Hs2D49 %= %j %H%s $N 87L)2r$N9=@.K! 1 El5~Bg3XBg3X1! M}3X7O8&5f2J J*M}3X@l96 AGN3;RO@8&5f<< IMCf ??;V 2 1 In tro duction Hs2D49%=%j %H%s $H$O , Hs2D496u 4V>e$N>l$N M}O@$K$*$1 $k BPS J}Dx <0$N2r$N$3$H$G$" $k 3 . ;d C# $O , $=$N BPS J} Dx<0 $rITJQ $K J]$D , Hs2D496u4V>e$N>l$NM}O@FCM-$NJQ49 $r 8+=P $7 , 4{CN$N%=%j %H%s$+$i ?7 $7 $$%= %j %H%s$r 9=@. $7 $? [1]. 07$C$?%= %j %H%s$O %$ %s %9%? %s%H%s , %b %N %]!<%k , 12$G$"$k . Hs2D496u4V $O :BI84X?tF1;N$N@Q$NHs2D49@- $G FCD’IU $1$i$l $k!’ [ x i ; x j ] = i� ij : (1.1) $3$3$G , � ij $O H?BP >N$J<B Dj?t$G$"$j , Hs2D49%Q%i %a !<%?$H 8F $P$l $k 4 . $3 $N 4X78 <0$O , NL;R NO3X$N @5=‘8r 494X78!’ [ q; p ] = i � h $K N‘;w $7 $F$*$j , !V 6u4V$NIT3NDj @-4X78!W $rF3$/ . $7 $? $, $C $FHs2D496u4V >e $G$O , N3;R$N0LCV $O40A4 $K7h $a$k $3$H $,$G$-$: , $"$k9- $, $C $?J,I[ $r;}$D . $=$N7k2L , 2D49$J6u4V>e $G$OB8:_ $7 $?>l$NFC0[E@ $, , Hs2D496u4V>e $G $O 2r>C$5 $l $k$H$$ $& $3$H $, 5/$3$j $&$k . Hs2D49 %= %j %H%s$K $*$$$F$b , FC0[E@ 2r>C $, 0lHL$K 5/ $3$j , 2D 49$J>l9g $K$O 8+$i$l$J$$ LLGr$$ 7k2L$r@8$_=P$9 . Nc $( $P , Hs2D 49 %$ %s %9%? %s%H%s $G$O , ( 40 Hw2=$5 $l $? ) %$ %s %9%? %s %H%s !&%b%8%e%i %$6u4V$NFC0[E@ $, 2r>C $7 , FC0[$G$J $$ U (1) %$ %s %9%? %s %H%s 2r $r 6qBNE* $K9=@.$9$k$3$H $,$G$-$k [4]. Hs2D49 %G %# %i%C%/ !& %b %N %] !< %k$G$O , 2D49$J>l9g $K$O HsJ*M}E*$JBP>] $G$" $C$? %G %# %i%C%/!&%9 %H %j %s %0$, , J*M}E*$JBP>] $H $7 $F 2r $K 8= $l$F $/$k [5]. $3$N5- ;v$G$O , $^$: 2 >O $G Hs2D 496u4V >e$N %2 !<%8 M}O@ (Non-Commutativ e Gauge Theory) $r Dj5A $7 , <!$K 3 >O $G ;dC#$N8+=P $7 $? JQ49$rMQ$$$F?7 $7 $$ 2r$r9=@.$9$k . 2 NC(=Non-Comm utativ e) Gauge Theories NC %2 !<%8 M}O@$N5-=R $K$O <!$N 3 $D$N J}K! $,$" $k!’ (i) %9%?!<@Q$rMQ$$$k5-=R (ii) %*%Z %l !<%?!< 7A<0 $K$h $k5-=R (iii) GX7J $K 0lMM$J B >l ( <’>l ) $, F~$C$?7O$N Dirac-Born-Infeld :nMQ $K$h $k ( 89M}O@E* ) 5-=R (i), (ii), (iii) $N 5-=R$OA4$FEy 2A $G$" $k . $3$3$G$O $^$: %9%?!<@Q $r MQ$$$k5-=R $K $h$C$F NC %2 !<%8 M}O@$rDj5A $7 , $= $l$+$i%o %$ %k JQ49$H$$ $&JQ49 $rMQ$$$F%*%Z %l !<%?!<7A<0 $K$h $k5-=R $K 0\$k . ;fLL $NET9g>e , G = U (1) 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 � �) : (2.1) � $O%2 !< %8 72 G $N ?oH<I=8= $K B0$9$k%R%C %0 %9>l $G$" $k ( �; � = 0 ; 1 ; 2 ; 3). 1?F0J}Dx<0 , BPS J}Dx<0 $O$= $l$>$l , 1?F0J}Dx<0 !’ [ D � ; [ D � ; D � ]] + [� ; [� ; D � ]] = 0 ; [ D � ; [ D � ; �]] = 0 ; (2.2) BPS J}Dx<0 !’ B i = � [ D i ; �] ; (2.3) $H$J$k ( $? $@ $7 B i := � i 2 � ij k F j k ( i; j; k = 1 ; 2 ; 3)). J#9f $O >eCJ $, <+8JAPBP , 2<CJ $, H?<+8JAPBP$N>l9g$rI=$9 ( 0J8e F1MM ). BPS J}Dx<0$O%(%M%k %. !< E $N 2<8B $r K~$?$9$b$N $H $7 $F <!$N$h $& $K F3 $+ $l $?!’ E = Z d 3 x T r � 1 2 F ij F ij + D i � D i � � = Z d 3 x T r [( B i � D i � | {z } =0 , BPS ) 2 � @ i ( � ij k F j k �)] : (2.4) 1 $3 $N5-;v$OEl5~Bg3XBg3X1!M}3X7O8&5f2JJ*M}3X@l96$N;{EhLw<#$5$s$H$N6&F18&5f [1] $K 4p$E $/ . $^$?4XO"O@J8$H $7 $F [2] $, $" $k . 2 e-mail address : hamanak a@hep-th.ph ys.s.u-toky o.ac.jp 3 0lHL$K$O$b$C$H9- $/ , Hs2D496u4V>e$N>l$NM}O@$N%= %j %H%s $N$3$H$G$"$k . 4 Hs2D49%Q%i %a !<%? � ij $O :#$N$H$3$m<j$GM?$($k $7$+ $J$$ . 1

<! $K$3$N M}O@$NHs2D49HG$r9M $($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 : (2.5) (i) %9%?!<@Q$rMQ$$$k5-=R %9%?!<@Q $O IaDL$N2D49 $J 4X?t ( >l ) $K BP $7 $F Dj5A$5 $l $k@Q$N0l$D$G$"$k!’ f � g ( x ) := exp � i 2 � ij @ ( x 0 ) i @ ( x 00 ) j � f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x = f ( x ) g ( x ) + i 2 � ij @ i f ( x ) @ j g ( x ) + O ( � 2 ) ; (2.6) %9%?!<@Q $N@-<A 8 > < > : � 7k9gB’ $, @.$jN)$D!’ f � ( g � h ) = ( f � g ) � h: � :BI84X?tF1;N$NHs2D49@- (1 : 1) $r :F8=!’ [ x i ; x j ] � := x i � x j � x j � x i = i� ij : � � ij ! 0 $G IaDL$N@Q $K La$k : NC %2 !<%8 M}O@$O , Ia DL$N 2D 496u 4V >e$N%2 !<%8 M} O@$K 8= $l $k >l F1;N$N @Q$r A4$F %9%?!< @Q$K CV$- 49$( $k$3$H $G F@ $i$l $k . $7 $?$, $C$F , NC G = U (1) Y ang-Mills-Higgs M} O@$N:nMQ , 1?F0 J}Dx<0 , BPS J}Dx<0$O$=$l $>$l , <0 (2.1), (2.2), (2.3) $K $*$$ $F>lF1;N $N@Q $, A4 $F%9%?!<@Q $K CV $-49 $o$C $?$b $N $KEy $7 $$ . :nMQ $K L58B8D $NHyJ, $, F~$C $F$$$k $, 5 >l $OIaDL$N4X?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$$$N$G$" $k . (ii) %*%Z %l !<%?!< 7A<0 $K$h $k5-=R :# EY $O , :BI8$N Hs2D49 @- (2.5) $+ $i =P H/ $7 $F NC %2 !<%8 M} O@$rDj5A$9 $k . ?7 $7 $$ JQ ?t$r ^ a := 1 p 2 � ^ z ; ^ a y := 1 p 2 � ^ � z ( $? $@$7 ^ z := ^ x 1 + i ^ x 2 ) $H $7 $F Dj 5A $9 $k$H , [ ^ x 1 ; ^ x 2 ] = i� $h $j , [ ^ a; ^ a y ] = 1 $, J, $+ $k . $3$l $h $j , ^ a y ; ^ a $O $=$l$> $l D4 OB ?6F0 ;R$N @8 @. , >CLG 1i ;; ;R$H 2r <a$G $- $k . $3$l $i$, :n MQ$9 $k%U %) %C%/ 6u 4V $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 ; : : : ) $O @j M-?t I= <($N 4p Dl$G $" $j , ^ a y ^ a j n i = n j n i ; ^ a j 0 i = 0 $r K~$?$9 . >l ^ f $O ^ x $N4X?t$G$"$k$+$i , %U %) %C%/6u4V H $K :nMQ$9$k1i;;;R $H$J$j , @jM-?tI=<( $G 0J2<$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 : (2.7) :G8e $NEy9f $O , ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a � n $K $h $k . 0J8e , >l$O x 3 <4BP>N$G$"$k$H$9$k . (i) $H (ii) $N Ey2A@- 6 (i) $H (ii) $O Ey2A$J5-=R $G$"$j , %o %$ %k JQ49 $H$$ $&JQ49 $K$h $C $FBP1~ $E$1$i$l $k . (i) $K $* $1 $kIaDL$N>l f ( x 1 ; x 2 ; x 3 ) $O , %o %$ %kJQ 49 $K $h$C$F (ii) $K $*$1 $kL58B <!85@5J} 9TNs$N>l ^ f ( ^ x 1 ; ^ x 2 ; x 3 ) $K $&$D$5 $l $k . 3] $1 ;; , HyJ, , @QJ,$b#1BP#1$KBP1~ $7 , BPS J}Dx<0 (2.3) $b$=$N 2r$b#1BP#1 $K BP1~$9$k . 0l$DCm0U$9$Y$-$3$H$O , 6J N( @ i A j � @ j A i + [ A i ; A j ] $, (ii) $G$O [ ^ D i ; ^ D j ] � i ( � � 1 ) ij $H =q $+ $l$k$3 $H$G$"$k ( ^ D i := ^ @ i + ^ A i ). [ ^ D i ; ^ D j ] $H $/$/ $C $?$?$a , [ ^ @ i ; ^ @ j ](= i ( � � 1 ) ij ) $r Aj;&$9$k$?$a$N Dj?t9‘ � i ( � � 1 ) ij $, 8= $l$?$N$G $" $k . $h$C$F , NC BPS J}Dx<0 (2.3) $N B 3 $K$O Dj?t9‘ 1 =� $, 4^$^ $l $k . 0J8e , 2r$N9=@.$N 5DO@ $O A4$F%*%Z %l !<%?!<7A<0$G 9T$& . $3$N >O$G$O%U%) %C%/6u4V $K :nMQ$9$k1i;;;R$K$O%O%C %H$r IU $1$?$, , 0J8e>JN,$9$k . 3 BPS-Soliton Generating T ransformation $3$N >O $G$O , Hs2D 49 BPS J} Dx<0$r ITJQ$K J]$DJQ 49$r8+ =P $7 , 4{CN$N%= %j %H%s 2r$+$i ?7 $7 $$%= %j %H%s 2r$r 9=@.$9 $k . $^$:<!$NJQ49$r9M$($k!’ � ! S � S y ; D i ! S D i S y : (3.1) $? $@ $7 , S $O S y S = 1 $r K~$?$9 1i;;;R$G$" $k . S $, M-8B%5 %$ %:$N9T Ns $G$"$l $P , <+F0E* $K S S y = 1 $b K~$?$5 $l , S $O%f%K%? %j!<1i;;;R , JQ49 (3.1) $O%2 !< %8 JQ49$H$J$k . $H$3 $m $, :# , S $O L58B%5 %$ %:$N9TNs $G$" $k$?$a , S S y $O <M1F 1i;;;R $K$J $k$3$H $7 $+ 8@$($J$$ (( S S y )( S S y ) = S S y ). S $N E57?Nc $O <!$N %7%U %H 1i;;;R S N $G$" $k!’ S N := 1 X n =0 j n + N ih n j ; S y N = 1 X n =0 j n ih n + N j : (3.2) 5 $3 $N$?$aHs2D496u4V>e $N>l$NM}O@ $O , 0lHL $K Hs6I=j@- $r;}$A , $^$?%Q%j%F %# $rGK$k $, ( Hs2D49%Q %i %a !<%? � ij $N B8:_ $,$"$i$o$K%m!< %l%s %D BP>N@-$rGK$C$F$$ $k$3$H$+$i $b J,$+ $k ), 0lMM <’>lCf$N J*M} 7O$HEy 2A$G$"$j [3], 0UL#$N$J $$M} O@$H$$ $&$o$1$G$O $J$$ . $‘ $7 $m 0lMM <’>lCf$N J* M} $N2rL@$KLrN)$D$b$N$H4|BT $7$F $$$k . <B:] , $3 $N8&5f2q$K$*$$$F$b @P@n7r;0$5 $s$N 4XO" $7 $? 9V1i $,$" $C$? $7 , Susskind $N O@J8 [6] 0J8e , NC Chern-Simons M}O@$NJ,?tNL;R%[!<%k8z2L$X$N1~MQ $, @9 $s$G$" $k . 6 >\ $7 $/ $O [7], [8], [9] $J $I $r ;2>H . 2

$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 := P N � 1 m =0 j m ih m j $O , %U%) %C %/6u4V H $N N <!85It J,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 . JQ49 (3.1) $O 0lHL $K 1?F0J}Dx <0 $r ITJQ $K J]$D $, [10], BPS J}Dx <0 $r ITJQ $K J]$?$J$$ . $3$l$O , BPS J} Dx<0 $, 1?F0 J}Dx<0 $H0c$C $F , Dj?t9‘ ( Nc $( $P 6JN($N<0 $K 8= $l$? � i ( � � 1 ) ij $J $I ) $r 4^ $s$G$*$j , <0A4BN $, 6&JQE* $KJQ49 $7 $J$$$? $a $G$" $k . $=$3$G;dC#$O , JQ49 (3.1) $r =$@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 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 : (3.3) $3$3 $G , D z := 1 2 ( D 1 � iD 2 ) ; � ( 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 . Nc $( $P , Hs2D49 1 %G %# %i%C%/!&%b%N %]!<%k 2r [5] $r (3.3) $G JQ49$9$k $H , <!$N?7 $7 $$%= %j %H%s 2r $, F@$i $l $k!’ � new = � ( 1 X n = N +1 ( � 2 n � N � � 2 n � N � 1 ) j n ih n j + � � 2 0 + x 3 � � j N ih N j + N � 1 X m =0 � x 3 � � � (4) m � j m ih m j ) ; D new z = 1 p 2 � 1 X n = N r n + 1 � N n + 1 � n � N � n +1 � N a y j n ih n j + N � 1 X m =0 � ( z ) m j m ih m j ; A new 3 = N � 1 X m =0 � (3) m j m ih m j ; (3.4) $?$@ $7 � n := s n� n � 1 2 � � n ; � n := Z 1 0 dp p n e � � p 2 +2 px 3 : (3.5) $3 $l$O , Hs2D49 %G %# %i%C%/!&%b%N%]!<%k 1 8D$H%U%i %/%= %s N 8D$NJ#9g 7O$rI=$9 7 . %U%i %/%= %s [11] $O NC %2 !<%8 M}O@FC M- $N%=%j %H%s$G$"$j , L58B $K$N $S $? %G %# %i%C%/ !&%9 %H %j %s %0$, Hs2D49@- $N$? $aKD $i$s$GHsFC0[ $K$J$C$?$h$& $J$b$N $G$" $k ( C10LD9$5$" $?$j$N<ANL = 2 � =g 2 YM � ). ?7 $7 $$ 2r $K4^$^ $l$F $$$?G$0U%Q%i %a !<%? � ( � ) m $O , N 8D$N%U%i %/ %= %s$N 0L CV $r I=$9 8 . JQ49 (3.3) $O , BPS J}Dx<0 , 1?F0J}Dx<0$rIT JQ $K J]$A$J $,$i , %(%M%k %. !< , :nMQ$r JQ $($F $7 $^$C $F$$$k . $3$l$O , 6JN($N<0$KDj?t9‘ $, 4^$^ $l$F $$$k$3$H$H , 9TNs$N%5 %$ %: $, L58BBg$G$"$k$3$H $K$h $k . %$ %s %9%? %s%H%s , 12$K$D$$$F$b F1MM$N 5DO@ $,$G $-$k . $3$l$i$N JQ 49 $r MQ$$$k$3$H$G , G$0U$N 4{CN2r $+$i $5$^ $6 $^ $J?7 $7 $$ 2r $, 9=@. $G$- $k$N $G$" $k . ;29MJ88% [1] M. Hamanak a and S. T erashima, \On exact noncommutativ e BPS solitons," JHEP 0103 (2001) 034, hep-th/0010221 [2] K. Hashimoto, JHEP 0012 (2000) 023, hep-th/0010251 [3] N. Seib erg and E. Witten, JHEP 9909 (1999) 032, hep-th/9908142 [4] N. Nekraso v and A. Sch w arz, Comm. Math. Phys. 198 (1998) 689-703, hep-th/9802068; K. F uruuc hi, Prog. Theor. Phys. 103 (2000) 1043, hep-th/9912047 [5] D. J. Gross and N. A. Nekraso v, JHEP 0007 (2000) 03, hep-th/0005204 [6] L. Susskind, \The quantum Hall uid and non-commutativ e Chern Simons theory ," hep-th/0101029 [7] IMCf ??;V , \Exact BPS Solitons in Noncomm utativ e Gauge Theories," AGN3;RO@8&5f (to app ear) (2001 G/ 2 7n$N4p8&8&5f2q !V %9 %H %j %s%0 M}O@$H>l$NM}O@$K$*$1$kHs2D494v2? !W $N %W %m%7!< %G %# %s%0 ) [8] IMCf ??;V , !X ADHM/Nahm 9=@.K!$H$=$NAPBP@- !Y , AGN3;RO@8&5f (to app ear) [9] J. A. Harvey , \Komaba lectures on noncommutativ e solitons and D-branes," hep-th/0102076 [10] J. A. Harvey , P . Kraus and F. Larsen, JHEP 0012 (2000) 024, hep-th/0010060 [11] D. J. Gross and N. A. Nekrasov, JHEP 0010 (2000) 021, hep-th/0007204; A. P . Polyc hronak os, Phys. Lett. B495 (2000) 407, hep-th/0007043 7 <’>l$NJ,I[$d D-brane 2r<a$J $I , 2r$N@-<A $K4X$9$k$h$j>\ $7 $$5DO@ $O [7], [8] $K $"$k . $J$* , $3$N 5-;v ( $NA}JdHG ) $, http://www.math. h.ky oto-u.ac.jp/ ~ tak asaki/soliton-lab/nis/iss2001/ $KCV$+ $l$F$$ $k . 8 %U%i %/%= %s$HD6EAF3$N12;e$H$N4XO"$O , $[$H$s $I 5DO@$5 $l$F $$$J$$ . 3