Recen t Dev elopmen ts in Non-Comm utativ e Gauge Theory El5~Bg3XBg3X1! M}3X7O8&5f2J J*M}3X@l96 AGN3;RO@8&5f<< !! IMCf ??;V E-mail: hamanak a@hep-th.ph ys.s.u-toky o.ac.jp Hs2D496u 4V>e$N>l$N M}O@$O , 0l MM<’>lCf$N J*M}7O$N 2rL@$K$=$N 0RNO$r H/4x $7 , $3$3 ?tG/L\ 3P$^ $7 $/?J E8 $7 $? . FC $K%?%-%* %s 6E=L$H$$$C$? D %V%l !< %s$N NO3X$X$N1~MQ $KBg@.8y$r<}$a , :# $dHs2D49$N9M $( J} $d <jK! $O AGN3;R O@$N9-$$J,Ln$K?; F) $7 $?$H 8@$($h $& . $3 $N $*OC$G$O , Hs2D496u4V >e$N %2 !< %8 M}O@$N :G 6a$N?JE8 $K$D$$$F , Hs2D49%= %j %H%s ( !aHs2D496u4V>e$N%= %j %H%s ) $r Bj:‘$K?6$jJV$j , $=$l$, 2L$? $7 $? Lr3d$dFCD9 , LdBjE@$r>R2p $7 , :#8e$NJ}8~@-$K$D$$$F5DO@ $7 $? $$ . 1 In tro duction Hs2D496u4V $O :BI84X?tF1;N$N@Q$NHs2D49@- $G FCD’IU $1$i $l $k!’ [ x i ; x j ] = i� ij : (1) $3 $3 $G , � ij $O H?BP>N $J<BDj?t $G$"$j , Hs2D49 %Q%i %a !<%? $H8F $P$l $k . 1 $3$N 4X78<0 $O , NL;RNO3X $N@5=‘8r 494X78 [ q ; p ] = i � h (2) $K N‘;w $7 $F $*$j , !V 6u4V$NIT3NDj@-4X78 !W $rF3 $/ . $3$N$3$H$+$i Hs2D496u4V>e $G $O , N3;R$N0LCV $O 40A4 $K 7h $a$k$3$H$,$G $-$: , $" $k9- $, $C$? J,I[$r;}$D . $= $N 7k2L , 2D49$J6u 4V>e$G$O B8:_ $7 $? >l$NFC 0[E@ $, , Hs 2D496u4V>e $G$O 2r>C$5 $l $k$H$$ $& $3$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 . Hs 2D 496u 4V>e $N>l $NM}O@ $K$*$$ $F$b1?F0 J} Dx<0 , BPS J}Dx <0 $rDj5A$9 $k $3$H $,$G$- , $=$N %=%j %H%s 2r $r Hs2D49 %=%j %H%s $H 8F$V . Hs2D49%=%j %H%s$K $*$$$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$9 . Nc$( $P Hs2D49 %$ %s %9%? %s %H%s $G$O ( 40Hw2=$5 $l$? ) %$ %s %9%? %s %H%s !&%b%8%e %i %$6u 4V $NFC0[E@ $, 0lHL $K 2r>C $7 [50], FC0[ $G$J$$ U (1) %$ %s %9%? %s%H%s 2r$r6qBNE* $K9=@.$9$k $3$H $,$G $-$k [52]. Hs2D 496u4V>e $N>l$NM}O@ $O 0lHL $K GX7J $K <’>l$N $+$+$C$?J*M}7O $r 5-=R$9$k . 2 6aG/$NHs2D496u4V>e $N %2 !< %8 M} O@ ( 0J8e !V NC %2 !< %8 M}O@ !W $HN,$9 .) 3 $N GzH/E* H/E8 $O <g $K$3 $N ;v<B$N89M}O@E* :F8= [7], [10], [56] $K 4p $E$/ $b $N $G$"$k !% D %V%l !< %s>e $KM65/ $5 $l$k %2 !< %8M}O@ $N %=%j %H%s$O , $h$jDc $$<!85 $N D %V%l !< %s $r I=$9 . $7 $? $, $C$FGX7J$K 0lMM$J B >l ( <’>l$HEy 2A ) $N$+$+ $C$?>u67$G$N D %V %l !< %s$O Hs2D 49%= %j %H %s $H $7 $F 5-=R$5 $l , Hs2D49 (BPS) %= %j %H%s $N 87L)2r$N9=@.$K$h$j , %?%-%* %s 6E=L $H$$ $C$? D %V%l !< %s $N ( @E ) NO3X $, 87L) $K 5DO@ $G$- $k$N $G$" $k . $3$N 5-;v$G$O , $^$:%; %/ %7%g%s 2 $G NC %2 !< %8 M}O@$N 4pAC$r35@b $7 $?$N $A , %; %/ %7 %g %s 3 $G , NC %2 !< %8 M}O@$H0lMM B >l ( <’>l ) Cf$N D %V%l !< %s >e$N %2 !< %8 M}O@$H$NEy2A@-$r ADHM/Nahm 9=@.K!$rBj:‘ $K 5DO@ $9$k . ADHM/Nahm 9=@.K! $O<+8JAPBP %2 !< %8 >l$NK\<A $r :G$bE*3N $K B*$($k0l$D$N8+J} $G$"$k $, , D %V%l !< %s $N J# 9g7O$+$i$=$N J*M}E*2r <a$r9T $& $HHs >o $K L@ 2r $K M}2r$5$l $k . ADHM/Nahm 9= @.K!$O Hs2D 1 Hs2D49%Q%i %a !<%? � ij $O :#$N$H$3$m<j$GM?$($k $7$+ $J$$ . 2 <’>lCf$N2YEEN3;R$N1?F0$G=E?4:BI8 $, Hs2D49$K8+$($k$H$$ $&OC $ONI$/CN$i $l$F$$ $k ( Nc$( $P [24] $N%; %/%7%g %s 3.1). 3 !V Hs 2D 49 %2!< %8M} O@!W $H N, $9 $H , Hs 2D 49 6u 4V >e $N (Non-Commutativ e) %2!< %8M} O@ $J $N $+ , %2!< %872 $,Hs 2D 49 $J (Non-Ab elian) %2 !< %8 M}O@$J$N $+ , 6hJL $, IU $+$J $/$J$k$N $G . 1

492= $G$- $k$?$a , Hs2D49$N8z2L $, B >l ( <’>l ) $N 8z2L$H $7 $F 8+$($k$O$:$G$"$j , <B:]$= $l$, 6q BN2r $J $I $+ $i 8+$F<h $l $k . $=$l$K $D$$$F>\ $7 $/5DO@$9$k . %; %/ %7%g %s 4 $G$O , ADHM/Nahm 9=@.K!$HJB$V6/NO$JHs 2D49 %=%j %H%s $N 9=@.K! !’ Solution Generating T ec hnique $r >R2p$9$k . $3 $l$3 $= $, %?%-%* %s 6E=L$N5DO@ $K Bg $- $J ?JE8 $r$b$?$i $7 $? =EMW$J<jK! $G$"$j , 9-$$J,Ln $K %$ %s%Q %/ %H$r M? $($? . :G8e $K%; %/ %7%g %s 5 $G , 8= >u $H:#8e$NJ}8~@- $K$D$$$F ;d$J$j$N0U8+$r=R$Y$k . 2 Non-Comm utativ e(=NC) Gauge Theory NC %2 !< %8 M}O@$N5-=R $K$O <!$N 3 $D$N J}K! $, $"$j , W eyl JQ49$*$h $S Seib erg-Witten %^%C %W $K $h$C$F 1 BP 1 $K BP1~ $E$1$i $l $k 4 !’ (i) %9%?!<@Q $rMQ$$$k5-=R � 2D496K8B!’ � 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) $NEy2A@- $G$"$k $, , $3$3$G$O?( $l$J$$ . $3$N%;%/ %7%g %s $G$O $^ $: %9%?!<@Q$rMQ$$$k5-=R (i) $K $h $C$F NC %2 !<%8 M}O@ $r Dj5A $7 , $= $l$+$i W eyl JQ49$H$$ $&JQ49 $r MQ $$$F%*%Z %l !<%?!<7A<0$N5-=R (ii) $K 0\$k . %*%Z %l !<%?!<7A<0$N5-=R $G 87L)2r$r5a$a$k . 4JC1 $N $?$a , $3$N 5-;v $G$O NC G = U (1) (3 + 1) <!85 Y ang-Mills-Higgs M}O@ $r 6qBNNc $H $7 $F 5DO@$r?J $a$k . :nMQ I YMH $O <!$NDL$j!’ I YMH = � 1 4 g 2 YM Z d 4 x T r ( F � F � + 2 D � � D � � ) : (3) $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 , BPS J}Dx<0 $O <! $N$h $& $K$J$k !’ 1?F0J}Dx<0 !’ [ D � ; F � � ] + [� ; [� ; D � ]] = 0 ; [ D � ; [ D � ; �]] = 0 ; (4) BPS J}Dx<0 !’ B i = � [ D i ; �] : (5) $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 >l 9g $r I=$9 ( 0J8eF1 MM ). 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 �)] : (6) 4 $3$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 $, $C$?Hs 2D496u4V !W $N2r@b$r4^ $‘5-;v $H $7 $F Nc $( $P [59] $, $" $k . $^$?5-=R (iii) $O , :BI84X?tF1;N$N Hs2D49@- (1) $, $J $/ , 2D49B&$H8F $P$l $k . 2

0J8e , Hs2D49:BI8 $O x 1 ; x 2 $G $" $k$b$N $H$9 $k . 5 $9$J$o $A [ x 1 ; x 2 ] = i� ; ( � > 0) ; $= $l 0J30$N:BI8F1;N!’ [ x � ; x � ] = 0 : (7) (i) %9%?!<@Q $rMQ$$$k5-=R %9 %?!<@Q $O IaDL$N2D49 $J 4X?t ( >l ) $K BP $7 $F Dj5A$5 $l $k @Q$N0l$D $G$"$k 6 !’ f � g ( x ) := exp � i 2 � ij @ ( x 0 ) i @ ( x 00 ) j � f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x = f ( x ) g ( x ) + i 2 � ij @ i f ( x ) @ j g ( x ) + O ( � 2 ) (8) %9 %?!<@Q $O <!$N=EMW$J@-<A$r;}$D!’ 8 > < > : � 7k9gB’ $, @.$jN)$D!’ f � ( g � h ) = ( f � g ) � h: � :BI84X?tF1;N$NHs2D49@- (1) $r :F8=!’ [ x i ; x j ] � := x i � x j � x j � x i = i� ij : � � ij ! 0 $G IaDL$N@Q $K La$k : NC %2 !<%8 M} O@ $O , IaDL$N 2D 496u 4V>e$N%2 !<%8 M}O@$K 8= $l $k>l F1;N$N @Q$r A4$F %9%?!< @Q $K CV$- 49$( $k $3$H$GF@$i $l $k . $7 $? $, $C $F , NC G = U (1) Y ang-Mills-Higgs M}O@$N:nMQ , 1?F0J}Dx<0 , $*$h $S BPS J} Dx<0 $O$= $l $>$l , <0 (3), (4), (5) $K $*$$$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 $, , 7 >l $O IaDL $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$$$N$G$" $k . $J $* %2 !< %8 72 $O IaDL U ( N ) $G 9M$($k . 8 (ii) %*%Z %l !<%?!<7A<0$N5-=R :# EY $O , :B I8 $N Hs 2D 49 @- (1) $+ $i=P H/ $7$F NC %2!< %8M} O@ $rDj 5A $9 $k . ?7 $7$$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 (9) $, J,$+ $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 ock 6u4V H $K :nMQ$9$k1i;;;R $H$J$j , @jM-?tI=<( $G 0J2< $N$h $& $K I=$5 $l $k ( <!%Z!< %8 I=;2>H ) !’ ^ 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 ( <!%Z!<%8I=;2>H ) = 1 X n =0 f n ( x 3 ) j n ih n j : (10) (i) $H (ii) $N Ey2A@- 9 5 ;~4V:BI8$rHs2D49$K$9$k$H 0x2LN’$d%f%K%?%j%F %# $, GK $l $k$H$$ $&5DO@ $,$"$j , IaDL $O 6u4V:BI8$N$_$rHs2D49$K$9$k . ( ;~4V :BI8 $rHs2D49$K$9$k NCOS M}O@ , OM M}O@$H8F $P$l $k$b$N$bB8:_ $7 , Nc$( $P [1] $NCf$N;{Eh$5$s$N2r @b $, $"$k .) $^$?Hs2D49%Q %i %a !<%? $NI=$99TNs $O H?BP>N$G$"$j , $=$N%i%s %/ $O 6v?t $G$" $k $+$i , $3 $N$h $& $K Hs2D49@- $r F3F~$9$k $7 $+$J $$ . 6 @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 $? . 7 $3$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 Lorentz BP>N@- $rGK$C$F$$$k $3$H $+$i$bJ,$+$k ), 0lMM<’>lCf$NJ*M}7O $HEy2A $G$"$j , 0UL#$N$J$$M}O@ $H$$ $& $o $1$G$O$J$$ . 8 @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 $^ $& . 9 >\ $7 $/$O [24] $J $I $r ;2>H . 3

(i) $H (ii) $O !V Hs 2D49 Euclid 6u4V !W $G$O Ey2A$J 5-=R $G$" $j , W eyl JQ49$H$$ $&JQ49 $K $h$C$F BP1~ $E$1$i $l $k . (i) $N 5-=R$K $*$1 $k >l f ( x 1 ; x 2 ) $O , <!<0$G Dj 5A$5 $l $k W eyl JQ 49 $K $h $C $F , (ii) $N 5-=R$K $*$1 $k >l ^ f ( ^ x 1 ; ^ x 2 ) $K $&$D$5 $l $k ( 4JC1$N$?$a x 3 0MB8@- $O 9M $($J$$ ) !’ ^ 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 ) ; (11) $?$@ $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 ) : >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$9!’ d f � g = ^ f � ^ g . W eyl JQ49$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 (12) $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 4

$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 + � ) : (13) ( 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 (5) $O ( ^ B 3 =) 2[ ^ D z ; ^ D y z ] + 1 � = � [ ^ D 3 ; ^ �] ; ( ^ B z =) [ ^ D 3 ; ^ D z ] = � [ ^ D z ; ^ �] (14) $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$$ $k$N $O , >e=R$NDL$j$G$"$k . 0J8e , 2r$N9=@.$N5DO@ $O A4$F%*%Z %l !<%?!<7A<0$N5-=R $G 9T$& . $3 $N%; %/ %7%g %s$G$O F ock 6u4V $K :nMQ$9 $k1i;;;R $K$O %O%C %H $r IU $1$? $, 0J8e>JN,$9$k . $^$?4JC1$N$?$a0J8e Anti-Self-Dual J}Dx<0 $r 07 $& . 3 ADHM/Nahm Construction ADHM/Nahm 9=@. K! 10 $H$O , G$ 0U$N %$ %s %9%? %s%H%s 2r / %b %N%]!<%k 2r$NHs >o $K 6/NO$J 9=@. K!$N0l$D $G$"$j , B?$/$N1~MQ $,$" $k . $3 $l$O , %$ %s %9%? %s %H%s / %b %N %]!<%k$N2r6u4V (4 <!85 /3 <!85<+8JAPBPJ} Dx<0 $N2r 6u4V ) $H ADHM/Nahm J} Dx<0$N 2r6u4V$H$N 1 BP 1 BP1~ ( APBP @- ) $r MxMQ $7 $?$b $N$G$" $j , $= $l$i $N 2r6u4V $I $& $7 $O !V Dirac J}Dx<0$NNm%b!< %I !W $r2p $7 $F BP1~ $E$1$i$l $k . Hs2D49 %$ %s %9%? %s%H%s / %b%N %]!< %k 2r$b$3$NJ}K! $G 9=@.$9$k$3$H $,$G$- , 4{CN$N87L)2r $O ( %*%Z %l !<%?!<7A<0$G$O ) <g $K$3$N J}K!$G5a$a$i $l$? . $3$3$G $O ADHM/Nahm 9=@.K! $N D %V%l !< %s 2r<a $r>R2p $7 , $=$NAPBP@- $, @.$jN) $DM}M3 $H , 6u4V $r Hs2D49 $K $7 $? 8z2L$HGX7J $K B >l$r $+$1$? 1F6A$H$N4XO" $K $D$$$FO@ $8 $k . 11 $^ $: , G = U ( N ) ; k %$ %s %9 %? %s %H%s$N ADHM 9=@.K! $K$D$$ $F@bL@$9$k . 2D496u 4V>e $N ADHM J}Dx<0 $O @53N $K$O <!$N$h $& $K$J $k!’ ( � R :=) [ B 1 ; B y 1 ] + [ B 2 ; B y 2 ] + I I y � J y J ( � � [ z 1 ; � z 1 ] � [ z 2 ; � z 2 ]) = 0 ; ( � C :=) [ B 1 ; B 2 ] + I J = 0 : (15) $3 $3$G , B 1 ; B 2 $O k � k 9TNs , I ; J y $O k � N 9TNs $G$"$k . Hs2D496u4V>e $G$O , (15) $NBh 1 <0$N3g8LFb $NIt J, $, %N %s%< %m$H$J$j , ADHM J}Dx<0 $O ( � R :=) [ B 1 ; B y 1 ] + [ B 2 ; B y 2 ] + I I y � J y J = � 2( � 12 + � 34 ) =: � ; ( � C :=) [ B 1 ; B 2 ] + I J = 0 : (16) $N$h $& $K >/ $7 =$@5$5 $l $k . Hs2D496u4V>e $G$N 4 <!85<+8JAPBPJ}Dx<0 12 ( F z 1 � z 1 + F z 2 � z 2 =) � [ D z 1 ; D y z 1 ] � [ D z 2 ; D y z 2 ] � 1 2 � 1 � 12 + 1 � 34 � = 0 ; ( F z 1 z 2 =) [ D z 1 ; D z 2 ] = 0 : (17) 10 Jq3gE* %l%t %e !<$H $7 $F [20] $, $" $k . ;29MJ88%$b$=$3$KLVMe $7 $F$" $k . 11 GX7J B >lCf$N D %V%l !< %sJ#9g7O $K4X$9$k5DO@ $K$D$$$F $O , $3$N8&5f2q$N:#@t $5 $s , B<>e $5 $s , B@ED$5 $s , :4F#$5 $s$NH/I=$* $h $S , [1] $N Cf$N>>Hx ( =S ) $5$s$N 5-;v$b8f;2>H$/ $@$5$$ . 12 $$ $^Hs2D49@-$O ( 6u4V ) 4 <!85J}8~A4$F $K F3F~ $7 $F$$ $k . ( � 12 $H � 34 $N$_ %N %s%< %m$H $7 $? .) 5

?^ 1: ADHM 9=@.K!$N D %V%l !< %s 2r<a $H8+Hf$Y $l $P , ADHM J}Dx<0$H 4 <!85<+8JAPBPJ}Dx<0$H$G H~ $7 $/BP1~ $7 $F $$ $k$3$H $, NI$/J,$+ $k . (16) $NBh 1 <0$N 1&JU$NDj ?t � $, %N %s%< %m$G $" $l $P , ( 40Hw2=$5 $l $? ) %$ %s %9%? %s %H%s !&%b%8%e%i %$ 6u4V$NFC0[ E@ $, 2r>C$9$k $3 $H $, CN $i $l$F$$ $k [50]. $7 $? $, $C $F2r>C$5 $l $?FC0[E@$NItJ, $KBP1~$9$k , 2D496u4V $K$O$J $$ %$ %s %9%? %s %H%s 2r $, B8:_$9$k$3$H $K$J $k . $3$l$, U (1) %$ %s %9%? %s %H%s $G $"$j , <B:]$KHs 2D49 R 4 >e$G HsFC0[ $J2r$H $7 $F 9=@.$5 $l $? [52], [12]. $3$3$G$3$l$i$N J} Dx<0$N D %V%l !< %s 2r<a [9], [61] $r >R2p$9$k . GX7J$H$J$k7O$O k 8D$N D0 %V %l !< %s$H N Kg$N D4 %V %l !< %s $N BPS J#9g7O $G$" $k ( ?^ 1 ;2>H ). $3$N7O $r#2$D$N0[ $J$C $?N)>l $+$i5-=R $7 $h $& . $^ $: D4 $+$i 8+$k . $3$N$H$-Nc $( $P%2 !< %8!< %N $N SUSY JQ49 $N<0 $+$i , (4 <!85 ) <+8JAPBPJ}Dx<0 $,$3$N BPS 7O$r5-=R$9$k$b $N$H $7 $F F@ $i $l , D0 %V%l !< %s$O %$ %s %9%? %s %H%s $H $7 $F 5-=R$5 $l $k . 0lJ} D0 $+$i 8+$k$H SUSY $r J]$D>r7o $O D 9‘>r7o$H $7 $F F@$i $l $k . D 9‘ >r7o $r=q$-2<$9 $K$O , D0 >e$N SYM M}O@ $NNm<ANL%9%+ %i!<>l $r;}$C $F$3$J $1 $l $P $J$i$J$$ $, , $3$l$O 0-0 %9 %H %j %s %0$+$i $/$k $b $N ( k � k 9TNs ) $*$h $S ( %O %$ %Q !<B?=E 9‘ $N ) 13 0-4 %9 %H %j %s %0$+$i $/$k $b $N ( k � N 9TNs ) $, $"$k . $3 $l$i$r$= $l $>$l B 1 ; 2 $*$h $S I ; J y $H I= $7 $F , D 9‘>r7o $r=q$-2<$9 $H , $A$g$& $I ADHM J} Dx<0 $, F@$i $l $k . $I $A$i$N J}Dx <0$b F1 $8 J* M}7O$r 5-=R$9 $k$b$N$G $" $k $+$i , 2r6u 4V$NEy 2A@-$O <+L@$G$" $k . $^$? %$ %s %9%? %s %H%s !&%b%8%e%i %$ $N<!85$O 4 N k $G $" $k$3$H $, CN $i$l$F $$$k $, , $3$N D0-D4 BPS 7O $G D0 $N F0$/<+M3EY $r 9M $( $k $H , $3 $l $b L@ $i$+$G$" $k . $5$i$K 6u4V$rHs2D49 $K $7 $? 8z2L $O ADHM 9=@.K! $=$N$b $N$NOHAH$_ $G<+A3 $K 8= $l $k $, , 0lJ} D %V%l !< %s 2r<a $+ $i 9M $( $k $H , B >l$N8z2L $, FI %Q%i %a !<%? $H $7 $F D 9‘>r7o<0 $K 8= $l $?$H M}2r $G$-$k . $3$3$K 6u4V$rHs2D49 $K $7 $? 8z2L$H<’>l$rF~ $l $? 8z2L $, A4$/F10l $N$b$N$H $7 $F 8= $l $F$$ $k . 0lJ} , 2D496u4V>e$N Nahm J}Dx<0 $O G = U (1) ; U (2) $N >l9g , <!<0$N$h $& $K$J $k 14 !’ dT i d� � i 2 � ij k [ T j ; T k ] ( � � 1 2 [ z ; � z ] � i 3 ) = 0 : (18) T i $O ADHM 9=@.K! $N B 1 ; 2 $K AjEv $7 , 1-1 %9 %H %j %s %0$+$i $/$k%9%+ %i!<>l $KBP1~$9$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 (19) $H>/ $7 =$@5$5 $l $k . $3$l$b Hs2D496u4V>e$N Bogomol’nyi J}Dx<0 (14) [� ; D i ] � i 2 � ij k [ D j ; D k ] = 1 � � i 3 (20) 13 :#9M$($F$$$k>u67$O Higgs %V %i%s%A$K AjEv$9$k . 14 $5$i$K 6-3&>r7o$, I,MW$G$" $k . $3 $N 6-3&>r7o$O <B$O My ers 8z2L [49] $H 4X78 $,$" $k . ( %l%t %e !<$H $7 $F Nc$( $P [39] $, $" $k .) $^ $? , G = U ( N ) ; N � 3 $N >l9g $O >/ $7 J#;($J7A $K$J $k . (ADHM J}Dx<0$N I ; J $K BP1~$9$k9‘ $, DI2C$5 $l$k .) 6

?^ 2: Nahm 9=@.K!$N D %V %l !< %s 2r<a $H8+Hf$Y $l $P APBP4X78 $, 82Cx $G$" $k . Nahm 9=@.K! $N D %V%l !< %s 2r<a [8] $bB8:_ $7 , D1-D3 %V%l !< %s J#9g7O $H $7 $F5-=R$5 $l $k ( ?^ 2 ;2>H ). %$ %s %9%? %s %H%s $N ;~ $HF1MM $K , Bogomol’n yi J}Dx<0 $*$h $S Nahm J}Dx<0 $O$= $l $>$l D3 $*$h $S D1 $+$i$_$? $H$-$N BPS >r7o $H $7 $F I=$5 $l $k . $7 $? $, $C $FN><T$N2r6u4V $NEy2A@- $O <+L@ $G$"$k . B >l$N8z2L $K$D$$$F $N5DO@ $O 8 %Z!<%8 5SCm $K 2s$9 . <! $K 4JC1 $J 6qBN2r $r >/ $7 >R2p$9$k . 2D496u4V>e $N G = S U (2) (ASD) 1 %$ %s %9%? %s %H%s 2r (BPST 2r ) $O ADHM 9=@.K!$K$h$j <!$N$h $& $K 5a $a $i $l $k (ADHM J}Dx<0 (15) $N2r$H $7 $F$O B 0 ; 1 = 0 ; I = ( �; 0) ; J = (0 ; � ) t ( $[ $\ <+L@2r ) $r <h $l $P $h $$ . 15 ) !’ A � = 2 x � j x j 2 + � 2 � � � � ; F � = 4 � 2 ( j x j 2 + � 2 ) 2 � � � : (21) $3 $3$G � � � = � � i � � i ; � � i � := � i� 4 � � i� � � 4 + � i� � � 4 $G $"$j , � � i � $O ’t Ho oft $N %$ %’!<%? !& %7 %s%\%k$H 8F $P$l $k Anti-Self-Dual %F %s%=%k$G$"$k . $7 $?$,$C $F$3$N2r $O Anti-Self-Dual $G$" $k . � $O %$ %s %9%? %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? $N J,I[ $K$J$j , %$ %s %9%? %s %H%s $N Cg4V $+$i$O$_=P $7 $F $7 $^ $& . $3$N � = 0 $K BP1~$9$k %b %8%e %i %$ 6u 4V $N !V C< E@ !W $r %9 %b!<%k!& %$ %s %9%? %s %H%s FC0[E@$H8F$V . $3$N $h $& $K 2D496u4V>e$G$O %9%b!<%k!& %$ %s %9%? %s%H%s FC0[E@ $, B8:_ $7 , ADHM %G !<%? I = 0 ; J = 0 $K $h $C$FFCD’IU $1$i$l $k . Hs2D 49 6u 4V >e $N G = U (2) (ASD) 1 %$ %s %9%?%s%H %s 2r ( Hs 2D 49 BPST 2r ) $b ADHM 9= @. K!$K $h $j F1MM$K 5a$a $i$l $k [52], [12]. $3 $l $r M?$( $k Hs 2D 49 ADHM J} Dx <0 (16) $N 2r$H $7 $F $O B 0 ; 1 = 0 ; I = ( p � 2 + � ; 0) ; J = (0 ; � ) t ( $[ $\ <+L@2r ) $r <h $l $P $h$$ . ( � > 0 $H $7 $? .) 2D496u4V $N>l9g $HHf$Y$k $H I $NCM $, >/ $7 0[$J$k $?$a , $5$C$- $HF1MM $K � $r%<%m$K$b$C $F$$$C $F$b I $O%<%m$K$J$i $: , %5 %$ %:M-8B$NHsFC0[ $J %$ %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 $$ %$ %s %9%? %s %H%s 2r $K AjEv$9$k . U (1) %$ %s %9%? %s%H%s$O 0LCV $rI= $9 %b %8%e%i %$ !&%Q%i %a !< %? $7 $+ ;}$? $: , 9- $, $j$N%5 %$ %: $O 0lDj ( BgBN p � $0 $i $$ ) $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 (18) 15 B 0 ; 1 $O D0 %V%l !<%s >e$N %2 !<%8M}O@$N %9%+%i!<>l $N4|BTCM $G$"$j , ( BP3Q2=$5 $l$? >l9g$NBP3Q@.J, $, ) %$ %s %9%? %s%H%s $N0L CV $rI=$9$N$G , B 0 ; 1 = 0 $H $$ $&$N $O %$ %s %9%? %s%H%s$r 86E@$KCV$$$?$3$H$KAjEv$9$k . 7

?^ 3: Dirac %b %N %] !< %k$N <’>lJ,I[ ( 2D496u4V>e ( :8 ) V.S. Hs2D496u4V>e ( 1& )) $N2r$H $7 $F$O T i = 0 ( <+L@2r ) $r <h $l $P $h$$ . k = 1 $N >l9g $O$3$l$G 6-3&>r7o$bK~$?$5 $l $k .) !’ � = � 1 2 r ; A r = A # = 0 ; A � = 1 2 r 1 + cos # sin # : (22) $? $@ $7 ( r ; #; � ) $O IaDL$N 6K:B I8$G$" $k . %2 !< %8 >l $O # = 0 $G H/;6 $7 $F $*$j , $=$l$+$i 7W;;$5 $l $k<’ >l$b # = 0, $9$J$o$A x 3 <4$N@5$NItJ, $K %G%k %? 4X?t7?$NFC0[@- $r ;}$D $3$H $, J, $+$k . $3 $N x 3 <4$N@5$NItJ, $K 1h $C $? %9 %H %j %s %0 >u$NFC0[E@ $N=8$^ $j $r Dirac %9 %H %j %s %0$H 8F$V . Dirac %9 %H %j %s %0$O L58B>. $NI} $r;}$C $? %= %l %N %$ %I $H 2r<a $G$- , %2 !< %8 JQ49 $G$= $NJ}8~ $, JQ $o$kHsJ*M} E*BP>] $G$"$k . 16 x 3 <4 $N@5$NItJ, 0J30 $G$O <’>l $O B i = � @ i � = � x i 2 r 3 (23) $H7W;;$5 $l , J|<M>u$NJ,I[$r $7 $F$$ $k . ( ?^ 3 $N :8;2>H .) Hs 2D 49 1-Dirac %b%N %]!< %k $N87 L) 2r $O [18] $G Nahm 9=@. K! $K$h $j5a $a $i $l$? ( Hs2D 49 Nahm J}Dx <0 (19) $N2r$H $7 $F$O T i = � � i 3 � � ( <+L@2r ) $r <h $l $P $h$$ .) 17 !’ � = 1 X n =0 � n j n ih n j = � ( 1 X n =1 � � 2 n � � 2 n � 1 � j n ih n j + � � 2 0 + x 3 � � j 0 ih 0 j ) ; A z = 1 p 2 � 1 X n =0 � 1 � � n � n +1 � a y j n ih n j ; A 3 = 0 : (24) $3$3$G � n := Z 1 0 dp p n e � � p 2 +2 px 3 ; � n := s n� n � 1 2 � � n : (25) $3 $l$O ;j$k$H$3$mHs FC0[ $J 2r $G$" $k . L58B1s$N?6$kIq$$ ( r n + x 3 ! 1 ; r n := p ( x 3 ) 2 + 2 � n ) $O <!$N$h $& $K$J $k 18 !’ � n � 8 > < > : � x 3 � : n = 0 ; x 3 ! + 1 � 1 2 r n = � 1 2 p ( x 3 ) 2 + 2 � n !’$= $l 0J30 (26) 16 %b %N %]!<%k$K4X$9$k>\ $7 $$ %l%t %e !<$H $7 $F Nc$( $P [14], [23] $, $" $k . 17 T i ( � ) $O D1 %V%l !< %s >e$N %2!<%8M}O@ $N%9%+ %i!<>l $N4|BT CM ( $9 $J$o$A D1 %V%l !< %s$N 0LCV ) $r I=$9 $N $G , $3$NHs2D49 Nahm J} Dx<0 $N2r $O D1 %V%l !< %s$, � J}8~ $K79$- � � $G 79$$ $F$$$k $3 $H$rI= $7$F$$$k . $= $7$F$3$N79$- $3$= $, , D1 %V%l !< %s$NC<E@ ( <’ 2Y $rBS $S$F $$$k ) $, B >l ( <’>l ) $K 0z$CD% $i $l$? 8z2L $rI= $7 $F $$$k$N $G$"$k . ( ?^ 4 $N 1&2<?^;2>H .) $3 $N � $O :BI8$NHs2D49@- $+ $i Nahm J}Dx<0 $K 8= $l$?$b$N$G$"$j , $3$3$K Hs2D49$N8z2L$H B >l$N8z2L $H$N 0lCW $, 8+ $i$l$k . 18 0HE@K!$G � n $N @QJ,$r=hM} $7 $? . 8

?^ 4: Dirac %b %N %]!<%k$N Higgs >l$NG[0L ( >e ) $H D %V %l !< %s 2r<a ( 2< ) ( :8!’2D496u4V , 1&!’Hs2D496u4V ) ( B 3 ) n � 8 > < > : 1 � : n = 0 ; x 3 ! + 1 � x 3 2( r n ) 3 !’$= $l 0J30 (27) $3$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 $N It J, $G FC JL$J ?6 $k Iq$$$r$7 , 19 <’ >l J, I[$O $* $* $h $= ?^ 3 $N 1&$N $h $& $K $J $k . x 3 <4$N @5$N It J,$N 0l MM$J <’ >l ( B 3 ( x 3 ! + 1 )) 0 j 0 ih 0 j $O , W eyl JQ 49$G %9%? !< @Q$r MQ$$ $k 5- =R$K La $k$H , $A$g $& $I Gauss 7?$N J, I[ (2 =� ) exp � � (( x 1 ) 2 + ( x 2 ) 2 ) =� $K$J$j , $=$NI} $OBgBN 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$N FC0[$J Dirac %9 %H %j %s %0$K 0lCW$9$k . <! $K D %V%l !< %s 2r<a$r9M$( $k . G = U (1) Y ang-Mills-Higgs M}O@$O 1 Kg$N 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 0L CV $r I=$9 . Dirac %b %N %] !<%k2r$N G[0L $O , $^$C$9 $0 L58B $K $N $S $? D1 %V %l !< %s$, D3 %V%l !< %s$K C< $r;}$A , 0BDj2= $7 $? >u67 $K AjEv$9$k . (9 %Z !< %8$N?^ 4 $N :82<;2>H .) $3$N$H$- D1 %V %l !< %s$O D3 %V%l !< %s $H0lBN2= $7 , D3 %V %l !< %s $N FM5/$H 2r<a$5 $l $k . D1 %V %l !< %s $N C< $O <’2Y$r BS $S $F $*$j , D3 %V %l !< %s$+$i $_$k $H%b%N %]!< %k$K8+ $( $k . :#9M $($F$$$kHs2D49 $N>l9g $K AjEv$9$k $N $O , D3 %V%l !< %s >e $K GX7J0lMM B >l ( <’>l ) $, x 3 J}8~ $K F~$C $F$$ $k>u 67 $G$" $j , D1 %V%l !<%s $N C< $O 0l MM B >l$K 0z$CD%$i $l , $" $k79$-$r ;}$C $?>uBV $G D1 %V %l !< %s $N D%NO $H D‘$j9g$C$F0BDj $H$J $k [29], [30], [31]. ( ?^ 4 $N 1&2<;2>H .) Higgs >l$NG[0L (22) $*$h $S (26) $r ?^<($9$k $H , ?^ 4 $N :8>e$*$h $S 1&>e$N$h $& $K$J$k . >e5-$N D %V%l !< %s 2r<a ( ?^ 4 2< ) $H Hf3S$9$k$H , Higgs >l$N x 3 <4$N@5$NItJ,$G$NFC0[$J ?6$kIq$$ $O D3 %V%l !< %s$, FM5/ $7 $F $G$-$? D1 %V %l !< %s$r I= $7 $F $$ $k$H9M$($i $l $k . x 3 <4$N @5$NItJ,$N<’B+$O , $3 $N D1 %V %l !< %s $N !V 1F !W 19 :# 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 ). 9

$G$" $k [18]. 20 D1 %V %l !< %s$N 79$- $O , D3 %V %l !< %s$+$i B,$C$F � 1 =� $G $" $j , � <4$+$i B,$C$?79$- $, � � $G$"$k $3 $H$HA4$/ L7=b $; $: ( ?^ 4 $N 1&2< ;2>H ), $^ $? , DBI :nMQ $N2r@O $+ $i5a$a $i $l$?2D49B& $N5- =R (iii) $G $NHs2D49%b %N %] !< %k$N %V%l !< %s 2r<a [48], [32] $N 7k2L$H$b , $A$g $& $I 0lCW$9$k . 21 4 Solution Generating T ec hnique $3$N%;%/ %7%g %s$G$O , 1?F0J}Dx<0 , BPS J}Dx<0 $rITJQ $K J]$DHs2D496u 4VFCM- $NJQ49 $r8+=P $7 , 4{CN$N %= %j %H%s 2r $+$i?7 $7 $$%=%j %H%s 2r$r9=@. $9$k . $3$N9=@.K! $O Solution Generating T ec hnique $H 8F $P$l$F $* $j , 2000 G/8eH>$NHs2D49M}O@$NH/E8$N;YCl$H$J$C$? . $^ $: <!$NJQ49 $r 9M $( $k!’ � ! S � S y ; D i ! S D i S y : (28) $? $@ $7 , S $O S y S = 1 $r K~$?$91i;;;R $G$"$k . S $, M-8B %5 %$ %:$N9TNs $G$" $l $P , <+F0E* $K S S y = 1 $b K~ $? $5 $l , S $O %f%K %? %j1i;;;R , JQ49 (28) $O%2 !< %8 JQ49 $H$J $k . $H $3 $m $, :# , S $O L58B%5 %$ %:$N 9TNs $G$" $k$? $a , S S y $O <M1F1i;;;R $K$J $k$3$H $7 $+ 8@$($J$$ (( S S y )( S S y ) = S S y ). JQ49 (28) $O 0lHL $K 1?F0J}Dx<0 $r ITJQ $K J]$D [26] !’ � I � O ! S � I � O S y : (29) <B:] , Nc$( $P NC G = U (1) Y ang-Mills-Higgs M}O@$N1?F0J}Dx<0 (4) $N 2 HVL\$NJ}$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 .) JQ 49 (28) $r 4pK\ $H $7 $?2r@8@.K! $r Solution Generating T ec hnique $H 8F $V . $3$NJ}K! $K$h$j??6u2r ( <+ L@2r ) $+$i Hs<+L@$J?7 $7 $$ 2r $, $$$H$b4JC1 $K 9=@.$5 $l , %?%-%* %s 6E=L$N5DO@ $XL\3P $7 $/1~MQ$5 $l$? . $3$l $K$D$$$F$O 13 %Z!<%8$G 2r@b$9$k . S $N E57?Nc $O <!$N%7%U %H 1i;;;R S k $G $" $k!’ S k := 1 X n =0 j n + k ih n j ; S y k = 1 X n =0 j n ih n + k j : (30) $3 $l$i$O S y k S k = 1 ; S k S y k = 1 � P k $r K~$?$9 . $3$3$G , P k := k � 1 X m =0 j m ih m j (31) $O , F ock 6u 4V H $N k <!85ItJ,6u 4V H N = � k � 1 m =0 C j m i $X $N <M1F1i;;;R$G$"$j , S k S y k $O , H $K BP$9 $k H N $NJd6u4V$X$N<M1F1i;;;R$H$J$k . 0J8e S $H $7 $F S k $r MQ$$$k . JQ49 (28) $O BPS J}Dx<0 $r ITJQ $K J]$? $J$$ . <B:] , Nc $( $P BPS J}Dx<0 (14) $N 0lHVL\$NJ}$N:8JU $O 2[ D z ; D y z ] + 1 � ! 2[ S k D z S y k ; S k D y z S y k ] + 1 � = S k (2[ D z ; D y z ]) S y k + 1 � = S k � 2[ D z ; D y z ] + 1 � � S y k + 1 � P k 20 $3$l$, J*M}E*BP>]$G$"$k$+ $I $& $+$OHyL/$GFq $7 $$ LdBj$G$"$k . 21 5-=R (iii) $N >\ $7 $$ 5DO@$O [1] $N Cf$N?9;3$5$s$N 5-;v$r , 5- =R (ii) $H (iii) $H $N Hf3S$N >\ $7 $$ 5D O@ $O [1] $N Cf$NIM Cf$N5-;v$r 8f;2>H$/ $@$5$$ . 10

?^ 5: 1 %U%i %/%= %s $N Higgs >l ( :8 ) $*$h $S D %V %l !< %s 2r<a $H <’>lJ,I[ ( 1& ) $H 6&JQ E*$K JQ 49 $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 k S y k $, <M1F1i;;;R $G$"$k$3$H$K$b Cm0U .) $= $3$G ;dC# $O , JQ49 (28) $r =$@5$9$k$3$H $G , BPS J}Dx<0$rITJQ $K J]$DJQ49$r8+=P $7 $? . NC G = U (1) Y ang-Mills-Higgs M}O@ $K BP$9$k7k2L $O <!$NDL$j!’ � ! S k � S y k � k � 1 X m =0 x 3 � � ( m ) 3 � j m ih m j ; D 3 ! @ 3 + S k A 3 S y k + i k � 1 X m =0 � ( m ) 4 � j m ih m j ; D z ! S k D z S y k + k � 1 X m =0 � ( m ) z � j m ih m j : (32) $3$3 $G , � ( m ) z := (1 = 2)( � ( m ) 1 � i� ( m ) 2 ) $G$" $j , � ( m ) � $O G$0U$N<B ( %b %8%e %i %$ !& ) %Q%i %a !<%? $G$"$k . $3$NJQ49$rMQ$$$k $H , G$0U$N4{CN2r $+$i ?7 $7 $$2r $, $I $s $I $s @8@.$5 $l $k . Nc$( $P , 4{CN2r $H $7 $F ??6u2r � = 0 ; A = 0 $r$H $k$H , <!$N?7 $7 $$2r $, F@ $i$l $k!’ � uxon = � k � 1 X m =0 x 3 � � ( m ) 3 � ; D uxon z = S k ^ @ z S y k + k � 1 X m =0 � ( m ) z j m ih m j ; A uxon 3 = 0 ; (33) B uxon 3 = � @ 3 � = 1 � P k ; B uxon 1 = B uxon 2 = 0 : (34) $3 $l$O k %U%i %/%= %s$H 8F $P$l $k Hs2D496u4V FCM-$N%= %j %H%s$G $" $k [54], [19]. Higgs >l$NG[0L$*$h $S $=$N D %V %l !< %s 2r<a$H<’>lJ,I[ $O ?^ 5 $N$h $& $K$J $k . %U %i%/ %= %s$O Hs2D49 Dirac %b %N %]!< %k $K 8= $l$? x 3 <4 $N@5 $NItJ, $N<’B+ $, L58B $K$N $S $F$$$k$b $N $H2r<a $G$- , %b %N %]!<%k$H$$ $&$h$j $O $‘ $7 $m12$K 6a$$ . C10LD9$5$"$?$j$N <ANL$O 2 � =g 2 YM � $G $" $k . $7 $? $, $C$F JQ49 (32) $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$$$k $h $& $K 8+$( $k . $3$l$O JQ49 (32) $, <B $O :nMQ$bJQ$($F $7 $^$C$F$$$k$?$a$G$" $j , $=$N 860x $O :nMQ$NCf$N 6J N( $N<0$K Dj?t9‘ $, 4^$^ $l$F $$ $k$3$H$G$" $k . JQ49 (32) $O 8+3] $1 >e$O$[$H$s $I %2 !<%8 JQ49 $G$" $k $, , <B:] $O , $" $k %= %j %H%s ( %U%i%/ %= %s ) ?t$N %;%/%?!< $N??6u $r , k 8D %=%j %H%s ?t $NB?$$ %;%/%?!< $N??6u $K0\$9 $H$$ $& JQ49 $K$J $C$F$$$k . 11

$3$N JQ 49$r9T NsLO7? [4], [37] $N N)>l$G 2r<a$9 $k [2], [3]. %U %i %/%= %s 2r$O , 9TNsI= <($9$k$H <!$N$h $& $K $J$k!’ D uxon z = S k 0 @ 1 X m;n =0 ( ^ @ z ) m;n j m ih n j 1 A S y k + k � 1 X m =0 � ( m ) z � j m ih m j ; = 1 X m;n = N ( ^ @ z ) m � N ;n � N j m ih n j + k � 1 X m =0 � ( m ) z � j m ih m j ; = 0 B B B B B B B B B B B B B B @ � (0) z � O . . . O O � ( k � 1) z � O ^ @ z 1 C C C C C C C C C C C C C C A : (35) $7 $?$, $C$F , JQ49 (32) $O 9T NsI= <( $7 $F$_ $?$H $- , $b$H $N 2r$r 1& 2<J} 8~ $K k $@ $1$: $i $7 $F , 6u$$$? :8>e$N k � k 9TNs$NBP3Q@.J, $K E,Ev$J9‘ $r 2C $($?$b$N$H$J$C $F$$$k . JQ498e $N2r $O 9TNsLO7? $K$h$k$H , 9TNs$N1& 2<ItJ, $, L58B8D$N D1 %V%l !< %s$N B+G{>uBV $H $7 $F$N D3 %V%l !< %s$r I= $7 , :8>e $N k � k $N ItJ, $, k 8D$N%P %i %P%i$K$J $C $? D1 %V%l !< %s$r I=$9$H2r<a $G$- $k ( ?^ 5 $N 1&?^;2>H ). $3$N k 8D$N D1 %V %l !< %s ( %U%i%/%= %s ) $+$i $_ $k $H , <0 (35) $N :8>e$NG$0U%Q%i %a !<%? � ( m ) z $O , %9%+%i!<>l$N??6u4|BTCM $G$"$j , D1 %V %l !< %s $K ?bD> $JJ}8~ $N:BI8 $rI=$9 . $7 $? $, $C $F , ?7 $7 $$ 2r $K4^$^ $l$F$$$?G$0U%Q %i %a !<%? � ( m ) � $O , k 8D$N%U%i%/ %= %s$N 0LCV $rI=$9 . Higgs >l � $N :8>e$N k � k $N ItJ, $K$O x 3 $N 0l<! $N9‘ $, F~$C $F$$$k $?$a , k 8D $N D1 %V %l !< %s$, x 3 J}8~ $K $&$^$/79 $- ( 79$-!a � 1 =� ), BPS >uBV $NG[0L $, <B8=$5 $l$?$N$G$" $k . 22 $H$3 $m$G%U%i %/ %= %s$N <’>l $r 7W;;$9$k $H , <0 (34) $N$h $& $K 0LCV $N>pJs � ( m ) � $, >C $($F $7 $^ $& . $3$l$O NC %2 !< %8 M}O@ $K $O 6I=jE* $J4QB,2D G=NL $, B8:_ $7 $J $$$? $a $G$"$j , $3$N$h $& $J$3 $H $, 5/ $3$C $F$bIT;W5D $J $3$H $G$O$J$$ . J* M}E*2r <a $O 2D49B& $K $&$D$k $H LdBj $J$/9T $& $3$H $, =PMh$k . %U%i %/ %= %s 2r $O87L)$J Seib erg-Witten %^%C %W [53] $K $h$j 2D49B& $K %^%C %W $9$k$3$H $, 2DG= $G$"$j , $=$N D1 %V %l !< %s L)EY $O <!$N$h $& $K 5a$^$k [33] !’ J D 1 ( x ) = 1 � � (�) + k � 1 X m =0 � ( x 1 � � ( m ) 1 ) � ( x 2 � � ( m ) 2 ) � � + x 3 � � ( m ) 3 � ! : (36) 1&JUBh0l9‘$O 0l MM $K J, I[ $7 $? L58B 8D$N D1 %V %l !<%s , $9$J$o $A D3 %V %l !< %s $r , 1&JUBh Fs9‘$O 79$- � 1 =� $G D3 %V%l !< %s$K FM$-;I $7 $? D1 %V %l !< %s$r I=$9 $H 2r<a$5 $l $k . %Q %i %a !<%? � ( m ) i $, %U %i %/%= %s $N 0LCV$r I=$9 $3$H $O L@ $i$+$G$" $k . 23 %?%-%* %s 6E=L$X$N1~MQ [26] 24 . $3$3$G$O :F $S 85$NJQ49 (28) $K La$j , $b $C $H J#;( $J M}O@ $K$D$$$F 9M $( $k . 22 %$ %s %9%? %s %H%s$GHs2D49 %Q%i %a !< %? � 12 $H � 34 $, $&$^$/ $D$j $"$& ( � 12 + � 34 = 0) $3$H$G BPS >uBV $NG[0L $, <B8= $5 $l $k [2] $N$H$A$g $& $I F1 $8 $G $" $k . <B:] Solution Generating T ec hnique $G @8@.$5 $l $k %$ %s %9%? %s %H%s $r <~4|E*$K JB$Y$F F ourier JQ49 $7 , <~4| %<%m$N 6K8B$r<h$k$H , � 12 + � 34 = 0 $N>u67$G$A$g $& $I %U%i %/%= %s$H 0lCW$9$k [21]. 23 %U %i %/%= %s$O Nahm 9= @.K!$rMQ$$$F9= @.$9$k$3$H$b=P Mh$k [21]. %Q%i %a !<%? � ( m ) i $r Nahm %G !<%? T i $N BP3Q @.J, $K F3F~ $9 $k $H , >e5-$N2r (33) $, F@ $i $l$k . $3$N$3$H $+$i$b � ( m ) i $, %U%i%/%= %s$N0LCV $rI=$9 $H$$ $& $N $, M}2r$5 $l$k . $J $* $3$N9=@. $G $O Higgs >l$N2r$NCf$N x 3 $N0l<!$N9‘ $, <+A3$K8= $l $k . 24 %H !<%i %9>e , %* !< %S %U%)!<%k %I >e$G$N Solution Generating T ec hnique $r MQ$$$?5DO@$K$D$$$F$O [35], [40] ( $3$N 8&5f2q$N 3a1: $5 $s$N H/I= ), [45], [46] ;2>H . 12

?^ 6: %?%-%* %s%] %F %s%7 %c%k$N 357A 4J C1 $N$? $a0lMM B >lCf ( B 24 ; 25 =: � b < 0 $N$_ %N %s%<%m ) 25 $N %\ %> %K%C%/ $J D25 %V%l !< %s$N M-8z:nMQ $r9M $( $k!’ I = T D25 g s G s Z d 24 x (2 � � T r H ) L ; (37) L = � V ( T � 1) q � det( G � + 2 � � 0 ( F + �) � ) + 1 2 p Gf ( T � 1)[ D � ; T ][ D � ; T ] + ( 9b3,HyJ,9‘ ) ; ( �; � = 0 ; : : : ; 25) ; (38) $?$@ $7 G � = diag(1 ; � 1 ; � � � ; � 1 ; � (2 � � 0 b ) 2 ; � (2 � � 0 b ) 2 ) ; G s = g s (2 � � 0 ) ; � 24 ; 25 =: � = 1 =b; F 24 ; 25 + � 24 ; 25 = [ D z ; D y z ] =� : $3 $3 $G T Dp $O Dp %V%l !< %s$ND%NO $rI=$9 . $3$NM-8z:n MQ $O , 89$N>l $NM} O@ $N%? %-%* %s >l T $H Nm<ANL $N %2!< %8 >l A � $@$1 ;D $7 , $= $l 0J30 $N>l$rA4$F@QJ, $7 $F $7 $^$C $F$+$i , IaDL$N %2!<%8 BP>N@- $r2]$9$3 $H$J $I $K $h $jF@$i$l $k . 26 %?%- %*%s%] %F%s%7 %c%k V ( T ) $O ?^ 6 $N$h $&$J7A$r $7 $F$$ $k$H 2>Dj$9 $k . Sen $N M= A[ 27 $K $7 $?$, $C$F , $3 $N %?%-%*%s%] %F%s %7%c%k $N ;3 ( T = 0) $N It J, $, IT 0BDj$J D25 %V %l !< %s $r , C+ ( T = 1) $N ItJ, $, %/%m !<%: %I !& %9 %H %j %s%0 ?? 6u$r I=$9$H $9$k . =E MW$J$3 $H$O , :nMQ (37) $N%2 !<%8 IT JQ @-$K $h$j , Solution Generating T ec hnique $, :nMQ$N>\:Y $K $h $i$:$=$N 1?F0J}Dx<0$rITJQ $K J]$D$H$$ $& $3$H$G$"$k . $7 $?$, $C $F %/%m!< %: %I !&%9 %H %j %s %0 ??6u2r T = 1 ; ^ D z = ^ @ z ; A i = 0 ; ( i = 0 ; : : : ; 23) $r (28) $G JQ49$9 $k $H ( 9b3,Hy J,9‘$N6q BN7A $, J,$+$C$F$$$J $$$K$b 4X$o$i$: , $^$? DBI :nMQ$N 7A $K $^$H$^ $k$H$$ $&CN<1 $, $J$/$H$b ) Hs<+L@$J87L)2r $, F@ $i$l $k!’ T = S k 1 S y k = 1 � P k ; ^ D z = S k ^ @ z S y k ; A i = 0 : (39) $3$N2r$NC10LBN@Q$"$?$j$N%(%M %k %. !< ( D%NO ) $O 4JC1 $K 7W;;$9$k$3 $H $,$G $- , ( D%NO ) = (2 � ) 2 � 0 k T D25 = k T D23 ; (40) $N$h$& $K k 8D $N D23 %V%l !< %s$N D%NO $H0lCW$9$k . $7 $? $,$C $FJQ498e $N2r $O D23 %V%l !< %s$r I= $7 $F$$$k $H 2r<a $G$- $k . $3$N 2r$N<~$j $G$N$f$i $. $N 2r@O$b$3$N2r<a$r;Y;} $7 $F$$ $k . 25 $3$3$G$O 24-25 J?LL$rHs2D49 $@$H ;W$C$F$$$k . z $O $3$N J?LL$NJ#AG:BI8 . 26 HyJ,$r4^$^$J$$ItJ, $, DBI :nMQ$N7A $K $^$H$^$k$H$$ $& $N $O , $5$i$K 5DO@$rMW$9$k . $7 $+$7 $3$3$G$O$=$N$h $&$J:Y $+$$ 5DO@ $O 0l@ZITMW . 27 %l%t %e !<$H $7 $F Nc$( $P [57] $, $" $k . 13

$3$N$h $& $K $7 $F , IT0BDj $J D25 %V%l !< %s$,%?%-%* %s 6E=L $r5/ $3 $7 $F D23 %V%l !< %s$K$J$k $H$$ $& %7%J %j %* ( $3 $l$b Sen $NM=A[ ) $, , M-8zM}O@ $NOHAH $_ $G $O$"$k $, 89$N>l $NM}O@ $N D23 %V%l !< %s $N87L)2r $rMQ$$ $F 8!>Z $5 $l$?$N$G$" $k . Hs2D49$NOH AH$_ $G$N%?%-%* %s 6E=L$N5DO@ $O � ! 1 $N 6K8B $G , $$$o$f$k GMS %= %j %H%s [16] 28 $r MQ$$ $F$J$5 $l$? [27] $N $,$-$C $+$1$G$"$k $, , $3$3$G>R2p $7 $?5DO@ $OG$0U $N � $G E,MQ2D G= $G $"$k . 5 Conclusion and Discussion $3$N 5-;v$G$OHs 2D49%=%j %H%s $r Bj:‘ $K$3$3 ?tG/$N NC %2 !< %8 M}O@$N?JE8$r?6$j JV$C$? . Hs2D49M}O@$N GzH/E*N.9T $O 1997 G/=*$o$j :"$N [7], [10] $*$h $S 1999 G/2F$N [56] $r $- $C $+$1$K ;O$^$C$? . $3 $N N.9T $O $9 $0 $K GQ $l $k$HM= A[$5 $l$F $$$? $, , $=$N 8eB? $/$N?7 $7 $$H/ E8 29 $, <!$+$i <!$X$H =P8= $7 , :#F|$^$G Ls 2, 3 G/ 0J >e $bAGN3;R O@ $N0l $D $N<gN. $H $7 $F$NCO0L $rJ]$AB3 $1$F$-$? . $=$N7k2L , Hs2D49 $N9M $(J} $d<jK! $OAGN3;R O@ $NB?$/ $NJ,Ln $K1F6A $r5Z $\ $7 , 9- $$HO0O $KEO$C $F?;F) $7 $? . FC $K9TNsLO7? $d89 $N>l $NM}O@ $NJ,Ln $K M? $( $? %$ %s %Q %/ %H$O Hf3SE*Bg$-$$$H;W$o $l $k . NC %2 !<%8 M}O@$O , $=$l <+ ?H ?7 $7 $$ J* M}E* BP >]$r 4^$s$G $$$?$@ $1$G $J $/ , D %V %l !<%s $N NO 3X$N 2r L@$K $b=EMW$J Lr3d$r 2L$? $7 $? . Hs2D49 (BPS) %= %j %H%s $N 2r $O Be I=E*$J$b$N$K $D$$$F$O 20 @$5*Cf$K BgBN=P B7 $$ , 30 D4$Y$k$Y$-$3$H$b ( 4pK\E*$J ItJ, $K $D$$$F$O ) 0lDL$j?T $/$5 $l , 8&5f$NF08~$H $7 $F$O$R $H $^$:Mn$A Ce $$ $F$- $? $H8@ $($h$& . 2000 G/8eH> $+$i %l %t%e!< $, <!!9 $HH/I= $5 $l$?$N $O$=$N8= $l$G$"$k ( IUO? A ;2>H ). 21 @$5* $K F~$C $F $+$i$O , 0JA0 $[ $I $N@9$j>e $, $j $O 8+ $i $l$J $/$J$C $? $, , $=$l$G$b$J$* , Hs2D496u4V $G$N J*M} E*2r<a ( 2? $, 4QB,2DG=NL $+ !) $J $I ) $r $I $& 9M $($k $+$H$$$C $?LdBj $X$N<h$jAH $_ [36], [17] $d , $h$j@:L) $J<h$j07 $$ $K$D$$$F $N5DO@ $J $I $O ( $f$C$/ $j $G$O$"$k $, ) B3 $$ $F$$$k . 31 $= $7 $F$^$?NL;R %[!< %k 8z2L $X$N 1~MQ 32 $d 2D@QJ,7O$NHs2D492= $H$$$C $?B>J,Ln$X$N?7 $?$J9- $, $j$b$"$j , 0MA3 $H $7 $F Hs2D49$N8&5f $OCe !9 $H?JE8 $7 $F $$$k . $3$N5-;v $G$O !V Hs2D49%f!<%/%j %C %I 6u4V !W $7$+ <h$j07 $o $J $+$C$? $, , !V 6J $, $C $?Hs2D49 6u4V !W 33 $r 9M$($k$3 $H$O D %V %l !< %s $N NO3X $r9M $( $k>e $G$b , $b$A$m $s Hs>o $K=EMW $G$"$j , 8&5f$NM>CO $, ==J,;D$C $F$$$k . JQ7ANL;R2= [44], [6] $N N)>l $+$i$N Dj <02=$b $I $s $I $s ?J $s$G $*$j , 34 $3$l$+$i $b$^$@ $^ $@ ?7 $7 $$ H/E8 $, 4|BT$5 $l $k . $5 $i$K$3$N 5-;v $G$O A4$/?( $l$J$+ $C$? $, , Hs2D494v2?$HNL;R=ENO ( $"$k$$ $O 89M}O@ ) $H$N 4X$o$j$H$$ $& ?<1s $J%F!<%^ $b$"$j , 35 $3$l $^ $G $K$b ;~6u $NIT3NDj@- 86M} [62] $H $$$C $?=EMW $JCN8+ $,$$ $/$D $bF@ $i $l$F $$$k . $3$N5-;v $G5DO@ $7 $?$3 $H $O 4pK\E* $K$O0lMM<’>l Cf $NJ*M}7O $K$D$$ $F$G$"$k $, , $=$3$GF@ $i $l$? F6;! $d<jK! $, 2? $i$+$N 7A $G 3h $+$5 $l , =ENO$NK\<A$N2rL@ $K 8~ $1$F =EMW$JLr3d$r2L$?$9 $+$b $7 $l $J$$ . Hs2D494v2? $O $b$O$d$= $l$@$1 $r @Z$j N% $7 $F 8l$k$3$H$O$G$-$J$$ . $3$l$+$i $b B?$/$NJ,Ln$H4XO" $7 $J$, $i , 8_$$ $K 1F6A$r5Z $\ $7 $" $C$FH/E8 $7 B3 $1$F$$ $/ $G$" $m $& . 28 $3$N 8&5f2q$N9SLZ$5 $s , 9uLZ ( ?- ) $5$s$N H/I=$b8f;2>H$/ $@$5$$ . 29 $3$N 5-;v $G>R2p $7 $?$b$N$NB> $K Nc $( $P , @]F0O@ (UV/IR :.9g ) [47], [34] ( $3$N8&5f2q$NCfEg $5 $s$NH/I=$b8f;2>H$/ $@$5$$ .) $d NCOS M}O@ [55], [15] $J $I $, $" $k . 30 ( ItJ,E*$G$"$k $, ) $=$l$i$r %j%9 %H %" %C %W$7 $? I= $, [1] $N Cf$NIMCf$N5-;v$NIUO? $K 7G:\$5 $l$F$$ $k . 31 $3$N5-;v $G>/ $7 ?( $l$?87L) $J Seib erg-Witten %^%C %W [53] $O $=$NCf $N=EMW $J@.2L $N0l$D $G$"$k $, , $3 $l$O$= $l $^ $G$NCOF; $J H/E8 $NN. $l$N Cf $K <+A3 $K 0LCV $E$1$i$l $k$b$N$G$"$k . 32 Hs2D49$N<jK! $rMQ$$$? %" %W %m!<%A$O@N$+ $i @9 $s$G$"$k $, ( Nc $( $P [5], [38]. $^$?$3$N8&5f2q $N@D;3$5 $s$NH/I=$b8f;2>H$/ $@ $5$$ .), FC $K Susskind $N O@J8 [58] 0J8e , NC Chern-Simons M}O@$NJ,?tNL;R%[!<%k8z2L$X$N1~MQ $, @9$j>e $, $C$F$$$k . 33 Nc$( $P F uzzy Sphere >e$N %2!<%8 M}O@ $O [60] 0J8e , 3hH/$K8&5f$5 $l$F $$$k . 34 $3$N 8&5f2q$NCSED$5 $s , 4_K\$5 $s$N H/I=$b8f;2>H$/ $@$5$$ . 35 2r@b5-;v$H $7 $F Nc$( $P [41], [59] $, $" $k . 14

Ac kno wledgemen ts $3$N 5-;v $O 2001 G/ 7 7n 16 !A 19 F| $K 9T $o $l $? 4p8&8&5f2q !V >l$NNL;RO@ 2001 !W $K $* $1 $k;d$N H/I=$N %W %m %7 !< %G %# %s%0$G $9 . 5.=E$JH/I=$N5!2q$rM?$($F2<$5$C$?@$OC?M$NJ} !9 , $J$i $S$K D09V , 5DO@ $7 $F 2<$5$C $?J} !9 $K ?4 $+$i $*Ni?= $7 >e $2 $^$9 . $^$?;{EhLw<#$5 $s$+$i$O 6&F18&5f [22] $J $I $r DL $8 $F Hs>o$K B?$/$N $3 $H $r3X$V $3 $H $,$G$-$^ $7 $? . B> $N8&5f2q $d3FBg3X $G$N%;%_ %J!<H/I= $K$*$$ $F$b , <A5?1~Ez $J $I $G M}2r $, ?< $^ $j$^ $7 $? . $*@$OC $K$J $C$?J} !9A4 $F $K , $3$N >l$r$*<Z$j $7 $F 46<U?= $7 >e $2 $^$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 $? A Reviews of Noncomm utativ e Theories � Am9gJs9p!’ 2001 G/ 2 7n$N4p8&8&5f2q$N %W %m%7!< %G %# %s%0 [1] � >l$NM}O@E*B&LL!’ Douglas and Nekrasov [11] � 4pAC $H%?%-%* %s 6E=L$X$N1~MQ!’ Harvey [24] � Hs2D49 %H !<%i %9 ( $H 9TNsLO7? ) !’ Konechn y and Sc h w arz [42] � Hs2D494v2? $H 9TNsLO7?!’@P66 ( 1d ) in [1] � 4pAC $H Hs2D49%b%N %]!<%k!’ Nekrasov [51] � 4pAC $H Hs2D49 %$ %s %9%? %s%H%s !’ Konechn y and Sc h w arz [43] � 4v2?3XE*B&LL ( %H%] %m%8 %+ %k!&%A%c!<%8$J $I ) !’8EFb [13], Harvey [25], >>Hx ( BY ) in [1] � ( Hs2D49 ) ADHM/Nahm 9=@.K! ( Jq3gE* %l%t %e !< ) !’IMCf [20] ;29MJ88% [1] Pro ceedings of W orkshop on Noncommutativ e Geometry in String Theory and Field Theories, 2001 G/ 2 7n 19 !A 21 F| !w5~ Bg 4p 8& , AGN3 ;R O@ 8& 5f 104-3 (2001-12) $* $h $S J8It >J FC Dj NN 0h 8& 5f (B)707 !V D6BP>N@-M}O@ !W $N2q5DO? %7 %j!< %: No.8 36 [2] M. Aganagic, R. Gopakumar, S. Min w alla and A. Strominger, JHEP 0104 (2001) 001, [hep- th/0009142] [3] H. Aoki, N. Ishibashi, S. Iso, H. Ka w ai, Y. Kitazaw a and T. T ada, Nucl. Phys. B 565 (2000) 176, [hep-th/9908141] [4] T. Banks, W. Fischler, S. H. Shenk er and L. Susskind, Ph ys. Rev. D 55 (1997) 5112, [hep- th/9610043] [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] A. S. Cattaneo and G. F elder, Comm un. Math. Ph ys. 212 (2000) 591, [math.qa/9902090] [7] A. Connes, M. R. Douglas and A. Sch w arz, JHEP 9802 (1998) 003, [hep-th/9711162] 36 [http://www-hep.phys.s.u-tokyo.ac.jp/japanese/tokutei99.html] $K 7G:\Cf . 15

[8] D. Diaconescu, Nucl. Phys. B 503 (1997) 220, [hep-th/9608163] [9] M. R. Douglas, \Branes within branes," [hep-th/9512077] ; M. R. Douglas, J. Geom. Phys. 28 (1998) 255, [hep-th/9604198] [10] M. R. Douglas and C. Hull, JHEP 9802 (1998) 008, [hep-th/9711165] [11] M. R. Douglas and N. A. Nekraso v, Rev. Mo d. Phys. 73 (2002) 977, [hep-th/0106048] [12] K. F uruuc hi, Prog. Theor. Phys. 103 (2000) 1043, [hep-th/9912047] [13] K. F uruuc hi, \T opological c harge of U(1) instan tons on noncommutativ e R 4 ," [hep-th/0010006] [14] P . Go ddard and D. I. Olive, Rept. Prog. Phys. 41 (1978) 1357 [15] R. Gopakumar, J. Maldacena, S. Minw alla and A. Strominger, 0006 (2000) 036, [hep-th/0005048] [16] R. Gopakumar, S. Minw alla and A. Strominger, JHEP 0005 (2000) 020, [hep-th/0003160] [17] D. J. Gross, A. Hashimoto and N. Itzhaki, [hep-th/0008075] [18] D. J. Gross and N. A. Nekraso v, JHEP 0007 (2000) 03, [hep-th/0005204] [19] D. J. Gross and N. A. Nekraso v, JHEP 0010 (2000) 021, [hep-th/0007204] [20] IMCf ??;V , !X ADHM/Nahm 9=@.K!$H$=$NAPBP@- !Y 37 , AGN3;RO@8&5f ( 7G:\M=Dj ) [21] M. Hamanak a, Phys. Rev. D 65 (2002) 085022, [hep-th/0109070] [22] M. Hamanak a and S. T erashima, JHEP 0103 (2001) 034, [hep-th/0010221] [23] J. A. Harvey , \Magnetic monop oles, dualit y , and sup ersymmetry ," [hep-th/9603086] [24] J. A. Harvey , \Komaba lectures on noncomm utativ e solitons and D-branes," [hep-th/0102076] [25] J. A. Harvey , \T op ology of the gauge group in noncommutativ e gauge theory ," [hep-th/0105242] [26] J. A. Harvey , P . Kraus and F. Larsen, JHEP 0012 (2000) 024, [hep-th/0010060] [27] J. A. Harvey , P . Kraus, F. Larsen and E. J. Martinec, JHEP 0007 (2000) 042, [hep-th/0005031] [28] K. Hashimoto, JHEP 0012 (2000) 023, [hep-th/0010251] [29] A. Hashimoto and K. Hashimoto, JHEP 9911 (1999) 005, [hep-th/9909202] [30] K. Hashimoto, H. Hata and S. Moriy ama, JHEP 9912 (1999) 021, [hep-th/9910196] [31] K. Hashimoto and T. Hiray ama, Nucl. Phys. B 587 (2000) 207, [hep-th/0002090] [32] K. Hashimoto, T. Hiray ama and S. Moriyama, JHEP 0011 (2000) 014, [hep-th/0010026] [33] K. Hashimoto and H. Ooguri, Phys. Rev. D 64 (2001) 106005, [hep-th/0105311] [34] M. Hay ak a w a, Phys. Lett. B 478 (2000) 394, [hep-th/9912094] [35] K. Ichik a w a, \Solution generating technique for noncommutativ e orbifolds," [hep-th/0109131] [36] N. Ishibashi, S. Iso, H. Ka w ai and Y. Kitazaw a, Nucl. Ph ys. B 573 (2000) 573, [hep-th/9910004] 37 ;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 . 16

[37] N. Ishibashi, H. Kaw ai, Y. Kitazaw a and A. Tsuc hiy a, Nucl. Phys. B 498 (1997) 467, [hep- th/9612115] [38] N. Imai, K. Ishik a w a, T. Matsuyama and I. T anak a, Phys. Rev. B 42 (1990) 10610 [39] C. V. Johnson, \D-brane primer," [hep-th/0007170] [40] H. Ka jiura, Y. Matsuo and T. T ak a y anagi, JHEP 0106 (2001) 041, [hep-th/0104143] [41] 2CF# 8wM5 , \Noncommutativ e Geometry and String Theory ," AGN3;RO@ 8&5f 102-3 (2000-12) C6, "( 2000 G/ 7 7n$N4p8&8&5f2q !V >l$NNL;RO@ 2000 !W $N %W %m%7!< %G %# %s %0 [42] A. Konechn y and A. Sc h w arz, \In tro duction to M(atrix) theory and noncomm utativ e geometry ," [hep-th/0012145] [43] A. Konechn y and A. Sch w arz, \Introduction to M(atrix) theory and noncommutativ e geometry , part I I," [hep-th/0107251] [44] M. Kontsevic h, \Deformation quan tization of P oisson manifolds, I," [q-alg/9709040] [45] T. Kra jewski and M. Schnabl, JHEP 0108 (2001) 002, [hep-th/0104090] [46] E. J. Martinec and G. W. Mo ore, [hep-th/0101199] [47] S. Minw alla, M. V an Raamsdonk and N. Seib erg, JHEP 0002 (2000) 020, [hep-th/9912072] [48] S. Moriyama, Ph ys. Lett. B485 (2000) 278, [hep-th/0003231] [49] R. C. Myers, JHEP 9912 (1999) 022, [hep-th/9910053] [50] H. Nak a jima, L e ctur es on Hilb ert Schemes of Points on Surfac es , (AMS !( 1999), [ISBN/0-8218- 1956-9] [51] N. A. Nekraso v, \T rieste lectures on solitons in noncomm utativ e gauge theories," [hep-th/0011095] [52] N. Nekrasov and A. Sch w arz, Commun. Math. Phys. 198 (1998) 689, [hep-th/9802068] [53] Y. Ok a w a and H. Ooguri, Phys. Rev. D 64 (2001) 046009, [hep-th/0104036] [54] A. P . Polyc hronak os, Ph ys. Lett. B 495 (2000) 407, [hep-th/0007043] [55] N. Seib erg, L. Susskind and N. T oum bas, JHEP 0006 (2000) 044, [hep-th/0005015] [56] N. Seib erg and E. Witten, JHEP 9909 (1999) 032, [hep-th/9908142] [57] A. Sen, \Non-BPS states and branes in string theory ," [hep-th/9904207] [58] L. Susskind, \The quantum Hall uid and non-comm utativ e Chern Simons theory ," [hep- th/0101029] [59] LJB< E/ , !X Hs2D494v2?3X$H>l$NM}O@ !Y , F|K\J*M}3X2q;o 55-10 (2000) 756 [60] U. Carow-W atam ura and S. W atam ura, Comm un. Math. Phys. 212 (2000) 395, [hep-th/9801195] [61] E. Witten, Nucl. Phys. B 460 (1996) 541, [hep-th/9511030] [62] T. Y oney a, Prog. Theor. Phys. 103 (2000) 1081, [hep-th/0004074] 17