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1. Cobinatrial Geometry (CG)

1.1. Body O QOO
EGSO CG 1000000000000 BoedyDODODOOOODODOOO
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Table 1: OO0 0D0O000D0O0D0O0O000O0DODOOO

oo oo goooouoobobooooo
RPP  # Xmin Xmax Ymin Ymax Zmin Zmax
SPH # Vx Vy Vz R
RCC # Vx Vy Vz Hx Hy Hz
R
TRC # Vx Vy Vz Hx Hy Hz
R1 R2
TOR # Vx Vy Vz R1 R2
01 02 n

1.2. 00000000
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Figure 2: Use of OR operator.
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2. 000000000 ucphantomegv.fO 00

ucphatomegv fO0 DCGUUOOOOOO0OO00OO000OO0O00O0O0O0OO0ODOOODOODOCGO
gooboobobo400000000DDODODO
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Figure 3: Geometry of ucphantomegv.f.
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3. 000000

(a) CGview OO OODO (egsbjob.pic)
(b) D000 (egsbjob.out)
e 0D DDOOOODODODO
e NO0DODDOODODO
e 0D DDOOOODODODO
e JOUIUDOOODOOOO
e J00OODOOO lem x lemOO00O000O00DODO (IemDO0O)
e NODOODODO
e JOOOOODOODLOOODODOODO

3. jooooobood

3.1.. 00000000: Step 1

egshO OFortran 000000000 Oegsh0D0 OO0 ODOO0DOODOO0OODO0O0DODOOOODO
U00bo0oopDoo0ob0d00DOodl parameter 10 U000 Oinclude U0 O O0OO0D0OOODODO
U000000000commonJO00000O0OODO include0O00D0OOODOODO

egshO U ODOOUOO include 00000 00U Dinclude/0 00 000O0egs0 DO OOODODO M
pegscommons/J pegs U O 00000 UOOOMNO auxcommons/U egs5 00 00U DOOOOOOOOODO
gooooboooooboobooboooobbboooboobobbboboooooobLoboboobOon
goooooooogr:

U000 OMortran OO 000000000 DODODO0ODOOO0O0O0OO EGS40000D0DODOO
00000000000 bO0ObDbOU0bbb0Degsh 0 ODDOOODOO Oinclude/egsbh. £
0000000000 0auxcommons/aux h.f 000 parameter 00 000000000000

O00D00O0Oees0O0U0DOO0OMO includeO OO0

implicit none

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’

*D00000O0Oegs5run DOOOOOOODODOODO



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/egs5h.f> OO0 UOO0ODODOOOODDODOD common O OOO include
0000000000000D0000000D0000000000f
ocoooooObocOobooOO0OO0O0O00O00b00000000D0 includeOOOO

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

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f’

include ’auxcommons/instuf.f’
include ’auxcommons/lines.f’
include ’auxcommons/nfac.f’

include ’auxcommons/watch.f’

include ’auxcommons/etaly2.f’ ! Added SJW for energy balance

include ’auxcommons/cg/geom_common.f’ ! geom-common file
integer irinn

000 include D0 OCGUOODOOOODDOCGUDOOUODOOOODOODOOOOODOOO
0bobo0o0o00o0boo0b00d common OO0 DODOOODO

common/totals/ ! Variables to score
* depe(20),faexp,fexps,maxpict,ndet,nreg

real*8 depe,faexp,fexps

integer msxpict,ndet,nreg

000000 bDO0b00D0DDimplicit noneJ 0000000000000 O0O0O0O0ODODOOOOO
gboboobobooobooboboboooboo

U000bb00b000bb0000 openU00egshb0 0 Opegsh DO OO DOOOOOOOO
000000000000 Opegss D0DOOOODODODODO 7-2600close 00 0000O0ODOODO
0000000 open00000D0pegsU D0 000UDO open 00000000 OO0OOODOOOO
gobO 7-260000000000000000 3900000000 0O00ODO0O0O0O0ODOO

! 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 afeter
! 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’)

gobbooobobboobooobbobooboouooobDbobo00bDb caladb O
'Egs40 coMINOODDOODOOODOOOOO




3.2. Step 2:pegsb-call

OO0O000O000000 Characteristic Dimension 0 000 000 Opegs50 call 00 Omedarr
00000002400000000000000000024a0000000000000000O
0 24000 00 O Chracteristic Dimension0 00 000000000C0O0O0COOOOOOOCODO
O(lcmxlemx1lemOOOOOO0OO 1lem)000000O0

call block_set ! Initialize some general variables

medarr(1)=">WATER ’
medarr(2)=’AIR-AT-NTP ’

do j=1,nmed
do i=1,24
media(i,j)=medarr(j)(i:i)
end do
end do

chard(1)
chard(2)

1.0d0 ! automatic step-size control
1.0d0

3.3. Step 3: Pre-hatch-call-initialization

U0obo00oooobbobbibo00bo0bDnpreci00O0O000OO0OODOOODOOODOO
gooboobooooos3sooboouoouobooobboooobooboecGUoOooOoDbOd e datal
gobobooobceccgOoboboobbuobobbegooboobbbobOobOboooobboOoDbOoD
6000000000000D0O0O geomgt U callO0OOOODDOCGUUOODOODOOO End
of CGdataUDUDOODOOO0OO0DODOOO0DOODOOOOUDODLDODOODDOODDOOD
ifto003900000000PICTOOOODODOO0OODODODOD (CSTA-FREED O OCSTA)O OO0 DO
00 subroutine geomgt U0 0 CGUUOUOODDOOOOO0OOO0OOO0ODOOOODO CcGOOOO
Ub0ooobocendD 00000000000 DegLDODOO0ODOO0O0O0O0DODOD nregd
goooo

csGOhoboboooooboobobobooooooobboobobooDbOobOn

write(6,*) ’Read cg-related data’

! npreci 1: for PICT32
! 2: for CGview
! 3: for CGview in free format

npreci=3 ! PICT data mode for CGView in free format
ifti = 4 ! Input unit number for cg-data
ifto = 39 ! Output unit number for PICT

write(6,fmt="(’ CG data’)")



call geomgt(ifti,6) ! Read in CG data
write(6,fmt="(’ End of CG data’,/)")

if (npreci.eq.3) write(ifto,fmt="(’CSTA-FREE’)")
if (npreci.eq.2) write(ifto,fmt="(’CSTA’)")

rewind ifti
call geomgt(ifti,ifto)! Dummy call to write geom info for ifto
write(ifto,110)

110  FORMAT(’CEND’)

nreg=izonin

o0oogoobgooob cGOoobuoouoobbobobbU0UbbbUegsooDogno
0d000oooO00oo0obO000ooOoOooO0o0ooD oo oObObObO0000OooDOoOoDDOOoDOoDOoOg X
0000000 0O000000oo0oooooooooooon

Ranlux 0000 00 inseed0 00000 OO0OOODOO

! Read material for each refion from egsbjob.data
read(4,*) (med(i),i=1,nreg)

! Set option except vacuum region

do 1=2,nreg-2
if(med(i) .ne.0) then

iphter(i) = 1 ! Switches for PE-angle sampling
iedgfl(i) = 1 ! K & L-edge fluorescence
iauger(i) = 0 ! K & L-Auger
iraylr(i) = 1 ! Rayleigh scattering
lpolar(i) = 0O ! Linearly-polarized photon scattering
incohr(i) = 0 ! S/Z rejection
iprofr(i) = 0 ! Doppler broadening
impacr(i) = 0 ! Electron impact ionization
end 1f
end do

Random number seeds. Must be defined before call hatch

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

luxlev = 1

inseed=1

write(6,120) inseed

120 FORMAT(/,’ inseed=’,I12,5X,

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

call rluxinit ! Initialize the Ranlux random-number generator

34.00000000: Step 4
gobooooooooboobboobobooooboobooooon

! 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.D0O



zin=-sposi

uin=0.D0

vin=0.D0

win=1.D0O

irin=0 ! Starting region (0: Automatic search in CG)

! 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)

35. 00000000: Step b

0000000000 0000000000 emaxed OO OO subroutine hatch call OO0
hatchOOOOO0OOO0ODO0OO0O0O0OOO0O0O0O00O0OO0OO0OOO0OO0OOOO0O0O0OO0000O0O
O000000000000000000000000

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

write(6,130)
130  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(6,140)
140  FORMAT(/,’ HATCH-call comes next’,/)

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

write(6,150)
150 FORMAT(/,’ Quantities associated with each MEDIA:’)
do j=1,nmed
write(6,160) (media(i,j),i=1,24)
160 FORMAT(/,1X,24A1)
write(6,170) rhom(j),rlcm(j)
170 FORMAT (5X,’ rho=’,G15.7,’ g/cu.cm rlc=’,G15.7,’ cm’)
write(6,180) ae(j),ue(j)
180 FORMAT(5X,’ ae=’,G15.7,’ MeV ue=’,G15.7,° MeV’)
write(6,190) ap(j),up(j)
190 FORMAT(5X,’ ap=’,G15.7,> MeV up=’,G15.7,’ MeV’,/)
end do
write(6,200)

200  FORMAT(/’ Information of medium and cut-off for each region’)
do i=1,nreg
if (med(i).eq.0) then
write(6,210) i
210 FORMAT(’ Medium(region:’,I5,’)= Vacuum’)

10



else
write(6,220) i, (media(ii,med(i)),ii=1,24),

* ecut (i) ,pcut(i),rhor(i)
220 FORMAT(’> Medium(region:’,I5,
* *)=> 24A1,/5X,’ECUT=",G10.5,’ MeV, PCUT=’,
* G10.5, ’ MeV, density=’,F10.3)
end if
end do

write(6,fmt="(’ CG data’)")

write(39,fmt="(>MSTA’)")
write(39,fmt="(i4)") nreg
write(39,fmt="(1514)") (med(i),i=1,nreg)
write(39,fmt="(>MEND’)")

3.6. 00000O0O0O0O: Step 6

gobobooobboobboooobobooboooobobobobbbooobboboboo
oobobobobbOoDb cgbbO0OO0O0OOooobOobbObOobOobOooobooooboooboooo

3.7.00000000: Step 7

ausgab OO0 O0OO0OO0ODODODO
cooboooooooooooOoboOoOoooOooOooOOOOOOO0OOObOOOUOOoObOODOOOd
o0ooo0ooo0ooOooO0ooOo0oOO0ooOoo0boOO0 (nyoooooo

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

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

do nnn=1,20
depe(nnn)=0.D0
depeh(nnn)=0.D0
depeh2(nnn)=0.D0
end do

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

ibatch=0

write(6,230)
230  FORMAT(//,’ Energy/Coordinates/Direction cosines/etc.’,/,
* 6X,’e’,16X,’X’,14X,’y’,14X,’Z’/
* 1X,’u’,14X,’V’,14X,’W’,9X,’iq’,4X,’ir’,3X,’iarg’,/)

11



! History number
ncases=100000

! Maximum history number to write trajectory data
maxpict=50

write(39,fmt="(’0 12)")

38. 00000000: Step 8

0000000000 (nacses) dO subroutine shower 0 calll Oegsh 00O OO0D OO0
O DucphantomegvfO 0 Usposi 0000 OO0 0OODO0ODODOOO00O00O0DOODODL1.253MevVOQO
O0000000000000000 spesiD 00000 (bem)000000O000O00OOOOOOO
gooboooobooboboo

0000000000000 o0O000b0 (DooO0O00O0b00b000O000o0O00bO0O0ooon
00oo0o0)ooooo0ooooooo

gobooobboooobooooooooooobobooobobooooobobobooboooobooo
gooo

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

icases=]

240 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 240
if (sposi.gt.5.0) then

disair=(sposi-5.0)/win
xin=disair*uin
yin=disair*vin

zin=-5.D0
else

xin=0.DO

yin=0.D0O

zin=-sposi
end if

if(irin.le.0.or.irin.gt.nreg) then
call srzone(xin,yin,zin,iqin+2,0,irinn)
call rstnxt(iqin+2,0,irinn)

else
irinn=irin

end if

eparte = 0.d0 ! Initialize some energy-balance

12



epartd = 0.d0 ! tallying parameters (SJW)

ekin=ekein

wtin = 1.0
wtsum = wtsum + wtin ! Keep running sum of weights
etot = ekin + iabs(iqin)*RM ! Incident total energy (MeV)

Available K.E. (MeV) in system

if(iqin.eq.1) then
for positron

availke = ekin + 2.0*RM

else Available K.E. (MeV) in system
availke = ekin for photon and electron

end if

totke = totke + availke ! Keep running sum of KE

latchi=0

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,250) etot,xin,yin,zin,uin,vin,win,iqin,irinn,idin
250 FORMAT (4G15.7/3G15.7,315)
end if

! Added for energy balance tests (SJW)
if (DABS(eparte + epartd - availke)/availke .gt. 1.d-10) then
write(*,260) icases, eparte, epartd
260 FORMAT(’Error on # ’,I16,’ Escape = ’,F9.5,’ Deposit = ’,F9.5)
endif availke = etot + iqin*RM ! Available K.E. (MeV) in system

do kdet=1,ndet
depeh(kdet)=depeh(kdet)+depe(kdet)
depeh2(kdet)=depeh2(kdet)+depe(kdet) *depe(kdet)
depe(kdet)=0.0

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

3.81. 0DO0O0O0O: 00000000000O00O0O0O00O0CODOOOOOOODOOOOO
obooooopoDoobOo0DoobO0obO000Duephantomegy.fO0O0OO00O0OO McNPO OO0
gbobooooboobbod

e JOUOUODOO NDOODO
e ;0 i0000DODODDOODOOOO
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:00oooooog:

1 N
=1
e ;0000000000 DODODO:
TR _ —_ 1 &
b PR TGRS DI (2)
e Z0ODDOOD : :
S% = ﬁsz ~ ﬁ[ﬁ — fz] (3)
0000
e D0DDOODOO :
Sz [ﬁ(P 72!/ (4)

goooo

ggbbooboboboooboobooobobooboooooboo

39. 00000O00O0: Step 9

oooooO0ooooo000ooOO000O00oOoO00oOoOO0O0oOO00O00OOB0000 (00O
o00000)000000000000000000000000000000000O00000
gooboogd

write(6,300) sposi

300 FORMAT(/’ Absorbed energy inside phantom for 1.235MeV photon’/
* > Source position ’,F10.1,° cm from phantom surface’/
* > Within l1cm x 1 cm area after 5 cm air’)

write(6,310) ncases, xhbeam, yhbeam
310  FORMAT(1X,I8,’ photons normally incident from front side’/
*’ Half width of beam is ’,G15.5,’cm for X and ’,G15.5,’cm for Y?’)

area=1.D0x1.DO
do kdet=1,ndet
vol=areax*x1.DO
dose(kdet)=depeh(kdet) /ncases
dose2(kdet)=depeh2(kdet) /ncases
doseun(kdet)=dsqrt((dose2(kdet)-dose(kdet)*dose(kdet))/ncases)
dose(kdet)=dose(kdet)*1.602E-10/vol
doseun(kdet)=doseun(kdet)*1.602E-10/vol
depths=kdet-1.0
depthl=kdet
write(6,320)depths,depthl, (media(ii,med(kdet+1)),ii=1,24),
* rhor(kdet+1) ,dose(kdet) ,doseun(kdet)

320 FORMAT(’> At ’,F4.1,’--?,F4.1,’cm (’,24A1,° ,tho:’,F8.4,7)=",
* G13.5,°+-’,G13.5,°Gy/incident’)
end do

goboooooboboobooooboobooobooboboboooboboobboobo
goooboobon

ggogooboooobooboobbooobooooobooooboooobobobooboboo
ooooboouooooyooooog
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3.10. Subroutine ausgab

ausgab DO OO0 0OO0OOOODOOOODDODOOODOOODODOODOOOOOODOODODO
U000Oinclude D00 00O0O0OOOODOOOODODOO

iwatch 0O 0O0O00OO0OO0OOODODOODOOOODODODDODOOOODOOOOOOOOOD
ooooood

iarg<500000000000nreg000000D0O00ODODOODOOOODOOOODOODODO
U00D00000Db0Db0Ob00 200 nreg-3000000irl000000O0O0OODOODODOO
O0idet=irl-100000000OO0OOOOOOOOODOO

goboooboboboooouobooobboboobobobboobobOobObOobooooooboD
goooooooooooobooboobbooobobbobbbobbooobOObbobbooooboboDooo
000000Z00000000000000000((@CO0D0OO0O000CO0O0ODO0O0O0O00)
gooooooobobobo0ooobobooobooooooobLUbDDbDOU00dumpy 0O
UbobO0O000D1atch(np) U 10 0000DOO0OODOOOOOOODODOOOO0OOODOO

000000000000000000000 (mexpict)000000000O0O00O0OODBDOO
U0 subroutine plotxyzU OO O

! Keep track of how deep stack gets

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

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

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

if (iarg .1t. 5) then
esum(iql+2,irl,iarg+1l) = esum(iql+2,irl,iarg+1) + edepwt

! added SJW for particle by particle energy balance
if(irl.eq.nreg) then
eparte = eparte + edepwt
else
epartd = epartd + edepwt
endif
end if

if (irl.ge.2.and.irl.le.nreg-3) then
idet=irl-1
if(idet.ge.1.and.idet.le.ndet) then
depe(idet)=depe(idet)+edepwt/rhor(irl)
end if
end if

15



3.11.

if (abs(irl-irold).eq.l.and.iq(np).eq.0) then
iﬁ((w(np).gt.0.0.and.irl.eq.2).or.(w(np).le.0.0.and.irl.eq.l))
* then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.0175
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(up)=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

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

end

subroutine howfar

cGOUDOO0OO0OUOOouooubD howfar OO DODODDOODODODO

U00b0o00d howfar DO0O0O0O0ODOnowfar U 0000000000 0ODOO0O0ODOOO
gbooouoooobobooobooboooobobooooboobboooobboobbooboo
gobbooboooboooobooooooboobooobooobDbo

U0000Onowfar 0000000 00DO0ODO0O0OOO0O00O0 (ddisc=1) DOOO0OOODO
gboobooobooooboboooboboooooboobooobo

4. ucphantom.f 0 ucphantomegv.f 00000000

000000000000 0000eg0O 0000000000 DO0D000DODODODOO howfar
0000000000000 0000D00DO00D0000000000000O00000O0000000O
U0000000 ucphantom.fO uephantomegv.f O 00000000 ODOO OO Oucphantom.fO
00 1.70000o0oocoooooooool?]

5. U0o0n

5.1. 000000000 Co-600 0000
OO0 Co-6000001.173MeVO 1.333MeVO 0D OO0DOOO0O0OOOOO

52. 000000100kVO XO (000000000 DOxraydat000000)000000000

goooooo

53. 000000000DLODO0OOOOO

0000 3em0000000003-13emI0000 0.3g/em®)00000000 3em 0000
oboooboooooobobbokvxoonoog
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54. 00000000DOOO

gobboo 3embO000000 2mO000000000D0000DO0O00DO0ODOO0O0O OX-,
Y-UOoooooooooobooobooooDbokvxonoooo

55. 00000000ODOO0O
U0 20em 00000000 bem-6em 0000000000000 0O100kVXODODODO

5.6. 000
gobooboobobooboobooboboboooobo

e 00U ODDOOLODOOD XODOODODO
e OUDOUDLDOUODDLODDOOODODO

gooooobobOd lemO0bOD0OO0OO00ODOO

e IOUDODDOODDO
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6. Uoboooono

000000 Oucphantomegv. 0000 00000 (egsbjob.out, egsbjob.pic)00 000
000000 (00D Ophantom.out, phantom.pic)J 0000000

6.1. 0000ODO

1. cp ucphantomcgv.f ucphantomcgvi.f

2. cp ucphantomcgv.data ucphantomcgvl.data
3. cp ucphantomcgv.inp ucphantomcgvl.inp
4. ucphantomecgvl.f 00 O

e JODOUDODODDDOOODOD

real*8
* depeh(20) ,depeh2(20) ,dose(20) ,dose2(20) ,doseun(20)

real*8
* depeh(20) ,depeh2(20) ,dose(20) ,dose2(20) ,doseun(20)
* ,esbin(MXEBIN),espdf(MXEBIN),escdf(MXEBIN)

gooo
e U0UDOODLDODOODODOLODODOOOOD

integer
* i,i1,ibatch,icases,idin,ie,ifti,ifto,imed,ireg,isam,
* j,k,kdet,nlist,nnn

integer
* i,i1,ibatch,icases,idin,ie,ifti,ifto,imed,ireg,isam,
* j,k,kdet,nlist,nnn,nsebin

gooo
e IUDOUDODOO openUOODOODOO

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

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

gooo

e co60.inp 0 0UDOO0ODOODODODOODOODOODLODDOOLOODOOLODODOODLOODOD
gobooboboobogo

1.173,1.333
0.5,0.5

e JIUOUOODOODOD dfODODOOOOODDODODO

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

18



! 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

gooo
e 0UDDODLDDOOODOODDO

ekein=1.253 ! Kinetic energy of source photon

ekein=esbin(nsebin) ! Maximum kinetic energy

gbooogd
e 0UD0OO0ODDOLDOOLUOOLOLOOOLOOOO

eparte
epartd

0.d0 ! Initialize some energy-balance
0.4d0 ! tallying parameters (SJW)

ekin=ekein

eparte = 0.d0 ! Initialize some energy-balance
epartd = 0.d0 ! tallying parameters (SJW)

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

gooo
e 0UDDOOOUDDDOOOOLODOOODOOOO

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

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

5. ucphantomegvl.f O egshrun 0 O OO O O
oob0 4000000000000 20000000 DOOOODDOOOOOOOOOO

6. 00000000 Oegshjobout DD OO0 UOOOOOODO 1.233MeVOOOOOOO0OOOO
U0o0oooboboooo 1.23MeVO0 0000000000000
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6.2. 00000

1. cp ucphantomcgvl.f ucphantomcgv2.f

2. cp ucphantomcgvl.data ucphantomcgv2.data
3. cp ucphantomcgvl.inp ucphantomcgv2.inp
4. ucphantomcgv2. 000000000000

e 0UDODLODOOODLDDOODLODOOOOOOOO

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

gooooo

e JDO0OODDDOODODDOODOODLDOOOODOOOO

real*8
* depeh(20) ,depeh2(20) ,dose(20) ,dose2(20) ,doseun(20)
* ,esbin(MXEBIN),espdf(MXEBIN),escdf(MXEBIN)

real*8
* depeh(20) ,depeh2(20) ,dose(20) ,dose2(20) ,doseun(20)
* ,esbin(MXEBIN) ,espdf (MXEBIN),escdf (MXEBIN) ,saspec(MXEBIN)

gbooogd
e 0D OOOLOODOOLOOOOODO

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

0
open(2,file=’xray.dat’,status=’0ld’) ! Data of source x-ray
gooo
e xray.dat 1 000000000 O0O0DODOO0ODOOOO0ODODOODODO
201
0.0005

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

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

0., 15., 472., 410., b595., 675., 642., 477.
498., 492., b504., e610., 611., bBbl., 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.

7574., 7296., 7058., 6815., 6769., 6505., 6511., 6279.

6160., 6751., 7016., 7988., 8860., 9176., 9348., 9177.

L P T VO P T VN

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.
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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.

2000 00000000000.000600000000000 (MeV)ODODOOOODODOO
goboooobobbooobboob Xbooooooooboooobooboooooo
gobooobboooooobooooobOoDbOoDbDOD

e NUDOODOODDOOOODO

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

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

oooof

e df00D0000 DODOOOOOOODOODOOODOOOOOODOODOODOOODBODOO

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

gooo
e D O0OODDOOOOOLODOOOOOO

fexps2s=0.D0

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

e I0UDOODDODLDOOODOOODOD

‘D00DO000D0DO000D0000000000000D000000000000000000000000000
coobo0ooobooooooooooobooooobo0obobOb0b0bb0b00b0000000000000 O7egsbrun”00 00
ODOOD000%egs5run db’0 0000000000 DO0OOOCO0OCOOOO0O0000000000000DO O ”egs5job.exe”
doooooo000o0ooo0o0oo0o0O0O000O000b000b0b0bO0000DOOD0O00DO(DOoODOoOODOO00O0OO
0000000) Moo0ooboo0obObOoOo0oo0o0o00000o00o0O0O000O0000O000ObO000O00O0O0O0OOO
goboboooododoboooodooooooooooobooooboobOoboOob00obooboOoboOobObObOoOobOOonoonoo
goooooodoooboboooobbodoboobobodoooooodooon
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1000

1000

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

gooo

gooooboobobooboooboboooooooooooooobooooobobooobooo
oooooogoobo

O
! _____________________________
! Sampled source spectrum
g gy
do ie=2,nsebin
saspec(ie)=saspec(ie)/float(ncases)
end do
write(6,292)
292  FORMAT(/’ Comparison between sampled spectrum and pdf’
*  /23X,° Sampled pdf *,2BX,’ Sampled pdf ?
* )
do ie=2,nsebin,?2
if(ie.eq.nsebin) then
write(6,294) esbin(ie),saspec(ie),escdf(ie)-escdf(ie-1)
294 FORMAT(1X,G9.3,° MeV(upper)-- ’,2G12.5)
else
write(6,296) esbin(ie),saspec(ie),escdf(ie)-escdf(ie-1),
* esbin(ie+1), saspec(ie+l),escdf(ie+1)-escdf(ie)
296 FORMAT(1X,G9.3,° MeV(upper)-- ’,2G12.5,3X, ’; ’,G9.3,
* > MeV(upper)-- ’,2G12.5)
end if
end do
oooo

goobooobooobon

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

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

5. ucphantomcgv2.inp0 0 0000

22



&INP AE=0.521,AP=0.0100,UE=2.011,UP=1.5 /END

O

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

000 (200)0

6. ucphantomegv2.f O egshrun 0 O OO O O
oobo0 4000000000000 2000D0O0OOO0ODOODDOOODDOOOOODO

7. 00000000 DOegsbjobout 00 OOODOOODOOOODDOD 40keVOOODODODDOO
goobooooooooooobobobobooboooboooboboopdfObOgn

8. CGView U O OO O Ophantem.picO0 0000000 OOOOO

6.3. 00000
1. cp ucphantomcgv2.f ucphantomcgv3.f
2. cp ucphantomcgv2.data ucphantomcgv3.data
3. cp ucphantomcgv2.inp ucphantomcgv3.inp
4. ucphantomecgv3.f 00 [

e OO OUDODO0K3DDODODO

impacr(i) = 0 ! Electron impact ionization
O
impacr(i) = 0 ! Electron impact ionization
if((i.ge.5.and.i.1e.14).0r.i.eq.18) then ! Lung region
rhor(i)=0.3
end if
oooo

e NOODOOD 160DODODO

ndet=20
O
b
S Detector number to score
' ndet=16
gooao

5. ucphantomcgv3.datad 00000000000

RPP 2 -15.0 15.0 -15.0 15.0 0.0
20.0
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RPP

gooo

RPP
RPP
RPP
RPP
RPP
RPP
RPP

RPP
RPP
RPP
RPP
RPP
RPP

gooo

7218
Z19
220
221
222
7223
224

7218
219
220
221
222

gooo

END

gooo

19
20
21
22
23
24
25

19
20
21
22
23
24

+19
+20
+21
+22

+2
+24
+25

+19
+20
+21
+22
+24

-15.0
16.0

-15.0

3.00
-15.0
13.00
-15.0
16.00
-15.0
21.00

16.00

-20.0
36.0

-23

15.

15.
20.

15.
15.
15.
15.

20.

-2

o O O O ©o
o O o oo o ool

o o1 O O O O

-24

=22

24

-15.

-20.

o O o oo o ool

o o1 O O O O

15.

15.
20.

15.
15.
15.
15.

20.

o O O O ©o
o O o oo o ool

o o1 O O O O

16.
17.
18.
19.

20.
-20.

13.
16.

-20.

o O O O O o o

o O O O O o



6. 000 0O ucphantomegv3.data0 0000000

e CGview’O OO OOOOOODOOOOOOODOO

e J0UIOUOOODDO”IOOLOOUODO”0U Uucphantomegv3.datal D OO OO
e 000000 O0DOOOOOOOOOOODOOODODOOODBOO

e 0070700000000 0D0O0D0OO

7. ucphantomegv3.f O egshrun 0 O OO O O
oobo0 4000000000000 2000D0O0OOO0ODOODDOOODDOOOOODO

8. 000 DOOOOOegshjobout U D ODOUOOODOOODOOOOODLDOOOOOOODO
gboogooobobobbotboouoboobooobobobooon

6.4. 00000

1. cp ucphantomcgv3.f ucphantomcgv4.f
2. cp ucphantomcgv3.data ucphantomcgv4.data
3. cp ucphantomcgv3.inp ucphantomcgv4.inp
4. ucphantomecgv4.f 00 [

e I0UDDODLDOOO1000D0O0DO

if((i.ge.5.and.i.1e.14).0r.i.eq.18) then ! Lung region

rhor(i)=0.3
end if
O
if((i.ge.5.and.i.1le.7) .or.(i.ge.10.and.i.1le.14) .0r.i.eq.19.
* or.i.eq.21) then ! Lung region
rhor(i)=0.3
end if
oooo

5. ucphantomcgv4.datad 00000000000

RPP 20 -15.0 15.0 -15.0 15.0 3.0
13.00

RPP 21 -15.0 15.0 -15.0 15.0 13.0
16.00

RPP 22 -15.0 15.0 -15.0 15.0 16.0
21.00

RPP 23 -0.5 0.5 -0.5 0.5 0.0
16.00

RPP 24 -20.0 20.0 -20.0 20.0 -20.0
36.0

g

RPP 20 -15.0 15.0 -15.0 15.0 3.0
6.00

RPP 21 -15.0 15.0 -15.0 15.0 6.0
8.00

RPP 22 -15.0 15.0 -15.0 15.0 8.0
13.00

RPP 23 -15.0 15.0 -15.0 15.0 13.0
16.00

RPP 24 -15.0 15.0 -15.0 15.0 16.0
21.00
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RPP
RPP

goog

7218
219
220
221
222

7218
219
220
221
222
7223
224

goog

goog

-0.5 0.5
16.00
-20.0 20.0
36.0

+19 -23

+20 -23

+21 -23

+22

+24 -1 -2

+19 -25

+20 -25

+21 -25

+22 -25

+23 -25

+24

+26 -1 -2

-0.5 0.5 0.0
-20.0 20.0 -20.0
=22
-24
1 2 0

6. 000 0O ucphantomcgv4.data0 OO0 O OO0

e CGview’OUOOOOODOOOO0OO0O0O0O0O0O0O

e J0UDOUOOODDO”IODLDOOODOY0O Uucphantomegv4.datad 000 OO
e 000000 O0OOOOODOODOOOOOOODBOOOODOD

e 00707”00000 O0O00O0O0OOO

7. ucphantomegv4.f O egshrun D O O OO O

gooo4000000000D0O0 20000000 000D0ODODODDODOOOOODO

8. U0 DOOUOOOegshjobout U D OO OOODOOOLODOOOOOODODODLDDOOODO
goobobobobooooobooooboboobobboboboooobooobo

6.5. 00000

1. cp ucphantomcgv2.f ucphantomcgv5.f

2. cp ucphantomcgv2.data ucphantomcgvb.data

3. cp ucphantomcgv2.inp ucphantomcgv5b.inp

4. ucphantomegv5. £ 000000000000

e NOUDODODO

character*24 medarr(2)
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character*24 medarr(3)

gooo

call block_set ! Initialize some general variables

medarr(1)=">WATER ’
medarr(2)=’AIR-AT-NTP ’

call block_set ! Initialize some general variables

medarr(1)=">WATER ’
medarr(2)=’AIR-AT-NTP ’
medarr(3)="FE ’

ooogo
e [0 characteric dimension 00000 O

chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.040

O
chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.040
chard(3) = 1.040

oooo

5. ucphantomcgv5.datad 0 OO0 00000

RPP 24 -15.0 15.0 -15.0 15.0 20.0
25.00
RPP 25 -20.0 20.0 -20.0 20.0 -20.0
40.00
g
RPP 24 -15.0 15.0 -15.0 15.0 0.0
5.00
RPP 25 -15.0 15.0 -15.0 15.0 5.0
6.00
RPP 26 -15.0 15.0 -15.0 15.0 6.0
20.00
RPP 27 -15.0 15.0 -15.0 15.0 20.0
25.00
RPP 28 -20.0 20.0 -20.0 20.0 -20.0
40.00
gogd
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222 +2 -23

7223 +24

224 +25 -1 -2 -24
d

222 +24 -23

7223 +25 -23

224 +26 -23

225 +27

7226 +28 -1 -2 =27
good

d
2 1 1 1 1 1 3 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 3 1
2 0

good

6. 000 0O ucphantomecgvb.dataO0 OO0 O OO0

e CGview’OUOOOOODOOOO0OO0O0O0O0O0O0O

e JOUDOUOOODDO”IODLDOOODOYHO Uucphantomegvs.datad 00O OO
e 000000 O0OOOOODOODOOOOOOODBOOOODOD

e 00707”00000 O0O00O0O0OOO

7. ucphantomcgvb.inp OO0 O0OD0OOOO0OODO

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

8. ucphantomegvh.f O egshrun D O O OO O
oobo0 4000000000000 2000D0O0OOO0ODOODDOOODDOOOOODO

9. 000 D0O0O0OO0Oegshjobout 0D OOOOOOODOODOOOOOODOOODOOODO
goboogooobobobboboooboooooboobobbooo

10. CGViewDO OO0 O OODOODODOODOODOODOOOODOODOOODDO
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Appendix 1 Full listings of ucphantomcgv.f

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
Ddoskoskskokkokkokok kb kokokokokkok ek ok okkokkok - KEK, High Energy Accelerator Research *

ok ok sk sk ko o o ok ok sk sk ko o sk sk ok o ok sk ko ok ok ok ok Organlzatlon *
'**r u cphantomecg v ** *
ok ok sk sk ko o o ok ok ok sk ko o ok sk ok o ok sk ko ok ok ok ok EGS5.0 USER CODE - 3 Aug 2006/1300 *

1ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok okok ok ok ok ok ok ok ok ko
1ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok okok ok o ok ok ok ok ok ko

! *
! PROGRAMMERS: H. Hirayama *
! Applied Research Laboratory *
! KEK, High Energy Accelerator Research Organization *
! 1-1, Oho, Tsukuba, Ibaraki, 305-0801 *
! Japan *
! *
! E-mail: hideo.hirayama@kek. jp *
! Telephone: +81-29-864-5451 *
! Fax: +81-29-864-4051 *
! *
! Y. Namito *
! Radiation Science Center *
! Applied Research Laboratory *
! KEK, High Energy Accelerator Research Organization *
! 1-1, Oho, Tsukuba, Ibaraki, 305-0801 *
! Japan *
! *
! E-mail: yoshihito.namito@kek. jp *
! Telephone: +81-29-864-5489 *
! Fax: +81-29-864-1993 *
! *

Dokt ook ook ok okokokokokokokok kR ok kokok sk ok kol s o s sk ke ok ok ek sk sk sk sk sk sk sk s sk sk ok ok ok ok ki sk sk sk sk sk ok ok ok o o ok ok
Dokt ok ok ok ook ok kokokokokokokok okok ok ko ok sk sk kol s o s sk ke ok ok ki sk sk sk skl sk sk sk s sk sk sk ok ok ok ki sk sk sk sk sk ok ok ok ok s ok ke ok
! The ucphantomcgv.f User Code requires a cg-input file only
(e.g., ucphantomcgv.data).
The following shows the geometry for ucphantomcgv.data.
E data can be checked by CGview.
This user code corresponds to ucphantomcgp.mor for egs4.
Use Ranlux random number generator.
1 stk ok ok ok ok ok ok o o o e e ook ko o s ook ok ok e ko ok ok ok sk ke s koo o o o

*

X
[
= 4t —tp————t——— 20.0
|
| Outer vacuum region |
+ o= T e ———+ +-—— 15.0
| [ [ | | |
I T T Water (H20) I I
+ + Fom et ————+ + +-—- 0.5
| | | | | | | | |
I |[Air |H20]|H20] |H20|Air | I
1.263MeV | I I I I I I I I
==========)d—— b= > 7
photons -20 -5.0 0 1.0 2.0 19.0 20.0 40.0
25.0

HOR KKK KK KR KR K KR KR KR KKK KK xRN KX

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’
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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’
include ’include/egs5_useful.f’
include ’include/egs5_usersc.f’
include ’include/egs5_userxt.f’
include ’include/randomm.f’

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

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

include ’auxcommons/watch.f’

include ’auxcommons/etaly2.f’ ! Added SJW for energy balance

include ’auxcommons/geom_common.f’ ! geom-common file
integer irinn

common/totals/ ! Variables to score
* depe(20),faexp,fexps,maxpict,ndet

real*8 depe,faexp,fexps

integer maxpict,ndet

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

Ik¥%* real*8 ! Local variables
real*8
* area,availke,depthl,depths,dis,disair,ei0,ekin,elow,eup,
* phaiO,phai,radma2,rnnow,sinth,sposi,tnum,vol,w0,wimin,wtin,
* wtsum,xhbeam,xpf,yhbeam, ypf

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

real*8
* depeh(20),depeh2(20),dose(20),dose2(20),doseun(20)

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

integer
* i,ii1,ibatch,icases,idin,ie,ifti,ifto,imed,ireg,isam,
* ixtype,j,k,kdet,nnn

character*24 medarr(2)

! 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
! call pegsb5. 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)
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medarr(1)="WATER ’
medarr(2)=’AIR-AT-NTP ’

do j=1,nmed
do i=1,24
media(i,j)=medarr(j)(i:1i)
end do
end do
chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.0d40

! npreci 1: for PICT32
! 2: for CGview
! 3: for CGview in free format

npreci=3 ! PICT data mode for CGView in free format
ifti = 4 ! Input unit number for cg—data
ifto = 39 ! Output unit number for PICT

write(8,fmt="(’ CG data’)")
call geomgt(ifti,6) ! Read in CG data
write(8,fmt="(’ End of CG data’,/)")

if (npreci.eq.3) write(ifto,fmt="(’CSTA-FREE’)")
if (npreci.eq.2) write(ifto,fmt="(’CSTA’)")

rewind ifti
call geomgt(ifti,ifto)! Dummy call to write geom info for ifto

write(ifto,110)
110 FORMAT(’CEND’)

nreg=izonin

! Read material for each refion from egs5job.data
read(4,*) (med(i),i=1,nreg)

! Set option except vacuum region

do 1=2,nreg-2
if(med(i).ne.0) then

iphter(i) =1 ! Switches for PE-angle sampling
iedgfl(i) =1 ! K & L-edge fluorescence

iauger(i) = 0 ! K & L-Auger

iraylr(i) =1 ! Rayleigh scattering

lpolar(i) = 0 ! Linearly-polarized photon scattering
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incohr(i) = 0 ! S/Z rejection
iprofr(i) = 0 ! Doppler broadening
impacr(i) = 0 ! Electron impact ionization
end 1if
end do

Random number seeds. Must be defined before call hatch
or defaults will be used. inseed (1- 2731)

luxlev = 1

inseed=1

write(6,120) inseed

120  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

irin=0 ! Starting region (0: Automatic search in CG)

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)

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

write(8,130)

130  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(8, 140)

140  FORMAT(/,’ HATCH-call comes next’,/)

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

Print various data associated with each media (not region)
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160
170

180
190

200

210

220

*
*

write(8,150)

FORMAT(/,’ Quantities associated with each MEDIA:’)

do j=1,nmed
write(6,160) (media(i,j),i=1,24)
FORMAT(/,1X,2441)
write (6,170} rhom(j),rlem(j)
FORMAT(5X,’ rho=’,G15.7,’ g/cu.cm
write(6,180) ae(j),ue(j)

rle=’,G15.7,’ cm’)

FORMAT(5X,’ ae=’,G15.7,’ MeV ue=’,G15.7,’ MeV’)

write(6,190) ap(j),up(j)

FORMAT(5X,’ ap=’,G15.7,’ MeV up=’,G15.7,’ MeV’,/)

end do

write(68,200)

FORMAT(/’ Information of medium and cut-off for each region’)

do i=1,nreg
if (med(i).eq.0) then
write(6,210) i

FORMAT(’ Medium(region:’,I5,’)= Vacuum’)

els

ecut(i),pcut(i),rhor(i
FORMAT(® Medium(region:’,I5,
)y=> 24A1,/5X, ECUT=’,G10.5,’
G10.5, ’ eV, density=’,F10.3
end if
end do

write(8,fmt="(’ CG data’)")

write(39,fmt="(’MSTA’)")
write(39,fmt="(i4)") nreg
write(39,fmt="(16i4)") (med(i),i=1,nreg)
write(39,fmt="(’MEND’)")

! Step 6: Initialization-for-howfar

230

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

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

do nnn=1,20
depe(nnn)=0.D0
depeh(nnn)=0.D0
depeh2(nnn)=0.D0
end do

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

ndet=20
write(68,230)

e
write(6,220) i, (media(ii,med(i)),ii=1,24),

)MeV, PCUT=",

FORMAT(//,’ Energy/Coordinates/Direction cosines/etc.’,/,
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* 6X,’e’,16X,°x’,14X,’y’, 14X,z /
* 1X,’u’,14X,’v’, 14X, w’ 9%, ’iq’ ,4X, *ir’,3X, iarg’,/)

History number

ncases=100000

Maximum history number to write trajectory data
maxpict=100

write(39,fmt="(’0 1))

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

240 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 240
if (sposi.gt.5.0) then
disair=(sposi-5.0)/win
xin=disair*uin
yin=disair*vin

zin=-5.D0
else

xin=0.D0

yin=0.DO0

zin=-sposi
end if

if(irin.le.0.or.irin.gt.nreg) then
call srzone(xin,yin,zin,iqin+2,0,irinn)
call rstnxt(iqin+2,0,irinn)

else
irinn=irin

end if

eparte = 0.d0 ! Initialize some energy-balance
epartd = 0.d0 ! tallying parameters (SJW)
ekin=ekein
wtin = 1.0
wtsum = wtsum + wtin ! Keep running sum of weights
etot = ekin + iabs(iqin)*RM ! Incident total energy (MeV)

Available K.E. (MeV) in system

if(iqin.eq.1) then
for positron

availke = ekin + 2.0%RM

else Available K.E. (MeV) in system
availke = ekin for photon and electron

end if

totke = totke + availke ! Keep running sum of KE

latchi=0
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290

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write(6,250) etot,xin,yin,zin,uin,vin,win,iqin,irinn,idin
FORMAT(4G15.7/3G15.7,3I5)

end if

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

Added for energy balance tests (SJW)
if (DABS(eparte + epartd - availke)/availke .gt. 1.d-10) then
write(*,260) icases, eparte, epartd

FORMAT(’Error on # ’,I6,’ Escape = ’,F9.5,’ Deposit = ’,F9.5)
endif

do kdet=1,ndet
depeh(kdet)=depeh(kdet)+depe(kdet)
depeh2(kdet)=depeh2(kdet)+depe(kdet)*depe(kdet)
depe(kdet)=0.0

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
| e e
call plotxyz(99,0,0,0.D0,0.D0,0.D0,0.D0,0,0.D0)
write(39,fmt="(’9’)") ! Set end of batch for CG View

close(UNIT=39,status='keep’)

tt=etime(tarray)

tti=tarray(1)

cputime=tt1-tt0

write(6,270) cputime

format(’ Elapsed Time (sec)=’,G15.5)

write(6,280) ncount,ncases,totke,totke/ncount
FORMAT(/,’ Ncount=’,I10,’ (actual cases run)’,/,

* > Ncases=’,I110,’ (number of cases requested)’,/,
* >’ TotKE =’,G15.5,’ (total KE (MeV) in run)’/
* > Average Kinetic enegy =’,G15.5,’MeV’/)

if (totke .le. 0.D0O) then
write(6,290) totke,availke,ncount
FORMAT(//,’ Stopped in MAIN with TotKE=’,G15.5,/,
* > AvailKE=’,G15.5, /,’ Ncount=’,I10)
stop
end if

write(6,300) sposi
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’)
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320

330

340

*
*
*

*
*

write(6,310) ncases, xhbeam, yhbeam
FORMAT(1X,I8,’ photons normally incident from front side’/
*’ Half width of beam is ’,G15.5,’cm for X and ’,G15.5,’cm for Y’)

area=1.D0*1.DO
do kdet=1,ndet

vol=area*1.DO

dose(kdet)=depeh(kdet)/ncases
dose2(kdet)=depeh2(kdet)/ncases

doseun(kdet)=dsqrt ((dose2(kdet)-dose(kdet)*dose(kdet))/ncases)
dose(kdet)=dose(kdet)*1.602E-10/vol
doseun(kdet)=doseun(kdet)*1.602E-10/vol

depths=kdet-1.0

depthl=kdet

write(6,320)depths,depthl, (media(ii,med(kdet+1)),1ii=1,24),
rhor(kdet+1) ,dose(kdet) ,doseun(kdet)

FORMAT(’ At °,F4.1,’—-’.F4.1,’cm (’,24A1,’,rho:’,F8.4,7)=",
G13.5,’+-’,G13.5,Gy/incident’)

end do

faexpa=faexps/ncases

faexp2s=faexp2s/ncases

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(6,330) 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(6,340) 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

call ecnsvi(1l,nreg,totke)

call counters_out(1)

close(UNIT=1)
close(UNIT=4)

stop

end

| Version: 030831-1300
| Reference: SLAC-265 (p.19-20, Appendix 2)
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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_media.f’

include ’include/egs5_misc.f’

include ’include/egs5_stack.f’

include ’include/egs5_useful.f’

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

include ’auxcommons/etalyl.f’ ! Auxiliary-code COMMONs

include ’auxcommons/lines.f’
include ’auxcommons/ntalyl.f’

include ’auxcommons/watch.f’
include ’auxcommons/etaly2.f’ ! Added SJW for energy balance

common/totals/ ! Variables to score
* depe(20),faexp,fexps,maxpict,ndet

real*8 depe,faexp,fexps

integer maxpict,ndet

integer ! Arguments
* iarg
real*8 ! Local variables

* cmod,dcon,edepwt,encoea,esing
integer idet,ie,iql,irl
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! Keep track of how deep stack gets
]

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

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

edepwt = edep#*wt(np)

if (iarg .lt. 5) then
esum(iql+2,irl,iarg+l) = esum(iql+2,irl,iarg+1l) + edeput
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! added SJW for particle by particle energy balance
if(irl.eq.nreg) then
eparte = eparte + edepwt
else
epartd = epartd + edepwt
endif
end if

if (irl.ge.2.and.irl.le.nreg-3) then
idet=irl-1
if(idet.ge.1l.and.idet.le.ndet) then
depe(idet)=depe(idet)+edepwt/rhor(irl)
end 1if
end if

if (abs(irl-irold).eq.1l.and.iq(np).eq.0) then
iﬁ((w(np).gt.0.0.and.irl.eq.2).or.(w(np).le.0.0.and.irl.eq.l))
* then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.0175
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

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

* wt(np))
end if

return
end

e last line of ausgab.f-———————-—-—--—---------—
b howfar.f---------\"-ni.in——

! Version: 060620-1400

! Reference: T. Torii and T. Sugita, "Development of PRESTA-CG

! Incorporating Combinatorial Geometry in EGS4/PRESTA", JNC TN1410 2002-201,
! Japan Nuclear Cycle Development Institute (2002).

! Improved version is provided by T. Sugita. 7/27/2004

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/geom_common.f’ ! geom-common file

c

c
integer i,j,jjj,ir_np,nozone, jty,kno

g
inte§er irnear,irnext,irlold,irlfg,itvlfg,ihitcg
double precision xidd,yidd,zidd,x_np,y_np,z_np,u_np,v_np,w_np
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double precision tval,tvalO,tval00,tvallO,tvalmn,delhow

double precision atvaltmp
integer iq_np

ir(np)
iq(np) + 2

ir_np
iq_np

if(ir_np.le.0) then
write(6,*) ’Stopped in
stop

end if

if(ir_np.gt.izonin) then
write(6,*) ’Stopped in
stop

end if

if(ir_np.EQ.izonin) then
idisc=1
return

end if

tval=1.d4+30
itvalm=0

body check
u_np=u(np)
v_np=v(np)
w_np=w(np)
x_np=x(np)
y-np=y(np)
z_np=z(np)

do i=1,nbbody(ir_np)
nozone=ABS(nbzone(i,ir_
jty=itblty(nozone)
kno=itblno(nozone)
rpp check
if(jty.eq.ityknd(1)) th
if(kno.le.0.or.kno.gt
call rppcgl(kno,x_np,
sph check
elseif (jty.eq.ityknd(2)
if(kno.le.0.or.kno.gt
call sphcgl(kno,x_np,
rcc check
elseif (jty.eq.ityknd(3)
if(kno.le.0.or.kno.gt
call rcccgl(kno,x_np,
trc check
elseif (jty.eq.ityknd(4)
if(kno.le.0.or.kno.gt
call trccgl(kno,x_np,
tor check
elseif (jty.eq.ityknd(5)
if(kno.le.0.or.kno.gt
call torcgl(kno,x_np,
rec check
elseif (jty.eq.ityknd(6)
if(kno.le.0.or.kno.gt
call reccgl(kno,x_np,
ell check
elseif (jty.eq.ityknd(7)
if(kno.le.0.or.kno.gt
call ellcgl(kno,x_np,
wed check
elseif (jty.eq.ityknd(8)
if(kno.le.0.or.kno.gt
call wedcgl(kno,x_np,
box check
elseif (jty.eq.ityknd(9)
if(kno.le.0.or.kno.gt
call boxcgl(kno,x_np,
arb check
elseif (jty.eq.ityknd(10

howfar with ir(np) <=0’

howfar with ir(np) > izonin’

np))

en
.irppin) go to 190
y_np,z_np,u_np,v_np,w_np)

) then
.isphin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.irccin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.itrcin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.itorin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.irecin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.iellin) go to 190
y_np,Z_Np,u_np,v_np,w_np)

) then
.iwedin) go to 190
y_np,Z_np,u_np,v_np,w_np)

) then
.iboxin) go to 190
y_np,Z_np,u_np,v_np,w_np)

)) then
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if(kno.le.0.or.kno.gt.iarbin) go to 190
call arbcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c hex check
elseif (jty.eq.ityknd(11)) then
if(kno.le.0.or.kno.gt.ihexin) go to 190
call hexcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c haf check
elseif (jty.eq.ityknd(12)) then
if(kno.le.0.or.kno.gt.ihafin) go to 190
call hafcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c tec check
elseif (jty.eq.ityknd(13)) then
if(kno.le.0.or.kno.gt.itecin) go to 190
call teccgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)

c***x* add new geometry in here

end if
190 continue
end do

irnear=ir_np
if(itvalm.eq.0) then
tvalO=cgepsi
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
310 continue
if(x_np.ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) goto 320
tvalO=tval0*10.40
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
go to 310
320 continue
c write(*,*) ’srzone:1’
call srzone(xidd,yidd,zidd,iq _np,ir_np,irnext)

if (irnext.ne.ir_np) then
tval=0.0d0
irnear=irnext
else
tval00=0.0d0
tval10=10.0d0*tval0
irlold=ir_np
irlfg=0
330 continue
if(irlfg.eq.1) go to 340
tval00=tvalO0+tvalll
if(tval00.gt.1.0d+06) then
write(6,9000) iq(np),ir(np),x(np),y(np),z(np),
& u(np),v(np),w(np),tvalo0
9000 format(’ TVALOO ERROR : iq,ir,x,y,z,u,v,w,tval=’,
& 2I3,1P7E12.5)
stop
end if
xidd=x_np+tval00*u_np
yidd=y_np+tval00*v_np
zidd=z_np+tval00*w_np
call srzold(xidd,yidd,zidd,irlold,irlfg)
go to 330
340 continue

tval=tvalO0
do j=1,10
x1dd=x_np+tvalO0*u_np
yidd=y_np+tval00*v_np
zidd=z_np+tval00*w_np
c write(*,*) ’srzone:2’
call srzone(xidd,yidd,zidd,iq_np,irlold,irnext)
if(irnext.ne.irlold) then
tval=tvalO0
irnear=irnext
end if
tval00=tvalQ00-tvall
end do
if(ir_np.eq.irnear) then
write(0,#*) ’ir(np),tval=’,ir_np,tval
end if
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end if
else
do j=1,itvalm-1
do i=j+1,itvalm
if(atval(i).lt.atval(j)) then
atvaltmp=atval(i)
atval(i)=atval(j)
atval(j)=atvaltmp
endif
enddo
enddo
itvlfg=0
tvalmn=tval
do jjj=1,itvalm
if(tvalmn.gt.atval(jjj)) then
tvalmn=atval(jjj)
end if
delhow=cgeps2
tva10=atva1(jig)+delhow
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
410 continue
if(x_np.ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) go to 420
delhow=delhow*10.d0
tvalO=atval(jjj)+delhow
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
go to 410
420 continue
c write(*,*) ’srzone:3’
call srzone(xidd,yidd,zidd,iq_np,ir_np,irnext)
if((irnext.ne.ir_np.or.atval(jjj).ge.1.).and.
& tval.gt.atval(jjj)) THEN
tval=atval(jjj)
irnear=irnext
itvlf§=1
oto 425
end if
end do
425 continue
if(itvlfg.eq.0) then
tvalO=cgmnst
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
430 continue
if(x_np.ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) go to 440
tvalO=tval0*10.d0
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
go to 430
440 continue
if(tvalmn.gt.tvalO) then
tval=tvalmn
else
tval=tvall
end if
end if
end if
ihitcg=0
if(tval.le.ustep) then
ustep=tval
ihitcg=1
end if
if(ihitcg.eq.1) THEN
if (irnear.eq.0) THEN
write(6,9200) iq(np),ir(np),x(np),y(np),z(np),
& u(np),v(np),w(np),tval
9200 format(’ TVAL ERROR : iq,ir,x,y,z,u,v,w,tval=’,2I3,1P7E12.5)
idisc=1
itverr=itverr+1
if(itverr.ge.100) then
stop
end if
return
end if
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irnew=irnear
if (irnew.ne.ir_np) then
call rstnxt(iq_np,ir_np,irnew)
endif
end if
return
end

| Version: 030831-1300
| Reference: SLAC-265 (p.19-20, Appendix 2)
gy M M S

123456789 | 123456789 | 123456789 | 123456789 | 123456789 | 123456789 | 12345678912

*

* ¥

* ¥ K KX 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-hnul))
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

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

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

Appendix 1-14



123456789 123456789 123456789 123456789 | 123456789 |123456789| 12345678912
]

! 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/

* K K X K

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*STOPPED IN ENCOEW**x***’ / > E=’,G15.5,///)
return
end
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