JIM Users’ Guide :YEDD>9/ a !"?@A0=c0l b !"CfB<M& c !"EOItN4;K d a El5~ETN)Bg3XM}3XIt!" b 9b%(%M%k%.!<J*M}3X8&5f=j!" c ?@8MBg3XM}3XIt!" d 9)3X1!Bg3X9)3XIt 1994 G/ 8 7n 5 F| 35MW $3$l$O JIM (JLC detector Sim ulator) $N ;H$$ J}$K $D$$$F $N man ual $G $9!#0U8+!"<ALdEy$O hoso da@jlcux1.k ek.jp $KAw$C$F2<$5$$!# L\<! 1 In tro duction 3 2 Install 3 2.1 JLC cluster : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 2.2 Other mac hine : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 3 Example 4 4 Ov erall structure of JIM 5 5 JIM geometry 5 6 Ev en t generator 6 6.1 Generate ev en ts inside JIM : : : : : : : : : : : : : : : : : : : : : : : : 6 6.2 Generate ev en ts outside JIM : : : : : : : : : : : : : : : : : : : : : : : 6 7 ZBS bank system 7 8 Graphics 7 9 Summary of data cards 7 10 Do cumen tation 7 1

A Bank con ten ts 8 B Data �le con ten ts 15 2

1 In tro duction JIM $O CERN GEANT3.21 $rMQ$$$? JLC detector $r sim ulate $9$k$?$a$N Mon te Carlo program $G$9!# GEANT $O $$ $/ $D $+ $N 4pK\ E* $J shap e $r MQ$$ $F 8! =P 4o $N 9=B$ $r 5- =R $9 $k to ol $r Ds 6! $7$F$$$^$9!# $^$? GEANT $OI,MW$JJ* M}2aDx$r4^ $s$@8!=P4o $NH?1~$r M?$($F$/$l $^ $9!# JIM $O data cards $rFI$‘$3$H$G program $r@)8f$7$^$9!#J*M} even ts $NH/@8$O JIM FbIt$G9T$J$&>l9g$H!"B>$N program $G 4-vector bank �le $r:n@.$7$F$*$-!"$=$l$r JIM $GFI$_9~$s$G9T$J$&>l9g$H$,MQ0U$5$l$F$$$^$9!# JIM $G$O ZBS $H$$$& ZEBRA $rMQ$$$? bank system $r:NMQ$7$F$$$^$9!# Sim ulate $N7k2L$O bank �le $K=q$-=P$5$l$^$9!# JIM $N in teractiv e version $H$7$F JIM++ $,$"$j$^$9!#$3$l$O GEANT++ $rMQ$$ $?$b$N$G!"K>$_$N8!=P4o$N?^$r=PNO$9$k$N$KJXMx$G$9!# 2 Install 2.1 JLC cluster JIM $N 3+ H/ $O JLC cluster (jlcux1,jlcux2,jlcux3) $G 9T $J$C $F $$ $^ $9!# 8= :_!" JIM $N souce !" data �le !"<B9T �le $O!" /proj/phys/src/jim/src $K$"$j$^$9!#$^$? man ual N‘$O!" /proj/phys/src/jim/doc $K$"$j$^$9!# Library $K$O CERNLIB $H jlc FH<+$N$b$N$H$,$=$l$>$l0J2<$K$"$j$^$9!# /cern/pro/lib /proj/phys/lib 2.2 Other mac hine 8= :_ $N $H $3 $m $O FC JL $J mak e $d arc hiv e �le $J $I $O $D $/$C $F $$ $^ $; $s!# D> @\ >e 5- $N directory $+ $i �le $r ;}$C $F $$$C $F 2< $5 $$!# $^ $? I, MW $J $i library $b ;}$C $F $$$C $F 2< $5 $$!# INCLUDE J8$O =q$-49$( $M$P$J$i$J $$$+$bCN $l$^$;$s!# <B9T �le (jim,jim++) $r $D$/$k$K$O!" mak e �le Cf$N library $N$"$j$+$rD>$7$F$+$i!" % make jim % make jim++ $H$7$F$/$@$5$$!# 3

3 Example 1. User $O<+J,$N w orking directory $K gean t.dat �le $r<h$C$F$-$^$9!# 2. geant.dat $G$O ev en t ?t$d energy $J$I$rDj5A$7$F$$$k$N$G$3$l$rJQ99$7$^$9!#Fb MF$OIUO? B $r;29M$K$7$F2<$5$$!# 3. jim $r<B9T$9$k!# Output $r �le $KJ]B8$7$?$1$l$P!"Nc$($P0J2<$N$h$&$K$7$^$9!# % /proj/phys/src/jim/src/jim > jim.out 4. Even t $rI=<($7$?$H$-$O 1 ev en t $4$H$K2hLL$,;_$^$k$N$G!" return k ey $r2!$9$H <!$K?J$_$^$9!# 5. 7k2L$O jim.bnk $H$$$& �le $K5-O?$5$l$^$9!# 4

4 Ov erall structure of JIM 0J2<$O JIM $N o w c hart $G$9!#$3$l$O GEANT $NI8=‘$N;H$$J}$G$9!# MAIN : user routine GZEBRA : initialization of ZEBRA system UGINIT : user routine GINIT : initialization of GEANT variables GFFGO : interpretation of data records GZINIT : initialization of ZEBRA core divisions and link areas GPART/GSPART : creation of the particle data structure GMATE/GSMATE : creation of the material data structure UGEOM : description of the geometrical setup of the sensitive detectors, creation of data structure GPHYSI : preparation of cross-section and energy-loss tables for all used materials GRUN : loop over events GTRIGI : initialization for event processing GTRIG : event processing GUKINE : (user) generation (or input) of event initial kinematics GUTREV : (user) GTREVE : loop over tracks, including any secondaries generated GUTRAK : (user) GTRACK : control tracking of current track GMEDIA : find current volume/tracking medium GTVOL : loop over successive media seen by the particle GTGAMA/GTELEC/... : tracking of particle according to type GUSTEP : (user) recording of hits and space in data structure GUDIGI : computation of digitisations and recording in datda structure GUOUT : output of current event GTRIGC : clearing of memory for next event UGLAST : (user) GLAST : standard GEANT termination 5 JIM geometry 8=:_!" jim Cf$K$"$k8!=P4o$O0J2<$G$9!# 5

>JN,L> 8!=P4o C4Ev<T Co ding <T BC Barrel calorimeter F#0fK’>< CfB<M& EC Endcap calorimeter F#0fK’>< CfB<M& CT Cen tral trac k er 7*86NI>- :YEDD>9/ VX V ertex cham b er ?yK\9/Gn :YEDD>9/ other CfB<M& $3$N B>$K b eam pip e,solenoid magnet, m uon c ham b er $, J*<A $H$7 $FCV $$$F $"$j $^ $9!# $= $l $> $l $N 8! =P 4o $N parameter $O data �le $+ $i FI $_ 9~ $_ $^ $9!# DL >o!" user $O $= $l$i$rJQ99$7$J$$$G2<$5$$!# 6 Ev en t generator jim $G$OFbIt$G ev en t $rH/@8$9$k>l9g$H!"JL$N program $G �le $r:n@.$7$F$*$-!"$= $l$r jim $KFI$_9~$^$;$k>l9g$,$"$j$^$9!# 6.1 Generate ev en ts inside JIM gean t.dat �le Cf$N KINE (1) $NCM$G@ZBX$($^$9!#<h$j$&$kCM$O0J2<$G$9!# 1. Generates e + e � ! Hadrons with the LUND generator 2. Generates a TOP quark ev en t with LUND generator. TOP MASS is set at 174 GeV. 3. Generates a HIGGS even t 4. Call single particle generator (useful for debugging and testing) 5. Reads Ev en t from FILE Sp eci�ed in ’input.dat’ KINE (2) $, Cen ter of mass energy (GeV) $G$9!# 6.2 Generate ev en ts outside JIM $3 $N ;~$O $^ $: 4-vector $r H/ @8$7!" $= $l $r �le $K Mn $9 program $r =q $+ $M $P $J$j $^ $; $s!#@8@.$7$?N3;R$N>pJs$O MCEVENT bank 7A<0$K$7$F$*$-$^$9!# MCEVENT bank $O LUND $J$I$G;H$o$l$F$$$k HEPEVT standard $r$=$N$^$^:NMQ$7$F$$$^$9!# MCEVENT bank $K$D $$$F$O IUO? A $r$_$F $/$@ $5$$!# $h$C$F PHYSIA/JETSET $G$O 3Z$K$3 $N �le $r :n @. $G $- $^ $9!# /pro j/ph ys/sim u/jim/sample/lu2bnk.f $O $3 $N $h $& $J program $N Nc $G$9!#$3$NNc$G$O lund.evn $H$$$& �le $r:n$C$F$$$^$9!# $^$? STDHEP $H$$$& Herwig,Jetset,Isa jet,QQ $N output $r HEPEVT standard $K JQ49$7$F$/$l$k program $b$"$k$=$&$J$N$G;H$($k$+$bCN$l$^$;$s!# jim $N@_Dj$O gean t.dat $G KINE(1)=5 $K$7$F!" input.dat Cf$N EVT $N1&$K �le name $r=q$-$^$9!#:#$O 11 J8;z$a$+$i 10 J8;z0JFb$H$7$F$$$^$9!# 6

7 ZBS bank system jim $G $O ZBS $H$$ $& ZEBRA $r MQ$$ $? bank system $r:N MQ$7 $F$$ $^$9!# $3$l $O?@ A0$5$s$,:n@.$7$?$b$N$G!" man ual Ey$O$=$N$&$AMQ0U$5$l$k$G$7$g$&!# bank $NFbMF$O BANK.DOC $K text $G=q$$$F$$$^$9!#IUO? A $K$=$l$r<L$7$^$9!# 8 Graphics GEANT $O HIGZ $r MQ$$ $F$$ $^ $9!# jim $G $O 1 ev en t $4 $H $N ev en t displa y $r <g $K degbug $N$?$a$KI=<($9$k$3$H$7$+$G$-$^$;$s!#I=<($r on $K$9$k$K$O gean t.dat $G SWITCH(4)=1 $K $7 $^ $9!# IGD W $G cut plane $r @_ Dj $7 $^ $9!# >\$7 $/ $O IU O? B $r 8+ $F2<$5$$!# <+ J, $N K> $_ $N 8! =P 4o $N ?^ $J $I $r F@ $k $K $O jim++ $r MQ $$ $^ $9!# jim++ $O Motif $r MQ$$$? jim $N interactiv e v ersion $G!"<g$K8!=P4o$N geometry 3+H/$J$I$G;H$C$F$$$^$9!# 5/F0$9$k $H w orkstation t yp e $r$-$$$F$/$k$N$G!" "m" $HF~NO$7$F2<$5$$!#2hLL$K$O#3 $D $N window $, 3+ $-!" pa w++ $H $[ $\ F1 $8 $G $9!# $3 $3 $G ;H $( $k command Ey $K $D $$ $F $O!" "GEANT3.21 man ual p.348, In tro duction to the Interactiv e version of GEANT" $r;29M$K$7$F2<$5$$!# 9 Summary of data cards jim $G$O run con trol $dF~=PNO �le $NDj5A!"8!=P4o geometry parameter $J$I$O data �le $+$iFI$_9~$_$^$9!#$3$l$K$O FFREAD pac k age $rMQ$$$F$$$^$9!# jim $O;O$a$K in- put.dat $rFI$_ $^$9!#$3 $3$K$O $=$l$> $l$NItJ, $N �le name $,=q $+$l$F $$$^$9!# <!$K$= $l $> $l $N �le $+$i con trol data $d geometry data $r FI $_ 9~ $_$^ $9!# data card $N Fb MF $OIUO? B $r8+$F2<$5$$!# 10 Do cumen tation T ext $G$N do cumen t $O0J2<$G$9!# DATA.DOC : = Appendix A BANK.DOC : = Appendix B $^$? LaT eX $G=q$+$l$?$b$N$O0J2<$G$9!# jim-guidej.tex : $3$N guide cvs-guidej.tex : jim 3+H/<T$N$?$a$N CSV $N;H$$J} 7

A Bank con ten ts ********************************************************************** * +-------------------------+ * * | Bank Name : MCHEADER | * * +-------------------------+ * * * * Contents : Summary of information about a generated events * * at the event generator stage. * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-Jun-28 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Run number (=0 <-- Monte Carlo data) IDATA(2) Event number IDATA(3) Event type IDATA(4) Radiative correction(’off’=0,’on’=1) IDATA(5) Total # of vertices in this event IDATA(6) Total # of tracks in this event IDATA(7) Total # of final tracks in this event DATA(8) Total energy of this event (GeV) DATA(9) Magneic field (KGauss) DATA(10) Beam energy (GeV) ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- No entry in the data record ---------------------------------------------------------------------- 8

********************************************************************** * +-------------------------+ * * | Bank Name : MCEVENT | * * +-------------------------+ * * * * Contents : Information of all particles at the event * * generation stage are stored. The history of an * * event (ex. the hadronization steps, decay chains * * etc) can be traceable by this bank. * * See HEPEVT common of LUND74 manual for precise * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-Jun-28 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Event number IDATA(2) Total number of particles generated in an event generator. The particles in intermediate states are also included. ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Status flag IDATA(2) Particle code (LUND code) IDATA(3) Pointer to the position where the moter is stored. IDATA(4) Pointer to the position of second mother IDATA(5) Pointer to the position of the first daughter IDATA(6) Pointer to the position of the last daughter IDATA(7) Not Used DATA(8) X-component of the momentum of i-th particle (GeV) DATA(9) Y-component of the momentum of i-th particle (GeV) DATA(10) Z-component of the momentum of i-th particle (GeV) DATA(11) Total energy (GeV) 9

DATA(12) Mass (GeV) DATA(13) Production vertex x position, in cm DATA(14) Production vertex x position, in cm DATA(15) Production vertex x position, in cm DATA(16) Production time, in cm/c DATA(17) Charge DATA(18) Life (c*tau) DATA(19) Not Used DATA(20) Not Used ---------------------------------------------------------------------- (Note) Segment # = particle # 10

********************************************************************** * +------------------------+ * * | Bank Name : MCCTHIT | * * +------------------------+ * * * * Contents : List of central tracker hits on tracks which the * * JIM generated. * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-Jun-28 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Total number of generated tracks IDATA(2) Total number of hits ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Track # of i-th hit IDATA(2) Wire No. (drift cell # counted from inner side) * 1000 + (drift cell # counted from phi=0) IDATA(3) Left-right ambiguity (+1=+phi side of anode wire,-1=-phi) IDATA(4) Particle code (LUND code) DATA(5) Drift length (cm) DATA(6) Z position of hit (cm) DATA(7) Time of fright (nsec) DATA(8) X-component of the momentum of i-th particle (GeV) DATA(9) X-component of the momentum of i-th particle (GeV) DATA(10) X-component of the momentum of i-th particle (GeV) ---------------------------------------------------------------------- (Note) Segment # = hits # 11

********************************************************************** * +------------------------+ * * | Bank Name : MCVXHIT | * * +------------------------+ * * * * Contents : List of vertex chamber hits on tracks which the * * JIM generated. * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-Jul-07 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Total number of generated tracks IDATA(2) Total number of hits ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Track # of i-th hit IDATA(2) Layer # most inner=1,middle=2,outer=3 IDATA(3) Z direction cell # from +z side IDATA(4) Phi direction cell # from phi=0 IDATA(5) Particle code (LUND code) DATA(6) X position of hit (cm) DATA(7) Y position of hit (cm) DATA(8) Z position of hit (cm) DATA(9) Momentum of i-th particle (GeV) DATA(10) Energy loss (KeV) ---------------------------------------------------------------------- (Note) Segment # = hits # 12

********************************************************************** * +------------------------+ * * | Bank Name : MCBCHIT | * * +------------------------+ * * * * Contents : List of Barrel Calorimeter hits on tracks which * * the JIM generated. * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-July-8 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Total number of hit blocks ( EM part ) IDATA(2) Total number of hit blocks ( HAD part ) ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) 1:EM 2:HAD IDATA(2) Track # of i-th hit IDATA(3) BLOCK copy number ( phi ) IDATA(4) BLOCK copy number ( theta ) DATA(5) X Position of Hit Block Front Face DATA(6) Y Position of Hit Block Front Face DATA(7) Z Position of Hit Block Front Face DATA(8) Deposit Energy (raw) DATA(9) Deposit Energy (digitized) ---------------------------------------------------------------------- (Note) Segment # = hits # 13

********************************************************************** * +------------------------+ * * | Bank Name : MCECHIT | * * +------------------------+ * * * * Contents : List of Endcap Calorimeter hits on tracks which * * the JIM generated. * * Record Type : 1-dim. fixed length segment * * Version : Release 1.0 1994-July-8 * * * ********************************************************************** (1) Contents in the Master Segment ---------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) Total number of hit blocks ( EM part ) IDATA(2) Total number of hit blocks ( HAD part ) ---------------------------------------------------------------------- (Note) Master segment = segment # 0 (2) Contents in the Data Segment -------------------------------- ---------------------------------------------------------------------- DATA CONTENTS ---------------------------------------------------------------------- IDATA(1) 1:EM 2:HAD IDATA(2) Track # of i-th hit IDATA(3) BLOCK copy number ( forward or backward ) IDATA(4) BLOCK copy number ( r ) IDATA(5) BLOCK copy number ( phi ) DATA(6) X position of Hit Block Front Face DATA(7) Y position of Hit Block Front Face DATA(8) Z position of Hit Block Front Face DATA(9) Deposit Energy (raw) DATA(10) Deposit Energy (digitized) ---------------------------------------------------------------------- (Note) Segment # = hits # 14

B Data �le con ten ts + input.dat LUNM Detector or file ID name GEAN : geant control file VX : VX part CT : CT part BC : BC part EC : EC part PS : Postscript file BNK : Output bank file EVT : Input 4-vector file that created other generator. FNAM Each data file name. 15

+ geant.dat TRIGGER Number of event DEBUG Debug flag (1) First event to debug (2) Last event to debug (3) Print control frequency SWITCH (3)=1 write each parameter,(4)=1 draw detctor (5)=1 dump bank KINE (1) Event Generator Code (integer) 1 KILUND Generates e+e- --> Hadrons with the LUND generator. CMS Energy is set by 2nd variable on KINE data card. 2 KITOP Generates a TOP quark event with LUND generator. TOP MASS is set at 174 GeV. 3 KIHIGS Generates a HIGGS event. (Not Available Yet) 4 KISING Call single particle generator (useful for debugging and testing) 5 KIFILE Reads Event from FILE Specified in ’input.dat’ (2)- See gukine.f & ki****.f (real) (2) Center of mass Energy (GeV) KINE(1)=4 then (3) particle code (LUND), <=1000: fixed direction, >1000: random direction from 9deg. to 171deg. >2000: random direction from 40deg. to 140deg. (4) theta angle (5) phi angle IGDW =1 cut by x-axis,2=y 3=z GDUV u,v coodinate on the screen of the volume origin GSUV scale factor for u,v coodinates IGPR Graphics output 1=output to PS file & screen, 0=screen, -1=PS file MFLD Magnetic field (KiroGauss) 16

+ vxgeom.dat SITK Si thickness PXCL pixcel size NLAY Number of layers RVX(1) 1st layer radius ZVX(1) 1st layer half Z length RVX(2) 2nd layer radius ZVX(2) 2st layer half Z length RVX(3) 3rd layer radius ZVX(3) 3st layer half Z length 17

+ ctgeom.dat CTMO Outer radius (230.0) CTMI Inner radius (30.0) CTMZ (half Z length of outer CFRP wall (230.0) EPX1 Z point of end-plate (213.0) EPY1 R point of end-plate (70.0) :Define end-plate curve to calculate hyperboric curve that pass (CTMZ,CTMO) and (EPX1,EPY1) NSCE # of super cell for R direction (20) NDCE # of drift cell in super cell (5) PLSC Length of super cell for phi direction (5.0) RLSC Length of super cell for R direction (7.0) RLUN Space of under stereo layer (1.4) TCYL Thickness of CFRP wall (0.5) TENP Thickness of end-plate wall (5.0) 18

+ bcgeom.dat BCSW 1 : Module size constant? option ( Default ) 2 : DTHETA constant option. 3 : DZ constant option. ( To be introduced ) BRIN BCAL inner radius BZL length BZI Half Z length you want to cover. BTSE Tickness of Scintillator (EM) BTSH Tickness of Scintillator (HAD) BBL BC Tower Block Length BBS Block Size. BDEM Depth of EM part BNTH # of division in THETA direction BNPH in PHI direction BTLG Tickness of WLS plate. BTLT Telt Angle in phi. # Note BCSW $NCM$K$h$C$F;H$o$l$J$$ DATA CARD $,$"$j$^$9!# 19

+ ecgeom.dat ERI1 ERO1 ERI2 ERO2 EZI Z Positoin of EC Front Face. EBL Block Length ( cm ) EDEM Depth of EM part ( cm ) ETSE Tickness of Scintillator (EM) ETSH Tickness of Scintillator (HAD) EBSZ Block Size |<---------------->| RO1EC | |<->| RI1EC | | | ---------------- | --------------- ------ / EM | | | \ DEMEC | | / -------------- | | |-------------- \ --- | / | | | \ | BLEC / HAD | | | \ | / | | | \ | ---------------------- | --------------------- ------ | | | | |<->| RI2EC |<--------------------->| RO2EC 20