QCD $H 86;R3KJ*M}3X 9q9- !! DpFs ( 5~ETBg3X 4pACJ*M}3X8&5f=j ) 1 =x!(86;R3KJ*M}3X $+ $i %O %I %m %s B?BN7O $N J*M}3X $X 86;R 3K J* M} 3X !" $h$j9- $/!" %5 %V %" %H %_ %C %/ J*M} 3X $O !" 86 ;R $h $j $b2< $N3,AX $NJ* <A $NJ*M} 3X $G$"$j!" E7 BN 3K J* M}3X$d 5l Mh$N AG N3 ;RJ* M} 3X$b 4^ $s$G $$ $k !# $= $l $O <+ M3 6u 4V $G $N 3K ;R - 3K ;R ;6 Mp $d =E M[ ;R$N %G !<%? $+ $i 0z $-=P $5 $l $? 3KNO $K4p$E $/ 3K ;R B? BN 7O $NJ* M}3X $H M}2r $5 $l$F$$$k !# 3K NO $H $O !" M[;R 4V $K F/$/%/ !< %m %s @MNO $K BG $A>! $C $F 86;R3K $r 7k9g $5 $; $F$$$kNO $G$"$j !" 20 @$5*3+ ;O $4 $m $K ?MN‘ $,$O $8 $a $F =P $/ $o $7 $? !V 6/ $$ Aj8_:nMQ !J the strong in teraction) !W $G$" $k !# 8@ $& $^ $G $b$J $/!" >l $N M}O@ $K 4p$/ $=$N:G=i $N 4pACM}O@ $, Er@n $NCf4V;RO@ $G$" $k !# !V 6/ $$Aj8_:nMQ !W $O EE<’NO !" !V <e $$Aj8_:nMQ !W $= $7 $F =ENO $H$H$b $K <+A33& $K $* $1 $k#4$D $N 4pK\Aj8_:nMQ $r 9=@. $7 $F $$ $k !# 3KNO $NFC@- $O$=$N 6/ $$ %9 %T%s AP6K;RAj8_ :nMQ !J DL>o !" %F %s%=%k NO $H 8F $P $l $k !K $H C;5wN%@M NO $K$" $k !# 3K;R $O%U%’ %k %_ %* %s$G $"$j !" $=$N B?BN7O $K $*$$ $F $O %Q%&%j$N GSB>N’ ( %Q%&%j 86M} ) $, :nMQ$9$k !# $3 $l$O %O %_ %k %H %K %" %s $r =q$- 2< $7 $?$@$1$G $O I=8=$5 $l $J $$%U%’ %k %_%* %s B?BN 7OFC M- $N !V ?7 $7 $$ <A !W $r @8 $_=P$9 !# $h$/CN $i $l $? Nc $H $7 $F !" %U %’ %k %_LL $N B8:_ $K $h$j D6EA !J N. !K F3 $, 2DG= $H$J $k !# 6/ $$ %F %s %=%k NO $O #1 %Q %$ Cf4V ;R8r 49NO $r <g $J 5/8; $H $7 !" 3K J*<A $N 7k9g %(%M %k %. !< $H L)EY $N K0OB@- $N <gMW $J 860x $H $J$C $F$$$k !’ $3 $l $, 86;R3K $N0BDj $J B8:_ $N:,5r $r M? $($F$$$k !# K0OB @- $N<B8= $K BP $7 $F !" %Q %& %j86 M} $, $b$? $i $9%F %s %= %k NO $N 2 <! $N %]%F %s%7%c %k%(%M %k %. !< $N L)EY0MB8 @- $, K\<AE* $G$" $k !# $3$N K0OB@- $N<B8=2DG= @- $H L)@\ $K 4XO" $7 $F !" %F %s %= %k NO $H%Q%& %j 86M} $O 7Z $$86;R3K $K $* $1 $k %"%k %U%! %/ %i%9%? !<9=B$ $N<B 8= $K BP $7 $F$bK\<A E* $J Lr3d $r2L $? $7 $F$$$k [1] !# 86 ;R 3K J* M} 3X $O 3K;R B? BN 7O $r :n $k $3 $H$K$h $k !V ?7 $7 $$ <A !W $N H/8+ $r L\;X $9 J*M}3X $N 0lJ,Ln $G $" $k !" $H 8@ $( $k !# 3K;R $O %G %k %? N3;R $J $I B> $N =EN3;R $d Cf4V;R $J $I $H F1MM !V 6/ $$Aj8_:nMQ !W $r $9$kN3;R !" %O %I %m %s $G $"$k !# %O %I %m %s$O %/ %) !<%/ !J $H H?%/ %) !<%/ !K $N 7k9g>uBV $G$" $k !# %O %I %m %s $r 9=@.$9$kNO $O !V NL;R?’ NO 3X (QCD) !W $H 8F $P $l $k %2 !< %8 M} O@ $G $" $k !# %2 !< %8 >l $r NL ;R 2= $7 $? N3 ;R $O %0 %k %* %s $H 8F $P $l $k !# QCD $N %i %0 %i %s%8 %" %s $O %/%)!< %/>l $H %0 %k %* %s >l $G =q $+ $l $F $$ $k !# #1#9#7#0 G/Be $K F~$C $F !" 3KNO $r 4^ $‘ !V 6/ $$Aj8_ :n MQ !W $N4pK\ M}O@ $H $7 $F NL;R?’ NO 3X !J QCD !K $, 3NN) $7 $? 8e $G $O !" %5 %V %" %H %_ %C%/ J*M}3X $N <+A3 $J H/E8J}8~ $H $7 $F !" 3KNO $NBe $o$j $K QCD $K 4p $/ %O %I %m %s B?BN7O $NJ*M}3X $, A<Dj $5 $l $k $3$H $K$J $C $? [2] !# $3$N$H$- !" %O %I %m %s $N @$3& $K $* $1 $k86;R3K $H$$ $& J*<A $N B8:_7A BV $N %f%K!<%/ $5 $r 3NG’ $7 $F $*$/ $3 $H $O M-0U5A $G$" $k !# 86;R 3K $O %O %I %m %s 7O $NM#0l $N 0BDj $J7k9g>uBV $K$" $kB?BN7O $G$" $k !# $3$N 0BDj@- $N :,5r $O >e $G$b ;XE& $7 $? 7k9g %(%M %k %. !< $H L)EY $NK0OB@- $K$" $k !’ 3K J*<A $O Hf3SE* $f $k$/7k9g $7 $? Dc L)EY 0.17fm � 3 � � 0 $N %U %’%k %_1U BN $G $" $k !# $3$N$H $-$N J?6Q3K ;R4V 3V !J � r � 1 : 8fm !K $O 3K;R 4V $N @M NO?D $ND9 $5 $@ $1$G $J $/ 1 %Q %$ Cf 4V ;R 8r 49 NO $N %l %$ %s%8 ( Ls 1.4 fm) $h$j $bD9 $$ !# %Q %$ Cf 4V ;R 8r 49 NO $, %F %s %= %k NO $r @8 $‘ $N $O %Q %$ Cf4V ;R $, 5<%9 %+ %i!< N3;R $N$? $a $G$" $k !# %Q %$ Cf4V ;R $N<ANL $, B> $N%O %I %m %s $K Hf 3S $7 $F 3JCJ $K >.$5$$$3$H $r H? 1G $7 $F 86 ;R 3KJ* <A $, K0 OB$9 $kL) EY $O � 0 $H Dc $/ $J $k !# %Q %$ Cf4V ;R $, 7Z $$5<%9 %+ %i!<N3 ;R $G$"$k $N $O (QCD $N ;} $D ) %+ %$ %i %k BP>N @- $N<+H/ E* GK $l$K H< $&FnIt - %4 !<%k %I %9 %H !< %s %\%= %s $@$+$i $G $" $k !# $3$N$3$H $O 86;R3K $N B8:_ !J $9 $J$o $A !" $o $l $o $l $N B8:_ !K $* $h $S $=$N @-<A $, QCD $N 4pK\E*@-<A $N 0l $D $G$"$k %+ %$ %i %k BP>N @- $NH? 1G $G$"$k $3 $H $r<(:6 $7 $F$$$k!# $h $j 0l HL $K !" QCD $K 4p$/ %O %I %m %s B? BN 7O J* M} $, A<Dj $5 $l $k >l 9g !" C1 $K 3K;R $, %O %I %m %s$K !" 3K NO $, QCD $K CV $-49 $( $i $l $k $3 $H0J>e $N$^ $C $? $/?7 $7 $$ MWAG $, IU $1 2C $o $k $N $G$" $k !’ $= $l$O$3 $l $^ $G ITJQ $H$5 $l $F$$$? ??6u $N AjE>0\ $NLdBj $, 78 1

$o $k$h $& $K$J $k $?$a $G$" $j !" $= $l$O J*<A $H $O 2? $+$H $$ $& 8EMhLd $o $l $F $-$? 4pK\E* $J LdBj $H 4X $o $C $F $$$k !# 2 ??6u $H J*<A!(Aj8_5,Dj@- J*<A $H $O 2? $+ !) !! $3$N Ld $$ $K BP$9$k #2 #0@$5* $NJ*M}3X !J >l $N NL;RO@ !K $NEz $( $O !" <! $N$h $& $J$b$N $G$" $k !# J*<A $H $O NL ;R>l $N Ne 5/>uBV $N$3$H $G $" $k !# <B:] !" j 0 i $r ?? 6u $N >uBV%Y %/ %H %k $H $9$k $H !" j 0 i $O <!<0 $G Dj5A$5 $l $k !’ a � j 0 i = 0 ( ) j 0 i = ??6u : (1) $3$3 $G !" a � $O N3;R !J J*<A !K $N>CLG 1i;; ;R $G$"$k !# $3$N<0 $O !" N3 ;R IAA| $, 7h$^ $C $F =i $a $F??6u $, Dj5A $G$- $k $3$H !" $^ $? 5U $K !" ??6u $N Dj5A $r DL $7 $F N3;RIA A| $, Dj$^$k !" $9 $J $o $A !" 2? $, J*<A $H $7 $F 4QB, $5 $l $k $+ $, Dj$^$k $3 $H$r I= $7 $F $$ $k !# $D$^ $j!" J*<A $H ??6u $O Aj8_5,DjE* $G $"$j !" 8=Be $NJ*<A $NM}O@ $O I,A3E* $K ??6u $N M}O@ $K $b $J $C$F $$ $k !#2? $, J*<A $+$H $$ $&$3 $H $O ??6u $r 7h $a $k $3 $H$H Ey2A $G $" $k !# $= $7 $F !" =E Bg $J$3 $H $O 4D6- $NJQ2= $K $h$j ??6u $N@-<A $, JQ2= $7 F@$k !# ?? 6u $NJQ2= $, J*<A $N @-<A $K K\ <AE* $J1F6A $rM? $( $k $N $O !V BP>N @- $N<+H/ E* GK $l !W $, $" $k>l 9g $G$"$k !# D6 EA F3 $d 86;R 3K $NJQ7A $, $=$N Nc $G $" $k !# $?$H$( $P !" D6EAF3$N >l 9g $O h " # i $, %* !< %@ !<%Q %i %a !<%?!< $G $" $j !" %2 !< %8 BP >N@- $, <+ H/E* $K GK $l $F $$ $k $3$H$r <( $7 $F $$ $k !( h " # i = 0 : ( ) h " # i 6 = 0 : normal ( ) sup er 0J >e $N$3$H $O QCD $b Nc 30 $G$O $J $$ !# 4D6- $N JQ2= $K H< $& QCD ??6u$N JQ2=$*$h $S $= $l $K H< $& $=$N JQ99 $5 $l $? ??6u>e $G$N AGNe5/ $H $7 $F$N %O %I %m %s $N @-<A $NJQ2= $r C5$kLd Bj $O 8=:_B?$/ $N8&5f<T $N6=L# $N E* $K$J $C $F $$ $k [2] !# 3 QCD; %/ %) !< %/ !" %0 %k %* %s !! v.s. %O %I %m %s QCD $N !J 8EE5E* !K %i %0 %i %s%8 %" %s $O <!$N$h $& $K M? $($i $l $k!( L cl = � q ( i � D � � m ) q � 1 4 F a � F � a ; (2) D � = @ � � ig t a A a � ; F a � = @ � A a � � @ � A a � + g f abc A b � A c � ; q = t ( u; d; s; c; b; t ), m = diag ( m u ; m d ; m s ; ::: ) $O %/%)!<%/ $N<ANL $G$" $k !# %/%)!<%/ $d %0 %k %* %s$, 8+ $( $k$h $& $J 9bJ,2rG= $G$N QCD $O 4pK\E* $K @]F0O@ $N @$3& $G $"$j !" A26a<+ M3@- $, @. $jN) $C $F$$$k !# $= $N $3 $H $O !" <! $N $/ $j9~ $_72J} Dx <0 $K $*$$ $F%Y!< %?4X ?t � ( g ) $, Ii $K$J$C $F $$$k $3$H$r 0UL#$9$k !( � d d� g ( � ) = � ( g ) ; (3) $3$3 $K !" � ( g ) = � 9 16 � 2 g 3 � 64 (4 � ) 4 g 5 + � � � A26a<+M3@- $O !" %/ %) !<%/ $d %0 %k %* %s$, 8+ $( $k $h $& $J 9bJ,2rG= $G$N QCD $N @-<A $G$" $k !# $= $3 $O 4p K\E* $K @]F0O@ $N@$3& $G$" $k !# $H $3 $m $, !" Dc $$ J,2rG= $G 8+$k $H !" %/ %) !<%/ $d %0 %k %* %s $N Be $j $K $=$N 7k 2

9g >u BV !" $9 $J $o$A !" %O %I %m %s $, !V AG Ne 5/!W $H $7 $F N) $A 8= $l !" $= $N@$ 3& $O @] F0 O@ $G $O 5- =R $G$- $J$$MM !9 $N FC D’ $r ;}$C $F$$ $k !# QCD $K 4p $E $$$F $=$N J* M}E*5! 9= $r @b L@$9$k $3$H$O !" %O %I %m %s J*M}3X$N 4p K\ E*2]Bj $G$" $k !# $= $l$i $N FCD’ $O 0J2< $N$h $& $G$" $k !’ 1. %/ %) !<%/$H %0 %k %* %s $N JD $8 9~ $a !# %/%) !< %/ $H %0 %k %* %s$O C1 BN $G$O <h$j =P $;$J $$ !# $^ $? !" <B8= $7 $F $$ $k%O %I %m %s $O $9$Y$F %+%i!< S U (3) $N#1 =E9‘ $G$" $k !# 2. 7Z $$ %/%) !< %/ $K BP $7 $F$O 6a;wE* $@ $, $h $/@.N) $7 $F $$ $k %+ %$ %i%k BP >N@- $, NO3X E* $K GK $l $F $$ $k !J <+ H/ E*$K GK $l $F$$ $k !K !# $9$J$o $A !" %/ %)!< %/$N %9 %+%i !< L) EY$N ?? 6u 4| BT CM h � q q i $, 0 $G $O $J $$ !’ h � uu i ’ h � dd i ’ ( � 250MeV ) 3 ; h � ss i ’ ( � 530MeV ) 3 . $3$N$?$a !" 7Z $$5<%9 %+ %i!< $NCf4V;R � � ; 0 (140), K � (500) ; K 0 (500) ; � K 0 (500) ; � (550) $, 6a;w E* $J FnIt - %4 !<%k %I %9 %H !< %s %b!< %I $H $7 $F#8 =E9‘ $r$J $7 $F$$ $k !# $3$3 $G 3g8L $NCf $N?t;z $O MeV C10L $G$N <ANL!# $^ $? !" Dc %(%M %k %. !< $G $N $=$N Aj8_:nMQ $O $$ $o$f $k !V Dc %(%M %k %. !< DjM} !W $K $h$j$h $/;YG[ $5 $l $F $$ $k !# $=$NB> !" %O %I %m %s $N @$3& $G $O%" %$ %= %9 %T%s J]B8 B’ $N@.N) !" %U %l !< %P!< S U (3) BP>N @- $NGK $l$O B8:_ $9$k $, @]F0 $G <h$j07 $( $kHO0O $G $" $k $3 $H !" %O %I %m %s $N <eJx2u $K $* $1 $k � I = 1 = 2 B’ !" %Y %/%?!< %I %_ %J %s %9Ey $r 5s $2 $k $3 $H $,$G $- $k !# $^ $? !" 0B Dj $J %O %I %m %s B?BN7O $H $7 $F$N 86;R3K $N B8:_<+BN $b@bL@ $r MW$9$kLdBj $G$" $k !# 4 4D6- $N JQ2= $H AGNe5/ $H $7 $F$N%O %I %m %s $N JQ2= 9b29 $N%O %I %m %s J*<A $G $O %+ %$ %i %k BP>N@- $, 2sI| $9$k $3 $H $, !" 3J ;R QCD $r MQ $$ $? ?tCM %7 %_ %e %l !< %7 %g %s$G <( $5 $l$F$$$k !# $^ $? !" 9b L) EY $N3KJ* <A $G$b%+ %$ %i %k BP >N @- $, ItJ, E* $K 2sI| $9$k $3 $H $, QCD $N Dc %(%M%k %. !< Dj M} $d $$ $/$D $+ $N LO 7?7W ;; $G <( :6$5 $l $F $$ $k !# D>46E* $K$O !" F eynman-Hellman $N DjM} $r MQ $$ $F M}2r $9$k $3 $H $, 2DG= $G$" $k !# $5 $i$K !" %9 %H %l %s%8 %M %9 $r ;} $C $? N3;R $N CmF~ $, CO>e $G 9b L) EY 3K J* <A !J %O %I %m %s J* <A !K $r:n $k <j CJ $H $7 $F MQ $$ $k $3 $H $,$G$-$k $3 $H $, :G 6a !" @V @P $H ;3 :j $K$h $C $F ;XE&$5 $l $F $$ $k [3] !# %+ %$ %i %k BP>N@- $N H?1G $7 $F $$ $kB> $N 3K8=>] $O$J $$ $@ $m $& $+!)$=$N B> $N QCD $N 4pK\E*@-<A $O $I $N $h $& $K 86;R3K %l %Y %k$N J*<A $N3,AX $N@-<A $d 8=>] $K 7k $S $D$$ $F$$ $k $@ $m $& $+!)<+ M36u4V $G 8!>Z $5 $l $k %O %I %m %s $N FC@- $O 86;R3K $N$h $& $J %O %I %m %s B?BN7O $N Cf $G JQ99 $5 $l $F $O $$$J$$ $@ $m $& $+!)L)EY !J %P %j %* %s L)EY !" %9 %H %l%s%8 %M %9L) EY !K !" 29 EY $= $7 $F EE>l / <’>l $N$h $& $J 30>lEy $G FCD’ $E$1 $i $l $kMM !9 $J 4D 6-2< $G !" %O %I %m %s $N @-<A $O JQ2= $7 $J $$ $G$" $m $& $+ !) :G6a !" $3 $l$i $N LdBj $K 4XO" $7 $? <B83 $, 9T $o $l !" 6=L# ?< $$ %G !<%? $, F@ $i $l CmL\ $r Ma $S $F$$ $k !’ $? $H $( $P !" CHA OS %0 %k !< %W $N <B83 !" %Q %$ Cf4V;R86;R3K $d K Cf4V;R86;R3K $N <B83 $, $" $k [2] !# 5 $^ $H$a %5 %V %" %H %_%C%/ J*M} 3X $H $7 $F $N 86 ;R 3K J* M}3X $O 3K ;R B? BN7O$N J* M} $+$i %O %I %m %s B? BN 7O $N J* M}$X $H <+A3 $J E83+ $r ?k $2 $D$D$" $k !# 3KNO $r$=$N 0lIt $H $9$k !V 6/ $$ Aj8_:nMQ !W $N 4pACM}O@ $O QCD $H $$ $& %2 !< %8 M} O@ $G $" $k !# $o $l $o$l $N ?? 6u $O @] F0E* $J $b$N$H$O $^$C $? $/ 0[ $J $C $F $* $j !" !V Aj E> 0\ !W $r 7P$? $b$N $G$" $k !# 2f !9 $N @$3& $O QCD ??6u $N AjE>0\8e $N@$3& $G$" $j !" $" $k<o $N !V D6EAF3 !W >uBV $K$J $C $F $$$k !# ??6u $NJQ2= $O $=$N >e $NAGNe5/ $H $7 $F$N N3;RIAA| $NJQ2= $r H< $& !# 4D6- !J 29EY !" L) EY !" EE>l !" <’ >l !" B? %U %l !< %P!< !" Ey !K $N JQ2= $K $h$k QCD ??6u $N JQ2= $O AGNe5/ $H $7 $F$N AGN3 ;R !J %O %I %m %s !K $N JQ 3

2= $r 0z $- 5/ $3$9 $G$" $m $& !# :G6a !" $=$N$h $& $J 4QE@ $G$N M}O@ $N M=A[ $H$= $l$i $H @09gE* $J$$ $/ $D $+$N <B 83 $, =P;O $a $F $$ $k !# 6 @FF# $5 $s $N$3$H $3$N 8&5f=82q $G @>@n $5 $s $N OC $+$i @FF# $5 $s $, HUG/ !" EE>l $K $h $k QCD ??6u $N JQ2= $K 6=L# $r ;}$C $F $* $i $l $?$3$H $r CN$j $^ $7 $? !# 1!@8 $N$H$-$K @FF#$5 $s $N OCM $N O@ J8 [4] $d %W %m %0%l %9 $N%5 %W %j %a %s %H $K =P $? Am9gJs 9p [5] $r FI $s $G !" $=$N @v N}$5 $l $? H~ $7 $5 $K 46F0 $7 $^ $7 $? !# ;d $O !V $$$D $+ $3 $N $h $& $J 8&5f $r $7 $F $_$?$$ !# !W $H$$ $& 6/ $$ $" $3 $,$l $r ;}$A$^ $7 $? !# $= $l$O %U%i %s %9 $N C. Blo c h $N O@J8 $r qwq| $H $5$; $k $b$N $G $7 $? !# @FF# $5 $s$O F|K\ $N C. Blo c h $@ $C $? $H ;W$$$^$9 !# ;29MJ88% [1] 6L 3@NI;0 , !V 3KJ* <A $N =tMMAj !W , ( !V 2J3X !W v ol. 46, No.1 !" FC=8 : NL;RNO3X 50 G/ (1976 G/ ),p.10; 9>Bt MN !" 91F# IRI’JT !V NL;RJ*M}3X $N E8K> >e !W p.241, !J 4dGH=qE9 !" 1977 G/ !K ; :dEl 90<# , !V 86;R 3K $K$* $1 $k3K NO � K0OB @- � J,;RE* 9= B$!W !" 4p 8& #2 #0<~G/ %7 %s%] %8%e %&%‘ $N5-O? , 31 (1973). [2] $3 $3$G $N OC $r I_ ^’ $7 $? $b$N$O !" 9q9- DpFs !V %O %I %m %s J* <A$N %+ %$ %i%k Aj E> 0\ !W , !V ?t M} 2J3X !W , 2001 G/#37n9fFC=8 !V J*<A $H $O 2? $+ !W , p. 22. $h$j:G 6a $NJ8 8% $O !" T. Hatsuda and T. Kunihiro, nucl-th/0112027 $+ $i$? $I $k $3 $H $,$G$-$k !# $^$? !" <!$b ;2 >H !( Pro ceedings of YITP-R CNP w orkshop on \Chiral Restoration in Nuclear Medium" to b e published in Prog. Theor. Ph ys. Suppl. (2003). [3] Y. Ak aishi and T. Y amazaki, Ph ys. Rev. C 65 , 044005 (2002). [4] S. Saito, Prog. Theor. Ph ys. 41 (1969), 705. [5] K. Ik eda, R. T amagaki, S. Saito, H. Horiuc hi, A. T ohsaki-Suzuki and M. Kamim ura, Prog. Theor. Ph ys. Suppl. No.62 (1977). 4