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egsS 00000 O0O00O0O (ucxyz phantom.f)
0000000000000 (Voxeld O)

(Japanese Parts)



1 000000000 ucxyz_phantom.fJ OO

Ouexyz_phantom.fO0 0000000000 O00OCODODOOOO
.00 (0 10)

e JOOODOODODO

e Z0U0UOODODO D22

YOoooooo O3

XOoooooo o3

e IOUIUDDUDLODODODO DX- Y-UU 30cm, 00O 20cm
gboodd semO0O0O
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Figure 1: ucxyz_phantom.fO00 000000

2. 0000

e 10000000000 1.253MeVO OO
e 1000D0:0000000000000 (SPOSI=10cm)
e 000000000000 XHBEAM(=lcm)*2 x YHBEAM(=1cm)*200 00 O

3. 000000
(a) CGView OO OODO (egsbjob.pic)
(b) ODOOO (egsbjob.out)
e JOUIDDODLDODOODOO



gbobobooobooboonog

gobooooooboonog

gboooboooobogd

00000000 lemx lemO0O0O00000000O00 (lemO0O)
gooogo

o OO DDODODDOODOOODODO

2 oooobooobo

2.1 00O0O0O0OOO0O Step1
2.1.1 includeJOO0OO0OOOO

OegsbO OFortran DO 0000000 OegshUD D OO D OOODOODODOODODODDDODO
U000Db0000OU000bDO0ODO parameter U0 OO0 Dinclude DOODOOOODOOODO
O0000b000U0common 00000 0O0OOO includeD00O0OODOOODO

egsh0 000000 include 00000000 Oinclude/O0 0000 0O0egs000ODODODO I
pegscommons/0 00 0000 pegs D DD ODO0DODODOO auxcommons/0 00 00 OO egsh O
gobobooobooboobbobboobobbobbbbboodgboboooobobobobboob o
00000000000000O0D0OoOoOooooont!

O0D000OMortran00 0000000000000 0000ODOODOD EGS40000000
0000000000000 0000D0000D00 Oegsh0ODOODDOOODO Dinclude/egsbh. £
0000000000 Oauxcommons/aux h.f 000 parameter 0000000000000

U000O0O00OegsODOOUODODOO include0O OO0

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

include ’include/egs5_bounds.f’
include ’include/egsb5_edge.f’
include ’include/egsb_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’
include ’include/egsb_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egsb5_useful.f’
include ’include/egsb5_usersc.f’
include ’include/randomm.f’

include ’include/egs5h.£2 0000000000000 O0O0O commond O OO0 include
000000000000000000000000D0000000?

oooobobogooobooooooobooooooooobbooooooobooboDboboDo
U include 00O 00O

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

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f’
include ’auxcommons/geoxyz.f’
include ’auxcommons/instuf.f’
include ’auxcommons/lines.f’
include ’auxcommons/nfac.f’

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

Uooboooboboooboddl comendOUOOOODODO

0000000 Oegs5run 000000000000
EGS40 COMINODOODODOODODOOOODOOO



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

integer maxpict

gbobooobO0O0DbO0O00Oimplicit none 0000 0OO0OO0O0OODODOODOOODODOODOO
gboooobboooooobbbbooooood

2.1.2 open[

[MO0000000D00000000 openU00egsh0 D0 OpegsUO DD OOODODOOODO
U0b00b0000bD00dO0pegs DO OO0ODODOODODO 7260 Uclose 0 0ODOOODODOODO
000000 open0 0000 pegs 000D OOOopen 000D OOOOOOOODODOO
goobo 26000000000 000O000O00OO 30 0DO0O0ODOOODOObDDbOODDODO

! 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
! getrz etc. Unit for pict must be 39.

open(6,file="egs5job.out’,status=’unknown’)
open(4,FILE="egs5job.inp’ ,STATUS="0l1d’)
open(39,FILE="egs5job.pic’,STATUS="unknown’)

00000000000 00D000DO0000000 countersout(0) O callODOO

2.2 00000O0O0O0O Step 2: Pegsb5-call

DO00000D00ODO00ODOOO0000 characteristic dimension00 000000000000
00000000000 00D000D000000000000D0000 egsbjob.inp0000OO0
0000000 getvoxel(ifto)d callD 0 Jifto0 Ogetvoxel 00O O0ODOOODOOOOOO
ooooooooooo

00000000000 pegss50 callOODO

ifto = 6 ! Qutput unit in getvoxel

write(6,*) ’PEGS5-call comes next’

2.3 00000O00O0O Step 3: Pre-hatch-call-initialization

[O0bO0bo0obb0bbD000b00bUnpreci00O00DOOOOO0OO0OOOLDODOO
CGViewOOODOODOOODOODOOODODOD 3000000000D0ODOOOODOOODOOO
gboooboooboooobbbooobobbbobooboooobog

! 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 D000 OO inseed0 00000 O0O0ODOODOO

Random number seeds. Must be defined before call hatch

or defaults will be used. inseed (1- 2731)

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

24 00000O00O0O Step 4: Determination-of-incident-particle-parameters
0odo0ooooooooooooboooooooooooooooooa

! 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.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+radma2)

25 00000000 Step 5: hatch-call

MOoo0ooooooooo0o0ooddd emaxed O OO0 subroutine hatchd callJ 0O O
hatchO OO O OO0O0O000O0OO0O0O0O0O0OO0OOO0OOO0OO0OOO0OO0OO0OO0OOOOOOO



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=’pgs5job.pegsbdat’,STATUS="01ld’)
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’/ BX,’ 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)*1ijmax
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 00O0OO00O0OOO Step 6: Initialization-for-howfar

moooooboobobobobobooobboboboooobboboobbbooobogo
U0obobbooobOobOobOon getvoxelJUODDOUOODODOOOOODOOOOOOOOODO
goooooo

2.7 0000O0O0O0O0O Step 7: Initialization-for-ausga

ausgabO OO OO QO4OQgon
goooboooboboobobooboooooooboobooobooobbooDboobDbo
000000000000 0000000000o00oOo0o000 (H))oooooo



ncount = O
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.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 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)")

2.8 0O0OO0OO0OOODO Step 8 Shower-call

(DO0D0D0000D000 (ncases)J 0 subroutine showerd calll Hegsh D0 D OD0O0OO0O
O Ducxyz_phantom . fO0 0 Ospesi0 00000000000 ODOOOOOOODOOO1.253MeV
0000000000000 0O00O0OD spesiD0OO00ODO (bem)00D0O0O0OOOOOOOOO
gogobooboooobboooobobod

00000000 0oOoU0Oo0o0U00O00 (UoO00OULOULOUODOOO0DbODODOUODOOOO
O000o00oo0o)boooooUoooooo

goobobobobooobobobboobooooooboobobobooooooboba
googd

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

icases=jhist

200 call randomset (wO)
win=w0*(1.0-wimin)+wimin
call randomset(phaiO)
phai=pi*(2.0*phai0-1.0)
sinth=dsqrt(1.D0-win*win)
uin=dcos(phai)#*sinth



210

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.D0O
zin=-sposi
end if

do i=1,imax

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

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

k=1

ekein = ekein

wtsum = wtsum + wtin ! Keep running sum of weights
etot = ekein + 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(7G15.7,315)

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

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



2.8.1

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

end do ! End of CALL SHOWER loop

good
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29 00000000 Step 9: Output of results

Mo0o00000L0000U0ooOU00o00U0000 (bOooOoooOoOOoO0)ooboooooo
gogbooboooboobuooodooboobooboooboobooob o

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(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(i,j,kkk),doseun(i,j,kkk)

300 FORMAT(’> At ’,F4.1,’--?,F4.1,’cm (’,24A1,° ,tho:’,F8.4,7)=",
* 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*1l.6E-10/area

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

fexps2s=fexps2s/ncases
fexerr=dsqrt((fexps2s-fexpsa*fexpsa)/ncases)
fexpsa=fexpsa*1.6E-10/area
fexerr=fexerrx1.6E-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



310 FORMAT(/’> Exposure in free air (using mu_en) =’, G15.5,’+-’,G15.
* b5,’ Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G156.5,’+-’,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.

* b5,’ Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G15.5,°+-? ,G15.5,°Gy/incident’)
end if

getvoxel 0D OO DODODODDODOOODDODOOD MODOOO (Z-scan OO X-scan)
oooood

2.10 subroutine getvoxel(ifto)

Ogetvexel U OO OOOOOODODOOOODODOODOODOODOOOOODDODDODOODOO

gboooooobboboobobobooobboboooobbooobuobbbo 4b00DbO0

gooboobooobobbooobboa
goob40000000000O00D0DOODODOO

1. Record 1 : 0OOOODO (8000)

2. Record 2: 0000000 (nmed)

3. Record 3: 0000240000000 0pegs 0000000 ODOOOOOONO
4. Record 4 : 0O 00O characteristic dimension

5. Record 5: X-, Y-, Z-0000 0000 (maxx,maxy,maxz)
oo obooooooooobobobo o000 ooooooood
ogooooo

6. Record 6 : X-OOOOOOOO

e maxx >0 00
maxx] Ox-0000000000000 LIMAXOOOOOOOOOOOOOOOoo
0000000000000 0000000D00D0D0D00 dauxcommon/auh.f OO0
LIMAXOOOOOOOO
maxx + 1 0 0000000000000

e maxx < 0 00O
00000 X-00O0O0O0O0OO0OoO0OO0abs(maxx) 000 O0OO0OO0OOOOO
0100 100000
maxx OOOOO0O0O LIMAXOOOOOOOOOOODOOOOOODOOOOOooOoOoOad
LIMAX OODO0OO0O00O00D0O0OO0D000D000000000000000000 0g
0000000000000 O0000 Jauxcommon/auh.f 00 LIMAXOOODOO
ooo

7. Record 7: Y-OUOOUOOOOO
8 Record 8: Z-00D00OOOOO

9. Record 9: 000000000 DODOOOO0ODODOOOOecut, peut0000000O00O0O0O
0000000 (0: off, 1:0n)

10



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 10:00000000 (i, iu, jlju, kl, ke OO0 OOl <1 < iu, ji <1 < ju, ku <k <
keO0O0O00O0)000000OOecut, pcut 000
il=w=000000000000000000000

11. Record 10a : medtmpd 00 000000000000 0O0O0OO0ODOO0OO(0: off, 1:on)

12. Record 11: DOOO0O0OOOOOOOO (il iu, jlju, kL, ke DO DO O1l <i <iu, ji <1< ju,
ku <k<keODOO)O0O000O0O0O0O0O (izscan: izscan # 0000 0200000000
00000 XOOoooooo)oooooo

13. Record 12: 000000000 OO0OODOOO (iwatch)yODOOO
iwatch=0:00000000 O
iwatch= 1:000000000O00iwatch=2:0 00000000000

14. Record 13 : OO0OO (ibrdst) DO OOODOO (iprdst) D0 O0OO00O0OO0OOOODOOO
00000000000 000 (ibrsplynbrspl) 00 00O
ibrdst=0 OO0O00O0O0O0OOOOO (0=m/E)000
ibrdst=1 0O0O0O0O0OO00O00O00O0O0O (recommended)
iprdst=0 OO0O0OO0O0O0OO00OOOOO (#=m/F)00O0O
iprdst=1 00000 00O Olow-order distribution 0 O O
iprdst=2 0000000000 DOOOCOOOOOO
ibrspl=0 OO0 0OOO0OO0ODODOOOO
ibrspl=1 nbrspl 000 00O0DODOO

2.11 subroutine ausgab

Oausgab DO O OO OOOODODOODOOOOODODDOODODODOODOODDODOOODOOD
O000DOinclude 0000000000 OODOOOOOO

iwatch OO 0000000000 O0O0OOOODDOODOODDOODOODOOOODOO
oooooooobg

iarg<b 00000000000 100000DLDODOODODODOOOUODDODDODOOODOO
gol1looboobobobbooobboboobooooooobg

oo obbo bbb bbb bDo oo
googooooooooogoooboobooobobooboboobbooobDoobDoboo
00000000 0zO0O000O0OO0O0O0O00O0O00DOUOO (DOODDOUDOUDOOODUOOODOO
0000)0000o000oUooOoO00oO0O0OoOO00O0OO0DO0O0OOOOUDODODODOOO
wnp) 0000000000 DO1latch(np)) 0 10000000000 O0OO00O0O0DOOOODOO
ooboogo

0000000000000 00O000000 (mexpict)J00O00O0OO0ODOOODOOOOO
000 subroutine plotxyzO O OO
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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(’%*’)//)
stop
end if

iql = iq(np)
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(up),ulnp),vinp),winp),
* 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+1l) + edepwt
= nsum(iql+2,irl,iarg+1l) + 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.1.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(ap)=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(up),x(np),y(np),z(np),e(np),ir(np),

* w(np))
end if

return

end

2.12 subroutine howfar

howfar 0 00O DD O0O0D0O0O0O0O0O0D0O0O0O0DOODOOO0ODOOO0ODOOOOOOOOOO0O0O
00 o00odooooDoooDoooooooOooooooooooooooooooooooogn
oooooooooooooo

O000OhewfarO00O 00000000000 DOO0D0OOOODODOOGdisc=1;) 000000
0000000 0ooooooooooooooooooonoooooon

ucxyz_phantom.fO00 0000 voxel OO0 howfarO O OO O OOO

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

include ’include/egsb5_epcont.f’ ! COMMONs required by EGS5 code
include ’include/egsb_stack.f’

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

! Auxiliary-code COMMONs
include ’auxcommons/geoxyz.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 ! ——----mmmmmm e
return ! Particle outside geometry - return to ELECTR/PHOTON
end if L ettt

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(up)-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(up)-xbound(irx)))
if (u(np) .gt. 0.0) then
dist = (xbound(irx+1)-x(np))/ulnp)
if (dist .1t. 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))/ulnp)
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(up)-ybound(iry)))
if (v(np) .gt. 0.0) then
dist = (ybound(iry+1)-y(up))/v(np)
if (dist .1t. 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 i Return to ELECTR/PHOTON

end
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3 0ogg

3.1 000000000 Coe-60000ODODO
MO0 Co-6000001.173MeV O 1.333MeVODO0OO0ODOOODOOOODOO

3.2 J00O0O0OOO0OODO100kVO XOOOOOODO

MO00000000o0 100kvo XO (D0D0O0DO000O00OOxraydat00000O0)00O0O
goobooooboobooobod

3.3 ODOoogbooboobooooobobboooa

MO003mO0000000003-13em000 00 0.3g/cm®)00 000000 3em 000
00000000 0DO0O00OD00ODOl0kvXooooo

3.4 0O0O0O0O0oOOOOO0OObOOobOOObObOOOn

Moooob 3emdObODOO0O0 2mO000000O000O0O0OODOOOODOODOODOOOOO
0000X-,Y-OOODODOOOOOODODOODOoOoooooDOowokvxooooo

3.5 Ut bbbuooooboboooobobuo
MO2em000000000D00DO Aem-6cm 000000000 0OOODOOI00kVXOOOOO

3.6 0UOUU
[mooooobooboboooooboboooobobo

e U0 UOLDOLODOODLXUDODODO
e JDDUODDDODOODOODLDO
o JIIDDODDUD IemOODOODOODOO

e JOIODODOOODOO
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4 OUOO0OO0OO0OOO

(000000 Quexyz_phantom.f 0000 00000 (egsbjob.out, egs5job.pic)00 00O
0000000 (D00 Oxyz_phantom.out, xyz_phantom.pic)J 0000000

4.1 00000

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. ucucxyzphantoml1 . f0 00000000000

e D OIDODLOOOODOODLDOO

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)

good
e JOIDOUOODDODLDOODLDOODLDODODDO

integer
* i,i1,iii,icases,idin,idose,ie,ipage,irl,j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg

integer
* i,i1,iii,icases,idin,idose,ie,ipage,irl,j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg,nsebin
oooo

o D IDODOUD cpen D OOODODO

open(6,file="egs5job.out’,status=’"unknown’)

open(6,file="egs5job.out’,status=’"unknown’)
open(2,file=’co60.inp’,status=’unknown’)

good

e co60.inp 00 DOIDOIOOODODOOOODDODOODOODLDOODOOOOO0
gboobobooooooobooo

1.173,1.333
0.5,0.5

e 100000 DODOOD «dfODODDOOODODODODO

! 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

good
e JOIDDOODOOODDODDDO

ekein=1.253 ! Kinetic energy of source photon

ekein=esbin(nsebin) ! Maximum kinetic energy}

gogoogg
e JOIDOUOOUOLOODLODLDOOODLOODLDDODOO

ekein=ekein

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

e J00DDODODUDDDDODODOOODDODOO
300  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/

0
300  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/
oooo

5. uexyz_phantom1.f 0 egsbrun 0 00000

e Linux 00 Cygwin OO0
00000000000 Oucxyzphantom1 0, 0000 4000000 200000
0000o00o0oooOobOoooooooad
”Does this user code read from the terminal?’0 00 0 1000000

e DOSOOO
egsbrun ucxyz_phantomil

e ucxyz phantomi 00 Oegshrun.bat 0000 00000000000 O0O000O0O0OO
0000000000 0000000000 0O0OoDoSO0O0OooonoDoooOoooon
0000/0000¥00000000000000O0O0O0O0

6. 00000000 Oegshjobout 000000000 OONO 1.253MeVOOODOOODOOO
OoobooboobooOong 1.23MeVvOODODOOO0ODLDOOODODO
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4.2 00000

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. ucxyzphantom2. £ 000000000000

e JOIDDODOODOODODOODUOOODLODOODOO

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

* faexpa,fexpsa

0
real*8 bsfa,bsferr,faexps,faexp2s,faexrr,fexpss,fexps2s,fexerr,
* faexpa,fexpsa,deltaes

ogooood

o I OUDODDODLDODLOUODDOODLDOOODbLOOUODLDO

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,6LKMAX)

* ,esbin(MXEBIN) ,espdf (MXEBIN),escdf (MXEBIN) ,saspec(MXEBIN)
oooooo
e JJUI0ODOOODOODOODO

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

open(2,file=’xray.dat’,status=’0ld’) ! Data of source x-ray
good
e xray.datJ U0 UODDUODOOOOOODOODOODLOOOODOODOOOOU

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., b504., e610., 611., b551., 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.,12255.,12117.
11551.,11343.,11187.,10859.,10604.,10266.,10085., 9768.

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

L I P e T

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

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

20010 00000000000.00060 0000000000 (MeV)DOOGOOoooO
gooobooobooobooobobooo Xooobooooooooooouoooo
gbobodoboooboboboboobooobbOobbO

e D ODODDDLOODDOOO

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)

oooos

e df000000 DOODDOOUOODOODOODOODDOODOULDODOODGfODDOO
gooogd

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

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

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

good
e JOOUODODODLODODLDDODLDOO

fexps2s=0.D0

g
fexps2s=0.D0
do ie=1,nsebin
saspec(ie)=0.D0
end do
good

o JOIDUOUOOOUODLODOODOOLOOODLDOO

‘000000000000D00000000000000000000000000000000000000000
0000000000 D00OD000000000O0DO000O0O0OCCODO00DO00O0O0000 00 O7egsbrun”
OO00000000O0%gssrun db”’000000000O0COOO0O00OO0O0O0OO0O00OODOOOOOOOOO0O
0 7egs5jobexe”’0 000000000000 O0ODOOODOOOODOODOOOOODOO0ODOOODODUOOM@DOD
00oo00oO0oo0ooUo0000) Woo0ooo0oLUooUoLOo0Doo0LO0o0oDO0oLOOODUOooOLOooDo
gobooooooooboooooooboooooboboobobobOoobbbbOOobODbOobOobobOobOboOooo
gobooobooobooooooouoobboooboooobooooboobobobobobOobDbDbOobo
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1000

1000

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

call randomset(rnnow)

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

end do

if (ie.gt.nsebin) then
ie=nsebin

end if

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

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

else
ekein=esbin(ie-1)+(rnnow-escdf(ie-1))*(esbin(ie)-esbin(ie-1))/

(escdf(ie)-escdf(ie-1))
end if

good

gbooboboooobboooooooobbobobooboooooboboboobog
gooobobooooobogod

O
! _____________________________
! Sampled source spectrum
g gy
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 *,2BX,’ 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
ooood

gobooooooooooo

280  FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/
0

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

5. ucphantomcgv2.inpU 0 0000
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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

000 (200)0
6. ucphantomegv2.f 0 egshrun 00 000 O

e Linux 00 Cygwin OO0
00000000000 Ouecxyzphantom2 0, 0000 4000000 200000
0000o00o0oooOobOoooooooad
”Does this user code read from the terminal?’0 00 0 1000000

e DOSOOO
egsbrun ucxyz_phantom2

7. 00000000 Oegshjobout 000000000000 O000O 40keVODOODOOOO
0000000000000 000000DO0000000000000000 pdfoDbO
goo

8. CGView D OOD O Ophantom.picO00000O000O000O0OO

4.3 00000

1. cp ucxyz_phantom2.data ucxyz_phantom3.data
2. cp ucxyz_phantom2.inp ucxyz_phantom3.inp
3. ucxyz_phantom3.datal 000000 OOO0OO

() Z-000OO0O0O0O0OOOOODOOO

1.0, 20 voxel width, number of voxels
0

1.0, 16 voxel width, number of voxels
ogooood

(b DOODO0OOOOOOOOOOODOOO

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

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

1 1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
O
1,3,1,3, 2, 4, 1, 0.000, 0.00, 0.00 tissue

1 1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 5,14, 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
1,3,1,3,18,18, 2, 0.00, 0.00, 0.00 air

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

4. runbagain0J 0 0000
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e Linux OO
0000400000000 0 uvexyzphantom3O O OO ODOO0OO 25000000
0000000 boO0b0ooooooo
Enter name of the executable JUIOO0OOOOOOODOOOON

e DOSOOO
runbagain ucxyz_phantom3

5, 00000000 Oegshjobout 000000 DOO0ODOODOODODODODOOOOOOOO
gbobbooboobooobobobobobobboobboboboobo

44 00000

1. cp ucxyz_phantom3.data ucxyz_phantom4.data
2. cp ucxyz_phantom3.inp ucxyz_phantom4.inp
3. ucxyz_phantom4.datal 000000 DOOOODO

() 0O 0O0OD0O0OO00ODOOODOOOOOO

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

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

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

4. runbagain0J 0 0000

e Linux OO
0000400000000 0 uvexyzphantom4O OO0 ODOO0OO 25000000
0000000 boO0b0ooooooo
Enter name of the executable JUIOO0OOOOOOODOOOON

e DOSOOO
runbagain ucxyz_phantom4

5, 000000 0ODO Oegshjobout 0000000 DOOODOOOODOOOODODOOODOOO
gbobogobodopooooboobbobuoboobboboobooboobboboon

4.5 00000

1. cp ucxyz_phantom2.f ucxyz_phantomb.f

2. cp ucxyz_phantom4.data ucxyz_phantomb.data
3. cp ucxyz_phantom4.inp ucxyz_phantomb.inp
4. ucxyzphantom2. £ 000000000000

e JOODDOODDOO

MXMED=2
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MXMED=3
goon

e ucxyz_phantom4.dataJ 0000 0O0OO0OOOO
() DOODO0OOO200 000000

.00, 0.00
.00, 0.00
.00, 0.00

nmed (I10)

nmed (I10)

media(j,2) (24A1)

(2441)
(2441)

media(j,2)
media(j,3)

chard

chard

.00, 0.00 tissue
pean%,edgefl,au%er,ray,pola,incoh,prof,impac
.00, 0.00 ung
pean%,edgefl,auger,ray,pola,incoh,prof,impac
00, 0.00 tumor
pean%,edgefl,au%er,ray,pola,incoh,prof,impac
.00, 0.00 ung
peang,edgefl,auger,ray,pola,incoh,prof,impac
.00, 0.00 tissue

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

tissue

pean ,edgefl,auger,ray,pola,incoh,prof,impac
iron
peang,edgefl,auger,ray,pola,incoh,prof,impac
tissue
peang,edgefl,auger,ray,pola,incoh,prof,impac

2
O
3
googgo
(b) 0ogd (D gogoogno
ATIR-AT-NTP
O
ATIR-AT-NTP
FE
gooogno
(c) OO characteric dimension 0 00000
1.0, 1.0 JUOQgno
O
1.0, 1.0, 1.0
googgo
(d) gooooooooogoooooogo
1,3,1,3, 2, 4, 1, 0.000, O
1 1. 0 0 0 O O O
1,3,1,3, 5, 7, 1, 0.300, O
1 1. 0 0 0 O O O
1,3,1,3, 8, 9, 1, 0.000, O.
1 1. 0 0 0 O O O
1,3,1,3,10,14, 1, 0.300, O
1 1. 0 0 0 O O O
1,3,1,3,15,17, 1, 0.000, O
1 1. 0 0 0 O O O
O
1,3,1,3, 2, 6, 1, 0.000, O
1 1. 0 0 0 O O O
1,3,1,3, 7, 7, 3, 0.000, O
1 1. 0 0 0 O O O
1,3,1,3, 8,21, 1, 0.000, O
1 1. 0 0 0 O O O
googgo

e ucxyz_phantomb.inp O OO0 OO0

(a) DOODOOODDOUODOOOOOO

ELEM
&INP IRAYL=1 /END

FE DDODOOO0ODO0O0O

FE

ENER

&INP AE=0.521,AP=0.010,UE=0.
PWLF

&INP /END

DECK

&INP /END

5. ucxyz_phantom5.f [J egsbrun00 0 O OO0
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711,UP=0.2 /END



e Linux OO
00000000000 ducxyzphantoms 0, 0000 4000000 2500000
000000000 O00bO0oo0ooaoa
”Does this user code read from the terminal?’0 00 0 1000000

e DOSOOO
egsbrun ucxyz_phantomb

6. 00000000 Oegshjobout 000 0000DOODODOODOODODODOOOOODOOOO
gbobbooboobooobobobobobobboobboboboobo

7.CGViewD OODOOODODDOODODOODOODODODOOODODOODODOODODO
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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 Sem air region exits at before and after phantom.

Air
Phantom (water) z
/
Air
xbin 3
4 7
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(=1lcm) 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

o 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

egsh 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 egsb are put on the include directory and those related with pegs5
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 egsbrun 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 ’egs5/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/egsb5_edge.f’
include ’include/egsb_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’
include ’include/egsb_switches.f’
include ’include/egsb_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egsb5_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 egash 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/geoxyz.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
! getrz etc. Unit for pict must be 39.

open(6,file="egs5job.out’,status=’unknown’)
open(4,FILE="egs5job.inp’ ,STATUS="0l1d’)
open(39,FILE="egs5job.pic’,STATUS="unknown’)

2.2 Step 2: Pegs5-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.

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- 2731)

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.D0

zin=-sposi

uin=0.D0

vin=0.D0

win=1.D0O

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+radma2)

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)
|l e

open(UNIT=KMPI,FILE=’pgs5job.pegsbdat’,STATUS="01ld’)
open(UNIT=KMPO,FILE=’egs5job.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 getvoxcel.

2.7 Step T: 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 = O
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.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 ecnsv1(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 12)")

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(wO0)
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.D0O
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

220 k=1

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*uint+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

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

end do ! End of CALL SHOWER loop

2.8.1 Statistical uncertainty
The uncertainty of obtained, z, 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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e Assume that z; is the result at the i-th history.

e Calculate the mean value of z : N
. 1
$—ﬁ;$z

Estimate the variance associated with the distribution of z;:

1 N

N
— — 1
82:—N_liZI(xi—f)zsz—(f)z (xzzﬁ;xf)

e Estimate the variance associated with the distribution of T:

Report the statistical error as:

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(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),

34



* 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
! _________________________________________________
! Calculate average exposure and its deviation
| e
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*1.6E-10/area
faexrr=faexrr#*1.6E-10/area
fexpsa=fexpss/ncases
fexps2s=fexps2s/ncases
fexerr=dsqrt((fexps2s-fexpsa*fexpsa)/ncases)
fexpsa=fexpsa*1.6E-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
310 FORMAT(/’> Exposure in free air (using mu_en) =’, G15.5,’+-’,G15.
* b5,’ Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G156.5,’+-’,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.

* b5,’ 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, egs5 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.

[ " \]

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

e if maxy < 0 input smallest x boundary, followed by abs(maxx) pairs one per line:
voxl width, # voxls with this width.

. Record 7 :

ybound

35



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 < ¢ < du, jI < j < ju, kl <k < ku the medium used is medtmp
and the density used is thotmp. If thotmp=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, 1:0mn)

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)
ibrspl=0 No splitting
ibrspl=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) < O.

If a history number is less than maxpict, subroutine plotxyz which is record and output
trajectory related information is called.
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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(np)
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(up),ulnp),vinp),wlnp),
* iql,irl,iarg
101 FORMAT(7G15.7,315)
end if

if (iarg .gt. 5) return

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

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

nsum(iql+2,irl,iarg+1l) + 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.1.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 (np)/cmod
if (w(np).1t.0.0) latch(ap)=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(up),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 ¢ 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 bcm 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, egsbjob.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 Problem 1

. cp ucxyz_phantom.f ucxyz_phantoml.f

Nl
1
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,i1,iii,icases,idin,idose,ie,ipage,irl,j,jhist,jj,jl,ju,k,
* kkk,nlist,nperpg
t 0O
integer
* i,i1,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="egs5job.out’,status=’"unknown’)
to

open(6,file="egs5job.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
300  FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
to

300  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_phantomil

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

Compare the obtained results with xyz_phantom.out.

Problem 2

1. 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,6LKMAX)
* ,esbin(MXEBIN) ,espdf (MXEBIN),escdf (MXEBIN)
to

real*8

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

* dose(LIMAX,LJMAX,LKMAX) ,doseun(LIMAX,LJMAX,6LKMAX)

* ,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., b504., e610., e611., b551., 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.,12255.,12117.
11551.,11343.,11187.,10859.,10604.,10266.,10085., 9768.

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

L P P Y ¥ P T v ™Y

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.
922., 904., 8e66., 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

21f 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 ucxyz_phantom?2”.

Modify egsbrun.bat to use debug mode and save as egsbrun.db.bat for this purpose.
If 7out 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.

1f 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 egsbrun.bat to use debug mode and save as egsbrun.db.bat for this purpose.

If 7out 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.

43



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.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

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

to
! _____________________________
! Sampled source spectrum
g gy
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 *,2BX,’ 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

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 egsbjob.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
to

1.0, 16

(b) Modify the material assignment etc.

Change
1,3,1,3, 2,21, 1, 0.000, 0.00, 0.00
11 0 0 0 0 O
1,3,1,3,22,22, 2,
0 0 O

voxel width, number of voxels

voxel width, number of voxels

tissue

0 peang,edgefl,auger,ray,pola,incoh,prof,impac
0.00, 0.00, 0.00 a
0

ir

1 1 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
to
1,3,1,3, 2, 4, 1, 0.000, 0.00, 0.00 tissue

1 1 0 0 0 0 0 O pean%,edgefl,au%er,ray,pola,incoh,prof,impac
1,3,1,3, 5,14, 1, 0.300, 0.00, 0.00 ung

1 1 0 0 0 0 0 O pean%,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
1,3,1,3,18,18, 2, 0.00, 0.00, 0.00 air

1 1 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

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

6. Check the trajectories using CGview.

4.4 Problem 4
1. cp ucxyz_phantom3.data ucxyz_phantom4.data

2. cp ucxyz_phantom3.inp ucxyz_phantom4.inp

3. 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

1 1 0 0 0 0 0 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 lung

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

4. Execute runbagain.
Enter ucxyz phantom4 as the file name for unit 4 and simply enter 'return'" as
the file name for unit 25.

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

D

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

Ploblem 5
. cp ucxyz_phantom2.f ucxyz_phantom5.f

. cp ucxyz_phantom4.data ucxyz_phantomb.data

. cp ucxyz_phantom4.inp ucxyz_phantom5.inp

BOw N R, ot

. Modify ucxyz phantomb5.f as follows:

e Increase number of medium.
Change

MXMED=2
to
MXMED=3
5. Modify ucxyz_phantom4.data as follows.

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

2 nmed (I10)
to

3 nmed (I10)
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(b) Add new material (Irom).

Change
AIR-AT-NTP media(j,2) (24A1)
to
AIR-AT-NTP media(j,2) (24A1)
FE media(j,3) (24A1)
(¢) Add characteristic dimension of iron.
Change
1.0, 1.0 JOOO 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
1 1 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
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 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
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
1 1 0 0 0 0 0 O pean ,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 7, 7, 3, 0.000, 0.00, 0.00 iron
1 1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac
1,3,1,3, 8,21, 1, 0.000, 0.00, 0.00 tissue
1 1 0 0 0 0 0 O peang,edgefl,auger,ray,pola,incoh,prof,impac

6. Modify ucxyz_phantom5.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=0.711,UP=0.2 /END
PWLF

&INP /END

DECK

&INP /END

7. Run ucxyz_phantomb.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucxyz_phantomb 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_phantomb

8. Check egsbjob.out to confirm proper setting of iron region. Compare the absorbed
dose distribution with xyz_phantom.out.

9. Check the trajectories using CGview to confirm almost all photons stopping at
the iron region.
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Appendix: Full listings of ucxyz_phantom.f
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1 s sk sk sk ok ok o ook sk sk sk ok s oo ok sk sk sksk sk ok sk ok s ok sk sk sk sk ok kok ok sk sk sk sk sk ki sk ok sk sk ok sk sk ok sk sk sk ok ok ok koskok ok ok ok ok ok
Dok kbbb kbbb kkokokkkokkkokkkkkxkkx  KEK, High Energy Accelerator Research *

ok ok sk sk ko o o ok ok sk sk ko o ok sk ok o ok sk ko ok ok ok ok Organlzatlon *
'*ucxyz _phantomnt *
ok ok sk sk ko o o ok ok sk sk ko o ook sk ok o ok sk ko ok ok ok ok EGS5.0 USER CODE - 28 Nov 2011/1800 *
1 ok ok sk sk ok o o o ok ok sk sk ok o o o sk sk o o ok sk ok o ook sk sk ok o ok sk sk sk o o ok sk sk ok o ok sk sk o ok ok sk o o ok sk o o o koo o o ok ok o o ok
'+ This is a general User Code based on the cg geometry scheme. *
0 ok ok sk sk sk o o o ok ok sk sk sk o o o sk sk o o ok sk ok o ok sk sk ok o ok sk sk sk o o ok sk sk ok o ook ok 3k o ok sk o o ok sk o o ok ko o o ok ok ok o ok
! *

PROGRAMMERS: H. Hirayama
Radiation Science Center
E lied Science Laboratory
K High Energy Accelerator Research Organization
- Oho, Tsukuba, Ibaraki, 305-0801
Japan

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

]
]
]
]
]
]
]
]
]
]
! Based on xyzdos.mor.
]

]

* K K K K K K KK KX KX

09AUG2004: CDF creation parts are corrected. H. Hirayama
Dotttk ook ook kR ok ook sk kol s s s sk ok ok ok ki sk sk sk skl sk sk sk s s s ok ok ok ok ki Sk sk sk sk sk ok ok ok ok ok
Dotk ok ook ook okokokokokokokook kR ok ok ok sk sk skl s o s sk ok ok ok ki sk sk sk skl sk sk sk s sk sk ok ok ok ok ki sk sk sk stk sk ok ok ok ok 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.

This user code corresponds to ucphantom_rec.mor for egs4.

Use Ranlux random number generator.
T L I T T e

X (Y into page)
|
|

| Outer vacuum region

Fom——t— = -+ 15.0cm
Vacuum | | [ [
region +Air +H20|Water (H20) |[Air |
I L |H20| I
+————t+———4-——+-  —+———+-————+—— 0.5
I [ | | I
|Air |H20|H20] |H20|Air |
1.253MeV photon| I [ [ I
—=——————=>4————t———t———— —_—t——t————t———— > 7
photons -5.0 0.0 1.0 19.0 20.0
25.0

LG R B R R R R R TR R

i
1 sk sk ok sk ok sk ok sk ok sk ok sk ok sk ook o ook o sk ok sk ok o o ok sk ok sk ok o ok sk sk ok ok ok sk ook sk ok o ok ok ok ok ok ook ok ok ok ok
123456789 123456789 123456789 123456789 | 123456789| 123456789 12345678912

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

include ’include/egs5_bounds.f’
include ’include/egsb5_edge.f’

include ’include/egs5_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’
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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/geoxyz.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

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

Y¥*** integer
integer ifto

Ik¥%* real*8 ! Local variables
real*8
* amass,areac,availke,depthl,depths,dis,disair,ei0,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

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

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

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

integer
* 1,i1,1ii,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
! getxyz etc. Unit for pict must be 39.

open(6,file="egsbjob.out’,status=’unknown’)
open(4,FILE="egs5job.inp’,STATUS="0l1ld’)
open(39,FILE="egs5job.pic’,STATUS=unknown’)

call counters_out(0)

ifto = 6 ! Output unit in getvoxel

call getvoxel(ifto)
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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="(16I4)") (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- 2731)

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

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

iqin=0 ! Incident charge - photons
ekein=1.263 ! Kinetic energy of source photon
etot=ekein + abs(iqin)*RM

xin=0.D0

yin=0.DO0

zin=-sposi

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)

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

write(68,110)
110  format(/’ Call hatch to get cross-section data’)
|
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! Open files (before HATCH call)

open(UNIT=KMPI,FILE="pgs5job.pegsbdat’,STATUS="01ld’)
open(UNIT=KMPO,FILE="egs5job.dummy’ ,STATUS=unknown’)

write(8,120)
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,2441)
write (6,140} rhom(j),rlem(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
% 15.7,7 MeV  UP=’,G15.7,’ MeV’)
end do

write(8,160)
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(8,170) 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

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.DO0
depeh (i, j,k)=0.D0
depeh2(i,j,k)=0.D0
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 1))

write(8,190)
190 FORMAT(//,’ ENERGY/COORDINATES/DIRECTION COSINES/ETC.’,/,
6X,’E’,16X,°X’,14X,°Y’,14X,°2°/
* 1X.°U’,14X.°V’ 14X, W’ .9X, >1Q’,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.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.DO
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

220 k=1
irin=1+i+(j-1)*imax
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250

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 ! End of CALL SHOWER loop

tt=etime(tarray)

tti=tarray(1)

cputime=tt1-tt0

write(2,250) 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.D0O) 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(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(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(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
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310
*
*
*
320
*
*
!
!
!
!
330
*
340
350
360
370
*
*
380
390
*

faexrr=dsqrt ((faexp2s-faexpa*faexpa)/ncases)
faexpa=faexpax1l.8E-10/area

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

fexps2s=fexps2s/ncases
fexerr=dsqrt ((fexps2s-fexpsa*fexpsa)/ncases)
fexpsa=fexpsax1l.68E-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) =’
, G16.5,’+-’,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) =’
, G15.5,’+-’ ,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.{=jdosl(idose),jdosu(idose),4
J1=]
ju=min(j+3, jdosu(idose))
write(68,340) xbound(i),xbound(i+1),i
FORMAT(/T15, 'For x=’,Fi0.3,’ to’,Fi0.3,5X,?i=’,I3)
write(6,350) (ybound(jj),jj=jl,jut+l)
FORMAT(’ ybounds:’,F7.3,F12.3,3F17.3)
write(6,360)(jj,jj=j1 ,jw)
FORMAT(T10,’j=",%t17,5(I4,13X))
write(6,370) zbound(kdosl(idose))
FORMAT(’ zbounds (’,F10.3,°)°)
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)),
33=3jl,ju)
FORMAT(F8.3,I4,4(1PE11.3,’—’,0PF4.1,°%’) )
if (mod(k,5).eq.0) then

write(68,390)
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
ipage=1

56



do k=kdosl(idose),kdosu(idose)
do j=jdosl(idose), jdosu(idose),4
ji=3
ju=min(j+3, jdosu(idose))
write(6,400) zbound(k),zbound(k+1),k

400 FORMAT(/T15, for z=’,Fi0.3,’ to’,Fi0.3,5X, k=",I3)
write (6,410} (ybound(jj),jj=jl, ju+i)

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

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

430 FORMAT(’ Xbounds (’,F10.3,°)’)

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

* min(99.9, 100.*doseun(i,jj,k)/dose(i,jj,.k)),
* 33=3jl,ju)
440 FORMAT(F8.3,I4,4(1PE11.3,’—’,0PF4.1,°%’) )

if (mod(i,5).eq.0) then
write(6,fmt="(C> ’)")
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§ peg
end do ! end j-loop
end do ! end k-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)

| Version:  060907-1300
! Read matrial and geomery data from egs5job.inp

! Auxiliary subroutine for use with the EGS5 Code System
/I - -
! This is a data-entry subprogram for use with a general—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.
/I - -

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

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

! Unit 4 Input file.
! Unit ifto Output file.
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! Record 1 title (80A1) Title line.

! Record 2 nmed (I10)

! Record 4 chard

Number of media in problem.
(2441) Media names (j=1,24, I=1,nmed lines).
Note that entire volume is initially
set to medium.

characteristic distance for each medium

! Record 5 maxx, maxy, maxz Number of voxels in the X,Y,Z directions

! Record 6 xbound

if maxx > O

if maxx < O

0.0
1.0
0.0
1.0
0.0
1

or

|

-
OOO‘-I
=
()} -

.0,16

0
0
0
0.0

P RPORrORrO

defines

! Record 7 ybound

If <0, it means that number of equally
spaced boundaries will be input.

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

(j and y) and (k and z) respectively.

input, one per line, the maxx + 1 x boundaries

input smallest x boundary, followed by abs(maxx) pairs
one pr/line: voxel width, # voxels with this width

for example: starting at record 5
-1

defines a 16x16x16 cube of lcm**3 voxels with a total of 4097 reg

16x16x10 cube with 1x1x5 cm voxels stacked 2 deep

! Record 8 zbound

|l —_ =

| mmmmm——— e

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

et 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=omn).

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

D —_——_——
! Record 10a ipeangsw,

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 <=1 <=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 0, following option is set
to the regions above.

Switches for PE-angle sampling,
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————————— 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=omn).

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

| ——————— 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
————————— ibrspl,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)

ibrspl=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/geoxyz.f’
include ’auxcommons/instuf.f’
include ’auxcommons/voxel.f’
include ’auxcommons/watch.f’

include ’include/randomm.f’ ! Additional (non-EGS5) COMMON
integer ifto ! Argument
real*8 ! Local variables

* ecutin,ecutmn,ek0,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,jxx,jyinu,k,kl,ku,maxbd,maxx,maxy,
* maxz,medtmp,morelDutput,n,ner,ngroup,nn,nnn

integer ipeangsw,iedgeflsw,liaugersw,iraysw,ipolarsw,incohrsw,
* iprofrsw, impacrsw
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data moreOutput/0/ ! Change this from 0 to 1 for more output
write(ifto,100)

100 FORMAT(//,T25, d=——mmmmmmmmm e e +7,
* /,T25,’| EGSE User Code using subroutine voxel |’,
* I +7,
* /,T256,’| NOTE: X-Y-Z Voxel geometry. |2,
* /,T25,7 | X-Y plane on the page |2,
* /,T25,7 | (X to the right, Y upwards, |2,
* /,T25,° | Z out). |7,
* /,T25, I — +7,
* //)

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

call block_set ! Initialize some general variables

! Record 1: title
read(4,110) title
110 FORMAT(80A1)
write(ifto,120) title
120 FORMAT(8x,71(’-’)/’$TITLE: ’/’+’,3X,8041/8X,71(’-?))

read(4,*) nmed
if (nmed.eq.0 .or. nmed .gt. MXMED) then
write(ifto,130) nmed
130 FORMAT(® *#* Stopped in Getvoxel with nmed=’,I5,’ > MXMED’)

stop
end if
write(ifto,140) nmed
140 FORMAT(’ Number of media : ’,I5,/)

do i=1,nmed
read(4,150) (media(j,1i),j=1,24)
150 FORMAT (2441)
write(ifto,160) i,(media(j,i),j=1,24)
160 FORMAT(’ MEDIUM=’,I5,’ ==> ’,244A1)
end do

! charD is defined to each medium.

! Record 4: chard
!
read(4,*) (chard(i),i=1,nmed)

write(ifto,*) ’chard =’,(chard(i),i=1,nmed)

! Record 5: maxx, maxy, maxz
1

read(4,*) maxx,maxy,maxz

! Check bin-number.
if (maxx.eq.0) maxx =1
if (maxx.gt.LIMAX) maxx=LIMAX
if (maxy.eq.0) maxy =1
if (maxy.gt.LJMAX) maxy=LJMAX
if (maxz.eq.0) maxz =1
if (maxz.gt.LKMAX) maxz=LKMAX

write(ifto,170) maxx,maxy,maxz
170  FORMAT (’+’,3I6);

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

i Record 6 xbound
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190

200

210

220

230

240

250

260

270

280

290

if (maxx.gt.0) then I 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
write(ifto,200)
FORMAT(’ Boundary out of order ks kk*kkk*xk’)
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=0
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.1le.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 *#*%*’/)
end if
maxx=maxx+nnn
end do
write(ifto,290) (xbound(i),i=1,maxx+1)
FORMAT(’ Boundaries’/(6F12.3))
end if

imax=maxx
maxbd=LJMAX

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

if (maxy.gt.0) then I Just pick up boundaries.
do i=1,maxy
write(ifto,190) i
read(4,*) ybound(i)
if (i.ne.1l.and.ybound(i).le.ybound(i-1)) then
write(ifto,200)
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.
write(ifto,240)
read(4,*) ybound(1)
write(ifto,250) ybound(1)
ngroup=-maxy
maxy=0
do 1group=1,ngroup
write(ifto,260)
read(4,*) width,nn
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if(nn.le.0) nn=1
if(width.1le.0.0) width=1.DO
write(ifto,270) width,nn
nnn=min(nn,maxbd—maxy3
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 do
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 I Just pick up boundaries.
do i=1,maxz
write(ifto,190) i
read(4,*) zbound(i)
if (i.ne.1.and.zbound(i).le.zbound(i-1)) then
write(ifto,200)
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=0
do igroup=1,ngroup
write(ifto,260)
read(4,*) width,nn
if(nn.le.0) nn=1
if(width.1le.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
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) =’,I5,/,
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* > nreg includes outside vacuum region (regin=1)’)
! Set all region except 1 set to medium=1.
med (1)=0
| Record 9: ipeangsw,iedgeflsw,iaugersw, iraysw,
! ipolarsw, incohrsw, iprofrsw, impacrsw for medium 1

read(4,*) 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/

*’ ipeangsw=’,I3,’,iedgeflsw=’,1I3,’,iaugersw=’,I3, iraysw=’,13/
*’ ipolarsw=’,I3,’ ,incohrsw=’,I3,’,iprofrsw=’,I3,’,impacrsw=",13)

do i=2,irmax
med (1)=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
o—————— (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,jl,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.1t.0 .or. iu.ge.imax) iu=imax
if(j1l.1e.0) jl=1
if(ju.le.0 .or. ju.ge.jmax) ju=jmax
if(kl.1le.0) k1l=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(°(’,I3,I4,’)"), I4, F10.3)

if (medtmp.ne.O) then

! Record 10a: ipeangsw,iedgeflsw,iau%ersw,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/

*’ ipeangsw=’,I3,’,iedgeflsw=’,1I3,’,iaugersw=’,I3, iraysw=’,13/
*’ ipolarsw=’,I3,’ ,incohrsw=’,I3,’,iprofrsw=’,I3,’,impacrsw=",13)
do i=il,iu
do j=jl,ju
do k=kl,ku

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

med (irl)=medtmp

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

if (pcutin .gt. 0.) pecut(irl) = pcutin
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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
do k=kl,ku
irl=1+i+(j-1)*imax+(k-1)*ijmax
med (irl)=0
end do
end do
end do
end if
go to 360

400 continue

| Record 11 il,iu, jl,ju, kl,ku,izscan
]

write(ifto,410)
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
420  idgrp=idgrp+i
write(ifto,430)
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).le.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).le.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)
450 FORMAT(’+’,T5,3(16,14),16)

go to 420
460 continue
idgrp=idgrp-1

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

* > Or you must chnage LMXDOS in xyzdose_h.f’)
end if

read(4,*) iwatch

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

* > (0=off, 1=each interaction, 2=each step)’)

! Record 13: ibrdst,iprdst,ibrspl,nbrspl
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read(4,*) ibrdst,iprdst,ibrspl,nbrspl
write(ifto,800) ibrdst,iprdst,ibrspl,nbrspl

800 FORMA;({,’ IBRDST=’,12,/,’ IPRDST=",I2,/,’ IBRSPL=’,I2,’ (NBRSPL=’
*,15,7)"

if (ibrspl .gt. 0) then
if (nbrspl .gt. 0) then
fbrspl = 1.0/float(nbrspl)
else
write(ifto,810) ibrspl,nbrspl
810 FORMAT(//,’ Stopped in Getvoxel with IBRSPL=’,
* I5,’ and NBRSPL=’,I5)
stop
end if
end if

return i Return to MAIN
end

l—— last line of getvoxel.f-----——————————————————-
l——— ausgab.f-----------——o oo
! Version: 031108-1300

! 060801-1000

| Reference: SLAC-265 (p.19-20, Appendix 2)
S,
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A simple AUSGAB to:

2) Print out stack information

i

!

! 1) Score energy deposition

!

! 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/geoxyz.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

integer ! Arguments
* iarg
real*8 ! Local variables

* cmod,dcon,edepwt,encoea,esing
integer i,irl,irx,iry,irz,iql,j,k

o
H
-
=]
ct
[}
[=1
ct
o
o
H
t
.
2]
—
[
t
A
o
=]
(2]
s,
o}
A
ct
.
=]
H
o}
a
g
o
ct
.
[}
=]
~
A
H
0
=
-
t
2]
=2
.
o]
t
=1
H
=]
[0}
o,
[}
=]
A

if (iwatch .gt. 0) call swatch(iarg,iwatch)
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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

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),wl(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) + edeput
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.1.and.edep.ne.0.D0) then
depe(i,j,k)=depe(i,j,k)+edeput
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(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
end if

if (ncount.le.maxpict) then
call plotxyz(iarg,np,iq(np),x(np),y(ap),z(np),e(np),ir(np),
* wt(np),time(np))
end if
return

end
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l—— last line of ausgab.f-———————"—-—-—-----------—
l—— howfar.f-------------------- - - - ————-
! Version: 030831-1300

| Reference: SLAC-265 (p.19-20, Appendix 2)
S,
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HOWFAR routine to use with a generalized cartesian coordinate system
for voxel geometry.

Geometrical information is passed in common/geoxyz
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

I

I

!

I

I

I

I

I

I

I

I

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
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/egs5_stack.f’

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

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

real*8 ! Local variables
¥ dist,dnearl

integer
* irl,irx,iry,irz

irl = ir(ap)

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

end if

if (irl .e?. 1) then
idisc = lV -—_

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

irx=mod(irl-1, imax)
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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) .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(ap) .gt. 0.0) then
dist = (xbound(irx+1)-x(ap))/ul(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 .1lt. 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(ap) .gt. 0.0) then
dist = (ybound(iry+1)-y(ap))/v(np)
if (dist .lt. ustep) then
ustep=dist
if (iry .ne. jmax) then
irnew=irl+imax
else
irnew=1
end if
end if
else if (v(np) .1lt. 0.0) then
dist = -(y(np) - ybound(iry))/v(ap)
if (dist .1lt. ustep) then
ustep = dist
if (iry .ne. 1) then
irnew=irl-imax
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else
irnew = 1
end if
end if
end if

dnear (np)=dnearl

return i Return to ELECTR/PHOTON

end

l—— last line of howfar.f---------————————--———-
l——— encoea.f---------------—- - ——————————————
! Version: 030831-1300

| Reference: SLAC-265 (p.19-20, Appendix 2)
S,
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*

* ¥

* ¥ K K K

real function encoea(energy)

Function to evaluate the energy absorption coefficient of air.
(Tables and Graphs oh photon mass attenuation coefficients and
energy-absorption coefficients for photon energies 1 keV to
20 MeV for elements Z=1 to 92 and some dosimetric materials,
S. M. Seltzer and J. H. Hubbell 1995, Japanese Society of

Radiological Technology)
real function encoea(energy)

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

real enmu(38)/3599., 1188., 6526.2, 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
enml=alog(enmu(i+1))
enmO=alog(enmu(i))
hnui=alog(hnu(i+1))
hnuO=alog(hnu(i))

ene0=dlog(energy)
slope=(enmi-enm0)/(hnul-hnu0)
encoea=exp (enm0+slope*(ene0-hnud))
return

end if

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.

100

write(6,100) energy

FORMAT(///,’ ##%**STOPPED IN ENCOEA***%%’ / > E=’,G15.5,///)
return

end
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l—— last line of encoea.f---—————-———-———--"---—-
l—— encoeywy.f------------—-—-—-—"—"+-—-—--—--"-"---——
! Version: 030831-1300

| Reference: SLAC-265 (p.19-20, Appendix 2)
S,
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]

! real function encoew(energy)

! Function to evaluate the energy absorption coefficient of water.

! (Tables and Graphs oh photon mass attenuation coefficients and

! energy-absorption coefficients for photon energies 1 keV to

! 20 MeV for elements Z=1 to 92 and some dosimetric materials,

! S. M. Seltzer and J. H. Hubbell 1995, Japanese Society of

]

Radiological Technology)
real function encoew(energy)

real hnu(36)/0.001,0.0015,0.002,0.003,0.004,0.005,0.006,0.008,

* 0.01,0.015,0.02,0.03,0.04,0.05,0.06,0.08,0.10,0.15,
0.2,0.3,0.4,0.5,0.6,0.8,1.0,1.25,1.5,2.0,3.0,4.0,5.0,

6.0,8.0,10.0,15.0,20.0/

* ¥

real enmu(36)/4065., 1372., 615.2, 191.7, 81.91, 41.88,
24.05, 9.915, 4.944, 1.374, 0.5503, 0.1557,
0.06947,0.04223,0.03190,0.02597,0.02546,0.02764,
0.02967,0.03192,0.03279,0.03299,0.03284,0.03206,
0.03103,0.02965,0.02833,0.02608,0.02281,0.02066,
0.01915,0.01806,0.01658,0.01566,0.01441,0.01382/

* ¥ ¥ ¥ ¥

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

if (energy.gt.hnu(36)) then
encoew=enmu(36)
return

end if

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

end if

do i=1,36
if (energy.ge.hnu(i).and.energy.lt.hnu(i+1)) then
enml=alog(enmu(i+1))
enmO=alog(enmu(i))
hnui=alog(hnu(i+1))
hnuO=alog(hnu(i))

ene0=dlog(energy)
slope=(enmi-enm0)/(hnul-hnu0)
encoew=exp (enm0+slope*(ene0-hnud))
return

end if

if (energy.eq.hnu(i+1)) then
encoew=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(///,’ ***x*x*STOPPED IN ENCOEW***#*%’ 6/ ’> E=’ G15.5,///)
return
end
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