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Abstract: 

A GEANT simulation of single pions of various momenta from 5 to 
800 GeV/c through iron absorber of thickness 6A. to 30A. is used to produce 
punchthrough shower profiles. These profiles are compiled in probability 
tables which are read by a program PCHTHR which produces fast 
punchthrough showers for use in muon triggering and pattern recognition 
studies. The following are transparencies of a talk given at the Rocky 
Mountain Consortium Workshop in Boulder, Colorado on July 21, 1992. 
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SUBROUTINE PCHTHR(Il,ZCAL,IDIN,P,POUT,RO,IDOUT,NP,W'l',NPOUT,IRET) 
c------------'------------------------------------------------------------
c- -· .. 
C- -- Authors: R. McNeil-;· ·w. Morise,· and H. Ma 
C- _Date: _ l-Nov-1990 
C- Revised and Maintained by R. McNeil and Chris Lyndon 
C:_. -----··- ... ·-. ---------· ·-·------·- ··- -··· ---- -- ·- -- ---
c-

_ - --C- -- - Revision: Vl. l - l-Aug-1991 Added new momentum table for <lOGeV 
c- Vl.2 - l-SEP-1991 Added non-interacting hadron --
c-. --- - ·····-Vl.3 - 9-0ct-1991 Chariged.Prob'tables reducing total 
c- number of bins and minimum thickness. Now all 
c- ·· probabilities from GEANT simulation. 
c- V2.0.- 1-Nov-1991 Read in.Punchthrough probability, 
c- Multiplicity and momentum distributions once 
c- per run in DATA block containing output 
c- particle ID. Multiplicity range extended to 
c- SO particles. Also DATA block includes the 
c- probability for non-interacting pion and 
c- · decay of primary pion to muon. 
c- V2.1 - 12-Dec-1991 Increase the punchthrough prob. 

--·· C---. --------- --------- - --- ·-·for K+ and K-:· Input ID carries the sign of 
c- charge of parent track. output ID carries sign 
c- of charge punchthrough track. 
c- V2.2 10-JAN-1992 Changed output ID code to be GEANT -
C- codes. Added return flag to indicate problem 
c- with input variables out of range of the tables.-
c- Modified charge distribution to put in a · -

. C-:.. . . ----------~---···· - -- memory -of -the'parent particle· and asyriunetry -of 
c- electrons vs positrons and protons vs pbars. 
C- V2.3 - 21-JuN.::1992 Put in some ·correlations between 
c- particle~~-~--EAd.multiplicity .-Also -smear--------- - --~-

.. ----· ---c- ··--· ---------·-------- -.-· energy-·loss by muon traversing the calorimeter - . 
c- according to ELOS subroutine. See GEM Note 
c- 92-69. Apply Energy loss to determine 
c- . _____ . penetration probability-~nd the output momentum-·---··--
C;:-- ·· of noninteracting charged hadrons and primary 
c- decays to muons. 
c-

-C- -- -- . send conments to Roger McNei1··.:. ·Louisiana··s-tate university 
c- EMAIL: LSUHEP; ;MCNEIL or PHMCNE@LSUVAX 
c
c

·c-· -
c
c
c-_ -
c
c-

variables: 
Input: - Il 

ZCAL 
IDIN 
p 

- -· - ___ .... --.-.,_e- -.~---- .. , -·--·-

Random Number Seed 
The Thickness of Material in Lambda 

- Particle ID ·of ·the··parent Track 
Momemtum of the Parent Track (GeV/cl 

c- output: . . -- ""-" - --·· -·-- ~----·----·· - ·----
----- c- --- -- -·-- · ·poUT·-··-;.---Momentiiiilof the Puncthrough Tracks (GeV/cl -

C- RO . . . Radius of Punchthrough from the projected -
·c- parent track in cm (at end ·-of Mat' l} .,.-: ______ _ 
c- -- -·- -"'. IDOUT, .... - ··----OUtput--ID·-of··punchthrough.- -·- . - ·-
c:.;" ... -· NP Multiplicity of Punchthrough 
c- wr Weight (probability for the punchthrough) 
C- NPOUT Multiplicity of Punch):hrough to output . 
c- ------IRET - · - ---·--Return· fla§-n.;,;siiccess, <O=failurel 
c--------------------------:.----------------------------------------------

IMPLICIT NONE 

-- - -- ·-----INTEGER -IDIN. InABs; icHAR.ci; icou:r :MUI.:;;:NP~~~. NTRIEs. IRET 
INTEGER I, IM, IP, IF, IL, IN·, ID,J ,K, ILAM, IDB (10), IDOUT(SO) 
INTEGER ID0(48), IDC (48), IDOIN, IAOUT (50), IDl, ID2 ,MULEF . 

. _______ SAVE .. IDB, IDC,-IDO,-IDOIN---·---~-,.-~-. .. ...... 
T1'1'T'"l'!l>l> TlH'lT'l MTlT ..... T'l'N'PN'l'. M!lT,P? 

15 



~up +o so vu;.~\.-tl..1'0\lfl\.. pa11.tic.l!~ 

REAL~lPO~YT--LS~0'"",-4)J-.l,R0(50),P(4),PUNCH,Wl',ZCAL,PPU,TCAL,RR,PROB 
. REAL THINC, PHmc, THOUTL, PHOUTL ;·PNI-. RR2, PMOM, EPU, PTOT 
REAL PMAX,PMIN,PHIM,PLOM,RR3,RR4,RR5,PROB1,PROBML,PROB2 
REAL PDCLOM,PDCHIM,PDC,PNILOM,PNIHIM,ZINTl,ZINT2,PTINC 
REAL PMNID(5),ZPMNID 

,,__...·-· ·---·~C ._. ~ ~ .. •·• ---·--·•··-- -~ • • • 
C PUNCHTHROUGH shower profile from GEANT simulation. 

REAL ZLAM(17),ZP(8),ZPF(17),EPF(l7),ZINTER 
SAVE ZLAM, . ZP, ZPF, ... EPF, .... ZINTER -

·. REACZFRAC°C7; 6, 17, 5), PMULT(7, 6, 21, 21, 5), ZPUNCH (8, 17, 4 l 
---·--·-·--·--·SAVE-ZFRAC, -- .. ·-·-PMULT,---·---·---- ZPUNCH 

REAL ZPJ(7,6,18,5) 
SAVE .. ZPJ ....... ~.-- .. -·--··---· · ··- ···-···· -
REAL ZPM(7,6,18,5),XMUL(7,6,20),MULT(7,6,20) 

. SAVE ZPM, · . XMUL; . . MULT 
DATA zPF/ o.0001,0.0002,o.0005,o.001,o.002,o.005, 

& o.010,o.020,o.05,o.100,o.15,o.200,o.300~0.400,0.500, 
& 0.600,0.750/ 

DATA EPF/ o.001,o.002,o.003,o.004,o.006,0.008,0.0lO, 
, . r · &. . ,A015,0.020,0.030,0.050,0.100,0.200,0.500,1.0,2.0,5.0/ 

lo\..,,....,...., DATA ZLAM,\§.J,7.,8.,9.,10.,11. ,12. ,13., 
c..~ - & 14. ,16. ,18. ,20. ,22.0,24.0,26.0_.28.0,30.0/ 

DATA ZP/0.0,5.,1~.,.20_",40.,10~.;20_~~·~00./ _ . 

1 
Af\lT 

····-----DATA -IDB/2, 3, 5,6, 8, 9, 11, 12, 14, 15/ Gae 
DATA IDO/l,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20, :tP CPdC.S 

& 21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37, 
& 38,39,40,41,42,43,!4. .. ~_2._4-6.,47,48/ . ·.·. - .. 

C · DATA ID0/10 ;·;;.12,-12·;-1i;::t4-;-i4,110, 120, -120, -20, 130, -130, 1220, 
c & 1120,-1120,20,220,2130,1130,1230,2230,1330,2330, 
c & 3331,-1220,-2130,-1130,-1230,-2230,-1330,-2330, 
c & ____ :"3331, -::.16 ,16,.-240 -,-240 ,--140 ;·140 ,-·-340 ,-340-;·2140; so-;--~--- · - ·-.. ---- --- ·· .. ·-c:-····&____ -so, 90, 999, 999' 999, 999/ 

DATA IDC/0,1,-1,0,1,-l,0,1,-l,0,l,-1,0,1,-1,0,0,0,l,0,-l,0,-1, 
& -1,o,o,-1,o,1,0,1,1,1,1,1,-1,o,o,1,-1,1,1,,.._1,o,1, -··- _ . -·-.·· 

. - -·-·----&-'-----·--1,·2 ;01·----·-~---···---- ·--·- .. ·-. 
c Minimum momentum for lMeV Kinetic energy cutof~ in GEANT. 

DATA PMNID/.0014,.0146,.0167,.0315,.0433/ . 

···· -c ·Dist .. of· distanc·e. · betweei:l-J;lai:-.;:;t · a:;;d P;;~hth~~~~i.;:·~-f'~e; 14 lambda in 2cm 
C bins. Taken from GEANT simulation for 200GeV pion. 
c 

__ REAL .. - -- ROFRAC(25)-,ROUT;PHIOUT -------· - ··-·. --·- .. - . 
SAVE ROFRAC 
DATA ROFRAC/.08,.20,.32,.43,.54,.62,.68,.74,.78,.82,.85,.87, 

1 .89, .91, .93, .94, .95, •. 9.60, .965, .970, .975,.980, .985, 
2 -.99,i.r··-· ·· ·· ···--- · . 

c 
c·Dist of angles between parent and punchthrough after 14lambda in radians 

.~.C::- b:i,ns •. Taken .from .GEANT .simulation for-200GeV pion;-·· --- · · ···--
C 

REAL THVAL ( 14) , THFRAC ( 14, 5) , PVAL ( 5 l , THOUT, DPHI, DTHE 
SAVE THVAL, THFRAC, PVAL .. ·. ~ .... ,.---·.~-·· .-~·-··'"··-···--------·· 

. - ---'" -·~~· -DATA--THVAL/0 ;--02·;0 ;04 ;:-06;·;09;-:10-;-:-12, .14, .16, .18, . 20, • 30, 
1 .50,1.0,1.6/.·.·. 

DATA THFRAC/0.0014,0.0051,.0100,.0152,.0234,.0342,.0469,.0594, 
1 • 0728, • 08.6_5, .1653, .3401.,. 7438, 1. 0,. ------·-··--· .... . 

· ··· ··---- ·--2 ------ ---~--·-·-0~0001;-o·.0005, .0092, .0242, .0385, .0575, .0798, 
3 .1069,.1352,.1661,.3131,.5890,.9205,1.0, 
4 0.0003,0.0296,.0691,.1191,.1723,.2329,.2979, 

.. _______ ._ 5 ... c ...... • 3593, .4246, ,4921-,-;·1115;-. 9200;: 9967 ,·Lo;·--· ----
6 0.0324,0.1365, .2486, .3836, .4878, .5927, .6882, 
7 .7451, .7995, ;9414, .9526, .9968, .9992,1.0, 
8 0 .1779. 0. 3 881, • 54!1} ,_._6_?._4.7, • 7 504, • 8221, • 8623 ,----· - --- ,. , __ .,_ 

-----· -9 · - -------------;a913 ;-;-9111-;-.:-9436, • 9839, . 992s, • 9984, i. 01 
. DATA PVAL/0., 0.25,1.0, 5., 10. I 

. INTEGER Il . . 



c 
c 

REAL RAN 
EXTERNAL RAN. 

LOGICAL FIRST 
SAVE FIRST 

-· •··---- DATA FIRST/. TRUE./ -

c 
c 
c 

INITIALIZE 
-·-- .------ -

___ . ______ IF (FIRST) ... -THEN_ ·_ -- ----- · __ ... -- ----·---------~--.--

.. ,,_,._ -- - . 

601 
602 
603 

FIRST:. FALSE. 
DO 603.IM=l,8 .. --·- ---·--·-·· 

DO 602 IN=l,17 
·DO 601 IP=l,4 

ZPUNCH(IM,IN,IP):0.0 
CONTINUE 

CONTINUE 
CONTINUE 
DO 610 IM=l,7· 

DO 609 IL=l,6 
DO 605 IF=l,17 

DO 604 ID=l,5 
--··-- ··- ..... .ZFRAC(IM,IL,IF,IDl=O.--- -·-

604 CONTINUE 
605 CONTINUE 

DO 608 IN=l,21 
- ···IF (IN .NE.2l)MULT (IM,-:rL·;mr;-o·:o~·-· 

DO 607 IP=l,21 
DO 60i; ID=l,5 

PMULTJIM, I;J;,, IN, IP., ID) =0 • .0 ~~-·~.,·-00• ~-----·~------ ~~·--- • -- ··--·'-" •..•.••• 

--·505- ·----·-----·CONTINUE --- - . 
607 CONTINUE . 
608 CONTINUE . · . . .. 

- - ~~~----·-c:o~~i:'E-~"-" ______ ,_ ·.· reo.d ·i.-. \>ui+d:{iJ'.~~~--!_{0~·li\j· l41at~s 
FIRST:.FALSE. ( ·-\t'\8' CL•S" ' . 

-- - - 1 ~:N61UNIT.;LYN,FILE;;•\.IEEK1r:PbNcH.TAB-;, sTATus= ·-o'Lii;-,Ri:irom;y~ ······---
DO 612 iM=i. 7 . . 

611 
612 

DO 611 IN=l,17 
......... READ(LUN,1001).(ZPUNCH(IM+l, IN,IP) ,IP=l.-4) 

CONTINUE 
CONTINUE 
DO 617 IM=l,7 

DO 616 IL=li6 ··-· -
DO 615 IF=l,18 

-· ---~---- - -- ··- - -- . 

READ(L~,1002) (ZPJ(IM,IL,IF,ID),ID=l,5) 

··- - -- . ·--"- - . - -- ._. - ~ - _, __ -- . 

IF(IF GT l)THEN . · -.. ··----------·~----·· - -·--- oo-i14.CJ:o;;;1:5---o- -------·-----· -~--·-··-··------------- ··----·- · 
DO 613 IP:l;IF 

ZFRAC(IM,IL,IF-l,ID)=ZFRAC(IM,IL,IF-1,ID) . -·-··----- ..... -
.... ·---~" _______ & .,., •..... -··-------+ZPJ ( IM,-IL-.-IP ;-ID)·-~-----····---· ... ~-·-· .... _ •. _. _________ ----. 

613 CONTINUE 
614 CONTINUE 

END IF 
.. "'•CONTINUE -· ------------··· '··-.. 615 

--~- ----- -· . ----------~-----· --- '• 

CONTINUE · · 616 
617 CONTINUE -~·-· .... __ 

DO 625 IM=l,7 _.~----..-- --------..... ----------------·---·· ------------
• ·-- -----·-- .. DO 62°4 IL=l, 6 

DO 618 IN=l,20 
READ(LUN, 1003 )XMOL (:CM, :C_~, IN) ~-------·--~---------------·---· ------- --- - ·-'-·· -618 - ·•·---·--- CONTINUE-·, ___ ._,_, ______________ _ 

_ DO 620 IN:l,20 17· .. 
DO 619 IP=l,IN 



619 ........ . 
620 

MULT(IM,IL,IN)=MULT(IM,IL,IN)+XMUL(IM,IL,IP) 
. CONTINUE ... 

CONTINUE 
DO 623 IN;=2, 21 

.... DO 621. IP=l, IN 
READ(LUN,1002) (PMULT(IM,IL,IN,IP,ID) ,ID=l,5) 

621 CONTINUE 
623 CONTINUE 
325 ·CONTINUE 
624 CONTINUE 

-·625··· - · CONTINUE: · - · 
CLOSE (tJNIT=67) ........ . c:::· End :: First·-· · · - · · · 

1001 
1002 
1003 
c 

PRINT*, ' FINISHED READING PUNCHTHROUGH PROBABILITY TABLE' 
END IF 
FORMAT(4F) 
FORMAT(5F) 
FORMAT(F) 

C· ZERO 
IEVENT=IEVENT+l 

c PRINT *, 'EVENT NUMBER: ' , I EVENT 
IRET=O .... · .... -···· ·--·-, ·-·· --NP-: -0 ·- ·-· .... 
NPOUT=O 
WT=O . 

. --DO .12 -IM=l, 50 · · · .. _ _.. _ _._ __ ---·- · --·-----·~---------
RO(IM)=O. 
IDOUT(IM)=O 
DO 11 IP=l,4 __ -----------~--~· , __ ._ .. ___ ._,_, _____ .,,.. _________ ~-·...:.·-· -·---- - --- - - · 

·--·----------·-pouT(IM;IP) .. -= 0. 
11 CONTINUE 
12 CONTINUE 

_ ... .C~_Cti13cl>, J:o .. see •. if . .hadron ..can .possibly--penetrate ·calorimeter.-· ·· -·· - -· · - · ··-
C TCAL=0.218*ZCAL !MINIMUM DE/DX, AVERAGE OF PB AND U 
c =0. * !minim dE/dX for iroi;i 

CALL ELos1i1.zcAL,p!4l.TCALl -oE; .•. Enel\~'f Jos~ ... Su~ro\Jtin.t.. 
c·-·-·· -I WRITE (6: 10~) p (4). ZCAL,TCAL 6'£Al\JT ltc..se.4. 
1007 FORMAT(' PCHTHR-ERROR: RANGES OUT',3Fl2.5) 

IRET=O .... . --··· .........•. _ .... -- .. . . ... · ..... - --. - . ... .. . . RETURN . . 

END IF 
IDOIN=O 

.. ..... . DO I=l, 4 8 · · - · · 
IF(IDIN.EQ.IDO(I))IDOIN=I 

END DO 
IF ( IDOIN. EQ. 0) THEN -"~----'---·_._,·_,____ .... -· __________ ,_.~ .. -----------·· .. -... -~---- - ---- -· -- -

- ·"·· ·· ,.,. WRITE(6;3004) IDIN ·---- ........ . 
3004 'FORMAT(' PCHTHR-ERROR: CAN NOT HAVE IDIN PARTICLE TYPE= ',IS) 

. IRET=-4 
-RETQJ'lN ... - ----~----~-----·--- ·-- .... --.. -~.-- .... ---· .......... -·-···"· ·----·- ··-. - . __ ,,, ___ -'-"·~-- --

ENDIF .... 
IF(IDOIN.LT.7.0R.IDOIN.EQ.17.0R.IDOIN.EQ.18.0R.IDOIN.EQ.22 

& .OR. IDOIN. EQ. 23 .OR. IDOIN. EQ .24 .OR. IDOIN .GT. 29 )'l'_liJ;:IL -··---· ... 
· ... · ··-· --·· WRITE ( 6 ,-3004) IDIN --·-·· ·· . .... ····--····· . . ......... . 

IRET=-5 
RETURN 

. ENDIF . . .. . ..... --· ....... --------···· -----~----- -·-··---~-- - . ·----·-·-···· 
··"-C ·Perform momentum and thickness interpolation. 

IF(ZCAL.LT.ZLAM{l))THEN 
WRITE ( 6, 3001) ZCAL, ZLAM( 1) "-·-· '·" 

. 3001 -.-FORMAT(.!.-.PCHTHR-ERROR: ·INPUT ·THICKNESS:' ;·Fa ;2;--·-·· ·---· - ·--- ·-··--· ... 
& '_LESS THAN MINIMUM:' ,FS.2) 

IRET=-1 18 

·-·-·-· 
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10 3 ~~~~~~~~~~~~~~~~~~-.-~~~~~~~~~~ 
ID 301 

2 ... 10 . 

10 

1 

.. , __ , 
. ·-· I • I 

I 1• 
I _1; I~ 
11 -' .. 

Entries 1453 
Mean 0.9800 
RMS 1.726 

.J.O GeV /c Incident n 
GEANT Simulation 

-----·------ PCHTHR V'l.3 

a.tnr lO A. 
-----~--··---'-·---···- ·-·-· -· --------- ------- -- ~ ·-·--· - .-~-·-·--· 

-~- .....,., _____ , ______ ;.,_ _____________________ _ -- ··-~ ; -

·-' • 

,-
1 '• 
I I 
I I 

·-··--·-···- --· __ ._ ... -· 

I .. 

~--·--···- ··--··'"·'""""'"-""•---·-·-·--

- -.. -.----··---·---·" _,_-._,.-- -·-· •-·'-··- .... --···-- ·----· 
_._:.-~...... . ...... __ ... ____ .:_ _________ ... .;.- ---··-·---- , ___ : ..• _..:. 

0 1 2 .3 -· . -.o····-----·-·- ----· -- --·· --~-.-··-·---- 4 .. --·---5. .. --· 6 . ·----7- 8 . -9 -

Output particle momentum (GeV/c) 
---·--· -------·· ---·--·-·-·--·--···- -----~··------ - . 

---·-·-·--·--··- -·--. .. , ~ .... -·. 
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• OR. I DABS. EQ.1220 .OR. I DABS. EQ .1130. OR. I DABS. EQ .1230 t 1:. _ 

IF( I DABS. EQ; 20. OR. IDAB~. EQ .120 ~ Sta.l>le 

.OR.IDABS.EQ.2130) THEN !STABLE PARTICLES 1T k, f p 
C Store if momentum greater than TCAL n, ~ I ' 

WT•O. I('_ v f\ + • 

1444 

NP•O ''i1"L, 1~ -,2. 
NPOUT•O 
IF(P(4).GT.TCAL)THEN 

NHAD • NHAD+l 
... IF.( NHAD. GT .l 000) THEN 

WRITE(l444)NHAD 
FORMAT(' NHAD MAX:',18) 

ELSE _ _ __ .. --------- _ 
PHAD ( NHAD; f),;;,-p ( l). 
PHAD(NHAD,2)=P(2) 

- --- -- --- -. --·- :~~~l :~~~: ! ::~l ! : ---:-/'"'-"~Q_~_Ll_p, ''J - -. - ---- -- -
ENDIF ~ C,0->\U~r+- +o GEA'->T ID ....de viow. 

444 

445 

----:> CALL PCHTHR(I1lzcAiJrr"?IP,PoUT,RO,IDOUT,NP,WT,NPOUT) 
IF (WT. EQ. 0 •• OR. lf P • E.Q,_0) _____________ - .. - - - · ··· - · .. · 
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ENDIF 
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CALL HFILL(l07,PT,0,WMD) ~ 
CALL HFILL(8,ETA,0,WMD) 
CALL HFILL(l8,P(4),0,l.) 
IF(NPOUT.GT.O)CALL HFILL(l9,P(4),0,l.) 
DO I•l, NP .. _ ···- .. 

IF(POUT(I,4).EQ.0.)THEN 
WRlTE(6,44S)I,(POUT(I,J),J•l,4) 

ENDIF 
- .. FORMAT('--· IMUL I POUT: I I 16 I 4F9 ,.4) ---

IF ( NPOUT. GT. 0 )THEN 

::g:~ ::g::~: ~ :::gg~~ ~: ~: 1 CK>:IP'!r .. _ 
- - ------- - - - ---·--PPUN(NPUN+I ;3 l;;;-i>ouTfi, 3> -- ~ ~-ve.c.'tors 

PPUN(NPUN+I,4)•POUT(I,4) 
ROUT(NPUN+I)•RO(I) 

·- · · -· --fll "'-".+ + ·~· .... k_ -- · -- · : ·· · ~--::~~~~~~t.,s}~i~"' .. 

. . ~~;~~~-;~,~:'"~::-~~()~~~~~~~ 
~ •. Use.""° -loCAk---Pu"""-""hrC.~"'° ·· · -

~\c. ( P.o, Cjll) 
23 



..,~_.._,,._._~ - ·- -· -·-· ............ -·- .. ~-··· '· ...... ~ ----

Rate 

Hlli/cm2 

10 

Rates in Muon Detector~ al R=370cm 
After ConJi!tant IJlhickne~s Calorimeter 

-- --------- --- --- -r· __ ......,,-~ ........ -· .. _,,_ ______ -------·.,, ... _,,,_ .. _ 

------.. 

0 0:2 0.4 0.6 0.8 1 

Rapidity~J71l_ ___ . __ --------·------- ----------. --------- -.. --- .. ··~---- ·----~·~"----· . ~---'~---·----

--· --------~----

-- ....... ·-·--c 

. .. ·--·--- - " - :-:--. 

1.2 

-·--~---. 
-·_...:..·---·~----·-i'.·----., ............. ·.w.,.~-'-"''""····-····---. ..,__..;_., . .--:,. -··-----·-•-"•- - ·-

Figure 3. The hit occupancy in the first layer of the GEM barrel muon system 
at R•370cm at 10•33 cm•-2/s SSC luminosi_tY, .. 5ls_ a_function .. of-rapidity for~--· -
various constant --calorimeter-thickiies·s-es. 

. .. --~ ·--~· ~- ·----- -- -- --· .... · ... : ... ---·--···------·----.----- ... __ -··· ·-·-~-.-- ._ ......... - ... ---------·-· -· -· ·-- _._,_, .... _, ___ _ 

.. _._ .. ·-' .. ' -- ___ .... -- - '· -- .. ------~. ----·-· 2 A . _._,_ ... _. --· L.l, ' •.. ,.. .. ___ .-_,..--..,_ __ ··-··--
"" ·-~--------------·---- -------- -- ------



-0 
.... 
ii 105 

i 
-:l-
~ 

. 10~ 

··~······ 

'· ' ' . 
........ '· 

.... ' ...... ... _ 

o.o < '711 < 0.5 

• All dher1ed Per\.. 

• Reill Muon,.. 
(Prompl + Decay-') 

- • • · - PunchLhrou1h 

I~ 
1 Pro .. t+ ... cl~vs 

do•"l i >\ o.·l-e • 

' -
' ....... . _ .... ..... . 

.... .... 
.... 

.... •• 
-. .... JI... _ a. -·--·--10-·----,.12 

Calorimeter depth (>.) 

. · 14 16 

~ ------ -... -i.-,--------·-· -----------~·---i .......... --- .. -~, __________ -- •'#·-" . ------- -· 

-.... -- ·---· -~ -·- ' .-------~-........ -------··-·- -- •-' 
-- ------ ·-·---- ---------- -----

107 

' 

-- .. -----• 

6 
• 

' ·~ .... . ' -..: 
'\. 

1.0 < '711 < 1.5 P,.>O 

• Real Muond 

(Prompl + Decoy') 

- · • · - Punchlhrouah 

-· ..... '':"9'-- --- -- - ~-- --- . 

a 

.... ' ..... 
'· ... 

' 

10 12 

.... 
......... ..... . 

.... ·- ., .•.. 
• 

14 16 
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