<gO@J8 1 Hs2D494v2? $H $7 $F $N JQ7ANL;R2= $H !" Hs2D49 %2!< %8 M}O@ @u@n !! ;LI’

35 MW 89M}O@ $K 8= $l $kHs2D496u4V $N3HD% $H $7 $F !" JQ 7ANL;R2= $N<jK! $r Hs2D49JQ7A $H $7 $F :F2r<a $9$k $3$H $K $h$jHs2D49 6u4V $r Dj5A $7 !" 99 $K$=$N Hs2D496u4V>e $N %2 !< %8 M}O@ $r 9=@. $7 $? !# Hs 2D496u4V $N 5-=R $K$O !" F edoso v $K $h$k G$0U $N symplectic B?MM BN>e $NJQ7A NL ;R2= $N<jK! $rMQ $$ $? !# $= $l$K $h$j!" W eyl bundle $H $$ $& Be ?tB+ $NJ?C3 @\ B3 $4 $H $K BP1~ $9$kHs2D496u 4V $r Dj5A $9$k $3$H $, $G $- $k !# 99 $K !" W eyl bundle <+?H $O L58B<!85 $N %2 !< %8 72 $r ;}$A !" $=$N 0lIt $, Hs2D49 %2 !< %8 72 $G$" $k $3$H$b 7kO@ $G$- $k !# $3 $l$K $h$j !" MM!9 $J Hs2D496u4V $H$=$N >e $N Hs2D49 %2 !< %8 M}O@ $N N><T $, 6& $K !" IaJWE* $J W eyl bundle $N %2 !< %8 M}O@ $K Kd $a 9~$^ $l $F $$ $k $H$$ $& IAA| $, F@ $i $l $? !#

L\ <! Bh 1 >O In tro duction 1 Bh 2 >O Hs2D494v2? $H $7 $F$N JQ7ANL;R2= 4 2.1 Hs2D494v2?$N %3 %s %; %W %H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 2.2 JQ7ANL;R2= : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 2.3 F edoso v $N � @Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 2.3.1 The F ormal W eyl Algebras Bundle : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 2.3.2 W eyl bundle >e $N Graded Deriv ation : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 2.3.3 W eyl Connection $H Ab elian Connection : : : : : : : : : : : : : : : : : : : : : : : : : 12 2.3.4 Flat Section $H � @Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 2.4 3HD% : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 2.4.1 � @Q $N JQ99 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 2.4.2 G$0U$N7k9gBe?t9=B$$NIU2C : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 2.4.3 W eyl Bundle W ( L; A ) $N 9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 Bh 3 >O Hs2D496u4V>e $N %2!< %8 M}O@ 25 3.1 %2 !< %8 BP>N@- $H $7 $F $N Be?t$N<+8JF17? : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 3.1.1 W eyl %2 !< %8 JQ49 $H $7 $F $N W ( L; A ) V $N <+8JF17? : : : : : : : : : : : : : : : : : : : : 25 3.1.2 V W D $N F17? $H !" F1CM $J � @Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 3.1.3 Hs2D49 %2 !< %8 JQ49 $H $7 $F $N V W D $N <+8JF17? : : : : : : : : : : : : : : : : : : : : : : : : 31 3.2 Hs2D49 %2 !< %8 >l$NDj5A : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 34 3.2.1 W eyl %2 !< %8 >l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 34 3.2.2 Hs2D49 %2 !< %8 >l : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 35 1

3.3 Hs2D49 %2 !< %8 M}O@$N9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 38 3.3.1 >l$N6u4V : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 39 3.3.2 Hs2D49 %2 !< %8 >l$N<+M3EY : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 40 3.3.3 Hs2D49@5=‘:BI87O : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 42 3.3.4 Hs2D49 %2 !< %8 >l$NHs2D49@5=‘:BI87O $G $N I=8= : : : : : : : : : : : : : : : : : : : : : : : : 44 Bh 4 >O $$ $/$D $+$N 1~MQ 46 4.1 � @Q$NNc : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 46 4.2 %2 !< %8 F1CM@- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 47 Bh 5 >O Conclusion and Discussion 52 IU O? A 54 A.1 W V $N deriv ation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 54 2

Bh 1 >O In tro duction 6aG/ !" 9- $$0UL# $N 89M}O@ $N GX8e $K$O Hs2D494v2? $, $" $k !" $H $$ $& G’<1 $, =y !9 $K @.$5 $l $D$D$" $k !# $= $N :G =i$N C{ 8u $O Witten $N op en string �eld theory $K 8+ $i$l $k [5] !# $3 $l$O !" E@N3 ;R $r Bh FsNL ;R 2= $7 $? >l $N M}O@ $K BP1~ $7 $F !" string $r BhFsNL;R2= $7 $? >l$NM}O@ $G$" $k !# E@N3;R $N >l9g $O !" Bg$^ $+$K 8@ $& $H >l $H $O ;~6u>e $N 4X?t $G$" $k $+$i !" Aj8_ :nMQ $r I=$9>l $N 4V $N@Q $O 2D49 $J 4X?tBe?t $r @. $7 $F $$ $k !# 0lJ} !" 8~ $-IU $1$i $l $? #2$D $N string $N Aj8_:n MQ $O 0lHL $K Hs2D49 $G $" $k !# =>$C $F !" $3$N string �eld theory $G$O >l $N @Q $O Hs2D49 $G 7k 9gE* $J @Q $G 5-=R $5 $l $F$$ $k !# Hs 2D49 $J 7k9gBe ?t $H $O @5 $K Hs2D494v 2? $G$"$k $+ $i !" E@N3 ;R $+$i string $K $7 $?$3$H $G 2? $i$+ $N Hs2D494v2? $, 8= $l $k $H 9M $( $k $3 $H $, $G $- $k $o $1$G$" $k !# $7 $+ $7 !" $3 $l$O $$$o$f$k;~6u $N Hs2D49@- $G $O$J $$$? $a !" Hs2D494v2? $H $7 $F%7 %j %" %9 $K B* $( $k?M $O >/ $J $+ $C $?$h $& $K ;W $o $l $k !# <! $NNc $O D-brane $H 9TNsLO7? $G$" $k !# D-brane $O op en string $N C<E@ $r B+G{$9$k9b<! 85Kl $G$" $k $, !" $= $l$, N Kg=E $J $k $H C<E@ $N<+M3EY $O N � N $N U ( N ) 9TNs $K$J $k $3 $H $, CN $i $l $F$$ $k !# $3$N@-<A $O $^ $? !" 9T Ns $K $h$C $F string M} O@ $r Dj <02= $7 $h $& $H $$ $&9TNsLO 7? $K $b K\ <AE* $K 8z$$ $F $$ $k !# $3 $l $i $O D-brane $, =E $J $C$? J} 8~ $N string :BI8 $, !" 9TNsBe ?t $H$$ $&Hs 2D494v2? $N>e$N:BI8 $K$J $k $3 $H$r 0UL# $7 $F $$$k !# $7 $+ $7 $3 $l $b !" Hs2D 49@- $H $$ $& $h$j $O 9TNs@- $G$" $j !" D-brane >e $N %2 !< %8 >l $, U (1) $+$i U ( N ) $K $J $C $?$H$$ $& 07 $$ $G ==J, $@ $C $? !# $3 $l$K BP $7 !" 9T Ns LO 7? $K $* $$ $F D-brane $ND%$k J} 8~ $K Hs2D 49 @- $, 8= $l $kNc $, 8+=P $5 $l$? [6] !# 9T Ns LO 7? $N %H !< %i%9 %3 %s%Q %/ %H 2= $r9M $($k $H !" :B I8 $, 9T Ns $G$"$k $? $a !" %3 %s %Q%/ %H 2= $K$bDL >o $H0[ $J$k 2D G= @- !" B( $A Hs 2D 49 %H !< %i%9 $r 9M $( $k $3 $H $, 2DG= $G$"$k !# $3 $l $, 860x $G !" F@ $i $l $kM} O@ $O Hs2D 49 %H !< %i%9 >e $N Y ang-Mills M}O@ $G 5-=R $5 $l $k $3$H$K$J $k !# $^ $? J*M}E* $K$O !" $3$N Hs 2D49@- $O%3%s %9%? %s%H $J C >l $, GX7J $K $" $k$3$H$H F1Dj$5 $l $? [7] !# $3$N Nc $O D-brane $N 9- $, $j <+BN $, Hs2D49 $J 6u4V $H 8+ $J$5 $l $k $?$a !" Hs2D494v2? $H $7 $F%7 %j %" %9 $K B* $($i $l $? !# $= $7 $F$3$l$, 85AD $H$J $j !" $3$N N. $l$K 1h$C $F 9T NsLO7? $d op en string $N Hs 2D49@- $K $D$$$F$N MM !9 $J 8&5f $, @.$5 $l $F $-$? !# $= $7 $F !" $= $l$i$N@. 2L $rAm9g $7 !" %3 %s %9 %? %s %H $J NSNS B >l $, GX 7J $K$"$k $H$- $N op en string M} O@ $K$* $$ $F !" D-brane $N M-8z M} O@ $, Hs2D49 6u 4V >e $N>l $NM}O@ $K$J$k $3 $H $, 0l:r G/ [8] $K $h$j;XE& $5 $l $? !# $3 $l$O [6] $H F1 $8 8= >] $, string M} O@ $G !" $7 $+$b %3 %s %Q%/ %H 2= $r $7 $J $/ $F$b5/ $3$k $3 $H $r0UL# $7 $F$$$k!# $3 $3 $G B >l $O D-brane >e $N >l $N@Q $r !" 2D 49 $J DL>o $N@Q $+$i $$ $o$f $k Mo y al-W eyl @Q $H$$ $& Hs2D49 $J @Q $K JQ2= $5 $;$k Lr3d $r $7 $F $$ $k !# $3$N $h $& $J Mo y al-W eyl @Q $r ;}$DHs2D496u 4V $N >e $N %2 !< %8 M}O@ $O !" :G 6a $G $O 0lHL $K noncomm utativ e gauge theory !J Hs2D49 %2 !< %8 M}O@ 1 !K $H 8F $P $l $F $$ $k !# 1 J6 $i$o $7 $$ $, !" non-Ab elian $N$3$H$G$O$J$$ !# 1

$7 $+ $7 !" $h$j0lHL$NGX 7J !" $D$^$j!" 6J $, $C $? 6u4V $G$+ $D%3 %s %9%? %s %H $G$O$J $$ B >l $, GX7J $K $" $k $H$-$N D- brane M- 8z M} O@ $K$D $$ $F $O !" 5e LL $N>l 9g $J $I $NNc $r=| $$ $F !" $[ $H $s $I $o $+$C $F $$ $J$$ $N $, 8= >u $G$"$k!# $b$A $m $s $= $l$O !" string M}O@<+BN $, $3$N >l9g $K$O $h $/ $o $+ $C $F$$$J$$ $+$i$G$" $k !# $= $l$G $b !" $3$N$h $& $J >l9g $K $b 2? $i $+$N Hs2D494v2? $, 8= $l $k $H 9M $( $k $N $O <+A3 $G$" $k !# $= $3$G !" 5U $K Hs2D49@- $r Mj$j $K !" D-brane M-8zM}O@ $NJ} $r $h $j0l HL $NHs2D 49 %2 !< %8 M}O@ $K 3HD% $9$k $H$$ $& $3 $H $, 9M $( $i $l $k !# $= $N4pK\ E* $J %" %$ %G %" $O 0J2< $NDL $j $G$"$k !# !V Mo y al-W eyl @Q $H$$ $& $N $O 85 !9 !" 8EE5NO 3X $K $*$$$F 0LAj 6u4V $, Euclid 6u 4V R 2 n $N >l 9g $N JQ7ANL ;R2= $G 8= $l $?$b$N $G$" $k !# $=$N8e !" JQ7A NL;R 2= $O G$0U $N P oisson B?MMBN $K 3HD% $5 $l $? !# $=$N>l9g $K $O !" 0l HL $K � @Q $H 8F $P $l $kHs2D 49@Q $, F@ $i $l $k !# $= $3 $G !" $3$N � @Q $r ;~6u $NHs2D49 @- $H :F2r<a $9$k $3 $H $G !" Mo y al @Q $N$h $& $K C1=c $J Hs2D49 %2 !< %8 M}O@ $r !" $h$j0lHL $N Hs2D49 %2 !< %8 M}O@ $K 3HD%$9$k $3 $H $, $G $- $k !# !W $3 $N%" %$ %G %" <+BN $O 4{ $K [6] $K $b 8@5Z$5 $l $F $*$j !" $3 $l $^ $G$K 4XO" $7 $? $$ $/$D $+ $N%" %W %m !<%A$b$J $5 $l $F $$ $k [9] !# $7 $+ $7 8=>u $G $O%" %$ %G %" 0J>e $N6qBNE* $J5DO@$^ $G $O ;j $C $F$* $i$: !" FC $K %2 !< %8 M}O@ $r $3$NOHFb $G $I $& B* $( $k $+ $K $D$$ $F $O A4$/ 9M $( $i $l $F$3 $J $+ $C $? !# $= $3 $G !" 2f!9 $O [1] $K $* $$ $F !" � @Q $r ;} $DHs 2D49 6u 4V $N>e $N %2 !< %8 M}O@ !J Hs2D49 %2 !< %8 M}O@ !K $K $D$$ $F$N 0lHLO@ $r 9M;! $7 $? !# K\9F $O$=$N FbMF $K $D$$$F$N Js9p $G$" $k !# $= $N J}?K $H $7 $F$O $" $^$j string M}O@ $K$O 94 $i$: !" =c?h $K 2D49 $J 6u 4V>e $N >l$N M}O@$N Hs2D496u4V$X$N 3HD% $r L\I8 $H $7 $? !# $= $l$O string M}O@ $K 8B $i$: !" 0lHL $K NL;RE* O@E* $J ;~6u $O Hs2D494v 2? $G 5-=R $G$- $k $N $G $O$J$$ $+$H$$ $& 4u K>E* 4Q B, $b $" $k $+$i$G$"$k !# 2f !9 $O 6qBNE* $K $O !" symplectic B?MMBN $r 8EE5E* ;~6u $H$9 $k $h $& $J >l9g $r 9M $( !" $= $NB?MM BN>e $K � @Q $r F3F~ $7 $F =PMh$kHs 2D49 6u4V >e $G !" %2 !< %8 M}O@ $, $I $& Dj 5A $5 $l $k $+$r 9M;! $7 $? !# $= $l$O symplectic B?MM BN $N>l9g $K$O !" F edoso v $K $h$k4v 2?3X E* $K$=$N9=B$ $, 4JL@ $J JQ7A NL ;R2= $NJ}K! $, CN $i $l$F$$$k $? $a $G$"$k !# 2f !9 $O$=$N FCD’ $r :GBg8B $K MQ$$ $F 5DO@ $r ?J $a $k !# K\9F $N FbMF $N 35N, $H 9=@. $O 0J2< $N DL$j $G$" $k !# $^ $: Bh 2 >O $G$O !" x 2.1 $G Hs2D49 4v 2? $N4pK\E* $J ;WA[ $r 354Q $7 $? 8e !" x 2.2 $G JQ7ANL;R 2= $NDj5A $r $7 !" $= $NHs2D 494v 2? $H $7 $F $N 2r <a $K $D$$$F @b L@$9$k !# <! $K x 2.3 $G$O !" G$0U $N symplectic B?MM BN M >e $N � @Q $r F@ $kJ} K! $H $7 $F F edoso v $K $h $kJQ 7ANL ;R2=$N <j K! [3] $r >R 2p$9$k !# $=$N 4p K\E* $J =hJ} $O 0J 2<$N DL$j $G$" $k !# B?MMBN M $N tangen t bundle T M $N 3F �b er $O Euclid 6u 4V $G $" $k$?$a !" Mo y al-W eyl @Q$N F~$C $? W eyl Be ?t $K JQ 7A$9 $k$3 $H $, $G $- $k !# $= $l $i $r B+ $M $? �b er bundle (W eyl bundle W ) $r 9M $( !" $=$N >e$N 0lHL$N connection D $N $& $A !" Ab elian connection D $H 8F $P $l $k 0l <o$N Dj 6J N( $N connection $G �b er F1 ;N$N$D$J $, $j J} $r ;X Dj$9 $k !# $3 $N$H $- !" D $K 4X $7 $F at $J section A4BN W D $, B?MMBN $N4X?t6u4V C 1 ( M )[[ ~ ]] $H 0lBP0l $K BP1~ $7 $F$$ $k $?$a !" at section $N 4V $N �b erwise $J Mo y al @Q $r DL $7 $F 4X?t6u 4V $N � @Q $, Bg0hE* $K Dj5A $5 $l $k $H$$ $& 9=B$ $K$J $C $F$$$k !# $^ $? $3$N =hJ} $O !" =PH/E@ $N T M $r 3HD% $7 $F %2 !< %8%P %s %I %k $N 9=B$ $r 4^ $‘ $b$N $K $b E,MQ $G$- $k !# !J $3 $l$O J#?tKg $N=E $J$C $? D-brane $r A[Dj $7 $F$$ $k $3 $H $K BP1~ $9$k !# !K $= $l$i $N 3HD% $K $D$$ $F $O x 2.4 $G 5DO@ $9$k !# $3$N 3HD% $r 9T$C $?$b$N $, 8e $N >O $G Hs2D49 %2 !< %8 M}O@ $K$J $kBe?t $G$" $k !# Bh 3 >O $G$O !" <g $K %2 !< %8 JQ49 $N9M;! $+$i Hs2D49 %2 !< %8 JQ49 $d$= $l$K IU?o $9$kHs2D49 %2 !< %8 >l $r M? $( $k !# $^ $: x 3.1 $G !" $3 $N W eyl bundle W $N <+ 8J F1 7? <L A| A4 BN $r >\ $7 $/ D4$Y $k !# $=$N 7k 2L !" �b erwise $J <+ 8J F1 7? <L A| $, L58B <!85$N %2 !< %8 JQ49 $H $7 $F M}2r $G $- $k $3$H $, $o$+ $k !# $= $7 $F >e=R $N 0l HL $N connection D $, @5 $K $3 $N %2 !< %8 2

JQ49 $K BP1~$9$k %2 !< %8 >l $G$" $j !" $3$N %2 !< %8 >l $N FCJL $J G[0L $H $7 $F Ab elian connection D $, $" $k $3 $H $K$J $k !# $^$? !" $3$N JQ 49 $, Fs$D$N 0[ $J $k at sections $N 6u 4V$N 4V$N F1 7?BP 1~ $r F3$/ $3$H $b <($9$3$H $, $G $- $k !# $3 $l $O !" 0[ $J $k � @Q $r ;} $D4X?t6u4VF1 ;N $, 8_$$ $K %2 !< %8 JQ49 $G 0\$j9g $& $3$H$r 0UL# $7 $F $$ $k !# $3$N$h $& $J W eyl bundle $N %2 !< %8 JQ49A4BN $NCf $G FC $K !" 0l $D $N at section $N 6u4V W D $r J]$D %2 !< %8 JQ49 !" $D$^$j � @Q $r J]B8 $9$k $h $& $J %2 !< %8 JQ49 $, !" Hs2D49 %2 !< %8 JQ49 $G$" $k $3 $H $, 7kO@ $G $- $k !# => $C $F !" $3 $l$K BP1~ $9 $k Hs 2D 49 %2 !< %8 >l $O !" 0l HL $N %2 !< %8 >l $NE, Ev $J @) 8B $K$h $C $FF@ $i $l $k $3 $H $K$J$k !# x 3.2 $G$O !" $=$N @)8B $O !" 0lHL $N connection D $, W D !J $N HyJ,Be ?tE* 3HD% !K $N >e$N garaded deriv ation $G $" $l $H $$ $& >r 7o $G I=8= $5 $l $k !# x 3.3 $G$O 6qBNE* $K$=$N >r7o $r K~ $?$9Hs2D49 %2 !< %8 >l $r 9=@.$9$k !# <B:] !" 6I=j E* $K $O !" JQ 7A $7 $? Darb oux :BI8 $r MQ$$$? I= <( $G !" NI$/CN $i$l $? 7A$N Hs2D 49 %2 !< %8 JQ 49@- $r$3 $N Hs2D 49 %2 !< %8 >l $, ;}$D$3 $H $, $o$+ $k !# $^ $? $3$N I=<( $G !" W eyl bundle $N %2 !< %8 >l $N >l $N6/$5 $, !" Hs2D 49 %2 !< %8 >l $N >l $N6/$5 $H !" Hs2D 49 @- $r7h $a$kGX 7J>l $NAH $_9g $o$; $G I= $5 $l $k $3 $H$b $o $+ $k !# $3 $l$O !" D-brane M-8z :nMQ $G$"$k Dirac-Born-Infeld :nMQ $K E57?E* $K 8= $l $kAH $_ 9g $o$;$H NI$/BP1~ $7 $F $$ $k !# 0J>e$^ $H$a $k $H !" � @Q $H $$ $& Hs2D49@- $H !" $=$N @Q $, F~$C $? 4X?t6u4V$N>e $G Dj5A$5 $l $kHs2D49 %2 !< %8 >l $N N><T $, 6& $K !" W eyl bundle $N %2 !< %8 M}O@$N<+M3EY $H $7 $F E}0l$5 $l $F $$ $k $H$$ $& IAA| $, F@ $i $l $k $3$H $, 7kO@ $G $- $k !# Bh 4 >O $G $O B?>/ 1~ MQE* $J ;vJA $r5DO@ $9$k!# $^ $: x 4.1 $G !" F edoso v $N � @Q $N6qBN Nc $r5s $2 $k !# $3 $l$O Hs>o $K 4J C1 $J >l9g $G$"$k $, !" $= $l$G $b$$ $/ $D $+ J*M} E* $J <(:6 $, F@ $i $l $k !# <! $K x 4.2 $G !" 2f!9 $NHs2D49 %2 !< %8 M}O@ $N5DO@ $N D>@\E* $J 7k2L $H $7 $F !" %2 !< %8 F1CM@- $N 5/ 8; $r @bL@$9$k !# Mo y al-W eyl @Q $N Hs2D 49 %2 !< %8 M}O@$N >l9g !" $= $l $H Ey2A $J 2D49 $J %2 !< %8 M}O@ $, $" $k $3 $H $, ;XE&$5 $l $F $$$k $, !" $= $3 $G N><T $N %2 !< %8 >l $N 4X78 $r$D $1 $k $?$a $K 2>Dj $5 $l $?$N $, %2 !< %8 F1CM@- $G$" $k !# 2f !9 $N 4QE@ $+$i $O !" $= $l$O C1 $K 0[ $J $k � @Q $r ;} $D4X?t6u4V $K $* $1 $kHs2D49 %2 !< %8 >l $N4X78 !" B( $A W eyl bundle $N %2 !< %8 JQ49 $K 2a $. $J$$$3 $H $, $o $+ $k !# 2f!9 $, ;XE& $7 $? %2 !< %8 >l $N4X78 $NITDj @- [2] $b F1MM $K !" W eyl bundle $N %2 !< %8 JQ49$NHs2D49@- $K B> $J $i$J $$ !# :G8e $K !" Bh 5 >O $G 7k2L $r $^ $H$a !" :#8e $N 2]Bj $r 5DO@$9$k !# 3

Bh 2 >O Hs2D494v2? $H $7 $F$N JQ7ANL;R2= $3$N >O $G$O !" JQ 7ANL;R2= $r Hs2D494v2? $H $7 $F 2r<a$9$k $H $O $I $& $$ $& $3$H $+$r @bL@$9$k !# $= $7 $F !" JQ7A NL;R2= $K $h$jF@ $i $l $k � @Q $N 6qBNE* $J 9=@. $r 9T $& !# 99 $K !" JQ7A NL;R2= $r >/ $7 3HD% $7 $?$H$-$N Hs2D494v 2?E* $J BP1~J* $r :G =*E* $K 5a $a $k !# $3 $l$, Hs2D49 %2 !< %8 M}O@ $N Be?t $G$" $k !# 2.1 Hs2D494v2? $N%3 %s %; %W %H Hs2D494v2?3X $r Dj5A $7 E83+$9$k:] $K $O !" >o $K 2D49 $J DL>o $N4v2?3X $H$N%"%J%m %8 !< $, 4p $K$J $C $F$$$k !# $=$N =P H/E@ $H$J $k $N $, 2D49 $J 4v2? $K $* $1 $k Gel’fan t-Naimark $N DjM} $G $" $k !# DjM} 2.1 6I=j %3 %s %Q %/ %H !& %O %& %9 %I %k %U 6u4V $N A4BN $H$= $l$i $N 4V $N prop er $J O"B3<LA| $N @.$9%+ %F %4 %j !< $H !" 2D49 C � 4D $H$=$N � -homomorphism $N @.$9%+ %F %4 %j !< $H $O %+ %F %4 %j !<F1CM $G$" $k !# 6I=j %3 %s %Q %/ %H !&%O%& %9 %I %k%U 6u4V X >e $N !J L58B1s $G >C $( $k !K O"B3 4X?t $N @.$94D C 0 ( X ) $O <+A3 $K 2D49 C � 4D $K$J $k !# =>$C $F$3$N DjM} $O !" G$0U $N 2D49 C � 4D A $O I, $:$" $k6u4V X >e $N 4X?t4D $H 8+ $J $9 $3$H $, $G $- $k $H $$ $& $3 $H $r =R $Y $F$$$k!# 99 $K 3z $_:U $$ $F8@ $( $P !" B? MM BN M $N !J 0LAj 9= B$ $K 4X$9 $k !K 4v 2? 3X E* >p Js $O !" $= $N>e $NO"B3 4X?t4D C ( M ) $r D4 $Y $l $P A4 $F 2r$k $3 $H$r 0UL# $7 $F $$$k !# Nc $( $P !" M $N 3FE@ $K$O C ( M ) $N 6KBg %$ %G %"%k $, BP1~ $7 !" M $N JDIt J, =8 9g $K $O !" $= $N>e $G 0 $K$J $k4X ?t A4 BN $N@. $9 JD %$ %G %" %k $, BP1~ $7 $F$$$k !# Hs 2D 49 4v 2? 3X $N4p K\ E* $J%" %$ %G %"$O !" $3$N 6u4V $H Be?t $N BP1~ $r 5U $K MQ$$ !" Be?t $N J} $+$i 4v2? $r Dj5A$9$k $H$$ $& $3 $H $K $" $k [10] !# B( $A !" 2D49 $H$$ $& @-<A $@$1$r 30 $7 $? 0lHL $N C � 4D$b2? $i$+$N 6u4V $H BP1~ $7 $F $$ $k $H 9M $( $k $o $1$G$" $k !# $= $l$O 0l HL $K DL >o $N E@=8 9g $+$i $J $k 6u 4V $G$O $J $/D> 46E* $K M} 2r$9$k$N $O Fq $7 $$ $, !" Be?t $N J} $G$O Dj 5A$5 $l $F $$ $k$?$a !" $=$N 4v2?3XE* $J @-<A $r Be?t $r DL $7 $F D4 $Y $k $3 $H $, $G $- $k !# FC $K 2f !9 $, DL >oMQ$$$k$h $& $J !" 3j $i$+$J HyJ,2DG=B?MM BN M $N >pJs $O !" Be?t $N%5 %$ %I $G$O 3j $i$+ $J 4X?t$N A4 BN C 1 ( M ) $K BP1~ $7 $F $$$k !# C 1 ( M ) $O Bt;3 $N deriv ation !" $D$^ $j M >e $N %Y %/ %H %k >l $r ;} $DE@ $, C ( M ) $H 0[ $J$j !" $= $l$, M $N HyJ,9=B$$N >pJs $r Be?tE* $K I=8= $7 $F $$ $k !# $h$C $F Hs2D494v 2? $K $* $1 $k HyJ, 2DG=9=B$$b !" 4D A $N deriv ation $N @.$9 Lie Be?t $N>pJs $K 9~ $a $i $l $F$$ $k $H 9M $( $k $3 $H $,$G $- $k !# $3 $l $r 99 $K ?J $a $F !" Hy J, 7A<0 $NBe?t $NHs2D49 HG ( A ) $r A $+$i !J 7A<0E* $K !K 9= @. $9$k $3 $H$b $G$-$k !# $^ $? !" B? MM BN>e $N@QJ, $O !" Hs2D 494v 2? $G$O Be?t $N %H%l !< %9 $K CV$-49 $o $k !# 99 $K !" >l $NM} O@ $r9M $($k $K $OB?MM BN M >e $N %Y%/ %H%k%P %s %I %k $, I,MW $G $"$k!# Serre-Sw an $NDj M} $K$h $j!" M- 8B rank $N 3j $i $+$JJ#AG %Y%/ %H%k%P %s %I %k E $O$=$N3j $i $+$J section A4BN C 1 ( M ; E ) $K CV $-49 $($k $3 $H $,$G$-$k !# B($A !" C 1 ( M ; E ) $O 4D C 1 ( M ) >e $N �nite pro jectiv e mo dule !J M-8B<M1F2C72 !K $G$" $j !" BP1~ E ! C 1 ( M ; E ) 4

$O%Y %/ %H %k%P %s %I %k$H C 1 ( M ) 2C72 $N%+ %F %4 %j !<F1 CM $r M? $($F$$$k !# => $C $F !" %Y %/ %H %k%P %s %I %k $N Be?tE* $J BP 1~J* $, C 1 ( M ) M-8B<M 1F2C 72 $G$" $k $3 $H $+ $i !" Hs 2D49 4v2? $K $* $1 $k %Y%/ %H %k%P %s %I %k$K AjEv $9$k 35G0 $O !" 4D A >e $NM- 8B <M 1F 2C 72 $H9M $( $i $l $k !# $^ $? !" Hy J, 7A <0 $NBe ?t $, Dj 5A $5 $l$F$$ $l $P !" $Y%/ %H%k%P %s %I %k >e $N connection $K BP1~ $7 $? 2C72>e $N conneciton $b <+A3 $K Dj5A $5 $l $k !# $3 $N$h $& $K !" Hs2D496u 4V $d$=$N>e $N >l $NM}O@ $r 9M $( $k $H$- !" $= $l $r ?t3XE* $K 5-=R$9$k8@MU $O @0Hw $5 $l $F$-$F $$$k!# $7 $+ $7 !" <B :] $K 07 $o $l $F$$$k6qBN Nc $O :# $N $H $3$mHs2D 49 $J J?LL !" %H !<%i%9 !" 5e LL $0 $i $$ $7 $+ $J$$ !# $^ $? !" 4D A $K BP $7 $F HyJ,9=B$ ( A ) $r M? $( $k $d$jJ} $O $$$m$$$mDs>’ $5 $l $F$$ $k $, [10] !" L$ $@ Dj$^ $C $?$b$N $O L5 $$$N $, 8=>u $G$" $k !# $3 $l$K BP $7 !" JQ 7ANL;R2= $r Hs2D494v2? $H $7 $F 2r<a$9$k $3$H $K $h$j !" $3 $l $^ $G 0J>e $N 6qBNNc $r 07 $& $3 $H $,$G $- $k $3 $H$r$3 $l$+$i 8+ $F$$ $/ !# K\9F $G $O !" >e $NOC $N $& $A !" FC $K 4D $H 6u4V $N BP1~ $@$1$r ;XF386M} $K $7 $F 5DO@ $r ?J $a $k !# 2.2 JQ7ANL;R2= 0lHL $K !" P oisson B?MMBN ( M ; f ; g ) $N JQ7ANL;R2= $O <! $N MM $K Dj5A$5 $l $k [11] !# Dj5A 2.2 Z = C 1 ( M )[[ ~ ]] $r !" JQ7A $N%Q%i %a !<%?!< ~ $K $h $k C 1 ( M ) 78?t $N 7A<0E* $Y$-5i?t $G F@ $i $l $k@~ 7A6u4V $H$9 $k !# B($A $= $N 85 $O 0J2< $N$h $& $K M? $($i $l $k !# f = 1 X k =0 ~ k f k f k 2 C 1 ( M ) (2.1) !J 7A<0E* !K JQ7ANL;R2= $H $O !" 0J2< $N MM $J 7k9g@Q $r Z >e $K F3F~$9$k $3$H$G$" $k !# f � g = 1 X k =0 ~ k M k ( f ; g ) (2.2) $3 $3 $G !" M k $O lo cal $J APHy J, 1i ;; ;R $G !" M 0 ( f ; g ) = f g ; M 1 ( f ; g ) � M 1 ( g ; f ) = � i f f ; g g $r K~ $?$9 $b $N $H$9$k!# ~ $O %W %i %s %/Dj?t $K Aj Ev$9$k%Q%i %a !<%?!< $G$" $k !# M 0 $N >r 7o $O !" � @Q $, 2D49@Q$N ~ $K $h $k JQ7A $G$" $k $3$H$r 0UL# $7 $F $$ $k !# $h$C $F ~ ! 0 limit $G 85 $N 2D494D C 1 ( M ) $K La$k !# $^ $? M 1 $N >r7o $O !" � @Q $K 4X$9$k8r49;R $, [ f ; g ] � := f � g � g � f = � i ~ f f ; g g + � � � $H E83+ $5 $l $k $3$H $r MW@A $7 $F $$$k $, !" $= $l$O B($A !" 8r 49;R $, P oisson 4D $NJQ 7A $G$"$k $3 $H !" $D $^ $jNL ;R NO 3X $NBP 1~ 86 M} $r 0U L# $7 $F$$$k!# $b$A $m $s 0lHL $K � @Q $O Hs2D 49 @Q f � g 6 = g � f $G$" $k !# $= $7 $F !" $3$N JQ7A $5 $l $? 4X?tBe?t Z = C 1 ( M )[[ ~ ]] $r NL;RNO3X $N 4QB,2DG=NL $N6u4V $H 8+ $J $9 $o $1$G$" $k 1 !# Dj5A 2.3 Fs$D$N � @Q � 1 $H � 2 $O !" 7k9gBe?t $H $7 $F $N F17?<M T : ( Z ; � 1 ) ! ( Z ; � 2 ) $, B8:_$9$k $H$- F1CM $G$" $k $H$$ $& !# $3$3 $G !" T $O HyJ,1i;;;R$N7A<0E*$Y$-E83+ T = T 0 + ~ T 1 + � � � $G M? $( $i $l $k$b$N $G$" $k !# F1 CM $J � @Q$O 8+$+ $1 $O 0[$J $k $, Fb MF$O F1 $8 $G $" $j !" :B I8 JQ 49 $N ~ JQ 7A$K BP 1~ $9 $k $b $N $G $" $k !# $J $* !" J# AG 1 5-9f [[ ~ ]] $O ~ $K 4X $7 $F @5$N$Y$- $G$" $k $3$H$r 0UL#$9$k !# 5

$G $O$J $/<B4X ?tBe ?t $r 9M $( $k $H$- $O � @Q $NBe?t $K $b %( %k %_ !< %H @- $N>r7o $, IU$/ $, !" $3$3 $G $O $= $l$O 9M $($J$$$3 $H$K $9 $k !# Nc 2.4 n <!85 Euclid 6u4V R n Cf $r 1?F0$9$k<+M3E@N3;R $N8EE5E* $J Aj6u4V M = R 2 n $r 9M $( $k !# $=$N :BI8 $r x i ( i = 1 � � � 2 n ) $H $9$k $H !" $3$N 6u4V>e $K$O 0J2< $N$h $& $J 2-form ! = 1 2 ! ij dx i ^ dx j (2.3) $, B8:_$9$k !# M $O %Y %/ %H %k 6u4V $G$" $k $+$i !" ! $O @~7A $J :BI8JQ49 $K $h$j >o $K I8=‘7A $K D>$9 $3$H $,$G $- $k !# ! = � dx i ^ dx i + n = dp i ^ dq i ; ! ij = J ij := 0 @ 0 I � I 0 1 A (2.4) $3$N ( q i ; p i ) $r @5 =‘:B I87O $H 8F $V !# $3 $N I= <0 $+$i $o$+ $k$h $& $K !" ! $O closed 2-form d! = 0 $G $" $j !" $=$N ! ij $O 5U9TNs ! ij $r ;}$D $N $G HsB‘2= $G$" $k !# => $C $F M $O symplectic B?MMBN $G$" $k !# 99 $K ! ij $K $h$j P oisson 3g8L $, f f ; g g = ! ij @ i f @ j g $H Dj5A$5 $l $k $?$a !" M $O P oisson B?MMBN $K$J $C $F$$ $k !# $3$N ;~ $N JQ7ANL;R2= $O f ( x ) � g ( x ) = f ( x ) exp � � i 2 ~ ! ij � @ i � ! @ j � g ( x ) (2.5) $H $$ $& � @Q $G M? $( $i $l $k !# $3 $l$r Mo y al-W eyl @Q $H 8F $V !# @5=‘:BI87O $G $O !" � @Q $N 8r49;R [ q i ; p i ] � = i ~ � i j $O DL >o $N@5=‘ NL ;R2= $K$h$jF@ $i $l $k1i ;;;R ^ q $H ^ p $N @5=‘8r 494X 78 $K 0lCW $7 $F$$ $k !# $^ $? B> $N:BI87O $G$N � $O$3 $l$H F1CM $K $J $k !# =>$C $F$3 $N Mo y al-W eyl @Q$N Be?t $O !" K\<AE* $K 1i;; ;R ^ q !" ^ p $N @5=‘ 8r49 4X78$N @8@.$9$k Be?t $r 4X ?t $G I=8= $7 $? $b$N $K$J $C $F$$ $k !# =>$C $F $3$N Nc $r 8+$k8B$j!" JL $K JQ7ANL;R2= $G$d$i$J $/ $F$b$$$$$N $G$O$J $$ $+$H ;W $( $k !# $7 $+ $7 $R $H$? $S $3 $N R n $H $$ $& G[0L6u4V $r 0lHL$N 6J $, $C $? G[0L 6u4V N $K 3HD%$9$k $H !" Aj6u4V $O cotangen t bundle M = T � N $H$J $k !# $3$N >l9g $b !" Dl6u4V $N:BI8 $r q i !" �b er :BI8 $r p i $H $9$k $H ! = dp i ^ dq i $H $$ $& I8 =‘E* $J symplectic form $r ;} $D !# 99 $K 3HD% $7 $F q $H p $N6hJL $rL5$/ $7 $?$b $N $, 0lHL $N symplectic B?MM BN $G$"$k !# $"$k $$ $O !" 6I =j E* $K I8 =‘E* $J symplectic form $r ;}$DB?MMBN $H 8@$C $F$b NI $$ !# $= $7 $F 3F6I=j $K $h $C $F rank $N 0[ $J $k symplectic form $^ $G 5v $7 $?$b$N $, P oisson B?MMBN $G$" $k $H 8@ $( $k !# $3$3 $^ $G Aj6u4V $r 3HD% $7 $? >l9g !" 1i ;;;R $K $h $k@5=‘NL;R2= $h$j$b4X?t $K $h $kJQ7ANL;R2= $N J} $, 35G0E* $K 8+DL $7 $, NI$$ !# $G$O <B:] $K P oisson B?MMBN $N>l9g $K$3$N MM $J@-<A $r ;} $D � @Q $r !" $D$^ $j k � 2 $N APHyJ, 1i ;;;R M k $r 6qBN E* $K :n$k $K $O $I $& $7 $? $i $$$$ $@ $m $& $+ !) G$0U $N symplectic B?MMBN $N>l9g $O Darb oux $N DjM} $K $h$j!" 6I =jE* $K $O Nc 2.4 $H F1MM $N@5=‘:B I8 7O $, <h $l $k $3 $H $, <($5 $l$F$$ $k !# $h$C $F !" 3+Ho J$ $N3F3+=8 9g $4 $H$K Mo y al-W eyl @Q $r M? $($F$*$$ $F !" $= $l$i$r E=$j9g $o$; $i $l$l $P !" Bg0hE* $J � @Q $r F@$k $3$H $, =PMh$k!# $D$^$j!" LdBj $O 3+=89g $N=E $J$j ItJ, $G $N #2$D$N Mo y al-W eyl @Q $r $I $&@09g $5 $; $k $+$H $$ $& %A%’ %C%/ %3%[%b %m %8 !<E* $J LdBj $K 5"Ce$9$k !# <B :] !" G$ 0U $N symplectic B?MMBN >e $K � @Q $, B8:_ $9$k $3 $H !" $^ $?HsF1CM $J � @Q $rJ,N‘ $9$k $3 $H $O [11][12] $K $h$j2r $+ $l $F $$$F !" M $N 2 <! $N %3%[%b %m %8 !< H 2 ( M )[[ ~ ]] $N FC@-N‘ $K $h$j J, N‘$5 $l $k $3 $H $, $o$+ $C $F$$ $k !# $7 $+ $7 !" 6I=jE* $J Hs2D49 $J 4X?tBe?t $r E= $j9g $o$; $k $N $G$" $k $+ $i !" 6qBNE* $J I=<0 $r$3$N J}K! $G F@$k $3$H $O Fq $7 $$ !# $3 $l 6

$K BP $7 !" F edoso v $O $b $& >/ $7 E0Dl $7 $?$d$j J} $r $7 $? [3] !# B( $A !" 6I=j E* $J :BI87O $r 9M $( $k $N $G $O$J $/!" $= $N0lE@ $X $N limit $H $7 $F$N@\6u 4V $r9M $( !" $^ $:$3 $3$X Mo y al-W eyl @Q $r F3 F~ $9$k!# $9 $k $H !" E= $j9g $o $; $H$$ $& $N $O 3F E@ $N >e $N �b er $N E= $j9g $o$; !" $D$^ $j �b er bundle $N connection $K $h$j;XDj $5 $l $k $3$H $K$J $k !# C" $7 !" $3$N>l9g $O Mo y al-W eyl @Q $O �b er J}8~ $N AP HyJ,1i;;;R $G =q $+$l $? @Q $G$" $k $+$i !" $9 $0 $5 $^ base M >e$N � @Q $K$O $J $C $F$$ $J$$ !# F edoso v $O $=$N connection $H $7 $F FCDj $N$b $N $r ;}$C $F $/$k $H base J}8~ $N APHyJ,1i;;;R $G =q $+ $l $? � @Q $, F@ $i $l $k $3 $H $r <( $7 $? !J 7k6I de Rham cohomology E* $J9=@. $K$J$C $F$$$k !# !K !# $3$NJ}K! $ND9=j $O !" 86 M} E* $K$O$" $i$f $k � @Q $r 6qBNE* $K 7W;; $G$- $k $P $+ $j $G$J $/!" $=$N4v2?3XE* $J 9=B$ $, L@3N $J E@ $G$" $k !# => $C $F !" $3 $N <j K! $r 2f !9 $N 5D O@ $N F; 6q $H $7 $F MQ$$ $k $3$H$K $9 $k !# $J $* !" JQ7ANL;R2=$N Ld Bj $O !" :G=*E* $K$O Kon tsevic h $, G$0U $N P oisson B?MM BN $N>l9g $K 2rEz $rM? $($? [13] !# $^ $? !" $= $NJ}K! $H top ological $J string M}O@ $H$N4X78 $, [14] $K $h$j <(:6$5 $l $F $$ $k !# >e $N Dj5A $+ $i L@ $i $+$J$h $& $K !" JQ7A NL ;R2= $H $O%Q%i %a !< %?!< ~ $K $h$k2D49 $J DL>o $N4X?tBe ?t $NHs2D49 $J Be?t $X $NJQ7A $H 8+ $J$9 $3 $H $,$G$- $k !# => $C $F x 2.1 $N @:?@ $K => $( $P !" F@ $i $l $? Hs2D 49 Be?t $O 2? $i $+$N Hs2D 496u 4V $r5- =R $7 $F$$ $k $3$H $K$J $k !# C" $7 $=$N :] !" JQ7ANL;R2= $H $O 0[ $J$j !" ~ $O Hs2D49@- $N %9 %1!< %k$H 2r<a$5 $l $k !# $b$A$m $s Dj5A $+$i !" $3$N Hs2D49 6u4V $O ~ ! 0 limit $G 85$N 2D49 $J 6u4V $K 5"Ce$9$k$b $N $G$" $k $+$i !" Hs2D494v2? $N A4BN $+ $i 8+$k $H 2D49 $J 4v2? $N $4 $/6aK5 $N$_ $r 07 $& $3$H $K$J $k !# $7 $+ $7 J*M}E* $K $^ $: 6=L# $, $" $k $N $O !" $=$N$h $& $J 8E E5E* $K$O 2D49 $J DL>o $N4v2? $, @.$jN)$D $h $& $J >l9g $G$" $k !# $3$N$h $& $K JQ7ANL;R2= $r Hs2D494v2? $H $7 $F 2r<a$9$k $3 $H $K $h$j !" ==J,9- $$%/ %i %9 $N Hs2D496u 4V $r <h $j07 $& $3 $H $,$G $-$k $o $1$G$" $k !# <!@a $G$O !" $3$N � @Q $N 6qBNE* $J 9=@.K! $H $7 $F !" F edoso v $N <jK! $r >R2p$9$k !# 2.3 F edoso v $N � @Q $3 $N @a $G $O !" F edoso v $K $h $kG$0U $N symplectic B?MMBN>e $N JQ7ANL;R 2= [3] $K $D$$ $F >\ $7 $/>R2p $9$k !# $3$3 $G F3F~$5 $l $k <gMW $J BP>] $O W eyl bundle $H $=$N >e $N connection $G $" $k !# JQ7ANL;R2= $N N)>l $+$i 8@ $( $P $= $l $i$O � @Q $r 9=@.$9$k $?$a$N ?M9)E* $J 35G0 $K 2a $. $J $$ $, !" Hs2D49 %2 !< %8 M}O@ $N N)>l $G$O$= $l <+?H $, =EMW $J 0UL# $r ;}$D $3 $H$K$J $k !# 2.3.1 The F ormal W eyl Algebras Bundle ( M ; ! ) $r <!85 $, 2 n $N symplectic B?MM BN $H $9$k !# x 2.2 $G =R$Y$?$h $& $K !" ! $O HsB‘2= $J 2-form $G !" M $N 3F E@ x 2 M $G $N @\6u4V T x M >e $K symplectic structure $r M? $($F$$ $k !# ! = 1 2 ! ij dx i ^ dx j ; ! ( @ i ; @ j ) = ! ij $3$3 $G !" dx i $O M >e $N cotangen t bundle T � M $N lo cal frame $G 1-form $N 4p Dl $G$" $j !" @ i $O $= $l $H dual $J T M $N 4p Dl$r I=$9!# ! $, Hs B‘ 2= $J $N$G !" @.J, ! ij $O 5U 9T Ns $r ;}$D !# =>$C $F !" 3F T x M $O Nc 2.4 $H F1 $8 $/@~ 7A 7 symplectic 6u4V $G$" $k$?$a !" Mo y al-W eyl @Q $r F3F~$9$k $3$H $, =PMh$k !# Dj5A 2.5 T x M $K IU?o $9 $k formal W eyl algebra W x $H $O 0J2< $N $h $& $J C >e $N unital asso ciativ e algebra $G $" $k !# $^ $: !" $= $N 85 $O 7A<0E* $Y$- 5i?t a ( y ; ~ ) = X 2 k + p � 0 ;k � 0 ~ k 1 p ! a k ;i 1 � i p y i 1 � � � y i p (2.6) $G M? $($i $l $k !# $3 $3$G !" ~ $O formal $J JQ7A $N%Q%i %a !<%?!< $G !" y = ( y 1 ; � � � ; y 2 n ) $O T x M $N @~7A:BI8 $G$" $k !# $^ $? !" 78?t a k ;i 1 � i p 2 C $O i 1 ; � � � ; i p $K 4X $7 $F BP>N $G$" $k !# <! $K !" $3 $l$i $N 85 $N 4V $N @Q $O Mo y al-W eyl @Q a � b := a exp � i ~ 2 ! ij � � @ @ y i � � ! @ @ y j ! b = 1 X n =0 1 n ! � � i ~ 2 � n ! i 1 j 1 � � � ! i n j n @ @ y i 1 � � � @ @ y i n a @ @ y j 1 � � � @ @ y j n b (2.7) $G Dj5A$5 $l $k !# $3 $N@Q $, assciativ e !J 7k9g E* !K $G !" $^ $? T x M $N :BI8 $N<h $jJ} $K 0M $i$J$$ $3 $H $O MF0W $K 3N $+$a $i $l $k !# 99 $K !" 8e $N JXMx $N$?$a $K <!?t $r 0J2< $N$h $& $K Dj5A $7 $F $* $/ !# deg ( ~ ) = 2 ; deg ( y i ) = 1 (2.8) $= $& $9$k $H !" <0 (2.6) $N 3F9‘ $O <!?t $, 2 k + p � 0 $G $" $j !" � @Q $O$3 $N <!?t $r J]B8$9$k $3$H $, $o$+ $k 2 !# $3 $l$i 3FBe?t W x $r �b er $H $7 $F M $N 3FE@ $K @8 $d$9 $3$H $K $h$j!" M >e $N algebra bundle W = [ x 2 M W x $, F@ $i $l $k !# $3 $l $r formal W eyl algebras bundle !J N, $7 $F W eyl bundle !K $H 8F$V !# W eyl bundle $N section !J @Z CG !K a : M ! W $N 6I=jE* $J I=<0 $O a ( x; y ; ~ ) = X 2 k + p � 0 ;k � 0 ~ k 1 p ! a k ;i 1 � i p ( x ) y i 1 � � � y i p (2.9) $H$J $k !# $3$3 $G !" ~ $H y i $O @hDx $H F1 $8 $G $" $k $, !" a k ;i 1 � i p ( x ) $O 3F E@ $K $h $j CM $r JQ $( $& $kBP>N%F %s %=%k >l $G $" $k !# $3 $l$i section $N A4BN C 1 ( M ; W ) $b �b erwise $J � @Q $r ;}$D asso ciativ e algebra $K$J $C $F$$$k !# 0J2< $G $O bundle $H $=$N section $N 6u4V $r 6hJL $; $:$K F1 $8 5-9f W $G I=$9 !# Be?t W $N cen ter Z $H$O !" � @Q $K 4X $7 $F W $N G$0U $N 85 $H 2D49 $J 85 $N =89g $N$3$H $G $" $k $, !" L@ $i$+$K $= $l $O y $r 4^$^ $J$$ section A4BN $K$J $k !# $= $l$O 2f !9 $N 9M $($? $$ BP>] $G$" $k Dj5A 2.2 $N Z = C 1 ( M )[[ ~ ]] $K @~7A6u4V $H $7 $F 0lCW$9$k !# W $+$i $3$N Z $X$N pro jection map � $r Dj5A $7 $F $* $/ !# � : W ! Z = C 1 ( M )[[ ~ ]] a 7! � ( a ) := a j y =0 (2.10) $3 $3 $G >/ $7 @53N $J8@ $$J} $r $7 $F $* $3 $& !# S ( T � M ) $r C 1 ( M ; T � M ) $N BP>N %F %s%= %k @QA4 BN $+ $i @.$k C 1 ( M ) Be ?t $H$9$k !# B( $A !" C 1 ( M ) $r 78?t4D $H$9$k2C72 $G$"$C $F $+ $D C 1 ( M ) >e $NBP>N %F %s %= %k @Q $K $h$k2D49@Q $r ;}$D 2 $D $^$j!" @F<!85 a; b $K BP $7 $F deg ( a � b ) = deg ( a ) + deg ( b ) 8

%F %s %= %k Be?t $G$" $k !# $3 $l$O T M >e$N4X?t4D !J $N B?9‘<06a;w !K $H 9M $($i $l $k $? $a !" y i $N C 1 ( M ) 78?t $N$Y$- 5i?tA4 BN $r0UL# $7 $F$$ $k 3 !# $3$N S ( T � M ) $H Z = C 1 ( M )[[ ~ ]] $O 6& $K C 1 ( M ) Be?t $G$"$k $+$i !" C 1 ( M ) >e $N %F %s %=%k @Q $r MQ $$$k $H !" W $O C 1 ( M ) 2C72 $H $7 $F W ’ C 1 ( M )[[ ~ ]] S ( T � M ) $H =q $1 $k !# =>$C $F !" W $O $3 $N 0UL# $G$O C 1 ( M ) 2C72 S ( T � M ) $N 2D494D Z = C 1 ( M )[[ ~ ]] $X $N 78?t3H Bg $H 8+ $J $9 $3$H $, $G $- $k !# $= $7 $F$3 $N 78?t4D $N ~ JQ7A $K H< $$ !" S ( T � M ) $K Hs2D49 $J � @Q $r F3F~ $7 $?$b$N $, !" >e $G Dj5A $7 $? W eyl bundle $N section W $G $" $k !# $h$C $F W $O S ( T � M ) $N Z = C 1 ( M )[[ ~ ]] Be?t $X$N Hs2D49JQ7A !J $D $^$j T M $N �b er J}8~ $K Hs2D 49 JQ7A $7 $? 4X?t Be ?t !K $H 8@ $( $k !# $^ $? !" � $O $3 $N 0U L# $G$O T M ! M $J $k DL >o$N pro jection $N Hs 2D49 HG $G $" $k !# $7 $+ $7 0J8e$bFC $K CG $i$J $$ 8B$j!" 78?t4D $O C 1 ( M ) $G $" $j !" %F %s %=%k @Q $O = C 1 ( M ) $G $" $k $H$9 $k !# >e $G Dj5A $7 $? <! ?t deg $K $h$j !" W $O Z -graded algebra $K $J $C $F$$ $k 4 !# B($A !" W $O 3F<!?t l 2 Z $N 8GM-6u 4V W ( l ) $K J,2r $5 $l !" W = � 1 l =0 W ( l ) !" W ( l ) � W ( m ) � W ( l + m ) $r K~ $? $7 $F $$$k !# $^ $? !" 8e $N5DO@ $G M-MQ $K$J$k $N $G !" k <!0J>e$N 8GM-6u4V$N D>OB $r W k := � 1 l = k W ( l ) $H 5-$9 !# $9$k $H !" W $K$O <+A3 $J �ltration !J %U %# %k %?!< 9=B$ !K W � W 1 � W 2 � � � � $, $" $k $3$H $, $o$+ $k 5 !# W $K CM $r <h$k M >e $NHyJ,7A <0 $bF1MM $K 9M $( $k $3 $H $,$G $- $k !# B( $A !" M >e $N30@QBe ?t V = V ( T � M ) $r DL>o $NHyJ,7A<0 $H $7 $?$H$- !" W $H $N%F %s %= %k @Q $r$H$C $? bundle W V $N section A4BN !" $D$^ $j !" C 1 ( M ; W V ) $r W CMHyJ,7A<0 $N 6u4V $H Dj5A$9$k !# $= $N 85 $N 6I=jE* $J I=<0 $O a ( x; y ; ~ ) = X 2 k + p � 0 ;k � 0 ~ k 2 n X q =0 1 p ! q ! a k ;i 1 � i p ;j 1 � j q ( x ) y i 1 � � � y i p dx j 1 ^ � � � ^ dx j q (2.11) $H$J$k !# $3 $3 $G a k ;i 1 � i p ;j 1 � j q $O i 1 � � � i p $K 4X $7 $F BP>N $G j 1 � � � j q $K 4X $7 $F 40A4 H?BP >N $J %F %s %= %k >l $G$"$k !# $3 $l $i $N #2$D$N form 4V $N 7k9g@Q $O !" y i $K 4X$9$k Mo y al-W eyl @Q $H dx j $K 4X$9$k w edge @Q ^ $r 9g $o$;$?$b$N$G M? $( $i$l $k !# $= $l $r $^ $H$a$F � $H =q$/ $3$H$K $9 $k !# $3 $l $K $h $j C 1 ( M )[[ ~ ]] 2C 72 W V $O Z = C 1 ( M )[[ ~ ]] Be ?t $K $J $C $F $$ $k !# $^ $? !" @hDx W $N Z grading $r Dj 5A $7 $? $, !" :# EY $O W V $O Z � Z -graded algebra $K $J $C $F $$ $k !# B($A !" Hy J, 7A <0$H $7 $F $N rank $K $h $j W V = � 2 n q =0 W V q $H J, 2r $5 $l !" w edge @Q$r 4^ $‘ � @Q$O $3$l $r J] $D !# $3 $N Z grading $r deg a ( a ) := j a j 2 Z $H 5- $9 !# @F <!$N form a $O deg ( a ) 2 Z $H !" Hy J, 7A <0 $H $7 $F $N rank deg a ( a ) := j a j 2 Z $K $h $j J, N‘$5 $l !" � @Q $O $= $l$> $l $N <! ?t $r J] B8 $9 $k !# =>$C $F !" �ltration W V � W 1 V � W 2 V � � � � $b >e $H F1MM $K @.$jN)$D !# $3 $N deg a $K 4X$9$k graded comm utator !J <!?tIU$-8r49;R !K $r 0J2< $G Dj5A$9$k 6 !# [ a; b ] := a � b � ( � 1) j a jj b j b � a (2.12) G$0U $N 85 a 2 W V $K BP $7 !" [ a; ] $O W V $K graded deriv ation $H $7 $F :nMQ$9$k1i;; ;R $H 8+ $J$; $k $3$H $K Cm0U$9$k !J $3 $l $K $D$$$F $O <! $N @a $G @bL@$9$k !K !# W V $N cen tral form $N A4BN $O$3$N 8r49;R $r MQ$$$k $H V [[ ~ ]] := Z V = f c 2 W V j [ c; a ] = 0 ; 8 a 2 W V g (2.13) 3 y $O T x M ! C $J $k<LA| $G$" $k $+$i T � x M $N 85 $G$" $k !# 4 <!?t $O HsIi $G$" $k$N $G !" @53N $K$O N -graded $G $" $k $, IaDL Z $H 8F$V$N $G$= $l$K 9g $o$;$? !# 5 IaDL$N %U %# %k%?!< $O k <!0J2<$N6u4V $G Dj5A$9$k $, !" $3$3$G$O :#$NDj5A$NJ} $, JXMx $G$" $k !# 6 deg a $N 6v4q $7 $+ 8z $+$J $$$N $G !" Z 2 -graded comm utator !" $D$^$j sup ercomm utator $H F1 $8 $3$H$G$" $k !# 9

$H I= $; $k !# $D$^$j !" y i $r 4^$^ $J $$ W CMHy J,7A <0 $N A4BN $G $" $k !# $b$A$m $s Z $O ~ $K $D$$$F$O $"$i $f $k$Y$-$r 4^ $s$G $$ $k !# >e $H F1MM $K Z V $X$N pro jection $r � $G 5-$9 !# 2.3.2 W eyl bundle >e$N Graded Deriv ation $3 $3$G $O !" W eyl bundle $N section $N Be ?t $K :n MQ$9 $k graded deriv ation $H 8F $P $l $k 1i ;; ;R $K $D $$$F 9M ;!$9 $k !#Be?t W V $r C >e$N%Y %/ %H %k 6u 4V $H 8+ $J $7 !" $=$N 0U L# $G $N C @~7A <LA| � : W V ! W V $r 9M $( $k $H 7 !# $= $N A4BN $O%Y %/ %H %k 6u4V $H$J$k $, !" 99 $K !" W V $N form $K 4X$9$k<! ?t deg a $H N>N)$9 $k Z grading $r ;} $D $H$9$k !# B( $A !" j � j = deg a � 2 Z $, Dj$^$C $F$$$F � : W V q ! W V q + j � j $H $$ $& $3 $H $G$" $k !# W V $O Be ?t $J$N $G 99 $K � @Q $r ;}$D $, !" $= $l$K BP$9$k � $N @-<A $H $7 $F 0J2< $N MW@A $r $9$k !# Dj5A 2.6 W V $K :nMQ$9$k C @~7A<LA| � : W V ! W V $, 0J2< $N$h $& $J Leibnitz B’ $r K~ $?$9$H$- � ( a � b ) = � ( a ) � b + ( � ) j � jj a j a � � ( b ) (2.14) � $r W V $N graded deriv ation $H $$ $& !# 99 $K !" $" $k a 2 W V $K $h $j � = i ~ [ a; ] $H I=$5 $l $k $H $- !" � $O inner graded deriv ation $G $" $k $H$$ $& !# <! ?t 0 $N $H $- $O C1$K deriv ation $H 8F $V !# $b $A $m$s $3 $N Dj 5A$O W V $K 8B$i $: G$ 0U$N Be ?t$K $D $$ $F $b F1 MM $G $" $k !# C 1 ( M ) $N >l 9g $K$O Z grading $O L5$$$N$G deriv ation $N$_ B8 :_$9 $k $, !" 2D49@Q $K 4X $7 $F Leibnitz B’ $r K~$? $9 1i ;;$H 8@$( $P NI $/ CN$C $? %Y %/ %H %k >l X = X � @ � $, deriv ation $N E5 7? E*$J Nc $G $" $k !# $=$N 3H D%$H $7 $F !" Z grading $r 9M N8 $7 $F Leibnitz B’ $, @.$j N) $D $b $N $r graded deriv ation $H 8F$V $o $1 $G $" $k !# FC $K !" >e$N Dj 5A $K $h $k inner graded deriv ation $K 4X $7 $F$O !" 3N $+$K G$ 0U$N a 2 W V $K BP $9 $k 1i ;; ;R � = i ~ [ a; ] $O !" [ a; b � c ] = [ a; b ] � c + ( � ) j a jj b j b � [ a; c ] $r K~ $? $7 j � j = j a j $K $h$j<!?t $O Dj $^ $C $F$$$k $N $G graded deriv ation $G $" $k !# C 1 ( M ) $J $I $N 2D 49Be?t $N >l9g $K$O$3 $N $h $& $J inner graded deriv ation $O L5$$ $3$H$K Cm0U$9$k !# $^ $? !" a $N $&$A $N cen ter It J, $O 8r 49;R$N Cf $G$O 0 $K $J $k$?$a 1i ;;;R $H $7 $F 8z $+ $J $$$H $$ $&ITDj@- $, >o $K $" $k $3$H$K $b Cm0U$9$k !# W V $N graded deriv ation $H $7 $F !" 6qBNE* $K$O 0J2< $N #2<oN‘ $, =EMW $G$" $k !# G$ 0U$N symplectic B? MM BN M >e$K $O tortion free $G !" $+ $D symplectic structure $r J]$D $h $& $J connection r $, >o $K B8 :_$9$k !# $3 $l $r symplectic connection $H 8F $V 8 !# $3 $l$O !" Riemann B?MMBN $N >l9g $K !" tortion free $G metric $r J] $D $h $& $J Riemannian connection !J Levi-Civita connection !K $, B8 :_$9 $k$3 $H$K N‘ ;w $7 $F $$ $k !# $7 $+ $7 !" 8e <T $N >l 9g$O $= $N $h $& $J connection 1-form !J Christo�el sym b ol !K $O metric $r MQ $$ $F I= $5$l $k $, !" symplectic connection $O symplectic form $G$O I=$5 $l $J $$ FHN) $J NL $G$" $k $3$H $K Cm0U$9$k 9 !# $3 $N connection $O <+A3 $K W eyl bundle >e $N connection $H 8+ $J $9 $3$H $, =PMh$k !# $=$N 7k2L !" r $O C @~ 7A<L 7 B($A � ( �a + � b ) = � ( a ) + � � ( b ) ; �; � 2 C ; a; b 2 W V $G $" $k !# 8 @53N $K$O tangen t bundle T M $N 3F �b er $N 4X78 $r$D $1 $k$b$N $J$N $G !" T M $N connection $G $" $k !# 9 $= $l 8N !" 8GDj $7 $? symplectic connection $r ;}$D symplectic B?MMBN ( M ; 0 ; r ) $N$3$H$r F edoso v B?MMBN $H 8F$V?M$b$$$k [15] !# 10

A| r : W V q ! W V q +1 $G 0J2< $N @-<A r ( a � b ) = r a � b + ( � ) j a j a � r b (2.15) $r K~ $? $9$N$G !J <! ?t 1 $N !K graded deriv ation $G $" $k !# $3 $l $O r $, symplectic tensor $r J]$D$3$H r k ! ij = 0 $+$i D>$A $K => $& !# 6I=j Darb oux :BI8 $G$O r $O 0J2< $N$h $& $K I= $5 $l $k !# r a = da � X 2 k + p � 0 ~ k X 8 i;j 1 p ! q ! � m li a k ;i 1 � m � i p ;j 1 � j q y i 1 � � � y i p dx l ^ dx j 1 ^ � � � ^ dx j q = da + i ~ [� ; a ] (2.16) $3$3$G !" d = dx � @ � $O 30 Hy J, $G $" $k !# $^ $? !" #1 9TL\$N ;D$j$N 9‘ $O a $N 3F%F %s %=%k $N B- $K conection � k ij $r :n MQ$5 $; $? DL>o $N6&JQHyJ, $G !" >e $G $O >JN, $7 $F i $N B- $K BP$9$k:nMQ $N$_=q $$ $F$$$k $, !" $b$A$m $s j $N B- $K $b :nMQ $7 $F $$ $k !# $3 $l$O G$0U $N 6I=j:BI8 $G @5 $7 $$ !# 0l J}#29TL\ $O 6I=j Darb oux :BI8 $G$N$_ @5 $7 $$ I=<0 $G$" $j !" W CM $N lo cal connection 1-form � := 1 2 � ij k y i y j dx k ; (� ij k := w il � l j k ) $r MQ$$$F I=$5 $l $F $$ $k !# Cm0U$9$Y $-$O !" W CM $K 3H $2 $? $3 $H $G !" 8r49 ;R$r MQ$$ $? inner graded deriv ation $H $J $k E@ $G $" $k !# $3 $N $3 $H $+ $i $b r $, graded deriv ation $G $" $k$3$H $, $9 $0 $K $o$+ $k !# $J $* !" � ij k := w il � l j k $O 6I =j Darb oux :B I87O $G$O i; j; k $K 4X $7 $F 40 A4BP>N $G$" $k !# $^ $? !" G$0U $N#2$D$N symplectic connection $N :9 � ij k $O 40A4BP>N $J%F %s %= %k$K$J $k !# <! $N Nc $O F edoso v $N F3F~ $7 $? #2$D$N1i;;;R �; � � 1 $G $" $k !# $3 $l$i$O 6I=jE* $K$O 0J2<$N$h $& $K Dj5A$5 $l $k !# � a := dx i ^ @ @ y i a � � 1 a := 8 < : 1 p + q y i I � @ @ x i � a ( p + q > 0) 0 ( p + q = 0) (2.17) $3$3$G I ( @ =@ x i ) $O in terior pro duct !J Fb It @Q !K $r I= $7 !" p $O a $N Cf $N y i $N ?t !J deg ( a ) $G$O $J $$$3$H$K Cm 0U !K $G !" q = j a j $G $" $k !# � $O a $N Cf$N y i $r dx i $K CV$- $+$( $k 1i;; $G $" $k $+$i !" deg $r #1 2< $2 $F deg a $r #1 >e $2 $k <LA| � : W p V q ! W p � 1 V q +1 $G $"$j !" �b er J}8~ $N 30HyJ, $H $G$b 8F $V $Y$-1i;; $G$" $k !# 0lJ} !" � � 1 $O dx i $r y i $K CV $- $+$( $k1i;; � � 1 : W p V q ! W p +1 V q � 1 $G !" J#;( $K 8+ $( $k$N $O � $N 5U1i;; $H$J $k$h $&5,3J2= 0x;R $G 3d$C $F$$ $k $?$a $G$" $k !# <B:] !" $3 $l $i$O !" 0J2< $N @-<A $r K~ $?$9!# JdBj 2.7 1i;;;R � !" � � 1 $O 6I=j:BI87O$N<h$jJ} $K 0M $i$J $$ !# $^ $? 0J2< $r K~ $? $9 !# ( � ) 2 = ( � � 1 ) 2 = 0 � ( a � b ) = ( � a ) � b + ( � ) j a j a � ( � b ) a = � � � 1 a + � � 1 � a for a 2 W V q ( q � 1) a = � � 1 � a + � ( a ) for a 2 W (2.18) #1 9T L\$O $3 $l $i $, di�eren tial $G $" $k $3 $H $r !" #2 9T L\$O � $, graded deriv ation $G $" $k$3 $H $r 0U L# $7 $F $$ $k !J C" $7 � � 1 $G$O @.$j N) $?$J$$ !K !# #3 !" #49TL\ $O � $H � � 1 $, 8_$$ $K 5U1i ;; $G $" $k $H $$ $& Ho dge-de Rham J, 2r $K N‘;w $7 $? @-<A $r I= $7 $F $$ $k !#C" $7 � � 1 $N Dj5A (2.17) $r H?1G $7 $F !" 0-form $@$1$, 0c $& J,2r $K$J $k !# 0J>e $O FC $K 11

� $, 30HyJ, $K ;w $?@-<A $r ;}$C $F$$$k $3 $H$r <( $7 $F$$ $k $, !" 30 HyJ, d $N$h $& $K x J}8~ $N HyJ, $G $O$J $/!" =c?h $K Be ?tE* $J 1i;; $G$" $k $3 $H$K Cm0U $7 $F $* $/ !# $=$N$?$a � $O inner deriv ation $H $7 $F $b I=$;$k !# B($A !" � a = � i ~ [ ! ij y i dx j ; a ] (2.19) :G8e $K !" r $H � $N 4X78 $H !" 6JN( $K $D$$$F $^ $H$a$F $* $/ !# JdBj 2.8 G$0U$N85 a 2 W V $K BP $7 0J2< $, @.$jN)$D !# r � a + � r a = 0 r 2 a = i ~ [ R; a ] R := 1 4 R ij k l y i y j dx k dx l (2.20) $3$3 $G !" R ij k l $O symplectic connection $N symplectic 6J N( %F %s%= %k $G !" R $O $=$N W CM $N6JN( 2-form $G$" $k !# 2.3.3 W eyl Connection $H Ab elian Connection >e $G F3 F~ $7 $? connection r $O !" $=$b$= $b T M >e $K $" $C $?$b$N$r W eyl bundle >e $G 8+$?$H$$ $& $@$1 $N $b $N $G !" <B:] $O T M $N �b er F1;N$N7R $, $j J} $7 $+ ;XDj $7 $F $$$J$$ @~7A $J connection $G $" $k !#8@ $$ 49 $( $k $H !" r $O y $N $Y $- $b ~ $N $Y $- $b JQ $($J $$ <L A| $G $" $k !# $7 $+ $7 !" W eyl bundle $N �b er F1 ;N $r 0l HL $K 7R $2 $h $& $H $9 $k $H !" connection $b y $d ~ $N$Y $- $rJQ $($k $h $& $J<LA| $G$"$k $Y $- $G$"$k !# => $C $F !" M? $( $i $l $? symplectic connection r $+$i !" W V >e $N$h$j 0lHL $N Hs@~7? $J connection D $r 0J2< $N$h $& $K Dj5A$9$k !# Dj5A 2.9 W eyl bundle W V >e $N connection $r C @~7A<LA| D : W V q ! W V q +1 $G D a = r a + i ~ [ ; a ] (2.21) $H $$ $& 7A $N$b$N $G Dj5A $7 !" $3 $l $r W eyl connection $H 8F $V !# $3$3 $G !" 1-form $O W V $N global section $G $" $k !# D $O #2 $D $N garded deriv ation r !" i ~ [ ; ] $N OB$G $" $k$+ $i !" L@$i $+ $K � @Q$K 4X $7 $F !J <! ?t 1 $N !K garaded deriv ation $K$J $C $F $$ $k !" $D $^ $j!" D ( a � b ) = D a � b + ( � 1) j a j a � D b $rK~ $?$9 !# 5U $K8@ $( $P $3 $l $O !" D $, graded deriv ation $K$J $k $Y $7 !" $H$$ $& MW@A $r$*$$$F$=$N 7A $r 7h $a$? $H$$ $& Be?tE* $J connection $N Dj5A $N;EJ} $G$" $k !# $O W V $N G$0U85 $G$"$j !" 0lHL $K$" $i$f $k y $H ~ $N$Y$- $r 4^ $s$G$$ $k $? $a !" D $O <!?t deg $r >e $2 $k1i;;;R $K$J$C $F$$$k !# C" $7 8r49;R $NCf $K 8= $l$F $$$k $N $G !" cen teral 1-form J, $NITDj@- $r 4^ $s$G$$$k $3 $H $K Cm0U $7 $F $* $/ 10 !# $5 $F !" DL>oDL $j D $r #22s:nMQ$5 $; $k $3$H $G W eyl connection $N 6JN( $, F@ $i $l $k !# 10 [3][4] $G$O !" $3$N IT Dj@- $r cen ter @. J, $r 0 $K $9$k$H$$ $& 5,3J2= $G 8G Dj $7 $F $$$? !# $D$^$j !" � ( ) = 0 !# $3 $l$r W eyl 5,3J2=>r 7o $H 8F $V !# $3$3$G $O !" FC $K 8GDj $O $;$: !" 2 W V 1 = Z V 1 $H 9M $( $k$3 $H$K $9$k !# 12

JdBj 2.10 G$0U$N85 a 2 W V $K BP $7 D 2 a = i ~ [ ; a ] 8 a 2 W V (2.22) $, @.$jN)$D !# $3$3 $G !" $O D $N 6JN( 2-form $G !" := R + r + i ~ � 2 W V 2 (2.23) $O 85$N symplectic connection r $N 6J N( R $H !" $=$N r $N 2< $G $N $N �eld strength $N 7A$N It J, $+ $i @.$C $F$$ $k !# $3 $l $r W eyl 6JN( $H 8F $V 11 !# $^ $? !" Bianc hi 91Ey<0 D = 0 $b DL>oDL$j@.$jN)$D !# $5 $F $3 $l$+$i !" >e $G 9=@. $7 $? W eyl connection $N Cf $G FC $K !" Ab elian connection $H 8F $P$l $k35G0 $r F3F~ $7 $h $& !# Dj5A 2.11 W >e $N W eyl connection D $O !" G$ 0U $N85 8 a 2 W V $K BP $7 D 2 a = 0 $, @. $jN) $D $H$- Ab elian $G $" $k $H 8F $P $l $k !# 8@ $$49 $( $k $H !" 6JN( $, cen tral 2-form Z V 2 $N 85 $G$" $k $H$- Ab elian $G $" $k $H $$ $& !# Ab elian $N >l 9g !" Bianc hi 91 Ey <0 $+ $i D = d = 0 !" $D $^ $j $, closed 2-form $G $" $k$3 $H$, F3$+$l $k$3 $H $K Cm0U $7 $F $*$/ !# $3$N Ab elian $G$" $l$H $$ $& >r7o $O !" 85!9 G$ 0U $K CV $$ $? $K BP $7 $F$N @)8B $K$J$C $F$$$k !# $= $l$O !J 0J2< $G L@ $i $+$K$J $k $N $@ $, !K !" �b er $4 $H$K Dj5A $5 $l $? � @Q $, E=$j9g $o$5 $l $F Bg0hE* $J � @Q $K$J $j $& $k $h $& $J connection $N >r7o $K B> $J $i$J $$ !# $= $& $9$k $H !" $I $N $h $& $J$H$- $K Ab elian connection $, B8 :_ $7 $F !" $= $l $O $I $N $h $& $K J,N‘$5 $l $k $N $+ $, LdBj $K$J $C $F $/$k !# $3 $N LdBj $K 4X$9$k F edoso v $N DjM} $r =R$Y$h $& [3] !# W eyl connection D $N $& $A=i9‘ $, � $G ;O$^$k$h $& $J 7A $N connection $r 9M $( $k !# D a = r a � � a + i ~ [ r ; a ] ; r 2 W 2 V 1 (2.24) $3 $l $O (2.19) $r MQ $$$k $H = ! ij y i dx j + r $H $$ $& $3$H $G$" $k !# Dj M} 2.12 M? $($i$l $? ( M ; ! ; r ) $K BP $7 !" G$ 0U$N closed cen tral 2-form = ! + 1 ( 1 2 ~ Z V 2 ) $H section � 2 W 3 $r M? $($?$H $- !" � � 1 r = � (2.25) $r K~ $?$9 r $, 0l0UE* $K B8:_ $7 !" <0 (2.24) $N D $O 6JN( $, $G $" $k$h $& $J Ab elian connection $K $J $k !# DjM} $, =R $Y $F$$$k $N $O !" 85 $N %G !<%? ( M ; ! ; r ) $r 8GDj $7 $?$H$- !" #2 $D $N%Q %i %a !< %?!< 1 $H � $@$1$G (2.24) $N 7A $N Ab elian connection $O 7h$^$k $H$$ $& $3 $H $G$" $k !# $3$3 $G !" 1 2 ~ Z V 2 $H$O cen tral 2-form $G$+ $D ~ $r I, $: 0l$D $O 4^ $‘ $b $N $r 0UL# $7 !" symplectic form ! $N ~ $K $h $kJd@5 $H 2r<a $5 $l $k !# 0lJ} � $O r $N 0l<o $N5,3J2= >r7o $G$"$k !# <B $O !" F edoso v $N86O@ J8 [3] $G$O$3 $N#2 $D $N %Q %i %a !< %? !< $, 0 $N >l9g $r >ZL@ $7 $F$$$? !# $= $l$O !" NL 11 [3] $G$O W eyl 5,3J2=>r7o $r 2] $7 $? ;~$N $r W eyl 6JN( $H 8F $s$G $$ $k $, !" $3$3$G$O$h$j 9-$$0UL# $G$= $& 8F $V !# 13

;R2= $K :] $7 $F M>7W $J <+M3EY $, F~$C $F $/$k $N $O K>$^ $7 $/ $J$$ $+$i$G$" $k !# $7 $+ $7 !" Hs2D49 JQ7A $H$$ $& 2f !9 $N N)>l $G$O JQ7A $N%b %8 %e %i %$ %Q%i %a !<%?!< $, 8= $l $k $N $O A4$/LdBj $, L5$$ $3 $H$K Cm0U $7 $F $* $/ !# $5 $F !" $3 $3 $G $O 87L) $J >ZL@ $O 9T $o$J$$ $, !" r $, $I $& $d$C $F0l0UE* $K 7h$^ $k $N $+$r @bL@ $7 $F $* $3 $& !# $^ $: D $, (2.24) $N 7A $N $H$- !" 6JN( 2-form $O = R + r ( ! ij y i dx j + r ) + i ~ ( ! ij y i dx j + r ) � ( ! ij y i dx j + r ) = ! + R + r r � � r + i ~ r � r (2.26) $G M? $( $i $l $k !# $3$N 6JN( $, cen ter Z V 2 $K B0$9$k $H$-$K D $O Ab elian $K $J $k !# 4{ $K ! 2 Z V 2 $G $" $k $3$H $O$o$+ $C $F$$ $k$N $G !" ;D $j $, !" $" $k closed cen tral 2-form 1 $K $J$i $J$1 $l $P $J$i$J $$ !# $3 $l $r =q$- D> $7 $F (2.25) $H 9g $o$; $k $H !" � r = R � 1 + r r + i ~ r � r � � 1 r = � (2.27) $r K~ $?$9$h $& $K r $r 7h $a $k $Y $7 !" $H $$ $& LdBj $K$J $k !#99 $K !" Ho dge-de Rham J,2r r = � � � 1 r + � � 1 � r $r MQ$$ $k $H$3 $l $i$O r = � � + � � 1 ( R � 1 ) + � � 1 � r r + i ~ r � r � (2.28) $K Ey 2A $G $" $k !# $3 $N J} Dx <0 $O N> JU $K 2r $/ $Y$- r $r 4^ $s$G $$ $k $, !" 1&JU$N 1i;; ;R � � 1 $, <! ?t $r I, $: #1$@$1 >e $2 $k $N $G !" N> JU $N r $r <!?t $G E83+ $7 $?$H$- $K 5"G<E* $K :8JU $N r $N 9b $$<!?t $N9‘ $, 1&JU $NDc $$<!?t $N9‘ $+$i 7h$^ $k $H $$ $&A22=<0 $K$J $C $F $$ $k !# $h$C $F =i9‘ � � + � � 1 ( R � 1 ) $r M? $( $k $H 0l 0UE* $K r $, 7h$^ $k $3$H$K $J $k !# !J C" $7 0l 0U $K 7h$^ $k>r 7o $H $7 $F =i9‘ $O <! ?t $, 2 0J>e $G $" $k $3$H $, I,MW $J $N$G !" deg � � 3 $+ $D deg 1 � 2 !" $D$^$j 1 2 ~ Z V 2 $H $$ $& @)8B $, IU$/ $3 $H $K Cm0U !# !K $3$N %W %m%;%9 $r <B9T $9$k $H !" R !" 1 !" � $H$= $l$i$K r $N 3] $+ $C $? 9‘ $r 78?t $H $7 $F !" y $N$" $i$f $k$Y$- $G E83+ $5 $l $? r $, F@ $i $l $k $3$H $K$J $k !# $7 $+ $7 !" 86M}E* $K$O 2r $1 $k $H $7 $F$b !" <B:] $K$3$N A22=<0 $r 2r$$ $F A4<!?t $N r $r =q $- 2<$9 $3 $H$O !" 0lHL $K$O Fq $7 $$ !# 2.3.4 Flat Section $H � @Q $3$3$G$O !" $$$h$$$h � @Q $r 9=@.$9$k !# Dj5A 2.13 Ab elian connection D $K BP $7 !" at section $N 6u4V V W D $r 0J2< $G Dj5A$9$k !# V W D := f a 2 W V j D a = 0 g = Ker D \ ( W V ) (2.29) D $O graded deriv ation $G$"$k $+ $i !" V W D $O <+F0 E* $K W V $N ItJ, Be ?t $K$J $C $F$$ $k!# B( $A !" a; b 2 V W D ) a � b 2 V W D $, @.$jN)$D !# $^ $? 3F form $N <!?t $r 6hJL$9$k $H$- $O V p W D $J $I $H 5-$9 $3$H$K $7 !" FC $K 0-form $O W D := V 0 W D $H I=$9 !# 14

F edoso v $, >ZL@ $7 $? #2 $DL\ $NDjM} $O !" $3$NIt J, Be ?t W D $, @~7A 6u 4V $H $7 $F <+A3 $K Z = C 1 ( M )[[ ~ ]] $H F10l ;k $G $- $k $3 $H$r <gD% $7 $F $$ $k [3] !# DjM} 2.14 G$0U$N4X?t a 0 2 Z = C 1 ( M )[[ ~ ]] $K BP $7 !" at section a 2 W D $G � ( a ) = a 0 $r K~ $?$9$b$N $, 0l 0UE* $K B8:_$9$k !# $3$3 $G !" � $O (2.10) $N pro jection $G !" Dj5A0h $r W D $K @)8B$9$k $H � : W D ! Z = C 1 ( M )[[ ~ ]] a 7! � ( a ) := a j y =0 (2.30) $H $$$& <L A| $K $J $C $F $$ $k !# $3 $NDj M} $O � $N5U <L A| $N B8 :_!" $D $^ $j W D $H Z = C 1 ( M )[[ ~ ]] $N85 $N 0l BP 0l BP 1~ $r<g D% $7 $F$$$k!# 4J C1 $K$= $l$r8+ $F $_ $h$& !# $^ $: !" a $, at section $G$"$k >r 7o D a = 0 $r =q $-D> $7 $F � a = ( D + � ) a $H $7 !" � � 1 $r :nMQ$5$; $F 0-form $K BP$9$k Ho dge-De Rham J,2r $r MQ $$$k $H !" a = � ( a ) + � � 1 ( D + � ) a (2.31) $H$J $k !# ( D + � ) = r + i ~ [ r ; ] $O <!?t $r 2< $2 $J $$ 1i;; $G !" � � 1 $O I, $: >e $2 $k$N $G !" @hDx $N 5DO@ $H F1MM $K !" a $O � ( a ) $r M? $( $k $H 5" G<E* $K 0l 0U $K 7h$^ $k !# � ( a ) $H $7 $F a 0 $r M? $( $l $P !" DjM} $, <($5 $l $k !# $3$N (2.31) $N Dj$a $k 5U<LA| $r Q $H $* $3 $& !# Q : Z = C 1 ( M )[[ ~ ]] ! W D a 0 7! Q ( a 0 ) = a (2.32) DjM} $K $h$j � !" Q $O W D $H Z = C 1 ( M )[[ ~ ]] $N 4V $N @~7A 6u4V $H $7 $F$N F17? <M $r Dj $a $F$$$k !# C" $7 !" � !" Q $O 6& $K Ab elian connection D $4 $H$K 0[ $J $k <LA| $G$" $k $3$H$K Cm 0U$9$k !#FC $K Q $O r $r 7h $a $k A22=<0 $H F1MM !" a 0 !" R !" 1 !" � C# $K 6&JQHy J, r $N 3] $+$C $?$b $N $r 78?t $H $7 $F !" y $N$" $i$f$k $Y$- $G E83+ $5 $l $k $b $N $G !" 0lHL $K Hs>o $K J#;( $J <LA| $K$J $C $F$$ $k 12 !# =EMW $J$N $O W D $O C1 $J$k@~7A 6u 4V $G $O$J $/!" 7k 9g@Q � $K $h$kBe?t 9=B$ $r ;} $D $3 $H $G$"$k !# => $C $F !" $3$NF17? $K $h$j !" Z = C 1 ( M )[[ ~ ]] $N J} $K $b <+A3 $K 7k9g@Q $, 0\?"$5 $l $k !# $3 $l $r � @Q $H 8F $V !# B($A !" Dj5A 2.15 Z = C 1 ( M )[[ ~ ]] $K $* $1 $k � @Q $r a 0 � b 0 = � ( Q ( a 0 ) � Q ( b 0 )) ; a 0 ; b 0 2 Z = C 1 ( M )[[ ~ ]] (2.33) $H Dj5A$9$k !# W D $K 0\$C $F � @Q $r $H$j !" $^ $? Z $K La$k $o $1$G$"$k !# $3$N$h $& $K Dj5A $5 $l $? � @Q $O x 2.2 $N � @Q $N Dj5A 2.2 $r K~ $?$9$3$H $, <($5 $l $k !# FC $K !" 7k9gB’ $O C1 $K � @Q $N$= $l$+$i => $& !# C" $7 !" � @Q $O �b erwise $J @Q !" $D$^$j �b er W x $N J}8~ y $N HyJ, $G =q $+ $l $? C1=c $J @Q $G$" $k$N $K BP $7 !" � @Q $O 0lHL $K Dl6u4V M $N J}8~ $N x HyJ, $r L58B 8D4^ $‘J#;($J @Q $G $" $k $3$H$K Cm 0U$9 $k !# $3 $l $O !" 40A4 $K <L A| Q $N J#;($5 $K 5/0x $7 $F $$ $k !# 8@ $$ 49 $( $k$H !" Q $K � 12 Q $O !" A22=<0 $G r $r 7h $a$F $+$i 99 $K A22=<0 $r 2r$/$N $G !" R !" 1 !" � $K $b EvA30M$C $F$$ $k !# 15

@Q$N >p Js $, A4 $F F~$C $F $$ $k$o $1$G $" $k !# $3$N Q $O Ab elian connection D $+ $i 7h$^ $k <LA| $G $" $k $+$i !" 7k6I !" 2f !9 $N 9=@. $7 $? � @Q $O Ab elian connection D $H 0lBP0l $K BP1~$9$k $3$H $K$J $k !# <B $O !" Dj5A 2.2 $r K~ $? $9G$0U $N � @Q $O !" $3$3$G Dj 5A $7 $? � @Q $K Dj 5A 2.3 $N 0UL# $G F1 CM $G $" $k $3$H $, <($5 $l $F $$ $k !# $h$C $F !" HsF1CM $J � @Q $O$3$N J}K! $G A4 $F 9=@. $G$- $k $N $G$" $k !# $= $7 $F !" $= $NJ,N‘ $O !" Ab elian connection $N J,N‘ $N LdBj $K$J $k !# $3 $l $K $D$$$F $O xx 3.1 $G B?>/5DO@$9$k !# $3$3$G !" $3 $l $^ $G$N 0lHLO@ $K $D$$ $F >/ $7 $G $b %$ %a !< %8 $r ;}$D $?$a $K !" :G $b4JC1 $J >l9g $G$O$" $k $, !" � @Q $N Nc $r#1 $D 5s $2 $F $*$3 $& !# Nc 2.16 $^ $: symplectic B?MMBN $H $7 $F$O :G$b 4JC1 $J M = R 2 n $r 9M $( !" ! = 1 2 ! ij dx i ^ dx j $O Dj?t 78?t $H $9$k !# $h$C $F at $J 6u4V $J$N $G r = d !" R = 0 $H$J $k !# $3 $l $, 85 $N %G !<%? $G$" $k !# <! $K JQ7A $N%b %8%e%i %$ $K $D $$ $F$O <+ L@ $J JQ 7A !" $D$^$j 1 = � = 0 $H $9 $k !# $9$k $H Ab elian connection $N >r 7o <0 (2.58) $" $k$$ $O (2.59) $K >e $N CM $r BeF~ $7 $F 2r$/ $H r = 0 $, 2r $K$J $k !# =>$C $F !" $3$N >l9g $N Ab elian connection $O D a = ( d � � ) a = da + i ~ [ ! ij y i dx j ; a ] (2.34) $G M? $( $i $l !" $= $N6JN( $O = ! $G$" $k !# $^ $? $3$N D $N Dj $a$k at section W D $O a 0 ( x ) 2 C 1 ( M )[[ ~ ]] $+$i :# $N >l9g$N (2.31) <0 a = a 0 + � � 1 da = a 0 + 1 p y i @ i a $r 2r $1 $P 5a$^$k !# $3 $l $r 2r$$ $F$b NI$$ $, !" :# $N at section $H$O C1 $K @ a @ x i � @ a @ y i = 0 (2.35) $r K~ $?$9 section $N$3$H$G$" $k $+$i !" a ( x; y ) $, x + y $N AH $_ 9g $o$;$G 0z?t $r ;}$D !" $D$^$j a ( x; y ) = a 0 ( x + y ) = 1 X p =0 1 p ! @ i 1 � � � @ i p a 0 ( x ) y i 1 � � � y i p (2.36) $, 2r $H$o$+ $k !# =>$C $F :G=*E* $K � @Q $O (2.33) $N Dj5A $+$i a 0 ( x ) � b 0 ( x ) = � ( a 0 ( x + y ) � b 0 ( x + y )) = � ( a 0 ( x + y ) exp � i ~ 2 ! ij � � @ @ y i � � ! @ @ y j ! b 0 ( x + y )) = a 0 ( x ) exp � i ~ 2 ! ij � � @ @ x i � � ! @ @ x j ! b 0 ( x ) (2.37) $H$J $k !# $3$3 $G :G 8e $N Ey9f $O ! ij $, Dj?t $G$+ $D x + y $, 0z?t $G$" $k $?$a !" y i HyJ, $r x i HyJ, $K CV $- 49 $($i $l $k $3 $H$r MQ$$ $? !# $h$C $F$3$N <+L@ $J JQ7A $N >l9g $K F@ $i $l $k � @Q $O Nc 2.4 $N Mo y al-W eyl @Q $G $" $k !# $5 $F !" Dj M} 2.14 $O V W D $N $& $A $N 0-form W D $K $D$$ $F =R $Y $F$$$k $, !" 0l HL $N form $K $D$$ $F $O $I $& $J$N $@ $m $& $+!) [4] $G$O Ab elian connection D $N Dj $a $k0J2< $N complex D : 0 ! W ! W V 1 ! � � � ! W V 2 n ! 0 (2.38) 16

$N 1 <!0J>e $N cohomology $O <+L@ $G$" $k $3 $H$r <( $7 $F$$ $k !# B( $A !" a 2 W V q ( q � 1) $, D a = 0 $r K~ $?$9 $J $i !" I, $:$" $k b 2 W V q � 1 $, B8:_ $7 $F a = D b $H I= $5 $l $k !# C" $7 b ! b + c; c 2 V q � 1 W D $H CV $-49 $($F$b JQ $o$i $J $$ !# =>$C $F !" at section V q W D $O 2C 72 $H $7 $F$O W V q � 1 = V q � 1 W D $H F1 7? $K $J $k !# $=$N$?$a 0-form W D $, 4X?tBe?t C 1 ( M )[[ ~ ]] $H F1 $8 <+M3EY $@ $C $?$N $H $O 0[ $J $j !" V q W D $O V q [[ ~ ]] = C 1 ( M )[[ ~ ]] V q $h$j Bg $-$$ !# :G8e $K !" $3 $l $^ $G$N 7k2L $r$^ $H$a $F$* $3 $& !# 2f!9 $O Hs2D49 6u4V $r F@$k $?$a $N<jK! $H $7 $F W eyl bundle $K $h$k JQ 7A NL ;R 2=$r MQ$$ $? !# $h$C $F !" :G=* E* $K F@ $i $l $? Hs 2D 49 Be ?t Z = C 1 ( M )[[ ~ ]] $O !" NL;R O@ $H $7 $F $N Be ?t $G $J $/!" $"$k<o $NHs2D496u4V $H $7 $F 2r<a$5 $l $k $b$N $G$" $k !# $7 $+ $7 !" $=$N Z = C 1 ( M )[[ ~ ]] $N >pJs $O !" $= $l $H F17? $J W D $N J} $r 9M $( $F $b A4 $/ Ey 2A $G $" $C $? !# 8e<T $O $b$H $b$H W eyl bundle $N section $N 0l It $G $" $k $+$i !" C1 $K �b er $, Hs2D49 $G$" $k$h $& $J 2D49 $J M >e $N �b er bundle $K 2a $. $J$$ !# $D$^ $j!" W D $N J} $G 9M $( $k8B $jHs2D49 4v 2? $=$N$b $N $r 07 $& I,MW $O$J $$ $H$$ $& $3$H $G$" $k !# $= $l $P $+ $j $+ !" Z = C 1 ( M )[[ ~ ]] $G$O !" 0[ $J$k � @Q $O 6u4V $H $7 $F 0[ $J$k $b $N $r07 $C $F$$$k $3 $H $K$J$k $, !" W eyl bundle $G$O$= $l$O connection $N 0c $$ $G $7 $+$J$$ !# $3$N $3 $H $O !" Hs2D496u4V>e $N >l $N M}O@ $r J*M}E* $J M}O@ $H $7 $F 9M;!$9$k:] $K $b 35G0E* $K =EMW $K$J $C $F $/$k !# 2.4 3HD% $3 $N @a $G$O !" Dj5A 2.2 $r K~ $?$9 � @Q $K$O 94 $i$:$K !" Hs2D49@Q $H $7 $F 0lHL2=$9$k$3$H$r 9M $( $k [4] !# 0J2< $N >O $G Hs2D49 %2 !< %8 M}O@ $N 9=@. $K MQ$$ $i $l $k $N $O$3$N 3HD%$5 $l $? � @Q $G$" $k !# $3 $l $^ $G$N W eyl bundle $K $h$k � @Q $N9=@. K! $, $=$N$^$^ ;H $($k $h $& $J 3HD% $H $7 $F !" Bg $-$/J, $1$F<! $N#2DL $j $, 9M $($i $l $k !# � � @Q $N JQ99 � G$0U $N 7k9gBe?t9=B$ $N IU2C 8@$$ 49 $( $k $H !" W ’ C 1 ( M )[[ ~ ]] S ( T � M ) $N $&$A !" S ( T � M ) $H C 1 ( M )[[ ~ ]] $r $= $l $> $l JQ99$9 $k $H $$ $& $3 $H$G$" $k !# $3 $l $r =g $K 8+ $F$$$3 $& !# 2.4.1 � @Q$NJQ99 $3$3 $^ $G !" symplectic form ! $O #2DL $j $NLr3d $r C4 $C $F$$ $? !# Bh 0l $K !" �b erwise $J � @Q $O ! $r MQ $$ $FDj5A $5 $l $F $$$? !# BhFs $K !" ! $O Ab elian connection $N W eyl 6J N( $N :G Dc<! $H $7 $F 8= $l $? !# $3$N Lr 3d $r J, N%$9$k $3 $H$r 9M $( $k !# $= $l $G $b 6& $K cen tral 2-form $G $" $k8B$j!" W eyl bundle $K $h $k9=@.K! $O ;H $( $k !# ( L; ! ) $r M >e $N <!85 $, 2 n $N symplectic v ector bundle $G !" symplectic connection r L $r ;} $D $b$N $H$9$k !# 17

$^ $? !" L $O T M $K F17? $H 2>Dj$9$k !# $3$N bundle $N F17? !J $H $=$N dual !K $r � : T M ! L � : L � ! T � M (2.39) $H 5-$9 !# L $N lo cal symplectic frame $r ( e 1 ; � � � ; e 2 n ) !" L � $N dual frame $r ( e 1 ; � � � ; e 2 n ) $H $9$k $H !" $3$N F17? $K $h$j T � M >e $N lo cal 1-form basis � i $H T M $N dual basis $G $" $k v ector �elds X j $, $= $l $>$l 0J2< $N$h $& $K 4X78$9$k !# � i = � ( e i ) ; e j = � ( X j ) ; h e i ; e j i L = h e i ; � ( X j ) i L = h � ( e i ) ; X j i T M = h � i ; X j i T M = � i j (2.40) $^ $?$3$N F17? $K $h$j !" L $N symplectic form ! $O M >e$NHsB‘2= $J 2-form on M $K <LA|$5 $l $k !# ! = 1 2 ! ij e i ^ e j ! ( e i ; e j ) = ! ij 7! 0 = � 1 2 ! ij � i ^ � j 0 ( X i ; X j ) = � ! ij (2.41) $3$N 0 $r M >e$N symplectic form on M $H 8+ $J $9$3$H $, $G $- $k !J C" $7 0 $O closed d 0 = 0 $G $J$1 $l $P $J $i$J $$ !K !# $D $^$j 8GDj $7 $? ! $K BP $7 !" F17?<M � $r JQ 2=$5$; $k $3$H$G M >e$N symplectic structure 0 $r JQ $( $k $3 $H $, $G $- $k $o $1$G $" $k !# 8e $G ! $O � @Q $N Dj5A $K MQ $$ $i $l !" 0 $O W eyl 6JN( $N :GDc<! $K$J $k !# 8@ $$ 49 $( $k $H !" W ’ C 1 ( M )[[ ~ ]] S ( L � ) $H JQ99$9$k $3 $H$K$J $k !# $3 $N L $O J* M} E* $K 8@$( $P !" Riemann B? MM BN $K $* $1 $k lo cal Loren tz frame $N symplectic B? MM BN HG $G $" $k !# B($A !" Riemann B?MMBN $N metric $r symplectic %F %s %= %k $K !" Levi-Civita connection $r symplectic connection $K CV$- 49 $($?$H $-$N vielb ein 7A<0 $@$H 2r <a $G $- $k !#<B:] !" ! $, Dj?t $K$J $k$h $& $J lo cal symplectic frame ( L x $N Darb oux :B I8 !K $r 8GDj $7 $?$H $- !" � i = � i � dx � $, vielb ein 1-form $G $" $j !" $= $l $>$l $N symplectic %F %s %=%k $N 4X 78 0 � = � ! ij � i � � j � $O g � = � ij � i � � j � $N N‘ ;w $G $" $k !# Riemann B? MMBN $G$O !" g � $H � i � $N <+ M3EY$N :9 $, S O (2 n ) lo cal Loren tz JQ49 $N <+M3EY $G$" $C $? $, !" symplectic B?MMBN $N >l9g $O !" S p ( n ) lo cal symplectic JQ49 $, $3 $l $K AjEv$9$k !# $= $7 $F spin connection $K AjEv$9$k$N $, r L $G $" $k !# 2.4.2 G$0U $N 7k9gBe?t9=B$ $N IU2C W eyl bundle $K $h$k2f!9 $N9= @. $O !" 1i ;; ;R � $J $I $N9=B$ $r JQ $( $J$$8B $j!" �b er $K B> $N@Q9= B$ $r%F %s%= %k $9$k $3$H $, $G $- $k !# 8@ $$ 49 $( $k $H !" (2.9) $G$O 2D49$J DL >o$N @Q $G $" $C$? 78 ?t a k ;i 1 � i p F1 ;N$N @Q $r !" G$0U $N 7k 9g@Q $K $7 $F $b NI$$ !# $3 $l$O bundle $N section $G M? $($i $l $k$h $& $J 7k 9gBe ?t A $r MQ$$$F C 1 ( M ) $r CV$- 49 $( $k$3$H !" B($A W $r W ’ A [[ ~ ]] S ( T � M ) $K JQ 99$9 $k $3$H$r 0UL# $7 $F $$ $k !#Nc $( $P !" E $r M >e$N E, Ev $J J#AG%Y %/ %H %k%P %s %I %k $H $7 !" $= $l$K IU?o$9$k E $N <+8J=‘F17?<L A| E ! E $N A4BN$N @.$9 bundle $r Hom( E ; E ) = End E $H $9 $k $H !" $=$N section A := C 1 ( M ; End E ) (2.42) 18

$O <LA|$N 9g @. $K $D $$$F 7k 9gBe ?t $r @.$9 !# 0J2< $G$O 4J C1 $N$?$a !" E $O N <! 85 $N J#AG%Y %/ %H %k %P%s %I %k $G U ( N ) $N 4pK\I=8= $N>l9g $r 9M $( $k !# $3$N $H$- A $O U ( N ) %2 !< %8%P %s %I %k !" $D$^$j N � N 9TNsCM $N section A4BN $K$J $k 13 !# $=$N >l 9g !" W eyl bundle $N 9= @. $K =>$C $F F@ $i$l $k � @Q$b U ( N ) %2 !< %8 JQ49$N 9= B$$r Fb Jq$9 $k$3$H$K $J $k 14 !# $D$^ $j!" C 1 ( M )[[ ~ ]] $G $O$J$/ A [[ ~ ]] $N >e $K � @Q $, Dj5A $5 $l $k !# $J$* !" @h Dx $HF1MM $N9= @. $r$9$k $? $a $K $O connection $b I,MW $G$" $k !# $= $3$G r E $r E >e$N connection $+$i <+A3 $K F@ $i $l $k A >e $N connection $H $9 $k !# $3 $3 $G $O>\ $7 $/ $O $d $i $J $$ $, !" JL $N Nc $H $7 $F $O !" <B %Y %/ %H%k %P %s %I %k E $K BP $7 !" $= $N dual Grassmann algebra bundle V E � $r J#AG2= $7 $? section A4BN $r A $H $9$k $3$H$b$G$- $k !# $D$^$j A := C 1 ( M ; V E � ) (2.43) $3 $N>l 9g $N A $N Be ?t 9= B$ $O �b erwise $J w edge @Q $G M? $( $i $l $k $? $a !" Z 2 grading $r ;} $D sup ercomm utativ e $J Be?t $G$" $k !# J*M}E* $K$O$3 $l$O Grasmann o dd $J fermionic :BI8 � � $K $h$j E83+ $7 $? Be?t $H ;W$C $F NI$$ !# $D$^ $j A $N 85 $G $" $k section $r sup er�eld $H 2r <a $G $- $k !# $3$N A $r MQ$$ $F >e $H F1 $8 $/ W ’ A [[ ~ ]] S ( T � M ) $H CV $-49 $( $l $P sup er�eld $K BP$9$k � @Q $, F@ $i $l $k $, !" $3$N >l9g $O C1 $K$= $& $9$k $@$1$G $O$J $/!" 99 $K � @Q $bF1;~ $K JQ99$9$k $3 $H $, $G $- $k !# B($A !" E $N �b er metric $r q � $H $7 !" � @Q $r a � b := a exp " � i ~ ! ij � � @ @ y i � � ! @ @ y j + q � � � @ @ � � � � ! @ @ � � !# b (2.44) $H JQ99$9$k !# $3$N$H$- F@ $i $l $k � @Q $O sup er star pro duct $H 8F $P$l !" $=$N8r49;R $O :GDc<! $K sup er P oisson 3g 8L $r 4^ $‘ $b $N $K$J $k [17] !# $3$N$h $& $K !" Be?t A $N <h $jJ} $K$h$C $F !" $$$m $$ $m $J 9=B$ $r 2C $($?3HD% $, 9M $( $i $l $k !# 0J 2< $G $O %2 !< %8 M}O@ $K >GE@ $r 9J$k $N $G !" :G=i $N Nc $N A := End E $N >l9g $r 9M $( $k !# $^ $? !" $3 $l $^ $G$H F1MM $K bundle $H $=$N section $O 6hJL $; $: F1 $8 5-9f $G I=$9 !# 2.4.3 W eyl Bundle W ( L; A ) $N 9=@. $5$F !" 0J>e$N $3 $H $r G0 F,$K $* $$$F !" 3HD%$r 9T $* $& !# =P H/ E@$N %G !< %?$O symplectic B? MM BN ( M ; 0 ) $K 2C$( !" symplectic v ector bundle $H $=$N >e$N symplectic connection ( L; ! ; r L ) !" 78?t bundle $H $=$N >e$N connection ( A = End E ; r E ) $G $" $k 15 !# $^ $: $O !" W eyl bundle $r Dj 5A $9$k!# :# EY $O �b er L x $, @~ 7A $J symplectic 6u4V $J $N $G !" $3 $3 $K Mo y al-W eyl @Q $r F3F~ $7 !" $= $l $i$r B+ $M$F algebra bundle $K $9$k !# 99 $K !" 78?t $O A $K CM $r$H $k$b $N $K$H $k !# 13 85 !9 %(%k %_!< %H @- $O 9MN8 $7 $F $$$J$$$N$G !" $3$3$G$b C1 $K 9TNs $H$9 $k !# 14 5U $K !" $3 $l $^ $G$N W eyl bundle $O U (1) %2 !< %8%P %s %I %k $H 8+ $J$; $k !# 15 G$0U $N symplectic 2-form 0 $K BP $7 bundle $NF17? � $, B8:_ $7 $F ! $+$i $N<LA| $K$J$k $3$H $, <( $;$k $N $G !" � $N Be $o$j $K 0 $r FHN) $J %G !<%?$H $7 $F NI$$ !# 19

Dj5A 2.17 L $K IU?o $7 !" 78?t $, A $K CM $r$H $k M >e $N formal W eyl algebra bundle W ( L; A ) $H$O !" C >e $N unital asso ciativ e algebra $N bundle $G !" $=$N section $O a ( x; y ; ~ ) = X 2 k + p � 0 ;k � 0 ~ k 1 p ! a k ;i 1 � i p ( x ) y i 1 � � � y i p (2.45) $G M? $( $i $l $k7A <0 E* $Y$-5i ?t $G$"$k !# $3 $3 $G !" y = ( y 1 ; � � � ; y 2 n ) $O �b er L x $N @~7A $J:BI8 $G !" 78 ?t a k ;i 1 � i p ( x ) $O i 1 ; � � � ; i p $K 4X $7 $F BP>N $J A $N section $G $" $k !# $^ $? !" 7k9g@Q $O Mo y al-W eyl @Q a � b := 1 X n =0 1 n ! � � i ~ 2 � n ! i 1 j 1 � � � ! i n j n @ @ y i 1 � � � @ @ y i n a @ @ y j 1 � � � @ @ y j n b (2.46) $K $h$j M? $($i $l $k !# C" $7 !" 78?t $K BP $7 $F $b A $K $* $1 $k@Q $r$H $k $3$H$H $9 $k !# $D$^ $j !" � @Q $, L $N :B I8 y $K 4X $7 $F$H$i$l $k$3$H $H !" A $N @Q !" $D $^$j N � N 9T Ns$N @Q$b$H $k$3$H $, JQ $o $C $? $@$1 $G $" $k !# 8@ $$ 49 $( $k $H W ( L; A ) ’ A [[ ~ ]] S ( L � ) $G $" $k !# $b $A$m $s !" L = T M $+ $D A = C 1 ( M ) $N ;~ $K W ( L; A ) $O 85 $N W $K 5"Ce$9 $k !# <!?t $N M? $( J} $d �ltration $J $I $O F1 $8 $G $" $k !# W ( L; A ) $N cen ter Z $O y $K 0M $i $: !" $+ $D A $N iden tit y !" $D $^ $j diagonal U (1) $K CM$r $H $k section A4 BN $G $" $k $+ $i !" 0J A0$H F1 $8 $/ Z = C 1 ( M )[[ ~ ]] $H $7 $F NI$$ !# $7 $+ $7 !" y = 0 @. J,$X$N pro jection � $N A| $O$3 $N >l 9g cen ter Z $G $O $J $/!" A !J $N ~ JQ7A !K $N section C 1 ( M ; A )[[ ~ ]] $K $J $C $F$$ $k !# $3$3 $, K\<AE* $K 0[ $J $kE@ $G $" $k !# � : W ( L; A ) ! A [[ ~ ]] := C 1 ( M )[[ ~ ]] A a 7! � ( a ) := a j y =0 (2.47) M >e $N W ( L; A ) $K CM $r $H $kHy J,7A <0 $bF1 MM $K !" bundle W ( L; A ) V $N section $H $7 $F Dj5A $5 $l $k !# $= $N85 $O 6I=jE* $K$O !" a ( x; y ; ~ ) = X 2 k + p � 0 ;k � 0 ~ k 2 n X q =0 1 p ! q ! a k ;i 1 � i p ;j 1 � j q ( x ) y i 1 � � � y i p � j 1 ^ � � � ^ � j q (2.48) $H I= $5 $l $k !# $3 $l$i section A4BN $O :F $S 7k9gBe?t $r @.$9 $, !" :#EY $O � @Q $O !" y i $N Mo y al-W eyl @Q !" 78?t $G$" $k A $N 9TNs $N@Q !" � j $N w edge @Q $+ $i @.$k $3 $H $K Cm0U$9$k !# $= $l$K H< $$ !" 8r49;R [ a; b ] = a � b � ( � 1) j a jj b j b � a $O A $N Lie 3g8L $+$i ;O$^$k $3$H $K Cm0U$9$k !# B($A [ a; b ] = [ a; b ] A � i ~ f a; b g ! + O ( ~ 2 ) (2.49) Bh #2 9‘ $O ! $K 4X $9 $k P oisson 3g 8L $G !" 3H D% A0 $O $3 $N 9‘ $, :G Dc <! $G $" $C $? !# $=$N B> $O !" cen teral form Z V !" �ltration W ( L; A ) V � W 1 ( L; A ) V � W 2 ( L; A ) V � � � � $J $I $K$O JQ99 $O$J $$ !# <! $K !" W eyl bundle W ( L; A ) >e $N conection $r9M $($k!# 85 $N %G !< %? $N connection r L !" r E $O <+ A3 $K W ( L; A ) >e $N connection r = r E 1 + 1 r L : W ( L; A ) V q ! W ( L; A ) V q +1 $H 8+ $J$; 16 !" L $N lo cal symplectic 16 W ( L; A ) ’ A [[ ~ ]] S ( L � ) $X$N :nMQ$N0UL# $G%F %s %=%k @Q $r MQ$$$? !# 20 frame $r MQ $$$? I=<0 $O 0J2< $G M? $( $i $l $k !# r a = da + i ~ � 1 2 � ij y i y j ; a � + [� E ; a ] (2.50) $3$3 $G !" d = � i X i $O 30 HyJ, $G !" � ij := ! ik � k j $O r L $N lo cal connection 1-form 17 !" � E $O r E $N A CM lo cal connection 1-form $G$"$k!# Bh Fs !" ;0 9‘ $O6& $K � @Q $N8r 49 ;R $N7A $GI= $5 $l$F$$$k $, !" Bh Fs 9‘ $K$D$$ $F $O (2.16) $N I=<0 $H F1 $8 $/ W ( L; A ) CM $K $7 $?$3$H$G 8r49;R $G =q $1$F $$ $k $N $K BP $7 !" Bh;09‘ $N 8r49;R $O � E $, cen ter $G $" $k $? $a<B <A A $N Lie 3g8L $7 $+ 8z $$ $F $$ $J $$ $3 $H $K Cm0U $9$k!# $H$b $+ $/!" 8r 49 ;R $G I= $5 $l $k $3 $H $+ $i !" r $O graded deriv ation $G $" $k !J r L !" r E $b F1MM !K !# r ( a � b ) = r a � b + ( � 1) j a j a � r b (2.51) $^ $? !" $3$N connection $N 6JN( 2-form $O r 2 a = i ~ [ R; a ] R := 1 2 R ij y i y j � i ~ R E R ij := ! ik R k j = ! ik ( d � k j + � k l ^ � l j ) R E = d x � E + � E ^ � E (2.52) $3$3 $G R ij !" R E $O $= $l $>$l r L !" r E $N 6J N( $G$" $k 18 !# R $O <!?t 2 0J>e$N 85 R 2 W 2 ( L; A ) V 2 $G $" $k $3$H $K Cm0U $7 $F $* $/ !# 99 $K !" (2.21) $H F1 $8 $/0lHL $N W eyl connection $r D a = r a + i ~ [ ; a ] (2.53) $H Dj 5A $9 $k !# $3 $N Dj 5A $K 4X $7 $F #2$D $N Cm 0U $r M? $( $F $* $/ !# $^ $: (2.21) $N$H $3 $m$G$O @5 3N $K$O @b L@ $7 $J $+ $C $? $, !" $3$NI=<( (2.53) !" $D$^ $j D $r r $H $G J, $1 $kJ, $1 J} $O 0l0U E* $G $O$J$$ $3 $H $K Cm0U $9 $k!# $= $l$O JL $N W eyl connection $N I=<( D a = r 0 a + i ~ [ 0 ; a ] $, $" $k $H$9 $k $H !" r 0 a � r a = i ~ [ 1 2 � ij y i y j � i ~ � E ; a ] $G $" $k $+ $i !" $3$N :9 $O 0 $N <! ?t 2 $N 9‘ $H $b 8+ $J$; $k $+$i$G $" $k !# $D$^$j !" <!?t 2 $N 9‘ $r $I $A $i$K 4^ $a $k $+$H $$ $& ITDj@- $, $"$k !# $= $l$r $K 4^ $a$k $3 $H $K $9 $l $P r $O >o $K 8GDj $G$-$k !# $3$N $H$- $N:9 0 � $O cen tral 1-form $K$J $k $, !" $3 $l$O (2.21) $G $b=R $Y $? $N cen ter J, $NITDj @- $G$"$k !# <! $K !" 8r 49 ;R $, (2.49) $H$$ $& E8 3+ $r ;} $D $3 $H $K H< $$ !" 1i;;;R i ~ [ ; ] $, graded deriv ation $G $" $k $?$a $K$O G$0U $N 2 W ( L; A ) V 1 $G$O $J $/B?>/$N@)8B $, IU $/ !# $3 $l $K $D$$$F $O App endix A.1 $H x 3.1 $r ;2>H !# 6JN( $O (2.23) $H F1MM $K := R + r + i ~ � (2.54) $G M? $($i $l $k !# $^ $? !" � !" � � 1 $O (2.17) $H F1 $8 Lr3d$N1i;;;R $G !" :# $N>l9g $O � = � i ^ @ @ y i = � i ~ [ ! ij y i � j ; ] � � 1 = 8 < : 1 p + q y i I ( X i ) ( p + q > 0) 0 ( p + q = 0) (2.55) 17 $3 $N I=<0 $O lo cal symplectic frame !" $D$^$j ! ij = Dj?t $G @5 $7 $$ !# $3$N$H$- � ij = � j i $, @.$jN)$D !# 18 R ij = R j i $, @.$jN)$D !# 21

$G Dj5A $9$k!# FC $K a = a i y i = a i e i 2 L � $K BP $7 $F � a = a i � i = a i � ( e i ) 2 T � M $G $" $k $+$i !" $3$N � $O (2.39) $N F17? � : L � ! T � M $H 0lCW $7 $F $$ $k !# $3 $l$i 1i;;;R $N @-<A L?Bj 2.7 $O (2.47) $N � $N 0UL# $G @.N) $7 $F $$ $k !# $5$F !" $3$3$G (2.24) $H F1 $8 7A $N connection D a = r a � � a + i ~ [ r ; a ] r 2 W 2 ( L; A ) V 1 (2.56) $r 9M $( $k $H !" DjM} 2.12 $H$[$[ F1MM $N $3$H $, @.$jN)$D !# Dj M} 2.18 M? $( $i $l$? ( M ; � ; L; ! ; A ; r ) $K BP $7 !" G$ 0U $N closed cen tral 2-form = 0 + 1 ( 1 2 ~ Z V 2 ) $H section � 2 W 3 ( L; A ) $r M? $($?$H$- !" � � 1 r = � (2.57) $r K~$? $9 r 2 W 2 ( L; A ) V 1 $, 0l 0U E* $K B8 :_ $7 !" D $O W eyl 6J N( $, $G $" $k$h $& $J Ab elian connection $K $J $k !# DjM} 2.12 $H $N 0c $$ $O !" � $, A $K CM $r$H $k $3 $H $@$1$G $" $k !# r $r Dj $a $kJ}Dx<0 $O :# $N >l9g � r = r ( ! ij y i � j ) + R � 1 + r r + i ~ r � r � � 1 r = � (2.58) $H$J $k !# $^ $? $O Ho dge-de Rham J,2r $K $h $j r = � � + � � 1 � r ( ! ij y i � j ) + R � 1 � + � � 1 � r r + i ~ r � r � (2.59) $G $" $j!" $3 $l $O5" G< E* $K2r $/ $3 $H $, $G $- $k !# => $C $F !" Ab elian connection $O r !" !" � $K $h $j 0l 0U E* $K 7h $^ $k $3 $H $K $J $k 19 !# $J $* !" ?7 $? $J 9‘ r ( ! ij y i � j ) = r L ( ! ij y i � j ) $O r L $N torsin It J, $G $" $k !# $D $^ $j F1 7? � : T M ! L $K$h $j r L $O M >e $N connection $K <L $5 $l $k $, !" $= $l $O M $N symplectic form 0 $O J] $D $, r ( ! ij y i � j ) = r L ( ! ij y i � j ) $N 9‘ $, 0 $G$J$1 $l $P torsion free $G$O$J$$ !# $7 $+ $7 !" y $N 2 <! $N � � 1 r ( ! ij y i � j ) $r r L $K 4^ $a $F r L $r 8GDj $7 $F$* $1 $P !J (2.53) $N 2< $N Cm0U $r ;2>H !K r L $O F17? � $K $h$j torsion free $J symplectic connection $r M? $( $k !# $J $* (2.58)(2.59) $r >/ $7 0c $&I=<0 $G I= $7 $F !" %Q%i %a !<%?!< � !" 1 $N Lr3d $r J,N%$9$k $3$H $b $G $- $k !# !# $^ $: r $r 0J2< $N MM $K BP>NItJ, $H$= $l 0J30 $K J,N%$9$k !# r s := X 2 k + l � 2 ~ k 1 l ! r k ; ( i 1 � i l ;j ) y i 1 � � � y i l � j r a := r � r s (2.60) 19 K\Ev $O ( M ; � ; L; ! ; A ; r ) $H ( 1 ; � ) $G $" $k $, !" F0 $+$; $k%Q%i %a !<%?!< ( � i ; ! ij ; � ij ; � E ; 1 ij ; � ) $@$1 $r$r $^ $H$a$F =q$$$? !# 22

$3$3 $G !" ( i 1 � � � i l ; j ) $O BP>N2= $r I=$9 !# $= $& $9$k $H !" (2.58)(2.59) $O !" � � 1 r s = �; � r s = 0 � � 1 r a = 0 ; � r a = r ( ! ij y i � j ) + R � 1 + r r s + i ~ r s � r s + r s r a + i ~ r a � r a ! r s = X 2 k + l � 2 ~ k 1 l ! � k ;i 1 � i l j y i 1 � � � y i l � j ! r a = � � 1 � r ( ! ij y i � j ) + R � 1 + r r s + i ~ r s � r s � + � � 1 � r s r a + i ~ r a � r a � (2.61) $3 $3 $G r s a := r a + i ~ [ r s ; a ] $H $7 $? !# $9 $0 $o $+ $k$h $& $K !" r s $O$[$H $s $I � $=$N$b$N $G !" A2 2=<0 $O =P $F$3$J$$ !# 0lJ} !" r a $N J} $O (2.58)(2.59) $N J}Dx<0 $G !" � = 0 $H $9$kBe $o$j $K r ! r s $H $7 $?$b$N $K Ey $7 $$ 20 !# $3 $N $3 $H $+ $i !" � $O 85 $N connection r $r y $d ~ $K 4X $7 $F Hs@~7? $K $9 $kJQ7A $r C4$C $F$$$k $H 8@ $( $k !# <B:] !" � $O $=$N :GDc <! $K r $N ITDj@- !J $r $N J} $K 4^ $a $? $H$- !K $N<+M3 EY $r 4^ $s$G$$$k !# 21 !# $3 $l$K BP $7 !" (2.58)(2.59) $r <!?t $G J, $1 $k $H$o $+ $k$h $& $K !" 1 $O >o $K i ~ R E + 1 $H $$ $&AH $_ 9g $o$;$G 8= $l $k !# $h$C $F !" 1 $O symplectic form 0 $N ~ JQ7A $H$$ $& 2r<a $N B> $K !" �eld strength R E $N U (1) ItJ,$N ~ JQ 7A $H 2r<a$9$k $3$H $b $G $- $k !# $3 $l$O U (1) %2 !< %8 <+M3 EY $O symplectic B?MMBN $H $7 $F 8+ $l $P symplectic structure $K AH $_9~$‘ $3 $H $,$G $-$k $H$$ $& 0l HL E*;v >p $N H?1G $G$" $k !# $H$b $+ $/!" Ab elian connection D $, F@ $i $l $l $P !" $" $H $O !" � @Q $O @hDx $HF1MM $N %W %m %; %9 $G Dj5A $G$-$k!# $^ $: !" at section $N 6u4V $O F1 $8 $/ V W D := f a 2 W ( L; A ) V j D a = 0 g = Ker D \ ( W ( L; A ) V ) (2.62) $H $9$k !# FC $K W D := V 0 W D $G$" $k !# $3$N $H$- !" :# $N W eyl bundle W ( L; A ) $N >l9g $N DjM} 2.14 $K $"$?$k$b $N $O !" W D $H cen ter Z = C 1 ( M )[[ ~ ]] $N 0lBP0l BP 1~ $G$O$J$$ $3 $H $K Cm0U $9 $k !# $3$N@a $NKAF, $G =R $Y$?$h $& $K !" 0l BP0lBP1~$9$k $N $O !" � $G 7k $S $D $/ W D $H C 1 ( M ; A )[[ ~ ]] = C 1 ( M )[[ ~ ]] A $G $" $k !# B($A !" DjM} 2.19 G$0U $N section a 0 2 C 1 ( M )[[ ~ ]] A $K BP $7 !" at section a 2 W D $G � ( a ) = a 0 $r K~ $?$9 $b $N $, 0l0UE* $K B8:_$9$k !# >ZL@ $O DjM} 2.14 $H A4$/F1 $8 $G !" C1 $K pro jection � $N A| $, JQ $o$C $? $@$1$G $" $k !# $^ $? !" $= $l$K 1~ $8 $F 5U<LA| Q $bJQ99$5 $l $k !# $^ $H$a$F $* $/ $H !" � : W D ! C 1 ( M )[[ ~ ]] A a 7! � ( a ) := a j y =0 (2.63) Q : C 1 ( M )[[ ~ ]] A ! W D a 0 7! Q ( a 0 ) (2.64) 20 $3 $N$H$-$N 6JN( $O R + r r s + i ~ r s � r s $G $" $j !" $^ $? r s ( ! ij y i � j ) = r ( ! ij y i � j ) $f$( !# 21 [18] $G$O � $N 8z2L $r ;X?t<LA|$N8@MU $G @bL@ $7 $F $$ $k !# 23

$= $7 $F !" :G=*E* $K � @Q $O$3 $l$i $N <LA| $+$i !" a 0 ; b 0 2 C 1 ( M )[[ ~ ]] A $K BP $7 $F a 0 � b 0 = � ( Q ( a 0 ) � Q ( b 0 )) (2.65) $H Dj5A$5 $l $k !# FCDj $N � @Q $r ;}$DBe?t $G$" $k $3$H$r 82 $o $K I=$9 $H$- $O ( C 1 ( M )[[ ~ ]] A ; � ) $H $b =q$/ !# :# EY $b � @Q $O Ab elian connection D $H0l BP 0l $KBP 1~ $7 $F $$ $k $3 $H $O=E MW $G $" $k!# $^ $? !" � @Q $NDj 5A $5 $l$F $$ $k 6u 4V $, Z = C 1 ( M )[[ ~ ]] $G $O $J$/ C 1 ( M )[[ ~ ]] A $G$"$k $N $G !" :# $N >l 9g $O85 $N Dj 5A 2.2 $O K~ $? $7 $F $$ $J $$!# FC $K !" � @Q $N 8r 49 ;R $N =i 9‘ $O P oisson 3g 8L $+ $i;O $^ $k $N $G $O $J $/!" A $N Lie 3g 8L!" $D $^ $j [ a 0 ; b 0 ] � = [ a 0 ; b 0 ] A + O ( ~ ) $H$J $C $F$$ $k !# $7 $+ $7 2f !9 $NN)>l $G $O !" :# $N >l9g $NJQ7A $O NL;R2= $G $O$J $/Hs2D494v2?3X 2= $G$" $k $N $G !" 2? $N Ld Bj $bL5 $$ !# $= $l $I $3$m $+ !" Z = C 1 ( M )[[ ~ ]] $, $" $k<o $NHs2D 49 B? MMBN !J >e $N4X?t Be ?t !K $H 2r<a $5 $l $k $H$9$k $H !" $3$N 3H D% $K $h $j F@ $i $l $? C 1 ( M )[[ ~ ]] A $N J} $O !" %2 !< %8 %P%s %I %k A $r 4^ $‘ $?$a !" %2 !< %8 M} O@ $N Hs2D 494v 2? 3X2= $K$J$C $F$$$k $3 $H $K$J $k !# 99 $K$= $l $, Z = C 1 ( M )[[ ~ ]] $H$$ $& Hs 2D49 B?MM BN $N>e $N Hs2D49 %2 !< %8 M}O@ $G$" $k $H M=A[ $G $- $k !# 2f !9 $O Hs2D496u4V $= $N$b$N $P $+ $j $G$J $/!" $=$N >e $N %2 !< %8 M}O@ $K 6=L# $, $" $k$N $G !" $3$N 3HD% $7 $? � @Q $N 9=B$ $r$h $j ?<$/D4 $Y$k I,MW $, $" $k !#<! $N >O $G $O !" %2 !< %8 JQ49 $N N)>l $+$i$3 $N$3$H$r 8!>Z $7 $F $$ $/ !# 24

Bh 3 >O Hs2D496u4V>e $N %2 !< %8 M}O@ Bh 2 >O $G $O !" JQ 7A NL ;R 2= $N<j K! $rMQ $$ $F Hs2D 49 6u 4V $r 9=@. $9 $k $3 $H $K $D $$ $F 5DO@ $7 $F$-$? !# $= $3 $G $O :G=* E* $K !" Hs2D 49Be ?t $H $7 $F Z = C 1 ( M )[[ ~ ]] $" $k$$ $O C 1 ( M )[[ ~ ]] A $, F@ $i$l $? !# C" $7 !" $= $l$i $H F17? $J W D $G 9M $( $k8B$j!" Hs2D494v2? $N 8@MU $G A4 $F$r 9M $( $kI,MW $O$J $$$3$H$b 4{ $K ;XE& $7 $? !# $3$N >O $G $O !" $= $N W eyl bundle $N J} $K CmL\ $7 !" 2D49 $J 4v2? $N 8@MU $r MQ $$ $F Hs2D496u4V>e $N %2 !< %8 M}O@ $K $D$$ $F 9M;!$9$k !# 2D 49 $J 8@MU $G 8@ $& $H $3 $m$N %2 !< %8 M} O@ $H$O !" %Y %/ %H %k %P%s %I %k $H $=$N >e$N connection $K B>$J $i $J $$ !# $h$C $F 6qBN E* $K$O !" Hs2D 49 %2 !< %8 JQ49 $r W eyl bundle $N ;}$D %2 !< %8 JQ49 $N0lIt $H $7 $F Dj5A $7 !" BP1~ $9$kHs 2D 49 %2 !< %8 >l $r M? $( $k $N $, L\I8 $G$" $k 1 !# 3.1 %2 !< %8 BP>N@- $H $7 $F$N Be?t $N <+8JF17? Bh 2 >O $G $O !" 85 $N connection r $r 3HD% $7 $F W eyl bundle >e $K W eyl connection D $r Be?tE* $K Dj5A $7 $? !# 0l HL $K !" bundle >e $N connection $r Dj5A$9$k;EJ} $O $$$m$$$m$" $k $, !" J*M}E* $K :G $bNI $/MQ $$ $i $l $k $N $O !" :BI8JQ 49 $d %2 !< %8 JQ49 $K IU?o$9$k6&JQHyJ, $H $7 $F $N FCD’IU $1$G$" $m $& !# $3 $l$i $N JQ49 $O !" Be?t E* $K$O$=$N Be?t $N <+8J F17?<L A| $K B> $J $i$J $$ !# $3$N @a $G$O !" W eyl bundle W ( L; A ) V $N <+8JF17? $K $D$$$F D4 $Y !" connection D $N 6&JQ30ItJ, $H $7 $F$N B&LL $r L@ $i$+$K $9 $k !# 3.1.1 W eyl %2 !< %8 JQ49 $H $7 $F$N W ( L; A ) V $N <+8JF17? $^ $: :G=i $K !" 85 $N connection r $H <+8J F17?$N 4X 78 $K $D$$$F 8+$F $* $3 $& !# B?MMBN M $N di�eomorphism !J Hy J, F1Aj <L A| !K f : M ! M $K BP $7 !" 4X?tBe ?t $K$O $=$N pull-bac k f � : C 1 ( M )[[ ~ ]] ! C 1 ( M )[[ ~ ]] $, DL >o DL$j f � a ( x; ~ ) = a ( f ( x ) ; ~ ) $H :n MQ $7 $F $$ $k !J f � $N Hy J, 7A <0$X$N :n MQ$b DL >o DL$j$G $" $k !# !K !# $3 $l $O !" C 1 ( M )[[ ~ ]] $N automorphism !J <+8J F17? <L A| !K $K$J$C $F$$$k 2 !# $"$k bundle $N section $K BP $7 $F$b !" bundle $N F17? $X $N f � $N lifting $r M? $( $k $H !" pull-bac k $O Dj$^$k !# L $X$N symplectic lifting $r � ( x ) : L x ! L f ( x ) !" E $X$N lifting $r v ( x ) : E x ! E f ( x ) $H $9 $k !# $D$^$j � $O 2 n � 2 n 9TNs CM4X ?t $G � ( x ) k i ! k l ( f ( x )) � ( x ) l j = ! ij ( x ) $r K~ $? $9$b$N $G$" $j !J $h $C $F 6I=j symplectic frame $K BP $7 $F$O S p ( n ) 9T NsCM !K !" 0lJ} v $O U ( N ) 9TNsCM 4X?t $G$" $k !# W eyl 1 $3 $N >O $, O@J8 [1] $N %a%$ %s %Q !< %H $G $" $k !# 2 C 1 ( M )[[ ~ ]] $O $b $A$m $s W eyl bundle $N 78?t $H $7 $F$N 2D494D $N$3$H $G$" $j !" � @Q$NBe?t $G $O$J $$ !# 25 bundle W ( L; A ) V $N section $N >l9g $K$O !" $3 $l $i $N lifting $r <+A3 $K Kd $a 9~ $s$@ $b$N $K$J $k !#B( $A f � $O f � a ( x; y ; ~ ) := v ( x ) � 1 a ( f ( x ) ; � ( x ) y ; ~ ) v ( x ) (3.1) $H:n MQ $9 $k $H $9 $k!# $D $^ $j!" 3F y $K 4X $7 $F $O � $r:n MQ $5 $; !" A CM $G $" $k 78 ?t $K $O v $r :n MQ $5 $; $k $N $G $" $k!# $^ $? !" BP1~ $9 $k push-forw ard $O f � = ( f � ) � 1 $G Dj5A $5 $l $k !# $3 $l$i$O W ( L; A ) V $N <+8J F1 7? f � : W ( L; A ) V 7! W ( L; A ) V $r M? $($F$$ $k !# $^ $? !" <+8JF1 7? f � $K IU?o $7 $F !" connection r $N image !J A| !K $H 8F $P$l $k?7 $7 $$ connection r 0 = f � r f � $, Dj5A$5 $l $k !# $h $/CN $i $l $F $$ $k $h $& $K !" lifting $r 7h $a$k $H$$ $& $3$H $O connection $r 7h $a$k $3 $H$H Ey2A $G$" $k !# :# $N>l9g !" � $O r L $r !" v $O r E $r Dj $a$F$$$k !# $= $7 $F !" (3.1) $N f � $O W eyl bundle >e $N r = r E 1 + 1 + r L $r Dj $a $F$$ $k !# FC $K !" f $, 91 Ey<LA|$N ;~ !" $D$^$j a ( x; y ; ~ ) 7! a 0 ( x; y ; ~ ) := v ( x ) � 1 a ( x; � ( x ) y ; ~ ) v ( x ) $H $$ $&JQ49 $O !" �b erwise $J JQ 49 !" $D $^$j %2 !< %8 JQ 49 $G $" $j !" r $O $=$N 6&JQ 30 HyJ, $G $" $k 3 !# %2 !< %8 JQ49$N N) >l $+$i 8@ $& $H !" � $O S p ( n ) 6I=j symplectic JQ49 $H 2r<a $G$-$k !# $D$^ $j!" Riemann B?MM BN $K $* $1 $k S O (2 n ) lo cal Loren tz JQ49 $N symplectic $N >l9g $NN‘;w $G$" $k !# $h$C $F !" $3 $l$O B?MMBN $N di�eomorphism $H L)@\ $K 7k $S $D$$ $F$$$k !# 0lJ} !" v $N J} $O Ia DL$N U ( N ) %2 !< %8 JQ 49 $G $" $k !# $3 $l $O �b erwise $J JQ 49 $G !" C1 $K di�eomorphism $H F1 ;~ $K 9T $& $@ $1 $N$b $N $G$"$k $3 $H $K Cm0U $9$k!# $3$N;v>p $+ $i !" JL $N pull-bac k f 0 � $r MQ0U $7 $F $*$/ $H 8e $G JXMx $G$"$k !# B( $A !" L $X$N lifting $N$_$r <h$j=P $7 $F !" f 0 � a ( x; y ; ~ ) := a ( f ( x ) ; � ( x ) y ; ~ ) (3.2) $H Dj5A$9$k !# $^ $? !" BP1~ $9$k push-forw ard $O f 0 � = ( f 0 � ) � 1 $G M? $( $i $l $k !# 0J>e $r $^ $H$a $k $H !" f 0 � a ( x; y ; ~ ) = a ( f ( x ) ; � ( x ) y ; ~ ) ; f 0 � a ( x; y ; ~ ) = a ( f � 1 ( x ) ; ( � ( f � 1 ( x ))) � 1 y ; ~ ) ; f � a ( x; y ; ~ ) = v ( x ) � 1 a ( f ( x ) ; � ( x ) y ; ~ ) v ( x ) = v ( x ) � 1 f 0 � a ( x; y ; ~ ) v ( x ) ; f � a ( x; y ; ~ ) = v ( f � 1 ( x )) a ( f � 1 ( x ) ; ( � ( f � 1 ( x ))) � 1 y ; ~ ) v ( f � 1 ( x )) � 1 = f 0 � ( v ( x ) a ( x; y ; ~ ) v ( x ) � 1 ) (3.3) $b$A$m $s !" a $, cen ter $N 85 $G $" $l $P A4 $F $O DL>o$N pull-bac k $" $k$$ $O push-forw ard $K 5" Ce $7 !" a $, y $r 4^$^ $J $1 $l $P f 0 � !" f 0 � $O $= $l $>$l DL>o $N pull-bac k !" push-forw ard $K 5"Ce $9$k!# 0J >e $N$h $& $K !" C1 $K r $r Kd $a9~ $s $@ >l9g !" S p ( n ) � U ( N ) $N %2 !< %8 72 $7 $+ ;}$? $J$$ !# $G $O !" W eyl bundle $N$h $j0l HL $N connection D $H 4X 78 $9 $k <+ 8J F1 7? $O $I $N$h $& $J$b $N $J$N $@ $m $& $+ !# $3 $3 $G $O !" E72< $j $K$=$N <LA| $r M? $( $k $3$H $K $9$k !# $=$N$? $a $K W ( L; A ) $r >/ $7 3HD% $7 $F !" Be?t W + $r F3F~$9$k [3] !# $=$N 85 $O 0J2< $N$h $& $J 7A<0E* $Y$- 5i?t $G$" $k !# U ( x; y ; ~ ) = 1 X l =0 X 2 k + p = l; �nite sum ~ k 1 p ! U k ;i 1 ; � i p ( x ) y i 1 � � � y i p ; U k ;i 1 ; � i p 2 C 1 ( M ) A (3.4) 3 $= $l$O !" r 0 = f � r f � $G f $, 91Ey<LA|$N;~$N7A $+$i$o$+ $k !# 26

$D $^ $j!" 3F 9‘ $N ~ $H y $N?t $r B, $k A4 <! ?t $O W ( L; A ) $H F1 $8 $/ Hs Ii $G$"$k $, !" ~ $@$1$r8+ $l $P Ii $Y $- $b5v $9 $H$$ $& 3H D% $G$"$k !J 8@ $$49 $( $k $H !" C 1 ( M )[[ ~ ]] $+$i C 1 ( M )[ ~ � 1 ; h ]] $X$N 78?t4D $N3HBg $G$" $k !K !# $3 $l$K $h$j W + $N 85 $K$O � @Q $K 4X$9$k5U85 $, B8:_ $7 $& $k !#FC $K !" 0J2< $N 7A $N 85 $r 9M $( $k !# U = exp � � i ~ H � := 1 X k =0 1 k ! � i ~ H � k ; H 2 W 2 ( L; A ) (3.5) $3 $3 $G !" H $N @Q $O A4 $F � @Q $G$"$k !# $^ $? !" U $, W + $K B0 $9$k $? $a $K $O A4<! ?t $, HsIi $G$J $1 $l $P $J $i$J$$ $N $G !" H 2 W 2 ( L; A ) $N @) 8B $, $D$$$F$$ $k !# $3$N U $N 7A $+$i A[ A| $, $D $/ $H ;W $& $, !" Bak er-Campb ell-Hausdor� 8x<0 $r MQ $$$k $H !" $3$N 7A $N U $? $A $O � @Q $r 3] $1 ;; $H $7 $F 72 $r @. $7 $F $$ $k $3$H $, $o$+ $k !# $D$^ $j!" U 1 ; U 2 2 W + ) U 1 � U 2 2 W + !# $b $A $m $s $3 $N 72 $OHs 2D 49 U 1 � U 2 6 = U 2 � U 1 $G $" $j!" U = exp � i ~ H � $N5U 85 $O U � 1 = exp � � i ~ H � $G$" $k !# $=$3 $G !" a 2 W ( L; A ) V $K BP $7 <! $N$h $& $J <LA| A $r 9M $( $k !# A : a 7! U � 1 � a � U = 1 X k =0 1 k ! � � i ~ � k [ H ; [ H ; � � � ; [ H ; a ] � � � ] ] (3.6) $3$N<LA| $O � @Q $@$1$G =q $+ $l $? �b erwise $J JQ49 $G$" $k $+$i !" %2 !< %8 JQ49 $N0l<o $G !" $=$N \ L58B>. It J, " H $, $= $N Lie Be?t $r @. $7 $F$$ $k $3 $H $, M=A[ $G$-$k !# C" $7 H $O 8r49;R $NCf $K$N$_ 8= $l $k $?$a !" H $N cen ter J, $O <LA| A $K$O 8z $+$J $$$3 $H$K Cm0U$9$k 4 !# L@ $i $+ $K$3 $N<LA| $O W + V $G 8+ $l $P <+8J F1 7? $G$"$k !# $J $< $J $i A : W + V ! W + V $O A4C1 <M $G $+$D=‘ F1 7? !" $D $^ $j A ( a � b ) = A ( a ) � A ( b ) !" A (1) = 1 $, @. $j N) $D $+ $i $G $" $k!# $7$+ $7 2f !9 $, 9M $( $? $$ $N $O W ( L; A ) V $N <+8JF17? $G$" $k !# => $C $F I,MW $J$N $O !" $3$N <LA| $K $h $k W ( L; A ) V $N A| $, :F $S W ( L; A ) V $K B0$9$k$h $& $J H $G $" $k !# $=$NI,MW>r7o $H $7 $F !" JQ49 $N \ L58B>.It J, " $K BP $7 $F i ~ [ H ; a ] 2 W ( L; A ) V $, @. $jN)$D $3$H $, MW5a $5 $l $k !# <!?t $@ $1$+ $i 8+ $l $P H 2 W 2 ( L; A ) $G$" $l $P NI $$ $h $& $K ;W $( $k $, !" $= $l$G$O ~ $N Ii $Y$- $, ;D$C $F $7 $^ $$<B $O @5 $7 $/ $J$$ !# $3 $l$O 0lHL $K 1i;; ;R i ~ [ H ; ] $, W ( L; A ) V $N deriv ation $G $"$k>r7o $rCN$k $3 $H $K B> $J $i$J $$ !# $3$N >\:Y $O HQ;( $J$N $G App endix A.1 $K M? $($F $* $/ !# $= $N 7k2L $K <!?t $, 2 0J>e $G$" $k>r7o $r 9g $o$; $k $H !" W 0 2 ( L; A ) := ~ W ( L; A ) � S 2 ( L � ) (3.7) $, !" 5v $5 $l $k H $N A4BN $K$J $k !J S 2 ( L � ) $O y $N 2 <!0J>e $NB?9‘<0 $G C 1 ( M ) 78?t $N A4BN $r I=$9 !K !# $D$^$j $3$N $H$- !" H 2 W 0 2 ( L; A ) $+$i :n $i $l $k1i;;;R i ~ [ H ; ] $O W ( L; A ) V $N deriv ation $K$J $k $o $1$G$" $k !# 8e $G 8+$k $h $& $K !" $3 $l $O connection 1-form $K BP 1~$9$kL58B>. %2 !< %8 JQ49 $K B> $J$i$J $$ !#<B $O$3$l$i $N $&$A !" <!?t $, 2 $N =89g ~ A � S (2) ( L � ) $K B0$9$k H $O $= $l $>$l A !" L $N L58B>. %2 !< %8 JQ49 $K BP1~ $7 $F $$ $k !# $3 $l$O $, 8GDj $7 $? r E !" r L $+$i $N :9 ~ � E 2 ~ A !" 1 2 � ij y i y j 2 S (2) ( L � ) $r 4^ $s$G Dj5A $5 $l$F $$ $k $H$$ $& (2.53) $N 2<JU $j $G @b L@ $7 $? ;v>p $K $A $g$& $I BP1~ $9$k!# => $C $F !" W eyl bundle $K 8GM- $N<+8JF1 7? $K 4X $7 $F $O !" H $, <!?t 3 0J>e $N>l9g $r 9M $( $l $P NI$$ !# $h$C $F H $, H 2 W 0 3 ( L; A ) := ~ W 1 ( L; A ) � S 3 ( L � ) (3.8) 4 <!?t$N@)8B$b9g $o$; $k $H !" H 2 W 2 ( L; A ) = ~ Z $, A $r Dj $a$F$$ $k !# 27

$N $H $- $N <L A| A $r W ( L; A ) V $N <+ 8J F1 7?$H 9M$( $k !# $3 $N $H $- !" i ~ [ H ; ] $H $$ $& 1i ;;$O W ( L; A ) V $N deriv ation $G $" $j !" H C# $O U $N @.$972 $r @8@.$9$k Lie Be?t $r @. $7 $F $$ $k !# FC $K !" H $O @~7A6u4V $H $7 $F L58B<! 85 $G$" $k $+ $i !" L58B <! 85 $NBe?t $G$" $k !# $^ $? !" H $O <!?t $, 3 0J>e $G$"$k $? $a !" $3$N<LA| $O I, $: 9b<! $N9‘ $, 8= $l $k$h $& $J JQ 49 a 7! a + O ( ~ ; y ) $G $" $k $3$H !" $D $^$j �ltration $O J] B8$9$k $, <!?t $O J] B8 $7 $J $$ JQ49 $G $" $k $3$H $K Cm0U$9$k !# 0J>e $, W eyl bundle W ( L; A ) V $K FCM- $N <+8JF17? $G$" $k !# <! $K !" @hDx $N<+8JF17? $H AH$_9g $o$;$F !" $h $j0lHL $N <+8JF17? $r 9M $( $h $& !# B( $A !" 2f !9 $N 9M $( $k:G$b0lHL $N <+ 8JF17? A f $r 0J2< $N$h $& $K Dj5A$9$k !# A f : a 7! f � ( U � 1 � a � U ) ; a 2 W ( L; A ) V (3.9) f � $K $O L $H A $N JQ49 $, 4{ $K 4^$^ $l $F $$ $k$N $G !" >e $G Dj5A $7 $? H 2 W 0 3 ( L; A ) $J $k U $N HO 0O $G $A$g $& $I 2aIT B- $, L5$$ !# $3$N A f $O @hDx$N$h $& $J 8@$$J} $r $9 $l $P !" di�eomorphism f $N W eyl bundle $X$N lifting $r M? $($? $3 $H $K AjEv $7 $F $$$k !# $= $7 $F !" $= $N lifting $K BP1~$9$k6& JQ30 HyJ, $, 2f !9 $NM? $($? W eyl connection D $G $" $k !# $D$^$j @hDx $H F1 MM $K !" f $, 91Ey <LA|$N ;~ $K$O A f $O �b erwise $J <+ 8JF1 7? $G $" $k $, !" $=$N JQ49 $K BP 1~$9 $k %2 !< %8 >l $, !" (2.56) $G ?7 $? $K 2C $($? connection 1-form $K $J $k$N $G$" $k !# 0J2< $G$O $=$N$3$H$r 8+$k !# C" $7 !" $= $N$?$a $K$O f 0 � $r MQ$$ $? I=<0 $N J} $, JXMx $G$" $k !# $D$^ $j!" v $N :nMQ $H U $N :nMQ $, F1 $8 conjugation $N 7A $G$" $k $3 $H $+$i !" v $r U $K 4^ $a $F $7 $^ $& $3 $H $K $9$k $+$o$j $K f � $r f 0 � $K $9$k !# @hDx $N5DO@ $+$i L@ $i$+$J $h $& $K !" $= $l $O U $r Dj $a$k H $N Dj5A$5 $l $kHO0O $K ~ A $r 2C $( $l $P NI $$ !# => $C $F !" :G=*E* $K Dj5A 3.1 W eyl bundle $N section $N @.$9Be?t W ( L; A ) V $N <+8JF17? A f : W ( L; A ) V 7! W ( L; A ) V $r 0J2< $G Dj5A$9$k !# A f : a 7! f 0 � ( U � 1 � a � U ) ; a 2 W ( L; A ) V ; U = exp � � i ~ H � = 1 X k =0 1 k ! � i ~ H � k ; H 2 W 00 3 ( L; A ) (3.10) $3$3$G !" W 00 3 ( L; A ) = W 0 3 ( L; A ) � ~ A = ~ W ( L; A ) � S 3 ( L � ) $G $" $k !# $5 $F !" $3$N <+8JF17? A f $N 2< $G W eyl bundle $N connection D $N A f $K $h $kA| $O D 0 a := A f D ( A f � 1 a ) (3.11) $G M? $( $i $l $k !# $3 $3$G !" 2f !9 $N <+8JF17? $NDj5A $G v $r U $K 4^ $a$? $3$H $K AjEv $7 $F !" (2.56) $N D $N I=<0 $b0J2< $N MM $K =q$-49 $($F $* $/ !# D a = r L a + i ~ [ ^ ; a ] ; a 2 W ( L; A ) V ^ := � i ~ � E + 2 W ( L; A ) V 1 ! = 1 2 R ij y i y j + r L ^ + i ~ ^ � ^ (3.12) 28

$D$^$j!" A $N connection 1-form � E $r $N J} $K 4^ $a$? !# $3$N I=<0 $G A| (3.11) $r 6qBNE* $K I=$9 $H D 0 a = f 0 � ( U � 1 � D ( U � f 0 � a � U � 1 ) � U ) = f 0 � D ( f 0 � a ) + [ f 0 � ( U � 1 � D U ) ; a ] = f 0 � r L ( f 0 � a ) + i ~ [ f 0 � ^ ; a ] + [ f 0 � ( U � 1 � D U ) ; a ] (3.13) $H$J $k !# =>$C $F !" D 0 $r :F $S (3.12) $N 7A $G r L 0 !" ^ 0 $N%Z%"$G J, $1$F I=<($9$k $J $i $P !" r L 0 : = f 0 � r L f 0 � ; ^ 0 = f 0 � � U � 1 � ^ � U � i ~ U � 1 � r L U + ~ C � � ~ C 0 (3.14) $H$J $k !# $3$3$G !" ~ C ; ~ C 0 2 Z V 1 $O $= $l $> $l ^ !" ^ 0 $N cen ter J,$N IT Dj @- $r $"$+$i $5 $^ $K =q$$$? $b$N$G !" I, $: ~ $r 4^ $‘ $N $G $/$/$j =P $7 $F $" $k !J $3 $N MM $K J, $1 $k $3$H <+BN $O >o $K 2D G= $G$" $j !" $=$N ;~ ^ $O cen ter J,$N IT Dj@- $r ;} $D $3 $H $O 4{ $K =R $Y $? !K !# FC $K !" f $, 91Ey<LA| $G$=$N symplectic lifting $, <+L@ $J lifting � f ( x ) i j = � i j $N $H$- !" 8@ $$49 $( $k $H f 0 � = id $H $7 $?$H$- !" r L $O ITJQ $G$" $k !# 0l J} ^ $N J} $O 3N $+$K !" U $K $h$k %2 !< %8 JQ49 $K $h $k !" $+ $D 8GDj $7 $? r L $N 2< $G$N connection 1-form $N JQ49@- $r ;}$C $F$$ $k !# $= $3 $G !" W eyl bundle $N %2 !< %8 JQ 49 $r 0J2< $G Dj5A$9$k $3 $H$K $9 $k !# Dj5A 3.2 f $, 91Ey<LA| $G$=$N symplectic lifting $, <+L@ $J$H$- !" $D$^$j f 0 � = id $N$H$- !" (3.10) $N <+8JF17? A f $r A $H =q $- !" W ( L; A ) $N W eyl %2 !< %8 JQ49 $G$" $k $H 8@ $& !# B( $A !" A : a 7! U � 1 � a � U; a 2 W ( L; A ) V ; U = exp � � i ~ H � = 1 X k =0 1 k ! � i ~ H � k ; H 2 W 00 3 ( L; A ) (3.15) <B :] !" $3 $N JQ 49$N L5 8B >. It J, W 00 3 ( L; A ) = W 0 3 ( L; A ) � ~ A $O !" � @Q $N 8r 49 ;R$N 2<$G %Y %/ %H %k 6u 4V$H $7 $F L5 8B<! 85 $N Lie Be?t $r@. $7 !" FC $K$= $N:G Dc <! $K DL >o $N Lie Be?t A $r 4^ $s$G$$$k!# => $C $F !" A $O 85 $N A $NBP>N @- $r L58B<!85 $K 3HD% $7 $? %2 !< %8 JQ49 $G$" $k $H 2r<a $G$- $k !# $= $7 $F$3$N W eyl %2 !< %8 JQ49 $N %2 !< %8 >l $, ^ $K $J $C $F$$ $k $o $1$G$"$k!# $b$A $m $s <+8J F1 7? A f A4BN $r 9M $($k $J $i !" (3.12) $G r L $H ^ $r J, $1$? $N $O con v en tion $K 2a $. $J $$!# $7 $+ $7 !" f 0 � = id $H $7 $F r L $r 8G Dj $9 $k >l 9g $K $O J, $1$?0U L# $, =P $F$/ $k!# 2f !9 $O DL >o $N %2 !< %8 JQ49 A $NJ} $K CmL\ $9$k $N $G !" r L $r 8GDj $7 $? >l9g $r$3$3 $G $O %2 !< %8 JQ49 $H 8F $V $3 $H $K $9$k !# $b $7 L $N %2 !< %8 JQ49 $b4^ $a $? A4 $F$N �b erwise $J JQ49A4BN $r %2 !< %8 JQ49 $H 8F $V $H $9$k $H !J Rieamnn B?MMBN $N 0UL# $G$O$J$$ $, !K spin connection $N<+M3EY $, F~$k $? $a=ENO $b4^ $a $i $l $k $3 $H $K$J$k !# $= $N $H$-BP1~ $9$k %2 !< %8 >l $O � i ~ � E + 1 2 � ij y i y j $H$J $k !# C" $7 !" $=$N $& $A L $N ItJ, $N %2 !< %8 JQ49@- $O (3.15) $N 7A $G$O$J $/!" $b$C $H J#;( $G$" $k !# 3.1.2 V W D $N F17? $H !"F1CM $J � @Q $3$3$^ $G $O W eyl bundle W ( L; A ) V $N<+8J F1 7? $d !" $= $l$H W eyl connection D $H$N4X78 $r8+ $F $- $? $, !" $3 $N@a $G $O !" FC $K D $, Ab elian connection $N >l9g $r 9M $($k !# $3 $N $H$- $O Be?t W D $"$k $$ $O ( C 1 ( M )[[ ~ ]] A ; � ) 29

$H $$ $& FCJL $J ItJ,Be?t $, $" $k $N $G !" $= $l $i$K 5Z$98z2L $r 8+ $F$_ $k !# 0lHL $N connection $H F1 MM $K !" G$ 0U $N<+ 8J F1 7? <L A| A f (3.10) $N2< $G !" Ab elian connection D $N >l 9g $b $= $NA| D 0 a := A f D ( A f � 1 a ) (3.16) $K<L $k $, !" $3 $N D 0 $O :F $S Ab elian connection $G$" $k!# $J $< $J $i !" D 2 a = 0 $J $i $P ( D 0 ) 2 a = A f D 2 ( A f � 1 a ) = 0 $G$" $k $+$i !J W eyl 6JN( $N 8@MU $G 8@ $& $H !" <+ 8JF1 7? $G cen ter $O cen ter $K <L$k $+ $i !" $H$b 8@ $( $k !K !# $3$N $3$H $+$i !" 0J2< $N$3 $H $, 8@ $( $k !# L?Bj 3.3 <LA| A f $N Dj5A0h $r W ( L; A ) V $+$i V W D $K @)8B $9$k $3$H $K $h$j !" F17? A f : V W D ! V W D 0 $, F3 $+ $l $k !# 99 $K$3$N F17? $O #2$D $N � @Q $N F1CM $r F3$/ !# <B :]!" Dj 5A 0h $r V W D !" $D $^ $j D a = 0 $rK~ $? $9 a $K@) 8B $9 $k $H !" $3 $N <L A| $N 2< $G D 0 a 0 = D 0 ( A f a ) = A f ( D a ) = 0 $, @.$jN)$D $N $G !" L?Bj $NA0H> $O $9 $0 $K <( $;$k !# $b$A$m $s !" $3$N F17? $N $& $A 0-form ItJ, W D $r <h $j=P $7 $F $b F1 7? $J$N$G !" W D $H � @Q $, 0l BP0l $K BP 1~$9$k$3$H$r ;W$$ =P $; $P !" #2$D$N � @Q $N Be?t$N F1 7? !" $D$^$j � @Q$N F1 CM @-$bL@ $i$+$G$" $k $, !" 6qBNE* $K F1CM@- $r 3N $+$a $h $& !# 0J2< $N 2D49?^<0 $G I=$5 $l $k<LA| T $r Dj5A$9$k !# ( W D ; � ) A f � � � � ! ( W D 0 ; � ) Q x ? ? x ? ? Q 0 ( C 1 ( M )[[ ~ ]] A ; � ) T � � � � ! ( C 1 ( M )[[ ~ ]] A ; � 0 ) =D $N <L A| $O W D $H � @Q $N Be?t C 1 ( M )[[ ~ ]] A $N F17? $r I=$9 $, !" Ab elian connection $, 0[ $J $l $P � @Q$b 0[ $J $k $3 $H$K Cm0U$9$k !# W D $K 8B $l $P � = Q � 1 $G $" $k$N $G !" <LA| T $O T : C 1 ( M )[[ ~ ]] A ! C 1 ( M )[[ ~ ]] A a 0 7! Q 0 � 1 A f Q ( a 0 ) (3.17) $H =q$/ $3 $H $, $G $- $k !# $3$N T $K BP $7 !" � @Q $N Dj5A (2.33) $r MQ$$$k $H 5 !" T a 0 � 0 T b 0 = T ( a 0 � b 0 ) (3.18) $, @. N) $9 $k $3 $H $r<( $9 $3 $H $,$G$-$k!# $D $^ $j ( C 1 ( M )[[ ~ ]] A ; � ) $H ( C 1 ( M )[[ ~ ]] A ; � 0 ) $O F17? $G$"$k!# => $C $F $3$N<LA| T $O Dj5A 2.3 $N � @Q $NF1CM $r M? $( $k<LA| $K B> $J $i$J$$ 6 !# 0J >e $N $3 $H $+ $i !" M? $( $i $l $?#1$D $N � @Q $K BP $7 !" W ( L; A ) V $N <+8JF17? A f $4 $H$K $= $l $H F1CM $J � @Q $, B8:_$9$k $3$H $, $o$+ $C $? !# >e $N 5DO@ $r$b $& >/ $7 >\ $7 $/ (3.12) $N ^ $N 8@MU $G 8+D> $= $& !# <+ 8JF1 7? A f $, M? $( $i $l $?$H$- !" $= $l$K $h$j<L $j 9g $& #2$D $N W eyl connection $N 4X78 $O (3.14) $G M? $($i $l $F $$ $k $, !" $= $3 $+$i 0J2< $N 4X78<0 $, F3 $+ $l $k !# D U = U � i ~ � f 0 � ^ 0 � ^ + ~ ( f 0 � C 0 � C ) � 0 = f 0 � + ~ d ( f 0 � C � C 0 ) 0 0 = f 0 � 0 (3.19) 5 T a 0 � 0 T b 0 = � ( Q 0 � A f Q ( a 0 ) � Q 0 � A f Q ( b 0 )) = � ( A f Q ( a 0 ) � A f Q ( b 0 )) = � A f ( Q ( a 0 ) � Q ( b 0 )) = � A f Q ( a 0 � b 0 ) 6 � @Q $N F1CM@- $N 0lHLO@ $O [16] $, >\ $7 $$ !# 30

#19TL\ $O (3.14) $N Bh#2 <0 $r C1 $K =q $-49 $($? $@ $1$G$"$k !# #29T L\ $O (3.14) $+$i W eyl 6JN( $r7W;; $7 $?$b$N $G !" #3 9T L\ $O $= $N $&$A :G Dc <!$N ~ = 0 @. J, $r <h$j =P $7 $? 7 !# $3$3 $G FC $K D $, Ab elian connection $N$H $-$O !" D 0 $b Ab elian $G $" $k $+$i !" 0 $O 6& $K cen ter $N 85 $G $" $j !" $3 $l $K :n MQ $9 $k f 0 � $O DL>o$N push-forw ard $K 0l CW$9 $k !# $^ $? Ab elian connection $O � $r I, $: 4^ $s$G$$ $k $? $a !" Ho dge-de Rham J,2r $r MQ $$ $F Bh #1<0 $O 99 $K <! $N$h $& $K $b =q$-D> $; $k !# U = � ( U ) + � � 1 � ( D + � ) U � i ~ U � � f 0 � ^ 0 � ^ + ~ ( f 0 � C 0 � C ) � � (3.20) $3 $l$i $+ $i#2$D $N Ab elian connection D !" D 0 $r 7R $0 <+8J F1 7? A f $NB8:_ $9 $k $? $a $NI, MW >r 7o $, FI $_<h $l $k !# Bh #3<0 $O !" symplectic form 0 $, DL>o $N push-forw ard 0J30 $NJQ49 $r <u $1$J$$ $3 $H $r I= $7 $F$$$k !# Bh #2<0 $N W eyl 6JN( $N4X78 $K $D$$ $F $O !" $= $N :9 $, ^ $N ITDj@- $+$i Mh$k exact cen tral 2-form J, $G$" $k $3$H$r 0UL# $7 $F $$ $k !# $3 $l$O 0 $, f 0 � $H F1 $8 H 2 ( M )[[ ~ ]] $N cohomology class $K F~$k $H$$ $& $3$H$H Ey2A $G$" $k !# $3 $l$i $, A f $, B8:_ $9$k;~ $N 5"7k $G$" $k !# $G$O 5U $K !" G$0U$N #2$D$N � @Q $O $$ $D F1 CM $K$J $k$N $+ !" 8@$$ 49 $( $k $H G$ 0U$N#2 $D$N Ab elian connection $r 7R $0 A f $O $$$D B8:_ $9$k $N $+ !" $H$$ $& $3$H $, LdBj $K$J $k !# $= $l$, 2r $l $P HsF1CM $J � @Q $r J,N‘ $9$k $3 $H $, 2DG= $K$J $k 8 !# <B $O A f $N $& $A $N f =id. $J $k �b erwise $J <+ 8JF17? $K 4X $7 $F$O !" >e $N I,MW >r7o $O ==J, >r7o $G $b$" $k $3$H $, <($5 $l $F $$ $k !# B($A !" DjM} 3.4 #2$D $N Ab elian connection $r D !" D 0 $H $9$k !# $3$N $H$- W D $r W D 0 $K <L $9$h $& $J �b erwise $J <+ 8JF17? A f $O !" W eyl 6JN( !" 0 $, F1 $8 cohomology class $K B0 $7 !" $+ $D$= $N:GDc<! $, 0lCW $9$k $H$- $K 8B $jB8:_ $9 $k !# $3 $l$r <( $9 $K $O !" #2 $D $N>r 7o $rK~ $?$9 $H$- $K A f ( f =id.) $N B8:_ $, 8@ $( $l $P NI $$ !# $= $l$r 4JC1 $K @bL@ $9$k 9 !# $^ $: 0 0 = 0 $J $N$G #2$D$N bundle $N F17? � ; � 0 : T M ! L $+$i symplectic F17? � = � 0 � � 1 : L ! L $, :n $l $k !# <! $K !" (3.20) $O U $r M? $($? ;~ $N ^ 0 $r Dj $a$k<0 $G$"$k $, !" 5U $K U $K 4X$9$k J}Dx <0 $H8+$k $H !" M? $( $i $l $? � ( U ) !" ^ !" f 0 � ^ 0 $K BP $7 $F U $r0l0U E* $K Dj $a$k !J $3 $3 $G f 0 � ^ 0 $O � = � 0 � � 1 $K$h$k JQ 49 $H$9 $k !K !# => $C $F � $H U 2 W + $, Dj$^ $k $N $G A f $, B8:_ $9$k $H$$ $& N. $l$G$"$k !# 0lHL $N A f $N >l9g $K$b F1MM $K I,MW== J, >r 7o $, 5a$^ $k $H ;W $o $l $k !# $$ $: $l $K $7 $F $b !" #2$D$N F1 CM $J � @Q $O !" W eyl bundle $G 8+ $l $P di�eomorphism !J $H $= $N symplectic lifting !K $H W eyl %2 !< %8 JQ49 $N AH $_ 9g $o$; $K $h$j 7k $S $D$$ $F$$ $k $3$H $, $o$+ $k !# 3.1.3 Hs2D49 %2!< %8 JQ49 $H $7 $F$N V W D $N <+8JF17? A0@a $G$O W ( L; A ) V $N G$0U $N<+8JF17? A f $, F17? A f : V W D ! V W D 0 $r 0z $- 5/ $3$9$3 $H$r 8+ $? $, !" $3$N @a $G $O$=$NFCJL $J>l9g $H $7 $F !" V W D $N <+8JF1 7? $r 9M;! $9 $k !# $D$^ $j!" A f $N Dj5A0h $r V W D $K @)8B $7 $? ;~ $K$= $N A|$b V W D $G $" $k >l9g $N$3$H $G $" $k !# $=$N$h $& $J A f $O !" W ( L; A ) V >e $G Ab elian connection D $N A| $, 7 #1 9TL\ $K D $r :nMQ$5$;$F$bF@ $i $l $k !# 8 F edoso v $N JQ7ANL;R2=$N8@MU $r MQ$$$? � @Q$NJ,N‘LdBj $K $D$$$F $O [19] $r ;2>H !# $= $3$G$O Ho c hsc hild cohomology $H ~ $G JQ7A $7 $? de Rham cohomology $O F17? H k ( W D ; W D ) ’ H k ( M )[ ~ ; ~ ]] $G !" FC@-N‘ $O 1 ~ $G M? $($i $l $k $3$H$r <( $7 $F $$ $k !# 9 >ZL@ $O $= $l $[ $I 4JC1 $G $O$J $$ !#>\:Y $O [4] ;2>H !# 31

<+?H $K La$k $H $$ $& >r7o D a = A f D A f � 1 a; 8 a 2 W ( L; A ) V (3.21) $D$^$j D $r J] B8$9 $k>r 7o $K $h $j Dj$^ $k !# $3$N $h $& $J #2$D$N A f $N <LA|$N 9g @. $O :F $S V W D $N <+8J F17? $G$" $k $+ $i !" (3.21) $r K~ $?$9 A f $N A4BN $O !" W ( L; A ) V $N <+8JF17?A4 BN $N ItJ,72 $r @.$9 !# $^ $? !" L@ $i $+$K V W D $N <+8JF17? $N 2< $G � @Q $O ITJQ $G$" $k !# $D$^$j!" (3.17) $N <LA| T $O D 0 = D $h$j T : ( C 1 ( M )[[ ~ ]] A ; � ) ! ( C 1 ( M )[[ ~ ]] A ; � ) a 0 7! Q � 1 A f Q ( a 0 ) (3.22) $H $$ $& ( C 1 ( M )[[ ~ ]] A ; � ) $N Cf $G$N JQ49 $K$J $j !" (3.18) $O :# $N >l9g $O T ( a 0 � b 0 ) = T a 0 � T b 0 $H$J $k !# $G$O !" >r 7o (3.21) $r K~ $?$9 A f $H$O 6qBNE* $K $I $N$h $& $J$b $N $+$r D4 $Y$h $& !# (3.12) $N I=<( $G 8@ $& $H !" D $r IT JQ $K J]$D $H $$ $& $N $O r L 0 = r L ; ^ 0 + ~ C 0 = ^ + ~ C (3.23) $K B> $J $i$J $$ !# =>$C $F (3.14) $K BeF~$9$k $H 0J2< $N$h $& $K$J $k !# r L = f 0 � r L f 0 � ; ^ = f 0 � � U � 1 � ^ � U � i ~ U � 1 � r L U + ~ C � � ~ C 0 (3.24) $3 $l$i $r K~$?$9$h $& $J f 0 � $H U $, Dj $a $k A f $, !" V W D $N <+8J F17? $G $" $k !# =>$C $F !" V W D $N 2DG= $J <+8JF1 7? $O 0J2< $N$h $& $K FCD’IU $1$i $l $k !# $^ $: (3.23) $N Bh #1 <0 $K BP $7 $F$O !" symplectic lifting � $r �( f ( x )) m l k ( f 0 � � k ) = �( x ) m lk � k � � ( d� ) � � 1 � m l (3.25) $r K~ $?$9$h $& $K$H $l $P NI$$ !# Bh #2<0 $+$i$O (3.19) $H F1MM $K $7 $F D U = U � i ~ � f 0 � ^ � ^ + ~ ( f 0 � C 0 � C ) � f 0 � = + ~ d ( C � f 0 � C 0 ) f 0 � 0 = 0 (3.26) $, F@ $i $l $k !# Bh#3 <0 $O di�eomorphism f $, M $N symplectic form 0 $r J] $D $3$H $r 0UL# $7 $F$$ $k !# $D$^ $j A f $, V W D $N <+8JF17? $G$" $k$?$a $K$O !" Dl6u4V $X$N :nMQ f $O M $N symplectomorphism $G $" $k I,MW $, $" $k !# 3HD% $9$kA0 $N W eyl bundle W $N >l9g $K$O <B $O$=$N 5U $b@.$jN) $D !# B($A !" M? $( $i $l $? symplectomorphism f $K BP $7 !" A f $, V W D $N <+8JF17? $K$J $k$h $& $J U $, I, $: 7h$^$k $3 $H $, <($5 $l $F$$ $k !# $D$^ $j!" $=$b $=$b$NNL;R 2= $N8@MU $G 8@ $& $H !" 8EE5E* $J @5=‘JQ49 $K BP $7 $F I, $:$= $l$r JQ7A $7 $? NL;RO@E* $J @5=‘JQ49 $, B8:_$9$k $3$H$r 0UL# $7 $F$$ $k !# :# $N 2f !9 $N 2r<a $G $O !" $3 $l$O <+8JF17? A f $N Cf $K$O 2D49 $J :BI8JQ49 $K IU?o$9$kHs2D49E* $J :BI8JQ49 $K Ev $?$k $b $N $, F~ $C $F$$ $k $3 $H $rI= $7 $F$$$k!# C" $7 !" W ( L; A ) $G$O F1 $8 $3 $H $, @. $jN) $D $H $O 8B $i$J $$ !# $= $l $O !" 32

0lHL $K lifting � !" v $K BP$9 $k obstruction $, $"$j $& $k $+ $i $G$" $k !# $= $l$G $b A f $, Hs2D 49E* $J :BI8 JQ49 $r 4^$‘ $H $$ $& $N $O 3N $+$G$" $k !# 0J2< $G $O 99 $K >u67 $r 8BDj $7 !" W ( L; A ) V $N <+8JF17? A f $r W eyl %2 !< %8 JQ49 A $K @)8B $7 $? >l9g $r 9M $( $k !# W ( L; A ) V $N <+8JF17? $& $A !" �b erwise $G$+ $D symplectic lifting $r <+L@ $K 8GDj $7 $?$b$N $, W eyl %2 !< %8 JQ49 $G$" $C $? !# $= $l $K BP1~ $7 $F 0J2<$h $& $K Dj5A$9$k !# Dj5A 3.5 W ( L; A ) V $N W eyl %2 !< %8 JQ49 A $, Ab elian connection D $r J]B8$9$k$h $& $J V W D $N <+8J F1 7?<LA| $G$" $k $H$- !" $= $l $r V W D $N Hs2D49 %2 !< %8 JQ49 $H 8F $S !" A D $H =q $/ !# 8@ $$ 49$( $k $H !" >e $N V W D $N <+ 8J F1 7? A4 BN $N $& $A $N f 0 � =id. $J $k $b $N $r Hs 2D 49%2 !<%8 JQ 49$H 8F $V $N $G $" $k !# $b$A$m $s !" Dj5A $+$i Hs2D49 %2 !< %8 JQ49 $O !J L58B<!85 $N !K W eyl %2 !< %8 JQ4972 $N ItJ,72 $r @. $7 $F$$ $k !# 99 $K !" $3$N$h $& $K Dj5A $7 $F $*$/ $H !" FC $K 9M $($F$$$k � @Q $, Mo y al-W eyl @Q $N>l9g $K$O !" CN $i $l $F $$$kHs2D49 %2 !< %8 JQ 49 $K 0lCW$9$k !# $=$N M}M3 $O 0J2< $N @-<A $K 5r$k !# L?Bj 3.6 Hs2D49 %2 !< %8 JQ49 A D : V W D ! V W D $O lo cally inner $G $" $k !# B( $A !" G$0U $N E@ x 2 M $N <~$j $G a 2 V W D $N JQ49@- $, A D : a 7! a = V � 1 � a � V ; V 2 W D (3.27) $H I= $; $k6aK5 $, B8:_$9$k !# $D $^$j !" U <+ ?H $, at section $K $J $k$H $$ $& $3$H$, $3 $N L? Bj$N <g D% $G $" $k 10 !# $3 $N >Z L@$r 4J C1 $K 8+$F $*$3 $& !# $^ $: !" V W D $N <+ 8J F17? (3.23) $+ $i :F $S =PH/ $7 !" 5v $5 $l $k A $N >r 7o $r 5a$a $k !# W eyl %2 !< %8 JQ49 A $N >l9g $O (3.23) $N Bh #1 <0 $O <+F0E* $J$N$G !" >r7o $O Bh#2<0 $K 8B $i $l $k !# $= $l $O !" ^ $O A $N 2< $G cen ter $N ITDj@- $r =| $$$F ITJQ $G$" $l !" $H $$ $& >r7o $G$" $k !# $3$N >r7o $r K~ $?$9 U $O (3.26) $G f 0 � =id. $H $7 $? $b$N D U = iU ( C 0 � C ) (3.28) $G FC D’IU $1$i $l $k !# $3$3$G 1& JU $K$O !" 0 $N ITDj @- $N$_ $, 8= $l $F $$ $k !# $3 $l $r K~ $? $9 U $, Hs 2D49 %2 !< %8 JQ49 $r 0z$-5/ $3 $9 U $G $" $k $, !" $= $l$, $3 $N <0 $r A22=<0 7A $K $7 $? 7A $+$i cen ter ( C 0 � C ) $r M? $( $k $H 0l0U E* $K 7h$^ $k $N $O !" $3 $l $^ $G$N 5DO@ $H F1MM $G$" $k !# :# $O 0lHL $N<+8JF17? A f $N 5DO@ $+$i >u67 $r @)8B $7 $F F3 $$ $? $, !" $3$N <0 (3.28) $@$1$J $i $P ;O $a $+ $i W eyl %2 !< %8 JQ49 $NOHFb $G 9M $( $l $P $h$jMF0W $K F@ $i $l $k !# $D $^ $j!" W eyl %2 !< %8 JQ49 8e $b V W D $N 85 $G$" $l !" $H$$ $& >r 7o $O D a = 0 $K BP $7 D a 0 = D ( U � 1 � a � U ) = i ~ [ U � D U � 1 ; a ] = 0 $G $" $k $, !" $3 $l$O U � D U � 1 $, cen ter $G$" $l !" $H$$ $& >r 7o $G$"$j!" D> $A $K (3.28) $K 5"Ce $9 $k $+ $i $G$"$k !# $H$b $+ $/!" $3 $N (3.28) $G 1&JU $N cen ter $, 0 $N $H$- $O D U = 0 $h$j U 2 W D $H$J$k !# $3 $l$O Bg0h E* $K @5 $7 $$ !# 0l J} !" ( C 0 � C ) $, 0 $G$J $$ $H$- $O !" $3$N <0 $K D $r :nMQ $5 $;$k $H !" d ( C 0 � C ) = 0 !" $D$^ $j closed 1-form $K$J $k !# $3$N $3 $H $+ $i !" 6I=jE* $K$O P oincar � e lemma $h$j !" $"$k cen ter $N 4X?t ’ 2 Z 2 $r MQ $$ $F C 0 � C = d’ $H =q $1 $k 11 !# $3 10 <B $O$3 $N L?Bj<+?H $O A D $@$1 $G$J $/ L $N %2 !< %8 JQ49 $r 4^ $a$? �b erwise $J <+8JF17? $, V W D $r J]$D;~ $K @.$jN)$D [4] !# 11 ’ $O <!?t 2 0J>e $N Z 2 $N 85 $G$" $k$3 $H$K Cm0U !# 33

$N 4X?t $N<+M3EY $O !" <B $O U $N J} $N ITDj@- $K BP1~ $7 $F $$ $k $N $G 12 !" V := U exp( � i’ ) $H :FDj5A $9$k $3$H $K $h$j <h$j =| $1 $k !# $3$N V $O D V = D ( U exp( � i’ )) = iU ( C 0 � C ) exp( � i’ ) + U ( � id’ ) exp( � i’ ) = 0 $h $j W D $N 85 $K $J$k !# $h $C $F !" L? Bj $, <( $5 $l$? !# 0J 8e V $H =q$/ $H $- $O >o $K >e $N $h$& $K IT Dj @- $r8G Dj $7 $?$b $N $r;X $9 !# $5 $F !" $3$N L?Bj $K $h$j!" V $K$O !J 6I=jE* $K$O !K BP1~ $9$k C 1 ( M )[[ ~ ]] A $N 85 $, B8:_$9$k $N $G !" (3.27) $r � $r MQ$$ $F C 1 ( M )[[ ~ ]] A >e $K <M1F$9$k $H !" A D : a 0 7! V � 1 0 � a 0 � V 0 (3.29) $H =q $1 $k !# $3$3$G a 0 = � ( a ) !" V 0 = � ( V ) $O C 1 ( M )[[ ~ ]] A $N 85 $G $" $k !#0lHL $N W eyl %2 !< %8 JQ 49 U $N >l 9g $H 0c$$ !" $3$N >l9g $O JQ 49<+BN$b � @Q $r MQ$$$F I=$; $k $o $1$G $" $k !# $3 $l $O $$$o$f $k Hs2D49 Y ang-Mills M} O@ $N %2 !< %8 JQ49@- $r 0lHL $N � @Q $G CV $-49 $($?$b $N $K$J$C $F$$$k $? $a !" 2f!9 $N Dj5A 3.5 $O CN $i $l $F$$ $kJQ49 @- $N<+A3 $J 3HD% $G $" $k $3$H$r <( $7 $F $$ $k !# $h$C $F !" V W D $N Hs2D 49 %2 !< %8 JQ49 A D $N$3$H$r ( C 1 ( M )[[ ~ ]] A ; � ) $N Hs 2D49 %2 !< %8 JQ49 $H$b8F $V !# C" $7 !" Mo y al-W eyl @Q $N $h $& $K M $, 0l $D $N6aK5 $G J$ $( $F $7 $^ $& >l 9g $K $O !" >e $NI= <0 (3.29) $, 6I=jE* $@$1$G$J $/Bg0hE* $K @5 $7 $$ $, !" 0lHL $K$O 6I=jE* $K $7 $+ 0UL# $r ;} $? $J$$ $3$H $K Cm0U$9$k !# $3 $l$O A4 $F$r � @Q $@$1 $G 9M $( $k $3$H $K$O 8B3& $, $" $k $3$H $r <( $7 $F $$$k !# 0lJ} !" W D $G J*;v $r 5DO@ $9$k8B $j!" (3.27) $, 6I=jE* $K $7 $+ @.$jN) $? $J$$$H$$ $& $N $O FCDj $NI=<( $N OC $K 2a $. $: !" lo cally inner $K 94 $i$J$1 $l $P Bg0hE* $J I=<0 $r MQ$$ $l $P NI $$ !# $3$N 0c $$ $O <! $N @a $G$b Hs>o $K 8z$$ $F $/$k $3 $H $K$J $k !# $^ $? !" C 1 ( M )[[ ~ ]] A $G$O � @Q$NDj5A $+ $i L@ $i$+$J$h $& $K !" Hs 2D49 %2 !< %8 JQ49 (3.29) $O 0lHL $K !" ~ $N 9b<! $K L58B8D $NHyJ, $r 4^$‘JQ 49 $K$J$C $F$$$k $? $a !" ~ $N 9b <! $K 4X$9 $k :B I8 JQ49 $r 4^ $s$G $$ $k !# $3 $l$, @h $K Hs2D 49 :B I8JQ 49 $H 8@$C $F $$$? $b$N$G $" $k !# $h$C $F !" %2 !< %8 JQ49 $J$N $K 6I=j JQ49@- $G $O$J $$ $h $& $K ;W $( $k !# $7 $+ $7 !" C 1 ( M )[[ ~ ]] A $G$O $b$O$d E@ $N 35G0$9 $i L5 $/ $J $C $F$$ $k$N $G !" 6I=jE* $+ H] $+$r H=Dj$9$k $3$H$5$($G$-$J $$$?$a !" L7=b $G$O$J $$ !# $7 $+ $7 !" V W D $G$O Hs2D49 %2 !< %8 JQ49 A D $H$O K\Ev $K �b erwise $J 6I=jJQ 49 $G$" $k $? $a !" %2 !< %8 JQ49 $H 8F $V $K $U $5 $o $7 $$ !# $3$NE@ $+$i$b !" W D $G A4 $F$r Dj5A$9$k $3$H$N $4 Mx1W $, 46 $8 $i$l $k$N $G$O$J $$ $@ $m $& $+ !# 3.2 Hs2D49 %2!< %8 >l $N Dj5A A0@a $G$O W ( L; A ) V >e$N W eyl %2 !< %8 JQ49 A $H !" V W D >e $N Hs 2D49 %2 !< %8 JQ49 $r Dj5A $7 $? !# $3$N @a $G$O $= $l $>$l BP1~$9$k %2 !< %8 >l $K $D$$$F D4 $Y $k !# FC $K Hs2D49 %2 !< %8 >l $r Dj5A$9$k $N $, L\I8 $G$" $k !# 3.2.1 W eyl %2 !< %8 >l $^ $: !" W ( L; A ) V >e$N W eyl %2 !< %8 JQ49 $K BP1~$9$k W eyl %2 !< %8 >l ^ A $r F3F~$9$k !# $3 $3 $^$G $O !" <g $K Ab elian connection $H $$ $& FC JL$J W eyl connection $r 9M$( $F $- $? !# x 2.3 $G $O Ab elian connections D $r (2.24) $N 7A $G M? $( !" x 3.1 $G$O W eyl bundle $N <+8J F17? A f (3.10) $, Ab elian connection D $K 4X $9$k at section $N 6u4V W D C# $N F17? $r F3$/ $3$H $r 8+ $? !# $7 $+ $7 !" 0lHL $K$O (2.21) $N D $O connection $H 12 U $N ITDj@- $b <!?t 2 0J>e$N cen ter � H 2 Z 2 $+$i @.$k !# 34

$7 $F $O G$0U $G !" JL $K Ab elian $G $" $kI, MW $O$J$$ $7 !" (3.10) $N <+8J F1 7? A f (3.10) <+?H $b W D $K L54X 78 $K Dj5A $5 $l $F $$$? !# 4{ $K 8+ $F$-$? $h $& $K !" $b $7 W eyl bundle $r %2 !< %8 M}O@ $H $7 $F J* M}E* $J BP>] $H B* $( $k $J$i $P !" W eyl connection D $N Cf $N %2 !< %8 >l $O NO3XJQ?t $H $7 $F 07 $o $l !" $" $i$f $kG[0L $r$H$j $& $k !# 8@ $$49 $( $k $H !" W eyl %2 !< %8 >l $K $D$$ $F 7PO)@QJ,$9$k $H$$ $& $3 $H $K$J $k !# $^ $? !" $3$N $H$- <+8JF17? A f $O 7O $NBP>N@- $H 8+ $J $5 $l $k !# FC $K 2f!9 $O (3.15) $N W eyl %2 !< %8 JQ49 A $K 8B $C $F9M $( $F $$$k $N $G !" $= $N>l 9g $NNO 3X JQ ?t $O (3.12) $N ^ $H$$ $& $3 $H $K $J$k!# 0J8e !" $"$k 8G Dj $7 $? Ab elian connection $r :# $^ $G DL $j D $H =q $- !" 0l HL $N %@ %$ %J%_%+ %k $K JQ 2= $9$k W eyl connection $N J} $r C1 $K$= $l$H 6hJL $9$k $? $a $K D $H =q$/ $3 $H $K $9$k !# $^ $?$= $l$K BP1~ $7 $F !" D $K 4^ $^ $l $k W eyl %2 !< %8 >l $r ^ A $H 5-$9 !# B($A !" W eyl %2 !< %8 JQ49 $K BP$9$k6&JQ30HyJ, D : W ( L; A ) V p ! W ( L; A ) V p +1 $O D a = r L a + i ~ [ ^ A; a ] (3.30) $H I=$5 $l $k !# $3$3$G !" W eyl %2 !< %8 JQ49 $, L $N %2 !< %8 JQ49 $N <+M3EY $r 4^$^ $J$$ Dj5A $G$" $k $3 $H$+$i !" r L $r J, N% $7 !" ^ A $r NO3X JQ ?t $H9M $( $F$$$k!# $^ $? !" ^ A $O ^ $r 5-9f $rJQ $($FI= $7 $? $@ $1$J$N $G !" $= $N<h $j $& $k G[ 0L $O ^ $H F1 $8 $/ ^ A 2 W 0 ( L; A ) V 1 $G $" $k !# F1MM $K 0J 2< $N <0 $O A4 $F !" 0JA0 $N xx 2.3.3 $G $N 7k 2L $N >F $- D> $7 $K 2a $. $J $$ !# $^ $: !" D $N W eyl 6JN( 2-form $r ^ F $H 5-$9 $H !" $= $l$O DL>oDL$j D 2 a = i ~ [ ^ F ; a ] ; 8 a 2 W ( L; A ) V ; ^ F = 1 2 R ij y i y j + r L ^ A + i ~ ^ A � ^ A (3.31) $K $h$j !" 8GDj $7 $? r L $N 6JN( $H ^ A $N �eld strength $N OB $G M? $( $i $l $k !# W eyl %2 !< %8 JQ49 A (3.15) $N 2< $G !" D $O$=$N A| $K D 0 a = A D A � 1 a; 8 a 2 W ( L; A ) V (3.32) $N$h $& $K <L$k $, !" r L $, ITJQ $G$" $k$3$H$K Cm 0U $7 $3$l $r W eyl %2 !< %8 >l ^ A $H 6J N( ^ F $N JQ 49@- $G I=$9 $H !" 0J2< $N$h $& $K$J $k !# ^ A 0 = U � 1 � ^ A � U � i ~ U � 1 � r L U + ~ C A � ~ C A 0 ; ^ F 0 = U � 1 � ^ F � U + d ~ ( C A � C A 0 ) (3.33) $3 $3 $G ~ C A 2 Z V 1 $O ^ A $N ITDj@- $G$" $k !# $3$N $& $AFC $K !" W eyl 6JN( $, cen ter $N 85 ^ F 2 Z V 2 $K B0$9$k $H $- $K$O A4 $F $O xx 2.3.3 $N >l9g $K 5"Ce$9$k !#B( $A !" $=$N$h $& $J ^ A $O Ab elian connection $N G[0L $K$J $k !# 3.2.2 Hs2D49 %2!< %8 >l >e $G$O !" W eyl bundle $N section A4BN $r >l$N M}O@ $N @QJ,NN0h $H 9M $( $k $H$-$N OC $r $7 $? $, !" K\Mh $O !" 8GDj $7 $? Ab elian connection D $K BP $7 !" $= $N at section $NBe ?t V W D $^ $? $O � @Q $NF~ $C $?4X ?t Be ?t C 1 ( M )[[ ~ ]] A $, 2f!9 $NCmL\ $7 $F$$$kHs 2D 49 Be ?t !J Hs2D 49 6u 4V !K $G$"$C $? !# $D$^ $j!" >l $NM}O@ $NDj5A $5 $l$F$$$k>l $N6u 4V $O V W D $H $9 $Y $-$G $" $k !# $= $7 $F Hs 2D 49 %2 !< %8 JQ 49 A D $, $= $N 7O$N BP >N @-$H 8+ $J $5 $l $k !# $3$3 $G $O !" $3 $l $i $K BP 1~$9 35

$kHs2D49 %2 !< %8 >l $r F3F~$9$k !# Hs 2D49 %2 !< %8 JQ49 $, W eyl %2 !< %8 JQ49 $N <+M3EY $N0lIt $G$" $k $3 $H $+$i !" Hs2D49 %2 !< %8 >l $O W eyl %2 !< %8 >l ^ A $N E,Ev $J @)8B $K $h $C $F F@ $i $l $k $3$H $K$J $k !# $= $l $r 8+$kA0 $K !" $h$jET 9g $N NI$$ JQ?t $G (3.30) $r =q$- D> $7 $F $* $3 $& !# ^ A ! ^ A + ^ $H $$ $& CV $- 49 $($K $h$j !" W eyl connection D $O D a = D a + i ~ [ ^ A ; a ] ; ^ A := ^ A � ^ (3.34) $H $b I=<($9$k $3$H $,$G $- $k !# $3$N I=<0 $O D $r !" GX7J>l $H $7 $F$N 8GDj $7 $? Ab elian connection D 13 $H !" $=$N<~ $j $NMI $i $. ^ A $K J, $1$? $3 $H $K AjEv $9 $k!# $7 $+ $7 D $r $/$/ $j=P $9BX $o$j $K NO3X JQ ?t $r ^ A $+$i ^ A $K CV $-49 $($? $@$1$G $" $j !" D <+BN $N FbMF $O 85 $N $^$^ $G$" $k !# $D$^$j!" ^ A $N 7PO)@QJ, $r $9 $l $P r L $r 8GDj $7 $?$H $-$N$" $i$f $k D $N $H $j $& $kNN0h $r %+ %P !< $7 $F $$ $k !# 0lHL $K W eyl %2 !< %8 JQ49 A $N 2< $G$3$N GX7J D $O JL $N GX7J D 0 $K <L$k $, !" (3.14)(3.33) $r MQ $$$k $H !" ^ A = ^ A � ^ $H $$ $& AH $_9g $o$; $O cen ter $r =| $$ $F 6&JQ $K JQ49 $9$k $3 $H $,$o$+ $k !# ^ A 0 = U � 1 � ^ A � U + ~ C ; C = C A � C (3.35) $^ $? !" $3$N I=<( $G$N 6JN( 2-form $O 0J2< $N$h $& $K$J $k !# ^ F = + D ^ A + i ~ ^ A � ^ A (3.36) $b$A$m $s $3 $l $O (3.31) $N ^ F $K Ey $7 $$ $, !" GX7J $G$" $k Ab elian connection D $N W eyl 6J N( $, $"$i $o$K 8= $l $F$*$j !" $h$j<(:6E* $G$" $k !# $3$l 0J9_ $O !" $3$N @a$N KAF, $G =R$Y$? $h $& $K !" >l $N 6u 4V $r W ( L; A ) V $+$i V W D $K @) 8B$9 $k !# G$0U$N at section a 2 V W D $K BP $7 !" (3.34) $N I=<0 $G I= $7 $? D $N :nMQ $O D a = 0 $J$N$G D a = � i [ ^ A ; a ] ; 8 a 2 V W D (3.37) $H I=$5 $l $k !# $3$3$G ^ A $N Cf$N ^ $N ItJ, $, !" >C $( $? D $N Cf$N HyJ, $N Lr3d $r 2L $? $7 $F $$ $k $3$H$K Cm 0U$9$k !# $= $l $O V W D $K 8B$C $F $O D a = 0 $h$j r L a = � i ~ [ ^ ; a ] $, @.$jN)$D $+$i$G$" $k !# $3 $l$K $h$j !" D $O V W D $X $N :n MQ $H $7 $F $O W ( L; A ) V $N inner graded deriv ation $N 7A $K $^ $H $^$k !# Hs 2D 49 %2 !< %8 JQ49 A D $O GX7J D $r J]B8 $9$k $?$a !" (3.35) $+$i L@ $i$+$K D $O Hs2D49 %2 !< %8 JQ49 $N 2< $G 6&JQ $K JQ49$9$k !# => $C $F D $O 6&JQ30HyJ, $N I,MW >r7o $r K~ $? $7 $F $$ $k !# $7 $+ $7 $= $l 0JA0 $K !" $3 $l$O V W D $N 6u4V $G$O 0lHL $K JD $8 $F$$$J$$ !# $D$^ $j a 2 V W D $G$" $C $F$b D a 2 V W D $H $O 8B $i$J$$$N $G$" $k !# => $C $F !" Hs2D 49 %2 !< %8 JQ49 $, V W D $N <+8JF17? $H $7 $F :nMQ $7 $F $$$k $3$H $K BP1~ $9$k $? $a $K$O !" D $, V W D >e $G JD $8 $? :nMQ $G$" $k $3$H$r MW@A$9$kI,MW $, $" $k !# $= $3 $G !" Dj5A 3.7 W eyl bundle W ( L; A ) V >e $N W eyl connection D $, V W D >e $N graded deriv ation $G$" $k $H$- !" D $O V W D >e $N Hs2D49 %2 !< %8 JQ49 A D $N 6&JQ30HyJ, !J Hs2D496&JQ30HyJ, !K $G$" $k $H$$ $& !# 13 GX7J D $O r !" � !" $K $h$j 7h$^$C $F$$$? !# 36

$3 $N $h $& $K Dj 5A $9 $k !# D <+ ?H$O 4{$K � @Q$K 4X $9 $k graded deriv ation $G $" $k $N $G !" !V V W D $N !W $H $$ $& It J, $, >e $N Dj5A $N MW@A $7 $F $$ $kItJ, $G$" $k !# D $r W eyl %2 !< %8 >l ^ A $G I= $; $P !" $3$N MW@A $O ^ A $N <h$j $& $kHO0O $K BP$9 $k @)8B $K$J $k$N$G !" $= $l $r K~$? $9$h $& $J ^ A $N$3$H $r Hs 2D49 %2 !< %8 >l $H 8F$Y $P NI$$$h $& $K ;W $( $k !# <B:] !" D $, V W D $N graded deriv ation $G $" $k $?$a$N I,MW==J,>r7o $r ^ A $N @)8B $H $7 $F I=$9 $H !" D $, V W D $N graded deriv ation $G $" $k , D ( V W D ) � V W D , D D ( V W D ) = 0 , D ( D a ) = i ~ D [ ^ A ; a ] = i ~ [ D ^ A ; a ] = 0 ; 8 a 2 V W D , D ^ A 2 Z V 2 (3.38) $H$J $k !# $3$3$G :G8e$N F1 CM $K$O !" G$0U$N at section $H 2D 49 $J $b $N !J V W D $N W ( L; A ) V $G $N cen tralizer !K $O cen ter $7 $+ L5 $$ $3 $H$r MQ $$ $? !# $3$N:G8e $N>r7o<0 $N cen tral 2-form $r D ^ A =: � $H =q $3 $& !# N>JU $K D $r :n MQ $5 $; $l $P L@ $i $+$J $h $& $K !" � $O closed d � = 0 $G $" $k !# $3$N 4X78<0 D ^ A = � $r $b$C $F Hs2D496&JQ 30HyJ, $r FCD’IU $1 $k $3 $H $, $G $- $k !# $5 $F !" ^ A $, $3 $N >r 7o$r K~ $? $9 $H $- !" D $N W eyl 6J N($O (3.36) $h $j ^ F = + � + i ~ ^ A � ^ A $G $" $k$+ $i !" L@ $i$+$K D ^ F = 0 $r K~$?$9!# <B:] !" ; � $, closed $+ $D cen ter $G $" $k$3$H$K Cm 0U$9 $k$H !" D>$A $K D ^ F = d + d � + i 2 ~ [� ; ^ A ] = 0 $, F@ $i $l $k !# =>$C $F ^ F 2 V 2 W D (3.39) $H$J$k $, !" $3 $l$O >l $N6u4V $r V W D $H $7 $?$H$- $N6JN( $K ^ F $, $J$C $F$$$k $3 $H $r @5 $K 0UL# $7 $F $$$k !# 5U $K$3 $l$G Hs 2D 49 6& JQ 30 Hy J, $rFC D’ IU $1 $F $bNI $$!# $3 $N$& $A (3.37) $N D $r#22s :n MQ $5 $; $?;~ $K8= $l $kIt J, ^ F := i ~ ^ A � ^ A $r Hs2D496&JQ30HyJ, $N 6JN( $H 8F $V !# $G$O !" >e $G FCD’IU $1$i $l $k D $N $& $A !" Hs2D49 %2 !< %8 >l $N <+M3EY $O $I $N ItJ, $G $" $m $& $+ !) 4{ $K ;XE& $7 $? $h $& $K ^ A $K$O HyJ, $N<+M3EY $b 4^$^ $l $F $$ $k $?$a !" $= $l $r =| $$ $? ItJ, $r %2 !< %8 >l $N <+M3EY $H 8+ $J$5$J $1 $l $P $J$i$J $$ !# $3$3 $G$O � $N <+M3EY $, $=$N HyJ, $K AjEv $7 !" ;D $C $? <+M3EY $, Hs2D49 %2 !< %8 >l $K BP1~$9$k $H 9M $( $k !# Dj 5A 3.8 V W D >e$N Hs 2D 49 %2 !< %8 JQ 49 A D $K BP 1~$9 $k Hs 2D 49 %2 !<%8 >l$H$O !" W eyl %2 !< %8 >l ^ A $N $&$A !" closed cen tral 2-form �( 2 Z V 2 ; d � = 0) $r 8GDj $7 $?$H$- $K !" 4X78<0 D ^ A = � (3.40) $r K~ $?$9 residual $J <+M3EY $N $3$H$G$" $k !# $7 $+ $7 2f !9 $N $3 $l $^ $GMQ $$ $F $- $?8@ MU $@ $1 $G $3 $l $, <+ A3 $JDj 5A $G $"$k $3 $H $r@b L@ $9 $k $3 $H $O =P Mh $J $$ !# 0J 2< $N5D O@ $K$h$j2f!9 $N6&JQ 30 HyJ, $NFCD’ IU $1$H !" Hs2D 49 %2 !< %8 JQ49 $NFCD’IU $1 L?Bj 3.6 $H$O BP1~4X 78 $, $" $k !# d � = 0 $G$" $k $+ $i 6I=jE* $K$O !" $"$k � 2 Z V 1 $, B8:_ $7 $F � = d � $H =q $1 $k $N $G !" (3.40) $O D ( ^ A � �) = 0 !" $D$^ 37

$j ^ A � � 2 V 1 W D $r 0U L#$9$k !# $3 $l $r ^ A = � + ; 2 V 1 W D $H =q $/ $H !" 1i;;;R i ~ [ ^ A ; ] = i ~ [� + ; ] $N Cf$N � $O cen ter $G $" $k $+$i $N 9‘ $7 $+ 8z $+$J $$ !# =>$C $F !" D = i ~ [ ^ A ; ] $O V W D $N lo cally inner gdaded deriv ation $K$J$C $F $$$k!# $3 $l$O L58B >. Hs 2D 49 %2 !< %8 JQ49 $, lo cally inner deriv ation $G $"$k $3 $H $NN‘;w $G$"$k!# $7 $+ $7 !" @~7A6u4V $H $7 $F$N <+M3EY $O V 1 W D $H W D $G$O 0[ $J $k $?$a !" DL>o $N %2 !< %8 >l $N 8+J} $G$O Hs2D49 %2 !< %8 >l $H %2 !< %8 JQ49 $, BP1~ $7 $F $$$J$$$h $& $K 8+ $( $k !# 0lJ} !" 6I=jE* $K 9M $($J$$$H$9 $k $H D ^ A = � $r ^ A $K $D$$ $F 2r $$ $? 0lHL2r $O ^ A = D � 1 � + $N 7A $r $7 $F$$ $k !# $3$3 $G Bh #1 9‘ $O D $r :nMQ $5 $; $? $H$- � $r =P$9FC2r $G !" Bh #29‘ $O >e$N $H F1 $8 $/ V 1 W D $N 85 $G !" D $N :n MQ $G 0 $r =P$9 residual $J 9‘ $G$" $k !# $3 $l $r 1i;;;R i ~ [ ^ A ; ] $N 8@ MU $G 8@ $& $H !" Bh #1 9‘ $O outer $G Bh#2 9‘ $O inner $J graded deriv ation $H $J $k !# 0lHL $K Hs 2D49 4v 2? $G$O !" Be?t $N outer deriv ation $O 4X?t4D $N v ector >l $NN‘;w $G$" $k $+ $i !" di�eomorphism $r @8@.$9$kHy J,1i ;;;R $H 8+ $J $7 !" inner deriv ation $O%2 !< %8 <+M3 EY $H 9M $( $k$?$a !" >e $N Dj 5A $O <+A3 $G$" $k !# <B $O $3 $N :$ Fq $O !" 4X?t $H Hy J,7A <0 $N 0J2< $N$h $& $J 0c$$ $+$i Mh $F$$ $k !# $3$l $^ $G $b :F;0=R$Y $F$-$? $h $& $K !" 2D49 $J 6u4V M >e $N !J Hs 2D49 $J !K Be?t V W D $G 9M $($F $$ $k 8B$j!" Hs2D49 %2 !< %8 M}O@ $H$$ $C $F$b $= $l$[ $I FC<l $J$b $N $G $O$J$$ !# B( $A !" Hs 2D 49 @- $O A4 $F �b er $K 2! $7 9~ $a $i $l $F$$$k!# $7 $+ $7 !" $= $l$H Ey2A $G$"$k $O $:$N � @Q $NF~ $C $? C 1 ( M )[[ ~ ]] A $G J*;v $r8+$k $K $O >/ $7 LdBj $, $" $k !# $= $l$O !" D $N cohomology $, <+L@ $G$" $k $H$$ $& $H$3$m $G 4{ $K =R $Y $?$h $& $K !" W D = V 0 W D $O C 1 ( M )[[ ~ ]] A $K F17?BP1~ $, M? $($i $l $F $$ $k $, !" V W D A4BN $H C 1 ( M )[[ ~ ]] A $N 4X78 $K$O 2? $b ?( $l$i$l $F $$$J$$ $+$i$G $" $k !# B($A !" 4X?t Be?t C 1 ( M )[[ ~ ]] A $K IU?o$9$kHyJ,Be?t ( C 1 ( M )[[ ~ ]] A )) !" 8@ $$49 $( $k $H HyJ,7A<0 $K BP$9$k � @Q $, M? $( $i $l$F$$ $J$$ !# $h $C $F !" >e $NDj5A $r$= $N$^$^ C 1 ( M )[[ ~ ]] A $N8@MU $K CV $-49 $( $k $3 $H $O $G$- $J$$ $o $1 $G$"$k !# $3 $l $K BP $7 2f !9 $N $H$j $& $k:v $O >/ $J $/ $H $b #2$D$"$k !# #1$D $O >e $N Dj5A $r B:=E $7 !" V W D $N BP1~ J* $H$J $kHyJ, Be?t $r C 1 ( M )[[ ~ ]] A $N J} $K $b M? $( $k !" $D$^$j!" HyJ, 7A<0 $N4V $N � @Q $r ?7 $? $K Dj5A$9$k $3$H $G$" $k !# $b $& #1 $D $O C 1 ( M )[[ ~ ]] A $N J} $r B:=E $7 !" $3 $l $^ $G$N � @Q $@$1$r MQ$$$k $h $& $J HyJ,Be?t $r Dj5A $9$kJ}K! $G$" $k !# $= $l$O A4 $F$NHyJ,7A<0 $r$"$k4pDl $G E83+ $7 !" $=$N@.J, $, C 1 ( M )[[ ~ ]] A $N 4X?t $G$" $k$h $& $J HyJ,Be?t $r 9=@.$9 $l $P $h$$ !# A0 <T $O C 1 ( M )[[ ~ ]] A B& $K BP $9 $k 35 G0 $N3HD% $, I,MW $G !" 8e <T $O >e $NDj5A $K 8= $l $k>l $N6u 4V $r V W D $G$O$J $/!" $h $j@)8B $7 $? 6u4V $K $9 $kI,MW $, $" $k !# <B $O !" DL>o $N Hs2D49HyJ,4v2? $G 9M $( $kHyJ,Be?t $O !" 8e<T $N J} ?K $K Hs>o $K 6a $$ !# $^ $? !" J* M} $G$b %2 !< %8 >l $J $I $O @.J, $G =q $+ $l $F $7 $^ $& $3$H $, $[$H $s $I $G !" $3 $l $^ $G$N Hs2D49 %2 !< %8 M}O@ $G$b !" 7A<0$^ $G $O A4$/9M $( $i $l $F $$$J $+ $C $? 14 !# => $C $F 0J2< $G$O 2f !9 $O BhFs$NJ}?K $G 9M $( $k $3$H $K $9$k!# $3 $N>l9g $K $O Hs2D 49 %2 !< %8 >l $N@~7A 6u 4V $H $7 $F$N<+M3 EY $, A $H F1 $8 M-8B <+ M3 EY $G$"$k $3 $H $, 6qBN E* $K$o $+ $j !" DL>o $N %2 !< %8 M}O@ $r AGD> $K 3HD% $7 $? $b$N $K$J $C $F$$ $k !# 3.3 Hs2D49 %2!< %8 M}O@ $N 9=@. $3$3$G$O A0@a $G =R $Y $? J}?K $K => $$ !" 6qBNE* $K Hs2D49 %2 !< %8 >l $K BP1~$9$k6&JQHyJ, $r 9=@.$9$k !# $^ $: !" >l $N 6u 4V $H $7 $F !" 3F@. J, $, � @Q $r ;} $D $h $& $J V W D $N ItJ,Be ?t $r Dj5A $7 !" $= $3 $G garaded deriv ation $G $" $l$H $$ $& >r 7o $r 8!>Z $9$k !# $= $N 7k2L !" 6&JQHyJ, $K$O Hs2D49 %2 !< %8 >l $N <+M3EY $H !" Hs2D 496u4V $K $* $1 $kHyJ,1i;;;R $K AjEv$9 14 Mo y al-W eyl $N $h $& $K at $J Dl6u4V $G$" $l $P !" $= $3 $^ $G 9M $($J $/ $F$b ;vB-$j$? !# 38

$k<+M3EY $, 4^$^ $l $k $3$H $,$o$+ $k !# FC $K Hs2D49@5=‘ :BI87O $H$b 8F $Y$kFCDj $N I=<( $r $H $k $H !" NI$/ CN$C $F$$ $k6& JQHyJ, $N 7A $K 5"Ce$9$k !# 3.3.1 >l $N 6u4V 2D49 $J 4X?tBe?t C 1 ( M ) $N >l9g !" $= $l$K IU?o $9$k7A<0 $N @.$9HyJ,Be ?t V = C 1 ( M ; T � M ) $N 85 $O !" T � M $N 4pDl dx � $G E83+$9$k $H !" Nc $( $P 1-form $J$i $P a = a � dx � ; a � 2 C 1 ( M ) $H $$ $& $h $& $K !" $= $N @.J, $, C 1 ( M ) $G $" $k$h $& $J I= <( $, $H$l $k !# $3 $N$H $- 7A <0 F1;N$N @Q $O !" @.J, $N DL >o$N @Q$H 4p Dl$N w edge @Q$r 9g $o $;$? $b$N$G M? $( $i $l $k !# $^ $? !" A CM $N4X?tBe?t C 1 ( M ) A $N >l9g $G$" $l $P !" Hy J,Be?t $O C 1 ( M ; T � M A ) $G $" $k $, !" $3 $l$O @.J, $@$1$r C 1 ( M ) A $K CV $-49 $( $l $P NI$$ !# $3 $l$K Jo$C $F !" � @Q $r ;} $D C 1 ( M )[[ ~ ]] A $N >l9g $K $b F1 $8 $h $& $J Be?t $r 9M $( $k $3 $H $, $G $- $k !# $^ $: !" C 1 ( M ) $r C 1 ( M )[[ ~ ]] $K CV $-49 $( $k $3 $H $K BP1~ $7 $F !" 4pDl dx � $K $"$?$k$b $N $O !" G$ 0U $N ~ $N$Y$- $r 4^ $s$G $$$F $b NI$$ !# $h$C $F !" � 1 [[ ~ ]] = Z V 1 $N 4pDl$r D%$k closed 1-forms ~ � I 2 Z V 1 ( I = 1 ; � � � ; 2 n ) $r 6I=jE* $K A* $s$G$-$F 8GDj$9$k 15 !# $3 $l$i$O closed $G$+ $D cen ter $N 85 $G$" $k $+ $i !" ~ � I 2 V 1 W D $G $" $k !J $D $^$j D ~ � I = d ~ � I = 0 $r K~$?$9 !K $3$H $K Cm0U$9$k !# $3 $N 6I=j4pDl ~ � I $r MQ$$ $F !" >l $N 6u4V $r 0J2< $N$h $& $K Dj5A$9$k !# Dj5A 3.9 V W D $N ItJ,Be?t W D ~ V $r W D ~ V := f a 2 W ( L; A ) ^ j a = 2 n X p =0 1 p ! ~ � I 1 ^ � � � ^ ~ � I p a I 1 � I p ; a I 1 � I p 2 W D g (3.41) $H Dj5A $7 !" $3 $l $r >l $N 6u4V $H 8F $V !# $3$3 $G 3F a I 1 � I p $N E:;z $O H?BP>N $G$" $k !# B( $A !" G$ 0U $N W ( L; A ) V $N 85$O $3 $N 4p Dl ~ � I $r MQ $$ $F E8 3+ $9 $k $3 $H $, $G $- $k $, !" $= $N $& $A FC$K $= $N @. J, a I 1 � I p $, W D $N 85 $G$" $k $h $& $J$b$N $N A4BN $N $3 $H $G$" $k !# ~ � I 2 V 1 W D $K $h$j !" >e $N 85 a $O D a = 0 $r K~ $?$9 $N $G V W D $N ItJ,6u 4V $G$" $k $3 $H $, $9 $0 $o $+ $k $, !" $3$N7A $N85F1;N $O � @Q $r $H $C $F$b $=$N7A $r JQ $($J$$ $3 $H $+ $i !" 99 $K � @Q $N2< $G V W D $N ItJ,Be?t $K$J $C $F$$$k !# $J$* !" p -form $O W D ~ V p $H 5-$9 $3 $H $K $7 !" @.J, $, W D $N 85 $G$" $k $3 $H$r K: $l$J $$$?$a $K !" 0J8e a I 1 � I p 2 W D $N $+$o $j $K Q ( a 0 I 1 � I p ) ; a 0 I 1 � I p 2 C 1 ( M )[[ ~ ]] A $H $" $+$i $5 $^ $K =q$/ !# $^ $? !" $3$N ItJ,Be?t W D ~ V $N 7A<0 $N rank $K $h $k Z grading $O !" ~ � $N ?t $K $h$j M? $( $k$b $N $H $9 $k 16 !# $3 $N W D ~ V $r >l$N 6u 4V $H 8F $s$@ M} M3 $O !" 0-forms W D $H C 1 ( M )[[ ~ ]] A $N 4V$N F1 7? $, $9 $0 $5 $^ A4 $F $N p -forms W D ~ V p $K 3HD%$5 $l !" $= $l$, 2f !9 $N M_ $7 $$ Be ?t $K$J $C $F $$ $k $+$i$G $" $k !# <B:] !" 0-form $N F1 7? $r M? $($F$$ $? pro jection � $K $h$j W D ~ V p $r <M1F $7 $?$H$- !" F@ $i $l $k6u4V $r C 1 ( M )[[ ~ ]] A ~ V p $H =q$/ $H !" $= 15 $3 $l $^ $G$N � i 2 � 1 $H 6hJL$9$k $?$a !" 0c$& index I $r MQ$$$? !# 16 <B:] $O >o $K 85 $H F1 $8 <!?t $r M? $( $k !# 39

$N A4BN $O C1 $K @.J, $@$1$r C 1 ( M )[[ ~ ]] A $K <M1F $7 $? C 1 ( M )[[ ~ ]] A ~ V = f a 0 = 2 n X p =0 1 p ! ~ � I 1 ^ � � � ^ ~ � I p a 0 I 1 � I p ; a 0 I 1 � I p 2 C 1 ( M )[[ ~ ]] Ag (3.42) $H $$ $& =89g $K$J $k !# $^ $? W D ~ V $N � @Q $O !" � $K $h$j @.J,F1;N $N � @Q $H 4pDl $N w edge @Q $r 9g $o$;$?$b$N a 0 � b 0 = 2 n X p;q =0 � 1 p ! ~ � I 1 ^ � � � ^ ~ � I p � ^ � 1 q ! ~ � J 1 ^ � � � ^ ~ � J q � � � Q ( a 0 I 1 � I p ) � Q ( b 0 J 1 � J q ) � = 2 n X p;q =0 � 1 p ! ~ � I 1 ^ � � � ^ ~ � I p � ^ � 1 q ! ~ � J 1 ^ � � � ^ ~ � J q � a 0 I 1 � I p � b 0 J 1 � J q (3.43) $K <M1F $5 $l $k !J $3 $l $b � $H 5-$9 $3 $H $K $9$k !K !# $h $C $F !" C 1 ( M )[[ ~ ]] A ~ V $O !" KA F, $G =R $Y$?$h $& $J !" 4p Dl $G E83+ $7 $? ;~ $K @.J, $, � @Q $G I= $5 $l $k $h $& $J Be?t $K$J$C $F$$$k !# $J $* !" 0-form C 1 ( M )[[ ~ ]] A $G $J $/ $F$b !" $3 $N >l9g $O pro jection � $N 5U<LA| $, @.J, $K 4X$9$k<LA| Q $G Dj5A $G $- $k$N $G !" $= $l $b Q $H 5-$9 !# C 1 ( M )[[ ~ ]] A $, $b $O$dIaDL $N0U L# $NB? MM BN M >e $N4X ?t Be ?t $G $O $J$$ $3 $H $HF1MM $K !" C 1 ( M )[[ ~ ]] A ~ V $b$^ $? !" IaDL $N 0UL# $N HyJ,Be?t $G$O$J $$ !# 2f !9 $O C 1 ( M )[[ ~ ]] $r !" ~ $G JQ7A$5 $l $? Hs2D49B?MMBN !J $3 $l $r JX59 >e M [[ ~ ]] $H$G $b =q$$$F $*$3 $& !K $N >e$N 4X ?tBe ?t $H 2r<a $7 $F $$ $k !# $= $& $9$k $H C 1 ( M )[[ ~ ]] A ~ V $H $$ $& $N $O !" $=$N Hs2D49 B?MMBN M [[ ~ ]] >e $N A CM $N 7A<0$N Be?t $H 8+ $J $9 $3$H $,$G $- $k !# FC $K $=$N 4p Dl ~ � I $, ~ $r 4^ $‘ $N $O !" Hs2D49B?MMBN M [[ ~ ]] >e $N cotangen t bundle T � M [[ ~ ]] $N 4pDl $@$+$i$G $" $k !# $3 $N$h $& $K !" V W D $h$j >.$5 $$6u4V W D ~ V $" $k$$ $O C 1 ( M )[[ ~ ]] A ~ V $r >l $N6u4V $H 8+ $J $7 $F $b !" A4$/ IT<+A3 $G$O$J $$ !# 3.3.2 Hs2D49 %2!< %8 >l $N <+M3EY >e $G >l $N6u4V $r V W D $+$i W D ~ V $K @)8B $7 $? $3$H $K H< $$ !" Hs2D 49 %2 !< %8 JQ49 $N6&JQ30 Hy J, $K BP $7 $F $b$h$j 6/$$>r7o $, 2]$5 $l $k $3 $H$K$J $k !# $=$N >r7o $r 5a $a$h $& !# $=$N$?$a $K !" $^ $: W D ~ V >e $K :nMQ$9$k W eyl connection D (3.37) $r 4pDl ~ � I $r MQ$$ $F E83+$9$k !# D = ~ � I D I ; D I a = i ~ [ ^ A I ; a ] ; 8 a 2 W D ~ V (3.44) $3 $3 $G !" ^ A = ~ � I ^ A I $G $" $k !# a $b 4pDl $G E83+ $5 $l $? 7A $N85 $G$" $k $+$i !" 85 $N [ ^ A ; a ] $H$$ $& <! ?tIU $- $N8r49;R $, !" ~ � I $r @hF, $K $9 $k $H$$ $& con v en tion $G !" @.J, $K $N$_ $K :nMQ$9$k<!?t $J $7 $N 8r49;R $K CV $- 49 $o $C $F$$ $k !# $5 $F !" :# 9M $($F$$ $k>l $N 6u4V $O W D ~ V $G $" $k $+$i !" Dj5A 3.7 $N >r7o $N !V V W D $N !W $H$$ $& It J, $r W D ~ V $K CV $-49 $( $k !# $= $& $9$k $H !" D $, W D ~ V $N graded deriv ation $G$" $k $? $a$NI,MW==J, >r 7o $r (3.38) $H F1MM $K 40

5a $a $k $H !" D $, W D ~ V $N graded deriv ation $G $" $k , D ( W D ~ V ) � W D ~ V , D I W D � W D , D I $, W D $N deriv ation $G $" $k (3.45) $K $h$j !" @.J, $K 4X$9$k>r7o $K CV$-49 $o $k 17 !# $3 $l $r 99 $K ^ A I $N >r7o $K FI $_ BX $( $k $H !" , D ( D I a ) = i ~ D [ ^ A I ; a ] = i ~ [ D ^ A I ; a ] = 0 8 a 2 W D ~ V , D ^ A I 2 Z V 1 (3.46) $H$J$k !# $3 $l$r K~ $?$9 ^ A I $, Hs2D49 %2 !< %8 JQ49 $K BP $9$k6& JQHy J, $rM? $( $k !# $= $N<+M3EY $r D4 $Y$k $? $a !" $3$N:8 JU $r D ^ A I = � � I 2 Z V 1 (3.47) $H $* $/ !# $3 $N N> JU $K D $r :n MQ $5 $;$l$P $o $+ $k $h $& $K !" � I $O closed d � I = 0 $f $( !" 6I =j E*$K$O � I = d � I $r K~$? $9 � I $, B8 :_ $9 $k !J 4{$K A4$F$, 6I =j E*$J I= <0$G $" $k !K !# $3 $N $H $- (3.47) $O D ( ^ A I + � I ) = 0 $H $J $k $N $G !" $3 $N AH $_ 9g$o $; $O at section W D $K B0 $9 $k !# $h$C $F � ( ^ A I ) := ^ A 0 I $H $* $/$H !" <L A| Q $r MQ $$ $F ^ A I + � I = Q ( ^ A 0 I + � I ) !" $D$^$j ^ A I = Q ( ^ A 0 I + � I ) � � I (3.48) $H =q$-D> $; $k !# $3 $l $O D I $, W D $N inner deriv ation $G $" $k $3$H$r 0UL# $7 $F $$ $k !# B($A D I a = i ~ [ Q (� I ) ; a ] + i ~ [ Q ( ^ A 0 I ) ; a ] ; a 2 W D ~ V (3.49) $H W D $N 85 $N $_ $G =q $+ $l $? 1i;;;R $K$J $k !# $D$^ $j D $, Hs2D49 %2 !< %8 >l $N6&JQ30 HyJ, $G$" $k $H$$ $& @) 8B $K $h$j!" 85!9 $O L58B <+ M3 EY $" $C $? ^ A I $N <+M3 EY $O !" :# $d � I 2 Z $H ^ A 0 I 2 C 1 ( M )[[ ~ ]] A $H$$ $& #2<o N‘ $N4X?t J, $N<+ M3EY $7 $+ ;D $i$J $$$3$H $, $o$+ $C $? !# � I $O 8e $G 8+$k$h $& $K !" ~ � I $H 9g $o$;$F 8GDj $7 $? GX7J ^ $N <+M3EY $K BP1~ $7 !" W D ~ V $K $* $1 $k 30Hy J,1i ;;;R $r M? $( $k <+ M3EY $G $" $k !#0lJ} ^ A 0 I $O 85$N A $N U ( N ) %2 !< %8 >l $H F1 $8 <+ M3EY $r ;}$A !" 8e $G ^ A 0 := ~ � I ^ A 0 I 2 C 1 ( M )[[ ~ ]] A ~ V 1 $, Hs2D49 %2 !< %8 >l $H F1Dj$5 $l $k !# $3 $N D $r #2 2s;\$9 $3$H $K $h$j DL>oDL$j6JN( $, F@ $i $l $k !# D 2 a = i ~ h ^ F ; a i ; 8 a 2 W D ~ V ; ^ F = 1 2 ~ � I ^ ~ � J ^ F I J := i 2 ~ ~ � I ^ ~ � J h Q � � I + ^ A 0 I � ; Q � � J + ^ A 0 J �i (3.50) $3$3 $G !" ^ F $O Hs 2D 49 6& JQ 30 Hy J, D $N 6J N( 2-form $G $" $k !# a 2 W D ~ V $K BP $7 $F$@ $1 $G $J $/!" G$ 0U$N a 2 W ( L; A ) V $K BP $7 $F D $r #22s:nMQ$5 $;$? >l9g $O !" 6JN( $H $7 $F ^ F (3.31) $, F@ $i $l $k $, !" $3 $l $H ^ F $O 0J2< $N 17 $3 $l$O (3.38) $h$j 6/ $$ >r7o $G$" $k !# 41

$h $& $K 4X78 $7 $F $$ $k $3 $H $b $o$+ $k 18 !# ^ F = ^ F + + ~ � I ^ � I (3.51) ^ F $O W eyl %2 !< %8 >l $N �eld strength $G !" GX7J $K 0MB8 $7 $J $$ Ia JWE* $J 0U L# $r ;}$C $F$$ $k $3$H $K Cm0U$9$k !# $=$N ^ F $, !" GX7J D $r I=$9 ItJ, $H !" $=$N GX7J $N >e $N Hs2D49 %2 !< %8 >l $N �eld strength ^ F $N OB $K J,2r$5 $l $F $$ $k $o $1 $G$" $k !# $3 $3 $^ $G $O>l $N 6u 4V $r W D ~ V $H $7$F $- $? $, !" $b $A $m $s pro jection � $N :n MQ $K $h $j!" A4 $F $O C 1 ( M )[[ ~ ]] A ~ V $r >l $N 6u4V $H $7 $? $b$N $K 5"Ce$9$k !# $^ $: 8 a 0 = � ( a ) 2 C 1 ( M )[[ ~ ]] A ~ V $K BP$9$k (3.49) $N BP1~J* $O D � a 0 = ~ � I ^ D � I a 0 := ~ � I ^ � ( D I Q ( a 0 )) = ~ � I ^ � i ~ [� I ; a 0 ] � + i ~ [ ^ A 0 I ; a 0 ] � � (3.52) $H $J $k !# $3$3 $G Cm 0U $7 $? $$ $N$O !" D I $, W D $N inner deriv ation $G $" $k$? $a$K !" pro jection � $r :n MQ $5 $; $F $b � @Q$N inner deriv ation $G I=$5 $l $k E@ $G $" $k !# $=$N$? $a D � $O C 1 ( M )[[ ~ ]] A ~ V $N graded deriv ation $K$J $C $F $$ $k !# D � $r C 1 ( M )[[ ~ ]] A ~ V p $K $* $1 $k Hs 2D49 6& JQ30 Hy J, $H 8F$V !# $^ $? !" F1MM $K $7 $F (3.50) $N C 1 ( M )[[ ~ ]] A ~ V p $G $N BP1~J* $b pro jection � $K $h$j D 2 � a 0 = i ~ [ ^ F � ; a 0 ] � ; 8 a 0 2 C 1 ( M )[[ ~ ]] A ~ V ; ^ F � := 1 2 ~ � I ^ ~ � J ^ F � I J = i 2 ~ ~ � I ^ ~ � J h � I + ^ A 0 I ; � J + ^ A 0 J i � (3.53) $H$J $k !# $3$3 $G ^ F � $O Hs2D496&JQ30HyJ, D � $N 6JN( 2-form $G $" $k !# 3.3.3 Hs2D49@5=‘:BI87O $3 $l $^ $G$N 5DO@ $G $O !" ~ � I $H � I !J $^ $? $O � I !K $N<+M3EY $O <+M3 $K A* $Y $P NI$/!" FCDj $5 $l$F$O$$$J $+ $C $? !# $3$3 $G$O !" $= $l $i$K $D$$$F$N %_ %K %^ %k$J A*Br $H $7 $F !" Hs2D49@5=‘:BI87O $r F3F~$9$k !# $^ $: !" <! $N L?Bj $r 5s $2 $k !# L? Bj 3.10 M $N 3FE@ x 0 $K BP $7 !" x 0 $N 6aK5 $H cen ter $N 4X ?t $N AH ~ � I 2 Z = C 1 ( M )[[ ~ ]] ( I = 1 � � � 2 n ) $G !" 6I=jE* $K <! $N 4X78 $r K~ $?$9$b$N $, B8:_$9$k !# i ~ [ Q ( ~ � I ) ; Q ( ~ � J )] = � J I J $^$? $O i ~ [ ~ � I ; ~ � J ] � = � J I J (3.54) $3$3$G !" J I J = � J J I $O Dj?t$NH?BP>N %F %s %=%k$G $" $k !# $b$A $m $s #2 $D $N<0 $O Ey2A $G$"$k!# $3 $l$i $O !" 1& B& $N<0 $r8+ $l $P $o $+ $k $H$* $j!" symplectic B?MM BN $N Darb oux $N DjM} $NNL;RO@ HG !J :# $O Hs2D 49 HG !K $G$"$k !# B( $A !" Darb oux $NDjM} $O !" P oisson 3g8L $K 4X $7 $F f x I ; x J g = J I J $r K~ $?$9 $h $& $J 6I=j:B I87O $, <h $l $k $H$$ $& $b $N $@ $C $? $, !" $= $l $, ~ $N 9b<! $r 4^$‘ � @Q $N 3g8L $K$J $j !" A* $P $l $k:B I84X?t $b ~ $r 4^ $‘ $b$N $K$J $C $? $o $1$G$" $k 19 !# C" $7 !" 6I =j@- $J $I $r @53N $K 8@ $& $?$a $K$O :8 $N<0 $N J} $, E,Ev $G$" 18 $3 $l$O A0@a$N � $, � = ~ � I ^ � I $N >l9g $G$" $k !# 19 $3 $N >ZL@ $O [20] $N DjM}$N>ZL@$NN.MQ $G$" $k !# 42

$k !# $3$N !V @5=‘8r494X78 !W $r K~ $?$9 4X?t ~ � I $N$3$H$r C 1 ( M )[[ ~ ]] A ~ V $K $* $1 $k Hs2D49@5 =‘:BI87O $H 8F$V $3$H $K $9 $k 20 !# $^ $? BP1~$9 $k Q ( ~ � I ) $O W D ~ V $K $* $1 $k Hs2D49 @5=‘:B I87O $G $" $k !# $3 $l $i$O $I $A $i $b Be ?t A $H$O 4X78L5$/B8:_$9$k $3 $H$K Cm0U$9$k !# $3 $N L?Bj $K $h$j B8:_$9$k ~ � I $r MQ $$ $F !" ~ � I $H � I $r 0J2< $G M? $( $k $3$H $K $9 $k !# ~ � I = d ~ � I ; � I = � J I J ~ � J (3.55) $3 $3 $G J I J $O J I J J J K = � K I $K $h$jDj5A $5 $l $k5U9TNs $r I=$9 21 !# Bh #1<0 $O ~ � I $r !" Hs 2D49 @5=‘ :B I87O ~ � I $K BP $9 $k<+A3 $J 1-form $N 4pDl $K <h$k $3$H$r 0UL# $7 $F $$ $k !# $b$A$m $s N><T $O ~ $N 9b<! $r 4^ $s$G $$ $k$N $G !" $3$N A*Br $O 2D G= $G $" $k !# 0lJ} !" Bh#2<0$N � I $N J} $O $=$N dual $J %Y %/ %H %k >l$N 4p Dl @ � I $r A* $s$@ $3 $H$K BP 1~ $7 $F $$ $k !# $= $l $O !" 0J2< $N M}M3 $K $h $k !# (3.54)(3.55) $r MQ $$$k $H i ~ [ Q (� I ) ; Q (� J )] = J I J ; i ~ [� I ; � J ] � = J I J ; i ~ [ Q (� I ) ; Q ( ~ � J )] = � J I ; i ~ [� I ; ~ � J ] � = � J I (3.56) $H$$ $&4X 78<0 $, @.$jN) $D $3 $H $, $o$+ $k !# :81& $N <0 $O Ey2A $G$" $k $+$i 1&B& $N � @Q $N J} $G$_ $k $H !" Bh #1 9T $O � I $, ~ � I $H 5U9TNs $K Ev $?$k8r494X 78 $r ;} $D $3 $H $r 0UL# $7 !" Bh #29T $O !" 1i;; ;R i ~ [� I ; ] � $, :BI8 ~ � I $K dual $G $" $k $3 $H $r 0UL#$9 $k !# =>$C $F !" $3 $N 1i ;; $O ~ � I $N JPHy J, $K Aj Ev$9 $k$3$H$K$J $j !" @ � I $H 5-$9$3$H $, @5 Ev2=$5 $l $k !# F1MM $K !" ^ @ I := i ~ [ Q (� I ) ; ] � $H $* $/ !# $3$N$3 $H$+$i !" 30HyJ,1i;;;R $K$"$? $k$b $N $r ^ d = ~ � I ^ @ I := ~ � I i ~ [ Q (� I ) ; � ] ; d � = ~ � I @ � I := ~ � I i ~ [� I ; � ] � (3.57) $H Dj5A$9$k $N $O <+A3 $G$" $k !# <B:] !" (3.56) $K $h $j 0J2< $N @-<A $, F3 $+ $l $k !# ^ d 2 = 0 ; d 2 � = 0 ; ^ dQ ( ~ � I ) = ~ � I = d ~ � I ; d � ~ � I = ~ � I = d ~ � I (3.58) Bh #19TL\ $O L@ $i $+ $K !" ^ d $H d � $, di�eren tial $G$"$k $3 $H $r <( $7 $F$$$k !# Bh #29T L\ $O <+A3 $J 1-form $N4pDl $N@5 Ev @- $r 0UL# $7 $F $$$k !# B( $A !" >e $N (3.55) $G$O d $r MQ $$ $F <+A3 $J 1-form $N 4pDl $r Dj5A $7 $? $, !" $= $l$, 8=:_30HyJ, $H ;W$C $F$$ $k ^ d $d d � $r MQ$$$? <+A3 $J 4pDl $K 0lCW$9$k $H $$ $& $3$H$G $" $k !# 99 $K !" ~ ! 0 $N 6K8B $G$O ^ d $H d � $O DL>o $N d $K 5"Ce$9$k $?$a !" $3 $l$i$O 30HyJ, d $N ~ $K $h $kJQ7A $H 2r<a$5 $l $k !# $3$3 $^ $G Mh$k $H !" 0J2< $N 4X78 $+$i !" ~ � I $N 0UL#$b$h$jL@ $i$+$K$J $k !# 0 = � 1 2 ! ij � i ^ � j = 1 2 J I J d ~ � I j ~ =0 ^ d ~ � J j ~ =0 (3.59) B($A !" ~ ! 0 6K8B $r$H $k $H$3$N :BI87O $G symplectic form $, I8=‘7A $K$J $k $H$$ $& $3 $H $+$i !" ~ � I $O @5 $K M >e $N 6I =j E* Darb oux :BI8 4X ?t x I $N ~ $K $h$k Jd @5 $KB> $J $i $J$$ $3 $H $r0U L# $7 $F$$$k!# $D $^ $j ~ � I = x I + O ( ~ ) !# $3 $l $K H< $$ !" (3.58) $K $h$j ~ � I = d ~ � I $O T � M $N <+A3 $J 1-form 4pDl dx I $N ~ $K $h$kJd@5 $G$"$j !" ^ @ I $b$=$N dual $J 20 (3.54) $O S p ( n ) JQ49 $N 2< $G ITJQ $G$" $k $3$H $K Cm0U !#2< $N (3.55)(3.56) $b F1MM $G$" $k !# 21 Bh#2$N<0 $O � J $r d ~ � I = � J I J � J $H M? $( $k$N $H Ey2A $G$" $k !# 43

4pDl $G$"$k $3 $H $K$J$k!# $^ $H $a$k $H !" $o $l$o $l$NA*Br $7 $? Hs2D 49 @5 =‘ :B I8 7O $H$= $N>e $NHy J, Be ?t $O !" symplectic B?MMBN M $N @5=‘:BI87O $r ~ $G JQ7A $7 $? !" M [[ ~ ]] $K $* $1 $k@5=‘:BI87A $H$=$N>e $N <+A3 $J HyJ,Be?t $K$J $C $F$$ $k $o$1$G$" $k !# $= $b$=$b 2f !9 $O !" $^ $: GX7J D $r 8G Dj $7 !" $= $l $K 1~ $8 $F � @Q $r ;}$D Be?t C 1 ( M )[[ ~ ]] A ~ V $r >l$N 6u4V $H 9M $($? !# ~ � I $O D $r M? $( $l $P 7h$^$k $b$N $G$" $k $+$i !" GX7J D $^ $? $O T $N >pJs $O :# $d ~ � I $, C4$C $F$$ $k !# $3 $l $K BP $7 !" ~ � I $d � I $r ~ � I $G I=$9 $H$3 $m $, %_ %K %^ %k$J A*Br $H 8@$C $? ItJ, $G$" $k !# 3.3.4 Hs2D49 %2!< %8 >l $N Hs2D49@5=‘:BI87O $G $N I=8= xx 3.3.3 $N Hs2D49@5=‘:BI87O $G$O !" (3.49),(3.52) $O 0J2< $N$h $& $K$J $k !# D a = ^ da + i ~ [ Q ( ^ A 0 ) ; a ] ; D � a 0 = d � a 0 + i ~ [ ^ A 0 ; a 0 ] � (3.60) $3 $NI=<0 $+$i L@ $i $+$J$h $& $K !" Q ( ^ A 0 ) := ~ � I Q ( ^ A 0 I ) $r W D ~ V $K $* $1 $kHs 2D 49 %2 !< %8 >l !" ^ A 0 := ~ � I ^ A 0 I $r C 1 ( M )[[ ~ ]] A ~ V $K $* $1 $k Hs2D 49 %2 !< %8 >l $H F1Dj$9 $k$N $O <+ A3 $G $" $k !# $= $l $> $l $N 6J N( ^ F (3.50) $H ^ F � (3.53) $b$3$N :BI87O $G $O ^ F = 1 2 ~ � I ^ ~ � J � ^ @ I Q ( ^ A 0 J ) � ^ @ J Q ( ^ A 0 I ) � i [ Q ( ^ A 0 I ) ; Q ( ^ A 0 J )] + J I J � = F + 1 2 J I J ~ � I ^ ~ � J ; ^ F � = 1 2 ~ � I ^ ~ � J � @ � I ^ A 0 J � @ � J ^ A I � i [ ^ A 0 I ; ^ A 0 J ] � + J I J � = F � + 1 2 J I J ~ � I ^ ~ � J (3.61) $H I= $5 $l$k !# $3 $3 $G !" F $H F � $O $= $l $> $l:# $N D !" D � $N #2 2s $N :n MQ $GF@ $i $l$k Hs 2D 49 %2!< %8>l Q ( ^ A 0 ) $H ^ A 0 $N �eld strength $N $3 $H $G $" $k!# $^ $? !" ;D $j $N Dj ?t 9‘ $OGX 7J $+ $i $N 4s M? $G !" Dj ?t 78 ?t $G $" $k $+ $i C 1 ( M )[[ ~ ]] A ~ V $K $*$$$F$b cen ter $K B0$9$k $3$H $K Cm0U$9$k !# F1MM $K !" (3.51)(3.59) $+$i ^ F = F + � 1 2 J I J ~ � I ^ ~ � J (3.62) $, F@ $i$l $k !# $3 $N I= <0 $O D-brane M- 8z M} O@$N Dirac-Born-Infeld :n MQ $K 8= $l $k F + B + g $N AH$_ 9g$o$;$r WG WJ $H $5$;$k !# $3$3 $G !" F $O D-brane >e $N %2 !< %8 >l $N �eld strength !" B $O NSNS 2-form $G g $O D-brane $K M6 F3$5 $l $? metric $G $" $k $, !" 2f !9 $N >l 9g $O !" F $O Hs2D 49 %2 !< %8 >l$N �eld strength !" $O � @Q $r Dj $a $k GX 7J $N W eyl 6JN( 2-form $G :G8e $N9‘ $O ~ $G JQ7A $5 $l $? Hs2D49@5 =‘:BI8 7O $G$N symplectic 2-form $G $" $k !# $= $l$i $N AH $_ 9g $o$; $, W eyl %2 !< %8 >l $N �eld strength ^ F $H $7 $F $^ $H $^ $k $H $$ $& IaJWE* $J 0UL# $r ;}$C $F$$ $k !# Hs2D49 %2 !< %8 JQ49 A D $r M? $( $k85 $r (3.35) $N$h $& $K V 2 W D $H $*$- !" $3$N :BI87O $G $N Hs2D49 %2 !< %8 >l$NJQ 49@- $r 5a$a$h $& !# $^ $:$O Hs2D 49@5 =‘:B I87O $K 8B $i$: 0l HL$N W D ~ V $+$i =PH/$9 $k !# $3$N$H $- ^ A $O cen ter $N ITDj@- $r =|$$ $F 6&JQ $K JQ49 $7 $? !# ^ A 0 = V � 1 � ^ A � V + C ; C = C A � C � C A 0 + C 0 (3.63) $3$N cen trer C $r consistency $+$i 8G Dj$9$k !# 8GDj $7 $? ~ � I $K BP $7 !" D $r (3.63) $N I @.J, $K :n MQ$5$; !" (3.47) $r MQ$$$k $H !" D ^ A 0 I = � I + dC I (3.64) 44

$H $$ $&JQ498e $N ^ A 0 I $K BP$9$k 4X78<0 $, F@ $i $l $k !# $3 $l$O !" Hs2D49 %2 !< %8 JQ49$N 2< $G (3.47) $O exact $J cen ter $@$1 $J$i$: $l $F $b NI$$ $3 $H$r I= $7 $F $$ $k !# $3$N ITDj@- $K BP $7 !" JQ498e $b ~ � I $, 4pDl $H $7 $F A*$Y$k $?$a $K$O dC I = 0 ) C I = const : (3.65) $G$J$1 $l $P $J$i$J $$ !# =>$C $F !" FC $K Hs2D49@-=‘:BI87O $G$O !" (3.63) $O 0J2< $N DL$j=q $- D> $;$k !# Q ( ^ A 0 0 I ) = V � 1 � Q ( ^ A 0 I ) � V � i ~ V � 1 � ^ @ I V + C I ; C I = const : (3.66) $3 $l $O NI $/CN$C $F$$ $k %2 !< %8 JQ49$N 2< $G $N %2 !< %8 >l $N JQ 49@- $H F1 $8 7A $r $7 $F $$ $k !# ( C 1 ( M )[[ ~ ]] A ; � ) $G $N ^ A 0 I $N JQ49@- $b F1MM $G$" $k !# ^ A 0 0 I = V � 1 0 � ^ A 0 I � V 0 � i ~ V � 1 0 � @ � I V 0 + C I ; C I = const : (3.67) C I $O Dj?t $G$" $k $?$a ( C 1 ( M )[[ ~ ]] A ; � ) $K $*$$ $F$b cen ter $K$J $C $F$$$k $3 $H $K Cm0U $9$k !# $3 $l$K $h$j C $O ^ A 0 $N ITDj@- $K B0$9$k !# $3$N$h $& $J Dj?t $N ITDj@- $O DL>o $N %2 !< %8 >l $K $b >o $K $" $k !# Hs2D49 %2 !< %8 JQ49 $N 2< $G$N �eld strength (3.61) $N JQ49@- $b C I $, Dj?t$h$j ^ F 0 I J = V � 1 � ^ F I J � V ; ^ F 0 � I J = V � 1 0 � ^ F I J � V 0 (3.68) $H $$ $& NI$/CN$C $? 6& JQ $J JQ49@- $r <($9 !# =>$C $F ( C 1 ( M )[[ ~ ]] A ; � ) $G $N Hs2D49 %2 !< %8 ITJQ NL $O %H%l !< %9 $r MQ $$ $F I=$9 $3 $H $, =PMh$k !# Nc $( $P !" T r � ^ F � I J � ^ F � I 0 J 0 J I I 0 0 J J J 0 0 � (3.69) $3 $3 $G !" T r $O Be?t ( C 1 ( M )[[ ~ ]] A ; � ) $N %H %l !<%9 $G !" B? MM BN M >e $NBN @Q @Q J, $H N � N 9TNs $NDL>o $N %H %l !< %9 $r 4^ $‘ $h $& $J$b$N $G$" $k 22 !# $3$N$h $& $J ITJQNL $+$i :nMQHF4X?t $r 9=@.$9 $l $P !" Hs2D49 %2 !< %8 >l $NM}O@ $, J*M} E* $K Dj5A$5 $l $k $3 $H$K$J $k !# $7 $+ $7 $3$3$G $O :nMQHF4X?t $r 8GDj $7 $J$$ $^$^ $G =* $o $k $3 $H $K $9 $k !# $=$NM}M3 $O 0J2< $N DL $j $G$" $k !# :# $d !" $$ $m$$$m $J Hs2D49 %2 !< %8 M}O@ $, W eyl %2 !< %8 M}O@ $K Kd $a 9~$^ $l $? IAA| $, F@ $i $l $F $$ $k$N $G$" $k $+$i !" :n MQ $b#1$D $NHs 2D 49 %2 !< %8 M} O@ %l %Y %k $G $O $J $/!" $h $jIa JW E* $J8+CO $+ $i F3$/ $N $, K> $^ $7 $$ !# $D$^ $j!" $^ $: W eyl %2 !< %8 JQ 49 $r BP>N@- $H $7 $F ;}$D:nMQ $r 5a $a !" $= $l $r W eyl %2 !< %8 JQ49 $N $& $AHs2D49 %2 !< %8 BP>N@- $@$1$r ;D$9 $h $& $J %2 !< %8 8GDj $r$9$k $3 $H $G !" 8GDj $5 $l $? :nMQ $r F@$k $H$$ $& J} ?K $G$" $k !# $= $N $? $a $K $O W eyl bundle $N %l %Y %k $G$N %H %l !< %9 $, I, MW $G $" $k $, !" <B $O !" 8D !9 $N � @Q$N Be ?t $K BP $7 $F$O %H%l !< %9 $O Dj 5A $G $- $k$3$H $, <($5 $l $F $$ $k $, !" W eyl bundle $K BP $7 $F$O $h $/ $o $+ $C $F$$$J$$ !# $? $@ !" $b $7%H%l !< %9 $, $" $k $H $9 $l $P !" :nMQ $O S � T r (Pf F ) (3.70) $H$G $b$J $k $@ $m $& !# 22 $=$N Dj5A $O [3][4] $r ;2>H !# $^ $? !" >e $N ITJQNL $O S p ( n ) ITJQ $G $b$"$k$3$H $K Cm0U !# 45

Bh 4 >O $$ $/ $D $+ $N 1~MQ 4.1 � @Q $N Nc $3 $l $^ $G 8+ $F$- $?$h $& $K !" W eyl bundle >e $N Ab elian connection D 5Z $S � @Q $O !" 85 $N symplectic B?MM BN M !J $H%Y %/ %H %k%P %s %I %k L !" E !K $N %G !<%? $H JQ7A $N mo duli $r M? $($k $H86M} E* $K $O 5a $a$k $3 $H $,$G$-$k !# $3 $3 $G $O !" $=$N %W %m%; %9 $, $" $kDxEY<B9T $G $- $k$h $& $J Hs>o $K 4JC1 $J >l9g $N 6qBNE* $J � @Q $N I=<0 $r M? $( $k !# 85$N %G !< %?$H $7 $F !" Dj?t 78 ?t$N symplectic form $r ;}$D at $J B? MM BN M $r $H $k !# $D $^ $j !" L $K $D $$$F $O � ij = 0 $+ $D ! ij $, Dj?t $H $7 !" 99 $K frame � i = � i � dx � $O 78?t � i � $, Dj?t $N >l9g $r 9M $( $k !# $3$N $H$- !" 0 $N @. J, 0 ij $b Dj?t $K$J $k !# $^ $? A $K $D$$$F $O N = 1 $N U (1) $G !" 6JN( 2-form R E $N @.J, $O Dj?t R E ij 2 C !" $D$^ $j constan t �eld strength $K $9$k !# :G8e $K !" mo duli $K $D$$ $F $O 1 $N @.J, $O 0 $K 9g $o$;$F Dj?t $K$H $k !# C" $7 ~ $N$Y$- $O 0l$D0J>eG$0U $K 4^ $‘ $N $G !" $" $i$+ $8 $a ~ $r =P $7 $F $*$$ $F 1 = 1 2 ~ 1 ij � i ^ � j ; 1 ij 2 C [[ ~ ]] (4.1) $H $9 $k !# 99 $K !" � $O y $K 4X $7 $F #2<!<0 $G $=$N 78?t $O Dj?t $H $9$k 1 !# � = 1 2 ~ � ij y i y j ; � ij 2 C [[ ~ ]] (4.2) 0J>e$^$H$a $k $H !" M? $( $kGX 7J $N%Q %i %a !<%?!< $, A4 $F Dj ?t$N >l9g $r 9M $( $k $3$H$K$J $k !# $3 $l $O 6I=j Darb oux :B I8 $G$N$_ 8+ $F !" bundle $N 6I=j<+L@2= $r $7 $F $$ $k$N $H F1 $8 $G $" $k !# $3 $N$H$- !" r $r 7h $a $kJ}Dx<0 $O (2.61) $+$i r s = ~ � ij y i � j ; r a = 1 2 � � i ~ R E � ~ 1 + ~ 2 �! � 1 � � ij y i � j + � � 1 � ~ � ij ! ik � j ^ @ @ y k r a + 1 2 @ @ y i r a ^ ! ij @ @ y j r a � (4.3) $H$J $k !# $3$3$G !" i; j $N B- $K 4X$9$k 9TNs$N @Q $G 0l ItI=<( $7 $F $$ $k !# BhFs<0$N A22=<0 $r 2r$/ $3$H$O$3 $N >l9g $G $b Fq $7 $$ !# $7 $+ $7 !" r $O y $N#1 <! $G 78?t $, Dj?t $G$" $k $3$H $O $9 $0 $o$+ $k !# $h$C $F !" r = 1 2 ~ (2 � � iR E � 1 ) ij y i � j + � � � = r (2) ij y i � j r (2) ij 2 C [[ ~ ]] (4.4) $H $*$$$F$* $/ !# $3$N$H$- (4.3) $O 9TNs r (2) ij $K BP$9$k9TNs $N A22=<0 $K$J $k $, !" $3$3 $G$O $= $l $r 2r $+$:$K !" r (2) ij $r MQ$$ $F � @Q $, $I $N$h $& $K I= $5 $l $k $+ $N J} $K CmL\$9$k !# 1 � 2 W 3 ( L; A ) $h$j !" y $N#2 <! $J $i � $b I, $: ~ $r 4^ $‘ $N $G !" $" $i$+ $8 $a =P $7 $F$" $k !# 46

<B $O !" (2.31) $K $D$$ $F $O 0lHL $K A22=<0 $G$O$J $/JD $8 $? 7A $G a = Q ( a 0 ) = X l � 0 ;n � 0 n = n 1 + n 2 + � + n l +1 ( � � 1 r ) n 1 � � 1 [ i ~ r ; ( � � 1 r ) n 2 � � 1 [ i ~ r ; � � � ; ( � � 1 r ) n l � � 1 [ i ~ r ; ( � � 1 r ) n l +1 a 0 ] � � � ]] (4.5) $H 7A <0E* $K$O 2r $/ $3$H $,$G $- $k !# HyJ, r $, ;j$k =j $K F~$C $F $$ $k$?$a $K !" $3 $l 0J>e $O Fq $7 $$ $, !" :# $N r $N >l 9g $O Dj?t $J$N $G !" $3$N L58BOB $, 7W;; $G $- $k !# FC $K !" 4X?t $H $7 $F :BI84X?t a 0 = x � $r$H $k $H !" Q ( x � ) = x � + 1 X l =0 � i ~ � l � � 1 [ r ; � � 1 [ r ; � � � ; � � 1 [ r ; y i X i � ] � � � ]] = x � + y i � 1 1 + ( ! � 1 r (2) ) T X � i � (4.6) $H$^ $H$^ $k!# $3 $3 $G !" i; j $H �; � $NB- $K 4X $9$k 9T Ns $N@Q !" E> CV !" 5U $rMQ $$ $F$$ $k!# $3$N7k 2L $, y $K $D $$ $F@~7A $G $"$k $3 $H $+ $i !" 0lHL $N4X?t f ( x ) $K BP $7 $F $b !" C1 $K$=$N 0z?t x $r Q ( x ) $K CV$-49 $( $l $P NI $$ $3$H$b$9 $0 $o$+ $k !# Q ( f ( x )) = f ( Q ( x )) = f � x � + y i � 1 1 + ( ! � 1 r (2) ) T X � i � � (4.7) $3$N$3 $H$+$i !" :# $N >l9g $N � @Q $O Mo y al-W eyl 7? $G$" $k $3$H $, F3 $+ $l $k !# B($A !" � @Q $O f ( x ) � g ( x ) = f ( x ) exp � i 2 # � � @ � � ! @ � � g ( x ) ; f ( x ) ; g ( x ) 2 C 1 ( M )[[ ~ ]] : (4.8) $H $$ $& 7A $r $7 $F $$ $k !# $3$3 $G !" # � $O # � := � i ( x � � x � � x � � x � ) = � i� ([ Q ( x � ) ; Q ( x � )]) = � ~ � X T 1 1 + ! � 1 r (2) ! � 1 1 1 + ( ! � 1 r (2) ) T X � � (4.9) $G M? $( $i $l $k !# 8@ $$49 $( $k $H !" $3 $3 $G $O !" Hs 2D49 @- $, 0l $D $N%Q %i %a !< %?!< # � $G FCD’IU $1$i $l $k>l9g $r 9M $($F $$ $?$3 $H$K$J $k !# $3$NNc $O Nc 2.16 $N Q ( x i ) = x i + y i $N>l 9g $+ $i y i $N B- $rDj ?t 9T Ns $G 2s E> $5 $; $? $@ $1$J $N $G K\ <A E* $K $O Hs <+ L@ $JNc $H $O8@ $( $J $$ $+ $b $7$l$J $$!# $7$+ $7 Nc $( $P !" $3 $N Nc $G U (1) $+ $i U ( N ) $K JQ $( $? $@ $1 $G$b r (2) $, N � N 9T Ns $K $J$k $? $a !" Q ( x ) $d # � $b9T Ns $K $J$k !# $9 $k $H !" x � $O $b $O $dDL>o $N:B I8 4X ?t $H$$ $& 0U L# $r<: $$ !" non-Ab elian E* $J :BI84X?t $K$J $k $3$H $, M=A[ $G $- $k !# 4: $($F J*M} $N Nc $H 7k $S $D $1 $k $J $i $P !" $= $l$O 9TNsLO7? $K $* $1 $k8EE52r $N$h $& $J$b$N $G$" $m $& !# 4.2 %2 !< %8 F1CM@- $3 $l $^ $G$N 5DO@ $N 4JC1 $J 1~MQ $H $7 $F !" %2 !< %8 F1CM@- $r 2f !9 $N OHAH $G 2r<a$9$k !# 47

$^ $: !" $= $NGX 7J $K$"$k ;v >p $r4J C1 $K ?6 $j JV $C $F$* $3 $& !# Dj ?t $N B >l $, GX 7J $K$" $k $H$- $N op en string M} O@ $K$* $$ $F !" D-brane M- 8z M} O@ $, Mo y al-W eyl @Q $K $h $k Hs 2D 49 %2!< %8M} O@ $K $J $k $3 $H $O x 1 $G$b =R $Y $?!# $= $N Hs 2D 49 @- $N =P=j $r 0l 8@ $G8@ $( $P !" string $N 2 <! $N !" B >l $H$NAj 8_ :n MQ 9‘ � R B @ X @ X $r w orldsheet $N propagator $N0lIt $H 8+ $J$9 $H $3$m $+ $i Mh $k!# $3 $N $H$- string $N S 9TNs $r :F 8= $9$k M- 8z M} O@ $O 0lHL $K !" Hs 2D 49 $J Dirac-Born-Infeld :nMQ $G M? $($i $l $k [8] !# S � Z q det( G + ^ F ) ; ^ F = d ^ A � i ^ A � ^ A $3$3 $G !" ^ A $O Hs2D49 U (1) %2 !< %8 >l $G !" A4 $F$N @Q $O Mo y al-W eyl @Q f ( x ) � g ( x ) = f ( x ) exp � i 2 # � � @ � � ! @ � � g ( x ) (4.10) $G$" $k !# 0lJ} !" $3 $l$O DL >o $N$d$j J} $G$" $k $, !" F1 $8 9‘ $r Aj8_:nMQ9‘$N$^$^ <h$j07 $( $P !" Hs2D49@- $O 8= $l$: !" B >l $O GX7J>l $N $^$^M-8zM}O@ $K ;D$C $F $/$k !# $3 $l $O 2D49 $J Dirac-Born-Infeld :nMQ $G 5-=R $5 $l $k !# S � Z p det( g + B + F ) ; F = dA $3 $l $i $OJ* M} E* $K $O0c $$ $O $J $$ $O $: $J $N $G !" $3 $N #2 $D $N :n MQ $,Ey $7 $/ $J$k $3 $H $, 4| BT $5 $l $k!# $9 $k $H !" N> <T $N %2!< %8 >l $N 4V $K $O 2? $i$+$N 4X78<0 $, @.$jN) $D $3 $H $K$J $k !# $3 $l $, B/ $K$$ $& Seib erg-Witten map $G$" $k !# [8] $G$O $= $N map $r 5a $a$k $? $a $K !" %2 !< %8 F1CM @- $H $$ $& $b $N $r2> Dj $7 $? !# B( $A !" Seib erg-Witten map $r S W : A 7! ^ A ( A ) $H =q$$ $? $H $- !" ^ A ( A ) + ^ � ^ � ^ A = ^ A ( A + � � A ) (4.11) $H $$ $& 4X78<0 $G$" $k !# $3$3 $G !" � !" ^ � $O $= $l $>$l 2D49 !" Hs2D49 $G$N L58B>. %2 !< %8 JQ49 $G !" � !" ^ � $O $= $l $>$l $N%Q %i %a !<%?!< $G $" $k !# $3$N 0UL# $O !" 2D49 $J M}O@ $N A $N %2 !< %8 50F; $O !" !J %2 !< %8 72 $O 0[ $J $k $K $;$h !K Hs2D49 $J M}O@ $G $b ^ A ( A ) $N %2 !< %8 50F; $K <L$k$Y $7 !" $H$$ $& MW@A $G $" $k !# ?^<0 $G I=$9 $H A 0 S W � � � � ! ^ A 0 � � x ? ? x ? ? ^ � ^ � A � � � � ! S W ^ A $3 $l$, 2D49?^<0 $G$" $k $H$$ $& $3$H$r 0UL#$9$k !# $3$N ?^<0 $O %2 !< %8 >l $K BP$9$k<LA| $G =q$$ $? $, !" %2 !< %8 F1CM@-<+ BN $O%2 !< %8 >l$d J*<A >l$b 4^$a$? >l$N 6u 4V A4BN $G 9M $( $k$Y$-$b $N$G $" $k !# $7 $+ $7 $3 $N MW @A $r K~$? $9 <L A| S W $r 6qBNE* $K 5a $a$k $N $O Fq $7 $$$N $G !" [8] $G$O # � $N CM $, L58B>. $@$1 0[ $J$k>l9g $NHs2D49 %2 !< %8 >l $N4X78 $r 5a $a$? !# B($A !" # � $H # � + � # � $N #2$D$N � @Q $K BP $7 !" L58B>. $N Seib erg-Witten map $, B8 :_ $7 >e $H F1 MM $N ?^<0 $, 2D 49 $K$J $k$h $& $J %2 !< %8 F1CM@- $r 2>Dj$9$k !# $3$N $H $- (4.11) $O � # � $K $h $kJQJ,7A $G ^ � ^ � � ^ A = � ^ � ^ � ^ A (4.12) $H I= $; $k !# $3$3 $G !" � ^ A $O � # � $K H< $& Hs2D49 %2 !< %8 >l$NL58B>.$NJQ2= $r I=$9 !# $= $7 $F$3 $N 2r $r [8] $G$O � ^ A � = � 1 4 � # � f ^ A � ; @ � ^ A � + ^ F � � g � ^ � = 1 4 � # � f @ � ^ �; ^ A � g (4.13) 48

$G M? $($? !# 99 $K !" M- 8B $J <LA| S W $D$^$j85 !9 $N2D49 $J %2 !< %8 >l $H Hs2D49 %2 !< %8 >l $N 4X78 $O !" $3 $l $r � # � $K $D $$ $F @QJ,$9 $k $3$H$K $h$j F@ $i $l $k $H $7 $? !# $J $* !" $3$N 7k 2L $r MQ$$ $k $H #2$D$N Dirac-Born-Infeld :n MQ $, Ey $7 $$ $3 $H $, <( $; $k !# $3 $l $K BP $7 2f !9 $O 0JA0 !" >e $N F3=P $K $h$j F@ $i $l $k Seib erg-Witten map $K$O !" <B $O #2 <oN‘ $N ITDj@- $, $" $k $3 $H$r ;XE& $7 $? [2] !# $=$N#1$D L\ $O (4.13) <+?H $, (4.12) $N 2r $H $7 $F$O 0lHL2r $G$O$J $/ � ^ A = � 1 4 � # � f ^ A � ; @ � ^ A � + ^ F � � g + � # � ^ D � ^ F � + � � # � ^ D � [ ^ A � ; ^ A � ] � ^ � = 1 4 � # � f @ � ^ �; ^ A � g + 2 � � # � [ @ � ^ �; ^ A � ] (4.14) $, 2r $H $7 $F 5v$5 $l $k $H$3 $m $G$" $k !# $3 $3$G !" ^ D � $O Hs2D49 %2 !< %8 JQ49 $N6&JQHyJ, $G !" � !" � $O G$0UDj?t $G$" $k !# $D$^$j � !" � $N 9‘ $N ITDj@- $, $" $k !# $7 $+ $7 $3 $l$i$O !J >l $K 0MB8 $7 $?%Q%i %a !< %?!< $K $h $k !K Hs2D49 %2 !< %8 JQ49 $N 7A $r $7 $F $$$k$? $a !" $"$k0UL#<+A3 $J ITDj@- $H 8@ $( $k !# $= $l$O !" $=$b$= $b %2 !< %8 F1CM@- $O %2 !< %8 >lF1;N $N<LA| $G $O$J $/!" %2 !< %8 50F;F1 ;N $N<LA| $G$"$k $+ $i$G$"$k !# B( $A !" Seib erg-Witten map $O K\Ev $O !" %2 !< %8 JQ49 $G 3d $C $? F1CMN‘ $K BP$9$k <LA| S W : [ A ] ! [ ^ A ] $G Dj5A$5 $l $k$Y$-$b$N$G !" FCJL $J BeI=85$N 4X78 $H $7 $F <LA| $r Dj 5A$9$k $J $i $P !" >o $K$3$N ITDj@- $O B8:_$9$k !# #2$D L\ $N IT Dj@- $O L58B>.$N � # � $N %7 %U %H $r #22s 9T $& ;~ $K @8 $8 $k !# $= $l $> $l $r � # � 1 !" � # � 2 $H $* $/ $H !" $I $A $i$r @h $K 9T $C $F$b # � $O F1 $8 # � + � # � 1 + � # � 2 $K JQ2= $9$k $, !" BP1~ $9$k >l $NJQJ, $N J} $O <B $O =g=x $K 0M$C $F$$ $k !# $= $l $O <B:] $K 7W;; $K $h$j [ � 1 ; � 2 ] ^ A � 6 = 0 (4.15) $, <( $; $k $+$i$G$" $k !# $3$3 $G � i $O � # � i $K H< $& >l $NJQJ, $G$"$j !" 1& JU $O @hDx $H $O 0c $$Hs2D49 %2 !< %8 JQ49 $N7A $K $O $^ $H$^ $i$J$$J#;( $J 7A $r $7 $F$$$k 2 !# => $C $F !" $I $A $i$N L58B >. $N %7%U %H $r @h $K 9T $& $+$K$h$C $F !" 0l HL $K 0[ $J$k %2 !< %8 50F; $K <L$k $3 $H $K$J $k !# $= $N 7k2L !" L58B>. $NJQJ, $r @QJ, $7 $F M-8B $N<LA| $r 5a $a $k:] $K $b !" # � $N CM $N6u 4V $N $I $N 7PO) $r DL$k $+$K $h$j 7k2L $, 0[ $J $k !" $D$^$j@QJ, $N 7PO)0MB8@- $, @8 $8 $k !# [ ^ A � ] = Z path [ � ^ A � ] (4.16) C" $7 $3 $l$i$N ITDj@- $O !" 7k2L E* $K$O Dirac-Born-Infeld :nMQ $, Ey $7 $$ $H$$ $& [8] $N 7kO@ $K$O Dq?( $7 $J $$ !# $= $l$O $3$N:nMQ<+BN $, 6K $a $F AF$$6a;w $G F3 $+ $l $F$$ $kM-8z:nMQ $G$" $k $?$a !" $= $N 6a;w $G$O ITDj@- $b Mn $H$5 $l $k $+$i$G $" $k !# 0J>e $N GX7J $r F’$^ $( !" $3 $3 $G$O ( C 1 ( M )[[ ~ ]] A ; � ) $H ( C 1 ( M )[[ ~ ]] A ; � 0 ) $H $$ $& #2 $D $N � @Q $r ;} $DBe?t $N >e $N Hs2D49 %2 !< %8 M}O@ $N 4X78 $,%2 !< %8 F1CM@- $r ;}$D $3 $H$r 3N $+$a !" >e $N ITDj@- $H$N BP1~$b<($9 !# x 3.1 $G =R$Y$?$h $& $K !" Be?t ( C 1 ( M )[[ ~ ]] A ; � ) $O at section W D $K F17? $J$N$G !" $3 $A $i$G 9M $( $k !# $3$N $H$-#2$D $N � @Q $NBe?t $O !" #2 $D $N at sections W D !" W D 0 $K BP1~ $9$k $N $G !" >e $N ?^<0 $K AjEv $9$k $b $N $, 0J2< $N 2 $3 $N (4.15) $N 7A $r 8+$k $H !" 2? $i$+ $N Lie Be?tE*$J 9=B$ $, $" $k$h $& $K ;W$o $l $F $/$k !#<B $O $=$N 9=B$$N4v 2?3XE*860x$r C5$k$?$a $K !" [1] $N8&5f $r ;O $a$? !# 49

DL$j=q $1 $k 3 !# W D A � � � � ! W D 0 A D x ? ? x ? ? A D 0 W D � � � � ! A W D 0 $3 $3 $G !" :8B& $N#2$D $O F1 $8 at section W D $G !" =D $N<LA| $O W D $N Hs2D49 %2 !< %8 JQ49 A D $r I= $7 $F$$ $k !# 1&B& $N#2$D $O W D $H $O JL $N at section W D 0 $G !" =D $N<LA| $O W D 0 $N Hs2D49 %2 !< %8 JQ49 A D 0 $G$" $k !# 0lJ} !" 2# $N<L A| $O 6& $K !" W ( L; A ) $N Cf $N W D $+$i W D 0 $X$N W eyl %2 !< %8 JQ49 A $G !" xx 3.1 $K $h $k $H C 1 ( M )[[ ~ ]] A $N %l %Y %k$G $O � @Q $NF1CM $r I= $7 $F$$ $k !# $3$N ?^<0 $O A D 0 = AA D A � 1 $G $" $l $P 2D49 $K$J $k $, !" $= $l$O >o $K 2DG= $G$" $k !# $J $< $J $i !" $3 $l$i$N <LA| $, A4 $F W ( L; A ) $G 8+ $l $P W eyl %2 !< %8 JQ49 $K 2a $. $J$$ $3 $H $K Cm0U $9 $l $P !" $3$N4X 78 A D 0 = AA D A � 1 $O C1 $K W eyl %2 !< %8 JQ4972 $N72 $N 5,B’ $K B> $J $i$J $$ $+$i$G$" $k !# $h$C $F 2D49?^<0 $N>l9g $r 9M $( $k $H !" $3$N ?^<0 $O L@ $i$+ $K %2 !< %8 F1CM@- $r I= $7 $F$$ $k !# $= $l $r 6qBNE* $J %2 !< %8 %Q%i %a !<%? !<F1;N $N4X78 $G 8+$h $& !# x 3.1 $H F1 $8 $/!" Hs2D49 %2 !< %8 JQ49 A D $r M? $( $k72 $N 85 $r V 2 W D 4 !" W eyl %2 !< %8 JQ49 A $r M? $( $k $b $N $r U 2 W + $H $* $/ $H !" W D 0 $G $N JQ49 A D 0 $O A D 0 a := AA D A � 1 a = ( U � 1 � V � U ) � 1 � a � ( U � 1 � V � U ) (4.17) $H$$ $& :nMQ $K$J $k !# D 0 V 0 = U � 1 � ( D V 0 ) � U = 0 $h$j !" $3 $l$O 3N $+ $K W D 0 >e $N V 0 = U � 1 � V � U 2 W D 0 $H $$ $& 85 $G M? $( $i $l $kHs2D 49 %2 !< %8 JQ49 A D 0 $r I= $7 $F$$$k !# 0J >e $K $h$j!" #2 $D $NF1CM $J � @Q $NBe?t $N>e $NHs2D 49 %2 !< %8 JQ49F1;N $N %2 !< %8 F1CM@- $H$O !" 2f !9 $N 4QE@ $G$O W eyl %2 !< %8 JQ49 $K B> $J $i$J $$$3$H $, $o$+ $k !# $^ $? !" $b $7 #2$D$N W eyl %2 !< %8 JQ 49 A !" ~ A $, F1 $8 W D 0 $X $N <L A| $@ $H $9 $k $H !" I, $:$" $k A D 0 $, B8 :_ $7 $F ~ A = A D 0 A $H =q $1 $k !# 8@ $$ 49 $( $k $H !" U $H ~ U = V � U $O 6& $K F1 $8 Be?t$N %2 !< %8 F1CM@- $r I= $7 $F $*$j !" %2 !< %8 50F; F1;N $N <L A| $H $7 $F$O F10l $G$" $k !# :# $O �b erwise $J <+8JF17? $G OC $r $7 $? $, !" $h$j0lHL $K$O !" di�eomorphism $r 4^ $‘ <+8JF17? $N >l9g $G$b A4 $/F1 MM $N2D49?^<0 $, @.$jN) $D !# $3$N $H$- $O !" $= $N?^<0 $O #2$D $N at section $N <+8JF17? $NF1CM@- $r I=$9 $3$H $K$J $k !# $5 $F !" 2# J} 8~ $N<L A| $r#22s 9T$& $3 $H $r9M $($k !# $= $l $>$l$r A 1 !J BP 1~ $7 $F U 1 2 W + !K !" A 2 !J F1 $8 $/ U 2 2 W + !K $H$*$/ !# 0l HL $K W eyl %2 !< %8 JQ49 $O Hs2D 49 U 1 � U 2 6 = U 2 � U 1 $G$"$k $+$i !J $3 $l$O C1 $K � @Q $NHs2D 49 @- $N5"7k !K !" <LA| $N9g@. $N 0UL# $G A 1 A 2 6 = A 2 A 1 $H$J $k !# => $C $F !" W D $O #2$D $N <LA| A 1 A 2 $H A 2 A 1 $G$O 0lHL $K 0[ $J $k at section $K <L$k !# $b$A$m $s F1 $8 W D 00 $K <L$C $? $H $9$k $H !" >e $H F1MM $K !" $=$N0c $$ $O I, $: W D 00 $N Hs2D49 %2 !< %8 JQ 49 A D 00 J, $K$J $k !# $3$3$G Seib erg-Witten map $H $N Hf3S $r $7 $F $* $3 $& !# $^ $: 2f !9 $N W D $N $& $A !" #1$D$NDj?t%Q%i %a !<%?!< # � $G Hs2D49@- $, FCD’ IU $1$i $l $k$h $& $J Hs>o $K FCJL $J >l 9g !J xx 4.1 $N Nc $r ;2>H !K $, D-brane $K 8= $l $kHs2D49 @- $G$" $k !# C" $7 !" Hs2D 49 @- $O 85 !9 J#?t$N mo duli $G ;X Dj$5 $l $F $$ $k$?$a !" F1 $8 # � $r M? $( $k$h $& $J 0[$J $k W D $O $$ $/ $D $b $"$j $& $k $3 $H $K Cm0U $9$k !# $= $N$h $& $J #2$D $NBe?t $N $& $A !" FC $K L58B >. $@$1 # � $N CM $, 0[ $J $k>l9g $, 0lHV 3 $b $A$m $s 0-form $@$1$G $J $/ V W D $G $b NI$$ !# 4 $b $A$m $s 6I=jE* $K W D $N 85 $H$J $k$h $& cen ter $r 8GDj $7 $F$$ $k !# 50

>e$N ?^<0 $G $" $k !# $h$C $F !" JQ49 A $O # � 7! # 0 � = # � + � # � $H $$ $&JQ49 $r @8@.$9$k U $N$H $-$K BP 1~$9$k !# U $r 8GDj $9 $l $P 3F85 $N<LA| $H $7 $F $O ITDj@- $O$J$$ $, !" %2 !< %8 50F; $N <LA| $N0UL# $G $O >e $G =R $Y $?$h $& $K !" Hs 2D49 %2 !< %8 JQ49J,$NIT Dj@- $, $" $k !# $3 $l $O Seib erg-Witten map $N Bh #1$N ITDj@- $H A4$/F1 $8 ;v>p $G $" $k !# $3$N $h $& $J Dj ?t%Q%i %a !<%? !< # � $N %/%i %9 $K 8B$C $? >l 9g !" #2 2s$N <L A|$N 2< $G 0lHL $K$O A 1 A 2 6 = A 2 A 1 $G $" $C $?$H $7 $F $b !" <L$C $? @h $N # 00 � $N CM $O Ey $7 $/ $J $k !# $h$C $F !" <L$k@h $N � @Q$N Be?t $O Ey $7 $$ $, !" A 1 A 2 6 = A 2 A 1 $G $" $k $? $a %2 !< %8 50F; $O 0[ $J $k $H$$ $& $3 $H $, 5/$-F@$k !# $3 $l$, Seib erg-Witten map $N Bh#2 $N ITDj@-$N7P O)0MB8@- $H BP 1~ $7 $F $$ $k !# 0J>e $N$h $& $K !" D-brane $K $* $1 $k %2 !< %8 F1CM@- $N W eyl %2 !< %8 JQ49 $H $7 $F $N 2r<a $, @.$5 $l $k !# $3$l $G 5D O@ $O ?T$-$F$$ $k $, !" Seib erg-Witten map $K 9g $o$;$F :#$N 2D49 ?^<0 $G $N Hs 2D49 %2 !< %8 >l F1;N$N 4X 78 $r 5a $a$F$* $3 $& !# xx 3.3 $N Hs2D49 %2 !< %8 >l $N Dj5A $K =>$$ !" >e $N 2D49?^<0 !J $N 7A<0$NBe?t W D ~ V $N >l9g !K $K Ev $F $O$a$F !" (3.35) !" (3.48) $r MQ $$$k $H ~ � 0 I 0 ^ A 0 0 I 0 = ~ � I � � U � 1 � Q ( ^ A 0 I ) � U � � 1 ~ ~ � I � � U � 1 � Q (� I ) � U � + 1 ~ ~ � I � I + C (4.18) $H$$ $& 4X 78 $, F@ $i $l $k!# $3 $l $, Seib erg-Witten map $N BP1~ J* $G$"$k!# C" $7 !" W D $H W D 0 $, 0[ $J$k $? $a !" xx 3.3 $N 9=@.K! $K => $( $P !" 4pDl ~ � I !" ~ � 0 I 0 $O 0lHL $K 0[ $J $C $F$$ $k $3$H$K Cm0U$9$k !# C" $7 !" 2f!9 $NOH AH $K !" D-brane $N Hs2D 49 @- $, @53N $K $O $I $N$h $& $K Kd $a9~ $^ $l$F$$$k $+ $, L@ $i $+ $G $O$J$$ $? $a !" 2D 49 $J %2 !< %8 >l $H $N4X 78 $^ $G $O8= >u $G $O$h $/ $o $+ $i $J $$!# $7 $+ $7 !" W eyl %2 !< %8 JQ 49 A $G $O $J$/ di�eomorphism $r 4^ $s $@ <+8J F1 7? A f $N >l9g $G !" $+$D#2 $D $N W D !" W D 0 $r M? $( $kGX 7J $H $7 $F U (1) ItJ, $N �eld strength $, I, $: 0[ $J $k>l9g $, !" ?? $N Seib erg-Witten map $K $J $k $H ;W $o $l $k 5 !# C" $7 $=$N>l9g $O Hs2D 49 %2 !< %8 >l $N4X78 $b (4.18) $h$jJ#;( $K$J $k !# 5 $3 $l$O [21] $K $h$k 7k2L $r 9MN8 $7 $F$$ $k 51

Bh 5 >O Conclusion and Discussion K\9F $G$O !" G$ 0U $N symplectic B?MMBN M $+$i !" JQ 7ANL;R 2= $N<jK! $r Hs2D49JQ7A $H $7 $F 2r<a$9$k $3$H $K $h$j Hs2D 496u4V $r Dj5A $7 !" $^ $?$=$NHs2D496u4V >e $NHs2D49 %2 !< %8 M}O@ $N9=@. $r 9T$C $? !# $3 $3 $G 07$C $? Hs2D496u 4V $O � @Q $GFCD’ IU $1 $i $l $k $b $N $G$" $C $? $, !" $= $NHs 2D 49 Be ?t ( C 1 ( M )[[ ~ ]] A ; � ) $r F@$k $? $a $K !" 2f !9 $O F edoso v $K $h$k JQ7ANL;R2= $N<jK! $r MQ $$ $? !# $^ $: x 2.3 $G$O !" �b erwise $K Mo y al-W eyl @Q $r ;}$D$h $& $J W eyl bundle W ( L; A ) $N35G0 $H$= $N>e $N W eyl connection D $r F3F~ $7 $? !# $= $N $& $A FC $K Ab elian connections D $N>l9g $K $O !" D $K 4X $9$k at section $N Be?t W D $H $N F17? $, @.$jN)$D $?$a !" C 1 ( M )[[ ~ ]] A $K $* $1 $k � @Q $, F@ $i $l $? !# <! $K x 3.1 $G $O W eyl bundle $N <+8JF17? !" FC $K W eyl %2 !< %8 JQ49 $K $D$$ $F 5DO@ $7 $? !# $= $N 7k2L !" 0l HL $N<+8JF17? $O 0[ $J $k W D C# $NF17? $r 0z $- 5/ $3 $7 !" $= $l$O � @Q $NF1CM4X78 $r M? $($F$$$k $3 $H $, $o$+ $C $? !# $= $7 $F FC $K !" � @Q $r J]B8 $9 $k$h $& $J W D $N <+ 8J F1 7? $, Hs 2D 49 %2 !< %8 JQ 49 $r 4^ $s $G $$ $k $3$H$, 7k O@$5 $l $? !# => $C $F !" MM !9 $J Hs 2D 49 6u 4V $O W eyl %2 !< %8 JQ 49 $K $h$j 7k $S $D$$$F $*$j !" $=$N >e $N Hs2D 49 %2 !< %8 JQ 49$b W eyl %2 !< %8 JQ49$N 0lIt $G $" $k $3$H$+ $i !" N><T $, W eyl %2 !< %8 M}O@ $H $7 $F E}0l E* $K 5-=R$5 $l $k$H$$ $&IAA| $K ;j$C $? !# $= $l $r F’$^ $( !" x 3.2 $G$O W eyl %2 !< %8 JQ49 $K IU?o$9$k W eyl %2 !< %8 >l ^ A $H !" $=$NE,Ev $J @)8B $G F@ $i $l $kHs2D49 %2 !< %8 >l ^ A $r M? $($? !# $3 $l$O $b$A $m $s C 1 ( M )[[ ~ ]] A >e $NHs2D 49 %2 !< %8 >l ^ A 0 $K BP1~ $7 $F$$$k !# 0J >e $N9=@. K! $+ $i !" F@ $i $l $? Hs2D 49 %2 !< %8 M}O@ $H$$ $& $N $O A4 $F !" IaJWE* $J W eyl %2 !< %8 M}O@ $N$"$k %2 !< %8 8GDj$5 $l $? M}O@ $H 8+ $J$9$3 $H $, $G $- $k !# :G8e $K x 4.1 $G$O 1~MQ $H $7 $F !" Dj?t $G FCD’ IU $1$i$l $k$h $& $J 4JC1 $J � @Q$N 6q BNE* $J I= <0 $r M? $( $? !# $^ $? !" $$ $o$f $k Seib erg-Witten map $N4v2? 3X E* $J2r<a !" $D $^ $j %2 !< %8 F1CM @- $H$$ $& $N $O W eyl %2 !< %8 JQ49 @- $K B> $J $i$J$$ $H$$ $& $3 $H$r <( $7 $? !# 0J2< $G$O$3 $l$+ $i $N 2]Bj $H E8K> $K $D$$$F 4JC1 $K =R $Y $k !# xx 3.2.1 $G$O W eyl %2 !< %8 M}O@ $N:nMQ HF 4X ?t $K$D$$ $F $O >\ $7 $/?( $l$J $+$C $? !# $= $l$O 4{ $K =R $Y $?$h $& $K !" W eyl bundle $N Be?t $K 4X $9$k %H %l !<%9 $, Dj5A $5 $l$F$$$J$$ $+ $i$G$"$C $? !# E, Ev $J %H %l !< %9 $, Dj5A $5 $l $? $H$9$k $H !" :n MQ $O T r[( ^ F A ) n ] = T r[Pf ^ F A ] $H$G $b I=$5 $l $k $H M= A[$5 $l $k !# $= $7 $F Hs2D 49 %2 !< %8 M} O@ $N :nMQ$b !" $3$N :n MQ $+$i Hs2D49 %2 !< %8 BP>N@- $r ;D$9 $h $& $J %2 !< %8 8GDj $H $7 $F F@ $i $l $k $G$" $m $& !# Hs2D49 6u4V $H$=$N >e $N %2 !< %8 M}O@ $, F1 $8 >l $N0[ $J$kB&LL $H $7 $F E}0l $5 $l $F$$ $k $H$$ $& 2f !9 $NIAA| $O !" 9TNs LO7? $K$h $kHs2D49 %2 !< %8 M}O@ $N 5-=R $K NI$/ ;w $F$$ $k !# N><T $N @53N $J 4X78 $, $o$+ $l $P !" 9TNsLO7? $N 3HD% $K $b LrN)$D $+ $b $7 $l $J $$ !# K\ 9F $G$O W ( L; A ) V $N <+ 8J F1 7? A f $N $&$A !" �b erwise $G $+ $D symplectic lifting $r 8G Dj $7 $? <+ 8J F1 7?$r W eyl %2 !< %8 JQ 49$H 8F $S !" $= $l $K Cm L\ $7 $F $- $? !# $= $l $O Hs 2D 49 %2 !< %8 M} O@ $K 2f !9 $N 6= L# $, $" $C $?$+$i $G $" $k !# $=$N >l9g $O !" 85 $N B?MMBN M $N $O A4$/JQ99 $; $: !" C" $7 ~ $K $h $kJd@5 $r <u $1$? $h $& $J GX7J $N >e $N M}O@ $H $7 $F 8+ $( 52

$? !# $b $7 di�eomorphism $r 4^ $‘ $h $& $J <+ 8JF1 7? A f A4BN $r 9M $( $k $H !" :BI8JQ49 $H $=$N Jd@5 <+BN$b NO3X E* $J JQ 49 $K 2C $o $k $3$H $K$J $k !# B( $A !" Hs 2D49=E NO $r 4^ $‘ $h $& $J Hs2D49 %2 !< %8 M}O@ $K$J $k $H ;W $o $l $k !# $3$N $H$- $O x 3.3 $G$d $C $?$h $& $J 6I=jE* $G @.J,I=<( $K 6/$/0MB8 $7 $? Dj<02= $G $O L@ $i$+$K IT=<J, $G$" $m $& !# $3 $l$K BP $7 !" @)8B $7 $? W D ~ V $G$O$J $/ V W D $r >l $N6u4V $H$9 $kJ}K! $NJ} $, M-8z $G$" $k !# $3$N Be?t $O <B $O Hs2D496u4V $N4X?t4D $K DL>o IU?o $7 $F $$ $kHyJ,Be?t $G$O$J $/!" $=$N HyJ, $N35G0 $r >/ $7 3HD% $7 $?$b$N $K$J $C $F$$ $k !# $3 $l $r ?. $8 $l $P !" Hs2D49 HyJ,4v2? $H $7 $F $b ?7 $7 $$ 2DG=@- $r Ds<(=PMh$k $+ $b $7 $l $J $$ !# :G$b 3Z4QE* $K$O !" 2f !9 $N 9= @. $7 $? %2 !< %8 M}O@ $O !" Dj?t $G$J $$ 0l HL $N B >l $H !" 0lHL $N 6J $, $C $? GX 7J $N Cf$N N Kg $N=E $J$C $? D(2 n )-brane $r 5-=R $7 $F$$$k $h $& $K ;W $( $k !# $= $N:] !" JQ 7A %Q %i %a !< %? !< ~ $O string $N D9 $5 $N#2 >h $N � 0 $H F1Dj $5 $l $k !# $D$^ $j!" string E* $JJd@5 $K$h$jHs 2D49 @- $, 8= $l $k $H$$ $& IA A| $G$"$k !# D-brane $N 0LCV $r Dj $a $k Higgs >l $K Aj Ev$9$k U ( N ) adjoin t matter $N 6u4V $, !" 2f !9 $, >l$N 6u4V $H 8F $s$G $$$? ( C 1 ( M )[[ ~ ]] A ; � ) $G$" $k !# %U%’ %k %_ %* %s $b F1MM $K 4^ $a $k $3$H $, $G $- $k !# 99 $K di�eomorphism $b 4^ $a $k $H !" 2f !9 $N �eld strength (3.62) $O Hs 2D49$J Dirac-Born-Infeld :n MQ ( x 3.3) $N AH$_ 9g $o $;$K $J $j !" IaJW E* $J 0U L# $r ;}$D$3 $H $b$" $j $&$k !# $7 $+ $7 !" <B:] $K string M}O@ $K $* $1 $kHs2D49 %2 !< %8 M}O@ $r 2f !9 $N OHAH $K Kd $a9~ $‘ $3 $H $O Fq $7 $$ !# $= $l$O !" #1$D $K $O string $G CN $i $l $F $$ $k Nc $, Dj ?t GX7J$N 4J C1 $J >l9g $7 $+ $J $$ $?$a$G $" $k !# $b $& #1$D$O !" 2f !9 $N OH AH $K metric $, $I $&F~ $k $+$, L@ $i $+ $G $O $J $$ E@ $G $" $k !# $b $7 $3$l $^$G $N 9= @. $r 2?$b JQ 99$;$: $K metric $r F~ $l $k$H $9 $k$H !" Riemann B?MMBN N $N cotangen t bundle T � N $r symplectic B?MMBN M $H 8+ $J $9 $3 $H $, 9M $($i $l $k !# $3$N $H$- string $N Hs2D49 @- $r :F8= $9$k $h $& $J Ab elian connection $, <B:] B8:_ $9$k [22] !# $7 $+ $7 $=$NJ*M}E*2r <a $O$" $^$j L@ $i$+$G$O$J$$ !# JL $N J}K! $H $7 $F$O !" 2f!9 $, A $d L $N 3HD% $r $7 $?$h $& $K W eyl bundle $K $h $k9=@.K! $N K\<AE* $J It J, $O JQ $($:$K metric $r F~ $l $k$3$H$, 9M $($i$l $k !# x 2.4 $G =R$Y$? sup er star pro duct $O $= $N 8uJd $G $" $k !# $^ $? $4 $/:G 6a !" P oisson B?MM BN $G$b F edoso v N. $N9=@. $G JQ7A NL ;R 2= $, 2DG= $G$"$k $3 $H $, <( $5 $l$? !# $3$N$h $& $K !" $h$jJ*M}E* $K 8=<BE* $J >u67@_Dj $K 3HD%$9$k $3 $H$O :#8e $N =EMW $J 2]Bj $N 0l$D $G$" $k !# <U<- $3 $N Gn;NO@J8 $O F1 $8 8&5f<< $G F14| $N 4_K\;a $H$N 6&F18&5f $, 4p $K$J $C $F$$ $^$9 !# ;d $, ;}$C $F$$$?GyA3 $H $7 $?%" %$ %G %" $, O@J8 $H$$ $& 7A $K$J $C $?$N$b !" 4_K\ ;a $H 7+$jJV $7 $? 5DO@ $N;rJ* $G $9!# $3$3 $K 46<UCW $7 $^$9 !# $^ $? !" $$$m $$$m $J 5DO@ $K IU$-9g$C $F$$$? $@ $$$?$j !" F| !9 $*@$OC $K$J $C $? AGN3;RO@8&5f<< $N 3’$5 $s$K 46<UCW $7 $^$9 !# 53

IU O? A A.1 W V $N deriv ation $3$3$G$O !" 1i;;;R i ~ [ H ; ] $, W V $N deriv ation $G $" $k $?$a$N H $K BP$9$k>r7o $r 5a $a $k !# $^ $: !" 8r 49 ;R$r ~ $K 4X $7 $F E8 3+ $7 $? $H $- $N 0 <!$O A $N Lie 3g 8L i ~ [ H ; ] A $G $" $k$, !" $3 $N Lie 3g 8L$G i ~ [ H ; a ] A 2 W ( L; A ) V $, @.$j N) $F$5$( $9 $l $P !" $= $l $h $j 9b<! $G$O I, $: ~ $, 8r49;R $+$i =P $F $/$k$N $G !" >o $K @. $jN) $D $3 $H $K Cm0U $9$k !# $= $& $9 $k $H $^ $: !" Lie 3g8L $, 0 $K$J $k $h $& $J !" A $N cen ter $r 78?t $K ;} $D $b $N $O 8r49 ;R $N 0 <! $, 8z $+$J $$$?$a G$0U $G NI$$ $N $G !" =89g W ( L; Z ) $, 5v $5 $l $k !# B( $A !" cen ter 78?t $G y $H ~ $N 7A<0E* $Y $-5i?t$N A4BN $G $" $k !# 0lJ} !" cen ter 0J 30 $b 78?t $K ;}$D $H $9 $k $H !" 8r49;R $N 0 <! $K i ~ $r 3] $1$? $b$N $, ~ $N Ii $Y $- $r 4^$^ $J$$$?$a$K$O !" H $, I, $: ~ $r 4^$^ $M $P $J$i$J $$ !# $h$C $F OB=8 9g ~ W ( L; A ) [ W ( L; Z ) $, 5v$5 $l $k$3 $H$K$J $k !# $3 $l $i $N 6&DLItJ, $O ~ $r 4^ $‘ $h $& $J W ( L; Z ) $N 85 $+$i @.$k $N $G !" 7k6I !" W 0 ( L; A ) := ~ W ( L; A ) � S ( L � ) � W ( L; A ) (A.1) $, deriv atoion $H $7 $F 5v $5 $l $k H $N A4BN $G$"$k !# $3 $3 $G !" S ( L � ) $O y $N C 1 ( M ) 78?t B? 9‘ <0 $NA4BN $r I= $9 !# $D $^$j S ( p ) ( L � ) := f H = 1 p ! H i 1 ; � i p y i 1 � � � y i p j H i 1 � i p 2 C 1 ( M ) g S ( L � ) := 1 M p =0 S ( p ) ( L � ) ; S k ( L � ) := 1 M p = k S ( p ) ( L � ) (A.2) $J $I $H $7 $F$$ $k !# C" $7 !" $3 $l$i$O cen ter $N ITDj@- $r >o $K 4^ $s$G $$$k $3 $H $K Cm0U$9$k!# FC $K <!?t 0 $N S 0 ( L � ) $N 85 $O A4 $F cen ter $G $" $k !# $3$N 7k2L $r LO<0E* $K =q $/ $H i ~ [ W 0 ( L; A ) ; ] = i [ W ( L; A ) ; ] + i ~ [ S ( L � ) ; ] = i [ W ( L; A ) ; ] A + f S ( L � ) ; g ! + O ( ~ ) (A.3) $3 $3$G O ( ~ ) $O 8r49;R $K 4X $7 $F$N$b$N $G$" $k !# Bh0l9‘ $O Lie 3g8L !" BhFs9‘ $O P oisson 3g8L $G$" $k $, !" 6& $K 0 <! $+$i ;O$^$C $F$$ $k !# =89g W 0 ( L; A ) $O JL$NI= $7 J}$b $G $- $k !# $D$^$j!" W 0 ( L; A ) := ~ W ( L; A = Z ) � W ( L; Z ) � W ( L; A ) (A.4) BhFs9‘ $O cen ter 78?t $N W eyl bundle $N section !" $D$^$j A $N 3HD% $r 9T $o$J$$$H $-$N W eyl bundle $G $" $j !" Bh 0l9‘ $O cen ter 0J30$N78?t !" $D$^$j su ( N ) 78?t $N W eyl bundle $H 2r<a $G $- $k !# 54

4XO"?^=q [1] T. Asak a w a and I. Kishimoto, \Nonc ommutative Gauge The ories fr om Deformation Quantization," Nucl. Ph ys. B591 (2000) 611-635. hep-th/0002138 . [2] T. Asak a w a and I. Kishimoto, \Comments on Gauge Equivalenc e in Nonc ommutative Ge ometry," JHEP 9911 (1999) 024. hep-th/9909139 . [3] B.V. F edoso v, \A simple ge ometric al c onstruction of deformation quantization," J. Di�. Geom. 40 (1994) 213-238. [4] B.V. F edoso v, \Deformation quantization and index the ory," Berlin, German y: Ak ademie-V erl. (1996) 325 p. (Mathematical topics: 9). [5] E. Witten, \Nonc ommutative Ge ometry A nd String Field The ory," Nucl. Ph ys. B268 , 253 (1986). [6] A. Connes, M. R. Douglas and A. Sc h w arz, \Nonc ommutative Ge ometry and Matrix The ory: Comp act- i�c ation on T ori," JHEP 9802 (1998) 003. hep-th/9711162 . [7] M. R. Douglas and C. Hull, \D-br anes and the Nonc ommutative T orus," JHEP 9802 (1998) 008. hep-th/9711165 . [8] N. Seib erg and E. Witten, \String The ory and Nonc ommutative Ge ometry," JHEP 9909 (1999) 032. hep-th/9908142 . [9] H. Garcia-Comp ean, J. F. Plebanski and M. Przano wski, \The Ge ometry of Deformation Quantization and Self-Dual Gr avity," hep-th/9710154 . H. Garcia-Comp ean, \On the Deformation Quantization Description of Matrix Comp acti�c ations," Nucl. Ph ys. B541 (1999) 651-670. hep-th/9804188 . M. R. Douglas, \Two L e ctur es on D-Ge ometry and Nonc ommutative Ge ometry," hep-th/9901146 . V. Sc homerus, \D-br anes and Deformation Quantization," JHEP 9906 (1999) 030. hep-th/9903205 . I. Y a. Aref ’ev a and I. V. V olo vic h, \Nonc ommutative Gauge Fields on Poisson Manifolds," hep-th/9907114 . H. Garcia-Comp ean and J. F. Plebanski, \D-br anes on Gr oup Manifolds and Deformation Quantiza- tion," hep-th/9907183 . L.Cornalba and R. Sc hiappa, \Matrix The ory Star Pr o ducts fr om the Born-Infeld A ction," 55 hep-th/9907211 . A. Y u. Alekseev, A. Rec knagel and V. Sc homerus, \Non-c ommutative World-volume Ge ometries: Br anes on SU(2) and F uzzy Spher es," JHEP 9909 (1999)023. hep-th/9908040 . M. V asiliev, \Higher Spin Gauge The ories: Star-Pr o duct and A dS Sp ac e," hep-th/9910096 . [10] A. Connes, \Nonc ommutative Ge ometry" , Academic Press (1994). [11] F. Ba y en, M. Flato, C. F ronsdal, A. Lic hnero wicz and D. Sternheimer, \Deformation The ory and Quantization. I. Deformation of Symple ctic Structur es," , Ann. Ph ys. 111 (1978) 61-110. \Deformation The ory and Quantization. II. Physic al Applic ations," Ann. Ph ys. 111 (1978), 111-151. [12] M. De Wilde and P . Lecom te, \Existenc e of star-pr o ducts and of formal deformations of the Poisson Lie algebr a of arbitr ary symple ctic manifolds," Lett. Math. Ph ys. 7 (1983) 487-496. H. Omori, Y. Maeda and A. Y oshiok a \Weyl manifolds and deformation quantization," Adv ances in Math. 85 (1991), 224-255. [13] M. Kon tsevic h, \Deformation quantization of Poisson manifolds, I," q-alg/9709040 . [14] A. S. Cattaneo and G. F elder, \A p ath inte gr al appr o ach to the Kontsevich quantization formula," math.QA/9902090 . [15] I. Gelfand,V. Retakh and M. Sh ubin, \F e dosov Manifolds," dg-ga/9707024 . [16] M. Bertelson, M.Cahen and S. Gutt, \Equivalenc e of star pr o ducts," Class. Quan tum Gra v. 14 (1997) A93-A107. [17] M. Bordemann, \On the deformation quantization of sup er-Poisson br ackets," q-alg/9605038 . \The deformation quantization of c ertain sup er-Poisson br ackets and BRST c ohomolo gy," math.QA/0003218 . [18] C. Emmric h and A. W einstein, \The di�er ential ge ometry of F e dosov’s quantization," hep-th/9311094 . [19] A. W einstein and P . Xu \Ho chschild c ohomolo gy and char acteristic classes for star-pr o ducts," q-alg/9709043 . [20] Bg?9 1Q<y , !V 0lHLNO3X7O $H >l $N 4v2?3X !W >X2ZK< (1991). [21] L. Cornalba, \D-br ane Physics and Nonc ommutative Y ang-Mil ls The ory," hep-th/9909081 . N. Ishibashi, \A R elation b etwe en Commutative and Nonc ommutative Descriptions of D-br anes," hep-th/9909176 . K. Okuy ama, \A Path Inte gr al R epr esentation of the Map b etwe en Commutative and Nonc ommutative Gauge Fields," hep-th/9910138 . 56

C-S Ch u, P-M Ho and M. Li, \Matrix The ory in a Constant C Field Backgr ound," hep-th/9911153 . B. Jurco and P . Sc h upp, \Nonc ommutative Y ang-Mil ls fr om e quivalenc e of star pr o ducts," hep-th/0001032 . J. Madore, S. Sc hraml, P . Sc h upp and J. W ess, \Gauge The ory on Nonc ommutative Sp ac es," hep-th/0001203 . [22] @u@n ;LI’ , talk at F|K\J*M}3X2qBh 55 2sG/<!Bg2q (2000). 57