Nuclear Reaction in F ew-Bo dy Systems Hiro yuki Kamada Institute of the or etic al Physics II, R uhr-University Bo chum, D44780 Bo chum, Germany Abstract Increasing n um b er of n ucleon from t w o to three or four in ligh t n uclei, ho w m uc h e�ects of man y-b o dy in teractions app ear in the systems, is of in terest for our few-b o dy problems. The F addeev formalism of the three-n ucleon scattering is brie y in tro duced. Recen t progresses of the 3N scattering in high energy region are sho wn. The application, for example, the electron scattering on 3 He, the alpha particle of four-n ucleon system and the h yp er triton are discussed. >/?tB?BN7O $K$* $1 $k86;R3KH?1~ %k !< %k Bg3X BhFsM}O@J*M} 3yED M5G7 email: k amada@hadron.tp2.ruhr-uni-b o c h um.de %" %V %9 %H %i%/ %H >/ ?t B? BN 7O $K $* $1 $k 86 ;R 3K J* M} 3X$N 6= L# $O !" N3;R ?t !J 3K ;R ?t $d B>$N N3 ;R$N ?t !K $r A} $d $9 $3 $H $K $h$j !" B? BN 8z 2L $, $I $N$h $& $K 8= $l $F $/$k $+ !" Kt !" MM!9 $J%b %G %k$K $h $C $F 5a $a $i $l $F $- $? #2 3K ;R 4V$N %] %F %s %7 %c%k$, !" #33K ;R 7O $d #4 3K ;R 7O $G$O $I $N Dx EY M- 8z $G $" $k $+ $r Dj NLE* $K D4 $Y$k $3 $H $G$"$k !# $3 $l$O !" ?t 3X $N Consistency !J L5L7=b @- !K $N35G0 $H $O C1=c $K $O 0[ $K $9 $k $, !" 2J3X A4 HL $K EO$C $F :G$b Bg @Z$J 9M $( J}$N 0l$D$G $" $k !# :G $b E5 7? E* $J >l 9g !" $= $l$O #23K;R4V $N P oten tial $r MQ $$ $F #33K;R7O $, $I $l Dx@bL@ $G $- $k $+$r Ld $& $b $N $G$" $k !# $^ $? !" #3BN 7O $G ?7 $7 $/ 8= $l $k #3 BN NO $, $I $N $h $& $J $b $N$J $N$+ $r 2r @b $7 $F $$ $- $? $$ !# 9V5A $G $O !" #2 BN$N Lippmann-Sc h winger @Q J, J} Dx <0 $+$i ;O$a !" F addeev #3 BN M} O@ $r 4J C1 $K >R 2p $9$k !# $^ $? !" :G6a $N 9b %(%M%k %. !< 3K;R - =E M[;R;6Mp <B83 $K $D$$$F !" &$ %" %$ %= %P !< $K $h $k#3 BNNO $N 8z2L $, 8= $l $F$$ $k $3 $H $K $D$$ $F =R $Y$k !# 99 $K !" 3 He 3K $r I8E* $H $9$kEE ;R ;6 Mp $d #4BN LdBj !" Hyp er 3K $X$N 1~MQ $K $D$$$F$b $U $l $k !# $O $8 $a$K 86;R 3K $K $* $1 $k>/ ?t B? BN 7O $ND>@\ E* $J2]Bj $O !" #23K ;R 4V $K F/$/ 3K NO $@ $1 $G $O$J $/!" #3 3K ;R $d #43K;R $N 7O $K F/$/#3BNNO#4BNNO $, !" $I $N$h $& $J$b$N$J$N $+$r 8=>]O@E* $J %l %Y%k $+$i !" Cf4V ;R O@ E* $J 9M;! $N $b $H $K D4 $Y !" $= $l$r DjNL E* $K 8&5f $9$k $3 $H $G$"$k !# $h$/ CN $i $l $F$$$k $h $& $K !" #23K ;R 4V $K F/$/ 8= <B E* 3K NO $O !" 8E E5 E* $J Cf?4 NO $@ $1$G $J $/ 6/ $$@MNO ?D !" 6/ $$ %F %s %= %k NO !" 50 F;%9 %T%s NO $H$$ $C $?MM!9 $J FCD’ $r$b$C $F$$$k !# $3 $N$h $& $J @-<A $, ?t8D $N3K;R 7O $N 3KH?1~ $K !" $I $N $h $& $K 8= $l $F Mh$k $N $+$r D4 $Y $k $3$H $O 6=L#?< $$ !# $3 $N 9V 5A %N!< %H $G $O !" J*M} 3X 2J$N 3X It B4 6H @8$N Dx EY$N CN <1 $G FI$a $k$h $& $K G[ N8 $7 $? $D $b$j$G $" $k !# $^ $? !" $3 $l $r =q $/ $K $" $? $C $F !" :=@n=E ?. ;a $N Cx =q [1] $H W. Gl� oc kle $N Cx =q 1

[2, 3] $, 4pHW $K$J $C $F$$ $k $N $G !" FI<T $O $= $l $r ;29M $K $5 $l $?$$ !# #1>O $G $O !" 4pAC E* $J #2 BN LdBj $r 1?F0NL6u4V $G 5-=R$9$k $3$H $r 9M $( !" Lippmann-Sc h winger J}Dx<05Z $S !" ItJ, GH $N 5- =R $K $D$$$F =R $Y $k !# #2>O $K $*$$ $F !" #3BNM}O@ $r E83+$9$k !# B+G{7O $K $* $1 $k F addeev M}O@ $N 35 MW $H 6q BN E* $J %H %j %H %s !J #3 =E ?e AG 86 ;R 3K !K $N GH F0 4X ?t$N 5a$a J} $r @b L@ $7 !" #3 BN NO $H $O $I $s $J $b $N$J $N$+ $r 3K ;R$N Fb It Ne 5/ !J &$ %" %$ %=%P !< !K $N 9M $( J} $+ $i >R 2p$9 $k !# #3 >O $G $O !" #3BN ;6 Mp $K $* $1 $k F addeev M}O@ $r$b $& 0l EY9M $($J$* $7 !" #3BN ;6 Mp J} Dx <0 $r Dj<0 2= $7 !" $=$N 6q BNNc $H $7 $F !" :G6a $N 9b %(%M %k %. !< 3K;R - =EM[ ;RCF@-;6 Mp $N #3BN NO $N 8z2L $K $D$$$F$N @.2L $r <( $9 !# #4>O $G $O !" #33K ;R 7O $+ $i !" 99 $K #43K;R 7O $X $N %" %W %m!< %A $d !" EE ;R ;6 Mp !" %O %$ %Q!< 3K $X$N 1~MQ $N >R2p $r $9 $k !# $3$3 $G$O !" HsAjBPO@E* $J OHAH $_ $G M}O@ $r E83+$9$k !# 1 #2 3K;R7O $I $N$h $& $K 3K;R - 3K;R;6Mp $r 5-=R$9$k $+ !) #1 . #1 ;6Mp2aDx $N %j%C %W %^ %s - %7 %e %& %# %s%, !< J}Dx<0 ~ k 1 $H ~ k 2 $r FHN) $J 3K;R $N 1?F0NL $H $7 $? >l9g !" AjBPE* $J 1?F0NL $O !" ~ p = 1 2 ( ~ k 1 � ~ k 2 ) (1) $H M? $( $i $l !" 1?F0NL $N 8GM->uBV $O !" j ~ p > (2) $G =q $- I=$9 !# $3 $l$O !" < ~ p j ~ p 0 > = � 3 ( ~ p � ~ p 0 ) (3) $K $h$j 5,3J2=$9$k $3$H $, $G $- !" $=$N 8GM->uBV $O H 0 = ~ p 2 m (4) $N AjBP1?F0 $N <+M3%O%_ %k %H %K%" %s $h$j M? $($i $l $k !# m $O 3K;R $N <ANL $G$" $k !# $3$3 $G !" V $r3K ;R 4V $N %]%F %s%7 %c %k $H$9 $l $P !" ;6 Mp $N %7 %e %l %G %# %s %, !<J} Dx <0 $O <! $N $h $& $K M? $( $i$k !# ( H 0 + V ) (+) ~ p = E (+) ~ p (5) $3 $l $+ $i @Q J, J} Dx <0 B( $A!" %j %C %W %^ %s - %7 %e %& %# %s %, !< !J Lippmann-Sc h winger !K J} Dx <0 !J LSE !K $, F3 $+ $l $k !# [4] ( H 0 � E ) (+) ~ p = � V (+) ~ p (6) 2

(+) ~ p = j ~ p > + 1 E + i� � H 0 V j (+) ~ p > (7) @h $: !" :BI86u4VI=<( $G 9M $( $k $3$H $K $7 $h $& !# 1?F0NL ~ p $K BP1~$9$k6&Lr $J :BI8 $O ~ x = ~ r 1 � ~ r 2 (8) $G $" $k $+$i !" $3 $l $b F1MM $K 5,3J2= $, $G $- $k !# < ~ x j ~ x 0 > = � 3 ( ~ x � ~ x 0 ) (9) $3$N 5,3J2= $K $h $C $F !" < ~ x j ~ p > = 1 (2 � ) 3 = 2 e i ~ p � ~ x (10) $H $$ $&J? LL GH $r 4X ?t 2= $G $- $k !# $5$F !" $3 $N $3 $H $r ;H$C $F :B I8 6u 4V $G $N <+ M3 %0 %j!< %s 4X ?t G 0 $r F3 $$ $F$_$h $& !# G 0 = 1 E + i� � H 0 (11) < ~ x j 1 E + i� � H 0 j ~ x 0 > = Z d~ p < ~ x j ~ p > 1 E + i� � H 0 < ~ p j ~ x 0 > = 1 (2 � ) 3 Z d 3 pe i ~ p � ~ x 1 E + i� � H 0 e � ~ p � ~ x 0 = 1 (2 � ) 3 Z d 3 pe i ~ p � ( ~ x � ~ x 0 ) 1 E + i� � H 0 = 1 (2 � ) 3 4 � Z 1 0 dpp 2 j 0 ( p j ~ x � ~ x 0 j ) 1 E + i� � H 0 (12) $3 $l $r !" DL>o $N J}K! $G 7W;;$9 $l $P !" < ~ x j G 0 j ~ x 0 > = � m 4 � e i p mE j ~ x � ~ x 0 j j ~ x � ~ x 0 j (13) $r F@$k !# $3 $l$O !" ~ x 0 $+$i ~ x $N =P $F $$ $/GHF0 $r I= $7 !" $3 $l $r ;H $( $P !" :BI8I=<( $G $N LSE $O <! $N$h $& $K =q $1 $k !# < ~ x j (+) ~ p > � (+) ~ p ( ~ x ) = 1 (2 � ) 3 = 2 e i ~ p � ~ x � m 4 � Z d 3 x 0 e i p mE j ~ x � ~ x 0 j j ~ x � ~ x 0 j V ( x 0 ) (+) ~ p ( ~ x 0 ) (14) $5 $F !" $3$3 $G 6I=jE* %] %F %s%7 %c%k$r 2>Dj $7 !" < ~ x j V j ~ x 0 > = � 3 ( ~ x � ~ x 0 ) V ( x 0 ) (15) 3

A26a E* $J ?6Iq $$ $H $7 $F j x j ! 1 $N 6K8B $r $H $k $3 $H $K $h$C $F !" ;6Mp GH $O <! $N $h $& $K =q $1 $k !# (+) ~ p ( ~ x ) ! 1 (2 � ) 3 = 2 ( e i ~ p � ~ x + e ipx x f ( ^ x )) (16) f ( ^ x ) $O ~ x $N J}8~ $K $@$1 0MB8 $9$k4X?t $G !" ;6 Mp ?6I} $H 8F $V !# $3 $l $r 6I=jE* %]%F %s%7%c %k V $r ;H $$ !" 6qBNE* $K I= $; $P !" f ( ^ x ) = � m r � 2 Z d 3 x 0 e i ~ p 0 � ~ x 0 V ( x 0 ) (+) ~ p ( ~ x 0 ) (17) $H$J $j !" $3$N$3$H $+$i ;6Mp8e $N 1?F0NL $O ~ p 0 $H 2r<a $G $- $k !# ~ p 0 � ^ xp (18) $3$3 $G !" A+0\?6I} t $r F3F~ $7 $h $& !# < ~ p 0 j t j ~ p > = 1 (2 � ) 3 = 2 Z d 3 x 0 e i ~ p 0 � ~ x 0 V ( x 0 ) (+) ~ p = < ~ p 0 j V j (+) ~ p > (19) $3$N t $r MQ$$ $l $P !" A4 $F$N ;6Mp $N%* %V %6!< %P %V %k !J B,DjNL !K $r F@$k $3 $H $, $G $- $k !# <B $O !" $3$N A+0\?6I} t $O @QJ,J}Dx<0 $+$i D>@\5a $a $k $3$H $,$G $- $k !# !J 19 !K <0 $r ;H$C $F t j ~ p > � V j (+) ~ p > (20) $H =q $1 $k $3$H $K 5$IU $1 $P !" !J 7 !K <0 $O t j ~ p > = V j ~ p > + V G 0 V j (+) ~ p > = V j ~ p > + V G 0 t j ~ p > (21) $H <0JQ7A$5 $l $F !" j p > $r 99 $K >J $/ $3$H$r $9 $l $P !" t = V + V G 0 t (22) $r F@$k !# $3$N I=5- $r LSE $N%*%Z %l !<%?!< I=<( $H$$ $& !# <! $K !" t $N 4JC1 $J J*M}E* $J 2r<a $r 9M $($F $_$h $& !# t = V + V G 0 ( V + V G 0 t ) = V + V G 0 V + V G 0 V G 0 V + V G 0 V G 0 V G 0 V + : : : (23) $3 $l $O !" V $N Aj 8_:nMQ $K $h $k %\ %k %s 5i?t $H 8F $P $l $k$b$N $G !" V $N f2 $N =g $K OB $r <h$C $?$b $N $G $" $k !# $= $l $> $l $N 9‘ $O V $H G 0 $, 8r8_ $K 8= $l !" N3;R?t $r A} $d $7 $F $b$3$N 9=B$ $O 0lHL E* $G $" $k !# $= $l $r !" $b $C $H ;k3P2=$9 $l $P !" B?=E;6Mp $N %$%a !< %8 $, M}2r $G $- $k !# 4

$3$3$G !" GH@~ $O V $K $h $kAj8_:nMQ $r I= $7 !" 2# $K ?eJ? $K 0z $$ $? #2$D $N @~ $O <+M3 %0 %j !< %s 4X?t G 0 $r I= $7 $F $$ $k !# L@ $i$+$K !" !J 23 !K <0 $+$i t � V + V G 0 V + V G 0 V G 0 V + V G 0 V G 0 V G 0 V + : : : (24) $H =q $1 $k !# $3$N MM $K 5U $K t $r Dj5A $7 $F !" !J 22 !K $N LSE $r F3$/ $3$H $, $G $- $k !# t = V + V G 0 ( V + V G 0 V + V G 0 V G 0 V + : : : ) (25) t = V + V G 0 t (26) $3 $l $i $N B? =E;6 Mp $N 5i?t E83+$N J} K! $O $h$j 0l HLE* $G !" AjBPO@ E* $J LSE $N Bethe-Salp eter J}Dx<0 $N >l9g $K $b DL $8 $k !# #1 . #2 B+G{>uBV $N %j %C %W %^ %s - %7 %e %& %# %s%, !< J}Dx<0 Aj8_:nMQ V $K $h $C $F #23K;R7O $K B+G{>uBV $, $" $k $b$N $H 2>Dj $9$k !# $3$N ;~ !" $=$N 8GM- %( %M %k %. !< $O Ii $G $" $k !# ( H 0 + V ) j b > = E b j b > (27) ( H 0 � E b ) j b > = � V j b > (28) %( %M %k %. !< $, Ii $G$"$k $3 $H $+ $i !" $3 $NJ}Dx <0 $N:8JU $K %< %mE@ $r ;} $? $J$$ $N $G !" #2 >h 2D @Q J, $N 2r $, B8:_ $7 !" <! $N$h $& $J Hs@F<!9‘ $r ;} $? $J$$ @F<! LSE J}Dx<0 $r F@$k !# j b > = 1 E b � H 0 V j b > (29) :BI8I=<( $G !" !J 13 !K <0 $r%( %M %k %. !< $, Ii $G$" $k $3$H $K Cm0U $7 !" b ( ~ x ) = � m r � 2 Z d 3 x 0 e � p m j E b jj ~ x � ~ x 0 j j ~ x � ~ x 0 j V ( x 0 ) b ( ~ x 0 ) (30) $H 5a $^ $k !# $3$NI=<0 $+ $i !" L@ $+ $K 5w N% $NBg $- $J =j $G $O ;X?t 4X ?t E* $K 8:?j $9$k $3 $H $, D>@\ M} 2r $G $- $k !# 5

#1 . #3 %j %C %W %^ %s - %7 %e %& %# %s%, !< J}Dx<0 $K$* $1 $k@F<!@- $H Hs@F<!@- $N 4X78 ITO"B3>uBV !" B($AB+G{>uBV $K BP $7 @F<!J}Dx<0 $, @.$jN)$A !" j b > = G 0 ( E b ) V j b > (31) @5 $N%(%M %k %. !< >uBV !" $D$^$j;6Mp>uBV $K BP $7 $F$O Hs@F<!J}Dx<0 $, @.$jN)$C $? !# t ( E ) = V + V G 0 ( E ) t ( E ) (32) $3$NA+0\1i ;; ;R t ( E ) $O %(%M %k %. !< $, Ii $N>l9g $K$b @. $jN) $D !# $= $l$G$O !" %(%M %k %. !< $, B+ G{ $K 6aIU $$$? >l9g !" $$ $C $?$$ 2? $, 5/$C $F$$ $k $N $@ $m $& $+ !) !J 32 !K <0 $r =q$-D> $7 $F $_ $l $P !" (1 � V G 0 ( E )) t ( E ) = V (33) t ( E ) = (1 � V G 0 ) � 1 V (34) $G $" $j !" $3 $l $r 5i?tE83+ $7 $F $_ $h $& !# t ( E ) = (1 + V G 0 + V G 0 V G 0 + : : : ) V = V (1 + G 0 V + G 0 V G 0 V + : : : ) (35) $H =q $1 $k !# $3$3 $G !" %(%M %k %. !< $r B+G{>uBV $N %(%M %k %. !< $K$H $j !" t $r B+G{>uBV $K :nMQ $5 $; $k $H !" t ( E b ) j b > = V (1 + 1 + 1 + : : : ) j b > (36) $H$J $k $N $G !" L@ $+$K H/;6$9$k !# $3 $l $r !" $b $& >/ $7 @53N $K 07$C $F$_ $h $& !# !J 33 !K <0 $+$i !" t ( E ) = [( G � 1 0 � V ) G 0 ] � 1 V = G � 1 0 1 E � H 0 � V V (37) $r F@$k !# $3$3 $G !" 4X?t7O $N 40Hw@- j b >< b j + Z d ~ p j (+) ~ p >< (+) ~ p j = 1 (38) $N 4X78<0 $r !J 37 !K <0 $K A^F~$9 $l $P !" t ( E ) = ( E � H 0 ) j b > 1 E � H 0 < b j V + Z d ~ p ( E � H 0 ) j b > 1 E � p 2 =m < (+) ~ p j V (39) $H =q $1$F !" t ( E ) $, L@ $+$K E = E b $G FC0[E@ !J Singularit y !K $r ;}$D $3 $H $, J,$k !# $9 $J $o $A !" t ( E ) ! V j b > 1 E � E b < b j V E ! E b (40) 6

$3$l $K $h $C $F !" Hs @F <! J} Dx <0 !J 22 !K $N @F <!$J It J, $, 2r$r $b $D $3 $H$, J, $j !" $= $l $r � $H $9 $l $P !" �( E ) = V G 0 ( E )�( E ) (41) $r K~ $7 !" �( E ) = V � ( E ) (42) $N$h $& $K !" � $r ;H $( $P !" � ( E ) = G 0 V � ( E ) (43) $3 $l$O !" !J 31 !K <0 $= $N$b$N $G$" $k !# 7k6I !" E = E b $N 2r � ( E b ) = b (44) $G$" $k !# $3$N t $N FC0[ E@ $O B+G{ >u BV $K 8= $l !" 8e =R $9$k #3BN 7O $d$= $l 0J>e $N>/?t B? BN7O $G =E MW $J Lr3d$j $r 2L$9 !# #1 . #4 1?F0NLI=<( $K$* $1 $kItJ,GHI=8= 1? F0 NL 6u 4V $G $N 4p Dl $r !" 0lDj$N NL ;R$N <4 $K BP $7 $F !" 50F; 3Q 1? F0NL l $H $= $N <’ 5$ NL ;R ?t m $r MQ $$ $F I=$9 !# j pl m > (45) $7 $? $,$C $F !" !J 1 !K $N %Y %/ %H %k $O !J 45 !K $K$h $C $FI= $; $F !" $^ $? $= $N@5 5, D> 8r 5, 3J 2= $N4X 78 $O !" < ~ p 0 j pl m > � � ( p 0 � p ) pp 0 Y lm ( ^ p 0 ) X l m Z dpp 2 j pl m >< pl m j = 1 < pl m j p 0 l 0 m 0 > = � ( p 0 � p ) pp 0 � l l 0 � mm 0 (46) $H$J $k !# =>$C $F !" ItJ,GH $N 4pDl $r ;H$C $? LSE $r 5-=R$9$k $3$H $,$G $- $k !# < p 0 l 0 m 0 j t ( E ) j pl m > = < p 0 l 0 m 0 j V j pl m > + X l 00 m 00 Z 1 0 dp 00 p 00 2 < p 0 l 0 m 0 j V j p 00 l 00 m 00 > 1 E + i� � p 00 2 =m < p 00 l 00 m 00 j t ( E ) pl m > (47) 4JC1 $N$?$a $K NL;R $N <4 $N <~$j $N 2sE> $K BP $7 $F ITJQ $J %] %F %s%7 %c%k$r 9M $( $h $& !# < p 0 l 0 m 0 j V j pl m > = � ll 0 � mm 0 (48) 7

$3$N >l9g !" !J 47 !K <0 $O #1 JQ?t $N @QJ,J}Dx<0 $K$J $k !# t l ( p; p 0 ) = < p 0 l 0 m 0 j V j pl m > + Z 1 0 dp 00 p 00 2 V l ( p; p 00 ) 1 E + i� � p 00 2 =m t l ( p 00 ; p 0 ) (49) $3$3$G !" V l ( p; p 0 ) $H$O !" DL>o $N V ( r ) $+$i $I $N MM $K F3 $1 $k$N $+ !) 1?F0 NL6u 4V $H F1MM $K :B I8 6u4V $K $*$$ $F$b ItJ,GH4pDl $, Dj5A $G $- !" j r l m > (50) !J 46 !K <0 $H F1 $8 $h $& $K %Y %/ %H %k$r I=8= $G $- $k !# < ~ x j r l m > � � ( x � r ) xr Y l m ( ^ x ) (51) =>$C $F !" < pl m j r l m > = Z d ~ p 0 Z d~ x < pl m j ~ p 0 >< ~ p 0 j ~ x >< ~ x j r l m > = Z d 3 p 0 Z d 3 x � ( p 0 � p ) pp 0 Y lm ( ^ p 0 ) � 1 (2 � ) 3 = 2 e � i ~ p 0 � ~ x � ( x � r ) xr Y lm ( ^ x ) = s 2 � j l ( pr ) i l (52) $K $h $j!" It J, GH F1 ;N $N Fb @Q $rI= $7 !" $3 $l $O !J 10 !K <0 $KBP 1~ $9 $k !# <! $K !" $3 $l$r ;H $C $F V l ( p; p 0 ) $r V ( r ) $+$i 6qBNE* $K 7W;;$9$kJ}K! $r <($9 !# V l ( p; p 0 ) = < p 0 l m j V j pl m > = Z 1 0 dr r 2 Z 1 0 dr 0 r 0 2 < p 0 l m j r 0 l m >< r 0 l m j V j r l m >< r l m j pl m > = 2 � Z 1 0 dr r 2 Z 1 0 dr 0 r 0 2 j l ( p 0 r 0 ) � ( r � r 0 ) r r 0 V ( r 0 ) j l ( pr ) = 2 � Z 1 0 dr r 2 j l ( pr ) V ( r ) j l ( p 0 r ) (53) C" $7 !" $3 $3 $G $O 6I=j E* $J %]%F %s%7 %c %k !J 15 !K $N>l9g $r <( $7 $? $, !" Hs 6I =j E* $J >l9g $r N}=, Ld Bj $H $7 $F FI<T $K G$ $; $k !# $3$N $h $& $K 5a$^$C $? V l ( p; p 0 ) $r MQ$$ $F !" A+0\?6 I} t l $r !J 49 !K <0 $h$j5a $a $k !# $7 $+ $7 $J $,$i !" <B :] $N3KNO $O$b $& >/ $7 J#;( $G$"$k !# $J $<$J $i $P !" 3K ;R $, 8GM- $K ;} $D%9 %T %s $d%" %$ %= %9 %T %s $K $b 0MB8$9$k $+$i$G $" $k !# $= $l$i $N 6u4V $b 4^ $a$? 4pDl $r M? $( $l $P !" j p ( l s ) j m ( 1 2 1 2 ) tm t > � X m t C ( l sj; m l ; m � m l ) j pl m l > j sm � m l > � X � C ( 1 2 1 2 t; � ; m t � � ) j 1 2 � > j 1 2 m t � � > (54) $H I=5- $G$- $k !# #23K ;R $N %9 %T%s $N OB s = 0 ; 1 $= $l$K%" %$ %= %9 %T%s $N OB t = 0 ; 1 $r <h$k $3 $H $,$G $- !" $= $l $>$l !" %9 %T%s 0l=E 9‘ !" ;0=E 9‘ !" %" %$ %= %9 %T%s 0l=E9‘ !" ;0 =E9‘ $H 8F $V !# 2? =E 9‘ 8

$G $" $k $+$O !" Nc $( $P %9 %T %s $N >l9g 2 s + 1 $G 7W;;$9$k !# 3K;RF1;N $, %" %$ %= %9 %T %s $K $h $C $F M[;R $+ Cf @- ;R $+$r <1JL $9 $k >l 9g !" $= $l$i$r F10l N3 ;R $H 07 $& $H JXMx $G$"$k !# F1 0l N3 ;R $N2>Dj $O !" BP >N @- $r ;} $D $3 $H $K$J$j !" 3K ;R $O%U %’ %k %_E} 7W $K => $& N3 ;R $G$"$k $3 $H $+ $i !" N3 ;R $N8r 49 $K BP $7 $F H?BP>N@- $r ;}$D !# $3$N MW@A $O NI$/CN $i $l $F $$ $k$h $& $K <!<0 $G M? $( $i $l $k !# ( � 1) l + s + t = � 1 (55) 3KNO $N ItJ,GH $N%i%Y %k$r <! $N$h $& $K =q$/ $N $, DL>o $G $" $k !# t !a#1 $K BP $7 $F !" 2 s +1 l j = 1 S 0 ; 3 P 0 ; 3 P 1 ; 1 D 2 ; 3 P 2 � 3 F 2 ; : : : (56) $^ $? !" t !a#0 $K BP $7 $F$O !" 2 s +1 l j = 1 P 1 ; 3 S 1 � 3 D 1 ; 3 D 2 ; : : : (57) Ey !9 $G $" $k !# $3$3$G !" %O %$ %U %s !J - !K $r F~ $l $? >uBV $O 7k 9g $7 $? >uBV $r 0U L# $7 !" 50F;3Q1?F0 NL l $, J]B8 $7 $J$$ !# $= $N860x $, %F %s %= %k NO $K 0M$k $b $N $G$" $k $3 $H CN $i $l $F$$$k !# => $C $F 0l HL $K 3KNO $O !" A43K%9 %T%s !" %9 %T%s $H 6v4q@- !J %Q %j %F %# !K $, J]B8 $7 $F !" <! $N$h $& $K =q $1 $k !# < p 0 ( l 0 s 0 ) j 0 m 0 t 0 m 0 t j V j p ( l s ) j mtm t > = � j j 0 � mm 0 � tt 0 � m t m 0 t � s 0 V sj tm t l 0 l ( p 0 ; p ) (58) $? $@ $7 !" !J 55 !K <0 $N >r 7o $+ $i !" %" %$ %=%9 %T %s 0M B8 @- $OL5 ;k $7 $? !# $7$+ $7 !" <B :] $O m t $K 0M B8 $9 $k!# $= $N0M B8 @- $O <! $N #2 $D $N $3 $H $+ $i J, N‘ $9 $k!# 2Y EE FH N) @- $N GK $l !J Charge Indep endence Breaking !’ CIB !K $H 2YEE BP >N @- $NGK $l !J Charge Symmetry Breaking !’ CSB !K $G$"$k !# $9 $J $o $A !" CIB !’ Cf@-;R - M[;R $K F/$/3KNO (np) $H !" M[;R - M[;R $K F/$/3KNO (pp) $H $N 0c $$ !# CSB !’ Cf@-;R - Cf@-;R $K F/$/3KNO (np) $H !" M[;R - M[;R $K F/$/3KNO (pp) $H $N 0c $$ !# Nc $( $P !" 1 S 0 $N >uBV $K $D$$$F !" np $N 3KNO $O nn 0? $O pp $N 3K NO $H 0[$k $3$H$r !" ;6MpD9 $G 8+ $l $P !" a np = � 23 : 48 � 0 : 009 f m [5] (59) a pp=str ong = � 17 : 36 � 0 : 4 f m [6] (60) a nn = � 18 : 6 � 0 : 3 f m (61) $3 $3 $G !" Cf @- ;R - Cf @- ;R ;6 Mp $O D>@\ <B 83 $,$G $- $J$$ $? $a $K !" � � + d ! n + n + $N H?1~ $d !" Cf@- ;R - =E M[ ;R $N Jx2u <B 83 $H #3BN 7W ;; $h $j0z=P $7 $F $$$k !# t !a#1 $N>l9g $N CIB $d CSB $O $^ $@ @5 3N $K 3NN) $G$- $? $H $O$$ $($J$$ !# Cf 4V ;R O@ E* $J 4Q E@ $+ $i$3 $N0c $$ $N5/8; $O 3KNO $NFb It $N %Q %$ Cf4V;R $N <ANL $N 0c$$ $+ @8 $8 $k $H @bL@ $5 $l $k !# 0J2< $N 5DO@ $G $O$3 $N m t 0MB8@- $K $D$$$F $O ?( $l $J $$$N $G !" 0z?t $+$i$O$: $9 !# %j %C %W %^ %s - %7%e %& %# %s %, !< J}Dx<0 $O !" 0lHLE* $J 4pDl $r MQ $$ $F !" < p 0 ( l 0 s 0 ) j t j t ( E ) j p ( l s ) j t > = < p 0 ( l 0 s 0 ) j t j V j p ( l s ) j t > 9

+ X l 00 Z 1 0 dp 00 p 00 2 < p 0 ( l 0 s 0 ) j t j V j p 00 ( l 00 s ) j t > 1 E � p 00 2 =m + i� � < p 00 ( l 00 s ) j t j t ( E ) j p ( l s ) j t > (62) 0? $$ $O !" t sj l 0 l ( p 0 ; p ) = V sj l 0 l ( p 0 ; p ) + X l 00 Z 1 0 V sj l 0 l 00 ( p 0 ; p 00 ) 1 E � p 00 2 =m + i� t sj l 00 l ( p 00 ; p ) (63) $H =q $1 $k !#%9 %T %s $O 9b !9 #1 $G $" $j !" %Q %j %F %# $O J]B8$9$k $3$H $+$i !" 50F;3Q1?F0NL $O l = l 0 or l = l 0 � 2 (64) $, <h $jF@$k !# $3$N$3 $H $+$i !" C10l@QJ, J}Dx<0 $^ $? $O !" O"N)@QJ,J} Dx<0 $r 07 $& $3 $H $K$J $k !# #2$D $N ItJ,GH $, 7k9g $7 $? E57?E* $J Nc $O 3 S 1 � 3 D 1 (65) $N >uBV $G !" =EM[;R $N >uBV $G $" $k !# 2 #3 3K;RB+G{>uBV #3 3K;R7O $N 87L) $J 2r $r F@$k $? $a$N 0BA4 $J J}K! $N 0l$D $H $7 $F !" F addeev $N J}K! $, $" $k !# #2 . #1 F addeev J}Dx<0 0l $D $N #3BN7O $K$O #3$D $N#2BNItJ,7O $, $" $k !# @h $: $O #2 BN7O $K F/$/3KNO $@$1$r LdBj $K $7 !" $= $N8e $G #33K ;R $K F/$/ #3 BN NO $r<h $j9~ $s$G$$ $3 $& !# #2BN NO $r 4^ $s $@ %O%_ %k %H %K %" %s$+ $i ;O $a $k !# ( H 0 + 3 X i =1 V i ) = E (66) $3$3 $G !" JX59>eI=5- $N 4JC12= $r 9T $& !# Nc $( $P !" V 1 � V 23 ; V 2 � V 31 ; V 3 � V 12 (67) $H $9 $k !# H 0 $O #3 BN $N AjBP1?F0 %(%M %k %. !< $G !" !J 66 !K <0 $r =q $- D> $; $P !" = 1 E � H 0 X i V i (68) $H $J$j !" B+ G{ >uBV $G$"$k $3 $H $+ $i !" Hs @F <! $N 9‘ $O 8= $l $J$$ !# $I $N$h $& $J 8=>] $, 5/ $C $F$$$k $N $+$r 8+$k $?$a $K !" $3$N <0 $r$3$N <0<+BN $K 2?EY $+ BeF~ $r 7+$jJV $7 $F $_ $h $& !# = G 0 X V i = G 0 X V i G 0 X V j G 0 X V k ::: (69) $3 $l $r !" ?^ $K $7 $F $_ $l $P !" $" $kE57?E* $J >l9g $H $7 $F !" 2<?^ $N MM $K IA $1 $k !# 10

#2 BN$N >l9g $K 4{ $K 8+ $F$- $? $h $& $K !" %0 %j!< %s 4X ?t !J G 0 !K $H Aj 8_ :nMQ$N ItJ, $, 8r 8_ $K 8= $l$F $$$k !# 99 $K !" NI $/ 4Q ;! $9 $l $P !" F1 $8 %Z %" !J #23K ;R !K F1 ;N $NAj8_ :n MQ $N7+ $jJV $7 $N >l9g $H !" 0[ $J $k %Z %" $N Aj8_ :n MQ $K 0\$k >l 9g $K$J$C $F$$$k $3 $H $K 5$IU$/ !# $5 $F !" F1 $8 %Z %"$NItJ, $, 99 $K$b $& 0l EY F1 $8 %Z%" $G Aj8_ :n MQ $9$k >l 9g $b2DG= $G$"$k !# F1 $8 %Z %"$NItJ, $O !" #1EY !" #2 EY !" #3 EY !" ... $H Aj8_ :n MQ $r $7 $?$b $N $r A4 $F <h $j9~$‘ I, MW $, $" $k !# F addeev M}O@ $G $O !" $3 $l $r 2DG=$9$k !# @h $: !" GHF04X?t $r #3$D $N ItJ, $K J,2r$9$k !# = 3 X i i (70) i � G 0 V i (71) :#F| $G $O$= $l $>$l $N ItJ, $r F addeev MWAG $H 8F $V !# :G 8e $NAj8_ :n MQ V i $K CeL\ $7 $F J,N‘ $7 $? $3$H $K$J $k !# $3 $l $r !" 85 $N <0 $K BeF~ $7 D> $7 $F $_ $l $P !" i = G 0 V i X j j = G 0 V i i + G 0 V i X i 6 = j j (72) $H $J$j !" #2 $D $N9‘ $K J, $1 $i $l $k !# Bh #29‘ $+ $i !" <! $N7+ $jJV $7 $r $9 $l $P J,$k $h $& $K !" 0[ $k %Z %"$N Aj8_:nMQ $, 8= $l $k !# Bh #1 9‘ $r :8JU $X 0\9‘ $7 $^$9 $H !" (1 � G 0 V i ) i = G 0 V i X j 6 = i j (73) $H$J $j !" $3$N @QJ,3K (1 � G 0 V i ) $N 5U $r :nMQ $5$;$k $H !" i = (1 � G 0 V i ) � 1 G 0 V i X j 6 = i j (74) $r F@$k !# 1&JU $N F addeev MWAG $N A0 $K $" $kItJ, $r @0M} $7 $F $_$h $& !# (1 � G 0 V i ) � 1 G 0 V i = (1 + G 0 V i + G 0 V i G 0 V i + : : : ) G 0 V i = G 0 ( V i + V i G 0 V i + V i G 0 V i G 0 V i + : : : ) � G 0 t i (75) $h$C $F !" $3$N <0 $O !" i- HVL\ $N %Z %" $K $* $1 $kA+0\9TNs !J t - matrix !K $K 5"Ce$9$k !# $3 $l$O Bh 0l>O $G =R $Y$? LSE J}Dx<0 $r K~$9 !# t i = V i + V i G 0 t i (76) 11

=>$C $F !" !J 74 !K <0 $O i = G 0 t i X j 6 = i j (77) $H $J$k !# $3 $l$O !" #3 $D $N<0 $, O"N) $7 $? J}Dx <0 $G !" F addeev J}Dx <0 $H 8F $V !# [7] Aj8_ :n MQ V $G$O$J $/!" $3$N t $K $h $C $F !" !J 77 !K <0 $r 7+ $j JV $7 $? %0 %i%U$r =q $1 $P !" 2<?^ $N MM $K$J $k !# $3$3 $G !" =E MW $J $3 $H $O A+0\ 9T Ns t -metrix $, !" <! $N t - matrix $r 7+ $jJV $9>l 9g !" I, $: 0[ $J $k %Z %" $r A* $V;v $G$"$k !# <B $O !" $3 $N;v $, #3BN J} Dx <0 $, ?t3X E* $K 2r $1 $k $+ $I $& $+ $K 4X $9$k =E MW $J 0UL# $r$b $C $F$$ $k !# [7] $b $& >/ $7 6qBN E* $K #3 $D $NF10l %U %’ %k %_ %* %s$r 07 $& $3 $H $K $7 $h $& !# $3$N>l9g !" A4 BN $NGHF0 4X ?t $O !" A4H? BP >N >u BV !J G$ 0U $N #2 N3 ;R$N 8r 49 $K BP $7 $F !" GHF0 4X ?t$N 0L Aj $r (-1) $@ $1 $+ $( $k !K $G$" $k !# F1 0l N3 ;R $G$"$k $3 $H $+ $i !" F addeev MWAG $N4X?t $O $I $l $b F1 $8 $K$J $j !" N3 ;R $N 8r49 $r $9$k $3 $H $K $h $C $F I=$9 $3 $H $, $G $- $k !# $= $l $r I=5-$9 $l $P !" N3;R8r491i;;;R P $r MQ $$ $F !" 2 � G 0 V 2 = P 12 P 23 G 0 V 1 � P 12 P 23 1 (78) 3 � G 0 V 3 = P 13 P 23 G 0 V 1 � P 13 P 23 1 (79) $N MM $K Dj5A $G $- $k !# N3;R8r491i ;;;R $r ;H $( $P !" F addeev #385O"N)J}Dx<0 $O 0lK\2= $G $- $k !# 1 = G 0 t 1 ( P 12 P 23 + P 13 P 23 ) 1 (80) =>$C $F !" N3 ;R%Z%" $r I= $7 $F $$ $? 0z ?t $O I= 5- $7 $J $/$F $b $h $/ $J $j !" N3 ;R 8r 49 1i ;; ;R$b $^$H $a $F P � P 12 P 23 + P 13 P 23 (81) $H =q $1 $P !" !J 80 !K <0 $O !" = G 0 t P (82) $H$J $k !# $3 $l$, !" #3N3;R $, F10lN3;R $N >l9g $N F addeev J}Dx<0 $G$" $k !# $^ $? !" #3 %\ %= %s $N >l9g $K $b F1 $8 <0 $r M? $( $k !# GHF04X?t $O$3 $N P $r ;H$C $F !" = (1 + P ) (83) 12

$H I= $;$k !# GH F04X ?t $, A4H?BP>N $G$" $k $3$H $+$i !" F addeev MWAG $O >/$/ $F$b%Z %" #1 !a !J #2 #3 !K 4V $K BP $7 $F !" H? BP >N $G$J $/ $F $J $i$J$$ !# $3$N $3 $H $r 6qBN E* $K <( $90l $D $NNc $H $7 $F !" N3 ;R #1 $H #3 $N 8r49 $K $D$$ $F 9M $($F$_ $h $& !# P 13 = P 13 (1 + P 12 P 23 + P 13 P 23 ) (1 ; 23) = (3 ; 21) + P 13 (2 ; 31) + P 13 (3 ; 12) = (3 ; 21) + (2 ; 13) + (1 ; 32) = � (3 ; 12) � (2 ; 31) � (1 ; 23) = � (1 + P ) (1 ; 23) = � (84) 3N $+$K !" %Z %" 8r49 $K BP $7 $F !" 0LAj $r JQ $($F$$ $k !# #2 . #2 1?F0NLI=<( 5DO@ $r 4JC1 2= $9 $k $? $a $K !" %9 %T%s$H%" %$ %= %9 %T%s $N <+M3 EY $r L5;k $9 $k !# 99 $K F1 0l N3 ;R $N >l9g !" <ANL $b F1 $8 $H 2>Dj$9$k $3$H $K $h $C $F !" %d %3 %S :BI8 $r <! $N$h $& $K F3F~ $G $- $k !# � ! p 1 = 1 2 ( � ! k 2 � � ! k 3 ) (85) � ! q 1 = 2 3 � � ! k 1 � 1 2 ( � ! k 2 + � ! k 3 ) � (86) $3 $l $O !" %Z%"$r #1 !a !J #2 #3 !K $K A* $s$@ >l9g $G !" #2!a !J #3#1 !K !" #3 !a !J #1 #2 !K $K BP $7 $F $b !" F1MM $K !" � ! p 2 = 1 2 ( � ! k 3 � � ! k 1 ) (87) � ! q 2 = 2 3 � � ! k 2 � 1 2 ( � ! k 3 + � ! k 1 ) � (88) � ! p 3 = 1 2 ( � ! k 1 � � ! k 2 ) (89) 13

� ! q 3 = 2 3 � � ! k 3 � 1 2 ( � ! k 1 + � ! k 2 ) � (90) $3$3 $G !" 8e $K Bg@Z $K$J $k4X78 $r <( $7 $F $* $/ !# � ! p 2 = � 1 2 � ! p 1 � 3 4 � ! q 1 (91) � ! q 2 = � ! p 1 � 1 2 � ! q 1 (92) � ! p 3 = � 1 2 � ! p 1 + 3 4 � ! q 1 (93) � ! q 3 = � � ! p 1 � 1 2 � ! q 1 (94) p i $O !J j k !K $N %Z %"4V $N AjBP 1? F0 NL $G !" q i $O !J j k !K %Z %"$N=E?4 $H Bh#3 N3;R 4V $NAjBP 1? F0 NL $G $" $k !# <! $K !" #3BN $N >uBV %Y %/ %H %k $r F3F~$9$k !# j � ! p i � ! q i > �j � ! p i > j � ! q i > (95) $3 $l$O Bh0l>O $G 07$C $?$b$N $H F1MM $K !" 5,3J2= $G $- $k !# < � ! p 0 i � ! q 0 i j � ! p i � ! q i > = � 3 ( � ! p i 0 � � ! p i ) � 3 ( � ! q i 0 � � ! q i ) (96) $I $N%d%3 %S :BI87O $G I= $7 $? $+$r L@5-$9$k $3 $H $O !" JXMx $G$" $k !# $= $l $r 3g8L $N 2< $K IU $1 $? !# j � ! p 1 � ! q 1 > 1 = j � ! p 2 � ! q 2 > 2 = j � ! p 3 � ! q 3 > 3 (97) $3$N I=5- $r ;H $( $P !" Nc $( $P P 12 P 23 j � ! p � ! q > 1 (98) $O P 12 P 23 j � ! p � ! q > 1 = j � ! p � ! q > 2 (99) $H =q $1 $k !# <! $K F addeev J}Dx<0 $r 1?F0NLI=<( $G I=8= $7 $F $_$h $& !# = G 0 t P (100) B($A !" < � ! p � ! q j > = < � ! p � ! q j G 0 t P j > 14

= Z d 3 p 00 d 3 q 00 Z d 3 p 0 d 3 q 0 < � ! p � ! q j G 0 t j � ! p 0 � ! q 0 > < � ! p 0 � ! q 0 j P j � ! p 00 � ! q 00 >< � ! p 00 � ! q 00 j > (101) $G M? $( $i $l !" G 0 = 1 E � H 0 $N1? F0 %( %M %k %. !< H 0 $NIt J, $O !" $= $l $>$l $N %d %3 %S :B I8 $r;H $( $P !" H 0 = � ! p 1 2 m + 3 4 m � ! q 1 2 = � ! p 2 2 m + 3 4 m � ! q 2 2 = � ! p 3 2 m + 3 4 m � ! q 3 2 (102) $H =q $1 $k !# $3$N H 0 $N 8GM->uBV $O !" !J 95 !K <0 $N #3BNJ?LLGH $G$" $k !# $3 $3 $G G 0 $O !" 4pDl $K BP $7 $F BP3QE* $G $" $k $+$i !" < � ! p � ! q j G 0 t j � ! p 0 � ! q 0 > = 1 E � p 2 m � 3 4 m q 2 < � ! p � ! q j t j � ! p 0 � ! q 0 > (103) $G $" $j !" t 1i;;;R $O%]%F %s %7 %c%k V $+$i 5a$^$j!" #2BN7O $N p $N JQ?t $K $N$_ :nMQ$9$k !# < � ! p � ! q j V j � ! p 0 � ! q 0 > = � 3 ( � ! q � � ! q 0 ) < � ! p j V j � ! p 0 > (104) q $O Bh#3 N3 ;R $N1?F0 NL $G$"$k !# q $N Bg $-$5 $K 4X78 $J $/N3 ;R !J #1#2 !K $NAj8_ :n MQ $O 7h$k $N $G !" Bh#3 N3 ;R $r K54Q N3 ;R !J sp ectator !K $H 8F$V !# LSE J} Dx <0 $r $b $&0lEY !" #3BN $N 4p Dl $G 8+ D> $7 $F$_ $l $P !" < � ! p � ! q j t ( E ) j � ! p 0 � ! q 0 > = < � ! p � ! q j V j � ! p 0 � ! q 0 > + < � ! p � ! q j V G 0 t ( E ) j � ! p 0 � ! q 0 > = � 3 ( � ! q � � ! q 0 ) < � ! p j V j � ! p 0 > + Z d 3 p 00 d 3 q 00 < � ! p � ! q j V j � ! p 00 � ! q 00 > � 1 E + i� � p 00 2 m � 3 4 m q 00 2 < � ! p 00 � ! q 00 j t ( E ) j � ! p 0 � ! q 0 > = � 3 ( � ! q � � ! q 0 ) < � ! p j V j � ! p 0 > + Z d 3 p 00 < � ! p j V j � ! p 00 > � 1 E + i� � p 00 2 m � 3 4 m q 2 < � ! p 00 � ! q j t ( E ) j � ! p 0 � ! q 0 > (105) $H $J $j !" !J 104 !K $N%] %F%s %7 %c%k $H F1 $8 $/!" q $K BP $9 $k %G %k %? 4X ?t$r E: $( $k$3 $H $G 5a$a$i $l $k !# < � ! p � ! q j t ( E ) j � ! p 0 � ! q 0 > = � 3 ( � ! q � � ! q 0 ) < � ! p j b t ( E � 3 4 m q 2 ) j � ! p 0 > (106) $3$3 $G !" ^ t $O #2 3K ;R 7O $G $N t -matrix $G !" $=$N%( %M%k %. !< $O !" E 2 = E � 3 = 4 mq 2 $G CV$- 49 $o $k !# %( %M%k %. !< $O p 5Z $S !" p 0 $K FH N) $J JQ ?t $G $" $k $3$H $K Cm 0U$9 $k !# %( %M%k %. !< 3L >e !J on-energy-shell !K $H $$$o $l $k$b$N $O p = p 0 = p mE $N >r 7o $N 0UL# $N$b$N $G !" #2BN7O $N%* %V %6!< %P %V %k$G$O !" $3$N NL $@$1 $, =EMW $G$" $C $? !# #3BN7O $G$O !" $= $N >r7o0J30 $N ItJ,B($A !" Hs %(%M %k %. !< 3L !J o�-energy-shell !K $N t -matrix $, I,MW $K$J $k !# ^ t $N LSE J}Dx<0 $O !" < � ! p � ! q j b t ( z ) j � ! p 0 � ! q 0 > = < � ! p � ! q j V j � ! p 0 � ! q 0 > 15

� Z d 3 p 00 < � ! p j V j � ! p 00 > 1 z � p 2 m < � ! p 00 j b t ( z ) j � ! p 0 > (107) $G $" $k !# q $, A} 2C$9$k $H !" #2BN 7O $N%(%M %k %. !< $, 8: $k $o $1$@$+ $i !" E < 0 $N B+G{ >uBV $N LdBj $r 07 $& $H$- $O !" >o $K %0 %j !< %s 4X?t G 0 $K$O H/;6 $9$k FC 0[ E@ $, $J$$ !# => $C $F !" !J 101 !K $N F addeev J}Dx<0 $O !" < � ! p � ! q j > = Z d � ! p 0 Z d � ! p 00 Z d � ! q 00 1 E � p 2 m � 3 4 m q 2 � < � ! p j b t ( E � 3 4 m q 2 ) j � ! p 0 >< � ! p 0 � ! q j P j � ! p 00 � ! q 00 >< � ! p 00 � ! q 00 j > (108) $H$J $k !# $3$3 $G !" 5;=QE* $K :G$b LLE] $J 07$$ $r $7 $J $/ $F $O$J$i$J $$ 1i;;;R $O N3;R8r49 1i;; ;R $G !" $3 $l$O !" #2 $D $N %G %k %? 4X?t $K J,2r $5 $l $k !# !J 91 !K <0 $+$i !J 94 !K <0 $N 4X78 $r 9MN8$9 $l $P !" D>$A $K < � ! p 0 � ! q j P j � ! p 00 � ! q 00 > � 1 < � ! p 0 � ! q j P j � ! p 00 � ! q 00 > 1 = 1 < � ! p 0 � ! q j � ! p 00 � ! q 00 > 2 + 1 < � ! p 0 � ! q j � ! p 00 � ! q 00 > 3 = 1 < � ! p 0 � ! q j � 1 2 � ! p 00 + 3 4 � ! q 00 ; � � ! p 00 � 1 2 � ! q 00 > 1 + 1 < � ! p 0 � ! q j � 1 2 � ! p 00 � 3 4 � ! q 00 ; � ! p 00 + 1 2 � ! q 00 > 1 = � 3 ( � ! p 0 + 1 2 � ! p 00 � 3 4 � ! q 00 ) � 3 ( � ! q + � ! p 00 + 1 2 � ! q 00 ) + � 3 ( � ! p 0 + 1 2 � ! p 00 + 3 4 � ! q 00 ) � 3 ( � ! q � � ! p 00 + 1 2 � ! q 00 ) (109) $r F@$k !# $3$N %G %k %? 4X?t $O !J 108 !K <0 $N #3$D $N @QJ, $N Cf !" #2 $D $r >C5n $9$k !# !J 109 !K <0 $r$b $& >/ $7 @0M} $7 $F !" < � ! p 0 � ! q j P j � ! p 00 � ! q 00 > = � 3 ( � ! p 0 � 1 2 � ! q � � ! q 00 ) � 3 ( � ! p 00 + � ! q + 1 2 � ! q 00 ) + � 3 ( � ! p 0 + 1 2 � ! q + � ! q 00 ) � 3 ( � ! p 00 � � ! q � 1 2 � ! q 00 ) (110) !J 108 !K <0 $O !" < � ! p � ! q j > = 1 E + i� � p 2 m � 3 4 m q 2 Z d � ! q 00 ( < � ! p j b t ( E � 3 4 m q 2 ) j � ! q + 1 2 � ! q 00 >< � � ! q � 1 2 � ! q 00 ; � ! q 00 j > + < � ! p j b t ( E � 3 4 m q 2 ) j � � ! q � 1 2 � ! q 00 >< � ! q + 1 2 � ! q ; 00 � ! q 00 j > ) (111) $H M? $( $i $l $k !# $3$N$^$^ $G $O !" t -matrix $H F addeev MWAG $H $N 4V $N @QJ, $O !" p $H q $N#6 JQ ?t !J #2 !_#3<!85 !K $r 07 $o $J $/ $F $O$J $i$J $/ $J $k !# $3 $l$O !" 7W ;; 5! $K D>@\ Be F~ $G$-$kDx !" <+ M3EY $, 8:$C $F $$$J $$ !# <B:] $K $= $l $r D> @\07 $& 8&5f $b$" $k $, !" 3KNO $, <g $K S GH $d Kt $O %F %s %= %k NO $K $h $k D GH $J $I Hf3SE*>.$5 $J ItJ,GH $K $h $C $F 5-=R $G$- $k $3$H$r 4|BT$9 $l $P !" ItJ, GHE83+ $N J}K! $O M-8z $G $" $k !# 16

#2 . #3 F addeev J}Dx<0 $N ItJ,GHI=8= #2 3K;R $N >l9g $K 4{ $K F3F~ $7 $?$h $& $K !" #2BN7O $N ItJ,GHI=8= $N 4pDl $O !" j p ( l s ) j m tm t > (112) $K $h $C $F M? $( $i $l !" Bh#3 $N N3;R $r 5-=R$9$k $?$a $K !" <! $N 4pDl $r DI2C$9$k !# j q ( � 1 2 ) I M I 1 2 � > (113) $3$3 $G !" &+ $O q $N 50F; 3Q1? F0NL $G$" $j !" J $O #3BN7OA4 BN $NA4 %9 %T%s $G $" $k !# j $H I $N 3Q 1?F0NL $N 9g@. $K $h$j !" A4 %9 %T%s J $r F@$k !# %" %$ %= %9 %T %s 6u4V $b #2 BN7O $N t $H Bh#3N3;R $N %9 %T %s 1/2 $K $h $k9g@. $G !" A4 %" %$ %= %9 %T %s T $r F@$k !# j pq ( l s ) j ( � 1 2 ) I J M ( t 1 2 ) T M T > � X � C ( j I J; � M � � ) X � C ( t 1 2 T ; � M T � � ) � j p ( l s ) j � t� > j q ( � 1 2 ) I M I � �; 1 2 M T � � > (114) $3 $l $i $N I=5- $r 4JC1 $K j pq � > $H =q $- !" $3 $l $r >uBV %A %c %s %M %k 0? $O C1 $K !" %A %c %s %M %k$H $h $V !# #3BN $N 4pDl $N 40A4@- $r =q $- I= $; $P !" X � Z 1 0 dp p 2 Z 1 0 dq q 2 j p q � >< p q � j = 1 (115) $HM? $( $i $l $k!#$3 $3 $G !" #2 BN It J, 7O $KH? BP >N >u BV $N J* M} E* $J MW @A $O !" !J 55 !K $G $" $j!" F addeev MWAG $r =q $- I= $o$; $P !" j > = X � Z 1 0 dp p 2 Z 1 0 dq q 2 j p q � >< p q � j > (116) $H$J $j !" !J 111 !K <0 $N F addeev J}Dx<0 $O ItJ,GHI=8= $G M? $( $k $3$H $, $G $- $k !# < p q � j > = < p q � j G 0 t P j > = 1 E � p 2 m � 3 4 m q 2 < p q � j t P j > = 1 E � p 2 m � 3 4 m q 2 X � 0 Z 1 0 dp 0 p 0 2 Z 1 0 dq 0 q 0 2 < p q � j t j p 0 q 0 � 0 > � < p 0 q 0 � 0 j P j > (117) !J 106 !K <0 $G$N t -matrix $b <! $N$h $& $K I=8= $G $- $k !# < p q � j t ( E ) j p 0 q 0 � 0 > = � ( q � q 0 ) q q 0 � � 0 � I I 0 b t sj t l l 0 ( p; p 0 ; E � 3 4 m q 2 ) (118) t -marix $, #2 BN $N 50F;3Q1?F0NL l $K $D$$ $F BP3QE* $G$J $$ >l9g !" B($A !" 0[ $J $k l $K 7k9g$9$k >l9g $r 9MN8 $7 $F !" <! $N$h $& $K =q $1 $P @53N $G $" $k !# < p q � j > = 1 E � p 2 m � 3 4 m q 2 X l 0 Z 1 0 dp 0 p 0 2 b t sj t ll 0 ( p; p 0 ; E � 3 4 m q 2 ) < p 0 q � j P j > 17

= 1 E � p 2 m � 3 4 m q 2 X l 0 Z 1 0 dp 0 p 0 2 b t sj t ll 0 ( p; p 0 ; E � 3 4 m q 2 ) � X � 00 Z 1 0 dp 00 p 00 2 Z 1 0 dq 00 q 00 2 < p 0 q � j P j p 00 q 00 � 00 >< p 00 q 00 � 00 j > (119) N3 ;R 8r 49 1i ;; ;R P $, #3 BN Ld Bj $rFq $7 $/ $9 $k 86 0x $G $" $k $, !" 7k 6I $N =j !" <! $N $h$& $K$^ $H$^ $k!# < p q � j P j p 0 q 0 � 0 > = Z 1 � 1 dx G � 0 ( q ; q 0 ; x ) � ( p � � 1 ) � l +2 1 � ( p 0 � � 2 ) � l 0 +2 2 (120) $3$3 $G !" � 1 � 2 $O � 1 = s 1 4 q 2 + q 0 2 + q q 0 x (121) � 2 = s 1 4 q 0 2 + q 2 + q q 0 x (122) $G M? $( $i $l $k !# G � 0 $O =c?h $K 4v2?E* $J NL $G$" $k !# [2, 8] $3 $l $r ;H$C $F !J 119 !K <0 $O !" < p q � j > = 1 E � p 2 m � 3 4 m q 2 X l 0 X � 00 Z 1 0 dq 00 q 00 2 � Z 1 � 1 dx b t sj t l l 0 ( p; � 1 ; E � 3 4 m q 2 ) � l 0 1 G � 00 ( q ; q 00 ; x ) < pi 2 q 00 � 00 j > � l 00 2 (123) $H$J $k !# $3$N CJ3, $G !" F addeev J}Dx <0 $O p $H q $N #2$D$N O"B3 JQ?t $K BP$9$k O"N) @QJ,J} Dx <0 $H$$ $( $k !# #2BN $NItJ, GH $r @)8B $9 $l $P !" %A %c %s %M %k $O E57? E* $J A*Br $H $7 $F#5$D $N>l9g $r $7 $a $9 !# � l s j � I 1 0 0 0 0 1 2 2 0 1 1 0 1 2 3 2 1 1 0 1 2 4 0 1 1 2 3 2 5 2 1 1 2 3 2 $3$N >l9g !" #2BN $N ItJ,GH $O 3 S 1 $H 1 S 0 $N #2$D $N>uBV $@$1 $7 $+ <h $j9~ $s$G $$ $J$$ $, !" #3=E?e AG !J %H %j %H %s !K $N 7k9g %(%M %k %. !<$N $[$H $s $I $r @bL@$9$k !# $3$3 $G !" 6q BN E* $K F addeev J} Dx <0 $r 2r$/ $? $a $N5;=Q E* $JE@ $K $U $l $k !# !J 121 !K <0 $H !J 122 !K <0 $+ $i L@ $+ $K !" x $N 3QEY @Q J, $r $9$k $? $a $K $O !" G$ 0U $N p = � 1 ; p 0 = � 2 $, I,MW $K$J $k !# => $C $F !" 7W;;5! $K $= $l $r $5$; $k$?$a $K$O 4X?t $N FbA^K! $, I,MW $K $J $k !# B($A !" 0lHL $K 4X?t f ( x ) $r f ( x ) � = X k S k ( x ) f ( x k ) (124) 18

$N MM $K 6a;w $9$k !# $3$N >l9g !" f ( x k ) $O %G !<%? $H $7 $F >o $K 7W;;5! $N5-21AuCV $K C_ $($F $* $- !" I, MW $K 1~ $8 $F FbA^ 4X ?t S k ( x ) $K $h $j !" G$0U $N x $K BP$9 $k CM f ( x ) $r 5a$a $k$b$N$G $" $k !# $3$N !" :G =i $N %G !<%? $H$9$k x $N E@ $N %; %C %H !P x !Q $O !" Nc $( $P !" t-matrix $N @QJ,J} Dx<0 $r 2r $/ $H$- $K 7h $a$k !# DL >o !" $= $N@QJ, E@ $O !" %, %& %9 @QJ, K! $K$h$C $F 5a $a $i $l $k !# $3$N $h $& $K $7 $F !" 7W ;; 5! $K :\ $;$k>l 9g !" p $H q $N#2 $NJQ?t $K BP $7 $F !" @Q J, E@ $N %; %C %H !P p n , q m !Q $r =‘Hw $9$k !# $3$N$3$H $+$i !" !J 123 !K <0 $r 7W;;5! $G 7W;;$9$k $?$a$N 6qBNE* $J I=8= $r <( $; $P !" � ( p k ; q l ) = 1 E � p 2 k m � 3 4 m q 2 l � X l 0 X � 00 X n $ n q 2 n Z 1 � 1 dx X i b t sj t l l 0 ( p k ; p i ; E � 3 4 m q 2 l ) � S i ( � 1 ) � l 0 1 G � 00 ( q l ; q m ; x ) X m S m ( � 2 ) � 00 ( p m ; q n ) � X mn X � 00 K � 00 ( k l ; mn ) � 00 ( p m ; q n ) (125) $r F@$k!# $3 $3 $G !" 7W ;; $N5,LO $K $D$$ $F@bL@ $9$k !# Bg $-$5 $O$=$N<!85 $K $h $C $F FCD’ $E $1 $k $3 $H $, $G $- !" $3$N >l9g !" N = N q � N p � N � (126) $G M? $( $i $l $k!# E5 7? E* $J?t $H $7 $F !" N p N q $= $l $> $l $K BP $7 $F !" #3 #4 E@ !" #2 #0E@ $G $"$k!# %A %c %s %M %k ?t $O%] %F %s %7 %c %k $N ?t $K 0M$C $F @) 8B $r <u $1 $k $, !" $=$N ;X I8 $H $7 $F j $N :G BgCM $r A* $Y $P !" j max = 1 ; 2 ; 3 ; etc: (127) $N$= $l $> $l $K BP $7 $F N � $O <! $N MM $K A}2C$9$k !# j max N � 1 5 2 18 3 26 4 34 5 42 <}B+ $7 $? $h$j 8=<BE* $J 7W;; $r $9 $k $?$a $K$O >/$/ $F$b j max = 4 $, I,MW $G !" $=$N >r7o $N 2< $G $O N � 25000 $N <!85 $H $J $k !# $3$NMM $K Bg $- $J <!85 $N9TNs $NBP3Q2= $K $O%i %s %A%g%9 $NJ} K! [9] $, :G $b Aa$/ $= $7 $F 7P:QE* $J J}K! $H $7 $F :NMQ$5 $l $F $$ $k !# #2 . #4 M}O@E* $J 7W;; $K$h $k %H %j %H %s $N MM !9 $J @-<A ?’ !9 $J 8=<BE* $J %] %F %s %7%c%k$r MQ $$ $F !" %H %j %H%s $N 7k9g %(%M %k %. !< $, 7W;; $5 $l $F $$ $k !# 0J2< $K <( $7 $? I= $G$O !" j max $r $I $3 $^ $G <h$j 9~ $s$@$+ $K $h $C $F !" $= $l $> $l $N%] %F %s %7 %c %k $K BP$9$k7k9g %(%M %k %. !< $r <( $7 $? !# !J I= $N C10L $O MeV !K 19

P otential 1 2 3 4 5 P ar is [10] 7 : 30 7 : 38 7 : 44 7 : 46 7 : 46 N ij m 78[11] 7 : 49 7 : 54 7 : 62 7 : 63 � N ij mI I ( np )[12] 7 : 65 7 : 75 � 7 : 89 � AV 14[13] 7 : 45 7 : 58 7 : 67 7 : 68 � B onn [14] 8 : 17 8 : 10 8 : 13 8 : 14 8 : 14 Ruhr pot [15] 7 : 59 7 : 56 7 : 62 7 : 64 � <B 83CM#8 . #4#8 MeV $K Hf 3S$9 $k @:EY $H $7 $F$O !" j max = 4 $G ==J, $G $" $k $3$H $, J,$k !# $3 $N I= $G <( $7 $?%] %F %s %7 %c%k$O !" Bh0l>O $G =R $Y$? CIB !J 2Y EEFH N) @- $N GK $l !K $r 9M N8 $7 $? 7W ;; $b $"$j !" $= $l$O Cf@-;R - M[;R %]%F %s %7%c %k$H Cf@-;R - Cf@- ;R %]%F %s%7%c %k$r 6hJL $9$k !# $= $l $i$r 9MN8 $7 $? 7W;; $N M-8zE* $J 07 $$ $H $7 $F !" FC $K 1 S 0 >uBV $K BP $7 $F !" t ef f = 2 3 t t =1 nn + 1 3 t t =1 np (128) $N:.9g $r 9T $( $P !" ==J, @: EY $NNI $$7W;; $,$G $- $k $3 $H $, CN $i $l $F$$$k !# [16] T !a#3 !?#2 $N:. 9g $O CSB !J 2Y EEBP >N @- $N GK $l !K $+$i @8 $8 $k $, !" Hs>o $K >.$5$J 4s M? $G $" $k $3$H $, <($5 $l $F $$ $k !# !J 128 !K <0 $r ;H$C $? CIB $N 7W;; $r I= $K $9 $k !# !J I= $N C10L $O MeV !K P otential [10] E b ( j max = 4) N ij m 93 ( cd )[12] 7 : 66 N ij m I ( cd )[12] 7 : 73 N ij m I I ( cd )[12] 7 : 64 AV 18 ( cd )[17] 7 : 65 B onn ( cd )[18] 8 : 00 $3$N Cf $G 6I=jE* $J %]%F %s%7%c %k $O Nijm I I[12], Nijm 93[12], A V18[17] $G !" $[$H $s $I F1 $8 7k9g %(%M %k %. !< $r M? $($F$$ $k !# Nijm I[12] %] %F %s%7%c %k $O $= $l$i$K BP $7 $F <e $$Hs6I=j@- $, $"$j !" $= $N$?$a $K #1#0#0 k eV $N 0c $$ $, $" $k !# 99 $K !" 40A4 $K Hs6I=jE* %] %F %s %7%c%k $G $" $k CD- Bonn[18] $O !" Ls #3 #5#0 k eV $N :9 $, $" $k !# $J $< Hs6I=jE* %]%F %s%7%c %k $, #3BN7O $G$O 0z NOE* $K F/$/ $+$N L@3N $J 86 0x $O !" $^ $@ @b L@ $5 $l $F$$ $J$$ !# <B 83 CM $H Hf3S $9 $l $P !" #5 #0 #0 $+ $i #8#0#0 k eV $N 0c$$ $, $" $k !# 7k9g %(%M%k %. !<$N Bg$-$5$H Hf 3S$9 $l $P !" $3 $N 0c$$ $, Bg$-$$ $h $& $K 8+ $( $k !# $7 $+ $7 !" 7k 9g %(%M %k %. !< $O @5 $N1?F0 %(%M %k %. !< !J #4 #5 MeV- #5 #5 MeV !K $H Ii $N %] %F %s %7 %c%k %( %M%k %. !<$N Aj ;& $+$i F@ $i $l $k $3$H $r 9M $( $k $H !" $=$N ?)$$ 0c$$ $O %] %F %s %7 %c %k%(%M %k %. !< $K BP $7 $F !" #1 !sDxEY $N $b $N $H 8@ $& $3 $H$b $G$-$k !# $3$N $3 $H $K $D$$ $F !" #3 BNNO $N $H$3 $m $G $b $& 0lEY$U $l $k $3$H $K $7 $h $& !# $5$F !" 1?F0NL J, I[4X ?t n ( k ) $H Aj 4X 4X?t C ( r ) $r =E M[;R$N >l9g $H Hf3S $7 $h $& !# !J $?$@ $7 !" ?^ $K $O &AN3;R $N >l9g $b %W %m%C %H $7 $F$" $k !# [60] !K $3$N >l9g !" =EM[;R $H Hf $Y$k $H %H %j %H%s $O $h$j9b $$ L)EY $, $o$+ $k !# 0lHL $K n ( p ) $O !" n ( p ) � � X m Z d ~ p < b m j � X i � ( ~ p � ~ k i ) j b m > (129) 20

$H Dj5A $G $- !" � P $O J?6Q $r$H $k0UL# $G$" $k !# C ( r ) $O !" C ( r ) = � X m 1 4 � Z d ~ r < b m j � X i<j � ( ~ r � ~ r ij ) j b m > (130) $H Dj5A$9$k !# $3$3 $G !" ~ r ij $O !" i- N3;R $H j- N3;R $N AjBP %Y %/ %H %k $r 0UL#$9$k !# #1 fm JU $j $G %H %j %H%s $N >l9g $, Bg $- $J Aj4XL) EY $r$b$C $F$$ $k $N $O !" %H %j %H%s $N J} $, =EM[ ;R $h$j $bB?$/ $N 7k9g %(%M %k %. !< !J #7 . #4 #8 MeV !d #2 . #2#3 MeV !K $r$b$C $F$$ $F !" $=$N $? $a $K Aj4X 4X ?t $O %H %j %H%s $N J} $, Aa$/ #0 $K 6aIU$/ $? $a $G$"$k !# $^ $? !" 86 E@ $G $O Aj4X $, >/$/ $J $kM} M3 $O !" 3K NO $N6a5w N% $G$N 6/ $$@MNO $K $h$k $b $N $G$"$k !# $3$N $3 $H $O !" Bh #3 HV L\ $N3K;R $K 4X78 $J $/F1 $8 ?6Iq $$ $r $9 $k !# %" %k %4 %s %L A V #1 #8 %] %F %s%7 %c %k$r MQ $$$? !# [17] 21

0l $D $N 4JC1 $J @_Ld $H $7 $F !" !V $b $C $H$b 2DG=@- $N 9b $$#33K;R $N 0LCV $O $I $3$@ $m $& $+ !) !W $H $$ $& $b$N $, $" $k !# $= $l $O !" 0J2< $N %0 %i%U $K <( $7 $? DL$j $G !" $= $N 7A $O KX $I @5;03Q7A $K 6a$/!" F10l N3 ;R $G$"$kCf @- ;R F1 ;N $N5wN% $, B> $N#2 $D $N5wN% $h $j $b>/ $7 D9$/ $J $C $F$$$k!# $= $l$i$N 5wN% $O #1 fm DxEY $G !" 86 ;RJ,;R $N >l9g $H 0c$C $F >/ $7 JQ7A $7 $F $b F1DxEY $N B8:_3NN( $r$b $C $F $$ $k !# !J ?^ $N C10L $O [fm] !K #2 . #5 #3 BNNO $N 8z2L #3BNNO $K $D$$ $F $N O@J8 $O K-IY $K$"$j !" $= $N$$$/ $D $+$r ;29M J8 8% $K :\ $; $? !# [19] :G6a $N%+ %$ %i %k @]F0 M} O@ $K $h$k $b $NEy $, $" $k !# [20] $3$3 $G $O !" $= $l $>$l $N#3BNNO $K $D $$ $F$N5DO@ $O 22

9T $J$$ !# L^ O@ !" $3 $l$i $O #2BN NO $r $I $N$h $& $K F3F~ $7 $? $+$H$N4XO" $K $h$C $F !" MM!9 $J #3BN NO $, M? $( $i $l $k !# $7 $+ $7 $J $,$i !" $3 $3 $G $O !" $= $NCf $N0l $D $NNc $r <( $9 $3 $H $K $7 !" $= $l$r$$ $+ $K F addeev J}Dx<0 $K AH9~ $‘ $+$K $D$$ $F 5DO@$9$k !# #3 BNNO $N $R $H $D$N$"$j J} $H $7 $F 9M $($i $k %a %+ %K %: %‘ $O !" #2&PCf4V;R8r49 $G $" $k !# ?^ $K <( $7 $? 9u 4] $NItJ, $O !" 3K ;R Fb It $NNe5/ $r 9M $($F$$$k !# <B @~ $O 3K;R !" GH @~ $O &PCf 4V ;R $, EAGE $7 $F $$ $k MM ;R $r I=$9!# FbIt Ne 5/ $N $7 $F $$$J $$ 3K ;R $N @~ $r <h$j =| $/ $H !" &P N $N CF @- ;6 Mp $N ?^ $, F@ $i $l $k !# $7 $+ $7 !" $3 $l $O &P -N ;6 Mp$N ;6 Mp ?6I} (a) $+ $i !" C1=c $K 3K;R $, EAGE $9$kItJ, (b) $r :9 $7 0z $$$?$b$N $H 2r<a $G $- $k !# $J$<$J$i $P !" $3$N EAGE$9$k9‘ (b) $r <h$j9~ $s$@ #3 3K;R $N 2aDx $r 9M $( $l $P !" ?^ $N$h $& $K !" 4{ $K #2BN NO $G 9M N8 $7 $?$b $N $K @. $C $F $7 $^ $$ !" F1 $8 $b$N $r Fs =E $K <h $j9~$‘ $3 $H $K$J$k $+ $i $G $" $k !# !J V 12 G 0 V 23 !K =>$C $F !" !J b !K $N 9‘ $O &P -N $N ?6 I} $+$i <h$j =|$$$? $b$N$r V 4 $H $7 $J $/ $F $O$J$i$J $$ !# 23

$3 $N >l 9g !" Fb It Ne 5/ $N >u BV $OJ* M} E* $K$b $C $H $b 9M $( $i $l $k 2> Dj $G !" 6q BN E* $K $O $= $l $O&$ N3 ;R $G$"$k !# $" $+ $i$5$^ $K !" &$ N3 ;R $r MQ $$ $F#3BN NO $, Ds0F $5 $l $?$b $N $r F ujita-Miy aza w a NO !J F#ED - 5\Bt !K [21] $H 8F $P $l $F $$ $k !# Dc %(%M %k %. !< $G $N %+ %l%s %H Be?t $r 9MN8$9$k $H !" F ujita- Miy aza w a NO $N B> $K 4v $D $+ IU2C $5 $l $? 9‘ $b4^ $a$?#3BNNO $N LO7? $, $"$j !" Be I=E* $J$b$N $O !" T uscon-Melb ouron NO !J TM !K $H 8F $P $l $F $$ $k !# [22] &P - &P 8r 49 $K $D $$$F !" $=$N I= <0$r =q $1 $P !" V (1) 4 = 1 (2 � ) 6 g 2 � N N 4 m 2 F 2 � N N ( Q 2 ) � ! Q 2 + m 2 � F 2 � N N ( Q 0 2 ) � ! Q 0 2 + m 2 � ( � ! � 2 � � ! Q )( � ! � 3 � � ! Q 0 ) � � � ! � 2 � � ! � 3 � a + b � ! Q � � ! Q 0 + c ( � ! Q 2 + � ! Q 0 2 ) � + d � ! � 3 � � ! � 2 � � ! � 1 � ! � 1 � ( � ! Q � � ! Q 0 ) � (131) $NMM $K M? $( $i $l $k !# >e $K $D $1$? E:;z !J #1 !K $O !" ?^ $G <( $7 $? #3$D $N2aDx $N $J $+$G !" ?? Cf $N3K ;RHV 9f $, #1 HV $K$J$k9‘ !J Bh #39‘ !K $r 0UL# $7 !" B> $N9‘ $O =[4D $"$k $$ $O H?=[ 4D $NN3;R 8r 49 1i ;; ;R $K $h $C $F 5a$^$k !# V 4 = V (1) 4 + P 12 P 23 V (1) 4 P 13 P 23 + P 13 P 23 V (1) 4 P 12 P 23 (132) $3$3$G !" F � N N ( Q ) $O 6/ $$ Aj8_ :nMQ$N 7A>u 0x;R !" $^ $? !" Q $d Q 0 $O &P $N 1? F0NL $r 0U L#$9 $k !# a; b; c; d $N Dj?t $O M}O@E* $K M? $( $i $l $? $j !" <B83E* $K 7h $a $i $l $J $/ $F $O$J $i$J $$ <+M3EY $, $^ $@ ;D$5 $l $F $$ $k !# $3 $N #3 BNNO $O 4JC1 $K :BI8I=<( $K =q $- 49 $( $k $3$H $, $G $- $k !# V (1) 4 = � g � N N m � 2 m � 2 1 (4 � ) 2 [ � ! � 2 � � ! � 3 (( � ! � 2 � � ! r 2 )( � ! � 3 � � ! r 3 ) f ( a � 2 m 2 � c ) Z 1 ( x 12 ) Z 1 ( x 13 ) + c [ Z 0 ( x 12 ) Z 1 ( x 13 ) + Z 1 ( x 12 ) Z 0 ( x 13 )] + b � ! r 2 � � ! r 3 Z 1 ( x 12 ) Z 1 ( x 13 ) g ) + � ! � 2 � � ! � 3 � � ! � 1 � ! � 2 � � ! r 2 � ! � 3 � � ! r 3 � ! � 1 � � ! r 2 � � ! r 3 Z 1 ( x 12 ) Z 1 ( x 13 ) d ] (133) $3$3 $G !" 4X?t Z $O <!<0 $G M? $( $i $l $k !# Z n ( x ij ) = 4 � m � Z d � ! Q (2 � ) 3 e i ( � ! x i � � ! x j ) � � ! Q F 2 � N N ( � ! Q 2 ) ( � ! Q 2 + m 2 � ) n (134) Nc $( $P !" %9 %T %s $d %" %$ %= %9 %T %s $r L5 ;k $7 $F !" 99 $K a 9‘ $@$1 $K Cm L\$9 $l $P !" $3 $l $O !" L@ $+ $K #2$D $N Y uk a w a 7? $NAj8_ :n MQ $N@Q $K @. $C $F$$$k!# $7 $+ $7 $J $,$i !" 8+ $F$NDL $j #3BN NO $O$b $& >/ $7 J#;( $G$" $k !# 99 $K !" &P - &P $N$_ $G$J $/!" &P - � $d � � � $N 8r49 $N 8z2L $r <h$j9~ $s$@ #3 BNNO $b $"$k !# $= $N>l9g !" � $N %9 %T%s$, #1 $G$"$k $?$a $K J#;( $J 7A $N %9 %T%s 0MB8 7? $N#3BN NO $K $J $k !# <! $K !" $3 $l$i $N#3BNNO $r F addeev J}Dx <0 $K <h $j9~$‘ $3 $H $r 9M $( $^ $7 $g$& !# @h $: !" %7 %e %l %G %# %s %, !< J}Dx<0 $+$i ;O $a $k !# ( H 0 + X V i + X V ( i ) 4 ) = E (135) 24

$3 $3 $G !" 4{ $K #3BN NO $O #3$D $NItJ, $+ $i @.$k $3 $H $r 2>Dj $7 $F$$ $k !# $7 $+ $7 !" $3$N2>Dj $O J*M} E* $K $O #33K;R $NF10l @- $+$i$J $s$i L7=b $9 $k $3 $H $G $O$J$$ !# => $C $F !" #2BN NO V ij $N OB $H #3BN NO $N OB $O $^ $H$a $k $3$H $, $G $-$F !" F addeev MWAG $O <! $N$h $& $K Dj5A $G $- $k !# = G 0 X i ( V i + V ( i ) 4 ) � X i i (136) i = G 0 ( V i + V ( i ) 4 ) = G 0 ( V i + V ( i ) 4 ) X i i (137) (1 � G 0 V i ) i = G 0 V i X j 6 = i j + G 0 V ( i ) 4 X j j (138) i = (1 � G 0 V i ) � 1 G 0 V i X j 6 = i j + (1 � G 0 V i ) � 1 G 0 V ( i ) 4 X j j (139) $3$3 $G !" LSE $N #2 BN;6Mp9TNs t $O <!<0 $r K~$9 $3 $H $+$i !" (1 � G 0 V i ) � 1 = 1 + G 0 t i (140) F addeev J}Dx<0 $O i = G 0 t i X j 6 = i j + (1 + G 0 t i ) G 0 V ( i ) 4 X j j (141) $N MM $K =q $1 $k !# 99 $K !" N3;R8r491i;;;R $r ;H$C $F =q $1 $P !" 8+DL $7 $N NI $$ 7A $H $7 $F !" = G 0 t P + (1 + G 0 t ) G 0 V (1) 4 (1 + P ) (142) $r F@$k!# <B :] $N7W;; $G $O !" $3 $l$i$r 99 $K ItJ, GH $K J,2r $7 $? 7A $G 2r$/ I, MW $, $" $k !# $= $l$K $D $$ $F$N >\:Y $O !" Gl� oc kle $N %l %/ %A %c!< %N !< %H [23] $K $" $k !# #3BNNO $K MQ $$ $F$$ $kN3;R8r 491i ;;;R $O !J 109 !K <0 $K H< $& I= 8= $r ;H $& J} $, JXMx $G$" $k !# $= $NItJ, GH $N07 $$J} $O H � ub er Ey $NO@ J8 [24] $K >\ $7 $$ !# TM $N #3BNNO $r F addeev J}Dx<0 $K <h $j9~ $s$@ :G=i $N 8&5f $O !" :{@nEy [25] $K $h $C $F 9T $o $l $? !# ;DG0 $J $, $i !" 8=>u $G$O &P NN $N 7A>u0x;R $K BP$9$k6/ $$ 0MB8@- $, $" $j !" DL>o $= $l$O F � N N ( � ! Q 2 ) = � 2 � m 2 � � 2 + � ! Q 2 (143) $N7A $G M? $( $i $l !" @Z CG %Q %i %a !< %? !< &+ $K 0M $C $F7k 9g %( %M %k %. !< $, 4J C1 $K JQ $C $F $7 $^$& !# &P - � 5Z $S � � � $N 8r49 $r 9MN8 $7 $? 7W;; $, Stadler Ey $K $h $C $F =i $a$F 9T $o $l $? !# [26] MM !9 $J #2BN $N 8= <BE* %] %F %s %7 %c%k$r MQ$$$F$N :G 6a$N 7W ;; $O !" Nogga Ey [27] $K $h $C $F <($5 $l $? !# I= $K $O !" $= $NE,@Z $J @ZCG %Q %i %a !< %? !< $r A* $s$G$N7k2L $r <( $7 $? !# #2BN NO $G CN $i $l $F$$$k@Z CG %Q %i %a !<%? !<$H Hf$Y$F #3 BN NO $O Bg$-$J CM $, I, MW $G $" $k $, !" I= $r 8+ $F J, $k$h $& $K !" #3 BN NO $K $h $C $F <B83 CM $N:F8= $K 4uK> $, ;} $F$= $& $G$" $k !# $7 $+ $7 $J $,$i !" &+ $N %P%i$D $-6q 9g $+ $i !" #2 BNNO $H #3BNNO $N @09g@- $K $D$$ $F 99 $K 8&5f$9$kM>CO $, $" $k $3$H $, M}2r $G $- $k !# 25

P otential �[ m � ] E b [ M eV ] C D � B onn [18] 4 : 856 8 : 483 N ij mI I [12] 4 : 990 8 : 477 R eid 93[12] 5 : 096 8 : 480 N ij mI [12] 5 : 147 8 : 480 AV 18[17] 5 : 215 8 : 479 R uhr pot [15] 5 : 306 8 : 459 $= $NJ}8~ $G$NM}O@ E* $J ?J $aJ} $N $R$H$D $O !" %H %j %H%s FbIt $N&$ N3 ;R $NNe5/ $r #1$D $@ $1 $K N1 $^ $i $; $: !" #2 $D#3$D $H A}$9 $3$H$G$" $k !# j > = j N N N > N N N + j N N � > N N � + j N � > N � + j � > � (144) Ev A3 !" $3 $l $i $N 4p Dl $r%7 %e %l %G %# %s%, !< J} Dx <0 $K Be F~$9 $l $P !" #4$D$N O" N) $7 $? J} Dx <0 $r 2r $/ $3$H$K $J $k !# :G6a $N$3$N J}8~ $G $N 8&5f $O Pic klsime Ey [28] $K $" $j !" @h6nE* $J ;E;v $O !" Ha jduk Ey [29] $h$C $F $J$5 $l $? !# $= $3 $G $O !" &$N3 ;R $K $h $k0zNO E* $J ItJ, $O B> $N8z2L $+$i @8 $8 $k@M NOE* $J It J, $H BG$A>C $7 9g $$ !" 7k6I $O #2 BNNO $K 6aIU $- !" $^ $? !" &$&$&$ $N >uBV $O Hs>o $K >.$5 $$ $, !" N &$&$ $O L5;k $G $-$J$$$H$$ $& $b$N $G $" $C $? !# #2 BNNO $H #3 BNNO $N @09g@- $N 3p$C $? 7W;; $O !" $^ $@ $J $5 $l $F $$$J$$ !# 3 #3 3K;R;6Mp #3 BN;6Mp $N @53N $J 6-3&>r7o $O !" $I $s $J $b$N $@ $m $& $+ !# #3 . #1 LSE $N T riad J}Dx<0 #2$D $N3K;R !J #2 !" #3 !K $, =EM[ ;R $NB+G{ >u BV $K$" $k $H $3$m $X !" 3K ;R #1 $, >WFM $9 $k>l 9g $r 9M $( $k !# =>$C $F !" ;O>uBV $O =EM[;R $N GHF04X?t $H Bh#3N3;R $N 1?F0NL $K $h $C $F I= $; $k !# � 1 �j ’ d (23) > j � ! q > 1 (145) $3 $3 $G !" ’ d $O =EM[ ;R $NGH F0 4X ?t !" q $O =E M[ ;R $H N3 ;R $H $NAj BP 1? F0 NL $G !" D> $A $K <! <0 $r K~ $9 !# ( H 0 + V 1 ) j � 1 > = ( b p 2 m + 3 b q 2 4 m + V 1 ) j ’ d > j � ! q > = ( E d + 3 4 m q 2 ) j � 1 > � E j � 1 > (146) $3 $l $O A2 6a E*$J =* >u BV !J 3K ;R!\ =E M[ ;R !K $G $" $k $, !" $=$N B> 0[$C $? %Z%"$K $h $k =E M[ ;R$H 3K ;R $K $J $k %A%c %s %M %k$H #3 3K;R $, A4 $F%P%i%P %i $K 2u $l $k Breakup $N 2aDx $, $" $k !# $= $l $i $N %A %c %s %M %k $K BP $7 $F $I $N$h $& $J 6- 3& >r 7o $r M? $( $k $+ !" $, LdBj $K$J$k !# =E M[ ;R $H 3K;R #1 $N;O >uBV $+$i $N ;6Mp>uBV $r (+) 1 $H $9 $l $P !" $= $l$O %7 %e %l%G %# %s %, !< J}Dx<0 $r K~$9 !# ( H 0 + V 1 + V 2 + V 3 ) (+) 1 = E (+) 1 (147) 26

>/ $7 =q $- $J $* $7 $F !" ( H 0 + V 1 � E ) (+) 1 = � ( V 2 + V 3 ) (+) 1 (148) $r F@$k !# (+) 1 $O !" ;O>uBV $r Hs@F<!9‘ $H $7 $F !" (+) 1 = � 1 + 1 E + i� � H 0 � V 1 ( V 2 + V 3 ) (+) 1 (149) $H 5a$^$k !# Hs@F<! 9‘ $O ( V 2 + V 3 ) $N$J$$ >l9g $N 2r $G$" $k !# Bh #29‘ $N %0 %j !< %s 4X?t $N ItJ, $r =q $- $+$($F $_ $h $& !# G 1 � 1 E + i� � H 0 � V 1 = Z d � ! q j � ! q > 1 E + i� � 3 4 m q 2 � b p 2 m � V 1 < � ! q j = Z d � ! q j � ! q > j ’ d > 1 E + i� � 3 4 m q 2 � E d < ’ d j < � ! q j + Z d � ! q j � ! q > j � ! p > (+) 1 E + i� � 3 4 m q 2 � p 2 m (+) < � ! p j < � ! q j (150) Bh #19‘ $O =EM[;R $N >uBV $+ $i$G !" y $r :BI8I= <( $G$N q $K BP1~ $9$k %d %3 %S :BI8 $H $7 !" $3 $l $r $" $i$o $9 $H !" Z d � ! q < � ! y j � ! q > j ’ d > 1 E + i� � 3 4 m q 2 � E d < ’ d j < � ! q j � ! y 0 > = 1 (2 � ) 3 Z d � ! q e i � ! q � ( � ! y � � ! y 0 ) j ’ d > 1 E � E d + i� � 3 4 m q 2 < ’ d j = � j ’ d > 2 m 3 1 2 � e i p 4 m 3 ( E � E d ) j � ! y � � ! y 0 j j � ! y � � ! y 0 j < ’ d j (151) $H =q $1 !" $3 $l $O !J 13 !K <0 $K BP1~ $7 $? 7W;; 2aDx $G $" $k !# $3 $N $h $& $K !" E > E d $N NN 0h $G$O !" ;6Mp %A %c %s %M %k #1$N ?6Iq $$ $O !" <! $N$h $& $K$J $k !# � 2 m p 2 � e i p 4 m 3 ( E � E d ) y y < ’ d j < � ! q 0 j V 2 + V 3 j (+) 1 > (152) $3 $3 $G !" q 0 $O ^ y q 0 $G $"$j !" 3 q 2 0 = 4 m = E � E d $G $"$k !# ;O >u BV $N1?F0 NL $r FC $K q 0 $H $9$k !# F1 ;~ $K !" ;O >u BV #1 $N %A %c %s %M %k $+ $i =*>u BV $N %A %c %s %M %k#1 $X $NA+0\ ?6 I} $r Dj5A $9 $k $3 $H $,$G $- $k !# U 11 � < � 1 j V 2 + V 3 j (+) 1 > (153) $3$3 $G � 1 $O !" %V %i%Y %/ %H %k$G $N $b$N !# $= $l$G$O !" B> $N %A %c %s %M %k$X$N>l9g $O $I $& $G$"$m $& $+ !) $= $l$O !" !J 150 !K <0 $NBh#2 9‘ $+ $i @bL@ $5 $l$J $/ $F $O$J $i$J$$ $@ $m $& !# $7 $+ $7 !" %7 %e %l %G %# %s %, !<J}Dx <0 !J 147 !K $K La $j !" 0c $C $? <0JQ7A $r 9M $( $l $P !" D>$A $K !" ( H 0 + V 2 � E ) (+) 1 = � ( V 3 + V 1 ) (+) 1 (154) 27

$r F@$k $, !" !J 149 !K $H 0c$C $F :#EY $O !" (+) 1 = 1 E + i� � H 0 � V 2 ( V 3 + V 1 ) (+) 1 (155) $N$h $& $K !" Hs@F<! $N 9‘ $O 5v$5 $l $J $$ !# $$ $: $l$K $; $h !" ;6Mp?6I} $O U 21 � < � 2 j V 3 + V 1 j (+) 1 > (156) $K $h $C $F Dj5A $G $- $k !# L^O@ !" < � 2 j� < ’ d (31) j 2 < � ! q 0 j (157) $G $" $k !# #3HVL\ $N%A %c %s %M %k$K BP $7 $F $b F1MM $G !" LSE @F<!J}Dx<0 $r F@$k !# (+) 1 = 1 E + i� � H 0 � V 3 ( V 1 + V 2 ) (+) 1 (158) =>$C $F !" $3$N >l9g $b ?6I} $O !" U 31 � < � 3 j V 1 + V 2 j (+) 1 > (159) $G 5a$^ $k!# $b $& >/ $7 9M $($F$_ $l $P L@ $+$J$h $& $K ;6Mp >u BV $O !" !J 149 !K <0 $@ $1$G$J $/!" #2 !" #3 $G%i %Y %k $G$-$kGH F0 4X ?t $K$h $C $F$b5- =R $G$-$k $O $: $G !" $= $N $3 $H $O !" (1) 1 $, %f %K!<%/ $J2r $G $J $$ ;v $r I= $7 $F $$ $k !# $9 $J$o $A !" =*>u BV $, !" #2 $N N3 ;R $H =E M[ ;R $N A2 6a >u BV $K BP$9 $k � 2 0? $O #3 $N N3;R $H =EM[;R $K$J $k>l9g � 3 $r 9M $( $l $P !" $= $l $>$l $N 2r $O <!<0 $r K~ $7 !" (+) 2 = G 1 ( V 2 + V 3 ) (+) 2 (160) (+) 3 = G 1 ( V 2 + V 3 ) (+) 3 (161) LSE J}Dx<0 $N 0lHL2r $O (+) = (+) 1 + � (+) 2 + � (+) 3 (162) $N$h $& $K !" � $H � $r E,Ev $K A* $s$G$b !" K~ B- $7 $F $7 $^ $& $3 $H $K$J $k !# $3$N $3 $H $O !" #3 BN LSE $O 0l0UE* $J 2r $r M? $($J$$$3$H$r 0UL# $7 $F !" Gl� oc kle $O !" (+) 1 = � 1 + G 1 ( V 2 + V 3 ) (+) 1 (+) 1 = G 2 ( V 3 + V 1 ) (+) 1 (+) 1 = G 3 ( V 1 + V 2 ) (+) 1 (163) $N#3 $D $NJ}Dx <0 $r O"N) $5 $; $F 2r $1 $P !" I, MW $+ $D==J, $J 2r $r F@$k $3 $H $r <( $7 $? !# [30] $3 $l$r LSE $N T riad $H$$ $& !# $3$N T riad $r MQ $$$k $H !" <!>O $N Alt-Grassb erger-Sandhas (A GS) J}Dx<05Z $S F addeev J}Dx<0 $r 4JC1 $K F3=P $G $- $k !# [31] 28

#3 . #2 A GS J}Dx<0 ;6Mp $r 07 $& >l 9g !" GH F0 4X ?t $h $j $b $‘ $7 $m;6 Mp ?6 I} $r 07 $& J} $, B?$/ !" $= $NJ} $, CGLL @Q $r 7W ;;$9$k $N $K D>@\E* $G $" $k !# ;6Mp ?6I} U ij $K BP$9$kJ}Dx<0 $r F3=P $7 $h $& !# $3 $l $O !" T riad $N J}Dx<0 $+$i !" D>@\5a$^$k !# !J 153 !K <0 $+$i !" U 11 � 1 � ( V 2 + V 3 ) (+) 1 (164) $H Dj5A $G $-$F !" !J 163 !K <0 $H !J 163 !K <0 $r ;H $( $P !" 1&JU $O U 11 � 1 = V 2 G 2 ( V 3 + V 1 ) (+) 1 + V 3 G 3 ( V 1 + V 2 ) (+) 1 (165) $H$J $k !# Dj5A !J 156 !K <0 $H !J 159 !K <0 $r MQ $$ $l $P !" U 21 � 1 � ( V 3 + V 1 ) (+) 1 (166) U 31 � 1 � ( V 1 + V 2 ) (+) 1 (167) U 11 � 1 = V 2 G 2 U 21 � 1 + V 3 G 3 U 31 � 1 (168) $r F@$k !# $^ $? !" !J 166 !K <0 $H !J 167 !K <0 $+$i ;O $a $l $P !" !J 163 !K <0 $r MQ $$ $F !" U 21 � 1 = V 3 G 3 U 31 � 1 + V 1 � 1 + V 1 G 1 U 11 � 1 (169) U 31 � 1 = V 2 G 2 U 21 � 1 + V 1 � 1 + V 1 G 1 U 11 � 1 (170) $b 5a $a $k $3$H $, $G $- $k !# $3 $l$i$O 7k9g $7 $? J}Dx<0 $G !" $b $C $H 4JC1 $K =q $- I= $; $l $P !" U i 1 = � i 1 G � 1 0 + X j 6 = i V j G j U j 1 (171) $H$J $k !# $3$3$G !" G � 1 0 � 1 = ( E � H 0 ) 1 = V 1 � 1 !" $^$? !" � � i 1 = 1 � � i 1 $N I= 5- $r MQ$$$? !# !J 171 !K <0 $r A GS(Alt-Grassb erger-Sandhas) J}Dx<0 $H 8F $V !# [31] <B:] $K $O !" #33K;R $O F10lN3;R $H $7 $F 07 $& $N $G !" H?BP>N2= $7 $? >uBV $r MQ $$ $k !# (+) a = (+) 1 + (+) 2 + (+) 3 (172) =>$C $F !" (+) 1 $O N3;R#2 $H #3 $K BP $7 $F H?BP>N $G$" $j !" (+) 2 $O !" #1 $H #3 $K BP $7 !" (+) 3 $O #1$H #2 $K BP $7 $F H?BP>N>uBV $, 2>Dj$5 $l $k !# 99 $K !" N3;R8r491i;;;R P $r ;H $( $P !" L@ $+$K (+) 2 = P 12 P 23 (+) 1 (173) (+) 3 = P 13 P 23 (+) 1 (174) 29

$N 4X78 $r F@$k !# =>$C $F H?BP>N2=$5 $l $? J*M}E*>uBV (+) a $O P $r MQ $$ $F !" (+) a = (1 + P ) (+) 1 (175) $H =q $- I= $; $k !# $3$N ;v $O !" !J 84 !K <0 $G <( $7 $?$3$H$H F1 $8 $G $" $k !# Nc $H $7 $F !" =*>uBV $, %A%c %s %M %k #1 $K$J $k;6Mp?6I} U 1 $r 9M $( $h $& !# Dj5A $+$i !" U 1 � 1 � ( V 2 + V 3 ) (+) a = 3 X j =1 U 1 j � j (176) $H$J $j !" %A%c %s %M %k #2 $H #3 $K BP$9$k?6I} !J U 2 ; U 3 !K $b F1MM $K 5a$^$k !# U i � 1 = X j U ij � j (177) $3 $3 $G !" A GS J} Dx <0 !J 171 !K $r$= $l $>$l$N %A %c %s %M %k $K BP $7 $F !" $" $+ $i$5$^ $K =q $-D> $; $P !" U ij � j = � ij G � 1 0 � j + X k 6 = i V k G k U k j � j (178) $H$J $k $+$i !" U i $H $N 4X78 !J 177 !K $r ;H $( $P !" U i � 1 = X j U ij � j = X j � ij G � 1 0 � j + X j X k 6 = i V k G k U k j � j = X j � ij G � 1 0 � j + X k 6 = i t k G 0 U k � 1 (179) $H$J $k !# $3$3 $G !" $b $& 0lEYN3;R8r491i;;;R P $r ;H $( $P !" U 2 � 1 = P 12 P 23 U 1 � 1 (180) U 3 � 1 = P 13 P 23 U 1 � 1 (181) $H $G $- $k $N $G !" $" $($F U i $K E:;z !J i !K $r IU $1 $kI,MW $, $J $/ $J $k !# !J U � U 1 !K $3 $l$K $h$j !" !J 179 !K $O 4JC1 $K I=5- $G $- $k !# U = P G � 1 0 + P t G 0 U (182) U $O CF@-;6Mp?6I} $H $7 $F <! $N$h $& $K =q$-I= $; $k !# < � 0 j U j � > � < ’ d j < � ! q 0 j U j ’ d > j � ! q 0 > (183) <! $K !" #3 $D $NN3 ;R $,%P %i %P %i $KJ, 2r $9 $k >l 9g (Breakup) $r9M $( $h$& !# A2 6a E* $J>u BV j 0 > $O !" <+M3 $J%A%c %s %M %k$@$+$i !" j � 0 > �j � ! p > j � ! q > (184) 30

$G $" $j !" $3 $l$O H 0 j � 0 > = ( b p 2 m + 3 b q 2 4 m ) j � ! p � ! q > = ( b p 2 m + 3 b q 2 4 m ) j � 0 > � E j � 0 > (185) $K => $& !# $^ $? !" Breakup $N ;6Mp?6I} U 0 $O < � 0 j V 1 + V 2 + V 3 j (+) 1 > (186) $G Dj5A $G $- $k $+$i !" 1i;;;R U 0 $O U 0 � ( V 1 + V 2 + V 3 ) j (+) 1 > (187) $H =q $1$F !" !J 163 !K <0 $+$i !J 163 !K <0 $N T riad $r MQ $$ $F !" U 0 = ( V 1 + V 2 + V 3 )( (+) 1 + (+) 2 + (+) 3 ) = V 1 � 1 + V 1 G 1 U 11 + V 2 G 2 U 21 + V 3 G 3 U 31 + V 1 G 1 U 12 + V 2 � 2 + V 2 G 2 U 22 + V 3 G 3 U 32 + V 3 G 3 U 31 + V 3 G 3 U 32 + V 3 � 3 + V 3 G 3 U 33 = X i V i � i + V 1 G 1 3 X j =1 U 1 j + V 2 G 2 3 X j =1 U 2 j + V 3 G 3 3 X j =1 U 3 j = G � 1 0 X j � j + X i V i G i U i = G � 1 0 (1 + P )� 1 + (1 + P ) t 1 G 0 U 1 = G � 1 0 (1 + P ) � + (1 + P ) t G 0 U (188) :G8e $N<0 $G !" E: ;z $r >J $$ $? !# $3 $3 $G !" U 0 $O #3N3 ;R $, J,2r $9 $k $N $G !" !J 188 !K $NBh #19‘ $N %( %M %k %. !< 3L>e $K >h $i$J $$ !# =>$C $F !" $= $l$+$i $N 4sM? $O$J $/!" U 0 � (1 + P ) tG 0 U (189) $H$J $k !# U $r 2r$/Be $j $K !" <! $N NL $r Dj5A$9 $l $P !" T � t G 0 U (190) !J 182 !K <0 $N F addeev J}Dx<0 $O !" T = t P + t P G 0 T (191) $H =q $- 49 $( $i $l !" U $H U 0 $O T $r MQ $$ $F !" U = P G � 1 0 + P T (192) U 0 = (1 + P ) T (193) 31

$G 5a$^ $k !# $3$3 $G !" T $O 0G1@ $K F3F~ $7 $?$o $1$G $O$J $/!" #3BN $NA+0\%^ %H %j %C %/%9 $H $7 $F$N Lr3d$j $r 1i $8 $k $3$H $K $J $k !# 1i;;;R T $O Dj 5A $+$i !" � 1 $N%A%c %s %M %k$K F/ $/ $N $G !" $" $+$i $5$^ $K =q $1 $P !" T j � > = t P j � > + t P G 0 T j � > (194) $3 $l $r 7+$jJV $7 $F BeF~$9 $l $P !" T j � > = t P j � > + t P G 0 t P j � > + t P G 0 t P G 0 t P j � > + : : : (195) $3 $l$O !" %0 %i%U $G I= $; $P !" $N $h $& $K !" $h $j8+ DL $7 $N NI $$J* M} E* $J %a %+ %K %: %‘ $r@bL@ $9 $k!# $3 $3 $G !" @Q J, 3K !J tP G 0 !K $K $* $$ $F !" 1i ;; ;R P $K $h$j!" I, $: 0[ $J$k %Z %" $G t %^ %H %j %C %/%9 7k 9g $9$k $3 $H $, !" J} Dx <0 $r ?t 3XE* $K 2r $1 $k$h $& $K $7 $F $$ $k !# #3 . #3 =EM[;R - M[;R CF@-;6Mp #3 3K ;R 7O $K$* $1$k B, Dj NL $OJP 6K NL $b 4^ $a $l $P Hs >o $KK- IZ $G $" $k!# ;2 9M J8 8% $H $7 $F Gl� oc kle $N %l %] !< %H [3] $r >R2p $9$k !# !J JP6K NL $NDj5A $K $D $$ $F >\ $7 $/CN $j $?$$FI<T $O !" 652J =q $O ?’!9 $G$F$$ $k $, !" Olsen $N O@J8 $r FI$‘ $3$H $r 4+ $a $k !# [32] !K $3 $3 $G $O :G6a $N %H%T %C%/%9 $H $7 $F !" 9b $$ %(%M %k %. !<NN0h $G$N =EM[ ;R - M[ ;R CF @-;6 Mp $K $D $$ $F =R $Y$k !# #2 . #5$N >O $G 8+ $F$- $?#3BN NO$N 5/ 8; $H $7 $F 3K ;R Fb It$N Ne 5/ !" B($A &$ %" %$ %=%P !<$N <+ M3 EY $r <h$j 9~ $‘ $3$H $r #3 3K ;R ;6 Mp $G 7W ;; $r 9T$C $? !# $3$N%" %W %m!<%A $K$O !" #3BNNO $r F addeev J}Dx<0 $K D>@\BeF~$9 $kJ}K! [33] $H !" &$ %" %$ %= %P !< $r =‘N3;R $H $7 $F 07 $& J}K! [34] $H $, $" $k !# #3 BNNO $N 8z2L $, $h $/8= $l $F $$ $k $H ;W $o $l $k:G6a $N <B83 $H$N Hf3S $K $D$$ $F =R $Y$k !# 6aG/ !" @: NO E*$K #3 3K ;R ;6 Mp$r M} 2= 3X 8& 5f =j !J M} 8& !K [36] $d KVI (Groningen), ICUF (Indiana Univ ersit y Cyclotron F acilit y)[35] $G 9T $o $l $F $$ $k !# 0J2< $N ?^ $O !" M}8& $G $N JP6K =EM[ ;RF~ <M %S !<%‘ $K $h$k !J E d = 270 M eV !K HyJ,CGLL@Q [36] $r TM #3 BNNO $r F~ $l $? >l9g !J <B@~ !K $H F~ $l$J $+$C $? >l9g !J GK@~ !K $NHf3S $G$"$k !J 3QEY $O =E?4 7O !K !# #2 BN %]%F %s%7 %c %k $O CD-Bonn $r MQ $$ $F$$ $k !# [18] 32

=E?4 7O $N3QEY $G#1#2 #0 !k IU 6a $K 6K>. CM $, $" $k !# $3$NItJ, $N?) $$0c $$ !J #3BNNO $r 4^ $^ $J$$ 7W ;; $H $N !K $O !" E d = 130 M eV Ev$j $+$i 4{ $K @8 $8 $F $$ $k $3$H $, ;X E&$5 $l $F $-$? !# [37, 38] $3 $l $O !" Sagara discrepancy $H 8F $P $l $F $$ $k !# [34] #3BNNO $r 4^ $a $k $3$H $K $h$C $F [39] !" NI $/<B 83 $r :F8= $9$k $3 $H $, M}2r $G$- $? !# JP 6K NL $K BP $7 $F$b !" @: EY $N9b $$B, Dj $N2r@O $, 8=:_ ?J 9TCf $G $" $k !# [40] 4 :#8e $N 2]Bj #23K;R 7O $G$NB?$/ $N8&5f $K $h $C $FF@ $i $l $? >pJs $O !" #2 3K ;R 4V $N %]%F %s%7 %c %k $H$$ $& 7A $G M}2r $5 $l $F$-$? !# Nr ;K E* $K$O !" 8=>] O@ E* $J %l %Y %k$d 1i;;;R $K $h $kJ,N‘ [13] !" Cf4V ;R M}O@ E* $J %" %W %m!< %A [10, 12, 18, 15] $= $7 $F %+ %$ %i %k @]F0 M} O@ [41] $H $$$C $? 7A $G H/E8 $7 $F$-$? !# $7 $+ $7 !" 8E$/ $+$i $$$o $l $F $-$F $$ $k$h $& $K #2 BN 7O $G $N 8& 5f $O !" 3KNO$N Energy shell >e $K 8B $i $l $F $$$F !" #33K ;R7O0J >e $N 8& 5f $K $h $i$J $$$H O�-Shell @- $N M} 2r $, $G $-$J $$ !# $=$N 0UL# $G !" #33K;R7O $N 8&5f $O 1~MQ $H $7 $F $N ?’ $"$$ 0J>e $N$b$N $, $" $k !# $^ $? !" #3BN 7O $K $* $$ $F =i $a $F 8= $l $F $/ $k #3 BN NO $O !" 3K ;R 4V $NAj8_ :n MQ $r C4 $C $F$$$k Cf 4V ;R$N$" $j $+ $? $, !" #2 3K ;R Aj 8_ :n MQ 0J >e$N $b$N $r 0z =P$9 2D G= @- $H $7 $F H/ 4x$9 $k >l 9g $d !" 3K ;R Fb It$N Ne 5/ $K $h $C $F 0z$- 5/ $3 $k !# 3K;R$N Fb It Ne 5/ $K $h $k &$ %" %$ %=%P !< $+$i @8 $8 $k #3 BN NO $O !" 9b %(%M%k %. !< >uBV $G 8+ $( $F $/$k $3$H $, 4| BT$5 $l $? !# [38, 34, 39] $7 $+ $7 !" 9b %(%M %k %. !< $K$J$k $H !" Aj BP O@ E* $J 8z2L $, 8= $l $k $3 $H$b4|BT $5 $l !" $3 $l$K BP $9$k Dj NL E* $JM}O@ 7W ;; [42, 43] $O $^ $@ $5 $l $F $$$J$$ !# AjBPO@E* $J 07$$ $K $h $C $F %H %j %H %s $N #3BN7W;; [44] $O $5 $l $F $- $F$$ $k $, !" $^ $@ 8=<BE* $J %] %F %s%7 %c%k$O MQ $$ $i $l $F $$$J$$ !# $=$N B> !" Dc %(%M%k %. !< NN0h !J E p � 10 M eV !K $K $* $1 $k;D$5 $l $? Ld Bj $H $7 $F BeI=E* $J $b 33

$N $K !" A y %Q %:%k$H 8@ $o $l $F $$ $k$b$N $, $" $k !# [45, 46, 47, 48, 49] #3 3K;R7O$N GHF04X?t $r MQ $$ $F MM !9 $J 1~ MQ $, $G $- $k !# 3 He 86;R 3K $r I8E*$9$k EE;R;6Mp $O !" EE <’ Aj 8_ :n MQ$N It J, $, QED $K $h $C $F !" @5 3N $K 5- =R $G $- $k$3$H$+ $i !" EE;R $O NI$$ %W %m !< %V $K $J $C $F $$ $k !# [50] %*%i %s %@ $N NIKEHF[51] $d %I %$ %D $N Mainz !" %" %a %j %+ $N MIT[52] !" %8 %’ %U %! !< %= %s 8&5f=j $G$N <B83 $, @9 $s$K 9T $o $l $F $$ $k !# p d capture !J p + d ! 3 H e + !K $b F1 $8 7W ;; $G 8& 5f $, $G $- $k !# 6e=#Bg3X [53] $d R CNP !" %9 %$ %9 $N%P !< %<%k [54] $G <B 83 $, 9T $o $l$F$$ $k !# $3 $3 $G $O !" %]%F %s%7 %c %k$H F1MM !" #23K ;R Aj 4X $r 3K;R %+ %l%s %H $G D4 $Y$k $3 $H $, =EMW $G !" Cf4V;R 8r49N. [55, 56] $r @53N $K 07 $&I,MW $, $G $F $/$k !# B+G{7O $G $N 8&5f $, Carlson Ey $K $h $C $F $^ $H$a $i $l $F $$ $k !# [57] &P Cf4V ;R $r #3 3K ;R7O $K 5[ <}$5$; $k H? 1~ [58] $b 07 $o $l $? $, !" $3 $N >l 9g $O &PCf 4V ;R $H 3K ;R $H$N6/ $$Aj 8_ :n MQ $, $" $k $? $a $K !" EE ;R ;6 Mp $H Bg $-$/ 0c $$$^ $?&PCf 4V ;R $, >CLG $9$k 0Y $K A4BN $N7O $, 9b $$ %( %M %k %. !<>uBV $K$J$j !" => Mh $N8=<B E* %]%F %s%7%c %k$N E,MQ 30 $K$J $k !# $7 $+ $7 $J $, $i !" N3;R $N @8@.>CLG $r 07 $& >l $N NL;RO@ $H$N @\E@ $r 8+$k $& $( $G 6=L#?< $$ !# #43K ;R $X$N3HD% $b6aG/ !" L\ 3P $7 $$$b $N $, $" $k !# B+G{ 7O $G $O !" F addeev J}Dx<0 !J 100 !K $N Be$j $K Y akub o vsky J}Dx<0 [59] $r 2r$/ $3$H $K$J $k !# [60] 1 = � G 0 T P P 34 1 + G 0 T P 2 2 = G 0 ~ T ~ P (1 � P 34 ) 1 (196) $3 $3 $G !" 1 2 ; T ; ~ T $O $= $l$> $l !" Y akub o vsky MW AG !J #3 !\ #1 J, 3d !" #2!\ #2 J, 3d !K !" #3 BN$N t 9T Ns 5Z $S #2 !\ #2 J, 3d $N t 9T Ns$r I= $7 $F $$ $k !# 8= <B E* %] %F%s %7 %c%k $r MQ $$ $? 87 L) 2r $, F@ $i $l $F $$ $k !# [60, 61] B+G{ 7O $O 6-3&>r 7o $, L@ 3N $G $" $k$?$a !" Y akub o vsky J}Dx<0 $K 0M $i $J $/ $H $b 7W ;; $O$G $- $k !# $3$N 7O $K $*$$$F$b !" #2 MeV $+$i #4 MeV DxEY $N 7k9g %(%M%k %. !< $, ITB- $7 $F $$ $k !# #3BNNO $r 4^ $a$? 7W;; $, 4|BT $5 $l $F $$ $k !# JQJ,K! $K $h $k8&5f $b$5 $l $F $$ $k !# [62, 63, 64, 65] FC $K !" Sto c hastic v ariational metho d[66] $d Green function Mon te Carlo metho d[67] !" coupled-rearrengemen t-c hannel Gaussian-basis metho d [68] $O !" 6/ NO $J J}K! $G !" #6BN $d #7 BN $G$N7W;; $b9b@: EY $G 5a$^ $k!# #4 BN ;6 Mp $N8&5f $O !" F onseca Ey [69] $r =i $a B? $/?M $K $h $C $F ?J $a $i $l $F $$ $k !# [57, 70, 71] 3K;R $r%O %$ %Z%m %s$K CV $-49 $( $k $3 $H $G !" 7Z $$%O %$ %Q!< 3K $N7W;; $,$G$- $k !# M[ ;R !" Cf @- ;R 5Z $S &+N3 ;R $+ $i$J $k%O %$ %Q!< %H %j %H%s $, 7W;; $5 $l $? !# [72] &+N3 ;R $O <e $$Aj 8_ :n MQ $K $h $C $F 3K;R $H &PCf 4V ;R $K Jx2u $9$k $3 $H $, CN $i $l$F$$$k !# &+ N3 ;R $+ $i @.$k %O %$ %Q!< %H %j %H%s $b<eJx 2u $r 5/ $9 $, !" &P Cf 4V ;R $r J| =P $7 $J $$Jx2u !J nonmesonic !K [73] $b$"$j!" $= $N>l9g %P!< %A %c %k $K 3K Fb It $r A+ 0\ $9$k Cf 4V ;R $, &P Cf 4V ;R $@ $1$H $O 8B $i$J$$ $3 $H $+ $i !" $= $NAG2a Dx $O 6/ $$Aj 8_ :nMQ $H <e $$ Aj8_:nMQ $N :.9g $7 $?$b$N $H $7 $F 6=L# $, $b$? $l $F $$ $k !# [74, 75] &PCf4V;R $r J|=P $9$kJx2u [76] $O !" nonmesonic $h$j Jx2uHf $, Bg $-$$ !# $7 $+ $7 !" 0lHL $K !" 86;R3K $, 3K;R?t $r A}$9 $K $D $l $F !" nonmesonic $J 2aDx $N J} $, Jx2uHf $r Bg $- $/ $9$k !# $=$N M}M3 $O !" &+N3;R $O 3K ;R $K BP $7 $F%Q%&%j %V %m %C %- %s %0$, F/ $+$J$$ $, !" <e Jx 2u 8e $O$= $l $, F/ $- !" $= $N $? $a $K%(%M %k %. !< $r I,MW $H $9 $k $+ $i$G $" $k !# 4 � He $d 4 � H $N %O %$ %Q!< 3K$^ $G $, %V %m%C %- %s %0$, F/ $+$: !" $3 $N 7O $K$O #2$D$N 6=L# $" $kB+G{>uBV $, B8:_$9$k $3$H $, CN $i $l $F $$ $k !# [77] 5; =Q E* $J J} K! O@ $K Bg$-$J H/ E8 $, $" $k$N$G !" $= $l $K $D $$$F =R$Y $k !# FC $K $3 $N J, Ln $K $*$$ $F !" 6a G/ $NM}O@ 7W ;; $O !" Bg 7? Kt $O %9 !< %Q!< %3 %s %T%e!< %? !< $K 0M $i $: 9T $& $3 $H $O IT2D G= $J >u 34

67 $K$"$k !# $= $NM}M3 $O 2r @O 2r $K $h$k7k 2L $,$[$H $s $I $J $/!" ?t CM 7W ;; $K 0M $i $6 $m $& $( $J$$ $+ $i $G$" $k !# 7W ;; %W %m %0 %i %‘ $, J#;( 2= $9 $l $P !" @5 $7 $$ 7W;; !J %W %m %0 %i %‘ $K%P %0 $N $J$$ !K 7k 2L $r =P $7 $F $$ $k $+$r !" 4J C1 $K I>2A $G $- $J$$ >uBV $K 4Y$k !J J*M}M}O@<+BN $N BEEv@- $O JL !K !# $3$N :$Fq $r Hr $1 $k $? $a $K $O !" B?$/ $N8&5f <T $NM-8z $J 0U8+ 8r 49 $, IT2D 7g $G$"$k !# $3$N9V 5A%N !< %H $G$O !" @l $i%k !< %k Bg3X !J %\ %U %‘ !K $H Jagellonian Bg3X $G$N 6&F18&5f $K 4p$/7W ;;J} K! $K $D$$ $F >R2p $7 $F$- $? $, !" F addeev #3BN M} O@ 7W ;; $NNr;K $K $O !" $$$/ $D $+ >e=R $7 $? 0U L# $G$NBg@Z $J %Y %s %A %^!<%/ %F %9 %H [78] $N CJ3, $, $" $j !" $*8_ $$ $N@:EY $r%A %’ %C%/ $7 $" $& $3 $H $G !" 3F !9 $N%( %i!<$N $J$$ %W %m %0 %i %‘:n$j $K 9W8% $7 $F $-$? !# %" %W %m!< %A $r BgJL $9 $l $P !" :B I8 I= <(Kt $O 1?F0NL I= <( !" N>J} $r :.9g $7 $F 7W;; $9$k J} K! [25] $d !" %] %F %s %7 %c%k$r J, N% 7? E8 3+ $r $9 $k J} K! Ey $, $" $k !# J,N% E8 3+ K! $K$O !" EST[79] !" HSE !" GSE[80] !" USE[81] Ey $, $" $j !" $= $l$K $h $C $F @QJ,3K $N 2r@O@- $, 8~>e $7 !" $=$N @-<A $r MxMQ $7 $? J# AG 7P O) @Q J, !J con tour deformation !K $K $h $k 7W ;; J} K! $, 3+ H/$5 $l $F $- $? !# [82] #2 JQ ?t !J p; q !K $G 5a $a $k>l9g !" P ad � e K! $, MQ $$ $i $l $F $$ $k !# B+G{7O $G MQ$$ $i $l $F $$ $k%i %s %A %g %9 $N J}K! [9] $O !" ;6Mp7O $K $*$$ $F$b 3HD%2DG= $G !" 0BDj $7 $? 7k2L $r M? $( $k !# [83] #3 BN ;6Mp 7W ;;$N J# ;($5 $r M? $( $k $[ $H$s $I $N M} M3 $O !" #2 BN$N t- %^ %H %j %/ %9 $H #3 BN $N <+ M3 %0 %j !< %s 4X?t $N:n$k H/ ;6 E@ $N07 $$ $K$"$k $H 8@ $& $3 $H $,$G $-$k !# $3$NLd Bj $O #4BN 7O 0J >e $K BP $7 $F $b0z $-5/ $3 $k87 =M $J LdBj $G$"$C $? $, !" 2r 7h $5 $l $F$$$k !# [84] #3BN %V%l !< %/ %" %C %W $N 7W ;; $K !" %/ !< %m %s NO $r @53N $K <h$j9~ $‘ $3$H $O !" L$2r7h $J LdBj $G $" $k !# <U<- :#G/4TNq $r 7^ $($? %I %$ %D $N %k !< %k Bg3X65<x W. Gl� oc kle Gn;N $K 8fCB@8=K $$ $H 46<U $N8@MU $r E: $($? $$ !# Gn ;N $H %] !<%i %s %I $N Jagellonian Bg3X $N H. Wita la Gn;N $O !" ;d $, #1#9#8#9 G/ $h $j %I %$ %D $K EO $C $F $+ $i J*M} $N $3 $H $P $+ $j $G $O$J $/!" B? $/ $N;v $G ;d $r Ne $^ $7 $F 2< $5 $$$^ $7 $F !" BgJQ $"$j $, $H $& $4 $6 $$ $^ $7 $? !# (I w ould lik e to celebrate Prof. W alter Gl� oc kle from Ruhr Univ ersit y Bo c h um on the o ccasion of his 60th birthda y . ) Bh #1 2s %" %8 %" - %Q %7%U %# %/>/?tB?BNLdBj $N 9q:]2q 5D $, Jl3X !J El5~M}2J Bg3X !K $K $*$$ $F #8 7n $N2<=\ $K 9T $o $l B?$/ $N;22C <T $, $"$j !" @. 8y $7 $? $3 $H $O !" 28 ;U $G$"$kHxN) ?8 >M @h @8 JB $S $K 6e=# Bg 3X $N>eB< @5 9/ @h @8 !" K! @/ Bg 3X $N>.CS 9/ O: Gn ;N !" @P @n AT 0l Gn ;N $N$*0~ $@$H 46 $8 $F$*$j $^$9 !# $3$N >l $r <Z$j $F 46<U $N 0U $r Cx $7 $^$9 !# 2F$N 3X 9; $G $N 9V 5A $K $*$$$F !" ?’ !9 $H <j EA$$$r $7 $F $/ $@ $5 $C $? 86 ;R 3K <c <j ;0 <T$N =‘ Hw 9; !J El KL Bg 3X !K $NLZ 2< Ci 7/ $r $O $8 $a !" =t ;a $K 46 <U $7 $^ $9 !# 86 9F $rDL FI $7 $F !" $$ $- $H $I $$ $?=u 8@ $r $7 $F $/ $l $? El5~ M} 2J Bg $N:,K\ ;e G5 Gn ;N $K 8fNi $r ?= $7 >e $2 $^$9 !# $3$N9V5A%N !< %H $O !" W eb >e $K $b %j %s %/ $5 $l $F $$ $^$9 !# [85] ;29MJ88% [1] !V ;6Mp $N NL;RO@ !W :=@n=E?.Cx !" 4dGHA4=q#2 #9#6 !" (1980). [2] W. Gl� oc kle, \The Quan tum-Mec hanical F ew-Bo dy Problem" (Springer V erlag, Berlin, Heidelb erg, 1983). 35

[3] W. Gl� oc kle, H. Wita la, D. H � ub er, H. Kamada, and J. Golak, Ph ys. Rep. 274 (1996) 107; h ttp://www.tp2.ruhr-uni-b o c h um.de/agr-glo ec kle/preprin ts/rep ort.zip [4] B. A. Lippmann, J. Sc h winger, Ph ys. Rev. 79 (1950) 469. [5] G. A. Miller et al. , Ph ys. Rep. 194 (1990) 1. [6] B. Gabioud et al, Ph ys. Rev. Lett. 42 (1979) 1508; O. Sc hori rt al, Ph ys. Rev. C35 (1987) 2252. [7] L. D. F addeev, So v. Ph ys. JETP 12 (1961) 1014. [8] A. W. Thomas, \Mo dern Three-Hadron Ph ysics" T opics Curren t Ph ysics, (Springer V erlag, Berlin, 1977). [9] A. Stadler, W. Gl� oc kle, P . U. Sauer, Ph ys. Rev. C44 (1991) 2319. [10] M. Lacom b e et al. , Ph ys. Rev. C21 (1980) 861. [11] M. M. Nagels et al. , Ph ys. Rev. D17 (1978) 768. [12] V. G. J. Stoks et al. , Ph ys. Rev. C49 (1994) 2950. [13] R. B. Wiringa, R.A. Smith, and T.L. Ainsw orth, Ph ys. Rev. D17 (1978) 768. [14] R. Mac hleidt, Adv. Nucl. Ph ys. 19 , (1989) 189. [15] D. Pl � ump er et al. , Ph ys. Rev. C49 (1994) 2370. [16] H. Wita la et al. , Ph ys. Rev. C43 (1991) 1619. [17] R. B. Wiringa et al , Ph ys. Rev. C51 (1995) 38. [18] R. Mac hleidt, et al. , Ph ys. Rev. C 53 (1996) R1483. [19] M. R. Robilotta, F ew-Bo dy Systems Suppl. 2 (1987) 35; B. H. J. McKeller, Lecture Notes in Ph ysics 260 (1986) 7; S. A. Co on, F ew-Bo dy Systems, Suppl. 1 (1986) 92; P . U. Sauer et al, Europh ysics News 15 (1984) 5; R. B. Wiringa, Ph ys. Rev. C43 (1991) 1585. [20] U. v an Kolc k, Ph ys. Rev. C49 (1994) 2932. [21] J. F ujita et al. , Prog. Theor. Ph ys. 17 (1957) 360. [22] S. A. Co on et al. , Nucl. Ph ys. A317 (1979) 242; S. A. Co on and W. Gl� oc kle, Ph ys. Rev. C23 (1981) 1790. 36

[23] W. Gl� oc kle, Lecture Notes in Ph yscs 273 (1987) 3; S. Co on et al, Ph ys. Rev. C23 (1981) 1790. [24] D. H � ub er et al. , F ew-Bo dy System 16 (1994) 165. [25] T. Sasak a w a and S. Ishik a w a, F ew-Bo dy Syst. 3 (1986) 3; !V >/?t B?BN 7O $N J*M} 3X !W :{@nC$Lo Cx !" J*M}3X:GA0@~ #1#0 !" BgDP5AI’JT !" 6&N)=PHG [26] A. Stadler et al. , Ph ys. Rev. C51 (1995) 2896. [27] A. Nogga et al. , Ph ys. Lett. B 409 (1997) 19. [28] A. Pic klsimer et al. , Ph ys. Rev. C46 (1992) 1178. [29] Ch. Ha jduk et al. , Nucl. Ph ys. A405 (1983) 581; Nucl. Ph ys. A405 (1983) 605. [30] W. Gl� oc kle, Nucl. Ph ys. A141 (1970) 620. [31] E. O. Alt et al. , Nucl. Ph ys. B2 (1967) 167. [32] G. G. Olsen, Rep. Prog. Ph ys. 35 (1972) 717; G. G. Olsen et al. , Nucl. Instr. Meth. 179 (1981) 283. [33] D. H � ub er al. , Acta Ph ys. P ol. B 28 (1997) 1677; H. Wita la et al. , Ph ys. Rev. Lett. 81 (1998) 1183. [34] S. Nemoto, K. Chmielewski, S. Oryu, P . U. Sauer, Ph ys. Rev. C 58 (1998) 2599. [35] H. Rohdje� et al. , Ph ys. Rev. C 57 (1998) 2111; E. J. Stephenson et al. , Ph ys. Rev. C 60 (1999) 061001. [36] N. Sak amoto et al. , Ph ys. Lett. B 367 (1996) 60. [37] H. Shimizu et al. , Nucl. Ph ys. A 382 (1982) 242. [38] Y. Koik e and S. Ishik a w a, Nucl. Ph ys. A631 (1998) 683c. [39] H. Wita la et al. , Ph ys. Rev. Lett. 81 (1998) 1183; H. Kamada et al. , in prep earing. [40] H. Sak ai, K. Sekiguc hi, priv ate comm unications; K. Sekiguc hi et al. , to app ear in Suppl. of F ew-Bo dy Syst. [41] E. Ep elbaoum et al. , Ph ys. Lett. B439 (1998) 1. [42] F. Gross, Ph ys. Rev. C 26 (1982) 2226. [43] W. Gl� oc kle et al , Ph ys. Rev. C 33 (1986) 709; H. Kamada and W. Gl� oc kle, Ph ys. Rev. Lett. 81 (1998) 2547 ; n ucl-th/9910037. 37

[44] A. Stadler et al. , Ph ys. Rev. C 55 (1997) 2396. [45] Y. Koik e, J. Haiden bauer, Nucl. Ph ys. A 463 (1987) 365c. [46] H. Wita la et al. , Ph ys. Rev. C 49 (1994) R14. [47] W. T orno w, H. Wita la, A. Kievsky , Ph ys. Rev. C 57 (1998) 555. [48] D. H � ub er, J. L. F riar, Ph ys. Rev. C 58 (1998) 674. [49] A. Kievsky , et al. , Ph ys. Rev. C 58 (1998) 3085. [50] J. Golak et al. , Ph ys. Rev. C52 (1995) 1216. [51] D. L. Gro ep, et al. , to app ear in Ph ys. Rev. Lett. [52] H. Gao, Nucl. Ph ys. A631 (1998) 170c. [53] K. Sagara, in preparation; K. Sagara et al. , Pro ceedings of F ew-Bo dy Problems in Ph ysics, ed. F ranz Gross,(AIP Conference pro ceedings 334, 1995) page 467. [54] H. Anklin et al. , Nucl. Ph ys. A 636 (1998) 189. [55] R. Sc hia villa et al. , Ph ys. Rev. C 40 (1989) 2294. [56] V. V. Kotly ar et al. , in preparing; n ucl-th/9903079. [57] J. Carlson, R. Sc hialla, Rev. of Mo d. Ph ys. 70 (1998) 743. [58] H. Kamada et al. , Ph ys. Rev. C55 (1997) 2563. [59] O. A. Y akub o vsky , So v. J. Nucl. Ph ys. 5 (1967) 937. [60] H. Kamada, W. Gl� oc kle, Nucl. Ph ys. A 548 (1992) 205; W. Gl� oc kle and H. Kamada, Ph ys. Rev. Lett. 71 (1993) 971. [61] N. W. Sc hellingerhout, Suppl. of F ew-Bo dy Syst. 7 (1994) 361. [62] H. Kamey ama et al. , Ph ys. Rev. C 40 (1989) 974. [63] Y. Ak aishi, in Mo dels and Metho d in F ew-Bo dy Physics, edited b y L. S. F erreira et al. , Lecture Notes in Ph ysics V ol. 273 (Springer, Berlin, 1986), p 324. [64] M. Viviani, A. Kievsky , S. Rosati, F ew-Bo dy Syst. 18 (1995) 25. [65] J. Carlson, R. Sc hia villa, F ew-Bo dy Syst. 7 (1994) 349. 38

[66] K. V arga, Y. Suzuki, Pro ceedings of the XVI I R CNP in ternational symp osium on \Inno v ativ e Computational metho ds in n uclear man y-Bo dy Problems", ed. H. Horiuc h et al. (W orld Scien ti�c, 1998) page 68; K. V arga, Y. Suzuki, R. G. Lo v as, Nucl. Ph ys. A 571 (1994) 447. [67] J. Carlson, Pro ceedings of the XVI I R CNP in ternational symp osium on \Inno v a- tiv e Computational metho ds in n uclear man y-Bo dy Problems", ed. H. Horiuc h et al. (W orld Scien ti�c, 1998) page 59; J. Carlson, V. R. P andharipande, and R. B. Wiringa, Nucl. Ph ys. A 401 (1983) 59. [68] M. Kamim ura, Ph ys. Rev. A38 (1988) 621; M. Kamim ura, E. Hiy ama, Y. Kino, Pro ceedings of the XVI I R CNP in ternational symp osium on \Inno v ativ e Compu- tational metho ds in n uclear man y-Bo dy Problems", ed. H. Horiuc h et al. (W orld Scien ti�c, 1998) page 47. [69] A. C. F onseca, Ph ys. Rev. Lett. 63 (1989) 2036. [70] E. Uzu, H. Kamey ama, S. Oryu, and M. T anifuji, F ew-Bo dy Systems 22 (1997) 65. [71] F. Ciesielski and J. Carb onell, Ph ys. Rev. C 55 (1998) 58. [72] K. Miy aga w a, H. Kamada, W. Gl� oc kle, and V. Stoks, Ph ys. Rev. C 51 (1995) 2905. [73] J. Golak et al. , Ph ys. Rev. C 55 (1997) 2196; C56 (1997) 2892. [74] A. P arre ~ no, A. Ramos, and E. Oset, Ph ys. Rev. C 51 (1995) 2477. [75] J. Golak, H. Kamada, K. Miy aga w a, H. Wita la, and W. Gl� oc kle, Ph ys. Rev. Lett. 83 (1999) 3142. [76] H. Kamada, J. Golak, K. Miy aga w a, H. Wita la and W. Gl� oc kle, Ph ys. Rev. C 57 (1998) 1595. [77] E. Hiy ama et al. , Nucl. Ph ys. A639 (1998) 169c. [78] J. L. F riar et al. , Ph ys. Rev. C 51 (1995) 2356; Ph ys. Rev. C 42 (1990) 1838. [79] D. J. Ernst et al. , Phs. Rev. C 8 (1973) 46. [80] S. Oryu et al. , Suppl. Prog. Theor. Ph ys. 61 (1977) 199. [81] Y. Koik e, Pro ceedings of the XVI I R CNP in ternational symp osium on \Inno v ativ e Computational metho ds in n uclear man y-Bo dy Problems", ed. H. Horiuc h et al. (W orld Scien ti�c, 1998) page 29; Ph ys. Rev. C42 (1990) R2286. [82] W. Eb enh� oh, Nucl. Ph ys. A191 (1972) 97; R.T. Cahill et al. , Nucl. Ph ys. A165 (1971) 161. 39

[83] H. Kamada and W. Gl� oc kle, Pro ceedings of F ew-Bo dy Problems in Ph ysics, ed. F ranz Gross, (AIP Conference pro ceedings 334, 1995) page 848. [84] D. H � ub er, H. Kamada, H. Wita la and W. Gl� oc kle, F ew-Bo dy Syst. 16 (1994) 165. [85] h ttp://www.rs.no da.sut.ac.jp/ � oryu/SUMMER/TEXT0.h tml ; h ttp://www.rs.no da.sut.ac.jp/ � oryu/SUMMER/summer.ps 40