8&5f2q !V 2D@QJ,7O8&5f$N8=>u$HE8K> !W 9V1i %" %V %9 %H %i %/ %H ( A}JdHG ) 1 2001 G/ 2 7n 4 F|!w5~Bg2q4[ Hs2D49 %2 !< %8 M}O@ $K $* $1 $k %= %j %H%s 2r 2 (Solitons in Non-Commutativ e Gauge Theories) El5~Bg3XBg3X1! M}3X7O8&5f2J J*M}3X@l96 AGN3;RO@8&5f<< IMCf ??;V 3 35 MW !V Hs2D49 %2!<%8M}O@ !W (=NC %2 !< %8 M}O@ ) $K $* $1 $k%=%j %H%s$H$O , Hs2D496u4V>e $N %2 !< %8 M}O@ $K$* $1 $k%= %j %H%s $N$3$H$G$"$j , FC$K$3$N9V1i $G$O%=%j %H%s$H $7 $F , !V Hs2D49 %2 !< %8 M}O@ !W $N BPS J}Dx<0 $N 2r ( 6qBNE* $K$O , %$ %s %9%? %s %H%s , %b %N %]!<%k , 12 ) $r 07 $& . ;dC#$O , $=$N BPS J}Dx <0 $r ITJQ $K J]$D , !V Hs2D49 %2 !< %8 M}O@ !W FC M- $NJQ49 $r8+=P $7 , 4{CN $N%=%j %H%s 2r $+$i?7 $7 $$%=%j %H%s 2r$r9=@. $7 $? . $3$N 9V1i $G$O , $^$: , !V Hs2D49 %2 !< %8 M}O@ !W $H4{CN$N%=%j %H%s 2r$N9=@.K! ( <g $K ADHM/Nahm 9=@.K! ) $K $D$$$F4JC1$K %l%t %e!<$9 $k . <! $K , ;dC#$N8+=P $7 $? JQ49$r>R2p $7 , ?7 $7 $$2r$r9=@. $7 $? 8e , 2D49 $J >l9g $H $N Hf3S $r G0F, $K CV$$ $F , $=$N2r$N@-<A$r5DO@$9$k . 1 In tro duction !V Hs2D49 %2 !< %8M}O@ !W $H $O$3$3 $G $O , Hs2D496u4V >e $N (=Non-Commutativ e) %2 !< %8 M}O@ $N$3 $H$r;X $7 , 0J2< NC %2 !<%8 M}O@ $H =q$/ . Hs2D496u4V $O :BI84X?tF1;N$N@Q$NHs2D49@- $G FCD’IU $1$i $l $k!’ [ x i ; x j ] = i� ij : (1.1) $3$3 $G , � ij $O H?BP>N$J<BDj?t $G$"$j , Hs2D49%Q%i %a !<%? $H8F $P$l $k 4 . $3$N 4X78<0 $O , NL;RNO3X$N@5=‘8r 494X78 [ q ; p ] = i � h (1.2) $K N‘;w $7 $F $*$j , !V 6u4V$NIT3NDj@-4X78 !W $rF3 $/ . $3$N$3$H$+$i Hs2D496u4V>e $G $O , N3;R$N0LCV $O 40A4 $K 7h $a$k$3$H$,$G $-$: , $" $k9- $, $C$? J,I[$r;}$D . $= $N 7k2L , 2D49$J6u 4V>e$G$O B8:_ $7 $? >l$NFC 0[E@ $, , Hs 1 $3$N 5- ;v $O 2001 G/ 7 7n 31 F|$KA} Jd$5 $l , [http://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a/] $K CV $+$l$F $$ $^$9 . ( $J$* A}JdA0 $O 6 %Z !< %8$G $7 $? .) 2 $3$N9V 1i $O;d $N8& 5f << $N ;{ Eh Lw <# $5 $s$H $N6& F1 8& 5f [26] $K4p $E$/ . $^ $?4X O" O@ J8 $H $7$F [30] $, $"$k . $J$* , $3$3 $G$$$& !V Hs2D 49 %2!< %8M}O@!W $H $O , %2 !< %872 $,Hs2D 49 $J (Non-ab elian) %2 !< %8M}O@ $H $$$& 0U L# $G $O$J$/ , Hs2D 49 6u 4V>e $N (Non-Commutativ e) %2 !< %8 M}O@$H$$ $&0UL# $G$"$k . 3 e-mail address: hamanak a@hep-th.ph ys.s.u-toky o.ac.jp; HP address: http://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a 4 Hs2D49%Q%i %a !<%? � ij $O :#$N$H$3$m<j$GM?$($k $7$+ $J$$ . 1

2D496u4V>e $G$O 2r>C$5 $l $k$H$$ $& $3$H $, 5/$3$j $&$k . J,I[$N9- $, $j$N I}$O q j � ij j $K HfNc $7 , 2D49$J 6u4V $X$N6K8B � ij ! 0 $G FC0[@- $, I|3h$9$k . NC %2 !< %8M}O@ $K$*$$$F$b BPS J}Dx<0 $rDj5A$9$k $3 $H $,$G$- , $=$N2r$rHs2D49 (BPS) %= %j %H%s$H 8F$V 5 . Hs2D49%= %j %H%s$K $*$$$F$b , FC0[E@2r>C $, 0lHL$K 5/ $3$j , 2D49$J>l9g$K$O 8+ $i $l$J $$ LLGr$$7k2L$r@8 $_ =P$9 . Nc$( $P , Hs2D 49 %$ %s %9%? %s%H %s $G $O , ( 40 Hw2=$5$l $? ) %$ %s %9%?%s%H%s !&%b%8 %e%i %$6u4V$N FC 0[ E@ $, 0lHL $K 2r>C $7 [59], [60], FC0[$G$J$$ U (1) %$ %s %9%? %s %H%s 2r$r 6qBNE*$K 9= @.$9$k$3$H$,$G $- $k [63], [11] 6 . Hs2D49 Dirac %b %N %]!< %k$G $O , 2D49 $J>l9g $K$OHsJ*M}E* $JBP>] $G$"$C $? Dirac %9 %H %j %s %0$, , J*M} E* $JBP>]$H $7 $F 2r $K 8= $l $F $/$k [18] 7 . 0lJ} , Hs2D 49 4v2? 3X$H 89M} O@$H $N 4V$K$O L) @\$J 4X 78 $, $" $k$3$H$, CN$i$l $F $$ $? . FC$K 1999 G/$N 2F$K Seiberg $H Witten $, $3$N4X 78 $rL@3N $K $7 $F0JMh [68], NC %2 !< %8M}O@ $N8& 5f $, Bg $-$/ ?J E8 $7 $? 8 . NC %2 !< %8 M}O@ $r 8&5f$9$k$3 $H$G , 89M}O@$N$$$/$D $+$N B&LL $r L@ $i$+$K$9 $k $3$H $,$G $-$k$h $& $K$J$C$?$N$G$"$k . ;d C# $O$3 $l$i $NGX7J$rF05! $H $7 $F , Hs2D49 %=%j %H%s$N 87L)2r$N8&5f $r9T$C $? [26]. ;dC# $O , Hs2D49 BPS J}Dx<0 $rITJQ $K J]$D , NC %2 !< %8 M}O@FCM-$NJQ49 $r8+=P $7 , 4{CN$N%=%j %H%s 2r $+$i ?7 $7 $$%= %j %H%s 2r$r9= @. $7 $? . $^$? , ?7 $7 $$ 2r$N@- <A $K$D$$$F , >l$N M}O@$*$h $S 89M}O@$NN)>l$+$i J*M}E*2r<a$rM?$($? . $3 $N 9V 1i $G$O >l$NM}O@$NN)>l $G 5DO@$r?J$a$k 9 . 2 NC(=Non-Comm utativ e) Gauge Theories NC %2 !< %8M}O@ $N5-=R $K$O<!$N 3 $D$NJ}K! $,$"$j 10 , W eyl JQ49$* $h $S Seib erg-Witten %^ %C %W$K $h$C $F 1 BP 1 $K BP1~ $E$1$i $l $k 11 !’ (i) %9%?!<@Q $rMQ$$$k5-=R � � ij ! 0 � ! IaDL$N2D496u4V>e$NM}O@ � " h Hs2D49B& i W eyl JQ49 # (ii) %*%Z %l !<%?!<7A<0$N5-=R " Seiberg-Witten %^%C %W # h 2D49B& i (iii) GX7J0lMM B >l ( !a<’>l ) Cf$N DBI :nMQ $K $h$k5-=R Seiberg $H Witten $, L@ $i$+$K $7 $?$N$O (i) $H (iii) $N Ey2A @- $G$" $k $, 12 , $3$3$G $O ?( $l $J $$ . $3 $N @a$G$O 5 $3$N 9V1i $G$O , NC %2 !<%8M}O@$N%=%j %H%s$K $D$$$F$* OC $7 $9$k $, , NC %9%+%i!<M}O@$N%=%j %H%s$K $D$$$F$b3hH/$K8&5f $,$J $5 $l$F$$$FLLGr$$7k2L $, <! !9 $H=P$F$$$k ( %l%t%e!<$H $7 $F Nc$( $P [28], [32], [56] $, $" $k ). Hs2D496u4V>e $G$O Derrick $NDjM} [9] ([17], [38] $K$b 2r@b$"$j ) $, @.$jN)$?$J$$$?$a , MM !9 $J%=%j %H%s$, B8:_ $7 F@$k$N$G$"$k . GMS %= %j %H%s $H 8F $P$l $k$b$N [15] $O $=$NBeI=$G$"$k . 6 [63] $G 9=@.$5$l$? 2r $O FC0[ %2 !<%8$r$H$C$? >l9g$N2r $K AjEv $7 , ( $4 $/0lItJ, $@$1 ) 0-$$?6$k Iq$$$r$9$k . $=$N$3$H$r ;XE& $7 , ;j$k $H$3$mHsFC0[$J2r$r9=@. $7 $?$N$, [11] $G$" $k . 7 @53N $K$O , HsJ*M}E*$J Dirac %9 %H %j %s %0$, >C<: $7 , J*M}E*BP>] $G$"$k !V D %9 %H %j %s %0 $N1F !W $, 2r$K8= $l $k , $H $$ $& $Y$- $G$" $k $, , $=$N @bL@ $K$O D %V%l !<%s 2r<a $, I,MW$H$J$k$N $G$3$N 5-;v $G$O ?( $l$J$$$3$H$K$9 $k . ([24] $N 8 %Z!<%8 5SCm;2>H ) 8 Seib erg-Witten M}O@$H $7 $F M-L>$J , N = 2 D6BP>N %2!<%8 M}O@$N87L)2r$NOC$H $O L54X78 . 9 [23] $G$O 89M}O@E*9M;! $,$h$j>\ $7 $/5DO@$5 $l$F$$$k . $J $* , $3$N5-;v$H [23] $K%?%-%* %s 6E=L$N5DO@ $r@9$j9~ $s$@ , Am$^$H$a 5-;v $r [24] $K $^$H$a$kM=Dj$G$"$k . 10 5-=R (iii) $O :BI84X?tF1;N$NHs2D49@- (1.1) $, $J $/ !V 2D49B& !W $H8F $P$l $k . 11 $3$N 5-;v $G$O !V Hs2D49 Euclid 6u4V !W $N$_ $r07 $& . $J $* !V 6J $, $C$?Hs2D496u4V !W $G$O (i) $H (ii) $N 1 BP 1 BP1~ $O 0lHL $K$O@. $jN)$?$J$$ . !V 6J $, $C$?Hs2D496u4V !W $N2r@b$r4^ $‘5-;v $H $7 $F Nc$( $P [74] $, $" $k . 12 <’>lCf$N2YEEN3;R$N1?F0$G=E?4:BI8 $, Hs2D49$K8+$($k$H$$ $&OC $O NI$/CN $i$l$F$$ $k $, ( Nc$( $P [61] $N 2.1 @a ), $=$N 89M}O@ 2

$^ $: %9%?!<@Q$rMQ$$$k5-=R (i) $K $h $C$F NC %2 !<%8 M}O@ $r Dj5A $7 , $= $l$+$i W eyl JQ49$H$$ $&JQ49 $rMQ$$ $F%*%Z %l !<%?!<7A<0$N5-=R (ii) $K 0\$k . %*%Z %l !<%?!<7A<0$N5-=R $G 87L)2r$r5a$a$k . 4J C1 $N $?$a , $3$N 5-;v $G$O NC G = U (1) (3 + 1) <!85 13 Y ang-Mills-Higgs M}O@ $r6qBNNc $H $7 $F 5DO@ $r ?J $a$k . %b %N %]!<%k 14 $O (3 + 1) <!85;~6u>e $N Y ang-Mills-Higgs M}O@ $N BPS %= %j %H%s $H $7 $F 8= $l , FC $K G = U (1) $N >l9g$N$b$N$r Dirac %b %N %] !< %k$H$$ $& . :nMQ I YMH $O <!$NDL$j!’ I YMH = � 1 4 g 2 YM Z d 4 x T r ( F � F � + 2 D � � D � � ) : (2.1) $3$3$G , � $O%2 !<%8 72 G $N ?o H< I= 8= $K B0$9 $k Higgs >l$G$" $j , d 4 x := dx 0 dx 1 dx 2 dx 3 ; F � := @ � A � � @ � A � + [ A � ; A � ] ; D � := @ � + A � ( �; � = 0 ; 1 ; 2 ; 3) $G $" $k . 1?F0J}Dx<0 15 , BPS J}Dx<0 16 $O <!$N$h $& $K$J $k!’ � 1?F0J}Dx<0 [ D � ; [ D � ; D � ]] + [� ; [� ; D � ]] = 0 ; � , � I YMH � A � = 0 � [ D � ; [ D � ; �]] = 0 : � , � I YMH � � = 0 � (2.2) � BPS J}Dx<0 B i = � [ D i ; �] : (2.3) $3$3$G , B i := � ( i= 2) � ij k F j k ( i; j; k = 1 ; 2 ; 3) $O <’>l $G$"$k . J#9f $O>eCJ $, Self-Dual, 2<CJ $, Anti- Self-Dual $N>l9g $rI=$9 ( 0J8eF1 MM ). BPS J}Dx<0 $O%(%M %k %. !< E $N2<8B $rK~ $?$9$b $N $H $7 $F <!$N$h $& $K F3 $+ $l $?!’ E = 1 2 g 2 YM Z d 3 x T r � 1 2 F ij F ij + D i � D i � � = 1 2 g 2 YM Z d 3 x T r [( B i � D i � | {z } =0 , BPS ) 2 � @ i ( � ij k F j k �)] : (2.4) 0J8e , Hs2D49:BI8 $O x 1 ; x 2 $G $" $k$b$N $H$9 $k 17 . $9$J$o$A [ x 1 ; x 2 ] = i� ; ( � > 0) ; $= $l 0J30$N:BI8F1;N!’ [ x � ; x � ] = 0 : (2.5) (i) %9%?!<@Q $rMQ$$$k5-=R %9 %?!<@Q $O IaDL$N2D49 $J 4X?t ( >l ) $K BP $7 $F Dj5A$5 $l $k @Q$N0l$D $G$"$k 18 !’ f � g ( x ) := exp � i 2 � ij @ ( x 0 ) i @ ( x 00 ) j � f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x = f ( x ) g ( x ) + i 2 � ij @ i f ( x ) @ j g ( x ) + O ( � 2 ) (2.6) HG $H2r<a$9$k$3$H$b$G$-$k (cf. [28] $N 3.1 @a ). 13 (3 + 1) <!85$H$O6u4V 3 <!85 ( :BI8!’ x 1 ; x 2 ; x 3 ), ;~4V 1 <!85 ( :BI8!’ x 0 ) $H $$ $&0UL# $G$"$k . 14 $3$N 5-;v$G07 $& %b %N %]!<%k$OA4$F BPS %b %N %]!<%k$J$N$G , \BPS" $O 0l@Z>JN, $7 $F$$ $k . 15 :nMQ$NDdN1E@$r M? $( $k>l$NG[0L$NK~$?$9J}Dx<0 , $9$J$o $A � I =� O = 0 ( O $O %i %0 %i%s%8%"%s$K 4^$^ $l $k>l ) $N$3$H$G$"$j , 8EE5E*1?F0 $r5-=R$9$k . 1?F0J}Dx<0$N2r $K$O IT0BDj$J (non-BPS $J ) 2r$b4^$^ $l $k . 16 %(%M%k%. !<$N 6K>.$rM?$($k@EE*$J>l$NG[ 0L$NK~$?$9J}Dx<0$N$3$H$G$"$j , @E;_ $7 $? 0BDj$J7O$r 5-=R$9$k . BPS J}Dx<0$N2r $O >o $K 1?F0J}Dx<0$N2r $K$J $k . $J $* , BPS $O Bogomol’nyi, Prasad, Sommer�eld $N 3 ?M$NF,J8;z$r$H$C$?$b$N . 17 ;~4V:BI8$rHs2D49$K$9$k$H 0x2LN’$d%f%K%?%j%F %# $, GK $l $k$H$$ $&5DO@ $,$"$j , IaDL $O 6u4V:BI8$N$_$rHs2D49$K$9$k . ( ;~4V :BI8 $rHs2D49$K$9 $k NCOS M}O@ , OM M}O@$H8F $P$l $k$b$N$b B8:_ $7 , 2r@b$H $7 $F [47], [73] $, $" $k .) $^$?Hs 2D49%Q%i %a !<%? $N I=$99TNs $O H?BP>N$G$"$j , $=$N%i%s %/ $O 6v?t $G$" $k $+$i , $3 $N$h $& $K Hs2D49@- $r F3F~$9$k $7 $+$J $$ . 18 @53N$K$O %9%?!<@Q $O$b$C$H 0lHLE* $K Dj5A$5 $l $k$b$N$G$"$k $, , $3$3$G$O !V Hs2D49 Euclid 6u4V !W $N$_$r07 $&$N $G , $3$N$h $& $J6qBNE*I=<0 (Moy al @Q$H8F $P$l $k ) $G I= $7 $? . 3

%9 %?!<@Q $O <!$N=EMW$J@-<A$r;}$D!’ � 7k9gB’ $, @.$jN)$D!’ f � ( g � h ) = ( f � g ) � h � :BI84X?tF1;N$NHs2D49@- (1.1) $r :F8=!’ [ x i ; x j ] � := x i � x j � x j � x i = i� ij � � ij ! 0 $G IaDL$N@Q $K La$k . NC %2 !<%8 M} O@ $O , IaDL$N 2D 496u 4V>e$N%2 !<%8 M}O@$K 8= $l $k>l F1;N$N @Q$r A4$F %9%?!< @Q $K CV$- 49$( $k $3$H$GF@$i $l $k . $7 $? $, $C $F , NC G = U (1) Y ang-Mills-Higgs M}O@$N:nMQ , 1?F0J}Dx<0 , $*$h $S BPS J} Dx<0 $O$= $l $>$l , <0 (2.1), (2.2), (2.3) $K $*$$ $F >lF1;N $N@Q $, A4 $F %9%?!<@Q $K CV$-49 $o$C$?$b $N $K Ey $7 $$ . :nMQ $K L58B8D $NHyJ, $, F~$C $F$$$k $, 19 , >l $OIaDL$N2D49 $J4X?t $J$N $G , 1?F0J} Dx<0 , BPS J}Dx<0 $rF3=P$9 $k $K$O , 2D49$J>l9g$HF1 $8 <j=g$rF’$a $P $h$$$N$G$" $k . $J $* %2 !< %8 72 $O IaDL U ( N ) $G 9M$($k 20 . (ii) %*%Z %l !<%?!<7A<0$N5-=R :# EY $O , :B I8 $N Hs 2D 49 @- (1.1) $+ $i=P H/ $7$F NC %2!< %8M} O@ $rDj 5A $9 $k . ?7 $7$$JQ ?t $r ^ a := (1 = p 2 � ) ^ z ; ^ a y := (1 = p 2 � ) ^ � z ( $? $@ $7 ^ z := ^ x 1 + i ^ x 2 ) $H $7 $F Dj5A$9$k$H , [ ^ x 1 ; ^ x 2 ] = i� $h $j , [ ^ a; ^ a y ] = 1 (2.7) $, J,$+ $k . $3$l $h$j , ^ a y ; ^ a $O $=$l$>$l D4OB ?6F0 ;R$N @8 @. , >CLG 1i;; ;R$H 2r <a $G $- $k . $3$l $i$, :n MQ$9$k F ock 6u4V $r H $H =q$/ $H , H = � 1 n =0 C j n i $G $"$k . $3$3$G , j n i := n ( ^ a y ) n = p n ! o j 0 i ; ( n = 0 ; 1 ; : : : ) $O @jM- ?tI=<( $N4pDl $G$"$j , ^ a y ^ a j n i = n j n i ; ^ a j 0 i = 0 $r K~$?$9 . >l ^ f $O ^ x $N 4X ?t$G$" $k$+$i , F o c k 6u4V H $K :n MQ$9 $k 1i;; ;R$H$J $j , @j M- ?tI= <($G 0J 2<$N$h $& $K I=$5 $l $k!’ ^ f ( ^ x 1 ; ^ x 2 ; x 3 ) = 1 X m;n =0 f mn ( x 3 ) j m ih n j : (2.8) FC $K >l $, x 3 <4BP>N $J >l9g ( $9 $J$o$A ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a $H 2D49$J>l9g ), ^ f ( n; x 3 ) = 1 X n =0 f n ( x 3 ) j n ih n j : (2.9) $N$h $& $K BP3Q9TNs$H$J$k$3$H $, J, $+ $k 21 . (i) $H (ii) $N Ey2A@- 22 (i) $H (ii) $O ( !V Hs2D49 Euclid 6u4V !W $G$O ) Ey2A$J5-=R $G$"$j , W eyl JQ49$H$$ $&JQ49 $K$h $C$FBP1~ $E$1 $i $l $k . (i) $N 5-=R $K$* $1 $k>l f ( x 1 ; x 2 ) $O , <!<0 $GDj5A$5 $l $k W eyl JQ49 $K$h$C$F , (ii) $N 5-=R $K$* $1 $k>l ^ f ( ^ x 1 ; ^ x 2 ) $K $&$D$5 $l $k ( 4JC1$N$?$a x 3 0MB8@-$O9M$($J$$ ) !’ ^ f ( ^ x 1 ; ^ x 2 ) := 1 (2 � ) 2 Z dk 1 dk 2 e f ( k 1 ; k 2 ) e � i ( k 1 ^ x 1 + k 2 ^ x 2 ) : (2.10) 19 $3$N$?$a Hs2D496u4V >e$N>l$NM}O@ $O , 0lHL $K Hs6I=j@-$r;}$A , $^$?%Q %j%F %# $r GK$k $, ( Hs2D49%Q%i %a !<%? � ij $N B8:_ $,$"$i $o$K%m!< %l%s %D BP>N@-$rGK$C$F$$$k$3$H$+$i$b J, $+ $k ), 0lMM<’>lCf$NJ*M} 7O $H Ey2A $G$" $j , 0UL#$N$J$$ M}O@$H$$ $& $o$1$G$O$J $$ . $‘ $7 $m0lMM<’>lCf $NJ*M}$N2rL@ $KLrN)$D$b$N $H4|BT $7 $F$$ $k . <B:] , Hs2D49 $N<jK! $rMQ$$$?NL;R %[!< %k8z2L$X$N%" %W %m!<%A $O @N$+$i@9$s$G$"$j ( Nc $( $P [5], [42]), FC$K Susskind $N O@J8 [69] 0J8e , NC Chern-Simons M}O@$NJ,?tNL;R%[!<%k8z2L$X$N 1~ MQ $, @9 $s$G$" $k ( Nc$( $P [6], [39], [40], [67]). $J $*$3$N$h $& $J>l$NM}O@E*B&LL$NAm9gJs9p$H $7 $F [10] $, $"$k . 20 @Q $, %9%?!<@Q $J$N$G g 1 ; g 2 2 G $G$"$C$? $H $7 $F$b , g 1 � g 2 2 G $H$O 8B $i$J$$ . Nc $( $P G = S U ( N ) $@$H 9TNs<0 $, 1 $H $$ $& >r7o $+$i$O$_ =P $7 $F $7 $^ $& . 21 j m ih n j $r W eyl JQ49 $G 5-=R (ii) $K $& $D $7 $F 9M$($F$bM}2r $G$- $k ( <!%Z!< %8 I=;2>H ). 22 >\ $7 $/$O [28] $J $I $r ;2>H . 4

$? $@ $7 , e f ( k 1 ; k 2 ) := Z dx 1 dx 2 f ( x 1 ; x 2 ) e i ( k 1 x 1 + k 2 x 2 ) : (2.11) >l f ( x 1 ; x 2 ) $r 0lEY F ourier JQ49 $7 $?$b$N$r , $=$N$^$^5U F ourier JQ49$9$k:] , exp $N 8*$N:BI8 x 1 ; x 2 $r%* %Z %l !<%?!< ^ x 1 ; ^ x 2 $K CV$-49$($FJQ49 $7 $? $h $& $J$b$N$G$"$k!’ f ( x 1 ; x 2 ) . j e f ( k 1 ; k 2 ) W eyl JQ49 & # ^ f ( ^ x 1 ; ^ x 2 ) : W eyl JQ49 $O %9%?!<@Q $r 9TNs$N@Q $K $& $D$9!’ d f � g = ^ f � ^ g: (2.12) W eyl JQ49$N5UJQ49 $O D>@\ $K$O f ( x 1 ; x 2 ) = Z dk 2 e � ik 2 x 2 D x 1 + k 2 2 � � � ^ f ( ^ x 1 ; ^ x 2 ) � � � x 1 � k 2 2 E (2.13) $H=q $1 $k . W eyl JQ49 $K$h$j , >l$d3] $1 ;; $@$1$G$J $/ , HyJ, , @QJ,$b#1BP#1 $K BP1~ $7 , (i) $H (ii) $N5-=R$OEy 2A $K$J $k . BP1~4X78 $O 0J2<$NDL$j!’ (i) %9%?!<@Q $r MQ$$$k5-=R (ii) %*%Z %l !<%?!< 7A<0$N5-=R >l IaDL$N4X?t L58B<!85@5J}9TNs f ( x 1 ; x 2 ) ^ f ( ^ x 1 ; ^ x 2 ) = 1 X m;n =0 f mn j m ih n j @Q %9%?!<@Q 9TNs$N@Q ( d f � g = ^ f ^ g ) 7k9gB’!’ f � ( g � h ) = ( f � g ) � h 7k9gB’!’ ^ f ( ^ g ^ h ) = ( ^ f ^ g ) ^ h ( <+L@ ) Hs2D49@- [ x i ; x j ] � := x i � x j � x j � x i = i� ij [ ^ x i ; ^ x j ] = i� ij HyJ, @ i f @ i ^ f := [ � i ( � � 1 ) ij ^ x j | {z } = : ^ @ i ; ^ f ] FC$K @ i x j = � j i FC $K @ i ^ x j = � i ( � � 1 ) ik [ ^ x k ; ^ x j ] = � j i @QJ, Z dx 1 dx 2 f ( x 1 ; x 2 ) 2 � � T r H ^ f ( ^ x 1 ; ^ x 2 ) 6JN( F ij = @ i A j � @ j A i + [ A i ; A j ] � ^ F ij = @ i ^ A j � @ j ^ A i + [ ^ A i ; ^ A j ] = [ ^ D i ; ^ D j ] � i ( � � 1 ) ij ( $? $@ $7 ^ D i := ^ @ i + ^ A i ) (ii) $N 9TNsMWAG s n ! m ! � 2 r 2 =� � m � n 2 e i ( m � n ) ’ � j n ih m j 2( � 1) n L m � n n (2 r 2 =� ) e � r 2 � j j j x 1 - x 2 J?LL $G 2sE>BP>N ! ’ $K 0M $i$J$$ , m = n ! ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a $H 2D49 , m = n ! # # # $" $k<M1F 2( � 1) n L n (2 r 2 =� ) e � r 2 � j n ih n j 5

$3$3 $G , ( r; ’ ) $O 6K:BI8 , L � n ( x ) $O <!<0 $G Dj5A$5 $l $k Laguerre B?9‘<0 $G$" $k!’ L � n ( x ) := x � � e x n ! � d dx � n ( e � x x n + � ) : (2.14) ( FC $K L n ( x ) := L 0 n ( x ).) Cm 0U$9$Y$-$3 $H$O , %* %Z %l !< %?!< 7A<0$N 6J N($N <0 $G , [ ^ D i ; ^ D j ] $H $/ $/$C $?$?$a , [ ^ @ i ; ^ @ j ](= i ( � � 1 ) ij ) $r Aj;&$9$k$?$a$NDj?t9‘ � i ( � � 1 ) ij $, 8= $l $?$3$H$G$" $k . $3 $l$K $h$j%*%Z %l !<%?!< 7A<0$N5-=R $G$N BPS J}Dx<0 (2.3) $O ( ^ B 3 =) 2[ ^ D z ; ^ D y z ] + 1 � = � [ ^ D 3 ; ^ �] ; ( ^ B z =) [ ^ D 3 ; ^ D z ] = � [ ^ D z ; ^ �] (2.15) $HI=$5 $l $k . $?$@ $7 , ^ D z := (1 = 2)( ^ D 1 � i ^ D 2 ) ; ^ B z := (1 = 2)( ^ B 1 � i ^ B 2 ) $N$h $& $K 1,2 @.J,$rJ#AG $KAH $s$@ . ^ B 3 $K Dj?t9‘ $, 4^$^ $l$F$$ $k$N $O , >e=R$NDL$j$G$"$k . 0J8e , 2r$N9=@.$N5DO@ $O A4$F%*%Z %l !<%?!< 7A<0$N5-=R $G 9T$$ , 2r$N@-<A$rD4$Y$k:] $K$O , %9%?!<@Q $rMQ $$$k 5- =R$K La $k$3$H$K $9 $k . $3 $N @a$G$O F ock 6u4V$K :n MQ$9 $k 1i;; ;R$K$O %O%C %H $r IU$1 $?$, , 0J8e >J N, $9$k . 3 ADHM/Nahm Construction of Exact BPS Solitons ADHM/Nahm 9=@.K!$H$O , G$0U$N %$ %s %9%? %s%H%s 2r / %b %N %] !<%k 2r$N 9=@.K!$N 0l$D$G$" $j , Nahm JQ 49 $H8F $P$l $kAPBPJQ49 $N$"$k<o $N6K8B $H $7 $F 2r<a $G$-$k . Hs2D49%$ %s %9 %? %s %H%s , %b %N %]!< %k2r$b $3$NJ} K! $G 9=@.$9 $k$3$H $,$G $- , 4{CN$N87L) 2r $O <g $K$3 $N J}K! $G 5a$a$i $l $? ( IUO? A ;2>H ). $3$3$G$O 2D496u4V >e $N ADHM/Nahm 9=@.K!$NGX7J$r4JC1 $K >R2p$9$k . GX7J $H$J$k Nahm JQ49$N OC $+$i ;O$a$k . Nahm JQ49$H $O , 4 <!85 %H !<%i %9 T 4 >e$N G = U ( N ) ; k %$ %s %9 %? %s%H%s 2r $H , $=$N APBP (4 <!85 ) %H !<%i %9 e T 4 >e$N G = U ( k ) ; N %$ %s %9%? %s %H%s 2r$H$r#1BP#1 $K BP1~ $5$;$k JQ49$N$3$H$G$" $k . AP BP %H !<%i %9 $O %H !<%i %9$NH> 7B$rA4$F 5U?t $K $7 $? %H !<%i %9 $G$" $k . %2 !<%8 72 $N%i %s %/ $H %$ %s %9 %? %s %H%s ?t $, F~ $l BX$o$k $N $, 6=L#?<$/ , k 8D$N D0 %V%l !< %s$H N Kg $N D4 %V%l !< %s$N B+ G{>uBV $N T APBPJQ49 $H $7 $F 2r<a $G$- $k . APBP %H !<%i %9 e T 4 >e$N %$ %s %9%? %s %H%s 2r e A � $+$i %H !<%i %9 T 4 >e$N %$ %s %9%? %s %H%s 2r A � $r 9=@.$9$k<j =g $O 0J2<$NDL$j . ( T 4 ; e T 4 $N :BI8$r$= $l $>$l x � ; � � $H I=$9 .) !’ � <j=g 1 !’APBP %H !<%i %9>e$N<+8JAPBPJ}Dx<0 e F 12 = � e F 34 ; e F 13 = � e F 42 ; e F 14 = � e F 23 ; (3.1) $?$@ $7 e F � := ~ @ � e A � � ~ @ � e A � + [ e A � ; e A � ] ; (3.2) $r 2r$/ . 2r e A � $O APBP %H !<%i %9>e$N %$ %s %9%? %s%H%s$G $"$j , k � k 9TNs $G$" $k . � <j=g 2 !’APBP %H !<%i %9>e$N %$ %s %9%? %s%H%s e A � $r GX7J $H$9 $k ( APBP ) Nm<ANL Dirac J}Dx<0 23 e y � @ @ � � + x � � e A � ! e = 0 (3.3) $r 2r$/ . ( $? $@ $7 e � $O ;M 85 ?t Be ?t $N@8 @. ;R ( i; j ; k ; 1) $N 2 <!85 I= 8= 9T Ns $G $"$j , Nc $( $P e � = ( � i� i ; 1) $H 6qBNE* $K I=$5 $l $k .) ;X?tDjM}$h$j , ( APBP ) Nm<ANL Dirac J} Dx<0$N5,3J2=2DG=2r $, FHN) $K N 8DB8 :_$9$k $3$H $, 8@ $($k . $3$l$r Ns $K N 8DJB$Y$?9TNs $r e $H =q$$$F$$$k . 23 $h$j@53N$K$O W eyl J}Dx<0 . 6

� <j=g 3 !’ v $+$i %H !<%i %9>e$N %2 !< %8 >l$r A � = Z e T 4 d 4 � e y @ � e (3.4) $H $7 $F 9=@.$9$k $H , $3$l $, %H !<%i%9>e $N %$ %s %9 %? %s %H%s$H$J$C $F$$$k $3 $H $, J, $+$k . ( %9 %T%J!<$NB- $K $D$$$F$b =LLs $r <h$C $F$$$k .) <B:] $K$3 $l$, <+8JAPBPJ}Dx<0 F 12 = � F 34 ; F 13 = � F 42 ; F 14 = � F 23 ; $r K~ $?$9$3$H$O$9 $0 $K 8@$($k . e $, N Ns$N9TNs $G$"$C$?$3$H$+$i , %2 !< %8 >l$N%5 %$ %: $, N � N $H $J $C$? . %H !<%i %9>e$N %$ %s %9%? %s %H%s 2r $+$i APBP %H !<%i %9>e $N %$ %s %9%? %s %H%s 2r$r9=@.$9$k<j=g $OA4$/F1MM $G$" $j , %H !<%i %9 T 4 >e$N G = U ( N ) ; k %$ %s %9%? %s%H%s 2r$H , $=$NAPBP %H !<%i %9 e T 4 >e$N G = U ( k ) ; N %$ %s %9%? %s%H%s 2r$H$N#1 BP#1 BP1~$r 87L)$K >ZL@$9 $k$3$H$,$G $- $k . Dirac J} Dx<0$N%<%m%b !< %I $r 7PM3 $7 $F 2r $/ $"$?$j $K$H$F$b ?<$$$b$N$r46 $8 $k . <! $K$3$N 7O$NFC<l $J >l9g $r 9M $( , ADHM/Nahm 9=@.K! $r F3$/ 24 !’ � %H !<%i %9$NH>7B $r 4 $D$H$b A4$FL58BBg $K$9 $k ) ADHM 9=@.K! $3$N$H$-APBP %H !<%i%9 $NH>7B $O 4 $D$H$bA4 $F %<%m $K$J$k . $7 $? $, $C $FAPBP %H !<%i%9 $O 1 E@ $K$D$V $l $F $7 $^$$ , L58B $K 6a$$ 2 E@ >e$N:9$rFI$_ <h$kA‘ :n $G$" $kHy J, $O 0UL#$r ;}$?$J$/$J $k . $=$N 7k2L , AP BP %H !<%i%9>e $N<+ 8JAP BPJ} Dx<0 $* $h $S ( APBP ) Nm<ANL Dirac J}Dx<0 $NCf $NHyJ, $OA4 $FMn$A , $= $l$i $O 9TNs$NJ} Dx<0 $K$J $k . $3$l$K $h$j , 9TNs$N J}Dx<0$r 2r$/$3$H$G R 4 ( !aH>7BL5 8BBg$N %H !<%i %9 ) >e$N %$ %s %9%? %s %H%s$, F@ $i $l $k . $3$l$, ADHM 9=@.K! $G$" $k . � %H !<%i %9$NH>7B $r 3 $D$@$1 L58BBg , ;D$j 1 $D$r%<%m$K $9$k ) Nahm 9=@.K! $3$N$H$- APBP %H !<%i%9$NH>7B $O , 3 $D $O%<%m , 1 $D $O L58BBg $K$J $k . $7 $? $, $C $F APBP %H !<%i%9 $OD>@~ $K$J$j , APBP %H !<%i%9>e $N<+8J APBP J}Dx <0 $*$h $S ( APBP ) Nm<ANL Dirac J}Dx<0 $NCf $N 3 $D$NJ}8~ $NHy J, $OMn$A , 1 $D$NJ}8~$NHyJ, $@$1 $, ;D$k . $=$N 7k2L , >oHyJ,J}Dx<0 $r2r$/ $3$H $G R 3 >e$N %$ %s %9 %? %s %H %s ( !a BPS %b %N %]!<%k ) $, F@ $i $l $k . $3$l$, Nahm 9=@.K! $G$" $k . $b$H$b$H$N >u67$O A4$/AP BPE* $G$" $C$? $, , H>7B$H$$ $&%Q%i %a !<%?$N$"$k FCJL$J6K 8B $G APBP @- $, Hs <+L@ $H$J$j , JRB&$N5-=R $, 0W $7 $/ $J$C$?$N $G$" $k . $=$N 7k2L , JPHyJ,J}Dx<0 $r2r$/ $H$$ $&Fq $7 $$ LdBj $, 9TNsJ} Dx<0 $r 2r$/ $H$$$C $?0W $7 $$ LdBj $K CV$-49 $o$C $?$H$$ $& $o$1$G$"$k . k = 1 $N >l9g $O , <j=g 1 $NAPBP %H !<%i %9>e $N<+8JAP BPJ} Dx<0 $N2r $H $7 $F$O4pK\E* $K<+L@2r $r;}$C $F$/ $l $P $h$$ . K\<AE* $K7W;; $, I,MW $J$N $O , <j =g 2, 3 $G $" $k . $7 $+ $7 2D49$J>l9g $O$3$l$b 0W $7 $$7W;;$G:Q $‘ $3$H $, B?$$ . $^ $: ADHM/Nahm J}Dx<0$N4Q;! $+$i , %b %8%e%i %$6u 4V $K$D$$$F>/ $7 %3 %a %s %H $9$k . 4JC1$N$?$a An ti- Self-Dual %$ %s %9%? %s%H%s / %b %N %] !< %k$r @8$_=P$9>l9g$r9M $( $k . 2D496u4V>e $N ADHM J}Dx<0 $O @53N $K$O <!$N$h $& $K$J$k!’ ( � R :=) [ B 1 ; B y 1 ] + [ B 2 ; B y 2 ] + I I y � J y J ( � � [ z 1 ; � z 1 ] � [ z 2 ; � z 2 ]) = 0 ; ( � C :=) [ B 1 ; B 2 ] + I J = 0 : (3.5) 24 >/ $7 $:$l $kItJ,$b$"$k $, , $=$l$O$3$3$G$N 5DO@ $, Hs>o $K%J %$!< %V $J$b$N$@$+$i$G$" $k . 7

$3$3 $G , B 1 ; B 2 $O k � k 9TNs , I ; J y $O k � N 9TNs$G$"$k 25 . Hs2D496u4V>e $G$O , (3.5) $N Bh 1 <0$N3g8LFb $NItJ, $, %N %s%< %m$H$J$j , ADHM J}Dx<0 $O ( � R :=) [ B 1 ; B y 1 ] + [ B 2 ; B y 2 ] + I I y � J y J = � 2( � 12 + � 34 ) =: � ; ( � C :=) [ B 1 ; B 2 ] + I J = 0 : (3.6) $N$h $& $K >/ $7 =$@5$5 $l $k 26 . (3.6) $N Bh 1 <0$N 1&JU$NDj ?t � $, %N %s%< %m$G$"$l $P 27 , ( 40Hw2=$5 $l $? ) %$ %s %9%? %s %H%s !&%b%8%e%i %$ 6u4V $NFC 0[E@ $, 2r>C$9$k$3 $H $, CN $i$l$F$$ $k [59], [60]. $7 $? $, $C $F 2r>C$5 $l $?FC0[E@$NItJ, $KBP1~$9$k , 2D496u4V $K$O$J$$ %$ %s %9%? %s %H%s 2r $, B8:_$9$k $3$H $K$J $k . $3$l $, U (1) %$ %s %9%? %s%H%s$G $"$j 28 , <B:] $K Hs2D49 R 4 >e $G HsFC0[$J2r$H $7 $F 9=@.$5 $l$? [63], [11]. 0lJ} , 2D496u4V>e$N Nahm J}Dx<0 $O G = U (1) ; U (2) $N >l9g , <!<0$N$h $& $K$J $k 29 !’ dT i d� � i 2 � ij k [ T j ; T k ] ( � � 1 2 [ z ; � z ] � i 3 ) = 0 (3.7) ( T i $O e A i $K AjEv$9$k .) Hs2D496u4V>e$G$O %$ %s %9%? %s %H%s $N ;~$HF1MM $K dT i d� � i 2 � ij k [ T j ; T k ] = � � � i 3 (3.8) $H>/ $7 =$@5$5 $l $k . $3$l$b Hs2D496u4V>e$N Bogomol’nyi J}Dx<0 (2.15) [� ; D i ] � i 2 � ij k [ D j ; D k ] = 1 � � i 3 (3.9) $H8+Hf $Y $l $P APBP4X78 $, 82Cx $G$"$k . $$$^$3 $3$G T 0 i := T i + � i 3 � � $H Dj5A$9$k $H , T 0 i $, K~$?$9HyJ,J} Dx<0 $O , 2D496u4V>e $N Nahm J}Dx<0 (3.7) $H A4$/F1 $8 $K$J $k . $7 $? $, $C$F , G = U (1) ; U (2) Hs2D49%b %N %]!<%k $N%b %8%e%i %$ 6u4V $O 2D49$J>l9g$HJQ$o $i$J$$ [18]. <! $K 4JC1 $J 6qBN2r $r >/ $7 >R2p$9$k . 2D496u4V>e $N G = S U (2) (ASD) 1 %$ %s %9%? %s %H%s 2r (BPST 2r ) $O ADHM 9=@.K!$K$h$j <!$N$h $& $K 5a $a$i $l $k (ADHM J}Dx <0 (3.5) $N 2r$H $7 $F$O B 0 ; 1 = 0 ; I = ( �; 0) ; J = (0 ; � ) t ( $[ $\ <+L@2r ) $r <h $l $P $h$$ . 30 ) !’ A � = 2 x � j x j 2 + � 2 � � � � ; (3.10) F � = 4 � 2 ( j x j 2 + � 2 ) 2 � � � : (3.11) $3$3 $G � � � = � � i � � i $O � � � := � ( i= 2)( e � e y � � e � e y � ) $G Dj5A$5 $l $k Anti-Self-Dual %F%s%=%k$G$"$j , � � i � $O ’t Ho oft $N %$ %’!<%? !& %7 %s%\%k$H 8F $P$l $k . $7 $?$, $C $F$3$N2r $O An ti-Self-Dual $G$" $k . � $O %$ %s %9%? 25 B 1 ; B 2 $O $=$l $>$l e A 1 + i e A 2 ; e A 3 + i e A 4 $K AjEv$9$k . I ; J $O Nm<ANL Dirac J}Dx<0$N %<%m%b!< %I $N L58B1s$N?6$kIq$$ $K 8= $l , >e5-$N$h $& $J%J %$ !< %V $J 5DO@ $+$i$O =P$F$3$J$$ . 26 Hs2D496u4V>e $G$N (4 <!85 ) <+8JAPBPJ} Dx<0 (5.1) $H 8+Hf $Y $l $P , =$@5$5 $l$? ItJ, $, ADHM J}Dx<0 ( ’ 0 <!85<+8JAPBP J}Dx <0 ) $H (4 <!85 ) <+8JAPBPJ} Dx<0 $H $GH~ $7 $/BP1~ $7 $F$$$k$3$H $, NI$/J, $+$k . ADHM 9=@.K! $NGX8e $K$"$kAPBP@- $O F ourier JQ49 E* $J$b$N$G$"$j , $3$N $h $& $K ( HyJ, ) $ ( 3] $1 ;; ) $N $h $& $J APBP9=B$ $, ;j$k$H$3$m$K 8= $l $k . $J $*:# , Hs2D49@-$O ( 6u4V ) 4 <!85J} 8~A4 $F $K F3F~ $7 $F$$ $k . (12 %Z !< %8 5SCm;2>H .) 27 Hs2D49%Q%i %a !<%? � $N <+8JAPBP@- $,%2 !< %8 >l$N<+8JAPBP@-$H$A$g $& $I 0lCW$9$k>l9g$O � = 0 $H$J $k . $3$N FC<l$J>u67 $K BP 1~$9$kHs2D49%$ %s %9%? %s %H%s 2r $K$D$$$F$O 5 @a$G>/ $7 5DO@$9$k . 28 4 %Z !<%8 $G , NC %2 !<%8 M}O@$G $O%2 !<%8 72$, S U ( N ) $G $O BL L\$G Ia DL U ( N ) $H $9 $k , $H %3 %a %s%H$7 $?$, , $= $N U ( N ) ( ’ S U ( N ) � U (1)) $N U (1) %Q!< %H$, $^$5$KHs2D496u4VFCM-$N=EMW$JLr3d$r2L$?$9$N$G$"$k . 29 $5$i$K6-3&>r7o $, I,MW$G$"$k . 30 B 0 ; 1 $O ( BP3Q2=$5$l$? >l9g$N BP3Q@.J, $, ) %$ %s %9%? %s%H%s $N 0LCV$r I=$9$N$G , B 0 ; 1 = 0 $H $$ $&$N $O %$ %s %9%? %s %H%s $r 86E@ $K CV$$$?$3$H $K AjEv$9$k . 8

%s%H%s $N%5 %$ %: ( H>CMI} ) $r M? $( $k%b %8%e%i %$ !&%Q%i %a !<%? $G$" $k . $7 $?$, $C$F ADHM %G !<%? I ; J $O %$ %s %9 %? %s %H%s$N%5 %$ %:$N>pJs $r4^ $s$G$$$k . :# $3$N%5%$ %: � $r%<%m $K$b$C $F$$$/ $H , 6JN( F � $O%G%k%?4X ?t7? $NJ,I[ $K$J$j , %$ %s %9 %? %s %H%s $NCg4V $+ $i$O$_=P $7 $F $7 $^$& . $3$N � = 0 $K BP1~$9$k %b %8%e %i %$ 6u4V $N !V C<E@ !W $r %9%b!< %k!& %$ %s %9%? %s %H%s FC0[E@$H8F$V . $3 $N$h $& $K 2D49 6u4V>e $G$O %9 %b!<%k!& %$ %s %9%? %s%H%s FC0[E@ $, B8:_ $7 , ADHM %G !<%? I = 0 ; J = 0 $G FCD’IU $1$i$l $k . Hs 2D496u 4V>e $N G = U (2) (ASD) 1 %$ %s %9%? %s %H%s 2r ( Hs2D49 BPST 2r ) $b ADHM 9=@.K! $K$h$jF1MM $K 5a$a$i $l $k . $3$l$r M?$( $kHs2D49 ADHM J}Dx<0 (3.6) $N 2r$H $7 $F$O B 0 ; 1 = 0 ; I = ( p � 2 + � ; 0) ; J = (0 ; � ) t ( $[ $\ <+L@2r ) $r <h $l $P $h$$ . ( � > 0 $H $7 $? .) 2D496u4V $N>l9g $HHf $Y$k $H I $N CM $, >/ $7 0[$J$k $?$a , $5$C$-$HF1 MM $K � $r%< %m$K$b $C$F$$$C$F$b I $O%< %m$K$J$i$: , %5 %$ %:M- 8B$NHsFC 0[$J %$ %s %9%? %s %H%s$, @8 $-;D$k . $3 $l$, <B $O U (1) %$ %s %9%? %s %H%s$G $"$j , %9%b!< %k!& %$ %s %9%? %s %H%s FC0[E@ $, 2r>C$5 $l $?$3$H $K$h$C$F@8 $8 $? ?7 $7 $$ %$ %s %9%? %s %H%s 2r $KAjEv$9$k . U (1) %$ %s %9%? %s %H%s$O 0LCV$rI=$9%b %8%e%i %$ !& %Q %i %a !< %? $7 $+ ;}$? $: , 9- $, $j$N%5 %$ %: $O 0lDj ( BgBN p � $0 $i $$ ) $G $" $k . 2D496u4V >e $N 1-Dirac %b %N %] !< %k 2r $O Nahm 9=@.K! $K$h$j<!$N$h $& $K 5a$a $i $l $k (Nahm J}Dx<0 (3.7) $N2r$H $7 $F$O T i = 0 ( <+L@2r ) $r <h $l $P $h$$ . k = 1 $N >l9g $O$3$l$G 6-3&>r7o$bK~$?$5 $l $k .) !’ � = � 1 2 r ; A r = A # = 0 ; A � = 1 2 r 1 + cos # sin # : (3.12) $? $@ $7 ( r ; #; � ) $O IaDL$N 6K:B I8$G$" $k . %2 !< %8 >l $O # = 0 $G H/;6 $7 $F $*$j , $=$l$+$i 7W;;$5 $l $k<’ >l$b # = 0, $9$J$o$A x 3 <4$N@5$NItJ, $K %G%k %? 4X?t7?$NFC0[@- $r ;}$D $3$H $, J, $+$k . $3 $N x 3 <4$N@5$NItJ, $K 1h $C $? %9 %H %j %s %0 >u$NFC0[E@ $N=8$^ $j $r Dirac %9 %H %j %s %0$H 8F$V . Dirac %9 %H %j %s %0$O L58B>. $NI} $r;}$C $?%= %l %N %$ %I $H 2r<a$G$- , %2 !<%8 JQ49 $G$=$N J}8~ $, JQ$o$kHsJ*M}E*BP>]$G$"$k 31 . x 3 <4$N@5$NItJ,0J30 $G$O <’>l $O B i = � @ i � = � x i 2 r 3 (3.13) $H7W;;$5 $l , J|<M>u$NJ,I[$r $7 $F$$ $k . Hs2D 49 1-Dirac %b %N %] !<%k $N 87 L) 2r$O [18] $G Nahm 9= @. K!$K $h $j 5a$a$i $l $? ( Hs 2D 49 Nahm J} Dx <0 (3.8) $N 2r$H $7 $F$O T i = � � i 3 � � ( <+L@2r ) $r <h $l $P $h$$ .) !’ � = 1 X n =0 � n j n ih n j = � ( 1 X n =1 � � 2 n � � 2 n � 1 � j n ih n j + � 2 0 + x 3 � ! j 0 ih 0 j ) ; A z = 1 p 2 � 1 X n =0 � 1 � � n � n +1 � a y j n ih n j ; A 3 = 0 : (3.14) $3$3$G � n := Z 1 0 dp p n e � � p 2 +2 px 3 ; � n := s n� n � 1 2 � � n : (3.15) $3 $l$O ;j$k$H$3$mHs FC0[ $J 2r $G$" $k . L58B1s$N?6$kIq$$ ( r n + x 3 ! 1 ; r n := p ( x 3 ) 2 + 2 � n ) $O <!$N$h $& $K$J $k 32 !’ � n � 8 > > < > > : � x 3 � : n = 0 ; x 3 ! + 1 � 1 2 r n = � 1 2 p ( x 3 ) 2 + 2 � n !’$= $l 0J30 (3.16) ( B 3 ) n � 8 > > < > > : 1 � : n = 0 ; x 3 ! + 1 � x 3 2( r n ) 3 !’$= $l 0J30 (3.17) 31 %b %N %]!<%k$K4X$9$k>\ $7 $$ %l%t %e !<$H $7 $F Nc$( $P [17], [27] $, $" $k . 32 0HE@K!$G � n $N @QJ,$r=hM} $7 $? . 9

$3 $l$+$i J, $+ $k$h $& $K , Higgs >l$*$h $S <’>l$O$H$b$K n = 0 ; x 3 ! 1 , $9$J$o$A x 3 <4$N@5$NItJ, $G FCJL $J?6 $k Iq$$$r $9 $k 33 . x 3 <4$N @5$N It J,$N 0l MM$J <’>l ( B 3 ( x 3 ! + 1 )) 0 j 0 ih 0 j $O , W eyl JQ 49$G %9%?!< @Q $rMQ$$$k5-=R $K La$k$H , $A$g $& $I Gauss 7?$NJ,I[ (2 =� ) exp � � (( x 1 ) 2 + ( x 2 ) 2 ) =� $K$J $j , $=$N I}$OBg BN p � $G$" $k . $7 $?$, $C$F2D496u 4V>e$X$N6K8B � ! 0 $G , $3$l$O $A$g $& $I %G %k %? 4X?t7?$NJ,I[$K$J$j , $b$H $NFC0[$J Dirac %9 %H %j %s%0$, :F8=$5 $l $k . 0J>e$N$3$H$+$i , x 3 <4$N@5$N ItJ,$N <’B+ $O Dirac %9 %H %j %s%0 $, Hs2D49 @- $N$? $a $KKD $i$s $@$?$a , $=$NFbIt $N<’>l $, 8= $l$?$b$N $G$"$j , 2r (3.14) $O Dirac %9 %H %j %s %0 IU $-$N Dirac %b %N %]!<%k$NHs2D49HG $G$"$k 34 , $H 2r<a$9$k $N $, BEEv $G$"$k$h$& $K ;W $($k $, <B $O@53N $G$J$$ . $3 $l$K$D$$$F $O D %V%l !< %s$G 2r<a$9$k $HL@2r $+$D@53N $KM}2r$5 $l $k . ( 6=L# $N$"$kJ} $O [23] $N 2.3 @a $r 8f Mw$/ $@$5$$ .) $3$3$G$O >\:Y$K$D $$$F$O A4$F >JN, $7 $?$, , ADHM/Nahm 9=@. K!$O Hs2D 496u 4V>e$K $b @5 $7 $/3H D%$G$- 35 , >e5-0J30 $N$5$^ $6 $^$J87L)2r $, <j=gDL$j $K 9=@. $G$-$k . D %V%l !< %s 2r<a$bHs>o $K6=L#?<$/ , D %V%l !< %s NO3X$N2rL@ $K :#8e$bLrN)$D$b$N$H4|BT $7 $F$$ $k 36 . 4 BPS-Soliton Generating T ransformation $3$N @a $G$O , Hs2D49 BPS J}Dx<0$r ITJQ $K J]$DJQ49$r 8+=P $7 , 4{CN$N%= %j %H%s 2r $+$i ?7 $7 $$%= %j %H%s 2r $r9=@.$9$k . $^ $: <!$NJQ49 $r 9M $( $k!’ � ! S � S y ; D i ! S D i S y : (4.1) $? $@ $7 , S $O S y S = 1 $r K~$?$91i;;;R $G$"$k . S $, M-8B %5 %$ %:$N9TNs $G$" $l $P , <+F0E* $K S S y = 1 $O K~ $? $5 $l , S $O %f%K%? %j!<1i;; ;R , JQ49 (4.1) $O%2 !< %8 JQ49 $H$J$k . $H$3$m $, :# , S $O L58B%5 %$ %:$N9TNs $G$"$k $?$a , S S y $O <M1F1i;;;R $K$J $k$3 $H $7 $+ 8@ $($J$$ (( S S y )( S S y ) = S S y ). JQ49 (4.1) $O 0lHL $K 1?F0J}Dx<0 ( , � I =� O = 0) $r ITJQ $K J]$D [29]: � I � O ! S � I � O S y ; (4.2) $3$3 $G O $O :nMQ $K 4^$^ $l $k>l$G$"$k . <B:] , Nc $( $P 1?F0J}Dx<0 (2.2) $N 2 HVL\$NJ}$N:8JU$O [ D � ; [ D � ; �]] ! [ S D � S y ; [ S D � S y ; S � S y ]] = S [ D � ; [ D � ; �]] S y (4.3) $H6&JQE* $K JQ49$9$k . ( S y S = 1 $@$1$, I,MW$G$"$k$3$H $K Cm0U .) S $N E57?Nc $O <!$N%7%U %H 1i;;;R S N $G$" $k!’ S N := 1 X n =0 j n + N ih n j ; S y N = 1 X n =0 j n ih n + N j : (4.4) 33 :# n $r BgBN 1-2 J?LL>e$N86E@ $+$i$N 5wN%$N 2 >h$H;W$C$F$$$k (( x 1 ) 2 + ( x 2 ) 2 � 2 � n ). 34 x 3 <4$N@5$NItJ, $N<’B+ $O 86E@ $KN.F~$9$k<’B+$NAmNL $KEy $7 $/ , ==J,Bg$-$$ 2 <!855eLL $G0O$C$F<’>l $rI=LL@QJ,$9$k$H %<%m $K$J $k . $9$J$o $A<’2Y $,%< %m$H$J $j%b %N %] !<%k$H$O 8@$($J$$$o$1$G$" $k $, , 2D49$J >l9g $K Dirac %9 %H %j %s%0$r <h$j=|$$$F 07 $& $N$HF1MM $K , $3$N <’B+$r=|$$$FI=LL@QJ,$9$k$H � 1 $H$$ $&K>$^ $7 $$ CM $, F@ $i$l $k [18]. 35 %l%t %e !<$H $7 $F Nc$( $P [13], [21], [51], [62] $, $"$k . 36 6=L#$N$"$kJ}$O , @’Hs [21] $r 8fMw$/ $@$5$$ . ;29MJ88%$b$=$3 $K$"$j $^$9 . 10

$3 $l$i$O S y N S N = 1 ; S N S y N = 1 � P N (4.5) $rK~$?$9 . $3$3$G , P N := N � 1 X m =0 j m ih m j (4.6) $O , F ock 6u4V H $N N <!85 ItJ, 6u 4V H N = � N � 1 m =0 C j m i $X$N<M1F 1i ;; ;R $G$"$j , S N S y N $O , H $K BP$9 $k H N $NJd6u4V$X$N<M1F1i;;;R$H$J$k . 0J8e S $H $7 $F S N $r MQ$$$k . JQ49 (4.1) $O 0lHL $K BPS J}Dx<0 $rITJQ $K J]$? $J$$ . <B:] , Nc$( $P BPS J}Dx<0 (2.15) $N 0lHVL\ $NJ}$N:8 JU $O 2[ D z ; D y z ] + 1 � ! 2[ S N D z S y N ; S N D y z S y N ] + 1 � = S N (2[ D z ; D y z ]) S y N + 1 � = S N � 2[ D z ; D y z ] + 1 � � S y N + 1 � P N (4.7) $HJQ49 $7 , M>J,$J 9‘ $, 8= $l $k . $3$l$O , BPS J}Dx<0 $, 1?F0J} Dx<0$H0c$C$F , Dj?t9‘ ( Nc$( $P 6JN($N<0$K 8= $l$? � i ( � � 1 ) ij $J $I ) $r 4^ $s$G$*$j , <0A4BN $, 6&JQE* $K JQ49 $7 $J$$$?$a $G$"$k . ( S N S y N $, <M1F1i;;;R $G$" $k $3$H $K$b Cm0U .) ;dC# $O , JQ49 (4.1) $r =$@5$9$k $3$H$G , BPS J}Dx<0$rITJQ $K J]$DJQ49$r8+=P $7 $? . NC G = U (1) (3 + 1) <!85 Y ang-Mills-Higgs M}O@ $K BP$9$k7k2L $O <!$NDL$j!’ � ! S N � S y N � x 3 � P N + N � 1 X m =0 � (4) m j m ih m j ; D 3 ! @ 3 + S N A 3 S y N + N � 1 X m =0 � (3) m j m ih m j ; D z ! S N D z S y N + N � 1 X m =0 � ( z ) m j m ih m j : (4.8) $3$3 $G , � ( z ) m := (1 = 2)( � (1) m � i� (2) m ) $G $"$j , � (1) m ; � (2) m ; � (3) m ; � (4) m $O G$0U$N<B%Q%i %a !<%? $G$" $k . 6qBNNc $G 2r$N@-<A $r D4$Y$k . Nc $( $P , Hs2D49 1-Dirac %b %N %]!<%k2r (3.14) $r JQ49$9$k$H , <!$N?7 $7 $$%= %j %H%s 2r $, F@ $i $l $k!’ � new = � 8 < : 1 X n = N +1 ( � 2 n � N � � 2 n � N � 1 ) j n ih n j + � 2 0 + x 3 � ! j N ih N j + N � 1 X m =0 x 3 � � � (4) m ! j m ih m j 9 = ; ; A new 3 = N � 1 X m =0 � (3) m j m ih m j ; D new z = 1 p 2 � 1 X n = N s n + 1 � N n + 1 � n � N � n +1 � N a y j n ih n j + N � 1 X m =0 � ( z ) m j m ih m j : (4.9) $3 $l$O , Hs2D49 Dirac %b %N %]!<%k 1 8D $H%U%i %/ %= %s N 8D$NJ#9g7O $rI=$9 37 . N %U%i %/ %= %s 2r $O ??6u2r � = 0 ; A = 0 $r (4.8) $G JQ49$9$k$3$H $G F@ $i$l , � uxon = � N � 1 X m =0 x 3 � � � (4) m ! j m ih m j ; 37 D-brane 2r<a$K$D$$$F$O [21], [23] $K $" $k . 11

D uxon z = S N ^ @ z S y N + N � 1 X m =0 � ( z ) m j m ih m j ; A uxon 3 = N � 1 X m =0 � (3) m j m ih m j ; B uxon 3 = 1 � P N ; B uxon 1 = B uxon 2 = 0 : (4.10) $G M? $($i $l $k [66], [19]. %U%i %/ %= %s$O , Hs2D496u4VFCM- $N%=%j %H%s$G$" $j , Hs2D49 Dirac %b %N %] !< %k$K 8= $l $? x 3 <4$N @5$N ItJ,$N <’ B+ $, L58B$K$N $S $F $$ $k$b$N$H 2r <a$G$- $k . $9$J$o $A%b %N %] !<%k$H $$ $&$h$j$O $‘ $7 $m 12 $K 6a$/ , C10LD9$5$"$?$j$N <A NL $O 2 � =g 2 YM � $G $" $k 38 . $7 $?$, $C $F JQ49 (4.8) $O , BPS J}Dx <0 $r ( $h$C$F1? F0J}Dx <0$b ) ITJQ$K J]$A$J$,$i , %( %M%k %. !<$r JQ$($F $7 $^$C $F$$ $k$h $& $K 8+$( $k . $3$l$O JQ 49 (4.8) $, <B $O :nMQ$bJQ $($F $7 $^$C $F$$$k$?$a $G$"$j , $=$N 860x $O:nMQ$NCf$N6JN($N<0 $K Dj?t9‘ $, 4^$^ $l$F $$$k$3$H$G $" $k . ((4.7) $H F1 MM$N5D O@ .) JQ49 (4.8) $O 8+3]$1 >e$O$[$H$s $I %2 !<%8 JQ 49 $G$" $k $, , <B:]$O , $"$k%=%j %H%s ( %U%i%/ %= %s ) ?t$N%;%/%?!< $N??6u $r , N 8D%=%j %H%s ?t$NB?$$%;%/%?!< $N??6u $K0\$9$H$$ $& JQ49 $K$J $C$F$$$k . :G 8e $K ?7 $7 $$ 2r $K4^$^ $l$F $$$?G$0U%Q%i %a !< %? � ( � ) m $N J*M}E*0UL# $K$D$$$F%3 %a %s %H $9$k . 9TNsLO7? 39 $K$h$k2r<a $K$h $l $P � ( � ) m $O <B $O N 8D$N%U%i%/ %= %s $N0LCV$rI=$9 $H$$ $& $3$H $, J, $+$k [23]. $3$N$3$H$O%U %i%/ %= %s2r $r<B:] $K ( 87L) $J ) Seib erg-Witten %^ %C %W [64] $K $h$j (2 %Z!< %8I=;2>H ) 2D49B& $K $& $D $7 $F$d$k $HL@3N $KJ, $+ $k [37]. $"$k$$ $O%U%i%/ %= %s 2r$r Nahm 9=@. $9$k $3 $H$G$bM}2r $5 $l $k [25]. $H$3$m $, (4.10) $r8+ $l $P J,$+ $k$h $& $K , <’>l $K$O � ( � ) m $N >p Js $, F~$C$F$3$J$$ ( S y N j m i = 0 $h$j ). $3$l$O Hs2D496u4V $K$O 6I=jE* $J 4QB,2D G=NL $, B8 :_$; $: , %U%i %/%= %s$+$i @8 $8 $k<’>l$N 0LCV$H$$ $& $b$N$O Hs2D49 B& $G$O 0U L# $r$J $5$J$$$?$a $G$" $k . 5 Conclusion and Discussion %$ %s %9%? %s%H%s , 12 $K $D$$$F$b F1 MM$N5DO@ $,$G $- $k . $3$N >l9g , JQ49<0 $O (4.1) $N $^$^ =$@5$9$k I,MW $, $J$$ $, 40 , Hs2D49%Q%i %a !<%? $K @)Ls $r$D$1$J$1 $l $P $J$i$J$$!’ � %$ %s %9%? %s%H%s $N >l9g!’ %$ %s %9%? %s %H%s $H$O 4(+0) <! 85 (Euclid) 6u 4V>e$N Y ang-Mills M} O@$N BPS %= %j %H%s $G $" $k . BPS J}Dx<0 $O 0J2<$NDL$j 41 !’ ( F z 1 � z 1 � F z 2 � z 2 =) � [ D z 1 ; D y z 1 ] � [ D z 2 ; D y z 2 ] � 1 2 � 1 � 12 � 1 � 34 � = 0 ; ( F z 1 z 2 =) [ D z 1 ; D z 2 ] = 0 : (5.1) J#9f $O >eCJ $, Self-Dual J}Dx<0 , 2<CJ $, An ti-Self-Dual J}Dx<0$rI=$9 . $3 $NJ}Dx<0$NDj?t9‘$NItJ, (1 = 2)(1 =� 12 � 1 =� 34 ) $, >C $( $k>l9g$N$_ , $9$J$o$AHs2D49%Q%i %a !<%? $N <+8JAPBP@- $,%2 !< %8 >l$N<+8JAPBP@- $H 0lCW$9$k $H$-$K 8B$j , JQ49 (4.1) $O BPS J}Dx<0 (5.1) $r ITJQ $K J]$D$3$H $, J, $+ $k . $3$N$H$- , ( 40Hw2=$5 $l$? ) %$ %s %9%? %s%H%s!&%b %8%e%i %$6u4V $O2D49$J>l9g$H 38 %U%i %/%= %s$H D6EAF3$N12;e$H$N4XO"$O , $[ $H$s $I 5DO@$5 $l$F$$$J$$$H ;W$o $l $k . 39 %l%t %e !<$H $7 $F Nc$( $P [50] $, $" $k . 40 12$N5-=R $KI,MW $J , %2 !<%872$N4pK\I=8= $K B0$9$k Higgs >l � $K BP $7$F$O � ! S � $H JQ49$9$k . ( � $K$O%b%8%e%i %$ $N9‘ $O 2C $($F $O$J$i$J$$ .) 41 $3$NM}O@ $K$O;~4V :B I8 x 0 $, $J$/ , Hs2D49 @- $O 4 <!85J} 8~ A4 $F $KF3F~ $7$F$$$k . $3$3 $G $OH?BP>N 9T Ns $G$"$k Hs 2D 49 %Q %i %a !< %? $rI8=‘7A $K$H$j , � 12 ; � 34 $r %N %s%<%m , B> $N@.J, $rA4 $F %<%m$H $7 $F$$$k . $3$N>l9g , Hs2D49:B I8 $, :nMQ $9$k F ock 6u4V $O H 1 H 2 $N$h $& $K C1D4OB ?6F0 ;R$N F ock 6u4V$N%F%s %=%k @Q$H$J $k . $7 $?$, $C$F >l$O ^ A ( ^ x � ) = P 1 m 1 ;m 2 ;n 1 ;n 2 =0 j m 1 ih n 1 j j m 2 ih n 2 j = P 1 m 1 ;m 2 ;n 1 ;n 2 =0 j m 1 ; m 2 ih n 1 ; n 2 j $N$h $& $KI=$5 $l $k . 12

JQ $o$i$: FC0[ $J$^$^$G$"$k . ( Hs2D496u4V>e$N ADHM J}Dx<0 (3.6) ;2>H .) $=$l$K $b4X$o$i$: , JQ49 8e$N2r $O >o $K HsFC0[ $G$"$j NC %2 !< %8 M}O@$NFC?’ $, 8= $l$F $$$k . 6qBNE*4{ CN2r $H $7 $F$O , Hs2D49%Q %i %a !<%? $N<+8JAPBP @- $,%2 !< %8 >l $N<+8JAPBP@- $H$A$g$& $I 5U$N>l 9g$N2r ( Nc $( $P [63], [11]) $G$O$J $/ , Hs2D49%Q%i %a !<%?$N<+8J APBP@- $,%2 !<%8 >l$N <+8JAP BP@-$H 0l CW$9 $k>l 9g$N 2r ( Nc$( $P [14]) $" $k$$$O ??6u 2r$r ;}$C$F $/$k I,MW$, $" $k . JQ 498e$N 2r$O , JQ49 A0$N Hs2D49 BPS %$ %s %9%? %s %H%s $H%U %i %/%= %s$K BP 1~$9$k Hs2D496u 4VFCM-$N %$ %s %9%? %s%H%s (lo calized instan ton) $N (BPS) J#9g7O$H$J$k . � 12$N>l9g!’ 12$H$O , (2 + 1) <! 85 ;~ 6u >e $N Y ang-Mills-Higgs M} O@$N BPS %= %j %H %s $N $3 $H $G $" $k . ( $3$3 $G $O Ab elian-Higgs LO7? $r 07 $& .) BPS J}Dx<0 $O 0J2<$NDL$j!’ (Self-Dual) : 2[ D z ; D y z ] + 1 � = v 2 � � y ; [ ^ @ � z ; � ] � A y z � = 0 ; (5.2) (An ti-Self-Dual) : 2[ D z ; D y z ] + 1 � = � v 2 + � y ; [ ^ @ z ; � ] + A z � = 0 : (5.3) $3$3$G , � $O%2 !<%8 72$N 4pK\I=8= $K B0$9$k Higgs >l , v ( > 0) $O Higgs >l$N??6u 4|BTCM $G$" $k . $^$? � > 0 $G $" $k . 12$NBg$-$5 $O BgBN 1 =v $G $" $k . $3 $N J}Dx<0$NDj?t9‘$N ItJ, 1 =� � v 2 $, >C $( $k>l9g$N$_ , $9$J$o$A Self-Dual J}Dx<0$K$*$$$F , Hs2D 49%Q%i %a !<%?$N %9%1!<%k$H 12$N Bg$- $5$N %9%1!<%k$, 0lCW $9 $k$H$-$K 8B$j , JQ 49 (4.1) $O Self-Dual BPS J}Dx<0 (5.2) $r ITJQ $K J]$D $3$H $, J, $+$k . (Anti-Self-Dual BPS J}Dx<0 (5.3) $NJ} $ODj?t9‘ $, >C $($J $$$?$a ITE, .) 6qBNE*4{CN2r$H $7 $F$O , :#$N $H$3 $m??6u2r$r;}$C$F $/$k $7 $+$J $$ 42 . JQ498e$N2r $O , $" $k8D ?t$NHs 2D496u4VFC M- $N12 (lo calized vortex) $N BPS 2r $H$J$k . $3 $l$O %b %8%e%i %$ !& %Q%i %a !<%? $, F~$C $F$$ $k J, $@$1 , [2] $N 2r$N0lHL2= $K$J $C $F$$ $k . $$ $: $l$N>l9g $b , ;dC# $NJQ 49 $K$h $C $F , JQ49A0 $NHs 2D49 BPS %=%j %H%s$H NC %2 !< %8 M}O@ FC M- $N %=%j %H%s $N (BPS) J#9g7O $, F@ $i $l $k . $=$N$?$a$N>r7o $H $7 $F Hs2D49%Q%i %a !<%? $H %2 !< %8 >l$N<+8JAPBP@- $, L)@\ $K 4X $o$C$F$/$k . $^$?%b %N %] !< %k$N$H$-$H F1 $8 $/ , JQ49$K$h$C$F , BPS J}Dx<0 , 1?F0J}Dx<0 $O ITJQ $K J]$? $l $k $, , %(%M%k %. !< , :nMQ $O JQ $o $C $F $7 $^ $& . $3$l$O$d$O $j , 6JN($N<0 $KDj?t9‘ $, 4^$^ $l$F$$ $k$3$H $K$h $k . Relation to In tegrable Systems Hs2D 49 1-Dirac %b %N %] !< %k$N 2r (3.14) $O 2D@QJ,7O $N;kE@ $+ $i$b 6=L#?<$$7A $r $7 $F $$$k , $9$J $o$A Y ang 7A<0 ( Nc $( $P [55] $J $I ;2>H ) $G =q$/$3$H $,$G$- $k [18] !’ � = � � 1 @ 3 � ; A z = � � 1 [ ^ @ z ; � ] ; (5.4) $?$@ $7 � := 1 X n =0 � n ( x 3 ) j n ih n j : (5.5) $3$N$3$H$O Hs2D496u4V>e$G$b 2D@QJ,7O$N5DO@$r$9$k$N $, 8+DL $7 NI$$$3$H$r <(:6 $7 $F $$$k . <B :]Nc $( $P Hs 2D49 Bogomol’n yi J}Dx<0 (2.15) $O 1 <!85H>L58B8MED3J;R ( Nc$( $P [71] ;2>H ) $N <0 $K =q$-49 $($i $l $k [18] !’ d 2 q n dt 2 + e q n � 1 � q n � e q n � q n +1 = 0 ; ( n = 0 ; 1 ; 2 ; : : : ) (5.6) 42 [44] $N 2r$r;}$C$F$/$k$3$H$O=PMh$J$$ . ( $3 $l$O Anti-Self-Dual J}Dx<0$N2r .) 13

$?$@ $7 q n ( t ) := 8 > > < > > : log 2 4 e t 2 2 n ! � 2 n � t 2 � 3 5 ; t := 2 x 3 n � 0 �1 n = � 1 : (5.7) Y ang 9TNs � $N Cf$N � n $O (3.15) $G Dj5A$5 $l $F$$ $k$b$N $G$" $k . N%;6E*9=B$ $, 8= $l$?$N$, 6=L#?<$$ . Hs2D49 6u 4V>e$N 2D@Q J, 7O$N 8& 5f$O 2D49 6u 4V>e$N 2D @QJ, 7O$N !V � JQ 7A !W $N 8& 5f$G$" $k$H $b 8@$( $k . NC %2 !< %8 M}O@ $N2D@QJ, 7O $N8&5f $OB> $K , [46], [70] $J $I $$ $/ $D $+$"$k $, , $^ $@ ;O$^ $C $? $P $+ $j $G$"$j:#8e $N8& 5f $, BT$? $l $k . J88% [55] $N !V � JQ7A !W $N8&5f$rBN7OE*$K;E>e $2 $k$H$$ $& $N$b0l$D$NJ}8~$G$"$m $& . Ac kno wledgemen ts $3$N 5-;v$NA}JdHG $O , 2001 G/ 7 7n 31 F| $K 40@. $7 $^ $7 $? . A}Jd $K$"$? $j , 2<5-$N8&5f2q$d%; %_ %J!<$K $* $1$k;d$NH/I= $K$D$$ $F$N<A5?1~ Ez $d5DO@ $,$H$F$b;29M $K$J$j$^ $7 $? . @$OC?M $NJ}!9 , D09V<T $NJ}!9 $J $I 4X 78<TA40w $K , $3$N >l$r$* <Z$j $7 $F 46<U $r ?= $7 >e $2 $?$$$H ;W$$$^$9 . $^$? , [26] $N 6&F18&5f<T $G$b$" $k;{Eh Lw<#$5 $s$+$i$O Hs2D494v 2?3X$N%" %$ %G %"$d 8=>u $K $D$$$F Hs>o$K B?$/$N$3$H$r 3X$V$3$H$,$G $- , M} 2r $, ?< $^$j$^ $7 $? . $=$N 0lIt$O$3$N 5-;v $K H? 1G$5 $l$F $$ $k$3$H$H ;W$$$^$9 . $3 $N 5- ;v $, , ?t3X!&J*M} 3X$NH/ E8 , $"$k$$ $O ?tM}2J3X$N3XLd8rN. $K 2? $i$+$N 7A $G >/ $7 $G $b Lr $K N)$F $P $H$F$b 9,$$ $G $9 . � 2000 G/ 12 7n 11 F| , 5th Win ter Sc ho ol of APCTP/KIAS and 9th Haengdang W orkshop on Strings and Field Theory , !w Hany ang Universit y , Korea 43 � 2000 G/ 12 7n 20 F| , 5~Bg4p8&8&5f2q !V >l$NNL;RO@$N4pACE*=tLdBj$H1~MQ !W !’ [22] � 2001 G/ 1 7n 9 F| , Sapp oro Winter School in Nisek o ’01 !w%K%;%3 7F$$$NB< (P oster Session) � 2001 G/ 1 7n 31 F| , F|K\Bg3XAGN3;R%3%m%-%&%‘ � 2001 G/ 2 7n 4 F| , 8&5f2q !V 2D@QJ,7O8&5f$N8=>u$HE8K> !W !w5~Bg2q4[!’ [ $3$N5-;v ] � 2001 G/ 2 7n 21 F| , 5~Bg4p8&8&5f2q !V %9 %H %j %s%0 M}O@$H>l$NM}O@ $K $* $1 $kHs2D494v2? !W !’ [23] � 2001 G/ 3 7n 2 F| , Bh 59 2s El5~Bg3X9)3XItNO3X65<< %$ %s%U %)!<%^ %k%; %_%J!< � 2001 G/ 3 7n 28 F| , F|K\J*M}3X2q Bh 56 2sG/<!Bg2q !wCf1{Bg3XB?K‘%-%c %s%Q %9 � 2001 G/ 5 7n 30 F| , 4pAC G !&AGN3;R6&F1%;%_%J!< !w El5~ETN)Bg3X � 2001 G/ 6 7n 6 F| , Komaba Particle Theory W eekly Seminar !w El5~Bg3X6p>l %-%c %s %Q %9 � 2001 G/ 7 7n 17 F| , 5~Bg4p8&8&5f2q !V >l$NNL;RO@ 2001 !W !’ [24] 44 $3$N 5-;v$N:n@. $O F|K\0i1Q2q$*$h $S F|K\>Z7t>)3X:bCD$N7P:Q1g=u$N$b $H 9T $o $l $^ $7 $? . 43 H/I=$N transparency $H 2;@<%U%! %$ %k $, [http://www.ap ctp.org/ ~ string/] $K CV $+$l$F$$$^ $7 $? . 44 H/I=$N transparency $H 2;@<%U%! %$ %k $, [http://www2.yuka w a.ky oto-u.ac.jp/ ~ qft/] $K CV$+ $l$F $$$^$9 . 14

A Kno wn NC BPS Solitons 4{CN $NHs2D49 BPS %= %j %H%s$r 0J2<$NI= $K$^$H$a$? . Nc (ii) %*%Z %l !<%?!< 7A<0$N5-=R (i) %9%?!<@Q $rMQ$$$k5-=R (iii) GX7J0lMM B >lCf$N DBI :nMQ $K$h$k 5-=R � U (1) ; U (2) ASD 2r ( � !’ SD) � U (1) k = 1 ASD 2r ( k = 1 ; 2 ; � � � ) !’ ( B !’ SD) !’;{Eh S [72] Nekraso v-Sc h w arz [63] � , � U (1) k = 1 ASD 2r %$ 8EFb [11] � ; � � � ( B !’G$0U ) !’?9;3 [58] %s ( k !’ G$0U ) !’ %9 Lec h tenfeld-P opov [52], [52] � %? � U (1) k = 1 ASD 2r %s ( � !’ G$0U ) !’ Nekrasov [62] %H � U (2) k = 1 SD 2r %s ( � !’ SD) !’8EFb [14] � � � SD Lo calized Instanton 2r ( � !’ SD, k !’G$0U ) !’ � h 4XO"O@J8 i !’ Aganagic et al. [1], 8EFb [14] � Mari ~ no et al. [54], � � � � U (1) k = 1 !’ � U (1) k = 1 � U (1) k = 1 %b Gross-Nekraso v [18] � ( � 1 <! ) !’66K\ K !&J?;3 [35] (Higgs >l ) !’?9;3 [57] %N � U (2) k = 1 !’ � U (2) k = 1 (Gauge >l ) !’ %] Gross-Nekraso v [20] � ( � 1 <! ) !’ Bak [2] � , 66K\ K !&J?;3!&?9;3 [36] j � � Fluxon 2r ( k !’ G$0U ) !’ 66K\ K !&H*!&?9;3 [34] %k Gross-Nekraso v [19], ( � 2 <! ) !’8eF#!&H* [16] � h 4XO"O@J8 i !’ P olyc hronak os [66], 66K\ A !&66K\ K [33], IMCf [25] � 66K\ K [31] � � � � U(1) ASD 2r ( � ! 1 ) !’ Jatk ar-Mandal-W adia [44] � � U(1) SD Lo calized V ortex 2r 12 ( � = 1 =v 2 ; k !’ G$0U ) !’ Bak [3] � h 4XO"O@J8 i !’ ? ? ? Lozano-Moreno-Sc hap osnik [53], Bak-Lee-P ark [4], � � � 0zMQO@ J8 45 $N 8*$K @1 0u $, $D $$$F $$ $k$b $N$O , ADHM/Nahm 9= @.K!$r MQ$$ $? $b$N$G $" $k . $^$? , SD, ASD $O $=$l $> $l Self-Dual, Anti-Self-Dual $N N, $G $" $k . \ � � " $N 2r $O \Solution Generating T ec hnique" $G @8@.$5 $l $kHs2D496u4VFCM-$N BPS %= %j %H%s$G $" $k 46 . (i) $N 2r $O 2D496u4V>e$N2r ( � = 0 $N >l9g$N2r ) $N <~$j$G � E83+ $7 $F 5a $a$i $l$F $$$k . %$ %s %9%? %s %H%s$K 4X $7 $F$O , (i) $N 2r $O$9 $0 $K 5a$a $i $l $k$H;W$o $l $k $, , (i) $H (iii) $H $NBP1~ $O%b %N %]!< %k$[ $I 5DO@$5 $l $F$$$J$$ . %b %N %]!<%k$K 4X $7 $F$O , (i), (iii) $N O@ J8 $O (i) $H (iii) $H$N BP1~$K$D$$$F$b >\ $7 $/5DO@ $7 $F $$ $k$N$G , (i), (iii) $N 5-=R$N 4V$N6-3&@~$O L@3N $G$O$J $$ . 12 $K 4X $7 $F$O , (i) $N 2r $O , 2D496u4V 45 7I>N$O>JN,$5$;$F$$$? $@$- $^ $7 $? . 46 \Small V ortex" 2r $r=|$$ $? \ � � " $N2r $H U (2) k = 1 SD %$ %s %9%? %s %H%s2r$N0lIt $K$D$$ $F $O , 87L) $J Seib erg-Witten %^ %C %W [64] $r MQ$$$F (iii) $N 5-=R$N2r $, 5a$a $i$l$F$$ $k [37]. 15

>e $N12 $N2r $, CN $i $l$F$$$J$$$? $a , 2D496u4V >e $N2r$N<~ $j $G � E83+ $7 $F 5a$a$k $3 $H$O $G$-$J$$ . (iii) $N 2r $O , 12 $N D %V%l !< %s$G$N 5-=R $, CN $i $l$F $$$J$$$? $a , A4$/5DO@ $5 $l$F $$$J$$ . (Non-BPS $N >l9g $O$3$N8B $j $G$J$$ .) ;29MJ88% [1] M. Aganagic, R. Gopakumar, S. Minw alla and A. Strominger, \Unstable solitons in noncomm u- tative gauge theory ," JHEP 0104 (2001) 001, [hep-th/0009142] . 47 [2] D. Bak, \Deformed Nahm equation and a noncommutativ e BPS monop ole," Phys. Lett. B 471 (1999) 149, [hep-th/9910135] . [3] D. Bak, \Exact solutions of multi-v ortices and false v acuum bubbles in noncommutativ e Ab elian- Higgs theories," Ph ys. Lett. B 495 (2000) 251, [hep-th/0008204] . [4] D. Bak, S. U., K. Lee and J. Park, \Noncommutativ e vortex solitons," Ph ys. Rev. D 63 (2001) 125010, [hep-th/0011099] . [5] J. Bellissard, A. v an Elst and H. Sch ulz-Baldes, \The non-commutativ e geometry and the quan- tum Hall e�ect," [cond-mat/9411052] . [6] O. Bergman, J. H. Bro die and Y. Ok a w a, \The Stringy Quan tum Hall Fluid," JHEP 0111 (2001) 019, [hep-th/0107178] . [7] C. S. Chu, V. V. Khoze and G. T ra v aglini, \Notes on noncomm utativ e instantons," Nucl. Phys. B 621 (2002) 101, [hep-th/0108007] . [8] D. H. Correa, G. S. Lozano, E. F. Moreno and F. A. Schaposnik, \Commen ts on the U(2) noncommutativ e instanton," Phys. Lett. B 515 (2001) 206, [hep-th/0105085] . [9] G. H. Derrick, \Comments on nonlinear wa v e equations as mo dels for elementary particles," J. Math. Ph ys. 5 (1964) 1252. [10] M. R. Douglas and N. A. Nekrasov, \Noncomm utativ e �eld theory ," Rev. Mo d. Phys. 73 (2002) 977, [hep-th/0106048] . [11] K. F uruuc hi, \Instantons on noncommutativ e R 4 and pro jection op erators," Prog. Theor. Phys. 103 (2000) 1043, [hep-th/9912047] . [12] K. F uruuc hi, \Equiv alence of pro jections as gauge equiv alence on noncomm utativ e space," Com- mun. Math. Phys. 217 (2001) 579, [hep-th/0005199] . [13] K. F uruuc hi, \T opological c harge of U(1) instan tons on noncommutativ e R 4 ," [hep-th/0010006] . [14] K. F uruuc hi, \Dp-D(p+4) in noncommutativ e Y ang-Mills," JHEP 0103 (2001) 033, [hep- th/0010119] . 47 hep-th/ !A$H$"$k$N$OO@J8$N %W%l%W %j %s %H HV9f$G$"$j , [http://xxx.lanl.gov/archive/hep-th] $+$i 8!:w , F~<j $G$-$k . 16

[15] R. Gopakumar, S. Minw alla and A. Strominger, \Noncomm utativ e solitons," JHEP 0005 (2000) 020, [hep-th/0003160] . [16] S. Goto and H. Hata, \Noncommutativ e monop ole at the second order in theta," Ph ys. Rev. D 62 (2000) 085022, [hep-th/0005101] . [17] P . Go ddard and D. I. Olive, \Magnetic monop oles in gauge �eld theories," Rept. Prog. Phys. 41 (1978) 1357. [18] D. J. Gross and N. A. Nekraso v, \Monop oles and strings in noncommutativ e gauge theory ," JHEP 0007 (2000) 034, [hep-th/0005204] . [19] D. J. Gross and N. A. Nekrasov, \Dynamics of strings in noncommutativ e gauge theory ," JHEP 0010 (2000) 021, [hep-th/0007204] . [20] D. J. Gross and N. A. Nekrasov, \Solitons in noncommutativ e gauge theory ," JHEP 0103 (2001) 044, [hep-th/0010090] . [21] IMCf ??;V , !X ADHM/Nahm 9=@.K!$H$=$NAPBP@- !Y , AGN3;RO@8&5f ( 7G:\M=Dj ). [22] IMCf ??;V , !X Hs2D49%=%j %H%s $N 87L)2r$N9=@.K! !Y 48 , AGN3;RO@8&5f 103-5 (2001-8) E16-E18, "( 2000 G/ 12 7n$N4p8&8&5f2q !V >l$NNL;RO@$N4pACE*=tLdBj$H1~MQ !W $N %W %m%7!< %G %# %s %0 . [23] IM Cf ??;V , \Exact BPS Solitons in Noncommutativ e Gauge Theories," AGN3 ;R O@ 8& 5f 104-3 (2001- 12) C87-C102 $*$h $S J8It >JFCDj NN0h8& 5f (B)707 !V D6 BP>N@- M}O@ !W $N 2q5DO?%7 %j!<%: No.8 (2001) 85-100, "( 2001 G/ 2 7n$N4p8&8& 5f2q !V %9 %H %j %s %0 M}O@ $H>l$NM}O@ $K $* $1$kHs2D494v2? !W $N %W %m%7!< %G %# %s %0 . 49 [24] IM Cf ?? ;V , \Recent Developmen ts in Non-Commutativ e Gauge Theory ," AG N3 ;R O@ 8& 5f 104-5 (2002-2) E27-E44, "( 2001 G/ 7 7n$N4p8&8&5f2q !V >l$NNL;RO@ 2001 !W $N %W %m%7!< %G %# %s %0 . [25] M. Hamanak a, \ADHM/Nahm construction of lo calized solitons in noncomm utativ e gauge theo- ries," Ph ys. Rev. D 65 (2002) 085022, [hep-th/0109070] . [26] M. Hamanak a and S. T erashima, \On exact noncommutativ e BPS solitons," JHEP 0103 (2001) 034, [hep-th/0010221] . [27] J. A. Harvey , \Magnetic monop oles, dualit y , and sup ersymmetry ," [hep-th/9603086] . [28] J. A. Harvey , \Komaba lectures on noncomm utativ e solitons and D-branes," [hep-th/0102076] . [29] J. A. Harvey , P . Kraus and F. Larsen, \Exact noncomm utativ e solitons," JHEP 0012 (2000) 024, [hep-th/0010060] . [30] K. Hashimoto, \Fluxons and exact BPS solitons in non-commutativ e gauge theory ," JHEP 0012 (2000) 023, [hep-th/0010251] . 48 [22] $O $3 $N 5- ;v $N %@ %$ %8 %’ %9 %HHG $KAj Ev $9 $k . $J$* ;d $,=q $$ $? 5- ;v $K $D $$ $F $O , ;d $N %[ !< %‘ %Z !< %8 [http://www2.yuka w a.ky oto- u.ac.jp/ ~ hamanak a] $K $bCV$+ $l$F $*$j$^$9 . 49 [http://www-hep.phys.s.u-tokyo.ac.jp/japanese/tokutei99.html] $K 7G:\Cf . $J $* , $3 $N8&5f2q $O$3 $l $^$G$NH/E8 $NAm$^ $H$a $H $7 $F$N ?’:L $, 6/$/ , 3F !9 $N5-;v $, Hs>o $K =<<B $7 $F$*$j $^$9 . 17

[31] K. Hashimoto, \Non-linear / Non-commutativ e non-Ab elian monop oles," Phys. Rev. D 65 (2002) 065014, [hep-th/0107226] . [32] K. Hashimoto, \A review of non-commutativ e solitons," ( [http://hep1.c.u-tokyo.ac.jp/ ~ k oji/ sched- ule.html] $N !V $=$N B>$NCx:n !W $+$i F~<j2DG= . 50 ) [33] A. Hashimoto and K. Hashimoto, \Monop oles and dy ons in non-commutativ e geometry ," JHEP 9911 (1999) 005, [hep-th/9909202] . [34] K. Hashimoto, H. Hata and S. Moriyama, \Brane con�guration from monop ole solution in non- commutativ e sup er Y ang-Mills theory ," JHEP 9912 (1999) 021, [hep-th/9910196] . [35] K. Hashimoto and T. Hiray ama, \Branes and BPS con�gurations of noncomm utativ e / comm u- tative gauge theories," Nucl. Ph ys. B 587 (2000) 207, [hep-th/0002090] . [36] K. Hashimoto, T. Hiray ama and S. Moriyama, \Symmetry origin of nonlinear monop ole," JHEP 0011 (2000) 014, [hep-th/0010026] . [37] K. Hashimoto and H. Ooguri, \Seib erg-Witten transforms of noncommutativ e solitons," Ph ys. Rev. D 64 (2001) 106005, [hep-th/0105311] . [38] NS 9@0l , !X %b %N %] !< %k !Y , J*M}3X:GA0@~ 6 ( 6&N)=PHG!( 1984) 77-125, [ISBN/4-320-03188-1] . [39] S. Hellerman and M. V. Raamsdonk, \Quantum Hall physics equals noncommutativ e �eld theory ," JHEP 0110 (2001) 039, [hep-th/0103179] . [40] S. Hellerman and L. Susskind, \Realizing the Quantum Hall System in String Theory ," [hep- th/0107200] . [41] P . M. Ho, \Twisted bundle on noncommutativ e space and U(1) instanton," hep-th/0003012 . [42] N. Imai, K. Ishik a w a, T. Matsuyama and I. T anak a, \Field theory in a strong magnetic �eld and the quan tum Hall e�ect: integer Hall e�ect," Phys. Rev. B 42 (1990) 10610. [43] T. Ishik a w a, S. I. Kuroki and A. Sak o, \Elongated U(1) instantons on noncommutativ e R 4 ," JHEP 0112 (2001) 000, [hep-th/0109111] . [44] D. P . Jatk ar, G. Mandal and S. R. W adia, \Nielsen-Olesen vortices in noncommutativ e Ab elian Higgs mo del," JHEP 0009 (2000) 018, [hep-th/0007078] . [45] H. Ka jiura, Y. Matsuo and T. T ak a y anagi, \Exact tac h y on condensation on noncomm utativ e torus," JHEP 06 (2001) 041, [hep-th/0104143] . [46] A. Kapustin, A. Kuznetsov and D. Orlov, \Noncommutativ e instantons and twistor transform," Commun. Math. Phys. 221 (2001) 385, [hep-th/0002193] . [47] 2CF# 8wM5 , \Noncomm utativ e Geometry and String Theory ," AGN3;R O@8&5f 102-3 (2000-12) C6- C18, "( 2000 G/ 7 7n$N4p8&8&5f2q !V >l$NNL;RO@ 2000 !W $N %W %m%7!< %G %# %s %0 50 $3$N%Z !< %8$K$O B>$K$bM-MQ$J %l%t %e !<$d9V1i5-O?$J $I $, $" $k . 18

[48] K. Y. Kim, B. H. Lee and H. S. Y ang, \Comments on instantons on noncommutativ e R 4 ," hep-th/0003093 . [49] K. Y. Kim, B. H. Lee and H. S. Y ang, \Noncomm utativ e instantons on R 2 N C � R 2 C ," Phys. Lett. B 523 (2001) 357, [hep-th/0109121] . [50] A. Konechn y and A. Sc h w arz, \In tro duction to M(atrix) theory and noncomm utativ e geometry ," [hep-th/0012145] . [51] A. Konechn y and A. Sch w arz, \Introduction to M(atrix) theory and noncommutativ e geometry , part I I," [hep-th/0107251] . [52] O. Lech tenfeld and A. D. Popov, \Noncomm utativ e ’t Ho oft instantons," JHEP 0203 (2002) 040, [hep-th/0109209] . [53] G. S. Lozano, E. F. Moreno and F. A. Sc hap osnik, \Nielsen-Olesen vortices in noncommutativ e space," Ph ys. Lett. B 504 (2001) 117, [hep-th/0011205] . [54] M. Marino, R. Minasian, G. Mo ore and A. Strominger, \Nonlinear instantons from sup ersym- metric p-branes," JHEP 0001 (2000) 005, [hep-th/9911206] . [55] L. J. Mason and N. M. W oo dhouse, Inte gr ability, self-duality, and twister the ory (Oxford !( 1996) [ISBN/0-19-853498-1] . [56] >>Hx BY , \Geometrical asp ects of noncomm utativ e soliton," AGN3;R O@8& 5f $* $h $S J8It>J FCDj NN0h 8& 5f (B)707 !V D6BP>N@-M}O@ !W $N2q5DO? %7 %j!< %: No.8 ( 7G:\M=Dj ), "( 2001 G/ 2 7n$N4p8&8&5f2q !V %9 %H %j %s %0 M}O@$H>l$NM}O@$K$* $1 $kHs2D494v2? !W $N %W %m%7!< %G %# %s %0 51 [57] S. Moriy ama, \Noncomm utativ e monop ole from nonlinear monop ole," Phys. Lett. B 485 (2000) 278, [hep-th/0003231] . [58] S. Moriyama, \Noncomm utativ e / nonlinear BPS equations without zero slop e limit," JHEP 0008 (2000) 014, [hep-th/0006056] . [59] H. Nak a jima, \Resolutions of mo duli spaces of ideal instantons on R 4 ," T op olo gy, Ge ometry and Field The ory (W orld Scienti�c !( 1994) 129 [ISBN/981-02-1817-6] . [60] H. Nak a jima, L e ctur es on Hilb ert Schemes of Points on Surfac es (AMS !( 1999) [ISBN/0-8218- 1956-9] . [61] CfEg N6Li !&@DLZ =(IW , !X B?BNEE;RO@ I I I J,?tNL;R%[!< %k 8z2L !Y , ( El5~Bg3X=PHG2q !( 1999) [ISBN/4- 13-060604-2] . [62] N. A. Nekrasov, \T rieste lectures on solitons in noncommutativ e gauge theories," [hep- th/0011095] . [63] N. Nekrasov and A. Sch w arz, \Instantons on noncommutativ e R 4 , and (2,0) sup erconformal six dimensional theory ," Commun. Math. Phys. 198 (1998) 689, [hep-th/9802068] . 51 [http://www-hep.phys.s.u-tokyo.ac.jp/japanese/tokutei99.html] $K $b 7G:\M=Dj . 19

[64] Y. Ok a w a and H. Ooguri, \An exact solution to Seib erg-Witten equation of noncomm utativ e gauge theory ," Phys. Rev. D 64 (2001) 046009, [hep-th/0104036] . [65] L. D. Paniak, \Exact Noncommutativ e KP and KdV Multi-solitons," hep-th/0105185 . [66] A. P . Polyc hronak os, \Flux tub e solutions in noncomm utativ e gauge theories," Phys. Lett. B 495 (2000) 407, [hep-th/0007043] . [67] A. P . Polyc hronak os, \Quantum Hall states as matrix Chern-Simons theory ," JHEP 0104 (2001) 011, [hep-th/0103013] . [68] N. Seib erg and E. Witten, \String theory and noncommutativ e geometry ," JHEP 9909 (1999) 032, [hep-th/9908142] . [69] L. Susskind, \The quantum Hall uid and non-comm utativ e Chern Simons theory ," [hep- th/0101029] . [70] K. T ak asaki, \Anti-self-dual Y ang-Mills equations on noncommutativ e spacetime," J. Geom. Phys. 37 (2001) 291, [hep-th/0005194] . [71] 9b:j 6b5W , !X 2D@QJ,7O$N@$3& 8MED3J;R$H$=$NCg4V !Y , ( 6&N)=PHG!( 2001) [ISBN/4-320-01669-6] . [72] S. T erashima, \U(1) instanton in Born-Infeld action and noncomm utativ e gauge theory ," Phys. Lett. B 477 (2000) 292, [hep-th/9911245] . [73] ;{Eh Lw<# , \Noncommutativ e op en string (NCOS) and OM theory ," AGN3;R O@ 8&5f $* $h $S J8It>JFC DjNN0h8&5f (B)707 !V D6BP>N@-M}O@ !W $N2q5DO? %7 %j!< %: No.8 ( 7G:\M=Dj ), "( 2001 G/ 2 7n$N4p8&8&5f 2q !V %9 %H %j %s %0 M}O@$H>l$NM}O@$K$* $1 $kHs2D494v2? !W $N %W %m%7!< %G %# %s %0 52 [74] LJB< E/ , !X Hs2D494v2?3X$H>l$NM}O@ !Y , F|K\J*M}3X2q;o 55-10 (2000) 756 52 [http://www-hep.phys.s.u-tokyo.ac.jp/japanese/tokutei99.html] $K $b 7G:\M=Dj . 20