Solitons on Non-Comm utativ e Spaces El 5~ Bg 3X Bg 3X 1! Am 9g J8 2= 8& 5f 2J Aj 4X 4p AC 2J 3X 7O J* M} (Institute of Ph ysics, Univ ersit y of T oky o, Komaba) IM Cf ?? ;V (HAMANAKA, Masashi) 1 35 MW Hs 2D 49 6u 4V >e $N (Non-Comm utativ e = NC) >l $N M} O@ $N 8& 5f $O $3 $3 ?t G/ , AG N3 ;R O@ , 89 M} O@ $N 0l $D $N <g N. $H $J $j Gz H/ E* ?J E8 $r ?k $2 $? . FC $K Hs 2D 49 6u 4V >e $N %= %j %H %s ( Hs 2D 49 %= %j %H %s ) $O 89 M} O@ $N 2r @O $K $b Hs >o $K M- MQ $G $" $j , MM !9 $J 1~ MQ $r $b $? $i $7 $? . $3 $N 5- ;v $G $O , Hs 2D 49 %= %j %H %s $N 2D @Q J, $J @- <A $K >G E@ $r $" $F $F , Hs 2D 49 %$ %s %9 %? %s %H %s , Hs 2D 49 %b %N %] !< %k $N 87 L) 2r $r >\ $7 $/ D4 $Y , :# 8e $N 2] Bj $H E8 K> (! FC $K W ard M= A[ $d :4 F# M} O@ $N Hs 2D 49 2= %W %m %0 %i %‘ (! $K $D $$ $F 5D O@ $9 $k . 1 In tro duction >l $N M} O@ $N Hs 2D 49 6u 4V $X $N 3H D% $O , C1 $J $k 0l HL 2= $G $O $J $/ , J* M} $H $7 $F $b ?t M} J* M} $H $7 $F $b Hs >o $K LL Gr $$ $b $N $r 4^ $s $G $$ $k . Hs 2D 49 6u 4V $r 9M $( $k F0 5! $O , $b $A $m $s ?M $= $l $> $l $G $" $k $, , 0l HL $K $O <! $N #2 $D $K Bg JL $5 $l $k !’ � =E NO $N NL ;R O@ $N Dj <0 2= � <’ >l Cf $N J* M} $N 2r @O A0 <T $N F0 5! $O Bg BN <! $N DL $j $G $" $k . =E NO $N 8E E5 O@ $O %j !< %^ %s 4v 2? 3X $K $h $C $F H~ $7 $/ Dj <0 2= $5 $l , =E NO >l $O 7W NL $K $h $C $F I= $5 $l $k . M} O@ $N NL ;R 2= $O , >l $K Hs 2D 49 @- $r F3 F~ $9 $k $3 $H $K $J $k $N $G , AG KQ $K =E NO $r NL ;R 2= $9 $k $H , 7W NL $, Hs 2D 49 @- $r ;} $D $H 9M $( $i $l $k . $= $N 4p AC $r @. $9 4v 2? $H $$ $& $N $O Hs 2D 49 4v 2? $G $O $J $+ $m $& $+ , $9 $J $o $A , =E NO $N NL ;R O@ $O Hs 2D 49 6u 4V $r 9M $( $k $3 $H $G H~ $7 $/ Dj <0 2= $5 $l $k $N $G $O $J $$ $+ , $H $$ $C $? $H $3 $m $G $" $k . <B :] , =E NO $N NL ;R O@ $N :G M- NO 8u Jd $H 8@ $o $l $F $$ $k 89 M} O@ $K $O , ;~ 6u $N Hs 2D 49 @- $, $7 $P $7 $P ?< 1s $J 7A $G 8= $l $k [86]. 8e <T $N F0 5! $O , <’ >l Cf $N %2 !< %8 M} O@ $, Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ (NC %2 !< %8 M} O@ ) 2 $H Ey 2A $G $" $k $H $$ $& ;v <B $K 4p $E $/ $b $N $G $" $k . $3 $l $O <’ >l Cf $N EE ;R 7O $J $I $N 8= <B $N %b %G %k $G 8E $/ $+ $i CN 1 8= :_ $N =j B0 $O L> 8E 20 Bg 3X Bg 3X 1! B? 85 ?t M} 2J 3X 8& 5f 2J (E-mail: hamanak a@math.nago y a-u.ac.jp; Home P age: h ttp://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a) 2 !V Hs 2D 49 %2 !< %8 M} O@ !W $H =q $/ $H , %2 !< %8 72 $, Non-ab elian ( Hs 2D 49 ) $J %2 !< %8 M} O@ $H J6 $i $o $7 $$ $N $G , $3 $N $h $& $K I= $9 $3 $H $K $9 $k . 1

$i $l $F $* $j [95], NL ;R %[ !< %k 8z 2L $X $N 1~ MQ $b @9 $s $G $" $C $? . ( Nc $( $P [8, 28, 77].) 3 $3 $N Ey 2A @- $, 89 M} O@ $N OH AH $_ $G $b @. $j N) $D $3 $H $, , :G 6a Seib erg&Witten 4 [126] Ey $K $h $j L@ $i $+ $K $5 $l , Hs 2D 49 M} O@ $N Gz H/ E* N. 9T $, ;O $^ $C $? . $3 $N OH AH $_ $G $O Hs 2D 49 %= %j %H %s $O D-brane $= $N $b $N $K BP 1~ $7 , D-brane $N 2r @O $, Hs 2D 49 %= %j %H %s $N 2r @O $+ $i 9T $( $k $h $& $K $J $C $? . 8e <T $N 2r @O $N J} $, , ;~ $K <h $j 07 $$ $, Hs >o $K MF 0W $K $J $k $? $a , MM !9 $J 1~ MQ $, 2D G= $K $J $C $? $N $G $" $k . Hs 2D 49 6u 4V >e $N >l $N M} O@ $N =E MW $J FC D’ $H $7 $F $O � FC 0[ E@ $N 2r >C $, 5s $2 $i $l $k . 0J 2< $G D> 4Q E* $K $3 $l $r @b L@ $7 $h $& . Hs 2D 49 6u 4V $O :B I8 4X ?t F1 ;N $N @Q $N Hs 2D 49 @- $G FC D’ IU $1 $i $l $k !’ [ x i ; x j ] = i� ij : (1.1) $3 $3 $G , � ij $O H? BP >N $J <B Dj ?t $G $" $j , Hs 2D 49 %Q %i %a !< %? $H 8F $P $l $k 5 . $3 $N 4X 78 <0 $O , NL ;R NO 3X $N @5 =‘ 8r 49 4X 78 [ q ; p ] = i � h (1.2) $K N‘ ;w $7 $F $* $j , !V 6u 4V $N IT 3N Dj @- 4X 78 !W $r F3 $/ . $3 $N $3 $H $+ $i Hs 2D 49 6u 4V >e $G $O , N3 ;R $N 0L CV $O 40 A4 $K 7h $a $k $3 $H $, $G $- $: , $" $k 9- $, $C $? J, I[ $r ;} $D . $= $N 7k 2L , 2D 49 $J 6u 4V >e $G $O B8 :_ $7 $? >l $N FC 0[ E@ $, , Hs 2D 49 6u 4V >e $G $O 2r >C $5 $l $k $H $$ $& $3 $H $, 5/ $3 $j $& $k . J, I[ $N 9- $, $j $N I} $O Bg BN q j � ij j $K Hf Nc $7 , 2D 49 $J 6u 4V $X $N 6K 8B � ij ! 0 $G FC 0[ @- $, I| 3h $9 $k . ?^ 1: FC 0[ E@ $N 2r >C Hs 2D 49 %= %j %H %s $K $* $$ $F $b , FC 0[ E@ 2r >C $, 0l HL $K 5/ $3 $j , 2D 49 $J >l 9g $K $O 8+ $i $l $J $$ LL Gr $$ 7k 2L $r @8 $_ =P $9 . Nc $( $P , Hs 2D 49 %$ %s %9 %? %s %H %s $G $O , ( 40 Hw 2= $5 $l $? ) %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V $N FC 0[ E@ $, 0l HL $K 2r >C $7 [112, 113], FC 0[ $G $J $$ U (1) %$ %s %9 %? %s %H %s 2r $r 6q BN E* $K 9= @. $9 $k $3 $H $, $G $- $k [115]. 6 3 :G 6a , J, ?t NL ;R %[ !< %k 8z 2L $X $N 1~ MQ $, :F $S 3h H/ $K 5D O@ $5 $l $F $$ $? . ( Nc $( $P [130, 121].) 4 $J $* , Seib erg-Witten M} O@ $H $7 $F M- L> $J , N = 2 D6 BP >N %2 !< %8 M} O@ $N 87 L) 2r $N OC $H $O L5 4X 78 . 5 Hs 2D 49 %Q %i %a !< %? � ij $O GX 7J <’ >l $K 4X 78 $7 , <j $G M? $( $i $l $k . 6 [115] $G 9= @. $5 $l $? 2r $O FC 0[ %2 !< %8 $r $H $C $? >l 9g $N 2r $K Aj Ev $7 , ( $4 $/ 0l It J, $@ $1 ) 0- $$ ?6 $k Iq $$ $r $9 $k . $= $N $3 $H $r ;X E& $7 , ;j $k $H $3 $m Hs FC 0[ $J 2r $N 9= @. K! $r Ds >’ $7 $? $N $, 8E Fb ;a [32, 33] $G $" $k . 2

$^ $? , FC 0[ $J >l $N G[ 0L $O Fb It 9= B$ $r ;} $? $: %7 %s %W %k $G $O $" $k $, , Ia DL $K $O <h $j 07 $( $J $$ $? $a 2D 49 6u 4V $G $O 2r @O $N BP >] $+ $i =| 30 $5 $l $k . $3 $l $, Hs 2D 49 6u 4V $G $O 2D G= $K $J $j , MF 0W $J <h $j 07 $$ $+ $i MM !9 $J 1~ MQ $, $b $? $i $5 $l $k $N $G $" $k . Gopakumar-Min w alla-Strominger (GMS) %= %j %H %s $H 8F $P $l $k $b $N [37] $O , $= $N :G =i $N Nc $G $" $k . 7 $3 $N 5- ;v $G $O , NC %2 !< %8 M} O@ $N 4p AC $r 35 @b $7 $? $" $H , Hs 2D 49 %$ %s %9 %? %s %H %s , Hs 2D 49 %b %N %] !< %k $N 9= @. $r A tiy ah-Drinfeld-Hitc hin-Manin (ADHM) 9= @. K! , Nahm 9= @. K! $K $h $j 6q BN E* $K 9T $& . Hs 2D 49 $K $7 $? $3 $H $G @8 $8 $? FC 0[ E@ 2r >C $H $= $l $K H< $& ?7 $7 $$ J* M} E* BP >] $K $D $$ $F >\ $7 $/ 5D O@ $9 $k . :G 8e $K , A4 %= %j %H %s M} O@ $N Hs 2D 49 2= $H $$ $& ?J E8 Cf $N %W %m %0 %i %‘ $K $D $$ $F $b ?( $l $k . 2 NC(=Non-Comm utativ e) Gauge Theories NC %2 !< %8 M} O@ $N 5- =R $K $O <g $K #2 $D $N J} K! $, $" $j , <’ >l Cf $N 2D 49 $J 5- =R $H 9g $o $; $F 9g 7W <! $N 3 $D $N J} K! $, $" $k . $3 $l $i $O , !V Hs 2D 49 Euclid 6u 4V !W >e $G $O , W eyl JQ 49 $* $h $S Seib erg-Witten %^ %C %W $K $h $C $F 1 BP 1 $K BP 1~ $E $1 $i $l $k !’ (i) %9 %? !< @Q $r MQ $$ $k 5- =R � � ij ! 0 � ! Ia DL $N 2D 49 6u 4V >e $N M} O@ � " h Hs 2D 49 B& i W eyl JQ 49 # (ii) %* %Z %l !< %? !< 7A <0 $N 5- =R " Seib erg-Witten %^ %C %W # h 2D 49 B& i (iii) GX 7J 0l MM B >l ( !a <’ >l ) Cf $N DBI :n MQ $K $h $k 5- =R Seib erg $H Witten $, L@ $i $+ $K $7 $? $N $O (i) $H (iii) $N Ey 2A @- $G $" $k . $3 $N @a $G $O $^ $: %9 %? !< @Q $r MQ $$ $k 5- =R (i) $K $h $C $F NC %2 !< %8 M} O@ $r Dj 5A $7 , $= $l $+ $i W eyl JQ 49 $H $$ $& JQ 49 $r MQ $$ $F %* %Z %l !< %? !< 7A <0 $N 5- =R (ii) $K 0\ $k . <h $j 07 $$ $, MF 0W $J 5- =R (ii) $G 87 L) 2r $r 5a $a , MM !9 $J ;k E@ $+ $i 2r <a $r M? $( $k . $3 $N 5- ;v $G $O , NC G = U ( N ) 4 <! 85 Y ang-Mills M} O@ $H NC G = U ( N ) (3 + 1) <! 85 8 Y ang- Mills-Higgs M} O@ $r 6q BN Nc $H $7 $F 5D O@ $r ?J $a $k . $^ $: 2D 49 6u 4V >e $N M} O@ $r >R 2p $9 $k . G = U ( N ) 4 <! 85 Y ang-Mills M} O@ G = U ( N ) 4 <! 85 Y ang-Mills M} O@ $N :n MQ $O I YM = � 1 2 g 2 YM Z d 4 x T r F � F � ; (2.1) 7 Hs 2D 49 6u 4V >e $G $O Derric k $N Dj M} [18] ([39, 70] $K $b 2r @b $" $j ) $, @. $j N) $? $J $$ $? $a , MM !9 $J %= %j %H %s $, B8 :_ $7 F@ $k $G $" $m $& , $H $$ $& $N $, F0 5! $N 0l $D $G $b $" $C $? . 8 (3 + 1) <! 85 $H $O 6u 4V 3 <! 85 ( :B I8 !’ x 1 ; x 2 ; x 3 ), ;~ 4V 1 <! 85 ( :B I8 !’ x 0 ) $H $$ $& 0U L# $G $" $k . 3

$G $" $k . $? $@ $7 , F � := @ � A � � @ � A � + [ A � ; A � ] ; D � := @ � + A � ; �; � = 1 ; 2 ; 3 ; 4 $G $" $k . 1? F0 J} Dx <0 , 9 BPS J} Dx <0 10 $O $= $l $> $l <! <0 $N $h $& $K $J $k !’ � 1? F0 J} Dx <0 (Y ang-Mills J} Dx <0 ) [ D � ; [ D � ; D � ]] = 0 ; , � I YM � A � = 0 ! (2.2) � BPS J} Dx <0 ((An ti-)Self-Dual Y ang-Mills J} Dx <0 ) F � � � F � = 0 : (2.3) $3 $3 $G , � $O Ho dge AP BP :n MQ AG $G $" $k ( � F � := (1 = 2) � � � F � ). J# 9f $O >e CJ $, Self-Dual (SD), 2< CJ $, An ti-Self-Dual (ASD) $N >l 9g $r I= $9 ( 0J 8e F1 MM ). %$ %s %9 %? %s %H %s $O 4 <! 85 Euclid 6u 4V >e $N Y ang-Mills M} O@ $N 1? F0 J} Dx <0 $N , M- 8B :n MQ $r M? $( $k 0B Dj 2r $H $7 $F Dj 5A $5 $l $k . BPS J} Dx <0 $O :n MQ I $r Dd N1 $5 $; $k $b $N $H $7 $F <! $N $h $& $K F3 $+ $l $? !’ I YM = � 1 4 g 2 YM Z d 4 x T r ( F � F � + � F � � F � ) = � 1 4 g 2 YM Z d 4 x T r [( F � � � F � | {z } =0 , BPS ) 2 � 2 F � � F � ] : (2.4) 2 9T L\ $N Bh 2 9‘ $O %$ %s %9 %? %s %H %s ?t ( 0L Aj E* IT JQ NL ) $K BP 1~ $7 , >l $N O" B3 JQ 7A $G IT JQ $K J] $? $l $k . $7 $? $, $C $F 2 9T L\ Bh 1 9‘ $N J? J} 40 @. It J, $+ $i :n MQ $N 6K >. >r 7o $, F3 $+ $l $k $N $G $" $k . $J $* ASD J} Dx <0 $O <! $N $h $& $K J# AG I= <( $K =q $1 $k !’ F z 1 � z 1 + F z 2 � z 2 = 0 ; F z 1 z 2 = 0 : (2.5) G = U ( N ) (3 + 1) <! 85 Y ang-Mills-Higgs M} O@ %b %N %] !< %k 11 $O (3 + 1) <! 85 ;~ 6u >e $N Y ang-Mills-Higgs M} O@ $N BPS %= %j %H %s $H $7 $F 8= $l , FC $K G = U (1) $N >l 9g $N $b $N $r Dirac %b %N %] !< %k $H $$ $& . :n MQ I YMH $O <! $N DL $j !’ 12 I YMH = � 1 4 g 2 YM Z d 4 x T r ( F mn F mn + 2 D m � D m �) : (2.6) $3 $3 $G , � $O %2 !< %8 72 G $N ?o H< I= 8= $K B0 $9 $k Higgs >l $G $" $j , d 4 x := dx 0 dx 1 dx 2 dx 3 ; m; n = 0 ; 1 ; 2 ; 3 $G $" $k . 1? F0 J} Dx <0 , BPS J} Dx <0 $O <! $N $h $& $K $J $k !’ 9 :n MQ $N Dd N1 E@ $r M? $( $k >l $N G[ 0L $N K~ $? $9 J} Dx <0 , $9 $J $o $A � I =� O = 0 ( O $O %i %0 %i %s %8 %" %s $K 4^ $^ $l $k >l ) $N $3 $H $G $" $j , 8E E5 E* 1? F0 $r 5- =R $9 $k . 1? F0 J} Dx <0 $N 2r $K $O IT 0B Dj $J (non-BPS $J ) 2r $b 4^ $^ $l $k . 10 :n MQ $N 6K >. $r M? $( $k @E E* $J >l $N G[ 0L $N K~ $? $9 J} Dx <0 $N $3 $H $G $" $j , @E ;_ $7 $? 0B Dj $J 7O $r 5- =R $9 $k . 0l HL $K BPS J} Dx <0 $N 2r $O >o $K 1? F0 J} Dx <0 $N 2r $K $J $k . $J $* , BPS $O Bogomol’n yi, Prasad, Sommer�eld $N 3 ?M $N F, J8 ;z $r $H $C $? $b $N . 11 $3 $N 5- ;v $G 07 $& %b %N %] !< %k $O A4 $F BPS %b %N %] !< %k $J $N $G , \BPS" $O 0l @Z >J N, $7 $F $$ $k . 12 %] %F %s %7 %c %k 9‘ $O >J N, $7 $? . 4

� 1? F0 J} Dx <0 (Y ang-Mills-Higgs J} Dx <0 ) [ D n ; [ D n ; D m ]] + [� ; [� ; D m ]] = 0 ; , � I YMH � A m = 0 ! [ D m ; [ D m ; �]] = 0 : , � I YMH � � = 0 ! (2.7) � BPS J} Dx <0 (Bogomol’n yi J} Dx <0 ) B i = � [ D i ; �] : (2.8) $3 $3 $G , B i := � ( i= 2) � ij k F j k ( i; j; k = 1 ; 2 ; 3) $O <’ >l $G $" $k . 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 �)] : (2.9) 2 9T L\ $N Bh 2 9‘ $O <’ 2Y ( 0L Aj E* IT JQ NL ) $K BP 1~ $7 , >l $N O" B3 JQ 7A $G IT JQ $K J] $? $l $k . $7 $? $, $C $F 2 9T L\ Bh 1 9‘ $N J? J} 40 @. It J, $+ $i :n MQ $N 6K >. >r 7o $, F3 $+ $l $k $N $G $" $k . Bogomol’n yi J} Dx <0 $b <! $N $h $& $K J# AG I= <( $K =q $1 $k !’ B 3 = � [ D 3 ; �] ; B z = � [ D z ; �] (2.10) $? $@ $7 D z := (1 = 2)( D 1 � iD 2 ) ; B z := (1 = 2)( B 1 � iB 2 ). (i) %9 %? !< @Q $r MQ $$ $k 5- =R ( JQ 7A NL ;R 2= [91, 13] $K $h $k Dj <0 2= ) %9 %? !< @Q $O Ia DL $N 2D 49 $J 4X ?t ( >l ) $K BP $7 $F Dj 5A $5 $l $k @Q $N 0l $D $G $" $k 13 !’ 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 ) (2.11) %9 %? !< @Q $O <! $N =E MW $J @- <A $r ;} $D !’ � 7k 9g B’ $, @. $j N) $D !’ f ? ( g ? h ) = ( f ? g ) ? h � :B I8 4X ?t F1 ;N $N Hs 2D 49 @- (1.1) $r :F 8= !’ [ x i ; x j ] ? := x i ? x j � x j ? x i = i� ij � � ij ! 0 $G Ia DL $N @Q $K La $k . 13 @5 3N $K $O %9 %? !< @Q $O $b $C $H 0l HL E* $K Dj 5A $5 $l $k $b $N $G $" $k $, ( Nc $( $P [102]), $3 $3 $G $O !V Hs 2D 49 Euclid 6u 4V !W $N $_ $r 07 $& $N $G , $3 $N $h $& $J 6q BN E* I= <0 (Mo y al @Q [111] $H 8F $P $l $k ) $G I= $7 $? . 5

NC %2 !< %8 M} O@ $O , Ia DL $N 2D 49 6u 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 . 14 $7 $? $, $C $F , NC G = U ( N ) Y ang-Mills(-Higgs) M} O@ $N :n MQ , 1? F0 J} Dx <0 , $* $h $S BPS J} Dx <0 $O , <0 (2.1), (2.2), (2.3), (2.6), (2.7), (2.8) $K $* $$ $F >l F1 ;N $N @Q $, A4 $F %9 %? !< @Q $K CV $- 49 $o $C $? $b $N $K Ey $7 $$ . :n MQ $K L5 8B 8D $N Hy J, $, F~ $C $F $$ $k $, 15 , >l $O Ia DL $N 2D 49 $J 4X ?t $J $N $G , 1? F0 J} Dx <0 , BPS J} Dx <0 $r F3 =P $9 $k $K $O , 2D 49 $J >l 9g $H F1 $8 <j =g $r F’ $a $P $h $$ $N $G $" $k . (cf. (2.14).) $J $* %2 !< %8 72 $O Ia DL U ( N ) $G 9M $( $k 16 . $= $N B> $$ $/ $D $+ $N =E MW $J @- <A $r Ns 5s $9 $k . ?7 $7 $$ JQ ?t z := x + v t; � z := x � v t $G <0 (2.11) $r =q $- 49 $( $k $H f ( z ; � z ) ? g ( z ; � z ) = e iv � ( @ � z 0 @ z 00 � @ z 0 @ � z 00 ) f ( z 0 ; � z 0 ) g ( z 00 ; � z 00 ) � � � z 0 = z 00 = z � z 0 = � z 00 = � z ; (2.12) $H $J $k . $7 $? $, $C $F , f ( z ) ? g ( z ) = f ( z ) g ( z ) ; f ( � z ) ? g ( � z ) = f ( � z ) g ( � z ) : (2.13) $9 $J $o $A (1 + 1) <! 85 Hs 2D 49 ;~ 6u >e $N #1 %= %j %H %s 2r ( $" $k $$ $O >W FM 2a Dx $r 4^ $^ $J $$ B? =E %= %j %H %s 2r ) $O 2D 49 6u 4V $N $b $N $H A4 $/ F1 $8 $b $N $H $J $k . $^ $? , $b $& 0l $D =E MW $J @- <A $H $7 $F , Z d D xf ( x ) ? g ( x ) = Z d D xf ( x ) g ( x ) ; (2.14) $, $" $k . $? $@ $7 @Q J, $O A4 $F $N Hs 2D 49 J} 8~ $K $D $$ $F <B 9T $7 $? . $3 $l $K $h $j Hs 2D 49 $N >l 9g $b , BPS J} Dx <0 $N F3 =P (2.4), (2.9) $N J? J} 40 @. It J, $+ $i :n MQ Dd N1 $N >r 7o $, F3 $+ $l $k $N $G $" $k . 17 (ii) %* %Z %l !< %? !< 7A <0 $N 5- =R (Connes N. [16] $N Dj <0 2= ) :# EY $O , :B I8 $N Hs 2D 49 @- (1.1) $+ $i =P H/ $7 $F NC %2 !< %8 M} O@ $r Dj 5A $9 $k . 4J C1 $N $? $a Hs 2D 49 #2 <! 85 J? LL ([ x 1 ; x 2 ] = i� ) $r 9M $( $k . ?7 $7 $$ 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 (2.15) $, J, $+ $k . $3 $l $h $j , ^ a y ; ^ a $O $= $l $> $l D4 OB ?6 F0 ;R $N @8 @. , >C LG 1i ;; ;R $H 2r <a $G $- $k . $3 $l $i $, :n MQ $9 $k F o c k 6u 4V $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 @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 . 14 %9 %? !< @Q $K CV $- 49 $( $k :] , Hs @~ 7? 9‘ $N =g =x $, $^ $: Ld Bj $H $J $k $, , %2 !< %8 M} O@ $N >l 9g $O %2 !< %8 IT JQ $J I= <0 $r $= $N $^ $^ Hs 2D 49 2= $9 $l $P $h $$ . $3 $l $G L5 8B <! 85 $N %2 !< %8 72 :n MQ $K $D $$ $F IT JQ $J M} O@ $, F@ $i $l $k . $? $@ $7 %2 !< %8 72 $, U (1) $G $" $C $F $b %2 !< %8 >l $N 8r 49 ;R It J, [ A � ; A � ] $r ;D $7 $F Hs 2D 49 2= $7 $J $1 $l $P $J $i $J $$ . 15 $3 $N $? $a Hs 2D 49 6u 4V >e $N >l $N M} O@ $O , 0l HL $K Hs 6I =j @- $r ;} $A , $^ $? %Q %j %F %# $r GK $k $, ( Hs 2D 49 %Q %i %a !< %? � ij $N B8 :_ $, $" $i $o $K %m !< %l %s %D BP >N @- $r GK $C $F $$ $k $3 $H $+ $i $b J, $+ $k ), 0l MM <’ >l Cf $N J* M} 7O $H Ey 2A $G $" $j , 0U L# $N $J $$ M} O@ $H $$ $& $o $1 $G $O $J $$ . $‘ $7 $m 0l MM <’ >l Cf $N J* M} $N 2r L@ $K Lr N) $D $b $N $H 4| BT $7 $F $$ $k . $J $* $3 $N $h $& $J >l $N M} O@ E* B& LL $N Am 9g Js 9p $H $7 $F [27, 131] $, $" $k . 16 @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 $$ . Nc $( $P G = S U ( N ) $@ $H 9T Ns <0 $, 1 $H $$ $& >r 7o $+ $i $O $_ =P $7 $F $7 $^ $& . 17 0L Aj IT JQ NL $N It J, $O I= LL @Q J, $K $J $k $N $G 2D 49 6u 4V $H F1 MM $K 07 $& $3 $H $, $G $- $k . ( @ i � O ( r � 1 ) $h $j L5 8B 1s $G $O %9 %? !< @Q $O Ia DL $N @Q $K La $k $H 9M $( $i $l $k .) 6

>l ^ f $O ^ x $N 4X ?t $G $" $k $+ $i , F o c k 6u 4V H $K :n MQ $9 $k 1i ;; ;R $H $J $j , @j M- ?t I= <( $G 0J 2< $N $h $& $K I= $5 $l $k !’ ^ f ( ^ x 1 ; ^ x 2 ) = 1 X m;n =0 f mn j m ih n j : (2.16) FC $K >l $, x 1 - x 2 J? LL $G $N 2s E> BP >N @- $r ;} $D >l 9g ( $9 $J $o $A ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a $H 2D 49 $J >l 9g ), ^ f = 1 X n =0 f n j n ih n j : (2.17) $N $h $& $K BP 3Q 9T Ns $H $J $k $3 $H $, J, $+ $k 18 . Hy J, $O <! $N $h $& $K Dj 5A $5 $l $k !’ @ i ^ f := [ ^ @ i ; ^ f ] := [ � i ( � � 1 ) ij ^ x j ; ^ f ] : (2.18) $3 $l $O <B :] Leibniz B’ $H @ i ^ x j = [ � i ( � � 1 ) ik ^ x k ; ^ x j ] = � j i ; (2.19) $r K~ $? $9 . 1i ;; ;R ^ @ i = � i ( � � 1 ) ij ^ x j $O Hy J, 1i ;; ;R $H 8F $P $l $k . 6& JQ Hy J, $O , %2 !< %8 72 $N 4p K\ I= 8= $K B0 $9 $k >l � , ?o H< I= 8= $K B0 $9 $k >l � $K BP $7 $F $= $l $> $l <! $N $h $& $K M? $( $i $l $k !’ D i ^ � adj. := [ ^ D i ; ^ �] := [ ^ @ i + ^ A i ; ^ �] ; D i ^ � fund. := [ ^ @ i ; ^ � ] + ^ A i ^ �: (2.20) 1i ;; ;R ^ D i = ^ @ i + ^ A i $O 6& JQ Hy J, 1i ;; ;R $H 8F $P $l $k . @Q J, $b F o c k 6u 4V H $K $D $$ $F $N %H %l !< %9 $H $7 $F Dj 5A $5 $l $k !’ Z dx 1 dx 2 ^ f ( ^ x 1 ; ^ x 2 ) := 2 � � T r H ^ f : (2.21) (i) $H (ii) $N Ey 2A @- 19 (i) $H (ii) $O !V Hs 2D 49 Euclid 6u 4V !W $G $O Ey 2A $J 5- =R $G $" $j , W eyl JQ 49 $H $$ $& JQ 49 $K $h $C $F BP 1~ $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 !’ ^ f ( ^ x 1 ; ^ x 2 ) := 1 (2 � ) 2 Z dk 1 dk 2 e f ( k 1 ; k 2 ) e � i ( k 1 ^ x 1 + k 2 ^ x 2 ) : (2.22) $? $@ $7 , e f ( k 1 ; k 2 ) := Z dx 1 dx 2 f ( x 1 ; x 2 ) e i ( k 1 x 1 + k 2 x 2 ) : (2.23) 18 j m ih n j $r W eyl JQ 49 $G 5- =R (ii) $K $& $D $7 $F 9M $( $F $b M} 2r $G $- $k ( <! %Z !< %8 I= ;2 >H ). 19 >\ $7 $/ $O [58] $J $I $r ;2 >H . 7

>l f ( x 1 ; x 2 ) $r 0l EY F ourier JQ 49 $7 $? $b $N $r , $= $N $^ $^ 5U F ourier JQ 49 $9 $k :] , exp $N 8* $N :B I8 x 1 ; x 2 $r %* %Z %l !< %? !< ^ x 1 ; ^ x 2 $K CV $- 49 $( $F JQ 49 $7 $? $h $& $J $b $N $G $" $k !’ f ( x 1 ; x 2 ) . j e f ( k 1 ; k 2 ) W eyl JQ 49 & # ^ f ( ^ x 1 ; ^ x 2 ) : W eyl JQ 49 $O %9 %? !< @Q $r 9T Ns $N @Q $K $& $D $9 !’ d f ? g = ^ f � ^ g : (2.24) W eyl JQ 49 $N 5U JQ 49 $O D> @\ $K $O f ( x 1 ; x 2 ) = Z dk 2 e � ik 2 x 2 D x 1 + k 2 2 � � � ^ f ( ^ x 1 ; ^ x 2 ) � � � x 1 � k 2 2 E (2.25) $H =q $1 $k . W eyl JQ 49 $K $h $j , >l $d 3] $1 ;; $@ $1 $G $J $/ , Hy J, , @Q J, $b #1 BP #1 $K BP 1~ $7 , (i) $H (ii) $N 5- =R $O Ey 2A $K $J $k . BP 1~ 4X 78 $O 0J 2< $N DL $j !’ (i) %9 %? !< @Q $r MQ $$ $k 5- =R (ii) %* %Z %l !< %? !< 7A <0 $N 5- =R >l Ia DL $N 4X ?t L5 8B <! 85 @5 J} 9T Ns f ( x 1 ; x 2 ) ^ f ( ^ x 1 ; ^ x 2 ) = 1 X m;n =0 f mn j m ih n j @Q %9 %? !< @Q 9T Ns $N @Q ( d f ? g = ^ f ^ g ) 7k 9g B’ !’ f ? ( g ? h ) = ( f ? g ) ? h 7k 9g B’ !’ ^ f ( ^ g ^ h ) = ( ^ f ^ g ) ^ h ( <+ L@ ) Hs 2D 49 @- [ x i ; x j ] ? := x i ? x j � x j ? x i = i� ij [ ^ x i ; ^ x j ] = i� ij Hy J, @ i f � [ � i ( � � 1 ) ij x j ; f ] @ i ^ f := [ � i ( � � 1 ) ij ^ x j | {z } = : ^ @ i ; ^ f ] FC $K @ i x j = � j i FC $K @ i ^ x j = � i ( � � 1 ) ik [ ^ x k ; ^ x j ] = � j i @Q J, Z dx 1 dx 2 f ( x 1 ; x 2 ) 2 � � T r H ^ f ( ^ x 1 ; ^ x 2 ) 6J N( F ij = @ i A j � @ j A i + [ A i ; A j ] ? ^ F ij = @ i ^ A j � @ j ^ A i + [ ^ A i ; ^ A j ] = [ ^ D i ; ^ D j ] � i ( � � 1 ) ij ( $? $@ $7 ^ D i := ^ @ i + ^ A i ) (ii) $N 9T Ns MW AG s n ! m ! � 2 r 2 =� � m � n 2 e i ( m � n ) ’ � j n ih m j 2( � 1) n L m � n n (2 r 2 =� ) e � r 2 � j j j x 1 - x 2 J? LL $G 2s E> BP >N ! ’ $K 0M $i $J $$ , m = n ! ( ^ x 1 ) 2 + ( ^ x 2 ) 2 � ^ a y ^ a $H 2D 49 , m = n ! # # # $" $k <M 1F ;R 2( � 1) n L n (2 r 2 =� ) e � r 2 � j n ih n j 8

$3 $3 $G , ( r ; ’ ) $O 6K :B I8 , L � n ( x ) $O <! <0 $G Dj 5A $5 $l $k Laguerre B? 9‘ <0 $G $" $k !’ L � n ( x ) := x � � e x n ! d dx ! n ( e � x x n + � ) : (2.26) ( FC $K L n ( x ) := L 0 n ( x ).) $J $* , %* %Z %l !< %? !< 7A <0 $N 6J N( $N <0 $G , [ ^ D i ; ^ D j ] $H 3g $k $H , [ ^ @ i ; ^ @ j ](= i ( � � 1 ) ij ) $r Aj ;& $9 $k $? $a $N Dj ?t 9‘ � i ( � � 1 ) ij $, 8= $l $k . $3 $l $K $h $j %* %Z %l !< %? !< 7A <0 $N 5- =R $G $N BPS J} Dx <0 $O $= $l $> $l <! $N $h $& $K I= $5 $l $k !’ � ASD J} Dx <0 (4 <! 85 Y ang-Mills-Higgs M} O@ ) ( � ^ 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 � 1 + 1 � 2 � = 0 ; ( ^ F z 1 z 2 =) [ ^ D z 1 ; ^ D z 2 ] = 0 : (2.27) $? $@ $7 , Hs 2D 49 @- $O <! $N $h $& $K <h $C $? !’ � � = 0 B B B B B @ 0 � 1 0 0 � � 1 0 0 0 0 0 0 � 2 0 0 � � 2 0 1 C C C C C A : (2.28) $7 $? $, $C $F Hs 2D 49 #4 <! 85 6u 4V >e $N >l $O Hs 2D 49 #2 <! 85 J? LL >e $N >l $N %F %s %= %k @Q I= 8= $H $J $j , 6q BN E* $K <! $N $h $& $K I= $5 $l $k !’ ^ f ( ^ x � ) = 1 X m 1 ;m 2 ;n 1 ;n 2 =0 f m 1 ;m 2 ;n 1 ;n 2 j m 1 ih n 1 j j m 2 ih n 2 j =: 1 X m 1 ;m 2 ;n 1 ;n 2 =0 f m 1 ;m 2 ;n 1 ;n 2 j m 1 ; m 2 ih n 1 ; n 2 j : (2.29) ASD J} Dx <0 $K Dj ?t 9‘ $, 4^ $^ $l $F $$ $k $N $O , >e =R $N DL $j $G $" $k . � Bogomol’n yi J} Dx <0 ((3 + 1) <! 85 Y ang-Mills-Higgs M} O@ ) ( ^ B 3 =) 2[ ^ D z ; ^ D y z ] + 1 � = � [ ^ D 3 ; ^ �] ; ( ^ B z =) [ ^ D 3 ; ^ D z ] = � [ ^ D z ; ^ �] : (2.30) ^ B 3 $K Dj ?t 9‘ $, 4^ $^ $l $F $$ $k $N $O , >e =R $N DL $j $G $" $k . Hs 2D 49 @- $O <! $N $h $& $K 6u 4V :B I8 x 1 ; x 2 $K F3 F~ $7 $? !’ 20 [ ^ x 1 ; ^ x 2 ] = i� ; ( � > 0) ; $= $l 0J 30 $N :B I8 F1 ;N !’ [ x � ; x � ] = 0 : (2.31) 0J 8e , 2r $N 9= @. $N 5D O@ $O A4 $F %* %Z %l !< %? !< 7A <0 $N 5- =R $G 9T $$ , 2r $N @- <A $r D4 $Y $k :] $K $O , %9 %? !< @Q $r MQ $$ $k 5- =R $K La $k $3 $H $K $9 $k . $3 $N @a $G $O F o c k 6u 4V $K :n MQ $9 $k 1i ;; ;R $K $O %O %C %H $r IU $1 $? $, , 0J 8e >J N, $9 $k . $^ $? , 0J 8e Self-Dual $G $J $/ , An ti-Self-Dual $J >l 9g $r 9M $( $k . 20 ;~ 4V :B I8 $r Hs 2D 49 $K $9 $k $H ;~ 4V Hy J, $, L5 8B 8D F~ $C $F $/ $k . $= $N $? $a =i 4| CM Ld Bj $N Dj 5A $, :$ Fq $H $J $C $? $j , $5 $i $K NL ;R O@ $G $O 0x 2L N’ $d %f %K %? %j %F %# $, GK $l $F $7 $^ $C $? $j $H Ld Bj $, @8 $8 $k . $7 $? $, $C $F Ia DL $O 6u 4V :B I8 $N $_ $r Hs 2D 49 $K $9 $k $, , Hs 2D 49 %Q %i %a !< %? $N I= $9 9T Ns $O H? BP >N $G $" $j , $= $N %i %s %/ $O 6v ?t $G $" $k $+ $i , 6u 4V 2 <! 85 J, $K Hs 2D 49 @- $r F3 F~ $9 $k $N $O <+ A3 $J $N $G $" $k . 9

3 ADHM/Nahm Construction of Exact BPS Solitons ADHM/Nahm 9= @. K! 21 $H $O , G$ 0U $N %$ %s %9 %? %s %H %s 2r / %b %N %] !< %k 2r $N Hs >o $K 6/ NO $J 9= @. K! $N 0l $D $G $" $j , MM !9 $J 1~ MQ $, $" $k . $3 $l $O , %$ %s %9 %? %s %H %s / %b %N %] !< %k $N 2r 6u 4V (4 <! 85 /3 <! 85 <+ 8J AP BP J} Dx <0 $N 2r 6u 4V ) $H ADHM/Nahm J} Dx <0 $N 2r 6u 4V $H $N 1 BP 1 BP 1~ ( AP BP @- ) $r Mx MQ $7 $? $b $N $G $" $j , $= $l $i $N 2r 6u 4V $I $& $7 $O !V Dirac J} Dx <0 $N Nm %b !< %I !W $r 2p $7 $F BP 1~ $E $1 $i $l $k . Hs 2D 49 %$ %s %9 %? %s %H %s / %b %N %] !< %k 2r $b $3 $N J} K! $G 9= @. $9 $k $3 $H $, $G $- , 4{ CN $N 87 L) 2r $O ( %* %Z %l !< %? !< 7A <0 $G $O ) <g $K $3 $N J} K! $G 5a $a $i $l $? . ( IU O? A ;2 >H .) $3 $3 $G $O %$ %s %9 %? %s %H %s , %b %N %] !< %k $N ADHM/Nahm 9= @. K! $r 6q BN E* $K 9T $$ , 2r $N @- <A $d FC 0[ E@ $N 2r >C $r >\ $7 $/ 5D O@ $9 $k . 3.1 ADHM Construction of Instan tons ADHM 9= @. K! $+ $i <B :] $K $5 $^ $6 $^ $J %$ %s %9 %? %s %H %s $N 87 L) 2r $r 5a $a $k $3 $H $, $G $- $k . 2r $N 9= @. K! $O 6q BN E* $K $O <! $N DL $j $G $" $k . � <j =g (i) !’ ADHM J} Dx <0 ( � R :=) [ B 1 ; B y 1 ] + [ B 2 ; B y 2 ] + I I y � J y J = � 2( � 1 + � 2 ) =: � ; ( � C :=) [ B 1 ; B 2 ] + I J = 0 : (3.1) $r 2r $/ . $3 $3 $G , B 1 ; B 2 $O k � k 9T Ns , I ; J y $O k � N 9T Ns $G $" $k . 1& JU $N Dj ?t $O , :B I8 $N 8r 49 ;R � [ z 1 ; � z 1 ] � [ z 2 ; � z 2 ] $+ $i @8 $8 $? $b $N $G , 2D 49 6u 4V $G $O $b $A $m $s %< %m $G $" $k . :B I8 z i $O ADHM %G !< %? B i $H >o $K BP $K $J $C $F 8= $l $k $? $a , $3 $N $h $& $J :B I8 $N 8r 49 ;R $, 8= $l $k $N $G $" $k . � <j =g (ii) !’ !V #0 <! 85 Dirac J} Dx <0 !W r y V := I z 2 � B 2 z 1 � B 1 J y � ( � z 1 � B y 1 ) � z 2 � B y 2 ! 0 B B @ u v 1 v 2 1 C C A = 0 : (3.2) $r 5, 3J 2= >r 7o V y V = 1 $H 40 A4 @- >r 7o V V y = 1 � r ( r y r ) � 1 r y $N 2< , 2r $/ . � <j =g (iii) !’ !V #0 <! 85 Dirac J} Dx <0 !W (3.2) $N 5, 3J 2= 2D G= 2r ( Nm %b !< %I ) V $r MQ $$ $F , %2 !< %8 >l $r A � = V y @ � V $H $7 $F 9= @. $9 $k . $3 $l $O <+ F0 E* $K ASD J} Dx <0 $r K~ $? $9 . Hs 2D 49 6u 4V >e $G $N <+ 8J AP BP J} Dx <0 (2.27) $H 8+ Hf $Y $l $P , ADHM J} Dx <0 $H <+ 8J AP BP J} Dx <0 $H $G H~ $7 $/ BP 1~ $7 $F $$ $k $3 $H $, NI $/ J, $+ $k . $3 $3 $G , %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V M $K $D $$ $F %3 %a %s %H $9 $k . %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V M $O , ADHM J} Dx <0 $N 1& JU $N Dj ?t CM $K $h $C $F 7h $^ $k . ( M = M � .) ADHM J} Dx <0 21 Jq 3g E* %l %t %e !< $H $7 $F [49, 24] $, $" $k . 10

(3.1) $N Bh 1 <0 $N 1& JU $N Dj ?t � $, %N %s %< %m $G $" $l $P 22 , ( 40 Hw 2= $5 $l $? ) %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V $N FC 0[ E@ $, 2r >C $9 $k $3 $H $, CN $i $l $F $$ $k [112, 113]. $7 $? $, $C $F 2r >C $5 $l $? FC 0[ E@ $N It J, $K BP 1~ $9 $k , 2D 49 6u 4V $K $O $J $$ %$ %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 23 , <B :] $K Hs 2D 49 R 4 >e $G Hs FC 0[ $J 2r $H $7 $F 9= @. $5 $l $? [115, 32]. ?^ 2: %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V M $3 $3 $G $3 $l $i $N J} Dx <0 $H $= $N AP BP @- $N D-brane 2r <a [25, 142] $r >R 2p $9 $k . GX 7J $H $J $k 7O $O k 8D $N D0-brane $H N Kg $N D4-brane $N J# 9g 7O $G $" $k ( ?^ 3 ;2 >H ). $3 $N 7O $O 0B Dj $G , Sup ersymmetry (SUSY) $r It J, E* $K J] $D (BPS $G $" $k ) $3 $H $, CN $i $l $F $$ $k . J] $? $l $F $$ $k SUSY $O 4 <! 85 N = 2 $N $b $N $H Ey $7 $$ . ?^ 3: ADHM 9= @. K! $N D-brane 2r <a $3 $N 7O $r #2 $D $N 0[ $J $C $? N) >l $+ $i 5- =R $7 $h $& . $^ $: D4-brane $+ $i 8+ $k . $3 $N $H $- Nc $( $P %2 !< %8 !< %N $N SUSY JQ 49 $N <0 $+ $i , (4 <! 85 ) <+ 8J AP BP J} Dx <0 $, $3 $N BPS 7O $r 5- =R $9 $k $b $N $H $7 $F F@ 22 Hs 2D 49 %Q %i %a !< %? � $N <+ 8J AP BP @- $, %2 !< %8 >l $N <+ 8J AP BP @- $H $A $g $& $I 0l CW $9 $k >l 9g $O � = 0 $H $J $k . $3 $N FC <l $J >u 67 $K BP 1~ $9 $k Hs 2D 49 %$ %s %9 %? %s %H %s 2r $K $D $$ $F $O $" $H $G >/ $7 5D O@ $9 $k . 23 6 %Z !< %8 $G , NC %2 !< %8 M} O@ $G $O %2 !< %8 72 $, S U ( N ) $G $O BL L\ $G Ia DL U ( N ) $H $9 $k , $H %3 %a %s %H $7 $? $, , $= $N U ( N ) ( ’ S U ( N ) � U (1)) $N U (1) %Q !< %H $, $^ $5 $K Hs 2D 49 6u 4V FC M- $N =E MW $J Lr 3d $r 2L $? $9 $N $G $" $k . 11

$i $l , D0-brane $O %$ %s %9 %? %s %H %s $H $7 $F 5- =R $5 $l $k . 0l J} D0 $+ $i 8+ $k $H SUSY $r J] $D >r 7o $O D- atness >r 7o $H $7 $F F@ $i $l $k . D- atness >r 7o $r =q $- 2< $9 $K $O , D0-brane >e $N Sup er Y ang-Mills M} O@ $N Nm <A NL %9 %+ %i !< >l $r ;} $C $F $3 $J $1 $l $P $J $i $J $$ $, , $3 $l $O 0-0 %9 %H %j %s %0 $+ $i $/ $k $b $N ( k � k 9T Ns ) $* $h $S ( %O %$ %Q !< B? =E 9‘ $N ) 24 0-4 %9 %H %j %s %0 $+ $i $/ $k $b $N ( k � N 9T Ns ) $, $" $k . $3 $l $i $r $= $l $> $l B 1 ; 2 $* $h $S I ; J y $H I= $7 $F , D- atness >r 7o $r =q $- 2< $9 $H , $A $g $& $I ADHM J} Dx <0 $, F@ $i $l $k . $I $A $i $N J} Dx <0 $b F1 $8 J* M} 7O $r 5- =R $9 $k $b $N $G $" $k $+ $i , 2r 6u 4V $N Ey 2A @- $O <+ L@ $G $" $k . %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ $N <! 85 $O 4 N k $G $" $k $3 $H $, CN $i $l $F $$ $k $, , $3 $N D0-D4 BPS 7O $G D0-brane $N F0 $/ <+ M3 EY $r 9M $( $k $H , $3 $l $b L@ $i $+ $G $" $k . $^ $? 4 <! 85 N = 2 Sup er Y ang-Mills M} O@ $N Higgs %V %i %s %A $N ?? 6u $O Hyp er-K� ahler $G $" $k $3 $H $, CN $i $l $F $* $j , 2r 6u 4V F1 ;N $N Hyp er-K� ahler isometry $b <+ L@ $G $" $k . $5 $i $K 6u 4V $r Hs 2D 49 $K $7 $? 8z 2L $O ADHM 9= @. K! $= $N $b $N $N OH AH $_ $G <+ A3 $K 8= $l $k $, , 0l J} D-brane 2r <a $+ $i 9M $( $k $H , B >l $N 8z 2L $, F a y et-Iliop oulos (FI) %Q %i %a !< %? $H $7 $F D- atness >r 7o <0 $K 8= $l $? $H M} 2r $G $- $k . $3 $3 $K 6u 4V $r Hs 2D 49 $K $7 $? 8z 2L $H <’ >l $r F~ $l $? 8z 2L $, A4 $/ F1 0l $N $b $N $H $7 $F 8= $l $F $$ $k . !V #0 <! 85 Dirac J} Dx <0 !W $r 7P M3 $7 $F %2 !< %8 >l $r 9= @. $9 $k <j =g $H $7 $F $O , $3 $N 7O $r T AP BP JQ 49 $7 $F D5-D9-brane 7O $K ;} $C $F 9T $- , %W %m !< %V $H $7 $F $N D1-brane $+ $i 5- =R $9 $k J} K! $, CN $i $l $F $$ $k [142, 26]. 4J C1 $J 6q BN 2r $r <B :] $K 9= @. $7 $F $_ $h $& . BPST 2r ( G = S U (2) ; k = 1, dim M BPST 2 ; 1 = 5) $3 $N 2r $O :G $b 4p K\ E* $+ $D =E MW $J %$ %s %9 %? %s %H %s 2r $G $" $k $, , ADHM 9= @. K! $K $h $C $F 6K $a $F 4J C1 $K 9= @. $5 $l $k . � <j =g (i) !’ ADHM J} Dx <0 $O k � k 9T Ns $N J} Dx <0 $G $" $k $+ $i , :# $N >l 9g ( k = 1) %H %j %S %" %k $K 2r $1 $k . 8r 49 ;R $N It J, $O Mn $A $k $N $G , 9T Ns B 1 ; B 2 $O G$ 0U $N J# AG ?t $H $9 $l $P $h $/ , I ; J $K $D $$ $F $b 4J C1 $K 5a $^ $k . 7k 2L $O <! $N DL $j !’ B 1 = � 1 ; B 2 = � 2 ; I = ( �; 0) ; J = 0 � ! ; � 1 ; 2 2 C ; � 2 R : (3.3) � $N <B It , 13 It $r � 1 = b 2 + ib 1 ; � 2 = b 4 + ib 3 $N $h $& $K b � $G I= $9 . � <j =g (ii) !’ !V #0 <! 85 Dirac J} Dx <0 !W $O r y V = 0 B B @ � 0 0 � � e � ( x � � b � ) 1 C C A V = 0 (3.4) 24 :# 9M $( $F $$ $k >u 67 $O Higgs %V %i %s %A $K Aj Ev $9 $k . 12

$H $J $j ( $? $@ $7 � e = ( i�; 1)), $= $N 2r $O V = 1 p � 0 B B B B B B B @ � e � ( x � � b � ) � � 0 0 � � 1 C C C C C C C A ; � = j x � b j 2 + � 2 (3.5) $H %H %j %S %" %k $K 5a $^ $k . 5, 3J 2= 0x ;R � $O 5, 3J 2= >r 7o V y V = 1 $+ $i 7h $^ $C $? . � <j =g (iii) !’ %2 !< %8 >l $* $h $S 6J N( $O V $+ $i MF 0W $K 7W ;; $5 $l $k !’ A � = V y @ � V = i ( x � b ) � � ( � ) � ( x � b ) 2 + � 2 ; (3.6) F � = 2 i� 2 ( j x � b j 2 + � 2 ) 2 � ( � ) � : (3.7) $3 $3 $G , � ( � ) � $O ’t Ho oft $N %$ %’ !< %? %7 %s %\ %k $H 8F $P $l $k ASD %F %s %= %k $G $" $j , 6J N( $, H? <+ 8J AP BP $G $" $k $3 $H $, J, $+ $k . %b %8 %e %i %$ 6u 4V $N <! 85 5 $O , 1 %$ %s %9 %? %s %H %s $N 0L CV b � (4 $D ) $H %5 %$ %: 25 � (1 $D ) $N <+ M3 EY $K BP 1~ $9 $k . 0l HL $K , ADHM %G !< %? B 1 ; 2 $N BP 3Q @. J, $, %$ %s %9 %? %s %H %s $N 0L CV $r I= $7 , ADHM %G !< %? I ; J $, %$ %s %9 %? %s %H %s $N %5 %$ %: $N >p Js $r 4^ $‘ . ADHM %G !< %? B 1 ; 2 $, :B I8 z 1 ; 2 $H >o $K BP $K $J $C $F 8= $l $k M} M3 $O $3 $3 $K $" $k . $3 $3 $G %5 %$ %: !& %< %m 6K 8B $r <h $C $F $_ $h $& . $3 $N $H $- F � $O $A $g $& $I %G %k %? 4X ?t 7? $N FC 0[ $J G[ 0L $K 6a IU $/ $3 $H $, J, $+ $k . %$ %s %9 %? %s %H %s $O Dj 5A $K $h $j 3j $i $+ $J 4X ?t $G $J $1 $l $P $J $i $J $$ $N $G , %5 %$ %: !& %< %m $N %$ %s %9 %? %s %H %s $O B8 :_ $7 $J $$ . $3 $l $O $A $g $& $I %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V $N FC 0[ E@ ( %9 %b !< %k !& %$ %s %9 %? %s %H %s FC 0[ E@ ) $K BP 1~ $9 $k . Hs 2D 49 6u 4V $G $O $3 $N FC 0[ E@ $, 2r >C $7 , ?7 $7 $$ %/ %i %9 $N %$ %s %9 %? %s %H %s $, 8= $l $k . ( ?^ 4 ;2 >H .) Hs 2D 49 BPST %$ %s %9 %? %s %H %s 2r ( G = U (2) ; k = 1) Hs 2D 49 6u 4V >e $N G = U (2) ASD 1 %$ %s %9 %? %s %H %s 2r ( Hs 2D 49 BPST 2r ) $b ADHM 9= @. K! $K $h $j F1 MM $K 5a $a $i $l $k . $3 $l $r M? $( $k Hs 2D 49 ADHM J} Dx <0 (3.1) $N 2r $H $7 $F $O B 1 = � 1 ; B 2 = � 2 ; I = ( q � 2 + � ; 0) ; J = 0 � ! (3.8) ( $[ $\ <+ L@ 2r ) $r <h $l $P $h $$ . ( � > 0 $H $7 $? .) 2D 49 6u 4V $N >l 9g $H Hf $Y $k $H I $N CM $, >/ $7 0[ $J $k $? $a , $5 $C $- $H F1 MM $K � $r %< %m $K $b $C $F $$ $C $F $b I $O %< %m $K $J $i $: , %5 %$ %: M- 8B $N Hs FC 0[ $J %$ %s %9 %? %s %H %s $, @8 $- ;D $k . $3 $l $, <B $O U (1) %$ %s %9 %? %s %H %s $G $" $j , %9 %b !< %k !& %$ %s %9 %? %s %H %s FC 0[ E@ $, 2r >C $5 $l $? $3 $H $K $h $C $F @8 $8 $? ?7 $7 $$ %$ %s %9 %? %s %H %s 2r $K Aj Ev $9 $k . U (1) %$ %s %9 %? %s %H %s $O 0L CV $r I= $9 %b %8 %e %i %$ !& %Q %i %a !< %? $7 $+ ;} $? $: , 9- $, $j $N %5 %$ %: $O 0l Dj ( Bg BN p � $0 $i $$ ) $G $" $k . ( ?^ 5 ;2 >H .) 13

?^ 4: %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V M 0 $H BPST %$ %s %9 %? %s %H %s ?^ 5: %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V M � $H Hs 2D 49 BPST %$ %s %9 %? %s %H %s 2D 49 6u 4V $H Hs 2D 49 6u 4V $N BPST %$ %s %9 %? %s %H %s $K $D $$ $F , 0J 2< $N I= $K $^ $H $a $? . BPST %$ %s %9 %? %s %H %s Hs 2D 49 BPST %$ %s %9 %? %s %H %s � R = 0 ; � C = 0 ADHM J} Dx <0 � R = � ; � C = 0 B 1 ; 2 = � 1 ; 2 ; ADHM %G !< %? B 1 ; 2 = � 1 ; 2 ; I = ( �; 0) ; J t = (0 ; � ) I = ( p � 2 + � ; 0) ; J t = (0 ; � ) %* !< %S %U %) !< %k %I C 2 = Z 2 %b %8 %e %i %$ 6u 4V Eguc hi-Hanson g C 2 = Z 2 (singular) (regular) F � ! %G %k %? 4X ?t %< %m %5 %$ %: 6K 8B F � ! U (1) %$ %s %9 %? %s %H %s (singular) (regular) $3 $N U (1) %$ %s %9 %? %s %H %s $r $h $j >\ $7 $/ D4 $Y $F $_ $h $& . 25 $3 $3 $G %$ %s %9 %? %s %H %s $N %5 %$ %: $H $O , F � $N H> CM I} $N $3 $H $G $" $k . 14

Hs 2D 49 ASD U (1) %$ %s %9 %? %s %H %s 2r ( k = 1, � : SD) $^ $: %2 !< %8 >l $H Hs 2D 49 %Q %i %a !< %? $N <+ 8J AP BP @- $, 5U $N >l 9g $r 9M $( $k . 4J C1 $N $? $a k = 1 $H $7 , $^ $? %$ %s %9 %? %s %H %s $N 0L CV $r 86 E@ $K $H $k . 26 $^ $: ADHM J} Dx <0 $r 2r $+ $J $1 $l $P $J $i $J $$ $, , %2 !< %8 72 $, U (1) $N $H $- $O I $+ J $, Nm $K $J $k $3 $H $, CN $i $l $F $$ $k [113]. $7 $? $, $C $F ADHM J} Dx <0 $O %H %j %S %" %k $K 2r $1 $k !’ B 1 ; 2 = 0 ; I = q � ; J = 0 : (3.9) Ld Bj $O Dirac Nm %b !< %I $G $" $k . !V #0 <! 85 Dirac J} Dx <0 !W $O <! $N $h $& $K $J $k !’ ^ r y ^ V = p � ^ z 2 ^ z 1 0 � ^ � z 1 ^ � z 2 ! ^ V = 0 : (3.10) $3 $N 2r $H $7 $F $O , 5, 3J 2= 0x ;R $r =| $$ $F <! $N $b $N $, <+ A3 $K <h $l $k !’ ^ V 1 = 0 B B @ ^ z 1 ^ � z 1 + ^ z 2 ^ � z 2 � p � ^ � z 2 � p � ^ � z 1 1 C C A ; ^ r y ^ V 1 = 0 : (3.11) $7 $+ $7 $3 $l $O %* %Z %l !< %? $N 0U L# $G 5, 3J 2= >r 7o $r K~ $? $5 $J $$ . ^ V 1 $, Nm %b !< %I j 0 ; 0 i $r ;} $A , 5, 3J 2= 0x ;R $r 5a $a $k :] ^ V y 1 ^ V 1 $N 5U 9T Ns $r H $N Cf $G 5a $a $k $3 $H $, $G $- $J $$ $+ $i $G $" $k . $7 $? $, $C $F ^ V $r 5, 3J 2= $9 $k :] $O $3 $N E@ $K Cm 0U $9 $k I, MW $, $" $k . 8E Fb ;a $O [32] $K $* $$ $F , A4 $F $N 5D O@ $r H 1 := H � j 0 ; 0 ih 0 ; 0 j $K @) 8B $9 $l $P , ^ V 1 $, @5 $7 $$ <+ 8J AP BP %2 !< %8 >l $r M? $( $k $3 $H $r <( $7 $? . $5 $i $K %7 %U %H 1i ;; ;R $r MQ $$ $F , H 1 $K @) 8B $5 $l $? 5D O@ $r H $K JQ 49 $7 ( %i %Y %k $r IU $1 JQ $( ), H $G 5, 3J 2= $5 $l $? ^ V $r 5a $a $? [33] !’ ^ V = ^ V 1 ^ � 1 ^ U y 1 ; ^ V y ^ V = 1 (3.12) $3 $3 $G 8= $l $? ^ U 1 $O %7 %U %H 1i ;; ;R $H 8F $P $l $k $b $N $G <! <0 $r K~ $? $9 $b $N $H $7 $F Dj 5A $5 $l $k !’ ^ U k ^ U y k = 1 ; ^ U y k ^ U k = 1 � ^ P k ; (3.13) $? $@ $7 , ^ P k $O %i %s %/ k $N <M 1F 1i ;; ;R $G $" $k . $3 $N <M 1F 1i ;; ;R ^ P k $H %7 %U %H 1i ;; ;R ^ U k $, Hs 2D 49 6u 4V $G $O =E MW $J Lr 3d $r 2L $? $7 , %= %j %H %s ?t $H L) @\ $K 4X $o $C $F $/ $k . 27 6q BN E* $K $O Nc $( $P <! $N $h $& $J $b $N $, <h $l $k !’ ^ U k = 1 X n 1 =1 ;n 2 =0 j n 1 ; n 2 ih n 1 ; n 2 j + 1 X n 2 =0 j 0 ; n 2 ih 0 ; n 2 + k j ; ^ P k = k � 1 X m =0 j 0 ; m ih 0 ; m j : (3.14) 26 %$ %s %9 %? %s %H %s $N 0L CV $N %b %8 %e %i %$ $r 2C $( $? $1 $l $P , $" $H $G J? 9T 0\ F0 $r 9T $( $P $h $$ . $J $* Hs 2D 49 6u 4V >e $G $O J? 9T 0\ F0 $O %2 !< %8 JQ 49 $G $" $k . 27 %7 %U %H 1i ;; ;R $O A tiy ah-Bott-Shapiro (ABS) 9= @. [5] $r Hs 2D 49 $N >l 9g $K E, MQ $9 $k $3 $H $G 6q BN E* $K 9= @. $9 $k $3 $H $, $G $- $k [62]. 15

5, 3J 2= 0x ;R ^ � $O 6q BN E* $K ^ � 1 = (1 � ^ P 1 )( ^ V y 1 ^ V 1 ) � 1 2 (1 � ^ P 1 ) = X ( n 1 ;n 2 ) 6 =(0 ; 0) 1 q ( n 1 + n 2 )( n 1 + n 2 + � ) j n 1 ; n 2 ih n 1 ; n 2 j (3.15) $H 5a $a $i $l $k . Nm %b !< %I ^ V $K 8= $l $? <M 1F (1 � ^ P 1 ) $, H 1 $X $N @) 8B $r I= $7 , %7 %U %H 1i ;; ;R ^ U 1 $, H 1 $+ $i H $X $N JQ 49 $r I= $7 $F $$ $k . $3 $N 2 $D $N A‘ :n $K $h $j @5 $7 $$ Nm %b !< %I $, 5a $a $i $l $k (\F uruuc hi’s Metho d"). $3 $N Nm %b !< %I $+ $i Hs FC 0[ $J %2 !< %8 >l $* $h $S 6J N( $, 7W ;; $5 $l , $= $N %$ %s %9 %? %s %H %s ?t $O � 1 $H $J $k $3 $H $, J, $+ $k . <M 1F 1i ;; ;R ^ P 1 $N %i %s %/ $, $A $g $& $I %$ %s %9 %? %s %H %s ?t $r M? $( $F $$ $k . Hs 2D 49 ASD U (1) %$ %s %9 %? %s %H %s 2r ( k = 1, � : ASD) :# EY $O %2 !< %8 >l $H Hs 2D 49 %Q %i %a !< %? $N <+ 8J AP BP @- $, 6& $K Ey $7 $$ >l 9g $r 9M $( $h $& . $3 $N $H $- %$ %s %9 %? %s %H %s !& %b %8 %e %i %$ 6u 4V $O %9 %b !< %k !& %$ %s %9 %? %s %H %s FC 0[ E@ $, B8 :_ $9 $k . %2 !< %8 72 $N U (1) %Q !< %H $O $3 $3 $K BP 1~ $9 $k $, , $3 $N 2r $r 9= @. $7 $F $_ $h $& . $^ $: ADHM J} Dx <0 $N 2r $O 40 A4 $K %H %j %S %" %k $H $J $k !’ B 1 ; 2 = 0 ; I = J = 0 : (3.16) $3 $N !V ADHM %P %C %/ %0 %i %& %s %I !W $N 2< !V #0 <! 85 Dirac J} Dx <0 !W $r 2r $3 $& . I = J = 0 $@ $+ $i <0 (3.2) $+ $i ^ u $O 7h $^ $i $J $$ . $3 $N $H $- $O :G =i $K 40 A4 @- >r 7o ^ V ^ V y = 1 � ^ r ( ^ r y ^ r ) � 1 ^ r y $+ $i 4Q ;! $7 $? J} $, $h $$ . 40 A4 @- >r 7o $N 1& JU $, $^ $: 7W ;; $5 $l $k $N $G , $= $3 $+ $i ^ v 1 = j 0 ; 0 ih 0 ; 0 j ; ^ v 2 = 0 $, 7h $^ $k . $= $l $r 5, 3J 2= >r 7o $K Be F~ $9 $k $H ^ u ^ u y = 1 ; ^ u y ^ u = 1 � ^ P 1 $9 $J $o $A ^ u = ^ U 1 ( %7 %U %H 1i ;; ;R !* ) $, 7h $^ $j , $3 $l $, Dirac J} Dx <0 $b K~ $? $9 !’ ^ V = 0 B B @ ^ u ^ v 1 ^ v 2 1 C C A = 0 B B @ ^ U 1 j 0 ; 0 ih 0 ; 0 j 0 1 C C A ; (3.17) %7 %U %H 1i ;; ;R ^ U 1 $, <+ A3 $K 8= $l $? $N $, LL Gr $$ . 28 $3 $l $+ $i %2 !< %8 >l ( $" $k $$ $O 6& JQ Hy J, %* %Z %l !< %? ) $r 7W ;; $9 $k $H <! $N $h $& $K $J $k !’ ^ D z i = ^ V y ^ @ z i ^ V = ^ u y ^ @ z i ^ u + ^ v y ^ @ z i ^ v = ^ U y 1 ^ @ z i ^ U 1 � j 0 ; 0 ih 0 ; 0 j ^ � z i 2 � i j 0 ; 0 ih 0 ; 0 j = ^ U y 1 ^ @ z i ^ U 1 : (3.18) $3 $l $O $^ $5 $K Solution Generating T ec hnique $N K\ <A E* It J, $r B* $( $F $$ $k . Solution Generating T ec hnique $H $O <! <0 $G Dj 5A $5 $l $k JQ 49 $N $3 $H $G $" $k !’ ^ D z i ! ^ U y k ^ D z i ^ U k (3.19) 28 F uruuc hi’s Metho d $O $3 $3 $G $O I, MW $, $J $$ . 16

$[ $H $s $I %2 !< %8 JQ 49 $N $h $& $K 8+ $( $k $, , ^ U k $, %7 %U %H 1i ;; ;R $G $" $k ( %f %K %? %j 1i ;; ;R $G $J $$ ) $? $a , %N %s %H %j %S %" %k $J JQ 49 $H $J $k . $3 $N JQ 49 $O 0l HL $K 1? F0 J} Dx <0 $r IT JQ $K J] $D [61] $? $a , ?? 6u 2r $H $$ $C $? <+ L@ 2r $+ $i , $$ $H $b 4J C1 $K Hs <+ L@ $J ( %= %j %H %s ) 2r $, 9= @. $5 $l $k . 29 $3 $N ?? 6u 2r $+ $i @8 @. $5 $l $k 2r $r \Lo calized %= %j %H %s " $H 8F $V $3 $H $, $" $k $, , 0l HL $K Solution Generating T ec hnique $G @8 @. $5 $l $k 2r $O JQ 49 A0 $N 4{ CN 2r $H \Lo calized %= %j %H %s " $H $N J# 9g 7O $H $J $k . $7 $? $, $C $F \Lo calized %= %j %H %s " $O Solution Generating T ec hnique $N K\ <A $G $" $j , >e 5- $N 7k 2L $O \Lo calized %$ %s %9 %? %s %H %s " $, ADHM 9= @. K! $+ $i <+ A3 $K 8= $l $? $H $$ $& $3 $H $r <( $7 $F $$ $k . >e 5- $N 2r $N 6J N( $O 4J C1 $K 7W ;; $9 $k $3 $H $, $G $- F 12 = � F 34 = i 1 � j 0 ; 0 ih 0 ; 0 j (3.20) $N $h $& $K <M 1F ;R $N 7A $H $J $k . %$ %s %9 %? %s %H %s ?t $O ^ P k $N %i %s %/ $K Ey $7 $/ , � 1 $G $" $k $3 $H $, J, $+ $k . $5 $i $K $3 $N 2r $O 87 L) $J Seib erg-Witten %^ %C %W [126, 117] $K $h $C $F 2D 49 B& $K $& $D $9 $3 $H $, 2D G= $G $" $k . D0-brane L) EY $O J D0 ( x ) = 2 � 2 + � (4) ( x ) : (3.21) $H $J $k [69]. 1& JU Bh 2 9‘ $, 86 E@ $K Lo calize $7 $? D0-brane ( $9 $J $o $A %$ %s %9 %? %s %H %s ) $r I= $7 $F $* $j , <B :] $N G[ 0L $O FC 0[ $G $" $k $3 $H $, J, $+ $k . $3 $l $O $b $A $m $s %b %8 %e %i %$ 6u 4V $N FC 0[ @- $r 9M $( $k $H Ev A3 $N 7k 2L $G $" $k . $J $* 1& JU Bh 0l 9‘ $O B >l $N B8 :_ $K $h $j L5 8B 8D $N D0-brane $, B+ G{ $7 $F 0l MM 2= $5 $l $F D4-brane $r 7A @. $7 $F $$ $k $3 $H $r I= $7 $F $* $j , 9T Ns LO 7? [7, 78] $N 2r <a $H $b 0l CW $7 $F $$ $k . $3 $N 7O $O $b $H $N D6 BP >N @- $, J] $? $l $? $^ $^ B >l $, F3 F~ $5 $l $? >l 9g $K Aj Ev $7 , %? %- %* %s $O 6E =L $7 $F $$ $J $$ . $= $l $, � = 0 $K 8= $l $F $$ $k $N $G $" $k . %2 !< %8 >l $H Hs 2D 49 %Q %i %a !< %? $N <+ 8J AP BP @- $N AH $_ 9g $o $; $, ASD-SD $N >l 9g $H ASD-ASD $N >l 9g $N U (1) %$ %s %9 %? %s %H %s $K $D $$ $F , 0J 2< $N I= $K $^ $H $a $? . ASD-SD U (1) %$ %s %9 %? %s %H %s ASD-ASD U (1) %$ %s %9 %? %s %H %s � R = � ; � C = 0 ADHM J} Dx <0 � R = 0 ; � C = 0 B 1 = B 2 = 0 ; I = p � ; J = 0 ADHM %G !< %? B 1 = B 2 = 0 ; I = 0 ; J = 0 Eguc hi-Hanson g C 2 = Z 2 %b %8 %e %i %$ 6u 4V %* !< %S %U %) !< %k %I C 2 = Z 2 (regular) (singular) ^ D � = ^ U 1 M ^ @ � M y ^ U y 1 %2 !< %8 >l ^ D � = ^ U y 1 ^ @ � ^ U 1 6& $K , %7 %U %H %* %Z %l !< %? $N B8 :_ $, %$ %s %9 %? %s %H %s ?t $r @8 $_ =P $7 $F $$ $k $, , %7 %U %H $N J} 8~ $O 8_ $$ $K 5U $G $" $k . U (1) %$ %s %9 %? %s %H %s $N %$ %s %9 %? %s %H %s ?t $N 5/ 8; $K $D $$ $F $O , $5 $^ $6 $^ $J 5D O@ $, $J $5 $l $F $$ $k [34, 81, 122, 135]. 29 Solution Generating T ec hnique $O 89 $N >l $N M} O@ $K 1~ MQ $5 $l , %? %- %* %s 6E =L $K $h $j IT 0B Dj $J D-brane $, $h $j Dc $$ <! 85 $N D-brane $K Jx 2u $9 $k $H $$ $& Sen $N M= A[ [127] $, M- 8z M} O@ $N OH AH $_ $G 87 L) $K 8! >Z $5 $l $? [61]. ( %l %t %e !< $H $7 $F [46, 59] $J $I $, $" $k .) 17

3.2 Nahm Construction of Monop oles G = U (1) ; U (2) %b %N %] !< %k $N Nahm 9= @. $b F1 MM $G $" $k . $3 $N 5- ;v $G $O >\ $7 $$ 5D O@ $O >J N, $9 $k . 30 � <j =g (i) !’ Nahm J} Dx <0 dT i d� � i 2 � ij k [ T j ; T k ] = � � � i 3 (3.22) $r 2r $/ . 31 1& JU $N Dj ?t $O � (1 = 2)[ z ; � z ] $+ $i 8= $l $? . � <j =g (ii) !’ Nahm J} Dx <0 $N 2r T i $N $b $H , !V #1 <! 85 Dirac J} Dx <0 !W $r 2r $/ . � <j =g (iii) !’ !V #1 <! 85 Dirac J} Dx <0 !W $N 2r v $r MQ $$ $F %$ %s %9 %? %s %H %s $N $H $- $H F1 MM $K , A i = R d� v y @ i v ; � = R d� v y � v $N $h $& $K $7 $F Higgs >l , %2 !< %8 >l $r 9= @. $9 $k . $3 $l $O Bogomol’n yi J} Dx <0 [ D i ; �] � i 2 � ij k [ D j ; D k ] = � 1 � � i 3 (3.23) $r <+ F0 E* $K K~ $? $9 . $3 $3 $G $b AP BP 4X 78 $, 82 Cx $K 8+ $F <h $l $k . %b %8 %e %i %$ 6u 4V $K $D $$ $F 0l 8@ %3 %a %s %H $9 $k . Nahm J} Dx <0 (3.22) $K $* $$ $F T 0 i := T i + � i 3 � � $H Dj 5A $9 $k $H , Nahm J} Dx <0 (3.22) $N 1& JU $N Dj ?t $, 5[ <} $5 $l , T 0 i $, K~ $? $9 Hy J, J} Dx <0 $O , 2D 49 6u 4V >e $N Nahm J} Dx <0 $H A4 $/ F1 $8 $K $J $k . $7 $? $, $C $F , G = U (1) ; U (2) Hs 2D 49 %b %N %] !< %k $N %b %8 %e %i %$ 6u 4V $O 2D 49 $J >l 9g $H JQ $o $i $J $$ [42]. U (1) ; k = 1 Dirac %b %N %] !< %k 2r 2D 49 6u 4V >e $N 1-Dirac %b %N %] !< %k 2r $O Nahm 9= @. K! $K $h $j <! $N $h $& $K 5a $a $i $l $k (Nahm J} Dx <0 (3.22) $N 2r $H $7 $F $O T i = 0 ( <+ L@ 2r ) $r <h $l $P $h $$ . k = 1 $N >l 9g $O $3 $l $G 6- 3& >r 7o $b K~ $? $5 $l $k .) !’ � = � 1 2 r ; A r = A # = 0 ; A � = 1 2 r 1 + cos # sin # : (3.24) $? $@ $7 ( r ; #; � ) $O Ia DL $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 $N It J, $K %G %k %? 4X ?t 7? $N FC 0[ @- $r ;} $D $3 $H $, J, $+ $k . $3 $N x 3 <4 $N @5 $N It J, $K 1h $C $? %9 %H %j %s %0 >u $N FC 0[ E@ $N =8 $^ $j $r Dirac %9 %H %j %s %0 $H 8F $V . Dirac %9 %H %j %s %0 $O L5 8B >. $N I} $r ;} $C $? %= %l %N %$ %I $H 2r <a $G $- , %2 !< %8 JQ 49 $G $= $N J} 8~ $, JQ $o $k Hs J* M} E* BP >] $G $" $k 32 . x 3 <4 $N @5 $N It J, 0J 30 $G $O <’ >l $O B i = � @ i � = � x i 2 r 3 (3.25) $H 7W ;; $5 $l , J| <M >u $N J, I[ $r $7 $F $$ $k . ( ?^ 6 :8 ;2 >H .) 18

?^ 6: Dirac %b %N %] !< %k $N <’ >l J, I[ ( 2D 49 6u 4V >e ( :8 ) V.S. Hs 2D 49 6u 4V >e ( 1& )) U (1) ; k = 1 Hs 2D 49 Dirac %b %N %] !< %k 2r Hs 2D 49 1-Dirac %b %N %] !< %k $N 87 L) 2r $O [42] $G Nahm 9= @. K! $K $h $j 5a $a $i $l $? ( Hs 2D 49 Nahm J} Dx <0 (3.22) $N 2r $H $7 $F $O T i = � � i 3 � � ( <+ L@ 2r ) $r <h $l $P $h $$ .) !’ � = 1 X n =0 � n j n ih n j = � ( 1 X n =1 � � 2 n � � 2 n � 1 � j n ih n j + � 2 0 + x 3 � ! j 0 ih 0 j ) ; A z = 1 p 2 � 1 X n =0 1 � � n � n +1 ! a y j n ih n j ; A 3 = 0 : (3.26) $3 $3 $G � n := Z 1 0 dp p n e � � p 2 +2 px 3 ; � n := s n� n � 1 2 � � n : (3.27) $3 $l $O ;j $k $H $3 $m Hs FC 0[ $J 2r $G $" $k . L5 8B 1s $N ?6 $k Iq $$ ( r n + x 3 ! 1 ; r n := q ( x 3 ) 2 + 2 � n ) $O <! $N $h $& $K $J $k 33 !’ � n � 8 > > > < > > > : � x 3 � : n = 0 ; x 3 ! + 1 � 1 2 r n = � 1 2 q ( x 3 ) 2 + 2 � n !’ $= $l 0J 30 (3.28) ( B 3 ) n � 8 > > < > > : 1 � : n = 0 ; x 3 ! + 1 � x 3 2( r n ) 3 !’ $= $l 0J 30 (3.29) $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 $$ $r $9 $k . 34 ( ?^ 6 1& ;2 >H .) x 3 <4 $N @5 $N It J, $N 0l MM $J <’ >l ( B 3 ( x 3 ! + 1 )) 0 j 0 ih 0 j $O , W eyl JQ 49 $G %9 %? !< @Q $r MQ $$ $k 5- =R $K La $k $H , $A $g $& $I Gauss 7? $N J, I[ (2 =� ) exp f� (( x 1 ) 2 + ( x 2 ) 2 ) =� g 30 6= L# $" $k J} $O , ;d $N 5- ;v [49, 45, 46, 47, 48] $d [114] $r $4 Mw 2< $5 $$ . 31 $5 $i $K 6- 3& >r 7o $, I, MW $G $" $k . 32 %b %N %] !< %k $K 4X $9 $k >\ $7 $$ %l %t %e !< $H $7 $F Nc $( $P [39, 58] $, $" $k . 33 0H E@ K! $G � n $N @Q J, $r =h M} $7 $? . 34 :# n $r Bg BN 1-2 J? LL >e $N 86 E@ $+ $i $N 5w N% $N 2 >h $H ;W $C $F $$ $k (( x 1 ) 2 + ( x 2 ) 2 � 2 � n ). 19

$K $J $j , $= $N I} $O Bg BN p � $G $" $k . $7 $? $, $C $F 2D 49 6u 4V >e $X $N 6K 8B � ! 0 $G , $3 $l $O $A $g $& $I %G %k %? 4X ?t 7? $N J, I[ $K $J $j , $b $H $N FC 0[ $J Dirac %9 %H %j %s %0 $, :F 8= $5 $l $k . 0J >e $N $3 $H $+ $i , x 3 <4 $N @5 $N It J, $N <’ B+ $O Dirac %9 %H %j %s %0 $, Hs 2D 49 @- $N $? $a $K KD $i $s $@ $? $a , $= $N Fb It $N <’ >l $, 8= $l $? $b $N $G $" $j , 2r (3.26) $O Dirac %9 %H %j %s %0 IU $- $N Dirac %b %N %] !< %k $N Hs 2D 49 HG $G $" $k , 35 $H $b 2r <a 2D G= $G $" $k . %b %8 %e %i %$ 6u 4V $, 2D 49 6u 4V $H F1 $8 $G $" $k $K $b 4X $o $i $: , 2r $O $3 $N $h $& $K LL Gr $$ ?6 $k Iq $$ $r $9 $k . � Relation to In tegrable Systems Hs 2D 49 1-Dirac %b %N %] !< %k $N 2r (3.26) $O 2D @Q J, 7O $N ;k E@ $+ $i $b 6= L# ?< $$ 7A $r $7 $F $$ $k , $9 $J $o $A Y ang 7A <0 ( Nc $( $P [105] $J $I ;2 >H ) $G =q $/ $3 $H $, $G $- $k [42] !’ � = � � 1 @ 3 � ; A z = � � 1 [ ^ @ z ; � ] ; (3.30) $? $@ $7 � := 1 X n =0 � n ( x 3 ) j n ih n j : (3.31) $3 $N $3 $H $O Hs 2D 49 6u 4V >e $G $b 2D @Q J, 7O $N 5D O@ $r $9 $k $N $, 8+ DL $7 NI $$ $3 $H $r <( :6 $7 $F $$ $k . <B :] Nc $( $P Hs 2D 49 Bogomol’n yi J} Dx <0 (2.30) $O 1 <! 85 H> L5 8B 8M ED 3J ;R ( Nc $( $P [133] ;2 >H ) $N <0 $K =q $- 49 $( $i $l $k [42] !’ d 2 q n dt 2 + e q n � 1 � q n � e q n � q n +1 = 0 ; ( n = 0 ; 1 ; 2 ; : : : ) (3.32) $? $@ $7 q n ( t ) := 8 > > > < > > > : log 2 4 e t 2 2 n ! � 2 n � t 2 � 3 5 ; t := 2 x 3 n � 0 �1 n = � 1 : (3.33) Y ang 9T Ns � $N Cf $N � n $O (3.27) $G Dj 5A $5 $l $F $$ $k $b $N $G $" $k . N% ;6 E* 9= B$ $, 8= $l $? $N $, 6= L# ?< $$ . 4 Conclusion and Discussion 0J >e , Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ $H $= $N 87 L) 2r $K $D $$ $F 35 @b $7 $? . Hs 2D 49 %$ %s %9 %? %s %H %s , Hs 2D 49 %b %N %] !< %k $N 9= @. $K $* $$ $F , 6u 4V $r Hs 2D 49 $K $7 $? $3 $H $G @8 $8 $? FC 0[ E@ 2r >C $N 8z 2L $K $h $j , MM !9 $J ?7 $7 $$ J* M} E* BP >] $d LL Gr $$ @- <A $, 8= $l $k $3 $H $, J, $+ $C $? . $^ $? $3 $N 5- ;v $G $O >J N, $7 $? $, , Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ $O , 89 M} O@ $N $" $k D-brane G[ 0L $H BP 1~ $7 , D-brane NO 3X $N 2r @O $G Bg @. 8y $r <} $a $? . $= $N 7k 2L , Hs 2D 49 $N 9M $( J} $d <j K! $O AG N3 ;R O@ $N B? $/ $N J, Ln $K 1F 6A $r 5Z $\ $7 , 9- $$ HO 0O $K EO $C $F ?; F) $7 $? . 35 x 3 <4 $N @5 $N It J, $N <’ B+ $O 86 E@ $K N. F~ $9 $k <’ B+ $N Am NL $K Ey $7 $/ , == J, Bg $- $$ 2 <! 85 5e LL $G 0O $C $F <’ >l $r I= LL @Q J, $9 $k $H %< %m $K $J $k . $9 $J $o $A <’ 2Y $, %< %m $H $J $j %b %N %] !< %k $H $O 8@ $( $J $$ $o $1 $G $" $k $, , 2D 49 $J >l 9g $K Dirac %9 %H %j %s %0 $r <h $j =| $$ $F 07 $& $N $H F1 MM $K , $3 $N <’ B+ $r =| $$ $F I= LL @Q J, $9 $k $H � 1 $H $$ $& K> $^ $7 $$ CM $, F@ $i $l $k [42]. 20

2D @Q J, 7O $N 4Q E@ $+ $i 8+ $F $b , $3 $l $i $N 7k 2L $O Hs >o $K 6= L# ?< $$ . ADHM 9= @. K! $, Hs 2D 49 6u 4V $K 3H D% $5 $l , %$ %s %9 %? %s %H %s 2r $N 9= @. $d 2r 6u 4V $N 9= B$ $, L@ $i $+ $K $J $C $? $@ $1 $G $J $/ , <B $O Twistor M} O@ $K $h $k Dj <0 2= $b 2D G= $G $" $k [85, 57, 132]. $3 $l $O , ASD Y ang-Mills J} Dx <0 $, Hs 2D 49 6u 4V $G $b 2D @Q J, @- $r J] $C $F $$ $k $H $$ $& $3 $H $r <( $7 $F $$ $k . 0l J} , $h $j Dc <! 85 $N %= %j %H %s J} Dx <0 , 2D @Q J, 7O $H $7 $F , Kortew eg-de V ries (KdV) J} Dx <0 [92], Kadom tsev-P etviash vili (KP) J} Dx <0 [84] $H $$ $C $? $b $N $, B? ?t CN $i $l $F $$ $k . $3 $l $i $N Hs 2D 49 2= $K $D $$ $F $b , FC 0[ E@ $N 2r >C $+ $i ?7 $7 $$ J* M} E* BP >] $, 8= $l $k $3 $H $O == J, 4| BT $5 $l $k $, , $= $N BN 7O E* 8& 5f $O $3 $l $^ $G $[ $\ 3’ L5 $G $" $C $? . Hs 2D 49 6u 4V >e $N >l $N J} Dx <0 $H $$ $& $N $O L5 8B 2s Hy J, J} Dx <0 $G 5- =R $5 $l , $= $l $, 2r $1 $k $H $$ $& >u 67 $O $‘ $7 $m 4q @W $K 6a $$ $N $G $" $k . $H $3 $m $, $3 $l $i $N %= %j %H %s J} Dx <0 , 2D @Q J, J} Dx <0 $O <B $O 4 <! 85 $N ASD Y ang-Mills J} Dx <0 $N <! 85 4T 85 $K $h $C $F ( $[ $H $s $I A4 $F ) F@ $i $l $k $3 $H $, CN $i $l $F $$ $k (W ard M= A[ [139]) [1, 2, 3, 82, 105]. $3 $l $H ASD Y ang-Mills J} Dx <0 $N Hs 2D 49 2= $N @. 8y $r 9g $o $; $k $H , KdV J} Dx <0 , KP J} Dx <0 $H $$ $C $? %= %j %H %s J} Dx <0 $N Hs 2D 49 2= $b Hs >o $K LL Gr $$ $b $N $H 4| BT $5 $l $k . 4 <! 85 ASD Y ang-Mills J} Dx <0 $O 9- $$ 0U L# $G Lax I= <( $N 7A $G =q $1 $k . $7 $? $, $C $F <! 85 4T 85 $K $h $C $F F@ $i $l $? J} Dx <0 $O D> @\ $K $O Lax I= <( $N 7A $G =q $1 $k . Lax I= <( $r ;} $D J} Dx <0 $N B? $/ $O 2D @Q J, @- $, 4| BT $5 $l $k $? $a , $3 $N $3 $H $, W ard M= A[ $N 0l $D $N :, 5r $K $J $C $F $$ $k . 4 <! 85 Hs 2D 49 ASD Y ang-Mills J} Dx <0 $b $^ $? , 9- $$ 0U L# $G Lax I= <( $N 7A $G =q $1 $k . $7 $? $, $C $F , Lax I= <( $r ;} $D Hs 2D 49 6u 4V >e $N J} Dx <0 $N 9= @. $, , 2D @Q J, 7O $N Hs 2D 49 2= $X $N Bh 0l Jb $H $J $j F@ $k . ;d $O 8M ED 98 0l ;a $H 6& F1 $G , Hs 2D 49 6u 4V >e $N Lax J} Dx <0 (Lax I= <( $r ;} $D J} Dx <0 ) $N @8 @. K! $r Ds >’ $7 , MM !9 $J ?7 $7 $$ Hs 2D 49 Lax J} Dx <0 $r 8+ =P $7 $? [136, 54]. $3 $l $i $N J} Dx <0 $O 4{ CN $N Hs 2D 49 2D @Q J, J} Dx <0 $H $A $g $& $I 0l CW $7 , 2D @Q J, 7O $N Hs 2D 49 2= $N 0l 0U @- $r <( :6 $7 $F $$ $k . Hs 2D 49 Burgers J} Dx <0 $K $D $$ $F $O @~ 7? 2= , 3, AX 9= B$ $N 2r L@ $K $b @. 8y $7 $? . $9 $J $o $A 2D @Q J, $J $N $G $" $k [55]. ;d C# $O W ard M= A[ $N Hs 2D 49 HG $K $" $? $k <! $N M= A[ $r Ds >’ $7 $? !’ !V Hs 2D 49 Lax J} Dx <0 $O 2D @Q J, $G $" $j , 4 <! 85 Hs 2D 49 ASD Y ang-Mills J} Dx <0 $N <! 85 4T 85 $K $h $C $F F@ $i $l $k $G $" $m $& . ( ?^ 7) !W $3 $l $O 2D @Q J, 7O 8& 5f $N ?7 $7 $$ CO J? $r @Z $j 3+ $/ 2D G= @- $r Hk $a $F $$ $k . 89 M} O@ , %D %$ %9 %? !< M} O@ $H $N 4X $o $j $b Hs >o $K 6= L# ?< $$ . $3 $N $h $& $J <! 85 4T 85 $, $I $N $h $& $J BP >N @- $r J] $C $F $$ $F , $= $l $O <! 85 4T 85 $G F@ $i $l $? J} Dx <0 $N 2D @Q J, @- $r M? $( $k $N $K == J, $J $N $+ , $^ $? $= $l $O , $I $N $h $& $J D-brane G[ 0L $+ $i M} 2r $5 $l $k $N $+ , Ey !9 , Hs >o $K B? $/ $N 8& 5f %F !< %^ $, 4^ $^ $l $F $$ $k . $3 $N 8& 5f $O 2D @Q J, 7O $N !V � JQ 7A !W $N 8& 5f $G $" $k $H $b 8@ $( $k . q JQ 7A $K I$ E( $9 $k K- qA $J @$ 3& $, 9- $, $C $F $$ $k $K 0c $$ $J $$ . :G =* L\ I8 $O >e ?^ <0 $N 40 A4 2r L@ $G $" $k . 8= :_ $9 $G $K , Hs 2D 49 AP @~ 7? 2= K! , Hs 2D 49 :4 F# M} O@ $K 8~ $1 $F 8& 5f $, ?J $s $G $$ $k . Hs 2D 49 Burgers J} Dx <0 $N @~ 7? 2= $O Cole-Hopf JQ 49 u = @ x log � [15, 74] $N Hs 2D 49 2= $N @. 8y $H Ey 2A $G $" $k . Hs 2D 49 AP @~ 7? 2= $O , 9- ED JQ 49 u = @ 2 x log � $N [71] Hs 2D 49 2= $G $" $k $H 9M $( $i $l , 2r 7h $O ;~ 4V $N Ld Bj $G $" $m $& . $9 $G $K 5< Hy J, :n MQ AG $r MQ $$ $? 3, AX 9= B$ $N 2r L@ [56], L5 8B 8D $N J] B8 L) EY $N F3 =P [52] $J $I , It J, E* 7k 2L $, F@ $i $l $F $* $j , <j 1~ $( == J, $G $" $k . Hs 2D 49 :4 F# M} O@ $N 40 @. $K $h $j , 2r 6u 4V ( :4 F# Grassmannian) 21

?^ 7: Hs 2D 49 W ard M= A[ $, Hs 2D 49 $N 8z 2L $G $I $N $h $& $K JQ 7A $5 $l , $= $N BP >N @- $, $I $N $h $& $K $J $k $+ $, L@ $i $+ $K $J $k $G $" $m $& . $= $3 $K Hs 2D 49 6u 4V FC M- $N J* M} E* BP >] $d MM !9 $J 1~ MQ $r 4| BT $7 $F $$ $k . $3 $l $^ $G $K CN $i $l $F $$ $k , 8D !9 $N Hs 2D 49 2D @Q J, J} Dx <0 [9, 12, 20, 21, 22, 30, 31, 40, 41, 54, 55, 75, 76, 96, 98, 99, 101, 104, 119, 116, 136, 137, 138, 144, 146] $K BP $7 $F $b , E} 0l E* 5D O@ $, 2D G= $K $J $k $G $" $m $& . 8= :_ $N 8& 5f @. 2L $r App endix C $K $^ $H $a $F $$ $k . Ac kno wledgemen ts $3 $N 5- ;v $O 2003 G/ 7 7n 30 F| $+ $i 8 7n 1 F| $N 5~ Bg ?t 8& 8& 5f 2q !V 2D @Q J, 7O M} O@ $H $= $N <~ JU (! 2] Bj $H E8 K> $r C5 $k !W $N 8& 5f 2q Js 9p $G $9 . :n @. $K $" $? $j , 8& 5f 2q $G $N <A 5? 1~ Ez $d 5D O@ $, $H $F $b ;2 9M $K $J $j $^ $7 $? . @$ OC ?M $N J} !9 , D0 9V <T $N J} !9 $J $I 4X 78 <T A4 0w $K , $3 $N >l $r $* <Z $j $7 $F 46 <U $r ?= $7 >e $2 $? $$ $H ;W $$ $^ $9 . $^ $? , %" %H %‘ 7? 8& 5f 0w $H $7 $F $N 4p 8& BZ :_ $N $H $- $K F1 << $G CN $j 9g $C $? 8M ED 98 0l $5 $s $O , $3 $N AG @2 $i $7 $/ L% NO E* $J 2D @Q J, 7O $N @$ 3& $X ;d $r >7 BT $7 $F 2< $5 $$ $^ $7 $? . 2~ $a $F 8M ED $5 $s $H 5~ ET Bg 3X 4p AC J* M} 3X 8& 5f =j $K ?< $/ 46 <U ?= $7 >e $2 $^ $9 . $3 $N 5- ;v $N :n @. $O F| K\ 3X =Q ?6 6= 2q $N 7P :Q 1g =u $N $b $H 9T $o $l $^ $7 $? . A Kno wn NC BPS Solitons 4{ CN $N Hs 2D 49 %$ %s %9 %? %s %H %s , %b %N %] !< %k 2r $r 0J 2< $N I= $K $^ $H $a $? . 0z MQ O@ J8 36 $N 8* $K @1 0u $, $D $$ $F $$ $k $b $N $O , ADHM/Nahm 9= @. K! $r MQ $$ $? $b $N $G $" $k . $^ $? , SD, ASD $O $= $l $> $l Self-Dual, An ti-Self-Dual $N N, $G $" $k . \ � � " $N 2r $O \Solution Generating T ec hnique" $N BPS HG 36 7I >N $O >J N, $5 $; $F $$ $? $@ $- $^ $7 $? . 22

[53, 63] $G @8 @. $5 $l $k Hs 2D 49 6u 4V FC M- $N BPS %= %j %H %s $G $" $k 37 . Nc (ii) %* %Z %l !< %? !< 7A <0 $N 5- =R (i) %9 %? !< @Q $r MQ $$ $k 5- =R (iii) GX 7J 0l MM B >l Cf $N DBI :n MQ $K $h $k 5- =R � U (1) ; U (2) ASD 2r ( � !’ SD) � U (1) k = 1 ASD 2r ( k = 1 ; 2 ; � � � ) !’ B? ?t � � � ( B !’ SD) !’ ;{ Eh S [134] Nekraso v-Sc h w arz [115] � , � U (1) k = 1 ASD 2r 8E Fb [32] � , LJ B< [140] � , ( B !’ G$ 0U ) !’ ?9 ;3 [110] Ch u-Khoze-T ra v aglini [14] � %$ ( k !’ G$ 0U ) !’ %s @P @n !& 9u LZ !& :4 8E [80] � , %9 Lec h tenfeld-P op o v [97] � %? � U (1) k = 1 ASD 2r %s ( � !’ G$ 0U ) !’ Nekraso v [114] %H � U (2) k = 1 SD 2r %s ( � !’ SD) !’ 8E Fb [35] � � � SD Lo calized 2r ( � !’ SD, k !’ G$ 0U ) !’ � h 4X O" O@ J8 i !’ Aganagic et al. [4], Mari ~ no et al. [103], IM Cf [50] � Kraus-Shigemori [93], � � � � U (1) k = 1 !’ � U (1) k = 1 � U (1) k = 1 %b Gross-Nekraso v [42] � ( � 1 <! ) !’ 66 K\ K !& J? ;3 [67] (Higgs >l ) !’ ?9 ;3 [109] %N � U (2) k = 1 !’ � U (2) k = 1 (Gauge >l ) !’ %] Gross-Nekraso v [44] � ( � 1 <! ) !’ Bak [6] � , 66 K\ K !& J? ;3 !& ?9 ;3 [68] j � � Fluxon 2r ( k !’ G$ 0U ) !’ 66 K\ K !& H* !& ?9 ;3 [66] %k Gross-Nekraso v [43], ( � 2 <! ) !’ 8e F# !& H* [38] � h 4X O" O@ J8 i !’ P olyc hronak os [120], 66 K\ A !& 66 K\ K [65], IM Cf [50] � 66 K\ K [64], � � � (i) $N 2r $O 2D 49 6u 4V >e $N 2r ( � = 0 $N >l 9g $N 2r ) $N <~ $j $G � E8 3+ $7 $F 5a $a $i $l $F $$ $k . %$ %s %9 %? %s %H %s $K 4X $7 $F $O , (i) $N 2r $O $9 $0 $K 5a $a $i $l $k $H ;W $o $l $k $, , (i) $H (iii) $H $N BP 1~ $O %b %N %] !< %k $[ $I 5D O@ $5 $l $F $$ $J $$ . %b %N %] !< %k $K 4X $7 $F $O , (i), (iii) $N O@ J8 $O (i) $H (iii) $H $N BP 1~ $K $D $$ $F $b >\ $7 $/ 5D O@ $7 $F $$ $k $N $G , (i), (iii) $N 5- =R $N 4V $N 6- 3& @~ $O L@ 3N $G $O $J $$ . B A List of Reviews of NC Theories � Am 9g Js 9p !’ 2001 G/ 2 7n $N 4p 8& 8& 5f 2q $N %W %m %7 !< %G %# %s %0 [79], IM Cf [51] � >l $N M} O@ E* B& LL !’ Douglas and Nekraso v [27], Szab o [131] 37 \ � � " $N 2r $H U (2) k = 1 SD %$ %s %9 %? %s %H %s 2r $N 0l It $K $D $$ $F $O , 87 L) $J Seib erg-Witten %^ %C %W [117] $r MQ $$ $F (iii) $N 5- =R $N 2r $, 5a $a $i $l $F $$ $k [69]. 23

� 4p AC $H %? %- %* %s 6E =L $X $N 1~ MQ !’ Harv ey [59] � Hs 2D 49 %H !< %i %9 ( $H 9T Ns LO 7? ) !’ Konec hn y and Sc h w arz [89] � 4p AC $H Hs 2D 49 %b %N %] !< %k !’ Nekraso v [114] � 4p AC $H Hs 2D 49 %$ %s %9 %? %s %H %s !’ Konec hn y and Sc h w arz [90] � 4p AC $H ( Hs 2D 49 ) ADHM/Nahm 9= @. K! !’ IM Cf [49], LJ B< [140] � 4v 2? 3X E* B& LL ( %H %] %m %8 %+ %k !& %A %c !< %8 $J $I ) !’ 8E Fb [34], Harv ey [60], >> Hx ( BY ) [107] C T o w ards NC Sato’s Theory :4 F# M} O@ [123] $O , KP J} Dx <0 7O $r ?F 6L $H $9 $k , %= %j %H %s M} O@ $N :G $b Jq 3g E* $+ $D H~ $7 $$ M} O@ $H $7 $F CN $i $l , 5< Hy J, :n MQ AG $r MQ $$ $F Dj <0 2= $5 $l $k . $3 $N M} O@ $+ $i , B? =E %= %j %H %s $N 87 L) 2r $N 9= @. $d L5 8B 8D $N J] B8 NL $N F3 =P $@ $1 $G $J $/ , 2r 6u 4V $N 9= B$ $d , GX 8e $K $" $k L5 8B <! 85 $N BP >N @- $J $I $, A4 $F L@ $i $+ $K $5 $l $k . M} O@ $N MW $O , 3, AX J} Dx <0 ( L5 8B 8D $N Lax J} Dx <0 $N 7O Ns ) $N B8 :_ $H � 4X ?t $N B8 :_ $G $" $k . $3 $3 $G $O , :4 F# M} O@ $N Hs 2D 49 2= $K $D $$ $F 8= >u $r 4J C1 $K Js 9p $9 $k . FC $K $4 $/ :G 6a F@ $i $l $? , L5 8B 8D $N J] B8 NL $K $D $$ $F 5D O@ $9 $k . C.1 NC Hierarc hies $^ $: 5< Hy J, :n MQ AG $r Dj 5A $9 $k . N 3, $N ( %b %K %C %/ $J ) 5< Hy J, :n MQ AG A $O Ii 6R $N Hy J, :n MQ AG $r 4^ $‘ , <! $N $h $& $J :n MQ AG $G $" $k !’ A = @ N x + a N � 1 @ N � 1 x + � � � + a 0 + a � 1 @ � 1 x + a � 2 @ � 2 x + � � � : (C.1) $3 $3 $G <! $N $h $& $J 5- 9f $r F3 F~ $7 $F $* $/ $H JX Mx $G $" $k !’ A � r := @ N x + a N � 1 @ N � 1 x + � � � + a r @ r x ; (C.2) A � r := A � A � r +1 = a r @ r x + a r � 1 @ r � 1 x + � � � ; (C.3) res r A := a r : (C.4) FC $K res � 1 A $O 5< Hy J, :n MQ AG A $N N1 ?t $H 8F $P $l $k . Ii 6R $N Hy J, @ n x $N 3] $1 ;; :n MQ AG f $X $N :n MQ $O , Leibniz B’ $N 0l HL 2= $H $7 $F M? $( $i $l $k !’ @ n x � f := X i � 0 n i ! ( @ i x f ) @ n � i x ; (C.5) 24

$3 $3 $G Fs 9‘ 78 ?t $O <! $N $h $& $K Dj 5A $5 $l $k !’ n i ! := n ( n � 1) � � � ( n � i + 1) i ( i � 1) � � � 1 : (C.6) $3 $N Fs 9‘ 78 ?t $N Dj 5A (C.6) $O , Ii $N n $G $b Dj 5A $5 $l $k $? $a , <0 (C.5) $O Ii 6R $N Hy J, :n MQ AG $N :n MQ $r Dj $a $F $$ $k . Nc $( $P , @ � 1 x � f = f @ � 1 x � f 0 @ � 2 x + f 00 @ � 3 x � � � � ; @ � 2 x � f = f @ � 2 x � 2 f 0 @ � 3 x + 3 f 00 @ � 4 x � � � � ; @ � 3 x � f = f @ � 3 x � 3 f 0 @ � 4 x + 6 f 00 @ � 5 x � � � � ; (C.7) $? $@ $7 f 0 := @ f =@ x; f 00 := @ 2 f =@ x 2 . 1& JU $N @ � 1 x $O 4X ?t $K BP $7 $F @Q J, :n MQ AG R x dx $H $7 $F :n MQ $9 $k . 5< Hy J, :n MQ AG $N 9g @. $O , >e 5- $N :n MQ $+ $i @5 $7 $/ Dj 5A $5 $l , 5< Hy J, :n MQ AG A4 BN $O :n MQ AG $N Be ?t $r @. $9 . ( >\ $7 $/ $O [108, 10, 94, 118] Ey $r ;2 >H .) <! $K 5< Hy J, :n MQ AG $r MQ $$ $? Hs 2D 49 3, AX ( J} Dx <0 ) $N Dj 5A $r $9 $k . $^ $: 1 3, $N 5< Hy J, :n MQ AG L $r F3 F~ $7 $h $& !’ L = @ x + u 2 @ � 1 x + u 3 @ � 2 x + u 4 @ � 3 x + � � � : (C.8) 3F 78 ?t u k ( k = 2 ; 3 ; : : : ) $O L5 8B 8D $N !V ;~ 4V JQ ?t !W ( x 1 ; x 2 ; : : : ) $K 0M B8 $9 $k 4X ?t $G $" $k . ( $? $@ $7 x 1 � x . cf. (C.16).) u k = u k ( x 1 ; x 2 ; : : : ) : (C.9) $3 $N L5 8B 8D $N JQ ?t $N 0l It $, , ;~ 4V , 6u 4V $N :B I8 $K BP 1~ $9 $k . $7 $? $, $C $F Hs 2D 49 @- $O $3 $N L5 8B 8D $N !V ;~ 4V JQ ?t !W ( x 1 ; x 2 ; : : : ) $K BP $7 $F F3 F~ $5 $l $k . Hs 2D 49 3, AX $O <! <0 $G Dj 5A $5 $l $k !’ @ m L = [ B m ; L ] ? ; m = 1 ; 2 ; : : : ; (C.10) $3 $3 $G Hy J, @ m $N L $K BP $9 $k :n MQ $O , @ m L := [ @ m ; L ] $" $k $$ $O @ m @ k x = 0 $N $h $& $K @ k x $N 78 ?t $X $N :n MQ $H $7 $F Dj 5A $5 $l $k . $^ $? :n MQ AG B m $O , Hy J, :n MQ AG $G $" $j , B m := ( L ? � � � ? L | {z } m 8D ) � 0 =: ( L m ) � 0 ; (C.11) $G Dj 5A $5 $l $k . Nc $( $P B 1 = @ x ; B 2 = @ 2 x + 2 u 2 ; B 3 = @ 3 x + 3 u 2 @ x + 3( u 3 + u 0 2 ) ; B 4 = � � � : (C.12) 25

Hs 2D 49 3, AX (C.10) $O 3F m $K $D $$ $F , @ 1 � k x $N 3F 78 ?t $+ $i @8 $8 $k L5 8B 8D $N Hy J, J} Dx <0 $r 4^ $s $G $$ $k . $7 $? $, $C $F , m $r F0 $+ $9 $H , KD Bg $J ?t $N Hy J, J} Dx <0 $, F@ $i $l $k . $3 $l $r Hs 2D 49 3, AX J} Dx <0 $H 8F $V . Hs 2D 49 3, AX J} Dx <0 $N :8 JU $O , (C.10) $h $j @ m u k $N 7A $K $J $k $N $G , x m J} 8~ $N !V ;~ 4V H/ E8 !W $, Dj $a $i $l $k . $5 $i $K $3 $N Hs 2D 49 (KP) 3, AX (C.10) $K E, Ev $J @) Ls >r 7o $r 2C $( $k $H , MM !9 $J Hs 2D 49 3, AX $, F3 $+ $l $k . FC $K @) Ls >r 7o L l = B l (C.13) $O Hs 2D 49 KP 3, AX $N l %j %@ %/ %7 %g %s $H 8F $P $l , Hs 2D 49 KdV 3, AX , Hs 2D 49 Boussinesq 3, AX $H $$ $C $? L5 8B 8D $N Hs 2D 49 3, AX $N 7O Ns $r @8 $_ =P $9 . $3 $N $H $- , A4 $F $N N ; k $K BP $7 $F @ u k @ x N l = 0 ; (C.14) $9 $J $o $A , x N l J} 8~ $X $N <! 85 4T 85 $r M? $( $F $$ $k $3 $H $, J, $+ $k . $J $< $J $i dL l dx N l = [ B N l ; L l ] ? = [( L l ) N ; L l ] ? = 0 : (C.15) $3 $N >l 9g , @) Ls >r 7o L l = B l $, , L5 8B <o N‘ $N >l F1 ;N $K 4J L@ $J 4X 78 <0 $r M? $( , L5 8B <o N‘ $N >l u l +1 ; u l +2 ; u l +3 ; : : : $, ( l � 1) <o N‘ $N >l u 2 ; u 3 ; : : : ; u l $G I= $5 $l $k . 6q BN Nc $r >R 2p $9 $k !’ � Hs 2D 49 KP 3, AX $^ $: , 2? $b @) Ls >r 7o $r 2C $( $J $$ Hs 2D 49 3, AX (C.10) $, Hs 2D 49 KP J} Dx <0 $r 4^ $s $G $$ $k $3 $H $r <( $9 . Hs 2D 49 3, AX (C.10) $K $* $1 $k 5< Hy J, :n MQ AG $N 3F $Y $- $N 78 ?t $, , L5 8B 8D $N Hs 2D 49 !V H/ E8 J} Dx <0 !W $r M? $( $k . $9 $J $o $A , m = 1 $K BP $7 $F , @ 1 � k x ) @ 1 u k = u 0 k ; k = 2 ; 3 ; : : : ) x 1 � x; (C.16) m = 2 $K BP $7 $F , @ � 1 x ) @ 2 u 2 = u 00 2 + 2 u 0 3 ; @ � 2 x ) @ 2 u 3 = u 00 3 + 2 u 0 4 + 2 u 2 ? u 0 2 + 2[ u 2 ; u 3 ] ? ; @ � 3 x ) @ 2 u 4 = u 00 4 + 2 u 0 5 + 4 u 3 ? u 0 2 � 2 u 2 ? u 00 2 + 2[ u 2 ; u 4 ] ? ; @ � 4 x ) @ 2 u 5 = � � � ; (C.17) m = 3 $K BP $7 $F , @ � 1 x ) @ 3 u 2 = u 000 2 + 3 u 00 3 + 3 u 0 4 + 3 u 0 2 ? u 2 + 3 u 2 ? u 0 2 ; @ � 2 x ) @ 3 u 3 = u 000 3 + 3 u 00 4 + 3 u 0 5 + 6 u 2 ? u 0 3 + 3 u 0 2 ? u 3 + 3 u 3 ? u 0 2 + 3[ u 2 ; u 4 ] ? ; @ � 3 x ) @ 3 u 4 = u 000 4 + 3 u 00 5 + 3 u 0 6 + 3 u 0 2 ? u 4 + 3 u 2 ? u 0 4 + 6 u 4 ? u 0 2 � 3 u 2 ? u 00 3 � 3 u 3 ? u 00 2 + 6 u 3 ? u 0 3 + 3[ u 2 ; u 5 ] ? + 3[ u 3 ; u 4 ] ? ; @ � 4 x ) @ 3 u 5 = � � � : (C.18) 26

=E MW $J $3 $H $O , x 2 J} 8~ $N !V ;~ 4V H/ E8 !W $N <0 (C.17) $+ $i , L5 8B <o N‘ $N >l u 3 ; u 4 ; u 5 ; : : : $, #1 <o N‘ $N >l 2 u 2 � u $G I= $5 $l $F $7 $^ $& $3 $H $G $" $k . $3 $l $O 3, AX $N B8 :_ >r 7o $G $" $j , Hs 2D 49 6u 4V $G $b K~ $? $5 $l $F $$ $k $3 $H $, J, $+ $k [56]. $3 $N $h $& $K $7 $F Hs @~ 7? 9‘ $N =g =x $b 3N Dj $9 $k . <0 (C.17) $N :G =i $N #2 $D $N <0 $r MQ $$ $F , <0 (C.18) $N :G =i $N <0 $+ $i , u 3 ; u 4 $r >C 5n $9 $k $H , (2 + 1) <! 85 $N Hs 2D 49 KP J} Dx <0 [119, 94] $, F@ $i $l $k ( $? $@ $7 2 u 2 � u; x 2 � y ; x 3 � t; @ � 1 x = R x dx ): @ u @ t = 1 4 @ 3 u @ x 3 + 3 4 @ ( u ? u ) @ x + 3 4 @ � 1 x @ 2 u @ y 2 � 3 4 " u; @ � 1 x @ u @ y # ? : (C.19) $7 $? $, $C $F Hs 2D 49 3, AX (C.10) $N $3 $H $r Hs 2D 49 KP 3, AX $H 8F $V . � Hs 2D 49 KdV 3, AX ( Hs 2D 49 KP 3, AX $N #2 %j %@ %/ %7 %g %s ) @) Ls >r 7o L 2 = B 2 =: @ 2 x + u $r Hs 2D 49 KP 3, AX $K 2] $9 $H , Hs 2D 49 KdV 3, AX $, F@ $i $l $k . $3 $N >l 9g , Hs 2D 49 3, AX @ u @ x m = h B m ; L 2 i ? ; (C.20) $, D> @\ m <! Hs 2D 49 KdV J} Dx <0 $r @8 $_ =P $9 . $9 $J $o $A , (C.20) $O 5< Hy J, :n MQ AG $N @5 6R , Ii 6R $H $b $K 4^ $^ $J $$ . Nc $( $P , m = 3 $N $H $- , x 3 � t $H $9 $k $H (1 + 1) <! 85 Hs 2D 49 KdV J} Dx <0 [22] _ u = 1 4 u 000 + 3 4 ( u ? u ) 0 ; (C.21) $, F@ $i $l , m = 5 $N $H $- , x 5 � t $H $9 $k $H , (1 + 1) <! 85 5 <! Hs 2D 49 KdV J} Dx <0 [136] _ u = 1 16 u 00000 + 5 16 ( u ? u 000 + u 000 ? u ) + 5 8 ( u 0 ? u 0 + u ? u ? u ) 0 ; (C.22) $, F@ $i $l $k . $? $@ $7 _ u := @ u=@ t . � Hs 2D 49 Boussinesq 3, AX ( Hs 2D 49 KP 3, AX $N #3 %j %@ %/ %7 %g %s ) #3 %j %@ %/ %7 %g %s L 3 = B 3 $K $h $j , Hs 2D 49 Boussinesq 3, AX $, F@ $i $l $k . $= $l $O , (1 + 1) <! 85 Hs 2D 49 Boussinesq(-lik e) J} Dx <0 [136] $r 4^ $s $G $$ $k !’ � u = 1 3 u 0000 + ( u ? u ) 00 + ([ u; @ � 1 x _ u ] ? ) 0 ; (C.23) $? $@ $7 with t � x 2 ; � u := @ 2 u=@ t 2 . � Hs 2D 49 Sa w ada-Kotera 3, AX ( Hs 2D 49 BKP 3, AX $N #3 %j %@ %/ %7 %g %s ) BKP 3, AX $O KP 3, AX $K , B m ( m = 1 ; 3 ; 5 ; : : : ) $N Dj ?t It J, $, >C $( $k $H $$ $& >r 7o $r 2] $9 $3 $H $G F@ $i $l $k [83]. $3 $N Hs 2D 49 2= $O $b $A $m $s 2D G= $G , $= $N #3 %j %@ %/ %7 %g %s $+ $i Hs 2D 49 Sa w ada- Kotera 3, AX [52] $, F@ $i $l $k . $= $N Cf $K (1 + 1) <! 85 Hs 2D 49 Sa w ada-Kotera J} Dx <0 $, 4^ $^ $l $F $$ $k !’ _ u + 1 9 u 00000 + 5 9 u 000 ? u + 5 9 u 00 ? u 0 + 5 9 u ? u 0 ? u = 0 ; (C.24) $? $@ $7 , t � x 5 ; u � 3 u 2 . 27

F1 MM $K $7 $F , Hs 2D 49 JQ 7A KdV 3, AX , Hs 2D 49 Burgers 3, AX $J $I 9- $$ %/ %i %9 $N Hs 2D 49 3, AX $, F@ $i $l $k . Ablo witz-Kaup-New ell-Segur (AKNS) 3, AX $H $$ $C $? 9T Ns 7? $N $b $N $X $N 3H D% $d , Bogo y a vlenskii- Calogero-Sc hi� (BCS) 3, AX $X $N 3H D% $b , F1 MM $K 2D G= $G $" $k . C.2 In�nite Conserv ed Quan tities $3 $N $h $& $K $7 $F , MM !9 $J Hs 2D 49 3, AX $, F@ $i $l $k $3 $H $, J, $+ $C $? . $= $N Cf $K $O 3N $+ $K , $3 $l $^ $G $K CN $i $l $F $$ $k Hs 2D 49 2D @Q J, J} Dx <0 $b 4^ $^ $l $F $$ $k . $3 $3 $G 6= L# $" $k $N $O , $3 $N $h $& $K $7 $F F@ $i $l $? 3, AX $, K\ Ev $K 2D @Q J, 7O $H $7 $F $" $j $, $? $$ $b $N $J $N $+ $I $& $+ $H $$ $& $3 $H $G $" $k . Hs 2D 49 2= $O , Hs 2D 49 J} 8~ $K L5 8B 3, $N Hy J, $r F3 F~ $9 $k . $3 $l $O 2D @Q J, 7O $N 8+ CO $+ $i $O Hs >o $K K> $^ $7 $/ $J $$ $3 $H $G , !V 2r $1 $k !W 8+ 9~ $_ $, Gv $l $F $7 $^ $& . $^ $? , (1 + 1) <! 85 ;~ 6u >e $G Dj 5A $5 $l $k J} Dx <0 $G $O , Hs 2D 49 @- $r ;~ 4V J} 8~ $K F3 F~ $; $6 $k $r F@ $: , ;~ 4V $K $D $$ $F L5 8B 3, $N Hy J, J} Dx <0 $H $J $C $F $7 $^ $& . $3 $l $G $O , 2D @Q J, @- $O $* $m $+ , =i 4| CM Ld Bj $N Dj 5A $9 $i Fq $7 $/ $J $C $F $7 $^ $& . $3 $3 $G $O 0J 2< $N #2 E@ $K $D $$ $F 5D O@ $9 $k [52] !’ � L5 8B 8D $N !V ;~ 4V H/ E8 !W $N 2D 49 @- � L5 8B 8D $N J] B8 NL $N B8 :_ A0 <T $O @ m @ n u = @ n @ m u (C.25) $, A4 $F $N m; n $K $D $$ $F @. $j N) $D $H $$ $& $3 $H $G $" $k . $3 $N >Z L@ $O 2D 49 $J >l 9g [141] $H F1 MM $J $N $G , $3 $3 $G $O >J N, $9 $k [52]. Hs 2D 49 Zakharo v-Shabat J} Dx <0 @ m B n � @ n B m � [ B m ; B n ] ? = 0 : (C.26) $N >Z L@ $, MW $H $J $k . $3 $3 $G $O 8e <T $K $D $$ $F 5D O@ $9 $k . L5 8B 8D $N J] B8 NL $N B8 :_ $O 2D @Q J, @- $N Dj 5A $H $7 $F 9- $/ <u $1 F~ $l $i $l $F $$ $k $b $N $N 0l $D $G , $3 $l $r <( $9 $3 $H $O 6K $a $F =E MW $G $" $k [3, 29, 72, 106, 145]. $^ $: , J] B8 B’ $H J] B8 NL $N 4X 78 $r ;W $$ $@ $= $& . J] B8 B’ $H $$ $& $N $O , <! $N $h $& $J 4X 78 <0 $N $3 $H $G @ � ( t; x i ) @ t = @ i J i ( t; x i ) ; (C.27) � ( t; x i ) $O J] B8 L) EY , J i ( t; x i ) $O $= $l $K IU ?o $7 $? N. B+ $H 8F $P $l $k . $3 $N $H $- J] B8 L) EY $N 6u 4V @Q J, Q ( t ) = Z space d D x� ( t; x i ) ; (C.28) $, J] B8 NL $r M? $( $k . $9 $J $o $A dQ dt = @ @ t Z space d D x� ( t; x i ) = Z space d D x@ i J i ( t; x i ) = Z spatial in�nit y dS i J i ( t; x i ) = 0 ; (C.29) 28

$? $@ $7 , J i ( t; x i ) $N I= LL @Q J, $O >C $( $k $b $N $H $9 $k . =E MW $J $3 $H $O , $3 $N 5D O@ $O Hs 2D 49 6u 4V $G $b A4 $/ F1 MM $K @. $j N) $D $3 $H $G $" $k . %9 %? !< @Q $K $h $k 5- =R $G $O , :B I8 , 4X ?t $O 2D 49 6u 4V $N $b $N $H A4 $/ F1 $8 $G $" $j , Hy J, , @Q J, $b A4 $/ F1 MM $G $" $k . L5 8B 1s $N ?6 $k Iq $$ $b , @ i � O ( r � 1 ) $G $" $k $3 $H $+ $i , Hs 2D 49 $K $7 $F $b JQ $o $i $J $$ $3 $H $, 4| BT $5 $l $k . $? $@ $7 M# 0l 5$ $K $7 $J $1 $l $P $J $i $J $$ $N $O , $I $N :B I8 $, ;~ 4V :B I8 $G , $4 $N :B I8 $, 6u 4V :B I8 $J $N $+ $r L@ <( $7 $J $1 $l $P $J $i $J $$ $H $$ $& $3 $H $G $" $k . $3 $3 $G 3, AX $K La $k . E7 2< $j $G $" $k $, , L n $N N1 ?t $K $D $$ $F 9M $( $k . $3 $l $O 2D 49 6u 4V $N $H $- $N G. Wilson $N 5D O@ [141] $G $" $k . @ m res � 1 L n = res � 1 ( @ m L n ) = res � 1 [ B m ; L n ] ? : (C.30) $3 $3 $G 0J 2< $N $3 $H $K Cm 0U $7 $h $& !’ res � 1 [ f @ p x ; g @ q x ] ? = p p + q + 1 ! f ? g ( p + q +1) � q p + q + 1 ! g ? f ( p + q +1) (C.31) = p p + q + 1 ! � f ? g ( p + q +1) � ( � 1) p + q +1 g ? f ( p + q +1) � = p p + q + 1 ! 8 < : p + q X k =0 ( � 1) k f ( k ) ? g ( p + q � k ) ! 0 + ( � 1) p + q [ g ; f ( p + q +1) ] ? 9 = ; ; $? $@ $7 f ( N ) := @ N f =@ x N . Bh 2 9T L\ $N $h $& $K F1 $8 2 9‘ 78 ?t $G $& $^ $/ 3g $l $? $N $O , $A $g $& $I @ x $N ( � 1) >h It J, ( N1 ?t ) $r =& $C $F $- $? $* $+ $2 $G $" $k . 2D 49 6u 4V $G $O , Bh 3 9T L\ Bh 2 9‘ $N 8r 49 ;R $N It J, $O %< %m $J $N $G , <0 (C.30) $O @ t � = @ x J $N 7A $H $J $j , J] B8 B’ $r M? $( $k . ( :B I8 x $O 3, AX A4 $F $N J} Dx <0 $K $* $$ $F !V 6u 4V :B I8 !W $J $N $G $" $k .) Hs 2D 49 6u 4V $G $O , 8r 49 ;R $, <Y Kb $r $7 $F , J] B8 B’ $r 2u $7 $F $$ $k $h $& $K 8+ $( $k . $H $3 $m $, $3 $N 8r 49 ;R $N It J, $O $& $^ $/ I> 2A $G $- $k . <B $O , <! $N $3 $H $, @. $j N) $D [21, 52] !’ [ f ( x ) ; g ( x )] ? = � � ij @ i ( f ( x ) � @ j g ( x )) : (C.32) $3 $3 $G , \ � " $O Strac han @Q [129] $H 8F $P $l $k $b $N $G <! $N $h $& $K Dj 5A $5 $l $k !’ f ( x ) � g ( x ) := 1 X s =0 ( � 1) s (2 s + 1)! � 1 2 � ij @ ( x 0 ) i @ ( x 00 ) j � 2 s f ( x 0 ) g ( x 00 ) � � � x 0 = x 00 = x : (C.33) $9 $J $o $A , >l $N 8r 49 ;R $O A4 Hy J, $N 7A $K =q $1 $k $N $G $" $k . $= $& $9 $k $H , <0 (C.30) $O A4 BN $H $7 $F , A4 Hy J, $N 7A @ m � = @ x J + � ij @ j J i $K <} $^ $k $N $G , J] B8 B’ $K $J $j F@ $k . J] B8 B’ $K $J $k $? $a $K $O , $3 $N @ j $, !V ;~ 4V Hy J, !W $" $k $$ $O !V 6u 4V Hy J, !W $G $" $l $P NI $$ , $9 $J $o $A , Hs 2D 49 @- $O !V ;~ 4V $" $k $$ $O 6u 4V !W J} 8~ $N $_ $K F3 F~ $5 $l $F $$ $l $P NI $$ , $H $$ $& $3 $H $K $J $k . :4 F# M} O@ $K 8= $l $k L5 8B <o N‘ $N !V ;~ 4V JQ ?t !W $O L5 8B <! 85 $N BP >N @- $r 8+ $d $9 $/ $9 $k $? $a $K Jd =u E* $K F3 F~ $5 $l $? $b $N $G , K\ Ev $K !V ;~ 4V , 6u 4V !W $N 0U L# $r ;} $C $F $$ $k $N $O , :G =i $N x 1 ; x 2 ; x 3 $" $? $j $N $_ $G $" $k . $3 $3 $K $N $_ Hs 2D 49 @- $r F3 F~ $9 $k $H $$ $& $N $O K\ Mh <+ A3 $J $3 $H $G $" $k . 29

6q BN E* $K J] B8 L) EY $N I= <0 $r M? $( $k $? $a , L n ; B m $r <! $N $h $& $K I= $7 $F $* $3 $& !’ L n = @ n x + 1 X l =1 a n � l @ n � l x B m = @ m x + m X k =1 b m � k @ m � k x ; (C.34) 78 ?t a n � l ; b m � k $O n; m $r 7h $a $l $P 6q BN E* $K Dj $^ $k NL $G $" $k . <0 (C.30) $h $j , @ m res � 1 L n = res � 1 [ @ m x + m X k =1 b m � k @ m � k x ; @ n x + 1 X l =1 a n � l @ n � l x ] ? = m + n X l = n +1 m l � n � 1 ! a ( m + n � l +1) n � l + m X k =1 n +1+ m � k X l = n +1 m � k l � n � 1 ! � 8 < : m + n � k � l X N =0 ( � 1) N b ( N ) m � k ? a ( m + n � k � l � N ) n � l ! 0 + ( � 1) m + n � k � l h a n � l ; b ( m + n � k � l +1) m � k i ? 9 = ; = 8 > > < > > : m + n X l = n +1 m l � n � 1 ! a ( m + n � l ) n � l + m X k =1 n +1+ m � k X l = n +1 m � k l � n � 1 ! m + n � k � l X N =0 ( � 1) N b ( N ) m � k ? a ( m + n � k � l � N ) n � l 9 > > = > > ; 0 � m X k =1 n +1+ m � k X l = n +1 m � k l � n � 1 ! ( � 1) m + n � k � l � ij @ i � a n � l � @ j b ( m + n � k � l +1) m � k � : $3 $l $, Hs 2D 49 3, AX $K BP $9 $k , ( 0l HL 2= $5 $l $? ) J] B8 B’ $G $" $k . Hs 2D 49 @- $, !V ;~ 4V , 6u 4V !W J} 8~ $K $N $_ F3 F~ $5 $l $F $$ $l $P , <0 A4 BN $, ;~ 4V Hy J, $H 6u 4V Hy J, $K $D $$ $F $N A4 Hy J, $N 7A $H $J $j , Ia DL $N 0U L# $N J] B8 B’ $r M? $( $k . Hs 2D 49 KdV 3, AX $N $H $3 $m $G 6q BN E* $K 5- $7 $? $h $& $K , !V ;~ 4V JQ ?t !W $O 3, AX $N 3F <! $N J} Dx <0 $4 $H $K 0[ $J $k . $9 $J $o $A , 2D 49 6u 4V $N $H $- $H 0c $C $F , J] B8 L) EY $O 3, AX $N A4 $F $N J} Dx <0 $K 6& M- $5 $l $k $o $1 $G $O $J $$ . ( 2D 49 6u 4V $N $H $- $O , >e 5- $N J] B8 B’ $, @ m res � 1 L n = @ x J $N 7A $K $J $k $N $G , res � 1 L n $, L5 8B <o N‘ $N !V ;~ 4V !W H/ E8 A4 $F $K BP $7 $F J] B8 L) EY $H $J $k .) :B I8 x m $, ;~ 4V :B I8 t $G $" $k $H $- , ( L5 8B 8D $N ) J] B8 L) EY $O <! <0 $N $h $& $K $J $k ( n = 1 ; 2 ; : : : ) !’ � = res � 1 L n + � im m � 1 X k =0 k X l =0 ( � 1) k � l k l ! res � ( l +1) L n � @ i @ k � l x res k L m ; (C.35) 6u 4V (! 6u 4V Hs 2D 49 @- $N $H $- $K $O , � im = 0 $h $j , J] B8 L) EY $O res � 1 L n It J, $N $_ $G $" $k . $7 $? $, $C $F $3 $N $H $- $N J] B8 NL $O 2D 49 $J >l 9g $H A4 $/ F1 $8 $b $N $K $J $k . $3 $l $O <0 (2.14) $r 8+ $l $P =i $a $+ $i J, $+ $C $? $3 $H $G $" $k . ;~ 4V (! 6u 4V Hs 2D 49 @- $N $H $- $K $O , (C.35) $N Bh 2 9‘ $N 4s M? $, $" $k $? $a , J] B8 L) EY $, Bg I} $K JQ 7A $5 $l $k $3 $H $, J, $+ $k . $3 $N >l 9g $N 6q BN Nc $r $$ $/ $D $+ >R 2p $9 $k . (res � r L n $N 6q BN E* I= <0 $O [52] $N App endix A $+ $i 8+ $F <h $l $k .) � 6u 4V (! ;~ 4V :B I8 $, ( x; y ; t ) � ( x 1 ; x 2 ; x 3 ) ; [ t; x ] = i� $N $H $- Hs 2D 49 KP J} Dx <0 ([ t; x ] = i� ), Hs 2D 49 KdV J} Dx <0 $J $I B? $/ $N Hs 2D 49 ( %= %j %H %s ) J} Dx <0 $, $3 $l $K Ev $F $O $^ $k . J] B8 L) EY $O , � = res � 1 L n � 3 � ((res � 1 L n ) � u 0 3 + (res � 2 L n ) � u 0 2 ) : (C.36) 30

� 6u 4V (! ;~ 4V :B I8 $, ( x; t ) � ( x 1 ; x 2 ) ; [ t; x ] = i� $N $H $- Hs 2D 49 Boussinesq J} Dx <0 $J $I $, $3 $l $K Ev $F $O $^ $k . J] B8 L) EY $O , � = res � 1 L n + 2 � (res � 1 L n ) � u 0 2 : (C.37) l %j %@ %/ %7 %g %s $7 $? 3, AX $K BP $7 $F $O , J] B8 L) EY (C.35) $O n = N l ( N = 1 ; 2 ; : : : ) $K BP $7 $F <+ L@ $J $b $N $K $J $k . $3 $l $O =P H/ E@ (C.30) $K La $l $P L@ $i $+ $G $" $k . $^ $? ;~ 4V (! 6u 4V Hs 2D 49 @- $N >l 9g $N #1 %= %j %H %s 2r $K BP $7 $F $O , <0 (2.13) $h $j , >o $K 2D 49 $J >l 9g $H F1 $8 $b $N $, <h $l $k [22, 55]. $7 $? $, $C $F J] B8 L) EY $b 2D 49 $J >l 9g $H F1 $8 $b $N $H $J $k . ;2 9M J8 8% [1] M. J. Ablo witz, S. Chakra v art y and R. G. Halburd, \In tegrable systems and reductions of the self-dual Y ang-Mills equations," J. Math. Ph ys. 44 (2003) 3147. [2] M. J. Ablo witz, S. Chakra v art y and L. A. T akh ta jan, \A selfdual Y ang-Mills hierarc h y and its reductions to in tegrable systems in (1+1)-dimensions and (2+1)-dimensions," Comm un. Math. Ph ys. 158 (1993) 289. [3] M. J. Ablo witz and P . A. Clarkson, Solitons, Nonline ar Evolution Equations and Inverse Sc attering , (Cam bridge UP , 1991) [ISBN/0-521-38730-2]. [4] M. Aganagic, R. Gopakumar, S. Min w alla and A. Strominger, \Unstable solitons in non- comm utativ e gauge theory ," JHEP 0104 (2001) 001 [hep-th/0009142]. 38 [5] M. F. A tiy ah, R. Bott and A. Shapiro, \Cli�ord mo dules," T op ology 3 suppl. 1 (1964) 3. [6] D. Bak, \Deformed Nahm equation and a noncomm utativ e BPS monop ole," Ph ys. Lett. B 471 (1999) 149 [hep-th/9910135]. [7] T. Banks, W. Fisc hler, S. H. Shenk er and L. Susskind, \M theory as a matrix mo del: A conjecture," Ph ys. Rev. D 55 (1997) 5112 [hep-th/9610043]. [8] J. Bellissard, A. v an Elst and H. Sc h ulz-Baldes, \The non-comm utativ e geometry and the quan tum Hall e�ect," [cond-mat/9411052]. [9] S. Bieling, \In teraction of noncomm utativ e plane w a v es in 2+1 dimensions," J. Ph ys. A 35 (2002) 6281 [hep-th/0203269]. [10] M. B laszak, Multi-Hamiltonian The ory of Dynamic al Systems (Springer, 1998) [ISBN/3- 540-64251-X]. [11] J. M. Burgers, \A mathematical mo del illustrating the theory of turbulence," Adv. Appl. Mec h. 1 (1948) 171. [12] I. Cabrera-Carnero and M. Moriconi, \Noncomm utativ e in tegrable �eld theories in 2d," hep-th/0211193. 38 hep-th/ !A $H $" $k $N $O O@ J8 $N %W %l %W %j %s %H HV 9f $G $" $j , [h ttp://xxx.lanl.go v/arc hiv e/hep-th] $+ $i 8! :w , F~ <j $G $- $k . 31

[13] A. S. Cattaneo and G. F elder, \A path in tegral approac h to the Kon tsevic h quan tization form ula," Comm un. Math. Ph ys. 212 (2000) 591 [math.qa/9902090]. [14] C. S. Ch u, V. V. Khoze and G. T ra v aglini, \Notes on noncomm utativ e instan tons," Nucl. Ph ys. B 621 (2002) 101 [hep-th/0108007]. [15] J. D. Cole, \On a quasi-linear parab olic equation o ccuring in aero dynamics," Quart. Appl. Math. 9 (1951) 225. [16] A. Connes, Nonc ommutative Ge ometry (Academic Pr., 1994) [ISBN/012185860X]. [17] D. H. Correa, G. S. Lozano, E. F. Moreno and F. A. Sc hap osnik, \Commen ts on the U(2) noncomm utativ e instan ton," Ph ys. Lett. B 515 (2001) 206 [hep-th/0105085]. [18] G. H. Derric k, \Commen ts on nonlinear w a v e equations as mo dels for elemen tary parti- cles," J. Math. Ph ys. 5 (1964) 1252. [19] L. A. Dic k ey , Soliton Equations and Hamiltonian Systems (2nd Ed.) (W orld Sci., 2003) [ISBN/9812381732]. [20] A. Dimakis and F. M � uller-Hoissen, In t. J. Mo d. Ph ys. B 14 (2000) 2455 [hep- th/0006005]; Lett. Math. Ph ys. 54 (2000) 123 [hep-th/0007160]; J. Ph ys. A 34 (2001) 9163 [nlin.si/0104071]. [21] A. Dimakis and F. M � uller-Hoissen, \A noncomm utativ e v ersion of the nonlinear Sc hro edinger equation," hep-th/0007015; Czec h. J. Ph ys. 51 (2001) 1285. [22] A. Dimakis and F. M � uller-Hoissen, \Noncomm utativ e Kortew eg-de-V ries equation," Ph ys. Lett. A 278 (2000) 139 [hep-th/0007074]. [23] A. Dimakis and F. M � uller-Hoissen, \Bicomplex form ulation and Mo y al deformation of (2+1)-dimensional F ordy-Kulish systems," J. Ph ys. A 34 (2001) 2571 [nlin.si/0008016]. [24] N. Dorey , T. J. Hollo w o o d, V. V. Khoze and M. P . Mattis, \The calculus of man y instan- tons," Ph ys. Rept. 371 (2002) 231 [hep-th/0206063]. [25] M. R. Douglas, \Branes within branes," hep-th/9512077. [26] M. R. Douglas, \Gauge �elds and D-branes," J. Geom. Ph ys. 28 (1998) 255 [hep- th/9604198]. [27] M. R. Douglas and N. A. Nekraso v, \Noncomm utativ e �eld theory ," Rev. Mo d. Ph ys. 73 (2002) 977 [hep-th/0106048]. [28] Z. F. Eza w a, Quantum Hal l e�e cts: Field the or etic al appr o ach and r elate d topics , (W orld Scien ti�c, 2000) [ISBN/9810234309]. [29] L. D. F addeev and L. A. T akh ta jan, Hamiltonian Metho ds in the The ory of Solitons (Springer, 1987) [ISBN/0-387-15579-1]. [30] F. F ranco-Sollo v a and T. Iv ano v a, \On noncomm utativ e merons and instan tons," J. Ph ys. A 36 (2003) 4207 [hep-th/0209153]. [31] K. F uruta, T. Inami and M. Y amamoto, \T opics in nonlinear sigma mo dels in D = 3," hep-th/0211129. 32

[32] K. F uruuc hi, \Instan tons on noncomm utativ e R 4 and pro jection op erators," Prog. Theor. Ph ys. 103 (2000) 1043 [hep-th/9912047]. [33] K. F uruuc hi, \Equiv alence of pro jections as gauge equiv alence on noncomm utativ e space," Comm un. Math. Ph ys. 217 (2001) 579 [hep-th/0005199]. [34] K. F uruuc hi, \T op ological c harge of U(1) instan tons on noncomm utativ e R 4 ," [hep- th/0010006]. [35] K. F uruuc hi, \Dp-D(p+4) in noncomm utativ e Y ang-Mills," JHEP 0103 (2001) 033 [hep- th/0010119]. [36] I. M. Gelfand and L. A. Dikii, \F ractional p o w ers of op erators and Hamiltonian systems," F unct. Anal. Appl. 10 (1976) 13 (Russian), 259 (English). [37] R. Gopakumar, S. Min w alla and A. Strominger, \Noncomm utativ e solitons," JHEP 0005 (2000) 020 [hep-th/0003160]. [38] S. Goto and H. Hata, \Noncomm utativ e monop ole at the second order in theta," Ph ys. Rev. D 62 (2000) 085022 [hep-th/0005101]. [39] P . Go ddard and D. I. Oliv e, \Magnetic monop oles in gauge �eld theories," Rept. Prog. Ph ys. 41 (1978) 1357. [40] M. T. Grisaru and S. P enati, \An in tegrable noncomm utativ e v ersion of the sine-Gordon system," Nucl. Ph ys. B 655 (2003) 250 [hep-th/0112246]. [41] M. T. Grisaru, L. Mazzan ti, S. P enati and L. T amassia, \Some prop erties of the in tegrable noncomm utativ e sine-Gordon system," JHEP 0404 (2004) 057 [hep-th/0310214]. [42] D. J. Gross and N. A. Nekraso v, \Monop oles and strings in noncomm utativ e gauge theory ," JHEP 0007 (2000) 034 [hep-th/0005204]. [43] D. J. Gross and N. A. Nekraso v, \Dynamics of strings in noncomm utativ e gauge theory ," JHEP 0010 (2000) 021 [hep-th/0007204]. [44] D. J. Gross and N. A. Nekraso v, \Solitons in noncomm utativ e gauge theory ," JHEP 0103 (2001) 044 [hep-th/0010090]. [45] IM Cf ?? ;V , \ Hs 2D 49 %2 !< %8 M} O@ $K $* $1 $k %= %j %H %s 2r ( A} Jd HG ) 39 ," "( 2001 G/ 2 7n $N 8& 5f 2q !V 2D @Q J, 7O 8& 5f $N 8= >u $H E8 K> !W $N 9V 1i %" %V %9 %H %i %/ %H . [46] IM Cf ?? ;V , \Exact BPS Solitons in Noncomm utativ e Gauge Theories," AG N3 ;R O@ 8& 5f 104-3 (2001-12) C87-C102 ([79] =j <} ). [47] IM Cf ?? ;V , \Recen t Dev elopmen ts in Non-Comm utativ e Gauge Theory ," AG N3 ;R O@ 8& 5f 104-5 (2002-2) E27-E44, "( 2001 G/ 7 7n $N 4p 8& 8& 5f 2q !V >l $N NL ;R O@ 2001 !W $N %W %m %7 !< %G %# %s %0 . [48] IM Cf ?? ;V , \ Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ $H %= %j %H %s ," "( 2002 G/ 9 7n $N 8& 5f =8 2q !V NL ;R 2= $N 4v 2? 3X #2 !W $N 8& 5f 2q Js 9p . 39 ;d $, =q $$ $? 5- ;v $K $D $$ $F $O , ;d $N %[ !< %‘ %Z !< %8 [http://www2.yuk a w a.ky oto-u.ac.jp/ ~ hamanak a] $K $b CV $+ $l $F $* $j $^ $9 . 33

[49] IM Cf ?? ;V , \ADHM/Nahm 9= @. K! $H $= $N AP BP @- ," AG N3 ;R O@ 8& 5f 106-1 (2002-10) 1-60. [50] M. Hamanak a, \ADHM/Nahm construction of lo calized solitons in noncomm utativ e gauge theories," Ph ys. Rev. D 65 (2002) 085022 [hep-th/0109070]. [51] M. Hamanak a, \Noncomm utativ e solitons and D-branes," Ph. D thesis [hep-th/0303256]. [52] M. Hamanak a, \Comm uting o ws and conserv ation la ws for noncomm utativ e Lax hierar- c hies," J. Math. Ph ys. 46 (2005) 052701 [hep-th/0311206]. [53] M. Hamanak a and S. T erashima, \On exact noncomm utativ e BPS solitons," JHEP 0103 (2001) 034 [hep-th/0010221]. [54] M. Hamanak a and K. T o da, \T o w ards noncomm utativ e in tegrable systems," Ph ys. Lett. A 316 (2003) 77 [hep-th/0211148]. [55] M. Hamanak a and K. T o da, \Noncomm utativ e Burgers equation," J. Ph ys. A 36 (2003) 11981 [hep-th/0301213]. [56] M. Hamanak a and K. T o da, \T o w ards noncomm utativ e in tegrable equations," hep- th/0309265. [57] K. C. Hannabuss, \Non-comm utativ e t wistor space," Lett. Math. Ph ys. 58 (2001) 153 [hep-th/0108228]. [58] J. A. Harv ey , \Magnetic monop oles, dualit y , and sup ersymmetry ," [hep-th/9603086]. [59] J. A. Harv ey , \Komaba lectures on noncomm utativ e solitons and D-branes," [hep- th/0102076]. [60] J. A. Harv ey , \T op ology of the gauge group in noncomm utativ e gauge theory ," [hep- th/0105242]. [61] J. A. Harv ey , P . Kraus and F. Larsen, \Exact noncomm utativ e solitons," JHEP 0012 (2000) 024 [hep-th/0010060]. [62] J. A. Harv ey and G. W. Mo ore, \Noncomm utativ e tac h y ons and K-theory ," J. Math. Ph ys. 42 (2001) 2765 [hep-th/0009030]. [63] K. Hashimoto, \Fluxons and exact BPS solitons in non-comm utativ e gauge theory ," JHEP 0012 (2000) 023 [hep-th/0010251]. [64] K. Hashimoto, \Non-linear / Non-comm utativ e non-Ab elian monop oles," Ph ys. Rev. D 65 (2002) 065014 [hep-th/0107226]. [65] A. Hashimoto and K. Hashimoto, \Monop oles and dy ons in non-comm utativ e geometry ," JHEP 9911 (1999) 005 [hep-th/9909202]. [66] K. Hashimoto, H. Hata and S. Moriy ama, \Brane con�guration from monop ole solution in non-comm utativ e sup er Y ang-Mills theory ," JHEP 9912 (1999) 021 [hep-th/9910196]. [67] K. Hashimoto and T. Hira y ama, \Branes and BPS con�gurations of noncomm utativ e / comm utativ e gauge theories," Nucl. Ph ys. B 587 (2000) 207 [hep-th/0002090]. [68] K. Hashimoto, T. Hira y ama and S. Moriy ama, \Symmetry origin of nonlinear monop ole," JHEP 0011 (2000) 014 [hep-th/0010026]. 34

[69] K. Hashimoto and H. Ooguri, \Seib erg-Witten transforms of noncomm utativ e solitons," Ph ys. Rev. D 64 (2001) 106005 [hep-th/0105311]. [70] NS 9@ 0l , \ %b %N %] !< %k ," J* M} 3X :G A0 @~ 6 ( 6& N) =P HG , 1984) 77-125 [ISBN/4-320-03188-1]. [71] R. Hirota, \Exact solution of the Kortew eg de V ries equation for m ultiple collisions of solitons," Ph ys. Rev. Lett. 27 (1971) 1192. [72] N. J. Hitc hin, G. B. Segal and R. S. W ard, Inte gr able Systems: Twistors, L o op Gr oups, and R iemann Surfac es (Oxford UP , 1999) [ISBN/0-19-850421-7]. [73] P . M. Ho, \Twisted bundle on noncomm utativ e space and U(1) instan ton," hep- th/0003012. [74] E. Hopf, \The partial di�eren tial equation u t + uu x = �u xx ," Comm. Pure Appl. Math. 3 (1950) 201. [75] Z. Horv� ath, O. Lec h tenfeld and M. W olf, \Noncomm utativ e instan tons via dressing and splitting approac hes," JHEP 0212 (2002) 060 [hep-th/0211041]. [76] M. Ihl and S. Uhlmann, \Noncomm utativ e extended w a v es and soliton-lik e con�gurations in N = 2 string theory ," In t. J. Mo d. Ph ys. B 18 (2003) 4889 [hep-th/0211263]. [77] N. Imai, K. Ishik a w a, T. Matsuy ama and I. T anak a, \Field theory in a strong magnetic �eld and the quan tum Hall e�ect: in teger Hall e�ect," Ph ys. Rev. B 42 (1990) 10610. [78] N. Ishibashi, H. Ka w ai, Y. Kitaza w a and A. Tsuc hiy a, \A large-N reduced mo del as sup erstring," Nucl. Ph ys. B 498 (1997) 467 [hep-th/9612115]. [79] @P @n MN , 2C F# 8w M5 , @n Ln 51 I’ , :4 !9 LZ N4 , ;{ Eh Lw <# , LJ B< E/ , Pr o c e e ding of Workshop on Nonc ommutative Ge ometry in String The ory and Field The ories , J8 It >J FC Dj NN 0h 8& 5f (B)707 !V D6 BP >N @- M} O@ !W 2q 5D O? %7 %j !< %: No.8 (2001). 40 [80] T. Ishik a w a, S. I. Kuroki and A. Sak o, \Elongated U (1) instan tons on noncomm utativ e R 4 ," JHEP 0112 (2001) 000 [hep-th/0109111]. [81] T. Ishik a w a, S. I. Kuroki and A. Sak o, \Instan ton n um b er calculus on noncomm utativ e R 4 ," JHEP 0208 (2002) 028 [hep-th/0201196]. [82] T. A. Iv ano v a and A. D. P op o v, \Selfdual Y ang-Mills �elds in D = 4 and in tegrable systems in 1 � D � 3," Theor. Math. Ph ys. 102 (1995) 280 [T eor. Mat. Fiz. 102 (1995) 384]. [83] M. Jim b o and T. Miw a, \Solitons and in�nite dimensional Lie algebras," Publ. Res. Inst. Math. Sci. Ky oto 19 (1983) 943. [84] B. B. Kadom tsev and V. I. P etviash vili, \On the stabilit y of solitary w a v es in w eakly disp ersiv e media," So v. Ph ys. Doklady 15 (1970) 539. [85] A. Kapustin, A. Kuznetso v and D. Orlo v, \Noncomm utativ e instan tons and t wistor trans- form," Comm un. Math. Ph ys. 221 (2001) 385 [hep-th/0002193]. [86] 2C F# 8w M5 , \Noncomm utativ e Geometry and String Theory ," AG N3 ;R O@ 8& 5f 102-3 (2000- 12) C6, "( 2000 G/ 7 7n $N 4p 8& 8& 5f 2q !V >l $N NL ;R O@ 2000 !W $N %W %m %7 !< %G %# %s %0 . 40 [http://www-hep.phys.s.u-toky o.ac.jp/japanese/tokutei99.html] $K 7G :\ Cf . 35

[87] K. Y. Kim, B. H. Lee and H. S. Y ang, \Commen ts on instan tons on noncomm utativ e R 4 ," J. Korean Ph ys. So c. 41 (2002) 290 [hep-th/0003093]. [88] K. Y. Kim, B. H. Lee and H. S. Y ang, \Noncomm utativ e instan tons on R 2 N C � R 2 C ," Ph ys. Lett. B 523 (2001) 357 [hep-th/0109121]. [89] A. Konec hn y and A. Sc h w arz, \In tro duction to M(atrix) theory and noncomm utativ e geometry ," [hep-th/0012145]. [90] A. Konec hn y and A. Sc h w arz, \In tro duction to M(atrix) theory and noncomm utativ e geometry , part I I," [hep-th/0107251]. [91] M. Kon tsevic h, \Deformation quan tization of P oisson manifolds, I," [q-alg/9709040]. [92] D. J. Kortew eg and G. de V ries, \On the c hange of form of long w a v es adv ancing in a rectangular canal, and on a new t yp e of long stationary w a v es," Phil. Mag. 39 (1895) 422. [93] P . Kraus and M. Shigemori, \Non-comm utativ e instan tons and the Seib erg-Witten map," JHEP 0206 (2002) 034 [hep-th/0110035]. [94] B. Kup ershmidt, KP or mKP : nonc ommutative mathematics of L agr angian, Hamiltonian, and inte gr able systems (AMS, 2000) [ISBN/0821814001]. [95] L. D. Landau, Quantum Me chanics (Non-R elativistic The ory) (Butterw orth-Heinemann, 1997) [ISBN/0750635398]. [96] O. Lec h tenfeld and A. D. P op o v, JHEP 0111 (2001) 040 [hep-th/0106213]; Ph ys. Lett. B 523 (2001) 178 [hep-th/0108118]. [97] O. Lec h tenfeld and A. D. P op o v, \Noncomm utativ e ’t Ho oft instan tons," JHEP 0203 (2002) 040 [hep-th/0109209]. [98] O. Lec h tenfeld and A. D. P op o v, \Noncomm utativ e monop oles and Riemann-Hilb ert prob- lems," JHEP 0401 (2004) 069 [hep-th/0306263]. [99] O. Lec h tenfeld, A. D. P op o v and B. Sp endig, \Noncomm utativ e solitons in op en N = 2 string theory ," JHEP 0106 (2001) 011 [hep-th/0103196]. [100] K. M. Lee, \Chern-Simons solitons, c hiral mo del, and (a�ne) T o da mo del on noncom- m utativ e space," JHEP 0408 (2004) 054 [hep-th/0405244]. [101] M. Legare, \Noncomm utativ e generalized NS and sup er matrix KdV systems from a non- comm utativ e v ersion of (an ti-)self-dual Y ang-Mills equations," hep-th/0012077; J. Ph ys. A 35 (2002) 5489. [102] A0 ED 5H >< , 3a 1: 9( @. ( 9b B< N< 5- ), !V JQ 7A NL ;R 2= F~ Lg !W El 5~ Bg 3X ?t M} 2J 3X %; %_ %J %j !< %N !< %H 20 (2002) [ISSN/0919-8180]. [103] M. Marino, R. Minasian, G. Mo ore and A. Strominger, \Nonlinear instan tons from su- p ersymmetric p-branes," JHEP 0001 (2000) 005 [hep-th/9911206]. [104] L. Martina and O. K. P ashaev, \Burgers’ equation in non-comm utativ e space-time," hep-th/0302055. 36

[105] L. J. Mason and N. M. W o o dhouse, Inte gr ability, self-duality, and twister the ory (Oxford, 1996) [ISBN/0-19-853498-1]. [106] J. Matsukidaira, J. Satsuma and W. Strampp, \Conserv ed quan tities and symmetries of KP hierarc h y ," J. Math. Ph ys. 31 (1990) 1426. [107] >> Hx BY , \Geometrical asp ects of noncomm utativ e soliton," AG N3 ;R O@ 8& 5f 104-3 (2001-12) C38-C59 ([79] =j <} ). [108] T. Miw a, M. Jim b o and E. Date, (translated b y M. Reid), Solitons : di�er ential e quations, symmetries and in�nite dimensional algebr as (Cam bridge UP , 2000) [ISBN/0521561612]. [109] S. Moriy ama, \Noncomm utativ e monop ole from nonlinear monop ole," Ph ys. Lett. B 485 (2000) 278 [hep-th/0003231]. [110] S. Moriy ama, \Noncomm utativ e / nonlinear BPS equations without zero slop e limit," JHEP 0008 (2000) 014 [hep-th/0006056]. [111] J. E. Mo y al, \Quan tum mec hanics as a statistical theory ," Pro c. Cam bridge Phil. So c. 45 (1949) 99; H. J. Gro enew old, \On the principles of elemen tary quan tum mec hanics," Ph ysica 12 (1946) 405. [112] H. Nak a jima, \Resolutions of mo duli spaces of ideal instan tons on R 4 ," T op olo gy, Ge om- etry and Field The ory (W orld Scien ti�c, 1994) 129 [ISBN/981-02-1817-6]. [113] H. Nak a jima, L e ctur es on Hilb ert Schemes of Points on Surfac es (AMS, 1999) [ISBN/0- 8218-1956-9]. [114] N. A. Nekraso v, \T rieste lectures on solitons in noncomm utativ e gauge theories," [hep- th/0011095]. [115] N. Nekraso v and A. Sc h w arz, \Instan tons on noncomm utativ e R 4 , and (2,0) sup ercon- formal six dimensional theory ," Comm un. Math. Ph ys. 198 (1998) 689 [hep-th/9802068]. [116] H. Nishino and S. Ra jp o ot, \Noncomm utativ e self-dual sup ersymmetric Y ang-Mills the- ory ," Ph ys. Lett. B 572 (2003) 91 [hep-th/0306290]. [117] Y. Ok a w a and H. Ooguri, \An exact solution to Seib erg-Witten equation of noncomm u- tativ e gauge theory ," Ph ys. Rev. D 64 (2001) 046009 [hep-th/0104036]. [118] Y. Oh ta, J. Satsuma, D. T ak ahashi and T. T okihiro, Prog. Theor. Ph ys. Suppl. 94 (1988) 210. [119] L. D. P aniak, \Exact noncomm utativ e KP and KdV m ulti-solitons," hep-th/0105185. [120] A. P . P olyc hronak os, \Flux tub e solutions in noncomm utativ e gauge theories," Ph ys. Lett. B 495 (2000) 407 [hep-th/0007043]. [121] A. P . P olyc hronak os, \Quan tum Hall states as matrix Chern-Simons theory ," JHEP 0104 (2001) 011 [hep-th/0103013]. [122] A. Sak o, \Instan ton n um b er of noncomm utativ e U ( n ) gauge theory ," JHEP 0304 (2003) 023 [hep-th/0209139]. 37

[123] M. Sato, RIMS Kokyuroku 439 (1981) 30; M. Sato and Y. Sato, Lect. Notes Num. Appl. Anal. 5 (1982) 259. [124] J. Satsuma and R. Hirota, \A coupled KdV equation is one case of the four reduction of the KP hierarc h y ," J. Ph ys. So c. Jap. 51 (1982) 3390. [125] K. Sa w ada and T. Kotera, \A metho d for �nding N -soliton solutions of the K.d.V. equa- tion and K.d.V.-lik e equation," Prog. Theor. Ph ys. 51 (1974) 1355. [126] N. Seib erg and E. Witten, \String theory and noncomm utativ e geometry ," JHEP 9909 (1999) 032 [hep-th/9908142]. [127] A. Sen, \Non-BPS states and branes in string theory ," [hep-th/9904207]. [128] F. A. Sc hap osnik, \Noncomm utativ e solitons and instan tons," hep-th/0310202 [129] I. Strac han, \A geometry for m ultidimensional in tegrable systems," J. Geom. Ph ys. 21 (1997) 255. [hep-th/9604142]. [130] L. Susskind, \The quan tum Hall uid and non-comm utativ e Chern Simons theory ," hep- th/0101029. [131] R. J. Szab o, \Quan tum �eld theory on noncomm utativ e spaces," Ph ys. Rept. 378 (2003) 207 [hep-th/0109162] [132] K. T ak asaki, \An ti-self-dual Y ang-Mills equations on noncomm utativ e spacetime," J. Geom. Ph ys. 37 (2001) 291 [hep-th/0005194]. [133] 9b :j 6b 5W , !V 2D @Q J, 7O $N @$ 3& 8M ED 3J ;R $H $= $N Cg 4V !W ( 6& N) =P HG , 2001) [ISBN/4-320-01669-6]. [134] S. T erashima, \U(1) instan ton in Born-Infeld action and noncomm utativ e gauge theory ," Ph ys. Lett. B 477 (2000) 292 [hep-th/9911245]. [135] Y. Tian, C. J. Zh u and X. C. Song, \T op ological c harge of noncomm utativ e ADHM instan ton," Mo d. Ph ys. Lett. A 18 (2003) 1691 [hep-th/0211225]. [136] K. T o da, \Extensions of soliton equations to non-comm utativ e (2 + 1) dimensions," Pro- ceedings of w orkshop on in tegrable theories, solitons and dualit y , Sao P aulo, Brazil, 1-6 July 2002 [JHEP PRHEP-unesp2002/038]. [137] N. W ang and M. W adati, J. Ph ys. So c. Jap. 72 (2003) 1366; J. Ph ys. So c. Jap. 72 (2003) 1881. [138] N. W ang and M. W adati, \A new approac h to noncomm utativ e soliton equations," J. Ph ys. So c. Jap. 72 (2003) 3055. [139] R. S. W ard, Phil. T rans. Ro y . So c. Lond. A 315 (1985) 451; \Multidimensional in tegrable systems," Lect. Notes Ph ys. 280 (Springer, 1986) 106; \In tegrable systems in t wistor theory ," in Twistors in Mathematics and Physics (Cam bridge UP , 1990) 246. [140] LJ B< E/ , \ Hs 2D 49 6u 4V >e $N %2 !< %8 M} O@ ," Summer Sc ho ol !V ?t M} J* M} 2002 !W M= 9F =8 (2002) 35-98. [141] G. Wilson, \Comm uting o ws and conserv ation la ws for Lax equations," Math. Pro c. Cam bridge Phil. So c. 86 (1979) 131. 38

[142] E. Witten, \Sigma mo dels and the ADHM construction of instan tons," J. Geom. Ph ys. 15 (1995) 215 [hep-th/9410052]. [143] E. Witten, \Small instan tons in string theory ," Nucl. Ph ys. B 460 (1996) 541 [hep- th/9511030]. [144] M. W olf, \Soliton an tisoliton scattering con�gurations in a noncomm utativ e sigma mo del in 2+1 dimensions," JHEP 0206 (2002) 055 [hep-th/0204185]. [145] V. Zakharo v, What is Inte gr ability ? (Springer, 1991) [ISBN/0387519645]. [146] A. Zuevsky , \Con tin ual Lie algebras and noncomm utativ e coun terparts of exactly solv able mo dels," J. Ph ys. A 37 (2004) 537. 39