Muon Capture Rate $N B,Dj ;0NX8w;L ?9ED7r 4d0f2mI’ ?<C+1QB’ !J 2000 G/EY P2 !K 35 MW electron !" m uon !" n ucleon 4V$N <e$$ Aj 8_ :n MQ$K$O 6/$$ N‘ ;w @- $, $" $j w eak coupling $NIaJW @- $H $7 $F CN $i $l$F$$$k!# I8 =‘ M} O@ $K$h $C $F lepton !" quark $N <e $$ Aj 8_ :n MQ $O @b L@ $5 $l$k $, !" n ucleon $,4p K\ N3 ;R $G $O $J $/ quark $N B+ G{ >u BV $G $" $k$3$H $r 9M$( $k$H $3 $N ;v <B $O 0M A3 6C $/$Y$-$3 $H $G $" $k !# $3 $N %l %] !< %H $O cosmic m uon $N%7%s %A %l !<%? Cf$N C 12 $K $h $k capture rate $r B,Dj$9$k $3 $H $G IaJW@- $N8!>Z $r 9T$C $?$b$N $G$"$k !# MQ $$ $? M}O@CM $O 7 : 86 � 10 3 [ s � 1 ](referance[2]) $G$"$k!# 2f !9 $NF@ $?CM $O (5 : 7 � 2 : 4) � 10 3 $G $" $C$? !# 1

1 In tro duction :# 2s 2f !9 $O <e$$ Aj 8_ :n MQ$N coupling constan t $N Ia JW @-$N 8! >Z $H $7 $F � N3 ;R $N C:AG86;R $K $h $k capture rate $r B,Dj $7 $? !# $3$N >O $G$O <e $$ Aj8_:nMQ !" $* $h $S � capture $K $D $$$F $^$H $a $? !# capture rate $N >\ $7 $$ 7W ;;$K 4X $7 $F $O !" referance[2] $r ;2>H$5 $l $? $$ !# 1.1 V !< A 7?Aj8_:nMQ F ermi $O EE<’ Aj8_:n MQ $+$i $N N‘?d $G !" %Y %/ %H %k !<%Y %/ %H %k 7? $N%Y !<%? Jx 2u $N M}O@ $r N) $F$? !# $3$N M}O@ $N 2< $G $O EE<’Aj8_:nMQ $H F1MM !" %Q %j %F %# J]B8 $, @. N) $9$k $3 $H $K$J$k !# $H $3$m $, 1956 G/ Lee $H Y ang $O <e $$Aj8_ :n MQ $K $*$$ $F $O %Q %j %F %# $, J] B8 $7 $J $$$H <g D% $7 $? !# $=$N 8e%Q %j %F %# HsJ]B8 $O W u $N Co 60 $r MQ $$ $?<B83 $G 3N $+$a $i $l !" %Q %j %F %# J]B8 $r GK$k M} O@ $H $7 $F !" V-A %+ %l%s %H %+ %l %s %H 7?Aj8_:nMQ $, <B83E* $K 3N $+$a$i $l $? !# $3$N Aj8_:nMQ $O Nc $( $P m uon $N Jx2u $K $*$$ $F $O <! $N$h $& $K I=$5 $l $k !# M ( � � ! e � � e � � ) = G p 2 [ u � � � (1 � 5 ) u � ][ u e � (1 � 5 ) u � e ] (1.1) 1.2 7k9gDj?t $N IaJW@- electron !" m uon !" n ucleon !" $N 4V $N H?1~ $O 4pK\E* $K$O @h $[ $I $N V-A 7? $N <e $$Aj 8_ :n MQ $G ;Y G[ $5 $l$F$$ $k!# $3 $l $i$NH? 1~ $K BP $7 $F coupling constan t G $, IaJW $G$" $k $3 $H$O <e $$ Aj8_:nMQ $N IaJW@- $H $7 $F CN $i $l $F $$ $k !# :#2s $N <B83 $G $O $3 $l $i $N $&$A !" m uon $H n ucleon $N 4V$N Aj 8_:n MQ $G $" $k � capture $N rate $r B,Dj $7 !" IaJW@- $+$i 4|BT$5 $l $kM}O@CM $H Hf3S $7 $? !# ?^ 1: <e$$Aj8_:nMQ $K $h $kH?1~ 2

1.3 9TNsMWAG $N 7W;; $G $O <B :] $K � capture $N 9T Ns MW AG $r 8+ $F $_ $h $& !# $? $@ $7 :Y $+ $$ 7W ;; $O referance[2] $K $^ $o $7 !" $3$3 $G$O IaJW@- $H !" 9TNsMWAG !" rate $N 4X78 $r 8+ !" IaJW@- $+$i 4|BT $5 $l $k C 12 + � � ! B 12 + � � $N rate $N CM $r M? $( $k !# � deca y !" � deca y $N 9TNsMWAG $O <! $N 7A $G M? $( $i $l $k !# M :E : = 1 p 2 [( u � (1 � 5 ) i � 5 u l )[ A ( u n i � 5 u p ) � B ( u n ( p � � n � ) 5 u p )] +( u � (1 � 5 ) � u l )[ C ( u n � u p ) � iD ( u � � � ( p � � n � ) u p )]] (1.2) $3$3$G p � !" n � !" $O $= $l $> $l proton !" neutron $N 1? F0NL !" A !" B !" C !" D $O ( p � � n � ) 2 $N4X ?t $G $" $k !# m uon-n ucleon $H electron-n ucleon $N coupling con- stan t $N IaJW@- $+$i $/$kMW@A $O !" A ( � ) (( p � � n � ) 2 ) = A ( � ) (( p � � n � ) 2 ) (1.3) B ( � ) (( p � � n � ) 2 ) = B ( � ) (( p � � n � ) 2 ) (1.4) C ( � ) (( p � � n � ) 2 ) = C ( � ) (( p � � n � ) 2 ) (1.5) D ( � ) (( p � � n � ) 2 ) = D ( � ) (( p � � n � ) 2 ) (1.6) $3$3$G ( � ) !" ( � ) $O $= $l $> $l � deca y !" � deca y $N 7k9gDj?t $G $" $k !# � capture � deca y $N V coupling constan t,A coupling constan t $O $= $l $> $l g V ( � ) � C ( � ) (0 : 9 m � 2 ) g A ( � ) � A ( � ) (0 : 9 m � 2 ) (1.7) g V ( � ) � C ( � ) (0) g A ( � ) � A ( � ) (0) (1.8) disp ersion relation theory $h $j g A ( � ) g A ( � ) ’ 0 : 999 (1.9) g V ( � ) g V ( � ) ’ 0 : 972 (1.10) $3 $N MW@A$N 2< $G 2 $D$N H?1~ !" C 12 + � � ! B 12 + � � $H B 12 ! C 12 + e � + � e $N rate !" w ( � ) !" w ( B ) $N Hf $r 7W;;$9$k $H !" w ( � ) w ( B ) = 2 : 37 (1.11) 3

$^ $? w ( B ) = 33 : 78[sec � 1 ] (1.12) $h$j w ( � ) = 8 : 00 � 10 3 [sec � 1 ] (1.13) $H $J $k !# $3 $l$, 5a $a $k $Y$- rate $N M}O@CM $G$" $k !# 0lJ}<B83 $G $O � capture $N ev en t ?t N B !" � stop $N ev en t ?t N � � $r B,Dj $7 !" <! $N <0 $G w ( � ) $r F@$k !# w ( � ) = N B N � � 1 � � (1.14) $?$@ $7 $3 $3$G � � = 2 : 01 � 0 : 02[ � sec] $O C: AG Cf $G $N � � $N mean life $G $" $k !# =>$C $F <B83 $G$O N B $H N � � $r B,Dj$9$k $3$H $K$J $k !# 1.4 %7%s %A %l !< %?!< Cf $G $N m uon $N H?1~ <B83 $G rate $r B,Dj $7 $? H?1~ $O $D $. $N $b$N $G$" $k !# C 12 + � � ! B 12 + � � (1.15) � � $N@~8; $H $7 $F $O 1’Ch @~ $r !" %? !< %2%C %H $H$J$kC: AG 86 ;R 3K $H $7 $F $O 1UBN %7 %s %A %l !< %?$r MQ$$$? !# %7%s %A %l !< %? Cf $G !" � � $O 86 ;R 3K$H$N EE <’ Aj 8_ :n MQ $K $h$C $F =y !9 $K%( %M %k %. !< $r <: $& !# $3$N$" $H$N ?6$kIq $$ $O � + $H � � $G 0[ $J$k !# � + $O mean life � 2 : 2 � sec $G Jx2u$9$k !# 0lJ} � � $O $9$Y $F 0lC6C:AG $N86;R3K $K Ja3M $5 $l !" $= $N4p Dl >u BV $N50F; $r$^ $o$k !# � � $,%7 %s%A %l !<%? $K F~ $C $F $+ $i$3 $3 $^ $G $N ;~4V $O 6K $a$F C;$$ !# 50F; $r $^ $o $C $F $$ $k � � $O $d $, $F !" 0lIt$N$b$N $O Jx2u $7 !" 0lIt $N$b$N $O 86;R3K $H H?1~$9$k !# $3$N 8e<T $, :#2s $N <B83 $G 4QB,$9 $Y $- H?1~ $G$" $k !# 6qBNE* $K$O%7 %s %A %l !<%? Cf $G � � $O <!$N$h $& $J H?1~ $r $9$k !# � � � ! e � + � + � (1.16) � � + C 12 � ! B 12 + � (1.17) � ! B 12 � + � B 12 � � ! B 12 + (1.18) � ! B 11 + n + � (1.19) � ! B 10 + 2 n + � etc. (1.20) $? $@ $7 $3 $3 $G8@ $& � � $O A4 $F C 12 $N4pDl 50 F; $r$^ $o $C $F$$ $k!# @8 @. $5 $l$? B 12 $O life time 29.6 [msec] $G $D $. $N $h $& $K � deca y $9$k !# B 12 � ! C 12 + e � + � e (1.21) 4

$3$3$G !" B 12 � $H$O Ne5/>uBV $X$N A+0\ $r I= $o $7 $F $$ $k !# K\Mh8+ $?$$H?1~ !" <0 (1.18) $O%7 %s %A %l !<%? $r $[$H $s $I 8w $i$;$J$$ $?$a 8+ $( $J$$ !# $H $3$m $, @8@. $5 $l $? B 12 $O <0 (1.21) $N$h $& $K � deca y $9$k !# $3$N H?1~ $G J| =P$5 $l $k e � $O %( %M%k %. !< $N >e 8B $, � 13.4MeV $G $" $j ( ?^ 17) !" 8! =P $G $-$k !# $= $3 $G <B83 $G$O <0 (1.21) $r $_ $k $3 $H $K$J $k !# Hf 3S $9 $Y$-M}O@CM $O 4pDl >uBV $N B 12 $H C 12 $N 4V $NA+0\ $K BP$9$k $b $N $G$" $k $+$i !" 4QB, $9 $Y$-H?1~ $O <0 (1.18) $N$_ $G$"$k!# $3 $3 $G !" $= $NB> $NH?1~ !" <0 (1.19) � (1.20) $, <B83 $K M? $($k 1F6A $H BP1~ $r $^ $H$a$F $*$/ !# 1.4.1 Ne5/>uBV $X$N A+0\ $N 1F6A $H BP1~ <0 (1.19) $N A0 H> $NH? 1~ $O � 2 : 2[ � sec] $G $* $3$k!# $^ $? !" B 12 � $K$h$k @~ $NJ| =P $O D>$A $K $* $3 $k $?$a !" <0 (1.19) <+BN $b � 2 : 2[ � sec] $G $" $k !# $3$N time scale $O � deca y $N noise $H $J $j$& $k $b $N $G $" $k!# 0l J} J| =P $5 $l $k @~ $N %( %M %k %. !< %9 %Z%/ %H %i%‘ $O 0 : 95 � 3 : 38MeV $K$o$? $C $F $$$k!# � deca y $N8!=P $N@: EY $r $" $2 $k$?$a $K$O$3$l $r threshold $G @Z$C $F $7 $^$$$? $/ $O $J $$ !# $^ $? <0 (1.19) $G $G$- $? B 12 $O <0 (1.21) $G e � $r $@$9 $, !" $3 $NH? 1~ $O B 12 $N noise $K$J$k !# $3$N Ne 5/>u BV $X$N A+0\ $O <B :] $O � deca y ev en t $N 1 2000 4pDl >uBV$X$N A+0\$N 1 10 $G $" $k !# => $C $FA0<T $N1F6A $O L5;k $7 !" 8e <T $O Los Alamos $N <B83 $K => $C $F !" 10 % $N Jd@5 $r 9T$C $? !# 1.4.2 neutron $N J|=P $N 1F6A $H BP1~ $^$: B 11 !" B10 !" $O $$$:$l $b 0B Dj$G $" $k !# neutron $O %7%s %A %l !< %? Cf $G 86 ;R3K $H 6/$$Aj8_:nMQ $r $7 $J $,$i %(%M %k %. !< $r <:$$G.Cf@-;R2= $7 !" $d $, $F ?eAG $N 86;R 3K $K Ja3M$5 $l $F !" 2.2MeV $N @~ $r =P$9 !# $3$N H? 1~ $O mean life � 240 [ � sec] $r ;}$D $? $a !" � deca y ev en t $d B 12 � deca y ev en t $H$O <1JL $G$- $k !# $^ $? !" 2.2MeV $O B 12 � deca y ev en t $N 2r @O $G$O MQ$$$F$$$J $$%( %M%k %. !< NN 0h $G $" $k $+$i !" $3$N H?1~ $O L5;k $7 $? !# 5

2 <B83 $N AuCV $H 86M} 2.1 <B83 $N 35MW � AuCV $K $D$$$F <B83AuCV $O <g $K <! $N#3$D$N%Q!< %H $+$i $J $k !# ?^ 2: <B83AuCVN,?^ A >eIt 8GBN %7 %s %A %l !<%? , F~<M %H %j %, !<7s VETO B FbIt 1UBN %7 %s %A %l !<%? !" 8!=P4o C 30It 8GBN %7 %s %A %l !<%? !" VETO $3$l $i $N #3$D$+$i $N ?.9f $G AB � C !J A $H B $, 8w$C $F C $, 8w $i $J $$ !K $r m uon stop(m uon capture) $N ?.9f $H $7 !" � AB � C(B $, 8w$C $F A $H C $O 8w $i $J $$ ) $r B 12 $N Jx 2u?.9f $H $9$k !# ABC $d AB $d BC $O m uon $N DL2a $H $7 $F $" $D $+ $& !# � %G !<%?$N <h$jJ} $3 $N <B 83$N L\ E* $O m uon $N <w L? $H Jx 2u ?t !" $= $7 $F m uon $N absorption $K $h $C $F$G $- $? B 12 $N <w L? $H Jx2u ?t $r 7WB,$9 $k$3$H$G $" $k !# $=$N$?$a $K $= $l $>$l$r 6h JL $7 !" m uon stop $+$iJx2u $^ $G$N;~ 4V J, I[ $rD4 $Y $J $1 $l $P $J$i $J $$ !# $= $3$G m uon stop $N ?. 9f AB � C $r trigger $K $7 $F 20 � sec $H 100msec $N gate $r $R$i$- !" A0 <T $K Mh $??.9f $r m uon Jx2u !" 8e <T $K Mh 6

$? ?.9f $r B 12 $N Jx2u?.9f $H $7 !" $= $l $>$l gate $, 3+ $$ $F $+$i ?.9f $, Mh$k $^ $G$N ;~4VJ,I[ $r D4 $Y$k !# ?^ 3: <wL? $N B,DjK! 2.2 <B83AuCV ?^ 4: <B83AuCV 7

?^ 5: AuCV>eIt 1. >eIt m uon $NF~ <M $N trigger $* $h $S B 12 $NJx 2u $N VETO $H $7 $F$D $+ $& !# 20cm � 30cm � 5cm $N 8G BN %W %i%9 %A %C %/ %7 %s%A %l !< %? ( %/ %i %l @= SC38) $r 4 Kg JB $Y $? $b $N (5,6,7,8) $N>e J} 5cm $N $H $3 $m $K 20cm � 20cm � 3.5cm $N %7 %s %A %l !< %? $H 20cm � 30cm � 4.5cm $N %7 %s%A %l !< %? (22,23) $rCV $/ !# 4V $K $O %" %k%_ $N HD $r $O $5 $‘ !# >e $N 2 Kg $OF~ <M J} 8~ $r @) 8B $9 $k $? $a $N $b $N $G $3 $l $K $h$j m uon Jx2u $NFI $_Mn $H $7 $r 8: $i$9 $3 $H $,$G$-$k!# 3F %7 %s%A %l !<%? $O $D $J $, $C $F $$ $J $$!# %" %k%_ HD $OJx 2u 8e $N EE ;R $, m uon stop $N trigger $K $J $k $N $rKI $0 $? $a $N $b $N $G $" $k !# $= $l $> $l$N %7 %s%A %l !< %? $K 2inc hPMT( IM >> %[ %H %K %/ %9 <R @= H1161 $* $h $S E4354-1) $r$D $1 ,threshold $r 1MeV L$ K~ $K$" $o$;$k!# %" %k %_Gs $r 4, $- !" 9u $$;f $G <W8w $9 $k!# $J$* PMT $N HV9f $O ?^ 10 $K $* $1 $kHV9f $H 0lCW $7 $F $$ $k !# 8

?^ 6: detecter 2. detecter %5 %$ %: 45cm � 30cm � 30cm !" 8| $_ 2.5mm $N %, %i %9 ?e Ae $NCf $K 1UBN %7 %s %A %l !< %? (Bicron BC517L) $r 20cm $N9b $5 $^ $G F~ $l $k !# ?^ 4 $N$h$& $K 4 K\ $N PMT(H1161) $r 2 K\ $:$D8~ $+$$9g$& $h $& $K$= $l $>$l 9b $5 5cm $* $h $S 15cm $N $H $3 $m $K<h $j $D $1$k (1,2,3,4) !# threshold $O 3MeV !# @\ Ce :^ $O STYCAST 1266 $r MQ$$$? !# ?eAe$N Fb B& $O H? <M :^ !J BICR ON BC-622 !K $r EI$k !# $U $?$b %, %i %9 $G$" $k !#9u $$ ;f $H%F !< %W $G <W8w$9$k !# 9

?^ 7: 30It VETO 3. 30It VETO detecter $r $+ $9$C$? DL 2a $9 $k m uon $O A4$F 6cm 0J >e Av $k !J 12MeV %( %M%k %. !< $r Mn $H $9 $O$: !# !K $h $& $K @_7W $7 $? !# detecter $N PMT $N$?$a $N 7j $, 2 LL !" $= $l $> $l 10cm � 30cm I, MW $J $? $a $= $N 7j $N 2< $K $O 20cm � 40cm � 3cm $N %7 %s %A %l!< %? (20,21) $rCV $$ $?!# $= $l $> $l $N %7 %s %A %l!< %? !J 9 � 19 !K $O 8|$5 3cm $N$b$N$r 2 Kg=E $M$F $D $/$j!" 4V $K%"%k %_Gs $r $O $5 $s$G 2 AX 9=B$ $K$J $C $F$$ $k !# !J $3 $A $i$N J} $, %"%k %_Gs $r $O $5 $^ $: @\Ce$9$k $b $N$h $j $b8w NL $, 30% $[ $I $bNI $$!# !K 3F %7 %s%A %l !< %? $NLZ 8} $h $j PMT(H1161) $r $D $1 !" %"%k %_Gs $H 9u $$ ;f $G <W8w $7 $? !# 10

2.3 <B83J}K! <B 83 $O R UN1(m uon Jx 2u <w L? $N B, Dj ) $H R UN2(B 12 Jx 2u <w L? $N B, Dj ) $N 2 $D $r9T $& !# gate generator $NIT B- $N $? $a $3 $l $i $rF1 ;~ $K9T$& $3 $H $O $G $- $J $+ $C $?!# 1. R UN1(m uon Jx2u<wL?$NB,Dj ) � 2sO)?^ $O ?^ 9 $N$H $*$j !# � disciminator $N width $O detecter $+$i $N ?.9f $O 25nsec !# B> $O 100nsec !# � m uon Jx2u $N coincidence $O$H $i $J $$ !# $3 $N 20 � sec $K noise $, $/ $k 2DG=@- $O 0.064% 0J2< !# � m uon Jx2u $N EE;R $N energy $O Bg$-$$$b $N $J$N$G$[$H $s $I detecter $N 30$^ $G Ht $S =P$9 $?$a v eto $O$H$i $J $$ !# � ;~4V $N 7W$jJ} Jx2u$^ $G$N ;~4V $O gate1 $K Mh $??.9f $r trigger $K gate2 $r 3+ $- !" $3 $l$r 40MHz $N pulser $N gate $K $7 $F $3 $N pulse $N?t $r CAMA C $N scaler1 $G 7WB,$9 $k !# gate2 $N width $O 10 � sec $H $7 !" gate1 $N out $G stop $5 $; $k !# m uon $N Jx 2u ?. 9f $O ADC $G %( %M%k %. !< $b FI $‘ !# %G !<%? $O #1 $D A0$N?. 9f $N%(%M %k %. !< $H scaler $N FI$_ $r JB $Y$F <h$k $h $& $K $9$k !# scaler $N FI $_ $r 400 $+$i $R $$ $F 40 $G 3d $C $?$b $N $, Jx 2u$^ $G $N ;~4V !J � sec !K $H$J $k !# 2. R UN2 (B 12 Jx2u<wL? $N B,Dj ) � discriminator $N threshold $d width $O R UN1 $H F1 $8 !# � 2sO)?^ $O ?^ 10 $N$H $*$j !# � m uon Jx2u$N?.9f $G gate2 $r JD $8 $k !# � gate2 $, 3+ $$ $F $$ $k 4V $O m uon stop $O 7W B, $7 $J$$!# !J gate2 $r m uon F~<M$N VETO $K F~ $l $k !# !K � gate2 $H coincidence $r$H $k B 12 $N Jx2u?.9f $N >r7o $O <! $N $H $*$j!# (a) m uon stop ?. 9f 8e 20 � sec 0J 9_ $KMh $k!# !J gate1 $r v eto $K$9 $k !# !K $3$3$G m uon Jx2u $, $*$3 $k2DG=@- $O 4 : 54 � 10 � 3 % 0J2< !# (b) detecter $N 4 $D$N PMT $+$i $N ?.9f $N coincidence (threshold $O 3MeV) !# (c) VETO $K ?.9f $, Mh $J$$ !# (d) 2 $D0J >e $N?. 9f $, Mh $J$$!# !J #2 $D L\ $N?. 9f $r scaler2 $G 7W B,!# $" $H$G reset $9$k !# !K (e) m uon Jx2u $, $* $3 $C $F$$$J$$ !# (gate1 $K ?.9f $, Mh $F$J$$ !# ) 11

?^ 8: ;~4V $N 7W$jJ} � ;~4V $N 7W$jJ} m uon stop $N?. 9f 8e!" gate1 $K ?. 9f $, Mh $J $+ $C $? >l 9g $N $_ !" gate2 $K Mh $? ?. 9f $r trigger $K gate3 $r3+ $- !" $3 $l $r 20kHz $N pulser $N gate $K $7 $F $3$N pulse $N?t $r CAMA C $N scaler1 $G 7WB, $9 $k!# gate3 $N width $O 100msec $H $7 !" gate2 $N out $G stop $5$;$k!# $^ $? !" gate3 $H detecter $+ $i$N?. 9f $N coincidence $r $H$k $3 $H $G gate2 $K Mh $? #2 $DL\ 0J 9_ $N?. 9f $r<1 JL $9 $k $3 $H $,$G $- !" $3 $l$r CAMA C $N scaler2 $G 7WB, $9$k !# $3 $l$K $h$j 1 2s $N m uon stop $G 2 $D 0J>e $N?.9f $, Mh $? %G !<%? $r$" $H $G GS=| $9$k $3 $H $,$G$-$k !# B 12 $N Jx2u ?.9f $O ADC $G%( %M %k %. !< $bFI $‘ !# %G !< %? $O #1 $DA0 $N?. 9f $N %( %M %k %. !< $H scaler $N FI $_ $r JB $Y $F<h$k $h $& $K $9$k !# scaler $N FI $_ $r 2000 $+$i$R$$$F 20 $G 3d $C $? $b $N $, Jx2u $^ $G$N ;~4V !J msec !K $H $J$k !# $J$* scaler $O � 1.5msec $[ $I $N 8m:9 $, $" $k !# 12

?^ 9: m uon Jx2u<wL?$NB,Dj 13

?^ 10: B 12 Jx2u<wL? $N B,Dj 14

2.4 energy threshold $K $D $$ $F � VETO $N threshold @~8; Co 60 $r MQ$$ $F ADC $G $3 $N 1.3MeV $N @~$N p eak $, 8+ $( $k$h $& $K HV $r D4@0 $7 $? !# $3 $l $O m uon $N DL 2a5wN% $K 49 ;;$9$k $H 0.5cm $K $" $?$j !" detecter $r $+ $9 $C $? m uon $O 6cm 0J>e VETO $r Av $k $h $& $K @_7W $7 $F$" $k$N $G m uon $N DL2a $K 4X $7 $F$O$[ $\ 100% $N e�ciency $r ;}$C $F $$ $k !# � detecter $N energy caliblation $3 $N <B83 $O 23 K\$b$N PMT $r ;H $& $?$a !" discriminator $K 8B$j $, $" $j !" $G$-$k $@ $1 @aLs $7 $J $1 $l $P $J $i$J$$ !# $^ $? !" detecter $O Bg $- $$ $b $N $J$N $G 3F PMT $N8wNL $O PMT $K 6a $$ $H $3$m $H1s $$ $H $3$m $G $O 20% $[ $I $b:9 $, =P $F $7 $^ $& !# $3 $l$i $N M}M3 $+$i 4 $D$N PMT $+$i $N ?.9f $r linear fan in fan out $G 1 $D $K $^ $H$a !" $= $l$r atten uator $G $$$m $s$J threshold $K D4 @0$9 $k$H $$ $&J}K!$r$H $k$3$H$K $7 $? !# $= $7 $F <!$N J} K! $G caliblation $r $* $3$J $C$? !# 1. @~ 8; Co 60 $rMQ $$ $F ADC $G $3 $N 1.3MeV $N @~ $N p eak $r 3N G’ $7 !" p eak $H p edestal $N 4V $, 50c h $K $J $k$h $& $K 4 $D$N PMT $N$= $l $> $l $N HV $r D4 @0 $9 $k !# $5 $i$K DL 2a$9 $k m uon $N p eak $H p edestal $N 4V $, 1600c h $G $" $k $3 $H$r 3NG’$9$k !# 2. 4 $D$N ?. 9f $r linear fan in fan out $G 0l$D $K $^ $H$a !" 1.3MeV $N @~ $* $h $S DL 2a $9 $k m uon $N p eak $, 3d $l $? $j $7 $F $J $$$+ %A %’ %C %/ $9$k !# 3. $3 $N 9g @. $7 $? sp ectrum $r MQ $$ $F discriminator $N threshold $r 3MeV <e $K$"$o$; $k !# 4. 3F PMT JL $N sp ectrum $r $_$F threshold $, @5 $7 $$ $+ 3NG’$9$k !# � $3 $l $K $h $j detecter $N 8w NL $OF~ <M 0L CV $K0M $i $: !" ( ?^ 11 ;2 >H !# DL 2a m uon $N sp ectrum $r PMT4 $+ $i 6a $$ $H $3 $m $H 1s $$ $H $3 $m $N 2 %v=j$G $H $j !" PMT4 $@$1$N>l9g $H 4 $D $N?.9f $r linear fan in fan out $G B- $7 $?$b $N $H $r Hf 3S $7 $F$$ $k!# ) $5 $i $KDL 2a m uon $N p eak $N 40MeV $K $* $1$k energy J,2rG= $, 26 !s$[ $I $h $/ $J $C$? $3$H $, $o$+ $C$? !# !J ?^ 12 ;2>H !K 15

?^ 11: DL2a m uon $N F~<M0LCV $K $h $k sp ectrum $N 0c $$ 16

?^ 12: A4DL2a m uon $N sp ectrum 17

� detecter $N threshold 0J >e $NJ} K! $G atten uator $G MF0W $K threshold D4@0 $, 2D G= $K$J$j!" <! $N $h $& $K threshold $r @_Dj $7 $? !# { Jx 2u $9 $k m uon $N energy sp ectrum $r B,$C $? $H $3 $m !" DL 2a $9 $k m uon $h $j $b 9b$$ energy p eak $r $b $D$3 $H$, $o $+ $j !" m uon $N F~ <M$N threshold $r 9b $/ @_ Dj$9 $k$3$H$G m uon stop $K BP$9 $k m uon Jx 2u$N 3d 9g$r >e $2 $k$3 $H$, $G $- $? !# $3 $N M} M3 $O m uon $, stop $9 $kD>A0 $K$? $/ $5 $s $N energy $r Mn $H$9 $3$H $H !" m uon $, 1UBN %7 %s %A %l !< %? $N @u$$ It J, $G stop $7 $? $? $a$K Jx 2u $7 $? 8e$N EE ;R$r $h $_ $3 $\$7 $F $7 $^ $& $h $& $J 2D G=@- $, 8:$k$?$a $@ $m $& !# <B83 $G$O :G=* E* $K m uon $N F~<M $N threshold $r 15MeV $K @_Dj $7 $? !# { m uon Jx2u $N threshold $O 3MeV $H $9$k !# $= $l 0J2< $G $O Ls 500nsec 8e $K =P $F$$ $k after pulse $r =&$C $F $7 $^ $& $+$i$G$" $k !# ?^ 13: Jx2u $7 $? m uon $N F~<M energy sp ectrum 18

2.5 Noise $K $D $$ $F $3 $N <B 83$N R UN2 $G$O 100msec $H $$ $&D9 $$ 4V detecter $+ $i $N ?. 9f $r FI $‘ $?$a !" EvA3 $J $, $i $? $/$5 $s $N noise $r =&$C $F $7 $^ $& !# 0lJ} B 12 $N Jx2u $O 1 ;~ 4V $K ?t8D $H$$ $& >/ $J$5 $G$" $k !# $= $3 $G$+$J $j$N noise BP:v $, I,MW $H$J $C $? !# � 2YEEN3;RBP:v $^$: m uon $d EE ;R$J $I $r FI$_$3 $\ $5$J $$ $h $& $K v eto $N 6/ 2=$r 9M $( $? !# A0 $K <( $7 $? $h $& $K v eto $N threshold $r 1MeV 0J 2< $K $J $k$h $& $K $7 $? !# $3 $l$G 2YEEN3;R $K BP$9$k v eto $N e�ciency $O 90 !s 0J>e $G$" $k !# ;D $j $N 10 !s $O detecter $N PMT $N$? $a$N7j $+ $i F~<M $9 $k 2D G= @- $r9M $($F $$$k!# $= $7 $F $3 $3$+ $i F~ <M $7 $F stop $9 $k m uon $N coun t rate $O 0.013Hz 0J 2< $G$" $k !# $7 $+ $7 detecter $+$i $N ?.9f !J � AB � C !K $O 1.1Hz $^ $G $7 $+ 2< $, $i $J$+ $C $? !# $3$N ;~ $N A4It $N v eto ?.9f $N coun t rate $O 14kHz $G $" $k !# $3 $l$i$, detecter $+$i $N ?.9f !J � AB � C !K $r acciden tal $K ;& $7 $F $7 $^ $& 2D G= @-$O 1% L$ K~$G $" $k !# $7 $+ $7 $3$l 0J >e v eto $N threshold $r 2< $2 $F $b detecter $+$i $N ?.9f !J � AB � C !K $N coun t rate $r 1Hz 0J2< $K 2< $2 $k $3 $H $O $G $-$J $+ $C $? !# $3 $l$i$K $h$j !" noise $N BgItJ, $O Cf@-N3;R $K $h $k$b $N $G $" $k $H 9M $( $i $l $k !# � @~BP:v 1t $G @~ $rKI $0 $3 $H $r9M $($? !# $7 $+ $7 1t $NNL $, 8B $i $l$F$$ $? !# >. $5 $$ %W %i %9 %A%C %/ %7 %s %A %l !< %? !J 10cm � 15cm � 5cm !K $r ;H$C $F $= $N <~$j $K 8| $5 5cm $N 1t $r CV$- !" 1t $r CV $+ $J $$ ItJ, $r$$ $m$$$m ;n$9 $3$H $K $h$j$$ $m $s $J J}8~ $+ $i$N noise $r D4 $Y $?7k2L !" 2< J} 8~ $+$i$N noise $, 10% $[ $I B? $+ $C $? $? $a 10cm � 15cm � 5cm $N 1t $r 9 8D detecter $N??2< $K CV$/ $3 $H $K $7 $? !# $" $H $O F1 $8 Bg $- $5 $NE4 $, $$ $/ $D $+$H 8| $5 3mm DxEY $N1t $G $G$-$k $@ $1 Au CV $r J$ $& $h $& $K $7 $? $, noise $O $[$H$s $I 8: $i $;$J$+ $C $? !# $J $* !" detecter $N ?.9f !J � AB � C !K $N energy sp ectrum $r <( $7 $? $N $, ?^ 14 $G $" $j Dc $$%(%M %k %. !< $[ $I noise $, B? $$ $3$H$r <( $7 $F $$ $k !# � m uon stop $N e�ciency $N 8~>e <B 83 $N R UN2 $G $O %G !< %? $r<h $k >r 7o $H $7 $F !" m uon Jx 2u $, 5/ $3 $C $F $$ $J $$ $3 $H $r MW 5a $7 $F$$$k!# M} O@ $G $O stop $7 $? m uon $N 90 !s $O Jx2u $9 $k $O $: $G $" $j m uon stop ?t $KBP $9 $k m uon Jx 2u ?t $N 3d 9g $O $[ $\ m uon stop $N e�ciency $H8@ $C $F $b $h $$!# m uon stop $N e�ciency $, 8~ >e $9 $l $P L5BL $J gate $r 3+$/ $N $rKI $0 $3$H $,$G$- !" 7k 2L $H $7 $F ?.9f $K BP $9$k noise $N 3d 9g $r8: $i $9 $3 $H $, $G $- $k !# $= $3 $GA0 $K=R $Y $? $h$& $K9b $$ threshold(15MeV) $G m uon F~ <M$r @) 8B$9 $k$3$H$K $h $j !" m uon stop ?t $K BP$9 $k m uon Jx 2u?t $r 72 !s $^ $G >e $2 $k$3$H $,$G $-$? !# $3$N$H$-$N m uon Jx2u$N coun t rate $O 3.5 � 10 � 2 Hz $G$"$j!" noise BP B 12 $NJx2u ?. 9f $NHf $O $[ $\ 10:1 $K 19

?^ 14: ?.9f � AB � C $N energy sp ectrum $J$j B 12 $NJx2u ?. 9f $N coun t rate $O 1 : 3 � 10 � 4 Dx EY $K $J$k $O $: $G$"$k!# $3 $l $G 2 =54V $[ $I $G <wL? $r 7WB, $G$- $k $H 8+@Q $b$C$? !# 20

2.6 the e�ciencies of coun ting 1UBN %W %i %9 %F %# %C %/ %7 %s%A %l !<%? !< $H 8GBN %W %i %9 %F %# %C %/ %7 %s%A %l !< %? !< $K $h $k m uon-deca y electron(p ositron) !" B 12 � -deca y electron $N Jx2u ?tB,Dj$N e�ciency $r 7W;; $7 $? !# 2.6.1 energy calibration and resolution Co 60 $N Jx2u $K $h$k 1.3 MeV @~ $r MQ $$ $F !" calibration $H resolution $r 7h Dj $7 $? !# calibration $O 1 MeV $, ADC $N 50 � 10 c h $KAj Ev $7 !" <B 83 $N B, Dj $N thresh- old $H $J $k ?t MeV Dx EY $^$G @~ 7A$G $" $k$H $9 $k !# resolution $O 1.1 MeV $G 30 � 10% $H $9 $k !# 2.6.2 the thresholds and the e�ciencies B,Dj8; $H$J $k 1’Ch@~Cf $N m uon $O !" 1tD>J}8~ $K 4X $7 $F cos 2 � $N 3QEYJ,I[ $r $b $A !" ?^ .15 $K <( $5 $l $k %(%M %k %. !< J,I[ $G B,DjAuCV $K F~<M$9$k $H $9$k !# $^ $? !" m uon $N c harge ratio � + =� � $O 1.22 $H $7 !" 3Q EY J, I[!" %( %M %k %. !< J, I[!" c harge ratio $O $= $l $> $l FHN) $H $9 $k !# m uon deca y $K $h $j @8 $8 $? electron(p ositron) $O !" ?^ .16(referance[3]) $K <( $5 $l $k %(%M %k %. !<J,I[ $r$b $A !" F~<M3QEY $K BP $7 $F � J}8~ $K 1 � Acos� $N 3d9g $G J|=P$5 $l $k $H$9 $k !# Dj?t A $O !" � + $K BP $7 $F 1 = 3 !" � � $K BP $7 $F$O 1 = 20 !# B 12 $N � deca y $K $h$k electron $O !" ?^ .17(referance[5]) $N %( %M %k %. !<J, I[ $G EyJ}E* $K N%;6$9$k $H$9 $k !# Detecter $O !" FbMF @Q 44 : 0 � 28 : 0 � 20 : 0( depth ) cm $N 1U BN %7%s %A %l !< %? !< $G !" m uon $N F~<M $O V eto MQ %W %i %9 %F %# %C %/ %7 %s%A %l !<%? !< $H Detecter $N 1ULL $+$i 21 cm >eJ} $K $" $k 52 : 0 � 20 : 0 cm 8GBN %W %i %9 %F %# %C%/ %7 %s %A %l !<%?!< $K $h $C $F @)8B$5 $l $F $$ $k !# m uon $N F~ <M $N B, Dj $K $* $$ $F !" Detecter $N %( %M %k %. !< og CM $O 15.0 � 4.0 MeV !" V eto $N%( %M%k %. !< og CM $O 1.0 � 0.3 MeV !# m uon-deca y electron(p ositron) $K BP $9$k Detecter $N%( %M %k %. !<ogCM $O 2.9 � 0.8 MeV $G !" V eto $K $h$k an ticoin- cidence $O$H$C $F $$ $J$$ !# � -deca y electron $K BP $7 $F $O !" V eto $N%( %M %k %. !<og CM $r 1.0 � 0.3 MeV $K @_Dj $7 !" Detecter $K 4.6 � 1.2 MeV 0J>e $N %( %M %k %. !< $r Mn $H $7 $? date $@$1 $r :NMQ $7 $? !# 0J >e $N >r 7o $r9M N8 $9 $k $H !" F@ $i $l $k m uon-deca y electron(p ositron) $H B 12 - deca y electron $N energy sp ectrum $O !" $= $l $>$l ?^ .18 !" ?^ .19 $N$h$& $K $J$k !# 21

?^ 15: energy distribution of cosmic m uons ?^ 16: energy distribution of m uon-deca y electrons(p ositrons) 22

?^ 17: energy distribution of B 12 -deca y electrons =D $N %i %$ %s$O%(%M %k %. !<ogCM $H$= $N calibration $K $h$k8m:9 $r <( $7 $F$"$j !" ?’ $N $D$$$F$$ $kItJ, $r %+%& %s %H $7 $?$H 9M $( $k $H !" m uon-deca y $K BP$9$k e�ciency $O 0.955 � 0.02 !" B 12 � -deca y $K BP$9$k e�ciency $O 0.486 � 0.14 !# 23

?^ 18: m uon-deca y electrons(p ositrons) sp ectrum ?^ 19: B 12 -deca y electrons sp ectrum 24

3 2r@O 3.1 � deca y :#2s$N<B 83 $G$O !$ � deca y $H B 12 $N � deca y $r F1;~ $K %+%& %s %H $7 $? $, !$Au CV$N ET9g>e !$ B 12 $N � deca y $N energy sp ectrum $H deca y curv e $N$_$r B, Dj $7 $? !# %+ %& %s %H $7 $? � deca y $N deca y curv e $H energy sp ectrum $r D4 $Y $k$? $a$K !$8eF| !$F1 $8 Au CV $G !$ � deca y $N $_$r B,Dj $7 !$ $=$N %G !< %? $+$i K\ <B 83 $G $N ?6$kIq$$ $r ?dB, $7 $? !# ?^ 20 !$?^ 21 $, $=$N %G !<%? $G$" $k !%?^ 20 $r ;X?t4X?t $G �tting $9$k $H y = ae � t=� + b a = 222 : 10 � 7 : 9966 b = � 0 : 56762 � 0 : 94797 � = 2 : 2031 � 0 : 094371( � sec ) $H$J$j � $, M}O@CM 2.19 $G $"$j !$ $^ $? b $N CM $, ==J,>. $5$/ !$ %(%i!< %P!< $, 0 $^ $? $0 $3$H$+$i !$ $3$N B,Dj $G$O noise $, $[ $\ L5$$ $H 2>Dj $G $- $k !# ?^ 21 $N sp ectrum $O ?^ 18 $H ;w $F$*$j !$ $3 $l$+$i $b !$ $3$N B,Dj $, � deca y $@ $1 $G $" $C $?$3$H $r <( :6$9 $k !# $7 $+ $7 !$:#2s $O 1700c h IU 6a $, 40MeV $G $" $j !$ edge $O M} O@M= A[$h$j >.$5$$ energy $K 8= $l $F $$ $k !# $3 $l$i $N 7k 2L $+$i !$K\<B 83 $G $N � deca y $b F1 $8 ?6Iq$$ $r $7 $F $$ $k$H $7 $F 2r @O$9 $k !%B($A !$ � deca y $H $7 $F %+%& %s %H $5 $l $? $b$N $O A4 $F <B:] $N � deca y $H $9$k !# 25

?^ 20: � life ?^ 21: � deca y energy sp ectrum 26

3.2 B 12 deca y ?^ 22, ?^ 23 $, !$ B 12 deca y $N deca y curse $H energy sp ectrum $N %0 %i%U $G $" $j !$ ?^ 24, ?^ 25, ?^ 22 $, JL<B83 $G B,Dj $7 $? Bac k ground $N ;~4V0M B8@- $H energy sp ectrum $G $" $k !# >\ $7 $/ $O 8e $G =R $Y $k $, Bac k ground $K$O ;~4V0MB8 @- $, $[ $H$s $I L5$$ !# $= $7 $F !$ energy sp ectrum $O B 12 $H $[ $\ $*$J $8 $G $" $k !# $3 $l$i$+$i$o$+ $k $h $& $K B 12 deca y $N B,Dj $O$[$H $s $I $, noise $G$" $k !# $^ $? !$ 0.01 sec $h$j Aa$$NN 0h $H 0.09 sec $h$j CY$$ NN0h $O B,Dj$N C<E@IU6a $N$?$a !$8m :9 $, B?$$ $N $G !$:#8e $N 2r@O $G$O ;HMQ $7 $J $$ !# B 12 $N deca y curv e $G$O 0.034 sec $+$i 0.050 sec $K$+$1 $F >.$5 $J %T !< %/ $, $"$j !$ $3 $l$rM- 0Y $J %7 %0%J %k $H$9 $k $H � = 2 : 7 $b $"$k!# %( %M %k %. !< $G $3 $N %T !< %/ $@ $1$r8+ $F$b !" FC D’ $,$J$/ cut =PMh $J $$!# $3 $l$r !$ E} 7W 8m :9 $H$9 $k $K $O$"$^ $j $K Bg$-$$ $?$a !$2f !9 $O #2 DL$j $N 2r<a $r $7 $? !# B($A!$ $3$N %T !< %/ $r E}7W8m:9 $H $7 $F G’ $a !$ $=$N$^$^ 2r@O$9$k2r<a $H !$ $3$N HO0O $N %G !<%?$r %7 %9 %F %‘ %(%i!< $H $7 $F <N $F $k2r<a $G$" $k !# ?^ 17 $+ $i !$ B 12 deca y $O 14MeV 0J>e $G$O 8! =P$5 $l $J $$ !# $3 $l $r c h $K $J $*$9 $H Ls 800 c h 0J>e $G ev en t $O 8!=P$5 $l $J $$ $@ $m $& !# <B:]!$?^ 26 $K $" $k$h $& $K 800 c h ;~4V0MB8@- $O$[$H $s $I $J $/ !$ $3 $l $r D>@~ $G �tting $9 $k $H y = A + B t A = 33 : 414 � 4 : 5186 B = 57 : 283 � 83 : 337( sec � 1 ) (3.1) $H$J $j !$ B $N%( %i!< %P !< $, 0 $r $^$? $. !$CM $b >. $5$$ $N $G$[ $\ !$ %U%i%C %H $H 8+ $l $k !# $3 $N$3 $H $+ $i 950 c h 0J >e$N NN 0h $G$O deca y $O 5/$-$F $$$J $$$H 9M $($i $l $k !# :#2s$N<B 83 $N energy $N threshold $O 250 c h $G $3$N IU 6a $b ;HMQ $7 $J $$ !% $3 $l $i $r 9MN8 $7 !$2r@O $O 0 : 01( sec ) < time < 0 : 09( sec ) 350 ch < energy < 950( ch ) $N NN0h $G 9T $J $& !# $3$N NN0h $G $N Bac k ground $N ;~4V 0M B8@- $r D>@~ �tting $G D4 $Y $k $H y = A + B t A = 52 : 212 � 5 : 4143 B = � 6 : 6319 � 98 : 104 $H$J $k !# $3 $l$K $h$j !$ Bac k ground $, $[ $H$s $I ;~4V $K 0MB8 $7 $J $$$3 $H $, 2~ $a $F 8@ $( $k !# 27

?^ 22: B 12 life ?^ 23: B 12 deca y energy sp ectrum 28

?^ 24: noise time dep endency ?^ 25: Bac k ground energy sp ectrum 29

?^ 26: time dep endency at energy > 950 c h region ?^ 27: noise time dep endency b y line �tting 30

3.2.1 analysis without cuting $3$3 $G $O !$ Nc $N %T !<%/ $r E}7W 8m :9 $H 6/0z $K 2>Dj $7 $F 2r@O $7 $? !# $^ $:!$ deca y curv e $r ;X?t4X?t $G �tting $9$k $H y = ae � t=� + b a = 135 : 44 � 58 : 089 b = 48 : 459 � 55 : 626 � = 0 : 21526 � 0 : 11644 $H $J$k !# � $N M} O@ CM $, 0.0292 sec $J$N $G !$ $3 $l$O $+$J$jM} O@ $+ $i N% $l$F$$$k!# $7 $+ $7 !$ :# 2s $N<B 83 $G$NL\ E* $O B 12 $N coun ting rate $r CN $k $3 $H $J $N $G � $r 4{ CN $H $7 $F �tting $7 $F $b 9=$o$J $$ !# $b $A$m $s !$ � $, M}O@$H 0l CW$9 $l $P !$ B 12 deca y $N 3NG’ $K$J $k $N $G !$;DG0 $G$" $k !# $= $& $7 $F �t $9 $k $H y = ae � t=� + b a = 62 : 205 � 22 : 528 b = 141 : 35 � 6 : 5015 $H$J $k !# $5 $i $K !$ $3 $N ev en t $, � deca y $G$" $C $? $3 $H $N3N G’ $H $7 $F energy sp ectrum $, ?^ 17 $N J,I[ $K$J$k $+ D4 $Y$k!# ?^ 30 $O B 12 $N � deca y sp ectrum $G$" $k $, !$ BgIt J, $O Bac k ground $G$" $k !# $3$N $3 $H $O !$ ?^ 31 $N Bac k ground sp ectrum $+$i $b$o $+ $k !# $h $C $F !$?^ 30 $+ $i !$ Bac k ground $N energy $r =| $/ I, MW $, $" $k !# ?^ 30 $N sp ectrum $+ $i ?^ 31 $N sp ectrum $r :9 $7 0z $1 $P $$ $$ $N$@ $, ?^ 30 $N Bac k ground $N ?t$H ?^ 31 $N Bac k ground $N ?t $O Ey $7 $/ $J $$ !# $=$3 $G !$$* 8_$$ $N Bac k ground $N ?t $r 5a $a !$ $= $l$i $N ?t $, Ey $7 $/ $J $k$h $& $K ?^ 31 $N sp ectrum $r Dj?tG\ $7 $F :9 $7 0z $1 $P NI$$ !# ( ?^ 32) <0 3.1 $+$i !$ ?^ 30 $N Bac k ground $N ?t $O 141 : 35 � 10 = 1413 : 5 8D $H $J $j !$ ?^ 27 $N constan t �t $+$i !$?^ 31 $N Bac k ground $N ?t $O 518.80 8D $H$J $k !# ?^ 31 $G !$ D>@\ Bac kground $N ?t $r ?t $($J $+ $C $? $N $O !$ ?^ 30 $H F1 $8 <jK! $G ?t $r Hf3S $7 $?$+ $C $?$?$a $G$" $k !# $=$N7k 2L!$ 1413.5/518.8=2.72 $h$j?^ 31 $N sp ectrum $r 2.72 G\ $7 $F :9 $7 0z $/ $3$H $K $h$j ?^ 33 $, F@ $i $l $k !# F@ $i $l $? sp ectrum $O !$?^ 17 $H F1 $8 7A $H$O 8@$$ @Z $l $J $$ $, !$ edge $+ $i 4K $d $+$K 79<P $7 $F$$ $k $J $I !$ FCD’ $r ;D $7 $F$$ $k!% $= $7 $F !$ 950 c h 0J>e $NNN0h $G ev en t $, $[ $\ 0 $K $J $C $F$$ $k $3$H$b !$2f !9 $N @5Ev@- $N =u $1$H$J $k !# 31

?^ 28: deca y �tting ?^ 29: deca y �tting b y giv en � 32

?^ 30: B 12 deca y energy sp ectrum ?^ 31: Bac k ground energy sp ectrum 33

?^ 32: 7W;; 34

?^ 33: total B 12 deca y energy sp ectrum 3.2.2 analysis with cuting $^ $:!$ Nc $N %T !< %/ $N � $r I>2A$9$k !# 0.034 (sec) $+$i 0.050 (sec) $r =|$$ $F !$ � $r M? $($F ;X?t4X?t $G �tting $9$k $H !$ ( ?^ 34) y = ae � t=� + b a = 61 : 759 � 22 : 596 b = 136 : 86 � 6 : 7225 (3.2) $H $J $k !# $3$l $+ $i !$M= A[ $5$l $k 0.034 (sec) $+ $i 0.050 (sec) $N 4V$K 5/$3 $k ev en t ?t $r N b !$ <B :] $N ev en t ?t $r N , $= $l$i$N :9 $r N s $H $9$k $H N s $, %(%i!< $N signal ?t $H$J $k !# $3 $l$i$r 5a $a $k $H ( ?^ 35) N = 357 � 18 : 9 N b = Z 0 : 050 0 : 034 ( ae � t=� + b ) dt = 303 : 6 � 5 : 63 N s = N � N b = 53 : 38 � 19 : 7 $H$J $j N s � N s = 53 : 38 19 : 7 = 2 : 71 $G !$E}7W8m:9 $H $7 $F$O Bg$-$$ $3$H $, $o$+ $k !# 35

?^ 34: deca y �tting $h $C $F !$ $3$N NN0h $r =|$$ $F !$ � $r M? $( $:$K �tting $9$k $H ( ?^ 36) y = ae � t=� + b a = 113 : 41 � 240 : 49 b = 142 : 69 � 8 : 5556 � = 0 : 012895 � 0 : 022362( sec ) $H$J $j !$E}7W8m :9 $O Bg$-$$ $, !$ � $N %* !< %@ !< $, @5 $7 $/ !$ %(%i !<%P !<$N HO 0OFb $K M}O@CM $, $" $k !# $@$, !$:G=*E* $J 2r@O $K$O <0 3.2 $N CM $r ;H $& !# A0$H F1 $8 $h $& $K energy sp ectrum $r 5a$a $k !%?^ 37 !$?^ 38 $, $=$l$> $l !$ � deca y !$ Bac k ground $N 0.034 $+ $i 0.050(sec) $N NN 0h $r =| $$ $? energy sp ectrum $G$"$k !# $= $l$i $+ $i !$ Bac k ground $r =| $$ $? energy sp ectrum $r 5a $a $k $H ?^ 39 $H$J $k !%A0@a $N 2r@O $H F1 $8 $h $& $J 7k2L $K$J $C $? !# $3 $l$O !$ 0.034 (sec) $+$i 0.050(sec) $N NN0h $N energy sp ectrum $, !$ B> $NNN0h $N $H $[ $\ F1 $8 $3 $H$+$i Mh $F$$ $k !# 36

?^ 35: 7W;; 37

?^ 36: deca y �tting b y giv en � ?^ 37: B 12 deca y energy sp ectrum 38

?^ 38: Bac k ground energy sp ectrum ?^ 39: total B 12 deca y energy sp ectrum 39

3.3 Results :#2s $N <B83 $+$i F@ $? %G !<%? $+$i @53N $J ev en t ?t $r =P$9 !# 3.3.1 n um b er of � � stop ev en t � � stop $N ev en t ?t $O <! $N <0M? $( $i $l $k !# N � � = n � � N 0 e�ciency n � + + (1 � � ) n � � (1 � f ) (3.3) $3$3$G N 0 : 4QB,$5 $l $? � decay $N ev ent ?t f : C 12 0J30 $N 86;R3K $K Ja3M$5 $l $? � � $K BP$9$kJd@5 n � � : 9_$C $F $/$k � � $N ?t � : stop $7 $? � � $N $& $AJx2u $; $:$K 86;R3K $H H?1~$9$k3d9g $3$3$G r = n � � n � + $H $9$k $H !" N � � = N 0 (1 � f )e�ciency 1 + r � � (3.4) $= $l $> $l $N 0x;R $N CM $O N 0 = 67312 � 259 : 4[ 8D ] e�ciency = 0 : 955 � 0 : 02 f = 0 : 03 � 0 : 01 r = 1 : 22 � 0 : 02 � = 0 : 09 � 0 : 02 $? $@ $7 f !" r !" � !" $O J88%CM (referance[1]) $r MQ$$ $? !# $3 $l Ey $N CM $r $$ $l $k $H !" N � � = 29274 : 4 � 776 : 1[ 8D ] (3.5) 3.3.2 n um b er of � � capture � � capture $N ev en t ?t N B $O <! $N <0 $G M? $( $i $l $k !# N B = N B 0 � e�ciency � 0 : 90 (3.6) 40

$? $@ $7 $3$3$G !" N B 0 : 4QB, $5 $l $? B 12 decay ev ent ?t 0 : 90 : Ne5/>uBV $K BP$9$kJd@5 $3$3$G B,Dj7k2L $O N B 0 = 180 : 3 � 66 : 0( w ith cut ) = 181 : 6 � 65 : 8( no cut ) e�ciency = 0 : 486 � 0 : 14 $3 $l Ey $N CM $r$$ $l $k $H N B = 333 : 9 � 140 : 0( w ith cut ) = 335 : 4 � 140 : 0( no cut ) 3.4 rate of � � capture 0J>e $N 7k2L $r <0 ( ) $K F~ $l $F $d $k $H !" � � capture rate $O w ( � ) = 5 : 7 � 2 : 4 � 10 � 3 ( w ith cut ) = 5 : 7 � 2 : 4 � 10 � 3 ( no cut ) 3.4.1 Results :#2s $N <B83 $N 7k2L $r <! $N I= $K $^ $H$a $k !# � deca y v alue error N (exp erimen t) 67312 259 e�cency 0.955 0.02 f (C 0J30 captured) 0.03 0.01 r 1.22 0.02 � 0.09 0.02 a (y @ZJR ) 64282.96 1369 N (total) 29274.4 776 B 12 � deca y (no cut) v alue error N (exp erimen t) 180.34 65.98 Ne5/>uBV 0.1 e�ciency 0.486 0.14 N (total) 333.96 139.91 41

B 12 � deca y ( with cut ) v alue error N(exp erimen t) 181.64 65.78 Ne5/>uBV 0.1 e�ciency 0.486 0.14 N(total) 336.37 140.09 m uon capture rate v alue error � ( with cut) 5 : 7 � 10 3 2 : 4 � 10 3 � ( no cut) 5 : 7 � 10 3 2 : 4 � 10 3 :G=* E* $J � � capture rate $O M}O@ CM 7 : 2 � 10 3 $r %( %i !<%P !< $K 4^$_ !$B> $N <B83 %G !<%?$H Hf3S $7 $F $b%(%i!<$N Bg$-$5 $J $I K~B- $G $- $k7k2L $G$" $k !# 42

<U<- :{HxEP@h@8 !" 0lG/4V6/ $N G.0U $"$U $l $k $4 ;XF3 $"$j $, $H $& $4 $6 $$ $^ $7 $? !# $^ $? !" <B83 $N @.8y $K$O 7g $+ $;$J$+ $C $? BgNL $N PMT 5Z $S 8GBN %7 %s %A %l !<%? $r 3N J] $7 $F D:$$ $?$3$H $K$H$F $b 46<U $7 $F $$ $^$9 !# LnB<@5@h@8 $K$O KM $? $A $, 5/ $3 $7 $F $7 $^$C $? ?t !9 $NCWL?E* $J %H %i %V %k$r A4 $F 2r 7h $7 $F D: $- $^ $7 $? !# Ln B< @h @8 $J$/ $7 $F $3 $N<B 83 $N@. 8y $O$" $j $( $J $+$C $? $G $7 $g $& !# $"$j $, $H $& $4 $6 $$ $^ $7 $? !# H*9@G7@h @8 $K$O M}O@ %< %_ $r DL $7 $F � Jx2u8=>] $r 4^ $a !" AGN3 ;R $N8=>] $NMM !9 $J FbMF $K $D$$$F 65 $o$j $^ $7 $? !# $"$j $, $H $& $4 $6 $$ $^ $7 $? !# $^ $? !" @h@8J} $, $4 IT:_ $N$*$j $K$O 9b %(%M %k %. !<8&5f<< $N 1!@8 $N$_$J$5 $^ $K Aj CL $K$N $C $F D:$- !" $[ $s $H$K $*@$OC $K$J $j $^ $7 $? !# $= $7 $F HSED7r2p7/ !" 0c$&HI $G$" $j $J $,$i $$$D$b Mj$C $F $7 $^$$$^ $7 $? !# $4 $a $s $J $5$$ !# $= $7 $F$[$s $H$K $K $" $j $, $H $& !# $^$? !" 2 HI$N $[$+ $N %a %s %P !< !" F#ED Kc :; ;R$5 $s !" 6yEDEZ ;L7/ !" ?y;3?? Li 7/ $K $b 46 <U $7 $F $$ $^$9!# 1 G/4V$" $j $, $H $& !# $3 $l$+$i $b$h$m $7 $/ !# :G8e $K %W %i %9 %A%C %/ %7 %s %A %l !<%? $J $s $> $r 2w $/@Z$C $F $/ $@ $5 $C $? ?eF;4I9);v $N $* $8 $5 $s !" $"$j $, $H $& $4 $6 $$ $^ $7 $? !# ;29MJ88% [1] H.V.Argo,F.B.Harrison,H.W.kruse,A.D.McGuire, Ph ys.Rev.114,626(1959) [2] A.F ujii,H.Primak o�, NUO V O CIMENT.12.1239.(1959) [3] M.Morita Beta deca y and m uon capture(1973) [4] M.Bardon,P .Norton,J.P eople,A.Sac hs,J.Lee-F ranzini, Ph ys.Rev.letter.14,449(1965) [5] P .W.P eterson N.W.Glass Ph ys.Rev.130,292(1963) 43