String M}O@ $K$* $1 $k K-theory $H Hs2D494v2? 5~ETBg3X4pACJ*M}3X8&5f=j !!!! @u@n !! ;LI’ 1 1 In tro duction String M} O@ $O !" NL;R=ENO$r 4^ $‘L5L7 =b $J M} O@$N :G$b M- NO $J 8uJd $H $7 $F 0JA0 $+$i @9 $s$K 8&5f$5 $l $F $$ $k !# $7 $+ $7 !" M}O@<+?H $O @]F0O@ E* $K $7 $+ Dj5A$5 $l $F $* $i$: !" L$ $@ $=$N A4KF $r CN$k $K$O ;j$C $F$$$J$$ !# $=$N 0l$D $N Bg $- $J 860x $O string M}O@ $NFbJq $7 $F$$ $k4v2? !" FC $K ;~6u9=B$ $K 4X78$9$k4v 2? $, $I $s $J$b$N $+ $, J, $+ $C $F $$ $J$$$3 $H $K$" $k $H ;W $o $l $k !# 8EE5=E NO $r 5-=R $9$k0lHLAj BPO@ $N>l9g $K$O Riemann 4v2? $, BP1~ $7 $F $$$? !# F1MM $K string M}O@ $NGX7J $K$" $k4v2? $, $o$+ $l $P !" $= $l $r%R %s %H $K $7 $F M}O@ $r Dj<02= $9$k $3 $H $,$G $- $k $H 9M $( $i $l $k !# C1=c $K 9M $( $k $H !" string M}O@ $K $O closed string $, B8:_ $7 $=$N massless mo de $H $7 $F =ENO $r 4^$‘ $b $N $G$" $k $+$i !" string $H $$ $& Hs6I=j@- $r <h$jF~ $l $?$h $& $J ;~6u $N 4v2? $, BP1~ $7 $F $$ $k $O$:$G$" $k !# $7 $+ $7 !" 8=>u $G$O$=$N Ez $($O 8+$D $+ $C $F$$$J$$ !# $H $3 $m $, $3 $3 ?t G/ Mh !" D-brane $N H/ 8+ $K $h $j string M} O@$N Hs @] F0 E*$J M} 2r $O 5^ B. $K ?< $^$C $F $- $? !# FC $K !" D-brane $N ;}$D !" M}O@ $N 6/7k9gNN0h $G$b 0BDj $G$" $k $H$$ $& BPS @- $K $h$j !" string M}O@ $N 4V $N dualit y $, D4 $Y $i $l $F $-$? !# $=$N7k2L !" string M}O@ $O$" $kFCDj $N NN0h $G $O string $r 4pK\ $K $9$kM}O@ $G$" $k $, !" JL $N NN0h $G$O D-brane $, 4pK\E* $J BP>] $K$b @.$jF@$k $H$$ $& $3$H $, $o$+ $C $F$-$? !# $3$N$3 $H $+ $i !" string M}O@ $r D-brane $+$i Hs@]F0E* $K Dj<02= $7 $h $& $H 9M $( $k$N $O <+A3 $J N. $l$G $" $m $& !# 8=:_9T $o $l $F $$ $k$$ $/ $D $+ $N 8& 5f $b $3$NJ}8~ @- $K 1h $C $F$$$k $H$$ $( $k !# $= $l$O Bg $-$/ #2 $D $K J, $1 $i $l $k !# $= $N0l $D $O string �eld theory $G $" $k [2] !# $3 $l $O ;~6u $r Kd $a $k 10 <!85 $N D-brane >e $K Ne5/$9$k op en string $r 9M $( !" N3;R $, BhFsNL;R2=$5 $l $F >l $N M}O@ $K$J $k$N $H F1 MM !" op en string $r >l$N M} O@ $H $7 $F Dj <02=$9$k ;n$_ $G $" $k !# $b $&0l $D $O matrix mo del $H 8F $P $l $k M}O@ $G !" L58B 8D $N 0 <! 85 $" $k$$ $O 1 <! 85 $N D-brane $r 4pK\ E* $J BP >] $H $_$J $9 M} O@ $G $" $k [3, 4] !# $3$N >l9g $=$b$=$b $, B?BN7O $G$" $k $+$i !" >l $N M}O@ $H $O 0c $&7A $N BhFsNL;R2= $H 9M $( $i $l $k !# => $C $F $3 $3 $GLd Bj $K$9 $k $N $O !" D-brane $NM} O@ $N Fb Jq $9 $k 4v 2? $O $I $s$J $b $N $+ !) $H $$$& Ld $G $"$k !# D-brane $NNO3X $O$= $3 $K IUCe $9$k op en string $N NO3X $G$"$k $+$i !" $= $l$O op en string $N 4v2? $H 8@ $C $F$bNI $$ !# $7 $+ $7 $= $l $r M} 2r$9 $k$N $b 4J C1 $G$O $J $$ !# $=$3$G !" K\9F $G$O $b $&>/ $7 Ld Bj$r 9J$C $F !" !V :G Bg <!85 !J $^$?$O :G Dc <! 85 !K $N D-brane 7O $+$i !" A4 $F$N Dc <!85 !J 9b <! 85 !K $N D-brane $r $= $N M} O@$N OH Fb $G 9= @.$9 $k !W $H $$ $& $3 $H$r 9M $( $k !# $h$j6qBNE* $K$O !" !V $$ $+ $K Dc<!85 !J 9b<!85 !K $N D-brane $r 9=@.$9$k $+!) !W $H$$ $& $3$H $H !" !V $= $N D-brane $r $I $N$h $& $K J,N‘$9$k $+!) !W $H$$ $& Ld $K BP $7 $F$N 8=:_ $G$N M}2r $K $D$$ $F@bL@ $7 $?$$ !# $3 $l$K$O op en string $N :GDc <! $N mo de $N 4v2? $, 4X78 $7 $F$$$k $? $a !" >e $N#2 $D $NJ}8~ @- $r%5 %] !< %H $9$k $? $a $K$b:GDc 8BM}2r $7 $F $* $/ $3$H $, I, MW $H ;W $o $l $k !# $7 $+ $7 $= $l$@ $1$G$O $J $/!" $3$N$3$H <+BN $r%R %s %H $K ?7 $? $J Dj<02= $N J}8~@- $r C5$k $H $$ $& L\E* $b $" $k !# K\9F $NOC $NN. $l$O 0J2< $NDL $j $G$"$k !# x 2 $G$O $^ $: !" $3 $l$+ $i 07$& BP >] $G$"$k D-brane $N @-<A $dM-8zM} O@ $G$N5-=R $r>R2p $9 $k!# <! $$ $G non-BPS D-brane 7O $H 8F $P$l $k BPS $G$O$J$$ D-brane 7O $rF3F~ $7 !" :G Bg <! 85 $N non-BPS D-brane 7O $+ $i$NDc <! 85 $N D-brane $N9= @. $r9T$& !# $3 $l $i $OM}O@ $K 4^ $^ $l $k %? %- %* %s >l $N6E =L !J tac h y on condensation !K $K $h$C $F 0BDj2=$9$k $H$-$N%= %j %H%s 2r $H $7 $F :n $i $l $k !# x 3 $G$O $=$N D-brane $, top ological K -theory $G J, N‘$5 $l $k$3$H $r 8+ $k !# x 4 $G $O GX 7J $K B-�eld $, $" $k >l 9g$N D-brane $r 9M $( $k !# $3 $N$H $- $N D-brane >e$N M} O@ $O Hs2D 49 %2 !< %8 M} O@ $G 5- =R$5 $l !" Hs2D49 D-brane $H 8F $P $l $k$b$N$K $J $k !# x 5 $G$O !" Hs 2D 49 %2 !< %8 M}O@ $N %= %j %H%s$K 4X $9$k CN <1 $rMQ $$ $F:GBg<! 85 $NHs2D 49 D-brane $+$i$N F1MM $N 9=@. $r 9T $& !# $= $l $i$O C � Be?t $N (algebraic) K -theory $K $h $j J,N‘$5 $l $k $H 9M $( $i $l $k !# 0J>e $r $^ $H$a $k 1 asak a w a@yuk a w a.ky oto-u.ac.jp 1

$H BgBN0J2< $N$h $& $J I= $K$J $k !# 9b ! Dc :n$jJ} J,N‘ 2D49 D-brane %= %j %H%s 2r top ological K -theory Hs2D49 D-brane Hs2D49 %= %j %H%s algebraic K -theory (1.1) $=$N 8e $O !" >e $H$O 5U $K !" :GDc<!85$N 7O $+$i A4 $F$N 9b<! 85$N D-brane $r 9= @.$9$k OC $K 0\ $k !# $^ $: Hs2D 49 D- brane $, !" L5 8B 8D $N:G Dc <! 85 $N D-brane 7O $K$* $1 $kHs 2D 49 J? LL 2r $H $7 $F$b5-=R $5 $l $k $3 $H $r x 6 $G 8+ $k!# $3 $3 $G L58B8D $H$$ $& $N $, :nMQAG 4D $K CV $-49 $o $k $H$3$m $, =EMW $G$" $k !# $= $7 $F$3$N 4QE@ $r 1~MQ $7 !" x 7 $G$O L58B 8D $N :GDc<!85$N non-BPS D-brane 7O $+$i A4 $F$N D-brane $, 9=@. $G $- $k $3$H !" $^ $?$=$N J,N‘ $, 2DG= $G$" $k $3 $H$r <($9 !# $3 $l $i$r >e $H F1 $8 I= $G I=$9 $H !" Dc ! 9b :n$jJ} J,N‘ ( Hs ) 2D49 D-brane sp ectral triple analytic K -homology (1.2) $H$J $k !# B($A !" Dc<! 85 $N 7O $+$i$N 9=@. $G$O :nMQAG4D $@$1$G$J $/!" Hs2D49 HyJ,4v 2? $d K -homology $, EP>l $9 $k !# :G8e $K N><T $N 9=@. $r K K -theory $r MQ $$ $F E}0lE* $K M}2r $G $- $k $3$H$r 8+$k !# $J $* !" >e $N I= (1.2) $O 2f !9 $NF@ $? :G6a $N 7k2L $G$" $k [1] !# => $C $F x 7 $@$1$O review $G$O $J$$$3$H$r M= $a$* CG$j $7 $F $* $/ !# K\9F $O ;29MJ8 8% $O A4$/LVMe $7 $F $$$J$$ !# $^ $? FbMF $, B?4t $K EO$k$?$a !" A4BNE* $K @bL@ITB- $N 46 $, $" $k $N $G !" 3F>OKAF, $K 5s $2 $kBeI=E* $J review J88% $b ;29M $K $7 $F D: $-$?$$ !# 2 D-brane $H non-BPS system $3 $N >O $G$O $^ $: D-brane $K $D$$$F$N 4pK\E*CN <1 $r @0M} $7 !" <! $$ $G non-BPS D-brane 7O $r F3F~$9$k !# $3 $l $i$, 0J 2<$N 9M ;!$N <g$J BP >] $G $" $k !# $= $7 $F $3$l $i $N 4V $K %?%- %*%s 6E =L$r DL $7 $F @. $j N)$D 4X 78 !J descen t relations !K $K $D$$ $F 8+$k !# $J $* !" string M}O@ $H D-brane $K $D$$ $F $O [5] $, !" non-BPS D-brane 7O $K $D$$ $F $O [6] $, 4pK\E* $J J88% $G$" $k !# $5 $F !" K\ 9F $G9M $($k string M} O@ $O:G $b 4J C1 $J9= B$ $N T yp e I I string M} O@ $K8B $k!# $3 $l $O closed sup erstring $N M} O@ $G $" $k !# @]F0 O@ E* $K$O 2 <! 85 Riemann LL $+$i 10 <! 85 ;~ 6u X $X $N <L A| $r >l $H $9 $k � -mo del $G 5- =R$5 $l $k !# ;~6u $K$O N = 2 $N D6BP >N@- !J 32 8D $N @8@.;R $G @8 @.$5 $l $k !K $, $" $k $, !" $=$N c hiralit y $K $h $j !" T yp e I IA $H T yp e I IB $N #2<oN‘ $N M}O@ $, $" $k !# 0J 2< $G I,MW $J$N $O closed string $N b osonic massless mo de $N <oN‘$/ $i $$ $G$" $k !# ;~6u X >e $K 0J2< $N massless >l $, B8:_$9$k !# ( NSNS sector : �; g � ; B � RR sector : C ( p +1) (2.1) NSNS sector $N >l $O $=$l$> $l %9 %+%i !< >l (dilaton) !" 2 3, BP >N%F%s %= %k (gra viton) !" 2 3, H? BP >N%F%s %= %k (B-�eld) $G !" FC $K gra viton $H dilaton $, =ENO $r I=$9>l $G $" $k !# RR sector $N >l $O ;~6u$N ( p + 1)-form $G !" RR-�eld $" $k$$$O RR-form $H 8F $P $l $k !# C" $7 !" 5v$5 $l $k p $O T yp e I IA $G$O ev en !" T yp e I IB $G$O o dd $K 8B $i $l $k !# $^ $? !" B-�eld $H RR-form $O%2 !< %8 >l !J $N 9b<!HG !K $G$" $k !# Nc $( $P B-�eld $O 2-form $G $" $k $, !" 1-form $N %2 !< %8 %Q %i %a !<%? !< � $K $h $j B 7! B + d � $H $$ $& %2 !< %8 JQ 49 @- $r ;}$D !# Dc %( %M%k %. !<$G $O T yp e I I string M}O@ $O !" $3 $l$i massless >l $+ $i @.$k D6 =E NOM} O@ (SUGRA) $G 5-=R $5 $l $k !# 0J 2< $G $O$3 $l $i$N >l $r GX7J $H $7 $F !" $= $N Cf $G D-brane $r 9M $($F$f $/ !# 8e $G J, $+ $k $, !" D-brane $r DL $7 $F 8+ $l $P !" B-�eld $O Hs2D 49 4v2? $H 4X78 $, $" $j !" RR-form $O K -theory $H 4X 78 $, $" $k !# $^ $? 0J 2< $G$O ;~6u$N 7WNL $, Euclid $+ Mink o wski $+ $N 0c$$ $O$" $^$j5$ $K$;$: !" string scale � 0 $O FC $K I,MW $J$H$- 0J30 $O 2 � � 0 = 1 $H $* $/ !# 2

2.1 BPS D-branes D-brane $O !V op en strings $N C< $, IU Ce$9$k $3$H $, $G $- $k ;~6u X Cf$N D6BP>N $J D66JLL M !W $H $7 $F Dj5A$5 $l $k 9- $, $C $? ob ject $G $" $k !# M $, p + 1 <! 85 $N$H$-$K$O D p -brane $H 8F $P $l $k !# $3$3$G ;~4V 1 <! 85 $H 6u 4V p <!85 $H$r 9g $o$;$F p + 1 <!85 $G $" $k !# Nc $( $P D0-brane $O ;~6uCf $N N3;R $N 50@W $r !" D( � 1)-brane $O ;~ 6u $r @j $a $k0lE@ $r$= $l $>$l I=$9 !# 0J2< D-brane $N$$ $m$$$m $J FCD’ $r MeNs $7 $F $_ $k !# � RR-c harged ob ject (closed string $N source) closed string $+ $i 8+ $k $H !" D p -brane $O 87L) $K $O closed string $N 2 <! 85 w orldsheet $N6- 3& >u BV $H $7 $F Dj 5A $5 $l $k !# $"$k $$ $O Dc %(%M %k %. !< $N SUGRA $G $O !" ;~ 6u $NNN 0h M $K 9- $, $C $? %= %j %H %s 2r $H $7 $F 5- =R $5 $l $k!# $3 $l $O D-brane $, closed string $N5[ <} !" J| =P $r9T $& $3 $H $r0U L# $9 $k!# FC $K massless >l $N=E NO !" RR-form $H7k 9g $9 $k !# $= $N 7k 9g $N Bg $- $5 $r $= $l $> $l tension( BN @Q $" $? $j $N mass) T p $H RR-c harge � p $G I=$9 !# D-brane $, c harge $r ;}$D$H Ia DL 8@ $& $N$O !" � p $r C1 0L $H $7 $F B, $i$l $k RR-c harge $N$3 $H$G $" $j !" 0lKg $N D p -brane $O :G>. 7k9g � p R M C ( p +1) $K $h$j BP1~$9$k %2 !< %8 >l C ( p +1) $N source $K $J $C $F$$ $k !#=> $C $F 5v $5 $l $k D p -brane $O p $, ( I IA : p = 0 ; 2 ; 4 ; 6 ; 8 I IB : p = � 1 ; 1 ; 3 ; 5 ; 7 ; 9 (2.2) $N$H$- $G$" $k !# $^ $? M $O 8~ $- IU $1$r ;}$A !" 5U8~ $- $O 5U $N C10L RR-c harge $r ;}$D $N $G !" $3 $l $r an ti- D p -brane $" $k$$ $O D p -brane $H 8F$V !# � BPS ob ject BPS @- $H $O 0lHL $K mass $H c harge $N 4V $K$"$k4X78 $, IU $$ $F !" D6BP >N @- $r J] $D>u BV $r$$ $& !# D p -brane $O T p = � p $r K~ $? $7 !" ;~ 6u $N D6 BP >N @- $N H> J, $rJ] $D BPS >u BV $G $"$k!# J? 9T $KCV $$ $? 2 Kg $N D p -branes $N 4V $K$O closed string $N J|=P !" 5[<} $K $h$j NO $, F/ $/ $, !" BPS @- $K $h$j =ENO $H RR-form $K $h $k@M NO $, D‘ $j9g$C $F Aj;& $9$k !# => $C $F !" J?9T $J D p -brane $N 4V $K$O B+G{ %(%M %k %. !< $, @8 $8 $: !" 2? Kg=E $M$?$b $N$b BPS $G $" $k !# $J $* !" 0J2< $G $O BPS $G$O $J$$ D-brane $, =P $F $/$k $N $G !" FC $K$= $l $H 6hJL $7 $?$$ $H $- $O BPS D-brane $H $$ $& 8@ $$J} $r $9 $k !# � dynamical ob ject 6-3&$N$" $k w orldsheet $O op en string $N w orldsheet $H $b 2r <a$5 $l $k$N$G !" D-brane $K op en string $N C< $, IU Ce $7 $? >u BV $H $_$J $; $k !# $3$N op en string $N massless mo de $O !" D-brane $N Dc%(%M%k %. !< $G $N 1?F0 $r 5-=R$9$k<+M3EY $H 2r<a $5 $l $k !# $3 $l$K $h$j D-brane $O dynamical $K 1?F0 $7 $? $j 7A $r JQ $( $?$j $9$k ob ject $K $J $j !" $=$NNO3X $O Dc %(%M %k %. !< $G$O M >e $N massless >l $N M}O@ $G 5-=R$5 $l $k !# <B :] !" ;~6u X = R 10 Cf $N D p -brane M = R p +1 $N >l 9g !" N>J} $N C< $, M $K >h$C $? op en string $+$i @8 $8 $k M >e$N b osonic $J massless >l $O !" :BI8 x 2 M $N 4X?t $H $7 $F ( A � ( x ) ( � = 0 ; 1 ; � � � ; p ) : U (1) gauge �eld � i ( x ) ( i = p + 1 ; � � � ; 9) : transv erse scalar (2.3) $G M? $($i $l $k !# $3$3 $G � $O M $K J?9T $J J}8~ !" i $O ?bD> $J J}8~ $r I=$9 !# $D$^ $j!" D p -brane $K$O U (1) %2 !< %8 M} O@ $, >h$C $F$$$F A = A � dx � $, $=$N %2 !< %8 >l $G $" $k !# $^ $? %9%+ %i!< >l � i $O D p -brane $H ?b D> $J i J}8~ $X $N 0LCV $NJQ2= $r I=$9 !# => $C $F D p -brane $N >uBV $O C1 $K w orldv olume M $@$1$G ;XDj $5 $l $k$N $G$O$J $/!" $=$N >e $N NO3XE* $J >pJs$b4^ $s$G $$ $k !# M $, 6J $, $C $? 6u4V $N >l9g $K $b E,MQ $G $- $k$h $& $^ $H$a $k $H !" ;~6u X Cf $N D p -brane $O 8 > < > : M : p + 1 dim. w orldv olume L ! M : line bundle o v er M � : M , ! X : em b edding (2.4) 3

$H $$ $&AH $G 5-=R $5 $l $k $H 8@ $( $k !# $3$3 $G L $N connection $, U (1) %2 !< %8 >l $G $" $k !# � gauge symmetry enhancemen t D-brane $, N KgJ?9T $K =E $J $C $? 7O $r N D-brane $H 5-$9 !# $3$N 7O$N NO3XJQ?t$b F1MM $K !" op en string $N massless mo de $K M3Mh $9 $k !# $3$N>l9g !" op en string $NC<E@ $, $I $N D-brane $K C< $r ;} $D $+ $r 6hJL $9 $k $? $a $K !" 3F D-brane $K%i %Y %k f 1 ; � � � ; N g $r IU $1 !" N <! 85 J# AG %Y%/ %H%k 6u 4V C N $r Chan-P aton 6u 4V $H 8F $V !# op en string $O 8~$-IU $1$r ;}$D $N $G N 2 $N <+M3EY $, $" $k $, !" $3 $l $r Chan-P aton 6u4V $K :n MQ $9 $k <+ 8J =‘ F1 7? End C N = M N ( C ) $H 9M $( !" Chan-P aton 0x ;R $H8F $V !# => $C $F op en string $N3F >u BV $O !" mo de E83+ $K 2C $( Chan-P aton 0x;R $G ;X Dj $5 $l $k $3 $H $K $J$k !# $5 $F !" N> J} $NC< $, F1 $8 D-brane $K >h $C $F$$$k>uBV $+ $i $O >e $H F1 $8 $/ U (1) $N %2 !< %8 >l $, =P$k $, !" 0[ $J$k D-brane $r $D $J $0 op en string $+$i $b massless >l $, =P$k $N $G !" %2 !< %8 72 $O C1=c $K M=A[ $5 $l $k U (1) N $G$O $J $/!" U ( N ) $K 3HBg $7 $F $$ $k $3$H $, $o$+ $k !#=> $C $F N D p -brane >e $N >l $O ( A � ( x ) ( � = 0 ; 1 ; � � � ; p ) : U ( N ) gauge �eld � i ( x ) ( i = p + 1 ; � � � ; 9) : transv erse scalar (2.5) $G M? $($i$l $k !# ?bD> $J J} 8~$N %9%+%i !< >l$b U ( N ) $N adjoin t I= 8= $K 3HBg $7 $F $$ $k$?$a !" C1=c $K D p - brane 0LCV $r I=$9 $o $1$G $O$J $/ $J$k !# � i ( x ) $N $& $A !" N � N 9TNs $NBP3Q@.J, $N N 8D $N %9%+ %i!<4X?t $, N Kg $N D p -brane $N i J} 8~ $N 0LCV $r I=$9!# 0lJ} !" 3FHsBP3Q @.J, $O #2 Kg$N D p -brane $N 0LCV$N :9 $K HfNc $7 $? mass $r ;}$A !" A4 $F$N0LCV $, 0lCW $9$k $H$-0J30 $O !" U ( N ) $r :GBg U (1) N $K GK$k8z 2L $r ;} $D !# =>$C $F !" A4 $F$N i; j $K BP $7 [ � i ; � j ] = 0 $N >l9g $K$O A4 $F$N J}8~ $, BP3Q2= $5 $l N Kg $, =E $J $C$? 0LCV $H $7 $F 2r <a $G $- $k $, !" [ � i ; � j ] 6 = 0 $N >l9g $O Hs2D49 (non-Ab el E* ) $J :BI8 $H $_$J $9 $7 $+ $J $$ !# C" $7 =E ?4 :BI8 1 N T r � i $O >o $K <h$j=P $; $k$N $G !" $7$P $i $/ $O [ � i ; � j ] 6 = 0 $N 8z2L $O K: $l !" 0J2< $G ;~6u X Cf $N N D p -brane $r FCD’IU $1 $k !# 8 > < > : M : p + 1 dim. w orldv olume E ! M : Chan-P aton bundle o v er M � : M , ! X : em b edding (2.6) $3$3$G Chan-P aton bundle $H$O !" $=$N �b er $, Chan-P aton 6u4V C N $G 9=B$72 $, U ( N ) $N J#AG %Y %/ %H %k %P %s %I %k $r 0UL#$9$k !# 0J>e $N $3 $H$r F’$^ $($F !" N D p -brane $r 5-=R $9$k>l $NM}O@ $r 0J2< $G M? $( $k !# $3 $l$O >l A; � $r NO3XJQ?t $H $9$k M >e $N >l $N M}O@ $G !" $=$N :nMQHF4X?t $O S [ A; � ] = S B I + S C S (2.7) $H $$ $& #29‘ $+$i$J $k !# S B I $O N = 1 $N >l9g $O Dirac-Born-Infeld :nMQ $H 8F $P $l $k S B I = T p Z M d p +1 x q det( e g + 2 � � 0 ( e B + F )) � (2.8) $H $$ $&HF4X ?t $G $" $k !# $3$3$G T p = 2 � g s (2 � p � 0 ) p +1 $O D p -brane $N tension $G !" e g = � � g !" e B = � � B $O ;~ 6u X >e $N GX 7J>l g !" B $N w orldv olume M $X $N pull-bac k $r 0U L#$9$k !# $h$C $F$3 $l$O U (1) 6JN( F = dA $H pull-bac k � $r NO3XJQ?t $H $7 !" GX7J $N NSNS sector $N >l $H$N 7k9g $r 5-=R $7 $F $$ $k 1 !# FC $K !" B-�eld $H 6JN( $, e B + F $N AH $_ 9g $o$; $G 8= $l $k $3 $H $K Cm0U $9$k !# $3 $l$O !" D-brane $N B8:_2< $G$O B-�eld $N %2 !< %8 JQ49 $, B 7! B + d � ; A 7! A � e � (2.9) 1 dilaton $O Dj?t $K 8GDj $7 $F string coupling g s $K 4^$a$F$$$k !# 4

$H !" %2 !< %8 >l $NJQ49 $r 4^ $a $F @. $jN) $D $3 $H$r H?1G $7 $F $$$k !# $3 $l $r � BP>N@- $H 8F $V !# $J$* !" $3$N :nMQHF 4X ?t $G $O 6J N( F $NHyJ, 9‘ $OL5;k $7 $F$$$k!# N Kg $N>l 9g $O 87 L) $K $O 3N N) $5 $l$F$$ $J$$ $, !" (2.8) $NE,Ev $J U ( N ) $X$N 3HD% $G @5 $7 $$$H$5 $l $F $$ $k 2 !# $7 $+ $7 !" $I $N $h $& $J 3HD% $G$" $C $?$H $7 $F $b !" string scale $, � 0 ! 0 $N 6K8B $G$O <! $N U ( N ) Y ang-Mills M}O@ $K 5"Ce$9 $Y$- $@$H M=A[ $5 $l $F $$ $k !# S Y M = 1 4 g Y M Z M d p +1 x p g T r � � F 2 � + 2( D � � i ) 2 + ([ � i ; � j ]) 2 � (2.10) 0lJ} !" S C S $O Chern-Simons term $" $k $$ $O W ess-Zumino term $H 8F $P$l $k9‘ $G !" NO 3X $K$O 8z $+$J$$ top o- logical $J >pJs $r 5-=R $7 $F $$ $k !# S C S = T p Z M e C ^ c h( E ) s b A ( T M ) b A ( N ( M ; X )) (2.11) $3$3$G C := P p q C ( q +1) $O RR-form $N 7A <0OB $G ( q $O I IA $G $O ev en !" I IB $G$O o dd $r :GBg p $^ $G Av$k ) !" e C := � � � C ^ e 2 � � 0 iB � $O $= $l $H B-�eld $H $N AH$_ 9g$o $;$r pull-bac k $7 $? $b $N !# c h( E ) := T r e 2 � � 0 iF $O Chan-P aton bundle E $N Chern c haracter $G $" $k !# ;D$j$N 9‘ $O T M $d Kd$a 9~$_ $K 4X$9 $k normal bundle N ( M ; X ) $, Hs<+L@ $J$H$-$N Jd@59‘ $G $" $k 3 !# $3 $3$+$i FI$_ <h $l $k !V brane within brane !W $H $$ $& 8=>] $O 0J 2< $G FC $K =EMW $G $" $k !# %2 !< %8 >l $N top ology $K 0M $i $: !" $3$N9‘ $O I, $: D p -brane $H RR-form C ( p +1) $H$N :G>. 7k 9g $r4^ $s$G$$$k $, !" $3 $l$O D p -brane $, RR-c harge(D p -brane c harge) $r ;} $D $3 $H $r0UL# $7 $F$$ $? !# $H $3$m $, !" %2 !< %8 >l $, c h( E ) 6 = 1 $J $kHs <+ L@ $J G[0L $r $H$C $? $H$- $K$O !" $= $l$@$1 $G $O$J $/!" q < p $J $k RR-form C ( q +1) $H$b 7k9g $9 $k !# $D$^ $j!" Dc $$<! 85 $N D q -brane c harge $b F1;~ $K ;}$D !# $3 $l$O D p -brane $K D q -brane $, 4^$^ $l $F $$ $k !" 8@ $$ 49 $( $k$H b ound state $K$J$C $F$$$k $3 $H $r 0UL# $9$k!# Nc $( $P !" 4 <!85 Y ang-Mills M}O@ $r D3-brane >e $NM}O@ $H 9M $( $k $H !" $= $N Hs<+L@ $J instan ton G[0L $O D3-D( � 1) b ound state $H 2r<a $5 $l $k !# 2.2 D p - D p system >e=R $N$h $& $K !" D p -brane $O 2?Kg $G$b NO $, F/$/ $3$H$J $/<+M3 $K =E $M $k $3$H $,$G $- !" $=$NA4BN $O BPS @- $r J]$C $F$$$? !# $3$3 $G$O !" D p -brane $H D p -brane #1 Kg $: $D $r J?9T $K CV$$ $? 7O $r 9M $( $k !# $3 $l $r D p - D p 7O $H 8F $V !# $I $A $i $b closed string $N source $G $" $k $+$i N><T $N 4V $K$O NO $, F/$/ $, !" $3$N >l9g RR-c harge $, 8_ $$ $K 5UId 9f $G$"$k $? $a RR-form $N 8r49 $K$h$kNO $O 0zNO $K$J$k !# => $C $F $3$N7O $O IT0B Dj $G !" :G 8e $K $O $D $V $l $F $7 $^ $& $H 9M $( $i $l $k !# $^ $?D6BP>N@- $r GK $C $F$$$k $? $a BPS $G $b $J$$ !# $3$NIT0BDj@- $O op en string $+$i 8+ $k $H brane $N NO3X $H $7 $F 5-=R$9$k $3$H $, $G $- $k !# $3 $N 7O $N Chan-P aton 0x;R $O op en string $N $I $A $i$N C< $, $I $A $i$N brane $K >h$k $+ $K $h$C $F 0J2< $N 4 <o N‘ $, $" $k !# p � p p � � p � p � p � p � � p ! (2.12) $3$3 $G Nc $( $P p � p $H$O N>J}$N C< $, D p -brane $K $" $k op en string $r I=$9 !# $D$^$j Chan-P aton 6u4V $, C 2 $G !" Chan-P aton 0x;R $O M 2 ( C ) $G$" $k !# $3 $l$O C10L 9T Ns $H P auli 9TNs f I ; � 1 ; � 2 ; � 3 g $G @8@. $5 $l $k !# C" $7 !" 2 Kg$N D p -brane $N >l9g $H$O 0J 2< $N 0c$$ $, $" $k !# p � p $H � p � � p $K $O !" w orldsheet $N%U%’ %k %_ %* %s ?t F $K BP $7 ev en $J >uBV ( � 1) F = 1 $r A* $V $H$$ $& GSO pro jection $, 2] $5 $l $F $$$k$N $K BP $7 !" p � � p $H � p � p $K$O 2 F $r U ( N ) $N Chan-P aton bundle $N 6JN($H $7 $F !" BP>N2= $7 $? trace $r A^ F~ $7 $? non-Ab elian Dirac-Born-Infeld $K $9 $k$J $I !#99 $K =E?40J30$N [ � i ; � j ] $N 9‘ $r 4^$a$k !# 3 0J2< $7$P$7$P >JN,$9$k !# 5

DL>o $H $O 5U $N GSO pro jection ( � 1) F = � 1 $r 2]$9I,MW $, $" $k 4 !# $3$N$3$H $O !" Chan-P aton 6u4V $, sup er %Y %/ %H %k 6u4V $G !" Chan-P aton 0x;R M 2 ( C ) $, grading :nMQAG ( � 1) F = � 3 = 1 0 0 � 1 ! (2.13) $K $h$j Z 2 -grading $r ;}$D !" $H I=8= $G$- $k !# @8@.85 $G 8@ $& $H f I ; � 3 g $, ev en !" f � 1 ; � 2 g $, o dd $G $" $k !# $5 $F !" $3 $l$i$N op en string $N mo de $r D4 $Y$k $H !" ev en $J >u BV p � p $H � p � � p $K $O DL>o $N GSO pro jection $r 2]$9$N$G !" $= $l$> $l D p -brane $H D p -brane >e$N %2 !< %8 >l $H %9%+%i !< >l $, massless >l $H $7 $F =P$F $/$k !# 0lJ} !" o dd $J >uBV p � � p $H � p � p $K$O 5U $N GSO pro jection $r 2]$9 $N $G !" massless mo de $G$O$J $/!" %? %-%* %s $H 8F $P $l $kIi $N (mass) 2 $r ;}$D %9%+ %i!< >l $, ;D$k !# => $C $F D p - D p >e$N>l $O 8 > < > : p � p sector: A + � ; � + i � p � � p sector: A � � ; � � i p � � p sector: T (2.14) $G M? $( $i $l $k !# $3$3 $G op en string $O 8~ $-IU $1 $, $" $k $? $a !" %? %-%* %s T $O J#AG%9 %+ %i!<>l $G !" � p � p sector $N >l $O$=$N J#AG6&Lr T $G $" $k !# 6qBNE* $J :nMQHF4X?t $O x 3.1 $G M? $( $k !# $3 $N %? %-%* %s $N B8:_ $, !" 7O $NIT0BDj@- $r I= $7 $F $$ $k !# 8e $G 6qBNE* $K M? $( $k $, !" 0lHL $K %? %-%* %s $N%]%F %s %7 %c %k V ( T ) $O j T j $N 4X?t $G !" wine b ottle 7? $r $7 $F$$ $k !# T = 0 $G >e $K FL $G$"$k $3$H $, Ii $N (mass) 2 $r 0U L# $7 $F $$$F !" %]%F %s %7%c %k $N Dl $O J#AG>l $f $( j T j = 9 T 0 $J $k1_<~>e $K $" $k !# => $C $F$3$N 7O $O T = 0 $G$O IT 0BDj $G$"$k $, !" %? %-%* %s $, j T j = T 0 $K CM $r$H$k $H$- $K 0BDj2= $9$k!# $3 $l $r %? %-%* %s 6E=L $H 8F $V !# $G $O 0BDj 2= $7 $? @h $O $I $s $J >uBV $+ !)$H $$ $& $3$H $, LdBj $K $J $k $, !" J*M}E* $K$O Sen $K $h $k <!$N M=A[ $, $" $k !# !V D p - D p 7O $O %? %- %* %s 6E=L $K $h$j >CLG $7 $F ??6u $K $J $k !# !W $3$3$G $$ $& ??6u $H $O D-brane $, B8:_ $7 $J $$ closed string $N 4pDl>u BV !" $D$^ $j RR-c harge $b%(%M %k %. !<$b 0 $N >uBV $G$" $k !# 85!9 7O $N RR-c harge $O 1 + ( � 1) = 0 $G $"$k $+ $i !" $3 $NM=A[ $O !" 85!9 $N %(%M %k %. !< $G$"$k 2 KgJ, $N tension $H !" %? %-%* %s $, T = 0 $+$i j T j = T 0 $X CM $rJQ $( $k $H$- $N %]%F %s%7%c %k%(%M %k %. !< $NMn$A 9~ $_ $, Aj;& $7 $F !" 2 T p = V (0) � V ( T 0 ) $r K~ $?$9 $3 $H $r 0U L#$9$k !# $3$N M=A[ $O :# $d MM !9 $J 7W;; $K $h $C $F 3N $+$a$i $l $F $$ $k !# $h$j0l HL $K $O D p -brane $, N Kg !" D p -brane $, M Kg=E $J$C $?7O $, 9M $( $i $l $k !# $3$N>l9g $K $O !" (2.14) $N $= $l $>$l $N %2 !< %8 >l $O U ( N ) !" U ( M ) $G !" %9 %+ %i!<>l $O$= $l $>$l U ( N ) !" U ( M ) $N adjoin t I=8= !" %? %-%* %s $O$3 $l $i $N AP4pK\I=8= ( N ; M ) $K B0$9$k !# 2.3 non-BPS D p -brane $b $& 0l <o N‘ $NIT0BDj $J 7O $H $7 $F non-BPS D p -brane $, $" $k !# $3 $l$O T yp e I IA (I IB) $N >l9g !" !V T yp e I IB (I IA) $N D p - D p 7O $r ( � ) F L $G 3d$C $?$b $N !W $H $7 $F Dj5A $5 $l $k !# $3 $3 $G @53N $K $O F L $O closed string $N left mo ving sector $N;~6u $N %U %’ %k %_ %* %s ?t $rI= $9 $, !" MQ $$ $k $N $O <! $N@- <A $@ $1 $G$" $k!# ( � 1) F L $K$h$k orbifold $r closed string $G$H $k $H !" I IA M}O@ $H I IB M}O@ $, F~ $l BX $o $k !# $^ $? brane $K 4X $7 $F$O !" ( � 1) F L $N :nMQ $O D p -brane $H D p -brane $r F~ $l BX $( $k !# $D$^ $j Chan-P aton 6u4V $X $N:nMQ $O C 2 = C � C $N @.J, $NF~ $l BX $( ( � 1) F L = � 1 = 0 1 1 0 ! (2.15) $G $"$k $+ $i !" Chan-P aton 0x ;R M 2 ( C ) $N $& $A ( � 1) F L ev en $J>u BV $O f I ; � 1 g $G @8 @. $5 $l $k It J, $G $"$k!# => $C $F !" I IA $N D p - D p 7O $+$i =PH/ $9$k $H !" M} O@ $O I IB $K$J $j !" 7O $O D p - D p $N $& $A ( � 1) F L ITJQ $J >uBV f I ; � 1 g 4 85 !9 M}O@ $r Dj 5A$9$k:] $K closed string $K GSO pro jection $, 2]$5 $l $F $$ $k $, !" 2 Kg$N brane $r $D$J $0 closed string $r op en string $H FI $_ BX $( $k $H$-$K !" p � p $H p � � p $H$G$O 5U$N GSO $K $J $k !# 6

$K @)8B $5 $l $k !# D p -brane $H D p -brane $r 0z $-N%$9<+M3EY $N f � 3 g $, Mn$A$k $N $G !" $3$N 7O $O $b $O$d 2 Kg $G $O $J $/ 1 Kg $N 7O $G$" $k $3$H $K Cm0U$9$k !# Dj5A $+$i $9 $0 $o$+ $k$h $& $K !" 5v $5 $l $k non-BPS D p -brane $O BPS $N >l9g (2.2) $H 5U $G $" $k !# ( I IA : p = � 1 ; 1 ; 3 ; 5 ; 7 ; 9 I IB : p = 0 ; 2 ; 4 ; 6 ; 8 (2.16) ;~6u $K$O$3 $l$K 7k9g$9$k RR-form $, L5 $$$N $G !" non-BPS D p -brane $O RR-c harge $r ;} $? $J$$ !# =>$C $F$3 $N 7O $O J]B8EE2Y $r ;} $? $J$$$? $a IT0BDj $G$" $k !# <B:] !" $3$NIT0BDj@- $O non-BPS D p -brane >e $N>l $K %? %-%* %s$, 4^$^ $l $k $3 $H$G I=$5 $l $F $$ $k !# @hDx $H F1MM $K !" op en string $N 2r@O $+$i non-BPS D p -brane >e $N >l $O ( I sector: A � ; � i � 3 sector: T (2.17) $H F@ $i $l $k !# I sector $O BPS D p -brane $H F1 $8 <oN‘ $N>l $G$"$k !# � 3 sector $K$O Ii $N (mass) 2 $r ;} $D %? %-%* %s >l $, $" $k $, !" :#EY $O D p - D p $N$H $-$H$O 0c$$ <B %9%+%i!< >l $G $" $k !# => $C $F%] %F %s %7 %c %k V ( T ) $O 0l HL $K double w ell 7? $r $7 $F $$ $k !# T = � T 0 $r Dl $H $9 $k$H !" Sen M= A[ $O p 2 T p = V (0) � V ( T 0 ) $H $J $k 5 !# N Kg $, =E $J $C $? N non-BPS D p -brane 7O$b F1 MM $K 9M $($i$l $k !# $=$N$H$-$O %2 !< %8 >l $O U ( N ) $G !" %9 %+ %i !< >l $H %? %-%* %s >l $O$=$N adjoin t I=8= $K B0$9$k !# $J $* !" $3$3$G $O ;~ 6u $O X = R 10 $J $I $r A[ Dj $7 $F $$ $k$?$a !" non-BPS D p -brane $O IT 0B Dj $G $" $k$H 8@$C $F$$$k $, !" E,Ev $J orbifold X = R 10 = � $J $I $r <h$k $H !" orbifold pro jection $K $h$j%? %-%* %s $, Mn$A$k >l9g $, 9M $( $i $l !" non-BPS $G $b 0BDj $K$J $k $3$H $, $"$j F@$k!# 85!9 $O$=$N$h $& $J >l9g $K J*M}E* $K 6=L# $, $" $k $o $1 $@ $, !" $3$3 $G$O >CLG$9$k2aDx $d$=$N%Q%?!< %s $N J} $K CmL\$9$k !# :G 8e $K !" D p - D p 7O $H non-BPS D p -brane 7O $N N‘ ;w E@ $HAj 0c E@ $K $D $$ $F %3 %a %s %H $7$F$* $/ !# N‘ ;w E@ $O D p - D p 7O$H F1 $8 $/ non-BPS D p -brane 7O$N Chan-P aton 0x ;R$b Z 2 -grading $r ;}$D$3 $H $G $" $k !# f I ; � 1 g $, J# AG Cli�ord Be ?t C 1 = C � I � C � 1 $r @8 @. $7 $F $$ $k $3$H$K Cm0U$9 $k $H !" N non-BPS D-brane $N Chan-P aton 6u 4V$O C 1 -mo dule $N 9= B$ $r ;} $D$H 9M$($i$l $k !# <B :] !" C N C 1 = C N � C N � 1 $+ $i !" $= $N <+ 8J =‘ F1 7? $O End C N C 1 = M N ( C ) � I � M N ( C ) � 1 $H $J $j !" 3N $+ $K non-BPS D-brane $N Chan-P aton 0x ;R $K $J $k !# Cli�ord Be ?t $K$O <+ A3 $K Z 2 -grading ( I @. J, $r ev en !" � 1 @. J, $r o dd $H $9 $k ) $, $" $k !# =>$C $F !" $3 $N >l 9g $b Chan-P aton bundle $O sup erbundle $G $" $k !#DL >o MQ $$ $i $l $k MQ 8l$G $O N> <T$N sup erbundle $N 0c $$ $O !" D p - D p $N J} $O ev en(graded) !" non-BPS D p -brane $N J} $O o dd(non-graded) $H 6h JL$5 $l $k !# $D $^$j Chan-P aton bundle $K 4X $7 $F 8@ $& $H !" BPS D-brane $H$N0c $$ $O Z 2 -grading $, $"$k $+ $I $& $+$G !" BPS $G$J $$ 2 $D$N 7O $O ev en $+ o dd $+ $N 0c$$ $@$1$G $" $k !# 2.4 descen t relations $3 $l $^ $G 8+ $F$- $?$$$m$$$m $J D-brane 7O $O !" descen t relations $H 8F $P $l $k0J2< $N$h $& $J 4X78 $G Aj8_ $K 7k $S $D$$$F$$ $k !# I IB I IA I IB ( p + 1) dim. I IB D p - D p ( � 1) F L � ! I IA non-BPS Dp ( � 1) F L � ! I IB BPS Dp + . T + . T p dim. I IB non-BPS Dp-1 ( � 1) F L � ! I IA BPS Dp-1 + . T ( p � 1) dim. I IB BPS Dp-2 (2.18) 5 0lKg$N non-BPS D p -brane $O BPS $K Hf $Y$F p 2 G\$N tension $r ;}$D !# 7

$^ $: p + 1 <! 85$N 7O F1 ;N$N 2#$N 4X 78 $O !" ( � 1) F L $G 3d$k$H $$ $&1i;; $G 7k $S $D$$$F $$ $k !# :G=i$N ( � 1) F L $O non-BPS D p -brane $N Dj 5A $G $" $j !" Chan-P aton 0x ;R M 2 ( C ) $K 4X $7 $F ev en $J @8@. 85 f I ; � 1 g $r A*$V$b$N $@ $C $? !# 99 $K (I IA $N )( � 1) F L $G 3d$k $H !" @8@.85 $O I $@ $1 ;D$j!" 0lKg $N BPS D p -brane $, F@ $i $l $k $3$H $, $o$+ $k !# <P$a $N Lp 0u$O T-dualit y $r I= $9!# $= $7 $F !" =D$N Lp 0u$O %?%- %*%s 6E =L $G $" $k !# IT0B Dj$J non-BPS D-brane 7O $O 4{ $K 8+ $? $h $& $K$= $N$^ $^ $G $O ??6u $K >CLG $9 $k $, !" top ological $J obstruction $, $"$k>l 9g $K $O !" $h$j<!85 $NDc$$0BDj $J 7O $K $^ $G Jx2u $7 $F$=$3$G ;_$^$k !# $3$3 $G $O !" D p - D p $+$i BPS D( p � 2)-brane $K Jx 2u$9 $k %W %m%; %9 $H $7 $F !" v ortex 7?$N%= %j %H %s 2r $K $h $j <! 85 $, 2 2< $, $k >l 9g $H !" kink 7?$N%= %j %H %s 2r $K $h $j<!85 $, 1 2< $, $k %W %m%; %9 $r 2 2s7+$jJV$9>l9g $r >R2p$9$k !# � D p - D p ! BPS D( p � 2) $3 $l $O %i%U$K 8@ $( $P D p - D p $N >C LG $H !V brane within brane !W $N AH$_ 9g $o$;$G $" $k !# B($A !" D( p � 2) c harge $r ;}$D$h $& $J %2 !< %8 ux $, $" $k>u BV $+$i D p - D p $N >CLG $, 5/$-$k $H !" D( p � 2)-brane $@$1$, 8e $K ;D $k $3 $H $K$J$k!# 6q BN E* $K $O D( p � 2)-brane $NM><! 85 2 $N R 2 $r 6K:B I8 ( r ; � ) $G I= $7 $? $H $- !" R 2 $N L58B1s r ! 1 $G v ortex 7? $N G[0L T � T 0 e i� ; A + � � A � � � 1 (2.19) $r $H$k !# %? %-%* %s $O L58B 1s $G v acuum manifold U (1) � U (1) U (1) � U (1) $r 1 2s wind $7 $F$$$k � 1 ( U (1)) $N @8@.85 $G$" $k !# $^ $? R R 2 F + � F � = 2 � $h$j C10L D( p � 2) c harge $r ;}$D !# $3 $l$, R 2 $N 86E@ r = 0 0J30 $G$O %? %-%* %s$, ??6u $K >CLG $7 !" 86E@ $K D( p � 2)-brane $N ;D$C $? G[0L $G$" $k $3 $H $, <( $; $k !# � D p - D p ! non-BPS D( p � 1) ! BPS D( p � 2) :G=i $N %W %m%; %9 $O !" %? %-%* %s $, M><!85 1 $N x 2 R 1 >e $G T � � T 0 at x ! �1 $H$$ $& kink 7? $NG[0L $r$H $k$b $N $G$" $k !# $7 $+ $7 !" %? %-%* %s$O J#AG $G wine b ottle 7? $N %]%F %s%7%c %k$r ;}$D $N $G !" $3$NG[0L $O 0BDj $G $O$J$$!# <B :] !" $3 $N2r $+ $i$NMI $i $. $K $O <B $N%? %-%* %s $, ;D $C $F $$$k!# => $C $F $3 $l$O non-BPS D( p � 1)-brane $H 2r<a $5 $l $k !# <! $N %W %m %; %9 $b kink 7? $NG[0L $G$"$k $, !" :# EY $O <B %? %-%* %s$O double w ell 7? $N %]%F %s %7 %c%k$J$N$G 0BDj $J%= %j %H%s 2r $G$" $j !" � 0 ( f� T 0 g ) = Z 2 $r @8@.$9$k !# 0J>e $N5DO@ $+$i J, $+ $k $N $O !" G$0U $N<!85 $N D-brane $O 1 <!85 $" $k $$ $O 2 <!859b $$IT0BDj $J non-BPS 7O $+$i %? %-%* %s 6E=L $K $h $j :n $i $l $k !" $H$$ $& $3$H $G$" $k !# 99 $K 9b $$ M><!85 $N >l9g $b !" 85 $N7O $N Kg?t $r A} $d $7 $F$* $$ $F>e $N9=@. $r 7+ $jJV $; $P F1MM $J 9=@. $, 2DG= $G$"$k !# Nc $( $P !" 2 Kg $:$D$N D( p + 2)- D( p + 2) $+$i =PH/ $7 $F !" $=$N $& $A 1 %Z%" $+$i v ortex $K $h$j D p $r !" $b $& 1 %Z%" $+$i an ti-v ortex $K $h $j D p $r 0lKg $: $D :n$C $F D p - D p $H $7 !" $=$N7O $G :F $S v ortex $r 9M $( $k $H D( p � 2) $, :n $l $k !# => $C $F !" ==J, B? $$Kg?t $N:GBg<! 85 $N IT0BDj $J 7O ( I IA: non-BPS D9 7O I IB: D9- D9 7O (2.20) $+ $i =PH/ $9 $l $P A4 $F$N<!85 $N D-brane $, :n $i $l $k $3 $H $K$J $k !# $3 $l$O 85 !9 closed string M}O@ $N %= %j %H%s 2r $G$" $C $? D-brane $, !" 10 <!85$N w orldv olume >e $N >l $N M}O@ $N%= %j %H%s 2r $H $7 $F $b 5-=R $G $- $k !" $H$$ $&A4 $/?7 $7 $$ 4QE@ $r M? $($F$$$k 6 !# >l $NM}O@ $N %= %j %H%s $N c harge $O 0lHL $K homotop y 72 � n ( G=H ) $G J,N‘ $5 $l $k $?$a !" $3$N 4QE@ $+$i$N D-brane c harge $N top ological $J J,N‘ $, 2DG= $G$" $k $3$H $, M=A[ $5 $l $k !# $3$N $3$H $r <!>O $G 8+$k !# 6 99 $K 8@ $& $H op en string M}O@$N %= %j %H%s $H $b$$$( $k !# 8

3 D-brane $H K-theory D-brane $O 85 !9 closed string M}O@$N%= %j %H %s $G !" RR-form $H $N :G>. 7k9g $r DL $8 $F RR-c harge $r ;}$C $F $$ $? !# $h $C $F;~6u $K B8:_ $7 $& $k D-brane $O RR- %2 !< %8 >l $N?6 $k Iq $$ $G 7hDj $5 $l $k !# $3 $l$O D-brane $N RR- c harge $, cohomology $G B, $i $l $k $3 $H $r<( $7 $F$$$k !# $7 $+ $7 !" D-brane $,%2 !< %8 >l $rH< $& ob ject $G$" $k $3 $H$r 9MN8$9 $k $H !" RR-form $H $N 7k 9g $O Chern-Simoms term $G I=$5 $l $k $?$a !" RR-c harge $O cohomology $G $O$J $/ $= $N0lHL 2= $G$" $k K -theory $G B, $i $l $k $3 $H $, <(:6 $5 $l $k !# $3$N $3 $H $O op en string $G 8+$k $H $O$C $-$j$9$k !# B($A !" D-brane $, >l $N M}O@$N%= %j %H %s $G $" $k $H $$ $& 4QE@ $+$i !" D-brane $, K -theory $G J,N‘$5 $l $k $3 $H$r K\>O $G$O @bL@$9$k !# $J$* !" $3$N >O $K 4X$9$k;29MJ88% $O [7] $G $" $k !# 3.1 T yp e I IB $H K ( X ) T yp e I IB M}O@ $K $* $1 $kG$0U $N D-brane $O !" D9- D9 7O $+ $i 9=@.$5 $l $k !# $^ $:$3$N 7O $K $D$$ $F @0M} $7 $F $* $/ !# N D9- D9 7O$NNO3XE* $J >pJs $O 0J2<$NAH $G M? $( $i $l $k 1 !# ( X : 10 dim. w orldv olume = spacetime E = E + � E � : Chan-P aton bundle o v er X (3.1) $3$3 $G 10 <! 85$N w orldv olume M $O ;~ 6u$r Kd$a ?T $/ $7 $F $$ $k$? $a X $H F1 0l ;k$9 $k !# $^$? Chan-P aton bundle $O �b er C N � C N $, Z 2 -grading $r ;}$D (ev en) sup erbundle $G !" $=$N 9= B$72 $O U ( N ) � U ( N ) $G $" $k !# $b $A$m $s E + $, D9 !" E � $, D9 $N Chan-P aton bundle $G $" $k !# $3 $l $K BP1~ $7 $F D9- D9 >e$N >l $O (ev en) sup erconnection i A = iA + T T iA � ! (3.2) $H $7 $F $^$H$a $k$3$H $, $G $- $k !# $3 $l$O <!$N$h $& $K Dj <02=$5 $l $k [8] !# 0lHL $K sup erbundle E $N <+8J =‘ F17? End E $O Z 2 -grading $r ;}$D$?$a !" End E CM$N HyJ, 7A<0 ( X ; End E ) $K$O <+A3 $J Z � Z 2 -grading $, $" $k !# $=$N $& $AA4 Z 2 $N$_ $r 9M $( $k $H !" E $N DL>o $N connection $O 1-form $f $( o dd $J 85 $K B0$9$k $, !" $= $l$K 2C $( $F o dd $J <+ 8J=‘ F17? CM $N 0-form $b o dd $J 85 $K B0$9 $k !# DL>o $N connection $K $3$l $r 4^$a$F 3H D% $7 $? $b$N $r sup erconnection $H $$ $& !# :# $N >l9g $O ev en sup erbundle E = E + � E � $G $" $k $+$i !" End( E ) = End E + Hom( E � ; E + ) Hom( E + ; E � ) End E � ! (3.3) $N $& $ABP3Q@.J, $, ev en !" HsBP3Q@.J, $, o dd $G $" $k !# =>$C $F E � $N %2 !< %8 >l A � 2 1 ( X ; End E � ) $K 2C $( $F%? %-%* %s >l T 2 0 ( X ; Hom( E + ; E � )) $r 4^ $a$? (3.2) $O sup erconnection $G $" $k !# $3$N7O $N:n MQ HF 4X ?t $K$D $$ $F $O !" :G 6a $N7W ;; $K$h$j6q BN E* $J 7A $, J, $+$C $F $- $F$$$k [9] !# 0J 2< $N K -theory $H$N BP1~ $N 5DO@ $O :nMQHF4X?t $N>\:Y $K$O 0M $i$: @.$jN)$D $, !" 6qBN7A $r CN$C $F$$ $kJ} $, 9=B$ $, M}2r $7 $d $9$$ $N $G !" $3$3 $G >R2p$9$k !# 4JC1 $N$?$a !" B-�eld $r 0 $H $9$k !# :nMQ $O A � $H T $N HF4X?t $G !" S [ A � ; T ] = S 0 + S C S (3.4) $N 2 9‘ $+$i @.$k !#Bh0l9‘ $O 8e $G MQ $$ $J$$$N$G Bg;(GD $J 7A $@$1 5-$9 !# S 0 = T 9 Z X d 10 x e �j T j 2 � 2 + L B I ( A + ) + L B I ( A � ) + cD � T D � � T + � � � � (3.5) 1 N><T$NKg?t $, Ey $7 $$$3$H $, string $N tadp ole Aj;& $+$i MW@A$5 $l $k !# 9

$3 $3 $G L B I $O (2.8) $N Dirac-Born-Infeld %i %0 %i %s%8%" %s $N non-Ab el HG $G !" T $d 6JN( $N9b<!Hy J,9‘ $d A + $H A � $N :. $8 $k9‘ $J $I $r >JN, $7 $F =q $$ $F$$$k !# ;DG0 $J $,$i A $N HF4X?t $K $O$J$C $F$$ $J$$$h $& $G$" $k !# $3 $l $+$i$o$+ $k $N $O !" %? %-%* %s $N%]%F %s %7 %c%k $, V ( T ) = 2 T 9 e �j T j 2 (3.6) $G M? $( $i $l $k $3 $H $G $" $k !# $3$l $O T = 0 $G :G Bg CM 2 T 9 $r <h $j !" j T j ! 1 $G :G >. CM 0 $K 5^ 8: >/ $9 $k 4X ?t$G $" $k !# 1 $r Hr$1 $? $$ >l 9g$K $O !" j T j = 1 $G :G >.$H $J $k $h $& >l $N :F Dj 5A e T = T p 1+ j T j 2 $r 9T $& $H !" V ( e T ) = 2 T 9 exp( � j e T j 2 1 �j e T j 2 ) $H$J$j !" 3N $+ $K wine b ottle 7? $N %]%F %s%7%c %k $K$J$k !# $$ $: $l$K $7 $F$b !" Sen M= A[ V (0) � V ( T 0 ) = 2 T 9 $r K~ $? $7 $F$$$k !# B( $A !" %? %-%* %s$, Dj?t j T j = T 0 := 1 $^ $? $O j ~ T j = ~ T 0 := 1 $N G[ 0L $r$H $k $H $- !" D9- D9 $O >CLG $7 $F ??6u $K$J $k !# 0l J}Bh Fs 9‘$N Chern-Simons term $N J} $O !" :G6a$N 7W;; $K $h $k $H 0J2<$N $h $& $K sup erconnection A $N HF 4X?t $H $7 $F%7 %s %W %k$K $^ $H $^$k !# S C S = T 9 Z X C ^ Str e i F (3.7) $3$3 $G !" C = P p : odd C ( p +1) $O RR-form $N 7A<0OB $G !" F $O <! $G Dj5A$5 $l $k sup ercurv ature $G $" $k !# i F := i ( d A � i A ^ A ) = iF + � T T D T D T iF � � T T ! ; F � := dA � � iA � ^ A � D T := dT + iT A + � iA � T (3.8) $^ $? !" Str : ( X ; End E ) ! ( X ) $O (ev en) sup ertrace $G !" Str M := T r( � 1) F M = T r � 3 M (3.9) $H Dj 5A $5 $l $k !# Str e i F $O closed form $G !" $= $N cohomology class $O T $K 0MB8 $7 $J$$ $3 $H $, <( $5 $l $k !# => $C $F !" FC $K T = 0 $H$H $l $P Str e i F = tr( e iF + � e iF � ) = c h( E + ) � c h( E � ) $H $J $j !" D9-brane $H D9-brane $N Chern-Simons term $N OB $K 0lCW$9$k 2 !# $= $l $G$O !" T yp e I IB $N D-brane $H K -theory $H $N BP 1~ $r 8+ $F$f $/ [10] !# K\9F $G$O $= $N BP1~ $r 2 $D$N <g D% $G =R $Y$k $3 $H $K $9$k !# <g D% #1 $O D9- D9 $H $$ $& IT0B Dj $J %7 %9 %F%‘ $K 4X$9 $kBP 1~ $G !" <g D% #2 $O$=$N7O $N%? %- %* %s 6E=L $H$$ $& %W %m%; %9 $K 4X$9$kBP1~ $G $" $k !# =>$C $F !" 8e<T $O A0<T $N <gD% $N 7O $H $7 $F F3 $+ $l $k $, !" 8e<T $O BPS D-brane $N RR-c harge $N J, N‘ $K D>@\4X78 $7 $F $$ $k$?$a !" $" $($F 2 $D $K J, $1 $F =R $Y $k !# 8@ $$ 49 $( $k $H <gD% #1 $O D9- D9 $N J,N‘ !" <gD% #2 $O BPS D-brane $N J,N‘ $K 4X$9$k<gD% $G$" $k !# <gD% #1 !V D9- D9 7O $O K ( X ) $G J,N‘$5 $l $k !# !W $^$: K ( X ) $K $D $$$F 4J C1 $K I| =, $7 $F $* $/ ( Nc $( $P [11] $r ;2 >H ) !# X $r compact Hausdor� 6u 4V $H $9 $k !# V ect ( X ) $r X >e $NJ#AG %Y %/ %H%k%P %s %I %k $N F17? N‘ $H$9$k $H !" $3 $l$O Ab elian monoid $K$J $C $F$$$k !# $3 $l $+$i Grothendiec k $N 9=@. ( S $H 5-$9 ) $K $h$j F@ $i $l $k Ab el 72 $, X $N K 72 $G$" $k !# K ( X ) := S ( V ect ( X )) = f ( E ; F ) 2 V ect ( X ) � V ect ( X ) g = � (3.10) $3 $3 $G !" %Y %/ %H %k%P %s %I %k $N%Z %" ( E ; F ) $K BP $7 ( E ; F ) � ( E � H ; F � H ) $J $kF1CM4X78 $r F~ $l $k !# <! $K !" reduced K -theory $O inclusion i : pt. , ! X $K BP $7 e K ( X ) := k er i � $G Dj5A$5 $l $k !# B($A rank E = rank F 2 D9-brane $N RR-c harge $O � T 9 $G $" $k !# 10

$J$k %Z %" ( E ; F ) $K 8B$C $?ItJ,72 $G$"$k !# 99 $K !" relativ e K -theory $r X $H$=$N closed subset Y � X $K BP $7 $F <! $G Dj5A$9$k !# K ( X ; Y ) := f ( E ; F ; � ) g = � (3.11) $3 $3 $G � : E j Y � ! F j Y $O Y >e $G F17? $H $J$k bundle map $G$"$j!" F1 CM 4X 78 $O$"$k elemen tary $J ( G; H ; � ) $KBP $7 !" ( E ; F ; � ) � ( E � G; F � H ; � � � ) $H$9 $k !# elemen tary $H $O G ’ H $G$" $C $F � $, Id G $K homotopic $J$H $-$r ;X$9 !# $5 $F !" X $, non-compact( 6I=j Hausdor� ) $N$H $- $K$O !" compact supp orted K-theory $r K c ( X ) := e K ( X + ) = K ( X + ; pt.) $G Dj5A$9 $k !# $3$3$G X + $O 0lE@ compact 2= $r I= $7 !" E: $( ;z c $O 0J 8e>J N,$9$k !# $5 $F !" <g D% #1 $r <($9 $K$O !" K ( X ) $N BeI=85 $H D9- D9 7O $N >pJs $, BP1~ $7 $F $$ $k $3$H $H !" K -theory $N F1CM 4X78 $H J*M}E* $J F1CM4X78 $H $, 0lCW$9$k $3$H$r <( $; $P NI$$ !# ;~6u X $O 0lHL $K non-compact $J $N $G @53N $K$O K c ( X ) $H $N BP1~ $r 8+$k $Y$- $G $" $k !# $=$N BP1~ $O ( E ; F ; � ) = ( E + ; E � ; T ) (3.12) $GM? $( $i $l $k!# B( $A !" %Y %/ %H%k %P %s %I %k$N %Z %" $r $= $l $> $l D9 !" D9 $N Chan-P aton bundle $N %Z %" $K !" bundle map $r %? %-%* %s$H F1Dj $9$k!# F1 7? N‘ $H $O 1&JU $G $O %2 !< %8 F1CM $r0UL# $9 $k!# :8 JU $, compact supp ort $G$" $k $3 $H $O !" 1&JU $G$O%(%M%k %. !<M-8B $N G[0L $K 8B$k $3$H $K BP1~$9$k !# $3 $l$, (3.12) $N Ey9f $N 0UL# $G$" $k !# $h$C $F :8JU $N 2 $D$N ( E ; F ; � ) $N OB $H $O !" 1& JU $G $O D9- D9 %Z%"$N Kg?t $r A} $d$9 $3$H$r 0UL# $9$k !# $^ $? !" :8JU $G elemen tary $J ( G; H ; � ) $O !" 1& JU $G $O %2 !< %8 JQ49 $NITDj @- $r =| $$ $F%? %-%* %s $, T ( x ) � T 0 � Id G $H$J$kG[ 0L $, BP1~ $9 $k !# $3 $l$O ??6u $K >CLG $9 $k D9- D9 %Z %"$NG[0L $G !" ?? 6u $H Ey2A $G$"$k $+$i !" D>OB $7 $F Kg?t $r A} $d $7 $F $bJ* M} E* $K$b2? $bJQ $o $i $J$$ !# => $C $FF1CM 4X 78 $b0l CW $7 $F$$$k!# 0J >e $+ $i <g D% $, <( $5 $l $? !# $D $^ $j $3$N<g D% $O !" D9- D9 7O $N >pJs $N A4BN ( >l $N M}O@ $N G[0L $N A4BN ) $+ $i Ab el 72 $X$N 4X<j $r M? $( $k$h $& $J$b$N$G$" $k !# $J $* !" D9- D9 7O$N Chern-Simons term $O $3 $N BP1~ $r cohomology $G 8+ $?$b$N$G $" $k !# K ( X ) $N Chern c haracter $O c h( E ; F ; � ) = e iE � e iF 2 H ev en ( X ) $G Dj5A$5 $l $k $, !" $3 $l$O Str e i F $K 0lCW$9$k !# <gD% #2 !V %? %-%* %s 6E=L $N 2aDx $O K ( Y ) , ! K ( X ) $r I=$9 !# !W $3 $N <gD% $O D9- D9 7O$NG[0L$N $& $AFCDj $NG[0L $K $D$$$F$N$b$N $G$" $k !# B($A %? %-%* %s 6E=L $K $h$j Y � X $K 4, $- $D $$ $? BPS D-brane $, ;D $k 2a Dx$r 9M$( $k !# Nc$( $P X = R 10 >e $N N D9- D9 $+ $i !" Y = R p +1 $r w orldv olume $H $9 $k D p -brane $, :n$i$l $k >l 9g !" M>6u 4V $O R 9 � p $H $J $k !# $3 $N $H $- Jd Bj$H $7 $F !V BPS D p -brane $N RR-c harge $O M>6u 4V $N K -theory K ( R 9 � p ) $G B, $i$l $k !# !W $, F@ $i $l $k !# $^ $:$3 $A $i$+$i @b L@ $9$k !# N D9- D9 7O $N %? %- %* %s>l $, R 9 � p $N L5 8B 1s $G %] %F %s %7 %c %k $N Dl $KCM $r $H $k >l 9g!" %2!< %872 $r U ( N ) � U ( N ) $+$i U ( N ) $K GK$k $N $G !" v acuum manifold $O V I IB ( N ) = U ( N ) � U ( N ) U ( N ) ’ U ( N ) (3.13) $G M? $($i $l $k !# $h$C $F %?%-%* %s 6E =L $K $h $k M><!85 n = 9 � p $N%= %j %H%s 2r $O !" L58B1s S n � 1 $G $N V I IB ( N ) $N 4,$-IU$-J} $G J,N‘$5 $l $k !# � n � 1 ( V I IB ( N )) = � n � 1 ( U ( N )) = ( Z ( n : ev en) 8 N > n 0 ( n : o dd) (3.14) C" $7 N $O >e $r K~ $?$9$h $& == J,B? $$Kg?t $, I,MW $G$" $k !# $3 $l$O M>6u4V R n $N K -theory $K 0lCW $7 !" CN $i $l $F $$$k D p -brane $N %9 %Z %/ %H %k $r :F8=$9$k !# K ( R n ) = e K ( S n ) = � n � 1 ( U ( N )) = ( Z ( p : o dd) 0 ( p : ev en) (3.15) 11

$3 $N K ( R 9 � p ) = Z $N @8@.;R $O !" 6q BNE* $K $O ABS 9=@. $H 8F $P$l $k9=@. K! $, CN $i $l $F$$ $k [12] !# $h$j0lHL $N >l9g $K 3HD%$9$k $3$H$r G0F, $K $*$$ $F$3 $l $r @bL@$9$k !# $^ $: !" Y = R p +1 $r D p -brane $N w orldv olume $H $7 !" ;~6u X $O M>6u4V R 2 k (2 k = 9 � p ) $r �b er $H $9 $k Y >e $N normal bundle N ( Y ; X ) $H $_$J $9 !# $=$N 9= B$72 S O (2 k ) $O S pin (2 k ) $K 3HBg $G $- $k$N $G !" Y >e $K spin bundle S � ! Y $, Dj 5A $G $- $k !# $3$N �b er $O 2 k � 1 <!85 $N J#AG %Y %/ %H %k 6u4V $G !" 3F !9 Cli�ord Be?t C 2 k $, :nMQ$9$k !# $= $7 $F$3 $l $r ;~6u X >e $N %P %s %I %k $K 3HD% $7 $?$b$N$r D9- D9 7O $H 2r<a$9$k !# B($A !" N = 2 k � 1 Kg $N D9- D9 $r 9M $( !" $=$N Chan-P aton bundle $, E = S + � S � $G %? %-%* %s$O bundle map T : S + ! S � $G $" $k $H $9$k !# $3$N $H$- !" %? %-%* %s $N G[0L $H $7 $F 0J2< $r$H $k !# T ( x ) = u� x = u 2 k X i =1 � i x i (3.16) $3$3$G u $O G$0U%Q%i %a !<%?!< $G $" $k !# � x $O ( x 1 ; � � � ; x 2 k ) 2 R 2 k $+ $i Cli�ord Be ?t C 2 k $X $N I= 8= $r M? $( $k Cli�ord @Q $G !" 6qBNE* $K$O %, %s %^9TNs � i $r MQ$$ $F I= $5 $l $k !# $3$N G[0L $O R 2 k >e $N j x j = 1 u $N S 2 k � 1 $G F17?<L A| $G$"$j !" K ( B 2 k ; S 2 k � 1 ) = e K ( S 2 k ) = Z $N @8@. ;R $G$"$k $3 $H $,$o$+ $k !# J* M}E* $K $O !" j x j > 1 u $N NN 0h $G %? %-%* %s$, ??6u $K 6E=L $7 D9- D9 $, >CLG $7 $F !" j x j < 1 u $N JU$j $K top ological defect $, ;D$C $? >u67 $r I= $9 !# FC $K u ! 1 $N 6K8B $G$O R 2 k $N 86E@ $K 6I:_ $7 !" R p +1 J}8~ $K 9- $, $C $? BPS D p -brane $N G[0L $K$J $C $F $$$k 3 !# <B:] !" >e $N G[0L $r Chern-Simons term (3.7) $K BeF~$9$k $H !" u $K 0M $i$: S C S = T 9 Z X C ^ e � u 2 j x j 2 Str e u i dx i ; C" $7 i := 0 � i � i 0 ! (3.17) = T p Z Y C ( p +1) (3.18) $H$J$j!" Y $K 4, $-$D $$ $?0lKg $N BPS D p -brane $r I= $7 $F$$$k !# $3$N Str e i F ItJ, $O Gauss 7? $N Thom form $H 8F $P $l !" u ! 1 $G � - 4X?t7? $N curren t $K $J $k !# $=$N �b er @QJ, $, 1( � Dj?t ) $r M? $( $k Thom class $G $" $k $?$a !" X @QJ, $O Dl6u4V Y >e$N@QJ, $K 5"Ce$9$k !# 0J>e $K $h$j JdBj $, <( $5 $l $? !# B($A (3.15) $G$O%= %j %H%s c harge $, K ( R 9 � p ) $K Ey $7 $$ $3$H$r <( $7 !" (3.16) $G $O$= $N@8@. ;R $, D p -brane $N RR-c harge $r @8@. $7 $F$$$k !" $D$^ $j %= %j %H%s c harge = D p -brane c harge $r <( $7 $? !# $3 $N JdBj $r <gD% #1 $N OH Fb $G 8+ $?$b$N $, <gD%#2 $G $" $k !# <gD% #1 $K $h$j D9- D9 $N FCDj $N G[0L $O K ( X ) $N FC Dj $N85 $rDj $a$k $, !" (3.16) $N G[0L $N>l 9g $O$?$^ $?$^ K ( R 9 � p ) $N @8 @. 85 $K$J$C $F$$ $F !" Y $K 4, $- $D$/ 0l Kg $N D p -brane $r I= $7 $F$$ $? !# $7 $+ $7 >l $N R 9 � p 0MB8 @- $@ $1$r8GDj $9 $l $P !" $h $j0l HL $N Y $K 4, $- $D$/ G[ 0L $b9M $( $i $l $k !# N Kg $N D p -brane $O N 2s 4, $-IU $/ G[ 0L $G !" D p -brane $O >e $G S + $H S � $r F~ $l BX $( $?G[ 0L $GF@ $i $l $k !# $^ $? D p -brane $, Hs<+L@ $J Chan-P aton bundle $r H< $& G[0L $O !" R 9 � p >e<+L@ $J D9- D9 $N Chan-P aton bundle E $r %F %s %=%k $7 $F $*$$$? E S $r$H $l $P F@ $i $l $k !# =>$C $F !" Y $K 4,$-$D $/ D p - D p 7O$N G[0L A4BN $O !" D9- D9 $N G[0L A4BN$N $&$A $N 0lItJ, $H $7 $F <B 8=$5 $l $k !# <gD% #1 $N N‘ ;w $K $h$j !" D p - D p 7O $O K ( Y ) $K BP 1~ $7 $F$$ $k $N $G !" $3 $N $3 $H $O D-brane $H K -theory $N 0J2< $NBP1~ $r M? $($F$$$k $3 $H $K$J $k !# f : Y , ! X $K BP $7 !" f ! : K ( Y ) � � ! K ( X ) l l D p - D p � D9- D9 (3.19) $3$3 $G >e $N <LA| $O !" ABS 9=@. $K $h $k K -theory E* $J Thom F17? $r I= $7 !" 6qBNE* $K$O %+%C %W @Q K ( Y ) K ( B 2 k ; S 2 k � 1 ) � � ! K ( Y � B 2 k ; Y � S 2 k � 1 ) ( E ; F ) ( S + ; S � ) 7� ! ( E S + � F S � ; E S � � E S + ) (3.20) 3 x 2.4 $N v ortex 7?$NG[0L$N9b$$M><!85$X$N3HD% $G$" $k !# 12

$GM? $( $i $l$k!# 0l J}!" K ( Y ) ; K ( X ) $N85 $O <g D%#1 $h $j $= $l $> $l D p - D p , D9- D9 7O $HBP 1~ $9 $k !# 2< $N <L A| $O%? %-%* %s 6E=L $K$h$k>l $NG[0L 6u 4V $N Y J}8~ $X $N@)8B $G$"$k !# $h $j0l HL $N Y $K BP $7 $F $O X ’ N ( Y ; X ) $G$O $J $$ $, !" $3$N>l 9g $N ABS 9=@. $O !" i : Y , ! N ( Y ; X ) $H j : N ( Y ; X ) , ! X $r AH $_9g $o $; $? f = j � i : Y , ! X $K BP$9$k Gysin =‘F17? f ! = j � � i ! : K ( Y ) � ! K ( N ( Y ; X )) ! K ( X ) (3.21) $r M? $( $k !# C" $7 0lHL $K$O spin bundle $d$=$N X $X$N 3HBg $r Dj5A$9$k $H$3 $m $G obstruction $, $" $k $N $G Cm0U $, I,MW $G$" $k !# Chern-Simons term $O $3 $N ABS 9=@. f ! $r cohomology $G 8+ $?$b$N $G !" c h( f K ! 1) = � � ( b A ( N ( Y ; X )) � 1 ) f H ! 1 (3.22) $J $k 4X 78 $r M? $( $F $$ $k !#C" $7 � : X ! Y $G !" K; H $O $= $l $> $l K -theory $H cohomology $r I= $7 !" X ( Y ) $G$N P oincar � e dualit y D X ( D Y ) $r MQ$$ $F f H ! = D � 1 X f � D Y $H Dj5A $5 $l $k !# 3.2 T yp e I IA $H K � 1 ( X ) T yp e I IA M} O@ $N D-brane $O 10 <!85$N non-BPS D9-brane 7O $+$i 9=@.$5 $l $k !# $3$N >l9g $K $b !" x 3.1 $K N‘;w $7 $? K -theory $H $N BP1~ $, $" $k !# $^ $: !" N non-BPS D9-brane 7O $N >pJs $O ( X : 10 dim. w orldv olume = spacetime E = F � F = F C 1 : Chan-P aton bundle o v er X (3.23) $GM? $( $i $l $k !# $3 $3 $G Chan-P aton bundle $O rank N $N %Y%/ %H%k%P %s %I %k$G C 1 mo dule $N9=B$ $r;} $D o dd sup erbundle $G$" $k !# $^ $? non-BPS D9-brane >e $N>l $O $3 $N Chan-P aton bundle $N (o dd) sup erconnection $H $7 $F F~$C $F$$ $k !# i A = iA T T iA ! = iA + T � 1 (3.24) $3$3$G U ( N ) %2 !< %8 >l A $O ev en endomorphism CM$N 1-form 1 ( X ; End F ) $K !" %? %- %* %s T $O U ( N ) $N adjoin t I=8=$N<B %9%+ %i!<>l $G !" o dd endomorphism CM $N 0-form 0 ( X ; End F � 1 ) $K AH $_ 9~$^ $l $F$$ $k !# $3 $N 7O $N :nMQ $O A; T $N HF4X?t $G !" <! $N 2 9‘ $+$i @.$k !# S 0 = p 2 T 9 Z X d 10 x e � T 2 (1 + L D B I ( A ) + cD � T D � T + � � � ) S C S = p 2 T 9 Z X ~ C ^ Str e i F (3.25) FC $K Chern-Simons term $O sup ercurv ature $H sup ertrace $N Dj 5A $, 0J 2<$N DL$j o dd $G $" $k B> $O !" D9- D9 $H F1 $8 7A $r $7 $F $$ $k !# i F = iF � T 2 + D T � 1 F := dA � iA ^ A; D T := dT � i [ A; T ] Str( M + N � 1 ) := T r N (3.26) $3 $l $+$i FI $_ <h $l $k%? %-%* %s %] %F %s %7 %c%k$O V ( T ) = p 2 T 9 e � T 2 (3.27) 13

$G$" $k !# D9- D9 $H F1MM !" $3 $l$O T = 0 $G :GBgCM p 2 T 9 $r <h$j!" T ! �1 $G $N :G>.CM 0 $K 5^8:>/ $9$k4X?t $G !" T = � 1 $G :G>. $H$J $k$h $& >l $N:FDj5A e T = T p 1+ T 2 $r 9T $& $H double w ell 7? $N %]%F %s%7 %c%k$K$J $k !# $5 $F !" T yp e I IB $N >l9g $H F1MM !" T yp e I IA M}O@ $N D-brane $H K -theory $H$N BP1~ $, M? $( $i $l$F$$$k [13] !# $3$3 $G$O @hDx $H F1MM $K 2 $D$N <gD% $G I=$9 !# <gD% #1 !V non-BPS D9-brane 7O $O K � 1 ( X ) $G J,N‘ $5 $l $k !# !W $3 $N >l9g $N K 72 $O K � 1 ( X ) $, BP1~$9$k !# $3$N Dj5A $O$$ $/ $D $+$" $k $, !" E $r X >e $N%Y %/ %H %k %P %s %I %k !" � : E ! E $r%P %s %I %k $N <+8JF17?<LA| $H $9 $k $H$- !" 0J2< $G Dj5A$9$k !# K � 1 ( X ) := f ( E ; � ) g = � (3.28) $3 $3 $G F1CM 4X 78 $O$"$k elemen tary $J ( G; � ) $K BP $7 !" ( E ; � ) � ( E � G; � � � ) $H $9$k!# $3 $N $H$- !" K � 1 ( X ) $H non-BPS D9-brane 7O $H$N BP1~ $O ( E ; � ) = ( F ; � exp( � i e T )) (3.29) $G M? $($i $l $k $H 9M $($i $l $F $$ $k !# $3$3$G$O 5,3J2= $7 $? %? %-%* %s e T $r MQ $$ $F$$ $k !# $h$C $F elemen tary $K BP 1~$9 $k $N $O !" %2 !< %8 JQ49 $NITDj@- $r =| $$ $F !" ?? 6u $K 6E=L $9$k G[ 0L e T = diag( � 1 ; � 1 ; � � � ) $N >l9g $G !" $3 $l$O non-BPS D9-brane $N @8@.>CLG $r F10l;k$9$k $H$$ $& J*M}E* $J F1CM4X78 $K 0lCW$9$k !# <gD% #2 !V %? %-%* %s 6E=L $N 2aDx $O K ( Y ) , ! K � 1 ( X ) $r I=$9 !# !W x 3.1 $H F1MM !" $^ $: !V BPS D p -brane $N RR-c harge $O M>6u4V $N K -theory K � 1 ( R 9 � p ) $G B, $i $l $k !# !W $+$i 8+$k !# 6q BNE* $K $O !" 2 N non-BPS D9-brane 7O $+$i%? %-%* %s 6E=L $K $h$j Y $K 4, $-$D $$ $? BPS D p -brane $r :n$k $3 $H $, $G $-$k !# $3$N >l9g !" M> 6u4V R 9 � p $O M><!85 $, o dd 9 � p := 2 k + 1 $K$J $k !# $^ $:%= %j %H%s $N J,N‘ $r 9T $& !# %? %-%* %s$, L58B1s $G e T = diag(1 ; � � � ; 1 ; � 1 ; � � � ; � 1)( C" $7 1 $H � 1 $, N 8D $: $D ) $N ;~ !" %2 !< %8 72 $r U (2 N ) $+$i U ( N ) � U ( N ) $K GK$k$N $G !" v acuum manifold $O V I IA (2 N ) = U ( N ) U ( N ) � U ( N ) (3.30) $G M? $( $i $l $k !# => $C $F !" top ological defect $N J,N‘ $O M>6u 4V $N K -theory $K 0lCW $7 !" CN $i $l$F$$$k T yp e I IA $N D p -brane $N %9 %Z %/ %H %k $r :F8=$9$k !# ( K � 1 ( R 2 k +1 ) = K � 1 ( S 2 k +1 ) = � 2 k ( V I IA (2 N )) = Z K � 1 ( R 2 k ) = 0 (3.31) $3$N K � 1 ( R 2 k +1 ) $N @8@.;R $O ABS 9=@. $N N‘;w $+$i !" N = 2 k � 1 $H $7 $F e T ( x ) = u p 1 + j x j 2 2 k +1 X i =1 � i x i (3.32) $H M? $( $l $P $h $$ !# $3$N$H $- � = � e i� e T $O K � 1 ( B 2 k +1 ; S 2 k ) = K � 1 ( S 2 k +1 ) $r @8@.$9 $k !# =>$C $F !" x 3.1 $H F1MM $N 5DO@ $K $h$j%? %-%* %s 6E=L $O f ! : K ( Y ) , ! K � 1 ( X ) $r I= $7 $F $$ $k !# $7 $+ $7 !" >e $N9=@. $O M><!85 $, 3 0J>e ( k � 1) $N >l9g $K $7 $+ E,MQ $G$-$J$$ !# 0lKg $N non-BPS D9-brane $+ $i 0lKg $N D8-brane $r :n$k>l9g $K$O !" kink 7?$NG[0L e T ( x ) = � x 9 p 1 + j x j 2 (3.33) 14

$r MQ$$$k !# $3$3 $G M>6u4V R $N :BI8 $r x 9 $7 $? !# � $O $= $l $>$l D8 !" D8 $r I= $9 !# $3$N >l9g v acuum manifold $O 2 E@ f� 1 g $h $j � 0 ( f� 1 g ) = Z 2 $G $" $j !" K -theory $K $h $k D8-brane c harge K � 1 ( S 1 ) = Z $K 0l CW $7 $J $$ !# $3$l $O !" G$0U Kg $N D8-brane $r :n $k$K $O N non-BPS D9-brane 7O$G ;O$a$+ $i N ! 1 $H $9 $Y $- $3$H $r <( :6 $7 $F $$ $k !# $3$3 $G $O =R$Y$J $$ $, !" L@Gr $K N = 1 $, I, MW$H $J $k 5D O@ $, B> $K $" $k [14] !# >e$N N non-BPS D9-brane $H BP1~ $9$k K � 1 ( X ) $N Dj5A (3.29) $G$O G$0U $N M-8B rank $N%Y %/ %H %k%P %s %I %k$r MQ $$$k $?$a !" N = 1 $r <h$jF~ $l $k $K$O IT==J, $G$" $k !# $h$C $F N = 1 $r 4^ $‘ $h $& $J K � 1 ( X ) $N Dj5A $H $7 $F 0J2< $r MQ$$$kJ} $, E,Ev $G$" $k !# K � 1 ( X ) := [ X ; F sa ] ; F sa := f self-adjoin t F redholm op erators on H g (3.34) $D$^ $j!" Chan-P aton 6u4V $r L58B <! 85 $N Hilb ert 6u4V H $H $9$k $H !" %? %-%* %s >l $O H >e $N:nMQ AG $K CM $r $H $k %9%+ %i!< >l $K $J $k !# :nMQHF4X?t $r M-8B $K $9 $k>r7o $+$i F redholm :nMQ AG $K 8B $i $l !" $3$N %? %-%* %s $N J, N‘ $K $h$j K � 1 ( X ) $r Dj5A$9$k 4 !# J*M}E* $K$O L58BKg$N KX $I $O ??6u $K >C LG $7 !" 0BDj $K ;D$k 7O $O >o $K M- 8B rank $G $" $k $+$i LdBj $O$J $$ !# $3$N Dj5A $, NI$$ $H ;W $o $l $kJL $N M}M3 $O !" $3 $l $K BP1~$9$k K ( X ) $N Dj5A $, K ( X ) := [ X ; F ] ; F := f F redholm op erators on H g (3.35) $G $" $j!" N> <T $,N‘ ;w $7$F $$ $k E@ $G $" $k !# $3 $l $,$A $g $& $I D9- D9 7O $H non-BPS D9-brane 7O ( $N Chern-Simons term) $, !" sup erbundle $N ev en, o dd $N 0c$$ $7 $+ $J $$$H $$ $&N‘;w $K BP 1~ $7 $F $$ $k E@ $+$i $b !" $3$N Dj5A $, E, Ev $G$" $k $H 9M $( $i $l $k !# $^ $? Chan-P aton 6u4V $r L58B<! 85 $N Hilb ert 6u4V H $H$_ $J$94QE@ $O 8e $N>O $G $O K\ <AE* $G$" $k !# 3.3 $=$N B> $N K 72 K\ 9F $G$O !" T yp e I I string M} O@ $G ;~ 6u $, B? MM BN !" B >l $, 0 $N >l 9g$N $_$r 07$C$? $, !" $=$N B> string M} O@ $K 8= $l $k MM !9 $J >u67 $G$b !" D-brane $r K -theory $G J, N‘$9$k $H$$ $&F1MM $N 9M;! $,$G $- $k !# $3$3$G$O !" E57? E* $J >l 9g $K 8= $l $k K 72 $r Hs >o $K 4JC1 $K >R2p$9 $k !# $^ $: ;~ 6u $, $" $k ( N% ;6 ) 72 G $G 3d $i $l $? orbifold X=G $N >l9g$N T yp e I IB M} O@ $r 9M $( $k !# $3 $N$H $- ;~ 6u $r Kd$a $k D9- D9 7O $O !" ;~6u $, X $N$H $- $N D9- D9 7O $r G :nMQ $G 3d$C $?$b$N $G$" $k !# G $O Dl6u4V $H Chan-P aton bundle $N APJ} $K F1JQ $K :nMQ$9$k $N $G !" G ITJQ $J Chan-P aton bundle $N%Z%"$N J,N‘ $O equiv arian t K -theory K G ( X ) $G @.$5 $l $k !# <! $K T yp e I string M}O@ $N>l9g $N K 72 $r9M $($k !# T yp e I $O !" T yp e I IB $G 32 Kg $N D9-brane $, B8:_ $9 $k 7O $r w orldsheet $N parit y $G 3d $C $?0l <o $N orbifold $G Dj5A $5 $l $k !# $3$N $H$-8~ $-IU $1 $,$J$$ $3 $H $rH? 1G $7 $F Chan-P aton bundle $N 9=B$72 $O O ( N ) $K $J $k !# $3$N $h $& $J%Z%"$N J,N‘ $r $9$k Ab el 72 $O real K -theory K O ( X ) $G $" $k !# 99 $K !" ;~ 6u$N Z 2 -orbifold $H $r AH $_ 9g$o $; $F orien tifold $r 9M$( $k$H Real K -theory K R ( X ) $J $I $b 8= $l $k !# :G 8e $K GX 7J$N B >l $, Hs <+ L@$J cohomology N‘ $K B0$9 $k >l 9g [ H := dB ] 2 H 3 ( X ; Z ) $r 9M $( $k !# $3 $N $h $& $J >u67 $O NS5-brane $H $$ $& brane $N 0l<o $, B8:_$9$k>l9g $K 5/ $-$k !# $3$N$H$- ;~6u $r Kd $a$k D9- D9 7O $N %2 !< %8 >l$b � BP>N@- $G B >l $H 4X78 $7 $F $$ $k $?$aJQ99 $r <u $1$F !" Chan-P aton bundle $O patc h $N 3 <! $N8r :9 U i \ U j \ U j >e $G JQ49 4X ?t $, H 3 ( X ; Z ) $N J, $@$1 t wist $r <u $1$? t wisted bundle $K$J $k !# $= $l$K 1~ $8 $F !" J,N‘ $O t wisted K -theory K [ H ] ( X ) $, BP1~$9$k !# =>$C $F NS-brane $O GX7J $H $7 $F K 72 $N<oN‘ $r JQ $( $k8z2L $H $7 $F$O 9MN8 $K F~ $l $i$l $k $, !" NS-c harge <+BN $r J,N‘ $7 $F $$ $k $o $1$G$O $J $$ 5 !# $3$N JU$j $K 4X$9$k 8& 5f $O 8=:_$b9T $o $l $F $$ $k !# 4 L58B<!85$N Hilb ert 6u4V $r �b er $H $9 $k %Y %/ %H %k %P %s %I %k$O <+L@ $G$" $k $+$i !" %? %-%* %s $N ?6$kIq$$ $@$1$G 7h$^$k !# 5 T yp e I IB $N S-dualit y $+$i$O NS5-brane $H D5-brane $O BPEy $J $O$:$G$" $k !# 15

4 String M}O@ $K$* $1 $kHs2D49 D-branes $3 $N >O $+$i string M}O@ $K 8= $l $kHs2D494v 2? $K $D$$ $F 5DO@ $r ?J $a$k !# C" $7 !" $= $N A4 $F$r LVMe $9$k $K$O 9-$9 $. $k $?$a !" $3 $l $^ $G $N OC $N N. $l$K 4X78$9$k ItJ, $K 9J$C $F OC $r $9 $k !# $3$N J,LnA4HL $K 4X$9$kJ8 8% $H $7 $F [15] $r 5s $2 $F $*$/ !# K\ >O $G $O Hs2D 49 D-brane $r F3F~ $7 !" x 5 $G $=$NM-8z M} O@ $K $* $1 $k %= %j %H%s ( Hs2D 49 %= %j %H%s ) $N9= @. K! $H$= $NJ, N‘ $K 4X $9 $k OC Bj $r07 $& !# $= $7 $F x 6 $G$O Chan-P aton 6u4V $NHs 2D 49 @- $H Hs 2D 49 D-brane $N 4X78 $K $D$$$F 5DO@ $7 !" $=$N 8+J} $+$i D-brane $r J,N‘$9$k $3$H$r x 7 $G 9T $& !# $^ $: !" $3 $l $^ $G string M}O@ $NOHFb $G 8= $l $k $H 9M $( $i $l $F$-$? Hs2D494v2? $K $D$$ $F 354Q $9$k !# Nr;KE* $K$O :G=i$N C{8u $O op en string �eld theory [2] $G $" $C $? !# $3 $l $O string $r Bh FsNL;R 2= $7 $? M}O@ $G !" string $N >l � $r JQ?t $H $7 !" $=$N Aj8_:nMQ $r 07 $&M}O@ $G$" $k !# :nMQHF4X?t $O S = 1 2 Z �Q� + 1 3 Z � � � � � (4.1) $G M? $($i$l $k !# $3$3$G Aj8_ :nMQ $r I=$9 BhFs 9‘ $, Hs2D 497k 9g@Q � $G $" $k $3$H $, Hs2D 49 4v2? $r <( :6 $7 $F $$ $k !# $3 $NHs 2D 49 @- $O w orldsheet $N v ertex op erator $N 1i ;; ;R @Q $NHs 2D 49 @- $G$"$k!# 0l J} !" Bh 0l 9‘ $N Q $O >l � $N @.$9Hs2D497k9gBe?t $K :nMQ$9$k30HyJ, $N Lr3d $r $7 $F $$$F !" 9g $o$;$F Hs2D49HyJ,4v2? $N 9=B$ $r ;}$C $F$$ $k !# <! $K G’<1$5 $l $? $N$O !" Chan-P aton 0x ;R $N Hs 2D49@- $G$" $k !# $3 $l$O x 2.1 $G 4{ $K =R $Y$? $h $& $K !" D-brane $, N Kg=E $J $C $?$H$- $K $=$N %2 !< %8 BP>N@- $O U ( N ) $K $J $k $, !" F1;~ $K D-brane $N 0LCV $r I=$9?bD>J}8~ $N %9 %+%i!<>l $, U ( N ) $N adjoin t I=8= $K$J $k $3 $H$r 2r<a $7 $? $b$N $G$" $k !# $3$N 8z2L $K $D$$$F $O x 6 x 7 $G 07 $& !# $5$F $3 $3 $G Cm L\$9 $k$N$O !" D-brane $N w orldv olume J} 8~ $K 8= $l $k Hs 2D 49 @-$G $" $k [16] !# FC $K !" GX 7J $K Dj ?t $N B-�eld $, B8:_$9 $k $H $- !" D-brane $N M- 8zM} O@ $, Hs 2D49 J? LL>e$N >l $N M}O@ $G 5-=R$5 $l $k $3$H $, <($5 $l $k !# $3$N$h $& $J D-brane $r Hs2D49 D-brane $H 8F $V $3$H $K $9$k !# $3$N Hs2D49@- $b !" op en string $N v ertex op erator $N Hs2D49@- $K 5/0x$9$k $, !" >e $N>l9g $H 0c$$ !" mo de E83+ $N :GDc<! $K 8= $l $F $$ $k !# 0J2< $3$N$3$H$r 8+$k !# 4.1 op en strings in B-�eld bac kground $3 $3 $G $OGX 7J $K B-�eld $, $"$k $H $- $K D-brane $NM- 8z M} O@ $, Hs 2D 49 >l $N M} O@ $G5- =R $5 $l $k $3 $H $r8+ $k [17] !# $=$N $? $a$K GX 7J $H $7 $F g � ; B � : Dj ?t$r$H $j !" op en string $N b osonic It J, $r 9M $( $k !# 99 $K !" B � $N $&$A D-brane $K ?bD>J}8~ $N@.J, $O %2 !< %8 JQ49 $K $h$j 0 $K$G $- $k $J $I $N 4JC12= $,$G $- $k $N $G !" 0J2< $G$O D-brane $N w orldv olume M = R 2 n 3 x i ( i = 1 ; 2 ; � � � 2 n ) $NJ}8~ $N $_9M $( !" B ij 6 = 0 $O 4JC1 $N $? $a in v ertible $H $9$k!# $3 $N >l9g $N op en string $N � -mo del $N :nMQHF4X?t $O 0J2< $G M? $( $i $l $k !# S = 1 4 � � 0 Z � � g ij @ a X i @ a X j � 2 � � 0 iB ij � ab @ a X i @ b X j � = 1 4 � � 0 Z � g ij @ a X i @ a X j � i 2 Z @ � B ij X i @ t X j (4.2) $3 $3$G � $O Disk w orldsheet $G @ � $O $=$N b oundary $G $" $k !# $3$N :nMQ $N 8+J} $H $7 $F #2DL$j $" $k !# 0l $D $O Bh0l9‘ $r 1?F09‘ !" BhFs 9‘ $r Aj8_:nMQ9‘ $H $7 $F 07 $& DL>o $N J}K! $G !" $b $&0l $D $O N>J} $r 1?F09‘ $H $7 $F 07 $& J}K! $G$"$k !# A0 <T $N>l 9g !" 1? F0 9‘ $+ $i F@ $i $l $k $N $O !" D-brane $N M-8z M} O@ $, M >e $N>l $NM} O@ $G 5-=R $5 $l $k $H$$ $& $3$H$G !" Aj8_:nMQ9‘ $K $D$$$F $O !" D-brane >e $N %2 !< %8 >l $, F ij = B ij $J $k ux $r ;}$D 9‘ $H 2r<a $G $- $k !# $3$N 07$$ $G F@ $i $l $k $N $, Dirac-Born-Infeld :nMQ (2.8) $G $" $k !# $3$3$G $O 8e<T $G 07 $& 1 !# N>J} $r 1?F09‘ $H 8+$k $N $G !" $^ $: 6-3&>r7o $O g ij @ n X j + 2 � � 0 iB ij @ t X j j @ � = 0 (4.3) 1 A0<T$N07$$ $O 0J2< $G B ij = 0 $H $9 $l $P NI$$ !# 16

$H$J $k !# Bh 0l9‘ $O Neumann >r7o $G$"$j !" op en string $N C<E@ $, D-brane >e $G <+M3 $K F0 $1 $k $3 $H$r I=$9 $, !" B-�eld $N 8z 2L$N J, $@ $1 Diric hlet >r 7o $, F~ $j !" <+ M3$K $O F0$1 $J $/$J $k$3 $H $r 0U L# $7 $F $$ $k !# $3 $N $3 $H $O v ertex op erator $N 1i;;;R@Q $H $7 $F $h$j@53N $K 5-=R $G$- $k !# $^ $: b oundary $N 2 E@ t; s $G $N propagator $r 5a $a $k $H 0J2< $N$h $& $K$J $k !# X i ( t ) X j ( s ) � � = � � 0 G ij log ( t � s ) 2 + i 2 � ij � ( t � s ) G ij = � 1 g + 2 � � 0 B � ij S ; � ij = � 1 g + 2 � � 0 B � ij A (4.4) S $H A $O ij $N $= $l$> $l BP >N @. J, !" H?BP >N @. J,$r I= $7 !" � ( t � s ) $O sign function $G $" $k !# $3 $l $r MQ$$$F tac h y on v ertex op erator V p ( t ) =: e ip � X : ( t ) $N 1i;;;R@Q $r 5a $a$k $H !" V p ( t ) V q ( s ) = ( t � s ) 2 � 0 G ij p i q j e � i 2 � ij p i q j V p + q ( s ) (4.5) 1&JU Bh 0l 9‘ $O DL>o $N07 $$ $G$b8= $l $k9‘ $@ $, !" metric $, g ij $+$i B-�eld $NJ, $@ $1 JQ99 $r<u $1$F$$$k $? $a !" 3F mo de $N (mass) 2 $b G ij $G B, $i $l $k !# => $C $F G ij $O op en string metric $H 8F $P$l $k !# 0l J} Bh Fs 9‘ $O B ij 6 = 0 $N $H$- $K =i $a $F8= $l $k9‘ $G !" $3$N phase factor $, Hs2D49 @- $r I= $7 $F$$ $k !# $3 $l$O D-brane >e $NM-8z M}O@ $K $*$$ $F !" 2 n <!85J?LL R 2 n >e $N 4X?t $N @Q $, Mo y al @Q f � g ( x ) = exp � i 2 � ij @ @ x i @ @ y j � f ( x ) g ( y ) j y = x (4.6) $K CV$-49 $o $k $3 $H$r 0UL# $7 $F $$ $k 2 !# FC $K :BI84X?t $K BP $7 $F [ x i ; x j ] � := x i � x j � x j � x i = i� ij (4.7) $G $"$k $+ $i !" Mo y al @Q $r;} $D6u 4V $OHs 2D 49 J? LL $N0l <o $G $"$k!# $3 $l$r Mo y al J?LL $H8F $S !" R 2 n � $H 5- $9 !# => $C $F:# $N07 $$ $G F@ $i $l $k D-brane $N M-8zM} O@ $O !" DL>o $N07 $$ $G F@ $i $l $k:n MQHF 4X ?t $K $*$$ $F !" metric g $r G $K CV$-49 $( !" B = 0 $H $9 $kBe $o $j $K >l $N @Q $r Mo y al @Q $K CV$-49 $( $k !" $H $$ $& A‘:n $K $h $C $F F@ $i $l $k !# $3 $N$h $& $K !" >l $N@Q $, Mo y al @Q $N>l $NM}O@ $r Hs2D49 !J 6u4V>e $N !K >l $NM}O@ $H 8F $S !" FC $K %2 !< %8 M}O@ $N >l 9g !" Hs2D 49 %2 !< %8 M}O@ $H 8F $V !# $^ $? !" M-8z M}O@ $, Hs2D49>l $N M}O@ $G 5-=R $5 $l $k D-brane $r Hs2D49 D-brane $H 8F$V !# $^ $H$a $k $H !" GX7J B-�eld Cf$N D-brane $O Hs 2D49 D-brane $K $J $k !# $=$N w orldv olume $O Mo y al J?LL M = R 2 n � $G !" 0l Kg $N>l9g $O Hs2D 49 U (1) !" N Kg $N>l9g $O Hs2D 49 U ( N ) $r %2 !< %8 72 $K ;} $D M >e $NHs2D 49 %2 !< %8 M}O@ $G 5-=R$5 $l $k !# $7 $+ $7 !" >e =R $N $h$& $KM- 8z M} O@ $N F3 =P $K $O#2 DL $j $" $j!" $3 $l $i $OJ* M} E* $K $OEy 2A $J $O $: $G $" $k!# DL >o $N 07 $$ $G $O !" D-brane >e $N M- 8z M} O@ $O U (1) %2 !< %8M} O@ $K $J $k $, !" 6J N( $N Hy J, $r L5 ;k $9 $k 6a ;w $G $O Dirac-Born-Infeld :nMQ $G 5-=R$5 $l $k 3 !# S B I [ A ] = (2 � ) 1 � p 2 g s Z d 2 n x p det ( g + 2 � � 0 ( B + F )) ( F = dA � � A = d� (4.8) $3$N M}O@ $N >l $O U (1) %2 !< %8 >l A $G !" g ; B $O Dj?t $N GX7J !" g s $O string coupling $G $" $k !# $= $N 2< $K$O 6JN( $H %2 !< %8 JQ49@- A 7! A + � � A !J � $O %2 !< %8 %Q%i %a !< %? !K $r =q $$ $F$*$$ $? !# B-�eld $, D-brane >e $G $O U (1) ux $H $_$J $; $k$H $$ $&;v<B $O !" >o $K B + F $H $$ $&AH $G :nMQ $K 8= $l $k$3$H$K H? 1G$5 $l $F $$ $k !# 0lJ} !" :# $N 2 (4.5) $N phase factor $O (4.6) $r%U !< %j %( JQ49 $G I= $7 $? $b$N$G$" $k !# 3 %9%+ %i!<>l $O >JN, $7 $F $$ $k !#$^ $? T p = (2 � ) 1 � p 2 =g s . 17

2f !9 $N 07 $$ $G F@ $i $l $kM-8zM}O@ $O Hs2D49 U (1) %2 !< %8 M}O@ $G$" $k !# $3$N %2 !< %8 >l $r >e $H 6hJL$9$k $?$a ^ A $H =q$/ !# $9$k $H !" M-8z:nMQ $O >e=R $N CV$-49 $($K $h$j S B I [ ^ A ] = (2 � ) 1 � p 2 G s Z d 2 n x r det � G + 2 � � 0 ^ F � � ( ^ F = d ^ A � i [ ^ A; ^ A ] � ^ � ^ � ^ A = D ^ � := d ^ � � i [ ^ A; ^ � ] � (4.9) $H $J $k !# $3 $3 $G >l$N @Q $, Mo y al @Q$G $" $k$3 $H$, Hs 2D 49 >l$N M} O@$r 0U L# $9 $k !# $3$l $r Hs 2D 49 Dirac-Born- Infeld :nMQ $H 8F $V !# 6JN( $H %2 !< %8 JQ49 @- $O 6& $K !" U (1) $G $" $k $K$b $+ $+$o $i $: !" Mo y al @Q $NHs2D 49 @- $N $? $a $K non-Ab el E* $J$b $N $K$J$C $F$$$k!# $3 $l $, Hs2D49 U (1) $N Bg $- $J FCD’ $G$"$k !# 0J >e 2 $D$NM- 8zM} O@ $O J*M} E* $K$O Ey2A $G$" $k $O$:$@$+$i !" N><T $N >l $N 4V $K$O 2? $i$+ $N 4X78 $, $" $k !# $3 $l $r Seib erg-Witten map $H 8F $V !# $3 $l $O <LA| S W : ( A 7! ^ A ( A ) � 7! ^ � ( A; � ) (4.10) $G !" 0J2< $N ?^<0 $, 2D49 $K$J $k$b $N $H $7 $F Dj5A$5 $l $k !# A + � � A S W � � � � ! ^ A ( A + � � A ) = ^ A + ^ � ^ � ^ A � � x ? ? x ? ? ^ � ^ � A � � � � ! S W ^ A ( A ) $3 $l $O !" >l A; ^ A <+ ?H $G$O$J $/!" $= $l $> $l $N %2 !< %8 50F;F1 ;N $, 0lBP 0l $K BP 1~$9$k$3$H$r MW @A $7 $F $$ $k !# $3 $N <LA| $O 0l0U E* $G $O$J $$ $, B8:_$9$k $3$H $, <($5 $l $k [18] !# 99 $K !" $3$N <L A| $N 2< $G :nMQHF4X?t (4.8),(4.9) $, !J Hy J, $r L5 ;k$9$k 6a;w $G !K Ey $7 $$$3$H $b$$$( $k !# =>$C $F N><T $O <B:]Ey 2A $G $" $j !" B-�eld $r 07 $&J}K! $N 0c$$ $K 2a $. $J $$ !# $J $* !" $h$j0lHL $K$O N><T $N Cf4V $N 5-=R $b 2DG= $G$" $k !# $D$^$j B-�eld $N 0lIt $O DL>o $N$h $& $K ux � $N Aj 8_:nMQ $H $7 $F 07$$ !" ;D $j $r Mo y al @Q $K 8z$/1?F09‘ $H $7 $F 07 $& $3 $H$K $9 $k $H !" S B I [ ^ A ] = (2 � ) 1 � p 2 G s Z d 2 n x r det � G + 2 � � 0 (� + ^ F ) � � (4.11) $H $$ $& :nMQ $, F@ $i $l $k !# $3$3 $G M}O@ $N 3F%Q%i %a !<%?!< $O 1 G + 2 � � 0 � + � 2 � � 0 = 1 g + 2 � � 0 B G s = g s � det( G + 2 � � 0 �) det( g + 2 � � 0 B ) � 1 2 (4.12) $H $$ $&4X78 $G M? $($i $l $k !# $3 $l $i $N 5-=R $N <+ M3EY $O � $N CM $K $h $C $F 7h$^$j !" FC $K Mo y al @Q $r Dj $a $k � $b � $4 $H$K 0[ $J$k $3 $H $K$J $k !# @h $N 2 $D$N5-=R $K $D$$ $F $O !" � = B $N >l9g $, <0 (4.8) $G !" � = 0 $N >l9g $, <0 (4.9) $G $" $k !# 0J>e $N$h $& $K Hs2D49 D-brane $H $$$C $F$bC1 $J $k5-=R $N0c $$ $K 2a $. $J $$$N $G !" $"$^ $jHs2D49 $G 9M $( $k0UL# $, L5$$ $h $& $K ;W $( $k !# F1 $8 $b$N$r 2D 49 $J 5- =R $G 8+ $k$H !" B-�eld $O ux $H 2r <a$5 $l !" Chern-Simons term (2.11) $K $* $$$F B 6 = 0 $O !V brane within brane !W $r 0z$- 5/$3 $9!# $D $^$j Hs 2D 49 D-brane $O !" C1 $K Dc$$ <! 85$N D-brane $H $N b ound state $G $" $k !# $7 $+ $7 !" $$ $m$$ $m$J 5- =R $, $" $k$H $$ $& $3$H <+ BN $, 35 G0 E* $K =E MW $@$H $b 8@ $( $k !# $^ $? <BMQE* $K $b !" 2D49 $J 5-=R $H$O 0c $& NN0h $G Hs2D49M}O@ $NJ} $, NI$$5-=R $K$J $k $J $I $N 8fMx 1W $, $" $k !#Nc $( $P !" DL>o $N Dirac-Born-Infeld :nMQ S B I [ A ] $G � 0 ! 0 $N 6K8B $r$H $k $H Y ang-Mills M}O@ $K 18

$J $C $? $, !" JL $N 6K 8B $H $7 $F G; � $r 8G Dj $7 $F � 0 ! 0 $N 6K 8B $r$H $k $H !" Hs2D49 DBI :n MQ S B I [ ^ A ] $O Hs 2D 49 Y ang-Mills M}O@ S Y M [ ^ A ] = 1 4 g 2 Y M Z d 2 n x p GG ik G j l ^ F ij ^ F k l (4.13) $K $J$k $N $K BP $7 !" DL >o $N DBI :nMQ S B I [ A ] $O non-p olynomial $J :nMQ HF 4X ?t $K $J$k !# $h $C $F $3 $NNN 0h $G $O Hs 2D49M}O@ $G$N 2r@O $N J} $, MF0W $G $" $k !# $^ $? !" Hs2D49>l $N M}O@ $K $* $1 $k%= %j %H%s $r 9M $( $k $H !" Hs2D49 $f $($N 6=L# ?< $$@-<A $r M- $7 $F$$$?$j $9$k!# Nc $( $P Hs2D 49 J?LL $O !V E@ !W $, � $N 9- $, $j $r ;} $D $? $a !" Hs2D 49 instan ton $N mo duli 6u4V $G$O small instan ton $N FC0[@- $, 2r>C$5 $l $k $H$$ $&;v<B $O NI$/CN $i $l $F $$ $k ( $3$N JU$j $K $D $$ $F $O [19] $J $I $r ;2>H ) !# 4.2 JQ7ANL;R2= >e=R $N$h $& $K Dj?t $N B-�eld $K $h $C $F 8= $l $kHs2D494v2? $O Mo y al J?LL $H $$ $& :G $bC1=c $J >l9g $G !" $[$H$s $I $N 8&5f $O$3$N >l9g $K 8B $i $l $F $$$k !# $7 $+ $7 Mo y al J?LL R 2 n � 2 ( x 1 ; � � � ; x 2 n ) ; [ x i ; x j ] � = i� ij $" $k$$ $O $= $N 4X?t4D $O 85 !9 8EE5 NO3X $N Aj6u4V T � R n $N JQ7ANL;R2= $G 8= $l $k $b$N $G$" $k !# $3$3 $G !" JQ7A NL;R2= $O 0J2< $N $h $& $K Dj<0 2= $5 $l $k !# 0l HL $K P oisson B?MM BN ( M ; f ; g ) >e $NJ#AG 4X ?t 4D C 1 ( M ) $O P oisson 4D $G$"$k $, !" $3 $l $r%Q%i %a !< %?!< ~ $G JQ7A $7 $? 6u4V A = C 1 ( M )[[ ~ ]] $r 9M $( !" $= $3 $K Hs2D49 $J 7k9g@Q � $r F3F~ $7 !" 4D $r JQ 7A $9 $k $3 $H $r$$$& !# C" $7 f � g = f � g + ~ f f ; g g + � � � $r K~ $?$9 $b $N $K$H$k !# $3$N � @Q $NB8:_ $O !" Kon tsevic h $K $h$j <($5 $l $? [20] !# $3 $l $K BP1~ $7 $F !" Dj?t $H $O 8B $i$J $$ 0lHL$N B-�eld !J C" $7 closed dB = 0 !K $N >l9g $K$O !" $h$j0lHL $N � @Q $r ;} $DHs 2D 49 D-brane $K$J $k $3 $H $, M=A[ $5 $l $k !# $= $l$O !" Kon tsevic h JQ7A NL ;R 2= $r target 6u4V $r P oisson B?MM BN M $H$9$k top ological � -mo del $G 5-=R $9$k J} K! $,$" $k $, [21] !" string $N � -mo del (4.2) $G$b g ij ! 0 6K8B $r$H $l $P top ological $K $J $k $+$i$G$" $k !# 0lJ} symplectic B?MMBN $K 8B $l $P !" F edoso v $K $h $k JQ7ANL;R2=$N J}K!$b $" $k [22] !# $3 $l$O M >e$N @\ %P %s %I %k $r Mo y al @Q $G JQ7A $7 $F $= $l $r M >e $G smo oth $K 7R $2 $k J} K! $G !" M >e $K 0l HL$N%Y %/ %H %k %P%s %I %k$, $" $k>l 9g $X$N 3H D% $, MF0W $G $" $k !# =>$C $F !" N D-brane >e $N Hs2D49 %2 !< %8 M} O@ $r 5-=R$9$k$N $K ET 9g $, NI$$ !# 2f !9 $O$3$N J}K! $G Hs2D49 %2 !< %8 M}O@ $N 0lHLO@ $r 9M;! $7 $? [23] !# 5 Hs2D49 %= %j %H %s $3$3$G$O !" D-brane $K 8B $i$: !" Hs2D49>l $NM}O@0lHL $K $* $1 $kFCD’E* $J%= %j %H%s 2r $K $D$$$F 5DO@$9$k !# $3 $N$h $& $J 2r $r 8+ $D $1 $k $K $O !" Mo y al J?LL $h$j $b !" Hilb ert 6u4V $H$=$N>e $N :nMQAG $r 9M $( $kJ} $, ET9g $, NI $$ !# $=$N8e !" non-BPS D-brane 7O $K$= $l$r E,MQ $9$k!# $3$N>O $G $O 4JC1 $N $? $a#2<!85 $N $_07 $& $, !" G$0U $N6v?t<! 85 $X$N 3HD%$b<+L@ $K$G $- $k !# $3$N >O $N FbMF $O <g $K [24] $K =>$C $F$$ $k !# 5.1 W eyl JQ49 $^ $: !" >l $N M} O@ $N Dl 6u 4V $r !" Mo y al J? LL R 2 � 3 ( x 1 ; x 2 ) ; [ x 1 ; x 2 ] � = i� 12 � i� $+ $i !" NL ;R NO 3X $N Heisen b erg Be?t [ ^ x 1 ; ^ x 2 ] = i� $K CV $-49 $( !" :n MQ AG4D $N8@MU $G >l $NM}O@ $r Dj<02= $9$k !# @5 3N $K$O Mo y al J?LL>e $NJ#AG4X ?t4D $+$i separable $J Hilb ert 6u4V H >e $N :nMQAG4D $X$N F17?<LA| C 1 ( R 2 � ) ! A � B ( H ) f 7! ^ O f (5.1) 19

$r W eyl JQ49 $H 8F $V !# $3$3$G B ( H ) $O H >e $N M-3&@~7A:nMQAG $N @.$9 C � - Be?t $G$" $k !# $3$N <LA| $O ^ O f = 1 (2 � � ) 2 Z d 2 k U ( k ) ~ f ( k ) = 1 (2 � � ) 2 Z d 2 k d 2 x e � ik � ( x � ^ x ) f ( x ) (5.2) $GDj 5A $5 $l $k!# $3 $3 $G !" ~ f ( k ) := R d 2 x e ik � x f ( x ) $O f $N F ourier JQ 49 $G !" U ( k ) = e � ik � ^ x $O W eyl-Heisen b erg 72 $N 85 $G !" $3 $l$i$O U ( k ) U ( k 0 ) = e i 2 � ij k i k 0 j U ( k + k 0 ) $r K~ $?$9!# $3$N <LA|$N 2< $G !" Mo y al @Q !" HyJ, !" @QJ, $O$= $l $>$l ^ O f � g = ^ O f ^ O g ^ O @ i f = � i� � 1 ij [ ^ x j ; ^ O f ] � @ i ^ O f Z d 2 x f ( x ) = 2 � � T r H ^ O f (5.3) $H <L$5 $l $k !# 0J2<1i;;;R $N ^ $O >JN,$9$k !# 99 $K Hilb ert 6u4V $N4pDl $H $7 $F D4OB?6F0;R 4pDl $r $H $k $3 $H $K $9$k !# B( $AJ#AG :BI8 z = 1 p 2 ( x 1 + ix 2 ) $+$i @8@.>CLG1i;;;R a = 1 p � z ; � a = 1 p � � z ; [ a; � a ] = 1 $r Dj5A $7 !" $=$N F o c k 6u4V $H $7 $F Hilb ert 6u4V $r H = 1 M n =0 C j n i ; j n i = 1 n ! ( � a ) n j 0 i (5.4) $H M? $( $k !# $3$N$H $- HyJ, $O (5.3) $+$i $= $l $> $l @ � @ z = � 1 p � ad � a; � @ � @ � z = 1 p � ad a $G M? $($i $l $k $3$H $K Cm0U$9$k !# $3$N 4pDl $G 4JC1 $K I=$5 $l $k=EMW $J 1i;;;R $N Nc $H $7 $F$O 0J2< $, $" $k !# P k = k � 1 X i =0 j i i h i j 2 K ( H ) rank k pro jection op erator S = 1 X n =0 j n + 1 i h n j 2 B ( H ) shift op erator (5.5) $3$3$G K ( H ) $O %3 %s %Q %/ %H :n MQAG$N =89g $r I=$9 !# P k $O j i i ( i = 0 ; � � � ; k � 1) $N >uBV$_ $r ;D$9 pro jection op erator $G !" W eyl JQ49 $NA0 (W eyl 5UJQ49 $H$$ $& ) $O$+$J$jJ#;( $J 4X?t $G$"$k !# S $O A4 $F $N >uBV $r j m i 7! j m + 1 i $H 0l@F $K$:$i $9 :nMQAG $G F redholm op erator $N 0l<o $G$" $k !# $5 $F !" Hs2D 49>l $N M}O@ $NDj<02= $O$3 $l$G$[ $\ 40N; $7 $F $$$k !# Nc $( $P Hs2D49%9 %+ %i!<>l $O C 1 ( R 2 � ) $N 85 $G $"$k $+$i !" W eyl JQ49 (5.2) $K $h$j :nMQAG4D A $N 85 $H $7 $F $N >l $K$J $k !# $^ $? !" $= $N :nMQHF4X ?t $O 4X?t $N @Q !" HyJ, !" @QJ, $G =q $+ $l$F $$$k $+ $i !" (5.3) $K $h$j$9 $0 $5$^:nMQAG 4D $N8@MU $K <L$k !# $h$j0lHL $N >l $NM}O@ $bF1MM $G$"$k !# Nc $( $P%2 !< %8 M}O@ $J $I $O 2D49 J? LL $G $O%Y %/ %H%k%P %s %I %k $N connection $G $"$k $, !" Mo y al J?LL $N>l 9g $K $O M-8B @8 @. <M1F 2C 72 $, %Y %/ %H %k%P %s %I %k $N@ZCGA4 BN $H 0lCW $9$k $N $G !" $3$N2C72 >e $N connection $G Dj<0 2= $G $- $k !# $3 $l $r W eyl JQ49 $7 $F :nMQAG4D $K <L $l $P NI $$ 1 !# 5.2 Hs2D49 %= %j %H %s :G $b 4JC1 $J Hs2D49>l $N M}O@ $H $7 $F !" R 2 � � R >e $N <B %9%+ %i!< >l � $r 9M $( $k ( R $O ;~4VJ}8~ ) !# $^ $: 4JC1 $N $?$a 1?F09‘ $r L5;k$9$k $H !" :nMQHF4X?t $O 85 $N Mo y al I=<( $G$O S = Z dtd 2 xV ( � ) ; V ( � ) = c 2 � � � + c 3 � � � � � + � � � (5.6) 1 0lHL $K$O B-�eld $K $h$j HyJ,7A<0 $b JQ99 $r <u $1 $k 2DG=@- $, $" $k $, !" $"$^$j 9M $($i $l $F$$$J$$ !# 20

$N $h $& $K%] %F %s %7 %c%k $N $_$G M? $($i$l $k !# C" $7 Hs 2D 49 >l$N M} O@$f$( !" >l $N @Q $, Mo y al @Q $G $" $k !# $3 $l $r W eyl JQ49 $7 $F :nMQAG4D $N 5-=R $K 0\$k $H S = 2 � � Z dt T r H V ( � ) (5.7) $H$J $k !# 0J8eA4 $F :nMQAG $7 $+ MQ$$ $J$$$N $G � � ^ O � $H CV $$ $F$$ $k !# 1?F0J}Dx<0 $O V 0 ( � ) = @ V @ � = 0 (5.8) $G $"$k!# 4X ?t $H $7 $F$N %]%F %s%7 %c %k V $NDd N1 E@ $r � 1 ; � � � ; � l $H$*$/ $H !" 2D 49 M} O@ ( � = 0) $N>l 9g $K $O <+ L@ $J 2r � ( x ) � � i = const. $7 $+$J$$ $N $K BP $7 !" :# $NHs2D 49 M} O@ $N>l 9g !" $= $l 0J30 $K (5.5) $N pro jection op erator P k $r MQ $$$F Hs<+L@ $J 2r $, 9=@. $G$- $k !# � = � i P k ; P k 2 = P k = P k (5.9) $3$N2r $O 6I=jE* $J >l $NNe5/ $r I= $7 $F$$ $k !# Nc $( $P !" :G $b4JC1 $J P 0 = j 0 i h 0 j $N >l9g !" $3 $l $r W eyl 5UJQ49 $9$k $H f ( x ) = 2 e � j x j 2 � $H $J $j !" BgBN � $N %5 %$ %:$N 9- $, $j $r ;}$C $F$$ $k !# $^ $?%(%M %k %. !< $r I>2A$9$k $H E = 2 � � T r H V ( � ) = 2 � � V ( � i ) T r H P k = 2 � � k V ( � i ) (5.10) $H $J$j !" M- 8B $NCM $r;} $D!# 0l HL $K%(%M %k %. !< $O pro jection $N rank $H DdN1 E@ $G$N %]%F %s%7 %c %k$NCM $K $7 $+ $h $i$J $$$3$H $K Cm0U !# $3$N$h $& $J 2r $O 2D49 $J M}O@ $G$O B8:_ $7 $J $$ 2r $G $"$j !" Hs2D49 %= %j %H%s $H 8F $P $l $k !# C" $7 $3$N 9=@. $O !" :nMQ $, %] %F %s %7 %c%k $@$1$G M? $($i $l $F $$ $k>l9g $K FCM- $N$b$N $G$" $k !# <! $K !" $h$j0lHL$N>l9g $K E, MQ $G$- $k 9=@. $r >R2p$9$k !# $3 $l$O solution generating tec hnique $H 8F $P $l $F $$$k !# $^ $: !" :nMQHF4X?t (5.7) $, %f%K %? %j:nMQAG $N 72 U ( H ) $N :nMQ � 7! U � U ; U U = U U = 1 (5.11) $N 2< $G ITJQ $G$" $k $3$H $K Cm0U$9$k !# EvA31?F0J}Dx<0 $N 2r $O 2r $K <L$k !# $7 $+ $7 JQ498e$b2r $G$" $k $H$$ $& $3 $H $@$1$r MW@A$9$k $N$J $i $P !" U ( H ) $+$i$O $_ $@ $9 :nMQAG $N $& $A !" non-unitary isometry $H 8F $P $l $k U U = 1 ; U U 6 = 1 (5.12) $J$k1i ;; ;R $G JQ49 $7 $? >l9g $b !" 2r $O 2r $K <L$k $3 $H $, $o $+ $k !# $3$N $H$- U U $O pro jection op erator $K$J$C $F $$ $k!# $b $A $m $s M- 8B <! 85 %Y%/ %H%k6u 4V $N>l 9g $OBh 0l <0 $+ $i<+ F0 E* $K U U = 1 $J $N $G !" $3 $l $OL5 8B <! 85 H $K FC M- $N:n MQ AG $G$"$k!# => $C $F !" non-unitary isometry $r MQ $$ $l $P ?7 $? $J2r $r$$$/ $i $G$b:n $k $3 $H $,$G$-$k!# Nc $( $P (5.5) $N shift op erator S $O S S = 1 ; S S = 1 � j 0 i h 0 j $rK~ $? $9 $N $G non-unitary isometry $G$" $k!# S k $b F1 MM!# $h $C $F !" <+ L@ $J2r � = � i Id H $+ $i =P H/ $7 $F U = S k $G JQ 49 $9 $k $H !" � = S k ( � i Id H ) S k = � i (1 � P k ) $H$J $j !" @hDx $N Hs2D49 %= %j %H%s$, F@ $i $l $k !# $3 $N J}K! $O B> $NHs2D49>l $N M}O@ $K$b MF0W $K E,MQ $G $-$k !# <! $NNc $H $7 $F J#AG%9%+ %i!<>l � $r 9M $( $k !# :n MQ HF4X?t $O 1?F09‘ $r L5;k$9$k $H S = 2 � � Z dt T r H � W ( � � � ) + W ( � � ) � (5.13) $N $h $& $J 7A $r $7 $F $$$F !" U ( H ) � U ( H ) : � 7! V �U $J $k BP >N @- $, $" $k !# =>$C $F U U = V V = 1 $N $_$r 2> Dj $9 $l $P 2r $O 2r $K <L $k$3 $H $K $J $k !# Nc $( $P � = Id H $+ $i � = V U $, F@ $i$l $k !# $3 $N >l 9g $O <B %9 %+%i !< $H 0c$$ � <+?H $O pro jection op erator $G$O $J $$ $, !" � = U U ; � � = V V $O pro jection op erator $G !" FC $K � � = � $r K~$? $9!# $3 $N $h $& $J 1i ;;;R $O partial isometry $H 8F $P $l $k !# $D $^$j !" J#AG %9%+%i!< >l$N >l 9g !" partial isometry $, Hs2D49 %= %j %H%s $K $J $k !# 6qBNE* $K$O U = S m ; V = S n $J $I $H$H $l $P NI$$ !# 21

$^$? !" :nMQHF4X ?t $K 1?F09‘ $, F~$C $?$h$j J#;( $J >l9g $K $b$3$N 9=@.K! $O E,MQ $G $- $k !# $3$N >l9gC1 $K HyJ, $r MQ $$ $F 1?F09‘ $r :n$C $? $H$9$k $H U ( H ) ITJQ@- $O GK $l $k $N $G !" $= $l $, 2sI| $9$k $h $& $K Hs2D49 %2 !< %8 >l ^ A $r 2C $( $kI,MW $, $" $k !# $D$^$j!" :nMQHF4X?t $O 6&JQHyJ, D � = @ � � i [ ^ A; � ] = � 1 p � [ C ; � ] ; C � � a + i p � ^ A (5.14) $r MQ $$ $F =q $+ $l $k !# $3 $l$i$O D � 7! U D � U $^ $? $O C 7! U C U $H 6&JQ $K JQ49 $9$k $N $G !" >e $N %F%/ %K%C %/ $O � $H C $N 7O $K BP $7 $F E, MQ $G $- $k !#C" $7 !" 6JN( $O F := iF z � z = � � 1 ([ C ; C ] + 1) $G $" $j !" 6&JQ $K JQ 49 $7 $J $$ $?$a !" :nMQHF 4X?t $K$O F � � � 1 $N AH $_9g $o$; $G F~$C $F$$$kI,MW $, $" $k !# Nc $H $7 $F$O !" <+ L@ $J 2r !J %2 !< %8 >l $O 0 !K $+$i =PH/ $7 $F U = S k $K $h$j JQ49 $7 $? $b$N !" $D$^$j � = Id H ; C = � a; C = a U = S k 7� ! � = 1 � P k ; C = S k � a S k ; C = S k � a S k (5.15) $J $I $, 9M $($i $l $k !# $3$N$h $& $K HyJ,9‘ $N F~$C $? >l9g $N 2r $r exact $J Hs2D49 %= %j %H%s 2r $H$$ $& !# 5.3 Hs2D49 D-brane $X$N 1~MQ 0J>e$N%= %j %H %s 2r$N 9=@.K! $r !" T yp e I I string M}O@$N IT 0BDj $J D-brane 7O $+$i $N BPS D-brane 2r$N 9= @. $K 1~ MQ $7 $F $_ $k !# B($A !" T yp e I IA $G $O non-BPS D9-brane !" T yp e I IB $G $O D9- D9 system $r Hs 2D 49 D-brane $H 9M $( $k !# 4JC1 $N$? $a B-�eld $O 2 <!85 $N$_ $, 0 $G$J $$ $H $9$k !# $3$N $H$- 7O $O Dl6u4V R 2 � � R 8 >e $N Hs2D 49 %2 !< %8 + %?%- %* %s M} O@ $G !" %? %-%* %s $O I IA $N >l 9g $O <B %9%+%i!< >l !" I IB $N >l 9g $O J# AG %9%+%i!< >l $G$" $k !# $3 $l $i $N 7O $+$i R 8 $K 4,$-$D$$$? D7-brane 2r $r :n$m $& $H $9 $l $P !" M><!85 2 $N Mo y al J? LL R 2 � >e $N%= %j %H %s $r 9M $( $l $P $h$$$N $G !" $3 $l $^ $G $N 5DO@ $, E,MQ $G $- $k 2 !# =>$C $F !" %? %-%* %s $N G[0L $, I IA $G$O pro jection op erator !" I IB $G $O partial isometry $N$H $-$K 2r $K $J $k !# Nc $( $P I IB M} O@ $K $* $1 $k R 2 � >e$N m v ortex- n an ti-v ortex 2r $O U = S n ; V = S m $H $7 $F JQ49$9$k $H F@ $i $l $k !# T = S m S n ; C = S n � a S n ; C = S m � a S m (5.16) $3 $l$O m D7- n D7 $r 0UL# $9$k !# <B:] !" $3$N 2r $N %(%M %k %. !< $O E = ( n + m ) T 7 $G$" $j !" MI $i $. $b$3$N7O $N >l $NM}O@ $r @5 $7 $/:F8= $7 $F$$ $k $3 $H $, 3N $+$a $i $l $k !# 99 $K !" 9b $$M><!85 2 n $N Hs2D49 %= %j %H%s $b !" ABS 9= @. $N N‘;wJ* $, :n $i $l $F $$ $k [25] !# $3 $N$3 $H $+ $i !" GX 7J $K Dj?t $N B-�eld $, $" $k>l9g $K $b x 3 $H F1MM $K K -theory $K $h $k D-brane $N J,N‘ $, 2D G= $G$" $k $3 $H $, M=A[$5 $l $k !# <B:] !" >e $N D9- D9 $N Hs2D49 %= %j %H%s 2r $O !" K -theory $N #2$D $N Dj5A $H BP1~ $7 $F$$ $k $3 $H $, ;XE&$5 $l $F $$ $k !# � A $r C � - Be?t $H $7 !" C $r M 1 ( A ) $N pro jection op erator $N Murra y v on-Neumann F1CMN‘$N =89g $H $9$k !# B($A pro jection p; q $, F1CM p � q $H$O !" $"$k partial isometry v $K $h$j p = � v v ; q = v � v $H =q $1 $k>l9g $r$$ $& !# $3$N $H$- Grothendiec k $N 9=@. $K$h$j F@ $i $l $k Ab el 72 K 0 ( A ) := S ( C ) $r C � - Be?t A $N K 72 $H 8F $V !# :# $NNc $N >l9g !" A $r D7-brane $N M>6u4V R 2 � >e $N b ounded function A4BN C 0 ( R 2 � ) $G $" $k $H 9M $( $k $H !" $3$N Dj5A$N v $, tac h y on $K BP 1~ $7 $F $$ $k !# 0lJ} !" non-BPS D9-brane $N Hs 2D49 %= %j %H%s $O pro jection p $K BP1~$9$k $H 9M $( $i $l $k 3 !# � $b$& 0l $D $N K 72 $N Dj 5A $O (3.35) $N K ( Y ) := [ Y ; F ] $G $" $k !# $3 $3 $G F $O Hilb ert 6u 4V H >e $N F redholm :nMQ AG $N=89g $G !" $= $N homotop y F1CMN‘ $G Dj5A $5 $l $k !# $3$N>l9g D7- D7 $N w orldv olume $r Y = R 8 2 I IA $N >l9gM><!85 even $O non-BPS $G $" $k $+$i !" K\Ev $O 2D49 1 <!85J,$b9g $o$;$F M><!85 3 $N%= %j %H%s $r 9M $( $k I,MW $, $" $k !# 3 K\Ev $O M><!85 3 $N%= %j %H%s $H K 1 ( A C 0 ( R )) $N BP1~ $r 5DO@$9$Y$- $G$" $k !# 22

$H $7 !" M $N 3FE@>e $N Chan-P aton 6u4V $H H $r F1Dj $9$k !# $D$^ $jL58BKg $N D7- D7 7O $r 9M $($F$$ $k $3 $H$K $J $k !# M>6u4V C 0 ( R 2 � ) $O W eyl JQ49 $r DL $7 $F H $K :nMQ$9 $k:n MQAG4D $H$J $k !# $3$N$H $- :n MQHF4X ?t $, M- 8B $K $J $k$h $& $J G[ 0L $O %?%- %* %s$, F redholm :n MQ AG$N >l 9g $G $" $k $+$i !" K ( Y ) $N 85 $r Dj$a$F $$ $k !# 0lJ} !" I IA $N %? %-%* %s$O (3.34) $N K 1 ( Y ) := [ Y ; F sa ] $N 85 $K$J $k !# $3 $3$G F sa $O self-adjoin t F redholm :nMQAG$NA4BN $r I=$9 !# x 3 $N 8@$$ J} $r $9 $l $P !" A0<T $O ABS 9= @. $K BP 1~$9 $k Jd Bj$N It J, $K AjEv $7 !" 8e<T $O ;D $k D7- D7 7O$N G[0L A4 BN $r 9M $($F $$ $k $N $G <gD%#2 $K AjEv$9 $k !# $7 $+ $7 !" 2D49 $J D-brane $H Hs2D49 $J D-brane $r A4 $F 9g $o$;$F x 3 $N$h $& $K 7OE}E* $J @bL@ $r$9$k $3 $H $O $5 $l$F$$$J$$$h $& $G$"$k !# $= $l$O !" Hs 2D49 D-brane $, $=$b$= $b b ound stete $G$" $k $3 $H $, 860x $H ;W $o $l $k !# $3$NM}2r $K 4X78$9$k Hs2D49 D-brane $N Chern-Simons term $K $D$$ $F $O !" :G6a $+$J $j J, $+ $C $F$- $F$$ $k ( Nc $( $P [27]) !# $3$3 $G$O 8e<T $N 4QE@ $, =EMW $G$" $k $3$H$r ;XE&$9$k $K$H $I $a$k !# $D$^ $jHs 2D 49J? LL C 0 ( R 2 � ) $O Chan-P aton Hilb ert 6u4V $K :nMQ $9$k :n MQ AG4D $G$"$k !" $H$$ $& $3 $H$rMQ $$$k $H !" <! $N x 6 $G 8+ $k $h $& $K !" Dc <! 85 $N D-brane $+$i 9b<! 85 $NHs2D 49 D-brane $r 9=@. $9$k $3 $H $,$G$-$k !# 6 Chan-P aton 0x;R $K $h $k Hs2D49 D-brane $N 9=@. $3$N >O $+ $i $O$3 $l $^ $G $H $O 5U $K !" :G Dc <! 85 $N D-brane 7O $+$i$N9b<! 85 $N D-brane $N9=@. $K 4X$9 $k 5D O@ $r $7 $F$$ $/ !# $3 $l$K K\<A E* $JLr3d $r2L $?$9 $N $O !" Chan-P aton 0x;R !" $D $^ $j D-brane $, N Kg=E $J$C $? $H$- $K ?bD>J}8~$N %9%+ %i!< >lF1;N $, ;}$D U ( N ) $N 9=B$ $G$" $k !# $3 $l$O M-8BKg N < 1 $N >l9g $O non-Ab el @- $K 2a $. $J$$ $, !" L58BKg N = 1 $N >l9g $K$O L58B<!85 $N Chan-P aton 6u4V $, IU?o $7 !" $= $3 $K :nMQ$9$k:nMQAG4D $H $7 $F 9b<!85 $N 6u4V $, @8$_=P$5 $l $k $3 $H $K$J $k !# K\>O $G$O $^ $: !" :# $^ $G L5;k $7 $F $$$? Chan-P aton 0x;R $N Hs 2D49 @- $r M- 8zM}O@ $K $I $&<h $j9~ $‘ $+$r 8+$k !# $= $7 $F BPS D( � 1)-brane 7O$N G[0L $, <B:] $K Hs2D 49J?LL !" $D $^$j 9b<! 85 $N Hs 2D49 D-brane $r 4^ $‘ $3$H$r 8+$k !# $3 $l $O 85 !9 matrix mo del $N OHFb $G 5D O@$5 $l $F $-$?$b $N $G$" $k [28, 29] !# $3$3$G $O [30] $K => $& !# N Kg $N BPS D p -brane $N M-8zM}O@ $O w orldv olume M >e $N>l $NM}O@ $H $7 $F !" U ( N ) $N %2 !< %8 >l A � ( � = 0 ; 1 ; � � � ; p ) $H U ( N ) $N adjoin t I=8= $N %9 %+ %i !< >l � i ( i = p + 1 ; � � � ; 9) $G 5- =R $5 $l $k !# Chan-P aton 0x ;R $N Hs2D 49@- $H $O [ � i ; � j ]( 6 = 0) $N $3 $H $G$"$k !# $3$N9‘ $r <h $jF~ $l $? :nMQHF 4X ?t $H $7 $F My ers :nMQ $H 8F $P$l $k $b $N $, CN $i $l $F $$$k [31] !# $3 $l$O N Kg $N BPS D9-brane $N :nMQHF4X?t $, non-Ab elian Dirac-Born-Infeld $G $"$k $3 $H $r 2> Dj $7 $?$H$- $K !" T yp e I I string M}O@ $NBP>N @- $G$"$k T-dualit y JQ49 IT JQ @- $r MW@A $7 $F 5a $a $?:n MQHF 4X ?t $N $3 $H $G$"$k !# i ( i = p + 1 ; � � � ; 9) J} 8~ $K T-dualit y JQ49 $r 9T$& $H D9-brane $, D p -brane $K$J$j !" 85 $N i J}8~ $N %2 !< %8 >l $, A i 7! � i $H %9 %+ %i !< >l $K JQ 49 $5 $l $k!# => $C $F85 $N U ( N ) 6J N( $+ $i F ij 7! [ � i ; � j ] $K $h $j Chan-P aton 0x;R $NHs2D 49 @- $, 8= $l $k $3$H $K$J $k !# 6q BNE* $K $O BPS D p -brane $N Chern-Simons term S C S (2.11) $O !" $3$N J}K! $K $h $j 0J 2<$N$h $& $K JQ 99 $r <u $1 $k !J S B I $b F1 MM $K$G $- $k $, >JN, !# $^ $? B = 0 $H $9$k !K !# S C S = T p Z M T r P � e i � i � C � ^ e iF (6.1) FC D’ E* $J $N $O Fb It @Q i � i � $H pull-bac k $N0l HL 2= P $G$"$k!# $3 $l$i $ONc $( $P M = ( �; i ) $H $7 $F ;~ 6u $N 2-form C (2) = 1 2 C M N dx M ^ dx N $K BP $7 !" 0J2< $G Dj5A$5 $l $k !# i � i � C (2) := � i � j C ij = 1 2 [ � i ; � j ] C ij P ( C � ) := C � + 2 D � � i C i� + D � � i D � � j C ij (6.2) $3$3$G D � � i $O U ( N ) $N 6&JQ HyJ, $G $" $k !# $^ $? BhFs<0$N 1&JU $O x � $H � i $N ( HF ) 4X ?t $H M} 2r$9$k !# =>$C $F $3$N N><T $K � i $N non-Ab el @- $, H?1G$5 $l $F $$ $k !# $7 $+ $7 $3$3$G$O [ � i ; � j ] $N 8z2L $K CmL\ $7 $? $$$N $G !" 6&JQ 23

HyJ, $N$J$$ 7O !" $D$^$j 0 <!85 $N 7O $H $7 $F T yp e I IB $N N BPS D( � 1)-brane $r 9M $( $k !# $3$N M-8zM}O@ $K 4^ $^ $l $k>l $O 10 8D $N %9%+%i!< >l � � ( � = 0 ; 1 ; � � � ; 9) $N $_$G 1 !" 0 <! 85 $f$($3 $l $i$O A4 $F U ( N ) adjoin t I= 8= $N C1 $J $k9TNs $G$" $k !# $=$N :nMQHF4X?t$b My ers $N J}K! $K $h$j 0J2< $G M? $($i $l $k !# S B I = 2 � g s T r q det( � � � � ig � � [� � ; � � ]) S C S = 2 � g s T r � e i � i � e C � (6.3) $3 $3 $G !" (6.2) $N P $O $3$N >l9gBh0l 9‘ $N$_ $G$"$k $+ $i P $r :nMQ $5 $;$?8e $NI=<0 $r =q $$ $F$$$k !# => $C $F RR- form e C = P n C ( n ) $N3F @. J, $O � � $NBP >N $JHF 4X ?t C � 1 � � n (�) $G !" Fb It @Q $r;\ $7 $?8e 0-form $N$_ <h $j =P $9 Ls B+ $r $H$k!# $=$& $9 $k $H !V brane within brane !W $KN‘ ;w $7 $?8= >] $,$" $k $3 $H $,$o $+$k!# $D $^ $j T r[� � ; � � ] = 0 $G$" $l $P C (0) $H$N $_ 7k9g $7 !" D( � 1)-c harge $r ;}$D $3$H$r I=$9 $@$1$G$" $k $, !" T r[� � ; � � ] 6 = 0 $J $kG[0L $G $" $l $P FbIt@Q $, 8z $$ $F !" 9b $$<!?t $N RR-form C ( p ) ( p � 1) $H $b 7k9g $9$k !# $3 $l$O 9b $$<!85 $N D p -brane $H $N b ound state $r I=$9 !# C" $7 !" $3$N$h $& $J G[0L $O M-8B $N N $G$O $"$j F@ $J$$$3$H $K Cm0U 2 !# $G$O <B:] $K Hs2D 49 D p -brane $, $3$N7O $N2r $H $7 $F F@ $i $l $k $3 $H$r8+$k!# :n MQ HF 4X ?t (7.1) $+$i F@ $i $l $k1? F0J} Dx<0 $N <+ L@ $J 2r $H $7 $F$O [� � ; � � ] = 0 ( �; � = 0 ; 1 ; � � � ; 9) $, $" $k !# 10 8D$N %9%+ %i!< >l !J $N BP 3Q@.J, !K $O N 8D $N D( � 1)-brane $N 0LCV $H 2r<a $5 $l $k $3 $H $H !" S C S $O C (0) $7 $+ 4^$^ $J$$ $3 $H $+$i !" $3$N 2r $O 10 <! 85;~ 6u $K N 8D$N D( � 1)-brane $, ;6 $i $P $C $F B8 :_$9 $kG[ 0L $r I=$9 !# 0lJ} !" N = 1 $N >l9g $K$O 0J2<$N G[ 0L $b $"$j F@$k !# � i = x i ( i = 0 ; 1 ; � � � ; p ) ; [ x i ; x j ] = i� ij � a = 0 ( a = p + 1 ; � � � ; 9) (6.4) $3$3$G N = 1 $H$O !" @53N $K$O Chan-P aton 6u 4V $, separable Hilb ert 6u 4V H $G !" >l � i $O $=$N >e $K :nMQ $9$k:nMQAG $H 8+ $J $7 $F$$ $k !# $3 $l$O L58B8D $N D( � 1)-brane $, p + 1 <!85 $NHs2D49J?LL R p +1 � $r @. $7 $F$$ $k G[0L $G$" $k !# S C S $K$O [ x i ; x j ] $H =LLs $7 $F 0-form $K $J $kA4 $F$N RR-form $H $N 7k9g $, $"$j !" $3 $l$O B-�eld $, B ij = � � 1 ij $N >l 9g$N (2.11) $K 0lCW$9 $k !#8@ $$ 49 $( $k $H Hs 2D49 D p -brane $N RR c harge $K 0lCW$9 $k !# 99 $K !" $3$N 2r $N $^ $o $j $G <! $N MI $i $. $r 9M $( $k !# � i = x i + � ik ^ A k ( x ) (6.5) 2< $G ^ A i $O Hs2D 49 D p -brane >e $NHs2D 49 %2 !< %8 >l $H 2r<a $5 $l $k !# <B :] !" Hy J, $, @ j = � i� � 1 j k ad x k $H =q $1 $k $3 $H$K $h$j [� i ; � j ] = iQ ij = � ij � � ik ^ F k l � lj ; ^ F ij := @ i ^ A j � @ j ^ A i � i [ ^ A i ; ^ A j ] (6.6) $H 6JN( $r 4^ $‘ I= <0 $, F@ $i $l $k $, !" $3 $l$r :nMQ HF4X ?t S B I $K BeF~ $7 !" W eyl 5UJQ49 $N8x<0 (5.3) $r MQ $$$k $H 3 S B I = 2 � g s T r H Pf � q det( g ij � Q � 1 ij ) = (2 � ) p +1 2 G s Z d p +1 x q det( G ij + � ij + ^ F ij ) � (6.7) $H $J $j !" 3N$+ $K Hs 2D 49 D p -brane $N :n MQ HF 4X ?t (4.11) $, :F 8= $5$l $k !# C" $7 !" 3F%Q %i %a!< %?$O (4.12) $G � ij = � B ij $H $7 $? $b $N $G $" $k !# S C S $K$D $$ $F $b F1 MM $K5D O@ $G $- !" � a $KMI $i $. $H $7 $F%9 %+ %i !< >l � a = � a ( x ) $r F~ $l $F 9M $( $k$3$H $b$G $- $k !# 0J>e$N$3$H$+$i !" N = 1 D( � 1)-branes $+$i Hs 2D49 D-brane $, :n $i $l $k $3 $H $, J, $+ $C $? !# 1 >e $H 0c$$ D( � 1)-brane $K ?bD> $J J}8~ $r � $H $*$$ $? !# 2 T r([� � ; � � ]� � ) 6 = 0 $G $" $l $P M-8B $N N $G $b 2DG= $G$" $k !# $3$N$H$-$b9b<!85$N D-brane $r 4^ $_ !" My ers 8z2L $H 8F $P $l $F$$ $k !# 3 @53N $K$O (5.3) $N 9b<!85HG !#FC $K R d p +1 x = (2 � ) p +1 2 Pf � T r H . 24

$3$N9=@. $K$h$j!" Hs 2D 49 D-brane $N Hilb ert 6u4V $H:nMQ AG 4D $K$h$k 5- =R (W eyl JQ49 $7 $?$b $N ) $O !" Chan- P aton Hilb ert 6u4V $H D( � 1)-brane >e $N>l $K B> $J $i$J$$ $3 $H $, J, $+ $C $? !# Hs 2D 49 D-brane $N w orldv olume $O$" $/$^ $G$b � @Q $r ;}$DBe?t C 0 ( R p +1 � ) $G $"$j !" x 5 $N Hilb ert 6u4V $O JX59>e8= $l $? $@$1$G$" $C $? !# $3$3 $G $O$= $l $, Chan-P aton Hilb ert 6u4V $H $7 $F 0UL# IU $1 $, $5 $l$?$3 $H $K$J$k !# $3$NBP1~ $N2< $G !" Hs 2D 49 D-brane $N Hs2D 49 U (1) %2 !< %8 72 $O !" D( � 1)-brane $N BP >N@- U ( H ) $N $& $A [ x i ; x j ] = i� ij $r J]$D It J,72 $G$" $k$3$H $, $o$+ $k !# C" $7 !" $3$N 9=@. $K BP $7 $F $$ $/$D $+ Cm0U $, $" $k !# $^ $: !" $3$N$h $& $J 9=@. $O C1 $J $k N = 1 6K8B $G$O <B8= $G $- $J$$$3$H$K Cm0U $7 $F $* $/ !# $=$N >l 9g $N Chan-P aton 0x;R $O M 1 ( C ) ’ K ( H ) $G $" $j C 0 ( R p +1 � ) $r 4^ $‘ $3 $H $O$G$-$J$$ $+$i$G$" $k 4 !# $^ $? !" D( � 1)-brane $+$i F@ $i $l $k $N $O !" $$$m $$$m $J 5-=R $N <+M3EY (4.12) $N $& $A FC $K � ij = � B ij $N 5-=R $G$" $k$3$H$K Cm0U$9 $k !# $3 $l $O Hy J, $, inner deriv ation $G $" $k$3$H$K 4X78 $7 $F $$$k !# $D$^$j!" Chan-P aton 0x;R $+$i 2? $i$+$N 6u4V $r @8$_=P$9 $K$O :BI8 $H HyJ, $NN>J} $, I,MW $G$" $k $, !" � � $r 0l<o $N :BI8 $H 2r<a $7 $F $$ $k 8B$j!" HyJ, $O :BI8 $G =q $1 $k$b $N $7 $+ 9M $($i $l $J $$ !#8@ $$ 49 $( $k $H !" $3$N 9=@. $G$O 2D49 $J D-brane $O :n $l $J $$ !#<!>O $G $O$3 $l$K BP$9$k2r7h $r M? $( $k !# 7 K-matrix theory A0>O $G $O BPS D( � 1)-brane $N Chan-P aton 0x ;R $+ $i Hs2D 49 D p -brane $r 9= @. $7 $? !# $7 $+ $7 $3 $l$O I, $: Hs 2D49 !J b ound state !K $G$"$j !" D p -brane c harge $@$1$r ;} $D2D 49 $J D p -brane $O :n $l $J $+$C $? !# $3 $l$O x 3 $N >u67 $K ;w $F$$$k!# BPS D-brane $G$N %2 !< %8 >l $NHs <+ L@ $JG[0L $O Dc $$<! 85 $N D-brane $H$N b ound state $O 5- =R $7 $F $$ $k $b$N$N !" Dc $$<!85 $N D-brane $=$N$b$N $O :n $l $J $$ !# $3 $l$K BP $7 !" IT 0BDj $J non-BPS D9-brane $" $k $$ $O D9- D9 $+$i =PH/$9$k $H !" A4 $F$N b ound state $G$O$J $$ BPS D-brane $r :n$k $3$H $,$G $-$? !# => $C $F :#$N >l 9g$b !" :GDc<!85$N 7O $+$i =PH/ $7 $F 2D 49 $J D-brane $r :n$k $K$O !" IT0BDj $J 0 <!85$N D-brane 7O $r 9M $( $l $P NI$$ $3 $H $, M=A[ $G $- $k !# B($A !" $3$N >O $G$O ( I IA: non-BPS D( � 1) 7O I IB: D( � 1)- D( � 1) 7O (7.1) $H$$ $& 7O $r 9M $( !" 2D 49 $J D-brane $r 9= @. $9 $k!# $9 $k $H !" :G Dc <! 85 $N7O $K$* $$ $F $b x 3 $H F1MM $J D-brane $NJ, N‘ $r M? $( $k Ab el 72 $, BP1~ $9 $k $O $:$G$"$k $, !" $= $l$, K -theory $G$O$J $/ K -homology $G $" $k $3 $H$r 8+$k!# $J $* !" $3$N >O $O [1] $N >R 2p $G$" $k !# $= $3$G$O$3 $N 7O $K K-matrix theory $H $$ $& L>A0 $r IU $1$F $$ $k $, !" $= $l$O !" $3$N 7O $, string M}O@ $NHs@]F0E* $J Dj<02= $N%b %G %k$H $$ $& J*M} E* $J 0UL# $r ;}$DM}O@ $G$" $k $3$H$r 4|BT $7 $F $$ $k $+$i$G$" $k !# $7 $+ $7 $3$3$G$O !" C1 $K D-brane 7O $N $& $A $N 0l$D $H ;W$C $F D: $$ $F 9= $o$J$$ !# 7.1 sp ectral triles $^ $: $3 $l $+ $i07$& 7O $K $D $$ $F @0 M} $7 $F$* $/ !# I IA $H I IB $NN> <T $OF1 MM $K5D O@ $G $- $k $N $G !" <g $K T yp e I IA $G 9M $($k !# (7.1) $NDL $j!" T yp e I IA K-matrix theory $O L5 8B 8D $N non-BPS D( � 1) 7O $G $" $k !# $3 $N w orldv olume $O 0 <!85 $G$" $k $+$i !" b osonic $J >l ( � � ( � = 0 ; : : : ; 9) : scalar �elds ; T : tac h y on (7.2) $O !" M- 8B 8D N < 1 $G$" $l $P U ( N ) $N adjoin t I=8= $NC1 $J$k hermite 9TNs $G$"$k !# $3 $3 $G $O L58B 8D N = 1 $rDj <0 2= $9 $k $? $a $K !" L5 8B <! 85 $N Hilb ert 6u 4V H $r MQ 0U $9 $k!# $^ $? non-BPS D-brane $H $7 $F$N Z 2 -grading $b 9M N8 $9 $k $H !" Chan-P aton 6u 4V $O b H = H � H = H C 1 $H $J$k!# � � $H T $O H $K :n MQ $9 $k self-adjoin t $J 4 BP1~ $7 $F U ( 1 ) $H U ( H ) $O A4$/0[ $J $k !# 25

:n MQ AG $G !" $= $l $> $l C 1 $N I !" � 1 sector $K B0 $9 $k !# :n MQ HF 4X ?t $O BPS D( � 1)-brane $N $H $- $HF1 MM!" non-BPS D9-brane $N :nMQ $+$i My ers $N J}K! $G F@ $i $l $k !# S 0 = p 2 T � 1 T r H e � T 2 � 1 + q det( � � � � ig � � [� � ; � � ]) + c [� � ; T ][� � ; T ] + � � � � S C S = p 2 T � 1 Str H � e � T 2 + i � i � � i i [� ;T ] � 1 e C � (7.3) $3$3 $G Str H $O C 1 $N (o dd) sup ertrace $H H $N trace $N APJ} $r 0UL#$9$k !# $3 $N :nMQHF 4X?t $r BPS D( � 1)-brane $N >l9g $H Hf$Y $k $H !" %? %- %* %s$, F~$C $F$$ $k E@ $, Bg$- $/0[ $J $k !# %? %- %* %s %] %F %s %7 %c%k$O V ( T ) = p 2 T � 1 e � T 2 $G !" T = � 1 $G :G >. $H$J $k$h $&>l $N :FDj 5A e T = T p 1+ T 2 $r 9T $& $H double w ell 7?$N %]%F %s%7 %c%k $K$J $k !# =EMW $J$N $O %? %-%* %s T $, N = 1 $r%3 %s %H %m !< %k $7 $F $$ $kE@ $G $" $k !# DL>o$N matrix mo del $G$O M- 8B$N N $G M} O@ $r Dj <0 2= $7 !" N ! 1 $N 6K 8B$r <j $G 2]$9$N$@$, !" J* M}E* $J>pJs $O 6K8BA‘ :n $K 4^$^ $l $F$$ $k>l9g $, B? $$ !# 0lJ} !" $3$N%b %G %k$G$O ;O $a $+$i L58B<!85 $G !" %? %-%* %s 6E=L $N ;EJ} $K $h $C $F $O M-8B9T Ns $K$J $j !" $=$N%5 %$ %: $, 7h$^$k $H$$ $& 9=B$ $r $7 $F $$ $k !#Nc $( $P !" $[$H $s $I $N non-BPS D( � 1)-brane $, ??6u $K >CLG$9$k>l9g !" e � T 2 $N sp ectrum $, M-8B8D $r =|$$ $F 0 !J $D $^$j %3 %s %Q %/ %H :nMQAG ) $H$J $j !" M-8B9TNs $r :F8=$9$k !# $^$? Chern-Simons term $K 4X $7 $F$O !" %? %- %* %s $N B8 :_ $K $h $j Fb It @Q i [� ;T ] $, 2C $o $C $F $$ $k E@ $, =E MW $G $" $k !# $3$N 9‘$N B8 :_ $, x 6 $H$O 0c$$ !" 2D49 $J D-brane $N G[ 0L $r 2DG= $K $7 $F $$ $k !# <B:] !" J?LL R p +1 >e $K 9- $, $C $? 2D 49$J BPS D p -brane $N G[ 0L $O !" ABS 9= @. $H N‘ ;w$N J} K! $G M? $($i$l $k [32] !# $^ $: Hilb ert 6u 4V $O H = L 2 ( R p +1 ) S $H $9 $k !# $3$3 $G S $r S O ( p + 1) $N spinor I=8= $N 2 p= 2 <!85 %Y %/ %H %k 6u4V $H $7 $? !# $3$N $H $- !" H $K :nMQ$9$k:nMQAG $H $7 $F !" T = u D = u p X � =0 ^ p � � ; � � = ^ x � 1 ( � = 0 ; � � � ; p ) ; � i = 0 ( i = p + 1 ; � � � ; 9) (7.4) $H$$ $& G[ 0L $r $H $k !# $3$3 $G !" ^ x � $O 4X?t x � $N 3] $1 ;; !" ^ p � $O HyJ,:nMQ AG � i@ =@ x � $H $7 $F L 2 ( R p +1 ) $K :nMQ $7 $F $$$F !" [ ^ x � ; ^ x � ] = [ ^ p � ; ^ p � ] = 0 ; [ ^ x � ; ^ p � ] = i� � � $H $$ $& Be ?t $r @.$9 !# $^ $? u $O %Q%i %a !< %? $G !" � $O S $K :nMQ$9 $k %, %s %^9T Ns $G $" $k !# $3$N G[ 0L $O u ! 1 $G BPS D p -brane $r I=$9 !# � � F1;N $O 2D 49 $J$N$G !" Hs2D 49 D-brane $N >l9g $H $O 0[ $J$j !" 2D49 $JJ?LL R p +1 $" $k $$ $O$=$N4X?t4D C 0 ( R p +1 ) $r @8@. $7 $F $$$k 1 !# 0lJ} !" T $O R p +1 >e $N Dirac :nMQAG $G !" Hs 2D49 D-brane $H 0c $$HyJ, :nMQ AG $, :BI8 $H $O FHN) $K B8:_ $9$k $3 $H $K Cm0U $9$k !# $3$N G[0L $r Chern-Simons term $K BeF~$9$k $H !" i [� ;T ] $, ( p + 1) 2s e C $K :nMQ $7 $? $b$N $7 $+ ;D $i$J$$ $?$a !" S C S = p 2 T � 1 u p +1 T r H � 0 1 � � � p C 01 � p ( x ) e � u 2 T 2 � = p 2 T � 1 u p +1 2 p= 2 Z d p +1 k h k j C 01 � p ( x ) e � u 2 k 2 j k i = T p Z d p +1 x C 01 � p ( x ) (7.5) $H $J$j!" 3N $+ $K BPS D p -brane $N Chern-Simons term $r I= $7 $F$$$k!# Hs 2D 49 D-brane $N9=@. $G $O W eyl 5U JQ49 $+ $i @QJ, $, 8= $l $?$N $K BP $7 !" $3 $3 $G $O %? %-%* %s$, Dirac :nMQAG $G$" $k $3$H $, 8z $$ $F !" T r H ( e � T 2 ) $+$i ( p + 1) <!85$N BN @Q@Q J, $, =P$k !# $^ $H$a $k $H !" K-matrix theory $G$O !" 9b $$ <!85$N 2D 49 $J (b ound state $G $O$J $$ ) D-brane $r 9=@.$9$k $3$H $,$G $- $k !# $3 $N Nc $r 0l HL2=$9 $k$H !" $3 $N M} O@ $N G[0L $O 0lHL $K sp ectral triple $G M? $($i$l $k$3$H $, $o$+ $k !# Sp ectral triple $O ( H ; b A ; T ) $N 3 $D AH $_ $G Dj5A $5 $l $k !# $3 $3 $G H $O separable $J Hilb ert 6u4V !" b A $O H $K :nMQ $9$k 1 L58B1s $G 0 $H $J $k 85 $N$_ 9M $( $k $H C 0 ( R p +1 ) $@$, !" x � <+?H $O C 0 ( R p +1 ) $N 85 $G$O$J$$ !# 26

C � - Be?t 2 !" T $O H >e$N self-adjoin t $J :nMQAG $G !" ( T � � ) � 1 2 K ( H ) for 8 � 2 = R ; [ b a; T ] 2 B ( H ) for 8 b a 2 b A (7.6) $r K~$? $9$b $N$G $" $k !# Hs2D 49 Hy J, 4v 2? $K $* $$$F !" sp ectral triple $O Hs 2D 49 $J Riemann B? MM BN$N Lr 3d$r 2L $? $9 [33] !# FC $K !" 2D 49$J Riemann B? MM BN$N >p Js $O canonical triple ( H ; b A ; T ) = ( L 2 ( M ; S ) ; C 1 ( M ) ; D ) $+$i :F 8=$5 $l $k$3$H$, CN $i$l $F $$ $k !# $3$3 $G C 1 ( M ) $O JD Riemann spin B? MM BN >e$N 1 5i$N 4X ?t 4D $G !" L 2 ( M ; S ) $O M >e $N spin bundle S $N L 2 -section A4BN !" D $O Levi-Civita connection $+$i F@ $i $l $k Dirac :nMQAG $r I=$9 !# Sp ectral triple $O $3$N Hs2D49HG $G$" $k !# 0LAj6u4V $H $7 $F$N >pJs $O C � - Be?t b A $K 40A4 $K 4^$^ $l $F $$ $k !# Nc $( $P M >e$N E@ p 2 M $O c haracter $H 8F $P $l $k b A >e $N 4X?t � p : b A ! C $K AjEv$9$k !# $^ $? !" T $O $=$3 $K metric $N >pJs $r M? $($F$$ $k !# Nc $( $P 5wN% $O 2 $D$N >uBV � 1 ; � 2 $K BP $7 !" d ( � 1 ; � 2 ) = sup a 2 b A n j � 1 ( a ) � � 2 ( a ) j � � � k [ T ; a ] k� 1 o (7.7) $G M? $( $i $l $k !# <B:] canonical triple $K BP $7 >uBV $r c haracter $H $9$k $H !" $3 $l$O M $N geo desic distance $K 0lCW$9$k !# $^ $? !" M $N <!85 $J $I $N >pJs $b T $K 4^$^ $l $F $$ $k !# $5 $F !" 2f !9 $N >l9g !" H $r non-BPS D( � 1)-brane $N Chan-P aton Hilb ert 6u4V ( b H $N $& $A $N ) H !" b A $r %9 %+ %i !<>l � � $N @8@. $9 $k C � Be?t !" T $r%? %-%* %s >l T $H F1Dj $9 $k $H !" $3 $l$i $O sp ectral triple ( H ; b A ; T ) $r @.$9 !# $3 $l $O 35 $M <! $N$h $& $J 5DO@ $+$i Mh$k !# :nMQHF4X?t $r I>2A$9$k $H j S 0 j � T r H � e � T 2 � � 1+ k [� � ; � � ] k 2 + k [� � ; T ] k 2 + � � � � j S CS j � X n 1 n ! k C � 1 :::� n (�) k T r H � e � T 2 � Y f � k g k [ T ; � � k ] k or k [� � k ; � � l ] k (7.8) $N $h $& $JITEy <0 $, F@ $i $l $k!# $3 $3 $G k � k $O :nMQ AG $N%N %k%‘ $G !" Bh Fs <0 $O � k $NB- $NE, Ev $J=L Ls $rI= $9 !# => $C $F !" :nMQ $, M-8B $H$J $kG[0L $H $7 $F 0J2< $r K~ $?$9$b$N $, 9M $($i $l $k 3 !# ( T � � ) � 1 2 K ( H ) for 8 � 62 R ; [� � ; T ] ; [� � ; � � ] ; 8 C (�) 2 B ( H ) (7.9) C (�) $O � � $N G$ 0U$N BP >N 4X?t $r 0UL#$9 $k !# =>$C $F$3 $l $r >e$N F1 Dj $K Ev $F$O $a $k$H sp ectral triple $N >r7o (7.6) $K$J $k !# $J$* !" B ( H ) $O H >e $NM-3&@~ 7A:n MQ AG $N@. $9 C � - Be?t $r I= $7 !" K ( H ) $O%3 %s %Q %/ %H :nMQAG $N =89g $G B ( H ) $N Cf $G $O !V L58B>. !W $r 0UL# $9$k !# $h$C $F FC $K T $O >r7o $+$i HsM-3& :nMQAG $G$" $k !# $3 $l$O J*M} E* $K $O !" T $N sp ectrum $N KX $I $, ??6u T = �1 $K =8Cf $9$k $3 $H $r 0UL# $9$k!# 0l J} !" 5,3J 2= $7 $? %? %-%* %s$O M-3&:nMQAG e T 2 B ( H ) $G $" $k !# $3 $l $r MQ$$$k $H !" F1 $8 >r7o (7.6) $O e T 2 � 1 2 K ( H ) ; [ b a; e T ] 2 K ( H ) for 8 b a 2 b A (7.10) $H $b =q $1 $k !#:#EY $O e T 2 $N sp ectrum $N KX $I $, ??6u e T = � 1 $K =8Cf$9$k >r7o $G$" $k !# $3$N I= <0 $O <! @a x 7.2 $G MQ$$$k !# =>$C $F K-matrix theory $N G[0L $O !" Hs2D49Hy J,4v2?E* $K I=8=$5 $l $? B?MMBN $r I= $7 $F $$ $k $3$H $K$J $k !# %9 %+ %i!<>l � � $N sp ectrum $O 85 !9 3F non-BPS D( � 1)-brane $N 0LCV $r I= $7 $F $$$? $, !" $3$NL58B8D $N !V E@ !W $+ $i @.$k0L Aj 6u 4V $r � � $N @8@. $9 $k C � - Be?t b A $H $7 $F I=8= $7 $F $$$k !# $= $7 $F%? %-%* %s T $N6E=L $O !" E@ =89g $H $7 $F $N 6u4V $r 0l$D $NB?MMBN $K $7 $F $$ $k !# $3$N B?MMBN $r !" 9b $$ <!85 $N D-brane $N w orldv olume M $H 2r<a$9 $k $o$1$G$" $k !# b A $, Hs2D494D $N >l9g $O !" Hs2D49 D-brane $, BP1~$9$k !# $b $A $m$s D-brane $K $O w orldv olume M $@ $1 $G $O $J $/!" Chan-P aton bundle E ( %2 !<%8 M} O@ ) $, IU ?o $7 $F $$ $k $, !" sp ectral triple $K $O $= $N >p Js $b 4^ $^ $l $F $$ $k !# 0l HL$K !" %f %K %? %j :n MQ AG U ( H ) $N @8 @. $9 $k 2 4JC1$N $?$a b A $O unital $H 2>Dj$9$k $, !" non-unital $X$N 3HD%$b2DG= $G$" $k !# (7.4) $O non-unital $J Nc $G$" $k !# 3 :nMQ S 0 $r 87L) $K CN $i$J $$$H M-8B $H$J $kI,MW==J,>r7o $+$O$o$+$i$J $$ $, !" $3$3 $G$O$3$N >r7o $r K~ $?$9 G[0L $N$_ 9M $( $k !# 27 b A $N <+ 8J F1 7? 72 Aut( b A ) $N :n MQ$O !" F1 CM$J sp ectral triple $r M?$( !" %2 !<%8 JQ 49$H 2r <a $5$l $k 4 !# $^$? !" b A $H ?9 ED F1 CM $J M N ( b A ) $^ $G 4^$a$F sp ectral triple $N F1 CM @- $r 9M $( $k $H !" $3 $l $O U ( N ) $N%2 !< %8 JQ 49 $r 4^ $‘ !# 6q BN E* $K $O !" M $r 5- =R $9 $k canonical sp ectral triple $K Chan-P aton bundle E $r 4^$a $? $b $N$O ( H ; b A ; T ) = ( L 2 ( M ; S E ) ; C 1 ( M ) ; D E ) $G M? $($i $l $k !# $3$3 $G D E $O S E >e $N connection $+$i F@ $i $l $k t wisted Dirac :nMQAG $G$" $k !# T yp e I IB K-matrix theory $N >l9g $bF1MM $J 5DO@ $,$G $- $k !# $3 $l$O L58B8D $N D( � 1)- D( � 1) 7O $G !" $=$N>e $N>l $O %9 %+ %i !<>l $N %Z %" � � !" � � $H%? %- %* %s >l T $+$i@. $k!# Chan-P aton Hilb ert 6u 4V b H = H � H $, ev en sup erspace $N 9=B$ $r ;}$DB> $O I IA $H F1MM $G$" $k !# FC $K !" 0J2< $N$h $& $J I=<( b H = H H ! ; b � � = � � 0 0 � � ! ; b F = 0 e T e T 0 ! (7.11) $r$H $k $H I IA $H $N N‘;w $O L@ $i$+$G$" $k !# $3$3 $G 5,3J2= $7 $? %? %-%* %s$r MQ$$ $F$$ $k $N $G b F 2 B ( b H ) $G $" $k $3 $H$K Cm0U !# $5 $F !" � � $H � � $N @8@.$9$kBe?t $O 0lHL $K$O 0[ $J $C $F$$$F$b NI $$ $, !" F10l $N b A $G $" $k>l9g !" $= $N G[0L $O sp ectral triple $H 2r<a $5 $l $k !# $3$N$H$- >r7o (7.10) $K BP1~$9$k$N $O b F 2 � 1 2 K ( b H ) ; [ b a; b F ] 2 K ( b H ) for 8 b a 2 b A (7.12) $G$" $j !" I IA $N >l9g $H (grading $r =| $$ $F ) 0lCW$9$k !# 7.2 K -homology A4@a $G $O K-matrix theory $N G[0L $, 0lHL $K sp ectral triple $G $"$j !" 9b<! 85 $N D-brane $r $=$NCf $K 4^ $s$G $$$k$3$H$r 8+ $? $, !" $3$3$G$O $= $l $i $N top ological $J J,N‘$r 9M $( $k !# $D$^ $j !" $" $k ;~ 6u B?MM BN X $K BP $7 !" $=$3$K Kd$a 9~ $^ $l $F $$ $k w orldv olume $, M ( , ! X ) $N D-brane $r J, N‘$9 $k !# $3 $N Kd$a 9~$_ $r Hs 2D 496u 4V $N >l 9g $K $b E, MQ $G $- $k$h $& Be?tE* $K I= 8=$9$k $H <! $N$h $& $J $k !# !V ;~6u$N C � - Be ?t A $K BP $7 !" � - =‘F17?<L A| � : A ! B ( H ) $G M? $($i $l $k b A = Im � ’ A = k er � $O A $K Kd $a 9~$^ $l $? C � - Be?t $G$" $k !# !W =>$C $F !" ;~6u $N C � - Be?t A $r 8G Dj $7 !" $$ $m $$ $m $J w orldv olume b A $r 9M $($kBe $o$j $K$$$m $$ $m $J � - =‘ F1 7? � $r F0 $+ $7 $F J, N‘ $, 9T $($k!# Nc $( $P ;~ 6u $, 2D 49 $J X = R 10 $@$H$9 $k $H !" Kd $a9~ $^ $l$? D-brane $b2D 49 $J w orldv olume $r ;} $D $b $N $K 8B $i $l $k !# >e $NNc (7.4) $O !" A = C 0 ( R 10 ) $N @8@.85 $r f x � ; x i g $H $7 $?$H$- !" � ( x � ) = ^ x � ; � ( x i ) = 0 $G � $r ;XDj $7 $? >l9g $K Ev $?$k !# D-brane $O <B :] $O b A $@ $1 $G $O $J $/ sp ectral triple ( b A ; H ; T ) $G ;XDj$5 $l $k$N$G !" 7k6I ;~ 6u A $K Kd$a 9~ $^ $l $? D-brane $O triple ( H ; �; e T ) $G ;X Dj$5 $l $k !# $3 $N J, N‘ $O A $N analytic K -homology $H $7 $F CN $i $l $F $$ $k 5 !# <B :] !" $3 $N Ab el 72 $O 0J 2<$N $h $& $K Dj 5A$5 $l $k [34] !# $^ $: !" A >e$N o dd F redholm mo dule $O ( H ; �; F ) $N 3 $D AH$_ $G M? $($i $l $k !# $3$3$G !" H $O separable Hilb ert 6u4V !" � : A ! B ( H ) $O � - =‘F1 7? !" F $O B ( H ) >e $N self-adjoin t $J :nMQAG $G F 2 � 1 2 K ( H ) ; [ F ; � ( a )] 2 K ( H ) for 8 a 2 A (7.13) $rK~ $? $9 $b $N $G $" $k !# $h $C $F $3 $l $O T yp e I IA K-matrix theory $NG[ 0L $rI= $9 triple ( H ; �; e T ) $K B> $J $i $J $$!# $D $^ $j H $O Chan-P aton Hilb ert 6u 4V!" � $O � � $N@8 @. $9 $k w orldv olume b A = Im � $rI= $7 !" F $O5, 3J 2= $7 $? %? %- %* %s e T $G !" $3 $l $i $N K~ $? $9 4X 78 (7.10) $O (7.13) $K 0l CW $9 $k !# F1 MM $K !" ev en F redholm mo dule ( b H ; b �; b F ) $O b H $, Z 2 -graded Hilb ert 6u 4V $G $" $k B> $O>e $HF1 MM $KDj 5A $5 $l $k!# => $C $F $3 $l $O T yp e I IB K-matrix theory $NG[0L $r I= $9 triple ( b H ; b �; e F ) $K B> $J $i$J$$ !# 2 $D $N F redholm mo dule $N D>OB ( H 0 � H 1 ; � 0 � � 1 ; F 0 � F 1 ) 4 >\ $7 $/ $O [33] !#FbIt<+8JF17? Inn( b A ) $O U (1) %2 !< %8 JQ49 !" 30It<+8JF17? Out( b A ) $O di�eomorphism $H F1Dj$5 $l $k !# 5 $3$3$G 5,3J2= $7 $? %? %-%* %s $r MQ$$ $F$$ $k$N $O !" analytic K -homology $N I8=‘ E* $J Dj5A $K 9g $o$; $k$?$a $G$" $k !# 85 $N%? %-%* %s T $r MQ$$$k un b ounded F redholm mo dule $K $h$C$F$b F1 $8 72 $, Dj5A$5 $l $k !# 28

$O :F $S F redholm mo dule $G $" $k$?$a !" F redholm mo dule $N A4 BN$r F1 CM 4X 78 $G 3d $k$3$H$K $h $j !" analytic K -homology 72 K i ( A ) ( i = 0 ; 1) $, Dj5A$5 $l $k !# K 1 ( A ) = f ( H ; �; F ) : o dd F redholm mo dule o v er Ag = � ; K 0 ( A ) = f ( b H ; b �; b F ) : ev en F redholm mo dule o v er Ag = � (7.14) F1CM4X78 $O 0J2< $N 3 <oN‘ $G @8@. $5 $l 6 !" J*M}E* $K $b F10l;k$5 $l $k$Y$-$b$N $G $" $k !# � unitary equiv alence: 2 $D$N F redholm mo dule ( H i ; � i ; F i ) ( i = 0 ; 1) $, %f %K %? %j F1 CM $H$O !" 3F � i !" F i $r 7R $0 %f%K%? %j:nMQAG $, B ( H 0 ; H 1 ) $K $" $k>l9g $r$$ $& !# $3 $l$O J*M}E* $K $O %2 !< %8 F1CM@- $K B> $J $i $J $$ !# � op erator homotop y: $3 $l $O H 0 = H 1 !" � 0 = � 1 $+ $D F 0 $H F 1 $r 7R $0 %N %k %‘O"B3 $J 7PO) $, B8:_$9$k >l9g $r ;X $7 !" %? %-%* %s $N homotopic $J O"B3JQ7A $r 0UL#$9$k !# � addition of a degenerate F redholm mo dule: B‘ 2=$J F redholm mo dule $H $O !" (7.13) $N $&$A 87 L) $K F 2 � 1 = [ F ; � ( a )] = 0 $, @.$jN)$D$b $N $r ;X$9 !# $D$^$j??6u $H 6hJL $, $D $+$J $$ G[0L $G$" $k !# $h$C $F D> OB $7 $F $=$N G[0L $r @8@. $5$; $F$b 2? $b JQ $o $i$J $$ !# 0J>e $+$i !" K-matrix theory $N G[0L $N $& $A !" 8GDj $7 $? ;~6u A $K Kd $a 9~$^ $l $kG[0L $O analytic K -homology K i ( A ) $G J,N‘$5 $l $k $3$H $, 7kO@$5 $l $k !# C" $7 !" $3 $l$, BPS D-brane $N J,N‘ $G $" $k $3$H $O D>46E* $K$O J, $+ $j $K $/$$ 7 !# 0J2< $N5DO@ $O $= $l $r %5 %] !< %H $9$k$b$N $G $" $k !# $^ $: x 3 $N K -theory $H $N 4X78 $r 8+$k !# ;~6u X = R 10 Cf $N M = R p +1 $r w orldv olume $K ;}$D D p -brane $N RR-c harge $O K i ( R 9 � p ) ’ K i ( C 0 ( R 9 � p )) $G B, $i $l$? !# $3 $3 $G I IA $O i = 1(3.31) !" I IB $O i = 0(3.15) $G $"$k !# 0l J} !" F1 $8 D p -brane c harge $O K -homology $G$O K i ( C 0 ( R p +1 )) ’ K i ( R p +1 ) $G J,N‘ $5 $l $k !# <B :] !" K 1 ( C 0 ( R p +1 )) = ( Z ( p : ev en) 0 ( p : o dd) ; K 0 ( C 0 ( R p +1 )) = ( 0 ( p : ev en) Z ( p : o dd) (7.15) $O 4{CN $N D-brane $N sp ectrum $r :F8= $9 $k !# K -theory $G $O M>6u 4V R 9 � p !" K -homology $G $O w orldv olume R p +1 $H $$ $& 0c $$ $, $"$k $3 $H $K Cm0U $9$k!# $3$NN><T $O X = R 10 $K $* $1 $k P oincar � e dual $N 4X78 $K$"$k $? $a !" $=$N J,N‘ $, 0lCW$9$k $N $G$" $k !# 0lHL $K n <!85 compact B?MMBN X $K BP $7 !" K -homology K i ( X ) ’ K n � i ( X ) K -theory l l homology H i ( X ; Z ) ’ H n � i ( X ; Z ) cohomology (7.16) $J$k 4X 78 $, @. $jN) $D !# $3 $3 $G 2< $NCJ $O DL >o $N P oincar � e dual $G$"$j!" >e $NCJ $O$= $N K M}O@ E* 3H D% $G K -dual $H 8F $P $l $k !# $^$? >e 2<$N 4X 78 $O Chern-c haracter map $G M?$($i$l !" Q 78 ?t$N >l 9g $O Chern F1 7?$r I=$9!# <gD% #1 $N 8+J} $G 8@ $& $H !" Nc $( $P T yp e I IA $N >l9g !" :8B& $O non-BPS D( � 1) 7O $NG[0L $r !" 1&B& $O non-BPS D9-brane 7O $NG[0L $r I= $7 $F $$$k !# $h$C $F !" J* M}E* $K $O$3$N dualit y $O !" D-brane $, $I $A $i$N 7O $+$i :n $i $l $k $+$K $O 0M $i$J$$$3 $H$r 0UL# $7 $F$$ $k !# => $C $F !" K -homology $K $h $kJ,N‘ $b D-brane $r J,N‘ $7 $F$$ $k $3$H $K$J $k !# >e $G K -homology $K $h$kJ, N‘ $, w orldv olume R p +1 $K D>@\ 4X 78 $7 $F$$ $? $N $O !" (7.16) $, <( $9 $h $& $K !" K - homology $, H? JQ $J 4X<j $G homology $N 0lHL 2= $G $" $k E@ $K 5/0x $7 $F $$ $k !# $3 $l $O top ological K-homology 6 F1CM4X78$N$*$-J} $K$O$+$J $j$N G$0U@- $, $" $k !#<B:] $3$N 3 $D $O FHN) $G$O$J$$ !#>\ $7 $/ $O [34] $r ;2>H !# 7 $=$N$?$a $K$O F1CMN‘ $K I, $: 0l$D D-brane $N G[0L $, $" $k$3 $H$r <($9I,MW $, $" $k !# 29

$r 9M $( $k $H$h$jL@ $i $+ $K$J$k !# ;~ 6u $, 2D49 $J C � Be?t A = C 0 ( X ) $N >l9g !" 0J 2< $N$h $& $K JL $N K-homology 72 $N Dj5A $, $G $- $k [35] !# K 0 ( X ) = f ( M ; E ; ’ ) : ev en K-cycle o v er X g = � ; (7.17) K 1 ( X ) = f ( M ; E ; ’ ) : o dd K-cycle o v er X g = � (7.18) $3$3$G !" X >e$N K -cycle $O triple ( M ; E ; ’ ) $G Dj 5A$5 $l !" M $O JD Spin c B?MM BN !" E $O M >e$N J# AG %Y %/ %H %k%P %s %I %k !" ’ $O M $+$i X $X $N O"B3<LA| $r I=$9 !# M $, 6v?t ( 4q?t ) <!85 $N $H$- ev en(o dd) K -cycle $H 8F$V !# 2 $D$N K -cycle $N disjoin t union ( M 0 ; E 0 ; ’ 0 ) [ ( M 1 ; E 1 ; ’ 1 ) $O :F $S K -cycle $G $" $k !# $^ $? F1CM 4X 78 $O b ordism !" direct sum !" v ector bundle mo di�cation $H $$ $& 3 <o $+ $i @8 @.$5 $l $k 8 !# E $, L5$$ >l 9g$N f ( M ; ’ ) g = � $O DL >o$N homology $G $" $k $+$i !" >e $G =R$Y $? $h $& $K !" $3 $N Ab el 72 $O homology $K E $N >p Js$r 2C$( $? 0l HL 2= $K $J $C $F $$ $k !# Cm L\$9 $Y $-$O !" $3 $N 0l HL 2= $, $A$g $& $I D-brane $N w orldv olume M $K Chan-P aton bundle E $r 2C $($? $3 $H $K AjEv $7 $F$$$kE@ $G$"$k !# $D$^ $j K -cycle ( M ; E ; ’ ) $O BPS D-brane $N >pJs (2.6) $K 0l CW$9 $k !#=> $C $F !" top ologo cal K -homology $O T yp e I I M}O@$N D-brane $r $h$j L@ 3N $J 7A $G J,N‘ $7 $F$$ $k !# $3 $l$O analytic K -homology K i ( C 0 ( X )) $H F17? $G$"$k $+ $i !" K-matrix theory $N G[0L $N J,N‘$b D-brane $r J,N‘ $7 $F $$ $k $3$H $K$J $k !# 99 $K !" BPS D-brane $N M-8zM} O@ $N Chern-Simons term $K 4X $7 $F $b $h$j %7 %s %W %k $J 2r<a $,$G $- $k !# >e $N (7.16) $N Chern-c haracter map $H$O c h. : K 0 ( X ) ! H ev en ( X ; Q ) ; (7.19) c h. : K 1 ( X ) ! H o dd ( X ; Q ) (7.20) $N$3 $H$G$" $k $, !" top ological K -homology $N BeI=85 $K BP $7 $F$3 $N <LA| $O c h.( M ; E ; ’ ) = ’ � (c h( E ) [ Td( T M ) \ [ M ]) (7.21) $G Dj5A $5 $l $k !# $3$N X $N homology 72 $N85 $H RR-form $N 7A<0OB C = P C ( p +1) $H $N :G>.7k9g $O !" C1 $K C $r @QJ, $7 $? $b$N $G$" $k $+$i S C S = Z c h : ( M ;E ;’ ) C (7.22) = Z M ’ � C ^ c h( E ) ^ Td( T M ) (7.23) $H$J $j !" BPS D-brane $N Chern-Simons term $r :F8= $7 $F $$ $k 9 !# $D$^$j 85 $N M $H $N :G>. 7k9g $K E $N >p Js $r 2C $($? $b $N $, Chern-Simons term $K B> $J $i$J$$ !# $3 $l $^ $G $O BPS D-brane $N Chern-Simons term $H K -theory $r 4X78IU $1 $k $K$O !" <g D% #2 $G$d $C $? K - 72 $N =‘F17? $r cohomology $G 8+$k $H $$ $& $3$H$r$d $C $F$$ $? !# $D$^$j c h( E ) $r K ( M ) $N Chern c haracter c h( E ) � c h( I N ) $H 9M $( !" $= $l$r P oincar � e dualit y $r MQ$$ $F K ( X ) $N Chern c haracter $K <L $7 !" X >e $G cohomology $N Fb@Q $H $7 $F RR-form $H 7k9g $5$;$k !# $7 $+ $7 $= $l$O 7k6I K -homology $H$N BP1~ $r dual $K 8+ $F$$ $? $@$1 $G$"$k !# $D$^ $j BPS D-brane $H D>@\E* $J BP1~ $, $" $k $N $O K -homology $G !" K -theory $H$O K -dual $r DL $8 $F 4V@\E* $K BP1~ $, $" $k $K 2a $. $J $$$H 8@ $( $k !# 7.3 KK-theory $3$N @a $G $O K -theory $H K -homology $r 4^$‘ 0l HL 2= $K$D$$ $F354Q $9 $k!# $^ $:$3 $l $^ $G$N5DO@ $r?6 $jJV $k!# :G=i $K x 2 x 3 $G$O !" A4 $F$N <!85$N BPS D-brane $r ;~6u $r Kd $a $k :G Bg<!85$N 7O $+$i 9= @.$9$k$3$H$r 9T$C $? !# 8 @bL@ $O >JN,$9$k !#>\:Y $O [35] $r ;2>H !#F1CM4X78 $NJ*M}E* $J 2r<a $O [1] !# 9 4JC1$N $?$a X $N top ology $K 4X$9$kJd@59‘ $O >JN, $7 $F $$ $k !# $3 $l$r 9MN8$9$k $K$O (7.21) $K q b A ( T X ) $r 3] $1$F JQ7A$9$k !# 30

T yp e I IA $N non-BPS D9-brane 7O !" T yp e I IB $N D9- D9 7O$N G[0L $O K -theory $G J,N‘$5 $l $k !# $3$N 7O $N IT0B Dj@- $r I= $9 %? %-%* %s >l $, ABS 7? $N T = � x $H$$ $& G[ 0L $K 6E=L $9$k $H !" 10 <!85 w orldv olume $, q + 1 <! 85 $K 6I=j 2= $7 !" BPS D q -brane $, 8e $K ;D$k !# $3$3$G $O D q -brane $N M>6u 4V R 9 � q $N gamma 9TNs $G$" $k !# 0l J} !" $3$N >O x 7 $G$O D-brane $r :G>.<!85 $N 7O !" $D$^ $j T yp e I IA $N >l9g non-BPS D( � 1)-brane 7O !" T yp e I IB $N >l 9g D( � 1)- D( � 1) 7O $+$i 9= @. $7 $? !# $3$N >l 9g $O Chan-P aton 6u 4V $, L5 8B<! 85 $G $" $k$3$H$+ $i !" Dirac 1i;; ;R 7? $N T = e � p $J $kG[0L $, 9M $( $i $l$F !" $3 $l $, 0 <!85 w orldv olume $+$i q + 1 <!85 $X $N3H Bg $N8z2L $r ;}$D $?$a !" D q -brane $r I=$9 !# $3 $3 $G e $O R q +1 $N gamma 9TNs $G$" $k !# $3 $l$i$O K -homology $K$h$C $F J,N‘ $5 $l $k !# $= $7 $F N><T $NJ,N‘ $O !J K -dual $N 0UL# $G !K 0l CW $7 $F$$$k !# $3$N $h $& $K !" 9b <! 85 $+ $i$N 9=@. $H Dc<!85 $+ $i$N 9=@. $, 0lCW$9$k $H$$ $& IA A| $O !" 85!9 Hs2D 49 D-brane $, $I $A $i$+ $i $b 9=@. $G$-$k $H$$ $& x 4 x 5 x 6 $G $N M}2r $, %R %s %H $K $J $C $F$$$? !# $5 $F !" BPS D q -brane $r 9= @. $9 $k $N $G$" $l $P !" :G Bg <! 85 $d:G >. <! 85 $K 8B $i $: $H$bCf 4V <! 85 $NIT 0B Dj $J7O $+ $i =PH/ $7 $F $b 2DG= $G$" $k !# B($A !" L58B8D $N non-BPS D p -brane 7O !J I IA $N >l9g p : o dd !" I IB $N >l9g ev en !K $^ $? $O D p - D p 7O !J I IA $N >l9g p : ev en !" I IB $N >l9g o dd !K $K $*$$$F !" T = � x + e � ^ p (7.24) $N$h $& $J G[0L $G D q -brane $r I=$9 $3 $H $, $G $- $k !# $3 $l$O w orldv olume $N 0lIt $K 6I=j2= $7 !" ?bD>J} 8~ $X $O 3H Bg$9$k G[0L $G$" $k !# $3 $l $^ $G $N 5DO@ $+$i !" $3$N Cf4V <!85$N IT0BDj 7O $r J,N‘$9$k M}O@ $O K K -theory $G $" $k $H M= A[$5 $l $k !# K K -theory K K i ( A ; B ) ( i = 0 ; 1) $O C � Be?t$N%Z%" A ; B $+ $i Dj5A$5 $l $k Ab el 72 $G !" Be I=85 $O Kasparo v mo dule $H 8F $P $l $k Hilb ert ( A ; B )-bimo dule $G M? $($i $l $k !# $3 $l$O %i%U $K 8@ $( $P 6u4V B $G %Q%i %a !<%?IU $1 $5 $l $? (ev en or o dd) F redholm mo dule $N$3$H$G !" x 7.2 $N Hilb ert 6u4V H $d b H $r !" B >e$N Hilb ert 6u4V (righ t B -mo dule) $K CV$- 49 $( $l $P !" analytic K-homology $H$[ $\ F1MM $K Dj 5A$5 $l $k 10 !# =>$C $F B $, 0lE@ C $N ;~ !" K K -theory $O A $N K -homology $K 0lCW$9 $k !# B($A K K i ( A ; C ) = K i ( A ) !# 0l J} !" A $, 0lE@ C $N ;~ $O B $N K -theory $K 5"Ce$9 $k !# B($A K K i ( C ; B ) = K i ( B ) !# FC $K B = C 0 ( X ) $N$H $- $K$O (3.34)(3.35) $N K -theory $N Dj5A $K 0l CW$9$k 11 !# $h$C $F K K -theory $O N> <T$N 0lHL 2= $G $" $k !# $= $7 $F $3$N 72$r >e$N D-brane 7O$N G[ 0L$N J, N‘ M} O@ $H 9M $( $k !# 4JC1$N $? $a ;~ 6u $r D> @Q 6u 4V X = N � M $H $9 $k !# $3$N $H$- ( C 0 ( N ) ; C 0 ( M )) >e $N o dd Kasparo v mo dule $O !" w orldv olume $, M $G transv erse 6u4V $, N $N non-BPS D p -brane 7O $N G[0L $H F1Dj $5 $l $k !# $D$^$j M >e $N L58B<!85 Chan-P aton bundle $N 3F �b er H $K C 0 ( N ) $, :nMQ $7 $F$$ $F !" %? %-%* %s$O M >e F redholm :nMQ AG CM $N>l $G$"$k !# F1MM $K ev en Kasparo v mo dule $O D p - D p 7O $H F1Dj$5 $l $k !# $7 $+ $7 !" $I $N 7O $+$i =PH/ $7 $F $b :n $i $l $k D-brane $O F1 $8 $G $" $k !# $3 $l $r H?1G $7 $F !" (7.16) $r 0lHL2= $7 $? 0J2< $N F17? K K i ( C 0 ( N ) ; C 0 ( M )) ’ K K i + m ( C 0 ( X ) ; C ) ’ K K i + n ( C ; C 0 ( X )) (7.25) $, @.$j N)$D !# $3$3$G n = dim N ; m = dim M $G E: $( ;z $O mo d 2 $H $9$k !# 0J>e $N$h $& $K !" BPS D-brane $N 9=@. $H J,N‘ $O K K -theory $H $$ $&4QE@ $G E}0lE* $K $^ $H$a $k $3$H $,$G $- $k !# <U<- $3 $N %N !< %H$O 8&5f 2q !V 3+ Calabi-Y au B?MM BN $X $NBe?t 4v 2? $H89M} O@ $+ $i$N %" %W %m!< %A !W $K $* $1 $k9V 1i $r 4p $K $7 $F $$ $^$9!# H/I= $N 5!2q $r M? $($F 2<$5$C $? @$OC ?M $N >> 2< !" BY@t;{N>;a !" $* $h $S <B$j B?$$5D O@ $r $7 $F 2<$5$C $? ;22C<T $N J} !9 $K 46<UCW $7 $^$9 !# $^ $? !" $3$N 869F $r FI $_ !" $$$m$$$m $J ;XE& $r D: $$$? :YF; !" 4_K\ !" I4Ip !" IM Cf3F;a $K $b 46<UCW $7 $^$9 !# :G8e $K !" H/I=FbMF $N 8eH> $O ?yK\ !" ;{EhN>;a $H$N 6&F18&5f $K 4p $E $$$F$$ $^$9 !# 10 >\:Y $O [34] $r ;2>H !# Kasparo v mo dule $K$O MM !9 $J I=8= $, $"$j !" $3$N Dj5A $O F redholm picture $H 8F $P$l $k !# 11 x 3.2 $G JL$NDj5A $r M? $($?$N $O !" $3 $l$, M}M3 $G$" $k !# 31

;29MJ88% [1] T. Asak a w a, S. Sugimoto and S. T erashima, \D-branes, Matrix Theory and K-homology ," hep- th/0108085. [2] E. Witten, \Noncomm utativ e Geometry and String Field Theory", Nucl. Ph ys. B268 (1986) 253. [3] 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. B498 (1997) 467, hep-th/9612115. [4] T. Banks, W. Fisc hler, S.H. Shenk er and L. Susskind, \M Theory as a Matrix Mo del: A Conjec- ture," Ph ys. Rev. 55 (1997) 5112, hep-th/9610043. [5] J. P olc hinski, String The ory I,II (Cam bridge Univ ersit y Press, Cam bridge, 1998), \T ASI Lectures on D-Branes," hep-th/9611050. I. V. V ancea, \In tro ductory Lectures on D-Branes," hep-th/0109029. [6] A. Sen, \Non-BPS States and Branes in String Theory ," hep-th/9904207. J. H. Sc h w arz, \T ASI Lectures on Non-BPS D-Brane Systems," hep-th/9908144. [7] K. Olsen and R. J. Szab o, \Constructing D-Branes from K-Theory ," Adv. Theor. Math. Ph ys. 3 (1999) 889, hep-th/9907140. [8] D. Quillen, \Sup erconnection and the Chern c haracter," T op ology 24 (1985) 89. [9] P . Kraus and F. Larsen, \Boundary String Field Theory of the DDbar System," Ph ys. Rev. D63 (2001) 106004, hep-th/0012198. T. T ak a y anagi, S. T erashima and T. Uesugi, \Brane-An tibrane Action from Boundary String Field Theory ," JHEP 0003 (2001) 019, hep-th/0012210. [10] E. Witten, \D-branes and K-theory ," JHEP 9812 (1998) 019, hep-th/9810188. [11] M. F. A tiy ah, K-The ory (W. A. Benjamin, 1967). [12] M. A tiy ah, R. Bott, A. Shapiro, \Cli�ord mo dules," T op ology 3 (1964) 3 [13] P . Hora v a, \T yp e I IA D-Branes, K-Theory , and Matrix Theory ," JHEP 9901 (1999) 016, hep- th/9811028. [14] E. Witten, \Ov erview Of K-Theory Applied T o Strings," In t. J. Mo d. Ph ys. A16 (2001) 693, hep-th/0007175. [15] M. R. Douglas and N. A. Nekraso v, \Noncomm utativ e Field Theory ," Rev. Mo d. Ph ys. 73 (2002) 977, hep-th/0106048. [16] A. Connes, M. R. Douglas and A. Sc h w arz, \Noncomm utativ e Geometry and Matrix Theory: Compacti�cation on T ori," JHEP 9802 (1998) 003, hep-th/9711162. [17] N. Seib erg and E. Witten, \String Theory and Noncomm utativ e Geometry", JHEP 9909 (1999) 032, hep-th/9908142. [18] T. Asak a w a and I. Kishimoto, \Commen ts on Gauge Equiv alence in Noncomm utativ e Geometry ," JHEP 9911 (1999) 024, hep-th/9909139. 32

[19] N. A. Nekraso v, \T rieste lectures on solitons in noncomm utativ e gauge theories," hep-th/0011095 [20] M. Kon tsevic h, \Deformation quan tization of P oisson manifolds, I," q-alg/9709040. [21] 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. [22] B.V. F edoso v, \A simple geometrical construction of deformation quan tization," J. Di�. Geom. 40 (1994) 213-238. Deformation quantization and index the ory (Ak ademie-V erl., Berlin, 1996). [23] T. Asak a w a and I. Kishimoto, \Noncomm utativ e Gauge Theories from Deformation Quan tization," Nucl. Ph ys. B591 (2000) 611, hep-th/0002138 [24] J.A. Harv ey , \Komaba Lectures on Noncomm utativ e Solitons and D-Branes," hep-th/0102076. [25] J.A. Harv ey and G. Mo ore, \Noncomm utativ e T ac h y ons and K-Theory ," hep-th/0009030. [26] N. E. W egge-Olsen, K-the ory and C � -algebr as: a friend ly appr o ach (Oxford Univ ersit y Press, 1993). [27] H. Liu and J. Mic helson, \Ramond-Ramond Couplings of Noncomm utativ e D-branes," Ph ys. Lett. B518 (2001) 143, hep-th/0104139. [28] N. Ishibashi, \ p -branes from ( p � 2)-branes in the Bosonic String Theory ," Nucl. Ph ys. B539 (1999) 107, hep-th/9804163. [29] H. Aoki, N. Ishibashi, S. Iso, H. Ka w ai, Y. Kitaza w a and T. T ada, \Noncomm utativ e Y ang-Mills in I IB Matrix Mo del," Nucl. Ph ys. B565 (2000) 176, hep-th/9908141. [30] S. Mukhi and N. V. Sury anara y ana, \Ramond-Ramond Couplings of Noncomm utativ e Branes," hep-th/0107087. [31] R.C. My ers, \Dielectric-Branes," JHEP 9912 (1999) 022, hep-th/9910053. [32] S. T erashima, \A Construction of Comm utativ e D-branes from Lo w er Dimensional Non-BPS D- branes," JHEP 0105 (2001) 059, hep-th/0101087 [33] A. Connes, Nonc ommutative ge ometry (Academic Press, 1994). See also, \A Short Surv ey of Noncomm utativ e Geometry ," hep-th/0003006. \Noncomm utativ e Geometry Y ear 2000," math.QA/0011193. [34] B. Blac k adar, K-The ory for Op er ator A lgebr as (Cam bridge, 1998). [35] P . Baum and R.G. Douglas, \K-homology and Index Theory ," Pro c. of Symp osia in Pure Mathe- matics, 38 (1982) 117. 33