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2.1. STEP 1

EGS400000D0O0O0O0DOOO0O0OCO0O0O0DOOOOO0ODO overrideOOOOOODOO
000 MortranO OODOO0O0ODOODOODOOOODOOODOOOOODOOO0OODOEGS40000
0000ooDi0d egsdmacmortran] DO 000 OO0 00000000000 OODOOODODOOO
0000000000000 0000OEGS40000000000O00OO EGS4000000000O0
OO0O0O0O0OOverride0 00O OOC0O0OOOOOOOODOOOODOODOOOOODOOODOOOO

Uoo0o000oboo0ob0ob0oboO00dgUnbDORrNGEND 0000 DORANGD D10 00 DRANMAR O
ggboobobbooboobobobooooobooobobooboobbbbobodtd UORANMAR
gboogooboobogonoo

REPLACE {$RNGEN} WITH {0}

ooopobooobobob0OpRESTAUODDODOOOOOOOODOOODODO0O0O0ODLOOODOO0
gogboooooobobooobobbooooorr ggbooooboboooobooooo
goobooooood

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

REPLACE{$CALL-HOWNEAR-FOR-SLAC-RECT-PLANE-GEOMETRY (#) ; } WITH

" ok ok %k "
{;ZL=Z(NP) ; XL=X (NP) ; YL=Y (NP) ; IRL=IR (NP) ;
IP=(IRL-2)/IXYP+1;JP=(IRL-2-IXYP* (IP-1))/$NXBIN+1;
KP=IRL-1-IXYP*(IP-1)-$NXBIN* (JP-1);
JP=$NZBIN+1+JP;KP=$NZBIN+$NYBIN+2+KP;




ZLEFT=ZL-PCOORD (3, IP) ; ZRIGHT=PCOORD (3, IP+1)-ZL;
{P1}=MIN(ZLEFT,ZRIGHT) ;
YLEFT=YL-PCOORD(2, JP) ; YRIGHT=PCOORD (2, JP+1) -YL;
{P1}=MIN({P1},YLEFT,YRIGHT) ;
XLEFT=XL-PCOORD (1,KP) ; XRIGHT=PCOORD (1 ,KP+1) -XL;
{P1}=MIN({P1},XLEFT,XRIGHT) ;}

uobbobodbodoooouooonbd suBROUTINE ELECTRUO DO UOUODOOOOODO O COMIN
gooogag

REPLACE {;COMIN/GEOM/;} WITH {;COMIN/PLADTA/;?}

REPLACE {;COMIN/PLADTA/;} WITH
{;COMMON/PLADTA/PCOORD (3, $MXPLNS) ,PNORM (3, $MXPLNS) , IXYP;}

EGS4000000000000D0000000OODOO0O0000ODOOO0O0OO0000oOoond
00 Step 10000000000 O ucphantom_reclk.mor 0 0 O AUSGAB[] score 00 00O 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, IXY,IXYZ;}

$PARAMETER D0 000000000
0oo00ooOoDooooooogoood
O00O000D00O DO ucphantom_reclk.mor

O0ODDODOCOO0O0ODOO0OOOO$PARAMETER
O00ODDOS$PARAMETERL O O OO DODOODO
U000 0DO$PARAMETERU O O

goood
goood

PARAMETER $MXPLNS=$NXBIN+$NYBIN+$NZBIN+3; "NUMBER OF PLANE 6/18/2001"

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

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

gboboobuoboobboboooboo
O0DD0O000000D0O0OD0O000OD coMMON(O DIMENSION O OO OOOOOOOEGS40 COMMON
gbooboobooooobbbbbobooog coMMoNd OO

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

0000000 0PASSIT, TOTALSO 000000000 0000000000

OD0OPEGS400000000000000000D0000O000000000OPEGS40
0000000000000 00000 240000000000MADARRDOOOOOOO OO0 24
0000000000200000$MATNO 0000000 000000000000000000
PARAMETERO 000D OO00O000 20000000 20000

UNIT 7, 80 OPENOOOOOO0O000O0000000O000000O0O000000OUNIT 12
00000000 egs4run(0 000 Oegsdrunp) 0000 00000 000 Omortjob.xse(PC)(00 O
mortjob.xsec: UNIXO0 O O)0 000 000000000000000000000000O0000
OOegs4run 000000000000 Degsdrun 000000 mortjobexe 00000000000
0000000000

UNIT 10 OPENO O OXOO0D00 Oxraydat 00 0000000000000000000
00O



2.2. STEP 2

Ubooouoouobobobbodbddd SUBROUTINE HATCHO cALLOUODOOOOOOO
Uo0o0o0udoboob0o0ob0bD0IXYPOOPRESTAU D OO DODODOODLODOOOOODDONMED
0o0o0o00o0obb 0000000000 0OMEDARRD 2000000000000 0O0ODO0OO0OO0OO
0000000000 (0000)0000000Z-00000000000000O0O0Z-00000
gopboobogbbooooooobo

OO0DDOO0O0O0OKEKOOOOOODOOO XOOOOOOOOOODODOIEDGFL(ID)=1;000
uon

goboooooooboboboobooobobboooobooboOX-ooy-oobooooo
goobooooobbbooogoImMep Do oboboooboobooobbon

OO0 ouTPUTO O READ(G,x) DO ODOO0OODOOOOOOOODODOOODDOOODOOO
gdad

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

NPLAN=$NXBIN+$NYBIN+$NZBIN+3; "ACTUAL NUMBER OF PLANES"

IXY=$NXBIN*$NYBIN; IXYZ=IXY*$NZBIN;
IXYP=IXY; "PRESTA"

NREG=IXYZ+6; "ACTUAL NUMBER OF REGION USED"
"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;

IRAYLR(IIZP)=1; "Rayleigh scattering option on. 6/18/2002"
IEDGFL(IIZP)=1; "1:Produce fluorescent X-ray"

" 0:Fluorescent X-ray does not produced."
IF(IZP.EQ.1.0R.IZP.EQ.$NZBIN) [MED(IIZP)=2; "Air region"]
ELSE [MED(IIZP)=1; "Water phantom region"
IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
%DMED(IZP—1)=MED(IIZP);]

111

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

PEGS40000O0DOODOODOCOAEDOCOO APOOOODOODOODDODOOCOOOO
o000 00 AED APOD0OO0O00ODODDOOOO0OODO0OO0ODOO0OOOOOOoOOobLDbDbOOOn
gboobboob AEDO0oooooooboboo0 ApO00DDOO0O0OOOOOO0OOO0OOODn
goooooooobboboooooboobboobbobooobbooooobboboobooobag
U ECUT, PCUTL DUOODODOOO0OO0OO0OO0ODODO AE, APOODOOOO0OODOOAE, APOOOODOOU
ECUT, PCUTL OO OOUODODOOOO0OODOODO AE, APODOOOO0OOOOONO ECUT, PCUT
gbooooobbooooooobooboooan

221 0OO00O0OO0DOOO: EGSM40000CODODOOOODOOOOCOOOOOOODOO
goobobooooboobbbooooooobooooobobooboobbboooobLOon
gobooboooobobooooobobobobobooboobuoboobooobadyd

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



O0000000)0Do0o0O00000ooO0Oo0oOoOO0OO0DO0OODOOU0OUODOOOOOOO
OO DOIBRDST=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

.00000000OU0oOOoooooOooooOD (2
gboooboboboobobooboboouoobtboooobobooobooooobobboobbboo
gobobo0obooobobogooIerpsTOOUOOOODDODOODOO

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

" d(Probablllty) sin(theta) "

" d(theta) 2+%P[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 "

O000o0doobUuobuobou0ooboUobobo0OUnboDb coMIN/BREMPRR/; U O OO DDOODODO
goooon

. 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 "

00000000000 DODO0ODOObO0ODOODODOO coMIN/USER/; D 0000ODOOODOO0O
goond

. 0000 Splitting[1]

0000000000000 00D00000000000000000£0 Splittingd 000
0000000000 DO0DO0O Splitting0 00O0OO0OOIBRSPL=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:

"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 "

O000o0doobUuobuobou0ooboUobobo0OUnboDb coMIN/BREMPRR/; U O OO DDOODODO
goooon



2.3. STEP 3

SUBROUTINE HATCHU CALLUO O UO0OOO0OO0OO0OOO0OO0ODOOODODOD stepU000O0OO0OO0OOOO
00000000 (000000000000000000000) 0000000000000 00
ggoboooboooobbooboboobboobobooobbbobobooooooaon
gbdgooobboooooooobooobooboobobboobobooooboooboboono
gooooobogoboooobobbobooobooooooobboobbooobboboobDO

ooooooooooo«woboooooborcoobOo0oboOoo0ooooooooooobogo
gooo

2.4. STEP 4

googobboobooboboobooobooboobooobobboboooobooboobDon
Oo0o0oooooo (pcoorp(I,J),PNORM(ILY)UDODODOODOOOOOOODOOOOOODOOODO
googobooboobboboooooboboobbooboobobbooobbobooonooo
gooooooboooobobobooooobooooboobobobooobbo0oooon0 semb OO
goooobooopooooboo

2.5. STEP 5

AusGABO DO ODOoOobOOobbOoboboboobbobboboboboboobobboooon
ECNSCiU 00O O0o0obooboooooooooanon

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;

2.6. STEP 6

oooooboooobbobooobbobbbouoobbDOxraydatDOOODODOO 100kVO X
000000000000 000OO0OO0OU0DO0D0ODO0OC0ODODOO0OO0OO (CDF)ODOOOOOOOO
0000000000000000000 (NOFEBIN)OOOOOOOO OO (DELTAE:MeV OO0 )0
0000 X0O0O (SSPEC)OODOO

000000 (NCASES) D D00 000000 0D0D0D00OD0DO0D0O0UUONCASESODOOODODOO
oboobogoooobobooobooooboobooboboobbooob0oooooobo0ogo

O0000000000000000 (XHBEAM, YHBEAM) D OO OO ODUO0O0OOOOOODOOOO
ooooooobooon

$RNG-INITIALIZATION; U URanmarJ OO0 DO O0O0OD0OO0ODODOOODODOOOODODOOOO
ITI=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 TE=2,NSEBIN [
?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;

NPRECI=1; "O:precision of x-, y—, z-position in 4 digits PICT"
"1:precision of x-, y-, z-position in 8 digits PICT"

ECUTMN=ECUT(3); EKO=EBIN(NSEBIN); "*PRESTSx*"

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

TOTKE=0.0;

:NEW-CASES:

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

26.l. XOOOOOODOOOOO: ucphantomreclkmor00O0XOOOOOOODODO10O
gooooooooooooooooboboboboboobobog

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. 0000000000000 (535-53800)0 00000

WRITE(7,:FMT11:) SP0OSI;
:FMT11:
FORMAT(///’ Absorbed energy inside phantom for 100 kV X-ary’/

> Within 1cm x 1cm area after ’,F10.1,’ 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’/

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

2.7. STEP 7

000000000000 SUBROUTINE SHOWERO CALLO DEGS40 0000000 OO Ducphan-
tom reclk.mor 00O OSPOSIO O OO OO0OOOOOODOOOOOCOOOOOCOOOOOOOOOOO
0 Xooooobooooouoboobuooouoobooooooooobouooouoobo

booobooboboooboouboboooboooogooboboobboooooooon
googooooobobobooobooboobbooobbooooobbooooooboooon
gboobooboooboobooobobboboboboogd

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:;
IRI=6;

"Determine source energy from CDF"
$RANDOMSET EIO;

DO IE=2,NSEBIN [

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



]

: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"

2.71. OOOO: O0000O00O0O0OO0DOO0OOOCOOOLDOODUOODODDODOOO
000000000000 DOO0ODOO0OO00OO0000ducphantom reclk.morJ0 0000 OO MCNP O
gooboobooboobobobooon

e JOIDOUOOO NOODODO

e ;1 i000000O0ODLOO0ODOOODOO

e x 1 OOODODOOO:

| N
i=1
e ;U UOUO0OO0OOODOOODDOO:
1 O — - 1
e DI R R A CES DI (2)
i=1 i=1
ezODDOO
1 1 —
52 = NS2 ~ N[aﬁ — 7] (3)
goon

e 1OODODOODOO

1,z 1/2
R = T — [N(EQ 1)] / (4)

goooo

goboooobobobobobobobooboooobobobodobooon



2.8. 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:);

:FMTO09:
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,

’; 7,G69.3,’ 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’);]
000000000000 0000000000000 1temOO0O0O0OO00OO0O0OOOOOOO

ggooobooooooboo
gobobbobboogobooboboooobeEensviggonoooooonon

2.9. SUBROUTINE AUSGAB

AusGABLl O oo bOoobubooooboboououanoooaon

goooboooooboobooox-ybooobooobooboobooooobbooooboooo
goobogoobooobboooooboboobbooooobooboooooobbooooobag
googboobooooogoooooboobooboooobooobobooboboobobobonbd
ggoooooooboobobooogoooooboobDoo0bobobDogbzbooooboo
000000000 (DoooO00C00O0DU0OObOO0OUDO0OU0ODO)D0DDODO0DOCOOUODObLOOO
oooo0ooboooOoobooOoOobopOooooboboowwp)D0ODOOOOOOOOLATCH(NP) O
gooobbobobobbooboboobobbbobobooon

goooooboobobOob0o0obbObOO0ObO0 sSUBROUTINED OO O

IP=(IRL-2)/IXY+1; "SLAB NUMBER"
JP=(IRL-2-IXY*(IP-1))/$NXBIN+1; "COLUMN NUMBER"
KP=IRL-1-IXY*(IP-1)-$NXBIN*(JP-1); "ROW NUMBER"

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

IF(JP.EQ.$NYBIN/2+1.AND.KP.EQ.$NXBIN/2+1) [
"Middle region of each Z-plane"
IDET=IP-1,;
IF(IDET.GT.Q.AND.IDET.LE.$NDET) [
?EPE(IDET)=DEPE(IDET)+EDEP/RHOR(IRL);

IF(IRL.NE.IROLD.AND.IQ(NP).EQ.O) ["photon cross plane"
IF((W(NP).GT.0.0.AND.IP.EQ.2).0R. (W(NP).LE.0.0.AND.IP.EQ.1)) [
"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) [

10



]]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)); "PICT"

2.10. SUBROUTINE HOWFAR

HOWFARO OO 0DO0D0O0OD0O0ODDOO0O0O0O0ODOO0OOO00O0DoDooooooboboooooog
0000000000000 0D00000DO0000ooD00ooooDoooOoooOO00ooooogon
oooooooooooog

OO00OQ0OHOWFARO O OOOOOOOOODODOOOOODOODOO(IDISC=1;) D00 OnoooO
godoooobooobbOoOboooobooooboooooooo

ucphantom reclk.mor 00 0000 X, Y,Z00000O00O0O0O0OOOODOOO0O
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3. 0Ooo

31. 000000000 Cs-13700000
1. 000000000000000000000 000 EI=0.662,000
2. 000000Cs1370000000000000000

32. 000000000 Coe-600 0000

1. 000oooog
O00ob0Ob000ODEI=1332;,000000b0onog
gbobogod

2. Co-6000000O00OOOODOOOOODOO

3. 000bo0opbooouonboonboon

ooboooboi1o0bo0ooosbboonob0oonobonUdEI=1.173;0 050

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

gbobooboooon

e $NZBIN=18; 0 OO
e 00000000 O03em-13emO0000000 03000

IIZP=(IZP-1)*IXY+(IYP-1)*$NXBIN+IXP+1;
IRAYLR(IIZP)=1; "Rayleigh scattering option on."

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

IF(IZP.EQ.1.0R.IZP.EQ.$NZBIN) [MED(IIZP)=2; "Air region"]
ELSE [MED(IIZP)=1; "Water phantom region"
IF(IZP.GE.5.AND.IZP.LE.14) [RHOR(IIZP)=0.3;]

IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
%DMED(IZP—1)=MED(IIZP);]
111

e NOOOOODODLODLOOOOOOOLDOODLDOOODO

"Define for PICT only"

PCOORD(3,1)=0.0; PNORM(3,1)=1.0;

PCOORD(3,2)=3.0; PNORM(3,2)=1.0;

PCOORD(3,3)=13. O PNORM(3 3)=1.0;

PCOORD(3,4) PCOORD(S 1)+16 0; PNORM(3,4) 1.0

PCOORD(2,5)=-15.0; PNORM(2 5)=1.0;

PCOORD(2,6)=15.0; PNORM(2,6)=1.0;

PCUURD(1,7)=—15.0; PNORM(1,7)=1.0;

PCOORD(1,8)=15.0; PNORM(1,8)=1.0;

CALL GEOMOUT(0,8); "PICT"

4. 0000000 OO0O0OO0O
1. 000000 3em O 000000 2mO0 0000000000000 0O0O0DOO

2. 0000X,Y-OODObUOooooooooooboooo

e NIDODOOODLDOODOOODLDODLDOO

12



IIZP=(IZP-1)*IXY+(IYP-1)*$NXBIN+IXP+1;
IRAYLR(IIZP)=1; "Rayleigh scattering option on."

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

IF(IZP.EQ.1.0R.IZP.EQ.$NZBIN) [MED(IIZP)=2; "Air region"]
ELSE [MED(IIZP)=1; "Water phantom regior
IF(IZP.GE.5.AND.IZP.LE.14) [

IF(IZP.NE.8.AND.IZP.NE.9) [RHOR(IIZP)=0.3;]]
IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
%DMED(IZP—1)=MED(IIZP);]

111

5. 00000000000
1. 0000000 bem-6em 0000000000 DO0OO0OOODO
e pegsd 1 000000 DOOO0OOOO (FEIAPRIMOUOOOOODOOOOOOM

e 1IIDOUOUDDOO bodykdatODOOOO (DOO bodyk OO ODOODOODOODOOOOO
0000000 00oDOooooooon)

e D000 OUOODLOODLOODOOODOODLDO

PARAMETER $MATNO=3;

$TYPE MEDARR(24,$MATNO) ;

DATA MEDARR/$S’WATER-IAPRIM-PHOTX’,6% ’ °,
$S?ATR-AT-NTP-IAPRIM’ ,7% *> 7,
$S’FE-IAPRIM’,14%’ ’/;

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

e NI DUODOUOOODLOOOOODOOO

DO IZP=1,3$NZBIN [

DO IYP=1,3$NYBIN [

DO IXP=1,3$NXBIN [

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

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

" 0:Fluorescent X-ray does not produced."
IF(IZP.EQ.1.0R.IZP.EQ.$NZBIN) [MED(IIZP)=2; "Air region"]
ELSE [

IF(IZP.EQ.7) [MED(IIZP)=3; "Fe region"]

ELSE [MED(IIZP)=1; "Water phantom region"]
IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
%DMED(IZP—1)=MED(IIZP);]

111

3.6. OO0
uboobubooboooouaooobooood
e JO0DDOUDLODODOOXUOUODOD

e NOOODDDODUOODLOOOOODO
e JOODOUDOODOON IemUOOOO0ODODDOO
uboobooooobd
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Appendix 1 Full listings of ucphantom reckik.mor

'INDENT C6;

'INDENT M3;

! INDENT F2;

11 s s s s s 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 sk s s ok ok ok ok ok ok sk sk sk s sk sk s s sk ok ok ok ok ok ok sk sk sk sk sk ok sk sk ok ok ok !
"k kokokkokok kR kokokok kokkkokkkokkokokokkkk - High Energy Accelerator Research
"*xUCPHANTOM_REC1K+x Organization (KEK) "
sk sk sk ok ok ok ok ok sk ok ok ok sk ok sk sk sk ok kokkkkkkkkkkk - EGS4 USER CODE -- 06 DEC 2002/1800"
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 o s s sk ok s sk s ok ok ok ok ok ok sk sk sk s sk sk s s s ok ok ok ok ok ok sk sk sk sk sk sk sk sk ok ok ok !
"Programmer: H.Hirayama (KEK) "
"mortjob. pic is used as the trajectory file.

"EGS4 user’s code to simulate irradiation of phantom.
"28NOV2001 PLOTXYZ is modified to correct the treatment of "

discareded particle.
n n

1 sk ok ok ok e o ok ok ok ok ok s o ok sk ok Kok ok ko ok s o ok sk ok sk kK ko ks sk o o ok sk sk ki ok ok ok s sk o ok sk ok sk kK ke k ks sk ok ok ok ok k!
%C80
!NEWCONDITIONAL;

"STEP 1. USER-OVER-RIDE-OF-EGS-MACROS"

"Select random number generater: O=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) , IXX , 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 (97) , CRNDM, CDRNDM, CMRNDM, IXX, JXX,IDUM2 ;
COMMON/RANDMO/UDMO(97), CDMO, CDDMO, CMDMO, IXXDMO,JXXDMO;
COMMON/RANDM1/UDM1(97), CDM1, CDDM1, CMDM1, IXXDM1,JXXDMi;
COMMON/RANDM2/UDM2(97), CDM2, CDDM2, CMDM2, IXXDM2,JXXDM2;
REAL URNDM,CRNDM, CDRNDM CMRNDM, UDMO ,CDMO , CDDMO ,CMDMO , UDM1,CDM1,
CDDM1,CMDM1,UDM2,CDM2,CDDM2,CMDM2, rdopt;
INTEGER IXX,JXX,IDUM2,IXXDMO,JXXDMO,IXXDM1,JXXDM1,IXXDM2,JXXDM2,
%XXIN,JXXIN;

}

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) tOUTPUT;(’ 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.0. ) CRNDM=CRNDM+CMRNDM;
]{Pl} ={P1}-CRNDM; IF({Pl} 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 II=1,20005[
$RANDOMSET XRANM;
%§£I%Ig§ 20000) OUTPUT (MOD(INT(XRANM*16.**JJ),16),JJ=1,7);
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REPLACE{$CALL-HOWNEAR (#) ; } WITH
{$CALL-HOWNEAR-FOR-SLAC-RECT-PLANE-GEOMETRY ({P1});}

" ok ok K "
"THIS IS THE MACRO THAT SHOULD RETURN THE CLOSEST PERPENDICULAR "
"DISTANCE TO ANY SURFACE WHIC FORMS A BOUNDARY FOR THE CURRENT "
"REGION. IN THIS APPLICATION T IS REPLACED BY THE MACRO FOLLOW- "
"ING WHICH IS SPECIALIZED FOR THE SLAC RECTANGULAR PLANE "
"GEOMETRY. IT IS THE USER’S RESPONSIBILITY TO PROVIDE THIS MACRO"

"FOR HIS OWN GEOMETRY.
o o B B S S UL

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

" s ok ok %k "
{;ZL=Z (NP) ; XL=X (NP) ; YL=Y (NP) ; IRL=IR(NP) ;
IP= (IRL- 2)/IXYP+1 Jp= (IRL-2- IXYP*(IP 1))/$NXBIN+1
KP=IRL-1-IXYP*(IP-1)-$NXBIN*(JP-1);
JP=$NZBIN+1+JP;KP= $NZBIN+$NYBIN+2+KP
ZLEFT=ZL—PCO0RD(3,IP) ZRIGHT= PCOORD(3 IP+1)-ZL;
{P1}=MIN(ZLEFT,ZRIGHT5
YLEFT=YL-PCOORD(2,JP) ; YRIGHT= PCOORD(2, JP+1)-YL;
{P1}=MIN({P1}, YLEFT YRIGHT)
XLEFT=XL- PCOORD(l KP) XRIGHT= PCOORD(1,KP+1)-XL;
{P1}=MIN({P1}, XLEFT XRIGHT) }

"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 PLANE GEOMETRY PACKAGE. "
"A DIFFERENT VERSION IS NEEDED FOR OTHER GEOMETRY PACKAGES. "

"GEOMETRICAL INFORMATION"
"SLAC DEFINITION OF /GEOM/ AND RE-DEFINITIONS FOR /PLADTA/ "
W sk sk ok k "

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

{;COMMON/PLADTA/PCOORD (3, $MXPLNS) PNORM(3, $MXPLNS) , IXYP; }
"IXYP must be defined at MA

"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,IXY,IXYZ;}

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

PARAMETER $NXBIN=3; "Number of bins in X-Direction"
PARAMETER $NYBIN=3; "Number of bins in Y-Direction"

"$NXBIN and $NYBIN must be odd"

PARAMETER $NZBIN=22; "Number of bins in Z-Direction"
PARAMETER $MXPLNS=$NXBIN+$NYBIN+$NZBIN+3; "Number of planes"

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

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

11 sk sk o ok ok ke ok o ok ok ok ok ok ok ke ok sk ok e ok ok sk ok ok o s ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok sk ok ok sk ok ok ok ke ok ok ok ke sk sk ok ok sk ok ok k!
Mok ok ok ok ok ok ok ok ok ok ok ok ok ok okok ok ok ok sk sk sk ok ok okk DECLARAT T ONS ok ok ok ok ok ok ok ok ok sk sk ok sk ok 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 ke ok o ok sk ok sk ok ok ok ok ke ok sk ok s ok sk ok sk ok ok ok ok ok ok o ok sk ok sk ok sk ok sk ok ok ok ok sk ok ok ok ke ok sk ok ok ok ok ok ok k1!
; COMIN/BOUNDS,DEBUG,EDGE,ELECIN,ETALY1 ,MEDIA,MISC,GEOM,PASSIT,
THRESH, TOTALS ,UPHIOT,USEFUL,USER/;

"COMMONS NEEDED"

COMMON/LINES/NLINES,NWRITE,ILINES; "T0 KEEP TRACK OF LINES-PRINTED"

DIMENSION DEPEH($NDET) ,DEPEH2 ($NDET) ,DOSE ($NDET) ,DOSE2($NDET) ,
ERROR ($NDET) , IDMED ($NDET) ;

DIMENSION EBIN($SENBIN5 NOFEBIN($NXTYPE) DELTAE ($NXTYPE) ,
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SSPEC ($NXTYPE , $SENBIN) ,ECDF ($SENBIN) , SASPEC ($SENBIN) ;
COMMON/NFAC/FNORM, XMIN, XMAX YMIN,YMAX,ZMIN, ZMAX NPRECI; "BICT"
$ENERGY PRECISION EKIN, TOTKE ETOT "DOUBLE PRECISION KLUDGE"
$TYPE MEDARR(24, $MATNO)

DATA MEDARR/$S’WATER-IAPRIM- PHOTX’ ,6%° 7,
$S’ ATR-AT-NTP-IAPRIM’, 7%’ °/;

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

1 s sk sk ok ok e ok ok sk ok ok o s ok ok ok ok ok ok ok ok ok ok s ok sk ok ok sk kK kK ok s o ok ok sk sk sk ok sk ok ok ok o s ok ok ok ok sk sk ok kK ks ok ok ok ok Kk ok
Mackkokkkokkkkkkkkk START OF EXECUTABLE CODE sk sk skok ok o sk sk ok ok ok ok ok ok o sk okook ok ko ok '
1 sk sk ok ke e o ok sk ok ok e o o ok Kok K R ok ok e o o s ok sk sk K ok ke o o o sk s sk Kk K ok ok o ke o ok sk ok sk kK ok ks ok ok sk ok ok

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’);

103k 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!

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

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

NPLAN=$NXBIN+$NYBIN+$NZBIN+3; "ACTUAL NUMBER OF PLANES"

IXY=$NXBIN*$NYBIN; IXYZ=IXY*$NZBIN;
IXYP=IXY; "PRESTA"

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

D0 IZP=1,$NZBIN [

DO IYP=1,$NYBIN [

DO IXP=1,$NXBIN [

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

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

" 0:Fluorescent X-ray does not produced."
IF(IZP.EQ.1.0R.IZP.EQ.$NZBIN) [MED(IIZP)=2; "Air region"]
ELSE [MED(IIZP)=1; "Water phantom region"
IF(IYP.EQ.$NYBIN/2+1.AND.IXP.EQ.$NXBIN/2+1) [
%DMED(IZP—1)=MED(IIZP);]

111

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

1ok sk e ok ok ke ok o ok ok ok ok ok ok ok ok sk ok e ok ok sk ok ok ok s ok ok ok ke sk ok ok ok sk ok ok ok sk ok sk ok sk ok ok sk ok ok ok ke ok ok ok ok sk sk ok ok sk ok ok k!
Wackokokokokokkkkkkkkkkk STEP 3. HATCH-CALL COMES NEXT sk ok ok ok ok ok ok ok ok ok sk ok okok ok !
11 sk sk o ok ok ke ok ok ok ok ok ok ok ok ok ok sk ok s ok ok sk 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!

CALL HATCH;

IF(IMODE.NE.O) [
WRITE(7, :FMTO00:);
:FMTOO: FORMAT( Quantltles associated with each media:’,//);

DO J=1,NMED [

WRITE(7 :FMTO1:) (MEDIA(I,J),I=1,24);
:FMTO1: FORMAT(/ 1X,24A1);

WRITE(? :FMTO02: ) RHO(J) RLC(J)

:FMTO02: FORMAT(SX ’ Rho—’ G15.7,° g/cm**x3 RLC=’,G15.7,’ cm’);
WRITE(7,:FMT03:) AE(J), UE(J) AP(J) UP(J);
:FMTO03: FORMAT(SX > AE=’ 5.7, MeV UE—’ G15.7,° MeV’/

?X ’ AP=’,G15.7, ; MeV UP=’,G15.7,° MeV’)'
WRITE(7, :FMT04:);

:FMTO4:FORMAT(/’ Information of medium and cut-off for each region’/);]

DO I=1,NREG [
IF(MED(I).EQ.0) [
IF(IMODE.NE.O) [
WRITE(7,:FMTO05:) I;
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:FMTO5:

??RMAT(’ Medium(’,I3,’)=Vacuum’);
ELSE [

IF (IMODE.NE.O)

[
WRITE(7,:FMT06:) I, (MEDIA(II,MED(I)),II=1,24),ECUT(I),PCUT(I),RHOR(I);

:FMTO06:
FORMAT(’ Medium(’,I3,’)=’,24A1,’ECUT=",G10.5,’ MeV, PCUT=’,G10.5,
> MeV, density=’, F10.3);

1]
]

1 sk ok ok ok ke ook ok ok ok ok s o ok ok Kk ok ok ok ok s o ok sk ok sk kK ok ks sk o o ok sk sk ki ok ok ok sk ke o ok sk ok sk kK ke k ks sk ok ok ok ok k!
"sokkokokokkkkkk STEP 4. HOWFAR-INITIALIZATION COMES NEXT sokskskskokokokokokokx!
1 s sk sk ok ok s ok ok sk sk ok ok s 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 ok sk sk ok ok sk sk sk sk ok ke ok ok sk sk ok ok sk ok ok ok

ZATIR=5.0; "Air thickness before and after slab in cm for PICT"
OPEN(9,file=’mortjob.pic’,status=’unknown’); "PICT"

" Parameter to define graphic size. It is better that the  **PICT*x"
" width of each axis is nearly same. *xPICT**"
XMIN=-16.0; XMAX=16.0; YMIN=-16.0; YMAX=16.0;

ZMIN=—5.0—ZAIR;

ZMAX=20.0+ZAIR+2.0; "PICT"

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

0; PCOORD(3,J)=0
PNORM(1,J)=0.0; PNORM(2,J )=

0.0;  PNORM(3,7)=0.0

"Define for PICT only"
PCOORD(3,1)=0.0; PNORM(3,1)=1.
PCOORD(3,2) PCOORD(3 1)+20 0;
PCOORD(2,3)=—15.0 PNORM(2 3
PCOORD(2,4)=15.0; PNORM(2,4
PCOORD(1,5)=-15.0; PNORM(1,5
PCOORD(1,6)=15.0; PNORM(1,6

CALL GEOMOUT(0,6); "PICT"
FNORM=AMAX1 (XMAX-XMIN+2,YMAX-YMIN+2,ZMAX-ZMIN) ; "PICT"

WRITE(9, :FMT90:) XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX,FNORM; "PICT"
:FMT90:FORMAT (7E10.3) ; "PICT"

RM(3,2)=1.0;

HPHAHJUC

0
.0;
.0;
.0;
.0;

)
)
)
)

’
s
s
s

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

XWIDTH=15.0; "Phantom half-width, X-direction in cm"
YWIDTH=15.0; "Phantom half-width, Y-direction in cm"
XDET=0.5; "Detector half-width, X-direction in cm"
YDET=0.5; "Detector half-width, Y-direction in cm"

"DEFINITION OF PLANES"

"SET ALL COORDINATES AND NORMALS TO ZERO TO BEGIN WITH"
DO J=1,NPLAN [
PCOORD(l J)=0.0; PCOORD(2,J)=0.0; PCOORD(3,J)=0.0;
PNORM(1, =o. 0; PNORM(2,J)=0.0; PNORM(3,J)=0.0;

ID1=$NZBIN+1; ID2=IDi1+1; ID3=ID2+$NYBIN;
ID4=ID3+1; ID5= ID4+$NXBIN;

DO I=1,IDi [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"

PCOORD(3,1)=-SP0OST;
PCOORD(3,2) PCOORD(3 1)+SP0OST;

DO I=3,ID1-1 [
§COORD(3,I)=PCOORD(3,I—1)+1.0;
PCOORD(3,ID1)=PCOORD(3,ID1-1)+ZAIR;

"Y-direction"
PCOORD(2,ID2)=-YWIDTH;
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PCOORD (2,ID2+1)=-YDET;
PCOORD(2,ID2+2)=YDET;
PCOORD(2,ID2+3)=YWIDTH;

"X-direction"
PCOORD(1,ID4)=-XWIDTH;
PCOORD(1,ID4+1)=-XDET;
PCOORD(1,ID4+2)=XDET;
PCOORD(1,ID4+3)=XWIDTH;

IF(IMODE.NE.O) [
WRITE(7, :FMTO7:);

:FMTO7 : FORMAT (’ PCOORD and PNORM values for each J-plane (I=1,3):7,/);

DO J=1,NPLAN [
WRITE(7,:FMT08:) J, (PCOORD(I,J),I=1,3),(PNORM(I,J),I=1,3);
jFMTOS:FORMAT(IS,SGlS.?);]

10 3k 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 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!

"xkkkkkkkkkx STEP 5, INITIALIZATION FOR AUSGAB COMES NEXT kkskkkk"
11 5k sk 3k sk ok 3k 3k 3k ok ok 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 k >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;

1 sk sk ok ok s ok ok sk sk ok ok s ok ok sk sk ok sk ok ok ok ok s sk ok sk sk sk sk ok ke ok ok s sk ok sk sk sk sk ok sk ok ok ok sk sk sk ok sk sk sk sk ok ok ok sk sk ok ok sk ok ok ok
"skkkkk STEP 6. DETERMINATION OF INCIDENT PARTICLE PROPERTIES ***x'
11 sk sk ok ok s ok ok sk sk ok ok s ok ok 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 ok sk sk sk ok sk sk sk sk ok ke ok ok sk sk ok ok sk ok ok ok
ITII=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:
OUTPUT; (° Key in source type. 1:100kV’);

READ(5,*) IXTYPE;

IF(IXTYPE.EQ.O0.0OR.IXTYPE.GT.$NXTYPE) [
OUTPUT; (’ 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;
D0 IE=2,NSEBIN [
?CDF(IE)=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"

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;
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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;

NPRECI=1; "O:precision of x-, y—, z-position in 4 digits PICT"
"1:precision of x-, y-, z-position in 8 digits PICT"

ECUTMN=ECUT(3) ; 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:;

1 s sk sk ok ok s ok ok sk ok ok ok s ok ok ok sk ok ok ok ok ok ok s ok sk ok ok sk kK ok ok ok s o ok ok ok sk sk ok ok ok ok ok o e ok ok ok ok sk kK ok ok ks ok ok ok ok ok ok ok
Wakckkok kkokokkkokkkokkkkkkk STEP 7. SHOWER-CALL——-NEXT skokskok skskookokok sk sk skok ok kk ok '
1 s sk sk ok ok e ok ok sk ok ok ok s ok ok sk ok ok ok ok ok ok ok s ok sk ok ok sk kK ko ok s o ok ok ok sk sk ok sk ok ok ok o e ok ok ok ok sk kK kK ks ok ok ok ok k kK

III=III+1;

IF(III.NE.1) [

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

]

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

DO J=1,NCASES [

"Determine direction of source"
:ANGLE:

$RANDOMSET WO;
WI=WO*(1.0-WIMIN)+WIMIN;
$RANDOMSET PHAIO;
PHAI=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 pahntom 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:;
IRI=6;

"Determine source energy from CDF"

$RANDOMSET EIO;
DO IE=2,NSEBIN [
%F(EIO.LT.ECDF(IE)) [GO TO :ENERGY-CAL:;]

: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) ;
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DEPEHZ(KKK) DEPEH2(KKK)+DEPE(KKK)*DEPE(KKK)
DEPE (KKK) =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;

HEND OF SHOWER-CALL LOOP"

1 s sk sk ok ok e ok ok sk ok ok o s ok oKk sk ok ok ok ok ok ok s ok ok ok ok sk kK ko 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 k kK
Wackkok kkokokkkokkdkokkkkkkk STEP 8., QUTPUT OF RESULTS skokokskok sk skookokok sk sk skok ok kk ok !
1 s sk sk ok ok e ok ok sk ok ok o s ok ok ok ok ok ok ok ok ok ok s ok sk ok ok sk kK kK ok s o ok ok sk sk sk ok sk ok ok ok o s ok ok ok ok sk sk ok kK ks ok ok ok ok Kk ok

D0 IE=2,NSEBIN [
%ASPEC(IE)=SASPEC(IE)/FLOAT(NCASES);

IF(IMODE.NE.O) [

WRITE(7,:FMT09:);

:FMTO09:

FORMAT(//’ Comparison between sampled spectrum and original data’/
23X,° Sampled Probability’,25X,’ Sampled Probability’);
D0 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(I );

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

’; 7,G9.3,° MeV(upper)—— ’,2G12.5);

]

WRIT?(? :FMT11:) SPOSI;

FMT

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

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

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

:FMT12:FORMAT (1X, 18, photons normally incident from front side’/

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

AREA=4.0*xXDET*YDET;

DO KKK=1,$NDET [

VOL=AREA* (PCOORD (3,KKK+2) -PCOORD (3,KKK+1) ) ;

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/VOL;

DEPTHS=PCOORD (3,KKK+1) ; DEPTHL=PCOORD (3,KKK+2) ;

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

IF(IMODE.NE.O) [

WRITE(7,:FMT13:) DEPTHS,DEPTHL, (MEDIA (II,IDMED(KKK)),II=1,24),
DgﬁE(KKK) ,ERROR (KKK) ;

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

]

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=FEXPSA*1.6E-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;
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(/’ 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);

]

ELSE

OUTPU% 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) [

Wg&%?i?,:FMT14:) FAEXPA,FAEXPRR,FEXPSA,FEXERR,BSFA,BSFERR;
FORMAT(/’ 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);
]

WRITE(9, :FMT92:); :FMT92:FORMAT(’9’); "PICT"
CALL PLQOTXYZ(99,0,0,0.,0.,0.,0.D0); "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---TO0 CHECK ENERGY CONSERVATION FOR ONE THING"

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

STOP;
END; "LAST STATEMENT OF MAIN"

1Y sk ok ks o o o ok ok ok s o o o sk o o o ok sk s o o ok ok s o ok sk sk o ok ks o ok ok ks o ok ks ok ok ok ks sk ok ok ok sk ko ok ok 1!
" KEK, High Energy Accelerator Research Organization"
SUBROUTINE AUSGAB(IARG);
" EGS4 SUBPROGRAM - 19 JUNE 2002/1730"
1Y sk ok ok sk o o o ok ok ok s o o o sk oo o sk s o o ok sk s o ok ok sk o ok ok sk o ok ok ok sk s o ok sk s ok ok ok ks sk ok ok ok sk ok ok ok !
COMIN/EPCONT,ETALY1,GEOM,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;

IP=(IRL-2)/IXY+1; "SLAB NUMBER"
JP=(IRL-2-IXY*(IP-1))/$NXBIN+1; "COLUMN NUMBER"
KP=IRL-1-IXY*(IP-1)-$NXBINx*(JP-1); "ROW NUMBER"

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

IF(JP.EQ.$NYBIN/2+1.AND.KP.EQ.$NXBIN/2+1) [
"Middle re%ion of each Z-plane"
IDET=IP-1,;
IF(IDET.GT.Q.AND.IDET.LE.$NDET) [
?EPE(IDET)=DEPE(IDET)+EDEP/RHOR(IRL);

IF(IRL.NE.IROLD.AND.IQ(NP).EQ.0) ["photon cross plane"

IF((W(NP).GT.0.0.AND.IP.EQ.2).0R. (W(NP).LE.0.0.AND.IP.EQ.1)) [
"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; ]
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1]
]

IF (IMODE.EQ.0) [
%ALL PLOTXYZ(IARG,NP,IQ(NP),X(NP),Y(NP),Z(NP),E(NP)); "PICT"

RETURN;
END; "LAST STATEMENT OF SUBROUTINE AUSGAB"

AE

1 ek sk sk s s s ok ks sk s o sk ok ok sk o s ok ok sk s sk ok sk sk s ke sk sk sk ke sk sk sk ok ok sk sk sk s ok sk sk sk ok ok sk sk sk sk ok ok sk sk sk s ok ok sk ok 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 ke ok sk sk s ook o ok ok sk sk s o sk ok ok sk o sk o ok sk s s ok sk sk s ok sk sk ke ok ks sk ke ok sk sk sk sk ok sk sk sk ke sk sk sk sk ok ki sk sk ok k sk ok sk ok 1

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)/

3599., 1188., 526.2, 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;]

DO I=1,38 [

IF (ENERGY.GE.HNU(I) .AND.ENERGY.LT.HNU(I+1)) [
ENM1=ALOG(ENMU(I+1)); ENMO=ALOG(ENMU(I));
HNU1=ALOG(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)) L
ENCOEA=ENMU(I+1);
RETURN; ]

"END OF DO-LOOP" ]

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

OUTPUT ENERGY; (///,’ ***xxSTOPPED IN ENCOEA*x**x’, 6/, > E=’,G15.5,///);
RETURN;
END;

HE
1 ke sk sk s o o ok ok sk sk s o sk ok ok sk s s ok ok sk s sk ok sk sk s ke ok sk sk ok sk sk s sk ke ok sk sk sk s ok sk sk sk ok sk sk sk sk ok ki sk sk ok k sk ok sk ok
" 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 Radlologlcal Technology) "
11 ke ok sk sk s o sk o ok ok sk sk s o sk ok ok sk s sk ok ok sk s sk ok sk sk sk ok sk sk ke sk sk sk sk ok ok sk sk sk ok sk sk sk ok ke sk sk sk sk ok ki sk sk s ok ok sk ok sk ok 1
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,

,0.6,0. 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/;

0.5

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;]
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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=AL0OG(HNU(I+1)); HNUO=ALOG (HNU(I));
ENEO=ALOG (ENERGY) ;
SLOPE=(ENM1-ENMO) / (HNU1-HNUO) ;

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

RETURN; ]

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

"END OF DO-LOOP" ]

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

OUTPUT ENERGY; (///,’ ***xxSTOPPED IN ENCOEW*xxx’,/ > E=’ G15.5,///);
RETURN;
END;

LE

1 sk ok ok ok ke ook ok ok ok ok s o ok ok Kk ok ko ok s o ok sk ok sk kK ok ok s sk o o ok sk ok ok sk ok ok ok sk sk o o sk ok sk kK ke k ks sk ok ok ok kK k!
! STANFORD LINEAR ACCELERATOR CENTER"

SUBROUTINE HOWFAR;
" EGS4 SUBPROGRAM - 8 MAY 1983/1730"
11 e e e e e e e e e e s o s s s ok ok ok ok kK koK ok ok sk sk oo oo o o ok sk sk ok ok koK ks s s s o ok ok ok ok ok ok ok ok ok sk sk sk sk ok ok !

; COMIN/DEBUG,EPCONT,GEOM,PASSIT,STACK,THRESH/;
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=

IF(I.LT.$NZBIN) [NRGl 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 tNRGl IXYZ+5;]
IF(X.GT.1) [NRG2=IRL-1;] ELSE [NRG2=IXYZ+6;]
$PLAN2P (NPL1,NRG1,1,NPL2,NRG2,-1);

RETURN;
END; "END OF SUBROUTINE HOWFAR"

hE
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" KEK, High Energy Accelerator Research Organization "
SUBROUTINE PLOTXYZ(IARG NP,IQ,X,Y,Z,ENP);

EGS4 SUBPROGRAM - 28 Nov 2001/1400"
"  Revised to include 32 bits version. (NPRECI=1) 02 Apr 2001/1100"
" Revised to include the case that created particle is discarded "
immediately. 20 Apr 2001 H. Hirayama "
"190CT2001: Modified type miss. "
"28N0V2001: Delete unnecessary treatment for the discarded particle"
11k ke sk sk s o o ok ok sk sk s o sk ok ok sk o sk ok ok sk s s ok ok sk Sk ok sk sk s ke sk sk sk ok ke ok sk sk sk e ok sk sk sk ok ke sk sk sk ko ks sk ok kok ok 1!
"OQutput X,Y,Z,IQ,E for 3 dimensional §raphic display on PC.
"This subroutine based on PLOTXZ developed at SLAC for 2 "
"dimensional display with UG.

H. Hirayama

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

COMIN/DEBUG/ ;

COMMON/NFAC/FNORM XMIN,XMAX,YMIN, YMAX,ZMIN,ZMAX,NPRECT; "PICT"

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

$ENERGYPRECISION ENP;

DATA NPT/40%0/;

IF(IARG.EQ.99) [
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DO I=1,40 [

IF(NPT(I).LE.0) NEXT;

IF(IQTOLD(I).EQ.0) [1IQ=1;]

ELSEIF (IQTOLD(I).EQ.-1) [IIQ=2;]

ELSE [IIQ=3;]

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

DO INP=1,NPT(I) [

IF (NPRECI.EQ.0) [

WRITE(9, :FMT9:) IIQ,IXPT(INP,I),IYPT(INP,I),IZPT(INP,I),IEPT(INP,I);
:FMT9:FORMAT (11,4159 ;]
ELSE [

WRITE(9, :FMT90:) IIQ,IXPT(INP,I),IYPT(INP,I),IZPT(INP,I),IEPT(INP,I);
:FMT90:FORMAT (I1,318,15);]

IF(INP.EQ.NPT(I)) [
WRITE(9, :FMT91:);
]FMT91 :FORMAT (?=1°);

%PT(I)=0;

"END OF IARG EQ 99 L0OOP"]

ELSE ["IARG NE 99"

JARG=IARG;

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

IF (NPT (NP) .EQ.1) IQTOLD(NP) 10Q;

IF (NPRECI.EQ.O

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

ELSE [

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

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;

IEPT (NPT (NP) ,NP)=IEF*10+IFF;]

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 [I1IQ=3;]

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

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

DO INP=1,NPT(NP) [

IF (NPRECI.EQ.0) [

WRITE(9, :FMT9:) IIQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),
IEPT (INP,NP) ;]

ELSE [

?RITE(Q,:FMTQO:) 1IQ,IXPT(INP,NP),IYPT(INP,NP),IZPT(INP,NP),IEPT(INP,NP);

%E(INP.EQ.NPT(NP)) [WRITE(9, :FMT91:);]

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

ELSEIF (JARG.EQ.-1) [
IXPT(1,NP)=IXPT(NPT(NP) ,NP);
IYPT(1.NP)=IYPT(NPT(NP) ,NP) :
IZPT(1.NP)=IZPT(NPT(NP) ,NP) :
IEPT(1,NP)=TEPT (NPT (NP) ,NP) :
NPT (NPJ=1;

%QTOLD(NPi =1Q;

ELSE [
NPT(NP)=1;
IXPT(1, NP) IXPT(100,NP);
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IYPT(1,NP)=IYPT(100,NP);
IZPT(1,NP)=IZPT(100,NP);
%EPT(l,NP)=IEPT(100,NP);

ELSE [IQTOLD(NP)=IQ;]
"END OF IARG NE 99 L0OOP"]

RETURN;
FND; "END OF SUBROUTINE PLOTXZ"

1Y sk sk s o o o ok ok ok s o o o sk o o o sk s o o ok ok s o ok ok sk o ok ok sk sk o o ok ok ok s o ok ok ks ok ok ok ks sk ok ok ok sk ok ok ok !
" KEK, High Energy Accelerator Research Organization"

SUBROUTINE GEOMOUT (NCYLG,NPLANG) ;
" EGS4 SUBPROGRAM - 03 MAR 1994/1515"

":FMT93:FORMAT is modified from 8E10.3 to 4E15.7. 21 JUL 2001/0800"
11k ke sk sk s s o o ok ok sk sk s o sk ok ok sk sk ok ok sk s s ok ok sk sk sk sk sk sk ke sk sk sk ok ok ok sk sk sk ok ok sk sk sk ok ke sk sk sk ok ok ke sk sk ok ke k ok !
"Output geometry data for cylinder-slab or slab geometry. "
H. Hirayama
11k ok sk sk s o o o ok ok sk ks o sk ok ok sk o sk ok ok sk s s ok ok sk sk sk sk sk sk ke sk ks o ke ok sk sk sk ke ok sk sk sk ok ke sk sk sk ok ok sk sk sk sk ok ke k ok !
COMIN/DEBUG,PLADTA,CYLDTA/;
COMMON/NFAC/FNORM XMIN XMAX YMIN, YMAX,ZMIN,ZMAX,NPRECI; "PICT"
DIMENSION CYL($MXCYLS) ZBIN($MXPLNS) YBIN(éMXPLNS) XBIN($MXPLNS);
IF(NCYLG.NE.O) [" Cylinder slab geometry"

WRITE(9, :FMT90:);

:FMT90: FORMAT (° GSTA?) ;
WRITE(9, :FMTO1:);

:FMT91 : FORMAT (*CYLS’) ;

WRITE (9, :FMT92:) NCYLG,NPLANG;
:FMT92: FORMAT (316) ;

D0 I=1,NCYLG [
%YL(I)=SQRT(CYRAD2(I));

WRITE(9, :FMT93:) (CYL(I),I=1,NCYLG);
:FMT93: FORMAT (4E15.7) ;

NZP=0;

DO I=1i,NPLANG [

IF(PNORM(3,I).EQ.1.AND. (PCOORD(3,I).GE.ZMIN.AND.PCOORD(3,I).LE.ZMAX)) [

NZP=NZP+1 ;
%BIN(NZP) ZPCOORD(3,I);]

IF (NZP.EQ.0) [
NZP=2;
%BIN(1)=ZMIN; ZBIN(2)=ZMAX;

WRITE(9, :FMT93:) (ZBIN(I),I=1,NZP);
WRITE(9, :FMT94:);

:FMT94: FORMAT(’GEND’)'

] "End of Cylinder slab geometry"

ELSEIF (NPLANG.NE.O) ["Plane geometry"

WRITE(9, :FMT90:);
WRITE(9, :FMT95:);
:FMT95 : FORMAT (* SLAB’) ;

/NZP ,NYP ,NXP/=0;

DO I=1,NPLANG [

IF (PNORM(1,I).EQ.1) [

IF(PCOORD(1i,T).GE. XMIN.AND.PCOORD(1,I).LE.XMAX) [
NXP=NXP+1;

XBIN (NXP)=PCOORD(1,I);]]

ELSEIF (PNORM(2,I).EQ.1)

IF (PCOORD(2,I).GE.YMIN.AND.PCOORD(2,I) .LE.YMAX) [
NYP=NYP+1 ;

YBIN(NYP)=PCOORD(2,I);1]

ELSE [

IF (PCOORD(3,I).GE.ZMIN.AND.PCOORD(3,I) .LE.ZMAX) [
NZP=NZP+1 ;

ZBIN(NZP)=PCOORD(3,I);]1]

ZWID=ABS(ZMAX—ZMIN);
IF (NXP.EQ.0) [NXP=2
XBIN(1)=-ZWID/2.0:
XBIN(2)=ZWID/2.0;]
IF(NYP.EQ.0) [NYP=2;
YBIN(1)=-ZWID/2.0:
YBIN(2)=ZWID/2.0; ]
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OUTPUT (PNORM(l,I),PNORM(Z,I),PNORM(
(> PNORM(1) PNORM(2) PNORM(3
WRITE(9, :FMT92:) NXP,NYP,NZP;
WRITE(9, :FMT93:) (XBIN(Ij I= 1 NXP) ;
WRITE(9, :FMT93:; (YBIN(I),I=1, NYP)

)

3,I),I=1,NPLANG) ;
)?/(3615.5)) ;

WRITE(Q, :FMT93:) (ZBIN(I),I=1,NZP):
¥RITE(9,:FMT94: ;

ELSE [" Do not produce geometry data"
WRITE(9, :FMT90:);

WRITE(9, :FMT94:);

STOP; ]

RETURN;
%ND; "END OF SUBROUTINE GEOMOUT"
WE
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" 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"
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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 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 sk sk o o o ok ok sk s o o ok koK oo o sk s o o ok s o ok ok sk o ok sk ok o o ok ok sk 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 $MXREG. IF IT IS, STOP AND QUTPUT. "
IF (NREG.GT.$MXREG) [
MDUMMY=$MXREG;
OUTPUT NREG,MDUMMY;
/7, sxxx* NOTE: STOPPED IN SUBROUTINE ECNSV1 BECAUSE NREG= ’,
I5, ’]IS LARGER THAN $MXREG= ’,I5,’ **x*x’);
STOP;

IF (NTREE.EQ.O) [ "INITIALIZE ESUM TO ZERO AND RETURN"
D0 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.DO;

DO IQ=1,4 [

SUMSUM(1Q)=0.D0;

DO IR=1,NREG [ROWSUM(IQ,IR)=0.D0;]

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 [

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);
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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 L

DO ICODE= 1,5 [

SUMSUM(IQ)= SUMSUM(IQ)+ESUM(IQ IR,ICODE);
%g{IQ .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=’,I2,//,
55X, ’IARG’,/,19X,°0’,15X,71°,13X,°2,14X,°3?,14X,°4’ ,16X, ’Row sum’,
/,3%X,’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(I? 5X, 5G15. 7,5X, G15. 7);

i 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"

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

n * * "
" * FIXTMX =* "
n * % "
" Kk ok ok ok K ok ok ok "
§UBROUTINE 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. "
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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. "

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 (V03+) 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 "

1 sk ok ok ok s o ok ok ok ok ok ke o ok s ok Kok ok ok sk ok s s ok sk ok sk kK ko ks ko s oo sk sk ok ok ok ok ok sk s ok sk ok sk ok Kk k ko ok sk ok ok ok ok ok !
; COMIN/ELECIN,MEDIA,USER/;

ESTEPE=ESTEP;

IF(MEDIUM > $MXMED) ["ERROR" QUTPUT 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 "
n SI -_—

TMXS1 = EIL + TMXSO "
TMXS1 * EIP1L + TMXSO "

SIP1

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;

0,

hE
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" * *

" * ROOTMX *

" * *

%k %k %k %k %k %k Xk Xk Xk Xk

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

THEQORY, TMIN IS THE THE MINIMUN STEP AND ESTEPE#EI/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
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" NECESSARY TO INCLUDE A CORRECTION FOR ENERGY LOSS IN IT. OTHERWISE THE "
" UPPER LIMIT COULD BE GREATLY EXCEEDED - BY AS MUCH AS 507 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 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 PREVIOUS 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 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 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(F15 s AF2=ABS ( (F2);
SF1=SIGN(1.,F1);SF2= SIGN(l ,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= (Xl*F2 X2xF1) /(F2-F1);

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

IF(AFT <= éROOTMX 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"

]

] "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/;
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"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/(E*BETA2)**2;

FTMX=1./AL0G(A/G)-G*T;

RETURN;END;

1 sk sk ok ok s ok ok sk sk ok ok s 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 sk ok sk sk sk sk ok ke ok ok sk sk ok ok sk ok k ok
SUBROUTINE RMARIN;

1 sk ok ok ok ke ook ok ok ok ok s o ok sk ok ok ok ok ok ok s o ok sk ok sk kK ko ks sk o o sk sk sk ki ok ok ok sk sk o ok sk ok sk kK ke k ks sk ok ok ok ok k!
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) ;

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—MOD(SS*L+1 169)
IF(MOD(L*M 64) GE.32) S= S+T
T=0.5%T;

]
?RNDM(II)=S;

CRNDM
CDRNDM
CMRNDM

IXX = 97;
JXX = 33;

RETURN;END;

11 sk sk ok k ok ok k ok ok 3k ok ok 3k ok ok sk ok ok ok 3k ok ok ok 3k ok ok k 3k ok ok sk ok ok ok 3k ok ok ok 3k ok ok k 3k ok ok k ok ok ok k ok ok ok 3k ok ok ok k !
"akkokokkokokkkkokokokokkkkkk End of ucphantom_reclk.mor skkskkkskkkokkk!!
11 sk sk ke sk ok ok ok Sk 3k ok 3k ok ok ok Sk K k ok ke sk sk sk 3k ok ok ok ok ok ok K 3k ok ke sk sk sk ok ok ok ok ok ok ok ok 3k k k ok sk sk ok 3k ok ok ok ok ok ok !

362436./16777216. ;
7654321./16777216. ;
16777213./16777216. ;
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