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1 Y2775 5 A uexyz_phantom.f DEE
ucxyz_phantom.f 1%, L FOFHEEZITH 2—H a2 —RKTH D,
L. ek (5 11X)
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7 HFRORT v 22
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Figure 1: ucxyz_phantom.f O 4 A K —,

2. BRRSAE
o ASPRIFIE, =3/LF—1.253MeV DN
o SUEGMREALEIL, NEREKE DS O (SPOSI=10cm)
o LW A X \AZEF T XHBEAM(=lem)*2 x YHBEAM(=lem)*2 0 E'— A,
3. o DIEHR
(a) CGView HAREHHMEH (egsbjob.pic)
(b) FtHEAEE (egs5job.out)
o T 2MEICEHT T —#



K —Ta T ET—H

o EFRLIFMRICET 2T —#

e EANU—H E—LPAX

o 77 FAHLO lem x lem OFEERTOVEERE/7A (1em HAL)
o BITHUELLRK

KU — g ORI T R L —E S

2 1—¥—a1—FORAE
2.1 AA4>7TAYFL Step 1
2.1.1 include XRUEKXEE

egsh X, Fortran TEILTWDH DT, egsh A4 A h U Ml_W_Z_FT@bMTWéﬁ
é&@ﬁﬂﬁi IORE S1X, BIO7 7 A V2 parameter 3L CHEE L, include BREIC L D = —H—a—

RIZED AL TV %, common (Z2WT %, [A U< include %:HEJU\“CI/\

egsh [JIHBEBIR T 5 include BIR D 7 7 A WL, include/T 4 L7 bV (egs IZERT 2 H D),
pegscommons/7 4 L7 bV (pegs IZBfRT 5 & D) 35 LN auxcommons/7 4 L7 b U (egsh D
FEEDLRBEL VDA A N —BROT T N—T 4 Vo ——a— RIZOARBMRT 5 H D)
kuyaﬁé:kmibﬁ%f%éi5’bfwé !

Z DM, Mortran O~ 7 BIEREIC LY | 22— —a— R THRETE L EGSL D5H & &b R
HZETHD, @Eﬁ'J@ji‘?—f é’i’ﬁﬁﬁ'éﬁ/\ 1%, egsh IZEHERIRT 255513, include/egs5 h. £
WD, DDA, auxcommons/auxh f O45% parameter XOMEEZETL 5 Z L2785,

WA DOFREIL, egs I[CEEERE T 5 include L TH S,

include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_bounds.f’
include ’include/egs5_edge.f’
include ’include/egsb5_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’
include ’include/egs5_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egsb5_useful.f’
include ’include/egs5_usersc.f’
include ’include/randomm.f’

include ’include/egs5.h.f’ |&, UTUETH LM, LHLIFD common I[ZEHHT 25 include
XX, A Ta s T AT, BATLAHREER S L L OEIT TR, 2

WOFELZ, VA A M) —BROY T L—T 4 R Oa—F—FfO—Y —a— NZET
5 include X Th 5,

include ’user_auxcommons/aux_h.f’ ! Auxiliary-code "header" file

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f’
include ’auxcommons/geoxyzv.f’
include ’auxcommons/instuf.f’
include ’auxcommons/lines.f’
include ’auxcommons/nfac.f’
include ’auxcommons/voxel.f’
include ’auxcommons/watch.f’

FED2—H —a— KNTHHT S common Z#RIZEFRT D,

Lonb o EIR, egs5run7<7)7l\f RESND,
*EGS4 ®» COMIN ~ 7 {2y 2/ TH %,



common/score/ ! Variables to score
* depe (LIMAX,LJMAX,LKMAX) ,faexp,fexps,maxpict
real*8 depe,faexp,fexps

integer maxpict

AA T T AT, implicit none H5% L TWAHDT, A7 nr T ATHEH
LTWALETOERODRNESETH20ENDH D,

2.1.2 open X

FATLDOHIHT, T H=2=v F% open T 5, egsh Tl pegs #7177 LD—HHE& LT
BUOMELIEEL LTWD, pegs DFEITITMEN, = b 7-26 1%, close SNDH T EnbH, AA
v 7ma T A Topen LTWThH, pegs FE(THRIC, ME open 752 ENRMTELE/D, TDd,
2= ;726 DEHEZRET DB RV, 2= k391X, REMEROH N7 7 A L TH D,

! Units 7-26 are used in pegs and closed. It is better not
! to use as output file. If they are used must be re-open after
! getvoxel etc. Unit for pict must be 39.

open(6,file=’egsbjob.out’,status=’unknown’)
open(4,FILE="egs5job.inp’ ,STATUS="01d’)
open(39,FILE="egsbjob.pic’,STATUS="unknown’)

F0%, HEhv oA —% ¥y bTHYVT)L—F ¢ counters_out (0) % call T 5,

2.2 AA>TA%5 5L Step 2: Pegss-call

W T — 288, SWE D4R, FWE O characteristic dimension, 7R 7 BV EFRET D T —
2.V —=VarOREEL, FV—Va r ~OWERONF 7L a VRE%R egsbjob.inp N HRtIALS
Bt T N—T 4 getvoxel(ifto) % call 5, iftold, getvoxel TitAiAATLT —H &)
277 ANETTHD,

ZD%, YT N—T 1 pegsb % call T 5,

ifto = 6 ! Qutput unit in getvoxel

call getvoxel(ifto)

write(6,*) ’PEGS5-call comes next’

2.3 AA>7FA% 5L Step 3: Pre-hatch-call-initialization

T —H2 77 ANDT +—~ > NEFEET D npreci X ET H, ZO2—H—a3— KT,
CGView D7V —T7 ¢ —~ v NHEHT LD T3 ZIEET S, HHTAIRE RS 2T LITKHE
LIEIRT — 2 KO — 2 a VOWEFZR S =R T — % 7 7 A VT T 5,

! npreci 1: for PICT32

! 2: for CGview

! 3: for CGview in free format
npreci=3



if (npreci.eq.3) write(39,fmt="(’GSTA-FREE-TIME’)")
if (npreci.eq.2) write(39,fmt="(’GSTA-TIME’)")
write(39,fmt="(’SLAB’)")

write(39,fmt="(I6)") imax+1

write(39,fmt="(I6)") jmax+1

write(39,fmt="(I6)") kmax+1
write(39,fmt="(4F15.4)") (xbound(j),j=1,imax+1)
write(39,fmt="(4F15.4)") (ybound(j),j=1,jmax+1)
write(39,fmt="(4F15.4)") (zbound(j),j=1,kmax+1)
write(39,fmt="(’GEND’)")

write(39,fmt="(’MSTA’)")
write(39,fmt="(I4)") nreg
write(39,fmt="(15I4)") (med(i),i=1,nreg)
write(39,fmt="(’MEND’)")

Ranlux S D> — K inseed DEAZRE L. #IH{LT 5,

Random number seeds. Must be defined before call hatch

or defaults will be used. inseed (1- 2°31)

luxlev = 1

inseed=1

write(6,100) inseed

100 FORMAT(/,’ inseed=’,I12,5X,

* > (seed for generating unique sequences of Ranlux)’)

call rluxinit ! Initialize the Ranlux random-number generator

2.4 *A>70% 5L Step 4: Determination-of-incident-particle-parameters
BIRND 7 7 b AR E TOWEBE. 2 OfMOBIF/ T XA —2 ZRET D,

! Source position from phantom surface in cm.
sposi=10.0

iqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy of source photon
etot=ekein + abs(iqin)*RM

xin=0.D0

yin=0.D0

zin=-sposi

uin=0.D0

vin=0.D0

win=1.DO

wtin=1.DO

! X-direction half width of beam at phantom surface in cm.
xhbeam=1.0

! Y-direction half height of beam at phantom surface in cm.
yhbeam=1.0
radma2=xhbeam*xhbeam+yhbeam*yhbeam

wimin=sposi/dsqrt (sposi*sposi+radma?2)

2.5 *A 27045 L Step 5: hatch-call

BEREFTZRLF— (BT R/VF—) KT emaxe ZHEHRIZ mmmMHmhmw%mﬂl?é
hatch CHAIAENT-WET —F0, V—V 9 VICERTELIZEREZHEZREOT-DICH T 5,



emaxe = 0.D0 ! dummy value to extract min(UE,UP+RM).

write(6,110)
110  format(/’ Call hatch to get cross-section data’)
!

open (UNIT=KMPI,FILE="pgsbjob.pegsbdat’,STATUS="01d’)
open (UNIT=KMPO,FILE="egs5job.dummy’ ,STATUS="unknown’)

write(6,120)
120 FORMAT(/,’ HATCH-call comes next’,/)

close (UNIT=KMPI)
close (UNIT=KMPO)

write(6,*) ’ Quantities associated with each media:’

do j=1,nmed
write(6,130) (media(i,j),i=1,24)
130 FORMAT(/,1X,24A1)
write(6,140) rhom(j),rlcm(j)
140 FORMAT(5X,’ Rho=’,G15.7,’ g/cm**3 RLC=’,G15.7,’ cm’)
write(6,150) ae(j),ue(j),ap(j),up(j)
150 FORMAT(5X,’ AE=’,G15.7,’ MeV UE=’,G15.7,’ MeV’/ 5X,’ AP=’,G
* 15.7,° MeV UP=’,G15.7,’ MeV’)
end do
write(6,160)

160  FORMAT(/’ Information of medium and cut-off for central region’)
i=imax/2+1
j=jmax/2+1
do k=1,kmax
irl=1+i+(j-1)*imax+(k-1)*ijmax
if (med(irl).eq.0) then
write(6,170) k,irl
170 FORMAT(’ Medium(’,I3,’-th z bin, region:’,I5,’)= Vacuum’)
else
write(6,180) k,irl, (media(ii,med(irl)),ii=1,24),
* ecut (irl) ,pcut(irl) ,rhor(irl)
180 FORMAT(’> Medium(’,I3,’-th z bin, region:’,I5,
* ’)=>,24A1,/5X,’ECUT=",G10.5,’ MeV, PCUT=’,
* G10.5, ’ MeV, density=’,F10.3)
end if
end do

2.6 *A>7FA% 5L Step 6: Initialization-for-howfar

RO 2—YP—a—RTE, ZORT vy T TRIREIEET 27200 (Fik, FfE, k%) &
LR, Aa—H—a— RTld getvoxel TRRAFHEL TNWDHDT, ZORT v/ Tilik ¥
DT,

2.7 AA>T0A% 5L Step T: Initialization-for-ausgab
ausgab (ZME LR E Z1T O,

FHET B RO, BT BRI, B R R Y =R RFER T 7 A T — 2 % T
B AR —BOBREETH. RIT—2 77 A Mo, Ay FEE (1) &5 5,



o

ncount
ilines
nwrite
nlines
idin =
totke
wtsum

o

nn
OO

N =
oo

! Zero the dose
do k=1,kmax
do j=1,jmax
do i=1,imax
depe (i, j,k)=0.DO
depeh(i,j,k)=0.DO
depeh2(i,j,k)=0.D0
end do
end do
end do

faexp=0.D0
faexps=0.D0
faexp2s=0.D0
fexps=0.D0
fexpss=0.D0
fexps2s=0.D0

call ecnsvl1(0,nreg,totke)
call ntally(0,nreg)

! History number
ncases=100000

! Maximum history number to write trajectory data
maxpict=50

write(39,fmt="(’0 1))

2.8 *AA>70O% 5L Step 8: Shower-call

E L7t A MU —%f (ncases) 721 subroutine shower % call L. egsh #3255 Th
%, ucxyz-phantom.f TiX, sposi DALEIZ, EFMHRAH Y, 20 HEEFNIZ, 1.253MeV
DT DD DT, BIFESET O I LD sposi NZERDIE S (5em) L W EWIEEOZER)E O K H
TORLEZERD D N—F D> T D,

Fe A MY —fIZ, TRXLF =T X (AFER TR LF— L& RSO L —
DODFPFELNWZ &) 2T = 7 2{T> T 5,

KA RN —#&TH, FHOEEZOHGEEFEDOT-DIZ, FHEIREOELE ZOARELZNLEN
MEAS %,

do jhist=1,ncases | Start of CALL SHOWER loop

icases=jhist

200 call randomset (w0)
win=w0* (1.0-wimin)+wimin
call randomset (phaiO)
phai=pi*(2.0*phaiO-1.0)
sinth=dsqrt (1.DO-win*win)
uin=dcos(phai)*sinth



vin=dsin(phai)*sinth
dis=sposi/win
xpf=dis*uin
ypf=dis*vin
if (dabs(xpf).gt.xhbeam.or.dabs(ypf).gt.yhbeam) go to 200
if (sposi.gt.zbound(2)-zbound(1)) then
disair=(sposi-(zbound(2)-zbound(1)))/win
xin=disair*uin
yin=disair*vin
zin=zbound (1)
else
xin=0.D0
yin=0.DO0
zin=-sposi
end if

do i=1,imax
if (xbound(i+1).gt.xin) go to 210
end do
210 do j=1,jmax

if (ybound(j+1).gt.yin) go to 220
end do

ekin = ekein

wtsum = wtsum + wtin | Keep running sum of weights
etot = ekin + iabs(iqin)*RM ! Incident total energy (MeV)
availke = etot + iqin*RM ! Available K.E. (MeV) in system
totke = totke + availke ! Keep running sum of KE
latchi=0

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,230) etot,xin,yin,zin,uin,vin,win,iqin,irin,idin
230 FORMAT(7G15.7,3I5)
end if

if (etot+(1-iabs(iqin))*RM.gt.emaxe) then
write(6,fmt="(’ Stopped in MAIN.’,
1 > (Incident kinetic energy + RM) > min(UE,UP+RM).’)")
stop
end if

if (abs(uin*uin+vin*vin+win*win-1.0).gt.1.e-6) then
write(6,fmt="(’ Following source direction cosines are not’,
1 > normarized.’,3e12.5)")uin,vin,win
stop
end if

call shower (iqgin,etot,xin,yin,zin,uin,vin,win,irin,wtin)



do k=1,kmax
do j=1, jmax
do i=1,imax
depeh(1 j,k)=depeh(i, j,k)+depe(i,j,k)

depeh2(i, j,k)=depeh2(i,j,k)+depe(i,j,k)*depe(i,j,k)

depe(i,j,k)=0.DO
end do
end do
end do

faexps=faexps+faexp
faexp2s=faexp2s+faexp*faexp
faexp=0.0
fexpss=fexpss+fexps
fexps2s=fexps2s+fexps*fexps
fexps=0.0

ncount = ncount + 1

if (iwatch .gt. 0) call swatch(-1,iwatch)

end do

2.8.1 #iEtie=E
T EECTANEFHAETHELZWE

I Count total number of actual cases

(Rar7—3258) 45, BT HLaitED

D Rl

L. TOMERRENMETH S, ucxyz_phantom.f Tlx, KDL H 72 MCNP TEFH LT\ 5 Hik%

BEHLTWS,
e L AN —HAEN LT 5,
o ; “iFHDE A MY —DFER LT 5,

o x DYMEAFHET 5:
B
:C:N;xl
o z; DHWIEELLFOXNERD %,
1 1Y
2 _ 232 (3 L 2
s _N_lizl(xl T) ~2? -7 (x N;xl)'
o T DITHUEIL, . .
2 _ Lo Llis 2
55 = 35 = DJPE z°]
Ll b,
o HMatinAL LT, 1
o [ (@ - 7)) V2

ERVD,
FOFETREELZOHEFOML, LRLOLBETT S 120

IZAT> T 5,



2.9 *AA 270455 L Step 9: Output of results

BONTRERELE L T BT, RANSHIRDORM (BURO Z A 7 (L&), & A bY —$%
4%, TO%, EHT DR TOFRIIRE & € OREHAZEZ ROH T %,

write(1,280) sposi

280  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
*’ Source position ’,F10.1,’ cm from phantom surface’/
*? Within lcm x 1 cm area after 5 cm air’)

write(1,290) ncases, xhbeam, yhbeam
290  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’)

do k=1,kmax
do j=1,jmax
do i=1,imax
irl=1+i+(j-1)*imax+(k-1)*ijmax
amass=(xbound (i+1)-xbound (i) )*

* (ybound (j+1)-ybound (j))*

* (zbound (k+1) -zbound (k) ) *rhor (irl)
dose(i, j,k)=depeh(i,j,k)/ncases
depeh2(i, j,k)=depeh2(i,j,k)/ncases
doseun(i,j,k)=dsqrt((depeh2(i,j,k)-

* dose(d, j,k)*dose(i,j,k))/ncases)
dose(i,j,k)=dose(i,j,k)*1.602D-10/amass
doseun(i, j,k)=doseun(i,j,k)*1.602D-10/amass

end do
end do
end do

i=imax/2+1

j=jmax/2+1

do kkk=2,kmax-1
depths=zbound (kkk)
depthl=zbound (kkk+1)
irl=1+i+(j-1)*imax+(kkk-1) *ijmax
write(6,300) depths,depthl, (media(ii,med(irl)),ii=1,24),

* rhor(irl),dose(i,j,kkk),doseun(i,j,kkk)

300 FORMAT(’> At ’,F4.1,’-->,F4.1,’cm (’,24A1,°’ ,rho:’,F8.4,°)=",
* G13.5,°+-’,G13.5,°Gy/incident’)
end do

area=(xbound (i+1)-xbound(i)) * (ybound (j+1)-ybound (j))
faexpa=faexps/ncases

faexp2s=faexp2s/ncases
faexrr=dsqrt((faexp2s-faexpaxfaexpa)/ncases)
faexpa=faexpa*l.6E-10/area

faexrr=faexrr*1.6E-10/area
fexpsa=fexpss/ncases

fexps2s=fexps2s/ncases
fexerr=dsqrt ((fexps2s-fexpsa*fexpsa)/ncases)
fexpsa=fexpsa*l.6E-10/area

fexerr=fexerr*1.6E-10/area
if (faexpa.gt.0.0) then

bsfa=fexpsa/faexpa
bsferr=bsfa*dsqrt ((faexrr/faexpa)**2.+(fexerr/fexpsa)**2.)
write(6,310) faexpa,faexrr,fexpsa,fexerr,bsfa,bsferr



310 FORMAT(/’ Exposure in free air (using mu_en) =’, G15.5,°+-’,G15.
* 5,7 Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G15.5,’+-7,G15.5,’Gy/incident’/ ’ Backscattering factor =’,G15
* .5,’+-?,G15.5)
else
write(6,320) faexpa,faexrr,fexpsa,fexerr

320 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’)
end if

getvoxel TR E L 7o NEIk DN & & £ DEIGE  FRE L7 ik (Z-scan X X-scan)
THDIT 5,

2.10 subroutine getvoxel(ifto)

getvoxel |&, RN7 BIROMEIZHOWT, AT 2MET —4, £V —Va VICRET 29
BeATvary, DAA N —ER, N7 BAT—FOMNFHEDEEEZ = N4 D LHRIA
B MERBEEATO YT N—F 2 Th b,

A=y b APBFRAALT =TT ORI/ > TV D,

1. Record 1: # A R/LfEHR (80 3CF)

2. Record 2 : 4 2WE%E (nmed)

3. Record 3 : WE4 : 24 SUFTHET 5. pegs AT — X DATHI & xS E,
4. Record 4 : F¥'E D characteristic dimension

5. Record 5 : X-, Y-, Z- D7 7 &/ H (maxx,maxy,maxz)
ZNENOENIEDRHZ, A7 B E ERADKHL, £ OHHMEDS, MR E O
EENT D,

6. Record 6 : X-J7 A - DL {E

e maxx >0 DFF
maxx + 1 D X-FFaOEHEOEZLZ . 117121 BETd 2R 'ﬁ:_”‘é‘é
maxx 28, x-S A EEOEIETH D LIMAX L0 KEWHAIZIE, TOFDA v
T—UEHAL, TR TAEID D, BRI im_ﬁﬁéﬂfméLWMXi@
K&V maxx IZ L7ZWRFIE, auxcommon/au_h.f 1 LIMAX OfEZEE T 5,

e maxx < 0 DEF
ﬁf%/]\éb\Xﬁﬁﬁ)u ZIRE. £ D%, abs(maxx) X7 D K7 VIR E R B
Z LATIZ TR E
maxx Ezfﬁ\ﬁﬁ%ﬁ LIMAX & OSSRV O T, ZOREBETHRET D B3NN,
LIMAX Z#x TWRWNEFHHN, BATBEE T, ZOED A /‘E*V%Hjjjb A=
T w1k D, BIAMRFICIE 22 IZEEE STV D LIMAX XU KRE VW maxx (2 L72W
FFiX. auxcommon/au h.f 1 LIMAX OfE%EZEE 4 5,

7. Record 7 : Y-J5 M D Y1H ONLE
8. Record 8 : Z-J5 [ DM DL E

9. Record 9: &2 CHOY —Ya vy &#WEFF1 L LT, BE, ecut, pcut XKL 7T 3 V5%
ExIRET D, (0: off, 1:on)
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ipeangsw Switches for PE-angle sampling
iedgeflsw K & L-edge fluorescence

iaugersw K & L-edge Auger

iraysw Rayleigh scattering

ipolarsw  Linearly-polarized photon scattering
incohrsw  S/Z rejection

iprofrsw  Doppler broadening

mpacrsw  electron impact ionization

10. Record 10 :FFED Y — 3 > (il, iu, jLju, kI, ku THE, il <i<iwji<i<ju ku <k <
ku OFFIRAXE) OWE, &, ecut, pcut DFFE
il=iu=0 7 —& %, fHEET— FOKTZEKT D,

11. Record 10a : medtmp 7% 0 TRWGEITIL, FHA T a VREZFEET D, (0: off, 1:on)

12. Record 11: #ERAE M NTH U —T 3 (il iu, jlju, kI, ku THE, il <i<iu, ji <i<ju,
ku < k < ku OFHIK) &, AF¥ ¥ > DFHH (izscan: izscan # 0 DX, Z-FHHDAF v /|
ZNLSME X-FHDAF v ) HHRET D,

13. Record 12 : M7 v F o Z7RULEZRET D7 7 7 (iwatch) DIFE,
iwatch= 0: k7 v ¥ 772 L,
iwatch= 1:[JnfBD b7 v ¥ 7 iwatch= 22 AT v 7HD T v ¥ 7

14. Record 13 : llEhHEH (ibrdst) & OVEF-XFAERK (iprdst) OBRO MM AT > a » OFRGE K
WAFY T 47737 A—4 (ibrspl0,nbrspl) DX E,
ibrdst=0  HIEEH T, 77 /v ME (0 = m/E) ZEH
ibrdst=1  #lEfEH T, o7V > ZfEH (recommended)
iprdst=0 EFXAERT, 774/ ME (0 =m/E) & H
iprdst=1  #E*%I4p T, low-order distribution % ff
iprdst=2 B FXER T, #HREOS T T A
ibrspl0o=0 A7V > 7 4 o 7EHET
ibrspl0=1 nbrspl (ZA Y w7 4 7

2.11 subroutine ausgab

ausgab L, 2=V RDLFEREA AT T LT N—F o ThdH, &N, AT 7T A
L RIEEIC, include LR N — A EHOBIXES 2179,

iwatch A7 a VTHED B, R ¥ v 7/ GH, BIMEZEZTWRW I L OMERR%, B
fERDH 2T 2,

larg <b DHAEITIE, V=Y a1 2SO Y =23  TORINE X LF =KD, J—Ts
YIRS DOREL, FAR Y B TORNRT XX —ZHET 5,

B, T2, 77 v P AREEHUI -T2 6 008 0 D OHIE ATV, bl 7z &k L= %
AT, MR F =R EERO TR F—RINGHEN D, 7 7 > b LRI TOZEKRIR & %
FHET D, T ZHICK U CHICHEEA T Z L3R WS (7 7 v P ARIENEED T 7 o b A
RENE) 121X, kAR FAT, 770 PARLOEKOWINRELZHFET 5, ZOFEDOZD,
w(np) NWAIZRST25AITIE, latch(np)) Z 1iIZEy L, 77 AL OFHEIZMA 20 &
2L TVD,

A NY—E, MEFFRRE A Y —ORE (maxpict) X D/INSWGAIT, KFOFRE T
$#%9 % subroutine plotxyz % M5,
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if (iwatch .gt. 0) call swatch(iarg,iwatch

if (np.gt.MXSTACK) then
write(6,100) np,MXSTACK

100 FORMAT(//’ In AUSGAB, np=’,I3,’ >= maximum stack’,
* > allowed which is’,I3/1X,79(C’*’)//)
stop
end if

iql = iq(ap)
edepwt = edep*wt(up)

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,101) e(np),x(up),y(np),z(np),ulnp),v(np),w(np),
* iql,irl,iarg
101 FORMAT(7G15.7,3I5)
end if

if (iarg .gt. 5) return

esum(iql+2,irl,iarg+1)
nsum(iql+2,irl,iarg+1)

esum(iql+2,irl,iarg+l) + edepwt
nsum(iql+2,irl,iarg+l) + 1

i=mod(irl-1,imax)

if (i.eq.0) i=imax
k=1+(irl-1-i)/ijmax
j=1+(irl-1-i-(k-1)*ijmax)/imax

if (irl.gt.l.and.edep.ne.0.D0) then

depe (i, j,k)=depe(i,j,k)+edepwt
end 1if

if(i.eq.imax/2+1.and. j.eq.jmax/2+1) then ! X-Y central region
if (abs(irl-irold).eq.ijmax.and.iq(np).eq.0) then
if ((w(np).gt.0.0.and.k.eq.2).or.
* (w(np).le.0.0.and.k.eq.1)) then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.01745
end if
esing=e(np)
dcon=encoea(esing) ! PHOTX data
fexps=fexps+e (np)*dcon*wt (up) /cmod
if (w(mp).1t.0.0) latch(mp)=1
if (w(np).gt.0.0.and.latch(np).eq.0) then
faexp=faexp+e (np) *dcon*wt (np) /cmod
end if
end if
end if
end if
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if (ncount.le.maxpict) then
call plotxyz(iarg,np,iq(np),x(np),y(np),z(np),e(np),ir(np),

* w(np))
end if

return

end

2.12 subroutine howfar

howfar |%, RiF-OETHETHOY —¥ 3 VERE TOMBEZFIR L, OSKE TOREEE DO
Z L, HARE TOHRBEO T NEWGE TR FOBEIREE A SR £ TORMHICE S ML, V—Ts
VINEDD LW ELT 9,

ZOfiZ, howfar TIL, —¥ PRI T-DBH A LD LR EEIT D, (idisc=1;) BH 1L, BT
D, HETL TV A TEIKOSMNIH CEB 2K T3 2581 Z DR EEIT 9,

ucxyz_phantom.f Tix, LA voxel LR D howfar Z i L T 5,

subroutine howfar
implicit none
include ’include/egsS_h.f’ ! Main EGS "header" file

include ’include/egs5_epcont.f’ ! COMMONs required by EGS5 code
include ’include/egs5_stack.f’

include ’auxcommons/aux_h.f’ I Auxiliary-code "header" file

! Auxiliary-code COMMONs
include ’auxcommons/geoxyzv.f’
include ’auxcommons/instuf.f’

real*8 ! Local variables
* dist,dnearl

integer
* irl,irx,iry,irz

irl = ir(ap)

if (irl .le. 0) then
write(6,*) ’Stopped in howfar with irl <= 1’
stop

end if

if (irl .eq. 1) then
idisc =1 ! - ———

return | Particle outside geometry - return to ELECTR/PHOTON
end if I -

irx=mod(irl-1,imax)

if (irx.eq.0) irx=imax
irz=1+(irl-1-irx)/ijmax
iry=1+(irl-1-irx-(irz-1)*ijmax)/imax

dnearl = 1.D10

dnearl=min(dnearl, (zbound (irz+1)-z(np)), (z(np)-zbound(irz)))
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if (w(np) .gt. 0.0) then
dist = (zbound(irz+1)-z(np))/w(np)
if (dist .1lt. ustep) then
ustep=dist
if (irz .ne. kmax) then
irnew=irl+ijmax
else
irnew=1
end if
end if
else if (w(np) .1t. 0.0) then
dist = -(z(np) - zbound(irz))/w(np)
if (dist .1lt. ustep) then
ustep = dist
if (irz .ne. 1) then
irnew=irl-ijmax
else
irnew = 1
end if
end if
end if

dnearl=min(dnearl, (xbound (irx+1)-x(np)), (x(np)-xbound(irx)))
if (u(np) .gt. 0.0) then
dist = (xbound(irx+1)-x(np))/u(np)
if (dist .lt. ustep) then
ustep=dist
if (irx .ne. imax) then
irnew=irl+1
else
irnew=1
end if
end if
else if (u(np) .1t. 0.0) then
dist = -(x(np) - xbound(irx))/u(np)
if (dist .lt. ustep) then
ustep = dist
if (irx .ne. 1) then
irnew=irl-1
else
irnew = 1
end if
end if
end if

dnearl=min(dnearl, (ybound (iry+1)-y(np)), (y (np)-ybound (iry)))
if (v(np) .gt. 0.0) then
dist = (ybound(iry+1)-y(np))/v(np)
if (dist .1lt. ustep) then
ustep=dist
if (iry .ne. jmax) then
irnew=irl+imax
else
irnew=1
end if
end if
else if (v(np) .1t. 0.0) then
dist = -(y(np) - ybound(iry))/v(np)
if (dist .1t. ustep) then
ustep = dist
if (iry .ne. 1) then
irnew=irl-imax
else
irnew = 1
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end if
end if
end if

dnear (np)=dnearl

return

end
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3 XRERE

3.1 EEERE1 : BEZX Co-60IZEET S,
BR A Co-60 122 2. 1.173MeV & 1.333MeV M F %[ UMeR THRE S5,

3.2 EEREE2  HBEFX100kV DO X BIZEEHT 5,

BRI D= R V¥ —% 100kV O X (A7 MVTF—2 1, xray.dat 2D FEAiAAr) 7 —4
ZHAWCY T T 5,

3.3 EEEE3 . MOETIVIZEET S,

AT 2> 6 3em Z i O AR, 3-13cm 2 (6 0.3g/cm?) & L, ZDOHHIC 3em DA
M D DRRIZEE T S, BRIRIE, 100kVX #RE$ 5,

3.4 EERES  EHEEZECHDETIVICEET S,

OIS 3cm OLEIZ, JEE 2em OEEZRET D, TEEOEEOBREZBEDOKE T 5,
ML, X-, Y-J5If 4t ﬂofwékﬁmﬁé FIRIT. 100kVX fi e 35,

3.5 %EﬁES:77>FA¢E$E§§@%?»E%E?%°
JEX20cm D7 72 h AMIBWTHES Sem-6em OFEIR A 8612 %o BEEIZ. 100kVX # &5,

3.6 TN
FLICMA T, LT XS R A b BRI BND,
o MR L LT, o= X—0 X HBEFATD
o HFFTRL, BTAROTRICT S
o HALILESRDEIZ lom L ERRDEIIZTD
o EFOEEZIRES 2
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4 EREREDREEH

H#E D721, ucxyz_phantom.f Z (T L. FIHAR (egsbjob.out, egsbjob.pic) & /a4
D7 7 A V4 (Bl % 13X, xyz phantom.out, xyz_phantom.pic) THRfFL TH<,
4.1 EERE

1. cp ucxyz_phantom.f ucxyz_phantoml.f

2. cp ucxyz_phantom.data ucucxyz_phantoml.data

3. cp ucucxyz_phantom.inp ucucxyz_phantoml.inp

4. ucucxyz phantoml.f ZLL T D X S ITEIET 5,

o MRT — X DIz DR ZBINT 5,

real*8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX),
* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)

%
real*8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX),
* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)
* ,esbin(MXEBIN),espdf (MXEBIN),escdf (MXEBIN)

ICAEH,

o MRT RN —F =X O ERTERZBINT 5,

integer
* i,ii,iii,icases,idin,idose,ie,ipage,irl, j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg

%

integer
* i,ii,iii,icases,idin,idose,ie,ipage,irl, j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg,nsebin

I,

o MURT —X 7 7 A /)LD open XEBIMT D,
open(6,file=’egs5job.out’,status=’unknown’)
%

open(6,file="egsb5job.out’,status=’unknown’)
open(2,file=’co60.1inp’,status=’unknown’)

[z N

e c060.inp (T, MFEDT RN F—L ZDIEREEFBTUTONEDT7 7 AL THY
Bl 7 7 A VIZEEN TN D,

1.173,1.333
0.5,0.5

o WIRT — & DFIAIr & cdf ZAERST B L—F o OB,

! Source position from phantom surface in cm.
sposi=10.0

%
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! Source position from phantom surface in cm.
sposi=10.0

nsebin=2 ! Number of source energy bins
read(2,*) (esbin(i),i=1,nsebin)
read(2,*) (espdf(i),i=1,nsebin)

tnum=0.D0

do ie=1,nsebin
tnum=tnum+espdf (ie)

end do

escdf (1)=espdf (1) /tnum
do ie=2,nsebin

escdf (ie)=escdf (ie-1)+espdf (ie) /tnum
end do

AT,

o RO R RER T R/ F—DLH,

ekein=1.253 I Kinetic energy of source photon

%

ekein=esbin(nsebin) ! Maximum kinetic energy}

WCEET D,

o MIFET R NX—DY T T N—F BNt 5,

ekin=ekein

&

call randomset (rnnow)
do ie=1,nsebin

if (rnnow.le.escdf (ie)) go to 1000

end do
1000 ekin=esbin(ie)

LS,

o AR NVF—MNEAZUTOLIITEES D,
280  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/

%

280  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/

WA,

5. ucxyz_phantoml.f % egsbrun THEITT 5,

e Linux X% Cygwin OHH
2 —H—a— K4 & LT, ucxyz phantoml %, ==y h4 K R2=> h25D7 7 A )L
Z21E, M AN LBRNTY =0T 5,
"Does this user code read from the terminal?” (2%t LT 1% A9 5,

e DOS DA

egsbrun ucxyz_phantoml
. ucxyz phantoml M, egsbrunbat ZFEITLTCWDT 4 L7 MU —LRIRT L7 B

U=l oY%

B, T4 Vv M) =g EE#ET D, DOSOBE., T4 L7 b —0ik

%%i\/fi@<¥f%é®f\ﬁib&wi9 HEET D,

6. HEMNKTLED

. egsbjob.out ZFHR, PHZ R LF—13 1.253MeV iE< 127> TV D Z

L ERMERT D, Fo. BN 1.253MeV DA L B H T L HHERT S,
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4.2 RERE2
1. cp ucxyz_phantoml.f ucxyz_phantom2.f
2. cp ucxyz_phantoml.data ucxyz_phantom2.data
3. cp ucxyz_phantoml.inp ucxyz_phantom2.inp
4. ucxyz_phantom2.f ZLL T D X 9 ITEET 5,
o DT R NF - UHEZERT DL ZBINT D,

real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,

* faexpa,fexpsa

%
real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,
* faexpa,fexpsa,deltaes

WZEET D,

o VTV U T LIHIRD AT M AFHRO 1= DEL & BT 5,

real*8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX),
* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)
* ,esbin(MXEBIN),espdf (MXEBIN),escdf (MXEBIN)

%

real*8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX) ,

* dose(LIMAX,LJMAX,LKMAX) ,doseun (LIMAX,LJMAX,LKMAX)
* ,esbin(MXEBIN),espdf (MXEBIN) ,escdf (MXEBIN) ,saspec (MXEBIN)

WCETET D,
o MIFERDO 7 7 A NEEFT 5,

open(2,file=’co60.inp’,status=’unknown’)

&
open(2,file=’xray.dat’,status=’0ld’) ! Data of source x-ray
(ZEH,
e xray.dat /X, LFOT—F 77 A )VT, M7 7 A /WVITEENTND,
201
0.0005

0., 0., 0., 0., 0., 0., 0., 0.

0., 0., 0., 0., 0., 0., 0., 0.

0., 15., 4v2., 410., 595., 675., 642., 477.
498., 492., b504., 610., 611., 551., 637., 702.
711., 994., 1130., 1338., 1618., 1860., 2393., 2887.

3250., 3766., 4337., 4972., 5586., 6152., 6849., 7200.

8078., 8446., 8850., 9129., 9675.,10419.,11907.,12607.
13196.,13542.,13940.,13999.,13922.,13409.,13136.,13141.
13594.,13916.,14347.,14525.,14496.,14621.,14658.,14818.
14745.,14730.,14589.,14217.,14097.,13794.,13924.,13665.
13650.,13430.,13260.,12862.,12587.,12227.,122565.,12117.
11651.,11343.,11187.,10859.,10604.,10266.,10085., 9768.

9519., 9232., 9147., 8760., 8600., 8263., 8150., 7907.

L R R T R TRV VR VI VIRV

7574., 7296., 7058., 6815., 6769., 6505., 6511., 6279.
6160., 6751., 7016., 7988., 8860., 9176., 9348., 9177.
7496., 5690., 4512., 4105., 3851., 3574., 3494., 3337.
3202., 3115., 3177., 2989., 3326., 3356., 3441., 3403.
2873., 2569., 2263., 2008., 1815., 1661., 1490., 1469.
1435., 1242., 1210., 1183., 1210., 1104., 1034., 1052.
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922. 904. 866. 842. 860. 824. 726. 714.

688., 600., 587., 610., 497., 485., 481., 395.,

403., 385., 334., 363., 343., 348., 259., 270.,

247., ©247., 262., 207., 182., 210., 194., 152.,

130., 114., 150., 113., 139., 90., 76., 59.,
52., 34., 34., 31., 11., 23., 12., 12.,
4.

201 1%, = F—E 8, 0.0005 (X, =RAF—EOME (MeV) Th D, LA
DEFIE, FRAF—EUNIRHET 2 X BOFAERTH Y, By LI THE S &k
RIEERAM L 72D, TRLX—DR/MEIZ0.0 & LT3,

o WRIAT —F DFLAR L LT D,

nsebin=2 ! Number of source energy bins
read(2,*) (esbin(i),i=1,nsebin)
read(2,*) (espdf(i),i=1,nsebin)

read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV
read(2,*) (espdf(i),i=1,nsebin)

W E, 3
o cdf TERBEER Y (BB, =R F— BT D =R X —DFKE, cdf DIERK)
A A R

escdf (1)=espdf (1) /tnum
do ie=2,nsebin

escdf (ie)=escdf (ie-1)+espdf (ie)/tnum
end do

nsebin=nsebin+1
esbin(1)=0.d0
escdf (1)=espdf (1) /tnum
do ie=2,nsebin
esbin(ie)=(ie-1)*deltaes
escdf (ie)=escdf (ie-1)+espdf (ie)/tnum
end do

IZEH,
o V1T Y LT AR MAFREYILT D,
fexps2s=0.D0

%
fexps2s=0.D0
do ie=1,nsebin
saspec(ie)=0.D0
end do
ZEH,

o MAT X NX—DY TV v THEEFT D,

SZoMED X YT, BSIOBIER L e BEROMEEEE T A4, 22—V —a— FERBIC, 753 T—iE
EHHTaAL A ) %ﬁé”ﬁb‘ BLAIEEPHAL T 7 B AR & 7en 2 &%ﬁﬁm?"é’\‘éf%é jﬂfk LT, egsbrun”
EATITBEZ AT egsdbrun db” E AT 5, Tk, T3y H—i%EE 725&)713//\4’/1/7ﬁ>ﬁ3’)ﬂ50 oX
IZ”egsbjob.exe” £ A LT, FHHEEFETT D, Bl %E.571077"Z7\75>t% ZRTHUTH IR E B KT 5, (GBI
RAvE—VIERICLERENR)  EAEHA T 7 AR E ZHAIE. Y- ADEDITT, EORSOME H
DERIIARERT 7 B APTONZPRRFTENDDT, V— X®é&a\%%E#5 BB, TRy H—EFHTa
UOSANV LG A FEITHRENMETT50T, TR H—0fRIET 07T AEROLEDOHRETHHB LN,
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call randomset(rnnow)
do ie=1,nsebin
if (rnnow.le.escdf (ie)) go to 1000
end do
1000 ekin=esbin(ie)

call randomset (rnnow)

do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000

end do

1000 if (ie.gt.nsebin) then

ie=nsebin

end if

saspec(ie)=saspec(ie)+1.D0

if (escdf(ie).eq.escdf(ie-1)) then
ekin=esbin(ie-1)

else

ekin=esbin(ie-1)+(rnnow-escdf (ie-1))*(esbin(ie)-esbin(ie-1))/
* (escdf (ie)-escdf (ie-1))
end if
\ZEH,
o KRICAK LT RN F—F 29 7 DN—F DRI, o7V 7 LIRREANT b
W T 5L EBINT 5,

%
! _____________________________
! Sampled source spectrum
! _____________________________
do ie=2,nsebin
saspec(ie)=saspec(ie)/float(ncases)
end do
write(6,272)
272  FORMAT(/’ Comparison between sampled spectrum and pdf’
x /23X, Sampled pdf ’,28X,”’ Sampled pdf ’
*
do ie=2,nsebin,2
if(ie.eq.nsebin) then
write(6,274) esbin(ie),saspec(ie),escdf(ie)-escdf(ie-1)
274 FORMAT(1X,G9.3,’ MeV(upper)-- ’,2G12.5)
else
write(6,276) esbin(ie),saspec(ie),escdf(ie)-escdf(ie-1),
* esbin(ie+1), saspec(ie+l),escdf(ie+1)-escdf (ie)
276 FORMAT (1X,G9.3,’ MeV(upper)-- ’,2G12.5,3X, ’; ’,G9.3,
* > MeV(upper)-- ’,2G12.5)
end if
end do
IZEH,

o BRIRIEHROH A ZLET D,
280  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/

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

WA,

5. ucphantomcgv2.inp # A HE T 5,
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&INP AE=0.521,AP=0.0100,UE=2.011,UP=1.5 /END
%
&INP AE=0.521,AP=0.0100,UE=0.711,UP=0.2 /END

(ZZEE (2 7).,
6. ucphantomcgv2.f % egsbrun CTEITT 5,

e Linux X% Cygwin D&
a—H—a— 4 & LT, ucxyz_phantom2 &, ==y h4 K R2=y 25 D7 7 A )L
0L, M AN LN TY X —7 5%,
”Does this user code read from the terminal?” (Zxf LT 1% A1 %,

e DOS D&
egsbrun ucxyz_phantom2

7. FHEDBKET L7256, egsbjob.out N, ST R ALF =B LE 40keV T o TWNDH T
EERMERT D, o, YU TV U T ESNTRHRANRZ R E | BHRANT VO pdf & Hg
T2,

8. CGView #ffH L T, phantom.pic & DFRBRDE VR T 5,

4.3 XERES
1. cp ucxyz_phantom2.data ucxyz_phantom3.data
2. cp ucxyz_phantom2.inp ucxyz_phantom3.inp
3. ucxyz_phantom3.data ZLL T D X 5 ITEIET %,
(a) ZHEDR Y A MEEET S,

1.0, 20 voxel width, number of voxels
&
1.0, 16 voxel width, number of voxels
ICEES D,
(b) V=V ar~OWEREFEEELT D,

1,3,1 3 2,21, 1, 0.000, 0.00, 0.00 tissue

1 000 0 0 0 peang,edgefl,auger,ray,pola,incoh,prof, impac
1,3,1, 3 22,22, 2, 0.00, 0.00, 0.00 air

1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,1ncoh,prof,1mpac
Zz
1,3,1,3, 2, 4, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl, auger ray,pola,incoh,prof,impac
1,3,1,3, 5,14, 1, 0.300, 0.00, 0.00 lung

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3,15,17, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof, impac
1,3,1,3,18,18, 2, 0.00, 0.00, 0.00 air

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,1ncoh,prof,1mpac
IZEES D,

4. runbagain #7795,
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4.4

e Linux O%H&
2=y b4 DO7 7 A N4 & LT ucxyz_ phantom3 # AJJ L, ==> F 25 D7 7 A L4
X, B AN LN TY ¥—95,
Enter name of the executable (2., ffH AJJL72WTU ¥ —29 5,
e DOS DiGH
runbagain ucxyz_phantom3

CRHEDET L7725, egsbjob.out Z R, iOFEROEENREB Y IZ2>TWD Z & &

BT D, Flo, MESMB AR T 7 NAOHFE LR D 2 L HEGRT 5,

EERME4

. cp ucxyz_phantom3.data ucxyz_phantom4.data
. cp ucxyz_phantom3.inp ucxyz_phantom4.inp

. ucxyz_phantom4.data ZLL F D X 5 ITEIET 5,

(a) U=V a v ~OWEREFEEELT D,

1,3,1,3, 5,14, 1, 0.300, 0.00, 0.00 lung
1 1 0 O

0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

%
1,3,1,3, 5, 7, 1, 0.300, 0.00, 0.00 lung

11 0 0 0 0 O O pean%,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8, 9, 1, 0.000, 0.00, 0.00 tumor

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3,10,14, 1, 0.300, 0.00, 0.00 lung

1 1 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

™
Rt
|
\n%,
S)‘ o

4. runbagain ZFIT79 5,

4.5

e Linux OFE
2=y M DOT7 7 A N4 & L Tucxyzphantomd Z AJ L, ==v F 25 D7 7 A L4,
X, M AN LN TY X —T 5,
Enter name of the executable (Z, ffH AN L72NWTU X —29 5,
e DOS DA
runbagain ucxyz_phantom4

CEHREBET L2 6. egshjob.out ZFH, JEEEO » FTOBENHREB IZ/2>TNDH I &%

WRBT %, Eio, MEDMB KRR T 7 FADHE L RRD L 2R T 2.

KERES

. cp ucxyz_phantom4.data ucxyz_phantomb.data
. ¢p ucxyz_phantom4.inp ucxyz_phantomb.inp

. ucxyz_phantom4.data ZLL FD L JIEET 5,

(a) WET —28%2 1o 3 ITEET D,
2 nmed (I10)
&
3 nmed (I10)
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ICEET %,
(b) WH (80) ZBnd 2%,

ATIR-AT-NTP media(j,2) (24A1)
%
ATIR-AT-NTP media(j,2) (24A1)
FE media(j,3) (24A1)
LTS 5.
(c) #kD characteric dimension Z BT %,
1.0, 1.0 chard
&
1.0, 1.0, 1.0 chard
ICEET D,
(d) V=ya r~OWEREEEELET D,
1, 3 1, 3 2, 4, 1, 0.000, 0.00, 0.00 tissue
0 0 0 0 0 O peang,edgefl, auger ray,pola,incoh,prof,impac
1,3,1,3, 5,7, 1, 0.300, 0.00, 0.00 lung
10 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8, 9, 1, 0.000, 0.00, 0.00 tumor
11 0 0 0 0 O O peang,edgefl, auger ray,pola,incoh,prof,impac
1,3,1,3,10,14, 1, 0.300, 0.00, O. 0 lung
11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3,15,17, 1, 0.000, 0.00, O. 0 tissue
1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
&
1,3,1,3, 2, 6, 1, 0.000, 0.00, 0.00 tissue
11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof, impac
1,3,1,3, 7, 7, 3, 0.000, 0.00, 0.00 iron
11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8,21, 1, 0.000, 0.00, 0.00 tissue
11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
ICEES D,

4. ucxyz_phantom5.inp LA FD X HIZEET 5,

(a) LFOEOT—4% %2181 %,

ELEM

&INP IRAYL=1 /END

FE FE

FE

ENER

&INP AE=0.521,AP=0.010,UE=2.011,UP=1.5 /END
PWLF

&INP /END

DECK

&INP /END

5. runbagain # #7795,

e Linux &
2=y F 4 D7 7 A N4 E LT ucxyz phantomb # ASJL, 2= 25 D7 7 A /L4
=R ﬁ%ﬂﬁb&wfu&—yfé
Enter name of the executable (Z, ffH AN L72WNWTU ¥ —29 5,

24



e DOS DIGH
runbagain ucxyz_phantomb

CRPEDHET L7256, egsbjob.out ZFH, JEED » FROBEENREB D IZR>TNDH I L%
sl 5, £z, MESMD KRR 7 7 NADEFAE LRI D Z L 2ERT 5,
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egsb sample user code (ucxyz phantom.f)

Dose distribution calculation
inside phantom with Voxel

(English Parts)
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1 Outlines of sample user code ucxyz_phantom.f

ucxyz_phantom.f is the egsh user code to perform following calculations.
1. Geometry (Fig. 1)

e 3-dimensional volume element (voxel) geometry

e number of z-direction bin 22

e number of y-direction bin 3

e number of x-direction bin 3

e phantom is modeled with water of 30cmx30cm area and 20cm depth.

e 5Scm air region exits at before and after phantom.

Air
Phantom (water) Z
/
Air
xbin 3
4 1
xbin 2 10
3
xbin 1 6 9
2 5 .
g Last zbin 22
ybin 1
ybin 2
ybin 3 zbin 2
zbin 1

.

Y

Figure 1: geometry of ucxyz_phantom.f.

2. Source conditions

e Source photon energy is 1.253 MeV.
e A point isotropic source exits at sposi(=10cm) from a phantom surface.

e Half-beam size at the phantom surface for x-direction is xhbeam(=1cm) and y-
direction is yhbeam(=1cm).

3. Results obtained

(a) Data of information of particle trajectories (egs5job.pic)

(b) Calculated result (egs5job.out)
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e Information of material used

e Material assignment to each region

e Plane data defined

e Dose distributions and their uncertainties at central phantom (lem x lem) area

e Back scattering factor at the phantom surface (lem X lem area at the phantom
center)

e Dose distributions inside the phantom and their uncertainties.

2 Details of user code

2.1 Main program: Step 1
2.1.1 Include lines and specification statements

egsb is written in Fortran 77. The size of arguments is defined in other files and included by
using ’include line’. Various commons used inside egsh are also included by the same way.

Include files related with egs5 are put on the include directory and those related with pegsb
are put on the pegscommons directory. Those for each user code including geometry related are
put on the auxcommons directory. These files are linked by running egs5run script.

This is the most different feature with EGS4 at which the size of arguments can be modified
inside an user code with Mortran macro. If it is necessary to modify the size of arguments
used in egs5, you must modify the related parameter in ’egs5/include/egs5_h.f’. The parameters
related to each user code are defined in ’egsb/auxcommons/aux_h.f’.

First parts is include lines related egs5.

include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_bounds.f’
include ’include/egs5_edge.f’
include ’include/egs5_elecin.f’
include ’include/egs5_media.f’
include ’include/egsS_misc.f’
include ’include/egsb5_switches.f’
include ’include/egsb5_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egs5_useful.f’
include ’include/randomm.f’

include ’include/egs5_h.f’ is always necessary. Other parts are only necessary when

variables including at each common are used inside the main program.’
Next is include lines not directly related to egasb like geometry related.

include ’user_auxcommons/aux_h.f’ ! Auxiliary-code "header" file

include ’user_auxcommons/edata.f’
include ’user_auxcommons/etalyl.f’
include ’user_auxcommons/geoxyzv.f’
include ’user_auxcommons/instuf.f’
include ’user_auxcommons/lines.f’
include ’user_auxcommons/nfac.f’
include ’user_auxcommons/watch.f’

common used inside the user code is defined next.

!This is corresponding to COMIN macros in EGS4.
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common/score/ ! Variables to score
* depe (LIMAX,LJMAX,LKMAX) ,faexp,fexps,maxpict
real*8 depe,faexp,fexps

integer maxpict

By implicit none at the top, it is required to declare all data by a type declaration state-
ment.

2.1.2 open statement

At the top of executable statement, it is necessary to open units used in the user code. Due to
the new feature that pegs is called inside each user code, it must be careful to the unit number
used. The unit number from 7 to 26 are used inside ’pegs’ and close at the end of 'pegs’. These
units, therefore, must be re-open after calling pegs. It is better not to use these unit in the
user code. The unit used in the subroutine 'plotxyz’ and 'geomout’ used to keep and output
trajectory information is '39’ for this reason.

! Units 7-26 are used in pegs and closed. It is better not
! to use as output file. If they are used must be re-open after
! getvoxel etc. Unit for pict must be 39.

open(6,file=’egsbjob.out’,status=’unknown’)
open(4,FILE="egs5job.inp’,STATUS="01d’)
open(39,FILE="egs5job.pic’,STATUS="unknown’)

2.2 Step 2: Pegsb-call

Call subroutine getvoxel (name of subroutine and its function is different depending on each

user code) which read material number, material name, their characteristic dimensions, plane

data for voxels and assignment of material and various option flag etc. from unit 4.
Subroutine pegsb is called after above setting.

ifto = 6 ! Qutput unit in getvoxel

call getvoxel(ifto)

write(6,*) ’ PEGS5-call comes next’

2.3 Step 3: Pre-hatch-call-initialization

The npreci is used to specify format for particle trajectories data and it is set to 2 in this user
code for CGview. As mentioned before, this user code has 2 calculation mode. Output geometry
data and material assignments to the trajectory display data file.

! npreci 1: for PICT32

! 2: for CGview

! 3: for CGview in free format
npreci=3
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if (npreci.eq.3) write(39,fmt="(’GSTA-FREE-TIME’)")
if (npreci.eq.2) write(39,fmt="(’GSTA-TIME’)")
write(39,fmt="(’SLAB’)")

write(39,fmt="(I6)") imax+1

write(39,fmt="(I6)") jmax+1

write(39,fmt="(I6)") kmax+1
write(39,fmt="(4F15.4)") (xbound(j),j=1,imax+1)
write(39,fmt="(4F15.4)") (ybound(j),j=1,jmax+1)
write(39,fmt="(4F15.4)") (zbound(j), j=1,kmax+1)
write(39,fmt="(’GEND’)")

write(39,fmt="(’MSTA’)")
write(39,fmt="(I4)") nreg
write(39,fmt="(15I4)") (med(i),i=1,nreg)
write(39,fmt="(’MEND’)")

Next initialize the Ranlux random number generator.

Random number seeds. Must be defined before call hatch

or defaults will be used. inseed (1- 2°31)

luxlev = 1

inseed=1

write(6,100) inseed

100 FORMAT(/,’ inseed=’,I12,5X,

* > (seed for generating unique sequences of Ranlux)’)

call rluxinit ! Initialize the Ranlux random-number generator

2.4 Step 4: Determination-of-incident-particle-parameters

Various source parameters like energy, position (distance from a phantom surface) and a half
width at phantom surface are set.

! Source position from phantom surface in cm.
sposi=10.0

iqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy of source photon
etot=ekein + abs(iqin)*RM

xin=0.D0

yin=0.DO

zin=-sposi

uin=0.D0

vin=0.D0

win=1.D0

wtin=1.DO

! X-direction half width of beam at phantom surface in cm.
xhbeam=1.0

! Y-direction half height of beam at phantom surface in cm.
yhbeam=1.0
radma2=xhbeam*xhbeam+yhbeam*yhbeam

wimin=sposi/dsqrt(sposi*sposi+radma?2)

2.5 Step 5: hatch-call

Maximum total energy of electrons is defined as emaxe, and then subroutine hatch is called.
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Output the material data and parameters of each region to the result file (unit 6).

| Define possible maximum total energy of electron before hatch
emaxe = ekein + RM

write(6,110)
110  format(/’ Call hatch to get cross-section data’)
!

! Open files (before HATCH call)
! ______________________________

open (UNIT=KMPI,FILE="pgsbjob.pegsbdat’,STATUS="01d’)
open (UNIT=KMPO,FILE=’"egsbjob.dummy’ ,STATUS=’unknown’)

write(6,120)
120 FORMAT(/,’ HATCH-call comes next’,/)

2.6 Step 6: Initialization-for-howfar

Define various parameters used for the geometry definition in this step. In this user code, this
part is done at subroutine getvoxel.

2.7 Step 7: Initialization-for-ausgab

Initialize various variables to be calculated and set the number of detectors and a number of
histories to calculate (ncases) and to store trajectory data (maxpict).

ncount = 0
ilines = 0
nwrite = 10
nlines = 25
idin = -1
totke = 0.
wtsum = O.

! Zero the dose
do k=1,kmax
do j=1,jmax
do i=1,imax
depe(i,j,k)=0.DO
depeh(i,j,k)=0.DO
depeh2(i, j,k)=0.D0
end do
end do
end do

faexp=0.D0
faexps=0.D0
faexp2s=0.D0
fexps=0.D0
fexpss=0.D0
fexps2s=0.D0

call ecnsvl1(0,nreg,totke)
call ntally(0,nreg)

! History number
ncases=100000
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! Maximum history number to write trajectory data
maxpict=50

write(39,fmt="("0 15"

2.8 Step 8: Shower-call

In this part, subroutine shower is called 'ncases’ (history number). Before calling shower,
various source parameters are sampled. In this used code, it is supposed that a point isotropic
point source exits at sposi cm from the phantom surface. If sposi is larger than 5cm (air thick-
ness in front of the phantom), starting source position at the surface of air region is determined
considering the beam width at the phantom surface.

At each history, energy balance between the kinetic energy of source and absorbed energy
in all region defined. Summation of weight squared of variables to be calculated together with
spectrum information are also stored for statistical analysis.

do jhist=1,ncases | Start of CALL SHOWER loop

icases=jhist

200 call randomset (w0)
win=w0*(1.0-wimin)+wimin
call randomset (phaiO)
phai=pix*(2.0*phaiO-1.0)
sinth=dsqrt (1.DO-win*win)
uin=dcos(phai)*sinth
vin=dsin(phai)*sinth
dis=sposi/win
xpf=dis*uin
ypf=dis*vin
if (dabs(xpf).gt.xhbeam.or.dabs(ypf).gt.yhbeam) go to 200
if (sposi.gt.zbound(2)-zbound(1)) then
disair=(sposi-(zbound(2)-zbound(1)))/win
xin=disair*uin
yin=disair*vin
zin=zbound (1)
else
xin=0.D0
yin=0.DO0
zin=-sposi
end if

do i=1,imax
if (xbound(i+1).gt.xin) go to 210
end do
210 do j=1,jmax

if (ybound(j+1).gt.yin) go to 220
end do

ekin = ekein

wtsum = wtsum + wtin | Keep running sum of weights
etot = ekin + iabs(iqin)*RM ! Incident total energy (MeV)
availke = etot + iqin*RM ! Available K.E. (MeV) in system
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totke = totke + availke ! Keep running sum of KE

latchi=0

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,230) etot,xin,yin,zin,uin,vin,win,iqin,irin,idin
230 FORMAT (4G15.7/3G15.7,315)
end if

if (etot+(1-iabs(iqin))*RM.gt.emaxe) then
write(6,fmt="(’ Stopped in MAIN.’,
1 > (Incident kinetic energy + RM) > min(UE,UP+RM).’)")
stop
end if

if (abs(uin*uin+vin*vin+win*win-1.0) .gt.1.e-6) then
write(6,fmt="(’ Following source direction cosines are not’,
1 > normarized.’,3e12.5)")uin,vin,win
stop
end if

call shower (igin,etot,xin,yin,zin,uin,vin,win,irin,wtin)

do k=1,kmax
do j=1,jmax
do i=1,imax
depeh(i,j,k)=depeh(i,j,k)+depe(i,j,k)
depeh2(i, j,k)=depeh2(i,j,k)+depe(i,j,k)*depe(i,]j,k)
depe (i, j,k)=0.DO
end do
end do
end do

faexps=faexps+faexp
faexp2s=faexp2s+faexp*faexp
faexp=0.0
fexpss=fexpss+fexps
fexps2s=fexps2s+fexps*fexps
fexps=0.0

ncount = ncount + 1 ! Count total number of actual cases

if (iwatch .gt. 0) call swatch(-1,iwatch)

end do | End of CALL SHOWER loop

2.8.1 Statistical uncertainty
The uncertainty of obtained, x, is estimated using the method used in MCNP in this user code.

e Assume that the calculation calls for N “incident” particle histories.
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Assume that x; is the result at the i-th history.

Calculate the mean value of zx :

1 g

Estimate the variance associated with the distribution of x;:

N
. — . — 1
s? = N_li:1(aji—1:)2:1:2—(:v)2 (mQZN;xf)

Estimate the variance associated with the distribution of Z:

1 1 -
53 = N82 = N[JUQ — (@)7]
e Report the statistical error as:
ot m ey

2.8.2 Step 9: Output of results

Obtained results from ncases histories are analyzed and outputted in this part.

write(1,280) sposi

280  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
*’ Source position ’,F10.1,’ cm from phantom surface’/
*’ Within 1cm x 1 cm area after 5 cm air’)

write(1,290) ncases, xhbeam, yhbeam
290  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’)

do k=1,kmax
do j=1,jmax
do i=1,imax
irl=1+i+(j-1)*imax+(k-1)*ijmax
amass=(xbound (i+1)-xbound (i) )*

* (ybound (j+1) -ybound (j) ) *

* (zbound (k+1) -zbound (k) ) *rhor (irl)
dose(i,j,k)=depeh(i,j,k)/ncases
depeh2(i, j,k)=depeh2(i,j,k)/ncases
doseun(i, j,k)=dsqrt((depeh2(i,j,k)-

* dose(d, j,k)*dose(i,j,k))/ncases)
dose(i,j,k)=dose(i,j,k)*1.602D-10/amass
doseun(i, j,k)=doseun(i,j,k)*1.602D-10/amass

end do
end do
end do

i=imax/2+1
j=jmax/2+1
do kkk=2,kmax-1
depths=zbound (kkk)
depthl=zbound (kkk+1)
irl=1+i+(j-1)*imax+(kkk-1)*ijmax
write(6,300) depths,depthl, (media(ii,med(irl)),ii=1,24),
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300

310

320

* rhor(irl),dose(di,j,kkk),doseun(i,j,kkk)

FORMAT(’> At ’,F4.1,’--’,F4.1,’cm (’,24A1,’ ,rho:’,F8.4,°)=",
* G13.5,°+-’,G13.5,°Gy/incident’)
end do

area=(xbound (i+1)-xbound (i) )* (ybound (j+1)-ybound(j))
faexpa=faexps/ncases
faexp2s=faexp2s/ncases
faexrr=dsqrt ((faexp2s-faexpa*faexpa)/ncases)
faexpa=faexpa*l.6E-10/area
faexrr=faexrr*x1.6E-10/area
fexpsa=fexpss/ncases
fexps2s=fexps2s/ncases
fexerr=dsqrt ((fexps2s-fexpsaxfexpsa)/ncases)
fexpsa=fexpsax1l.6E-10/area
fexerr=fexerr*1.6E-10/area
if (faexpa.gt.0.0) then
bsfa=fexpsa/faexpa
bsferr=bsfaxdsqrt ((faexrr/faexpa)**2.+(fexerr/fexpsa)**2.)
write(6,310) faexpa,faexrr,fexpsa,fexerr,bsfa,bsferr
FORMAT(/’ Exposure in free air (using mu_en) =’, G15.5,°+-’,G15.
* 5,7 Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’

* , G15.5,’+-7,G15.5,’Gy/incident’/ ’ Backscattering factor =’,G15
* .5,’+-?,G15.5)

else

write(6,320) faexpa,faexrr,fexpsa,fexerr

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’)

end if

The average absorbed dose and its uncertainty at each voxel are calculated. The depth
distribution at the central area of the phantom and back scattering factor obtained from exposure
at the phantom surface with and without phantom are printed.

The scan data at each Z- or X-bin which is defined in subroutine getvoxel are also printed
in the dose calculation mode.

2.9 Subroutine getvoxel

Subroutine getvoxel is used to define material used, its density, egsb cut-off energy, various

optional flag applied to each region, data for voxel geometry related etc. and call subroutine
hatch.
The data read from unit 4 are as follows.

1.

2
3
4.
)

Record 1 : Title (within 80 characters)
. Record 2 : Number of media in problem (nmed)
. Record 3 : Media names (j=1,24, i=1,nmed lines)
Record 4 : Characteristic dimension for each material
. Record 5 : Number of voxel in the X-, Y- and Z-directions (maxx,maxy,maxz). If < 0, it

means that number of equally spaced boundaries will be input.

Record 6 :

xbound

i.e. repeat the following replacing (i and x), (j and y) and (k and z) respectively.

e if maxx > 0 input, one per line, the maxx + 1 x boundaries. if maxx is larger than
LIMAX, stop program after output warning information. If you want use larger maxx
than default value of LIMAX (=22), you must modify LIMAX in auxcommon/au h.f.
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e if maxy < 0 input smallest x boundary, followed by abs(maxx) pairs one per line:
voxl width, # voxls with this width.

If maxx finally set from input data, is larger than LIMAX, stop program after output
warning information. If you want use larger maxx than default value of LIMAX
(=22), you must modify LIMAX in auxcommon/au h.f.

7. Record 7 : ybound
8. Record 8 : zbound

9. Record 9 : Set density, ecut, pcut and various options (0: off, 1:on) to all regions supposing
medium is 1.
ipeangsw Switches for PE-angle sampling

iedgeflsw K & L-edge fluorescence

iaugersw K & L-edge Auger

iraysw Rayleigh scattering

ipolarsw  Linearly-polarized photon scattering
incohrsw  S/Z rejection

iprofrsw  Doppler broadening

mpacrsw  electron impact ionization

10. Record 10 : Line is repeated until a blank line found.
For all voxels with il < i < u, jl < j < ju, kl <k < ku the medium used is medtmp
and the density used is rhotmp. If rhotmp=0.0, the default value for that medium is used
(faster than entering default density here). If iu and il are zero, it means the end of define.

11. Record 10a:If medium not 0, options are set to the regions above.
(0: off, 1:0n)

12. Record 11 : Regions for which the dose will be output.
IZSCAN non-zero to get z-scan per page, otherwise output is an x-scan per page.

13. Record 12 : Switch for tracking events with swatch:
(0=No, 1=each interaction, 2=each step)

14. Record 13 : Switches for bremsstrahlung and pair production ANGLE SAMPLING, and
brems-strahlung SPLITTING:
ibrdst=0 No (use default: theta=m/E)
ibrdst=1  Yes (recommended)
iprdst=0  No (use default: theta=m/E)
iprdst=1 1 Yes (low-order distribution)
iprdst=2 2 Yes (recommended)
ibrspl0=0 No splitting
ibrspl0=1 Apply splitting (nbrspl=splitting factor)

2.10 Subroutine ausgab

Subroutine ausgab is a subroutine to score variables that user want to score.

Include lines and specification statements are written at first by the same way used at the
main program/

After the treatment related iwatch option, value of the stack number (np) is checked not to
exceed the pre-set maximum value.

When iarg < 5, absorbed energy at the region 1 (outside the system) and other regions are
summed separately to check energy balance at each history. If region is not 1, absorbed energy
per step is added to that at the region of current particle exits.

If photon crosses the phantom surface at the central region, energy absorption of air is calcu-
lated from energy fluence of photon and mass attenuation coefficient of air. Energy absorption
of air without phantom is corresponding those by photons never scattered backward. For this
purpose, latch(np)) is set to 1 if w(np) < 0.
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If a history number is less than maxpict, subroutine plotxyz which is record and output
trajectory related information is called.

! _________________________________
I’ Keep track of how deep stack gets

if (np.gt.MXSTACK) then
write(6,100) np,MXSTACK

100 FORMAT(//’ In AUSGAB, np=’,I3,’ >= maximum stack’,
* > allowed which is’,I3/1X,79(C°*’)//)
stop
end if

[
'_‘
Q
~
B
o)
N2

iql =

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,101) e(np),x(up),y(np),z(np),ulnp),v(np),w(np),
* iql,irl,iarg
101 FORMAT(7G15.7,3I5)
end if

if (iarg .gt. 5) return

esum(iql+2,irl,iarg+l) + edepwt
nsum(iql+2,irl,iarg+l) + 1

esum(iql+2,irl,iarg+1)
nsum(iql+2,irl,iarg+1)

i=mod(irl-1,imax)

if (i.eq.0) i=imax
k=1+(irl-1-i)/ijmax
j=1+(irl-1-i-(k-1)*ijmax)/imax

if (irl.gt.l.and.edep.ne.0.D0) then

depe(i,j,k)=depe(i,j,k)+edeput
end if

if(i.eq.imax/2+1.and.j.eq.jmax/2+1) then ! X-Y central region
if (abs(irl-irold).eq.ijmax.and.iq(np).eq.0) then
if ((w(np).gt.0.0.and.k.eq.2).or.
* (w(np).le.0.0.and.k.eq.1)) then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.01745
end if
esing=e(np)
dcon=encoea(esing) ! PHOTX data
fexps=fexps+e(np)*dcon*wt (np) /cmod
if (w(np).1t.0.0) latch(np)=1

37



if (w(np).gt.0.0.and.latch(np).eq.0) then
faexp=faexp+e (np) *dcon*wt (np) /cmod
end if
end if
end if
end if

if (ncount.le.maxpict) then

call plotxyz(iarg,np,iq(np),x(np),y(np),z(np),e(np),ir(np),
* w(np) ,time (np))
end if

return

end

2.11 Subroutine howfar

At subroutine howfar, a distance to the boundary of region is checked. If the distance to
the boundary is shorter than the distance to the next point, the distance to the next point is
replaced with the distance to the boundary and new region irnew is set to the region number
to which particle will enter.
If idisc is set to 1 by user, the treatment to stop following will be done in this subroutine.
Calculation to a distance to the boundary is done by the general treatment for voxel geometry
in ucxyz_phantom. f.
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3 Exercise problems

3.1 Problem 1 : Change source energy

Change source energy to 1.173 and 1.332 MeV photons from %°Co.

3.2 Problem 2 : Change source energy to 100kV X-rays. (Spectrum data
are read from xray.dat)

3.3 Problem 3 : Change to lung model

Set surface 3 cm of phantom as the normal tissue (water), 3 to 13 cm as the lung (water with

0.3 g cm™?) and 13-16cm as the normal tissue.
Source is the X-ray read from xray.dat).

3.4 Problem 4 : Lung with tumor

Set tumor region at 3 to 5cm from the lung surface as the normal tissue.

3.5 Problem 5 : Inset iron inside phantom

Replace 5 to 6 cm region of the phantom with iron.

3.6 Other problems

In addition above, following problems are also useful as exercises.
e Use other X-ray sources
e Change incident particle to an electron
e Change thickness of iron

e Calculate for limited area of tumor
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4 Answer for exercises

It is recommended to run ucxyz_phantom.f and to save egsbjob.out, egsb5job.pict which
are the results with different file names like xyz_phantom.out, xyz_phantom.pict
for comparisons with the results of following problems.

4.1 Problem 1
1. cp ucxyz_phantom.f ucxyz phantoml.f

2. cp ucxyz_phantom.data ucxyz_phantoml.data
3. cp ucxyz_phantom.inp ucxyz_phantoml.inp
4. Modify ucxyz_phantoml.f as follows:

e Add variables for source data.
Chanfge

real*8

* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX),

* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)
to

real*8

* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX),

* dose (LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)
* ,esbin (MXEBIN) , espdf (MXEBIN) ,escdf (MXEBIN)

e Add variable for a number of source energy data.

Change
integer
* i,ii,iii,icases,idin,idose,ie,ipage,irl, j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg

t &
integer
* i,ii,iii,icases,idin,idose,ie,ipage,irl, j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg,nsebin

e Add open statement for source data file.

Change
open(6,file=’egsb5job.out’,status=’unknown’)
to

open(6,file="egsbjob.out’,status=’unknown’)
open(2,file=’co60.inp’,status=’unknown’)

e co60.inp is the data file including source gamma-ray energies and their
pdf for Co-60 as follows:

1.173,1.333
0.5,0.5

e Add statements to read source data and to create cdf from pdf data.

Change

! Source position from phantom surface in cm.
sposi=10.0

to
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! Source position from phantom surface in cm.
sposi=10.0

nsebin=2 ! Number of source energy bins

read(2,*) (esbin(i),i=1,nsebin)
read(2,*) (espdf(i),i=1,nsebin)

tnum=0.D0
do ie=1,nsebin
tnum=tnum+espdf (ie)
end do
escdf (1)=espdf (1) /tnum
do ie=2,nsebin
escdf (ie)=escdf (ie-1)+espdf (ie) /tnum
end do

e Modify the maximum electron kinetic energy used.
Change
ekein=1.253 ! Kinetic energy of source photon
to
ekein=esbin(nsebin) ! Maximum kinetic energy}
e Add sampling routines for source photon energy sampling. Change
ekin=ekein
to
call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf (ie)) go to 1000
end do

1000 ekin=esbin(ie)

e Modify output statement concerning the source energy.

Change
280  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
to

280  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/

. Run ucxyz_phantoml.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucxyz_phantoml as the user code.
Simply enter '"return" as the file name for unit 4 and 25.
Enter 1 for "Does this user code read from the terminal?".

e In the case of DOS
egsbrun ucxyz_phantoml

. Check egs5job.out to confirm average source energy is nearly equal to 1.253MeV.

Compare the obtained results with xyz_phantom.out.

Problem 2

. cp ucxyz_phantoml.f ucxyz_phantom2.f
. cp ucxyz_phantoml.data ucxyz_phantom2.data

. cp ucxyz_phantoml.inp ucxyz_phantom2.inp
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4. Modify ucxyz_phantom2.f as follows:

e Add variable for a source energy bin.
Change

real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,
* faexpa,fexpsa

to

real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,
* faexpa,fexpsa,deltaes

e Add variable to score a sampled source spectrum.

Change

real*8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX,LKMAX) ,

* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)
* ,esbin(MXEBIN),espdf (MXEBIN) ,escdf (MXEBIN)

to

real*8

depeh(LIMAX,LJMAX,LKMAX),depeh2(LIMAX,LJMAX,LKMAX),

dose (LIMAX,LJMAX,LKMAX) ,doseun (LIMAX,LJMAX,LKMAX)

,esbin (MXEBIN) , espdf (MXEBIN) ,escdf (MXEBIN) ,saspec (MXEBIN)

*

* *

e Modify a file name for source.
Change

open(2,file=’co60.inp’,status=’unknown’)
to
open(2,file=’xray.dat’,status=’0ld’) ! Data of source x-ray

e xray.dat is a file including following data.

201
0.0005
0., 0., 0., 0., 0., 0., 0., 0.
0., 0., 0., 0., 0., 0., 0., 0.
0., 15., 472., 410., 595., 675., 642., 477.
498., 492., 504., 610., 611., b5561., 637., 702.
711., 994., 1130., 1338., 1618., 1860., 2393., 2887.
3250., 3766., 4337., 4972., 55686., 6152., 6849., 7200.

8078., 8446., 8850., 9129., 9675.,10419.,11907.,12607.
13196.,13542.,13940.,13999.,13922.,13409.,13136.,13141.
13594.,13916.,14347.,14525.,14496.,14621.,14658.,14818.
14745.,14730.,14589.,14217.,14097.,13794.,13924.,13665.
13650.,13430.,13260.,12862.,12587.,12227.,12255.,12117.
11651.,11343.,11187.,10859.,10604.,10266.,10085., 9768.

9519., 9232., 9147., 8760., 8600., 8263., 8150., 7907.

L PV VL R

7574., 7296., 7058., 6815., 6769., 6505., 6511., 6279.
6160., 6751., 7016., 7988., 8860., 9176., 9348., 9177.
7496., 5690., 4512., 4105., 3851., 3574., 3494., 3337.
3202., 3115., 3177., 2989., 3326., 3356., 3441., 3403.
2873., 25669., 2263., 2008., 1815., 1661., 1490., 1469.
1435., 1242., 1210., 1183., 1210., 1104., 1034., 1052.
922., 904., 866., 842., 860., 824., 726., T714.
688., 600., 587., 610., 497., 485., 481., 395.
403., 385., 334., 363., 343., 348., 259., 270.
247., 24v., 262., 207., 182., 210., 194., 152.
130., 114., 150., 113., 139., 90., 76., 59.
52., 34., 34., 31., 11., 23., 12., 12.
4.
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At the above data, a first 201 is the number of energy bins and next 0.0005
is the energy bin width in MeV. Following numbers corresponds to number
of X-rays per energy bin. The lower energy corresponding the first bin

is 0.0.
e Modify the parts of data read.
Change
nsebin=2 ! Number of source energy bins

read(2,*) (esbin(i),i=1,nsebin)
read(2,*) (espdf(i),i=1,nsebin)

to
read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV
read(2,*) (espdf(i),i=1,nsebin)

2

e Modify the number of cdf bin. 3
Change

escdf (1)=espdf (1) /tnum
do ie=2,nsebin

escdf (ie)=escdf (ie-1)+espdf (ie) /tnum
end do

to

nsebin=nsebin+1
esbin(1)=0.4d0
escdf (1)=espdf (1) /tnum
do ie=2,nsebin
esbin(ie)=(ie-1)*deltaes
escdf (ie)=escdf (ie-1)+espdf (ie) /tnum
end do

e Initialize sampled X-ray spectrum.

Change
fexps2s=0.D0
to
fexps2s=0.D0
do ie=1,nsebin

saspec(ie)=0.D0
end do

2If it is necessary to change the value of the argument, you must check ”out of bound” error by running egs5
with debug option as foolows. In the case of Unix or Cygwin, key in ”egsbrun db” instead of ”egsbrun”. Next,
execute programe by ”egs5job.exe”. In the case of DOS, execute ”egsbrun_db ucxyz_phantom2”.

Modify egsbrun.bat to use debug mode and save as egsbrun_db.bat for this purpose.
If "out of bound error” occurs, the line number and the argument coused error is displayed. Running egs5 with
debug option needs mor CPU time than usual way and therefore is used only for this kind of check.

3If it is necessary to change the value of the argument, you must check "out of bound” error by running egs5
with debug option as foolows. In the case of Unix or Cygwin, key in ”egsbrun db” instead of ”egsbrun”. Next,
execute programe by ”egs5job.exe”. In the case of DOS, execute ”egs5run_db ucphantomcgv2”.

Modify egs5run.bat to use debug mode and save as egsbrun_db.bat for this purpose.

If ”out of bound error” occurs, the line number and the argument coused error is displayed. Running egs5 with
debug option needs mor CPU time than usual way and therefore is used only for this kind of check.
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e Modify source energy sampling statements.
Change

call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 ekin=esbin(ie)

to

call randomset (rnnow)

do ie=1,nsebin
if (rnnow.le.escdf (ie)) go to 1000

end do

1000 if (ie.gt.nsebin) then

ie=nsebin

end if

saspec(ie)=saspec(ie)+1.DO0

if (escdf(ie).eq.escdf(ie-1)) then
ekin=esbin(ie-1)

else
ekin=esbin(ie-1)+(rnnow-escdf (ie-1))*(esbin(ie)-esbin(ie-1))/
* (escdf (ie)-escdf (ie-1))
end if

e Add statements to output sampled X-ray spectrum.
Change

to
! _____________________________
! Sampled source spectrum
! _____________________________
do ie=2,nsebin
saspec(ie)=saspec(ie)/float(ncases)
end do
write(6,272)
272  FORMAT(/’ Comparison between sampled spectrum and pdf’
* /23X, Sampled pdf ’,28X,”’ Sampled pdf ’
*
do ie=2,nsebin,?2
if(ie.eq.nsebin) then
write(6,274) esbin(ie),saspec(ie),escdf (ie)-escdf (ie-1)
274 FORMAT(1X,G9.3,’ MeV(upper)-- ’,2G12.5)
else
write(6,276) esbin(ie),saspec(ie),escdf(ie)-escdf(ie-1),
* esbin(ie+1), saspec(ie+l1),escdf(ie+1)-escdf (ie)
276 FORMAT(1X,G9.3,’ MeV(upper)-- ’,2G12.5,3%, ’; ’,G9.3,
* > MeV(upper)-- ’,2G12.5)
end if
end do

e Modify output format for the source information.
Change

280  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/
to

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

5. Modify ucxyz_phantom2.inp as follows:
Change 2 places of
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&INP AE=0.521,AP=0.0100,UE=2.011,UP=1.5 /END

to

&INP AE=0.521,AP=0.0100,UE=0.711,UP=0.2 /END

6. Run ucxyz_phantom2.f by egsbrun.

e In the case of Linux or Cygwin

Enter ucxyz_phantom2 as the user code.

Simply enter "return" as the file name for unit 4 and 25.
Enter 1 for "Does this user code read from the terminal?".

e In the case of DOS
egsbrun ucxyz_phantom2

7. Check egs5job.out to confirm average source energy is nearly equal to 40keV.
Compare the sampled spectrum with pdf. Compare the absorbed dose distribution

with xyz_phantom.out.

8. Check the trajectories using CGview.

4.3 Problem 3
1. cp ucxyz_phantom2.data ucxyz_phantom3.data

2. cp ucxyz_phantom2.inp ucxyz_phantom3.inp

3. Modify ucxyz_phantom3.data as follows:

(a) Modify the number of voxel at Z-direction.

Change
1.0, 20 voxel width, number of voxels
to
1.0, 16 voxel width, number of voxels
(b) Modify the material assignment etc.

Change
1,3,1,3, 2,21, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof, impac
1,3,1,3,22,22, 2, 0.00, 0.00, 0.00 air

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,1ncoh,prof,1mpac
to
1,3,1,3, 2, 4, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl, auger ray,pola,incoh,prof,impac
1,3,1,3, 5,14, 1, 0.300, 0.00, 0.00 lung

1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

1,3,1,3,15,17, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof, impac
1,3,1,3,18,18, 2, 0.00, 0.00, 0.00 air

11 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

4. Execute runbagain.

e In the case of Linux or Cygwin

Enter ucxyz_phantom3 as the file name for unit 4 and simply enter "return"

as the file name for unit 25.

Enter simply return for "Enter name of the executable".
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e In the case of DOS
runbagain ucxyz_phantom3

. Confirm the density at the lung regions. Compare the absorbed dose distribution
with xyz_pantom.out.

. Check the trajectories using CGview.

Problem 4

. cp ucxyz_phantom3.data ucxyz_phantom4.data
. cp ucxyz_phantom3.inp ucxyz_phantom4.inp

. Modify ucxyz_phantom4.data as follows.

(a) Modify the density at tumor regions.

Change
1,3,1,3, 5,14, 1, 0.300, 0.00, 0.00 lung

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
to
1,3,1,3, 5, 7, 1, 0.300, 0.00, 0.00 lung

1 1. 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8, 9, 1, 0.000, 0.00, 0.00 tumor

1 1. 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3,10,14, 1, 0.300, 0.00, 0.00 Iung

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac

. Execute runbagain.

Enter ucxyz_phantom4 as the file name for unit 4 and simply enter "return" as

the file name for unit 25.

. Enter simply return for "Enter name of the executable".

. Confirm the density at the tumor regions. Compare the absorbed dose distribution
with xyz_pantom.out.

Ploblem 5
. cp ucxyz_phantom4.data ucxyz_phantomb5.data

. Ccp ucxyz_phantom4.inp ucxyz_phantomb.inp

. Modify ucxyz_phantom4.data as follows.

(a) Modify the number of materials from ’2’ to ’3’.

Change
2 nmed (I10)
to
3 nmed (I10)
(b) Add new material (Irom).
Change
ATR-AT-NTP media(j,2) (24A1)
to
ATR-AT-NTP media(j,2) (24A1)
FE media(j,3) (24A1)
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(c) Add characteristic dimension of iron.

Change

1.0, 1.0 chard
to

1.0, 1.0, 1.0 chard

(d) Modify material assignment etc. related the "tumor" regions.

Change
1,3,1,3, 2, 4, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 5, 7, 1, 0.300, 0.00, 0.00 lung

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8, 9, 1, 0.000, 0.00, 0.00 tumor

10 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

1,3,1,3,10,14, 1, 0.300, 0.00, 0.00 lung

1 1. 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3,15,17, 1, 0.000, 0.00, 0.00 tissue

1 1. 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
to
1,3,1,3, 2, 6, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 7, 7, 3, 0.000, 0.00, 0.00 iron

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8,21, 1, 0.000, 0.00, 0.00 tissue

11 0 0 0 0 O O peang,edgefl,auger,ray,pola,incoh,prof,impac

4. Modify ucxyz_phantomb.inp as follows.
(a) Add input data for iron.

ELEM

&INP IRAYL=1 /END

FE FE

FE

ENER

&INP AE=0.521,AP=0.010,UE=2.011,UP=1.5 /END
PWLF

&INP /END

DECK

&INP /END

5. Execute runbagain.
Enter ucxyz_phantomb as the file name for unit 4 and simply enter "return" as
the file name for unit 25.

6. Enter simply return for "Enter name of the executable".

7. Confirm the density at the tumor regions. Compare the absorbed dose distribution
with xyz_pantom.out.
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Appendix: Full listings of ucxyz phantom.f

48



1ok ok ok ok ok sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk ok ok ok ok ok ok ok ok ok sk sk sk sk sk ok ok ok ok ok ok ok ok ok sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok sk sk sk sk ok sk ok ok

Dotororsrokokokokokokokokokokkokokokokokkokokokokkkk - KEK, High Energy Accelerator Research *
Dok okkokkokkokkokkokok kR xRk kkxk - Organization *
'*ucxyz _phantomx *
1 stk ok ok ok sk ok ok sk sk sk sk ok sk sk ok ok ok sk ko ok sk sk ok ok ok ok EGS5.0 USER CODE - 20 Jan 2016/1000 *

*

! Apply region dependent bremss splitting.
1 5k sk ok 5k ok 3k 5k ok ok 3k 5k ok 5k 3k 5k >k 5k 5k 5k >k 3k 5k 5k >k 3k 5k ok 5k 3k 5k >k 5k 3k 5k >k 3k 5k >k >k 3k 5k >k >k 3k 5k >k 5k 3k 5k >k 5k 5k >k >k 3k 5k >k >k 3k >k >k >k 3k >k >k %k 5k >k %k %k >k

I'* This is a general User Code based on the cg geometry scheme. *
1 stk stk ok e ok stk ok ok sk ok ok sk ok stk ok ok stk sk sk sk o ok stk o ok stk ok s kb ok o ok sk ok ok stk ok s sk ok sk o ok sk sk ok
! *

PROGRAMMERS: H. Hirayama
Radiation Science Center
AEElled Science Laboratory
K High Energg Accelerator Research Organization
1-1, Oho, Tsukuba, Ibaraki, 305-0801
Japan

E-mail: hideo.hirayama@kek. jp
Telephone: +81-29-864-5489
Fax: +81-29-864-1993

I
I
I
!
!
I
I
I
I
I
! Based on xyzdos.mor.
!

I

¥ XK K K K X X X X X X X

09AUG2004: CDF creation parts are corrected. H. Hirayama

1 sk ok sk ofeoke ok ok sk sk sk sk sk sk sk sk ok ok o ok ok ok ok ok Sk sk sk sk sksk sk sk sk sk sk o ke ok ok sk sk sk sk sk sk sk sk sk sk ok sk ok ks fok sk sk sk sk sk sk sk sk sk sk sk ok ok

1 stk ok ok ofeof ok ok sk sk sk sk sk sk sk sk ok o s ok koo ok sk sk sk sksksksksk sk sk sk sk ok fe ok ok ok sk sk sk sk sk sk sk sk sk ok sk sk ke ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok

! The ucxyz_phantom.f User Code requires a data-input file *

(e.g., ucxyz_phantom.data) that is read by subroutine getvoxel (with

instructions in its header). The following shows the geometry for

ucxyz_phantom.data.

Trajectory data can be defined for PICT32 or CGview by setting
npreci 1, 2 or 3, respectively.

T is user code corresgonds to ucphantom_rec.mor for egs4.

Use Ranlux random number generator.
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include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_bounds.f’
include ’include/egs5_edge.f’

include ’include/egs5_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’

include ’include/egsb5_stack.f’
include ’include/egs5_thresh.f’
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include ’include/egs5_uphiot.f’
include ’include/egs5_useful.f’
include ’include/egs5_usersc.f’
include ’include/randomm.f’

include ’auxcommons/aux_h.f’ ! Auxiliary-code "header" file

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f’
include ’auxcommons/geoxyzv.f’
include ’auxcommons/instuf.f’
include ’auxcommons/lines.f’
include ’auxcommons/nfac.f’
include ’auxcommons/voxel.f’
include ’auxcommons/watch.f’

common/score/ ! Variables to score
* depe (LIMAX,LJMAX,LKMAX) ,faexp,fexps,maxpict
real*8 depe,faexp,fexps

integer maxpict

Pxxk real*8 ! Arguments
real*8 etot,totke

Ikkxx integer
integer ifto

Ix%*x* real*8 ! Local variables
real*8
* amass,areac,availke,depthl,depths,dis,disair,ei0O,ekin,elow,eup,
* phaiO,phai,radma2,rnnow,sinth,sposi,tnum,w0,wimin,wtin,wtsum,
* xhbeam,xpf,yhbeam, ypf

real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,
* faexpa,fexpsa

realx8
* depeh (LIMAX,LJMAX,LKMAX) ,depeh2 (LIMAX,LJMAX ,LKMAX) ,

* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,LKMAX)

real
* tarray(2),tt,tt0,ttl,cputime,etime

integer
* i,ii,iii,icases,idin,idose,ie,ipage,irl, j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg

! Units 7-26 are used in pegs and closed. It is better not
! to use as output file. If they are used must be re-open after
! getvoxel etc. Unit for pict must be 39.

open(6,file=’egsbjob.out’,status=’unknown’)
open(4,FILE="egsb5job.inp’,STATUS="01d’)
open(39,FILE="egs5job.pic’,STATUS="unknown’)

call counters_out(0)

ifto = 6 ! Qutput unit in getvoxel

call getvoxel(ifto)

write(6,*) ’PEGS5-call comes next’

call pegsb
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! npreci 1: for PICT32

! 2: for CGview

! 3: for CGview in free format
npreci=3

if (npreci.eq.3) write(39,fmt="(’GSTA-FREE-TIME’)")
if (npreci.eq.2) write(39,fmt="(’GSTA-TIME’)")
write(39,fmt="(’SLAB’)")

write(39,fmt="(I6)") imax+1

write(39,fmt="(I6)") jmax+1

write(39,fmt="(I6)") kmax+1
write(39,fmt="(4F15.4)") (xbound(j),j=1,imax+1)
write(39,fmt="(4F15.4)") (ybound(j),j=1,jmax+1)
write(39,fmt="(4F15.4)") (zbound(j),j=1,kmax+1)
write(39,fmt="(’GEND’)")

write(39,fmt="(’MSTA’)")
write(39,fmt="(I4)") nreg

write(39,fmt="(15I4)") (med(i),i=1,nreg)
write(39,fmt="(’MEND’)")

Random number seeds. Must be defined before call hatch
or defaults will be used. inseed (1- 2°31)

inseed=1
write(6,100) inseed
100 FORMAT(/,’ inseed=’,I12,5X,
* > (seed for generating unique sequences of Ranlux)’)

call rluxinit ! Initialize the Ranlux random-number generator

! Source gosition from phantom surface in cm.
sposi=10.0

iqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy of source photon
etot=ekein + abs(iqin)*RM

xin=0.D0

yin=0.DO0

21n=—sBos1

uin=0.D0

vin=0.D0

win=1.D0

wtin=1.D0

! X-direction half width of beam at phantom surface in cm.
xhbeam=1.0

! Y-direction half height of beam at phantom surface in cm.
yhbeam=1.0
radma2=xhbeam*xhbeam+yhbeam*yhbeam

wimin=sposi/dsqrt(sposi*sposi+radma2)

write(6,110)
110  format(/’ Call hatch to get cross-section data’)
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open (UNIT=KMPI,FILE="pgs5job.pegsbdat’,STATUS="01d’)
open (UNIT=KMPO,FILE=’egs5job.dummy’ ,STATUS="unknown’)

write(6,120)
120  FORMAT(/,’ HATCH-call comes next’,/)

close (UNIT=KMPI)
close (UNIT=KMPO)

write(6,*) ’ Quantities associated with each media:’

do j=1,nmed
write(6,130) (media(i,j),i=1,24)
130 FORMAT(/,1X,24A1)
write(6,140) rhom(j),rlcm(j)
140 FORMAT(5X,’ Rho=’,G15.7,’ g/cm**3 RLC=’,G15.7,’ cm’)
write(6,150) ae(j),ue(j),ap(j),up(j)
150 FORMAT(5X,’ AE=’,G15.7,° MeV UE=’,G15.7,’> MeV’/ 5X,’ AP=’,G
* 15.7,° MeV UP=’,G15.7,’ MeV’)
end do

write(6,160)
160  FORMAT(/’ Information of medium and cut-off for central region’)
i=imax/2+1
j=jmax/2+1
do k=1,kmax
irl=1+i+(j-1) *imax+(k-1) *ijmax
if (med(irl).eq.0) then
write(6,170) k,irl
170 FORMAT(’ Medium(’,I3,’-th z bin, region:’,I5,’)= Vacuum’)
else
write(6,180) k,irl, (media(ii,med(irl)),ii=1,24),
* ecut (irl) ,pcut(irl) ,rhor(irl)
180 FORMAT(’ Medium(’,I3,’-th z bin, region:’,I5,
* ’)=’,24A1,/5X,’ECUT=",G10.5,’ MeV, PCUT=’,
* G10.5, ’ MeV, density=’,F10.3)
end if
end do

! Initialization is done inside getvoxel

! _______________________________________________________________________
! Step 7: Initialization-for-ausgab

ncount = 0
ilines = 0
nwrite = 10
nlines = 25
idin = -1
totke = 0.
wtsum = O.

! Zero the dose
do k=1,kmax
do j=1,jmax
do i=1,imax
depe(i,j,k)=0.D0
depeh(i,j,k)=0.DO
depeh2(i, j,k)=0.DO0
end do
end do
end do
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faexp=0.D0
faexps=0.D0
faexp2s=0.D0
fexps=0.D0
fexpss=0.D0
fexps2s=0.D0

call ecnsv1(0,nreg,totke)
call ntally(0,nreg)

! History number
ncases=100000

! Maximum history number to write trajectory data
maxpict=50

write(39,fmt="(’0 12)")

write(6,190)
190 FORMAT(//,’> ENERGY/COORDINATES/DIRECTION COSINES/ETC.’,/,
* 6X,’E’,16X,°X’,14X,°Y’ ,14X,°Z°/
* 1X,°U’,14X,°V’ ,14X,°W’>,9X,°IQ’,4X,’ IR’ ,3X, IARG’,/)

if (iwatch .gt. 0) call swatch(-99,iwatch)

tt=etime (tarray)
ttO=tarray (1)

do jhist=1,ncases | Start of CALL SHOWER loop

icases=jhist

200 call randomset (w0)
win=wO*(1.0-wimin)+wimin
call randomset (phaiO)
phai=pi*(2.0*phai0-1.0)
sinth=dsqrt(1.D0-win*win)
uin=dcos(phai)*sinth
vin=dsin(phai)*sinth
dis=sposi/win
xpf=dis*uin
ypf=dis*vin
if (dabs(xpf).gt.xhbeam.or.dabs(ypf).gt.yhbeam) go to 200
if (sposi.gt.zbound(2)-zbound(1)) then
disair=(sposi-(zbound(2)-zbound(1)))/win
xin=disair*uin
yin=disair*vin
zin=zbound (1)
else
xin=0.D0
yin=0.D0
zin=-sposi
end if

do i=1,imax
if (xbound(i+l).gt.xin) go to 210
end do
210 do j=1,jmax

if (ybound(j+1).gt.yin) go to 220
end do
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250

irin=1+i+(j-1) *imax

ekin = ekein

wtsum = wtsum + wtin ! Keep running sum of weights
etot = ekin + iabs(iqin)*RM ! Incident total energy (MeV)
availke = etot + iqin*RM ! Available K.E. (MeV) in system
totke = totke + availke ! Keep running sum of KE
latchi=0

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,230) etot,xin,yin,zin,uin,vin,win,iqin,irin,idin
FORMAT(7G15.7,31I5)

end if

if (etot+(1-iabs(iqin))*RM.gt.emaxe) then
write(6,fmt="(’ Stopped in MAIN.’,
> (Incident kinetic energy + RM) > min(UE,UP+RM).’)")

stop
end if

if (abs(uin*uin+vin*vin+win*win-1.0).gt.1.e-6) then
write(6,fmt="(’ Following source direction cosines are not’,
’ normarized.’,3el12.5)")uin,vin,win
stop

end if

call shower (iqin,etot,xin,yin,zin,uin,vin,win,irin,wtin)

do k=1,kmax
do j=1,jmax
do i=1,imax
depeh(i, j,k)=depeh(i,j,k)+depe(i,j,k)
depeh2(i, j,k)=depeh2(i,j,k)+depe(i,j,k)*depe(i,j,k)
depe (i, j,k)=0.D0
end do
end do
end do

faexps=faexps+faexp
faexp2s=faexp2s+faexp*faexp
faexp=0.0
fexpss=fexpss+fexps
fexps2s=fexps2s+fexps*fexps
fexps=0.0

ncount = ncount + 1 ! Count total number of actual cases

if (iwatch .gt. 0) call swatch(-1,iwatch)

end do E End of CALL SHOWER loop

tt=etime (tarray)

ttl=tarray (1)

cputime=tt1-tt0

write(6,250) cputime

format(’ Elapsed Time (sec)=’,G15.5)
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if (iwatch .gt. 0) call swatch(-88,iwatch)

write(6,260) ncount,ncases,totke
260  FORMAT(/,’ Ncount=’,I10,’ (actual cases run)’,/,
* > Ncases=’,I110,’ (number of cases requested)’,/,

* > TotKE =’,G15.5,’ (total KE (MeV) in run)’)

if (totke .le. 0.DO) then
write(6,270) totke,availke,ncount

270 FORMAT(/,’ Stopped in MAIN with TotKE=’,G15.5,/,
* > AvailKE=’,G15.5, /,’ Ncount=’,I10)
stop
end if

write(6,280) sposi

280  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
*x’ Source position ’,F10.1,’ cm from phantom surface’/
*’ Within 1cm x 1 cm area after 5 cm air’)

write(6,290) ncases, xhbeam, yhbeam
290  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’)

do k=1,kmax
do j=1,jmax
do i=1,imax
irl=1+i+(j-1)*imax+(k-1)*ijmax
amass=(xbound (i+1)-xbound (i) )*

* (ybound (j+1)-ybound (j))*

* (zbound (k+1) -zbound (k) ) *rhor (irl)
dose(i,j,k)=depeh(i,j,k)/ncases
depeh2(i, j,k)=depeh2(i,j,k)/ncases
doseun(i, j,k)=dsqrt((depeh2(i,j,k)-

* dose(i,j,k)*dose(i,j,k))/ncases)
dose(i,j,k)=dose(i,j,k)*1.602D-10/amass
doseun(i, j,k)=doseun(i,j,k)*1.602D-10/amass

end do
end do
end do

i=imax/2+1
j=jmax/2+1
do kkk=2,kmax-1
depths=zbound (kkk)
depthl=zbound (kkk+1)
irl=1+i+(j-1) *imax+(kkk-1) *ijmax
write(6,300) depths,depthl, (media(ii,med(irl)),ii=1,24),
* rhor(irl) ,dose(d,j,kkk),doseun(i, j,kkk)

300 FORMAT(’> At °’,F4.1,’--’>,F4.1,’cm (’,24A1,’,rho:’,F8.4,%)=",
* G13.5,’+-?,G13.5,°Gy/incident’)
end do

area=(xbound (i+1)-xbound (i))* (ybound (j+1)-ybound(j))
faexpa=faexps/ncases
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310
*
*
*
320
*
*
!
!
!
!
330
*
340
350
360
370
*
*
380
390

faexp2s=faexp2s/ncases
faexrr=dsqrt ((faexp2s-faexpa*faexpa) /ncases)
faexpa=faexpaxl.6E-10/area

faexrr=faexrr*1.6E-10/area
fexpsa=fexpss/ncases

fexps2s=fexps2s/ncases
fexerr=dsqrt ((fexps2s-fexpsa*fexpsa) /ncases)
fexpsa=fexpsax1l.6E-10/area

fexerr=fexerr*1.6E-10/area
if (faexpa.gt.0.0) then

bsfa=fexpsa/faexpa

bsferr=bsfa*dsqrt ((faexrr/faexpa)**2.+(fexerr/fexpsa)**2.)
write(6,310) faexpa,faexrr,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
.5,7+-?,G15.5)

else
write(6,320) faexpa,faexrr,fexpsa,fexerr
FORMAT(/’ Exposure in free air (using mu_en) =’, G15.5,°+-’,G15.
5, Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
, G156.5,°+-?,G15.5,°Gy/incident’)

end if

do idose=1,idgrp ! Loop over groups of regions to analyze
if (izscan(idose).ne.0) then ! Do output with one Z scan per page
Number of sets of depth per page
k = (kdosu(idose) - kdosl(idose))
k=k+k/6+7
nperpg = 60/k
write(6,330) Title
FORMAT(/10X,80A1//T10,’xyz(V01) dose outputs Gy.cm**2’,
>(or Gy/incident particle for 0 area)’)
ipage=1 ! Count how many zgroups printed on this page

do i=idosl(idose),idosu(idose)
do.1=jdosl(idose),jdosu(idose),4
JL=)

ju=min(j+3, jdosu(idose))
write(6,340) xbound(i),xbound(i+1),i
FORMAT(/T15, For x=’,F10.3,’ to’,F10.3,5%,’i=",13)
write(6,350) (ybound(jj),jj=jl,ju+1)
FORMAT(’ ybounds:’,F7.3,F12.3,3F17.3)
write(6,360) (jj,jj=jl ,jw)
FORMAT(T10,’j=,t17,5(14,13X))
write(6,370) zbound(kdosl(idose))
FORMAT(’ zbounds (’,F10.3,7°)7)
do k=kdosl(idose) ,kdosu(idose)
write(6,380) zbound(k+1),k,(dose(i,jj,k),
min(99.9, 100.*doseun(i,jj,k)/dose(i,jj,k)),
3j=j1,jw
FORMAT(F8.3,14,4(1PE11.3,’-’>,0PF4.1,°%’) )
if (mod(k,5).eq.0) then
write(6,390)
FORMAT(’ ?)
end if
end do

if (mod (ipage ,nperpg) .eq.0.and. (ju.ne. jdosu(idose) .
or.i.ne.idosu(idose))) then
write(6,330) Title

ipage=1
else
ipage=ipage+1
end i%
end do ! end j-loop
end do ! end 1-loop
else ! Output x scans each page
i=idosu(idose)-idosl(idose)
i=i+i/5+7
nperpg=60/1i ! Number of sets of bins per page

write(6,330) Title
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ipage=1

do k=kdosl(idose) ,kdosu(idose)
do.i=jdosl(idose),jdosu(idose),4

ju=min(j+3, jdosu(idose))
write(6,400) zbound(k),zbound(k+1) ,k

400 FORMAT(/T15,’for z=’,F10.3,’ to’,F10.3,5X,’k=",13)
write(6,410) (ybound(jj),jj=jl,ju+l)

410 FORMAT(’ Ybounds:’,F7.3,F12.3,3F17.3)
write(6,420) (jj, jj=jl,jw

420 FORMAT(T10,’j=’,T17,5(1I4,13X))
write(6,430) xbound(idosl(idose))

430 FORMAT(’ Xbounds (’,F10.3,°)7)

do i=idosl(idose) ,idosu(idose)
write(6,440) xbound(i+1),i,(dose(di,jj,k),

* min(99.9, 100.*doseun(i,jj,k)/dose(i,jj,k)),
* 3j=jl,jw
440 FORMAT(F8.3,14,4(1PE11.3,°-’>,0PF4.1,°%’) )

if (mod(i,5).eq.0) then
write(6,fmt="(> ’)")
end if
end do

if (mod (ipage,nperpg) .eq.0.and. (ju.ne.jdosu(idose).

* or.k.ne.kdosu(idose))) then
write(6,330) Title
ipage=1
else
ipage=ipage+1
endpi% pag
end do ! end j-loop
end do ! end ﬂ—loop
end if ! end of x scan per page output
end do ! end of idose loop

call ecnsvi(nlist,nreg,totke)

call counters_out(1)

e last line of main code-------—-—-————————-----
e e getvoxel . f---—---————————————————
! Version: 161020-1000

! Read material and geometry data from egsSﬂob.inp

! Apply for setting bremss splitting to each region.

This is a data-entry subprogram for use with a éeneral—purpose
egsb user code to do cartesian coordinate dose deposition studies.

Every voxel (volume element) can have different materials and/or

varying densities (for use with CT data).
Basic pats of this subroutine related with geometry taken from
xyzdos.mor.

voxels are labeled by indicies (i,j,k) and defined by:

I
I

! xbound(i) <= x < xbound(i+1) i <= imax

! ybound(j) <= y < ybound(j+1) j <= jmax

! zbound (k) <= z < zbiund(k+1) k <= kmax

!

! ___________________

! SUBROUTINE ARGUMENT

! ___________________

! nreg Number of regions in geometry (determined by data input)
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! Unit 4 Input file.
! Unit ifto Output file.
]

! INPUT FILE

| Record 1 title (80A1) Title line.

! ________

! Record 2 mnmed (I10) Number of media in problem.

! Record 3 media(j,i) (24A1) Media names (j=1,24, I=1,nmed lines).
I Note that entire volume is initially
! set to medium.

! Record 4 chard characteristic distance for each medium

! Record 5 maxx, maxy, maxz Number of voxels in the X,Y,Z directions
I ——————— If <0, it means that number of equally
! spaced boundaries will be input.

I Record 6 xbound

i.e. repeat the following replacing (i and x) by

(j and y) and (k and z) respectively.
if maxx > 0
input, one per line, the maxx + 1 x boundaries

if maxx < O

input smallest x boundarK, followed by abs(maxx) Eairs
one per line: voxel width, # voxels with this widt

for example: starting at record 5

’

,16
,16

.0,16
defines a 16x16x16 cube of lcm**3 voxels with a total of 4097 regions

or
1,-1,3

.0
.0
.0
.0
.0

RPOR,ORO I
-

,16

.0
.0
.0
.0,16
.0
.0

P LUOIORrORO I
o

0
defines 16x16x10 cube with 1x1x5 cm voxels stacked 2 deep

! Record 7 ybound

! Record 8 zbound

| ecomammaaa

[

! Record 9 ecutin,pcutin, For medium 1 at first

ittt ipeangsw, Switches for PE-angle sampling,

! iedgeflsw, K & L-edge fluorescence,

! iaugersw, K & L-Auger

! iraysw, Rayleigh scattering,

! ipolarsw, Linearly-polarized photon scattering,
! incohrsw, S/Z rejection,

! iprofrsw, Doppler broadening,

! impacrsw electron impact ionization (O=off, 1=on).

! Record 10 il,iu, jl,ju, kl,ku, medtmp, rhotmp,ecutin,pcutin

! - Line is repeated until a blank line found

! A1l regions default to medium 1 with its

! default density unless changed here.

! For all voxels with

! IL<=1I<=1U

! JL <= J <= JU

! KL <= K <= KU

! the medium used is MEDIUM and the density used is

! DENSITY. If DENSITY=0.0, the default value for that
! medium is used (faster than entering default density
! here) .

! If iu and il are zero, it means the end of define.

! If medium not O, following option is set

! to the regions above.
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! Record 10a ipeangsw, Switches for PE-angle sampling,

I - iedgeflsw, K & L-edge fluorescence,

! iaugersw, K & L-Auger

! iraysw, Rayleigh scattering,

! ipolarsw, Linearly-polarized photon scattering,

! incohrsw, S/Z rejection,

! iprofrsw, Doppler broadening,

! impacrsw electron impact ionization (O=off, 1=on).
]

! Record 11 il,iu, jl,ju, kl,ku,izscan

I Reéions for which the dose will be output.
! IZSCAN non-zero to get z-scan per page,

! otherwise output is an x-scan per page.
]

! Record 12 iwatch Switch for tracking events with swatch:

| (0=No, 1=each interaction,
! 2=each step)

! Record 13 ibrdst,iprdst, Switches for bremsstrahlung and pair
————————— ibrsplO,nbrspl production ANGLE SAMPLING, and brems-
strahlung SPLITTING:

ibrdst=0 No (use default: theta=m/E)
1 Yes (recommended)
iprdst=0 No (use default: theta=m/E)

1 Yes (low-order distribution)
2 Yes (recommended)

ibrspl0=0 No
1 Yes (NBRSPL=splitting factor)

subroutine getvoxel(ifto)
implicit none
include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_bounds.f’ ! COMMONs required by EGS5 code
include ’include/egs5_brempr.f’
include ’include/egsb5_edge.f’
include ’include/egs5_eiicom.f’
include ’include/egs5_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egs5_useful.f’
include ’include/egs5_userpr.f’
include ’include/egs5_usersc.f’
include ’include/egs5_uservr.f’
include ’include/egs5_userxt.f’

include ’pegscommons/mscom.f’ ! PEGS common
include ’auxcommons/aux_h.f’ ! Auxiliary-code "header" file
include ’auxcommons/edata.f’ ! Auxiliary-code COMMONs

include ’auxcommons/geoxyzv.f’
include ’auxcommons/instuf.f’
include ’auxcommons/voxel.f’
include ’auxcommons/watch.f’

include ’include/randomm.f’ ! Additional (non-EGS5) COMMON
integer ifto ! Argument
realx8 ! Local variables

* ecutin,ecutmn,ekO,pcutin,rhotmp,totphi,
* thetax,thetay,thetaz,xlower,
* xupper,ylower,yupper,width
integer i,igroup,ii,iiz,il,in,irl,iu,ixinu,
* ixx,izn,j,Jl,ju,Sxx,jyinu,k,kl,ku,maxbd,maxx,maxX,
* maxz,medtmp,morelutput,n,ner,ngroup,nn,nnn,ibrspl0

integer ipeangsw,iedgeflsw,iaugersw,iraysw,ipolarsw,incohrsw,

59



100

*

* K X X X X X X

data moreOutput/0/

iprofrsw,impacrsw

write(ifto,100)

FORMAT(//,T25,°+

! Change this from 0 to 1 for more output

________________________________________ +?
/,T25,’| EGS5 User Code using subroutine voxel I’:
/,T25, )4 —mmmm o +7,
/,T25,’| NOTE: X-Y-Z Voxel geometry. |,
/,T25," | X-Y plane on the page |,
/,T25,7 | (X to the right, Y upwards, |,
/,T25, | Z out). |,
/,T26, 4= m e +7,
/7)

I SJW 02-May-2002 New subroutine calls to initialize data no
! longer set in block data because of size issues

call block_set

I Record 1: ti
read(4,110) title
FORMAT (80A1)
write(ifto,120) title

FORMAT(8x,71(’-’)/’$TITLE:

tle

read(4,*) nmed
if (nmed.eq.0 .or. nmed .gt. MXMED) then

130

end i
write(ifto,140) nmed

FORMAT(’ Number of media :

write(ifto,130) nmed
FORMAT(’ **x Stopped in Getvoxel with nmed=’,I5,’ > MXMED’)
sto

150
160

do i=1,nm

! Initialize some general variables

’/?+°,3X,80A1/8X,71(°-"))

’,15,/)

ed
150) (media(j,i),j=1,24)

read(4,

FORMAT (24A1)

write(ifto,160) i, (media(j,i),j=1,24)

FORMAT(’> MEDIUM=’,I5,’ ==> 2 24A1)
end do

charD is defined to each medium.

! Record 4: ch

read(4,*) (chard(i),i=1,nmed)

write(ifto,*)

ard

! Record 5: maxx, maxy, maxz
1

170

180

read(4,*) maxx,maxy,maxz

Check bin-number.

if (

if
if
if
if
if

(maxz

maxx.
(maxx.
(maxy .
(maxy .
(maxz.

eq.0) maxx =1
gt.LIMAX) maxx=LIMAX
eq.0) maxy =1
gt.LIMAX) maxy=LJMAX
eq.0) maxz =1
.gt .LKMAX) maxz=LKMAX

write(ifto,170) maxx,maxy,maxz
FORMAT (’+°,31I6)

maxbd=LIMAX
write(ifto,180)
FORMAT (/T20, ’Input boundaries in the x direction’)

’chard =’, (chard(i),i=1,nmed)
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200

210

220

230

240

250

260

270

280

290

if (maxx.gt.0) then ! Just pick up boundaries.
do i=1,maxx
write(ifto,190) i
FORMAT(’ Small boundary for region(’,I3,’) °)
read(4,*) xbound(i)
if (i.ne.1.and.xbound(i).le.xbound(i-1)) then
if (i.ne.1) then
if (xbound (i) .le.xbound(i-1)) then
write(ifto,200)
FORMAT(’ Boundary out of orderxskkkskkkskkkkkkk’)
end if
end if
write(ifto,210) xbound(i)
FORMAT(’+’,T10,F12.3)
end do
write(ifto,220) maxx
FORMAT(’ Outer boundary for region(’,I3,’) )
read(4,*) xbound(maxx+1)
write(ifto,230) xbound(maxx+1)
FORMAT(’+’,T10,F12.3)
else ! Input groups of region.
write(ifto,240)
FORMAT(’ Initial boundary: °’)
read(4,*) xbound(1)
write(ifto,250) xbound(1)
FORMAT(’+° ,F12.3)
ngroup=-maxx
maxx=
do igroup=1,ngroup
write(ifto,260)

FORMAT(’ Width in this group, no. of regions in group:

read(4,*) width,nn
if(nn.le.0) nn=1
if (width.le.0.0) width=1.DO
write(ifto,270) width,nn
FORMAT(’+’,F12.3,1I5)
nnn=min (nn,maxbd-maxx)
if (nnn.ne.0) then
do in=maxx+1,maxx+nnn
xbound (in+1)=xbound (in) +width
end do
end if
if (nn.ne.nnn) then
write(ifto,280)
FORMAT(T15, ’*** No. of X-direction reduced *x*x’/)
end if
maxx=maxx-+nnn
end do
write(ifto,290) (xbound(i),i=
FORMAT(’ Boundaries’/(6F12.3)
end if

%,maxx+1)

imax=maxx

maxbd=LJMAX
write(ifto,300)
FORMAT (/T20, ’Input boundaries in the y direction’)

if (maxy.gt.O) then ! Just pick up boundaries.
do i=1,maxy
write(ifto,190) i
read(4,*) ybound(i)
if (i.ne.l.and.ybound(i).le.ybound(i-1)) then
if (i.ne.1) then
if (ybound (i) .le.ybound(i-1)) then
write(ifto,200)
end if
end if
write(ifto,210) ybound(i)
end do
write(ifto,220) maxy
read(4,*) ybound(maxy+1)
write(ifto,230) ybound(maxy+1)
else ! Input groups of region.
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write(ifto,240)
read(4,*) ybound(1)
write(ifto,250) ybound(1)
ngroup=-maxy
maxy=
do igroup=1,ngroup
write(ifto,260)
read(4,*) width,nn
if(nn.le.0) nn=1
if (width.le.0.0) width=1.DO
write(ifto,270) width,nn
nnn=min(nn,maxbd-maxy)
if (nnn.ne.0) then
do in=maxy+1,maxy+nnn
ybound (in+1)=ybound (in)+width
end do
end if
if (nn.ne.nnn) then
write(ifto,280)
end if
maxy=maxy+nnn
end dg v
write(ifto,290) (ybound(i),i=1,maxy+1)
end if

jmax=maxy

maxbd=LKMAX
write(ifto,310)
310  FORMAT(/T20,’Input boundaries in the z direction’)

if (maxz.gt.0) then ! Just pick up boundaries.
do i=1,maxz
write(ifto,190) i
read(4,*) zbound(i)
! if (i.ne.l.and.zbound(i).le.zbound(i-1)) then
if (i.ne.1) then
if (zbound (i) .le.zbound(i-1)) then
write(ifto,200)
end if
end if
write(ifto,210) zbound(i)
end do
write(ifto,220) maxz
read(4,*) zbound(maxz+1)
write(ifto,230) zbound(maxz+1)
else ! Input groups of region.
write(ifto,240)
read(4,*) zbound(1)
write(ifto,250) zbound(1)
ngroup=-maxz
maxz=
do igroup=1,ngroup
write(ifto,260)
read(4,*) width,nn
if(nn.le.0) nn=1
if (width.le.0.0) width=1.DO
write(ifto,270) width,nn
nnn=min (nn,maxbd-maxz)
if (nnn.ne.0) then
do in=maxz+1,maxz+nnn
zbound (in+1)=zbound (in)+width
end do
end if
if (nn.ne.nnn) then
write(ifto,280)
end if
maxz=maxz+nnn
end do
write(ifto,290) (zbound(i),i=1,maxz+1)
end if

kmax=maxz
ijmax = imax*jmax

irmax 1 + ijmax*kmax
nreg = irmax

write(ifto,320) imax, jmax,kmax,nreg
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320 FORMAT(’ imax, jmxa, kmax, nreg =’,4I8)

! Check nreg
if (nreg .gt. MXREG) then
write(ifto,330) nreg
330 FORMAT(’ *** Stopped in getvoxel with nreg=’,I5,’ > MXREG’)
sto
end ig
write(ifto,340) nreg
340 FORMAT(/,’ number of region (nreg) =’,15,/,
* > nreg includes outside vacuum region (regin=1)’)

! Set all region except 1 set to medium=1.
med (1)=0
i Record 9: ipeangsw,iedgeflsw,iaugersw,iraysw,
! ipolarsw,incohrsw,iprofrsw,impacrsw for medium 1

read(4,x*) ecutin,pcutin,ipeangsw,iedgeflsw,iaugersw,iraysw,

* ipolarsw,incohrsw,iprofrsw, impacrsw
write(ifto,350) ecutin,pcutin,ipeangsw,iedgeflsw,iaugersw,
* iraysw,ipolarsw,incohrsw, iprofrsw, impacrsw
350 FORMAT(/’ Medium 1’/’ ecut =’,G15.5,’ and pcut =’,G15.5/
x’ ipeangsw=’,I3,’,iedgeflsw=’,13,’,iaugersw=",13, iraysw=",I13/
*x’ ipolarsw=’,I3,’ ,incohrsw=’,I13,’,iprofrsw=’,13,’,impacrsw=’,13)

do i=2,irmax
med (i)=1
if (pcutin .gt. 0.) pcut(i) = pcutin
if (ecutin .gt. 0.) ecut(i) = ecutin + RM
iphter(i) = ipeangsw
iedgfl(i) = iedgeflsw

iauger (i) = iaugersw

iraylr(i) = iraysw

lpolar(i) = ipolarsw

incohr(i) = incohrsw

iprofr(i) = iprofrsw

impacr(i) = impacrsw
end do

! Record 10 il,iu, jl,ju, kl,ku, medtmp, rhotmp, ecutin, pcutin
I (715,3F10.0) Line is repeated until a blank line found

360 write(ifto,370)
370 FORMAT(’ Lower,upper i, j, k, medium, density’)

read(4,*) il,iu, jl1,ju,kl,ku,medtmp,rhotmp,ecutin,pcutin
if(il.eq.0 .and. iu.eq.0) go to 400

! Check il etc.
if(il.1t.0) il=1
if(iu.1lt.0 .or. iu.ge.imax) iu=imax
if(j1.1e.0) jl=1
if(ju.le.0 .or. ju.ge.jmax) ju=jmax
if(kl.le.0) kl=1
if(ku.le.0 .or. ku.ge.kmax) ku=kmax

! Check medtmp
if (medtmp.1t.0 .or. medtmp.gt.nmed) medtmp=1

write(ifto,380) il,iu,jl,ju,kl,ku,medtmp,rhotmp
380 FORMAT(’+’,3(°(’,13,14,7)’), I4, F10.3)

if (medtmp.ne.0) then

! Record 10a: ipeangsw,iedgeflsw,iaugersw,iraysw,
ipolarsw,incohrsw,iprofrsw,impacrsw

read(4,*) ipeangsw,iedgeflsw,iaugersw,iraysw,ipolarsw,

* incohrsw,iprofrsw,impacrsw
write(ifto,390) ecutin,pcutin,ipeangsw,iedgeflsw,iaugersw,
* iraysw,ipolarsw,incohrsw, iprofrsw, impacrsw
390 FORMAT(’ ecut =’,G15.5,’ and pcut =’,G15.5/
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x’ ipeangsw=’,I13,’,iedgeflsw=’,13,’°,iaugersw=’,13, iraysw=",13/
x’ ipolarsw=’,I3,’ ,incohrsw=’,I3,’°,iprofrsw=’,I3,’,impacrsw=’,13)

do i=il.iu
o J=J]4i,
dg ﬂ=ki?ku

irl=1+i+(j-1)*imax+(k-1)*ijmax

med (irl)=medtmp

if (rhotmp.ne.0) rhor(irl)=rhotmp

if (pcutin .gt. 0.) pcut(irl) = pcutin

if (ecutin .gt. 0.) ecut(irl) = ecutin+ RM

iphter(irl) = ipeangsw
iedgfl(irl) = iedgeflsw
iauger(irl) = iaugersw
iraylr(irl) = iraysw
lpolar(irl) = ipolarsw
incohr(irl) = incohrsw
iprofr(irl) = iprofrsw
impacr(irl) = impacrsw
end do
end do
end do

else
do i=il,iu
do j=jl,ju
dg ﬂ=ki,ku
irl=1+i+(j-1)*imax+(k-1)*ijmax
med (irl)=0
end do
end do

end do
end if

go to 360

continue

| Record 11 il,iu, jl1,ju, kl,ku,izscan

410

420
430

450

460

470

write(ifto,410)

FORMAT(’ 3 pairs defining lower,upper x,y,z indecses of dose’,
* ’regions’/’ for which results are to be output’/

* ’ izscan non-zero : scan per page’/

* ’ One set of 6 per line, end with all zero’)

idgrp=0

idgrp=idgrp+1

write(ifto,430)

FORMAT($: )

read(4,*) idosl(idgrp),idosu(idgrp),jdosl(idgrp),jdosu(idgrp),
* kdosl (idgrp) ,kdosu(idgrp),izscan(idgrp)

if(idosl(idgrp) .eq.0 .and. idosu(idgrp).eq.0) go to 460 ! End of define.

if(idosl(idgrp) .le.0) idosl(idgrp)=1
if (idosu(idgrp) .1le.0 .or. idosu(idgrp).ge.imax) idosu(idgrp)=imax
if (jdosl(idgrp) .le.0) jdosl(idgrp)=1
if (jdosu(idgrp) .le.0 .or. jdosu(idgrp).ge.jmax) jdosu(idgrp)=jmax
if (kdosl(idgrp) .le.0) kdosl(idgrp)=1
if (kdosu(idgrp) .1le.0 .or. kdosu(idgrp) .ge.kmax) kdosu(idgrp)=kmax

write(ifto,450) idosl(idgrp),idosu(idgrp), jdosl(idgrp),

* jdosu(idgrp) ,kdosl (idgrp) ,kdosu(idgrp) ,izscan(idgrp)
FORMAT(’+°,T5,3(16,I4),1I6)

go to 420

continue

idgrp=idgrp-1

if (idgrp.gt.LMXD0OS) then
write(ifto,470) idgrp,LMXDOS
FORMAT(’ idgrp(=’,I5,’) must be less than LMXDOS(=’,I5,°)’/

* > Or you must chnage LMXDOS in xyzdose_h.f’)
end if
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read(4,*) iwatch

write(ifto,790) iwatch
790  FORMAT(//,’ SWATCH tracking switch: iwatch=’,I2,

* > (0=off, l=each interaction, 2=each step)’)

read(4,*) ibrdst,iprdst,ibrsplO,nbrspl
write(ifto,800) ibrdst,iprdst,ibrsplO,nbrspl

800  FORMAT(/,’ IBRDST=’,I2,/,’ IPRDST=’,I2,/,’ IBRSPLO=’,I2,
x> (NBRSPL=’,I5,’)’)

if (ibrsplO .gt. 0) then
if (nbrspl .gt. 0) then
fbrspl = 1.0/float(nbrspl)
do i=1,nreg
if (med(i) .ne.0) ibrspl(i)=1 ! Apply splitting to all region
end do
else
write(ifto,810) ibrsplO,nbrspl
810 FORMAT(//,’ Stopped in Getvoxel with IBRSPL=’,
* I5,’ and NBRSPL=’,Ib)
stop
end if
end if

return ! Return to MAIN
|

end

- last line of getvoxel.f--——-------------—————-
e DU ausgab.f--------------————————
! Version: 031108-1300

! 060801-1000

! Reference: SLAC-265 (p.19-20, Appendix 2)

| e

123456789 | 123456789 | 123456789 | 123456789 | 123456789 | 123456789 | 123456789 | 12

1A simple AUSGAB to:
!

1) Score energy deposition

2) Print out stack information

I
!
I 3) Print out particle transport information (if switch is turned on)
I

subroutine ausgab(iarg)

implicit none

include ’include/egs5_h.f’ ! Main EGS "header" file
include ’include/egs5_epcont.f’ ! COMMONs required by EGS5 code
include ’include/egs5_stack.f’

include ’auxcommons/aux_h.f’ ! Auxiliary-code "header" file
include ’auxcommons/etalyl.f’ ! Auxiliary-code COMMONs

include ’auxcommons/geoxyzv.f’
include ’auxcommons/lines.f’
include ’auxcommons/ntalyl.f’
include ’auxcommons/voxel.f’
include ’auxcommons/watch.f’

! Variables to score
common/score/ ! Variables to score
* depe (LIMAX,LJMAX,LKMAX) ,faexp,fexps,maxpict
real*8 depe,faexp,fexps
integer maxpict
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integer ! Arguments
* iarg

real*8 ! Local variables
* cmod,dcon,edepwt,encoea,esing

integer i,irl,irx,iry,irz,iql,j,k

! Keep track of how deep stack gets
!

if (np.gt.MXSTACK) then
write(6,100) np,MXSTACK

100 FORMAT(//’ In AUSGAB, np=’,I3,’ >= maximum stack’,
* > allowed which is’,I3/1X,79(°*°)//)
stop
end if

iql = iq(ap)
edepwt = edep*wt (np)

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,101) e(np),x(np),y(np),z(np),ulnp),v(np),w(np),
* iql,irl,iarg
101 FORMAT(7G15.7,315)
end if

if (iarg .gt. 5) return

esum(iql+2,irl,iarg+1)
nsum(iql+2,irl,iarg+1)

esum(iql+2,irl,iarg+l) + edepwt
nsum(iql+2,irl,iarg+l) + 1

i=mod(irl-1,imax)

if (i.eq.0) i=imax
k=1+(irl-1-i)/ijmax
j=1+(irl-1-i-(k-1)*ijmax)/imax

if (irl.gt.l.and.edep.ne.0.D0) then
depe (i, j,k)=depe(i, j,k)+edepwt
end if

if(i.eq.imax/2+1.and.j.eq. jmax/2+1) then ! X-Y central region
if (abs(irl-irold).eq.ijmax.and.iq(np).eq.0) then
if ((w(np).gt.0.0.and.k.eq.2).or.
* (w(np) .1e.0.0.and.k.eq.1)) then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.01745
end if
esing=e (np)
dcon=encoea(esing) ! PHOTX data
fexps=fexps+e (np) *dcon*wt (np) /cmod
if (w(np).1t.0.0) latch(np)=1
if (w(np).gt.0.0.and.latch(np).eq.0) then
faexp=faexp+e (np)*dcon*wt (np) /cmod
end if
end if
end if
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if (ncount.le.maxpict) then

call plotxyz(iarg,np,iq(np),x(np),y(np),z(np),e(np),ir(np),
* wt (np) ,time(np))
end if

return
end

I last line of ausgab.f----------------------—-
ittt howfar.f-------------—>
! Version: 160120-1000

! Reference: SLAC-265 (p.19-20, Appendix 2)

! use geoxyzv.f for geometry information instead of geoxyz.f

]

HOWFAR routine to use with a generalized cartesian coordinate system
for voxel geometry.

Geometrical information is passed in common/geoxyzv
xbound (MXXPLNS+1) , ybound (MXYPLNS+1) ,zbound (MXZPLNS+1) , imax, jmax,
kmax,ijmax,irmax
xbound etc are the X, Y and Z boundaries defining the voxels
MXXPLNS etc are the maximum number of planes in each direction
as defined in the auxiliary-code header file.
imax etc are the actual number of elements in each direction for
this particular calculation
ijmax = imax*jmax a useful number
irmax = 1 + ijmax*kmax the total number of regions in the
current problem

!

!

!

!

!

!

!

!

!

!

!

!

!

I

i

! Each voxel is defined by a triple of integers (i,j,j) (but called
! irx,iry and irz in this routine) such that:
I
I
!
!
!
!
!
!
I
I
I
I
I
I
I

xbound (i) <= x < xbound(i+1) 1 < i < imax
ybound(j) <= y < ybound(j+1) 1 < j < jmax
zbound (k) <= z < zbound(k+1) 1 < k < kmax

The X axis is up the page, the Y axis to the right and Z into the page

The region number is defined as:

ir = 1 + i + (j-1)*imax + (k-1)*ijmax
The routine sets DNEAR Note that in problems where the typical
step size is of the order of the region dimensions, then computin

DNEAR can decrease efficiency. In this case the two lines containing
DNEAR should be commented out

subroutine howfar
implicit none
include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_epcont.f’ ! COMMONs required by EGS5 code
include ’include/egsb5_stack.f’

include ’auxcommons/aux_h.f’ ! Auxiliary-code "header" file

! Auxiliary-code COMMONs
include ’auxcommons/geoxyzv.f’
include ’auxcommons/instuf.f’

realx8 ! Local variables
* dist,dnearl

integer
* irl,irx,iry,irz

irl = ir(ap)
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if (irl .le. 0) then
write(6,*) ’Stopped in howfar with irl <= 1’
stop

end if

if (irl .e%. 1) then

idisc = !

return ! Particle outside geometry - return to ELECTR/PHOTON
end if I e e

irx=mod(irl-1,imax)

if (irx.eq.0) irx=imax
irz=1+(irl-1-irx)/ijmax
iry=1+(irl-1-irx-(irz-1)*ijmax)/imax

dnearl = 1.D10

dnearl=min(dnearl, (zbound(irz+1)-z(np)), (z(np)-zbound(irz)))
if (w(np) .gt. 0.0) then
dist = (zbound(irz+1)-z(np))/w(np)
if (dist .1lt. ustep) then
ustep=dist
if (irz .ne. kmax) then
irnew=irl+ijmax
else
irnew=1
end if
end if
else if (w(np) .1lt. 0.0) then
dist = -(z(np) - zbound(irz))/w(np)
if (dist .1lt. ustep) then
ustep = dist
if (irz .ne. 1) then
irnew=irl-ijmax
else
irnew = 1
end if
end if
end if

dnearl=min(dnearl, (xbound (irx+1)-x(np)), (x(np)-xbound(irx)))
if (u(np) .gt. 0.0) then
dist = (xbound(irx+1)-x(np))/ulnp)
if (dist .1lt. ustep) then
ustep=dist
if (irx .ne. imax) then
irnew=irl+1
else
irnew=1
end if
end if
else if (u(mp) .lt. 0.0) then
dist = -(x(np) - xbound(irx))/u(np)
if (dist .1t. ustep) then
ustep = dist
if (irx .ne. 1) then
irnew=irl-1
else
irnew =1
end if
end if
end if

dnearl=min(dnearl, (ybound(iry+1)-y(np)), (y (np)-ybound (iry)))
if (v(np) .gt. 0.0) then
dist = (ybound(iry+1)-y(up))/v(np)
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if (dist .1lt. ustep) then

ustep=dist
if (iry .ne. jmax)
irnew=irl+imax
else
irnew=1
end if
end if

then

else if (v(np) .lt. 0.0) then

dist

-(y(np) - ybound(iry))/v(np)

if (dist .1t. ustep) then

ustep = dist
if (iry .ne. 1) th
irnew=irl-imax
else
irnew 1
end if
end if
end if

dnear (np)=dnearl

return

end

en
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double precision function encoea(energy)

Function to evaluate the energy absorption coefficient of air.
(Tables and Graphs oh photon mass attenuation coefficients and
energ —absorEtion 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)

double precision function encoea(energy)

real*8 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,
1.25,1.5,2.0,3.0,4.0,5.0,6.0,8.0,10.0,15.0,20.0/

real*8 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/

real*8 energy,enml,hnul,ene0,slope
integer i

if (energy.gt.hnu(38)) then

encoea=enmu (38)
return
end if
if (energy.lt.hnu(1)) then

encoea=enmu (1)
return
end if

do i=1,38
if (energy.ge.hnu(i) .and.energy.lt.hnu(i+1)) then
enmi=dlog(enmu(i+1))
enm0=dlog (enmu (i) )
hnul=dlog(hnu(i+1))
hnuO=dlog(hnu(i))

ene0=dlog(energy)
slope=(enml-enm0)/ (hnul-hnu0)

encoea=exp (enmO+slope* (ene0-hnu0) )
return
end if
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if (energy.eq.hnu(i+1)) then
encoea=enmu(i+1)
return
end if
end do

| If sort/interpolation cannot be made, indicate so by writing
! a comment and stopping here.

write(6,100) energy

100 FORMAT(///,’> **xxxSTOPPED IN ENCOEA***x*x’ / > E=’ G15.5,///)
return
end

| Function to evaluate the ratio of ambient dose equivalent to air (8v/Gy) .
! Data tanken from ICRP pub 74 (1996).
|
double precision function decoe(energy)
implicit none

real*8 energy, slope

integer i

real*8 hnu(25)/

* 0.01,0.015,0.02,0.03,0.04,0.05,0.06,0.08,

* 0.10,0.15,0.2,0.3,0.4,0.5,0.6,0.8,1.0,1.5,2.0,
* 3.0,4.0,5.0,6.0,8.0,10.0/

real*8 enmu(25)/0.008,0.26,0.61,1.10,1.47,1.67,1.74,1.72,
* 1.65,1.49,1.40,1.31,1.26,1.23,1.21,1.19,1.17,1.15,1.14,
* 1.13,1.12,1.11,1.11,1.11,1.10/

if (energy.gt.hnu(25)) then
decoe=enmu(25)
return

end if

if (energy.lt.hnu(1)) then
decoe=enmu(1)
return

end if

do i=1,25
if (energy.ge.hnu(i) .and.energy.1lt.hnu(i+1)) then
slope=(dlog(enmu(i+1))-dlog(enmu(i)))/

* (dlog(hnu(i+1))-dlog(hnu(i)))
decoe=dlog(enmu(i))+slope*(dlog(energy)-dlog(hnu(i)))
decoe=exp(decoe)
return

end if
if (energy.eq.hnu(i+1)) then
decoe=enmu(i+1)
return
end if
end do

! If sort/interpolation cannot be made, indicate so by writing
! a comment and stopping here.

write(3,100) energy

100  format(///,’ ***x Stopped in decoe **xx’, / > E=’,G15.5,///)
stop

return
end
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