EE;RM[EE;R%j%K%"%3%i%$%@!<<B83$K$*$1$k B,Dj4o$N3+H/8&5f 8&5f2]BjHV9f 06302019 J?@.#8G/EY2J3X8&5fHqJd=u6b!J4pHW8&5f#A!K8&5f@.2LJs9p=q J?@.#9G/#27n 8&5fBeI=<T >.NSIYM: !JEl5~Bg3XAGN3;RJ*M}9q:]8&5f%;%s%?!<!K

$O$7$,$- K\8&5f$O!"J?@. #6!"#7!"#8G/EY$N J8It>J2J3X8& 5fHqJd=u6b$N =u@.$r<u$1$F 9T$o$l$?!#$3$N Js9p=q$O!"$= $N#3G/4V $K$o$?$k8&5f$N@.2L$r$^$H$a$?$b$N$G$"$k!# T eV %(%M%k%.!<NN0h$NJ*M}$KD)$‘EE;RM[EE;R%j%K%"%3%i%$%@!<!J Japan Linear Collider !"DL>N JLC !K$O!"><OB 61 G/ 3 7n$K9b%(%M%k%.!<0Q0w2q$G$o$,9q$N:GM%@h>-Mh7W2h$H$7$F>5G’$5$l$F0JMh!"9b%(%M%k%.!<J*M}3X8&5f=j!J KEK !K $rCf?4$K$7$?2CB.4o$N3+H/8&5f$H!"<B837W2h$NN)0F$,@:NOE*$K?d?J$5$l$F$-$?!#$=$N@.2L$H$7$F!" � Bh0l4|%j%K%"%3%i%$%@!<7z@_7W2h!J JLC-I !K$NL\I8$r=E?47O%(%M%k%.!< 300 !A 500GeV $KCV$/!# � Bh0l4|7W2h40N;8e!"%(%M%k%.!<$r 1 !A 1.5T eV $K8~$1$FA}6/$9$k!# $J$I$r <g4c $H$9 $kJs 9p=q $,J? @.#4 G/$K $^$H $a$i $l$? !J JLC-I: KEK Rep ort 92-12, Dec.1992 !K!#$^ $?!"L> 8E20 Bg 3X!"3a @nNI 0l 65<x $r Be I=<T $H $9 $k8& 5f %0%k!< %W $O!" J?@. #3!" #4!" #5G/ EY $K$o $? $j J8It >J 2J3X 8& 5f HqJd =u 6b !JAm9g #A!K $N=u@. $N $b $H$K!" %j %K%" %3 %i%$ %@!< $NJ* M} $N8! F$ $r2C B. 4o3+ H/ 8&5f $d %S!<%‘ >W FM E@IU 6a $N2C B. 4o$H B, Dj4o $N %$%s %?!< %U%’!<%9$N8!F$$HJB9T$7$F?J$a!"6qBNE*$G8=<B@-$N$"$k JLC-I 7z@_7W2h$HJ*M}$N%7%J%j%*$r$^$H$a$?!# 0J>e$N7P0^$r$U$^$(!"K\8&5f$O!" � :G6a$NJ*M}$N?JE8$r<h$jF~$l$k$3$H$K$h$j!"99$K>\:Y$J%j%K%"%3%i%$%@!<$NJ*M}$N8!F$ � JLC $GK-IY$JJ*M}@.2L$rF@$k$?$a$KI,MW$H$J$kB,Dj4o$N@-G=$N8!F$$H!"$=$N<B8=$K8~$1$F$N3+H/8&5f $rL\;X$7$?!#FC$K B,Dj4o$r9=@. $9$k<gMW$JN3;R 8!=P4o$K$D$$ $F$OF~G0$J8! F$$H3+H/8&5f $,9T$o$l$?$,!" $=$N7k2L!" $3$NJs 9p =q $K$^ $H $a$i $l $F$$ $k DL$j!" 8= :_2f!9 $, ;}$C$F $$ $k8! =P 4o5; =Q $G== J, $K %j%K %" %3%i %$ %@!<<B 83 $K$* $$ $F@- G= $rH/4x $G $-$k B, Dj4o $N 7z@_ $, 2DG= $G $"$k $3 $H$, <( $5$l $?!# :#8e!" 2C B.4o $N $h$j 6q BNE* $J @_7W $H JbD4 $r 9g$o $; $F!"B, Dj 4o$N@_7W$r9T$&CJ3,$KF~$C$F$$$/$3$H$K$J$k$H;W$o$l$k!# @$3& E*$K 8+$F!" T eV NN 0h$N AGN3 ;RJ* M}8& 5f$, 9T$( $k8= :_?J 9TCf $N7W 2h$O!" %h!<%m%C %Q$N LHC !J 2005 G/40 @.M= Dj!K$, M# 0l $N $b $N $G $" $k!# $7 $+ $7!" LHC $O %O %I %m %s %3 %i %$ %@!< $G $" $k $? $a!" %( %M %k %.!< $O == J, 9b $/ $G $- $k $,!" %P%C %/%0%i%&%s%I$,B?$/!" LHC <B83$N$_$G T eV NN0h$N8&5f$r$9$Y$F%+%P!<$9$k$3$H$OE~DlIT2DG=$G$"$k!#=>$C$F!" LHC $HAjJdE*$J8&5f$,9T$($k%j%K%"%3%i%$%@!<$O!">-Mh$NAGN3;RJ*M}$NH/E8$KI,MWIT 2D7g$N$b$N$G$"$j!"$7$+$b LHC $H$[ $\F1;~ 4| $N 40@. $, 6/$/ K> $^$l $k!# $o$, 9q $O$3 $l $^$G 6a NY$N %" %8%" =t 9q$* $h $S JF9q $d %h!<%m%C %Q!" %m%7 %" $H9q :] 6(NO $7 $J$,$i %j %K %"%3 %i %$%@!< $N 3+H/ 8& 5f$r ?J $a$F $- $?$,!" :# $d$o $, 9q$, 0l Jb%j!< %I $9 $k0L CV $K$$ $k $H8@ $( $h$&!# $o $,9q $, <gF38" $r H/4x $7!" %j%K %" %3%i %$ %@!<$N Aa 4|<B 8= $,$G $- $k$h $& BT$A K> $^$l $k!# K\8& 5f $,$3 $N J}8~ $K 8~$1 $F $N0l =u $K$J $l $P9,$$$G$"$k!# J?@.#9G/#27n >.NS IYM: i

K\8&5f$NAH?%$*$h$S7PHq 8&5fJ,C4<T >.NS IYM: El5~Bg3XAGN3;RJ*M}9q:]8&5f%;%s%?!<65<x!JBeI=<T!K 4dED @55A 9b%(%M%k%.!<J*M}3X8&5f=j65<x 1sF# 0lB@ 9-EgBg3XM}3XIt65<x @^8M <~<# El5~Bg3XM}3XIt65<x 3a@n NI0l L>8E20Bg3XM}3XIt65<x @nC< @aLo 9b%(%M%k%.!<J*M}3X8&5f=j65<x LZB< 2E9’ 9b%(%M%k%.!<J*M}3X8&5f=j65<x :{Hx EP 5~ETBg3XM}3XIt65<x @6?e pp8w 9b%(%M%k%.!<J*M}3X8&5f=j65<x NkLZ ;KO: L>8E20Bg3XM}3XIt=u65<x 9b66 J] Bg:e;TN)Bg3XM}3XIt=u65<x 9b:j ;KI’ 9b%(%M%k%.!<J*M}3X8&5f=j65<x 9bED 9L<# 9b%(%M%k%.!<J*M}3X8&5f=j65<x C]ED @?G7 9b%(%M%k%.!<J*M}3X8&5f=j=u65<x IpED W" ?@8MBg3XM}3XIt65<x D9Eg =g@6 Bg:eBg3XM}3XIt65<x >>0f N49, 9b%(%M%k%.!<J*M}3X8&5f=j65<x B<>e L@ :42lBg3XM}9)3XIt65<x ErED =UM: ElKLBg3XM}3XIt65<x EOJU Lw;V El5~9)6HBg3XM}3XIt65<x 8&5f7PHq J?@. 6 G/EY 7,000 @i1_ J?@. 7 G/EY 6,500 @i1_ J?@. 8 G/EY 5,800 @i1_ 9g7W 19,300 @i1_ ii

8&5f$NL\E* EE<’Aj 8_:n MQ!"<e $$Aj 8_:n MQ!"6/$$ Aj8_ :nMQ $rE} 0lE* $K5- =R$9 $kAG N3;R$N I8=‘ LO7? $O!" LEP $G$N @:L) <B83 $rI. F, $H$9 $k?t B? $/$N <B 83$K $h$C $F!"$= $N @5 $7$5 $, >\:Y $K 8!>Z $5 $l!"L$ $@ $= $NGK $l $O8+ $D $+$i $J $$!#$7 $+ $7!" D9$/ I8 =‘LO 7? $NN3;R%9%Z%/%H%i%‘$K ;D$5$l$F$-$?Fs $D$N6u@J$N$&$A %H%C%W%/%)!<%/$3$=6a G/ TEV A TR ON $GH/ 8+$5$l$?$b$N$N!" $3 $NLO7? $N :G$b =E MW$J %a %+%K %: %‘$G $" $k<+ H/ E*BP >N @-$N GK $l$r $K $J$& %R%C %0%9 N3 ;R$O L$ $@H/ 8+ $5$l $F $$$J $$!# $^$?!" $3 $NI8=‘ LO 7?$O K\ <AE* $K EE<e Aj 8_:n MQ $N%( %M %k%.!< %9 %1!<%k $G $N<B 8z E*$J M} O@$G $" $j!"5f 6K $NAG N3 ;RM} O@ $G$O $" $j$( $J $$!#I8 =‘LO 7? $N40 A4 $J8! >Z $H!"$= $l $r D6$( $k ?7N3 ;R!& ?78= >] $NH/ 8+!& 8& 5f$O!" <! @$Be $N 2CB. 4o <B83 $L $- $K$O $J $7$( $J $$!#$=$N$?$a!"F|K\$N9b%(%M%k%.!<J*M}3X8&5f<T$O!" JLC (Japan Linear Collider) 7W2h$r?d?J$7$F$$$k!# JLC $OEE;R!&M[EE;R>WFM<B83$N$?$a$N@~7A>WFM7?2CB.4o!J%j%K%"%3%i%$%@!<!K$G$"$k!#8=:_$N<B837W2h$K$h$l$P!" Ev=i =E ?4 7O %( %M %k %.!< 300 � 500 GeV !J#3 !A #5 @i 2/ EE ;R %\ %k %H!K $G $N <B 83 $r $* $3 $J $$!" <B 83 40 N; 8e 0z $- B3 $- T eV !J#1C{EE;R%\%k %H!KNN0h$X$N %(%M%k%.!< A}6/$r$O $+$k!#K\8&5f $G$O!" TRIST AN !" LEP !" SLC $J$I $NEE;R!&M[ EE;R >WFM<B 83 $G $N@. 2L $H7P 83 $rF’ $^ $(!"$+ $D LHC $r $O$8 $a $H$9 $k 9qFb 30 $G8= :_ ?J9T Cf $NB> 7W 2h$r 9M N8$7 $? $& $($G!" JLC $NJ*M}%7%J%j%*$rL@$i$+$K$9$k!# JLC $G$O!"!V%R%C%0%9N3;R$N8!=P$H>\:Y$J8&5f!W!"!V%H%C%W%/%)!<%/$N>\:Y$J8&5f!W!" !VD6BP>NN3;R$NH/8+!W!"!V Z N3;R!" W N3;R$NBgNL@8 @.$K$h$kI8=‘LO7?$ND6@:L)8!>Z!W Ey!"$-$o$a$FK-$+$JJ*M}@.2L$, 4|BT $5$l $F $$$k!# 4| BT $I$& $j $N@. 2L $r$" $2 $k $K$O!" >\ :Y$J %b %s %F%+ %k %m!&%7 %_%e %l!< %7%g%s $K 4p$E $$ $?Dj NL E* $J9M ;! $,7g$+$;$J$$!#$^$?!"I,MW$H$J$kB,Dj4o$N@-G=$r8!F$$7!"$=$N<B8=$K8~$1$F3+H/8&5f$r9T$&$3$H$,=EMW$G$"$k!# $9$G$K JLC 7W2h$O!"2f$,9q$G:G$bM%@hEY$N9b$$>-Mh2CB.4o7W2h$H$7$F0LCV$E$1$i$l$F$*$j!"2f$,9q$N9b%(%M%k%.!< J*M}3X<T$,AmNO$r>e$2$F<h$jAH$‘%W%m%8%’%/%H$H$J$C$F$$$k!# $3$N7W2h$N5,LO $+$i8@$C$F!"$=$N B?4t$K$o$? $k8&5f%F!<%^$r 3FBg3X!"8&5f=j $,J,C4$9$kI, MW$,$"$k!#3F8& 5f%0%k!< %W$NFH AO E*$J 8& 5f@. 2L $r$3 $N %W%m %8%’ %/%H $K H?1G $7!" $5$i $K $=$l $i $r=8 Ls $9$k $3 $H$G!" ?? $KM% $l $?J* M} <B83 $* $h$S B, Dj4o$rDs0F$9$k$3$H$,2?$h$j$b=EMW$G$"$k!# 8&5f$N?d0\ $3$N8&5f$O!"J*M} $+$iMW5a$5$l $k2CB.4o$N@- G=$rL@$i$+$K $7!"$^$?>WFME@ 2s$j$N2CB.4o $HB,Dj4o$N%$ %s%?!<%U%’%$ %9$r9MN8$7$F!"2CB.4o3+H/8&5f$HJB9T$7$F?J$a$i$l$?!# $^ $:!" J* M} $* $h $S B, Dj 4o %7 %_%e %l!< %7%g %s $r 6/ 2= $7!" 6q BN E* $J B, Dj 4o $N 8! F$ $r $* $3 $J$C $?!# 6q BN E* $K $O!" 0J 2< $N %F!<%^$K$D$$$F$N8&5f$,?J$a$i$l$?!##1!K JLC 7W2hA4BN$N%7%J%j%*$N8!F$!##2!KBh0l4| JLC 7W2h!J=E?47O%(%M%k%.!< 300 !A 500 GeV !K$G $NJ* M}$N8! F$!##3!K I8=‘ M}O@ $rD6$( $kAG N3;R M}O@!"$* $h$S!" $3$l $K4X 78$7$? 1’Ch O@$J $I$NM} O@E* 8&5f!# #4!K J* M}%7 %_%e %l!< %7%g %s %W %m%0 %i %‘!" B, Dj 4o %7 %_%e%l!< %7%g %s %W %m %0 %i%‘ $N 3+ H/!# #5!K %7 %_%e%l!< %7%g %s %W %m%0 %i%‘ $r MQ$$ $? B, Dj4o $N :G E,2=!# #6!K B,Dj 4o MW AG$N 8! F$!’ %P!<%F%C %/ %98! =P 4o!" Cf1{ Ht @W8! =P 4o!" EE<’ $* $h $S%O %I %m%s%+%m%j!<%a!<%?Ey!# $3$N4V!" LEP2 $N<B83$,3+;O$5$l!" TEV A TR ON $G$N%G!<%?$NC_@Q$,?J$s$@!#$3$l$i$N<B83%G!<%?$rI>2A$7!" JLC $NJ* M}$K $3 $l $rH? 1G $5 $;$?!# FC $K!" 7Z$$ %R%C %0%9 $, B8 :_$9 $k 2D G=@- $, $^ $9$^ $9 9b $^$C$? $3 $H!" %H%C%W %/%)!< %/ $K4X $9 $k>pJsNL$,HtLvE*$K>e$,$C$?$3$H$,H?1G$5$l$F$$$k!# 0lJ}!"EE;RM[EE;R >WFM$NFCD’$r @8$+$7$?JP6K %S!<%‘$NJ*M}$K CeL\$7!"<B835; =Q$N;kE@$+$i >e5-8!F$%F!<%^ $K=DCG$9 $k7A $G=8 Cf E*$J 8! F$$, ?J $a$i $l $?!# $^$?!" EE ;RM[ EE ;R%3 %i %$%@!< $K $O =>Mh B8 :_$7 $J $+$C$? 9b %(%M %k %.!< $G$N 8w ;R8w ;R %3%i%$%@!<$H$7$F$N@x:_G=NO$,$"$k!#$3$NFCD’$r@8$+$78w;R8w;R>WFM<B83$K$D$$$F$b$=$N=EMW@-$r8!F$$7$?!# B,Dj 4o $N :G E, 2= $r ?J $a $k $3 $H $H J? 9T $7 $F!" $3 $N 8& 5f 4| 4V $G $O FC $K!" B, Dj 4o MW AG $N 6q BN E* 3+ H/ 8& 5f $, ?J $a $i $l $?!# %P!<%F%C%/%98!=P4o!"Cf1{Ht@W8!=P4o!"EE<’$*$h$S%O%I%m%s%+%m%j!<%a!<%?$N;n:n$rCf?4$H$7$?3+H/8&5f$,?J$a$i$l!" 1’Ch @~Ey $r MQ$$ $F MM!9$J 4p AC%G!< %? $N C_@Q $, $J$5 $l $?!#;n :n 4o$N 2C B. 4o%S!< %‘ $rMQ $$ $?%F %9 %H$b ?J 9T $7$F $* $j!"B, Dj 4o$N<B5!7z@_$K8~$1$?3+H/8&5f$,?J$a$i$l$FMh$F$$$k!# $3$l $i $N 8& 5f @. 2L $r F’ $^ $( $? >e $G $5 $i $K >\ :Y $J 8! F$ $r ?J $a!" 2C B. 4o 3+ H/8& 5f $N ?J E8 $b 9M N8 $7!" 7W 2h A4 BN $H $7 $F $N JLC $NJ*M}%7%J%j%*$HB,Dj4o3+H/8&5f$N@.2L$r$^$H$a$k$K;j$C$?!# iii

8&5fH/I= !J#1!K3X2q;oEy 1. J. Kamoshita, Y. Ok ada and M. T anak a, in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar Col liders , Moriok a-Appi, Iwate, Japan 1995 edited by A. Miyamoto et al. (W orld Scienti�c, Singap ore, 1996); Phys. L ett. B391 (1997) 124. 2. K.Matsuk ado, I.Endo, T.Ohgaki, Y.Ok azaki, T.T ak ahashi, T.T auc hi, T.W ak ao, \Non-Linear Compton Scattering Exp eriment for Photon-Photon Collider", in Abstracts of F ourth International W orkshop on F em tosecond T ec hnology , Tsukuba, Japan, F eb. 13-14, 1997. 3. K. Ishii, I. Nak am ura, Y. F ujii, F. Ka jino, J. Kanzaki, K. Ka w agoe, Y. Kurihara, K. Nagai, M. Nozaki, T. Okub o, Y. Sugimoto, H. T ak eda, S. T anak a, K. T aruma, Y. Y amaok a, C. Y ok o y ama, to b e published in Nucl. Instr. and Meth. A . 4. P . Chen, T.Ohgaki, A.Spitko vsky , T.T ak ahashi, and K.Y ok o y a, \A Simulation of Interaction Region in a Photon Photon Collider", in preparation. 5. T.Ohgaki, T.T ak ahashi, and I.W atanabe, \Measuring the tw o-photon decay width of Intermediate-mass Higgs at a photon-photon collider", in preparation. 6. A. Miyamoto (KEK, Tsukuba) and H. Hay ashii (Nara W. U.), \A Monte Carlo program to generate mini-jet even ts in the tw o-photon pro cess", Comp. Phys. Comm. 96 (1996) 87-104. 7. M. T anabashi, A. Miyamoto (KEK, Tsukuba), Ken-ichi Hik asa (T ohoku U.), \WW Resonance and Chiral Lagrangian", KEK-TH-462 (1996), T alk given at 3rd W orkshop on Physics and Exp eriments with e + e � Linear Colliders (LCWS95), Iwate, Japan, 8-12 Sep 1995, In *Moriok a-Appi 1995, Physics and exp eriments with linear colliders* 493-501. 8. I. Nak am ura and K. Kaw agoe (Kob e U.), "Measurement of B r ( H 0 ! c � c + g g ) =B r ( H 0 ! b � b ) at p s = 300 GeV", Phys. R ev. D D54 (1996) 3634. 9. J. Kamoshita, Y. Ok ada (KEK, Tsukuba), M. T anak a (Osak a U.) and I. W atanabe (Ochanomizu U.), "Studying the Higgs Poten tial via e + e � ! Z hh ", Pr o c e e dings of the Workshop on Physics and Exp er- iments with Line ar Col liders , Moriok a-Appi, Iwate, Japan 1995 edited by A. Miyamoto et al. (W orld Scienti�c, Singap ore, 1996). 10. T.Tsuk amoto, T. Satoh (Saga U.), A. Miyamoto, Y. Sugimoto, and T. T auc hi (KEK, Tsukuba), Nucl. Instr. and Meth. , "Prop erties of a CCD sensor for vertex detector application", A383 (1996) 256. 11. K. F ujii (KEK, Tsukuba). \T op at future linear e + e � colliders, exp erimental asp ects", T alk presented at 4th KEK T opical Conferenc on ’Fla v or Physics’, KEK, Japan, Oct. 29-31 (1996). 12. M.M. No jiri, K. F ujii, T. Tsuk amoto (KEK, Tsukuba). \Confronting the minimal sup ersymmetric stan- dard mo del with the study of scalar leptons at future linear e + e � colliders", Phys. R ev. D54 (1996) 6756. 13. K. F ujii (KEK, Tsukuba), \SUSY search and study scenario at linear e + e � colliders", Lecture given at the XXVI Craco w School of Theoretical Physics, Zakopane, Poland, June 1-11, 1996. 14. T. T ak ahashi, K. Y ok o y a, V. T elno v, M. Xie and K.J. Kim, \Conv ersion and Interaction Poin t Simulation of a &C&C Collider at 0.5 T eV", submitted to Snowmass W orkshop 1996. iv

15. T. Ohgaki and T. T ak ahashi (Horishoma U.), \In uence of e+e- pair creation in collision of laser and high energy photons for photon-photon colliders", Nucl. Instr. and Meth. A373 (1996) 185-193. 16. I. W atanabe (Ochanomizu U.), \Intermediate-mass Higgs study at colliders", in Pro ceedings of W ork- shop on Physics and Exp eriments with Linear Colliders, Moriok a-Appi, Iwate, Japan, Sep. 8-1, 1995, eds. A.Miyamoto, Y.F ujii, T.Matsui, and S.Iw ata, W orld Scienti�c (1996) pp.139. 17. T. T ak ahashi (Hiroshima U.), \Monte Carlo Study of W pair Pro duction in a Photon Photon Collider", in Pro ceedings of W orkshop on Physics and Exp eriments with Linear Colliders, Moriok a-Appi, Iwate, Japan, Sep. 8-1, 1995, eds. A.Miyamoto, Y.F ujii, T.Matsui, and S.Iwata, W orld Scienti�c (1996) pp.681. 18. I.W atanab e (Ochanomizu U.), \Probing b eyond the standard mo del through tw o-photon decay width of higgs", in Pro ceedings of W orkshopon Ph ysics and Exp eriments with Linear Colliders, Moriok a-Appi, Iwate, Japan, Sep. 8-1, 1995, eds. A.Miyamoto, Y.F ujii, T.Matsui, and S.Iwata, W orld Scienti�c (1996) pp. 689. 19. T. Asak a, Y. Shobuda, Y. Sumino (T ohoku U.), N. Maek a w a (Ky oto U.) and T. Moroi(LBL), \Probing Dynamical Symmetry Breaking Physics Using T op Quark", in Pro ceedings of W orkshop on Physics and Exp eriments with Linear Colliders, Moriok a-Appi, Iwate, Japan, Sep. 8-1, 1995, eds. A.Miyamoto, Y.F ujii, T.Matsui, and S.Iwata, W orld Scienti�c (1996) pp. 470. 20. T. T ak ahashi (Hiroshima U.), \CAIN, A Simulation Program for IR Region of e+e-, e-e-, &C&C Colliders", in Pro ceedings of Ph ysics with High Energy e+e- Colliders, SLAC, F eb. 29-Mar.2, 1996. 21. T. T ak ahashi (Hiroshima U.), \ Colliders; an Application of Laser Compton Scattering", in Pro ceedings of The 2nd US-Japan W orkshop on Interactions of High Po w er W a v es with Plasmas and Matters, Osak a, Dec. 16-18, 1996. 22. T. Ohgaki (Hiroshima U.), \A Monte Carlo Study of Laser Compton Scattering", in Pro ceedings of The 2nd US-Japan W orkshop on Interactions of High Po w er W a v es with Plasmas and Matters, Osak a, Dec. 16-18, 1996. 23. K. Matsuk ado (Hiroshima U.), \Laser-Compton Scattering Exp eriments in Hiroshima Universit y", in Pro ceedings of The 2nd US-Japan W orkshop on In teractions of High Po w er W a v es with Plasmas and Matters, Osak a, Dec. 16-18, 1996. 24. S. Sudou (T A T U.), N Khalaty an, Y. Kurihara, K. F ujii (KEK, Tsukuba), T. Ab e, A. Sugiyama (Nagoy a U.), K. T ak ahashi(T A T U.), and T. W atanabe (Kogakuin U.), "Measuremen ts and calculations of gra v- itational and electrostatic wire sag for a 4.6 meter long drift c ham ber", KEK Preprint 96-23 (1996), submitted to Nucl. Inst. Meth. . 25. N. T oomi, J. F ujimoto, S. Kaw abata, Y. Kurihara (KEK, Tsukuba) and T. W atanabe (Kogakuin U.), KEK-CP-051 (1996). 26. F. Ka jino (Konan U.), et.al. , Nucl. Inst. and Meth. A383 (1996) 260. 27. T. T auc hi (KEK, Tsukuba), "Exp erimentation at linear e + e � colliders", in Pro ceedings of W orksho- p on Physics and Exp eriments with Linear Colliders, Moriok a-Appi, Iwate, Japan, Sep. 8-1, 1995, eds. A.Miyamoto, Y.F ujii, T.Matsui, and S.Iw ata, W orld Scienti�c (1996) pp. 322. 28. A. Miyamoto (KEK, Tsukuba), K. Hik asa (T ohoku U.), T. Izubuchi (T oky o U.). \Heavy vector resonance e�ect on the e + e � ! W + W � pro cess at JLC-I." KEK-Pr eprint 94-203 (1994). 7pp. T alk presented at INS W orkshop \Ph ysics of e + e � , e and Collisions at Linear Accelerators", INS, T oky o, Dec 20 - 22, 1994. In *T oky o 1994, Pro ceedings, Physics of e+ e-, e- gamma and gamma gamma collisions at linear accelerators* 272-278. v

29. A. Miyamoto (KEK, Tsukuba), "A Monte Calro Study of e + e � ! W + W � Z 0 at p s =500 GeV", KEK- PREPRINT 95-185 (1995). T alk given at 3rd W orkshop on Ph ysics and Exp eriments with e + e � Linear Colliders (LCWS95), Iw ate, Japan, 8-12 Sep 1995, In *Moriok a-Appi 1995, Physics and exp erimen ts with linear colliders* 654-663. 30. K. F ujii (KEK, Tsukuba), \SUSY search and study scenario at linear e + e � colliders", Plenary talk at the W orkshop on Physics and Exp eriments with Linear colliders, Moriok a-Appi, Iwate, Japan, Sep 8-12, 1995. In *Moriok a-Appi 1995, Ph ysics and exp eriments with linear colliders* 283-304 31. K. F ujii (KEK, Tsukuba), \T esting sup ersymmetric theories at linear e+ e- colliders", KEK-PREPRINT 95-149 , Nov 1995. 4pp. T alk presented at the International Europhysics Conference on High Energy Physics, Brussels, Belgium, Jul 27 - Aug 2, 1995. 32. T. Tsuk amoto, K. F ujii (KEK, Tsukuba), H. Muray ama (LBL, Berkeley & T ohoku U.), M. Y amaguc hi (T ohoku U.), Y. Ok ada (KEK,Tsukuba), \Precision study of sup ersymmetry at future linear e + e � collid- ers", Phys. R ev. D51 (1995) 3153. 33. Y. F ujii (KEK, Tsukuba). 1995. \Calorimeter subgroup status rep ort", In *Tsukuba 1993, Pro ceedings, Japan Linear Collider (JLC)* 55-62. Tsukuba KEK - KEK-Pro c.-94-01 (94/04,rec.Jul.) 55-62. 34. T.T ak ahashi(Hiroshima U.), \Monte Carlo Study of W pair Pro duction in a Photon-Photon Collider", HUPD-9526 (1995). 35. P .Chen, G.Horton-Smith, T.Ohgaki, A.W.W eidemann, and K.Y ok o y a, \CAIN: Conglomerat d’ABEL et d’Interactions Non-lineaires", Nucl. Instr. and Meth. A355 (1995) 107-110. 36. M. Koike, T. Nonak a (Rikky o U.), T. Kon (Seik ei U.), \Polarization e�ects in chargino pro duction at high-energy gamma gamma colliders", Phys. L ett. B357 (1995) 232-236. 37. T. T ak ahashi (Hiroshima U.), \R&D for photon photon collider", in Pro ceedings of INS W orkshop on the Physics of e+e-, e- &C , &C &C Collisions at Linear Accelerators, T oky o, Dec. 20-22, 1994, eds. Z.Hioki, T.Ishii, and R.Na jima, INS-J-181 (1995) pp.93. 38. T. Ohgaki (Hiroshima U.), \Luminosity of photon-photon colliders", in Pro ceedings of INS W orkshop on the Physics of e+e-, e- &C , &C &C Collisions at Linear Accelerators, T oky o, Dec. 20-22, 1994, eds. Z.Hioki, T.Ishii, and R.Na jima, INS-J-181(1995) pp.105. 39. K. Matsuk ado (Hiroshima U.), \The LASER b eams with v ery long fo cal depth for photon-photon collider", in Pro ceedings of INS W orkshop on the Physics of e+e-, e- &C , &C&C Collisions at Linear Accelerators, T oky o, Dec. 20-22, 1994, eds. Z.Hioki, T.Ishii, and R.Na jima, INS-J-181 (1995) pp.119. 40. T. T ak ahashi (Hiroshima U.), \ Collider R&D at Hiroshima", T.T ak ahashi, Pro ceedings of the W orkshop on Gamma-Gamma Colliders, She�eld, U.K., 1995. 41. J. Ko daira, H. T ochim ura, Y. Y asui and I. W atanabe, \ W W radiative correction in e pro cess", in Pro ceedings of INS W orkshop on the Physics of e + e � , e � , Collisions at Linear Accelerators, T oky o, Dec. 20-22, 1994, eds. Z.Hioki, T.Ishii, and R.Na jima, INS-J-181 (1995) pp.281. 42. T. T ak ahashi (Hiroshima U.), \A Background Estimation for a Photon Photon Collider", in Pro ceedings of Sixth International W orkshop on Linear Colliders LC95,Tsukuba, Mar. 27-31, 1995, ed. J.Urak a w a, KEK Pro ceedings 95-5 (1995) pp.1895. 43. T. Ohgaki (Hiroshima U.), \Study of In teraction Region in Photon Photon Colliders", in Pro ceedings of Sixth In ternational W orkshop on Linear Colliders LC95, Tsukuba, Mar. 27-31, 1995, ed. J.Urak a w a, KEK Pro ceedings 95-5 (1995) pp.1909. vi

44. K. Matsuk ado (Hiroshima U.), \The Laser Beam with v ery long F o cal Depth for Photon-Photon Collider", in Pro ceedings of Sixth International W orkshop on Linear Colliders LC95, Tsukuba, Mar. 27-31, 1995, ed. J.Urak a w a, KEK Pro ceedings 95-5 (1995) pp.1927. 45. N. Khalaty an (KEK, Tsukuba), "R&D for a 4.6 meters long drift cham b er as a p ossible main track er at JLC", KEK Preprin t 95-203 (1995). 46. Y. F ujii, K. Ishii, Y. Kakiguchi, K. Kaw ago e, I. Nak am ura, M. Nozaki, H. T ak eda, T. T ak eshita, Y. Y a- maok a, C. Y ok o y ama, "T ests of photon-detection devices in strong magnetic �elds", Nucl. Instr. and Meth. A366 (1995) 71. 47. T. T auc hi and K. Y ok o y a, "Nanometer b eam-size measurement during collisions at linear colliders", Phys. R ev. E51 (1995) 6119. 48. J. Kamoshita, Y. Ok ada and M. T anak a (KEK, Tsukuba), Phys. L ett. B328 (1994) 67. 49. K. F ujii (KEK, Tsukuba), \Physics at future linear e + e � colliders", KEK-PREPRINT 94-38 , Jun 1994. 35pp. T alk presented at 22nd INS International Symp osium on Physics with High-Energy Colliders, Mar 8 - 10, Hongo, T oky o. 50. K. F ujii, T. Matsui (KEK, Tsukuba), Y. Sumino (T oky o U.), \Ph ysics at t � t threshold in e + e � collisions", Phys. R ev. D50 (1994) 4341. 51. Inoue (Kure, Maritime Safety Academy), R. Na jima (Y ok ohama Coll. Commerce), T. Ok a (Kure W omen’s Jr. Coll.), J. Saito (Suzugamine W omen’s Jr. Coll.), \QCD corrections to tw o photon decay of the Higgs b oson and its rev erse pro cess", Mo d. Phys. L ett. A9 (1994) 1189-1194. 52. A. Miyamoto (KEK, Tsukuba), \Exp erimental asp ects of gauge b oson studies at next linear e + e � collid- ers", Pro ceedings of 2nd International W orkshop on Physics and Exp erimen ts with Linear e + e � Colliders, V ol-I p.141, W aik oloa, Haw aii, 26-30 Apr 1993. 53. K. Kaw ago e (Kob e U.) in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar e + e � Col liders , W ok oloa, Haw aii, 1993 edited by F. Harris, et al. (W orld Scienti�c, Singap ole, 1993). 54. T. Omori, Y. Kurihara, Y. Sugimoto, Y. F ujii, K. F ujii (KEK, Tsukuba), \Physics on the Z p ole", In *Tsukuba 1993, Pro ceedings, Japan Linear Collider (JLC)* 102-111. Tsukuba KEK - KEK-Pro c.-94-01 (94/04,rec.Jul.) 102-111. 55. T. T auc hi, K. Y ok o y a and P . Chen, "Pair creation from b eam-b eam interaction in linear colliders", Part. A c c el. 41 (1993)29. 56. T. T auc hi (KEK, Tsukuba) and H. Hay ashii (Nara W.U.), "Inclusive jet measurements in gamma gamma collisions at TRIST AN and estimation of minijets fro future linear colliders", in Pr o c e e dings of the Work- shop on Physics and Exp eriments with Line ar e + e � Col liders , W ok oloa, Haw aii, 1993 edited b y F. Harris, et al. (W orld Scien ti�c, Singap ole, 1993). 57. A. Miyamoto (KEK, Tsukuba), \Precesion Electro-W eak Physics at JLC-I", Pro ceedings of 10th Interna- tional Symp osium on High Energy Spin Physics, p.653, Nago y a, Japan, Nov 9-14 1992. 58. K. Kaw ago e and S. Orito (T oky o U.), \Light Higgs with JLC-I", UT-ICEPP 92-06 , June 1992. 59. K. Kaw agoe and S. Orito (T oky o U.), UT-ICEPP PREPRINT 92-06 (June 1992), it ibid Pro ceedings of the Third W orkshop on Japan Linear Collider, KEK, KEK Pr o c e e dings 92-13 (1992). 60. K. F ujii (KEK, Tsukuba), \SUSY at JLC", T alk presented at ICEPP Symp osium on ’F rom LEP to Planck Scale Ph ysics’, 17-18 Dec 1992, T oky o, Japan. In *T oky o 1992, Pro ceedings, F rom LEP to the Planck world* 157-188. vii

61. K. F ujii (KEK, Tsukuba), \T op at threshold in e + e � collisions: exp eriments", KEK-PREPRINT 92-159 , Dec 1992. 28pp. Submitted to the W orkshop on Studies of T op Quarks at Colliding-Beam F acilities, Madison, WI, No v 6-7, 1992. 62. K. F ujii (KEK, Tsukuba), \Physics at tev e + e � linear colliders: exp erimental asp ects", T alk presen ted at 2nd KEK T opical Conf. on e+ e- Collision Physics, Tsukuba, Japan, Nov 26 - 29, 1991. Published in KEK e+ e- 1991:469-502 (QCD161: K18:1991) 63. Y. Sumino (T oky o U.), K. F ujii (KEK, Tsukuba), K. Hagiwara (KEK, Tsukuba & Durham U.), H. Mu- ray ama (T ohoku U.), C.K. Ng (SLAC), \T op quark pair pro duction near threshold", Phys. R ev. D47 (1992) 56. 64. K. F ujii, J. F ujimoto, J. Kanzaki, Y. Kurihara, A. Miyamoto, T. Tsuk amoto (KEK, Tsukuba), \V ector b oson pair pro ductions with a hard photon emission", Pr o g. The or. Phys. 88 (1992) 103. 65. K. F ujii (KEK, Tsukuba), \T op physics at future e + e � colliders: exp erimen tal asp ects", Plenary talk at the W orkshop on Physics and Exp eriments with Linear colliders, Saariselk a, Finland, Sep 9 - 14, 1991. Published in Saariselk a W orkshop 1991:203-234 (QCD161:W579:1991) 66. K. Hagiwara (Durham U. & KEK, Tsukuba), H. Iwasaki (Hiroshima U.), A. Miy amoto (KEK, Tsukuba), H. Muray ama (T oky o U.), D. Zepp enfeld (Wisconsin U., Madison), \Single weak b oson pro duction at T eV e + e � colliders", Nucl. Phys. B365 (1991) 544. 67. A. Miyamoto, \A Study of anomalous W W Z =W W gamma couplings at JLC", (KEK, Tsukuba), KEK- PREPRINT-90-188 , F eb 1991, ibid , Pro ceedings of JLC W orkshop, p.256, Tsukuba, Japan, Nov 6-8, 1990. !J#2!K8}F,H/I= 3X2q;oEy (Pro ceedings) $K$"$k$N$G>JN,!# 9V1i$N%H%i%s%9%Z%"%l%s%7!<$N%3%T!<$N0lIt$O URL http://www-jlc.kek.jp/ $K$"$j!# !J#3!K=PHGJ* 1. Pro ceedings of the Fifth W orkshop on Japan Linear Collider, KEK Pro ceedings 95-11 , December 1995, Kaw atabi, Miyagi, F ebruary 16-17, 1995. 2. Pro ceedings of the APPI Winder Institute, KEK Pr o c e e dings 96-3 , June 1996, Appi, Iwate, March 10-13, 1996. viii

;22C<T%j%9%H 0$It9@Li!"@u2l3YI’!">T3wED5AGn!"6yLn9T@.!"F|3^7r0l!"D9NfCi!";38}>;90!"ErED=UM:!JElKLBg3XM}3XIt!K Hu8}@5?M!JElKL3X1!Bg3XM}3XIt!K F#0f7C2p!"F#0fK’><!"F#K\=gJ?!"Gk8670!"J?;31QIW!"@P86?.90!"0KF#@k;R!"4dED@55A!"3{2<=_0l!" ?@A0=c0l!"@nC<@aLo!"%+%i%F%#%"%s!&%N%j%C%/!"LZB<2E9’!">.NS@?!"7*86NI>-!">>0fN49,!">>K\@.;J!" 5\K\>4Li!"GH8MK’?N!"Ln?,H~J];R!">.IMB@O:!"@8=P>!@k!"2,ED0B90!"Bg?991I’!":nED@?!"@iBe9@;J!" @6?epp8w!"?yK\9/Gn!"9b:j;KI’!"9bED9L<#!"C]ED@?G7!"C*66@?<#!"EDFbMxL@!"DMK\IRJ8!"2#C+3>!" Er@uIY5W;R!"5HEDE/Li!J9b%(%M%k%.!<J*M}3X8&5f=j!K 86OBI’!"KL>rBg2p!"6b?.90!"NkLZN4;K!"Bl@n9I<#!JC^GHBg3XJ*M}3X7O!K @uLnPR;0!"?9LP<y!JC^GHBg3XJ*M}9)3X7O!K =PJ%Bn!JEl5~Bg3X!K @nK\C$CK!">.NSIYM:!"6p5\9,CK!"??2<E/O:!"?9=SB’!"@^8M<~<# !JEl5~Bg3XM}3XIt!"El5~Bg3XAGN3;RJ*M}9q:]8&5f%;%s%?!<!K @P0f9’?.!"1|Ln1Q>k!JEl5~Bg3X86;R3K8&5f=j!K EOJULw;V!JEl5~9)6HBg3XM}3XIt!K ?NF#=$!"?\F#71!"9b669a!";38}985W!JEl5~G@9)Bg3X9)3XIt!K IMDENIJe!"9-@%N)@.!"@iMU2mH~!JEl5~ETN)Bg3XM}3XIt!K EOJUM&!J$*Cc$N?eBg3X!K 6a6)!J@.l~Bg3X9)3XIt!K ?@J]2m?M!JEl5~7P1DC;4|Bg3X!K 6b;RIRL@!JL@<#3X1!Bg3X0lHL650iIt!K 8^==Mr@57I!JEl3$Bg3XM}3XIt!K CfB<@58c!":4!9LZ8-!J2#IM9qN)Bg3X650i3XIt!K L>EgN40l!J2#IM>&2JBg3X0lHL650i!K CvLZ7D<#!J?@F‘@nBgM}3XIt!K 2CF#7i!"CfBt@kLi!"Ht>>7IFsO:!"EOItN4;K!J9)3X1!Bg3X9)3XIt!K :YEDN4;K!">>ED@k9,!"C]2<E0!"8M;^IpL@!J?.=#Bg3XM}3XIt!K =!5WCNCK!J;3M|Bg3X9)3XIt!K =i</LnNO!"EDB<>[@8!J?73cBg3XM}3XIt!K 3a@nNI0l!"Cf@>60!"?y;398!"NkLZ;KO:!JL>8E20Bg3XM}3XIt!K JU8+9/IW!"B"=E5WLo!":dK\9(!":{HxEP!J5~ETBg3XM}3XIt!K D9Eg=g@6!JBg:eBg3XM}3XIt!K CfLn1Q0l!"1|BtE0!"9b66J]!";{K\5H51!JBg:e;TN)Bg3XM}3XIt!K 2CF#9,90!J6a5&Bg3XM}9)3XIt!K @P0f91<!!"6bC+F‘1{;R!"@n1[@60J!"CfB<M&!"1J0f9/0l!"C.KaOB9,!"Ln:j8w><!" IpEDW"!"EDCf=(OB!"2#;3@i=)!J?@8MBg3XM}3XIt!K 3aLnJ85A!"JFC+J8CK!J9CFnBg3XM}3XIt!K K\4V9/9@!J?@8MBg3X0eNEC;4|Bg3XIt!K I\@nJvIW!"5\2<980l!JLDLg650iBg3X!K 1sF#0lB@!">>Lg9(<#!"Bg3@CRL&!"9b66E0!J9-EgBg3XM}3XIt!K >.NSLP<#!"B<>eL@!"DMK\=SIW!J:42lBg3XM}9)3XIt!K B<;3@F!J#L#B#L!K0$ItMxFA!"4d:j>;;R!J#S#L#A#C!K M-:d>!;K!J#U#C#L#A!K ix

L\<! 1 JLC $K$*$1$kJ*M} 1 1.1 J*M}$N354Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1 1.1.1 I8=‘LO7?$N@.8y : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1 1.1.2 I8=‘LO7?$NLdBjE@ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1.1.3 %F%/%K%+%i!<$N%7%J%j%* : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 1.1.4 D6BP>N@-$N%7%J%j%* : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 1.1.5 7Z$$%R%C%0%9N3;R!’Bg:=Gy$+$i$N;H<T : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 1.1.6 %W%i%s%/%9%1!<%k$X$NF; : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 1.2 %R%C%0%9N3;R$NJ*M} : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 1.2.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 1.2.2 3HD%$5$l$?D6BP>N@-LO7?$K$*$1$k%R%C%0%9%;%/%?!< : : : : : : : : : : : : : : : : : : : : : : : 9 1.2.3 MSSM $G$N7Z$$%R%C%0%9N3;R$NJx2uJ,4tHfB,Dj$K$h$k=E$$%R%C%0%9N3;R$N<ANL$N7hDj : : : : : 10 1.2.4 7Z$$%R%C%0%9N3;R$NJx2uJ,4tHf$NB,Dj!J%7%_%e%l!<%7%g%s!K : : : : : : : : : : : : : : : : : : : 12 1.2.5 MSSM $K$*$1$k%R%C%0%9N3;R$NB?=E@8@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 1.3 D6BP>NN3;R$NC55a : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 1.3.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 1.3.2 D6BP>NLO7?$K4X$9$k4pK\E*$J2>Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 1.3.3 %A%c!<%8!<%N : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 1.3.4 %9%l%W%H%s$NC55a : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 1.3.5 D6=ENOBgE}0lLO7?$N2>Dj$N8!>Z : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 35 1.3.6 Bh#3@$Be%9%l%W%H%s$N8&5f : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 39 1.3.7 D6BP>NM}O@$NM=8@$N8!>Z : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 47 1.4 %H%C%W%/%)!<%/$NJ*M} : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 48 1.4.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 48 1.4.2 M}O@E*GX7J : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 49 1.4.3 $7$-$$CMNN0h$G$NCGLL@QB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 52 1.4.4 %H%C%W%/%)!<%/$N1?F0NLB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 62 1.4.5 %H%C%W%/%)!<%/$NA08eJ}HsBP>NEY$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 66 1.4.6 %H%C%WEr@n7k9g$ND>@\B,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 67 1.5 EE<eAj8_:nMQ$N@:L)8&5f : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 1.5.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 1.5.2 NL;R8z2L$K8=$o$l$k=E$$%R%C%0%9N3;R$N8z2L : : : : : : : : : : : : : : : : : : : : : : : : : : : 74 1.5.3 %2!<%8N3;R$N<+8J7k9g$H%+%$%i%k%i%0%i%s%8%"%s : : : : : : : : : : : : : : : : : : : : : : : : : 77 1.5.4 e + e � ! W + W � H?1~$K$h$k%2!<%8N3;R$N#3E@7k9g$NB,Dj : : : : : : : : : : : : : : : : : : : 80 1.5.5 e + e � ! W + W � Z 0 $K$h$k%2!<%8N3;R#4E@7k9g$NB,Dj : : : : : : : : : : : : : : : : : : : : : 83 1.5.6 =E$$%R%C%0%9N3;R$H W W ;6Mp : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 85 1.6 JP6K%S!<%‘$NJ*M} : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 90 1.6.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 90 1.6.2 ;6MpCGLL@Q$NJP6K0MB8@- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 90 x

1.6.3 JP6KEE;R!&M[EE;R%S!<%‘8GM-$NJ*M}$N6qBNNc : : : : : : : : : : : : : : : : : : : : : : : : : : : 97 1.7 8w;R8w;R>WFM$NJ*M} : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 99 1.7.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 99 1.7.2 %R%C%0%9N3;R$NFs8w;RJx2u6R$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 102 1.7.3 W N3;R$N0[>o7k9g$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 107 1.7.4 %k%_%N%7%F%#B,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 112 2 #J#L#C$NB,Dj4o 121 2.1 B,Dj4o$N354Q : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 121 2.2 %P!<%F%C%/%9B,Dj4o : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 122 2.2.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 122 2.2.2 0EEEN.$HJ|<M@~BQ@- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 124 2.2.3 :#8e$N2]Bj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 127 2.3 Cf1{Ht@W8!=P4o : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 128 2.3.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 128 2.3.2 %F%9%H%A%’%s%P!<$N9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 129 2.3.3 %o%$%d!<%5%0$N7W;; : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 130 2.3.4 %o%$%d!<%F%s%7%g%s$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 131 2.3.5 =ENO$*$h$S@EEE%5%0$H$=$NHt@W:F9=@.$X$N1F6A : : : : : : : : : : : : : : : : : : : : : : : : : : 133 2.3.6 1’Ch@~%F%9%H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 138 2.4 %+%m%j!<%a!<%? : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 141 2.4.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 141 2.4.2 MW5a$5$l$k@-G= : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 141 2.4.3 R&D $N7P2a : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 147 2.4.4 %+%m%j!<%a!<%?!<$NJ,2rG=%F%9%H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 148 2.4.5 8w8!=P4o : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 164 2.5 >WFME@<~JU : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 171 2.5.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 171 2.5.2 %7%s%/%m%H%m%s8w : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 171 2.5.3 %_%e!<%*%s : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 173 2.5.4 EE;RM[EE;RBP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 175 2.5.5 %_%K%8%’%C%H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 179 2.5.6 %^%9%/%7%9%F%‘ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 180 2.5.7 50@W8!=P4o$G$N%P%C%/%0%i%&%s%I : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 182 2.6 %k%_%N%7%F%#!<$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 183 2.6.1 35MW : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 183 2.6.2 %$%t%’%s%H%8%’%M%l!<%? : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 183 2.6.3 %k%_%N%7%F%#J,I[$NB,Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 185 2.6.4 %S!<%‘%Q%i%a!<%?$N:F9=@. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 187 xi

Bh 1 >O JLC $K$*$1$kJ*M} 1.1 J*M}$N354Q 1.1.1 I8=‘LO7?$N@.8y 9b%(%M%k%.!<J*M} 3X$NL\I8$O<+ A3$N5f6K$N9=@. MWAG$H$=$N4V $KF/$/NO$NK\ <A$N2rL@$K$" $j!"$^$?!"$=$N<B >Z2J3X$H $7$F$N <g MW $J8& 5f <jCJ $O 2CB. 4o <B83 $K $"$k!# 2C B.4o 5; =Q$N ?J Jb$O!" $h $j9b $$ %( %M%k %.!< NN0h!" $9 $J$o $A $h$j C; 5wN% NN 0h$N C55a $r 2DG= $K $7!" 2f!9$r $h $j?< $$ <+A3 $N M} 2r$X $H F3$$ $F $- $?!#$= $N Cf$G!" !V<+ A3 $,>/ ?t $NJ* <A N3;R $+ $i @.$j!" $= $N4V $KH~ $7 $$BP >N @-$, $" $k$3 $H!" $= $NBP >N @-$H J* <AN3 ;R 4V$K F/ $/ NO$H $N 4V$K $O ?<$$ 4X 78$, $" $k $3$H!W!" $^ $?!"!V$3 $l $i4pK\ N3 ;R $N@$ 3& $,>l $N NL;R O@ $G5- =R $G$- $k $3$H!W $, L@$i $+ $K$J$C $F $-$?!# $3 $3 $K8@ $& >/?t $N J*<A N3 ;R$H $O!" #2<o N‘ $N%9%T%s 1 = 2 $NN3;R!"%/%)!<%/$H%l%W%H%s$G$"$j!"$^$?BP>N@-$H$O%2!<%8BP>N@-$N$3$H$G$"$k!# O@M}$r5UE>$5$; $F!"%2!<%8BP>N@- $r=PH/E@$K$7$F!" $=$l$,J*<AN3 ;R$H$=$N4V$N Aj8_:nMQ$N$" $jJ}$r5,Dj$7 $F$$$k$H 9M$( $k$3 $H $b$G $- $k!#$D $^ $j!"J* <A N3 ;R$O I, $:%2!< %8 BP>N @- $N5v $9 $$ $:$l $+ $NB? =E 9‘$K B0 $5$M $P $J $i$:!" $^ $?!"F1 $8 B?=E9‘ $K B0 $9$k J* <AN3 ;R $O!"%2!< %8 JQ49 $G 8_$$ $K 0\$j 9g $$!"F1 0l N3;R $N 0[$J$C $? >u BV$H 8+ $J$5 $l $M$P $J $i$J $$ $H9M $( $k$N $G$" $k!# $9$k $H!" F1 0lB? =E 9‘ $KB0 $9 $kN3 ;R 4V $N6h JL $O @dBP E* $J0U L# $r <:$C$F $7 $^$&!# $+ $/ $7$F!" 2f!9 $O %2!<%8 JQ 49$r;~ 6u $N 3FE@ $G >!<j $K 9T$J$C $F $bJ* M} $,JQ $o $i$J $$ $H$$ $& MW@A $K F3$+ $l $k!# =EMW $J $3$H $O!" $3$N MW @A$,!" I, A3E* $K %9%T%s 1 $N%2!< %8N3;R $NB8:_ $rMW 5a$7!"$= $l$K $h$C$FG^ 2p$5 $l$kIa JWE*$J NO!J%2!< %8NO!K$H $7$F!" Aj8_:n MQ$N7A BV$r 0l0UE*$K7hDj$7$F$7$^$&$3$H$G$"$k!#$3$l$r%2!<%886M}$H8F$V!# %2!<%8 86 M} $r ;X F3 86 M} $H $9 $k M} O@ 9= C[ $K $* $$ $F $O!" $^ $: %2!< %8 BP >N @- !J$" $k $$ $O BP 1~ $9 $k %2!< %8 72!K $H $7 $F 2? $r :NMQ$9 $k$N $+$,Ld Bj$H $J$k!# $3$N %2!<%8 72$H $7$F S U (3) C � S U (2) L � U (1) Y $r$H $kNL ;R>l $NM} O@$, I8=‘ LO7? [1] $G $"$k!# I8=‘ LO 7?$O!" <+ A3 3&$N #4 $D$N NO $N$& $A =E NO$r =| $/#3 $D!" $9 $J$o $A!" EE<’ 5$ NO!" <e$$ NO!" 6/$$ NO $NE} 0l E* 5-=R $K @.8y $7!" 8= :_ $^ $G $N A4 $F $N <B 83 7k 2L $r @b L@ $9 $k!# Nc $( $P!" <e $$ Aj 8_ :n MQ $K BP $9 $k %2!< %8 86 M} F3 F~ $N F0 5! $H $J$C $? [2] %/%)!<%/$H%l%W%H%s$N4V$NNO$NIaJW@-$N8!>Z$O!" 0 : 1% $N%l%Y%k$KC#$7$F$$$k [3] !# j V ud j 2 + j V us j 2 + j V ub j 2 = 0 : 9983 � 0 : 0015 (1.1) $3$3 $K V ij $O >.NS - 1W @n 9T Ns [5] $NMW AG $G$" $k!# %/%)!< %/$H %l %W%H %s $N S U (2) L � U (1) Y NL ;R?t $O EE;R M[ EE ;R>W FM <B83 $K $h $j @: L) $K B, Dj $5 $l $F $$ $k [6, 7] !# MM!9 $J J} K! $K $h$C $F F@ $i $l $?!" g Z ( m 2 Z ) !JJ* <A N3 ;R $H Z N3 ;R $H $N %2!< %8 7k9gDj ?t!K $H%o %$ %s%P!< %0 3Q!J � s 2 ( m 2 Z ) !K$K BP $9$k @) 8B$O!" ?^ 1.1 $K<( $7 $?$h $& $K$h $/ 0lCW $7 $F$* $j!" I8=‘ LO7? $N %2!< %872$NBEEv@- $r6/$/;Y;} $7$F$$$k!#$3 $l$O$^$?!" J*<AN3;R $NB0$9$kB? =E9‘$N4p K\9=B$$N 8!>Z$G$b $"$k!# TRIST AN $* $h$S LEP $N <B 83$O %\%H %‘ %/%)!<%/ $N<e %" %$%= %9%T %s $NB, Dj$+ $i S U (2) L Fs =E9‘ $NAj K@ $H$7 $F$N %H%C %W%/%)!< %/$N B8 :_$r5? $$$J $-$b $N$K $7$? [11, 12] !# :G6a $G$O!" <g$H $7$F LEP $d SLC $K$* $1$k EE ;RM[ EE;R >WFM H?1~ $N@: L)<B 83$N 7k 2L!"<e EEAj 8_ :n MQ$N mU <M Jd@5 $r DL $7$F L$ H/ 8+N3 ;R $N NL;R 8z 2L $r8+!" $= $N <ANL $N M= 8@$, $G $- $k$^ $G $K $J$C$? [13] !# $+$/ $7$F!" %H%C %W %/%)!< %/ $N <A NL$O m t ’ 150 GeV $H M= 8@ $5 $l!" TEV A TR ON $K $* $$ $F!" $^ $5$K M= 8@ $I $& $j $N <A NL 0h !J m t ’ 175 GeV !K $K $=$N B8 :_ $,3N G’ $5 $l$? [14] !# $3$N %H%C %W %/%)!<%/ $N H/8+ $O!" A0 2s$N Js 9p !J [15] !K0J 9_ $K $J$5 $l $?!"J*<AN3;R%9%Z%/%H%i%‘$N:G8e$N6u@J$rKd$a!"I8=‘LO7?$NJ*<AN3;R$NB?=E9‘$r407k$9$k:G$b=EMW$J?JE8$G$"$k!# %2!<%8 72 $H J* <A N3 ;R $N B0 $9 $k B? =E 9‘ $N 9= B$ $N 8! >Z $, ?J $_!" $^ $? ?t!9 $N 8= >] O@ E* @. 8y $r $* $5 $a $F $- $? $K $b $+ $+ $o $i $:!"I8=‘ LO 7? $,$$ $^ $@LO 7? $H8F $P $l$F $$ $k$N $O!" $=$N :G $bK\ <A E*$J It J,!"$D $^ $j %2!<%8 BP >N@- $r GK$j <A NL$r :n $j=P $9 1

?^ 1.1: ?’!9$JJ}K!$K$h$C$FF@$i$l$?!" g Z ( m 2 Z ) !JJ*<AN3;R$H Z N3;R$H$N%2!<%87k9gDj?t!K$H%o%$%s%P!<%03Q!J � s 2 ( m 2 Z ) !K $KBP$9$k 1- � $N@)8B [4] !#?^Cf$N<B@~$O!"%K%e!<%H%j%N<B83 ( � � e , � � q ) !"=E?eAG$NJP6KEE;RHsBP>NEYB,Dj (eD) !"86;R $N%Q%j %F%#!<HsJ]B8 <B83 (APD), EE;RM[ EE;R >WFM <B83 (LEP+SLC) $N7k 2L!"E@ @~$O LEP+SLC 0J30 $N%G!<%? $X$N %U%#%C%H $N7k 2L (all LENC) $r<($9!# 5!9= $,!" L$ 8! >Z $N $^ $^ $@ $+ $i $G $" $k!# I8 =‘ LO 7? $G $3 $N 5! 9= $r C4$C $F $$ $k $N $, %9 %T %s 0 $N 4p K\ N3 ;R!" %R%C %0 %9 $G $" $k [9] !#$3$N %R%C%0 %9N3 ;R4V $K :nMQ $9$k ?7$7 $$Aj 8_:n MQ $K$h $j!"1’ Ch$, $=$N =i4| $N 9b29 >uBV $+$i Nd5Q $9$k 2aDx $G ??6u Cf$K %R%C%0 %9N3 ;R $, 6E=L $7!" <+ H/E* $K %2!< %8BP >N @-$, GK $l $k!#=>$C $F!" NO $rG^ 2p $9 $k%2!< %8 N3 ;R$d!" J* <A $r9= @. $9 $kJ* <A N3;R$N <A NL$O!" ?? 6uCf $K 6E=L $7 $?%R%C %0 %9N3 ;R $H$N Aj 8_:n MQ $K$h $j @8$8!" 6E =LL) EY $H$= $N Aj8_ :n MQ$N 6/ $5$G 7h $^$k $3 $H$K$J$k!#%2!<%8N3 ;R W $H Z $N <ANL$K4X$7 $F$O!"$=$N Aj8_:nMQ$, IaJWE*$J%2!< %8NO$G$" $k$?$a!"M=8@ $,2DG=$G$"$C $?!# W = Z $N M= 8@ $I$& $j $N H/8+ $O!" I8 =‘LO 7? $N 51$+ $7 $$ @.8y $N 0l $D$G $" $k [10] !# $7 $+ $7!"J* <A N3 ;R%/%)!< %/ $H %l%W %H %s$N<A NL $K 4X$7 $F $O!"N3 ;R Kh$K 0[ $J$k 6/ $5$r ;} $DEr @n NO!J%R%C %0 %9N3 ;R $HJ* <A N3 ;R$N Aj 8_:n MQ!K $r2> Dj $7$? $K 2a$. $J $$!#$=$N7k2L!"I8=‘LO7?$N 18 8D$N%Q%i%a!<%?$N$&$AH>J,$O$3$NEr@nNO$N7k9gDj?t$H$J$C$F$7$^$C$?!# $$$:$l$K$;$h!"!V%2!< %8BP>N@-$HL7 =b$;$:$K<A NL$r:n$j=P$9 $K$O!"??6uCf$K 2?<T$+$,6E=L $7!"$=$l$,%2!<%8 BP>N@- $r<+ H/E* $K GK$C$F $$ $k$O $: $@!W$H $$ $& $3$H 0J 302? $b J,$+$C $F $$$J $$ $N $,8= >u $G$" $k!# <ANL @8 @.$N 80 $H $J$k %R%C %0%9 NO $HEr @nNO $N 2rL@ $K $O!"$^ $:!" I8=‘ LO 7? :G8e $N L$H/ 8+ N3;R $G $"$k %R%C %0 %9N3 ;R $NH/ 8+!" $=$7 $F $=$N %R%C %0 %9N3 ;R $*$h $S %H%C%W%/%)!<%/$N@-<A$N>\:Y$J8&5f$,IT2D7g$G$"$k!# %H%C%W%/%)!<%/$NJ*M} $O!"Er@nNO$N 2rL@$N<jCJ$H $7$F$N$_$J$i $:!"$=$l<+?H 6K$a$FBg@Z$G $"$k!#$=$l$O!"$3 $N<ANL NN0h $N%H%C %W %/%)!< %/ $,Bg $- $J Jx 2u6R $r ;} $A!"$= $l $, 6/ $$Aj 8_ :n MQ$N @V 30 %+%C %H%* %U $H $7 $FF/ $/ $? $a$K!" @] F0 QCD $r$b $A$$ $? ?. Mj $G$- $k M} O@ E*M= 8@ $, $G$- $k $+ $i $G$" $k [16] !# B>$N %/%)!< %/ $K$J $$!" $3 $N FCI. $9 $Y $- FCD’ $K $h$C $F!"@] F0 QCD $NL@2r$J8!>Z$, 2DG=$H$J$j!"$^$?!"6/$$Aj8_:n MQ$N7k9gDj?t ( � s ) $N@: L)B,Dj$NF;$,3+$1$k!#$7$-$$ CMNN0h$K $*$1$k%H%C %WH?%H%C %WBP @8@.$N HyJ, $*$h$S A4CG LL@Q$N @:L) B,Dj$K $h$j!" � m t < 500 MeV !" � � s < 0 : 002 $N@: EY$, 4|BT$G $- $k!#$3 $l $i$N @: L)B, Dj $N7k 2L $O!"NL ;RJd @5 $N8z 2L $rDL $7 $FI8 =‘ LO7? $r 1[$( $k J*M} $r C5$k 5.=E $J <j$, $+ $j$H $J $k$G$"$m$&!#%H%C%W%/%)!<%/$NJx2u6R$NB,Dj$b!"$=$l$,L$CN$N>.NS - 1W@n9TNs$NMWAG V tb $HD>@\4X78$9$k$?$a!"=EMW$J 2]Bj$G $" $k!# $=$l $, #10J 2< $J$i $P Bh;M @$ Be$N B8 :_$r 0U L#$7!" $= $l$, 8+ $+$1 >e #1 $r1[ $( $l$P!" 2? $+?7 $7 $$Jx 2u 2aDx!" Nc $($P!" t ! bH + !J2YEE%R%C%0%9!K $"$k$$$O!" t ! bP + !J5<%4!<%k %I%9%H!<%s%\%=%s!K!" $,M-$k$3$H$K$J$k!# JLC-I 2

$O!"%H%C%W%/%)!<%/$r@8@.$7!"$=$N@-<A$r>\:Y$KD4$Y$k$?$a$NM}A[E*$J2CB.4o$G$"$k!# TEV A TR ON $K$*$1$k %H%C%W %/%)!<%/$NH/8+$O!"%H%C%W%U%!%/%H%j!<$H$7$F$N JLC-I $N6[5^@-$r$^$9$^$99b$a$?$H8@$($k!# %H%C%W%/%)!<%/$NH/8+ $O$^$?!"EE<e Aj8_:nMQ$N@: L)<B83%G!<%?$K 4X$9$kNL;R Jd@5$rDL$7$?!" %R%C%0%9N3;R$N <ANL$K BP$9 $k<B 83 E*@) 8B $K $b?7 $? $J?J E8 $r$b $? $i $7$?!# NL ;RJd @5 $K 8=$l $k <gMW $J L$ CN%Q %i %a!<%? $G $"$C$? %H%C %W %/%)!<%/ <A NL$,$*$5$($i$l!"$h$j>. $5$J%R%C%0%9N3;R $N8z2L$r8+$k2D G=@-$,3+$1$F$- $?$N$G$"$k!#?^ 1.2 $O!" LEP $d SLC $K $* $1$k Z 0 <B83$r$O$8$a$H$9$k$5$^$6$^$JEE<eAj8_:nMQ$N@:L)<B83%G!<%?$H!" TEV A TR ON $K$*$1$k%H%C%W%/%)!<%/<A NL$ND>@\ B,Dj$+ $i$( $i$l$?!" %H%C%W %/%)!<%/$H %R%C%0%9 N3;R $N<ANL $KBP $9$k@) 8B$r<( $7$? $b$N$G $"$k [4] !#<B83 %G!<%? $O7Z$$ %R%C %0 %9N3 ;R $NB8 :_ $r<( :6 $7$F $$ $k!#<B 83 %G!<%? $+ $i%R%C %0 %9N3 ;R $N<A NL $K BP$9 $k 0UL# $N $"$k @) 8B$, F@ $i$l $k $h$&$K$J$C$?$3$H!#$3$l$b$^$?!"A02s$NJs9p0J9_$N=EMW$J?JE8$G$"$j!" JLC-I $N6[5^@-$rAJ$($k$b$N$G$"$k!# ?^ 1.2: EE<eAj 8_:nMQ$K4X $9$k@:L)<B 83%G!<%?$+$i F@$i$l$?%H%C %W%/%)!<%/$*$h $S%R%C%0%9 N3;R$N<ANL $KBP$9$k 39% (1- � ) $*$h$S 90% %3%s%U%#%G%s%9%l%Y%k$G$N@)8B [4] !# $=$l$G $O!"M}O@ $+$i$O %R%C%0%9 N3;R $N<ANL $K4X$7 $F2?$r 8@$( $k$N$G $"$m$& $+ ? I8 =‘LO7? $NOHAH $NCf $G8@$( $k$N$O!" <!$N $3$H $N $_$G $" $k!#$^ $:!" %R%C%0 %9 N3 ;R$N <A NL$,!" $= $N;M E@ Aj8_ :n MQ $H4X 78 $7$F $$ $k$3 $H $r;W $$ $@ $=$&!# $3 $N;M E@ Aj8_:n MQ $O!"?^ 1.3 $K <($7 $? $h$& $K %(%M %k %.!<$H $H $b$K 6/ $/$J $k!# $b $7!"%R%C %0 %9N3 ;R $N<A NL $,Hf 3S E*=E $1 $l$P!" $3 $NAj8_ :nMQ $N 6/$5 $O!" T eV %9%1!< %k $r1[ $($? $H $3$m $GH/ ;6$7 $F $7$^ $&!#$3 $N FC0[ $J?6 Iq $$$O!" $=$3 $G I8=‘ LO7? $,GK C>$9$k $3$H $r 0UL# $7$F $$ $k!#0l J}!"%R%C %0 %9N3 ;R$N <A NL$, 180 GeV 0J 2<$G $"$k $J $i!";M E@Aj 8_:n MQ $O!"%W %i%s %/ %9 %1!<%k $K;j $k $^$G @] F0O@ E* $G$" $k!# $3 $N>l 9g $K$O!" I8 =‘LO 7? $,D6 9b %( %M%k %.!< $K;j $k $^$G @. $jN) $D $3 $H$K $J $k!#EE <e Aj8_:n MQ $K4X $9 $k@: L) <B83 %G!< %?$, $^ $5$K $3 $N<A NL NN0h $K %R%C%0 %9 $NB8 :_ $r<( :6 $7$F $$ $k$3 $H $OCm L\ $KCM $9 $k!#$3 $N $h$& $J %R%C %0 %9 N3 ;R $O!" JLC-I $N <i Hw HO 0O $K $" $k!# %R%C %0 %9 N3 ;R$N <A NL $, 150 GeV 0J 2< $G $" $l $P!" J* <A N3 ;R $N<A NL@8@.5! 9=!JEr @nNO!K $N8! >Z$b2D G=$H $J$m $&!#%H%C %WH?%H%C %WBP $N$7 $-$$ CMNN 0h$G$O!" @]F0 QCD $K$h $k?. Mj$G $-$k M}O@ E*M= 8@ $K $h$C$F!" $= $l 0J30 $N >. $5$J 8z 2L$G $" $k %H%C%W %/%)!< %/ $NEr @n 7k 9g$N B, Dj $,2D G= $H $J$k!# $^ $?!" %R%C%0 %9 N3;R$N Jx 2uJ, 4t Hf$N B, Dj$+ $i!" Er@n NO $,<A NL $KHf Nc $9$k $+ H]$+ $N 8!>Z $b $G$- $k!# $3$N $h $&$J B, Dj$O!" EE ;RM[ EE ;R>W FM <B83$N$-$l $$$J4D 6-$K$* $$$F$N $_$J$7 $&$k!#$3 $&$7$F!" JLC-I $OI8=‘ LO7?$N E0DlE*$J 8!>Z$H 3NN)$r 2DG=$H $9$k$N $G$" 3

?^ 1.3: I8=‘LO7?$G $N!"$/$j$3$_ 72$K$h$k%R%C %0%9N3;R$N <+8JAj8_:nMQ $N7k9gDj?t ( � Higgs ) $N%(%M %k%.!<%9%1!<%k 0MB8@-!# ?^Cf$N?t;z$O%R%C%0%9N3;R$N<ANL$G$"$k!#%H%C%W%/%)!<%/$N<ANL$O 170 GeV $r2>Dj$7$?!# $k!# 1.1.2 I8=‘LO7?$NLdBjE@ JLC-I $K $* $1 $k %H%C %W %/%)!< %/ $N >\ :Y $J 8&5f $K $h$C $F!" S U (3) C � S U (2) L � U (1) Y %2!< %89= B$ $, 40 A4 $K 3N N) $5$l$? $J $i$P!" I8 =‘LO 7? $KFb :_ $9$k B? $/$N L$ 2r7h $N 5?Ld $r ??7u $K 8!F$ $G $-$k $h $&$K $J $k!#2? 8N!" EE;R $H M[;R $N EE2Y $O @53N $K%P %i %s%9 $7 $F $$$k $N $+!) 2?8N!" #3 $D$N %2!< %8 NO$N 6/ $5 $O$= $s $J$K 0c$C $F $$$k $N $+!)2? 8N!" @$ Be?t $O #3 $J$N $+!) 2?8N!" 0l8+ L5 4X78 $K ;W$( $k %/%)!<%/ $H %l %W%H %s $NNL ;R 0[>o 9‘ $OAj ;& $9 $k$N $+!) J*<A N3 ;R$N <A NL$O $I $3 $+$i Mh $k$N $+!) 2?8N!" CP ITJQ @-$O GK$l $F$$ $k$N $+!) $J$I $J$I!" B>$K $bB? $/$N 5? Ld$, $"$k!# $3$l $i$N 5?Ld $N$& $A!" :G$b Bg@Z $J$N $O!" !V2?8N!"EE<eBP>N @-!J S U (2) L � U (1) Y ) $,GK $l$F$$$k $N$+!)$= $7$F!"2?8N $=$l$, < H > = 246 GeV $K$*$$ $F$J$N $+!)!W$H $$$& Ld Bj$G $" $m $&!#I8 =‘ LO 7?$O $3 $l$i $N 5? Ld$K 2? $b Ez$( $J $$!#$= $7 $F $^$5 $K $=$N ;v $N 8N$K!" 2f!9 $O!" $3$l $i $N5?Ld $K Ez$( $k I8=‘ LO 7?$r 1[ $($? $h $j4p K\E* $J J*M} $N B8:_ $r 3N?. $9 $k$N $G $"$k!# $= $N9b %( %M%k %.!<$K $* $1$k $h $j4p K\ E*$J M}O@ $O!" Dc%( %M %k%.!< M- 8zM} O@ $H $7$F I8 =‘LO 7? $rJq 4^ $7!"$= $N %Q %i%a!< %? $rF3 $-!" 4pK\ N3 ;R$N NL ;R ?t$r @b L@$9 $k $G$"$m$&!#FC$K!" <e$$Aj 8_:nMQ$N %(%M%k%.!< %9%1!<%k < H > = 246 GeV $rM}O@$N 5"7k$H $7$FM?$( $k$G$"$m $&!#$3$N ?7$7 $$$h $j 4pK\ E* $J J*M} $N %9%1!< %k $O!"I8 =‘ LO 7?$N E, MQ8B 3& $r <($9 %+%C %H%* %U $H 8+$J $; $k!#$3 $N %+%C%H %* %U %9%1!< %k $N>e$G$O!"I8=‘LO7?$OGKC>$7?7$7$$J*M}$,=P8=$9$k!# $9$G$K=R$Y$?$h$&$K!"I8=‘LO7?$K$*$$$F$O!"9=B$$r;}$?$J$$4pK\N3;R$H$7$F$N%R%C%0%9>l$, S U (2) L � U (1) Y BP>N @-$r GK$k!# $3 $N %R%C%0 %9 >l $N<A NL 9‘ $N %*!<%@!< $O!" <e $$Aj 8_ :n MQ$N %( %M %k%.!< %9 %1!< %k$G $" $k!# 0lJ}!" $= $N <+A3 $J %( %M%k %.!<%9 %1!< %k $O!" M}O@ $N %+%C %H%* %U %9 %1!< %k$G $" $k!# %R%C%0 %9 >l $K BP$9 $k NL ;RJd @5 $, #2 <!H/ ;6 $r ;}$A!" =>$C $F!" $=$l $,%+%C %H %*%U %9 %1!< %k$N <+ >h $KHf Nc $9$k $+ $i $G$" $k!# $b $7!"$= $N %+%C%H %* %U %9%1!< %k $,%W %i %s %/%9 %1!< %k 6a$/ $K $"$k $J$i $P!" %R%C%0 %9 >l $N<A NL 9‘ $r<e $$ Aj8_ :n MQ $N%( %M %k %.!<%9 %1!< %k$K J] $D $?$a!" Mg $N<A NL 9‘ $r!"2? == 7e $K$o $?$C $FHyD4 @0 $7$J $/ $F$O $J $i$J $$!# $3$N Ld Bj!"$9 $J $o$A <+ A3$5 $N LdBj $O!" I8=‘ LO 7?$r 1[ $($k $h $j4p K\ E*$J M} O@$r 9= C[$7 $h $&$H$9 $k :] $N!":G $b Bg$- $J >c32 $N 0l$D $G $"$k!# $= $N2r 7h :v$H $7 $F8= :_ CN$i $l $F $$$k $N $O!"<! $N Fs$D $N $_$G $" $k!#Bh 0l $NF; $O!"%+%C %H %*%U %9 %1!< %k$r <e $$Aj 8_ :nMQ $N %9 %1!<%k $N $9$0 >e $K CV$-!" %R%C %0%9 N3 ;R $rJ# 9g N3;R $H 8+$J $9 $3 $H$G $" 4

$k!#$3$N >l 9g $K$O!" $= $b$= $b 9=B$ $r ;}$? $J $$4p K\ N3;R $H $7$F $N %R%C%0 %9 >l$, B8 :_ $7$F $$ $J$$ $N $G!"<+ A3 $5$N Ld Bj$b $J $$!#<! @a$G =R $Y$k %F %/%K %+ %i!<$N %7 %J %j%* $O!" $3$N HO aF$K B0 $9$k!# $b $& 0l$D $N F;$O!" #2 <!H/ ;6 $r=| 5n $9 $k?7 $7 $$BP >N @-!"$9$J$o$A!"D6BP>N@-$rF3F~$9$k$3$H$G$"$k!# 1.1.3 %F%/%K%+%i!<$N%7%J%j%* %F%/%K%+%i!<$N%7 %J%j%*$G$O!"%R%C %0%9>l$O%F%/ %K%U%’%k%_%*%s %;%/%?!<$K$*$1 $k%+%$%i%kBP >N@-$NNO3X E*GK$l$K IU?o $9 $k Fn It - %4!< %k %I %9%H!< %s %\ %= %s $G CV $- 49 $( $i $l $k [18] !# $3 $N %7 %J %j %* $O!" @:L) <B 83 $r DL $7 $F 8! >Z $G $- $k!# I8 =‘LO7?$HF1MM$K!"%F %/%K%+%i!<LO7? $b%2!<%8ITJQ$G $"$k$,!" T eV %9%1!<%k $G$N?7$7$$6/ $$Aj8_:nMQ$K $h$C$FM65/$5$l $?9b<!85 $N1i;; ;R$K$h$C $F%2!<%8 N3;R4V $N<+8J Aj8_:n MQ$KI8 =‘LO7? $+$i$N $:$l !J0[>o7k 9g!K$,@8 $8$k!# JLC-I $G$O!" e + e � ! W + W � , e � ( � ) � e W � , � e � e Z Ey $N H?1~ $r DL $7$F!" $3 $l$i $N 0[ >o7k 9g $r 1% 0J 2<$N @: EY $GB, Dj $G $-$k [75] !# JLC-I $N%*%W %7%g%s$H$7$F$N Z - %U%!%/%H%j!< $K$*$1$kD6@: L)<B83$b!" S U (2) L � U (1) Y %2!<%8 BP>N@-$NGK$l $N5!9= $N2r L@$K $H $F $bM- MQ $G $"$k [19] !# %F%/ %K %+ %i!<LO 7? $N Cf?4 E* %" %$%G %" $G $"$k NO 3X E*BP >N @- $NGK $l $N 9M$( $O!" %2!< %8N3 ;R$N <ANL @8 @.$K $O BgJQ $& $^$/ F/ $/!# $7$+ $7 $J$, $i!" J*<A N3 ;R$N <A NL @8@. $O MF0W $G $J$$!# %U %l!<%P!< $r JQ $($k Cf @-%+ %l %s%H$K BP $9$k <B 83E* @) Ls$H L7 =b$7 $J $$LO 7?$N 9= C[$, :$ Fq$J $N $G$" $k!# $3$N Ld Bj$N 2r 7h:v $H $7$F Ds0F $5 $l$? !VJb $/%F %/ %K%+%i!<!W [20] $O!" Cf@- %+ %l%s %H$N @)Ls $r$+ $o $7$D $D!"J* <AN3 ;R $KHf 3SE* Bg$- $J <ANL $rM? $($k $3$H $, $G$- $k!#$3 $NLO 7?$O!" O (100) GeV 0J 2<$K5< FnIt - %4!<%k %I%9%H!< %s%\ %=%s!J%F %/%K%Q %$%*%s!K $NB8:_ $rM= 8@$9$k!# $3$l$i $N%F%/ %K %Q%$%*%s$O!" #2$D 0J>e$N %R%C%0%9 Fs=E9‘ $,$"$k >l9g$K $G$F$/ $k2YEE %R%C%0%9 N3;R$H ;w$?@- <A$r;}$C $F$*$j!" JLC-I $G $NH/ 8+$O MF 0W$G $" $k!#$H $O 8@$& $b $N $N!"Bg $- $J<A NL $r;} $D %H%C%W %/%)!< %/ $NB8 :_ $r$3 $N LO7? $K AH$_ 9~ $‘ $3$H $O MF0W $G $J$/!" $3$N @~ $K1h$C $?!" 8=>] O@ E*$K Ld Bj $N$J $$ LO7? $O $^$@ =P Mh$F $$ $J $$!#$3 $N $h$& $J >u67 2< $G$O!" %7 %J %j%* $r <B83 E* $K8!>Z$9$k $3$H$O :$Fq$G $"$k!#0l J}!"<+A3 $5$NLd Bj$r2r $/$b$& 0l$D$N %7%J%j %*$G$" $kD6BP>N @-$N>l 9g$K$O!" JLC-I $G <B83E*$K8!>Z$G$-$k$$$/$D$+$N$O$C$-$j$7$?M=8@$,$"$k!# 1.1.4 D6BP>N@-$N%7%J%j%* D6BP>N@- (SUSY) $O!"%\%=%s$H%U%’%k%_%*%s$N4V$NBP>N@-$G$"$k [22] !#$=$l$O$^$?%R%C%0%9>l$N$h $&$J%9%+%i!<N3 ;R$N>l $N <ANL 9‘ $KFb :_ $9$k Fs <!H/ ;6 $r=| 5n$9 $k!" 8=:_ CN $i$l $F $$$k M# 0l$N BP >N@- $G $b$" $k!# <+A3 $5$N Ld Bj$N :, 8;$, $3 $NFs <!H/ ;6 $K$"$C $? $3 $H$r ;W $$5/ $3 $;$P!" $= $l $N$J $$ D6BP >N LO 7?$G $O!" M}O@ $N %+%C %H%* %U %9%1!< %k $r%W %i %s %/%9 %1!< %k$^ $G2! $7 >e $2$i $l $k $3$H $, J, $+$k [23] !# $3$N $3 $H $O!"<! $N $h $&$J Bg JQ L%NO E* $J %7%J %j %* $r2D G= $H $9$k!# $D $^ $j!"<e $$Aj8_:nMQ$N%(%M%k%.!<%9%1!<%k$K$*$1$kA4$F$N%Q%i%a!<%?$,!"%W%i%s%/%9%1!<%k6a$/$ND69b%(%M%k%.!<$NJ*M}$K$h$C $FD>@\ 7h Dj $5$l $F $$$k $H $$$& %7 %J%j %* $G$" $k!# $=$3 $G $O!"D6 BP >N@- $,!" %W%i %s %/ %9%1!< %k 6a$/ $N D6=E NO $NOH AH $K<+ A3 $KAH $_9~ $^ $l$k!# 5U $K 8@$( $P!" <e $$Aj 8_ :nMQ $N %( %M%k %.!< %9 %1!<%k $G $N<B 83 $K $h$C$F!" %W %i%s %/ %9 %1!<%k 6a $/ $ND6 9b %(%M%k%.!<$NJ*M} $rD4$Y$k $3$H$,2DG= $K$J$k$N$G $"$k [24] !# T eV NN0h$K$+ $+$C$?1@$rJ’ $$B‘$1$l $P!"%W%i%s%/ %9%1!< %k$K$^$G;j$k?7$7$$J*M}$ND/K>$,3+$1$k$N$G$"$k!#$3$N6C$/$Y$-2DG=@-$O!"$^$5$KD6BP>N@-$,!"<e$$Aj8_:nMQ$N%9%1!< %k$H%W%i%s%/%9%1!<%k$N4V$NBg$-$J3V$?$j$r5v$9$3$H$K$h$C$F$$$k!# <e$$Aj8_:nMQ$N %(%M%k%.!<%9%1!< %k$K$*$1$k A4$F$N%Q%i%a!< %?$,!"%W%i%s%/ %9%1!<%k6a$/$N D69b%(%M%k%.!< $NJ*M} $K$h$C$FD>@\7hDj$5$l$F$$$k$H$$$&9M$($O!"BgE}0lLO7? (GUT) $N35G0$X$H<+A3$K$D$J$,$C$F$$$/!#BgE}0lLO7?$G$O!" I8=‘ LO7? $N %2!<%8 72 $r 0l$D $N H> C1=c 72 $KKd $a 9~ $‘$3 $H $K $h$j!" 6/!" EE!"<e!" ;0 $D $N%2!< %8 NO$r M# 0l $N%2!< %8 NO $KE} 0l $9$k!# $D$^ $j!" $3$l $i ;0 $D$N %2!< %8NO $N 7k9g Dj ?t $O!"D6 9b %(%M %k %.!< $K$* $1 $k$? $@ 0l $D$N %2!< %8NO $N 7k9g Dj ?t $+$i F3 $+$l $k$3 $H $K $J $k [25] !# $3 $N:]!" Dc %( %M%k %.!< $K $*$1 $k ;0 $D $N%2!< %8 NO $N6/ $5 $N 0c$$ $O!" BP 1~ $9$k It J, 72$N Bg $- $5$N 0c$$!J 3 > 2 > 1 !K $H$7 $F<+ A3$K M}2r $G$- $k!#=>$C $F!"Bg E}0l LO7? $O!" S U (2) L $H U (1) Y %2!< %8NO $N7k 9gDj ?t$N Hf $r7h$a$k%o %$%s%P!<%0 3Q$rM=8@ $9$k!#Nr ;KE*$K$O!" $^$:!":G $bC1=c$J BgE}0lLO 7?!J S U (5) GUT) $N$/ $j$3$_ 72$rMQ$$ $?2r@O$+ $i!"$3 $N%o %$%s%P!< %03Q $, sin 2 � W ’ 0 : 2 $H M=8@ $5$l$? [26] !#$3 $l$O!" B,DjCM $H35 $M0l CW$9$k!# $5$i $K!"J* <AN3;R$G$"$k%/%)!<%/$H%l%W%H%s$b S U (5) %2!<%872$NB?=E9‘$KAH $_9~$^$l!"$=$l$i$NNL;R?t$N 4V$K4X78$,@8$:$k!#$3 $N;v $K$h$C $F!" I8=‘ LO 7? $K$* $$ $F$O!" 6v A3$K 2a $. $J$+$C $? EE2Y $N NL ;R2=!" NL ;R0[ >o 9‘ $NAj ;& $,@b L@ $G$- $k!# Bg E}0l LO 7?$G$O!"%?%&%l%W%H%s$H%\%H%‘%/%)!<%/$O GUT %9%1!<%k$K$*$$$F Ey$7$$<ANL$r;}$D!#$3$l$+$i!"$/ $j$3$_72$G GeV %9%1!<%k$K9_$j$F$/$k$H!"@5$7$$ m b =m � Hf$rM?$($kE@$b<(:6E*$G$"$k [27] !# $7$+ $7$J $, $i!"0l 8} $KBg E} 0lLO 7? $H8@$C $F $b!"%2!< %8 72$N <h $jJ}!" D6BP >N $+H] $+!" Ey$K $h $j?’!9 2D G=@- $, $"$j $& $k!#=>$C$F!"%o%$%s%P!<%03Q $NM=8@CM$H <B83CM$NHf3S $+$i!"$3$l$i$N LO7?$NA*JL$r $7$J$/$F$O$J $i$J$$!#?^ 1.4 $O%o%$ %s%P!< %0 3Q (sin 2 � W ) $N <B 83 CM $NNr ;K E* ?d 0\ $G$" $k!# %o %$ %s%P!< %0 3Q $N B,Dj @: EY $O LEP <B 83 $K $h$C $FHt Lv E* $K 8~>e 5

?^ 1.4: %o%$%s%P!<%03QB,Dj$NNr;K!#?^Cf$K$O:G>. S U (5) BgE}0lLO7?!"$*$h$S!":G>.D6BP>N S U (5) BgE}0lLO7?$NM=8@CM$b <($7$?!# $7 [13] !"$=$NB, DjCM$O:G $bC1=c $JD6BP>N BgE}0lLO 7?$NM=8@ CM$H6C $/$Y$-0l CW$r<($7 $? [28] !#?^ 1.5 $O!"$3$N D6BP>N BgE} 0lLO7? $K $*$1 $k NO$N E} 0l$N MM ;R$r <( $7$F $$$k!# $b $H$b $H <+A3 $5 $NLd Bj $N2r 7h :v$H $7 $FF3 F~ $5$l $?D6 BP >N@- $,!" $3$N $h $&$J8+ ;v$JNO $NBg E}0l $KF3 $/;v $OCm L\$K CM$9 $k!# PEP !" PETRA !" TRIST AN $, %H%C%W%/%)!< %/$K BP$7!" 6C$/ $[$I 9b$$ <ANL 2< 8BCM $r M?$( $k A0$+ $i!" D6 BP>N LO 7?$K $* $1$k BP >N@- $N mU <MJd @5 $K$h $k GK$l $N %7%J %j %* $,!"=E $$ %H%C%W %/%)!< %/$r <(:6 $7 $F$$ $? E@ $b8+ F( $; $J$$!# $3 $N%7 %J %j %*$G $O!" %H%C %W%/%)!< %/ $NEr @n 7k 9g$, M6 5/$9 $k NL ;R8z 2L $G!" %R%C%0 %9 <ANL $N<+ >h $, Dc%( %M %k %.!<$G Ii $N CM$K $J $k ;v$K $h$C $F EE<e BP >N @-$, GK $l $k$H 9M $( $k [29] !# $= $N$? $a $K $O!"$= $N Er @n7k 9g$, ==J, Bg $-$$ ;v!" $D $^$j %H%C %W %/%)!<%/ $N <ANL $, == J,=E $$ ;v $,I, MW $G$" $k!# <B :]!"$3 $N %7%J %j %* $,MW 5a $9 $k%H%C %W %/%)!<%/$N<ANL$O 100 � 200 GeV $G$"$k!#$3$l$O!"$^$5$KH/8+$5$l$?%H%C%W%/%)!<%/$N<ANL$H9gCW$7$F$$$k!# 1.1.5 7Z$$%R%C%0%9N3;R!’Bg:=Gy$+$i$N;H<T D6BP>N@-$+$i$N 8!>Z2DG=$JBh 0l$N5"7k$O!"7Z $$%R%C%0%9N3;R $NB8:_$G$"$k!# Aa$/$+$i!":GDc <!$N7W;;$G $O!"D6BP>N LO7?$K$* $1$k:G $b7Z$$ %R%C%0%9 N3;R$N <ANL$O m Z $h$j>. $5$$;v $,CN$i $l$F$$ $? [30] !# $=$N$? $a!"$3$N %R%C%0%9 N3;R$O LEP-II <B 83 $N<g MW $J I8 E* $H $5$l $F $- $?!# $7 $+ $7$J $, $i!" :G 6a $N $h$j >\ $7 $$ M} O@ E*2r @O $+ $i!" $3 $N %R%C%0 %9 N3 ;R $N <A NL>e8BCM$,!" %H%C%W%/%)!<%/ $NEr@n 7k9g$K$h $kNL;R Jd@5$K$h$C $F!"$+$J $j9b$/$J $k;v$, L@$i$+$K $J$C$? [31] !# LEP-I I <B83$G $O 2DG= $J %R%C%0 %9 N3;R $N <ANL NN 0h$N A4 $F$r J$ $$?T $/ $9$3 $H $,=P Mh $J$/ $J$C $?$N $G $"$k!# :G $b4J C1 $JD6 BP >NLO 7? $G$O!"$3$N<ANL>e8BCM$O 170 GeV $G$"$j!"0l=E9‘$r2C$($?$j!"Fs=E9‘$N?t$rA}$d$9$J$j$7$F!"%R%C%0%9>l$NB? =E9‘$N 9=B$$r JQ$( $F$b!" 200 GeV $r 1[$( $J$$ [32] !# JLC-I $O!"$3 $N$h $&$J D6BP >N@- $NM= 8@$9 $k7Z $$%R%C %0%9 N3;R$N C5:w $K M}A[ E*$G!" $= $l$, B8 :_$9 $k $J$i $P 3N <B$K H/ 8+$G $- $k!#5U $K!" $b$7 8+ $D $+$i $J $+$C$? $H $7$? $i!" D6BP >N LO 7?$r 40 A4$K GS =|$9 $k$3 $H $,=P Mh $k!#0l J}!" %O%I %m %s %3%i %$ %@!<$G $O $3$N $h $&$J 7Z $$ %R%C%0 %9 N3;R $N C5:w $O 0lHL $K Fq $7$/!" $= $NH/ 8+ $,IT2DG=$G$J$$$H$7$F$bB?$/$N;~4V$rMW$9$k$G$"$m$&!# $R$H $? $S 7Z $$ %R%C %0 %9 N3 ;R $, H/ 8+ $5 $l $? $J $i!" $= $N @- <A $N >\ :Y $J 8& 5f!" $D $^ $j!" <A NL!" Jx 2u 6R!" J, 4t Hf!" @8 @. CG LL@QEy $N @: L)B, Dj $,2D G= $H$J $k!# $3$l $i $N@: L) B,Dj $O!" EE;R M[ EE;R >W FM<B 83 $G $N$_ 2D G=$G $" $j!"H/ 8+ $5$l $? %R%C%0 %9 N3;R$, I8 =‘LO 7? $N$b $N $J$N $+!" $"$k $$ $O!"D6 BP >NLO 7? Ey$N 3H D%$5 $l $?%R%C %0 %9B? =E 9‘$K B0 $9$k $b $N$J $N $+$r 6h JL$G $- $h$&!# $=$l $I $3$m $+!" 8e <T$N >l 9g $K$O!" B> $N%R%C %0 %9 N3;R $N H/ 8+$9 $i $"$j F@ $k!# $3$N >l 9g$K $O!" $3 $l$i J# ?t 8D$N %R%C %0%9N3 ;R $N @-<A $r >\:Y $K D4$Y $k $3$H $K $h$C$F!" Nc $($P!" %R%C %0%9 >l $NB? =E 9‘$N 9= B$ $,0l HL $NFs $D $NFs =E 9‘$N $= $l$J $N $+!"$h$j@)8B$5$l$?D6BP>NLO7?$N$=$l$J$N$+$rH=Dj$G$-$k$G$"$m$&!# 6

?^ 1.5: :G>.D6BP>N S U (5) BgE}0lLO7?$N>l9g$N!";0$D$N%2!<%87k9gDj?t$N%(%M%k%.!<$K$h$kJQ2=!#D6BP>N@-$NGK$l$N%9%1!< %k$O m Z $H2>Dj$7$?!# 7Z$$%R%C%0%9N3;R $NB8:_$O!"D6BP >NLO7?$K8B $i$:!"0lHL$K<e $$Aj8_:nMQ$N %(%M%k%.!<%9%1!< %k$H!"$=$l$h$j MZ$+$K 9b$$ %(%M %k %.!< %9%1!< %k!" Nc $($P %W %i%s %/ %9 %1!<%k!" GUT %9%1!< %k!" $" $k$$ $O Cf 4V%9 %1!< %k ( > � 10 10 GeV)[33] !" $H$N 4V$K Bg :=Gy $, $" $k>l 9g $K$O!" I, A3E* $G $" $k!#$3 $l $O!"%R%C %0 %9 >l$N <+ 8J7k 9g $,!" $=$N ?7 $7$$ J* M}$N %( %M %k%.!< %9 %1!<%k$^$G@]F0O@E*$G$J$/$F$O$J$i$:!"=>$C$F!"BP1~$9$k%R%C%0%9N3;R$N<ANL$, 200 GeV 0J2<$G$J$/$F$O$J$i $J$$$+ $i$G$"$k!# $3$&$7$F!"=E?47O %(%M%k%.!< 300 GeV $NEE;RM[ EE;R>WFM7? 2CB.4o$O!"Bg:= Gy$NM-L5$K BP$7L@3N$JH= Dj$r2<$;$k $N $G$"$k!#$b$7 JLC-I $G7Z $$%R%C%0 %9N3;R $,H/8+ $5$l$? $J$i!"$= $l$OBg :=Gy$N B8:_$r <(:6$9 $kM-NO $J>Z5r $H$J$k!# $b$7 8+$D $+$i $J $1$l $P!" <e$$ Aj 8_:n MQ $N %(%M %k %.!<%9 %1!< %k$N 6a $/$K ?7 $7 $$J* M} $N%9 %1!< %k$, $J $/$F $O $J $i$J $$ ;v!"$= $7 $F!"Bg:=Gy$r 2>Dj$9 $k$$$o $f$kBg E}0lLO 7?$NA4 $F$,<N $F5n$i $l$M$P $J$i$J $$;v$, 7kO@$5$l $k!#$3$N 0UL#$G!" JLC-I $K $*$1$k7Z$$%R%C%0%9N3;RC5:w$O!"9b%(%M%k%.!<J*M}$N:#8e$NJ}8~$r7hDj$9$kJ,4tE@$H$J$k$N$G$"$k!# 1.1.6 %W%i%s%/%9%1!<%k$X$NF; 7Z$$%R%C%0%9N3;R $,M=8@$I$&$j B8:_$7$?$J$i$P!" <!$N2]Bj$OD6 BP>NN3;R$rC5 :w$9$k$3$H$G $"$k!#D6BP>N@- $,<+A3$5 $NLdBj$NEz $G$"$k8B $j!"D6BP >NN3;R$N <ANL$O O (1) T eV $h$j7Z $/$J$/ $F$O$J$i $J$$!#$3 $l$i$ND6 BP>NN3 ;R$N$&$A!" %9 %l%W %H %s!"%A%c!< %8!< %N!" %K%e!< %H%i %j!< %N Ey$N %+ %i!< $r ;}$? $J $$ N3 ;R$O!" B> $N %+ %i!<$r ;} $D D6 BP>N N3 ;R $h $j7Z $$ $H 4|BT$5$l$F$$$k!#=E?47O%(%M%k%.!< 300 � 500 GeV $N<B83$G$3$l$i%+%i!<$r;}$?$J$$D6BP>NN3;R$N$$$/$D$+$,8+$D$+ $k2D G= @-$O $+ $J $j 9b$$!# 0l J}!" %+%i!< $r ;}$C $? D6BP >N N3 ;R!" %9%/%)!< %/!" %0 %k %$!<%N!" $O 0l HL $K=E $/!" $= $N @8@. $K $O $h$j 9b$$ %( %M%k %.!< $, I,MW $H $J$k!# %O %I%m %s %3 %i%$ %@!< $G$O!" %+ %i!< $r;} $? $J$$ D6 BP >NN3 ;R $NC5 :w $OFq $7 $$ $,!"$3 $l $i$N %+%i!< $r ;}$C$? D6 BP>N N3 ;R$N C5 :w $OHf 3S E*MF 0W $G$" $j!" $=$3 $G $N <gMW $J J*M} $N I8E* $H $J$C$F $$ $k!# $3$N $3 $H$r 9M $(9g$o$;$l$P!" JLC-I $K$*$1$kD6BP>NN3;RH/8+$N2DG=@-$O!"%O%I%m%s%3%i%$%@!<$K$*$1$k$=$l$KI$E($9$k$H8@$($k!# D6BP >N @- $O %+%C %H %* %U %9 %1!< %k $r %W %i %s %/ %9 %1!< %k $K $^ $G 2! $7 >e $2 $k $3 $H $r 2D G= $H $9 $k!# =>$C $F!" $= $N Dc %( %M %k %.!<$K $*$1 $k ?6Iq $$ $r>\ :Y $KD4 $Y $k $3$H $K $h$j!" 5U $K!"%W %i %s%/ %9 %1!< %k$N J* M}$r C5 $k2D G= @-$, 3+ $1 $k!#D6 BP >N@- $O L@$i$+ $K GK$l $? BP>N @- $G$" $k $,!"$= $N GK$l $N 5/8; $O D6=E NO Aj8_ :n MQ$K $h $k$H ?. $8$i $l $F$$ $k!# 8@$$ 49 $($l $P!" D6BP >N 7

N3;R $N<A NL %9%Z %/ %H%i %‘ $O!"%W %i %s %/%9 %1!< %k$G $N NO3X $N H?1G $G $" $k!#<e $$ Aj8_ :n MQ$N %( %M%k %.!< %9 %1!<%k $K $*$1 $k D6BP>N @- $N GK$l $N %Q%i %a!< %?7h Dj $O!"%W %i %s%/ %9 %1!<%k $N J*M} $r C5$k $& $($G $N :G $b=E MW $J2] Bj $G$" $k!# $3$l $i $N%Q %i %a!<%?$, B, Dj$5 $l!" D6BP >N @-$N GK $l$N 9= B$$, M} 2r$5 $l $l$P!" D6 89M} O@ $N$h $& $J=E NO $r$b 4^ $a$? <+ A3$N ?? $KE} 0l E*5- =R $K8~ $+$&!" =i $a$F $N 8= <BE* $J Bh 0lJb $r F’$_ =P $9 $3$H $, =P Mh$k!# Nc $($P!" %9 %l %W%H %s!" $"$k $$ $O %A%c!<%8!< %N $N H/8+ $N $_$+ $i$G $b!" %W%i %s %/ %9%1!< %k $K$* $1 $kD6 BP >N @-$N GK $l$N %Q %i %a!<%? $N B?$/ $r 7h Dj$G $- $k!#$3 $l $i$N %Q %i %a!<%? $O!" :G>.D6=ENO LO7? $NOHAH $NCf$G %9%/%)!<%/ $d%0%k %$!<%N$N <ANL$K K]Lu$G $-$k!#$3 $l$i$N B,Dj$K $*$$$F!" JLC-I $N;} $DJP 6KEE;R %S!< %‘ $,K\ <A E*$J Lr 3d$r 2L $?$9 ;v $O6/ D4 $5$l $k $Y$- $G $"$k!# JP 6KEE ;R %S!< %‘$O!" %9 %l%W %H %s$N :8 1&$N %+ %$%i %j %F%#!<$rA*Br $7!"%A%c!<%8!< %N$N@. J,$KJ, 2r$9$k ;v$r2D G=$H$9 $k!#$^$?!" W + W � BP@8@. Ey$N%P%C %/%0%i %&%s%I $r=| $/6/NO $J Ip 4o$H $J $k!#$3 $l $i$K $h$C $F!"8e $K 8+$k $h $&$K!" H/ 8+$5 $l $?D6 BP >NN3 ;R $N @-<A $N >\:Y $J 8&5f $, 2DG= $K $J$k $N $G$"$k!# JLC-I $, Ds6!$9 $k$- $l$$$J 4D6-2< $G$N!"9b %k%_%N %7%F%#!<!"9b JP6KEY $N<B83 $O!"<+A3 $N$h $j?<$$ M}2r$K 8~$1 $?A4$/?7$7$$2DG=@-$r3+$/$G$"$m$&!# 1.2 %R%C%0%9N3;R$NJ*M} 1.2.1 35MW 4{$K=R$Y$?$h$& $KAGN3;R$NI8 =‘LO7?$OFs$D $N4pK\86M}!"$9 $J$o$A%2!<%886 M}$H%R%C%0%95! 9=$K4p$E$$$F $$$k!#6/$$ Aj8_:nMQ$HEE<e Aj8_:nMQ$, S U (3) C � S U (2) L � U (1) Y BP>N @-$K4p$E$/ %2!<%8NO$H$7 $F@:L)$K5- =R$G$-$k$3 $H$O!":G 6a$N<B 83 $K $h$C$F $^ $9$^ $9 3N$+ $J $b$N $H $J$C$F $- $?!#$= $N H?LL!" EE <eBP >N @-$N GK $l $N5! 9= $K$D $$ $F$O L$ $@$K $[ $H$s $I J,$C$F$$ $J $$!#$3 $N EE<e BP >N@- $N BP>N @- $NGK $l$N N" $K@x $‘ NO3X $r 2r$- L@ $+$9 $3 $H$3 $= $,8= :_ $NAG N3;R J* M}$K $* $1$k :G =EMW2]Bj$G$"$j!">-Mh7W2h$H$7$FEE;RM[EE;R%j%K%"%3%i%$%@!<<B83 [37] $r?d?J$9$k:GBg$NF05!$G$b$"$k!# %R%C%0%9%;%/%?!<$N C55a$,=EMW$J $N$O!"%R%C%0%9N3 ;R$,I8=‘LO7? $NM=8@$9$kN3 ;R$NCf$GM#0l L$H/8+$G$"$k $+$i$H$$ $&$@ $1$G $O $J$/!" %R%C %0%9 N3 ;R$, I8 =‘ LO7? $r D6$( $k J*M} $X $N80 $G $b $"$k $+ $i$G $" $k!#:G >. I8=‘ LO 7? $G$O!" %R%C %0%9 %; %/%?!< $O0l $D $N%R%C %0 %9 Fs=E 9‘ $G 9=@. $5 $l$F $* $j!" %R%C%0 %9 N3 ;R$N <A NL$, M# 0l $N<+ M3 %Q%i %a!< %? $H$J $k!# =E $$%R%C %0 %9N3 ;R$O %R%C %0%9 N3 ;R$N <+ 8J7k 9g Dj ?t$, Bg $-$$ $3 $H$K BP 1~$7!" 7Z $$ %R%C%0 %9 N3;R $O %R%C%0 %9 %;%/ %?!< $N NO3X $, @]F0 O@ $G$&$^ $/ 5-=R $G $-$k $3 $H$r <( :6$9 $k!# BP>N @- $NGK $l $NNO 3X $r;Y G[ $9$k %R%C %0%9 N3 ;R$N <A NL$H Aj 8_:n MQ $N6/ $5 $H$O!" I8 =‘LO 7?$+ $i 3HD% $5 $l $?%R%C %0 %9%; %/ %?!<$G $b!" $[ $H$s $I $N>l 9g I8 =‘LO 7? $HF1 MM $J 4X78 $r ;}$C$F $$ $k!#Nc $( $P!" BgE} 0l M}O@$,M=8@$9$k$h$&$K#3$D$N%2!<%87k9gDj?t$,@]F0O@E*$KE}0l$5$l$k$3$H$rMW5a$9$l$P!"%R%C%0%9N3;R$O 200 GeV $h $j=E $/$J $k $3$H $O $G $-$J $$!# 0l J}!"%F %/ %K%+ %i!< M} O@$O!" %R%C %0 %9N3 ;R $,Hs >o $K =E$$ %9 %+%i!< N3 ;R $G$" $k $+!" $b$7 $/ $O$^$C$?$/%R%C%0%9N3;R$KBP1~$9$kN3;R$,B8:_$7$J$$$+$N!"$I$A$i$+$G$"$k$3$H$rM=8@$9$k$N$G$"$k!# $3$N>O$G$O!"%R%C%0%9%;%/%?!<$NJ*M}$K$D$$$F5DO@$9$k!#$?$@$7!">/$J$/$H$b0l$D$N%R%C%0%9N3;R$,<ANL 200 GeV 0J2<$K B8 :_$9 $k >l9g!" $9 $J$o $A %R%C%0 %9 N3;R $N GX8e $K $"$k NO 3X$, @] F0O@ E* $K07 $( $k>l 9g $@$1 $r 07$&!# $= $&$G $J $$>l 9g $O6/7k9g$N%R%C%0%9%;%/%?!<$NJ*M}$H$J$k$,!"$=$l$OJL$N@a$G5DO@$5$l$k$G$"$m$&!# B?$/$N<B83$K$h $k@:NOE*$JC5 :w$K$b$+$+$o $i$:!"%R%C%0%9N3 ;R$OL$$@H/8+ $5$l$F$$$J$$!# I8=‘LO7?$N%R%C %0%9N3;R $N>l9g!"EE;RM[EE;R>WFM7?2CB.4o$G$"$k LEP-I <B83$G$ND>@\C5:w$K$h$j?.MjEY 95% $G $=$N<ANL$, 65 GeV 0J>e$H$$ $&7k2L$,F@$i$l$F$$$k!#8=:_$O%(%M%k%.!<$rLs#2G\$KA}6/$7$? LEP-I I <B83$,?J9TCf$G$"$j!":G=*E*$K<ANLLs 95 GeV $^$G$NI8=‘ LO7?%R%C%0 %9N3;R$, C5:w2D G=$H9M$( $i$l$F $$$k [38] !# 0lJ}!" LEP-I $K$* $1$k%U%’%k %_%*%s BP@8@.$N @:L)B, Dj$H $=$N 2a Dx$K BP $9$k %H%C %W%/%)!< %/ $H %R%C%0 %9 N3;R $K $h$k mU <MJd @5 $N 4sM? $N 7W;; $+ $i!"$= $l $>$l $N <A NL$K BP $7$F 4V @\E*$K@)8B$rM?$($k$3$H$,$G$-$k!#$5$i$K!" TEV A TR ON <B83$K$h$k%H%C%W%/%)!<%/<ANL$ND>@\B,Dj$H9g$o$; $F!"?^ 1.2 $K<($9<ANLNN0h$K%R%C%0%9N3;R$,$"$k2DG=@-$,9b$$$3$H$,$o$+$C$F$$$k!# EE;RM[ EE;R %j%K %"%3 %i%$ %@!<<B 83$K $*$1 $k7Z $$%R%C%0 %9N3 ;R$N C5:w $K$D $$$F $O!"J8 8% [37, 39, 40, 41] $K>\ $7$$!# $3$l $i$N %7 %_%e%l!< %7%g %s$K 4p $E$$ $? 9M ;!$K $h $j!"$b $7 7Z$$ %R%C %0%9 N3 ;R $,B8 :_ $9$k $J $i$P 3N <B$K H/ 8+ $G$- $k $3$H $, $o$+$C$F$$$k!#$9 $J$o$A!" I8=‘LO7? $N%R%C%0%9 N3;R$N>l 9g!"<ANL $, 200 GeV 0J 2<$G$"$l $P!" p s = 300 GeV !"?t � ?t== fb � 1 $N @QJ,%k%_%N%7%F%#$G!JI,MW$J@Q J,%k%_%N%7%F%#$O<ANL$K0M B8$9$k!K!"3N<B$KH/8+$G$-$k!#$3 $NC5:w$KMxMQ $9$k%R%C%0 %9N3;R $N@8@. 2aDx $O e + e � ! hZ $G$" $j!" hZ ! ( b � b )( ‘ + ‘ � ) !" ( b � b )( � � � ) !" ( b � b )( q q ) $N3FJx 2u%b!< %I$r$r ;H$C$? #3<o N‘ $NFH N) $J 2r@O $, 2DG= $G $"$k!# 0l J}!" D6BP >N LO7? $G $O %R%C%0 %9 Fs=E 9‘ $, Fs$D 0J >eI, MW $J$N $G!" %R%C %0%9 N3 ;R$,J# ?t8D B8:_ $7 $J$/ $F$O $J$i $J$$!# :G>. D6 BP>N I8=‘ LO7? !J MSSM !K$G $O!" %R%C%0 %9Fs =E9‘ $rFs $D2> Dj $7!"$= $N7k 2L 8^$D$N%R%C%0%9N3;R$,B8:_$9$k$3 $H$K$J$k!#B($AFs$D$N CP- 6v$N %9%+%i!<!" h $H H !J m h < m H $H$9$k!K!" CP- 4q $N%9%+%i!< ( A ) !" $*$h$S0l BP$N2Y EE%R%C%0%9 !J H � ) $G $"$k!#$3 $N$&$A!" h $+ H $N$&$A >/$J$/$H $b0l$D$N %R%C%0%9N3 8

;R$O 7Z$$ I8 =‘LO 7? %R%C%0 %9 N3;R $N >l 9g$H F1 MM$N J} K!$G I, $:H/ 8+ $G $-$k!# $^ $?!"@8 @. $K== J, $J%S!< %‘ %( %M%k %.!< $5$( $" $l$P!" e + e � ! H A $d e + e � ! H + H � $N%R%C %0%9@8@.2aDx$rDL$8$F H !" A !" H � $rH/8+$7!"$=$N<A NL$r7hDj$9$k $3$H$,2DG=$G$"$k!# 7Z$$ %R%C %0 %9N3 ;R $, $b$7 LEP-I I $GH/ 8+ 2D G= $J<A NL NN 0h $K$" $j!" <B :]$K H/ 8+ $5 $l$? $H $7 $F$b!" $= $3 $G $N@8 @. ;v >] ?t$O >/$J $/!" $=$N @- <A $N>\ :Y $J8& 5f $OFq $7 $$!# $^$?!" %O %I%m %s %3 %i%$ %@!< $G$O %R%C %0 %9N3 ;R $NFC Dj $NJx 2u %b!< %I$7 $+ MxMQ $G$- $J $$!#0l J}!" EE ;RM[ EE ;R%j %K %"%3 %i %$ %@!<$O %S!< %‘%( %M %k %.!<$r %R%C %0%9 $N @8 @.NL $, :GBg $K $J$k $h $& :GE, 2= $7!"%R%C%0 %9N3 ;R 9)>l $H$7 $F1? E> $9$k $3$H $GG/ 4V O (10 4 ) ;v >]$b $N %R%C%0 %9N3 ;R@8 @. $,$G $-$k!# $^$?!" B, DjIT G=$J N3 ;R!JNc $($P D6 BP >N@- LO 7? $N LSP Ey!K $X Jx2u $9 $k >l9g $b 4^$a!" %R%C %0 %9N3 ;R $N $9$Y $F $N Jx2u %b!< %I $N8& 5f $, 2DG= $G $" $k!#$h$C $F!"7Z $$ %R%C%0 %9 N3 ;R$, EE ;RM[ EE ;R%j %K %" %3%i %$ %@!<$G H/ 8+ $5$l $? $H$- $O $b $A$m $s!" LEP-I I $d %O %I%m %s %3 %i%$%@!<$GH/8+$5$l$?>l9g$G$b!"$=$N@-<A$N>\:Y$J8&5f$NIqBf$OEE;RM[EE;R%j%K%"%3%i%$%@!<$H$J$k!# H/8+$5$l$?%R%C%0 %9N3;R$N@-<A $N@:L)B,Dj$r9T $$!"I8=‘LO7?$N M=8@$HI8=‘M} O@$rD6$($kM} O@$NM=8@$HHf 3S$7!"$=$N %R%C%0%9 N3 ;R $N@5 BN $r7h Dj $9$k $3 $H$, :G =EMW 2] Bj$G $" $k!#I8 =‘ M}O@ $r D6$( $k M} O@$H $7 $F$O!" D6 BP>N @- M}O@!" FC $KM= 8@ $N$O$C$-$j$7$F$$$k:G>.D6BP>N@-I8=‘LO7?$,=EMW$G$"$k!#$=$N80$H$J$kB,DjNL$H$7$F$O � %R%C%0%9N3;R@8@.2aDx e + e � ! H Z $NA4@8@.CGLL@Q � tot � � tot $H %R%C%0%9N3;R$N b � b $X$NJx2uJ,4tHf B r ( h ! b � b ) $N@Q � %R%C%0%9N3;R$NA4Jx2uI} � %R%C%0%9N3;R$N#28w;R$X$NJx2uJ,4tHf B r ( h ! ) � %R%C%0%9N3;R$N c � c $X$NJx2uJ,4tHf B r ( h ! c � c ) $J$I$,Ds 0F$5$l!" $=$l $i$K$D $$$F $N9M;! $d6q BNE*$J %7%_%e %l!<%7%g%s $,9T $o$l$F $-$F$$ $k [37, 41, 42, 43] !#$$ $:$l$b 7h$7$F MF0W $JB, Dj$G $O $J$$ $,!"J8 8% [37] $GDs 0F$7 $?$h $&$J 5f 6K$N 2CB. 4o$H B,Dj 4o$K $h$C$F M- 0U$J 7k2L $,4| BT$5 $l$k!# $3$N$h $& $JB, Dj $O!"%R%C %0 %9$N @- <A$, I8 =‘LO 7? DL$j $N $b$N $J $N$+!" D6 BP>N @- M}O@ $J $I$N ?7 $7$$ J* M}$r I, MW$H $9 $k$b $N $J$N$+$K 4X$7$F!" =EMW$J ;X?K$r M?$($k $G$"$m $&!#$=$7 $F!"%j %K%"%3 %i%$%@!< $N <!$N%( %M%k %.!<$r@_ Dj$9$k $3$H$K $J$k $G$"$m$&!# 0J2<$N%;%/%7%g%s$G$O!"%R%C%0%9%;%/%?!<$NJ*M}$K4X$7$F2f!9$,9T$J$C$F$-$?J88% [37] 0J9_$NM}O@E*8&5f$H%7%_%e %l!<%7%g%s$N@.2L$K$D$$$FJs9p$9$k!# 1.2.2 3HD%$5$l$?D6BP>N@-LO7?$K$*$1$k%R%C%0%9%;%/%?!< I8=‘ LO 7? $N D6 BP >N 2= $K $O!" %R%C %0 %9 %; %/ %?!< $N <h $j J} $K $h$C $F!" $$ $/ $D $+ $N 2D G= @- $, $" $k!# :G >. D6 BP >N I8 =‘ LO 7? !J MSSM !K$O:G $bNI $/ D4$Y $i$l $?LO 7?$@ $,!" %R%C%0 %9%; %/%?!< $N 9=B$ $H$$ $&4Q E@$+ $i 8+$l $P!"%R%C %0%9 N3 ;R$N <+8J Aj 8_:n MQ$, %2!< %8Aj 8_ :n MQ9‘ $+ $i $7$+ 8= $l$J $$ !J=>$C $F!"#4 E@ 7k 9g$, 40 A4$K %2!< %8 7k9g Dj ?t$G 7h $^$C $F$$ $k!K $H 8@$& E@ $G!"$d $dFC <l $JLO 7? $K $J$C$F $$ $k!#$3 $N $3$H $,!" 7Z $$%R%C %0 %9N3 ;R $N B8:_ $H $$$&!" 6K $a $F=E MW $JM= 8@ $rF3 $/ ;v $r9M $( $k$H!" MSSM 0J30$NLO7?$G%R%C%0%9%;%/%?!<$N8=>]O@$,$I$N$h$&$JJQ99$r<u$1$k$+$rCN$C$F$*$/$3$H$O=EMW$J$3$H$G $"$k!# %2!<%8BP>N@-$rGK $i$J$$$h$& $K!"D6%]%F%s%7%c %k$K%R%C%0%9D6 >l$N<+8JAj 8_:nMQ9‘!JD6>l $N#3<!!K$r2C$( $k$K$O!" %2!<%80l=E9‘$N%R%C%0 %9%\%>%s$rF3 F~$9$l$P$h $$ [44] !J N $r%2!<%8 0l=E9‘$N>l $H$7$F!" W � = �N H 1 H 2 $O %2!<%8IT JQ!K!#$3 $NLO 7? $O$^ $?!" ?7 $7$/ F3 F~ $9$k N3 ;R$, %2!< %8 NL;R ?t $r ;}$? $J $$$? $a!" ;0 $D$N %2!< %87k 9g Dj ?t$N Bg E} 0l%9 %1!< %k$G$NE}0l$r2u$5$J$$$H8@$&E@$G$bL%NOE*$G$"$k!# ?7$? $K$D $1 2C$( $? <+8J Aj 8_:n MQ 9‘$O!" %R%C %0%9 %] %F%s %7%c %k$N Cf $K!"@. J, >l$G =q $$$F � 2 j H 1 H 2 j 2 $H $$$& 9‘ $r@8 $8 $k$N$G!"%R%C%0 %9N3;R $N<+8J 7k9g$O:G Dc<!$G $b%2!<%8 7k9gDj ?t0J30$K � $H $$$&7k9g Dj?t$K 0MB8$9 $k$3$H $K$J$k!#$7 $? $,$C$F!"$b$7 � $,$$ $/$i $G$bBg $-$/ $J$j F@$k $N$G$" $l$P CP- 6v $N %R%C%0 %9N3 ;R$N <ANL$K $O>e 8B$r $D$1 $k$3$H $,$G $- $J$$!#$7 $+$7!" $b$7 M}O@ $K8= $l$k <!85 $r;} $? $J$$ 7k9g Dj?t $,$I $l$b BgE} 0l%9 %1!<%k ( � 10 16 GeV) $^ $GH/ ;6$7 $J$$ $H 2>Dj$9$k$J$i$P!JBgE}0l%9%1!<%k$^$G@.$jN)$DM}O@$G$" $l$PEvA3K~B-$5$l$k$Y$->r7o!K!":G$b7Z $$ CP- 6v $N%R%C%0%9 N3;R$N<ANL$K>e 8B$r$D$1 $k$3$H$,$G $-$k [45] !# ?^ 1.6 $K$O!" $3$N2>Dj$N $b$H$G5a $a$i$l$k<A NL$N>e8B CM$r%H%C%W%/%)!< %/$N<ANL$N 4X?t$H $7$F<( $7$F$" $k!#$3$N?^$G $O %9%H%C%W N3;R$N <ANL$O #1 T eV $K$H$C $F$"$k!# $3$N?^ $+$iJ, $+$k$h$& $K!"7Z$$%R%C%0%9N3;R$N<ANL$N>e8B$O!"$3$N>l9g 130 � 140 GeV $GM?$($i$l$k!#$^$? MSSM $KHf$Y$F%H%C%W%/%)!< 9

?^ 1.6: 7Z$$ CP- 6v %R%C%0 %9N3 ;R$N <ANL $N>e 8B$r %2!<%8 0l=E 9‘$N %R%C%0 %9%\ %> %s$r 4^$s $@LO 7?!J<B @~!K$H MSSM $N>l 9g !JGK@~!K$K<($9!#%9%H%C%WN3;R$N<ANL$O #1 T eV $K$H$k!# %/$N<ANL $N0M B8@- $,>/$J $$$N $,$o $+$k$,!" $3$l $O%H%C %W%/%)!< %/$N<A NL$, Bg$- $$Dx � $N Bg$-$5 $KBP $9$k @)8B$, 87$7 $/ $J$k$?$a$G$"$k!# 0J>e$N $h$&$K p s $, 300 � 500 GeV $N e + e � %j%K %"%3 %i%$%@!< $G$O!" 7Z$$%R%C %0%9 N3;R$O >/$J $/$H$b <ANL $NLL $+$i$O @8 @.2D G= $G$" $k $3$H $, $o$+ $k!# $7$+ $7 $3$N $3 $H$O!" 7Z $$%R%C %0 %9N3 ;R $,H/ 8+ $G$- $k $3$H $r I,$: $7 $b0U L# $7$F $$ $J$$!#$D $^ $j$3 $N LO7? $G $O:G $b 7Z$$ %R%C %0%9 N3 ;R$O %2!< %80l =E 9‘$N >l $HFs $D $NFs =E 9‘$N >l $N:. 9g $7$? >u BV$H $7 $F$G $- $F$$ $k$? $a!" $b $70l =E 9‘ $N@. J, $, Bg $-$1 $l $P $3$N %R%C %0 %9N3 ;R $H %2!<%8 %\ %= %s$H $N 7k 9g$, <e $/ $J$j!" e + e � %j%K %" %3 %i%$%@!< $G $O== J, $K@8 @. $5$l $J $/$J $k 2DG= @- $,$" $k!# $=$N $h $&$J >l 9g$K $O B>$N %R%C %0%9 N3 ;R$, @8 @.$5 $l $k$+ $I $&$+ $r D4$Y$k $3 $H $,=E MW $G$" $k!# <B:] D4 $Y$F $_ $k$H!" :G $b7Z $$ %R%C%0 %9 N3;R $N %2!<%8 0l =E 9‘@. J, $,Bg $- $$$H $- $K$O =E $$J} $N %R%C%0%9N3;R$N<ANL$K@)8B$r$D$1$k$3$H$,$G$k!#$=$7$F!" $3$NLO7?$N;0$D$N CP- 6v $N%R%C%0%9N3;R $N$&$A>/$J$/$H$b 0l$D$O!" p s � 300 � 500 GeV $N e + e � %j%K%"%3 %i%$%@!<$G e + e � ! Z h o i ( i = 1 ; 2 ; 3) $N2aDx $K$h$jH/ 8+$9$k $N$K ==J, Bg$- $J @8 @. CGLL @Q $r ;}$D $3 $H $rDj NL E* $K<( $9 $3 $H $,$G $- $k [46] !# $3 $N $?$a $K $O!" %R%C %0%9 %; %/ %?!<$N %Q %i %a!<%? $K$h$i $:>/ $J$/ $H$b 0l$D $O$3 $l0J >e$N @8@. CGLL @Q $H$$ $&0U L#$G $N:G >.@8 @.CG LL@Q � min $r Dj5A $9$k $N$, JXMx $G$" $k!# � min $O!" $3$NLO 7?$N :G$b7Z $$ CP- 6v $N%R%C%0 %9N3 ;R$N<A NL$N >e8B $NCM$K Ey$7 $$I8=‘ LO7? %R%C%0 %9N3;R $N@8 @.CG LL@Q $N;0J,$N 0l$GM? $($i $l$k$3 $H$,CN $i$l $F$$$k!# ?^ 1.7 $K %9%H%C%W N3;R $N<ANL $r #1 T eV $K$7$? >l9g$N � min $r p s $N 4X ?t$H$7 $F <($7 $F $" $k!#$3$N ?^ $+$i @Q J,%k %_ %N%7 %F%# $, 10 fb � 1 $"$l $P e + e � %j %K %"%3 %i %$%@!< $G >/$J $/ $H$b $R $H$D $N Cf@-%R%C%0%9N3;R$,H/8+$G$-$k$3$H$,$o$+$k!# 1.2.3 MSSM $G$N7Z$$%R%C%0%9N3;R$NJx2uJ,4tHfB,Dj$K$h$k=E$$%R%C%0%9N3;R$N<ANL$N7hDj 0lHL$K 200 GeV 0J2< $NI8 =‘LO 7?$N %R%C%0 %9N3 ;R$O p s $, 300 � 500 GeV $NEE ;RM[ EE;R %j%K %"%3 %i%$ %@!<$G H/ 8+$G$-$k$3 $H$ONI$/ CN$i$l $?;v<B $G$"$k!#$^ $? MSSM $N>l9g $K$b>/$J $/$H$b 0l$D$N CP- 6v $N%R%C %0%9N3 ;R$OH/8+ $G $-$k!# $b$7 %R%C %0%9 N3 ;R$, 8+ $D$+$C $? $H $9$l $P!" $D$. $K L@$i $+ $K$7 $J $/ $F$O $J $i$J $$ $3$H $O!" $3$N N3 ;R $,I8 =‘ LO7? $N %R%C%0%9 N3 ;R $J$N $+!" $"$k $$ $OI8 =‘ LO7? $r D6$( $k LO7? $N N3;R $J $N$+ $r 6hJL $9 $k $3$H $G $"$k!# $3 $N$? $a $K$O!" @8 @.CG LL @Q$dJx2uJ,4tHf$NB,Dj$K$h$j!"$I$N DxEYI8=‘LO7?$+$i$N$:$l $,7h$a$i$l$k$+$rL@$i$+ $K$9$k$3$H$,=EMW$G$"$k [37, 41, 42, 43] !# MSSM $NHO0O$K8B$k$H!"$3$N$3$H$O%R%C%0%9N3;R$K4XO"$7$?MM!9$J4QB,NL$K$h$C$F%R%C%0%9%;%/%?!<$N%Q%i 10

?^ 1.7: %2!< %8 0l =E 9‘ $r 4^$s $@ D6 BP >N LO 7? $K $*$1 $k CP- 6v $N %R%C %0 %9 N3 ;R$N :G >. @8 @. CG LL @Q � min $r m t =150 $H 180 GeV !" m stop =1 T eV $N>l9g$K<($9 %a!<%?$, $I $N $/$i $$ 7hDj $G $-$k $+ $H$$ $& LdBj $K 8@$$ 49 $($k $3 $H$, $G $-$k!# $5 $F!" %j%K %" %3%i %$ %@!<$N <B 83$r 9T $J$& >l 9g!"Bh0lCJ3, $N%(%M %k%.!<$G MSSM $N $9$Y$F$N %R%C%0%9 N3;R$, H/8+$G $-$k2DG= @-$b$" $k$,!"5U $K:G$b 7Z$$ CP- 6v $N %R%C%0 %9N3 ;R $,0l $D $@$1 H/ 8+$5 $l $k $3$H $b 9M$( $i $l$k!# FC $K8e <T $N >l9g $K $O!"Bh Fs CJ3, $N <B83 $G %S!< %‘%( %M %k%.!< $r >e$2$k :] $K %?!<%2%C %H $H$J $k =E$$ %R%C %0%9 N3 ;R$N <A NL$N %9 %1!<%k $K $D$$ $F $N>p Js $, F@$i $l $k$+ $I $&$+ $O BgJQ =E MW$J Ld Bj$G$"$k!# 0J 2< $N 5D O@ $G $O!" EE ;R M[ EE ;R %j %K %" %3 %i %$ %@!< <B 83 $G $^ $: $R $H $D $@ $1 CP- 6v $N %R%C %0 %9 N3 ;R $, H/ 8+ $5 $l $? $H 2> Dj$9$k$3$H $K$9$k!#$5 $F!"%R%C%0%9 %;%/%?!< $r;XDj$9 $k$K$O!" CP- 4q $N%R%C%0 %9N3;R$N <ANL ( m A ) !"Fs $D$N%R%C %0%9 >l$N??6u4| BTCM$NHf (tan � ) !"$* $h$S#1%k!< %W$N%R%C %0%9%] %F%s%7%c%k $r7W;; $9$k$N$K I,MW$J %H%C%W%/%)!<%/ $H%9%H%C %WN3 ;R $N <ANL ( m t ; m stop ) $N ;M $D %Q %i %a!< %?$, I, MW $G $" $k!# :#!":G $b 7Z $$ CP- 6v $N %R%C %0%9 N3 ;R $N <A NL ( m h ) $, NI $/ 7h$a$i $l $F$$ $k$H 2> Dj$9 $k$J $i $P!";M $D$N $& $A0l $D!"$? $H $($P tan � $rB> $N ;0$D $K$h$C $F 2r$/ $3$H $, $G$- $k!#$5 $i $K %H%C%W %/%)!<%/ $N <ANL $O EE ;RM[ EE ;R%j %K %"%3 %i %$ %@!<$, 2T F/$7 $F $$ $k;~ Be $K$O NI $/ 7h$a $i $l$F $$ $k$H $9 $l $P!"%R%C %0 %9%; %/ %?!<$N FH N) $J%Q %i %a!< %? $H$7 $F $O m A $H m stop $r$H $k $3 $H $,$G $- $k!# $7$? $,$C $F!" $3 $NFs $D $N %Q %i%a!< %? $, %R%C%0%9N3;R$K4X$9$kB,Dj2DG=NL$K$h$C$F$I$NDxEY7h$a$i$l$k$+$r9M$($l$P$h$$!# $3$3$G$O!"<!$N$h$&$KDj5A$5$l$?J,4tHf$NHf R br � B r ( h ! c � c ) + B r ( h ! g g ) B r ( h ! b � b ) !" (1 : 2) $,=E$$%R%C%0%9N3;R$N <ANL$N%9%1!<%k $r7h$a$k$N$K FC$KM-8z$G$"$k $3$H$r<($9 [47] !#$5$F!"$b$H $b$H MSSM $G$OFs$D $N%R%C %0%9 >l $O %"%C%W 7? %/%)!< %/$H %@ %& %s 7?%/%)!< %/ $N $=$l $> $l $K7k 9g $9 $k$h $& $K F3F~ $5 $l $F$$ $?!# $7 $?$,$C $F %R%C %0%9N3;R$N%"%C%W7?%/%)!<%/$H%@%&%s7?%/%)!<%/$KBP$9$k7k9g$N6/$5$NHf$O!"%R%C%0%9%;%/%?!<$rFCD’$E$1$k%Q%i%a!< %?!"$D $^ $j tan � $d Fs $D $N CP- 6v $N %R%C %0 %9 N3 ;R $N :. 9g 3Q !JDL >o � $G $" $i $o $5 $l $k!K $K 0M B8 $7 $F $$ $k!# $^ $? %R%C %0%9 N3;R $N %0%k!< %* %s $X$N Jx 2u$O 4p K\E* $K $O %H%C%W %k!< %W$N %@ %$ %"%0 %i %‘$K $h$C $F 5/$3 $k $N$G!" %R%C %0%9 N3 ;R $H#2 %0 %k!<%*%s $N 7k9g $O%R%C %0%9 N3 ;R$H %H%C%W %/%)!< %/$N 7k9g $K HfNc $7$F $$ $k$H $_$J $7 $FNI $$!#$= $N $?$a R br $O7k 6I%"%C %W 7?%/%)!< %/$H %@ %&%s 7? %/%)!<%/ $N Er@n 7k 9g Dj?t $N Hf$N <+ >h$K Hf Nc$9 $k $3 $H$K $J $k!#$3 $l $i$N Er @n7k 9g Dj ?t$O I8 =‘LO 7? $N>l9g $KHf$Y $F!"$= $l$> $l cos � sin � $*$h $S � sin � cos � $N>h ?t$@ $10[ $J$C$F$$ $k$N $G!" R br $O (tan � tan � ) � 2 $KHf Nc$9 $k$3 $H$K$J$k!#?^ 1.8 $G$O m susy ( � m stop ) = 1 !" 5 T eV $N >l9g$K R br $r m A $N 4X?t$H$7$F <($7$F$$ $k!#$3$N?^$+ $iJ,$+ 11

?^ 1.8: m susy = 1 !" 5 T eV !" m h = 100 !" 110 GeV $K BP$7 R br � ( B r ( h ! c � c )+ Br ( h ! g g )) B r ( h ! b � b ) $r m A $N4X ?t$H$7 $F<( $9 [47] !# $k$h$&$K R br $O$[$H$s$I m stop $K$O0MB8$; $: m A $@$1$N4X?t$H$J$C$F$$ $k!#<B:] MSSM $HI8=‘LO7?$G$N R br $NHf$O m A � m h � m Z $N>l9g$K 6a;wE*$K R br ( M S S M ) R br ( S M ) � � m 2 h � m 2 A m 2 Z + m 2 A � 2 (1 : 3) $GM?$( $i $l$k $3 $H$r <( $9$3 $H $,$G $- $k!#$7 $? $,$C$F $3 $NNL $r ==J, $J @:EY $G B,Dj $9 $k$3 $H $O=E $$ %R%C%0 %9 N3;R $N <ANL $N %9%1!<%k$K@)8B$rM?$($k$N$KM-MQ$G$"$k!# R br $O m A $,==J,$KBg$-$$$H $-$K$OI8=‘LO7?$NCM$K6a$E $/$,!"?^$+$iJ,$+ $k$h$&$K m A $, 400 GeV $G$b 20% Dx>.$5$/$J$C$F$$$k!# @a 1.2.4 $K <($9 $h $&$K!" %A%c!<%‘ $H %0%k!< %* %s$K Jx 2u$9 $k J,4t Hf $rJL!9 $K 7h$a $k $N$O 4JC1 $G $J$$ $, OB$O Hf 3SE* NI $$ @:EY$G7h $a$i$l $k$3$H $,J,$+$C $F$$$k [48] !#$3 $NJ}K! $,M-8z $G$"$k $?$a$K $O$^ $? h ! b � b !" c � c !" g g $N Jx2uI} $rM} O@E* $K@: EYNI $/ 7W;; $G $-$k $3 $H$, I, MW $G$" $k!# 8=:_ $N $H$3 $m <g$K 6/ $$ Aj8_ :n MQ$N 7k 9gDj ?t $d%A%c!< %‘ %/%)!< %/$N <A NL$N IT Dj@-$N$?$a 20% DxEY M}O@E*ITDj@-$,$"$k$H9M$($i$l$k$,!"$3$NITDj@-$O>-Mh$NM}O@$d<B83$N?JJb$K$h$C$F8:$i$9$3$H $,$G$-$k$H;W$o$l$k [47, 49] !# 1.2.4 7Z$$%R%C%0%9N3;R$NJx2uJ,4tHf$NB,Dj!J%7%_%e%l!<%7%g%s!K %R%C%0%9N3 ;R$NJx2u J,4tHf B,Dj$N%7 %_%e%l!<%7%g%s $O!"2a5n $K J8 8% [43] $,$" $k!#$7$+$7!" $3$N%7 %_%e%l!<%7%g%s $O R br $NB, Dj$KE*$r 9J$C$?$b$N $G$O$J $/!"I8=‘LO 7?$N%R%C%0 %9N3;R $HD6BP>N LO7?$N%R%C %0%9N3 ;R$r<1JL $G$-$k@: EY$N 7k2L$OF@$i$l$F$$$J $$!#$=$3$G!"$o$l $o$l$O R br $N$N B,Dj$K>GE@$r 9J$j!"AjBPE*E}7W 8m:9 20 % $r@Z$k$3$H$r L\I8$K $7$?%7%_%e%l!<%7%g%s%9%?%G%#$r9T$C$? [48] !#$3$N%7%_%e%l!<%7%g%s$NFCD9$O0J2<$NDL$j$G$"$k!# � %R%C%0%9N3;R$N<ANL$O!" MSSM $G9%$^$l $k<ANLNN0h$G 10 GeV $-$6$_$G@_Dj$9$k!#$J$*!"%R%C%0%9N3;R$NJx2u J,4tHf$OI8=‘LO7?$NM=A[CM$rMQ$$$k!# 12

I= 1.1: 3FB, DjNL$KBP$7$FM= A[$5$l$kAjBP8m :9 (%) !#<ANL 120 GeV $NI8=‘LO7?%R%C %0%9N3;R$H0lG/ J,$N@QJ,%k %_%N%7%F%# (50 fb � 1 ) $r2>Dj$7$?!# no p olarization 90 % p olarization � X X 4 jet 2 jet 2 jet+ l l combined 4 jet 2 jet 2 jet+ l l combined � tot | | 24.2 | | | 22.7 | � tot � B r ( h ! b � b ) 5.2 9.0 20.9 4.4 5.2 7.3 18.6 4.1 � tot � B r ( h ! c � c ) 145 161 532 105 107 127 338 79.5 � tot � B r ( h ! c � c + g g ) 33.3 35.6 161 24.0 24.1 26.0 96.5 17.4 � tot � B r ( h ! � + � � ) 13.6 | 87.2 13.4 14.9 | 95.7 14.7 B r ( h ! c � c ) B r ( H ! b � b ) 70.1 77.1 159 49.3 56.0 68.6 250 42.7 B r ( h ! c � c + g g ) B r ( h ! b � b ) 33.7 36.7 162 24.5 24.6 27.0 98.2 17.9 � %H%C%W%/%)!< %/$NBP@8@.$K$h $k%P%C%/%0%i%&%s %I$rHr$1$k$? $a!"=E?47O%(%M%k %.!<$r 300 GeV $K@_Dj $9$k!#$J $*!"@QJ,%k%_%N%7%F%#$OG/4V 50 fb � 1 $r2>Dj$9$k!# � E} 7W 8m :9 $r >. $5 $/$9 $k $? $a $K!" e + e � ! hZ $G @8@. $5 $l $k Z N3;R $N Jx 2u %b!< %I $O Z ! q q !JJx 2u J, 4t HfLs 70% !K$@$1 $G$J$/!" Z ! � � � !JJx2uJ,4t HfLs 20% !K$H Z ! ‘ + ‘ � ( ‘ = e; � !" Jx2uJ,4t Hf9g7WLs 7%) $bMx MQ$9 $k!# � %P%C%/%0%i%&%s%I;v>]!"FC$K e + e � ! W + W � $H e + e � ! Z Z $N@8@.CGLL@Q$r>.$5$/$9$k$?$a$K!"%S!<%‘JP6K $NMxMQ$,M-8z$+$I$&$+$r8!F$$9$k!# e + e � ! hZ 2aDx$* $h$S%P%C%/ %0%i%&%s %I2aDx$N %b%s%F%+ %k%m;v>] @8@.$K$O PYTHIA5.7 + JETSET7.4 [50] $r MQ$$!"$=$N@8@.CGLL@Q$H3QEYJ,I[$O GRA CE1.1 [51] $rMQ$$$F3NG’$7$?!#B,Dj4o$O JLC-I $NB,Dj4o [37] $r2>Dj$7$?!# Jx2uJ,4tHf$NB,DjJ}K!$O0J2<$N#2CJ3,$KJ,$1$i$l$k!# 1. #3<oN‘$N%H%]%m%8!< 4- %8%’%C%H!" 2- %8%’%C%H + %(%M%k%.!<7gB;!" 2- %8%’%C%H + ‘ + ‘ � $N$=$l$>$l$KBP$7$F@8 @.3Q!"%8%’%C%H ?t!"%8%’%C%HCf$N%H %i%C%/?t!"%8%’%C%H4V$N ITJQ<ANL$J$I $K$h$k%+%C%H$r MQ$$$F!" e + e � ! hZ ;v>]$rA*JL$9$k!# 2. %R%C%0%9N3;R$NJx2u$+$i @8$8$?$H9M$($i$l$kFs$D $N%8%’%C%H$rA*$S!"$=$NCf$N2Y EEN3;R$NHt@W$K4X$9$k#3 <!85%$ %s%Q%/%H%Q%i%a!<%?$rMQ$$$F b � b %8%’%C%H$H c � c !" g g %8%’%C%H$N<1JL$r9T$&!J%P!<%F%/%9%?%.%s%0!K!# 0J>e $N%7 %_%e %l!<%7%g %s $+ $i!"%R%C %0 %9 N3;R $N 3FJx 2u %b!< %I$* $h $S %P%C%/ %0 %i%& %s %I ;v>] $K BP$9 $k A* JL8z N( $H 4|BT $5 $l$k;v>]?t$r7W;;$G$-!"$=$l$i$K4p$E$$$FJx2uJ,4tHf$J$I$NB,DjNL$KBP$9$kE}7W8m:9$r5a$a$k$3$H$,=PMh$k!# <ANL 120 GeV $N%R%C%0 %9N3;R$K$D$$ $FA4@8@.CG LL@Q!"A4@8@. CGLL@Q$HJx 2uJ,4tHf$N@Q!" $*$h$SJx2u J,4tHf$NHf $K BP$7$F M=A[ $5$l $kAj BP E*E} 7W8m :9$r I= 1.1 $K $^$H $a$?!# $3$N %7 %_%e%l!< %7%g%s $N<g 4c$G $"$k R br $NB, Dj$K BP$9 $kE} 7W 8m:9$r%R%C%0%9N3;R$N<ANL$N4X?t$H$7$F<($7$?$N$,?^ 1.9 $G$"$k!# $3$N%7%_%e%l!<%7%g%s$GF@$i$l$?7k2L$r$^$H$a$k$H0J2<$N$h$&$K$J$k!# � 4- %8%’%C%H %H%] %m%8!< $H 2- %8%’%C%H %H%] %m%8!< $N;v >]?t $NHf $O$b $H $b$H Ls#7!’ #2$G $"$k $K$b $+$+ $o$i $:!" 2- %8%’%C%H %H %]%m %8!<$N 2r@O $GF@ $i$l $kE} 7W@: EY$O 4- %8%’%C %H %H%] %m%8!< $N$= $l$H$[ $\F1 Ey$G $"$k!# $5$i $K 2- %8%’%C%H + ‘ + ‘ � $r4^$a!" Z 0 $N$9$Y$F$NJx2u%b!<%I$KBP1~$7$?2r@O$r$r$"$o$;$k$3$H$GJx2uJ,4tHfB,Dj$NE}7W @:EY$r9b$a$k$3$H$,$G$-$k!# � %S!<%‘JP6K $rMxMQ$9$k$3$H$G%P%C%/%0%i %&%s%I;v>]$N4sM?$r>.$5 $/$9$k$3$H$O$G$-$k$b$N $N!"$=$N8z2L$OBg$-$/ $J$$!# � =E?47O%( %M%k%.!< 300 GeV $G#2 G/4V!J 100 fb � 1 !K<B83$r9T $&$3$H$G!"<ANL 120 GeV $NI8=‘LO7?%R%C%0%9N3 ;R $KBP$7$F 17 % $NE}7W@:EY$G R br $r7hDj$G$-$k!# 13

?^ 1.9: %R%C%0%9N3;R$N <ANL$N4X?t$H$7$FI=$7$? R br $KBP$9$kE}7W8m:9 (%) !#I8=‘LO7?%R%C%0%9N3;R$H0l G/J,$N@QJ,%k%_%N %7%F%# (50 fb � 1 ) $r2>Dj$7$?!# � R br $NB,Dj7k2L$,I8=‘LO7?$NM=8@$9$kCM$h$j$bM-0U$K>.$5$$>l9g!" MSSM $N2>Dj$N$b$H$G!" m A $N2<8BCM$@$1 $G$J$/>e8BCM$rHO0O$r7hDj$9$k$3$H$b2DG=$G$"$k!J?^ 1.10 ;2>H!K!# 1.2.5 MSSM $K$*$1$k%R%C%0%9N3;R$NB?=E@8@. $3$3$G$O e + e � ! Z hh 2aDx$K $h$k%R%C %0%9N3 ;R$NB? =E@8@. $r5DO@ $9$k [52, 53] !# I8=‘LO 7?$G$O $3$N2a Dx$O%R%C %0 %9N3;R $N#3 E@ 7k9g $rDL $8$F %R%C %0%9 %]%F %s%7%c %k $N9= B$$r C5$k 2a Dx$H $7$F =EMW $G $"$k !J?^ 1.11 !K!#$? $@$7 @8@. CG LL@Q $O$"$^$jBg$-$/$O$J$i$J$$!#$?$H$( $P!" m h = 100 GeV $N>l9g$K$O!" p s $, 500 GeV $+$i 1 T eV $NNN0h$G CGLL@Q $O 0.1 fb $N%*!<%@!<$J$N$G!" 4QB,$G$-$k$?$a$K$O 100 fb � 1 0J>e$N%k%_%N%7%F%#$rC_@Q$9$k$3$H$,I,MW$G$"$k [54] !# MSSM $G$OI8=‘LO7?$KHf$Y$F#2DL$j$N0c$$$,$"$k!#$D$^$j!" Z Z h $d h 3 $N7k9gDj?t$,0[$jF@$k$7!"$^$??^ 1.12 $K <($9$h$&$K=E$$%R%C%0%9N3;R$r4^$‘$h$&$J?7$?$J%@%$%"%0%i%‘$N4sM?$,2C$o$C$F$/$k!#?^ 1.13 $K$O p s = 500 GeV $N >l9g$N$3$N2aDx$K BP$9$k@8@.CG LL@Q � ( e + e � ! Z hh ) $r tan � = 2 $H 10 $K $D$$$F m A $N4X ?t$H$7$F<($7 $F$$$k!#$3 $N?^$G$O%H%C%W%/%)!< %/$*$h$S%9 %H%C%WN3;R$N <ANL$O 170 GeV $H#1 T eV $K$H$C $F$"$k!#Hf3S $N$?$a!"?^$N %Q%i%a!< %?$KBP1~$9$k<ANL $r;}$C$?%R%C%0 %9N3;R$NF1 $82aDx$N@8 @.CGLL@Q$r!" I8=‘LO7?!J SM !K $N>l9g$HI8 =‘LO7?$+$i %R%C%0%9 N3;R$N#3E@7k9g $r$J$/$7$? LO7? (NT !K$N>l 9g$K<($7$F $"$k!# m A $,Hf3SE*>. $5$$>l9g$K $OCGLL@Q$O I8=‘LO7?$K Hf$Y$F Hs>o$KBg$-$/ $J$k2D G=@-$,$" $k!#$3$l$O e + e � ! H Z $H H ! hh $,N>J}2D G=$J%Q %i%a!<%?NN 0h$KBP1~ $7$F$$ $k!#$3 $N$h$&$K%R%C %0%9N3;R $NB?=E @8@.$, Bg$-$/$J $k$N$O!" =E$$%R%C %0%9N3;R ( H !" A ) $N @8@.$H0z $-B3$/ Jx2u!J H ! hh !" A ! hZ !K $,1? F03X E*$K 5v$5 $l$k >l9g $K8B $i$l $k!#0l J}!"NN 0h$K $h$C$F $OI8 =‘LO 7?$K Hf$Y $F$+ $J$j >.$5 $/$J $k$h $&$J >l9g$b$"$jF@$k!# =E$$N3 ;R$N D>@\ @8@. $,$*$- $F%R%C %0%9 N3;R $NB? =E@8 @.$,Bg $-$/ $J$k >l9g $K$O!" H - h - h $N7k 9gDj ?t$r B,Dj $G$- $k2D G=@-$,$"$C$F6=L#?<$$ [53] !#$b$7$b 2 m h < m H < 2 m t $N4X78$,K~$?$5$l$k$J$i$P!"=E$$%R%C%0%9N3;R$O H ! hh $H H ! W W $N N>J}$N %b!<%I$K $"$kDx EY$NJ, 4tHf$r ;}$C$FJx 2u$9$k2D G=@-$, $"$k!#$3 $N>l9g!" H $H%2!<%8 %\%=%s $N7k 14

?^ 1.10: %R%C%0%9N3;R$, 120 GeV $N>l9g$N R br $H m A $H$N 4X78!# (A) R br $,I8=‘ LO7?$NM=A[DL$j$@$C$?>l9g$N m A $N 2<8BCM!J?.MjEY 95 % !K!#<B@~$HE@@~$O$=$l$>$l@QJ,%k%_%N%7%F%# 50 fb � 1 !" 100 fb � 1 $N>l9g$KF@$i$l$k7k2L$r<($9!# (B) R br $,I8=‘LO7?$NM=A[$h $j$b>.$5$+$C$?>l9g!J 10 %) m A $KM?$($i$l$k@)8B$r<($9!#%O%C %A$N$+$+$C$?NN0h$HE@@~$G0O$^$l $?NN0h$O$=$l $>$l@QJ, %k%_%N%7 %F%# 50 fb � 1 !" 100 fb � 1 $N>l9g $KF@$i$l $k7k2L!J?. MjEY 68% !K $G$"$k!# A 0 $ND>@\@8 @.$, $G$-$k<ANLNN0h$b<B@~$G<($7$?!# 15

?^ 1.11: I8=‘LO7?$N>l9g e + e � ! Z hh $K4sM?$9$k%U%!%$%s%^%s%@%$%"%0%i%‘!# ?^ 1.12: MSSM $N>l9g$K e + e � ! Z hh $K4sM?$9$kM>J,$J%U%!%$%s%^%s%@%$%"%0%i%‘!# 16

?^ 1.13: MSSM $K$*$1$k e + e � ! Z hh $N@8@.CG LL@Q$r p s = 500 GeV $N>l9g$K tan � = 2 $H 10 $K BP$7$F<($7$?!J<B @~!K [52] !#%H%C%W%/%)!<%/$*$h$S%9%H%C%WN3;R$N<ANL$O 170 GeV $H#1 T eV $G$"$k!#$3$N?^$G$O%R%C%0%9N3;R$N<ANL$O m A $H$H$b$KJQ $o$k$,!"Hf 3S$N$? $aF1$8<A NL$G$N I8=‘LO7? !J SM !K$NCG LL@Q$rGK @~$G!"#3 E@7k9g$r $J$/$7 $?LO7? (NT !K$G$N CGLL @Q$rE@@~$G<($7$?!# 17

9gDj?t$O=E $$%R%C%0 %9N3;R $N@8@.2a Dx$+$i $o$+$k $N$G!"Fs$D $NJ,4t Hf$NHf $r$H$k $3$H$K$h$C $F H - h - h $N7k 9gDj?t $NBg $-$5$r7h$a$k$3$H$,$G$-$k!# 1.3 D6BP>NN3;R$NC55a 1.3.1 35MW 4{ $K =R $Y $? $h $& $K!" D6 BP >N @- $O 7Z $$ %R%C %0 %9 N3 ;R $N B8 :_ $r M= 8@ $7!" $^ $?!" $= $N JLC-I $K $* $1 $k H/ 8+ $O MF 0W $G $" $k!#$7$+ $7 $J $,$i!" 7Z $$%R%C %0 %9N3 ;R $NH/ 8+ $N$_ $G $OD6 BP >N@- $r >ZL@ $7 $?$3 $H $K $O$J $i $J$$!# >/ $/$H $b 0l$D $N D6BP >N N3;R $r H/ 8+ $9 $k I, MW $, $" $k $N $G $" $k!# JLC-I $K $* $$ $F $3 $l $i D6 BP >N N3 ;R $N #1 $D $r H/ 8+ $G $- $k 2D G= @- $, == J, $" $k $3 $H $O4{ $K6/ D4 $7 $?DL $j $G $"$k [34] !# $b$A $m $s!" $I$N D6 BP >NN3 ;R $, :G=i $K H/ 8+$5 $l $k $+$O!" D6 BP >N@- LO 7? $K0M B8 $9 $k!#$7 $+$7$J$,$i!" 8e$K<( $9$h$& $K!" JLC-I $K $*$1$k D6BP>N N3;R$N C5:wJ} K!$OLO 7?$N>\ :Y$K$O $[$H$s $I0M$i $J$$!#$= $7$F!" $R$H$? $S 0l$D $N D6BP >N N3;R $, H/8+ $5 $l$l $P!" $=$N @- <A$r D4 $Y$k $3 $H$K $h$C $F!"<! $N D6BP >N N3;R $N 5o=j $, J,$+ $k $N$G $" $k!#$5 $i$K!" H/ 8+$5 $l $?D6 BP >NN3 ;R $N <ANL $N B,Dj $b LO7? $K $h$i $J $$ J}K! $G 9T$J $( $kE@ $b =EMW $G $" $k!#$3 $l $K$h$C $F!" D6BP>N LO 7?$K 4X $9$k 4p K\2> Dj $N8! >Z $,=P Mh $k$+ $i $G$" $k!# $b$& 0l $D6/ D4 $9$Y $- $3$H $O!" JP6K EE ;R%S!< %‘ $N2L $? $9=E MW $JLr3d$G$"$k!#EE;R%S!<%‘$NJP6K$r@)8f$9$k$3$H$K$h$j!"D6BP>NN3;R$NC5:w$d8&5f$,6K$a$FG=N(E*$K=PMh$k$N$G$"$k!# 1.3.2 D6BP>NLO7?$K4X$9$k4pK\E*$J2>Dj FC$KCG$i$J $$8B$j!" $3$l0J9_ $G$OBgE} 0l$rA0Ds $H$9$k D6=ENOLO 7?!J SUGRA !K$NOH AH$rA[Dj $9$k!#$3$N LO7?$O!" 0l HLE*$K!"D6BP>NN3;R$N<ANL%9%Z%/%H%i%‘$dAj8_:nMQ$r5,Dj$9$k<!$N%Q%i%a!<%?$r4^$‘ [35] !# ( m 0 ; M 2 ; �; tan � ) $3$3$G!" � $O%R%0%7!<%N$N<ANL%Q%i%a!<%?!" tan � $OFs$D$N%R%C%0%9Fs=E9‘$N??6u4|BTCM$NHf!" m 0 $OA4$F$N%9%+%i!< N3;R $K 6& DL $9 $k Ia JW E* $J %9 %+ %i!< <A NL %Q %i %a!< %? !J1# $l $? %; %/ %?!< $K $* $1 $k D6 BP >N @- $N GK $l!K $G $" $k!# M 2 $O!" S U (2) %2!< %8!<%N <A NL %Q %i%a!< %? $G!" S U (3) $* $h $S U (1) %2!<%8!< %N $N <ANL %Q %i %a!<%? $H $O!" BgE} 0l $N >r7o!" $9 $J $o$A<!$N4X78$r;}$D!# M 1 5 3 �= cos 2 � W = M 2 �= sin 2 � W = M 3 � s 8e$K<($9$h$&$K!"$3$l$i$N SUGRA-GUT $N4pK\2>Dj$O!"<B83E*$K9b$$@:EY$G8!>Z$G$-$k$3$H$r;XE&$7$F$*$/!# ITI, MW $J 5DO@ $N J# ;( 2=$r Hr $1 $k $?$a!" $5 $i $K 0J2< $N 2> Dj $r$9 $k!# $^ $:!" R %Q %j %F%#!<$O 87 L) $K J]B8 $9 $k $H $9$k!# $=$&$9$k$H!"D6BP>NN3;R$,>o$KBP$K$J$C$F@8@.$5$l$k$3$H!":G$b7Z$$D6BP>NN3;R!J LSP !K$,0BDj$G$"$k$3$H$,8@$($k!# $^$?1’ChO@$HL7=b$7$J $$$h$&$K!" LSP $H $7$F$O:G$b7Z$$ %K%e!<%H%i%j!<%N$r A[Dj$9$k!#$3$l$K 2C$($F!"FC$KCG$i $J$$ 8B$j!"LdBj$H$9$kD6BP>N N3;R$O:G$b7Z$$ 2YEED6BP>NN3;R $H$9$k!#0J2<$K8+ $k$h$&$K!"$3$N:G8e $N2>Dj$O LSP $X$N D>@\ Jx2u $KBP $7 $F ==J, $J J, 4tHf $r J] >Z$9 $k [36] !#=>$C $F!" D6 BP>N N3 ;R @8@. $N ?. 9f$O!" Bg $- $J2# 1? F0 NLB; <: $" $k$$ $O %" %3%W %i%J%j%F%#!<$H$J$k!# ?^ 1.14-a) $H -b) $O!"$=$l$>$l!" � - M 2 J?LL$K$* $1$k7Z$$J}$N%A%c!<%8!<%N$N<ANLEy9b@~!" m 0 - M 2 J?LL$K$*$1$k %9%U%’%k%_ %*%s$N <ANLEy 9b@~$G $"$k!# $3 $N?^$+ $iJ,$+ $k$h $&$K!"0l HL$K!"%+ %i!<$r;}$C $?D6BP >NN3 ;R$O$= $l$r;} $?$J $$D6 BP>N N3 ;R$h $j =E $$!#$= $3 $G!" 0J2< $G $O!"<g $H $7 $F%A%c!< %8!< %N $H%9 %l %W%H %s $N BP@8 @. $r07 $& $3 $H$K $9 $k!# $$$: $l $K$;$h!" JLC-I $K $*$1$k D6BP>N N3;R$N H/8+$O!" $=$N$7 $-$$CM $r1[$( $F$$$k 8B$jMF 0W$G$" $k!#$=$l $N$_$J $i$:!"EE ;RM[ EE;RH? 1~ $N$- $l $$$5 $N $*$+ $2 $G$= $l $i$N ?7N3 ;R $N@- <A $N>\ :Y $J8& 5f $,2D G= $G$" $k!# $3$& $7 $F!":G =i$K H/ 8+$5 $l $?D6 BP >NN3;R #1 $D$+ $i $G$b D6 BP>N @- LO7? $N %Q%i %a!< %?$K 4X $9$k B? $/$N >p Js$r 0z $-=P $; $k$N $G $"$k!# $3 $l$i $N %Q%i %a!< %?$K 4X $9$kCN<1$O!"<!$ND6BP>NN3;RC5:w$N=EMW$J;X?K$H$J$m$&!# 1.3.3 %A%c!<%8!<%N 7Z$$J}$N%A%c!<%8!<%N$N0lHLE*@-<A $3$3$G $O!"7Z $$J} $N %A%c!<%8!< %N$, JLC-I $GH/ 8+$5 $l$k :G=i $ND6 BP>N N3;R $G$" $k>l 9g$+ $i;O $a$h $&!#%A%c!< %8!< %N!J � � 1 !" � � 2 !K$O2YEE%&%$!<%N!J ~ W � !K$H2YEE%R%0%7!<%N!J ~ H � !K$N:.9g>uBV$G$"$j!"<!$N<ANL9TNs$rBP3Q2=$9$k$3$H 18

?^ 1.14: (a) � - M 2 J?LL$K$*$1$k7Z$$J}$N%A%c!<%8!<%N$N<ANLEy9b@~!#$3$3$G$O!" tan � � v 2 =v 1 = +2 $H$7$?!#1&$N=D<4 $OBP1~$9$k%0%k%$!<%N$N<A NL$G$"$k!#$^$?!"E@@~$O %O%I%m%s %3%i%$%@!<$K$*$1$k C5:w8B3&$G$"$k!# (b) m 0 - M 2 J? LL$K$*$1 $k%9%U%’%k%_ %*%s$N<A NLEy9b@~!# $3$NNc $G$O!" tan � = +2 !" � = 400 GeV $H$7 $?!#<B@~ $O%9%l%W %H%s!"GK @~$O%9%/%)!< %/$G$"$k!#$3$3$G$b!"E@@~$O%O%I%m%s%3%i%$%@!<$K$*$1$kC5:w8B3&$G$"$k!# $K$h$jF@$i$l$k!# L mass = ( ~ W + ~ H + ) � M 2 p 2 m W cos � p 2 m W sin � � � � ~ W � ~ H � � $3$N<ANL9TNs$,#3$D$ND6BP>N@-$N%Q%i%a!<%? ( M 2 , � , tan � ) $K$h$C$F5,Dj$5$l!"FC$K!"<e$$Aj8_:nMQ$N8GM->uBV!J ~ W � , ~ H � ) 4V$N:.9g3Q$,<g$H$7$F M 2 $H � $K$h$C$F7h$^$k$3$H$KCm0U$9$k!# M 2 $H � $N:9$,Bg$-$1$l$P!":.9g$O>/$J$/!"=c?h>u BV$G$"$k2YEE%&%$!<%N !J ~ W � !K$H2YEE%R%0 %7!<%N!J ~ H � !K$,$[$H$s $I<ANL8GM->u BV$K0lCW$9$k!# 2f!9$NC5:wBP>] $G$"$k 7Z$$J}$N%A%c!< %8!<%N$O!" $3$l$i $NFb$N7Z $$J}!"$9 $J$o$A!" M 2 � � $+ M 2 � � $+$K$h$C $F2YEE %&%$!<%N!J ~ W � !K $+2YEE%R %0%7!<%N !J ~ H � !K$+$N $$$:$l $+$H$J $k!#$b$7!" M 2 $H � $, F1Dx EY$G$" $l$P!"$3 $l$iFs $D$N>u BV4V $K$+$J $j$N :.9g $,$" $j!" =>$C $F!"7Z $$ J} $N%A%c!< %8!< %N $O 2YEE %& %$!< %N$H 2Y EE %R%0 %7!< %N $N@- <A $r 9g$o $; ;} $D$3 $H $K $J$k!# $3 $l $i$N$3 $H $r 9MN8 $7 $F!"=c ?h >uBV $N 5DO@ $+ $i;O $a $k$N $, E,Ev $G $"$m $&!# $=$& $9 $k $3$H $K $h$j!" $h $j0l HL E*$J!" Bg $-$J :. 9g$N$"$k>l9g$KBP$9$kF6;!$bF@$i$l$k$+$i$G$"$k!# i) %&%$!<%N!J ~ W � !K 7Z$$J}$N%A%c!<%8!<%N!J � � 1 !K$,$[$\=c?h$J2YEE%&%$!<%N>uBV$G$"$l$P!" LSP $b $[$\=c?h$J%S!<%N!J ~ B !K>uBV$K$J $k!#2YEE%&%$!<%N$O!" W %\%=%s $ND6BP>N%Q!<%H%J!< $G$"$k$N$G!":8<j 7?$N%U%’%k%_%*%s - %9 %U%’%k%_%*%sBP $K$OD>@\ 7k9g$9$k$,%S!< %N$K$O D>@\7k9g $7$J$$!#2> Dj$K$h$C $F!" ~ W $O A4$F$N %9%U%’%k%_ %*%s$h$j 7Z$$$N $G!"$=$N ~ B $X$NJx2u $O!" ~ W + ! f u � ~ f d � L ! f u ~ B � f d $^$?$O ~ W + ! ~ f u � L � f d ! f u ~ B � f d $N$h$&$K2>A[%9%U%’%k%_%*%s$N8r49$rDL$7$F$N$_5/ $3$k!#$3$3$G!" f u $H f d $O $=$l$>$l!"%"%C %W7?!"%@%&%s7?$N%U%’ %k%_%*%s$G$"$k!# ii) %R%0%7!<%N!J ~ H � !K$"$k$$$O :.9g>uBV 7Z$$J} $N%A%c!< %8!<%N $,<g $H$7$F %R%0 %7!<%N @.J, $+$i @.$k >l9g$K $O!" LSP $b $^$? <g$K %R%0 %7!<%N@. J,$+ $i@. $j!" N><T$N<ANL$O$[$\=LB‘$9$k!#$3$N>l9g$K$O!" ~ h + ~ h 0 W %P!<%F%C%/%9$K$h$C$F LSP $X$ND>@\Jx2u$,5v$5$l$k!# ~ h + ! ~ h 0 W ( � )+ ! ~ h 0 f u � f d 19

0lJ}!" %U%’ %k %_%* %s - 2> A[ %9 %U%’ %k %_%* %s BP $X $N Jx 2u $O!"$= $l $, Er @n 7k 9g$K 5/ 0x $9 $k $? $a!"0l HL $K M^ @) $5 $l$k!# F1 $8 M}M3$G!"%&%$!<%N$N>l9g$KM-$C$? t %A%c%s%M%k$N%9%K%e!<%H%j%N8r49$rDL$7$?Jx2u$bL5;k$G$-$k!#M#0l$NNc30$O!"%H%C %W$H LSP $KJx2u$9$k2>A[%9%H%C%W$H!" b %/%)!<%/$X$NJx2u$G$"$k$,!"$3$l$,5v$5$l$k$?$a$K$O!"7Z$$J}$N%A%c!<%8!< %N$H LSP $H$N4V$K==J,Bg$-$J<ANL:9$,I,MW$H$J$k!#Bg$- $J<ANL:9$O!":.9g3Q$,$+$J$j$NDxEYBg$-$$$3$H $rMW5a$9$k$N $G!"%2!<%8!<%N$b7Z$/$J$/$F$O$J$i$J$$!#<ANL:9$, O ( m 2 Z = ( m ~ B � m ~ h )) DxEY$NBg$-$5$@$+$i$G$"$k!# 0J>e $K =R$Y $? Dj@- E* $J5D O@ $r $h$j Dj NLE* $J $b $N$H $9 $k$? $a!" 0J2< $G $O!" 7Z$$ J} $N%A%c!< %8!< %N!J ~ � � 1 !K $N @8 @.$H Jx 2u$r$h$j>\$7$/D4$Y$h$&!# %A%c!<%8!<%N$NBP@8@. ?^ 1.15 $O!" p s = 500 GeV $K$*$1$k7Z$$J}$N %A%c!<%8!<%N$NBP@8@.$NCGLL@Q$r � - M 2 J?LL>e$NEy 9b@~$H$7$F<($7 $?$b$N$G $"$k!# $3$N ?^$H?^ 1.14-a) $r Hf3S $9$k$H!" CGLL @Q$N %Q%i%a!< %?0M B8@-$O $+$J $jBg$- $$$,!" $7$-$$ CM$r 1[$($5 ?^ 1.15: � - M 2 J?LL>e$NEy 9b@~$H$7$FI=$7$? p s = 500 GeV $K$*$1$k7Z$$J}$N%A%c!<%8!<%N$NBP@8@.$NCGLL @Q!#CGLL@Q$O R Hf$G!" m ~ � = 500 GeV !" tan � = +2 $H$7$F7W;;$7$F$"$k!# $($9$l$P!"$$$?$k=j$G==J,Bg$-$$$3$H$,J,$+$k!#?^ 1.16-a) $O!"$3$NCGLL@Q$N p s 0MB8@-$r<!$N;0$D$NBeI=E*$J>l9g!" $9$J $o$A!" =c ?h $J%& %$!< %N $N>l 9g!" %& %$!< %N$H %R %0 %7!<%N $N H>!9 $N:. 9g >u BV$N >l 9g!" =c?h $J %R %0%7!< %N $N >l9g!" $K $D $$$F<( $7$? $b$N $G$"$k!# $3$3 $G$O!" t %A%c %s%M %k$N %9%K%e!< %H%j %N8r 49$N 8z2L $,8z $+$J $$$h $&$K!" m ~ � = 1000 GeV $H$7$?!# s %A%c %s %M%k $N %@%$ %"%0 %i %‘$@ $1 $+$i $G $O!" m 0 $KBP $9 $k>p Js$, F@ $i$l $J $$E@ $K Cm0U $9$k!# %A%c!< %8!<%N <A NL!"$*$h$S!"$=$l$H%2!<%8%\%=%s$N7k9g$,!" � !" M 2 !" tan � $+$i7h$^$C$F$7$^$&$+$i$G$"$k!#$3$N>l9g$K$O!"@8@.CG LL@Q$N@dBPCM $NB,Dj$+ $i!"2YEE%& %$!<%N$H2Y EE%R%0%7!< %N4V$N:. 9g3Q$,F@ $i$l$k$3 $H$K$J$k!# 0lJ}!" m ~ � = 250 GeV $H$7$FF1$8?^$r%W%m%C%H$7$?$N$,?^ 1.16-b) $G$"$k!# t %A%c%s%M%k$N%9%K%e!<%H%j%N8r49$N8z2L$K$h$C$F!"$7$-$$CM6a JU$N CG LL @Q$N Bg $- $5 $* $h$S ?6 Iq $$ $, 1F 6A$5 $l $F $$ $k $N$, J, $+ $k!# $3 $N $h$& $K $7 $F!" m 0 $, Hf 3S E*>. $5 $$ >l 9g $K$O!" t %A%c%s%M%k$N%9%K%e!<%H%j%N8r49$N8z2L$rDL$7$F m 0 $r7h$a$k2DG=@-$,@8$^$l$k!# 20

?^ 1.16: 7Z$$J}$N%A%c!<%8!<%N$N<ANL$, M ~ � � = !" 100 !" 150 !" 200 GeV $G$"$k>l9g$N!"$=$NBP@8@.$NCGLL@Q$N p s 0MB8 @-!#$3$3$K!" (a) m ~ � = 1000 GeV !" (b) m ~ � = 250 GeV $H$7$?!#<B @~!"0lE@:?@~!" GK@~$O$= $l$>$l!"=c?h $J%&%$!<%N$N >l9g!"%&%$!<%N$H%R%0%7!<%N$NH>!9$N:.9g>uBV$N>l9g!"=c?h$J%R%0%7!<%N$N>l9g$G$"$k!# 21

%A%c!<%8!<%N$NJx2u 7Z$$J}$N%A%c!<%8!<%N!J ~ � � 1 !K$,:G$b7Z$$2YEED6 BP>NN3;R$G$"$k$H$$$&2>Dj$N $b$H$G$O!" ~ � � 1 $O LSP $N<!$K 7Z$$D6 BP>NN3;R $H$J$k!# $3$3$G $O!"$^$:!" � m � M ~ � � 1 � M ~ � 0 1 > M W $N>l 9g$K$O!" %R%0%7!< %N@. J,$,L5 ;k$G$- $k$[$I >.$5 $/$J$$8B$j!" ~ � � 1 $O$[$H$s$I ~ � 0 1 W $KD>@\ Jx2u$9$k$3$H$KCm0U$9$k!#?^ 1.17 $O!" � - M 2 J?LL>e$N Ey9b@~$H$7$F$3$N<A NL:9$r<($7$?$b$N$G$"$k!# ?^ 1.17: tan � = +2 $N>l9g$N!" � - M 2 J?LL$K$*$1$k!"<ANL:9 � m � M ~ � � 1 � M ~ � 0 1 $NEy9b@~!#<P@~$NIt J,$O LSP $,:G$b 7Z$$%K%e!<%H%i%j!<%N$H$J$k$Y$7$H$$$&MW5a$K$h$C$FGS=|$5$l$kNN0h$G$"$k!# $3$NFsBNJx2u2a Dx$,1?F03XE* $K6X;_$5$l$k >l9g$K$O!">e$K =R$Y$?0lHLE* $J5DO@$,E,MQ $G$-$k!#$3$3$G $O!"$^$:!"7Z $$J} $N%A%c!< %8!< %N$, $[ $H $s$I =c ?h $J%& %$!< %N>u BV $G $"$k >l 9g $+$i ;O $a$h $&!# D6 =ENO LO 7?$K $h $l $P!":G $b 7Z $$%9 %U%’ %k%_%*%s $O%9 %l%W%H %s$J $$$7%9 %H%C%W $G$" $k!#0lJ}!" %&%$!< %N$, JLC-I $G H/8+$G $-$k $?$a$K $O!" ~ W < 250 GeV $G $J$/ $F$O $J $i$J $$!# =>$C$F!" $b $7%9 %l %W %H%s $, :G$b 7Z $$%9 %U%’ %k%_ %* %s $G$" $k >l9g $K $O!":G $b 7Z$$ %9 %l %W%H %s $O1& <j 7?%9%l %W %H%s!" $9$J $o$A!" ~ e R !" ~ � R !" ~ � R $H $J$k!# $3 $N$& $ABh 0l!& BhFs @$Be $N 1&<j 7?%9 %l%W %H %s$N <ANL $O $[$H $s$I =L B‘$7$F$$$k!#BP1~$9$k:8<j7?%9%l%W%H%s!"$9$J$o$A!" ~ e L !" ~ � L !"$*$h$S!" ~ � e !" ~ � � !"$N<ANL$b$^$?$[$\=LB‘$9$k$,!"$= $N<ANL $O!" $/ $j$3 $_ 72$K $h $k%9 %l %W%H %s <ANL $K BP$9 $k %2!<%8!< %N <ANL $N 4sM? $N J, $@$1 1& <j7? $N $b$N $h $j=E $/ $J$k!# %& %$!<%N@.J,$O:8<j7?$N>uBV$K$N$_7k9g$9$k$N$G!"7Z$$J}$N%A%c!<%8!<%N$,$[$\=c?h$J%&%$!<%N$G$"$l$P!"$=$NJx2u$O ~ � + 1 ! � l ~ l + � L ! � l ~ � 0 1 l + $^$?$O ~ � + 1 ! ~ � l � L l + ! � l ~ � 0 1 l + $N$h$& $K5/ $3$k!# $3$3 $G!" l $O e !" � !" � $N $$$: $l$G $b$h $$!#=>$C $F!"BP @8@. $5$l $?%A%c!< %8!<%N !J ~ � + 1 ~ � � 1 !K$O!" EE ;R!"%_%e!< N3;R!" %? %&N3 ;R $N 4V$N Cm L\ $9$Y $- IaJW @- $r ;}$D!" %" %3 %W%i %J!< $J%l %W %H %sBP =* >uBV $H $J$C $F8= $l $k $3$H $K $J$k!#$3 $N>l9g!" q � q ~ � 0 1 $X$N Jx2u$O!" %9%/%)!< %/$N EAC# 4X?t $K8= $l$k Bg$-$J %9%/%)!< %/<A NL$H K\<A E*$K %S!< %N>u BV$K $"$k LSP $X$N7k9g$N6/$5$r7h$a$k%O%$%Q!<%A%c!<%8$N>.$5$5$K$h$C$F!"6/$/M^@)$5$l$k!# 22

$b$7!"%9%H%C%W$,:G$b7Z$$%9%U%’%k%_%*%s$G$"$l$P!"%&%$!<%N<gBN$N%A%c!<%8!<%N$O<!$N$h$&$JO":?Jx2u$r$9$k!# ~ � + 1 ! � b l ~ t � L ! � b l ~ � 0 1 t $3$NO":?Jx2u$O!"Bg$-$J2#1?F0NLB;<:$rH<$C$?#8%8%’%C%H=*>uBV$r:n$k$N$G!"8!=P$OMF0W$G$"$k!# 0lJ}!" %R%0 %7!< %N@. J, $,L5 ;k $G$- $J $$;~ $K $O!" f ~ f � 2a Dx$O 6/ $/M^ @) $5$l!" %Y!< %?!<Jx 2u $,;Y G[ E*$H $J $k!#%9 %U%’ %k%_%*%s$,7Z$$J}$N%A%c!< %8!<%N$h$j=E$/!"=>$C $F!" W %\ %=%s$h$j$:$C$H=E $$>l9g$K$O!"%9%U%’ %k%_%*%sEAC# 4X?t$N 8z2L$K$h$kM^@)$,6/ $$$?$a$G$"$k!# $3$N>l9g$K $O!" q � q ~ � 0 1 $X$NJx2u$, <g$? $kJx2u2aDx!J 67 % !K $H$J$k!#;D$j$O %l%W%H %s7?$NJx2u$G$"$k!#$3$N $3$H$+$i!"%A%c!<%8!< %NCf$N%R%0%7!<%N @.J,$NBg>.$K4X $9$k>pJs$,F@ $i$l$k!# t � b ~ � 0 1 2aDx$,1? F03X E*$K 5v $5$l $l $P!"$3 $N %b!<%I $X $N J,4t Hf $,Bg $- $/$J $k $3$H $b $" $jF@ $k!# $3$N >l 9g$N ?. 9f$O!" >e 5- $N7Z $$ %9%H%C %W $N>l9g$K0lCW$9$k!# %A%c!<%8!<%N$NC5:w JLC $G 6= L# $N $" $k NN 0h!" $D $^ $j m 0 > � 200 GeV !" � < � 1 T eV !" M 2 < � 200 GeV $G $O!" $? $H $( 7Z $$ J} $N %A%c!< %8!<%N$,%&%$!< %N@.J, <gBN$G $"$C$F$b%O %I%m%s 7?Jx2u $NJ,4t Hf$, � 50 % $r2<2s $k$3$H $O$J$$!#0l J}!"%l%W %H%s7? Jx 2u$NJ,4tHf$O:GDc � 33 % $G!"%&%$!<%N@.J,$NA}2C$KH<$C$FA}2C$9$k!# <B W %\ %=%s $X$N Jx 2u ( ~ � � 1 ! ~ � 0 1 W � ) $, 1? F03X E* $K5v $5 $l$k ;~ $K $O!" 4 %8%’%C%H $H $7$F :F 9=@. $5 $l$? %" %3%W %i %J!< W %\%=%sBP$, ~ � � 1 BP@8@.$N:G$bNI$$?.9f$H$J$k!#:G$bBg$-$JLdBj$H$J$jF@$k%P%C%/%0%i%&%s%I e + e � ! W + W � $OL5$/!"B> $N%P%C %/%0%i %&%s%I!" Nc$( $P!" e + e � ! W + W � Z !" e + e � W + W � !" e � ( � ) � e W � Z 0 !" � e � � e W + W � Ey$O CGLL@Q$,>.$5$$$+$i$G$"$k!#$3$N>l9g$N%A%c!<%8!<%NC5:w$KBg$-$J:$Fq$O$J$$ [36] !# $=$3 $G!"$3 $3$G $O$3 $NFs BNJx 2u 2aDx $,1? F03X E*$K 6X ;_$5 $l$F $$$k >l9g $r 9M$( $h$&!# W BP!" e � ( � ) � e W � !"Fs 8w;R 2a DxEy $+$i $N %P%C%/ %0 %i %&%s %I $r9M N8 $9 $l$P!" $3 $N>l 9g $b!" 4 %8%’%C %H=* >u BV$, :G $b 0W$7 $$ %A%c %s%M %k $G$" $k!# $7 $+$7 $J$,$i!"$3$3$G$O!"0lJ}$N%A%c!<%8!<%N$,%O%I%m%s7?Jx2u!J ~ � � 1 ! q � q ~ � 0 1 !K$7!"B>J}$,%l%W%H%s7?Jx2u!J ~ � � 1 ! l � � � ~ � 0 1 !K $r$9$k>l9g$r07$&!#$3$N2aDx$G$O%8%’%C%H$NAH9g$;$N8m$j$,L5 $/!"=>$C$F!"%A%c!<%8!<%N$d LSP $N<ANL7h Dj$,$70W$$ MxE@$,$"$k$+$i$G$"$k!# W BP!" e � ( � ) � e W � !"Fs8w;R2aDxEy$+$i$N%P%C%/%0%i%&%s%I$O!"9b%(%M%k%.!<$N8IN)$7$?%l%W%H%s$NB8:_!" 2 %8%’%C %H7O$NITJQ<ANL$, W %\%=%s$N<ANL$K$J$i$J$$$3$H!"$^$?!"%l%W%H%s$H 2 %8%’%C%H7O$NH/@83Q!"%"%3%W%i%J%j%F%#!<$K %+%C%H$r F~ $l$k $3 $H$K $h $j!"8z N( E*$K =| 5n$G $- $k [36] !# LSP $H$N <A NL:9 !J � m � M ~ � � 1 � M ~ � 0 1 !K $, Bg$- $$ 8B$j!" C5 $9$Y $- $O %" %3 %W %i %J %j %F%#!< $N Bg $- $$ 9b %( %M %k %.!< $N 8I N) $7 $? %l %W %H %s $H!" W %\ %= %s <A NL 0J 2< $N 2 %8%’%C %H $r ;} $D ;v>]$G $" $k!#4{ $K?^ 1.17 $K <($7 $?$h $& $K$3 $N<A NL :9$O %Q%i %a!< %?6u 4V $NBg ItJ, $G ==J, Bg$- $$!# ?^ 1.18 $O %l%W %H %s!\ 2 %8%’%C%H =*>u BV $K BP$9 $k!" %" %3%W %i %J %j %F%#!<%+%C %H 0J 30$N A4 $F $N%+%C %H $r $7$? 8e $N %"%3 %W %i %J%j %F%#!< J, I[$N Nc $G $"$k!#$3$N Nc$G $O!" p s = 500 GeV $G!" 10 fb � 1 !J 20 F|!K $NE}7W $r2> Dj$7$?!# <B@~ $,%A%c!< %8!<%NBP!" GK@~ $HE@@~ $O$=$l $>$l W BP$H e � ( � ) � e W � $+ $i$N %P%C%/ %0%i %&%s %I$G $"$k!# � acop = 30 o $N %+%C%H $r$9 $k$H!" 8e$N <ANLB, Dj$N $? $a$K== J,$-$l $$$J %A%c!<%8!< %N;v >]$N %5%s %W%k $,F@ $i$l$k!# $A$J $_$K!" $3$N Nc$G $O!"J, 4tHf 30 % $r 4^$a$F!" 8!=P 8z N( $O 10 : 3 % $G$"$k!# %A%c!<%8!<%N$N8&5f %A%c!<%8!<%N$, H/8+$5 $l$? $i!"<!$K $9$Y$- $3$H$O %A%c!<%8!<%N $H LSP $N<A NL7hDj $G$"$k!# $=$N$? $a$K$O!" %A%c!< %8!<%NJx 2u $G@8 $8 $? 2 %8%’%C%H 7O $N%( %M %k%.!< J,I[ $r D4$Y $l $P$h $$!# ?^ 1.19-a) $O ?^ 1.18 $K BP 1~$9 $k %(%M %k %.!<J, I[ $NNc$G$"$k!#J,I[$N7A$N>\:Y$O!"Jx2u%P!<%F%C%/%9$N9=B$$K$h$k $,!"C<E@$N0LCV$O%A%c!<%8!<%N$H LSP $N <ANL$N$_$G 1?F03XE*$K7h$^$k!#=>$C$F!"$3$l$+$i!"%A%c!<%8!< %N$H LSP $N <ANL$,B,Dj$G$-$k!#?^ 1.19-b) $O$3$N%( %M%k%.!<J,I[ $r%U%#%C%H $9$k $3$H $GF@ $i$l $k M ~ � � 1 - M ~ � 0 1 J? LL$G $N � 2 $NEy 9b@~ $G$" $k!#$3$N B,Dj $G4| BT$5 $l$k <ANL $KBP $9$k E}7W @: EY$O � M ~ � � 1 ’ � 2 : 0 GeV $*$h$S � M ~ � 0 1 ’ � 1 : 5 GeV $G$"$k!# 7Z$$J} $N %A%c!<%8!< %N$H LSP $N <ANL $G!"%A%c!< %8!<%N - %K%e!< %H%i %j!<%N <A NL9T Ns$N ;0$D $N%Q %i%a!< %? ( M 2 , � , tan � ) $NFb $NFs $D $,7h $^$k!# $b$7!" %A%c!< %8!<%N $H LSP $N<A NL Hf$,!" $[$\ 3 5 � Y =� W $J$i $P $=$N %A%c!<%8!< %N$N <g @.J, $O%& %$!< %N$@ $H J, $+$k!# $= $& $G$J $1 $l$P!" %R%C %0 %7!<%N $H $N :.9g $, Bg$- $$ $O $:$G!" 7Z $$%R %0 %7!< %N$N B8 :_ $,<( :6 $5$l$k!# 0J>e$N2r@O$O!"%A%c!< %8!<%N$N<B W %\%=%s $X$NFsBNJx2u $,5v$5$l$k >l9g$bF1MM$K 9T$J$($k!# 2 %8%’%C%H 7O$H$7$F :F9=@.$5$l$? W %\ %=%s$N%(%M%k%.!<J,I[ $rB,$l$P$h$$$N$G$"$k!# ?^ 1.20-a) $O$3$&$7$FF@$i$l$k %(%M%k%.!<J,I[$NNc 23

?^ 1.18: m 0 = 400 GeV !" M 2 = 400 GeV !" � = 250 GeV !" tan � = +2 $N >l 9g $N %l %W %H %s !\ 2 %8%’%C %H =* >uBV$KBP $9$k!" %"%3 %W%i%J %j%F%#!< %+%C%H 0J30$N A4$F $N%+%C %H$r$7 $?8e $N%" %3%W %i%J%j %F%#!<J, I[$N Nc!#%b%s %F%+ %k%m ;v>] $O p s = 500 GeV $G 10 fb � 1 !J 20 F|!K$N E} 7W$K BP 1~$7 $F $$$k!# <B @~$, %A%c!<%8!< %N BP!"GK @~ $HE@ @~ $O$= $l $>$l W BP$H e � ( � ) � e W � $+$i$N%P%C%/%0%i%&%s%I$G$"$k!# ?^ 1.19: (a) %A%c!<%8!<%NJx2u$G@8$8$? 2 %8%’%C%H7O$N%(%M%k%.!<J,I[!#%b%s%F%+%k%m%G!< %?$NE}7W$O 20 fb � 1 !"D6BP>N@- $N%Q%i%a!<%?$O ?^ 1.18 $HF1 $8$G$" $k!#%G!<%?E@ $O%P%C%/%0 %i%&%s%I $r4^$s$G $$$k!#<B@~ $O%Y%9%H %U%#%C%H6J@~!" GK@~$HE@ @~ $O$=$l$> $l4| BT$5 $l$k W BP $H e � ( � ) � e W � $+$i $N%P%C%/ %0%i %&%s %I$N7A $r<( $7$F$$ $k!# (b) M ~ � � 1 !" M ~ � 0 1 $r%Q %i%a!<%? $H $7$F?^ (a) $r%U%#%C%H$7$?;~$N � 2 $NEy9b@~!# 24

$G$"$k!#$^$?!"?^ 1.20-b) $O$3$N%(%M%k%.!<J,I[$r%U%#%C%H$9$k$3$H$GF@$i$l$k M ~ � � 1 - M ~ � 0 1 J?LL$G$N � 2 $NEy9b@~$G!" $3$NNc$G4|BT$5$l$k<ANL$KBP$9 $kE}7W@:EY$O � M ~ � � 1 ’ � 10 GeV $G$"$k!#$3$NNc$N%Q %i%a!<%?$G$O<!@a$G=R$Y $k1&<j 7?%9%l%W%H%s$NJ}$,7Z$/!"$=$l$+$i LSP <ANL$,;v A0$KJ,$+$C$F$$$k$O$:$G$"$k!#$3$l$r;H$($P!"%A%c!< %8!<%N<ANL$K BP$9$kE}7W8m:9$O � M ~ � � 1 ’ � 5 GeV $^$G>.$5$/=PMh$k!# ?^ 1.20: (a) %A%c!< %8!<%NJx2u$G@8 $8$? W %\%=%s $N%(%M%k%.!<J, I[!#%b%s%F%+%k %m%G!<%?$NE} 7W$O 50 fb � 1 !"D6BP >N@-$N %Q%i%a!<%?$O m 0 = 70 GeV !" � = 400 GeV !" M 2 = 250 GeV !" tan � = +2 $G$"$k!#%G!<%?E@$O%P%C%/%0%i%&%s%I$r4^ $s$G$$$k!#<B@~$O%Y%9%H%U%#%C%H6J@~!"GK@~!"0lE@:?@~!"E@@~$O$=$l$>$l!" W BP!" e � ( � ) � e W � Z 0 !"$=$NB>!J W + W � Z 0 !" e + e � W + W � !" � e � � e W + W � !K$N%P%C%/%0%i%&%s%I$N7A$r<($7$F$$$k!# (b) M ~ � � 1 !" M ~ � 0 1 $r%Q%i%a!<%?$H$7$F?^ (a) $r%U%#%C %H$7$?;~$N � 2 $NEy9b@~!# %A%c!<%8!<%N $,<B W %\%= %s$X FsBNJx 2u$9 $k;~ $K$O!" LSP $H %A%c!<%8!< %N<A NL$, J,$+$C $F$$$k $N$G %A%c!<%8!< %N $N@8 @. 3Q $r :F 9= @. $G $- $k 1 !# $3 $& $7 $F 5a $^ $k @8 @. 3Q $O Fs CM $H $J $k $,!" $= $N N> J} $r %W %m%C %H $9 $k $H ?^ 1.21-a) $, F@ $i $l $k!# Fs$D$N2r$NFb!" 4V0c$C$?J}$O $[$\J?C3$J J,I[$r$9$k!# $3$N%P%C%/%0 %i%&%s%I$r :9$70z$/$H ?^ 1.21-b) $, F@$i$l$k!# $3$N %A%c!<%8!< %N $N@8 @. Hy J,CG LL @Q$O D6 BP>N @- $N %Q%i %a!< %?$K 4X $9 $kFH N) $J>p Js $r M?$( $k!# Nc$( $P!" A0J} $K ;v >]$, B? $$$3$H$N$_$+$i$G$b!" t %A%c%s%M%k$N%@%$%"%0%i%‘$N4sM?$,$"$k$3$H$,J,$+$k!# JP6KEE;R%S!<%‘$O!" %A%c!<%8!<%N$N8& 5f$N$?$a$N6/ NO$JIp4o$G $"$k!#Nc$($P!"1& JP6K$NEE;R %S!<%‘$rMQ$$$k $3$H$K $h$j!" t %A%c%s %M%k$N %9 %K%e!<%H %j%N 8r49 $N4s M?$r$J $/$9 $3$H $,=P Mh$k!# 1&JP 6K$NEE ;R%S!< %‘$O $^$? %&%$!< %N@. J,$N 4sM?$NBgItJ,$r$b;&$7$F$7$^$&!# ~ W + ~ W � Z $*$h$S ~ W + ~ W � %P!<%F%C%/%9$O$H$b$K ~ W + ~ W � W 3 $K5/0x$9$k$?$a Z 0 $N<A NL$, L5 ;k$G $- $k 6K8B $G 1&JP 6K $NEE ;R $K 7k9g $7 $J$$ $+ $i $G$" $k!# 0lJ}!" %R %0 %7!<%N @. J,$O %O %$%Q!< %A%c!< %8 $N:9 $+ $iMh $k#4 G\ DxEY $N 0c$$ $r =|$-!" :8 1& $I$A $i $NJP 6K EE;R $K $b7k 9g $9 $k!#=>$C $F!" 1&JP 6K $NEE ;R %S!<%‘ $r MQ $$$k $3 $H$K $h $j!"%A%c!<%8!<%NCf$N%R %0%7!<%N@. J,$N3d9g$r D4$Y$k$3$H $,=PMh$k!# ?^ 1.22 $O m 0 = 400 GeV !" M 2 = 400 GeV !" � = 250 GeV !" tan � = +2 $N >l9g$N 7Z$$J}$N %A%c!<%8!<%NBP $N@8@.CG LL@Q$N JP6K0MB8 @-$r<($7 $?$b$N$G $"$k!#$7 $- $$CM6aJU$N?6Iq$$$,!"JP6K$K$h$i$:$K S GH$N0LAj6u4V0x;R � 1 $G7h$^$C$F$$$kE@ $+$i t %A%c%s%M%k$N%9%K%e!<%H%j%N8r 49$N 4sM? $, >.$5 $$ $3 $H$,!" $^ $?!"JP 6K $K$h $k CG LL@Q JQ 2=$, ?t G\ DxEY $G $"$k $3 $H $+$i!" $3 $N>l 9g $N%A%c!< %8!< %N $,%R %0 %7!<%N$r<g@.J,$H$9$k$b$N$G$"$k$3$H$,J,$+$k!# D6BP>N@-$NM=8@ $9$k7Z$$%R%C%0%9 N3;R$+$i$N>p Js$H9g$o$;$F!" 0J>e$N$h$&$JD6 BP>NN3;R0l$D $N8&5f$+$i$G $bD6BP>N @-$N%Q %i %a!<%? $K 4X$9 $k B?$/ $N >pJs $r 0z$- =P $9$3 $H $,2D G= $G$" $k!# $3$l $O A4$F!" EE ;RM[ EE ;RH? 1~ $N$- $l $$$5 $N $*$+ $2 $G$"$k!# 1 $3$N>l9g 4 %8%’%C%H=* >uBV$r MQ$$$J $/$F$O $J$i$J $$$N$G!" %8%’%C%H%b!< %I$G W %\ %=%s$N EE2Y$NId 9g$rCN $kI,MW $,$"$k!# $3$3$G $O!"Fs$D $N W %\%=%s$NFb>/$J$/$H$b0lJ}$NEE2Y$NId9g$,%A%c!<%‘%/%)!<%/$+$i$N%l%W%H%s!"$"$k$$$O%A%c!<%‘Cf4V;R$N:F9=@.$K$h$j7h$a$i$l$k$H2>Dj$9$k!# 25

?^ 1.21: (a) :F 9=@. $7$? %A%c!<%8!< %N$N @8@.3Q $NJ,I[!# %b%s%F %+%k%m %G!<%?E@ $O!"?^ 1.20-a) $KBP 1~$7$F $$$k!#$3 $N?^$G $O!"F@$i$l $kFs $D$N 2r$rN> J}$H $b!"EE 2Y$N Id9g$, 100 % 7h$a$i $l$k $H$7 $F%W%m%C %H$7 $F$$ $k!#%R%9 %H%0 %i%‘ $O!"A*$P $l$? ;v>]$KBP$9$k@5$7$$@8@.3Q$NJ,I[$G$"$k!# (b) ?^ (a) $G 4V0c$C$?2r$+$iMh$k%P%C%/%0%i%&%s%I$r0z$$$?$b$N!#%R%9%H%0%i%‘ $O!";D$C$?%$%Y%s%H?t$G5,3J2=$7$?%b%s%F%+%k%mH/@8;~$N3QJ,I[!# ?^ 1.22: 7Z$$J}$N%A%c!<%8!<%NBP@8@.$NCGLL@Q$NEE;R%S!<%‘JP6K0MB8@-!#$3$3$G$ND6BP>N@-$N%Q%i%a!<%?$O m 0 = 400 GeV !" M 2 = 400 GeV !" � = 250 GeV !" tan � = +2 $G$"$k!# 26

1.3.4 %9%l%W%H%s$NC55a %9%U%’%k%_%*%s<ANL%9%Z%/%H%i%‘$K4X$9$k0lHLO@ JLC-I $K$* $1$k%9%l%W%H%s$NH/8+$OD6BP>NN3;R$N<ANL%9%Z%/%H%i%‘A4BN$rL@$i$+ $K$9$kFMGK8}$H$J$jF@$k!#D6=ENO LO7? $G $O!"Bh 0l!& Bh Fs @$Be $N 2Y EE %9 %l%W %H %s!" $9 $J$o $A ~ e !" ~ � $N <A NL $O$[ $H $s $I =L B‘$9 $k $? $a!" $3$l $i $N D6 BP >NN3 ;R $N8& 5f$O F1 ;~$K ?k 9T$G $- $k!#$= $3 $+ $i$O!" %2!< %8!<%N $d %9%+ %i!< <ANL $K 4X $9$k M- 1W$J >p Js$r 0z $-=P $9 $3 $H$, 2D G=$G $" $k!#>l9g$K $h$C$F$O!" � $d tan � $K 4X$9$k >pJs $9$iF@ $i$l $k$G$" $m$&!#$3 $N:] $@$C$?2D G=@-$O!" %9%U%’ %k%_%* %s$K BP $9$k0J2<$N<ANL8x<0$KIi$&=j$,Bg$-$$ : m 2 ~ l L = m 2 0 � � 3 2 ( � 2 2 � � 2 0 ) + 1 22 ( � 2 1 � � 2 0 ) � M 2 2 � 2 2 � 1 2 m 2 Z cos 2 � (1 � 2 sin 2 � W ) ; m 2 ~ � L = m 2 0 � � 3 2 ( � 2 2 � � 2 0 ) + 1 22 ( � 2 1 � � 2 0 ) � M 2 2 � 2 2 � 1 2 m 2 Z cos 2 � ; m 2 ~ l R = m 2 0 � 2 11 ( � 2 1 � � 2 0 ) M 2 2 � 2 2 � m 2 Z cos 2 � sin 2 � W !# sin 2 � W $, 1 = 4 $K6a$$$3$H$K$h$k6vA3$NAj;&$K$h$j!" ~ l L $H ~ l R $N<ANL:9$O $[$H$s$I %&%$!<%N<ANL%Q%i%a!<%?!J M 2 !K $N$_ $G 7h $^$C $F $7$^ $&!# $^ $?!" Ia JW %9 %+ %i!< <A NL!J m 0 !K $d ?? 6u 4| BT CM $N Hf !J tan � !K $K BP$9 $k 6/ $$ @) 8B $b $D $/!# $3 $l $i$N<A NL 8x <0$O!" $^ $?!"1& <j 7?$* $h $S:8 <j 7?%9 %l %W%H %s $N<A NL $,3F!9 $[ $\=L B‘ $9 $k$3 $H!" 1&<j 7? $NJ} $, :8<j 7? $NJ} $h $j>o $K7Z $/!" $=$N <A NL:9 $, %2!<%8!< %N <A NL$G 7h $^$k $3 $H$r 0U L#$7 $F $$ $k!#$$ $: $l$K $; $h!"%9 %l %W%H %s $, 0l$D $G $bH/ 8+ $5$l$l$P!"B>$N%9%l%W%H%sH/8+$N2DG=@-$OCx$7$/9b$^$k!# %9%l%W%H%sBP@8@. %9%_%e!< BP@8 @.$O EE;R M[ EE;R BP$N 2>A[ 8w ;R$" $k$$ $O2> A[ Z %\ %=%s $X$N BP >CLG $rDL $7$F 5/ $3$j!" $=$N HyJ, CG LL@Q $O sin 2 � $N$h $&$K?6Iq$&!#$^$?!"$3$N@8 @.A4CGLL@Q$O%9%_%e!<$NNL ;R?t$@$1$G40A4$K7h$^$C $F$7$^$&!#?^ 1.23 $O m 0 - M 2 J?LL$K$*$$$F p s = 500 GeV $G$N%9%_%e!<BP@8@.$NA4CGLL@Q$rEy9b@~$H$7$F<($7$?$b$N$G$"$k!# CGLL@Q$NEy9b@~$,?^ 1.14-b) $HNI$/;w$F$$$kE@$K Cm0U$7$h$&!#$3$N$3$H$+ $i!"%9%l%W%H%sBP@8@.$KBP $9$kC5:w8B3&$,$7$-$$ CM$.$j$.$j$^$G $"$k$3$H$,J,$+$k!# %;%l%/%H%m%sBP @8@.$O!"$3$l$K Hf$Y!"$h$jJ# ;($G$"$k!#%K%e!<%H %i%j!<%N$N<ANL $HAj8_:nMQ$N ;EJ}$K6/$/0M B8$9$k t %A%c%s%M%k$N%K%e!<%H%i%j!<%N8r49$N%@%$ %"%0%i%‘$N4sM?$,$"$k$?$a$G$"$k!#?^ 1.24 $O?^ 1.23 $HF1MM$JCGLL@Q$NEy 9b@~ $r %;%l %/ %H %m %sBP @8 @. $K BP$7 $F %W %m%C%H $7 $? $b $N$G $" $k!# t %A%c %s %M%k %@ %$ %" %0%i %‘ $N B8 :_$O $^ $?!" %; %l%/ %H %m %sBP@8@.$N3QJ,I[$rJQ$($k!#?^ 1.25 $O%;%l%/%H%m%sBP@8@.$NHyJ,CGLL@Q$NNc$G$"$k!# %9%l%W%H%s$NJx2u 4{$K8+$?$h$&$K!" $7$-$$CM$r0l C61[$($l$P%9%l %W%H%sBP@8@. $NCGLL@Q$O== J,$KBg$-$$$N $G!"$=$N8!=P$O!" $=$N%9%l %W%H%s$H LSP $H $N4V$N<A NL:9$,Bg $-$/!" LSP $XD> @\Jx2u$N J,4tHf $,==J,$K Bg$-$$8B $j!"MF0W $G$"$k!#$3 $N>r7o$O!" LSP $,$"$kDxEY %S!<%N@. J,$r;}$C$F$$$l$P0lHL$KK~$?$5$l$k!#?^ 1.26-a) $H -b) $O!"$=$l$>$l!":8<j7?!"1&<j7?$N%9 %l%W%H %s$N D>@\Jx 2u$N J,4t Hf$r m 0 - M 2 $G <($7 $?$b $N$G $"$k!# $?$7 $+$K!"%Q %i%a!< %?6u 4V$N $[$H $s$I $NNN 0h$G ~ � R $O LSP $KD>@\Jx2u$9$k!# ?^ 1.27-a) $H -b) $O BP1~$9$k LSP $H$N<ANL:9$N Ey9b@~$G$"$k!#%Q%i%a!<%?6u4V$N$[$H$s$IA4 $F$N NN0h $G!" $3$N <A NL:9 $O 8!=P 2D G= $J== J, $JBg $- $5$r ;} $D$3 $H $K Cm0U $9 $k!#=>$C $F!" %9%l %W %H%s BP @8 @.$N ?. 9f$O!" %& %$!<%NBP $N >l 9gF1 MM %"%3 %W %i%J!< $J %l%W %H %sBP $G $"$k!# $? $@$7 $3 $N>l 9g $K$O!" %9 %l %W%H %s $NFs BN Jx2u $+ $iMh $k =*>u BV $N%l%W %H %s $N%( %M %k%.!< $O 6k7A J, I[$r $9 $k$? $a!" %&%$!< %N $N;0 BN Jx2u $H $NJ, N% $O MF0W $G $"$k!# FC $K%9 %l %W%H %s BP$N $7 $-$$CM IU 6a $G$O!" =* >uBV $N %l%W %H %s$N %( %M%k %.!< $O$[ $H $s$I C1 ?’$G $" $k!#$^ $?!" $7 $-$$ CM NN0h $N @8@. CG LL@Q $N ?6Iq $$ $N0c$$$+$i$b!"N><T$N<1JL$,2DG=$G$"$k!# LSP $, $[$\=c?h$J%R%0%7!<%N$G$"$l$P!"A4$/0c$C$?Jx2u2aDx$b$"$jF@$k : ~ l ! l ~ w 0 � ! l ~ h 0 h 0 �!# $3$NJx2u2aDx$O!"%l%W%H%sBP!\ m ( j j ) � m h $J$k Fs$D$N%8%’%C %HBP$H$$$&2h4|E*$J=*>uBV $r:n$k!#$3$N>l9g!" t %A%c %s%M%k $N4s M? $OL5 $/$J $k$N $G!" $=$N $3$H $+$i $b!" LSP $, %R%0 %7!<%N $r <g@. J,$H $9$k $3 $H$, J,$+ $k$O $:$G $" $k!#$$ $: $l$K$;$h!"$3$N>l9g$N%9%l%W%H%s$N8!=P$OMF0W$G$"$k$N$G!"0J2<$G$O LSP $, %S!<%N $K6a$$>l9g$r07$*$&!# 27

?^ 1.23: m 0 - M 2 J?LL$K$*$1$k p s = 500 GeV $G$N %9%l%W%H%s ( ~ l 6 = ~ e ) BP@8@.$N A4CGLL@Q$NEy9b @~!#$3$3$G$O!"D6BP>N @- $N%Q%i%a!<%?$H$7$F � = 400 GeV !" tan � = +2 $r$H$C$?!# (a) e + e � ! ~ � + L ~ � � L !" (b) e + e � ! ~ � + R ~ � � R !#<P@~$NItJ,$O LSP $, :G$b7Z$$%K%e!<%H%i%j!<%N$G$"$k$H$$$&2>Dj$GGS=|$5$l$kNN0h$G$"$k!# 28

?^ 1.24: %;%l%/%H%m%sBP@8@.$K4X$9$k?^ 1.23 $HF1MM$J%W%m%C%H!# (a) e + e � ! ~ e + L ~ e � L !" (b) e + e � ! ~ e + R ~ e � R !" (c) e + e � ! ~ e + L ~ e � R + ~ e + R ~ e � L !# ?^ 1.25: p s = 500 GeV $G $N %; %l %/ %H %m %s BP @8 @. $N Hy J, CG LL @Q $N Nc!# D6 BP >N @- $N %Q %i %a!< %? $O , m 0 = 70 GeV !" M 2 = 250 GeV !" � = 400 GeV !" tan � = +2 $G $" $k!# #3 K\ $N 6J @~$O e + e � ! ~ e + L ~ e � L !JGK @~!K!" e + e � ! ~ e + R ~ e � R !J<B@~!K!" e + e � ! ~ e � L ~ e � R !J0lE@:?@~!K$KBP1~$7$F$$$k!# 29

?^ 1.26: m 0 - M 2 J?LL$K $*$1$k%9 %l%W%H %s$N LSP $X $ND> @\Jx2u $KBP $9 $kJ, 4tHf $N Ey9b @~!# (a) ~ � L !" (b) ~ � R !# D6BP >N@- $N%Q %i %a!< %? $O � = 400 GeV !" tan � = +2 $H $7 $?!#<P@~$N NN0h $O LSP $, :G $b7Z $$%K%e!<%H %i%j!< %N$G $" $k$Y$7$H$$$&MW5a$GGS=|$5$l$kItJ,$G$"$k!# ?^ 1.27: m 0 - M 2 J?LL$K$*$1$k %9%l%W%H%s$H LSP $H$N<A NL:9$NEy9b@~!# (a) ~ � L !" (b) ~ � R !#D6BP>N@-$N%Q%i%a!<%?$O ?^ 1.26 $H F1$8!" $9$J $o$A!" � = 400 GeV !" tan � = +2 $G$"$k!# 30

%9%l%W%H%s$N8!=P ?^ 1.28-a) $H -b) $O!" $=$l$>$l!" p s = 350 GeV $K $*$1$k %;%l%/ %H%m%s!"%9 %_%e!<%*%s BP@8@. $N;v>] $KBP$9 $k%" %3%W%i%J%j%F%#!< $NJ,I[$G $"$k!#%b%s %F%+%k%m %G!<%?$NE} 7W$O 20 fb � 1 (40 F| ) $G!" D6BP>N@- $N%Q%i%a!< %?$O!" ~ l � L $* $h$S ~ l � R $, $H $b $K p s = 500 GeV $G BP @8@. 2D G=$G!" $^ $?!" m ~ l � R < M ~ � � 1 $H $J $k$h $& $K A*$s $G $" $k!# %" %3 %W %i%J %j ?^ 1.28: p s = 350 GeV $K$*$1$k (a) %;%l%/%H%m%sBP!" (b) %9%_%e!< %*%sBP$N;v>]$KBP$9$k%"%3%W%i%J%j%F%#!<J,I[!#EE ;R%S!<%‘$NJP 6KEY$O %<%m!"%b%s %F%+%k %m%G!<%?$N E}7W$O 20 fb � 1 $G$" $k!#GK@~ $O W + W � $+$i$N %P%C%/%0%i %&%s%I!" E@@~ $O e � ( � ) � e W � $+$i$N%P%C%/%0%i %&%s%I$G$"$k!#?^ (c) $O ?^ (b) $GEE ;R%S!<%‘$NJP6KEY$r P ol e � = +0 : 95 $H$7$? >l9g$G$" $k!# %F%#!<$K%+%C%H$rF~$l$k$3$H$K$h$j!"<g$H$7$F W BP$+$i$J$k%P%C%/%0%i%&%s%I$KBP$7$F!"%9%l %W%H%sBP@8@.$N?.9f$r 8z2LE*$K<h$j=P$9$3$H$,=PMh$k!#%9%_%e!<BP@8@.$N>l9g$K$O!"CG LL@Q$,>.$5$$$?$a!" S= N Hf$O4vJ,0-$/$J$k$,!"$3$l $b!"1& JP6K $N EE;R %S!< %‘ $rMQ $$ $k $3$H $K $h$j!" Bg I} $K2~ A1 $G $-$k!# ?. 9f$N CG LL @Q$, $[ $\G\ A} $7!" $^$?!" %P%C %/ %0%i %& %s%I $r$[ $\ 40A4 $K Mn$9 $3 $H$, =P Mh$k $+ $i $G$" $k!# ?^ 1.28-c) $O!"EE ;R %S!<%‘ $N JP6K EY $r Pol e � = +0 : 95 $H $7$? ;~ $N Nc$G$"$k!#$3$N>l9g$N8!=P8zN($O!"%;%l%/%H%m%s$*$h$S%9%_%e!<%*%sBP@8@.$N3F!9$KBP$7!"$=$l$>$l 45 : 0% $H 54 : 2% $H$J$j!"$^$?!"%P%C%/%0%i%&%s%I$OL5;k$G$-$kDxEY$K$J$k!# %9%l%W%H%s$N8&5f 0lC6!"%9%l%W%H%s $,H/8+$G$- $l$P!"%A%c!<%8!<%N$N >l9gF1MM!"=*>u BV$N%l%W%H %s$N%(%M%k%.!< J,I[$+$i%9%l %W%H%s $*$h $S LSP $N<A NL $r 7hDj $G $- $k!#$3 $N >l 9g!" <ANL 7h Dj $O%A%c!< %8!< %N $N>l 9g $h $j 0W$7 $$!# %( %M%k %.!< J, I[$N 7A $, 7h $^$C$F$$$k$+ $i$G$" $k!#?^ 1.29-a) $O!"EE;R %S!<%‘$N JP6KEY $r Pol e � = +0 : 95 !"@QJ, %k%_%N %7%F%#!< 20 fb � 1 $H $7$? ;~$N!" %9%_%e!< %* %sJx 2u $+$i $N %l%W %H %s $N%( %M %k%.!< J, I[$G $" $k!#%9 %l %W %H%s $N >l9g $O CGLL @Q $,$h $j Bg $-$$ $N $G$= $N B,Dj $O$h $j 4JC1 $G $" $k!#%( %M %k%.!< J, I[$O!" %+%C %H $N8z 2L $G!"4| BT $5 $l$k 6k 7AJ, I[ $+ $i$O <c 43$: $l $F$O $$ $k $,!"J, I[ $NC<E@$O ==J, %7%c!<%W $G!"MF 0W$K %9%l %W%H %s$* $h$S LSP $N<A NL$r 7h$a $k$3 $H$,=P Mh$k!# ?^ 1.29-b) $O F1$8 %b%s%F %+ %k%m%G!<%?$N%U%#%C%H$+$iF@$i$l$k � 2 $NEy9b@~$G$"$k!# %9%_%e!<%*%s$*$h$S LSP $N<ANL$KBP$7$F4|BT$5$l$kE}7W8m :9$O � 1% $G$"$k!# $b$7 LSP $, %S!<%N$r <g@.J,$H$9 $k$J$i$P!" $=$N t %A%c%s%M%k 8r49$b%; %l%/%H%m %sBP@8@.$K 4sM?$9$k!# JLC $N JP 6KEE ;R %S!<%‘ $O $3 $3 $G $b=E MW $J Lr 3d $r2L $? $9!# t %A%c %s %M %k8r 49 $N %@ %$ %" %0%i %‘ $O!" %; %l %/%H %m %s $N %+ %$%i %j %F%#!< $,%S!< %‘ $N $=$l $H 0l CW $9 $k ;~$@ $1 $K 8= $l $k $+$i $G $" $k!# ?^ 1.30 $O %; %l%/ %H %m %s BP @8 @.$N CG LL @Q $r p s $N 4X ?t $H $7 $F P ol e � = � 1 !" 0 !" +1 $N;0$D$N>l9g$K$D $$$F<($7$?$b$N$G$"$k!# ~ e + R ~ e � R $H ~ e � L ~ e � R $N>l9g!" t %A%c%s%M%k 8r49$N4sM?$, %S!<%N@. J,$N $_ $+$i Mh$k $3 $H$K Cm0U $9 $k!# ~ e � L ~ e � R $O!" FC $K6= L#$" $k 2aDx $G$" $k!#$3 $N 2aDx $K$O s %A%c %s %M%k $N4s M? $, L5$/!" t %A%c%s %M%k8r49$N4sM?$N $_$rJ,N%$7$FD4$Y $i$l$k$+$i$G$"$k!# LSP $N<ANL$OJ,$+$C $F$$$k$O$:$J$N $G!"$3$l $i$NCGLL@Q $NJP6K0M B8@-$N B,Dj$+$i LSP $, <B :] %S!<%N@.J, $r$I$N DxEY;}$C$F $$$k$N $+$,D4$Y $i$l$k!# %(%M%k%.!< $r 31

?^ 1.29: (a) ?^ 1.28-c) $N%b%s%F%+%k%m%G!<%? $KBP1~$9$k%9%_%e!<%*%s Jx2u$+$i$N=*>uBV%_%e!< %*%s$N%(%M%k%.!<J,I[!#<B @~$O m ~ � $H M ~ � 0 1 $r<+M3$K F0$+$7$? :]$N%Y%9%H %U%#%C%H6J@~ $G$"$k!# (b) %U%#%C%H$+$i F@$i$l$k m ~ � - M ~ � 0 1 J?LL $G$N � 2 $N Ey9b@~!# ?^ 1.30: P ol e � = � 1 !" 0 !" +1 $N>l9g $KBP$9 $k p s $N4X ?t$H$7 $F<($7 $?%;%l %/%H%m %sBP@8 @.$NCG LL@Q!#D6BP >N@-$N %Q%i %a!<%?$O m 0 = 70 GeV !" M 2 = 250 GeV !" � = 400 GeV !" tan � = +2 $H$7$?!# ~ e � L ~ e � R @8@.$OEE ;RJP6K$K$h$C $F$O6X ;_$5$l$kE@$KCm0U$9$k!# 32

>e$2$k$3$H $K$h$j ~ e + L ~ e � L @8 @.$N$7 $-$$CM$r 1[$($? $J$i!"FsHV L\$K7Z$$ %K%e!<%H%i %j!<%N!"$b$C$H @53N$K8@ $($P %&%$!< %N@.J,$N4sM?$rD4$Y$k$3$H$b2DG=$H$J$m$&!# F1MM$N 2r@O $O%9 %_%e!<%* %sBP @8@. $K$D $$$F $b9T $J$( $k!#?^ 1.31 $O %9%_%e!< %*%s $K4X $9$k ?^ 1.30 $K BP1~ $9$k ?^$G $"$k!# ?^ 1.31: %9%_%e!<%*%sBP@8@.$KBP$9$k ?^ 1.30 $KBP1~$9$k?^!# %9%_%e!<%*%sBP@8@. $N>l9g$K$O!"$= $NCGLL@Q$,NL ;R?t$N$_$G7h Dj$5$l$k$?$a!" EE;R%S!<%‘$NJP 6KEY0MB8@- $+$i@8@. $5$l$??7N3;R$NNL;R?t$,3N$+$K%9%_%e!<%*%s$N$=$l$G$"$k$3$H$,3NG’$G$-$k!# HyJ,CGLL @Q$NB, Dj$b=E MW$G$"$k!# %9%l%W %H%s$H LSP $N<A NL$,J, $+$l$P!" %A%c!<%8!<%N $N>l9g $HF1MM $K!"=*>uBV $N %l%W%H%s$N;M851?F0NL$+$i!"?F$N%9%l%W%H%s$N@8@.3Q$r:F9= @.=PMh$k!#?^ 1.32-a) $O!"$3$&$7$FF@$i$l$kFs$D$N2r$r%9 %_%e!<%* %sBP @8 @.$K BP $7 $F%W %m%C %H$7 $? $b$N $G $" $k!#%R %9 %H%0 %i %‘ $OA* $P $l$? %9 %_%e!< %*%s BP @8@. $N ;v>] $N @5 $7$$ @8 @.3Q J,I[ $G $"$k!# $3 $l $+$i!" 8m$C $?J} $N 2r$, J? C3 $J%P%C %/ %0%i %& %s %I$r :n $k$3 $H $, J,$+ $k!# $3$N %P%C %/%0 %i %& %s%I $r :9$7 0z$$ $F %b%s %F %+%k %m %G!< %?H/ @8 ;~$N 3Q J, I[$H Hf 3S$7 $? $N $,?^ 1.32-b) $G $" $k!#?^ $+ $i!" %9%_%e!< %* %sBP @8 @.$, %9 %+%i!<N3;R$N s %A%c%s%M%k@8@.$KFCD’E*$J sin 2 � 7?$N?6Iq$$$r$9$k$3$H!"$D$^$j!"%9%_%e!<%*%s$N%9%T%s$,3N$+$K %< %m$G$"$k$3$H$,J,$+$k!# F1MM$K!"%;%l%/%H%m%s BP@8@.$K4X$7$F$b3Q J,I[B,Dj$,=PMh$k!# ?^ 1.33-a) $H -b) $O$=$NNc $G$"$k!#%9%_%e!<%*%sBP @8@. $N >l 9g $H0c$C $F!" $3 $N >l 9g $K $O!" t %A%c%s %M %k %@ %$ %" %0 %i%‘ $N 8z 2L $G!" A0 J} $K%T!< %/ $, $G $- $k!# $3 $N$3 $H $+ $i!" $3$N >l9g $N LSP $, %S!< %N$r <g @.J, $H $9 $k$3 $H $,7k O@ $G $-$k!# $b $7!" LSP $, %R%0 %7!< %N $r<g @. J,$H $9 $k $J$i $P!" t %A%c%s %M%k $N 4sM? $O >. $5$/!" $= $NJ, I[ $O%9 %_%e!< %* %sBP @8 @.$N >l 9g $K6a $E $/$O $: $@ $+$i $G $"$k!# $3 $&$7 $F!" Hy J,CG LL @Q$N@dBPCM$*$h$S7A$NB,Dj$+$i!" t %A%c%s%M%k$K8r49$5$l$k%K%e!<%H%i%j!<%N$NAG@-$,J,$+$k!# $R$H$?$S %2!<%8!<%N $* $h$S %9%l %W%H%s $N<ANL $,7h$a $i$l$? $J$i!"%0 %k%$!<%N $d%9%/%)!< %/$r4^ $‘B>$N D6BP>N N3;R $N<ANL$bM=8@$G$-$k!#$3$&$7$F!"D6BP>NN3;R$N7OE}E*$JC5:w$,2DG=$H$J$k!# 33

?^ 1.32: =*>uBV$N%_%e!<%*%s$N;M851?F0NL$+$i:F9=@.$5$l$? e + e � ! ~ � + R ~ � � R H?1~$+$i$N ~ � � R $N3QJ,I[!# (a) Fs$D$N2r$NN> J}$r%W%m%C %H$7$? $b$N!" (b) 4V0c$C$? 2r$+$i $N%P%C%/ %0%i%& %s%I$r :9$70z $$$? $b$N!#?^ (a) Cf $N%R%9 %H%0%i %‘$OA* $P$l$? ;v >]$N@5 $7 $$3Q J,I[!# $^ $?!"?^ (b) $G$N %R%9 %H %0%i %‘$O H/@8 ;~ $N3Q J,I[ $r 5,3J 2=$7 $? $b$N!# %b%s %F %+%k %m%G!< %? $O?^ 1.28-c) $HF1$8$G$"$k!# 34

?^ 1.33: e + e � ! ~ e + R ~ e � R H?1~$+$i$N ~ e � R $N3QJ,I[$KBP$9$k?^ 1.32-a) $*$h$S -b) $HF1MM$N?^!# 1.3.5 D6=ENOBgE}0lLO7?$N2>Dj$N8!>Z A0@a$G=R $Y$?$h$& $K!" JLC-I $G$O D6BP >NN3;R $NC5:w $,$=$N1? F03XE* $J8B3&$. $j$.$j $K;j$k $^$G?k9T $G$-$k!# $=$l $N$_$J $i $:!"EE ;R M[EE ;R H?1~ $N $-$l $$ $5$N $* $+$2 $G!" $=$l $i $ND6 BP >NN3 ;R $N@- <A $N>\ :Y $J8& 5f $,2D G= $G$" $k!# =EMW $J $3$H$O!"$=$l$i$N@:L)B,Dj$K$h$C$FD6BP>NBgE}0lLO7?$"$k$$$OD6=ENOLO7?$N@:L)$J8!>Z$,2DG=$H$J$k$3$H$G$"$k!# 0lC6!":G$b7Z$$2Y EED6BP>NN3;R $,H/8+$5$l$l$P!" $=$ND6BP>NN3 ;R$@$1$+$i$G $b!"D6BP>NN3;R $N<ANL%9%Z%/ %H%i%‘$K 4X$9$k 6K $a$F B? $/$N >p Js$, F@ $i$l $k!# $=$N <ANL %9 %Z%/ %H %i%‘ $N >pJs $r ;X?K $H $7$F <!!9 $K?7 $7 $$D6 BP>N N3 ;R$N C5 :w$, =P Mh$k!#0lJ}!" $3$l $i$N D6BP>N N3;R $N<A NL$, B,Dj$5 $l$l $P!"5U $KD6=E NOLO 7?$N %Q%i %a!<%?!"FC $K M 2 $H m 0 $K 6/$$ @)8B $,2]$;$i $l$k!# 1?$,NI $1$l $P!":G>. D6=ENO LO7? $N%Q%i %a!<%? A4$F ( M 2 ; m 0 ; �; tan � ; A; B ) $,7h $a$i $l$k$G $"$m $&!# $=$l$I $3 $m$+!" D6 BP>N N3 ;R$N <A NL%9 %Z %/%H %i%‘ $, K\Ev $K $3$l $i $N?t >/ $J$$ %Q %i%a!< %? $N$_ $G 7h$^ $k$b $N $+H] $+ $N8! >Z $b=PMh$k$3 $H$K$J $k!#D6BP >N@- $NGK$l $r5-=R $9$k$3 $l$i$N %Q%i%a!< %?$,!"$= $N5/8; $r D6=ENO Aj8_:n MQ$K;} $D$3$H $r;W $$5/$3$;$P!"$3$l$O!"%W%i%s%/%9%1!<%k$NJ*M}$N8!>Z2DG=@-$r<(:6$7$F$$$k$3$H$K$J$k!# $3$N@a $G$O!" JLC $K $*$1$k D6BP >NN3;R $NC5 :w$H 8&5f$N %7%J %j%*$r!" 2YEE %9%l %W%H%s $,:G =i$KH/ 8+$5 $l$k $h$&$J E5 7?E*$JD6BP>N@-$N%Q%i%a!<%?$rNc$K5s$2$F<($9 [36] !# 4{$K=R$Y$?$h$& $K!"D6=ENOLO7? $G$O!"7Z$$J} $N%A%c!<%8!<%N!"$"$k $$$O1&<j7?%9 %l%W%H%s$,:G =i$KH/8+$5$l $kD6BP >NN3;R $N 8uJd $H $J$k!# 1& <j7? %9 %l%W %H %s$N <A NL$O @$ Be4V $G $[$\ =L B‘$9 $k!# $3$l $i $N%9 %l %W%H %s $N$& $A!" 1&<j 7? %;%l %/ %H%m %s!J ~ e R !K $O t %A%c %s%M %k $N ~ B 8r 49 $N%@ %$ %" %0 %i%‘ $+ $i $N4s M? $G ~ � R $" $k $$ $O ~ � R $NBP @8 @. $h$j Bg $- $J CGLL @Q $r ;}$D!# $=$3 $G!" 1&<j 7? %; %l%/ %H %m%s $,!" Bg$- $J %" %3%W %i %J%j %F%#!< $r H<$C$? EE ;RM[ EE ;R BP$r =* >uBV $K ;}$D ;v >] $H$7 $F :G=i $K 8+ $D $+ $k $G $" $m $&!# 0l C6!" 1& <j 7? %; %l %/ %H %m %s $, H/ 8+ $5 $l $? $J $i $P!" EE ;R %S!< %‘ $r 1& JP 6K $5 $;!" W BP @8 @. Ey $N %P%C %/%0%i %&%s%I $rMn$9!# A0@a$G =R$Y$? $h$&$K $3$l$i $N%P%C%/ %0%i %&%s%I $,Mn$; $l$P!"B> $N1&<j 7?2YEE %9%l%W %H%s !J ~ � R !" ~ � R !K$NH/8+$bMF0W$G$"$k!# F@$i$l$? %9%l%W%H %sBP@8 @.$N%5 %s%W%k$r ;H$C$F!"%9 %l%W%H %s$*$h$S LSP $N<A NL7hDj$, =PMh$k $3$H!"$^ $?HyJ,CG LL @Q$NB, Dj $,=P Mh $k$3 $H $O4{ $K =R$Y $? DL$j $G $"$k!# $3 $N;~ E@ $G!"Aa $/ $b:G >. D6=E NO LO7? $N :G$b =E MW$J M= 8@$N 0l $D!"$D $^ $j!"%9%+%i!<N3 ;R<ANL $N@$Be4V =LB‘$N 8!>Z$, =PMh$k!# $b$7!" ~ e R !" ~ � R $N <ANL=L B‘$,3N G’$5$l $l$P!"$3$l $O!"1#$l $?%; 35

?^ 1.34: m ~ � R - m ~ e R J? LL$K$*$1$k4|BT$5 $l$k � � 2 = 1 $N Ey9b@~!#E@@~$O1#$l $?%;%/%?!<$K$h$k D6BP>N@-$NGK$l$N %7%J%j %*$NM=8@!# %/%?!< $K $h $kD6 BP >N @- $N GK$l $N %7 %J %j %* $KBP $9 $k 6/ $$ ;Y ;}$r M? $( $k!# ?^ 1.34 $O!" $= $N $h $& $J%F %9 %H $N Nc $G $"$k!# 1% %l%Y%k$NHs>o$K@:L)$J8!>Z$,=PMh$k$3$H$,J,$+$k!# %;%l%/ %H%m %sBP @8@. $N>l 9g$K $O!" t %A%c%s %M%k $N ~ B 8r 49$N 4sM? $G!" s %A%c%s %M%k $N $^$? $O Z $X $NBP >CLG %@%$ %"%0 %i%‘ $7 $+;} $? $J$$ %9 %_%e!<!"%9 %? %& $NBP @8 @.$h $j CGLL @Q $,Bg $- $/ $J$k!# $D $^$j!" %; %l%/ %H %m%s BP @8 @.$N CG LL@Q $O %S!<%N$N<ANL!J M 1 !K$rH? 1G$9$k!# LSP $N<ANL$O %l%W%H%s$N %(%M%k%.!<J, I[$+$iJ,$+$C $F$$$k$N $G!"$3$N$3$H $+$i!" LSP $, %S!<%N $r<g@.J,$H $9$k$N$+!"$"$k $$$O %R%0%7!<%N $r<g@.J,$H $9$k$N$+$,H= Dj$G$-$k!#$D $^$j!"CGLL@Q$, LSP $N t %A%c %s%M %k 8r49 $+ $i$N M= B,$H 0lCW $9 $l$P!" %S!< %N<g BN $G$" $k $7!"%9 %_%e!<!" %9%? %& $N>l 9g $HF1 $8 $G$" $l $P!"%R %0 %7!<%N <g BN $G $" $k $3 $H $K $J $k!# Cf 4V E* $J >l 9g $K $O!" %K%e!< %H %i %j!< %N - %A%c!< %8!< %N <A NL %Q %i %a!< %? ( M 2 ; �; tan � ) $KBP$9 $k Fs$D $N @)8B $, 2]$; $i $l$k $3 $H$K $J$k!# 4{ $K=R $Y $?$h $& $K!"%; %l %/%H %m %sBP @8 @.$N 3Q J,I[ $+$i $b F1MM $J >pJs $, F@$i$l$k!# =EMW$J $3$H $O!"$$ $:$l $N>l 9g$G $b!" m LSP $N $_$+ $i7Z $$J} $N%A%c!< %8!<%N !J ~ � � 1 !K!"Fs HVL\ $K7Z $$%K%e!< %H%i %j!< %N!J ~ � 0 2 !K $N <ANL $KBP $9 $k>e 8B$, F@ $i$l $k$3 $H $G$" $k!#?^ 1.35-a) $H -b) $O $3$l $i $N>e 8B $r LSP $N <A NL$N 4X?t $H $7$F %W%m%C %H$7 $? $b$N $G $"$k!# LSP $, %R %0 %7!<%N $K 6a$$ >l 9g!" 7Z$$ J} $N%A%c!< %8!< %N!J ~ � � 1 !K!"Fs HV L\$K 7Z $$ %K%e!<%H %i %j!<%N!J ~ � 0 2 !K$b$^$?%R%0%7!<%N$r<g@.J,$H$7!"$3$l$i$N<ANL$O$[$\=LB‘$9$k!#0lJ}!" LSP $,%S!<%N$K6a$1$l$P!"$3$l $i$O%&%$!<%N$r<g@.J,$H$7!"$=$N<ANL$O LSP <ANL$N$[$\ FsG\$H$J$k!#<B:]$K$O!"$3$l$iFs$D$N6KC<$J>l9g $NCf4V$H$J $k$N$G!"2f!9$N6=L#$N$"$kNN0h$G$O!"<ANL>e8B$O LSP <ANL$NFsG\0J2<$H$J$k!# $3$l$i$N<ANL>e8BCM$+$i!"<!$ND6BP>NN3;RC5:w$N$?$a$N2CB.4o$N>WFM%(%M%k%.!<$H$7$F ~ � 0 1 ~ � 0 2 @8@.!"$"$k$$$O ~ � + 1 ~ � � 1 @8@. $N$7 $- $$CM $r 1[$( $k %(%M %k %.!< $rA* $V $3$H $, =PMh $k!# $3$l $i $,!" $=$N %( %M%k %.!< $GH/ 8+ $5$l $J $1 $l$P!" :G >.D6 =E NOLO7? $O :$Fq $K D> LL$9 $k $3$H $K $J$k!# ~ � 0 1 ~ � 0 2 @8 @. $NCG LL @Q$O 0l HL$K >. $5$$ $N $G!"D6 BP >N@- $N %Q%i %a!< %?$N 7h Dj$K $O!" ~ � + 1 ~ � � 1 @8@. $N B, Dj$N J} $, M-Mx $G $" $k!#4{ $K =R $Y$? $h $& $K!"7Z $$ J} $N %A%c!<%8!< %N $O!" B?$/ $N >l 9g!" LSP+ W $X D>@\ Jx2u$7!"$=$N8!=P$OMF0W $G$"$k!#%Q%i%a!<%? 6u4V$NFC<l$JNN 0h$G$O;0BNJx2u $b$"$k$,!" LSP $H$N <ANL:9$,6KC<$K >.$5 $/$J$$ 8B$j!" $= $N8! =P$K Bg $-$J :$Fq $O $J$$!# $R$H $?$S %A%c!< %8!<%N $,H/ 8+ $5$l $l$P!" $=$N <A NLB, Dj!J m ~ � � !K $d!"JP 6K EE;R %S!<%‘ $r MQ $$$? CG LL@Q B, Dj !J � R ( ~ � � ) !K$d � L ( ~ � � ) !K $b=P Mh $k!#$3 $l $i $NB, Dj!" m LSP !" m ~ � � !" � R ( ~ � � ) $r AH $_ 9g$o$;!" BgE} 0l$N >r 7o!J M 1 = M 2 = � 1 =� 2 !K $rMQ $$ $k$3 $H$K $h$j!" %2!<%8!< %N $H%R %0%7!< %N$N :. 9g$, Hf3S E*Bg $-$1 $l $P!"%K%e!<%H%i %j!<%N!& %A%c!<%8!<%N %;%/ %?!<$N;0 $D$N %Q%i %a!<%?A4 $F!"$D $^$j!" ( M 2 ; �; tan � ) $,7h $^$k!#$3 $N>l 9g$K$O!"=E$$ J}$N%A%c!<%8!< %N<ANL $,M=8@ $G$-$k 2 !#$=$N M=8@$I $&$j$NH/ 8+$O!"$3 $3$G2>Dj $7$?Bg E}0l$N >r7o$r6/ $/;Y ;}$9$k$G$" $m$&!#:# 9M$( $F$$$k Nc$G$O!" M 2 < � $G!" %A%c!<%8!<%N $, %&%$!<%N $r<g@. J,$H$9 $k$?$a!" � $H tan � $r 2 $3$N>l9g!"=E$$J}$N%A%c!<%8!<%N$N<ANL$O7Z$$J}$N%A%c!<%8!<%N$HF1DxEY$N$O$:$G$"$k!# 36

?^ 1.35: LSP <ANL $N4X?t $H$7$F <($7$? (a) 7Z$$J}$N %A%c!<%8!<%N !J ~ � � 1 !K!" (b) FsHVL\ $K7Z$$ %K%e!<%H%i %j!<%N!J ~ � 0 2 !K$N <ANL$KBP$9$k>e8BCM!# 7hDj $9$k $N $O4J C1 $G$O $J $$!#$7 $+ $7 $J$, $i!" $3$N >l 9g$K $* $$$F $5 $(!" BgE} 0l $N>r 7o $N8! >Z $O2D G= $G $"$k!# %S!< %N<A NL !J M 1 !K$, $[$\ m LSP $KEy $7$/!"%& %$!<%N <ANL!J M 2 !K $,$[$\ m ~ � � $K Ey$7$/ $J$k$+ $i$G $"$k!#%9 %l%W %H%sBP @8@. $+$i $N>pJs$r4^ $a$?%0 %m!<%P%k %U%#%C%H$K $h$j!"?^ 1.36 $K<($7 $? ( M 1 ; M 2 ) J? LL$G$N � � 2 = 1 $NEy 9b@~$, F@$i$l $k!#$3 $3$G!"E@@~$G<($7$?$N$,BgE}0l$N>r7o$G$"$k!#D6BP>NBgE}0lLO7?$N:G$b=EMW$J2>Dj$N0l$D$,!"$3$&$7$F8!>Z$G$-$k!# ?^ 1.36: %9%l%W%H%s$H%A%c!<%8!<%N$NB,Dj$+$i4|BT$5$l$k!" M 2 - M 1 J?LL$G$N � � 2 = 1 $NEy9b@~!#E@@~$OD6BP>NBgE}0lLO 7?$NM=8@!# 7Z$$J}$N%A%c!<%8!<%N BP@8@.$NB, Dj$+$i$O!"$b$& 0l$D$N=EMW $J>pJs$,0z$- =P$;$k!#:8JP 6K$NEE;R$K$h $k%A%c!<%8!< %N$N BP @8 @. $NCG LL @Q !J � L ( ~ � � ) !K $K$O t %A%c %s %M %k $N %9 %K%e!< %H%j %N ( ~ � L ) 8r 49 $N >pJs $, 4^ $^ $l $F $$ $k$+ $i $G $" $k!# %< %mJP6K$N EE;R %S!<%‘ $K$h$k 7Z$$ J}$N %A%c!<%8!<%N BP@8 @.$N A4CGLL @Q$r m ~ � L $N4X ?t$H$7 $F?^ 1.37 $K <($7 $?!# m ~ � L $, :8<j7?2YEE%9%l%W%H%s$N<ANL!J m ~ l L !K$H$N4V$K;}$DLO7?$K$h$i$J$$4X78 m 2 ~ � L � m 2 ~ l L = m 2 ~ � L + (1 � sin 2 � W ) m 2 Z j cos 2 � j � m 2 ~ � L + (1 � sin 2 � W ) m 2 Z (1 : 4) 37

?^ 1.37: m ~ � L $N 4X?t$H$7 $F<($7$?%< %mJP6K$N EE;R%S!<%‘ $K$h$k7Z$$ J}$N%A%c!<%8!< %NBP@8@.$N A4CGLL@Q!# 0lE@:?@~$G <($7 $?$N$O%0%m!<%P%k%U%#%C%H$N 1- � 8m:98B3&$G$"$k!# $KCm 0U$7 $h $&!J$? $@ $7!"$3 $3 $G!" tan � � 1 !K!# $3 $N4X 78 $+$i!" :8 <j7? 2Y EE %9%l %W %H%s $N <ANL $K BP $9$k >e 8BCM $, 5a $^ $j!"<!$K?J$‘$Y$-%(%M%k%.!<$,7h$^$k!# :8<j7?2YEE%9%l%W%H%s$O!"$^ $::G=i$K!" t %A%c%s%M%k$N%S!<%N 8r49$K$h$C$F5/$3$k e � R e + ! ~ e � R ~ e + L H?1~ $GC5:w$5$l $k$G$" $m $&!#$= $l $,M= 8@ $5$l $? <ANL NN 0h$K H/ 8+$5 $l $l$P!" %9 %l%W %H %s$N D6 BP>N @- $,3N G’ $5$l $k $3$H $K $J$k!# 9% 1?$G $" $l$P!">e5-$N8x<0 $+$i tan � $r7h$a$k $3$H$b=PMh $k$G$"$m $&!#$3$3$G!" m ~ l L B, Dj$N;}$D=E MW$J0UL#$K $D$$$F8@ 5Z$7$F $*$+$J$/ $F$O$J $i$J$$!# $D$^$j!" m ~ l L B,Dj $r!" 1&<j7? %9%l%W %H%s$H 7Z$$J} $N%A%c!<%8!< %N$+$i F@$i$l $? m ~ l R $H M 2 $K4X$9 $k >pJs $H AH$_ 9g $o$; $k $3$H $K $h$j!" 1# $l$? %; %/%?!< $K $h$k D6 BP>N @- $NGK $l $N%7 %J %j%* $K $*$1 $k IaJW %9 %+%i!< <A NL$N2>Dj$N8!>Z$,=PMh$k$3$H$G$"$k!#D6BP>NBgE}0l$N2>Dj$N$_$+$i8@$($k$N$O m 2 ~ l L = m 2 5 � � 3 2 ( � 2 2 � � 2 0 ) + 1 22 ( � 2 1 � � 2 0 ) � M 2 2 � 2 2 � 1 2 m 2 Z cos 2 � (1 � 2 sin 2 � W ) (1.5) m 2 ~ � L = m 2 5 � � 3 2 ( � 2 2 � � 2 0 ) + 1 22 ( � 2 1 � � 2 0 ) � M 2 2 � 2 2 � 1 2 m 2 Z cos 2 � (1.6) m 2 ~ l R = m 2 10 � 2 11 ( � 2 1 � � 2 0 ) M 2 2 � 2 2 � m 2 Z cos 2 � sin 2 � W (1.7) $H$$$&4X78$G$"$k!# $3$3$G m 5 $H m 10 $O 5 - $"$k$$$O 10 - <!85I=8=3F!9 $NFb$K6&DL $9$k%9%+%i!<<A NL%Q%i%a!<%? $G$" $k!#IaJW%9%+%i!<<ANL$N2>Dj$O!" m 5 $H m 10 $,0lCW$9$k $3$H$r0UL#$9$k!#$3$N>l 9g!":8<j7?2YEE%9%l%W%H %s$H1&<j7? 2YEE%9%l%W%H%s$N<ANL:9$O%2!<%8!<%N<ANL%Q%i%a!<%?$N$_$G7h$^$k!# m 2 ~ l L � m 2 ~ l R ’ � 3 2 ( � 2 0 � � 2 2 ) � 5 22 ( � 2 0 � � 2 1 ) � M 2 2 � 2 2 (1 : 8) ?^ 1.38 $O m 2 ~ l L � m 2 ~ l R $H M 2 2 $NJ?LL>e$G4|BT$5$l$k � � 2 = 1 $NEy9b@~$rIaJW%9%+%i!<<ANL$N2>Dj$HHf3S$7$?$b$N$G$" $k!# $3$&$7$F!"D6=ENOLO7?9=C[$N>e$G6K$a$F6/$$@)8B$,2]$;$i$l$k!# :G8e$K!" ;D$j $N:8 <j7? 2YEE%9 %l%W %H%s !J ~ � L !" ~ � L !K $NH/8+ $O!"1& <j7? 2YEE %9%l %W%H%s $N>l 9gF1 MM!"<A NL$N @$Be 4V=L B‘$N8!>Z$r2DG=$K$9$k!#$5$i$K!":8<j7?2YEE%;%l%/%H%m%s$NBP@8@.$+$i!" t %A%c%s%M%k$N%K%e!<%H%i%j!<%N ( ~ W 0 @.J, ) 8r49$N4sM?$rD4$Y$k$3$H$K$h$j!"$3$l$^$G$N2r@O$GB,$i$l$?D6BP>N@-$N%Q%i%a!<%?$N@09g@-$N8!>Z$b=PMh$k!# 0J>e$G$O!"1&<j7? 2YEE%9%l%W%H %s$,:G=i$KH/ 8+$5$l$k$H2> Dj$7$F5DO@$r ?J$a$F$-$?!#$7 $+$7$J$,$i!"7Z $$J}$N%A%c !<%8!< %N$, :G =i $K8+ $D $+ $k>l 9g $G $b!"D6 BP >N@- C5 5a $N@o N, $O 4pK\ E* $K F1$8 $G $" $k!#%A%c!< %8!< %N $N8& 5f $+ $i%K%e!< %H %i%j!<%N - %A%c!<%8!<%N%; %/%?!<$N ;0$D$N%Q %i%a!<%?$, 7h$^$j!" $^$?!" � L ( ~ � � ) $+ $i m ~ l L $ND6 =ENO$NLO 7?$N>\:Y $K$h 38

?^ 1.38: m 2 ~ l L � m 2 ~ l R $H M 2 2 $G$O$i$l$kJ?LL>e$G4|BT$5$l$k � � 2 = 1 $NEy9b@~!#E@ @~$O tan � = 0 ; 30 $KBP1~$9$k IaJW%9 %+%i!<<ANL$N2>Dj$NM=8@!# $i$J$$>e8BCM $,5a$^$k!# $5$i$KIaJW %9%+%i!<<A NL$N2>Dj $r$9$l$P!" m ~ l R $K$b>e8B CM$,$D$/!# $=$l0J9_ $N%7%J%j %*$O>e 5-$NNc$HF1$8$K$J$k!# 1.3.6 Bh#3@$Be%9%l%W%H%s$N8&5f Bh;0@$Be$N%9%U%’%k%_%*%s$HD6=ENO!&BgE}0lM}O@$NJ*M} $5$-$K=R$Y $?DL$j D6=ENOLO 7?$G$OBh 0l!&BhFs @$Be$N%9 %+%i!<%l%W %H%s$N<A NL$O m 0 !" M 2 $N$_$GI= $5$l$k$,!" Bh;0 @$Be$N%9%+%i!<%l%W%H%s ~ � !" ~ � $N<ANL$K$D$$$F$O0J2<$N$h$&$J<ANL9TNs$N8GM-CM$G$"$?$($i$l$k!# M 2 = m 2 LL m 2 LR m 2 LR m 2 RR ! = m 2 ~ � L + m 2 � + 0 : 27 D � m � ( A � + � tan � ) � m � ( A � + � tan � ) m 2 ~ � R + m 2 � + 0 : 23 D ! : (1 : 9) $3$3$G � $O0JA0 $K$" $i$o$l $? %R %0%7!<%N $N<A NLJQ?t!" A � $O %9 %+%i!< ;0E@$N D6BP >N@-$r GK$k Aj8_:n MQ$NJQ ?t$G $"$j D � � m 2 Z cos(2 � ) $G$"$k!# $3$3$G m ~ � L !" m ~ � R $O D6=E NOLO 7?$G$O m 0 !" M 1 = 2 !" tan � !" A � $N4X ?t$G!" Bh0l!& BhFs @$Be $N$=$l $H$3 $H$J $jF@ $k$3$H!" ~ � L !" ~ � R $O<ANL$N8GM->uBV$G$O$J$$$3$H$KCm0U$9$k!#<ANL$N8GM->uBV ~ � 1(2) $O ~ � L !" ~ � R $N:.9g>uBV$G ~ � 1 ~ � 2 ! = cos � ~ � sin � ~ � � sin � ~ � cos � ~ � ! ~ � L ~ � R ! ; (1.10) m ~ � 1 ; 2 = 1 2 � m 2 LL + m 2 R R � q ( m 2 LL � m 2 R R ) 2 + 4( m 2 LR ) 2 � ; (1.11) tan � ~ � = m 2 ~ � 1 � m 2 LL m 2 LR : (1.12) $H$$$&4X78$GI=$5$l$k!# Bh0l!&BhFs@$Be$N 4V$G@.$jN)$C$F $$$?<ANL$N=LB‘ $,Bh;0@$Be$K $D$$$F@.$jN) $?$J$$$N$O!"Bh ;0@$Be$NN3;R $,L5;k$G $-$J$$Bg$-$5$NEr@n7k9g$G%R%C%0%9N3;R$HAj8_:nMQ$7$F$$$k$?$a$G$"$k!# MSSM $G$O � %l%W%H%s$NEr@n7k9g$O Y � = � g m � = ( p 2 m W cos � ) 39

$G$"$i$o$5$l tan � $,Bg$- $$;~$K$O L5;k$G$-$J $$Bg$-$5 $K$J$k!# Y 2 � log( M GU T = M W ) $KHfNc$9$k Jd@5$O m ~ � L;R $rBh 0l@$Be$K Hf$Y>. $5$/ $9$k!#$5 $i$K tan � $, Bg$-$$ $H m 2 LR $N � tan � $N 9‘$,Bg $-$/ $J$k$? $a!" ~ � $N<ANL $O$5$i $K>. $5 $/$J$k!#$3$N$h$&$KD6=ENOLO7?$G$O!"%9%?%&N3;R$OB>$N%9%l%W%H%s$KHf$Y$F7Z$/$J$k$3$H$,M=A[$5$l$k!# 5U$K%9%? %&$NFs $D$N <ANL!"%9 %?%&$N :.9g3Q!" %?%&$N Er@n7k 9g$,7h Dj$5 $l$k$H!" m ~ � L ( R ) $, 7h$^ $j!"D6=E NOM}O@ $NM= 8@$r8! >Z $9$k $3 $H$, $G $-$k!# $3$N CM $r7h $a $k$3 $H $,Bg E}0l M} O@$N LO 7?$r 8! >Z$9 $k>e $G FC$K =E MW$G $" $k$3 $H$, :G 6a$N 8& 5f$G;XE&$5$l$F$$$k!#$9$J$o$A!"BgE}0lM}O@$G$O M GU T DxEY$N<ANL$r;}$DHs>o$K=E$$%+%i!<$r;}$D%R%C%0%9N3;R$H%9 %?%&$,6/ $$Er @n7k 9g$G Aj8_:n MQ$r $7$F $$$k$? $a!" m ~ � L;R $NBg$- $5$, D6=E NOLO 7?$NM= 8@$h $j$5 $i$K>. $5$/ $J$k $3$H $,;X E&$5$l$F$$$k$N$G$"$k!# $3$N$h$&$K%9%?%& N3;R$OB>$N%9 %l%W%H%s$K@h 6n$1$F:G=i$KH/ 8+$5$l$k2DG= @-$,$"$j!"$^$?$= $N@-<A$r>\$7 $/D4$Y$k $3$H$GBgE}0lM}O@$N>Z5r$rF@$k$3$H$,$G$-$kE@$G=EMW$G$"$k!# %9%?%&$N@8@. %9%?%&N3;R$O e + e � $N>WFM $G s - %A%c%s%M%k$K Z !" N3;R$,8r 49$5$l$k$3$H$K$h$C $F@8@.$5$l$k!#$3$N@8 @.CGLL@Q $O!"EE;R %S!<%‘ $,JP 6K$5$l $F$$ $k$H!" %9%? %&$N :.9g 3Q$K Bg$- $/0M B8$9 $k ( ?^ 1.39) !#1& JP6K $N$H $-$K $O;6 MpCGLL @Q$, $[ $\%O%$%Q!<%A%c!<%8$N$_$G7h$^$C$F$*$j!"$3$N$?$a � ( ~ � + 1 ~ � � 1 ) $O sin � � � 1 $N$H$-:GBg$K$J$k!#$3$N0MB8@-$rMxMQ$7$F %9%?%&N3;R$N:.9g3Q$r7hDj$9$k$3$H$,2DG=$G$"$k!# ?^ 1.39: ~ � 1 ~ � 1 $N@8 @. CGLL @Q$N %9 %?%& :. 9g3Q � � $KBP $9 $k0M B8 @-!# m ~ � = 150 GeV !" p s = 500 GeV $H $7 $?!#1& JP 6K ( P e = 1) $5$l$?%S!<%‘$G$OCGLL@Q$O � � $K6/$/0MB8$7$F$$$k!# %9%?%&$NJx2u7?$H$=$NC5:w %9%?%&N3;R ~ � 1 $,@8@.$5$l$k$H %A%c!<%8!<%N ( � + i ) $H%?%&%K%e!<%H%j%N ( � � ) !"%K%e!<%H%i%j!<%N ( � 0 i ) $H%?%& ( � ) !" $J$I $KJx 2u $9$k!# $3 $N $&$A!" %K%e!< %H %i%j!< %N $H%? %& $X $NJx 2u $, 5/$- $k $H!"%? %& N3 ;R$, =* >uBV $K ;D $k$? $a!" %9 %?%& N3 ;R$,@8@.$5$l$??.9f$H$J$k!# FC$K %9 %? %& $, 0l HV 7Z $$ 2Y EE D6 BP >N N3 ;R $G $" $k >l 9g $K $O!" %9 %? %& $O 0l HV 7Z $$ %K%e!< %H %i %j!< %N $H %? %& N3 ;R $K Jx 2u $9 $k!#=*>u BV$K 8= $l$k %?%& N3 ;R$O!" $5$i $K Jx2u $7$F e ( � ) � � e ( � ) � � !" � � � !" � � ! � + � 0 � � $J $I$N N3;R $K $J$k!# =>$C$F %9 %?%&$N@8@.$O!"=*>uBV$K%l%W%H%s$b$7$/$O%O%I%m%s$N?t$N$9$/$J$$%8%’%C%H$,Fs$D$"$k!"%"%3%W%i%J!<$J;v>]$r:n$k!# 40

$3$N 2a Dx $N C5 :w $K $* $$ $F:G $b Ld Bj $H $J $k %P%C %/ %0 %i %&%s %I $O!" e + e � ! e + e � � + � � $H $$ $& Fs8w ;R 2a Dx $G $" $k!# EE;R!& M[EE ;R $,%S!< %‘ %Q %$%W Fb $KF( $2!" 8!=P $5 $l $J$+$C $? >l9g!" %9 %? %&@8 @. $HF1 MM $J =*>u BV $r:n $k $?$a $G $" $k!#$3 $N %P%C%/ %0 %i %& %s %I $K BP $7 $F $O!" 2# 1? F0 NL B; <: !J%_%C %7 %s %0 P T !K %+%C %H $, $= $l $[ $I M- 8z $G $J $$ $3 $H $K Cm 0U $9 $k!# %? %& N3;R$, Jx 2u$9 $k ;~$K %?%& %K%e!< %H%j %N $,=P $k$3 $H $G!"%P%C %/ %0%i %&%s %I $K$O $D $M$K Bg$- $J P T $, 4| BT$5 $l$k $+ $i$G $" $k!#%8%’%C %H$N 3Q J,I[!" cos � j et !"$H %" %3 %W%i %J %j%F%#!" � acop !" $NN> J} $KBP $9 $k %+%C%H $O M- 8z$G $" $k$,!" A0 J} $KF( $2 $? e � $, ;} $A F@ $k P T Dx EY $N %_%C %7 %s %0 P T $r $b $D ;v >] $K BP $9 $k %P%C %/ %0 %i %& %s %I $O Hs >o $K Bg $- $$!# ?^ 1.40 $G $O!" � acop > 30 � !" j cos � j et j < 0 : 8 $N %+%C %H$r $7 $? ;~ $N!" %P%C%/ %0 %i %& %s%I $H %7 %0 %J%k $N P T J,I[ $N Nc $r <( $9!#B, Dj $G $-$kA08eJ}!JM[!KEE;R$NH/@83Q!" � v eto e !"$r%S!<%‘<4$+$iB,$C$F 150 mrad 0J >e$H$9$k$H!" P T < 35 GeV $^$G$OHs>o $K%P%C%/%0%i%&%s%I$,B?$$$3$H$,8+$F$H$l$k!#$3$N3QEY$, 50 mrad $^$G2<$2$i$l$l$P!" P T %+%C%H$O 15 GeV DxEY$G NI$$$3$H$,J,$+$k!# ?^ 1.40: j cos � j et j < 0 : 8, � acop > 30 � $N%+%C%H$r9T$J$C$?$"$H$N p s = 500 GeV $G$N%7%0 %J%k$H e + e � � + � � @8@.$+$i $/$k%P%C%/%0%i %&%s%I$N P T J,I[!#%7%0 %J%k$O m ~ � = 150 GeV !" m ~ � 0 1 = 100 GeV, p s = 500 GeV $G 10 4 8D$N%9%? %&BP @8@.$,$"$C$?;~$KAjEv$9$k$b$N!#0lJ} %P%C%/%0%i%&%s%I$O R Ldt = 100 f b � 1 $KBP1~$7$F$$$k!# � v eto e = 150(50) mrad $N $H$-$N P T < 35(15) GeV 0J2<$N%P%C%/%0%i%&%s%I$,Hs>o$KBg$-$$!# %9%?%&$N8&5f %?%&JP6K %9%?%&$NJx2u$O FsCJ3,$K$o$?$C $F5/$3$k$?$a2r @O$,J#;($K$J $k$,!"$3$l$r>\ $7$/D4$Y$k$3 $H$K$h$jBh0l!& BhFs@$Be $N%9%U%’ %k %_ %*%s $G $OF@ $k $3$H $, $G$- $J $$!"?7 $7 $$>p Js $rF@ $k $3$H $, $G$- $k!# $9 $J$o $A!" %9%? %& $+$i $/ $k%? %& N3;R $N Jx2u$+ $i $G$- $?N3 ;R $N%( %M %k%.!< J,I[ $r D4$Y $k$3 $H $G!"85 $N %?%& N3;R $N JP6K $rD4 $Y $k$3 $H $,$G $-$k [55] !# ?^ 1.41 $G $O ~ � 1 ! � ~ � 0 1 , � ! � � , � ! � � � 0 $H$$$&Jx2u$,5/$3$C $?;~$N E � � =E � J,I[$r!"Cf4V>uBV$N %?%&$,1&4,$-:84, $-$KJP6K $7$F$$$k>l9g$K$D$$$F%b%s%F%+%k%m%7%_%e%l!<%7%g%s$G<($7$?!#1&4,$-$N%?%&$O � + , � 0 $N$$$:$l$+0lJ}$K%(%M%k%.!< $rM?$($k$N $KBP$7$F!" :84,$- $N%?%&N3 ;R$ON> J}$N � $K6QEy $K%(%M %k%.!<$rM? $($k79 8~$K$"$k $3$H$, 8+$F$H$l $k!#%9%? %&$NBP @8@. $, 10 4 8D DxEY $"$k ;~$N %b%s %F%+ %k %m%7 %_%e%l!< %7%g%s $N7k 2L!"%? %& N3;R $NJP 6K$r 8% $N @:EY $G7h $a $k$3 $H $,$G$-$k$3$H$,$o$+$k!# $3$N%?%&N3;R$N JP6K$N>pJs$O!" %?%&N3;R$N;}$C$F $$$kEr@n7k9g $r7hDj$9$k>e $GHs>o$K=EMW $JF/$-$r$9$k!# $^$:%9%? %&$NJx2u$K4X$o$k ~ � R ( L ) - � 0 1 - � $N7k9g$K$D$$$F9M;!$9$k!#%K%e!<%H%i%j!<%N ( ~ � 0 1 , ~ � 0 2 , ~ � 0 3 , ~ � 0 4 ) $O 2YEE$r$b$?$J$$%S!< 41

?^ 1.41: %b%s%F%+%k%m%G!<%?$O 10 4 $N%9%?%&$NBP@8@.$K$*$1$k ~ � 1 ! � ~ � 0 1 , � ! � !" � ! � + � 0 Jx2u8uJd$N z c = E � � =E j et !# %R%9%H%0%i%‘$O$=$N%Y%9%H%U%#%C%H!# %N!J ~ B 0 ) !"%&%$!<%N ( ~ W 0 3 ) !"Fs$D$N%R%0%7!<%N ~ H 0 1 , ~ H 0 2 $N:.9g>uBV$G$G$"$k!#$=$N<ANL9TNs$O M N ( ~ B 0 ; ~ W 3 0 ; ~ H 1 0 ; ~ H 2 0 ) = 0 B B B @ M 1 0 � m Z sin � W cos � m Z sin � W sin � 0 M 2 m Z cos � W cos � � m Z cos � W sin � � m Z sin � W cos � m Z cos � W cos � 0 � � m Z sin � W sin � � m Z cos � W sin � � � 0 1 C C C A (1.13) $G$"$j!"<ANL$N8GM->uBV$O ~ � 0 i = N i 1 ~ B 0 + N i 2 ~ W 3 + N i 3 ~ H 0 1 + N i 4 ~ H 0 2 $GI=$5$l$k!# ?^ 1.42 $O ~ � R $H%K%e!< %H%i%j!< %N$N@. J,$H$N Aj8_:nMQ $rLN<0 E*$K$7 $a$7$? $b$N$G $"$k!#%S!<%N $KBP$9 $k>l9g $H!"%R %0%7!<%N $K BP $9$k >l 9g$H $G $O!"C1 $K 7k9g $N 6/$5 $, 0[$J $k $P$+ $j $G$J $/!" =*>u BV $N %?%& N3 ;R$N JP 6K$, 5U $K$J$C $F $$$k $3 $H$KCm0U$9$k!# ?^ 1.42: ~ � R !"%?%&$H%S!<%N ( ~ B 0 ) !"%R%0%7!<%N ( ~ H 0 1 ) $N%U%!%$%^%s%@%$%"%0%i%‘!#GrLp0u$O%+%$%i%j%F%#$NN.$l$r$7$a$9!# 42

0lHL $K!" %2!< %8!< N3 ;R $N Aj 8_ :n MQ $, N3 ;R $N JP 6K $r J] B8 $9 $k $N $K BP $7 $F!" %R%C %0 %9 N3 ;R $N Aj 8_ :n MQ $O JP 6K $r 5U $K $9 $k!#$3$N$?$aD6BP>NN3;R4V$NAj8_:nMQ$K$D$$$F$b!" ~ � R ( L ) $, %2!<%8!<%N!J%R%0%7!<%N!K$HAj8_:nMQ$9$k$H!" � R ( L ) ( � L ( R ) ) $H$J$k!#%?%&N3;R$NJP6K$O%K%e!<%H%i%j!<%N$N:.9g3Q N ij !" %9%?%&N3;R$N:.9g3Q � ~ � !"%?%&$NEr@n7k9g$K$h$C$F7h$^$C $F$*$j!"%K%e!<%H%i%j!<%N $,%S!<%N$G$"$k6K8B!"%9 %?%&$, ~ � R !" ~ � L $G$"$k$=$l$>$l $N6K8B$K$D$$$F!"0J2< $NMM$J<0$G I=$5$l$k!# P � � ~ � 1 ! ~ B � � = 4 sin 2 � ~ � � cos 2 � ~ � 4 sin 2 � ~ � + cos 2 � ~ � (1.14) P � � ~ � R ! ~ � 0 1 � � = � p 2 N 11 tan � W � 2 � ( Y � N 13 ) 2 � p 2 N 11 tan � W � 2 + ( Y � N 13 ) 2 (1.15) P � � ~ � L ! ~ � 0 1 � � = � p 2 Y � N 13 � 2 � g 2 ( N 12 + N 11 tan � W ) 2 � p 2 Y � N 13 � 2 + g 2 ( N 12 + N 11 tan � W ) 2 (1.16) $3$3 $G%K%e!< %H %i%j!< %N $,%S!< %N $G$" $k 6K 8B0J 30 $G$O!" %9 %?%& $N JP6K $K Er @nAj 8_ :nMQ $K BP$9 $k 0MB8 @- $, $"$k $3 $H$K Cm 0U$9 $k!#%K%e!< %H %i%j!< %N $N :.9g 3Q!" %9%? %& $N:. 9g 3Q $K@) 8B $,IU $1 $i $l$k >u 67$G $O!" %? %&$N JP 6K$N B, Dj$, Er @n 7k9g $N 7hDj$KBg$-$JLr3d$r2L$?$9$3$H$r8e$[$I5DO@$9$k!# <ANL$N7hDj Bh0l!&BhFs@$Be$N %9%l%W%H%s!&%K%e!< %H%i%j!<%N$N <ANL$O!"%9%l%W %H%s$NJx2u$+ $i=P$F$/$k%l %W%H%s$N6k7A $J%(%M %k%.!<J,I[$NN>C<$rB,$k$3$H$G7hDj$G$-$?!#$7$+$7%9%?%&$K$D$$$F$O!"$=$NJx2u$+$i=P$F$-$?%?%&N3;R$,$5$i$K%K%e!< %H%j%N $H %O %I%m %s $KJx 2u $9$k $? $a!"<A NL $NB, Dj $r$9 $k $K$O!" %? %&$N Jx 2u$+ $i $- $?N3 ;R $N%( %M %k%.!< J, I[$+ $i!" 85$N %? %&N3;R$N%(%M%k%.!<J,I[$r7hDj$9$kI,MW$,$"$k!# ?^ 1.43 $G $O %8%’%C%H $N %( %M %k %.!<J, I[ $N Nc $r %? %&N3 ;R $N � ; � $N Jx 2u $K $D $$$F <( $7 $?!# %8%’%C %H $N%( %M %k %.!< J, I[ $N>e 8B $O %? %& N3 ;R $N %( %M %k %.!< J, I[ $N >e 8B $H F1 $8 =j $G $" $j!" � $N %( %M %k %.!< J, I[ $O %? %& N3 ;R $N %( %M %k %.!< $N 2< 8B $K %T!<%/ $r$b$C $F $$$k!# $3 $N Fs$D $N CM $,7h Dj $G$- $l $P!" Bh0l!& Bh Fs @$Be $N %9%l %W %H %s$N >l 9g$H F1 MM $K%9 %? %& $H%K%e!< %H %i%j!< %N$N <A NL$r 7h $a $k$3 $H $,$G $- $k!#%( %M %k %.!<J, I[ $O%? %& $N JP6K $K $h$C$F Bg $- $/0[ $J$C $F$$ $k $,!"$3 $N JP 6K$O @h $K=R$Y$?J}K!$GM^$($k$3$H$,2DG=$G$"$k$3$H$KCm0U$9$k!# ?^ 1.43: ~ � ! � L ( R ) !" ! � ( � ) Jx2u$N � ( � ) %(%M%k%.!<J,I[!# E � max !" E � min $O%?%&N3;R%(%M%k%.!<$N>e2<8BCM!# m ~ � = 150 GeV, m ~ � 0 1 = 100 GeV, p s = 500 GeV $H$7$?!# ?^ 1.44-a) $G $O<B :]$K%P%C %/%0%i %&%s %I$r4^ $s$@ %b%s%F %+%k%m %G!<%? $G$N%( %M%k%.!< J,I[ $H%9%? %&$N <ANL$N 7hDj$N $NDxEY$r%9%?%&BP @8@.$, 10 4 8D$"$C$? >l9g$K$D$$ $F<($7$?!#%9%? %&$N<ANL$N 7hDj@:EY$O 2.6% !"F1 ;~$K7hDj$5 $l$k ~ � 0 1 $N<ANL $N@: EY$O 2.8% $G $"$C$?!# $3$N @:EY $OB> $N%9 %l %W%H %s$N <ANL $N7h Dj@: EY$H Hf3S $9 $k$H B?>/ 8+Nt $j$9 $k$,!" $3$l $O%?%&N3;R$NJx2u$K$h$C$F%?%&%(%M%k%.!<$NJ,I[$NC<E@$,5a$a$K$/$/$J$C$F$$$k$3$H$K$h$C$F$$$k!# 43

?^ 1.44: a)10 4 ~ � 1 $NBP@8@. $,$"$j!" A4$F ~ � 0 1 � R $K Jx2u$7 $?>l9g$N %b%s%F %+%k%m %G!<%?$N %?%&%8%’%C%H $N%(%M %k%.!<J, I[$H %Y%9%H%U%#%C%H!# b) m ~ � 0 1 � m ~ � 1 J?LL$G$N � � 2 = 1 ; 4 $NEy9b@~!# $3$N%b%s%F%+%k%m$G$O � v eto e $H$7$F 50 mrad $,$H$l$k$3$H$r2>Dj$7$?!#@h$K=R$Y$?$h$&$K 150 mrad $N>l9g P T > 35 GeV $H $$$& %+%C %H$r $* $+$M $P $J$i $:!" $3$l $, %8%’%C%H $N %( %M%k %.!< J,I[ $r BgI} $K JQ$( $k $+$i $G $"$k !J?^ 1.45 !K!# $3$N?^$+$i 50 mrad Dx EY$N � v eto e $,<B8=$G $-$J$1$l$P$3 $NJ}K!$G%? %&$N%(%M%k%.!< J,I[$N2<8B$r 7h$a$k$3$H$, Fq$7$/ $J$k$3$H$,$o$+$k!#$3$N$H$-$K$O � 0 1 $N<ANL$rB>$N%9%l%W%H%s$NC5:w$J$I$+$i7h$a$kI,MW$,$"$k!# ;6MpCGLL@Q$H%9%?%&$N<ANL$H$r7hDj$G$-$l$P!"%9%?%&$N:.9g3Q$r7h$a$k$3$H$,$G$-$k!#?^ 1.46 $G$O%9%?%&$N<ANL$, 150 GeV !"@8@.CGLL@Q$, 50 fb !J:.9g3Q$, sin � ~ � = 0 : 7526 $KBP1~!K$N;~$N7hDj@:EY$r@QJ,%k%_%N%7%F%#!<$, 100 fb � 1 $N$H$-$K$D$$$F<($7$?!#$3$N>l9g$K$O sin � ~ � $O 6.5% $N@:EY$G7h$^$k$3$H$,J,$+$C$?!# Er@n7k9g$N7hDj %9%?%&$NJP6K$K $O%?%&N3;R$NEr @n7k9g$N>pJs $,F~$C$F$$$k$3 $H$O$9$G$K=R$Y $?!#$3$3$+$iEr @n7k9g$N>pJs $r0z$-=P $9$? $a$K!" %? %&$N :. 9g 3Q!&%K%e!< %H %i%j!< %N $N:. 9g 3Q $r7h Dj $9$k I, MW $,$" $k!# $3$N $& $A %?%& :. 9g3Q $K $D$$ $F $O %?%& $N @8@. CGLL @Q $+$i 7h Dj $G$- $k $,!"B> $N %9%l %W %H %s@8 @. $+$i Mh $k >pJs $b MQ$$ $l $P!" %K%e!<%H %i %j!<%N $N :.9g 3Q $r 7hDj $7!" %?%&$NEr@n7k9g$N>pJs$r<h$j=P$9$3$H$,$G$-$k!# ?^ 1.47 $G $O FC $K ~ � R $, 100 GeV $N %K%e!< %H %i %j!< %N $K Jx 2u $7 $? $H $- $N %? %& JP 6K $r!" M 1 -tan � J? LL $G <( $7 $?!# M 1 !" M 2 $K4X $7$F$O BgE}0l $r2>Dj $7$?!#$3 $3$G %K%e!<%H%i %j!<%N$N <ANL9T Ns$O M 1 !" M 2 !" � !" tan � $G40 A4$K7h Dj $5$l $k$3 $H $K Cm0U $9 $k!# %K%e!<%H %i %j!< %N$N <A NL$r 2> Dj $9$l $P %K%e!< %H%i %j!< %N $N@- <A $O Fs$D $N JQ ?t$@ $1 $G 7h$^$C $F $7$^$&$N$G$"$k!# <!$K%?%&N3;R$NJP6K!&%;%l%/%H%s$N@8@.CGLL@Q$J$I$N>pJs$,$"$C$?>l9g$K tan � $,$I$NDxEY7h$^$k$+$r!" M 1 -tan � J?LL$G<($9 ( ?^ 1.48) !#$3$N?^$r=q$/$K$"$?$C$F$O!"%b%s%F%+%k%m%7%_%e%l!<%7%g%s$GF@$i$l$?8!=P8zN($,@5$7$$$H$7!" E}7W 8m:9 $N $_$G %; %l%/ %H %m%s $H %9 %?%& $N @8@. CG LL@Q $, 7hDj $G $- $k$H 2> Dj$7 $?!# $^$? %; %l%/ %H %m %s!&%? %&!& %K%e!<%H %i %j!<%N $N<A NL $N8m :9 $,%b %s %F%+ %k %m %7%_%e %l!< %7%g%s $G F@$i $l $?<A NL $N 8m:9 $r E}7W E* $K%9 %1!< %k$7 $? $b $N$H 0l CW$9 $k $3$H$r2>Dj$7$?!#$5$i$K M 1 !" M 2 $N4V$KBgE}0lM}O@$N4X78$r2>Dj$7$? 3 !# $3$N ?^$G $O E@$G <( $5 $l$k >l =j$K LO 7?$N %Q %i%a!< %? $,$" $k ;~$K M= A[$5 $l $k � � 2 = 1 $N8m :9 $, Ey9b @~ $G<( $5 $l$F $$ $k!#%K%e!<%H%i%j!< %N!"%9%?%&!" %;%l%/ %H%m%s$N <ANL$O!" 3F!9 100 GeV !" 150 GeV !" 200 GeV $H$7$?!# ?^$G:8$K $$ $/$[$I tan � $,7h$^$i$J$$$N$O!" M 1 � m ~ � 0 1 $N;~$K$O ~ � 0 1 $, ~ B $K$A$+$/%?%&N3;R$NJP6K$K tan � 0MB8@-$,$J$$$?$a$G $"$k!#0lJ} M 1 !" tan � $,$"$kDxEYBg$-$$NN0h$G$O!" tan � $rNI$$@:EY$G7h$a$k$3$H$,$G$-$k$3$H$,J,$+$k!# tan � $O B>$N J}K! $+$i $b7h $a $k$3 $H$, 2DG= $G$" $k$,!" %9 %?%& $+$i $N7h Dj$O tan � $, 10 0J>e $NNN 0h$G FC$K M- 8z$G $" $k!#0lJ} ~ e L !" ~ � L $N<ANL $N:9!&%A%c!<%8!<%N $NA08eJ}$NHs BP>N@-$J$I$O!" tan � � 5 0J2<$GHs>o $KM-8z$G$"$j!" %R%C %0%9N3;R@8@.$rD4$Y$k$3$H$O tan � � 10 DxEY$^$GM-8z$G$"$k!J?^ 1.49 !K!# 3 M 2 $O%A%c!<%8!<%N$N@8@.$rD4$Y$k$3$H$K$h$C$F M 1 $HFHN)$K7hDj$G$-$k$,!"$3$3$G$O4JC1$N$?$aBgE}0l$r2>Dj$7$?!# 44

?^ 1.45: P T %+%C%H$K$h$k%8%’%C%H$N%(%M%k%.!<J,I[$NJQ2=!# P T < 35 GeV $G$OJ,I[$N%T!<%/IU6a$G$N?.9f$N8!=P8zN($, Cx$7$/Dc$$$3$H$,$o$+$k!# ?^ 1.46: %b %s %F %+ %k %m %G!< %? $N %U%#%C %H $G F@ $i $l $? m ~ � 1 -sin � ~ � J?LL $G $N � � 2 = 1 ; 4 $N Ey 9b @~!# m ~ � = 150 GeV !" m ~ � 0 1 = 100 GeV !" p s = 500 GeV P � = 0 : 6788 !" sin � ~ � = 0 : 7526 $H $7!" R L dt = 100fb � 1 $K Aj Ev$9 $k 5000 $N %9%?%&BP@8@.$r$*$3$J$C$?!#$^$?%?%&$NJP6K$O%9%?%&$,%S!<%N$KJx2u$7$?;~$NJP6K$KAjEv$9$k!# 45

?^ 1.47: ~ � 1 ! � ~ � 0 1 Jx2u $K$*$1 $k!"%?%&JP 6K$N%K%e!< %H%i%j!< %N:.9g3Q $KBP$9 $k0MB8 @-!#%K%e!<%H%i %j!<%N:. 9g3Q $O ( M 1 ; M 2 ; � tan � ) $N;M $D$NJQ?t$G7h $^$k$,!"BgE}0l $N2>Dj M 1 = 5 = 3 � tan 2 � W M 2 !" m ~ � 0 1 = 100 GeV $H$7!" M 1 � tan � J?LL$G<($9!# ?^ 1.48: %; %l %/%H %m %s!" %9 %? %& @8 @. $+ $i F@ $i$l $k M 1 ; tan � $K BP $9 $k 1 � $N 8m :9!# m ~ � 1 = 150 GeV !" sin � ~ � = 1 ( ~ � 1 = ~ � R ) !" m ~ � 0 1 = 100 GeV( � > 0) !" m ~ e R = 200 GeV $H$7$?!# 46

?^ 1.49: %A%c!<%8!<%N@8@.$NA08eJ}HsBP>N@-$+$i$($i$l$k tan � $KBP$9$k@)8B!#%$%s%W%C%H$O M 2 = 210 GeV !" � = � 195 GeV !" m ~ � e = 500 GeV $H$7Fs$D$N%A%c!<%8!<%N$N<ANL$N8m:9$O$H$b$K 2% $H2>Dj$7$?!# 1.3.7 D6BP>NM}O@$NM=8@$N8!>Z $$$^ $^ $G $N 5DO@ $G $O D6 BP >NLO 7? $N FH N) JQ ?t$G $" $k m 0 !" M 1 !" M 2 !" � !" tan � Ey$N 7h Dj $K $D $$$F 5D O@ $7 $F $- $? $,!"$3$N@a$G$OM}O@$,D6BP>N@-M}O@$N7k9gDj?t$N4X78$r$_$?$7$F$$$k$3$H$r8!>Z$9$kJ}K!$r5DO@$9$k!# D6BP>NM}O@$G$ON3 ;R$KBP$7$FD6 BP>NN3;R$,B8 :_$9$k$@$1$G$J $/!"N3;R4V$N7k 9g$H$=$l$KBP1~ $9$kD6BP>NN3 ;R4V$H$N 7k9g $OD6 BP >N @-$K $h$C $F 4X78 $E $$ $F $$$k $3 $H $,MW @A $5 $l$k!# $3 $N $?$a $K!" Nc $($P %R%C %0 %9!&%R %0 %7!< %N!&%2!< %8!< %N $N7k9g$H %R%C%0%9!&%R%C%0%9!&%2!<%8 N3;R $N7k9gDj?t%U%’ %k%_%*%s!&%9%U%’%k%_%*%s!&%2!<%8!< %N!J%R%0%7!<%N!K$N 7k9gDj?t$K!J@]F0$N:GDc<!$G$O!K0J2<$N$h$&$J4X78$,@.$jN)$C$F$$$k!# g ~ B ~ e R e R = p 2 g tan � W = p 2 g 0 ; (1.17) g e R ~ H 0 1 ~ e R = g H 0 1 e R e L = Y � ; (1.18) ::::: (1.19) D6BP>NN3;R$,H/ 8+$5$l$?>l9g!"$3 $N4X78$r<B83 E*$K8!>Z$G$- $l$P!"<+A33&$KD6 BP>N@-$,$"$k $3$H$,DjNLE* $K8!>Z$5 $l$? $3$H $K $J $k!# %R%C%0 %9!& %R %0%7!< %N!& %2!< %8!< %N$N $N 7k 9g$O %A%c!< %8!< %N $N<A NL 9T Ns$N Hs BP 3Q @.J, $H 4X 78$7 $F $* $j!"$= $NB, Dj $O J88% [56] $N Cf $G 5DO@ $5 $l $F$$ $k!# $3 $3$G $O %; %l%/ %H %m %s$N @8 @. $r D4$Y $k $3 $H$K $h$C $F e - ~ e R - ~ B $N 7k9g $,$I$NDxEYD4$Y$i$l$k$+$K$D$$$F9M$($k!# 2>$K%;%l%/%H%m%s$N7k9g$N%2!<%87k9g$+$i$N$:$l$r g ~ B ~ e R e R = p 2 g 0 Y ~ B $H$7!" Y ~ B $KBP $9$k ~ e R ~ e R @8 @.$+ $i$N @)8B $K $D$$ $F9M $( $k!#%S!< %‘%( %M %k%.!< $,9b $/!" $^$? %K%e!<%H %i %j!<%N $N:. 9g $,L5;k$G$-$k6K8B M 1 !" � � m Z $G$O ~ e R $N@8@.?6I}$O M / sin � " 1 � 4 Y 2 ~ B 1 � 2 cos � � f + � 2 f 4 M 2 1 =s # $H$$ $&7A $G =q$1 $k!# $3$3 $G � $O!" EE ;R%S!< %‘ <4$+ $i 7W$C$? %; %l%/ %H %m%s $N @8 @.3Q $G $"$k!# 1& 4,$- %; %l%/ %H %m%s $N @8 @. $K4XM?$9$k t - %A%c%s %M%k $K8r49$5 $l$kN3;R $O%S!<%N$@ $1$G$"$j!" s � m Z $O s - %A%c %s%M%k $NN3;R8r 49$b%O%$ %Q!< %A%c!<%8$@$1$K0MB8$9$k$3$H$KCm0U$9$k!# 47

$3$N <0 $+ $i!" %;%l %/ %H %m %s$N @8 @. 3Q J, I[ d� ( e + e � ! ~ e + R ~ e � R ) = cos � $r B, Dj$9 $l $P!" Y ~ B $K @)8B $, $D $/ $3$H $, J, $+ $k!#$3$N %; %l %/%H %m %s$N @8 @.3Q J, I[$O!" %; %l%/ %H %m%s Jx 2u$+ $i $/$k EE ;R!&M[ EE ;R $NJ} 8~ $H%( %M %k%.!< $+ $i:F 9= @.$9 $k $3$H$,$G$-$k$3$H $O$9$G$K5DO@ $7$?!# 100 fb � 1 $N %k%_%N%7%F%#$H %b%s%F%+%k %m%7%_%e%l!<%7%g%s $GF@$i$l$?8! =P8zN( $r2>Dj $7$? ;~$K!" Y ~ B $KBP $7$F F@$i $l$k @)8B $r?^ 1.50 $G<( $9!#$3 $3$G $O<B 83$+ $iF@ $i$l $k@) 8B$H $7$F!" %;%l %/%H %m%s $N<ANL!"%K%e%H%i%j!<%N$N<ANL!"%;%l%/%H%m%s@8@.$N3QJ,I[$rMQ$$!"%K%e!<%H%i%j!<%N$N<ANL9TNs$K $D$$$F$O!" M 1 !" M 2 $N4V$NBgE}0l$N>r7o$r2>Dj$7$?!# ?^ 1.50: p s = 500 GeV R Ldt = 100 f b � 1 $G<A NL 200 GeV $N ~ e R $NBP@8@. $,$"$C$?;~ $N g ~ B ~ e R e $KBP $9$k@)8B!# %$%s %W%C%H$O � = 300 GeV !" M 1 = 99 : 57, tan � = 2 $H$7!" M 1 - Y ~ B ( � g ~ B ~ e R e =g 0 p 2) J? LL$G$N � � 2 = 1 $NEy9b @~$r<( $7 $?!# B>$N%K%e!<%H%i%j!< %N$d%A%c!<%8!<%N$N <ANL!&Aj8_:n MQ$N>pJs$r!" $3$3$G$OA4 $/;H$C$F$$$J$$ $3$H$KCm0U $9$k!#$3 $N$h$& $J >pJs $rAH $_ 9g$o $; $F%$!< %N$N <A NL9T Ns$, @) 8B$5 $l $l$P!" :G=* E* $K$O Y ~ B $d B> $N7k 9gDj ?t $KBP $9 $k@) 8B$O!" N3 ;R@8@.$+ $i$/ $kE} 7W$+ $i4|BT $5$l $k@: EY$K C#$7F@ $k!#0l J}!"D6 BP>N M}O@$G $O@] F0$N :GDc<! $G$O Y ~ B = 1 $G $"$k$,!" mU <MJd@5$N8z2L$,$"$k$H 1 $+$i$:$l$k$3$H$,CN$i$l$F$$$k!# m ~ q � m ~ l $N>l9g$K$O$3$NJd@5$N8z2L$O � Y ~ B ~ e R e � 0 : 007 log 10 ( m ~ q =m ~ l ) (1.20) � Y ~ W ~ � e � 0 : 02 log 10 ( m ~ q =m ~ � ) (1.21) DxEY$G$"$j!"M=A[ $5$l$k@8 @.CGLL@Q$X $N8z2L$O m ~ q =m ~ � � 10 $G3F!9 2.8% !" 8.2% $G $"$k!# ~ e L;R , ~ � L @8@.$K== J,$JE} 7W$,$"$l$P!"mU<MJd@5$NBg$-$5$r7hDj$7!" m ~ q $K@)8B$r$D$1$k$3$H$,2DG=$J$N$G$"$k!# 1.4 %H%C%W%/%)!<%/$NJ*M} 1.4.1 35MW %H%C%W%/%)!<%/$K4XO" $9$k>\:Y$J <B83$O!"%j%K%" %3%i%$%@!<$G $N:G$b=EMW$J 8&5f%F!<%^$N 0l$D$G$"$k!#6a G/%H%C%W %/%)!<%/$O TEV A TR ON $GH/8+$5$l!"$=$N8e$N%G!<%?$NC_@Q$K$h$j!"8=:_$=$N<ANL$O!" m t = 176 � 8 � 10 GeV (1.22) $HJs9p$5$l$F$$$k [57] !# 48

=>$C$F!" JLC-I $O!" 3N <B $K %H%C %W %/%)!< %/ $r BP @8 @. $7!" %P%C %/ %0 %i %& %s %I $NBg $- $$ %O %I %m %s %3 %i %$ %@!< $G $O $G $- $J$$B?$/$N =EMW$J J*M}$r 2DG=$K $9$k!#$3$N <ANL0h $K$"$k %H%C%W%/%)!< %/$O!"EE <eAj8_ :nMQ$r$H $*$7$F bW $KJx 2u$7!" I8=‘LO7?$K$*$$$F $O!"$=$NJ,4t Hf$O<B<AE* $K$[$\ 100% $H$J$k!# $=$&$G$J$$ >l9g$G$b!" bW %b!< %I$,<g$?$k Jx2u2aDx $H$J$k!#$3$NFsBN%b!<%I$,;Y G[E*$G$"$k$?$a$K!" 0lHL$K%H%C%W%/%)!<%/ $OBg$-$JJx2u6R$r ;}$A!" m t = 170 GeV $N>l 9g$G � t = 1 : 4 GeV !"$K$^$G$J$k!#$3$NBg$-$JJx2u6R$3$=$,!"%H%C%W%/%)!<%/$N;}$DB>$N%/%)!<%/$K$J$$?7$7$$ FCD’$G $"$j!" JLC-I $K $*$1 $k%H%C%W %/%)!<%/ $NJ*M} $r%f%K!< %/$J $b$N$H $9$k!# %H%C%WBP $N$7$- $$CM IU6a$G $O!"%H%C %W%/%)!< %/$N Bg$- $J Jx2u I} $, @V30 H/ ;6$r ;_ $a $k$h $& $K$O $? $i $/$? $a!" $=$N @8 @. 2aDx $O QCD $N D95w N% $K $*$1 $k ?6Iq $$ $K $O0M B8 $7$J $$!# $= $N7k 2L!" @8 @. CG LL @Q $KBP $7 $F!" @] F0 QCD $K $h $k ?.Mj $G $- $k M} O@ E* M=8@ $, 2D G= $H $J $k [58] !# $3 $N $3 $H$O!" $7$- $$CM NN 0h $N%H%C %W %/%)!< %/ BP$r MQ $$ $F6K $a $F L@2r $J @] F0 QCD $N8! >Z $, =P Mh$k $3 $H $r0U L# $7 $F$$ $k!# $5 $i $K=E MW $J$3 $H$O!" QCD $K $h $k 4sM? $, @5 3N $K7W ;; $G $-$k $? $a!" $=$l 0J 30 $N$h $j >. $5 $J8z 2L!" Nc $($P %R%C %0 %9N3 ;R $N 8r 49$N 8z 2L!"$rH4$-=P$92DG=@-$,@8$^$l$k$3$H$G$"$k!# $7$-$$CMNN0h$G $N%H%C%W%/%)!<%/ $NJ*M}$r5-=R $9$k4pK\E* $J%Q%i%a!<%?$O!" $=$N<ANL!"Jx 2uI}!"$*$h$S!"6/ $$Aj8_ :nMQ Dj?t $G $"$k!# $5 $i $K!"%R%C %0 %9N3 ;R $N8r 49 $N 8z2L $, Bg$- $1 $l $P!"%H%C %W Er@n 7k 9g $r2C $( $kI, MW $,=P $F $/ $k!#$3 $& $7$? >u67 $N $b$H $K 6aG/!" EE ;R!&M[ EE ;R $K$h $k %H%C%W %/%)!< %/BP @8 @.$O 6K $a $F6= L# ?<$$ =E MW$J J* M}2] Dx $G $"$k $3 $H$, G’ <1$5 $l $k$h $& $K $J$C $F$- $?!# $^ $:!" %H%C%W %/%)!< %/ BP @8@. $N A4 CG LL@Q $K 4X $9 $kM} O@ E* $J 9M;! $, 9T $o $l [59] !" 0z $- B3$- $=$N<B83 E*B& LL$,8! F$$5 $l$? [60, 61, 62, 63] !# $5$i$K!" HyJ, CGLL@Q!" %H%C%W %/%)!<%/$N 1?F0 NLJ,I[!" A08e J}HsBP >NEY $NM} O@ E* 8! F$ $r ?J $a [64, 65, 66] !" A4 CG LL @Q $+ $i F@ $i $l $k >p Js $H $OA4 $/ FH N) $J >p Js $, F@ $i $l $k $3 $H $, 2r$C $F$- $?!# 0l J}!"$3$l $i $N 8!F$ $r ?J$a $k $J$+ $G!" <B83 $+ $i?. Mj $G$- $k J*M} NL $rF@ $k $?$a $K $O!" 9b<! 8z 2L$, L5 ;k=P Mh $J$$ $3 $H$b 2r$C $F$-$?!#$=$3$G!"%j%K%"%3%i%$%@!<$G$N<B83$GL\;X$9<B83@:EY$KBP1~$7$?M}O@7W;;$N@:EY$rF@$kEXNO$,$J$5$l!":G6a!" $3$N<g$?$k%H%C%W%/%)!<%/$N@8@.!"Jx2u2aDx$K$?$$$7!"40A4$J O ( � s ) $N7W;;$,40N;$7$? [67, 68, 69] !#$3$N7W;;$K$O!" %0%k!< %* %s $N J| =P $r 4^ $a!" =* >u BV $G $N Aj 8_ :n MQ !J t $H � b !" � t $H b !" $* $h $S!" b $H � b $N 4V $N %0 %k!< %* %s 8r 49!K $, 4^ $^ $l $F $$$k!#$3$l $i$N?7 $7$/7W ;;$5$l $?9b<! 8z2L $OBg$- $/!"Nc$( $P!"=*>u BVAj8_ :nMQ$O p s = 2 m t $G $N%H%C %W%/%)!<%/ $N1? F0NL$rLs #5!s8: >/$5$; $k!#$3$l $O%H%C%W %/%)!<%/ $N1?F0 NLJ,I[ $+$i � s $r F3=P$9 $k:]$K � s $,Ls � � s ’ 0 : 01 JQ0L $9$k $3$H $KBP 1~ $7$F $$ $k!#%H%C %W %/%)!<%/ BP @8 @.$N A4 CGLL @Q $K$? $$ $7$F $O!" $3 $l$i $N Jd@5 8z 2L$O 8_ $$$K BG $A >C$7 $" $$1F 6A $r$* $h$\ $5 $J$$!# $3 $3 ?tG/!" $3 $l$i $N ?JE8 $r F’ $^$(!" 9b <!Jd @5 $r 9MN8 $7 $?%U%)!< %^ %j %:%‘ $r $b$A $$ $F!"<B 83 $+ $i$I $N $h$&$J>pJs$r0z$-=P$9$3$H$,=PMh$k$+$H$$$C$?8!F$$r?J$a$F$-$? [70, 71] !# $3 $N Js 9p =q $G $O!" %H%C %W %/%)!< %/ BP @8 @. $N A4 CG LL @Q $N B, Dj $K 2C $(!" %H%C %W %/%)!< %/ $N 1? F0 NL $H A0 8e J} Hs BP >N EY $N B,Dj $N=E MW @- $r<( $9!# FC $K!"%H%C %W %/%)!< %/ $N1? F0 NL B,Dj $K 4X $7$F $O!" >\ :Y$J %b %s %F%+ %k %m %7%_%e %l!< %7%g %s$K 4p $E $-!"%H%C %W%/%)!< %/ BP@8 @. $N A4CG LL @Q$N >p Js$r ;H $& ;v$K $h $j!"<B :] $K 1?F0 NL B,Dj $, 2D G=$H $J $j!"$= $3 $+$i =E MW $J>p Js $,0z $-=P $; $k;v $r <( $9!#$3 $l $O$^ $? F1;~ $K!" %H%C %W%/%)!< %/ $NJ* M} <B 83$K 4X $7!"$= $N <j =g$r 4^ $a$? 8& 5f%7 %J %j %*$r <( $7$?$b$N$G$"$k!# 1.4.2 M}O@E*GX7J $7 $- $$ CM NN 0h $G EE ;R M[ EE ;R >W FM $K $h$C $F @8 @. $5 $l $? t $H � t $O!" 8_ $$ $K %0 %k!< %* %s $r 8r 49 $7 $D $D $f$C $/ $j $H 1s $6 $+ $j!" � ( m t � t ) � 1 = 2 $N 5w N% $G EE <e Aj 8_ :n MQ $K $h$C $F 3F!9 bW + $H � bW � $K Jx 2u $9 $k !J?^ 1.51 !K!# $3 $N Jx 2u $, QCD $N Hs@] F0NN 0h $K C# $9$k A0 $K 5/ $3$k E@ $, %H%C%W $N >l 9g $NCx $7 $$ FC D’$G $" $k!# =>$C$F!" $3 $3 $G $O QCD $NDc %( %M %k%.!< 8z 2L $K$h$i$J$$@]F0O@E* QCD $NL@NF$J%F%9%H$,2DG=$H$J$k!# $7$-$$ CMNN 0h$G $O!" t !" � t $H $b$K B.EY$, CY$$ !J � � 1 !K$N$G!" $*8_ $$$K 6a$/ $K$H $I$^ $k;~ 4V$,D9 $/!"2? EY$b %0%k!< %*%s$r 8r49 $G$- $k!J?^ 1.52 !K!#$3$l $,$7 $-$$ CMNN 0h$G t � t ?6 I}$, A}I} $5$l $k<g $?$k MW0x $G$" $k!# $3$N 8z2L $O!"@] F0O@ $G$O$7 $-$$ CMFC 0[@- !J / 1 =� !K $H $7$F CN$i $l$F $$$k!# %0%k!< %*%s 8r49 0l2s Kh $K$+ $+$k 6/$$ Aj8_ :nMQ $N7k 9gDj ?t!J � s !K $O!"$3 $N 1 =� 0x ;R $K $h$C $F BG $A >C $5 $l $F $7 $^ $&!# $= $3 $G!" n 2s %0 %k!< %* %s 8r 49 $N 4s M? !J O ( � s =� ) n !K $O n $K $h $i $: O (1) $N Jd @5 $H $J $k!# $3 $N <g MW $J 4s M? $r B- $7 9g $o $; $? $b $N $r <g MW <! 6a ;w $H 8F $V $3 $H $K $9 $k $,!" $3 $l $O t � tV !J V = ; Z !K$Y%/%H%k%P!<%F%C%/%9!" � � t � tV !"$KA}I}0x;R$H$7$F4sM?$9$k 4 !# ?^ 1.52 $K<( $7$? � $N Dj5A <0$N N>JU $K%0 %k!<%* %s$r 0l$D $D$1 2C$( $F$_ $l$P J,$+ $k$h $&$K!" � � t � tV $O!" ?^ 1.53 $K ?^<( 4 $3$3$G$N5DO@$+$i!"$7$-$$CMNN0h$G$NE,@Z$J@]F0E83+%Q%i%a!<%?$O � s ’ � $G$"$j!"<!$N<!?t$NJd@5$O O ( � s ) ’ � s ( � s =� ) n ’ � ( � s =� ) n +1 ’ O ( � ) $H$J$k$3$H$,J,$+$k!# 49

?^ 1.51: $7$-$$CMNN0h$G$N%H%C%W%/%)!<%/$NJx2u $7$?%Y!<%F!&%5%k%T!<%?J}Dx<0$rK~B-$9$k!# $3$NJ}Dx<0$O!" � � t � tV = � � 1 D t + 1 D � t � � ~ G ( p ; E ) � � ~ G ( p ; E ) = Z d 3 x e � i p � x G ( x ; E ) (1.23) !J$?$@$7!" D t $*$h$S D � t $O t $*$h$S � t $N EAC#4X ?t!" p $O $=$N 1?F0NL!" E = p s � 2 m t $O $7$-$$ CM$r4p =‘$K <h$C$? =E?47O%(%M%k%.!<!K$H$*$/$H!" HsAjBPO@E*6a;w!J � � 1 !K $N85$K!"%0%j!<%s4X?t !J G ( x ; E ) !K$KBP$9$k0J 2<$N%7%e%l!< %G%#%s%,!<J}Dx<0$K5"Ce$9$k : � � r 2 m t + V ( r ) � � E + i � � 2 � G ( x ; E ) = � 3 ( x ) !# (1 : 24) $3$3$G V ( r ) $O!"%0%k!<%*%s$NB?=E8r49$N8z2L$rB-$79g$o$;$?$b$N$KBP1~$9$k QCD %]%F%s%7%c%k$G$"$j!" r = j x j $O t $H � t %/%)!< %/$NAj BPE* 5wN% $rI=$7 $F$$ $k!#$^$?!" 1&JU $N � 4X?t $O t !" � t $,#1 E@$GBP @8@. $5$l $k$3$H $r<( $7$F $$$k!# � � $O%(%M%k%.!<1?F0NL$K0MB8$7$?%H%C%]%K%&%‘$NI}$G!"%H%C%W%/%)!<%/I} � t $N$*$h$=#2G\$G$"$k!# Bg;(GD$K$$$C$F$3$3$K8=$l$k QCD %]%F%s%7%c%k$O!"1?F0NL$N%9%1!<%k � � 1 =r $N=j$GI>2A$7$?7k9gDj?t � S (1 =r ) $r;}$D%/!<%m%s%]%F%s%7%c%k$G$"$k!’ V ( r ) � � C F � s (1 =r ) r !# (1 : 25) 3F!9$N %H%C%] %K %& %‘ 6&LD >u BV Cf$N %H%C %W $* $h$S H? %H%C %W%/%)!< %/ $O!" $= $NGH F0 4X ?t$N Bg $- $5 !J6u4V E* 9- $,$j!K $K =>$C $F7h$^$k � s ( � ) $KBP1~ $7$?0zNO $r<u$1$k$3 $H$K$J$k!#E5 7?E*$JGH F04X?t$NBg $-$5$O � � � s m t � (Bohr radius) � 1 $G $"$k!#%H%C%W %/%)!<%/$O =E$$$N $G!" t � t B+ G{>u BV$NCf $G$N1? F0%(%M %k%.!< $O!"7Z$$ %/%)!<%/$N B+G{>u BV$G $N%(%M %k%.!< $rMZ$+$K1[$($k!#=>$C$F!"%H%C%W%/%)!<%/$O QCD %]%F%s%7%c%k$N$h$j?<$$ItJ,$NC5:w$r2DG=$K$9$k!# $5$F!">e 5- $N%0 %j!<%s 4X?t !J ~ G ( p ; E ) !K $O!"<0 !J 1.24 !K$G 1&JU $r%< %m$H $* $$$? @F<! %7%e%l!< %G%#%s %,!<J} Dx <0$N 6& LD%(%M%k%.!< E n $r$b$C$?2r n ( x ) $H!"$=$N%U!<%j%(JQ49 � n ( p ) $rMQ$$$F!"0J2<$GM?$($i$l$kE@$KCm0U$9$k!’ ~ G ( p ; E ) ’ � X n � n ( p ) � n ( x = 0) E � E n + i � n = 2 !# (1 : 26) 50

?^ 1.52: t � t BP@8@.$N%@%$%"%0%i%‘!#GK@~$O%/!<%m%sE*%0%k!<%*%s$G$"$k!# ?^ 1.53: $7$-$$CMJd@50x;R!J � !K$NK~B-$9$k%Y!<%F!&%5%k%T!<%?J}Dx<0!# A4CGLL@Q$H1?F0NLJ,I[ e + e � ! t � t H?1~$NA4CGLL@Q$O8w3XDjM}$rMQ$$$FF@$i$l$k!’ � tot / I m G ( x = 0; E ) ’ � I m X n j n ( 0 ) j 2 E � E n + i � n = 2 !# (1 : 27) A4CG LL @Q $O!" =E ?4 %( %M %k %.!< $N 4X ?t $H$7 $F 6& LD %9 %Z %/ %H %i %‘ $r <( $9!# 6& LD >u BV $N %l %Y %k 4V 3V$O � E � � 2 s m t $N Dx EY $G!"6&LD>uBV$N I}$O � n ’ 2� t $G$" $k!# m t > � 170 GeV $N>l 9g$K$O!" � E $H � n $,F1DxEY $K$J$j!"6& LD>uBV$O 8_$$$K =E$J $j9g $$!" 8D!9$N 6& LD >uBV $N 9=B$ $O Gv$l $F $7 $^$&!# $= $3$G!" $7 $- $$CM NN 0h$G $O 8D!9 $N6& LD >uBV $, =E$J $j $"$C $?$b $N $H$7$F<h$j07$o$J$1$l$P$J$i$J$$!#A4CGLL@Q$,GHF04X?t$N86E@$G$NCM$K$7$+0MB8$7$J$$E@$KCm0U$9$k!# 0lJ}!"$7 $- $$CM NN0h $G$N %H%C%W %/%)!<%/ $N 1?F0 NLJ, I[$O!" %H%C%W %/%)!<%/ $N 1?F0 NL p $r bW - %8%’%C %H$N 1? F0NL $+ $i:F 9=@. $9 $k;v $K $h $jF@ $i $l$k!# <g MW<! 6a ;w $G$O!" %H%C %W%/%)!< %/ $N 1?F0 NL $O1? F0 NL 6u4V $G $N%0 %j!< %s4X ?t $N Fs>h $K HfNc$9$k!’ d� d j p j / j ~ G ( p ; E ) j 2 !# (1 : 28) $=$3$G!" <0 (1.26) $K$h$C $F!"%H%C %W%/%)!< %/$N 1? F0NL J,I[ $r;H$C $F!"1? F0NL 6u4V $G$N GH F04X ?t$r B,Dj $9$k 2DG= @-$, @8 $^$l$k!# $3 $N MM$K $7 $F!"1? F0 NLJ, I[ $NB, Dj $OA4 CG LL@Q $N B,Dj $H $OFH N) $J>p Js $r M?$( $k $b$N $H $7$F!" J* M}$N %Q %i%a!< %? 7hDj$K;H$o$l$k!# A08eJ}HsBP>NEY $7$-$$CM6aK5$N %H%C%W%/%)!<%/BP @8@.$G$NA08e J}HsBP>NEYB, Dj$,5DO@$5 $l$k$h$&$K$J$C $?!#<gMW$J<!?t $G$O!"%H%C %W%/%)!<%/ $O A0 8eJ} BP >N$K J, I[$9 $k $3$H $, CN$i $l $F$$ $k $,!"<! $N <!?t $^ $G9M N8 $9 $k$H!" 0J 2<$N Fs $D$r 8; $H$7 A0 8eJ} Hs BP>N$,8=$l$k$3$H$,L@$i$+$K$J$C$?$+$i$G$"$k!# 51

A08eJ}HsBP>N$r$b$?$i$9<g$?$k8;$O!"%Y%/%H%k %P!<%F%C%/%9$H<4@-%Y%/%H%k%P!<%F%C%/%9$N43>D $G$"$k!# e + e � ! t � t H? 1~2a Dx $G $O!" t � tV ( V = ; Z ) %Y %/ %H %k %P!< %F%C%/ %9 $O S GH $H D GH $N 6& LD>u BV $r :n $k!# 0l J}!" t � tZ <4 @- %Y %/ %H %k%P!< %F%C%/ %9 $O P GH$N 6& LD >uBV $r @8 @.$9 $k $,!" A4CG LL @Q $KBP $9 $k P GH ?6I} $N 4s M?$O O ( � 2 ) $G 2!$5 $( $i $l$k!# $7 $? $,$C$F!" P GH $N4sM? $O!"<gMW $J S GH $H$N43 >D8z2L $H$7$F $N$_ 8=$l!"CG LL@Q$X $N O ( � ) $NJd @5$H $J$k!#$3 $NJd@5 $O%Y%/ %H%k7k9g$H<4@-%Y%/%H%k7k9g$N43>D$+$i8=$l$k$N$G � cos � $KHfNc$7!"=>$C $F!" O ( � ) ’ O ( � s ) $NA0 8eJ}BP>N@-$,8=$l $k!# =*>uBVAj8_:nMQ$b$^$?A08eJ}HsBP>N$K4sM?$9$k$,!J?^ 1.54 !K!"$3$N8z2L$OBg$-$/$J$/ 1 � 2% DxEY$G$"$k!# =>$C$F!"A08eJ}HsBP>NEY$NB,Dj$K$h$j!" S GH$H P GH$,=E$J$j$NEY9g$NB,Dj$,2DG=$K$J$k!# =>Mh $N7Z $$%/%)!< %/ 7O$G $O0l HL $K!" S GH $H P GH $N 6&LD >uBV $O J,N% $7$F $$ $F!"0[ $J$C$? %( %M%k %.!<%9 %Z %/%H %k$r <( $9!#$= $7$F!" $I $A$i $+ 0l J}$N 6& LD>u BV $K=E ?4 %( %M%k %.!< $r8G Dj $9 $k$H!" $b $&0l J} $N 6&LD >u BV$+ $i $N4s M? $O $J$+$C $?!# $7$+$7!"%H%C%W%/%)!< %/<ANL$N A}Bg$KH<$C$F I}$O5^B. $K9-$,$j!" S GH$H P GH$N43 >D$,8=$l $k!#$3$l$,A0 8eJ}BP>N @-$r $b$?$i $9 :GBg $N MW0x $G!" A08e J}BP >N EY$N B, Dj7k 2L $O6& LD>u BV $,:. :_ $9$k A4 CGLL @Q$N B, Dj$G $O F@$i $l $J$$ 6&LD >u BV$N 9= B$$K$D$$$F$N>pJs$rM?$($k!# ?^ 1.54: %H%C%W%/%)!<%/BP@8@.=*>uBVAj8_:nMQ 1.4.3 $7$-$$CMNN0h$G$NCGLL@QB,Dj A4CGLL@Q$N%Q%i%a!<%?0MB8@- $7$-$$CMNN0h$K$*$1$k%H%C%W%/%)!<%/BP$N@8@.CGLL@Q$O<!$N%Q%i%a!<%?$K0MB8$9$k!# ( p s ; m t ; � t ; � s ( m Z ) ; m H ; � H ) $3$3$K!" � H $O!" I8=‘ LO7? $N >l9g $K 5,3J 2= $7$? %H%C%W %/%)!< %/$N Er @n7k 9g$G $" $k!#=>$C $F!" $7$- $$ CMNN 0h$N CG LL@Q B, Dj$K $h$C$F!" $3 $l$i $N %Q %i%a!< %? $r7h Dj $9$k $3 $H $,=P Mh $k!#$3 $3 $G $O$^ $: %S!<%‘ $N 1F 6A$r L5 ;k$7 $F!" $7$- $$ CM NN0h $G CGLL@Q$,$I$N$h$&$K%Q%i%a!<%?$K0MB8$9$k$+$r8+$k!# ?^ 1.55-a) $K <( $5$l $k$H $*$j!" � s $N A}2C $KH< $$:G =i $N S GH%T!< %/ $N9b $5$O A}$9 $,!"%T!< %/ 0LCV $O2< J}$K %7%U %H $9 $k!# $3$l $O!" %] %F %s %7%c %k $, ?< $/ $J $k $K $D $l $F!" 7k 9g %( %M %k %.!< $H 86 E@ $G $N GH F0 4X ?t $, Bg $- $/ $J $k $+ $i $G $" $k!# $3 $N MM$K$7$F!"A4CGLL @Q$OFs$D$N0[ $J$C$?>u67!" (a) m t $r8GDj$7 � s $r A}2C$7$?>l 9g!" (b) � s $r 8GDj$7 m t $r8:>/ $7$?>l 9g!"$K$*$$$F!"F1MM$N?6$kIq$$$r<($9!# 0l J}!" ?^ 1.55-b) $K 8+ $i $l $k $H $* $j!" m t $H %H%C %W %/%)!< %/ $N I} � t $H $N Aj 4X $O >. $5 $$!# I} $, >. $5 $/ $J $k $H %T!< %/ $N9b$5$O>e>:$7!"?~$NItJ,$O$o$:$+$K8:>/$9$k!#$^$?!"?^ 1.55-b) $K$"$k j V tb j 2 $NDj5A$O j V tb j 2 = � t = � t ( S M ) ; (1.29) 52

?^ 1.55: $7$-$$CMNN0h$G$NCGLL@Q$N%Q%i%a!<%?0MB8@-!# (a) � s ( m Z ) !" (b) j V tb j 2 !" (c) m H !"$*$h$S (d) � H !J5,3J2=$5$l$?Er@n7k9g!K!# m t = 150 GeV $N>l9g$G!";O>uBVmU<M$,9MN8$5$l$F$$$k!# 53

$?$@ $7!" � t ( S M ) $O I8=‘ LO 7? $G t ! bW $X$N J, 4tHf $, 100% $H $7 $? $H$- $N Jx2u I} $G $"$k!# I8 =‘M} O@ $r 1[$( $k t ! bH + $d t ! ~ t ~ X 0 $N?7$7$$Jx2u2aDx$,8=$l$?>l9g$K$O#1$rD6$($k!# %H%C%W %/%)!< %/ $K 4X O" $9 $k :G $b 6= L# ?< $$ ?7 8= >] $O %R%C %0 %9 $N 8z 2L $G $" $k!# Bh 0l 6a ;w $G $O!" $3 $N 8z 2L $O Er @n %] %F %s %7%c%k!J0zNO!K V H ( r ) = � p 2 G F 4 � ( � H m t ) 2 e � m H r r ; (1.30) $K$h$C$F M?$( $i$l $k $N$G!" %R%C%0 %98r 49 $N8z 2L$O m H $, >.$5 $/$= $7$F � H $, Bg $-$$ >l9g $KBg $-$/ $J $k$H 4|BT $5$l $k!# $3$N %] %F %s%7%c %k $N E~ C# 5wN% $O %R%C %0 %9 $N<A NL $K $h$C $F %3 %s%H %m!< %k $5 $l!" QCD $K Hf$Y $F >. $5 $$!# =>$C $F!"Er @n %] %F%s%7%c%k$,6&LD>uBV$N0LCV$rBg$-$/JQ$($k$3$H$O$J$$$,!"86E@$G$NGHF04X?t$rBg$-$/$7!"$7$-$$CMNN0hA4HL$K$o$?$C $FCGLL@Q$rA}Bg$5$;$k!# 0J>e!"Dj @-E* $JM} 2r$N $?$a $K%]%F %s%7%c %k6a ;w$r MQ$$ $?$,!" $3$N 6a;w$O m H > 50 GeV $G $NDj NLE* $J5D O@$K $OIT E,@Z$G!"2a>j$J%R%C%0%98z2L$r$"$?$($k!# $=$3$G!"@]F0O@$K$h$kJd@50x;R F H ig g s !" F H ig g s � m 2 H =m 2 t � = 1 + � 2 H 4 � sin 2 � W � m 2 t m 2 W � � f th � m 2 H =m 2 t � � � m t m H � !" (1 : 31) $rMQ$$$F Green 4X?t$rJd@5$9$k : I m G (0; E ) ! j F H ig g s ( m 2 H =m 2 t ) j 2 � I m G (0; E ) !# (1 : 32) $3$3$G4X?t f th $O!" f th ( r ) = � 1 12 � � 12 + 4 r + ( � 12 + 9 r � 2 r 2 ) ln r + 2 r ( � 6 + 5 r � 2 r 2 ) l 4 ( r ) � (1 : 33) $G l 4 ( r ) = 8 < : p r (4 � r ) arccos( p r = 2) r � 4 $N;~ � p r ( r � 4) 1 2 ln 1+ p 1 � 4 =r 1 � p 1 � 4 =r r > 4 $N;~ (1.34) $G$"$k!# ?^ 1.55-c) $H -d) $O $=$l $>$l m H $H � H $K BP$9$k 0MB8 @-$r<( $9!#%]%F %s%7%c %k6a;w $K4p $E$/Dj @-E* $J5DO@ $O$= $N$^ $^@8$-$F$$$k$3$H$,2r$k!# Cf4V5wN%%]%F%s%7%c%k$KBP$9$k0MB8@- $3$3$G$O!"$7$- $$CM$N7A>u $,@]F0O@E* QCD $+ $iF3$+$l $k%]%F%s%7%c %k$NC;5wN% ItJ,$K$h$C$F $N$_7hDj$5 $l!"Cf4V 5wN%$" $k $$$O D9 5wN% It J,$K $O $h$i $J $$$H $$ $&:G $b =EMW $J E@$r 3N G’$7 $F $*$/!# Cf 4V5w N% %]%F %s %7%c%k $r JQ$( $? $H$- $K!" 7A>u $, $I $N $h $&$K JQ 2= $9 $k $+ $r 8+ $k!# %A%c!<%b %K %& %‘ $d %\ %H %b %K %&%‘ $N 6& LD >u BV $O!" Cf 4V 5wN% %] %F %s %7%c %k $H $7 $F r $NBP?t 4X ?t$r MQ $$$k $3 $H$K $h$C $F8+ ;v $K:F 8= $5$l $k $3$H $, CN$i $l $F$$ $k!# $3$3 $G ;H$& %] %F%s %7%c %k$N Cf 4V5w N% ItJ, $O %A%c!<%b %K%& %‘ $d%\ %H %b %K%& %‘ $N%G!< %? $r;H$C $F r = r 0 $GC; 5w N%It J, $K%9 %‘!< %: $K$D $J $,$k $h $& $K7h Dj $5$l $?!# r 0 $OCf4V5wN%%]%F%s%7%c%k$KBg$-$J1F6A$rM?$($k$N$G!"$3$l$r � 5 I8=‘JP:9J,F0$+$7!"$=$N;~$NJQ2=$r8+$k!# ?^ 1.56-a) $K 8+$i $l$k$h $&$K!" Cf4V 5wN%%] %F%s %7%c%k$r JQ$( $F$b$7 $-$$ CM7A >u$OA4 $/JQ $o$i$J $$!#%H%C %W%/%)!<%/ $NI}$r 1/10 $K $9$k$H!"9b$$6&LD >uBV$KBP$7$F$O!" Cf4V5wN%%]%F%s%7%c %k$NJQ2=$N1F6A $,8=$l$k!#$3$NMM $K$7$F!"%H%C %W%/%)!< %/$N 9- $$Jx 2u I}$, @V 30H/ ;6 $r ;_$a!" $7 $-$$ CM 7A>u $, Cf4V 5w N% %]%F %s %7%c%k $K 0MB8 $7 $J$$ $3 $H $r$O$C $- $j$H 8+ $k$3$H$,=PMh$k!# %S!<%‘$N8z2L EE;RM[EE;R%j%K %"%3%i%$%@!<<B 83$G<B:]$K4Q B,$G$-$k$b$N $O!">e$G=R$Y$? $7$-$$CM7A>u $K%S!<%‘%(%M%k %.!<%9%Z%/ %H%k ( ?^ 1.57) $N=E$_$r$D$1$F@QJ,$7$?$b$N$G$"$k!# 54

?^ 1.56: $7$-$$ CM7A>u $NCf4V5w N%%]%F %s%7%c%k$K BP$9$k 0MB8@- a) j V tb j 2 = 1 $G b) j V tb j 2 = 0 : 1 $G $"$k!#;O>u BVmU <M!"%S!<%‘8z2L$O4^$^$l$F$$$J$$!# ?^ 1.57: =E?47O%(%M%k%.!<$N4X?t$H$7$F$NHyJ,%k%_%N%7%F%#!<!#%S!<%‘%(%M%k%.!<$N9-$,$j$*$h$S%S!<%‘%7%e%H%i!<%k%s%0 $,9MN8$5$l$F$$$k!# 55

=>$C$F!"%S!<%‘%(%M%k %.!<$N9-$,$j $H%S!<%‘%7%e%H%i!< %k%s%0$,$I $N$h$&$K1F6A $9$k$+$r8+ $F$*$/$3$H$O!" %3%i%$ %@!<$H $=$3 $G $N<B 83 $r%G %6 %$%s $9 $k >e$G 6K $a$F =E MW$G $" $k!#%S!< %‘ %7%e %H%i!< %k %s%0 $N 1F6A $O ;O>u BV mU <M$N 8z 2L$H N‘ ;w$7$F$$$k $N$G!" 0J2<$N ;0$D$N %9%F%C%W $K$h$C$F CGLL@Q $,$I$N $h$&$K JQ2=$9 $k$+$r 8+$k!’ i) ;O>uBV mU<M (ISR) !"%S!< %‘$N1F6A!"$H$b$K$J$7!" ii) ISR $N$_9MN8!"%S!<%‘$N1F6A$J$7!" iii) ISR !"%S!<%‘$N1F6A!"$H$b$K$"$j!# ?^ 1.58 $K8+$i$l$k$h$&$K!" 1 S $N%T!<%/$O8+$($k$b$N$N!" ISR $O8+$+$1$NCGLL@Q$r6KC<$K8:>/$5$;$k!# ?^ 1.58: $7 $- $$ CM 7A >u $K BP $9 $k ;O >u BV mU <M!" %S!< %‘ %( %M %k %.!< $N 9- $, $j!" %S!< %‘ %7%e %H %i!< %k %s %0 $N 1F 6A!# ;O >u BV mU <M (ISR) !"%S!<%‘$N 1F6A!"$H $b$K$J $7!JGK @~!K!" ISR $N$_9M N8!"%S!<%‘ $N1F6A $J$7 !J0lE@:? @~!K!" ISR !" %S!<%‘$N 1F6A!"$H $b $K$"$j!J<B@~!K %S!<%‘$N1F6A$OBg$-$/!"FC$K%S!<%‘%(%M%k%.!<$N9-$,$j$O 1 S $N%T!<%/$rITA/L@$K$7$F$7$^$&!# %S!<%‘%(%M%k%.!<$N 9-$,$j$O!"%H%C%W%/%)!< %/$N>\:Y$J8& 5f$K$*$$$FBg $-$JLdBj$H$J $j$=$&$J$N$G!" � 4X?t$NCf $K B8:_ $9$k %S!< %‘ $N%( %M %k %.!<9= B$ $K $h$k 1F 6A$b D4 $Y $F$* $/!# $3 $N1F 6A $r $O$C$- $j 8+ $k$? $a $K!" %S!<%‘ %7%e %H %i!<%k %s %0$O $J$$ $b $N$H $7 $F$* $/!# %S!<%‘ %( %M %k%.!< $N 9-$, $j $H$7 $F Fs$D $N %9 %Z%/ %H %k$r 9M $($k!# 0l $D$O J? C3 $JJ, I[ $r!"$b $& 0l$D$O $h $j8= <B $K6a $$ $H;W $o $l$k Fs ;3$N J,I[ $r 2>Dj $9 $k!#$= $N 3F!9$N >l 9g$K $7 $-$$ CM 7A>u $, $I$N $h$& $K JQ$o $k $+$r 8+ $k!# Fs$D$N%9%Z%/%H%k $KBP$7$F%S!<%‘%( %M%k%.!<$N9-$,$j $rJQ$($?;~$K!" � 4X?tItJ, $,$I$N$h$&$KJQ $o$k$+$r3HBg$7 $F <($7 $? $N $, $G $" $j!" $3$l $K BP 1~ $9 $k $7 $- $$ CM 7A >u $r <($7 $? $N $, ?^ 1.59-b) $G $" $k!# $3 $N ?^ $+ $i!" %S!< %‘%( %M %k %.!< $N 9-$,$j $, 0 : 4 % 0J>e $K$J $k$H!" � 4X ?tIt J,$N FbIt 9=B$ $,$7 $-$$ CM7A >u$K 1F6A $r$* $h$\ $9$3 $H$, $o$+ $k!#Ev A3!"%H%C %W %/%)!<%/$N >\:Y <B83 $K:] $7%S!< %‘ %(%M %k%.!< $N9- $,$j $r 0 : 4 % 0J 2<$K @)8f =PMh $J$$ >l 9g$K $O!"$= $N%( %M%k %.!<J, I[$N >pJs$,I,MW$H$J$k!# ;v>]$NA*JL 4{$K =R $Y $?$h $& $K!" %H%C %W %/%)!<%/ $O <g $H $7$F bW $K Jx 2u$9 $k!# =>$C $F!" %H%C%W BP @8 @. $N?. 9f $O!" =* >u BV$K $* $1 $kFs $D $N b %/%)!< %/ $H Fs $D $N W %\ %= %s $N B8 :_ $G $" $k!# W %\ %= %s $O!" q q 0 !" $^ $? $O l � $K Jx 2u $9 $k $N $G!" =* >u BV $O i) Fs$D$N b %8%’%C%H$H W $+$i $N;M$D $N%8%’%C%H (45%) !" ii) Fs$D$N b %8%’%C %H!"Fs$D $N%8%’%C%H $H0l$D $N2YEE %l%W%H %s (44%) !" iii) Fs$D$N b %8%’%C%H$H Fs$D$N2YEE %l%W%H%s (11%) $N;0 $D$N>l9g$K J,$1$i$l$k!# i) $O A4CGLL@Q$*$h $S%H%C%W %/%)!<%/1? F0NL J,I[ $NB, Dj$K M-MQ $G$" $k!#$^ $?!" ii) $O2YEE %l%W %H%s $+$i t $H � t $N8~ $-$r 7h$a $k$3 $H$, $G$- $k$N$G!" A0 8eJ}HsBP>NEY$NB,Dj$,2DG=$H$J$kM#0l$N%A%c%s%M%k$G$"$k!# ;v>]$N A*JL $K;H $o$l $k4p K\E* $J%+%C %H$O 0J2< $N;0$D $K%0 %k!<%W J,$1 $9$k $3$H $,$G $-$k!# a) ;v>] 7A>u %+%C%H !J2YEE N3;R ?t!" %8%’%C %H $N ?t!" %9 %i %9 %H $J $I!K!" b) <A NL %+%C %H !J%8%’%C %H IT JQ <A NL K! $K $h$C $F %Q!< %H %s <A NL $r :F 9= @. $7!" W $d t $r A* JL!K!" c) 2Y EE%l %W %H %s !J ii) $*$h $S iii) $K BP $7 2Y EE %l %W %H %s $NB8 :_ $r MW 5a!K!# $3 $3 $G!" b %/%)!< %/ $N %?%. 56

?^ 1.59: (a) M-8z=E?4%(%M%k%.!<$NJ,I[ (b) BP1~$9$k$7$-$$CM7A>u %s%0 $O%8%’%C %H IT JQ<A NL K! $K$h$C $F %Q!< %H%s <A NL$r :F 9= @.$9 $k :]!" %8%’%C%H $N 4V 0c$C$? AH $_ 9g$o $; $r $5$1 $k $? $a$K =E MW$JLr3d$r2L$?$9!# $7$-$$CM%9 %-%c%s$K$h$C$F!" A4CGLL@Q $r@53N$KB, Dj$9$k$K $O!"%H%C%WBP @8@.;v>]$r 9b$$ S= N Hf$G!"$7 $+$b8zN(NI $/A*$S=P$5$J$/$F$O$J$i$J$$!#%H%C%W%/%)!<%/$N<ANL$, m t = 150 GeV $N>l9g!"$7$- $$CMNN0h$G$N%H%C%WBP$N@8@.CG LL@Q$O!"Ls 0 : 5 pb $G$" $k!#0l J}!":G $bBg $-$J%P%C %/%0 %i%& %s%I $O W BP@8 @.$G!"$= $N@8 @.CG LL@Q $O 14 pb $G $"$k!# =>$C$F!"$3$N%P%C%/%0%i%&%s%I$r 1 = 1000 DxEY$KMn$5$J$/$F$O$J$i$J$$!# $3$3 $G $O!" $3 $N MM $J A* JL$N Nc $H $7 $F!" i) $N >l 9g $K $D $$$F =R $Y $k!# %H%C %W BP $* $h $SMM!9 $J %P%C %/ %0 %i %& %s %I $O%b %s %F%+%k%m%7%_%e%l!< %7%g%s$K$h$j @8@.$5$l$k!# ?^ 1.60 $K%b%s %F%+%k%m$G @8@.$5$l$? 6 %8%’%C %H;v>]$N0l Nc$r<($9!# ?^ 1.61-a) $O @8 @. $5 $l $? 20,000 ;v >] $K $D $$ $F B, Dj 4o $G 4Q B, $5 $l $k %( %M %k %.!< $r!" $^ $?!" ?^ 1.61-b) $O %S!< %‘ <4 $K BP $7 $F 2#J}8~$N1?F0NL$r<($7$?$b$N$G$"$k!#<P@~$GEI$j$D$V$7$?ItJ,$O!":G=*E*$KA*JL$5$l$?;v>]$NJ,I[$G$"$k!# ?^ 1.62 $O!" :G=*E*$KA*$P$l$k t � t %5 %s%W%k$K$*$$ $F W 8uJd $KBP1~$7$? #2%8%’%C%HITJQ<A NLJ,I[$r<($7 $F$$$k!# W 8uJd$O!"?^$K <( $7$? ;M 3Q $$ NN 0h $N Fb It $K $" $k $b $N $H $7$F @Z $j =P $5 $l $k!# ?^ 1.63 $O!" bW 8u Jd $N #3 %8%’%C %H ITJQ <A NL J, I[ $G $" $k!# ?^ Cf$N<B@~$O m t %+%C%H$N0LCV$r<( $7$F$$$k!# $3$NMM$K$7$FA*JL $5$l$F$-$? t � t $N8uJd$N %9%i%9%HJ,I[$r?^ 1.64 $K<($9!# <P@~ $r ;\ $7 $? It J,$O <g $? $k %P%C %/ %0 %i %& %s %I$G $" $k W + W � $r <( $7 $F$$ $k!# $3 $N >l 9g!" J, 4t Hf $r 4^ $a$? 8! =P 8z N( $O 29% !" S= N Hf$O 10 0J>e$G$"$k!#$3$N8!=P8zN($O!"J,4tHf$r=|$1$P 63% $KBP1~$9$k!# � s ( m Z ) $*$h$S m t $NB,Dj %H%C%WBP$N$7$-$$CMNN0h$G $3$N$h$&$J 6 %8%’%C%H2r@O$r 9T$J$&$3$H$K$h$jF@ $i$l$kA4CGLL@QB,Dj$N Nc$r ?^ 1.65-a) $K<($9!#$3$3$G$O!"3F!9 1 fb � 1 $N %(%M%k%.!<E@ 11 E@$r2>Dj$7$?!#%b%s%F%+%k%m%G!<%?$O � s ( m Z ) = 0 : 12 !" j V tb j 2 = 1 !" m t = 150 GeV $KBP1~$7!"%R%C%0%9 8r49$N8z2L$OF~$l $F$$$J$$!#6J@~$G <($7$?$N$O!";0$D $N0[$J$k � s ( m Z ) $NCM $KBP$7$F 4|BT $5$l $k$7$- $$CM NN0h $G$N%H%C %WBP @8@. A4CGLL @Q$G $"$k!# � s ( m Z ) $,Bg $-$/ $J$k$H!" 7k9g %(%M %k%.!<$, A} 2C$7!" Bh0l 6& LD$N 0L CV !J8*$N =j!K $,2< $, $k!#$H F1 ;~ $K!"86 E@ $G$N GH F0 4X?t $N @dBP CM $, Bg$- $/ $J$k $? $a!"A4 CG LL @Q$O >e $,$k!#?^ 1.65-b) $O!" � s ( m Z ) $H m t $r<+ M3$K F0$+ $7$F!" %b%s%F %+%k %m%G!< %?$r %U%#%C%H$7 $?:] $KF@ $i$l $k � 2 $NEy 9b@~$G$"$k!# � s ( m Z ) $H m t $H$N4V$N6/$$Aj4X $O!"Bh0l6&LD$N0LCV$r 8GDj$7$h$&$H$9$k$H!" � s ( m Z ) $rBg$-$/ $7$?>l 9g$K$O!" m t $bBg$- $/$7 $J$/$F $O$J$i $J$$ ;v$K$h$C $F$$$k!# $b$7!" � s ( m Z ) $, CN$i $l$F$$ $l$P!" � m t ’ 0 : 1 GeV !" $=$&$G$J $/$F $b!" � m t ’ 0 : 2 GeV $,4| BT$G $-$k!#0l J}!"6/ $$Aj8_ :nMQ $N7k9g Dj?t $K$D$$ $F$O!" m t $KBP$9 $kB> $N>p Js$,$J$/$F$b!"E}7W8m:9$H$7$F � � s ( m Z ) ’ 0 : 005 $NB,Dj$,2DG=$G$"$k!# $3$3$G$N � s ( m Z ) B,Dj$K$O!"$3$l$^$G$N;v >]7A>u2r@O$K0M$k$b$N$H 0c$C$F!"Hs@]F0O@E* QCD $+$i$N ITDj@-$,L5 $$E@$r6/D4$7$F$* $/!#$3$N?.Mj$G$- $k � s ( m Z ) $N@:L)B, Dj$O!"D6 BP>N@- $N>l9g $=$N =EMW@- $rA}$9!# � s ( m Z ) $,!"<e$$ Aj8_:n MQ$N %(%M%k %.!<%9%1!< %k$H GUT %9%1!< %k$r7k$V80$H$J$k$+$i$G$"$k!#$3$N>l9g!" m t $N@:L)B,Dj$N0U5A$b$h$jBg$-$/$J$k!# m t $O!"MM!9$NNL;RJd@5$r7W;;$9 $k:] $N=E MW $J%Q %i %a!< %?$G $" $k $P$+ $j $G$J $/!" $= $l$, %H%C %W %/%)!<%/ $N Er@n 7k 9g $r7h $a $k$? $a $K!" %R%C%0 %9 N3 ;R$N <A 57

?^ 1.60: %b%s%F%+%k%m%7%_%e%l!<%7%g%s$G@8@.$5$l$? 6 %8%’%C%H;v>]!# 58

?^ 1.61: @8@.$5$l$? 20,000 ;v>]$N!"B,Dj4o$G4QB,$5$l$k%(%M%k%.!<$H2#J}8~$N1?F0NL$NJ,I[!# ?^ 1.62: t � t %5%s%W%k$K$*$$$F W 8uJd$KBP1~$7$?#2%8%’%C%HITJQ<ANLJ,I[!# 59

?^ 1.63: bW 8uJd$N#3%8%’%C%HITJQ<ANLJ,I[!# ?^ 1.64: 6 %8%’%C%H=*>u BV$N>l9g$N%H%C%WBP;v>] $KBP$9$k%9%i%9%H%+%C%H $r=|$/A4$F$N%+%C%H8e$N %9%i%9%HJ,I[!#<P@~$N%R %9%H%0%i%‘$O BP1~$9$k W BP@8@.$N%P%C%/%0%i%&%s%I!# 60

?^ 1.65: (a) $7$-$$CM%9%-%c %s$NNc!#%b%s%F%+%k%m %G!<%?$NE}7W$O3FE@ 1 fb � 1 $G$"$k!# (b) � s ( m Z ) !" m t $r<+ M3$KF0$+ $7$F%U%#%C%H$7$?>l9g$N � 2 $NEy9b@~!# NL$dJx2u6R$r7W;;$9$k:]$NIT2D7g$N%Q%i%a!<%?$G$"$k$+$i$G$"$k!# %H%C%W%/%)!<%/$NJx2u6R$NB,Dj $7$-$$CM %9%-%c%s $K$h$C $F!"%H%C%W %/%)!<%/$N Jx2u6R $rB,Dj $9$k$3 $H$b =PMh$k!# ?^ 1.66-a) $O!" ?^ 1.65-a) $H F1$8 %b%s%F %+ %k %m%G!< %? $r;0 $D $N0[ $J$C $?Jx 2u 6R$K BP $9$k M} O@$N M= 8@$H Hf 3S$7 $? $b $N$G $" $k!#Jx 2u 6R$, >. $5$/ $J $k$H!" Bh 0l6&LD$N6R$,>.$5$/$J$j!"$=$3$G$NCGLL@Q$,Bg$-$/$J$j!"0lJ}!"$9$=$NItJ,$G$O!"CGLL@Q$,8:>/$9$k!#?^ 1.66-b) $O!" m t $H j V tb j 2 $r %Q %i %a!< %?$H $7 $F %b %s %F %+ %k%m %G!< %? $r %U%#%C %H $7$F F@ $i $l $k � 2 $NEy 9b @~ $G $" $k!# $3$3 $G!" j V tb j 2 $O!"I8 =‘LO 7? $N>l 9g $G 5,3J 2= $7$? %H%C %W%/%)!< %/ $N Jx2u 6R $G$" $k!# Jx 2u6R $N JQ2= $G $O!" Bh0l 6& LD$N 0L CV$O JQ $o $i$J $$ $N$G!" m t $H j V tb j 2 $N 4V$KAj 4X$O $J$$!#4| BT$5 $l$kJx 2u6R$K BP$9 $kE}7W 8m:9 $O � j V tb j 2 = 0 : 15 � 0 : 20 $G $"$k!#$3 $N 8m:9$O!"%( %M%k %.!<E@$N :GE, 2=$H!"$b $A$m $s!"E}7W $N8~ >e$K $h$C$F2~ A1$G $-$k!# j V tb j 2 < 1 $J $i$P!"Bh ;M@$ Be$N B8:_ $,!"$^$?!" j V tb j 2 > 1 $J$i$P!"2?$+L$CN$NJx2u2aDx!"Nc$($P!" t ! bH + $^$?$O t ! ~ t ~ � 0 1 !"$,<(:6$5$l$k!# ?^ 1.66: (a) m t $H j V tb j 2 $r7h$a$k$7$-$$CM%9%-%c%s$NNc!#%b%s%F%+%k%m%G!<%?$O!"?^ 1.65-a) $HF10l$G$"$k!# (b) %b%s%F %+%k%m%G!<%?$N%U%#%C%H$+$iF@$i$l$k � 2 $NEy9b@~!# %H%C%W$NEr@n7k9g$NB,Dj 61

%H%C%W %/%)!< %/ $, =E $$ $3 $H!" $D $^ $j!" $= $N Er @n 7k 9g $, Bg $- $$ $3 $H $K $h$C $F!" $= $l $r D> @\ B, Dj $9 $k 2D G= @- $, =P $F $/ $k!#$= $N0l $D $NJ} K! $O!" $7$- $$ CMNN 0h $NA4 CG LL @Q$r >\ :Y$K D4 $Y $k$3 $H $G$" $k!# %H%C %W$H H? %H%C%W 4V $K8r 49 $5 $l$k %R%C %0%9 N3;R $N 8z2L $r 8+$k $N $G$" $k!# $3 $N%R%C %0 %9N3 ;R 8r49 $O 0zNO $H $7 $FF/ $-!" 0lHL $K!" $7$- $$ CMNN 0h A4 BN$K $o $?$C$F A4 CGLL @Q$r A} 2C $5$; $k!# $= $7$F!" $= $N 8z2L $O %R%C%0 %9 N3 ;R$N <A NL $,>. $5 $$ $[$I!" $^ $?!" %H%C%W %/%)!< %/ $NEr @n 7k 9g$, Bg $-$$$[$IBg$- $$!#?^ 1.67-a) !" -b) $O!"A0=R$N %b%s%F%+ %k%m%G!<%? $r?’!9$J %R%C%0%9<A NL m H $H 5,3J2= $5$l$?Er @n7k 9g � H $KBP$9$k M}O@$NM=8@$H Hf3S$7$?$b$N $G$"$k!#%R%C%0%9 N3;R8r49$N8z 2L$O>.$5$$$,!" m H $,Hf3SE*>.$5 $1$l$P!" B,Dj2D G= $JHO 0O$K $" $k!#$3 $l$O!" %H%C %W%/%)!< %/$N Bg $-$J Jx2u 6R $N$? $a$K!" QCD $N4s M?$, @5 3N$K I>2A $G $-$k $3$H $K $h$j!"=i$a$F2DG=$H $J$C$?$3$H$G$" $k!# m H $H � 2 H $r<+M3%Q %i%a!<%?$H$7 $F!"%b%s%F%+%k %m%G!<%?$r%U%#%C%H $7$FF@ $i$l$k � 2 $NEy9b@~$r?^ 1.67-c) $K<($7$F$$$k!# � H = 1 ( I8=‘LO7?!K$N>l9g!"$3$NE}7W!J 1 fb � 1 / E@!K$G m H < � 100GeV $J$i$P%R%C %0%9 N3;R8r 49$N 8z2L $rD4$Y $k$3 $H$,=P Mh$k!# 5U$K!" m H = 100 GeV $J $i$P!" Er@n 7k9g$K BP$9 $kE}7W 8m:9 $O � � H ’ 0 : 2 $G $"$k!#%H%C%W %/%)!<%/$NEr @n7k9g$O e + e � ! t � tH H? 1~$NCGLL @QB,Dj$+ $i$bF@$i $l$k!#$3$N >l9g$NEr @n7k9g$KBP$9$kE}7W8m:9$bF1DxEY$G$"$k!# ?^ 1.67: (a) m H $H � 2 H $r7h$a$k$7$-$$CM%9%-%c%s$NNc!#%b%s%F%+%k%m%G!<%?$O?^ 1.65-a) $N$b$N$HF1$8$G!"0[$J$C$?%R%C %0%9<ANL$K BP$9$kM} O@$NM= 8@$HHf3S $7$F$"$k!# (b) F1$8%b %s%F%+%k %m%G!<%?$N 0[$J$C$? Er@n7k9g $NCM$K BP$9$kM} O@$NM=8@ $H $NHf3S!# (c) %b%s%F%+%k%m%G!<%?$N%U%#%C%H$+$iF@$i$l$k � 2 $NEy9b@~!# 1.4.4 %H%C%W%/%)!<%/$N1?F0NLB,Dj A4CGLL@Q$NB,Dj$O!"%H%C%WH?%H%C%W7O$NGHF04X?t$N86E@$G$N@dBPCM$r7hDj$9$k$3$H$KBP1~$9$k!#0lJ}!"%H%C%W%/%)!< %/$N1? F0 NL $,B, Dj $G$- $? $J$i $P!" 1?F0 NL 6u4V $G $NGH F0 4X?t $= $N$b $N $rD4 $Y $k $3$H $, =PMh $k!# $3$l $K $h$C$F!" A4 CGLL @Q $NB, Dj$+ $i $G$O F@ $i$l $J $$?7 $? $J >pJs $r 0z$- =P $9$3 $H $,2D G= $H $J$k!# %H%C %W%/%)!< %/ $N>l 9g $K$O!" $= $N Bg$- $J Jx2u 6R $N$*$+$2$G!"Jx2u$G@8$8$?#3%8%’%C%H$N1?F0NL$NOB$H$7$F?F$N%H%C%W%/%)!<%/$N1?F0NL$rB,$k$3$H$,=PMh$k!#$3$l$O!" BP>CLG2aDx$K$h$C$FJx2u$9$k%A%c!<%b%K%&%‘$d%\%H%b%K%&%‘$N>l9g$K$OIT2DG=$G$"$C$?Cx$7$$FCD’$G$"$k!#$D$^$j%H%C %]%K%& %‘ $K;j$C $F =i$a $F 1?F0 NL 6u4V $G $NGH F0 4X?t $N B,Dj $, 2DG= $H $J$k $N $G$" $k!# $3$3 $G $O!"$3 $N ?7$7 $$ 2DG= @- $K4X $7 $F354Q$9$k!# 62

%H%C%W %/%)!< %/ $N 1? F0 NL B, Dj $+ $i F@ $i $l $k >p Js $K 4X $9 $k Dj NL E* $J 5D O@ $r ;O $a $k A0 $K!" $I $N =E ?4 7O %( %M %k %.!< $G $3 $NB,Dj $r $9$Y $- $+$r 7h $a$F $* $+$M $P $J$i $J $$!#$3 $l $O!"B, Dj $7$? $$ 4pK\ E* $JJ* M} %Q%i %a!< %?$K BP $9$k 46 EY$r $J $k$Y $/ 9b$/$9 $k $h $&$K!" $^ $?!"B, Dj $N:] $N <B83 E*!" M}O@ E* $JIT Dj @-$r $J $k$Y $/ >.$5 $/ $9 $k$h $& $K7h $a $J$/ $F $O$J $i $J$$!# 0l J}!"%( %M%k %.!< $r7h $a $k :]$N 4p =‘ E@$N Ld Bj$b $" $k!# $$$o $f $k %H%C%W H? %H%C%W BP $N $7$- $$ CM%( %M %k %.!<$O!" $3 $N 4p=‘ E@ $H$7 $FE, Ev $G$J $$!# $= $l$O!" A4 CGLL @Q $K$h $k %H%C %W%/%)!< %/ $N<A NL B, Dj$,!" 6/ $$Aj 8_ :n MQ$N 7k 9gDj ?t $H6/ $$ Aj 4X$, $" $k$3$H!"$^$?!"$=$N<ANL$=$N$b$N$NDj5A$K QCD %]%F%s%7%c%k$NDj?t 9‘$+$iMh$k O (300 MeV) $NM}O@E*ITDj@-$,$"$k $?$a $G$" $k!# $3$N :$ Fq$O!" 4p =‘E@ $H $7$F Bh 0l 6&LD $N 0LCV ( p s 1 S ) $r $H$k $3 $H$K $h $j Hr$1 $i $l$k!# Bh 0l6& LD $N0L CV $O!" 86M}E* $K $O!"<B 83 E*$K $$ $/$i $G $b@5 3N $K7h Dj =PMh $k $+$i $G $"$k!# >\ $7$$ 2r @O$K $h $k$H!" 1? F0NL B, Dj$K :G $bE, $7 $?%( %M %k%.!<$OBh0l6&LD$N>e!" � E = p s � p s 1 S ’ 2 GeV $G$"$k!#0J2<$G$O!" 4JC1$N$?$a!"Bh0l 6&LD$N0LCV$,@53N $KCN$i $l$F$$$k$H2>Dj$7!"$3$N:GE,%(%M%k%.!<$K$*$1$k%H%C%W%/%)!<%/$N1?F0NLB,Dj$K$D$$$F9M$($k!# %H%C%W%/%)!<%/$N1?F0NL$N:F9=@. %H%C %W %/%)!< %/ $N 1? F0 NL $r B, Dj $9 $k $K $O!" $^ $: @5 $7 $/ :F 9= @. $5 $l $? %H%C %W %/%)!< %/ $N #3 %8%’%C %H Jx 2u $N ;v >] $r A* $S=P$5 $J $/ $F$O $J $i$J $$!# $3$l $i $N;v >] $OEv A3 >/$J $/ $H$b 0l $D$N #3 %8%’%C%H Jx 2u $r4^ $^ $J$/ $F $O$J $i $J$$ $N $G!";H $$ F@$k=*>u BV$O!"A0 @a$N i) !" ii) !" $H$J$k!# #6%8%’%C%H 2aDx $O!"%H%C%W!" H?%H%C %WN>J} $,1?F0 NLB, Dj$K;H $($k E@$GE} 7WE* $KM-Mx$G $"$k $,!"8m$C $?AH 9g$;$K $h$k %P%C%/ %0%i %&%s%I $N1F 6A$r <u$1 0W$$!#$3 $NE@!" #4%8%’%C %H + 2YEE %l%W%H %s2a Dx $O$h $j $- $l $$ $J %5 %s %W %k $r F@ 0W $$ $H $$ $& Mx E@ $, $" $k!# $= $3 $G!" $3 $3 $G $O!" 2a Dx ii) $K =E E@ $r CV $$ $F =R $Y $k!# ;v >] A* Br $O!"$^ $:!"0l $D $N8I N) $7 $?9b %( %M %k%.!< $N 2YEE %l %W %H%s $H!" ;M $D$N %8%’%C %H$r MW 5a $9$k $3 $H$K ;O $^ $k!#$3 $l $i ;M$D $N %8%’%C%H $N FbFs $D $O!" %P!< %F%C%/ %9 8! =P 4o $K$h $j!" =E $$ %/%)!<%/ !J%\ %H %‘ $^ $?$O %A%c!< %‘!K $H H=Dj $5 $l $J $/ $F$O $J $i $J$$!#$3$l$i!"#2K\$N%8%’%C%H$O b %/%)!<%/$N8uJd$G$"$k!#;D$j#2K\$O W $+$i$N%8%’%C%H$N8uJd$G$"$j!"$=$NITJQ<A NL$O W %\ %=%s $N<A NL$K$J $i$M $P$J $i$J $$!#$3 $NMW5a $K$h$C $F!" W %\%=%s $N8u Jd$, F@$i $l$k!#;0 $D$N %8%’%C%H $KJx 2u $7$?%H%C%W%/%)!<%/$r:F9=@.$9$k$K$O!"$3$N W %\ %=%s8uJd$H#2K\$N b %8%’%C%H8uJd$NFb$N#1K\$r AH$_9g$o$;$J$/$F$O $J$i$J$$!# $3$l $O!"$7$- $$CM NN0h$G $O!"%H%C %W%/%)!<%/ $NB. EY$,>. $5$/!" $=$NJx 2u$G @8$8$? W %\ %=%s $H b %/%)!<%/ $,$[ $\H? BP J}8~ $K Av$k $3 $H$K Cm 0U $9$l $P 4JC1 $G $"$k!# $3 $N$h $& $K $7$F!" %H%C %W$N Jx 2u$+ $i Mh$k #3 %8%’%C %H$r A* $S=P $9 $3$H $,=P Mh $k!# $7$+ $7!" %H%C %W%/%)!< %/ $N 1? F0NL B, Dj $N$? $a $K $O!"$3 $l $@ $1$G $O == J,$G $O $J $$!#$3 $l $i #3K\ $N %8%’%C %H$, %K%e!<%H %j %N$r 4^ $‘2D G= @-$, $" $k $+$i $G $"$k!# 8! =P$5 $l $J$$ %K%e!< %H %j%N $K $h$k 1? F0NL $N 8m:9 $r :G >.8B $K 2!$( $k $?$a!"#3%8%’%C%H$NITJQ<ANL$K%+%C%H$rF~$l$k 5 !# ?^ 1.68-a) $O!" %b %s %F %+ %k %m ;v >] $K BP $7 $F!" $3 $& $7 $F :F 9= @. $5 $l $? %H%C %W %/%)!< %/ $N 1? F0 NL J, I[ !J%G!< %? E@!K $r @8@. ;~ $N 1? F0 NL J, I[ !J%R %9 %H %0 %i %‘!K $H Hf 3S $7 $? $b $N $G $" $k!# F1 $8 ?^ Cf $N ;M 3Q $G <( $7 $? E@ $O!" :F 9= @. $5 $l $? %H%C %W %/%)!<%/ 8uJd $K 4^ $^ $l$k!" 8m$C $? %8%’%C%H $N AH 9g $;$K $h $k %P%C%/ %0 %i %& %s%I $G $" $k!#@5 $7 $$ #3 %8%’%C%H $, A* $P$l $F $$ $k$3 $H!"$^ $?!" :F9= @. $5$l $? 1?F0 NL $,!" $h$/ @8 @.;~ $N $=$l $r :F8= $7 $F $$$k $3 $H$, J, $+$k!# $A $J$_ $K!" $3 $NNc $K $*$1 $k 8!=P8zN($O!"#4%8%’%C%H + 2YEE%l%W%H%s=*>uBV$X$NJ,4tHf$r4^$a$F!"Ls 4% $G$"$k!# ?^ 1.68-b) $O!" F1 MM $N Hf 3S $r #6 %8%’%C %H =* >u BV $K BP $7 $F 9T $J$C $? $b $N $G $" $k!# #6 %8%’%C %H 2a Dx $N 2r @O $O!" 4p K\ E* $K!"$7 $-$$ CM %9%-%c %s $N >l9g $H F1 $8$G!" $? $@!"%+%C %H $, $h$j $- $D $/$J $k $@$1 $G $" $k!#$9 $G $K;X E& $7 $?$h $& $K!" $3$N >l 9g!"4V 0c$C$? %8%’%C %H $N AH9g $; $+ $iMh $k %P%C %/ %0%i %& %s %I$, L5 ;k $G $-$J $$!# $3 $N%P%C %/ %0 %i %&%s %I $O!" %A%c!<%‘ $N :. F~$N>/$J$$ $h$j@v N}$5$l $? b %8%’%C %HH=Dj$K $h$jBg I}$K8: $i$7F@ $k$,!"0J 2<$G$O!" #4%8%’%C%H + 2Y EE%l%W %H%s=* >uBV $N$_$,;H$($k$H$7$F5DO@$r?J$a$k!# � s ( m Z ) $*$h$S Jx2u6R$NB,Dj %H%C%W %/%)!< %/ $N 1? F0 NL J, I[ $O!" 0l HL $K!" %H%C %W %/%)!< %/ $N <A NL ( m t ) !" Jx 2u 6R (� t ) !" 6/ $$ Aj 8_ :n MQ $N 7k 9g Dj ?t ( � s ( m Z )) !" $*$h $S B, DjE@ $N %( %M %k%.!< (� E = p s � p s 1 S ) $K 0M B8 $9$k!# $3 $3 $K!"%R%C %0 %9 8r49 $K 4X $9 $k%Q %i %a!< %?$r4^ $a $J $+$C$? $N $O!"$= $N 8z2L $, C;5w N% $N$_ $K 8=$l $k $?$a!" CG LL@Q A4 BN$K $+ $+ $k5, 3J 2=Dj ?t $K$7 $+ 8z$+ $:!" 1?F0 NL J,I[ $N7A $K $O1F 6A $rM? $( $J$$ $? $a $G$" $k!# $3$l $O!" L$CN $N %R%C%0 %9 8r 49$N 8z 2L$r J, N%$7 $F!" B>$N %Q %i %a!<%? $r 7hDj $G $-$k $3$H $r 0UL# $7 $F$$ $k!# LdBj $H $J$k %Q %i%a!< %? ( m t !" � t !" � s ( m Z )) $K BP $9$k 1? F0NL J, I[ $N0M B8 @-$r <( $9$? $a $K!" 1?F0NL J, I[$N %T!< %/CM ( j p j peak ) $r Bh 0l6& LD $+$i B,$C $?%( %M %k%.!< (� E ) $N 4X?t $H $7$F $$ $/$D $+ $N%Q %i %a!<%? CM $KBP $7$F%W %m%C%H $7$? $N$, ?^ 1.69-a) $+$i -c) $G $"$k!# ?^ 1.69-a) $+$i J, $+$k $h$& $K!" � s ( m Z ) $,Bg $-$/ $J$k $H!" � E = 2 GeV $G$O j p j peak $, >.$5 $/$J$k!# $3$l $O!"0l 8+!"%S %j%" %kDj M}$+ $i$N M=B, $KH? $9$k $h$& $G$" $k$,!" %(%M %k%.!< $rBh 5 $3$N%+%C%H$O!"1?F0NLB,Dj$K0-1F6A$rM?$($J$$$h$&$K!"==J,4K$/$J$/$F$O$J$i$J$$!# 63

?^ 1.68: :F 9= @. $5 $l $? %H%C %W %/%)!< %/ $N 1? F0 NL J, I[ !J%G!< %? E@!K $H @8 @. ;~ $N 1? F0 NL J, I[ !J%R %9 %H %0 %i %‘!K $H $N Hf 3S!# ;M3Q$G <($7 $?E@ $O!":F 9=@. $5$l $?%H%C %W%/%)!< %/8u Jd $K4^ $^$l $k8m$C $?%8%’%C %H$N AH9g $;$K $h$k %P%C%/ %0%i %&%s %I!# (a) #4 %8%’%C%H + 2YEE%l%W%H%s=*>uBV!# (b) #6%8%’%C%H=*>uBV!# 64

0l6&LD$N0LCV$+$iB,$C$F$$$k$? $a$G$"$k!# � E $r 8GDj$7$?;~!" � s ( m Z ) $,Bg$-$/$J$k $H!"$7$-$$CM$+$iB,$C$? %(%M%k %.!<$,8:>/$9$k!#$3$N 8z2L$G j p j peak $, >.$5$/$J$k3d 9g$,!"%S%j%" %kDjM}$K=>$C $F j p j peak $,Bg$-$/ $J$k3d9g$r >e2s$k $N$G$"$k!#0lJ}!"?^ 1.69-b) $K <($7$? � t $KBP$9$k0MB8@- $O!"AGKQ$JD>4Q $K0lCW$9$k!#Jx2u 6R$,Bg$-$/$J $k$H!"%H%C%W %/%)!<%/$,%]%F%s%7%c%k$N $h$j?<$$=j$GJx 2u$9$k$?$a!" j p j peak $,Bg$-$/$J $k$N$G$"$k!#%(%M %k%.!<$rBh0l6& LD$N0LCV $+$iB,$k$3 $H$K$h $j!" m t $K BP$9$k 0MB8@- $,L5;k $G$-$k $[$I>. $5$/$J $k$3$H !J?^ 1.69-c) !K$b CmL\$K CM$9$k!# $3$l$K $h $j!" � s ( m Z ) !" � t $r7hDj$9$k:]$N m t $H$NAj4X$r=|5n$G$-$k$3$H$K$J$k!# ?^ 1.69: %H%C%W %/%)!<%/$N1? F0NLJ,I[ $N%T!<%/CM ( j p j peak ) $r 1 S 6&LD>u BV$+$iB,$C $?%(%M%k %.!< (� E ) $N4X?t$H $7$F%W %m%C%H$7$?$b$N!# (a) � s ( m Z ) 0MB8@-!# (b) j V tb j 2 0MB8@-!# (c) m t 0MB8@-!# ?^ 1.70-a) $O!" � E = 2 GeV $K$* $1$k %H%C%W %/%)!<%/ $N1? F0NL J,I[ $r!" j V tb j 2 = 1 !" � s ( m Z ) = 0 : 11 !" 0 : 12 !" 0 : 13 $N>l 9g$K $D$$ $F <($7 $?$b $N$G $" $k!#?^ 1.70-b) $O!" F1$8 %(%M %k%.!< $G j p j peak $, � s ( m Z ) $K$I $&0M B8 $9$k $+$r <( $7$F$$ $k!# ?^Cf!" E@@~ $G <($7 $?$N $O!" 100 fb � 1 $NE} 7W $r$? $a$? :] $K4| BT$5 $l $k 1- � $N E} 7W8m :9HO 0O $G$" $k!#Bh 0l 6& LD$N0LCV$,CN$i$l$F $$$F!"$+$D!" j V tb j 2 = 1 $N>l9g!"$3$l$O 6/ $$Aj8_:nMQ$N 7k9gDj?t$KBP $9$kE}7W8m:9 � � s ( m Z ) ’ 0 : 0015 $KBP1~$9$k!# ?^ 1.71-a) $O!" � s ( m Z ) = 0 : 12 !" j V tb j 2 = 0 : 8 !" 1 : 0 !" 1 : 2 $N>l9g$N!" � E = 2 GeV $K$*$1$k%H%C%W%/%)!<%/$N1? 65

?^ 1.70: (a) � E = 2 GeV $K$*$1$k%H%C%W %/%)!<%/$N1?F0NLJ, I[!#%Q%i%a!<%?$O j V tb j 2 = 1 !" � s ( m Z ) = 0 : 11 !J0lE@:? @~!K!" 0 : 12 !J<B@~!K!" 0 : 13 !JGK @~!K$G$"$k!# (b) 1?F0NL J,I[$N%T!< %/CM ( j p j peak ) $N � s ( m Z )- 0M B8@-!#E@@~$O 100 fb � 1 $KBP1~$9$k 1- � $NE}7W8m:9HO0O!# F0NLJ,I[$G$" $k!# j p j peak $O!"?^ 1.71-b) $K<( $7$?$h$& $K!" j V tb j 2 $H $H$b$KA} Bg$9$k!#E@ @~$O!" 100 fb � 1 $NE}7W $r$? $a$?:]$K4|BT $5$l$k 1- � $NE}7W8m :9HO0O$G $"$k!#$3$N Nc$G$O!"Bh 0l6&LD$N 0LCV$*$h $S � s ( m Z ) $,CN$i$l $F$$$k$H $9$k $H!" 100 fb � 1 $NE}7W$G!"Jx2u6R$KBP$9$kE}7W8m:9 � j V tb j 2 ’ 0 : 04 $NB,Dj$,=PMh$k$3$H$K$J$k!# ?^ 1.71: (a) � E = 2 GeV $K$*$1$k %H%C%W%/%)!<%/$N1? F0NLJ,I[!#%Q%i %a!<%?$O � s ( m Z ) = 0 : 12 !" j V tb j 2 = 0 : 8 !J0lE@ :?@~!K!" 1 : 0 !J<B @~!K!" 1 : 2 !JGK@~!K$G$"$k!# (b) 1?F0NLJ,I[$N %T!<%/CM ( j p j peak ) $N j V tb j 2 - 0MB8@-!# E@@~$O 100 fb � 1 $K BP1~$9$k 1- � $NE}7W8m:9HO0O!# 1.4.5 %H%C%W%/%)!<%/$NA08eJ}HsBP>NEY$NB,Dj $3$3$^$G$O!" $7$-$$ CMNN0h$K $*$1$k S GH$N4sM? $N$_$r9M ;!$7$F $-$?!#A4CG LL@Q!"$*$h $S1?F0NL J,I[$K BP$9$k P GH $N4s M? $O %H%C %W %/%)!< %/ $N B. $5 $r � $H $7 $? ;~!" O ( � 2 ) $N NL $J $N $G!" L5 ;k $G $- $? $o $1 $G $" $k!# $7 $+ $7!" P GH $N 4s M? $O!" S GH$H $N43>D $rDL $7$F A08e J}Hs BP>N EY$r @8$8!" %H%C%W BP$N HyJ, CGLL @Q$K BP$7 $F O ( � ) $NJd @5$r M?$( $k!#$3 $l$O!" %H%C%W%/%)!<%/$NJx2u6R$,Bg$-$/!"0[ $J$C$?%(%M%k%.!<%l%Y%k $K$"$k S GH$N6& LD>uBV$H P GH$N6&LD>uBV$,=E $J$j9g$& $?$a$K@8$:$k%H%C%W%/%)!<%/$G;O$a$F8=$l$k8=>]$G$"$k!#?^ 1.72 $O S GH$N6&LD>uBV$H P GH$N6&LD>uBV$N0LCV$rLN<0E* $K<($7$?$b $N$G$"$k!# S GH$NBh 0l6&LD >uBV (1 S ) $O8IN) $7$F$$ $k$,!"$=$l $h$j>e $N6&LD>u BV ( nS ; n � 2) $G$O 3F!9$N S GH$N 6&LD >uBV $K P GH$N6& LD>u BV$, NY@\ $7$F $$$k!# %]%F %s%7%c%k $,87 L)$K %/!<%m %s7? $G$" $l$P!" n � 2 $N S GH$N6& 66

LD>uBV$H P GH$N6& LD>uBV $O=LB‘ $9$k!#8= <B$N QCD 7? %]%F%s %7%c%k$G$O A26a<+ M3@-$N $?$a!"$h $j1s5w N%NN0h$K C#$9$k P GH>uBV$O$h$j6/$$0zNO$r<u$1$=$N<ANL$,<c432<$,$k$N$G$"$k!# ?^ 1.72: S - GH$N6&LD>uBV$H P - GH$N6&LD>uBV$N0LCV$NLN<0?^!# $b$7!" 1 S >u BV $K :B$C $? $H $9 $k $H!" 1 S $H 2 P $N %( %M %k %.!< %l %Y %k 4V 3V $, 6& LD >u BV $N Jx2u 6R $K Hf $Y $F $:$C $H Bg $- $1$l $P!"43 >D $O@8 $8 $:!" =>$C$F A0 8e J}Hs BP >NEY $b @8 $8$J $$!# $D $^$j!" A0 8eJ} Hs BP >NEY $N B,Dj $K $h$C $F!"6& LD >u BV$N Jx 2u6R$H %l %Y %k4V 3V $NAj BP E*$J Bg $-$5 $r 7hDj $G $-$k $3 $H$, J, $+$k!# 6& LD>u BV $N Jx2u 6R $,<g $H $7$F %H%C %W%/%)!< %/ $NJx 2u 6R$G7h $^$k $3$H!"$^ $?!"%l %Y%k 4V3V $,<g $H$7 $F � s ( m Z ) $G 7h$^ $k$3 $H$r 9M$( $l$P!" A08eJ} HsBP >NEY $NB, Dj$+ $i � t $H � s ( m Z ) $K4X$9$k>pJs$,0z$-=P$;$k$3$H$K$J$k!# ?^ 1.73-a) $+$i -c) $KA0 8eJ}HsBP>NEY$r � E $N 4X?t$H$7$F!"$=$l$>$l!" � s ( m Z ) !" j V tb j 2 !" m t $N$$ $/$D$+$NCM$K BP$7$F <($7 $?!#?^ 1.73-a) $+$i!" � s ( m Z ) $, Bg$- $/$J $k$H!" %l%Y %k4V 3V$, Bg$- $/$J $j!"=>$C $FA0 8eJ} HsBP >NEY $,>. $5 $/$J$k$3$H!"$^$?!"?^ 1.73-a) $+$i$O!" j V tb j 2 $,Bg$-$/$J$k$H!"$9$J$o $A!"Jx2u6R$,Bg$-$/$J$k$H!" S >uBV$H P >uBV $N=E $J$j $, Bg$- $/ $J $j!"A0 8e J}Hs BP >NEY $b A} 2C$9 $k $3$H $, J, $+$k!# 0l J}!"A0 8e J} HsBP >N EY$N %H%C %W%/%)!< %/ $N <ANL $K BP$9$k0MB8@-$O!"B,Dj$r7h$^$C$? � E $G9T$J$&8B$j!"L5;k$G$-$k!# $3$3$G!"A08eJ}Hs BP>NEY$NB,Dj $r$I$N%(%M%k %.!<$G9T$J$&$+ $,LdBj$H$J$k $,!"%Q%i%a!<%?$K BP$9$k46EY!" M}O@E*<B 83E*ITDj@-$NBg>.$r9MN8$7$?>\$7$$2r@O$K$h$k$H!" m t = 150 GeV $N>l9g!" � s ( m Z ) $N7hDj$K:G$bE,$7$?%(%M%k%.!< $O � E = p s � p s 1 S ’ 1 GeV $G$"$k!# $5$F!" A08e J} HsBP >N EY$N B,Dj $G $O!":F 9= @.$5 $l $? #3%8%’%C %H 7O$N EE2Y $r CN$k I, MW$, $" $k!#$= $N :G$b D>@\ E* $JJ} K! $O!"#4%8%’%C%H + 2Y EE%l %W%H %s=*>u BV$r MQ$$ $k$3$H $G$" $k!#;v >]A* Br$O!"1? F0NL B,Dj $N>l9g $HF1 MM$K $9$l$P NI$$!# $? $@$7!"4|BT$5$l$kA08eJ}HsBP>NEY$,>.$5$$$N$G!"E}7W$r2T$0$?$a%+%C%HCM$rBgI}$K4K$a$kI,MW$,$"$k!# m t $,Bg$-$/$J $l$P!" A08e J} Hs BP>N EY $, Bg$- $/ $J $k $N$G!" B, Dj $O!"4v J, 3Z $K$J $k!# #6 %8%’%C%H =* >u BV$N ;H MQ $N2D G= @- $b$" $k!# %A%c!< %‘$"$k$$$O%\%H%‘$r4^$‘=E$$Cf4V;R$N=‘%l%W%H%sJx2u2aDx$OEvA3$N$3$H$H$7$F!"Fs<!%P!<%F%C%/%9$N8!=P$,=PMh$l$P!" D Cf4V ;R$N ;HMQ $b M-$j F@$k!# $$$: $l$K $;$h!" $3 $l$i $N2D G=@- $N8! F$$O >\:Y $J %b%s %F%+ %k%m 7W;; $rI, MW$H $7!" =>$C$F $^ $?!"B,Dj4o $N>\ :Y$K $b6/$/ 0MB8 $9$k!# $3$3$G $O!"$3 $l$i$N >\:Y $KN) $AF~$i $:$K!" C1$K!" 40k ;v >]$, :F9=@. $5$l $?$H 2> Dj$7$FB,Dj $NE}7W8m :9$N$_$r 5DO@$7 $h$& 6 !# 4|BT$5 $l$kA08e J}HsBP>N EY$,>. $5$$$N$G!" EvA3!"B, Dj4o$N;} $DA08eJ} HsBP >NEY$K$h$k7OE}8m:9$bBg$-$JLdBj$H$J$jF@$k$,!"$3$l$K4X$7$F$O!" Z %]!<%k>e$G$N3S@5$,M-1W$G$"$m$&!# ?^ 1.74 $O!" � E = 1 GeV $K$* $1$k A08eJ} HsBP >NEY$r � s ( m Z ) $N 4X?t $H$7$F %W%m%C %H$7 $?$b$N $G$" $k!#E@@~ $O!" 40k ;v >]$KBP1~ $9$k 1- � $NE}7W 8m:9HO0O $G$"$k!#Bh 0l6&LD$N0L CV!"$^$?!" j V tb j 2 $,CN$i$l $F$$$k$H $9$k$H!"6/ $$Aj8_ :nMQ$N7k9gDj?t$KBP$9$kE}7W8m:9$O � � s ( m Z ) ’ 0 : 003 $G$"$k!# F1$8 %( %M %k %.!< $K$* $1 $k A0 8e J} Hs BP>N EY $r j V tb j 2 $N 4X ?t $H $7 $F %W%m%C %H $7 $? $b $N $,?^ 1.75 $G $" $k!# E@@~ $O!" 40k ;v>]$KBP1~$9 $k 1- � $NE} 7W8m:9HO 0O$G$"$k!# Bh0l6&LD $N0LCV!"$^ $?!" � s ( m Z ) $,CN$i$l $F$$$k$H $9$k$H!" � j V tb j 2 ’ 0 : 07 $,4|BT$5$l$k!# 1.4.6 %H%C%WEr@n7k9g$ND>@\B,Dj JLC $NBhFs 4|7W2h $G%(%M %k%.!<$rA} 6/$7!" e + e � ! t � tH H?1~ $N$7$-$$ CM$r$3 $($k$H!" %H%C%WEr@n 7k9g$N D>@\B,Dj $,2D G= $H $J $k!# e + e � ! t � tH H? 1~ $N <g $J %@ %$%" %0 %i %‘ $O Fs <o N‘ $"$k!# Bh 0l $O =* >u BV $N%H%C %W %/%)!< %/ $^ $? $O H? %H%C %W%/%)!< %/ $+ $i 7Z $$ %R%C %0 %9 $, J| =P $5 $l $k $b $N $G!" $3 $l $O %H%C %W %/%)!< %/ Er @n 7k 9g $K Hf Nc $9 $k!# Bh Fs $O S - %A%c %s %M 6 $3$NE}7W$O!"8!=P8zN($, 40% $H$7$?;~!" 200 fb � 1 $KBP1~$9$k!# 67

?^ 1.73: %H%C%W%/%)!<%/$N A08eJ}HsBP >NEY$r 1 S 6&LD >uBV$+$i7W$C $?%(%M%k%.!< (� E ) $N4X?t$H$7 $F%W%m%C%H$7$? $b$N!# (a) � s ( m Z ) 0MB8@-!# (b) j V tb j 2 0MB8@-!# (c) m t 0MB8@-!# 68

?^ 1.74: � E = 1 GeV $K$*$1$kA08eJ}HsBP>NEY$N � s ( m Z )- 0MB8@-!# ?^ 1.75: � E = 1 GeV $K$*$1$kA08eJ}HsBP>NEY$N j V tb j 2 - 0MB8@-!# 69

%k$N Z $+ $i %R%C %0 %9 $, 8= $l $k >l 9g $G!" $3 $l $O %H%C %W %/%)!< %/ Er @n 7k 9g $K 4X $9 $k >p Js $r C4 $o $J $$!# ?^ 1.76-a) $* $h $S - b) $O!"$3 $l $i$N Fs $D$N %@ %$ %"%0 %i %‘$, $= $l$> $l $I$N MM $KCG LL @Q $K4s M? $7$F $$ $k$+ $r <($7 $? $b $N$G $" $k!#?^ 1.76-a) $O m H = 100 GeV !" ?^ 1.76-b) $O m H = 150 GeV $N >l 9g $K BP 1~ $7 $F $$ $k!# CG LL @Q $O!" ;O >u BV mU <M Jd @5 $r 9M N8 $7!" m t = 170 GeV $H$7$F7W;;$7$?$b$N$G$"$k!# ?^ 1.76: m H = 100 GeV (a) !" m H = 150 GeV (b) $KBP $9$k@8@.CGLL@Q!#;O >uBVmU<MJd@5$r9M N8$7!" m t = 170 GeV $H $7$F7W;;$7$F$$$k!# $3$N?^ $+$i!" CGLL @Q$K <g$K 4sM? $9$k$N $OBh 0l$N %@%$ %"%0 %i%‘ $G$"$C $F!"=>$C $F!" e + e � ! t � tH H? 1~$N A4CG LL@Q$O � 2 H $KHfNc$7$F$$$k$H$$$($k!#C1=c$K$3$NH?1~$NIQEY$r7W$l$P!"%H%C%WEr@n7k9g$ND>@\B,Dj$,$*$3$J$($k$3$H$K$J$k!# e + e � ! t � tH H? 1~$N A4 CGLL @Q$O $5 $[$I Bg$- $/ $J$$ $N$G!" LdBj $O $I$N MM$K %P%C %/%0 %i%& %s %I$r Mn$H $9 $+$H $$$& ;v $K $J$k!# t � tH @8@.$N%7%0%J%k$O!"Fs$D $N W $H;M $D$N b $G$"$k!# W $, q � q 0 $^$?$O l � ( � ) � $KJx2u$9$k>l9g $K$h$C$F!"=*>u BV$O 1) 8 %8%’%C%H (38%) !" 2) %l%W %H%s!\ 6 %8%’%C %H (37%) !"$= $7$F;D $jA4$F $, 2 %l%W%H %s +4 %8%’%C%H$H $J$k!# $3$3 $G $O!" 1) $*$h $S 2) $N >l 9g $r9M $( $k!# %P%C %/%0 %i %& %s %I $O:o 8: IT G= $H:o 8: 2D G= $NFs <o N‘ $K J, $1$i $l $k!# :o 8:IT G= $J$b$N$O!" e + e � ! t � tZ H?1~ $G Z $, b � b $KJx 2u$7$? $b$N$G $"$k!#$b$A $m$s!"%R%C %0%9$H Z $N <ANL$, ==J,0[ $J$k>l 9g$K $OJ, N% 2D G=$G $" $k!# $^ $?!" $9 $G $K=R $Y $? $H $* $j!" S - %A%c %s %M %k $N Z $+ $i%R%C %0 %9 $, 8= $l $k $b$N $b J, N% $G $- $J $$!#:o 8:2DG=$J%P%C%/%0%i%&%s%I$G:G$bBg$-$$$b$N$O!" e + e � ! t � t $G%0%k!<%*%s$NJ|=P$rH<$&$b$N$G$"$k!# %7%0%J%k;v>]$rA*JL$9$k4pK\E*$J%+%C%H$O!"=*>uBV$K 8 $^$?$O 6 %8%’%C%H$rMW5a$7$5$i$K%9%i%9%H$,>.$5$$ (thrust < 0.8) $3 $H $r MW 5a $9 $k %7%’ %$ %W %+%C %H $H!" m 2 J ’ m W =m H $* $h $S m 3 J ’ m t $r MW 5a $9 $k <A NL %+%C %H $G $" $k!# 8 %8%’%C%H$N>l9g$K$O!";M851?F0NL$NJ]B8!" P T < 50 GeV $*$h$S � E v is < 200 GeV $rMW5a$9$k!#$5$i$K!"=*>uBV$K b %8%’%C%H8u Jd$, ;0$D 0J>e B8:_ $9$k $H$$ $&=E MW$J MW5a $r2C $($k!# =E$$ %U%l!< %P!< ( c , b ) F1Dj $N8z N($O!" JLC-I %0 %j!<%s %V%C%/ [37] $NCM$rMQ$$!" b %8%’%C%H$KBP$7$F � b = 0 : 78 !" c %8%’%C%H$KBP$7$F � c = 0 : 38 $r2>Dj$7$?!# 70 t � tH $K2C$(!"%P%C%/%0%i%&%s%I$N t � t $*$h$S t � tZ $r%b%s%F%+%k%m$K$h$j@8@.$7$?!#=E?47O%(%M%k%.!<$O p s = 700 GeV $G!" m t = 170 GeV !" m H = 100 GeV $H$7!" %S!<%‘%( %M%k%.!<$N 9-$,$j $*$h$S %S!<%‘%7%e %H%i!<%k%s %0$,9M N8$5$l $F$$$k!#@8@.$5$l$?$3$l$i$N;v>]$O!"$5$i$K JLC-I B,Dj4o%7%_%e%l!<%?!<$rDL$7$?8e!"2r@O$NBP>]$H$J$k!# 0J>e$N%+%C%H$K$h$jA*JL$7$?8e$K;D$C $?;v>]$K$*$1$k W $*$h$S H 8uJd$N 2 %8%’%C %HITJQ<ANLJ,I[$r?^ 1.77-a) $* $h$S -b) $K<($9!# a) $O 8 %8%’%C%H!" b) $O%l%W%H%s +6 %8%’%C%H$N>l9g$G$"$k!# ?^ 1.77: A*JL$7$?8e$K;D$C$?;v>]$K$*$1$k W $*$h$S H 8uJd$N 2 %8%’%C%HITJQ<ANLJ,I[!# a) 8 %8%’%C%H!" b) %l%W%H%s +6 %8%’%C%H!# ?^ 1.78-a) $*$h$S -b) $O!"?.9f;v>] ( t � tH ) $*$h$S%P%C%/%0%i%& %s%I;v>] ( t � t ) $N%9%i%9%HJ, I[$r<($7$?$b$N $G$"$k!# a) $O 8 %8%’%C%H!" b) $O%l%W%H%s +6 %8%’%C%H$N>l9g$G$"$k!# ?^$+$i$o$+$k$H $*$j!"%7%0%J%k $O%P%C%/%0%i%& %s%I$KHf$Y$h $j5eLLE*$K9- $,$C$F$$$F!"%9%i %9%H$N>.$5$$ J}$KJ,I[ $7$F $$ $k!# =>$C $F!" %9%i %9 %H $, 0.8 0J 2< $H $$ $& MW5a $O!" 6K $a $F M- 8z $K %P%C %/%0 %i %& %s %I $r :o 8: $9$k!# %P!< %F%C %/ %9 8! =P4o$N@- G=$r >e$2!" b $r 100 6a$/ $N=c EY$G%? %0$9 $k$3$H $,$G $-$l$P $3$N t � t %P%C %/%0%i %&%s %I$OL5 ;k$G $-$k%l %Y%k $K8: >/$9$k!# =E?47O%(%M%k%.!< p s = 700 GeV $G$NCGLL@Q$O � t � tH ’ 3 : 0 fb $G$"$k ( m t = 170 GeV !" m H = 100 GeV ) !#J,4t Hf$r4^$a $FAm9g E*$JA* JL8zN( $O!" 8 %8%’%C%H!"%l %W%H%s +6 %8%’%C %H$KBP $7$F3F!9!" 0.23 !" 0.16 $G$" $k!#=>$C$F!" 8! =P8zN(!" � t � tH !"$OA4BN$H$7$F0J2<$N$h$&$K$J$k!# � t � tH = 0 : 23(8 %8%’%C%H ) + 0 : 16( %l%W%H%s!\ 6 %8%’%C%H ) = 0 : 39 !# 0lJ}!"<B8zE*$J%P%C%/%0%i%&%s%ICGLL@Q$O!" � t � tZ ’ 4 : 2 fb $*$h$S � t � t ’ 402 fb $G!"%P%C%/%0%i%&%s%I$N8!=P8zN($O0J 2<$N$h$&$K$J$k : � t � tZ = 0 : 088(8 %8%’%C%H ) + 0 : 048( %l%W%H%s!\ 6 %8%’%C%H ) = 0 : 14 !" � t � t = 0 : 0009(8 %8%’%C%H ) + 0 : 0010( %l%W%H%s!\ 6 %8%’%C%H ) = 0 : 0019 !# 100 fb � 1 $N%G!<%?$G4| BT$5$l$k%7%0%J%k ?t$O S = 114 $G$"$j!"%P%C%/ %0%i%&%s%I$O B = 133 $G$"$k!#=>$C $F!" S= N Hf$O 0.86 $G$" $k!#%7 %0 %J%k ?t$O 5,3J 2= $5$l $?%H%C %WEr @n 7k9g $NFs >h ( � 2 H ) $KHf Nc$7 $F $$$k $N$G!" $3$l $i $N?t $r%H%C %W Er@n7k9g$N7hDj@:EY$KJQ49$9$k$H!" � � H =� H ’ 0 : 14 ( p s = 700 GeV, 100 fb � 1 ) $H$J$k!# 0J>e8+$F$- $?MM$K!" t � t $NBP @8@.$G$O!" MM!9$JJ}K! $G=EMW $JJ*M}NL $r0z$-=P $9;v$,$G $-$k!# m t = 150 GeV $N>l9g $r0l Nc$K $H $j!"%H%C %W %/%)!< %/$N J* M}<B 83 $K4X $7!" $= $N<j =g $r4^ $a $? 8&5f %7 %J%j %* $r <($7!" Dj NLE* $J 8!F$ $r ?J $a$F $- $?!#7k2L$O0J2<$NMM$K$^$H$a$i$l$k!# 71

?^ 1.78: ?.9f;v>] ( t � tH ) $*$h$S%P%C%/%0%i%&%s%I;v>] ( t � t ) $N%9%i%9%HJ,I[!# a) 8 %8%’%C%H!" b) %l%W%H%s +6 %8%’%C%H!# 72

I= 1.2: m t = 150 GeV !" m t = 170 GeV $KBP$9 $k%Q%i%a!<%?$N7hDj @:EY!#$7$-$$ CM6aJU$G!"3F!9 1 fb � 1 $G 11 E@$NB,Dj$r$7$?>l9g!# m t (GeV) 150 170 � m t (GeV) 0.20 0.35 � t = � t 0.18 0.16 � � s ( m Z ) 0.005 0.007 � � H ( m H =100GeV) 0.43 0.25 I= 1.3: I= 1.2 $H F1MM!#$? $@$7!"@Q J,%k %_%N%7 %F%#!< 100 fb � 1 $G1?F0 NLJ, I[$NB, Dj $r$7$?>l9g!# m t (GeV) 150 170 � t = � t 0.04 0.03 � � s ( m Z ) 0.0015 0.0020 $7$- $$CM 7A>u $O%( %M %k%.!< %9%-%c %s$K $h$C $F7h Dj$5 $l$k!# 3F!9 1 fb � 1 $NE} 7W$G B, Dj$5 $l$? #1 #1E@ $N%G!< %?$r ;H$C $F!" � s $K $J $s$i $N @)8B $,$D $+ $J$$ >l9g $G $b!"%H%C %W %/%)!<%/ $N<A NL $r � m t = 0 : 2 GeV $NE} 7W @:EY $G7h Dj $9$k $3$H $,$G$-$k!#0lJ}!" � s $O!"%H%C%W%/%)!<%/$N <ANL$N@)8B$J$7$K!" � � s ( m Z ) = 0 : 005 $N@:EY$G7hDj$5$l$k!# >e$N@:EY$G � s $,7hDj$5$l$F$$$k$H$9$k$H!"%H%C%W%/%)!<%/$NI}$O � t = � t = 0 : 2 $NE}7W@:EY$G7hDj$5$l$k!# m H = 100 GeV $N I8=‘ LO 7?%R%C %0%9 $N >l9g $K$O!" 5, 3J2= $5$l $?%H%C %W Er@n 7k9g $N 7hDj @:EY $O � � H = 0 : 43 $H $J $k!#$3 $N>l 9g!" 3F B,Dj E@ $G $N@Q J, %k %_ %N%7 %F%#!< $r FsG\ $K $9 $k$+!" $" $k $$$O!" #6 %8%’%C %H%b!< %I $K 2C$( $F %l %W%H %s !\ #4%8%’%C%H%b!< %I$rJ; MQ$9 $k$3$H $K$h$j!" $=$N@: EY$O � � H = 0 : 29 $K 2~A1$5 $l$k!#$7 $+$7 $3$N>l 9g$K$O!" %S!<%‘ %(%M %k%.!< $N9- $, $j $r � E beam < � 0 : 4 %(FWHM) $K @) 8f $9$k $+!" $"$k $$ $O!" %S!<%‘ %9 %Z %/%H %i %‘ $N>\ :Y $JB, Dj $, I,MW $H $J$k!# $7$-$$CM$G$N%H%C %W%/%)!<%/1?F0NL J,I[$NB,Dj $O!"%S!<%‘8z2L$K $"$^$j1F6A$5 $l$J$$!#$7$-$$ CM$G$N1?F0NL J,I[$N B,Dj $O!"=> Mh $N 7Z$$ %/%)!< %/ 7O$G $O IT 2D G=$G!" =E $$ %H%C%W %/%)!< %/ $K;j$C $F $O $8$a $F 2D G=$H $J $j!" A4CG LL @Q $NB, Dj $H $OFH N) $J >p Js $r M? $( $k $H $$ $& FC D’ E* $J E@ $r :F EY 6/ D4 $7 $F $* $/!# $7 $- $$ CM %( %M %k %.!< %9 %-%c %s $K $h$C $F 7h Dj $5 $l $? 1 S %T!<%/0L CV $N>p Js $r;H$C $F!" � s ( m Z ) $N>\ :Y 7hDj $r $*$3 $J $&$3 $H $,$G $- $k!#$3 $N >l9g!" %H%C %W%/%)!< %/ $N<A NL $K4X $9 $kITDj @- $O!" � s ( m Z ) $N @: EY$K 1F 6A $7$J $$!# 100 fb � 1 $N %H%C%W %/%)!< %/1? F0 NLJ, I[ $NB, Dj $+$i!" � s ( m Z ) $O 0 : 0015 $N@:EY$G7hDj$5$l$k!#$^$?!" � s ( m Z ) $,B>$NB,Dj $+$iF@$i$l$F$$$k$H $9$k$H!"%H%C%W%/%)!<%/I} $O � t = � t ’ 0 : 04 $N @:EY $G7h Dj $5$l $k!# %H%C %W%/%)!< %/ 1? F0NL $K BP$9 $k $O %R%C%0 %9 8r 49$N 1F 6A$O >. $5 $$$N $G!" $3$3 $G F@ $i$l $? %Q %i%a!< %? $O!"A4CGLL@Q$+$iEr@n7k9g$r0z$-=P$9:]$NM-MQ$J%$%s%W%C%H$H$J$jF@$k!# A08eJ}HsBP >NEY$NB, Dj$O!" � s ( m Z ) $H%H%C%W%/%)!< %/I}$N7h Dj$N$?$a $N$b$&0l $D$N>pJs 8;$G$"$k!# 1 S %T!<%/0L CV $H j V tb j 2 $,B,Dj$5$l$F$$$k>l9g$K$O!"8!=P$5$l$? 40 k t � t ;v>]$+$i � s ( m Z ) $r � � s ( m Z ) ’ 0 : 003 $NE}7W@:EY$G7h$a$k $3$H$,$G$- $k!#0lJ}!" 1 S %T!<%/0L CV$H � s ( m Z ) $,2r$C$F $$$k>l9g $K$O!"%H%C %W%/%)!<%/ I}$r � t = � t ’ 0 : 07 $N @:EY $G7h Dj$G $- $k$3 $H $K $J$k!# $7 $+ $7$3 $N >l9g $K $O!" %S!<%‘ %( %M %k%.!< I} $N@) 8f!" $" $k$$ $O!" %S!<%‘ %9 %Z %/%H %i %‘ $N>\ :Y $JB,Dj$,I,MW$H$J$k $h$j9b $$%( %M%k %.!<$G $O%H%C%W Er@n 7k9g $ND> @\B, Dj$b 2DG=$H $J$k!# =E?4 7O%( %M%k %.!<$, p s = 700 GeV $G m t = 170 GeV !" m H = 100 GeV $H$9$k$H!" 100 fb � 1 $NE}7W$G!" � � H =� H ’ 0 : 14 $N@:EY$G7hDj$G$-$k!# $3$3$G 5-=R $5$l $?B? $/$N @.2L $, TEV A TR ON $G$N %H%C%W %/%)!<%/ $NH/ 8+5Z $S<A NL$N B,Dj 0JA0 $K?J $a$i $l$F Mh$? $b $N$G$"$j!" m t = 150 GeV $G$* $3$J$C $?%7%_%e %l!<%7%g %s$N7k 2L$r $b$H$K $7$F$$ $k!# m t = 170 GeV $H $7$?>l 9g$K $bK\Js9p$NK\<AE*FbMF$OJQ$o$i$J$$$,!"N><T$NHf3S$rI= 1.2 !"I= 1.3 $K<($7$F$*$/!# 73

1.5 EE<eAj8_:nMQ$N@:L)8&5f 1.5.1 35MW TRIST AN/SLC/LEP-I $J $I=>Mh$NEE;RM[EE;R%3 %i%$%@!<$G$O s %A%c%s%M%k$N = Z $r7PM3 $7$?%U%’%k%_%*%s$NBP @8@.H?1~$,<g$JN3;R@8@.H?1~ $G$"$C$?!#$3$N;v>p$O JLC $G$O 0lJQ$7!"?^ 1.79 $K<( $9$h$&$K!"%2!<%8N3;R$N @8@.H?1~$N CGLL@Q $, N3;R @8 @.H? 1~ $NCf $G :G$b Bg $-$J 4sM? $r $9$k $h $&$K $J $k!#Bg NL $K@8 @. $5$l $k $3$l $i $NN3 ;R$r %P%C %/%0 %i %&%s %I $,>/$J $$ $-$l $$ $J4D 6- $G$" $k $H$$ $& EE;R M[EE ;R >WFM H? 1~$N FC D’$r @8 $+$7 $F @:L) B, Dj$9 $k $3$H $O!"B> $N $N%3 %i %$%@!< $G $O$G$-$J$$!" JLC FCM-$N2]Bj$G$"$k!# %R%C%0%9 N3;R $, JLC-I( p s � 500 GeV) $G 8+$D $+$i $J$+$C $?$H $-$K $O$3 $l$i $NB, Dj$O FC$K =EMW $G$" $k!#I8 =‘LO 7? $G$O!" W N3;R$N<A NL$O!"NL;RJd@5$K $h$j%H%C%W%/%)!<%/$H 6&$K%R%C%0%9N3 ;R$N<ANL$H4X78 IU$1$i$l$F$$$k!# $7$?$,$C $F!"%R%C%0 %9$, JLC-I $G 8+$D $+$i $J$+$C$? >l9g!" %H%C%W %/%)!<%/ $H W N3;R $N<A NL$N@: L)B, Dj$r AH$_ 9g$o $;$k $3$H $K $h$j!"9b$$@:EY$G%R%C%0%9N3;R$N<ANL$r?dDj$G$-$k!#$=$N?dDjCM$, 1 T eV DxEY0J2<$G$"$l$P!"$=$l$r;X?K$K JLC-I $N %(%M%k%.!<%"%C%W$r9T$$!" W %U%e!<%8%g%sH?1~ ( e + e � ! � � � W + W � ) $rMxMQ$7$F!"%R%C%0%9$r3NG’$G$-$k!# 0lJ}!"?dDjCM$, 1 T eV DxEY0J>e$G$"$l$P!"%R%C%0%9$N6R$O " N3;R " $H$$$&$K$OBg$-$/$J$j2a$.!"!V%R%C%0%9N3;R$N <+H/E* BP >N @-$N GK $l$K $h $j%2!< %8 N3;R $, <ANL $r ;}$D!W $H $$$& I8 =‘LO 7? $N9M $( J} $ND{ @5 $,I, MW $K$J $k!# $3$N >l 9g$K $O!" JLC-I $G$N W = Z N3;R$N@:L)B,Dj$,FC$K=EMW$G$"$k!# I8=‘ LO 7? $O 8= :_!" 8= >] O@ E* $K $O Bg $- $J @. 8y $r G< $a $F $$ $k $,!" <B 83 E* $J @: L) $J 8! >Z $O <g $K %2!< %8 N3 ;R!< %U%’ %k %_ %* %s!<H? %U%’%k %_ %*%s Aj 8_ :nMQ $K $h$k $b $N$G $" $k!# I8=‘ LO 7?$N B> $N ItJ,!" %2!< %8N3 ;R $N <+8J Aj 8_:n MQ!" $K$D $$ $F $b@: L) $J8!>Z$,I,MW$G$"$k!#<+8J7k9g:nMQ$N$&$A!" W W V $N#3E@%P!<%F%C%/%9$ND>@\B, Dj$O:#!" LEP-I I $K$*$$$F$=$NC<=o $K$D$$$? $P$+$j $G$"$k!# $?$@$7!" LEP-I I $G$O %(%M%k %.!<$,Dc $/%k %_%N%7 %F%#!<$b9b $/$J$$ $N$G!"9b @:EY$N B,Dj!J 1% DxEY0J2<!K$O4|BT$G$- $J$$!# JLC $G$O %k%_%N%7%F%#!<$,Bg $-$/!"9b%(%M%k %.!<$N$?$a%2!<%8 %-%c%s%;%l!<%7%g%s $N8z 2L$bBg $-$$ $N$G!" $h$j 9b $$@: EY!J 1% DxEY 0J2<!K $G#3 E@%P!< %F%C %/%9 $rB, Dj$9 $k$3 $H$, $G $-$k!# W $N<A NL$, T eV NN 0h$K$"$k?7$7$$J*M}$K$h$k;~$K$G$b!"Dc%(%M%k%.!<$G$=$N8z2L$,%+%$%i%k7k9gDj?t$K82$+$K$J$k>l9g$,$"$k!# e + e � ! W + W � H?1~ $G$O!" ?7$7 $$Aj 8_:n MQ$K $h$k %Y%/ %?!<%\ %=%s $, s %A%c%s %M%k $G8r 49$5 $l$k 8z2L $,!" 0[>o <+8J Aj8_ :nMQ $H $7$F8+$i$l$k>l9g$,$"$k!# JLC $G$N$3$l$i$NB,Dj$K$h$j!" T eV NN0h$G$N?7$7$$J*M}$N%R%s%H$,F@$i$l$k!# $5$i$K!"=E?47O %(%M%k%.!<$, 1 T eV DxEY0J>e$K$J$k$H t %A%c%s%M%k$K8r49$5 $l$k W $d Z N3;R$N;6Mp?6I}$N7OE} E*$J8& 5f $,$G $- $k$h $& $K$J $k!# $3$N >l 9g$K $O!" F~<M EE ;R$N JP 6K$d ;6 Mp8e $N EE;R!& M[ EE;R $N B,Dj Ey $K$h $j ;6Mp ?6 I}$N %9 %T%s!&%" %$ %=%9 %T %s9= B$ $N8& 5f $,$G $- $k!#$+ $D$F %O %I%m %s N3;R $N 8&5f $, ;6Mp ?6 I}$N It J,GH 2r @O$K $h$j 6/ $$Aj 8_ :nMQ $N NO3X$rL@$i$+$K$7$?$h$&$K!" JLC $K$*$1$k W $d Z N3;R$N;6Mp$N8&5f$O!"?7$7$$6/$$Aj8_:nMQ$N2rL@$NC<=o$H$J$k$G $"$m$&!# 0J2<!"$3$l$i$N2]Bj$K$D$$$F$N>\:Y$r=R$Y$k!# 1.5.2 NL;R8z2L$K8=$o$l$k=E$$%R%C%0%9N3;R$N8z2L I8=‘LO7? $G$O!" %R%C%0%9 N3;R!" W N3;R!"$* $h$S%H%C %W%/%)!< %/$N<A NL$O!"?^ 1.80 $K<($9 $h$& $K!"NL;R Jd@5$K $h$j Aj8_$K 4X 78$E $1 $i$l $F $$$k!# =>$C $F!" W %\ %= %s $H %H%C%W %/%)!< %/$N <A NL$r @: L)B, Dj $9$l $P!" %R%C%0 %9 $N<A NL$r ?d Dj $9$k $3$H $, =PMh $k!# $^$?!" %R%C %0%9 N3 ;R $,4{ $K H/8+ $5 $l$F $$ $k>l 9g $G $b!"#3 $D $NN3 ;R $N4V $N 4X78 $r @: L)$K B, Dj$7!" I8 =‘LO 7?$N 7W ;;$H $N Hf3S $r 9T$( $P!" ?7 $7$$ J* M}$N %R %s%H $, F@$i $l $k 2DG= @- $b$" $k!# %H%C%W %/%)!< %/$N <A NL B,Dj $K 4X$7 $F $O4{ $K A0@a $G =R $Y $?!# JLC-I $G$O!" $= $N Hs >o$K 9b $$ E} 7W@: EY $r 3h MQ$9 $k $3 $H $K$h $j!" W %\ %= %s$N <A NL B, Dj$N @: EY 8~ >e$b4|BT$G$-$k!# p s = 500 GeV $G$N W $N<A NL$N B,Dj $N$? $a$K$O!" e + e � ! e� W H?1~ $r;H $&$3 $H$,!"CG LL@Q $NBg $-$5 $HB, Dj$5 $l$?A4N3;R$r W Jx 2u$K$h$k $b$N$H$7 $F07$($k!" $H$$$& E@$G:GE, $G$"$k!# W $,== J,B,Dj4o $NN)BN3Q $KF~$k $3$H$rMW 5a $9$k $? $a $K!" j cos � j < 0 : 8 $H $$ $&>r 7o $r 2] $7 $F 9T$C $?%7 %_%e %l!< %7%g %s $N 7k 2L $K$h $k $H [75] !" @Q J,%k %_ %N %7 %F%#!< $, 100 fb � 1 $N ;~!" Ls 80k ;v >]$N W $N B, Dj$, 2D G=$G $" $k $H?d Dj $5$l $k!# 0l J}!" e + e � ! Z H?1~ $O F1$8 >r 7o $G!" 40k ;v>]$NB,Dj$,2DG=$G$"$k!#$3$NH?1~$OB,Dj4o$N3S@5$KMxMQ$9$k$3$H$,$G$-$k!#2f!9$,A[Dj$7$F$$$kB,Dj4o$G$O!" 4 GeV 0J2< $N@:EY$G 100 GeV 6aJU$N%R%C %0%9$NB,Dj $,$G$-$k$N$G!" W $N<A NL$O==J, 20 MeV 0J 2<$NE}7W@: EY$GB,Dj $G$-$k$G$" $m$&!#$3$N B,Dj$G$O!" $?$@0l $D$N W Jx2u$+ $i$NA4N3 ;R$NITJQ <ANL$r $H$k$N$G!" LEP-I I $GA[Dj$5 $l$F$$ $k #4%8%’%C %H2r @O $G LdBj $H $J $k%8%’%C %H!& %/ %i%9 %? %j%s %0 $d %+%i!< %/ %m %9%H!< %/ $K $h$k 7O E} 8m:9 $O @8 $8$J $$!# B, Dj4o $O F1;~$KH/@8$9$k Z N3 ;R$rMxMQ$7$F3S@5$G$-$k$7!"I,MW$H$"$l $P%S!<%‘%(%M%k%.!<$rD4@0$7$F Z %]!<%k>e$G3S@5$9$k$3 74

?^ 1.79: 2 T eV 0J2<$N%(%M%k%.!<$G$NI8=‘LO7?H?1~$NA4CGLL@Q!# 75

?^ 1.80: W N3 ;R $N <A NL$N 4X ?t $H $7$F!" I8 =‘ LO 7?$N %R%C %0 %9 $N <ANL $r $$ $/ $D$+ $N %H%C %W %/%)!<%/ $N <A NL $N>l 9g $K $D $$ $F<( $9!# ?^ 1.81: m t - M H LL>e$K$*$1$k 1 � Ey9b@~$N%H%C%W%/%)!<%/<ANL$NB,Dj8m:90MB8@-!#Cf?4CM$O m t = 150 GeV !" M H = 500 GeV $H$7$?!# 76

$H$b=PMh $k!#7O E}8m :9$N>\ $7$$ 8!F$ $O:# 8e$N2] Bj$G $"$k $,!" JLC-I $, W N3;R $N<A NLB,Dj $N@: EY$r $5$i $K8~>e $5$; $k 2DG=@-$O==J,$K9b$$!# W $H %H%C%W %/%)!<%/$N <ANL$N 9b@:EY $G$N B,Dj$O!" ?^ 1.80 $K <($7$? I8=‘LO 7?$K$* $1$k NL;RJd @5$K$h $jF3 $+$l$? 4X78 $K$h$j!" 2D G=$J %R%C %0%9 N3;R $N <ANL $K BP$9 $k @)8B $rM? $( $k$3 $H $K$J $k!#?^ 1.81 $K $O m t - M H LL>e $G$N 1 � $N Ey9b @~$, m t $N8m:9$H6&$K$I$N$h$&$KJQ$o$k$+$r<($7$F $$$k!#$3$N?^$+$i!"%H%C%W%/%)!<%/ $N<ANL$N@:L)B,Dj$,$$ $+$K=EMW$G$" $k$+J,$+$k!#A0@a$G<($7$?$h$&$K!" JLC-I $G$O%H%C%W%/%)!<%/$N<ANL$r 0.5 GeV 0J2<$N@:EY$G7hDj$9$k$3$H$,=PMh$k $N$G!"%R%C%0%9N3;R$N<ANL$N?dDjCM$N8m:9$O W $N<ANL$N8m:9$G7h$^$k$3$H$K$J$k!# ?^ 1.82 $K$O W $N <ANL $N8m:9 $, 21 MeV $N;~ %R%C%0 %9$N <ANL$N ?dDj CM$N 8m:9$, <ANL $H6& $K$I$N $h$& $KJQ $o$k$+ $r <($7$F$$$k!# ?^$+$i J,$+$k $h$&$K!" JLC-I $O8= :_$N%R%C %0%9$N <ANL$N ?dDjCM $N8m:9 $rBg$- $/2~A1 $9$k$H 6&$K!"<! $KL\ ;X$9$Y $-%( %M%k%.!< NN0h $r;X $7<( $9$3 $H$K $J$k!# JLC-I $O%H%C %W%/%)!< %/$N <ANL$r 0.5 GeV 0J 2<$N @:EY $GB, Dj$G $- $k$,!"$=$l$O?^ 1.80 $G$O@~$N I}DxEY$KAjEv$9$k$3$H$K$J$k!#=>$C$F!" W $N<ANL$, 20 MeV 0J2<$N@:EY $GB,Dj$G$-$l $P!"%R%C%0%9$N<ANL$,!"$=$N<ANL$K0MB8$7$F 50 � 200 GeV $N@:EY$G?dDj$G$-$k$3$H$K$J$k!# $3$N $h $& $K!" $? $H $( %R%C %0 %9 N3 ;R $N <A NL $, JLC-I $G E~ C# $G $- $J $$ $[ $I =E $+$C $? $H$7 $F $b!" W $N <A NL $N @: L) B, Dj $+$i<!$K L\;X$9 $Y$- %(%M%k %.!<$,7h $^$k $N$G$" $k!#$^$? 0lJ} $G!"%R%C%0 %9N3;R $,8+ $D$+$C$? ;~$K$O!" %R%C%0 %9!" W !" %H%C%W$N 4V $N<A NL $N4X 78 $,I8 =‘ LO7? $, M=A[ $9$k $b $N$+ $I $&$+ $r D4$Y $k $3$H $K $h$j!" ?7 $7$$ J* M}$X $N<j $+ $j$, F@ $i$l $k $3$H$G$"$m$&!# ?^ 1.82: W <ANL$N@:EY$, 21 MeV $N>l9g!$%R%C%0%9N3;R$N4X?t$H$7$FI=$o$7$?%R%C%0%9N3;R$N<ANL?dDjCM$N 1 � HO0O!# 1.5.3 %2!<%8N3;R$N<+8J7k9g$H%+%$%i%k%i%0%i%s%8%"%s I8 =‘ LO 7? $G $O!" !V%2!< %8 BP >N @- $K $h $j K\ Mh $O <A NL $r ;} $? $J $$ W $d Z N3 ;R $,!" %R%C %0 %9 %] %F %s %7%c %k $N <+ H/ E* BP >N@- $NGK $l $K$h $j @8$8 $? FnIt!& %4!< %k %I%9 %H!< %s%\ %= %s$r =D GH@. J, $H $9$k $3 $H$K $h $j<A NL $r;} $D!W!" $H 9M$( $i $l$F $$ $k!#$3$NLO7?$N8!>Z$K$O%R%C%0%9N3;R$rH/8+$7!"$=$N@-<A$rD4$Y$k$3$H$,:G$bD>@\E*$G$"$k!#$3$N;v$O!"4{$KA0@a (1.2) $K$^$H $a $i$l $F$$ $k!# $3$3 $G$O!" %R%C%0 %9 N3;R $,8+ $D $+$i $J$+$C $? >l9g!" W $d Z N3 ;R$N @: L)B, Dj$K $h $j!"%R%C %0%9 %;%/%?!<$K$D$$$F$I$N$h$&$J$3$H$,J,$+$k$+$r5DO@$9$k!# %R%C%0%9N3;R$N<A NL$h$jDc$$%(%M %k%.!<NN0h$G$N 8=>]$rD4$Y$k :]$K$O%+%$%i%k %i%0%i%s%8%" %s$rMQ$$$?2r @O$,E,@Z $G$"$k!#$=$3$G!"%R%C%0%9Fs=E9‘$r �( x ) � � + ( x ) � 0 ( x ) ! $H$7!" M ( x ) $r M ( x ) = p 2 � 0 � ( x ) � + � � � ( x ) � 0 ( x ) ! (1 : 35) 77

$H$*$$$F!"I8=‘LO7?$N%R%C%0%9%;%/%?!<$N%i%0%i%s%8%"%s$r<!<0$N$h$&$K=q$-D>$9!’ L H = 1 4 tr � D � M y ( x ) D � M ( x ) � � M 2 H 8 v 2 � 1 2 tr( M ( x ) y M ( x )) � v 2 � 2 !# (1 : 36) $3$3 $G!" M H $O %R%C %0 %9 $N<A NL!" v $O ??6u 4| BT CM $G$" $k!# M ( x ) $K$O %R%C %0 %9 N3 ;R>l $H Fn It!& %4!<%k %I %9 %H!< %s >l ( ! a ) $K $J$k 9g 7W 4 $D$N %9%+ %i!< >l$, 4^$^ $l$F $$ $k!#%R%C %0%9 N3 ;R$, =E$$ >l 9g$K $O!"%R%C %0 %9%] %F%s %7%c %k$, j � 0 j 2 + j � + j 2 = v 2 = 2 $K?<$$C+$r;}$A%R%C%0%9N3;R>l$N<+M3EY$,<B<AE*$K<:$o$l$k!#$=$3$G!" M ( x ) y M ( x ) = 2( j � 0 j 2 + j � + j 2 ) = v 2 (1 : 37) $H$$ $& 94 B+>r 7o $N $b $H $G!"Fn It!& %4!< %k %I %9 %H!<%s >l $N ?6 $k Iq$$ $r 9M ;! $9 $k $3$H $, E, @Z $H $J$k!# $= $N $? $a $K!" M ( x ) $r??6u4|BTCM v $G5,3J2=$7$?L5<!85$N>l!" U ( x ) !" $rDj5A$9$k : 1 v M ( x ) M H "1 � ! U ( x ) � exp � i� a ! a v � !# (1 : 38) U ( x ) $rMQ$$$k$H!"%2!<%8N3;R$*$h$S%R%C%0%9Fs=E9‘$N1?F0%(%M%k%.!<$N%i%0%i%s%8%"%s$O0J2<$GM?$($i$l$k : L sm = v 2 4 tr( D � U y D � U ) � 1 2 tr( W � W � ) � 1 2 tr( B � B � ) !# (1 : 39) $3$3$G!" W � � � a 2 W a � !" W � � @ � W � � @ � W � + ig 2 [ W � ; W � ] !" B � � � 3 2 B � !" B � � @ � B � � @ � B � !" D � U � @ � U + ig 2 W � U � ig Y U B � !# (1.40) $?$@$7!" W a � !" B � $O$=$l $>$l!" S U (2) L $* $h$S U (1) %2!< %8>l$G $"$k!#<0 (1.39) $O %R%C%0%9 N3;R$, =E$$>l 9g$N %2!< %8N3;R$r5-=R$9$k%i%0%i%s%8%"%s$G$"$k!# $H$3 $m $G!" 9b %( %M %k %.!< $K $" $k %R%C %0 %9 %; %/ %?!< $N J* M} $, Dc %( %M %k %.!< $G %2!< %8 N3 ;R $N ?6 $k Iq $$ $K 2? $i $+ $N 1F 6A $rM?$( $F$k$H $9$k $H!"<0 (1.39) $N 0J30 $NJL $N9‘ $,B8 :_$9 $k$H 9M$($i $l$k!# 0lHL E*$K $O9b %(%M %k%.!< $NJ* M}$H Dc%(%M %k %.!<$N J*M} $O @Z$j J| $5$l $F $$$k $,!" %( %M%k %.!< <!85 $, #40J 2< $N9‘ $O Dc %(%M %k %.!<$G $b M-0U $J Bg$- $5 $r ;}$A F@ $k!#$= $3 $G!"<0!J 1.40 !K$*$h$S U ( x ) $N>l$+$i@8@.$5$l$k%(%M%k%.!<<!85#40J2<$N%*%Z%l!<%?!<$r=q$-2<$9$H<!$N$h$&$K$J$k : L = + � 1 v 2 4 tr( V � T )tr( V � T ) + � 1 g 2 tr � W � U B � U y � + i� 2 g Y tr � U y [ V � ; V � ] U B � � + i� 3 g 2 tr ([ V � ; V � ] W � ) + � 4 tr( V � V � )tr( V � V � ) + � 5 tr( V � V � )tr( V � V � ) + � 6 tr( V � V � )tr( T V � )tr( T V � ) + � 7 tr( V � V � )tr( T V � )tr( T V � ) + 1 4 � 8 g 2 2 tr( T W � )tr( T W � ) + i 2 � 9 g 2 tr( T W � )tr( T [ V � ; V � ]) + 1 2 � 10 tr( T V � )tr( T V � )tr( T V � )tr( T V � ) + � 11 g 2 � � � tr( T V � )tr( V � W � ) !# (1.41) $?$@$7!" V � � D � U � U y !" T � U � 3 U y !"$^$? � 0123 = � � 0123 = 1 $G$"$k!#>e<0$G!"Bh 1 9‘ $O%(%M%k%.!<<!85$, 2 !" $=$l0J30$O 4 $G$"$k!#%+%$%i%k7k9gDj?t$O � 1 $*$h$S � 1 � � 11 $G$"$k [77] !# $H$3$m$G!"I8=‘LO7?$G$O%2!<%87k9g$r 0 $H$*$$$?$H$-!" S U (2) BP>N@-$,$b$&0l$DM>J,$KI=$o$l$k!#$=$l$O!"<0 (1.35) $r=D%Y %/%H %k $H8+ $?$H $-$H 2# %Y%/ %H%k $H8+ $? $H$- 2 $D $NBP >N@- $, $"$k $+$i $G$" $k!# $=$N $?$a S U (2) L BP>N @-$, GK$l $? 8e$G$b%R%C%0 %9%;%/ %?!<$K$O M>J,$J S U (2) BP>N @-$,;D $k!#$3$l $O%+%9 %H%G%#%"%k BP>N@- $H8F$P $l$F$$ $k!#%i%0 %i%s%8 %"%s (1.41) $N$&$A T $NF~$C$F$$$k%*%Z%l!<%?!<$O$3$NBP>N@-$rGK$C$F$$$k ( � 1 !" � 6 � � 10 ) !#$^$?!" � 11 $O CP J]B8 P HsJ]B8$N7k9gDj?t$G$"$k!# 78

9b%(%M%k%.!<$G$N?7$7$$J*M}$K$h$j$3$l$i$N7k9gDj?t$, 0 $G$J$$CM$r;}$C$F$$$k$H!" W $d Z N3;R$NAj8_:nMQ$,I8 =‘LO7?$N >l9g $H0[$J $k?6 $kIq$$ $r$9 $k$3$H $K$J $k!#$7$? $,$C$F!" W $d Z N3 ;R$N@: L)B, Dj$rDL $8$F ?7$7$$ J*M} $X$N%R %s%H$,F@$i$l$k$3$H$K$J$k!# %2!<%8N3;R$N#3E@!"#4E@%P!<%F%C%/%9$H$=$3$K4^$^$l$k7k9gDj?t!"$*$h$S$=$NB,Dj$KE,$7$?H?1~$rI= 1.4 $K<($9!# I= 1.4: %2!<%8%\%=%s$N#3E@$*$h$S#4E@7k9g$H$=$3$K4^$^$l$k%+%$%i%k7k9gDj?t!#4^$^$l$k>l9g$O � $G<($7$?!# 1&C<$NNs$K$OB,Dj$KE,$7$?%W%m%;%9$r<($9!# vertex � 1 � 2 � 3 � 4 � 5 � 6 � 7 � 8 � 9 � 10 � 11 � 1 pro cesses W W � � � � � ! W W , e� W W W Z � � � � � � � ! W W , e� W Z Z W W � � � � � ! W W Z Z W Z W � � � � � ! W W Z Z W W � � � ! W W Z Z Z Z � � � � � ! Z Z Z $3$l$i$N%+%W%j%s%0$N$&$A!" � 1 !" � 8 !" � 1 $OFsE@4X?t$K$b4^$^$l$F$*$j!" S !" T !" U %Q%i%a!<%?!< [72] $H$O � 1 = � 1 16 � S !" � 8 = � 1 16 � U !" � 1 = 1 2 � em T (1 : 42) $H$$$&4X78$,$"$k!# LEP-I Ey$N<B83$K$h$jF@$i$l$?!" S !" T !" U $NCM$r;H$&$H [73] 2 � $G!" j � 1 j < 0 : 0060 !" j � 8 j < 0 : 019 !" j � 1 j < 0 : 0013 (1 : 43) $G$"$k!#$3$3$G S !" T !" U $NCf?4CM $N 0 $+$i$N$:$l $OL5;k$7$F$$ $k!#$3$l0J30 $N7k9gDj?t$O 0lIt LEP-I I $d TEV A- TR ON $G $N B, Dj $, 9T $o $l $F $$ $k $,!" :# $N $H $3 $m � 1 Ey $K Hf $Y $F Fs 7e 0J >e @: EY $, 0- $$!# $3 $l $i $N %3 %i %$ %@!< $O %( %M %k %.!<E*$K$bIT==J,$G$"$j!" JLC $G$N<B83$,BT$?$l$k=j0J$G$"$k!# $H$3$m$G!"%2!<%8N3;R$N#3E@<+8J7k9g$N2r@O$K$O � !" � $r;H$C$?2r@O$,NI$/MQ$$$i$l$F$$$k!#$=$l $i$H%+%$%i%k7k 9gDj?t$N4X78$K$D$$$F:G8e$K=R$Y$F$*$/!# EE<’Aj8_:nMQ $N%2!<%8BP>N @-!"%m!<%l%s%D ITJQ@-!"$* $h$S C $H P JQ49ITJQ@- $r2>Dj$7$? $H$-$K!" W = Z N3;R$N#3 E@<+8J7k9g$rI=$9:G$b0lHLE*$JAj8_:nMQ%i%0%i%s%8%"%s$O<!<0$GM?$($i$l$k!# L W W V =g W W V = ig V 1 ( W y � W � V � � W y � V � W � ) + i� V W y � W � V � + i� V m 2 W W y � W � � V � � !" (1.44) $3$3$G!" V $O Z $^$? $O $G$"$j!" W � � @ � W � � @ � W � !" V � � @ � V � � @ � V � !" g W W = � e $*$h$S g W W Z = � e cot � W $G$" $k!# g 1 = 1 $J $N $G!"$3 $N%i %0 %i%s %8%" %s $G$O #5$D $N7k 9g Dj?t $,$" $k $3$H $K$J $k : � � ( � � � 1) !" � � Z ( � � Z � 1) !" � g Z 1 ( � g Z 1 � 1) !" � !" $*$h$S � Z !#$3$N$&$A!" � V 7k9gDj?t$O%(%M%k%.!<$N<!85$,#6<!$N%*%Z%l!< %?!<$N 78?t $J $N $G!" <0!J 1.41 !K $N %i %0%i %s %8 %" %s$K BP 1~ $7$F $$ $k $b$N $O $J $$!# %+%$ %i %k 7k9g Dj ?t $N $&$A!" Fs E@ 4X?t $K $b4^$^ $l $F$$ $k � 1 !" � 1 !" $r � 8 $O S !" T !" U $NB, Dj$G $[ $\ 0 $J $N $GL5 ;k$9 $k $H!" � � !" � � Z !" � g Z 1 $O � 2 !" � 3 !" � 9 $H<!$N$h$&$J4X78$,$"$k!# � � = e 2 s 2 ( � 2 + � 3 + � 9 ) � � Z = e 2 c 2 � 2 + e 2 s 2 ( � 3 + � 9 ) (1.45) � g Z 1 = e 2 s 2 c 2 � 3 $?$@$7!" s 2 � sin 2 � W !" c 2 = 1 � s 2 !# � 9 7k9g Dj?t$O %+%9%H %G%#%"%k S U (2) BP>N @-$rGK $k$N$G!" $3$NBP >N@-$r MW5a $9$k$H!"#3 E@7k 9g8G M-$N 7k9gDj ?t$H $7$F $O!" � 2 $H � 3 $N #2$D$N <+M3 EY$, $"$k $3$H$K $J$k!# � 1 !" � 1 !" � 8 $r L5;k $7$J $$$H$-$K$O!" G F $d M Z $N9b@: EY$JB, Dj$HL7=b $7$J$$ $h$&$K!" <B8zE*$J 7k9gDj ?t$r:FDj 5A$9$k I,MW$, $"$k!#$=$N $?$a $K!"<0!J 1.45 !K$O$b$&>/$7J#;($J7A$K$J$k$,HQ;($J$N$G$3$3$G$O>JN,$9$k!#>\$7$/$O;29MO@J8 [74] $r;2>H$5$l$?$$!# 79

1.5.4 e + e � ! W + W � H?1~$K$h$k%2!<%8N3;R$N#3E@7k9g$NB,Dj e + e � ! W + W � H?1~$N:G Dc<!$N%@ %$%"%0%i%‘ $O!" s %A%c%s%M%k $G$N $H Z N3;R $N8r49$H t %A%c %s%M%k$G $N � $N 8r49$N %@%$ %" %0%i %‘$+ $i$J $k !J?^ 1.83 !K!# $3$l $i$N #3$D $N ;6Mp ?6I} $O3F!9 %( %M%k %.!<$H $H$b $K 5^7c $KA} Bg$,!" I8 =‘LO 7?$G $O$3 $l $i$N ?6 I} $O8_ $$ $KBG $A >C$7 $" $$!" $=$N OB $O%( %M %k %.!<$, A} Bg$7 $F $b $[$H $s $IJQ $o $i$J $$ !J%2!< %8!&%-%c %s %;%l!< %7%g %s!K!#$= $N $? $a $K!"%2!< %8 %\ %=%s $N #3 E@ 7k9g $K $o $: $+$G $b 0[ >o $,$" $k $H!" $3 $N%2!< %8 %-%c %s %;%l!< %7%g %s $,$/$: $l!" $=$N 8z2L $, A}I} $5$l $F 8=$l $k!J?^ 1.84 !K!#%2!< %8 %-%c%s %;%l!< %7%g %s$O I8=‘ LO 7?$N $$$m $s $J%W %m%; %9 $KB? $+$l>/$J$+$lB8 :_$7$F$$ $k$,!" p s = 500 GeV $G$O e + e � ! W + W � H?1~ $K$*$$$F $b$C$H$b82Cx $G$"$j%2!< %8N3;R $N0[>o 3 E@7k9g$KBP$9$k46EY$b:GBg$G$"$k [75] !# ?^ 1.83: e + e � ! W + W � H?1~$N:GDc<!$N%U%!%$%s%^%s%@%$%"%0%i%‘?^ ?^ 1.84: � = 90 � $K$*$1$k e + L e � R ! W + L W � L ;6Mp ?6I}$N%(%M %k%.!<0MB8@-!# Z !" !" $* $h$S � 8r49 %@%$%"%0%i %‘3F!9$N ?6I}$*$h$S?6I}$NOB$r<($9!#<B@~$OI8=‘LO7?$N>l9g!"E@@~$O%2!<%8%\%=%s#3E@7k9g$,I8=‘LO7?$H0[$J$k>l9g %+%$%i%k7k9gDj?t$, 0 $G$J$$>l9g$NNc$H$7$F!"0J2<$K � 2 !" � 3 $,6&$K 0 $G$J$$>l9g$H � 1 $, 0 $G$J$$>l9g$N e + e � ! W + W � H?1~$NHyJ,CGLL@Q$rI8=‘LO7?$NCM$G5,3J2=$7$F<($9!# e + e � ! W + W � H?1~$NHyJ,CGLL@Q$OA0J}$O � 8r49H? 1~$N4s M?$, Bg $-$/ 8eJ} $O Z $H $N 8r49 H?1~ $N4s M? $,Bg $-$$!# � 2 $H � 3 $O 3 E@7k 9gDj ?t $K4^ $^$l $F$$ $k!# $=$N $?$a!" � 2 $H � 3 $K 0[>o$,$"$k $H$-$K$O8e J}$K9T$/$[ $IBg$-$J$: $l$,@8$8$k !J?^ 1.85 !K!#$^ $?!"HyJ,CGLL @Q$N0[>o$N $[$H$s$I $,=DJP6K $7$? W $K$h $k$b $N$G$" $k$3 $H$, J,$+$k!# $3$N H?1~$G $O W + W � $N0lJ} $,%l %W%H%s $KB> J}$, %O%I%m %s$K Jx2u $9$k%b!<%I$r;H$&$3$H$K$h $j!" W $N@8 @.3QEY$dJP6KEY$r @:EYNI$/B,Dj$G$- $k$N$G!"$3$l$i$N 7k9gDj?t$KBP$9$k 46EY$r 80

8~>e$5$;$k$3$H$,$G$-$k!# ?^ 1.85: e + e � ! W + W � H?1~$NHyJ,CGLL@Q$r � 2 $H � 3 $, $=$l$>$l 0.01 $N>l9g $K$D$$$FI8=‘LO7?$G5,3J2=$7$F<($9!JGK @~!K!#E@@~$O!" W � $I $A$i$b=D JP6K$7$?$b $N$@$1$r A*$s$@>l 9g!#8m:9K@$O@QJ,%k%_%N%7%F%#!< 100 fb � 1 $N%G!<%?!<$r<}=8 $7$?$H$-$KM=A[$5$l$k%G!<%?!<$NE}7W@:EY$r<($9!# ?^ 1.86: ?^ 1.85 $HF1 MM!#$?$@$7 � 1 = 0 : 05 $G$=$l0J30 $N%+ %$%i%k7k9gDj?t$O 0 !# 0lJ}!" � 1 $, 0 $H0[$J$k$H!"2#JP6K W $N@8@.$K$bI8=‘LO7?$+$i$N$:$l$,@8$8$k!#A0J}$N2#JP6K W $N@8@.$O$3$NH? 1~$NA4CGLL@Q$KBg$-$/4sM?$7$F$$$k$N$G � 1 $NB,Dj$K$O!"%k%_%N%7%F%#!<$N9b@:EY$NB,Dj$,7g$+$;$J$$!# JLC $G $N<B 83 $G M= A[$5 $l $k %+%$ %i %k 7k 9gDj ?t $N B,Dj @: EY $H$7 $F!" $^ $: ;O$a $K 8D!9 $N7k 9g Dj ?t $KBP $9 $k 46EY $r %k %_ %N%7%F%#!<$N4X?t$H$7$F?^ 1.87 $K<($9!#$?$@$7!"EE;R%S!<%‘$NJP6KEY$O 90% !" %k%_%N%7%F%#!<$NB,Dj8m:9 1% $r2>Dj $7!" j cos � W j < 0 : 8 $K@8@.$7$? W � $N%l%W%H%s!\#2%8%’%C%H%b!<%I$r $r 10% $N8!=P8zN($GB,Dj$G$-$k$H$7$? [75] !# � 1 $H � 8 $N7hDj$KBP$7$F$O%k%_%N%7%F%#!<$N B,Dj@:EY$,=EMW$G$"$j!"$=$NB,Dj@:EY$, 2% $K$J$k$H � 1 !" � 8 $KBP$9$k 46EY$O$=$l$>$l 20% $H 40% 0-$/$J$k!#?^$+$i$o$+$k$h$&$K!" 50 fb � 1 $NE}7W$,$"$l$P � 2 !" � 3 !"$*$h$S � 9 $O 1% 0J 2<$N@:EY$GB,Dj$G$-$k$,!" 0.3% 0J2<$N@:EY$K$9 $k$K$O 500 fb � 1 0J>e$N%k%_%N%7%F%#!< $,I,MW$G$"$k!#$3$l$i$N7k9g Dj?t$NB,Dj@:EY$O8eJ}$K @8@.$5$l$? W BP$NE}7W@: EY$K;YG[$5$l$F$* $j!"%k%_%N%7%F%#!<$NB, Dj@:EY$N4sM?$O >/$J$$!# $3$l0J30$N7k9gDj?t!" � 1 !" � 8 !" � 11 $O 500 fb � 1 0J>e$N%k%_%N%7%F%#!<$,$"$C$F$b46EY$O 1% 0J>e$G$"$k!# I8=‘ LO 7? $G $O !JmU <M Jd@5 $r L5 ;k $7 $? >l 9g!K %+%$ %i %k 7k 9g Dj ?t $O 0 $J $N$G!" ?^ 1.87 $K <( $5 $l$? 7k 9g Dj ?t $N B, Dj $N$I $l$+0l $D $G$b 0 0J 30 $NCM $r <($; $P$= $l $OI8 =‘ LO7? $r 1[$( $k J*M} $N=P 8= $r0U L# $9$k $3 $H$K $J$k!# $7 $+$7!" 0l HL$K %+ %$%i %k7k9g Dj ?t$r 0z $-5/ $3 $9$h $&$J!" ?7 $7$$ J* M}$r A[ Dj$7 $? >l9g!" $I$l $+ FCDj $N 0l$D $N 7k9g Dj?t $N $_ 0 $G$J $/ $J$k $H $$$& $N$O IT<+ A3 $G$" $j!" 4v$D $+ $N7k 9g Dj?t $, F1;~ $K 0 $+ $i $:$l $k $H9M $( $kJ} $, <+A3 $G $"$k!# $7 $?$,$C $F!" 7k 9gDj ?t $N3F!9 $NB,Dj$,FHN)$G$"$k$+H]$+$rD4$Y$kI,MW$,$"$k!# $=$N Nc $H $7 $F!" $^ $: � 2 $H � 3 $N Aj 4X $r ?^ 1.88 $K!" � 9 $H � 2 = � 3 $N Aj 4X $r ?^ 1.89 $K <( $9!# � 2 = � 3 $O � 2 $H � 3 $NCM$rEy$7 $/$7$F F1;~$K JQ$($k $3$H$r 0UL#$7 $F$$$k!# W $H Z N3;R $N<ANL @8@.$N MW0x$H $7$F?7 $7$$6/ $$Aj8_ :nMQ$r 2>Dj $9$k %F %/%K %+ %i!<%b %G %k$G $O!" %"%C %W7? %F %/%K %U%’ %k%_ %* %s$H %@ %& %s7? %F %/%K %U%’ %k%_ %* %s$N <A NL :9$, L5 $$>l 9g $K$O!" � 2 $H � 3 $, Ey $7 $/ $J $k $H M=A[ $5 $l $F $$ $k [76] $N $G!" $3 $3$G $O � 2 = � 3 $N >l 9g $K $D $$$F <( $7 $?!# ?^ $h $j � 9 $H � 2 = � 3 $KIi$N6/$$Aj4X$,$"$k$3$H$,J,$+$k!# 0lJ}!" � 1 $H � 2 = � 3 LL$G$N46EY$NEy9b@~$,?^ 1.90 $NE@@~$G$"$k!#?^$h$j!" � 2 = � 3 $NB,Dj@:EY$KHf$Y$F e + e � ! W + W � H?1~$N � 1 $KBP$9$kB,Dj @:EY$O 1 7e0J>e0-$$$3$H$,J,$+$k!#$3$l$O!"4{$K=R$Y$?$h$&$K%k%_%N%7%F%#!<$NB,Dj @:EY$r 1% $H$7$?$?$a$G$"$k!# $H$3 $m$G!" � 1 !" � 1 $K 4X$7 $F $O!"4{ $K LEP Ey$N %G!<%? $K $h$j <0 (1.43) $N @)8B $, $D$1 $i$l $F $$$k!# $3 $N@) 8B$H!" JLC-I $G $N e + e � ! W + W � H?1~ $NB,Dj $GF@$i $l$k@) 8B$H $r9g$o $;$?46 EY$NEy 9b@~ $r?^ 1.90 $N <B@~ ( � 1 = 0 $H $7$? >l9g ) $*$h$SGK@~$H 1 E@:?@~ ( � 1 = � 0 : 0013 ) $G<($9!# S $H T $NB,Dj$NCf?4CM$O 0 $+$i$:$l$F$$$k$,!"$3$3$G$O46EY $NBg$-$5$@$1 $r<($9$?$a $K S = T = 0 $H $7$F$"$k!# $^$?!" JLC-I $NB,Dj$, $J$$>l9g $K$O!" � 2 !" � 3 $K0UL#$N$" $k@) 81

?^ 1.87: p s = 500 GeV $K $*$1 $k%+%$ %i%k7k 9gDj ?t$KBP $9$k46 EY ( 95% ) $r %k%_ %N%7%F%#!< $N4X?t $H$7$F <($9!# <B@~$O � 1 !" GK@~$O � 2 !"E@@~$O � 3 !" 1 E@:?@~$O � 8 !" 2 E@:?@~$O � 9 3 E@:?@~$O � 11 $r<($9!# ?^ 1.88: � 2 $H � 3 LL>e$K$*$1$k46EY$NEy9b@~ (95% CL) !# p s = 500 GeV $H$7!"@QJ,%k%_%N%7 %F%#!<$O3F!9 50 !JE@ @~!K!" 100 !J<B@~!K!" 200 !JGK@~!K fb � 1 $H$7$?!# ?^ 1.89: � 9 $H � 2 = � 3 LL$K$*$1$k?^ 1.88 $HF1MM$N46EY $NEy9b@~!# 82

8B$,$D$+$:!" ?^$N=D J}8~$N @)8B$, $J$/$J $kE@$K Cm0U$7 $F$[$7 $$!# JLC-I $G$N B,Dj$K $h$j!"JL $N3QEY $+$i6/ $$Aj8_ :nMQ $r$9$k %R%C%0 %9 %;%/ %?!<$N ?6 $kIq $$$r D4 $Y$k $3$H $,$G $- $k$3 $H$K $J $k!#%b %G%k $N Nc$H $7$F!" QCD E*$J %F%/ %K%+ %i!< %b%G%k $N>l 9g [78] $KM= A[$5 $l$k%+ %$%i %k7k 9gDj ?t$N Bg$- $5$r!" %F%/ %K � %a%= %s$N <ANL $,4v $D$+ $N>l 9g$K $D$$ $F?^$K <( $7$F$*$/!# ?^ 1.90: � 1 $H � 2 = � 3 LL>e$K$*$1$k 95% CL $N46EY$NEy9b@~E@@~$O p s = 500 GeV $K$F%k%_%N%7%F%#!<$, 100 fb � 1 $N ;~$N$b$N!#Dc%( %M%k%.!<%G!<%?!< $N@)8B$r 2C$($k$H!" <B@~ ( � 1 = 0) !" GK@~ ( � 1 = 0 : 0013) !" 1 E@:? @~ ( � 1 = � 0 : 0013) $H $J$k!#?^Cf $N@10u $O QCD-Like %F%/%K %+%i!<%b %G%k$G M=A[$5 $l$k%+ %$%i%k 7k9gDj ?t$NCM $r<($9 [78] !#%F%/ %K � %a %=%s$N <A NL$,!"?^Cf:8$+$i1&$X 1.5 !" 2.0 !" 3.0 $*$h$S 4.0 T eV $G$"$k!# 1.5.5 e + e � ! W + W � Z 0 $K$h$k%2!<%8N3;R#4E@7k9g$NB,Dj %R%C%0%9N3;R$N<ANL$, 2 � M W $h $j$bBg$-$$$H$- $K$O%R%C%0%9$NJx2u 6R$O W + W � $X $N$b$N$,:GBg$H $J$k!#$3$N >l9g!" e + e � ! W + W � Z 0 H?1~ $rB,Dj $9$k $3$H $K$h$j!" e + e � ! H Z 0 H?1~$G @8@. $5$l $?%R%C %0%9$r 8+$k $3$H $,=P Mh$k!#$^$?!" e + e � ! W + W � Z 0 $K$O!" W $H Z $N#4E@7k9g$,4^$^$l$F$$$k$N$G%+%$%i%k7k9gDj?t$N$&$A � 4 !" � 5 !" � 6 !" � 7 $rD4$Y$k$3$H$b=PMh$k!# p s = 500 GeV $G$O$3$NH?1~$NA4CGLL@Q$OLs 39 fb $G$"$k!#$7$+$7!"$3$NH?1~$G$O W $H Z $,<g$KA0J}$K@8@.$5$l $k$N$G!" W � $H Z $,Cf?4It ( j cos � V j < 0 : 8) $K@8@.$5$l$?H?1~$rA*$V$HCGLL@Q$OLs 15 fb $K$J$k!#0lJ}!" W + W � Z 0 $NJx2u%b!<%I $N$&$A <B83$G B,Dj2D G=$J$b $N$OI= 1.5 $K<($7 $?$b$N $K8BDj $5$l$k!#$3 $N$&$A ;O$a$N 2 $D $N%b!<%I $G$O!" 2 $D$N%l%W%H %s$r8!=P $7$=$N ITJQ<ANL $, Z $H0lCW $9$k$3 $H$rMW5a $9$k$3 $H$K$h$j!" $[$H$s $I$N%P%C%/ %0%i%& %s%I$r=| 5n $7!"$+ $D?. 9f ;v>] $r 9b$$ 8z N($G 8! =P$G $- $k!#;D $j $N 3 $D $N%b!< %I $K4X $7 $F$O!" Jx 2u6R $O Bg$- $$ $,%P%C %/ %0 %i%& %s %I$b Bg$-$/!" >\ :Y$J %b %s%F %+ %k%m $K $h$k 8! F$$, I, MW$G $" $k!#$3 $3 $G$O!" %b %s%F %+ %k%m $K $h$k 8! F$$N 7k 2L$N >\ :Y$O ;2 9MO@ J8 [79] $K$f$:$j!"35N,$N$_$r=R$Y$k!# 6 %8%’%C%H%b!<%I 6 %8%’%C%H %b!<%I $N2r @O$G $O!"%8%’%C%H %/%i %9%? %j%s %0$K $h$j 6 %8%’%C%H ;v>] $rA* $s$@ 8e$K!" ITJQ<A NL$, W $d Z $K0lCW $9$k $h $&$K @5$7 $$ %8%’%C%H $NAH $_9g $o $;$r 7h$a $k!# %8%’%C%H BP$N W $H Z $X $N3d Ev $OIT JQ<A NL K!$N $_$K $?$h$C $F9T$& $N$G!" 9b @:EY $N%+ %m %j!<%a!< %?!<$H Ht@W 8! =P4o $,IT 2D 7g$G $"$k!# ?^ 1.91 $K A4 $F$N 2 %8%’%C %HBP $K BP$9 $kIT JQ<A 83

NL$NJ,I[$r<($9!# W + W � Z 0 %5%s%W%k$K$O W $H Z $NJ,I[$,8+$($F$$$k$3$H$,$o$+$k!#2r@O$K$*$$$F!"3F!9$N%8%’%C %H$N W $H Z $X $N 3d Ev $O � 2 $r Dj 5A $7 :G E, $J %8%’%C %H $N AH $_ 9g $o $; $r A* $V $h $& $K $7 $?!# $= $N 7k 2L $O ?^ 1.91 $N EI $j $D $V $7$?%R%9%H%0%i%‘$K<($5$l$F$$ $k!# t � t 2aDx$N>l9g t $H � t $NJx2u$G=P $F$-$? b $H � b $NITJQ<ANL$, Z $N<ANL$KEy $7$/$J$k ?^ 1.91: e + e � ! W + W � Z 0 H?1~ (a) $*$h $S t � t H?1~ (b) $N 6 %8%’%C%H;v >]$N!"$9$Y$F$N 2 %8%’%C%H BP$NITJQ<ANLJ,I[!# :8B&$N?^$N<B@~$HE@@~$O%R%9%H%0%i%‘$X$N%U%#%C%H!# � 2 %U%#%C%H$G@8$-;D$C$?;v>]$OEI$j$D$V$7$?%R%9%H%0%i%‘$G<($9!# >l9g$,$"$k $N$G!"IT JQ<ANL $rAH$‘ $@$1$G $O=|5n $7$-$l $J$$!# t � t %P%C %/%0%i %&%s%I $r=|5n $9$k$? $a$K%P!< %F%C%/%9 B,Dj 4o$K$h$j b %/%)!<%/$,@8@.$5$l$F$$$J$$$3$H$rMW5a$9$k!# b %/%)!<%/8uJd$,A4$/B8:_$J$$$3$H$rMW5a$9$k$H W + W � Z 0 ;v>]$r S/N 1.56 !" 8!=P 8zN( 50% $G A*$S =P$; $?!# W $H Z $, Cf?4 It ( j cos � V j < 0 : 9) $K@8 @.$7 $?$b $N$r A*$V $H S/N $O 1.9 $K$J$C$?!# @QJ,%k%_ %N%7%F%#!< 100 fb � 1 $N;~!" W + W � Z 0 $O$3$N%b!< %I$G 93 ;v>]!"$3 $l$KBP$7$F t � t $N%P%C %/%0%i%&%s%I$O 49 ;v>] $H$J$C$?!#%8%’%C%H$,A08e J}$K=P$?>l9g b %/%)!<%/ $,%P!<%F%C%/%9B,Dj 4o$r%R%C%H$7$J$$ 3NN( $,9b$/ $J$k!# t � t %$%Y %s%H $r8z N($h $/Mn $H$9 $?$a $K$O!" %P!<%F%C %/%9 B,Dj4o $,== J,A0 J}$^ $GJ$$C $F$$ $k$3 $H$, =EMW $G$" $k!# ‘� + 4 %8%’%C%H%b!<%I ‘� + 4 %8%’%C%H%b!<%I $NFCD’$O!" %(%M%k%.!< $NBg$-$J %l%W%H%s!" Bg$-$J%( %M%k%.!<B; <:!"$*$h$S!" ITJQ<ANL $, W $H Z $H $J$k 4 $D$N %8%’%C%H $NB8 :_$G $"$k!#$3 $N%b!< %I$O!" Bg$- $J%(%M %k%.!< B;<: $N$" $k;v>] $NCf $+$i %(%M %k%.!<$N Bg $-$J e $+ � $N $"$k $b $N $r A* $S $@ $7!" ;D $j$N N3 ;R $r 4 %8%’%C %H $K %/ %i %9 %?!<$7 $? $H $- $K!" IT JQ <A NL $, W $H Z $K$J $k $3$H$rMW5a $9$k$H!" Hf3SE* MF0W$K A*JL$G $-$k!#$? $@$7!"$3 $NA*JL>r 7o$@$1 $G$O t � t %$ %Y%s%H $N:.F~ $OHr$1 $,$?$$ $N$G!" %P!<%F%C %/ %9 B, Dj 4o $K $h $j b %8%’%C %H 8u Jd $N F~$C $F $$ $k ;v >] $r GS =| $9 $k I, MW $, $" $k!# %P!< %F%C %/ %9 B, Dj 4o $K $h $k!" b %/%)!<%/ $N GS=| $r 9T$C $? >l 9g!" @QJ, %k %_ %N %7 %F%#!< 100 fb � 1 $N;~!" W + W � Z 0 $O 81 ;v >]!"$3 $l $K BP $7 $F t � t $N %P%C %/%0%i%&%s%I$O 31 ;v>]$G$"$C$?!# I= 1.5: e + e � ! W + W � Z 0 H?1~ $N=*>u BV$N$&$A <B83E* $KB,Dj 2DG=$J %b!<%I$H!" J,4tHf$* $h$S%P%C %/%0%i %&%s %IH?1~!# ‘ $O e $^$?$O � . Decay mo de branching p ossible bac kground ‘ � � + 2 jets + ‘ � ‘ 0.019 4 jets + ‘ � ‘ 0.031 4 jets + � � � 0.092 ! e � eW � W ( � 220 fb) l � � + 4 jets 0.20 ! t � t ! W W b � b ( � 580 fb) 6 jets 0.32 ! t � t ! W W b � b ( � 580 fb) 84

� � � !\ 4 %8%’%C%H%b!<%I $3$N%b!<%I $rA*$V$K $O!" 4 %8%’%C%H;v >]$N$&$A $G 2 $D$N%8%’%C %HBP$NIT JQ<ANL $,3F!9 W $KEy $7$/!"%(%M %k%.!<B; <:$,Bg $-$$ %$%Y %s %H$r A*$Y $P$h $$!#$3 $N>l 9g!" t � t $N %P%C%/ %0%i %&%s %I$O 9M$( $k I,MW $,$J $$!# e + e � ! e + e � W + W � H?1~$G!"=*>uBV$N e + e � $,%S!<%‘%Q%$%WJ}8~ $KH4$1$FB,Dj$5$l$J$$>l 9g$b!" W + W � Z 0 $HF1$8%H%] %m%8!<$K$J$k$,!" #4%8%’%C%H$+$i9= @.$5$l$? <ANLB;<: $, Z $K$J$k$3$H $rMW5a$9 $k$H!" e + e � W + W � $N>l9g $O Z $h$j$b$:$C $HBg$-$/ $J $k$N$G!" W + W � Z 0 ;v>] $X$N :. F~$O $J$/ $J$k!# %b %s%F %+%k %m $K$h $k$H!" 100 fb � 1 $N@Q J,%k %_ %N%7 %F%#!<$G!" 70 ;v >]$,A*JL$5$l$?!# %b%s %F%+ %k %m %7%_%e %l!< %7%g%s $K $h$j A* JL$5 $l $? W + W � Z 0 %$ %Y %s%H $N W + W � $N IT JQ <ANL J, I[$r ?^ 1.92 $K <( $9!#;f LL$N 4X 78$G $3 $3 $K$O <( $;$J $+$C $? $,!"%R%C %0 %9N3 ;R $, $"$k >l 9g$N %T!< %/ $O 3 $D$N %b!< %I 3F!9$G 8+ $k$3 $H $, =PMh $?!# 3 $D$N%b!<%I$r9g$o$;$?A*JL8zN(!JJx2uJ,4tHf$b4^$a$F!K$O 12% $G!" S/N $O 2.7 $G$"$C$?!# Z ! e + e � =� + � � $N%b!<%I$b4^$a$l$P!"%R%C%0%9$N%7%0%J%k$N S/N $O$5$i$K8~>e$9$k$G$"$m$&!# ?^ 1.92: %b %s %F %+ %k %m $K $h $j A* $P $l $? e + e � ! W + W � Z 0 H? 1~ $N W + W � IT JQ <A NL $N J, I[!# @Q J, %k %_ %N %7 %F%#!< $O 50 fb � 1 !# ?^CfE@ @~$OI8 =‘LO7? $N>l 9g!#<B@~ $O (a) $,%R%C%0 %9$N<A NL$, 200 GeV !" (b) %R%C%0%9 $N<ANL 300 GeV !" (c) � 5 = 0 : 5 $N>l9g!"$r<($9!# 0lJ}!"%R%C%0%9N3;R$, B8:_$7$J$$>l9g!"I8 =‘LO7?$G4|BT$5 $l$k%$%Y%s%H?t $O!"!"$3$3$G2r@O$7 $? 3 $D$N%b!<%I$r$" $o$; $k$H!" @Q J, %k %_%N %7 %F%#!< $, 100 fb � 1 $N ;~!" Ls 250 %$ %Y%s %H $G $" $k!# p s = 500 GeV $K$* $1 $k A4CG LL @Q $O!" � 4 $H � 5 $N 2 <!4X ?t$H$7$F JQ2=$9 $k$N$G!"B, Dj%$%Y%s %H?t$, I8=‘LO7? $HF1$8 $H$-$K$O � 4 $H � 5 $K @)8B$r M?$($k$3 $H$, =PMh $k!# $= $N 7k 2L $r ?^ 1.93 $K @Q J, %k %_ %N %7 %F%#!< $N 4X ?t $H $7 $F <( $9!# � 4 $H � 5 $K BP $9 $k 46 EY $O @5 Ii BP >N $G $O $J $$ $N $G!"3F!9 2 K\ $:$D $N @~ $G <($7 $F $$ $k!#$^ $? B, Dj $N7O E} 8m :9$O 5% $" $k $H 2> Dj$7 $?!# ?^ $+$i $o $+ $k$h $& $K!" @Q J,%k %_ %N %7%F%#!<$, 100 fb � 1 $N;~!"%+%$%i%k 7k9gDj?t$KBP$9$k 46EY$O!" � 0 : 56 < � 4 < 0 : 61 $*$h$S � 0 : 51 < � 5 < 0 : 38 $G$" $k!#$H$3$m$G!" LHC $G$N46EY$O!" p s = 14 T eV $G@QJ,%k%_%N%7%F%#!<$, 300 fb � 1 $N;~ 0.01 0J2<$G$"$k$HM=A[$5$l $F$$$k [80] !#$3$l$i$N 7k9gDj?t$KBP$7 $F LHC $HF1DxEY$N46EY $r JLC $GF@$k$K$O!" 1 T eV 0J >e$N%(%M%k%.!<$, I,MW$@ $H;W$o$l$k!# 1.5.6 =E$$%R%C%0%9N3;R$H W W ;6Mp 4{$K=R$Y$?MM$K!" JLC-I $G=E?47O%( %M%k%.!< 500 GeV $^$G$N <B83$G%R%C%0%9N3;R$,H/ 8+$5$l$J$C$+$?>l9g$G $b!" EE<eAj8_:nMQ$N@:L)B,Dj$+ $i%R%C%0%9N3;R$N<ANL $r?dB,$9$k$3$H$,$G $-$k!#M=A[$5$l$k<A NL$, 1 T eV DxEY$h$j$b 7Z$$ 85

?^ 1.93: @Q J,%k %_%N %7 %F%#!<$N 4X?t $H$7 $FI= $o $7$?!" � 4 $H � 5 $N46 EY (95% CL) !# � 4 $N 46EY $O@5 B& $r"" $G!"Ii B&$r "# $G!" � 5 $N46EY$O@5B&$r!{$G!"IiB&$r!|$G<($7$F$"$k!# >l9g$O!"$=$N<A NL$N%R%C %0%9N3;R $r==J,$K :n$jF@ $k$@$1$N %(%M%k%.!< $H%k%_ %N%7%F%#!<$r ;}$D$h$& $K JLC $rA}6/$9 $l $P$h$$!# <A NL$, W %\ %= %s$N #2 G\$r 1[$( $k %R%C%0 %9N3 ;R $NC5 :w $O!"?^ 1.94 $K<( $5$l $k $h$& $J W %U%e!<%8%g %s $r<g $J @8@.2aDx$H$7$F9T$o$l$k [81, 82] !# ?^ 1.94: W %U%e!<%8%g%sH?1~ %P%C%/%0%i%&%s%I$H$7$F$O0J2<$NMM$JH?1~$,9M$($i$l$k!# e + e � ! e + e � W + W � ! � e � � e Z 0 Z 0 ! e � ( � ) � e W � Z 0 ! e + e � Z 0 Z 0 ! W + W � $3$l$i$N;6MpCGLL@Q$O GRACE[83] $rMxMQ$7$F7W ;;$7$?!#$3$3$GCm0U$7$J$1$l$P$$$1$J$$$N$O!"%R%C%0%9N3;R$N<A NL$, 800 GeV $r1[$($k>l9g!"C1=c$J7W;;$G$O;6Mp?6 I}$N%f%K%?%j%F%#$,GK$l$F$7$^$&$3$H$G$"$k!#$3$l$rHr$1 $k$?$a $NJX59 E* J}K! $H $7$F!" $3 $3$G $O ;6Mp ?6 I}$, %f %K%? %j %F%#$r 2u $5$J $$ DxEY $K :G>. 8B %R%C%0 %9 N3;R $N Jx2u 6R $r3H $2 $k$H $$ $&J}K!$r$H$C$?!#$3$l$K$h$j>/$J$/$H$b%R%C%0%9N3;R$+$i$N?.9f$rBg$-$/8+@Q$j$9$.$k$H$$$&?4G[$O$J$/$J$k!# 86

?^ 1.95: (a) p s = 1 T eV $G%R%C%0%9 $N<ANL$, 0 !" 400 !" 600 !" $^$?$O 700 GeV $N>l9g!"$*$h$S (b) p s = 1 : 5 T eV $G %R%C%0%9 $N<A NL$, 0 $^$?$O 1.0 T eV $N>l9g$K $*$$$F!" W W $NITJQ<A NL$N4X?t $H$7$FI= $7$? W W %U%e!<%8%g%sH? 1~$NHy J,CGLL@Q!# $3$N <A NL$N %R%C %0 %9 N3;R $O W BP $KJx 2u $9 $k $N$G!" W BP $N <ANL J, I[ $r$_ $l $P %R%C %0%9 N3 ;R $N6& LD >u BV $rC5 $9 $3 $H $,$G $- $k!# $$$/ $D $+ $N >l 9g $K $D$$ $F W BP $N <A NL J,I[ $r ?^ 1.95 $K <($9!# %R%C %0 %9 N3 ;R $N <ANL $, A} $9 $K $D $l $FJx 2u 6R $, 9-$/$J$j!"<ANL 1 T eV $N%R%C%0 %9N3;R$O$b$O$d$O$C$- $j$H$7$?6&LD>uBV $r$D$/$i$J$$;v$,$o $+$k!#$3$N$h$&$J>l 9g$K $*$1$k%R%C%0%9 N3;RC5:w $N2DG=@- $rD4$Y$k $?$a!"=E?4 7O%(%M %k%.!< 1 T eV !"%R%C%0%9N3 ;R$N<ANL 0.7 GeV !" $*$h$S=E ?47O%(%M%k%.!< 1.5 T eV !"%R%C%0%9N3;R$N<ANL 1.0 T eV $NFs$D$N>l 9g$K$D$$$F!"%P%C%/%0%i %&%s%I$b4^$a$?%b %s%F%+ %k%m;v>]$rH/@8$5$;!"<! >O$G=R$Y$kB,Dj4o $r2>Dj$7$F%7%_%e %l!<%7%g%s$r9T$J$C$?!# ?.9f$H$7$F$O W %\%=%s$, Fs$D$H $b%/%)!< %/BP $K Jx2u $9 $k 2aDx $r ;H $$!"$^ $: B,Dj 4o Fb $K;M $D $N %8%’%C%H $, 4QB, $5 $l $k;v >] $rA* $V!# <! $K!"$3 $l $i ;M$D $N %8%’%C%H$rFsAH$N%8%’%C%HBP$KJ,$1!"3F!9$NITJQ<ANL$, W $N<ANL6aJU$K$"$k$3$H$rMW5a$9 $k!#$3$NCJ3,$G$O!"Fs8w;R 2aDx$G$"$k e + e � ! e + e � W + W � $H e + e � ! e + e � Z 0 Z 0 $,:GBg$N%P%C%/%0%i%&%s%I$H$J$k!#$3$l$i$N%P%C%/%0%i%& %s%I$rMn$9$?$a!"$^$:9b$$ %(%M%k%.!<$N ( M[ ) EE;R$,4Q B,$5$l$J$$$3$H$r MW5a$9$k!# ( M[ ) EE;R$,%S!< %‘%Q%$%WFb$KF($2 $?>l9g$K $O!" W BP$OBg $-$J 2#1? F0NL$r ;}$A F@$J $$!#$=$3 $G!" W BP$,Bg $-$J 2#1? F0NL$r ;}$D $3$H $rMW5a $9$l $P!"$3 $l $iFs8w;R2aDx$+$iMh$k%P%C %/%0%i%&%s%I$NBg ItJ,$rMn$9$3$H $,=PMh$k!#$5$i$K!"%R%C %0%9N3;R$NJx2u $G:n$i$l$? W %\ %=%s$O =D JP6K $7 $F$$ $k $N$K BP $7!"B> $N >l9g $K$O 2# JP6K $7 $F$$ $k 3NN( $, 9b$$ $3 $H$r Mx MQ$7 $F %P%C%/ %0%i %& %s%I $r Mn$H $9 $3$H$,$G$-$k!#$=$l$K$O!" W %\%=%s $N@E;_7O$G$N%8%’%C %H$N3QJ,I[$r8+ $F!"Bg3QEY$K%8%’%C%H $,=P$F$$$k;v>] $rA*$Y $PNI$$!J2f!9$N%b%s%F%+%k%m!& %W%m%0%i%‘$O!"$=$l $>$l$N W %\%=%s$NJx2uN3 ;R$N3QEY$NAj4X$b 4^$a$F@5$7$$3Q J,I[$r M?$($k!K!# :G=* E*$K 200 fb � 1 $N @Q J,%k %_ %N%7 %F%#!< $N%G!< %?$r =8 $a$? >l 9g$K 4| BT$5 $l $k W BP$N <A NLJ, I[ $r?^ 1.96 $K<( $9!# %R%C%0%9N3;R$N<ANL 0.7 T eV !" 1.0 T eV $=$l$>$l$K$D$F!" 3 � $NE}7WE*M-0U$5$G$=$NB8:_$r3NG’$G$-$k [82] !#$D$^$j!" =E?47O$N%(%M%k%.!<$G 1.5 T eV $N JLC $G$OI8=‘LO7?$N%R%C%0%9N3;R$OI,$:H/8+$9$k$3$H$,$G$-$k$H$$$($k!# JLC $K $*$1 $k$3 $& $7$? C5:w $G %R%C%0 %9N3 ;R$, 8! =P$5 $l$J $+$C $?>l 9g!">/ $/$H $b W = Z %\ %=%s $N=D JP 6K@. J,$O ?7$7 $$6/$$Aj8_ :nMQ$G 7k9g$5 $l$? J#9gN3 ;RE*$J $b$N$H 9M$($6 $k$rF@ $J$/$J $k!#$b$7!" 2#JP6K @.J,$b J# 9gN3;R E*$G$" $l$P!" W= Z %\ %= %s $N <+ 8J Aj 8_ :n MQ $K 0[ >o 7k 9g $, 8= $l $k!# $3 $l $i $N 0[ >o 7k 9g $O!" 1.5.3 � 1.5.5 @a $G 5D O@ $7 $? $h $& $K!" 4{ $K JLC-I $G D4 $Y $i $l $F $$ $k $O $: $G $" $k!# $= $3 $G!" W = Z %\ %= %s $N 2# JP 6K @. J, $, %2!< %8 N3 ;R E* $G $" $k $3 $H $, 3N G’ $5 $l $F $$$k >l9g $K $O!";D $5 $l $?2D G= @-$O!" W = Z %\ %= %s$O K\ Mh %2!< %8 N3 ;R$G!" $= $N<A NL $O ?7 $7 $$ 6/$$ Aj 8_:n MQ $K 5/0x $9 $k BP>N@- $N <+H/ E* GK$l $+ $iMh $k $H$9 $k $3$H $G $"$k!# $D $^$j!" =D JP6K @. J,$N $_ $rJ# 9g N3;R $H $9$k 2D G=@- $G $"$k!# $3 $N>l 9g $K$O!"$= $N J#9g N3 ;R$r 9= @.$9 $k ?7$7 $$ 6/$$ Aj 8_:n MQ $,!"%9 %T %s 0 $N6& LD>u BV 0J30 $K %&%$!< %/ %\%= %s BP$K 7k 9g$9 $k %9%T %s 1 $N 6&LD >u BV$r :n $k$H 4| BT$G $- $k!#$3 $3$G $O!" $3$N $h $&$J %9 %T%s 1 $N 6& LD>u BV$, B8 :_$9 $k >l9g $K $D$$ $F 9M$( $k!#$3 $N>l 9g!" e + e � ! � e � � e W + W � $H e + e � ! � e e + Z 0 W � $N Fs $D $N %A%c %s %M %k $K 6& LD >u BV $, 8= $o $l $k!# $3 $N >l 9g $N 87

?^ 1.96: p s =1.0 T eV (1.5 T eV) !"@QJ,%k%_%N%7%F%#!< 200 fb � 1 $N;~$N!" W BP$NITJQ<ANLJ,I[!#%G!<%?!<E@$O!"%R%C%0 %9 $N<ANL$, 0.7 T eV (1.0 T eV) $G!"%R%9%H%0%i%‘$O<ANL$, 0 $N>l9g$G$"$k!# 40A4 $J %b %G %k $O $^ $@ $G $- $F $$ $J $$ $N $G!" 0J 2< $N $h $& $J 6a ;w 7W ;; $K Mj $i $6 $k $r $( $J $$!# $^ $: W %U%e!< %8%g %s H? 1~ $r Fs $D$NIt J, $KJ, $1$k!# ( M[ ) EE ;R $, W %\%= %s$r J| =P$7 $F ( H? ) %K%e!<%H %j %N$K $J$k It J,$H!" W %\ %=%s $I$& $7 $N;6 Mp$N It J,$G$" $k!#=D JP6K $7$? W %\%= %s;6 Mp $rEy 2ADj M} (Equiv alence Theorem) $K $h$j %4!< %k%I %9%H %s!&%\ %=%s $N;6 Mp$K CV $-49 $( $k!# 6&LD >u BV $N B8 :_$9 $k >l 9g $N $= $N;6 Mp ?6 I} $O C1 =c N/D K! [84] $K$h $k $b $N $r ;HMQ $7 $9 $k!# $3 $N ;6Mp ?6 I} $O %f %K%?%j%F%#!<$H 2r@O@- $rK~B-$7 $F$$$k!# 0lJ}!" ( M[ ) EE;R $, W %\%=%s $rJ|=P $7$F ( H? ) %K%e!<%H%j %N$K$J $kItJ, $K$D$F $O!"2~ NI $5 $l $?Ey 2A N3 ;R 6a ;w [85] $r ;H $&!# $3$& $9 $l $P!" =D JP 6K $7 $? W %\ %= %s ;6 Mp $K 4X$9 $k A4 $F $N ;6 Mp ?6 I}$r!" %X %j %7%F%#!<?6I}7W;;%W%m%0%i%‘!J HELAS[86] !K$r;H$C$F?tCM2=$G$-$k!# 2#JP6K$7$? W %\%=%s$N;6Mp$K$D$$$F$O!"6&LD >uBV$H$O4X78$J$$$N$G!" e + e � ! � e � � e !" W + T W � T � e e + Z 0 T W � T $N;6 MpCGLL@Q$r GRACE $r;H$C$FI8=‘ LO7?$NHO0O$G$N:GDc<!$N @53N$J;6Mp?6I}$K4p$E$$$F 7W;;$9$l$PNI$$!#%P%C%/%0%i %& %s%I$K$D$$$F$bF1MM$G$"$k!# =E?47O%( %M%k%.!< $G 1.5 T eV $N JLC $G$N!"6&LD >uBV$N <ANL 0.7 !" 1.0 !" 1.2 T eV $N>l 9g$N;6 MpCGLL @Q$r?^ 1.97 $K <($9!#<ANL 1.0 T eV $^$G==J,$KH/8+$9$k$3$H$,$G$-$k [87] !# $H$3$m $G!" W + W � %A%c %s%M %k$K %9%T %s 1 $N 6&LD >uBV $,$" $k>l 9g$K $O!" e + e � ! W + W � H?1~ $G$b 8+$k $3$H $, $G$-$k!# W + W � 7O$N%( %M%k%.!<$O $3$A$i $NJ}$, 9b$$$N$G!" %9%T%s 1 $N 6&LD>u BV$NC5 :w$K$OE, $7$F$$ $k!#%U%e!<%8%g %sH? 1~ $NMx E@ $O!" %R%C %0 %9 N3;R $, 4| BT $5 $l$k %9 %T %s 0 !" $* $= $i $/ $O6& LD >u BV $r ;} $?$J $$ %9 %T %s 2 Ey $N%9 %T %s 1 0J 30 $N %A%c%s %M%k $d!" <e%" %$ %=%9 %T %s$N 0[ $J$C $?>u BV $N8& 5f $bF1 ;~ $K=P Mh $k E@$K $" $k!#$3 $l $iJ# ?t $N%A%c %s %M %k$r D4 $Y$k $3 $H$,!"?7$7$$6/$$Aj8_:nMQ$N@-<A$r2rL@$9$k$?$a$KIT2D7g$J$N$G$"$k!# :G8e$K%R%C%0%9N3;R ( J = 0) $, A4$/B8:_$;$:!"B>$N%A%c%s%M%k ( J = 1) $K$b6&LD>uBV$,B8:_$7$J$$>l9g$r9M$($k!# %&%$!< %/%\ %= %s$N =D JP6K @. J,4V $N ?7 $7$$ 6/ $$Aj 8_ :nMQ $, $$$o $f $k Dc%( %M %k%.!< Dj M}$K => $&>l 9g $G $"$k!# Ld Bj$O!" %R%C %0%9N3;R$N<ANL$,%<%m$N>l9g$H%R%C%0%9N3;R$N<ANL$,L58BBg$N>l9g!J%R%C%0%9N3;R$NB8:_$7$J$$>l9g!K$H$r!" e + e � ! � e � � e W + W � $N H?1~ CG LL @Q$r B, Dj $9$k $3 $H $G6h JL $G $-$k $+ H] $+$G $" $k!# $3$N >l 9g $b=D JP 6K $7$? W %\%= %s $K :G$b 0c $$ $,8=$o$l $k$N $G!"$= $l$rMx MQ$9 $k!# W %\ %=%s $,B, Dj4o$N Cf1{ It$K =P$F$$ $F!" W BP$N<A NL$, Hf3S E*=E$$ NN0h $rA* $V!# >\$7$$2r @O$N 7k2L!" N><T$N 6hJL $K$O>/ $J$/ $H$b =E?47O %(%M %k%.!< 2 T eV 0J >e$, I,MW $G!"$=$N >l9g 3 � $G6h JL$9$k $N$K 310 fb � 1 $N@QJ,%k%_%N%7%F%#!<$,I,MW$G$"$k$3$H$,J,$+$C$? [88] !# 88

?^ 1.97: (a) � e � � e W + W � H? 1~$N W BP<A NLJ,I[ !J<B@~!K $H %P%C %/%0%i %&%s%I H?1~$G $"$k ( � ) � e e � Z 0 W � H?1~!JGK @~!K$H � e � � e Z 0 Z 0 H? 1~!JE@@~!K $N W Z ( Z Z ) <A NLJ, I[!#=E?4 7O%( %M%k %.!<$O 1.5 T eV !#6&LD>u BV$N <ANL$, 0.8 !" 1.0 !" 1.2 T eV $N >l9g $r<( $7 $F$$ $k!# 4Q B,$5 $l $J$$ 2# 1?F0 NL $, 70 GeV 0J >e $G!" W ( Z ) %\ %=%s $N @8@. 3Q $, %3%5 %$ %s$G 0.9 0J 2< $rMW 5a $7 $F$$ $k!# (b) ( � ) � e e � Z 0 W � H?1~$N W Z <ANLJ, I[!J<B@~!K$H %P%C%/%0%i %&%s%IH?1~ $G$"$k � e � � e W + W � H? 1~!JE@@~!K$N W BP <ANLJ,I[!#=E?47O%(%M%k%.!<$O 1.5T eV !#6&LD>uBV$N<ANL$, 0.8 !" 1.0 !" 1.2 T eV $N>l9g$r<($7$F$$$k!#4QB,$5$l$J$$2#1?F0 NL$, 70 GeV 0J>e$G!" W ( Z ) %\%= %s$N@8@.3Q $,%3%5%$ %s$G 0.9 0J2<!"$5$i $K 10 GeV 0J>e$N!JM[!K EE;R$,%3%5 %$%s$G 0.98 0J2<$K4QB,$5$l$k$3$H$rMW5a$7$F$$$k!# 89

1.6 JP6K%S!<%‘$NJ*M} 1.6.1 35MW %j%K%"%3%i%$%@!< $G$O!"=>Mh$N%j %s%07?2CB.4o$H 0[$J$j!"EE;R$^ $?$OM[EE;R$r $=$NJP6K$rB; $J$&$3$H$J$/ >WFME@$^ $G2C B.$9 $k $3$H $, =P Mh$k!# =>$C $F!"9b JP 6K$N EE ;R $^$? $O M[EE ;R 8; $,$" $l $P!"JP 6K %S!< %‘$r Mx MQ$7 $? <o!9$N 6= L# ?<$$ <B 83$,2D G= $H$J $k!#JP 6KEE ;R $K4X $7$F $O!" 4{$K SLC <B83 $K $*$$ $F;H MQ <B@S $,M- $j!" %o%$ %s%P!< %03Q $N @:L) B,Dj [90] $G $O!"E}7W NL $K$* $$ $F>! $k LEP <B83 $H F1Dx EY$+ $= $l0J >e $N9b @:EY B, Dj$, <B 8=$7 $F$$ $k!# <!@$ Be %j%K %"%3 %i %$%@!< $N JP 6KEE ;R 8;$K 4X $7 $F $b!" JP6K EY 70% � 80% Dx EY $J $i!" %^ %k%A %P %s %A %S!< %‘$N <h =P $7 $r <B>Z $9 $k $H $$ $&2] Bj $r JL $K $9 $l$P!" 4{$K <B MQ 2=$5 $l $F $$$k $H 8@$C $FNI $$ [89] !#$3 $l $K BP$7 M[ EE ;R$N JP 6K $K4X $7 $F $O!"=> Mh EE ;R$r JP 6K $5$; $l $P <+F0 E*$K A* Br $5 $l $k $b $N $H $7$F!" $" $^ $j ?? 7u $K 5D O@ $5 $l $k $3 $H $, $J $+$C$?!# $7 $+ $7!" <e $$ Aj 8_ :n MQ $, %Q %j %F%#!< $r 100% GK$C$F$$$k!J W N3;R $O:84,$-$N J*<AN3;R$H $7$+Aj8_ :nMQ$7$J$$ $7!"%K%e!<%H%j %N$K$O:84, $7$+B8:_$7 $J$$!K$H$$ $&M} M3$K $h$j!" EE ;R!&M[ EE ;R$N N> J}$r JP 6K $5$; $k $3$H $G!" <o!9$N ;6 MpCG LL @Q $NBg $- $5$r $h $j8z N( E*$K %3 %s %H%m!< %k $9$k $3 $H$,=P Mh $k E@$O Cm L\$K CM $9$k!# $3 $l$K $h $j?. 9f $NE} 7W NL$r $" $2$? $j!" %P%C%/ %0 %i %&%s %I $r8: $i $7$? $j $H!"L\ E* $H$9 $k J*M}$K 9g $o$; $F <B83 >r 7o$r @) 8f$9 $k $3$H $, 2DG= $H $J$k $+ $i$G $" $k!#$= $3 $G2f!9 $O!" JP6K M[ EE;R $K 4X$7 $F $b$= $N <BMQ E* $J@8@.K!$N8!F$$r9T$&$H$H$b$K!"<B83E*$J3+H/8&5f$K$bCe<j$7$?!# $3$N@a$G$O!"A0@a $^$G$H$O>/$7 <q$rJQ$(!"JP6K EE;R!&M[EE;R%S!< %‘$rMxMQ$7$? J*M}$K$D$$$F!" 2#CGE*$KD/ $a$F$_$? $$ 7 !#=i$a$K!";6MpCG LL@Q$N JP6K0MB8 @-$K4X $9$k0lHL O@$N$* $5$i$$$r $7!"B3$$$F!" JP6K$N 0c$$$K$h $kHsBP >N@-Ey$r MxMQ $7$?!"JP6K$,K\<AE*$JLr3d$r1i$8$kJ*M}$N6qBNNc$N$$$/$D$+$K$D$$$F!"$3$l$^$G?($l$J$+$C$?$b$N$rCf?4$K=R$Y$k!# 1.6.2 ;6MpCGLL@Q$NJP6K0MB8@- JP6K%S!<%‘$NJ*M}$K4X$9$k%-!<%]%$%s%H JP6K%S!<%‘$,K\<A E*$JLr3d$r2L$? $9M}M3$O!"I8=‘ LO7?$*$h$S$= $N3HD%$N$$$:$l $b$,%i%0%i%s %8%"%s$N%l%Y %k$G$O%+ %$%i%k $G $" $k$3 $H $K$" $k!# $D$^ $j!" 1&4, $N N3;R $H :84, $N N3;R $H $OK\ Mh JL!9$N N3 ;R $G$" $k E@$, K\ <AE* $G $"$k!# $3 $N$3 $H $O!"I8=‘LO7?$N%2!<%872 S U (3) C � S U (2) L � U (1) Y (1 : 46) $K$O$C $- $j $H 8= $l $F $$ $k!# $3 $l $K 2C $( $F!" JLC $N %( %M %k %.!< $G $O!" Dc %( %M %k %.!< $G <+ H/ E* BP >N @- $N GK $l $K $h$C $F 1# $l$F$$ $? $3 $N%2!< %8 BP>N @- $,2s I| $7$F $/ $k$? $a $K!"K\ Mh $N%+ %$ %i%k $J @-<A $, $h $j0l AX 82:_ 2= $9$k!# $= $3$G!" B? $/$N >l 9g 8 !" Z N3;R$d8w;R ( ) $J$I$N<ANL8GM->uBV$NBe$o$j$K!" W 3 !" B $J$I$N S U (2) L !" U (1) Y %2!<%8%\%=%s$rD>@\07$& ;v$,@5Ev2=$5$l$k!# 1&4,EE;R ( :84, M[EE;R ) $O B $H$N$_ 7k9g$7!" :84,EE ;R ( 1& 4,M[EE ;R ) $O B !" W 3 $N$$ $:$l$H $b7k9g $9$kE@!" $^$?!" 1&4,EE;R$N%O%$%Q!<%A%c!<%8$,:84,EE;R$N$=$l$N 2 G\$G$"$kE@$KCm0U$9$k!#$^$?!"%2!<%8%\%=%s$N<+8J7k9g$O!"Hs%"!< %Y%k72$+$i$7 $+=P$F Mh$J$$$N $G!" B $O W W Z %P!<%F%C%/ %9$K$O4s M?$7$J$$ E@$bCm L\$KCM$9 $k!#$3$l$i $NN10U E@$O!" I8=‘LO7?$rD6BP>N2=$7$?>l9g!"D6N3;R$r4^$s$@%P!<%F%C%/%9$K$b0lHL2=$G$-$k!#Nc$($P!" ~ e � R $O B $"$k$$$O ~ B $H$7$+ 7k9g$7$J $$$,!" ~ e � L $O W 3 !" ~ W 3 $K $b7k 9g$9$k $H$+!" B $O ~ W ~ W Z %P!< %F%C%/ %9$K$O 4sM? $7$J$$ $H$+8@$C $?6q 9g$K$G $"$k!# 0lJ}!"Fs8w;R2aDx$N>l9g$K =P$F$/$k$h$&$J!"$[$H $s$I<B8w;R$K6a$$!J q 2 ’ 0 !K 2>A[8w;R$N4XM?$9$k %P!<%F%C%/%9$G $O!" W 3 $d B $K4p$E$$$FJP6K $N8z2L$r9M$($k$3$H$O=PMh$J$$!#$3$N>l9g $K$O!":#$^$GDL$j<ANL8GM->uBV$G$"$k8w;R $, <gLr$G $" $k!#8w ;R $OEE 2Y $G7h $^ $kBg $- $5$G 1& 4,$- N3 ;R$K $b :84, $- N3;R $K $bF1 $8 6/$5 $G 7k9g $9 $k$N $G!" $3$N $h $&$J %P!< %F%C%/%9$r%S!<%‘JP6K$G@)8f$9$k$3$H$O=PMh$J$$!# 0J>e$NE@$O!"8e$K8+$k$h$&$K!"CGLL@Q$N?6$kIq$$$NH>DjNLE*5DO@$K$H$F$bM-MQ$G$"$k!# JP6KM[EE;R$NLr3d 4{$KD6BP>N@-$N J*M}$N@a!JFC $K%9%?%&$N>l 9g!K$G6/D4$7$? $h$&$K!"%2!<%8 Aj8_:nMQ$O%+ %$%i%j%F%#!<$rJ] B8$7!"%+ %$%i %j%F%#!< $r J]B8 $7 $J$$ %R%C %0%9 N3 ;R $H$N Er @nAj 8_ :nMQ $O <ANL $K Hf Nc$9 $k!# EE;R!& M[ EE;R $N >l9g $O <A NL$, >. $5$$ $N 7 JP6K EE;R $N 2L $? $9 Lr 3d $K 4X $7 $F $O 4{ $K @^ $K?( $l 5D O@ $7 $F $- $?!# FC $K D6 BP >N N3 ;R $N8& 5f $K $* $1 $k $= $N =E MW @- $K 4X $7 $F $O!"$+ $J $j >\ $7 $/ 07$C $?!# 3F!9$N2aDx$KBP$9$k>\:Y$O$=$A$i$r;2>H$7$F$$$?$@$/$H$7$F!"$3$3$G$O$=$l$i$K6&DL$9$k0lHLE*$J;v9‘$r$^$H$a$k$3$H$K$9$k!# 8 @53N$K$O j q 2 j � m 2 Z $N>l9g!# 90

$G!"<B <AE* $K %2!<%8 Aj 8_:n MQ $7$+ $7 $J $$!#$= $3 $G!"0l HL $KH? 1~ $N%@ %$ %" %0%i %‘ $G!";O >u BV$N EE ;R$H M[ EE ;R$, D> @\$^ $? $OEE ;R $+ %K%e!< %H %j%N !J$" $k $$ $O $= $l $i $ND6 BP >N $N Aj K@!K $N Fb @~ $G$D $J $,$C $F $$ $k >l 9g $O!"EE ;R $N %X %j %7 %F%#!< !J ’ %+%$ %i %j%F%#!<!K $r M? $( $k$H M[ EE ;R$N $= $l $O !JEE;R $N %X %j %7%F%#!< $N 5U $K!K <+F0 E* $K 7h $^$C$F $7 $^ $&!# =>$C$F!" 2> $K 100% JP6K$7$?EE;R%S!<%‘$,$"$C$?$H$9$l$P!"$3$N$h$&$JH?1~$KBP$9$kM[EE;R$NJP6K@)8f$N0UL#$O<!$NE@$K9J$i$l$k!# (i) M[ EE ;R$N <B 8z%S!< %‘ 6/EY $r G\$K $9$k !JL5 JP6K M[ EE;R %S!< %‘$N >l 9g$O $= $NH> J,$, ;H $o$l $J $$!K$3 $H $G!"CG LL @Q$r G\$K$9$k!# (ii) 3:Ev$9$kH?1~$NCGLL@Q$r%<%m$K$9$k!J$3$NH?1~$KBP$7M[EE;R%S!<%‘$,A4$/;H$o$l$J$$$h$&$K$9$k!K!# $b$A $m$s!" Fs HVL\ $N 9‘L\ $K 4X$7 $F $O!" LdBj $N H?1~ $, %P%C%/ %0 %i%& %s %I $K$J $j!" $+$D!" ?. 9fH? 1~ $,;O >u BV $NEE ;R $HM[ EE ;R$, $D $J$,$C $F $$ $J $$$h $& $J %@ %$%" %0 %i %‘$r ;} $D >l 9g$r A[ Dj $7 $F$$ $k!# $3 $N $h$& $J >l 9g $GFC $K 6= L# ?<$$ $N $O!" t %A%c %s%M%k$K%K%e!<%H%i%j!<%N$J$I$N%^%h%i%JN3;R$,8r49$5$l$k>l9g$G$"$k!# $5$F!"<B:]$K$O 100% JP6K$NEE;R%S!<%‘$OB8:_$7$J$$!#=>$C$F!"0J2<$K8+$k$h$&$KM[EE;R%S!<%‘$N8zG=$O$5$i$K9- $,$k$3 $H $K $J$k!# ;O >uBV $N EE;R $H M[EE ;R $,$D $J $,$C$F $$ $k$h $& $J%@ %$ %"%0 %i %‘ $NH? 1~ $KBP $7 $F$O!" EE ;R%S!< %‘ $N$_ $, JP6K$7$F$$$k>l9g$K>F$-$J$*$7$?!"<B8zEE;RJP6KEY!J P comb !K$rDj5A$9$k$HJXMx$G$"$k : P comb � P � � P + 1 � P � P + !# (1 : 47) $3$3$G!" P � $H P + $OEE ;R$* $h$SM[ EE;R $NJP6K EY$G!" 1&4, 100% $, P � = +1 $K!"$^$?!" :84, 100% $, P � = � 1 $KBP1~$7$F$$ $k!#$3$N<0 $+$iL@$i $+$J$h$& $K!"EE;R%S!< %‘$, 100% JP6K$7$F $$$l$P!" P comb = P � = � 1 $G!"M[EE ;R %S!<%‘$N JP 6K$O 4X 78$J $$$,!" j P � j < 1 $N >l 9g$K $O!"M[ EE ;R$N JP 6K$, <B8z EE ;RJP 6K EY$r 9b$a $k 8z2L $, $"$k $3 $H$, J,$+ $k!#$^$?!"JP 6KEY B,Dj $N7O E}8m:9 $b8: $i$; $k$3 $H$bJ, $+$k [91] !#$D $^$j!" EE;R %S!<%‘$N JP6K EY$, 100% $G$J $$>l 9g!" M[EE;R$NJP6K$O$5$i$K (iii) <B8zEE;RJP6KEY$NA}6/!" (iv) <B8zEE;RJP6KEY8m:9$N2~A1!" $r$b$? $i $9 $3$H $K $J$k!# <B 8zEE ;R JP6K EY $H$= $N 8m:9 $, M[EE ;R $NJP 6K $K$h$C $F $I $N$h $& $K2~ A1 $9$k $+ $r!"EE ;R %S!<%‘ $N JP6KEY$, 90% $N>l9g$K4X$7$F?^ 1.98 $K<($7$?!# M[EE;R$NJP6K$, 50% $"$k$@$1$G!"<B8zEE;RJP6K EY$O!"Ls 97% $^$G 2~A1$9$k!# 80% $G $"$l$P!" <B$K 99% $K$^$G $J$k!#$3 $N!"M[EE ;R$NJP 6K$K$h $k<B8zEE ;RJP6K EY$NA} 6/$H$$ $&<B83<j K! $O!"EE;R%S!< %‘$NJP 6KEY $N 100% $+ $i$N $o$:$+ $J$: $l$, S= N Hf$K Bg$- $J1F6A $r5Z $\$9$h $&$J!"CG LL@Q $N>.$5 $J?. 9f ;v>]$r07$&>l9g$K$O$H$F$b=EMW$K$J$k$G$"$m$&!# $5$F0J 2<$G $O!"$3$3 $^$G $N0l HLO@$r $U$^ $($F!" JLC $K $*$1 $kBe I=E*$J H?1~ $N$$ $/$D$+ $K$D $$$F!" JP6K%S!< %‘$K $h $kCGLL@Q@)8f$N6qBNNc$r8+$F$$$/$3$H$K$9$k!# W %\%=%sBP@8@.H?1~ ?tI4 GeV $+ $i T eV NN 0h $N J* M} $r 9M $( $k >l 9g!" ?. 9f H? 1~ $H $7 $F $b $^ $? B> $N ?. 9f $KBP $9 $k %P%C %/ %0 %i %& %s %I $H $7 $F $b!" W %\ %= %s BP @8@. H? 1~ $O:G $b =E MW $JH? 1~ $N 0l $D$G $" $k!# $3$N H? 1~ $O $^$?!" JP 6K %S!<%‘ $N 0R NO $,:G $b E5 7?E* $K H/ 4x $5$l$k Nc$G $b$" $j!"$3 $N@a $G :G=i $K<h $j>e $2$k $N$K :GE, $G$" $k!# $3$N H?1~ $K$O ?^ 1.99 $K <($7 $?#3 $D$N %@ %$%" %0%i %‘$N 4sM? $,$" $k $,!" 4{$K 6/ D4$7 $? $h $&$K!" s %A%c %s %M %k$N #2 $D$N %@ %$ %"%0 %i %‘ $O!"%2!< %8 N3 ;R$N <+ 8J7k 9g $r 4^$‘ $N $G!" 9b %(%M%k %.!<$G $O W 3 8r49 $N%@ %$%" %0%i %‘0l $D$H Ey2A $G$" $j!":8 4,EE ;R$K $7$+ 7k9g $7$J $$!#0lJ}!" t %A%c %s%M %k$N %@%$ %"%0 %i%‘ $O!" %K%e!<%H %j %N $N8r 49 $r4^ $‘ $N$G $3 $l $^$? :8 4,EE ;R $K $7$+ 7k 9g$7 $J $$!# =>$C$F!" ?^ $+$i $9 $08+ $F <h $l$k MM $K!":84,EE;R $K$h$k@8 @.CGLL @Q$KBP $7$F1&4, EE;R$K $h$k$=$l $O!"$?$$ $X$s>. $5$$$b$N $K$J$k !JLsI4J, $N0l!K 9 !# $^$?!" 1&4,$I$&$7!&:84,$I$&$7$NCGLL@Q$O%<%m$G$"$k!JI= 1.6 ;2>H!K!# L5JP6K%S!< %‘$K$O 1&4,$H :84,N3;R $,H>!9$K :.$8$C$F $$$k$N $G!"<B:] $K W %\%=%s BP@8@. H?1~$K ;H$o$l $k%S!<%‘6/ EY $O#4 J,$N #1 $H$J$C $F $7 $^$&!# $7 $+$7 :8 4,JP 6K EE ;R%S!< %‘ $r;H $& $3 $H$K $h $j!JM[ EE ;R $OL5 JP 6K!K$= $N $‘$@ $r 8: $i$7!" CG 9 87L)$K$O!" W � $N=DGH@.J,$O %R%C%0%9>l$r5/8; $H$9$k$N$G!" U (1) Y %2!<%8N3;R$G$"$k B $H$b7k9g$9$k!# =>$C$F!"9b%(%M%k%.!< 6K8B$G$b1&4, EE;R$KBP$9$k@8@.CGLL@Q$O40A4$K$O%<%m$K$J$i$J$$!# 91

?^ 1.98: EE;R!&M[EE;R$H$b$KJP6K$5$;$?>l9g$N<B8zE*JP6KEY!J<B@~!K$H!"$=$N8m:9$rM[EE;R$NJP6KEY$r2#<4$K$H$C$FI=$7$? $b$N!#EE;R$NJP6KEY$O 90% $r2>Dj!# ?^ 1.99: W %\%=%sBP@8@.H?1~$K4sM?$9$k%U%!%$%^%s%@%$%"%0%i%‘ I= 1.6: W %\%=%sBP@8@.H?1~ JP6K ;6MpCGLL@Q e � L e + L 0 e � L e + R � e � R e + L O ( � = 100) e � R e + R 0 e � unpol e + unpol � = 4 e � L e + unpol � = 2 e � R e + unpol O ( � = 100) 92

LL@Q$r #2 G\$K $9 $k$3 $H $,$G $- $k!#$5 $i $KM[ EE;R $b JP6K $5 $;$k $3 $H$K $h $j!"86 M} E*$K $O @8@. CG LL@Q $rL5 JP 6K$N >l 9g$N #4 G\$^$G2T$0$3$H$,$G$-$k!# 5U$K1&4,EE;R%S!< %‘$r;H$($P$3 $NH?1~$r;&$9 $3$H$b$G$-$k!# $3$l$O!"4{$K6/ D4$7$?$h$&$K!" D6BP>NN3;R$N @:L)B,Dj $K$* $$ $F 7h Dj E*$K =E MW $G $" $k!# FC $K!" ?. 9f$H $J $k D6 N3 ;R $N @8 @.CG LL @Q $, >. $5 $$ $H $- $K$O!" EE ;R %S!< %‘ JP 6K EY $N 100% $+$i$N$:$l$, S= N Hf$KBg$-$/8z$$$F$/$k!#$3$N>l9g$K$OM[EE;R$NJP6K$N=EMW@-$,A}$9!# EE;R!&M[EE;R>CLGH?1~ $$$o$f$k s %A%c%s %M%k2a Dx!"$D$^ $j!"EE;R!& M[EE;R $,>CLG $7$F2> A[ Z %\%=%s !?8w;R $H$J$j!" $=$l$+ $i=*>u BVN3;R $,@8@. $5 $l$k H?1~ !J?^ 1.100 ;2 >H!K $O!"%H%C %W%/%)!< %/ $dD6 BP >NN3 ;R$N BP @8@.!" Z %\ %= %s!&%R%C %0%9 N3 ;RBP @8 @.Ey!" %j%K%"%3%i%$%@!<7z@_$NF05!$H$J$kB?$/$N=EMW$JJ*M}2aDx$r4^$s$G$$$k!# ?^ 1.100: EE;R!&M[EE;R>CLGH?1~ @h$K=R$Y$?$h$&$K!"$3$l$i s %A%c%s%M%k2aDx$G$O!";O>uBV$NEE;R!&M[EE;R$,$D$J$,$C$F$$$k$?$a$K!"0lHLE*$K e � L e + R $+ e � R e + L $N AH $_ 9g $o $; $7 $+ 5v $5 $l $J $$!# =>$C $F!" EE ;R %S!< %‘ $N JP 6K $, == J, 100% $K 6a $1 $l $P!" M[ EE ;R $N JP 6K $N Lr 3d $O!"CGLL @Q $r #2G\ 2T $$$@ $j!" L5$/ $7 $?$j $9 $k$3 $H $G$" $k !JI= 1.7 ;2 >H!K!# $^ $?!" EE;R %S!< %‘$N JP 6K$, == J,$G $J $$$H $- I= 1.7: EE;R!&M[EE;R>CLGH?1~ JP6K ;6MpCGLL@Q e � L e + L 0 e � L e + R � e � R e + L � 0 6 = � e � R e + R 0 e � unpol e + unpol ( � + � 0 ) = 4 e � L e + unpol � = 2 e � R e + unpol � 0 = 2 $K$O!"<B 8zEE ;RJP 6KEY $r>e $2$k $N $KLr N)$D!# $=$3 $G!"%S!< %‘JP 6K$N 2L$? $9K\ <AE* $J Lr3d $r9M $($k $K$O!" 100% JP 6K$7 $?EE;R%S!<%‘$N>l9g$r9M$($l$P==J,$G$"$k!# 4{$K 6/D4 $7$? $h $&$K!" Z %\ %= %s<A NL$, L5 ;k$G $-$k $h $&$J 9b%( %M %k%.!< $N s %A%c%s %M %k2a Dx$G $O!" EE<e Aj8_ :n MQ$N 8GM- >uBV $G $" $k B $d W 3 $GOC $r ?J $a$k $H J, $+$j 0W $$ 10 !# <j;O $a $K!" $3$l $^ $G $NEE ;R!& M[ EE;R %3 %i %$%@!< $G NI $/D4 $Y $i$l $F $- $? e + e � ! � + � � H? 1~ $r 9M $( $F $_ $h $&!# ;O >u BV $N EE ;R $, 1& 4, $G $" $l $P!" s %A%c %s %M %k $K 8r 49 $5 $l $k >u BV $O U (1) Y %2!< %8%\ %= %s !J B !K $7 $+ 5v$5 $l $:!" ;O >u BV $NEE ;R!& M[ EE ;R >CLG %P!< %F%C %/ %9 $K $+$+ $k 7k 9g Dj ?t $O g 0 Y R = g W tan � W Y R !J$?$@$7!" Y R = � 1 $O 1&4,EE;R$N%O%$%Q!<%A%c!<%8!K$G$"$k!#=*>uBV$K4X$7$F$O!" � + L � � R $G$"$l$PF1 10 $?$@$7!" e + e � ! Z H $N $h$&$K!" s %A%c %s%M%k $K Z %\ %=%s$7 $+8r49 $5$l $J$$>l 9g$O JL$G$" $k!#$3$N H?1~ $G$O!"%@ %$%" %0%i%‘ $O$3$l $@$1 $G!" %S!<%‘JP6K0MB8@-$O$[$H$s$I$J$$$,!"$3$l$O8e$G8+$k$h$&$K!"%R%C%0%9N3;R$NF1Dj$K;H$($k!# 93

MM!" � + R � � L $G$"$l$P!" Y R = � 1 $, Y L = � 1 = 2 $GCV$-49$o$k!#=>$C$F!";6Mp?6I}$G8@$($P A ( e + e � R ! � + L � � R ) / ( g W tan � W ) 2 Y 2 R A ( e + e � R ! � + R � � L ) / ( g W tan � W ) 2 Y R Y L (1.48) $H$J$j!"CGLL@Q$K$9$k$H!"1&4,%_%e!<N3;R$O:84,$N$b$N$h$j#4G\B?$/@8@.$5$l$k$3$H$K$J$k!# ;O>uBV$NEE;RJP 6K$r:84,$K<h $k$H!";v>p$OH? E>$9$k!#:84,EE ;R$+$i1&4,$- %_%e!<N3;R$r:n$k >l9g$O!"1&4, EE;R$+$i :84,$-%_%e!<N3;R$r:n$k$N$HA4$/F1$8$G$"$k!# A ( e + e � L ! � + L � � R ) / ( g W tan � W ) 2 Y L Y R (1.49) :84,EE;R$+$i$+$i:84,%_%e!<N3;R$r:n$k>l9g$O!" s %A%c%s%M%k$KCf@-$N S U (2) L %2!<%8%\%=%s!J W 3 !K$N4sM?$,IU$12C $o$k!# W 3 $H %l%W%H%sBP$H$N%P!<%F%C%/%9$K$O!"7k9gDj?t$H$7$F g W T 3 $,$+$+$k$N$G!"$9$0$KJ,$+$k$h$&$K A ( e + e � L ! � + R � � L ) / ( g W tan � W ) 2 Y 2 L + g 2 W T 2 3 (1.50) $H$J$k!# %o%$ %s%P!< %03Q $r$* $*$6$C $Q$K sin 2 � W ’ 1 = 4 $H$9 $k$H!" tan 2 � W ’ 1 = 3 $H $J$j!" :84, EE;R $+$i $O:8 4,$N %_%e!<N3;R $,1& 4,$N$b $N$h $jLs #4G\ B?$/ @8@. $5$l $k$3 $H$K $J$k!JB- $7$? $b$N $O1& 4,EE ;R%S!< %‘$N ;~$H sin 2 � W ’ 1 = 4 $H$9$l$PF1$8!K!# $3$NH?1~$N>l9g!"A4CGLL@Q$H$$$&0UL#$G$O%S!<%‘JP6K$N8z2L$O>.$5$$$,!"=*>uBV$K@8@.$5$l$kN3;R$N%+%$%i%j%F%#!< $KBg$- $JHs BP>N @-$, @8$^ $l$k $3$H $KCm 0U$9 $k!#%_%e!< N3;R $N>l 9g$= $N%X %j%7 %F%#!<!J ’ %+ %$%i %j%F%#!<!K $NB, Dj$O MF 0W$G $J$$ $,!" %? %& N3;R $d %H%C %W%/%)!< %/ $N @8 @.$G $O!" $3 $NHs BP >N @- $,MM!9 $J B, Dj$K 1~ MQ $G $-$k!# $^ $?!" %/%)!<%/ $N >l 9g$K$O %l %W%H %s $N>l 9g $KHf $Y $F!"1& 4, EE;R $+$i $O 1&4, N3 ;R$,!" :8 4,EE ;R $+$i $O :84, N3 ;R$, $h $jB? $/@8 @. $5$l $k $H$$ $& %+%$%i%j%F%#!<A*Br$N8z2L$,$h$j0lAXBg$-$$$3$H$KCm0U$7$F$*$/!# D6BP>N@-$,B8:_ $9$l$P!"0J>e$N 5DO@$O!"%9%/%)!< %/!&%9%l%W%H%s $K$b0lHL2=$5 $l$k!#$3$l$iJ* <AN3;R$ND6BP >N$NAj K@$O %9%+ %i!< N3;R $G $" $k$,!" 1& 4,!&:8 4, $N6h JL $r ;}$C$F $$ $k!#$3 $l $O $b$H $b $H1& 4, $N J*<A N3 ;R$H :8 4,$N J* <A N3;R $O!" JL!9$N N3;R $@$C $? $+ $i$G $" $k!# %/%)!<%/!& %l %W %H %s$N >l 9g $H%9 %/%)!< %/!& %9 %l%W %H %s $N>l 9g $N Cx $7$$ 0c $$ $O!"8e <T $N >l9g $O0l HL $K 1&4, $H :8 4,$O 0[ $J$k <A NL $r;} $D ;v $G$" $k 11 !# $= $3$G!" $3 $N >l9g @8 @. CGLL @Q <+ BN$, EE ;R %S!<%‘ $r 1& $KJP 6K $5$; $k $+ :8 $K JP 6K $5 $; $k $+ $K $h$C $F Bg $- $/ !JNc $( $P %9 %_%e!< %* %s $G Ls 4 G\!" :8 4, $N %@ %& %s 7? %9 %/%)!< %/ $N >l 9g $K $O Ls 16 G\!KJQ 2= $9 $k$3 $H $K $J$k!# $3 $l $O!"2? $+ %9%T %s %< %m$N ?7 N3 ;R$r 8+ $D $1$? :]!" $= $NNL ;R ?t !J%O%$ %Q!< %A%c!<%8!" <e%"%$ %= %9%T %s!K $r7h Dj $7!"D6 BP >NN3 ;R $G$" $k $3$H $r <($9 $N $K7h Dj E*$K =E MW$G $" $k!#$^ $? D6BP >N @-$N @a $G5D O@ $7$? $h $&$K!"%9 %H%C %W$d %9 %?%& $N $h$& $K 1&4, $H :84, $, :.9g $7 $F$$ $k $H4| BT $5$l $k >l9g $K $O!"$= $N :.9g 3Q $r7h Dj $9$k 7h $a<j $H $J$k!# D6BP>NN3;R$NC5 :w$K$*$1$k<g MW$J?.9f$O!"Bg $-$J2#1?F0NL B;<:$d%"%3%W %i%J%j%F%#!<$G$" $k!#$3$l$O!"=* >uBV$K8! =PITG=$J LSP $,$G$-$k ;v$K$h$C$F$$ $k!#$=$3$G!"$3$N LSP $H4V0c$($d $9$$%K%e!<%H%j%N $r=P$9I8=‘ LO7?$NH?1~$O!" D6BP>NN3;RC5:w$N%P%C%/%0%i%&%s%I$K$J$k!#$3$N$h$&$J%P%C%/%0%i%&%s%I$NBeI=A*<j$,!"@h$K=R$Y$? W BP@8@.2aDx$G $"$k!#$3 $l $O!" 1&4, EE ;R$r ;H $($P Mn $9;v $, $G$- $k!# D6BP >N @-$N @a $N1& 4, %9%l %W %H %s$N @: L)B, Dj $G$O!" $3 $N<B 83 <jK! $, 0RNO$rH/4x$7$$$k!# $5$F!"D6BP>NN3;R $O%9%l%W%H%s!& %9%/%)!<%/$J$I$N J*<AN3;R$ND6 BP>N$NAjK@$@ $1$G$O$J$$!#4{ $KD6BP>N@- $N@a$G=R $Y$?$h $&$K!" 0lHL $K W � N3 ;R$N D6BP >N$N AjK@ $N %&%$!< %N!J ~ W � !K $H2Y EE%R%C %0%9 N3 ;R!J H � !K $N$= $l$G $"$k %R%0 %7!< %N!J ~ H � !K$O!"8_$$$K :.9g$7%A%c!<%8!<%N$H8F$P$l $k<ANL8GM->uBV$r:n$k$,!" $3$NN3;R$NBP@8@.$OEE;R %S!<%‘JP6K$,K\ <AE*Lr3d$r2L$?$9Nc$H$7$FFC$K6=L#?<$$!#$=$l$O!"0l8}$G8@$C$F$7$^$($P!" W %\%=%sBP@8@. $K$*$1$k>l9g$ND6BP>NHG $G$"$k!#$D$^$j!" 1&4,EE;R $O!" ~ W � $K7k9g$7 $J$$$N$G!" $3$N>l9g $NCGLL@Q $O!"%A%c!<%8!<%N $N%R%0%7!< %N@.J,$@ $1$r 8+$k $3$H $K $J$k!# $= $3$G!" @8 @.CG LL @Q $NJP 6K 0MB8 @- $+$i %A%c!< %8!<%N $N :. 9g>u BV $N@. J, 9=@. $, D4$Y $i $l $k$3 $H $K$J $k !JD6BP>N@-$N@a$r;2>H!K!# $3$N$h$&$K!"EE;R!& M[EE;R>CLG H?1~$G$O!"EE;R %S!<%‘JP6K$O!"=* >uBV$N%+%$ %i%j%F%#!<$d:.9g >uBV$N@.J,$r A*Br$9 $k$?$a$N6/NO$JIp4o$H$J$k$N$G$"$k!# %7%s%0%k W @8@.H?1~ W %\%= %s $, #1$D $H #2$D $N %U%’ %k%_ %* %s$, @8 @. $5$l $k H?1~ $N $& $A!"$3 $3 $G$O FC $K ?^ 1.101 $K <( $5$l $k MM$J =* >u BV$, e � ( � ) � e W � $H$J$kH?1~$r9M$($k!#$3$NH?1~$O!"%2!<%8%\%=%s$N#3E@7k9g$rD4$Y$k>e$G!"FC$K W W $N$_$r8+$k$3$H$, 11 D6BP>N@-$N@a$G=R$Y$?$h$&$K!"IaJW%9%+%i!<<ANL$N2>Dj$,@5$7$1$l$P1&4,$NJ}$,:84,$h$j7Z$$!# 94

?^ 1.101: %7%s%0%k W @8@.H?1~ $G$-$k$N$G=EMW $G$"$k [92] !#$^$?!" JLC $G$N W <ANL $ND6@:L)B, Dj$N$?$a$N H?1~$H$7$F $b=EMW$G $"$k!JEE<eAj 8_:nMQ $N@:L)8&5f$N@a$r;2>H!K!# $3$NH?1~$NCGLL@Q$K<gMW$J4sM?$r$9$k%@%$%"%0%i%‘$NFb!":84,EE;R!&1&4,M[EE;R$NAH$_9g$o$;$N>l9g$O!"?^ 1.101 $N N>J}$N %@ %$%" %0 %i%‘ $, 4sM? $9 $k$N $K BP$7 $F!"1& 4, $I$& $7 $d:8 4, $I$& $7 $N>l 9g $K$O $I $A$i $+ 0lJ} $7$+ 4s M?$; $:!" $^$? 1& 4,EE;R!&:84,M[EE;R$NAH$_9g$o$;$G$O!"$I$A$i$N%@%$%"%0%i%‘$b4sM?$7$J$$$H$$$&9=B$$K$J$C$F$$$k!JI= 1.8 ;2>H!K!#$= I= 1.8: %7%s%0%k W @8@.H?1~ JP6K ;6MpCGLL@Q e � L e + L � e � L e + R ’ 2 � e � R e + L 0 e � R e + R � e � unpol e + unpol � e � L e + unpol 3 � = 2 e � R e + unpol � = 2 $N$?$a!"EE;R$N$_$rJP6K$5$;$?>l9g:84,$K$9$k$HL5JP6K$N 1 : 5 G\!"1&4,$K$9$k$HH>J,$K$J$k!# $3$NH? 1~$r MxMQ $7$? W W #3 E@7k9g $NB, Dj$N :]$K %P%C%/%0 %i%& %s%I $H$J $k W BP@8 @.$N >l9g $r8+ $k$H!":8 4,$G 2 G\!"1&4,$GLs 100 J, $N0l$H $J$k$N $G!":84, EE;R%S!< %‘$r;H $($P?. 9f$NE} 7W$O>e $,$k$,!" %P%C%/%0%i %&%s%I $,A}$(!" 1& 4,$r;H $( $P ?.9f $O H>J, $K $J$k $,!" %P%C%/ %0 %i%& %s %I$r Bg I}$K Mn $H$; $k $3$H $J $k!# M[EE ;R $rJP 6K $5$; $? >l9g $b F1MM $K!" ?.9f$O#2G\$K$J$k$,%P%C%/%0%i%&%s%I$O#4G\$K$J$k!#$I$A$i$NJP6K$r;H$&$Y$-$+$O<B83>r7o$K$h$k$N$G!">\$7$$%7%_%e %l!<%7%g%s7W;;$, I,MW$G $"$k!#0lJ}!" <ANLB,Dj $K$O W W $+$i$N e � ( � ) � e W � $b?.9f $H$7$F;H $($k$N$G!" $J$k$Y$/ E}7W $r2T$0$h$&JP6K$rA*$V$3$H$K$J$k!# %7%s%0%k W @8 @.H?1~$O W BP@8 @.H?1~F1MM!"D6BP >NN3;R!"FC$K%; %l%/%H%m%s!J ~ e � !K$NBP @8@.$N:]$K%P%C %/%0%i%& %s%I$H$J$j$&$k!#4{$K=R$Y$?$h$&$K!" W BP@8@.H?1~$O1&4, EE;R%S!<%‘$N;HMQ$GMn$H$;$k$,!" %7%s%0%k W @8@.H? 1~$O Mn$H $;$J $$ 12 !# =>$C $F!" <B83 $N L\ E* $K$h $j $3 $N%P%C %/ %0 %i%& %s %I $r 40A4 $K Mn $H$9 I, MW $, $"$k >l 9g $K$O!" M[ EE ;R$N JP 6K $,=EMW$K$J$C$F$/$k!# W W ;6MpH?1~ W W ;6Mp H?1~$O!"EE;R$HM[EE;R$+$i J|=P$5$l$? W %\%=%s$,;6Mp$9 $kH?1~$G!"?^ 1.102 $N MM$J%@%$%"%0%i%‘$K$h$C $FI=$5$l$k!# $3$NH? 1~$O =E$? $$%R%C%0 %9N3 ;R$N C5:w $d!" T eV %( %M%k %.!<NN 0h$G $NEE<e BP>N @-$N GK$l $NJ*M} $N8& 5f$K ;H$o $l$k=E MW$JH? 1~ $G $"$k !JEE <eAj 8_ :nMQ $N @:L) 8& 5f$N @a $r;2 >H!K!# $3$N ;6 Mp$O!" ?^ $+$i $b 2r $k$h $& $K:8 4, EE;R $H 1&4, M[ EE;R $H $N;6Mp$N>l9g$N$_5/ $3$j$&$k!#$=$N$? $aEE;R$N$_$r JP6K$5$;$?>l9g $GL5JP6K$N 2 G\!"M[EE;R $bJP6K$5$;$?>l 9g 4 G\$N 12 <B:]$K$O!"=*>uBV $KEE;R $,Fs$D 8!=P$5 $l$k$3$H $rMW5a $9$k$H!" <gMW$J4s M?$O?^ 1.101 $G$O$J $/!" t %A%c%s%M %k$K W $, 8r49$5$l $k%@%$ %"%0%i %‘ $+$iMh$k!#$3$l$O!"1&4,EE;R%S!<%‘$GMn$A$k!# 95

?^ 1.102: W W ;6MpH?1~ CGLL@Q$rM?$($k!JI= 1.9 !K!# $7$+$7!" W BP@8@. H?1~$+$i$/$k%P%C %/%0%i%&%s%I $H$N4X78$r9M$( $?>l9g!" W BP@8@. H? I= 1.9: W W ;6MpH?1~ JP6K ;6MpCGLL@Q e � L e + L 0 e � L e + R � e � R e + L 0 e � R e + R 0 e � unpol e + unpol � = 4 e � L e + unpol � = 2 e � R e + unpol 0 1~$NCG LL @Q$N JP6K 0M B8@- $, W W ;6 MpH? 1~ $N$= $l$H A4 $/F1 $8$G $" $k$? $a!" S= N Hf$r 2~A1 $9 $k$3 $H$O $G $-$J $$!#$? $@ $7!"<!$K =R$Y $kFs 8w ;R2a Dx e + e � ! e + e � W + W � $,!"=* >uBV $NEE ;R!&M[ EE ;R$K BP$9 $kA0 8eJ} $N 8!=P 2DG= NN0h $,== J, $G$J$/2#1?F0NL%+%C%H$G==J,Mn$H$7$-$l$J$$>l9g$K$O!"JP6K$, S= N $N8~>e$KLrN)$A$&$k!# Fs8w;RH?1~ Fs8w;RH?1~$O?^ 1.103 $K<($5$l$kMM$J!"Fs$D$N8w;R$N;6MpH?1~$G$"$k!# ?^ 1.103: Fs8w;RH?1~ $3$N2a Dx$K $h$k%O %I%m %s@8@. H?1~ $O!"8w ;R$N%O %I%m %s9= B$$N8& 5fEy $KMx MQ$5$l $F$$ $k$,!" JLC $G $O!"D6BP >NN3 ;R Ey$N C5:w $K $*$1 $k $h$& $K!" Am$8 $F %P%C %/%0 %i %&%s %I $H$7 $F $N?’ :L $, G;$$!# $3 $NH? 1~ $O!"CG LL @Q$, EE ;R!& M[EE ;R $NJP 6K $K$h$i $:0l Dj $G$" $k$N $G !JI= 1.10 !K!" JP6K %S!<%‘ $r MxMQ $7$F CG LL@Q $r@) 8f$9 $k $3$H $O$G $- $J$$ $,!"5U $K8@ $( $P!"%S!< %‘JP6K$G?.9fH?1~$NCGLL@Q$rBg$-$/$9$k$3$H$,=PMh$l$P!"Fs8w;R2aDx$KBP$9$k S= N Hf$O>o$K2~A1$5$l$k$3$H$r0UL#$9 $k!# 96

I= 1.10: Fs8w;RH?1~ JP6K ;6MpCGLL@Q e � L e + L � e � L e + R � e � R e + L � e � R e + R � e � unpol e + unpol � e � L e + unpol � e � R e + unpol � 1.6.3 JP6KEE;R!&M[EE;R%S!<%‘8GM-$NJ*M}$N6qBNNc $3$3$^$G$O;6Mp CGLL@Q$N%S!<%‘ JP6K0MB8@-$K$D $$$F!";6Mp?6I} $K4sM?$9$k%@ %$%"%0%i%‘$N JP6K0MB8@-$N 4QE@$+$i!" $$$/$D $+ $N E57? E* $JNc $r ;H$C$F 0l HLO@ $r E83+ $7 $F$- $?!# $3$N @a $N;D $j $G$O!" %S!< %‘ $NJP 6K $,K\ <A E*$J Lr 3d$r $O $?$9 :# $^$G=R$Y$J$+$C$?6qBNNc$N$$$/$D$+$rJdB-$9$k!# B Cf4V;R$NJ*M} JLC $G$O!"$=$N9b$$%k%_%N%7%F%#!<$rMxMQ$7!"=E?47O$N%(%M%k%.!<$r Z %\%=%s$N<ANL$K9g$o$;!"BgNL$N Z %\%=%s $r@8@.$9 $k Z %U%!%/%H %j!<$H $7$F$N 1?E> $b2DG= $G$"$k [93] !# Z %U%!%/ %H%j!<$G :n$i $l$? Z %\%= %s$+$i $NJx 2u$K$h$C $F@8@.$5$l$k b %/%*!<%/$r;H$C$F B Cf4V;R$NJ*M}$r9T$&$3$H$,$G$-$k!# $3$N>l9g!"JP6KEE;R%S!<%‘$r;H$& $3$H$K$h$j!" b %/%*!<%/$N@8@.3Q$K Bg$-$JHsBP>N$r:n$k$3$H $,$G$-$k!#:84,EE;R %S!<%‘$N>l9g!" b %/ %*!<%/$OA0J}!JEE;R%S!<%‘$N J}8~!K$KJP$k!#$h$C$FA0J}$K$O H? B %a%=%s$,B?$/@8@.$5$l!" 8eJ}$K $O B %a%=%s$, B?$/@8@.$5 $l$k$3$H$K $J$k!# 95% $NJP6KEY$N %S!<%‘$r;H $$!" cos � $G 0 : 22 $+$i 0 : 94 $r $H$k$3$H $K$h $j!" 76% $NHsBP>N@-$,<B8=$G$-$k!#$3 $N@-<A$rMxMQ$7$F!" B d Cf4V;R$N CP BP>N@-$NGK$l$d!" B s Cf4V;R$N:.9g3Q$N B,Dj$r$*$3$J$&$3$H$,$G$-$k [94] !# %R%C%0%9%\%=%s$NF1Dj JLC $K $* $$ $F!" <g $K b %/ %*!< %/ BP $K Jx 2u $9 $k %9 %+ %i!< N3 ;R $r H/ 8+ $7 $? $H $9 $k!# $3 $N N3 ;R $, %R%C %0 %9 %\ %= %s $G $" $k$3 $H!"$D $^ $j!" <+H/ E* BP >N @-$N GK $l $K$h$C $F W $d Z $K <A NL $rM? $( $F $$ $k>l $N N3 ;R$G $" $k $3$H $r 3N G’$9 $k $? $a$K $O!"$I$N $h $& $JJ* M} NL$r B, Dj$9 $l $PNI $$ $G$" $m $&$+!# @8 @.CG LL @Q$d <o!9 $NJx 2u N( $NB, Dj $b9M $( $i$l $k $,!"$= $l $i$N NL $O%R%C%0%9#2=E9‘$N ?t$d$=$N:. 9g3Q$K$h$C$F $7$^$&!#$=$l $KBP$7$F!"%R%C %0%9%\%=%s $H Z %\%=%s$H $N7k9gDj?t$H %R%C %0%9%\%=%s$H W %\%=%s$H$N7k9gDj?t$H$NHf$O!"$=$l$i$NNL$K$h$i$:0lDj$H$J$k$N$G!"%R%C%0%9%\%=%s$NF1Dj$K;H$&$3 $H$,$G$-$k!# %R%C%0%9%\%=%s$N@8@.5!9=$O!"?^ 1.104 $K<($5$l$k$h$&$K!" Z - %R%C%0%9@8@.$H W W ;6MpH?1~$N#2<oN‘$,$"$C$F!" @h$K=R$Y$?$h$&$K$=$l$>$lEE;R$NJP 6K$KBP$9$k0MB8@-$,0[$J $k!#?^ 1.105 $K1&4,EE;R%S!< %‘$H:84,EE;R%S!<%‘$r;H$C$? >l9g$N%R%C%0%9%\%=%s$N@8@.CGLL@Q$NMM;R$r<($9!# :84,EE;R>l9g$O Z - %R%C%0%9@8@.$H W W ;6MpH?1~$NN>J}$,5/$3$j $&$k$,!" 1&4, EE;R $N>l 9g W W ;6Mp H?1~ $O5/ $3$i $J$$!# $3$N @-<A $rMx MQ$7 $F!";6 MpCG LL@Q $NJP 6KHs BP>N @-$r B,Dj $7!" $=$l$r %R%C %0 %9%\ %= %s$G $" $k$J $i $PK~ $? $9$Y $- CM$H Hf $Y$k $3 $H$K $h$C $F!"%R%C %0 %9 %\%= %s $NF1 Dj $r9T $& $3$H $, $G$- $k [95] !# %o%$%s%P!<%03Q$N@:L)B,Dj :G8e$KM[EE;R$NJP6K$,=EMW$JLr3d$r2L$?$9Nc$r$"$2$k!# SLC <B83$G$O!"=E?47O$N%(%M%k%.!<$r Z %\%=%s$N<ANL$K $"$o$;!" Z %\%= %s$N@8@. CGLL@Q $NEE;R $N%9%T%s JP6K0M B8@-$+$i %o%$%s %P!<%03Q $r@:L)$K B,Dj$9 $k<B83$r 9T$C$F$$ $k!# JLC $G$O F1MM$N <B83$r $5$i$K 9b$$@: EY$G9T $&$3$H$, 2DG=$G $"$k!JEE <eAj8_ :nMQ$N @:L)8& 5f$N@a ;2>H!K!#$=$N >l9g9b $$ %k%_ %N%7 %F%#!< $K 2C $(!"M[ EE ;R $N JP6K $,!" B, Dj@: EY $r $" $2$k $N $K =E MW$J Lr 3d $r 2L$? $9 [96] !#$3 $l $O!" 4{ $K=R $Y $? $h$& 97

?^ 1.104: %R%C%0%9N3;R@8@.$K4sM?$9$k%U%!%$%^%s%@%$%"%0%i%‘ ?^ 1.105: %R%C%0%9 %\%=%s@8@. CGLL@Q$N=E ?47O%(%M%k %.!<0MB8@-!#<B @~$O:84,EE ;R!"GK@~$O1& 4,EE;R%S!<%‘ $K$h$k@8@. $rI= $9!# 98

$K!"EE;R $N JP6K $K 2C$( M[ EE;R $b JP6K $5 $;$k $3 $H$K $h$C $F<B 8z E*$J JP 6KEY $r 8~>e $5 $;!"JP 6K EY$N B, Dj8m :9 $+$i $/ $k%o %$ %s%P!<%03QB,Dj$N7OE}8m:9$rBgI}$K2~A1$9$k$b$N$G$"$k ( ?^ 1.98,1.106 ;2>H!K!# ?^ 1.106: %o%$%s%P!<%03Q$N B,Dj@:EY$H Z %\%=%s$NE}7W $N4X78!#M[EE;R$NJP6K EY$K$h$C$FE~C#@:EY$,2~ A1$5$l$k$3$H$,$o$+ $k!# 1.7 8w;R8w;R>WFM$NJ*M} 1.7.1 35MW EE;R@~7A2CB.4o $h$j0z$-=P$5 $l$?%S!<%‘$K%l!< %6!<8w$r>H<M$9 $k$H5U%3%s%W %H%s;6Mp$K$h $j9b%(%M%k%.!< 8w;R$r@8 @.$9$k $3$H $,$G $-$k [104, 139, 113] !# $3$N J} K!$K $h$j @8@. $7$? 9b%( %M%k %.!<8w ;R$O!" 0JA0 $h$j 9b%( %M%k %.!< <B83 $G;H MQ$5$l$F$-$? [97] !#F1MM$NJ}K!$r JLC $KE,MQ$9$k$H!"EE;R8w;R>WFM$"$k$$$O8w;R8w;R>WFM$N<B83$,2DG=$K$J$k!# 5U%3%s%W%H%s;6 Mp$G$O!"EE;R$H %l!<%6!<$NJP6KEY $rD4@0$9$k$3 $H$K$h$j!"@8@. $5$l$k8w;R$N %(%M%k%.!<J, I[$HJP6K EY$r@)8f$G$-$k!#?^ 1.107 $K$=$N MM;R$r<($9!#Nc$($P!"%l!<%6!<$N JP6K$HEE;R$NJP6K$r5U $K$9$k$H!":GBg%(%M%k%.!<$K %T!<%/ $r;} $D J,I[ $K $J $j!"@8 @. %(%M %k %.!<$N Dj $^$C $?N3 ;R $N8& 5f $K E,$7 $? J,I[ $H $J $k!#8w ;R $N:G Bg %(%M %k %.!< $OF~ <M EE;R %( %M %k %.!< $N Ls 80% $G $" $k!# 0l J}!" %l!< %6!< $H EE ;R $N JP6K $r $= $m $( $k $H!" JP 6K EY $N 9b $$ 8w ;R $N >W FM $r 9T $& $3 $H $,$G$- $k!# $3$N $h $&$K!" <B 83$N L\ E*$K 1~ $8$F 8w ;R$N %( %M%k %.!< $HJP 6K EY$N J, I[$r :G E,2= $G $-$k $3 $H$, 8w ;R8w ;R %3%i %$ %@!<$NFCD’$N0l$D$G$"$k!# JLC $G 8w ;R8w ;R %3%i %$%@!< <B 83$r 9T $&:] $K$O %S!< %‘=8 B+ 7O$N %Q%i %a!< %?$N JQ 99$d >WFM E@ 2s$j $K %l!<%6!< %7%9 %F %‘ $r@_CV$9 $k$3 $H$J $I$, I,MW $G$"$k!# JLC $G $O>W FME@ $r 2 %v =j@_ CV$9$k $3$H $K$J $k$N $G!"EE;R M[EE ;R%3 %i%$ %@!<<B 83$H J?9T $7$F!" 8w ;R8w ;R $dEE ;R 8w;R %3 %i %$%@!< <B 83$r $9 $k$3 $H $,2D G= $G $"$k!# $3 $N$h $& $K!"EE ;R M[EE ;R %3 %i%$ %@!< $N:G Dc 8B$N2~NI$G8w;R8w;R%3%i%$%@!<$r<B8=$9$k>l9g$G$b!"%k%_%N%7%F%#!<$OEE;RM[EE;R%3%i%$%@!<$N 1 = 10 � 1 = 3 $,C#@.$G $-$k$G$"$m$&$H?dDj$5$l$F$$$k!# 8w;R$N%9 %T%s!&%Q %j%F%#!<NL ;R?t$O J P = 1 � $G $"$k$N $G!"8w;R 8w;R>W FM$G$O s %A%c %s%M%k $G@8@. $5$l$k N3;R>u BV $O J P = 0 � ; 2 � ; 3 + ; 4 � ; � � � $G$"$k!# J P = 1 � $, @8@.$5$l$k EE;RM[EE ;R>WFM$H 0[$J$j!" J � = 0 � $, @8@.$5$l $k$3$H $, FC I.$5$l $k$Y$- $G$"$k!# I8=‘LO 7?$G :G8e$K ;D$5$l $?L$H/ 8+$NN3 ;R!"%R%C%0 %9N3;R!" $dD6 BP>N@- LO7?$G $b$C$H$b 7Z$$ 6&LD>u BV$G $"$k $H9M $($i $l$k %9%H%C %]%K %&%‘ $O%9 %T%s $, 0 $J $N$G 8w;R 8w;R >WFM $K$h$C $F$N $_ s %A%c%s %M%k @8@. $,2D G= $G$" $k!# t %A%c%s %M %k $K 8r49 $5 $l $kN3 ;R $r 9M $($k $H!" EE ;R M[EE ;R ;6 Mp$N >l 9g $O EE;R $H 7k 9g$9 $k G$ 0U $NCf @- N3 ;R$, 8r 49 99

?^ 1.107: 5U %3 %s%W %H %s ;6 Mp$K $h$C $F @8@. $5 $l $? 8w;R $N %( %M %k%.!< (a) $* $h $S JP 6KEY (b) $N J, I[!# 2#<4 $O y = E =E e !# x = 4 : 75 $G!"%l!<%6!<$NJP6K$O +1 $H$7$?!#EE;R$NJP6K$O � 1 $N>l9g$,<B@~!" 0 $,GK@~!" 1 $,E@@~$G$"$k!# 100

$5$l$k$, t %A%c%s%M%k8r49 $5$l$k2YEEN3;R$OEE;R$N$_$G$"$k!#8w;R8w;R>WFMH?1~$G $O t %A%c%s%M%k$K8r49$5$l$&$kCf@- N3;R $O B8:_ $; $:!" 0l J}2Y EE N3 ;R $O 1?F0 3X E* $K 5v$5 $l $k 8B $j!" t %A%c %s%M %k $K 8r 49$5 $l $F @8 @.$5 $l $k!# $= $N $?$a!" EE ;R M[EE;R >W FM$K $* $1$k 2Y EEN3 ;R$N BP @8@. $N CGLL @Q $O=E ?4 7O%( %M%k %.!< $N 2 >h$G Dc 2<$7 $F $$$/ $,!"8w ;R 8w;R >W FM$K $* $1$k $=$l$O!"@8@.3Q$OA08eJ}$K=8Cf$9$k$,!"Dc2<$7$J$$!# $3$l$i$NFCD’$r@8$+$78w;R8w;R%3%i%$%@!<$G$O<!$N$h$&$JJ*M}$,9M$($i$l$k!# %R%C%0%9N3;R$N%]!<%k>e$G$N@8@.$HFs8w;RJx2u6R$NB,Dj 4{$K$N$Y$?$h$& $K!"8w;R8w;R%3 %i%$%@!<$G$O %R%C%0%9N3;R$, s %A%c %s%M%k$G@8@. $5$l$k!#$3$N >l9g!"%R%C%0%9N3 ;R $N<ANL$O$b$H$H$J$kEE;RM[EE;R%3%i%$%@!<$N%(%M%k%.!<$NLs 8 3d$^$GC5:w2DG=$G$"$k!# $H$3$m$G!"%R%C%0%9 N3;R$H8w;R$O D>@\$K7k9g$7 $J$$$N$G!"Cf4V >uBV$K$G$-$? 2YEEN3;R$KG^ 2p$5$l$F!"%R%C %0%9N3;R $HFs8w ;R $N7k 9g $,@8 $8 $k!#$3 $N ;~!"Cf 4V >uBV $N Jx2u 6R $KBP $9 $k4s M? $NBg $- $5$O!" $= $NN3 ;R $N=E $5 $K$O $h $i$: NL ;R?t $@ $1$G$-$^$C$F$7$^$&!"$H$$$&FCI.$9$Y$-FCD’$,$"$k!#=>$C$F!"%R%C%0%9N3;R$NFs8w;RJx2u6R (�( H ! )) $rB,Dj$9$k ;v$G!"2C B. 4o $NE~ C# 2DG= %( %M%k %.!< $r$O $k $+$K D6 $($? =E $$N3 ;R $NB8 H] $rCN $k $3 $H$, $G $-$k!# 8w ;R8w ;R >WFM $G $O!"Fs 8w ;RJx2u6R (�( H ! )) $O %R%C%0%9 $N@8@. CGLL@Q $KHfNc $7$F$* $j!"%R%C%0 %9@8@. ?t$h$j!" $3$l$r D>@\B, Dj$G$- $k [136, 128] !#EE ;RM[ EE ;R %3%i %$ %@!< $K$h $k B, Dj$G $O Jx2u J, 4t Hf$N B, Dj $O2D G= $G $"$k $,!" 6R $NB, Dj $O $G$- $J $7!" %O%I %m %s%3 %i %$%@!< $G $O@8 @. NL $N ITDj @- $, $D $-$^ $H $&!# Fs 8w;R Jx 2u 6R $N@: L) B, Dj $O!" 8w;R8w;R%3%i%$%@!<$G$J$1$l$P=PMh$J$$<B83 $H8@$&;v$,$G$-$k!# W N3;R$N0[>o7k9g 8w ;R 8w ;R >W FM $K $* $1 $k W N3 ;R $N @8 @. $O!" >W FM $N %( %M %k %.!< $, W $N BP @8 @. $N $7 $- $$ CM $h $j == J, 9b $$ (200GeV 0J >e ) >l9g!"$= $NCGLL @Q$,Hs >o$KBg $-$/$+ $D$[$\ 0lDj$G!" Ls 90pb $G$"$k!# $3$NCM $O!"$=$N <!$K@8 @.CGLL @Q$NBg $-$$%U%’ %k%_N3;R$NBP@8 @.$KHf$Y $F 1-2 7e$[$IBg $-$/!"$^$?EE ;RM[EE;R %3%i%$%@!<$N $*$1$k W BP@8@. $KHf$Y$F$b $d$O$j 1-2 7e Bg$-$$!#$3 $N$h $&$K 9b%( %M%k%.!< $N8w ;R8w ;R%3%i %$%@!< $O W 9)>l$N B&LL $r$b$C $F$*$j!" 9b$$ E}7W $K$h $k W N3 ;R$N @- <A$N@:L)$JB,Dj$,4|BT$G$-$k!# F~<MN3;R$,I8=‘ LO7?$G%2!<%8N3 ;R$H$5$l$F$$ $k8w;R$J$N$G!" 8w;R8w;R%3%i %$%@!<$O!"%2!<%8BP >N@-$N8!>Z $KFHFC$N 0RNO$rH/4x$9$k!#FC$K!" W W !" W W $N0[>o7k 9g$N8!>Z$K$D $$$F$O!"8w;R$H Z N3;R $N1F6A$,:.$6 $j9g$C$F4QB,$5 $l$kEE;RM[EE;R%3%i%$%@!<$G$N<B83$HAjJdE*$JLr3d$r2L$?$9 [138, 112, 101] !# %H%C%W%/%)!<%/$NJ*M} 8w;R8w;R%3%i %$%@!<$O!"%H%C%W %/%)!<%/$bBgNL $K@8@.$G$- $k!#7Z$$B>$N %/%)!<%/$H0c$C$F %H%C%W%/%)!<%/<+ ?H$,Hs >o$K C;<w L? $J$N $G!" $7$- $$ CM6a K5 $G $N%( %M %k%.!< $G %/%)!<%/ BP 7k9g >u BV $N6& LD $rL@ 3N $K8+ $k ;v$O =P Mh $J$$ $,!" @8@. CG LL@Q$N %( %M%k %.!< 0MB8 @- $r2r @O $9$k ;v $K$h$C $F!" 7k9g >u BV$N ?6 I}$K BP $9$k 4s M?$r H4 $-=P $9 ;v$, =P Mh$k $H 9M$( $i $l$F $$ $k!#8w;R8w;R>WFM$N>l9g!"EE;RM[EE;R>WFM$H0c$$!" J = 0 $G$"$k � t $N>pJs$rH4$-=P$;$k!# $^$?!"EE<eBP>N@- $NGK$l$,F0E* $K5/$-$k%F %/%K%+%i!<LO7? $G!"%H%C%W%/%)!<%/$, $=$NGK$l$K?< $/4XM?$7$F<A NL$r3M F@$7 $F$$ $k >l9g!" %H%C %W %/%)!<%/ BP 7k9g >u BV$O Hs >o $K6/ $/ 7k9g $7 $F $$$k $H 9M$( $i $l!" 8w;R 8w ;R%3 %i %$%@!< $G FC 0[$J ?. 9f$H$7$F4Q B,$5$l $k2DG= @-$,$" $k!#%H%C%W %/%)!<%/BP $N@8@.CG LL@Q$K $b%F%/ %K%U%’%k %_%*%s $N1F6A $,8=$l!" S U (3) %F %/%K%+%i!<!" @$Be?t 1 !" %9%1!<%k 3 T eV $NLO7?$G$O!" J = 0 >WFMCGLL@Q$K p s = 1 T eV $G 1 3d<e$N8:>/$,8+$($k [99] !# ?7N3;R$N@8@.$H$=$NNL;R?t$N3NDj D6BP>NLO7?$r;O $a$H$9$kB?$/ $NI8=‘LO7?$rD6 $($kJ*M}$GM= 8@$5$l$k?7N3 ;R$O!"$=$l$,EE 2Y$r;}$C$F$$$F %(%M%k%.!< E*$K5v$5$l$k8B$j!"8w;R8w;R%3%i%$%@!<$G:n$j=P$;$k!# =EMW $J $N$O!" 8w ;R 8w;R >W FM$G $N BP @8@. CG LL @Q$O EE 2Y $N 4 >h$K Hf Nc$7!" 8w ;R $H Z N3;R $N :. 9g>u BV $r G^2p $7 $FBP @8 @. $9$kEE;RM[EE;R>WFM$N>l 9g$H0[$J$kEE2Y 0MB8@-$r<($9!#8@ $$49$($l$P!"8w;R8w ;R%3%i%$%@!<$O!"?7 N3;R$N7k9gDj?t ( EE 2Y ) $r3NDj$9$k>e$G!" FHN)$J>pJs$rM? $($k;v$K$J$k!#Nc $($P!"D6BP>N@-M} O@$GM=8@$5$l$k%9 %U%’%k%_%*%s$KBP $7$F$O!" EE<’ Aj8_ :n MQ7k 9g Dj?t $N $_0[ $J$C $? 6&DL $N CGLL @Q $,F@ $i $l$k $N $G!" %9%l %W %H%s $N <ANL %f %K%P!< %5 %j %F%#$d!" 9b $$%( %M %k%.!<%9%1!<%k$NM}O@$+$iM=8@$5$l$k%9%l%W%H%s$H%9%/%)!<%/$N<ANL4X78$r3N>Z$9$k$3$H$,2DG=$G$"$k!# 101

Kt!"3Q1?F0NL$K $D$$$F$b F1MM$G!" J = 1 $NEE;RM[ EE;R%3%i%$ %@!<$H$O0[$J $k3Q1?F0NL J = 0 $d J � 2 $K$b%" %/%; %9$7 $FFH N) $J >pJs $r M? $($k!# Nc $( $P!"D6 BP >N@- M} O@ $G$O %H%C %W %/%)!<%/ $h $j 7Z$$ %9 %H%C %W$H $$ $& %Q!<%H %J!< N3 ;R$N B8 :_$,M= 8@$5$l $k$,!" 8w;R 8w;R >WFM <B83 $G$O $3$N N3;R 2 $D $N S GH7k 9g>u BV$r :n$j =P$9 $3$H $,2D G=$G$" $k!#EE ;RM[ EE;R %3 %i%$%@!<$G $O P GH>uBV $7$+ :n$j =P$9$3 $H$, $G$-$J $$$N $KHf $Y!"$h$j >\:Y $K7k9g >uBV !V%9%H%C %]%K%& %‘!W$N @-<A $rL@$i $+$K=PMh$k$H4|BT$5$l$k!# $3$l$i$NMM$K!"8w;R8w;R%3%i%$%@!<$O!"?7N3;R$NH/8+!&8!>Z$K$*$$$F$bFHFC$G=EMW$JF/$-$r$9$k!# D>@~JP6K$NMxMQ 4{$K!" >e 5- $N 4v $D $+ $N 9‘ L\ $G $b %S!< %‘ JP 6K $N =E MW @- $r 6/ D4 $7 $? $,!" 8w ;R %S!< %‘ $N JP 6K $r D> @~ JP 6K $K A* $V ;v $K $h$C $F!" C P ITJQ@-$NGK$l$N8!>ZEy$GFHFC$NNO$rH/4x$9$k;v$,$G$-$k!# 8=:_4QB,$5$l$F$$$k C P ITJQ@-$NGK $l$O%/%)!<%/<ANL$K4X$9 $k>.NS - 1W@n9TNs$NJ# AG@-$KM3Mh$7$F$*$j!" $3$NI8=‘ LO7?$G$N C P BP>N @-$rGK $k9‘ $NBg$- $5$OHs >o$K>. $5$$!# ?7$7$$ J*M}$G IQHK $KM=8@ $5$l$k Bg$-$J C P BP >N@-$N GK$l$,!" MM!9$J?7$7$$4QB,$K3]$+$k2DG=@-$,4|BT$5$l$F$$$k!# EE;RM[EE;R%3%i %$%@!<$G$O!"EE;R $NHs>o$K>.$5 $$<ANL$N0Y$K %X%j%7%F%#J]B8 $,F/$-!"EE;R$N %X%j%7%F%#$H M[EE;R$N %X%j%7%F%# $,5U$G $J$1 $l$P>C LGH? 1~$7$J $$!#$h$C $F;O>u BV$N C P $O6v $G C P IT JQ$N GK$l$K 46EY $,L5$/!" =>$C$F =*>uBV $NJ#;( $J J,I[ $r 8!F$ $7 $J$1 $l $P$J $i $J$$!# $3 $l$K BP $7$F!" 8w ;R8w ;R >WFM $G $O$3 $N MM$J @) 8B$O $J $/!"G$ 0U $NJ} 8~ $K<+ M3 $KJP6K$r@)8f$7$F C P 4q$N;O>uBV$rMQ0U$G$-!"4JC1$K9b@:EY$N C P BP>N@-$NGK$l$NB,Dj$,=PMh$k!# Nc$($P!" =DJP 6K8w ;R$K $h$k ! W + W � 2aDx $G$O!" Hf3S E*C1 =c$J 2r@O$G C P BP >N@- $rGK $k0[>o 7k9g $N9b @:EY 4Q B,$,9T$($k;v$,CN$i$l$F$$$k [103, 111] !# Kt!" T BP >N@-$r GK$k %H%C%W %/%)!<%/ $NEE5$ AP6K G=N( $O!"$d $O$j =DJP6K 8w;R %S!<%‘ $G$N ! t � t 2a Dx$G!" Jx2u N3;R A4$F$N:Y$+$$3QEY>pJs$rAH$_9g$o$;$k;vL5$/!"C1=c$K9b@:EYB,Dj$,=PMh$k [110] !# B>$K$b!"%R%C%0%9$N C P $NB,Dj$,=DJP6K8w;R8w;R>WFM<B83$G=PMh$k;v$,Js9p$5$l$F$$$k [118, 126, 119] !# EE;R8w;R%3%i%$%@!<<B83 8w;R8w;R%3%i%$ %@!<$HF10l%^%7 %s$G<B8=$G$- $k!"EE;R8w;R%3 %i%$%@!<<B83$G $b!"9b$$H/8+!&8! >ZG=NO$r;} $D=EMW$J J*M}$,$"$k;v$,;XE&$5$l$F$$$k!# Nc$( $P!" EE ;R 8w ;R %3 %i %$ %@!< $G $O!" F~ <M N3 ;R $, Hs BP >N $G $" $k ;v $, 8z $$ $F!" EE ;R M[ EE ;R %3 %i %$ %@!< $d 8w ;R 8w ;R %3 %i %$%@!<$K Hf $Y$F!" D6 BP>N N3 ;REy $N ?7N3 ;R $r@8 @. $G$- $k 1?F0 3X E*NN 0h $,0l It 9-$/ $J $k;v $, ;XE& $5 $l$F $* $j!"M} O@ $N%Q %i %a!<%?NN 0h $r$h $j 9-$/ C5 :w$9 $k >e $G=E MW $G$" $k!# Nc$( $P!" EE;R 8w ;R>W FM $G$N %; %l%/ %H %m%s @8 @.$G $O!" 1 BP $G@8 @. $5$l $k$b $&0l J} $ND6 BP >N N3;R $O :G$b 7Z $$%K%e!< %H %i %j!<%N $G $"$k $? $a!" F1$8 >W FM%( %M %k %.!<$r $b $DEE ;R M[EE ;R %3 %i%$ %@!< $d8w;R8w;R%3%i%$%@!<$KHf$Y$F!"<ANL$7$-$$CM$,==J,>.$5$/!"$h$j=E$$%;%l%/%H%m%s$NC5:w$,2DG=$H$J$k [117] !# J#9gLO7?$N>l9g $N%l%W%H%s!JEE ;R!K$NNe5/>uBV $NC5:w$K$O!"EE ;R8w;R>WFM<B 83$O:GE,$G$" $k!#<B:]!"EE;R $NNe5/>u BV$,B8 :_ $7$= $N <ANL $, EE;R 8w ;R>W FM %(%M %k%.!< $h $j>. $5 $1$l $P!" 4pK\ E* $JEE ;R 8w;R ;6 Mp2a Dx $GL@ 3N$J CG LL@Q $N A}2C $, 8=$o$l!"$=$NF1Dj$OHs>o$KMF0W$G$"$k [125] !# 1.7.2 %R%C%0%9N3;R$NFs8w;RJx2u6R$NB,Dj 8w;R 8w ;R >W FM $K$* $1 $k %R%C %0 %9 N3;R $N C5 :w G= NO $N 8!F$ $O!" $3 $l $^ $G ! H ! b � b 2aDx $K Ce L\ $7 $F!" <ANL NN 0h M W < M H < 2 M W $N %R%C%0 %9 N3;R $K$D $$$F 9T$J $o$l $F$- $?!#$= $N7k 2L!" EE;R M[EE ;R%3 %i%$ %@!<$d %O%I %m%s %3%i %$ %@!<$KI$E($9 $kH/8+G= NO$r$b$C $F$$$k$3 $H$,<( $5$l$? [105, 107, 101, 102] !#$^ $?!"8w;R8w ;R%3%i %$%@!<$K$* $1$k%R%C %0%9N3;R$NFs8w;RJx2u6R �( H ! ) $N@:L)B,Dj$OA0@a$G=R$Y$?$H$*$j!"%k!<%W8z2L!J?^ 1.108 !K$rDL$7$F2CB.4o$N%( %M%k%.!<$G$O@8@.$G$-$J$$=E$$2YEEN3;R$N>pJs$,F@$i$l$k$3$H$,4|BT$5$l$k [135, 136, 128] !# Nc$( $P!"D6 BP >N @-I8 =‘ LO7? (MSSM) $N 7Z $$Cf @- %R%C %0%9 N3 ;R$H I8 =‘LO 7? (SM) $N %R%C%0 %9 N3 ;R$N Fs 8w;R Jx 2u6R $N Hf �( h 0 ! ; MSSM) = �( H ! ; SM) $O!" %R%C%0 %9N3 ;R$N <ANL$, 120 GeV $N $H$- $*$h $= 1.2 $H$J $k [106] !# $7$? $,$C$F!"%R%C%0%9N3;R$NFs8w;RJx2u6R$NB,Dj$O!"AGN3;RLO7?$NA*Br$N2DG=@-$r==J,$b$C$F$$$k$3$H$,$o$+$k!# %7%_%e%l!<%7%g%s$NJ}K! $3$3$G $O!"FC $K 120 GeV I8=‘ LO7? %R%C%0%9 N3;R $r2> Dj$7!" %7%_%e %l!<%7%g %s%W %m%0%i %‘$r MQ$$ $F%R%C %0%9 N3;R $N Fs8w ;RJx 2u 6R$N B, Dj2D G= @-$r D4 $Y $k!#$3 $N B,Dj $G $O!"%R%C %0 %9N3 ;R $N <ANL $N $H$3 $m $G%k %_ %N%7 %F%#!< $, :GBg $K $J$k $h 102

?^ 1.108: %R%C%0%9N3;R$HFs8w;R$N7k9g$rI=$9?^!#%k!<%W$NCf$r<ANL$r$b$C$?2YEEN3;R$,$^$o$k!# $&$K8w;R8w;R%3%i%$%@!<$N%Q%i%a!<%?$rD4@0$9$k$3$H$H!" b � b %/%)!<%/BP$KB?$/Jx2u$9$k$3$H$+$i!"=*>uBV$N b � b %/%)!< %/BP$NF1Dj$r9T$&$3$H$,=EMW$G$"$k!#?^ 1.109 $K!"I8=‘LO7?%R%C%0%9N3;R$NJ,4tHf$r<($9!# ?^ 1.109: I8=‘LO7?%R%C%0%9N3;R$NJ,4tHf!#$3$3$G%H%C%W%/%)!<%/$N<ANL$r 176 GeV $H2>Dj$7$?!# $3$N 2r@O $G$O!" P L !" P e $r $= $l$> $l!"%l!< %6!<!" EE;R %S!<%‘ $N JP6K EY $H$7 $?$H $-!" P L P e = � 1 $H$7 $F!"8w ;R 8w ;R%3%i%$ %@!<$N %k%_ %N%7 %F%#!<J,I[ $r7W ;;$7 $?!#?^ 1.110 $K$= $NJ, I[$r <($9!# %R%C%0%9 N3;R $O J = 0 $N8w ;R>W FM$G@8 @.$5$l$k $NBP $7$F!" %P%C%/%0 %i%& %s%I 2aDx$G $"$k ! q � q $O!" J z = 2 $G@8 @.$5 $l$k $[$&$, ;YG[ E*$J $N$G!" S= N Hf $r$" $2$k $? $a$K J z = 0 $N %k%_ %N %7%F%#!< $, 9b %(%M %k %.!< $G%T!< %/ $H$J $k $h $&$J JP 6K $NAH 9g $o$; $r A* $V$3 $H $, =EMW $G $"$k!#I= 1.11 $K p s ee =150 GeV 8w ;R8w ;R %3%i %$%@!< $N%S!< %‘ %Q%i %a!<%? $r <($9!# $3$N >l9g!" 8w ;R8w ;R>W FM $N:G Bg%( %M%k%.!< ( p s ) $OLs 120 GeV $K $J$k!#;HMQ8e$NEE ;R%S!<%‘$O!" 3 %F%9%i$N <’>l$r5wN% 5mm $N 4V$K$+$1$F<h$j =|$$ $?!#$3$l$i $N%k%_ %N%7%F%# J,I[$O CAIN[108, 109, 127] $rMQ$$ $F7W ;;$5$l!" 0J2<$K =R$Y$k @8@. ;v>]$N CGLL@Q 7W;;$K $* $$$F8w;R8w;R>WFM%(%M%k%.!<$H3Q1?F0NL$KBP$9$k=E$_$H$7$FMQ$$$?!# %R%C%0%9N3;R@8@.$NCGLL@Q$O Breit-Wigner 6a;w$rMQ$$$k$H!" � ! H ! b � b = 8 � �( H ! )�( H ! b � b ) ( s � M 2 H ) 2 + M 2 H � 2 H (1 + � 1 � 2 ) !" (1.51) $GM? $( $i$l $k!# $3 $3 $G!" p s $O 8w ;R 8w;R >W FM %( %M%k %.!<!" �( H ! b � b ) !" � H $O!" %R%C %0 %9 N3 ;R$N b � b %/%)!<%/BP Jx 2u6R 5Z $S A4 Jx 2u 6R $G $" $k!# � 1 !" � 2 $O!" >W FM 8w ;R $N %X %j %7 %F%#!< $G $" $k!# $3 $N CG LL @Q $N 0L Aj 6u 4V $G $N @Q J, $H ;v >] $N @8 103

?^ 1.110: p s ee =150 GeV 8w;R8w;R%3%i%$%@!<$N%k%_%N%7%F%#J,I[!# (a) J z = 0 @.J,$N%k%_%N%7%F%#J,I[!# (b) J z = � 2 @.J,$N%k%_%N%7%F%#J,I[!# @.$K $O BASES/SPRING[124] $H $$ $&%b %s %F %+ %k %m @Q J,!";v >] @8 @. %W %m %0 %i%‘ $r MQ $$ $?!# <A NL 120 GeV $N %R%C %0 %9 N3;R $N J, 4t Hf B r ( H ! b � b ) !" B r ( H ! c � c ) !" B r ( H ! g g ) $O $= $l $> $l!" %R%C %0 %9 N3 ;R Jx 2u 6R 7W ;; %W %m %0 %i %‘!" HDECA Y[130] !"$rMQ$$$F7W;;$7$?CM!" 64 !" 2.7 !" 8.3% $rMQ$$$?!# 0lJ}!"%P%C %/%0 %i%&%s %I$G $"$k ! q � q 2aDx $N?6I} $O HELAS[86] $rMQ $$$F 7W;;$7 $?!#0L Aj6u 4V$N@Q J,$H ;v>] $N @8@.$OF1>e$G$"$k!#:G6a!" ! q � q 2aDx$KBP$7$F9b <!$N QCD Jd@5$N8z2L$r 9MN8$9$k$H?<9o$J %P%C%/%0%i%&%s%I $H$J $k$3$H$,Js9p$5$l$? [107, 122, 123] !#$7$?$,$C$F!":#2s$N2r@O$K$O$3$N8z2L$K$h$k1F6A$b9MN8$K$$$l$?!# QCD Jd@5$N 8z2L$H$7$F$O!"Fp%0%k%*%sJ|=P!"9E%0%k%*%sJ|=P!"%P!<%A%c%kJd@5$N8z2L$,CGLL@Q$N=E$_$H$7$F$O$$$C$F$$$k [123] !# 8w;R 8w;R %3 %i%$ %@!< $N%k %_ %N%7 %F%# J,I[ $N =E$_ $r $D$1 $? CGLL @Q $r?^ 1.111 $K<( $9!# $3$N ?^ $+$i!" p s =120 GeV $"$? $j$G QCD Jd @5 $N 8z2L $r 9M N8 $K$$ $l $? 2aDx $, A} 2C$7 $F $$ $k$N $, $o $+ $k!#:# 2s $N 2r@O $G $O!" %P!<%F%C %/ %9 8! =P4o $K $h$k b � b %/%)!<%/BP$NF1Dj$r9T$J$C$?$N$G!" c � c %/%)!<%/BP$r b � b %/%)!<%/BP$H$7$F8mF1Dj$r9T$J$&2DG=@-$,$"$k$?$a c � c %/%)!<%/BP $N @8@. $N7W ;; $b9T $J$C $?!# c � c %/%)!< %/BP $, b � b $K Hf $Y$F CGLL @Q $,Bg $- $$$N $O!"N3 ;R $NEE 2Y$K $h $k!# QCD Jd@5$r9MN8$9$k$3$H$K$h$j!" c � c ;v>]$, b � b $KHf$Y$F p s = 120 GeV $G!"Bg$-$/A}2C$7$F$$$k$N$,$o$+$k!# I= 1.12 $K%k%_ %N%7%F%#J, I[$N=E$_ $r$D$1$? CGLL@Q5Z $S;v>]H/ @8?t$r<( $9!#%R%C%0%9 N3;R$+$i $N b � b %/%)!<%/ BPJx2u $O!" 10 fb � 1 $G 5080 $HBg$-$$$3$H$,$o$+ $k!#0lJ}!"%P%C%/%0%i%&%s%I$H $7$F$O!" ! c � cg ;v>]$,Hs>o $KBg$-$$$3$H $,$o$+$k!#$h$C$F!" 2 %8%’%C%H;v>]$NA*JL$H b � b %/%)!<%/BP$NF1Dj$O!"$3$N2r@O$K$H$C$FHs>o$K=EMW$G$"$k!# @8@. $5 $l $? %/%)!< %/ BP $O!" JETSET7.3[129] $r MQ $$ $F %Q!< %H %s %7%c %o!< QCD Jd @5 $r 4^ $a $? %O %I %m %s 2= $, $* $3 $J $o$l $?!# $3 $3 $G $O!" ! q � q g $N $h $& $J 9E %0 %k %* %s J| =P $N 6u 4V J, I[ $O %Q!< %H %s %7%c %o!< QCD $K $h $j Jd @5 $5 $l $F $$ $k!# B,Dj4o%7%_%e%l!<%7%g %s$K$*$$$F$O!" JLC-I B,Dj 4o [37] $rA[Dj$7$?!# b � b %/%)!<%/BP $NF1Dj$K:]$7 $F%P!<%F%C%/%9 8!=P4o$rMQ$$$?!#%P!<%F%C%/%98!=P4o$K$h$k>WFM%Q%i%a!<%?$NB,Dj8m:9$O!" � 2 d = 11 : 4 2 + (28 : 8 =p� ) 2 = sin 3 � ( � m 2 ) !# (1.52) $GM?$($?!#$3$3$G!" p (eV/c) $O2YEEN3;R$N1?F0NL!" � $O2YEEN3;R$N;6Mp3Q$G$"$k!# 2r@O$H7k2L b � b %/%)!<%/BP;v>]$NA*JL$O!" 2 %8%’%C%H;v>]$NA*Br5Z$S b � b %/%)!<%/BP$N%P!<%F%C%/%98!=P4o$K$h$kF1Dj$+$i$J$k!# $^$:!" %^ %k %A %O %I %m %s ;v >] $r A* $V $? $a $K!" <g Ht @W 8! =P 4o $K $* $$ $F %H %i%C %/ $, 10 0J >e $G $" $k $3 $H $r MW 5a $7 $?!# <! $K!" 104

I= 1.11: p s ee =150 GeV 8w;R8w;R%3%i%$%@!<$N%S!<%‘%Q%i%a!<%? Electron b eam parameters Number of electrons p er bunch N e 0 : 63 � 10 10 Number of bunches p er pulse m b 85 Rep etition rate f r ep 150 Hz Normalized emittance � x;e 3 : 3 � 10 � 6 m � y ;e 4 : 8 � 10 � 8 m R.m.s. bunch length � z ;e 90 � m Beta functions at I.P . � � x;e 0.30 mm � � y ;e 10.0 mm Beam size at I.P . without conv ersion � � x;e 82 nm � � y ;e 57 nm Beta functions at C.P . � C P x;e 0.33 m � C P y ;e 20 mm Beam size at C.P . � C P x;e 2.7 � m � C P y ;e 81 nm Laser b eam parameters W a v elength � L 0.297 � m Photon energy � h! L 4.18 eV R.m.s. pulse length � z ;L 300 � m (1ps) Laser b eam size at C.P . � C P x;L 5 � m � C P y ;L 5 � m Number of laser photons in a pulse N L 1 : 1 � 10 19 Energy p er pulse � h! L N L 7 Joule Laser p eak p ow er (e�ective rectangular pulse) P L 2.0 TW Maximum electric �eld (Gaussian p eak) E L;max 2 : 2 � 10 12 V/m Nonlinear QED parameter at Gaussian p eak � peak 0.20 b eam Number of photons p er electron bunch N 0 : 41 � 10 10 Beam size at I.P . � � x; 107 nm � � y ; 89 nm - luminosity L 3 : 4 � 10 32 cm � 2 s � 1 Distance b etw een C.P . to I.P . L 1.0 cm I= 1.12: 8w;R8w;R%3%i%$%@!<$N%k%_%N%7%F%#J,I[$N=E$_$r$D$1$?M-8zCGLL@Q$HH/@8;v>]?t!# � j cos � j < 0 : 95 (pb) H/@8;v>]?t 5<;wH/@8?t (10 fb � 1 ) %7%0%J%k ! H ! b � b 0.508 5080 10000 %P%C%/%0%i%&%s%I ( p s > 75 GeV) ! H ! c � c 0.0210 210 10000 ! H ! g g 0.0633 633 10000 ! b � b 0.502 5020 10000 ! c � c 7.19 71900 50000 ! b � b ( g ) 0.727 7270 10000 ! c � c ( g ) 15.1 151000 50000 105

?^ 1.111: 8w ;R 8w;R %3 %i %$%@!< $N %k %_%N %7 %F%# J,I[ $N =E $_$r $D $1 $?M- 8z CG LL@Q!# 2# <4 $O8w ;R 8w ;R>W FM %( %M%k %.!<!# %/%)!< %/$N;6 Mp 3Q$r � $H $7 $?!#$3 $3 $G!"<B @~$O ! b � b !"GK @~$O ! c � c !"E@@~ $O QCD Jd@5 $r 4^$s $@ ! b � b !"GK - E@ @~ $O QCD Jd@5$r4^$s$@ ! c � c $r<($9!# I= 1.13: F1Dj8zN($H;v>]?t F1Dj8zN( (%) ;v>]?t b � b F1Dj c � c + g g F1Dj b � b F1Dj c � c + g g F1Dj %7%0%J%k H ! b � b 59.5 40.5 582 397 %P%C%/%0%i%&%s%I H ! c � c 19.7 80.3 7.85 32.0 H ! g g 6.17 93.8 1.58 24.1 ! b � b 56.5 43.5 185 143 ! c � c 13.8 86.2 715 4470 ! b � b ( g ) 60.0 40.0 278 185 ! c � c ( g ) 14.9 85.1 1320 7530 JADE %/ %i%9 %? %j %s %0 K! [100] $r MQ $$$F %8%’%C %H $N %/ %i %9 %? %j%s %0 $r $* $3 $J $$!" 2 %8%’%C %H ;v>] $N $_ $r A* $S =P $7$?!# $3$N$H$-!"%8%’%C%H$N%/%i%9%?%j%s%0%Q%i%a!<%? y cut $O 0.02 $H$7$?!#%R%C%0%9N3;RJx2u$+$i$N 2 %8%’%C%H;v>]$H ! q � q $+$i $N$b $N$G $O;6Mp 8e$N 6u4VJ, I[$, 0[$J $k$N$G!" S= N Hf$r $"$2$k $?$a $K j cos � j et j < 0 : 70 $rK~$? $7$F $$$k $3$H$r MW5a$7$?!# <!$K!"A*JL$5$l$? 2 %8%’%C%H;v>]$NCf$+$i b � b %8%’%C%H;v>]$rA*JL$7$?!#$3$3$G$O!" b � b %8%’%C%H;v>]$NF1Dj$K:]$7 $F%P!<%F%C%/%9 8!=P4o$r MQ$$$?!# d $r>WFM%Q %i%a!<%? $H$7$?$H $-!" b ( � b ) %/%)!<%/%8%’%C%H ;v>]$O!" d=� d > 2 : 5 $G $+ $D d < 1 : 0mm $rK~$?$9%H%i%C%/$, 5 0J>e$G$"$k$H$7$?!#$3$3$G!" b � b %8%’%C%H;v>]$NF1Dj8zN($O!" " tag = F1Dj;v>]?t 2 %8%’%C%H;v>]?t !" (1.53) $G$"$k!#I= 1.13 $KF1Dj8zN($H;v>]?t $r<($9!# b � b %8%’%C%H;v>]$N F1Dj$K4X$7$FC1=c$J%"%k%4%j %:%‘$rMQ$$$?!#$7$?$,$C $F!"%"%k%4%j%:%‘$N2~NI$K$h$j$h$j9b$$8zN($G$N b � b %8%’%C%H;v>]$NF1Dj$,2DG=$G$"$k!# <!$K!" S = N Hf $,9b $/$J $k$h $& $K<A NLNN 0h$r A*Br $7$?!# ! q � q 2a Dx$N %P%C%/ %0%i %&%s %I$r :GDc <!$G 7W ;;$7 $?>l 9g$K$O!" 106 < M j j < 126 GeV $N <ANLNN0h$r!" QCD Jd @5$r4^$‘>l 9g$O!" 106 < M j j < 130 GeV $r A*Br$7$?!#$3 $N$H$-8!=P8zN($O!" " sel = 8!=P;v>]?t H/@8;v>]?t !" (1.54) 106

I= 1.14: 8!=P8zN($H;v>]?t!#%P%C%/%0%i%&%s%I$H$7$F$O!" ! q � q 2aDx$N$_$N>l9g!# " sel (%) ;v>]?t (10 fb � 1 ) %7%0%J%k ! H ! b � b 7.54 383 %P%C%/%0%i%&%s%I ! H ! c � c 3.23 6.79 ! H ! g g 0.230 1.46 ! b � b 0.540 27.1 ! c � c 0.154 111 S= N Hf !J:GDc<!$N7W;;!K 383 / 146 I= 1.15: 8!=P8zN($H;v>]?t!#%P%C%/%0%i%&%s%I$H$7$F$O!" ! q � q 2aDx$N QCD Jd@5$b9MN8$7$?!# " sel (%) ;v>]?t (10 fb � 1 ) %7%0%J%k ! H ! b � b 7.48 380 %P%C%/%0%i%&%s%I ! H ! c � c 3.16 6.65 ! H ! g g 0.230 1.46 ! b � b ( g ) 0.790 57.4 ! c � c ( g ) 0.260 394 S= N Hf !J QCD Jd@5$r4^$‘ ) 380 / 459 $GDj5A$5$l$k!#I= 1.14 $H 1.15 $K8!=P8zN($r<($9!#%P%C%/%0%i%&%s%I$KBP$7$F%7%0%J%k$N8!=P8zN($,9b$$$3$H$,$o$+$k!# FC$K!" ! c � c; c � c ( g ) 2aDx$N=|5n$,8zN(E*$G$"$k$3$H$,$o$+$k!# ?^ 1.112 $O!" %R%C %0%9 N3 ;R Jx 2u$+ $i $N b � b %8%’%C %H ;v >]$r :F 9= @. $7$? $H $- $N <ANL J, I[ $G $" $k!#$? $@ $7!" %P%C %/%0 %i %&%s%I$H $7$F$O!" ! q � q 2aDx$N $_$7 $+9MN8 $5$l$F $$$J$$!# %R%C%0%9 N3;RJx 2u$+ $i$N b � b %8%’%C%H;v >]$N%T!< %/$,!" 116 GeV $"$?$j $K8+$i$l $k!# M H =120 GeV $+$i?t GeV Dx EY$N2<J} $X$N$:$l $O!" � $K$h$C $F<:$o$l$? %(%M%k%.!< $K $h$k!#$^$?!" ! c � c 2aDx$N%P%C%/%0%i%&%s%I$,B?$$$3$H$,$o$+$k!# ?^ 1.113 $O!"%R%C%0%9N3;RJx2u$+$i$N b � b %8%’%C%H;v>]$r:F9=@.$7$?$H$-$N<ANLJ,I[$G$"$k!#$?$@$7!"%P%C%/%0%i%& %s%I$H$7$F$O!" ! q � q 2a Dx$N QCD Jd@5$b 9MN8$7$? >l9g$G$" $k!# QCD Jd@5$K $h$C$F ! c � c 2aDx$, Bg$-$/A} 2C $7$?$3$H$,$o$+$k!# 8!=P $5 $l $?%7 %0 %J %k5Z $S %P%C %/%0 %i %& %s %I$N ;v >] ?t$r I= 1.14 $H 1.15 $K <( $9!# $3$N 2r @O J}K! $K $h $j!" %7%0 %J %k ;v>] ?t$O 383(106 < M j j < 130 GeV) $G$"$C $?!# ! q � q $N %P%C %/%0 %i %& %s%I $r :GDc <! $G 7W;; $7 $? >l9g!" S= N Hf$O 383/146 $G$"$j!"=>Mh$NF1MM$N%P%C%/%0%i%s%I7W;;$K $h$k7k2L$HF1$8$/!"9b$$ S= N HfF@$i$l$F$$$k!#0lJ}!" QCD Jd @5$^$G4^$a$?>l9g$N S= N Hf$O!" 380/459 $G$"$j 3 G\DxEY%P%C%/%0%i%&%s%I$,A}2C$9$k!# I8=‘LO7?%R%C%0%9N3;R$NFs8w;RJx2u6R$HJ,4tHf$NB,Dj8m:9$rI= 1.16 $K<($9!#%R%C%0%9N3;R$N<ANL$O M H =120 GeV $r2> Dj$7!" @Q J,%k %_ %N %7%F%# $, 10 fb � 1 $N>l 9g $G$" $k!# %P%C %/%0 %i %&%s %I $r :GDc <! $N7W ;; $H $7$? >l 9g$O!" Fs 8w ;RJx 2u 6R$H b � b %/%)!< %/BP J,4t Hf$N B,Dj 8m:9 $,!" 6.0% $H$J$C $?!#%P%C %/%0 %i%& %s%I $K QCD Jd@5 $^$G 4^$a $?>l 9g!" 7.6% $H $$$& 7k 2L $r F@ $?!# @Q J, %k %_ %N %7 %F%# $r 20 fb � 1 $H $9 $l $P!" S= N Hf $O 760/918 $G B, Dj 8m :9 $O 5.4% $H $J $k!# $3 $N 7k 2L $O!"A0 =R$N �( h 0 ! ; MSSM) = �( H ! ; SM) $O %R%C %0%9 N3 ;R$N <A NL $, 120 GeV $N $H $-$* $h $= 1.2 $H$J $k $H $$ $&$3$H$H9M$($"$o$;$l$P!"AGN3;RLO7?$NA*Br$N2DG=@-$r2~$a$F$b$C$F$$$k$3$H$r;X$7<($9$b$N$G$"$k!# 1.7.3 W N3;R$N0[>o7k9g$NB,Dj 8w ;R 8w ;R >W FM $K $* $1 $k W N3 ;R $N @8 @. $O!" >W FM $N %( %M %k %.!< $, W $N BP @8 @. $N $7 $- $$ CM $h $j == J, 9b $$ (200GeV 0J >e ) >l9g!" $= $N CG LL@Q $, Hs >o $K Bg$- $/!" $+ $D!" $[$\ 0l Dj $G Ls 90 pb $G $"$k!# $3 $N CM $O!" $=$N <! $K @8 @.CG LL @Q $N Bg$- $$ 107

?^ 1.112: %R%C%0%9N3 ;RJx2u$+$i$N b � b %8%’%C %H;v>]$r:F9=@. $7$?$H$-$N<A NLJ,I[!#%P%C%/%0 %i%&%s%I$H$7 $F$O!" ! q � q 2aDx$N$_$N>l9g!# ?^ 1.113: %R%C%0%9N3 ;RJx2u$+$i$N b � b %8%’%C %H;v>]$r:F9=@. $7$?$H$-$N<A NLJ,I[!#%P%C%/%0 %i%&%s%I$H$7 $F$O!" ! q � q 2aDx$N QCD Jd@5$b9MN8$7$?!# I= 1.16: I8 =‘ LO7? %R%C %0%9 N3 ;R$N Fs 8w;R Jx 2u 6R$H J, 4tHf $N B,Dj 8m :9!# @QJ, %k %_%N %7 %F%#$, 10 fb � 1 $N>l9g!#%R%C%0%9N3;R$N<ANL$O M H =120 GeV $r2>Dj$7$?!# 4 X=X tree level (%) QCD correction (%) �( H ! ) � B r ( H ! b � b ) 6.0 7.6 108

%U%’%k%_ N3 ;R $NBP @8 @.$K Hf $Y$F!" 1 � 2 7e $[ $IBg $- $/!"$^ $? EE;R M[ EE;R %3 %i%$ %@!< $N$* $1 $k W BP@8 @. $KHf $Y $F$b $d $O$j 1 � 2 7eBg$-$$!#$3$N$h$&$K9b%(%M %k%.!<$N8w;R8w;R%3%i%$%@!<$O!" W 9)>l$NB&LL$r$b$C$F $*$j!"9b$$E}7W$K$h $k!" W N3;R$N@-<A$N@:L)$JB,Dj$,4|BT$G$-$k!# W N3 ;R $N %2!< %8 7k 9g >o ?t$N @: L) B, Dj $O!" W N3 ;R $, ?? $K I8 =‘ M} O@ $N %2!< %8 %\ %> %s $G $" $k $+ $I $& $+ $r 8! >Z $9 $k $? $a $N!"Hs>o$K=E MW$J9‘ L\$N0l $D$G$" $k!#EE;R M[EE;R %3%i %$%@!<$K $*$$$F $b$3$N @:L)B, Dj$O=E MW$JJ* M}$N0l $D$G$" $j!" W N3;R $N0[ >o 7k 9g $KBP $9 $k 8&5f $N 2D G=@- $,!" %7 %_%e%l!< %7%g %s $r MQ$$ $F @5 3N$K 8+ @Q $b$i $l $F $$ $k [75] !# 8w ;R8w ;R >W FM$K $*$$$F $O!"@8 @.CG LL@Q $,Bg $-$$ $3$H$K 2C$( $F!"$= $NA4 CGLL @Q$, W N3 ;R$N 8w;R $KBP $9$k 0[>o 7k9g Dj?t � � $KIR 46$G $" $k$3$H$,;XE&$5$l$F$$$k [112, 101] !#$=$N46EY$O!" � � � � � � W W � W W � � � � J =0 $G$"$k!#B($A!" � � $r 1% $N@:EY$GB,Dj$9$k$K$O!" W BP@8@.$NCGLL@Q$r 1% $N8m:9$GB,Dj$9$l$P$h$$!# $3$N@:EY$rC#@.$9$k$K$O!"E}7WE*$K$O!" 10 4 8D$N W BP@8@.;v>]$rC_@Q$9$l$P$h$$!#A0=R$NEE;R$N=E?47O%(%M%k%.!< 0.5 T eV $N8w;R8w;R%3%i%$%@!< $G$O!"G/4VLs 10fb � 1 $NA4 @QJ,%k%_%N%7%F%#$,F@$i $l$k$HM=A[$5$l$k$N$G!" 8e=R$9$k$h $&$K!"%k%_%N%7%F%#$N%(%M%k%.!<J,I[$d!"B,Dj8zN($r9MN8$7$F$b==J,$JE}7WNL$rF@$k$N$OMF0W$G$"$k!# $3$3$G$O!" CAIN $rMQ$$ $F@8@.$7$? %k%_%N%7%F%# J,I[$K$h $j!" W N3;R $d%P%C%/%0 %i%s%I$H$J $k!"%/%)!<%/BP$N @8 @.$r8= <BE*$K 8+@Q $j!"B, Dj4o $N1F 6A$r%7 %_%e%l!< %7%g%s $K$h$C $F9M N8$9 $k$3$H $K$h $j!" W N3;R BP@8@. $K$h $k!" W N3 ;R$N0[>o7k9g$N!"B,Dj2DG=@-$r9M;!$7$?!# B,DjJ}K! W BP @8@. $N 8& 5f $K $*$$ $F $O!" EE ;R $N =E?4 7O $N %( %M %k%.!< $, 0.5T eV $N 8w ;R8w ;R %3 %i %$ %@!<$r A[ Dj $7 $?!# $3 $N2C B. 4o$N%Q%i %a!<%? $rI= 1.17 $K<( $9!#EE;R$H 8w;R $NJP 6K$O!"@8 @.$5 $l$? 8w;R$,!" $=$N :GBg %(%M%k %.!<IU 6a$K %T!<%/$r ;}$D I= 1.17: W BP2r@O$KMQ$$$?EE;R$H%l!<%6!<%S!<%‘$N%Q%i%a!<%?!< Beam energy E b GeV 250 Number of Particles/bunc h N 0.63 � 10 10 Rep etition rate f r ep Hz 150 Number of bunches/pulse n b 85 Bunch length � z � m 90 Bunch sizes (I.P .) � � x =� � y nm 45/31 Beta functions (I.P .) � � x =� � y mm 0.3/9. Geometric emittance " x =" y 10 � 12 m � rad 6.75/0.0981 C.P-I.P distance d mm 20 Geomitric luminosity L ee g eom: cm � 2 s � 1 2.7 � 10 33 Laser parameters W a v e length � L � m 1.053 Pulse energy E L J 2.1 Pulse length � L z mm 300 r.m.s sp ot size � L r � m 5 Peak p ow er density P d W = m 2 5.33 � 10 21 Maximum � parameter � 2 0.21 $h$&$K P L P e = � 1 $H$7!"$^$?@8@.$5$l$?8w;R$,!" J z = 0 $N8w;R8w;R>uBV$r$D$/$kMM$K$7$?!#$3$3$G P L !" P e $O$=$l $>$l!" %l!<%6!<!" EE ;R %S!<%‘ $N JP 6KEY $G $" $k!# $3$N 2r @O $G$O!" %3 %s %W%H %s ;6 Mp8e $N EE ;R$O!" 30 It <’>l $K $h$C $FAj 8_ :n MQNN0h$+$iA]$-=P$5$l$F$$$k$H2>Dj$7!"%3%s%W%H%s;6Mp$N8w;R$N$_$,:n$k%k%_%N%7%F%#$r9MN8$7$?!#?^ 1.114 $K CAIN $K$h$k%7%_%e%l!<%7%g%s$K$h$C$FF@$i$l$?!"%k%_%N%7%F%#J,I[$r<($9!#A4%k%_%N%7%F%#$O 6 : 9 � 10 32 cm � 2 s � 1 !" W BP @8@.$N$7$-$$CM$+$i>e$NItJ,$KBP$7$F$O!" 3 : 7 � 10 32 cm � 2 s � 1 $G$"$C$?!# W N3;R BP@8 @. $K$D $$ $F$O!" 8w;R 8w ;R$N ;O>u BV $N3Q 1?F0 NL $, 0 $H 2 $N>l 9g 3F!9$K $D$$ $F $=$N Jx2u $^ $G4^ $s$@ 40 A4$J %X%j%7 %F%#?6 I}$r 7W;; $7$?!# $^$? $3$N $H$- $K!" CAIN $rMQ $$$F %7 %_%e%l!< %7%g%s $7$? %k%_ %N%7 %F%#J, I[$K =>$C$F!" 8w 109

?^ 1.114: CAIN $rMQ$$$F7W;;$5$l$?%k%_%N%7%F%#J,I[!"<B@~$O J z = 0 !" E@@~$O J z = 2 $N@.J,$r$7$a$9!# ;R8w ;R $N =E ?4 7O $N%( %M %k %.!< $H 3Q 1? F0 NL $N =E $_ $r$D $1 $? ?6 I} $r 7W ;; $7 $?!# ?6 I}7W ;; $K $O!" HELAS[86] $r MQ $$!" 0L Aj 6u4V $N @QJ, $H ;v >] $N@8 @. $O BASES/SPRING[124] $H $$ $&!" %b%s %F %+ %k %m@Q J,!" ;v >] @8@. %W %m %0 %i %‘$r MQ $$ $?!# $3$l $K$h$C$F5a$a$?!" W N3;RBP@8@.$N%k%_%N%7%F%#2Y=EJ?6QCGLL@Q$O : _ � W W � X J z =0 ; 2 Z dL J z d p s � J z W W d p s � 50pb $G$"$C$?!# %7%_%e %l!< %7%g%s $K :]$7 $F A[ Dj$7 $? B, Dj4o $O!" JLC-I B, Dj 4o [37] $G$" $k!# $3$N 2r @O $K$* $$ $F <g$K MQ $$$? B, Dj 4o$O %+%m%j%a!<%?!<$G$"$j!"$=$NJ,2rG=$O!"EE<’%+%m%j%a!<%?!<$G � E =E = 20% = p E (GeV) � 1% !"%O%I%m%s%+%m%j%a!< %?!<$G � E =E = 40% = p E (GeV) � 2% $G$"$k!# 2r@O$H7k2L ?^ 1.115: 8!=P 8zN($r Jd@5 $7$?$" $H$N!" W N3 ;R?t $H!"%$%Y %s%H%8%’ %M%l!< %?!<$K$h$C $F@8@. $7$? ?t$NHf 3S!#%k%_ %N%7 %F%# $N@dBPCM$O!"A4%k%_%N%7%F%# 10fb � 1 $KAjEv$7$F$$$k!# W BP;v>]$NA*JL$O!"N>J}$N W N3;R$,%/%)!<%/BP$KJx2u$7$?!" 4 %8%’%C%H;v>]$rA*$V$3$H$K$h$C$F9T$C$?!# $^$:%^ %k %A%O %I%m %s;v >]$r A*$V $?$a $K!" <gHt @W8! =P4o $K$* $$$F %H%i%C %/ $, 10 0J>e $G$" $k$3 $H$r MW5a $7$?!# <!$K!" JADE %/ %i%9 %? %j %s %0 K! [100] $r MQ $$$F %8%’%C %H $N %/ %i %9 %? %j%s %0 $r 9T $$!" 4 %8%’%C %H ;v >] $N$_ $r A* $S $@ $7 $?!# $3$N $H$-%8%’%C%H$NA*JL%Q%i%a!<%?!< y cut $O 0.04 $H$*$$$?!#0J>e$NA*JL8e!" W BP;v>]$N 28%( %O%I%m%sJx2u%b!<%I$N 60%) $,;D$C$?!# 110

$3$N 4 %8%’%C%H;v>]$KBP$7!" � 2 W $r<!$NMQ$KDj5A$7$? : � 2 W � ( m ij � m W ) 2 � 2 m + ( m kl � m W ) 2 � 2 m !# $3$3$G m ij $O i HVL\$H j HVL\$N%8%’%C%H$K$h$kITJQ<ANL!" m W $O W N3;R$N<ANL!" � m $O!"$3$NB,Dj4o$K$h$k W $N<A NL:F9=@.$NJ,2rG=$G$"$j!"%7%_%e%l!<%7%g%s$K$h$C$F 5 GeV $H5a$a$i$l$F$$$k!#$3$N � 2 W $r 4 %8%’%C%H$K$h$k 3 $D$N AH$_9g$o$;$KBP$7$F7W ;;$7!"$3$l$,:G$b>. $5$/$J$k%8%’%C%H$N AH$_9g$o$;$,!"@5 $7$$ W N3 ;R$NJx2u$+$i$N %8%’%C%H$N AH$G$"$k$H$7$?!# :F9= @. $5$l $? W N3 ;R$K BP $7 $F!"$3 $l $i $,@: EY NI $/B, Dj $5 $l $F$$ $k $? $a$N >r 7o $H$7 $F!" BP @8@. ;v >] $NN> J} $N W N3 ;R$N<ANL$,!" 65 GeV 0J>e 95 GeV 0J2<$G$" $k$3$H!"$^$? W N3;R$NHt @W$N%S!<%‘<4$+$i$N3QEY � W $, j cos � W j < 0 : 9 $rK~$? $7$F $$ $k$3 $H$r MW 5a$7 $?!#0J >e $N7k 2L:G =* E*$K W BP@8 @. ;v>] $KBP $9 $k8! =P8z N( $O 15% $G$"$C $?!#A0 9‘ $G=R $Y $?$h$&$K!"%k%_%N%7%F%#$r9MN8$K$$$l$? W BP@8@.$NCGLL@Q$O 50 pb $G$"$k$N$G!"8w;R8w;R%3%i%$%@!<$N#1G/J,$N%k%_ %N%7%F%# 10fb � 1 $G$O!"Ls 75k ;v>]$,F@$i$l$k$3$H$K$J$k!# 0J>e $K $h$C $F F@ $i $l $? W N3 ;R BP ;v >] $K BP $7!" W W $N IT JQ <A NL Kh $K 8! =P 8z N( $rJd @5 $7 $F!" $b $H $N W BP @8 @. ;v >] $NH/@8?t$KD>$7$?$b$N$,?^ 1.115 $G$"$k!#8!=P8zN($NJd@5$O 20GeV Kh$N%(%M%k%.!<%S%s$KBP$7$F9T$C$?!# Jd@58e$N!" W N3;R?t$H!" W N3;R$N0[>o7k9g%Q%i%a!<%?!< � $r4^$‘CGLL@Q$rMQ$$$F0J2<$N$h$&$K � 2 $rDj5A$7$?!# � 2 � X i � N i � L i 0 � i 0 � L i 2 � i 2 � N i � 2 : $3$3$G!" N i !" L i 0 !" � i 0 !" L i 2 !" � i 2 !"$O i HV L\$N %(%M %k%.!< %S%s $K$* $1$k!" W BP;v >]$N ?t!" J z !a 0 $N %k%_ %N%7 %F%#$H CGLL@Q!" J z !a 2 $N%k%_ %N%7%F%#$H CGLL@Q$G $"$k!#$^ $?!" � N i $O i HVL\$N %S%s$K $*$1$k W BP;v>] ?t$N8m:9 $G$"$j!"8e =R$9$k%k%_%N%7%F%#$NB,Dj8m:9 � L i J $rMQ$$$F!" � N i = s N i + � dL i 0 L i 0 � i 0 � 2 + � dL i 2 L i 2 � i 2 � 2 $HI=$o$5$l$k!# ?^ 1.116: W N3;R$N0[ >o7k9gDj?t � � !" � $KBP $9$k 90%C.L. $N@)8B$NM= A[!#<B@~$O$3$N 2r@O$K$h$k$b $N!"E@@~$OEE;RM[ EE;R>WFM$K$h$k$b$N!# $3$N � 2 $+$i A4@Q J, %k%_ %N%7 %F%# $, 10fb � 1 $N ;~ $N0[ >o7k 9g Dj?t $KBP $9 $k@) 8B$r � � !" � $N#2 <!85 6u 4V$K $*$$ $F 5a$a$?!#$=$N7k2L$r?^ 1.116 $K<( $9!#?^$K$O!"Hf3S$N$?$a!"EE;RM[ EE;R>WFM$+$iF@$k$3$H$, $G$-$k$HM=A[$5$l$k7k2L$b <($7$F$$$k [75] !# 111

$3$l $+ $i $o $+$k $h $& $K!" 8w ;R 8w;R >W FM $K $h $k W BP @8 @. $O � � $K BP $7 $F$h $j IR 46 $G $"$k!# $^ $? EE ;R M[ EE;R %3 %i %$ %@!<$KHf $Y$F >/$J $$ %k%_ %N%7 %F%#$G $[$[ F1 MM$N 7k2L $rF@ $k$3 $H$, $G $-$k!# 2C$( $F!"J8 8% [75] $K$h $k EE;R M[EE ;R%3 %i%$ %@!<$N2r@O$O!" W N3 ;R$NJx2u$K4X$9 $k>pJs$b;H$C$F!"Am 9gE*$J2r@O$r9T$C$F F@$?7k2L$G$"$k $N$KBP$7!"$3$N2r @O$K$* $$$F$O!"A4CGLL@Q$rMQ$$$? $N$_$G$"$k!#8w;R8w ;R>WFM$K$*$$$F$b F1MM$JAm9gE*2r @O$r9T$($P!" W N3;R$N@-<A$K BP$7$F $h$j>\$7$$>pJs$rF@$k$3$H$,$G$-$k$H4|BT$5$l$k!# 1.7.4 %k%_%N%7%F%#B,Dj 8w;R8w;R%3%i%$ %@!<$K$*$$$F$O!" >WFM$9$k8w;R $N%(%M%k%.!<$H JP6K$,0lDj$G $J$$$?$a!"%k%_ %N%7%F%#$N=E ?47O%(%M %k%.!<!" %i%T %G%# %F%#J, I[ $r!" >WFM $9 $k8w ;R $N%9 %T %s $NAH $_ 9g$o $;!" $9 $J$o $A 8w;R 8w ;R ;O>u BV $N%9 %T %sKh $K B, Dj$7 $J $1$l$P$J$i$J$$!#%k%_%N%7%F%#$NB,Dj$K;H$&$3$H$N$G$-$kH?1~$KBP$7$F$O!" � H?1~$NCGLL@Q$,Bg$-$$$3$H!" � 8!=P8zN($,NI$/!"%P%C%/%0%i%s%I$N>/$J$$B,DjJ}K!$,$"$k$3$H!" $,MW5a$5$l$k!# ! e + e � !" ! � + � � !"$O!" @8@. CGLL@Q $bBg$- $/B, Dj$bMF 0W$G $"$k$? $a!"%k%_ %N%7 %F%#B,Dj $N$?$a $NNI $$2a Dx$H$J $j $($k!# $7 $+$7 $3 $N2a Dx $O;O >u BV$N 3Q 1?F0 NL $,#0 $N >l9g!" H? 1~$N %( %M%k %.!< $,@8 @. $5$l $k N3;R $N <ANL $K Hf$Y $F 9b$$ ;~$O!" @8 @.CG LL @Q$, $[ $H$s $I #0$G $" $k!#$= $N $? $a!";O >u BV$N 3Q 1?F0 NL $, 0 $N>l 9g $O!"B> $N J}K! $G %k %_%N %7 %F%#$r B,Dj$9$k$3$H$,I,MW$G$"$k!# ! W + W � $O!"=E?47O$N%(%M%k%.!<$, 200GeV 0J>e$K$*$$$F$O!"@8@.CGLL@Q$,Hs>o$KBg$-$$ ( Ls 90pb) $?$a!" %k%_%N %7 %F%#B, Dj$N $? $a$N Hs>o $K NI$$ 2a Dx$H $J$j $( $k [137] !# $7$+ $7!" EvA3 $N$3 $H $J$, $i!"$3 $N >l9g $O!" W N3;R $rI8 =‘LO7?$N$b$N$H2>Dj$9$k $3$H$rI,MW>r7o$H $7$J$1$l$P$J$i$:!" 8w;R8w;R%3%i%$ %@!<$N=EMW$JJ*M}$N 0l$D$G$"$k!" W N3 ;R$N0[>o7k9gEy$N8&5f$K$O;H$&$3$H$,$G$-$J$$!# EE;RBP@8@.$rMQ$$$?!"%k%_%N%7%F%#$NB,Dj EE;RBP @8@.$r MQ$$$? %k%_ %N%7%F%# $NB, DjJ}K! $NI>2A $r!"EE ;R%(%M %k%.!< 0.5 T eV $N>l 9g$K $D$$$F 9T$C$? [131] !#A0 =R$N$h$& $K$3$N 2aDx $O J z = 2 $N >l9g$N $_46 EY$,$" $k!#$h$C$F!" $J$s $i$+$N J}K!$G A4%k %_%N%7 %F%#$+!" $^$?$O!" J z = 0 $N%k%_%N%7%F%#$rB,Dj$7$J$1$l$P$J$i$J$$!#$3$3$G$O!"%l!<%6!<$HEE;R$NJP6K$rMQ$$$?B>$NJ}K!$r;n$_$? [134] !# ?^ 1.117: %7 %_%e %l!< %7%g%s $h $kB, Dj $H@8 @. $5$l $? %k%_ %N %7%F%# $N Hf3S!# 1_ $HJF 0u $OB, Dj $5$l $? J z = 0 $H 2 $N %k%_ %N %7 %F%#$r!"<B@~$HE@@~$O@8@. $5$l$? J z = 0 $H 2 $N%k%_ %N%7%F%#$r$7$a$9!#%k %_%N%7%F%#$N@dBP CM$O!"A4%k%_%N%7%F%# 10fb � 1 $KAjEv$7$F$$$k!# $$$^!" EE ;R $H %l!< %6!< $N JP 6K $N A* Br $K $h $j!" J z = 0 $, <g $J %k %_ %N %7 %F%# J, I[ $, @8 @. $5 $l $F $$ $k $H $9 $k!# $3 $N ;~ $K!"0l J}$N EE ;R %S!<%‘ $H %l!< %6!<$N JP 6K $r F1;~ $K JQ $($k!# $9 $k $H!"EE ;R $H %l!<%6!< $N JP 6K$N @Q $O JQ2= $7 $J $$$N $G!" @8 112

?^ 1.118: %k%_%N %7%F%#B,Dj $NE}7W8m:9!# %"%9%?%j%9 %/$H@1$O!"EE ;RBP@8@.$K $h$kB,Dj$G!" J z !a 0 !" 2 $N%k%_ %N%7%F%#$K BP $9$k$b$N!"4]$O W BP@8@.$NA4CGLL@Q$KBP$9$k8m:9!# @.$5 $l$k 8w ;R$N %( %M %k%.!< J, I[ !JB($A!" %k %_%N %7 %F%# $N%( %M %k %.!<J, I[!K $OJQ 2= $7 $J$$ $,!" @8@. $5 $l $k8w ;R $N %X%j %7 %F%#$OH?E>$9$k$N$G!"%k%_%N %7%F%#$O J z = 2 $,<g$J J,I[$H$J$k!#$3$N%X %j%7%F%#H?E>$NA0 8e$K$*$$$F!"@8@. 8w;R$N%( %M%k%.!<!" JP 6K J,I[ $, A4$/ JQ 2=$7 $J $$$H 2> Dj$9 $k $H!"$3 $N >uBV $G EE;R BP @8@. $r $b $A$$ $k $3$H $K $h$j %X %j%7 %F%# H?E> 8e $N J z = 2 $N%k%_ %N%7%F%#J, I[$rB, Dj$9$k$3 $H$,$G $-!"$3$l$O B($A!"%X %j%7%F%#H? E>A0$N J z = 0 $N%k%_ %N%7%F%# J,I[ $HEy$7$$!# ?^ 1.117 $O!" $3 $N J} K! $r MQ $$ $? %k %_ %N %7 %F%# B, Dj $N %7 %_%e %l!< %7%g %s 7k 2L $G $" $k!# A4 @Q J, %k %_ %N %7 %F%# $O 10fb � 1 $r2> Dj $7 $F $$ $k!# ?^ 1.118 $K $O!" $3 $N J} K! $K $h $k B, Dj $N E} 7W 8m :9 $r %( %M %k %.!< $N 4X ?t $H $7 $F <( $7 $F $k!# ?^ $K <( $5$l $F $$$k$h$&$K!"=E?47O$N%(%M%k%.!< 200GeV 0J>e$K$*$$$FLs 1 � 2% $NE}7W@:EY$,F@$i$l$F$$$k!# $3$NJ}K!$K$h$k %k%_%N%7%F%#B, Dj$K$*$1$k7O E}8m:9$H$7$F $^$:Bh0l$K9M $($i$l$k$N$O!" EE;R$H%l!<%6!<$N JP6K$rJQ $($k $3$H $K $h$k!" @8 @. 8w;R $N %(%M %k %.!<!"JP 6K J, I[$N JQ 2=$G $" $k!# $3$l $r 8+@Q $b $k $N$O!" 8= ;~E@ $G $O:$ Fq $G $"$k $,!" 4V@\ E* $J ;XI8 $H $7 $F!" 8= :_2T F/ $7 $F $$ $k SLC $K$* $1 $k!" :8 JP 6K$H 1& JP 6K %S!< %‘ $N:9 $r 0z MQ $7 $F$* $/!# H‘ Ey $O!" SLD $N2TF/Cf $K!":8 1&JP6K $N%k %_%N%7 %F%#$N 0c$$ $rB,Dj $7!"$= $N:9!" O (10 � 4 ) $rF@ $F$$ $k [98] !# 8w;R8w ;R%3 %i%$%@!< $K$* $$$F$b!" F1 MM$J J} K!$K $h$C $FEE ;R $N%9 %T %s$r JQ $($k $N $G!"$3 $N J}K! $K $h$k 7O E}8m :9 $O== J, $K>. $5 $/$9 $k $3$H $, $G$- $k $H4|BT$G$-$k!# $^$??^ 1.118 $K$O!"A0 9‘$N2r @O$K$h $k W N3 ;RBP@8 @.$N A4CGLL @Q$NB, Dj8m:9 $b<($7 $F$$$k!# $3$l$O!" $=$N$^ $^!" W BP@8@.$rMQ$$$?%k%_%N%7%F%#B,Dj$N8m:9$r<($7$F$$$k!# 113

;29MJ88% [1] S. W ein berg, Phys. Rev. Lett. 19 (1967) 1264; A. Salam, Pro c. 8th Nob el Symp os., Sto ckholm, ed. by N. Sv artholm (Almqvist and Wiksell, Sto ckholm, 1968) p. 367. [2] S.L. Glashow, Nucl. Phys. 22 (1961) 579. [3] K. Hagiwara, S. Matusmoto, and Y. Y amada, Phys. Rev. Lett. 75 (1995) 3605. [4] K. Hagiwara, D. Haidt, and S. Matsumoto, KEK-TH 512 (1997). [5] M. Kobay ashi and T. Mask a w a, Prog. Theor. Ph ys. 49 (1973) 652. [6] TOP AZ collab oration, Phys. Lett. B255 (1991) 613, KEK Preprint 92-49 ; VENUS collab oration, Phys. Lett. B278 (1992) 499, Ph ys. Lett. B278 (1992) 393; AMY collab oration, Phys. Lett. B218 (1989) 112, Phys. Rev. Lett. 64 (1990) 983. [7] DELPHI collab oration, Phys. Lett. B260 (1991) 240; L3 collab oration, Z. Phys. C51 (1991) 179; OP AL collab oration, Phys. Lett. B264 (1991) 269. [8] P . Langack er, P ennsylv ania preprint, UPR-0492T (1992). [9] Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122 (1961) 345; P .W. Higgs, Phys. Lett. 12 (1964) 132, Phys. Rev. 145 (1966) 1156. [10] UA1 Collab oration, Phys. Lett. 122B (1983) 103, 126B (1983) 398; UA2 Collab oration, Phys. Lett. 122B (1983) 476; 129B (1983) 130. [11] TOP AZ collab oration, Phys. Lett. B268 (1991) 457. [12] ALEPH collab oration, Phys. Lett. B263 (1991) 325; OP AL collab oration, Phys. Lett. B263 (1991) 311. [13] LEP collab orations, Phys. Lett. B276 (1992) 247. [14] CDF collab oration, Phys. Rev. Lett. 74 (1995) 2626; D0 collab oration, Phys. Rev. Lett. 74 (1995) 2632; [15] J?@. 5 G/EY2J3X8&5fHqJd=u6b!JAm9g8&5f A !K8&5f@.2LJs9p=q!"8&5f2]BjHV9f 03302016, 8&5fBeI=<T 3a@nNI0l!# [16] V.S. F adin and V.A. Khoze, JETP Lett. 46 (1987) 525; M.J. Strassler and M.E. P eskin, Phys. Rev. D43 (1991) 1500; Y. Sumino, K. F ujii, K. Hagiwara, H. Muray ama and C.K. Ng, Phys. Rev. D47 (1993) 56; H. Mura y ama and Y. Sumino, Phys. Rev. D47 (1993) 82; K. Hik asa, S. Ishihara, and Y. Sumino, in preparation; Y. Sumino, Ph.D. Thesis, Univ. of T oky o Preprin t, UT-655 (1993). [17] The LEP collab orations EW working group and the SLD heavy av our group, CERN-PPE/96-183 . [18] E. F arhi and L. Susskind, Ph ys. Rep. 74 (1981) 277, $*$h$S$=$NCf$N;29MJ88%;2>H$N$3$H!# [19] B. Holdom and J. T erning, Phys. Lett. B247 (1990) 88; M. Golden and L. Randall, Nucl. Phys. B361 (1991) 3; M. Peskin and T. T ak euc hi, Phys. Rev. Lett. 65 (1990) 964; W.J. Marciano and J.L. Rosner, Phys. Rev. Lett. 65 (1990) 2963; G. Altarelli and R. Barbieri, Ph ys. Lett. B253 (1991) 161. 114

[20] B. Holdom, Phys. Lett. B150 (1985) 301; T. Akiba and T. Y anagida, Phys. Lett. B169 (1986) 432; T. App elquist, D. Karabali and L.C.R. Wijewardhana, Phys. Rev. Lett. 57 (1986) 957; Phys. Rev. D35 (1987) 2605; K. Y ama w aki, M. Bando and K. Matsumoto, Phys. Rev. Lett. 56 (1986) 1335; Phys. Lett. B178 (1986) 308. [21] CDF Collab oration, Phys. Rev. D45 (1992) 3921. [22] D.V. V olk o v and V.P . Akulov, Phys. Lett. 46B (1973) 109; J. W ess and B. Zumino, Nucl. Phys. B70 (1974) 39. [23] M. V eltman, Acta Phys. Pol. B12 (1981) 437; L. Maiani, Pro c. Summer School of Gil-sur-Yvette (Paris, 1980) p. 3. [24] H. Sugaw ara, talk presented at the Symp osium on the Electrow eak Symmetry Breaking and Accelerator Pro jects , in 47th Annual Meeting of the Physical So ciety of Japan, March, 1992. [25] H. Georgi and S. Glashow, Phys. Rev. Lett. 32 (1974) 438. [26] H. Georgi, H.R. Quinn and S. W ein berg, Phys. Rev. Lett. 33 (1974) 451. [27] A.J. Buras, J. Ellis, M.K. Gaillard and D.V. Nanop oulos, Nucl. Phys. B135 (1978) 66. [28] S. Dimop oulos, S. Raby and F. Wilczek, Phys. Rev. D24 (1981) 1681; S. Dimop oulos and H. Georgi, Nucl. Phys. B193 (1981) 150; N. Sak ai, Z. Phys. C11 (1981) 153. [29] K. Inoue, A. Kakuto, H. Komatsu and S. T ak eshita, Prog. Theor. Ph ys. 68 (1982) 927; L.E. Ibanez and G.G. Ross, Phys. Lett. 110B (1982) 215; K. Inoue, A. Kakuto and S. T ak eshita, Prog. Theor. Phys. 71 (1984) 348; L. Alv arez-Gaum � e, J. P olc hinski and M.B. Wise, Nucl. Phys. B221 (1983) 495; J. Ellis, J.S. Hagelin, D.V. Nanop oulos and K. T am v akis, Ph ys. Lett. 125B (1983) 275. [30] K. Inoue, A. Kakuto, H. Komatsu and S. T ak eshita, Prog. Theor. Phys. 67 (1982) 1889. [31] Y. Ok ada, M. Y amaguc hi and T. Y anagida, Prog. Theor. Phys. 85 (1991) 1, Ph ys. Lett. B262 (1991) 54; J. Ellis, G. Ridol� and F. Zwirner, Phys. Lett. B257 (1991) 83; H.E. Hab er and R. Hemp ing, Phys. Rev. Lett. 66 (1991) 1815. [32] T. Moroi and Y. Ok ada, T ohoku preprint, TU-405 (1992). [33] N. Cabbib o, L. Maiani, G. Parisi and P . Petronzio, Nucl. Ph ys. B158 (1979) 295. [34] R. Barbieri and G. Giudice, Nucl. Ph ys. B296 (1988) 75; T. Kon and M. Jim b o, Pro ceedings of the First W orkshop on Japan Linear Collider, KEK, 1989 , ed. by S. Kaw abata, KEK Rep ort 90-2 (1990) 280; K. Inoue, M. Kaw asaki, M. Y amaguc hi, and T. Y anagida, Ph ys. Rev. D45 (1992) 328. [35] K. Hik asa, \JLC Sup ersymmetry Manual", in preparation. [36] T. Tsuk amoto, KEK Preprint 92-34 (1992); K. F ujii, KEK Preprin t 92-206 (1993); T. Tsuk amoto, Pro- ceedings of W orkshop on Ph ysics and Exp eriments with Linear e + e � Colliders, W aik oloa, Haw aii, 1993 , ed. by F. Harris, et al., W orld Scien ti�c (1993) 814; S. Orito, Pro ceedings of W orkshop on Physics and Exp erimen ts with Linear e + e � Colliders, W aik oloa, Haw aii, 1993 , ed. by F. Harris, et al., W orld Scienti�c (1993) 230; T. Tsuk amoto, K. F ujii, H. Muray ama, M. Y amaguc hi, and Y. Ok ada, Phys. Rev. D51 (1995) 3153. [37] JLC Group, KEK R ep ort 92-16 (1992). [38] \Physics at LEP2", edited by G. Altarelli et al. , CERN-96-01 . 115

[39] P . Janot, LAL Pr eprint 91-61 and 92-27 . [40] K. Kaw ago e and S. Orito, UT-ICEPP 92-06 . [41] P . Janot in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar e + e � Col liders , W ok oloa, Haw aii, 1993 edited by F. Harris et al. (W orld Scienti�c, Singap ole, 1993). [42] K. Kaw agoe in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar e + e � Col liders , W ok oloa, Haw aii, 1993 edited by F. Harris et al. (W orld Scienti�c, Singap ole, 1993). [43] M.D. Hildreth, T.B. Barklow and D.L. Burke, Phys. Rev. D49 (1994) 3441. [44] M. Drees, Int. J. Mo d. Ph ys. A 4 (1989) 3635; J. Ellis, J.F. Gunion, H.E. Hab er, L. Roszko wski and F. Zwirner, Phys. Rev. D39 (1989) 844; L. Durand and J.L. Lop ez, Phys. Lett. B217 (1989) 463; J.R. Espinosa and M. Quir� os, Phys. Lett. B279 (1992) 92. [45] P .Bin � etruy and C.A. Sav o y , Ph ys. Lett. B277 (1992) 453; T. Moroi and Y. Ok ada, Phys. Lett. B295 (1992) 73; G. Kane, C. Kolda and J. W ells, Ph ys. Rev. Lett. 70 (1993) 2686; W.T.A. ter V eldh uis, Purdue preprint, PURD-TH-92-11 ; J.R. Espinosa and M. Quir� os, Phys. Lett. B302 (1993) 51; U. Ellwanger, Phys. Lett. B303 (1993) 271; P .N. Pandita, Phys. Lett. B318 (1993) 271; Z. Phys. C359 (1993) 575; T. Elliot, S.F. King and P .L. White, Phys. Lett. B305 (1993) 71; Phys. Rev. D49 (1994) 4435. [46] J. Kamoshita, Y. Ok ada and M. T anak a, Phys. Lett. B328 (1994) 67. $^$?!" S.F. King and P .L. White, Phys. Rev. D53 (1996) 4049 $b;2>H . [47] J. Kamoshita, Y. Ok ada and M. T anak a, in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar Col liders , Moriok a-Appi, Iwate, Japan 1995 edited by A. Miyamoto et al. (W orld Scienti�c, Singap ore, 1996); Phys. Lett. B391 (1997) 124. [48] I. Nak am ura and K. Kaw agoe, in Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar Col liders , Moriok a-Appi, Iwate, Japan 1995 edited b y A. Miyamoto et al. (W orld Scienti�c, Singap ore, 1996); Phys. Rev. D54 (1996) 3634. [49] A. Djouadi, M. Spira and P .M. Zerwas, Z. Phys. C70 (1996) 427. [50] T orb j� orn Sj� ostrand, CERN-TH.7112/93 W5053/W5044 . [51] T. Ishik a w a, T. Kaneko, K. Kato, S. Kaw abata, Y. Shimizu and H. T anak a, \GRACE man ual" KEK R ep ort 92-19 (1993). [52] J. Kamoshita, Y. Ok ada, M. T anak a and I. W atanabe, Pr o c e e dings of the Workshop on Physics and Ex- p eriments with Line ar Col liders , Moriok a-Appi, Iwate, Japan 1995 edited by A. Miy amoto et al. (W orld Scienti�c, Singap ore, 1996). [53] A. Djouadi, H.E. Hab er and P .M. Zerw as, Phys. Lett. B375 (1996) 203. [54] G.J. Gounaris, D. Schildknect and F.M. Renard, Phys. L ett. 83B (1979) 191; errata ibid. 89B (1980) 437; V. Barger, T. Han and R.J.N. Phillips, Phys. Rev. D38 (1988) 2766; V. Barger and T. Han, Mo d. Phys. L ett. A 5 (1990) 667; V.A. Ilyin, A.E. Pukho v, Y. Kurihara, Y. Shimizu and T. Kaneko, Phys. Rev. D54 (1996) 6717. [55] M. No jiri, Phys. R ev. D51 (1995) 6281; M. No jiri, K. F ujii, and T. Tsuk amoto, Phys. R ev. D54 (1996) 6756. [56] J. F eng, M. Peskin, H. Muray ama, and X. T ata, Phys.Rev. D52 (1995) 1418. [57] CDF Collab oration, Phys. R ev. L ett. 74 (1995) 2626. 116

[58] V. F adin and V. Khoze, Sov. J. Nucl. Phys. 48 (1988) 309. [59] M. Strassler and M. Peskin, Phys. R ev. D43 (1991) 1500. [60] S. Komamiya, Pr o c e e dings of the 1990 Summer Study on High Ener gy Physics , 1990, Snowmass, edited b y E. Berger, W orld Scien ti�c p459; ibid. SLAC-PUB-5324 (1991). [61] K. F ujii, Pr o c e e dings of the Se c ond Workshop on JLC , 1990, KEK, edited by S. Kaw abata, KEK Pro ceedings 91-10 (1991) p271; ibid. KEK Preprin t 90-187 (1991). [62] K. F ujii, Pr o c e e dings of Workshop on Physics and Exp eriments with Line ar Col liders , Saariselk� a, Finland, September 1991, edited by R. Orav a, P . Eerola, and M. Nordb erg, W orld Scienti�c, p203; ibid. KEK Preprint 92-6 (1992). [63] R. Miquel, talk giv en at Workshop on Physics and Exp eriments with Line ar Col liders , Saariselk� a, Finland, September 1991; ibid. DESY 92-123A (1992), p327. [64] Y. Sumino, K. F ujii, K. Hagiw ara, H. Muray ama, and C. Ng, Phys. R ev. D47 (1993) 56. [65] M. Je _ zabek, J. K � uhn, and T. T eubner, Z. Phys. C56 (1992) 653. [66] H. Muray ama and Y. Sumino, Phys. R ev. D47 (1993) 82. [67] K. Melniko v and O. Y ak o vlev, BUDKERINP-93-18 , 1993; V. F adin, V. Khoze, and A. Martin, Univ. of Durham Preprint, DTP-93-18 , 1993; DTP-93-64 (1993). [68] Y. Sumino, Pr o c e e dings of Workshop on Physics and Exp eriments with Line ar Col liders , W aik oloa, Ha w aii, April 1993, edited by F.A. Harris, S.L. Olsen, S. Pakv asa, and X. T ata, W orld Scien ti�c, p439; ibid. Univ. of T oky o Preprint, UT-651 (1993). [69] Y. Sumino, Ph.D. Thesis, Univ. of T oky o Preprint, UT-655 (1993). [70] K. F ujii, T. Matsui, and Y. Sumino, Phys. R ev. D47 (1993) 82. [71] http://www-jlc.k ek.jp/subg/top/index-j.h tml [72] M. Peskin and T. T ak euc hi, Phys. Rev. D46 (1992) 381. [73] K. Ab e, et.al., Ph ys. Rev. Lett. 73 (1995) 25. K. Hagiwara, KEK-TH-461 (1995). [74] K. Hik asa, M. T anabashi and A. Miyamoto in preparation . [75] A. Miy amoto, in the pro ceedings of the W orkshop on Physics and Exp eriments with Linear Colliders - V olume I , ed. F.A. Harris et al. ( W orld Scien ti�c, Singap ore, 1993), p.141 ; A. Miy amoto, KEK-Preprint 93-116 (1993). [76] T. App elquist and G.-H. W u, Phys. R ev. D48 (1993) 3235. [77] S. Dawson and G. V alencia, Phys. R ev. D49 (1994) 2188. [78] M. T anabashi, A. Miyamoto and K. Hik asa, in the pro ceedings of the W orkshop on Physics and Exp eriments with Linear Colliders - V olume I I , ed. A. Miyamoto et al. ( W orld Scienti�c, Singap ore, 1996), p.493. [79] A. Miy amoto, in the pro ceedings of the W orkshop on Physics and Exp eriments with Linear Colliders - V olume I I , ed. A. Miy amoto et al. ( W orld Scienti�c, Singap ore, 1996), p.654. [80] A. Dobado, et al , Phys. Lett. B352 (1995) 400. [81] V. Barger, K. Cheung, B. Kniehl, R.J.N. Phillips, Ph ys. Rev. D46 (1992) 3725. 117

[82] Y. Kurihara and R. Na jima, Phys. Lett. B301 (1993) 292. [83] T. Ishik a w a, T. Kaneko, K. Kato, S. Kaw abata, Y. Shimizu, and H. T anak a, KEK Rep ort 92-19 (1993). [84] K. Hik asa, K. Igi, Phys. Rev. D48 (1993) 3055. [85] K. Hagiwara, H. Iwasaki, A. Miyamoto, H. Muray ama, and Z. Zepp enfeld, Nucl. Phys. B365 (1991) 544. [86] H. Muray ama, I. W atanabe, and K. Hagiwara, KEK Rep ort 91-11 (1992). [87] Y. Kurihara, in Physics and Exp eriments with Line ar e + e � Col liders , edited by F.A. Harris, S.L. Olsen, P . Pakv asa, X. T ata (W orld Scienti�c, 1993), vol.II, p.880. [88] Y. Kurihara, R. Na jima, KEK Preprint 93-90 (1993). [89] T. Maruyama, E. L. Garwin, R. Prep ost, G. H. Zapalac, J. S. Smith, and J. D. W alk er, Phys. Rev. Lett. 66 (1991) 2351; T. Omori, Y. Kurihara, T. Nak anishi, H. Aoy agi, T. Baba, T. F uruy a, K. Itoga, M. Mizuta, S. Nak am ura, Y. T ak euc hi, M. Tsubata, and M. Y oshiok a, Phys. Rev. Lett. 67 (1991) 3291; T. Nak anishi, H. Aoy agi, H. Horinak a, Y. Kamiya, T. Kato, S. Nak am ura, T. Sak a, and M. Tsubata, Phys. Lett. A158 (1991) 345. [90] :G?7$N7k2L$K$D$$$F$O (BE.T orrence, SLAC-PUB-7307 , 1996, $r;29M$K$;$h!# [91] K. Fl� ottmann, DESY 95-064 , 1995. [92] T.Tsuk amoto, Y.Kurihara, Phys. Lett. B389 (1996) 162-168. [93] T. Omori, Pr o c e e dings of the Workshop on Physics and Exp eriments with Line ar e + e � Col liders , W aik oloa, Haw aii, April 26-30 (1993) 791 (W orld Scienti�c, Singap ore, 1993). [94] T. Omori, Y. Kurihara, Y. Sugimoto, Pr o c e e dings of 2dn JLC workshop , KEK, Nov. 6-8, (1990). [95] M. Dubinin, Y. Kurihara, hep-ph/9603319 (1996). [96] K. F ujii, T. Omori, KEK-Preprint 95-127 (1995). [97] K. Ab e, et.al., Ph ys. Rev. D30 (1984) 1. [98] K. Ab e, et.al., Ph ys. Rev. Lett. 73 (1995) 25. [99] T. Asak a, Y. Shobuda, Y. Sumino, N. Maek a w a and T. Moroi, in Pro c. of W orkshop on Physics and Ex- p erimen ts with Linear Colliders , Moriok a-Appi, Iw ate, Japan, Sep. 8{12, 1995, eds. A. Miyamoto, Y. F ujii, T. Matsui and S. Iwata, W orld Scienti�c (1996), pp. 470. [100] W. Bartel, et.al., Z. Phys C33 (1986) 23. [101] M. Baillargeon, G. B� elanger, F. Boudjema, ENSLAPP-A-473/94 (1994). [102] M. Baillargeon, G. B� elanger, and F. Boudjema, Phys. R ev. D51 (1995) 4712. [103] G. B� elanger and G. Couture, Phys. R ev. D49 (1994) 5720. [104] Pro c. of W orkshop on Gamma-Gamma Colliders , Berkeley , CA, USA, 1994 published in Nucl. Instr. Meth. A355 (1995). [105] D.L. Borden, D.A. Bauer, and D.O. Caldwell, SLA C-PUB-5715 (1992). [106] D.L. Borden, D.A. Bauer, and D.O. Caldwell, Ph ys. Rev. D48 (1993) 4018. [107] D.L. Borden, V.A. Khoze, W.J. Stirling, and J. Ohnem us, Phys. Rev. D50 (1994) 4499. 118

[108] P . Chen, G. Horton-Smith, T. Ohgaki, A.W. W eidemann, K. Y ok o y a, Nucl. Instr. Meth. A355 (1995) 107. [109] P . Chen, T. Ohgaki, A. Spitk o vsky , T. T ak ahashi, K. Y ok o y a, in preparation. [110] S.Y. Choi and K. Hagiwara, Phys. L ett. B359 (1995) 369. [111] S.Y. Choi, K. Hagiwara and M.S. Baek, Phys. R ev. D54 (1996) 6703. [112] S. Y. Choi and F. Schremmpp, Phys. Lett B272 (1991) 149. [113] JLC Design Reprot in preparation. [114] I. Ginzburg, G. Kotkin, V. Serb o, V. T elno v, Pizma ZhETF 34 (1981) 514; JETP Lett. 34 (1982) 491; Prep. INP 81-50, Nov osibirsk. [115] I. Ginzburg, G. Kotkin, V. Serb o, V. T elno v, Nucl. Instr. Meth. 205 (1983) 47; Prep. INP 81-92, Nov osi- birsk. [116] I. Ginzburg, G. Kotkin, V. Serb o, V. T elno v, Nucl. Instr. Meth. 219 (1984) 5. [117] A. Goto and T. Kon, Eur ophys. L ett. 19 (1992) 575: T. Kon and A. Goto, Phys. L ett. B295 (1992) 324. [118] B. Grazadko wski and J.F. Gunion, Phys. Lett. B291 (1992) 361. [119] J.F. Gunion and J.G. Kelly , Phys. L ett. B333 (1994) 110. [120] R. Holleb eek, Nucl. Instr. Meth. 184 (1981) 333. [121] Pro c. of INS W orkshop ’Physics of e + e � , e � , and collisions at Linear Accelerators’ T oky o, Japan, 1994 published in INS-J-181 (1995). [122] G. Jikia and A. Tk abladze, Nucl. Instr. Meth. A355 (1995) 81. [123] G. Jikia and A. Tk abladze, Phys. Rev. D54 (1996) 2030. [124] S. Kaw abata, Comp. Phys. Comm. 41 (1986) 127. [125] T. Kon, I. Ito and Y. Chik ashige, Phys. L ett. B287 (1992) 277. [126] M. Kr� amer, J. K � uhn, M.L. Stong and P .M. Zerw as, Z. Phys. C64 (1994) 21. [127] T. Ohgaki and T. T ak ahashi, Nucl. Instr. Meth. A373 (1996) 185. [128] T. Ohgaki, T. T ak ahashi and I. W atanabe, in preparation. [129] T. Sj� ostrand, Comp. Ph ys. Commun. 82 (1994) 74. [130] M. Spira, 5th International W orkshop on New Computing T ec hniques in Physics Research: Softw are Engineering, Neural Nets, Genetic Algorithms, Exp ert Systems, Symbolic Algebra, Automatic Calculations (AIHENP 96) , Lausanne, Switzerland, 2-6 Sep 1996. [131] T. T ak ahashi, in Pro c. of W orkshop on Physics and Exp eriments with Linear Colliders , Moriok a-Appi, Iwate, Japan, Sep. 8{12, 1995, eds. A. Miyamoto, Y. F ujii, T. Matsui and S. Iwata, W orld Scienti�c (1996), pp. 681. [132] T. T auc hi, K. Y ok o y a and P . Chen, Part. Acc. 41 (1993) 29. [133] V. T elno v, Nucl. Instr. Meth A294 (1990) 72. 119

[134] V. T elno v, Pro c. of W orkshop on Gamma-Gamma Colliders , Berkeley , CA, USA, 1994 published in Nucl. Instr. Meth. A355 (1995) 3. [135] I. W atanabe, in Pro c. of INS W orkshop on the Physics of e + e � , e � and Collisions at Linear Accel- erators , T oky o, 1994. [136] I. W atanabe, in Pro c. of W orkshop on Physics and Exp eriments with Linear Colliders , Moriok a-Appi, Iwate, Japan, Sep. 8{12, 1995, eds. A. Miyamoto, Y. F ujii, T. Matsui and S. Iwata, W orld Scienti�c (1996), pp. 689. [137] Y. Y asui, I. W atanab e, J. Ko daira, and I. Endo, Nucl. Instr. Meth. A335 (1993) 385. [138] E. Y eh udai, Phys. R ev. D44 (1991) 3434. [139] Zeroth-Order Design Rep ort for the Next Linear Colliders SLAC-474 (1996). 120

Bh 2 >O #J#L#C$NB,Dj4o 2.1 B,Dj4o$N354Q EE;R M[ EE ;R >W FM 2a Dx $O A4 =E ?4 7O %( %M %k %.!< $, H? 1~ $N AG 2a Dx $K ;H MQ $5 $l $k $? $a $K!" =* >u BV $N <1 JL $, MF 0W $G $" $j!" 3N <B$J ?7 N3 ;R C5 :w $d @: L)<B 83 $, $G $- $k $H $$ $& FC D’ $, $" $k!#$3 $l $K 2C $( $F!" JLC $N %( %M%k %.!< NN 0h $G $O %8%’%C %H $N %( %M %k%.!< =8Cf $, $^ $9$^ $9 82 Cx$K $J $j!" $^ $?%+ %m %j %a!<%?!< $N %( %M%k %.!< J, 2rG= $b NI $/$J $k $N $G!"%H%C %W 0J 30$N %/%)!< %/ $,1T $$%8%’%C %H $H $7$F 8+ $( $k$h $& $K $J $k$N $_ $J $i$:!" %8%’%C %H ITJQ <A NL K!$K $h $k %2!<%8 %\ %= %s$d %H%C %W %/%)!<%/ $N :F 9=@. $, 2D G= $H $J $k!# $D $^ $j!" JLC $G $O!" %U%! %$ %^ %s ?^ $r 8+ $k $, G! $/!" H? 1~ $N =*>u BV $r 4p K\ N3 ;R $9 $J $o $A %l %W %H %s!" %/%)!<%/!" %2!<%8 %\ %=%s $N C1 0L$G B* $($k $3 $H$, $G $- $k$h $& $K$J $k $N $G$" $k!# $3$l $O!" A4 $/?7 $7 $$2C B. 4o<B 83 $N Kk3+ $1 $G$"$k!#$3 $NFCI. $9$Y$- 2DG= @-$r8= <B$N$b $N$H $7!"2CB. 4o$N@x :_G= NO$r 100% 0z$-=P $9$?$a $K$O!" =*>uBV $K@8@. $5$l $k%K%e!<%H%j%N$r=|$/A4$F$NN3;R$r@:EY$h$/8!=P$9$k!"9b@-G=$NB,Dj4o$,I,MW$G$"$k!# >e=R$NB,Dj4o@_7WM}G0$K4U$_!" JLC B,Dj4o$NK~B-$9$Y$-4pK\@-G=$r0J2<$N$h$&$K@_Dj$9$k!# $^$:!"B,Dj2DG=$J 3QEYNN0h$r!"%S!< %‘%Q%$%W$H%P%C %/%0%i%&%s%I BP:vMQ$N%^%9 %-%s%0%7%9%F %‘$N@_CV$5$l $kA08eJ} NN0h$r =|$/ NN 0h!J j cos � j < 0.98 !K $H$9 $k!#9b %(%M %k %.!<$K $J$l $P$J $k $[$I!" ;0BN 0J>e $N =*>u BV$N 2aDx $, A}$9 $3$H!" $* $h$SD6 BP >NN3 ;R $NJx 2u $J$I $KFC D’ E*$J 2# 1?F0 NL 7gB; $NB, Dj @:EY $r 8~>e $5 $;$k $?$a $K!" $G$- $k $@$1 B? $/$N N)BN 3Q $rB, Dj 4o$GJ$ $& $3 $H$, =E MW$G $" $k!#$3 $l $O$^ $?!" %K%e!<%H %j %N$N $h $&$J D> @\8! =P ITG= $J N3 ;R$N 1? F0NL $N 4V@\ B, Dj$N 2D G=@- $r J]>Z$9$k$3$H$K$b$J$k!# <!$K!" W %\%=%s$H Z %\%=%s$O!"<gMW$JJx2u%b!<%I$G$"$k%/%)!<%/%8%’%C%H$X$NJx2u$K$*$$$F<1JL2DG=$G$"$k$3$H $rMW5a$9$k!# Z %\%=%s $O W %\%= %s$h$j 10 GeV DxEY =E$/!"$=$l $>$l 2.5 GeV $H 2.0 GeV $N Jx2u6R$r $b$D!#=>$C $F!" W $H Z $,#2%8%’%C %HITJQ <ANL$G J,N%2DG= $G$"$k $?$a$K $O!"$=$NJ, 2rG=$O $3$l$i $NJx2u6R $HF1Dx EY$G$J $1$l$P$J $i$J$$!# $^$?!"??$K=*>uBV $r4pK\N3;RC1 0L$G:F9=@. $7$h$&$H$9$k $J$i$P!"%/%)!<%/%8%’%C %H$N<oN‘$N<1 JL$r$bL\;X$9 $Y$-$G $"$k!# A0 >O $G6/ D4 $7 $? $h $& $K!"FC $K %A%c!< %‘ $d %\ %H %‘%/%)!< %/ %8%’%C %H $N <1 JL$O!" %R%C %0 %9 N3 ;R!" %H%C%W %/%)!< %/ $N :F9=@.$K$*$$$FK\<AE*$K=EMW$G$"$k!# :G8e$K!"FC$K=EMW$J7Z$$%R%C%0%9$N@8@.2aDx!’ e + e � ! Z H $K$*$$$F!" Z Jx2u$+$i$N%l%W%H%sBP!J ‘ 1 ; ‘ 2 !K$r;H$C $?<ANL7gB;K! 1 $K$h$k%R%C %0%9<ANL$N J,2rG=$,!"%S!< %‘%(%M%k%.!<$N 3H$,$j$N 200 MeV $HF1Ey$G $"$k$3$H$r I,MW>r7o $H$9$k!#A0>O$G=R$Y $?$h$&$K!"%R%C %0%9N3;R$N <ANL$, Z %\%= %s$N<ANL$H $[$\Ey$7$$ $H$-$K$O!"%8%’%C %HITJQ<ANLK! $K $h$k%R%C%0%9 N3;RC5 :w$K$O!" Z %\ %=%sBP @8@.H? 1~$+$i$N Bg$-$J %P%C%/%0 %i%&%s%I $,$"$k!# $7$+$7!" I8=‘LO7? $G4|BT $5 $l$k%R%C %0%9 $NJx 2u6R $O MeV DxEY $HHs >o$K >.$5 $$ $?$a!" <ANL J,2r G=$, ==J, >.$5 $1$l $P ITDj @-$N $J$$ %R%C%0 %9$N H/8+ $,2DG=$H$J$k$+$i$G$"$k!#$3$l$O%R%C%0%9N3;R$N6R$,<B:]>.$5$$$3$H$r3NG’$9$k0UL#$G$b=EMW$G$"$k!# $H$3 $m $G!" JLC $G $O?b D> J} 8~$K %J %N %a!<%? !J 10 � 9 m !K ?e J? J}8~ $K $= $NLs I4 G\ $H$$ $& D6 JPJ? %S!< %‘ F1;N $r >W FM$5 $;$k $?$a!" 0J A0$N %j %s %0>u $N %3 %i%$ %@!< $G$O $J $+$C $?Ld Bj $, @8$8 $k!# $9$J $o $A!" %S!<%‘ %9 %H%i!< %k %s %0$K $h $j @8$8 $k %P%C%/ %0%i %& %s%I $H >WFM %S!< %‘%( %M %k %.!<$, IT Dj$K $J $k$H $$ $&Ld Bj $G $"$k!# $= $N$? $a $K!">W FM E@2s $j $N @_7W $K $*$$ $F $O!"B, Dj4o $r %P%C%/ %0 %i%& %s %I$+ $i <i $k$? $a $N:G ?7 $NCm 0U $rJ’ $o $J $/$F $O $J$i $J $$$7!" %k %_%N %7 %F%#!< B,Dj $N ?7$7 $$ 1 <ANL7gB;K!$H$O!"=i4|>uBV $N=E?4%(%M%k %.!<!J E C M !K$,NI $/J,$+$C$F$$$k $H$-!"=*>uBV #2BN$N$&$A$N 0lJ}!J:#$N>l9g Z %\%=%s!K$N %(%M%k%.!< $d1?F0NL!J E Z ; p Z !K$+$i!"B>J}!J%R%C %0%9N3;R!K$N <ANL!J M h !K$r%( %M%k%.!<1?F0 NLJ]B8B’$h $j7W;;$9$kJ} K!$G$"$k!#$9 $J$o$A!" M 2 h = ( E C M � E Z ) 2 � p 2 Z !"$3$3$G!" ~ p z = ~ p ‘ 1 + ~ p ‘ 2 $G$"$k!# 121

J}K!$N3NN)$bI,MW$G$"$k!# ?^ 2.1: JLC B,Dj4o$N35G0?^ $3$N$h$&$JMW5a$r9MN8$7$F!" JLC B,Dj4o [1] $,Ds0F$5$l$?!#?^ 2.1 $K JLC B,Dj4o$N#3<!85$N35G0?^!"?^ 2.2 $K$=$N CGLL$r<($9!#$^$?!"B,Dj4o$N=t@-G=$rI= 2.1 $K$^$H$a$k!#A4BN$NBN@Q$O!"$[$\ 16 � 16 � 16 m 3 $NN)J}BN$G$"$j!"Am=E NL$OLs 15,000 %H%s$G$"$k!#%_%e!<N3;R8!=P4o$r=|$-!"%+%m %j%a!<%?!<$r4^$‘$9$Y$F$N8!=P4o$O!"D6EAF3EE<’ @P$G:n$i $l$k #2%F %9 %i$N %= %l %N%$ %I <’>l Cf $K@_ CV $5 $l$F $$ $k!#$3 $N $3 $H$O!" %+ %m%j %a!< %?!< $N%( %M %k%.!< J, 2rG= $r >e $2!"$G $- $k$@$17j!J$9$J$o$AB,Dj4o$NIT46NN0h!K$N$J$$B,Dj4o$rC#@.$9$k$N$KI,MW$G$"$k!# 0J2<$G$O!" JLC B,Dj4o$N8=:_$^$G$N3+H/>u67$r>\$7$/Js9p$9$k!# 2.2 %P!<%F%C%/%9B,Dj4o 2.2.1 35MW %P!<%F%C%/%9 B,Dj4o$O EE;R - M[EE ;R$N>WFM E@$N$9 $06a$/$K CV$+$l $F!"2YEE N3;R$NHt @W$r9b $$@:EY$G B,Dj$9 $k!#$=$& $7$F F@ $i $l $? Ht @W $N >p Js $+ $i %8%’%C %H $N Cf $N B Cf 4V ;R $d D Cf 4V ;R $N Jx 2u E@ $r 8+$D $1 =P $9 $3 $H $K $h$C $F!" $= $N %8%’%C %H$, b %/%)!<%/$d c %/%)!<%/$+$iH/@8$7$?$3$H$r<1JL$9$k ( %?%0$9$k ) $3$H$,$G $-$k!# JLC $K$*$$$F$O7Z$$%R%C%0%9N3 ;R$H %H%C%W %/%)!< %/ $O :G$b =E MW $J J*M} $N 8& 5f $NBP >] $G $"$k $,!" $I $A $i$N N3 ;R $b <g$H $7 $F b %/%)!< %/$K Jx 2u $9 $k$? $a!" %P!<%F%C %/%9 B, Dj 4o $K$h $k b %/%)!< %/ %8%’%C %H$N %? %0 $O %P%C%/ %0 %i %&%s %I $+ $i K\J* $N %$ %Y %s%H $r A* $S=P $9 :] $K 7hDj E* $K=EMW$JLr3d$r2L $?$9!#=>$C$F%P!<%F%C %/%9B,Dj4o $K$O b %/%)!<%/%8%’%C%H$N %?%08zN($r9b $/!"$+$D u !" d !" s $J$I$N 7Z$$%/%)!<%/$r8zN(NI$/GS=|$G$-$k$@$1$N9b$$6u4VJ,2rG=$,MW5a$5$l$k!# 2YEEN3;R$N1?F0NL$NB,Dj$K$*$$$F$b%P!<%F%C%/%9B,Dj4o$O=EMW$JF/$-$r$9$k!#Cf1{Ht@WB,Dj4o (CDC) $KHf$Y$F%P!< %F%C%/%9B,Dj4o$O$O$k$+$K9b$$6u4VJ,2rG=$r;}$C$F$$$k$?$a!" CDC C1FH$G1?F0NL$rB,Dj$7$?>l9g$KHf$Y$F!"%P!<%F%C %/%9B,Dj4o$+$i$N>pJs$r2C$($?>l9g$K$O!"Ls 2 G\$N1?F0NLJ,2rG=$rF@$k$3$H$,$G$-$k!# 122

?^ 2.2: JLC B,Dj4o$NCGLL?^ I= 2.1: JLC B,Dj4o$N=t@-G= 123

?^ 2.3: 1?F0NL$H3QEY$N4X?t$H$7$F$N%$%s%Q%/%H!&%Q%i%a!<%?J,2rG= JLC $K $* $1 $k<B 83 $G $O!" =E ?4 7O$N %( %M %k %.!< $, 9b $$$? $a $K!" %8%’%C %H $O 6/ $/%3 %j %a!< %H $5 $l $k!# $=$N $? $a >W FM E@ $N6a$/ $K CV$+ $l $F$$ $k %P!<%F%C %/ %9B, Dj 4o$G $O B,Dj $5 $l$k N3 ;R$N L) EY$, Hs >o$K 9b $$!#$3 $N $h$& $J >u67 $G $O%7 %j %3%s %9 %H%j%C%W%G%# %F%/%?!< (SSD) $N $h$& $J!"4pK\ E*$K 1 <!85 $N8! =P4o$r 8~$-$r JQ$( $FAH$_ 9g$o$; $k$3 $H$K$h$C $FB??t $NN3 ;R$N 2 <! 85J? LL Fb $G $NDL 2a 0L CV $r5a $a $k $3 $H$O IT 2D G=$G $" $k!# $5 $i$K!" %P!< %F%C %/ %9B, Dj 4o $N:G $b Fb B& ( r � 2 cm) $K$* $$ $F $O!" %S!<%‘ - %S!< %‘ Aj 8_ :n MQ $K $h$C$F @8 $8 $k Dc %( %M %k %.!<$N EE ;R !? M[ EE ;R $N%P%C %/ %0 %i %& %s %I $K $h$k %R%C %H $, 1 2s $N %S!<%‘ %H %l%$ %s $N >WFM Ev $jLs 100 = cm 2 $b $"$k $N $G!" SSD $r;H$C $? >l9g $K $O $[$H $s $I$9 $Y $F $N%9 %H %j%C%W $, %R%C%H $7$F $7 $^ $&!#$3 $l $i $NM} M3 $+ $i!" JLC $N%P!< %F%C %/ %9 B,Dj 4o $K $O SSD $G$O $J $/!" %T%/ %; %k 7?$N EE 2Y 7k9g AG ;R (CCD) $,MQ $$ $i$l $k!# JLC $K$* $1 $k%P!< %F%C %/%9 B, Dj4o $O >WFM E@ $N$^ $o$j $r F1?4 1_ E{>u $K $+$3 $‘ 2 AX $N CCD AG;R $+$i$J$k!#$3$N CCD $r1_E{7?$K#2AX$J$i$Y$?;~$N%$%s%Q%/%H%Q%i%a!<%?J,2rG= � b $O � b = � r out r out � r in � � r in r out � r in � 0 : 014 r in p� r X r sin 3 � $H=q $1 $k!#$3 $3 $G � $O%T %/ %; %k %5 %$ %:$G 7h $^ $k 0L CVJ, 2r G=!" r in !" r out $O$= $l $> $l Fb AX $*$h $S 30 AX $N H>7B!" X r $O J| <MD9$GB,$C$?FbAX$N8|$5!" p $ON3;R$N1?F0NL (GeV) !" � $ON3;R$N3QEY$G$"$k!#$O$8$a$N 2 9‘$OB,Dj8m:9$K$h$k$b$N$G!" :G8e $N9‘ $O Fb AX$G $N B? =E ;6Mp $K $h $k$b $N $G $"$k!# $3 $N <0 $+$i!" J, 2r G=$r NI $/ $9$k $K $O r in $r =P Mh$k $@ $1 >.$5 $/!" r out $r=PMh $k$@ $1Bg $- $/$H $k$N $,NI $$ $3$H $,J, $+$k $,!" r in $r$" $^ $j>. $5$/ $9$k $H%P%C %/ %0%i %&%s %I$, A} $($k ;v!" r out $r $"$^$jBg$-$/$H$k$H%3%9%H$,HtLvE*$KA}$($k;v$J$I$N@)Ls$,$"$k!#$3$N$h$&$J>r7o$r9MN8$7!" r in =2.5cm !" r out =7.5cm $H@_Dj$7$?!#$^ $? z <4J}8~$N D9$5$O j cos � j < 0 : 95 $rJ$$&$b$N $H$7$?!# CCD $N%T %/%;%k%5 %$%:$O 25 � m 3QDxEY$G $" $j!"FbAX $NJ* <ANL $H$7 $F$O 500 � m $N%Y %j%j %&%‘ $N%S!< %‘%Q %$%W $*$h $S 500 � m $N %7%j %3%s $r9M N8$9 $k!#$3 $l$i $N%Q %i%a!<%?$rMQ$$$k$H!"4|BT$5$l$k%$%s%Q%/%H%Q%i%a!<%?J,2rG=$O � b = 11 : 4 � m � 28 : 8 � m p� sin 3 = 2 � $H$J$k!# � b $O?^ 2.3 $K<($9$h$&$K!"$[$H$s$I$NNN0h$G 20 � m 0J2<$H$J$k!# 2.2.2 0EEEN.$HJ|<M@~BQ@- :#$^$G$K 9b%(%M %k%.!<J* M}3X$N <B83$G CCD $r %P!<%F%C%/ %98!=P 4o$K;H MQ$7$? Nc$O SLA C $N SLD <B83 $,$"$k $,!" SLD $G$O CCD $r � 80 � C DxEY $^$GNd5Q$7 $F;H$C$F$$ $k [2, 3] !# 0lJ}2f!9$O CCD $r >o296a$/ !J 0 � C IU6a!K$G;H $&$3$H 124

?^ 2.4: 0EEEN.$H29EY$N4X78!#FI$_=P$7;~4V$O 1 IC!# $rL\ ;X$7 $F R&D $r ?J $a $F$$ $k!# $= $NM} M3 $O!" Nd5Q MQ $N 9= B$J* $, 2Y EEN3 ;R $N B?=E ;6 Mp $N 860x $H $J$C $?$j!" %S!< %‘ %b%K %?!<7O$H43>D$9$k$3$H$rHr$1$k$?$a$H!"Nd5Q$K$h$kG.<}=L$K$H$b$J$&%H%i%V%k$rHr$1$k$?$a$G$"$k!# $7$+$7 0 � C $H$$$&!"Hf3SE*9b$$29EY$G;HMQ$9$k$3$H$K$h$j!"<!$N$h$&$JJL$NLdBj$,@8$8$k2DG=@-$,$"$k!# � 0EEEN.$NA}2C$K$h$jG.;(2;$,A}$(!" S= N Hf$,0-2=$9$k!# � J| <M@~ B; =}$N 1F 6A$O 29 EY$K 0M B8$9 $k $,!" 0 � C IU 6a $G<B MQ $KBQ $( $i$l $k $@$1 $N J|<M @~ BQ@- $r ;}$D $+ $I$& $+ $O<+ L@ $G$O$J$$!# $3$l$i$NLdBj$r2r7h$9$k$3$H$,EvLL$N R&D $NL\I8$G$"$k!# 0EEEN. CCD $N 0EEE N.$r M^ $($k J}K! $H $7$F!" :G 6a!" Multi Pinned Phase (MPP) %b!<%I $H8F $P $l$k %P %$%" %9EE 05 $N$+ $1 $+$?$, 3+ H/$5 $l $?!#$3 $N J}K! $r MQ$$ $k $3$H $K$h$C $F =>Mh $N J}K! $K Hf$Y $F 0EEE N. $r0l 7e 0J>e >. $5$/ $9$k $3 $H$, $G $-$k $h $&$K$J$C $?!# IM>> %[ %H%K %/%9 $N CCD !" S5466(512 � 512 %T%/ %; %k!"%T %/%; %k %5%$ %: 24 � m 3Q ) $r MPP %b!<%I $GF0 :n$5$;$?$H$-$N0EEEN. $N29EY0MB8@- $rB,Dj$7$?7k2L $r?^ 2.4 $K<( $9!#$3$N?^$+$i$o $+$k$h$&$K!" MPP %b!<%I $G$O 1 IC $NFI$_=P$7 ;~4V$N 4V$KC_ @Q$5$l $k0EEEN. $O 5 � C $K$*$$ $FLs 300 EE;R$G $"$k!#G. ;(2;$O C_@Q$5 $l$k0E EEN.$NE} 7WE*$f $i $.$G$"$k$+$i p 300 $H $J$j!"$3$NCM$O2YEE N3;R$KBP$9$k?. 9f$NBg$-$5!"Ls 2000 EE;R (25 � m DxEY$N M-46AX$N8|$5$r2> Dj ) $KHf$Y$k$H<BMQ>eLdBj$N$J$$DxEY$NBg$-$5$G$"$k!# $5$i$K CCD $NG.;( 2;$rM^$( $k$?$a$K $O0EEEN. $NC_@Q$5 $l$k;~4V$r C;$/$9$l $P$h$$!#$9 $J$o$A9b B.$NFI$_ $@$7$r9T $J$( $P $h $$!# 0E EE N. $N FI $_ $@ $7 ;~ 4V 0M B8 @- $N B, Dj 7k 2L $, ?^ 2.5 $G $" $k!# 0E EE N. $, FI $_ $@ $7 ;~ 4V $K Hf Nc $7 $F $$ $k $3 $H $, $o$+$k!# $3$N ?^$+ $i$o $+$k $h$& $K!"FI $_$@ $7;~ 4V$r 25 m IC DxEY $^$G B.$/ $9 $k$3 $H$, $G$- $l$P!" 5 � C $K$* $$$F 0EEE N. $r 10 EE ;R0J 2<$K $^$G M^$($k $3$H $,$G $-$k!# $3$N ?t$O 2YEE N3;R $+$i $N?. 9f$N Ls 2000 EE;R $KHf $Y$F L5;k $7$& $k$[ $I>.$5 $$!#$^$?!"FI$_=P $7;~4V$, 250 m IC$G$"$C$F $b!"0EEEN. $O 100 EE;R0J2< $G$"$j!"G. ;(2;$O0EEE N.$NJ?J} :,$GM?$( $i$l $k$N$G 10 EE ;R 0J2< $G $"$j!" $d$O $j L5;k $7 $&$k $,!"$3 $l $@$1 D9 $$FI $_ =P$7 ;~4V $, <B:] $N JLC $G $N<B 83$K $* $$$F 5v $5$l $k$+$I$&$+$O<+L@$G$O$J$$!# 0J>e$K=R $Y$F$-$? $h$&$K!" $3$l$^ $G$N R&D $K$h$C$F!" G.;(2; $K4X$7 $F8@$($P!" CCD $r <<29$K 6a$$29 EY$G;HMQ $9 $k$3$H$K$OBg$-$JLdBj$N$J$$$3$H$,L@$i$+$K$5$l$? [4] !# 125

?^ 2.5: F0:n29EY 5 � C $K$*$1$k0EEEN.$HFI$_=P$7;~4V$N4X78!# J|<M@~BQ@- CCD $r>o29 6a$/$G;H MQ$9$k:]$N!" $b$&0l$D $NLdBj$O J|<M@~HoGz $KBP$9$k BQ@-$G$" $k!#$9$G$K=R $Y$?$h$& $K!" JLC $K$* $$ $F $O%S!< %‘ - %S!< %‘ Aj 8_ :n MQ$K $h$C $F Dc %( %M %k %.!<$N EE ;R $* $h $S M[EE ;R $N %P%C %/ %0 %i%& %s %I $, Bg NL $K@8 $8 $k!# B,Dj4o Fb $K $O%S!< %‘ <4$H J? 9T$K <’ >l$, $+ $+$C$F $$ $k$? $a $K!"$3 $l $i$N Dc %(%M %k %.!< EE;R !? M[EE ;R $O<’ >l $K4, $- IU$/ $h $&$J 3J9% $K $J$C$F %S!< %‘ <4$+ $i N%$l $? =j$X $O C# $7$J $$ $,!"%P!< %F%C %/ %9B, Dj 4o$N :G Fb AX$N $h $&$J %S!< %‘<4 $K 6a $$=j $G $O$=$N6/EY $, 10 4 = cm 2 sec $K $bC#$9 $k!#$3$N $h$&$J %P%C%/%0%i %&%s%I $r 10 G/4VMa $SB3$1 $?$H$9 $k$H!"$= $NHoGz NL$OLs 100 krad $KC#$9$k!# CCD $N J| <M@~ Ho Gz $K $h$k B; =} $N 1F6A $O <g $H $7$F EE 2Y $N E>Aw 8z N( (CTE) $N Dc 2<$H $7 $F $" $i$o $l $k!# $3 $l$O J| <M @~ $K$h$C$F %7 %j %3%s $N %P%k %/ Cf$K :n $i$l $? 3J;R 7g 4Y$, %H %i%C%W %l %Y%k $r 7A@. $7!" $= $l$K $h$C $FE> Aw ESCf $N ?.9f EE 2Y$N 0l It$,Ja3M $5$l$F $7$^$& $3$H$K $h$k!# CTE $NDc 2<$O?. 9fEE2Y $NB;<: $r$b$? $i$7!" S= N Hf $rDc2< $5$;$k!# Nc$($P 512 � 512 %T%/%; %k$N CCD $N>l 9g!"=PNO C<$+$i :G$bN% $l$?%T %/%; %k$O 1024 2s$N E>Aw$N 8e$K=P NO$H$J$C $F$"$i $o$l$k $N$G!" 1 2s$N CTE $, 99.9% $G$b 1024 2s$NE>Aw$N8e$K$O85$NEE2Y$O 35.9% $K$^$G8:$C$F$7$^$&!# J| <M @~ $K $h$C $F %7 %j %3 %s Cf $K 7A @. $5 $l $k %H %i%C %W %l %Y %k $K $D $$ $F $O ?t B? $/ $N Js 9p $, $" $j!" CCD $N EE 2Y $N E> Aw $N 9T$o$l $k n 7? %7%j %3 %s$K 4X $7$F $O!" 0.17 eV $H 0.42 eV $N %l%Y %k $,FC $K 82Cx $G$" $k $3$H $, $o$+$C $F $$$k [5, 6] !#$3 $N $h$&$J%l%Y %k$,B8 :_$9$k $H$- $N CTE $r4JC1 $J%b%G %k$K4p $E$$$F %7%_%e%l!< %H$7$? 7k2L$, ?^ 2.6 $G$" $k!#EE2Y E>AwB; <: (CTI = 1 � CTE) $,$3$N?^$K8+$i$l$k$h $&$K%T!<%/$r:n$k$N$O0J2<$NM}M3$K$h$k!#%H %i%C%W$KJa3M$5$l$?EE;R$O$"$k ;~Dj?t � e $G $b$C $F:F $S EAF3 BS$K G. Ne5/ $5 $l$k!# $3$N ;~ Dj?t $O � e / exp(� E t =k T ) $H$$ $& 29EY 0MB8 @- $r;}$C $F $$$k!# $3$3$G � E t $O %H %i%C%W %l%Y %k $N%( %M %k%.!< =‘ 0L!" k $O %\ %k%D %^ %sDj ?t!" T $O@d BP 29EY $G$" $k!# $7$? $,$C $F29 EY$, 9b $$$[$I$3 $N;~ Dj?t $OC; $/$J$k!# $"$k M?$( $i$l $?%(%M %k%.!< =‘0L $KBP $7$F!"29 EY$, ==J, 9b$1 $l$P � e $, CCD $N%/ %m%C%/ $N%Q%k%9I} $h$j$:$C $HC;$/ $J$j!"Ja 3M$5$l $?EE;R$O $b$H$N >uBV$K G.Ne5/ $G$b$I $k$?$a $K CTI $O>.$5$/ $J$k!#0l J}!"29 EY$, ==J, Dc $1$l $P!" 0lEY %H %i%C%W $K Mn $A9~ $s $@EE ;R $O$$ $D $^$G $?$C $F $b$= $3 $+$i =P $i$l $J $/$J $j!" $= $N$& $A!" $[$H $s $I$N %H %i%C %W $, Kd $a ?T $/ $5 $l $F $7 $^$C $F!" ?7 $? $J Ja 3M $, 5/ $i $J $/ $J $j!" $3 $3 $G $b $^ $? CTI $O >. $5 $/ $J $k!# 7k 6I CTI $O$"$k29EY$K:GBgCM$r$b$C$?%T!<%/$r:n$k$3$H$K$J$k!# ?^ 2.6 $+$i<!$N$h $&$J$3$H$,$o $+$k!’ 1) FI$_=P$7<~GH ?t$,9b$$$[$I CTI $N%T!< %/$N9b$5$,Dc$/ $J$k!( 2) 0EEEN.$, B?$$ $[ $I %T!< %/ $N Dc 29 B& $N CTI $, >. $5 $/ $J $k!# $3 $l $i $N M} M3 $O <! $N $h $& $K @b L@ $G $- $k!# FI $_ =P $7 <~ GH ?t $, 9b $/ $J$C $F!"%/%m%C%/ $N%Q%k %9I}$, %H%i%C%W $K$h $kEE;R $NJa3M $N;~Dj ?t � c $h$j $bC;$/ $J$k$H!" EE;R$r Ja3M$G $-$J $$%H%i%C %W$, B?$/$J$C$F$-$F!" CTI $,>.$5$/$J$k!#$3$NMM;R$O?^ 2.7 $r8+$l$PL@$i$+$G$"$k!#FI$_=P$7<~GH?t$, 1 MHz 0J>e$K$J$k $H CTI $O<~ GH?t$K H?HfNc $7$F>. $5$/$J$C $F$$$k!# $^$?!"0E EEN.$, B?$$$H!" 29EY$, Dc$$>l 9g$K$O!" 0EEEN. $NEE;R $K$h$C 126

?^ 2.6: FI $_ =P $7 <~GH ?t $, a)1 MHz !" $* $h $S b)20 MHz $N >l 9g $K $* $1 $k!"EE 2Y E> Aw B; <: (= 1 � CTE) $N 29EY 0M B8 @- $N%7%_%e %l!< %7%g%s!# <B@~ $O 0EEE N.$, %T %/%; %kEv $j 10 EE ;R$N >l9g!" GK @~$O 0EEE N. $,%T %/%; %k Ev$j 400 EE ;R$N >l 9g$r $"$i $o $9!#:8$N%T!<%/$, 0.17 eV !" 1&$N%T!<%/ $, 0.42 eV $N%H %i%C%W%l%Y %k$K5/0x $9$k!#$=$N B>$N%Q%i%a!< %?$H$7$F $O!"?.9fEE 2Y $r 1000 EE;R!"%H%i%C%WL)EY$r 1 � 10 11 = cm 3 $H2>Dj$7$?!# $FKd$a$i$l $?$^$^ $N%H%i%C %W$,A} $($F!"?. 9f$NEE;R $rJa3M $G$-$k %H%i%C%W $,8:$C$F $7$^$$ CTI $r >.$5$/$9 $k$3$H $K$J $k!# %7%_%e%l!< %7%g%s$N 7k2L $+$i $O!"FI$_ =P$7 <~GH?t $r 20 MHz $K $7$F 0EEE N.$,?t I4EE ;R$"$l $P!" CTI $NA} 2C$r$+ $J $jM^ $( $k $3 $H $, $G $- $k $H M= A[ $5 $l $k!# 0E EE N. $, 400 EE ;R $"$C $F $b $= $l $K $h $k G. ;(2; $O 20 EE ;R $G $" $j 5v MF HO 0O Fb $G $" $k!#$7$+$7FI $_=P$7 <~GH?t$, 9b$$$H CTI $r M^$($k $N$K==J, $J0EEE N.$,C_ @Q$5$l $J$$$H9M $($i$l $k!#$=$N >l9g$K$O 30It $+$iEE5$E*$KEE2Y$rCmF~$9$k!#$3$NJ}K!$O F at Zero $H8F$P$l$F$$$k!# 2.2.3 :#8e$N2]Bj $3$l $^ $G $N R&D $K $h$C $F!" CCD $r JLC $N %P!< %F%C %/ %9B, Dj 4o $K ;H $( $k 8+ DL $7 $,$D $$ $F $- $? $,!" :# 8e!" $5 $i $K R&D $r?J$a$F$$$/I,MW$,$"$k$3$H$O8@$&$^$G$b$J$$!# $^$:!"9bB.FI $_=P$7$N $G$-$k CCD AG;R $J$i$S$K FI$_=P$7 !?6nF02s O)$r<B:] $K3+H/$7!" %N%$%:$r ==J,Dc$/ M^$($k$3 $H$,$G $- $k$3 $H $r<B >Z $7$J $1 $l$P $J $i$J $$!#FI $_ =P$7 B. EY$r B. $/$9 $l $PG. ;( 2;$, 8: $k$3 $H $O5? $$$J $$ $H;W $o $l$k $,!" $=$N$+ $o $j!"0E EE N.$H $O JL$N 86 0x$G $" $k!"FI $_ =P$7 %N %$%: $, A}2C $9 $k$3 $H $,CN $i $l$F $$ $k!#$3 $N A}2C $r :G>. 8B $KM^ $( $k$h$&$JFI$_=P$72sO)$N3+H/$,I,MW$G$"$k!# J|<M@~BQ @-$K4X$7 $F$O!"$$ $^$@$K%7 %_%e%l!<%7%g %s$NCJ3, $G$"$k!# 8=<B$N CCD AG;R $,%7%_%e %l!<%7%g%s$G <($5$l $?$h$&$J?6$kIq$$$r<($9$+$I$&$+$N<B83$r9T$J$&$3$H$O:G$b=EMW$J R&D 9‘L\$G$"$k!# 0lJ}!" JLC $G $NJ* M} $N8! F$$r 9T $&$? $a $N%7 %_%e %l!<%7%g %s$G $O!" 8=:_ $N $H$3 $m!" 40A4 $J1_ E{ 7A>u $r MQ$$ 8!=P 8z N( $b 100% $, 2> Dj $5 $l $F$$ $k!# :# 8e $O!" CCD AG ;R $N G[CV J} K! $N :G E, 2= $J$I $N 8= <B E* $J %P!< %F%C%/ %9 B, Dj 4o $N @_ 7W$d!" <B:]$NG[CV$K$b$H$E$/B,Dj4o%7%_%e%l!<%?!<$X$NAH$_9~$_$r$7$J$1$l$P$J$i$J$$!# 127

?^ 2.7: 29 EY $, 280 � K $K $*$1 $k EE 2YE> Aw B; <: $NFI $_ =P $7<~ GH ?t 0MB8 @-!# 0E EEN. $, %T %/%; %k Ev $j 10 EE;R $N >l 9g$r <B @~ $G!" 400 EE;R$N>l9g$rGK@~$G<($9!# 2.3 Cf1{Ht@W8!=P4o 2.3.1 35MW @a 1.2 $G=R $Y$i $l$F $$$k $h$& $K!" e + e � ! Z H 2a Dx$N B,Dj $G$O!" Z $N %l%W %H%s BPJx2u $KBP $9$k <ANL 7gB; K!$, =EMW $G$"$k!#<ANL7gB;K!$K$h$k%R%C%0%9<ANL$NB,Dj$G $O!"Cf1{Ht@W8!=P4o (CDC) $,Cf?4E*Lr3d$r2L $?$9!#%R%C%0%9<ANL$N J,2r G= � M h $O %l %W %H %s $N1? F0 NL J, 2r G= � P ‘ $K Hf Nc $7!" � M h ’ 2 P ‘ = M h � � P ‘ $H I= $9 $3 $H$, $G $- $k!# M h =100 GeV $KBP$9$k � M h =200 MeV $NMW5a $O!" P ‘ ’ 50 GeV $G $"$k$N$G!" � P ‘ =200 MeV $9$J$o$A 50 GeV $K BP$7$F 0 : 4% $N1?F0 NLJ,2r G=$,I, MW$H$J $k!#$3$l $r 2 %F%9%i $N%=%l %N%$%I <’>lCf!" B,DjE@ $"$?$j $N6u4V J,2rG= 100 � m $N8! =P 4o$G<B8=$7$h$&$H$9$k$H!" 2 m $K$o$?$C$F 100 E@$NB,Dj$,I,MW $G$"$k!#LsH>7B 30 cm $^$G$O:G=*<}B+EE<’@P$N$?$a$N ;Y;}1_E{$,@j$a$k$N$G!"B,DjE@$H$7$F$OH>7B 30 cm $+$i 230 cm $^$G$H$J$k!#$=$3$G!"%S!<%‘<4$+$i7W$C$F 45 EY0J>e $KBP$7$F 100 E@$NB,Dj$rJ]>Z$7$h$&$H$9$k$HHt@W8!=P4o$ND9$5$O 4 : 6 m $K$J$k!# $5$i$K!"%8%’%C%HITJQ <ANLK!$K$h$k 4pK\N3;R$N <ANLJ,2rG=$r 8~>e$5$;$k$? $a$K$O!"2YEEN3 ;R$NHt@W$H%+ %m%j!<%a!< %?$N%/%i%9%?!<$rBP1~$5$;$kI,MW$,$"$k$N$G!"%9%F%l%*%o%$%d!<$rMQ$$$?%S!<%‘<4J}8~ ( z ) $N0LCVJ,2rG=$H$7$F � z < � 1 mm $,IT 2D7g$G $"$k!# $^$?!" %8%’%C%HCf $N2Y EEN3 ;R$K BP$9$k 9b@: EY$J 1?F0NL B,Dj $r<B 8=$9 $k$K$O!" 1 mm Dx EY$^$G 6a @\$9$kHt@W$rFHN)$KB,Dj$G$-$J$/$F$O$J$i$J$$!# 0J>e$N9M;!$K4p $E$$$F!">.7? %8%’%C%H%;%k9=B$ $r;}$C$?1_E{7? %I%j%U%H%A%’ %s%P!<$,Bh0l8u Jd$H$7$FA*Br $5$l$?!# $^$?!"%A%’%s%P!<%,%9$H$7$F$O!"2YEEN3;R$NDL2a$G$G$-$?EEN%EE;R$,3H;6$9$k$3$H$K$h$k0LCVJ,2rG=$NNt2=$N>/$J$$!" C:;@%,%9$r<g@.J,$H$9$k%A%’%s%P!<%,%9$r;HMQ$9$k!# 2YEEN3;R$NDL2a 0LCV$O!"$=$NDL 2a;~4V$+$i7W$C $?3F%o%$%d!<$G $NEEN%EE;R$N E~C#;~4V$rB, Dj$9$k$3$H$K $h$C$FDj$^ $k!#EEN%EE ;R$N 0\F0 !J%I%j %U%H!K B.EY$O Ls 10 � m/nsec $J$N $G!"3F E@$" $?$j 6u4VJ, 2rG= 100 � m $N MW5a $O!";~ 4VJ,2r G= $K49;;$9$l$P 10 nsec $KBP1~$9$k!#=>$C$F!" 1 N3;R$NEv$?$j 10 nsec/ p 100 B,DjE@ = 1 nsec $N;~4VJ,2rG=$r;}$D$3$H $K$J$k!# JLC $G $O 150Hz $N 1 %Q%k %9 Cf$K 1.4 nsec 4V3V $G 85 %S!< %‘%P %s%A $,>W FM$9 $k $,!"$3 $l$i $NCf $K $O!"K\ J*$N ?.9f;v >] $NB> $K 8e@a $G=R $Y $k%S!< %‘!& %S!<%‘ Aj 8_:n MQ$K $h $k%P%C %/ %0%i %& %s%I ;v>] $, 5/$3 $j $&$k!# CDC $r;H $( $PN3 ;RKh $KH/ @8 $7$? %S!< %‘ %P%s %A $rF1 Dj $G$- $k $N $G!"%S!< %‘!& %S!<%‘ Aj 8_ :nMQ $K $h$k %P%C %/ %0%i %& %s%I ;v >]$, F1 $8 %P%s %A 128

$N>WFM$G5/$3$i$J$$8B$j!"$3$N%P%C%/%0%i%&%s%I$+$iMh$k2YEEN3;R$NHt@W$r<h$j=|$/$3$H$,$G$-$k!# ?^ 2.8: 4 : 6 m CDC %F%9%H%A%’%s%P!<$H%o%$%d!<0LCVB,DjAuCV $5$F!">e5-$N@_7W >r7o$rK~B-$9 $k$h$&$JBg7?Cf 1{Ht@W8!=P4o $N7z@_$K$*$$ $F$O!"G!2?$K$7 $F8!=P4o$N3F 9=@.MWAG!" $H$j$o $1B, DjE@ $N6u 4V4p =‘$H $J$k 4.6 m $H $$$& Hs>o $KD9 $$%o %$%d!< $r!"@: EY$h $/@_ CV$9 $k$+ $,Ld Bj$H $J$k!# =ENO $*$h $S@EEE5$NO$K$h$k%o%$%d!<$N$?$o$_!J%5%0!K$N$?$a!" 4 : 6 m $H$$$&Bg$-$J%A%’%s%P!<$G 100 � m/ %o%$%d!<$H$$$&$h$& $JJ,2rG=$r=P$9$N$OMF0W$J$3$H$G$O$J$$!# $=$3$G!"$^$:Bh0l $K=ENO$*$h$S @EEE5$NO$N$b$H $G$N%o%$%d!<$N 0LCV$r2DG=$J 8B$j@53N$KCN $kI,MW$,$G$F $/$k!#$H$/ $K!"$" $i$+ $8 $a B,Dj $5 $l $?%o %$ %d!< $ND% NO!" $=$N @~ L) EY!"%A%’ %s %P!< $NC< HD $N 7j0L CV!" $* $h$S 0u 2C EE05 $+ $i!" 9bEE 05 0z2C 8e$N %o %$%d!< 0L CV$r M= B,$G $- $k $+$I $& $+$, 80 $H$J $k!# BhFs $K %o %$%d!< 0L CV$, @5 3N$K J, $+$C$F $$ $l $P!"Bg $- $J%5 %0 $,$"$C$F$b!"L\I8$H$9$k 100 � m/ %o%$%d!<$,C#@.$G$-$k$3$H$r<($9I,MW$b$"$k!# $3$l$i 2 E@$r =EE@9‘L\ $H$7$F!" 8=:_ JLC $N $?$a$N CDC 3+H/8&5f $,?J$a $i$l$F$$ $k!#6qBN E*$K$O!"$^ $: 4.6m $N %F%9 %H%A%’ %s %P!< $r;n :n $7!" $=$N %o %$ %d!<%F %s %7%g%s!" =E NO!" @EEE %5 %0 $NB, Dj $r 9T$$!" M} O@ E*M= 8@ $H $NHf 3S $r 9T$& $3 $H!"$^ $?!"$3 $N %F%9 %H %A%’%s %P!< $N1’ Ch @~ %F%9 %H $r9T $$ 0LCV J, 2rG= $J $I $N4p K\ @-G= $r D4$Y $k $3$H $,!" $3 $N8& 5f 3+H/ $N 9|;R$G$"$k!# 0J2<$G$O!"<g$H$7 $F9‘L\0l$K$D $-$=$N35MW$r=R $Y$k!#8=:_?J9T Cf$N1’Ch@~%F %9%H$K$D$$$F $O!"$=$NESCf4V 7k2L$rJs 9p$9$k!# 2.3.2 %F%9%H%A%’%s%P!<$N9=@. @h$K=R$Y$? $h$&$JMW5a $rK~$?$9$? $a!"?^ 2.9-(a) $K<($9$h$& $J>.%8%’%C%H %?%$%W$N%; %k$r9M0F $7$?!#$b$7A4 $F$N%o %$%d!< $,F1 $8 =ENO %5 %0$r ;} $D$H $9 $k $J$i $P!" %A%’%s %P!< 3FIt $K $*$1 $k 6I =jE* $J EE>l $O!" =ENO %5 %0$, B8 :_ $7$J $$ $b$N $H $7$FMF0W $K6a ;w7W ;;$9$k $3$H $,$G $-$k [7] !#0l$D$N %;%k $K$O 1 cm 4V 3V$G #5K\ $N%; %s%9%o %$%d!< $,$" $j!" 2 : 5 kV $NEE 05$,0u 2C $5$l $F $$$k!# 3F %;%s %9 %o%$ %d!< $N2s $j $K$O!" $3 $l$i $N %;%s %9%o %$ %d!<$, :n $kJ? LL >e$K %0 %i%s %I %o%$ %d!< ( G 1 $+$i G 6) $, $"$j!" %0%i %s%I %o%$ %d!<$H 5 mm $N4V 3V$r 3+$1 $F � 0 : 5 kV $K 0u2C $5$l $?%0 %j%C%I %o%$%d!< ( GL 1 $+$i GL 6 $H GR 1 $+$i GR 6) $,G[CV$5 $l$F$$$k!#$^$?!"%;%s%9%o%$ %d!<J?LL$NN>C<$K$O 2 : 15 kV $K0u2C$5 $l$? 2 K\$N%@ %_!<%;%s%9%o%$%d!< ( D 1 $H D 2) $rG[ CV$7!">eC<!"$*$h $S2<C<$N%;%s %9%o%$%d!< ( S 1 $H S 5) $r0BDj$5$;$F $$$k!# 10 K\$N%U%#!<%k%I%o%$%d!< ( F 1 $+$i F 10) $O 0lMM%I%j%U%HEE>l$r7A@.$7!"%I%j %U%H5wN%$O:GBg$G 5 cm $H$J$C$F$$$k!# $3$l$i$N%U%#!<%k %I%o%$%d!< $K$O!"%;%k $NCf?4$+ $i:81&$N C<$^$G � 0 : 5 kV $+$i � 4 : 6 kV $^$G=g<! 0LCV$KHf Nc$7$?EE 05$,0u 2C$5 $l$F $$$k!# 3F %o%$ %d!<$N D>7B $O!"%; %s%9 %o%$ %d!<$, 30 � m $G!" $=$l 0J30 $O 125 � m $H $J$C$F $$ $k!#%o %$%d!< AG:‘ $O!" %; %s%9 %o %$ %d!<$, 6b %a%C %-%? %s %0%9 %F %s @=$G!" $= $N B>$N %o %$ %d!<$O 6b %a%C %-%" %k %_ %K%& %‘ @= $G$" $k!# $3$l $O!"7Z $$ %"%k %_ %K %&%‘ $r ;H MQ$9 $G %o%$ %d!< D% NO$r >. $5 $/$7!" %A%’ %s%P!< C< HD $rGv $/ $9$k $3 $H $K$h$C $F!" C< It%+ %m %j!<%a!< %?$N J, 2rG= $N Nt 2=$r Dc 8: $9$k $? $a$G $" $k!# $^$?!" 3F %o %$%d!< EE 05$O!" @E EE 5$NO $r :G>. $K $7!" E,Ev $J %, %9A} I} EY$rJ] $F $kHO 0OFb $G!" 2DG= $J 8B$j %I%j %U %HEE >l$, 0l MM$H $J$k $h $&$K @_ Dj$5 $l$F $$ $k!#?^ 2.9-(b) $O!" %I%j %U %H%A%’ %s %P!<$N%7 %_%e %l!<%7%g %s %W%m %0 %i%‘ GARFIELD [8] $r MQ $$$F EE N%EE ;R $N%I %j %U%H @~ $r7W ;; $7$? 7k 2L$G $" $k!#2f!9 $N %F%9%H%A%’%s%P!<$K$O!"$3$N$h$&$J9=B$$N%;%k$, 7 8D$"$k!#?^ 2.10 $K$=$N%;%k$NG[CV$r<($9!# :#8e!" FC$K CG $i$J $$ 8B$j!" 2f!9$, 07 $&%o %$ %d!<$O A4 $FCf ?4%; %k ( C 4) $N $b$N $H $9$k!# %o %$%d!< $rD% $k A0$K , #2 Kg $N %(%s %I%W %l!< %H$N 7j $" $1@: EY $rD4 $Y $?!#$= $N 7k 2L!"#2 Kg $N%( %s %I %W%l!< %H $O!"%o %$ %d!< $rDL $9 7j$N @_ 7W$H $N $: $l$O J? 129

?^ 2.9: (a) >.%8%’%C%H7?$N%;%k9=B$$H (b) $=$N%I%j%U%H%i@~!# 6Q$G 8 : 2 � m 0J2<$G$"$k;v$r3NG’$7$?!# ?^ 2.10: 4 : 6 m %F%9%H%A%’%s%P!<$K$*$1$k%;%k$NG[CV 2.3.3 %o%$%d!<%5%0$N7W;; %I%j%U%H%A%’%s%P!< Fb$N%o%$%d!< 0LCV$O!"=ENO!"@E EE5$NO$H!"%o %$%d!<D%NO$K$h $kI|85NO$H $N$D$j9g$$$G 7h$^$C$F $$$k!#$3$N%o%$%d!<$NJ?9U0LCV$K$*$1$kNO$N4X78<0$O!"0J2<$N$h$&$K$J$k!# T � d 2 ~ � dz 2 = ~ F e + ~ F g ; (2.1) $3$3$G!" T $O%o%$%d!<D%NO!" ~ � ( z ) = ~ � g + ~ � e $O%o%$%d!<$K?bD>J}8~$NJQ0L!" z $O%o%$%d!<J}8~$N:BI8$r<($9!#$^$?!" ~ F e $H ~ F g $O$=$l$>$l %o%$%d!<$K $+$+$k@EEE 5$NO!"=ENO $rI=$9!#$3$N <0$N@~7A@- $N$*$+$2 $G!"=ENO$K$h $k:nMQ$H @EEE5$ NO$K$h$k:nMQ$rFHN)$7$F9M$($k$3$H$,$G$-$k!#$^$:!"=ENO%5%0$O T � d 2 ~ � g dz 2 = ~ F g = � � ~ g ; (2.2) 130

$NMM$KI=$5$l$k!#$3$3$G!" � $O%o%$%d!<$N@~L)EY$r!" g $O=ENO2CB.EY$rI=$9!#$3$NJ}Dx<0$N2r$O!" ~ � g ( z ) = 1 2 � � � ~ g T � z ( z � L ) ; $H$J$k!#$?$@$7!" L $O%o%$%d!<$ND9$5 ( L =4.6m) $r$G$"$k!#$3$l$K$h$j!"%5%0$N:GBgCM$O z = L /2 $N;~$KM?$($i$l!" Y � j ~ � g ( L= 2) j = L 2 8 � � � � g T � !# (2.3) $h$C$F!" =E NO %5 %0 $r 7W ;; $9 $k $? $a $K $O!" @~ L) EY $H %o %$ %d!< D% NO $r B,$C $F $d $l $P $h $$!# <0 (2.3) $h $j!" =E NO %5 %0 $r >. $5 $/$9$k $? $a $K$O!" L) EY$N >. $5$$ AG :‘$r!" 6/ $$D% NO $GD% $k $N$, NI $$;v $, J,$+ $k!# $7 $+$7!" 5$ $rIU $1 $J$/ $F $O$J $i $J$$ $N $O!" Y $O %o%$ %d!<$ND9 $5$N #2>h $GA}$( $k$? $a!"D9 $$%o%$ %d!<$r ;}$C$? Bg$-$J %I%j %U%H %A%’%s%P!< $K$* $$$F $O!"=ENO %5 %0$NBg$-$5$O>o$KLdBj$H$J$k$3$H$G$"$k!#0lJ}!"@EEE%5%0$rI=$94X78<0$O0J2<$N$h$&$K$J$k!# T � d 2 ~ � e dz 2 = ~ F e = q ~ E ; (2.4) $3$3$G!" q $H ~ E $O!"$=$l$>$lC10LD9$5$"$?$j$NEE2Y$NNL$HB>$N%o%$%d!<$K$h$C$F:n$i$l$?EE>l$rI=$9!#$3$l$h$j!" ~ E $N z J}8~$N@.J,$rL5;k$9$k$3$H$K$h$C$FF@$i$l$k6a;w2r$O � � X � Y � = ~ � e ( L= 2) = L 2 8 � q T � E x E y � (2.5) $H$J$k!#$3$3$G!"JQ0L$*$h$SEE>l$N X , Y @.J,$r3F!9 (� X ; � Y ), ( E x ; E y ) $H$7$?!#$3$N<0$O!"4pK\E*$K$O (2.3) $N<0 $HF1 $87A $r $H$j!" $d $O $j!"Dc $$ EE 2Y$H Dc $$EE >l!" 8@ $$49 $( $k $J$i Dc $$0u 2C EE 05!"$K $9 $kJ} $, $h $$!#$5 $i $K!" %o%$ %d!< $ND%NO $K2C $(!" $3$N 8x<0 $K$O!" %o %$%d!< $NG[ CV!J%; %k $N9= B$!K$H 0u2C EE 05$K $h$C$F 7h$^ $k q $H ~ E $,I, MW $K$J$C $F$/ $k!#$b$7!" $3 $N<0 (2.5) $K$h$C $FM? $( $i$l $kJQ 0L $,Hs >o$K Bg $-$$ $h$& $J $i!"%o %$%d!< $, 85$N 0LCV $K $"$k ;~$N EE>l $N 7A $+$i Bg$$ $K $O$: $l $k$? $a!" %o%$ %d!< JQ 0L8e $N EE>l $r :FI> 2A $7!"%5 %0 $N :F7W ;; $r$9 $k I,MW $, $G$F $/ $k!# $b$7 I, MW$J $i!" $3$NJQ0L$,<}B+$9$k$^$G!"$3$l$r7+$jJV$5$J$/$F$O$J$i$J$$!# 2f!9$O!"$3$N$?$a $K7+$jJV$7%5 %0$r7W;;$9 $k%W%m%0%i%‘ $r3+H/$7!"%; %k9=B$!"%o%$ %d!<%F%s%7%g%s!"$= $7$F!"3F!9 $N%o %$%d!< $K 0u2C $5 $l $?EE 05 $+$i %o %$%d!< $N JQ 0L$r M= B,=P Mh $k $h$& $K $J$C$?!# $3 $N M=B, $r 3N$+ $a $k$? $a $K!" %o%$ %d!< %F%s%7%g%s$H%o%$%d!<$N0LCV$r@53N$KB,Dj$7$?!# 2.3.4 %o%$%d!<%F%s%7%g%s$NB,Dj 2f!9 $O!" <’ >l $r MQ $$ $F %o %$ %d!< $N 6& ?6 <~ GH ?t $G ?6 F0 $5 $; $F!" 0J 2< $N 4X 78 <0 $r MQ $$ $F %o %$ %d!< D% NO T $r 7h Dj $7 $? [9] !# T = 4 � � L 2 � f 2 ; (2 : 6) $3$3$G!" f $O4pK\6&?6<~GH?t$rI=$9!#2f!9$ND%NOB,DjK!$r ?^ 2.11-(a) $K<($9!#$^$:!"%o%$%d!<$KBP$7$F?bD>$K<’>l$r $+$1$?>uBV (B ’ 30Gauss) $G!"%o%$%d!< $K8rN.EEN. $rN.$9!#$9$k $H!"%o%$%d!<$K F/$/%m!<%l%s %DNO$K$h $j%o%$%d!<<+ ?H$K?6F0 $,@8$8 $k!#$3$l $K$h$j!" %U%!%i%G!< $NEE<’ M6F3B’ $K$h $kM6F3 5/EENO $,H/@8 $7!"EEN. $rJQ D4$9$k!# $=$3$G <~GH ?t$r A]0z $7 $F$3 $N JQD4 $r 8!=P $9 $k $3$H $K $h$j!" 6& ?6<~ GH ?t$r 5a $a $k$3 $H $,=P Mh $k!#0lHL E* $J%" %k %_ %K%& %‘ $N%U%#!< %k %I%o%$%d!<$K$*$1$kEEN.$H<~GH?t$N4X78$r?^ 2.11-(b) $K<($9!# $N$3$.$j?O>u$N GH7A$,4pK\6& ?6<~GH?t$H$= $N9bD4GH$KBP 1~$7$F$$$k!#6& ?6<~GH?t$O!"$3 $NGH7A$r3j$i $+$K%U%#%C%H $9$k$3$H$K$h$C$F7h$a$i$l!"$=$l$KBP1~$7$?D%NO$O!"<0 (2.6) $r;H$&$3$H$K$h$C$F7W;;$G$-$k!#$3$l$K$h$C$FF@$i$l$? 7k2L$r%U%#!<%k%I!"%;%s%93F!9$N %o%$%d!<$K$D$$$F ?^ 2.12-(a) $H (b) $K%o%$%d!<$rD%$C$?F| $+$i$N;~4V$N4X ?t$H$7$F <($9!# $3$N%0 %i%U $+$i!"6b %a%C%-%? %s%0%9 %F%s @=$N%; %s%9%o %$%d!<$G $O#1%v 7nDxEY $GD%NO Dc2<$, $*$5 $^$C$F$$ $k$,!" 6b%a%C%-%"%k%_%K%&%‘@=$N%U%#!<%k%I%o%$%d!<$G$OLs #2G/8e$G$b#1G/4V$K 10% $N3d9g$GD%NO$,$,Mn$AB3 $1$F$$$k$N$, J,$+ $k!#$3 $l $O!"%A%’ %s %P!<$N %; %k9= B$ $, ;~4V $H $H$b $K JQ$o $k $3$H $r 0U L#$9 $k :,K\ E* $JLd Bj $G$" $k!# :# 8e$N 3+ H/8& 5f $N:G=EE@9‘L\$H$7$F!"$h$jNI$$%o%$%d!<AG:‘$N8!F$$,I,MW$G$"$k!# 131

?^ 2.11: (a) %o%$%d!<D%NOB,Dj7O$N%V%m%C%/%@%$%"%0%i%‘$H (b) %U%#!<%k%I%o%$%d!<$N>l9g$N<~GH?t!"EEN.%0%i%U!# ?^ 2.12: (a) %U%#!<%k%I $H (b) %;%s%9%o%$%d!<$K$*$1$k%F%s%7%g%s$H;~4V$N4X78!# 132

2.3.5 =ENO$*$h$S@EEE%5%0$H$=$NHt@W:F9=@.$X$N1F6A %o%$%d!<$N0LCVB,Dj7O ?^ 2.8 $K<($9$h$&$K!"2f!9$O#2Bf$N CCD %+%a%i$rMQ$$$F%o%$%d!<$N?eJ?J}8~$H?bD>J}8~$N0LCV$rB,Dj$7$?!#$3$l $i$N%+%a%i$O!"%+%a%i$+$iLs 1 m N%$l$?$H$3$m$G!" 1 mm � 1 mm $N;kLn$r;}$A!" ’ 1 mm $N>GE@?<EY$r;}$D!#$3$N $h$& $K!";k Ln $H>G E@ ?<EY $, >.$5 $$ $? $a!"I8 E* $H$J $k %o%$ %d!< $rB* $( $k $N$O MF 0W$G $O $J$$!# B, Dj$7 $? $$ %o%$ %d!< $r$9 $P $d$/8+$D$1$k $?$a$K!"%9 %]%C%H7B 2 mm $N %l!<%6!<%]%$ %s%?!<$r#2 Bf$N%+%a%i 3F!9$K<h$j IU$1!"%+%a %i$N>GE@ $r>H$i $9$h$&$K$7$?!#$^$?!"#2 Bf$N%+%a%i$O@: L)$J2DF02MBf $K:\$;$i$l!"$=$N 0LCV$O!"%9%F%C%W %5%$%: 0 : 4 � m = %Q%k%9 $G %3 %s%T%e!<%?!< @)8f =PMh$k $h$& $K$7 $?!# CCD %+ %a%i $G7h $^$k 6I=j E*$J 0LCV J,2r G=$O 5 � m $G$" $k!#$7 $+$7!" %+%a%i $, $"$^$j $K D9 $$5w N% $rF0 $/ $H!"%+ %a %i$N >e 2<3Q $N JQ2= $K $h$j @d BP:B I8 $NB, Dj $K AjEv $N 8m:9 $, @8$8 $F $/$k!# $= $3$G!" %*!< %H%3%j%a!<%?!<$K$h$k>e2<3QJQF0$NB,Dj$K4p$E$$$?Jd@5$r2C$(!" ’ 10 � m $N@:EY$r=P$;$k$h$&$K$7$?!# ?^ 2.13: CCD $K$h$k%o%$%d!<A|$NNc!’ (a) 125 � m %U%#!<%k%I%o%$%d!<!" (b) 30 � m %;%s%9%o%$%d!<!# CCD %+%a%i$G8+$?%U%#!<%k%I!"%;%s%9N>%o%$%d!<$N2hA|$N#1Nc$r?^ 2.13-(a) $H -(b) $K<($9!# =ENO%5%0 ?^ 2.14 $O%o %$%d!<$N =ENO%5 %0$N B,DjJ} K!$N35 G0?^$G $"$k!# B,Dj$O 0J2<$N $h$&$K $7$F 9T$&!#$^ $::G=i $K!"?bD> J}8~ $N%+ %a%i $N <4$H Cm L\$9 $k %o%$ %d!< $H $r7k $s $@D> @~ $,%A%’ %s %P!<$N Ak $H 8r$o $k E@!J>e 2< Fs%+ =j!K $K4p =‘ $H $J$k 0u $rIU $1 $k ( ?^ 2.14 Cf$N Con�g.1 ;2>H ) !#$=$N8e!"%F%9%H%A%’%s%P!<$r 90 � 2sE>$5$;!"?eJ?J}8~ $N%+%a%i$r;H$$@h$KIU$1$?4p =‘E@$+$i$N%o%$%d!<$N$:$l$rB,Dj$9$k$3$H$K$h$j!"=ENO%5%0$r7hDj$9$k!J?^ 2.14 Cf$N Con�g.2 ;2>H!K!# 133

?^ 2.14: =ENO%5%0$NB,Dj86M} %o%$ %d!< $rD%$C $F $+ $i #1G/ H> 8e $KB, Dj $7 $?=E NO %5 %0 $NBg $- $5 $rI= 2.2 $K <( $9!# %U%#!<%k %I %o %$%d!< $H %; %s%9 %o %$ %d!<$=$l$>$l$N J?6Q=ENO %5%0$O 600 � m $H 353 � m $G $"$C$?!#$3$l $i$N=ENO %5%0$NB, Dj7k2L$H <0 (2.3) $rMQ$$$F 7W;; $7$?7k2L$r!"6&$KI= 2.2 $K:\$;$?!#N><T$OHs>o$KNI$$0lCW$r$7$F$$$k!# I= 2.2: =ENO%5%0$NB,DjCM$H7W;;CM Wire name Y(meas) ( � m) Y(calc) ( � m) S1 362 304 S2 334 312 S4 353 320 S5 363 310 G1 603 518 G2 607 562 G3 588 561 G5 621 560 G6 613 562 GR1 639 540 GR2 635 552 GR3 612 546 GR4 597 531 GL1 538 552 GL2 521 555 GL3 587 563 GL4 704 552 GL5 567 564 @EEE%5%0 @EEE%5%0 $NB, DjJ}K! $N35G0 ?^$r?^ 2.15 $K<( $9!#$^$: :G=i$K %o%$%d!< $X$N9b EE05 $rMn$H $7$?>u BV$G?e J?!"?bD> $NN> J}8~$K@_CV$7$F$"$k%+%a%i$rMQ$$$F!"%o%$%d!<$NMM;R$r<L$9!#<!$K!"%o%$%d!<$K9bEE05$r$+$1$F?eJ?J}8~$NJQ0L (�X) $H?bD> J}8~ $NJQ 0L (�Y) $r $=$l $>$l $N%+%a %i$r MQ$$ $FB, Dj$9 $k!#B, DjCf $O%+ %a%i $OF0 $+$5 $J$$ $N$G!" %$%a!< %8$N 2rA| EY$G %o%$ %d!< $N0L CV B,Dj $N @:EY $, 7h $^$k!# $3 $3$G $O!" %+%a %i $N>e 2< 3Q $K$h $k 1F6A $O $J$$!# =>$C $F@E EE %5 %0$N B, Dj$K $* $1$k@:EY$O!" 5 � m $K$J$k!# 134

@EEE>lFb$G$N%o %$%d!<$N0BDj@- $r3NG’$9$k$? $a$K!"0u2CEE05 $r?t2s$K$o$?$C $F>e$22<$2$7!" %o%$%d!<0LCV $NJQ0L$r 4QB,$7$?!#9bEE050u2C8e!"%o%$%d!<$O>o$KF1$8J?9U0LCV$KLa$k$3$H$,3NG’$5$l$?!# 2f!9$N @E EE%5 %0 $N B,Dj 7k 2L $r!"%; %s %9%o %$ %d!< $H$= $N 2s $j$N %" %k %_%K %& %‘ %o%$ %d!< $K $D$$ $F 7W;; CM $H 6&$K I= 2.3 $K<($7$?!# ?^ 2.15: @EEE%5%0$NB,DjJ}K! I= 2.3: @EEE%5%0$K$*$1$kB,DjCM$H7W;;CM Measurement Calculation 1-st iteration 2-nd iteration Wire name �X �Y R �X �Y R �X �Y R ( � m) ( � m) ( � m) ( � m) ( � m) ( � m) ( � m) ( � m) ( � m) S1 -117 49 128 1 -1 1 3 50 50 S2 61 111 127 2 85 85 0 160 160 S3 36 96 102 -1 76 76 1 147 147 S4 -10 80 81 -1 66 66 -4 132 132 S5 -110 37 116 0 43 43 0 80 80 GL1 593 -43 594 536 -10 536 596 -13 596 GL2 552 -18 552 519 -12 519 586 -16 586 GL3 556 -26 557 511 -11 511 567 -15 567 GL4 546 -33 547 521 -9 521 579 -14 580 GL5 561 -36 562 508 -6 508 563 -9 563 GL6 522 18 523 494 1 494 543 -0.3 543 GR1 -558 -1 558 -546 -11 546 -608 -14 608 GR2 -562 -36 563 -517 -12 517 -583 -16 583 GR3 -564 -21 565 -491 -10 491 -542 -13 542 GR4 -542 -23 543 -505 -9 505 -559 -12 559 GR5 -531 -10 531 -505 -6 505 -559 -9 559 GR6 -515 -14 515 -483 1 483 -529 0.2 529 F1UL 127 -14 128 54 -10 25 85 -55 101 F1UR -146 -51 154 -27 -23 36 -84 -54 100 F1DL 113 76 136 25 92 25 83 53 98 F1DR -129 91 158 -30 25 39 -83 53 98 ?^ 2.16 $H 2.17 $K%F%9%H%A%’%s%P!<$K$*$1$k%o%$%d!<$N=ENO%5%0$H@EEENO%5%0$K$h$kJQ0L$r<($9!#?^Cf$K$*$$$F!" 135

=i4|0LCV ( 5 ) $H$O %A%’%s %P!<$NC< HD$K $*$1$k %o%$ %d!<$N0L CV$N$3 $H$G $"$k!#0l J}!"=E NO%5%0 ( 2 ) $d @EEE%5 %0 ( ? ) $H $$$C$? 0u$O!" $= $l$> $l!" =E NO$K $h $k%o %$ %d!<$N 0L CV $NJQ 2=!" $5$i $K 9b EE05 0u 2C$N :] $N %o%$ %d!< $N0L CV $NJQ 2= $r <($7 $? $b$N$G$" $k!#:G =i$N;n 9T ( � ) $O!" <0 (2.5) $G7W ;;$5$l $k=E NO%5%0 $K$h $jJQ 0L$7$? B>$N %o%$%d!< $K$h $kEE >l$r9M N8$7 $F 7W;;$5$l$?%o%$%d!<$NCP$_$r<($9!##22sL\$N7W;;$G$O#12sL\$N7W;;$GF@$i$l$?%o%$%d!<0LCV$rMQ$$$F7W;;$7$?!# ?^ 2.16 $+ $iJ, $+$k $h$& $K!"%; %s%9 %o%$ %d!<LL $N:8 1&$K $"$k %0%j%C %I%o %$ %d!<$N %5%0 $K4X $7$F $O!"7W ;;CM $H<B 83CM $N0lCW$OCP$_$NBg$-$5J}8~$H$bNI9%$G$"$k!#$^$?#22sL\$N7W;;7k2L$G$ON><T$N0lCW$O$5$i$KNI$/$J$C$F$$$k!# 0lJ}!"?^ 2.17 $O!"%; %s%9%o %$%d!<$N S 1 $H S 2 $K$D $$$F!"B, DjCM$H 7W;;CM $rHf 3S$7$? $b$N$G $"$k!#$3 $3$G$O!" %; %s%9%o %$ %d!<LL $r 9M$( $? >l9g!" 7W ;;$K $O $J$$ :8 1&$N Hs BP>N @- $,8= $l $F$$ $k $3$H $K CmL\ $9 $Y$- $G $"$m $&!# B>$N %; %k$K $* $1$k %o%$ %d!< $ND% NO $,!"D% $i $l$? ;~ 4| $N0c $$ $K$h$C $F HyL/ $K 0[$J $k $3 $H$,!" $* $=$i $/!" $3$N $h $&$J Hs BP >N$N 86 0x$N 0l $D$G$"$k$H9M$($i$l$k!# ?^ 2.16: %( %s%I %W %l!<%H >e $K $*$1 $k %U%#!<%k %I %o%$ %d!< $N0L CV ( 5 ) !"=E NO %5%0 ( 2 ) !" @EEE %5 %0 ( ? ) $K $h$k JQ 0L$H 7W ;; CM 1( � ) !" 2 ( � ) !# $3$NHsBP>N@-$N Ht@W:F9=@.$N@: EY$KBP$9$k1F 6A$rD4$Y$k$? $a!"=ENO$*$h$S@E EE$NN>%5%0$K $h$kJQ0L8e$N %o%$%d!<$N 0LCV$NB, DjCM $H7W ;;CM $NAPJ} $KBP $7$F!" GARFIELD $rMQ$$ $F x - t $N 4X78 $r7W ;;$7!" Hf3S$7 $?!#?^ 2.18 $K%; %s%9%o %$%d!< S 1 $H S 2 $NEy %I%j%U%H ;~4V t $K $*$1$k x $K $D$$$F!"B, Dj$7$? %o%$%d!<0L CV$H7W;; $K$h$k 0LCV$rMQ $$$?>l 9g$N 0c$$ $r<( $9!# $^ $?!"#1 E@ :? @~$O %U%#!< %k %I%o %$ %d!<$N B, Dj 0LCV $r 7W ;;$K ;H$C $? >l9g $r <( $9!#F1 MM $K!" 0lE@ :? @~ $O%; %s %9%o %$%d!< $N B,Dj 0L CV$r 7W ;;$K ;H$C $? >l9g $r <($7 $F $$$k!# $3 $l$h $j!" $3 $NB, Dj CM$H 7W ;;CM $N $:$l $K $h $k!":B I8 B,Dj $N 8m:9$O!":G0-$G$b%o%$%d!< Ev$?$j 80 � m DxEY$HI>2A $G$-$k!#$3$l$O!"<B 5!$N1?E>$K$*$$$F!" <B:]$N<B83%G!<%? $rMQ$$ $?%o%$%d!<$N0LCV3S@5$d x - t 4X78<0$ND4@0$r9T$&$?$a$N=PH/E@$H$7$F==J,$J@:EY$G$"$k!# 136

?^ 2.17: :G$b0-$$%;%s%9%o%$%d!< ( S 1) $HE57?E*%;%s%9%o%$%d!< ( S 2) $NJQ0L$NHf3S!# ?^ 2.18: S 2 (a) $H S 1 (b) $K$*$1$kEy%I%j%U%H;~4V t $K$*$1$k x $N!"%o%$%d!<0LCV$H$7$FB,DjCM$H7W;;CM$rMQ$$$?>l9g$N 0c$$!J<B @~!K!#E@@~ $O!"%; %s%9 %o%$ %d!<$K6a $$%U%#!< %k%I %o%$ %d!<$r MQ$$$F 7W;; $7$? 7k2L $r<($9!# $^$?!" 0lE@ :?@~ $O%; %s%9 %o%$%d!<$r7W;;$KMQ$$$?7k2L$r<($9!# 137

2.3.6 1’Ch@~%F%9%H Cf1{Ht@W8!=P4o $N3+H/8&5f$NBh 0l9‘L\$G$"$k ==J,$J@:EY$r ;}$C$?%o%$%d!<0LCV $N7W;;$K$h$k M=B,$KL\=h$, $D$$$?$N $G!"0z$- B3$- 4 : 6m %F%9 %H%A%’ %s %P!<$r MQ$$ $?9‘ L\ Fs$N 8!F$ $K0\$C $?!# $3$3 $G$N L\I8 $O!" %o%$ %d!<$" $? $j$N 0LCV J,2r G=$H $7$F � x ’ 100 � m $, C# @.$G $- $k $3$H $r 1’ Ch@~ $r ;H$C $F <B>Z $9 $k $3$H $G $" $k!#$3 $N 8& 5f$O 8= :_ $bB3 $1 $i $l$F $$ $k $,!"$3$3$G$O!"$=$NCf4V7k2L$rJs9p$9$k!# %G!<%?<}=8 1’Ch@~%F%9%H$N%;%C%H%"%C%W$r?^ 2.19 $K<($9!# ?^ 2.19: 1’Ch@~%F%9%H$N%;%C%H%"%C%W!# %A%’%s%P!<Cf1{It$N>e2<$K 20cm � 20cm $N%7%s%A%l!<%7%g%s %+%&%s%?!<$rCV$-!"$=$N F14|?.9f$K$h$j%G!<%? <}=8 7O$r%H%j %,!<$9 $k!#0lJ}!" %A%’%s %P!<$+$i $N?. 9f$O!"A0 CJA} I}4o!&8e CJA} I}4o $r7P$F!" %/%m%C %/<~GH ?t 500MHz 256 %S%C%H $N %U %i%C %7%e ADC !J F ADC !K$G FI $_ 9~ $^ $l $k!# A0 =R $N %7 %s %A %l!< %7%g %s %+ %& %s %?!< $K $h$k %H %j %,!< ?. 9f $O!" Ls 10 � sec $N%G %8%?%kCY1d4o$rDL$C $?8e!"$3$N F ADC $N 6&DL%9%H%C%W?.9f$H $7$F$b;H$o$l$F$$$k!# $^$?!":#2sJs9p$9 $k1’Ch@~%F%9%H$G$O!"%A%’%s%P!<%,%9$H$7$F C O 2 100% $r;HMQ$7$? 2 !# ?^ 2.20 $K!" F ADC $GFI $_ 9~$s $@Cf 1{ %;%k $N 5 K\ $N%; %s%9 %o %$%d!< !J S1-S5 !K$K BP $9$k E5 7?E* $J1’ Ch @~%G!< %?$r <( $9!#2#<4 $O F ADC $N ;~ 4V %9 %m%C %H $K BP 1~ $7 $F $* $j!" 1 %9 %m%C %H $O 2 nsec $G $" $k!# $^ $?!" =D <4 $O ADC %+ %& %s %H !J 3 mV / %+%&%s%H!K$G!"?t$,>/$J$$$[$IIi$NBg$-$J?.9f$r0UL#$7$F$$$k!#$O$C$-$j$H!"1’Ch@~$NHt@W$,8+$F<h$l$k!# J,2rG=$KBP$9$kCf4V7k2L ?^ 2.20 $N2#<4$r5wN%$KJQ49$7!"1’Ch@~$NHt@W$KBP$9$k0LCVJ,2rG=$rD4$Y$k$?$a$K$O!"$$$o$f$k x - t 4X78<0$,I,MW$H $J$k!#$=$N$?$a$K!"A0 @a$G@bL@$7 $?%o%$%d!<%5%0 $N>pJs$rF’ $^$(!" Gar�eld $rMQ $$$F%;%s%9 %o%$%d!<Kh$K x - t 4X 78<0 $r7W;;$7$?!#?^ 2.21 $O$=$N0lNc$G$"$k!#$3$N<B83>r7o$G$O%I%j%U%HB.EY$,Ls 0 : 6 cm =� sec $G$"$k$3$H$,J,$+$k!# $5$F!" x - t 4X 78 <0 $, <j $K F~ $l $P!" $= $l $r MQ $$ $F%I %j %U %H ;~ 4V $r 0L CV >p Js $K JQ 49 $7 $? 8e!" D> @~ %U%#%C %H $r 9T $&$3 $H $K$h$j!" ;D :9$r 5a $a0L CVJ, 2r G=$r 7hDj $G $-$k!# ?^ 2.22 $O!" $" $k%; %s %9%o %$%d!< !J S1 !K $N;D :9 $r!J CCD %+ %a%i $G B,$C $?!K%5%0$N Jd@5A0 8e$G%W %m%C%H$7 $?$b$N $G$"$k!# %5%0$N Jd@5$K $h$j!";D :9$NCf ?4CM$+ $i$N $:$l$, $J$/$J $j!"0LCV J,2r G=$b2~A1$5$l$k$3$H$,J,$+$k!# %;%kA4BN$H$7$F$N0L CVJ,2rG=$r8+$k$? $a!"$3$N%5%0Jd@58e $K 5 K\$N%;%s%9%o%$%d!< $N;D:9$r$^$H$a$F 8+$k$3$H$K$9 $k!#?^ 2.23 $N Fs<! 85%W %m%C %H$O!" 5 K\ $N%; %s%9 %o%$ %d!< $N;D :9$r F1$8 %0%i %U $NCf $K%I %j%U %H5w N% $N4X ?t$H $7$F %W%m%C 2 <B5!$G;H$&M= Dj$N%, %9$O!" C O 2 - %$%=%V %?%s !J 90/10 !K$G$" $k!#:#2s Js9p$9 $k1’Ch @~%F %9%H$O!" %o%$%d!< %5%0B, DjD>8e $K9T $o$l$? $b$N$G $"$j!" $=$N$?$a$K %A%’%s%P!< Ak$K%^%$ %i!<%7!<%H $r;HMQ $7$F$$$?!# $=$N$? $a!"Ak$r DL$7$?%, %9O3$l $,$"$j!" 2DG3@-%, %9$G$" $k C O 2 - %$ %=%V%? %s!J 90/10 !K $N;HMQ$r:9$795$($?!#8=:_$O!"Ak$r%"%k%_%K%&%‘@=$N$b$N$K8r49$7!"<B5!$HF1$8%,%9$G$N1’Ch@~%F%9%H$r9T$C$F$$$k!# 138

?^ 2.20: E57?E*$J1’Ch@~;v>]$KBP$9$k F ADC %G!<%?$NNc!# ?^ 2.21: E57?E*$J x - t 4X78<0!# 139

?^ 2.22: %;%s%9%o%$%d!<!J S1 !K$N%5%0Jd@5A08e$G$N;D:9J,I[!# ?^ 2.23: E57?E*$J x - t 4X78<0!# 140

%H$7 $?$b $N $G$" $k!# F1 $8?^ $N Cf$K!" 0L CVJ, 2r G= !J;D:9 $N J,;6!K $r %I %j%U %H 5wN% $N 4X ?t$H $7 $F<( $7 $??^!" $^ $?!" Fs<! 85 %W%m%C%H $r;D:9 <4$X <M1F $7$? ?^$b <($7$?!# ?^$+ $iJ, $+$k $h$& $K!"J?6Q 0LCV J,2r G=$G 100 � m $, C#@. $5$l $?!#$3 $l$O!" %o%$%d!<0L CV$r@5 3N$K CN$C$F$$ $5$($9 $l$P!" 4 : 6 m %A%’ %s%P!< $G$b== J,$J 0LCVJ, 2rG=$, F@$i $l$k$3 $H$r<( $9$b $N$G$" $k!# 2.4 %+%m%j!<%a!<%? 2.4.1 35MW JLC $K $* $1$k $b$C $H $b =EMW $J L\ E* $N#1 $D $O Cf 4V<A NL $N %R%C %0 %9N3 ;R $N C5 :w$H 8& 5f $G $"$k!# $3 $N $h $& $J%R%C %0 %9 N3 ;R$O!"<g$H$7$F e + e � ! Z H $NH?1~$G@8@.$5$l$k!#$3$NH?1~$O Z N3;R$,%l%W%H%sBP$KJx2u$9$k%A%c%s%M%k$K$*$$$F:G $bMF0W$K 8!=P$5 $l$&$k!# $7$+$7 $3$N%A%c %s%M%k $OA4BN $N 7% $7$+$J $/!"E}7W @:EY$N 9b$$B, Dj$r9T $&$? $a$K$O 70% $b $N Jx2uHf$r $b$D Z N3 ;R$N %/%)!<%/ BP$X$N Jx2u $rB, Dj$9 $k$3$H!" $9$J $o$A %8%’%C%H $r@:EY NI$/ B,Dj $9$k $3$H$, IT2D 7g$G $" $k!# Z N3 ;R$, %8%’%C %H$K Jx 2u $9$k H? 1~$K BP $7$F $O!" W BP @8@. $d Z BP @8@. $, Bg $-$J %P%C %/%0 %i %&%s %I $H $J$j $& $k!# W BP@8@. $O%P!< %F%C%/ %9B, Dj4o $rMQ $$$? b %? %.%s %0$K $h$C$F 8zN( NI$/=| 5n$9 $k$3 $H$, $G$- $k$,!" Z BP @8@. %A%c%s %M%k $K $*$1 $k Z ! b � b $N Jx 2u $O!" 2 %8%’%C %H$N IT JQ <A NL J, I[ $K $h$C $F $N $_ H ! b � b $H 6h JL $9$k $3 $H $, $G $- $k!# $3 $N $? $a 2 %8%’%C%H$NITJQ<ANL$r9b@:EY$G:F9=@.$9$k$3$H$,$G$-$kB,Dj4o$,IT2D7g$G$"$k!# $3 $N MW 5a $r K~ $? $9 B, Dj 4o $H $7 $F !VI8 =‘ B, Dj 4o!W $r 9M $(!" $= $N R&D $r ?J $a $F $$ $k!# I8 =‘ B, Dj 4o $K $* $$ $F $O %+ %m %j %a!<%? ( 0J 2< CAL $HN, ) $O%W %j%7%c %o!<It (PS) !"%7 %j%3 %s%Q%C %IIt (Si) !"EE <’%+ %m%j %a!<%? It (EM) !"%O %I%m %s%+ %m %j%a!<%?It (HAD) $+$i9=@. $5$l$k!# CAL $OJd =~7?$H8F$P $l$k1t$H %W%i%9%A%C%/ %7%s%A%l!<%? $+$i$J$k %5%s%W%j%s %0 %+%m%j%a!<%? $G!" EM It$O 29 X 0 !" HAD It $O 5.6 � 0 $N 8|$5$r $b$D!# EM N3;R $KBP$7$F $KBP$7 $F 15% = p E � 1% !" %O %I%m%s$KBP$7$F 40% = p E � 2% $N%(%M%k%.!<J,2rG=$rC#@.$9$k$3$H$rL\I8$K$7$F$$$k!#$3$3$G � $O#2>hOB$r<($9!# Si B,Dj 4o $O 1cm � 1cm $N Bg $- $5 $r $b $D Si %Q%C %I $N %" %l %$ $G!" $[ $\ %7%c %o!< $N :G Bg 0L CV $K CV $+ $l $k!# PS B, Dj 4o $H Si B, Dj4o$NAH9g$;$K$h$j9b$$ e=� <1JLG=NO$H9b@:EY$N%7%c%o!<0LCVB,Dj!" 2 %/%i%9%?!<G’<1$r9T$&!# B,Dj4o$r%O!<%a%F%#%C %/$K$9$k$?$a CAL A4 BN$O#2%F%9%i $N%=%l%N%$%I Cf$K$*$+$l!" j cos � j < 0 : 98 $NNN0h$r7j $NL5 $$$h$&$KJ$$C$F$$$k!# 0J2<$N%;%/%7%g%s$G$O$3$N$h$&$J@-G=$NI,MW@-$d$=$N@-G=$rC#@.$9$k$?$a$N9=B$$K$D$$$F>\$7$/=R$Y$k!# 2.4.2 MW5a$5$l$k@-G= %R%C%0 %9 N3;R $K BP $9$k Z N3 ;R $N %P%C%/ %0 %i %&%s %I $r 8: $i$9 $H $$ $&>r 7o $+ $i$O!" =P Mh $k$@ $1 NI $/$H $$ $& 0lHL O@ 0J >e $K6qBNE*$JL\I8@-G=$rF3$-=P$9$3$H$OFq$7$$!#$=$3$G6qBNE*$JL\I8@-G=$rF3$/>r7o$H$7$F!" W N3;R$H Z N3;R$r$=$N 2 %8%’%C%HITJQ<ANL$GJ,N%$9$k$H$$$&>r7o$r9M$( $k!#$3$l$O%2!<%8N3;R$N7k9gDj?t$N B,Dj$N$?$a$K!" W BP@8@.H?1~$H Z BP@8@.H?1~$rJ,N%$7$FB,Dj$9$k$?$a$KI,MW$J>r7o$G$"$k!# e + e � ! Z H H? 1~$K $* $$$F!" Z N3 ;R$, � � � $K Jx2u $7$? %b!< %I$K $* $1$k %R%C%0 %9 N3;R $N 2 %8%’%C%H IT JQ<A NL $NJ, I[ $r?^ 2.24 $K <($7$?!# $3$3 $G%R%C %0%9 N3;R $N<A NL$O 80GeV !" p s = 400GeV $H$7 $F$" $k!#%7 %_%e%l!< %?$H $7$F $O fast- JIM $rMQ $$!"2> Dj$7 $? B,Dj 4o$N @-G= $O $$$o $f$k !VI8=‘ B, Dj4o!W %Q%i %a!<%? $G $"$k!# F@$i $l$? #2 %8%’%C%H ITJQ <ANL J, 2r G=$O , !"<c 43$NHs %,%& %9$N ?~$O $"$k $b$N $N � = 1 : 24 GeV $H W N3 ;R$N <+A3I} $KHf $Y$F ==J, >.$5 $/!" W N3 ;R$H Z N3 ;R $r<1 JL$9 $k $H$$ $& >r 7o$O == J,C# @. $G$- $F $$ $k!#C" $7 :F9= @. $5 $l$? <A NL$O <c 43 Dc$a $G!" %/%i %9 %?!<!&%H %i%C %/ %^%C%A %s %0$K2~A1$NI,MW$,$"$k!# $3$NH?1~$O:G$b <ANL:F9=@.$,MF 0W$J%A%c%s%M%k $G$"$j!"$h$jJ# ;($JH?1~$K$*$$ $F$b$3$N$h$& $JJ,2rG=$,C# @.$G$-$k $H$O4|BT$G$-$J$$!#$3$N$?$aH?1~$N<oN‘$d2r@O>r7o$H<ANLJ,2rG=$N4X78!"$=$3$+$i F3$+$l$k CAL $NJ,2rG=$X$NMW5a$K $D$$$F8!F$$9$kI,MW$,$"$k!# CAL 0J30$N4sM?$NI>2A %/%)!< %/ %8%’%C %H $N %( %M %k %.!< $r 9b J, 2r G= $G B, Dj $7 $h $& $H $9 $k ;~ $K $O!" %K%e!< %H %j %N $, %( %M %k %.!< $r ;} $A 5n $k 1F 6A$K$h $k%( %M%k %.!< $NMI $i$. 0J>e $K 9bJ, 2rG= $r5a $a$F $b L50U L#$G $"$k!# $3$N %K%e!< %H%j %N$K $h$k 1F6A $r ?^ 2.25 $K <($7 141

?^ 2.24: e + e � ! Z H H?1~$K$*$1$k%R%C%0%9N3;R$N 2 %8%’%C%HITJQ<ANLJ,I[!# $?!#1&?^ $O?^ 2.24 $H F1$8 $b$N $G!":8 ?^ $O$= $l$K BP $7$F %K%e!<%H %j %N$N 1?F0 NL$r %8%’ %M%l!< %?>p Js $rMQ $$$F 2C$( $? $N$A #2%8%’%C %HIT JQ <ANL $r 5a $a$? $b $N$G $" $k!#N> ?^ $r Hf3S $7 $FJ, $+ $k $h$& $K!" %K%e!<%H %j %N $,F( $2 $k$3 $H $K$h $j Dc <ANL B& $N?~ $O<c 43 3H$, $k $b$N $N %T!<%/ $N I} $N0- 2= $O$o $: $+$G $" $k!#$7 $? $,$C $F2> Dj $7$F $$ $k%( %M %k%.!< J, 2r G=$K $* $$$F $O!" $^$@%K%e!<%H%j%N8B3&$K$OC#$7$F$$$J$$$3$H$,$o$+$k!# CAL $N %(%M %k %.!<J, 2r G=$r CDC $N 1? F0 NLB, Dj @:EY $K Hf$Y $F I,MW 0J >e $KNI $/ @_Dj $9 $k$3 $H $b$^ $? L5 0UL# $G $"$j!" ITJQ <A NLJ, 2r G= $KBP $7 $F CAL $H CDC $, $I $N$h $& $K 4s M?$7 $F $$ $k $+$r 3N G’ $9 $kI, MW $, $" $k!#?^ 2.26 $O ?^ 2.24 $N H? 1~ $K$*$$$F CDC $NB,Dj$7$?1?F0NL $H CAL $NB,Dj$7$?%(%M%k %.!<$r$=$l$>$l%8%’%M %l!<%?>pJs$GCV$-49 $($F2r@O$7$?$b $N$G$"$k!#:8?^ $O CDC >pJs$r!"1&?^ $O CAL >pJs$rCV $-49$($F$$ $k!# CDC >pJs$rCV $-49$($F $b<ANLJ,2r G=$O$o$: $+ $K2~ A1 $9 $k$@ $1 $G $" $k $,!" CAL >pJs $r CV $- 49 $($k $3 $H $K $h $j <ANL I} $O Ls 1/2 $K $^ $G2~ A1 $9 $k!# $7 $?$,$C $F <A NL J, 2r G=$r7h$a$F$$$k$N$O CAL $G$"$j!"9b$$%(%M%k%.!<J,2rG=$r$b$D CAL $,K\<AE*$KIT2D7g$G$"$k$3$H$,$o$+$k!# $3$NB> $KJ, 2rG= $K4s M?$9 $kMW AG$H $7$F $O2r @O$N %"%k %4%j %:%‘!" FC$K CDC %H %i%C%/ $H CAL %/%i %9%?!< $N%^%C %A%s %0$,$" $k!# $3$N BP 1~IU $1 $N4V 0c $$$d 2Y EEN3 ;R $N%( %M %k%.!< $N 0z$- ;D $7$O <A NLJ, 2r G=$r 0- 2=$5 $; $k!#$3 $N 1F6A $r 8+$k $? $a%H%i%C %/$H %/ %i%9 %?$N BP 1~IU $1$K %8%’%M %l!< %?>p Js$r MQ $$$? 2r@O $b 9T$C$?!# $=$N 7k2L $r ?^ 2.27 $K <($9!# %"%k %4 %j%: %‘$K $h$k J, 2rG= $N 0- 2=$O 6O $+ $G$" $k $3$H $, J, $+$k!# C" $7 %8%’%M %l!< %?>p Js $r MQ$$ $k $H!"%T!< %/ $N 0LCV $O %8%’ %M%l!< %H CM$N 80GeV $K$h$j6a$$$b$N$K$J$k!# K\Mh$N!VI8=‘B,Dj 4o!W$N;WA[$O!"%H %i%C%/$H%/%i %9%?!<$r#1BP#1 $GBP1~IU$1$7 $h$&$H$$$&$b $N$G$"$k!#$3$N L\E*$N $?$a CDC $KBP $7$F $O 1mm $N Z 0L CVJ, 2rG= $r!" CAL $KBP $7$F $O Si-P ad $K$h $k @53N $J0L CVB, Dj $rMW 5a$7 $F$$ $k$,!" >e5- $N2r @O $K$* $$ $F$O $3 $N<j K! $O :NMQ $7 $F$$ $J $$!#>e 5- $N2r @O $K :]$7 $F MQ$$ $? %/%i %9 %?!<!&%H %i%C %/ %^%C%A %s %0$O B? BPB? %^%C%A %s %0!"$9 $J $o$A O" B3$7 $? J# ?t$N %/ %i%9 %?!< 72$K BP $7$F J# ?t $N%H %i%C %/$r BP 1~IU $1 $kJ} K! $G $"$k!# $3 $N$h $& $JJ}K! $r MQ$$ $F $b== J, $J<A NLJ, 2r G=$, F@ $i$l $k $3$H $+$i!" %/ %i%9 %? $N0L CV @:EY $K$D $$ $F$O $= $l$[ $I 87$7 $$MW 5a $r2] $9 I,MW$O$J$$2DG=@-$,$"$k!#$3$NE@$K$D$$$F$O:#8e$N8!F$2]Bj$G$"$k!# 0J>e $N $^ $H $a $H $7 $F!" ?^ 2.28 $K2r @O >r 7o $H #2 %8%’%C %H IT JQ <A NL J, 2r G= $H $N 4X 78 $r ?^ <( $7 $?!#%K%e!< %H %j %N %( %M %k %.!<!" CDC 1?F0NL!" CAL %( %M%k%.!<!"%H%i%C%/%/ %i%9%?%^%C%A%s%0 $9$Y$F$K%8%’%M %l!<%?>pJs$rMQ$$ $?$b$N$r2r@O >r7o #1$H $7!" $=$3 $+ $i0l $D $E$D %7 %_%e %l!<%7%g %s >pJs $K CV$- 49 $($F $$ $/ $K$7 $? $,$C$F <A NLJ, 2r G=$, $I $N $h$& $K 0-2= $7 $F$$ $/ $+ $r <( $7$? $b $N $G $" $k!# >r 7o 3 $+ $i 4 $G $N J,2r G= $N 0- 2= $, Bg $- $/!" CAL $N %( %M%k %.!< J, 2r G= $, ;Y G[ E* $G $"$k $3$H$,$o$+$k!# >e5-$NH?1~$K$* $$$F$ON3;R$O $9$Y$F#18D$N%R%C %0%9N3;R$K5/ 0x$9$k$?$a!":F 9=@.$K$*$$$F $ON3;R$N3dEv %(%i!<$,@8 $8$k $3$H $O $J$$!# $3 $l$K BP $7 $F e + e � ! W W $N $h$& $J H?1~ $K $* $$$F $O!" $I$N N3 ;R$r $I $A $i$N W N3 ;R$K 3d $j?6 $k $+ $H$$$& $h $&$J AH 9g$; $N LdBj $, @8$8 $k!# $3$N 1F 6A$r 3N $+$a $k $?$a W BP @8@. H? 1~$K $* $$$F!" N3 ;R$N 3d Ev$r JADE %8%’%C 142

?^ 2.25: ITJQ<ANLJ,2rG=$KBP$9$k%K%e!<%H%j%NMI$i$.$N1F6A!#:8?^$O%K%e!<%H%j%N%(%M%k%.!<$rJd@5$7$?$b$N!# ?^ 2.26: CDC $H CAL $NJ,2r G=$N<A NLJ,2r G=$X$N 4sM?!#:8 ?^$O CDC >pJs $r!"1&?^ $O CAL >pJs$r %8%’%M%l!< %?>pJs $GCV $-49$($F2r@O$7$?!# 143

?^ 2.27: CDC %H%i%C%/$H CAL %/%i%9%?$NBP1~IU$1$r%8%’%M%l!<%?>pJs$rMQ$$$F9T$C$?ITJQ<ANLJ,I[!# ?^ 2.28: e + e � ! Z H H?1~$K$*$1$k2r@O>r7o$H#2%8%’%C%HITJQ<ANLJ,2rG=$N4X78?^ 144

?^ 2.29: e + e � ! W W H?1~$K$*$1$k2r@O>r7o$H#2%8%’%C%HITJQ<ANL$N4X78?^!#:8?^$O%T!<%/$NI}$r!"1&?^$O%T!<%/$NLL@Q Hf$r%W%m%C%H$7$F$$$k!# %H%/ %i%9 %? %j%s %0 %" %k%4 %j %: %‘$K $h$C $F9T$C $? 2r @O$H!" %8%’ %M %l!<%? >p Js$r MQ $$ $F3d $j Ev$F $? 2r @O$N Hf 3S $r9T$C $?!# $=$N 7k2L $b 4^$a $? 2r@O $N $^ $H$a $r ?^ 2.29 $K <( $7$?!# W W BP @8@. H? 1~$N >l 9g <ANL J, I[$K $+ $J$j $N ?~ $,B8 :_ $9$k!# $3 $N $?$a <ANL J, I[$O #2 %, %&%9 %U%#%C %H $r9T$C $?!# :8?^ $O %U%#%C %H$N 7k 2L F@$i $l $?I} $r!" 1& ?^$O #2 $D$N %, %& %9$N LL @Q Hf$r <( $7$F$$ $k!# $3$N 7k 2L$+ $i 8m$C$? AH 9g$; $N 1F6A $OCf ?4 @.J, $N I}$h $j $b?~ $N %,%& %9 $NI} $d 6/EY $K Bg$- $/1F 6A $9$k $3 $H$, $o $+$k!#$^ $? J, I[$N Cf ?4It $N %T!<%/ $N I}$K $D $$$F $O Z H H? 1~ F1MM CAL $N %( %M%k %.!< J,2r G= $,;Y G[ E*$G $" $k$3 $H $,$o $+ $k!# 0J>e$N8! F$$+ $i$+$i $o$+$k $h$&$K !VI8=‘ B,Dj4o!W $K$*$$ $F$O<A NLJ, 2rG=$K $b$C$H$b 8z$$$F $$$k $N$O CAL $N%( %M%k %.!<J,2rG=$G$"$k!#$=$3$G CAL $N%(%M%k%.!<J,2rG=$H<ANLJ,2rG=$N4X78$r$b$&$9$3$7>\$7$/8!F$$9$k!# CAL $N%(%M%k%.!<J,2rG=$N1F6A <ANL J,2r G=$K BP $9$k CAL %( %M%k %.!< J,2r G=$N 1F 6A$r D4$Y $k $?$a!" CAL $N %O%I %m %s$K BP$9 $k %(%M %k%.!< J, 2rG= $N E}7W9‘$, 40% = p E !" 50% = p E !" 60% = p E !" 80% = p E $N>l9g$K$D$$$F%7%_%e%l!<%7%g%s$r9T$C$?!#MQ$$$?H?1~$O e + e � ! Z H ; Z ! � � � $G >r7o $O A09‘ $H F1 0l$G $" $k!#$^ $? 50 fb � 1 $N%k %_ %N%7 %F%#!< $K AjEv $9 $k 5000 ;v>] $r @8@. $7 $?!# F@$i $l $? #2 %8%’%C %H ITJQ <A NL $N J, I[ $r ?^ 2.30 $K <( $9!# ?^ 2.30 Cf $N <B @~ $O #2 %, %&%9 %U%#%C %H $N 7k 2L $G $" $k!#%U%#%C %H$NI} $= $N$b $N $O$[ $H $s$I 0l Dj$G $" $k$,!" J, 2rG= $, 0-2= $9 $k$K $D $l$F %F!< %k$N @. J,$, A} $($F $$ $/$3 $H $,$o $+ $k!#$3 $N %F!<%k$N 1F6A $r8+ $k $?$a!" ?^ 2.31 $N $h$& $K:F 9= @.$5 $l$? %T!<%/ $+$i N% $l$? $H$3 $m$K F1 0l7A >u$N %T!<%/ $,$" $k $H2> Dj$9 $k!#C" $7=E $M $i $l$? %T!< %/ $O$b $H $N %T!<%/ $K BP$7 $F %9 %‘!<%8 %s %0 $r9T$C $F $$ $k!#NY $N %T!< %/$N ?~ $+ $i$N 4s M? $r%P%C %/ %0%i%&%s%I!"%T!<%/$NItJ,$r%7%0%J%k$H8+Pv$7$F S= N $r7W;;$7$?$b$N$r?^ 2.32 $K<($7$?!# %T!<%/$,==J, ( � 4GeV) N%$l$F$$$k$H$-$K$O!"$O$J$O$@$7$/0-$/$J$$8B$j CAL $NJ,2rG=$O S/N Hf$K$O$[$H$s$I 1F 6A$r 5Z $\ $5 $J $$!# %T!< %/ $, @\ 6a $7 $F $$ $k ;~ $K $O ( � 3GeV) !" J, 2r G= $, 40% = p E $N ;~ $N S/N $O B> $N;~ $h $j $b $+ $J $j NI $/$J$C$F$$$k!#$?$@$7$3$l$,$I$N$/$i$$M-0U$G$"$k$+$rH=CG$9$k$?$a$K$O$h$j>\$7$$2r@O$,I,MW$G$"$k!# 0J>e$N7k2L$+$i!" CAL $N%(%M%k%.!<J,2rG=$KBP$7$F0J2<$N$h$&$JJ}?K$r:F3NG’$9$k!# 1) CAL $N%O%I%m%s%(%M%k%.!<J,2rG=$O 40% = p E $rL\;X$7$F R&D $r9T$&!# 2) 60% = p E $h$j0-$$J,2rG=$O5vMFHO0O30$G$"$k!# %O%I%m%s %(%M%k %.!<J,2r G=0J30 $K$b EM J, 2rG=$d %0%i%K%e %i%j%F%#!" e=� <1JL Ey8!F$ $9$Y$- 9‘L\$O B?$$ $,!"8=;~ E@$G $O$^$@6qBNE*$J7k2L$OF@$i$l$F$$$J$$!#:#8e0z$-B3$-8!F$$r2C$($F$$$/!# 145

?^ 2.30: CAL $N%(%M%k%.!<J,2rG=$rJQ$($?;~$N e + e � ! Z H H?1~$N#2%8%’%C%HITJQ<ANLJ,I[!# ?^ 2.31: #2%8%’%C %H<A NLJ, I[$r 6GeV 5Z $S 12GeV $:$i $7$F =E$M $?J, I[!#%P%C %/%0 %i%& %s%I $N1F 6A$r I>2A $9$k $N$KMQ$$$k!# 146

?^ 2.32: S/N Hf$N CAL %(%M%k%.!<J,2rG=0MB8@-!# 2.4.3 R&D $N7P2a 40% = p E $H$$ $&M% $l $?%O %I%m %s%( %M%k %.!< J,2r G=$O!" Jd=~ 7? $H8F $P$l $k9= @.$G $N $_C# @.2D G=$G $" $k!#$3 $l$O =E6b B0$H%W %i %9 %A%C%/ %7 %s%A %l!< %?$G 9= @.$5 $l $k%5 %s %W%j %s %0%+ %m %j%a!< %? $G$" $k $,!" $=$N =E 6bB0 $H 9=@. Hf $rE, @Z $K@_ Dj $9$k$3$H$K$h$j!"%O%I%m%s$KBP$7$F9b$$%(%M%k%.!<J,2rG=$rF@$i$l$k$h$&$K$7$?$b$N$G$"$k!#$3$N%?%$%W$N%+%m%j%a!< %?$O$3$l$^$G$b$$$/$D$+$N R&D $,9T$o$l$F$$$k$,!"$=$l$i$N7k2L$N0lCW$O$"$^$jNI$/$J$$ [10, 11, 12, 13, 14] !#Jd=~ 7?$N %+%m %j %a!<%? $r MQ $$$F L\ I8$H $9 $k %(%M %k %.!< J,2r G= $,C# @. $G $-$k $3 $H$r <B >Z $9$k $3 $H$O 6K $a $F=E MW $J R&D 9‘L\ $G$"$k!# I8=‘B,Dj4o$K$*$$ $F$O%O!<%a%F%#%7%F%#$r NI$/$9$k$?$a!"%+ %m%j%a!<%?A4BN$, 2 %F %9%i$N<’>lCf$K CV$+$l$k!#$3$N $?$a%7 %s %A%l!< %? $+$i $N 8w$r 6/ <’>l Cf $GB, Dj $9$k I, MW$, $" $k!#Jd =~ 7?$N %5 %s%W %j %s%0 %+ %m%j %a!< %?$O =P NO8w $, >/$J $$ $?$a PIN %@ %$%*!<%I Ey$O;H $($:!"%2 %$%s$N 9b$$8w 8!=P%G %P%$%9 $,I,MW $G$"$k!#$3 $N$h$& $J%G%P %$%9$r 3+H/$9 $k$3$H $b =EMW$J R&D 9‘L\$N0l$D$G$"$k!# 2f!9$N%0%k!<%W$G $O>e$N#2 E@$K=EE@$r CV$$$F R&D $r?J $a$F$-$F$$ $k!#$3$l$^ $G$N<g$J R&D $O0J 2<$N$h$&$K 9T$o $l$F$-$?!# � 1993 G/ %5 %s%I %$%C %A7? CAL !"%U%! %$ %P!<7? CAL !" PS B,Dj 4o!" Si B,Dj 4o $N%F %9%H %b %8%e!<%k $N@= :n $H%S!< %‘%F%9%H!# � 1994 G/ FMPMT, HPMT, V APD Ey$N8w8!=P4o$N6/<’>lCf$G$NF0:n%F%9%H!# � 1995 G/ Si B,Dj4o , :Y%5%s%W%j%s%0 EMCAL %F%9%H%b%8%e!<%k$N@=:n$H%S!<%‘%F%9%H!# � 1996 G/ 9bBQ 057? HPMT !"%^ %k%A%T %/%; %k HPMT $N<’ >lCf %F%9 %H!"5Z $SBg 7? HAD %F%9 %H%b %8%e!<%k$N @=:n $H%S!<%‘%F%9%H!# $3$l$i$N R&D $K$D$$$F0J2<$G>\$7$/=R$Y$k!# 147

2.4.4 %+%m%j!<%a!<%?!<$NJ,2rG=%F%9%H 35MW %O%I %m %s $, %+ %m %j %a!< %? $K F~ <M $7 $? ;~ $H EE ;R $, F~ <M $7 $? ;~ $G $O!" N> <T $N F~ <M %( %M %k %.!< $, F1 0l $G $"$C $? $H $7 $F $b %+%m %j%a!< %? $KM? $( $k %(%M %k %.!< $O%O %I %m%s $N J} $,>. $5 $$!# $3$l $O %O%I %m %s %7%c%o!< $K $*$$ $F $O!" 3KGK :U H? 1~$K $h$C $F3K $N7k 9g %(%M %k %.!<$N J, $@$1 %( %M %k%.!< $, >CHq $5 $l$k $3 $H$d Cf @- ;R$, %( %M%k %.!< $r$b$C $F F($2 $F $$ $/$3 $H $K$h $k!# %O%I%m %s%7%c %o!<$K $*$$ $F � 0 N3;R $,@8 @.$5 $l$k $H!"$3 $N � 0 N3;R $OEE <’%7%c %o!<$N 7A$G %+%m %j%a!< %?$K %(%M %k%.!< $r M?$( $k!#$3 $N $? $a%O %I %m %s%7%c %o!< $N B,Dj %( %M%k %.!< $O $=$N J, $@ $19b %( %M %k%.!< B& $K %F!<%k $r $R $/$3 $H $K $J$k!# %7%c %o!<H/ C# $N =i 4| $N CJ 3, $G $N � 0 N3 ;R $N @8 @. $N $U $i $D $- $O %7%c %o!< A4 BN $N %( %M %k %.!< $K Bg $- $J $U $i $D $- $r $R $- $* $3 $9!# =>$C$F F1$8 %( %M %k%.!< $N =c %O%I %m %s %7%c%o!< $H EE<’ %7%c %o!< $,F1 $8 %( %M%k %.!< $r %+%m %j %a!< %?$K M? $( $k$h $& $K $7$F $* $1$P!" � 0 @8@.$N $U$i$D$-$,%(%M %k%.!<B,Dj$N$U $i$D$-$r0z$-5/ $3$5$J$$$h$& $K$G$-$k!#$3$l$, Jd=~7?$N4pK\ ;WA[$G$" $k!# EM $H%O%I%m%s$KBP$9$k1~Ez$rB7$($k$K$O0J2<$NMM$JJ}K!$,$"$k!# � %7%c%o!<H/@8:‘$K1tEy$N=E85AG$rMQ$$$k$3$H$K$h$j!"3KH?1~$G$N%(%M%k%.!<>CHq$r8:$i$9!# � B,Dj:‘$K %W%i%9%A%C%/%7%s%A%l!<%?Ey $N?eAG86;R$rB?NL$K4^$‘ :‘<A$rMQ$$$k$3$H$K$h$j!" Cf@-;R$N%(%M%k%.!<$r F($,$5$J$$$h$&$K$9$k!# � %7%c%o!<H/@8:‘$NHfN($rA}$d$7$FEE<’%7%c%o!<$,B,Dj:‘$KM?$($k%(%M%k%.!<$r8:$i$9!# Jd=~ 7?$H $7 $FF0 :n $5 $;$k $K $O!":G 8e $N 9‘L\ $N 9= @.Hf N( $r$I $N $h $&$K @_ Dj$9 $k $N $,NI $$ $+!"$H $$ $& $N$, R&D $N =E MW$J %]%$%s%H$K$J$k!# 1t$H%W%i%9%A%C%/%7%s%A%l!<%?$+$i9=@.$5$l$k%5%s%W%j%s%0%+%m%j%a!<%?$K$O!"BgJL$7$F%5%s%I%$%C%A7? ( 0J2< SW $HN, ) $H%7 %s%A %U%!%$ %P!<7? (SF $HN, ) $H$, $"$k!# SF 7? $NJ}$, %5%s %W%j%s %0$, :Y$+$/ $G$- $k$? $a@-G= E*$K $OM%$l $F$$ $k$,!"@=:n$KMW$9$k%3%9%H$H<j4V$,KDBg$G$"$k!#$3$N$?$a>WFM7?<B83$NB,Dj4o$K$O$[$H$s$I SW 7?$,;H$o$l$F$$$k!# $3$N SW 7?$K$*$$$F $O!"%W%i%9%A%C %/%7%s%A%l!< %?$+$i$N8w $OGHD9JQ49 :‘ (WLS) $rMQ$$$FFI $_$@$9$N $,0lHLE*$G $"$k!#$3$N WLS $NG[CV$K$h$C$F$5$i$K$$$/$D$+$N<oN‘$KJ,$1$i$l$k!# CDF B,Dj 4o$N%P %l%k %+%m%j %a!<%? $d ZEUS B,Dj4o $K$*$$ $F$O!" %7%s%A %l!<%? $NB&LL $K WLS $NHD$d K@$r G[CV$7 $F 8w$r FI$_ $@ $7 $F $$$k!# $3 $N J} <0$O @= :n $,MF 0W $G %3 %9%H $b 0B $$$,!" WLS $N Av $k NN 0h$, %l %9 %] %s%9 $N FC 0[E@ $K $J $j $d$9 $$$H$$$&7gE@$,$"$k!#$3$l$KBP$7$F SDC 7?!" CDF-plug/CMS 7?!"%7%c%7%e%j%C%/7?Ey$OFI$_$@$7$K WLS $N%U%!%$ %P!<$rMQ$$$F$$$k!#$3$NJ}<0$G$O%l%9%]%s%9$NFC0[E@$O$G$-$K$/$$$,!"@=:n$N<j4V$d%3%9%H$O$+$J$jBg$J$b$N$K$J$k!# 2f!9$N %0 %k!<%W $G $O R&D $r ;O$a $k $K $"$? $j!" :G $b<j 4V $H %3%9 %H $N$+ $+ $i $J$$ ZEUS 7? $N SW %+ %m %j%a!< %? $H!" :G$b@-G=$,M%$l$F $$$k SF 7?$N%F%9%H %b%8%e!<%k$r@=:n $7$F%F%9%H $r9T$&$3$H$K $7$?!#C"$7 SF 7?$O%3 %9%H$,$+$+ $k$? $a#1%b %8%e!<%k $N$_ @=:n $7$?!# $^ $?I8 =‘B, Dj4o $r0l BN$H $7$F %F %9%H $9$k $?$a!" PS B, Dj4o $H Si B,Dj 4o$b @=:n $7 $?!#$3 $l$K$D$$$F$O<!$N9‘$G>\$7$/=R$Y$k!# Jd=~ 7? $N SW 7? EMCAL $K$* $$ $F 15% = p E $H$$ $& %( %M%k %.!< J,2r G= $r <B8= $9 $k$? $a $K $O!"%7 %s %A%l!< %? $N 8|$5 $O 1mm 0J 2< $G $" $k I, MW $, $" $k!# $3 $N $h $& $K Gv $$ %7 %s %A %l!< %? $r MQ $$ $? CAL $O $[ $H $s $I %F %9 %H $5 $l $? $3 $H $, $J $+$C $?!#$3 $N Hs >o $K Gv $$ %7 %s %A %l!< %? $r MQ $$ $? EMCAL $N <B 8= 2D G= @- $r D4 $Y $k $? $a!" ’95 G/ $K $O 4mm 8| $N 1t $H 1mm 8| $N%7%s%A%l!< %?$rMQ$$ $? EMCAL %F%9%H %b%8%e!<%k $r@=:n$7!" %S!<%‘%F %9%H$r 9T$C$?!#$3$N 7k2L$K $D$$$F$b 8e$N%; %/ %7%g%s$G>\$7$/=R$Y$k!# $3$l$i$N%F%9%H$N7k2L$rF’$^$(!" ’96 G/EY$O$h$jBg5,LO$J%O%I%m%s%F%9%H%b%8%e!<%k$r@=:n$7!"%S!<%‘%F%9%H$r9T$C $?!#$^$?$5$i$K2~B$$r2C$(!" ’97 G/EY$b0z$-B3$-%F%9%H$r9T$&M=Dj$G$"$k!#$3$l$K$D$$$F$b8e=R$9$k!# %F%9%H%b%8%e!<%k ’93 I8=‘B,Dj4o$N CAL $r9=@.$9$k%W%j%7%c%o!<!"%7%j%3%s%Q%C%I$r4^$a$? CAL A4BN$N R&D $r%9%?!<%H$5$;$k$?$a!" ’92 G/$+$i%F%9%H%b%8%e!<%k$N@_7W$r3+;O$7!" ’93 G/$K@=:n!"%S!<%‘%F%9%H$r9T$C$?!# CAL K\BN$H$7$F$O SF 7?#1%b%8%e!< %k$H SW 7?#4%b%8%e!<%k$r@=:n$7$?!#3F%3%s%]!<%M%s%H$N%G%6%$%s$O0J2<$NMM$K$J$C$F$$$k!# 148

?^ 2.33: %W%j%7%c%o!<B,Dj4o$N9=B$?^!# ?^ 2.34: %7%j%3%s%Q%C%I%\!<%I 1 Kg$N354Q?^!# %W%j%7%c%o!<B,Dj4o$N9=B$$O?^ 2.33 $NMM$K$J$C$F$$$k!# PS B,Dj4o$O 4mm 8|$N1t (4%Sb) $H 1mm 8|$N%W%i%9%A%C %/%7%s %A%l!< %? (BC404) $r 6 AX $E$D 8r8_ $K @QAX $7$? SW 7? $G!"8w $O B&LL $KCV $+$l $? 2 Kg $N WLS HD (Y-11) $G=8 8w$5 $l$k!# WLS HD $NN> C< $K$O PMT $, <h $jIU $1 $i$l!" 8w $O7W 4 K\ $N PMT $G FI$_ $@ $5 $l$k!# Bg $-$5 $O 20cm � 20cm $G 8| $5$O 4.3X 0 $G$"$k!# CAL K\BN$N>pJs$H$"$o$;$F e=� <1JL$r9T$&!# %7%j%3%s%Q%C%IB,Dj4o$O?^ 2.34 $NMM$J%\!<%I ( IM>>%[%H%K%/%9@= ) $r?^ 2.35 $NMM$KJB$Y$?$b$N$G$"$k!# 1 Kg$N Si %\!< %I$K$O 6 8D$N%Q%C%I$,:\$C$F$$$k!# 1 8D$N%Q%C%I$NBg$-$5$O 10 mm � 15 mm $G!"%7%j%3%s$N8|$5$O 300 � m $G$"$k!# $3$N%\!<%I$r Si %Q%C%I$K7d4V$,=PMh$J$$$h$&$K 6 � 6 KgJB$Y!" 18 cm � 18 cm $N%f%K%C%H$r9=@.$7$F$$$k!# %7%j%3%s%Q%C%IB,Dj4o$O%W%j%7%c%o!<B,Dj4o$N8e$m$KCV$+$l!" e=� <1JL$H%7%c%o!<0LCV$N9b@:EYB,Dj$r9T$&!# SW %b%8%e!<%k$O 10 mm 8|$N1t HD (4%Sb) $H 2.5 mm 8|$N %W%i%9%A%C%/%7%s %A%l!<%? (SCSN-38) $r 80 AX$E$D8r 8_$K@Q AX $7$? $b $N$G!" ?^ 2.36 $N MM $J9= B$$r $7 $F$$ $k!# Bg$- $5 $O 20cm � 40cm !" 8|$5 $O Ls 4.8 � 0 $G$" $k!#%7 %s %A%l!< %? $N8w$ON>B&LL$KCV$+$l$? 2 Kg$N WLS HD$G=88w$5$l$k!#3F!9$N WLS HD$N0lC<$K$O PMT $,<h$jIU$1$i$l$F$$$k!# SF 7?%b%8%e!<%k$O!" 1 mm � $N%7%s%A%l!<%F%#%s%0%U%!%$%P!< (SCSF-38) $r9B$r7!$C$?1tHD$KKd$a9~$s$@$b$N$G!" ?^ 2.37 $NMM $J 7A>u $r $7$F $$ $k!#1t $H %7 %s%A $N HfN( $O BN@Q Hf $G 4:1 $K$J$C $F $$$k!# Bg $-$5 $O 20cm � 20cm � 130cm $G!" Ls 6.2 � 0 $N8|$5$KAjEv$9$k!#%U%!%$%P!<$O 4 � 4 $N%;%0%a%s%H$r:n$k$h$&$KB+$M$i$l$F PMT $K@\Ce$5$l$F$$$k!# $3$l $i $N %b %8%e!< %k $N %S!< %‘%F %9 %H $O KEK-PS $N � 2 %S!< %‘%i %$ %s $G 9T $o $l $?!# MQ $$$? %S!< %‘ $O 1 � 4 GeV $N e � 5Z$S � � %S!< %‘$G$"$k!#%;%C%H %"%C%W$N35N, $r?^ 2.38 $K<( $9!#%S!<%‘$O 2 Bf$N %,%9%A%’%l%s %3%U%+%&%s %?!<$H 4 LL $N%I%j%U%H%A%’%s%P!<!" 2 LL$N%H%j%,%+%&%s%?!<$rDL$7$F%F%9%H%b%8%e!<%k$KF~<M$5$l$k!# %F%9%H%b%8%e!<%k$O PS B,Dj4o!" Si B,Dj4o!" CAL B,Dj4o$N=g$KCV$+$l$F$$$k!# CAL B,Dj4o$NG[CV$O!" SF %b%8%e!< 149

?^ 2.35: %7%j%3%s%Q%C%IB,Dj4o$NA4BNG[CV!# ?^ 2.36: %5%s%I%$%C%A7?%b%8%e!<%k$N9=B$!# 150

?^ 2.37: %7%s%A%l!<%7%g%s%U%!%$%P!<7?%b%8%e!<%k$N354Q!# %k$N%F %9 %H$N ;~$O ?^ 2.38 $NMM $KCV $+ $l$k!# SW %b %8%e!<%k $N %F%9 %H $N;~ $K$O SF %b %8%e!< %k$, 6y$K Mh $k$h $&$K AH $_BX $($i$l $k!# %F%9 %H%b %8%e!<%k A4 BN$O 2MBf $N >e$K :\$C$F $* $j!" x J}8~!" y J} 8~$N J? 9T0\ F0$H ?e J?LL Fb$G $N y <4 2s$j $N2s E>$,=PMh$k$h$&$K$J$C$F$$$k!#%b%8%e!<%kA4BN$N=ENL$OLs 3.5t $G$"$k!# B, Dj 9‘ L\ $O %( %M %k %.!< J, 2r G=!" e=� <1 JL!" e=� =P NO Hf 5Z $S 8w NL $G $" $k!# 0J 2< $= $l $i $N 7k 2L $K $D $$ $F =R $Y $k!# SF %b%8%e!<%k$N7k2L$K$D$$$F$O [14] $K!"$^$? Si B,Dj4o$N7k2L$K$D$$$F$O [15] $K>\$7$/Js9p$5$l$F$$$k!# %(%M%k%.!<J,2rG= SF %b %8%e!< %k$N EE ;R $K BP $9 $k%( %M %k %.!< J, 2r G=$r ?^ 2.39 $K <( $9!#EE ;R $N F~ <M 3Q$O 3 � $G $" $k!# A ?^ $O PS B, Dj 4o $,L5 $$ >l 9g$N J, 2r G= $N F~ <M %(%M %k %.!< 0M B8 @- $G!" B ?^ $O PS B,Dj 4o $, SF %b %8%e!< %k $N A0 $KCV $+ $l $? ;~ $N J, 2rG= $G $" $k!#?^Cf$N9u 4]$O<B 83%G!<%? $G<B@~ $O$=$N %U%#%C%H%+!< %V$G$"$k!# $^$?Gr $$;M3Q $O GEANT $K$h$k %7%_%e%l!< %7%g%s $N7k2L$G!"E@@~$O$=$N%U%#%C%H$G$"$k!#%U%#%C%H$N7k2L!"<B83$GF@$i$l$?%(%M%k%.!<J,2rG=$O2<$N<0$NMM$KI=$5$l$k!# � E E = (14 : 4 � 0 : 3) % p E (GeV) � (0 : 0 � 1 : 4) % PS B,Dj4o$J$7$N>l9g ; = (14 : 7 � 0 : 4) % p E (GeV) � (0 : 0 � 1 : 8) % PS B,Dj4o$"$j$N>l9g ; $3$3$G � $O#2 >hOB $rI= $9!#%7%_%e %l!<%7%g %s$H<B 83$N 0lCW $ONI$$!# $^$? $3$N J,2rG= $OI8 =‘B,Dj 4o$K 2]$; $i$l$? J,2r G= $rK~$?$7$F$$$k!# SF %b %8%e!< %k $N � F~ <M $K BP $9 $k %( %M %k %.!< J, 2r G= $r ?^ 2.40 $K <( $7 $?!# F~ <M 3Q $O 0 � $G $" $k!# >e ?^ $O PS B, Dj 4o $, L5$$;~!" 2<?^$O PS B, Dj4o $,$" $k;~ $NJ, 2rG= $G$" $k!#9u 4]$H <B@~$O <B83 %G!<%?!" Gr;M 3Q$H E@@~ $O GEANT %7%_%e %l!< %7%g%s$N7k2L$G$"$k!#F@$i$l$?J,2rG=$O2<$N<0$NMM$KI=$5$l$k!# � E E = (38 : 1 � 1 : 3) % p E (GeV) � (11 : 6 � 1 : 4) % PS B,Dj4o$J$7$N>l9g ; 151

?^ 2.38: %S!<%‘%F%9%H$N%;%C%H%"%C%W!# 152

?^ 2.39: SF %b%8%e!<%k$N EM %(%M%k%.!<J,2rG=!#9u4]$,B,Dj%G!<%?$G$"$k!# ?^ 2.40: SF %b%8%e!<%k$N%O%I%m%s%(%M%k%.!<J,2rG=!#9u4]$,B,Dj%G!<%?!# 153

?^ 2.41: SW %b%8%e!<%k$N%(%M%k%.!<J,2rG=!#:8?^$O EM $KBP$9$k!"1&?^$O%O%I%m%s$KBP$9$kJ,2rG=!# � E E = (37 : 2 � 1 : 6) % p E (GeV) � (15 : 8 � 1 : 4) % PS B,Dj4o$"$j$N>l9g ; � $KBP$9$k%( %M%k%.!<J,2rG=$NDj?t9‘$,Hs >o$KBg$-$$$N$O!"%7%c%o!<$N$b$l $N$?$a$G$"$k!# 60cm � 60cm � 5 � 0 $N%+%m %j%a!<%?$K$*$$$F$O2#J}8~$K 5% !"=DJ}8~$K 3% $N$b$l$,$"$k$H$5$l$F$$$k [16, 17] !# PS B,Dj4o$,A0$KCV$+$l$?;~$N SW %b%8%e!<%k$NEE;R$H � $KBP$9$k%(%M%k%.!<J,2rG=$r?^ 2.41 $K<($7$?!#?^Cf$N D> @~$O%U%#%C%H$N7k2L$G!"0J2<$N$h$&$J<0$GI=$5$l$k!# � E =E ( e ) = 24 : 0% = p E + 1 : 2% � E =E ( � ) = 41 : 9% = p E + 7 : 7% $3$N>l9g$b%7%c%o!<$N$b$l$N$?$a � $KBP$7$FBg$-$JDj?t9‘$,@8$8$F$$$k!# e=� <1JL PS B, Dj4o $H SF %b%8%e!< %k $rMQ $$$? e=� <1 JL$N 7k2L $r ?^ 2.42 $K <($7 $?!# PS B, Dj4o $O$= $N =PNO $N Bg$- $5$G!" $^ $? SF %b%8%e!<%k$O%7%c%o!<$N2#J}8~$N9-$,$j$G e $H � $rJ,$1$F$$$k!# SF %b%8%e!<%k$N C %Q%i%a%? (Containmen t) $O!"A4 CAL %b%8%e!<%k$N%(%M%k%.!<OB$KBP$9$kF~<MCf?4 9 %;%0%a%s %H$N 3d 9g $G $" $k!# $^ $? S %Q %i %a %? (Spread) $O 3F %b %8%e!< %k $K M? $( $i $l $? %( %M %k %.!< $r F~ <M Cf ?4 $+ $i $N 5w N% $N =E $_ $r $D$1 $F B- $7 $" $2!" A4 %(%M %k %.!< $G 3d$C $? $b $N $G $" $k!# C %Q %i %a%? $r MQ $$ $k $H!" e $K BP $9 $k B, Dj 8z N( $, 98% $N;~ � $r 1/118 $K =| 5n $G $- $k!#$^ $? S %Q %i %a %? $r MQ $$ $k $H e $N 8z N( $, 98% $N ;~ � $r 1/202 $K =| 5n $G $- $k$H $$ $& 7k 2L $, F@ $i $l $F$$$k!# Si B,Dj4o$rMQ$$$?;~$N e=� <1JL$N7k2L$r?^ 2.43 $K<($7$?!#:8?^$O 3 GeV $NN3;R$,F~<M$7$? ;~$NA4%7%j%3%s%Q%C%I $+$i $N ADC =PNO $N OB$r %W %m%C%H $7 $? $b$N $G $"$k!# e $K BP $9 $k1~ Ez $H � $K BP $9$k 1~ Ez$N 0c $$ $,$O$C $- $j$H $o $+$k!# $3 $NJ,I[$K %+%C%H $rF~ $l$? ;~$N e $H � $KBP $9$k%+%C %H$N DL2a N($r %W%m%C%H $7$? $b$N $,?^ 2.43 $N1& ?^$G $"$k!#F~ <M%( %M%k %.!<$, 3 GeV $N;~ e $N8!=P8zN($O 96.4% $G!"$3$N;~ � $rLs 1/10 $K=|5n$G$-$k$H$$$&7k2L$,F@$i$l$F$$$k!# B,Dj8wNL SW %b%8%e!<%k$K e $,F~<M$7$?;~$NB,Dj8wEE;R?t$r?^ 2.44 $K<($7$?!#%b%8%e!<%k$K$h$j<c43$N$P$i$D$-$O$"$k$,!" J?6Q 150 8wEE;R /GeV $G$" $k!#8e=R$N$h $&$K e $KBP$9$k=P NO$H � $K BP$9$k=PNO$O $[$\Ey$7$$ $N$G!"%O%I%m%s %7%c%o!< $KBP$7$F$b$[$\F1$88wEE;R=PNO$,F@$i$l$k!#$3$NCM$OL\I8$H$9$k%O%I%m%s%(%M%k%.!<J,2rG=$N 40 : 0% = p E $r 40 : 8% = p E $K0-2=$5$;$kDxEY$N1F6A$r$b$D!#L5;k$G$-$kDx>.$5$$1F6A$G$O$J$/2~A1$,5a$a$i$l$k$,!"?<9o$JLdBj$H$O$J$i$J$$!# 154

?^ 2.42: PS B, Dj 4o$H SF %b %8%e!<%k $r MQ$$ $? e=� <1 JL!# A ?^$O PS B, Dj 4o$N e $K BP$9 $k =PNO $G!" B ?^$O PS B, Dj 4o$N � $KBP$9$k=PNO$G$"$k!# C ?^$H D ?^$O$=$l$>$l PS B,Dj4o=PNO$H SF %b%8%e!<%k$N C %Q%i%a%?!" S %Q%i%a%?$H$N#2<!85%W%m%C %H$G$"$k!##43Q$NCf$r e $H$7$FA*$S$@$9!# ?^ 2.43: Si B,Dj4o$N e $H � $KBP$9$k=PNOJ,I[ ( :8?^ ) $H e=� <1JLG=NO ( 1&?^ ) !# 155

?^ 2.44: SW %b%8%e!<%k$GB,Dj$5$l$?8wEE;R?t ( :8?^ ) $H PS B,Dj4o$r � $,DL2a$7$?;~$N8wEE;R?t ( 1&?^ ) !# PS B,Dj4o$r � $,DL2a$7$?;~$N8wEE;R?t $b?^ 2.44 $K<($7$?!#Gr 4]$OA4$F$N � %$%Y %s%H$K$D$$$F5a$a$?$b$N$G$" $k!# $^$?Gr3Q$O PS B, Dj4o $H CAL K\BN$N =PNO$r MQ$$$F!" PS B, Dj4o$G %7%c%o!<$, 5/$-$? %$%Y%s %H$r=| 5n$7$? %5%s%W %k$K$D $$$F5a$a$? $b$N$G $"$k!#:G >.EEN% N3;R (MIP) $,DL 2a$7$? ;~!"J?6Q 32 8wEE;R /MIP/6 AX $N8wEE ;R$,B, Dj$5$l $?!#$3$l $r 1 Kg $N%7 %s%A%l!< %?Ev $?$j $K49 ;;$9 $k$H!" 5.3 8wEE;R /MIP/lay er $G $"$k $3$H$, $o$+ $k!#$3 $l$r 1 mm %7 %s%A %l!< %?$rMQ$$$?Jd=~7?$N EMCAL $K 49;;$9$k$H!" 660 8wEE;R /GeV $H$$$& CM$,F@$i$l $k!#$3$l$O 15 : 0% = p E $NJ,2rG=$r 15 : 5% = p E $K0-2=$5$;$kDxEY$N1F6A$r$b$D!# <B:] $N EMCAL $N =8 8w 8z N( $O PS B, Dj 4o $h $j $b 0- $$ $H ;W $o $l$k $N $G!" <B :] $K %b %8%e!< %k $r $D $/$C $F $N R&D $, I, MW$G$"$k!#$3$l$K$D$$$F$O<!9‘$G=R$Y$k!# e=� =PNOHf e F~<M$GB,Dj$5$l$?%(%M%k %.!<$H � F~<M$GB,Dj$5$l$? %(%M%k%.!<$NHf$+$i e=� =P NOHf$r7W;;$9$k$3$H$,$G$-$k!#@h $K=R$Y$? MM$K � F~<M $N;~$K $O%7%c %o!<$N$b $l$, $"$k $N$G!"$= $l$r Jd@5$9 $kI, MW$, $"$k!#$= $N7k 2LJd@5 8e$N e=� =PNO Hf $H$7$F!" e=� ( S W ) = 1 : 01 e=� ( S F ) = 1 : 19 $H$$$&CM$rF@$?!#$3$3$GB,Dj8m:9$OL5;k$G$-$kDx>.$5$/!"$3$NCM$N8m:9$O40A4$K$b$l$NJd@5$N8m:9$G;YG[$5$l$F$$$k!# $3$N8m:9 $rDj NLE*$K I>2A $9$k$3 $H$O Fq$7$$ $,!" +5% $NJd @5$, +10% $G$"$C $F$b IT;W5D $OL5 $$$H;W $($P � 0.05 Dx EY$N 8m:9$O$"$j$&$k!# 0lHL$K%5%s %W%j%s%0 $,:Y$+$$ Dx!"Dc%(%M %k%.!<$N e $d $, %7%s%A %l!<%?$GB, Dj$5$l$d $9$/$J$k!# SF %b %8%e!<%k$N J}$, e=� Hf$,Bg$-$$$N$O$3$N1F6A$b0l0x$K $J$C$F$$$k$H;W$o$l$k!#B>$N R&D $N7k2L$r8+$k$H!" ZEUS-T36 $N %0%k!< %W$G $O 1.15[11] !" INS %0 %k!< %W $G$O 1.20[12] !" SP A CAL %0 %k!< %W $G $O 1.10[10] $H $$ $& e=� Hf $r F@ $F $$ $k!# $3 $N$h $& $K e=� Hf$OB,DjCM$,$P$i$D$$$F$*$j!"$5$i$K7OE}E*$J R&D $,I,MW$G$"$k!# %F%9%H%b%8%e!<%k ’95 ’93 G/ $N PS B, Dj 4o $N 7k 2L $+ $i!" 1 mm 8| $N %7 %s %A %l!< %? $r MQ $$ $F $b $+ $J $j $N 8w EE ;R ?t $, F@ $i $l $k $3 $H $, $o $+$C $?!#$7$+$7 PS B, Dj4o $O 4 K\$N PMT $G8w $rFI $‘$J$I!" <B:] $N EMCAL $h$j$b $+$J $j9b$$ =88w 8zN($r $b$D $H9M$( $i$l $k!#$3$N$?$a 1 mm 8|$N%7%s%A%l!<%?$rMQ$$$?Jd=~7? $N EMCAL %F%9%H%b%8%e!<%k$r@=:n$7$F%S!<%‘%F%9 %H$r9T$$!" 8wEE;R?t$rB,Dj$7$?!# 156

?^ 2.45: ’95 G/%S!< %‘%F%9%H$N %;%C%H%"%C%W!# PS B,Dj 4o!" Si B,Dj4o!":Y%5 %s%W%j%s%0 EMCAL $r AH$_9g$o$;$F %F%9%H$7 $?!# @=:n$7$? EMCAL $O?^ 2.36 $HF1$8$h$&$J9=B$$r$b$D SW 7?$N%b%8%e!<%k$G$"$k!#Bg$-$5$O 20cm � 20cm $G!" 4 mm 8|$N1t HD (4%Sb) $H 1 mm 8|$N %W%i %9%A%C %/%7 %s%A %l!<%? (BC404) $r 35 AX $E$D 8r8_ $K@Q AX$7 $F 25 X 0 $N 8|$_ $H$7 $F $"$k!# 8w $O N> B& LL $K CV $+ $l $? WLS(Y-11) $N HD $G FI$_ $@ $5 $l $k!# 3F WLS $N HD $N #1 C< $K $O PMT $, <h $j IU $1 $i $l $F $$ $k!# ’93 G/$N Si B,Dj4o$O %N%$%:%l%Y%k$, 9b$/!"%*%Z%l!<%7%g%s$K $+$J$j$N?@7P$r ;H$C$?!#$=$3$G<g$K%N %$%:BP:v$r;\$7 $? Si B,Dj4o$r:F@=:n$7!" EMCAL $H$H$b$K%S!<%‘%F%9%H$r9T$C$?!# %S!<%‘ %F %9 %H $O ’93 G/ F1 MM KEK-PS $N � 2 %S!< %‘ %i %$ %s $G 9T$C $?!# F~ <M N3 ;R $O e � $H � � $G!" F~ <M %( %M %k %.!< $O 1 � 4 GeV $G$"$k!#%S!<%‘%F%9%H$N%;%C%H%"%C%W$O?^ 2.45 $N$h$&$K$J$C$F$$$k!#1t%,%i%9$O%S!<%‘$N?GCGMQ$G$"$k!# B,Dj$5$l$? e $KBP$9$k%(%M%k%.!<J,2rG=$r?^ 2.46 $K<($9!#F@$i$l$?J,2rG=$r%U%#%C%H$7$?7k2L$O � E =E = 15 : 4% = p E + 0 : 2% (2 : 7) $HI= $5 $l $k!# $^ $? B, Dj $5 $l $? 8w EE ;R ?t $b ?^ 2.46 $K <( $7 $?!# e F~ <M $K BP $7 $F J? 6Q 680 8w EE ;R /GeV $N 8w EE ;R ?t $, B, Dj $5$l $?!# $3$N CM $O ’93 G/ $N %F %9 %H$N 7k 2L $+ $i ?dDj $5 $l $? CM$H NI $/ 0l CW$7 $F $$ $k!# � F~ <M $K BP $9$k 8w EE ;R ?t$O!" � $, :G >.EEN% $G4S DL $7$? $H$7 $F7W ;;$7 $? CM$r %W%m%C %H$7 $F $"$k!# � $KBP $9$k 8wEE ;R ?t$, e $, F~<M $7$? ;~ $KHf $Y<c 43Bg $-$$ $N $O!" � $, EMCAL $NCf$G%7%c%o!<$r0z$-5/$3$7$?;v>]$,:.$8$C$F$$$k$?$a$H9M$($i$l$k!# $3$l$i $N7k2L $+$i!" 1 mm 8|$N%W %i%9%A%C %/%7 %s%A%l!< %?$r MQ$$$? Jd=~7? $N EMCAL $O== J,<B8= 2DG= $G$"$j!" 8w NL!"J,2rG=$H$b$K$[$\I8=‘B,Dj4o$KMW@A$5$l$k@-G=$rK~$?$9$3$H$,$G$-$k$3$H$,$o$+$C$?!# %F%9%H%b%8%e!<%k ’96 ’93 %F%9 %H%b %8%e!<%k $O$= $NBg $-$5 $,%O %I%m %s%7%c %o!<$r JD$8 9~$a $k$K $OIT ==J, $G$"$C $?!#$3 $N$? $aF@ $i$l $?J, 2r G=$K$OBg$- $JDj?t 9‘$,@8 $8$F$$ $?!#B>$N %0%k!<%W $K$h$k R&D[11, 12] $K$* $$$F$b %b%8%e!<%k $NBg$- $5$OF1 $8$h$& $J$b $N$G$" $j!"$3 $N$? $a8_ $$$N e=� Hf$N IT0l CW$K $D$$ $F$b 3NDj E*$J 7kO@ $r2< $9 $3$H $,=P Mh$J $$!#$3 $NLd Bj$r 2r7h $9$k $K$O %7%c%o!< $N$b $l $,L5 ;k $G $-$k 0L Bg$- $J %F%9 %H %b %8%e!<%k $r @=:n $7!" ?. MjEY $N 9b$$ %G!< %? $rB, Dj $9$k $3 $H$, IT 2D 7g$G $" $k!# $3$N $h $& $J 4Q E@ $+$i ?7 %F %9 %H %b %8%e!< %k $N7W 2h $r ?J $a!" ’95 G/ $+ $i %G %6 %$ %s $r %9%?!< %H $5 $;!" ’96 G/EY $= $N @= :n $r 9T$C$?!#$3 $N%b %8%e!< %k$O %O%I %m %s%7%c %o!<$K $D $$$F $=$N @5 3N$J Jd=~ E@ $rC5 $j!"%( %M%k %.!< J,2r G=$r $d e=� Hf $r @:EY NI$/5a$a$k$3$H$rBh0l$NL\E*$KCV$$$F$$$k!#$3$N$?$a!"0J2<$NMM$J>r7o$N$b$H$G%G%6%$%s$r9T$C$?!# � %O%I%m%s%7%c%o!<$rJD$89~$a$k$K==J,$JBg$-$5$r;}$D$3$H!# � Jd=~E@$rC5$9$?$a!"1t$H%7%s%A%l!<%?$NHfN($r:Y$+$/JQ$($i$l$k$3$H!# 157

?^ 2.46: EMCAL $K e $,F~<M$7$?$H$-$N%(%M%k%.!<J,2rG= ( :8?^ ) 5Z$SB,Dj8wEE;R?t ( 1&?^ ) !# � %l%9%]%s%9$NFC0[E@$r;}$?$J$$9=B$$K$9$k$3$H!# CDF-plug $N2~NI$d CMS B,Dj4o$N R&D Ey!"FI$_$@$7$K WLS %U%!%$%P!<$rMQ$$$k7?$N%+%m%j%a!<%?$K$* $$$F$O5^B. $J?JE8$,8+$i$l$k!# SW 7?$H SF 7?$K $D$$$F$O ’93 G/ $K4{$K%F%9%H$7 $F$$$k$3$H$+$i!" :#2s$N%F%9%H%b %8%e!<%k$OJd=~ E@$r8+IU$1$@$7$?8e$G WLS %U%!%$%P!<7?$K2~B$$9$k$3$H$,=PMh$k$h$&$J%G%6%$%s$K$9$k$3$H$b>r7o$N#1$D$H$7$?!# %O%I%m%s%7%c%o!<$N=DJ}8~5Z$S2#J}8~$N6u4VE*9-$,$j$O?^ 2.47 5Z$S?^ 2.48 $N$h$&$K$J$C$F$$$k!#$3$l$+$i%7%c%o!< $N 99% 0J >e $N JD $8 9~ $a $r C#@. $9 $k $? $a $K $O!" 2# J} 8~ $K $O 1m � 1m 0J >e!"=D J} 8~ $K $O 7 � 0 0J >e $N Bg $-$5 $, I, MW $J $3 $H $,$o$+$k!#$7$+$7$J$, $i$3$NBg$-$5 $N%F%9%H%b%8%e!< %k$r ’96 G/EY $G40@.$9$k$K $OM=;;E*$KIT B-$G$"$k$?$a!"=L >.$7$? 7A$G@= :n$7 $?!#2# J}8~ $NBg $-$5 $O8e $GBg $-$/ $9$k $3$H $,:$ Fq$G $"$k $?$a!" 1m � 1m $N Bg$- $5$G :n$k $3$H $H$7 $?!# =DJ} 8~$N 8| $_ $O ’93 G/ $N SW %b %8%e!< %k $r 8eJ} $K %P%C %/ %"%C %W %+ %m %j%a!< %? $H $7 $F CV $/ $3$H $G 2 � 0 $r 3NJ] $7!" %b %8%e!< %k K\BN$N8|$5$O 5 � 0 $K=L>.$7$?!#C"$71~Ez$K:9$,=P$k$3$H$OHr$1$i$l$J$$$N$G!"M>M5$,$"$l$P ’97 G/EY$K3HD%$9$k7W2h$G $"$k!# %7%s%A%l!<%?$H1t$NHfN($r:Y$+$/$+$DMF0W$KJQ$($k$3$H$,=PMh$k$h$&$K$9$k$?$a!"9=B$BN$O?^ 2.49 $NMM$JD_$j2<$2 7?$H$7$?!#F1MM$J %F%9%H%b%8%e!< %k$K$O SDC %0%k!<%W $,9T$C$? ’Hanging-File’ 7? %b%8%e!<%k$,$" $k [18] !#$7 $+$7$J$, $iH‘$i$,$3$N%b%8%e!<%k$G%S!<%‘%F%9 %H$r9T$C$?;~$K$O SDC %0%k!<%W$OJd =~7?$r:NMQ$7$J$$$3$H $K7h$a$F$$$?$?$a!" H‘$i$N%F%9%H$O1t : %7%s%A =4:1 6aK5$G$O$J$5$l$F$$$J$$!# %7%s%A%l!<%?$N8|$5$rJQ$($k$N$OMF0W$G$O$J$$$?$a%7%s%A%l!<%?$O 2 mm 8|$K8GDj$7!"1tHD$N8|$5$rJQ$($F1t / %7 %s%AHf$r%9%-%c%s$9$k%G%6%$%s$H $7$?!#D_$j2<$2$k1t$NHD $O 4 mm 8|$N$b$N$H 2 mm 8|$N$b$N$r@=:n $7$?!# 4 mm 8| $N$b$N$O$= $l<+?H$G %l!<%k$KD_ $j2<$2 $i$l$k!# 2 mm $N$b$N $O 4 mm $N1t HD$K%M %8$I$a$7 $F;H$&$h $&$K$J$C $F$$$k!# $3$NAH$_9g$o$;$K$h$j1t$N8|$5$O 2 mm 9o$_$GJQ$($k$3$H$,$G$-$k!# %7%s %A %l!< %? $O 1 m � 1 m � 2 mm- 8| $N Bg $- $5 $r $b $A!" ?^ 2.50 $N $h $& $K 6 K\ $N 9B $, @Z $i $l $F $$ $k!# 9B $N 7A >u $O CDF-plug $H F1 $8 $/ 80 7j 7?$r $7 $F $$ $k!# $3 $N 9B $K 1 mm � $N WLS %U%! %$ %P!< $r DL $7 $F =8 8w$7!" PMT $G N> FI $_ $9 $k!#<B :]$N %b %8%e!< %k$G $O!" 1t HD $d%7 %s %A HD$N :F G[ CV$N MF 0W @-$N $? $a %U%! %$%P!< $O D> @\ PMT $K$O $D $J $,$:!" ES Cf $K 8w%U%!%$ %P!< %3%M %/%? $r $O$5 $s$G C& Ce=P Mh$k $h $&$K $7$F $" $k!#%7 %s %A%l!< %?$O A4 It$G 110 Kg $"$j!" 5 Kg $E $D$^ $H$a $i $l 22 AH$r7A@.$9$k!#$3$l$K$h$j%7%c%o!<$N=DJ}8~$N%W%m%U%!%$%k$b@:EYNI$/B,Dj$9$k$3$H$,$G$-$k!# PMT $O TRIST AN $N VENUS B, Dj 4o $N TOF %+ %& %s %?!< $K MQ $$ $i $l $F $$ $? $b $N $r E> MQ $7 $?!# $3 $N PMT $O %? %$ %_%s%0 B, Dj @:EY $r 8~>e $5 $;$k $? $a%V %j!< %@!<$K <c 43$N 2~ B$$, 2C $($i $l $F$* $j 0E EEN. $b $+$J $j Bg$- $$ $,!"%O %I %m%s %7%c %o!<$NB,Dj$N@:EY$K$O1F6A$7$J$$DxEY$G$"$k!# $3$l $i $N 1t HD $d %7 %s %A %l!< %?!" PMT $O ?^ 2.51 $N MM $K 2M Bf $N >e $K AH $_ >e $2 $i $l $k!# $3$N 9= B$ A4 BN $r <W 8w $N $? $a $N %+%P!<$GJ$$&$h$&$K$J$C$F$$$k!#A4BN$NAm=ENL$OLs 10t $G$"$k!# 158

?^ 2.47: %&%i%s / %7%s%A%l!<%?%+%m%j%a!<%?$G$N%7%c%o!<$N=DJ}8~$N9-$,$j!# C.W. F ab jan and R. Wigmans, R ep. Pr o g. Phys. 52 (1989)1519 $h$jE>:\!# ?^ 2.48: SP A CAL $G$N%7%c%o!<$N2#J}8~$N9-$,$j!# D.Acosta et.al., CERN-PPE/91-223 $h$jE>:\!# 159

?^ 2.49: ’96 %F%9%H%b%8%e!<%k$N354Q!##2K\$N%l!<%k$N>e$K1t$NHD$H%7%s%A%l!<%?$NHD$rD_$j2<$2$k9=B$$K$J$C$F$$$k!# ?^ 2.50: %7%s%A%l!<%?$N%G%6%$%s!#9B$r7!$C$F 6 K\$N WLS %U%!%$%P!<$rDL$7!"=88w$9$k!# 160

?^ 2.51: %F%9%H%b%8%e!<%k$N@5LL$+$i8+$?AH$_>e$,$j?^!# %7%s%A%l!<%? $KKd$a 9~$^$l$? WLS %U%! %$%P!<$N %T%C%A$OHs >o$KAF$$ $b$N$K $J$C$F$$$k!# $3$l$OJd =~E@$N B,Dj$J$I 0lO"$N %F%9 %H$, 40 N;$7 $?$N $A!" CDF-plug 7?$N %U%!%$ %P!<FI $_ =P$7 %b%8%e!< %k$K 2~B$ $9$k $3 $H$r G0F, $K$* $$$F %G%6 %$ %s$7 $? $? $a $G $" $k!# 2~ B$ $O ?^ 2.52 $K <( $9 $h $& $K 20cm � 20cm $N %; %0 %a %s %H $r 5 � 5 $K G[ CV$9 $k $3 $H $r 9M $( $F $$ $k!# $3 $N$?$a 20cm 4V3V$G WLS %U%!%$%P!<$rKd$a9~$‘%G%6%$%s$H$J$C$F$$$k!# $3$N=88wJ} <0$G$O WLS %U%! %$%P!<$N%T%C %A$,AF$9 $.!"8wNLIT B-$dHs 6Q0l@-$N LdBj$,=P $F$/$k4m 81@-$, $"$k!#$3$N $?$a$" $i$+ $8$a 8w NLB, Dj$r 9T$C$F >e 5-$N E@$r 3NG’ $7$?!# %7 %s%A %l!<%? $K � @~ $rF~ <M$7 $F9T$C $?8w NL $N0L CV0M B8@- $N 7k 2L$r?^ 2.53 $K<( $9!# %9%-%c %s$N J}8~ $O $=$l $>$l %U%! %$%P!< $KD> 3Q $NJ} 8~$H J?9T $J J}8~ $G$" $k!# ?^$+ $i$o $+$k $h $&$K!" %U%!%$%P!< $N>e $G8w NL $,Bg $-$/ $J$C$F $$ $k!#8w NL$N @dBP CM$O J? 6Q$7 $F 2.4 8wEE ;R /MIP $G$"$C $?!#$3 $N8w NL$r 49;; $9 $k$H%F %9%H %b%8%e!< %k$G F@$i $l$k 8wNL $O 150 8w EE;R /GeV $H $J$k!# $3$N CM$O ’93 G/$N SW %b %8%e!<%k $HF1 $8$G $"$j!" 40.0% $r 40.8% $K0-2=$5$;$kDxEY$N1F6A$,$"$k!# 8wNL $N0L CV0M B8 @-$b $^$? J, 2rG= $N 0-2= $KD7 $M JV$k!# $=$3 $G B,Dj $GF@ $i $l$? 0LCV 0M B8@- $r GEANT $K <h$j 9~$s $G!" %7%_%e%l!< %7%g %s$r 9T$C$?!# $= $N7k 2L$r ?^ 2.54 $K <( $9!#?^ $+$i J, $+$k $h$& $K %+%m %j%a!< %? =PNO $N$f $i $.$K BP$9 $k 8wNL $N0LCV0MB8@-$N1F6A$O6K$a$F>.$5$/!"0LCV0MB8@-$,J,2rG=$KM?$($k1F6A$O==J,>.$5$$$H9M$($FNI$$!# 0J>e$NMM$JB, Dj$d%7%_%e%l!< %7%g%s$K$h$j$3 $N%G%6%$%s $G==J,L\E* $,C#$;$i$l $k$3$H$,3NG’ $G$-$?$N$G!" ’96 G/ 10 7n$h$j@=:n$K$H$j$+$+$C$?!# ’97 G/ 1 7nKv$+$iA4BN$NAH$_>e$2$KF~$j!" 2 7n2<=\$h$j 3 7nCf=\$^$G KEK-PS $N � 2 %S!< %‘%i%$%s$G%S!<%‘%F%9%H$r9T$&M=Dj$K$J$C$F$$$k!#?^ 2.55 $K%;%C%H%"%C%W?^$r<($9!# 1 mm 8|%7%s%A%l!<%?$N WLS %U%!%$%P!<FI$_=P$7 EMCAL $KMW5a$5$l $k%(%M%k%.!<J,2r G=$rC#@.$9$k $?$a!" EMCAL $O 1 mm 8| $N%7%s%A%l!<%?$G :n$i$l$k!#$3$N %b%8%e!<%k$NFC@-$K$D$$$F$O ZEUS 7?$N%b%8%e!<%k$K$D$$$F4{$K ’95 G/$K%F%9%H$r9T$$NI9%$J7k2L$rF@$F$$$k!# %O%I%m%s%F%9%H%b%8%e!<%k$r WLS %U%!%$%P!<FI$_=P$7$K2~B$$9$k$N$K$"$?$j!" EM %;%/%7%g%s$b WLS %U%!%$%P!< FI$_=P $7$G @=:n$7!" E}0l E*$K %F%9 %H$9 $k%* %W%7%g %s$b 8!F$ Cf$G$" $k!#$7 $+$7 $J$, $i$3 $l$^ $G!" 1 mm 8|$N %7%s %A%l!< %?$K 9B $r @Z$C $F WLS %U%! %$ %P!< $r Kd $a 9~ $s $@ %? %$ %k %U%! %$ %P!< $, %F %9 %H $5 $l $? $3 $H $O L5 $+$C $?!# $3 $N $? $a :# 2s!" 1 mm 8|$N%7%s%A%l!<%?$G%?%$%k%U%!%$%P!<$N%F%9%H%T!<%9$r;n:n$7$=$N8wNL$rB,Dj$7$?!#%?%$%k$NBg$-$5$O 10 cm � 10 cm $G$"$k!#$3$l$K ?’!9$J?<$5$N9B $r7!$C$F8wNL$r B,Dj$7$?!#%7%s %A%l!<%?$,Gv$$ $?$a!"9B$N7A>u $O807j7?$G$O $J$/D9 J}7A$G$"$k!#B, Dj7k2L$r ?^ 2.56 $K<( $9!#<c43$N $P$i$D $-$O$"$k $,!"J?6Q$7 $FLs 3 8wEE;R /MIP $N 8wNL$,F@ $i$l$?!#$3 $l$O EMCAL $K 49;; $9 $k$H Ls 380 8w EE ;R /GeV $K AjEv $9 $k!#$3 $N CM $O ’95 G/ $N EMCAL $N LsH> J, $G$" $j!" 2~ A1$N $? $a$N R&D $rB3$1$kI,MW$,$"$k!# 161

?^ 2.52: %7%s%A%l!<%?$N2~B$0F!# ?^ 2.53: %7%s%A%l!<%?$N8wNL$N0LCV0MB8@-!#:8?^$O WLS %U%!%$%P!<$HD>3QJ}8~$K%9%-%c%s$7$?B,Dj$G!"1&?^$O%U%!%$%P!< $HJ?9T$K%9%-%c%s$7$?B,Dj!# 162

?^ 2.54: 8wNL$N0LCV0MB8@-$,J,2rG=$KM?$($k1F6A!# ?^ 2.55: ’96 %b%8%e!<%k$N%S!<%‘%F%9%H%;%C%H%"%C%W!# 163

?^ 2.56: 1 mm 8|%7%s%A%l!<%?$N8wNL!#2#<4$O%5%s%W%k$NHV9f!# 2.4.5 8w8!=P4o I8=‘B,Dj4o$K$*$$$F $O!"%S!<%‘<4J}8~0J30 $NIT46NN0h$rL5 $/$9$?$a%+%m%j%a!< %?A4BN$O 2 %F%9%i$N<’ >lCf$KCV$+$l $k!#$3$N $?$a %7%s %A%l!< %?$+ $i$N 8w$O 2 %F %9%i $N<’ >lCf $G FI$_ =P$9 I,MW $,$" $k!#7k >=$r MQ$$ $?%+ %m%j %a!<%? $G$O PIN %@%$%*!< %I Ey $N<’ >l $N1F 6A $r<u $1 $J$$ 8w 8!=P 4o $rMQ $$ $k$3 $H $,$G $- $k!#$3 $l $K BP$7 $F %5%s %W %j%s %0 %+%m %j %a!<%?!" FC $KJd=~7?$N%+%m%j%a!<%?$K$*$$$F$O8wNL$,>/$J$$$?$a!"6/<’>lCf$GF0:n$7$&$k9bA}I}N($N8!=P4o$,I,MW$H$J$k!# <’>l Cf$G ;H$( $k A}I} N($N 9b$$ 8w 8!=P 4o$H $7 $F$O %U%!%$ %s%a%C %7%e 7?8w EE;R A} G\4I (FMPMT) $, $"$k!# $7 $+$7 $3$N 8!=P4o$ODL>o9b!9 1 %F%9%iKx$7$+;HMQ$KBQ$($J$$!# ’93 G/:" $+$i%O%$ %V%j%C%I 7?8w8! =P4o (HPMT) $H$$$& 8!=P4o $,;n:n IJ$H$7$F %F%9%H $5$l$O $8$a$F$? [19, 20, 21] !# $3$l$O 8wEE LL$N 8e$m $K5U %P%$ %"%9 $r$+ $1$? PIN %@ %$%*!< %I ( $^ $?$O APD) $r CV$-!" $=$N 4V$K ?t kV 0J>e $N9b EE05 $r$+ $1$?$b$N$G$"$k!#?^ 2.57 $K$=$N9= B$$r<($9!#8wEE LL$+$iHt$S=P $7$?8wEE;R$O 9bEE05$G2CB. $5$l$F PIN %@%$%*!<%I $KBG $A9~$^ $l$k!# $3 $NEE ;R$O 6uK3 AX$N $J $+$G EE;R %[!<%k BP $r:n $j$J $,$i %(%M %k %.!<$r <:$&!# 3.6eV Ev $?$j 1 8D $N EE;R %[!< %kBP$, :n$i $l$k $N$G!" Nc$( $P 10kV $N2C B.EE 05$r $+$1 $l$P Ls 3000 8D$N EE;R %[!<%k BP$, $G$-!" A}I} N($O 3000 $H $J$k!# ( <B:]$K$OI=LL$NIT46AX$N$?$a$3$l$h$j>.$5$/$J$k!# ) PIN %@ %$%*!< %I $r APD $KCV $- 49$( $? $b $N$O V APD $N8F $P $l!"@E EE 2CB. $K 2C $($F $5 $i$K APD $N A} I}N( $N J, $@$1 ?.9f $rA} I} $9$k $3 $H$, =P Mh $k!# APD $ODL >o 100 G\ DxEY $N A}I} N( $r ;}$C$F $$ $k$N $G 10 5 0J>e $N A}I} N( $rF@ $k $3 $H$, $G $-!" PMT $KI$E($9$k!# $3$l $i$N 8w 8!=P 4o $N JLC $X$N 1~MQ 2D G=@- $r D4$Y $k $?$a R&D $r 9T$C $F$- $? $,!"$= $N0l 4D $H$7 $F <’>l Cf $G$N FC @-;n 83$r ’94 G/ $H ’96 G/$N #22s 9T$C$?!# ’94 G/$K $O FMPMT !" HPMT !" V APD $N 3 <o N‘$r 2.5 %F%9 %i$^ $G$N 6/<’ >lCf $G%F %9%H$7$?!#$3 $N7k2L $K4p$E $- ’96 G/ $K$O HPMT $KE*$r 9J$C$F>\ :Y$J%F %9%H$r 9T$C$?!#0J 2<$3$l $i$N7k 2L$K$D $$$F=R $Y $k!# <’>lCf%F%9%H ’94 164

?^ 2.57: HPMT $N9=B$ ?’!9$J 8!=P 4o$K $D$$ $F$= $N D9=j $HC; =j$r L@$i $+ $K$9 $k$? $a!" FMPMT !" HPMT !" V APD $N 3 <o N‘$K $D$$ $F $N%F %9%H$r9T$C$?!#$3$N>\:Y$J7k2L$K$D$$$F$OO@J8 [22] $K>\$7$$!# %F%9%H$7$?%G%P%$%9$O!" HAMAHA TSU <R@= 24 CJ FMPMT H2611SXA(24) !" Delft <R@= HPMT PP350B !"5Z $S Adv anced Photonix <R @= V APD 748-73-75-631 $G$"$k!#%F %9%H$NG[ CV$O?^ 2.58 $N$h$&$K $J$C$F$$$k!# 0EH"$NCf $K 8!=P4o$H LED( @D ) $,G<$a$i $l!"A4BN$,<’ >l$NCf$KCV $+$l$F$$$k!# H"A4BN$O<’ >l$N30$+$i 2s$9$3$H$, =PMh$k$h$& $K$J$C $F$$$k!#8!=P4o$H LED $N0LCV4X78$O8GDj$5$l$F$*$j!"$=$N 4V$K$O8wNLD4@a$N$?$a$N8w3X%U%#%k %?!<$,F~$l$i$l$k$h$& $K$J$C$F$$$k!# LED $N8wNL$N$U$i$D$- $H8wNL$KBP$9$k<’>l$N1F6A$K$D $$$F$OJL$KB,Dj$7!"$=$l$>$l 0.7% 5Z$S 1.5% 0J 2<$H$$$&CM $rF@$?!#$3$l$i$NCM$N:#2s$NA}I}N(B,Dj$KM?$($k1F6A$OL5;k$G$-$k$/$i$$>.$5$$!# ?^ 2.59 $K<’ >l$H FMPMT $N<4 $N$J $93QEY $KBP $9$kA} I}N($N 0MB8 @-$r%W %m%C%H $7$?!# 2.5 %F%9 %i$N6/ <’>l $K$*$$ $F $b 10 5 $r1[$($kA}I}N($,$"$k$,!"3QEY$KBP$9$k0MB8@-$O5^$G$"$k!# HPMT $NA}I}N($H<’>l$H$J$93Q$N4X78$r?^ 2.60 $K<($7$?!# HPMT $NBQ05$,Dc$$$?$aA}I}N($N@dBPCM$O>.$5$$$,!" $+$J$j3QEY$r$D$1$F$bA}I}N($NDc2<$O>.$5$$!#$^$?<’>l$r6/$/$7$F$bA}I}N($OKX$IJQ2=$O$J$$!# V APD $N A}I} N( $H<’ >l$H $J$9 3QEY $N 4X78 $r?^ 2.61 $K<( $7$?!# V APD Cf$K <’ @-BN $,4^ $^$l $F$$ $? $?$a!" V APD $K $D$$ $F $O 9b$$ <’ >l $^ $G B, Dj $9$k $3 $H $, =P Mh $J $+$C$?!# HPMT $H $N N‘ ?d $+ $i $:$C $H9b $$ <’ >l $^ $G F0:n $9 $k $H ?d Dj $5 $l $k$,!"3NG’$,I,MW$G$"$k!#A}I}N(<+BN$O<’>lCf$G$b 10 5 $r1[$($k$N$G!"==J,$G$"$k!# %(%M %k %.!< %H %j %, $r F0 :n $5 $; $k >e $G!" 1 %A%c%s %M %k Ev $? $j $N %N %$ %: $r 2 � 3MeV $N %l %Y %k $K 0J 2<$K $7 $? $$!# CAL $N=P NO $r 150 8wEE ;R /GeV !"%W %j %" %s %W $N%N %$ %: $r 1500e � AjEv $H 2> Dj $9 $k$H!" $3 $l $r K~ $?$9 $? $a $K $O HPMT $N >l 9g 4000 DxEY$N A}I}N($,I,MW$G $"$k!#$3$NA}I} N($O 18kV DxEY$NBQ05$G <B8=$G$-$k7W;; $G$"$j!"FC$K:$ Fq$JCM$H$O;W$o $l$J$$!#$3$l$KBP$7$F FMPMT $OA}I}N($N3QEY0MB8@- $,Bg$-$/!"<B:]$NB,Dj4o$NCf$K AH$_9~$s$@>l9g@:EY$,$G$J $$2D G=@-$,9b$$!#$^$? V APD $O%3%9%H $,9b$/!"$^$? NL;:%l%Y %k$G9bIJ<A $r$?$b$D$N $OMF0W$G$O $J$$$H;W $o$l$k!#$3$N $h$& $J4QE@$+$i!"8uJd$r$r HPMT $K9J$C$F R&D $r?J$a$k$3$H$K$7$?!# HPMT %F%9%H 165

?^ 2.58: 8w8!=P4o$N<’>lCf%F%9%H$N%;%C%H%"%C%W!# ?^ 2.59: FMPMT $NA}I}N($N<’>l3QEY0MB8@-!# 166

?^ 2.60: HPMT A}I}N($N<’>l3QEY0MB8@-!#<B@~$O7W;;CM!# ?^ 2.61: V APD A}I}N($N<’>l3QEY0MB8@-!#<B@~$O7W;;CM!# 167

?^ 2.62: <’>l30$G$N PP0350F $NA}I}N($H HV $N4X78!# ’94 G/$N%F%9%H$N7k2L$rF’$^$(!"$=$N8e0J2<$N$h$&$J6qBNE*L\I8$r@_Dj$7$F R&D $r9T$J$C$F$-$?!# � 4000 $r1[$($k9bA}I}N($NC#@.!# � 0l8w;R?.9f$N8!=P!# � %^%k%A%T%/%;%k2= 0l8w ;R ?. 9f $N 8! =P $O PS B, Dj 4o $N8w $r HPMT $G B, Dj $9 $k $3 $H $r A@$C $? $b $N $G $" $k!# C" $7 <B:] $N PS B, Dj 4o $G $O MIP $NDL2a$KBP$7$F 10 8DDxEY$N8wEE;R$,4|BT$G$-$k$N$G!"I,$:$7$b0l8w;R?.9f$N8!=P$,$G$-$k$3$H$,@dBP>r7o$G$O$J$$!# %^ %k %A %T %/ %; %k 2= $O %7 %s %A %l!< %? $N WLS %U%! %$ %P!< FI $_ =P $7 $r G0 F, $K CV $$ $? $b $N $G $" $k!# HPMT $O FMPMT $KHf $Y <u 8wLL $, >. $5 $$ $N $,7g E@ $G $"$C $?!# %7 %s%A %l!< %? $+ $i $N 8w$r WLS %U%! %$ %P!< $G =8 $a $k>l 9g!" 8w 8! =P 4o $KF~ $k $N$O %U%!%$ %P!< $G$" $k $? $a<u 8w LL@Q $O $5$[ $I I, MW$H $7 $J$$!# $7 $? $,$C$F %^ %k%A %T %/ %;%k 2= $O%U%! %$ %P!<FI $_ =P $7$K BP $7$F6K$a$F<+A3$J2r$G$"$k!# >e5-$NL\E*$N$?$a!" Delft <R@=$N PP0350F $H PPD380D $N 2 <oN‘$N HPMT $K$D$$$FFC@-$NB,Dj$d%F%9%H$r9T$J$C $F$-$?!# PP0350F $O 9b BQ05 7? $N %7 %s%0 %k %T %/ %;%k 8! =P 4o $G!" 15kV $^$G $+ $1 $k $3 $H$, $G $- $k!# $3$N HPMT $K $D $$ $F B,Dj $7$?A}I}N($H HV $N4X78 $r?^ 2.62 $K<( $9!# 15kV $K$*$$$FA}I} N($OLs 3300 $G$"$j!" L\I8$N 4000 $^$G$O$" $H$b$&H>Jb $G$"$k!# PPD380D $O 7 8D$N%T%/ %;%k$r$b$D HPMT $G!" Cf?4$N 1 %T%/%; %k$r 6 8D$N%T%/ %;%k$,<h$j 0O$‘G[CV$r $7$F$$$k!# BQ05$O 10kV $H$"$^$j9b$/$O$J$$!#$3$N HPMT $K$D$$$FB,Dj$7$?8wEELL>e$N%l%9%]%s%9$N%9%-%c%s$N7k2L$r?^ 2.63 $K <($9!# %T %/%; %k 6- 3& $K $*$$ $F A} I} N($N Dc 2< $, 8+ $i$l $k $, WLS %U%! %$ %P!<$N FI $_ =P $7 $K;Y >c $, $" $k%l %Y %k $G $O $J$$!# %/%m%9%H!<%/$K$D$$$F$O$^$@B,Dj$7$F$$$J$$!# <’>lCf%F%9%H ’96 168

?^ 2.63: #7%T%/%;%k HPMT $N8wEELL$N%l%9%]%s%9!# PP0350F $H PPD380D $K$D $$$F <’>l Cf$G $N%l%9 %]%s %9$r B,Dj $7$?!# <g$J L\E*$O PP0350F $, <’>l Cf$G $b9b $$A} I} N($rJ]$D$3 $H$N3N G’$H HPMT $NF0:n FC@-$r EE5$NO 3X$G40A4 $KM}2r =PMh$k $3$H$N3N G’!"5Z$S ’94 G/$N%F %9%H$N ;~$K$O L$ 3NG’$G$"$C$?LdBjE@$N2r7h$G$"$k!# <’>l$r$+$1$k$H HPMT $NA}I}N($O?t % Bg$-$/$J$k!#$*$=$i$/$O8wEE;R$N<’NO@~$X$N4,IU$-$,860x$H;W$o$l$k$,!" A02s$N%F%9%H$G$O%G!<%?$,ITB-$7$F$$$F7kO@$r=P$;$J$+$C$?!#:#2s$N%F%9%H$G$O$=$NE@$rL@$i$+$K$9$k$Y$/>\:Y$J%G!< %?$r<} =8 $7$?!# $^ $?A0 2s $O6/ <’ >l$K <g 4c$r CV$$ $F $$$? $? $a!"Hy <e <’>l $K $*$1 $k FC0[ E@ E*$J ?6 Iq$K $D$$ $F >\$7 $/ D4$Y $k $3$H$,=PMh$J$+$C$?!#$3$N$?$a:#2s$OHy<e$J<’>l$K$*$$$F$b>\$7$/%G!<%?$rB,Dj$7$?!# %;%C%H %"%C%W $O ’94 G/$N %F %9%H $N $[$\ F1 0l$G $"!# $? $@$7 :# 2s$O %^ %k%A %T %/%; %k HPMT $K $D$$ $F 8wEE LL $N 0LCV 0M B8 @-$rD4$Y$k$?$a!" LED $r%9%i%$%I=PMh$k;EAH$_$r<h$jIU$1$F$*$$$?!# %G!< %? $O 8= :_ 2r @O Cf $G $" $k $,!" 0l It $N %W %l %j %_ %J %j $J 7k 2L $r <( $9!# ?^ 2.64 $O PP0350F $N A} I} N( $N <’ >l 6/ EY 0M B8 @-$G $"$k!# A} I}N( $K 8+$i $l $k%G%#%C %W $O!" 8wEE ;R $,<’ >l Cf$G %5 %$%/ %m %$ %I1? F0 $r$7 $J $,$i %7 %j%3 %s $K F~<M $9 $k;~!" Hs >o$K @u $$3Q EY $G F~ <M $9$k >r 7o $K Aj Ev$7 $F $$ $k E@ $G$" $k!# A0 2s %F %9%H $7 $? HPMT $h $j $b 3QEY $r JQ $( $? $H$- $N A} I} N( $N Mn$AJ} $, $O$d $$!# $3$l $O 9bBQ 05 $rF@ $k $?$a $K 9bEE LL $H%7 %j %3%s $N 4V3V $r 9-$2 $? $?$a $H ;W$o $l $k!#$3 $N E@$O 8= :_%7 %_%e %l!<%7%g%s$K$h$j8!>ZCf$G$"$k!# ?^ 2.65 $O PPD380D $N A}I} N( $N<’ >l 6/EY 0M B8@- $r 7 8D $N%T %/ %; %kA4 $F $K$D $$ $F<( $7 $?$b $N $G$" $k!# <’ >l$N 6/ $5$r JQ$($k$K$D$l$F%5%$%/%m%$%I1?F0$N50F;$,JQ$o$j!"?.9f$,=P$k%T%/%;%k$,0\$C$F$$$/;v$,$o$+$k!# $3 $l $i $N 7k 2L $K $D $$ $F %7 %_%e %l!< %7%g %s $H $N Hf 3S $r 9T $$!" HPMT $N FC @- $, EE 5$ NO 3X $G M} 2r $G $- $k $3 $H $r 3N N) $9 $k!#$3$l$K$h$C$FL\I8@-G=$rC#@.$9$k$?$a$K$O$I$N$h$&$J%G%6%$%s$r$9$l$PNI$$$N$+$rH=CG=PMh$k$h$&$K$J$k!# :#8e$NJ}?K A0=R$N 3 9‘L\$N$&$A!"9bA} I}N($H%^%k%A%T%/ %;%k$K$D$$$F$O $+$J$j$N?JE8$,$"$C $?!#$3$l$KBP$7$F0l 8w;R?.9f$NB, Dj$K$D $$ $F$O $^ $@6q BN E*$J @.2L $O F@$i $l $F$$ $J $$!#$3 $l$O 0l $D$K $O 9bA} I} N(Dc %N%$ %: $N%W %j %"%s %W $K$D $$$F $N 7P83 $, ITB-$7$F$$$k$3$H$K$h$k!#@lLg2H$N6(NO$r6D$.$J$,$i$3$NE@$r:GM%@h$K?J$a$F$$$/!# 169

?^ 2.64: HPMT A}I}N($N<’>l6/EY0MB8@-!# ?^ 2.65: 7-pixel HPMT $NA}I}N($N<’>l6/EY0MB8@-!# 170

2.5 >WFME@<~JU 0J2<$G$O!"EE;RM[EE;R$N=E?4 7O%(%M%k%.!<$, 500 GeV !"$7$?$,$C$F %S!<%‘%(%M%k%.!<$, 250 GeV $N%j%K%"%3%i%$ %@!< (JLC-1) $K $D$$ $F<g $K5D O@ $9$k!# @h$:!" %P%C%/ %0%i %&%s %I $NH/ @85! 9=!"$= $N@) 8f!J%^ %9 %/%7 %9%F %‘!K!"$= $7$F <B 83$KM?$($k1F6A$K$D$$$F@bL@$9$k!# 2.5.1 35MW <B83>eLdBj$H$J$k<!$N;M$D$N%P%C%/%0%i%&%s%I$r9MN8$9$k!# !J 1 !K%S!< %‘$O :G=* <}B+ 7O$N EE<’ @P 72$K $h$C$F >WFM E@IU 6a $^$G E>Aw $5$l!" :G=* <} B+;M 6KEE <’@P $NHs >o$K 6/ $$<’ >l$G 9J$i$l $k!# $= $N$H $- H/@8 $9 $k%7 %s %/%m %H %m%s 8w $,%P%C %/ %0%i %& %s%I $H $J$k!# $3 $N J|<M 8w $N6/ EY $O%S!< %‘ 6/EY $H F1Dx EY $G$"$j!"#1%P%s%AEv$?$j � 10 10 8D$N8w;R$,J|<M$5$l$k!#8w;R$N%(%M%k%.!<$O MeV $+$i KeV NN0h$^$GO"B3J,I[$r$7$F $$$k!#$b $7 $3$l $i $NJ| <M 8w$, >W FME@ IU 6a$N :G=* <} B+;M 6K EE<’ @P $N<’ 6K J*<A $d %S!<%‘ %Q %$%W $J $I$K Ev$? $j B,Dj 4o $NCf $K ;6Mp$5 $l $k$h $& $J$3 $H $,5/ $3 $k$H!" <B 83$N ?k9T $, :$Fq $H $J$k!# 2Y EEN3 ;R $N50 @W $rB, Dj $7$= $N 1?F0 NL$r 7h Dj$9 $k $N$K IT 2D7g$JCf?4Ht@W8!=P 4o$O!"C:;@%,%9Cf $G$N2YEEN3;R$K $h$k%$%*%s2= 2aDx$rMxMQ$7$F $*$j!" KeV NN0h$N8w;R $KBP$9$k46 EY$, 6K$a $F 9b$$!# $7 $?$,$C $F!" $3$N J| <M 8w$K $h$C $FB, Dj 4o$N A4 %7%0 %J %k $,J$ $$ ?T$/ $5 $l!"2Y EE N3;R $N 50 @W$N B, Dj$, $G $-$J$/$J$C$F$7$^$&$?$a$G$"$k!# !J 2 !K$3$NJ|<M8w$O%S!<%‘$N?~$NBg$-$5$K6/$/0MB8$7$F$*$j!"%S!<%‘$N3H$,$j$r?eJ?J}8~$K � 6 � � x !"?bD>J}8~$K � 35 � � y $G%3 %j%a!< %H $7$J $1 $l $P$J $i $J $$!#$3 $N %3%j %a!< %? J*<A $H %S!< %‘$H $N EE<’ Aj 8_ :nMQ $G H/@8 $9 $k %_%e!<%* %s $b %P%C%/ %0 %i%& %s %I $H $J $k!# %S!< %‘ $N ?~ $N H/ @8 5! 9= $O >\ :Y $K $O M} 2r $5 $l $F $$ $J $$ $,!" SLC <B 83 $N 7P 83 $+ $i M= A[ $5 $l $F $$ $k!# %3 %j%a!< %? $O >W FM E@ $+ $i 1 � 2 km $K @_ CV $5 $l $k!# $= $3 $G H/ @8 $7 $? %_%e!< %* %s $O 9b %( %M %k %.!< $G $" $k $? $a!" @Q 6K E* $K =| 5n$5$l $J $$ $J$i B, Dj4o $^ $GE~ C# $9$k!# $= $N>l 9g $K$O FC $K!"%+ %m %j%a!< %? $,J| <M 8w $N>l 9g $HF1 $8 $h$& $J 1F6A $r <u$1 $k!# $^$?!"%+ %m %j %a!<%? $K $h$k J* M};v >] $NH/ @8 $rCN $i $;$k %H %j%,!< $b 5!G= $7 $J$/ $J $k $G$" $m $&!#$3 $N 8e>\ $7 $/@b L@ $5$l $k %P%C%/%0 %i%& %s %II> 2A$K $*$$ $F!" %S!<%‘ 6/EY J,I[ $O ?eJ?!" ?bD> J}8~ $H $b$K � 3 � � x ( y ) $^$G $O%, %&%9 J, I[$r $b$A!" $3$l $r 1[$($F6/EY 1% $N0lMM$J?~$r;}$D$H2>Dj$7$F$$$k!# !J 3 !K%S!<%‘ � %S!<%‘>WFM$G!"EE<’Aj8_:nMQ$K$h$j@8@.$5$l$kEE;RM[EE;RBP5Z$S!" !J 4 !KNL ;R?’ NO3X 2a Dx$N %_%K %8%’%C %H$b $^$?!" %P%C %/%0 %i %&%s %I$H $J $k!#$3 $N>l 9g!" @8@. $5$l $? %P%C%/ %0%i %& %s%I N3;R$, D> @\B, Dj 4o$K F~ $j!"J* M} ;v>] $H =E$J $j 9g$C$? $H $-!"=* >u BV$N L@ 3N$J <1 JL$= $7 $F@: L) B,Dj $N K8$2 $H $J$k 2D G=@- $, $"$k!# $^$?!" A0 <T$N EE ;RM[ EE ;RBP $O $= $N@8 @. $NCG LL @Q$, Hs >o$K Bg $- $/!"$= $N ;6Mp 3Q $OA0 8e J}$K 1T $$ %T!<%/ $r ;}$D!# $= $N$?$a!" :G =*<} B+ ;M6K EE <’@P $N <’6K $H >WFM $7 $FB? $/ $N8w ;R $r8e J} $K;6 Mp $5$; $k!# $3$l $i $N8w ;R $,B, Dj 4o$K F~ $j%P%C %/ %0%i%&%s%I$H$J$kFs<!E*$J$b$N$b$"$k!# 2.5.2 %7%s%/%m%H%m%s8w JP8~EE<’@P ?^ 2.66 $K<($7$?$h$& $K!">WFME@$K0lHV6a$$JP 8~EE<’@P$O>WFME@$h $j 117.4m $K@_CV$5$l!"$=$NJP8~3Q EY$O?eJ?J}8~ $K 0.55 mrad $G$" $k!# %7 %s %/ %m%H %m %s8w $O !JM[!KEE ;R %S!< %‘$N 50 F;$N @\ @~J} 8~ $KJ| <M $5 $l$k $N $G!">W FM E@$G ?e J? LL Fb$K%S!< %‘<4$h $j 6.5cm $N3H $,$j $r$b $D!#$3 $NJP 8~EE<’ @P$+ $i>W FME@ $^$G $K$O ;M$D$N :G=* <}B+ #46K EE<’ @P$, @_CV$5 $l $k!#$=$l$i$K$O!">WFME@$h$j=gHV$K QC1 !" QC2 !" QC3 !" QC4 $HL>A0$,IU$1$i$l$F$$$k!# QC1 $N @hC<$O>WFME@$h$j 2.5m $G$"$j!"$= $N<’6K$H %S!<%‘<4$N 4V3V$O $o$:$+ 0.67cm $N$? $a!J?^ 2.69 !K!" J|<M8w$, D>@\$3$l $KEv$?$i $J$$$h$& $K <WJC$7 $J$1 $l $P$J $i$J $$!# $3$N $?$a!" JP 8~EE <’@P $h$j 61m $N =j $KFb 7B 0.3mm $N1_ E{ >u$N %^%9 %/ $,CV $+$l $k!# $3$N %^ %9%/ $O D9$5 21cm $N %? %s %0 %9%F %s $G :n $i $l$F $$ $k $? $a!" 1 � 2 MeV $N 8w ;R$K BP $7 $F 2x10 � 9 $N 8: ?j N( $r ;}$C$F $$ $k!# %^%9%/$NFb7B$O?eJ?!"?bD>J}8~$K%S!<%‘$N3H$,$j$N 22 � x !" 264 � y $KBP1~$7!"%3 %j%a!<%H$5$l$?%S!<%‘$G$OJ|<M8w$N$_ $,<WJC $5 $l$k!# $^ $?!"$3 $N %^%9 %/ $OJP 8~ EE<’ @P $@$1 $G $O$J $/!" $=$l $h $j>e N. $K$" $k $9$Y $F $NEE <’ @P$+ $i $NJ| <M 8w$r $b M-8z$K<WJC$9$k$3$H$,$G$-$k!# :G=*<}B+#46KEE<’@P %S!<%‘ $, QC1 � 4 $N ;M $D $N :G =* <} B+ #4 6K EE <’ @P $r DL 2a $9 $k $H $-!" B? NL $N %7 %s %/ %m %H %m %s 8w $r J| <M $9 $k!# FC $K >W FM E@6a$/$N QC1 $H $=$N NY$j $K@_CV $5$l $k QC2 $+$i $N$b$N $,B? $/!"J|<M 8w$N Fs<! ;6Mp$r KI$0 $3$H $,$G$- $J$$!# $3$N $?$a 171

?^ 2.66: <g%j%K%"%C%/=P8}$h$j%3%j%a!<%7%g%sItJ,$+$i>WFME@$^$G$N:G=*<}B+7O%S!<%‘%i%$%s %^%9%/ $K $h $k<W JC $OIT 2D G=$G $" $k!#$7 $? $,$C$F!" <! $K<( $9 :G=* <} B+8w 3X 7O$N :G E, 2=$K $h $kJ} K! $,M# 0l $N$b $N $G$" $k!# J|<M8w$N3H$,$j$NBg$- $5$O%S!<%‘<+?H$N 3H$,$j$KHfNc$9$k $N$G!"%S!<%‘$N%3%j %a!<%7%g%s!" QC1 $N@_CV0LCV $H$=$N<’ 6K4V 3V$, :G E,2= $9 $k!# $b$A $m $s!">W FM E@$G $N %S!< %‘%5 %$ %:$J $I $N %Q%i %a!< %?$O!" %P%C %/ %0%i %& %s%I $r :G>. $K $7 F1;~ $K %k%_ %N %7%F%#!< $, :G Bg $K $J$k $h $& $K :G E,2= $9 $k!# 6 � � x � 35 � � y $K %3 %j %a!< %H $5$l $? %S!< %‘ $K $h$k J| <M 8w $N3H $, $j !J?^ 2.67) $O!">WFM E@B&$N QC1 CG LL>e $G?^ 2.68 $N $h$& $K1T$$ C<$r;}$C $F$$$k!# $3$N ;~%S!<%‘ $N%3%j %a!<%7%g%s $O40 A4$G$" $k$H 2>Dj $7 $F$$ $k $,!" <!@a $G @bL@ $5 $l$k $h $& $K$3 $N 2>Dj $O <B :]>e $h $$6a ;w $H $J$C$F $$ $k!#$^ $?!" %3%j %a!< %7%g %s8e $N %S!<%‘ $H ;D N1 %,%9 $K $h $k %/!< %m %s ;6 Mp$K $h $k ?7 $? $J ?~ $N 7A @.3N N( $O 3 � 10 � 9 $G $"$j!" $3 $l $K $h $k J| <M 8w$O L5 ;k $G $- $k!# ?^ 2.67: >WFME@$K0lHV6a$$JP8~EE<’@P$h$j>WFME@$^$G$N 6 � � x � 35 � � y $K%3%j%a!<%H$5$l$?%S!<%‘$N?eJ?$H?bD>$N3H$,$j$rIA $$$?!#%7%s%/%m%H%m%s8w$N>WFME@IU6a$G$N:GBg$N3H$,$j$rLp0u$G<($7$?!# ?^ 2.69 $O!" QC1 $NN>C<$G$NJ|<M8w$N3H$,$j$r<($7$F$$$k!#D9 $5 2.4m $N QC1 $O$=$N@hC<$,>WFME@$h$j 2.5m $N0L CV$KCV$+ $l!"$= $N<’ 6K@hC< $H%S!< %‘<4 $H$N4V 3V$O 6.7mm $G $"$k!# F~<M$7 $F$/ $kJ|<M 8w$O QC1 $N Cf?4 $rDL$j!" >WFM E@ 172

?^ 2.68: >WFM E@B&$N QC1 CG LL>e $G$N J|<M8w $N?e J?!"?bD> $=$l $>$l$NJ}8~$X$N3H$,$j!#=D<4$O 1mm Ev$?$j$N 10KeV 0J>e$N%( %M%k%.!<$r;}$D8w;R$N?t!"2#<4$O%S!<%‘<4$+$i$N5wN%$r<($9!# 72 %P%s%AO"$N 1 %Q %k%9$9$J $o$ALs 10 12 8D $NEE;R$+ $iJ|<M $5$l$k$b $N$G!" MQRAD %3!<%I$K$h$C$F7W;;$5$l$?!# ?^ 2.69: F~<M 5Z$S =P<M $9$kJ| <M8w $N QC1 N>C<$N CGLL >e$G$N 3H $,$j!#Cf?4$KE@@~$GIA$+$l$?1_$O#4$D$N<’6KLL$KFb@\$9$k1_$G!" $=$N H> 7B$O 0.67 cm $G $"$k!# ;0 $D$N =DD9 $N BJ1_ $G <($5 $l$? $b $N $, J| <M 8w $N 3H $, $j $r 8= $7 $F $$ $k!# $= $l $> $l $N BJ 1_ Cf ?4 $O %S!< %‘ <4$G$b$"$k!# QC1 Cf?4$h$j $O$:$l$?$b$N$O!">W FM8e$KDL2a$9$k $b$N$G$"$k!# DL2a8e$O!"EE;R!" M[EE;R %S!<%‘$,8_ $$$K 8mrad $N3QEY $G8r:5$7 $F$$$k $?$a!"?^Cf 1&B&$N<’ 6K$N4V$N Fs$D$N BJ1_$G<( $5 $l$?=j$rF~=P<M$9$k!#$3$N ?^$h$j$o$+$k$h$& $KJ|<M8w$O QC1 $N<’6K $KEv$?$i$:$KDL$j H4$1$k$?$a!"%P%C%/%0 %i%&%s%I $H$7$FLdBj$H$J$i$J$$!# 0J>e$N>l9g$O%S!<%‘%Q%i%a!<%?$,@_7WCM$N$H$-$N7W;;$G$"$k!#2CB.4o1?E>$N=i4|$NCJ3,$G%(%_%C%?%s%9!J � x ( y ) !K $,@_ 7W CM 0J >e $K Bg $- $$ $H $- $O!" 50 F; >e $N %S!< %‘ $N J} 8~ 3Q EY $, p � x ( y ) =� x ( y ) $K Hf Nc $9 $k $? $a!" $h $j Bg $- $J %Y!< %? 4X ?t !J � x ( y ) !K$rMQ$$$J$1$l$P$J$i$J$$$G$"$m$&!#$3$N>l9g!"$$$&$^$G$b$J$/F@$i$l$k%k%_%N%7%F%#!<$O>.$5$/$J$k!# 2.5.3 %_%e!<%*%s 9b%(%M %k%.!< !J E e !K$N EE;R $K$h $k%3 %j%a!<%? Cf$G $N%_%e!< %*%s $N@8@. 3NN( !J N � !K $O!"0J 2<$N6a ;w<0 $G$h $/I= $9$3 $H$,$G$-$k!’ N � = 3 : 9(2 : 3) � 10 � 4 E e (GeV) = 250 $?$@$7 E � > 2(5)GeV !# (2.8) M=A[$5$l$k?~$KAjEv$9$k%S!<%‘6/EY 1% $NEE;R$,@8@.$9$k%_%e!<%*%s$NAm?t$O!" 72 %P%s%AO"$N 1 %Q%k%9Ev$?$j 2.8 (1.7) � 10 6 $H 8+@Q $b$i $l$k!# %_%e!<%* %s$N @8@. 3Q EY$O M � =E � Dx EY$G $"$j!" E � =100 GeV $N>l 9g 1 mrad $9 $J$o $A 2 km @h$N>WFM E@$G $O%S!<%‘ <4$h$j 2 m $N0L CV$K E~C#$9 $k!#<B :]$K!"%3 %j%a!< %?%;%/ %7%g%s $+$i>W FME@$^ $G$N 4JN,2= $5$l $? %H%s%M %k 9= B$$r 9M N8$7 $? %7%_%e %l!< %7%g%s !J MU-CARLO !K $N7k 2L $K$h $k $H!" 10 3 8D$N %_%e!< %* %s$, B, Dj4o $r DL2a $9 $k!#$3$N8D?t$r#10J2< $K$9$k$?$a$K $O!"%_%e!<%*%s%9%]%$ %i!< ( ?^ 2.70)[24], %_%e!<%*%s8:?j 4o ( ?^ 2.71)[23, 24] $NJ} K!$rMQ$$ $J$1$l $P$J$i $J$$!# A0<T $NJ}K! $O!"%3%j %a!<%7%g%s 8e%H%s %M%k $N;M%+ =j$K?e J?$^$? $O?bD> J}8~$K <’2=$5 $l$? E4$r!" %H%s %M %kCG LL $r Kd$a ?T $/$9 $h $&$K @_ CV $7!"%_%e!< %* %s$r B, Dj 4o$h $j 30$X D7 $M Ht$P $9 $b$N $G $"$k!# 8e <T $O!"3F %3 %j%a!<%?D> 8e$N %S!<%‘ %Q%$ %W$r D9$5 120m !"Fb7B 2 cm !"30 7B 31cm $NE4 %Q%$%W $GJ$ $$!"%_%e!< %*%s $rE4 Cf%$%* %s2= 2a Dx$K$h$k%( %M%k%.!<B; <:$G8:?j $5$;5[ <}$7$h$& $H$9$k$b $N$G$" $k!# JLC $G$O!"@h$: 8e<T$N J}K!$r%7 %_%e%l!<%7%g%s $G 8!F$$7$F$$$k!#$=$l$K$h $k$H!">WFME@$+ $i 2 km $K @_CV$5$l$k%3%j %a!<%?$G@8@.$5$l $k%_%e!<%*%s$KBP $7$F!" 10 � 6 $N 8:?j N($, C# @.$5 $l!" B, Dj4o $r DL2a $9 $k%_%e!< %* %s ?t$r #1 0J2< $K $G $-$k!# :# 8e!">e 5- $K #2$D J} K!$r AH $_9g $o $; $F!"$5 $i $K:GE,2=$,$*$3$J$o$l$k$G$"$m$&!# 173

?^ 2.70: %_%e!< %*%s%9%] %$%i!<!’ LC93 $G SLAC $N L.Keller $K$h$jDs 0F$5$l$?!# 3x3m 2 $N%H%s%M %k$O 1.5 %F%9%i$K <’2= $5$l$?E4@=$N%9%]%$%i!<$GK~$?$5$l$F$$$k!#$=$ND9$5$O 9.1m $G!"=ENL$O 750 %H%s$G$"$k!# ?^ 2.71: %_%e!<%* %s8: ?j4o!’ LC93 $G 9b%( %M8& $NGH8M ;a$K $h$j Ds0F $5$l $?!##2 $D$N E4%Q%$ %W$h $j@. $j%S!< %‘<4 2s$j $r$=$l $>$lH? BP8~ $-$K <’2= $5$l $F$$ $k!#$3 $l$O @5Ii $NEE 2Y$r $b$D %_%e!<%* %s$r $=$l $>$l E4%Q %$%W Cf$K <h$j AH$‘!# $=$N D9$5 $O 120m $G%_%e!<%*%s$N 250 GeV $N%(%M%k%.!<B;<:AjEv$G$"$k!# 174

G!2? $K1T $$C< $K%3 %j%a!< %H$5 $l$k $+$O!" EGS %3!< %I$r MQ$$$? %7%_%e %l!<%7%g %s$G I>2A $5$l $F$$ $k!#C< It$N %\%1 $O!"EE;R$N%3%j%a!<%?I=LL$G$NC<It;6Mp$HEE<’%7%c %o!<$NO3$l$K$h$j!"$=$N3NN($O 10 � 4 $G$"$j!" Fs=E$N%3%j%a!<%7%g %s$r 9T$& $3 $H$K $h $j L5;k $G $-$k $[ $I>. $5 $/ $J$k!# $^ $?!"%3 %j %a!< %7%g%s 8e %S!<%‘ %Q %$ %WCf $N ;DN1 %, %9J, ;R $H $N%/!< %m %s;6Mp $K$h $k?~ $N:F @.D9 $O!"<! $N$h $&$K 2r@O E* $K7W ;;$5 $l$k!# 50F; >e$N %S!<%‘ $NJ} 8~3Q EY$r � � ( � p � x ( y ) =� x ( y ) ) $H $7$?$H$-!"#1EE;R$,:G=*<}B+7O%S!<%‘%i%$%s$rDL2a$9$k4V$K n� � 0J>e$N3QEY$r;}$D3NN(!J P tail !K$O!" P x ( y ) tail = N g as 16 � n 2 2 (2 � Z r e ) 2 1 � x ( y ) Z F F � x ( y ) ds !"� (2 : 9) $GI=$5$l$k!#$?$@$7!" N g as = 3 : 5 � 10 22 � P (torr) = m 3 !# (2 : 10) N g as $O??6uEY P torr $N%S!<%‘%Q%$%WCf$N 1m 3 Ev$?$j$N;DN1%,%9J,;R?t$G!"$=$NB?$/$OM-8z86;R?t!J Z !K 14 $N0l;@2= C:AG ( C O ) $G$"$k!#$^$?!"8EE5EE;RH>7B ( r e ) $O 2 : 8 � 10 � 15 m $G$"$j!" $OEE;R<ANL ( m e ) $r%S!<%‘%(%M%k%.!< ( E beam ) $G3d$C$? %m!< %l%s %D78 ?t $G$" $k!#>e <0 $O%3 %j%a!< %7%g %s$+ $i>W FM E@$^ $G$N :G =*<} B+7O %S!< %‘50 F;$K 1h$C $? � 4X?t $N @Q J,$H$J$C $F $$$k!# ?? 6uEY $r P =10 � 10 torr !"%( %_%C %?%s %9 $r � x ( y ) = 7 : 2 � 10 � 12 (1 � 10 � 12 ) $K2> Dj$9 $k $H!" P x ( y ) tail $O 2 : 4 � 10 � 9 =n 2 (2 : 3 � 10 � 6 =n 2 ) $H$J $k!# 3 � x � 35 � y $N %3%j %a!< %7%g%s $N30 B& $K=P $k $b$N $O!" 10 12 8D$N EE;R $r 4^$‘ #1 %S!<%‘%Q%k%9Ev$?$j 100 (2000) 8DDxEY$G$"$j!"%P%C%/%0%i%&%s%I$H$7$FLdBj$H$J$i$J$$!# 2.5.4 EE;RM[EE;RBP %3%R!<%l%s%H2aDx $"$k0lJ}$N%S!<%‘ Cf$NN3;R$O!"8~ $+$C$F$/$k%S!< %‘$N:n$k<’>l $G6J$2$i$l%7 %s%/%m%H%m%s 8w$rJ|<M$9$k!# $3$N%S!< %‘ � %S!< %‘Aj 8_:n MQ$G :n$i $l$k J|<M 8w$N $3$H $rFC JL$K %S!< %‘%9 %H%i!< %k%s %08w $H$$ $&!#%S!< %‘6/ EY N !"%P %s%A D9 L $N H>7B R $N1_7A$NCGLL$r$b$D%S!<%‘$N:n$k<’>l H � $O%"%s%Z!<%k$NK!B’$K$h$j!" I H � d‘ = 4 � c I (2.11) $G7W ;; $5 $l$k!# $3 $3 $G I $O %S!< %‘ EE N. CM$G $" $j!" %P %s %A EE 2YNL $r >W FM ;~ 4V $G3d $k $H!" I = N e= ( L=c ) !" $G M? $( $i $l $k!#=>$C$F!"%P%s%AI= LL>e$G$N<’ >l$NCM$O H � = 2 N e=LR $H$J$k!# N = 10 10 !" L = 100 � m !" R = 1 nm $NI8=‘E* $JCM$r<h$k$H!" 10 4 %F %9%i$H$$$&Hs>o$K6/$$<’>l$,F@$i$l$k!#>WFM$^$G$NJ?6Q ;~4V$O!" � t = L= 2 c $J$N$G!"%m!<%l%s %DNO!J F = ec � H � !K$K$h$j6J$2$i$l$k3QEY$O 2 F � t=E beam = 2 N r e = R $H$J$k!J r e $O8EE5EE;RH>7B!K!#I8=‘E*$JCM $rMQ$$$k $H!" 10 � 2 rad DxEY$G $"$k!# JLC $G $O!"?e J?J}8~ $K 100 G\$N JPJ? %S!<%‘F1 ;N$r >WFM $5$;$k $?$a!" BP1~ $9$k<’ >l$NBg $-$5 $O 10 2 %F%9 %i$H $J$j!" 6J$2 3Q$O 10 � 4 rad $H$J $k!#$3 $l$O!" >e5-$N 1_7A %S!<%‘ $N7W ;;<0 Cf$N R $r � x + � y $KCV$- 49 $($k $3 $H$G F@ $i$l $k!#?^ 2.72 $K JLC $N >l9g $N%S!< %‘ %9%H %i!< %k%s %0 8w$N %(%M %k %.!<J, I[ $r<( $7 $?!# $3$N 8w ;R$NAm ?t $O %S!<%‘ 6/ EY$K $[ $\Ey $7 $$!#%S!< %‘ %9%H %i!< %k%s %0 8w;R $, >e5- $N 6/$$ <’ >l $HAj 8_ :nMQ $7 $FEE ;R M[EE ;R BP$r @8 @.$9$k!# $3 $l $r%3 %R!< %l%s %H 2aDx $K $h$k BP @8@. $H 8F$V!# $3 $N2a Dx $G@8 @. $5$l $k EE ;R$d M[ EE;R $O!" <’>l $N Bg$- $5 $K6/ $$ 0MB8@- $N $"$k %( %M%k %.!< $N$7 $- $$CM $r ;}$D!# $=$N Bg $-$5 $O @8@. $5 $l$k EE ;RM[ EE ;RBP $N @E;_ 7O $GD> 46E* $K 8+@Q $b $k$3 $H $,$G$-$k!#$3$N@E;_7O $G$O<’>l H � $O%m!<%l%s%DJQ 49$K$h$j!" E = ( ! = 2 m e ) H � $NEE>l$H $J$k!#$3$3$G!" ! $O<B83<< 7O$N8w;R%(%M%k %.!<$G$"$k!#$3 $NEE>lCf$r!"#1 EE2Y e $,#1EE;R %3%s%W%H%s GHD9 � e 0\F0 $7$?$H$-F@ $i$l$k%(%M %k%.!<$G #1EE;R $,== J, $K:n $i$l $k $3$H $,!"$3 $N%3 %R!< %l%s %H2a Dx $K$h $kBP @8@. $N 5/$3 $k>r 7o $G$" $k!#$9 $J$o $A eE � e = m e $G $"$k!#$3 $N ;~$N ITJQ <ANL $N #2>h $H<B 83 <<7O $G$N EE ;R!"M[ EE;R $N %(%M %k%.!< � � , � + $K $h$k $b$N $H $,Ey $7$$ $3 $H$+ $i<! <0 $,F3$+$l$k!# 2 e! H � � e = m 2 e ! 2 � + � � (2.12) >e<0$G � � = ! $N$H$-!"M[EE;R$O:G>.$N%(%M%k%.!<$r$b$D!#$3$N$H$-!"<!$NITEy<0$,@.$jN)$D!# � + E beam � 1 2� <B:]$K$O 1 5� (2.13) $3$3$G!" � = H � =H c $OL5<!85$N %m!<%l%s%DITJQNL$G!"%7%s%/%m %H%m%sJ|<M$rFCD’IU$1$kNW3& %(%M%k%.!< ! c $H � = 2 = 3 � h! c =E beam $NHfNc4X78$K$"$k!# H c � m 2 c 3 =eh $ONW3&<’>l$H8F$P$l!" 4.4 � 10 9 %F%9%i$NCM$r$b$D!#$^$?!" � $N 175

?^ 2.72: %S!<%‘%( %M%k%.!< 250 GeV $N JLC $G $N%S!<%‘ %9%H%i!< %k%s%0 8w$N%( %M%k%.!< J,I[!#=D <4$OG$ 0U$N%9 %1!<%k$N 8w ;R?t$G!"2#<4$O%S!<%‘%(%M%k%.!<$G3d$C$?8w;R%(%M%k%.!<$G$"$k!# CM$OEE;RM[EE;R>WFMCf0lDj$G$O$J$$$,!"$=$NJ?6QCM$O$h$/CN$i$l$?%S!<%‘%Q%i%a!<%?$G<!$N$h$&$KI=$o$5$l$k!# � = 5 6 N r 2 e � z ( � x + � y ) (2.14) E beam = 250 GeV $N%Q%i %a!<%?$G $O � = 0 : 2 DxEY $G$"$j!" $3$N 2aDx$K $h$C$F @8@.$5 $l$k !JM[!KEE;R $O!"$=$N %(%M %k %.!<$N $7$- $$ CM $O9b $/!" H � <’>l $K $h$C $F6J $2 $i $l$k 3Q EY $O>. $5 $/ %S!<%‘ %Q %$ %WCf $+ $i 30$K $G $k $3$H $, $J $$$? $a %P%C %/%0 %i%s %H $H $O$J $i $J $$!#$^ $?!" $3$N 2a Dx $N5/ $3 $k 3NN( $O � $N CM $KBP $7 $F 6/$$ 0M B8@- !J / exp( � 16 = 3�) !K $r;} $A!" #1EE;R!J%S!<%‘!KEv$?$j � � 0 : 3 $G$O 10 � 10 $G$"$j!" � ’ 1 $G$O 10 � 2 $H$J$k!# � $O<0!J 2.14 !K$h$jL@$i$+$K%S!<%‘ %(%M%k%.!<$KHfNc$7!"%k%_ %N%7%F%#!<$K$bHf Nc$9$k$?$a!"%S!<%‘ %(%M%k%.!<$, 500 GeV 0J>e$K$J $k$H$-!"#1$NCM$r 1[ $($k$3$H$,$"$k!#$3$N$H$-$O#1%P%s%A>WFM$K 10 8 $N%3%R!<%l%s%H2aDx$K$h$kEE;RM[EE;RBP$,@8@.$5$l$k$,!"<0!J 2.13 !K $N%(%M%k%.!<$7$-$$CM$N$?$a>e=R$N$h$&$KLdBj$J$$$G$"$m$&!# Hs%3%R!<%l%s%H2aDx EE;R M[EE ;R BP!J e + e � !K@8 @. $NHs %3 %R!<%l %s %H2a Dx $K$O!" :G =i$K $= $NCG LL @Q$r 7W ;;$7 $? ?M$N 8y @S$r ;> $($F!" !J#1!K BW (Breit - Wheeler): ! e + e � !" !J#2!K BH (Bethe - Heitler): e � ! e � e + e � !" !J#3!K LL (Landau - Lifshits): e + e � ! e + e � e + e � $H>N $9$k;0 $D$N$b $N$,$" $k!#$3$3 $G!" $O%S!< %‘%9%H %i!<%k%s %08w$G $"$k!#@8 @.$5 $l $k!JM[!K EE;R $N %(%M %k %.!< $K$O %3 %R!< %l%s %H 2aDx $K $_ $i$l $? $7 $-$$ CM $O$J $/!" $‘ $7$m Hs >o$K Dc %( %M%k %.!< $K %T!<%/ $r $b$A%S!<%‘%(%M%k%.!<$^$G O"B3$KJ,I[$9$k!# %S!<%‘%(%M%k%.!< 250 GeV $G$N$3$l $i$N@8@.?t$O!"#1 %P%s%A>WFMEv$? $j !J#1!K BW: 1 : 9 � 10 3 8D!"!J#2!K BH: 2 : 2 � 10 5 8D!"!J#3!K LL: 4 : 5 � 10 4 8D$G$"$k!#A0@a$G4JC1$K?($l$?$h$&$K!"Aj <jB& $N%S!< %‘ $N:n $k <’ >l$K $h$C $F 6J$2 $i $l$k 3Q EY $O!JM[!K EE ;R $N%( %M %k%.!< $K 5U HfNc $9 $k$? $a!" $3 $N>l 9g %P%C %/%0 %i %&%s%I$H$J$k$3$H$,M=A[$5$l$k!#$3$N2aDx$r?^ 2.73 $K4JC1$KIA<L$7$?!# EE;R $N >W FM Cf $N 1? F0 $O!" $3 $N $h $& $K %m!< %l %s %D NO $K $h $k $b $N $H 9M $( $i $l $k $,!" %P %s %A Cf $N EE ;R $9 $J $o $A EE 2Y J, I[ $GM?$( $i $l $k%/!< %m %sNO $G $b5- =R $5$l $k!# $[$\ 8w B.EY $G $N%S!< %‘ >WFM $N $?$a!" $3 $N 2aDx $K $OAj BP O@$, E5 7?E* $J 7A$G E, MQ$5$l $k!#Nc $( $P!";0 <!85 $N %/!<%m %sNO $O%m!< %l %s%D <}=L $K $h$j!" Hs>o $K $h$$ 6a;w $GFs <! 85NO $H$J $k!# ?^ 2.73 $N $h$& $K!":8$+$i!J + z !K$N%S!<%‘#1$H1&$+$i!J � z !K$N%S!<%‘#2$H$,F1B.EY v ’ c $G@5LL>WFM$9$k!#$3$N>l9g!"=E?47O$O<B83 176

?^ 2.73: :8 ?^!’EE;RM[ EE;RBP@8 @.$H>WFMCf $N<’>l$K $h$k6J$, $j!#Fs$D$NJP J?%S!<%‘$O ?^$NCf1{$K =E$J$j9g$C $?;f$N$h $&$KIA$+$l $F $$$k!#Aj<jB&$N%S!<%‘$HF1$8EE2Y$r$b$C$?$b$N$,6/$$@MNO$r<u$1Bg3QEY$K;6Mp$9$k!#1&?^!’@8@. $5$l$?EE;R!"M[EE;R$N;6Mp3QJ,I[$G 2#!"=D<4$O$=$l$>$l?eJ?!"?bD>J}8~$X$N;6Mp3Q$r<($9!# <<7O$G $b $"$k!# <B83 << 7O$G 4QB, $5 $l$k EE>l E ? $H <’>l H ? $O!"%S!< %‘ @E;_ 7O$N %/!< %m%s >l$K $h $kEE >l E 0 ? $h$j <!<0 $N %m!<%l%s%DJQ49$G7W;;$5$l$k!#$3$3$G%S!<%‘$N?J9TJ}8~$K?bD>$N@.J,$@$19M$($k!# E ? = E 0 ? ; H ? = v c � E 0 ? ; � E beam m e (2.15) $3$NEE>l$H<’>l$K$h$C$FEE2Y e $N<u$1$kNO!J F !K$O!" F = e ( E ? � v c � H ? ) ’ e (1 � v 2 c 2 ) E ? (2.16) $GI=$5 $l $k!# >e<0 $N %m!<%l %s %DNO $N Id9f $O EE2Y $N ?J$‘ J} 8~$r <( $7$F $$ $k!#%S!< %‘ $H F1$8 J} 8~$K ?J $‘EE ;R $N<u $1 $kNO $O %<%m$H $J$j!" @5 LL>W FM$N >l9g $K BP1~ $9$k H?BP J} 8~$K ?J$‘ $b$N $OEE >l E ? $N#2 G\$N NO $r<u $1$k!# $7$? $,$C $F!" dp=dt = F $h$j<!$N1?F0J}Dx<0$,F@$i$l$k!# d 2 x dt 2 = 4 N r e � 1 L @ � @ x (2.17) $3$3$G!" � $OEE;R $N%(%M%k%.!<$r%S!<%‘%(%M%k%.!<$G3d$C $?$b$N$G$"$k!# �( x; y ) $O%S!<%‘ @E;_7O$G$NFs<!85$N%/!<%m %s%]%F %s %7%c%k $G $"$k!# ?b D>@. J, $N y $K BP $7$F $b F1MM $J1? F0 J}Dx <0 $,@. $j N)$C$F $$ $k!#1& JU $N78 ?t $O%S!< %‘ @E;_ 7O $G $N z J}8~$N EE2YL)EY $G$"$j!"$3 $N@E;_7O$G <B83<<7O $N%P%s%A D9 L $,<u$1$k%m!< %l%s%D?- D9$O!" � $N<u$1 $k%m!<%l%s%D 78?t$rAj;&$7$F$$$k!#%,%&%9J,I[$9$k%S!<%‘$NCf?4IU6a!J j x ( y ) j � � x ( y ) !K$G$O!" �( x; y ) $O � = 1 2( � x + � y ) ( x 2 � x + y 2 � y ) (2.18) $HI=$5$l$k!# <B:]$K$O%S!<%‘Cf$NEE;R$O!">WFMCf>e5-$NNO$r<u$1?6F0$7$?$j!"<}=L!J pinch 8z2L!K!"$H$-$K$OJ4:U!J disrupt !K $5$l $k$J $I J# ;($J 1? F0 $r$9 $k!# $7 $?$,$C $F!" $3$l $i %S!< %‘%S!< %‘ Aj 8_:n MQ $O %7%_%e %l!< %7%g %s$H $$ $& ?tCM E* $J <jK! $K $h$C$F>\$7$/ D4$Y$i $l$F$$ $k!#0J2< $G$O!" ABEL !J Analysis of Beam-b eam E�ects in Linear colliders !K$H$$ $&%7 %_%e%l!<%7%g%s%W %m%0%i %‘$K$h$k $b$N$G $"$k!# ABEL $G$O!"Hs %3%R!<%l %s%H2a Dx$NEE;R M[EE;R BP@8@. $OEy2A8w ;R6a;w $G7W ;; $5 $l $F$$ $k [26] !# ;0 $D$N 2a Dx $O $9 $Y $F #28w ;R >W FM $K $h $k EE;R M[ EE ;R @8 @. !J ! e + e � !K $K 5" $9 $k$3 $H $, $G $- $k!# BW $N$H $-$O =i4|>u BV$N#2 8w;R$O %S!<%‘%9 %H%i!<%k %s%08w $G$" $j!" BH $G$O%S!< %‘%9%H %i!<%k%s %08w$H %S!<%‘$N 177

!JM[!KEE ;R Cf $N 2>A[ 8w ;R $G $" $j!" LL $G $O!" #28w ;R $O $= $l $> $l %S!< %‘$N EE ;R M[ EE ;R Cf $N2> A[ 8w ;R $G $" $k!# 2>A[ 8w ;R $N %(%M%k%.!<!J E !KJ,I[$O$h$/CN$i$l$F$*$j!" n v ( y ) = 2 � � 1 y ln( 1 y ) ; y = E =E beam (2.19) $GI=$5$l$k!#%S!<%‘%9%H%i!<%k%s%08w$N$b$N$KHf$Y$F0lHL$KDc%(%M%k%.!<$KB?$$%=%U%H$JJ,I[$r$7$F$$$k!#$^$?!" ABEL $O8w ;R $N 2> A[ @- (virtuality) $J $I $N NL ;R E* 8z 2L $b 9M N8 $7 $F $$ $k!# $3 $l $O IT 3N Dj @- 86 M} (� p � � r > h ) $K $h $j!" $" $k 1?F0NL $N N3 ;R$O 6u 4VE* 3H $,$j $r $b$D $3 $H$K $h $k!#$3 $N EE;R M[ EE;R @8 @.$G $O!" Dc %(%M %k %.!<$N 2> A[8w ;R $N4s M? $,B? $/!" H?1~$N%$%s %Q%/%H %Q%i%a!<%? !J>WFMH> 7B!K$,%S!< %‘%5%$ %:!"FC$K?b D>J}8~ $N$b$N $r1[$($k $?$a!"@8 @.3NN( $, 50% DxEY M^@)$5$l $k!#?^ 2.74 $O!"EE ;RM[EE ;R!JN3 ;R!K$N >WFM8e $N2# 1?F0NL !J P T !K $H;6 Mp3Q EY!J � !K $NJ,I[ $G$" $k!# ?^ Cf P T $K ?^ 2.74: %S!< %‘ %( %M%k %.!< 250 GeV $N JLC $G$N EE ;R M[EE ;R BP@8 @. $N N3 ;R J, I[!# =D <4 $O N3 ;R $N %S!< %‘ <4 $K ?b D> J} 8~ $N 2# 1? F0 NL$G!" 2# <4 $O >W FM 8e $N ;6 Mp 3Q EY $G $" $k!# $I $A $i $b BP ?t L\ @9 $G I= $7$F$$$k!# ?^ 2.75: %S!<%‘%(%M%k%.!< 150 !" 250 GeV $N JLC $G$NN3;R$N P T J,I[!#=D <4$O#1%P%s %A>WFMEv$? $j$NN3;R ?t$G!"2#<4$O N3;R$N P T $G$"$k!# 1h$C$F G; $$ 6- 3& $N $" $k $3 $H $, 8+ $( $k!# $3 $l$O N3 ;R $N @8 @. 3Q EY $O m e =E e Dx EY $G $" $j$= $N Bg It J, $O %S!< %‘ J} 8~ $G $" $k $3 $H!"$=$7 $F <’>l $K $h$k 6J $23Q $K :GBg 3Q $,$" $k $?$a $G $"$k!# $3 $N6- 3& $r1[ $( $kBg $- $J3Q EY NN0h $K $"$k N3 ;R$O!" @8 @.;~ $K $9$G$K Bg 3QEY $K ;6Mp $7 $F$$ $k $b$N $G $"$k!# $3$l $i $NN3 ;R $GD> @\ $KB, Dj 4o$K F~ $j%P%C %/ %0%i %s %H$H $J$k $b $N$O ;6 Mp3Q EY $, 150mrad $r1[$( $k$b$N$G!"$=$l$i$N P T J,I[$r ?^ 2.75 $K<($7$?!# $3$NJ,I[$K$OL@$i $+$K#2@.J,$"$k $3$H$,$o$+$k!# $=$l$i $O!"?^ 2.74 $K8+ $i$l $?6- 3& $KBP 1~$9 $k8* $r$b $DHs >o$K B?NL $N N3;R $h$j $J$k $b$N $H!"@8 @.;~ $KBg 3Q EY;6 Mp$7 $?$b $N$G$"$j!"8e<T$O;X?t4X?tE*$K8:>/J,I[$9$k!#<B:]$K$O!"Dc P T NN0h$K=8Cf$9$kA0<T$N N3;R$O!" 1.5 %F%9%i$NB,Dj4o$N %=%l%N %$ %I <’>l $G %S!<%‘ %Q %$%W $N 2s$j $K 4,$- IU $1$i $l $k!#$3 $l $i$N 0z $-5/ $3 $9 %P%C%/ %0 %i%& %s %ILd Bj $O8e $N %;%/ %7%g %s$G>\$7$/=R$Y$k!# $^$?!"$3$N$h$& $JEE;RM[EE;R $N6/$$%S!<%‘<’ >l$K$h$k;6Mp $O!"Aj<jB&$N%S!< %‘%5%$%:$J$I $N=EMW$J>p Js$r$b$C$F $$$k$3$H$, $o$+$C$?!#FC $K$=$N J}0L3QJ, I[$K!"%S!< %‘$NJPJ? EY$K$[$\ HfNc$9 $kHsBP>N @-$N$" $k$3$H$, ABEL $K $h$k7W ;;$GL@$i$+$H$J$C$?!#$3$N$3$H$rMxMQ$7$?%S!<%‘%5%$%:%b%K%?!<$bDs0F$5$l$F$$$k [27] !# <!$K 0JA0 $K$b ?($l$? $h$& $K!"A0 J}$K ;6Mp$5 $l$? B?NL $NN3 ;R$H QC1 $N<’ 6K$H $N>W FM$G @8@.$5 $l$k Fs<! E*$J %P%C%/ %0%i%& %s %I$r 5D O@$9 $k!# $3$3 $G LdBj $H $J$k $b $N$O!" 86 ;R3K $+ $i8w H/ @8$9 $k Cf@- ;R $=$7 $F 8eJ} ;6 Mp$5 $l $k8w ;R $G$" $k!# A0<T $O >W FM $9 $k N3 ;R $N A4 %( %M %k %.!< $K Hf Nc $7!" 7.7 GeV $N %( %M %k %.!< Ev $? $j 1 8D $N Cf @- ;R $, @8 @. $5 $l $k!# $7 $? $,$C $F!"#1%P%s%A!J%Q%k%9!K>WFMEv$?$j$NA4%(%M%k%.!<$O 6 � 10 4 (10 6 ) GeV $KC#$9$k$?$a!" 10 4 (10 6 ) 8D$NCf@-;R$,@8@.$5 178

$l$k!# $3$l$i Cf@-;R$N %(%M%k%.!< $O!"86;R3K $N%8%c%$%" %s%H6&LD $KFCD’E* $JCM$r$b $ALs 1.5 MeV $G$" $k!#?^ 2.76(a) ?^ 2.76: !J a !K1UBN%7%s%A%l!<%?!J NE213 !KCf$G$N%(%M%k%.!< 1.65 MeV $NCf@-;R$KBP$9$kB,Dj8zN(!#2#<4$O!"EE;R$N%(%M %k%.!<AjEv$K 49;;$7$? B,Dj4o $N%(%M%k %.!<$7$-$$ CM$G$" $k!#!J b !KF~<M %(%M%k %.!< 0.5 � 10 GeV $K 0lMM$KJ, I[$7$F$$ $kEE;R $H<’6KJ*<A!J F e-Co-V: 49-49-2% !K$N>WFM$K$h$C$F8eJ};6Mp$5$l$k8w;R$N%(%M%k%.!<J,I[!#$3$l$O!" EGS4 %3!<%I$K$h$k%7 %_%e%l!<%7%g%s$N7k2L$G$"$k!#!J c !K#1F~<MEE;REv$?$j$N8eJ};6Mp$N8w;R?t!#2#<4$O!"F~<MEE;R$N%(%M%k%.!<$G$"$k!# $h$jL@ $i $+$J $h $&$K!" B, Dj4o $, 1UBN %7 %s%A %l!< %?$N >l 9g!"$= $N %(%M %k%.!< $7 $-$$ CM 0.1 MeV $K BP $7$F $O 30% Dx EY$N B,Dj 8z N( $r $b $D $,!" $7 $- $$ CM $, >e $, $k $H 5^ 7c $K 8z N( $, 0- $/ $J $j!" 0.5MeV $G $O %< %m $K $J $k!# 10 4 (10 6 ) 8D $N Cf @- ;R $, $=$l$>$l 0.1 MeV $N%( %M%k%.!<$r 50% $N 8zN($G!"0l MM$K 20,000 %A%c%s%M%k $N%+%m%j %a!<%?!<$KM? $($k$H$9$k $H!"#1 %A%c%s %M%k Ev $? $j $N%( %M %k %.!<OB $O 0.025(2.5) MeV $G $7 $+ $J$$!# $= $N B>$N B, Dj 4o $OCf @- ;R $KBP $7 $F $N 46EY $, $J $$$? $a!"FC$KLdBj$O$J$$!#$3$l$KH?$7$F!"8eJ};6Mp$N8w;R?t$O?^ 2.76(c) $K<($7 $?$h$&$K>WFM$9$kN3;R?t$KHfNc$7!"#1EE;R Ev$? $j Ls#4 8D $G $" $k!# >WFM $9 $k N3 ;R?t $O #1 %P %s %A!J%Q %k %9!K Ev $? $j 3 � 10 4 (10 6 ) $G $"$k $? $a!" 10 5 (10 7 ) 8D$N 8w ;R $, 8eJ};6Mp$5$l$k!#$= $N;~$N8w;R $N%(%M%k%.!< $O?^ 2.76(b) $K8+$i$l $k$h$&$K!"$=$N BgItJ,$O 1 MeV 0J 2<$G$"$j!"EE<’ %7%c%o!<Cf$NM[EE;R >CLG$KFC M-$J%T!<%/$r 0.5 MeV $K$b$D!#$3 $l$i$N8w ;R$,8!=P4o $NCf$KF~ $j!"%P%C%/%0%i %s%H$H$J $k$N$rKI$0$N$K%^%9%/$rI,MW$H$9$k!#$3$l$O@a 2.5.6 $G>\$7$/=R$Y$k!# 2.5.5 %_%K%8%’%C%H :#$^ $G D4$Y $F $-$? EE ;R M[EE ;R BP $NBe $o $j$K %/%)!< %/ � H? %/%)!<%/ BP $b B??t @8 @.$5 $l $k!# $=$l $i $O � ; K Cf 4V ;R$J $I $N4v $D$+ $N %O%I %m %sN3 ;R $KJ, Nv $7 $?%8%’%C %H 9=B$ $r $b$A!" EE ;RM[ EE ;R >CLG 2a Dx$N $b $N$H Hf $Y$k $H!" $= $N%( %M %k%.!< $, >.$5 $$$? $a $K%_ %K %8%’%C%H $H 8F$P $l $k!# $3$N 8= >]$O %H %j%9 %? %s<B 83 $G =i$a $F 8!>Z $5 $l!"@: NO E*$K D4 $Y $i$l $F $$$k!# EE ;RM[EE ;R BP@8 @. $N>l 9g $H:] $@$C$? 0c $$$O!" 8w ;R$N %O %I%m %sE* 9= B$$, Hs >o$K =E MW$J Lr 3d$r $b$D $3 $H$G $" $k!#8w ;R $H � Cf 4V;R $J$I $N %Y%/ %H %k Cf4V ;R $H $O!"$= $l $i$N @- <A $r5- =R $9 $kNL ;R ?t!J%9 %T %s!" %Q%j %F%#!K $,Ey $7 $$!# $3$N $? $a!" 8w;R $r 4v$D$b $N %Y%/ %H %kCf 4V ;R$N OB $H9M $(!" $=$N %O %I%m %s E*Aj 8_ :nMQ $r $+$J $j $h$/ @b L@$G $- $k!#$3 $l $r8w ;R $N%Y %/ %?!<%a %> 179

%s%I %_ %J %s %9 %b %G %k !J VMD !K $H $$ $&!# $3 $N $h $& $K 8w ;R $r 0l $D $N %O %I %m %s $H 9M $(!" $= $N Fb It 9= B$ $r %/%)!< %/ $d %0 %k!< %*%sJ, I[ 4X ?t$G 5- =R$7!" %_ %K%8%’%C %H @8@. CG LL@Q $, 7W;; $5 $l$F $$ $k!#$3 $l $i$N J, I[ 4X?t $O <B83 $G $N$_ 7h Dj$5 $l $k$b $N $G!"8=:_$N$H$3$m!"FC$K%0 %k!<%*%s$KBP$7$F $+$J$jITDj@-$, $"$k!#$3$NITDj@- $O!"=E?47O%(%M%k %.!<$, 500 GeV $N %j %K%" %3%i %$ %@!<$G $O #3G\ Dx EY$G $" $k!# 0lHL $K %S!<%‘ %9 %H%i!< %k %s%0 8w ;R $O2> A[ 8w;R $N %(%M %k %.!<J, I[ $K Hf$Y $F 9b$$ %( %M%k%.!<$KB?$/J,I[$9$k!# $=$l$O%_%K%8%’%C %H@8@.$K:]$7!"=E ?47O%(%M%k%.!< 500 GeV $G$O2>A[ 8w;R$H$[$\F1$8 4s M?$r$b $D $,!" T eV NN 0h $G$N %j %K%" %3 %i%$ %@!< $G$O 0l HVFM =P $7$? 8w ;R8; $H $J$k!# ?^ 2.77 $K %_%K %8%’%C %H@8 @. CGLL @Q $r ?^ 2.77: =E?47O%(%M%k%.!< 58 GeV $N%H%j%9%?%s!" 300 GeV $H 500 GeV $N JLC $G$N DG %Q%i%a%H%j%<!<%7%g%s !J p t;min = 2 : 0 GeV !K$rMQ$$$?%_%K%8%’%C%H$N3QJ,I[!# 5<%i%T%G%#%F%#!<!J � � � ln tan( � = 2) !K $N4X?t$G<($7$?!#$3$3$G!" � = 45 � $O � =0.7 $KBP1~$7$F$$$k!# =E?47O%(%M%k %.!< 58 GeV $N%H%j%9%?%s <B83$KBP$7$F!" 500 GeV $N%j%K%"%3%i%$%@!<$G$OI4G\0J>e$NIQ EY$G%_%K%8%’%C%H$,@8@.$5 $l$k!#8=:_$N <B837k 2L$HL5 L7=b$J 8w;RFbIt 9=B$4X ?t$NFs $D$NBe I=E*$J %Q%i%a %H%j%<!<%7%g %s$N DG $H LA C1 $rMQ $$$? $H$-!"#1 %P%s %A>W FMEv $?$j $K @8@. $5$l $k%_ %K%8%’%C %H?t $O!" 0.061(DG) !" 0.20(LAC1) $H 7W;; $5$l $k!#$3 $N7W ;;CM $N 0c$$$O<g$K>e=R$N%0%k!<%*%sJ,I[$NITDj@-$K5/0x$7$F$$$k!# %_%K%8%’%C%H@8@. $,Hs>o$KB?$/ 6=L#$"$kJ* M};v>]$H=E$J$C $?$H$-!"$=$l$O %P%C%/%0%i%&%s %I$H$7$FLdBj $K$J$k!# $b$7 %P%s %A $4$H $N ;v >]$N J, N% $,$G $- $J$$ $H $- $3$N $3 $H $,== J, $K5/ $3 $j F@$k!# %7 %_%e%l!< %7%g %s $K$h $k $H!" %_%K %8%’%C %H$O j � j < 1.3 !J 30 � < � < 150 � !K$N3QEYNN 0h$G!"J?6Q#5$D$N 2YEEN3;R$h$j@.$k [28] !#Ha4QE* $J>l9g$H$7$F!" e + e � ! Z H 2aDx$N%R%C%0%9@8@.$KI,$:0l$D$N%_%K%8%’%C%H$,=E$J$C$?>l9g$rA[Dj$9$k!#%7%_%e%l!<%7%g%s$K$h$k$H!"<ANL 110 GeV $N%R%C %0%9 $NJx 2u$K $h$k #2%8%’%C%H ITJQ <ANL $NJ, 2rG= $O 3.9 GeV $+$i 5.3 GeV $H$J $k!#$3 $N>l9g $G$b!" %R%C%0 %9$NH/ 8+ $d<A NL $NB, Dj $K$O 2? $i;Y >c $O$J $$!# $7$+ $7 $J$, $i!" EE;R M[ EE;R >W FM$N FC D’$r $G $-$k 8B $jB; $J $o$J $$ $?$a $K!" B,Dj4o$H$7$F$O!"%P%s%A$4$H$N;v>]$NJ,N%$N2DG=$J$b$N$r:NMQ$7$J$1$l$P$J$i$J$$!# 2.5.6 %^%9%/%7%9%F%‘ B,Dj 4o$r QC1 $N <’6K $+$i8e J};6 Mp$5 $l$k B?NL$N 8w;R $h$j <WJC $9$k$? $a$K!" %^%9 %/$, I,MW$J $3$H $OA0 $K=R $Y$?!# ?^ 2.78 $K%^ %9%- %s%0 %7%9 %F%‘ $r 4JC1 $KIA <L$7 $?!#%^ %9%/ $O$3 $l$i $N 8w;R $r== J,$K 5[<} $9$k $?$a!" %?%s %0 %9%F %s$J $I$N Hs>o$K =E$$ J*<A $G :n$i $l$k!# %?%s %0%9 %F %s$O!" 0.5 MeV $N8w ;R$K BP$7 $F 5 cm $N 8|$5 $G 10 � 5 $N5[ <}78 ?t$r $b$D!# >W FME@ $h $j QC1 $* $h $S %^ %9 %/ $^ $G $N 5w N% $r 3F!9 L Q !" L mask $H $7!" %^ %9 %/ $N 3+ 8} It $N H> 7B $r R mask $H $9 $k $H!" QC1 180

$+$i%^%9%/$N3+8}It$r8+$k%"%/%;%W%?%s%9 � mask !JN)BN3Q$r 4 � $G3d$C$?NL!K$O!" � mask = R 2 mask 4( L Q � L mask ) 2 (2.20) $GDj5A $5 $l$k!# $3 $N4V 8} $rDL $j H4$1 $k 8w;R $NBg It J,$O H? BPB& $N %^%9 %/ $KEv $? $k!#$= $3 $G:F $S 8eJ} ;6Mp $9 $k8w ;R $N3N N( $O9b!9 10 � 2 $G $" $k!# $= $N Am ?t $r #1 %Q %k %9 >W FM Ev $? $j 10 2 0J 2< $K $9 $k $? $a $K $O!" � mask $O 10 � 3 0J 2< $G $J $1 $l $P $J $i $J$$!#$7$?$,$C$F!" L mask < 2 p � max mask L Q tan � mask + 2 p � max mask (2.21) $NITEy <0$, @.$j N)$D!# $?$@ $7!" tan � mask = R mask =L mask !" � mask mas $O � mask $N :GBg CM$G $"$k!# $3$3 $G!" L Q =2.5 m !" � mask =0.15 $N>r7o$r$$$l$k$H!" L mask < 0.74 m $NMW@A$,F@$i$l$k!#$^$?!"?^ 2.75 $K8+$i$l$k2#1?F0NLJ,I[$N8* $r7A@. $9 $k N3;R $O!" %^%9 %/ $N4V 8} $rDL $j H4$1 $J $1$l $P $J$i $J $$!#$= $& $G$J $$ $J $iB? NL $N%P%C %/ %0%i %& %s%I $, @8$8 $k!# 2f!9$O$$$m$$ $m$N0BA4 78?t$r9M N8$7!" L mask =0.44 m $N CM$r:N MQ$7$?!#$3 $N;~$NN3 ;R$N%S!< %‘<4$h$j H>7BJ}8~ $NJ,I[ $r$=$N%(%M%k%.!<$H$NAj4X$G?^ 2.79 $K%W%m%C%H$7$?!# ?^$h$jL@$i$+$K!"N3;R%(%M%k%.!<$, 90 MeV IU6a$G%S!<%‘<4$h ?^ 2.78: >WFME@!J IP !KIU6a$N%^%9%-%s %0%7%9%F%‘!#%^%9%/$r4^ $‘B,Dj4o$O!"#2%F%9%i$N0lMM$J%=%l%N%$%I<’>lCf$KCV$+$l$k!# ?^ 2.79: %S!<%‘%(%M%k%.!< 250 GeV $N JLC $G$NEE;RM[EE;RBP @8@.$NN3;RJ,I[!#=D<4 $ON3;R$N%(%M%k%.!<!J E !K$G!"2# <4$O>WFM E@$h$j 0.44 m $N=j$G$NN3;R$NH>7BJ}8~$N0LCV!J R !K$G$"$k!# $j:GBg$N5wN%$K$J$j!"$[$H$s$I$NN3;R$O!"%S!<%‘<4$+$i 5.2 cm 0J2<$rDL$jH4$1$k!#$3$N0LCV$G$N R mask $O 6.7 cm $G $"$k$N$G!">e5-$N%P%C%/%0%i%&%s%ILdBj$O$J$$!# 0J >e!" ABEL $K$h $k %7%_%e %l!< %7%g%s $K $h$k 7k 2L$r =R $Y$? $,!" A0J} $K ;6Mp $5 $l$k 2Y EEN3 ;R $KBP $7 $F!"G$ 0U $N>W FME@$+$i$N 5wN%!J ‘ !K $G$N:G BgH>7B R max $O!"%=%l %N%$%I <’>l!J B !K Cf$NH> 7BJ}8~ $N1?F0 J}Dx<0 $G$h$/ I=$9$3 $H$,$G $- $k!#%S!<%‘<4$+$i$N5wN%$r R !"%=%l%N%$%ICf$G$i$;$s1?F0$r$9$kN3;R$N50F;H>7B$r � ( � (m) = P T (GeV ) = 0 : 3 B ( %F%9%i )) $H$9$k$H!"<!<0$,@.$jN)$D!’ R = 2 � sin � 2 ; � = 0 : 3 B ‘ P Z !# (2.22) >e<0 $h $j!" � = � $N ;~!" R $, :G Bg $H $J $k $3 $H $, $o $+ $k!# $3 $N $H $-!" N3 ;R $N 1? F0 NL p $O!" p ’ p z $N $? $a!" P �’ 0 : 3 B ‘=� $G $"$k!# B =2 %F %9%i!" ‘ ’ L mask =0.44 m $H $9 $k$H!" P =84 MeV $H $J $j!"?^ 2.79 $G<( $5 $l$? %7%_%e %l!<%7%g%s7k2L$H$h$/0lCW$7$F$$$k!#N3;R$N:GBg2#1?F0NL$r P max T = P sin � max $H$9$k$H!"$=$N:GBgH>7B$O , R max = 2 � = 2 P max T 0 : 3 B ’ 2 ‘ sin � max � !" (2.23) 181

$G$"$k!# P max T $9$J$o$A � max $O!"%S!<%‘ � %S!<%‘Aj8_:nMQ$G$N;6Mp$K$h$C$FM?$($i$l$k$H$9$k$H!" � max ’ � ln( 4 p 3 D x � ) p 3 �D x � 1 = 2 � � p 2 (2.24) $H$J$k!#$3 $3$G!" � � P =E beam , D x � 2 N r e = � � z = ( � x ( � x + � y )) !" � � � D x � x =� z $G $"$k!# >e<0$O!" D x =� � 1 $N>l9g$N<0!J 2.17 !K$N6a;w2r$G$"$k!#<B:]$K!" E beam =250 GeV $N%S!< %‘%Q%i%a!<%?!’ N = 10 10 !" � x = 260 nm !" � y = 3 : 04 nm !" � z = 80 � m $K $h$j!" D x =0.14 !" � � =0.44 mrad $H$J $j!" 87 MeV $N N3;R $KBP $7$F � max =0.20 rad $H 7W;;$5 $l$k!#$7 $?$,$C$F!" <0!J 2.23 !K $h$j R max =5.5 cm $, F@$i$l $k!#$3$N CM$b %7%_%e%l!< %7%g%s 7k2L$H $h $/0l CW $7$F $$ $k!# $^ $?!" P max T =17 MeV $G $" $k$N $G ?^ 2.75 $h $j!" %^ %9 %/ I=LL $K >W FM $9$k N3 ;R ?t $O #1 %P%s %A !J%Q %k %9!K>WFMEv$?$j9b!9 10 !J 1000 !K8D$G$"$j!"FC$K%P%C%/%0%i%&%s%I$H$7$FLdBj$H$O$J$i$J$$$G$"$m$&!# 2.5.7 50@W8!=P4o$G$N%P%C%/%0%i%&%s%I 0lHL$K!"2YEEN3 ;R$N50@W$r8! =P$9$kB,Dj4o $O%S!<%‘<4$KJ? 9T$J%7%j%s%@!< >u$N7A$r$7$F $*$j!"$=$NH>7B J}8~$K4v $D$b$N B? AX9= B$ $r$7 $F $$$k!# 0l MM$J %= %l%N %$ %I<’ >l Cf!"2Y EE N3;R $, IA$/ 50 F;$N 6J N($r B, Dj$7!" $= $NN3 ;R $N1? F0 NL$r 7h Dj$9$k!#$3$l $iB,Dj 4o$KBP $9$kEE ;RM[EE ;RBP@8 @.$+$i $N%P%C%/ %0%i%& %s%INL $r8+$k $?$a!"?^ 2.80 $KN3;R $,H>7B 2 � 150 cm $N%7%j%s%@!< I=LL$rDL2a $9$k2s?t$r!"Fs $D$N3QEYNN 0h!J j cos � j < 0.7 !" 0.9 !K$G<( $7$?!# $3$l$i$N J,I[$K$b!"H>7B ?^ 2.80: EE;RM[EE;RBP@8@.$+$i$NN3;R$K$h$k%P%C%/%0%i%&%s%I!#N3;R$O!" 2 %F%9%i$N%=%l%N%$%I<’>lCf$r%X%j%C%/%950F;$r ?J9T$7!"H>7B R V T X $N%7%j %s%@!<LL$rDL 2a$9$kE@$N ?t$r=D<4 $K<h$C$F$$$k!# 2#<4$O$=$N H>7B R V T X $G!"!J a !K!"!J b !K$O!" $=$l$>$l j cos � j < 0 : 707 ; 0 : 9 $N3QEYNN0h$KBP1~$7$F$$$k!# 10cm 0JFb$GH>7B$NA}2C$H$H$b $K;X?t4X?tE*$K5^7c$K8:>/ $9$k$b$N$H!"Hs>o$K$f$C$/$j$H 8:>/$9$k#2@.J,$,$"$k!#%7%s %/%m %H %m%s 8w $N 3H $,$j $, >. $5 $$$? $a!" H> 7B 1 cm Dx EY $N%S!< %‘ %Q %$ %W $,;H MQ 2D G= $G$" $k!# $3 $N $H$-!" H? 1~ $N Fs<!!" ;0 182

<!Jx2uE@$r@:EY $h$/B,Dj$9 $k%P!<%F%C%/ %9B,Dj4o$O!" H>7B 2 � 10 cm $K@_ CV$5$l$k!#H> 7B 2 cm $G$NN3 ;RDL2a?t$O!" ?^ 2.80 $h$j#1%P%s%A!J%Q%k%9!K>WFMEv$?$j 100 !J 10000 !K8D$G$"$k!#%7%_%e%l!<%7%g%s$K$h$k$H!"#1N3;R$O?t2sDxEY%7%j %s%@!< I=LL $r DL2a $9 $k!#0l <! 85FI $_ =P $7$N B, Dj4o $O!" %R%C%H E@ $NA4 FI $_ =P$7 %A%c %s%M %k ?t$K BP $9$k @j M- N($, 9b 2a$. $k $?$a5!G= $7$J $$!#$7 $?$,$C$F!" CCD(Charge Coupled Device !K $J$IFs <!85 FI$_ =P$7$N B,Dj 4o$, $3$N$h $&$K %S!<%‘ <4 $K6a$$=j $G$OI, MW$G$" $k!#Cf ?4Ht@W B,Dj4o $O!"0l HL$KH> 7B 30 cm 0J>e %S!<%‘ <4$h$j N%$l$? >l=j$K CV$+ $l$k!#$3 $l$KBP $9$k %P%C %/ %0%i %& %s %I %R%C %H ?t$O!" ?^ 2.80 $h $j #1%P %s %A !J%Q %k %9!K >WFM Ev $? $j 1 !J 100 !K 8D Dx EY$G $" $k!# ?^ 2.75 $G$b L@$i $+$J $h $&$K!" $3 $l$i $N N3;R $N 2# 1?F0 NL $O>. $5 $/!"$= $N 1F6A $O >/ $J$$ $H 4|BT $5 $l$k $,!" %_%K %8%’%C %H $N=j $G =R$Y $? $h$&$K%P%s%A$4$H$NJ,N%$N2DG=$J$b$N$rB,Dj4o$H$7$FMQ$$$J$1$l$P$J$i$J$$!# 2.6 %k%_%N%7%F%#!<$NB,Dj 2.6.1 35MW JLC $K$*$$$F$O<B83$+$iMW5a$5$l$k==J,$J%k%_%N%7%F%#!<$rF@$k$?$a$K!">WFME@$K$*$1$k%S!<%‘%5%$%:$O%J%N%a!< %?!<DxEY$H$J$k!#$=$N$h$&$JBgJQHy>.$J%5%$%:$N7k2L!"%S!<%‘ � %S!<%‘8z2L$K$h$jEE;R5Z$SM[EE;R$N%(%M%k%.!<$,8:>/ $7!">W FM$N %( %M%k %.!< $O 0lDj $G $O$J $/ $J$k!# $7 $+ $b!":G =* <}B+ <’ @P $K$* $$ $FMM!9 $J 50 F;$r DL $k$3 $H $K$h $j @8 $8$k %S!< %‘%(%M%k %.!<$N9- $,$j$O 1% $K 5Z$V [1] !#%k%_ %N%7 %F%#!<J,I[ ( $b$7 $/$OEE ;R!"M[EE ;R>WFM $N=E ?47O%( %M%k%.!< $NJ, I[ ) $r>\:Y$KCN$k$3$H$O!"%H%C%W%/%*!<%/$NJ*M}$N8&5f$N$h$&$K$7$-$$CM$G9T$&<B83$G$OFC$K=EMW$G$"$k [29] !# 8=:_9T$o $l$F$$ $kEE;R � M[ EE;R>W FM<B83 $G$OAG 2aDx$K $*$1$k mU<MJd @5$r=| $$$F!">W FM$O0l Dj$N%( %M%k%.!<$G @8$8$k $H$$$&2>Dj $N$b$H$K!" >.;6Mp3Q $N%P!<%P!< ;6Mp2aDx $K$h$j%k %_%N%7 %F%#$rB,Dj $7$F$$ $k!#$7$+$7!" JLC <B 83$G$O$= $N 2>Dj$O>e 5-$N $h$& $K@. $jN) $?$J$$ $N$G!" =>Mh $NJ} K!$G $O==J, $JB, Dj@: EY$O F@$i $l$J$$!# Miller $i $O!"Bg ;6Mp 3Q$N %P!< %P!<;v >]$N %" %3 %j%K %" %j %F%#3Q J, I[ $rB, Dj $9 $k$3 $H $G %k%_ %N %7 %F%#J, I[ $r B,Dj $9 $k $3$H $r Ds 0F$7 $? [30] !#$3 $l $O EE;R $HM[EE;R$N>WFM$N:]$N%(%M%k%.!<$NAj0[$,%P!<%P!<;6Mp$N%"%3%j%K%"%j%F%#3Q$KH?1G$5$l$k$3$H$K4p$E$/!# 2f!9$O %j%K %" %3%i %$%@!< <B 83$G $N %k%_ %N %7%F%# J,I[ %8%’ %M%l!< %? $r3+ H/ $7!" JLC <B83 $K$* $$ $F>e 5- $NJ} K!$G %k %_ %N%7%F%#J,I[$rB,Dj$9$k8&5f$r9T$C$? [31] !# 2.6.2 %$%t%’%s%H%8%’%M%l!<%? 2# C+ $i $O %S!< %‘ %S!< %‘ Aj 8_ :n MQ $r >\ :Y $K 7W ;; $9 $k %7 %_%e %l!< %7%g %s %W %m %0 %i %‘!" ABEL[32] $H CAIN[33] $r 3+ H/ $7$?!#$3$l $i$OEE ;R � M[EE ;R>WFM $N$_ $G$O$J $/!"EE ;R � 8w;R>W FM!"8w;R � 8w ;R>W FMEy$N >WFM %(%M%k %.!<$NJ, I[$r $b>\:Y $K%7%_%e%l!<%7%g%s$9$k$3$H$,2DG=$G$"$k!#$=$l$i$rMQ$$$?7k2L!"EE;R � M[EE;R>WFM%(%M%k%.!<$NJ,I[$r$h$/:F8=$9$k 7P83 <0 $bDs 0F $5 $l $F $$$k [35] !# =E ?47O $N %( %M %k%.!< $, 500 GeV $N;~ $N!" CAIN $H 2# C+ $N 7P83 <0 $K $h $k%k %_ %N %7 %F%# J,I[$NHf3S$r?^ 2.81 $K:\$;$?!# $3$3 $G2> Dj$7 $? JLC $N 2CB. 4o$N %Q %i%a!< %? $OI= 2.4 $K$^ $H $a$i $l $F$$ $k!#<B 83 E*$K =EMW $J 450 GeV 0J>e $G 2#C+ $N7P83<0$O CAIN $N7k2L$rHs>o$K$h $/:F8=$7$F$$$k!# $3$N2#C+$N 7P83<0$K4p$E$-8zN( $N$h$$%$%t%’%s%H%8%’ %M%l!<%? E beam /GeV 250 � x /nm 260.0 N particl es /10 10 0.7 � y /nm 3.04 � x = 10 � 6 mrad 3.3 � z / � m 90 � y = 10 � 6 mrad 0.048 f r ep 150 � � x /mm 10.0 n bunch 85 � � y /mm 0.1 I= 2.4: JLC $N2CB.4o$N%Q%i%a!<%?!< $r3+H/ $7$? [36] !#?^ 2.82 $K<( $9$h $&$K $3$N %8%’%M %l!<%?!< $O2# C+$N 7P83 <0$K $h$k%k %_%N %7%F%# J,I[ $r$h $/:F 8=$9 $k!# %S!<%‘ � %S!<%‘Aj8_:nMQ$NB>$K!"%S!<%‘ %(%M%k%.!<$N3H$,$j$b%k%_%N%7%F%#J,I[$rJQ$($k!#$3$N%S!<%‘%(%M%k%.!<$N3H $,$j$N>\:Y$J4X?t$O$h$/J,$+$C$F$$$J$$$N$@$,!"$3$3$G$O%(%M%k%.!<$N4p=‘CM$N$^$o$j$K � 1% $NJ?C3J,I[$r$7$F$$$k $H2>Dj$7$?!#?^ 2.83(A) $K$=$N8z2L$r<($7$?!# 183

?^ 2.81: 2#C+$N7P83<0 ( %R%9%H%0%i%‘ ) $H CAIN( 9u4] ) $K$h$C$F@8@.$5$l$?%k%_%N%7%F%#J,I[$H$NHf3S!# ?^ 2.82: 2#C+$N7P83<0 ( 9u4]!K$H2f!9$N%8%’%M%l!<%? ( %R%9%H%0%i%‘ ) $K$h$C$F@8@.$5$l$?%k%_%N%7%F%#J,I[$H$NHf3S!# 184

?^ 2.83: (A) <B ( GK ) @~ %R%9%H%0%i%‘ $O%S!<%‘%(%M%k%.!< $N3H$,$j$r9M N8$7$J$$ ( $7$? ) ;~$N %P!<%P!<;6Mp$NCGLL @Q$N=E$_$r $D$1$? %k %_%N %7%F%# J,I[!# (B) <B ( GK ) @~ %R %9%H %0%i %‘$O %S!< %‘%( %M%k %.!<$N 3H $,$j $r9M N8 $7$J $$ ( $7 $? ) ;~ $N%P!< %P!< ;6Mp ;v>]$N%"%3%j%K%"%j%F%#3Q$+$iB,Dj$5$l$?%k%_%N%7%F%#J,I[!# ?^ 2.84: <B@~!"5Z$SGK @~!"E@@~$N %R%9%H%0%i %‘$O$=$l $>$l ’ 40 A4 ’ $JB, Dj4o!"5Z$S#3 mrad !" #5 mrad $N J,2rG=$r 2>Dj$7$? ;~$N%P!<%P!<;v>]$N%"%3%j%K%"%j%F%#3Q$+$iB,Dj$5$l$?%k%_%N%7%F%#J,I[!# %P!<%P!<;6Mp$N %$%t%’%s %H%8%’%M%l!< %?$O<+F0 ?6I}@8@. %W%m%0 %i%‘ GRACE[37] $*$h$S BASES/SPRING %W%m %0 %i%‘ [38] $rMQ $$$F :n @.$7 $?!#$3 $l$K $h $j!"$3 $N%8%’ %M %l!<%?!< $G$O =E$_ $, 1 $N %$%t%’ %s%H $,8z N( $h$/ @8@. $G $-$k!# 0l J}!"%P!<%P!< ;6Mp $N 7W;; $O:G Dc<! $K$H $I $^$C$F $$$k $,!"$3 $N 2aDx $KBP $9$k 9b <!Jd @5$O $h$/ 8&5f $5 $l$F $*$j [39] 9b <!8z 2L$r:9$70z$/$3$H$O$=$l$[$I:$Fq$G$O$J$$$H;W$o$l$k!# 2.6.3 %k%_%N%7%F%#J,I[$NB,Dj >WFM$9$kEE;R$HM[EE;R$N1?F0NL$N:9$O$D$.$N<0$G%"%3%j%K%"%j%F%#3Q$H4X78$,$D$/!" � P = � A P b sin � !# (2 : 25) $3$3$G!" � P $O >WFM$9$kEE ;R$HM[EE;R $N1?F0NL $N:9$r!" � A $O%"%3%j %K%"%j%F%#3Q $r!" P b $O8x>N $N%S!<%‘1? F0NL$r!" $=$7$F � � $O;6Mp$5$l$?EE ;R!"M[EE;R$N;6Mp3Q $NJ?6Q$r$=$l$> $l0UL#$9$k!#$D$^ $j!"$b$7!" P b $,JL$NFHN)$JB, Dj$G7hDj 185

?^ 2.85: =E?47O$N%(%M%k%.!<$, 495 GeV 0J>e$N%P!<%P!<;v >]$N%"%3%j%K%"%j%F%#3Q $rMQ$$$FB,Dj$5$l$?%k %_%N%7%F%#$HF~ NO%k%_%N%7%F%#$H$NHf$N3QEYJ,2rG=0MB8@-!#0[$J$C$?:G>.;6Mp3Q$rMQ$$$?$H$-$NHf$b<($5$l$F$$$k!# $5$l $k$J $i!" %P!<%P!< ;v >]$N %" %3%j %K %" %j%F%# 3Q $NB, Dj $K$h $j EE;R!" M[ EE ;R$N 1? F0NL $N :9$N J, I[$, F@ $i $l$k $3 $H$K $J $k!#$3$N1?F0NL$N:9$h$jB,Dj$5$l$?=E?47O$N%(%M%k%.!< , p s meas , $O<!$N<0$G$b$H$^$k : p s meas = p s nominal � � P !# (2 : 26) $3$3$G p s nominal $O!" P b $N B,Dj $K $h$j F@$i $l $k=E ?4 7O%( %M%k %.!< $G$" $k!# ?^ 2.83(A) $K <($5 $l$k MM $K%S!< %‘ %(%M %k %.!<$N3H$,$j $O p s nominal 0J>e $N=E?47O %(%M%k%.!< $r@8$8 $5$;$k$,!" ?^ 2.83(B) $NMM $K!"B,Dj$5 $l$? p s meas $O %"%3 %j%K%"%j%F%#3Q$N@5CM@-$h$j p s nominal 0J2<$G$"$k!#$3$NE@$O%"%3%j%K%"%j%F%#3Q$r;H$&J}K!$N8B3&$G$"$k!# B,Dj 4o $N 8m :9 $N 8z 2L $r %S!< %‘ %( %M %k %.!< $N 3H $, $j $N 8z 2L $+ $i 6h JL $7 $F 8& 5f $9 $k $? $a $K!" 0J 2< $N 5D O@ $G $O %S!< %‘ $N 3H$, $j $O L5 ;k $9 $k!# 2Y EE N3 ;R $N 3Q EY B, Dj $K 8m :9 $, $J $$ $H 2> Dj $5 $l $? ’ 40 A4 ’ $J B, Dj 4o $H!" 3Q EY B, Dj $K #3 mrad !" 5Z $S 5mrad $N 8m :9$r ;} $D $H 2>Dj $5 $l $?B, Dj 4o $r MQ$$ $? >l 9g$K F@ $i $l $k%k %_ %N %7%F%# J, I[ $r ?^ 2.84 $K:\ $; $?!# J,2r G= $K $h $k8z2L$O5?;w%P!<%P!<;v>]$N3F50@W$N3QEY$r%,%&%9J,I[$G$\$d$+$7$?!# ;6Mp3Q$, 45 EY $+$i 135 EY$N ;v>]$r Ls 1 G/4V<} =8$7$? $3$H$K AjEv$9 $k 10 fb � 1 $N %P!<%P!<;v >]$N2r @O$r!"$* $3$J$C $?!#J,2rG=$, 1mrad $N;~$N7k2L$O ’ 40A4 ’ $JB,Dj4o$N>l9g$H8+J,$1$,$D$+$J$$$N$G?^ 2.84 $K$O:\$;$F$$$J$$!#J,2rG=$, 3mrad $N >l9g$O!" B,Dj$5 $l$?J, I[$K0c $$$,$_ $F$H$l $k!#$7$- $$CM$G $N%H%C%W %/%*!<%/ $NJ*M} 8&5f$G $O8x>N %(%M%k %.!< $NA08e!"%H%C %W%/%*!< %/$NJx 2uI}Dx EY$NNN 0h$G$N %k%_%N %7%F%#J, I[$,=E MW$G$" $k!#%H%C %W%/%*!< %/$N<A NL$r 175 GeV $H$9$k$H!"I8=‘LO7?$G $O$=$NI}$O 1.55 GeV $G$"$k!#3Q EYJ,2rG=$N0c $$$K$h$k=E?4 7O$N%(%M%k%.!<$, 495 GeV 0J>e $N %k%_%N %7 %F%#J, I[ $r?^ 2.85 $K <($9!# ;6 Mp3Q 45 EY 0J >e$N %P!< %P!<;v >]$r MQ $$$? ;~ B,Dj 4o$N 3Q EYJ, 2r G=$, #3 mrad $h $j NI$1$l $P!" ==J, $J @:EY $G%k %_ %N%7 %F%# J,I[ $, B,Dj $G$- $k $3$H $, $o$+ $k!#Cm 0U $,I, MW $J$3 $H $O!"$3 $NJ} K! $G$O ’ 40A4 ’ $J B,Dj 4o $r MQ $$$? $H $7 $F $b 40 A4 $KJ, I[ $, :F 8= $5 $l$k $o $1 $G $O $J $$ $3$H $G $" $k!# %S!< %‘ � %S!< %‘ 8z2L $G EE ;R!" M[ EE ;R %(%M %k%.!<$, Ey$7 $/<:$o $l$? ;~!"=E ?47O $N%( %M%k %.!<$O p s nominal $+$i$: $l$F $$$k $K$b $+$+ $o$i $:;v >]$O %3%j %K%"!< $H$J $k!#?^ 2.85 $K$* $1$k ’ 40A4 ’ $JB,Dj 4o$N>l 9g$N 5% $: $l$O$3 $N$? $a$K@8 $:$k!# $3$N2r @OK! $G$OEE ;R!"M[EE ;R$, F1;~$K F1 $8$@$1%(%M%k%.!<$r<:$&3NN($,Dc$$$3$H$r2>Dj$;$6$k$rF@$J$$!# %P!<%P!< ;v>] $NCG LL@Q $O!" sin 2 � $G5^ 7c$K A}2C $7 E}7W E*$K M-Mx $H $J$k!# $b$7 45 EY 0J>e $N%P!< %P!< ;v>] $rMQ $$$k Be $o$j$K 20 EY 0J >e$N $b$N $rMQ $$ $k$H $9$k $H!" E}7W $, 10 G\$K $J $k!#$7 $+$7!" >. ;6Mp 3Q$N ;v>] $r MQ$$ $k$H $- $O!"B, Dj4o 8G M-$N J, 2r G= $K 99 $K <0 (2.26) $N 1 = sin � � $N 0x ;R $G B, Dj $N J, 2r G= $O 0- $/ $J $k!# ?^ 2.85 $G $O $3 $N 3Q EY 0x ;R $O 4^ $^ $l $F $$ $J $$!#$7$+ $7 $J $,$i!" >. ;6Mp 3Q $N;v >] $O$b $H $b$H $N %k%_ %N %7%F%# J, I[$r $+ $($F $7 $^ $&$3 $H $,$o $+ $k!#$= $l $>$l $N 3QEY J, 2rG=$K$*$1$k!";6Mp3Q$N:G>.3Q$rJQ2=$5$;$?;~$N8z2L$r?^ 2.86 $K<($9!#J,2rG=$r 1mrad $KJ]$D$3$H$,$G$-$l$P!":G>. ;6Mp3Q$r 20 EY$^$G$5$2$k$3$H$,$G$-$k!# 186

?^ 2.86: =E?47O$N%(%M%k%.!<$, 495 GeV 0J>e$N%P!<%P!<;v >]$rMQ$$$FB,Dj$5$l$? %k%_%N%7%F%#J,I[$N!":G>. B,Dj3QEY$rJQ 2=$5$;$?;~$N0MB8@-!# 2.6.4 %S!<%‘%Q%i%a!<%?$N:F9=@. %k%_%N%7%F%#J,I[$O<!$N%S!<%‘%Q%i%a!<%?$K$h$C$F$-$^$k!#B($A?eJ?!"?bD>5Z$S2#J}8~$N%S!<%‘%5%$%:!" ( � x ; � y ; � z ) $H%S!< %‘%P %s %ACf $N N3;R $N ?t!" N !" $G$" $k!# 2#C+ $N 7P83 <0 $O B � N = ( � x + � y ) $H � z $N 2 $D $NFH N) $J%Q %i %a!< %?$G I=$5$l $k!# $3$N 2 $D $N %Q%i %a!< %?$O :G L‘ K!$r MQ $$$k $3 $H$G B, Dj$5 $l $?%k %_ %N%7 %F%# J,I[ $+ $i7h Dj $G$- $k $O$: $G $"$k!# %P!<%P!<;v>] $rMQ $$$kA0 5-$N %"%3%j %K%" %j%F%# $N2r@O $K$h$C $FF@$i $l$? %k%_%N %7%F%# J,I[ $KBP$7!" %Q%i %a!<%? B $^ $? $O � z $N 1 %Q%i %a!<%? - %U%#%C%H $r9T$C $?!#2C B.4o $N%Q %i%a!<%? $H$7 $F$O!" =E?4 7O$N%( %M%k %.!< 500 GeV $GI= 2.4 $N 2CB.4o%Q%i%a!<%?$r4p=‘$H$7$?!# $^ $:!" A0 5- $N J} K! $K $h $j ’ <B 83 %G!< %? %5 %s %W %k (E- %5 %s %W %k )’ $H ’ :G L‘ 4X ?t %5 %s %W %k (L- %5 %s %W %k )’ $r @8 @. $7 $?!# E- %5%s %W%k $O 4p=‘ >r7o $G:G >. 3QEY 45 EY $N$b $N$r 10 fb � 1 AjEv $NE} 7W$G!" :G >.3Q EY 20 EY$N $b$N $r 1 fb � 1 Aj Ev$G!" MQ 0U$7$?!#B,Dj$5$l$? 50@W$N3QEY $O2>Dj$5$l $?3QEYJ,2r G=$G$\$d$+$5 $l!"%"%3%j%K %"%j%F%#3Q$N B,Dj$+$i E- %5%s %W%k$N %k%_%N %7 %F%#J, I[ $,F@ $i $l$k!# 0l J}!" L- %5%s %W %k$O 4p=‘ CM $N$^ $o $j$G %Q %i%a!< %? $r$: $i $7$F!" @8 @.$7 $?!# E- %5%s %W %k$NE}7W 8m:9$h $j L- %5%s%W %k$N$= $l$,== J,>.$5 $/$J$k $h$&$K!" L- %5 %s%W %k$G$O <B83>r 7o$+$i 4|BT$5 $l$k;v >]?t$N 10 G\0J>e $N;v >] ?t$, @8@. $5 $l$?!# E- %5 %s%W %k $HF1 MM$K B, Dj$5 $l$? 3Q EY$, $\$d $+$5 $l!" $=$l $>$l $N L- %5 %s%W %k$N %k %_%N %7%F%#J,I[$,F@$i$l$k!#$=$NJ,I[$O 50 %S%s$KJ,3d$5$l!"<!$N:GL‘4X?t$,Dj5A$5$l$k : L ( I ( p s ); B ; � z ) � N l ( I ( p s )) = N l � sample !" (2 : 27) $?$@ $7!" I ( p s ) $O B,Dj $5 $l $?=E ?4 7O $N%( %M %k %.!< p s $N J,3d $5 $l $?%S %s $N HV9f $r!" $^ $? N l ( I ( p s )) $O L- %5 %s %W %k$N I HVL\$N %S%s$N;v >]?t$r!" N l � sample $O L- %5%s %W%k$N Am;v>]?t $rI=$9!#BP ?t2=$5$l $?:GL‘ 4X?t$O!"0J 2<$NMM$K Dj5A$5 $l$?!# LL � N e � sample X j =1 ln L j !" (2 : 28) $3$3$G!" N E � sample $O E- %5%s%W%k$NAm;v>]?t$r!"$=$7$F L j $O E- %5%s%W%kCf$N j HVL\$N;v>]$N:GL‘4X?t$G$"$k!# %Q%i %a!<%? B 5Z $S � z $N4X ?t $H$7 $F$N BP?t 2=$5 $l $?:G L‘4X ?t$N J,I[ $r , ?^ 2.87 $K <($9!# :G>. 3QEY 45 EY $G3Q EY J,2r G=$, 1mrad $N;~!"%P!<%P!<;v>]$r 10 f b � 1 MQ$$$l$P (1 G/AjEv ) !"?t%Q!<%;%s%H$N @:EY$G%S!<%‘%Q%i%a!<%?$,5a$^$k$3 $H$,$o$+$k!#$b$7 $b$C$HIQHK $K%k%_%N%7 %F%#J,I[$N%b %K%?!<$rI, MW$H$9$k$J $i$P:G>. 3QEY 45 EY$N%P!<%P!< ;v>]$r;H$& $N$G$O IT == J,$G $" $k!#3Q EY J,2r G= $r 1% J]$A $D $D:G >. 3QEY $r 20 EY $K $9$k $J $i$P!" Ls 1 fb � 1 $N %P!< %P!<;v >] $G?t %Q!< %;%s%H$N@:EY$N3NJ]$O2DG=$G$"$k!# 0J>e 8+ $F $- $? MM $K!" %S!< %‘ %( %M %k %.!< $N 3H $, $j $, $= $l $[ $I Bg $- $/ $J $$ $H $$ $& M} A[ E* $J >r 7o $N $b $H $G!" Bg 3Q EY %P!< 187

?^ 2.87: 2CB.4o %Q%i%a!< %?!<!" B = N = ( � x + � y ) (A) $H � z (B) $NBP ?t2=$5 $l$?:G L‘4X?t J,I[!#$= $l$>$l $N%Q%i %a!<%? $r%N%_%J%k$JCM$+$i 10% JQ2=$5$;$F$$$k!#$^$?!"%N%_%J%k$JCM$GBP?t2=$5$l$?:GL‘4X?t$,%<%m$K$J$k$h$& $K5,3J2=$5$l$F$$ $k!# %P!<;v >]$N %" %3%j %K %"%j %F%# J,I[ $r B, Dj$9 $k $3$H $K $h$j!" %k %_%N %7 %F%# J,I[ $r B,Dj $9 $k2D G= @-$K $D $$ $F8! F$ $7$?!# $b $7I8=‘%S!<%‘%(%M%k%.!<$, B>$NFHN)$JB,Dj $K$h$j7hDj$5$l!" $^$? 1mrad $N3QEYJ, 2rG=$r;}$DB,Dj 4o$rMQ$$$k$J$i $P!" %k%_ %N%7 %F%# J,I[ $O == J,$J @: EY $G7h Dj $G$- $k $3 $H$, J, $+$C $?!#99 $K B,Dj $5 $l $?%k %_ %7%F%# $+ $i!" :GL‘ K! $K $h$k %U%#%C %H$K $h$j %S!< %‘%Q %i %a!< %?$b 7h Dj $G$- $k $3$H $, $o $+$C$?!# IQ HK $J%S!< %‘ %Q%i %a!< %? $N%b %K %?!<$N $? $a $K$O Dc $$ ;6Mp 3Q EY$^$G==J,$J%"%/%;%W%?%s%9$r;}$A!"NI$$3QEYJ,2rG=$NB,Dj4o$,I,MW$G$"$k!# $3$3$G$O!"%S!<%‘%( %M%k%.!<$N3H$, $j$rL5;k$7$? $,!"$3$N3H$,$j $H;O>uBV$NmU <MJd@5$r9MN8 $7$?;~$N%k %_%N%7%F%# B,Dj$O:#8e$N2]Bj$G$"$k!# 188

;29MJ88% [1] JLC group, JLC-I(the green b o ok), KEK Rep ort 92-16 (1992). [2] M.G. Strauss, et al. , SLAC-PUB-6686 (1994). [3] S. Hedges, et al. , SLAC-PUB-95-6950 (1995). [4] T.Tsuk amoto, et al. , Nucl. Instr. and Meth. A383 (1996) 256. [5] C. Claeys, et al. , Nucl. Instr. and Meth. A377 (1996) 244. [6] E. F ret wurst, et al. , Nucl. Instr. and Meth. A377 (1996) 258. [7] Z 0L CV$,M? $($i $l$? ;~$N EE>lJ, I[$O $?$H $(=E NO%5 %0$NBg $-$5 $,%o %$%d!< Kh$K0[ $J$C$F $$$F $b!"%( %s%I %W%l!<%H $G $O$J$/$F$=$N>l=j$G$N%o%$%d!<0LCV$r;HMQ$9$l$P7W;;$9$k$3$H$,$G$-$k!# [8] V een Hov e, A Drift Chamber simulation program GARFIELD, 1994. [9] T.Regan, Nucl. Inst. and Meth. , A219 (1984) 100; S.Bhadra, et al. , Nucl. Instr. and Meth. A269 (1988) 33; E.R.Mueller, et al. Nucl.Instr. and Meth. A281 (1989) 652. [10] D.Acosta, et.al. , Nucl. Instr. and Meth. A308 (1991) 481. [11] E.Bernardi, et.al. , Nucl. Instr. and Meth. A262 (1987) 229. [12] T.Hasegaw a, Master Thesis. [13] Y.F ujii, Pro c. of 2nd JLC W orkshop. [14] K.Ishii et.al. , to b e published in Nucl. Instr. and Meth. A . [15] F.Ka jino, et.al. , Nucl. Inst. and Meth. A383 (1996) 260. [16] C.W.F ab jan and R.Wigmans, Rep. Prog. Phys. 52 (1989) 1519. [17] D.Acosta et.al. , CERN-PPE/91-223 . [18] A.Beretv as, et.al. , Nucl. Inst. and Meth. A329 (1993) 50. [19] S.Basa, et.al. , Nucl. Instr. and Meth. A330 (1993) 930. [20] H.Arnaudon, et.al. , Nucl. Instr. and Meth. A342 (1994) 558. [21] P .Cushman and R.Rusak, Nucl. Instr. and Meth. A333 (1993) 381. [22] Y.F ujii et.al. , Nucl. Instr. and Meth. A366 (1995) 71. [23] E.A.Kushnirenko,proceedings of The International Workshop on Final F o cus and Inter action R e gions of Next Gener ation Line ar Col liders , May 2-6,1992, SLAC r ep ort SLA C-405 , p225. 189

[24] Pro ceedings of Fifth International Workshop on Line ar Col liders (LC93) , Octob er 13-21, 1993, SLAC r ep ort SLAC-436 , p383. [25] P .Chen and V.I.T elno v, Phys. R ev. L ett. 63 , 1796 (1997). [26] T.T auc hi, K.Y ok o y a and P .Chen, Part. A c c el. 41 , 29 (1993). [27] T.T auc hi and K.Y ok o y a, Phys. R ev. E 51 , 6119 (1995). [28] A.Miyamoto, pro ceedings of the Thir d Workshop on JLC ed. A.Miyamoto, KEK Pr o c e e dings 92-13 (1992) p389. [29] See, for example, articles in the pr o c e e dings of Physics and Exp eriments with Line ar Col liders , Moriok a 1995, ed.by A. Miyamoto et al., W orld Scien ti�c (Singap ore) (1996). [30] M.N. F rary , D.J. Miller, in: e + e � collisions at 500 GeV: the physics p otential, ed.by P . Zerwas, DESY rep ort 92-123A (1992) .379. [31] N. T oomi, J. F ujimoto, S. Kaw abata, Y. Kurihara and T. W atanabe, KEK-CP-051 . [32] K. Y ok o y a, KEK-Rep ort 85-9 (1985); ibid. Nucl. Instr. and Meth. A251 (1986), 1. [33] P . Chen, G. Horton-Smith, T. Ohgaki, A.W. W eidemenn, K. Y ok o y a, Nucl. Instr. and Meth. A355 (1995) 107. [34] T esla Collab oration, Conceptual Design Rep ort, in preparation. [35] K. Y ok o y a, P . Chen, ‘Electron energy sp ectrum and maxim um disruption angle under multi-photon b eam- strahlung’, Presented at the IEEE Particle A c c eler ator Confer enc e, Chic ago, 1989 , SLAC-PUB-4935 (1989). [36] N. T oomi et al., in preparation. Please contact to to omi@kekvax.kek.jp . [37] T. Ishik a w a, T. Kaneko, K. Kato, S. Kaw abata, Y. Shimizu, H. T anak a. GRACE manual, KEK rep ort 92-19 (1993). [38] S. Kaw abata, Comp.Phys.Comm. , 41 (1986) 127; ibid., 88 (1995) 309. [39] A. Arbuzov, et al. , Phys. Lett. B383 (1996) 238. 190