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1. PRESTA-CG

1.1. Body O O O
PRESTA-CG*00 0000000 BodyDOODODOOOOODOO

1. 000 (RPP)
x,y-0 z00000000000000000000000000000000000

2. 0 (SPH)
00000000000 VOOOOOOooo

3. 00 (RCC)
Oo0o0oooooobooooobo vooooooooooooo gHoooooooooo
oo

4. 000 (TRC)
000000000000000 VOOOOOO0O00O000000000000 Ho 000
000000000000 RIO0 R2000000

5. 0000 (TOR)
000000000000000000000000 vOOO0O0O0O00000000000
00000 RIOOOOO0O0O0 R2000000000000000 (n: x/y/z=1/2/3)0
0000000000000000000 610000000 620000000000000
00000000061=0,00 62=2xr 0000

Table 1 Data requied to described each bosy type.

Body Type Inp. # Real Data defining Paticular Body

RPP # Xmin Xmax Ymin Ymax Zmin Zmax

SPH # Vx Vy Vz R

RCC # Vx Vy Vz Hx Hy Hz
R

TRC # Vx Vy Vz Hx Hy Hz
R1 R2

TOR # Vx Vy Vz R1 R2

01 62 n

1.2. 00000000

oboobobbodbDbedy OO0 bbb+, — 0O
orROO4Ooono

+ 00000 body DOOOODOOUOODOODObedy0 OO DODOOODDOOOOOOOOLDOO
OOO0-0C00O0bodyOOOOOODOOOOOObodyOOOOODDOOODOOOOOOODOOO
Body 00O ORODOOODOOOOOOODOOOROOOOOOOODOODOODOODOOODOODDO
orRO0OOOOOOOOOOODOOCOOODOOOODODOOOODOOOODOO orROOO
000000 DOORODOOODOORODODOOD OROODODOOODOODOODDOOOOOODOO
OD0O00O bodyODODODO4+ 0 —O000000O0O0O0DOOO

*JNC TN1410 2002-001 by T. Trii and T. Sugita[l] O Appendix A 0 00O



1.3. 0O000OOoOooOoD

(@)

(b) ©)

(d)

Figure 1: Examples of Combinatorial Geometry Method.

01000000000 (body2)O0OO (body 3) 000000000 OOODOOODOODODODO
0000000000 000000I(0 1) 0000000 0ODOODOOOOODOODOODODOOO
OI1od

I=+20R +3.
O000000O0O0O00ODO0OO IOObody20 body 300 DOOOOOODOOOODOODODOOO
googd

00000000000000000000000000000000000000(K)0000
000000000000 (@O0 J)o
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000000000 0body2000000body30000000000000
00000 K(d2)0000
K = +3.

U00bDooodibUObody 300 0O0O0ODDODODOODO
20000 bodyUOOODOODODOOOO+O0-0ORODODODOOOOOODOODOOCOD
goobobobobobbobbobobooboooooboboobobooboboboog

Figure 2: Use of OR operator.
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2. 000000000 ucphantom_cgpk.mor [ [0 [

ucphantom_cgpk.mor [0 0 ucphantom_reclk.mor 0 00 000 CGUOOOOOOODDOOOODO
ooooo

21. CcGO0OOOO

ucphantom reclk.mor0 OO OO OOOOOODOOOOOOOODOOOOOOOODOODOOOO
gooopooooooobd 1oemddobbo0d 20emdbobooobobobooooboon
(lemx lemx lem) 0 0000000000000 OOOO

Outside Vacuum Region

Water

Alr Phantom Air

x4 b

\l

Dose Calculation
Region

All bodies are written as RPP

Figure 3: Geometry of ucphantom_cgpk.mor.

00000000000 OPRESTA-CGOODOOOODOOODDOOOOO

RPP 1 -15.0 15.0 -15.0 15.00 -10.0 0.00
RPP 2 -15.0 15.0 -15.0 15.00 0.0 20.00
RPP 3 -0.5 0.5 -0.5 0.50 0.0 1.00
RPP 4 -0.5 0.5 -0.5 0.50 1.0 2.00
RPP 5 -0.5 0.5 -0.5 0.50 2.0 3.00



RPP 6 -0.5 0.5 -0.5 0.50 3.0 4.00
RPP 7 -0.5 0.5 -0.5 0.50 4.0 5.00
RPP 8 -0.5 0.5 -0.5 0.50 5.0 6.00
RPP 9 -0.5 0.5 -0.5 0.50 6.0 7.00
RPP 10 -0.5 0.5 -0.5 0.50 7.0 8.00
RPP 11 -0.5 0.5 -0.5 0.50 8.0 9.00
RPP 12 -0.5 0.5 -0.5 0.50 9.0 10.00
RPP 13 -0.5 0.5 -0.5 0.50 10.0 11.00
RPP 14 -0.5 0.5 -0.5 0.50 11.0 12.00
RPP 15 -0.5 0.5 -0.5 0.50 12.0 13.00
RPP 16 -0.5 0.5 -0.5 0.50 13.0 14.00
RPP 17 -0.5 0.5 -0.5 0.50 14.0 15.00
RPP 18 -0.5 0.5 -0.5 0.50 15.0 16.00
RPP 19 -0.5 0.5 -0.5 0.50 16.0 17.00
RPP 20 -0.5 0.5 -0.5 0.50 17.0 18.00
RPP 21 -0.5 0.5 -0.5 0.50 18.0 19.00
RPP 22 -0.5 0.5 -0.5 0.50 19.0 20.00
RPP 23 -0.5 0.5 -0.5 0.50 0.0 20.00
RPP 24 -15.0 15.0 -15.0 15.00 20.0 30.00
RPP 25 -20.0 20.0 -20.0 20.00 -20.0 40.00
END
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Z2 +3

Z3 +4

Z4 +5

Z5 +6

Z6 +7
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Z8 +9

Z9 +10

Z10 +11

zZ11 +12

Z12 +13

Z13 +14

Z14 +15

Z15 +16

Z16 +17

zZ17 +18

Z18 +19

Z19 +20

Z20 +21

Z21 +22

722 +2 -23

723 +24

724 +25 -1 -2 -24

END

1. 00O

000 (RPP)DOODOOO

e SNDET-00000000000000000 020

e 100000000000 OX-, Y-O00 30cm, 00 20cm
e 00000000 10emO000

2.0000

e 100kVO X0 (000000000 Oxraydat000000)

e J0000:0000000000000 (SPOSI)O0O0O

e 000000000000 XHBEAM*2(5¢cm) x YHBEAM*2(5¢m) 00 0 0 OXHBEAM
00 YHBEAMO OO OOOOOO0OO0O0000000

3. 00000
obob20000000000O0DbOO0O00bOOODODObOD

e« 00000000000 O00C0000O00O0ONON000000000000 (IMODE=0)
mortjob.pic0 00000000



e ]J00O0UDODODOUUDDOODODUODODUODDOOO (IMODE=1)
mortjob.out 0 0 OO OO

4. 0ODO40ODOO

(a) CGViewO OO OOODOOOO (IMODE=0)
e U0 UU (mortjob.pic)
e 000000 UOUODODOOOOlem x lemOODODODO0OOO0O0OO (lemO0O)
e J0UU0DUODDOUODUUDD (DDODODUUOUO 1em x lem 000000000
000000000000000000000000000000000)000Od
0000 oooooooooooboooooooa
(b) 000D0OO0DO0

ugboooooboobogod

gobboooobogn

gobooobobooboooo

Oooboboob XOoouobobUOboOxraydatDO OO OOOoOooobooooOoO
ggobobooobbood

00000000 lem x lem 0000000000 (lemOO)
googoo

gooboooobooobooboo

3. ygboouboaod

3.1. STEP 1
EGS400000000000DO0ODODODOODODOODOO0DO0O00O0 over-rideO00OOODODOO
000 MortranO OO0 O O0ODOOO0ODOOOOODDOOODOODOOOODOODOEGS40000
000000000 egsdmac.mortranJ OO0 00000000000 0OOOOOODOOOODODOO
000000000000 0000DEGS400000000DO0ODODO EGS40000000000
O000OOverride 0000 00000O0OOO0DODODOODODOODODOODOOODODOOOOOODOOO
00000000000 0000000000OORNGEND 0000 ORAN6O 010 00 DORANMAR I
0000oO0O0000oOO0O0O00O00ObO000b00b0o0bO0O0ODOO0bOO0000D0D0ODOD DRANMAR
oobboooooboooog
REPLACE {$RNGEN} WITH {0}
PRESTAUUODOUOUOOOO0ODOODOODOO0ODOOUODUOD $CALL-HOWNEAR 0 0 D0 O cgp.mac
0000000000 ducphantom reclk.mor D000 000000 ODODOOOOOOOONO
EGS4000000000000D0000000ODODOO0O0000ODOO0O0O0OO0000o0oOoond
00 Step 1000000DODO OO DO ucphantom_cgpk.mor 00 0 0 AUSGAB [ score 1O O 0 OO0
COMMON/TOTALUO O OO OO OODOO coMMON/PASSITUUO O ODUODOOOOOOODODO coMMon/

LINESO coMINO O OO OO0O0ooooonond

"COMMON to define variables to score at AUSGAB"
"IMODE: Calculation mode"

"DEPE:deposited energy inside the detector"
"FAXP:Exposure without phantom"

"FEXPS:Exposure at phantom surface"

REPLACE {;COMIN/TOTALS/;} WITH
{;COMMON/TOTALS/IMODE,DEPE ($NDET) ,FAEXP,FEXPS;}

"COMMON of geometry related parameter"

REPLACE {;COMIN/PASSIT/;} WITH
{;COMMON/PASSIT/NREG;}

"COMMON of DISPLAY parameter"

REPLACE {;COMIN/NFAC/;} WITH
{;COMMON/NFAC/FNORM, XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX ,NPRECT ; } "PICT"



opooooooo
goooooog
ucphantom_cgpk.

u
u
m

$PARAMETER O O
oooooooon O
oooooooo

or

000000000 O$PARAMETER
$PARAMETERO 0 D00 OODODOO
0 $PARAMETER O O O

gooogoo goood
goooodg gbooog
gooobono

PARAMETER $MATNO=2; "Number of material used 6/18/2002"
PARAMETER $NDET=20; "Detector number 6/18/2002"
PARAMETER $NXTYPE=1; "Number of source type."

PARAMETER $SENBIN=201; "Maximum source energy bin"

gboobooboboobbobooooboo
O0DD0O000000D0O0OD0O000OD coMMON(O DIMENSION O OO OOOOOOOEGS40 COMMON
gboobooboooooobooboboodod coMmMoNnd Qg

; COMIN/BOUNDS ,DEBUG,EDGE,ELECIN,ETALY1,GEOM,MEDIA ,MISC,NFAC,PASSIT,
THRESH, TOTALS,UPHIOT,USEFUL,USER/;

goobdgbbobGEMU Ocegp.macJUOOODODODODOOO0OODOOOOODOO coMINODODOOO
UUO0O0O0OONFAC, PASSIT, TOTALSU U O OOUOOUOODODOOOOOOOOOO

O00OPEGM4A00D0O0DOOODOODOOODODODOODOODOOOOODODOODODOODOOPEGS40
0000000000 00bO000b00 240000000000MEDARRODOOOOOOONO 24
O00DbOoooDoOb200000¢MATNO DD O000ODODOOODOOODOOODOOOOODODOD
PARAMETERO D OODDOOOOOO 20000000 20000

UNIT 7, 8U OPENL O UOUODODOOOOOLOOUOOOOOOODOOOOO0OODOOD OUNIT 12
00000 Uegsdruncgp 0 0000000000 O UOmortjob.xse(PC)(O O O mortjob.xsec: UNIX
000) 000000000000 0000000000O0000D0O0O0O000DO Uegsd4runcgp 0O
O000000U0UODegs4runcgp U 0O OO mortjobexeU D D ODODOOODOOODODODODO
gago

UNIT 10 OPENO DO OXODO0O0Oxraydat 0000000000 DOODODOOOOOO0OO
uon

3.2. STEP 2

gboooobooooobooooooooooooon
CGViewO OODOODOOOUONPRECI=20 00000

UboodgdNEcO 0000000 OccUUODOunOuonobouuondn D UONPRECI=20
gbodbccUubboboboobbbbooboooobbbboobouooboboon

0000000000000 (COCOD)0OODOOODONPRECI=200000OO00OO0ODOODODO
gopoobboboobbobooooboon

OO0 ouTPUT OO READ(G,x) OO0 ODOO0OODOOOOOOOODODOOODDOOODODOO
gdad

NPRECI=2; "O:precision of x-, y—, z-position in 4 digits PICT"
"1:precision of x-, y-, z-position in 8 digits PICT"
"2:x-,y-,z-position and energy in REAL. IR is added PICT"
" Use 2 for CG PICT"
" Medium number is output for 2 PICT"

OPEN(9,file="mortjob.pic’,status=’unknown’) ; "PICT"

NMED=$MATNO; "Number of medium used"

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

ITBODY=0;

IRPPIN=0; ISPHIN=0; IRCCIN=0; ITORIN=0; ITRCIN=0;
IZONIN=0; IZONAD=0;

ITVERR=0;

IGMMAX=0;

IFTI
IFTO = 6;
IF(NPRECI.EQ.2) [

90;



IFTO = 9;
WRITE(9, :FMT00:) ;
:FMTOO : FORMAT (°CSTA?) ;

]

CALL GEOMGT(IFTI,IFTO,IGMMAX,ITBODY);
IF(NPRECI.EQ.2) [

WRITE(9, :FMTO01:);
jFMTOl:FURMAT(’CEND’);

NREG=IZONIN;

MED (NREG)=0; "VACUUM REGIONS"

/MED (1) ,MED (NREG-1)/=2; "Air region"
/IRAYLR(1) ,IRAYLR(NREG-1)/=1; "Rayleigh scattering option on."

DO I=2,NREG-2 [

MED(I)=2; "Water phantom"

IRAYLR(I)=1; "Rayleigh scattering option on."
IEDGFL(I)=1; "1:Produce fluorescent X-ray"

n

0:Fluorescent X-ray does not produced."

]

IF(NPRECI.EQ.2) [ "PICT"
WRITE(9, :FMT02:); "PICT"
:FMT02:FORMAT (’MSTA?) ; "PICT"
WRITE(9, :FMT03:)NREG; :FMTO3:FORMAT(I4); "PICT"
WRITE(9, :FMT04:) (MED(I),I=1,NREG); :FMTO4:FORMAT(15I4); "PICT"
WRITE(9, :FMTO05:) ; "PICT"
:FMTO5 : FORMAT (’MEND’ ) ; "PICT"

]

OUTPUT; (° Key in mode. O:trajectory display, 1:dose calculation’);
READ(5,*) IMODE;

PEGS40000DO0ODOOO0DOOOOOCUAECOOO APOOODOODOOOOODOOODOOOO
Uo0DbO00000d AED APOODDDOOOODOODOO0O0ODLDOOO0OO0LODbODLDDDbOOO0OnO
gogooobbdob AEbboooboboooobbo ApO0DDODODO0OODOOOO0OOOOn
gbodoooooboboboooboooooooobboboooboooobboobooooobg
U ECUT, PCUTL DUOODODOOO0OO0OO0OO0ODODO AE, APOODOOOO0OODOOAE, APOOOODOOU
ECUT, PCUTL OO OOUODODOOOO0OODOODO AE, APODOOOO0OOOOONO ECUT, PCUT
gbooooobbooooooobooboooan

32.1. OO00OOO0ODOOO: EGSM4U000O0COODODOOOODOOOOOOOOOODOO
goobobooooboobbbooooooobooooobobooboobbboooobLOon
gogoboobooooboboooooobobobooboobooobooobog

1. 000000000 [1]
000000000000000000 (= mg/Ey radian; me:0 00000000 00 Ey:O
00000000)000000000000000000000000000000000
000 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 "

000000000000 0000O00DODOOO0OD coMIN/BREMPRR/; DO ODODODOODODO
goooon



2. 00000000000 0ODOODOOOOOO (2]
goboooboboobooboobobbooooboooobooooboboobobboboobobOoo
gobobooobooobobgoorIerpsTUOOUOOOUOOODOODOO

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

" d(Probability) sin(theta) "

" d(theta) 2xP[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 "

O00000obuobuobou0oUoboUobobDOUnboDb coMIN/BREMPRR/; U O OO DDOODODO
goooon

3.00000000 [3]
000000000000000000000000000000000000000000
D000O0O000O0IPHTER D OOOOOIPHTER DOOO OIEDGFL 00000000000
ooooo

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

0000000000000 0b0o0oDbobOO0DbDOO coMIN/USER/; 0 00O DODOODOODODO
ugood

4. 0000 Splitting[1]
OO00O0000OO000obO0o0O0obObO0oooDbooOoOoOoDDOOn SplittingO OO0
O000O0ODO00O0DODOO0O0 SplittingD DOOOODOOIBRSPL=1; 000000000
Splitting 0 ,NBRSPL, 0 0 00000000 O

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

"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 "

000000000000 0000O00DODOOO0OD coMIN/BREMPRR/; DO ODODODOODODO
goooon

3.3. STEP 3

SUBROUTINE HATCHO CALLO D O0ODODOOOOODDODODODDO stepO0O0O0O0ODODOODO
00000000 (0000000000000 U0ooooOO) 00000 O0oooOoObLUoOOoo
ggoboooboooogobobooobboobboboboobbobbobobooooooboooon
uggboobooboboooboboobboboooooooobooooooboooo



3.4. STEP 4

CG-PRESTAL D DU 0000000000 OccUOOOUODOnODOObOOObOOoonoOonn
gobogooooboooonbon
gdbooobooouooobboooobooouooooboogo

3.5. STEP 5

AusGaBOI DO OnDOoOobOobobooobobooobobbobobobbooboobboooan
ECNsC1iO0 00D O00DbO0ObO000bbooooonon

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)"

DO NNN=1,$NDET [
/DEPE (NNN) ,DEPEH (NNN) ,DEPEH2 (NNN) /=0.0;]

/FAEXP ,FAEXPS,FAEXP2S,FEXPS ,FEXPSS ,FEXPS25/=0.0;

DO I=1,$SENBIN [
?ASPEC(I)=0.0;

3.6. STEP 6

00000000000000000000000000 Oxraydat00O00000 100kV O X
00000000000000000000000000000000 (CDF)000000000
0000000000000000000 (NOFEBIN)OOOOOOOO OO (DELTAE:MeV 00)0
0000 X000 (SSPEC)00 OO

000000 (NCASES) 0 000 0000000000000 0000ONCASESOO00000
00000000000000000000000000000000000000000

0000000000000000 (XHBEAM, YHBEAM)O OO O OO000000000000
000000000000

$RNG-INITIALIZATION; 0 ORanmar 0 000000000 000000000000O0

III=0;
IQI=0;

DO IXTYPE=1,$NXTYPE [

READ(1,*) NOFEBIN(IXTYPE);

READ(1,*) DELTAE(IXTYPE);

READ(1,*) (SSPEC(IXTYPE,IE),IE=1,NOFEBIN(IXTYPE));
"Source X-ray spectrum of IXTYPE"]

:X-RAY TYPE:
QUTPUT; (’ Key in source type. 1:100kV’);

READ(5,*) IXTYPE;

IF(IXTYPE.EQ.0.OR.IXTYPE.GT.$NXTYPE) [
OQUTPUT; (° IXTYPE must be >0 <= $NXTYPE.’);
GO TO :X-RAY TYPE:;]

"Create CDF from spectrum"
NSEBIN=NOFEBIN(IXTYPE) ;
TNUM=0.0;

DO IE=1,NSEBIN [
%NUM=TNUM+SSPEC(IXTYPE,IE);

ECDF(1)=0.0;
DO IE=2,NSEBIN [

10



?CDF(IE)=ECDF(IE—1)+SSPEC(IXTYPE,IE)/TNUM;

"Create Energy bin"
DO IE=1,NSEBIN [
?BIN(IE)=(IE—1)*DELTAE(IXTYPE);

XI=0.0; YI=0.0; ZI=-SPOSI; "Coordinates of incident particle"
UI=0.0; VI=0.0; WI=1.0; "Direction cosines---along Z-axis"

XHBEAM=2.5; "Half width of beam in X-direction"
YHBEAM=2.5; "Half width of beam in Y-direction"
RADMA2=XHBEAM*XHBEAM+YHBEAM*YHBEAM ;
WIMIN=SPOSI/SQRT(SPOSI*SPOSI+RADMA2) ;

WTI=1.0; "Weight factor---not used in calculation, but is "

! a parameter in SUBROUTINE SHOWER; hence define as unity"
ICODE=-1; "An outputing parameter, invented to mark the "

" incident particles"

"Define IXX"
IXXST=987654321;
IXX=IXXST; "Random number generator seed"

$RNG-INITIALIZATION;

ECUTMN=ECUT(3); EKO=EBIN(NSEBIN) ; "*xPRESTSx*"
$PRESTA-INPUTS; "INPUT the *PRESTA* VARIABLES"
TOTKE=0.0;
:NEW-CASES:

QUTPUT; (° Key in number of cases (0O means end of calculation.)’);
READ(5,*) NCASES;
IF(NCASES.EQ.0) GO TO :End of Run:;

3.6.1. XOOOODOOOODOOO: wucphantom cgpkmor0 0 O0XOOOOOODOO1O00O
oooooooooooooooooOo0oOooooobooooDoooD
1. PARAMETER $NXTYPE=1; "Number of source type.” 00 0100000 XO0OOOOODODOOO

2. PARAMETER $SENBIN=201; "Maximum source energy bin” 0 2010 00000 XOOOOO
0000000 (NOFEBIN) O OO OOO

3. xray.dat 0 0000000000000 (000 (NOFEBIN)OO OO OO000 00 (DELTAE:MeV
00)00000 XOO (SSPEC)) 000000

4. X0OOOOOO0O0 (00000000 372-37400)000000000 060kV, 80kV [
0 100kVO 0000000 (000000000 060kV,80kV,100kvO 000000000
00)o00

:X-RAY TYPE:
OUTPUT; (’> Key in source type. 1:100kV’);
READ(5,*) IXTYPE;

g

:X-RAY TYPE:
OUTPUT; (’> Key in source type. 1:60kV, 2:80kV, 3:100kV’);
READ(5,*) IXTYPE;

gogogdg
5. Db OoOoOoboooooboboooooD

11



WRITE(7,:FMT11:) SPOSI;

:FMT11:

FORMAT(///’ Absorbed energy inside phantom for 100 kV X-ary’/
> Source position ’,F10.1,’ cm from phantom surface’/

> Within 1cm x 1cm area after 10 cm air’);

g

IF(IXTYPE.EQ.1) [IXEN=60;]

ELSEIF(IXTYPE.EQ.2) [IXEN=80;]

ELSE [IXEN=100;]

WRITE(7,:FMT11:) IXEN,SPOSI;

:FMT11:

FORMAT(///’ Absorbed energy inside phantom for ’,I4,’kV X-ary’/
> Source position ’,F10.1,’ cm from phantom surface’/

> Within 1cm x 1cm area after 10 cm air’);

goaooo

3.7. STEP 7

000000000000 SUBROUTINE SHOWERO CALLO DEGS40 0000000 OO Ducphan-
tom_cgpk.mor 00 OSPOSIO 00O O0O0OOODOOOOOOOOOOOOOOOODODOOOO
oXoooooooboooboooobooboooooooooogooobbboboobogoob o
0oooboodD 10em0000000O-sPOSIOOZIDODOOOOXI=0.0; YI=0.0OOOODO
loemd 00000 O00obOo0DOoOooOooOoo0 X, Y-OOOooo gxI, YIODDODOODOO
gboobooobooobooboob IrI=1 0000

gbogooboobooobooobooooobobooooboobobobobooooooooo
goobooooboboboobdooobuobouoobobooobooooooooboooooboooon
gbooobooooobooboobboobbobobobobog

DO J=1,NCASES [

"Determine direction of source"
:ANGLE:

$RANDOMSET WO;
WI=WO*(1.0-WIMIN)+WIMIN;
$RANDOMSET PHAIO;
PHAI=PI*(2.0*xPHAIO-1.0);
SINTH=SQRT(1.0-WI*WI);
UI=COS(PHAI)*SINTH;
VI=SIN(PHAI)*SINTH;

DIS=SPOSI/WI; "Distance between source and pahntom surface"
XPF=DIS«UT; "X position at phantom surface"
YPF=DIS*VI; "Y position at phantom surface"
IF (ABS(XPF) .GT.XHBEAM.OR.ABS(YPF) .GT.YHBEAM) GO TO :ANGLE:;

IF(SPOSI.GT.10.0) [
DISAIR=(SP0OSI-10.0)/WI; "Distance between source and air surface"

XI=DISAIR*UI; "X position at air surface"
YI=DISAIR*VI; "Y position at air surface"
ZI=-10.0;]

ELSE [/XI,YI/=0.0; ZI=-SP0SI;]

IRI=1;

"Determine source energy from CDF"
$RANDOMSET EIO;

DO IE=2,NSEBIN [

%F(EIO.LT.ECDF(IE)) [GO TO :ENERGY-CAL:;]

12



:ENERGY-CAL:
IF(IE.GT.NSEBIN) [IE=NSEBIN;]
SASPEC(IE)=SASPEC(IE)+1.0;

EI=EBIN(IE-1)+(EIO-ECDF (IE-1))*(EBIN(IE)-EBIN(IE-1))/
(ECDF (IE)-ECDF (IE-1));

EKIN=EI+IQI*PRM; "K.E. of particle---PRM is the electron rest mass"
TOTKE=TOTKE+EKIN;
LATCHI=0;

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

"Add absorbed energy per incident and it square"
DO KKK=1,$NDET [

DEPEH (KKK ) =DEPEH (KKK) +DEPE (KKK) ;

DEPEH2 (KKK) =DEPEH2 (KKK ) +DEPE (KKK ) *DEPE (KKK) ;
DEPE (KKK)=0.0;]

"Add exposure with and without phantom and its square"
FAEXPS=FAEXPS+FAEXP;

FAEXP2S=FAEXP2S+FAEXP*FAEXP;

FAEXP=0.0;

FEXPSS=FEXPSS+FEXPS;
FEXPS2S=FEXPS2S5+FEXPS*FEXPS;
FEXPS=0.0;

"END OF SHOWER-CALL LOOP"

3.71. OOOO: O0000O00OD0OOO0DOOOOOCODOOLDOODUOODODDODOOO
000000000 00000D000D0D0OD0DOOucphantom_cgpk.mor 00 OO0 O OO MCNP [
gobooboobbooooon

e J0O0DOOO NOODODO

e ;1 i000000O0ODOO0ODOOODOO

e xJ00ODODOODOODO:

3
T=—)> x (1)
N i=1
e x; 000000O0ODODODODDOOOO:
1 — 1
2_—N—1 (2 —7)* ~ 22 — 7 ($2:NZ:%2) (2)
i=1 i=1

ez UIOODODO . .

52 = N82 ~ N[F — 77 (3)
goon

e NOODOOOOO o

_ 1 z? 1/2
R=sz/z ~[5(— —1)] / (4)

goooo

gooooobbobboboboboboooooooboboboooboooo
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3.8. STEP 8

ugoooooboooboooboooo
oo Xooooooooooo Xoo
O00000)00oo0o0oooooooo

gogobodoboooooooooboobooo

g gogdg
goooo0oOoOoO0OOOODO0ODOOODOUOO0OO (Dooo

DO IE=2,NSEBIN [

?ASPEC(IE)=SASPEC(IE)/FLOAT(NCASES);

IF(IMODE.NE.O) [
WRITE(7, :FMT09:) ;

:FMT09:
FORMAT(//’ Comparison between sampled spectrum and original data’/
23X, Sampled Probability’,25X,”’ Sampled Probability’);

DO IE=2,NSEBIN,2 [

WRITE(7, :FMT10:) EBIN(IE),SASPEC(IE),ECDF(IE)-ECDF(IE-1),EBIN(IE+1),
SASPEC(IE+1) ,ECDF(IE+1)-ECDF(IE);

:FMT10:FORMAT(1X,G9.3,’ MeV(upper)-- ’,2G12.5,3X,

’; 2,G9.3,° MeV(upper)-- ’,2G12.5);

]

WRITE(7,:FMT11:) SPOSI;
:FMT11:
FORMAT(///’ Absorbed energy inside phantom for 100 kV X-ary’/

> Within 1cm x 1cm area after ’,F10.1,’ cm air’);

WRITE(7,:FMT12:) NCASES, XHBEAM,YHBEAM;

:FMT12:FORMAT(1X,I8,’ photons normally incident from front side’/

>’ Half wodth of beam is ’,G15.5,’cm for X and ’,G15.5,’cm for Y’);]

gobobboooobobbobboobobooodt 1lemdboggoboobobobOoO
ggboooboooobooboo
gbobobooboobooooboobobooobeensviggoouooooanon

3.9. SUBROUTINE AUSGAB

AUSGABD 00000 DODDDDDODDOOODOONDOODOOOO

000000000000 D0000 200 21000000IRLOOOOOOOOOOOOOO0O
ODIDET=IRL-1; 00 0000000000000 00000

0000000000000 000000000000000000000000000000
0000000000000 00D00000000000000000000000D0DD0ODOO
O0000D0Z-00000000000000000 (00000000000000000000)
00000000000 000D00OD0000000000000000000N0oOwNe)ODO0
O0O0O0OO0OO0OOLATCH(NP) O 100000 000000000 DODD0O0O0O0O00ODD0O0OO

00000000000 000000D00000 SUBROUTINED 00 O
IRL=IR(NP) ;

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;

IF(W(NP) .LT.0.0) [LATCH(NP)=1;]

IF(IRL.GE.2.AND.IRL.LE.21) [
"Detector region"
IDET=IRL-1;
IF(IDET.GT.0.AND.IDET.LE.$NDET) [
?EPE(IDET)=DEPE(IDET)+EDEP/RHOR(IRL);

"IF(IRL.NE.IROLD.AND.IQ(NP).EQ.O) [ photon cross plane"
"Changed not to include photons from detection plane. 8/23/2002 HH"
IF((IRL.NE.IROLD).AND.IQ(NP).EQ.O0) ["photon cross plane"

IF((W(NP).GT.0.0.AND.IRL.EQ.2).0R. (W(NP).LE.0.0.AND.IROLD.EQ.2)) [
"Calculate exposure at phantom surface"

IF (ABS(W(NP)).GE.0.0349) [CMOD=ABS(W(NP));]

14



ELSE [CMOD=0.01745;]

ESING=E(NP);

DCON=ENCOEA (ESING) ; "PHOTX data"
FEXPS=FEXPS+E (NP) *DCON*DPWT/CMOD;
IF(W(NP).GT.0.0.AND.LATCH(NP) .EQ.0) [
]]FAEXP=FAEXP+E(NP)*DCON*DPWT/CMOD;]

]
IF(IMODE.EQ.O) [

?ALL PLOTXYZ (IARG,NP,IQ(NP),X(NP),Y(NP),Z(NP),E(NP),IR(NP),WT(NP)); "PICT"

3.10. SUBROUTINE HOWFAR

HOWFARO OO OOOOO0oOOobObOO00ooobobooooboooobooobboooonbog
ugobobouooobobbobooobobobboobboboooobobbboboobboooa
oooooooobbooboboboobOodOcee-PRESTANODDODODODDODOODODOODDOO
ggbobooobobobooobooboon

4. ucphantom_reclk.mor [0 ucphantom_cgpk.mor O OO0 00000

000D00000bO000oooocGOoOoooooOoooooDOoooooDooonoooDoaog
HOWFARO OO OOOODODODOODODODODOOOO0ODODODODO0OO0000o0oD0ooooonooooood
ucphantom_reclk.mmor[] ucphantom cgpk.mor 0 00 00 000 OO0 OO0 Oucphantom reclk.mor
000 950000000000000000

5. yggn

51. 000000000 Cs-13700000
. 0000 0obboobobbboo0o0boo0oUoboUn EI=0.662; 000

2. 000000Cs-37000D000O00ODODODODOOOOO

52. 000000000 Co-6000000

. 0gobooobobobooo1goob bosbbbOb0ObLODDODEI=LIT3; O 050
000oDbO0b000D0EI=1332, 0000000000
googod

2. Co-600000000DODO0ODOOODODO

53. DOUODLOO0ODOO0O0OUODLODbDOO0

1. 0000 3emO00000000O03-13em0 0000 0.3g/ecm®) 00000000 3em 000
gbobooboooon

e U000 body260 000 03-B3em 0000 0OOCOOOOOOOOOOO 220000000
oooooooboo1bgogood

RPP 1 -15.0 15.0 -15.0 15.0 -10.0 0.00
RPP 2 -15.0 15.0 -15.0 15.0 0.0 20.0
RPP 3 -0.5 0.5 -0.5 0.5 0.0 1.00
RPP 4 -0.5 0.5 -0.5 0.5 1.0 2.00
RPP 5 -0.5 0.5 -0.5 0.5 2.0 3.00
RPP 6 -0.5 0.5 -0.5 0.5 3.0 4.00
RPP 7 -0.5 0.5 -0.5 0.5 4.0 5.00
RPP 8 -0.5 0.5 -0.5 0.5 5.0 6.00
RPP 9 -0.5 0.5 -0.5 0.5 6.0 7.00
RPP 10 -0.5 0.5 -0.5 0.5 7.0 8.00
RPP 11 -0.5 0.5 -0.5 0.5 8.0 9.00
RPP 12 -0.5 0.5 -0.5 0.5 9.0 10.00
RPP 13 -0.5 0.5 -0.5 0.5 10.0 11.00
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RPP 14 -0.5 0.5 -0.5 0.5 11.0 12.00
RPP 15 -0.5 0.5 -0.5 0.5 12.0 13.00
RPP 16 -0.5 0.5 -0.5 0.5 13.0 14.00
RPP 17 -0.5 0.5 -0.5 0.5 14.0 15.00
RPP 18 -0.5 0.5 -0.5 0.5 15.0 16.00
RPP 19 -0.5 0.5 -0.5 0.5 16.0 17.00
RPP 20 -0.5 0.5 -0.5 0.5 17.0 18.00
RPP 21 -0.5 0.5 -0.5 0.5 18.0 19.00
RPP 22 -0.5 0.5 -0.5 0.5 19.0 20.00
RPP 23 -0.5 0.5 -0.5 0.5 0.0 20.00
RPP 24 -15.0 15.0 -15.0 15.0 20.0 30.00
RPP 25 -20.0 20.0 -20.0 20.0 -20.0 40.00
RPP 26 -15.0 15.0 -15.0 15.0 3.0 13.00
END

Z1 +1

zZ2 +3

Z3 +4

zZ4 +5

Z5 +6

Z6 +7

Z7 +8

Z8 +9

Z9 +10

Z10 +11

Z11 +12

Z12 +13

Z13 +14

Z14 +15

Z15 +16

Z16 +17

Z17 +18

Z18 +19

Z19 +20

Z20 +21

Z21 +22

222 +2 -23 -26

Z23 +26 -23

24 +24

Z25 +256 -1 -2 -24

END

e 100DIDODODOUIO0D3em-13em 000 (D0OODODO 5-1423)0000 03000

DO I=2,NREG-2 [
MED(I)=1; "Water phantom"
%F((I.GE.S.AND.I.LE.14).OR.I.EQ.23) [RHOR(I)=0.3;]

54. 00 000UO0OODLDOOO
1. 000000 3em O 000000 2emO000000000000000O00O0O0O0OO

2. 0000X,Y-OODObUOooooooooooboooo
e 000 body27r0 000 DOOOODOOOOOODOO 24000000000 23
1

gogooo
goobbogooboobbobooooobobobD10oobooon

RPP 1 -15.0 15.0 -15.0 15.0 -10.0 0.00
RPP 2 -15.0 15.0 -15.0 15.0 0.0 20.0
RPP 3 -0.5 0.5 -0.5 0.5 0.0 1.00
RPP 4 -0.5 0.5 -0.5 0.5 1.0 2.00
RPP 5 -0.5 0.5 -0.5 0.5 2.0 3.00
RPP 6 -0.5 0.5 -0.5 0.5 3.0 4.00
RPP 7 -0.5 0.5 -0.5 0.5 4.0 5.00
RPP 8 -0.5 0.5 -0.5 0.5 5.0 6.00
RPP 9 -0.5 0.5 -0.5 0.5 6.0 7.00
RPP 10 -0.5 0.5 -0.5 0.5 7.0 8.00
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RPP 11 -0.5 0.5 -0.5 0.5 8.0 9.00
RPP 12 -0.5 0.5 -0.5 0.5 9.0 10.00
RPP 13 -0.5 0.5 -0.5 0.5 10.0 11.00
RPP 14 -0.5 0.5 -0.5 0.5 11.0 12.00
RPP 15 -0.5 0.5 -0.5 0.5 12.0 13.00
RPP 16 -0.5 0.5 -0.5 0.5 13.0 14.00
RPP 17 -0.5 0.5 -0.5 0.5 14.0 15.00
RPP 18 -0.5 0.5 -0.5 0.5 15.0 16.00
RPP 19 -0.5 0.5 -0.5 0.5 16.0 17.00
RPP 20 -0.5 0.5 -0.5 0.5 17.0 18.00
RPP 21 -0.5 0.5 -0.5 0.5 18.0 19.00
RPP 22 -0.5 0.5 -0.5 0.5 19.0 20.00
RPP 23 -0.5 0.5 -0.5 0.5 0.0 20.00
RPP 24 -15.0 15.0 -15.0 15.0 20.0 30.00
RPP 25 -20.0 20.0 -20.0 20.0 -20.0 40.00
RPP 26 -15.0 15.0 -15.0 15.0 3.0 13.00
RPP 27 -15.0 15.0 -15.0 15.0 6.0 8.00
END

Z1 +1 -2

zZ2 +3

Z3 +4

zZ4 +5

Z5 +6

Z6 +7

Z7 +8

Z8 +9

Z9 +10

Z10 +11

Z11 +12

Z12 +13

Z13 +14

Z14 +15

Z15 +16

Z16 +17

Z17 +18

Z18 +19

Z19 +20

Z20 +21

Z21 +22

722 +2 -23 -26

Z23 +26 -23 -27

24 +27 -23

Z25 +24

726 +25 -1 -2 -24

END

e NUOODOOOODOODLOOOODLDOODLODODOO

DO I=2,NREG-2 [

MED(I)=2; "Water phantom"
IF((I.GE.5.AND.I.LE.7).0R.(I.GE.10.AND.I.LE.14).0R.I.EQ.23)
{RHOR(I)=O.3;]

5.5. DO UODOODOOODO
1. 0000000 sem-6cm 000000000 0OOOODOOOO

e pegsd 1 000000 DOO00UODODOO (FE-IAPRIMOOODOOODODDOOOODO I

e JJIDOUOUDOO bodykdatOODOOOD (D00 body k 0D ODOODODODDOODDOOOO
000000000000000o0OO0)

e D000 OUOODLOODLOODOOODOODLDO
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PARAMETER $MATNO=3;

$TYPE MEDARR(24,$MATNO) ;

DATA MEDARR/$S’WATER-IAPRIM-PHOTX’,6% ’ °,
$S?ATR-AT-NTP-IAPRIM’ ,7% *> 7,
$S’FE-IAPRIM’,15%’ ’/;

NMED=$MATNO; "Number of medium used"
DO J=1,NMED [DO I=1,24 [MEDIA(I,J)=MEDARR(I,J);]]

e OO 300000 body260 00000

RPP 1 -15.0 15.0 -15.0 15.0 -10.0
RPP 2 -15.0 15.0 -15.0 15.0 0.0
RPP 3 -0.5 0.5 -0.5 0.5 0.0
RPP 4 -0.5 0.5 -0.5 0.5 1.0
RPP 5 -0.5 0.5 -0.5 0.5 2.0
RPP 6 -0.5 0.5 -0.5 0.5 3.0
RPP 7 -0.5 0.5 -0.5 0.5 4.0
RPP 8 -0.5 0.5 -0.5 0.5 5.0
RPP 9 -0.5 0.5 -0.5 0.5 6.0
RPP 10 -0.5 0.5 -0.5 0.5 7.0
RPP 11 -0.5 0.5 -0.5 0.5 8.0
RPP 12 -0.5 0.5 -0.5 0.5 9.0
RPP 13 -0.5 0.5 -0.5 0.5 10.0
RPP 14 -0.5 0.5 -0.5 0.5 11.0
RPP 15 -0.5 0.5 -0.5 0.5 12.0
RPP 16 -0.5 0.5 -0.5 0.5 13.0
RPP 17 -0.5 0.5 -0.5 0.5 14.0
RPP 18 -0.5 0.5 -0.5 0.5 15.0
RPP 19 -0.5 0.5 -0.5 0.5 16.0
RPP 20 -0.5 0.5 -0.5 0.5 17.0
RPP 21 -0.5 0.5 -0.5 0.5 18.0
RPP 22 -0.5 0.5 -0.5 0.5 19.0
RPP 23 -0.5 0.5 -0.5 0.5 0.0
RPP 24 -15.0 15.0 -15.0 15.0 20.0
RPP 25 -20.0 20.0 -20.0 20.0 -20.0
RPP 26 -15.0 15.0 -15.0 15.0 5.0
END

e J0UOODOO (7,8,23)00000O0O0OOOOOO

DO I=2,NREG-2 [

MED(I)=1; "Water phantom"
IF(I.EQ.7.0R.I.EQ.8.0R.I.EQ.23) [MED(I)=3; "Fe region"]
]

5.6. 00O

gooobuobooboooouoooooooog
e JO0DDOUDLODODOOXUOUODOD
e NOOODDDODUOODLOOOOODO

oboooooobbo0 1lemOOD0OOO0OOO

uboobooooobd
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Appendix 1 Full listings of ucphantom cgpk.mor

'INDENT C6;

'INDENT M3;

! INDENT F2;

11 s s s o o s s s s o s s s s s ok ok ok ok ok ok ok sk sk sk sk sk oo s sk ok o s s ok ok ok ok ok sk sk sk sk s sk sk s s o o ok ok ok ok ok sk sk sk sk sk ook sk ok ok !
"aekkokokkokokokkokokkokokokokokkkokkkkokokokokkk - High Energy Accelerator Research
"**x*xUCPHANTOM_CGPK *x*%*x Organization (KEK) "
"ok skok kokok Kok kkok Kok kkokkokkokkokkkokkokx  EGS4 USER CODE -- 11 Aug 2003/1800"
11 s s s o o s s s s s s s s s s ok ok ok ok ok ok ok sk sk sk sk sk oo s sk ok sk s s ok ke ok ok ok sk sk sk sk sk sk s s o ok ok ok ok ok ok sk sk sk sk sk ok sk sk ok ok !
"Pro%rammer H.Hirayama (KEK)

'ucphantom geometry using PRESTA-CG.

"mortjob. plc is used as the trajectory file for Cgview.
"EGS4 user’s code to simulate irradiation of phantom.
"28N0V2001: PLOTXYZ is modified to correct the treatment of "
" discarded particle.
"310CT2002: PLOTXYZ is modified to set a particle energy to that of"
" starting point of each line. "

"15JAN2003: Revised to output in REAL (NPRECI=2) for CG. "

IR is added to argument and output. Y. Namito "
"21APR2003: WT is added to argument and output Y. Namito "
n n
11 ok sk sk s s s o ok ok sk sk s o sk ok ok sk o sk ok ok sk s s o ok sk sk sk sk sk sk ke sk sk sk sk ke ok sk sk sk ke ok sk sk sk ok ke sk sk sk ok ok ok sk sk sk ok kk ok !
0,
%C80
!NEWCONDITIONAL;

"STEP 1. USER-OVER-RIDE-0F-EGS-MACROS"

"Select random number generater: 0=RAN6 1=RANMAR "
"RANMAR is a Lagged-Fibonacci Method pseudo random number generator
"dev1sed by George Marsaglia and Arif Zaman.

REPLACE {$RNGEN} WITH {0}

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

[IF] {COPY B}=1 [
"This is ranmar.correlations (SID 1.8 last edited 18 Dec 1996)"
" by Alex F Bielajew
"RANDOM VARIABLE COMMON"
"RANDMO, RANNDM1, RANDM2 ARE SHADOW AREAS USED FOR CORRELATIONS"
COMMON/RANDOMM/URNDM(Q?) CRNDM, CDRNDM, CMRNDM, IXX,JXX,IDUM2 ;
COMMON/RANDMO/UDMO(97) CDMO CDDMO CMDMO IXXDMO JXXDMO
COMMON/RANDMl/UDMl(Q?), CDM1, CDDMl, CMDM1, IXXDMl,JXXDMl;
COMMON/RANDM2/UDM2(97), CDM2, CDDM2, CMDM2, IXXDM2,JXXDM2;
REAL URNDM,CRNDM,CDRNDM,CMRNDM,UDMO, CDMO cbbMO,CMDMO,UDM1,CDM1,
CDDM1, CMDMl UDM2,CDM2, CDDM2 CMDM2 r4o
INTEGER IXX,JXX, IDUM2 IXXDMO JXXDMO IX DM1 JXXDM1,IXXDM2,JXXDM2,
IXXIN,JXXIN;

]
X
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) EOUTPUT (> 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.0) IXX=97;

JXX=JXX-1; IF(JXX.EQ.0) JXX=97:

CRNDM=CRNDM-CDRNDM; IF(CRNDM.LT.Q.) CRNDM=CRNDM+CMRNDM;
]{P1}={P1}—CRNDM; IF({P1}.LT.0.) {P1}={P1}+1.;

}

"This should be called somewhere near the beglnnlng 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[
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$RANDOMSET XRANM;
%F(II G? 20000) OUTPUT (MOD (INT (XRANM*16.**JJ) ,16) ,JJ=1,7);
8X,7I3

Select Fortran Compiler. "
Lahey Fortran = 1 "
Microsoft Fortran = 2 "
" Other PC = 3 (default) "
" g77 on Windows = 4 "
" Sun UNIX Workstation and Linux = 5 "
" Other UNIX Workstation =6 "

REPLACE {$TIMERSET;} WITH {;}

REPLACE {$TIME-NOW#:;} WITH {
{SETR B=$COMPILER}
[TF] {COPY B}=1 [CALL TIMER({P1});]

[TF] {COPY B}=2 [CALL GETTIM(IHR,IMIN,ISEC,I100);
{P1}= (THR*3600+IMIN*60+ISEG) *100+1100;]
[IF] {COPY B}=3 [{P1}=0.0;]
[IF] {COPY B}=4 [TT=ETIME(TARRAY);
{P1}=TARRAY (1)%100.0;]
[IF] {COPY B}=5 [TT=ETIME (TARRAY);
{P1}=TARRAY (1) *100.0;]
[IF] {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}

{copy
{copPy
{copPy
{copPy
{copy
{copy

[;]
[g]

[REAL TARRAY(2);]
[REAL TARRAY(2):]

’

1

"COMMON to define variables to score at AUSGAB"
"IMODE: Calculation mode"

"DEPE: deposited energy inside the detector"
"FAXP: Exposure without phantom"

"FEXPS: Exposure at phantom surface"

REPLACE {;COMIN/TOTALS/;} WITH
{;COMMON/TOTALS/IMODE,DEPE ($NDET) ,FAEXP ,FEXPS; }

"COMMON of geometry related parameter"

REPLACE {;COMIN/PASSIT/;} WITH
{; COMMON/PASSIT/NREG; }

"COMMON of DISPLAY parameter"

REPLACE {;COMIN/NFAC/;} WITH
{; COMMON/NFAC/FNORM,XMIN,XMAX , YMIN, YMAX , ZMIN,ZMAX ,NPRECI;}

11 sk sk ok ke ke o ok sk ok ok e o o sk Kk K R ok e o o s ok sk sk K Rk e ok o o sk s sk Kk K K ok s ke o ok sk ok sk kK ok sk ok ok sk k kK
Wakckkok kokokokkokokkkokkkkkk ADDITIONAL (NON-EGS) MACROS skkskok sk skokokok sk ok sk ok ok kk ok !
1 s sk sk ok ok e ok ok sk sk ok ok e ok ok ok sk ok ok ok ok ok ok s ok ok ok ok sk sk ok ok ok o s o ok ok sk sk sk ok sk ok ok ko s ok ok ok ok sk sk ok ok ks ok ok ok ok k kK

PARAMETER $MATNO=2;
PARAMETER $NDET=20; "Detector number"
PARAMETER $NXTYPE= 1 "Number of source type."

PARAMETER $SENBIN=201; "Maximum source energy bin"

"Number of material used"

1ok sk e ok ok ke ok ok ok ok ok ok ok ok ke ok sk ok s ok ok sk ok ke ok s ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok sk ok sk sk ok ok ok ke ok ok ok ok sk sk ok ok sk ok ok k!
Mok ok ok ok ok ok ok ok sk ok ok ok ok ok okok ok ok ok sk sk sk k ok kk DECLARAT T ONS ok ok ok ok ok ok ok ok ok sk ok ok sk sk sk ok ok ok ok ok ok sk ok okok ok !
11 ke ok ok ok ok e ok ok ok ok sk ok ok ok ok o ok sk ok sk ok ok ok ok e ok sk ok s ok sk ok sk ok ok ok ok ke ok ok ok sk ok sk ok sk ok ok ok ok ok ok s ok sk ok ok sk ok ok ok ok ok k!

"PICT"
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; COMIN/BOUNDS ,DEBUG,EDGE,ELECIN,ETALY1,GEOM,MEDIA ,MISC,NFAC,PASSIT,
THRESH, TOTALS ,UPHIOT ,USEFUL,USER/;
"COMMON/NFAC2/NPRECI; PICT"

"COMMONS NEEDED"
COMMON/LINES/NLINES,NWRITE,ILINES; "TO KEEP TRACK OF LINES-PRINTED"
DIMENSION DEPEH($NDET) ,DEPEH2($NDET) ,DOSE ($NDET) ,DOSE2 ($NDET) ,
ERROR ($NDET) , IDMED ($NDET) ;

DIMENSION EBIN($SENBIN),NOFEBIN ($NXTYPE) ,DELTAE ($NXTYPE),
‘ SSPEC ($NXTYPE, $SENBIN) ,ECDF ($SENBIN) , SASPEC ($SENBIN) ;
TIME-DIM;
$ENERCY PRECISION EKIN,TOTKE,ETOT; "DOUBLE PRECISION KLUDGE"
$TYPE  MEDARR (24, $MATNO) ;
DATA MEDARR/$S’WATER-IAPRIM-PHOTX’,6%’ 7,

$S’AIR-AT-NTP-IAPRIM’ ,7%’ °/;

COMIN/RANDOM/; "Located here to avoid FORTRAN 77 Diagonostic"

11 ke ok ok ok ok e ok ok ok ok sk ok ok ke ok sk ok sk ok sk ok ok ok ok ke ok sk ok s ok sk ok sk ok ok ok ok ke ok ok ok sk ok sk ok sk ok sk ok ok ok ok s ok ok ok ok sk ok ok ok ok ok k1!
Wakokokokokokkkkkkkkk START OF EXECUTABLE CODE sk sk sk ok ok ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok sk ok okok o !
1ok sk e 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 sk ok ok ok sk ok ok ok sk ok sk ok sk ok sk sk ok ok ok ke ok ok ok ok sk sk ok ok sk ok ok k!

OPEN(1,file=’xray.dat’); "data of source x-ray"
OPEN(7,file="mortjob.out’);
OPEN(8,FILE="mortjob.dum’);
OPEN(12,FILE="body.dat’,status=’0ld’);

OPEN (UNIT=90,FILE="USER.F90’,STATUS=’UNKNOWN’) ;

10 ok 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 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 sk ok ok ok 1!

"sokokokokkkk STEP 2. PRE-HATCH-CALL-INITIALIZATION COMES NEXT kkkkkx"
1 sk sk ok ok s ok ok sk sk ok ok sk ok sk sk sk ok sk ok ok ok ok s sk ok sk sk sk sk ok ke ok ok s sk ok ok sk sk sk ok sk ok ok sk sk sk ok ok sk sk sk sk ok ke ok ok sk sk ok ok sk ok k ok

NPRECI=2; "O:precision of x-, y-, z-position in 4 digits PICT"
"1:precision of x-, y-, z-position in 8 digits PICT"
"2:x-,y-,z-position and energy in REAL. IR is added PICT"
" Use 2 for CG PICT"
" Medium number is output for 2 PICT"

OPEN(9,file=’mortjob.pic’,status=’unknown’); "PICT"

NMED=$MATNO ; "Number of medium used"

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

ITBODY=0;

IRPPIN=0; ISPHIN=0; IRCCIN=0; ITORIN=0; ITRCIN=0;
IZONIN=0;IZONAD=0;

ITVERR=0;

IGMMAX=0;

IFTI = 90;

IFTO = 6;

IF(NPRECI EQ.2) [
IFTO =

WRITE(9, *FMT00: )
:FMTOO: FORMAT( CSTA’);

)|

CALL GEOMGT(IFTI,IFTO,IGMMAX,TTBODY);
IF(NPRECI.EQ.2) |
WRITE(9, :FMTO1:);
]FMT01 -FORMAT (’ CEND?) ;

NREG=IZONIN;

MED (NREG)=0; "VACUUM REGIONS"

/MED (1) ,MED (NREG-1) /=2; "Air region"
/IRAYLR(1) ,IRAYLR(NREG-1)/=1; "Rayleigh scattering option on."

/IEDGFL (1) ,IEDGFL(NREG-1)/=1; "1:Produce fluorescent X-ray"
" 0:Fluorescent X-ray does not produced."

DO I=2,NREG-2 [

MED(I)=1; "Water phantom"

TRAYLR(I)=1; "Rayleigh scattering option on."

IEDGFL(I)=1; "1:Produce fluorescent X-ray"

" 0:Fluorescent X-ray does not produced."

]

IF(NPRECI.EQ.2) [ "PICT"
WRITE(9, :FMT02:); "PICT"
:FMTO02: FORMAT(’MSTA’)' "PICT"
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WRITE(9, :FMT03:)NREG; :FMTO3:FORMAT(I4); "PICT"

WRITE(9, : FMT04: )(MED(I) I=1,NREG); :FMT04: FORMAT (1514); "PICT"
WRITE(9, :FMT05:); "PICT"
:FMTO5: FORMAT(’MEND’)' "PICT"

OUTPUT; (’ Key in mode. O:trajectory display, l:dose calculation’);
READ(5,*) IMODE;

13k ok o ok ok ok ok ok ok ok ke 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 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 !

Wackkokkokokkkkkkdkokkkk STEP 3. HATCH-CALL COMES NEXT sk s sk skokok ko o ok skok ko k !
1 s sk sk ok ok s ok ok sk ok ok ok e ok oKk ok Kk ok ok ok ok s ok sk ok ok sk sk ok ko s o ok ok ok sk sk ok sk ok ok ok o s ok ok ok ok sk sk ok kK ks ok ok ok ok k kK

CALL HATCH;

IF (IMODE.NE.O) [
WRITE(7, :FMT06:) ;
:FMTO06:FORMAT(®’ Quantities associated with each media:’);

DO J=1,NMED [

WRITE(7 :FMTO07:) (MEDIA(I,J),I=1,24);

:FMTO7 : FORMAT(/ 1X,24A1) ;

WRITE(7, :FMTO8:3 RHO(J),RLC(J);

:FMT08:FORMAT(5X > Rho=’,G15.7,’ g/cm**3 RLC=’,G15.7,’ cm’);
WRITE(7, :FMT09:) AE(J),UE(J),AP(J),UP(J);

:FMTO09: FORMAT(5X,’> AE=’,G15.7,’ MeV UE=’,G15.7,’ MeV’/

?X,’ AP=",G15.7,° MeV UP=’,G15.7,’ MeV’);

WRITE(7,:FMT10:);
:FMT10:FORMAT(/’ 'Information of medium and cut-off for each region’);

DO I=1,NREG [

IF(MED(I).EQ.0) [
WRITE(7,:FMT11:) I;

:FMT11:

ﬁORMAT(’ Medium(’,I3,’)=Vacuum’);

ELSE [

WRITE(7,:FMT12:) I, (MEDIA(II,MED(I)),II=1,24),ECUT(I),PCUT(I),RHOR(I);

:FMT12:

FORMAT(’ Medium(’,I3,’)=’,24A1,’ECUT=",G10.5,’ MeV, PCUT=’,G10.5,
> MeV, density=’, F10.3);

1]

]

10 ok 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 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 sk ok ok ok 1!

"axkxkkokkokkkkk STEP 4. HOWFAR-INITTALIZATION COMES NEXT skskskokskokokkokoskokk '
1 sk ok ok ok ke o ok ok ok ok ok s o ok sk ok Kk ko ok ok s o ok sk ok sk kK ke k ks sk o o sk sk ok ki ok k ok sk sk o ok sk ok sk kK ok ks ok ok ok ok kK k!

OUTPUT; (° Key in source position from phantom surface in cm’);
READ(5,*) SPOSI;

13k ok o 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 ok ok ke ok sk sk ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk ok ok !

"axkkkkkkkk STEP 5. INITIALIZATION FOR AUSGAB COMES NEXT k"
1 5k 5k 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 3k 3k ok >k 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 sk ok k!

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)"

DO NNN=1,$NDET [
/DEPE (NNN) ,DEPEH (NNN) ,DEPEH2 (NNN) /=0.0;]

/FAEXP ,FAEXPS,FAEXP2S,FEXPS,FEXPSS,FEXPS2S/=0.0;
DO I=1,$SENBIN [
%ASPEC(I)=0.0;

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 ok 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 sk ok ok ok 1!

"xxx%x**x STEP 6. DETERMINATION OF INCIDENT PARTICLE PROPERTIES x***x"
1 sk ok ok ok ke ook ok ok ok ok s ok ok sk ok Kk ok ko ok s o ok sk ok sk kK ok ks sk o o sk sk sk ok sk ok ok ok sk sk o ok sk ok sk kK ok k ks sk ok ok ok ok k!

III=0;
IQI=0;

DO IXTYPE=1,$NXTYPE [
READ(1,*) NOFEBIN(IXTYPE);
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READ(1,*) DELTAE(IXTYPE);
READ(1,*) (SSPEC(IXTYPE,IE),IE=1,NOFEBIN(IXTYPE));
"Source X-ray spectrum of IXTYPE"]

:X-RAY TYPE:
OUTPUT; (° Key in source type. 1:100kV’);

READ(5,*) IXTYPE;

IF(IXTYPE.EQ.0.0OR.IXTYPE.GT.$NXTYPE) [
QUTPUT; (° IXTYPE must be >0 <= $NXTYPE.’);
GO TO :X-RAY TYPE:;]

"Create CDF from spectrum"
NSEBIN=NOFEBIN(IXTYPE) ;
TNUM=0.0;

DO IE=1,NSEBIN [
%NUM=TNUM+SSPEC(IXTYPE,IE);

ECDF(1)=0.0;
DO IE=2,NSEBIN [
?CDF(IE5=ECDF(IE—1)+SSPEC(IXTYPE,IE)/TNUM;

"Create Energy bin"

DO IE=1,NSEBIN [
%BIN(IE5=(IE—1)*DELTAE(IXTYPE);

XI=0.0; YI=0.0; ZI=-SPOSI; "Coordinates of incident particle"
UI=0.0; VI=0.0; WI=1.0; "Direction cosines—--along Z-axis"

OUTPUT; (° Key in half width of beam at phantom surface in cm.’);
READ(5,*) XHBEAM;

OUTPUT; (° Key in half height of beam at phantom surface in cm.’);
READ(5,*) YHBEAM;

RADMA2=XHBEAM*XHBEAM+YHBEAM*YHBEAM;

WIMIN=SPOSI/SQRT (SPOSI*SPOSI+RADMA2) ;

WTI=1.0; "Weight factor-—-not used in calculation, but is "

! a parameter in SUBROUTINE SHOWER; hence define as unity"
ICODE=-1; "An outputting parameter, invented to mark the "

" incident particles"

"Define IXX"

IXXST=987654321;

IXX=IXXST; "Random number generator seed"
$RNG-INITIALIZATION;

ECUTMN=ECUT(2); EKO=EBIN(NSEBIN); "*PRESTS*"
$PRESTA-INPUTS; "INPUT the *PRESTA* VARIABLES"
TOTKE=0.0;

:NEW-CASES:

QOUTPUT; (° Key in number of cases (0 means end of calculation.)’);

READ(5,*) NCASES;
IF(NCASES.EQ.0) GO TO :End of Run:;

1ok sk o ok ok ke ok o ok ok ok ok ok ok ke ok sk ok s ok sk ok ke o s ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok sk ok sk sk ok ok ok ke ok ok ok sk sk ok ok sk ok ok k!
Waeskokokokokokkokokokokokokokkkkkk STEP 7. SHOWER-CALL———NEXT sk sk ok ok ok ok ok ok ok ok ok sk kokok ok !
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ITI=TII+1;

IF(III.NE.1) [

OPEN(9,file="mortjob.pic’,ACCESS=’APPEND’); "PICT"

]

WRITE(9,:FMT91:) III; :FMT91:FORMAT(’0’,I5); "PICT"

$TIME-NOW ITO;

TIMST=FLOAT(IT0)/100.0;

WRITE(7,:FMT-TO:) TIMST;

:FMT-TO:FORMAT(/’ Start time=’,F12.3,’ s’);

DO J=1,NCASES [
"Determine direction of source"

:ANGLE:
$RANDOMSET WO;
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WI=WO* (1.0-WIMIN)+WIMIN;
$RANDOMSET PHAIO;
PHAT=PI*(2.0*PHAIO-1.0);
SINTH=SQRT(1.0-WI*WI);
UI=COS (PHAI)*SINTH;
VI=SIN(PHAI)*SINTH;

DIS=SPOSI/WI; "Distance between source and phantom surface"
XPF=DIS*UI; "X position at phantom surface"
YPF=DIS*VI; "Y position at phantom surface"
IF (ABS(XPF) .GT.XHBEAM.OR.ABS(YPF) .GT.YHBEAM) GO TO :ANGLE:;

IF(SPOSI.GT.10.0) [
DISAIR=(SP0SI-10.0)/WI; "Distance between source and air surface"

XT=DISATR*UI; "X position at air surface"
YI=DISATIR*VI; "Y position at air surface"
ZI=-10.0;]

ELSE [/XI,YI/=0.0; ZI=-SPO0SI;]

IRI=1;

"Determine source energy from CDF"

$RANDOMSET EIO;

"DO IE=1 is cahnged to DO IE=2 to avoid IE=1 when EIO=0. 11/21/2002 HH"
DO IE=2,NSEBIN [

"EIO.LE is changed to EIO.LT. 12/6/2002 HH"

%F(EIO.LT.ECDF(IE)) [GO TO :ENERGY-CAL:;]

:ENERGY-CAL:

"Insert a following statement for EIO=1 case. 12/6/2002 HH"
IF(IE.GT.NSEBIN) [IE=NSEBIN;]

SASPEC(IE)=SASPEC(IE)+1.0;

EI=EBIN(IE-1)+(EIO-ECDF(IE-1))*(EBIN(IE)-EBIN(IE-1))/
(ECDF(IE)-ECDF(IE-1));

EKIN=EI+IQI*PRM; "K.E. of particle---PRM is the electron rest mass"
TOTKE=TOTKE+EKIN;
LATCHI=0;

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

"Add absorbed energy per incident and it square"
DO KKK=1,$NDET [

DEPEH (KKK) =DEPEH (KKK) +DEPE (KKK) ;

DEPEH2 (KKK) =DEPEH2 (KKK) +DEPE (KKK) *DEPE (KKK) ;
DEPE (KKK)=0.0;]

"Add exposure with and without phantom and its square"
FAEXPS=FAEXPS+FAEXP;

FAEXP2S=FAEXP2S+FAEXP*FAEXP;

FAEXP=0.0;

FEXPSS=FEXPSS+FEXPS;
FEXPS2S=FEXPS2S+FEXPS*FEXPS;
FEXPS=0.0;

;END OF SHOWER-CALL LOOP"

$TIME-NOW ITO;

TIMEND=FLOAT (ITO0)/100.0;
WRITE(7,:FMT-T1:) TIMEND;
:FMT-T1:FORMAT(’ End time=’,F12.3,’ s’/);

1 s sk sk ok ok e ok ok sk sk ok ok e ok ok ok ok ok ok ok ok ok ok s ok ok ok ok sk sk ok ok ok s ok ok ok ok sk sk ok sk ok ok ok o e ok ok ok ok sk sk ok ok k ks ok ok ok ok ok ok ok
Wackkokkkokokkkokkkokkkkkkk STEP 8., QUTPUT OF RESULTS skokokskok sk skokokok sk sk skok ok kk ok !
1 s sk sk ok ok e ok ok sk sk ok ok e ok ok ok ok ok ok ok ok ok ok s ok ok sk ok sk sk ok ok ko s o ok ok sk sk sk ok ok ok ok ok o s ok ok sk ok sk sk ok ok k ks ok ok ok ok ok k ok
CPUTIME=TIMEND-TIMST;

WRITE(7,:FMT-T2:) CPUTIME,NCASES;
:FMT-T2:FORMAT(1X,G15.5,’ seconds for ’,I12,’ Histories’);

DO IE=2,NSEBIN [
?ASPEC(IE)=SASPEC(IE)/FLOAT(NCASES);
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IF(IMODE.NE.O) [
WRITE(7,:FMT13:);

:FMT13:

FORMAT(//’ Comparison between sampled spectrum and original data’/
23X,° Sampled Probability’,25X,’ Sampled Probability’);

D0 IE=2,NSEBIN,2 [

WRITE(7,:FMT14:) EBIN(IE),SASPEC(IE),ECDF(IE)-ECDF(IE-1),EBIN(IE+1),
SASPEC(IE+1) ECDF (IE+1) ECDF(IE)

:FMT14:FORMAT (1X,G9.3,> MeV(upper)—— ’,2G12.5,3X,

’; 7,G69.3,° MeV(upper)—— ’,2G12.5);

]

W%&TE(Y :FMT15:) SPOSI;

FORMAT(/’ Absorbed energy inside phantom for 100 kV X-ray’/

> Source position ’,F10.1,’ cm from phantom surface’/

>’ Within 1cm x 1cm area after 10 cm air’);

WRITE(7,:FMT16:) NCASES, XHBEAM,YHBEAM;

:FMT16:FORMAT (1X,I8,’ photons normally incident from front side’/

> Half width of beam is ’,G15.5,’cm for X and ’,G15.5,’cm for Y’);]

AREA=1.0%1.0;

DO KKK=1,$NDET [

VOL=AREA*1.0;

DOSE (KKK) =DEPEH (KKK) /NCASES ;

DOSE2 (KKK)=DEPEH2 (KKK) /NCASES;

ERROR (KKK)=SQRT ( (DOSE2 (KKK) -DOSE (KKK) *DOSE (KKK) ) /NCASES) ;

DOSE (KKK)=DOSE (KKK) *1.602E-10/VOL;

ERROR (KKK)=ERROR (KKK) *1.602E-10/V0OL;

DEPTHS=KKK-1.0; DEPTHL=KKK;

QUTPUT DEPTHS, DEPTHL (MEDIA(II MED (KKK+1)) ,II= 1 24) DOSE (KKK) ,ERROR (KKK) ;
(’ Dose at depth " F4.1,7-—",F4.1,7cm (*,24A1,7)=
G15.5,’+-’,G15.5, ’Gy/1n01dent’)'

IF(IMODE.NE.O) [

WRITE(7,:FMT17:) DEPTHS,DEPTHL, (MEDIA (II,MED(KKK+1)),II=1,24),
DOSE (KKK) , ERROR (KKK) ;

:FMT17:

FORMAT(’ Dose at depth ’,F4.1,’--’,F4.1,’cm (’,24A1,°)=",
G15.5,’+-’,G15.5,°Gy/incident’) ;]

1

FAEXPA=FAEXPS/NCASES;
FAEXP2S=FAEXP2S/NCASES;

FAEXRR=SQRT ( (FAEXP2S-FAEXPA*FAEXPA) /NCASES) ;
FAEXPA=FAEXPAx1.6E-10/AREA;
FAEXRR=FAEXRR#*1.6E-10/AREA;

FEXPSA=FEXPSS/NCASES;

FEXPS2S=FEXPS2S/NCASES;

FEXERR=SQRT ( (FEXPS2S-FEXPSA*FEXPSA) /NCASES) ;
FEXPSA=FEXPSAx1.6E-10/AREA;

FEXERR=FEXERR#*1.6E-10/AREA;

IF(FAEXPA.GT.0.0) [BSFA=FEXPSA/FAEXPA;
BSFERR=BSFA*SQRT ( (FAEXRR/FAEXPA) **2 .+ (FEXERR/FEXPSA) **2.) ;

OUTPUT FAEXPA,FAEXRR,FEXPSA,FEXERR,BSFA,BSFERR;

(/’ Exposure in free air (using mu_en) =’,
G15.5,’+-’,G15.5,’ Gy/incident’/
’ Exposure at phantom surface (using mu_en) =’,

G15.5,’+-’,G15.5,’Gy/incident’/
> Backscattering factor =’,G15.5,’+-’,G15.5);
1

ELSE [

OUTPUT FAEXPA,FAEXRR,FEXPSA,FEXERR;

(/’ Exposure in free air (using mu_en) =’,
G15.5,’+-’,G15.5,’ Gy/incident’/

> Exposure at phantom surface (using mu_en) =’,

G15.5,’+-’,G15.5,’Gy/incident’);
]

IF(IMODE.NE.O) [

WRITE(7,:FMT18:) FAEXPA,FAEXPRR,FEXPSA,FEXERR,BSFA,BSFERR;
:FMT18:

FORMAT(/’ Exposure in free air (using mu_en) =’,

G15.5,’+-’,G15.5,’ Gy/incident’/
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> Exposure at phantom surface (using mu_en) =’,G15.5,’+-’,
G15.5,’Gy/incident’/’ Backscattering factor =’,G15.5,’+-?,G15.5);
]

WRITE(9, :FMT92:); :FMT92:FORMAT(’9’); "PICT"
CALL PLOTXYZ(99,0,0,0.,0.,0.,0.D0,0,0.); "PICT"

CLOSE(UNIT=9, status=’keep’);
GO TO :NEW-CASES:;

:End of Run:

"NEXT, CALL THE SUBROUTINE ECNSV1 TO WRITE-OUT THE ENERGY DEPOSITION"
"TOTALS---T0O CHECK ENERGY CONSERVATION FOR ONE THING"

IF(IMODE.NE.O) [CALL ECNSV1(1,NREG,TOTKE) ;]

STOP;
END; "LAST STATEMENT OF MAIN"

11k ok sk sk s o s o ok ok sk sk s o sk ok ok sk o sk ok ok sk s s ok ok sk sk sk ok sk sk sk ke sk sk sk sk ke ok sk sk sk ok ok sk sk sk ok ok sk sk sk ok ok sk sk sk sk ok ok k ok 1!
" KEK, High Energy Accelerator Research Organization"
SUBROUTINE AUSGAB(IARG);
" EGS4 SUBPROGRAM - 11 JUNE 2003/1730"
1Y sk ks o o o ok ok ok s o o o sk o o o sk s o o ok s o ok ok sk o ok ok ok sk o ok ok ok ok s o ok ks ok ok ok ks sk ok ok sk ok ok ok !
COMIN/EPCONT,ETALY1,MEDIA,MISC,PASSIT,STACK,TOTALS/;

"COMMONS NEEDED IN AUSGAB"

COMMON/LINES/NLINES,NWRITE,ILINES; "TO KEEP TRACK OF LINES-PRINTED"

IRL=IR(NP);
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;

IF(W(NP).LT.0.0) [LATCH(NP)=1;]

IF(IRL.GE.2.AND. IRL.LE.21) L
"Detector region'"
IDET=IRL-1;
IF (IDET.GT.O.AND.IDET.LE.$NDET) [
?EPE(IDET)=DEPE(IDET)+EDEP/RHOR(IRL);

"IF(IRL.NE.IROLD.AND.IQ(NP).EQ.O) [ photon cross plane"
"Changed not to include photons from detection plane. 8/23/2002 HH"
IF((IRL.NE.IROLD).AND.IQ(NP).EQ.O) ["photon cross plane"

IF((W(NP).GT.0.0.AND.IRL.EQ.2).0R. (W(NP).LE.0.0.AND.IROLD.EQ.2)) [
"Calculate exposure at phantom surface"

IF(ABS(W(NP)) .GE.0.0349) [CMOD=ABS(W(NP)) ;]

ELSE [CMOD=0.01745;]

ESING=E(NP) ;

DCON= ENCOEA(ESING) "PHOTX data"

FEXPS= FEXPS+E(NP)*DCON*DPWT/CMOD

IF(W(NP).GT.0.0.AND.LATCH(NP) .EQ.0) [

FAEXP=FAEXP+E(NP)*DCON*DPWT/CMOD;]

]

IF(IMODE.EQ.O) [
?ALL PLOTXYZ(IARG,NP,IQ(NP),X(NP),Y(NP),Z(NP),E(NP),IR(NP),WT(NP)); "PICT"

RETURN
END; "LAST STATEMENT OF SUBROUTINE AUSGAB"

AE

1Y s s s s o o s s s s s s s s s ok ok ok ok ok ok ok sk sk ks sk oo s s ok s s s ok ok ok ok ok sk sk sk sk sk s s s s ok ok ok ok ok ok sk sk sk sk sk sk sk ok ok sk sk ok !

" REAL FUNCTION ENCOEA (ENERGY) "

" FUNCTION TO EVALUATE THE ENERGY ABSORPTION "

" COEFFICIENT FOR AIR (Tables and Graphs oh photon mass "

attenuation coefficients and energy-absorption coefficients for

photon energies 1 keV to 20 MeV for elements Z=1 to 92 and some "

" dosimetric materials, S. M. Seltzer and J. H. Hubbell 1995 "

Japanese Society of Radiological Technology) "

11 s s e s o o s o s s s s s s s ok ke ok ok ok ok ok sk sk sk sk koo s sk ok o s s ok ok ok sk ok sk sk sk sk sk sk o s s o ok ok ok ok ok sk sk sk sk sk sk sk ok ok sk sk ok !

REAL FUNCTION ENCOEA(ENERGY);

REAL HNU(38)/0.001,0.0015,0.002,0.003,0.0032029,0.0032029,
0.004,0.005,0.006,0.008,0.01,0.015,0.02,0.03,0.04,
0.05,0.06,0.08,0.10,0.15,0.2,0.3,0.4,0.5,0.6,0.8,1.0,
1.26,1.5,2.0,3.0,4.0,5.0,6.0,8.0,10.0,15.0,20.0/;

REAL ENMU(38)/
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3599., 1188., b526.2, 161.4, 133.0, 146.0, 76.36,
39.31, 22.70, 9.446, 4.742, 1.334, 0.5389, 0.1537,
0.06833,0.04098,0.03041,0.02407,0.02325,0.02496,0.02672,
0.02872,0.02949,0.02966,0.02953,0.02882,0.02789,0.02666,
0.02547,0.02345,0.02057,0.01870,0.01740,0.01647,0.01525,
0.01450,0.01353,0.01311/;

IF (ENERGY.GT.HNU(38)) [ENCOEA=ENMU(38); RETURN;]
IF(ENERGY.LT.HNU(1)) [ENCOEPA=ENMU(1); RETURN;j

DO I=1,38 [

IF (ENERGY.GE.HNU(I) .AND.ENERGY.LT.HNU(I+1)) [
ENM1=AL0G(ENMU(I+1)); ENMO=ALOG(ENMU(I));
HNU1=AL0OG(HNU(I+1)); HNUO=ALOG (HNU(I));
ENEO=ALOG (ENERGY) ;
SLOPE=(ENM1-ENMO) / (HNU1-HNUO) ;

ENCOEA=EXP (ENMO+SLOPE* (ENEO-HNUO) ) ;

RETURN; ]

IF(ENERGY.E?.HNU(I+1)) [
ENCOEA=ENMU (I+1);
RETURN; ]

"END OF DO-LOOP" ]

"IF SORT/INTERPOLATION CANNOT BE MADE, INDICATE SO BY WRITING"
"A COMMENT AND STOPPING HERE"

QUTPUT ENERGY; (///,’ ***xxSTOPPED IN ENCOEA***x*x’ / > E=’,G15.5,///);
RETURN;
END;

AE

1Y sk ke sk sk s o o o ok ok ok s o s o sk o o o ok s o o ok sk o ok o ok sk sk ok ok ok o ok ok ks o o ok sk sk sk ok sk sk ok ok sk o ok k sk ok ok ok 1

" REAL FUNCTION ENCOEW(ENERGY) "

" FUNCTION TO EVALUATE THE ENERGY ABSORPTION "

" COEFFICIENT FOR WATER (Tables and Graphs oh photon mass "

attenuation coefficients and energy-absorption coefficients for

" photon energies 1 keV to 20 MeV for elements Z=1 to 92 and some

" dosimetric materials, S. M. Seltzer and J. H. Hubbell 1995, "

Japanese Society of Radiological Technology)

11k ke sk sk s ook o ok ok sk sk s o sk ok ok sk sk o ok sk s s ok sk sk sk ok sk sk ok sk sk sk sk ok ok sk sk sk ok ok sk sk sk ok ke sk sk sk sk ok ok sk sk sk ok ok sk ok sk ok !

REAL FUNCTION ENCOEW(ENERGY) ;

REAL HNU(36)/0.001,0.0015,0.002,0.003,0.004,0.005,0.006,0.008,0.01,
0.015,0.02,0.03,0.04,0.05,0.06,0.08,0.10,0.15,0.2,0.3,0.4,
0.5,0.6,0.8,1.0,1.25,1.5,2.0,3.0,4.0,5.0,6.0,8.0,10.0,15.0,20.0/;;

REAL ENMU(36)/

4065., 1372., 615.2, 191.7, 81.91, 41.88,
24.05, 9.915, 4.944, 1.374, 0.5503, 0.1557,
0.06947,0.04223,0.03190,0.02597,0.02546,0.02764,
0.02967,0.03192,0.03279,0.03299,0.03284,0.03206,
0.03103,0.02965,0.02833,0.02608,0.02281,0.02066,
0.01915,0.01806,0.01658,0.01566,0.01441,0.01382/;

IF (ENERGY.GT.HNU(36)) [ENCOEW=ENMU(36); RETURN;]
IF (ENERGY.LT.HNU(1)) [ENCOEW=ENMU(1); RETURN;]

DO I=1,36 [

IF (ENERGY.GE.HNU(I) .AND.ENERGY.LT.HNU(I+1)) [
ENM1=AL0G(ENMU(I+1)); ENMO=ALOG(ENMU(I));
HNU1=ALOG(HNU(I+1)); HNUO=ALOG(HNU(I));
ENEO=ALOG (ENERGY) ;
SLOPE=(ENM1-ENMO) / (HNU1-HNUO) ;

ENCOEW=EXP (ENMO+SLOPE* (ENEO-HNUO) ) ;

RETURN; ]

IF(ENERGY.E?.HNU(I+1)) [
ENCOEW=ENMU (I+1);
RETURN; ]

"END OF DO-LOOP" ]

"IF SORT/INTERPQOLATION CANNQOT BE MADE, INDICATE SO BY WRITING"
"A COMMENT AND STOPPING HERE"

QUTPUT ENERGY; (///,’ ***xxSTOPPED IN ENCOEW***x*x’ / > E=’,G15.5,///);
RETURN;

END;

LE

13k 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 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 !
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KEK, High Energy Accelerator Research Organization

SUBROUTINE PLOTXYZ(IARG NP,IQ,X,Y,Z,ENP,IR,WT);
EGS4 SUBPROGRAM - 21 Apr 2003/1600"

"02APR2001/1100 Revised to include 32 bits version. (NPRECI=1) "
"20APR2001: Revised to include the case that created particle is "
" discarded immediately. H. Hirayama
"190CT2001: Modified type miss. "
"28N0V2001: Delete unnecessary treatment for the discarded particle"
"26JUL2002: Limitation normalized absolute X-, Y-, or Z- values "
" must be less than 4.999 is commented out. H. Hirayama "
"310CT2002: Insert statement to set a particle energy to that of "
" starting point of each line. "
"15JAN2003: Revised to output in REAL (NPRECI=2) for CG. "

IR is added to argument and output. Y. Namito "
"21APR2003: WT is added to argument and output Y. Namito "
11k ok sk sk s o o ok ok sk sk sk o sk ok ok sk o sk ok ok sk s sk ok sk sk ok sk sk sk ke sk sk sk sk sk sk sk sk ke ok sk sk sk ok ke sk sk sk ok ok sk sk sk sk ok kok ok !
"Qutput X,Y,Z,IQ,E,IR for 3 dimensional graphic display on PC. "
"This subroutine based on PLOTXZ developed at SLAC for 2 "
:dlmen31onal display with UG. "

H. Hirayama and Y. Namito
1Y sk ok sk o o ok ok ok ok s o o o sk o o o ok s o o ok ok s o ok ok sk o ok ok ok ok o o ok ok ks o ok ks ok o ok ks sk ok ok ok sk sk ok ok ok !

COMIN/DEBUG/;
; COMIN/NFAC/; "PICT"
"COMMON/NFAC2/NPRECI PICT"

DIMENSION IXPT(100, 40) IYPT(100,40),IZPT(100,40),IEPT(100,40),
NPT (40), IQTOLD(40)

DIMENSION XPT(100, 40) YPT(100 40),ZPT(100,40) ,EPT(100,40) ,WTPT(100,40),

IRPT(100,40);
$ENERGYPRECISION ENP;
DATA NPT/40%0/;

IF (NPRECI.LT.O)RETURN;
IF(IARG.EQ.99) [

DO I=1,40 [

IF(NPT(I).LE.O) NEXT;
IF(IQTOLD(I).EQ.0) [1IQ=1;]
ELSEIF (IQTOLD(I).EQ.-1) L[IIQ=2;]
ELSE [IIQ=3;]

IF (NPRECI.NE.O0) [IIQ=IIQ+3;]

DO INP=1,NPT(I) [

IF (NPRECI.EQ.O)
WRITE(9, :FMT90:) IIQ
:FMT90: FORMAT (11,4155 ;1]
ELSEIF (NPRECI.EQ.1) [
WRITE(9, :FMT91:) IIQ,IXPT(INP,I),IYPT(INP,I),IZPT(INP,I),IEPT(INP,I);
:FMT91: FORMAT (I1,318,15);]

ELSE [

WRITE(9, :FMT92:) IIQ,XPT(INP,I),YPT(INP,I),ZPT(INP,I),EPT(INP,I),
IRPT(INP,I) ,WTPT(INP,I);
-FMT92:FORMAT(I1,1P3K13.6,1PE10.3,14,1PE10.3);]

IF(INP.EQ.NPT(I)) [
WRITE(9, :FMT93:);
jFMT93:FORMAT(’—1’);

]
?PT(I)=0;

"END OF IARG EQ 99 LOOP"]

ELSE ["IARG NE 99"
"Following limitations are commented out. 7/26/2002 HH"

"IF(X/FNORM.GT.4.999.0R.X/FNORM.LT.-4.999) [RETURN;]
IF(Y/FNORM.GT.4.999.0R.Y/FNORM.LT.-4.999) [RETURN;
IF(Z/FNORM.GT.4.999.0R.Z/FNORM.LT.-4.999) [RETURN;]"
JARG=TIARG;

NPT (NP)=NPT(NP) + 1;

IF(NPT(NP) .EQ.1) IQTOLD(NP) 1Q;

IF (NPRECI.EQ.0) [

IXPT (NPT (NP) ,NP)=X/FNORM*10000+50000;

IYPT(NPT(NP) ,NP)=Y/FNORM*10000+50000:
%ZPT(NPT(NP),NP)=Z/FNORM*1000O+50000;

ELSEIF (NPRECI.EQ.1)

IXPT(NPT(NP) ,NP)=X/FNORM*8388608+33554432;
IYPT(NPT(NP), NP) =Y/FNORM*8388608+33554432;
%ZPT(NPT(NP) NP) Z/FNORM*8388608+33554432;

IXPT(INP,I),IYPT(INP,I),IZPT(INP,I),IEPT(INP,I);
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ELSE [

XPT(NPT(NP) ,NP)=X;
YPT (NPT (NP) , NP) =Y;
%PT(NPT(NP) NP) Z;

IF(NPRECI.LE.1) [

IF(IQ.EQ.0) [EEE=ENP*1000. ;]
ELSE [EEE=(ENP-0.511)%1000.]
IF(EEE.LT.10000.0) [
IEPT(NPT(NP) ,NP)=INT(EEE)*10;]
ELSE [

IFF=AL0G10(EEE)-3;
IEF=EEE/10%*IFF;
%EPT(NPT(NP),NP)=IEF*10+IFF;]

ELSE [

IF(IQ.EQ.0) [EPT(NPT(NP),NP)=ENP;]
ELSE [EPT(NPT(NP),NP) =ENP-0. 511; i
WTPT (NPT (NP), NP)—WT
%RPT(NPT(NP) NP) IR;

IF(IQ.NE.IQTOLD(NP)) JARG=-1;

IF(NPT(NP) .GE.100.0R.JARG.NE.O) [

IF (IQTOLD(NP) .EQ.0) [IIQ=1;]

ELSEIF (IQTOLD (NP) .EQ.-1) [1IQ=2;]

ELSE [IIQ=3;]

IF (NPRECI.NE.0) [IIQ=I1Q+3;]

IF(NPT(NP) .GE.1) [

DO INP=1,NPT(NP) [

IF(NPRECI.EQ.O0) [

"Followings are inserted to set a particle energy at that of"
"starting point of each line. 10/31/2002 H.H."
IF(JARG.NE.O.AND. (INP.GT.1.AND.INP.EQ.NPT(NP))) [

WRITE(9, :FMT90:) IIQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),
IEPT (INP-1,NP) ;]

ELSE [

WRITE(9, :FMT90:) IIQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),
IEPT (INP,NP) ;1]

ELSEIF(NPRECI.EQ.1) [

"Followings are inserted to set a particle energy at that of"
"starting point of each line. 10/31/2002 H.H."
IF(JARG.NE.O.AND. (INP.GT.1.AND.INP.EQ.NPT(NP))) [

WRITE(9, :FMT91:) IIQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),
IEPT (INP-1,NP) ;]

ELSE [

WRITE(9, :FMT91:) IIQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),
IEPT(INP,NP) ;1]

ELSE [
"Followings are inserted to set a particle energy at that of"
"starting point of each line. 10/31/2002 H.H."

IF(JARG.NE.O.AND. (INP.GT.1.AND.INP. E? .NPT(NP))) [
WRITE(9, :FMT92:) IIQ,XPT(INP,NP),YPT(INP, NP) ZPT(INP,NP),
EPT(I?P—l,NP),IRPT(INP,NP),WTPT(INP ,NP) ;1

ELSE

WRITE(9, :FMT92:) IIQ,XPT(INP,NP),YPT(INP,NP),ZPT(INP,NP),
EPT (INP,NP) , IRPT(INP,NP) ,WTPT (INP,NP) ;1]

%ﬁ(INP.EQ.NPT(NP)) [WRITE(9, :FMT93:);]

IF(JARG.GT.0.0R.IARG.GT.0) [NPT(NP)=0;]

ELSEIF(JARG.EQ.-1) [
IF(NPRECI.LE.1) [

IXPT(1,NP)=IXPT(NPT(NP) ,NP);
IYPT(1,NP)=IYPT(NPT(NP),NP);
IZPT(1,NP)=IZPT(NPT(NP),NP);
%EPT(l,NP)=IEPT(NPT(NP),NP);

ELSE [
XPT(1,NP)=XPT (NPT (NP) ,NP) ;
YPT(1,NP)=YPT (NPT (NP) ,NP) ;
ZPT(1,NP)=ZPT (NPT (NP) ,NP) ;
EPT(1,NP)=EPT (NPT (NP) ,NP) ;
WTPT (1,NP)=WTPT (NPT (NP) ,NP) ;
IRPT(1,NP)=IRPT(NPT(NP),NP);

1
NPT (NP)=1;
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%QTOLD(NP)=IQ;

ELSE [

NPT (NP)=1;

IF (NPRECI.LE.1)
IXPT(1,NP)=IXPT(100,NP);
IYPT(1,NP)=IYPT(100,NP);
IZPT(1,NP)=IZPT(100,NP);
IEPT(1,NP)=IEPT(100,NP);

1

ELSE [
XPT(1,NP)=XPT(100,NP);
YPT(1,NP)=YPT(100,NP);
ZPT(1,NP)=ZPT(100,NP) ;
EPT(1,NP)=EPT(100,NP);
WTPT (1,NP)=WTPT (100, NP) ;
IRPT(1,NP)=IRPT(100,NP);

]

]

]

ELSE [IQTOLD(NP)=IQ;]
"END OF IARG NE 99 LOOP"]

RETURN;
%ND; "END OF SUBROUTINE PLOTXYZ"
WE

Y sk ke ks o o o ok ok ok s o o o ok sk o o o sk s o o ok ok s o ok ok sk o ok ok ki o ok o kK s o ok ok ks ok ok ks sk ok ok ok sk ok ok ok !
" STANFORD LINEAR ACCELERATOR CENTER"
" Modified to WRITE(7, mode together with PICT. H.H. "
SUBROUTINE ECNSV1(NTREE,NREG,TOTKE);

" EGS4 SUBPROGRAM - 21 MAY 2002/1730"
1Y sk ks s o o o ok ok ok s o o o koK o o o sk s o o ok ok s o ok ok sk o ok sk sk o ok ok koK s o ok ks ok ok ok ks sk ok ok sk ok ok ok !
" 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 ZERO. "
" 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. "
1Y sk ok ks o o ok ok ok ok s o o o koK o o o sk s o o ok s o ok ok sk o ok sk ok o ok o koK s o ok sk sk ok ok ke ks sk ok ok sk ok ok ok !
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 ;

0UTPUT NREG,MDUMMY,;

(///,? ***x*xx NOTE: STOPPED IN SUBROUTINE ECNSV1 BECAUSE NREG= ’,
IS,’JIS LARGER THAN $MXREG= ’,I5,’ *%xxx’);

STOP;

IF(NTREE.EQ.0) [ "INITIALIZE ESUM TO ZERO AND RETURN"
DO I=1,4 [DO J=1,NREG [DO K=1,5 [ESUM(I,J,K)=0.D0;]11]
RETURN; ]

" REACH THIS POINT WHEN FINAL TALLY IS TO BE MADE.™"
" FIRST, INITIALIZE SUMS"

GSUM=0.DO0;

DO IQ=1,4 [

SUMSUM(IQ)=0.D0;

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

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 IQ=1,3

%%?M 4 IR,ICODE)=ESUM(4,IR,ICODE) + ESUM(IQ,IR,ICODE);
" NORMALIZE DATA TO TOTKE"

DO IQ=1,4 [
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DO IR=1,NREG [
DO ICODE=1,5 [
???M(IQ,IR,ICODE)=ESUM(IQ,IR,ICODE)/TOTKE;

" SUM-UP COLUMNS AND ROWS"

DO IQ=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 [
%?LSUM(IQ,ICODE)=COLSUM(IQ,ICODE)+ESUM(IQ,IR,ICODE);

" 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);
%5}1Q.LE.3) [GSUM=GSUM+ESUM(IQ,IR,ICODE);]

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

DO IQ=1,4 [

IF(IQ.LE.3) [

IQNOW=IQ-2;

WRITE(7, :FMTO: ) IQNOW;

:FMTO: FORMAT(’ Energy deposition summary for particles with IQ=’,
12,//,55%X,’IARG’,/,19X,°0’,156X,°1?,13X,°2°,14X,°3?,14X,°4°, 16X,
’Row sum’,/,3X,’Region’,/);

]

ELSE [

WRITE(7, :FMT1:);

:FMT1:FORMAT(’ Energy depostion summary for all particles:’,//,
55X,°IARG’,/,19X,°0°,15X,°1,13X,°2°,14X,’3’,14X,’4’,16X, ’Row sum’,
/,3X,’Regin’,/);

]

DO IR=1,NREG [

WRITE(7,:FMT2:) IR, (ESUM(IQ,IR,ICODE),ICODE=1,5),ROWSUM(IQ,IR);
:FMT2:FORMAT (I7,5X,5G15.7,5X,G15.7) ;

" END OF IR-LOOP"]

WRITE(7,:FMT3:) (COLSUM(IQ,ICODE),ICODE=1,5),SUMSUM(IQ);
:FMT3: FORMAT(/ 3X,’Col sum’ 2X, 5G15. 7,5X, G15. 7)

" END OF IQ-LOOP"]

WRITE(7,:FMT4:) GSUM;
:FMT4:FORMAT(//,’ Total fraction =’,G15.7,
’ Note: This number should be very close to unity’);

RETURN;
END; "END OF SUBROUTINE ECNSV1"

LE

%CSO

" Start of PRSTAAUX MORTRAN - Auxiliary codes required by PRESTA. "
—————————————————————————— Taken from NRCCAUXP MORTRAN. "
" 24 August 1989 WRN "

n % % "
" * FIXTMX x* "
n * * "
" o 3k ok ok k ok ok ok ok K "
§UBROUTINE FIXTMX (ESTEP,MEDIUM) ;

" THIS ROUTINE CHANGES THE STEP SIZE ALGORITHM USED IN EGS SO THAT "
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" 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=0O AND ESTEPE=0 THE CURRENT EGS ALGORITHM IS "
" USED. "
" IF CALLED WITH IOLDTM=1 AND ESTEPE=0 THEN ESTEPE=1.0 IS USED. "

" 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. "

" V01 DEC 10,1981 DAVE ROGERS NRCC "
" V02 DEC 1984 EGS4 VERSION "
" VO3 JAN 1986 ALEX BIELAJEW NRCC  REVISED FOR PRESTA "

11 s sk sk 3k ok 3k ok 3k ok 3k ok 3k ok ok 3k ok 3k 3k ok sk ok sk ok 3k ok 3k ok 3k 3k 3k ok 3k sk ok ok 3k sk ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k ok 3k sk ok sk ok ok ok sk ok 3k ok 3k ok sk ok kok ok ok !
; COMIN/ELECIN,MEDIA,USER/;

ESTEPE=ESTEP;

IF(MEDIUM > $MXMED) ["ERROR" OUTPUT MEDIUM;
(///’ O%*x*x*xx*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(MED%UM);"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 "
"SI = 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) ;

?ETURN;END;

nE
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" * * "
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* ROOTMX =*
* *
ks ok ok ok Kk ok ok

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 ESTEPExEI/DEDX IS THE GREATEST
STEP ALLOWED DUE TO CONTINUOUS ENERGY LOSS 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
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
QU%NXITY IS AS MUCH AS 507% 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
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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=(X1xF2-X2%F1)/(F2-F1);

IF(XT = XL) [ROOTMX=XT;EXIT:SEARCH-ROOT: ; "CONVERGENCE OBTAINED"]

FT=FTMX (XT

EI);AFT= ABS(FT)

IF(AFT <= éROOTMX PRECISION)[ROOTMX XT;EXIT:SEARCH-ROOT: ; "CONVERGENCE OBTAINED"]
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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"

]

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

FUNCTION FTMX(T,EI);

"When t=tmax as defined in eqh(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;

LE
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SUBROUTINE RMARIN;
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COMIN/RANDOM/;

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

I = MOD(IXX/177,177) + 2;
J = MOD(IXX, 177) + 2;
K = MOD(JXX/169,178) + 1;
L = MOD(JXX, 169) H

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;

?RND%(II)=S;

CRNDM
CDRNDM
CMRNDM

IXX ;
JXX = 33;

RETURN;END;
1 sk sk ok ok e o ok ok ok ok ok e o ok s ok Kok ok ok ok ok sk s ok sk ok sk kK ko ok s ke ok s ook sk ok ok ok sk ks ok sk ok ok ok ok ok k k!

akkokokkokkkkkokkokkkk End of ucphantom_cgpk.mor kkskskkskskkskokskkkk!!
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362436./16777216. ;
7654321./16777216. ;
16777213./16777216. ;

9 .

~
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