CAMA C Logic Delay RPC-091(REPIC) $K$D$$$F$NJs9p 5HED 1QCR J?@. 11 G/ 7 7n 8 F| 35 MW 1998 G/ 6 7n$K !" LAS $N Scintillator $N TDC MQ Logic Delay $H$7 $F !" RPC-091(REPIC) $r:NMQ $7$? $,!" 1998 G/ 7 7n$N<B83 $G!" $3$N Logic Delay $K5/0x$9 $k$H ;W $o$l $k Time Jitter $,4QB,$5$l$?!#$3$N860x$r3N$+$a$k$?$a Mo dule $N%A%’ %C%/$r9T$J$C$?!#$3$N7k2L!" (A) NY9g$& Channel $KF1;~$K?.9f$,DL$k;~$K5/$3$k Time Jitter (B) F1$8 Channel $KC;$$;~4V4V3V$GO"B3$7$F?.9f$,DL$k;~$K5/$3$k Time jitter $N#2%Q%?!<%s$N Time Jitter $,$"$k$3$H$,J,$+$C$?!# A $K$D$$$F $O!" ECL F~NO$N mo dule A4$F$K6& DL$9$k$b$N$G $"$j !" ns order $h$j $$$$J, 2rG= $,MW5a $5$l $k>l9g !" 1 Channel CV$-$K ;HMQ $9$kEy $NBP =h$,I, MW$K$J $k!# 1 Channel CV $-$G;HMQ$7$?>l9g!" 200 ps 0J2<DxEY$^$G Jitter I}$,2~A1$5$l$k!# B $K $D$$$F$O!":# 2s;HMQ$7 $?!" 1 us Delay $N>l 9g!" Jitter I}$, !^ 8 !A 12 ns $K$b$J $j !" $^$?1F6A$r<u $1$kHO 0O$O<!$N %Q%k%9 $, 1 us 0JFb$KF~ $C$F$- $?;~A4 BN$KEO $C$F $$$?!# !# Dela y Time $,Bg$- $$$[$I !" Jitter I}$,Bg $-$/ !" Ev en t Rate $K$b<e $$$H;W $o$l$k!J :#2s D>@\Hf 3S $O 9T $J$C$F $$ $J$$ !K !#$$$^ $^$G !" GR B& $K$O !" 300 ns Delay $N RPC-091 $r ;H MQ $7 $F $- $? $,!" Ev en t Rate $K$b$h$k$,!" $3$N 1F6A$O=P $F$$$J$$$b $N$H;W$o $l$k!# 1 us Delay $r$5$;$k ;~$O !"O"B3E* $K@\ B3$7$? Logic Delay 200ns Delay 5 8D $G $N;HMQ !"$^$? !" Cable Dela y $H Discriminater $NAH9g$;$N;HMQ$,K>$^$7$$!# LAS $G$N;HMQ$r9M $($?>l 9g!" 2nd FPP ;HMQ;~!" Scin tillator $G!" 0L CV$r=P $9$3$H $,=EMW $H$J $j !" $^ $? !" $+ $J $j Even t Rate $r9b $/ $7 $? <B 83 $GMQ $$ $k $3 $H $b J,$+ $C $F $$ $k $N $G !" Cable Delay $H Discriminater $NAH9g$;$N;HMQ$r2~$a$F:NMQ$7$?!# 1 NY 9g $& Channel $K F1 ;~ $K ?. 9f $, DL $k ;~ $K 5/ $3 $k Time Jitter $3$l$O !" ECL F~NO$N mo dule A4$F$K 6& DL$9 $k $b$N $G $" $j !" NY 9g$& Channel $@$1 $G $J$/ !" ECL %I%i %$ %P !< $N 6& DL $N IC $rDL $k ?. 9f $, 6a $$ %? %$ %_ %s %0 $G DL 2a $7 $? ;~ !" Time Jitter $,5/ $3 $k !# $9 $G $K!" 9XF~;~ $K$O !" $3$NIT 6q9g $OH=L@ $7$F $$$?$N $G!" Ev =i$+ $i!" 1 Channel CV$-$G;HMQ $7$F$$ $k!# REPIC RPC-091 $K$D $$ $F $N Js 9p $O !" 1998 G/ 5 7n $K Delay $, 300ns $N $b $N $K $D $$ $F Bg NS ;a $N Js 9p !J miho:/home/hidetomo/R CNP/W ork/Kairo/rin1 oba y ashi !K $, $" $k !# $^ $? !" $3 $N B> !" LeCro y 3420(CFD) $J$I $NL10f ;a!"@n H*;a$N D4:: 7k2L$, DA Q noteb o ok No.3 $K5- $7$F$" $k!# !J8eF| $^ $H$a$kM=Dj$J$N$G!"$3$3$G$O!"2sO)$K$D$$$F$O3d0&$9$k!# !K 1998 G/ 7 7n$N <B 83 $N :] !" $3 $l $+ $i M= A[ $5 $l $k Jitter I} $r 1[ $( $? HO 0O $N $b $N $, =P $F $- $? $? $a !" :# 2s;HMQ $7 $? REPIC RPC-091 1 us Delay $G$b $&0l EY %A %’ %C %/ $r $7$F $_$? $, !" $[ $\ F1MM $G$" $C $?!# 1.1 8=>] Fig.1 $N$h$&$K!" S1 $H S2 $N7PO)$,$" $C $?;~ !" S2 $K?.9f$,$J$$ >l9g Fig.1(a) $H!" S2 $N?.9f$, $"$k>l9g Fig.1(b) $G!" S1 $NN)$A2<$,$j;~4V$KJQ2=$,$"$k!# Fig.1(a) $N S1 $NN)$A2<$,$j;~4V$r 1

?^ 1: S1 $N?.9f$KBP$7 !" S2 $N?.9f$,$J$$ >l9g (a) $HHf$Y!" S2 $N?.9f$, S1 $N?.9f$NN)$A 2<$,$j IU6a$N%?%$%_%s%0$GDL2a$9$k$H (b) !" S1 $NN)$A2<$,$j;~4V$, Jitter $9$k!# 4p=‘$K $H $C $? ;~!" Fig.1(b) $N$H$-!" S2 $NN)$A 2<$, $j !" $^$? $O!" N) $A>e $,$j $,!" S1 $NN)$A2< $,$j $H=E$J$C$?;~$b$C$H$b$:$lI}$,Bg$-$$!# ECL F~NO$N mo dule $G$O!" DL>o 4ch C10L$G6&DL$N ECL %I%i%$%P!<$N IC $rMQ$$$F$*$j !" S1 !" S2 $rF1$8 IC $rDL$k ?.9f$rA* $s$@;~ !"$3$N8= >]$,8=$l !"FC$KNY 9g$& Channel 4V $@$H Jitter I} $OBg$-$/!^ 200 ps DxEY$H$J $k!# !# $^$? !" 0c $& IC 4V$G$b!" <c43 Jitter $,8+$i$l$k>l 9g$b$" $k$,!" Jitter I}$O!^ 100 ps 0J2<$K$*$5$^$k!# REPIC RPC-091 !" LeCro y 3420(CFD) $H$$$C $? mo dule $GD4$Y$? Time Jitter I}$r!" T able 1 $K<($7$F$"$k!# I= 1: ?.9f$NA*$SJ}$K$h$k Time Jitter I} S1, S2 $NA*$SJ} Jitter I} E57?E*$JCM NY$N channel !^ 150 !A 350 ps !^ 200 ps F10l IC 4V 1 channel CV$- !^ 100 !A 200 ps !^ 100 ps 2 channel CV$- !^!A 120 ps !^ 50 !A 80 ps 0[$J$k IC 4V G$0U !^!A 100 ps !^ 50 ps T able 1 $N CM $O !"$= $N B> $N ECL F~ NO $N mo dule $K $D $$ $F $b $[ $\ F1 MM $G $" $k $, !" phillips $N ECL-NIM conv erter $O!" $3 $l$h$j $b$5 $i$KBg $-$J1F 6A$r<u $1$F$$ $k$h $&$G!" !JF1 $8 IC $N!K NY$N channel 4V$G!" 1ns 0J>e$K$J$k>l9g$bB?$$!J$b$N$N8D@-$K$h$C$F0c$$$bBg$-$$!K !# 1.2 860x!"BP=h %*%7%m%9%3!<%W$G4Q;!$7$F$_$k$H!" Fig.1(a) $N>l9g$G$b!" S1 $N?.9f$N%?%$%_%s%0$N S2 B&$K Close T alk $K$h$k$b $N$H ;W$o$l $k%Y !<%9 %i%$%s $NMp $l$, $"$j !" $5$i $K!" $3$l $,!" S1 $N?.9f $NN) $A2< $,$j $H N) $A >e$, $j $K BP 1~$9 $k %? %$ %_ %s%0 $G GH $, Bg$- $/ $J $C $F $$ $k $3$H $, J, $+ $k!# $3 $N Close T alk $K$h$k GH<+?H$O!"Bg $-$/$F$b$;$$ $<$$ ==?t mV DxEY$G!" !J Discri. %l%Y%k$rE, @Z$K$7$F$$ 2

$l$P!K?7$?$J?.9f$r@8@.$9 $k$[$I$N$b$N$G$O$J$$ $,!"$3$NGH$, $G$-$F$$$k%?%$%_%s%0 $K!"?.9f $NN)$A2<$,$j$,=E$J$k$3$H$G!"?.9f$NN)$A2<$,$j$N$:$l$,@8$8$F$$$k$h$&$G$"$k!# $5$i $K!"$3$N Close T alk $NH/ @8$N860x $O!" ECL %I%i%$ %P!<$,6& DL$N IC $r ;H$&$3$H $K5/0x $7$F$*$j !" SPring 8 $N%0%k!<%W$+ $i$b;XE&$5$l $F$*$j !" NS 1I$+$i!" 2~A1 $r;n$_$k$H$N Js9p$r<u $1$?!J 1998 G/ 11 7n!K !#2~ A1$N<jCJ$H$7$F!" IC $X$NEE8;$N<h$j2s$7$r8+D>$9 !" ECL %I%i%$%P!< $r3F Channel #1$D$N IC $G$K $J$&Ey$,>e $2$i$l$F $$$k!# !JHs8x<0$@$, !"A0<T$K$D$$ $F$O!"$&$^ $/$$$+$J$+$C$?$HEA$(J9$$$F$$$k!# !K $^$?!";~4V>pJs$, I,MW$JItJ,$K$O!" phillips $N ECL-NIM con v erter $OITE,@Z$G$"$k$,!" $=$N B>$N mo dule $K$D$$$F$O!"DL>o$N<B83$G$O!" T able 1 $+$iJ,$+$k$h$&$K!" 1 channel CV$-$G;HMQ $9$k$3$H$GLdBj$O2r7h$5$l$k!# 2 F1$8 Channel $KC; $$ ;~4V 4V3V $G O"B3 $7 $F?. 9f $,DL $k ;~$K 5/ $3$k Time jitter $3$l$O!" 1 $D$N channel $K$"$k;~4V4V 3V$GO"B3 $7$F 2 $D$N?.9f$, F~$C $? >l9g$K@8 $8$kLd Bj$G!" #2$D$N8=>]$,$"$k!# (B-1) 2 $D$N?.9f$,$"$k;~4V4V3V0JFb$GDL$k$H!"8e$m$N?.9f$N=PNO$,$J$$!# (B-2) 2 $D$N?.9f$,$"$k;~4V4V3V0JFb$GDL$k$H!"?.9f$N Delay ;~4V$,JQ$o$k!# (B-1) !" (B-2) $$$: $l $K $D $$ $F $b 1998 G/ 6 7n $K 9X F~ $7 !" 1998 G/ 7 7n0J 9_ !" LAS $N TDC $N Delay $H$7 $F;H MQ$7 $F$$ $k 1us Delay c hip $NF~$C$? REPIC RPC-091 $GD4:: $7$? 7k2L L@$i $+$K$J$C $?!# !JLd Bj $,L@ $i $+ $K$J $C $? 1998 G/ 12 7n0J9_ TDC $N Dela y $H$7 $F$N ;H MQ $O$d $a $F $$$k !# E125 &P pro duction $G$O!" Cable Dela y $r;HMQ!# !K $9$G $K !" GR $N TDC MQ$N Dela y $H$7 $F !" RPC-091(REPIC) $OI8 =‘ Mx MQ $5 $l $F $$ $k $, !" Dela y chip $O!" 300ns $G$"$j !" 1F6A;~ 4VI}$O!" Dela y ;~4V$HD>@\ 4X78$7$F $$$k$H;W$o $l!" 300ns $G$O!" LdBj$K$J$C$F$$$J$$!# 2.1 8=>] 2.1.1 ?.9f$N=PNO$,$J$$LdBj!J B-1 !K 1us Delay c hip $NF~$C $? REPIC RPC-091 $N>l9g channel 4V$K$h $C $F$N8D@- $,Bg$- $$$,!" #2 $D$a$N pulse $,BgBN 50 !A 200ns 8e$KF~$C$?>l9g!"8e$m$N?.9f$N=P NO$,$J$$!#E57?E*$K$O 140ns DxEY$^$G $,IT 46NN0h $G$" $k !J 20ns $N%Q%k%9 I}$N>l 9g!K !# NIM F~NO$N 200 ns Logic Delay $rHf3S $N$?$aD4$Y$F$_$?$,!"IT46NN0h$O!" 40ns <eDxEYKx$@$C$?!# 2.1.2 Dela y ;~4V$,JQ$o$kLdBj!J B-2 !K $3$l$O!"$"$k?.9f$,F~$k $"$k;~4V:90JFb$NA08e !JA0$NJ}$O>\ $7$/D4$Y$F$$$J$$!K $K?.9f$,F~ $k$H$=$N Dela y ;~4V$,JQ$o$C$F$/$k$H$$$&$b$N$G$"$k!#>\$7$$D4::J}K!$O8e$G =R$Y$k$,!"D4:: $N7k2L!" Fig. ?? $N$h$&$J %G!<%? $rF@$? !# Fig.2TD5456 !" Fig.3TD5456 !" TD7072 $O!" O"B3 $7$??. 9f$r Logic Delay(RPC-091) $K DL$7 $?;~ $NA0 $H8e $m$N?. 9f$N ;~4V :9$N JQ2= $r2# <4$K !"A0$N ?.9f $N;~4V>pJs$r=D <4$K<h $C$F $$$k!# ?^ $O%G!<%? $r Channel $N$^$^I=<( $7$F !JLs 0.59 ns/c h !K $$$k $,!"$3$l$+$i!" Jitter I}$, !^ 8 !A 12 ns $K$b$J$C$F$$ $k$3$H!" 1F6A$, Dela y Time A4BN (1us) $K 3

5Z$s$G$$$k$3$H $,J,$+$k !# $^$?!" FC$K1F6A$, Bg$-$$$N $O!" 150 ns A08e$H 1 us A08eIU6a$G $"$k!# 2.2 860x 860x$O!"%A%C%W Fb$N?.9f$N$J$^ $j6q9g$K$h$k$b $N$H;W$o$l$k$N $G!"?.9f$,=P$J $$ (B-1) $h$& $JIT46NN0h;~4V$O Delay ;~4V$,D9$$$[$IJ?6QE*$K$OD9$/$J$k$N$G$"$m$& !# ?.9f$N Dela y ;~4V$,JQ$o$k (B-2) $N$O!"%A%C%WFb$N?. 9f$N$J$^$j6q9g$K2C$(!" %A%C%WFb$N?. 9f$NDL $jJ} $K$b 0MB8 $7$F $$$k $b$N $H;W $o$l $k!# Fig.3TD5456 !" TD7072 $$$:$l $b!" 400c h IU6a$H 1700ch IU 6a$G JQ2= $,7c $7$$ !# 1700c h IU 6a$O !"$A$g$&$I ;~4V :9$, !" 1 us $H $J$k Ev$? $j$J $N$G !" $3$l$O mo dule Fb$G$N Close T alk E*$J1F6A$r<u$1$F$$ $k$N$G$O$H $$$&?dB,$, N)$D!# Jitter I}Ln Bg$-$5$O!"$J$^$j6q9g$N1F6A$G7h$^$C$F$$$k$H;W $o$l$k$N$G!" Dela y ;~4V$,D9$$$[$IBg$-$/$J $k$H;W$o$l$k!# %A%C%W$, 300 ns $N >l9g$H 1us $N >l9g$H Hf$Y$F %F%9%H $9$k $H$b$C$H$O$C$- $j$7$? $3$H$, $$$( $k$O$:$@$,!" :#2s!"D>@\Hf3S$O9T$J$C$F$$$J$$!# 2.3 BP=h =jA’!" TDC $N Gate(range) Fb$K#2 $D$N pulse F~NO$,$" $C $F$b !" =i$a $N;~ 4V>p Js $7$+ %G!< %?$H $7$FB8 :_$7 F@ $J$$ !# $7 $+$7 !" acciden tal $J?.9f $, Gate $N3+$/ A0 $KF~ $k$H !" Gate Fb$K$O true $N ?.9f $7 $+ $J $/ $F $b !" %G !< %? $, $H $l $J $$ $3 $H $K $J $k !# $= $N IT 46 NN 0h $, 140ns DxEY !J 400MeV proton $N>l9g!" 2 Banch 0J>e!K$H$$$&$N$O!" Even t Rate $K$h$C$F$O!"1F6A$,Bg$-$/$J$k!# 860x$,$J$^$j6q9g$K$h$k$b$N$H9M$($k$H!"$3$N#2$D $N8=>]$O!" Dela y ;~4V$,D9$$$[$I1F6A$, Bg$-$$$O$:$G!" GR B&$G;HMQ$N 300ns Dela y chip $N>l9g$HHf3S$7$F9M$($F$_$k!#IT46NN0h $K$D $$$F$O!" 1 us Dela y $G 140 ns !" !J NIM $N Logic Delay $@$, !K 200ns Dela y $G!" 40ns <e DxEY$H9M $( $k$H !"$I$& $$$& 4X?t $K6a ;w$G $-$k $+$K $b $h$k $,!" 300ns Delay $G$O !"$;$$ $<$$ 60ns <eDx EY $H?dB, $G$-$k!# RF $N:GC; <~4|$O 60 ns $@$,!" Channel 4V$N8D@- $bBg$-$$ $N$G!"$3$l $G!"==J, $H$$$&$o$1$G $O$J$/ !" Scin tillator $G=P$90LCV>p Js$,IT2D 7g$N$h $&$J<B83 $,$"$k >l9g$O!" 8D !9$N Channel $N%A %’ %C %/$, I,MW $H$J $k!# Dela y ;~4V$NJQ 2=$K $D$$$F $O!" C1=c $K8@ $C $F!" acciden tal $J ?.9f$,F~$C$F$/$k3NN)$, 3/10 !" Jitter $N;~4VI}$K$D$$$F$b!" 1/4 !A 1/2 $,4|BT$5$l$k!#$7$+$7!" $3$l $G $b!" Scin tillator $G=P $9 0L CV >pJs $, IT 2D 7g $N $h$& $J <B 83 $, $" $k>l 9g $O !" ==J, $H $O 8@ $( $J $$!# $7$+$7 !"8=<B$N GR $G $N Single $N Even t Rate $O:G9b $G$b$;$$ $<$$ 30 Kcps A08e$G!"C1 =c $K8@$C$F!" 300 ns $N Delay ;~ 4V$K accidental $J?. 9f$,F~$C$F$/$k 3NN)$O!" 1 !s <e$H$J $j !"Ld Bj$H$J $C $F $$$J $+ $C $?$H ;W$o $l$k !# 5U$K !" LAS $G$O!" Single $N Ev en t Rate $,!" 100 !A 200 Kcps $G$H$k;~$b $"$j !" $3 $N>l9g !" 1 us $N Delay ;~4V$K accidental $J?.9f$,F~ $C $F $/$k3N N)$O!" 10 !A 20 !s $H$J$jLdBj$H$J$k!# $$$:$l$K $7$F $b!" 1us $N Delay chip ;HMQ$N RPC-091 $G$O!" Ev en t Rate $, 10 Kcps 0J2<$G $J $$$H<BMQ $K@d$($J$$$H ;W$o$l$k!# 1us Delay chip ;HMQ$N RPC-091 #4Bf$O Delay c hip $r8r492D G=$G$"$k$N$G!" 200 ns !" 300ns Dela y chip $K8r49$7$F;HMQ$9$k$3$H$O2DG=$G$"$k!# 2.4 %F%9%HJ}K! Delay ;~4V$,JQ$o$k LdBj$K $D$$$F!" 6qBN E*$K%G !<%?$r<h $C $F%A %’ %C %/$7$? !# Fig.4 $N$h$&$K;~ 4V:9$, D $@$1$"$k#2 $D$N?.9f $H!" $=$N OR $N?.9f$H$rMQ 0U$7!" $3 $l$i#3<o N‘$N?.9f $N%G!<%? $r <h $C $? !# (data:run3301.gr,run3302.gr,run3401.gr,run3402.gr) %Q%k %9 $N I} $O !" 40ns Dx EY $G $" $C $? !# 4

?^ 2: O"B3$7$F ?.9f$,DL 2a$7$?;~ $NA0$N?. 9f$N;~4V JQ2= (run3301) !#Ls 0.59 ns/c h [TD56] A0 $N ?.9f$N;~4V>pJs!" [TD5456] 2#<4 : A0$H8e$m$N?.9f$N;~4V:9$NJQ2=!"=D<4 : A0$N?.9f$N;~4V>pJs 5

?^ 3: O"B3$7$F ?.9f $,DL 2a$7 $?;~ $NA0 $N?. 9f$N;~ 4VJQ 2= (run3301) !# Ls 0.59 ns/c h Channel 4V$N 8D@-$r8+$k$?$aF1$8?.9f$rJL$N Channel $KDL$7$FD4$Y$?!# [TD5456] 2#<4 : A0$H8e$m$N?.9f$N;~ 4V:9$N JQ2= !" =D <4 : A0$N ?. 9f$N ;~4V >pJs [TD7072] 2#<4 : A0$H 8e$m $N?. 9f$N ;~4V :9$N JQ2= !" =D<4 : A0 $N?.9f$N;~4V>pJs 6

2sO)$NN,?^$O!" Fig.5 !# run3301, run3302 $G$O!" Fig.5 $N "Set I" $r#2%;%C%H!J Delay $N8e$^$G F1$8?.9f!" FIF O $GJ,4t!K !" run3401, run3402 $G$O!" "Set I","Set I I" $r#1%;%C%H$E$D$G9T$J$$!" Cable Delay $H$NHf 3S$r 9T$J $C $? !# %G !<%? $N full range $O!" run3301, run3302 $G$O!" 1200ns(per 2048 channel, Ls 0.59 ns/ch) $G run3401 $G$O !" 1340ns ( Ls 0.65 ns/c h) !" run3402 $G$O !" 400ns( Ls 0.20 ns/ch) $G$"$C$?!# Fig.3 !A 7 (eps/td5456 a !A e.eps) $K$*$$ $F !" td5456 $O!" 2#<4 $K data 54(Signal B) !" =D <4 $K data 56(Signal C) !" td7072 $O!" 2# <4$K data 70(Signal B) !" =D <4$K data 72(Signal C) $r<h$C $? $b$N $G $"$k!# $^ $: !" run3301 $N %G !<%? $G $O !" Fig.3 (eps/td5456 a.eps) $K $* $$$F !"2# <4 $NJQ 2= $, !" Fig.1 $N D $NJQ 2=$KAjEv$9$k!# Fig.3 $N2#<4$N 200 ch A08e$N =D<4$NCM$O 162 ch !"=D<4 345 c h $G$O2#<4 144ch DxEY $G$" $k$3 $H$,J, $+$k !#A4BN E*$K!^ 12ns $N Delay ;~4V $NJQ 2=$r@8 $8$F $$$k !#0lHVJQ 2=$N7c$7$$$N $O!" D = 160ns A08e$H 1us A08e$G$"$k !# $3$N CM$O!" $=$l$> $lO"B3%Q %k%9$N IT46NN 0h$N=*$j $H IC $N Delay ;~4V$H0l CW$7 $F$* $j !" IC $N%A%C %W Fb$G !" $3$N IT6q 9g$,@8 $8$F $$$3$H $, ?dB,$G$-$k !# Fig.4 (eps/td5456 b.eps) $G!" B>$N channel $G$b$[$\F1 DxEY$N JQ2=$, $"$k$3 $H$,J, $+$k!# ?^ 4: Dela y ;~4V$NJQ2=$rD4$Y$?;~$N?.9f$NF~$lJ} Fig.6 (eps/td5456 c.eps) $O !" run3302 $N%G!< %?$G!"$3 $N$H$- Signal C $O !" A, B $N OR $G $O $J$/ !" A $N$_$G$"$k!#$^$?!" %G!<%?$K $OMn$7$F$$$J$$ $,!" Signal C $r B $N$_$K$7$?Aj4X$b<h $C $? (Fig. 9) !#$3$N#2$D$N?^$H!" Fig.2 $H$rHf3S$9$k$3$H$G!"$3$N860x$, RPC-091 $N$_$K5/0x$9 $k$3$H$r<($=$&$H$7$?$, !"$3 $l$G$O!" OR $r<h$C$F$$$k FIFO $NDL$7J}$,0c$&$? $a!" Close talk $N2D G=@- $r9M$( $k$H 0l35$K $O8@ $($J $$!#$7$+ $7$J $,$i!"%* %7%m %9%3!< %W$G CFD D>8e$r %A%’ %C %/$7$?$H$3$m!" Fig.5 $N "Set I" $G$N Fig.2 $G8+$($k$h$&$J Dela y ;~4V$NJQ2=$O8+$($J$+$C$?!# >e5-$N E@$rL@ $i$+ $K$9 $k$3 $H$H 2~A1 $NJ} K!$N 9MN8 $H$$ $&E@ $+$i !" Fig.5"Set I" $H "Set I I" $NHf 3S$r 9T $J $C $? (run3401 !" run3402) !# Fig. ?? $K$* $$ $F !" td5456 $, RPC-091 $r;H $C $? >l 9g !" td7072 $, Cable Delay $rMQ$$$?>l 9g$G$"$k!# run3301 $H run3401 $N td5456 $K$*$$ $F!"!^ 100ns A08e IU6a$NMMAj$,0[$J$k$,!"$3$l$O!" run3301 $G$O!"IT46NN0h$H$7$F!"8e$m$N%Q%k%9$,=PNO$5$l$F $$$J $+$C$?$, !" run3401 $G$O!"=P NO$, $"$j !"$3$N0c$$$, !" run3401 $N>l 9g!"0-1F 6A$r 5Z$\$7 $F $$$k$N$G$O$J$$$@$m$&$+!) $J$<!"=P NO$K0c$$$,=P $?$+$G$"$k $,!"8e$K=R$Y $k td7072 $H$NHf 3S$+$i!" !JA0CJ$N!K CFD 0J 7

?^ 5: Dela y ;~4V$NJQ2=$rD4$Y$?;~$N2sO)?^ A0$,860x$G$O$J$$$3$H$OL@$i$+$G$"$k !#2sO)$O!" AH$_D>$7$?$N$G!" %Q%k%9I}$,<c43 JQ$o$C$?1F 6A$,$"$k$H9M$($k$N$,0lHVBEEv$G$"$k!# $3 $3 $G !" Fig.7 $K$* $1 $k td5456 $H td7072 $H $N Hf 3S $@ $, !" Cable Delay $r;H MQ $7 $? Fig.5 $N "Set I I" $G$O!"Ht LvE*$K2~A1$5$l$F$$$k$N$OL@$i$+$G$"$k!#$3$3$G$O!" ns %*!<%@!<L$K~$N Dela y ;~ 4V$NJQ2=$7$+8+<u$1$i$l$J$+$C$?!# 3 7kO@ 0J>e $N 7k 2L $+ $i !" Dela y ;~4V $N JQ 2= $N Ld Bj !J B) $N4Q E@ $+ $i 8@ $C $F 1us Delay c hip ;H MQ $N RPC- 091 $O!"9bJ,2rG=$N TDC %G!<%?$rI,MW $H$9$k:]$O!"ITE,$G$" $j !" ns L$K~$NJ,2r G=$,I,MW$G$" $k$J$i$P!" Cable Dela y $rMxMQ$9$k$3$H$,!"M-8z$G$"$k$HH=CG$G$-$k!#$^$?!" Close talk(A) $+ $i8@$C$F$b9bJ,2rG=$NI,MW@-$,$"$l$P!" ECL F~NO$N mo dule $O!"ITE,@Z$H$b$$$($k!# GR B&$G!" ;H MQ$N RPC-091 $O!" 300ns Delay c hip $G$" $j !" $3 $N Dela y ;~4V $N :9 $+ $i$H !" Ev en t Rate $N Dc$5 $d !"J,2r G= $,MW 5a$5 $l $F$$ $J$+$C$? $3 $H$+ $i !"LdBj $K$J$C$F $$ $J$+$C$? $H;W $o $l $k!# $= $l$G $b!" $d$O $j 1F6A $O;D $C $F$$ $k$O $: $G$" $k$, !" $= $N D4:: $O 9T$J $C $F $$ $J$$ !# $^$? !" 1us Delay chip ;HMQ$N RPC-091 #4Bf$O Delay chip $r8r 492D G= $G$" $k $N$G !" DL>o $N ;HMQ $K $*$$ $F$O !" 200 ns !" 300ns Dela y chip $K8r49$7$F;HMQ$9$Y$-$G$"$m$& !# $$ $^ !" LAS B& $N 8! =P4o $H $7 $F 3+ H/ Cf$N 2nd FPP !J 2> >N !K$O !" TDC $N 9bJ, 2r G= $, MW 5a $5$l $k $? $a !" TDC $N Dela y $H $7 $F !" Cable Dela y $r :N MQ $9 $k $3 $H $K $J$C$? !#$3 $N Cable Delay $K $D $$ $F !":# $^ $G !"I8 =‘ ;H MQ $N 58CU $h $j <~ GH ?t FC @- $N NI $$ 3D-FB $, 9X F~ 2D G= $H $$ $& $3 $H $G !"$3 $l $K $D $$ $F $b D4 :: $r 9T $J $$ 3D-FB $r :N MQ $7 $? !#>\ $7 $$ D4 :: $N Fb MF $O !"JL $K $^ $H $a $k (miho:/home/hidetomo/RCNP/W ork/Kairo/3DFB.ps ) !# 8

?^ 6: 9

?^ 7: Fig 10

?^ 8: Fig 11