Aj BP O@ E* =E %$ %* %s >W FM <B 83 PHENIX $K $* $1 $k Aerogel Cherenk o v Coun ter $N %7 %_ %e %l !< %7 %g %s $K $h $k I> 2A C^ GH Bg 3X Bh 0l 3X 72 <+ A3 3X N‘ J* M} 3X @l 96 J? @. 13 G/ EY B4 6H O@ J8 3X @R HV 9f 980355 9b LZ IR ;V ;X F3 65 41 !’ 9> 3Q ?8 0l 2002 G/ 2 7n 4 F|

35 MW :G 6a !" %/ %) !< %/ � %0 %k !< %* %s � %W %i %: %^ !J QGP !K @8 @. $N %7 %0 %J %k $H $7 $F !" !X 9b 2# 1? F0 NL N3 ;R @8 @. $N M^ @) !Y $, RHIC-PHENIX <B 83 $K $* $$ $F 4Q B, $5 $l !" N3 ;R $N <o N‘ $K $h $k 0c $$ $, Cm L\ $5 $l $F $$ $k !# $= $N $? $a !" 9b 2# 1? F0 NL NN 0h $G $N N3 ;R <1 JL $, =E MW $H $J $C $F $/ $k !# 8= :_ !" PHENIX <B 83 $G $O %O %I %m %s <1 JL $N $? $a $N Ht 9T ;~ 4V B, Dj 4o !J T oF !K $r $O $8 $a !" N3 ;R <1 JL $r L\ E* $H $7 $? MM !9 $J 8! =P 4o $, AH $_ 9~ $^ $l $F $$ $, !" 8= :_ 2T F/ Cf $N T oF $d RICH $G $O 9b 2# 1? F0 NL NN 0h $N %O %I %m %s <1 JL $K $O 8B 3& $, $" $k !# $= $3 $G !" <1 JL =P Mh $k 1? F0 NL NN 0h $r 9- $2 $k $? $a $K Aerogel Cherenk o v Coun ter $r PHENIX 8! =P 4o $K AH $_ 9~ $‘ $3 $H $r 8! F$ $7 $F $$ $k !# T oF $N $_ $G $O � Cf 4V ;R $H K Cf 4V ;R $N <1 JL $O 2.4GeV/c $^ $G !" K Cf 4V ;R $H M[ ;R $N <1 JL $O 5.0GeV/c $^ $G 2D G= $G $" $k $, !" $3 $l $K Aerogel Cherenk o v Coun ter $r AH $_ 9g $o $; $k $3 $H $G � Cf 4V ;R $H K Cf 4V ;R $N <1 JL $, Ls 5GeV/c $^ $G !" K Cf 4V ;R $H M[ ;R $N <1 JL $, Ls 10GeV/c $^ $G 9- $, $k $H 4| BT $5 $l $F $$ $k !# @_ 7W $N $? $a $K Aerogel Cherenk o v Coun ter 8D !9 $N @- G= $O JL ES I> 2A $r ?J $a $F $$ $k $, !" PHENIX <B 83 $K $* $1 $k B> $N 8! =P 4o 4V $N 1F 6A $d %P %C %/ %0 %i %s %I !" $= $7 $F F0 :n 4D 6- Ey $r I> 2A $9 $k $3 $H $b =E MW $H $J $C $F $/ $k !# K\ 8& 5f $G $O !" 9b %( %M %k %. !< N3 ;R $, 8! =P 4o Ey $N J* <A Cf $G 0z $- 5/ $3 $9 8= >] $N %7 %_ %e %l !< %7 %g %s $r 2D G= $K $7 $? %7 %_ %e %l !< %7 %g %s %3 !< %I !J GEANT !K $r MQ $$ $F !" � = 90 � IU 6a !" %S !< %‘ <4 $+ $i 450cm $N $H $3 $m $K T oF $N 4 %Q %M %k $N Bg $- $5 Aj Ev $9 $k Ls 200cm � 200cm $N NN 0h $r J$ $& $h $& $K =D 17 8D !" 2# 17 8D !J 7W 289 8D !K $N Aerogel Cherenk o v Coun ter !J 0l 8D $N Bg $- $5 $, 12cm � 12cm � 12cm !K $r AH $_ 9~ $s $@ PHENIX 8! =P 4o $r 7W ;; 5! >e $K :F 8= $7 $? !# $= $7 $F !" 3K ;R $" $? $j 100GeV $N 86 ;R 3K � 86 ;R 3K >W FM $K $h $k N3 ;R @8 @. $r :F 8= $9 $k $? $a $N ev en t generator !J HIJING !K MQ $$ $F !" Aerogel Cherenk o v Coun ter $r AH $_ 9~ $s $@ PHENIX 8! =P 4o $K $* $1 $k 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $r 7W ;; 5! >e $K :F 8= $7 $? !# $= $N 7k 2L !" %P %C %/ %0 %i %s %I $b 4^ $a $? Aerogel Cherenk o v Coun ter $N @j M- N( $O � 5 % Dx EY $G $" $k $3 $H $, $o $+ $C $? !# $^ $? !" %P %C %/ %0 %i %s %I $O Dorift Chm b er !" P ad Chm b er !J PC1 !" PC2 !" PC3 !K !" Ring Image Cherenk o v Coun ter !J RICH !K Ey $N 8! =P 4o $r MQ $$ $k $3 $H $G !" $= $N 9 3d 0J >e $r GS =| $9 $k $3 $H $, 2D G= $G $" $k !# $= $7 $F !" %P %C %/ %0 %i %s %I $N 1F 6A $H $7 $F Aerogel Cherenk o v Coun ter $+ $i 8m $C $? >p Js $r F@ $F $7 $^ $& $3 $H $, $" $k !# $= $N 3N N( $O $* $h $= 10% Dx EY $G $" $k $3 $H $, $o $+ $C $? !#

I I L\ <! Bh 1 >O =x O@ 1 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 3 2.1 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 : : : : : : : : : : : : : : : : : : : : : 3 2.1.1 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $N FC D’ : : : : : : : : : : : : : 3 2.1.2 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $H QGP : : : : : : : : : : : : : 4 2.1.3 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $G $h $/ MQ $$ $i $l $k J* M} NL : : : 5 2.2 PHENIX <B 83 $H $= $N 8! =P 4o : : : : : : : : : : : : : : : : : : : : : : : 7 2.2.1 Ht 9T ;~ 4V B, Dj 4o !J Time of Fligh t !K : : : : : : : : : : : : : : : 7 2.2.2 Beam-Beam coun ter : : : : : : : : : : : : : : : : : : : : : : : 8 2.2.3 Drift Cham b er : : : : : : : : : : : : : : : : : : : : : : : : : : 8 2.2.4 P ad Cham b er : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 2.2.5 RICH !J Ring Image CHerenk o v detecter !K : : : : : : : : : : : 10 2.3 Aerogel Cherenk o v Coun ter : : : : : : : : : : : : : : : : : : : : : : : 11 2.3.1 Aerogel : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.3.2 Cherenk o v J| <M : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.3.3 Cherenk o v Coun ter : : : : : : : : : : : : : : : : : : : : : : : : 12 2.3.4 Aerogel Cherenk o v Coun ter : : : : : : : : : : : : : : : : : : : 13 Bh 3 >O %7 %_ %e %l !< %7 %g %s $N J} K! 14 3.1 %; %C %H %" %C %W : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 3.1.1 PHENIX 8! =P 4o : : : : : : : : : : : : : : : : : : : : : : : : : : 14 3.2 Aerogel Cherenk o v Coun ter $N @_ Dj : : : : : : : : : : : : : : : : : : : 16 3.2.1 c herenk o v J| <M $N 7W ;; J} K! : : : : : : : : : : : : : : : : : : : : 16 3.2.2 Aerogel Cherenk o v Coun ter $N 8w 3X 7O : : : : : : : : : : : : : : 17 3.2.3 9= B$ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 3.2.4 %U %m !< %A %c !< %H : : : : : : : : : : : : : : : : : : : : : : : : : : 20 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L 21 4.1 Aerogel Cherenk o v Coun ter $N I> 2A : : : : : : : : : : : : : : : : : : : 21 4.1.1 F~ <M %S !< %‘ $N 0L CV 0M B8 @- : : : : : : : : : : : : : : : : : : : : : 21 4.1.2 F~ <M N3 ;R $N <o N‘ $H 1? F0 NL $K $h $k 0M B8 @- : : : : : : : : : : : : : 22

I I I 4.2 PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter : : : : : : : : : : : 23 4.2.1 @j M- N( : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 4.2.2 %P %C %/ %0 %i %s %I : : : : : : : : : : : : : : : : : : : : : : : : : : 25 4.2.3 %P %C %/ %0 %i %s %I $N N3 ;R <1 JL $X $N 1F 6A : : : : : : : : : : : : : : : 27 4.2.4 8! =P 8z N( : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 31 Bh 5 >O 9M ;! 34 Bh 6 >O $^ $H $a 36 IU O? A program 39 A.1 %W %m %0 %i %‘ %j %9 %H : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 39 A.1.1 aerogel.f : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 40 A.1.2 aer gustep.f : : : : : : : : : : : : : : : : : : : : : : : : : : : : 47 A.1.3 aer photon.f : : : : : : : : : : : : : : : : : : : : : : : : : : : : 53

1 Bh 1 >O =x O@ 2f !9 $N 1’ Ch $O Ls 150 2/ G/ A0 $K %S %C %/ %P %s $r 5/ $7 !" Hs >o $K >. $5 $J 1’ Ch $H $7 $F CB @8 $7 $? !# $3 $N 1’ Ch AO @. $N 6K $a $F =i 4| CJ 3, $K !" 3K ;R $d Cf 4V ;R $+ $i $N JD $8 9~ $a $+ $i 2r J| $5 $l <+ M3 $K F0 $- $^ $o $k %/ %) !< %/ $d %0 %k !< %* %s $N =8 CD !" B( $A %/ %) !< %/ � %0 %k !< %* %s � %W %i %: %^ !J QGP !K $, B8 :_ $7 $? $H ?d Dj $5 $l $F $$ $k !# QGP $H $O !" %( %M %k %. !< L) EY Ls 1 � 3GeV/fm 3 $N D6 9b 29 � 9b L) EY $N L$ CN $J $k J* <A >u BV $G $" $j !" QGP $N C5 5a $O 86 ;R 3K J* M} $K 8B $i $: !" 1’ Ch AO @. $K 4X $o $k =E MW $J 2] Bj $G $" $k !# $= $7 $F 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $K $O !" CO >e $G QGP $r @8 @. $9 $k M# 0l $N 2D G= @- $r Hk $a $F $$ $k !# 8= :_ !" JF 9q %V %k %C %/ %X %V %s 9q N) 8& 5f =j !J BNL !K $K $* $$ $F !" @$ 3& =i $N >W FM 7? Aj BP O@ E* =E %$ %* %s 2C B. 4o !J RHIC :Relativistic Hea vy Ion Collider !K $r MQ $$ $F 2000 G/ =U $+ $i !" 3K ;R $" $? $j 100GeV $N 6b $N 86 ;R 3K F1 ;N $N >W FM <B 83 $, 9T $o $l $F $$ $k !# => Mh $N @E ;_ I8 E* 7? 2C B. 4o $H $O 0[ $J $j !" >W FM 7? 2C B. 4o $G $" $k RHIC $O >W FM %( %M %k %. !< $, 3J CJ $K Bg $- $/ !" QGP @8 @. $, Bg $$ $K 4| BT $5 $l $F $$ $k !# $= $7 $F !" >W FM Cf ?4 It $N %( %M %k %. !< $O !" 2 !A 6 GeV/fm 3 $K C# $9 $k $G $" $m $& $H M= A[ $5 $l $F $$ $k !# $3 $N %( %M %k %. !< L) EY $O !" NL ;R ?’ NO 3X !J QCD !K $, M= A[ $7 $F $$ $k QGP Aj E> 0\ $K I, MW $J %( %M %k %. !< L) EY 1.5 GeV/fm 3 $r Bg $- $/ 1[ $( $k $b $N $G $" $j !" $= $l $O ?M N‘ $, $+ $D $F <j $K $7 $? $3 $H $N $J $$ :G 9b $N %( %M %k %. !< L) EY $G $" $k !# 2f !9 $N 8& 5f << $G $O RHIC $K $* $$ $F !" QGP $N 8& 5f $r L\ E* $H $7 $? <B 83 $N $R $H $D $G $" $k PHENIX !J the Pioneering High Energy Nuclear In teraction eXp erimen t !K <B 83 $K ;2 2C $7 $F $* $j !" N3 ;R <1 JL $N $? $a $N Ht 9T ;~ 4V B, Dj 4o !J T oF :Time of Fligh t !K $N 8& 5f � 3+ H/ $r 9T $C $F $$ $k !# PHENIX <B 83 $G $O !" 2f !9 $N 8& 5f << $, 8& 5f � 3+ H/ $r 9T $C $F $$ $k %O %I %m %s <1 JL MQ $N Ht 9T ;~ 4V B, Dj 4o $r $O $8 $a $H $7 $F MM !9 $J 8! =P 4o $, ;H $o $l $F $* $j !" FC $K N3 ;R <1 JL G= NO $, M% $l $F $$ $k !# QGP @8 @. $N %7 %0 %J %k $H $7 $F !" !X %9 %H %l %s %8 %M %9 $N A} 2C !Y !X J/ N3 ;R $N M^ @) !Y !X %Y %/ %H %k Cf 4V ;R $N @- <A JQ 2= !Y !X 9b 2# 1? F0 NL N3 ;R @8 @. $N M^ @) !Y Ey $, 9M $( $i $l $F $$ $k !# $= $7 $F :G 6a !" PHENIX <B 83 $K $* $$ $F !X 9b 2# 1? F0 NL N3 ;R @8 @. $N M^ @) !Y $, 4Q B, $5 $l !" N3 ;R $N <o N‘ $K $h $k 0c $$ $, Cm L\ $5 $l $F $$ $k !# $= $N $? $a !" 2# 1? F0 NL $G ?t GeV/c $^ $G $N %O %I %m %s <1 JL 5Z $S !" EE ;R � %_ %e !< %* %s � 8w ;R $N B, Dj $, =E MW $K $J $C $F $/ $k !# 8= :_ 2T F/ Cf $N Ht 9T ;~ 4V B, Dj 4o !J T oF !K $G $O � Cf 4V ;R $H K Cf 4V ;R $N <1 JL $O 2.4GeV/c $^ $G !" K Cf 4V ;R $H M[ ;R $N <1 JL $O 5GeV/c $^ $G 2D G= $G $" $k $, !" <1 JL $G $- $k 1? F0 NL NN 0h $r $5 $i $K 9- $2 $k $? $a $K !" Aerogel Cherenk o v Coun ter $r PHENIX 8! =P 4o $K AH $_ 9~ $‘ $3 $H $r 8! F$ $7 $F $$ $k !# $3 $l $K $h $j !" Aerogel Cherenk o v Coun ter !" T oF $r AH $_ 9g $o $; $k $3 $H $G � Cf 4V ;R $H K Cf 4V ;R $N <1 JL $O Ls 5GeV/c $^ $G !" K Cf 4V ;R $H M[ ;R $N <1 JL $O Ls 9GeV/c $^ $G <1 JL $, 2D G= $K $J $k $H 4| BT $5 $l $F $$ $k !#

2 Bh 1 >O =x O@ @_ 7W $N $? $a $K !" Aerogel Cherenk o v Coun ter 8D !9 $N @- G= $O JL ES I> 2A $r 9T $C $F $$ $k $, !" PHENIX <B 83 $* $1 $k B> $N 8! =P 4o 4V $N 1F 6A $d $= $N %P %C %/ %0 %i %s %I !" F0 :n 4D 6- Ey $b I> 2A $9 $k $3 $H $, I, MW $G $" $k !# K\ 8& 5f $G $O !" 9b %( %M %k %. !< N3 ;R $, 8! =P 4o Ey $N J* <A Cf $G 0z $- 5/ $3 $9 8= >] $r %7 %_ %e %l !< %7 %g %s $7 !" 8! =P 4o Ey $N @- G= I> 2A $r 2D G= $H $7 $? %7 %_ %e %l !< %7 %g %s %3 !< %I !J GEANT !K $H !" 3K ;R $" $? $j 100GeV $N 86 ;R 3K � 86 ;R 3K >W FM $K $h $k N3 ;R @8 @. $r :F 8= $9 $k $? $a $N ev en t generator !J HIJING !K $r MQ $$ $F Aerogel Cherenk o v Coun ter $r AH $_ 9~ $s $@ PHENIX 8! =P 4o $K $* $1 $k 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $r 7W ;; 5! >e $K :F 8= $7 $? !# $= $7 $F !" PHENIX $G $N Aerogel Cherenk o v Coun ter $N F0 :n 4D 6- Ey $r %7 %_ %e %l !< %7 %g %s $K $h $j I> 2A $7 $? !# Fig. 1.1: PHENIX 8! =P 4o

3 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 2.1 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 => Mh $N @E ;_ I8 E* 7? <B 83 $K $* $$ $F !" =E ?4 7O %( %M %k %. !< $O F~ <M N3 ;R !J � = 1 $H $9 $k !K $N %( %M %k %. !< $N 1 2 >h $K Hf Nc $7 $F JQ 2= $9 $k !# $3 $l $O !" F~ <M N3 ;R $N %( %M %k %. !< $N Aj Ev $N It J, $, 1? F0 NL J] B8 B’ $r K~ $? $9 $N $K ;H $o $l $k $+ $i $G $" $k !# $3 $l $K BP $7 !" >W FM 7? <B 83 $K $* $$ $F !" =E ?4 7O %( %M %k %. !< $O F~ <M N3 ;R $N %( %M %k %. !< $K Hf Nc $7 $F Bg $- $/ $J $k !# <B 83 $K $* $$ $F MW 5a $5 $l $k %( %M %k %. !< $, Bg $- $/ $J $k $K $D $l !" >W FM 7? 2C B. 4o $K $h $k >W FM <B 83 $, <g N. $H $J $C $F $/ $k $@ $m $& !# 2.1.1 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $N FC D’ Aj BP O@ E* %( %M %k %. !< $K $^ $G 2C B. $5 $l $? 86 ;R 3K F1 ;N $N >W FM $r =E ?4 7O $G $_ $F $_ $k $H !" Fig.2.1 $N $h $& $K >W FM A0 $N 86 ;R 3K $O %m !< %l %s %D <} =L $K $h $j 5e $H $$ $& $h $j $O 8k @P $N $h $& $K $_ $( $k !# 0l HL $K !" F~ <M N3 ;R !J pro jectile !K $H I8 E* N3 ;R !J target !K $, =E $J $j $" $C $? It J, $r H? 1~ 4X M? It !J participan t !K $H 8F $S !" D> @\ $K $O >W FM $K $O 4X M? $7 $F $$ $J $$ It J, $r H? 1~ K5 4Q It !J sp ectator !K $H 8F $V !# H? 1~ 4X M? It $G $O !" 7c $7 $$ 3K ;R � 3K ;R >W FM $H $= $l $K $h $C $F @8 $: $k � Cf 4V ;R $r $O $8 $a $H $9 $k Fs <! N3 ;R 72 $, $5 $i $K >W FM $r 7+ $j JV $7 $F 9b 29 � 9b L) EY >u BV $, 7A @. $5 $l $k $H !" 4| BT $5 $l $F $$ $k !# Fig. 2.1: >W FM A0 $H >W FM 8e $N MM ;R

4 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 86 ;R 3K H> 7B R A 5Z $S %I %V %m %$ GH D9 � d $O <! <0 $G I= $; $k !# R A � = 1 : 2 A 1 = 3 [ f m ] (2.1) � d = p [ f m ] (2.2) $3 $3 $G !" A $O <A NL ?t !" = 1.2 [GeV � fm/c] !" p $O 1? F0 NL [GeV/c] $G $" $k !# K\ 8& 5f $G $O =E ?4 7O $G 3K ;R $" $? $j E = 100GeV $N %( %M %k %. !< $G $" $j !" 3K ;R $N @E ;_ <A NL $h $j 3K ;R $N 1? F0 NL $N J} $, $: $C $H Bg $- $$ $H 9M $( $i $l $k $N $G !" p � = 100GeV $H $9 $k $H <0 (2.2) $h $j � d � = 0 : 012 [ f m ] (2.3) $H $J $k !# $3 $N $H $- !" 6b 86 ;R 3K $O A = 197 $J $N $G R A � = 5 : 82 [ f m ] (2.4) $H $J $j !" 86 ;R 3K � 86 ;R 3K >W FM $O 3K ;R � 3K ;R >W FM $r AG 2a Dx $H $7 $F 9M $( $F NI $$ $3 $H $, J, $+ $k !# 2.1.2 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $H QGP DL >o !" Dc 29 $N 86 ;R $K $* $$ $F EE ;R $O !" 86 ;R 3K $N $^ $o $j $N %/ !< %m %s NO $K $h $C $F B+ G{ $5 $F $F $$ $k !# $3 $N $H $- 86 ;R 3K $O !" $= $N EE 2Y $N ?t $H F1 ?t $N EE ;R $r $^ $H $C $F $$ $k $? $a !" 86 ;R $O A4 BN $H $7 $F Cf @- $N >u BV $K $" $k !# $H $3 $m $, !" J| EE Ey $K $h $C $F 2C G. $5 $l $k $H !" EE ;R $O 86 ;R 3K $N B+ G{ $r F( $l $k $3 $H $, $G $- !" 86 ;R $O @5 %$ %* %s $H <+ M3 EE ;R $H $K J, N% $9 $k !# $3 $l $, $h $/ CN $i $l $? %W %i %: %^ >u BV $G $" $k !# $H $3 $m $G !" DL >o $N 86 ;R 3K $O 3K ;R !J M[ ;R $H Cf @- ;R $N Am >N !K $+ $i @. $j !" $^ $? $3 $N 3K ;R $O 3 8D $N %/ %) !< %/ $+ $i 9= @. $5 $l $F $$ $k !J M[ ;R !’ uud !" Cf @- ;R !’ udd !K !# %/ %) !< %/ $+ $i 9= @. $5 $l $k N3 ;R $K $O 3K ;R $N $h $& $K 3 <o N‘ $N %/ %) !< %/ $+ $i @. $k =E N3 ;R $N B> $K %/ %) !< %/ � H? %/ %) !< %/ $+ $i $J $k Cf 4V ;R $, $" $k !# %/ %) !< %/ $O %0 %k !< %* %s $H 8F $P $l $k N3 ;R $K $h $C $F 6/ $/ 7k $S $D $1 $i $l $F $$ $k $? $a !" DL >o $O %/ %) !< %/ C1 BN $G $O Ht $S =P $9 $3 $H $O $G $- $J $$ !# $7 $+ $7 !" 86 ;R 3K $r 05 =L $7 $F 3K ;R 4V 5w N% $, 3K ;R $N H> 7B !J Ls 1fm !K 0J 2< $K $J $k $H 3K ;R $N 6- 3& $O 0U L# $r ;} $? $J $/ $J $j !" %/ %) !< %/ � %0 %k !< %* %s $O <+ M3 $K F0 $- $^ $o $k $H 9M $( $i $l $F $$ $k !# $3 $N >u BV $r 86 ;R $N %W %i %: %^ >u BV $H $N Hf 3S $+ $i %/ %) !< %/ � %0 %k !< %* %s � %W %i %: %^ !J QGP !K $H 8F $s $G $$ $k !J Fig. 2.2 !K !# $3 $N QGP $r <B 83 << $G @8 @. $9 $k $? $a $K $O !" Hs >o $K 9b 29 9b L) EY $J >u BV $r :n $k $3 $H $, I, MW $K $J $k $, !" $3 $N $H $- $K MQ $$ $i $l $k $N $, 86 ;R 3K � 86 ;R 3K >W FM $G $" $k !# 86 ;R 3K $O !" 86 ;R $N Ls 1 K| J, $N 1 $N Bg $- $5 $G $" $j $J $, $i !" 86 ;R A4 BN $N <A NL $N $[ $H $s $I $r @j $a $F $$ $k !# $D $^ $j !" 86 ;R 3K $O ?t 2/ %H %s /cm 3 $H $$ $& ES J} $b $J $$ 9b L) EY $N @$ 3& $J $N $G $" $k !# $3 $N $h $& $J 9b L) EY $N 86 ;R 3K F1 ;N $r Aj BP O@ E* $J %( %M %k %. !< $^ $G 2C B. $7 $F @5 LL >W FM $5 $; $k $H !" $= $N Cf ?4 It $G $O 86 ;R 3K $N 05 =L !" 5Z $S 9b L) EY $N N3 ;R @8 @. $K $h $C $F !" $5 $i $J $k 9b 29 9b L) EY

2.1. 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 5 $J >u BV $, $G $- $k $H 4| BT $5 $l $k !# PHENIX <B 83 $K $* $$ $F $O !" 6b $N 86 ;R 3K F1 ;N $, 3K ;R Ev $j 100GeV $^ $G 2C B. $5 $l @5 LL >W FM $9 $k !# $3 $N $H $- !" H? 1~ Cf ?4 It $G $O %( %M %k %. !< L) EY $, 2 � 6GeV/ f m 3 $K $b C# $7 !" NL ;R ?’ NO 3X !J QCD !K $, M= A[ $9 $k QGP Aj E> 0\ $K I, MW $J %( %M %k %. !< L) EY 1.5GeV/fm 3 $r $O $k $+ $K 1[ $( $k $G $" $m $& $H 4| BT $5 $l $F $$ $k !# Fig. 2.2: %/ %) !< %/ � %0 %k !< %* %s � %W %i %: %^ !J QGP !K 2.1.3 9b %( %M %k %. !< =E %$ %* %s >W FM <B 83 $G $h $/ MQ $$ $i $l $k J* M} NL impact parameter : b !" reaction plane $N 3Q EY : 0 86 ;R 3K F1 ;N $, >W FM $9 $k :] !" b eam <4 $H 86 ;R 3K $N Cf ?4 $r DL $k b eam <4 $K J? 9T $J D> @~ $+ $i 7h $^ $k 5w N% $r impact parameter $H $$ $$ DL >o b $G I= $9 !# C1 0L $O 0l HL $K f m (= 10 � 15 m ) $G $" $j !" 6b $N 86 ;R 3K $N H> 7B $O $* $h $= 6 f m $G $" $k $N $G b $N :G Bg CM $O $* $h $= 12 f m $/ $i $$ $K $J $k !# $^ $? !" impact parameter $H b eam <4 $+ $i 1 $D $K 7h $^ $k J? LL $r reaction plane $^ $? $O H? 1~ LL $H 8F $S !" $3 $N LL $N ?e J? J} 8~ $+ $i $N $: $l $r 0 $G I= $9 !# (Fig.2.3 ;2 >H ) Fig. 2.3: impact parameter:b 5Z $S reaction plan $N Dj 5A

6 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 rapidit y : y Hs Aj BP O@ $G $O N3 ;R $N B. EY $O 35 G0 $H $7 $F J, $+ $j $d $9 $/ !" B. EY $N 9g @. $O C1 $J $k %Y %/ %H %k $N OB $G I= $5 $l $k !# $7 $+ $7 !" N3 ;R $N B. EY $, Bg $- $/ $J $j Aj BP O@ E* 1? F0 $K $J $k $H C1 $J $k %Y %/ %H %k $N OB $H $$ $& $o $1 $K $O $$ $+ $J $$ !# $? $H $( $P !" 47 @- 7O K $K BP $7 $F z <4 @5 $N 8~ $- $K B. EY u $G Av $k :B I8 7O K’ $r 9M $( $k !# K’ 7O $G z J} 8~ $N N3 ;R $N B. EY $r v $H $7 !" v $r K 7O $G 8+ $? $H $- $N B. EY $r w $H $9 $k $H !" w = u + v 1 + uv =c 2 (2.5) $H $J $k !# $D $^ $j !" %m !< %l %s %D JQ 49 $K $h $C $F B. EY $O Hs @~ 7? $N 9g @. B’ $K => $$ !" $= $N >e 8B $, 8w B. c $G M^ $( $i $l $F $7 $^ $& !# $3 $N $h $& $K !" Aj BP O@ E* $J 1? F0 $G $O B. EY $H $$ $& 35 G0 $O I, $: $7 $b JX Mx $J NL $H $O 8B $i $J $$ !# $= $3 $G !" %m !< %l %s %D JQ 49 $K $* BP $7 $F @~ 7A $N 9g @. B’ $K => $$ !" b eam <4 J} 8~ $N $" $k <o $N B. EY $r I= $9 NL $H $7 $F !" <! $N $h $& $J rapidit y $H $$ $& NL $r Dj 5A $7 !" $3 $l $r y $G I= $9 $3 $H $K $9 $k !# y = 1 2 ln � E + P z E � P z � (2.6) $3 $3 $G E $O A4 %( %M %k %. !< !" P z $O b eam <4 J} 8~ $N 1? F0 NL $G $" $k !# $^ $? 9b %( %M %k %. !< $K $* $$ $F $O !" @E ;_ <A NL m $H A4 1? F0 NL P $H $N 4X 78 $O P � m $H $J $k $N $G !" y � 1 2 ln � P + P z P � P z � = 1 2 ln � 1 + cos � 1 � cos � � = � l n � tan � � 2 � (2.7) $H $J $j !" N3 ;R $N J| =P 3Q $@ $1 $G Dj 5A $5 $l $k $h $& $K $J $k !# $3 $N y $r � $G I= $7 5< %i %T %G %# %F %# !< $H 8F $V !# 2# J} 8~ 1? F0 NL !J transv erse momen tum !K : P t 9b %( %M %k %. !< =E %$ %* %s >W FM $G $O b eam <4 J} 8~ $K $O %m !< %l %s %D JQ 49 $9 $k $, !" b eam <4 $K ?b D> $J J} 8~ $K $O %m !< %l %s %D JQ 49 $5 $l $J $$ !# $= $3 $G b eam <4 J} 8~ $K J? 9T $J %m !< %l %s %D JQ 49 ( Nc $( $P !" <B 83 << 7O $+ $i =E ?4 7O $X $N JQ 49 ) $K BP $7 $F IT JQ $J NL $H $7 $F !" 2# 1? F0 NL P t $r MQ $$ $k !# P t $O 0J 2< $N <0 $G M? $( $i $l $k !# P t = q P x 2 + P y 2 = P sin � (2.8)

2.2. PHENIX <B 83 $H $= $N 8! =P 4o 7 2.2 PHENIX <B 83 $H $= $N 8! =P 4o PHENIX <B 83 $H $O !" JF 9q %V %k %C %/ %X %V %s 9q N) 8& 5f =j !J BNL !K $K $* $$ $F @$ 3& =i $N >W FM 7? 9b %( %M %k %. !< =E %$ %* %s 2C B. 4o !J RHIC !K $r MQ $$ $F $* $3 $J $o $l $F $$ $k 4 $D $N <B 83 !J PHENIX !" ST AR !" PHOBOS !" BRAHMS !K $N 0l $D $G $" $k !# $= $N L\ E* $O !" QGP $r @8 @. � 8! =P $7 !" C5 5a $9 $k $3 $H $G $" $k !# $3 $N >O $G $O !" PHENIX 8! =P 4o $K $* $$ $F K\ 8& 5f $H FC $K 4X 78 $N ?< $$ 8! =P 4o $K $D $$ $F =R $Y $k !# 2.2.1 Ht 9T ;~ 4V B, Dj 4o !J Time of Fligh t !K Ht 9T ;~ 4V B, Dj 4o !J T oF !K $O � = 90 � !" � = 180 � IU 6a !" %S !< %‘ <4 $+ $i 500cm $N $H $3 $m $K 0L CV $7 $F $* $j !" $= $N <g $J L\ E* $O %O %I %m %s !J � Cf 4V ;R !" K Cf 4V ;R !" M[ ;R !K $N <1 JL $G $" $k !# $= $N 9= B$ $O !" 1cm � 1cm � 63cm $N %7 %s %A %l !< %? !< $, 64 K\ !" 1cm � 1cm � 43cm $N %7 %s %A %l !< %? !< $, 32 K\ $N 7W 96 K\ $N %7 %s %A %l !< %? !< $H !" $= $N N> C< $K ?. 9f FI $_ <h $j $N $? $a $N 8w EE ;R A} G\ 4I !J PMT !K $, 7W 192 8D <h $j IU $1 $i $l $F $$ $k !# 1 %Q %M %k $O 200cm � 50cm $G $" $j !" A4 It $G 10 %Q %M %k $, G[ CV $5 $l $F $$ $k !# Ht 9T ;~ 4V B, Dj 4o !J T oF !K $N ;~ 4V J, 2r G= $O 80ps 0J 2< $G $" $k !# %O %I %m %s <1 JL $N J} K! $O !" Ht 9T ;~ 4V K! !J TOF K! !K $H 8F $P $l $k J} K! $r MQ $$ $F $* $3 $J $o $l $F $$ $k !# $= $l $O !" EE <’ @P $d Ht @W 8! =P 4o $r MQ $$ $F <’ >l Cf $G $N 6J N( H> 7B $+ $i N3 ;R $N 1? F0 NL p $r 5a $a $k !# $3 $l $H !" %9 %? !< %H %+ %& %s %? !< $K Beam-Beam Coun ter !J BBC !K $r !" %9 %H %C %W %+ %& %s %? !< $K Ht 9T ;~ 4V B, Dj 4o !J T oF !K $r MQ $$ $F 0l Dj $N 5w N% $r DL 2a $9 $k $N $K MW $9 $k ;~ 4V $r B, Dj $7 !" N3 ;R $N B. EY v $r $b $H $a $k !# $= $7 $F !" mc 2 = cp p � � 2 � 1 !J c : ?? 6u Cf $N 8w B. EY !" � = v c !K (2.9) $N 4X 78 <0 $+ $i N3 ;R $N <A NL m $r $b $H $a !" N3 ;R $N <o N‘ $r FC Dj $9 $k $H $$ $& J} K! $G $" $k !# Fig. 2.4: Ht 9T ;~ 4V B, Dj 4o !J T oF !K

8 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 2.2.2 Beam-Beam coun ter %S !< %‘ <4 $N <~ $j !" A0 8e J} $K Beam-Beam coun ter $, @_ CV $5 $l $F $$ $k !# $3 $l $O !" $= $l $> $l 64 K\ $N radiator $H $7 $F @P 1Q $r ;H MQ $7 $? Cherenk o v Coun ter $G $" $k !# $= $N <g $J L\ E* $O !" � %S !< %‘ � %S !< %‘ >W FM $r 8! =P $7 !" %H %j %, !< $r :n $j =P $9 � H? 1~ 3+ ;O ;~ 4V $r B, Dj $7 !" Ht 9T ;~ 4V B, Dj $K $h $k N3 ;R <1 JL $N $? $a $N %9 %? !< %H ;~ 4V $r B, Dj $9 $k � A0 8e $N Beam-Beam coun ter $X $N %7 %0 %J %k $N ;~ 4V :9 $+ $i >W FM E@ $N 0L CV $r 7h Dj $9 $k $H $$ $& $3 $H $G $" $k !# Fig. 2.5: Beam-Beam Coun ter(BBC) 2.2.3 Drift Cham b er PHENX 8! =P 4o $N 0l HV Fb B& $K !" %S !< %‘ <4 $+ $i 202cm � 246cm $K $+ $1 $F Drift Cham- b er $, G[ CV $5 $l $F $$ $k !# Drift Cham b er $N Fb 7B $, 202cm $H Bg $- $$ $N $O !" $3 $l $h $j Fb B& $G $O Ht @W L) EY $, 9b $/ $J $j $9 $. $F Ht @W :F 9= @. $, :$ Fq $K $J $k $? $a $G $" $k !# $= $N <g $J L\ E* $O !" � 2Y EE N3 ;R $N Ht @W $r B, Dj $9 $k � 2Y EE N3 ;R $N 1? F0 NL $r B, Dj $9 $k

2.2. PHENIX <B 83 $H $= $N 8! =P 4o 9 $H $$ $& $3 $H $G $" $k !# F~ <M 2Y EE N3 ;R $K $h $C $F :G =i $K :n $i $l $? %$ %* %s BP $N EE ;R $, %o %$ %d !< $N 0L CV $^ $G 0\ F0 $9 $k $N $K MW $9 $k ;~ 4V $r B, Dj $7 $F !" %o %$ %d !< $+ $i F~ <M N3 ;R $N 0L CV $^ $G $N 5w N% $r B, Dj $9 $k $b $N $G $" $k !# $= $7 $F !" Drift Cham b er $N 0L CV J, 2r G= $O 150 � m !J r � � J} 8~ !K $G $" $k !# Fig. 2.6: Drift Cham b er(DC) 2.2.4 P ad Cham b er PHENIX 8! =P 4o $K $O P ad Cham b er $, 9g 7W 6 8D G[ CV $5 $l $F $$ $k !J PC1,PC2,PC3 !K !# PC1 $O Drift Cham b er !J DC !K $N 8e $m $G RICH !J Ring Image CHerenk o v detecter !K $N A0 $K !" $= $7 $F PC2 $H PC3 $O RICH $N 8e $m $K G[ CV $5 $l $F $$ $k !# $= $N <g $J L\ E* $O !" � N3 ;R Ht @W >e $N 3 <! 85 E@ $r B, Dj $7 $F Ht @W :F 9= @. >e $G $N %Q %? !< %s G’ <1 $r =u $1 $k $H $$ $& $3 $H $G $" $k !# $^ $? !" PC1,PC2,PC3 $N >p Js $H !" DC $H TEC(Time Expansion Cham b er) $+ $i $N >p Js $r AH $_ 9g $o $; $k $3 $H $G N3 ;R $N trac king $N @: EY $r $" $2 $k $3 $H $, $G $- !" in teraction v ertex $r D4 $Y $k $3 $H $, $G $- $k !#

10 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 2.2.5 RICH !J Ring Image CHerenk o v detecter !K PHENIX <B 83 $K $* $$ $F !" RICH $O EE ;R <1 JL $N $? $a $N <g $J 8! =P 4o $N 0l $D $G $" $j !" %S !< %‘ <4 $+ $i 255cm � 401cm $K $+ $1 $F RICH $, G[ CV $5 $l $F $$ $k !# RICH $O MF @Q Ls 40m 3 $N %, %9 MF 4o $H !" $= $N Cf $K CV $+ $l $? D6 Gv 7? 5e LL H? <M 6@ !" 5Z $S $= $N >G E@ LL $K I_ $- 5M $a $i $l $? B? ?t $N 8w EE ;R A} G\ 4I !J PMT !K $+ $i $J $k !# RICH A4 BN $G $O !" 5120 K\ $N PMT $, ;H MQ $5 $l $F $$ $k !# K\ <A E* $K $O !" EE ;R <1 JL MQ $N og CM 7? Cherenk o v B, Dj 4o $G $" $k !# %j %s %0 %$ %a !< %8 %s %0 $N 8w 3X $r MQ $$ $F $$ $k $, !" Cherenk o v %j %s %0 $N D> 7B $N B, Dj $K $h $j N3 ;R <1 JL $r $7 $F $$ $k $o $1 $G $O $J $$ !# 10MeV/c 0J >e $N EE ;R $, RICH Cf $N gas radiator !J Fs ;@ 2= C: AG !J C O 2 !" n � 1.00041 !K Fb $G Cherenk o v 8w $r H/ @8 $9 $k $N $K BP $7 $F !" $[ $H $s $I $N %O %I %m %s $O Cherenk o v 8w $r =P $5 $J $$ $3 $H $r Mx MQ $7 $F EE ;R <1 JL $r 9T $& !# <’ >l $, $[ $\ %< %m $N NN 0h $K CV $+ $l $F $$ $k $? $a EE ;R $O RICH Fb $r D> ?J $7 $F !" $= $3 $+ $i H/ @8 $9 $k Cherenk o v 8w $O 5e LL H? <M 6@ $G H? <M $5 $l !" 7k A| $9 $k !# Cherenk o v Ring $N Cf ?4 0L CV $+ $i !" ?F $N EE ;R $N ?J 9T J} 8~ $, $o $+ $k $N $G Ht @W 8! =P 4o $G B, Dj $5 $l $? 2Y EE N3 ;R Ht @W $H AH $_ 9g $o $; $F EE ;R $N <1 JL $r $* $3 $J $& !# Fig. 2.7: RICH !J Ring Image CHerenk o v detecter !K

2.3. Aerogel Cherenk o v Coun ter 11 2.3 Aerogel Cherenk o v Coun ter 2.3.1 Aerogel Aerogel $O 8G BN $G $" $j $J $, $i 8B $j $J $/ 6u 5$ $K 6a $$ J* <A $H $5 $l $F $$ $k !# %7 %j %+ !J %, %i %9 !" EZ Ey $N <g @. J, !K ;@ 2= J* $r %< %j !< >u $K $7 $? $H $3 $m $G !" 9b 29 � 9b 05 $N D6 NW 3& >u BV $G 4% Ag $5 $; $k $3 $H $G :n $k $3 $H $, $G $- $k !# 2C 9) @- $O Hs >o $K $b $m $/ $" $^ $j $h $/ $J $$ !# L) EY $O Ls 40mg/cm 3 $H $$ $& Dc L) EY @- $H !" 6~ @^ N( $, 6K $a $F >. $5 $/ !J n = 1.006 � 1.07 !K !" I= LL $K $O $[ $H $s $I $^ $o $j $N $b $N $O 1G $i $J $$ !# $= $N $? $a $K !" Aerogel $O NX 3T $r $b $? $J $$ 8G BN $H $b $$ $o $l $F $$ $k !# $= $N 8w 3X E* @- <A $H $7 $F 8w $N 5[ <} $O $[ $H $s $I $J $$ $, !" ;6 Mp 8z 2L !J Ra yleigh ;6 Mp !K $, Cx $7 $/ $_ $i $l $k !# FC $K Cm L\ $9 $Y $- 8w 3X E* @- <A $H $7 $F $O !" 5[ <} D9 � absp $H ;6 Mp D9 � scat $N 8w $N GH D9 0M B8 @- $H $$ $& $3 $H $, $" $2 $i $l $k !# 8= :_ !" $= $l $i $N 4V $K $O 0J 2< $N $h $& $J 0M B8 @- $, $" $k $H 9M $( $i $l $F $$ $k !# � scat / � 4 photo (2.10) � absp / � 2 photo (2.11) 2.3.2 Cherenk o v J| <M J* <A Cf $r DL 2a $9 $k 2Y EE N3 ;R $N B. EY v $, !" $= $N J* <A Cf $G $N 8w B. c 0 = c=n (c: ?? 6u Cf $G $N 8w B. !" n: J* <A $N 6~ @^ N( ) $r 1[ $( $k $H N3 ;R $N Ht @W $K 1h $C $F J* <A $, H/ $9 $k <e $$ 8w $N $3 $H $r Cherenk o v 8w $H $$ $& !# $3 $l $O !" 2Y EE N3 ;R $N :n $k EE >l $K $h $C $F J* <A Cf $K J, 6K $, 5/ $3 $j !" N3 ;R $N DL 2a 8e J, 6K $, >C LG $9 $k :] $K H/ 8w $9 $k $? $a $G $" $k !# Fig. ?? $K <( $9 $h $& $K ;~ 4V t $N 4V $K 2Y EE N3 ;R $, E@ A $+ $i E@ B $X ?J $‘ $H $- !" A $+ $i =P $? Cherenk o v 8w $O A $r Cf ?4 $H $9 $k H> 7B ( c=n ) t $N 5e LL >e $K C# $9 $k !# $3 $N ;~ !" $9 $Y $F $N Cherenk o v 8w $O B $r D: E@ $H $9 $k D: 3Q � = sin � 1 ( c=nv ) $N 1_ ?m LL >e $K E~ C# $7 !" GH LL $r 7A @. $9 $k !# %7 %s %A %l !< %7 %g %s 8w $, Ey J} E* $K J| =P $5 $l $k $N $K BP $7 !" Cherenk o v 8w $O 2Y EE N3 ;R $N ?J 9T J} 8~ $H 3Q EY � $r $J $9 J} 8~ $K J| =P $5 $l $k !# $? $@ $7 !" cos � = 1 n� ( � = v =c ) (2.12) $G $" $k !# 2Y EE N3 ;R $N Ht @W $N C1 0L D9 $5 !" C1 0L %( %M %k %. !< I} Ev $j $N Cherenk o v 8w ;R $N H/ @8 ?t $O !" d 2 N dE dx = �z 2 c sin 2 � c = � 2 z 2 r e m e c 2 � 1 � 1 � 2 n 2 � � 370 sin 2 � c eV � 1 cm � 1 ( z = 1) (2.13)

12 Bh 2 >O K\ 8& 5f $K 4X $9 $k 4p AC CN <1 Fig. 2.8: c herenk o v J| <M $N MM ;R $b $7 $/ $O !" d 2 N dxd� = 2 � � z 2 � 2 � 1 � 1 � 2 n 2 � (2.14) $G M? $( $i $l $k !# 2Y EE N3 ;R $O J* <A Cf $r DL 2a $9 $k $H $- $K Cherenk o v J| <M $K $h $C $F %( %M %k %. !< $r <: $& $, !" $= $N NL $O 0l HL E* $K $O EE N% B; <: $d J| <M B; <: $K Hf $Y $F $O $k $+ $K >. $5 $$ !# (2.14) <0 $r 8+ $l $P $o $+ $k $h $& $K !" GH D9 � $K BP $9 $k Cherenk o v 8w ;R $N <} N( $O 1 =� 2 $K Hf Nc $7 $F $$ $k !# $7 $? $, $C $F !" J| <M 8w $N %9 %Z %/ %H %k $O C; GH D9 NN 0h $K =8 Cf $7 $F $$ $k $3 $H $, $o $+ $k !# 2.3.3 Cherenk o v Coun ter Cherenk o v 8w $N 8! =P $r L\ E* $H $7 $? 8! =P 4o $G $" $k Cherenk o v Coun ter $O !" 9b %( %M %k %. !< J* M} 3X <B 83 $K $* $$ $F I} 9- $/ MQ $$ $i $l $F $$ $k !# Cherenk o v Coun ter $O !" Cherenk o v 8w $, Cherenk o v G^ BN $H 8w 3X E* $K @\ ?( $7 $F $$ $k 8w EE ;R A} G\ 4I (PMT) $G EE 5$ ?. 9f $K JQ 49 $5 $l $k $H $$ $& E@ $G !" %7 %s %A %l !< %7 %g %s � %+ %& %s %? !< $H $? $$ $X $s N‘ ;w $7 $F $$ $k $, !" $= $N H/ 8w 86 M} $O $^ $C $? $/ 0[ $J $C $? $b $N $G $" $k !# Cherenk o v Coun ter $G $O N3 ;R $N J| =P $9 $k 8w $r 4Q B, $9 $k $N $G !" ;H $o $l $k G^ BN $O 8w $K BP $7 $F F) L@ $G $J $1 $l $P $J $i $J $$ !# $= $l $K 2C $( !" %7 %s %A %l !< %7 %g %s @. J, $r ;} $? $J $$ $H $$ $& $3 $H $b Bg ;v $G $" $k !# Cherenk o v 8w $O !" $= $N H/ 8w ;~ 4V $, 8G BN $d 1U BN Cf $G DL >o ps Dx EY $G $" $k !# %7 %s %A %l !< %7 %g %s 8w $N H/ 8w ;~ 4V $O DL >o ns Dx EY $G $" $k $3 $H $r 9M $( $k $H !" Cherenk o v Coun ter $O Hs >o $K 9b B. $N $b $N $K $G $- $k 2D G= @- $, $" $k $, !" $3 $N $h $& $J ;~ 4V FC @- $O PMT $K $h $C $F @) 8B $5 $l $k !# $^ $? !" :G Bg $N 7g E@ $O H/ @8 $9 $k 8w $N %l %Y %k $, Dc $$ $3 $H $G $" $k !J 9b @- G= $N %7 %s %A %l !< %? !< $N >l 9g $N 1/100 Dx EY !K !# Cherenk o v Coun ter $O !" $= $N ;H MQ L\ E* $K $h $j 0J 2< $N %? %$ %W $K J, N‘ $9 $k $3 $H $, $G $- $k !#

2.3. Aerogel Cherenk o v Coun ter 13 � og CM 7? :Cherenk o v J| <M $N >r 7o $, � > 1 =n $H $$ $& $3 $H $r Mx MQ $7 $F !" v > c=n $N B. EY $N N3 ;R $r $9 $Y $F 8! =P $9 $k $b $N !# � Hy J, 7? :Cherenk o v J| <M $N J} 8~ @- $r Mx MQ $7 $F !" $" $k 7h $^ $C $? 8w 3X 7O $r MQ $$ $F !" FC Dj $N H> 7B $N Cherenk o v Ring $r J| =P $7 $? N3 ;R ( FC Dj $N B. EY $N N3 ;R ) $@ $1 $r B, Dj $9 $k $b $N !# � RICH:Cherenk o v Ring $N H> 7B $r B, Dj $9 $k $3 $H $G !" N3 ;R $N B. EY $r B, Dj $9 $k $b $N !# 2.3.4 Aerogel Cherenk o v Coun ter Cherenk o v G^ BN $H $7 $F Aerogel $r MQ $$ $? Cherenk o v Coun ter $G $" $k !# PHENIX <B 83 $K $* $$ $F !" %O %I %m %s <1 JL $N $? $a $N T oF $H Aerogel Cherenk o v Coun ter $r AH $_ 9g $o $; $k $3 $H $G � Cf 4V ;R $H K Cf 4V ;R $N <1 JL $O Ls 5GeV/c $^ $G !" K Cf 4V ;R $H M[ ;R $N <1 JL $O Ls 9GeV/c $^ $G <1 JL $, 2D G= $K $J $k $H 4| BT $5 $l $F $$ $k !# 8= :_ !" Aerogel Cherenk o v Coun ter $N 7A >u $H $7 $F � ;6 Mp 8w 7? !’ Fig. 2.9 !J :8 !K � D> @\ 8w 7? !’ Fig. 2.9 !J 1& !K $r 9M $( $F $$ $k !# Fig. 2.9: Aerogel Cherenk o v Coun ter $N 7A >u K\ 8& 5f $G $O Aerogel Cherenk o v Coun ter $N 7A >u $r ;6 Mp 8w 7? $H $7 !" %7 %_ %e %l !< %7 %g %s $r 9T $C $? !#

14 Bh 3 >O %7 %_ %e %l !< %7 %g %s $N J} K! 3.1 %; %C %H %" %C %W 3.1.1 PHENIX 8! =P 4o K\ 8& 5f $G $O !" GEANT3 $r MQ $$ $F PHENIX 8! =P 4o $r 7W ;; 5! >e $K :F 8= $7 $F $? !# GEANT $H $O !" 9b %( %M %k %. !< N3 ;R $, 8! =P 4o Ey $N J* <A Cf $G 0z $- 5/ $3 $9 8= >] $r %7 %_ %e %l !< %7 %g %s $7 !" 8! =P 4o $N @- G= I> 2A $r 2D G= $K $9 $k %7 %_ %e %l !< %7 %g %s %3 !< %I $N $3 $H $G $" $j !" 9b %( %M %k %. !< 86 ;R 3K <B 83 $r $O $8 $a $H $7 $F MM !9 $J J, Ln $K $o $? $C $F Mx MQ $5 $l $F $$ $k !# $= $l $K $/ $o $( !" 3K ;R $" $? $j 100GeV $N 86 ;R 3K � 86 ;R 3K >W FM $K $h $k N3 ;R @8 @. $r :F 8= $9 $k $? $a $N ev en t generator $G $" $k HIJING $r ;H MQ $7 !" Aerogel Cherenk o v Coun ter $, AH $_ 9~ $^ $l $? PHENIX 8! =P 4o $K $* $1 $k 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $r 7W ;; 5! >e $K :F 8= $7 $? !# 0J 2< !" K\ 8& 5f $K $F 7W ;; 5! >e $K :F 8= $7 $? PHENIX 8! =P 4o $r Fig.3.1 $K <( $9 !# Fig. 3.1: 7W ;; 5! >e $K :F 8= $5 $l $? PHENIX 8! =P 4o

3.1. %; %C %H %" %C %W 15 K\ 8& 5f $G $O !" Ht 9T ;~ 4V B, Dj 4o !J T oF !K $N 4 %Q %M %k J, $K Aj Ev $9 $k =D 200cm � 2# 200cm $N NN 0h $K !" 1 8D $N Bg $- $5 $, 12cm � 12cm � 12cm $N Aerogel Cherenk o v Coun ter $r Fig.3.2 $N $h $& $K I_ $- 5M $a $? !# $= $7 $F !" Aerogel Cherenk o v Coun ter $r AH $_ 9~ $‘ >l =j $O � = 90 � !" � = 0 � IU 6a !" %S !< %‘ <4 $+ $i 450cm $N $H $3 $m $K $7 $? !# Fig. 3.2: Aerogel Cherenk o v Coun ter $N I_ $- 5M $a J} $^ $? !" %7 %_ %e %l !< %7 %g %s %3 !< %I GEANT $G $O !" Cherenk o v J| <M $K $h $k 8w NL $O 7W ;; $5 $l $J $$ $N $G Cherenk o v J| <M $r :F 8= $9 $k $h $& $J %W %m %0 %i %‘ $H Aerogel Cf $N 8w $N EA HB $r :F 8= $9 $k $h $& $J %W %m %0 %i %‘ $r JL ES :n @. $9 $k I, MW $, $" $C $? !#

16 Bh 3 >O %7 %_ %e %l !< %7 %g %s $N J} K! 3.2 Aerogel Cherenk o v Coun ter $N @_ Dj 3.2.1 c herenk o v J| <M $N 7W ;; J} K! GEANT $G $O !" c herenk o v J| <M $K $h $k 8w NL $O 7W ;; $5 $l $J $$ !# $= $N $? $a !" K\ 8& 5f $G $O c herenk o v J| <M $r :F 8= $9 $k $h $& $J %W %m %0 %i %‘ $r :n @. $7 $? !# 0J 2< !" $= $N 7W ;; J} K! $r @b L@ $9 $k !# J| =P $5 $l $k 8w ;R ?t J| =P $5 $l $k 8w ;R ?t $O !" � c = cos � 1 � 1 n� � (3.1) d 2 N dE dx = �z 2 c sin 2 � c (3.2) $K $h $j !" $= $N 7W ;; $r $* $3 $J $C $? !# $^ $: !" !J 3.2 !K <0 $r %( %M %k %. !< E $+ $i !" GH D9 � $X $H JQ ?t JQ 49 $r $* $3 $J $$ !" d 2 N d�dx = 2 � � z 2 � 2 sin 2 � c (3.3) $H $7 $? !# $= $7 $F !" GH D9 � $H path length x $r @Q J, $7 !" N = 2 � � z 2 sin 2 � c Z � 2 � 1 1 � 2 d� Z x 2 x 1 dx (3.4) $r !" c herenk o v J| <M $K $h $j J| =P $5 $l $k 8w ;R ?t $H $7 $? !# K\ 8& 5f $G $O 8w EE ;R A} G\ 4I !J PMT !K $, %+ %P !< $9 $k GH D9 NN 0h $r 9M N8 $7 !" @Q J, $9 $k GH D9 NN 0h $O � = 300nm � 650nm $H $7 $? !# J| =P 0L CV 2Y EE N3 ;R $, Aerogel Cherenk o v Coun ter $K F~ <M $7 $? 0L CV $H =P $? 0L CV $r D> @~ $G 7k $S !" $3 $l $r Aerogel Cherenk o v Coun ter Cf $G $N N3 ;R $N Ht @W $H $_ $J $7 $? !# $= $7 $F !" J| =P $5 $l $k 8w ;R $N 0L CV $O !" $3 $N D> @~ >e $G 0l MM $K $J $k $h $& $K 7h $a $? !# J| =P J} 8~ � J} 8~ $K 4X $7 $F $O !" <0 !J 3.1 !K $h $j !" F~ <M N3 ;R $N � $H F~ <M $7 $? J* <A $N 6~ @^ N( n $K $h $j 7h Dj $G $- $k $, !" � J} 8~ $K 4X $7 $F $O FC $K 0M B8 @- $O $J $$ !# $= $3 $G !" � J} 8~ $K 4X $7 $F $O !" � =0 � 2 � $G 0l MM $H $J $k $h $& $K 7h Dj $7 $? !#

3.2. Aerogel Cherenk o v Coun ter $N @_ Dj 17 8w ;R $N GH D9 <0 !J 3.3 !K $h $j !" J| <M 8w ;R ?t N $H GH D9 � $N 4V $K $O dN d� / 1 � 2 (3.5) $H $$ $& Hf Nc 4X 78 $, $" $k $3 $H $, $o $+ $k !# $D $^ $j !" J| <M 8w $N %9 %Z %/ %H %k $O C; GH D9 NN 0h $K =8 Cf $7 $F $$ $k !# $= $3 $G %7 %_ %e %l !< %7 %g %s $K $* $$ $F J| <M $5 $l $k 8w ;R $N GH D9 $O !" Fig.3.3 $K $" $k $h $& $K D9 GH D9 $N 8w ;R $h $j $b C; GH D9 $N 8w ;R $, B? $/ H/ @8 $9 $k $h $& $K $7 $? !# Fig. 3.3: %7 %_ %e %l !< %7 %g %s $K $* $$ $F J| <M $5 $l $k 8w ;R ?t $N GH D9 0M B8 @- 3.2.2 Aerogel Cherenk o v Coun ter $N 8w 3X 7O Aerogel Cf $G $N 8w $N EA HB $O GEANT $G $O 7W ;; $5 $l $J $$ !# $= $N $? $a !" K\ 8& 5f $G $O Aerogel Cf $G $N 8w $N EA HB $r :F 8= $9 $k $h $& $J %W %m %0 %i %‘ $r :n @. $7 $? !# Aerogel $N 5[ <} D9 $H ;6 Mp D9 Aerogel $N ;6 Mp D9 � scat $H 5[ <} D9 � absp $K $O !" 0J 2< $N $h $& $J 8w $N GH D9 0M B8 @- $, $" $k $H 9M $( $i $l $F $$ $k !# � scat / � 4 (3.6) � absp / � 2 (3.7) K\ 8& 5f $G $O !" 8w $N GH D9 � $, 415nm $N $H $- $N ;6 Mp D9 � scat $r 3cm !" 5[ <} D9 � absp $r 20cm $H $$ $& <B 83 E* $K 5a $a $i $l $? CM $r MQ $$ $? !# $= $7 $F !" $3 $l $r K~ $? $9 $h $& $K <0 !J 3.6 !K $H !J 3.7 !K $N Hf Nc Dj ?t $r 7h $a $? !#

18 Bh 3 >O %7 %_ %e %l !< %7 %g %s $N J} K! Fig.3.4 $K !" %7 %_ %e %l !< %7 %g %s $K $* $1 $k Aerogel $N ;6 Mp D9 � scat $H 5[ <} D9 � absp $N 8w $N GH D9 0M B8 @- 0M B8 @- $r <( $9 !# Fig. 3.4: %7 %_ %e %l !< %7 %g %s $N $* $1 $k Aerogel $N ;6 Mp D9 � scat !J :8 !K $H 5[ <} D9 � absp !J 1& !K $N 8w $N GH D9 0M B8 @- Aerogel Cf $G $N 8w ;R $N ;6 Mp $H 6- 3& $G $N H? <M ;6 Mp 8e $N 8w ;R $N ?J $‘ J} 8~ $O !" 6u 4V E* $J JP $j $, 5/ $3 $i $J $$ $h $& $K $= $N ;6 Mp J} 8~ $, 0l MM $H $J $k $h $& $K 7h $a $? !# $^ $? !" 6- 3& $G $N 5[ <} $O $J $/ H? <M $O Mp H? <M $H $7 !" ;6 Mp $H F1 MM $K 6u 4V E* $J JP $j $, 5/ $3 $i $J $$ $h $& $K $= $N H? <M J} 8~ $r 0l MM $K 7h $a $? !# $3 $N $H $- !" 6- 3& $G $N H? <M $K $* $1 $k 5[ <} $O $J $$ $b $N $H $7 $F $$ $k !# 0J >e $N $h $& $J $3 $H $r 9M N8 $7 !" Aerogel Cf $G $N 8w $N EA HB $r 7W ;; $7 $? 7k 2L $r Fig.3.5 $K <( $9 !# Fig. 3.5: Aerogel Cf $N 8w $N EA HB $N MM ;R

3.2. Aerogel Cherenk o v Coun ter $N @_ Dj 19 3.2.3 9= B$ K\ 8& 5f $G F~ NO $7 $? Aerogel Cherenk o v Coun ter $N 9= B$ $r Fig.3.6 $K <( $9 !# $3 $l $O !" :r G/ @= :n $5 $l $? Aerogel Cherenk o v Coun ter $N %W %m %H %? %$ %W $r $K :F 8= $7 $? $b $N $G $" $k !# Fig. 3.6: Aerogel Cherenk o v Coun ter K\ 8& 5f $G $O Aerogel $N 6~ @^ N( $O n=1.015 $H $7 $? !# $= $7 $F !" $= $N Bg $- $5 $O 12cm � 12cm � 12cm $H $7 !" $= $N B& LL $K $O 3 %$ %s %A $N 8w EE ;R A} G\ 4I $H � %a %? %k %7 !< %k %I $, $= $l $> $l $D $$ $? 9= B$ $r $7 $F $$ $k !# 8w EE ;R A} G\ 4I $O $= $N 9= B$ $r @5 3N $K F~ NO $9 $k $3 $H $, :$ Fq $G $" $k $? $a !" $= $N Be $o $j $H $7 $F ?7 $? $J J* <A $r Dj 5A $7 !" $= $N 1_ E{ >u $N J* $H $7 $F 8w EE ;R A} G\ 4I $r F~ NO $7 $? !# $^ $? !" � %a %? %k %7 !< %k %I $O E4 $N 1_ E{ >u $H $7 $F F~ NO $7 $? !# 8w EE ;R A} G\ 4I $O !" :r G/ KEK- � 2 %S !< %‘ %i %$ %s $G $N <B 83 $G ;H $o $l $? $b $N $r ;2 9M $K $7 $F !" NL ;R 8z N( $O GH D9 $, 300nm � 500nm $N $H $- $K 25% !" 500nm � 650nm $N $H $- $K 10 % $H $J $k $h $& $K 7h $a $? !#

20 Bh 3 >O %7 %_ %e %l !< %7 %g %s $N J} K! 3.2.4 %U %m !< %A %c !< %H Fig. 3.7: Aerogel Cherenk o v Coun ter Cf $G $N 8w ;R $r DI $& 7W ;; J} K!

21 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L 4.1 Aerogel Cherenk o v Coun ter $N I> 2A $3 $3 $G $O 0l 8D $N Aerogel Cherenk o v Coun ter $K Ce L\ $7 !" $= $N @- G= I> 2A $r $* $3 $J $C $? !# 4.1.1 F~ <M %S !< %‘ $N 0L CV 0M B8 @- %7 %_ %e %l !< %7 %g %s Cf $G 1? F0 NL 10GeV $N � + Cf 4V ;R $r F~ <M $7 !" :F 8= $5 $l $? Aerogel Cherenk o v Coun ter $N F~ <M %S !< %‘ 0L CV $H 4Q B, $5 $l $k Photo electron ?t $N 0L CV 0M B8 @- $r D4 $Y !" :r G/ KEK- � 2 %S !< %‘ %i %$ %s $G $* $3 $J $o $l $? <B 83 %G !< %? $H Hf 3S $r $7 $? !# %7 %_ %e %l !< %7 %g %s $G $N F~ <M %S !< %‘ $N 0L CV $H 4Q B, $5 $l $k Photo electron ?t $N 0M B8 @- $r 0J 2< $N Fig.4.1 $K !" <B 83 $G $N F~ <M %S !< %‘ $N 0L CV $H 4Q B, $5 $l $k Photo electron ?t $N 0M B8 @- $r 4.2 $K <( $9 !# Fig. 4.1: %7 %_ %e %l !< %7 %g %s $K $* $1 $k F~ <M %S !< %‘ $N 0L CV 0M B8 @- !J ;M 3Q $N Bg $- $5 $, Bg $- $$ $[ $I 4Q B, $5 $l $k Photo electron ?t $, B? $$ !# !K

22 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L Fig. 4.2: <B 83 $K $h $k z J} 8~ 0M B8 @- ( :8 ) $H %7 %_ %e %l !< %7 %g %s $K $h $k z J} 8~ 0M B8 @- ( 1& ) %7 %_ %e %l !< %7 %g %s $N 7k 2L !" F~ <M %S !< %‘ $, PMT $K 6a $$ $[ $I 4Q B, $5 $l $k Photo electron ?t $, B? $/ $J $C $F $$ $k $3 $H $, $o $+ $k !# $3 $N 0M B8 @- $O <B 83 %G !< %? $K $b $_ $i $l $k $b $N $G $" $k !# 4.1.2 F~ <M N3 ;R $N <o N‘ $H 1? F0 NL $K $h $k 0M B8 @- � Cf 4V ;R !" K Cf 4V ;R !" M[ ;R $r $= $l $> $l 0.1GeV/c � 10.9GeV/c $^ $G 1? F0 NL $r JQ 2= $5 $; $J $, $i Aerogel Cherenk o v Coun ter $K F~ <M $7 !" F~ <M N3 ;R $H $= $N 1? F0 NL $K $h $k 0M B8 @- $r D4 $Y $? !J Fig.4.3 ;2 >H !K !# Fig. 4.3: F~ <M N3 ;R $N 1? F0 NL $H Photo electron ?t $N 0M B8 @- $3 $N 7k 2L !" F~ <M $7 $? N3 ;R $N <o N‘ $H 1? F0 NL $N 0c $$ $K $h $j Aerogel Cherenk o v Coun ter $N resp once $N 0c $$ $, $O $C $- $j $H 8+ $F <h $l $k !#

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 23 4.2 PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter $3 $3 $G $O !" 0J >e $N $h $& $J F~ <M $7 $? N3 ;R $N 0L CV !" <o N‘ !" 1? F0 NL $K BP $9 $k 0M B8 @- $r ;} $C $? Aerogel Cherenk o v Coun ter $r PHENIX 8! =P 4o $K AH $_ 9~ $_ %7 %_ %e %l !< %7 %g %s $r $* $3 $J $C $? 7k 2L $r I> 2A $9 $k !# 0J 2< !" %7 %_ %e %l !< %7 %g %s $K $h $j F@ $i $l $? 7k 2L $H $7 $F !" %$ %Y %s %H $" $? $j =D 17 8D !" 2# 17 8D $N Aerogel Cherenk o v Coun ter $K $* $$ $F 2Y EE N3 ;R $, Hit $7 $? Coun ter $N >l =j $H Cherenk o v 8w $, 4Q B, $5 $l $? !J 0J 2< !" $3 $l $r " 8w $C $? " $H 8F $V !K Coun ter $N >l =j $r <( $9 !# Fig. 4.4: 1 %$ %Y %s %H $K $* $1 $k 2Y EE N3 ;R $N Hit $7 $? Coun ter $N >l =j $H 8w $C $? Coun ter $N >l =j !J ? !’ 2Y EE N3 ;R $, Hit $7 $? Coun ter >l =j !" !’ 8w $C $? Coun ter $N >l =j !K !’ =D 17 8D !" 2# 17 8D $N Aerogel Cherenk o v Coun ter $N >l =j $K =D <4 !" 2# <4 $O Aj Ev

24 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L 4.2.1 @j M- N( %$ %Y %s %H $" $? $j !" 2Y EE N3 ;R $N Hit $, $" $C $? Aerogel Cherenk o v Coun ter $N ?t $H !" Aero- gel Cherenk o v Coun ter $N ?t $r Fig.4.5 $K <( $9 !# Fig. 4.5: %$ %Y %s %H $4 $H $K 2Y EE N3 ;R $N Hit $7 $? Coun ter $N ?t ( :8 ) $H 8w $C $? coun ter $N ?t ( 1& ) $3 $N 7k 2L !" %$ %Y %s %H $" $? $j 8w $C $? Aerogel Cherenk o v Coun ter $N ?t $O J? 6Q 15 8D $G $" $k $3 $H $, $o $+ $k !# $7 $? $, $C $F !" � = 90 � IU 6a !" %S !< %‘ <4 $+ $i 450cm $N $H $3 $m $K =D 17 8D !" 2# 17 8D $N 7W 289 8D $N Aerogel Cherenk o v Coun ter $r I_ $- 5M $a $? $H $- $N @j M- N( $O !" Ls 5% $G $" $k !# Fig. 4.6: ev en t $" $? $j !" single hit $N coun ter $N ?t

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 25 Cherenk o v 8w $r J| =P $9 $k $h $& $J 1? F0 NL $N 2Y EE N3 ;R $, 0l 8D $@ $1 DL 2a $7 $? !J 0J 2< !" single hit $H 8F $V !K Aerogel Cherenk o v Coun ter $N ?t $r 5a $a $? 7k 2L $r Fig.4.6 $K <( $9 !# Aerogel Cherenk o v Coun ter 8D !9 $N Bg $- $5 $K $O !" Cherenk o v 8w $r J| =P $9 $k $h $& $J 1? F0 NL $N 2Y EE N3 ;R $, F1 ;~ $K F~ <M $7 $J $$ Dx EY $N Bg $- $5 $, 5a $a $i $l $F $$ $k !# @j M- N( $, Ls 5% $H $$ $& $3 $H $O !" Cherenk o v 8w $r J| =P $9 $k $h $& $J 1? F0 NL $N 2Y EE N3 ;R $, F1 $8 Coun ter $K F1 ;~ $K J# ?t F~ <M $9 $k 3N N( $, Ls 5% $H $$ $& $3 $H $G $b $" $k !# 4.2.2 %P %C %/ %0 %i %s %I 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $K $* $$ $F !" Aerogel Cherenk o v Coun ter $O !" MM !9 $J 8! =P 4o $+ $i %P %C %/ %0 %i %s %I $r <u $1 $F $$ $k $3 $H $, $o $+ $k !J Fig.4.7 ;2 >H !K !# Fig. 4.7: bac kground source %P %C %/ %0 %i %s %I $O 86 ;R 3K � 86 ;R 3K >W FM $K $h $j @8 @. $5 $l $? N3 ;R $, Jx 2u $b $7 $/ $O 8! =P 4o Ey $H Aj 8_ :n MQ $7 $? 7k 2L !" @8 @. $7 $? 2 <! N3 ;R $G $" $k $3 $H $, Fig. 4.7 $+ $i 8+ $F <h $l $k !# Aerogel Cherenk o v Coun ter $N %P %C %/ %0 %i %s %I Am ?t $K $* $1 $k 3F N3 ;R $N 3d 9g $O 0J 2< $N DL $j $G $" $k !# N3 ;R 3d 9g (%) e + !" e � 96.3 � + !" � � 2.0 � + !" � � 1.1 p !" p 0.6

26 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L Aerogel Cherenk o v Coun ter $N <u $1 $k %P %C %/ %0 %i %s %I $N $[ $H $s $I $, e + !" e � $G $" $k $3 $H $, $o $+ $k !# $^ $? Fig.4.8 $K <( $9 DL $j !" %P %C %/ %0 %i %s %I $N $[ $H $s $I $O Dc %( %M %k %. !< $N N3 ;R $G $" $C $? !# Fig. 4.8: bac hground !J %P %C %/ %0 %i %s %I N3 ;R $N %( %M %k %. !< !K 0J 2< $G $O !" Drift Chm b er Ey $K $h $k N3 ;R $N T rac king $d RICH $K $h $k EE ;R $N <1 JL $K $h $j Aerogel Cherenk o v Coun ter $N %P %C %/ %0 %i %s %I $, $I $N Dx EY $^ $G GS =| 2D G= $G $" $k $+ $r I> 2A $7 $? !# Drift Chm b er $K Hit $7 $F $$ $J $$ N3 ;R $K $D $$ $F $O !" 86 ;R 3K � 86 ;R 3K >W FM $K $h $j @8 @. $5 $l $? N3 ;R $, Jx 2u !" $b $7 $/ $O 8! =P 4o Ey $H Aj 8_ :n MQ $r 5/ $7 $F @8 @. $7 $? Fs <! N3 ;R !J %P %C %/ %0 %i %s %I !K $H 9M $( $i $l $k !# $= $7 $F !" $3 $l $i $O Drift Chm b er $K Hit $7 $F $$ $J $$ $N $G T rac king $K $h $C $F GS =| $9 $k $3 $H $, 2D G= $G $" $k !# $7 $+ $7 Drift Chm b er $N FC @- >e !" $= $l $h $j 0J A0 $K @8 @. $5 $l $? N3 ;R $K $D $$ $F $O !" $= $l $, 86 ;R 3K � 86 ;R 3K >W FM $K $h $j @8 @. $5 $l $? N3 ;R $G $" $k $N $+ !" %P %C %/ %0 %i %s %I $G $" $k $N $+ $r T rac king $K $h $j H= JL $9 $k $3 $H $O Fq $7 $$ $H $$ $( $k !# %P %C %/ %0 %i %s %I $N Am ?t $K BP $7 $F T rac king $K $h $C $F H= JL $9 $k $3 $H $, Fq $7 $$ N3 ;R $N 3d 9g $O Ls 14% $G $" $C $? !#

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 27 Fig.4.9 $K Drift Chm b er $h $j $^ $( !J r < 202cm !K $K @8 @. $5 $l $? %P %C %/ %0 %i %s %I $N @8 @. E@ $r <( $9 !# $3 $l $i $N 3F N3 ;R $N 3d 9g $O 0J 2< $N DL $j $G $" $k !# Fig. 4.9: bac hground source !J r < 202cm !K N3 ;R 3d 9g (%) e + !" e � 88.6 � + !" � � 6.1 � + !" � � 5.0 p !" p 0.3 $3 $3 $G !" e + !" e � $O !" RICH $K $h $k EE ;R <1 JL $G GS =| $9 $k $3 $H $, 2D G= $G $" $k !# 0J >e $h $j !" Drift Chm b er Ey $K $h $k N3 ;R $N T rac king $d RICH $K $h $k EE ;R $N <1 JL $K $h $C $F $= $N 9 3d 0J >e $, GS =| 2D G= $G $" $k !# 4.2.3 %P %C %/ %0 %i %s %I $N N3 ;R <1 JL $X $N 1F 6A 0J 2< $G $O !" %P %C %/ %0 %i %s %I Ey $N 1F 6A $K $h $j !" F1 $8 Coun ter $K J# ?t $N 2Y EE N3 ;R $, F1 ;~ $K F~ <M $9 $k $3 $H $G Aerogel Cherenk o v Coun ter $N $_ $N >p Js $G $O N3 ;R <1 JL $, =P Mh $J $/ $J $k $3 $H $, $" $k !# $3 $3 $G $O !" $= $N 2D G= @- $K $D $$ $F I> 2A $r $7 $? !# � Cf 4V ;R � Cf 4V ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $* $$ $F !" � Cf 4V ;R $N $_ $, DL 2a $9 $k 3N N( $r Fig.4.10 $K <( $9 !#

28 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L Fig. 4.10: � Cf 4V ;R $, F~ <M $7 $? Coun ter $K $* $$ $F � Cf 4V ;R $N $_ $, F~ <M $7 $? 3N N( $3 $N 7k 2L !" Aerogel Cherenk o v Coun ter $K F~ <M $7 $? � Cf 4V ;R $N $& $A Ls 80% Dx EY $, MF 0W $K <1 JL 2D G= $G $" $k !# $7 $+ $7 !" ;D $j $N Ls 20% $, $9 $Y $F N3 ;R <1 JL $, IT 2D G= $K $J $k $N $G $O $J $/ !" F~ <M $7 $? 2Y EE N3 ;R $9 $Y $F $, Drift Cham b er $h $j A0 $K @8 @. $5 $l $? N3 ;R $G $" $C $? $i !" Drift Cham b er !" RICH !" T oF !" Aerogel Cherenk o v Coun ter $+ $i $N >p Js $r AH $_ 9g $o $; $k $3 $H $G <1 JL $, 2D G= $K $J $k !# $= $3 $G !" Aerogel Cherenk o v Coun ter $K F~ <M $7 $? 2Y EE N3 ;R $N $9 $Y $F $, Drifet Cham b er 0J A0 $K @8 @. $5 $l $? N3 ;R $G $" $k 3N N( $r Fig.4.11 $K <( $9 !# Fig. 4.11: PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $K $h $k � Cf 4V ;R <1 JL $N 3N N( $7 $? $, $C $F !" PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $G $N � Cf 4V ;R $N <1 JL $O Ls 90% $N 3N N( $G 2D G= $G $" $k $H $$ $( $k !#

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 29 K Cf 4V ;R K Cf 4V ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $* $$ $F !" K Cf 4V ;R $N $_ $, F~ <M $9 $k 3N N( $r Fig. 4.12 $K <( $9 !# Fig. 4.12: K Cf 4V ;R $, F~ <M $7 $? Coun ter $K $* $$ $F !" $= $l $, K Cf 4V ;R $N $_ $G $" $k 3N N( $3 $N 7k 2L !" Aerogel Cherenk o v Coun ter $K F~ <M $7 $? K Cf 4V ;R $N Ls 75% $, MF 0W $K <1 JL 2D G= $G $" $k !# $7 $+ $7 !" ;D $j $N Ls 25% $, <1 JL IT 2D G= $H $$ $& $o $1 $G $J $/ !" F~ <M $7 $? 2Y EE N3 ;R $9 $Y $F $, Drift Cham b er $h $j A0 $K @8 @. $5 $l $? $b $N $G $" $C $? $i !" Drift Cham b er !" RICH !" T oF !" Aerogel Cherenk o v Coun ter $+ $i $N >p Js $r AH $_ 9g $o $; $k $3 $H $G <1 JL $, 2D G= $K $J $k !# Aerogel Cherenk o v Coun ter $K F~ <M $7 $? 2Y EE N3 ;R $N $9 $Y $F $, Drifet Cham b er 0J A0 $K @8 @. $5 $l $? N3 ;R $G $" $k 3N N( $r Fig.4.13 $K <( $9 !# Fig. 4.13: PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $K $h $k K Cf 4V ;R <1 JL $N 3N N( $7 $? $, $C $F !" PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $K $h $k K Cf 4V ;R $N <1 JL $O Ls 90% $N 3N N( $G 2D G= $G $" $k $H $$ $( $k !#

30 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L M[ ;R M[ ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $* $$ $F !" M[ ;R $N $_ $, F~ <M $9 $k 3N N( $r Fig. 4.14 $K <( $9 !# Fig. 4.14: M[ ;R $, F~ <M $7 $? Coun ter $K $* $$ $F !" $= $l $, M[ ;R $N $_ $G $" $k 3N N( $3 $N 7k 2L !" Aerogel Cherenk o v Coun ter $K F~ <M $7 $? M[ ;R $N Ls 85% $, MF 0W $K <1 JL 2D G= $G $" $k !# $7 $+ $7 !" ;D $j $N Ls 20% $, <1 JL IT 2D G= $H $$ $& $o $1 $G $J $/ !" F~ <M $7 $? 2Y EE N3 ;R $9 $Y $F $, Drift Cham b er $h $j A0 $K @8 @. $5 $l $? $b $N $G $" $C $? $i !" Drift Cham b er !" RICH !" T oF !" Aerogel Cherenk o v Coun ter $+ $i $N >p Js $r AH $_ 9g $o $; $k $3 $H $G <1 JL $, 2D G= $K $J $k Aerogel Cherenk o v Coun ter $K F~ <M $7 $? 2Y EE N3 ;R $N $9 $Y $F $, Drifet Cham b er 0J A0 $K @8 @. $5 $l $? N3 ;R $G $" $k 3N N( $r Fig.4.15 $K <( $9 !# Fig. 4.15: PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $K $h $k M[ ;R <1 JL $N 3N N( $7 $? $, $C $F !" PHENIX 8! =P 4o $K $* $1 $k Aerogel Cherenk o v Coun ter $K $h $k M[ ;R $N <1 JL $O Ls 90% $N 3N N( $G 2D G= $G $" $k $H $$ $( $k !#

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 31 4.2.4 8! =P 8z N( $3 $3 $G $O !" Aerogel Cherenk o v Coun ter $N � Cf 4V ;R !" K Cf 4V ;R !" M[ ;R $N 8! =P 8z N( $K $D $$ $F =R $Y $k !# � Cf 4V ;R � Cf 4V ;R $N 3F 1? F0 NL $K BP $9 $k Aerogel Cherenk o v Coun ter $N 8! =P 8z N( $r Fig.4.16 $K <( $9 !# Fig. 4.16: � Cf 4V ;R $N 8! =P 8z N( !J :8 !’ no cut !K $H � Cf 4V ;R $N 8! =P 8z N( !J 1& !’ path length > 10cm !K Aerogel Cf $G $N N3 ;R $N DL 2a 5w N% !J path length !K $, == J, D9 $$ $b $N $@ $1 $r A* $V $H !" � Cf 4V ;R $N 8! =P 8z N( $O Cherenk o v 8w $r =P $9 $h $& $J 1? F0 NL NN 0h $K $* $$ $F !" $[ $\ 100% $r C# @. CN $k $3 $H $, $G $- $k !J Fig.4.16 !J 1& !K ;2 >H !K !# Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL NN 0h $N � Cf 4V ;R 8! =P $5 $l $k $3 $H $, $" $k $, !" $3 $l $O � Cf 4V ;R $H F1 ;~ $K Cherenk o v 8w $r =P $9 $h $& $J 1? F0 NL NN 0h $N N3 ;R $, Aerogel Cherenk o v Coun ter $K F~ <M $7 $? $? $a $G $" $k !# $= $N $h $& $J 3N N( $O Ls 5% Dx EY $G $" $k $3 $H $, $o $+ $k !# $D $^ $j !" Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL $N � Cf 4V ;R $K $D $$ $F !" Aerogel Cherenk o v Coun ter $O 5% 0J 2< $N 3N N( $G <1 JL $r 4V 0c $( $k $H $$ $& $3 $H $G $" $k

32 Bh 4 >O %7 %_ %e %l !< %7 %g %s $N 7k 2L K Cf 4V ;R K Cf 4V ;R $N 3F 1? F0 NL $K BP $9 $k Aerogel Cherenk o v Coun ter $N 8! =P 8z N( $r Fig.4.17 $K <( $9 !# Fig. 4.17: K Cf 4V ;R $N 8! =P 8z N( !J no cut !K Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL NN 0h $N K Cf 4V ;R $, 8! =P $5 $l $k $3 $H $, $" $k $, !" $3 $l $O K Cf 4V ;R $H F1 ;~ $K Cherenk o v 8w $r =P $9 $h $& $J 1? F0 NL NN 0h $N N3 ;R $, Aero- gel Cherenk o v Coun ter $K F~ <M $7 $? $? $a $G $" $k !# $= $N $h $& $J 3N N( $O Ls 10% 0J 2< $G $" $k $3 $H $, $o $+ $k !# $D $^ $j !" Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL $N K Cf 4V ;R $K $D $$ $F !" Aerogel Cherenk o v Coun ter $O 10% 0J 2< $N 3N N( $G <1 JL $r 4V 0c $( $k $H $$ $& $3 $H $G $" $k !# $^ $? !" � Cf 4V ;R $H F1 MM $K Aerogel Cf $G $N K Cf 4V ;R $N path length $, == J, $K D9 $$ $H $$ $& >r 7o $r 2C $( $k $3 $H $G !" $[ $\ 100% $N 8! =P 8z N( $r C# @. $G $- $k !#

4.2. PHEIX <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter 33 M[ ;R M[ ;R $N 3F 1? F0 NL $K BP $9 $k Aerogel Cherenk o v Coun ter $N 8! =P 8z N( $r Fig.4.18 $K <( $9 !# Fig. 4.18: M[ ;R $N 8! =P 8z N( !J no cut !K Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL NN 0h $N M[ ;R $, 8! =P $5 $l $k $3 $H $, $" $k $, !" $3 $l $O M[ ;R $H F1 ;~ $K Cherenk o v 8w $r =P $9 $h $& $J 1? F0 NL NN 0h $N N3 ;R $, Aerogel Cherenk o v Coun ter $K F~ <M $7 $? $? $a $G $" $k !# $= $N $h $& $J 3N N( $O Ls 10% 0J 2< $G $" $k $3 $H $, $o $+ $k !# $D $^ $j !" Cherenk o v 8w $r =P $5 $J $$ $h $& $J 1? F0 NL $N M[ ;R $K $D $$ $F !" Aerogel Cherenk o v Coun ter $O 10% 0J 2< $N 3N N( $G <1 JL $r 4V 0c $( $k $H $$ $& $3 $H $G $" $k !# $^ $? !" � Cf 4V ;R $H F1 MM $K Aerogel Cf $G $N M[ ;R $N path length $, == J, $K D9 $$ $H $$ $& >r 7o $r 2C $( $k $3 $H $G !" $[ $\ 100% $N 8! =P 8z N( $r C# @. $G $- $k !#

34 Bh 5 >O 9M ;! Aerogel Cherenk o v Coun ter 8D !9 $K $O !" F1 $8 Coun ter $K J# ?t $N 2Y EE N3 ;R $, F1 ;~ $K F~ <M $7 $J $$ $[ $I >. $5 $/ !" $= $7 $F == J, $J 8w NL $, F@ $i $l $k Dx EY $N Bg $- $5 $, 5a $a $i $l $k !# K\ 8& 5f $G $O !" Aerogel Cherenk o v Coun ter $N Bg $- $5 $r 12cm � 12cm � 12cm $H $7 !" 7W ;; $r $* $3 $J $C $? !# 7W ;; 7k 2L $r 0J 2< $K $^ $H $a $k !# � Aerogel Cherenk o v Coun ter $N %P %C %/ %0 %i %s %I $b 4^ $a $? @j M- N( $O Ls 5% $G $" $C $? !# � %P %C %/ %0 %i %s %I $N $[ $H $s $I $, Dc %( %M %k %. !< $N N3 ;R $G $" $j !" $= $N $[ $H $s $I $, e + !" e � $G $" $C $? !# � � Cf 4V ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $N $J $+ $G Ls 80% $, � Cf 4V ;R $N $_ $N F~ <M $G $" $C $? !# $^ $? !" Ls 90% $, DL 2a $7 $? 2Y EE N3 ;R $, $9 $Y $F Drift Cham b er $h $j A0 $G @8 @. $5 $l $? $b $N $G $" $C $? !# � K Cf 4V ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $N $J $+ $G Ls 75% $, K Cf 4V ;R $N $_ $N F~ <M $G $" $C $? !# $^ $? !" Ls 90% $, DL 2a $7 $? 2Y EE N3 ;R $, $9 $Y $F Drift Cham b er $h $j A0 $G @8 @. $5 $l $? $b $N $G $" $C $? !# � M[ ;R $, F~ <M $7 $? Aerogel Cherenk o v Coun ter $N $J $+ $G Ls 85% $, M[ ;R $N $_ $N F~ <M $G $" $C $? !# $^ $? !" Ls 95% $, DL 2a $7 $? 2Y EE N3 ;R $, $9 $Y $F Drift Cham b er $h $j A0 $G @8 @. $5 $l $? $b $N $G $" $C $? !# � 8! =P 8z N( $O Aerogel Cf $N 2Y EE N3 ;R $N path length $, == J, D9 $1 $l $P !" $[ $\ 100% $r C# @. $G $- $k !# 7W ;; $N 7k 2L $h $j !" @j M- N( $, Ls 5% $G $" $k $N $G Aerogel Cherenk o v Coun ter $N Bg $- $5 $H $7 $F 12cm � 12cm � 12cm $O == J, $J Bg $- $5 $@ $H $$ $( $k !#

35 $^ $? !" PHENIX <B 83 $K $* $$ $F $3 $N Bg $- $5 $N Aerogel Cherenk o v Coun ter $G $O � Cf 4V ;R !" K Cf 4V ;R !" M[ ;R $K $D $$ $F 8m $C $? 7k 2L $r =P NO $7 $F $7 $^ $& 3N N( $, !" $= $l $> $l 10% Dx EY $K $J $k $3 $H $, $o $+ $C $? !# $3 $N $h $& $J ;v $, $* $3 $k 86 0x $H $7 $F 9M $( $i $l $k $N $O 1. J# ?t $N 2Y EE N3 ;R $, F1 ;~ $K DL 2a $9 $k 3N N( $, 9b $$ 2. 8D !9 $N Aerogel Cherenk o v Coun ter $, Bg $- $$ 3. G[ CV $N ;E J} $G $" $k !# 1 $O 2 $H 3 $+ $i 7h Dj $G $- $k MW AG $G $O $" $k $, 4p K\ E* $K $O %P %C %/ %0 %i %s %I $N 1F 6A $G $" $k $? $a !" $3 $l $O PHENIX 8! =P 4o A4 BN $K 4X 78 $9 $k ;v $G $" $k !#

36 Bh 6 >O $^ $H $a K\ 8& 5f $G $O !" %7 %_ %e %l !< %7 %g %s %3 !< %I GEANT $r MQ $$ $F !" Aerogel Cherenk o v Coun ter $r AH $_ 9~ $s $@ PHENIX 8! =P 4o $N F0 :n 4D 6- $r 7W ;; 5! >e $K :F 8= $7 $? !# $= $7 $F !" 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $K $* $1 $k Aerogel Cherenk o v Coun ter $N F0 :n 4D 6- $N I> 2A $r $* $3 $J $C $? !# PHENIX 8! =P 4o $K $* $1 $k 3K ;R $" $? $j 100GeV $N 6b � 6b >W FM <B 83 $G $O Aerogel Cherenk o v Coun ter !J 12cm � 12cm � 12cm !K $K $h $k %O %I %m %s !J � Cf 4V ;R !" K Cf 4V ;R !" M[ ;R !K <1 JL $K $* $$ $F !" %P %C %/ %0 %i %s %I Ey $N 1F 6A $K $h $C $F Ls 10% Dx EY $N 3N N( $G N3 ;R <1 JL $, :$ Fq $K $J $k $H $$ $& 7k 2L $r F@ $? !# :# 8e !" Aerogel Cherenk o v Coun ter $N Bg $- $5 � G[ CV $N ;E J} $r JQ $( $F 8! F$ $7 $F $$ $/ I, MW $, $" $k !# $= $7 $F !" Aerogel Cherenk o v Coun ter $K $H $C $F :G E, $K $J $k $h $& $J 1? F0 NL $b $7 $/ $O Photo electron ?t $N og CM $r 8+ @Q $b $k $H $$ $& $3 $H $b I, MW $H $J $C $F $/ $k !#

37 <U <- K\ 8& 5f $r 9T $& $K $" $? $j Bg JQ 6= L# ?< $$ %F !< %^ $r Ds 0F $7 $F D: $/ $H $H $b $K !" 8f ;X F3 � 8f =u 8@ $r D: $$ $? ;0 L@ 9/ O: 65 <x !" 9> 3Q ?8 0l 9V ;U $K $O ?< $/ 46 <U CW $7 $^ $9 !# FC $K 9> 3Q ?8 0l 9V ;U $K $O K\ 8& 5f $r ?J $a $k $K $" $? $j MM !9 $J Aj CL $K >h $C $F $b $i $$ !" Hs >o $K M- MQ $J =u 8@ $r ?t B? $/ D: $- $^ $7 $? !# $= $7 $F !" 2C F# =c M: 5; 41 $K $O !" 7W ;; 5! $K 4X $9 $k B? $/ $N LL $G ;Y $( $F D: $- $^ $7 $? !# ?< $/ 46 <U $9 $k $H $H $b $K $* Ni $r ?= $7 >e $2 $^ $9 !# 8& 5f << $N @h GZ $G $" $k @6 F; L@ CK ;a !" >. Ln 2m Li ;a !" Da 2, M5 ;N ;a !" 9u LZ A1 >< ;a !" :d 0f ?? 8c ;a !" CD B< 0< ;R ;a !" 1W 0f Ch ;a $K $O K\ 8& 5f $r ?J $a $k $& $( $G B? $/ $N =u 8@ $H 8& 5f << Fb 30 $N MM !9 $J LL $G $= $N ;Y $( $H $J $C $F D: $- $^ $7 $? !# !# FC $K !" @6 F; L@ CK ;a !" >. Ln 2m Li ;a !" 1W 0f Ch ;a $K $O K\ 8& 5f $N L\ E* $G $" $k %7 %_ %e %l !< %7 %g %s $K $D $$ $F B? $/ $N =u 8@ $r $7 $F D: $- !" Bg JQ ;2 9M $K $J $j $^ $7 $? !# $= $7 $F !" 9u LZ A1 >< ;a $K $O 7W ;; 5! $K 4X $9 $k $3 $H $d $= $N B> B? $/ $N =u 8@ $r $7 $F D: $- $^ $7 $? !# $^ $? !" F1 $8 4 G/ @8 $N Bg LZ =S OB ;a !" ?@ D9 M@ ?M ;a !" 6b Ln @5 M5 ;a $K $O MM !9 $J LL $G ?t B? $/ ;Y $( $F D: $- $^ $7 $? !# K\ 8& 5f $r 9T $& $K $" $? $j $= $N ;Y $( $H $J $C $F $/ $l $? ?t B? $/ $N ?M C# $K ?< $/ 46 <U $9 $k $H $H $b $K !" $3 $N >l $r <Z $j $F $= $N $* Ni $r ?= $7 >e $2 $^ $9 !#

38 ;2 9M J8 8% [1] A Primer Man ual for the PHENIX Sim ulation Co de PISA Bro okha v en National Lab oratory [2] CERNLIB -CERN Program Library Short W riteups CERN Program Library [3] GEANT -Detector Description and Sim ulation T o ol CERN Program Library [4] P A W -Ph ysics Analysis W orkstation CERN Program Library [5] HBOOK -Statistical Analysis and Histogramming CERN Program Library [6] PHYSICAL REVIEW D - P article and Fields The American So ciet y [7] H, LZ 9@ Je !’ 86 ;R 3K J* M} 3X 4p AC J* M} 2J 3X %7 %j !< %: 4 ( D+ AR =q E9 !" 1995) [8] ?@ 5H 7r !’ %/ %) !< %/ � %0 %k !< %* %s � %W %i %: %^ %Q %j %F %# J* M} 3X %3 !< %9 !J 4] A1 3t <0 2q <R !" 1992 !K [9] Glenn F. Knoll !’ J| <M @~ 7W B, %O %s %I %V %C %/ [ Bh 2 HG ] LZ B< 0o O: !" :e 0f 1Q <! Lu !J F| 4) 9) 6H ?7 J9 <R !" 1990 !K

39 IU O? A program A.1 %W %m %0 %i %‘ %j %9 %H K\ 8& 5f $G :n @. $7 $? %W %m %0 %i %‘ $N <g $J $b $N $r :\ $; $k !# aerogel.f !’ GEANT $K $h $k Aerogel Cherenk o v Coun ter $N geometry $r Dj 5A $9 $k program aer gustep.f !’ Cherenk o v J| <M $K $h $j J| =P $5 $l $? 8w ;R ?t 7W ;; $H GEANT $K $h $k Aerogel Cherenk o v Coun ter $K 4X $9 $k >p Js $r 7W ;; $9 $k program aer photon.f !’ Cherenk o v J| <M $r :F 8= $7 !" Aerogel Cf $N 8w $N EA HB $r :F 8= $9 $k program

40 IU O? A program A.1.1 aerogel.f ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c ====================== c c File Name : aerogel.f c c ====================== c c c c c c Description : c c ============= c c c c This subroutine defines the geometry of PHENIX - aerogel. c c c c Author:- Satoshi Takagi c c c c Creation Date: 10-Jan-2002 c c ========================== c c c c Revisions:- c c ========= c c Date Name Description c c ---- ---- ----------- c c 1/10/21 S.takagi Therd Version c c c c c ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c==================================== subroutine AEROGEL(FULL,NH) c==================================== implicit none include ’gcflag.inc’ include ’gclist.inc’ include ’gconst.inc’ include ’gugeom.inc’ include ’guphnx.inc’ include ’sublink.inc’ include ’fpflink.inc’ include ’fstore.inc’ c integer aer_med,aer_vol,gla_med,gla_vol,

A.1. %W %m %0 %i %‘ %j %9 %H 41 & sd_vol,vc_vol c real aer_dim(3) /6.0,6.0,6.0/ real box_dim(3) /25,110,110/ real ppp_dim(3) /3.7,3.81,2.5/ real sd_dim(3) /3.95,4.0,2.5/ real pl1(3) /1.0,105.0,105.0/ real pl2(3) /1.0,105.0,105.0/ real aa(2) /28.09,16.0/ real za(2) /14.,8.0/ real wa(2) /1.0,2.0/ real da(1) /0.030/ real aag(4) /16.0,28.086,10.81,22.99/ real zzg(4) /8.0,14.0,5.0,11.0/ real wwg(4) /2.01,0.8,0.24,0.1/ real ddg(1) /2.23/ integer idtyp /999/ data aer_med / 5000 / ! AEROGEL data aer_vol / 6000/ data gla_med / 7003/ data gla_vol / 7001/ data sd_vol / 7002/ data vc_vol / 7004/ c c ---> working parameters c character*4 v_m_name character*4 v_i_name character*4 pm1_name character*4 pm2_name character*4 pl1_name character*4 pl2_name character*4 sd1_name character*4 sd2_name character*4 v_b_name real gpos(3) integer ivolu integer nr integer*4 nh ! set before call in gugeom

42 IU O? A program integer npar integer nmed integer i1 integer j1 integer k integer i2 integer j2 integer h integer irot_aer character*20 chform character*4 full ! set before call in gugeom character*50 par_file character*4 set_id character*8 name character*8 name1 c integer nmat,isvol,ifield,nwbuf real fieldm,tmaxfd,dmaxms,deemax,epsil,stmin,ubuf(10) c c ---> define tracking media for AEROGEL c call gmate isvol = 1 ! sensitive ifield = 1 ! no magnetic field fieldm = 5.0 ! max field tmaxfd = 45.0 ! maximum angle due to field (one step) in degrees dmaxms = 0.50 ! max disp. due to mulsct. in one step (cm) deemax = 0.05 ! max fractional energy loss in one step epsil = 0.01 ! tracking precision (cm) stmin = 0.1 ! min step due to e loss or mulsct. (cm) ubuf(1) = 0. ! tracking stop switch nwbuf=0 c c ---> Define new material (Aerogel,PMT glass...) c call gsmixt(aer_med,’SiO2 $’,aa,za,da,-2,wa) call gstmed(aer_vol,’AEROGEL $’,aer_med,isvol,ifield, & fieldm,tmaxfd,dmaxms,deemax,epsil,stm in,ubuf,nwbuf)

A.1. %W %m %0 %i %‘ %j %9 %H 43 c call gsmixt(gla_med,’Borosilicate$’,aag,zzg,ddg,-2,wwg) call gstmed(gla_vol,’PMT glass $’,gla_med,-1,ifield, & fieldm,tmaxfd,dmaxms,deemax,epsil,stm in,ubuf,nwbuf) c call gstmed(sd_vol,’m_metal $’,10,-1,ifield, & fieldm,tmaxfd,dmaxms,deemax,epsil,stm in,ubuf,nwbuf) c call gstmed(vc_vol,’vacuum $’,16,-1,ifield, & fieldm,tmaxfd,dmaxms,deemax,epsil,stm in,ubuf,nwbuf) c c c---> Definition of rotation matrix c irot_aer = irot+1 irot = irot+10 call GSROTM(irot_aer,90.,0.,90.,90.,0.,0.) ! no rotation call GSROTM(irot_aer+1,90.,90.,90.,180.,0.,0.) ! +90 deg around z-axis call GSROTM(irot_aer+2,90.,270.,135.,0.,45.,0.) ! -90z x -45x call GSROTM(irot_aer+3,90.,90.,90.,0.,180.,0.) ! +90z x +180x call GSROTM(irot_aer+4,0.,0.,90.,0.,90.,-90.) ! x->z y->x z->-y call GSROTM(irot_aer+5,0.,0.,90.,0.,90.,90.) ! x->z y->x z->y call GSROTM(irot_aer+6,90.,180.,90.,270.,0.,0.) ! +180z call GSROTM(irot_aer+7,90.,0.,180.,0.,90.,90.) ! +90x for 90deg PMT call GSROTM(irot_aer+8,90.,180.,90.,90.,180.,0.) ! +180y call GSROTM(irot_aer+9,90.,0.,90.,90.,180.,0.) ! z -> -z c c---> Create PHENIX-AEROGEL pseudo volums c---> Positioning media into mother volumes c v_m_name = ’WEST’ c npar = 3 c v_b_name = ’ARGL’ gpos(1) = 456.0 gpos(2) = 0.0

44 IU O? A program gpos(3) = 0.0 call GSVOLU(v_b_name,’BOX ’,16,box_dim,npar,ivolu) call gsatt(v_b_name,’SEEN’,0) call GSPOS(v_b_name,nr,v_m_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) pl1_name = ’PLT1’ gpos(1) = -20.0 gpos(2) = 0.0 gpos(3) = 0.0 call GSVOLU(pl1_name,’BOX ’,vc_vol,pl1,npar,ivolu) call GSATT(pl1_name,’SEEN’,0) call GSPOS(pl1_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) c pl2_name = ’PLT2’ gpos(1) = 20.0 gpos(2) = 0.0 gpos(3) = 0.0 call GSVOLU(pl2_name,’BOX ’,vc_vol,pl2,npar,ivolu) call GSATT(pl2_name,’SEEN’,0) call GSPOS(pl2_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) c c ---> Aerogel Cherenkov Counter (geometry, position ) c k = 0 npar = 3 do 20 j1=1,17 do 10 i1=1,17 gpos(1) = mod(i1+1,2)*12.0 -6.0 gpos(2) = 96.0 - (j1-1)*12.0 gpos(3) = (i1-1)*12.0 - 96.0 k = k + 1 write(name,*)1000+k v_i_name = ’A’//name(3:5) c v_i_name = name(2:5)

A.1. %W %m %0 %i %‘ %j %9 %H 45 call GSVOLU(v_i_name,’BOX ’,aer_vol,aer_dim,npar,ivolu) call GSATT(v_i_name,’SEEN’,1) call GSATT(v_i_name,’COLO’,4) call GSPOS(v_i_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) 10 continue 20 continue c c ---> PMT (geometry,position) c h = 0 do 30 j2=1,17 do 40 i2=1,17 gpos(1) = mod(i2+1,2)*12.0 -6.0 gpos(2) = 96.0 - (j2-1)*12.0 gpos(3) = (i2-1)*12.0 - 104.5 h = h + 1 write(name1,*)1000+h pm1_name = ’Q’//name1(3:5) call GSVOLU(pm1_name,’TUBE’,gla_vol,ppp_dim,npar,ivolu) call GSATT(pm1_name,’SEEN’,1) call GSATT(pm1_name,’COLO’,4) call GSPOS(pm1_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) c sd1_name = ’S’//name1(3:5) call GSVOLU(sd1_name,’TUBE’,sd_vol,sd_dim,npar,ivolu) call GSATT(sd1_name,’SEEN’,1) call GSATT(sd1_name,’COLO’,4) call GSPOS(sd1_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) c gpos(1) = mod(i2+1,2)*12.0 -6.0 gpos(2) = 96.0 - (j2-1)*12.0 gpos(3) = (i2-1)*12.0 - 87.5 pm2_name = ’L’//name1(3:5) call GSVOLU(pm2_name,’TUBE’,gla_vol,ppp_dim,npar,ivolu) call GSATT(pm2_name,’SEEN’,1) call GSATT(pm2_name,’COLO’,4)

46 IU O? A program call GSPOS(pm2_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) c sd2_name = ’D’//name1(3:5) call GSVOLU(sd2_name,’TUBE’,sd_vol,sd_dim,npar,ivolu) call GSATT(sd2_name,’SEEN’,1) call GSATT(sd2_name,’COLO’,4) call GSPOS(sd2_name,nr,v_b_name,gpos(1), & gpos(2),gpos(3),irot_aer,’ONLY’) 40 continue 30 continue c c return end

A.1. %W %m %0 %i %‘ %j %9 %H 47 A.1.2 aer gustep.f cccccccccccccccccccccccccccccccccccccccccccccccccc c ======================== c c File Name : aer_gustep.f c c ======================== c c c c Author:- Satoshi Takagi c c c c Creation Date: 10-Jan-2002 c c c c Revisions:- c c ========= c c Date Name Description c c ---- ---- ----------- c c 1/10/02 S.Takagi eighth Version c c c c c c c cccccccccccccccccccccccccccccccccccccccccccccccccc c================================ subroutine AER_GUSTEP c================================ c--------------------------------------------------------------------- c This routine called at the end of each tracking step c--------------------------------------------------------------------- include ’gcking.inc’ include ’gckine.inc’ include ’gcbank.inc’ include ’gctrak.inc’ include ’gcflag.inc’ include ’gctmed.inc’ include ’gcsets.inc’ include ’gcvolu.inc’ include ’gugeom.inc’ include ’namlvl.inc’ include ’guphnx.inc’ include ’secubuf.inc’ include ’gcunit.inc’ include ’pisa_parts.inc’

48 IU O? A program include ’gclist.inc’ include ’subevt.inc’ include ’gcjloc.inc’ include ’gconst.inc’ c common/udata1/x0,y0,z0,x2,y2,z2,ax1,ay1,az1,Nckov common/udata2/len,beta,theta,phi,the1,phi1,Nph,wl common/udata3/pid,p,Nhit,Nph1,Nph2 common/ndata4/Ckov,Ph1,Ph2,Phit c common/udata5/p1_data,p2_data,ac_data, & npt1,npt2,nacc c real x,y,z,x0,y0,z0,x1,y1,z1,x2,y2,z2,beta,beta1 real ax,ay,az,ax1,ay1,az1,p,e,st,len,ra,ah,teta real xps1,yps1,zps1,xdir,ydir,zdir,th,ph real xps2,yps2,zps2,leng,xgnt,ygnt,zgnt,tra1,tra2 real xvert,yvert,zvert real nt_data(50) real p1_data(100,13),p2_data(100,10),ac_data(100,24) integer pid,i,j,VOLU,id,Nckov,Npe,Nph,track,track1 integer Ckov,Pe,Ph1,Ph2,Nhit,Phit,flag,flag1,flag2 integer flag3,flag4,npt1,npt2,nacc,trknb1,trknb2 c character*4 ch_VOLU character*4 ch_ARGL character*3 ch_name character*8 name equivalence (VOLU, ch_VOLU) VOLU = names(nlevel) c if(ngkine.ne.0)then call gsking(0) end if c if((inwvol.eq.1).and.(ch_VOLU.eq.’PLT1’).and.(charge.ne.0))then npt1 = npt1 + 1 flag1 = 0 p1_data(npt1,1) = itra ! track number

A.1. %W %m %0 %i %‘ %j %9 %H 49 p1_data(npt1,2) = nsub_evt ! subevent number p1_data(npt1,3) = ipart ! particle number xps1 = vect(1) yps1 = vect(2) zps1 = vect(3) xdir = vect(4) ydir = vect(5) zdir = vect(6) p1_data(npt1,8) = xps1 p1_data(npt1,9) = yps1 p1_data(npt1,10) = zps1 p1_data(npt1,11) = xdir p1_data(npt1,12) = ydir p1_data(npt1,13) = zdir c if(xdir.lt.0)then xdir = -1.0*xdir ydir = -1.0*ydir zdir = -1.0*zdir flag1 = 1 end if c th = atan2(zdir,ydir) ph = atan2(ydir,xdir) p1_data(npt1,4) = 476.0 p1_data(npt1,5) = (40.0*tan(ph)) + yps1 p1_data(npt1,6) = ((40.0*tan(ph))*tan(th)) + zps1 p1_data(npt1,7) = flag1 end if c if((inwvol.eq.1).and.(ch_VOLU.eq.’PLT2’).and.(charge.ne.0))then npt2 = npt2 + 1 p2_data(npt2,1) = itra ! track number p2_data(npt2,2) = nsub_evt ! subevent number p2_data(npt2,3) = ipart ! particle number p2_data(npt2,4) = vect(1) p2_data(npt2,5) = vect(2) p2_data(npt2,6) = vect(3) end if

50 IU O? A program c c c ====> read out in Aerogel Cherenkov Counter c c if((numed.eq.6000).and.(vect(7).ne.0.0) + .and.(charge.ne.0))then c if(inwvol.eq.1)then write(6,*)’vx=’,vert(1),’vy=’,vert(2),’vz=’,vert(3) nacc = nacc + 1 ac_data(nacc,1) = itra ! track number trknb2 = itra ac_data(nacc,2) = nsub_evt ! subevent number ac_data(nacc,17) = ntru_evt ! event number ac_data(nacc,3) = ipart ! particle number ac_data(nacc,4) = vect(1) ! x-position ac_data(nacc,5) = vect(2) ! y-position ac_data(nacc,6) = vect(3) ! z-position ac_data(nacc,7) = vect(7) ! momentum ac_data(nacc,8) = getot ! total energy beta = vect(7)/getot ! beta ac_data(nacc,9) = beta ac_data(nacc,21) = vert(1) ! x-coordinate of vertex ac_data(nacc,22) = vert(2) ! y-coordinate of vertex ac_data(nacc,23) = vert(3) ! z-coordinate of vertex ch_ARGL = ch_VOLU ch_name = ch_VOLU(2:4) read(ch_name,*)id j = int((id-1)/17)+1 i = mod((id-1),17)+1 ac_data(nacc,10) = i ac_data(nacc,11) = j c write(6,*)’i=’,i,’:’,’j=’,j,’:’,ipart write(6,*)ch_ARGL,’:’,’TRACK=’,itra x0 = ac_data(nacc,4) - 444.0 - mod(i+1,2)*12.0 y0 = ac_data(nacc,5) + (j - 9.0)*12.0 z0 = ac_data(nacc,6) - (i - 9.0)*12.0

A.1. %W %m %0 %i %‘ %j %9 %H 51 ac_data(nacc,18) = x0 ! hit position acc ac_data(nacc,19) = y0 ! hit position acc ac_data(nacc,20) = z0 ! hit position acc end if c if((ch_ARGL.eq.ch_VOLU) )then trknb1 = itra if(trknb1.eq.trknb2)then beta1 = vect(7)/getot ra = ((1.0/300.0)-(1.0/650.0))*(10**7.0) ah = 1.0/137.0 st = abs(step) Pe = 2.0*pi*ah*(charge**2.)*st*ra + *(1.-1./((1.015*beta1)**2)) if(1./(1.015*beta1).le.1.)then Ckov = Ckov + Pe ! number of Cherenkov Photon end if end if end if c if(inwvol.eq.2)then ac_data(nacc,24) = itra ! track number x1 = vect(1) ! x-position y1 = vect(2) ! y-position z1 = vect(3) ! z-position x2 = x1 - 444.0 - mod(i+1,2)*12.0 y2 = y1 + (j - 9.0)*12.0 z2 = z1 - (i - 9.0)*12.0 ax = x1 - ac_data(nacc,4) ay = y1 - ac_data(nacc,5) az = z1 - ac_data(nacc,6) len = sqrt(ax**2.+ay**2.+az**2.) ac_data(nacc,16) = len ax1 = ax/len ay1 = ay/len az1 = az/len c call aer_photon c

52 IU O? A program ac_data(nacc,12) = Ckov ! total number of photon ac_data(nacc,13) = Ph1 ! photoelectron ac_data(nacc,14) = Ph2 ! photoelectron ac_data(nacc,15) = Phit c c write(6,*)’x0=’,x0,’:’,’y0=’,y0,’:’,’z0=’,z0 c write(6,*)’beta=’,beta,’:’,’n*beta=’,beta*1.015 c write(6,*)’beta1=’,beta1,’:’,’n*beta1=’,beta1*1.015 c write(6,*)’x2=’,x2,’:’,’y2=’,y2,’:’,’z2=’,z2 write(6,*)’Nckov=’,Ckov write(6,*)’Nph=’,Ph1+Ph2 c write(3,*)Nckov,Nph,p,e,pid,x,y,z c open(3,file=’aero.dat’,status=’old’) c write(6,*)’len=’,len c write(6,*)’ax1=’,ax1,’:’,’ay1=’,ay1,’:’,’az1=’,az1 c write(6,*)’rot=’,rot c write(6,*)’the1=’,the1,’:’,’phi1=’,phi1 Ph1 = 0 Ph2 = 0 Ckov = 0 Phit = 0 endif end if c return end

A.1. %W %m %0 %i %‘ %j %9 %H 53 A.1.3 aer photon.f cccccccccccccccccccccccccccccccccccccccccccccccccc c ======================== c c File Name : aer_photon.f c c ======================== c c c c Author : Satoshi Takagi c c c c Creation Date : 10-Jan-2002 c c c c Revisions:- c c ========= c c Date Name Description c c ---- ---- ----------- c c 1/10/02 S.Takagi fifth Version c c c cccccccccccccccccccccccccccccccccccccccccccccccccc c=============================== subroutine AER_PHOTON c=============================== include ’gcking.inc’ include ’gckine.inc’ include ’gcbank.inc’ include ’gctrak.inc’ include ’gcflag.inc’ include ’gctmed.inc’ include ’gcsets.inc’ include ’gcvolu.inc’ include ’gugeom.inc’ include ’namlvl.inc’ include ’guphnx.inc’ include ’secubuf.inc’ include ’gcunit.inc’ include ’pisa_parts.inc’ include ’gclist.inc’ include ’subevt.inc’ include ’gcjloc.inc’ include ’gconst.inc’ c

54 IU O? A program common/udata1/x0,y0,z0,x2,y2,z2,ax1,ay1,az1,Nckov common/udata2/len,beta,theta,phi,the1,phi1,Nph,wl common/udata3/pid,p,Nhit,Nph1,Nph2 common/ndata4/Ckov,Ph1,Ph2,Phit c real x0,y0,z0,x3,y3,z3,x4,y4,z4,x5,y5,z5 real ax1,ay1,az1,dx,dy,dz,beta,len,rot,la,ls,d real pa,ps,l1,l2,ap,sp,pmt_dim,wl real the1,phi1,the2,phi2,the3,phi3,theta,phi real the4,phi4,ax2,ay2,az2,ax3,ay3,az3,lg,phax real thprim,phprim,ef,ta1,ta2,ta3,ta4,ta5,ta6 real aer_data(3) real pho_data(4) real box_data(3) integer i1,Ckov,t,Phit,Ph1,Ph2 c t = 0 d = 0.1 ! step length (cm) pmt_rad = 3.81 ! pmt radius (cm) c c -> define the propability of absorpsion or scattering c do 10 i1=1,Ckov t = t + 1 c c ===> define wavelength of cherenkov photon c wl = 1.0/(rand()*(7.0/3900.0)+(1.0/650.0)) !wave lenght (nm) c c ===> define absorpsion length or scattering length c la = (20.0/(415**2.0))*(wl**2.0) ls = (3.0/(415**4.0))*(wl**4.0) c c ===> define the propability of absorpsion or scattering c pa = exp(-1.0*d/la) ps = exp(-1.0*d/ls) c

A.1. %W %m %0 %i %‘ %j %9 %H 55 aer_data(1) = wl aer_data(2) = la aer_data(3) = ls call hfn(778,aer_data) c c ===> define the position of radiation c l1 = rand()*len z3 = x0 + ax1*l1 x3 = y0 + ay1*l1 y3 = z0 + az1*l1 c c ===> define the dirction of radiation and rotation of axis c ta1 = 1.0/(1.015*beta) ta2 = ay1 ta3 = az1 ta4 = ax1 ta5 = 2.0* pi*rand() ta6 = atan2(ta3,ta2) c if(ta4.ne.0)then dx = ((sqrt(1.0 - (ta1*ta4)**2.0))*cos(ta5)) - (ta1*ta2) dy = ta4*(sqrt((1.0 - (ta1*ta4)**2.0))*sin(ta5)) - (ta1*ta3) dz = ta1*ta4 else dx = (ta2*ta1)*cos(ta6)-sqrt(1.0-(ta2*ta1)**2.0)*sin(ta5)*sin(ta6) dy = (ta2*ta1)*sin(ta6)+sqrt(1.0-(ta2*ta1)**2.0)*sin(ta5)*cos(ta6) dz = sqrt(1.0-(ta2*ta1)**2.0)*cos(ta5) end if c x4 = x3 y4 = y3 z4 = z3 c c c ===> calculate trajectory of cherenkov photon in aerogel c c

56 IU O? A program 20 ap = rand() if(ap.le.pa)then ! photon is not absorbed sp = rand() else go to 10 ! photon is absorbed end if c if(sp.ge.ps)then ! photon is scattered the3 = acos(2.0*rand()-1.0) phi3 = (rand()*2.0)*pi dx = sin(the3)*cos(phi3) dy = sin(the3)*sin(phi3) dz = cos(the3) end if c pho_data(1) = t pho_data(2) = x4 pho_data(3) = y4 pho_data(4) = z4 c call hfn(779,pho_data) c x4 = x4 + d*dx y4 = y4 + d*dy z4 = z4 + d*dz c c ===> calculate the reflection of cherenkov photon at wall c if(x4.le.-6.0)then y5 = (dy/dx)*(-6.0-x4)+y4 z5 = (dz/dx)*(-6.0-x4)+z4 x5 = -6.0 box_data(1) = x5 box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c the4 = acos(2.0*rand()-1.0) phi4 = (rand()+1.5)*pi dx = sin(the4)*cos(phi4)

A.1. %W %m %0 %i %‘ %j %9 %H 57 dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else if(x4.ge.6.0)then y5 = (dy/dx)*(6.0-x4)+y4 z5 = (dz/dx)*(6.0-x4)+z4 x5 = 6.0 box_data(1) = x5 box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c the4 = acos(2.0*rand()-1.0) phi4 = (rand()+0.5)*pi dx = sin(the4)*cos(phi4) dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else if(y4.le.-6.0)then x5 = (dx/dy)*(-y4-6.0)+x4 z5 = (dz/dy)*(-y4-6.0)+z4 y5 = -6.0 box_data(1) = x5 box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c if(((z5-6.0)**2.0+x5**2.0).le.((pmt_rad)**2.0))then ef = rand()

58 IU O? A program Phit = Phit + 1 if((wl.le.500.0).and.(ef.le.0.25))then Ph1 = Ph1 + 1 go to 10 else if((wl.gt.500.0).and.(ef.le.0.1))then Ph2 = Ph2 +1 go to 10 endif end if c the4 = acos(2.0*rand()-1.0) phi4 = rand()*pi dx = sin(the4)*cos(phi4) dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else if(y4.ge.6.0)then x5 = (dx/dy)*(-y4+6.0)+x4 z5 = (dz/dy)*(-y4+6.0)+z4 y5 = 6.0 box_data(1) = x5 box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c if(((z5-6.0)**2.0+x5**2.0).le.((pmt_rad)**2.0))then ef = rand() Phit = Phit + 1 if((wl.le.500.0).and.(ef.le.0.25))then Ph2 = Ph2 + 1 go to 10 else if((wl.gt.500.0).and.(ef.le.0.1))then Ph2 = Ph2 +1 go to 10

A.1. %W %m %0 %i %‘ %j %9 %H 59 endif end if c the4 = acos(2.0*rand()-1.0) phi4 = (rand()+1.0)*pi dx = sin(the4)*cos(phi4) dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else if(z4.le.0.0)then x5 = (dx/dz)*(-z4)+x4 y5 = (dy/dz)*(-z4)+y4 z5 = 0.0 box_data(1) = x5 box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c the4 = asin(rand()) phi4 = (rand()*2.0)*pi dx = sin(the4)*cos(phi4) dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else if(z4.ge.12.0)then x5 = (dx/dz)*(12.0-z4)+x4 y5 = (dy/dz)*(12.0-z4)+y4 z5 = 12.0 box_data(1) = x5

60 IU O? A program box_data(2) = y5 box_data(3) = z5 c call hfn(800,box_data) c the4 = acos(rand())+pi phi4 = (rand()*2.0)*pi dx = sin(the4)*cos(phi4) dy = sin(the4)*sin(phi4) dz = cos(the4) l2 = sqrt((x4-x5)**2.0+(y4-y5)**2.0+(z4-z5)**2.0) x4 = x5 + l2*dx y4 = y5 + l2*dy z4 = z5 + l2*dz go to 20 c else endif go to 20 c end if 10 continue c return end