Asymptotic estimation theory for a �nite dimensional pure state mo del ( M-8B<!85=c?h>uBVB2 $K$* $1 $kA26a?dDjM}O@ ) NS @5?M NL ;RNO 3X7O $G 4QB, $r9T $C $? $H$- $K F@ $i $l $kB,DjCM $K$D$$ $F $O , 3NN(E* $K $7 $+ M=8@ $G$-$J$$ $3 $H $O NI$/ CN $i $l$F$$$k . $3$N B,Dj 7k2L ! $K 4X$9$k3NN( J,I[ P ( d! ) $O , 9T$C$?B,Dj M $H B,Dj BP>] $G$" $kJ*M} 7O$N ( B, DjD>A0$N ) >uBV � $K 0MB8 $7 $F P ( d! ) = P ( d! j �; M ) $N$h $& $K Dj$^$k . $3$N $h $& $K , NL;RNO3X $, E}7WE*B&LL $r;}$C $F$$$k 0J>e , NL;RNO3X $NK\ <AE*M}2r$N$?$a$K$O , ?tM}E} 7W3X $H NL ;RNO3X$r M;9g$5$;$? M} O@BN7O$N 9=C[ $, IT2D7g $G $" $k . $^$? F1;~ $K , 8w DL ?. %7 %9%F%‘$r ;O$a$H$9 $kNL;R NO3X $K => $& %7 %9%F%‘ $+$i F@ $i$l $k>pJs$N 8B3&$r DI5f$9 $k $K$b$3 $N$h $& $J M}O@ BN7O $O I,?\ $G$" $k . $3 $N $h$& $J Ld Bj $r07 $& J, Ln $ONL ;R ?d Dj M} O@ $H8F $P $l , BP >] $H $9 $k J* M} 7O $,NL ;R NO 3X $K=>$& $H $- , 2f !9 $,CN $j$& $k >p Js $N 8B 3& $r E} 7W 3X $N N) >l $+ $iO@ $:$k J, Ln $G $" $k . 6q BN E* $K $O?? $N >u BV $, $" $k %Q %i%a %H %j %C %/ $J =8 9g ( B2 ) S = f � � j � 2 � g $K B0$9$k$3$H $@$1$, J,$C$F$$$k$H$$ $&A[Dj $N2< $G , L$CN%Q%i %a !<%? � $N CM $r 4QB, %G !<%?$+$i ?dDj$9$k LdBj $r 07 $& . $3$3$G , $b $7 B2 S $H$H $b$K B,Dj M $b$"$i $+ $8 $a ;XDj$5 $l$F $$ $k $H 2>Dj$9$k $H , 3NN(J,I[ P � ( d! ) = P ( d! j � � ; M ) $K => $& %G !<%? ! $r 8+$F � $r ?dDj$9$k$H$$ $&C1 $J$k 3NN(J,I[$N%Q%i %a !<%??dDj$NLdBj $K$J $C$F $7 $^ $& $N $@ $, , NL;R ?dDj $N>l9g $K$O , ;XDj $5 $l $k$N $O B2 S $N$_$G$"$j , B,Dj M $K $D$$$F $O � $N ?dDj $H$$ $& L\E* $N$? $a $K :G$bE, $7 $?$b $N $r 5a $a $k $3$H $, I,MW$H$J$k . $3 $N$h $& $J8&5f $O 1960 G/Be $N8eH> $K >e=R$N8wDL?. %7 %9 %F %‘ $N <u?.2aDx $N:GE,2= $K 4XO" $7 $F Helstrom $K $h $C $F ;O $a$i $l$? . 6aG/ $G$O J#?t$N L$CN$J $kNL ;R>uBV$N%5%s %W %k � $, M? $($i$l $?$H $-$K , 3F%5 %s %W %k$K $^$? $, $kB, Dj$b 4^$a$F B,Dj 2a Dx $r:GE,2= $9$kJ} 8~ $, LO:w $5 $l$D$D$"$k . $3$3$G=R $Y$?3F %5 %s %W %k$K $^$? $, $kB,Dj $O J#?t $N%5 %s %W %k$+$i$J$k7O $r 0l $D $NNL;R7O ( 9g@.NL ;R7O ) $H 8+ $J $7 $F , $=$N9g@.NL;R 7O $KBP$9$kB,Dj $H $7 $F 5-=R $5 $l $k . $3$N$h $& $JB,Dj $O0lHL $K $O 3F%5 %s %W %k$K BP$9$k B,Dj $r C‘<!E* $K9T $& J}K! $G$O9=@. $G$-$J$$ . 3F%5 %s %W %k 4V$N $rNL;RE* 43>D $r MQ $$$k $3$H $K $h$C $F=i$a$F2DG= $H$J$kB,Dj $G$" $k . $3$N$h $& $J B,Dj $O NL;RAj4X $r MQ$$ $?B,Dj $H 8F $P$l , 3F%5 %s %W %k$K BP$9$kC‘<! E* $J B,Dj $H ?dDj8m:9 $K$*$$$F $I $N DxEY $N :9 $, M-$k $+ $, 6=L#M-$k$H$3$m $G$" $k . 0lJ} , NL;RAj4X $r MQ$$$?B,Dj$NJ*M} E*<B 8=2D G=@- $G$"$k $, , GX7JG.%N %$ %: Cf $N %3%R!< %l%s %H 8w $NJ#AG?6I} $HG.%N %$ %:$NBg$- $5 $rF1;~ $K ?dDj$9$kLd Bj $G $N:GE,B,Dj $K$D$$$F$O Hf3SE*<B8=2DG=@- $, 9b$$ $H 8@ $o $l$F $$ $k . $3$N$h $& $J>u67$N2< , K\O@J8 $G $O ?=@A<T $O M-8B<!85 Hilb ert 6u4V>e $N=c?h>uBVA4BN $+$i$J$k>uBVB2 $K BP$9$k?dDj LdBj $rA26aO@E*OH AH $_ $G07$C $? . 6qBNE* $K$O , F10l $JL$CN$N=c?h>u BV $N%5 %s %W %k $, n 8DFHN) $K =‘Hw $5 $l $?$H$N2>Dj $N2< $G , %5 %s %W %k 4V$NNL;RAj4X$rMxMQ $7 $? B,Dj$b4^$a$FB,Dj $K 4X $7 $F :GE,2=$r9T$$ , :GE,2r $K BP $7 $F J?6Q#2>h8m:9 5Z $S Bg JP:97?AP J}$N0U L# $G A26a E* $J 8m:9 I>2A $r 9T$C$? . $3$N LdBj@_Dj$N 2< $G$O FHN) $+ $D F10l $K =‘ Hw$5 $l $? n 8D$N L$CN $NNL;R>u BV $N %5 %s %W %k$+$i$J$k9g@.NL ;R7O >e $N>uBV $O n 3,%F %s %= %k 6u4V $G $O$J $/ , n 3,BP>N %F %s%=%k6u4V>e $N >uBV $H$_$J$9$3$H $,$G $- $k . 0l HL$K , Hilb ert 6u 4V H $K BP 1~ $9 $k NL ;R 7O$G$O >u BV$O H >e $N Hs Ii Dj CM$G%H %l !< %9 $, 1 $G $" $k <+ 8J 6& Lr :n MQ AG ( L) EY 1i ;; ;R ) $G 5- =R $5$l $k . $= $7 $F , FH N)$+ $D F1 0l$J n 8D$N %5%s%W %k $+ $i $J $k >u BV$O 9g @. 7O >e$N >u BV$H $7 $F � ( n ) := � � � � � $G 5-=R $5 $l $k . 0lJ} , B,Dj $K $h$C $FF@ $i $l $kB,DjCM$N3NN(J,I[ $N$_ $r 5-=R$9$k $N $G$" $l $P , B,Dj 2aDx $O ?t3XE* $K$O H >e $N @5:nMQAGCMB,EY P ositiv e Op erator v alued Measure(PO VM) $G 5-=R$5 $l $k . =>$C $F NL;R Aj4X $r 5v $7 $? B,Dj $r 9M $( $k$N $G$" $l $P n 3,BP>N %F %s%=%k 6u4V>e $N PO VM $r 9M $($k$3$H $K$J $k . 0lHL $K H >e $N $K B,DjCM $r ;}$D PO VM $H$O $N Borel =89gB2 B ( ) $+$i H >e$N Hermite HsIiDj CM9T NsA4 BN $X $N<LA| � $G <! $N >r7o $r K~$?$9$b$N $G$"$" $k . �( ) = Id ; �( [ 1 i =1 B i ) = 1 X i =1 �( B i ) 1

$? $@ $7 !$ B i $O 8_$$ $K !$ disjoin t $J B ( ) $N 85!% 0lHL $K ?dDj8m:9 $NI>2A $O ??$N>uBV $, � $G$" $k $H$- $K , B,DjCM ^ � $r F@ $? $H$-$N8m:9 $NBg $-$5 $rI>2A$9$k4X ?t ( 4m81 4X?t ) W ( �; ^ � ) $N 7A $K 0MB8$9 $k . K\O@ J8 $G 07 $&>uBVB2 $O SU 72$N :nMQ $K 4X $7 $F BP>N$J 9=B$$r ;}$C $F$$ $k$?$a , 4m81 4X?t $K$O SU 72$N:nMQ $K 4X$9$kITJQ@- $r MW@A$9$k . K\O@J8 $G 07 $&LdBj $G$O , $3 $N 2>Dj $O 8m:9 $r I=$94X?t W ( �; ^ � ) $, F ubini-Study 5wN% $N4X?t $H $7 $F I= $;$k $3$H $H F1CM $G$"$k!% $3$3 $G !$ F ubini-Study 7WNL $+$i$N 2< $G B,CO@~ $K$h$jDj 5A $5 $l $k5wN% $r F ubini-Study 5wN% $H8F$V $3$H $K $7 $? !%$5 $i$K !$ W ( �; ^ � ) $K F ubini-Study 5wN% $K 4X $7 $F C1D4A}2C $K$J $k $H$N <+A3 $J MW@A $r 2C $( $k!% $3 $l$i $N MW@A$N2< $G Bay es K! $H %_%K%^%C%/%9K! $H$N :GE,2r $r 9M $( $k!% %_ %K%^ %C %/%9 K! $O B,Dj � $K $h$C $FDj5A $5 $l $k<! $NCM $r:G>.2= $9$k $3 $H $K$h$C $F:GE,B, Dj $r7hDj$9$k <jK! $G$"$k!% D W; ( n ) (�) := max � 2P ( H ) Z P ( H ) W ( �; ^ � ) tr(�( d ^ � ) � ( n ) ) $3$3$G H >e$N=c?h>uBVA4BN $+$i$J $k=89g$r P ( H ) $G I= $7 $? !% 0lJ}!$ Ba y es K!$H$O P ( H ) >e$N ;vA0J,I[ � $r 2>Dj $7 $= $N 2< $G B,Dj � $K $h $C$F Dj5A$5 $l $k <!$NCM$r :G>.2=$9 $k $3$H$K$h $C $F :GE,B,Dj $r 7hDj$9$k<jK! $G$" $k!% D W � (�) := Z P ( H ) Z P ( H ) W ( �; ^ � ) tr(�( d ^ � ) � ( n ) ) � ( d� ) Ba y es K!$rMQ$$$k$H$- $O !$;vA0J,I[ � $K BP $7 $F SU 72$N:nMQ $K 4X$9$kITJQ $H$N 2>Dj $r 2]$9 $3$H$K$9 $k . 8EE5 E* $JE}7W 3X $G $O !$ F1 MM $N>r7o $rK~ $? $7$+ $D%b %G%k$KBP$9$k 72 $N:nMQ $, ?d0\ E* $G$"$k $H$-!$ :G E,2r $O0l0U $K5a $^ $k $3 $H $, CN $i $l$F $$ $k !J Hun t-Stein Dj M} !K !% K\ O@ J8 $G07$& Ld Bj $K $O !$ Holev o $K$h$j Dj <0 2= $5 $l$?NL ;R Hun t-Stein DjM} $, E,MQ $G$-$k !%NL;R Hunt-Stein DjM} $K$h$j Bay es K!$H%_%K%^%C%/%9K! $H$N:GE,2r $O 0lCW$9$k $3$H $,$o$+ $k !% $5 $i$K %b %G %k $N I= 8=6u 4V $K BP$9 $k72$N :nMQ $, 4{ Ls $G$" $k$?$a LdBj $O$+ $J $j 07$$$d$9 $/ $J$j!$ :GE,B,Dj$O <!$N @5Dj CM:nMQAG ^ W $N :G>.8GM-CM $K BP1~$9$k8GM- %Y %/ %H%k$K $h$j 7hDj$5 $l $k !% ^ W := Z P ( H ) W ( �; ^ � ) ^ � ( n ) � ( d ^ � ) 0l HL $K@5DjCM:n MQ AG $N:G>. 8GM- CM $K BP1~ $9$k8G M- %Y%/ %H%k$r 8+ $D $1 $k $3 $H $O :$Fq $G$" $, !$ W ( �; ^ � ) $, A0=R $N2>Dj $r K~ $?$98B $j !$ @5Dj CM:n MQAG ^ W $N :G>.8GM- CM $KBP1~$9$k8G M- %Y%/ %H%k$O F1 $8 $G $"$k $3$H $, <( $5 $l !$ :GE, B,Dj $bF10l $G$"$k $3 $H $, <($5 $l $k !% $= $N:GE,B,Dj $O H $N n 3,BP>N %F %s %= %k 6u4V>e $N PO VM $H $7 $F 0J2< $G I=$5 $l $k!% $A $J$_ $K H $N n 3,BP>N%F %s %=%k 6u4V$N<!85 $O H $N <!85 $r k $H $9$k$H � n + k � 1 k � 1 � $G $" $k!% � n + k � 1 k � 1 � ^ � ( n ) � ( d ^ � ) $3$N :GE,B,Dj$N0l0U@-$N>ZL@ $, K\O@J8$N<g7k2L $G$" $k!% $3$N 7k 2L$r MQ$$$F , :G E, B, Dj$K BP $7 $F %5%s %W %k ?t n L5 8B Bg$N$H $- , F ubini-Study 5w N%$d Bure 5w N%$N Fs >h 8m :9 $r n $G 3d$C $?CM $, A26aE* $K $I $N$h $& $J CM $K <}B+$9$k $+ 6qBNE* $K 7W;; $7 $? !% $3$N :GE,CM $O !$4{ $K >>K\ $K $h$j8&5f $5 $l $? 6I=j E* $J =c ?h>uBV$N ?dDjM} O@ $+$i M=A[$5 $l $? CM$G$" $C$? !%$9 $J$o $A !$6I=jITJP @->r7o$N 2< $G 6&J,;6 9TNs $K F ubini-Study 7WNL $r $+$1$? $b$N$N BP3QOB $N :G>.CM $H K\O@J8 $G F@ $i$l$? CM $O 0lCW$9$k !%F1;~ $K$3 $l$i $N 5wN%$N2< $G 8m:9 $NBgJP:97?I>2A$b9T$C$?!% B3 $$ $FK\O@J8 $G $O3FNL;R>u BV $K F10l $NB,Dj $r9T$C $?8e $K E}7WE* =h M} $r9T$C $F>uBV $r?dDj $9$k>l 9g $H$NHf3S $r 9T $C $?!% %5 %s %W %k ?t n $, M-8B$N $H$- $O !$ @h $[ $I $N :GE,B,Dj $NJ} $, 8m:9 $O >.$5 $$ $, !$ %5 %s %W %k ?t n $, L58BBg $N$H$-$NA2 6aE* $J8m:9$NCM $O , 1 n $N%* !< %@ !< $G @h $[ $I $N >l9g $H F10l $K$J $k $3$H $, <($5 $l$? !J 5wN%$N 2 >h7?8m:9 $N>l9g !K !% 9b<! $N%*!< %@ !<$G$N Hf3S $O :#8e$N2]Bj $G$" $k . A0<T $O 3F%5 %s %W %k 4V$NNL ;RAj4X$r @Q6KE* $K MQ$$$? :GE, B,Dj $G$" $k $, !$ $=$N Aj4X$r MQ$$$? 8z2L $, $" $^$j =P $J$$$3 $H$r <( $7 $F $$ $k!% $3 $l$O !$K\O@J8 $G LdBj $H$J $k >uBVB2$NI=8=6u 4V $, H $N n 3,%F %s %=%k 6u4V$G$O$J $/ !$ H $N n 3, BP>N %F %s %=%k 6u4V $K @)8B$5 $l $k $3$H $, 8z$$ $F$$ $k $3$H$H ;W $o $l $k!% 2