JQ 7A %S %i %= %m Be ?t $, 3+ $/ Hb !’ 6& 7A >l M} O@ $r 1[ $( $F 0@ ED 1Q ;q Enrico F ermi Institute, Universit y of Chicago, Chicago, IL 60637 e-mail: aw ata@yuk a w a.uc hicago.edu 5W J] @2 ?. El 5~ Bg 3X Bg 3X 1! M} 3X 7O 8& 5f 2J J* M} 3X @l 96 113 El 5~ ET J8 5~ 6h K\ 6? 7-3-1 e-mail: kub o@hep-th.ph ys.s.u-toky o.ac.jp <i ED 2B ;K El 5~ Bg 3X Bg 3X 1! 9) 3X 7O 8& 5f 2J J* M} 9) 3X @l 96 113 El 5~ ET J8 5~ 6h K\ 6? 7-3-1 e-mail: morita@coral.t.u-tokyo.ac.jp >. C] !! 8g ?. =# Bg 3X M} 3X It J* M} 2J 3X 2J 390 >> K\ ;T 00 3-1-1 !J 00 9g F1 8& 5f Eo !K e-mail: o dak e@azusa.shinsh u-u.ac.jp Gr @P =a 0l El 5~ Bg 3X J* @- 8& 5f =j 106 9A 6h O; K\ LZ 7-22-1 e-mail: shiraish@ginnan.issp.u-tokyo.ac.jp BJ 1_ Be ?t $H $$ $& L> $N 9q $, $" $j $^ $9 !# :G 6a $^ $G $O , $3 $N 9q $N ;v $r >\ $7 $/ 5- $7 $? CO ?^ $O $" $j $^ $; $s $G $7 $? !# $3 $N 9q $K $O BJ 1_ 4X ?t $K IU ?o $7 $? Be ?t $N Hk L) $, EA $o $C $F $$ $k $H 0b $o $l $F $$ $^ $9 !# $= $l $O %P %/ %9 %? !< C# $N LO 7? $r 3+ $1 $k Bg ;v $J 80 $K $J $k $H ?. $8 $i $l $F $$ $^ $9 !# %P %/ %9 %? !< C# $N LO 7? $N NW 3& E@ $G $N ?6 $k Iq $$ $r FI $_ 2r $/ 80 $H $J $C $? $N $O 6& 7A >l M} O@ $G $7 $? !# NW 3& E@ $+ $i N% $l $? =j $r C5 $k $? $a $K , <! $N 80 $r 8+ $D $1 $h $& $H $7 $F , B? $/ $N ?M !9 $, 2? G/ $K $b OK $C $F CN 7C $r =P $7 9g $$ $^ $7 $? !# d~ M> 6J @^ $N Kv , $= $l $G $b 7| L? $K ?J $_ , L\ E* CO $X $N $" $k Hb $r C! $/ ;v $K $J $C $? ?M C# $, $$ $^ $7 $? !# 1 $O $8 $a $K 1.1 BP >N @- $H 2D 2r LO 7? :# $+ $i 300 G/ M> $j A0 $K %K %e !< %H %s $N 1? F0 $N K! B’ $H K| M- 0z NO $N K! B’ $r 4p $K OG @1 $N 1? F0 $, 2r @O $5 $l , B@ M[ $H 0l $D $N OG @1 $H $$ $& 2 BN Ld Bj $G $O , 50 F; $, BJ 1_ !& J| J* @~ !& AP 6J @~ $K $J $k ;v $J $I , 8= >] O@ $G $" $C $? %1 %W %i !< $N K! B’ $, L@ 2r $K F3 =P $5 $l , <+ A3 $r 4p K\ K! B’ $K 4p $E $$ $F Dj NL E* $K 07 $& $H $$ $& 5, HO $, 3N N) $5 $l $^ $7 $? !# #3 $D 0J >e $N OG @1 $K BP $7 $F $b , 50 F; $r !V 2r @O E* $K !W 5a $a $k $H $$ $& Ld Bj $K BP $7 $F B? $/ $N EX NO $, J’ $o $l $^ $7 $? $, , $3 $N Ld Bj $O 200 G/ $b $N 8e $K , 7O $N <+ M3 EY $h $j J] B8 NL $N ?t $, >/ $J $$ $H $$ $& L? Bj $N 7A $G H] Dj E* $K 2r 7h $5 $l $^ $7 $? !# NO 3X E* <+ M3 EY $H F1 $8 ?t $N J] B8 NL $r 8+ $D $1 $k ;v $, $G $- $l $P 1? F0 $, 2r $1 $? $H $$ $& ;v $K $J $k Lu $G $9 $, , $$ $D $G $b $= $& $& $^ $/ $O 9T $+ $J $$ $N $G $9 !# J] B8 NL $H 7O $N ;} $D BP >N @- $H $O I= N" 0l BN $G $9 $+ $i , BP >N 1

@- $r == J, Bt ;3 8+ $D $1 $k ;v $, 2D 2r @- $r <( $9 $? $a $N >o Ee <j CJ $H $J $C $F $$ $^ $9 !# 99 $K , $= $N BP >N @- $K BP 1~ $9 $k 72 $N I= 8= O@ $r 3h MQ $9 $l $P , LO 7? $N 2r @O $r 8z N( NI $/ ?J $a $k $3 $H $, =P Mh $^ $9 !# EE ;R $N 1? F0 $, NL ;R NO 3X $K => $& ;v $, H/ 8+ $5 $l $? $N $O 70 G/ $b A0 $N ;v $G $9 $, , 8G BN Cf $N EE ;R $N <( $9 B? MM $J ;Q $O $$ $D $b 6C $- $K K~ $A $F $$ $^ $9 !# Nc $( $P , 6a G/ $N F< ;@ 2= J* 9b 29 D6 EA F3 BN $J $I $, Nc $H $7 $F 5s $2 $i $l $k $G $7 $g $& !# EE ;R 7O $N ;} $D ?< 1s $J @- <A $N B? $/ $O , %/ !< %m %s Aj 8_ :n MQ $K 5/ 0x $9 $k B? BN 8z 2L $G $" $k $H 9M $( $i $l $F $$ $^ $9 !# 8= :_ , 3N N) $7 $? B? BN EE ;R O@ $H $7 $F , %i %s %@ %& $N %U %’ %k %_ N. BN O@ , %O %k %G !< %s C# $N D+ 1J - %i %C %F %# %s %8 %c !< N. BN O@ $J $I $, $" $j $^ $9 !# $7 $+ $7 , Aj 8_ :n MQ $9 $k EE ;R 7O $r 87 L) $K 2r @O $9 $k ;v $O 0l HL $K 6K $a $F Fq $7 $$ $3 $H $G $9 !# CN $j $? $$ J* M} NL $O $J $+ $J $+ JD $8 $? 7A $G 5a $a $i $l $J $$ $N $G , <o !9 $N 6a ;w E* <j K! $, 9M $( $i $l $^ $7 $? !# Nc $( $P , J? 6Q >l 6a ;w $d NL ;R %b %s %F %+ %k %m K! $J $I $N ?t CM E* <j K! $J $I $, 5s $2 $i $l $^ $9 !# %^ %/ %m $J 7O $r %Q %i %a %? !< !J Nc $( $P 29 EY !K $r JQ $( $J $, $i D4 $Y $F $$ $/ $H , J* M} NL $, , FC JL $J CM !J NW 3& E@ !K $N =j $G Hs >o $K FC 0[ $J ?6 $k Iq $$ $r <( $9 ;v $, $" $j $^ $9 !# 6q BN E* $K $O Hf G. , BS <’ N( $, H/ ;6 $7 $? $j , <+ H/ <’ 2= $, @8 $8 $? $j $9 $k $b $N $G , $3 $l $i $O NW 3& 8= >] $H 8F $P $l $F $$ $^ $9 !# !V L5 8B <+ M3 EY !W 7O $N 6( F1 8= >] $G $" $k NW 3& 8= >] $N 8& 5f $O , $/ $j $3 $_ 72 $N H/ 8+ $J $I $X $H $D $J $, $C $F 9T $- $^ $7 $? !# 8E E5 O@ , NL ;R O@ $r Ld $o $: , MM !9 $J M- 8z $J 6a ;w E* <j CJ $H 9g $o $; $F Bg JQ =E MW $J Lr 3d $r 2L $? $7 $? $N $O , 0l O" $N !V 2D 2r !W LO 7? $G $9 !# Bg $- $J BP >N @- $N 28 7C $r <u $1 $? 2D 2r LO 7? $O 2f !9 $N 6l $7 $$ F; Cf $G ;| $7 $_ ?< $/ :i $$ $F $$ $^ $9 !# #2 <! 85 %$ %8 %s %0 LO 7? $J $I $N LO 7? $G $O <+ M3 %( %M %k %. !< $d $" $k <o $N Aj 4X 4X ?t $J $I $N 87 L) 2r $, F@ $i $l $^ $7 $? !# XYZ LO 7? $J $I $N 0l <! 85 NL ;R %9 %T %s :? $b 2D 2r LO 7? $G $9 !# #4 <! 85 D6 BP >N %d %s - %_ %k %: M} O@ $J $I $K $* $$ $F $O , $" $k J* M} NL $r 87 L) $K JD $8 $? 7A $G 5a $a $i $l $k , 2D 2r LO 7? $, 4v $D $+ CN $i $l $F $$ $^ $9 !# 2f !9 $O 6/ NO $J 2r @O E* <j K! $r 6n ;H $9 $k ;v $K $h $C $F , LO 7? $N <o !9 $J NW 3& 8= >] $r $$ $D $G $b !V :F 8= !W $7 , Kt , ?’ !9 $J J* M} NL $N :G $b @: L) $J !V B, Dj !W $r 3Z $7 $‘ ;v $, $G $- $^ $9 !# 1.2 L5 8B <! 85 BP >N @- 7O $N <+ M3 EY , J] B8 NL $N ?t $, 6& $K L5 8B 8D $N ;~ $K $b !V 2D 2r @- !W $O 4| BT $5 $l $k $N $G $7 $g $& $+ !# $3 $N $h $& $J ;~ $K $O !V 2D 2r !W $N 0U L# $, >/ $7 [# Kf $G $9 $, , <B :] $K $O 4v $D $+ $N J* M} NL $N !V 87 L) $J !W 1 7W ;; $, ?k 9T $G $- $k $h $& $J >l 9g $r ;X $7 $F !V 2D 2r !W $H $$ $& 8@ MU ;H $$ $r $7 $F $$ $^ $9 !# Nc $H $7 $F , ;~ 4V #1 <! 85 !& 6u 4V #1 <! 85 !J 1 + 1 <! 85 !K $N 6& 7A >l M} O@ (CFT)[1, 2] !J J* @- $X $N 1~ MQ $G F| K\ 8l $G =q $+ $l $? 2r @b $H $7 $F [3] !K $G $O , !V %S %i %= %m Be ?t !W $H 8F $P $l $k L5 8B <! 85 %j !< Be 1 Kt $3 $3 $G !V 87 L) !W $H $$ $& 8@ MU $b , >l 9g $K $h $C $F 0U L# 9g $$ $, 0[ $J $C $F $$ $k $N $G MW Cm 0U $G $9 !# $3 $N Hy L/ $J 0c $$ $O 1Q 8l $G $O correct, exact, rigorous, � � � $J $I $r MQ $$ $F ;H $$ J, $1 $F $$ $^ $9 $, , F| K\ 8l $G $O A4 $F !V 87 L) !W $G 0l 3g $j $K $J $C $F $7 $^ $$ $^ $9 !# 2

?t $N I= 8= O@ $@ $1 $G , 7O $N %9 %Z %/ %H %k $r 7h Dj $7 Aj 4X 4X ?t $^ $G 7W ;; $9 $k ;v $, $G $- $^ $9 !# $D $^ $j , CFT $K $* $$ $F $O , %S %i %= %m Be ?t $H $$ $& BP >N @- $K $h $C $F M} O@ $, 40 A4 $K E} @) $5 $l $^ $9 !# :# $^ $G $K CN $i $l $F $$ $k !V 2D 2r LO 7? !W $N Bg It J, $K 6& DL $7 $? 9= B$ $H $7 $F !V ;6 Mp 9T Ns 2 $N 0x ;R 2= !W $, $" $j $^ $9 !# $3 $N ;6 Mp 9T Ns $N 0x ;R 2= $, @0 9g E* $K 9T $o $l $k $? $a $K $O , ;6 Mp 9T Ns $, !V %d %s - %P %/ %9 %? !< J} Dx <0 !W $r K~ $? $9 ;v $, I, MW $G $9 [4] !# J? $? $/ 8@ $( $P , !V %d %s - %P %/ %9 %? !< J} Dx <0 !W $N 2r $4 $H $K !V 2D 2r LO 7? !W $, 9= @. $5 $l $k $H $b 8@ $( $^ $9 !# 6a G/ , %I %j %s %U %’ %k %H $H ?@ J] $K $h $k !V NL ;R 72 !W [5, 6] 3 $N H/ 8+ $J $I $K $h $C $F ;0 3Q 4X ?t $G M? $( $i $l $k %d %s - %P %/ %9 %? !< J} Dx <0 $N 2r $N %/ %i %9 $K 4X $7 $F $O NL ;R %" %U %! %$ %s Be ?t $H $$ $& !V L5 8B <! 85 Be ?t !W $r DL $7 $F ?< $$ M} 2r $, F@ $i $l $^ $7 $? !# %d %s - %P %/ %9 %? !< J} Dx <0 $N 2r $O 0l HL $K $O B? $/ $N %Q %i %a !< %? $r ;} $A $^ $9 !# $= $N Cf $N 0l $D $, $7 $P $7 $P BJ 1_ 4X ?t $N %b %G %e %i %9 $K $J $C $F $$ $^ $9 !# $3 $N $h $& $J %/ %i %9 $O BJ 1_ 4X ?t 2r $N %/ %i %9 $H 8F $P $l $F $$ $^ $9 !# $3 $N BJ 1_ 4X ?t 2r $N B8 :_ $O Bg JQ ?@ Hk E* $G !V $J $< BJ 1_ 4X ?t $, 8= $l $k $N $+ !) !W $H $$ $& Ld $$ $r H/ $9 $k ;v $r 6X $8 F@ $J $$ ;W $$ $, $7 $^ $9 !# $h $j 6q BN E* $J Ld $$ $+ $1 $H $7 $F , BJ 1_ 4X ?t $, 8= $l $k 2D 2r LO 7? $K BP $7 $F $= $N !V 2D 2r @- !W $r J] >Z $9 $k BP >N @- $O 0l BN 2? $G $7 $g $& $+ !) $= $N Ld $$ $K BP $9 $k Ez $( $N 0l $D $, $3 $3 $G 2r @b $9 $k !V JQ 7A %S %i %= %m Be ?t !W $G $9 [7, 8, 9, 10, 11, 12, 13] !# 6q BN E* $K $O , ABF LO 7? $H $$ $& BJ 1_ 4X ?t $N %/ %i %9 $K B0 $9 $k #2 <! 85 2D 2r 3J ;R LO 7? $N BP >N @- $H $7 $F JQ 7A %S %i %= %m Be ?t $, 8= $l $^ $9 !# 1.3 JQ 7A %S %i %= %m Be ?t $H $= $N 8e $N H/ E8 JQ 7A %S %i %= %m Be ?t $X ;j $k 2f !9 $N F; $N $j $O 7h $7 $F J? C3 $G $O $" $j $^ $; $s $G $7 $? !# $3 $N Ld Bj $, Hs >o $K 9- Bg $J ?~ Ln $r ;} $A , J* M} $d ?t 3X $N %@ %$ %J %_ %C %/ $J 8r N. $N Cf $G ?t B? $/ $N 8& 5f <T C# $K $h $C $F 0i $F $i $l $F Mh $? ;v $O $I $l $[ $I 6/ D4 $7 $F $b B- $j $k ;v $O $" $j $^ $; $s !# :# 2s $O <g $K , Cx <T C# [7, 8, 9], %U %l %s %1 %k !& %l %7 %’ %F %- %s [10] $H %k %- %" %N %U !& %W %, %$ [11, 12, 13] ;0 $D $N %0 %k !< %W $, $? $I $C $? F; 6Z $r >R 2p $7 $^ $9 !# !J ?^ : $3 $N >. J8 $N D; bW ?^ !# !K $3 $l $i $N %0 %k !< %W $, :G =* E* $K F@ $? $b $N , $D $^ $j !V JQ 7A %S %i %= %m Be ?t !W $O , :G $b 4J C1 $J !V BJ 1_ Be ?t !W $N Nc $G $7 $? !# $3 $3 $G !V BJ 1_ Be ?t !W $H $O , 8r 49 4X 78 $K 8= $l $k 78 ?t $, BJ 1_ 4X ?t $G M? $( $i $k $h $& $J $b $N $H M} 2r $7 $F 2< $5 $$ !# %k %- %" %N %U $K $h $C $F 8+ H4 $+ $l $? $h $& $K , JQ 7A %S %i %= %m Be ?t $N 8r 49 4X 78 $K =P $F $/ $k BJ 1_ 4X ?t $O XYZ :? $N %V %j !< %6 !< 4V $N S 9T Ns !J <B $O #1 9T #1 Ns $J $N $G %9 %+ %i !< !K $H 0l CW $7 $F $$ $^ $9 !# JQ 7A %S %i %= %m Be ?t $r 4^ $‘ 0l O" $N 7O Ns $H $7 $F , %U %’ %$ %. %s - %U %l %s %1 %k $H Cx <T C# $K $h $C $F F3 F~ $5 $l $? JQ 7A W N Be ?t [14, 15] $N OC $b $" $j $^ $9 $, , >/ $7 J# ;( $K $J $k $N $G $3 $3 $G $O 2 0J 2< $G $O S 9T Ns $b $7 $/ $O R 9T Ns $H 8F $V ;v $b $" $j $^ $9 !# 3 NL ;R 72 $O %[ %C %W Be ?t $H 8F $P $l $k Be ?t 9= B$ $r ;} $A $^ $9 !# 0l 8@ $G 8@ $( $P , %F %s %= %k @Q I= 8= !& 6& Lr I= 8= $r :n $k 0l HL E* =h J} d5 $, M? $( $i $l $F $$ $k $H $$ $& ;v $G $9 !# 3

?( $l $J $$ ;v $K $7 $^ $9 !# 8= :_ , 2f !9 $O <! $K 96 N, $9 $Y $- Nf $r L\ $N A0 $K $7 $F $$ $^ $9 !# %9 %+ %i !< $G $J $$ BJ 1_ E* R 9T Ns !J S 9T Ns $H !V $[ $\ !W F1 $8 4 !K $K BP 1~ $9 $k #2 <! 85 8E E5 E} 7W 7O $H $7 $F , 8 D: E@ LO 7? [17], %" %s %I %j %e !< %9 !& %P %/ %9 %? !< !& %U %) %l %9 %? !< (ABF) LO 7? [18] $J $I , B? $/ $N LO 7? $, CN $i $l $F $$ $^ $9 !# :# 8e 2f !9 $N C) $k $Y $- F; $O !V BJ 1_ Be ?t !W $H $$ $& Hx :, $K 1h $C $F $$ $k , $H $$ $& ;v $, G’ <1 $5 $l $D $D $" $j $^ $9 !# $= $l $O %P %/ %9 %? !< C# $N LO 7? $H $$ $& D: $K 8~ $+ $& %k !< %H $K 0c $$ $" $j $^ $; $s !# $3 $N BJ 1_ Be ?t $H $$ $& $b $N $O $+ $J $j 0J A0 $+ $i 8& 5f $, ;O $^ $C $? $b $N $G $9 $, , $4 $/ :G 6a , JQ 7A %S %i %= %m Be ?t $N H/ 8+ $d , %U %m %s %9 %@ !< %k [19] $d %( %s %j %1 %9 - %U %’ %k %@ !< [20] $N 8& 5f $K $h $k =‘ %[ %C %W Be ?t [21] $H $$ $& <+ A3 $J OH AH $N G’ <1 5 $H $" $$ $^ $C $F , 8& 5f $, 99 $K ?< 2= $7 $D $D $" $j $^ $9 !# $3 $3 $^ $G $K , :# $^ $G 2f !9 $, $? $I $C $? F; $N $j $N 35 4Q $r $* OC $7 $7 $F $- $^ $7 $? !# 4N ?4 $N Lr <T $N 3h Lv $9 $k MM ;R $r ?4 BT $A $K $5 $l $F $- $? J} !9 $K $H $C $F $O $b $& BT $A $/ $? $S $l $? $+ $b $7 $l $^ $; $s $, , <! $K B3 $/ Fs $D $N >O $G $O !V 2D 2r 3J ;R LO 7? $N Nr ;K !W 5Z $S !V CFT !W $r 4J C1 $K ?6 $j JV $C $F $* $- $? $$ $H ;W $$ $^ $9 !# $= $N 8e $$ $h $$ $h !V JQ 7A %S %i %= %m Be ?t !’ :G $b 4J C1 $J BJ 1_ Be ?t !W $N @$ 3& $X $H =P H/ $7 $^ $7 $g $& !# 2 2D 2r 3J ;R LO 7? $N Nr ;K :# 2s $N OC Bj $G $" $k !V NL ;R JQ 7A $5 $l $? Be ?t !W $O , NL ;R 5U ;6 Mp M} O@ $K $= $N :, 8; $r C) $k ;v $, $G $- $^ $9 !# $= $N 8e , NL ;R 72 $N H/ 8+ $r 7P $F , 2D 2r 3J ;R LO 7? $N 8& 5f $N Cf $G Bg $- $J Cf ?4 $r 7A :n $k $h $& $K $J $j $^ $7 $? !# 0l J} , %P %/ %9 %? !< C# $, , NL ;R 72 $N H/ 8+ $h $j #1 #5 G/ Dx $b A0 $K , #8 D: E@ LO 7? $d ABF LO 7? $J $I $N ?7 $7 $$ 2D 2r 3J ;R LO 7? $r 9= @. $7 $F , $= $l $i $K !V $Y !< %F 2> @_ !W $d %P %/ %9 %? !< $N !V 3Q E> Aw 9T Ns !W $J $I $r E, MQ $7 $F , B? $/ $N H~ $7 $/ =E MW $J 7k 2L $r 8+ $$ =P $7 $F $$ $^ $9 [22] !# 2D 2r 3J ;R LO 7? $N Nr ;K $r , XXZ :? H XXZ = � 1 2 X i ( � x i � x i +1 + � y i � y i +1 + � � z i � z i +1 ) (1) !J � a $O %Q %& %j 9T Ns !K $d ABF LO 7? $J $I $N :G 6a $N H/ E8 $r Cf ?4 $K >/ $7 >R 2p $7 $^ $9 !# #1 <! 85 $N NL ;R 7O $K $* $1 $k :G =i $N %V %l %$ %/ %9 %k !< $O %Y !< %F $K $h $k %O %$ %< %s %Y %k %0 :? !J XXZ :? $G � = 1 $H $7 $? $b $N !K $N BP 3Q 2= $G $9 !J #1 #9 #3 #1 G/ !K [23] !# $= $3 $G =i $a $F MQ $$ $i $l $? J} K! $O Hs >o $K HF MQ @- $N 9b $$ $b $N $G , 8= :_ $G $O !V %Y !< %F 2> @_ !W $H 8F $P $l $F MM !9 $J 1~ MQ !& 3H D% $, 8& 5f 4 =‘ %[ %C %W Be ?t $r 9M $( $k ;~ , S 9T Ns $O Cf ?4 85 $d %+ %k %? %s $N 85 $G G1 $i $l $k ;v $, CN $i $l $F $$ $^ $9 !# $= $N G1 $j $O , $" $k <o $N NL ;R Jd @5 $H 9M $( $i $l $^ $9 !# $3 $l $K N‘ ;w $7 $? Nc $H $7 $F , NL ;R %5 %$ %s - %4 %k %I %s LO 7? $N S 9T Ns $N 7k 9g Dj ?t 0M B8 @- $O $" $k Jd @- $r <u $1 $k ;v $, CN $i $l $F $$ $^ $9 [16] !# 5 C" $7 , JQ 7A %S %i %= %m Be ?t $O , Ia DL $N %S %i %= %m Be ?t $N =‘ %[ %C %W JQ 7A $H $7 $F $O F@ $i $l $J $$ ;v $, CN $i $l $F $$ $^ $9 !# 4

$5 $l $F $$ $^ $9 !# !V %Y !< %F 2> @_ !W $N OH AH $_ $N Cf $G $O , 9M $( $F $$ $k 7O $N BP 3Q 2= $O , !V %Y !< %F 2> @_ J} Dx <0 !W $H $$ $& !J Be ?t !K J} Dx <0 $r 2r $/ $H $$ $& :n 6H $K 5" Ce $5 $l $^ $9 !# 0l $D $N :] N) $C $? FC D’ $H $7 $F $O , $= $N %Y !< %F 2> @_ J} Dx <0 $, %j !< Be ?t $H $= $N I= 8= O@ $N 8@ MU $G 5- =R $5 $l $k %V %m %C %/ E* $J 9= B$ $r ;} $C $F $$ $k ;v $, 5s $2 $i $l $^ $9 !# %P %/ %9 %? !< $K $h $k #8 D: E@ LO 7? $N %Y !< %F 2> @_ $K $h $k 8& 5f 0J Mh , ?< $/ 8& 5f $5 $l $F $$ $k $3 $N $h $& $J 9= B$ $O Ho 0a ?? 6u 7A <0 (dressed v acuum form) $H 8F $P $l $k ;v $, $" $j $^ $9 [24] !# 8e $G Kt =R $Y $^ $9 $, , %U %l %s %1 %k $H %l %7 %’ %F %- %s $, , JQ 7A %S %i %= %m !J %] %" %C %= %s !K %+ %l %s %H $r F3 =P $7 $? :] $K $b , H‘ $i $N %+ %l %s %H $N ;} $D %V %m %C %/ E* 9= B$ $H %Y !< %F 2> @_ J} Dx <0 $K $* $1 $k Ho 0a ?? 6u 7A <0 $H $, ?@ Hk E* $J N‘ ;w $r <( $9 ;v $, ;X E& $5 $l $^ $7 $? [10] !# %* %s %5 !< %, !< $K $h $C $F #2 <! 85 %$ %8 %s %0 LO 7? H Ising = J X h i;j i � i � j ; ( � = � 1) (2) $N <+ M3 %( %M %k %. !< L) EY $J $I $N G. NO 3X NL $, F@ $i $l $? $N $O #1 #9 #4 #4 G/ $N ;v $G $9 [25] !# $= $N 8e $N #2 <! 85 %$ %8 %s %0 LO 7? $K 4X $9 $k ?J E8 $O #1 #9 #5 #2 %d %s $K $h $k #1 E@ 4X ?t $N 7W ;; [26] !# #1 #9 #6 #3 %b %s %H %m !< %k - %] %C %D - %o !< %I $K $h $k #2 E@ Aj 4X 4X ?t $N 9T Ns <0 I= <( [27] !# #1 #9 #7 #6 %& !< - %^ %C %3 %$ - %H %l !< %7 !< - %P %k !< %U $K $h $k #2 E@ Aj 4X 4X ?t $N !V O" B3 6K 8B !W $N 7W ;; !# $= $l $, %Q %s %k %Y I I I $K => $& ;v $N H/ 8+ [28] !# #1 #9 #7 #9 :4 F# - ;0 NX - ?@ J] $K $h $k 0l HL $N n E@ Aj 4X 4X ?t $N O" B3 6K 8B $N F3 =P [29] !# $H $J $C $F $$ $^ $9 !# #2 <! 85 %$ %8 %s %0 LO 7? $N <! $N %9 %F %C %W $H $7 $F , XXZ :? $, $+ $J $j NI $/ 8& 5f $5 $l $F $- $^ $7 $? !# %$ %8 %s %0 LO 7? $H JB 9T $7 $F 8+ $F $_ $k $H , %Y !< %F C# $N 8& 5f $N 8e $K #1 #9 #7 #3 %P %/ %9 %? !< $K $h $k XXZ :? $N #1 E@ 4X ?t $N 7W ;; [30] !# #1 #9 #9 #2 %G %$ %S %9 - %U %) %@ - ?@ J] - ;0 NX - Cf 20 I_ $K $h $k XXZ %O %_ %k %H %K %" %s $N BP 3Q 2= [31] !# ?@ J] - ;0 LZ - ;0 NX - Cf 20 I_ $K $h $k XXZ :? $N n E@ Aj 4X 4X ?t $N @Q J, I= <( $N F3 =P [32] !# $H $J $C $F $$ $^ $9 !# $3 $N XXZ :? $N n E@ Aj 4X 4X ?t $r 5a $a $k :] $K K\ <A E* $J Lr 3d $r C4 $& , XXZ :? $K @x $s $G $$ $k BP >N @- $O , NL ;R %" %U %" %# %s Be ?t $H $$ $& !V $O $8 $a $K !W $G >/ $7 =R $Y $? !V NL ;R 72 !W 5

$N 0l <o $G $9 !J $3 $3 $K =P $F $/ $k NL ;R 72 $O DL >o U q ( b sl 2 ) $H =q $+ $l $^ $9 !K !# Bg ;( GD $K 8@ $C $F , NL ;R 72 $N I= 8= O@ $@ $1 $r <j 3] $+ $j $K $7 $F 7O $N Bg $- $5 $, L5 8B Bg $N >l 9g $N %O %_ %k %H %K %" %s (1) $N BP 3Q 2= $, 87 L) $K <B 9T $5 $l $^ $9 !# L^ O@ , Bg $- $5 $, L5 8B Bg $N >l 9g $N !J L5 8B <! 85 $N !K 7O $N Ne 5/ >u BV $G D% $i $l $k J* M} E* 6u 4V $r $& $^ $/ B* $( $k $K $O N) $A F~ $C $? 5D O@ $, I, MW $G $9 !# $= $l $r 4: $( $F 0l 8@ $G 8@ $& $H !X 7O $N J* M} E* 6u 4V $H NL ;R 72 U q ( b sl 2 ) $N I= 8= 6u 4V $, Gp 86 $N !V 7k >= 4p Dl !W [33] $H $$ $& 35 G0 $r DL $7 $F $D $J $, $k !Y $H $$ $& ;v $K $J $j $^ $9 !# %O %_ %k %H %K %" %s (1) $r 87 L) $K BP 3Q 2= $7 $? , $H $$ $& ;v $O Ne 5/ >u BV $r A4 $F CN $C $F $$ $k $H $$ $& ;v $G $9 !# FC $K , AG Ne 5/ $, %9 %T %s 1 = 2 $G $" $k ;v $d , $= $N AG Ne 5/ $N J, ;6 4X 78 $J $I $O %Y !< %F 2> @_ $+ $i F3 $- =P $5 $l $F $$ $? 7k 2L $H 0l CW $7 $^ $9 !# 99 $K , J* M} NL $N 4p Dl >u BV $K 4X $9 $k 4| BT CM $r $" $k B? =E @Q J, $K 5" Ce $5 $; $k H‘ $i $N 8x <0 $O , @d BP Nm EY $G $N n E@ Aj 4X 4X ?t $, <B :] $K 7W ;; $G $- $k $H $$ $& ;v $r 0U L# $7 $^ $9 !# Nc $( $P :G $b 4J C1 $J >l 9g $H $7 $F , Bh %< %m %5 %$ %H $N %9 %T %s $N 4| BT CM $, h � z 0 i = 1 Y k =1 1 � q 2 k 1 + q 2 k ! 2 (3) $H 7W ;; $5 $l , #1 #9 #7 #3 G/ $N %P %/ %9 %? !< $N 7k 2L $r :F 8= $7 $^ $9 !# $3 $3 $G q $O � = ( q + q � 1 ) = 2 $H $$ $& 4X 78 <0 $r $_ $? $7 $^ $9 !# Kt , $3 $N q $O NL ;R 72 U q ( b sl 2 ) $N ;} $D %Q %i %a !< %? q $G $b $" $j $^ $9 !# $3 $N $h $& $K , ?7 $7 $$ 8+ J} $r DL $7 $F , 4{ B8 $N 7k 2L $K I= 8= O@ E* $J 0U L# IU $1 $, M? $( $i $l $k $H F1 ;~ $K , $= $N 7k 2L $, 0l HL 2= $5 $l $^ $7 $? !# I8 8l E* $K $^ $H $a $k $H , Dj M} [ 5~ ET %9 %/ !< %k ] XXZ :? $r 5- =R $9 $k BP >N @- $O NL ;R %" %U %! %$ %s Be ?t !J NL ;R 72 !K U q ( b sl 2 ) $G $" $k !# XXZ :? $N $h $& $J %d %s - %P %/ %9 %? !< J} Dx <0 $N ;0 3Q 4X ?t 2r $K BP 1~ $9 $k LO 7? $H JB 9T $7 $F JL $N N. $l $, $" $j $^ $9 !# $= $l $O :# 2s $N %F !< %^ $N 8; N. $H $b 8@ $& $Y $- BJ 1_ 4X ?t $N %b %G %e %i %9 $r %Q %i %a !< %? $H $7 $F ;} $D LO 7? C# $G $9 !# FC $K :# 2s $N OC $H L) @\ $K 4X 78 $7 $F $$ $k $N $O #1 #9 #7 #2 %P %/ %9 %? !< $N #8 D: E@ LO 7? [17] !# #1 #9 #8 #1 %Y %i %S %s $N Z N LO 7? [34] !# #1 #9 #8 #4 %" %s %I %j %e !< %9 - %P %/ %9 %? !< - %U %) %l %9 %? !< (ABF) $, ?7 $7 $$ !V !J @) 8B !K LL LO 7? !W (ABF LO 7? !K $r #8 D: E@ LO 7? $+ $i %P !< %F %C %/ %9 !& %U %’ %$ %9 BP 1~ $K $h $j 9= @. [18] !# #1 #9 #8 #6 0K C# - ?@ J] - ;0 NX - Hx 3Q $K $h $k ABF LO 7? $N %U %e !< %8 %g %s ( 9g @. !K LO 7? $N 9= @. [35] !# 6

$J $I $H $$ $& %d %s - %P %/ %9 %? !< J} Dx <0 $N BJ 1_ 4X ?t 2r $K Aj Ev $9 $k LO 7? $N 7O Ns $N 8& 5f $G $9 !# $3 $3 $G , !V D: E@ LO 7? !W $H $$ $& $N $O 3J ;R !J @5 J} 3J ;R !K $N 3F JU $K NO 3X E* <+ M3 EY !J %9 %T %s !K $, @3 $_ , 3F D: E@ $N <~ $j $N %9 %T %s $N G[ 0L $K BP $7 $F 0l Dj $N $d $j J} $G %( %M %k %. !< $r M? $( $k J} K! $, Dj $^ $C $F $$ $k LO 7? $r ;X $7 $^ $9 !# #8 D: E@ LO 7? $H $$ $& $N $O , %9 %T %s $, " ; # $N CM $r <h $j , D: E@ $N <~ $j $N #1 #6 DL $j $N %9 %T %s G[ 0L $N $& $A #8 DL $j $@ $1 $, 5v $5 $l $k $H $$ $& D: E@ LO 7? $G $9 !# Kt , !V LL LO 7? !W $H $$ $& $N $O , D: E@ LO 7? $N AP BP LO 7? $G , 3F 3J ;R E@ $K @0 ?t Z $K CM $r $H $k NO 3X E* <+ M3 EY $r ;} $A , 3F LL $K BP $7 $F 0l Dj $N $d $j J} $G %( %M %k %. !< $r M? $( $k J} K! $, Dj $^ $C $F $$ $k LO 7? $r ;X $7 $^ $9 !# $5 $i $K NO 3X E* <+ M3 EY $N <h $k CM $, Z $N $" $k M- 8B It J, =8 9g $K @) 8B $G $- $k >l 9g $r !V @) 8B LL LO 7? !W $H 8F $s $G $$ $^ $9 !# LO 7? $N 6q BN E* $J 7A $O 8e $G =R $Y $? $$ $H ;W $$ $^ $9 $, , %k %- %" %N %U !& %W %, %$ $O , XXZ :? $N n E@ Aj 4X 4X ?t $r 5a $a $k :] $K K\ <A E* $J Lr 3d $r C4 $C $? NL ;R %" %U %" %# %s Be ?t $H F1 $8 F/ $- $r , ABF LO 7? $G $O JQ 7A %S %i %= %m Be ?t $, 1i $8 $k ;v $r 8+ $$ =P $7 $^ $7 $? !# Dj M} [ %k %- %" %N %U !& %W %, %$ ][13] ABF LO 7? $r 5- =R $9 $k BP >N @- $O JQ 7A %S %i %= %m Be ?t $G $" $k !# H‘ $i $O $3 $N J} ?K $K => $C $F ABF LO 7? $N J* M} NL $N 7W ;; $r =h M} $9 $k $? $a $K , AG Ne 5/ $r 5- =R $9 $k 1i ;; ;R C# $r <+ M3 %\ %> %s $N !V $& $^ $$ !W AH 9g $; $G 5a $a $^ $7 $? !# $3 $l $i $N 1i ;; ;R $N 9= @. $O <! $N >O $G ?( $l $k CFT $N %W %i %$ %^ %j !< >l $H %9 %/ %j !< %K %s %0 %+ %l %s %H $N !V $& $^ $$ !W JQ 7A $N AH 9g $; $H 8+ $J $9 ;v $, $G $- $^ $9 !# $= $& $$ $& H/ 8+ K! E* $J 1i ;; ;R $N 9= @. $N CJ 3, $G ;X F3 86 M} $r M? $( $? $N $, JQ 7A %S %i %= %m Be ?t $N B8 :_ $G $7 $? !# $7 $+ $7 $J $, $i , H‘ $i $O c = � 2 $K Aj Ev $9 $k FC <l $J >l 9g 0J 30 $K $3 $N JQ 7A %S %i %= %m Be ?t $r M[ $K 9= @. $9 $k ;v $O $G $- $: , B> $N >l 9g $O B8 :_ $N $_ $r M= A[ $9 $k $K N1 $^ $C $F $$ $^ $7 $? !# Cx <T C# $, A4 $/ JL $N 7P O) $r C) $C $F 40 A4 $K M[ $K 9= @. $7 $? JQ 7A %S %i %= %m Be ?t $, , $^ $5 $K H‘ $i $, It J, E* $K 9= @. $7 $F $$ $? $b $N $H F1 0l $N $b $N $G $" $C $? ;v $O Cx <T C# $K $H $C $F Bg $$ $K 6C $/ $H $3 $m $G $7 $? !# $5 $F , !V $O $8 $a $K !W $G =R $Y $? $h $& $K , !V JQ 7A %S %i %= %m Be ?t !W $O !V BJ 1_ Be ?t !W $N Nc $N 0l $D $H 8+ $J $9 ;v $, $G $- $^ $9 !# $= $3 $G :G 8e $K :# $^ $G $K H/ 8+ $5 $l $F $- $? BJ 1_ Be ?t C# $r 4J C1 $K ?6 $j JV $C $F 8+ $^ $7 $g $& !# #1 #9 #8 #3 %9 %/ %j %c !< %K %s Be ?t [36] !# #1 #9 #9 #4 BJ 1_ E* NL ;R Be ?t A q ;p ( b sl 2 )[37] !# #1 #9 #9 #5 JQ 7A %S %i %= %m Be ?t , JQ 7A W N Be ?t [10, 7, 14, 15] !# #1 #9 #9 #7 LL LO 7? $K IU ?o $9 $k BJ 1_ E* NL ;R 72 $H =‘ %[ %C %W Be ?t [20] !# 7

$3 $3 $K , %9 %/ %j %c !< %K %s Be ?t $H 8F $P $l $k BJ 1_ Be ?t $O , %P %/ %9 %? !< $N #8 D: E@ LO 7? $K IU ?o $9 $k Be ?t 9= B$ $r 5D O@ $7 $? %9 %/ %j %c !< %K %s $N @h 6n E* $J ;E ;v $K $h $k $b $N $G $9 !# 5~ ET %9 %/ !< %k $K $h $C $F Ds >’ $5 $l $? A q ;p ( b sl 2 ) $H $$ $& Be ?t !J NL ;R %" %U %" %# %s Be ?t U q ( ^ sl 2 ) $N %Q %i %a !< %? p $K $h $k BJ 1_ JQ 7A !K $O , 7O $N Bg $- $5 $, L5 8B Bg $N #8 D: E@ LO 7? $K 8= $l $k L5 8B <! 85 BP >N @- $r 5- =R $9 $k $H 4| BT $5 $l $F $$ $^ $9 !# $3 $N $h $& $K , BJ 1_ 7? LO 7? $N 8& 5f $K $* $$ $F $O , D: E@ LO 7? $K IU ?o $9 $k 9= B$ $, $+ $J $j NI $/ D4 $Y $i $l $F Mh $^ $7 $? !# :G 6a $N ?J E8 $N Cf $G $O , LL LO 7? $K IU ?o $9 $k BJ 1_ Be ?t $r 8& 5f $7 $? %( %s %j %1 %9 - %U %’ %k %@ !< $N ;E ;v [20] $, FC I. $5 $l $k $Y $- $G $7 $g $& !# =‘ %[ %C %W Be ?t $N OH AH $K 4p $E $/ H‘ $i $N 8& 5f $K $* $$ $F $O , $= $l $^ $G [# Kf $G $" $C $? LL LO 7? $N ;} $D %f %K %P !< %5 %k $J @- <A $, L@ $i $+ $K $5 $l $^ $7 $? !# 3 1 + 1 <! 85 $N 6& 7A >l M} O@ (CFT) 2D 2r LO 7? $N 8& 5f $K $* $$ $F %Y %i %S %s - %] %j %d %3 %U - %6 %b %m %A %3 %U (BPZ)[1, 2] $K $h $k 1 + 1 <! 85 $N 6& 7A >l M} O@ $, 2L $? $7 $? Lr 3d $N Bg $- $5 $K 4X $7 $F 0[ O@ $r >’ $( $k ?M $O $$ $J $$ $G $7 $g $& !# H‘ $i $O , <A NL $N $J $$ 1 + 1 <! 85 $N >l $N M} O@ $N ;} $D $Y $- @- <A $r 6K $a $F 0l HL E* $J 8+ CO $+ $i 9M ;! $7 $^ $7 $? !# NW 3& 8= >] $N 8& 5f $J $I $G H/ E8 $7 $? , $/ $j $3 $_ 72 $N ;W A[ $r , <A NL $N $J $$ 1 + 1 <! 85 $N >l $N M} O@ $K $* $$ $F , L5 8B <! 85 %j !< Be ?t $H $$ $& ?t 3X E* F; 6q $r DL $7 $F <B 8= $9 $k ;v $K $h $C $F , ?t !9 $N =E MW $G 0l HL E* $J 7k O@ $r F@ $^ $7 $? !# CFT $, E, MQ $G $- $k 6q BN E* $J J* M} 7O $N Nc $H $7 $F $O , !J @$ 3& LL >e $N >l $N M} O@ $H ;W $C $? !K 89 M} O@ , !J 6u 4V #2 <! 85 $N !K NW 3& 8= >] $, 5s $2 $i $l $^ $9 !# 1 + 1 <! 85 $G $O 6& 7A JQ 49 !J Ey 3Q <L A| !K $, L5 8B <! 85 $K $J $j $^ $9 $+ $i , !V L5 8B <+ M3 EY !W $N 7O $, !V L5 8B 8D $N BP >N @- !W $r ;} $A $^ $9 !# >/ $7 6q BN E* $K 8@ $& $H , <A NL $N $J $$ 1 + 1 <! 85 $N >l $N M} O@ $G $O , >l $N M} O@ $H $7 $F 6& 7A JQ 49 $r 0z $- 5/ $3 $9 @8 @. 85 L n ( n $O @0 ?t ) C# $O , [ L n ; L m ] = ( n � m ) L n + m + c 12 ( n 3 � n ) � n + m; 0 (4) $H $$ $& 8r 49 4X 78 $r K~ $? $7 $^ $9 !# Jl 4X ?t L ( z ) = X n 2 Z L n z � n � 2 $r F3 F~ $7 , %G %k %? 4X ?t � ( x ) = X n 2 Z x n $r MQ $$ $k $H , (4) $O 7A <0 E* 6R 5i ?t $H $7 $F h z 2 L ( z ) ; w 2 L ( w ) i (5) = � z 2 L ( z ) + w 2 L ( w ) � w z � 0 ( w z ) + c 12 � w z � 2 � 000 ( w z ) $H I= $5 $l $^ $9 , $D $^ $j $3 $N <0 $N z � n w � m $N 78 ?t $r =& $& $H >e $N <0 $K $J $j $^ $9 !# %+ %l %s %H L ( z ) $O , %( %M %k %. !< 1? F0 NL %F %s %= %k !J $N %+ %$ %i %k @. J, !K $H $$ $& J* M} E* 0U L# $r ;} $D , CFT $K $* $1 $k 4p K\ E* $J NL $G $9 !# 8r 49 4X 78 (4) $r K~ $? $9 L n $G @8 @. $5 $l $k L5 8B <! 85 %j !< Be ?t $O !V %S %i %= 8

%m Be ?t !W $H 8F $P $l , :# 2s $N %F !< %^ $N !V N9 $N =P H/ E@ !W $K Ev $? $j $^ $9 !J ?^ !K !# !V Cf ?4 EE 2Y !W c $O I= 8= $4 $H $K 7h $^ $C $? Dj ?t CM $r <h $j !$ LO 7? $r %Q %i %a %H %i %$ %: $9 $k =E MW $J NL $G $9 !# c = 0 $N >l 9g $O L n = � z n +1 @ @ z $H <B 8= $G $- , 6& 7A JQ 49 !J 6I =j %9 %1 !< %k JQ 49 !K $H $$ $& 4v 2? 3X E* 0U L# $r ;} $C $F $$ $^ $9 !# c $r 4^ $‘ 9‘ $O %d %3 %S N’ $r MW @A $9 $k ;v $K $h $C $F , !J <+ L@ $J It J, $r =| $$ $F !K 40 A4 $K 7h $^ $C $F $7 $^ $$ $^ $9 !# %S %i %= %m Be ?t $r J* M} $K 1~ MQ $9 $k >e $G =E MW $J NL $O , !V %W %i %$ %^ %j !< >l !W $H 8F $P $l $k >l $G $9 !# CFT $r Iq Bf $K l" $( $k $J $i , %W %i %$ %^ %j !< >l $O 7‘ $r 1i $8 $k Lr <T C# $G , %S %i %= %m %+ %l %s %H L ( z ) $O Lr <T C# $r 0U $N $^ $^ $K F0 $+ $9 4F FD $H $$ $C $? $H $3 $m $G $7 $g $& $+ !# %W %i %$ %^ %j !< >l $N @. J, h;m ( m $O @0 ?t ) $O , 6& 7A JQ 49 $K BP $7 <! $N $h $& $J 1~ Ez $r $7 $^ $9 !’ [ L n ; h;m ] = � ( h � 1) n � m � h;m + n : (6) $3 $3 $G , h $O 6& 7A %9 %1 !< %k <! 85 $H 8F $P $l $k %W %i %$ %^ %j !< >l $r FC D’ IU $1 $k %Q %i %a !< %? $G , NW 3& 8= >] $N NW 3& ;X ?t $K 4X 78 $7 $F $$ $^ $9 !# %S %i %= %m Be ?t $N @: L) $J I= 8= O@ $r MQ $$ $F , $3 $N >l C# $N Aj 4X 4X ?t $N 87 L) 2r $, 5a $a $i $l $F $$ $^ $9 !# 6q BN E* $K $O , (i) %S %i %= %m Be ?t $K BP $9 $k %o !< %I - 9b 66 91 Ey <0 $+ $i => $& Hy J, J} Dx <0 $r 2r $/ , $b $7 $/ $O (ii) %W %i %$ %^ %j !< >l $r <+ M3 >l $G I= 8= $7 $F @Q J, I= <( $9 $k , $J $I $N J} K! $G $= $l $i $O 5a $a $i $l $^ $7 $? !# 8e $N 5D O@ $N $? $a $K , (ii) $N J} K! $K IU $$ $F $b $& >/ $7 >\ $7 $/ =R $Y $F $* $- $^ $9 !# <+ M3 %\ %> %s >l $r MQ $$ $k $H , %S %i %= %m Be ?t L ( z ) $O %\ %> %s >l $N 2 <! $N 7A $G =q $1 $^ $9 !# Kt , %W %i %$ %^ %j !< $d , 6& 7A %9 %1 !< %k <! 85 $, 1 $N FC <l $J %W %i %$ %^ %j !< >l !J %9 %/ %j !< %K %s %0 %+ %l %s %H S ( z ) $H 8F $P $l $k !K $, <+ M3 %\ %> %s >l $G =q $1 $k $3 $H $, $o $+ $j $^ $9 !# $9 $k $H , $= $N @Q J, $G $" $k %9 %/ %j !< %K %s %0 %A %c !< %8 H dtS ( t ) $O 6& 7A %9 %1 !< %k <! 85 $, %< %m $H $J $j , %S %i %= %m Be ?t $H 2D 49 $K $J $j $^ $9 !# 4v $D $+ $N %W %i %$ %^ %j !< >l $K E, Ev $J ?t $N %9 %/ %j !< %K %s %0 %A %c !< %8 $r A^ F~ $7 $? Aj 4X 4X ?t $, !J %N %s %< %m $K !K 7W ;; $G $- $k $3 $H $, CN $i $l $F $$ $^ $9 !# %9 %/ %j !< %K %s %0 %+ %l %s %H $O , Cj >] E* $K %S %i %= %m Be ?t $r 07 $C $F $$ $k >l 9g $K $O 8= $l $: , <+ M3 >l I= <( $r $7 $? ;~ $K =i $a $F EP >l $9 $k NL $G $9 !# @h Dx $N $? $H $( $r B3 $1 $k $J $i , %9 %/ %j !< %K %s %0 %+ %l %s %H $O Iq Bf $K $O 8= $l $J $$ N" J} !& 9u ;R $N $h $& $J $b $N $G $7 $g $& !# %9 %/ %j !< %K %s %0 %+ %l %s %H $O , <+ M3 %\ %> %s $H $$ $& Aj 8_ :n MQ $N L5 $$ @$ 3& $H , %S %i %= %m Be ?t $H $$ $& J# ;( $J @$ 3& $H $r 7k $V 2M $1 66 $J $N $G $9 !# CFT $N E5 7? $H $7 $F , %_ %K %^ %k 7O Ns $H 8F $P $l $F $$ $k $b $N $, $" $j $^ $9 !# %U %j !< %@ %s - %A %e %& - %7 %’ %s %+ !< $O 99 $K %f %K %? %j %F %# $J $I $r MW @A $9 $k ;v $K $h $C $F , $= $l $^ $G $K 8D JL $K 8& 5f $5 $l $F $- $? NW 3& 8= >] $K EP >l $9 $k 4p K\ E* $J >l $K BP 1~ $9 $k %W %i %$ %^ %j !< >l $N AH $r 7O E} E* $K 9= @. $7 $^ $7 $? !# $3 $N 9M ;! $K $O %S %i %= %m Be ?t $N I= 8= O@ $, I, MW $G $9 !# I= 8= 6u 4V $N @- <A $r D4 $Y $k $? $a $N JX Mx $J F; 6q $, %+ %C %D 9T Ns <0 $G $9 !# 8e $N 5D O@ $N $? $a $K >/ $7 >\ $7 $/ $$ $& $H , %+ %C %D 9T Ns <0 $H $O , >l $K $h $C $F @8 @. $5 $l $k 3F >u BV 4V $N Fb @Q $r 7W ;; $7 , $= $l $r @. J, $H $9 $k 9T Ns $N 9T Ns <0 $r 5a $a $? $b 9

$N $G , A4 $F $N >u BV $H Fb @Q $, 0 $K $J $k >u BV !J %L %k >u BV !K $, B8 :_ $9 $k $H 0 $K $J $j $^ $9 !# %L %k >u BV $O J* M} E* $K 0U L# $, $" $j $^ $; $s $+ $i <N $F 5n $j $^ $9 !# $3 $l $O ?t 3X E* $K 8@ $& $H , 2D Ls $J I= 8= $+ $i 4{ Ls $J It J, $r <h $j =P $9 ;v $K Ev $? $C $F $$ $^ $9 !# $3 $N %L %k >u BV $N :, K\ $K $" $? $k >u BV $O FC 0[ %Y %/ %H %k $H 8F $P $l , <! @a $G 3h Lv $9 $k ;v $K $J $j $^ $9 !# :# c $H h r s !J r ; s $O @0 ?t !K $r %Q %i %a !< %? � $r ;H $C $F c = 1 � 6 ( � � 1) 2 � ; (7) h r s = ( r � � s ) 2 � ( � � 1) 2 4 � ; (8) $H $* $/ $H , %_ %K %^ %k 7O Ns $r M? $( $k Cf ?4 EE 2Y $O � $, M- M} ?t $N >l 9g $K Ev $? $j !J FC $K %_ %K %^ %k %f %K %? %j 7O Ns $G $O � = m m +1 ( m = 3 ; 4 ; � � � ) !K , EP >l $9 $k %W %i %$ %^ %j !< >l $N 6& 7A %9 %1 !< %k <! 85 $O h r s !J r; s $O M- 8B $J HO 0O $r F0 $/ @0 ?t !K $G M? $( $i $l $^ $9 !# Nc $( $P , %$ %8 %s %0 LO 7? $N %9 %T %s JQ ?t $d %U %’ %k %_ %* %s >l $O c = 1 = 2 $N h = 1 = 16, 1 = 2 $N %W %i %$ %^ %j !< >l C# $K BP 1~ $7 , 3 =E NW 3& %$ %8 %s %0 LO 7? $N >l 9g $O c = 7 = 10 $N h = 1 = 10, 3 = 5, 3 = 2, 3 = 80, 7 = 16 $K , 3 >u BV %] %C %D LO 7? $O c = 4 = 5 $N %S %i %= %m Be ?t $G 5- =R $5 $l $k $H $$ $C $? 6q 9g $G $9 !# Kt , 8e $G =R $Y $k ABF LO 7? $G $O 3F %_ %K %^ %k LO 7? $K BP 1~ $9 $k NW 3& 8= >] $, <B 8= $9 $k ;v $, CN $i $l $F $$ $^ $9 !# 4 6& 7A >l M} O@ $r 1[ $( $F %S %i %= %m Be ?t $O NW 3& E@ D> >e $G $7 $+ $= $N 0R NO $r H/ 4x $G $- $J $$ $N $G $9 $, , NW 3& E@ $+ $i N% $l $? $H $3 $m $^ $G E, MQ $G $- $k $b $C $H 0l HL E* $J BP >N @- $, JQ 7A %S %i %= %m Be ?t $G $9 !# $" $k 0U L# $G ;j Fq $N 6H $G $" $C $? JQ 7A %S %i %= %m Be ?t $r 9= @. $9 $k ;v $, , Cx <T C# [7, 15, 8, 9], %U %l %s %1 %k !& %l %7 %’ %F %- %s [10] $= $7 $F %k %- %" %N %U !& %W %, %$ [11, 12, 13] $K $h $C $F C# @. $5 $l $F $$ $C $? MM ;R $r $3 $l $+ $i @b L@ $7 $^ $9 !# 4.1 JQ 7A %S %i %= %m Be ?t $H $K $+ $/ $^ $: ;O $a $K , JQ 7A %S %i %= %m Be ?t $N Dj 5A $r 8+ $F $$ $? $@ $- $^ $7 $g $& !# $^ $: , #2 $D $N %Q %i %a !< %? q ; t $r F3 F~ $7 $^ $9 !# JX 59 >e $7 $P $7 $P t = q � $d p = q t � 1 $H =q $- $^ $9 !# JQ 7A %S %i %= %m Be ?t $H $O , 8r 49 4X 78 [ T n ; T m ] = � 1 X ‘ =1 f ‘ ( T n � ‘ T m + ‘ � T m � ‘ T n + ‘ ) � (1 � q )(1 � t � 1 ) 1 � p ( p n � p � n ) � n + m; 0 (9) 10

$r K~ $? $9 T n !J n $O @0 ?t !K $G @8 @. $5 $l $k , 2 $D $N %Q %i %a !< %? q ; t $r ;} $D L5 8B <! 85 Be ?t $G $9 !# $3 $3 $G 9= B$ Dj ?t f ‘ $O f ( x ) = 1 X ‘ =0 f ‘ x ‘ = exp 1 X n =1 1 n (1 � q n )(1 � t � n ) 1 + p n x n ! (10) $G M? $( $i $l $^ $9 !# <0 (9) $N 1& JU $O @8 @. ;R $N 2 <! $J $N $G %j !< Be ?t $G $O $" $j $^ $; $s $, , %d %3 %S N’ $J $I $O Hs <+ L@ $K K~ B- $5 $l $F $$ $^ $9 !# (9) $O , Jl 4X ?t T ( z ) = X n 2 Z T n z � n $r MQ $$ $l $P , f ( w =z ) T ( z ) T ( w ) � T ( w ) T ( z ) f ( z =w ) = � (1 � q )(1 � t � 1 ) 1 � p " � � pw z � � � � w pz � # (11) $H , $h $j 0u >] E* $J 7A $K I= $9 ;v $b $G $- $^ $9 !# %S %i %= %m Be ?t $G $O %d %3 %S N’ $K $h $C $F c $N 9‘ $, 7h $^ $j $^ $7 $? $, , JQ 7A %S %i %= %m Be ?t $G $O , f ( x ) $r %F !< %i !< E8 3+ 2D G= $J L$ CN 4X ?t $H $7 $F , f ( w =z ) T ( z ) T ( w ) � T ( w ) T ( z ) f ( z =w ) / � ( pw =z ) � � ( w =pz ) $N 7A $r 2> Dj $9 $k $H , 7k 9g N’ 6 $K $h $C $F f ( x ) $, (10) $N 7A $K Dj $^ $j $^ $9 !# Kt , JQ 7A %S %i %= %m Be ?t $r JQ 7A W N Be ?t $X $H 3H D% $9 $k ;v $b 2D G= $G , %U %’ %$ %. %s - %U %l %s %1 %k $H Cx <T C# $K $h $C $F 9T $o $l $^ $7 $? [14, 15] !# 8r 49 4X 78 (9) $O (4) $K Hf $Y $F $+ $J $j J# ;( $J 7A $r $7 $F $$ $^ $9 !# JQ 7A %S %i %= %m Be ?t $N Cf $K %S %i %= %m Be ?t $O $I $N $h $& $K 4^ $^ $l $F $$ $k $N $G $7 $g $& $+ !# JQ 7A %S %i %= %m Be ?t $O 2 $D $N %Q %i %a !< %? $r ;} $D $? $a ?’ !9 $J 6K 8B $r 9M $( $k ;v $, $G $- $^ $9 !# FC $K , � $r 8G Dj $7 $F q ! 1 $H $9 $k 6& 7A 6K 8B $r <h $k $H %S %i %= %m Be ?t $, 8+ $( $F $- $^ $9 !# JQ 7A %Q %i %a !< %? q $r q = e h = 1 + h + 1 2! h 2 � � � $H h - E8 3+ $7 $^ $9 !# (9) $, ( q ; t ) ! ( q � 1 ; t � 1 ) $G IT JQ $G $" $k ;v $K Cm 0U $7 $F , JQ 7A %S %i %= %m %+ %l %s %H T ( z ) $r T ( z ) = 2 + � h 2 T [2] ( z ) + ( � h 2 ) 2 T [4] ( z ) + � � � ; T [2] ( z ) = z 2 L ( z ) + ( � � 1) 2 4 � ; (12) $H E8 3+ $7 $F $d $j $^ $9 !# $= $7 $F (11) $K Be F~ $9 $k $H , h 0 ; h 2 $N 9‘ $O >C $( , h 4 $K <+ L@ $G $J $$ 4X 78 (5) $, 8= $l $^ $9 !# $D $^ $j L ( z ) $O T ( z ) $N h 2 $N It J, $K @x $s $G $$ $? $o $1 $G $9 !# Cf ?4 EE 2Y c $O , ;D $C $F $$ $k %Q %i %a !< %? � $H (7) $N 4X 78 $K $" $j $^ $9 !# $= $l $G $O (11) $N h 6 ; h 8 ; � � � $N 9‘ $O $I $& $+ $H 8@ $& $H , T [2] ( z ) ; T [4] ( z ) ; T [6] ( z ) ; � � � C# $N 4X 78 <0 $r M? $( $^ $9 !# 6& 7A IT JQ @- $r ;} $D NW 3& E@ D> >e $G $O L ( z ) $@ $1 $G :Q $s $G $$ $? OC $, , $R $H $? $S NW 3& E@ $r 30 $l $k $H T [4] ; T [6] ; � � � $H $$ $& L5 8B 8D $N >l $, I, MW $K $J $j , L ( z ) $K $= $l $i $N JQ 7A $N 0a $r $^ $H $C $? T ( z ) $, 3h Lv $9 $k ;v $K $J $k $o $1 $G $9 !# 6 T ( z 1 ) T ( z 2 ) T ( z 3 ) $r T ( z 3 ) T ( z 2 ) T ( z 1 ) $K JB $Y BX $( $k :] $K , (1 ; 2 ; 3) ! (2 ; 1 ; 3) ! (2 ; 3 ; 1) ! (3 ; 2 ; 1) $H (1 ; 2 ; 3) ! (1 ; 3 ; 2) ! (3 ; 1 ; 2) ! (3 ; 2 ; 1) $N 2 DL $j J} K! $, $" $k $, , $= $l $i $, 0l CW $9 $Y $7 $H $$ $& %d %s - %P %/ %9 %? !< $K ;w $? 4X 78 <0 !# 11

%S %i %= %m Be ?t $N >l 9g $H F1 MM $K , JQ 7A %S %i %= %m %+ %l %s %H T ( z ) $O <+ M3 %\ %> %s $G <B 8= $G $- $^ $9 !# C" $7 %\ %> %s $N 2 <! $G $O $J $/ , %\ %> %s $N ;X ?t 4X ?t $N OB $N 7A $K I= $5 $l $^ $9 !# %9 %/ %j !< %K %s %0 %+ %l %s %H !& %W %i %$ %^ %j !< >l $b %\ %> %s $G <B 8= $G $- $^ $9 !# <B :] $K $O , <! @a $G =R $Y $k $h $& $K , %\ %> %s 2= $7 $? I= <0 $, :G =i $K F@ $i $l $? $N $G $7 $? !# I= 8= 6u 4V $N @- <A $r D4 $Y $k $? $a $N %+ %C %D 9T Ns <0 $N 7W ;; $b %S %i %= %m Be ?t $N >l 9g $H A4 $/ F1 $8 J} K! $G 9T $J $& ;v $, $G $- $^ $9 !# %l %Y %k 4 $H 8F $P $l $k Ne 5/ >u BV $N =j $^ $G $N %+ %C %D 9T Ns <0 $r 7W ;; $7 , 0l HL $N >l 9g $r M= A[ $7 $^ $7 $? !# $^ $H $b $K $d $C $? $N $G $O , %l %Y %k 5 0J >e $N Ne 5/ >u BV $G $O 9T Ns <0 $N 7W ;; NL $O $[ $H $s $I <B 9T IT 2D G= $J Dx Bg $- $/ $J $j $^ $9 !# $7 $+ $7 <+ M3 >l I= <( $G M? $( $i $l $k I= <0 $r MQ $$ $F , %S %i %= %m Be ?t $N >l 9g $K @. N) $7 $? ;v $, F1 MM $K @. N) $9 $k $H $9 $k $H , %+ %C %D 9T Ns <0 $N M= A[ <0 $, @5 $7 $$ ;v $r <( $9 ;v $, $G $- $^ $9 [7, 38] !# %+ %C %D 9T Ns <0 $r 8+ $k $H , %Q %i %a !< %? q ; t $N CM $, 0l HL $N >l 9g $K $O , ;X I8 8x <0 $, %S %i %= %m Be ?t $N ;~ $H F1 $8 $G $" $k ;v , $D $^ $j >u BV ?t $O JQ $o $i $J $$ ;v $, J, $+ $j $^ $9 !# %Q %i %a !< %? $, 1 $N 6R :, $N >l 9g $K $O MM ;R $, JQ $o $C $F $- $F , >u BV ?t $O 8: $C $F $7 $^ $$ $^ $9 !# %S %i %= %m Be ?t <+ ?H $O $+ $J $j 0J A0 $+ $i CN $i $l $F $$ $? $K $b 94 $i $: , $3 $N JQ 7A %S %i %= %m Be ?t $N 9= @. $O :G 6a $N ;v $G , 99 $K , 8= :_ $G $b $3 $N NL ;R JQ 7A $N K\ <A $r B* $( $k 0l HL E* OH AH $_ $O $^ $@ 3N N) $7 $F $$ $^ $; $s !# Ia DL $N %S %i %= %m Be ?t $, %" %U %" %# %s %j !< Be ?t $+ $i ?{ 86 9= @. K! $G F@ $i $l $k ;v $K BP 1~ $9 $k 35 G0 $, $^ $@ 40 A4 $G $O $J $$ $N $, 86 0x $@ $H 9M $( $i $l $F $$ $^ $9 !# 9, $$ $K $7 $F , 4v $D $+ $N <j $, $+ $j $r 85 $K $7 $F H/ 8+ K! E* $K JQ 7A %S %i %= %m Be ?t $r 9= @. $9 $k ;v $, 2D G= $G $7 $? !# <! @a $G $= $l $i $r @b L@ $7 $^ $9 !# 4.2 %+ %m %8 %’ %m - %5 %6 %i %s %I 5Z $S %k %$ %; %J !< %k - %7 %e %J %$ %@ !< LO 7? !J JQ 7A !K %S %i %= %m Be ?t $O , D9 5w N% Aj 8_ :n MQ $r $9 $k 0l <! 85 NL ;R B? BN 7O , %+ %m %8 %’ %m - %5 %6 %i %s %I !J CS !K LO 7? [39] 5Z $S ;0 3Q %k %$ %; %J !< %k - %7 %e %J %$ %@ !< !J tRS !K [40] LO 7? $H L) @\ $J 4X 78 $, $" $j $^ $9 !# $= $7 $F , Cx <T C# $r $7 $F JQ 7A %S %i %= %m Be ?t $N H/ 8+ $r 2D G= $J $i $7 $a $? $N $O @5 $K $3 $N 4X 78 $K B> $J $j $^ $; $s !# JQ 7A %S %i %= %m Be ?t $K Gw $k $? $a $N 4v $D $+ $N %k !< %H $N Cf $G , tRS LO 7? $N 8& 5f $, $J $< JQ 7A %S %i %= %m Be ?t $K >/ $7 $G $b 6a $+ $C $? $N $+ $H 8@ $( $P , tRS LO 7? $N Ne 5/ >u BV $N @- <A $N Cf $K !V JQ 7A %S %i %= %m Be ?t !W $N >p Js $, $+ $J $j !V <h $j =P $7 $d $9 $$ >u BV !W $G @x $s $G $$ $? $+ $i $G $9 !# CS LO 7? $H $O , %5 %$ %s 5U Fs >h $N D9 5w N% %] %F %s %7 %c %k $r ;} $D 0l <! 85 NL ;R B? BN 7O $G , 7k 9g Dj ?t � $r ;} $A $^ $9 !# $3 $N LO 7? $O , N3 ;R ?t $H F1 $8 ?t $@ $1 $N J] B8 NL $r ;} $A , F0 E* Aj 4X 4X ?t $, 87 L) $K 5a $a $i $l $F $$ $k LO 7? $G $9 !# 4p Dl >u BV $O � $K 1~ $8 $F , %O %k %G !< %s $N !V 0l HL 2= $5 $l $? GS B> N’ !W [41] $K => $$ $^ $9 !# 4p Dl >u BV $N 4s M? $r <h $j 5n $C $? Ne 5/ >u BV $K , D> @\ :n MQ $9 $k ?7 $7 $$ %O %_ 12

%k %H %K %" %s $r 9M $( $k $H JX Mx $G , $= $l $O H CS = N X i =1 D 2 i + � X i<j x i + x j x i � x j ( D i � D j ) ; D i = x i @ @ x i (13) $H $J $j $^ $9 !# $3 $3 $K x i $O C1 0L 1_ <~ >e $N :B I8 $G $9 !# $3 $N %O %_ %k %H %K %" %s $N 8G M- >u BV $H $J $C $F $$ $k BP >N B? 9‘ <0 $O !V %8 %c %C %/ B? 9‘ <0 !W [42] $H 8F $P $l $^ $9 !# G. NO 3X E* 6K 8B ( N ! 1 ) $r 9M $( $F , <+ M3 %\ %> %s ([ a n ; a m ] = 2 n� n + m; 0 ) $r MQ $$ $F $3 $N %O %_ %k %H %K %" %s $r %\ %> %s 2= $9 $k $H , %\ %> %s $N 3 <! $G I= $5 $l , 99 $K $^ $H $a D> $9 $H ^ H CS = q � X n> 0 a � n L n + � 4{ $K BP 3Q 2= $5 $l $? 9‘ � (14) $N $h $& $K , Cf ?4 EE 2Y (7) $r ;} $D %S %i %= %m @8 @. ;R $N @5 %b !< %I L n $G =q $- I= $5 $l $^ $9 !# $3 $3 $G , %S %i %= %m Be ?t $, $3 $N CS LO 7? $H 4X $o $C $F $$ $k ;v $, 8+ $F <h $l $^ $9 !# FC 0[ %Y %/ %H %k $O L n ( n > 0) $G >C $5 $l $k >u BV $J $N $G , (14) $+ $i FC 0[ %Y %/ %H %k $, ^ H CS $N 8G M- >u BV $K $J $C $F $$ $k ;v $, J, $+ $j $^ $9 !# %9 %/ %j !< %K %s %0 %A %c !< %8 $, %S %i %= %m Be ?t $H 8r 49 $9 $k ;v $+ $i , %9 %/ %j !< %K %s %0 %+ %l %s %H $r MQ $$ $F FC 0[ %Y %/ %H %k $r <B 8= $G $- $k $N $G $9 $, , $3 $& $7 $F :n $i $l $? FC 0[ %Y %/ %H %k $O D9 J} 7A $N %d %s %0 ?^ $r ;} $D %8 %c %C %/ B? 9‘ <0 $K 1 BP 1 $K BP 1~ $7 $^ $9 !# $b $C $H 0l HL $K $O , %S %i %= %m Be ?t $N 3H D% $G $" $k W N Be ?t $N FC 0[ %Y %/ %H %k $H %8 %c %C %/ B? 9‘ <0 $, BP 1~ $7 $^ $9 !# %S %i %= %m Be ?t $d W N Be ?t $N I= 8= $N 4{ Ls @- $r E} @) $9 $k FC 0[ %Y %/ %H %k $H $$ $& =E MW $J >u BV $, , $^ $5 $7 $/ CS LO 7? $N Ne 5/ >u BV $G $" $k %8 %c %C %/ B? 9‘ <0 $H #1 BP #1 $K BP 1~ $7 $F $$ $k $N $G $9 [43, 44] !# >e 5- $N CS LO 7? $O Hs Aj BP O@ E* LO 7? $G $9 $, , tRS LO 7? $O 8w B. $K $" $? $k Dj ?t $r $b $& 0l $D F3 F~ $7 !V Aj BP O@ E* !W $K 3H D% $7 $? LO 7? $G , #2 $D $N 7k 9g Dj ?t $r ;} $A $^ $9 !J %Q %i %a !< %? $r AH BX $( $F q ; t $H $7 $^ $9 !K !# $3 $l $b N3 ;R ?t $H F1 $8 ?t $N 8_ $$ $K 2D 49 $J J] B8 NL $r ;} $C $F $* $j , 4p Dl >u BV $N 4s M? $r <h $j =| $$ $? Ne 5/ >u BV $K D> @\ :n MQ $9 $k %O %_ %k %H %K %" %s $O , H tRS = N X i =1 Y j ( 6 = i ) tx i � x j x i � x j � q D i (15) $G M? $( $i $l $^ $9 !# $3 $3 $G q D f ( x ) = f ( q x ) $O q - %7 %U %H 1i ;; ;R $G $9 !# $3 $N :9 J, :n MQ AG $O %^ %/ %I %J %k %I $K $h $k #2 %Q %i %a !< %? !< BP >N B? 9‘ <0 $N 8& 5f $K $* $$ $F =i $a $F 8= $l $^ $7 $? !# $3 $l $N 8G M- 4X ?t $H $J $C $F $$ $k BP >N B? 9‘ <0 $O !V %^ %/ %I %J %k %I B? 9‘ <0 !W [45] $H 8F $P $l $F $$ $^ $9 !# CS LO 7? $+ $i tRS LO 7? $X $N 3H D% $G FC $K =E MW $J $N $O , CS LO 7? $N Ne 5/ >u BV $, %8 %c %C %/ B? 9‘ <0 $G I= $5 $l $F $$ $? $N $K BP $7 $F , tRS LO 7? $N Ne 5/ >u BV $, %^ %/ %I %J %k %I B? 9‘ <0 $G I= $5 $l $k ;v $G $9 !# %8 %c %C %/ B? 9‘ <0 $H %^ %/ %I %J %k %I B? 9‘ <0 $O , ?t 3X E* $K $O @5 $K 2f !9 $, L\ ;X $7 $F $$ $k !V NL ;R JQ 7A !W $N 4X 78 $K $" $j $^ $9 !# NL ;R JQ 7A $O q - JQ 7A $H $b 8F $P $l $^ $9 !# q - JQ 7A $K $O $O $C $- $j $H $7 $? Dj 13

5A $, $" $k $o $1 $G $O $J $$ $N $G $9 $, !$ (i) q ! 1 $G 85 $N M} O@ $K La $k MM $K %Q %i %a !< %? q $r F~ $l $F JQ 7A $7 $? $b $N !$ $G !$ (ii) 85 $N M} O@ $N ;} $C $F $$ $? @- <A $r q $, F~ $C $? @$ 3& $G $b J] $C $F $$ $k $b $N !$ $H 8@ $C $F NI $$ $G $7 $g $& !# (ii) $N It J, $, [# Kf $G $" $k $? $a q - JQ 7A $O 0l 0U E* $G $O $" $j $^ $; $s $, , %8 %c %C %/ B? 9‘ <0 $H %^ %/ %I %J %k %I B? 9‘ <0 $N 4X 78 $O @- <A $N NI $$ q - JQ 7A $N 0l Nc $K $J $C $F $$ $^ $9 !# $3 $3 $^ $G >u 67 $, B7 $( $P JQ 7A %S %i %= %m Be ?t $b $9 $0 $= $3 $G $9 !# $D $^ $j , CS LO 7? $N %O %_ %k %H %K %" %s (13) $N Cf $K %S %i %= %m Be ?t $, @x $s $G $$ $? $h $& $K , tRS LO 7? $N %O %_ %k %H %K %" %s (15) $K $O $- $C $H JQ 7A %S %i %= %m Be ?t $, 8+ $$ =P $5 $l $k $O $: $J $N $G $9 !# %S %i %= %m Be ?t CS LO 7? JQ 7A %S %i %= %m Be ?t tRS LO 7? %8 %c %C %/ B? 9‘ <0 %^ %/ %I %J %k %I B? 9‘ <0 - - ? ? ? NL ;R JQ 7A !* NL ;R JQ 7A $3 $N ?^ $N Cf $G :# $^ $G 6u Ms $G $" $C $? JQ 7A %S %i %= %m Be ?t $r C5 $7 =P $; $P Ld Bj $O 2r 7h $G $9 !# :# 2s >\ $7 $/ =q $/ ;v $O $G $- $^ $; $s $, , Cx <T C# $N !V JQ 7A %S %i %= %m Be ?t C5 $7 !W $O , $3 $N 9M $( J} $K 1h $C $F <0 (14) $N tRS HG !J B( $A (15) $N %\ %> %s 2= !K $r >/ $7 !V $R $M $/ $j $^ $o $9 !W Dx EY $N ;v $G 2r 7h $r 8+ $? $N $G $7 $? !# 4.3 %U %l %s %1 %k - %l %7 %’ %F %- %s $N JQ 7A %S %i %= %m - %] %" %C %= %s Be ?t %U %l %s %1 %k $H %l %7 %’ %F %- %s $O NL ;R 72 $N 0U L# $G q - JQ 7A $5 $l $? %2 !< %8 >l M} O@ $N %2 !< %8 8G Dj $r <B 9T $9 $k ;v $K $h $j , Cx <T C# $K $h $k JQ 7A %S %i %= %m Be ?t $N F3 =P $K >/ $7 @h N) $A , $= $N FC JL $J >l 9g $K $^ $G E~ C# $7 $F $$ $^ $7 $? !# 8= :_ CN $i $l $F $$ $k <+ A3 3& $N 4p K\ E* Aj 8_ :n MQ $O !J Hs 2D 49 !K %2 !< %8 M} O@ $H $$ $& OH AH $G E} 0l E* $K M} 2r $G $- $^ $9 $, , %2 !< %8 M} O@ $H $O %2 !< %8 BP >N @- $r ;} $D Aj BP O@ E* >l $N NL ;R O@ $G , AG D> $K :N MQ $5 $l $k NO 3X JQ ?t $K M> J, $J <+ M3 EY $, 4^ $^ $l $F $$ $k $? $a NL ;R 2= $9 $k :] $K %2 !< %8 8G Dj $H $$ $& 94 B+ >r 7o $r 2] $9 I, MW $, $" $k 94 B+ 7O $G $9 !# $= $N 5" 7k $H $7 $F , %4 !< %9 %H $, M} O@ $N %f %K %? %j @- $r J] >Z $9 $k $? $a $K 8= $l $? $j $7 $^ $9 !# $3 $N $h $& $J 94 B+ 7O $N J* M} 3X $O , ?’ !9 $J J, Ln $N 8& 5f $K $* $$ $F , =E MW $J Lr 3d $r C4 $C $F $$ $^ $9 !# AG N3 ;R O@ $G 8@ $( $P , :G 6a 5D O@ $5 $l $F $$ $k 89 M} O@ $d M M} O@ $J $I $K $* $$ $F $b 94 B+ 7O $N J* M} 3X $, 8= $l $^ $9 !# 89 M} O@ $K $D $$ $F 8@ $& $H , 1 + 1 <! 85 @$ 3& LL 14

>e $G $N 0l HL :B I8 JQ 49 IT JQ @- $H 6I =j %9 %1 !< %k JQ 49 IT JQ @- $r , @$ 3& LL >e $N 7W NL $r 6& 7A %2 !< %8 $K 8G Dj $7 $? 8e $K ;D $k BP >N @- $, 6& 7A BP >N @- $G $" $j , $= $3 $G 6& 7A >l M} O@ $, EP >l $7 $^ $9 !# Kt %S %i %= %m Be ?t $O 85 !9 , 89 M} O@ $N NL ;R 2= $r <B 9T $9 $k :] $K F@ $i $l $? 94 B+ >r 7o $, $J $9 Be ?t $H $7 $F , %S %i %= %m $K $h $C $F H/ 8+ $5 $l $? $b $N $G $7 $? !# 2D 2r LO 7? $K $* $$ $F $b , 94 B+ 7O $N J* M} $O =E MW $G $9 !# %I %j %s %U %’ %k %H - %= %3 %m %U [46] $K $h $C $F , %O %_ %k %H %K %" %s %j %@ %/ %7 %g %s $N J} K! $H 8F $P $l $k OH AH $_ !J 0l <o $N %2 !< %8 8G Dj $N =h J} d5 !K $, Ds 0F $5 $l , 2D 2r LO 7? $K $* $$ $F 94 B+ 7O $N J* M} $r 07 $& ;v $, 8& 5f $5 $l $F Mh $^ $7 $? !# Nc $( $P %t %’ %9 - %: %_ %N - %N %t %# %3 %U - %& %$ %C %F %s (WZNW) LO 7? S WZNW = k 8 � Z d 2 x tr( @ i g @ i g � 1 ) + k 12 � Z d 3 x� ij k tr( g � 1 @ i g g � 1 @ j g g � 1 @ k g ) ; (16) $K $* $$ $F , %O %_ %k %H %K %" %s %j %@ %/ %7 %g %s $N J} K! $r 7P $F , %S %i %= %m Be ?t $d W Be ?t $r F@ $k ;v $, $G $- $^ $9 !# $J $* %S %i %= %m %+ %l %s %H L ( z ) $O , $3 $N LO 7? $N %+ %l %s %H Be ?t J ( z ) $N 2 <! 7A <0 $G I= $5 $l $^ $9 !J $3 $l $, @h Dx >/ $7 =R $Y $? ?{ 86 7A <0 $G $9 !K !# %U %l %s %1 %k $H %l %7 %’ %F %- %s $O WZNW LO 7? $K $* $1 $k %+ %l %s %H Be ?t $r NL ;R 72 $G CV $- 49 $( $F $b , F1 MM $N %j %@ %/ %7 %g %s $, 2D G= $@ $H ?d B, $7 $^ $7 $? !# JQ 7A $N 8e $K $O , WZNW LO 7? $N :n MQ (16) $N BP 1~ J* $H $7 $F NL ;R 72 $N L 9T Ns $H 8F $P $l $k J* $, EP >l $7 $^ $9 !# 99 $K 8@ $& $H , %j %@ %/ %7 %g %s $N 2a Dx $O , L 9T Ns $N 9T Ns MW AG $r $& $^ $/ AH $_ D> $9 ;v $K BP 1~ $7 $^ $9 !# H‘ $i $O $3 $N ?d B, $K => $C $F , NL ;R 72 $N <+ M3 >l I= <( 7 $H NW 3& %l %Y %k $H 8F $P $l $k FC JL $J >l 9g $N I= 8= O@ $K 4p $E $$ $F , NL ;R %" %U %" %# %s %j !< Be ?t $+ $i JQ 7A %S %i %= %m - %] %" %C %= %s Be ?t $r 9= @. $9 $k ;v $K @. 8y $7 $^ $7 $? [10] !# $= $l $O , 8r 49 ;R $G $O $J $/ %] %" %C %= %s 3g 8L $K => $& Be ?t $G , @8 @. ;R T n !J n $O @0 ?t !K $O f T n ; T m g P :B : = X ‘ 2 Z 1 � q ‘ 1 + q ‘ T n � ‘ T m + ‘ + ( q n � q � n ) � n + m; 0 (17) $r K~ $? $7 $^ $9 !# H‘ $i $N Be ?t $O , 2D 49 $J NL $K %] %" %C %= %s Be ?t $N 9= B$ $, F~ $C $F $$ $k $H $$ $& 0U L# $G !V 8E E5 O@ !W $H B* $( $k ;v $, $G $- $^ $9 !# $3 $N 2D 49 Be ?t $O , Cx <T C# $, 9= @. $7 $? JQ 7A %S %i %= %m Be ?t !J Hs 2D 49 Be ?t !K $+ $i $O , JQ 7A %Q %i %a !< %? q $r 8G Dj $7 $F � ! 0 $N 6K 8B $r <h $k ;v $K $h $j F@ $k ;v $, $G $- $^ $9 !# $= $N :] %] %" %C %= %s 3g 8L $O f ; g P :B : = � lim � ! 0 [ ; ] = ( � ln q ) $H $7 $F F3 F~ $5 $l $^ $9 !# Kt , 99 $K , %U %l %s %1 %k $H %l %7 %’ %F %- %s $O , JQ 7A %S %i %= %m !J %] %" %C %= %s !K %+ %l %s %H T ( z ) = X n 2 Z T n z � n $, , @h Dx ?( $l $? , %Y !< %F 2> @_ $K $* $1 $k Ho 0a ?? 6u 7A <0 $H 9s ;w $7 $F $$ $k $H $$ $& ?< 1s 7 OF K\ I= <( $H 8F $P $l $k $b $N $G , %\ %> %s >l $H � - %4 !< %9 %H >l $, EP >l $7 $^ $9 !# NL ;R JQ 7A $N >l 9g $K $O , � - %4 !< %9 %H >l <+ ?H $O <+ M3 >l $G $O $J $/ $J $j $^ $9 $, , $" $k <o $N <+ M3 >l I= <( $r $9 $k ;v $, 2D G= $G $9 !# 15

$J ;v <B $r :G =i $K 8+ $$ =P $7 $F $$ $^ $9 !# $J $* , $3 $N 8= >] $K Fb :_ $9 $k 5! 9= $r M} 2r $9 $k $H $$ $& $N $O 2r 7h $9 $Y $- LL Gr $$ Ld Bj $G $9 !# 8e $K , $3 $N N‘ ;w $r ;X F3 86 M} $K $7 $F JQ 7A %S %i %= %m !J %] %" %C %= %s !K Be ?t $r 0l HL $N %j !< 4D $K BP $7 $F 3H D% $9 $k ;v $, 5D O@ $5 $l $^ $7 $? [10, 47, 48] !# 4.4 %k %- %" %N %U - %W %, %$ $K $h $k ABF LO 7? $N 2r @O JQ 7A %S %i %= %m Be ?t $O D9 5w N% Aj 8_ :n MQ $r $9 $k 0l <! 85 NL ;R B? BN 7O $J $I $r DL $8 $F H/ 8+ E* $K 9= @. $5 $l $? $N $G $9 $, , :G 6a , JQ 7A %S %i %= %m Be ?t $, @) 8B LL LO 7? $J $I BJ 1_ 4X ?t $, 8= $l $k 2D 2r LO 7? , FC $K ABF LO 7? $J $I $K $* $$ $F $O :G $b Cf ?4 E* $J Lr 3d $r 2L $? $7 $F $$ $k ;v $, G’ <1 $5 $l $D $D $" $j $^ $9 !# $3 $3 $G $O %k %- %" %N %U - %W %, %$ 8 $K $h $k ABF LO 7? $N 8& 5f $K $D $$ $F @b L@ $r $7 $^ $9 [11, 12, 13] !# %" %s %I %j %e !< %9 - %P %/ %9 %? !< - %U %) %l %9 %? !< $K $h $k @) 8B LL LO 7? $O , #2 <! 85 @5 J} 3J ;R >e $K <! $N $h $& $J @) 8B $r <u $1 $? !V 9b $5 !W $H 8F $P $l $k NO 3X JQ ?t , ‘ , $, J, I[ $7 $F $$ $k 8E E5 E} 7W 7O $G $9 !’ 1. 9b $5 ‘ $O #1 $+ $i $" $k @0 ?t r � 1 $^ $G $N @0 ?t CM $r $H $k , 2. NY $N 3J ;R E@ $H $N 9b $5 $N :9 $O 1. $3 $N 9b $5 $N @) 8B r ( � 4) $O , !J JQ 7A !K %S %i %= %m Be ?t $N Cf ?4 c $d � $H (7), � = r � 1 r $N 4X 78 $, $" $j , %_ %K %^ %k %f %K %? %j 7O Ns $r M? $( $k $H $- $N @0 ?t %Q %i %a !< %? m + 1 $H 0l CW $7 $^ $9 !# Kt , r = 4 $N >l 9g $O %$ %8 %s %0 LO 7? $r $= $N FC <l $J >l 9g $H $7 $F 4^ $s $G $$ $^ $9 !# 3F LL $K E, Ev $J %\ %k %D %^ %s =E N( W $r M? $( , J, G[ 4X ?t $r 7W ;; $9 $k ;v $, 4p K\ E* $J Ld Bj $G $9 $, , L^ O@ G$ 0U $K M? $( $? $N $G $O $& $^ $/ 2r $1 $^ $; $s !# %\ %k %D %^ %s =E N( $r , %d %s - %P %/ %9 %? !< J} Dx <0 !J %9 %? !< - %H %i %$ %" %s %0 %k 4X 78 <0 !K $r K~ $? $9 $h $& $K $& $^ $/ M? $( $? >l 9g $O 87 L) $K 2r $1 $k ;v $, CN $i $l $F $$ $^ $9 !# $3 $N J} Dx <0 $O , !V $O $8 $a $K !W $G =R $Y $? $h $& $K , B? $/ $N 2D 2r LO 7? $N 2D 2r @- $N 80 $r 0. $k =E MW $J 4X 78 <0 $G $9 !# $3 $N %\ %k %D %^ %s =E N( $O ABF LO 7? $G $O W 0 @ ‘ � 2 ‘ � 1 ‘ � 1 ‘ � � � � � u 1 A = � ( u ) ; (18) W 0 @ ‘ ‘ � 1 ‘ � 1 ‘ � � � � � u 1 A = � ( u ) [ ‘ � u ] [1 � u ][ ‘ ] ; (19) 8 M> CL $G $9 $, , I. <T $N 0l ?M $, , 1996 G/ $K %b %9 %/ %o $N 9Y 30 %A %’ %k %N %4 %m %U %+ $K $" $k %i %s %@ %& 8& 5f =j $r K, $l $? ;~ $N OC $G $9 !# %i %s %@ %& 8& 5f =j $G =u 65 <x $r 6P $a $k %W %, %$ ;a $K >7 $+ $l $F , 2q 5D $N =P @J <T $N ?t ?M $O H‘ $N <+ Bp $r K, $M $^ $7 $? !# $= $N ?4 $N 9~ $b $C $? %Q !< %F %# !< $G $O , %m %7 %" $N $* Cc $d $* 2[ ;R $r $4 CZ Av $K $J $j , $H $F $b 3Z $7 $$ $R $H $H $- $r 2a $4 $9 ;v $, $G $- $^ $7 $? !# $= $N ;~ , H‘ $N 5o 4V $N F~ $j 8} $K 8E $\ $1 $? $H $F $b >. $5 $J !V 9u HD !W $, N) $F $+ $1 $F $" $k $N $, $U $H L\ $K $H $^ $j $^ $7 $? !# H‘ $N @b L@ $K $h $k $H , @5 $K $= $N >. $5 $J 9u HD $N >e $G BPZ $K $h $k 6& 7A >l M} O@ $, CB @8 $7 $? $H $$ $& ;v $G $7 $? !# 16

W 0 @ ‘ ‘ � 1 ‘ � 1 ‘ � � � � � u 1 A = � � ( u ) [ u ][ ‘ � 1] [1 � u ][ ‘ ] ; (20) $H Dj $a $i $l $^ $9 !# $3 $3 $K , W 0 @ a b c d � � � � � u 1 A $N a; b; c; d $O LL $N ;M $D $N D: E@ $N 9b $5 JQ ?t , u $O %Q %i %a !< %? !J %9 %Z %/ %H %k %Q %i %a !< %? $H 8F $P $l $k !K , Kt , [ u ] $O BJ 1_ %F !< %? 4X ?t � 1 ( u ) = 2 p 1 = 8 sin � u 1 Y n =1 (1 � 2 p n cos 2 � u + p 2 n )(1 � p n ) ; (21) $r MQ $$ $F [ u ] = � 1 ( u=r ) =� 1 (1 =r ) ; (22) $H Dj 5A $5 $l $^ $9 !# %Q %i %a !< %? p $O BJ 1_ 4X ?t $N %N !< %‘ $G $9 !# Kt , � ( u ) $O J, G[ 4X ?t $, 1 $K $J $k $h $& $J 5, 3J 2= 0x ;R $H $7 $F 7h $a $F $* $- $^ $9 !# $3 $N LO 7? $N J* M} NL $H $7 $F $O , $" $k N 8D $N 3J ;R E@ $N 9b $5 JQ ?t $, , ;X Dj $5 $l $? CM � = ( � 1 ; � 2 ; � � � ; � N ) $K $J $k 3N N( P � , !J N E@ Aj 4X 4X ?t $H 8F $V !K $K 6= L# $, $" $j $^ $9 !# $^ $: , N = 1 $N >l 9g $O %P %/ %9 %? !< $N !V 3Q E> Aw 9T Ns K! !W $r MQ $$ $F 7W ;; $G $- $^ $9 !# $3 $N 3Q E> Aw 9T Ns K! $H $$ $& $N $O , #1 E@ 4X ?t $r 5a $a $k :] $N #2 <! 85 >u BV OB $r , $" $k !J $h $j 4J C1 $J !K #1 <! 85 >u BV OB $K 5" Ce $5 $; $k Hs >o $K 6/ NO $+ $D HF MQ E* $J J} K! $G $9 !# $3 $N !V 3Q E> Aw 9T Ns $N J} K! !W $O , Nc $( $P #1 <! 85 %$ %8 %s %0 LO 7? $N 2r K! $N 0l $D $H $7 $F 3X It ;~ Be $K =, $& , =j 0b !V E> Aw 9T Ns $N J} K! !W $N 0l <o $H $b 8+ $J $; $^ $9 !# C" $7 :# $N >l 9g $O , %d %s - %P %/ %9 %? !< J} Dx <0 $, K~ $? $5 $l $k ;v $J $I $+ $i , 4v $D $+ $N Cx $7 $$ @- <A $, => $$ $^ $9 !# Nc $( $P 7O $N Bg $- $5 $, L5 8B Bg $N >l 9g , 3Q E> Aw 9T Ns $O >e $N !V #1 <! 85 >u BV !W A4 BN $N @. $9 6u 4V $K !V BP 3Q E* !W $K :n MQ $7 , $= $N 8G M- CM $O !V N% ;6 E* !W $G !V Ey 4V 3V !W $K $J $j $^ $9 !# $= $l $f $( , #1 E@ 4X ?t $H $$ $& NL $O 3Q E> Aw 9T Ns $N 8G M- CM $r %0 %l !< %G %# %s %0 $H $9 $k #1 <! 85 >u BV $N @. $9 6u 4V $N ;X I8 8x <0 $H 8+ $J $9 ;v $, $G $- $^ $9 !# $3 $N $h $& $K $7 $F !V $? $/ $5 $s $N ;X I8 8x <0 !W $r @8 @. $9 $k LO 7? $H $7 $F ABF LO 7? $O =E MW $J !V 9) >l !W $N Lr 3d $r 2L $? $7 $^ $7 $? !# $= $N 8e , 0K C# - ?@ J] - 9q >l - ;0 NX - Hx 3Q $, $3 $N $h $& $K $7 $F @8 ;: $5 $l $? ;X I8 8x <0 $, Hs @) 8B LO 7? $N >l 9g $K $O !V %" %U %" %# %s %j !< 4D $N %9 %H %j %s %0 4X ?t !W !J %" %U %" %# %s %j !< 4D $N ;X I8 8x <0 $N 0l <o !K Kt , @) 8B LO 7? $N >l 9g $K $O !V %S %i %= %m Be ?t $N ;X I8 8x <0 !W $K 0l CW $7 $F $$ $k ;v $r H/ 8+ $7 $^ $7 $? [49] !# $7 $+ $7 , 4{ $K $* OC $7 $7 $^ $7 $? $h $& $K , %" %U %" %# %s %j !< 4D $d %S %i %= %m Be ?t $N I= 8= 6u 4V $O $= $l <+ ?H $G 4{ $K CFT $N LO 7? $G $9 !# $= $N ;X I8 8x <0 $O BP 1~ $9 $k CFT $N LO 7? $N 4p K\ E* $J %G !< %? $G $9 !# B( $A , $3 $N 5~ ET %9 %/ !< %k $K $h $k Bg $- $J H/ 8+ $O , 2D 2r 3J ;R LO 7? $N NW 3& E@ $G $N @- <A !J %" %U %" %# %s %j !< 4D , %S %i %= %m Be ?t $N ;X I8 8x <0 !K $, , NW 3& E@ $r N% $l $? =j $G $b Aj 4X 4X ?t $r DL $7 $F 8= $l $k $H $$ $& ?@ Hk E* $J H/ 8+ $N Hs >o $K Bg $- $J !V :G =i $N 0l Jb !W $@ $C $? $H $b 8@ $( $^ $9 !# 17

$5 $F , #2 E@ 0J >e $N >l 9g $N 7W ;; $K $O 3Q E> Aw 9T Ns 0J 30 $K , !V D: E@ 1i ;; ;R !W $H 8F $P $l $k %* %Z %l !< %? !< $r EP >l $5 $; $k I, MW $, $" $j $^ $9 !# $3 $N D: E@ 1i ;; ;R $b #1 <! 85 >u BV $N @. $9 6u 4V $K F/ $- $^ $9 $, , $= $N :n MQ $O BP 3Q E* $G $O $J $$ ;v $r Cm 0U $7 $F $* $- $^ $9 !# D: E@ 1i ;; ;R � � ( u ) $O , 8r 49 4X 78 � ‘ 3 � ‘ 2 ( u 1 )� ‘ 2 � ‘ 1 ( u 2 ) (23) = X ‘ 4 W ‘ 3 ‘ 4 ‘ 2 ‘ 1 � � � � � u 1 � u 2 ! � ‘ 3 � ‘ 4 ( u 2 )� ‘ 4 � ‘ 1 ( u 1 ) ; $r K~ $? $9 $b $N $H $7 $F FC D’ IU $1 $i $l $^ $9 !# 7k O@ $+ $i 8@ $& $H , 9b $5 $, ;X Dj $5 $l $? N 8D $N >l =j $, NY $j 9g $C $F 0l Ns $K JB $s $G $$ $k >l 9g $O , N E@ Aj 4X 4X ?t $O , #4 6y $K Aj Ev $9 $k #4 8D $N 3Q E> Aw 9T Ns , N 8D $N E@ $N A^ F~ $K Aj Ev $9 $k N 8D $N D: E@ 1i ;; ;R � � ( z ) 5Z $S $= $N AP BP 1i ;; ;R � � � ( z ) $H $$ $& 1i ;; ;R C# $N $& $^ $$ =g HV $G $N @Q $r , #1 <! 85 >u BV 6u 4V >e $G %H %l !< %9 $r $H $C $? $b $N $H $7 $F I= $5 $l $^ $9 !# $3 $N $h $& $J D: E@ 1i ;; ;R $K $h $k 7W ;; K! $O 5~ ET %9 %/ !< %k $K $h $k XXZ :? $N Aj 4X 4X ?t $N 8& 5f $K $* $$ $F 3+ H/ $5 $l $^ $7 $? !# $3 $3 $G $J $5 $l $k $Y $- BP 3Q E* $G $O $J $$ %* %Z %l !< %? !< $N %H %l !< %9 $N 7W ;; $G $O , >e $N #1 <! 85 >u BV OB $K Aj Ev $9 $k B- $7 ;; $r !J L5 8B 2s !K $d $k I, MW $, $" $j $^ $9 !# $3 $N L5 8B OB $r $I $& =h M} $9 $k $+ $H $$ $& Ld Bj $K BP 1~ $9 $k $? $a $K , %k %- %" %N %U - %W %, %$ $O D: E@ 1i ;; ;R $r <+ M3 %\ %> %s $G I= <( $9 $k ;v $r 5D O@ $7 $^ $7 $? !# H‘ $i $O JQ 7A %S %i %= %m Be ?t $N B8 :_ $r 2> Dj $7 , $= $l $r 5D O@ $N 5r $j =j $H $7 $F Hs >o $K <+ A3 $J 7A $G D: E@ 1i ;; ;R $r <+ M3 %\ %> %s $+ $i 9= @. $7 $^ $7 $? !# $= $N 8e , Cx <T C# $N H/ 8+ $7 $? JQ 7A %S %i %= %m Be ?t $N <+ M3 %\ %> %s I= <( $, @5 $K , %k %- %" %N %U - %W %, %$ $N M= A[ $7 $? $b $N $G $" $k ;v $, G’ <1 $5 $l $^ $7 $? !# 6q BN E* $K 8@ $& $H , ABF LO 7? $N D: E@ 1i ;; ;R $, , Cx <T C# $N H/ 8+ $7 $? JQ 7A %S %i %= %m Be ?t $N %W %i %$ %^ %j !< >l 5Z $S %9 %/ %j !< %K %s %0 %+ %l %s %H $G M? $( $i $l $k , $H $$ $& 7A $K $J $C $F $$ $^ $9 !# %k %- %" %N %U - %W %, %$ $N D: E@ 1i ;; ;R $O <+ M3 >l $G I= 8= $5 $l $F $$ $^ $9 $+ $i , N E@ Aj 4X 4X ?t $O %S %i %= %m Be ?t $N >l 9g $H F1 MM $N 5; =Q $G 4J C1 $K @Q J, I= <( $G $- $F $7 $^ $$ $^ $9 !J %k %- %" %N %U - %W %, %$ [12, 13] !K !# 8e $K , JQ 7A %S %i %= %m Be ?t $N %9 %/ %j !< %K %s %0 %+ %l %s %H $, @8 @. $9 $k BJ 1_ E* L5 8B <! 85 Be ?t !J %i %s %/ #1 $N %j !< 4D $K BP 1~ $9 $k >l 9g !K $, D4 $Y $i $l $^ $7 $? [14] !# $= $l $r , %i %s %/ #1 0J 30 $K 3H D% $9 $k ;v $K $h $j , %i %s %/ $N 9b $$ %j !< 4D $K IU ?o $9 $k LL LO 7? $N D: E@ 1i ;; ;R $b 9= @. $9 $k ;v $, 2D G= $G $9 [50] !# Kt , BP 1~ $9 $k %j !< 4D $N I= 8= $N %l %Y %k $r >e $2 $k ;v $b 8& 5f $5 $l $F $$ $^ $9 [51] !# 4.5 B+ G{ >u BV $H JQ 7A %S %i %= %m Be ?t !’ %k %- %" %N %U $N 9M ;! 6& 7A >l M} O@ $G $O , B? $/ $N @. 2L $, $" $C $? $K $b 94 $i $: , == J, $K 07 $& ;v $N $G $- $J $$ Ld Bj $H $7 $F B+ G{ >u BV $N <h 07 $$ $, $" $j $^ $9 !# :G 8e $K $3 $N B+ G{ >u BV $N <h 07 $$ $H JQ 7A %S %i %= %m Be ?t $N 4X 78 $K $D $$ $F =R $Y $^ $7 $g $& !# 18

B+ G{ >u BV $O , B? $/ $N J* M} 7O $N MM !9 $J >l LL $G 8= $l $F Mh $^ $9 !# NL ;R %9 %T %s :? $K $b %9 %T %s $N B+ G{ >u BV $, 8= $l $^ $9 !# 6q BN E* $K $O %O %$ %< %s %Y %k %0 :? $H 8F $P $l $k :G $b E5 7? E* $J %9 %T %s :? $G $O Dc %( %M %k %. !< Ne 5/ $O 4p K\ E* $K c = 1 $N CFT $G 5- =R $5 $l $^ $9 $, , 9b %( %M %k %. !< B& $N Ne 5/ $K $O $= $N B+ G{ >u BV $, 8= $l $^ $9 !# $= $l $i $N 2r @O $O , NL ;R %9 %T %s :? $N G. NO 3X E* @- <A $r 5D O@ $9 $k :] $K Bg JQ K\ <A E* $G $9 !# 9, $$ $J ;v $K $3 $N >l 9g $O Bg JQ 6/ NO $J F; 6q $, H/ 8+ $5 $l $F $$ $^ $9 !# $= $l $O , @h Dx =P $F $- $? %Y !< %F 2> @_ J} Dx <0 $N :, $N J# AG J? LL >e $K $* $1 $k J, I[ $K BP $9 $k !V %9 %H %j %s %0 2> @b !W $H 8F $P $l $k $b $N $G , B+ G{ >u BV $r :G $b $& $^ $/ B* $( $? Nc $N 0l $D $K $J $C $F $$ $^ $9 [52] !# JQ 7A %S %i %= %m Be ?t $O %P %/ %9 %? !< $N #8 D: E@ LO 7? !J XYZ :? !K $N %- %s %/ $H H? %- %s %/ $N B+ G{ >u BV !J %V %j !< %6 !< !K $r B* $( $F $$ $^ $9 !# $= $l $r >/ $7 6q BN E* $K 8+ $k $K $O JQ 7A %S %i %= %m Be ?t $N Dj 5A <0 (11) $r <! $N MM $K =q $- 49 $( $F $_ $^ $9 !’ T ( z 1 ) T ( z 2 ) = S � z 2 z 1 � T ( z 2 ) T ( z 1 ) + C � � pz 1 z 2 � + � ( z 1 pz 2 � ! : (24) $3 $3 $G , C $O Dj ?t $G 4X ?t S $O , S ( z ) � f ( z � 1 ) f ( z ) = � z � p 2 ( q pz )� p 2 ( q � 1 p 2 z ) � p 2 ( q z )� p 2 ( q � 1 pz ) ; (25) $G M? $( $i $l $^ $9 !# $3 $3 $K , � p ( z ) = Q 1 n =1 (1 � p n )(1 � z p n � 1 )(1 � z � 1 p n ) $G $9 !# 4X ?t S $O %9 %+ %i !< $J $N $G %d %s - %P %/ %9 %? !< J} Dx <0 S ( z 1 =z 2 ) S ( z 1 =z 3 ) S ( z 2 =z 3 ) = S ( z 2 =z 3 ) S ( z 1 =z 3 ) S ( z 1 =z 2 ) (26) $O <+ L@ $K K~ $? $5 $l , 99 $K %f %K %? %j %F %# : S ( z ) S ( z � 1 ) = 1 ; (27) 8r :5 BP >N @- : S ( pz ) = 1 S ( z ) ; (28) $r K~ $? $7 $^ $9 !# Kt , z = e 2 � iu $H $9 $k $H , 8r :5 BP >N @- $O , 4X ?t S $N u J? LL $K $* $1 $k #2 =E <~ 4| @- $r 0U L# $7 $^ $9 !# $3 $l $i $N ;v $r Am 9g $9 $k $H , 4X ?t S $O 0x ;R 2= ;6 Mp 9T Ns $N !V BJ 1_ 4X ?t 2r !W $K $J $C $F $$ $k ;v $, J, $+ $j $^ $9 !# B( $A , !V $O $8 $a $K !W $G ?( $l $^ $7 $? $h $& $K , JQ 7A %S %i %= %m Be ?t $O BJ 1_ 4X ?t S ( z ) $K IU ?o $7 $? !V BJ 1_ Be ?t !W $H 8+ Jo $; $^ $9 !# 99 $K , %k %- %" %N %U $O JQ 7A %S %i %= %m %+ %l %s %H T ( z ) $, XYZ LO 7? $N B+ G{ >u BV $N @8 @. >C LG 1i ;; ;R $G $" $k ;v $r 5D O@ $7 $^ $7 $? [11] !# JQ 7A %S %i %= %m Be ?t $N 8r 49 4X 78 $O , %V %j !< %6 !< $N @8 @. LG 1i ;; ;R $N K~ $? $9 %U %! %G !< %( %U - %6 %b %m %A %3 %U Be ?t $K Aj Ev $9 $k $o $1 $G $9 !# Kt , O" B3 6K 8B $K BP 1~ $9 $k A‘ :n $N 2< $G , S 9T Ns $O %6 %b %m %A %3 %U - %6 %b %m %A %3 %U $N 7k 2L S ( � ) = sinh � + i sin � � sinh � � i sin � � (29) 19

$K B‘ 2= $7 $^ $9 !# $3 $3 $G , � $O %5 %$ %s - %4 %k %I %s LO 7? $N 7k 9g Dj ?t $G $9 !# $D $^ $j , JQ 7A %S %i %= %m Be ?t $O O" B3 6K 8B $K $* $$ $F %5 %$ %s - %4 %k %I %s LO 7? $N %V %j !< %6 !< $N @8 @. >C LG 1i ;; ;R $N %U %! %G !< %( %U - %6 %b %m %A %3 %U Be ?t $K 5" Ce $9 $k ;v $, 3N G’ $5 $l $^ $7 $? !# $3 $N %k %- %" %N %U $N 9M ;! $O J* M} E* $J 4Q E@ $+ $i 8+ $F Bg JQ 6= L# ?< $/ , :# 8e MM !9 $J 1~ MQ $, 4| BT $5 $l $^ $9 !# 5 =* $o $j $K 6& 7A >l M} O@ $G $O B* $( @Z $l $J $$ NW 3& E@ D> >e $+ $i 30 $l $? NN 0h $r , 2D 2r LO 7? $N 8& 5f $K $h $C $F L@ $i $+ $K $7 $h $& $H $9 $k ;~ $K , $I $N $h $& $K $7 $F JQ 7A %S %i %= %m Be ?t $, 8= $l $F Mh $k $+ $r 8+ $F $- $^ $7 $? !# $3 $N JQ 7A %S %i %= %m Be ?t $O , 2D 2r LO 7? $N B+ G{ >u BV $J $I $N J* M} E* @- <A $r B* $( $F $$ $k ;v $b J, $+ $C $F Mh $F $$ $^ $9 !# Kt , $= $N BJ 1_ 4X ?t $K $^ $D $o $k ?t 3X E* $J 9= B$ $O , Hs >o $K <+ A3 $J $b $N $K 8+ $( $^ $9 !# CFT $K $* $$ $F $O , %" %U %" %# %s %j !< Be ?t $H %S %i %= %m Be ?t $H $O 4X 78 $O , ?{ 86 7A <0 $r DL $7 $F , @Z $C $F $b @Z $l $J $$ ;e $G 7k $P $l $F $$ $^ $7 $? !# JQ 7A %S %i %= %m Be ?t $K $H $C $F $3 $N $h $& $J Aj <j $, 8+ $D $+ $k $N $O $I $N 0L 6a $$ L$ Mh $N ;v $J $N $G $7 $g $& $+ !) :# 8e , JQ 7A %S %i %= %m Be ?t $H $= $N 3H D% $G $" $k JQ 7A W Be ?t , D6 BP >N HG $J $I $, ?7 $7 $$ J* M} $r 8+ $; $F $/ $l $k ;v $r 4| BT $7 $F $$ $^ $9 !# ;2 9M J8 8% [1] A.A. Belavin, A.M. Poly ak o v and A.B. Zamolo dchik o v, Nucl. Ph ys. B241 (1984) 333. [2] Conformal Invarianc e and Applic ations to Statistic al Me chanics , edited b y C. Itzyk- son, H. Saleur, and J.-B. Zub er, W orld Scien ti�c, Singap ore, 1988; Conformal Field The ory , S.V. Keto v, W orld Scienti�c, 1995; Conformal Field The ory , P . DiF rancesco, P . Mathieu and D. S� en � ec hal, Springer, 1996. [3] @n >e B’ M: , NB @. 5H , !V 0l <! 85 NL ;R 7O $N J* M} !W , 8G BN J* M} V ol.28-30 (1993-1995) $K O" :\ !# [4] Y ang-Baxter e quation in inte gr able systems edited b y M. Jimbo, Adv. Ser. Math. Phys. vol. 10, W orld Scien ti�c. [5] V. G. Drinfeld, Dokl. Acad. Nauk 283 (1985) 1060. [6] M. Jimbo, Lett. Math. Ph ys. 10 (1985) 63. 20

[7] J. Shiraishi, H. Kub o, H. Awata and S. Odak e, Lett. Math. Phys. 38 (1996) 33. [8] H. Aw ata, H. Kub o, S. Odak e and J. Shiraishi, T o app ear in CRM series in mathe- matical ph ysics , Springer V erlag. [9] H. Awata, H. Kub o, Y. Morita, S. Odake and J. Shiraishi, Lett. Math. Ph ys. 41 (1997) 65. [10] E. F renk el and N. Reshetikhin, Comm. Math. Ph ys. 178 (1996) 237. [11] S. Luky ano v, Phys. Lett. B367 (1996) 121. [12] S. Luky ano v and Y. Pugai, J. Exp. Theor. Ph ys. 82 (1996) 1021. [13] S. Luky ano v and Y. Pugai, Nucl. Phys. B473 (1996) 631. [14] B. F eigin and E. F renk el, Comm. Math. Ph ys. 178 (1996) 653. [15] H. Awata, H. Kub o, S. Odake and J. Shiraishi, Comm. Math. Ph ys. 179 (1996) 401. [16] A. B. Zamolo dchik o v and Al. B. Zamolo dc hik o v, Annal. Phys. 120 (1979) 253. [17] R. Baxter, Ann. of Phys. 70 (1972) 193. [18] G. Andrews, R. Baxter and J. F orrester, J. Stat. Ph ys. 35 (1984) 193. [19] C. F ronsdal, Lett. Math. Phys. 40 (1997) 117. [20] B. Enriquez and G. F elder, preprin t q-alg/9703018. [21] V. G. Drinfeld, Algebra and Analysis , 1 , 1419 (1989); Algebra and Analysis , 2 (1990) 829. [22] R. J. Baxter, Exactly solve d mo dels in statistic al me chanics , Academic Press, London, 1982. [23] H. A. Bethe, Z. Physik. 71 (1931) 205. [24] A. Kuniba and J. Suzuki, Comm. Math. Phys. 173 (1995) 225. [25] L. Onsager, Phys. Rev. 65 (1944) 117. [26] C. N. Y ang, Phys. Rev. 85 (1952) 808. 21

[27] E.W. Mon troll, R.B. P otts and J.C. W ard, J. Math. Phys. 4 (1963) 308. [28] T. T. W u, B. M. McCoy , C. A. T racy and E. Barouch, Phys. Rev. B 13 (1976) 316. [29] M. Sato, T. Miwa and M. Jim b o, Publ. RIMS, Kyoto Univ. 15 (1979) 577, 871. [30] R. Baxter, J. Stat. Phys. 9 (1973) 145. [31] B. Da vies, O. F oda, M. Jimbo, T. Miw a and A. Nak a y ashiki, Commun. Math. Phys. 151 (1993) 89. [32] M. Jim b o, K. Miki, T. Miw a and A. Nak a y ashiki, Phys. Lett. A168 (1992) 256. [33] M. Kashiw ara, Comm un. Math, Ph ys. 133 (1990) 249. [34] A. A. Belavin, Nucl. Phys. B180 (1981) 189. [35] E. Date, M. Jim b o, T. Miwa and M. Ok ado, Lett. Math. Ph ys. 12 (1986) 209, ERRA TUM-ibid. 14 (1987) 97. [36] E. K. Sklyanin, F unct. Anal. Appl. 16 (1983) 263. [37] O. F oda, K. Iohara, M. Jimbo, R. Kedem, T. Miwa and H. Y an, Lett. Math. Phys. 32 (1994) 259. [38] P . Bou wknegt and K. Pilch, preprint q-alg/9710026. [39] F. Calogero, Jour. Math. Phys. 10 (1969) 2197; B. Sutherland, Jour. Math. Phys. 12 (1970) 246, 251 ; Phys. Rev. A4 (1971) 2019 ; A5 (1972) 1372. [40] S.N.M. Ruijsenaars and H. Sc hneider, Ann. Ph ys. 170 (1986) 370 ; S.N.M. Ruijse- naars, Comm. Math. Phys. 110 (1987) 191. [41] F. D. M. Haldane, Phys. Rev. Lett. 67 937 (1991). [42] R. P . Stanley , Adv. Math. 77 (1989) 76. [43] K. Mimachi and Y. Y amada, Comm. Math. Ph ys. 174 (1995) 447: RIMS Kokyuroku 919 (1995) 68. [44] H. Awata, Y. Matsuo, S. Odake and J. Shiraishi, Nuclear Ph ysics B449 (1995) 347. 22

[45] I.G. Macdonald, Symmetric F unctions and Hal l F unctions (2nd ed.), Oxford Univer- sity Press 1995. [46] V. G. Drinfeld and V. V. Sokolo v, Sov. Math. Dokl. 23 (1981) 457 ; J. Sov. Math. 30 (1985) 1975. [47] E. F renk el and N. Reshetikhin, preprint q-alg/9708006. [48] A. Kogan, preprint q-alg/9710027. [49] E. Date, M. Jimbo, A. Kuniba, T. Miwa and M. Ok ado, Nucl. Phys. B290 [FS20] (1987) 231; Lett. Math. Phys. 17 (1989) 69. [50] Y. Asai, M. Jim b o, T. Miw a and Y. Pugai, preprint RIMS-1082, June 1996, hep- th/9606095. [51] H. Konno, preprint q-alg/9709013. [52] M. T ak ahashi and M. Suzuki, Prog. Theor. Phys. 46 (1972) 2187. 23

1Q J8 Bj L> Beyond The Conformal Field Theory: Deformed Virasoro Algebra Op ens A New Do or Cx <T L> %m !< %^ ;z DV $j 0@ ED 1Q ;q Awata Hidetoshi 5W J] @2 ?. Kub o Harunobu <i ED 2B ;K Morita Y oshifumi >. C] !! 8g Odake Satoru Gr @P =a 0l Shiraishi Jun’ichi Hs 2q 0w Cx <T >R 2p 0@ ED 1Q ;q ;a $O 1965 G/ KL 3$ F; @8 $^ $l !# 1988 G/ KL Bg B4 !# 1993 G/ KL Bg Bg 3X 1! Gn ;N 2] Dx =$ N; !# @l Lg $O >l $N M} O@ !#