)

v A%Vt
[D*,[D,,D,]] =0, ((:) SAn 0) (2.2)
e BPS 5723\ ((Anti-)Self-Dual Yang-Mills F2=)
Fl, F +F,, = 0. (2.3)

Z 2T, x X Hodge FORMERFTH D (xF, := (1/2)€po FP7). BHIT EED Self-Dual
(SD), TE%S Anti-Self-Dual (ASD) D& &R (LEFRIER). 1A Z b /i3 4RoT
Euclid ZEf#] £ ® Yang-Mills Eia O EE HREXD, ARIEA 252 2L EME L TEHES
n5.

BPS FRNIMEA I #EEIEL2 DL LTRO LS ITE N

1
Iy = —— / d*z Tr (F F™ + F,, * F™)
4g9ym

1 v
i [d's T (B ¥ $Fp)? &2, « P, (2.4)
YM ——

=0 < BPS
2ITEDE 2T AV A Z 0 b U8 (MARIARER) ITHRIE L, HOEFGER TREICIRTZ
o, L7eid > T 21T B L IHDEFFZERE 35 CIER OBNGRENEINDLDTHD.

72¥ ASD FREHRUIKD X 5 ITEREFRICEIT S ¢

F2151 + F2222 = 07 F21Z2 = 0. (25)

G =U(N) (3 + 1) &7t Yang-Mills-Higgs B

F /A= 1T (34 1) kIEkEZE £ Yang-Mills-Higgs B BPS Y U k> & LTHN, 5
IZG =U(1) DBAEDH D% Dirac €/ R—/L 0T,
YER Iy 1ZR D@ Y @ 12

1
Tt = ——5— / d*z Tt (Fp F™ + 2D,,& D). (2.6)
4g9ym

ZIZT, 0V G OMERBIZET S Higes B TH Y, diz = daldxtdz®dx®, m,n =
0,1,2,3 Th 5. EBENFER, BPS FRENIIKDO XS 1T 5

WER DIER R % 5 2 D5 OEM O -3 HER, T72bb 51/60=0 (0XT77 7y VT UVCEENDE) O
ZEThY, HHAES 2R TS, EEHFRROMIIIRELER (non-BPS ) BLEEND.

R OM/NE 5 2 DERRRIGOENMN DR T HFERXRDOZ L THY, B LRERRETRD TS, —#&%IZ BPS
FREROMITE I EEBF RO/ 5. 723, BPS i¥ Bogomol'nyi, Prasad, Sommerfield ® 3 ADEEXF% & -
b D.

Nz pfEETHS £/ K—/ILETBPS £/ R—/1L2DT, “BPS” iZ—8I&EKK LTS,

RRF UV VIEITER L.




o EH) HFERN (Yang-Mills-Higgs HFEIN)

I
(D™, Dy, D] + [@,[®, D))l =0, (& Ol _

5%1\’4”1{ (2.7)
(D™, (D, ®]) = 0. ¢ e ¢
e BPS /723 (Bogomol'nyi 7#23)
B; = +[D;, ®). (2.8)

ZZT, B = —(i/2)en FF (iy4,k = 1,2,3) 3B TH 5. BPS FERIFT XL ¥ —E
DTFREWZTHDOE L TRD XS IZENNTZ -

1 1 |
E = . /d% Ty {FMF” + D,OD'®
29vm 2
1 |
_ /d%; Tr [(B; F Di®)? + 8, (e F7*®)]. (2.9)

2932(M

=0 < BPS
24T B D% 2 BEUTRERT (MABORE ) IS L, BOEHEH CREICRINS. LiAio
T 247 B 1 HO TSRS 1> S ER OIS EIN D D ThH B,

Bogomol'nyi FEHHIKRD & 5 ITERERICEIT S -

772U D, == (1/2)(D; — iDs), B, = (1/2)(B, — iB>).

(i) 2 & —EE AV sl (EREFL (91, 13] I L B ERL)

A Z—FRITEBEO R 3F) I L TERSNDIBEO—HOTHH !

'=x'"=x

frgl@) = exp (5090000 fag(a)
= F@)gla) + 0701 (2)0s9(x) + OF) (2.11)
A Z—RRIIROERELWE 2R ¢
o FERRINEKY IO fx(gxh)=(f*xg)*xh
o MEREBIAKIRI O FEATHNE (1.1) 2 BB : [o, 0], = o %29 — 2 %2 — iU

o 07 — 0 TEHEDOREIZKES.

BIERIZIZA Z—FEITb o L —RINCERSN D bOTH DA (B2 [102]), =2 Tid [ FET# BEuclid 22[ )
DHEHS DT, ZD X5 2 BAEARK (Moyal F [111] L FHIN D) TR LT
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NC 7 —VHiIL, T@OFMZEM Lo/ —VHERICEN I GRILOEE 2 TA X —HEICE
iz 52 & TH EZ}’LE).M L7223>T, NC G = U(N) Yang-Mills(-Higgs) #Eim DIEH, @@Jjﬁaa
X, BLOBPS FENE, R (2.1), (2.2), (2.3), (2.6), (2.7), (2.8) KBV THFLOFENR L TR

—HRICEEHD 72 b DITFE L. ERICERE O BA > TN DM, G138 @O R #72
Bz o<, EHHEX, BPS FEXLEH T 2120, AIRBEE LR CFIELZED T L Vwo T
b5, (cf. (2.14).) BT —VEHITEBUN) TEx 5.

Z DN ONDEERWEZINZETD.

FLWVEH =2 +ot,z:=0— vt TR (2.11) 2FEEH|z 5 L

1w0(051 0,11 —0,10511) f (

f(z,2)xg(z,2) =€ 222" 2" o (2.12)

L%, LIzRoT,

f(2)xg(2) = f(2)9(2), [f(2)*g(z) = f(2)9(2). (2.13)

TbH (1+ 1) WITFERMREZE LD 1V Y b U (B DWVIIERBREEERNEZEY U b
fR) IZATBRZEM OB D EL2LFE LD LS.
o, b —OHEBELRMEL LT,

n/def ) % g(z L/def (2.14)

Nd 5. 1212 LIESIEETOIFHBRG ROV TEIT Lz, ZHIC X VIO E S, BPS 7
BROEH (2.4), (2.9) DEFZERIBO D EREZOEENEINDLDTH BT

(ii) AL —F—BADFLR (Connes i [16] DERAL)

SR, BTN (1.1) »S5HBELTNC Y —VHEREERT D, MHEOOIETH
2WICVE (28,22 = i0) 525, HLOEEE o .= (1/V20)2, &' = (1/v20)z (IzFZL
&:ﬂ+ﬁ)kbfﬁ%¢ék[lAﬂ_WiD

[a,a] =1 (2.15)

WD, ZEY, al a 1ITENENFFIRE) 7 D4R, HREE F LR TE 5. 2D ME
M$ 5% Fock ZEM% H &£ EFELE, H=82,Cln) THD. ZZ T, |n) = {(CLT) /\/77} 10), (n=
0,1,...) ITHEERROEETH Y, alaln) = n|n),al0) = 0 7.

U2 2 —FRICEEMZ DB, IRAEDIEFA ETHBEL 2258, 7 — VHEROG &I, —VARERRRNEZ D
FEIFEHETIUT L. :nrﬂm&m®&~/ﬁmﬁ;oerﬁﬁﬁ R LIND. LS — VBN U(1)
ThoTHT —VHORTWTES (A, A)) 25 UCHERHE LT e b0,

w:@kb%ﬂ@%ﬁt®%®ﬁﬁﬁ;ﬂﬁﬂﬁﬁﬁﬁ%%%,itﬂu?4%W6ﬂcﬁﬁ@N3%~&GU®
FERHLDICa— L YRFEE > TS Z b band), — KRBT OMER LEMTH Y, BHRO 2
Hig &\ 9 b Tikiawn. 2 LA— ﬁ%%*@%ﬁ@%%u&40%®k@ﬁbfwé RBIO LD RGOER
BRI DR AHE & LT 27, 131 Bd 5.

IFEN A Z—FEIRD T g1,90 €G THHIE LThH, grrge € G EIXRLARWV. Hl2I1X G = SUN) 72 24751
DL EWVIFENPDITAHLTLES.

VAR E B OB IIREEDIC /2D O CAHBRZER & RRICED Z B8 TES. (0, ~ O(r™1) & 0 ERIETIX
A —FFEBEBOHEICRDL EEADND.)




B Fi3is OB THDIND, Fock ZRIH ICEATIHEETF LAY, EEHBERTRTUTDOLY
icRIND
F@L 3 = S falm)(nl. (2.16)
m,n=0

BB olr® PE COBRBRFE R ESBE (Thbb (1) + (82 ~ ala & AHARES),
f =3 faln)(nl. (2.17)
n=0

DEDITHRHABITINE 12D T ENTNDHE.
WAFIRO LS ITERSND

8:f = 105, f] == [—i(0~ V)27, f]. (2.18)
Z AL ERR Leibniz Bl &
0id? = [—i(07")ad?, 27] = 6,7, (2.19)

B HET 0 = —i(07Y), 4 IMOTEET LWRIN 5.
WS, T —VHOERRBICB T 55 ¢, ERBUZE T 535 0 ITx L TENENRD
XoicEzbNnD

Di(i)adj' = [Dz; (i)] = [éz + Ai; qA)],
D¢ = (9, ¢ + Ao (2.20)

WET D, =0, + A, IZHBWHOBEE T LEIND.
FES S Fock BRI HIZOWTOR L—RE LTERSINS -

/dxldm2 F(@Y,2%) = 2r0Tryf. (2.21)

(i) & (i) DA

(i) & (ii) 1% T FERT#L Buclid 252/ ] TIEFMARTTRTH Y, Weyl BH# &\ D BT K - T
SiFohnd. (1) OFEBIZBT 25 f(o!, 2?) 1%, KR TEZIND Weyl BHIZ L T, (i) DFE
Rz B (21,22 1IT) DEND ¢

~

1 ~ Al .2
f@@ta?) = W/dhdka Flk, kp)e e hat®), (2.22)

=72 L,

f(ky, kg) = /da:ldfr2 flat, z?)ei e thea?), (2.23)

181m) (n| % Weyl ZH TR (1) 129 DL TEXTHEMTE 5 (K- VERBH).
DL X [58] 2 E 2B,




% f(x!, 2?) % —JE Fourier 2
AN —Z— gt 32

?@L?ﬁ.%@’i’ Z D F Fif Fourier Z#T 5BE, exp DJE OEEFE 2!, 2
EMRTER LTI O RBDTHD -

f(at,2?)
] s
G Weyl Z5#a
o
f(@t, %)
Weyl ZH#I R ¥ —RBEATHIOREIZS >7 !
fro=F-g (2.24)
Weyl 2O ML HITEREIZIE
o A1 k
La?) = /dkg ¢~ ik2w <x1 4 =2 (xl,acQ)‘xl — 52> (2.25)
EETD. Weyl BHIZE 0, HOHTEZT T ) o, Bab 13t LICRISL, (1) & (i) @
FLR T M 22 D . RGBSR IZLAT O
| | ) AFBmERAVRE | (i) AL —BRORE |
5 i@ DB ERIKTTIEF 1T
f(zt,2?) f(@,3%) = 3 funlm)(n|
m,n=0
i R B —7E 175N DFE
(fxg=1fg) | FER: fx(gxh)=(f*xg)xh | #&ERI: f(gh) = (fo)h (EH)
FERIHAP (28, 27], =2t *2d — 2 %2t = ifY (&%, 29] = 16"
oy Oif = [—i(07")i27, f] Oif = [=i(07)i2, f]
_,A_/
= 81
K12 0;a7 = 6,7 REIZ 0,07 = —i(0 ) [2R, 29] = 6,7
5 /dxlda:2 f(zt, 2% 21O Tr 5, f (1, i2)
3% Fy; = 0;A; — 9;A; + [Ai, Ajl. Fy = 0;A; — 0;A; + [A;, A}
DDy 67
(72121 D, := 0; + 4;)
— ! % i(m—n
(ii) DFTFIESR ,/% (2r%/6) = )“:x i) (m|
2(—1)"L(2r2/0)e” T
| | |
rt-x? ik P I B2 (2Y)2 + (2%)% ~ a'a & AT
Rl PR Sm=n Sm=n
l l l
b DR T 2(—1)"L,(2r*/0)e - In)(n]




ST, (r, ) IEMBEERE, Lo (2) IR TEHIND Laguerre FHR TH 5 -
er d " —z _nta
- (d:c) (e7 Tz Te). (2.26)

(BT L(z) = Lo(x).) 7dB, AV —F—BRO#MBORXT, [D;,D;] L¥ESH L, [0,0,)(=
i(@‘l)ij) %*Hﬁj—é f:b?’)O)/IE?a/IIE\ —Z< N )ij ﬂ’ﬁi’bé
LD AR —Z—EROLIRTO BPS FRERIZTFNFNRDO LI ITEEIND -

—Q

Lo (x) == ?

o ASD AR (4 IKIT Yang-Mills-Higgs B)
. . 1 1 1
(_lefl — F.z :) [Dzw D ] [D22> D ] <9_ + 0_> =0,
1 2
(lezg :) [Dzly ng] =0. (227)

72712 L, FERHMEIIR D X O ITH -7

0 6, 0 0
-6, 0] 0 O
o* = 2.28
0O 0| 0 0, ( )
0 —6;, 0

L722s o CHERH# A T ZE M _EDBITIERHR 2 L HE EDZOT o Y VERBL L 2D
BARICRO LS I2REND ¢

o0
f(i‘“) - Z fm17m2,n1,n2|m1><n1| ® |m2><n2|
mi,ma,n1,no=0
o0
= Z fm17m2,n1,n2|m17 m2><n17 TL2|. (2.29)

m1,mz,ni,n2=0

ASD FRENXICEHENEEINTWHDIE, ERDEY THD.

e Bogomol'nyi 5723 ((3 + 1) &It Yang-Mills-Higgs i)

~ ~ ~ 1 A oA
(B3 :) 2[Dz;Dl:]+§ = j:[D37q)]7
(B, =) [Ds,D,] = =+[D.,d]. (2.30)

By ICEEENEENTWADIE, FROM@Y Th 5. FERHRMEITROD L 9 (2228 EAE 21, 22
ICEA LR 2

[2', 2% =0, (0>0), TNLUNOEZERL: [2¢2"]=0. (2.31)

D%, R OB OERIIE TAN L — F— RO TITW, SEOME L HBRITIE, X #—
BEAVLERIIRD Z LT 5. ZOHiTld Fock ZMICERT2EAEFIZIE Ny M 24T
23, LI ERE 5. £72, LItk Self-Dual T72 <, Anti-Self-Dual 72358 %2%5 2 5.

2ORFEEIE 2 JEFTHRIC T L BRI D DN EREA - TL 5. ZO-DHMERBEOERNEEEL /ro/z, X5
WEFRCIRERESCZ = T APENT LE 272D EEREL D, LR > CEEITZEMEZE DA % FErH#
2T BN, FEAHANT X —ZORTITINIRAHRTH Y, TDF 2 ZI3MBETH L5, 22/ 2 RITHITIET#k
ZEATHLOIXERROTHS.




3 ADHM/Nahm Construction of Exact BPS Solitons

ADHM /Nahm #uiE2 Li1%, EBDO AV A Z > N VR )E ) R— I REOIERE IR 28Rk
D—DOTH Y BxRIEANRH L. T, AV AZU N2/ ) R—NVOREZER (4 KT/3 KT
B Rt A OMZER) & ADHM /Nahm FRAOMEZER & D 1% 13 (Rettk) 25 A L
2HDTHY, ZN60OMEZER E S Uik [Dirac FERRXOEFEET—F ] 20 L TxIGST N5,
R A AZ N V)RR ZDOFETHERT 2 Z N TE, BEMORBERIT (4
L—Z—ERATIX) RICZOFETRO OGN, (HRASR) ZZTIEAVRAEZU My, E
N—/L®D ADHM /Nahm #EiE %2 BARRIZATW, MMOMESCREROBELZFEL <ERT5.

3.1 ADHM Construction of Instantons

ADHMABRRIEN D EBRICEESERAVAZ U N UV OBERERDDH LN TEX S, RO
FIEIZ BRIk DEY Th D.

e FIE(): ADHM Hzt

(ug =)  [Bi,Bl]+ [By, By + ITT — JTJ = —2(6, + 6,) =: ¢,

MR, 22T, By, By Xk x k478, I,J" 13 k x N475ICTh 5. HDOEKIL, FEED
#@%—[21,21]—[22,22] ZPE)EEL/ﬁ_%)O)VC TE&TFEJ“C i%%%h“‘sz&)é J_L‘T,Zz
IXADHM 7 —# B; L BIZXHIR > THEND 2D, 2D K5 BRIEFEDOZHF BN D DT
H5.

e FJE (ii) : T O &JIT Dirac K]

u

I zZ9 — BQ 21 — B1
ViV .= =0. 3.2
(JT (s - B)) zg—f)’%) o (3:2)

EREACRGE VIV =1 LEEEFFEVVI =1 -V(VIV)IVIOT, f#<.

e FJE (ili) : [ OWJT Dirac TR (3.2) OHBALFREM (FE—F) VEZAWT, F—v
Yk A, =V10,V & UTHRTS. ZiUXBEMIC ASD FRER A2 7.

FERMHLZER BT B R HRR (2.27) & AL, ADHM X e B ERxtFRA L T
ELLAELTNDZ ERRL DD

T, AVABU N F D aTABEMIZONTIAAL TS, AV AZ N - E D2
7 A 22 M 1%, ADHM FRBRADOELOELMEIZ L >TkES. (M = M) ADHM H#EK

NEFEHL T a— L LT 49, 24 B3 5.
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(3.1) DH 1 ROFDOER 23/ B rTHIF?, GEfbShk) [V A4V by Va7
AZERDRERRIEH T 5 2 LR BTV [112, 113]. LIz - THEH SRR OE 4
(CHIET D, AHRZERICIZRNA A Z U N UBBFETH I LICRD. TR U(L) A A H
YhUTHYB ERRICIEFHL R ECIERFRRME L L TR SV (115, 32).

small instanton resolution of
singularity the singularity

M 2: fVABZUNY s T 2T AZEE M

ZZTINHOFEREZDOBWKPED D-brane IR 25, 142) ##B N T5. HRERDHRITE
&l DO-brane & N #? D4-brane DEAERTH 5 (M 3BMH). T OFRITELE T, Supersymmetry
(SUSY) ZEHNIED (BPS TH D) Z ENMBN TV D, A7 T 5 SUSY IX4KRTTN = 2
DHDLEFEL.

kDO — BPS condition = D-flatness condition = ADHM equation

0-0 strings -— By, B,

0-4 strings — I,d

N D4 — BPS condition = (A)SD equation

X 3: ADHM ##ki%E D D-brane fi#fR

ZDFE2ODRRSTSIFENLIRL LS. EF Dd-brane b RB. 20k Xl xIES —
U=/ O SUSY BHORKN B, (4%5E) B ESHHTRANZOBPS RETET 2 b0 L LTH

223ETHRT A—F ) DECIHENT —PHOECREE B 15 E—KT 2B =0 &b, ZDOKK
TR HS T AIERH AL A X N URIZHOWTIEh & T LERT .

26 R—C, NCHF—VHRTIIS — VBN SUN) TIREKETEB UN) L35, L3 AN LEMR, 20
U(N) (~ SU(N) x U(1)) ® U(1) 73— % S ARZERMSE D BERRE 2 RI-T0OTHS.
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i, DO-brane [T AV A Z > h e LTRBEND. —FD02b RS & SUSY ZEOFKME1F
D-flatness §&fF & L THB b1 5. D-flatness k2 FE Z T9121%, DO-brane £ ® Super Yang-Mills
HROFEEBAN 7B o CIRTNITRLRWVHA, ZHF0-0 A 76 <550
(kx kATFN) BEI R (NANR—ZLEEHD) 2 04 ARV I N6LBbD (kx NITHI) B3dH5H. Z
NoEZENEN B, BEOI,JT &R LT, Dflatness {lFEZHEE T &, b x5 & ADHM H#2
A/ OND. ELLOHFBRNGFE UHERZILRTD26DOTH L0 0, A2 OE ML B A
ThHhdH. AVAFUNY BV 2T ADKRITIZANE THDHZ ERHMBLILTNDD, Z D D0-D4
BPS 2T DO-brane DEIK BHE.2EZ x5 L, ZTNHHALNTHD. £ 4RTN = 2 Super
Yang-Mills Bif@ D Higgs 7 7 ' F DEZE L Hyper-Kahler Th 5 Z &AL TRV, fEZEM]F L
® Hyper-Kihler isometry & BB TH 5. & HICZEM ZIEFHLIZ L 722 R 1L ADHM #AEZ O
b DDA THRIZEN D MY, —F D-brane SR HE 2 5 &, BHEOZRM Fayet-Iliopoulos
(FI) N7 A—% & LT D-flatness RENICENT- LB TE 5. T ZITZEM ZIEWHIZ L 725D
ReWHE ANTIRPELSLF—DbD L LTEATNS.

[0 %5t Dirac H2RX Z#EH LT/ —VB LB T5FIRE LTE, Z0%%E T Rk
L T D5-D9-brane SR IZFE->TITE, v —7 & LTO Dl-brane 2> bRl 32 FIENH H LT
5 [142, 26].

i B 72 BAR R 2 EEICHER L TA LS.
BPST f# (G = SU(2), k =1, dim METST = 5)

Z OfRITER S EANPOBEREIR A VAL N UfRTHDH, ADHM BHIEIC K - Tl T
HIZHER SN D.

o FJE (i) : ADHM FRERRUTEk x kTFIOFERTHL D, 5OHE (k=1) NI ET L
WZFRIT B, T OEZITHE D DD T, 178 By, By lIEBEOBRH L TUL L, [,J I
DWTHMHICRED. BRITKROBEY -

0
Bl =, BQ = (g, 1= (p, 0), J = ( ) y Q19 € C, p < R. (33)
P

(6% ®£E_EB, "Iﬁ‘éiﬂ%_’ a1 = b2 —Fibl, Qg — b4 —|—7/b3 @J: 5 Wz b# “C‘i%‘?)‘

e FJE (ii) : [ O &IT Dirac HFE] 1%

viv=| 7"
0 p

UEZ Z TOWBHREI Higgs 7 7 FICHYT 5.

12



L7 (7272l e = (io, 1)), & DI

V=— ;o= lz—b+p (3.5)
—p 0
0 —p

ERVETIITKRES. BBILET ¢ TRBALSRE VIV = 1 0 bE o7,

o FJE (ili) : ' — VBB LCHEHIILV 2OAESICHEIND ¢

i(z — b))
2ip?
F, = . .
“ T (a—b D

ZZC, ) 13t Hooft D A =—Z 2 RV LEEND ASD 7Y v Th Y, lIRAK A
CRHTHDZENIND. TV 2T ALBHORTLSIE, 1 AV AZ U N OB (4
D) &Y ARB p (10) DEBEECRET S, —MIZ, ADHM 7 — % By, OXARG A
VAEURNVONEBEEEL, ADHM T —F 1, J B A L AZ Y RO A XDERE ETe.
ADHM 7 — % By DEAE 215 E W R > THNLBEHITIZ ZITH 5.

ZITHAR - BrBREMSTH LS. ZDEE F, 15 x5 870 XA OR R
PATEM K Z MDD, AV AZ N ATERICEVIELPRBEERTRITI IR LRV O T,
P AR - BuD AL AF N IHFEELRY. ZHEb X)) EAVRE VY - BV 2T (%2
WORRER (AE—/V s A ARAZU N URRRR)ICHIET 5. FERHAZERM TILZ DR RS DERTHE
L, BILWI FADA LV AZ RN UREND. (H4B8)

FERIHEBPST AV A ¥ MU (G=U(2), k=1)

FERMZEM D G =U(2) ASD 1 A 2 & b U (FEFT# BPST f#) & ADHM H#ERIEIZ X
DRERICRD b D. a5 2R # ADHM 5 (3.1) oL LTI

Bl = g, B2 = Q, I = (\/m7 0)>J = ( 2 ) (38)

(EEHEBIMRE) ZBAUT L. (>0 & L) AIREROBAE L5 & [ OENID LERST
W, ZoXLARIZpZERIZL STV oTH [IEERIZRLT, YA XEROIEFRR AR
BN UREEERD. TNUBRERIIUQ) AVAEZ R THY, RE— )L s AV AZU N URR
EBNEHEEINTZZ LICE > THECEHF LWA LV AZ U N RIS TS, UL) AV AZ U RV
IINBERTED 2T A« NI A= LT, KR O A XE—E (KIE /(< HW) T
5. (M53H.)
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4%/4

/

TN

/

small instanton singularity

/7N
/1

M4 fRE 2 e FV2TAEM M) EBPSTAVRZ

p

7

resolved singularity

0/ p*+¢

VZe
ST

U(1) instanton

5: AVAZ UMY V2T AER M EIEFHBPST A AZ b

A[HAZEE] & FERHZER] D BPST AV A X 2 b ZOWT, LTFORIZE L DT,

| BPST A AF by |

| JEFTHBPST A A 4 b |

pr =0, pc =0

ADHM FH#&x

/’LR:C7 MCZO

B1,2 = 012,

I = (107 0)7 Jt = (pr)

ADHM 7 —#

31,2 = 01,2,

I=\p*+(0),J =(0,p)

=t 74— C/Z,

2T A 2=

Eguchi-Hanson C2/Z,

(singular) (regular)
B P BBE | T AR | F, o U() A2 AF R
(singular) (regular)

DU AVRZ MBI VFELIHANTAHRED.

BZITAVAZ MDY ARLIE, F,, OFERDOZ L THS.

14



FEFHLASD U(1) A A Z v b UfiE(k=1,0: SD)

ETT— VR EHETNRT A—FOHETRHUENEDOREELEXD. HEOOE=1L1,
FIAVARZ NV ONBEFRRIZE 5.2

F 9 ADHM FREREZMORT IR O20N, F—UHRUN) O L X131 JBEICRD
ZERAMBN TV [113]. L7238 > T ADHM FREXIT MY B 7 /VICHRT 5 ¢

Bis=0,I=/¢,J=0. (3.9)

B IX Dirac EE—RF ThH 5. [ 0IT Dirac FEERX] FKRD XL H 12725 -
ViV = ( O )V = 0. (3.10)

0 —Z1 R2
ZOfgE LT, BBERFEBRVD RO L ONBRICENS ¢
2121 + %220
Vi=| (& |, Vii=o. (3.11)
—V/ (2

L L 2T AR — Z OB THBLSM4 2 SRV, Vi BEET—F (0,0) 2& 5, Bk
KT 2RO BBV, 0iifTH% H OB TRD D ZERTERVNSLTHS. LER-TV %
BT B3 2 ORI BETALERD S,

TR [32] IZBWT, & TOEME My := H —0,0)(0, 0] IHIFRTHIZE, V; BIELVEER
AT —OBREEZ DI L AR L. SBICY7 MEETFERAWT, 1y ICHIBEN-ERE H I
THL (F_VERTER), H THRBILENZV 2RD7- [33]

V=0, V=1 (3.12)
TITCHENEU IV 7 NEEFERITNA D TRREE-T LD L LTERSINDS ¢
U0 =1, UlU,=1- P, (3.13)

L, BETy 7 kOREER T THD. COFREEET b, L7 NERT U, BN #2E
B CIIEERKEZRIZL, V) F U BEERCED T 2.2 BENIZIFAITRD LS 72
bONREND

U = Y |nnne)(nnne] + 3 10,19)(0, 2 + kI,
n1:1,n2:0 TL2=0

. k—1

Pe = > 10,m){0,m]|. (3.14)
m=0

BALVRBZL N VDIBDOEY 27 A2 MATTIUE, & & TETBBZITXIZ L. RIBIEFTHZEH E T3
BN —VEBRTH D,

2137 M EEFIE Atiyah-Bott-Shapiro (ABS) 5K [5] Z FEFHROSEITEA T2 2 & TREMITHER T2 L
BTE 5 [62).
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BRALE T 3 12 BRI

A A

A= (1-P)(VW) 21— Py)
1
= ) 1, g) (n1, N (3.15)
(n1,n2)#(0,0) \/(nl +n2)(n1 +n2 4 ¢)

EROOND. BE—R VICENERE (1- D)X H, ~DFIREFE L, 7 MEET U, 23 H,
MO H~DEHEEZRLTND. ZD2O008MEIZL Y ELWEE—RARD 55 (“Furuuchi’s
Method”). ZDOFEE— RN NOIEFRLTS—VHBIOHENHE SN, TOA A XU
T —1ERBENDND. HEBEETP O /R 1) EALVAZU N U %5 2TV 5.

FEFHLASD U(1) A A Z > N UM (k=1,60: ASD)

SEIXS — VR E IR NRT A= OB CRRERLICELWEEEELX LY. 20L& A
VABURN BV 2T ABMIIARE—N AR E U N URRENFETD. U0 U(D)
R=PMIZ ZIHIET DN, ZOREERL AL,

F9 ADHM FRERXOBIIZEEIZNI BTV RS !

Biy=0,1=J=0. (3.16)

ZO TADHM ANy 277 59 K| OF I OIC Dirac R 22 5. I=J=071216x
(3.2) B GIFRE LRV, ZOL X IIRMCTEMFETVV =1 - V(VIV) IV hoBZEL
TR EV. BEMFHEOELNRETHEINDIDOT, 2,5 9, =10,0)(0,0], 9, = 0 ASRE
D, ENEBBCEECRATE L aaf =1, dfa=1-P Thbba=U, (V7 NEET!)
BREY, ZM Dirac FREA DT -

A

U Ur
V=11 | =] 100000 [, (3.17)
0y 0

27 MEETF U, SERICENTZORE A28
TN =V (D WITHEMG ARV — ) 2HETLLRO ISR 5

A

19,V = atd,a+ o1, o = Iéziﬁl—|0,0><0,0|%|0,0)<0,0|
= Ud.,0,. (3.18)

A

D, =

7

<
<>

Z AU E ST Solution Generating Technique D AERIER S 242 2. TV 5. Solution Generating
Technique L IR TERINDIEBDOZ L TH S -

D., - UlD.U, (3.19)

28Furuuchi’s Method 1% 2 Z TIZMLED 720,
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EEAEF—VEBO L HICRZEN, U, N7 MEEFTHD (= F VEEFTRN) 120,
JU NV ETNRERE D, ORI —KICES R EREITHRD [61] 7o), BEZEM L
Wolz BN, WE BBIZIERRAR (Y U b ) BRBRIND .2 ZOBEZEMEN AR S
NDMEZ%Z “Localized Y U b 27 LIRESZ & 238 %753, —fXIZ Solution Generating Technique T4
B S D FRISEHARTOBEAfE & “Localized Y U b V7 L DEEFR L5, L7eh 5T “Localized
Y U k7 i Solution Generating Technique DAE TH YV, EFLOFERIT “Localized A+ A #
> ko7 53 ADHM #RIED D BRIZENTZ L W) T L A2RL TN 5.
FREOMOMBIIMEICHETLZ LA TE

1
Fia = —Fu = i510,0)(0,0] (3.20)

DEIITHEFOWLRD. AVAZLV NI, DTV 7% LL, 1 ThDHI LBGN5.
& BT Z DFRITREE 72 Seiberg-Witten = » 7 [126, 117] IZ X > CTRIHMANC 5 > Z L A3 HE
T& 5. DO-brane BEIX

Jpo(x) = 022 + 6@ (). (3.21)
& 725 [69]. AT 2 HMF AT Localize L72 D0-brane (§72bb A AF U RN ERLTE
D, EREOBMIIFR TCHDLZLBDND. ZNIBHLAALEY 2 7 A ZBHOBEEEEZD L
LIROFERTH D, BABE—HIX BHOFEIC X Y ERE D DO-brane 23 H & L T—Hk{k
EI T Dd-brane K L TWHZ L ERL TRV, THHERL [7, 78] OFER L H—EK L T\ 5.
ZORIEY & OBIHENRT-NT-EE BENEAINTBEITHE L, X4 I38MHL T
W2, ZRBC=0ICHENTWHEDTHSD.
T L RN T A — & O B ERRHEDOMAE OE A ASD-SD DA & ASD-ASD O35
BEDOUN) AVAZL N ZONT, LTORICE L D72

| ASD-SD U(1) f» A&V b | | ASD-ASD U(1) A AH Lk |
pr = ¢, pc =20 ADHM 5= pur =0, uc =0
Bi=By—=0, I=(,J=0 | ADHM5—% | B, =By=0, [ =0,J =0
Eguchi-Hanson C2?/Z, BV T AZ%EMH A =7 +—/K C?/Z,
(regular) (singular)
D, = U,Md,M'U] =% D, = U}d,U,

HiZ, VT N ARV—FDFEENR AL AL DU BEAEBHLTHDEN, 7 N OFEIZEWN
ICHTHD. UL AVAZL DA RZY N VBORRIZOWTE, SEIERBERDR
TN T3 [34, 81, 122, 135].

29Solution Generating Technique [ZiEDFOEFRIZIEA S 4L, &% A4 EfEIC & W REER D-brane 75 & VK
WRTED D-brane [ICHAET 2 £V ) Sen DFAR [127) WA DEROPHES TRE ICHRIES Lz [61). (LT 2—&
LC[46,59] 2 ENH B.)
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3.2 Nahm Construction of Monopoles

G =U(1), U2)E /A —=1® Nahm BROFKTH 5. ZOFLF TITFE LWV ERITERS
A. 30

o FJE (i) : Nahm HFE=R

dl; 1
df — ieijk[Tj,Tk] = —0@3 (322)

R B BROEHIE —(1/2)[z, 2] D BB

o FJE (ii) : Nahm FRERDOMET, Db &, T 1KIT Dirac 5K Z#F <.

e FJE (iii) : [ 1 ¥&kJT Dirac FRRR] Off v TAVWTAV A Z U oL & LERIZ, A =
[dévtow, ® = [dévtér DX HIZ LT Higgs 3, 7 — V55T 5. T Bogomol'nyi
FHEz
1

— 5

ZHBRICH 2T, 22 THICIBERAEEICR TERNLD.

1

EFV2 T AZMIONT—F 2 AL M T 5. Nahm HREK (3.22) IZBWT T =T, + §;30€ &
E#HET 5 &, Nahm HERK (3.22) OFDOEEBRI S, T M7 3y HaRiE, F#ze
E® Nahm FEREELFCIZRS. Lelo>T, G =U1),U(2) EAHBE /) R—1NDFEY 2
7 AERIIFBRRGE L ED SR [42).

U(1), k =1 Dirac & / A —/fi

AI#AZZRE_E D 1-Dirac & / AN — /UL Nahm BRBIEIZ LV IRD X 5 1ITKD H1% (Nahm FH2
X (3.22) DL LTET, = 0 (BHMR) 2 BUUT LWV, k=1 DBAIE N CEREE BRI
nbs.):

1 11+ cos?d
d=—— A, =Ay=0, Ay = — .
2r’ v 7 9r sind

(3.24)

722U (1,0, 0) 1T EBOWMEETHD. F'—VHITI=0THERLTIBY, TUnbHEIND

Wb 9 =0, 205 B #OEOHSICT NV BRI OKEEEER O ENGNDE. 20 23

BHDOIEDTFIIR ST AR U U IROGEFDEE U % Dirac A Y 7 EMES, Dirac A b U

VIR NDOWRE R T2 L ) AR EEIRCTE, S — VBB TEOFMNE D 5 IEMERI T

RTHDH32. 3 EOIEDE LIS TS IX

— xi
2r3

LEE S, BRI E LTS, (M6 ESR.)

B = 00— (3.25)
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R Y ' V4 R Y ' »
N I v N X v
LA N snde
> = —> [ EEEREFPFELLLFPFEE ey Snd X3 > —> —> —»—E}—»—» X3
71 N B TN
7 N N 7 " X
b4 ALY b4 A ]
T |
* |
X Xy X, X

6: Dirac & / WN—/LV ORGSR (FI#Z2H £ (F£) V.S, JERMHRZER] L (F))

U(1), k =1 FEF[#2 Dirac & / AR —/Lfif

FEV#4 1-Dirac & / N —/L DRI [42) T Nahm HRIEIZ X VRO b7z (FEFTHE Nahm 75
2 (3.22) DR E LTIET, = —0,30¢ (HBAMR) ZBAUZ XL \v.)

o - i al)in] = {32 (& - €2.) ol + (64 ) 00 .

n=1
A, = Z ( ) a'ln)(n|, As=0. (3.26)
€n+1
- - n _—0p> +2px - nC”*1
ZIT / dp pe & =15 (3.27)

THIED L AR TH D, BREDORDIE (r, + 23 — 00, 7, 1= 4/(23)% + 20n) 1X
WD X753

j:? :n=0, 22— +oo
P, ~ 1 1 3.28
=g . 2RI (3.28)
21y, 2,/(x3)% + 26n

1 3
7 n=0, 2> = +00

(Bs)n ~ 23 A (3.29)
_2<Tn)3 .

N6 5 X912, Higegs BB L URERIT E HiZn =0, 23 — oo, T35 23 IO IEDH 53 T
FRIRD2 BN E 35, 3 (K6ASR.) 22 IO EDEHS DO—K k72835 (Bs (23 — +00))0]0)(0] 1

Weyl B#A TR Z—FEEAWVDTERIZED &, 19 L GaussBDI3A (2/60) exp {—((2)? + (2%)?)/0}

SOFBR I 5 H7 1L, RADFLIE [49, 45, 46, 47, 48] ° [114] Z ZEF X\,
HELIHERAFMDPBETHS.

B ) R—MIBETHFELWVWL T 2— L LTHIZIT [39, 58] 3 5.

B3 RIE T (, ORESZLE LTe.

B4 B RKAE 1-2 Sl RO AL D OBERED 2 LB STWD ((21)? + (22)2 ~ 20n).
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2720, EOBIRKRE VO TH 5. Ui > TAHRZER E~ORR 0 —» 0T, Zhidb 15 L7

B BEBFONARR Y, b & ORRR Ditac A b U V7 BEBRENS. YO Ehn, o8
DIEDFER 7y DBEHIE Dirac A b U > 7 DIERHAMED T2 DITIE S A TET 8D, T DNEROBES 03B
Nz O TH Y, ## (3.26) 1X Dirac A b U 7 f+& @ Dirac &/ R—/VOIERHR TH 5, 3 &
bIRAIBETH D, TV 2 T AEMPTHRER R L THHICHEL LT, fRIZZ 0 L) ICHA
WIRAENET 5.

e Relation to Integrable Systems
FER# 1-Dirac & / N—/L D (3.26) ITFIFEZ ROBRN O EKEWNVEEZ LTS, ¥
7205 Yang T (Bl 1L [105] R EBM) TELZ LN TE S [42] -
O =¢7'05¢, A = €710, (3.30)
2L &= &ulxs)|n)(n]. (3.31)

TOZ LIFFABAZER ETH RS ROBRETOIONABLEN L EZTRRLTVD,
S%B%mx (TFE AT Bogomol'nyi 2R (2.30) 13 1 IRuHEERF HIEF (B 213 [133] B )

CEEHBmIOND [42]
d2qn gn—1—¢Q dn—qn+1
7 + 17— gdnmintt — () (n=0,1,2,...) (3.32)
5/t
(> 2
\ el = >
EEL qut) = log[n!§"<2>]’ ti=2w n2l (3.33)

—00 n = —1.

Yang 1751 & DH D £, 1% (3.27) TEHEINTWVWE LD TH 5. BEREIEEN BN Z D03 H
BRIV,

4 Conclusion and Discussion

Pl FERMHAZER B0y — VHER & DRI OW TR LTz, FEv# A R Z kv FER]
Bt ) R— VOB T, ZEZIEFMRIC L2 L THEURRSBEORIZL Y, Fx
723 LW BRSO BV EE RN D Z &3 holz. £ Z OFEETITERE L7223, FEF]
¥azefd Loy — VBERRIL, KERR O & 5 D-brane B & XS L, D-brane IO fENT TREKZ) %
DT, ZDFER, FEFRMHROE 2 FROFIEIIFR im0 < OBFICHEL RIT L, ISV EFHIC
E-sTRELL.

3523 B D TEDER Y OBERIIFAIZHA T DRERDOREIZE L <, +o K&V 2 Rtk CH > TS & REE
THEEuIIRD. ThRbbEmAEr LT /RN xi,cwb T THBM, FIHRGEEIZ Dirac A M U
Y7 EZRYERWTHRD O LREKIC, T OBREZ RV CRERES \‘3‘5 E-1EVnHEFE Lb‘fﬁ?ﬁ%%%:h%.’) [42].
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RIAEDROBAEDD R TH, 21O OFERITFEF ITHIREEV . ADHM HERE D FE R #LZZ ]I
LRSI, A R EZ 2 N U EOBERSCMEZEM OREE DA 6 NT R S 72721 T2 <) 31X Twistor
BHmIZ LA ER(LBARETH B [85, 57, 132]. Z L, ASD Yang-Mills HFFEFASFEFTHAZER] C
LAEMMEZ RS TND EWVI ZEERL TS,

—77, XV EKRITDOY Y b FREA, AIES %R L LT, Korteweg-de Vries (KdV) 750 [92],
Kadomtsev-Petviashvili (KP) FRR[84] LW\ o2 b OBRZEHM LI TWD. T b DIEFH(L
IZDONTh, BRADREIDH LWVEIRBBND Z LT +a#ife S b0, 2 DOERE
HRILIINE TIRTERTH o7z, FERMRER EOFOFRA L V) OITEREIM S FRRAT
IR S, EIRT D LV O RILITT L AFENZEWDTH 5.

EIANINLDY Y R HFRA, AL FREAIEFEIL 4 KT ASD Yang-Mills FER DK
TELIZEST(IFEALEET)/BOND T RN TS (Ward TAR[139)) [1, 2, 3, 82, 105].
Zive ASD Yang-Mills FRBEROIEFHULOKIIZ &b 5 &, KAV FREX, KP FEXE V-5
eV U HFRAOIFEAHRE L ERICEHBAENS D L HfFIND.

4 ¥kt ASD Yang-Mills FRERUIEAWVER T Lax ROFE TET 5. LB > TKRITETIZ
KXo THELNEFERNIIESEICIE Lax RO TEIT 5. Lax B ze R OFEBROL <IXAH#E
SRR EIND 72D, ZDZ &N Ward TAED—2>DRILIZ/R > TV D, 4 RITIER# ASD
Yang-Mills 52X 72, ANWER T Lax R RO TEIT 5. LR > T, Lax BRn&FFOFER
Hzef) b0 RO, PR ROIFEFEL~DE—H LR VHED.

FIIF ER—K L R T, FEAHBEM EO Lax HERX (Lax B2 o5 BR) 0LEKiE2 1%
B L, Bk 7228 LOIERME Lax HHER%E R U7z [136, 54). 2 b O HERUIBER O FEw#AA]
B brd E—&L, MESROI IO —EMEZTRE L T\ 5. FEFH Burgers 7
BRUITONTITREUL, BEEEEOMIIC ORI L. TRbLAMES D Th 5 [55). FAEIX
Ward PRRDOIEFRHIRIZH T2 DIROTHEERE Lz @ T IR Lax FREIIFES TH Y, 4K
JCIEF#L ASD Yang-Mills FREEADKITLEITLIZE > THELNDLTHAS. (K7)]

IV FRES R FROH LWHIE 28] 0 B < FIRBMEZ O TV 5. 558 R, Y A X ¥ —BiiR
E DD HIEFITHRIEN., 2D XD RIRITTEITLHE ED L 9 2RFEL R > TWT, ZHUITK
TEBILTCHEDODNTEFRADARIBESMHEZ 52 5D+ 0200, £k, ED X 5 72 D-brane
BNLINOBRIND D), F 2, FFEILZ S OFRT—BEENTVD. ZOFFILRIES R
D TOEFR] OMETHDELEXD. ¢ BIRICICENT 5 B MR BIEN > TV DITEN R,
REBEIIERROZLBEHATH .

BIE$CIT, FERTHASGRAN ik, FE R EBEGR (S AT CIFZEDS A T 5. FETRIHE Burgers /7
RROBEULIL Cole-Hopf Z#i u = 0, log 7 [15, 74] DIERHULDORET & HliTh 5. FERTHNHE
B, JREZE# u = 0% log T @ [T1]) FEFHUYLTH 5 & E 2 D, FERISFEIORBETH 55 . F
TIZEM TER R & AV T g E O [56], ERE O RIFHEE OEIM [52] 72 &, Bk
PROLNTEY, FIGZA 0 Th 5. FEFHERRIEROTERIZ LV, f#ZZH (Fef# Grassmannian)
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4-dim. ASD YM egs. NC NC 4-dim. ASD YM egs.

(Integrable) (Integrable)
Reductions Reductions
Lax equations NC NC Lax equations
e.g KdV, KP, NLS, ... Our e.g NC KdV, NCKP, ...
works
(Integrable) (Integrable)
Ward conjecture NC Ward conjecture

7. FEW[HL Ward F4H

DIEFHDOIRTED LS ITER I, TORFERED XS IZRENPDBALNIRD THA
5. Z ZIZIERMRZERREE OV RO A RISHAZHFL TS, ZhETIRALNATY
%, 8% OIEFHARIFE 2 HRER (9, 12, 20, 21, 22, 30, 31, 40, 41, 54, 55, 75, 76, 96, 98, 99, 101,
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[53, 63] THARR SV HIERMBAZERIFFHEDOBPS VU v ThHh D,

Bl | (i) ARVL—F2—RBROELR | (i) A F—BEE AV R (iii) R —k BHH O
DBIEMIC & 250k
e U(1),U(2) ASDf# (0 : SD) e U(l) k=1ASDf#
(k=1,2,--+): %% (B:SD): FFIES [134]
Nekrasov-Schwarz [115]*, e U(1) k=1 ASD f##
T [32]%, MR (1407, (B EE) : 1l [110]
Chu-Khoze-Travaglini [14]*
A4 (k:EE):
> AN B - T [80),
A | Lechtenfeld-Popov [97]*
% | e U(1) k=1 ASD fi#
> | (6:fEE) : Nekrasov [114]
N | eU(2) k=1SDf#
> | (0:SD): HH 35
® SD Localized fi#
(0:SD, k:EER): o ( BHEFHIT)
Aganagic et al. [4], Marino et al. [103],
e [50]* Kraus-Shigemori [93], - - -
e UM k=1: e UML) k=1 e U) k=1
E | Gross-Nekrasov [42]* (0 1) : FBAK - 1 [67] | (Higgs %) © &l [109]
J | eUR)k=1: e U(2) k=1 (Gauge %)
AN | Gross-Nekrasov [44]* (6 11R) : Bak [6]%, BAK « Fl - FRili[68]
| | ® Fluxon fi# (k : {£8) : BAK « M8 - ZRIL[66]
JV | Gross-Nekrasov [43], (0 2¥K) : 5% - 1A [38] o (BHEFMIL) :
Polychronakos [120], BA A - A K [65],
o [50]* BAK [64], -- -

(i) DFRILFIHAZER] O (0 = 0 OFEOME) DFEY TOIRBL TROLNTWVS.

AV AB Y N AT LT, (1) OITTSICRO NS BN, (i) & (i) & DX
F/AR—IIFEEBRIN TRV, E /R LT, (i), (iii) OF3TE () & (i) & o*t
JMZOWTHEHELLER L TWD DT, (i), (iii) OFEBR O OFERBRITHARE TITi2.

B A List of Reviews of NC Theories
o MEWE 2001 4 2 A DEMMHESDOT 0 —F 47 [79], & [51]
S OEFHAVAIE : Douglas and Nekrasov [27], Szabo [131]

@” DL U2) k=18SD A RZ 2 b UFEO—FRITOWTIE, B 72 Seiberg-Witten = v 7 [117] & v
T (iii) DR DMEH KD HH TN D [69).

23



o EREL X A EEHME~DILA ¢ Harvey [59]

o FEFHLE — T R (LATFIERY) : Konechny and Schwarz [89]
o FEffE L IERMHMLE /R —/L & Nekrasov [114]

o HEELIEF LA A Z 2 k2 Konechny and Schwarz [90]
o HREL (FEFH#2) ADHM /Nahm #RkE @ I [49], #aAT [140]

o BTFEHIMAIE (PR THN - F¥—T7 L) HN [34], Harvey [60], #2 () [107]

C Towards NC Sato’s Theory

VEERERR [123] 13, KP FREXREZHEL T, VU b UVEROKR L EHENNOELWEGR &
LTabh, O ERFEE AV TERLENG. ZOE®RND, ZEY U NV ORBEBOERK
RERE DRIFEDOE M 21T T/ | MRZEM OBER, HTRIZH D EBRKITTOMIMER ENET
AoMcIND. BEROBEL, BEHREN (ERED Lax FRERORF]) OFEL r BEROFE
Thb.

T 2T, R OIEFTHLIC O W TBLR 2 BICRE T 5. BT K&K/ b, EIR
BEOHRFERIZOWTEHRTS.

C.1 NC Hierarchies

EFTEMSEARZEERTD. NBO (5=v 7 72) BMoEAZE A ITAMOMSERZ 25
o, ROL O RERFRETH D

A=0Y+an 0N 4 dag+a 10, a0, 4 - (C.1)

DI TRO LS REBEEAL TR LERTHS :

As, = 85 + aN,la,iV*l +--4a0., (C.2)
AST = A-— A2T+1 = a,ﬁ; + aT,lagfl + -y (03)
res,A = a,. (C.4)
¥FIZ res_| A 1B TERR A DBE L MIEN 5.
Ao or 0BT EERE fF ~DIEAIT, Leibniz Alo—f{b & L TEZ BN D ¢
o f = z( ) o, (©5)
120
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I CIHEBAEKIIRD LD ICERESINDS -

( 7; ) - —2(12)_1>(n—12 ), (C.6)

ZOZHEFRBEOES (C.6) 1, ADn THERIND 2, X (CH) ITAMOMOERZEOIEA
EEDTWD. Bz,

0; - f = fO =[Ot + 100 — -,

0. f = [0 =207 +3f'0, =+,

0% f = f0,°=3f0,*+6f0,°—---, (C.7)
72U ff = 0f )0z, f" = 0*f /02> LD o7 1XBABUTx L CTHESERSE [“dr & L TEA
T 5.

BMOTERROEGRHIY, EROERANLIEL KERIN, BHOERRSEIIERRZEORE L
FT. (BEL <UX[108, 10, 94, 118] 525 H.)

RIZE O ERR 2 W IE AR g () OEREZ T 2. £T 1 ROBMOERR L %
BALLES :

L:8x+U28$_1+U38:;2+U48;3+ <C8)

BBy, (k= 2,3,.. ) ITERED TREFZES] (o, 22,.. ) TEKETLHEETHD. (2L
' =z cf. (C.16).)

up = ug(zh, 22, .). (C.9)

= DEREDE IO, W, ZERI BB RS 5. LIt > THMHEL - OEIRIED
CEERER (21,42, ) G LCEA SN,
TR LK R CEREND

OnL = By, L], m=1,2,..., (C.10)

Z 2T 0, D LICHKTDHERINL, 0L = [0, L] 5N 0,08 = 0 D L 512 0% DFREE~D
ER L LTERSND. £7MEME B, 13, MOERFETH Y,

Bm = (L* ce *L)zo =: (Lm)zo, (Cll)
m &
TEESIND. #lx1E
B, = axv

By = 0%+ 2uy,
By = 02+ 3uy0, + 3(us + uh),
By = ---. (C.12)
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FEFTHARERE (C.10) 1Z% m IZOWT, L% OBLRE N B4 U 2 EIRE DMy FREXEEATH
5. LERST, mEzBT & BRBREOWMHFRAP B/ OND. TniIEr kg e
ME5. FERTHARERE HFRER O, (C.10) KV 0,up DT/ DD T, 2™ HE D TEREFEFERE] 2
EDHHND.

I HIZZ DFEFHE (KP) BB (C.10) I Y RHIKREEZINZ 2 & £k 2 72 IE v HARE G 73 )
o, FRCHIKSME

L'=B (C.13)

IIFERTHLKPREB D 1 V) ¥ 7 23 o L IEITH, FEFTHE KAV B8, FERT#L Boussinesq FEE & v o
T IERRE O IEFTHAREE DRI EHHT. ZD L& &2TO N, kIZxtLT

ou
&7@ =0, (C.14)
TROL, 2N FEA~ORITGETEGZTNDZ ERahD. Rk
dr!
- = [Bu, L = [(Z)Y, L], = 0. (C.15)

DA, HKISME L = B2, BIRFEEOSGIE LICHARBEGRRNE 5 &, EREEDOS w1, wys, was, .

23 (1— 1) FEDS uy, uz, ..., uy TRIND.
BARGI A8 5 -
o JEF[HLKP [E/E
FT, IS HIKISREZ MR ROIERTHREE (C.10) 2FEFHLKP FRRRAEZEA TS Z L%
Y. FERTHEE (C.10) (28T DM TERR OB E OMREDS, EIREOIEFH#H [ R E
HFRX] 525, $hbb m=11Cx LT,

o)y Oowup=u,, k=23,... = z=u, (C.16)
m = 21X LT,
;1) Oug = ul + 2uf,
0,%) Oqus = uj + 2uly + 2uy * uh + 2[ug, usly,
0.%) Oguy = ulf + 2up + dug * uh — 2uy x uly + 2[ug, uyls,
oY) Owus = .-, (C.17)
m = 31X LT,
O0.Y) Osuy = uly + 3uy + 3ul + 3ub x ug + 3uy * ul,
0.%) Osuz = uy + 3uj + 3uk + 6ug x uh + 3ub * uz + 3uz x ubh + 3[ug, ugls,
0.%) Osuy = uf + 3uf + uf + 3uh* uy + Jug * uly + 6uy * uh

—3ug * uy — uz * uy + 6uz *x uy + 3[ug, us)s + 3[us, Uy,

(974) 83’&5 = -, (ClS)
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BERZ LI, o FAO TREFERE] OX (CA7) 05, BIRFEE DS ug, uy, us, ... 23 1 F&
BOH2uy =u TRINTLED 2L THD. ZHITRBOTFESRETH Y, FERMHZER T
bz SN TND Z LB H 5 [56]. DX L OEREEDIEF bHEET 5. 3 (C.17)
DEAND 2 >DOHERANT, K (C.18) DIRADADND, uz,ug ZHETDH L, (2+ 1) Kot
DOFEF#E KP FRRK (119, 94 BEOLND (722 L 2uy = u,2° =y, 2° =¢, 0, = [“dx):

u _16%  30(uxu) +§a@_§[u 8_] |

ot 40z3 4 Ox 47 oy 4" oy,
U723 o CIERTHLFERE (C.10) D Z & ZFEF#L KP ML/ & RS,

(C.19)

FERHA KAV B8 GEFKP RO 2 Y ¥ 72 a )

HlKIGME L? = By =: 02 + u Z3E A KP BB IR T &, EM# KAV A/ ons. =
DYE, FEFHAETE
ou
ozm
WNEEE m RIEFH KAV FREREEAHT. T72bb, (C.20) I3EMOERFZOEMN, &
MEBIZEERW. FIZIE, m=3DLE ¥ =tLT5& (1+1)RLIEFHKIV 52
= [22]

— [Bm,LZ]*, (C.20)

1
U= Zu'" + i(u*u)’, (C.21)
BELN, m=50LE 2=t TDE (14 1)KT5KRIEFMH KAV HEEX [136]
1
- Eu””,—‘r 156(u*u///+u///*u) + Z(u/*u/ +u*u*u)’, (0.22)

NEBNG. 12721 4 = du/dt,

FER# Boussinesq /& (FEFHAKPEED 3V ¥ 7 v a V)
3V a3 =BslZ kY, FER#E Boussinesq FEE A EG GV 5. iU, (1+1) Kot
FERT#2 Boussinesq(-like) FH2X [136) B A TV 5 -

= S 4 (k) + ([, 0,1, (C.23)

7272 L with t = 22, i := 0%u/0t>.

FERI# Sawada-Kotera FEE (FERI#A BKPEED 3 U ¥ 7L g V)
BKP £/ IX KP B2, B,, (m = 1,3,5,...) DEETIBHEZDE VI FEEHETIL
THROLND [83]. ZDOIFHULIZILHLAAFRET, £D 3 U ¥ 7L a s HIERHL Sawada-
Kotera B&J& [52] 2356415, £ DHIZ (1 + 1) IRTLFE Al Sawada-Kotera TR EZ £
TS

. ]' nn ? n ? " / ? / .

u+§u —|—9u *u—l—gu * U +9u*u *u =0, (C.24)
727, t =25 u = 3u,.
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[FIERIC LC, FERMAZE T KAV B, FEFI# Burgers BB /2 L TRV 7 T A DIERIHAREE 0315 S 1L
% . Ablowitz-Kaup-Newell-Segur (AKNS) B & W\ o7z 1TFIAL D & D ~DILIER?, Bogoyavlenskii-
Calogero-Schiff (BCS) FEE~DHILR S, FFRICARETH 5.

C.2 Infinite Conserved Quantities

DXL, KEa RIEMHBERENELND Z B ol ZOHFITIFHENT, THET
BN TV A IERMBAIES FERLEENTWS. ZZTHEKH DX, 20 XL TEDS
NIEPEREBARLBIZRAIBDRE L THO BTN DROMNE I NENI T ETHD.

FERIHLIL, FERTHL T AN AR Oy 2 EAT 5. ZIULFHES RO Rt & I3FEH ICE F
L<7RWZET, T D] RAAHPENTLED. £/, (1+1) RTREETERSND HE
KTl FEFTHME A REE S A EAR S5 2853, BRI OWTERE OB HRRX L Z2>TL
F5. T, WESMEITR A, IIHERBEOERTHLEEL <o TLEX).

ZZTILLT O 2 2OV T 5 [52)

o HERMED [HFRHIFER] DRIt
o HE[REDIRIFEDFIE
EIE:ES
OmOpu = pOnu (C.25)

METDmMnIZONWTHEYIILDEWNS 2L ThD. ZOERIIFHRREGE [141] & AR DT,
T ZTIFEMT 5 [52]. FER# Zakharov-Shabat 2

OBy — 82 B — [Bm, Bulx = 0. (C.26)

DFEANRE L 72 5.
I TIEHBREFIZOWTER T D, BEREORFEDHFEIIFESMEDERE L TASXITA
NoNTNEHEDODO—DT, ZNETRT I LIIMOTEETH D [3, 29, 72, 106, 145].
E7, RFH L REFEOBEBREZENZZ S . REFRIE WS DIF, RO X5 REBFERDOZ & T
do(t,zt)
ot
o(t, o) ITRIFBEE, J'(t, 2") 1ZZIUTAHFE L2 FIR & TN D . 2 D & S RFEE DZEMBE D

= 0;J'(t, "), (C.27)

Q)= [ dPaolt,a), (C.28)
space
WEGREELS. Tibb
dQ - ﬁ D i\ D N i N
o= o dPttat = | dPeana) = /?féﬁi?;ds Ji(t,a) =0,  (C.29)
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7220, Ji(t,2h) OREEDIIHEZ D bDO L T, BEERZ LIE, ZoOERIIFEFRZERTHE
FRRRIZAR Y S22 & THh D, A X —FEIC X B0l T, JBAZ, BB ZEM O b 0 & 42 < [F
CThY, 0, BrbealfEThs. BREDCIELIEND, 0~ O ) THDZ Lhb, ¥
AHIZLTHEDLR2WI EREIFFESND. 7 LHE—RIC LT TR 520 olk, EOREE
DERFHBIEC, ZOEENEREEROPEZRAR LT TR0V ENI 2 L THD.

CZZCHBIZRES. KTV THIN, L" ODFFITONWTER D, ZIUIFHZERO L XD G.
Wilson D& [141] TH 5.

Omres_1 L™ =res_1(0,, L") = res_1[ B, L"],. (C.30)

TZTUToZ LizEELLEY

_1|for, 9ol = (p+q+1 4 (pta-+1) C.31
res_1[f0%, gO] <p+q+1> ptge g f (C.31)
_ ( gl ) f*gp+q+1 (— 1)p+q+1g*fp+q+1 >

!/

=( ! ){(%(—mkf(’fug(pﬂk)) +<—1>M[g,f<p+q“>]*},

prq+l1 =0

7220 fMN) = 9N f/oxN. BE2ATHDO LS ICRIL 2THHAE T E<FENLDIE, B x5 L9, D
(—1) T’ (BE) 2o TCEXBMT Th 5. AIHHRZEMTIT, %3??5%215\@5&%5&%@%5%
ZErR2o T, K (C30) %00 =0,J PDRELRY, RFRIZE2 5. (BIEz I IEEETOHE
HIZBWT [ ZZHEIE] D ThD.) FERHRZERTIX, 232 HE % LT, REFRIZE L T
HEHCRZD.

LAV DORBTOEHIED £ <FHMAETE 5. FEIE, RO LMY LD 21, 52]

[f(2),9(x)]. = —079,(f(x) 0 ;g(x)). (C.32)

Z T, “” I Strachan & [129] L FEHEN D B D TRDO LS ITEERSIND ¢

f)ogte) =3 o

]_ (! 2! 2s , "
(567005") " f(@)g(a")

(C.33)

r'=x"=x

Thbb, OB IIEMOOBICET HOTHS. £ 3T5& K (C30)1Fake LT, 2
Wy O 0o = 0, J + 090, J; ICINE DT, BRFANC2 V185, HREFERNCRD72DI2IE, Z0
0; W3 TRERESY ) D WIE T =M ] THIUIRW, b b, FERHMIL TR & 5\ id2e
M1l FRORZEBAISNTWVIUIRWY, £V Z &2 s, (EREEFERICEN 5 BBEEO [ R
BE ) IXERRTTOMFEE BT K TH - OICHBIMICEA SN =L O T, A%z [HEHE, 22
B OBWEZFSTWDDIE, JOID ', 22,23 HT2 VDB TH D, Z ZITDOHRIER %2 E A
THEN) DIIARRKERRZLETHD.
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BRI EFEEORREZE A D7), L") B, ZROLHIZRLTEI ) ¢
L* = 00+ a, 00
=1

By = O+ by 00", (C.34)
k=1

PRI any, by 1T, m ZRONVITEBRICEEZL2ETHS. N (C.30) LV,

Omres_1 L™ = res_1 [0 + Z bm_kaén_k, oy + Z an_lag_l]*

k=1 =1

m+n m N m n+l4+m—k m—k
SN PRGEECat o>
N\ L=n—1 k=1 l=n+1 l—=n—1
m+n—k—1 ™) (mtn—k—1—N) / (m+n—k—1+1)
X ( Z (_1)me—k * a’nrﬁl " ) + (_1)m+n_k_l |:an_17 bWTLn—kn }*
N=0

+ m—+n
A m m-+n—I m ok m—k gy m+4n—k—Il—N
= > ( l aglj ) 4 > 1 > (—1)Nb;13k *xap"y :

l=n+1 —n-—1 N=0

m—k
l—m—1

aDINDS

k=1 I=n+1
ZIDERHAREREII T D, (— kIS ) IRIFRITH 5. FET#EDS THeR, 22/ Fraic o
HBA SN TOIIE, REEDEERD & ZERBFIC O TOEMO DR L 20, TEEDOEKRD
RFHEZ 52 5. JEMEAKAVIEED & ZATEKRMICEE L2 K 51T, TRHZEER ITRBE 0%
WOFERTLICRRD. Thbb, AR O L & LE ST, REEEIIREOETOHFRER
WCHEFIND DT TidZew. (FTZEMO & &1, EFRORFRIN 0, res_ | L™ = 8, DRIZR 5
DT, res | L" BWERFEFHED TR BBETITH L TRTFEELR D)

JERE z™m DNEEEERE ¢ TH D & &, (BRED) REBEIIRAD LI ITR2D (n=1,2,...):

m n+l+m—~k B
( ) (—)™ k1990, (@ 0 0305

m—1 k
, k
o =res_(L"+ 6™ > Y (-1)F! ( ] ) res 1y L" © 0,08 'res, L™, (C.35)

k=0 [=0
ZEM—ZEMFE R HMED & Z12IE, 0™ = 0 KV, REFFBE L res 1 L" HHDHTHD. Lieho
TIDLEDOREFRIIABRARGE L E2FAL LIRS, ZHUdK (2.14) 2 RZHID 54
MolzZ & Thob. Re—ZEMIERHMED & X121, (C.35) OFE 2HEOFENH 5720, (RIFH
ENKIBIZERIND Z LRG0 DE. ZOBEOEEHZ N OB T 5. (res_ L™ DEAE
IR [52] @ Appendix A b R THLS.)

o ZER—HFMEBIED (2,y,t) = (21, 2%, 2%), [tz] =0 DL X

FEVT#L KP HHEK ([t, 2] = i0), FERH KAV FRRRA2 &% < OIEFH (VU k) HRERR
THUCYETIEE D, REEEI,

o=res_1L" — 360 ((res_1L") o ug + (res_o L") o uy) . (C.36)

30



o ZEM—WFRHEAZED (z,t) = (21, 2?), [t,z] =i DL X
FEF# Boussinesq AR EN IS T E 5. REBEIL,

o=res_1L" +20(res_1 L") o ul. (C.37)

LV E 7y ay LeBEEITR LT, RFEE (C35)1dn=Nl (N =1,2,...) IZHLTAH
RbDITD. THITHFER (C.30) ICRIVIEALNTH 2.

F IR —ZERFE R DRZE D 1Y U b URICR L TIE, R (2.13) K0, HITHH#RGE L
[T HDREALD 22, 55]. LIeBR > TREBE G ARG ELEALTL D LR 5.
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