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Bh1>O =x

8=:_!"@$3&3FCO$GMM!9$JB %U%!%/%H%j!<$,?J9T$7$F$$$k!#$=$N$J$+$N#1$D$H$7$F!"2f!9$,
;22C$7$F$$$k0q>k8)C^GH8&5f3X1`ET;T$K$"$k9b%(%M%k%.!<2CB.4o8&5f5!9=(KEK) $K$*$$
$F9T$o$l$F$$$kBELLE <B83$,$"$k!#$3$NBELLE <B83$G$O!"@$3&10%u9q$N500J>e$NBg
3X/ 8&5f5!4X$+$iB?$/$N8&5f<T$,;22C$7$F!"HsBP>N%(%M%k%.!<$NEE;R- M[EE;R>WFM7?2CB.
4o$rMQ$$$k$3$H$K$h$C$F!"BgNL$NB Cf4V;R$r@8@.$7!"$=$NJx2u2aDx$rD4$Y!"$=$3$+$iHs>o
$K>.$5$J:9$G$"$kB $H �B $N0c$$$rL@$i$+$K$9$k$3$H$K$h$C$FCP HsJ]B8$N%Q%i%a!<%?$N
B,Dj$dM}O@$N8!>Z$r$9$k$3$H$r<gL\E*$H$7$F!"8&5f$,9T$o$l$F$$$k!#BELLE 8!=P4o$O5
G/4V$N8&5f!&3+H/!$Ls2G/4V$K$o$?$k7z@_$r7P$F!"1998G/$N47n$+$i 117n$K$+$1$FKEK
C^GH<B83<<$K@_CV$5$l!"1'Ch@~$K$h$k%F%9%H$r7P$F1999G/ 6 7n$h$j!$>WFM<B83$,3+;O$5
$l$F$$$k!#8=:_ 2004G/#17n$^$G$K!$@QJ,%k%_%N%7%F%#!<$GLs180fb� 1 $N%G!<%?$,F@$i$l
$F$$$k!#

B Cf4V;R$NJx2u$O%/%)!<%/$HW � %\%>%s$H$NAj8_:nMQ$K$h$C$F$*$3$k$H9M$($i$l$F$$
$k$,!"I8=`LO7?$G$O%/%)!<%/$K$h$kW � %\%>%s$H$NAj8_:nMQ%i%0%i%8%"%s$O!$

Lqw =
g

p
2

Vij
� �Ui  � PL D j

�
W � (1.1)

U1;2;3 = ( u; c; t); D 1;2;3 = ( d; s; b); PL =
1 �  5

2
Vij : CKM 9TNs; W � : W %\%>%s

$GM?$($i$l$k!#$3$3$GCKM 9TNs$H$Ocabbibo-kobayashi-masukawa9TNs$N$3$H$G$"$j!"
%&%k%U%'%s%7%e%?%$%sI=<($G$O!$

(V ij ) �

0

B
@

Vud Vcd Vtd
Vus Vcs Vts
Vub Vcb Vtb

1

C
A =

0

B
@

1 � � 2

2 � A� 3 (� � i� )
� � 1 � � 2

2 A� 2

A� 3 (1 � � � i� ) � A� 2 1

1

C
A + O(� 4)

(1.2)

$HI=$5$l$k!#
4$D$N%Q%i%a!<%?$NFb!"� $HA $O<B83E*$KNI$/CN$i$l$F$$$F!"

� = 0:221� 0:002; A = 0:839� 0:041� 0:082 (1.3)
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$G$"$j!" �; � $OO(1) $N%Q%i%a!<%?$G$"$k!#
>.NS$H1W@n$O!$1973G/$K%/%)!<%/$,6<oN`0J>e$"$k$H!"CKM 9TNs$NCf$K=|5n$G$-$J$$

0LAj$,@8$8!"I8=`LO7?$NCf$KCP $NGK$l$r4^$a$k$3$H$,$G$-$k$3$H$rH/8+$7$?!%Ev;~$O!"
3<oN`$N%/%)!<%/(u,d,s) $7$+CN$i$l$F$*$i$:!"4V@\E*$K;D$j$N3<oN`(8e$Kc,b,t $H$7$FCN
$i$l$k ) $rM=8@$7$?$3$H$K$J$k!#

BELLE <B83$N<gL\E*$OCP HsJ]B8$N%Q%i%a!<%?$NB,Dj$G$"$k$,!"M}O@$K$*$$$FCP HsJ]
B8$N7W;;$K$*$$$FFs$D$N2>Dj!"Quark-Hadron Duality $HFactorization $,;H$o$l$k;v$,B?
$$!#Quark-Hadron Duality $H$O!"Nc$($PB Cf4V;R$,Cf4V;RM $H%/%)!<%/q $r4^$`%O%I%m
%s$KJx2u$9$k$H$-!"$=$NJ,4tHf5Z$SCf4V;RM $NJP6K$J$I$,%/%)!<%/%l%Y%k$NJx2ub ! M q
$GM?$($i$l$k$H$$$&2>Dj$G$"$k!#$^$?$3$3$G$$$&Factorization $H$OJx2ub! M q $, b ! q
$NA+0\$HCf4V;RM $N??6u$+$i$N@8@.$KJ,$1$k$3$H$,$G$-!"$=$l$>$l$,FHN)$K5/$3$k$H9M
$($i$l$k2>Dj$G$"$k!#$=$N$?$a!"M}O@7W;;$N3N$+$5$r8!>Z$9$k$?$a$K!"$3$NM}O@$K$*$1$k
2>Dj$N3N$+$5$r8!>Z$9$kI,MW@-$,$"$k!#

$=$3$G!"K\8&5f$G$OJx2ub ! D �
sc $K$*$$$F!"Ds� ! Ds +  Jx2u$K$*$1$k3QEYJ,I[$r

5a$a!"$=$l$K$h$C$FD �
s $N%X%j%7%F%#!<$N>uBV$rB,Dj$9$k!#$=$N7k2L$+$i%X%j%7%F%#!<$N

>uBV$K$h$kHfN($r5a$a$k!#$=$N7k2L$rM}O@CM$HHf3S$9$k$3$H$K$h$C$FM}O@$K$*$1$k2>Dj$N
3N$+$5$r8!>Z$9$k!#

>e$K=R$Y$?$h$&$KJx2ub! D �
sc$r7W;;$9$k>e$G$NM}O@E*GX7J$H$7$FQuark Hadron du-

ality $HFactorization $,$"$k$,!"$=$l$i$r0J2<$K4JC1$K@bL@$9$k!#

� Quark-Hadron duality

Nc$($PB Cf4V;R$,Cf4V;RM $H%/%)!<%/q$r4^$`%O%I%m%s$KJx2u$9$k$H$-!"$=$NJ,4t
Hf (�) 5Z$SCf4V;RM $NJP6K$J$I$,%/%)!<%/%l%Y%k$NJx2ub ! M q $GM?$($i$l$k$H
$$$&2>Dj$G$"$k!#6qBNE*$K$OB ! D �

sX c(X c$Oc%/%)!<%/$r4^$`%O%I%m%s) $K$*$$$F

X

X c

�( B ! D �
sX c) = �( b ! D �

sc)

$,@.N)$7!"$=$l$, D �
s $N$=$l$>$l$N%X%j%7%F%#!<$KBP$7$F@.$jN)$C$F$$$k$H2>Dj$5

$l$k!#?^ (1.1) $O$=$N$3$H$r<($7$?$b$N$G$"$k!#
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c Ds*

b

s

-

W

c

-

Ds*

B

s

W

Xc

total

c-

-

?^ 1.1: Quark Hadron duality

� Factorization

$3$N2>Dj$O!"b ! D �
sc $NJx2u$K$*$$$Fb ! c $NA+0\B&$HD �

s $N@8@.ItJ,$H$rFHN)
$J$b$N$H$7$F07$&$3$H$,$G$-$k2>Dj$G$"$k!#$3$3$Gb ! D �

s c $NJx2u$K4sM?$9$k
E�ective Hamiltonian( H ef f ) $O!"%/%)!<%/Aj8_:nMQ(1.1) $+$i@8$8

Hef f = C(�s � PL c)(�c � PL b)

$H=q$1$k$,!"$3$3$G$$$&Factorization $r2>Dj$9$k$H

< D �
sc j Hef f j b > F actorization��������! C < D �

s j �s � PL c j 0 >< c j �c � PL b j b >

$H=q$/$3$H$,$G$-$k!#$3$3$G

< D �
s j �s � PL c j 0 > =

1
2

MD �
s
f D �

s
� �

< c j �c � PL b j b >= �uc � PL ub

$G$"$j!"
MD �

s
: D �

s<ANL
f D �

s
: D �

s decay constant(Jx2uDj?t )
� � : D �

sJP6K#4%Y%/%H%k
�uc : c%/%)!<%/$Nu %9%T%N%k
ub : b%/%)!<%/$Nu %9%T%N%k
$G$"$k!#
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$3$N<0$rMQ$$$Fmatrix MWAG$r7W;;$7$F$d$k$3$H$K$h$C$F%X%j%7%F%#!<$N7W;;$,$G$-
$k!#$=$N7k2L$,0J2<$N<0$G$"$k!#

helicity = +1 :
X

+

j m j2= N (Eb + P)(Ec � P) (1.4)

helicity = � 1 :
X

�

j m j2= N (Eb � P)(Ec + P) (1.5)

helicity = 0 :
X

0

j m j2= N (EbEc + P2) (1.6)

$?$@$7Eb; Ec $OD �
s $N@E;_7O$G8+$?$H$-$Nb $dc%/%)!<%/$N%(%M%k%.!<$G$"$k!#$^

$?!" P $OPb = Pc = P $G$"$j!" D �
s $N@E;_7O$G8+$?$H$-$N1?F0NL$G$"$k!#$^$?N $O

3F%X%j%7%F%#!<$X$NJx2uN($K6&DL$J78?t$G$"$j!"$3$3$G$OAjBPHf$r8+$?$$$N$G5$$K
$9$kI,MW$,$J$$!#

K\O@J8$N9=@.$O!$

� Bh #2 >OBELLE <B83 $K$D$$$F

� Bh #3 >OB Cf4V;RJx2u$K$*$1$kDs*N3;R$NJP6K$NB,Dj

� Bh #4 >O :#8e$N2]Bj

$H$J$C$F$$$k!#
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Bh2>O BELLE <B83

2.1 KEKB 2CB.4o

KEKB 2CB.4o$K$D$$$F@bL@$9$k!%?^2.1 $O!$KEKB 2CB.4o$NLO<0?^$G$"$k!%KEKB
2CB.4o$O2 $D$N%j%s%0$r;}$DHsBP>N%(%M%k%.!<$NEE;RM[EE;R>WFM7?2CB.4o$G$"$k!%
KEKB 2CB.4o$O!$FC$K#2$D$NBg$-$JFCD'$r;}$C$F$$$k!%$=$l$O!$HsBP>N$J%(%M%k%.!<
(HER: 8GeV LER: 3.5 GeV)$H9b$$%k%_%N%7%F%#!<(1034cm� 2s� 1) $G$"$k.

BELLE <B83$G$O!$B $H �B $N%Z%"!<$rBgNL$K@8@.$9$kI,MW$,$"$k!%?^2.2$O!$EE;R
M[EE;R%3%i%$%@!<$N>WFM%(%M%k%.!<$r>e$2$F$$$/$H!$0?$k$7$-$$CM$r1[$($k$?$S$K!$
?7$?$J%/%)!<%/%Z%"!<@8@.$,;O$^$kMM;R$rI=$7$?$b$N$G$"$k!%$7$-$$CM$ND>8e$K!$
@8@.IQEY$,$O$M>e$,$k6&LD%T!<%/$,$"$j!$$=$l$OI,$:BP1~$9$k%/%)!<%/$r<g@.J,$H
$7$?Cf4V;R$N%Z%"!<$KJx2u$9$k!%10.58GeV$N%T!<%/$Ke+ e� >WFM%(%M%k%.!<$r9g
$o$;$k$H!$b $H�b %/%)!<%/$N6&LD>uBV�(4S) $,$G$-!$$3$l$, B �B $N%Z%"!<$KJx2u$9
$k!%$3$l$,!$ B�(B ) $rBgNL$K@8@.$9$kJ}K!$G$"$k!%

B �B $O<ANL(5.28GeV)$,Hs>o$KBg$-$/!$MM!9$J%b!<%I$KJx2u$9$k!%$=$NCf$G!$B$
�B JQ49$b2p:_$9$kJx2u%b!<%I$G$O!$CP $NGK$l$,FC$KBg$-$$$HM=A[$5$l!$$7$+$bJ*
M}2r<a$KITDj@-$,$J$$!%$7$+$7!"$b$7EE;R$HM[EE;R$,BP>N$J%(%M%k%.!<$G>WFM$9$k
$H!"$=$N2aDx$K$*$$$F@8@.$9$kN3;R$N1?F0NL$,$[$\#0$K$J$j!"$=$l$>$l$NN3;R$N@8
@.$+$iJx2u$^$G$N;~4V>pJs($^$?$OAjBPE*$JJx2uCOE@) $,F@$i$l$J$$$?$a!"$;$C$+$/
$N8z2L$,8+$($F$3$J$$!%B $,B,Dj2DG=$J5wN%$rAv$C$F$+$iJx2u$9$k$?$a$K$O!$?F$N
�(4S) $K==J,$J1?F0NL$rM?$($k$3$H$K$h$C$FMQ0U$G$-$k!%$=$N$?$a$K$O!$

>WFM%(%M%k%.!<= 10:58GeV = 2
p

E + E � (2.1)

$rK~$?$7$J$,$i!$>WFM$5$;$kEE;R$HM[EE;R$N%(%M%k%.!<(E + $HE � ) $r0[$J$k$b$N
$K$9$kI,MW$,$"$k$=$N$?$a!"KEKB $G$OEE;RC_@QMQ$N8GeV$NHER(High Energy
Ring) $HM[EE;RC_@QMQ$N3.5GeV(Low Energy Ring)$N#2$D$NHsBP>N$J%(%M%k%.!<$N
%j%s%0$r;}$D!%$^$?!"EE;R$N%(%M%k%.!<$,9b$$$N$OEE;R$G$ODc$$%(%M%k%.!<$[$I%$
%*%s%H%i%C%T%s%08=>]$,5/$3$j$d$9$/$J$k$?$a$G$"$k!#

>WFM7?2CB.4o$N@-G=$O%k%_%N%7%F%#$H8F$P$l$k%Q%i%a!<%?$G$"$i$o$5$l$k!%%k%_%N
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?^ 2.1: KEKB $NLO<0?^

%7%F%#L $O!$CGLL@Q� $r;}$DH?1~$NH/@8IQEYR $,!$

R = L� (2.2)

$H$J$k$h$&$KDj5A$5$l$k!%KEKB $N%k%_%N%7%F%#$O!$1034cm� 2s� 1 $HHs>o$KBg$-$/!$
$3$l$O%H%j%9%?%s$N%k%_%N%7%F%#4 � 1031cm� 2s� 1 $NLs250G\$G$"$k!%

KEKB 2CB.4o$N35MW$r I=2.1 $K<($9!#
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f(1.02) Y(3.77)

U(10.58  

Z particle

b quark
c quark

s quark

t quark ?

GeV)

E
ve

nt
 n

um
be

r

B B

D DK K

e e   energy (GeV)+

?^ 2.2: e+ e� >WFM%(%M%k%.!<$HH/@8IQEY$N4X78

2.2 BELLE 8!=P4o

B Cf4V;R$K$*$1$kCP $NGK$l$N$b$C$H$bE57?E*$JNc$O!$B Cf4V;R$,J= K s $KJx2u$9
$k3NN($H!$H?B Cf4V;R$, J= K s $KJx2u$9$k3NN($N0c$$$H$7$F8=$l$k!%$=$3$G!$EE
;RM[EE;R%3%i%$%@!<$G@8@.$7$?B Cf4V;R$HH?B Cf4V;R$NBP$N$=$l$>$l$N;~4VJQ2=$r
9o!94QB,$7$F!$$=$N0c$$$rDI@W$9$kI,MW$,$"$k!%6qBNE*$K$O!$1?F0NL$HJx2u$^$G$K
Av$C$?5wN%$r@:EY$h$/B,Dj$7!$Jx2u;~4VJ,I[$N0c$$$r5a$a$k!%$=$l$f$(!$9b@-G=$+
$D8zN($h$/8!=P$G$-$kB,Dj4o$,I,MW$H$J$k!%

KEKB $GMW5a$5$l$k@-G=$O<!$N$h$&$J$b$N$,$"$k!%

{ %P!<%F%C%/%98!=P

B Cf4V;R$NJx2uE@(%P!<%F%C%/%9) $r>/$J$/$H$bJ?6QJx2uD9$N2J,$N1$h$jNI$$
@:EY$GB,Dj$G$-$k$3$H!%(KEKB $G$O� 100�m DxEY)

{ 1?F0NLB,Dj

B Cf4V;R$+$i$NJx2uN3;R$N1?F0NL$r9b@:EY$GB,Dj$9$k$3$H$O%$%Y%s%H$H%P%C%/
%0%i%&%s%I$H$r<1JL$9$k$N$K=EMW$H$J$k!#

{ N3;R$N<1JLG=NO

� � ; � 0; K s; K L Cf4V;R$J$I$NB?4t$K$*$h$V=*>uBVN3;R$r@5$7$/H=JL$9$k$?$a$K
N3;R$N<1JLG=NO$r;}$D$3$H!%
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L>>N 5-9f HER LER

;HMQ$9$kN3;R EE;R M[EE;R

%S!<%`$N%(%M%k%.!< E 8.0 GeV 3.5 GeV
%(%M%k%.!<I} � E/E 7.7� 10� 4 7.8� 10� 4

%S!<%`EEN. I 1.1 A 2.6A
<~D9 C 3018

8r:93Q � x � 11mrad
IP $G$N� 4X?t � x*/ � y* 0.33m/0.01m
%k%_%N%7%F%# L 1034

#1%P%s%AEv$j$NN3;R?t 1.4� 1010 3.3� 1010

%P%s%AD9 � z 0.40 cm
%P%s%A4V3V sB 0.6 m
%P%s%A?t 5000

I= 2.1: KEKB $N<gMW%Q%i%a!<%?

{ %+%m%j!<%a!<%?!<

&C@~$rH<$&B Cf4V;R$NJx2u$rB,Dj$9$k$?$a$K9b@-G=$N%+%m%j!<%a!<%?!<$r;}$D
$3$H!%

{ %G!<%?<}=8%7%9%F%`

KhIC?t==!A?tI4%$%Y%s%H$,@8@.$5$l$k$HM=A[$5$l$k$N$G!"8zN($h$/6=L#$"$k;v
>]$rA*JL$7$F<h$j9~$`%H%j%,!<$H9bB.%G!<%?<}=8G=NO$r$b$D$3$H!%

KEKB $GMQ$$$i$l$F$$$k8!=P4o$r?2̂.3 $K<($9!%>WFME@$+$i=g$K!$%7%j%3%s%P!<
%F%C%/%98!=P4o(Silicon Vertex Detector)!$Cf1{%I%j%U%H%A%'%s%P!<(Central Drift
Chamber)!$%(%"%m%8%'%k%A%'%l%s%3%U%+%&%s%?!<(Aerogel Cherencov Counter)!$Ht
9T;~4V:9B,Dj4o(Time-Of-Flight) !$CsIEE<'%+%m%j!<%a!<%?!<(ECL) !$K 0

L� 8!=P4o
(KLM) $G$"$k!%

2.2.1 %7%j%3%s%P!<%F%C%/%98!=P4o(SVD)

$3$N<B83$G:G$b=EMW$J$3$H$OB Cf4V;R$HH?B Cf4V;R$,F10l CP 8GM->uBV$KJx2u$9$k
$H$-$NJx2u;~4VJ,I[$N0c$$$+$i!$CP $NGK$l$rB,Dj$9$k$3$H$G$"$k!%KEKB $G@8@.
$5$l$? B Cf4V;R$O!$Jx2u$9$k$^$G$KAv$k5wN%$O200�m DxEY$G$"$k!%B Cf4V;R$N@8@.
E@$HJx2uE@$r6hJL$9$k$N$K==J,$JJ,2rG=$r;}$A!$$=$N5wN%$rB,Dj$9$k$3$H$,2DG=$J
9b@:EY$N%P!<%F%C%/%98!=P4o$,I,MW$H$J$k!%$=$l$f$(!$Jx2u8!=P@:EY$O100�m DxEY
$,5a$a$i$l$k!%SVD $K$O9b0LCVJ,2rG=$NB,Dj4o$H$7$F!$%7%j%3%s%9%H%j%C%W8!=P4o
$rMQ$$$F$$$k!%$3$l$O!$8|$5300�m $N%7%j%3%s$NHD$K6�m I}$NEE6K$r25�m 4V3V
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SVD

CDC

PID (Aerogel)

TOF

CsI

KLM 

Superconducting

Solenoid

?^ 2.3: BELLE 8!=P4o

$KE=IU$1$?$b$N$G$"$k!%5U%P%$%"%9$r$+$1$k$3$H$K$h$C$F!$%-%c%j%"6uK3AX$,$[$\
8|$5$$$C$Q$$$K9-$,$k!%$=$3$K2YEEN3;R$,DL2a$9$k$HEE;R!$%[!<%kBP$,@8@.$5$l!$$=
$l$,EE6K$K=8$a$i$l$F%Q%k%9?.9f$H$J$k!%$=$7$F!$B �B %$%Y%s%H8!=P$N$?$aBELLE
8!=P4o$KBP$7$h$jB?$/$NN)BN3Q$r%+%P!<$G$-$kBg$-$5$,MW5a$5$l!$� J}8~$N8!=P2D
G=NN0h$O23� < � < 140� $H$J$C$F$$$k!%

17°30°

?^ 2.4: %7%j%3%s%P!<%F%C%/%98!=P4o$NCGLL(SVD)
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?^ 2.5: %7%j%3%s%P!<%F%C%/%98!=P4o(SVD)

2.2.2 Cf1{%I%j%U%H%A%'%s%P!<(CDC)

2YEEN3;RHt@W8!=P$K$O%I%j%U%H%A%'%s%P!<$,MQ$$$i$l$k!%$3$l$O!$%X%j%&%`/ %(%?%s
$N:.9g%,%9Cf$K:Y$$EE6K@~$rB??tD%$C$?$b$N$G$"$k!#2YEEN3;R$OHt@W$N<~$j$N%,%9
$rEEN%$7$F%$%*%sBP$r:n$j!"$=$3$GH/@8$7$?EE;R$OM[6K$K8~$+$C$F0\F0$7!$M[6K$N
$4$/6aK5$K$G6/$$EE>l$K$h$C$F5^7c$K2CB.$5$l!$%,%9$r<!!9$H@cJxE*$K%$%*%s2=$9
$k!V%,%9A}I}!W$r$*$3$7!$$=$l$r?.9f$H$7$F8!=P$9$k!%BELLE 8!=P4o$K$OD6EAF3%=
%l%N%$%I%3%$%k$K$h$C$F1.5T$N<'>l$,$+$1$i$l$F$$$k$?$a!$2YEEN3;R$O$=$N1?F0NL
$K1~$8$FMf@{>u$NHt@W$rIA$/!%CDC $O$=$N2YEEN3;R$NHt@W$r:F9=@.$9$k$3$H$K$h$C
$F1?F0NL$NB,Dj$*$h$S%(%M%k%.!<B;<:(dE/dx) $NB,Dj$r$7!$N3;R<1JL$r9T$&!%%(%M
%k%.!<B;<:$ON3;R$N<oN`$K0MB8$;$:$=$NB.$5(� = v=c) $K$N$_$G7hDj$9$k!%

CDC $N9=B$$OFb7B8cm!$307B88cm!$D9$5250cm$N1_E{7A$r$7$F$$$k!%Cf1{It$O2C
B.4o$N9=B$$N1F6A$+$i1_?m7A$K$J$C$F$$$k!%FbIt$O3AX$N%+%=!<%I%o%$%d$H50AX$N
%"%N!<%I%o%$%d$G9=@.$5$l$F$$$k!%%"%N!<%I%o%$%d$O<4J}8~$K?eJ?$Jaxial %o%$%d
$H!$$=$l$KBP$7$F40� 75 mrad$N3QEY$r$b$C$FD%$i$l$?stereo%o%$%d$G9=@.$5$l$F
$$$k!%$3$Nstero%o%$%d$K$h$C$FzJ}8~$NB,Dj0LCV$,2DG=$K$J$C$F$$$k!%B,Dj2DG=HO
0O$O17� < � < 150� $G$"$k!%CDC $N@-G=$O!$

6u4VJ,2rG=� 143�m (2.3)

� pt

pt
= 0:25%pt � 0:39% (2.4)

dE
dx

= 5:2% (2.5)

$G$"$k!%
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?^ 2.6: Cf1{%I%j%U%H%A%'%s%P!<(CDC)

2.2.3 %(%"%m%8%'%k%A%'%l%s%3%U%+%&%s%?!<

%(%"%m%8%'%k%A%'%l%s%3%U%+%&%s%?!<$O!$ACC %7%j%+(Si2O) %(%"%m%8%'%k$K$h$k
ogCM7?%+%&%s%?!<$G$"$k!%$3$l$O!$<g$K1.2GeV0J>e$N9b$$1?F0NL$G$N�=K <1JL$N
$?$a$KMQ$$$i$l$k!%2YEEN3;R$,J*<A$rDL2a$9$k$H$-!$B.EY$,$=$NJ*<ACf$N8w$NEAHB
B.EY(<02.6)$r1[$($k$H$-$K%3!<%s>u$N8w$,H/@8$9$k(%A%'%l%s%3%U8w)!%$=$NH/@8
8wNL$O2YEEN3;R$NB.EY$K0MB8$9$k$N$G!$%A%'%l%s%3%U8w$r8!=P$9$k$3$H$K$h$jB.EY
$rCN$j!$N3;R$N<1JL$r$*$3$J$&!%

n >
1
�

=

s

1 +
�

m
p

�
2 (2.6)

ACC $O<g$K1.2GeV0J>e$N9b$$1?F0NL$N�=K <1JL$rL\E*$H$7$F$$$k$?$a!$$=$N6~
@^N($O� $G$O%A%'%l%s%3%U8w$rH/@8$9$k$,K $G$OH/@8$7$J$$$h$&$JCM$KD4@0$5$l$*
$j!$8w$NM-L5$G<1JL$r9T$J$&!%6~@^N(n $O1.010� 1.020$NJ*<A$rMQ$$$F$$$k!%%P%l
%kItJ,$N9=B$$r? 2̂.7$K!$%(%s%I%-%c%C%WItJ,$r?^2.8$K<($9!%%(%"%k%8%'%k$NBg$-
$5$O%P%l%kIt$G12� 12� 12cm3!$%(%s%I%-%c%C%WIt$G12� 12� 10cm3 $NBg$-$5$G$"$j!$
%5%]!<%H$N%"%k%_%K%&%`$G0O$^$l!$FI$_=P$7$N�ne-mesh(FM)PMT $, 1$D$N%(%"%m
%8%'%k$K$D$-!$%P%l%kIt$G$O2$D!$%(%s%I%-%c%C%WIt$G$O#1$D<h$j$D$1$i$l$F$$$k!%
$^$?!$6~@^N(n $O3QEY� $K$h$C$F1.010� 1.020$^$G$N$b$N$,MQ0U$KMQ$$$i$l!$6~@^
N($K$h$jFI=P$7MQ$NFM-PMT $ND>7B(3 %$%s%A, 2.5 %$%s%A!$2 %$%s%A) $bJQ$($i$l
$F$$$k!%$3$l$i$N8!=P4o$K$h$j%P%l%kIt$G$O33.7� < � < 120:8� !$%(%s%I%-%c%C%WIt
$G$O13.6� < � < 33:4� $NNN0h$r%+%P!<$9$k!%
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?^ 2.7: %(%"%m%8%'%k%A%'%l%s%3%U%+%&%s%?!< %P%l%kItCGLL@Q(ACC)

?^ 2.8: %(%"%m%8%'%k%A%'%l%s%3%U%+%&%s%?!< %(%s%I%-%c%C%WItCGLL@Q(ACC)
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Angle Index PMT diameter

Barel 33.3� < � < 65:0� 1.010 3 in
65.0� < � < 95:0� 1.015 2.5 in
95.0� < � < 127:0� 1.020 2 in

Endcap 13.6� < � < 33:4� 1.010 3 in

I= 2.2: ACC$N%Q%i%a!<%?

2.2.4 Ht9T;~4V:9B,Dj4o(TOF)

TOF $H$O!$%W%i%9%F%#%C%/%7%s%A%l!<%?!<$rMQ$$$?8!=P4o$G$"$k!%<g$K1?F0NL$,
1.2GeV/c0J2<$NK/ � <1JL$rL\E*$H$7$F$$$k!%2YEEN3;R$N1?F0NLp $OCDC $K$h$jB,
Dj$G$-!$N3;R$NHt9T;~4VT $,B,Dj$G$-$l$P!$Ht9T;~4V$r L $H$9$k$H!$

T =
L
c

s

1 +
�

m
p

�
2 (2.7)

$N4X78<0$+$iN3;R$N<ANLm $,J,$+$j!$N3;R$rF1Dj$9$k$3$H$,$G$-$k!%TOF %b%8
%e!<%k$O1 $D$NTOF %7%s%A%l!<%?$H2 $D$NTSC(Thin Scintilation Countar) $+
$i9=@.$5$l$k!%TOF %7%s%A%l!<%?$O4� 6� 255cm3 $N%5%$%:$NN>C<$K2 %$%s%A$N
FM-PMT(Frequency Mode - Photo Multiplier Tube) $,<h$j$D$1$i$l$F$$$k!%TSC
$OCsI %+%m%j!<%a!<%?$*$h$S!$CDC $N%H%j%,$KMQ$$$i$l$k%7%s%A%l!<%?$G$"$j!$
0.5� 120� 263cm3 $N%7%s%A%l!<%?$K2%$%s%A$NFM-PMT $, 1$D<h$j$D$1$i$l$k!%$3
$N%b%8%e!<%k648D$,ACC $HECL(CsI %+%m%j!<%a!<%?) $N4V!$%S!<%`<4$+$i1.2m
$NCOE@$K1_E{>u$KG[CV$5$l!$TOF %5%V%7%9%F%`$r9=C[$9$k!%<u$1F~$lI}$O33.7� <
� < 120:8� $G$"$k!%
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Barrel TOF+TSC Forward
Endcap
TSC

?^ 2.9: TOF 8!=P4o

2.2.5 CsI EE<'%+%m%j!<%a!<%?!<(ECL)

B Cf4V;R$NJx2u$K$h$C$F$G$-$kN3;R$N$&$A!$Ls3J,$N1$OCf@-%Q%$Cf4V;R$G$"$j!$$=
$l$O2$D$N @~$KJx2u$9$k!%$7$?$,$C$FB %U%!%/%H%j!<$N<B83$G$O!$2YEEN3;R$N8!
=P$HF1Ey$K @~$N8!=PG=NO$,=EMW$G$"$k!%FC$K!$Dc$$%(%M%k%.!<$N @~$KBP$9$k9b
$$8!=P8zN($H%(%M%k%.!<B,Dj@:EY$,Bg@Z$G$"$k!%:#$^$G=R$Y$?8!=P4o$O$9$Y$FEE2Y
$r;}$C$?N3;R$,BP>]$G$"$C$?!%EE5$E*$KCf@-$NN3;R$r8!=P$9$k$K$O!$0[$J$C$?B,Dj
86M}$rI,MW$H$9$k!% @~$dEE;R$,J*<A$KEv$?$k$HEE<'%7%c%o!<$r5/$3$9!%$=$7$F!$$G
$-$?B?$/$NEE;R$r8!=P$7$F%(%M%k%.!<$rB,Dj$9$k$N$,%+%m%j!<%a!<%?$G$"$k!%B Cf
4V;R$NJx2u$+$i@8@.$5$l$k @~$N%(%M%k%.!<$O20MeV� 3GeVDxEY$G$"$k$,!$%k%_
%N%7%F%#$NB,Dj$J$I$N$?$a$KBhabha;6Mp$rB,Dj$9$k$N$G!$$5$i$K8GeV$^$G$NB,
Dj$,I,MW$K$J$k$?$a$KHs>o$K9-$$%(%M%k%.!<NN0h$r%+%P!<$7$J$1$l$P$J$i$J$$!%$3
$NMW@A$rK~$?$9$?$a!$ECL $K;HMQ$5$l$k8!=P4o$OCsI(Tl) $,A*Br$5$l$?!%8D!9$N7k
>=$OCGLL$,5.5cm� 5.5cm-6.5� 6.5 cm!$D9$530cm$G$"$k!%$3$l$r!$9000K\!$D9$5
J}8~$,EE;RM[EE;R$N>WFME@$K8~$+$&$h$&$KJB$Y$FA4N)BN3Q$rJ$$&!%Am=ENL$O!$Ls43
%H%s$K5Z$V!%
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?^ 2.10: CsIEE<'%+%m%j!<%a!<%?(ECL)

2.2.6 KLM 8!=P4o

$3$l$^$G$G8!=P$5$l$J$$<g$JN3;R$O!$%K%e!<%H%j%N$r=|$1$PD9<wL?Cf@-K Cf4V;R
K 0

L $H� N3;R$@$1$G$"$k!%

K 0
L $OECL $d%=%l%N%$%I%3%$%k!$KLM $NE4$NAX$J$I$GK 0

L $,6/$$Aj8_:nMQ$r5/$3
$7$FJx2u$7$FH/@8$9$k%O%I%m%s%7%c%o!<$rB,Dj$9$k$3$H$G8!=P$9$k!%

� N3;R$O� N3;R$J$I$HHf$Y$FJ*<AF)2aN($,9b$$$3$H$rMxMQ$7$F!$CDC $G8!=P$5$l$?
2YEEN3;R$NHt@W$rKLM $^$G30A^$7!$Ht@W$r� N3;R$H$7$F7W;;$7$?$H$-$K<B:]$KF@
$i$l$?%R%C%H%]%$%s%H$H0lCW$9$k$+$I$&$+$rHf3S$7F1Dj$r9T$J$&!%
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31.6 mm total

Ground plane
0.035 mm Copper
0.25 mm Mylar

Dielectric foam 7 mm

Cathode plane
0.25 mm Mylar
0.035 mm Copper

-HV 3.00 mm

Gas gap 2.00 mm

+HV 3.00 mm

Insulator 0.5 mm Mylar

-HV 3.00 mm

Gas gap 2.00 mm

+HV 3.00 mm

Cathode plane
0.035 mm Copper
0.25 mm Mylar

Dielectric foam 7 mm

Ground plane
0.25 mm Mylar
0.035 mm Copper

?^ 2.11: KLM $N%b%8%e!<%kCGLL@Q

2.2.7 %H%j%,!<%7%9%F%`(DAQ)

Belle<B83$G$O%$%Y%s%HH/@8N($,$4$/>.$5$$%$%Y%s%H$NJ*M}$r4QB,$9$k$?$a$K1034cm� 2s� 1

$H$$$&9b$$%k%_%N%7%F%#$rJ]$C$?$^$^$[$\CGB3E*$K%S!<%`$r=P$9I,MW$,$"$k!%$3$N
$?$a!$BELLE <B83$G@8@.$5$l$k%$%Y%s%H$OB Cf4V;RBP$N@8@.;v>]$N$_$G$b==?tHz!$
B>$NMM!9$JJ*M}2aDx$r4^$a$k$H<B:]$KB,Dj$7$J$1$l$P$J$i$J$$J*M};v>]$O100Hz$K
Gw$k!%$3$l$H$H$b$K?tG\$O$"$k%P%C%/%0%i%&%s%I;v>]$,$"$k!%$7$?$,$C$F!$%P%C%/
%0%i%&%s%I$r%j%"%k%?%$%`$GGK4~$7$J$1$l$P%G!<%?$N<h$j9~$_$,DI$$IU$+$J$$!%$=
$3$G!$6=L#$"$k;v>]$r@53N$K8zN($h$/A*$S$@$9$?$a$K%Q%$%W%i%$%s9=B$$r;}$D%H%j
%,!<7O$,MQ$$$i$l$k!%%+%m%j!<%a!<%?!$%I%j%U%H%A%'%s%P!<!$%7%s%A%l!<%7%g%s%+%&
%s%?!<$J$I$+$i$N;v>]Cf$NN3;R$N%(%M%k%.!<!$Ht@W!$;~4V>pJs$rAH$_9g$o$;$F!$!VK\
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?^ 2.12: KLM $N%P%l%kIt

?^ 2.13: KLM $N%(%s%I%-%c%C%WIt
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J*!W$N8uJd$H$J$k;v>]$rC;;~4VFb$KA*$S$@$9!%$3$NH=Dj;~4V$O2�s $G$"$j!$$3$NH=
Dj$N4V!$$9$Y$F$N>pJs$O3F<o?.9fCY1dAG;R>e$KJ];}$5$l$k!%<h$j9~$^$l$k%G!<%?NL
$OKhIC15MB/s DxEY$HM=A[$5$l!$$3$l$KBP=h$9$k$?$a$KJ,;67?$N%G!<%?<}=87O$,MQ
$$$i$l$F$$$k!%$5$i$K9bB.$N=hM}G=NO$r;}$DJBNs7?7W;;5!%U%!!<%`$rMQ$$$?%$%Y%s
%H$N:F9=C[$HITMW$J%$%Y%s%H$N:o=|$,9T$J$o$l!$A*JL$5$l$?%G!<%?$,5-21AuCV$K5-
O?$5$l$k!%A4BN$NN.$l$rLO<0E*$K?^2.14$K<($9!%

G
lo

ba
l D

ec
is

io
n 

Lo
gi

c

CDC

EFC

TOF

KLM

ECL

Cathode Pads

Stereo Wires

Axial Wires Track Segment

z track count

r- f  track count

Z finder

High Threshold

Trigger Cell Threshold
Bhabha

Two photon

Hit

multiplicity

topology

timing

Hit m hit

4x4 Sum
Trigger Cell

Energy Sum

Cluster count

Timing

Low Threshold

Bhabha

Trigger Signal
    Gate/Stop

Beam Crossing

2.2 msec after event crossing

?^ 2.14: %H%j%,!<%7%9%F%`$NLO<0?^
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2.3 %=%U%H%&%'%"

BELLE <B83$G$O<g$K#2<oN`$N%=%U%H%&%'%"$KJ,N`$5$l$k!#0l$D$O2r@O$N$?$a$N%=
%U%H%&%'%"$G$b$&0l$D$O%7%_%e%l!<%7%g%s$r$9$k$?$a$N%=%U%H%&%'%"$G$"$k!#

2.3.1 2r@O%D!<%k

DAQ $K$h$jF@$i$l$?%G!<%?$O$$$/$D$+$N:F9=@.%D!<%k$rMQ$$$F%*%U%i%$%s$G=hM}$5
$l$k!# SVD $HCDC $G$N%R%C%H$O2YEEN3;R$N50@W$H$5$l$k!#$^$?!"Energy manage-
ment $O!"ECL $GF@$i$l$?>pJs$+$i%U%)%H%s$N%(%M%k%.!<$H$=$N50@W$r2r@O$9$k!#
PID(Particle IDenti�cation) %D!<%k$O!"N3;R$N<oN`$K$D$$$F$N>pJs$rM?$($k!#$3$l
$i$N:F9=@.%D!<%k$K$h$k>pJs$O!"DST(Data Summarry Tape) $KC_@Q$5$l$k!#DST
$OHs>o$KBg$-$$$?$a$K!"J*M}E*2r@O$r9T$J$&$?$a$K$O$5$i$KJXMx@-$r9b$a!"$+$D%3
%s%Q%/%H$K$9$kI,MW$,$"$k!#$=$l$,!"MDST(Mini DST) $G$"$k!#MDST $rA`:n$7!"
:G=*E*$J7k2L$rF@$k$?$a$K2r@O%D!<%k$H%7%_%e%l!<%7%g%s%D!<%k$OB?$/$N%W%m%0%i
%`%b%8%e!<%k$+$i9=@.$5$l$F$$$k!#

2.3.2 %b%s%F%+%k%m%7%_%e%l!<%?

%b%s%F%+%k%m%7%_%e%l!<%?$G$O!"#2$D$N%G%#%F%/%?!<%7%_%e%l!<%?$,$"$k!#$=$l$O
FSIM(Fast SIMulator) $HGSIM(Geant SIMulator) $G$"$k!#FSIM $O!"MDST %G!<
%?%G%#%l%/%H%j$r:n@.$9$k!#FSIM $O$=$l$[$IBg$-$JCPU %Q%o!<$rI,MW$H$7$J$$$,!"
%G%#%F%/%?!<$N@:EY$J$I$N:Y$+$$$H$3$m$^$G$O%7%_%e%l!<%H$9$k$3$H$O$G$-$J$$!#
GSIM $O!"N3;R$H%G%#%F%/%?!<$NJ*<A$H$NH?1~$N%7%_%e%l!<%7%g%s$N$?$a$KCERN
$K$h$C$FH/E8$5$;$i$l$?GEANT $r4p$K$7$?$b$N$G$"$k!#GSIM $O$=$l$>$l$NN3;R
$N50@W$+$i%7%_%e%l!<%H$G$-$k$N$GHs>o$K;~4V$,$+$+$k!#$3$N2r@O$G$O!"GSIM $r
MQ$$$F%7%_%e%l!<%7%g%s$r9T$J$C$?!#
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2.4 8=:_$N>u67

KEKB $G$N>WFM<B83$O1999G/ 5 7n$K3+;O$5$l$?!%8=:_$N%k%_%N%7%F%#!<$OL =
1:13� 10� 34=cm2=sec%S!<%`EEN.$OHER $G1132 mA!" LER $G1503mA$K$J$C$F$$
$k!#Belle8!=P4o$,C_@Q$7$?A4@QJ,%k%_%N%7%F%#$O8=:_180fb� 1 $KE~C#$7$?!#

$J$*!"$3$N<B83$G$OBELLE <B83$GF@$k$3$H$,$G$-$?@QJ,%k%_%N%7%F%#$N$&$A135fb� 1

$N%G!<%?%Y!<%9$rMQ$$$F2r@O$r9T$J$C$?!#
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Bh3>O 2r@O

3.1 Jx2u%b!<%I

Ds� ! Ds +  $NJx2u$K$*$1$k3QEYJ,I[$+$ib! D �
sc$NJx2u$K$*$1$kD �

s $NJP6K$r
5a$a!"M}O@E*2>Dj$N3N$+$5(FC$KFactorization) $r8!>Z$r$9$k$3$H$,L\E*$G$"$k$,!"
2r@O$K$*$$$F$OD �

s $Ninclusive$J%b!<%I$rMQ$$$?!#Jx2u%b!<%I$,<!$N$b$N$G$"$k!#

$3$N2r@O$G$O?^(3.1) $K$"$k$h$&$J%b!<%I$rMQ$$$F!"D � +
s $r:F9=@.$9$k!#

Ds

f p

K K-+

+ g

+

Ds*
+

XcB

?^ 3.1: Jx2u%b!<%I

$3$3$GB $OB + $^$?$OB 0 $G$3$NO@J8$rDL$7$FI=5-$7$?%b!<%I$NN3;R!&H?N3;RH?E>
$r$7$?%b!<%I$b4^$^$l$k$b$N$H$9$k!#$3$3$GX c $OD; D � ; D� $J$I$Nc-quark$r4^$`
7O$G$"$k!#;R$N%b!<%I$r8+$k$?$a$KK + $HK � $G� $r:F9=@.$7!"� $H� $GDs $r:F9=
@.$7!"$=$NDs$H $GD �

s $r:F9=@.$7!"D �
s $r8+$F$$$k!#

3.2 3QEYJ,I[

?^ (3.2)$K$"$k$h$&$JD �
s @E;_7O$+$i8+$?3QEY$,$3$N2r@O$K$*$$$F$NDs� ! Ds + 

$NJx2u$K$*$1$k3QEYJ,I[$G$"$k!#K\2r@O$K$*$$$FJP6K$r5a$a$k$?$a$K$O$3$N3QEYJ,
I[$rD4$Y$kI,MW$,$"$k!#(IUO?A ;2>H)
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Ds

q

Ds

g

*B

?^ 3.2: B ! D �
sX c; D �

s ! Ds $K$*$1$kD �
s $N@E;_7O$GDj5A$5$l$kJx2u3QEY

3.3 %+%C%H

D �
s :F9=@.$N$?$a$K%+%C%H$O0J2<$N$b$N$rMQ$$$F$$$k!#

%+%C%H

dr dr� 1.0cm
dz dz� 4.0cm
R2 R2� 0.4

KID 0lJ}$N KID � 0.5
$b$&0lJ}$NKID � 0.2

Mkk j M k+ k� � M � j� 10MeV
� ID � ID� 0.1
M �� j M �� + � MDs j� 10MeV

� helicity Angle j cos�h j� 0.35
E  E  � 60MeV

$3$3$+$i$O$=$l$>$l$N%+%C%H$K$D$$$F!"@bL@$9$k!#$3$N%+%C%H$N@bL@$K$*$$$F$O10000%$
%Y%s%H$NMC $H6.3fb � 1 $NDATA $rMQ$$$F$$$k!#
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� dr %+%C%H
dr $H$O!"?^(3.3) $K<($9$h$&$Kxy J?LL>e$K$*$$$F$N!"N3;R$N%H%i%C%/$HIP $H$N:G
>.5wN%$N$3$H$G$"$k!#$3$3$G$O� $N9=@.N3;R$G$"$k2YEEK Cf4V;R$HD �

s $N9=@.N3;R
$G$"$k2YEE� Cf4V;R$Ndr $, 1cm0J2<$N$b$N$rMQ$$$F$$$k!#

dr < 1cm

X

Interaction Point

X axis

Y axis

dr

Particle Track

?^ 3.3: Interaction Point !J xy J?LL!K

� dz

0J2<$N? (̂3.4)$GJ,$+$k$h$&$Ke+ e� %S!<%`<4(z <4) >e$K$*$$$F$N!"IP $HN3;R$N50@W
$, z <4$H8r:9$9$kE@$H$N5wN%$G$"$k!#$3$3$G$O� $N9=@.N3;R$G$"$k2YEEK Cf4V;R$H
D �

s $N9=@.N3;R$G$"$k2YEE� Cf4V;R$Ndz$, 4cm0J2<$N$b$N$rMQ$$$F$$$k!#

dz < 4cm

e+ e-

Z axis
X

Interaction PointY axis

X axis

dz

Particle Track

?^ 3.4: Interaction Point
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� Fox wolfram Moment R2

R2 $O%$%Y%s%H$N7A>u$N%Q%i%a!<%?$G:YD9$$>l9g$K$O#1$K6a$/5e>u$N>l9g$K$O#0$K
6a$$CM$r<h$k!#�(4 s) 6&LD$N%$%Y%s%H(B �B %$%Y%s%H) $O5e>u!"$=$7$FHs6&LD$N%$%Y
%s%H(%P%C%/%0%i%&%s%I) $O:YD9$$798~$K$"$k!#$3$3$G$OR2< 0.4$H$7$?!#

R2 distribution

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    301    0    1 040118/2155  1.0000  0.1317  7.6705E-02

0.00 0.20 0.40 0.60 0.80
0.000

0.020

0.040

0.060
signal

continuum

    302    0    2 040118/2155  1.0000  0.3356  0.1583

?^ 3.5: R2
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� � helicity angle
$3$l$O� $, K + K � $KJx2u$9$k$H$-$N� @E;_7O$G8+$?Ds $HK + $N$J$93QEYJ,I[$G$"
$k!#$3$N%+%C%H$G$O%P%C%/%0%i%&%s%I$O%U%i%C%H$JJ,I[$r$9$k$N$KBP$7!"%7%0%J%k
$Ocos2 � h $K=>$&!#0J2<$N?(̂3.6) $O%b%s%F%+%k%m$G$N%7%0%J%k$N$_$NJ,I[$rI=$7$?
$b$N$G$"$k!#$3$3$G%+%C%H$Oj cos� h j> = 0:35$H$7$?!#

Ds helicity Angle

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040123/1147   3903.  2.0923E-02  0.7724

-1.0 -0.5 0.0 0.5 1.0
cosq

0

50

100

150

200

nu
m

be
r/b

in

?^ 3.6: helicity angle
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� KID

KID $O8!=P$5$l$?N3;R$,K Cf4V;R$+$I$&$+$N3NN($rI=$7$?$b$N$G$"$k!#0J2<$N%R%9
%H%0%i%`$O%7%0%J%k$N$_(3.7)$H%P%C%/%0%i%s%I$N4^$`$b$N(3.8) $G$"$k!#$3$N%R%9
%H%0%i%`$K$*$$$Fy <4$Olog scale$G$"$k#1#0#0!s$NK Cf4V;R$N%$%Y%s%H$O#1$K!"#0
!s$N K Cf4V;R$N%$%Y%s%H$O#0$K$J$k!#� ! K + K � $NK Cf4V;R$N%+%C%H$r0J2<$N>r
7o$K$9$k!#>/$J$/$H$b0lJ}$NKID > 0.5$G$"$j$b$&0lJ}$, KID > 0.2$rK~$?$9!#

KID

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040118/1749   3903.  0.9474  0.1637

0.00 0.25 0.50 0.75 1.00
probability

101

102

103

104

nu
m

be
r/b

in
(0

.0
1)

?^ 3.7: KID(%7%0%J%kK Cf4V;R)

KID

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040118/1749  1.4538E+06  0.2688  0.4176

0.00 0.25 0.50 0.75 1.00
probability

102

103

104

105

106

nu
m

be
r/b

in
(0

.0
1)

?^ 3.8: KID(%P%C%/%0%i%&%s%I$r4^$`K Cf4V;R)
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� �ID
� ID $OKID $HF1MM$K8!=P$5$l$?N3;R$,� Cf4V;R$+$I$&$+$N3NN($rI=$7$?$b$N$G$"
$k!#0J2<$N%R%9%H%0%i%`$O%7%0%J%k$N$_(3.9)$H%P%C%/%0%i%s%I$N4^$`$b$N(3.10) $G
$"$k!#$3$N%R%9%H%0%i%`$Ny <4$Olog scale$G$"$k!##1#0#0!s$N� Cf4V;R$N%$%Y%s%H
$O#1$K!"#0!s$N� Cf4V;R$N%$%Y%s%H$O#0$K$J$k!#Ds ! �� $N� Cf4V;R$N%+%C%H$r0J
2<$N$h$&$K@_Dj$9$k!#

� ID > 0.1

pID

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040118/1751   3903.  0.9374  0.1687

0.00 0.25 0.50 0.75 1.00
probability

101

102

103

104

nu
m

be
r/b

in
(0

.0
1)

?^ 3.9: � ID( %7%0%J%k� Cf4V;R)

pID

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040118/1751  1.4537E+06  0.7328  0.4182

0.00 0.25 0.50 0.75 1.00
probability

102

103

104

105

106

nu
m

be
r/b

in
(0

.0
1)

?^ 3.10: � ID( %P%C%/%0%i%&%s%I$r4^$`� Cf4V;R)
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� E 

$3$N%+%C%H$O%b%s%F%+%k%m$H%G!<%?$N0c$$$,82Cx$KI=$l$F$$$kDc%(%M%k%.!<ItJ,$r
=|$/$?$a$KMQ$$$?!#$3$l$r=|$/$3$H$K$h$j%b%s%F%+%k%m$H%G!<%?$NHf3S$,@53N$K$G
$-$k$H9M$($i$l$k!#?^ (3.11)$O$=$l$r<($7$?$b$N$G$"$k!#?^$+$i$bJ,$+$k$,%+%C%H$O

E  > = 60MeV

Egamma(MC VS DATA)

FileJ */b9a/kato/ex_hbook/data_signal_hbook/angle_on_e23.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    401    0   31 040102/1659  1.3786E+05  9.4532E-02  5.2068E-02

0.02 0.07 0.12 0.17 0.22
GeV/c2

102

103

104

nu
m

be
r/

(2
M

eV
/c

2 ) 
  (

LO
G

-S
C

A
LE

)

DATA

MC

Eg=0.06

    403    0   32 040102/1659  1.0696E+05  0.1079  4.9809E-02

?^ 3.11: E 

� <ANL%+%C%H
$3$N%+%C%H$O9=@.$7$?N3;R$N<ANL$N%T!<%/$+$i� 10MeV $N$H$3$m$G%+%C%H$7$F$$
$k!#?^ (3.12)(3.13$O$=$N%+%C%H$r<($7$?$b$N$G$"$k!#$=$l$>$l:F9=@.$7$?� 5Z$SDs

$N<ANL$KBP$9$k%+%C%H$G$"$k!#
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Mkk

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040119/2143  2.4765E+04   1.020  7.2083E-03
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GeV/c2
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?^ 3.12: � <ANL(MC)

MDs

FileJ *mc_10k_cut_criteria_1.hbook
ID IDB Symb Date/Time Area Mean R.M.S.

    300    1    1 040119/2159   6477.   1.969  1.2633E-02

1.940 1.950 1.960 1.970 1.980 1.990 2.000
GeV/c2
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?^ 3.13: Ds <ANL(MC)
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3.4 <ANL:9J,I[

<ANL:9J,I[ (D �
s � Ds <ANL:9J,I[ ) $r$_$k!#<ANL:9$r8+$k$N$O!"D �

s $N<ANL$=$N$b$N$r8+

$k$h$j resolution(J,2rG=) $,NI$$$?$a$G$"$k!#K\2r@O$G$O135fb� 1 $N@QJ,%k%_%N%7%F%#!<

$N%G!<%?$H500000%$%Y%s%H$N%b%s%F%+%k%m$rMQ$$$F$$$k!#%b%s%F%+%k%m$N<ANL:9J,I[A4

BN$,? (̂3.14)$G$"$k!# $3$3$G%7%0%J%k$N%U%#%C%H$K$O0J2<$N<0$GI=$5$l$k%/%j%9%?%k%\!<

?^ 3.14: � M � (MD �
s

� MD s )(%b%s%F%+%k%m)

%k%U%!%s%/%7%g%s$H$$$o$l$k$b$N$rMQ$$$F$$$k!#

f (Em) =

8
><

>:

AREA � exp(� 0:5 � (E t � Em
� )2) Em > E t � a � �

AREA � ( n
a)n � exp(� 0:5 � a2)

( E t � Em
� + n

a � a)n
Em < E t � a � �

(3.1)

$3$N4X?t$N%Q%i%a!<%?$OAREA; Et; �; a; n $N8^$D$G$"$k!#$3$N4X?t$OE t � a � � $h$jBg
$-$$ItJ,$KBP$7$F$Ogauss4X?t$N7A$r$H$j!">.$5$JCM$KBP$7$F$O%F!<%k$r0z$/7A$K$J$C$F
$$$k!#$3$l$i$N%Q%i%a!<%?!<$O?^(3.14)$N%U%#%C%H$K$h$jI=(3.1) $N$h$&$K%b%s%F%+%k%m
$KBP$7$F5a$a$i$l$?!#
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%b%s%F%+%k%m

AREA 56724� 249:6
E t 0.14299
� 2:62318� 10� 3

a 0.85568
n 1.6783

I= 3.1: MC$N%U%#%C%H$N%Q%i%a!<%?

0J9_$G$O%G!<%?$N%7%0%J%k$N7A$H$7$F%b%s%F%+%k%m$N7A$rMQ$$$F!"%U%#%C%H$r9T$&!#%G!<
%?$KBP$7$F$O8e$K=R$Y$k!#

3.5 Continuum $N=|5n

�(4 s) $N%(%M%k%.!<$G$H$i$l$?on-resonance%G!<%?$K$*$$$F!"D �
s $OB �B $+$iMh$F$$$k$b

$N$HContinuumm $+$iMh$F$$$k$b$N$,$"$k!#$3$3$GContinuum $H$OB �B 0J30$Ne+ e� !
u�u; d �d; s�s; c�c$K$h$k%$%Y%s%H$N$3$H$G$"$k!#B �B $+$iMh$kD �

s $N1?F0NL$N:GBgCM$,x = 0:42
IU6a$G$"$k$N$KBP$7$Fcontinuum $+$iMh$kD �

s $N1?F0NL$Ox = 0 � 1$NHO0O$KJ,I[$7$F$$
$k!#$?$@$7x $O%9%1!<%k$7$?1?F0NL$G!"

x =
PD �

s

PMAX
; PMAX =

q
E 2

beam � M 2
D �

s

$G$"$k!#$3$3$GE; P $Oe+ e� $NCM 7O$G$NCM$G$"$k!#
$3$3$G$O!"on-resonance%G!<%?$+$icontinuum$r=|5n$9$k$3$H$K$h$C$FB �B $N$_$N%G!<

%?$rF@$?$$!#$=$N$?$a$K$Oon-resonance%G!<%?$K$"$kcontinuum $K$h$kD �
s %$%Y%s%H$r

<h$j=|$/I,MW$,$"$k!#$=$3$Gon-resonance$h$j$b>/$7%(%M%k%.!<$NDc$$o�-resonance$H
8F$P$l$k!"continuum$+$i$ND �

s $N$_B8:_$9$k>uBV$N%G!<%?$rMQ$$$k$3$H$G!"A41?F0NLHO
0O$KB8:_$9$kcontinuum $ND �

s $r8+@Q$b$k!#$=$7$F$=$N8+@Q$b$j$+$ion-resonance$K$"
$kcontinuum$K$h$kD �

s $r<h$j=|$/$3$H$,$G$-!" B �B $+$i$ND �
s $N$_$r$_$k$3$H$,$G$-$k!#

$h$C$Fx $, 0.500J>e$NHO0O$K$*$1$k�(4 s) %G!<%?$Hcontinuum %G!<%? $ND �
s $N?t$rMQ$$

$F!"on-resonance%G!<%?Fb$Ncontinuum$Ho�-resonanceFb$Ncontinuum$NHfN($r7h$a$k!#
$=$NHfN($r3]$1$?continuum $r on-resonance%G!<%?$+$i0z$/$3$H$K$h$j%G!<%?$rB �B $+
$i$ND �

s $@$1$K$G$-$k!#?^(3.15)!"?^ (3.16) $Ox $, 0.500J>e$Non-resonance!" o�-resonance
$N� M � (M D �

s
� MD s ) $NJ,I[$H$=$l$r%U%#%C%H$7$?$b$N$G$"$k!#$3$3$G%T!<%/$N0LCVE t

5Z$S� $O%U%m!<%H$7$F$$$k!#

37



?^ 3.15: � M � (MD �
s

� MD s )(on � resonance)

?^ 3.16: � M � (MD �
s

� MD s )(of f � resonance)
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$3$3$G!"%7%0%J%k$O%/%j%9%?%k%\!<%k4X?t$G%U%#%C%H$7!"%P%C%/%0%i%&%s%I$N4X?t$H$7
$F$O!"0J2<$N<0$GI=$5$l$k%A%'%S%7%'%U$N;0<!4X?t$^$G$N@~7A7k9g$rMQ$$$?!#

y =
2x � xMIN � xMAX

xMAX � xMIN

f (x) = C0 + C1y + C2(2y2 � 1)
+ C3(2y(2y2 � 1) � y)

$3$3$GC0; C1; C2; C3 $,%Q%i%a!<%?$G$"$k!#$^$?!"xMAX ; xMIN $O$=$l$>$l%U%#%C%H$r9T$C
$?;~$NOH$Nx $N:GBgCM5Z$S:G>.CM$G$"$k!#%U%#%C%H$N7k2L$+$ion-resonance$Ncontinuum
$+$iMh$kD �

s $N?t$H$Ho�-resonance$Ncontinuum $+$i$ND �
s $N?t$NHfN($,5a$a$i$l$k!#

HfN( =
26358� 311:2
3121:8 � 105:3

= 8:4432� 0:3017

5a$a$?HfN($rMQ$$$F!"on-resonance$+$i continuum$r0z$$$?$b$N$KBP$7$FA4$F$ND �
s 1?

F0NLNN0h$N$N%G!<%?$N%U%#%C%H$r9T$C$?!#?^(3.17)$,$=$N%U%#%C%H$G$"$k!#

?^ 3.17: � M � (MD �
s

� MD s )(B �B))

$3$NA4BN$N%U%#%C%H$N%T!<%/$N0LCVE t $O? (̂3.15)%G!<%?$NE t $H0lCW$7$F$*$j$=$NCM$r
%G!<%?$NE t $NCM$H$7$?!#I=(3.2) $OA4BN$N%U%#%C%H$KBP$9$k%/%j%9%?%k%\!<%k4X?t(%7%0
%J%k) $N%Q%i%a!<%?$G$"$k!#$3$3$G� $O%U%m!<%H$7$F$"$k!#0lJ}a,n $O%b%s%F%+%k%m$NCM
$G8GDj$7$F$$$k!#

39



DATA

AREA 109264� 926:3
E t 0.14468
� 4:97580� 10� 3

a 0.85668
n 1.6783

I= 3.2: %G!<%?$N%U%#%C%H$K$*$1$k%/%j%9%?%k%\!<%k%U%!%s%/%7%g%s$N%Q%i%a!<%?

3.6 1?F0NLJ,I[

$3$3$G$O�4 s 7O$G$_$?D �
s $N1?F0NL$NJ,I[$r8+$k!#? (̂3.18)(3.19)(3.20)$Ox $r 0.025Kh

$K%9%i%$%9$7$F� M $N%U%#%C%H$G$ND �
s $N?t$r5a$a$?1?F0NL$NJ,I[$r$=$l$>$l!"%b%s%F%+

%k%m, %G!<%?(on-resonance & o�-resonance)!"%G!<%?(B �B) $K<($9!#$?$@$7$3$3$G%G!<%?
(B �B) $Oon-resonance$+$i o�-resonance$r0z$$$?8e$N%G!<%?$KBP$7� M $N%U%#%C%H$r1?
F0NLKh$N%9%i%$%9HO0O$G9T$$$=$N7k2L$r<($7$?$b$N$G$"$k!#

?^ 3.18: 1?F0NLJ,I[ (%b%s%F%+%k%m)
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?^ 3.19: 1?F0NLJ,I[ (DATA)(on-resonance & o�-resonance)

?^ 3.20: 1?F0NLJ,I[ (DATA)( B �B)
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$3$3$G$OB ! D �
s $Ninclusive%b!<%I$G$_$F$$$k!#$=$N$?$ab ! D �

sc 0J30$+$i=PMh$k
D �

s $bB8:_$7$F$*$j!"?^ 3.21!"?^ 3.22$,$=$l0J30$N%b!<%I$N%U%!%$%s%^%s%@%$%"%0%i%`$G
$"$k!#$7$+$7!"1?F0NL$,%b!<%I$N0c$$$K$h$C$F0[$J$k$3$H$r;H$C$F$=$NB>$N%b!<%I$+$iMh
$k$b$N$r=|$/$3$H$,$G$-$k!#

� b ! D �
sc

K\8&5f$G8+$?$$%b!<%I$G$"$j%@%$%"%0%i%`$O(1.1) $G$"$k$,!"$3$l$O#2BNJx2u$G$"
$k$?$a!"D �

s $N1?F0NL$Ob $+$i$ND �
s $NCf$G$O:GBg$G$7$+$bx = 0:35 IU6a$K7h$^$k!#

?^ (3.18)$N0.35$N%T!<%/$,$3$l$KEv$?$k$HF1Dj$G$-$k!#

� D �
s $,$=$l$h$j=E$$ c�s 6&LD>uBV$+$iMh$F$$$k>l9g

?^ 3.21$,$=$l$G$"$k!#D ��
s ! D �

s + X $+$i D �
s $,@8@.$5$l$k!#

Ds**

b

c

s-

W

c

Ds* + X

?^ 3.21: b ! D ��
s c

$3$3$GX $H$7$F$O�;  $,9M$($i$l$k$,

{ X = � $NH?1~
%"%$%=%9%T%s$K$h$j6X;_$5$l$k!#

{ X =  $NH?1~
EE<'Aj8_:nMQ$G$"$k$?$a!"H?1~$,$[$H$s$I$*$3$i$:!"L5;k$G$-$k!#

{ X = �� $NH?1~
#2BPJx2u$G$G$-$?D ��

s $,#3BNJx2u$9$k$H$-$K$G$-$kD �
s $G$"$k$?$a8+$?$$%b!<

%I$ND �
s $N1?F0NL$KHf$Y$F>.$5$$!#$3$l$OD ��

s $@$1$G$O$J$/!"0lHLE*$Jc�s $N
6&LD>uBV$NN3;R$KBP$7$F@.$jN)$D!#$3$3$G$O$=$NBeI=Nc$H$7$FD ��

s $rMQ$$$?!#
D ��

s ! D �
s + �� $K$*$$$F:GBg$N1?F0NL$OJx2u8e$NN3;R$,D ��

s 7O$G@E;_$7$?>u
BV$K$J$k$H$-$G$"$k!#$=$N;~$N1?F0NL$NCM$Ox = 0:2628$H$J$j!"J,I[$r9MN8
$K$$$l$F$b!"0.350J>e$NHO0O$K$O$[$H$s$IB8:_$7$J$$$H9M$($i$l$k!#
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� b ! c$Nc B&$G??6u$+$i$N�s $H7k9g$7$FD �
s $K$J$k%b!<%I

?^ 3.22$,$3$l$G$"$k!#$3$N%b!<%I$K$*$$$F$O$5$i$KN3;R$,B?$$Jx2u$G$"$k$?$a$K1?
F0NL$OD ��

s ! D �
s + X $ND �

s $h$j$b>.$5$/$J$k!#

b

W

c

u,l,...

q

q

s
s

-

d, n, ... 

-

Ds*

- -

-

-

?^ 3.22: b ! D �
sX

0J>e$N9M;!$K$h$C$F:G$b1?F0NL$N9b$$NN0h0:35 � 0:45$K$*$1$kJP6K$NCM$Ob! D �
sc$N

Jx2u%b!<%I$K$*$1$kD �
s $NJP6K$H?.Mj$G$-$k!#$=$NNN0h$K$*$$$F!"B>$N%b!<%I$+$iD �

s $O
x = 0:00 � 0:30$K$"$k$?$a!"x = 0:35 � 0:45$K$*$$$F$O$[$H$s$IL5;k$G$-$k!#$3$N7k2L
$+$i0J2<$N4$D$NNN0h$r7hDj$9$k!#

1. x = 0:00 � 0:15

2. x = 0:15 � 0:30

3. x = 0:30 � 0:35

4. x = 0:35 � 0:45

?^ (3.23)$O$=$NNN0h$r<($7$?$b$N$G$"$k!#$3$3$G$NJ,I[$O%G!<%?$rMQ$$$?!#
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Momentum distribution

FileJ Mom_Data_plot_on_off_2.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    705    0   32 000000/0000  7.6675E+04  0.2955  9.8779E-02

0.00 0.10 0.20 0.30 0.40 0.50
X

0

8000

16000

nu
m

be
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w
id

th
=

0.
02

5)

?^ 3.23: Momentum

3.7 8!=P8zN($NJx2u3QEY0MB8@-$N7hDj

D �
s $NJx2u3Q� $O? (̂3.2) $GDj5A$5$l$F$$$k!#%b%s%F%+%k%m$G$O3QEY� $K$h$k8!=P8zN($N

1F6A$r8+$k$?$a$K%b%s%F%+%k%m$K$*$1$k3QEYJ,I[$rD4$Y$k!#%b%s%F%+%k%m$G1?F0NLNN0h
$4$H$G3QEYJ,I[$r%9%i%$%9$7$?$b$N$=$l$>$l$KBP$7� M $N%U%#%C%H$r9T$&!#$=$N7k2L$+
$i%7%0%J%k$N?t$r3QEYJ,I[$H$7%W%m%C%H$9$k!#� M $N%U%#%C%H$N7k2L$N$$$/$D$+$NNc$r<(
$9!#0J2<$N? (̂3.24)$O1?F0NL$,0.35$+$i 0.45$NNN0h$K$*$$$F$Ncos� $NCM$G%9%i%$%9$7$?
� M $N%U%#%C%H$G$"$k!#41 � 50$N%i%Y%k$O=g$Kcos� $r � 1 � 1$^$G0.29o$_$G%9%i%$%9
$7$?$b$N$G$"$k!#

$3$l$i$N%b%s%F%+%k%m$rMQ$$$F8!=P8zN($r=P$9!#$3$3$G8!=P8zN($r5a$a$kM}M3$O%b%s%F
%+%k%m$H%G!<%?$G$N8!=P8zN($,Ey$7$$$H$9$k$3$H$G%G!<%?$G$N85$+$iB8:_$7$?%7%0%J%k
$N?t$H$9$k$?$a$G$"$k!#3QEYJ,I[$HF1$8>r7o!"F1$8HO0O$N%9%i%$%9$K$*$1$k8!=P8zN($r5a
$a$?!#8!=P8zN($N<0$O0J2<$N$b$N$G$"$k!#

Eff iciency =
Nrecon

Ngen
(3.2)

$3$3$G$ONgen $O%b%s%F%+%k%m$G@8@.$5$l$?D �
s $N?t!#Nrecon $O%b%s%F%+%k%m$NCf$G8!=P

$5$l$??t$G$"$k!#$3$N<0$+$i8!=P8zN($r5a$a$k$H<!$N?^(3.25)(3.26)(3.27)(3.28)$K$J$k!#
8!=P8zN($O$*$h$=0:20A08e$K$J$C$F$$$k!#
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?^ 3.24: � M $NJ,I[ 41 � 50$N%i%Y%k$O=g$Kcos� $r � 1 � 1 $^$G0.29o$_$G%9%i%$%9$7
$?$b$N
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x=0.00 � 0.15

1.

Angle distribution (Recon)(true)(scaled 0.00 to0.15)

FileJ Effi_typeA.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    721    0   32 000000/0000   1.908 -9.2225E-03  0.5731

-1.0 -0.5 0.0 0.5 1.0
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E
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cy

?^ 3.25: 8!=P8zN((x = 0:00 � 0:15)

x=0.15 � 0.30

2.

Angle distribution (Recon)(true)(scaled 0.15 to0.30)

FileJ Effi_typeB.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    722    0   32 000000/0000   2.197 -1.2704E-02  0.5696

-1.0 -0.5 0.0 0.5 1.0
cosq

0.00

0.10

0.20

0.30

E
ffi

ci
en

cy

?^ 3.26: 8!=P8zN((x = 0:15 � 0:30)

46



x=0.30 � 0.35

3.

Angle distribution (Recon)(true)(scaled 0.30 to0.35)

FileJ Effi_typeC.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    723    0   32 000000/0000   2.216 -4.1531E-02  0.5611

-1.0 -0.5 0.0 0.5 1.0
cosq

0.00

0.10

0.20

0.30

E
ffi

ci
en

cy

?^ 3.27: 8!=P8zN((x = 0:30 � 0:35)

x=0.35 � 0.45

4.

Angle distribution (Recon)(true)(scaled 0.35 to0.45)

FileJ Effi_typeD.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    724    0   32 000000/0000   2.131 -9.0203E-03  0.5633

-1.0 -0.5 0.0 0.5 1.0
cosq

0.00

0.10

0.20

0.30

E
ffi

ci
en

cy

?^ 3.28: 8!=P8zN((x = 0:35 � 0:45)
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3.8 %G!<%?Jx2u3QJ,I[

$3$3$G$O%G!<%?$NJx2u3Q� J,I[$rF1MM$N<jK!$G5a$a$k!#%7%0%J%k$N7A>u$,%G!<%?$G$O
%U%#%C%H4X?t$N%F!<%k$NItJ,$N7A$,%P%C%/%0%i%&%s%I$H1F6A$79g$&$3$H$K$h$C$FJQF0$9$k
$?$a!"%b%s%F%+%k%m$+$i%7%0%J%k$N7A$r7hDj$7!"$=$l$r%7%0%J%k$N7A$H$7$FMQ$$$k!#$?$@
$7%b%s%F%+%k%m$H%G!<%?$K$*$$$F%T!<%/$N0LCVE t 5Z$S� $O0[$J$j!"A4BN$N1?F0NLNN0h$G
5a$a$?E t $NCM$H1?F0NL$N%9%i%$%9$4$H$G� M $r%U%#%C%H$H$9$k$3$H$G� $rMQ$$$k!#a; N
$KBP$7$F$OHO0O$4$H$N?tCM$r$=$N$^$^MQ$$$k!#%7%0%J%k$N%Q%i%a!<%?$O!"A0$K$+$$$?$h$&
$KE t = 0:14468$H$7!"� $K4X$7$F$O$=$l$>$l$N1?F0NLHO0O$4$H$K$*$$$FCM$r%b%s%F%+%k
%m$H%G!<%?$GHf3S$7$F$=$NG\N($r7h$a$?!#G\N(= � (Data)=� (MC )!#I= (3.3) $O$=$NG\N(
$G$"$k!#

x G\N(

0:00 � 0:15 2:089� 0:2397
0:15 � 0:30 2:089� 0:0788
0:30 � 0:35 1:766� 0:0188
0:35 � 0:45 1:964� 0:0237

I= 3.3: 3FD �
s 1?F0NLNN0h$K$*$1$kMC $N� $KBP$9$k%G!<%?$N� $NG\N(

%G!<%?$G1?F0NLJ,I[$K$*$$$Fcos� $G%9%i%$%9$7$?$b$N$=$l$>$l$KBP$7� M $N%U%#%C%H
$r9T$&!#$=$N7k2L$+$iD �

s $N?t$r3QEYJ,I[$H$7$F%W%m%C%H$9$k!#� M $N%U%#%C%H$N7k2L$N
$$$/$D$+$NNc$r<($9!#0J2<$N?^(3.29)$O1?F0NL$,0.35$+$i 0.45$NHO0O$K$*$$$F$Ncos� $N
CM$G%9%i%$%9$7$?� M $N%U%#%C%H$G$"$k!#41 � 50$N%i%Y%k$O=g$Kcos� $r � 1 � 1 $^$G
0.29o$_$G%9%i%$%9$7$?$b$N$G$"$k!#
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?^ 3.29: � M

%U%#%C%H$+$i5a$^$C$?D �
s $N?t$r%W%m%C%H$7$?$N$,?^(3.30)(3.31)(3.32)(3.33)$G$"$k!#
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x=0.00!A0.15

1.

cosq distribution (DATA)(0.00-0.15)

FileJ Data_typeA.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    731    0   31 000000/0000   5649. -0.1078  0.4866
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cosq
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?^ 3.30: 3QEYJ,I[ (x = 0:00 � 0:15)

x=0.15!A0.30

2.

cosq distribution (DATA)(0.15-0.30)

FileJ Data_typeB.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    732    0   31 000000/0000  2.5102E+04 -3.7332E-02  0.5695

-1.0 -0.5 0.0 0.5 1.0
cosq

0

1000

2000

3000

nu
m

be
r/
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n

?^ 3.31: 3QEYJ,I[ (x = 0:15 � 0:30)
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x=0.30!A0.35

3.

cosq distribution (DATA)(0.30-0.35)

FileJ Data_typeC.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    733    0   31 000000/0000  2.2222E+04 -7.3651E-02  0.5042

-1.0 -0.5 0.0 0.5 1.0
cosq

0

1000

2000

3000

nu
m
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n

?^ 3.32: 3QEYJ,I[ (x = 0:30 � 0:35)

x=0.35!A0.45

4.

cosq distribution (DATA)(0.35-0.45)

FileJ Data_typeD.dat
ID IDB Symb Date/Time Area Mean R.M.S.

    734    0   31 000000/0000  1.5750E+04 -3.0742E-02  0.5140

-1.0 -0.5 0.0 0.5 1.0
cosq

0

400

800
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m

be
r/
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n

?^ 3.33: 3QEYJ,I[ (x = 0:35 � 0:45)
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3.9 %G!<%?Jd@5

Jd@5$O%G!<%?$G$N8!=P8zN($,cos� $d1?F0NL$NCM$N0LCV$K$h$C$F0[$J$k$?$a!"8!=P$5$l
$?%G!<%?$G$O@53N$JJ,I[$K$O$J$C$F$$$J$$!#$h$C$F%b%s%F%+%k%m$+$i$N8!=P8zN($GJd@5$9
$k$3$H$G@53N$J%G!<%?$N?t$rB,Dj$9$kI,MW$,$"$k!#Jd@5$O3Fcos� $H1?F0NL$N%9%i%$%9$K
$*$$$F

Ncorrection =
Ndata

Eff iciency
(3.3)

$H$J$k!#$3$3$GNdata $Ocos� $H1?F0NL%9%i%$%9$K$*$1$kD �
s $N?t!" E�ciency $OBP1~$9$k

8!=P8zN($G$"$k!#
$3$N3QEYJ,I[$,4X?t

f (cos� ) = N
�

(1 � � )(1 + cos2 � ) + 2 � sin2 �
	

(3.4)

� =
helcity(0)

helicity (total)
(3.5)

$GI=$5$l$k!#1 + cos2 � $N9`$,%X%j%7%F%#!<� 1$G!"sin2 � $N9`$,%X%j%7%F%#!<#0$N9`$G$"
$k!# (IUO?A ;2>H) $3$l$rMQ$$$F3F1?F0NL$4$H$G$N3QEYJ,I[$H$=$l$r%U%#%C%H$7$?7k2L$r
?^ (3.34)(3.35)(3.36)(3.37)$K<($9!#
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MINUIT c2 Fit to Plot 741w0
Angle Distribution(Correct)(scaled 0.35to0.45)
FileJ Generated internally 21-JAN-2004 22J15
Plot Area Total/Fit    29369. / 29369.
Func Area Total/Fit    5787.6 / 5787.6

Fit Status  3
E.D.M. 8.415E-15

c2=    11.8 for  10 -  2 d.o.f., C.L.= 16.2Y
Errors Parabolic                     Minos
Function  1J COMIS Function XMNCMI
N   2307.3 A   198.7 -   198.7 +   198.7
A  0.65028 A  0.1320 -  0.1302 +  0.1348

?^ 3.34: 3QEYJ,I[ (Jd@5$7$?%G!<%?) x = 0:00 � 0:15; A = �
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=
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MINUIT c2 Fit to Plot 742w0
Angle Distribution(Correct)(scaled 0.35to0.45)
FileJ Generated internally 21-JAN-2004 22J16
Plot Area Total/Fit   1.14353E+05 / 1.14353E+05
Func Area Total/Fit    20777. / 20777.

Fit Status  3
E.D.M. 1.835E-08

c2=    18.5 for  10 -  2 d.o.f., C.L.=  1.8Y
Errors Parabolic                     Minos
Function  1J COMIS Function XMNCMI
N   8671.6 A   292.8 -   292.8 +   292.8
A  0.32177 A  5.2434E-02 -  5.2335E-02 +  5.2592E-02

?^ 3.35: 3QEYJ,I[ (Jd@5$7$?%G!<%?)x = 0:15 � 0:30; A = �
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MINUIT c2 Fit to Plot 743w0
Angle Distribution(Correct)(scaled 0.35to0.45)
FileJ Generated internally 21-JAN-2004 22J16
Plot Area Total/Fit    98773. / 98773.
Func Area Total/Fit    18911. / 18911.

Fit Status  3
E.D.M. 9.110E-10

c2=    14.5 for  10 -  2 d.o.f., C.L.=  6.9Y
Errors Parabolic                     Minos
Function  1J COMIS Function XMNCMI
N   7579.1 A   176.1 -   176.1 +   176.1
A  0.61138 A  3.6099E-02 -  3.5957E-02 +  3.6259E-02

?^ 3.36: 3QEYJ,I[ (Jd@5$7$?%G!<%?),x = 0:30 � 0:35; A = �
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MINUIT c2 Fit to Plot 744w0
Angle Distribution(Correct)(scaled 0.35to0.45)
FileJ Generated internally 21-JAN-2004 22J16
Plot Area Total/Fit    73445. / 73445.
Func Area Total/Fit    13990. / 13990.

Fit Status  3
E.D.M. 6.747E-10

c2=     3.8 for  10 -  2 d.o.f., C.L.= 87.1Y
Errors Parabolic                     Minos
Function  1J COMIS Function XMNCMI
N   5609.6 A   187.7 -   187.7 +   187.7
A  0.60781 A  5.0607E-02 -  5.0382E-02 +  5.0888E-02

?^ 3.37: 3QEYJ,I[ (Jd@5$7$?%G!<%?),x = 0:35 � 0:45; A = �
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3.10 <B837k2L

A4BN$KBP$9$k%X%j%7%F%#!<0$NA4BN$KBP$9$k3d9g� $O0J2<$NI=$N$h$&$K$J$C$F$$$k!#

�

x = 0:00 � 0:15 0:650� 0:132
x = 0:15 � 0:30 0:322� 0:0524
x = 0:30 � 0:35 0:611� 0:0361
x = 0:35 � 0:45 0:608� 0:0506

1?F0NLNN0hx = 0:35 � 0:45$N� $NCM$O3.6@a$N5DO@$K$h$jb ! D �
sc$K$*$1$kD �

s $NJP
6K$rI=$7$F$$$k$H9M$($i$l!"$=$N� $NCM$O

� = 0:608� 0:0506 (3.6)

$H$J$C$F$$$k!#

3.11 7OE}8m:9

7OE}8m:9$KIU$$$F$O:G=*%U%#%C%H$K$*$$$F$N1F6A$H%7%0%J%k$N%U%#%C%H$K$*$1$k4X?t$K
$h$k1F6A$H$r9M$($?!#

x A4BN$N%U%#%C%H:G8e$NFsE@$r=|$/ :8B&H>J,

0 � 0:15 0:650� 0:1320 0:496� 0:1371 0:420� 0:1554
0:15 � 0:30 0:322� 0:0524 0:318� 0:0564 0:324� 0:0622
0:30 � 0:35 0:611� 0:0361 0:586� 0:0378 0:629� 0:0396
0:35 � 0:45 0:608� 0:0506 0:600� 0:0524 0:606� 0:0559

I= 3.4: :G=*%U%#%C%H$K0M$k%(%i!<

$3$3$G:G8e$NFsE@$r=|$/$N$O!"?^(3.29)$r8+$l$PJ,$+$k$h$&$K:G8e$NFsE@$K$*$$$F%U%#%C
%H$N@53N@-$,5?$o$7$$!#$h$C$F;R$N$KE@Ln1F6A$rD4$Y$k$?$a$G$"$k!#$^$?:8H>J,$H8@$&$N
cos� = � 1B&$,E  $NCM$,9b$/cos� = 1 B&$,E  $NCM$,Dc$$$?$a$KMC $H%G!<%?$N@09g@-
$,<:$o$l$F$$$k$?$a!"<:$o$l$F$$$J$$:8B&$GD4$Y$k$3$H$G$3$l$,860x$H$J$k%(%i!<$r8+
$k!#I= (3.4)$+$i � $NCM$r=P$9$?$a$KMQ$$$kHO0Ox = 0:35 � 0:45$G$OCM$O0.008$H8+@Q$b
$l$k!#$3$N%(%i!<$O%7%0%J%k$KBP$7$F$N%U%#%C%H$K$*$$$FMQ$$$k4X?tB($A%U%#%C%H$N7A>u
$K$h$k%(%i!<$r8+@Q$b$k$?$a$G$"$k!#$=$NCM$O0:043$H8+@Q$b$l$k!#$=$N7k2L$+$i7OE}8m
:9$r8+@Q$b$k$H!"$=$l$>$l$,FHN)$G$"$k$3$H$+$i2>h$NOB$NJ?J}:,$r<h$l$PNI$$!#=>$C$F
:G=*E*$J7OE}8m:9$O0:044$H$J$k!#
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two gaussian

x = 0:00 � 0:15 0:520� 0:144
x = 0:15 � 0:30 0:349� 0:0524
x = 0:30 � 0:35 0:638� 0:0331
x = 0:35 � 0:45 0:651� 0:0493

I= 3.5: %7%0%J%k4X?t$K$h$k%(%i!<

3.12 $^$H$a

0J>e$N7k2L$+$ib ! D � +
s c$N$_$H9M$($FNI$$x = 0:35 � 0:45 $K$*$$$F%X%j%7%F%##0$N

A4BN$KBP$9$k3d9g� $O<!$NCM$K$J$k!#

� = 0:608� 0:051(stat) � 0:044(sys)

BP$7$Fb ! D � +
s c $K$*$$$F!"Quark-Hadron Duality $Hfactorization $rA[Dj$7$?$H$-$N

%X%j%7%F%#$4$H$NCM$OM}O@E*7W;;$+$i<0(1.4)(1.5)(1.6)(3.5)$GM?$($i$l!"

Mb = 4:7 � 0:25(GeV=c2)
Mc = 1:25� 0:25(GeV=c2)
MD �

s
= 2:112(GeV=c2)

$H$9$k$H!"

� = 0:649� 0:037

$H$J$k!#$h$C$F!"<B83$+$i5a$a$i$l$?CM$OQuark-Hadronduality $Hfactorization $r2>Dj$H
$7$?;~$NM}O@$NCM$KBP$7$F8m:9$NHO0OFb$G0lCW$7$F$$$k!#8N$KM}O@$K$*$1$k2>Dj$OJP6K$K
4X$7$F3N$+$KNI$/9g$C$F$$$k!#
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Bh4>O 9M;!$H:#8e$N2]Bj

4.1 9M;!

%X%j%7%F%#!< #0 $,;YG[E*$G$"$k$H9M$($i$l$kM}M3$K$D$$$F
$3$l$O$b$7JP6K$,$J$$$J$i$P!"%X%j%7%F%#$O#0!"!^#1$N$=$l$>$l$N>uBV$KF1$8HfN($G$J
$k$O$:$G$"$k!#$7$+$7K\;v7o$G$N%b!<%I$G$O0J2<$NM}M3$+$i%X%j%7%F%#!< #0 $,;YG[E*$K
$J$k!#

� D �
s9=@.N3;R$N$_$K$*$$$F

N3;R$N%(%M%k%.!<$,<ANL$KHf$Y$F==J,$KBg$-$$$H$-%X%j%7%F%#!<$,%U%'%k%_%*%s$O
:84,$-$G!"H?%U%'%k%_%*%s$O1&4,$-$K$J$C$F$$$k!#

b
c
s

-
c

?^ 4.1: %X%j%7%F%##0$,;YG[E*$JM}M31

$3$N$3$H$+$i?4̂.1$+$i$o$+$k$h$&$KD �
s $, �c s$NJP6K$r$=$N$^$^<u$17Q$0$H$9$k$H

D �
s $O%X%j%7%F%#!<#0 $,;YG[E*$H$J$k!#

� b ! D �
scA4BN$K$*$$$F

bc Ds*
0

?^ 4.2: %X%j%7%F%##0$,;YG[E*$JM}M32

?^ (4.2) $+$iJ,$+$k$h$&$Kb %/%)!<%/$,JP6K$7$F$J$$>l9g!"c %/%)!<%/$,N3;R$N%(%M
%k%.!<$,<ANL$KHf$Y$F==J,$KBg$-$$;~:84,$-$N%X%j%7%F%#!<$r;}$D$H9M$($i$l$k!#
D �

s J}8~$r%9%T%s$N!\J}8~$HDj5A$9$k$H3Q1?F0NLJ]B8$h$j!"3F1?F0NLMWAG$rm $H$9
$k$H!"
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mb =
1
2

; mc =
1
2

! mD �
s

= 0

mb = �
1
2

; mc =
1
2

! mD �
s

= � 1

$H$J$k!#

$?$@$7!"$3$l$O9b%(%M%k%.!<$r2>Dj$7$?>l9g$G$"$k!#<B:]$K$OH?BP$N%X%j%7%F%#!<$,:.9g
$9$k$N$G$3$N$h$&$K40A4$KJ,N%$7$?>uBV$K$O$J$i$J$$!#$7$+$7$J$,$i>e5-$N%X%j%7%F%#!<
>uBV$,;YG[E*$G$"$k$H9M$($i$l$k!#

0J>e$+$iD �
s $K$*$1$k%X%j%7%F%#!<$H$7$F;YG[E*$J$N$,#0!"<!$K-1,$=$7$F:G$b>/$J$$$N

$,#1$G$"$k$H9M$($i$l$k!#$7$+$71$H-1$O<B83E*$K$O6hJL$G$-$J$$!#

4.2 :#8e$N2]Bj

� b ! D �
sc M}O@$OQuark-Hadron Duality $Hfactorization $r;H$C$F$3$N $3$N%b!<%I$N

J,4tHf$bM=A[$9$k$3$H$,$G$-$k!#<B83$K$h$C$F$3$NJ,4tHf$r7WB,$7M}O@$HHf3S$9$k
I,MW$,$"$k!#

� b ! J= s $3$N%b!<%I$K$*$1$kJ= $NJP6K$rD4$Y$kI,MW$,$"$k!#

$3$N%b!<%I$O:#2sD4$Y$?$N$HF1MM$Kb ! c�cs$N%W%m%;%9$K$h$kJx2u$G$O$"$k$,c�c
$GJ= $,AH$^$l$F$$$k$?$aW $NN>B&$K$G$-$?%/%)!<%/$GN3;R$,AH$^$l$k!#$=$N$?
$a$Kc $H�c $K$*$$$F%+%i!<$,0c$&>l9g$,B8:_$7$=$N$?$a$K$3$NJx2uH?1~$OM^@)$5$l
$k!#$3$N$h$&$JH?1~$O%+%i!<!&%5%W%l%9(?'M^@)) $5$l$?H?1~$H8F$P$l!"Factorization
$O0lHL$Kb ! D �

sc $N>l9g$KHf$Y$F@.$jN)$C$F$$$J$$$H9M$($i$l$F$$$k!#$3$N>l9g
NRQCD(Non Relativistic QCD) $H$$$&M}O@$rMQ$$$Fc�c$N%+%i!<$,%^%C%A$7$F$$$J
$$$H$-$K$b7W;;$9$k$3$H$,$G$-$k$,$=$l$r8!>Z$9$kI,MW$,$"$k!#

60



IU O?A d 4X?t$H3QEYJ,I[

:#!"9M$($F$$$k3QEYJ,I[$O0J2<$N$h$&$J?^$GI=$5$l$k

Ds*g Ds
helicity

l=1,-1

helicity
l=0

spin=1

q

b

helicity

m=1,0,-1

?^ A.1: 3QEYJ,I[

$3$N;~!"3QEYJ,I[$O

f (� )d
 = j dD s $N%9%T%s
m;� total

j2 d
 (A.1)

$GI=$5$l$k!#� total $O $N%X%j%7%F%#!<$KBP1~$7$F� 1$G$"$k!#$3$3$Gd $O2sE>4X?t$G

d1
1;1 = 1+cos �

2

d1
1;� 1 = 1� cos�

2

d1
1;0 = sin �p

2

dl
k0;k = ( � 1)k0� kdl

k;k 0 = dl
� k;� k0

(A.2)

$G$"$k$3$H$+$i%X%j%7%F%#$4$H$N3QEYJ,I[$O<!$N$h$&$K$J$k!#
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$3$3$G $O%X%j%7%F%#!<� 1$G$=$l$>$lF1$83d9g$GB8:_$9$k$N$Ghelicity=m $N;~

f (� ) = j d1
m;1 j2 + j d1

m; � 1 j2

$HI=$;$k!#=>$C$F

� helicity= 0

j d1
0;+1 j2 + j d1

0;� 1 j2 = (
sin�
p

2
)2 + (

sin�
p

2
)2

= sin2 �
(A.3)

� helicity= +1

j d1
+1 ;+1 j2 + j d1

+1 ;� 1 j2 = (
1 + cos�

2
)2 + (

1 � cos�
2

)2

=
1 + cos2 �

2

(A.4)

� helicity=-1

j d1
� 1;+1 j2 + j d1

� 1;� 1 j2 = (
1 � cos�

2
)2 + (

1 + cos�
2

)2

=
1 + cos2 �

2

(A.5)

$=$l$>$l$NJ,4tHf$r f helicity $H$9$k$H

f (� ) = f 0(sin2 � ) + f +1 (
1 + cos2 �

2
) + f � 1(

1 + cos2 �
2

) (A.6)

$H$"$i$o$5$l$k!#$=$7$Ff 0 = �; f +1 + f � 1 = 1 � � $HJ,4tHf$r$H$k$H!"3QEYJ,I[4X?t$O

f (� ) =
1
2

�
(1 � � )(1 + cos2 � ) + 2 � sin2 �

	
(A.7)

$HI=$;$k!#
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