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Bremsstrahlung production (excluding the Elwert correction at low energies).
Positron annihilation in flight and (the annihilation quanta are followed to comple-
tion).

Moliere multiple scattering (i.e., Coulomb scattering from nuclei). The reduced angle
is sampled from a continuous (rather than discrete) distribution. This is done for

arbitrary step sizes, selected randomly, provided that they are not so large or small
as to invalidate the theory.

Mgller (e e ) and Bhabha (eTe ) scattering. Exact rather than asymptotic formula
are used.
Continuous energy loss applied to charged-particle tracks between discrete inter-
actions.
*x Total stopping power consists of soft bremsstrahlung and collision loss terms.
% Collision loss determined by the (restricted) Bethe-Bloch stopping power with
Sternheimer treatment of the density effect.
Pair production.
Compton scattering.
Coherent (Rayleigh) scattering can be included by means of an option.
Photoelectric effect.
* Neither fluorescent photons nor Auger electrons are produced or transported in

the default version of subroutine
PHOTO.

*x Other user — written version of PHOTO can be created, however, that allow for
the production and transport of K- and L-edge photons.
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(f)0000000000000000
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Table 1(a) UThe value for IARG and corresponding situation.

IARG TIAUSFL

Situation

0 O 1 00
10 2 00
2 0 3 00
3 0O 4 OO0
4 0O 5 00O

Particle is going to be transported by distance TVSTEP.
Particle is going to discarded because its energy
is below the cutoff ECUT (for charged particles)
or PCUT (for photons)—but its energy is larger
than the corresponding PEGS cutoff AE or AP, respectively.
Prticle is going to be discarded because its energy
is below both ECUT and AE (or PCUT and AP).
Particle is going to be discarded because the user
requested it (in HOWFAR usually).
A photoelectric interaction has occured and either:

0 Oa) the energy of the incident photon was below

0 O Othe K-edge binding energy and it is going to

0 O Obe discarded, or

0 Ob) a (fluorescent) photon is going to be duscarded

0 O Owith the K-edge binding energy.




Table 1(b) OThe value for IARG and corresponding situation.

TARG TAUSFL Situation
5 O 6 00O Particle has been transported by distance TVSTEP.
6 O 7 OO A bremsstrahlung interaction is to occure and a call

to BREMS is about to be made in ELECTR.
7 O 8 OO Return to ELECRA after a call to BREMS was made.
8 O 9 OO A Mgller interaction is to occure and a call to
MOLLER is about to be made in ELECTR.
9 O 10 OO Returnto ELECRA after a call to MOLLER was made.
10 O 11 OO A Bhabha interaction is to occure and a call to
BHABHA is about to be made in ELECTR.
11 O 12 OO Returnto ELECRA after a call to BHABHA was made.
12 0 13 OO An in-flight annihilation of positron is to occure and
a call to ANIHI is about to be made in ELECTR.
13 0 14 OO Returnto ELECRA after a call to ANIHI was made.
14 0O 15 OO A positron has anihilated at rest.
15 0 16 OO An pair production interaction is to occure and a
call to PAIR is about to be made in PHOTON.
16 O 17 OO Return to PHOTON after a call to PAIR was made.
17 O 18 OO A Compton interaction is to occure and a call to
COMPT is about to be made in PHOTON.
18 O 19 OO Return to PHOTON after a call to COMPT was made.
19 O 20 OO A photoelectric interaction is to occure and a call
to PHOTO is about to be made in PHOTON.
20 O 21 OO Return to PHOTON after a call to PHOTO was made

(assuming NP is non-zero).

21 O 22 OO Subroutine UPHI was just entered.

22 0 23 OO Subroutine UPHI was just exited.

23 0 24 OO A coherent (Rayleigh) interaction is about to occur.
24 0 25 OO A coherent (Rayleigh) interaction has just occured.
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000 FORTRANOOODODOOODODODOOOOmMmODODODDODDODOOOOOODOOOOO
oo bbb b0 obboon
0000000000000 000000D0000000D0000000000MEGS4000
go0oooooooboobobobbdooooooooooboooobbooboogoo
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0000000000 0D0OD0DOKEK Internal 92-8 0000 O0EGS400000000OOOOODO
0000000oEGSM4 0 0000DO0ODOO0DoDDODO0O0O0ODOO0OO0DOOOOo0oooOoooOon

2 0Ood

2.1 Statement

Mortran [0 Statement 0 ; 000000

Statement 0 000 0000000000 QCOOOO0ODOO0OOOODO0ODO Statement OO
gbooooooond

Statement 0000 O DO0O0OO0O0O0OO0OOOOMortran 000000 OOOODOOO
000000 FORTRAN O Statement 0 OO0 O OO0 OO0O0O0O0OO0ODOO Mortan O
Statement O OO OOODOO
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2.2 QOO0

"O0b00gobobd Mortran OO ODUOOOOODOODO

gbbooooobooboboboboobuobboodooooboooooooooooobon
00000000 0000000 %Q10000000000000000O000OO0 "000
OO0O000b0oOooObOo00oCOOoOboOoDDOOoDDODOOOOOnO Statement JOOOO
gooooobobobooboboobboooobbooboooboooobboobobo
goboobooooobbobooobobboboboooboooo

2.3 DO-loop

DO-loop 0 DO I=JK\N [..;] 000000000

0000 CONTINUE OO OMortran D 0000000000 DOOODODOOOO [O] MO
OO0000J,K,NOODOO FORTRAN 0O DO-loop 000 OD0OODO-locop 000O0OOOO
goobooooon

DO I=1,10 [DO J=1,20 [DO K=1,5 [A(LJ,K)=T*J*K]]]

(000 |0000o0o0oooooooo

2.4 IF Statement

O0000 IF Statement O

O000e000000D0ODCOOOOOOODOOOOOO Statement 0000000OO00OOO
000()0b00o0o0o0o0o00o0OoU0OoOoOOOOOOOO

IF A.LT.B [ C=D; E=F;] G=H; 00 IF(A.LT.B) [ C=D, E=F;] G=H; 00000

OIF-ELSE 00000

OODOOOFORTRANDOODODO THEN O ENDIFOODOOODOOOD
IF-ELSEIF 00000

11



IF p [..;] ELSEIF q [...;] ELSEIF r [..;] ELSE [...]

O0000ODO-leop0 0000000 OOOOOUDOOD [|]OUO0O0O0DODOOOODOOOOOOO
gogooo

25 0000

0000 FORTRANOOOOUOO READ(5, 0 WRITE(6,00 00 O0ODDOOOOOODODODODO

INPUT i-o list; (format list); READ(5, 0 OO
00 INPUT NCASES;(I6);
OUTPUT i-o list; (format list); WRITE(6, 0 O O
00 OUTPUT IXX;(" IXXST=",112);

FORMAT OO ODOOO FORMATOOOOOOOOODODOOODODO FORTRANODODOOO
OO00C0000 Mortran UOOOOOINPUTO OUTPUTODOOOOODOD Oformat list O
gooogoood

Ub0obobog UNITOODOoDbobogooo

READ(1,;FORMATI:) i-o list; :FORMAT1:FORMAT (format list);
WRITE(7,;FORMATT:) i-o list;;FORMAT7:FORMAT (format list);

00000000 0:FORMATL:, :FORMAT7: 0000000000 DOOOOODOOOODOOO
OOFORTRANOOOODODOODDOOOOODOOOOODOD FORMATODOODOOOOOO
0000 FORMATOOUOOODOUOOOOODOOUDOOOOOOREAD(5, O WRITE(6, 00O
gooobobbooogooon

2.6 Multiple Assignment

/p,q,r, ...... 3Z/:e;

Mortran OO0 00O 0000000000000 OO0OO0OOOO0OO0OOOO0OOOOODOOO
uooboobooooooobodabn

/I, A(I,K), J/ = SQRT(X/2.0);
OO0O000O00O FORTRAN Statements 0 000000

I = SQRT(X/2.0)

A(I,K) = SQRT(X/2.0)

J = SQRT(X/2.0)

gbooobobooobooboboobboooouooooobuoooooooobooon
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2.7 Label

: 00000000 labelOOOOOODO

Label OO 0O0O0O0OOODODODOOONDIbel OO OO OODOO0ODODDOOOODOODOOOO
O00O0OLabel OFORTRANO OO ODOOODOOOCOODOOOOOOODOO

2.8 Iteration

DO-LOOP O ODOODODOOD iteration 00 O0O0ODOODO

OO0o0O0OOoOoOOObODD e COOOCODDOODOODOODOOOO Statement OO0 OOO
000000000000 Statement 0000 O00OLOOPOODOODOOOODOOO Statement
ugoobboooob ebboooooboooobboobooouoooooooobooboobon
UNTILOOOOWHILEOOD eOD0OOO0O0ODOOOOO Statement 0 00000 OWHILE
O UNTILODODODODDDODODDODUODDODODOOODO

WHILE e [........... ;] UNTIL ;
WHILE e [........... ;] WHILE f;
UNTIL e [........... ;] WHILE f;
UNTIL e [........... ;] UNTIL f;

O0O00 FOR-LOOPOOODOOOO

FOR v=e TO f BY g [...c........ ;]
FOR v=e BY g TO f [.....ccue.. ;]
FOR v=e TO f [............. i]

vOOODOOOODOOe f,gd000000DOOOO0OODO0O0ODOOODOD g=1O000OOO
00000 iteration D000 OOOO0OO0O ”forever loop” OO OOOOODOOODOO

0000 ”forever loop” 0O OOOOO0O
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GO TO :CHICAGO;
EXTT;
IF (¢) EXIT;
IF e [.....; EXIT;]

O0000DO0O0000000Oleop OO0 :CHICAGO: DO0OOOODOOO Statement O O
0000000000000 0O0OOloop 000 Statement 000 D0OOODO0O

2.9 Operator

Relationnal operator 00 00 OFORTRAN 000000 LT, .EQ, 0000000000
000000o0oooO

<’ <:’ :<’ :7 ~:7 :>7 >:7 >

0O O Ological operator 0 00O .AND., .OR.OO0OO

<,<, & (and), | (or), ~ (not)

O0000000DODOO0O0OD0OO000ODOOO0On0 Statement OO0 FORTRANOOOOO OO

0000000000000000000 (A>B& C>D)0 (A.GT.B.AND.C.GT.D) 0000 O
(A>BAND.C>D) 000000000000

2.10 Mortran O UDOOODODOOOOOOO
OO00O0OOMertran0 OO ODDOO0O0ODOOOODLDOODDOO 200000000
e JO000O0OUDOD ——”00O0O0DODOODOOOOOOODOO

e IIDUODOUODLODOUODODDDOOOD——NONGENERATED OO OODODODO

2.10.1 NONGENERATE command

NONGENERATE 0 GENERATEL OUUOUD UOO0OUO0OOODOOOMortranD D00 OO0OO0OODOO
gooooboooooboobobobobogoo

!NEWCONDITIONAL; "Place at top of User Code"

NONGENERATE; "Remove this code"
(lines of code)
ENDGENERATE;

GENERATE; "Use this code"

(1ines of code)
ENDGENERATE;
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UO000D00 ONONGENERATE O ENDGENERATE D U OO0 OMortran D DD D OODODODOOODO
gboooooboooobooboobdubooouooboobooobobbooboobon

$Select_Code_NEW; "Use NEW or OLD code"

REPLACE{$Select_Code_#;} WITH {
[IF] °{P1}’=’NEW’ [SET <NewCode>=GENERATE;
SET <01dCode>=NONGENERATE;]
[IF} ’{P1}’=’0LD’ [SET <NewCode>=NONGENERATE:
SET <01dCode>=GENERATE;]

<01dCode>
(lines of code)
ENDGENERATE;
<NewCode>

(1ines of code)
ENDGENERATE

O000OD0DODO $Selecct Code NEW [0 OO 00 OO O <01dCode> [0 ENDGENERATE 0 00O OO
000000 $Select Code OLD 0 OO DO OO O<NewCode> I ENDGENERATEO DO OO OO
ugon

2.11 Mortran, FORTRAN 000 O00O0O0OOOOCOOODOO

Mortran 0 FORTRANO OOOODOOODOOOOODOOOOOODOOOOODOOOOO
00000000 dooo0o0ooo0oo0ooooouoooo%u0o0o00ooooon 1004
goooopoooo0ooooOooD!oooo0 ;00000 DOooUoooOodoOooooood

%E : Mortran 000000000000 O0OOO

%L : 000 ILIST; Mortran D D OO OO OOO0O

%N : 000 INOLIST; Mortran D D OO OO OO0 OO0

%In : 00O !INDENT Mn; Mortran D D OO0 000000 nOOO0O000O0O0OOOOO

%F : FORTRAN 0 OOODOO0ODO0ODOODOO0OO0OO0OO0OO FORTRANODOOOOOOOOO%F
000000000 OMortran O Statement 0 FORTRAN O Statement 000 OO0 O
0000000000000 YMOO000000000000O0oooo0nt

%M : Mortran 0 OO O OOO
IINDENT Fn; : FORTRANOOOOUOODODOOOOOOO nO00OO0OOOCOOOOOO

ICOMMENTS; : Mortran 0 0000 FORTRANOOOODOOO FORTRAN O0DOODO
gboogd

INOCOMMENTS; : 000 O00O0OO0O0DOO0ODODODOO

%An : Mortran 0 0000 FORTRANOOOUOOOOOOOOOOOOOOOO

'NDO0O%FO00000000%F 0000 Mortran Statement 0 10 00000000000 OFORTRAN O
Mortran 0000000000 0OOUO%FOOO 7 ... 700000000000 O0DOOO0O0OO0000O000O0O0D
gb;0obobobocbooooboooobooobOoooooooon
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n=0 FORTRAN OOOOOOOOODO INOANNOTATE; OO0 OO0O

n=1 Mortran 0 0000 FORTRAN OO0 0OO0OO0OO 200 8 OOOOODOO
OO!ANNOTATE; OO0 OO0

n =2 Mortran 0 0000 FORTRANOOOOOOOO 4000 8000 OO0OOODOO
100 Mortran D OODDO 200000000

%Qn : Mortran 00 0000000 OOOODOOOO 0O

n=00000000 0000000000000 0DDOOOODOODOOOOO
gbooooo

n=100000000000000”00000000Mortran000000OO0ODODO
gbobdoboooboboooboobboobobbobobobog

%E0000000000000O0OO0000O00D0OD0000O000O0000OO0DO00O00 %N
O INOLIST; 0000 OO0 OEGS4BLOK O EGS4 0 Mortran 000000000 EGS4MAC
0000000000 Mortran 000000000 O%In 0 OMortran 000D ODO00OOODO
googbboooooooboboooooo

2.12 Mortran U OO OO0 OOOOODOOODODOO

e OO OOODOODODOO
OO0000000000000 Statement 0000000000000 OMortran 00O
O000OO0O0O0O0ODOCOOFORTRANODODOOODODOODOOOOODOCOFORTRANDO OO
00000000 Statement 0 00000000000 (600000000

e |0 ”00000OODODO

[0 |]0000000000000000000000000 MortranOO OO OOOOOO
000000000 Mortran 0 000D OO0 UNCLOSED BLOCKSODOOODOOODO
obooooobooboboOooobobobooboooodOMortran OO0 0OOO0OODO0O
0000o0o0O00ooOoU0bOOoU0O0000oDOOO0O00OO0OD oODODUDOOoUODOOO]joO
goobbobobboobbooobobooobbooobbobo obbbooobg
00000000000 0000OO0OoOoOO0OOoOOODODOODDOOoUOODoDOOD %EDO
gboogogoooobboobbooboboooboboboooooooooooobLboo
000 %E0000000O0O000OD 0000000000000 0O0DO000O0O0O0OO
oo obooobooobobooooboooboooDbo

o000 bo0bo0b0bo0obooooobobD0obO0obDUb0d OMortran OO O
000000000 FATAL STRING OR STATEMENT TOO LONG OO OOODOOO
gooooooooooobooboooooooobooOobobOoOoLo ”o0UUb oo oo
gbooobooboobooon

e JOOODOOOOOO
; 0 Statement 1000000000000 0O0OO0OOO |O00000O00O0OOOOO
00...;000 |000;0000000000O
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3 gg

Mortran DO OO0 00O O0O0OOODOODODODOOODODOOODDODDODOODODODO
ooboOooooboooOO0O0oOoOobooOOOo0oOoOobObOOoOobOoOOobODOO EGs40000O00OO
gobooobobobbboboobboboobood

3.1 000
3.1.1 000000

Mortran OO0 OO OOO00O0OODOOOO

REPLACE pattern WITH replacement

Mortran D 00D O0ODODOODODOO pattern DO OO0 OOOOOO Oreplacement 00 00O
O0000000D00O0OFORTRANOODOOO OReplacement 0000000000 statement
000000 ooooooooooooao

REPLACE {ARRAYSIZE} WITH {50}
000000O0ooon

DIMENSION X(ARRAYSIZE);.......... DO J=1,ARRAYSIZE [...]
oo

DIMENSION X(50);......ccn.... DO J=1,50 [..... ]

000 FORTRANOOOOOOD
goboobon pattern U0 ODODOO0O0O00OOO0OO0O0O0OO0O0O0OO00OO0O000O0O00OO0O
gogo

REPLACE {SIGMA(1)} WITH {SIGMA1}
O0DO0000O00o0o
SIGMA (1) O SIGMA(1)
000000000 Opattern 000000000000 0000O0DOOOO
REPLACE {DUMP X;} WITH {OUTPUT X; (F10.2);}
O0ooo0o0oo
DUMP X;
ODooO0OoOoOod
Y = DUMPX;

goooooooooad
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pattern OO OO DO O# 000000
replacement 00 0 {P1}, {P2}.. 000 OOOOOO

{P1} 0 100000004{P2}0 200000000000 0OOO
REPLACE {PLUS #;} WITH {{P1}={P1}+1;}
ugobobooogoood
PLUS A(I,J,K);
g
A(J,J,K)=A(I,J,K)+1;

000 FORTRAN statement 0 0000 OO

Mortran3 000000 DOOODODOOODODOOODODOOOODOOOO0O0OOOOOOEGS4
000000 DOO0ObOO00O0D0O0ObOO0O00oObO0ODOODbO0D0O0O000OoDDOOODOEGS400000
0000000000000 00000000000D0D00000000Mortran 0 statement
00000000 Fortran DODODOO0OO0DODOOOO0OODOODODOODOOOOOOODOOOOO
dooooooooooog

O000OMortran D0 00000000000 pattern 0000000000 O0O0OC0DOOOOQ
00000000 0EGS400000000000 EGS4MACUOUOODODOODOO pattern 00O 0O
0000 o0O0o0o0o00000oDO00ooOooooooooDoD0oO0000oDDoDoDOoOoooDmaOon
000 O0OEGS4MAC, 000000, EGS4BLOK, EGS4 D0 DODO0O0O0OO0OO00ODODOO
0Obooooo0ooooooooEGS400000000DOO0OOODOO0DOOODOOOOOODDOOd
0d0oO0dddbOoO0oo0bOooO0bO000bOoo0Ooo0oDoEGSM4 D0 000bOoOoOoooa
000000000000 00000o000 $000o0ogood

3.2 EGs4MACU U0ODOO0ODLDODODODO

3.2.1 PARAMETERO 0 [

0 OREPLACE {PARAMETER #=#;} WITH { REPLACE {{P1}} WITH {{P2}}}
gooo
PARAMETER $MXMED=10;

OO0000O000 sMxMeDOODODODO 1000000000000D000C0O0OQCOQO Oreplacement
gooboooooobobooobobooobobo

000000 PARAMETER U 000000000000 O0OO$MXMED) D 000D ODOOOOOO
gbbobboboobbbO0bO0O00 PARAMETEROOUODOOOOODOOOO0OOO0OO0OO0O
googd

PARAMETER $NBATCH=5;
PARAMETER $NDET=11;

COMMON/TOTALS/PHEI ($NDET, 150) , TRLG ($NDET, 150) ,DELE;
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3.2.2 coMINO OO
EGSM4MAC OO OOODOO0OOOOOODOODOO:
REPLACE {;COMIN/#,#/;} WITH {;COMIN/{P1}/;COMIN/{P2}/;}
00000000 EGS4000000
; COMIN/BOUNDS ,EPCONT,STACK/ ;
Jooooboooooooooo
; COMIN/BOUNDS/; COMIN/EPCONT,STACK/;
goooooon
; COMIN/BOUNDS/; COMIN/EPCONT/; COMIN/STACK/;

000000000000 coMINO 000000 00000000000000 0000 COMMONO
000000000 OCOMIN/BOUND/; 0 00DODDOO0 OO COMMON/BOUNDS/ECUT ($MXREG) ,
PCUT ($MXREG) , VACDST; 00D O00 0D

REPLACE {;COMIN/BOUNDS/;} WITH
{; COMMON/BOUNDS/ECUT ($MXREG) ,PCUT ($MXREG) , VACDST; }

coMINOODOODDODOODOOODOEGS400D00D0OD0O00DODODOOOOO coMMoND OOO
gboboobooobouooooooboobooobbooboao

COMIN/STACK,BOUNDS/;
OOFORTRANOOCOOOOOOO

COMMON/STACK/ .. ...vvivnn..
COMMON/BQUNDS/ ... vie i i e

googoooocommondgnoooonoodcoMInD D000 O000ooOO commono g
gbobooooobooobob comMony BLOCKO O OO OOOOODODDODDODOOOODODOOOODOO
100000

gboogooooobooobobboooobooooooobobnO coMMoN coMInNG O
O0DO00O00OO0OO0OO0OEGS40 comMoNO O OO coMINO OO OOOOOOODOOOOODOOOO
gboogoogtcoMmmoNntogoooooobooboboooooooobooboooaoobod coMMON
gogobopoboobobcoMmmoNOd 00D OooooonoO

REPLACE {;COMIN/TOTALS/;} WITH
{;COMMON/TOTALS/PHEI ($NDET, 150) ,TRLG($NDET, 150) ,DELE; }
PARAMETER $NDET=10;

go0oooobooooooooo

; COMIN/BOUNDS ,EPCONT, TOTALS ,USEFUL/ ;

COMMOM/BOUNDS/ECUT. . ......
COMMON/EPCONT/EDEP. .......
COMMON/TOTALS/PHEI(10,150) ,TRLG(10,150) ,DELE
COMMON/USEFUL/MEDIUM. .. ..

goooboobogd
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3.2.3 S$LGN (List-Generator) 000

0000 lst-generator D0 00 DEGS40 000000000000 O0DOOO
U000 Olist-genarator 0 00

$LGN(A,B,C(123));
ud
A(123),B(123),C(123)

gogoooobood
$LGN O BLOCK coMMoNDO OO OOOOODO OOODO

; COMMON/STACK/$LGN(E,X,Y,Z,U,V,W,DNEAR,WT,IQ, IR($MXSTACK)) ,NP;
OO0000O0OCOOO0OO FORTRANOOOOO:

COMMON/STACK/E (40) ,X(40),Y(40) ,Z(40) ,U(40),V(40) ,W(40) ,DNEAR(40) ,W
*T (40) ,IQ(40) ,NP

3.2.4 $RANDOMSET 0 O[O

$SRANDOMSET U U U0 U0 UUODDOODUObOOOOobOoboooooboooboooboobon
$RANDOMSET U U 0O O COMIN/RANDOM/; DD UODUODO0O0OOOOOODODOOODOOODO

REPLACE {;COMIN/RANDOM;} WITH {;COMMON/RANDOM/IXX; INTEGER IX(2);
REAL*8 DRN; EQUIVALENCE(IX(1),DRN); DATA IX(1)/Z46000000/;}
REPLACE {$RANDOMSET #;} WITH {IXX=IXX*x663608941;IX(2)=IXX;
{P1}=DRN+0.0DO;}

O0000OUNIX, VAXOOOO pCOOO

0 OREPLACE {;COMIN/RANDOM;} WITH {;COMMON/RANDOM/IXX;}
REPLACE {$RANDOMSET #;} WITH {IXX=IXX*663608941;
{P1}=0.5+IXX*0.23283064E-09;}

ooooooo
$RANDOMSET U 0D ODDODOODOOOO

$RANDOMSET RN; "Sample RN uniformly on (0,1)"
PHI=TWOPI*RN; "Obtain azimuthal angle"

0O0UNXOOOooooooobooooobuobooo:

IXX=IXX*x663608941
RN=0.5+IXX*0.23283064E-9
PHI=TWOPI*RN

000000 RAN6DODOODOODOOOODOO EGS4A00000O00O0D0O0O0O
Marsaglia-Zaman random number generator 0 000000000000 (214 ~ 10)032
00000 o0o0o0oo0o0oO0O0oUoOo0OOoD B)DUooooooooooo
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3.2.5 UJ0OOooooooOooOon

o $TRACE #; $SITRACE #; $S2TRACE #; S$ITRACE #; $ISITRACE #;$IS2TRACE #;
U000000O0O0O0O0OD$TRACED DDDODUOODOOUODOODOUODOOU O$S1TRACE
ODODO0OOCOOs$s2TRACEDODOD 200000000 C0O0OODODOOOOOODODOO
UU0OO00O0 00O USITRACEL $ISITRACE U $IS2TRACEL DO D OO

$S2TRACE #; $ITRACE #; $ISITRACE #;$IS2TRACE #:[] [J$TRACE #; $S1TRACE #; [
00 KEKOOOODOOOOO Okekdmac.mor 0 0 OO OO OO

ooooooboOooobOoOobOooOooboobbooOoboOo coMINODDOOO DEBUGOO
O OStatement 00O QDEBUG=.TRUE.; 0000 0000000000000 OOOOCODO
gogdboobobooobobboobbbboboobbbOobb b 0OQDEBUG=.FALSE. ;
O0000DO0OC00ODOCOOO000O0OO0OFORTRANOOOOOODOOOOODO IFO
O00O00O0oO0oDOOobDOobOobDOOoO0OOQbEBUGOOOODODOODOODOODOO
goobobooooooobbbobn

e $CALLTRACE;
ggooooobobobooooooboboooobbooboobobboobboobobo
googbobogobogbooboboobboboobobbbobooooaoooboooon
googooobooboobobobobbooood

3.2.6 The SPECIFY and $SETINTERVAL#,#;
“specifier’0 0000000 OODOODO SPECIFY OO OODODODOOD
SPECIFY specifier AS specification;
EGS4MAC.MORUO O 0D OO SPECIFYU D UOOOUOOOOOO:
SPECIFY SNAME AS [’SINC’|’BLC’|’RTHR’|’RTHRI’];

SNAME O OOOOO “pattern”00 0000000000 O0SEVALUATE DO OO ODOOOO
god:

REPLACE {$SETINTERVAL#,#;}
WITH {[IF] ’{P2}’=SNAME [L{P1}={P2}1x{P1}+{P2}0;]
[ELSE] [L{P1}={P2}1(MEDIUM)x*{P1}+{P2}0(MEDIUM);]1}

MEDIUM D OOO0OOO0ODODOODDOO

3.2.7 $EVALUATE Macro
$EVALUATE macro O OO OO0 :
REPLACE {$EVALUATE#USING#(#);} WITH {[IF] ’{P2}’=’SIN’
[{P1}={P2}1(L{P3}) *{P3}+{P2}0(L{P3});] [ELSE]
[{P1}={P2}1(L(P3},MEDIUM) *{P3}+{P2}0(L{P3},MEDIUM) ;]1}
O0ooooooao
$RANDOMSET RNN038;
PHI=RNNO38*xTWOPAI;

$SET INTERVAL PHI,SINC;
$EVALUATE SINPHI USING SIN(PHI);
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goboououoobooooboobobooboood

LPHI=SINC1*PHI + SINCO;
SINPHI=SIN1(LPHAI)*PHI + SINO(LPHI);

O0000O0OD00OLPHIOO “in”’00000 “piecewise-linear fit” 0 000000000000 O
SINPHI 0 OPHIO LPHIOOODO “in” (DODOOO0ODOODOOODO

3.2.8 $TRANSFERPROPERTIESTO#FROM#;

uboogooobooboboobobbooboooooobobooboooooboboonog
goooobboboobobooobuooooooo

REPLACE {$TRANSFERPROPERTIESTO#FROM#;} WITH {X{P1}=X{P2};Y{P1}=Y(P2};
00 0Z({P1}=2{P2}; IR{P1}=IR{P2};WT{P1}=WT{P2}; DNEAR{P1}=DNEAR{P2};}

U000 OSUBROUTINE SHOWER U U UDOODOOOOOO
$TRANSFERPROPERTIES TO (1) FROM I;

000000000000 XO00OOoOoo XIooooooo X())ooooooooooo

3.29 000OO0DOOODOOOOODOOOOOUObObDOObOODOd
e $KERMA-INSERT;: KERMA OO OOOOCOOOOODEFAULT O NULLO

e $DE-FLUCTUATION;: 0O OO OO0O0OO0O0O Landau Fluctuation 00 OO0 O00O0O00OO
0O ODEFAULT O NULLO

e $POSITRON-ECUT-DISCARD;: 0000 EODODODOO AE < E < ECUT O DISCARD O
godobooooooooooooooboooog

REPLACE {$POSITRON-ECUT-DISCARD;} WITH {EDEP=PEIE-PRM;}

g
DEFAULTOOO0O0ODOO0OOOOODOOOOODDOOO OEDEP=PEIE+PRM 0 00000
gbobooobobobobboogd

e $PARTICLE-SELECTION-ELECTRA; $PARTICLE-SELECTION-PHOTON; [ :
00000000000 000000D0DOO0D0O0D00ODOOdLeading Particle 0 Splitting
0000000000000 000 $PARTICLE-SELECTION-COMPT; ODEFAULT [0 NULLO

e $SELECT-ELECTRON-MFP;: 000 mfp 00000 OO0

REPLACE {$SELECT-ELECTRON-MFP;} WITH {$RANDOMSET RNNE1;
IF(RNNE1.EQ.0.0) [RNNE1=1.E-30;]
DEMFP=AMAX1 (-ALOG (RNNE1) , $EPSEMFP) ; }

O DEFAULT 000000000000 00DOCOOOCO0DOOOoOooDO

e $SELECT-PHOTON-MFP;: 000 mfp OO O0DOOOOO

22



REPLACE {$SELECT-PHOTON-MFP;} WITH {$RANDOMSET RNNE1;
IF(RNN0O35.EQ.0.0) [RNNO35=1.E-30;] DEMFP=-ALOG(RNNO35) ;}

0 DEFAULT 0000000 OExponential Transform OO0 0000000000 DOOO
ooood

e $USER-RANGE-DISCARD;: JUDOUUUDN Range DUODOODDOOOODDOOOOOODO
DISCARD 0000000 DOODDO O ODEFAULTO NULLO

e $SET-TUSTEP-EM-FIELD; $SET-USTEP-EM-FIELD; $VACUUM-TRANSPORT-EM-FIELD;
$SET-ANGLES-EM-FIELD; $SET-TVSTEP-EM-FIELD; $ADD-WORK-EM-FIELD;: 0O 0O OO
000000000000 0000000ODEFAULT 0000 NULLO

4 EGS4MACHUOODOUOOOOODLDOOO

4.1 EGS40 0000000 mfpO00000OOCODOO

EGS4 0000000000 PEGSM4UO0OUODOOOOOCOODOOOOODOODOOOOOOO
gbobobobooooooboobobbobooooobobobobbobooooboooogg
OO00O0O0O0ODODS$SET INTERVAL U SEVALUATE D D DO OUODOOOODODODOODOD

EIG=EI;

$SET INTERVAL GLE,EIG;"SET PWLF INTERVAL"
MEDIUM=MED(2) ;

GLE=ALOG(EIG);

$EVALUATE GMFPRO USING GNFP(GLE);

Oo0o00ODOO0000O00O0 20000 OO0 mfpOOOODOOODEGS4000 MEDIUMO
Uoboo0bboooooog, EVALUATED O DD ODooooooDd

EIG=E(NP);
MEDOLD=MEDIUM;
MEDIUM=MED(2) ;

MEDIUM=MEDOLD;

gogoboobooouboooobobooboooooobobooboobobooan

4.2 NEGATIVE-USTEP

NEGATIVE-USTEP 0 0 00 0O 0 00O O$USER-CONTROLS-NEGATIVE-USTEP; 0 000000
gbboobobooobbooooooboboouobooobooobboooboooobooboo
gooogno

REPLACE{$USER-CONTROLS -NEGATIVE-USTEP;} WITH
{;IF(USTEP.LT.-1.E-4) [OUTPUT USTEP; (’ NEGATIVE USTEP=’,G20.10);
OUTPUT NP,IR(NP),IQ(NP);(’ NP,IR,IQ=’,3I5);

OUTPUT X(NP),Y(NP),Z(NP),U(NP),V(NP) ,W(NP);
¢ Xx,Y,2,U,V,W=",6G10.4); STOP;]1}

5000000000000
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4.3 LATCHUO O OO

0000000000000 0ODO000DOODO00O0ODO00ODOLATCH O COMIN/STACK/; OO0
OO0O00OO0OO0LATCHOODODOOOODOOUODOOOOOOOoOooooooooo

e 00U 0OUDOOULODDLODULODLOOUODLOODODLDbDODODLODDODODDOODLDO
ooopoobDooob40000D0O00ODDOOOOODDOOODODOOOODOOSUB-
ROUTINE AUSGAB O O

IRL=IR(NP) ;

IF(IRL.NE.IROLD.AND.IRL.EQ.4) [LATCH(NP)=IQ(NP);
"Particle enters into detector"]

IF(LATCH(NP) .EQ.0) [EPDE(IRL)=EPDE(IRL)+EDEP*DPWT;]

ELSE [EEDE(IRL)=EEDE(IRL)+EDEP*DPWT;]

o000 Statement 0000000000000 OOOOOOODOOODOODOOOO
goobbooobbboobboobobboooboboo

e HOOODOOOOODODLOODLDODLOOOLOODOOLOOOODOLDOODLOODLOOOOYU
O0obooogobobooOon 1avsFL(1g)=1; DOO0O0ooooooooboooooooo
OO0 CALL AUSGAB(IARG); 0D OODOUOOCOOOUOOCOAUSGABOOOOO

IF(IARG.EQ.17) [LATCH(NP)=LATCH(NP)+1; RETURN;]

000 statement 0000 000000O00O0OLATCHOOOODODOOOOOOOODOOO
ubboodobobobobbobooboboboboooboobooooooobogdyd
U IARG < 40000000000

No Compton : LATCH(NP)=0;
Single Compton : LATCH(NP)=1;
Multiple Compton : LATCH(NP) >1;

gobgoobooooboobooobod
TAUSFL O OCOMIN/EPCONT/; DO 0OODODOOOOOOOO0O coMINDO EPCONTO OO OO
goboggoooobooooboo

4.4 0OO0O0OO0O0OO0OO

gobooobboobooboooobobobo 20000000000 bobbOobOobOog
0000 COMIN/STACK/ 0 $TRANSFERPROPERTIES U OO OODOOUODOO

REPLACE {;COMIN/STACK/;} WITH
{;COMMON/STACK/$LGN(E,X,Y,Z,U,V,W,DNEAR,WT, TTLSS, TIMESS, IQ,
IR($MXSTACK)) ,NP; $ENERGY PRECISION E;}

REPLACE {$TRANSFERPROPERTIESTO#FROM#;} WITH
{X{P1}=x{P2}; Y{P1}=Y{P2};Z{P1}=Z{P2}; IR{P1}=IR{P2};
WT{P1}=WT{P2} ;DNEAR{P1}=DNEAR{P2};

[IF] >{P2}’="I’ [TTLSS(1)=0.0; TIMESS(1)=0.0;]
[ELSE] [TTLSS{P1}=TTLSS{P2};TIMESS{P1}=TIMESS{P2};]1}

TTLSEJ U0 OO0ODOOOTIMESO DO 0000000 DAUSGABODOOOOOOOOoooDon
U0 OAUSGABLO COMINO STacKU U U UDOUOOOOLOOOOOOoOoouoooboooobooboooaan
Ubdodoooboooobodod caLLObO g AuseaBO OO ogoooogdgd
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TTLSS (NP)=TTLSS(NP)+TVSTEP;
IF(IQ(NP) .EQ.0) [ SPEED=2.998E+1;]
ELSE [SPEED=SQRT(BETA2)*2.998E+01;
"Speed of charged particle in cm/nsec"]
TIMESS (NP)=TIMESS (NP)+TVSTEP/SPEED;

TVSTEP 0 000000000000 00000000000000000BETA20 0820
COMMON/EPCONT/ O 0 ODOOOOODOOAUSGAB O COMINODO EPCONTOOODOOODO

OOooOoOobDOobEGSM4000000D0O0ODOOO0OOOOCODODOOODOODOOOOOOODOOn
gogboooobobbooooboon

4.5 MortranJ0 EGS40 000000000 0O0O
4.5.1 MortranO 0 0ODODO0OO0O0OO0OOO

ITRACE 2; 0 Mortran 00000000000 Statement 00000000 O!TRACE 1; O
00000000000 00000000O!TRACE 20 !TRACE 1 000 Mortran 000000
OO0OMortran 0000000000000 O0OODODODOOOOOOOOOOOOOOOO
oooooooooooo

!'TRACE 2;

$SET INTERVAL GLE,GE;

$EVALUATE GMFPR1 USING GMFP(GLE);
!'TRACE 1;

000000 OMortran D OODOODO

0 !TRACE 2;
REDUCED ;
0 $SET INTERVAL GLE,GE;
MATCHED $SETINTERVALp,p;
ARG 1 GLE
ARG 2 GE
REDUCED LGLE=GE1(MEDIUM)*GLE+GEO(MEDIUM) ;
0 $EVALUATE GMFPR1 USING GMFP(GLE);
MATCHED $EVALUATEpUSINGp(p);
ARG 1 GMFPR1
ARG 2 GMFP
ARG 3 GLE
REDUCED GMFPR1=GMFP1 (LGLE,MEDIUM)*GLE+GMFPO (LGLE,MEDIUM) ;
0 !TRACE 1;

gooboooogo

4.5.2 Large negative“USTEP”0 000 OO

USTEP O 00O0O00000D0 1074000000000 USTEPOOODOOOEGS4 O
O0OOOUSTEPO 0000000 DODOO0OD0O00O0O0OODOOUSTEPOOOODD 107300
000000000000000000102000000000 Geometry JO0OO0OO000O
O0O00000000bO00C0DO0OO0m O00 negative “USTEP? D OO0O0OODOOOOO
gooobDDmd

4.5.3 Subroutine HATCHO O OO O OO O
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UEND OF FILE ON UNIT 12
PROGRAM STOPPED IN HATCH BECAUSE THE
FOLLOWING NAME WERE NOT RECOGNIZED:

000000000000 0000DO0000DODO0ODOODO00O0DOODO0OOO0ODO PEGS400
gboodbooboooboobobobbboooooooobbooooan

STOPPED IN HATCH:REQUESTED RAYLEIGH OPTION FOR MEDIUM ##
BUT RAYLEIGH DATA NOT INCLUDED IN DATA CREATED BY PEGS

000000000000 00000000000D0000#4# 0000000000 COHER-
ENTOOOOOOOOOOOOOOOOORAYLEIGHOPTIONOOOO OO OO OCOHERENT
DATAOODOOOCOOOOOOOOO

454 0O000O0O0OOO0OOOOOOO

gboboooooooobobobbooooobbbooooboboboobobooobonbo

gboobobooboboooobbouooooobooobboouooobobobooooobooboood
ugbobooboooooboboooobooooobobboboboboooouonooooad
gogoooobooooogoboobooooooooo oo oo obobooooon
ugboboooboobobobobooboooboboobobooonobooboboand
gbobooboboobobooobooboboboooboboboboooboobooooooobobo
gogoboboooboooboooboooboooooooboooboboooobobDbo
ugboobooobobobuobobboooboboooboboboobobooooobouoboboobobobo
gooooo

4.5.5 Loop O OO0 O0ooOOOOOO0OO0OD0OO0OOO0Od0

(a) CALL SHOWER 0000 000000000000 0000 IXX 00000 OUTPUT
IXX; (? IXXST=’,I12); 00000000000 0O0O0OOO

(b) IXXST O 000 IXXOOOODOOOODOOOOD 1000000
$TRACE O $SITRACE 0 00 $ITRACE, $ISITRACEODO 000000000000
000000000000000000000000
000000000 COMIN O DEBUGOOOOO
00O Statement 00 QDEBUG=.TRUE.; 000000
000000000000000

(¢ DODDOODOOODODOOOLOOPOODOOOODOOO
$TRACENIDOOOUOO0ODOOOOOOOODODODOOOOOODOOODODOOOOODO
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Table 1. Names of the COMMON blocks important to the user
with a brief description of their functions.

COMMON BLOCK VARIABLE FUNCTION

BOUNDS ECUT Array of regions’ charged particle cutoff energies in MeV.
PCUT Array of regions’ photon cutoff energies in MeV.
VACDST  Distance to transport in vacuum (default=1.E8).
EPCONT EDEP Energy deposited in MeV (Double Precision).
TSTEP Distance to next interaction (cm)
TUSTEP  Total (curved) step length requested.
USTEP User (straight line) step length requested and granted.
TVSTEP  Actual total (curved) step length to be transported.
VSTEP Actual (straight line) step length to be transported.
IDISC User discard request flag (to be set in HOWFAR.
IDISC > 0 means user requests immediate discard,
IDISC < 0 means user requests discard after completion of
transport, and IDISC=0 (default) means no user discard
requested.
IROLD Index of previous region.
IRNEW Index of new region.
RHOF Value of density correction (default=1)
EOLD Charged particle (total) energy at beginning of step in MeV.
ENEW Charged particle (total) energy at end of step in MeV.
BETA2 Beta squared for present particle.
TAUSFL.  Array of flags for turning on various calls to AUSGAB.

EKE Kinetic energy of charged particle in MeV.
ELKE Natural logarithm of EKE.
GLE Natural logarithm of photon energy.
TSCAT See Eq.2.14.82 in SLAC-265.
MEDIA NMED Number of media being used (default=1).

MEDIA  Array containing names of media (default is Nal).

IRAYLM  Array of flags for turning on (=1) coherent (Rayleigh)
scattering in various media. Set in HATCH based on
values of IRAYLR.

RLC Array containing radiation length of the media in cm.
RLDU Array containing radiation length of the media in distance
units established by DUNIT.
RHO Array containing density of the media in g/cm?3.
MISC MED Array containing medium index for each region.

DUNIT The distance unit to be used: DUNIT=1 (default) establishes
all distances in cm; whereas, DUNIT=2.54 establishes all
distances in inches.

KMPI FORTRAN unit number (default=12) from which to read
material data.

KMPOI FORTRAN unit number (default=8) on which to “echo”
material data (e.g., printed output, “dummy” output, etc.).
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Table 1. Names of the COMMON blocks important to the user
with a brief description of their functions (continued).

COMMON BLOCK VARIABLE FUNCTION

MISC RHOR Array containing the density for each region (g/cm?). If
this is different than the default density for the medium for
that region, the cross section and stopping power (with the
exception of the density effect) are scaled appropriately.

NOSCAT  Number of times multiple scattering has been bypassed in
subroutine MSCAT (initialized to 0 in BLOCK DATA).

IRAYLR  Array of flags for turning on (=1) coherent (Rayleigh)
scattering in various regions (default=0).

RANDOM IXX Random number generator seed (default=123456789).

STACK note: This COMMON block contains the information about the
particles currently in the shower. All of the following
variables are arrays except NP.

E Total energy in MEV (Double precision).

X, Y, Z Position of particle in units established by DUNIT.
U, V, W Direction cosines of particle (not necessarily normalized
—— see Section A2.4.1c of SLAC-265).
DNEAR A lower bound of distance from (X,Y,Z) to nearest surface of
current region.

WT Statistical weight of current particles (default=1.0), To be
used in conjunction with variance reduction techniques as
determined by user.

1Q Integer charge of particle (+1, 0, -1).

IR Index of particle’s current region.

NP The stack pointer (.i.e., the particle currently pointed to.
Also, the number of particles on the stack.

THRESH RMt2 Twice the electron rest mass energy in MeV.

RMSQ Electron rest mass energy squared in MeV-squared.

AP Array containing PEGS lower photon cutoff energy for each
medium in MeV.

UP Array containing PEGS upper photon cutoff energy for each
medium in MeV.

AE Array containing PEGS lower charged particle cutoff energy for
each medium in MeV.

UE Array containing PEGS upper charged particle cutoff energy for
each medium in MeV.

TE Same as AE except kinetic energy rather than total energy.

THMOLL  Array containing the Moller threshold energy (THMOLL=AE+TE)

for each medium in MeV.
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Table 1. Names of the COMMON blocks important to the user
with a brief description of their functions (continued).

COMMON BLOCK VARIABLE

FUNCTION

UPHIOT

USEFUL

THETA
SINTHE
COSTHE
SINPHI

PI

TWOPI
MEDIUM
MEDOLD

RM
PRM

PRMT2

IBLOBE

Collision scattering angle (polar).

Sine of THETA.

Cosine of THETA.

Sine of PHI (the azimuthal scattering angle of the collision).

Pi.

Twice pi.

Index of current medium. If vacuum, then MEDIUM=0.

Index of previous medium.

Electron rest mass energy in MeV.

“Precision” electron rest mass energy in MeV (Double precision).
Twice PRM (Double precision).

Flag indicating if photon is below binding energy (EBINDA) after
a photoelectric interaction 8yes=1).
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PEGS40 00 O

PEGS40 EGS40000000000000O0OO0OO0O0ODOODOOPEGS40 0000000
000 oo oo obooooboobooooooon
ododooooboooooobobooo3oooooooobobooono 3gnooooooooona
0000000000000 000D0DO0000dDO00DO0oDoDO0D0O00DO0ODDOPEGS400
0000000 OSLAC-2650 A3.3 “PEGS4 Options and Input Specifications” 0 0000 00O
OO00O0OPEGS400000D00D00O0ODOODOOODDOOODOOOOOO

1 0Joogdgoobogo
000000000000 10keVODO 50 MeVOOOOOO0OO0O000000O00000O

ELEM

&INP TAPRIM=1,IRAYL=1 &END
FE-RAYLEIGH FE
FE

ENER

&INP AE=0.521,UE=50.511,AP=0.01,UP=50.0 &END
TEST

&INP &END
PWLF

&INP &END
DECK

&INP &END

gooo
e l10000ELEMOOODDOOUOOOOOOU0ODOOODOODOOOO(D 1IO0ODOOOOODOOOD

e 20608010000 120000 namelist 10 D00 O IBMOD FORTRANO ODOODOD 'O

OIAPRIM=100000000000 ICRU Report 370 0000000 O0OOOOOO
00000000000000 2000000000000000000000D00000
booobbooooooboobooooogoo

OIRAYL=10O0000ODOO0O0OO000O00O0OO000ODO000O0OO0O0OO0ODOOoOn

O FE-RAYLEIGHOOOOOOODODOOOODOOOOEGS400O00O0OO0DOOODOO
oooboobobobooboboooobobobooboboooooboo24bgobooboobo
oooooooooobbooboobbo 24000000000 0Db00DbO0ODODODObOOD0OO
obooboooom24-0000000gonogn

300 0310000000 FEODDOOOOOOOO Sternheimer-Seltzer-Berger 0 OO O
OMSSBOODMDOOOOOODOODOO

- 00000000 SLAC-26500 21320 000000000000000OCDOO
gomooo3a1gooonooboobom

Onamelist 00 D000 0000000000000 0O0000DDO000000000D0O0OO0OOODOOOOon
O00U0mMnamelist 00000 O0&INPO&ENDOOOOODOO=000000000,0000000000000
0000000000 OMS-FORTRANOOOUOO M &ENDOOODODOOD /O0OO0ODO

NRCCUUOOUDOUOUUOOODDODOUOODOSLAC-2650 00000000000
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- 00000000 O00OoOO0OO0O0oDOO0oO0bOObODOOO oSternheimer-Peierls O
gbooboboobooboobooboood

e A000D0FEOOODOOOOOODODOOOOUODOODOOPEGS40DOOODOOOO
boobouoooooobooboobaonbon

e 5UUOUOOENERODOOODOOODOODOODOOOODOOOOODODODOODODO6OODO
namelist UO OO OOODOO0O0ODOOOODOODOOO

— AEOQUECO0OO00O0000D0O0000000DO00000DO00000MevVOO M
AEOUEOOOOODOOOOOOOOOOOOOOO0DOO

* AE<0.51100000000000000000000000000OPEGS400
gobooboobooooooobobboboooooobobobobooooo
goboooboobboooboobobooogo

«*+ UE=S0.0 000000000000 0O0ODO 49489 MeVOO OO DODOOODOO
000000000 EGS40000D0ODO0O 50MevODOODOODOODOO
goboboobooooboooboboobbobooboooooboboobboboog
gbooobooobooboboobboobbobbooboboo

— APOUPODOODO0ODODOODOOODOOODOOOOODOOOODOOOMeVOOM
gboobdoooooooobobuoboooobboobobobboboooboooo
goobobboboooogooooooobooboooobboobboboobobbobo
o0o0oOobooOooboOoD pEGSM400000000O0O0DOOOODOODDOOOCROO

goooboooobobooboobobbobobooboooooooboobon
gooooon

e JTESTOOODODODOODODOOODOODDODODOOOUODOODDODODOOODOmMOOOOO
ggo

e I PWLFOUOUOODUOODOOUODODODODUODODODODODOWOODODOOODO
e UDECKODOODOOOOOOOOOOODOODDOOOODmWOOOOODOO

gooboobbooobooobo0obobobo0obooboboob0booooOXeg o100 @
0°CO000000040000*MENEROOODODOODODOODODDDODDOOOOD

ELEM

&INP RHO=5.89E-3,GASP=1.,IAPRIM=1 &END
XENON-GAS XE-GAS
XE

e JRHOOD OOO (g/em®) 000000 000000D0O0DDOO0O0D0OOOODOOODOOO
000 (Standard Temperature and Pressure=0°CO01 00) 0000000000

e 2000 namelist 00000 GASP=00000000000000 PEGS400000O0O
ooobooooopoooOobooOooOoboOoOoogDocchoobobobobOooboobobobooo
gboobobobobooooboboboooboboooboobbouooooaobooboog
gooooboobooboooboboooobog

8SLAC265 00 A3.3.1000ELEM2000000 GASPOOOUOODODOOELEMOOOOO GASPOODO
gooo
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e I XENON-GASOODOODOOOODOOODOOOOOUEGM4OODOOOOOODOOOOO
gbobobobboobooobboobobobbobooobobooo2400b0b0ob0bo0On
googooooobooogo

e [ XE-GASOO OSLAC-2650 0 2.13.200 XeOOOOOODOOO

e 40000XEODDOODODOOODOUODLOOODODOOODO

2 Uouoboboogno

0000000000000 oOoooooooD (PMMA:OOOOOOODOOOO)OOO
gbogoooooo

COMP
&INP NE=3,RH0=1.19,PZ=5.,8.,2.,IAPRIM=1 &END
PMMA-IAPRIM PMMA
C H O
ENER
&INP AE=0.521,UE=50.511,AP=0.01,UP=50.0 &END
TEST
&INP &END
PWLF
&INP &END
DECK
&INP &END

ioooocoMPOOOODOOOOOOOOODODOOOO

ONE=3000O0O0O0oooo 30obobooobooboobboon

ORHOOODOOO (g/em®) 0000

PzOOODODOODODODDOODO

SOODOELEMOOO0OODODOOOSSBOOOOOOOOO 3100o00oooogoan
000000000 SLAC-26500 21320 00000000000000000O0O0O0O
booobboobooaooooboooobooboobobobobbooobooood
ogn

e 40000000000 PZOODOOOODOO(A21X)000000OOO

e 5U0OUOODODUOELEMUODOOODODOODO

OOoooOOoOO0ODbOoOODOOoOoOoDbOoOoOoco,bobobbo0oboOoo4b000@mM b
0O000DOO000o00ooOOoOoOO0DOObOOOo0OocCcOolbOoooogoog

COMP

&INP NE=2,RH0=1.977E-3,GASP=1.,PZ=1.,2.,IAPRIM=1 &END
co2 C02-GAS
c O

oeccOloononoOoOoonon
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COMP

&INP NE=2,RH0=1.977E-3,GASP=10.,PZ=1.,2.,TAPRIM=1 &END
C02-10atm C02-GAS
c O

20°CO1O0O0O0O000OO

COMP

&INP NE=2,RH0=1.977E-3,GASP=0.93174,PZ=1.,2.,IAPRIM=1 &END
C02-20degree C02-GAS

c o

gooo

e RHOODOD STPOOODOOOOOODOO

e JO0ODOD20°CO1lDO0OO0ODOOCOODOOOOOOOO COOOOUOUDOODODOO
0.93174 00O =273 °C/293 °CU0O GASPOOUOOOOOUDODO

e [0 CO2-10atm[1] CO2-20degree0 0 OO0 0000 OOOOODOOOODODODOO
e [0 CO2-GASODO OSLAC-2650 0 2.13.200 CO,000O0O0OOOO

go0ooOOobOopDo°COl0OdOOoOoOoOooD

COMP
&COMP NE=2,RH0=8.99E-5,GASP=1.,IAPRIM=1,PZ=1.,1. &END
H2-GAS H2-GAS
H H
gogo

e PEGS4000000000O0OOOODODOOODDOOODOOYD
e NE=1000000000ONE=200000000

e JH2-GASOO ODODODOO (SLAC2650 2.13.2) 0000 00OOOO

d Uugboboubood

goooboobobooobooboboobobbobooobobobboboboo40bb0O0bD0Ob00
goooooobobooOon
MIXT

&INP NE=5,RH0=3.61,RH0Z=41.8,21.0,29.0,5.0,2.2,IAPRIM=1 &END

LEAD GLASS
PBSI O K NA

e 100D MIXTOOODOODODOODODODODDOOD

e INE=5000000 5000000000000DOO

“Sternheimer-Peierls 1 0 0000 0000000000000 000000000O0SSBOOOOO0OOO0OO
O000oo0oooOooooSpO00000OOO00OCOCOOOC0OOOO0OOOOOOOOOOOOOOOOOOOOOOO
SSBOOOOOOOOOOOOOO0OOOOO0O0OOOO0O0OoOoOoOooooooooooO
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e RHOOOOOOOOO (g/ecm®)0
e RHOZO OOODOODOOOOOOOD

e 4000 RHOZOODODOODOOOODOOO

OO000O00DO0O000O00oODO0Oo0oOoOooD20°CO1000DOOonoDoDOonono s00dnonO

MIXT
&INP NE=3,RHO0=1.2929E-3,GASP=0.93174,RH0Z=0.75575,0.23143,0.01282,
TAPRIM=1 &END
AIR ATR-GAS
N 0O AR

e RHOOOD OSTPOOOOOOOg/em®*0000 0
e 0 AIR-GASODO OSLAC2650 0 2.13.200000000000

e ArJ 100keVIODOOOODOOODOOODOOOODOOOODOO

4 CALLOOOOO

CALLOODOOO0O0O000DOO0OO0O0000O00ooooooooooooooboooooDooo
D00ooooobboD49.99 MevO OO ooooobooooo

ELEM
&INP IAPRIM=1 &END
PB
PB
CALL
&INP XP(1)=49.99 &END
GMFP

gboobooooon

OPT=CALL
FUNCTIONCALL: 1.95522 = GMFP OF 49.9900

O0000000OGMFPO emO00000000O0O (rl)00000000O0ODOOOOOOOO
gdad

5 U0O00OO0O0OPEGS40000O

e PHOTXDODOOOODOOOODODOSO

— KEKO EGS4O0 0000000000 pgsdphtx.datd 0000 O pegsd.mortran [ [
OPEN(8,file=’pegsépepr.dat’) ;
ooooooooo o

OPEN(8,file=’pegs4phtx.dat’) ;

00 00 “PEGS4000000 PHOTXOOO”00 30 EGS4 000 OKEK Proceedings, 93-15 (Dec 1993)
ooo
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O0oooooooooooooooon
— 0000000 Opegsdpepr.dat 000 pegsdphtxdat 00D OO OO0OOO

e Sternheimer[] Berger [0 Seltzer 0 0 0 1984 0 O Sternheimer 10000060

- 000000000 pegs4dmortran0 00000
ftp.kek. jp:/kek/kek_egs4/pegs4/pegsd.tar.Z

- 010000000 PEGS4000000C 3000 31000000000 O 10O
O00000CCOODO PEGS40000CODOCODOOOO PEGS400 SLAC-26500
21320 0000000000 00DO0O0O0O0O0O0OOY

e 000000 DDONONONONONDODONONONDOONDDDODDOONDNDOONONODOT™™

- 000000000 pegsdnb.mortran 000000
ftp.kek.jp:/kek/kek_egs4/lscat/lscat_1.1.tar.Z

- 100keVODOODOOOODODODOODOOODODOODO

®H. Hirayama, “Revision of the Sternheimer Density Effect Coefficients in PEGS4”, KEK Internal 95-17 (1995).

uad
7Y. Namito et al “LSCAT: Low-Energy Photon-Scattering Expansion for the EGS4 Code”, KEK Internal

95-10 (1995). 0O
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Table 1 Identifier of medium name for Sternheimer-Seltzer-Berger Coefficients in PEGS4

LABEL LABEL LABEL
H2-GAS 00000 RH PU
H2-LIQUID PD AM
HE-GAS AG CcM
LI CcD BK
BE IN A-150 TE PLASTIC
B SN ACETONE
C-2.265 G/CM**3 0000 | SB ACETYLENE
C-2.00 G/CM**3 TE ADENINE
C-1.70 G/CM**3 I ADIPOSE TISSUE
N2-GAS XE-GAS 000000000| AIR-GAS
02-GAS cs ALANINE
F BA ALUMINIUM OXIDE
NE-GAS LA AMBER
NA CE AMMONIA
MG PR ANILINE
AL ND ANTHRACENE
SI PM B-100 BONE-EQ. PLASTIC
P SM BAKELITE
S EU BARIUM FLUORIDE
CL GD BARIUM SULFATE
AR-GAS TB BENZENE
K DY BERYLLIUM OXIDE
CA HO BISMUTH GERMANIUM OXIDE
SC ER BLOOD (ICRP)
TI ™ BONE, COMPACT (ICRU)
\% YB BONE CORTICAL (ICRP)
CR LU BORON CARBIDE
MN HF BORN OXIDE
FE TA BRAIN (ICRP)
Cco W BUTANE
NI RE N-BUTYL ALCHOL
CcU 0S C-552 AIR-EQ. PLASTIC
ZN IR CADMIUM TELLURIDE
GA PT CADMIUM TUNGSTATE
GE AU CALCIUM CARBONITE
AS HG CALCIUM FLUORIDE
SE TL CALCIUM OXIDE
BR PB CALCIUM SULFATE
KR-GAS BI CALCIUM TUNGSTATE
RB PO CARBON DIOXIDE
SR RN-GAS CARBON TETRACHLORIDE
Y RA CELLOPHANE
ZR AC CELLULOSE ACETATE BUTYRA
NI TH CELLULOSE NITRATE
MO PA CERIC SURFARE DOSIMETER
TC U CESIUM FLUORIDE
RU NP CESIUM IODIME
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Table 1 Identifier of medium name for Sternheimer-Seltzer-Berger Coefficients in PEGS4

LABEL LABEL LABEL
CHLOROBENZENE LITHIUM TETRABORATE POTASSIUM IODINE
CHLOROFORM LUNG (ICRP) POTASSIUM OXIDE
CONCRETE, PORTLAND M3 WAX PROPANE
CYCLOHEXANE MAGNESIUM CARBONATE PROPANE, LIQUID

1,2-DICHLOROBENZENE
DICHLORODIETHYL ETHER
1,2-DICHLOROETHANE
DIETHYL ETHER
N,N-DIMETHYL FORMAMIDE
DIMETHYL SULFOXIDE
ETHANE

ETHYL ALCOHOL

ETHYL CELLULOSE
ETHYLENE

EYE LENS (ICRP)

FERRIC OXIDE
FERROBORIDE

FERROUS OXIDE

FERROUS SULFATE DOSIMETE
FREON-12

FREON-12B2

FREON-13

FREON-13B1

FREON-13I1

GADOLINIUM OXYSULFIDE
GALLIUM ARSENIDE

GEL IN PHOTOGRAPHIC EMUL
GLASS (PYREX)

GLASS, LEAD

GLASS, PLATE

GLUCOSE

GLUTAMINE

GLYCEROL

GUANINE

GYPSUM, PLASTER OF PARIS
N-HEPTANE

N-HEXANE

KAPTON, POLYIMIDE FILM
LANTHANUM OXYBROMIDE
LANTHANUM OXYSULFIDE
LEAD OXIDE

LITHIUM AMIDE

LITHIUM CARBONATE
LITHIUM FLUORIDE
LITHIUM HYDRIDE
LITHIUM IODIDE

LITHIUM OXIDE

MANESIUM FLUORIDE
MAGNESIUM OXIDE
MAGNESIUM TETRABORATE
MERCURIC IODIDE
METHANE

METHANOL

MIX D WAX

MS20 TISSUE SUBSTITUTE
MUSCLE, SKELETAL (ICRP)
MUSCLE, STRIATED (ICRU)
MUSCLE-EQ. LIQ. W SUCROS
MUSCLE-EQ. LIQ. W/O SUCR
NAPTHALENE
NITROBENZENE

NITROUS OXIDE

NYLON, DU PONT

NYLON, TYPE 6 AND 6/6
NYLON, TYPE 6/10

NYLON, TYPE 11

OCTANE, LIQUID

PARAFFIN WAX
N-PENTANE
PHOTOGRAPHIC EMULSION
PLASTIC SCINT.
PLUTONIUM DIOXIDE
POLYCRYLONITRILE
POLYCARBONATE
POLYCHLOROSTYRWNE
POLYETHYLENE

MYLAR

LUCITE
POLYOXYMETHYLENE
POLYPROPYLENE
POLYSTYRENE

TEFLON

POLYTRIFLUOROCHLOROETHY.

POLYVINYL ACETATE
POLYVINYL ALCOHOL
POLYVINYL BUTYRAL
POLYVINYL CHLORIDE
SARAN

PLOYVINYLIDENE FLUORIDE
POLYVINYL PYRROLIDONE

N-PROPYL ALCOHOL
PYRIDINE

RUBBER, BUTYL

RUBBER, NATURAL
RUBBER, NEOPRENE
SILICON DIOXIDE

SILVER BROMIDE

SILVER CHLORIDE

SILVER HALIDES IN EMUL.
SILVER IODIDE

SKIN (ICRP)

SODIUM CARBONATE
SODIUM IODIDE

SODIUM MONOXIDE
SODIUM NITRATE
STILBENE

SUCROSE

TRRPHENYL

TESTES (ICRP)
TETRACHLOROETHTLENE
THALLIUM CHLORIDE
TISSUE, SOFT (ICRP)

ICRU FOUR-COMP. TISSUE
TISSUE-EQ. GAS (METHANE)
TISSUE-EQ. GAS (PROPANE)
TITANIUM DIOXIDE
TOLUEN
TRICHLOROETHYLENE
TRIETHYL PHOSPHATE
TUNGSTEN HEXAFLUORIDE
URANIUM DICARBIDE
URANIUM MONOCARBIDE
URANIUM OXIDE

UREA

VALINE

VITON

WATER, LIQUID

WATER VAPOR

XYLENE
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Jooodoogon

1 0000

O0DO0OD0O0OO0OO0OSLAC-260 000000000000 0OODOODOOODO0OOOO0OODOO
gbooobuooooboboobouooooobboooooobbobboobobooboboba
godooobobooobuoboouoooboooboobooooboooboboobooobboaoboyd
O000O0 NalOOOODODOODOUOOoobooboO0O0O uenaidpmor JOODOODOOOO

1 l 1.33 MeV 7 [
4 3 2 Al cover 3 4 - R
7| 6| 5  Gap 6 7 000 Oucnai3p.mor 000
5 1 10] 9| 8 Naldetector | 9 | 10 2,3,4,7,10,13 — Al
13 12 11 Quartz window 192 13 11,12 — Quartz
14 l 5,6,9 — Gap
Z 8 — Nal

2 STEP 1

EGS40 000000000000 00000DO0ODOOODO0O0OO overrideDO0D0OOOODO
0000 MortranO ODOOOODOOODOOODOODOOOOCOOOCOCODOOOOEGS40
000000000000 egsdmacmortran 1 0O O0O0OO00ODODODODOO0OODOOOODOOO
00000000000 0D00D0OD0O0D0O0O00D0EGS4000000000O000 EGS4000
O00OO0000DOO0O0O0Overridel D00 O0OO0O0ODOOOOOOODOOODOODODOOOO
ggobobooobod

oooobboobbOooOpresTAD OO OODODOOOOOODLOOOOOOLOODO
ubboboboooboooobboobbbooobobopresTAlDODODOOOOOO0OOOOOO
goboooooboooooo

REPLACE{$CALL-HOWNEAR (#) ;} WITH
{$CALL-HOWNEAR-FOR-SLAC-CYLINDRICAL-GEOMETRY ({P1});}
n * %k %k % n
"THIS IS THE MACRO THAT SHOULD RETURN THE CLOSEST PERPENDICULAR "
"DISTANCE TO ANY SURFACE WHICH FORMS A BOUNDARY FOR THE CURRENT "
"REGION. IN THIS APPLICATION IT IS REPLACED BY THE MACRO FOLLOWING "
"WHICH IS SPECIALIZED FOR THE SLAC "
n * %k % % n
"CYLINDRICAL-PLANE GEOMETRY. "
"IT IS THE USER’S RESPONSIBILITY TO PROVIDE THIS MACRO FOR HIS OWN "
"GEOMETRY. "
L e B B e B S O B O o 0 I U0 L S o o S "

; "BUFFER FLUSH"
REPLACE{$CALL-HOWNEAR-FOR-SLAC-CYLINDRICAL-GEOMETRY (#) ; } WITH

39



" * %k %k k "
{;ZL=Z (NP) ;RL=SQRT (X (NP) **2+Y (NP) **2) ;
$GET-JR-JZ(IRL);
ZLEFT=ZL-PCOORD(3,JZ) ; ZRIGHT=PCOORD (3, JZ+1)-ZL ;ROUT=CYRAD (JR)-RL;
{P1}=MIN(ZLEFT,ZRIGHT,ROUT) ;
IF(JR.NE.1) [RIN=RL-CYRAD(JR-1);{P1}=MIN({P1},RIN);]1}
"THIS ROUTINE IS INTENDED TO BE USED TO CALCULATE THE MINIMUM "
"PERPENDICLAR TO THE NEAREST BOUNDING SURFACE. THIS VERSION IS "
"SPECIALLY DESIGNED FOR THE SLAC CYLINDRICAL GEOMETRY PACKAGE. "
"A DIFFERENT VERSION IS NEEDED FOR OTHER "
1 e 5k kK n
"GEOMETRY PACKAGES. "

; "BUFFER FLUSH"
"SLAC MACRO TO GET CYLINDER (JR) AND SLAB (JZ) ZONES FROM REGION "
"NUMBER"

sk sk sk k k "

REPLACE {$GET-JR-JZ(#);} WITH

{;JZ=({P1}-2) /NCYLP+1; JR={P1}-1-NCYLP* (JZ-1) ; }
; "BUFFER FLUSH"
"GEOMETRICAL INFORMATION"
"SLAC DEFINITION OF /GEOM/ AND RE-DEFINITIONS FOR /CYLDTA/ AND "
"/PLADTA/ "

Uo00bDbO0O0b0bO0bb0Db00000 SUBROUTINE ELECTRO OO0 OO OO OOON COMIN
gooogag

1 sk ok 5k "

REPLACE {;COMIN/GEOM/;} WITH {;COMIN/CYLDTA,PLADTA/;}

REPLACE {;COMIN/CYLDTA/;} WITH

{;COMMON/CYLDTA/CYRAD ($MXCYLS) ,CYRAD2 ($MXCYLS) ,NCYLP; }
"NOTE: CYRAD MUST BE PROVIDED IN ADDITION TO CYRAD2 (USUALLY IN "
"MAIN)"

REPLACE {;COMIN/PLADTA/;} WITH
n n

{; COMMON/PLADTA/PCOORD (3, $MXPLNS) ,PNORM(3, $MXPLNS) ; }

EGSM4000000DOO0OO0OO0OO0OOO0O0O000OO0OOO0OO0O0OOoODOoOooooooDOoan
OO00ODO Step 1l O00D0OCOO0O0O0OQO DO ucnaidp.mor J O JAUSGAB [0 score DO OO OOO
COMMON/TOTALOD O OD OODDODDO COMMON/PASSITUO OO DOOOOODOOONO COMMON/
LINESO coMINO O OO OO0O0ooooonond

"COMMON to define variables to score at AUSGAB"

"DEPE:deposited energy inside the detector"

"DELTAE:energy bin width in MeV"

"SPG:Gamma spectrum, SPE:Electron spectrum, SPP:Positron spectrum"

REPLACE {;COMIN/TOTALS/;} WITH
{;COMMON/TOTALS/DEPE,DELTAE, SPG($NDET , $NEBIN) ,SPE($NDET, $NEBIN) ,
SPP ($NDET, $NEBIN) ; +

"COMMON of print-out parameter"

REPLACE {;COMIN/LINES/;} WITH
{;COMMON/LINES/NLINES,NWRITE,NCOUNT,ILINES;}

"COMMON of geometry related parameter"
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REPLACE {;COMIN/PASSIT/;} WITH
{; COMMON/PASSIT/NREG,NPLAN; }

$PARAMETERO O OO0 DO O0ODDOODOO0DDOODOOOODOOOS$PARAMETERODO OO
U000000bL0000000Db0000D00O00 DS$PARAMETERO D OO0 OOODOODDO
U000000U00ODOucnaidp.morJ 000 OO O $PARAMETERU U O

PARAMETER $MXPLNS=5; "NUMBER OF PLANE"
PARAMETER $MXCYLS=3; "NUMBER OF CYLINDER"
PARAMETER $NBATCH=50; "Number of batch"
PARAMETER $NEBIN=50; "Number of energy bin"
PARAMETER $NDET=1; "Number of detector"

gboboobuoboobboboooboo
000000000 00O00O000 coMMOND DIMENSION OO0 0000 OOOEGS40 COMMON
gboobooboooooobooboboodod coMmMoNnd Qg

; COMIN/DEBUG,BOUNDS ,BREMPR,EDGE,ELECIN,ETALY1,GEOM,LINES ,MEDIA,
MISC,NTALY1,PASSIT,RANDOM,STACK,THRESH,TOTALS,UPHIOT ,USEFUL,USER/;

0000000 0OLINES, PASSIT, TOTALSO 0000000 O0OODODOO0OOOOOOO

O00OPEGSM4A0000O0DO0OODODOOODOOOODOODOODOOOOODDO OPEGS40
0000000000000 00000 24000000000 0MADARRODOOODODOOOO
240000000000D02000000000000000D000000DOO00DOOOOOOO0O
000030000000 3000o0ooo

UNIT 6, 8O OPENO D 00D O0OO0O0DOODOOO0OOOOODODODOOODODO OUNIT
1200000 0egsdrun 00000000000 OCOOOOODO mortjob.xsec (mortjob.xse:PC
000)0000ooooogd

3 STEP 2

Uoobobob0obOoobobobb0obbbbOO000 SUBROUTINE HATCHO CALLOODODO OO
gbooboboboobboooboobooboreyLPO OPRESTAL D OO DOUOOOOOOOODOO
UOooNMEDD OODOUODDO0OO0O0ODOOO0DUODDOOOMEDARRD 200000000000 0O00O0O
gooooooobooobobobo0obbO0o0bECUT, PCUT, K X-rayUOOOOODOOO
gbobooobooboood

NMED=3; "NUMBER OF MEDIA"

DO J=1,NMED [
DO I=1,24 [MEDIA(I,J)=MEDARR(I,J);]]

NPLAN=$MXPLNS; "NUMBER OF PLANES"
NCYL=$MXCYLS; "NUMBER OF CYLINDER"
NCYLP=NCYL; "xPRESTAx*"

NREG=(NPLAN-1)*NCYL+3; "NUMBER OF REGIONS (INCLUDING OUTSIDE VACUUM"

" REGION) "
IRZ=NREG-3;

"SET MEDIUM INDEX FOR EACH REGION"

/MED(1) ,MED(NREG-1) ,MED(NREG) /=0; "VACUUM REGIONS"

/MED(2) ,MED(3) ,MED(4) ,MED(7) ,MED(10) ,MED(13)/=2;
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" Al region"

MED(8)=1;  "NaI(Tl) detector region"

/MED(11) ,MED(12)/=3; "Quartz region"

/ECUT(2) ,ECUT(3) ,ECUT(4) ,ECUT(7) ,ECUT(8) ,ECUT(10)/=0.561;
/ECUT(11) ,ECUT(12)/=0.561;

/MED(5) ,MED(6) ,MED(9)/=0; "Vacuum region inside case"

IEDGFL(8)=53; "53:Atomic number of I"
" 0:K-X ray of I is not produced"

PEGS40O00O0O0OOO0OOOUOODOOCDOOAECOOD APOO0OODOODOOOOOODODODODOO
ubooboob AED ApO0OO0O0O0ObOOOOOOobOObOOoobooboobooooooboDo
U00bo0o0oobobAEDODDDOODLDDOO0ODLOO APODODODDODOOODODDOODODOD
gbobooboooooobboobbooooobbobooboooboooooboooboboobboo
o000 ECUT, PCUTULOOOOUODODOODODOOOO AE, APOUOODODODODOAE, APO
gogooon ECUT, PCUTOOUOOOODDOODOODOODDOODOO AE, APOOODOOOODOO
U ECUT, pCUTL OO OOODOOOOOOOODOOOOOODODOON

EGSM4000000DO0O00ODOODODO0OO0ODODODOO0O0ODOO00DO0O0O0OOOOD K X-rayOd
gboooooooooobobooobo0bUK Xray0ooooooooooboogd
gbooobboobbooboooobbooobbbooog NyaIDOObOoooobbd
UO0DK X-rayU IDOO0OODO0OONaOOD X-rayUUODODODOOOOO UOIEDGFL(4)=53;
UIriopgooboobooooon

3.1 JOouogooogd

EGS40O000O0OO0DODODOOOOOODOODOOOOOOOODODOOOODbObDbOOD
Uobd IEDGFLO D0 0db0oogobooboboooboboboboobbobbbobbonooo
gboboobooboooobooooooboboobobooobooobobobn

1.000000000 [1
000000000000000000 (= m/Ey radian; me:J 00000000 00 Ey:
00000000)000000000000000000000000000000000
D00 OIBRDST=1; 0000000

"THE FOLLOWING REPLACES THE EGS4 DEFAULT $SET-BREMS-ANGLE MACRO "
"IT’S USE REQUIRES AN ASSOCIATE MACRO $SET-BREM-REJECTION-FUNCTION"
"DEFINED BELOW "

"USAGE: IBRDST=0 => EGS4 DEFAULT ANGLE SELECTION "
" IBRDST=1 => KOCH AND MOTZ (1959) EQ. 2BS ANGLE SELECTION "

00000000000 0O00000DbO00000 CoMIN/BREMPRR/;0 D O0ODOOODODO
gooooo

2.000000000000DOOODOOOOOO (2
gbbodoobuooboboooobooobobobboooobuoooooooobooooon
godbobooboobogoobobgoorIerdpsTOOOODOOODOOOO

"USAGE: IPRDST=0 => EGS4 DEFAULT ANGLE SELECTION "
" IPRDST=1 => LOWEST ORDER ANGULAR DISTRIBUTION "

" d(Probability) sin(theta) "
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" d(theta) 2%xP[E_total - Pxcos(theta)]**2 "

" IPRDST=2 => MOTZ, OLSEN AND KOCH (1969) EQ. 3D-2003 "
" IF IPRDST IS NON-ZERO AND E_PHOTON < $BHPAIR "
" THE IPRDST=1 DISTRIBUTION IS USED "

000000000000000000000000 COMIN/BREMPRR/; 000000000
oooooo

.00000000 (3]
00000000000000000000000000000000000000000
000000000 OIPHTER O OO0 OOIPHTER 0 OO0 OIEDGFLO 000000000
000000

" IPHTER REGION DEPENDENT ARRAY FOR SWITCHING ON "
" PHOTOELECTRON ANGULAR DISTRIBUTION "
" DEFAULT(0)-NO SAMPLING, (1)-SAMPLING "

00000 000bbO00D00o0bO0o000obOonboD coMIN/USER/; DO DODOODOODOO
gooon

.0000 Splitting[1]

0000000000000 D00000000DO00000000000 Splittingdd0O0O
O000D0DOO000D000000 Splitting0 000000 OIBRSPL=1; 0 000000OOO
Splitting 0 ,NBRSPL, 0 0 0000000 OO

"THIS MACRO PLACES ADDITIONAL BREMSSTRAHLUNG PHOTONS ON THE STACK "
"RESETTING PARTICLE WEIGHTS TO MAKE THE GAME FAIR. THREE USER INPUTS"
"ARE REQUIRED: "

"IBRSPL = 0 => NO ADDITIONAL BREMSSTRAHLUNG PHOTONS (DEFAULT) "
" = 1 => PERFORM BREMSSTRAHLUNG SPLITTING "
"NBRSPL = NUMBER OF BREMSSTRAHLUNG PHOTONS CREATED/INTERACTION "
"FBRSPL = 1/NBRSPL (USED TO ADJUST THE PARTICLE WEIGHTS) "

"NBRSPL AND FBRSPL ARE CHANGED DYNAMICALLY IF STACK OVERFLOW MIGHT "
"0CCUR "

"THIS MACRO IS INVOKED AFTER THE FIRST CALL THE SUBROUTINE BREMS "

000000000 000D0o0oOob0obooO00oO0OO coMIN/BREMPRR/; 0O DO OODOONO
gooooo

4 STEP 3

SUBROUTINE HATCHU CALLO O ODODODOODOO0OO0O0OO0OO0O00O0 stepU0000oobon
ubboboobooobbobbobobobobooboooboboooouobboobbooon
gobobobooboooobooooooooboboobooboobbobooboobDbbo
gbbooooooooooobbouobobooooboboboboooboooooobooog
ubbodoobobboobooooobobbooooooooobobbobooboboobobooba
gobobobooon

K-X rayU0 00000 SUBROUTINE PHOTOU O OO UOUOOOODOOOO0O0ODOX ray00 0oy
godooobboooboooooooobooboooboobobooooooooobobooboao
SUBROUTINE EDGSET[] CALLO DO OO OOOODOO

DO I=1,NREG [IF(IEDGFL(I).NE.O) [CALL EDGSET(NREG); EXIT;]]
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5 STEP 4

000000000000000000000000000000000000000000
0000 (PCOORD(I,J),PNORM(I,J))000000000 OO0 (CYRAD(I),CYRAD2(I))O OO0
0000000000000000000000000000000000000000000
000000000000000000000000000000

6 STEP 5

AusGABO DO DO DOOODDOODODOODLODbDOOObOOoODObODbObbOOoOobOoobOobDbDOoO
uobooOooOn0ECNSC1U NTALLYOD O OO ODoOOooooobooobbooboboooboobobo

CALL ECNSV1(O,NREG,TOTKE);" INITIALIZE ESUM ARRAY FOR ENERGY"

" CONSERVATION CALCULATION."

" NREG=NUMBER OF REGIONS"

" TOTKE=TOTAL KE (DUMMY VARIABLE HERE)"
" (MUST BE REAL*8)"

CALL NTALLY(O,NREG);

NCOUNT=0; "PARTICLE HISTORY COUNTER"

ILINES=0; "INITIALIZE LINE-OUTPUT COUNTER"

DEPE=0.D0O; "ZERO THE ENERGY DEPOSITION AT SCINTILATOR"
/PEF,TEF/=0.0; "Zero the efficiency"

DO J=1,$NEBIN [PH(J)=0.0;] "Zero the pulse-heght"

DO ND=1,$NDET [

DO J=1,$NEBIN [

/SPG(ND,J) ,SPE(ND,J) ,SPP(ND,J)/=0.0; "Zero the spectrum"
1]

UO000O0ONCOUNT,ILINESO 0D O 0000000 DbObOOo0boooobonoonD bd

7 STEP 6
goooooogbbobooobooobod

IQI=0; "INCIDENT PARTICLE"

EI=1.33 +ABS(IQI)*PRM; "TOTAL ENERGY OF PARTICLE (MEV) "
AVAILE=EI + IQI*PRM; "AVAILABLE K.E. (MEV) (MUST BE REAL*8)"
EKIN=AVAILE;

ECUTMN=ECUT(4) ; EKO=EKIN; "*PRESTAx"

$PRESTA-INPUTS; "INPUT THE *PRESTA* VARIABLES"

DELTAE=0.05; "Energy bin of response"

XI=0.0; YI=0.0; ZI=0.0; "STARTING COORDINATES (CM)"

UI=0.0; VI=0.0; WI=1.0; "INCIDENT DIRECTION COSINES"

IRI=2; "ENTRANCE REGION DEFINITION"

WTI=1.0; "WEIGHT FACTOR OF UNITY"

IDINC=-1; "AN IDENTIFIER (LIKE IARG) TO MARK INCIDENT PARTICLES"
IXXST=17847465;

IXX=IXXST; "INITIALIZED RANDOM NUMBER WITH STARTING SEED"
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NWRITE=10;

"NUMBER OF INCIDENT CASES TO PRINT OUT"

NCASES=$NCASES; "MAXIMUM NUMBER OF INCIDENT CASES TO RUN"
NBATCH=$NBATCH; "NUMBER OF BATCH"
NCASPB=NCASES/NBATCH; "NUMBER OF CASES PER BATCH"

NOFBAT=0;

NLINES=15;

"NUMBER OF BATCH FINISHED"

"NUMBER OF LINES TO PRINT OUT"

Q000000 EL00000O0OXLYLZLOOOOO
ULVLWLOOOOOOOOOOIRLOOOOOOODOOOOO
WTLOOOOOOO0OO0O0 (000 1)

ECUTMN=ECUT (4) ; EKO=EKIN; [J O$PRESTA-INPUTS U0 PRESTA U O DOUODOODOODODOO
gooogooobogooood

gboboobobooboouoobooboboobboooboboboooboobooouoooboooboobobo
000000000000 Step0O0ODO

obdbdooobooooboooobobooooobboooobuobOoD (pINe=-1;) 0DDO0ODO
OO0oO0D000 (xxsTHOO0OOoO0o0bODOoOoOobboOooDDO (neAses) DODODOODOOO
ooooobooooooooooooooboooboo eATCH) D00 Oo0ogooboOoobooo
googooo

8 STEP 7

000000000000 SUBROUTINE SHOWERO CALLO OEGS4 0000000 OO0OO0O
gobbboo0obibo00o0o0b0oobooobU0o0obbo0o0UobceALL sHOWERD O D OO DO
gbooboouoobobobooooobobooboooooboboobooobooa
gobobbooooboboIriggoooobooobooboooobobo

8.1 000D

zt00000bbobo0o0obooobbooobbobobbbboobbooooobon
gobooooobooboboobobboooobooooooooooooboobbooboog 20
gooboooon

8.1.1 McNPO O OO OOODOO
e JOIDOUOOO NOODODO
e z; 0 i0000DOO0DOOOODDOODO

e x 1 OOODODOOO:

45



ez O DOOO

googn

e JIDDODOD

goooo

8.1.2 MORSE-ccU O UOOOOOOO

e JODODOUODOO NODDOO

“N»OoOoOUoOoooooOo N/aOUOUOOODO 00000000 0OO0COOODOOOOOO

O0z,0000
e z 0O OOO
ln
T==> @ (5)
VB
=1
ooooogo
e 0 2z, 000000000O0OC0DOOO
1 " 1 i
2 _ N2 2 2
=g @) = Y - ) (6)
i=1 i=1
ez UDODOOODOO
2 3%
57 =, (7)

googn

FSD(fractional standard deviation) OO O
FSD = 3/ (8)

goooo

8.1.3 0D00OO0OOODODOOOOOOO ucnai3p.mord 000

ucnaidp.mor 0 MORSE-CGU O U0 FSDO OO ODOOO

UU0DO0O00O0O0NBATCHO OO ODOUUOUOOUODUOU NCASPB(=NCASES/NBATCH) U OO OO
gogoobbobbobooooobbooboooboboobbooobbobbobooboboo
UbodboOoOUdcALL SHOWERO OO OO OoOoooouooooooooaoood

"If some energy is depositted inside detector add pulse-height"
"and efficiency"

IF(DEPE.GT.0.D0) [

IE=DEPE/DELTAE+1;

IF(IE.LE.$NEBIN) [PH(IE)=PH(IE)+1.0;]
IF(DEPE.GE.EI*0.999) [PEF=PEF+1.0;]
TEF=TEF+1;]

DEPE=0.D0;
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NCASPBO OO O0OOOODOODOODOODOOOOO ()0 000O0

"Calcurate average value for this BATCH"
DO IE=1,$NEBIN [
PHPB(IE,NOFBAT)=PH(IE)/NCASPB;
PH(IE)=0.0;

]

PEFPB (NOFBAT)=PEF/NCASPB;

TEFPB (NOFBAT)=TEF/NCASPB;

/PEF,TEF/=0.0;

DO ND=1,$NDET [

DO IE=1,$NEBIN [

SPGPB(ND,IE,NOFBAT)=SPG(ND,IE) /NCASPB; "Gamma spectrum for this BATCH"
SPEPB(ND, IE,NOFBAT)=SPE(ND,IE) /NCASPB; "Electron spectrum for this BATCH"
SPPPB(ND, IE,NOFBAT)=SPP(ND,IE) /NCASPB; "Positron spectrum for this BATCH"
/SPG(ND, IE) ,SPE(ND,IE),SPP(ND,IE)/=0.0;

1]

9 STEP 8

ggboobobbooooboobobbobobboobobobobooobooboboobo
gooboboooobboobobobbbobbobboobbooobooobooboobooog

ooboooooooooooboOooobobobon Sss0o0ooooooooooboboooooo
oobobobiooboboooboooboooboooobuobboo10b00bD MeVOODO
goobboboobbobooobo0bbb 000U DELTAED OO0 OO0 Ooooonon

"Calculate average and its deviation"

/AVPE ,DESCI2/=0.0;

DO J=1,NBATCH [

AVPE=AVPE+PEFPB (J) /NBATCH;
DESCI2=DESCI2+PEFPB(J)*PEFPB(J) /NBATCH;

]

SIGPE=SQRT ( (DESCI2-AVPE*AVPE)/(NBATCH-1)) ;

AVPE=AVPE*100.0;

SIGPE=SIGPE*100.0;

OUTPUT AVPE,SIGPE;(’ Peak efficiency =’,G15.5,’+-?,G15.5,% %’);

/AVTE ,DESCI2/=0.0;

DO J=1,NBATCH [

AVTE=AVTE+TEFPB(J) /NBATCH;
DESCI2=DESCI2+TEFPB(J)*TEFPB(J)/NBATCH;

]

SIGTE=SQRT ( (DESCI2-AVTE*AVTE)/(NBATCH-1));

AVTE=AVTE#*100.0;

SIGTE=SIGTE*100.0;

OUTPUT AVTE,SIGTE;(’ Total efficiency =’,G15.5,’+-’,G15.5,’ %’);

OUTPUT ;(/’ Pulse height distribution ’);
DO IE=1,$NEBIN [

ELOW=DELTAE*(IE-1);

EUP=DELTAE*IE;

IF(ELOW.GT.EKIN) [EXIT;]

/AVPH,DESCI2/=0.0;

DO J=1,NBATCH [
AVPH=AVPH+PHPB (IE, J) /NBATCH;
DESCI2=DESCI2+PHPB(IE,J)*PHPB(IE,J)/NBATCH;
]
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SIGPH=SQRT ( (DESCI2-AVPH*AVPH) /(NBATCH-1));
AVPH=AVPH/DELTAE;

SIGPH=SIGPH/DELTAE;

OUTPUT EUP,AVPH,SIGPH;

(’ E (upper-edge --’,G10.4,’ MeV )=’,G15.5,’+-,G15.5,
> counts/MeV/incident’);

]
ECNSV1 0 NTALLYO O OO O OOODOODOOOODOOoOoOoDoDbOoooooboooooo

10 SUBROUTINE AUSGAB

AusGABO0 00000 0O0ODOOO0ODDOODODOOODDDOOOOO0OO0ODON2IODDOOOO

000000000 VNaIDODODOODOOODOOOODOOOODOOODOODO

IF(MED(IRL) .EQ.1) ["particle is inside the detector"

DEPE=DEPE+EDEP*DPWT; "Add energy deposition"

IF(IRL.NE.IROLD.AND.IARG.EQ.O0) [ "particle enters into detector"

IF(IQ(NP).EQ.O0) ["photon"

IE=E(NP) /DELTAE+1;

IF(IE.LE.$NEBIN) [SPG(1,IE)=SPG(1,IE)+DPWT;]]

ELSEIF(IQ(NP).EQ.-1) ["Electron"

IE=(E(NP)-RM) /DELTAE;

IF(IE.LE.$NEBIN) [SPE(1,IE)=SPE(1,IE)+DPWT;]]

ELSE ["Positron"

IE=(E(NP)-RM) /DELTAE;

IF(IE.LE.$NEBIN) [SPP(1,IE)=SPP(1,IE)+DPWT;]]

] "end of entering to detector"

] "end of inside detector"

Oo000o0oOoooooopooooOogoooooo
IF(MED(IRL) .EQ.1) ["particle is inside the detector"
oooOoo
IF(IRL.EQ.8) ["particle is inside the detector"

ugboooooooboobbooobbbobvNyaIO0bbO0ooooobooboooobd
gooooobooobooooonog

IF(IRL.NE.IROLD.AND.TIARG.EQ.0) [ "particle enters into detector"

goooobboobobobobbdoooobbboooobooouoboobooboobbooooon
UddsddNaIJODO0O0OO00OD0OO0O00 quartzO0OOD0ODOOO0OODDODOODOODODOOOO
ggbooobooboooobooooooooog

IF((IRL.NE.IROLD.AND.IARG.EQ.O) .AND. (IROLD.EQ.5))
[ "particle enters into detector"

goooboon

"KEEP TRACK OF THE ENERGY DEPOSITION---FOR CONSERVATION PURPOSES"
ESUM(IQ(NP)+2,IRL,IARG+1)=ESUM(IQ(NP)+2,IRL,IARG+1)+EDEP*DPWT;
NSUM(IQ(NP)+2,IRL,IARG+1)=NSUM(IQ(NP)+2,IRL,IARG+1) + 1;

U OECNSV1IO NTALLYUO O ODOOOOOOOGOooo

IF(NCOUNT.LE.NWRITE.AND.ILINES.LE.NLINES) [
OUTPUT E(NP),X(NP),Y(NP),Z(NP),U(NP),V(NP),W(NP),

IQ(NP),IRL,IARG; (7G15.7,315);
ILINES=ILINES+1;]

gboobooboboooobooboboog g
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11 SUBROUTINE HOWFAR

HOWFARO DO ODOOODOOOOO0oooooooboboboobbobobboobooboboobog
gboboooboobbooobouooooobobbooooboooooobobooobondad
gogbobbooooboobobobon

OO00O0O0OHWFARO U ODODODDOODOODODODDOODbObOoDbDOOapIsc=1;) Jopogogn
uboboobobboooboboboouooobobbooooooboodo

IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.LE.1.0R.IRL.GE.IRZ+2) [IDISC=1; RETURN;]

NSLAB=(IRL-2)/NCYL + 1 ; "SLAB NUMBER"
NANNU=IRL-1-NCYL* (NSLAB-1); "ANNULUS NUMBER"
NPL1=NSLAB+1; NPL2=NSLAB;
IF(NSLAB.LT.NPLAN-1) [NRG1=IRL+NCYL;]

ELSE [NRG1=IRZ+2;]

IF(NSLAB.GT.1) [NRG2=IRL-NCYL;]

ELSE [NRG2=1;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

IF (NANNU.LT.NCYL) [NRG2=IRL+1;]

ELSE [NRG2=IRZ+3;]

IF(NANNU.GT.1) [NRG1=IRL-1; NCL2=NANNU;
NCL1=NANNU-1;
$CYL2(NCL1,NRG1,NCL2,NRG2) ; RETURN;]

$CYLNDR(1,1,IHIT,TCYL);
IF(IHIT.EQ.1) [
$CHGTR (TCYL,NRG2) ;]

RETURN;
END; "END OF SUBROUTINE HOWFAR"

oood

[1] A. F. Bielajew, R. Mohan and C. S. Chui,“Improved bremsstrahlung photon angular sam-
pling in the EGS4 code system,” National Reserach Council of Canada Report PIRS-
0203(1989).

[2] A.F. Bielajew,“Improved angular sampling for pair production in the EGS4 code system,”
National Reserach Council of Canada Report PIRS-0287(1991).

[3] A.F. Bielajew and D. W. O. Rogers,“Photoelectron angular distribution in the EGS4 code
system,” National Reserach Council of Canada Report PIRS-0058(1986).
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EGS40 0000000 0oonog

1 SUBROUTINE HOWFARD OJ [J
EGS4 000000000
e 000000 DODOOD SUBROUTINE AUSGAB
e 1000000000000 EGSO OO O SUBROUTINE HOWFAR

gogogogao

OO0 HOWFARO OOOOOOOOODOO 1300000000000 b0obbooooooog
go30nboooooon

SUBROUTINE HOWFARO OO0 00O OUSTEP, IDISC, IRNEWO OO UOOOOODOOO JCOMMON
/JEPCONT/ 0O OOOOOO

EGS400 000000000000 DODOO0ODOOO0O00DOO0O0DOOOO0O0ODOOn
gboobobooobooobobboooboboooobbbbbbboo0bb0ob00UHOWFARO O
goooobobobooboooooobobbooobooob oooboboboboobod
000 (USTEP) D U OO0 0000000000000 000000 000000 oooooog

goooboboooodoboooobobooooobobobD IEWD D 0oooogonoo
gbobodgougdibrmwrFARO OO OOOOOooOooOooooooooobooooobouaaon
gboogobooobobooooobooobobboobbo

000000000000 (discardregion) 0 0 0000000000000 000OOOOOO
0oooobOo0ooboon0 Ipiscy 10 000000000000 0000DOO USER DISCARDD
ooodoobbOHOWFARDODODDOODODDO

0000 EGS40000000000 Geometry 000 D000 U000 O Nal(TH) OO OO
oooooOoooobOoDODObOObOO00DOO0DbbOOoDOO0bO0O0O0ODO0ObO EGS40D 0000
goboooooboon

EGS40 0000000 OO0 geometry SUBROUTINEJD OO0 OO0 OO OO OSUBROUTINE
Ugoobobooobooboboboooobboo obobbooooobobobobooboooaoo

2 $PLANE1O OO

[($PLANE1 (NPLAN,ISIDE,IHIT,TPLN);
NPLAN: ID number of plane to be checked.
ISIDE: 1 region is between origin and outer normal.
-1 region is not between origin and outer normal.
IHIT: 1 means particle trajectory will hit plane.
2 means particle trajectory is parallel to plane.
0 means particle trajectory is away from plane.
TPLN: distance to plane if IHIT=1.

000 O (PNORM(I,J),I=1,3)(normal vector) 0 (PCOORD(I,J),I=1,3) (normal vector O O
O0000000)0000000000 OCoMMON/PLADTA/ D0 OO0OOODO

00000 o0oooooooooooooooooooooooooodoooooooon
0odoooooonoo22,23,240000000000 6,700000000OPNORM 0 PCOORD
goooooooooon
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PCOORD(1,6)=0.0; PCOORD(2,6)=0.0; PCOORD(3,6)=30.0;
PNORM(1,6)=0.0; PNORM(2,6)=0.0; PNORM(3,6)=1.0;

PCOORD(1,7)=0.0; PCOORD(2,7)=0.0; PCOORD(3,7)=45.0;
PNORM(1,7)=0.0; PNORM(2,7)=0.0; PNORM(3,7)=1.0;

SUBROUTINE [] 0 0 ] MACRO
PLANE1 Determines if the particle trajectory strikes a plane surface $PLANE1
Returns trajectory distance (TPLN).
CYLNDR Determines if the particle trajectory strikes a cylindrical $CYLNDR
surface. Returns trajectory distance (TCYL).
CONE Determines if the particle trajectory strikes a conical surface. $CONE
Returns trajectory distance (TCONE).
SPHERE Determines if the particle trajectory strikes a spherical surface. | $SPHRE
Returns trajectory distance (TSPH).
CHGTR Change USTEP and IRNEW whenever USTEP is larger than $CHGTR
the trajectory distance (TPLN, TCYL, TCONE, TSPH).
FINVAL Determines the coordinates of the particle trajectory at $FINVAL
the point of an intersection with a given surface.
PLAN2P Determines the intersection point for two parallel planes $PLAN2P
by calling PLANE1 twice (when necessary) and CHGTR if
a plane is hit.
PLAN2X Determines the intersection point for two crossing planes by $PLAN2X
calling PLANE1 twice (always) and CHGTR if a plane is hit.
CYL2 Similar to PLAN2P, but for concentric cylinders. $CYL2
SPH2 Similar to PLAN2P, but for concentric spheres $SPH2
CON2 Similar to PLAN2P, but for concentric cone. $con2

y (x into paper)

i

)

6 7
Regi on 22 Regi on 23 Regi on 24
>z
30 45
A

= u | —vp
X TPL P

/

=]
o
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gboob23000000000000000O00O0ODODO0O0ODODOODO0ODOD OHOWFARD OO0
uooogooboboood

0 SUBROUTINE HOWFAR;
COMIN/EPCONT ,PLADTA,STACK/ ;

IRL=IR(NP);

IF(IRL.NE.23) [IDISC=1; "Discard particles outside region 23"]

ELSE ["Track particles within region 23"
$PLANE1(7,1,IHIT,TPLN); "Check upstream plane first"

IF(IHIT.EQ.1) ["Surface is hit---make change if necessary"
$CHGTR (TPLN, 24) ;]

ELSEIF (IHIT.EQ.0) ["Heading backwards"
$PLANE1(6,-1,IHIT,TPLN); "To get TPLN-value (IHIT=1, amust)"
$CHGTR(TPLN,22); "Make changes if necessary"

]
]
RETURN;
END;

$CHGTR 1 DD UOOO0DODOUOOCDOCO0OuUSTEP D OODOOUSTEP ODOODOOOODOOOO
USTEPD O0O0ODDO0OOUODOODOOIRNENDDODOOODOOODODOOOOODODODOObOODO
ubobobooogn

O OREPLACE{$CHGTR (#,#) ;} WITH
{;IF({P1}.LE. USTEP) [USTEP={P1}; IRNEW={P2};1}

3 $PLAN2PU O [J
$PLAN2P 00000000000 HOWFARD OOOODOOO0OODOO0000000O

00 SUBROUTINE HOWFAR;
COMIN/EPCONT,PLADTA,STACK/;

IRL=IR(NP);

IF(IRL.NE.23) [IDISC=1; "Discard particles outside region 23"]

ELSE ["Track particles within region 23"
$PLAN2P(7,24,1,6,22,-1);

]
RETURN;
END;

$pLANZP O 000000 DODO0ODLODODOODDO

$PLAN2P (NPL1,NRG1,ISIDE1,NPL2,NRG2,ISIDE2);
NPL1: ID number of flrst plane to be checked
NRG1: region to go into if first plane is intersected by particle.
ISIDE1: 1 or -1 (same with ISIDE in PLANE1)
NPL2: ID number of second plane to be checked.
NRG2: region to go into if second plane is intersected by particle.
ISIDE2: 1 or -1 (same with ISIDE in PLANE1)

OO0OD0O0OOO0O0OOOoOobOOoDOseLAN2PODODOOO $PLANXODOOOOO
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3.1 Multislab OO

$pLANZP J D U000 0O0ODODODUO0ODOODLDOOUODOUODOOD

3.1.1 DOOOO0O0OO0O

1 l 1.33 MeV v [
2 Al cover
3 Gap 000 Mooooon

4 Nal detector

5 Quartz

00000 0bD00bD00b00ob00b0o0U NalOOOOooooONaIlOooooonoo
U0 1leomO0000000D000O0OO0O0ODOOOOOODODODO0OD smmdOdooooOoO0OO
ooooooobooooooooboOmm 0000000 0O0O0O0OO0O

goooobooooooobggd

"DEFINE VARIOUS THICKNESSES/DISTANCES"

TCOV=0.1; "Thickness of Al case in cm "
TGAP=0.5; "Gap between case and detector in cm"
TDE=7.62; "Thickness of detector in cm"

TQUARTZ=0.5;"Thickness of quartz window in cm"

"DEFINITION OF PLANES"
"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"
DO J=1,NPLAN [
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,J)=0.0; PNORM(2,J)=0.0; PNORM(3,J)=1.0;
]

"NOW PUT IN THE EXCEPTIONS"
PCOORD (3,2)=PCOORD(3,1)+TCOV;
PCOORD (3,3)=PCOORD(3,2)+TGAP;

PCOORD (3,4)=PCOORD(3,3)+TDE;
PCOORD (3,5)=PCO0ORD(3,4)+TQUARTZ;

O0000000 X-yOoooooooooenorM(3,) 00O 10000 000000
HOWFARO OOOOOOoouooooobogd

SUBROUTINE HOWFAR;

; COMIN/DEBUG,EPCONT ,PLADTA,STACK/;
COMMON/PASSIT/NREG,NPLAN;
IRL=IR(NP); "SET LOCAL VARIABLE"

IF(IRL.LE.1.0R.IRL.EQ.NREG) [IDISC=1; RETURN;]
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NPL1=IRL; NPL2=IRL-1;

NRG1=IRL+1;

NRG2=IRL-1;

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

RETURN;
END; "END OF SUBROUTINE HOWFAR"

000000000000 00 000 Oucnail.mor O ucnailp.mor 0 OOO0O0DOOOODOOO
O0000000DOucnailp.mor 0 OPRESTAOODDOOOODOOO uwenailmor OO OOOMO

3.1.2 DOOODOOO

XOobyooooooooboobooboooobzoobboboooooXoo yoooo
oooooboooooooooobOoobooobobobobooo»ooOon

1 l 1.33 MeV ~ O
2 Al cover
3 Gap 000 Oucnai2.mor OO0
7
4 Nal detector
5 Quartz
|
Z

uboooouoobboood

"DEFINE VARIOUS THICKNESSES/DISTANCES"

TCOV=0.1; "Thickness of Al case in cm "
TGAP=0.5; "Gap between case and detector in cm"
TDE=7.62; "Thickness of detector in cm"

TQUARTZ=0.5;"Thickness of quartz window in cm"
XHALF=3.81; "Half width, X-direction in cm"
YHALF=3.81; "Half width, Y-direction in cm"

"DEFINITION OF PLANES"

"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"

DO J=1,NPLAN [
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,J)=0.0; PNORM(2,J)=0.0; PNORM(3,J)=0.0;

]

"NOW PUT IN THE EXCEPTIONS"

"Z-direction"

/PNORM(3,1) ,PNORM(3,2) ,PNORM(3,3) ,PNORM(3,4) ,PNORM(3,5)/=1.0;

PCOORD(3,2)=PCOORD(3,1)+TCOV;
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PCOORD(3,3)=PCOORD(3,2)+TGAP;
PCOORD(3,4)=PCOORD(3,3)+TDE;
PCOORD(3,5)=PCOORD(3,4)+TQUARTZ;
"Y-direction"

/PNORM(2,6) ,PNORM(2,7)/=1.0;
PCOORD(2,6)=-YHALF;
PCOORD(2,7)=YHALF;

"X-direction"

/PNORM(1,8) ,PNORM(1,9)/=1.0;

PCOORD(1,8)=-XHALF;
PCOORD(1,9)=XHALF;

X, YOOOOOOOOOODDODOOOOooooOooOOoOoOOoOO (XHALF, YHALF) OO0 O OPNORM
O0zO0DOOOOOD 105000 PNORM(3,7) 0 0OYDODOOODO 6,7000 PNORM(2,J)
0o0XOoOOoooooo 89000 PNORM(1,J) 0 100000

UbbooobO0HwFARDO OOOOOOOOO0O

SUBROUTINE HOWFAR;
; COMIN/DEBUG , EPCONT , PLADTA, STACK/ ;
COMMON/PASSIT/NREG , NPLAN;
IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.LE.1.0R.IRL.GE.NREG-1) [IDISC=1; RETURN;]
NPL1=IRL; NPL2=IRL-1;
NRG1=TRL+1;
NRG2=TRL-1;
$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1) ;
$PLAN2P(7,7,1,6,7,-1);
$PLAN2P(9,7,1,8,7,-1);
00000000000 IDISC=10000000000000000000
IF(IRL.EQ.1.0R.IRL.EQ.NREG) [IDISC=1;RETURN;]
0
IF(IRL.EQ.1.0R.IRL.GE.NREG-1) [IDISC=1;RETURN;] [

goboooboobooydoooxbooooboooobooooobobboooobbobboo
OO0OoOooDooXx,YyOoooooooooDooOoo 7(neeg) ODOOOOOOOCOOOOOO
oooooboooob rbobooo

(ucnai2.mor 00 ucnai2p.mor O O O

3.1.3 3-Dimensional Cartesian Geometry

$pLAN2PO 0 00DOODOO0O0ODOOOOOOOOOOOOOODOOX,Y,ZO0OO0OO0Oooo
U0 O 3-dimensional cartesian geometry U0 OO0 OO 00O0O0O0OO0DOO0ODOODOOOOODOO
O00000o0ooocOo0oooo0ooOo0oOooooo0OooooooOo0oooUoooDOooo
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oooboogoboboobooobobooooooooboobbbooooooobo 100Dz
00000000 dzoobOobbObOD Ixyz+20YOOOOOOOOODODO 1XYZ+30O
YOOOOOUOOUODOD Ixyz4O0XOOUOODODOODOUOOoOO xyz+sO0XOoOOooooooog
IXYZ+6 (NREG) 0 0 OO

X X
? 7 1st bin ? 7 2nd bin
6 | 11 16 21 26 31 36 41 46 51
5 [ 10 15 20 25 30 35 40 45 50
4 9 14 19 24 % 29 34 39 44 491 %
3 8 13 18 23 28 33 38 43 48
2 7 12 17 22 27 32 37 42 47
ALL AL 33 34,35 38.39,40 43.44,45 — Gap
OO0 Al
X X
? Z 3rd bin ? Z 4th bin
56 61 66 71 76 81 86 91 96| 101
55 60 65 70 75 80 85 90 95| 100
54 59 64 69 T4, v 79 84 89 94 991, %
53 58 63 68 73 78 83 88 93 98
52 57 62 57 72 77 82 87 92 97
58.59,60,63,65,68,69,70 — Gap $3.84,85,88.89,90,03.94,95 — Quartz
64 - Nal, 00 Al 00 Al

000 Oucnaid.mor O 0O O

gooooooobobboooooooooobooobooboboogn
PARAMETER $NXBIN=5; "NUMBER OF BINS IN X-DIRECTION"
PARAMETER $NYBIN=5; "NUMBER OF BINS IN Y-DIRECTION"
"$NXBIN and $NYBIN must be odd"
PARAMETER $NZBIN=4; "NUMBER OF BINS IN Z-DIRECTION"
PARAMETER $MXREG=106; "Number of region"
ygoodoobooboobboobobooobbobbbooboooon
NPLAN=$NXBIN+$NYBIN+$NZBIN+3; "ACTUAL NUMBER OF PLANES"
IXY=$NXBIN*$NYBIN; IXYZ=IXY*$NZBIN;

NREG=IXYZ+6; "ACTUAL NUMBER OF REGION USED"
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"SET MEDIUM INDEX FOR EACH REGION"
DO I=1,NREG [MED(I)=0;] "Set all region to vacuum at firtst"

DO IZP=1,$NZBIN [

DO IYP=1,$NYBIN [

DO IXP=1,$NXBIN [

IIZP=(IZP-1)*IXY+(IYP-1)*$NXBIN+IXP+1;

IF(IZP.EQ.1) [MED(IIZP)=2; "Al region"

ECUT(IIZP)=0.561;]

ELSEIF(IZP.EQ.$NZBIN) [MED(IIZP)=2; "set to Al at first"
IF((IXP.GT.1.AND.IXP.LT.$NXBIN) .AND. (IYP.GT.1.AND.IYP.LT.$NYBIN))
MED(IIZP)=3; "Quartz region"]

ECUT(IIZP)=0.561;]

ELSEIF(IZP.EQ.2) [
IF(IYP.EQ.1.0R.IYP.EQ.$NYBIN.OR.(IXP.EQ.1.0R.IXP.EQ.$NXBIN)) [
MED(IIZP)=2; "Al region"

ECUT(IIZP)=0.561;1]

ELSE [
IF(IYP.EQ.1.0R.IYP.EQ.$NYBIN.OR.(IXP.EQ.1.0R.IXP.EQ.$NXBIN)) [
MED(IIZP)=2; "Al region"

ECUT(IIZP)=0.561;]

ELSE [

IF((IYP.GE.3.AND.IYP.LE.$NYBIN-2) .AND.
(IXP.GE.3.AND.IXP.LE.$NXBIN-2)) [

MED(IIZP)=1; "NaI(Tl) detector region"

IEDGFL(IIZP)=53; "53:Atomic number of I"

" 0:K-X ray of I is not produced"

111
111
gobodboooooooggd

"DEFINE VARIOUS THICKNESSES/DISTANCES"

TCOV=0.1; "Thickness of Al case in cm "
TGAP=0.5; "Gap between case and detector in cm"
TDE=7.62; "Thickness of detector in cm"

TQUARTZ=0.5;"Thickness of quartz window in cm"
XWIDTH=7.62; "Width, X-direction in cm"
YWIDTH=7.62; "Width, Y-direction in cm"
"DEFINITION OF PLANES"

"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"
DO J=1,NPLAN [
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,J)=0.0; PNORM(2,J)=0.0; PNORM(3,J)=0.0;
]

ID1=$NZBIN+1; 1ID2=ID1+1; ID3=ID2+$NYBIN;
ID4=ID3+1; ID5=ID4+$NXBIN;

DO I=1,ID1 [PNORM(3,I)=1.0;]

DO I=ID2,ID3 [PNORM(2,I)=1.0;]

DO I=ID4,ID5 [PNORM(1,I)=1.0;]

"NOW PUT IN THE EXCEPTIONS"

"Z-direction"

/PNORM(3,1) ,PNORM(3,2) ,PNORM(3,3) ,PNORM(3,4) ,PNORM(3,5)/=1.0;
PCOORD(3,2)=PCOORD(3,1)+TCOV;

PCOORD(3,3)=PCOORD(3,2)+TGAP;

PCOORD (3,4)=PCOORD(3,3)+TDE;
PCOORD (3,5)=PCO0ORD(3,4)+TQUARTZ;
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"Y-direction"

PCOORD (2,ID2)=-TCOV-TGAP-0.5*YWIDTH;
PCOORD (2, ID2+1)=PCO0ORD(2,ID2)+TCOV;
PCOORD (2,ID2+2)=PCOORD(2,ID2+1)+TGAP;
PCOORD (2,ID2+3)=PCO0ORD(2,ID2+2)+YWIDTH;
PCOORD (2,ID2+4)=PCOORD(2,ID2+3)+TGAP;
PCOORD (2,ID2+5)=PCOORD(2,ID2+4)+TCOV;

"X-direction"
PCOORD(1,ID4)=-TCOV-TGAP-0.5*xXWIDTH;
PCOORD(1,ID4+1)=PCOORD(1,ID4)+TCOV;
PCOORD(1,ID4+2)=PCOORD(1,ID4+1)+TGAP;
PCOORD(1,ID4+3)=PCOORD(1,ID4+2)+XWIDTH;
PCOORD(1,ID4+4)=PCOORD(1,ID4+3)+TGAP;
PCOORD(1,ID4+5)=PCOORD(1,ID4+4)+TCOV;

oopoboo0Z, Y, XO0Ooooooobobzobooog pNorRM@3,H) DOYDOOODOO
PNORM(2,7) 0 OXODODOOOO PNORM(1,3) 0 1.0000000DOOCODOOOOOOX-YDOOO
obobzoooboboobobooboboboooogoobobbbobOoo
U0O00o0bDO0gbDbObDD SUBROUTINE HOWFAROD DO OO OO0 OO
SUBROUTINE HOWFAR;

; COMIN/DEBUG,EPCONT,PLADTA,STACK/ ;
COMMON/PASSIT/NREG,NPLAN, IXY,IXYZ;

IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.EQ.1.0R.IRL.GE.IXYZ+2) [IDISC=1; RETURN;]

I=(IRL-2)/IXY+1; "SLAB NUMBER"
J=(IRL-2-IXY*(I-1))/$NXBIN+1; "COLUMN NUMBER"
K=IRL-1-IXY*(I-1)-$NXBIN*(J-1); "ROW NUMBER"

NPL1=I+1; NPL2=I;

IF(I.LT.$NZBIN) [NRG1=IRL+IXY;] ELSE [NRG1=IXYZ+2;]
IF(I.GT.1) [NRG2=IRL-IXY;] ELSE [NRG2=1;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1) ;

NPL2=$NZBIN+1+J; NPL1=NPL2+1;

IF(J.LT.$NYBIN) [NRG1=IRL+$NXBIN;] ELSE [NRG1=IXYZ+3;]
IF(J.GT.1) [NRG2=IRL-$NXBIN;] ELSE [NRG2=IXYZ+4;]
$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);
NPL2=$NZBIN+$NYBIN+2+K; NPL1=NPL2+1;

IF(K.LT.$NXBIN) [NRG1=IRL+1;] ELSE [NRG1=IXYZ+5;]
IF(K.GT.1) [NRG2=IRL-1;] ELSE [NRG2=IXYZ+6;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1) ;

RETURN;
END;

obobo0Z,Y,XO002000000000000000000 usTEPUOOOODOOOO
gobooboboobooooboboooboboooooboooooooooo

IF(IRL.EQ.1.0R.IRL.GE.IXYZ+2) [IDISC=1; RETURN;]
ugoogoo

(000000000 Oucnaid.mor 00 ucnaidp.mor 0 0 O)
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4 $CYLNDROI I $cyL200 00 O

obo0o0 zZ0oobobooboooooogoo

CBCYLNDR(ICYL,ISIDE,IHIT,TCYL);
ICYL: ID number of cylinder to be checked.
ISIDE: 1 means particle is inside cylinder.
0 means particle is outside cylinder.
IHIT: 1 means particle intersects surface.
0 means particle misses surface.
TCYL: distance to surface if IHIT=1.

OO0OO$YLNDRO O OO OOOODOOOOOCYRAD(I) OO CYRAD2(I) DO ODOOCOODOO
bogogbcyrADODODOOODODDODOOOOODOOOOcYRAD20000O0O0DO0DODOOO
COMOON/CYLDTA; DO O0OOOODO

$CYLNDR1 0D OO O0 IHIT=1 O DOOOODODOOOO$CHGTRO DO DODODODOODOOOOO
$PLANEAD O OODOODOODO

$PLAN2P O 0O0O0ODOOUOODOODODOOOODOOODOOOOODOOOOODO scyL2
goad

$CYL2(NCY1,NRG1,NCY2,NRG2) ;
NCY1: ID number of first cylinder to be checked.
particle must be outside the first cylinder.
NRG1: region to go into if first cylinder is intersected by particle.
NCY2: ID number of second cylinder to be checked.
particle must be inside the second cylinder.
NRG2: region to go into if second cylinder is intersected by particle.

$pLAN2PO 000 0O0O0ODOscYyL20 0000000 0DOCOOOOODOOOODOOOODOOO
gobbdoobooboobobooboooboooooobbooooad

S

‘ CYRAD(1 +1) ‘ CYRA( 1) ‘

CYRAD2(I)=CYRAD(I)*CYRAD(I);

RN
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4.1 0O0OO0o0OoOg0O

1 l 1.33 MeV ~ [0
> R
4 3 2 Al cover 3 4
7 6 5 Gap 6 7 000 Oucnai3.mor 0 00
15 1 90| 9| 8 NaIdetector | 9 | 10 2,3,4,7,10,13 — Al

13 12 11 Quartz window 12 13 11,12 — Quartz

14 l 5,6,9 - Gap
i/ 8 — Nal

gooogbbooboooobboobobobooooobooobboobbboobog
Ub0oo0ozbOoO0s00000R-000300000O00O00O0O0O00O0OO0O0O0ODDOOOO
gobooooooooobooon

PARAMETER $MXPLNS=5; "NUMBER OF PLANE"
PARAMETER $MXCYLS=3; "NUMBER OF CYLINDER"

0000000000000000000000000000000
D00D00D00D0O0000 ODO00O00O0 COMIN/CYLDTA; O COMIN O OO O O O COMMON
/CYLDTA; 00 00000 (CYRAD($MXCYLS)) OO 00 20 (CYRAD2($MXCYLS))D O OO OO OO

; COMIN/DEBUG, BOUNDS ,BREMPR,CYLDTA ,EDGE ,ELECIN,ETALY1 ,MEDIA,MISC,
NTALY1,PLADTA,RANDOM, STACK, THRESH,UPHIOT,USEFUL,USER/ ;

ugboboboooboobooobobboooon

NPLAN=$MXPLNS; "NUMBER OF PLANES"
NCYL=$MXCYLS; "NUMBER OF CYLINDER"

NREG=(NPLAN-1)*NCYL+3; "NUMBER OF REGIONS (INCLUDING OUTSIDE VACUUM"

" REGION) "
IRZ=NREG-3;

"SET MEDIUM INDEX FOR EACH REGION"

/MED (1) ,MED (NREG-1) ,MED (NREG) /=0; "VACUUM REGIONS"

/MED(2) ,MED(3) ,MED(4) ,MED(7) ,MED(10) ,MED(13)/=2;

" Al region"

/MED(11) ,MED(12)/=3; "Quartz window region"

MED(8)=1;  "NaI(Tl) detector region"

/ECUT(2) ,ECUT(3) ,ECUT (4) ,ECUT(7) ,ECUT(8) ,ECUT(10)/=0.561;
/ECUT(11) ,ECUT(12)/=0.561;

/MED(5) ,MED(6) ,MED(9)/=0; "Vacuum region inside case"

uboooobobboooodoboonoboooboobooooooboobooboanoon
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"DEFINE THE CYLINDER RADII"

RDET=3.81; "Radius of detector in cm"
RGAP=0.5; "Gap between detector and case in cm"
RTCOV=0.1; "Cover thickness in cm"

CYRAD (1) =RDET;
CYRAD (2)=CYRAD (1) +RGAP;
CYRAD (3)=CYRAD (2)+RTCOV;

"PRINT OUT THE CYLINDER RADII"

QUTPUT ;(///,’ CYLINDER RADII’,/);

DO I=1,NCYL [

CYRAD2(I)=CYRAD(I)*CYRAD(I);

OUTPUT I,CYRAD(I);(’ 1I=’,I5,5X,’ CYRAD(I)=’,G15.5,’CM’);
]

UO00000000 SUBROUTINE HOWFARO OO OO O OO OOO

SUBROUTINE HOWFAR;
; COMIN/DEBUG,CYLDTA ,EPCONT ,PLADTA,STACK/ ;
COMMON/PASSIT/NREG,NPLAN,NCYL,IRZ;

IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.LE.1.0R.IRL.GE.IRZ+2) [IDISC=1; RETURN;]

NSLAB=(IRL-2)/NCYL + 1 ; "SLAB NUMBER"
NANNU=IRL-1-NCYL* (NSLAB-1); "ANNULUS NUMBER"
NPL1=NSLAB+1; NPL2=NSLAB;

IF (NSLAB.LT.NPLAN-1) [NRG1=IRL+NCYL;]

ELSE [NRG1=IRZ+2;]

IF (NSLAB.GT.1) [NRG2=IRL-NCYL;]

ELSE [NRG2=1;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

IF (NANNU.LT.NCYL) [NRG2=IRL+1;]

ELSE [NRG2=IRZ+3;]

IF(NANNU.GT.1) [NRG1=IRL-1; NCL2=NANNU;
NCL1=NANNU-1;
$CYL2(NCL1,NRG1,NCL2,NRG2) ; RETURN;]

$CYLNDR(1,1,IHIT,TCYL);
IF(IHIT.EQ.1) [
$CHGTR (TCYL,NRG2) ;]

RETURN;
END;

(000000000 Oucnaid.mor U0 ucnaidp.mor U 00O O

4.2 DELCYLO OO

$CYLNDRO D OO O OOO0O0OCO0OOOOO0DOOO DELCYLOODOODOOOOOOOOOO
uon

oooO0oooOOoO0OooOoooDoOoEGs40000O0O000O0DOODOOOOOOOoDODOobOOoOOD
gbboobobbodobpeELcYyLgooooood
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googoboboboobobooobboboboobobboboooooobobobobbod
gboooooooo

O0OOO0ODOCERNDO Stevenson0O0OJO0O0000OO0OODOODOS$CYLNDRO DELCYLO OO
oooboboooobooboody 1oE4em D000 O0bODODOO

DELCYLO O$DELCYLO OO OO O EGSAMAC (CUOODOOUOOL1LE4) ODD0OO0ODOOOOO

SLACO O ,$CYLNDR O 0 $DELCYLO OO DELCYLO OO OO HOWFARO O OO ODOO OOOODO
gogogoobooobooon

IF(CYRAD(IRL).LT.0.1) [DELCYL=1.E-6;]
ELSEIF(CYRAD(IRL).LT.1.0) [DELCYL=1.E-5;]
ELSEIF(CYRAD(IRL).LT.10.) [DELCYL=1.E-4;]
ELSE [DELCYL=CYRAD({P1})#*1.E-5;]

KEKOOOODODOS$CYLNDRO O OO OOOOODODODO O Dkekmacmor 0 OO0OOCOODO
ggboogooon

5 $SPHERE[ [ $SPH2[] [ [J

ubbooooobooobooooboobobboboooo

[$SPHERE (ISPH,ISIDE,IHIT,TSPH) ;
ISPH: ID number of sphere to be checked.
ISIDE: 1 means particle is inside sphere.
0 means particle is outside sphere.
IHIT: 1 means particle intersects surface.
0 means particle misses surface.
TSPH: distance to surface if IHIT=1.

$SPH2 (NSPH1,NRG1,NSPH2,NRG2) ;
NSPH1: ID number of first sphere to be checked.
particle must be outside the first sphere.
NRG1: region to go into if first sphere is intersected by particle.
NCY2: ID number of second sphere to be checked.
particle must be inside the second sphere.
NRG2: region to go into if second sphere is intersected by particle.

OUOOO$SPHEREL OOD $sPH2U 00D DO O0OOODOO0O0OO0OODODO SPRA(DH O OODODOO
0 SPRAD2(I) 0000000 OOOOOOOO(ODODOD COMOON/SPHDTA; 0O OO OOOO)

z

SPRAD( | +1)

SPRAD( | )

SPRAD2(I)=R(I)*R(I);
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6 0o

00000000000000000000000000 z00000000Z000000
00 0,6, (COTAL(I)=cot(6;), COTAL2(I)=COTAL(I)*COTAL(I)) 00 D0O0000 Z-00000
SMALLL(I) 00000MM 0000000000 0COMMON/CONDTA D 0000000

[(BCONE (ICONE,ISIDE,IHIT,TCONE) ;
ICONE: ID number of cone to be checked.
ISIDE: 1 means particle is inside cone.
0 means particle is outside cone.
IHIT: 1 means particle intersects surface.
0 means particle misses surface.
TCONE: distance to surface if IHIT=1.

gbobooobouooooooooan

$CON2(NCON1,NRG1,NCON2,NRG2) ;
$coN21 (NCON1,NRG1,NCON2,NRG2) ;
NCON1: ID number of first cone to be checked.
particle must be outside the first cone.
NRG1: region to go into if first come is intersected by particle.
NCON2: ID number of second cone to be checked.
particle must be inside the second cone for $CON2.
particle must be outside the second cone for $CON21.
NRG2: region to go into if second cone is intersected by particle.

sgcoN20 00000 () DOD0OODD0OODODODOODOCOO(M)UDODOODDOODODODODODOOOOOO
OOscon21 OO OOOOOOODO

z
boBi-1
(a)y.
SMALL( 1 - 1)
SMALL( 1)
%
(b) SMALL( I +1)
i+l Y-
X
Fig. 6

7 SFINVALO OO

OO0DOODO0O0O0DOOoODODODOODO grINVALOODOO
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$FINVAL(DIST,XCOORD,YCOORD,ZCOORD) ;
DIST : the distance traveled.
XCOORD: X-coordinate after travel.
YCOORD: Y-coordinate after travel.
ZCOORD: Z-coordinate after travel.

SFINVALODODOD ODISTUOODUOOUOODODLOOUOO0OLDUOOOo0bDuobOooboobooDo
gdbooooooboobbuooooooooobooon

8 Ububuobuoobouobbodoon

EGS400DO0O0O0OO0OO0OOO0OOOOOOOOOODODOOOODODOOODOOODbOODObO
goodoboooboobobooobooboboobbbbbboobboooboooooo
O X, Y-OOoOooooooooooDooooOooobOoOooscyLhorROODOOOOOOODOOOOO

OO0O0D0OD0OO0O$CYLNDRO O

REPLACE {$CYLNDR(#,#,#,#);} WITH
{;IF(CYRAD({P1}).LT.0.1) [DELCYL=1.E-6;]
ELSEIF(CYRAD({P1}) .LT.1.0) [DELCYL=1.E-5;]
ELSEIF(CYRAD({P1}) .LT.10.) [DELCYL=1.E-4;]
ELSE [DELCYL=1.E-3;]
NOFCY={P2};{P3}=1;{P4}=0.0; ACYL=SQRT (U(NP) *U(NP)+V (NP) *V (NP) ) ;
IF(ACYL.EQ.0.0) [{P3}=0;] ELSE [
BCYL=(X(NP) *U(NP)+Y (NP) *V (NP) ) /ACYL ; CCYL=X (NP) *X (NP) +Y (NP) *Y (NP)
-CYRAD2({P1}); ARGCY=BCYL*BCYL-CCYL;
IF(ARGCY.LT.0.0) [{P3}=0;] ELSE [
IF (ABS(CCYL) .LT.DELCYL.AND.NOFCY.EQ.0.AND.BCYL.GE.0.0) [{P3}=0;]
ELSEIF (ABS(CCYL) .LT.DELCYL.AND.NOFCY.EQ.1.AND.BCYL.LT.0.0) [
{P4}=-2.0%BCYL/ACYL;]
ELSE [ IF(NOFCY.EQ.1.AND.CCYL.GE.0.0) [{P3}=1;{P4}=DELCYL;]
ELSEIF(NOFCY.EQ.0.AND.CCYL.LE.0.0) [{P3}=1;{P4}=DELCYL;]
ELSE [ ROOTCY=SQRT(ARGCY); IF(CCYL.LT.0.0)
[{P4}=(-BCYL+ROOTCY) /ACYL;]
ELSEIF(BCYL.LT.0.0) [{P4}=(-BCYL-ROOTCY)/ACYL;]
ELSE [{P3}=0;11111}

ooobooobD X-,y-oooooxep, YOPOODOOOUOOOOoOOooobbOobOoobDbO
goboooboobooooobooboobbo

REPLACE {$CYLNDR (#,#,#,#);} WITH
{;IF(CYRAD({P1}).LT.0.1) [DELCYL=1.E-6;]
ELSEIF(CYRAD({P1}) .LT.1.0) [DELCYL=1.E-5;]
ELSEIF(CYRAD({P1}) .LT.10.) [DELCYL=1.E-4;]
ELSE [DELCYL=1.E-3;]
NOFCY={P2};{P3}=1;{P4}=0.0; ACYL=SQRT (U(NP) *U (NP) +V (NP) *V (NP) ) ;
XNP=X (NP)-X0P ({P1}) ; YNP=Y (NP)-YOP ({P1});
IF(ACYL.EQ.0.0) [{P3}=0;] ELSE [
BCYL=(XNP*U(NP)+YNP*V (NP)) /ACYL ; CCYL=XNP*XNP+YNP*YNP
-CYRAD2({P1}); ARGCY=BCYL*BCYL-CCYL;
IF(ARGCY.LT.0.0) [{P3}=0;] ELSE [
IF(ABS(CCYL) .LT.DELCYL.AND.{P2}.EQ.0.AND.BCYL.GE.0.0) [{P3}=0;]
ELSEIF(ABS(CCYL) .LT.DELCYL.AND.{P2}.EQ.1.AND.BCYL.LT.0.0) [
{P4}=-2.0%BCYL/ACYL;]
ELSE [ IF(NOFCY.EQ.1.AND.CCYL.GE.0.0) [{P3}=1;{P4}=DELCYL;]
ELSEIF(NOFCY.EQ.0.AND.CCYL.LE.0.0) [{P3}=1;{P4}=DELCYL;]
ELSE [ ROOTCY=SQRT(ARGCY); IF(CCYL.LT.0.0)
[{P4}=(-BCYL+ROOTCY) /ACYL;]
ELSEIF(BCYL.LT.0.0) [{P4}=(-BCYL-ROOTCY)/ACYL;]
ELSE [{P3}=0;11111%}
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Xop,yOPO OODOOOODO OCOMMON/CYLDTA; D OO0 HOWFARO OO OO OOODOODOO

COMMON/CYLDTA; DD OO0OOOODOODOODOO

"CYLDTA---COMMON BLOCK FOR $CYLNDR MACRO"

REPLACE {;COMIN/CYLDTA/;} WITH {;COMMON/CYLDTA/CYRAD2($MXCYLS) ,CYRAD($MXCYLS),

X0P ($MXCYLS) ,YOP ($MXCYLS) ;}

9 Oubboobobobooon

ubboooouboobobooboboobobobbooboboooobooooobood
gboboooobobbobooooboooboobooooboooooboboobobobobg
uoboooboooooobbbbooobooooboouobbobooooobbobobon

gooobooaon

1
1
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14
Z

Fig. 7 Cylinder-Slab geometry including a cone

guoboubboob HowrFARO OO OUOO04Ooooooog

IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.LE.1.0R.IRL.GE.IRZ+2) [IDISC=1; RETURN;]

NSLAB=(IRL-2)/NCYL + 1 ; "SLAB NUMBER"
NANNU=IRL-1-NCYLx* (NSLAB-1); "ANNULUS NUMBER"
NPL1=NSLAB+1; NPL2=NSLAB;
IF(NSLAB.LT.NPLAN-1) [NRG1=IRL+NCYL;]

ELSE [NRG1=IRZ+2;]

IF(NSLAB.GT.1) [NRG2=IRL-NCYL;]

ELSE [NRG2=1;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

IF(IRL.NE.3.AND.IRL.NE.4) [
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IF (NANNU.LT.NCYL) [NRG2=IRL+1;]

ELSE [NRG2=IRZ+3;]

IF (NANNU.GT.1) [NRG1=IRL-1; NCL2=NANNU;
NCL1=NANNU-1;
$CYL2(NCL1,NRG1,NCL2,NRG2); RETURN;]

$CYLNDR(1,1,IHIT,TCYL);
IF(IHIT.EQ.1) [

$CHGTR (TCYL,NRG2) ;]

]

ELSEIF(IRL.EQ.3) [

$CYLNDR (NANNU-1,0, IHIT,TCYL) ;
IF(IHIT.EQ.1) [

$CHGTR (TCYL,IRL-1) ;]
$CONE(1,1,IHIT,TCONE);
IF(IHIT.EQ.1) [

$CHGTR (TCONE, 4) ;]

]

ELSE [

$CYLNDR (NANNU, 1, IHIT,TCYL) ;
IF(IHIT.EQ.1) [

$CHGTR (TCYL,IRZ+3) ;]
$CONE(1,0,IHIT,TCONE) ;
IF(IHIT.EQ.1) [

$CHGTR (TCONE, 3) ;]

]

RETURN;
goooobogoobbboboboobbboooboooooobbboooobooobo
gogbooouooboobbobooboboboboboobboooooboobobooboboooboboobd
gopbboboobobbdoboboboobobboooooobbbuusTEP0DOO0OOODODODO
gobobboogobvustTEPUU0O0O0O0OO0OO0ODODOOOODOO

goooobooboobooboobobooboboooooooooboboobooboouobooboan
goooobboooooon
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1 Oguboood

1.1 Direct method

fx) 00000000x0 x0 x+dx 00000000 fx)dx0000x0 a<z<b00

gboogoo
b
[ #(a)dz =1 1)
a

O0000Of(x) J0000000000¢C0O 0-10000000000

- [ t@ye (2)

O00xO00O0O0ODO0O0OO0D0O0OO0D0OO0OO0F(x)0D0O0OODOOOoQoOoOO
xU x; 00000 p;, 00000000 DO0O0O0O0O0O0

N
=Y pi=1 (3)
i=1
oo0oooooooog ¢
F(z;—1) z:pJ<C<Fa:Z ij (4)

j=1

Ui xl x; 0000000040
o000 bb0oobU0o000oUb0 xboooboOobobboOg direct method D DO DO OO
ood

1.2 Combination of of “composition” and “rejection” techniques

f(x) O
flz) = Z a; fi(z)gi( (o : positive real number) (5)
/ fila)da = (6)
0< gz( ) <1.0 (7)

gogbobooooon

1.
i—1 n i
D <Gy <Y (8)
j=1 j=1 j=1

obooogoo ibooo
2. f;(x) 0000000000000 OOOxO000OO

/am fi(z)dz = (o (9)
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3.(3<¢i(x) D000 0x00000ODOOUOOODODODOOOOD 1000000 ODODO

(1, (2, (30 0—-1000000

0000000 xO0OOD0OO0O0OD0OO0000 Combination of the “composition” and “rejection”
techniques 0 000000 i00O0O0 ¢g; =100 “composition” 0 ON=1000 “rejection” [
oooog

1.3 von Neumann method

Rejection methd D 000 0 O von Neumann method D 0000000000 DO0OO x0O0O
gooooooooobon

000000 fi(z) =1/(b—a), g(z) =y = f*(z) = f(z)/(Maximum value of f(z)) DO OO
gogobooooo xgoogaoga

O (€,7) O Ox=a, x=b, y=0,y=1 0 0000000000000 000000000 y= f*(z)
0ooooooooooooboo bbb oooD oo ob0obOoo0D GO xooooa
uogooooogad

Lé=a+G(b—a); G =[lde/(b—a)=(6—a)/(b—a)
2.y =f*&)

3.6 <y0000z=¢

4. >y 000 D(l)DDDDDDDDD

00O006G, (0000 0-1000000000

Y

1.0

(x22) Ak

(x.02)

0 1: von Neumann’s method.

2 Uobooon

000000000000 0DO0OO0D CALL SHOWER; ODOOOODOOOOOODDOO
goooooboobod
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2.1 0000000

2.1.1 D000

U000 e<z<bl00D0O0O0O0DOOODOUOODLDOOOOUODODODODDO

b
fle)do = do/(b—a); [ £(€)ds =1

ugoobooood .
(=F@) = [ f@) = (@ a)/b-a)
a
O000z=a+((b—ae) 00000000000 0OOOOOOODODO
gooooo

$RANDOMSET RNO;
XI=XMIN+RNO* (XMAX-XMIN) ;

21.2 00 Ry 0O Ry 0000000 DOODOODOODO

(X\Y)

0 2: Uniform source on a annulus of radii Ry < Rj.

gooooobbooboobob0oooonon ReOd
ubboooooobogooooobooooooood

f(r) = 2nrdr /n(R? — R2) = 2rdr/(R? — R2); /R M e =1

00000000 )
G=F(r)= [ flr)dr= (r* — R§)/(Ri - RY)

DDDDr:Vﬁ%{ﬂﬁ—R@DDDDrDDDDDDDDDDD
X-YODOOODODOD ¢000-27000000000

7(9) = dg /2
good s
=F(6) = [ f(8)ds = (@+m)/2n
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O00¢=n(2,—1)0000000000000x,y0

T =7Cosd (16)
y=rsing (17)

gooo
gooooo

$RANDOMSET RN1;

RO2=RO*R0O; R12=R1%*R1;

RR=SQRT (RO2+RN1*(R12-R02)) ;

$RANDOMSET RN2;

PHAI=PI*(2.0%RN2-1.0);

" COMIN/UPHIOT/ must be included to use PI"
XI=RR*C0S (PHAI);

YI=RR*SIN(PHAI);

Rp=00000000 Ry 00000000 dr=~R; Cl godooaogg
DDDDDrejectionDDDDDDDDx,yDDDDDDDDDDDDDDx:—l.O,x:l.O,y:—l.O,
y:1.0|]|:||]|]DDDDDDDDDDDDDDDD({,n)l] godoooodogoon
3
(= / /20, =26 -1 (18)
n
o= / L dn/20, =26~ 1 (19)

gooooooboboboioboboobobbobboOon

VE +n2<1.0 (20)

O00000Ox=¢(xR,y=n«R, 000000000000 O00OO0OO0O0OOO0ODODOOODOODO
gooooo

:SAMPLING: $RANDOMSET RN3;
$RANDOMSET RN4;

XI0=2.0%RN3-1;

YIO=2.0*%RN4-1;

RR=SQRT (XIO*XIO+YIO*YIO);
IF(RR.GT.1.0) [GO TO :SAMPLING:;
XI=R1*XIO0; YI=R1xYIO;

x (&

(&n)

o

0 3: Determines position by the rejection method.
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O 4: Paralle-beam source incident on lateral surface on cylinder.

213 0000O0O0oooboOoooooboooboo

000000000 0zZOo000O000O00O0 Ry O0O-H/200 H/200000000 Y-O
gboooooogooooboboooboboogobobobobDoboooLDoOoOobLooODX-
oobooooooob-rR, 00 R, 00000O0DO0OODOO

z=Ri(2G - 1) (21)
000000000000y 00x000000000

y=—/ (R} —2?) (22)

O0000z0000x-000000 -H/200 0OH/2000000000000

Z=2(26-1) (23)

ggoooooooood
gooooo

$RANDOMSET RN5;
XI=R1x(2.0*RN5-1.0);
YI=-SQRT(R1*R1-XI*XI);
$RANDOMSET RN6;
ZI=H/2.0%(2.0*RN6-1.0) ;

2.1.4 000000

gbooooobbobooobboooboooobobooo-,0-000 00000 Re=0O0OO
gaooo

r:Rl\/C_l (24)

¢ =m(202 - 1) (25)

T =rcos¢ (26)

y =rsing (27)
goooooooboboooobob-o0bboooobooa

Z=106-1) (28)

T2
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goboooboooon
gooooo

$RANDOMSET RN1;

R12=R1%*R1;

RR=SQRT(RN1*R12);

$RANDOMSET RN2;

PHAI=PI*(2.0%RN2-1.0);

" COMIN/UPHIOT/ must be included to use PI"
XI=RR*COS (PHAI);

YI=RR*SIN(PHAI) ;

$RANDOMSET RN3;

ZI=H/2.0%(2.0%RN3-1.0);

22 0JOOOODOO

2,21 0O0O0O0OO

de (u,v,w

(u,v, do

O 5: Determination of directional cosine.

oooobdwO

¢ =m(2¢ — 1)
0000000000000x-,y-0000000 u,vO0O

sinf =1 — w2
u = sin 6 cos ¢
v = sinf cos ¢
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gooooo

$RANDOMSET RN7;

WI=2.0%RN7-1.0;

$RANDOMSET RNS;

PHAI=PI*(2.0*RN8-1.0);

" COMIN/UPHIOT/ must be included to use PI"
SINTH=SQRT(1.0-WI*WI);

UI=COS(PHAI)*SINTH;

VI=SIN(PHAI)*SINTH;

rejection 0 00 000000000000 0ODO0OOODOODOOO

1.x=—1,x=1, y=—1,y=1,2z=—1,z=1 0000000000000
2.00000000000000000000 O (z1,41,21) 000000

r1 = 2(1 -1 (35)
y1 =20 — 1 (36)
Z1 = 2(3 -1 (37)

. 000000nbob010000boboobooooon

R=\/a2+y?+21>1 (38)

gooooopopooodooogoooouoouooboog
4. 000000
u=x1/R; v=y1/R; w=2/R (39)
gooogooog

gooooo

:SAMPLING:$RANDOMSET RN9;
$RANDOMSET RN10;

$RANDOMSET RN11;

X0=2.0*xRN9-1.0;

Y0=2.0*%RN10-1.0;

Z0=2.0*xRN11-1.0;

RO=SQRT (X0*X0+YO*xYO+Z0*Z0) ;
IF(RO.GT.1.0) [GD TO :SAMPLING: ;]
UI=X0/RO; UI=YO/RO; WI=ZO/RO;

bbb obobbobooddobobbouubbdd Duenail3.mor, ucnai3p.mor
00000/0o00o00oU00ooO0ooU0oooOO00O00oOOoo0oODOOO0ODOObOODOLUbOD
goooooooooogbooboob oo b obbobbbboboobooooboobooDO
000000000 Z=0000-Z000000000DO0ODOO0OAOOGDODODOODOOODOO
gooooobooboobo0oooooooooboobobbooooooo o
0
WT = [ (—2nsinédf)/4m = (1 —cosby)/2 (40)

6o

oooOoobOooooeOobObO goUOOOODDODDZOOODOOLOO

O
[
[
O
O
O
o
O
OO

f(w)dw = —27sinfdf/(27(1 — cosBy)) = dw/(1 — cos by) (41)
oo fwd O
w w 1 w — cos By
G Aos 0o f( ) cos g 1 — cos ty 1 —cos by ( )
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000w =2¢(1—cosby)+cosp 00D ODDDOOODODODODO

oooooboooooboooon
WI = w (43)
UI = cos¢pv1—w? (44)
VI = singv1— w? (45)
XI = Z0xUI (46)
YI = ZOxVI (47)
ZI = 0.0 (48)

¢DDDDDDDDDDDDDDDDDDDD Z-000000000b0000000b00o0
UIVIDDI:IDDI:II:II:IDDUI—
DD g gdg

g gug
RN

Uo0owrigno
oo CALL
AusGABO O OO

Unoo
oos,
DD
OO
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gooooo

11 3k ok sk ok ok ok ok ok ok ok 3k ok ok 3k ok 3k ok ok 3k ok ok 3k ok 3k sk ok 3k 3k ok 3k 3k ok 3k ok ok 3k ok ok 3k ok ok 3k ok ok 3k ok ok 3k ok ok 3k ok 3k 5k ok k 3k ok %k ok >k k ok Kk sk k !

"xx%xxx* STEP 6. DETERMINATION OF INCIDENT PARTICLE PROPERTIES *x**x'"
1 sk sk s ok sk ok sk ok sk ke ok ok ok e ok ok ok e sk ok ok s sk sk ok s ok sk sk ok sk ok sk ke ok sk sk ok sk sk ok k s sk sk ok sk ok sk sk ok sk ok ok ko sk ok sk ok sk ok ok k1!

ZI=0.0; "STARTING COORDINATES (CM)"

70=-10.0;

TT=SQRT (ZO*Z0+CYRAD2(3)) ;

COSMI=ZO/TT; "Minimum value of WI to enter detector"
WTI=(1-C0OSMI)/2.0;

1 sk sk sk ok ke ok ok sk sk sk ok s ok ok sk sk ok ok s ok ok sk sk sk sk ko ke ok ok ok sk sk sk ok Kk s ok ok ok sk sk sk sk ok ks ok ok sk ok sk sk kK ks kok !
Wakskkokkokokokkkkokkkokkkkkk STEP 7. SHOWER-CALL——-NEXT sk skokokskskok sk skoskokokkkk ko !
1 s sk sk sk ke ok ok sk sk sk ok s ok ok sk sk ok ok s s ok ok sk sk sk ok ko ke ok ok ok sk sk sk ok Kk s ok ok ok sk sk Kk ok ks ok ok ok ok sk sk kK Kk sk kok !

DO NOFBAT=1,NBATCH [ "BATCH-LOOP"
DO I=1,NCASPB ["START OF SHOWER CALL LOOP OF EACH BATCH"

$RANDOMSET WIO;
WI=WIO*(1.0-COSMI)+COSMI;
$RANDOMSET PHAIO;
PHAI=PI*(2.0%PHAIO-1.0);

" COMIN/UPHIOT/ must be included to use PI"
SINTH=SQRT (1.0-WI*WI);
UI=COS(PHAI)*SINTH;
VI=SIN(PHAI)*SINTH;
XI=ABS(Z0)*UI;

YI=ABS (Z0)*UT;

RR2=XI*XI+YI*YI;
IF(RR2.LE.CYRAD2(1)) [IRI=2;]
ELSEIF (RR2.LE.CYRAD2(2)) [IRI=3;]
ELSE [IRI=4;]

IF(NCOUNT.LE.NWRITE.AND.ILINES.LE.NLINES) [
OuUTPUT EI,XI,YI,ZI,UI,VI,WI,
IQI,IRI,IDINC; (7G15.7,315);
ILINES=ILINES+1;]

CALL SHOWER(IQI,EI,XI,YI,ZI,UI,VI,WI,IRI,WTI);

gogoooooooooooooobooooooboono woo
goooogoo
1 1
f(w) = kwdw; / kwdw = §k (49)
0
kDDOOO0O0000f) f(w)dw=10000k=200000000w0 0
w
G = / 2wdw = w? (50)
0
O00w=+/(G0000¢0000000000000000000O000O

gooooo
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$RANDOMSET RN12;

WI=SQRT(RN12);

$RANDOMSET RN13;

PHAI=PI*(2.0%RN13-1.0);

" COMIN/UPHIOT/ must be included to use PI"
SINTH=SQRT(1.0-WI*WI);

UI=COS(PHAI)*SINTH;

VI=SIN(PHAI)*SINTH;

23 000OO0O0OOO0Od4d

23.1 O0O0OO0OOOOOO
000000000000 0000000O0O00000000O00O0O0O0O0OO0O0O0O0O0O0
0000000 0o00oooOooo0ob00b0oo000ooooOooooOoOoooOoooo0oooOon
00000000 00000000O00000O00000000O00D00O00b00O00oO000a0
oooooo
00000000 F,00000000000000000000 i< EBE<..<E,000
000o0oooooooo F(Ey), F(E,), ..., F(E,) DODOODOOOOOODOD
1. F(E;))<(< F(E;+,) 00D i0D0DDODO
2.F;0 B, 0b00doooboboooooobooouobooog
— F(E; E..1 —E
E—Ez‘i‘(c ( Z))X( i+1 ) (51)
F(Ei1) — F(Ey)
oooad
ogooooad

$RANDOMSET RN14;
DO IE=2,NEMAX [
IF (RN14.LE.PDF(IE)) EXIT;

]
EI=ES(IE-1)+(RN14-PDF(IE-1))*(ES(IE)-ES(IE-1))/(PDF(IE)-PDF(IE-1));

2.3.2 Rejection DO OO OO

0000000000000 0000000000000 rejection 000000000 O00OO
0000000000 p(E)D0000O0O0O0O0OUOOOO EFL 00 Ey ODDOOOOOOO
oooooooo p*00000

1.E:EL+4‘1(EU—EL)
2. (o <p(E)/p*DDDDDEDDDDDDDDDDDDD oooooOooooooooon
ooooooooo

gboooobooooooo
gooooo

:SAMPLING: $RANDOMSET RN15;

EI=EMIN+RN15* (EMAX-EMIN) ;
PDF=SPEC(EI)/SPEMAX;

"SPEC is the FUNCTION to calculate spectrum"
$RANDOMSET RN16;

IF(RN16.GT.PDF) [GO TO :SAMPLING:;]
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23.3 0U00O0O0OO0OOOOO
gbobobobooobobobooooboobobbobobooobooboboboobooboobod
gbobbooboboobooubooobobobooboobboboooboboboabobood
ubotbooboboodbbodboooouoooooooboooboouooboooboooooba
ugbobbooggd

goooo

l.0bdboooooooboobuobooboboobooooooobooon

E =FEr+((Ev — EL) (52)

20000000000 (E)DOOO

gooooo

$RANDOMSET RN17;

EI=EMIN+RN17*(EMAX-EMIN) ;

WTI=PDF (EI);

"PDF is the probability distribution function of spectrum"

7



Appendix: Lists of ucnai3p.mor

!INDENT M3;

!INDENT F2;

1 sk sk ok ke ke o ok sk ok ok e o ok sk Kk K R ok ok e o ok s ok sk sk K Rk e ok o o sk s sk Kk K ok ok s ke o ok sk ok sk kK ok sk ok ok ok kK
"okoskokokokokkokokokok ok ok okokkokdkokkokkokkokk  STANFORD LINEAR ACCELERATOR CENTER %"
"kxkk U C N AT 3 P skkkkkxk x"
Mok ko ok kokokok ok ok kokokokkkkk ok kkkokkk  EGS4 USER CODE -- 27 JUL 1998/0930 x"
1 s sk sk ok ok e ok ok sk ok ok ok s ok ok ok ok ok ok ok ok ok ok s ok sk ok ok sk sk ok kK ok s o ok ok sk sk sk ok sk ok ok ok o s ok ok ok ok sk sk ok ok k ks ok ok ok ok ok ok ok

" PROGRAMMER: HIDEO HIRAYAMA "
" NATIONAL LABORATORY FOR HIGH ENERGY PHYSICS (KEK) "
" OHO-MACHI, TSUKUBA-GUN, IBARAKI, "
" JAPAN "

1 sk ok ok ok ke ook ok ok ok ok s o ok sk ok Kok ok ko ks o ok sk ok sk kK ko ok s sk o o sk sk sk ks ko ok sk sk o ok sk ok sk kK ke k ks sk ok ok ok ok k!
" PROGRAM: UCNAI3 "

" EGS4 USER CODE TO CALCULATE NAI RESPONSE "
" Cylinder-slab geometry with PRESTA. "
Add Ranmar random generator option. "

MWk ok o ok ok ok ok ok ok ok ok ok ok ok sk sk ok ok ok sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ke ok sk ok ok ok ok sk sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok sk sk sk ok ok !
" FEATURES "

" - USES ENERGY CONSERVATION PROGRAM CALLED ECNSV1 "
" - USES ’COUNTER’ ROUTINE CALLED NTALLY "

MWk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ke ok sk ok ok ok ok sk sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok sk sk sk ok ok !

" THE FOLLOWING ’STEPS’ REFER TO THE STEPS OUTLINED "
" IN THE EGS3 USER MANUAL (SLAC-210). "
" VARIOUS EGS USER NOTES (EUN’S) HAVE BEEN CREATED "
" TO SUPPLEMENT SLAC-210 FOR THE CORRECTIONS, CHANGES "
" AND ADDITIONS THAT ARE IN EGS4. "

10 s o s o ks o ok s o o sk sk ok sk o sk s ok sk ks sk o ks ok ko o ks s ks sk ok sk sk o ok sk ok ok sk ok sk ok ok 1!
",xx¥kkkk STEP 1. USER-OVER-RIDE-0F-EGS—MACROS k¥ ¥kkskokkkkkokokkkk'
10 ks o ks o o ks o ok ks ok ok sk sk ok sk sk ok ks s ok sk ok sk ok ok sk o ok sk ok sk sk ok ks s ok sk sk ok sk ok ok sk o ok sk ok ok sk ok sk ok ek ok !
%#C80

!NEWCONDITIONAL;

"Select random number generater: 0=RAN6 1=RANMAR "
"RANMAR is a Lagged-Fibonacci Method pseudo random number generator
"devised by George Marsaglia and Arif Zaman.

REPLACE {$RNGEN} WITH {0}
"STEP 1. USER-OVER-RIDE-OF-EGS-MACROS"

REPLACE {;COMIN/RANDOM/;} WITH {
{SETR B=$RNGEN}
[IF] {COPY B}=0 [
; COMMON/RANDOM/URNDM(97) ,IXX, IXXST;

]

[IF] {COPY B}=1 [
; COMMON/RANDOM/URNDM(97) ,CRNDM, CDRNDM, CMRNDM, IXX, JXX;
]

}

REPLACE {$COMMON-RANDOM-DECLARATION-IN-BLOCK-DATA;} WITH {
{SETR B=$RNGEN}
[IF] {cOPY B}=0 [
; COMMON /RANDOM/URNDM(97) ,IXX, IXXST;

]
[IF] {COPY B}=1 [

; COMMON/RANDOM/URNDM(97) ,CRNDM, CDRNDM, CMRNDM, IXX, JXX;
]
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}

REPLACE {$RANDOMSET#;} WITH {

{SETR B=$RNGEN}

[IF] {COPY B}=0 [
IXX=IXX*663608941;{P1}=IXX*0.23283064E-09; IF (IXX.LT.0){P1}={P1}+1.0;
IF(IXX.EQ.IXXST) [OUTPUT;(’ WARNING !’/
> Same random number will be produced.’/
> It is better to use RANNMAR random number generator.’)]

]
[IF] {COPY B}=1 [
{P1}=URNDM(IXX)-URNDM(JXX); IF({P1}.LT.0.) {P1}={P1}+1.;
URNDM(IXX) = {P1};
IXX=IXX-1; IF(IXX.EQ.O0) IXX=97;
JXX=JXX-1; IF(JXX.EQ.0) JXX=97;
CRNDM=CRNDM-CDRNDM; IF(CRNDM.LT.O0.) CRNDM=CRNDM+CMRNDM;
{P1}={P1}-CRNDM; IF({P1}.LT.0.) {P1}={P1}+1.;
]
}
"This should be called somewhere near the beginning of the main routine"
"before any random numbers are asked for";
REPLACE {$RNG-INITIALIZATION;} WITH {;
{SETR B=$RNGEN}
[IF] {COPY B}=0 [;]
[IF] {COPY B}=1 [ IXX=0; JXX=0; CALL RMARIN;
DO ITI=1,20005[
$RANDOMSET XRANM;

IF(II.GT.20000) OUTPUT (MOD(INT(XRANM*16.*%JJ),16),JJ=1,7);
(8X,713); 1

" Select Fortran Compiler.
" Lahey Fortran = 1

" Microsoft Fortran = 2

" ODther PC = 3 (default) "
" Sun UNIX Workstation = 4 "
" HI-UX Workstation =5 "
" Other UNIX Workstation =6 "

REPLACE {$TIMERSET;} WITH {
{SETR B=$COMPILER}
[IF] {COPY B}=5 [CALL CLOCK(IDUMMY,3);]
[ELSE] [;1]

}

REPLACE {$TIME-NOW#;} WITH {

{SETR B=$COMPILER}

[IF] {COPY B}=1 [CALL TIMER({P1});]

[IF] {COPY B}=2 [CALL GETTIM(IHR,IMIN,ISEC,I100);
{P1}=(IHR*3600+IMIN*60+ISEC)*100+I100;]

[IF] {COPY B}=3 [{P1}=0.0;]

[IF] {COPY B}=4 [TT=ETIME(TARRAY);
{P1}=TARRAY (1) *100.0;]

[IF] {COPY B}=5 [CALL CLOCK(TT,5);
{P1}=TT*100.0;]

[IF]1 {COPY B}=6 [{P1}=0.0;]

"Macro to define DIMENSION related to the timer to be used "
" (compiler dependent).



REPLACE {$TIME-DIM;} WITH {
{SETR B=$COMPILER}
[IF] {COPY B}=4 [REAL TARRAY(2);]
[ELSE] [;]

"Macro to define OPEN STATEMENT for Cross-section data. "
" (UNIX or PC). "
REPLACE {$0PEN;} WITH {

{SETR B=$COMPILER}

[IF] {COPY B}<4 [OPEN(12,FILE=’mortjob.xse’,status=’0ld’);
OPEN(6,FILE="mortjob.out’,status=’new’);
OPEN(8,FILE="mortjob.dum’ ,status=’new’) ;]

[ELSE] [0PEN(12,FILE="mortjob.xsec’,status=’0ld’);
OPEN(6,FILE="mortjob.output’,status=’new’);
OPEN(8,FILE="mortjob.dummy’,status=’new’) ;]

}

REPLACE{$CALL-HOWNEAR(#) ;} WITH
{$CALL-HOWNEAR-FOR-SLAC-CYLINDRICAL-GEOMETRY ({P1}) ;}

"n * %k % % "n
"THIS IS THE MACRO THAT SHOULD RETURN THE CLOSEST PERPENDICULAR "
"DISTANCE TO ANY SURFACE WHICH FORMS A BOUNDARY FOR THE CURRENT "
"REGION. IN THIS APPLICATION IT IS REPLACED BY THE MACRO FOLLOWING "
"WHICH IS SPECIALIZED FOR THE SLAC "

n * % % % n
"CYLINDRICAL-PLANE GEOMETRY. "
"IT IS THE USER’S RESPONSIBILITY TO PROVIDE THIS MACRO FOR HIS OWN "
"GEOMETRY. "

B At o I T T "

"BUFFER FLUSH"
REPLACE{$CALL-HOWNEAR-FOR-SLAC-CYLINDRICAL-GEOMETRY (#) ;} WITH
"n * %k %k %k "n
{;ZL=Z (NP) ;RL=SQRT (X (NP) **2+Y (NP) **2) ;
$GET-JR-JZ (IRL) ;
ZLEFT=ZL-PCOORD(3,JZ) ; ZRIGHT=PCOORD (3, JZ+1) -ZL ; ROUT=CYRAD (JR) -RL;
{P1}=MIN (ZLEFT,ZRIGHT,ROUT) ;
IF(JR.NE.1) [RIN=RL-CYRAD(JR-1);{P1}=MIN({P1},RIN);]1}
"THIS ROUTINE IS INTENDED TO BE USED TO CALCULATE THE MINIMUM "
"PERPENDICLAR TO THE NEAREST BOUNDING SURFACE. THIS VERSION IS "
"SPECIALLY DESIGNED FOR THE SLAC CYLINDRICAL GEOMETRY PACKAGE. "
"A DIFFERENT VERSION IS NEEDED FOR OTHER "
Mo sk sk sk n
"GEOMETRY PACKAGES. "

; "BUFFER FLUSH"

"SLAC MACRO TO GET CYLINDER (JR) AND SLAB (JZ) ZONES FROM REGION "
"NUMBER"

koK ok ok ok "

REPLACE {$GET-JR-JZ(#);} WITH

{;JZ=({P1}-2) /NCYLP+1; JR={P1}-1-NCYLP* (JZ-1) ;}
; "BUFFER FLUSH"
"GEOMETRICAL INFORMATION"
"SLAC DEFINITION OF /GEOM/ AND RE-DEFINITIONS FOR /CYLDTA/ AND "
"/PLADTA/ "

kokk ok "
REPLACE {;COMIN/GEOM/;} WITH {;COMIN/CYLDTA,PLADTA/;}

REPLACE {;COMIN/CYLDTA/;} WITH

{;COMMON/CYLDTA/CYRAD ($MXCYLS) ,CYRAD2 ($MXCYLS) ,NCYLP;}
"NOTE: CYRAD MUST BE PROVIDED IN ADDITION TO CYRAD2 (USUALLY IN "
"MAIN) "n

REPLACE {;COMIN/PLADTA/;} WITH

{;COMMON/PLADTA/PCOORD (3, $MXPLNS) ,PNORM(3, $MXPLNS) ; >
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"COMMON to define variables to score at AUSGAB"

"DEPE:deposited energy inside the detector"

"DELTAE:energy bin width in MeV"

"SPG:Gamma spectrum, SPE:Electron spectrum, SPP:Positron spectrum"

REPLACE {;COMIN/TOTALS/;} WITH
{; COMMON/TOTALS/DEPE ,DELTAE , SPG ($NDET, $NEBIN) , SPE ($NDET, $NEBIN) ,
SPP ($NDET, $NEBIN) ; }

"COMMON of print-out parameter"

REPLACE {;COMIN/LINES/;} WITH
{; COMMON/LINES/NLINES,NWRITE,NCOUNT,ILINES;}

"COMMON of geometry related parameter"

REPLACE {;COMIN/PASSIT/;} WITH
{;COMMON/PASSIT/NREG,NPLAN,NCYL,IRZ;}

PARAMETER $MXPLNS=5; "NUMBER OF PLANE"

PARAMETER $MXCYLS=3; "NUMBER OF CYLINDER"
PARAMETER $NCASES=5000; "MAXIMUN NUNBER OF CASES"
PARAMETER $NBATCH=50; "Number of batch"
PARAMETER $NEBIN=50; "Number of energy bin"
PARAMETER $NDET=1; "Number of detector"

11 ke ok ok ok ok s ok ok ok ok sk ok ok ke ok sk ok sk ok sk ok ok ok ok ke ok sk ok e ok sk ok sk ok ok ok ok sk ok ok ok sk ok sk ok ok ok sk ok ok ok ok sk ok ok ok ok sk ok ok ok ok sk ok k!
"ok ko kdok ok kokkokokdokkokk ADDITIONAL (NON-EGS) MACROS  skoksk sksk sk sk s ok s sk ok sk ok !
1ok sk o ok ok ke ok o ok ok ok ok ok ok ke ok sk ok s ok ook ok ke o s ok ok ok ke ok ok ok ok sk ok ok ok sk ok s ok sk ok sk sk ok ok ok ke ok ok ke sk sk ok ok sk ke ok k!

n NONE n

1 s sk sk ok ok e ok ok sk sk ok o s ok ok ok ok Kk ok ok ok ok s ok sk ok ok sk sk ok ok ok ok s o ok ok sk sk sk ok ok ok ok ok o e ok ok ok ok sk sk ok kK ks ok ok ok ok kK ok
T sk sk ok ok s ok ok ok ok ok o skokokok ok ok kok ok kokkokok DECLARATTONS ok sk sk sk ok sk sk ok ok sk sk ok ok sk ok o ok ok s sk okok ok ok ko ok '
1 sk sk ok ke ke o ok kK ok ke o ok sk kK K R ok ok e o o s ok sk K kK e ok o o sk s sk Kk K K ok o ke o ok sk ok sk kK ok sk ok ok ok ok k k!

; COMIN/DEBUG , BOUNDS , BREMPR, EDGE ,ELECIN,ETALY1,GEOM, LINES,MEDIA,MISC,
NTALY1,PASSIT,RANDOM,STACK, THRESH, TOTALS,UPHIOT ,USEFUL ,USER/;
DIMENSION PH($NEBIN) ,PHPB($NEBIN,$NBATCH) ;
DIMENSION SPGPB($NDET,$NEBIN,$NBATCH) ,SPEPB($NDET,$NEBIN,$NBATCH),
SPPPB ($NDET , $NEBIN , $NBATCH) ;

DIMENSION PEFPB($NBATCH) ,TEFPB($NBATCH) ;
REAL*8 TOTKE,AVAILE,DEPE;

"NEEDED FOR ENERGY CONSERVATION TABULATION"

$TYPE MEDARR(24,3);

DATA MEDARR/$S’NAI-IAPRIM’,14%’ ’,
$S’AL-IAPRIM’,15%’ 7,
$S’QUARTZ-IAPRIM’ ,11%’> */;

1 s sk sk ok ok e ok ok sk sk ok o e ok oKk ok Kk ok ok ok ok s ok sk ok ok sk kK ok ok s ok ok ok ok sk sk ok sk ok ok ok o e ok ok ok ok sk sk ok kK ks ok ok ok ok ok ok ok
Wackkokkkokkkkkkkkk START OF EXECUTABLE CODE sk sk ok kok o sk sk ok ok ok ok ok ok o sk okook ok ko ok '
1 s sk sk ok ke e ok ok sk ok ok o e ok ok ok ok ok ok ok ok ok ok s ok ok ok ok sk kK ok k ok s ok ok ok ok sk sk Kk ok ok ok o e ok ok ok ok sk sk ok ok k ks ok ok ok ok ok k ok !

$0PEN;

11 sk ok ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok 1!

"wxxxkkkk STEP 2. PRE-HATCH-CALL-INITIALIZATION COMES NEXT k"
1 sk ok ok ok ke o ok ok ok ok ok s o ok sk ok Kk ok ok ok ok s o ok sk ok sk kK ko ks sk o o ok sk sk ki ok ok ok sk sk o ok sk ok ok kK ke k ks sk ok ok ok ok k!

NMED=3; "NUMBER OF MEDIA"

DO J=1,NMED [
DO I=1,24 [MEDIA(I,J)=MEDARR(I,J);]]

NPLAN=$MXPLNS; "NUMBER OF PLANES"
NCYL=$MXCYLS; "NUMBER OF CYLINDER"
NCYLP=NCYL; "*«PRESTAx"

NREG=(NPLAN-1) *NCYL+3; "NUMBER OF REGIONS (INCLUDING QUTSIDE VACUUM"

REGION) "
IRZ=NREG-3;
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"SET MEDIUM INDEX FOR EACH REGION"
/MED (1) ,MED (NREG-1) ,MED(NREG) /=0; "VACUUM REGIONS"

/MED(2) ,MED(3) ,MED(4) ,MED(7) ,MED (10) ,MED(13)/=2;
" Al region"
MED(8)=1;  "NaI(Tl) detector region"

/MED(11) ,MED(12)/=3; "Quartz region"

/ECUT (2) ,ECUT(3) ,ECUT(4) ,ECUT(7) ,ECUT(8) ,ECUT (10) /=0.561;
/ECUT (11) ,ECUT(12) /=0.561;

/MED(5) ,MED(6) ,MED(9) /=0; "Vacuum region inside case"

IEDGFL(8)=53; "b53:Atomic number of I"
" 0:K-X ray of I is not produced"
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CALL HATCH;
"QUTPUT VARIOUS QUANTITIES ASSOCIATED WITH THE MEDIA"
OUTPUT; (’1QUANTITIES ASSOCIATED WITH EACH MEDIA:’,//);

DO J=1,NMED [

OUTPUT (MEDIA(I,J),I=1,24); (/,1X,24A1);

OUTPUT RHO(J),RLC(J); (5X,’ RHO=’,G15.7,’ G/CM**3 RLC=",
G15.7,’ CM’);

OUTPUT AE(J),UE(J); (5X,’ AE=’,G15.7,” MEV  UE=’,G15.7,’ MEV’);

QUTPUT AP(J),UP(J); (5X,’ AP=’,G15.7,” MEV  UP=’,G15.7,’ MEV’);

]

OUTPUT; (/° INFORMATION OF MEDIUM AND CUT-OFFFOR EACH REGION’//);

DO I=1,NREG [

IF(MED(I).EQ.0) [OUTPUT I,ECUT(I),PCUT(I);

(’ MEDIUM(’,I3,’)=VACUUM’,18X,’ECUT=’,G10.5,’ MEV, PCUT=’,G10.5,’ MEV’);

ELSE [OUTPUT I, (MEDIA(II,MED(I)),II=1,24),ECUT(I),PCUT(I);
(> MEDIUM(’,I3,’)=’,24A1,’ECUT=’,G10.5,’ MEV, PCUT=’,G10.5,’ MEV’);]
]

D0 I=1,NREG [IF(IEDGFL(I).NE.O) [CALL EDGSET(NREG); EXIT;]]
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"axkkokkokkkkk STEP 4. HOWFAR-INITTALIZATION COMES NEXT skskskokskokokkokoskokk '
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"DEFINE VARIOUS THICKNESSES/DISTANCES"

TCOV=0.1; "Thickness of Al case in cm "
TGAP=0.5; "Gap between case and detector in cm"
TDE=7.62; "Thickness of detector in cm"
TQUARTZ=0.5;"Thickness of quartz window in cm"

"DEFINITION OF PLANES"
"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"
DO J=1,NPLAN [
PCOORD(1,J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1,J)=0.0; PNORM(2,J)=0.0; PNORM(3,J)=1.0;
"NOW PUT IN THE EXCEPTIONS"
PCOORD(3,2)=PCOORD(3,1)+TCOV;
PCOORD(3,3)=PCO0ORD(3,2)+TGAP;
PCOORD(3,4)=PCO0ORD(3,3)+TDE;
PCOORD(3,5)=PCO0ORD(3,4) +TQUARTZ;

OUTPUT; (’1PCOORD AND PNORM VALUES FOR EACH J-PLANE (I=1,3):’,//);
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DO J=1,NPLAN [
QOUTPUT J, (PCOORD(I,J),I=1,3), (PNORM(I,J),I=1,3);
(15,6G15.7);]

"DEFINE THE CYLINDER RADII"

RDET=3.81; "Radius of detector in cm"
RGAP=0.5; "Gap between detector and case in cm"
RTCOV=0.1; "Cover thickness in cm"

CYRAD (1) =RDET;
CYRAD (2)=CYRAD (1) +RGAP;
CYRAD (3)=CYRAD (2)+RTCOV;

"PRINT OUT THE CYLINDER RADII"

QUTPUT ;(///,’ CYLINDER RADII’,/);

DO I=1,NCYL [

CYRAD2(I)=CYRAD(I)*CYRAD(I);

OUTPUT I,CYRAD(I);(’ 1I=’,I5,5X,’ CYRAD(I)=’,G15.5,’CM’);

]

11 5k sk 3k sk ok 3k 3k 3k ok ok 3k 3k ok ok 3k 3k ok >k 3k ok 3k 3k ok 3k 3k 3k ok 3k 3k ok 3k 3k ok ok 3k k >k 3k ok >k 3k 3k ok 3k 3k ok >k 3k ok >k 3k ok >k 3k 3k >k 3k 3k ok ok 3k ok ok sk ok k!

"akkkkkkkkk STEP 5. INITIALIZATION FOR AUSGAB COMES NEXT k"
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CALL ECNSV1(0,NREG,TOTKE);" INITIALIZE ESUM ARRAY FOR ENERGY"

" CONSERVATION CALCULATION."

" NREG=NUMBER OF REGIONS"

" TOTKE=TOTAL KE (DUMMY VARIABLE HERE)"
" (MUST BE REAL#*8)"

CALL NTALLY(O,NREG);

NCOUNT=0; "PARTICLE HISTORY COUNTER"

ILINES=0; "INITIALIZE LINE-OUTPUT COUNTER"

DEPE=0.D0O; "ZERO THE ENERGY DEPOSITION AT SCINTILATOR"
/PEF,TEF/=0.0; "Zero the efficiency"

DO J=1,$NEBIN [PH(J)=0.0;] "Zero the pulse-heght"

DO ND=1,$NDET [

DO J=1,$NEBIN [

f?PG(ND,J),SPE(ND,J),SPP(ND,J)/=0.0; "Zero the spectrum"
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"sxkkkk STEP 6. DETERMINATION OF INCIDENT PARTICLE PROPERTIES **x*x'"
1 sk ok ok ok ke o ok ok ok ok ok s o ok sk ok Kok ok ko ok s o o sk ok sk sk K ok ok ks sk o o sk sk sk ki ok ok ok s sk o ok sk ok sk kK ke k ks sk ok ok ok ok ok !

IQI=0; "INCIDENT PARTICLE"

EI=1.33 +ABS(IQI)*PRM; "TOTAL ENERGY OF PARTICLE (MEV) "
AVATILE=EI + IQI«PRM; "AVAILABLE K.E. (MEV) (MUST BE REAL*8)"
EKIN=AVAILE;

ECUTMN=ECUT (4) ; EKO=EKIN; "*PRESTA*"

$PRESTA-INPUTS; "INPUT THE *PRESTA* VARIABLES"

DELTAE=0.05; "Energy bin of response"

XI=0.0; YI=0.0; ZI=0.0; "STARTING COORDINATES (CM)"

UI=0.0; VI=0.0; WI=1.0; "INCIDENT DIRECTION COSINES"

IRI=2; "ENTRANCE REGION DEFINITION"

WTI=1.0; "WEIGHT FACTOR OF UNITY"

IDINC=-1; "AN IDENTIFIER (LIKE IARG) TO MARK INCIDENT PARTICLES"

IXXST=17847465;
IXX=IXXST; "INITIALIZED RANDOM NUMBER WITH STARTING SEED"

$RNG-INITIALIZATION;
NWRITE=10; "NUMBER OF INCIDENT CASES TO PRINT OUT"

NCASES=$NCASES; "MAXIMUM NUMBER OF INCIDENT CASES TO RUN"
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NBATCH=$NBATCH; "NUMBER OF BATCH"
NCASPB=NCASES/NBATCH; "NUMBER OF CASES PER BATCH"
NOFBAT=0; "NUMBER OF BATCH FINISHED"

NLINES=15; "NUMBER OF LINES TO PRINT OUT"
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DO NOFBAT=1,NBATCH [ "BATCH-LOOP"
DO I=1,NCASPB ["START OF SHOWER CALL LOOP OF EACH BATCH"

IF(NCOUNT.LE.NWRITE.AND.ILINES.LE.NLINES) [
OUTPUT EI,XI,YI,ZI,UI,VI,WI,
IQI,IRI,IDINC; (7G15.7,315);
ILINES=ILINES+1;]

CALL SHOWER(IQI,EI,XI,YI,ZI,UI,VI,WI,IRI,WTI);

"If some energy is depositted inside detector add pulse-height"
"and efficiency"

IF(DEPE.GT.0.D0) [

IE=DEPE/DELTAE+1;

IF(IE.LE.$NEBIN) [PH(IE)=PH(IE)+WTI;]
IF (DEPE.GE.EI*0.999) [PEF=PEF+WTI;]
TEF=TEF+WTI;]

DEPE=0.DO0;

NCOUNT=NCOUNT + 1;
IXXEND=IXX; "LAST RANDOM NUMBER USED"

] "End of SHOWER CALL loop for each BATCH"
"Calcurate average value for this BATCH"

DO IE=1,$NEBIN [
PHPB(IE,NOFBAT)=PH(IE) /NCASPB;
PH(IE)=0.0;

]

PEFPB (NOFBAT) =PEF/NCASPB;
TEFPB (NOFBAT) =TEF/NCASPB;
/PEF,TEF/=0.0;

DO ND=1,$NDET [

DO IE=1,$NEBIN [

SPGPB(ND, IE,NOFBAT)=SPG(ND,IE) /NCASPB; "Gamma spectrum for this BATCH"
SPEPB(ND, IE,NOFBAT)=SPE(ND,IE) /NCASPB; "Electron spectrum for this BATCH"
SPPPB(ND, IE,NOFBAT)=SPP(ND,IE) /NCASPB; "Positron spectrum for this BATCH"
/SPG(ND,IE),SPE(ND,IE),SPP(ND,IE)/=0.0;

1]

] "End of BATCH-loop"
TOTKE=NCOUNT*AVAILE; "TOTAL (AVAILABLE) K.E."
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OUTPUT NCOUNT,IXXST,IXXEND,AVAILE,TOTKE;

(’1°,110,° CASES COMPLETED’,
//,’ IXXST=’,I12,/,’ IXXEND=’,I12,//,’ AVAILABLE K.E.=’,
G15.5,’ MEV’,/,’ TOTKE=’,E15.5,’ MEV’,//);

IF(IPLC.EQ.O.AND.IBCA.EQ.0) [

OUTPUT; (/’ PRESTA algorithm is used’/);]
ELSE [

OUTPUT; (/’ Default EGS4 calculation’/);]
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0UTPUT TDE,RDET,TCOV,RTCOV,TGAP,RGAP;

(/’ Detector length=’,G15.5,’ cm’/ ’ Detector radius=’,G15.5,’ cm’/
> Al cover thickness=’,G10.2,’ cm’/ > Al cover side thickness=’,
G10.2,’ cm’/’ Front gap =’,G10.2,’ cm’/’ Side gap =’,G10.2,’ cm’/);

OUTPUT EI; (° Results for ’,G15.5,’MeV photon’/);
"Calculate average and its deviation"

/AVPE ,DESCI2/=0.0;

DO J=1,NBATCH [

AVPE=AVPE+PEFPB(J) /NOFBAT;
DESCI2=DESCI2+PEFPB(J) *PEFPB(J) /NBATCH;

1

SIGPE=SQRT ( (DESCI2-AVPE*AVPE) / (NBATCH-1)) ;

AVPE=AVPE*100.0;

SIGPE=SIGPE*100.0;

QOUTPUT AVPE,SIGPE; (’ Peak efficiency =’,G15.5,’+-?,G15.5,’ %’);

/AVTE,DESCI2/=0.0;

DO J=1,NBATCH [

AVTE=AVTE+TEFPB(J) /NOFBAT;
DESCI2=DESCI2+TEFPB(J)*TEFPB(J)/NBATCH;

]

SIGTE=SQRT ((DESCI2-AVTE*AVTE) / (NBATCH-1)) ;

AVTE=AVTE*100.0;

SIGTE=SIGTE*100.0;

OUTPUT AVTE,SIGTE; (’ Total efficiency =’,G15.5,’+-’,G15.5,% %’);

OUTPUT ; (/’ Pulse height distribution ’);
DO IE=1,$NEBIN [

ELOW=DELTAE* (IE-1);

EUP=DELTAE*IE;

IF (ELOW.GT.EKIN) [EXIT;]

/AVPH,DESCI2/=0.0;

DO J=1,NBATCH [

AVPH=AVPH+PHPB(IE, J) /NBATCH;

DESCI2=DESCI2+PHPB(IE, J)*PHPB(IE,J) /NBATCH;

]

SIGPH=SQRT ( (DESCI2-AVPH*AVPH) /(NBATCH-1)) ;
AVPH=AVPH/DELTAE;

SIGPH=SIGPH/DELTAE;

OUTPUT EUP,AVPH,SIGPH;

(> E (upper-edge --’,G10.4,’ MeV )=’,G15.5,’+-’,G15.5,
> counts/MeV/incident’);

]

"Particle spectrum. Incident particle spectrum to detector system"
"in this example."

OUTPUT; (/’> Particle spectrum crossing the detector plane’/
30X, ’particles/MeV/source photon’/
> Upper energy’,11X,’ Gamma’,18X,’ Electron’,14X,’ Positron’);

DO ND=1,$NDET [ "Spectrum at each detector plane"
D0 IE=1,$NEBIN [

ELOW=DELTAE* (IE-1);

EUP=DELTAE*IE;

IF(ELOW.GT.EKIN) [EXIT;]

"Gamma spectrum per MeV per source"
/AVSPG,DESCI2/=0.0;

DO J=1,NBATCH [

AVSPG=AVSPG+SPGPB(ND, IE,J) /NBATCH;
DESCI2=DESCI2+SPGPB(ND,IE, J)*SPGPB(ND, IE, J) /NBATCH;

]

SIGSPH=SQRT ( (DESCI2-AVSPG*AVSPG) /(NBATCH-1));
AVSPG=AVSPG/DELTAE;

SIGSPH=SIGSPH/DELTAE;

"Electron spectrum per MeV per source"
/AVSPE,DESCI2/=0.0;
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DO J=1,NBATCH [
AVSPE=AVSPE+SPEPB (ND, IE, J) /NBATCH;
DESCI2=DESCI2+SPEPB(ND, IE,J)*SPEPB(ND, IE, J) /NBATCH;

]
SIGSEL=SQRT((DESCI2-AVSPE*AVSPE)/(NBATCH-1));
AVSPE=AVSPE/DELTAE;

SIGSEL=SIGSEL/DELTAE;

"Positron spectrum per MeV per source"

/AVSPP ,DESCI2/=0.0;

DO J=1,NBATCH [

AVSPP=AVSPP+SPPPB(ND, IE, J) /NBATCH;
DESCI2=DESCI2+SPPPB(ND, IE, J) *SPPPB(ND, IE, J) /NBATCH;

]

SIGSPO=SQRT( (DESCI2-AVSPP*AVSPP) /(NBATCH-1));
AVSPP=AVSPP/DELTAE;

SIGSP0=SIGSPO/DELTAE;

OUTPUT EUP,AVSPG,SIGSPH,AVSPE,SIGSEL,AVSPP,SIGSPO;
(G10.5,’ MeV--’,3(G12.5,’+-?,G12.5));

] "end of detector loop"

"NEXT, CALL THE SUBROUTINE ECNSV1 TO WRITE-OUT THE ENERGY DEPOSITION"
"TOTALS---TO0 CHECK ENERGY CONSERVATION FOR ONE THING"

CALL ECNSV1(1,NREG,TOTKE);
CALL NTALLY(1,NREG);

STOP;
END; "END OF MAIN PROGRAM"

%E
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" STANFORD LINEAR ACCELERATOR CENTER"
SUBROUTINE AUSGAB(IARG);
" EGS4 SUBPROGRAM - 8 MAY 1983/1730"

11 5k sk 3k sk ok 3k 3k 3k ok 3k 3k 3k ok ok sk 3k ok >k 3k ok 3k 3k ok 3k 3k 3k ok 3k 3k ok 3k 3k ok 3k 3k ok ok 3k ok >k 3k 3k ok sk 3k ok >k 3k ok >k 3k ok >k 3k 3k >k 3k 3k ok ok 3k ok ok k ok k!

; COMIN/DEBUG,EPCONT,ETALY1,LINES,MISC,NTALY1,PASSIT,STACK, TOTALS ,USEFUL/;
REAL*8 DPWT,DEPE;

IRL=IR(NP); "SET LOCAL VARIABLE"

DPWT=WT (NP) ;

"KEEP TRACK OF THE ENERGY DEPOSITION---FOR CONSERVATION PURPOSES"
ESUM(IQ(NP)+2,IRL,IARG+1)=ESUM(IQ(NP)+2,IRL,IARG+1)+EDEP*DPWT;
NSUM(IQ(NP)+2,IRL,IARG+1)=NSUM(IQ(NP)+2,IRL,TARG+1) + 1;

IF(MED(IRL).EQ.1) ["particle is inside the detector"
DEPE=DEPE+EDEP; "Add energy deposition"
IF(IRL.NE.IROLD.AND.IARG.EQ.O) [ "particle enters into detector"
IF(IQ(NP).EQ.O) ["photon"

IE=E(NP) /DELTAE+1;

IF(IE.LE.$NEBIN) [SPG(1,IE)=SPG(1,IE)+DPWT;]]
ELSEIF(IQ(NP).EQ.-1) ["Electron"

IE=(E(NP)-RM) /DELTAE+1;

IF(IE.LE.$NEBIN) [SPE(1,IE)=SPE(1,IE)+DPWT;]]

ELSE ["Positron"

IE=(E(NP)-RM) /DELTAE+1;

IF(IE.LE.$NEBIN) [SPP(1,IE)=SPP(1,IE)+DPWT;]]

] "end of entering to detector"

] "end of inside detector"

IF(NCOUNT.LE.NWRITE.AND.ILINES.LE.NLINES) [
OUTPUT E(NP),X(NP),Y(NP),Z(NP),U(NP),V(NP) ,W(NP),

IQ(NP),IRL,IARG; (7G15.7,315);
ILINES=ILINES+1;]

RETURN;
END; "END OF SUBROUTINE AUSGAB"
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" STANFORD LINEAR ACCELERATOR CENTER"
SUBROUTINE HOWFAR;
" EGS4 SUBPROGRAM - 8 MAY 1983/1730"
1 sk ok ok ok ke ook ok ok ok ok s o ok sk ok Kok ok ko ks o ok sk ok sk kK ko ok s sk o o sk sk sk ks ko ok sk sk o ok sk ok sk kK ke k ks sk ok ok ok ok k!
; COMIN/DEBUG,EPCONT,GEOM,PASSIT,STACK,THRESH/;

IRL=IR(NP); "SET LOCAL VARIABLE"
IF(IRL.LE.1.0R.IRL.GE.IRZ+2) [IDISC=1; RETURN;]

NSLAB=(IRL-2)/NCYL + 1 ; "SLAB NUMBER"
NANNU=IRL-1-NCYL* (NSLAB-1); "ANNULUS NUMBER"
NPL1=NSLAB+1; NPL2=NSLAB;
IF(NSLAB.LT.NPLAN-1) [NRG1=IRL+NCYL;]

ELSE [NRG1=IRZ+2;]

IF(NSLAB.GT.1) [NRG2=IRL-NCYL;]

ELSE [NRG2=1;]

$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

IF (NANNU.LT.NCYL) [NRG2=IRL+1;]

ELSE [NRG2=IRZ+3;]

IF(NANNU.GT.1) [NRG1=IRL-1; NCL2=NANNU;
NCL1=NANNU-1;
$CYL2(NCL1,NRG1,NCL2,NRG2); RETURN; ]

$CYLNDR(1,1,IHIT,TCYL);
IF(IHIT.EQ.1) [
$CHGTR (TCYL,NRG2) ;]

RETURN;
END; "END OF SUBROUTINE HOWFAR"
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" STANFORD LINEAR ACCELERATOR CENTER"
SUBROUTINE ECNSV1(NTREE,NREG,TOTKE) ;

" EGS4 SUBPROGRAM - 8 MAY 1983/1730"
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" SUBROUTINE FOR KEEPING TRACK OF ENERGY CONSERVATION---TO BE "
" USED WITH EGS USER CODES. WHEN NTREE=0, THE PROGRAM IS "
" ENTERED IN ORDER TO INITIALIZE THE ESUM ARRAY TO ZEROD. "
" OTHERWISE, IT IS ENTERED FOR TOTALING AND OUTPUTTING THE "
" RESULTS. THE ESUM ARRAY IS NEEDED IN SUBROUTINE AUSGAB, "
" WHERE EDEP (ENERGY DEPOSITION) IS ADDED TO THE ELEMENT OF "
" THE ARRAY CORRESPONDING TO THE VALUE OF IQ, IR, AND IARG. "
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COMIN/DEBUG,ETALY1/; "INSERT IN ALL SUBPROGRAMS THAT USE ESUM"
REAL*8 ROWSUM(4,$MXREG) ,COLSUM(4,5) ,SUMSUM(4) ,GSUM, TOTKE;

" CHECK WHETHER NREG IS GE $MXREG. IF IT IS, STOP AND OUTPUT. "
IF (NREG.GT.$MXREG) [

MDUMMY=$MXREG ;

OUTPUT NREG,MDUMMY;

(///,’ *xxxx NOTE: STOPPED IN SUBROUTINE ECNSV1 BECAUSE NREG= ’,
I5,’ IS LARGER THAN $MXREG= ’,I5,’ *kkk*’);

STOP; ]

IF(NTREE.EQ.O0) [ "INITIALIZE ESUM TO ZERO AND RETURN"
DO I=1,4 [DO J=1,NREG [DO K=1,5 [ESUM(I,J,K)=0.D0;]]1]

RETURN; ]

" REACH THIS POINT WHEN FINAL TALLY IS TO BE MADE."

" FIRST, INITIALIZE SUMS"

GSUM=0.DO0;

DO IQ=1,4 [

SUMSUM(IQ)=0.DO0;
DO IR=1,NREG [ROWSUM(IQ,IR)=0.DO;]
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DO ICODE=1,5 [COLSUM(IQ,ICODE)=0.D0;]
" END OF IQ-LOOP"]

" SUM IQ=1,2,3 INTO IQ=4 OF ESUM FOR ALL IR- AND ICODE-VALUES"

DO IR=1,NREG [

DO ICODE=1,5 [

DO 1Q=1,3 [

???M(4,IR,ICODE)=ESUM(4,IR,ICODE) + ESUM(IQ,IR,ICODE);

" NORMALIZE DATA TO TOTKE"

DO IQ=1,4 [

DO IR=1,NREG [

DO ICODE=1,5 [
???M(IQ,IR,ICODE)=ESUM(IQ,IR,ICODE)/TOTKE;

" SUM-UP COLUMNS AND ROWS"

DO 1Q=1,4 [

DO IR=1,NREG [

DO ICODE=1,5 [
??WSUM(IQ,IR)=ROWSUM(IQ,IR)+ESUM(IQ,IR,ICODE);

DO ICODE=1,5 [

DO IR=1,NREG [
COLSUM(IQ,ICODE)=COLSUM(IQ,ICODE)+ESUM(IQ,IR,ICODE);
1]

" END OF IQ-LOOP"]

" NOW GET TOTAL FOR IQ AND GRAND TOTAL"

DO IQ=1,4 [

DO IR=1,NREG [

DO ICODE=1,5 [

SUMSUM (IQ)=SUMSUM(IQ)+ESUM(IQ,IR,ICODE);
IF(IQ.LE.3) [GSUM=GSUM+ESUM(IQ,IR,ICODE);]
111

" NOW WRITE-OUT THE RESULTS OF THE ENERGY DEPOSITION SUMMARY"

DO IQ=1,4 [

IF(IQ.LE.3) [

IQNOW=IQ-2;

OUTPUT IQNOW;

(’ 1ENERGY DEPOSITION SUMMARY FOR PARTICLES WITH IQ=’,I2,///,

556X, IARG’,/,19X,°0°,15X,°17,13X,°2°,14X,°3?,14X,°4°,16X, ’ROW SUM’,
/,3X,’REGION’,/);

]

ELSE [

OUTPUT; (’1ENERGY DEPOSITION SUMMARY FOR ALL PARTICLES:’,///,

55X, IARG’,/,19X,°0°,15X,°1°,13X,°2°,14X,°3?,14X,°4°,16X, ’ROW SUM’,
{,3X,’REGION’,/);

DO IR=1,NREG [

OUTPUT IR, (ESUM(IQ,IR,ICODE),ICODE=1,5),ROWSUM(IQ,IR);
(17,5X,5G15.7,5X,G15.7) ;

" END OF IR-LOOP"]

OUTPUT (COLSUM(IQ,ICODE),ICODE=1,5),SUMSUM(IQ);
(/,3%,’cOL SuM’,2X,5G15.7,5X,G15.7);

" END OF IQ-LOOP"]

OUTPUT GSUM; (/////,’ TOTAL FRACTION=’,G15.7,
) NOTE: THIS NUMBER SHOULD BE VERY CLOSE TO UNITY’);
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RETURN;
END; "END OF SUBROUTINE ECNSV1"

%E
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" STANFORD LINEAR ACCELERATOR CENTER"
SUBROUTINE NTALLY (NTREE,NREG) ;
" EGS4 SUBPROGRAM - 8 MAY 1983/1730"
11 5 sk ok 3k ok 3 ok 3k ok 3k ok sk ok ok 3k ok 3k ok ok sk ok 3k ok 3k ok 3k ok 3k ok 3k 3k 3k sk ok ok k ok ok 3k ok 3k ok 3k ok 3k 3k 3k ok 3k ok ok sk ok sk ok ok ok 3k ok sk ok ok ke skok ok !
" THIS PROGRAM KEEPS ’TALLY’ OF THE NUMBER OF TIMES AUSGAB IS "
" ENTERED FOR VARIOUS REASONS, ETC. IT GIVES THE USER A ’ROUGH’ "
" IDEA OF WHETHER CERTAIN EVENTS ARE RARE OR NOT. "
" CAUTION #%% DO NOT USE THESE NUMBERS IN ANY STATISTICAL SENSE] "
11 5k sk 3k sk ok 3k 3k 3k ok 3k 3k 3k ok ok 3k 3k ok >k 3k ok 3k 3k ok 3k 3k 3k ok 3k 3k ok 3k 3k ok 3k 3k k >k 3k ok >k 3k 3k ok 3k 3k ok >k 3k ok >k 3k ok >k 3k 3k >k 3k 3k ok ok 3k ok ok sk ok k!
COMIN/DEBUG,NTALY1/;

INTEGER ROWSUM(4,$MXREG) ,COLSUM(4,5),SUMSUM(4) ,GSUM;

" CHECK WHETHER NREG IS GE $MXREG. IF IT IS, STOP AND OUTPUT."
IF (NREG.GT.$MXREG) [

MDUMMY=$MXREG;

0UTPUT NREG,MDUMMY;

(///,> *xxxx NOTE: STOPPED IN SUBROUTINE NTALLY BECAUSE NREG= ’,
I5,’ IS LARGER THAN $MXREG= ’,I5,’ **xxx’);

STOP;]

IF(NTREE.EQ.0) [ "INITIALIZE NSUM TO ZERO AND RETURN"
DO I=1,4 [DO J=1,NREG [DO K=1,5 [NSUM(I,J,K)=0;]11]
RETURN; ]

" REACH THIS POINT WHEN FINAL TALLY IS TO BE MADE."
" FIRST, INITIALIZE SUMS"
GSUM=0;

DO IQ=1,4 [

SUMSUM(IQ)=0;

DO IR=1,NREG [ROWSUM(IQ,IR)=0;]

DO ICODE=1,5 [COLSUM(IQ,ICODE)=0;]
" END OF IQ-LOOP"]

" SUM IQ=1,2,3 INTO IQ=4 OF NSUM FOR ALL IR- AND ICODE-VALUES"

DO IR=1,NREG [

DO ICODE=1,5 [

DO IQ=1,3 [

NSUM(4,IR,ICODE)=NSUM(4,IR,ICODE) + NSUM(IQ,IR,ICODE);
111

" SUM-UP COLUMNS AND ROWS"

DO IQ=1,4 [

DO IR=1,NREG [

DO ICODE=1,5 [
?9WSUM(IQ,IR)=ROWSUM(IQ,IR)+NSUM(IQ,IR,ICODE);

DO ICODE=1,5 [
DO IR=1,NREG [
COLSUM(IQ,ICODE)=COLSUM(IQ,ICODE)+NSUM(IQ,IR,ICODE);

1]

" END OF IQ-LOOP"]

" NOW GET TOTAL FOR IQ AND GRAND TOTAL"
DO IQ=1,4 [

DO IR=1,NREG [

DO ICODE=1,5 [

SUMSUM (IQ)=SUMSUM(IQ)+NSUM(IQ,IR,ICODE);
%?fIQ.LE.3) [GSUM=GSUM+NSUM(IQ,IR,ICODE) ;]
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" NOW WRITE-OUT THE RESULTS"

DO IQ=1,4 [

IF(IQ.LE.3) [

IQNOW=IQ-2;

OUTPUT IQNOW;

(?1SUMMARY OF EVENT COUNT FOR PARTICLES WITH IQ=’,I2,///,
55X,’IARG’,/,19X,°0’,15X,°1°,13X,°2°,14X,°3?,14X,°4’,16X, ’ROW SUM’,
/,3X,’REGION’,/);

]

ELSE [

OUTPUT; (’1SUMMARY OF EVENT COUNT FOR ALL PARTICLES:’,///,

55X, ’IARG’,/,19X,°0’,15X,°1°,13X,°2’,14X,73,14X,’4’ ,16X, ’ROW SUM’,
5,3X,’REGION’,/);

DO IR=1,NREG [

QUTPUT IR, (NSUM(IQ,IR,ICODE),ICODE=1,5),ROWSUM(IQ,IR);
(17,5X,5I15,5%X,I15);

"  END OF IR-LOOP"]

OUTPUT (COLSUM(IQ,ICODE),ICODE=1,5),SUMSUM(IQ);
(/,3%,’COL SUM’,2X,5I15,5X,I15);

" END OF IQ-LOOP"]
OUTPUT GSUM; (/////,’ TOTAL NUMBER OF EVENTS=’,I15);

RETURN;
END; "END OF SUBROUTINE NTALLY"

M Taken from NRCCAUXP MORTRAN. "
" 24 August 1989 WRN "

" * *
" * FIXTMX *
" * *

" 8k sk ok ok ok Kk ok ok
SUBROUTINE FIXTMX (ESTEP,MEDIUM);

" THIS ROUTINE CHANGES THE STEP SIZE ALGORITHM USED IN EGS SO THAT
" THE STEP SIZE ARRAYS FOR TMXS CORRESPOND TO AN ARBITRARY,BUT

" FIXED FRACTIONAL ENERGY LOSS ESTEPE.

" IT IS ONLY NECESSARY FOR LOW ENERGY ELECTRON PROBLEMS SINCE

" TYPICALLY THE 200*TEFFO RESTRICTION ON TMXS IS MORE STRINGENT

" FOR ELECTRONS WITH ENERGIES ABOVE A FEW MEV

" NOTE THAT THE $TMXS-OVER-RIDE MACRO MAY STILL BE IN FORCE IN EGS.

" THE ROUTINE CHANGES THE VALUES ONLY FOR THE MEDIUM ’MEDIUM’
" AND IT SHOULD PROBABLY BE USED FOR ALL MEDIA IN A PROBLEM.

" THE ROUTINE MUST BE CALLED AFTER HATCH HAS BEEN CALLED AND BEFORE

" THE SIMULATION IS BEGUN.

" THE ROUTINE IS INDEPENDENT OF WHAT UNITS ARE BEING USED, AS LONG
" AS THEY ARE CONSISTENT( E.G. CM, RL OR G/CMx**2 )

" IF CALLED WITH IOLDTM=0 (PASSSED IN COMIN USER) THE TMXS ARRAYS ARE
" ADJUSTED TO GIVE A FIXED ESTEPE AND ARE SUBJECTED TO THE TMIN AND

" CONSTRAINTS.
" IF CALLED WITH IOLDTM=1 THE CURRENT EGS ALGORITHM IS USED.

" IF CALLED WITH IOLDTM=0 AND ESTEPE=0 THE CURRENT EGS ALGORITHM IS

" USED.
" IF CALLED WITH IOLDTM=1 AND ESTEPE=0 THEN ESTEPE=1.0 IS USED.
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" FOR A DETAILED DISCUSSION OF THE USE OF THIS ROUTINE, SEE "
’Low Energy Electron Transport with EGS’ in Nuclear Instr. and
" Methods A227 (1984)535-548. D.W.0. Rogers "

" FOR A DISCUSSION OF THE NEW FEATURES (VO3+) OF THIS ROUTINE, "
" ESPECIALLY WITH REGARD TO THE NEW UPPER AND LOWER LIMITS, SEE "
" PRESTA-the Parameter Reduced Electron-Step Transport Algorithm- "
for Electron Monte Carlo Transport’ by A.F.Bielajew & D.W.0.Rogers,
" NRCC Internal Report PIRS-042 obtainable by contacting the above. "

" Vo1 DEC 10,1981 DAVE ROGERS NRCC "
" V02 DEC 1984 EGS4 VERSION "
" VO3 JAN 1986 ALEX BIELAJEW NRCC REVISED FOR PRESTA "

11 5 sk sk 3k ok 3k ok 3k ok 3k ok sk ok ok 3k ok 3k sk ok sk ok sk ok 3k ok 3k ok 3k ok 3k ok 3k sk ok ok 3k sk ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok k sk ok sk ok ok ok sk ok 3k ok 3k ok sk ok sk ok ok ok 't
; COMIN/ELECIN,MEDIA,USER/;

ESTEPE=ESTEP;

IF(MEDIUM > $MXMED) ["ERROR" OUTPUT MEDIUM;
(///? O%*x*x**x* MEDIUM=’,I4,’> IN FIXTMX IS TOO LARGE’);RETURN;]

IF((ESTEPE = 0.) & (IOLDTM = 1)) RETURN; "USE THE CURRENT ALGORITHM "
IF(ESTEPE = 0.) ESTEPE=1.; "NEW VERSION DEFAULTS TO TOTAL ENERGY L0OSS"
IF(IOLDTM = 0) [BLCCC=BLCC(MEDIUM) ; XCC2=XCC(MEDIUM)**2; "NEEDED BY ROOTMX"]
"SET UP SOME VARIABLES FOR FIRST PASS THROUGH LOOP"

EI =EXP( (1.-EKEO(MEDIUM))/EKE1(MEDIUM));"ENERGY OF FIRST TABLE ENTRY"
EIL = ALOG(EI); LEIL=1;

"THIS IS EQUIVALENT TO $SETINTERVAL EIL,EKE; BUT AVOIDS ROUNDOFF"
$EVALUATE EDEDX USING EDEDX(EIL);"GET THE ELECTRON STOPPPING AT EI"
"NOW CALCULATE STEP REQUIRED TO CAUSE AN ESTEPE REDUCTION IN ENERGY"
IF(IOLDTM = 1) [SI=ESTEPE+EI/EDEDX;]ELSE[SI=RO0TMX(EI,ESTEPE);]
"TABULATED ENERGIES ARE IN A FIXED RATIO - CALC LOG OF THE RATIO"
ERATIO=-1./EKE1(MEDIUM);

NEKE=MEKE (MEDIUM) ; "NUMBER OF ELEMENTS IN STORAGE ARRAY"

DO I=1,NEKE-1[

EIP1=EXP ((FLOAT (I+1)-EKEO (MEDIUM) ) /EKE1 (MEDIUM)) ; "ENERGY AT I+1"
EIP1L=ALOG(EIP1);LEIP1L=I+1;"DESIGNED THIS WAY=$SETINTERVAL"
$EVALUATE EDEDX USING EDEDX (EIP1L);

IF(IOLDTM = 1) [SIP1=ESTEPE*EIP1/EDEDX;]ELSE[SIP1=RO0TMX (EIP1,ESTEPE);]

"NOW SOLVE THESE EQUATIONS "
" ST = TMXS1 * EIL  + TMXSO "
" SIP1 = TMXS1 * EIP1L + TMXSO "
TMXS1(I,MEDIUM)=(SI-SIP1)/ERATIO;TMXSO(I,MEDIUM)=SI-TMXS1(I,MEDIUM)*EIL;
"TRANSFER VALUES FOR NEXT LOOP"

EIL=EIP1L;SI=SIP1;]

"NOW PICK UP LAST TABLE ENTRY WHICH APPLIES ONLY TO LAST ENERGY"
TMXSO (NEKE , MEDIUM) =TMXSO (NEKE-1 , MEDIUM) ;

TMXS1 (NEKE , MEDIUM)=TMXS1 (NEKE-1,MEDIUM) ;

RETURN ; END;

%E

1 sk ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ke sk sk ok ok ok sk sk sk ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ok ok ok ok ok koK ok !

" * *
" * ROOTMX *
" * *

" sk 3k ok ok k ok ok ok ok K
FUNCTION ROOTMX(EI,ESTEP);

" THIS ROUTINE RETURNS MAX(TMIN,MIN(TMAX,ESTEPE+EI/DEDX)) WHERE
" TMAX IS THE MAXIMUM STEP ALLOWED BY THE MOLIERE MULTIPLE SCATTERING

" THEORY, TMIN IS THE THE MINIMUN STEP AND ESTEPE+EI/DEDX IS THE GREATEST

" STEP ALLOWED DUE TO CONTINUOUS ENERGY L0OSS PROCESSES.
" NOTE THE USE OF ITS AUXILLIARY FUNCTION FTMX APPENDED TO ROOTMX.

" BECAUSE THE TMAX FUNCTION IS STRONGLY ENERGY DEPENDENT, IT WAS FOUND
" NECESSARY TO INCLUDE A CORRECTION FOR ENERGY LOSS IN IT. OTHERWISE THE

91



" UPPER LIMIT COULD BE GREATLY EXCEEDED - BY AS MUCH AS 50% IN SOME CASES. "
" CORRECTING FOR ENERGY LOSS NECESSITATES USING A ROOT FINDING METHOD TO "
" OBTAIN TMAX (HENCE THE NAME ROOTMX). TMIN IS ALSO STRONGLY ENERGY "
" DEPENDENT BUT IT DOES NOT MATTER WITHIN THE LOGIC OF THE CODE IF THIS "
" QUANTITY IS AS MUCH AS 50% HIGH SINCE NO PHYSICS CONSTRAINTS WILL BE "
" VIOLATED. "

" THE ZERO-FINDING ROUTINE IS A CRUDE ONE BASED ON THE ASSUMPTION THAT "
" THE FUNCTION FTMX IS MONOTONIC AND THAT THE FUNCTION EVALUATED AT THE TWO "
" STARTING POINTS RETURNS DIFFERENT SIGNS. IF THE SIGNS ARE THE SAME THEN "
" EITHER THE ENERGY-LOSS STEP-SIZE IS MORE RESTRICTIVE OR THE STEP-SIZE IS "
" BELOW TMIN. "

" ALTHOUGH THIS ROUTINE COMES WITH THE PRESTA PACKAGE IT IS REALLY "
" INDEPENDENT OF IT AND IT IS AN IMPROVEMENT OVER THE PREVIQUS TMXS METHODS."
" THE OLD TMXS ROUTINE ALLOWED BOTH THE TMAX AND TMIN BOUNDS TO BE VIOLATED."
" EXCEEDING TMAX TAKES ONE OUT OF THE REGION OF VALIDITY OF THE MOLIERE "
" THEORY STILL ALLOWING A MULTIPLE SCATTERING SELECTION BUT OF UNPREDICTABLE"
" WORTH. GOING LOWER THAN TMIN CAUSES THE MULTIPLE SCATTERING TO GET "
" SWITCHED OFF (STARTING WITH THE LOWER ENERGIES). THIS CAN SOMETIMES LEAD "
" TO CALCULATIONAL ARTIFACTS. ONE WORD OF CAUTION] USING THIS ROUTINE AT "
" VERY LOW ELECTRON ENERGIES .LE.10 keV CAUSES NEGATIVE USTEP ERRORS IF THE "
" OLD EGS PATHLENGTH CORRECTION ALGORITHM (BASED ON FERMI-EYGES THEORY) IS "
" USED. THE OLD EGS LESSENED THIS PROBLEM BY REDUCING THE UPPER LIMIT TO "
" 0.8 THE VALUE USED IN THIS ROUTINE. THE PRESTA PATHLENGTH CORRECTION DOES "
" NOT GIVE NEGATIVE USTEPS IN ANY OF THE CASES WE HAVE TESTED. "

" VERSION 1 ALEX BIELAJEW JAN. 86 "
" VERSION 1.1 ALEX BIELAJEW 0CT. 87 "
" Lower limit ESTEPE violation fixed "

11 ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok !

COMIN/USEFUL,USER/;

ESTEPE=ESTEP;

TMIN=2.718282+EI* (EI+2.*RM)/(BLCCC* (EI+RM) **2) ; "LOWER LIMIT, eq.(2-8)"
X1=TMIN; "INITIAL LOWER STARTING POINT OF THE SEARCH"
X2=ESTEPE+EI/EDEDX; "INITIAL UPPER STARTING POINT OF THE SEARCH"

"THIS IS THE FIX-UP FOR THE MINIMUM STEP-SIZE"
IF( X2 <= X1 ) [ROOTMX=X1;RETURN;]

F1=FTMX (X1,EI) ; F2=FTMX (X2,EI);
AF1=ABS(F1) ; AF2=ABS (F2) ;
SF1=SIGN(1.,F1) ;SF2=SIGN(1.,F2);

"FIRST CHECK TO SEE IF EITHER OF THE STARTING POINTS IS ALREADY GOOD ENOUGH."
IF((AF1 <= $ROOTMX_PRECISION) | (AF2 <= $ROOTMX_PRECISION)) [
IF(AF1 <= AF2) [ROOTMX=X1;]ELSE[ROOTMX=X2;]]

"NOW CHECK TO SEE IF EITHER THE ENERGY LOSS IS MORE RESTRICTIVE THAN THE "
"UPPER LIMIT TMAX (TRUE FOR HIGH ENERGIES) OR IF IT MORE RESTRICTIVE THAN "
"TMIN (TRUE FOR LOW ENERGIES WITH A SMALL ENOUGH ESTEPE). "
ELSEIF(SF1 = SF2) [RDOTMX=X2;]

"OTHERWISE A SEARCH FOR TMAX MUST BE UNDERTAKEN."

ELSE[ "ITERATE"

ITI=0; "NUMBER OF ITERATIONS COUNTER"

XL=X1; "LAST X FOUND"

:SEARCH-ROOT:LOOP[

ITI=ITI+1;

IF(ITI > 1000) [ "QUIT IF THIS HAPPENS"

OUTPUT; (> SEARCH FOR TMXS ABORTED. TOO MANY ITERATIONS’);STOP;]
XT=(X1*F2-X2%F1)/ (F2-F1);

IF(XT = XL) [ROOTMX=XT;EXIT:SEARCH-ROOT: ; "CONVERGENCE OBTAINED"]
FT=FTMX (XT,EI) ; AFT=ABS (FT) ;

IF (AFT <= $ROOTMX_PRECISION) [ROOTMX=XT;EXIT:SEARCH-ROOT: ;"CONVERGENCE OBTAINED"]
ELSE[ "RE-ITERATE"

SFT=SIGN(1.,FT);

IF(SFT = SF1) [X1=XT;F1=FT;AF1=AFT;SF1=SFT;]ELSE [X2=XT;F2=FT; AF2=AFT; SF2=SFT; ]
XL=XT; "UPDATE LAST X FOUND"

]

92



1 "END OF SEARCH FOR ROOT LOOP"
] "END OF ITERATE ELSE"
RETURN ; END;

FUNCTION FTMX(T,EI);

"When t=tmax as defined in eq.(2-10) this function returns 0. It is used by

"FUNCTION ROOTMX in the search for tmax.
COMIN/USEFUL,USER/;

"Energy dependent quantities are evaluated at the energy mid-point of the step.

"See section IV of the report PIRS-042.
EK=AMAX1(0.0001,EI-0.5*EDEDX*T) ; E=EK+RM; BETA2=EK* (E+RM) /E**2;
A=BLCCC/BETA2;G=XCC2/ (ExBETA2) **2;

FTMX=1./ALOG(A/G)-G*T;

RETURN;END;

HE
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SUBROUTINE RMARIN;

1 sk ok ok ok ke o ok ok ok ok ok s o ok sk ok Kok ok ko ok s o ok sk ok sk kK ok ok s sk o o sk sk sk Kk ok ok ok sk sk o ok sk ok sk kK ok k ok sk ok ok ok kK k!
COMIN/RANDOM/;

IF((IXX.LE.O) .0OR. (IXX.GT.31328)) IXX=1802; "SETS MARSAGLIA DEFAULT"
" BUG. In the following line the assignment previous to 90/09/18 "
" was to IXX. This DID NOT upset the randomness of the sequence,
" just the initial starting point. BLIF 90/09/18. "

IF((JXX.LE.O) .0R. (JXX.GT.30081)) JXX=9373; "SETS MARSAGLIA DEFAULT"

MOD (IXX/177,177) + 2;
MOD (IXX, 177) + 2;
MOD (JXX/169,178) + 1;
MOD (JXX, 169) ;

EPRGH

DO II=1,97[
S$=0.0;T=0.5;
DO JJ=1,24[
M=MOD (MOD (I*J,179)*K,179) ;
I=J;J=K;K=M;L=M0OD (53%L+1,169);
IF (MOD (L*M, 64) .GE.32) S=S+T;
T=0.5%T;

]
URNDM(II)=S;
]
CRNDM

CDRNDM
CMRNDM

362436./16777216. ;
7654321./16777216. ;
16777213./16777216. ;

IXX
JXX

97;
33;

RETURN;END;
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