Exact BPS Solitons in Noncomm utativ e Gauge Theories El5~Bg3XBg3X1! M}3X7O8&5f2J J*M}3X@l96 AGN3;RO@8&5f<< !! IMCf ??;V E-mail: hamanaka@hep-th.phys.s.u-tokyo.ac.jp Hs2D496u4V>e$N >l$NM}O@$K$*$$$F$b BPS J}Dx<0$r Dj5A$9$k$3$H $,$G $- , $=$N 2r$rHs 2D49 BPS %= %j %H%s $H $$ $& . ;d C# $O , $= $N BPS J}Dx<0$r ITJQ$K J]$D , Hs 2D496u 4VFCM-$N JQ49$r8+ =P $7 , 4{ CN$N%=%j %H%s 2r$+$i ?7 $7 $$%= %j %H%s 2r$r9=@. $7 $? 1 . 07$C$?%=%j %H%s$O , %$ %s %9%? %s %H%s , %b %N %] !<%k , 12$G$"$k . $3 $N 5-;v $G$O , <g$K%b %N %]!< %k$r Bj:‘ $K , %*%Z %l !<%?!< 7A<0$N5-=R $G$N87L) 2r$N9=@.K!$d@-<A $K$D$$$F , %l %t %e !<$b4^$a$F>R2p$9$k . 1 In tro duction Hs2D496u4V $O :BI84X?tF1;N$N@Q$NHs2D49@- $G FCD’IU $1$i $l $k!’ [ x i ; x j ] = i� ij (1) $3$3 $G , � ij $O H?BP>N$J<BDj?t $G$"$j , Hs2D49%Q%i %a !< %?$H8F $P $l $k . Hs2D496u4V >e$N (=Non-Commutativ e, 0J8e NC $H =q$/ ) %2 !<%8 M}O@ $K$O <!$N 3 $D$N Ey2A$J5-=R (i), (ii), (iii) $, $" $j , W eyl JQ49$*$h $S Seib erg-Witten %^%C %W $K $h $C$F 1 BP 1 $K BP1~ $E$1$i $l $k!’ (i) %*%Z %l !<%?!< 7A<0$N5-=R " W eyl JQ49 # (ii) %9%?!<@Q $r MQ$$$k5-=R � � ij ! 0 � ! IaDL$N2D496u4V>e$NM}O@ � " Seib erg-Witten %^%C %W # (iii) GX7J0lMM B >lCf$N DBI :nMQ $K$h $k5-=R (i) $N%*%Z %l !<%? !<7A<0$N 5-=R $O 6u4V:BI8$N Hs2D49@-$r A0LL $K =P $7 $? Dj<0 2= $G$" $j , >l $O%*%Z %l !< %?!< ( L58B%5 %$ %:$N9T Ns ) $G I=$5 $l $k . $3$N 5-=R $, !V Hs2D496u4V >e$N !W %2 !< %8 M}O@$H 8F$V$N $K :G$b $U$5 $o $7 $/ , 9TNsLO 7? $K$h$k2r<a $, D>@\2DG= $G$"$k . (ii) $N %9 %?!<@Q $rMQ$$$k5- =R $O , >lF1;N $N@Q $r %9%?!<@Q $H8F $P$l $k@Q $KCV$-49 $($k$3 $H $G 6u4V:B I8 $NHs2D49 @- $rI=8=$9$kDj <02= $G$"$j , >l $OIaDL $N4X?t $G$"$k . Hs2D49%Q %i %a !<%? � ij ! 0 $N 6K8B $G 2D496u4V>e $NM}O@ $K La$k . (iii) $O GX7J0lMM B >l ( <’>l ) Cf$N D %V%l !< %s $NM-8zM}O@ $G$"$j , :BI84X?tF1;N $N@Q $NHs2D49@- $O$J$$ . (ii) $H (iii) $H$N Ey 2A@- $O [37] $G <($5 $l $? . $3$N 5-;v $G$O (iii) $K $D$$$F $O ?( $l$J$$ 2 . $= $l $>$l $N5-=R $K$* $1 $k4{CN $NHs2D49 BPS %= %j %H%s$r IUO? A $K $^$H$a$? . BeI=E* $J%=%j %H%s 2r $O 20 @$5*Cf $K 0lDL $j=PB7 $C $? $H8@ $($k $, , 87L)2r $r5a$a$k $K$O (i) $N%*%Z %l !<%?!<7A <0 $N5-=R $, Hs >o $K 6/NO $G$"$j 3 , 6qBNE*<jK!$H $7 $F$O , 1 $3$N 5-;v$OF1 $8 8&5f<<$N;{EhLw<#$5 $s$H$N 6&F18&5f [16] $K 4p $E $/ . $J $*4XO"O@J8$H $7 $F [20] $, $" $k . 2 Hs2D49%b%N %]!<%k$N , (ii) $H (iii) $G$N 5-=R $K$D$$ $F $O , $3$N 8&5f2qJs 9p $N?9;3fFJ8 $5 $s$N5-;v $r8fMw$/ $@$5$$ . $J $* ?9;3$5 $s$N 9V1i$G$b$= $& $G $7 $?$, , IaDL (i) $H (ii) $O!V Hs2D49B& !W , (iii) $O !V 2D49B& !W $H I=8=$5 $l $^$9 . 3 (iii) $G$b%2 !< %8 72 $, U (1) $N >l9g$K$O87L)2r $, 5a$a$i $l$F$$ $k ( IUO? A ;2>H ). 1

� ADHM/Nahm 9=@.K! 4 � Solution Generating T ec hnique 5 $, BeI=E* $G$" $k . ;dC#$N9=@.K! $O 8e<T $K B0$9$k . $3 $N 5-;v$G$O (i) $N %*%Z %l !<%?!< 7A<0$N5-=R$G$N Hs2D49 BPS %= %j %H%s $N 87L)2r$K$D$$$F 5DO@$9 $k . $^$:%; %/ %7%g %s 2 $G , NC %2 !< %8 M}O@$r4JC1$KDj5A $7 $? $"$H , Gross $H Nekrasov $K $h $C$F9=@. $5 $l$? Hs2D49 %b%N %]!<%k2r $K$D$$ $F %l %t %e!<$9$k . ADHM/Nahm 9=@.K! $NGX7J $K$D$$$F$b>/ $7 >R 2p$9$k . <! $K%;%/ %7 %g %s 3 $G ;dC# $N8+=P $7 $? BPS %= %j %H%s @8@.JQ49 $rMQ $$ $F?7 $7 $$2r $r9=@. $7 , $= $NJ*M}E*2r<a$rM? $( $k . 2 Gross-Nekraso v Monop oles Gross $H Nekrasov $K $h$C$F9=@.$5 $l$? Hs2D49%b%N %]!<%k $O 3 <oN‘$"$k $, ( IUO? A ;2>H ), $3 $N%; %/%7%g %s$G$O 4JC1$N$?$a Hs 2D49 1-Dirac %b %N %]!<%k 2r$r >R2p$9 $k . Dirac %b %N %]!<%k$O G = U (1) Y ang-Mills-Higgs M}O@$N BPS %= %j %H%s$G $" $k . 2.1 Non-Comm utativ e Gauge Theory $^ $: 2D 496u4V>e$N M}O@$+$i =P H/ $7 $F , $=$N Hs 2D49HG$r Dj5A$9 $k$3$H$r 9M$($k . G = U (1) Y ang- Mills-Higgs M}O@$N:nMQ I YMH $O <!$NDL$j!’ I YMH = � 1 4 g 2 YM Z d 4 x T r ( F � F � + 2 D � � D � � ) : (2) � $O%2 !< %8 72 G $N?oH<I=8= $KB0$9$k Higgs >l $G$"$k ( �; � = 0 ; 1 ; 2 ; 3). 1?F0J}Dx<0 , BPS J}Dx<0 $O $= $l $>$l , 1?F0J}Dx<0 !’ [ D � ; F � � ] + [� ; [� ; D � ]] = 0 ; [ D � ; [ D � ; �]] = 0 ; (3) BPS J}Dx<0 !’ B i = � [ D i ; �] ; (4) $H$J$k . $?$@ $7 B i := � ( i= 2) � ij k F j k ( i; j; k = 1 ; 2 ; 3) $O <’>l$G$"$k . J#9f $O >eCJ $, <+8J APBP , 2<CJ $, H?<+8JAPBP $N>l9g$rI=$9 ( 0J8eF1MM ). BPS J}Dx<0 $O%(%M%k %. !< E $N 2<8B $r K~$?$9$b $N$H $7 $F <! $N$h $& $K F3 $+$l$?!’ E = 1 2 g 2 YM Z d 3 x T r � 1 2 F ij F ij + D i � D i � � = 1 2 g 2 YM Z d 3 x T r[( B i � D i � | {z } =0 , BPS ) 2 � @ i ( � ij k F j k �)] : (5) <! $K$3$N M}O@$NHs2D49HG $r 9M $($h $& . Hs2D49:BI8 $O x 1 ; x 2 $G$" $k$b$N$H$9$k . $9$J$o$A [ x 1 ; x 2 ] = i� ; ( � > 0) ; $= $l 0J30$N:BI8F1;N!’ [ x � ; x � ] = 0 : (6) 4 Am9gJs9p$H $7 $F Nc$( $P [6], [13], [33] $, $" $k . $3$N 8&5f2q$N8EFb0lG7$5 $s$N 9V1i $O$3$N 4XO"$N$*OC $G$" $k . 5 Non-BPS $N >l9g $N %l%t%e!< $H $7 $FNc$( $P [18] $, , BPS $N >l9g $N2r@b 5- ;v $H $7 $F$3$N5-;v $NB> $KNc $( $P [14] $,$"$k . [14] $G$O >l$NM}O@E*9M;! $,$h $j>\ $7 $/5DO@$5 $l$F$$ $k . $3$N 8&5f2qJs9p$N>>HxBY$5 $s$N 5-;v$K$b>/ $7 2r@b $,$" $j$^$9 . 2

$^ $: , (ii) $N %9%?!<@Q $rMQ$$$k5-=R $G$N NC %2 !< %8 M}O@$rDj5A $7 , $= $l$+$i , W eyl JQ49 $K$h$C$F (i) $N%*%Z %l !<%?!<7A<0$N5-=R $K 0\$k . (ii) %9%?!<@Q $rMQ$$$k5-=R %9%?!<@Q $O IaDL$N2D49 $J 4X?t ( >l ) $K BP $7 $F Dj5A$5 $l $k@Q$N0l$D $G$" $k!’ 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 ) : (7) %9%?!<@Q $O <!$N=EMW$J@-<A$r;}$D!’ 8 > < > : � 7k9gB’ $, @.$jN)$D!’ f � ( g � h ) = ( f � g ) � h: � :BI84X?tF1;N$NHs2D49@- $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@ $O , IaDL$N2D496u4V>e $N %2 !< %8 M}O@ $K8= $l $k>lF1;N $N@Q $rA4$F %9 %?!<@Q $K CV$-49 $( $k$3$H $G F@ $i$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), (3), (4) $K $*$$$F >lF1 ;N$N@Q $, A4$F %9%?!<@Q$K CV$- 49 $o $C$?$b $N $K Ey $7 $$ . :nMQ $K L5 8B8D$NHyJ, $, F~$C$F$$$k $, , >l $O IaDL$N 4X?t$J$N$G , 1?F0J} Dx<0 , BPS J}Dx <0$rF3=P$9$k $K$O , 2D49$J>l9g$HF1 $8 <j=g$rF’$a $P $h$$$N$G$" $k . (i) %*%Z %l !<%?!<7A<0$N5-=R :# EY$O , :B I8 $N Hs 2D 49 @- (6) $+ $i =P H/ $7 $F NC %2 !<%8 M} O@$r Dj 5A $9 $k . ?7 $7 $$ JQ ?t $r ^ a := (1 = p 2 � ) ^ z ; ^ a y := (1 = p 2 � ) ^ � z ( $? $@ $7 ^ z := ^ x 1 + i ^ x 2 ) $H $7 $F Dj5A$9$k $H , [ ^ x 1 ; ^ x 2 ] = i� $h$j , [ ^ a; ^ a y ] = 1 (8) $, J, $+$k . $3 $l$h$j , ^ a y ; ^ a $O$= $l $>$l D4OB ?6 F0 ;R $N@8 @. , >CLG 1i ;; ;R $H2r<a $G$-$k . $3 $l$i $, :nMQ $9 $k F ock 6u4V $r H $H =q$/ $H , H = � 1 n =0 C j n i $G$"$k . $3$3 $G , j n i := � (^ a y ) n = p n ! � j 0 i ; ( n = 0 ; 1 ; : : : ) $O @jM-?tI=<($N4pDl $G$"$j , ^ a y ^ a j n i = n j n i ; ^ a j 0 i = 0 $r K~$?$9 . >l ^ f $O ^ x $N ( HF ) 4X?t $G$"$k $+$i , F ock 6u4V H $K :nMQ$9$k1i;;;R $H$J$j , @jM-?tI=<( $G0J2<$N$h $& $K I=$5 $l $k!’ ^ f ( ^ x 1 ; ^ x 2 ; x 3 ) = 1 X m;n =0 f mn ( x 3 ) j m ih n j >l $, x 3 <4BP>N$J>l9g = 1 X n =0 f n ( x 3 ) j n ih n j : (9) :G8e$N Ey9f $O , >l $, ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a $H 8r49$9$k$H$$ $&>r7o $+$i 7h$^$k . 0J8e , >l$O x 3 <4BP >N $G$" $k$H$9$k . (i) $H (ii) $N Ey2A@- 6 (i) $H (ii) $O Ey2A $J5-=R $G$"$j , W eyl JQ49 $H$$$&JQ 49 $K$h$C $FBP1~ $E$1 $i $l $k . (ii) $K $* $1$kIaDL $N>l f ( x 1 ; x 2 ) $O , W eyl JQ49$K$h $C$F (i) $K $* $1 $k L58B<!85 @5J}9TNs$N >l ^ f ( ^ x 1 ; ^ x 2 ) $K $&$D$5 $l $k . 6 >\ $7 $/$O [18] $J $I $r ;2>H . 3

3] $1;; , HyJ, , @QJ, $b#1BP #1 $K BP1~ $7 , BPS J}Dx<0 (4) $b$=$N2r $b#1BP #1 $K BP1~ $9$k . BP1~4X 78 $O 0J 2<$NDL$j!’ (ii) %9%?!<@Q $r MQ$$$k5-=R (i) %*%Z %l !<%?!<7A<0$N5-=R >l IaDL$N4X?t L58B<!85@5J}9TNs f ( x 1 ; x 2 ) ^ f ( ^ x 1 ; ^ x 2 ) = 1 X m;n =0 f mn j m ih n j @Q %9%?!<@Q 9TNs$N@Q 7k9gB’!’ f � ( g � h ) = ( f � g ) � h 7k9gB’!’ ^ f ( ^ g ^ h ) = ( ^ f ^ g ) ^ h ( <+L@ ) Hs2D49@- [ x i ; x j ] � = i� ij [ ^ x i ; ^ x j ] = i� ij HyJ, @ i f @ i ^ f := [ � i ( � � 1 ) ij ^ x j | {z } = : ^ @ i ; ^ f ] FC $K @ i x j = � j i FC $K @ i ^ x j = � i ( � � 1 ) ik [ ^ x k ; ^ x j ] = � j i @QJ, Z dx 1 dx 2 f ( x 1 ; x 2 ) 2 � � T r H ^ f ( ^ x 1 ; ^ x 2 ) 6JN( F ij = @ i A j � @ j A i + [ A i ; A j ] � ^ F ij = @ i ^ A j � @ j ^ A i + [ ^ A i ; ^ A j ] = [ ^ D i ; ^ D j ] � i ( � � 1 ) ij $" $k<M1F 2( � 1) n L n (2 r 2 =� ) e � r 2 � j n ih n j $3$3$G , ^ D i := ^ @ i + ^ A i ; r = p ( x 1 ) 2 + ( x 2 ) 2 $G $" $j , L n $O n <!$N Laguerre B?9‘<0 $G$" $k . Cm0U$9 $Y$-$3$H $O , %*%Z %l !<%?!<7A<0$N5-=R$N6JN($N<0 $G , [ ^ D i ; ^ D j ] $H $/$/$k $H , [ ^ @ i ; ^ @ j ](= i ( � � 1 ) ij ) $r Aj ;&$9$k$?$a $K I,MW$JDj?t9‘ � i ( � � 1 ) ij $, 8= $l $k$3$H$G$"$k . $7 $? $, $C $F%*%Z %l !<%?!< 7A<0$N5-=R $G$N BPS J}Dx<0 (4) $O ( ^ B 3 =) 2[ ^ D z ; ^ D y z ] + 1 � = � [ ^ D 3 ; ^ �] ; ( ^ B z =) [ ^ D 3 ; ^ D z ] = � [ ^ D z ; ^ �] (10) $HI=$5 $l $k . $?$@ $7 , ^ D z := (1 = 2)( ^ D 1 � i ^ D 2 ) ; ^ B z := (1 = 2)( ^ B 1 � i ^ B 2 ) $N $h $& $K 1,2 @.J,$rJ#AG$K AH $s$@ . ^ B 3 $K Dj?t9‘ $, 4^$^ $l$F$$ $k$N $O , >e=R$NDL$j$G$"$k . 0J8e , 2r$N9= @.$N5D O@ $O A4$F%*%Z %l !<%? !< 7A<0$N 5-=R$G 9T $& . $3$N %5 %V !&%; %/ %7%g %s $G$O F ock 6u4V $K :nMQ$9$k1i;;;R $K$O %O%C %H $r IU $1$? $, , 0J8e>JN,$9$k . 2.2 ADHM/Nahm Construction ADHM/Nahm 9=@. K! $H $O , G$ 0U $N%$ %s%9 %? %s %H%s2r / %b%N %]!< %k2r $N9= @. K! $N 0l $D $G $" $j , Nahm JQ49 $H8F $P$l $kAPBPJQ49 $N$"$k<o $N6K8B $H $7 $F 2r<a $G$-$k . Hs2D49 %$ %s %9%? %s %H%s , %b %N %] !< %k 2r $b $3$NJ}K! $G9=@.$9$k $3$H $,$G$- , 4{CN $N87L)2r $O <g $K$3$NJ}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$k Nahm JQ49$NOC $+$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#1 BP#1$K BP1~$5$; $k JQ49$N$3$H$G $" $k . APBP %H !<%i %9 $O %H !<%i %9$NH> 7B$rA4$F 5U ?t $K $7 $? %H !<%i %9 4

$G$" $k . %2 !< %8 72$N%i%s %/$H %$ %s %9%? %s %H%s ?t $, F~ $l BX$o $k$N $, 6= L#?<$/ , k K\$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 $+$i %H !<%i %9 T 4 >e$N %$ %s %9%? %s %H%s 2r $r 9=@.$9$k<j=g $O 0J2<$NDL$j!’ � <j=g 1 !’APBP %H !<%i %9>e$N<+8JAPBPJ}Dx<0 $r 2r$/ . ( $=$N2r$r T � ( k � k 9TNs ) $H =q$/ .) � <j=g 2 !’ APBP %$ %s %9%? %s %H%s T � $r GX7J$H$9$kNm<ANL Dirac J}Dx<0 (W eyl J}Dx<0 ) $r 2r$/ . ;X ?tDj M} $h $j , %+ %$ %i%j %F%# $, @5$^ $? $OIi $N5,3J 2= 2DG= 2r $, FHN) $K N 8DB8:_ $9 $k $3$H $, 8@ $($k . $3$l$r Ns $K JB$Y$? , 2 k � N 9TNs$r v $H =q$/ . � <j=g 3 !’ v $+$i%H !<%i %9>e $N %2 !< %8 >l $r A � = R e T 4 v y @ � v $H $7 $F 9=@.$9$k$H , %$ %s %9%? %s%H%s $, =PMh>e $, $k . <B:] $K$3$l$, <+8JAPBPJ}Dx<0 $rK~$?$9$3$H $O $9 $0 $K 8@ $($k . v $, N Ns$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 AP BP %H !< %i %9>e $N %$ %s %9%?%s%H %s 2r$r 9= @. $9 $k <j =g$O A4 $/ F1 MM$G $" $j , %H !< %i %9 T 4 >e$N G = U ( N ) ; k %$ %s %9 %?%s%H %s 2r$H , $= $N AP BP %H !< %i %9 e T 4 >e$N G = U ( k ) ; N %$ %s %9%? %s %H%s 2r$H$N#1 BP#1BP 1~ $r 87L)$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 ?<$$$b$N$r46 $8 $k . <! $K$3$N 7O$NFC<l $J >l9g $r 9M $( , ADHM/Nahm 9=@.K! $r F3$/ 7 !’ � %H !<%i %9$NH>7B$r 4 $D$H$b A4$FL58BBg $K$9 $k ) ADHM 9=@.K! 8 $3 $N$H$-APBP %H !<%i%9$NH>7B $O 4 $D$H$bA4 $F%<%m$K$J$k . $7 $?$, $C$FAPBP %H !<%i %9 $O 1 E@ $K $D$V $l$F $7 $^$$ , L58B $K6a$$ 2 E@>e $N:9 $rFI $_<h $k A‘ :n $G$"$k Hy J, $O0UL# $r;} $? $J$/ $J$k . $= $N7k2L , APBP %H !<%i%9>e $N<+8JAPBPJ} Dx<0 $*$h $S Nm<ANL Dirac J}Dx<0$NCf $NHyJ, $O A4 $FMn$A , $= $l$i$O 9T Ns$NJ}Dx<0$K$J $k . $3$l$K $h$j , 9TNs$NJ} Dx<0$r2r $/ $3$H$G R 4 ( !aH>7BL5 8BBg$N %H !<%i %9 ) >e$N %$ %s %9%? %s %H%s$, F@ $i $l $k . $3 $l$, ADHM 9=@.K! $G$" $k . � %H !<%i %9$NH>7B$r 3 $D$@$1 L58BBg , ;D$j 1 $D$r%<%m$K $9$k ) Nahm 9=@.K! $3 $N$H$- APBP %H !<%i %9 $NH>7B$O , 3 $D $O%< %m , 1 $D$O L58BBg$K$J$k . $7 $? $, $C $F APBP %H !<%i %9 $O D>@~ $K$J$j , AP BP %H !<%i %9>e$N<+8JAPBPJ}Dx<0$*$h $S Nm<ANL Dirac J}Dx<0$NCf$N 3 $D$N J} 8~$NHyJ, $O Mn$A , 1 $D$NJ}8~$NHyJ, $@$1$, ;D$k . $=$N 7k2L , >oHyJ,J}Dx<0$r2r $/ $3$H$G R 3 >e $N %$ %s %9%? %s%H%s ( !a BPS %b %N %]!<%k ) $, F@ $i $l $k . $3$l$, Nahm 9=@.K! $G$" $k . $b$H$b $H$N>u67 $OA4$/APBPE* $G$"$C $? $, , H>7B $H$$$& %Q%i %a !<%? $N $"$kFCJL $J6K8B $GAPBP@- $, Hs <+L@$H$J$j , JR B&$N5-=R $, 0W $7 $/ $J $C$?$N $G$" $k . $=$N 7k2L , JPHyJ,J}Dx<0$r 2r$/ $H$$ $&Fq $7 $$ Ld Bj $, 9TNsJ}Dx<0$r 2r$/ $H$$ $C$?0W $7 $$ LdBj $K CV$-49$o$C$?$H$$ $& $o$1$G$" $k . k = 1 $N >l9g$O , <j =g 1 $N APBP %H !<%i%9>e $N<+8JAP BPJ} Dx<0 $N2r $H $7 $F$O4pK\E* $K<+L@2r $r;}$C $F$/ $l $P $h$$ . K\<AE* $K 7W;; $, I,MW$J$N $O , <j=g 2, 3 $G$" $k . $7 $+ $7 2D49$J>l9g$O$3 $l $b0W $7 $$7W;;$G:Q $‘ $3$H $, B?$$ . ;f?t $NET 9g $N $? $a$3 $l 0J>e $O@bL@ $7 $J$$ $, , ADHM/Nahm 9=@. K! $OHs2D49 6u4V >e $K$b3HD% $G$- , $5$^ $6 $^$J87L)2r $, <j=gDL $j $K 9=@. $G$-$k . D %V%l !< %s 2r<a$bHs >o $K 6=L#?< $/ , :#8e $N D %V%l !< %s $NH/E8 $K$b LrN)$D$b$N$H4|BT $7 $F$$ $k 9 . 7 >/ $7 $:$l $kItJ,$b$"$k $, , $=$l$O$3$3$G$N 5DO@ $, Hs>o $K%J %$!< %V $J$b$N$@$+$i$G$" $k . 8 T � ; v $O$=$l $>$l 8EFb$5 $s$N 9V1i$N B 0 ; 1 ; $K BP1~$9$k . ( B 0 ; B 1 $O T � $r J#AG $K AH $s$@$b$N .) 9 6=L#$N$"$kJ}$O , @’Hs [13] $r 8fMw$/ $@$5$$ . ;29MJ88%$b$=$3 $K$"$j $^$9 . 5

?^ 1: Dirac %b %N %] !< %k$N <’>lJ,I[ ( 2D496u4V>e ( :8 ) V.S. Hs2D496u4V>e ( 1& )) 2.3 Gross-Nekraso v Monop ole Gross $H Nekrasov $K $h $C $F 9=@.$5 $l$? Hs2D49 1-Dirac %b %N %]!<%k$N87L)2r [10] $N %l%t %e !<$r9T $& . Dirac %b %N %] !< %k 2r $O Nahm 9=@. $G � $N @QJ,6h4V$r (0 ; 1 ) $H Dj$a$k $3$H$G F@ $i $l $k 10 . Hf3S$N$?$a , $^ $: 2D496u4V>e$N 1-Dirac %b %N %]!<%k 2r $r >R2p$9$k!’ � = 1 2 r ; A r = A � = 0 ; A � = 1 2 r 1 + cos � sin � : (11) $? $@ $7 ( r; � ; � ) $O IaDL$N6K:BI8 $G$"$k . %2 !< %8 >l$*$h $S , $= $l$+$i 7W;;$5 $l $k<’>l $O � = 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 $NIt J, $K1h$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 $G$=$NJ}8~ $, JQ $o$kHsJ*M}E*BP>] $G$"$k 11 . x 3 <4$N@5$NItJ,0J 30 $G$O <’>l $O B i = @ i � = � x i 2 r 3 (12) $H7W;;$5 $l , <’>lJ,I[ $O ?^ 1 $N :8$N$h $& $K$J $k 12 . 0lJ} , Hs2D49 1-Dirac %b %N %]!<%k$N 87L)2r $O <!$NDL$j [10] !’ � = 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 ) ; 10 $J$* , G = U (2) %b%N %]!< %k2r $O � $N@QJ, 6h 4V $rM- 8B $N0l 6h 4V $KDj $a$k $3 $H $GF@ $i $l$k . FC $K@Q J, 6h 4V $r ( � u= 2 ; u= 2) $KDj$a$k $H G = S U (2) ’t Ho oft-P oly ak o v %b %N %]!< %k2r $,F@ $i $l $k . ( u $O Higgs >l$N?? 6u4| BTCM .) $7 $? $,$C $F , Nahm 9=@. $GF3 $+ $l$k Dirac %b %N %]!< %k2r $O G = U (2) %b %N %]!< %k2r$N $"$k<o $N6K8B ( @QJ,6h4V $N6K8B ) $H $7 $F 2r<a $5 $l , $=$N $?$a0J 2< $K >R2p$9 $k$h $& $K , Dirac %b %N %]!<%k$G$O IaDL9M$($J$$ Higgs >l $, BPS J}Dx <0$rK~$?$9$b$N$H $7 $F 2r$KF~$C $F$/$k . $5 $i$KJdB-$9$k $H G = U (2) %b %N %]!< %k$KBP1~$9$k %V%l !< %s G[CV $O , D %9 %H %j %s %0 (=D1 %V%l !< %s ) $, , M-8B $N 5wN%$@$1 N% $l$? J?9T$J 2 Kg$N D3 %V %l !<%s$K N>C<$r ;}$A0BDj2= $7 $? >u 67 $G$"$j , � $O D3 %V%l !< %s$K ?b D>$J#1$D$NJ}8~ $N:BI8 , @QJ,6h4V $O D %9 %H %j %s %0$, 1d $S $F$$$k6h4V $KBP1~$9$k . $7 $?$, $C $F Dirac %b %N %]!< %k$KBP1~$9$k %V%l !< %sG[CV $O , G = U (2) %b %N %]!<%k$NG[CV$K$*$$$F 1 Kg$N D3 %V%l !< %s$r L58B1s$KDI$$$d$C$?>u67$KAjEv$9$k . 11 %b %N %]!<%k$K4X$9$k>\ $7 $$ %l%t %e !<$H $7 $F Nc$( $P [9], [17] $, $" $k . 12 IaDL$O Dirac %9 %H %j %s%0$r !V <j$G$b $. <h$k !W $, , Hs2D49$J >l9g$H$N Hf3S$N$?$a , Dirac %9 %H %j %s%0 $N B8:_$b E@@~$G ?^<( $7 $F$$ $k . ( <B:]$O $I $N J}8~$K?- $S $F$$$F$b 9=$o$J$$ .) 6

A z = 1 p 2 � 1 X n =0 � 1 � � n � n +1 � a y j n ih n j ; A 3 = 0 : (13) $3$3$G � n := Z 1 0 dp p n e � � p 2 +2 px 3 ; � n := s n� n � 1 2 � � n : (14) ( $? $@ $7 , � 0 := 1 = p 2 � � 0 $H $9 $k .) $3$N 2r $O ;j$k$H$3$mHsFC0[ $G$" $k . J* M} E* $J 0U L# $r8+ $k $? $a , $^ $:L5 8B 1s $N ?6 $k Iq $$ $r D4 $Y $k . L58B 1s $N ?6 $k Iq $$ ( r n + x 3 ! 1 ; r n := p ( x 3 ) 2 + 2 � n ) $O <!$N$h $& $K$J $k 13 !’ � n � 8 > > < > > : � x 3 � : n = 0 ; x 3 ! + 1 � 1 2 r n = � 1 2 p ( x 3 ) 2 + 2 � n !’$= $l 0J30 (15) ( B 3 ) n � 8 > > < > > : 1 � : n = 0 ; x 3 ! + 1 � x 3 2( r n ) 3 !’$= $l 0J30 (16) $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$kIq$$$r$9$k 14 . <’>l$NB>$N@.J,$bF1MM$N?6$kIq$$ $r $7 , <’>lJ,I[ $O$*$*$h$=?^ 1 $N 1& $N$h $& $K$J $k 15 . x 3 <4$N @5$NIt J,$N0l MM$J<’ >l ( B 3 ( x 3 ! + 1 )) 0 j 0 ih 0 j $O , W eyl JQ49$G %9%?!< @Q $rMQ$$ $k 5-=R$K La$k$H , $A$g $& $I Gauss 7?$N J, I[ (2 =� ) exp � � (( x 1 ) 2 + ( x 2 ) 2 ) =� $K $J $j , $=$N I} $O BgBN p � $G $" $k . $7 $?$, $C $F 2D 496u 4V>e$X$N 6K8B � ! 0 $G , $3$l$O $A$g $& $I %G %k %? 4X ?t7?$N J, I[ $K$J$j , $b$H$N FC0[$J Dirac %9 %H %j %s%0$K 0lCW$9$k . 0J>e$N$3 $H$+$i , x 3 <4$N@5$NItJ,$N<’B+$O Dirac %9 %H %j %s%0$, Hs2D49 @-$N$?$a $K KD$i $s$@ $?$a , $=$N FbIt$N <’>l $, 8= $l$? $b$N$G$"$j , 2r (13) $O Dirac %9 %H %j %s %0 IU$-$N Dirac %b %N %]!<%k$N Hs2D49HG $G$" $k 16 $H 2r<a$9$k$N $, BEEv$G$"$k$h $& $K ;W $( $k $, , $3$l$K $D$$$F $O 8e $G $5 $i$K >\ $7 $/9M;!$9$k (8 %Z !< %8 5SCm;2>H ). <! $K %V%l !< %s 2r<a $r 9M $( $k . G = U (1) Y ang-Mills-Higgs M}O@ $O D3 %V %l !< %s $N M-8zM}O@ $G 5-=R $G$-$k . $3$N$H$- Higgs >l � $N CM $O D3 %V%l !< %s$N 9- $, $C$?J}8~ $K ?bD> $J$"$k 1 J}8~$N D3 %V%l !< %s$N :BI8 $K BP1~$9$k . Dirac %b %N %] !<%k2r$NG[ 0L $O , $^$C$9 $0 L58B$K$N $S $? D %9 %H %j %s %0$, D3 %V %l !< %s$K C< $r ;}$A , 0BDj2= $7 $? >u67 $K Aj Ev$9$k . (6 %Z!<%8$N 5SCm ;2>H .) $3$N$H $- D %9 %H %j %s%0$O D3 %V%l !< %s $H 0lBN 2= $7 , D3 %V %l !<%s $N FM 5/$H 2r<a$5$l $k . D %9 %H %j %s%0 $N C< $O <’2Y$r BS $S $F $* $j , D3 %V %l !< %s$+$i $_ $k $H%b %N %]!<%k$K 8+ $( $k . :# 9M $($F $$$k Hs2D49$N >l9g $K Aj Ev$9$k$N$O , D3 %V%l !< %s >e $KGX7J0lMM B >l ( <’>l$HEy2A ) $, x 3 J}8~ $K F~$C $F$$$k>u67 $G$"$j (1 %Z!<%8$N5-=R (iii) $N$3$H ), D %9 %H %j %s%0 $N C< $O 0lMM B >l $K 0z$CD% $i $l , $"$k 79$- $r;}$C$?>uBV$G D %9 %H %j %s %0 $N D% NO$HD‘$j 9g$C $F 0BDj$H$J$k [21], [22], [23]. $3$N 5-=R$G$N Hs2D49 1-Dirac %b %N %] !<%k 2r $O [30], [24] $G 87L) $K 5a$a $i$l$? . ( >\ $7 $/ $O ?9;3$5 $s$N 5-;v$r8f;2>H$/ $@ $5$$ .) 13 0HE@K!$G � n $N @QJ,$r=hM} $7 $? . 14 :# n $r BgBN 1-2 J?LL>e$N86E@$+$i$N5wN%$N 2 >h$H;W$C$F$$$k (( x 1 ) 2 + ( x 2 ) 2 � 2 � n ). 15 $3$3$G $O n $r ( x 1 ) 2 + ( x 2 ) 2 $H ;W$$ , $+ $D >l O = P 1 n =0 O n j n ih n j $N j n ih n j $N ItJ,$r $A$c $s$H 07$C$F$$$J $$$N$G , <B $OHs>o $K9S$C $] $$5DO@$r $7 $F$$$k . K\Ev $O>l O A4BN $r W eyl JQ49 $7 $F (ii) $N%9%?!<@Q $rMQ$$$k5-=R $G2r<a$9$k $N $,BE Ev$G$" $k $, , 0HE@ K!$G2r (13) $K 4^$^ $l $k @QJ,$r I>2A $7 $? 8e$G$5$( , Laguerre B? 9‘<0$J $I $K 1 = p � + n $N =E$_$r3]$1$? L58BOB$r$H$k$3$H$K$J$j (4 %Z !<%8$K$"$k I=$N j n ih n j $N W eyl JQ49<0 ;2>H ), Hs>o $K Fq $7 $$ . 2>$K W eyl JQ 49 $G$-$?$H $7 $F$b , Hs2D496u4V>e $K$O 6I=jE*$J4QB,2DG=NL $O B8:_ $7 $J$$$?$a , <’>l$NJ,I[?^ $H$$ $&$b$N $O K\Ev $O 0UL# $r$J$5$J$$ . 16 x 3 <4 $N@5$NItJ, $N<’B+ $O 86E@ $K N.F~$9$k <’B+ $NAmNL $K Ey $7 $/ , ==J,Bg$- $$ 2 <!855eLL $G0O$C $F<’>l $rI=LL@QJ, $9$k $H %<%m$K$J $k . $9$J$o$A <’2Y $,%<%m$H$J$j%b %N %] !<%k$H$O8@$($J$$$o$1$G$"$k $, , 2D49$J>l9g$K Dirac %9 %H %j %s %0$r <h $j=|$$$F07 $& $N$HF1MM $K , $3$N <’B+$r=|$$$FI=LL@QJ,$9$k$H � 1 $H$$ $&K>$^ $7 $$ CM $, F@ $i$l $k [10]. 7

?^ 2: Higgs >l$NG[0L ( 5-=R (i) ( :8 ) V.S. 5-=R (iii) ( 1& )) Higgs >l$N G[0L (15) $r ?^<($9$k$H , ?^ 2 $N :8$N$h $& $K$J $k . DBI :nMQ $G$N 5- =R (iii) $N 2r [30]( ?^ 2 $N 1& ) $H Hf3S$9$k$H , Higgs >l$N x 3 <4$N@5$NIt J, $G$N FC0[$J?6$k Iq$$ $O D3 %V %l !< %s$, FM 5/ $7 $F $G$-$? D %9 %H %j %s %0 $r I= $7 $F$$$k $H9M $( $i $l $k 17 . D %9 %H %j %s %0 $N 79 $- $O , � 1 =� $G$"$j , (iii) $N5- =R$G$N Hs2D49%b %N %] !<%k$N %V%l !< %s 2r<a$H $A$g $& $I 0l CW$9$k 18 . $?$@ , (i) $N 5-=R$G$N 2r (13) $O >l $NM}O@ $NN)>l $G2r$$$?$b $N $G$"$k $+ $i 1 2A $G$"$k $N $K BP $7 , (iii) $N 5-=R $G$N2r [30] $O B?2A@- $r;}$D $?$a , $3$N ItJ, $, BP1~ $7 $J$$ . $3$N LdBj $K $D$$$F$O8=:_L$2r7h$G$"$j , :#8e$N8&5f $, BT $? $l $k . 3 BPS-Soliton Generating T ransformation $3$N%;%/ %7%g %s$G $O , Hs2D49 BPS J}Dx<0 $rITJQ $K J] $DJQ49 $r8+=P $7 , 4{CN $N %=%j %H%s 2r $+$i?7 $7 $$%=%j %H%s 2r$r9=@.$9$k . 17 GX7J$K <’>l$r 2C$($? 1F6A$K$h $j79$$$? D %9 %H %j %s%0 $r 5- =R$9$k$?$a , Higgs >l $, $=$N J}8~$K FCJL$J ?6$k Iq$$$r $7 , $= $l$, x 3 <4$N@5$NItJ,$N<’B+$rI=$9$3$H$K$J $C$?$N $G$" $k . D %9 %H %j %s%0 $N 79$-J} $O GX7J<’>l$r8GDj$9 $l $P 0l0U$KDj $^$k$?$a , <’B+$NJ}8~$b0l0U$K Dj$^$k . $=$N<’B+$O D %9 %H %j %s %0 $N H?1G$G$"$k$+$i ( Hs2D496u4V>e$G2? $, !V J*M}E* !W $+ $rH=Dj$9 $k4p=‘$O :#$N$H$3 $m3NN) $7 $F$$$J $$$, ) J* M}E*BP>]$G$" $m $& . 0lJ} 2D496u4V$G$O , D %9 %H %j %s%0$, D3 %V%l !< %s$K BP $7 $F $A$g $& $I ?bD>$H$J$k$?$a , Higgs >l$NFCJL$J?6$kIq$$ $, $A$g $& $I $J $/ $J$j , D3 %V%l !<%s >e$NM}O@$G ( <’>l$N 6!5k85$G$" $k$H$3$m$N ) D %9 %H %j %s%0 $r 5-=R$9$k$N$,$3$N$H $-$K 8B$j $G$-$J $/$J$j , Dirac %9 %H %j %s %0 $H $$ $&HsJ*M}E* BP>] $, I,MW$H$J$C$?$N $G$"$k . $7 $?$,$C$F , 79$$$? D %9 %H %j %s %0 $N H?1G $G$" $k$H$3$m$N<’B+ $H 2M6u$NB8:_ $G$"$k Dirac %9 %H %j %s %0 $H$O 6hJL$5 $l $k$Y$-$b$N$G$"$k$H;W$o $l $k . 18 [10] $N (6.4) <0$+$i J,$+$k$h $& $K , (iii) $N 5-=R$G$N D %9 %H %j %s%0 $N 79$-$O , %* !< %W%s !& %9 %H %j %s%0!& %a %H %j%C%/$r G ij = � ij $H 8GDj $7 $?$H $- , � � (2 � � 0 ) 2 B (1 + ( � = 2 � � 0 ) 2 ) � 1 $G $" $k . $7 $?$, $C$F , Seib erg-Witten %j%_%C %H $r <h$kA0 $+ $D � � � 0 $N >u67 ( B = � = (2 � � 0 ) 2 ) $G $b , Seib erg-Witten %j%_%C %H $r <h$C$?8e$N>u 67 ( � 0 ! 0 ; B = � � 1 ) $G $b D %9 %H %j %s %0 $N 79$-$O � 1 =� $H$J $k . 8

$^ $: <!$NJQ49 $r 9M $( $k!’ � ! S � S y ; D i ! S D i S y : (17) $? $@ $7 , S $O S y S = 1 $r K~$?$91i;;;R$G$" $k . S $, M- 8B%5 %$ %:$N 9TNs$G$" $l $P , <+ F0E* $K S S y = 1 $bK~$?$5$l , S $O %f%K %? %j1i;;;R , JQ49 (17) $O%2 !< %8 JQ 49 $H$J $k . $H$3 $m $, :# , S $O L58B%5 %$ %:$N 9TNs $G$" $k$?$a , S S y $O <M1F1i;;;R $K$J $k $3$H $7 $+ 8@ $($J$$ (( S S y )( S S y ) = S S y ). JQ49 (17) $O 0lHL $K 1?F0J}Dx<0 $r ITJQ $K J]$D [19] !’ � I � O ! S � I � O S y : (18) <B:] , Nc$( $P NC G = U (1) Y ang-Mills-Higgs M}O@$N1?F0J}Dx<0 (3) $N 2 HVL\$NJ}$N:8JU $O [ D � ; [ D � ; �]] ! [ S D � S y ; [ S D � S y ; S � S y ]] = S [ D � ; [ D � ; �]] S y $H6&JQE* $K JQ49$9$k . ( S y S = 1 $@$1$, I,MW$G$"$k$3$H $K Cm0U .) S $N E57?Nc$O<!$N%7%U %H 1i;;;R S N $G$" $k!’ S N := 1 X n =0 j n + N ih n j ; S y N = 1 X n =0 j n ih n + N j : (19) $3 $l$i$O S y N S N = 1 ; S N S y N = 1 � P N $r K~ $?$9 . $3$3$G , P N := N � 1 X m =0 j m ih m j (20) $O , F ock 6u4V H $N N <! 85ItJ, 6u4V H N = � N � 1 m =0 C j m i $X$N <M1F1i;; ;R $G$" $j , S N S y N $O , H $K BP $9$k H N $N Jd6u4V$X$N<M1F1i;;;R$H$J$k . 0J8e S $H $7 $F S N $r MQ$$$k . JQ49 (17) $O BPS J}Dx<0 $rITJQ $KJ] $? $J$$ . <B:] , Nc $( $P BPS J}Dx <0 (10) $N0lHVL\ $NJ} $N:8 JU $O 2[ D z ; D y z ] + 1 � ! 2[ S N D z S y N ; S N D y z S y N ] + 1 � = S N (2[ D z ; D y z ]) S y N + 1 � = S N � 2[ D z ; D y z ] + 1 � � S y N + 1 � P N $H6&JQ E* $K JQ49 $7 $J $$ . $3$l$O , BPS J}Dx<0 $, 1? F0J}Dx<0$H 0c$C $F , Dj?t 9‘ ( Nc$( $P 6JN($N<0$K 8= $l$? � i ( � � 1 ) ij $J $I ) $r 4^ $s$G$$ $k$?$a $G$" $k . ( S N S y N $, <M1F1i;;;R $G$" $k $3$H$K$b Cm0U .) $= $3 $G ;d C#$O , JQ 49 (17) $r =$ @5 $9 $k$3 $H $G , BPS J} Dx <0 $r IT JQ$K J] $D JQ 49$r 8+ =P $7 $? . NC G = U (1) 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 : (21) 9

?^ 3: 1 %U%i %/%= %s $N <’>lJ,I[ $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 ( %b%8%e%i %$ !& ) %Q%i %a !<%? $G$" $k . Nc$( $P , Hs 2D49 1-Dirac %b %N %]!<%k 2r (13) $r (21) $G JQ49$9 $k$H , <!$N ?7 $7 $$%= %j %H%s 2r $, F@$i $l $k!’ � new = � 8 < : 1 X n = N +1 ( � 2 n � N � � 2 n � N � 1 ) j n ih n j + � 2 0 + x 3 � ! j N ih N j + N � 1 X m =0 x 3 � � � (4) m ! j m ih m j 9 = ; ; D new z = 1 p 2 � 1 X n = N s n + 1 � N n + 1 � n � N � n +1 � N a y j n ih n j + N � 1 X m =0 � ( z ) m j m ih m j ; A new 3 = N � 1 X m =0 � (3) m j m ih m j : (22) $3 $l$O , Dirac %b %N %] !<%k 1 8D$H%U%i %/%= %s N 8D$N J#9g7O$r I=$9 . N %U%i %/%= %s 2r$O ??6u 2r � = 0 ; A = 0 $r (21) $G JQ49$9$k$3$H $G F@ $i $l , � uxon = � x 3 � P N ; D uxon z = S N ^ @ z S y N ; A uxon 3 = 0 ; B uxon 3 = 1 � P N ; B uxon 1 = B uxon 2 = 0 : (23) $G M? $($i$l $k 19 [36], [11]. ( � $O A4$F %< %m$H $7 $? .) <’>lJ,I[$O?^ 3 $N $h $& $K$J$k . %U%i%/ %= %s$O , Hs2D496u4V FCM- $N %= %j %H%s$G$"$j , Hs2D49 Dirac %b %N %]!< %k$K8= $l$? x 3 <4$N@5 $N ItJ,$N<’B+ $, L58B $K$N $S $F $$$k$b$N$H 2r<a$G$-$k . C10L D9$5$"$?$j$N<ANL$O 2 � =g 2 YM � $G $" $k . $7 $? $, $C$FJQ49 (21) $O , BPS J}Dx<0$r ( $h$C$F1? F0J}Dx<0$b ) ITJQ$K J]$A $J $,$i , %(%M%k %. !<$rJQ$( $F $7 $^$C $F$$$k $h$& $K8+ $($k . $3 $l$O JQ49 (21) $, <B $O :nMQ $bJQ $($F $7 $^$C $F$$$k $?$a $G$"$j , $=$N 860x $O :nMQ$N Cf$N6JN($N<0$K Dj?t9‘ $, 4^$^ $l$F $$$k$3$H$G$" $k . JQ49 (21) $O 8+3] $1 >e$O$[$H$s $I %2!<%8 JQ49 $G$"$k $, , <B:] $O , $" $k%=%j %H%s ( %U%i%/%= %s ) ?t$N %;%/%?!<$N??6u $r , N 8D%=%j %H%s ?t $NB?$$%;%/%?!<$N??6u $K 0\$9$H$$ $&JQ49 $K$J $C$F$$$k . 19 $J $* , 66K\9,;N$5$s $, [20] $N Cf $G 5DO@ $7 $F$$ $k2r!’ "(ii) the smeard D-string with no D3-brane surface" $O ??6u 2r � = 0 ; A = 0 $r , N = 1 ; � (4) m = � 0 ( Dj?t ) $N>l9g$N (21) $G JQ49$9$k$3$H$K$h$C$FF@$i $l $k . 10

?^ 4: 9TNsLO7? $K $h$k2r<a :G8e $K 9TNsLO7? $K$h $k2r<a $r M? $($k [1] 20 . JQ49 (21) $K $h $C$FF@ $i $l $? ?7 $7 $$ 2r $O , 9TNsI=<($9 $k$H<!$N$h $& $K$J $k!’ D new z = S N 0 @ 1 X m;n =0 ( D original z ) m;n j m ih n j 1 A S y N + N � 1 X m =0 � ( z ) m j m ih m j ; = 1 X m;n = N ( D original z ) m � N ;n � N j m ih n j + N � 1 X m =0 � ( z ) m j m ih m j ; = 0 B B B B B B B B B B @ � ( z ) 0 O . . . O O � ( z ) N � 1 O D original z 1 C C C C C C C C C C A : (24) $7 $? $,$C $F , JQ49 (21) $O 9TNsI=<( $7 $F$_$? $H$- , $b$H$N2r $r1&2<J}8~ $K N $@$1$:$i $7 $F , 6u$$ $?:8 >e$N N � N 9TNs $NBP3Q@. J, $K E,Ev $J9‘ $r2C $($?$b $N $H$J$C $F$$$k . $3$NJQ49 $O9TNsLO7? $K$h$k $H , ( JQ49A0 $O ) L58B8D$N D %9 %H %j %s %0 $NB+G{>uBV $H $7 $F 5-=R$5 $l$F$$$? BPS >uBV $N D3 %V %l !< %s$+$i N 8D$NB+G{ $5 $l$F$$$J$$ D %9 %H %j %s %0$, 2rJ|$5 $l$?$b$N $H2r<a $G$-$k ( ?^ 4 ;2>H ). $3$N N 8D$N D %9 %H %j %s %0$, x 3 J}8~ $K $&$^$/79$/$3$H$G , BPS >uBV$NG[0L $, <B8=$5 $l$? $b$N$H 9M $($i$l $k 21 . $3 $l $,%U%i%/ %= %s$G$"$k . $3$N N 8D$N D %9 %H %j %s %0 ( %U %i%/ %= %s ) $+$i$_$k $H , <0 (24) $N :8>e $NG$0U %Q%i %a !<%? � ( � ) m $O , Higgs >l$N??6u4| BTCM $G$" $j , D %9 %H %j %s%0$K ?bD>$J J}8~$N:BI8$r I=$9 . $7 $? $, $C$F , ?7 $7 $$ 2r $K 4^$^ $l$F$$$? G$0U%Q%i %a !<%? � ( � ) m $O , N 8D$N%U%i%/%= %s $N 0LCV$rI=$9 . 20 >\ $7 $/ $O ( ;2>HO@ J8 $K$D$$ $F$b ) $3$N8&5f2q Js9p $N@P661d 9, $5 $s$N5-;v $r8fMw$/ $@$5$$ . $J$* %l%t%e!< $H $7 $F [27] $, $"$j$^$9 . 21 %$ %s %9%? %s%H%s$GHs2D49 %Q%i %a !<%? � 12 $H � 34 $, $&$^$/ $D$j $"$& $3 $H$G BPS >uBV$NG[0L $, <B8=$5 $l$k [1] $N$H$A$g $& $I F1 $8 $G$" $k . $7 $?$, $C$F%U%i%/%= %s$O %9%b!< %k!& %$ %s %9%? %s %H%s $N%b %N %] !<%kHG$G$"$k$H9M$($i $l $k [15]. $J $*GX 7J B >lCf$N<o !9 $N D %V%l !<%s J#9g7O$N5DO@ $K$D$$$F$O >>Hx=S42$5 $s$N 5-;v$r8fMw2<$5$$ . 11

4 Conclusion and Discussion %$ %s %9 %? %s %H%s , 12 22 $K $D$$ $F$bF1MM$N5DO@ $,$G$- $k . $3$N >l9g , JQ49<0 $O (17) $K %b %8%e%i %$ $N 9‘ ( � $r 4^ $‘9‘ ) $r 2C$($?$b$N $G$h$$$, 23 , Hs2D49%Q%i %a !<%? $K @)Ls $r$D$1$J$1 $l $P $J$i$J $$!’ � %$ %s %9%? %s%H%s $N >l9g!’ Hs2D49 %Q%i %a !<%? $N<+8JAPBP@- $,%2!< %8 >l$N<+8JAPBP @- $H0lCW$9$k $H$- $K 8B$j , BPS 2r$r@8 @.$9$k $3$H $,$G $-$k . $3$N$H$- ( 40Hw2=$5 $l $? ) %$ %s %9 %? %s %H%s!& %b %8%e%i %$ 6u4V $O2D49 $J>l 9g $H JQ $o$i$: FC0[ $J$^$^$G$"$k . 6qBNE*4{CN2r $H $7 $F$O , Hs2D49%Q%i %a !<%? $N<+8JAPBP@- $,%2 !< %8 >l$N<+8JAPBP@- $H $A$g $& $I 5U$N>l9g$N2r [34], [5] $G$O $J $/ , Hs2D49%Q%i %a !<%?$N<+8JAPBP@- $,%2 !< %8 >l$N <+8JAPBP@-$H 0lCW$9$k>l9g$N 2r [7] $r ;}$C $F $/$kI,MW $,$" $k . JQ498e$N2r$O , JQ 49A0$NHs2D49 BPS %$ %s %9 %? %s%H%s$H %9%b!< %k!& %$ %s %9%? %s %H%s ( !a%5 %$ %: $, :G>.$N %$ %s %9%? %s %H%s ) $N (BPS) J#9g7O $H$J $k 24 . � 12$N>l9g!’ Hs2D49%Q%i %a !<%?$N %9%1!<%k$H 12$N Bg$-$5$N %9%1!<%k$, ( 8~$-$b 4^$a$F ) 0lCW$9 $k$H$-$K 8B $j , BPS 2r $r @8@.$9$k $3$H $,$G $- $k . 6qBN E* 4{CN 2r $H $7 $F$O:# $N $H $3$m?? 6u2r $r;} $C $F$/$k $7 $+$J$$ 25 . JQ49 8e $N2r $O , N 8D $N !V %9 %b!< %k12 !W $N BPS 2r $H$J$k . $3 $l$O%b %8%e%i %$ !& %Q %i %a !< %? $, F~$C $F$$$kJ, $@$1 , [2] $N 2r$N 0lHL2= $K$J $C $F$$$k . $$$: $l$N >l9g $b , ;dC# $N8+=P $7 $?JQ49 $K$h$C $F , JQ49A0 $NHs2D 49 BPS %= %j %H%s$HHs2D496u 4VFC M- $N %=%j %H%s $N (BPS) J#9g7O $, F@ $i $l $k . $3 $l$i$NJQ49 $rMQ $$$k $3 $H $G , G$0U $N4{CN2r $+ $i$5$^ $6 $^ $J?7 $7 $$2r $, 9=@. $G$-$k . $=$N$? $a$N>r7o $H $7 $FHs2D49 %Q %i %a !< %? $H %2!< %8 >l $N<+8J APBP @- $, L)@\ $K 4X$o$C$F $/$k . $^$?%b %N %] !<%k$N$H$-$H F1 $8 $/ , JQ49$K$h $C $F , BPS J}Dx<0 , 1? F0J}Dx<0$O ITJQ $K J]$? $l $k $, , :nMQ $O JQ $o$C$F $7 $^$$ , $" $k%=%j %H%s ?t$N%;%/%?!< $N??6u $, 0[$J$k%=%j %H%s ?t$N%; %/%?!<$N??6u$X0\$5 $l $k . $3$l$O$d$O $j:nMQ$NCf$N6JN($N<0 $K Dj?t9‘ $, 4^$^ $l$F$$ $k$3$H $K $h$k . Ackno wledgemen ts $3 $N5-;v $O 2001 G/ 2 7n 19 !A 21 F| $K 9T $o $l$? 4p8&8&5f2q !V %9 %H %j %s %0 M}O@ $H>l$NM}O@ $K$* $1 $k Hs2D494v2?!W $K$* $1$k;d$NH/I= $N %W %m%7!< %G %# %s %0$G $9 26 . 5.=E $JH/I= $N5!2q $rM? $($F2<$5$C $?@$ OC?M$NJ} !9 , $J$i $S$K D09V , 5DO@ $7 $F 2<$5$C$?J} !9A4 $F$K , $3$N >l $r $*<Z$j $7 $F 46<U?= $7 >e $2 $^$9 . $^$? , [16] $N6&F18&5f<T $G$b$"$k;{EhLw<# $5 $s $+$i$OHs2D494v2?3X $N %" %$ %G %"$d8=>u $K$D$$ $FHs>o $K B?$/ $N$3$H $r 3X$V $3$H $,$G $- , M}2r $, ?<$^$j$^ $7 $? . B>$N8&5f2q $d3FBg3X $G$N%;%_ %J!<H/I= $G F@ $?$b$N$b$?$/$5 $s$"$j , $=$l$i$N 0lIt $O$3$N 5-;v $K H?1G$5 $l$F$$ $k$3$H$H;W$$$^$9 . $3 $N 5-;v $O F|K\0i1Q2q$*$h $S F|K\>Z7t>)3X:bCD$N7P:Q1g=u$N$b $H :n@.$5 $l $^ $7 $? . 22 Ab elian-Higgs LO7?$N BPS %= %j %H%s$N$3$H$G$" $k . 23 12$N5- =R $K I,MW$J , %2 !< %8 72$N 4pK\I=8=$K B0$9$k Higgs >l � $K BP $7 $F$O � ! S � $H JQ49$9$k . ( � $K$O %b%8%e%i %$ $N9‘$O2C$($F$O$J$i$J$$ .) 24 8D !9 $N %$ %s %9%? %s%H%s 2r$N@-<A$K$D$$$F$O8EFb$5 $s$N 5-;v$dO@J8 [1], [7] $r 8fMw$/ $@$5$$ . 25 4{CN2r$H $7 $F [26] $d [28] $N 2r$r;}$C$F$/$k$3$H$O=PMh$J$$ . ( $3 $l$O !V 8~$- !W $, 5U$N>l9g$N2r ) 26 $3$N 5-;v$N:n@.$K$"$?$j , 8&5f2q0J8e$NH/E8 $K$D$$$F >/ $7 DI2C $7 $? ItJ, $,$"$j $^$9 . 12

A Kno wn NC BPS Solitons 4{CN$NHs2D49 BPS %= %j %H%s$r 0J2<$NI= $K$^$H$a$? . Nc (i) %*%Z %l !<%?!< 7A<0$N5-=R (ii) %9%?!<@Q $r MQ$$$k5-=R (iii) GX7J0lMM B >lCf$N DBI :nMQ $K$h $k5-=R � U (1) ; U (2) k = 1 ; 2 ; � � � � U (1) k = 1 ASD 2r ASD 2r ( � !’ SD) !’ ( B !’ SD) !’;{Eh S [38] %$ Nekraso v-Sc h w arz [34] � , � U (1) k = 1 ASD 2r %s 8EFb [5] � ; � � � ( B !’ G$0U ) !’?9;3 [31] %9 � U (1) k = 1 ASD 2r %? ( � !’ G$0U ) !’ Nekrasov [32] %s � U (2) k = 1 SD 2r %H ( � !’ SD) !’8EFb [7] � %s � � SD Small Instanton 2r ( � !’ SD, k !’ G$0U ) !’ � h 4XO"O@J8 i !’ Aganagic et al. [1], 8EFb [7] � Mari ~ no et al. [29], � � � � U (1) k = 1 !’ � U (1) k = 1 � U (1) k = 1 %b Gross-Nekraso v [10] � ( � 1 <! ) !’66K\ K !&J?;3 [23] (Higgs >l ) !’?9;3 [30] %N � U (2) k = 1 !’ � U (2) k = 1 (Gauge >l ) !’ %] Gross-Nekraso v [12] � ( � 1 <! ) !’ Bak [2] � , 66K\ K !&J?;3!&?9;3 [24] j � � Fluxon 2r ( k !’G$0U ) !’ 66K\ K !&H*!&?9;3 [22] %k Gross-Nekraso v [11], ( � 2 <! ) !’8eF#!&H* [8] � h 4XO"O@J8 i !’ P olyc hronak os [36], IMCf [15] � 66K\ A !&66K\ K [21], � � � � U(1) ASD 2r ( � ! 1 ) !’ Jatk ar-Mandal-W adia [26] � � U(1) SD \Small V ortex" 2r 12 ( � = 1 =v 2 ; k !’G$0U ) !’ Bak [3] � h 4XO"O@J8 i !’ ? ? ? Lozano-Moreno-Sc hap osnik [28], Bak-Lee-Park [4], � � � 0zMQ O@J8 27 $N 8* $K @10u $, $D $$$F $$ $k$b$N$O , ADHM/Nahm 9=@. K!$rMQ$$$? $b$N$G $" $k . $^$? , SD, ASD $O $= $l$>$l <+8JAPBP (Self-Dual), H?<+8J APBP (An ti-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 28 . (ii) $N 2r $O 2D496u4V>e$N2r ( � = 0 $N >l9g$N2r ) $N <~$j$G � E83+ $7 $F 5a $a$i $l$F $$$k . %$ %s %9%? %s %H%s$K4X $7 $F$O , (ii) $N2r $O$9 $0 $K 5a$a $i $l $k$H;W $o $l $k $, , (ii) $H (iii) $H$N BP1~ $O%b %N %] !< %k$[ $I 5DO@$5 $l$F$$$J$$ . 27 7I>N$O>JN,$5$;$F$$$? $@$- $^ $7 $? . 28 \Small V ortex" 2r $r=| $$ $? \ � � " $N2r $H U (2) k = 1 SD %$ %s%9 %? %s %H %s2r $N 0l It $K $D $$ $F $O , 87L) $J Seib erg-Witten %^%C %W [35] $rMQ$$$F (iii) $N5-=R$N2r $, 5a$a $i $l$F$$$k [25]. Solution Generating T ec hnique $G @8@. $5 $l$k%=%j %H%s$O Non-BPS $N >l9g$b4^$a$FA4$F (iii) $N 5-=R$G $O FC0[$J2r$H$J$k . 13

%b %N %]!<%k $K 4X $7 $F$O , (ii), (iii) $N O@J8 $O (ii) $H (iii) $H$N BP1~ $K$D$$$F$b>\ $7 $/5DO@ $7 $F $$$k$N $G , (ii), (iii) $N 5-=R$N4V$N6-3&@~ $O L@3N$G $O$J $$ . 12 $K4X $7 $F$O , (ii) $N 2r $O , 2D496u4V>e $N12$N2r $, CN $i $l$F$$$J$$ $?$a , 2D496u4V >e $N2r$N<~ $j $G � E8 3+ $7 $F 5a$a $k$3$H$O$G $-$J $$ . (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$3$N 8B$j$G$J$$ .) ;29MJ88% [1] M. Aganagic, R. Gopakumar, S. Minw alla and A. Strominger, JHEP 0104 (2001) 001, hep-th/0009142 [2] D. Bak, Ph ys. Lett. B 471 (1999) 149, hep-th/9910135 [3] D. Bak, Ph ys. Lett. B 495 (2000) 251, hep-th/0008204 [4] D. Bak, S. U., K. Lee and J. P ark, \Noncomm utativ e vortex solitons," hep-th/0011099 [5] K. F uruuc hi, Prog. Theor. Phys. 103 (2000) 1043, hep-th/9912047 [6] K. F uruuc hi, \T opological c harge of U(1) instantons on noncomm utativ e R 4 ," hep- th/0010006 [7] K. F uruuc hi, JHEP 0103 (2001) 033, hep-th/0010119 [8] S. Goto and H. Hata, Phys. Rev. D 62 (2000) 085022, hep-th/0005101 [9] P . Go ddard and D. I. Oliv e, Rept. Prog. Phys. 41 (1978) 1357 [10] D. J. Gross and N. A. Nekraso v, JHEP 0007 (2000) 034, hep-th/0005204 [11] D. J. Gross and N. A. Nekraso v, JHEP 0010 (2000) 021, hep-th/0007204 [12] D. J. Gross and N. A. Nekraso v, JHEP 0103 (2001) 044, hep-th/0010090 [13] IMCf ??;V , !X ADHM/Nahm 9=@.K!$H$=$NAPBP@- !Y , ( ;(;o !V AGN3;RO@8&5f !W $K $^$b$J$/Ej9F ) [14] IMCf ??;V , !X Hs2D49%=%j %H%s $N 87L)2r$N9=@.K! !Y 29 , AGN3;RO@8&5f 103-5 (2001-8) E16 "( 2000 G/ 12 7n$N4p8&8&5f2q !V >l$NNL;RO@$N4pACE*=tLdBj$H1~MQ !W $N %W %m%7!< %G %# %s %0 [15] M. Hamanak a, \ADHM/Nahm construction of lo calized solitons in non-commutativ e gauge theories," hep-th/0109070 [16] M. Hamanak a and S. T erashima, JHEP 0103 (2001) 034, hep-th/0010221 [17] J. A. Harvey , \Magnetic monop oles, dualit y , and sup ersymmetry ," hep-th/9603086 29 $3 $N 5-;v [14] $N A} JdHG$K AjEv$9 $k 5-;v $, http://www.math.h.ky oto-u.ac.jp/ ~ tak asaki/soliton-lab/nis/iss2001/ $K$" $j$^$9 . $J $*;d $, =q$$$? 5-;v$K$D$$$F$O , ;d$N%[!< %‘%Z!< %8 [http://www2.yuka w a.ky oto-u.ac.jp/ ~ hamanak a] $K $b CV $+$l$F $*$j$^$9 . 14

[18] J. A. Harvey , \Komaba lectures on noncomm utativ e solitons and D-branes," hep- th/0102076 [19] J. A. Harvey , P . Kraus and F. Larsen, JHEP 0012 (2000) 024, hep-th/0010060 [20] K. Hashimoto, JHEP 0012 (2000) 023, hep-th/0010251 [21] A. Hashimoto and K. Hashimoto, JHEP 9911 (1999) 005, hep-th/9909202 [22] K. Hashimoto, H. Hata and S. Moriy ama, JHEP 9912 (1999) 021, hep-th/9910196 [23] K. Hashimoto and T. Hiray ama, Nucl. Phys. B 587 (2000) 207, hep-th/0002090 [24] K. Hashimoto, T. Hiray ama and S. Moriyama, JHEP 0011 (2000) 014, hep-th/0010026 [25] K. Hashimoto and H. Ooguri, \Seib erg-Witten transforms of noncommutativ e solitons," hep-th/0105311 [26] D. P . Jatk ar, G. Mandal and S. R. W adia, JHEP 0009 (2000) 018, hep-th/0007078 [27] A. Konechn y and A. Sc h w arz, \Introduction to M(atrix) theory and noncommutativ e ge- ometry ," hep-th/0012145 [28] G. S. Lozano, E. F. Moreno and F. A. Schaposnik, Phys. Lett. B 504 (2001) 117, hep- th/0011205 [29] M. Marino, R. Minasian, G. Mo ore and A. Strominger, JHEP 0001 (2000) 005, hep- th/9911206 [30] S. Moriyama, Phys. Lett. B 485 (2000) 278, hep-th/0003231 [31] S. Moriyama, JHEP 0008 (2000) 014, hep-th/0006056 [32] N. A. Nekrasov, \Noncommutativ e instan tons revisited," hep-th/0010017 [33] N. A. Nekrasov, \T rieste lectures on solitons in noncommutativ e gauge theories," hep- th/0011095 [34] N. Nekrasov and A. Sch w arz, Commun. Math. Phys. 198 (1998) 689-703, hep-th/9802068 [35] 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 [36] A. P . Polyc hronak os, Ph ys. Lett. B 495 (2000) 407, hep-th/0007043 [37] N. Seib erg and E. Witten, JHEP 9909 (1999) 032, hep-th/9908142 [38] S. T erashima, Phys. Lett. B 477 (2000) 292, hep-th/9911245 15