00000000000000000
Doooooooo (ooo)t
2001020 4000000

J00o00oooooooooooog?

(Solitons in Non-Commutative Gauge Theories)

gobboogo obobuooob booob oooooboo

oo oo?

oo

O00ooooooo(=NCOO00U0n)bo0ioooo00,000o0oooooooooog
ooobooooooooo,bo0bbo0ooooboooooo,00o0bD0ob0b0o00oo BPSOODO
00 (o0ooo,0000000,00000,0)000.000,00 BPSOOOOOOOOO,
goboboboobboooboooooo,ocoobobooooooooboboboboboo.gon
000o0,00,000000000000000D000000DO0O (00 ADHM/NahmOO0O)O
goboooooooboob.oo,oboo0ob0ooooboobo,0b0b0oooooob,bo0ooboo
gboooooooooo,oooooooooon.

1 Introduction

O000000000000000,0000000 (=Non-Commutative)DOOOOOO0O0O0OO,
OO0 NCOOODOOODO.

gboboooooboobooboboobooboboobooon
(2%, 7] = i6%. (1.1)

000, 00000000000,00000000000004.000000,00000000
goo

g, p] = ik (1.2)

gbobbodooo,goboboboogoboobb. bbb ooo,bbouoobooa
goooooodoo,oboobboobo0ob. 00o0b, 000D boboob, o
00000 20010 7031000000, [http://www2.yukawa.kyoto-u.ac.jp/ hamanaka/] D OO0 0000, (OO

0000 6000000

0000000000000 00000000DO [26)]0000. D00D0ODOODDO [30)000. 00,00000000
0o0000o0o0o,000000000 (Non-abelian)0 0O OO0D0OD0O0OO0O0OO,0000000 (Non-Commutative)
goooooooooooo.

3 e-mail address: hamanaka@hep—th.phys.s.u—tokyo.ac.jp; HP address: http://www2.yukawa.kyoto-u.ac.jp/ hamanaka
‘00000000 éY 00000000 D0OOODd.




00000000000000000000000. 000000000 4+//#¥0000,00000
00006 —0000000000

NCODODOOOODODODOO BPSOOOOODOOOOOOOD,DO0O0O0OO0DO (BPS)DODOOOOO
5. 000000000000,000000000000,00000000000000000000
000. 000,000000000000,(000000)00000000000000000O0
000O00oo00oo (59,60, 00000 U(1)000000D0D0OO000O0O000O00000OOOO0 [63],
[11]°. 000 DiracO0000000,000000000000000000 DiracOO0DOO00O,00
000000000 o0ooo0 [18]7.
00,000000000000000000000000000O0000O0DO. 00 1990000
Seiberg 0 WittenD OO OO0 0000000 [68), NCOOOODODDOOOODOOOOOO®. NCODO
00000000000,00000000000000000000000000O0O000O0O0O0O0O
000000000000000,000000000000000000 [26). 000,000 BPS
000000000,NCO00000000D000000,00000000000000000000
000.00,00000000000,000000000000000000000000.000
0oo00O0o0o0O0oooooooag?.

2 NC(=Non-Commutative) Gauge Theories

NCODOODODOOOOO0OO00O0D0 30000000, WeylOOOODO Seiberg-Witten D 00 0000
1010000o0oooio

()booooooooo <9ij—_’>0 ’DDDDDDDDDDD‘)
T
(0ooo) Weyl 0 O
1
(i) D00DO00O00OoOoOOo
1
Seiberg-Witten O 0O O
|
(0O0o) (i) 0000 BO (ODODO)00O DBIDOOOOOO

Seiberg 0 Witten 0 00000000 ()0 (i)00000000%2,00000000. 00000

5000000,NCO0000D00000000O0ONDNDONDNON,NCOOOOO0O000000000000000000
00000000000 D0000000 (0000000000 [28],(32],[56)000). 00000000 Derrick D00 [9]
(17, [38) 0 00000)000000000,00000000000000000. GMSODOOOOO0O0000O [150
ooooooo.

6630 000000000000000000D00000D,(O000000)000000000. 00000000,
00000D000000000000 [11]000.

"0000,00000 DiracD00000D0D000,000000000DO0D000O0000ODNDD,0000000
00,000000 DOODOOOO0OO0OO0O0O0OO0000O000000000000. ([24)080000000)

8 Seiberg-Witten 00000000,V =20000000000000000000.
°[23000000000000000000000.00,00000 [23/0000000000000000,0000
000 [240000000000.

Y0Q (i) 000000000000 (1.1)0000000000000.

1 0000000000 Eudid 00000000, 000000000000000 ()0 (i)0 10100000000
00000.0000000000000000000000000 [74000.

2 0000000000000000000000000000000000000 (000 [61]0210), 00000




000000000000 (()0000NCODOODOODOOO0O0,0000 WeylOODOOOOOOOO
000000000000 (()000.0000000000000000000
00000,000000NCG=U(1)(3+1)001" Yang-Mills-Higgs 000000000000
000.00000% 0 @+1)000000 Yang-Mills-Higes 000 BPSODOOOO0OOD0OOO0, 00
G=U(1)0000000 DiracO000O0DDODOO.

00 IywuOODOOOO

1
49\2(1\/1
000,e00000 GOOODODOODODOO HiggsdODOO, d'z = dada'da?da®, F,, = 0,A, —
oA, + Ay A, Dy =0, +A, (n,v=0,1,23)000. 00000%Y [BPSODOY 00000
oooo

Foa = — / d*z Tr (F,, F*™ + 2D, 0D ) . (2.1)

e JOOOO
Y B Olymu
[D 7[DV7DMH+[(I)7[(I)7DHH_Oa Aad (5A.“ _O
[DH,[D,,®]] =0 <@ 5hMH—0) 22
e - 0d
e BPSO OO
B; = +[D;, ®]. (2.3)

000, Bi:=—(i/2)euF* (i,5,k=1,2,3)000000. 000000 Self-Dual, 0 00 Anti-
Self-Dual0 00000 (00O0O). BPSOOOODOO0O0O00 E0DDOODOOOOOOOOOOO

00oooooon
1 1 y , 1 .
E=_— /fxﬂ{ﬂﬂ”+D@D@}— > /fxﬂK&;D@ﬂi&&WFMQHZQ
29YM 2 2gYM N———
=0 < BPS
00,000000 42200000000 . 0000
[z, 2% =40, (§>0), 0ODODOOOOOOO [z 2"]=0. (2.5)

REEEEEEEEER)

DDDDDDDDDDDDD(D)DDDDDDDDDDDDDDDDlSD
f*xg(r) = exp (ieifa.(x”a(x”))f(x’)g(x”)
: 5070:0;

= f(@)g(e) + L0790 (2)0s9(x) + OF) (26)

000000000000 (cf [28]0 3.10).

13(34+1) 000000 300 (000«%2%2%, 00100 (0002°)00000000.
“O0pDoooDoO0O000000 BPSOOOOOOOO, “BPS”000000OO00.

5000000000000 000000000,0000 46[/60=0(000000000000000)000000,
0000000000. 0000000000000 (non-BPSO)0D0O0O00.

¥ OopoooDo0O0000000000000000000000000,0000000000000. BPSOOOOO
0o0D0ooooooooo. 0d, BPSO Bogomol'nyi, Prasad, Sommerfield 0 300 000000000.

Y OOoDOoO0O00O000000000000000000000000000,0000000000000000. (00
000000000 NCOSOO,0MO00O00DO000ON0D,00000 [47],([73)000.) 00000000000
00000000000,0000000000000,000000000000000000.

¥ 0poD000000000000000000000000,00000000 Eucdid00OO0O00O00000,0000
000000 (Moyal 00 OODODO)DO00.

r'=z""=x




D000000000000000
e J0DOOODOO fx(gxh)=(fxg)*h
e 10000D0DDDDOO (1.1)0O0O0D0 [2%,2%]s := 2" %2/ — 2 % 2? =Y
e V¥V 000000000

NCOOOODOOD,000000000000000000000000000000000000
0000000.00000,NC G =U(1) Yang-Mills-Higgs 10000, 00000,000 BPSO
0000000, 0 (2.1),(22),(23)000000000000000000000000000O000.
0000000000000000Y,0000000000000,00000,BPSO0000O00CO
000,00000000000000000000.0000000000(N)00002.

(i) D0000000000 |

000,0000000(1.1)000000NCO000000000. 000000 a:=(1/v20)2,af =
(1/v/20)z (000 2:=2'+42?) 00000000, [24,4% =000,

[a,aT] =1 (2.7)

DO00O0. 0000,4M,40000000000000, 00000000000, 00000000
Fock 000 HOOOO, H =&%2,Cln)000. 000, |n) == {(a)"/Val}|0), (n=0,1,..)000
000000000, atajn) =nn),a/0) =00000

0 f0 400000000, FockODO HOOOODOOODOODOO,00000000000000
000

f(‘%lviQ?x:S) = Z fmn(‘rg)‘m><n‘ (2.8)

m,n=0
0000 2000000 (0000 (8124 (2?2 ~afa000000),
R (o)
F(n,2%) =" fa(@®)In)(nl. (2.9)
n=0
00000O0o0O0Oooooooooo?.

()0 ()Dooo?2

()0 ()0 0000 Euid0DDOO000)00000000,WeylOODODODOOODOOODODOOO
000. (1)00000000 f(z42?)0,00000000 WeylODOOOODO, (i)00000000
f(#,4>)000000 (00000 2°00000000)0

. 1 _ o )
f@a) = o / dkydhky f(ky, ky)emith#! +hai®), (2.10)

Y O0oUoDo0D00000000000,0000000000,0000000000 (00000000 MY O00000OO
0000000000000 00000000000),000000000000000,000000000000000
0.0000000000000D00000000D000000. 00,000000000000000000000000
000000000 (000 (5], [42]), 00 Susskind 000 [69] 00, NC Chern-Simons 00 0000000000000
ooooooo (@oo (6], [39), [40], [67). 000DO0OO0O0O00D000O0OODOO0OOOOOO [10]000
000000000 g1, €GUOO0OOOOO, u1*g: €GUOO0ODO. D00 G=SUN)ODOOOO 1000
oooooooooooo.

2 my(n|0 Weyl DOO OO () 00000000000000 (0OOO0OO0).

2 gpoo [28)00000.




ooo,

Flk1, ko) / dr'da?® f(z), o?)ei ki thaa®), (2.11)

O f(z4,2>)000 Fourier 000 000D, 00000 Fourier 00000, exp0 0000 22,2200
00000 £4,4#20000000000000000000

f(at,2?)

(2.12)

WeylOODOODOOOOODDO

f(a*, 2

/dk: e~k (g1 +k2

goboo.o0oooooooobooo

f(at,a?)a!

O000. WeylOODODOO,0D0O0O00DOODO,00,000000000O,

k
)

()00O00000000

i)000000oooooo

O ooood DDDDDDDD
f(xlvxz) 1 A2 Z fmn|m)(n
m,n=0
O oooo oooo
(f*xg9=13) 0000 fx(gxh)=(f*g)*h 0000 f(gh)=(fg)h (ODO)
0oo0 [z, 29] = 2t % 2 — 2 *x 2t =iV [2%,37] = 0%
0O oif Oif = [—i(67Y)id?, f]
A ' = O
00 9d =6, 00 647 i(07 Nk [2F, 29 = 6,7
0o /dmlde fzt, z?) omOTr 4 f (21, &2)
o Fij = &AJ — 8JAZ + [AZ,AJ]* sz = 8ZAJ — 6j1211 + AZ,AJ}
= [DZaDﬂ - (971)3]
(000 Dy :=d; + A)
. n' m—n imen
{ooooo ‘/M(%Z/Q) 2 eilm—m)ey In) (m|
r2
2(—1)"Lm"(2r% /0)e” 7
| | |
2200 »0000D (@12 + (2?2 ~a'a 000
goooo Sm=n Sm=n
| ! |
7‘2
0000 2(—1)"Ly,(2r%/0)e~ 7 In)(n|

()0 (i)00O000




000, (re)0000,L%)000000000 Laguerre 0000000

d n
dx) (e-Tamte). (2.14)
00 Lu(z):= L%(¢).) 00D00DO000,00000000000000, [D;,D;) 0000000,
n J
[6:,0;](=i(~1);;) 0000000 DOOO0 —i( Y, 000000000,
000000000000000000 BPSOOO (2.3)0
R . 1 ..
(&=)w%@Hg==ﬂ%@L
(B, =) [Ds3,D.] = +[D.,d] (2.15)

La) =

n!

00000.000, D, :=(1/2)(Dy—iDs), B, :=(1/2)(B, —iB,) 0000 12000000000.
B;0000000000000,00000000

00,000000000000000000000000,00000000000,000000
000000000000. 00000 FockOOOOOOOOOO0OO0OOO0O0O0O0,0000
oo.

3 ADHM/Nahm Construction of Exact BPS Solitons

ADHM/Nahm OO OO0, 00000000000/0000000000000000, NahmO
0000000000000 000000000000. 0000000000,0000000000
00000000000, 0000000000000000000 (00 AQ00). 00000000
00 ADHM/NahmOOOOOOOO0OO0D0OOOO.

O0000 NahmOODOOOOOOO. NahmOODD,4000000 7400 G=U(N), kOO
0000000,0000 400)0000T*00G=U(k), NODODODOOODOOOOOOOOOO
00000000000. 00000000000000000000000000000. 0000
0000000000000000000000000,4k00D00000O0 NOOD4ODOOODOD
0000 TOOODDOOODODOO00OO.

000000 T0000000000 4,000000 70000000000 4,000000
0000000, (T4,7*00000000 z¢,¢,000.)0

e 0 1000 OOUOODODOODODODODOO
Fio = +F3q, Fiz = +Fyp, Fiy = +F;, (3.1)
000  FEu:=0,A, - 9,4, +[A, A, (3.2)
DDD.DEHDDDDDDDDDDDDDDDDDDD,]{:XR‘DDDDD.

e 0020000000000000000 A,000000 (00)000 DiracO00?2
el ® fl+an@ D=0 (3.3)
H €,
000. (000 e, 0000000000 (4,5,k1)02000000000,000 e, = (—io;, 1)
000000000.) 000000,(00)000 Dirac00000000000000 NOO
000000000.00000 NOOODOODOO ¢000000.

BOoOooooo WeyloDO.



o 1 3000 Oouonog
A, = /~ ' 10,0 (3.4)
T

gooo0o0o0oo,000000000000000000OLUO0O0O0O0ODU0. (DODUOoOO
0000000000000, 0000000000 ooo

Fi9 = £ F34, Fi13 = &£ Fyo, F14 = +F>3,

DDDDDDDDDDDDD.&D NOOOOoOooooooo,0obobo0obbOob NxNO
goo.

0000000000000000000000000000000000000000000000
0,0000 700 G=U(N), kOOOOO00O000,00000000 7400 G=U(k), NOO
000000000000000000000000000. Dirac0000000D0O0O0OO0DOO0OO
goooo000ooooOoooooag.
00000000000000, ADHM/NahmO O OO OO0

e 100ODOODD400D0000OO0OOO = ADHMOOO

gobobgooooogoooboo 400b0oobooob.0oo0oooboboboobD 1bbbOoobo
oooob,00000 2000000b0ooboooboobbbOooobooob. bbgoD, o
0000000000 0000000 (D0)UDOO DiracO0OOO0OOOOOOODOOO,0000
O00000000. 00000,000000000000 RY(O0OO0O0O0DOOO0D0O00)00
Oooooooooboobo.0oob AbHMOOODOOD.

e O0I00UDOUOO30DLU0OLLO,0Db10DLODODOO = NahmQOo Q@

gbooooboobooooobooo,30bood,1obobobouooo.oobbooooobooboog
000,000000000000000000 (DD0)0D0O0O DiracOOOOODO 3000000
0000,1000000000000.0000,000000000000 R3O0OOOOOO
00 (0 BPSOOOOOD)OODOOO. 00O NahmOOOGQOGOO.

gbbooooubouoabboobub,ggbouobobooobbbooboobobobobobn
gbood,0oo0booobogooobobo.bobo,obobobbbooobobobobobobobDbob
ooobooooobboboobooooobooooboboboobboob0bD.k=10000,0010D00000
goboooooobobobobooooobbobooooobbbbooo. oo obobobo, b
02,3000.00000000000bO00bbOO0bOObObOO0oOn.

00 ADHM/Nahm OO OO OOOO0,000000000000000000DO. 00000 Anti-
Self-Dual 0 00000 /000C0CO0O0OO0OOOOOODOOOO.

000000 ADHMOOOODODOOODOOOOOOOO

(ur =)  [By, Bl + By, B + 11T = J1J (= ~[21,21] = [22, 2]) = 0,
(,uc ::) [B1, Bz] +1J=0. (3.5)

00000000000, 00000000000000000000Oo0oDooo .



000, Bi,B,0 kx kOO, ,JIO kx NOOOODO?® . 00000000, (3500100000
00000000000, ADHMOOCOCO

(up:=)  [Bi B+ [Ba, By + IT' — J1J = —2(6™ + %) =: (.
(ue =)  [B1,Bs]+1J=0. (3.6)

00000000000%. (36)0010000000¢000000000% ,(000000)0
0D0000000000000000000000000000000 [59],[60. 000000000
000000000000,00000000000000000000000000.000 U(1)0
0D00000000%, 000000 R*000000000000000 [63], [11].
00,000000 NahmOODOO G=0U(1),0(2)000,000000002%0

ar; i 1.
T~ 3T T (5 —5le,20i) = 0 (3.7)

(7; 0 AZ-DDDDD.)DDDDDDDDDDDDDDDDDDDDD

dl; 1

00000000.0000000000 Bogomol'nyi OO O (2.15)

7 1
(@, D;] — §5ijk[Dj7Dk] = 5&‘3 (3.9)

00000000000 0000D0. 00000 T :=T,+6306000000,7/000000000
0,000000 NahmOOO (3.7)00000000.00000,G=0(1),0(2)00000000
00000000000000000000 [18).

Doo0oooO0oooooog.

000000 G=SU(2) (ASD) 100000000 (BPSTO)O ADHMOOODODOOOOOOO
00000 (ADHMOOO (35000000 Bop =0, I =(p,0),J =(0,p) (00000)0000
0o, 39)0

2xY _

A = e 1
4 2

Fo = P (3.11)

7777 .
(> + p2)>

000 9, =0 ®0; 0 g, = —(i/2)(epel, —e,el,) 00000 O Anti-Self-Dual 0 0 00000, 7y,
0% Hooft 0 0000000000000 0.000000000 Anti-Self-Dual000. p0 0000

% B, B, 00000 Ay +idy, A3 +iA,00000.1,J0000 Dirac000000000 00000000000
0,000000000000000000000.

00000000 (400)0000000 (5.1)000000,00000000 ADHMOOO (~000000000
0)0 (400)00000000000000000000000000. ADHMOOOO0O0OO0O0000000 Fourier 00
0000000,00000 (00)~(000)000000000000000000.000,00000 (00)4000
0000000000, (120000000.)

¥ Q000000 4000000000000 0000000000000000D ¢=0000.000000000
000000D0000000000000500000000.

40000,NCO00D0D000O0O0DOD SUN)DODOOOO U(N)OOO,00000000, 00 UN) (~
SU(N)xU(1))0 U(1)0000000000000000000000000000.

¥ pgoooooooOooooog.

30 B, 0 (000000000 0000D0)000000000000000, By, =0000000000000000
ooooooooooO.




0000000 (oO0)Doo0oooOO0o0OU0000oQUUOOO0.000o0O ADHMOODO 1,JO00O
gooooooooooooodoooo.ogoodd poooooooooo,o0 F, 00000
0ooooooOo,0obooooooooobobbobb0o0og. 00 p=0000000000000
O00fdodoobooooooooooooooooo. oooooooooobooboooooooon
0d0oo0oo0oOooooo, AbDHMOOO I=0,J=000000000.

0000000 G=U(2) (ASD) 100000000 (OO0 BPSTO )0 ADHMOOOOOOOO
000000. 000000000 ADHMOOO (3.6)000000 Boy =0, I = (Vp2+C,0),J =
(O,p)t(DDDDD)DDDDDD.(C>ODDD.)DDDDDDDDDDDD Iogdoooooooo,
oooddog pUbb0ooobo0obb I bL, D000 b bbb oooooo oo
0000.00000UvU(l)ooooooooOooO,00000OO0O0O0O0000ODOOODOOO0OO
000000000 oo0o0o0DooooO00o0oo0.yU(l)oooooooooo0ooooOoooooo
000oooUo0o,00o000o0o0ooD (0o \fCDDD)DDD.

000000 1-DiracO0000000 NahmOOOOOOOOOOOOOOOO (NahmO OO (3.7)
000000 7;=0(000)000000. k=100000000000000000O.)0O
1 1 14 cos?
2r’ 2r sind
ooo (rnd,¢)0000000000. DO000O0Y=00000000,000000000000

Y=0,00002*00000000000000000000000000.00 230000000
U0b0dboobo0o0oooooobOouD DiracODODODOD. DiracOOO0OOO0OO0ODOODODOODO
00000000000,000000000000000000000003% . 2200000000
goooo

Od=—— A, =Ag=0, Ay = (3.12)

$Z

Bi=-0%=—-->5
0 2r3

(3.13)

00000,00000000000.
000 1-Dirac0 000000000 [18]0 NahmOOOOODOOOO00D (000 Nahm OO0
(38)000000 T; =006 (000)000000.)0

[e’e} [e’e} $3
o = z@n|n><n|=i{z(si—sil) \n><n|+<53+9> \o><0|},
n=0

n=1

LS S sy _
A, = \@7;)(1 ) nY(nl, As=0. (3.14)

§n+1

000 Cn ::/ dp ple Pt e o nGn—1. (3.15)
0 29Cn

000000000D0000000.00000000 (1, +2%— 00, ry:=+/(23)2+20n) 0000
oooo32g

+— :n=0, 23 = 400
o, ~ o 1 (3.16)
+—=+——— 00000
21y 2/ (23)? + 26n
1
3 n=0, 22 = 400
(B3)n ~ 23 (3.17)
- goood
2(ry)?

slppoDoDO00O000O0000O00O000000 (17, [27]000.
20000 ¢ O00000000.



0000000000, Higges0OOODOO0O000On=0, 23 —00, 0000 2000000000
000000003, 2000000000000 (Bs(z® — +00))[0)(0] 0, Weyl D OO DOODODO
O000000000,0000 GaussOOODO (2/0)exp{—((z")*+ (2*)?)/0}000,000000
VAOOO. 0000000000000 0é—00,0000000000000000000,00
0000 Dirac00000000000. 0000000, 2*0000000000 DiracO000O0O
0D00000000000000,0000000000000000,0 (3.14)0 DiracO00O0000
00 Dirac00000D0DO0O0ODDD3 ,000000000000000000000O0000O0
0000000 DO0OODDO0ODDO0O00O00O0000DDOD0. (0000000 [23]023000
oooog.)

O00000000000000000, ADHM/NahmOOOOOOOOOOOO0OO0OO0OO0O0OO0O0
% 00000000 0000000000000000.DO0OD00DO0O0O0NO0DO0OO,DO0OO0
0D0000000000000000000003.

4 BPS-Soliton Generating Transformation

ooooOo,000 BpSOODODODODOOOOOOODL,DO00O0OOOOOOOODODOO
gooog.
goboobogoobo

d — SPST,
D; — SD;St (4.1)

Ooo,sS0 StS=10000000000.S0000000000000,0000 SSt=1000
00,S000000000,00 (41)000000000.00000,8000000000000
00,sS'00000000000000000 ((SST)(SST) = 857).

00 (41)000000000 (46/60=0)000000 [29]:

ol oI
N <ttt
00 00

000 o00oU00ooOoooOoooO0.00,00000000 (22)0200000000

St (4.2)

[D*,[D,,®]] — [SD"ST,[SD,ST,S®S1]]
= S[D*,[D,,®]]S! (4.3)

DDDDDDDDD.(STS:1DDDDDDDDDDDDD.)
SOOooobDoooooboono Syoooo

e}

Sn =Y In+Nynl, S, =3 |n)n+ N (4.4)

3 0n0001-2000000000000 20000000 ((«h)? 4+ (2?)? ~ 26n).

3 300000000000000000000000000, 00000 200000000000000000000
000. 00000000000000000000000000000,000000 Dirac00O000D0O000000O
00000,000000000000000 -10000000000000 [18].

»p0poooooooo 8], [21], [51], [62)000.

%poo0o00,00 [21)0000000.000000000C000.

10



ogooo
SlSy =1, SySi=1—Py (4.5)

goood.ooo,
N-1
Pyi=Y [m)(m| (4.6)
m=0

0,Fock00 HO NOODOOODO Hy=@Y-lClm)0 000000000, SySy0, #0000 Hy
00000000000000.00 5000 Sy0000

00 (41)0000 BPSOOOOOOOOOOO. 00,000 BPSOOO (21500000000
00

1 1
2D, D)+ 5 — 2[SyD.Sk, SyDIsk]+ 5
1
= Sn(2(D:, DI)Sk + 5
1 1

0000,00000000.000,BPS0000000000000,000 (000000000
00 —i(p1);00)000000,000000000000000000. (SyS,00000000
0oooooo.)

000,00 (41)00000000,BPSO0000000000000000.

NC G =U(1) (3+1)00 Yang-Mills-Higgs 0 0000000000000

3 N-1
o
¢ — SyeShE Pyt m§::0 AL m) (m],
N—-1
Dy — 95+ SnAsSL + Y A |m)(ml,
m=0

N-1
D. — SyD.SL+ Y A& |m)ml. (4.8)

m=0
000, A2 =120 -a@)yooo, AV, A2 29 \Wooooooooooooo.
000000000000. 000,000 1-Dirac000000 (3.14)000000,000000
0000000000

0o .1)3 N-1 ZL‘3
e = i{ > (@ Goxealibtol+ (645 ) I+ 3 (5 - |m><ml}v

n=N+1 m=0

N-1
AR = 7 A ) (ml,
=0

1 & n+1-N & n =l
DY = — = a'|n)(n| + AE) m) (ml. 4.9
R P el CLUD DG (4.9)

000,000 Dirac00000 10000000 NODOODOODOODO® . NOOOODOOOOOO
»=0, A=00 48)000DOOOOOOOO,

fluxon = a (4)
m=0

3T D-brane 000 O0ODO0 [21), [23]000.

11



N-1 N—
D{ziuxon _ SN@,S]TV + Z /\gﬁ)‘m> (m‘, Aguxon _ Z Aﬁ%”m) <m\,
m=0

m=0

—_

1
Bé‘luxon _ EPN? Biliuxon _ Bgluxon —=0. (410)

DO0000oile6), [19. 000000,000000000000000,000 DiracO000000O
002200000000000000000000000000. 000000000000000
0000000,00000000000 27/¢3,00003%. 0000000 (4.8)0,BPSO000
(00D00D0000D0)00000000,000000000000000000000. 00000
(48)000000000000000O00O000,00000000000000000000000
0000000, (47)000000.) 00 (48)0000000000000000000O, 000,
000000 (0D0000)0000000000,NOOOOOOOOOO0O0D00000000000
oooooooo.

000D000000000000000000 A 0000000000000000. 00003
000000000 AY 000 NODDOOOODOOO00O0000000000 (23, 000000
000000000 (000) Seiberg-Witten OO0 [64]000 2000000)0000000000
0000000 ([37. 00000000000 NahmODODOOOODODODOOOODO [25. 0000 (4.10)
0000000000,0000 AY0000000000 (Sim)=000). 0000000000
0O00000D00000D000,0000000000000000000000000000000
oooooooao.

5 Conclusion and Discussion

ooo0o000,000o00ooo0OoO000O0. 0000, 0000 41)OODODOoOoooooo
0004, 00000000000000000000000

o LIUUDOUODLDDOOOOO

000000000 4(4+0)00 (Buclid) 0000 Yang-Mills 000 BPSOOOOOOO. BPS
ooooooooo*o
1/1 1
(Fazi # Faz =) ~[Da.DL) £ 100, DL - 5 (557 g ) =0
(Faize =) [D:, Dz,] = 0. (5.1)

000000 Self-Dual 000,000 Anti-Self-Dual 000000 .

D000000ooooo (1/2)(1/6251/3)00000000,0000000000000
00000000000000000000000000,00 (41)0BPSO0O0 (5.1)000
000000000.0000,(000000)0000000000000000000000

¥ OpoooOoDoO0OO000000000,00000000000000000.

®pOpoooooooo sojooo.

“p0po00000,0000000000000 Higgsd ¢00000 ¢— S¢00000. (00000000000
ooooooo.)

4 00D0000000<2°000,0000040000000000000.00000000000000000000
0000000,e,6*00000,00000000000000.0000,0000000000 FockOOO Hi®He
00000000000 FockOODODODODOOOD. 0000000 A(@@*) =3 Ima)(n1] ® [ma)(na| =

o mi,ma,ny,n2=0
Zml’m%nl‘nzzo |m1,m2><n1,n2| gooooooa.
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000000000000, (booboooo ADHMOOO (36)00.) DODODOOOOO,00
oooooboboboooooNCObODOOODOoOoobooo.

googboooog,bobboooooboboobooboooooobooooobbobbooon
000 (D00 [63], [11))0000,0000000000000OOOOOOUOUOOOODOO
0000000 (000 [14)ooo0000oooU00ooU00. DOooooO, 0000
000 BPSOODODUOODOOOUO0ODOODOODODDOOUOODODODUOODODOOO (localized
instanton) 0 (BPS) OO OOOO.

e JOODONO

o00, (2+1)000000 Yang-Mills-Higgs 000 BPSOOODOOOOOOO. (DOOO
Abelian-Higgs 000 0O0.) BPSOOOOOOOOODO

(Self-Dual) : 2[D., D]+ = =o? — ¢!, [0:,¢] — Algp =0, (5.2)

(Anti-Self-Dual) : 2[D,,Di]+ = = —v® + ¢!, [0.,¢] + A.¢ = 0. (5.3)

D= D=

O00,¢00000000000DODOO0 HiggsO,v(>0)0 HiggsOOOOOOOOOO. OO
f>0000.000000001/wO00.

000000000000 1/0F.200000000,0000 SelfDual0000000, 00
00000000000000000000000000000000, 00 (4.1)0 Self-Dual
BPSOODO (5.2)000000000000. (Anti-Self-Dual BPSO OO (5.3)00000000
ooooooo.)

0000000000,000000000000000000%.000000,000000
00000000 (localized vortex) 0 BPSOOOO. 0000000000 OOOOOOOO
o000, 2l00oooooooooo.

oooO0OoODODO,000D0000CO,0000000BPSOODOOONCODOOOOOOOOOO
0O BPS)DUUIUODOUOOOD.O00DU0DO0OOUOOOUDODODUODOUOOODODODOOOOOOODOOOODOO
oooooo.0ooooooooobooboo,00ooOog,BPSOOO0,D0DOO0OOOODDOD
gg,gbgod,bugboboobboo.obboodg,bobboobobobobboobobbooan.

Relation to Integrable Systems

000 1-Dirac0 000000 (3.14)000000000000000000000,0000 Yang
00 (000 [p5)0000)000000000 [18)0

O =158, A, = €70, ¢, (5.4)

o0
000 §:Z£n(m3)|n><n] (5.5)

n=0
goooooooooooooooggooog oo gD oo gpooog o
0O Bogomol’'nyi O 00 O (2.15)D 10000o0oood (DDD [71]DD)DDDDDDDDDD [18]D
d*qn

dt?
2 414000000000000000. (000 Anti-Self-Dual 00000.)

+ €Qn—1_Q’n _ eQn_Qn+1 — O’ (n = O, 17 27 .. ) (56)
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lo 622<t) t=2r5 n>0
000 gu(t):=4{ ®|mrm\2)|> "7 "= (5.7)

—00 n=—1.

YangOO £000 ¢, 0 (3.15)0000000000000. 00000 O0DODOOOOOOO.
ooooooooboooOooOoOdbDO0bOobOOU0OUDeDDbOOOObODbODOOOO. NO

O000000O0O0O00oooUOOoo, 4e), [rO)00000O0000, 00000000 ODOOOO0OOO

O000000.00 BsO00e00000DO00DO0ODOODOODOOODOODOUODODOODOOOOO.
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A Known NC BPS Solitons

OO0ooOOoOoBpPSOOODOODOOOOODOOODO.

O ()000D00000000 ()0000000000 (i) 0000 BOOO
DBIODOODOOO
e U(1),U(2) ASDO (60 SD) eU(l) k=1ASDO
(k=1,2,--)0 (BOSD)O OO S [72]
Nekrasov-Schwarz [63]*, eU(l) k=1ASDO
Oo| ooy, - (BUODO)I OO [58]
0| (kxooo)O
O Lechtenfeld-Popov [52], [52]*
0 | eU(1) k=1ASDC
O (60 O O )0 Nekrasov [62]
O |eU@) k=1SDO
0 | (posD)OOO0 [14]*
@® SD Localized Instanton O
(60SD, k00 0)0 e (0000 )
Aganagic et al. [1], 00O [14]* Marino et al. [54], ---
e U(l) k=10 e U(l)k=1 e U(l)k=1
ad Gross-Nekrasov [18]* (10)000 KOODO [35] | (HiggsO)O OO [57]
O | eU(2) k=10 e U(2) k=1 (Gauge O )0
O Gross-Nekrasov [20]* (6 10)0 Bak [2]*, 00 KOOOOOO [36]
| | ® Fluxon O (k00 0)0 00 KOOOOO [34]
a Gross-Nekrasov [19], (f20)00000 [16] o (0ODODO)O
Polychronakos [66], 00 ADDO K [33],
00 [25)* 00 K [31]-
e U(1) ASDO (0 — o0)O
Jatkar-Mandal-Wadia [44]
@® U(1) SD Localized Vortex O
O (60 =1/v%, k000 )0 Bak [3]
e (000D D I 7?7
Lozano-Moreno-Schaposnik
[53], Bak-Lee-Park [4], - - -

oooog 000000000000 00, ADHM/Nahm OO OQOOO0Ooooooo. oo, SD,
ASDOODOODO Self-Dual, Anti-Self-Dual D OO0 0. “@” 000 “Solution Generating Technique”
D00000000000D00 BPSOOOOOOOM%.

()0000000O000 (P=000000)0000ADOOOOOOOOOODO.

000000000000, (())0o00o0o00o0o00Do0O0Do0oo0O0, ()0 ((ooooooooo
000D00000000.0000000000, (), @#)0000 ()0 (i)00000000000
ooooooooo, (), bbb oooo00oo0Uooob0. booooo, ())ooo,oooo

S ODpoooooooOooooon.
46 «Small Vortex” 00000 “@” 000 U((2)k=1SDO0000O000O00O000000, 000 Seiberg-Witten O O
0 [64 0000 (i) 0D000000000000 [37].
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