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(Japanese Parts)



1 OD000odooubbdld uesource. £ 00

U0000b00OFig. 100000D cghbOObOUObOOODOobDbODODUOobObDOoObOObUobobOO
000000000000 000000 (0)ObOo0Db0DO0O00ODODO0O0ODDOO (1.253MeV) OO0
ob0zO00-semD000000O00OO0ODOOOOOOODOOOODOO

R
i

R=6.0
vacuum
R=4.0
vacuum
R=2.0
1.253 MeV
photons vacuum

-5.0 0.0 3.0 50 7.0

Figure 1: Geometry of ucsource.f

2 Joooooboboooood

2.1 Co-600 v-0O00O
000 1.173MeV 0O 1.333MeV Oy ODO0DOO0O0OO0OOOO Co-600 v-00000D0OOOif0O0O
O000000Odeta0 000000 DOOO0OOOOOODOODOOODODOOODOOO
2,11 if0000000O0

1. cp ucsource.f ucsourcel 0.f

2. ucsourcel1 0.£f0 00

e O DODODOODOUUODbDOODOOO
* esbin(1),spg(l),spe(l)

* esbin(2),spg(2),spe(2)
goono

nsebin=1

nsebin=2
ooono
e JOO0OOUOOODOOOOOOOOO

ekein=1.253 ! Kinetic energy



ekein=1.333 ! Kinetic energy
good

esbin(1)=ekein

esbin(1)=1.173
esbin(2)=1.333

goog
e HUODOODLOOODLOOOOLOOOOOODLDDOO

ekein = ekein
spg(1)=spg(1)+1.0

call randomset (rnnow)
if (rnnow.le.0.5) then
ekein = 1.173
spg(1)=spg(1)+1.0
else
ekein = 1.333
gpgé2)=spg(2)+1.0

end 1

goog

3. ucsourcel 0.f [ egsbrun 0 U OO OO

e Linux 0O Cygwin O OO

U00000D00O00OOucsourcel 00,0000 4000000000 ucsource

OOOoDoOoO0DO0Og2007return”d0 00000

”"Does this user code read from the terminal?”’0 000 1000000

e DOSO OO
egsbrun ucsoucel 0 ucsource ucsource

e ucsourcel 0.f000egsbrun.bat OO OODODOOOOOOOOCOCOOOODODODOO
0000000000 00O0O0O00ooOoOoOooDboOSO0DOOOobOoOoooooOon

Oo/0000¥0000O0O0O0OO0OODOOOObOOOOOD

4. egshjobout U0 OO DOUODOOOOODOO1I01000000DO0ODO0ODbDObOODOOODO

Sampled source spectrum

particles/source
Upper energy Gamma Electron
1.1730 MeV-- 0.49710 0.0000
1.3330 MeV-- 0.50290 0.0000

2.1.2 dataO00OOOOOOO
1. cp ucsourcel 0.f ucsourcel 1.f
2. ucsourcel 1.£f000

e real*8 [0 00 espdf(2),escdf(2) 00O DO OO

realx*8
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(2),spg(2),spe(2)

pdf

! Local variables



real*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,y10,zi0,
* esbin(2),spg(2),spe(2),espdf(2),escdf(2)

good
e integer U UDODO dataDOOOOONO

integer
* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

integer
* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

data esbin/1.173,1.333/
data espdf/0.5,0.5/

good
e nsebin=20000cdf000000O0OO0DOOOO

nsebin=2
nsebin=2

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

goog
e JI0DDODOODOODLOODOODDO

ekein=1.333 ! Kinetic energy

ekein=esbin(nsebin) ! Maximum kinetic energy
oooo
e IOODODODOOODOO

esbin(1)=1.173
esbin(2)=1.333

gboogodg
e JO0ODODDODDODOOODOODOO

call randomset (rnnow)
if (rnnow.le.0.5) then
ekein = 1.173
spg(1)=spg(1)+1.0
else
ekein = 1.333
gpg§2)=spg(2)+1.0

end 1



call randomset (rnnow)

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

end do

1000 ekein=esbin(ie)

if(iqin.eq.0) then
spg(ie)=spg(ie)+1.0

else
spe(ie)=spe(ie)+1.0

end if

goog

3. ucsourcel 1.f [J egsbrun 0O OO OO

e LinuxO OO

0000000000 OOucsourcel 10,0000 4000000000 ucsource
000000000 200"return”0 00000
”"Does this user code read from the terminal?”’0 000 1000000

e DOSO OO
egsbrun ucsoucel_1 ucsource ucsource

4. egshjobout U0 OO DOUODOOOOODOO1I01000000ODO0ODO0ODbDObOODOOOODOd

Sampled source spectrum

particles/source
Upper energy Gamma Electron pdf
1.1730 eV-- 0.49710 0.0000
1.3330 MeV-- 0.50290 0.0000

2.1.3 dataUOODOOOOOOOOO
1. cp ucsourcel 1.f ucsourcel 2.f
2. ucsourcel 2. £ 00
e local variableJ O OO OO

realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,y10,zi0,

* esbin(2),spg(2),spe(2),espdf(2),escdf(2)

O
realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin (MXEBIN),
* spg(MXEBIN),Spe(MXEBIN),espdf(MXEBIN),escdf(MXEBIN)

ogoooon

e data [l

data esbin/1.173,1.333/
data espdf/0.5,0.5/

ogoooon

e open U OOOON



open(6,FILE="egs5job.out’,STATUS="unknown’)

open(6,FILE="egs5job.out’,STATUS="unknown’)
open(2,file=’co060.inp’,status=’"unknown’)

good

e co60.inp U OI0OODDOOODODOOODLODOODDOODODOOODLOOODOO
uboogbooobooooooo

1.173,1.333
0.5,0.5

e nsebin=20 00000000000

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

e JOODOOOOODODODO

write(6,170) esbin(ie),spg(ie),spe(ie)

170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5)
O

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie)/tnum
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8%X,G12.5)
oooood

3. ucsourcel 2.f [ egsbrun U OO OO O

e Linux O O[O
00000000000 Oucsourcel 20,0000 4000000000 ucsource
000000000 2500"return”000 00O
”Does this user code read from the terminal?”’0 000 10000003

e DOSO OO
egsbrun ucsoucel_2 ucsource ucsource

4. egsbjob.out OO OODOOOOOOOO101000000DOOCO0O0DOOOODOOOD

Sampled source spectrum

particles/source
Upper energy Gamma Electron pdf
1.1730 MeV-- 0.49710 0.0000 0.50000
1.3330 MeV-- 0.50290 0.0000 0.50000

2.2 Ir-1920 y0OO

Ir-1920000000 yOOOODOODOODOODOOODOODOODODODOODOODOOOD
goobooooi1wooo



Energy | Emission
Rate
0.296 28.7
0.308 30.0
0.317 82.7
0.468 47.8
0.589 4.5
0.604 8.2
0.612 5.3

1. cp ucsourcel 2.f ucsource2.f
2. ucsoure2.f 0100
e 00D UOOUOUOOODDDODO openDODOOOO

open(2,file=’co060.inp’,status=’unknown’)

open(2,file=’ir192.inp’,status=’unknown’)
oooo

e ir192.inp 0 U0OUO0ODOOO0OODOOODODOO0OODOOODDOOODLOOODOO
ubogboooboooood

0.296,0.308,0.317,0.468,0.589,0.604,0.612
0.287,0.300,0.827,0.478,0.045,0.082,0.053

e J0DDDDDDDODDODODO!

nsebin=2
g

nsebin=7
oood

3. ucsource2.f [ egsorun U OO OO O

e Linux O O[O
00000000000 Oucsource2 01,0000 4000000000 ucsource
000000002500 return”00000O0O
”Does this user code read from the terminal?”’0 000 10000003

e DOSO OO
egsbrun ucsource2 ucsource ucsource

0000000000000 0000000000000000000000000000000000000
000000000 00000O0000000000000000000O0000D0O0O0OUNIXOO Cygwin OO
O0%egsbrun”0 0 0000000O%egsrun db” OO0 0000000000000 O0OOOOOOOOOOOODO
O000000O%egshjobexe’ 0000 0O0OOOOOOOODOS OODODODO”egsbrun_db ucsource2 ucsource”d O
go00o0oo0oU0oUOoUOobOO0O00O0OoU0OUOUOUOUOU(DOD0OLDODO0ODLDODUODUODUDUO)O
gooooooboobooboobobooboboboobboobooboobobbobbobboobboob o
000000000000 0O000oo0O00oO00000o000D0ooO0o0o0ooOO0oO0oO0oooOooooOoOO
0000000000 0O0O0O00oooO0o0ooooooooooo



4. egsbjobout OO O O0DOOOOOOODOOOOODOOOOOOOOOODOOOOOOOOO

oogd

Sampled so

Upper ener
.29600
.30800
.31700
.46800
.58900
.60400
.61200

2.3 Sr-90—3 0

urce spectrum

particles/source
gy Gamma
MeV-- 0.14040
MeV-- 0.14210
MeV-- 0.40050
MeV-- 0.22930
MeV-- 0.22000E-01
MeV-- 0.39300E-01
MeV-- 0.26400E-01
(]

Electron
.0000
.0000
.0000
.0000
.0000
.0000
.0000

OQOOOOOO

pdf

QOO OOOO

.13851
.14479
.39913
.23069
.21718E-01
.395675E-01
.26679E-01

0000000000000 O0O000ODOOO0OO0OO0O0OODODOOOODOOOOODOOOO
gbbobooboboooboobooboobuoooooboobooboboobboonoon
0000000000000 000000 (DODO0O0D0D0U000ODO)0D000O00D0UODDOOOO
gboboboobobooobooobboobbuoooboooooobooboobbooboo
goobgoboobbooboobooboobboboobooboooboboobbooboo
gboboboobobobooboobooobobboobooboboooboboobboobo
goboobooboboobooboobooboobooobobboobbobbooboo
gbboboobboboobobod

ooobooOooboooooose-900 poboboOoOoOoDOOO0ODOOODOODOOnO

2.3.1 ICRU Report 56 000000 0OO00OODO

ICRU Report 56 D 00O Sr-900 pO0000000MMOOO0OOCOO0OOOOOOOOO41000
00000000000000 00000000000 (0DOODO0O0OO0OO0OO0O0O0OO0
gboobooobooobooboobooboo

%sr (€, =0.546MeV)

1.6

B/disintegration per interval

Figure 2: f-ray spectrum from Sr-90(ICRU Report 56).




Table 1 f-ray spectrum from Sr-90(ICRU Report 56).

E/Ea | B per dis. | E/Epq.. | B per dis

per bin per bin
0.00 1.597 0.025 1.538
0.05 1.532 0.075 1.526
0.01 1.518 0.125 1.509
0.15 1.500 0.175 1.490
0.20 1.479 0.225 1.466
0.25 1.453 0.275 1.439
0.30 1.422 0.325 1.404
0.35 1.384 0.375 1.361
0.40 1.335 0.425 1.306
0.45 1.274 0.475 1.238
0.50 1.198 0.525 1.154
0.55 1.106 0.575 1.053
0.60 0.997 0.625 0.935
0.65 0.870 0.675 0.801
0.70 0.729 0.725 0.654
0.75 0.577 0.775 0.498
0.80 0.420 0.825 0.343
0.85 0.268 0.875 0.198
0.90 0.135 0.925 0.081
0.95 0.038 0.975 0.010
1.00 0.000

1. cp ucsource2.f ucsource3.f

2. ucsource3d.fO0 00

e local variablel] ,deltaes,emax 00000

real*8

! Local variables

* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin (MXEBIN),
* spg(MXEBIN),Spe(MXEBIN),espdf(MXEBIN),escdf(MXEBIN)

realx*8

! Local variables

* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN),

* deltaes,emax

goog

e JUOODOUONO open IO OODOO

open(2,file=’ir192.inp’,status=’unknown’)

open(2,file=’sr90beta.inp’,status=’unknown’)

good

e sr90beta.inp0 000000000000 OOOODOOODODO pOODOOOODDODO
0000000000000 000O00000O000O00O00DO0UO0O0OO0O0 (cdf)
googboobooboboon



0.546

41

.025

.5697,1.538 ,1.5632,1.526 ,1.518,1.509 ,1.500,1.490 ,1.479,1.466
.453,1.439 ,1.422,1.404 ,1.384,1.361 ,1.335,1.306 ,1.274,1.238
.198,1.154 ,1.106,1.053 ,0.997,0.935 ,0.870,0.801 ,0.729,0.654
.888,0.498 ,0.420,0.343 ,0.268,0.198 ,0.135,0.081 ,0.038,0.010

05460 pO0O0O000O0O00 (Epee, MeV)O41000000.02500FE/E e, 000
goooo

e NIODODDOODOnsebin O OODOOODOOONO

v v o

oSO, O

nsebin=7 ! Number of source energy bins
read(2,*) (esbin(i),i=1,nsebin)
read(2,*) (espdf(i),i=1,nsebin)

0
read(2,*) emax ! Maximum beta-ray energy
read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV
read(2,*) (espdf(i),i=1,nsebin)

o000

e JO0ODODDODDODOOODOODOO

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

end do
O
do ie=1,nsebin
esbin(ie)=(ie-1)*deltaes*emax
tnum=tnum+espdf (ie)
end do
oooo

e cdf00D0O0O0ODOOOODO

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

end do
O
escdf (1)=0.0
do ie=2,nsebin
escdf (ie)=escdf (ie-1)+espdf (ie-1)/tnum
end do
ooon

e JOODOODODODODODO

igin=0 ! Incident charge - photons
0

igin=-1 ! Incident charge - electrons
good

e JOOOOOODOODOO
ncases=10000

10



ncases=100000

goog
e OO ODODODODODOOODOODLDOO

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

end do
1000 ekein=esbin(ie)
o0

do ie=2,nsebin

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

end do

1000 ekein=esbin(ie—-1)+(rnnow-escdf (ie-1))*(esbin (ie)-esbin (ie-1))
* /(escdf (ie)-escdf (ie-1))

oooo

e JOODOODODODODODO

do ie=1,nsebin

spe(ie)=spe(ie)/ncount

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie)/tnum
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8X,G12.5)
end do

do ie=2,nsebin

spe(ie)=spe(ie)/ncount

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie-1)/tnum
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8X,G12.5)
end do

good

3. ucsource3.f [ egsorun U OO OO O

e Linux OO0
00000000000 Oucsource3 01,0000 4000000000 ucsource
00000000 2007return”00000O0O
”Does this user code read from the terminal?”’0 000 1000000

e DOSOOO
egsbrun ucsource3 ucsource

11



Sampled source spectrum

4. egsbjobout 00O O0O0OOOOCODODOOOOODOOOOOOOODOOOOOOOOOOOO

particles/source

Upper energy Gamma Electron pdf

.13650E-01 MeV-- 0.0000 0.38520E-01 0.39108E-01
.27300E-01 MeV-- 0.0000 0.37330E-01 0.37663E-01
.40950E-01 MeV-- 0.0000 0.36750E-01 0.37516E-01
.54600E-01 MeV-- 0.0000 0.37710E-01 0.37369E-01
.68250E-01 MeV-- 0.0000 0.37060E-01 0.37173E-01
.81900E-01 MeV-- 0.0000 0.36010E-01 0.36953E-01
.95560E-01 MeV-- 0.0000 0.36990E-01 0.36732E-01
.10920 MeV-- 0.0000 0.36450E-01 0.36487E-01
.12285 MeV-- 0.0000 0.37110E-01 0.36218E-01
.13650 MeV-- 0.0000 0.35230E-01 0.35900E-01
.15015 MeV-- 0.0000 0.35310E-01 0.35581E-01
.16380 MeV-- 0.0000 0.34350E-01 0.35239E-01
.17745 MeV-- 0.0000 0.35240E-01 0.34822E-01
.19110 MeV-- 0.0000 0.34100E-01 0.34381E-01
.20475 MeV-- 0.0000 0.33260E-01 0.33892E-01
.21840 MeV-- 0.0000 0.34070E-01 0.33328E-01
.23205 MeV-- 0.0000 0.32810E-01 0.32692E-01
.24570 MeV-- 0.0000 0.32090E-01 0.31982E-01
.25935 MeV-- 0.0000 0.31810E-01 0.31198E-01
.27300 MeV-- 0.0000 0.30760E-01 0.30316E-01
.28665 MeV-- 0.0000 0.29310E-01 0.29337E-01
.30030 MeV-- 0.0000 0.28920E-01 0.28259E-01
.31395 MeV-- 0.0000 0.27620E-01 0.27084E-01
.32760 MeV-- 0.0000 0.25490E-01 0.25786E-01
.34125 MeV-- 0.0000 0.23880E-01 0.24415E-01
.35490 MeV-- 0.0000 0.23650E-01 0.22896E-01
. 36855 MeV-- 0.0000 0.21360E-01 0.21305E-01
.38220 MeV-- 0.0000 0.19210E-01 0.19615E-01
.39585 MeV-- 0.0000 0.18200E-01 0.17852E-01
.40950 MeV-- 0.0000 0.15610E-01 0.16015E-01
.42315 MeV-- 0.0000 0.14610E-01 0.14130E-01
.43680 MeV-- 0.0000 0.12170E-01 0.12195E-01
.45045 MeV-- 0.0000 0.10670E-01 0.10285E-01
.46410 MeV-- 0.0000 0.84100E-02 0.83995E-02
47775 MeV-- 0.0000 0.63300E-02 0.65628E-02
.49140 MeV-- 0.0000 0.50100E-02 0.48487E-02
.50505 MeV-- 0.0000 0.33400E-02 0.33059E-02
.51870 MeV-- 0.0000 0.21200E-02 0.19835E-02
.53235 MeV-- 0.0000 0.88000E-03 0.93055E-03
.54600 MeV-- 0.0000 0.25000E-03 0.24488E-03

2.3.2 RADAR - The Decay DataO0 0000000000

RADAR - The Decay Datal http://www.doseinfo-radar.com/RADARDecay.html) 00O 00O
0p00000000000000000O000MRADARODODUOODOOMRADARDOOOO
00200000000000000000000 (PDF:Probability distribution function) O O
000000oo0oo0o0oooOobOobo sr-900 pO00Db0O0OO00OD0OODO0ODOOODOODOODODOO
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Table 2 f-ray spectrum from RADAR.

Emin Ema:v PDF

0.0000 | 0.0273 | 7.79E-02
0.0273 | 0.0546 | 7.60E-02
0.0546 | 0.0819 | 7.50E-02
0.0819 | 0.1092 | 7.40E-02
0.1092 | 0.1365 | 7.30E-02
0.1365 | 0.1638 | 7.17TE-02
0.1638 | 0.1911 | 7.01E-02
0.1911 | 0.2184 | 6.80E-02
0.2184 | 0.2457 | 6.53E-02
0.2457 | 0.2730 | 6.19E-02
0.2730 | 0.3003 | 5.78E-02
0.3003 | 0.3276 | 5.27E-02
0.3276 | 0.3549 | 4.68E-02
0.3549 | 0.3822 | 4.01E-02
0.3822 | 0.4095 | 3.27E-02
0.4095 | 0.4368 | 2.48E-02
0.4368 | 0.4641 | 1.71E-02
0.4641 | 0.4914 | 9.75E-03
0.4914 | 0.5187 | 4.28E-03
0.5187 | 0.5460 | 1.01E-03

1. cp ucsource3.f ucsource3_1.f
2. ucsource3_1.f0 00O

e local variablell ,deltaes,emax beint U000 0OObeint0 00 O0OOOO0O
ooodppoOoOooon

* deltaes,emax

* beint

oooo
e local variable[] integer U iebeta U DO OO O

* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin,ibeta
oogo
e J00O0O0DOO0O character 00O OOO0O

character*24 medarr (MXMED)

character*24 medarr (MXMED)
character*20 soinf

13



goog
e JUDODOOO open U OO OOMN

open(2,file=’sr90beta.inp’,status=’unknown’)

open(2,file=’Sr-90.dat’,status=’unknown’)

goog
e Sr-90.dat U UO0OOOO0OOOOOODOOO0DOOOOO0ODOO0D0OO

Sr-90 Beta-

-1, 1.0000
.0273,7.79E-02
.0546,7.60E-02
.0819,7.50E-02
.1092,7.40E-02
.1365,7.30E-02
.1638,7.17E-02
.1911,7.01E-02
.2184,6.80E-02
.2457,6.53E-02
.2730,6.19E-02
.3003,5.78E-02
.3276,5.27E-02
.3549,4.68E-02
.3822,4.01E-02
.4095,3.27E-02
.4368,2.48E-02
.4641,1.71E-02
.4914,9.75E-03
.5187,4.28E-03
.5460,1.01E-03

-lg0dogoooooooOog pooobooboOoO0OoooOo0oDobobooooOoggn
good

e UODOUDODOOODOOnsebinUOOOOUOOOOOOO0OOOOODOOOOO

[eleleoleololololololololofololololofololo)

read(2,*) emax ! Maximum beta-ray energy RADAR
read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV

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

tnum=0.DO

do ie=1,nsebin
esbin(ie)=(ie-1)*deltaes*emax
tnum=tnum+espdf (ie)

end do

escdf (1)=0.0
do ie=2,nsebin
escdf (ie)=escdf (ie-1)+espdf (ie-1) /tnum
end do
igin=-1 ! Incident charge - electrons
ekein=esbin(nsebin) ! Maximum kinetic energy

nsebin=21 ! Number of bin for beta-ray spectrum
esbin(1)=0.d0
espdf (1)=0.d0
read(2,’(A20)’) soinf ! Source information
read(2,*) ibeta, beint ! Charge od beta-ray, emitted beta per decay
do ie=2,nsebin
read(2,*) esbin(ie),espdf(ie) ! Upper bin and pdf
end do
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do ie=2,nsebin

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

end do

igin=ibeta

! Incident charge - electrons

ekein=esbin(nsebin) ! Maximum kinetic energy

goog
e NUODOOODOODOODO

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie-1)/tnum

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie)

goog

3. ucsource3_1.f [ egsbrun 0O OO OO

e LinuxO OO
00000000000 Oucsource3 10,0000 4000000000 ucsource

000000000 200"return”0 00000
”"Does this user code read from the terminal?”’0 000 1000000

e DOSO OO
egsbrun ucsouce3_1 ucsource

4. egshjobout U0 DO O DOODOOOO00OOOOO0OODOOOO0O0OOO0OOOODOOOODO

Sampled source spectrum

Upper energy

.27300E-01 MeV--
.54600E-01 MeV--
.81900E-01 MeV--

.10920
.13650
.16380
.19110
.21840
.24570
.27300
.30030
.32760
.35490
.38220
.40950
.43680
.46410
.49140
.51870
.54600

particles/source

Gamma
0.0000 0
0.0000 0
0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0
MeV-- 0.0000 0

3 duobuobogood

Electron
.7T7120E-01
.75250E-01
.7T4090E-01
.74380E-01
.73020E-01
.70870E-01
.69590E-01
.68480E-01
.65610E-01
.62860E-01
.58070E-01
.53090E-01
.47070E-01
.39880E-01
.33350E-01
.24820E-01
.17320E-01
.97500E-02
.43600E-02
.10200E-02

OOOOOOOOOOOOOOOOOOOO’_U

df

.7T7905E-01
.76005E-01
.75005E-01
.74004E-01
.73004E-01
.71704E-01
.70104E-01
.68004E-01
.656304E-01
.61904E-01
.57803E-01
.52703E-01
.46803E-01
.40102E-01
.32702E-01
.24801E-01
.17101E-01
.97506E-02
.42803E-02
.10101E-02

o0 1tsemU004em 00000000000 ODO0ODOODOOODOODODOOOOODODODLO
gbobobobooooo
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3.1 Uogogoobooo

U0 Ry U0 RyOUD0OD0OO0OO0DOODOODOOODOODOODOODLOODODbOODO

(pdf)00000000O0

/ )
Ry

0000000 (0000

f(r)dr = ¢ x 2mrdr
f(&)dg = en[€?]f} = en[R} — Rj] =1
1 2rdr
= dr = ———
ey s B ALl P
googoogoogoooboogodg

r 2 2
r* — Rj

n= f(f)dfzm

r=/R} +n(R} - R)

xDyOOOOOg¢OOOOO 27 000D000O0DOOO

r=rcos¢, y=rsing

gbbobooboobooboboboboboobooood

1. cp ucsource.f ucsource4.f

2. ucsourced4.f0O0 00

e local variable

0 r02,r12,phai 000000

* esbin(1),spg(l),spe(l)

* esbin(1),spg(1),spe(1),r02,r12,phai,rr0

gboogodg

e U000 weight UDODOUOrol,ri20 000000000

wtin=1.0 ! Weight = 1 since no variance reduction used
0
wtin=1.0 ! Weight = 1 since no variance reduction used
r02=1.5%1.5
r12=4.0%4.0
good

e JDDOOOOOD

googoooooo

call randomset (rnnow)
rrO=sqrt (r02+rnnow* (r12-r02))
call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)
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goog

3. ucsourced4.f [ egsdrun D OO OO O

e Linux O O[O
00000000000 Oucsource4 01,0000 4000000000 ucsource
000000002500 return”00000O0O
”Does this user code read from the terminal?”’0 000 10000003

e DOSO OO
egsbrun ucsouce4 ucsource ucsource

4. CGViewOOOOODO X-YOOOOODODODOODOOD 1.54000000000000DO0
gooooon
3.2 Rejection[

Rejection0 00 0x00 yOOOODO-100100000000000000000000ORy/Ry <
r=y2?+¢y?<1.000000 z+«R00y+«R 0000000000000 0O0OOOOOO0
0000000 (D0oooO00U0D0oOODO00000)00DO0O0DOOODOODODU0ODOUOObOD
gooboboooobooboooodgd

1. cp ucsource4.f ucsource5.f
2. ucsource5.£ 0000

e local variableO OO OOO

* esbin(1),spg(1),spe(1),r02,r12,phai,rr0

* esbin(1),spg(1),spe(1),r0,rl,rr0
ooon
e r02,r120 000 r0,r1 00 0O00O0OOOONO

r02=1.5%1.5

r12=4.0%4.0
O

r0=1.5

ri1=4.0
oo0oo

e J0ODODOODOODOODOODODO

call randomset (rnnow)
rrO0=sqrt (r02+rnnow* (r12-r02))
call RANDOMSET (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)
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100 call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO=sqrt (xi0*xiO+yiO*yi0)
if (rr0.gt.1.0.0r.rr0.1t.r0/r1l) go to 1100
xin =ri1*xi0
yin =rilx*yiO

= -

3. ucsourceb.f [ egsbrun 0O OO OO

e Linux OO0
00000000000 Oucsources 0, 0000 4000000000 ucsource
000000002500 return”00000O0O
”Does this user code read from the terminal?”’0 000 10000003

e DOSO OO
egsbrun ucsouceb ucsource ucsource

4. CGViewOOOOOOOOODOOOOOODOO 154em 0000000 0OOOODOOO
goooo

4 0000000000 (27)

4.1 0O0O0O0OOOODO
goobobooobzoboooboobUoUo wOQOoooobooobooobooo
f(0)df = c x 2msinfdf (0 <0 < )

w = cos 6
ooon
C;—ZJ = —sinf — g(w) = —c x 2rdw
/l_lg(w)dw = —ex2rx(-2) =1
oo

1 1
c= - g(w)dw = —idw

JoddOwOO0ODOOO00000ODObOO00o0oooooooooooo
w 1
77:/ g(w)dwzi(l—w)%wzl—%
1

1-2n02p—-100000000000000000000O0O0O0OO0O0O0O cosfOO0ODO
gooobooobooboobod

/log(w)dw =—cx2rx(-1)=1

NN

goooono w
77:/ glwydw =w —->w=1-n
1
1-n09p00000000w=nUU0000000O0O0OO0DOOO0ODOODOO
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1. cp ucsource.f ucsource6.f
2. ucsource6.£f 000

e local variable[ ,phai,rrOU00Q0O0ON

realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,y10,zi0,

* esbin(1),spg(l),spe(l)

realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,

* esbin(1),spg(1),spe(l),phai,rr0
ooon
e J00D0O0O0O0ODDDDODOOOOOOODOO

call randomset (rnnow)

win=rnnow

call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
uin=dsqrt(1.0-win*win)*cos (phai)
vin=dsqrt(1.0-win*win) *sin(phai)

e JODODOOOOMO

- Jooooobobotboooooobooooooubobooooan
(xin*xin+yin*yin+win*win=1.0)
ygdoddoooooooobbbbbbbbbbbod0dUUUUUUU o
goggoobobboooooooobbboooooobobooooobobobboooaon
call shower 0 00

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

gooobooobooboooon

3. ucsource6.f [ egsdrun D 0O OO O

e LinuxO OO

0000000000 0OOucsource6 0, 0000 4000000000 ucsourcel
00000000 2500"return”0 00000
?Does this user code read from the terminal?”’0 000 1000000

e DOSOOO
egsbrun ucsouce6 ucsource

4. CGView O OOO 27 000000DOOODOOODOOODODOOO
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4.2 Rejection

Rjection 000 0x,y0OO zOODOOO-10010000000000000000000O0DOO
goobgobooob 1oboboboobooobobboobooobooobboobbooboo
goboboobboooboboobbuoooboboobobobooboboooboboooboba

god

1. cp ucsource6.f ucsource7.f

2. ucsource7.f0 00

e O DOODLOODLOOOOLOOODOODLDOOO

e -

300

call randomset (rnnow)

win=rnnow

call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
uin=dsqrt(l.0-win*win) *cos (phai)
vin=dsqrt(1.0-win*win) *sin(phai)

call randomset (rnnow)
ziO=rnnow

call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0

rrO0=dsqrt (xi0*xi0+yi0*yi0+zi0*zi0)

if(rr0.gt.1.0) go to 1300

win = zi0/rr0
uin = xi0/rr0
vin = yi0/rr0

3. ucsource7.f [ egsbrun 0O OO OO

e LinuxO OO

U0D000000000DOucsource7 00,0000 4000000000 ucsourcel

ooooooogd2500return”0 00000

?Does this user code read from the terminal?”’0 000 1000000

e DOSOOO
egsbrun ucsouce7 ucsource

4. CGViewO OOOUOODOOODOOOODOOOOODOOO 2r0O0O00DOOOODOOOO

gooooogo
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Practices of
How to Write Source Routine

(English Parts)
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1 Outlines of user code ucsource.f

Geometry used in ucsource.f is a cylindrical geometry with cg as shown in Fig.1. All regions
are set to vacuum (0) to test source. 1.253 MeV photon pencil beam enters on the cylinder from
Z=-bcm along the Z-axis.

R
A
R=6.0
vacuum
R=4.0
vacuum
R=2.0
1.253 MeV
photons vacuum
- o Z
-5.0 0.0 3.0 50 7.0

Figure 1: Geometry of ucsource.f

2 Practice 1: Source energy

2.1 ~y-rays from Co-60

1.173MeV and 1.333MeV photons are emitted with equal probability. There are 3 ways. (1) a
way to use if statement, (2) a way to use data statement and (3) a way to use data file.

2.1.1 A way to use if statement

1. cp ucsource.f ucsourcel 0.f
You must use copy ucsource.f ucsourcel 0.f or copy function of Windows in the case

of DOS.
2. Modify ucsourcel 0.f as follows:

e Increase the number of source energy bin.

Change
* esbin(1),spg(l),spe(l)

to

* esbin(2),spg(2),spe(2)
Change

nsebin=1
to

nsebin=2

e Modify the maximum electron kinetic energy used.

Change
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ekein=1.253 ! Kinetic energy
to
ekein=1.333 ! Kinetic energy

e Modify photon energy for each energy bin.
Change

esbin(1l)=ekein
to

esbin(1)=1.173
esbin(2)=1.333

e Modify statements for source energy sampling.
Change

ekein = ekein
spg(1)=spg(1)+1.0

to

call randomset (rnnow)
if (rnnow.le.0.5) then
ekein = 1.173
spg(1)=spg(1)+1.0
else
ekein = 1.333
gpg§2)=spg(2)+1.0

end 1

3. Run ucsourcel 0.f by egsSrun.

e In the case of Linux or Cygwin
Enter ucsource1_0 as the user code.

Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.

Enter 1 for "Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsourcel 0 ucsource

4. Check the sampled source photons spectrum in egs5job.out.
Example of the result.

Sampled source spectrum

particles/source
Upper enerﬁy Gamma Electron
1.1730 eV-- 0.49710 0.0000
1.3330 MeV-- 0.50290 0.0000

2.1.2 A way to use data statement
1. cp ucsourcel 0.f ucsourcel 1.f
2. Modify ucsourcel_1.f as follows:

e Add espdf(2),escdf(2) as local variable.
Change

real*8
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(2),spg(2),spe(2)

23

pdf

! Local variables



to

real*8

* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(2),spg(2),spe(2),espdf(2),escdf(2)

! Local variables

e Insert data statements for source y-ray energies and their emission probabilities.
Change

integer

* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

to

integer

* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

e Add st

data esbin/1.173,1.333/
data espdf/0.5,0.5/

atements to get cdf after nsebin=2.

Change

e Modify

nsebin=2

nsebin=2

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

maximum electron kinetic energy used.

Change

to

ekein=1.333 ! Kinetic energy

ekein=esbin(nsebin) ! Maximum kinetic energy

e Delete following 2 lines.

esbin(1)=1.173
esbin(2)=1.333

e Modify
Change

the source energy sampling routine.

call randomset (rnnow)
if (rnnow.le.0.5) then
ekein = 1.173
spg(1)=spg(1)+1.0
else
ekein = 1.333
Zpg§2)=spg(2)+1.0

end 1
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call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 ekein=esbin(ie)
if(iqin.eq.0) then

spg(ie)=spg(ie)+1.0
else

spe(ie)=spe(ie)+1.0
end if

3. Run ucsourcel_1.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsourcel_1 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsourcel_1 ucsource

4. Check the sampled source photons spectrum in egs5job.out.
Example of the result.

Sampled source spectrum

particles/source
Upper enerﬁy Gamma Electron pdf
1.1730 eV-- 0.49710 0.0000
1.3330 MeV-- 0.50290 0.0000

2.1.3 A way to use data file.

1. cp ucsourcel 1.f ucsourcel 2.f
2. Modify ucsourcel 2.f as follows:

e Modify local variable
real*8 I Local variables
* availke,tnum,wtin,wtsum,xi0,y10,zi0,
* esbin(2),spg(2),spe(2),espdf(2),escdf(2)
to
real*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin (MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN)
e Delete following data statements.

data esbin/1.173,1.333/
data espdf/0.5,0.5/

e Add an open statement for source data file.

Change

open(6,FILE="egs5job.out’,STATUS="unknown’)
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to

open(6,FILE="egs5job.out’,STATUS="unknown’)
open(2,file=’co060.inp’,status=’unknown’)

e c060.1inp is the data file including source photon energies and their probability dis-
tribution functions (pdf) constituting by the following data. co60.inp is included in
the distribution files

1.173,1.333
0.5,0.5

e Insert following statements after nsebin=2.

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

e Modify output statement for obtained results.

Change
write(6,170) esbin(ie),spg(ie),spe(ie)
170 FORMAT(G10.5,’ MeV-—-’,8X,G12.5,8X,G12.5)
to
write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie)/tnum
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8X,G12.5)

3. Run ucsourcel 2.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsourcel_2 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsourcel_2 ucsource

4. Check the sampled source photons spectrum in egs5job.out.
Example of the result.

Sampled source spectrum

particles/source
Upper energy Gamma Electron pdf
1.1730 MeV-- 0.49710 0.0000 0.50000
1.3330 MeV-- 0.50290 0.0000 0.50000

2.2 ~y-rays from Ir-192

~-ray energies and their emission probabilities per decay from Ir-192 are as follows.

Energy | Emission
Rate
0.296 28.7
0.308 30.0
0.317 82.7
0.468 47.8
0.589 4.5
0.604 8.2
0.612 5.3
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1. cp ucsourcel 2.f ucsource2.f

2. Modify ucsoure2.f as follows:

e Modify the open open statement for the source data file.

Change

open(2,file=’co060.inp’,status=’unknown’)

to

open(2,file=’ir192.inp’,status=’unknown’)

e ir192.inp is the data file including source photon energies and their pdf constituting

by the following data and is included in the distribution files.

0.296,0.308,0.317,0.468,0.589,0.604,0.612
0.287,0.300,0.827,0.478,0.045,0.082,0.053

e Modify the number of y-ray energies. '

Change
nsebin=2
to
nsebin=7

3. Run ucsource2.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsource?2 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.

Enter 1 for "Does this user code read from the terminal?”.
e In the case of DOS

egsbrun ucsource2 ucsource

4. Check the sampled source photons spectrum in egs5job.out. Example of the results.

Sampled source spectrum

Upper ener
.29600
.30800
.31700
.46800
.58900
.60400
.61200

gy
MeV--

MeV--
MeV--
MeV--
MeV--
MeV--
MeV--

QOO OOOO

particles/source

Gamma
.14040
.14210
.40050
.22930
.22000E-01
.39300E-01
.26400E-01

Electron
.0000
.0000
.0000
.0000
.0000
.0000
.0000

QOO OOOO

QOO OOOO

pdf

.13851
.14479
.39913
.23069
.21718E-01
.39575E-01
.25579E-01

'If it is necessary to change the value of the argument, you must check ”out of bound” error by running egs5
with debug option as follows. In the case of Unix or Cygwin, key in ”egsbrun db” instead of ”egsbrun”. Next,

execute programe by ”egsbjob.exe”. In the case of DOS, execute ”egsbrun_db ucsource2 ucsource”.

Modify egsbrun.bat to use debug mode and save as egsbrun_db.bat.
If ”out of bound error” occurs, the line number and the argument caused error is displayed. Running egsb with

debug option needs more CPU time than usual way and therefore is used only for this kind of check.

27



2.3 [-rays from Sr-90

Electron spectrum of S-decay is continuous. This is different from the case of y-decay. It is gen-
erally difficult to apply a direct method as the sampling of continuous probability. Approximate
way but able to apply to any case if a shape of spectrum is given as follows:

e Divide energy of g-rays in equal n-th bins.

e Use fraction of the integration of each energy bin to the integration for whole energy region

as pdf.
e Sample the bin using cdf created from pdf and random number.
e Determine energy supposing uniform distribution within each energy bin.

Followings are sampling routines to determine source beta-ray energy from Sr-90.

2.3.1 Using ICRU Report 56 data

ICRU Report 56 gives f-ray spectrum from typical radioisotopes in the form of a number of
B-rays per bin per disintegrations. As an example, S-ray spectrum from Sr-90 is shown in Fig.2
or Table 1.

gr (E__=0.546MeV)
max
16 ; 1 1 1

B/disintegration per interval

Figure 2: f-ray spectrum from Sr-90(ICRU Report 56).
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Table 1 f-ray spectrum from Sr-90(ICRU Report 56).

E/Ea | B per dis. | E/Epq.. | B per dis

per bin per bin
0.00 1.597 0.025 1.538
0.05 1.532 0.075 1.526
0.01 1.518 0.125 1.509
0.15 1.500 0.175 1.490
0.20 1.479 0.225 1.466
0.25 1.453 0.275 1.439
0.30 1.422 0.325 1.404
0.35 1.384 0.375 1.361
0.40 1.335 0.425 1.306
0.45 1.274 0.475 1.238
0.50 1.198 0.525 1.154
0.55 1.106 0.575 1.053
0.60 0.997 0.625 0.935
0.65 0.870 0.675 0.801
0.70 0.729 0.725 0.654
0.75 0.577 0.775 0.498
0.80 0.420 0.825 0.343
0.85 0.268 0.875 0.198
0.90 0.135 0.925 0.081
0.95 0.038 0.975 0.010
1.00 0.000

1. cp ucsource2.f ucsource3.f

2. Modify ucsource3.f as follows:

e Add ,deltaes,emax to local variable.

Change

realx*8

! Local variables

* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN)

to

realx*8

! Local variables

* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN),

* deltaes,emax

e Modify the open statement for the source data file.

Change

open(2,file=’ir192.inp’,status=’unknown’)

to

open(2,file=’sr90beta.inp’,status=’unknown’)

e sr90beta.inp is the data file including f-ray emission rate per energy bin and is
included in the distribution files.
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0.546

41

.025

.5697,1.538 ,1.5632,1.526 ,1.518,1.509 ,1.500,1.490 ,1.479,1.466
.453,1.439 ,1.422,1.404 ,1.384,1.361 ,1.335,1.306 ,1.274,1.238
.198,1.154 ,1.106,1.053 ,0.997,0.935 ,0.870,0.801 ,0.729,0.654
.888,0.498 ,0.420,0.343 ,0.268,0.198 ,0.135,0.081 ,0.038,0.010

v v o

oSO, O

0.546 is the maximum kinetic energy of f-rays (Ep,q;, MeV), 41 is the number of
energy bin and 0.025 is the bin width given by F/Fq.
Modify the statements to read data from the source data file.
Change
nsebin=7 ! Number of source energy bins

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

to
read(2,*) emax ! Maximum beta-ray energy
read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV

read(2,*) (espdf(i),i=1,nsebin)
Insert statement to calculate energy corresponding each energy bin. Change

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

to

do ie=1,nsebin
esbin(ie)=(ie-1)*deltaes*emax
tnum=tnum+espdf (ie)

end do

Modify statements related to calculate cdf.

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

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

to
escdf (1)=0.0
do ie=2,nsebin
escdf (ie)=escdf (ie-1)+espdf (ie-1)/tnum
end do

Modify the type of source particle.

Change
19in=0 ! Incident charge - photons
to
igin=-1 ! Incident charge - electrons

Increase history number. Change
ncases=10000
to

ncases=100000
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e Modify the source energy sampling routines as follows.
Change

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

to
do ie=2,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 ekein=esbin(ie—1)+(rnnow-escdf (ie-1))*(esbin (ie)-esbin (ie-1))
* /(escdf (ie)-escdf (ie-1))

e Modify output statements of results as follows.
Change

do ie=1,nsebin

spe (ie)=spe(ie)/ncount
write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie)/tnum

170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8X,G12.5)
end do

to

do ie=2,nsebin

spe (ie)=spe(ie)/ncount

write(6,170) esbin(ie),spg(ie),spe(ie),espdf(ie-1)/tnum
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8X,G12.5,8X,G12.5)
end do

3. Run ucsource3.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsource3 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsource3 ucsource

4. Check the sampled source electron spectrum in egs5job.out.
Example of the result.
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Sampled source spectrum

particles/source

Upper energy Gamma Electron pdf

Upper energy Gamma Electron pdf

.13650E-01 MeV-- 0.0000 0.38520E-01 0.39108E-01
.27300E-01 MeV-- 0.0000 0.37330E-01 0.37663E-01
.40950E-01 MeV-- 0.0000 0.36750E-01 0.37516E-01
.54600E-01 MeV-- 0.0000 0.37710E-01 0.37369E-01
.68250E-01 MeV-- 0.0000 0.37060E-01 0.37173E-01
.81900E-01 MeV-- 0.0000 0.36010E-01 0.36953E-01
.95560E-01 MeV-- 0.0000 0.36990E-01 0.36732E-01
.10920 MeV-- 0.0000 0.36450E-01 0.36487E-01
.12285 MeV-- 0.0000 0.37110E-01 0.36218E-01
.13650 MeV-- 0.0000 0.35230E-01 0.35900E-01
.15015 MeV-- 0.0000 0.35310E-01 0.35581E-01
.16380 MeV-- 0.0000 0.34350E-01 0.35239E-01
.17745 MeV-- 0.0000 0.35240E-01 0.34822E-01
.19110 MeV-- 0.0000 0.34100E-01 0.34381E-01
.20475 MeV-- 0.0000 0.33260E-01 0.33892E-01
.21840 MeV-- 0.0000 0.34070E-01 0.33328E-01
.23205 MeV-- 0.0000 0.32810E-01 0.32692E-01
.24570 MeV-- 0.0000 0.32090E-01 0.31982E-01
.25935 MeV-- 0.0000 0.31810E-01 0.31198E-01
.27300 MeV-- 0.0000 0.30760E-01 0.30316E-01
.28665 MeV-- 0.0000 0.29310E-01 0.29337E-01
.30030 MeV-- 0.0000 0.28920E-01 0.28259E-01
.31395 MeV-- 0.0000 0.27620E-01 0.27084E-01
.32760 MeV-- 0.0000 0.25490E-01 0.25786E-01
.34125 MeV-- 0.0000 0.23880E-01 0.24415E-01
.35490 MeV-- 0.0000 0.23650E-01 0.22896E-01
.36855 MeV-- 0.0000 0.21360E-01 0.21305E-01
.38220 MeV-- 0.0000 0.19210E-01 0.19615E-01
.39585 MeV-- 0.0000 0.18200E-01 0.17852E-01
.40950 MeV-- 0.0000 0.15610E-01 0.16015E-01
.42315 MeV-- 0.0000 0.14610E-01 0.14130E-01
.43680 MeV-- 0.0000 0.12170E-01 0.12195E-01
.45045 MeV-- 0.0000 0.10670E-01 0.10285E-01
.46410 MeV-- 0.0000 0.84100E-02 0.83995E-02
47775 MeV-- 0.0000 0.63300E-02 0.65628E-02
.49140 MeV-- 0.0000 0.50100E-02 0.48487E-02
.50505 MeV-- 0.0000 0.33400E-02 0.33059E-02
.51870 MeV-- 0.0000 0.21200E-02 0.19835E-02
.53235 MeV-- 0.0000 0.88000E-03 0.93055E-03
.54600 MeV-- 0.0000 0.25000E-03 0.24488E-03

2.3.2 Using RADAR - The Decay Data

RADAR - The Decay Datd] http://www.doseinfo-radar.com/RADARDecay.html) provide many
f-ray spectra in the form of a probability density function (PDF) per energy interval. As an
example, S-ray spectrum from Sr-90 is shown in Table 2.
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Table 2 f-ray spectrum from RADAR.

Emin Ema:v PDF
0.0000 | 0.0273 | 7.79E-02
0.0273 | 0.0546 | 7.60E-02
0.0546 | 0.0819 | 7.50E-02
0.0819 | 0.1092 | 7.40E-02
0.1092 | 0.1365 | 7.30E-02
0.1365 | 0.1638 | 7.17TE-02
0.1638 | 0.1911 | 7.01E-02
0.1911 | 0.2184 | 6.80E-02
0.2184 | 0.2457 | 6.53E-02
0.2457 | 0.2730 | 6.19E-02
0.2730 | 0.3003 | 5.78E-02
0.3003 | 0.3276 | 5.27E-02
0.3276 | 0.3549 | 4.68E-02
0.3549 | 0.3822 | 4.01E-02
0.3822 | 0.4095 | 3.27E-02
0.4095 | 0.4368 | 2.48E-02
0.4368 | 0.4641 | 1.71E-02
0.4641 | 0.4914 | 9.75E-03
0.4914 | 0.5187 | 4.28E-03
0.5187 | 0.5460 | 1.01E-03

1. cp ucsource3.f ucsource3_1.f
2. Modify ucsource3_1.f as follows:

e Change local variable ,deltaes,emax to beint.
Change

* deltaes,emax
to
* beint

e Add iebeta to local variable integer.
Change

* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin
to
* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin,ibeta

e Add character statement concerning source information.

Change
character*24 medarr (MXMED)
to

character*24 medarr (MXMED)

character*20 soinf
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e Modify the open statement for the source data file.
Change

open(2,file=’sr90beta.inp’,status=’unknown’)
to
open(2,file=’Sr-90.dat’,status=’unknown’)

e Sr-90beta.dat is the data file including S-ray pdf per energy bin and is included in
the distribution files.

Sr-90 Beta-

-1, 1.0000
.0273,7.79E-02
.0546,7.60E-02
.0819,7.50E-02
.1092,7.40E-02
.1365,7.30E-02
.1638,7.17E-02
.1911,7.01E-02
.2184,6.80E-02
.2457,6.53E-02
.2730,6.19E-02
.3003,5.78E-02
.3276,5.27E-02
.3549,4.68E-02
.3822,4.01E-02
.4095,3.27E-02
.4368,2.48E-02
.4641,1.71E-02
.4914,9.75E-03
.5187,4.28E-03
.5460,1.01E-03

[elololololololololololofololololololole)

-1 at the second line means electron decay. In the case of positron decay this number
must be 1.

e Modify the statements to read data from the source data file and related treatments.

Change
read(2,*) emax ! Maximum beta-ray energy RADAR
read(2,*) nsebin ! Number of source energy bins
read(2,*) deltaes ! Source energy bin width in MeV

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

tnum=0.DO

do ie=1,nsebin
esbin(ie)=(ie-1)*deltaes*emax
tnum=tnum+espdf (ie)

end do

escdf (1)=0.0
do ie=2,nsebin
escdf (ie)=escdf (ie-1)+espdf (ie-1) /tnum
end do
igin=-1 ! Incident charge - electrons
ekein=esbin(nsebin) ! Maximum kinetic energy

to

nsebin=21 ! Number of bin for beta-ray spectrum
esbin(1)=0.40

espdf (1)=0.d0

read(2,’(A20)’) soinf | Source information

read(2,*) ibeta, beint ! Charge od beta-ray, emitted beta per decay
do ie=2,nsebin
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read(2,*) esbin(ie),espdf(ie)
end do

! Upper bin and pdf

e Modify output statements of results as follows.

do ie=2,nsebin

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

end do

igin=ibeta

! Incident charge - electrons

ekein=esbin(nsebin) ! Maximum kinetic energy

Change

to

write(6,170) esbin(ie),spg(ie),spe(ie) ,espdf(ie-1)/tnum

write(6,170) esbin(ie),spg(ie),spe(ie),espdf (ie)

3. Run ucsource3_1.f by egsSrun.

e In the case of Linux or Cygwin
Enter ucsource3_1 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsource3_1 ucsource

4. Check the sampled source electron spectrum in egs5job.out.
Example of the result.

Sampled source spectrum

particles/source

Upper energy Gamma Electron pdf

.27300E-01 MeV-- 0.0000 0.77120E-01 0.77905E-01
.54600E-01 MeV-- 0.0000 0.75250E-01 0.76005E-01
.81900E-01 MeV-- 0.0000 0.74090E-01 0.75005E-01
.10920 MeV-- 0.0000 0.74380E-01 0.74004E-01
.13650 MeV-- 0.0000 0.73020E-01 0.73004E-01
.16380 MeV-- 0.0000 0.70870E-01 0.71704E-01
.19110 MeV-- 0.0000 0.69590E-01 0.70104E-01
.21840 MeV-- 0.0000 0.68480E-01 0.68004E-01
.24570 MeV-- 0.0000 0.65610E-01 0.65304E-01
.27300 MeV-- 0.0000 0.62860E-01 0.61904E-01
.30030 MeV-- 0.0000 0.58070E-01 0.57803E-01
.32760 MeV-- 0.0000 0.53090E-01 0.52703E-01
.35490 MeV-- 0.0000 0.47070E-01 0.46803E-01
.38220 MeV-- 0.0000 0.39880E-01 0.40102E-01
.40950 MeV-- 0.0000 0.33350E-01 0.32702E-01
.43680 MeV-- 0.0000 0.24820E-01 0.24801E-01
.46410 MeV-- 0.0000 0.17320E-01 0.17101E-01
.49140 MeV-- 0.0000 0.97500E-02 0.97506E-02
.51870 MeV-- 0.0000 0.43600E-02 0.42803E-02
.54600 MeV-- 0.0000 0.10200E-02 0.10101E-02

3 Practice 2: Source Position

Suppose a source uniformly distributed inside an annual area between radius Ro(=1.5cm) and
Ri(=4.0cm) in the X-Y plane.
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3.1 Direct sampling
In this case, the PDF for the radius is

f(r)dr = ¢ x 2mrdr

Ry
[ 1€ = exle)fy = enli — R3) =1

Ro
1 2rdr
= — dr = ———
Crmem YT EeR
The radial position is obtained by solving
r 7‘2 _ RZ
= dé¢ = ——29
U Rof(f) 3 PR

r= /RS + (B} - RY)

Having thus located radius R, we note that f(¢)d¢ = d¢/2m, so that the next random
number determines ¢ by

m=F) = [ 1606 =(+m)/2m 0

and ¢ = w(2ny — 1).
z and y are calculated from

T =71 COS ¢, (2)
y = rsin . (3)
1. cp ucsource.f ucsource4.f
2. Modify ucsource4.f as follows:

e Add r02,r12,phai to local variable.
Change

* esbin(1),spg(1),spe(l)
to
* esbin(1),spg(1),spe(1),r02,r12,phai,rr0

e Insert statements to define r02,r12.

Change
wtin=1.0 ! Weight = 1 since no variance reduction used
to
wtin=1.0 ! Weight = 1 since no variance reduction used
r02=1.5%1.5
r12=4.0%4.0

e Insert statements to sample a source position.
Change
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call randomset (rnnow)
rrO=sqrt (r02+rnnow* (r12-r02))
call RANDOMSET (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)

3. Run ucsource4.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsource4 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsource4 ucsource

4. Check the trajectories using CGview.

e Select X-Y display mode.

e Bend axis a little and confirm that photons are emitted from the annulus of radii
between 1.5 and 4.0.

3.2 Rejection method

A source position (z,y) can be sampled as follows using the “rejection” method.

In this technique, a point is chosen randomly within the square —1.0 < 2 < 1.0;-1.0 <y <
1.0. If this point satisfies Ry/Ry < r = /22> +y?> < 1.0, 2 * Ry and y * Ry is accepted as source
position. If this point does not satisfy this condition, this point is rejected and new point is
sampled again.

1. cp ucsource4.f ucsource5.f
2. Modify ucsource5.f as follows:

e Modify local variable.
Change

* esbin(1),spg(1),spe(1),r02,r12,phai,rr0
to
* esbin(1),spg(1),spe(1),r0,rl,rr0

e Modify statements related to radius of circles.

Change
r02=1.5%1.5
r12=4.0%4.0

to
r0=1.5
ri=4.0
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e Modify the position sampling method.
Change

call randomset (rnnow)
rrO=sqrt (r02+rnnow* (r12-r02))
call RANDOMSET (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)

to

100 call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO=sqrt (xi0*xiO+yiO*yi0)
if (rr0.gt.1.0.0r.rr0.1t.r0/r1l) go to 1100
xin =ril*xi0
yin =rilx*yiO

-

3. Run ucsource5.f by egsbrun.

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

e In the case of DOS
egsbrun ucsourceb ucsource

4. Check the trajectories using CGview.

e Select X-Y display mode.

e Bend axis a little and confirm that photons are emitted from the annulus of radii
between 1.5 and 4.0.

4 Practice 4: Source Direction

4.1 Direct sampling

Pdf of a directional cosine for Z-direction w is given by
f(0)df = c x 2msinfdh (0 <0 < 7)

By setting
w = cos b,
d
d_;’ = —sinf — g(w) = —c x 2ndw,

and .
/ g(w)dw = —¢ X 21 x (—=2) = 1.
1
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Therefore,

1 1
c= = g(w)dw = —§dw.

w can be determined by solving the following equation.
w 1
77:/ g(w)dsz(l—w)%wzl—Qn.
1

When the isotropic source for 27 region in this case, w can be determined by following way.

w
77:/ glwydw =w —->w=1-n
1

1 — n and 7 are equivalent and, therefore, w = 7 is usually used.
After sampling w, ¢ is sampled by

¢ =m(2n2 —1).
u and v are given by
sinf = V1 — w2,

u = sin# cos ¢, (

v = sin# cos ¢. (
1. cp ucsource.f ucsource6.f

2. Modify ucsource6.f.

e Add ,phai,rr0 to local variable.

Change
realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(1),spg(1),spe(1)
to
realx*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,

* esbin(1),spg(1),spe(l),phai,rr0

e Insert the direction sampling routine.
Change

to
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call randomset (rnnow)

win=rnnow

call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
uin=dsqrt(l.0-win*win) *cos (phai)
vin=dsqrt(1.0-win*win) *sin(phai)

e Normalization of directional cosines.

— Sampled directional cosines must be normalized.
(xin*xin+yin*yin+win*win=1.0).
In the sampled procedure above, the directional cosines are normalized properly.
If user samples directional cosines by his/her own way, it is necessary to check

whether they are normalized properly or not. Following statements must be
inserted before call shower.

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

3. Run ucsource6.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsource6 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25.
Enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS
egsbrun ucsource6 ucsource

4. Check the trajectories using CGview.
e Select X-Y display mode.
e Confirm that photons are produced isotropically within 27 region.
4.2 Rejection method

A point (z;,y;,2;) is chosen randomly within the box —1.0 < z < 1.0; -1.0 <y < 1.0; 1.0 <
z < 1.0. If this point lines within a sphere with unit radius,

R=y/a2+y2+22<1, (8)
the point is accepted and u, v, w are determines by
u=x1/R; v=1y1/R; w=z/R. (9)
Otherwise, the point is rejected and sample a point again.

1. cp ucsource6.f ucsource7.f

2. Modify ucsource7.f.
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e Modify the direction sampling routine.
Change

call randomset (rnnow)

win=rnnow

call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
uin=dsqrt(1.0-win*win)*cos (phai)
vin=dsqrt(1.0-win*win) *sin(phai)

to

300 call randomset (rnnow)
ziO=rnnow
call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO0=dsqrt (xi0*xi0+yi0*yi0+zi0*zi0)
if(rr0.gt.1.0) go to 1300

= - -

win = zi0/rr0
uin = xi0/rr0
vin = yi0/rr0

3. Run ucsource7.f by egsbrun.

e In the case of Linux or Cygwin
Enter ucsource7 as the user code.
Enter ucsource as the file name for unit 4 and simply enter ”return” for unit 25.
Enter 1 for "Does this user code read from the terminal?”.
e In the case of DOS
egsbrun ucsource7 ucsource

4. Check the trajectories using CGview and confirm that photons are produced isotropically
within 27 region.
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Appendix: Full listings of ucucsource.f
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1 stk sk s s s s s s s s s s s sk ok ok ok ok ok ok sk sk sk sk sk s s s s o s s s ok ok sk sk sk sk sk sk sk sk sk e s s s ke ok ke ok ok sk sk sk sk sk sk sk sk sk s sk ok ok
Daeskeokokofofokokoskokkokokokokokokokskkkokskokokokokkok - KEK, High Energy Accelerator Research *
Daokkskok kokokkok kokokkokkokokkokkokkokkkokkok - Jrganization *
Ik W C S O U T C e *kkkkkkkxk *
D okeske sk ok ook ok ok ok ok sk ok ok ke sk ok ok ok ok ok ok ok ok ok ok ok ok ok EGS5.0 USER CODE - 28 Jul 2012/1430 *
ket s oo s s e ke ok ok ok ok sk sk sk s e s s o o s s e ke ok ook ok sk sk s s e s s o e ke ke ok ook sk sk sk sk sk sk sk s e o o
!'* This is a general User Code based on the cg geometry scheme. *
1 stk s s s s s s s s s s e sk ok ok ok ok ok ok sk sk sk sk sk s s s s o s s s ok ok sk sk sk sk sk sk sk sk Sk e s s s ke ok ok ok ok sk sk sk sk sk sk sk sk sk s s ok ok
! *
PROGRAMMERS: H. Hirayama

AE lied 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

Radiation Science Center

Applied Research Laboratory

KEK, High Energg 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

X K K X KX KX KKK KK KX XXX X

I
!
!
!
!
!
!
!
!
g
! Y. Namito
!
!
!
!
!
!
!
!
!
!

*

1 sk ks o s o ok sk sk o o ok ok sk o s o ks o s o sk s o o sk sk o o sk sk o o o ok sk o o ok sk o o sk sk sk o ke ks sk ke ok ok sk ok ok ok ok
1 sk sk sk sk o o o ok sk sk o o ok ok sk o s o ks o s o sk o o sk sk o o sk sk o o o ok sk o e ok sk s o ok sk sk sk o ke ks sk ke ok ok sk ok ok ok ok
! The ucsource.f User Code requires a cg-input file only

! (e.g., ucsource.data).

! The following shows the geometry for ucsource.data.

! ITnput data for CG geometry must be written at the top of data-input
: file toEether with material assignment to each region. Cg-data can
!

!

*

be checked by CGview.
This user code to understand source routine.
! Use Ranlux random number generator.
stk ofeofeofeofeofe ok ok ok ok ok ok ok ok ok ok okl sk sk oo o s o e ke e ok ook ok sk sk sk s s s s s s s s ok ke ok ok sk sk sk sk sk e s s o s s sk ok ok ok ok

I

!

!

!

I

I
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! R

I -

! |

! et $om——— +-—-

! | |

! | Outer| vacuum region

! + et e e N +-—— 1r=6.0 cmm
! | | Vacuum |

! | + F— +————— +-—— R=4.0 cm
! | | |  Vacuum |

! + + + Fo—————— + +--- R=2.0 cm
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include ’include/egs5_h.f’ ! Main EGS "header" file
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include ’include/egs5_bounds.f’
include ’include/egs5_brempr.f’
include ’include/egs5_edge.f’
include ’include/egsb5_media.f’
include ’include/egsb5_misc.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/geom_common.f’ ! geom-common file
integer irinn

common/totals/ ! Variables to score
* maxpict
integer maxpict

Pkxx real*8 ! Arguments
real*8 totke
real*8 rnnow,etot

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,
* esbin(1),spg(1l),spe(l)

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

integer
* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin

character*24 medarr (MXMED)

! Units 7-26 are used in pegs and closed. It is better not
! to use as output file. If they are used, they must be opened
! after call pegs5. Unit for pict must be 39.

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

call counters_out (0)

nmed=1
if (nmed.gt .MXMED) then
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write(6,’ (A,I4,A,T4,A/A))

* > nmed (’,nmed,’) larger than MXMED (’,MXMED,’)’,
* > MXMED in iclude/egs5_h.f must be increased.’
sto
end 1
medarr(1)=’"NAI ’
do j=1,nmed
do i=1,24
media(i,j)=medarr(j)(i:i)
end do
end do
chard(1) = 1.0d0 ! optional, but recommended to invoke

! automatic step-size control

write(6,fmt="(’chard =’,5e12.5)") (chard(j),j=1,nmed)

write(6,100)
100 FORMAT(’PEGS5-call comes next’/)

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

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

write(6,fmt="(’ End of CG data’,/)")

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

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 egsb5job.data
read(4,*) (med(i),i=1,nreg)

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

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

| Define initial variables for incident particle normally incident
! on the slab

nsebin=1
iqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy
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xin=0.0 ! Source position
uin=0.0 ! Moving along z axis

irin=0 ! Starting region (0: Automatic search in CG)
wtin=1.0 ! Weight = 1 since no variance reduction used

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

write(6,130)
130 format(/’ Call hatch to get cross-section data’)

open (UNIT=KMPI,FILE=’pgsbjob.pegsbdat’,STATUS="01d’)
open (UNIT=KMPQO,FILE=’egsb5job.dummy’ ,STATUS=’unknown’)

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

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

write(39,fmt="(’MSTA’)")
write(39,fmt="(i4)") nreg
write(39,fmt="(15i4)") (med(i),i=1,nreg)
write(39,fmt="(’MEND’)")

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

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

esbin(1)=ekein

Zero the variables

do j=1,nsebin
spg(j)=0.D0
spe(j)=0.DO0

end do

Set histories and histories to write trajectories
ncases=10000

Set maximum number for pict

maxpict=500

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

Write batch number
write(39,fmt="(’0 12"
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do i=1,ncases ! Start of batch -loop
! _________________________

wtin = 1.0

wtsum = wtsum + wtin ! Keep running sum of weights

ekein = ekein
spg(1)=spg(1)+1.0

etot = ekein + iabs(iqin)*RM ! Incident total energy (MeV)
availke = etot + igqin*RM ! Available K.E. (MeV) in system
totke = totke + availke ! Keep running sum of KE

if(irin.le.0.or.irin.gt.nreg) then
call srzone(xin,yin,zin,iqin+2,0,irinn)
if (irinn.le.0.or.irinn.ge.nreg) then
write(6,fmt="(’ Stopped in MAIN. irinn = ’,iB5)")irinn
sto
end i
call rstnxt(iqin+2,0,irinn)
else i
irinn=irin
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).’)")
sto

end i

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

end if

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

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

end do ! End of batch loop
! ___________________

call plotxyz(99,0,0,0.D00,0.D0,0.D0,0.D0,0,0.D0,0.D0)
write(39,fmt="(>9’)") ! Set end of batch for CG View

tt=etime(tarray)

ttl=tarray(1)

cputime=tt1-tt0

write(6,150) cputime

format(’ Elapsed Time (sec)=’,G15.5)

! Step 9: Output-of-results
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write(6,160)
160  FORMAT(/’ Sampled source spectrum’/

* 30X, ’particles/source’/
* > Upper energy’,11X,’ Gamma’,14X,’ Electron’,
* 11X, pdf’)

do ie=1,nsebin

spe(ie)=spe(ie)/ncount

write(6,170) esbin(ie),spg(ie),spe(ie)
170 FORMAT(G10.5,’ MeV--’,8X,G12.5,8%X,G12.5)
end do

call counters_out (1)

| Version: 030831-1300

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

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

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/egsb5_misc.f’

include ’include/egs5_stack.f’

include ’include/egs5_useful.f’

include ’auxcommons/aux_h.f’ ! Auxiliary-code "header" file
include ’auxcommons/lines.f’ ! Auxiliary-code COMMONs
common/totals/ ! Variables to score

* maxpict
integer maxpict

integer ! Arguments
* larg

realx*8 ! Local variables
* edepwt

integer

* ie,iql,irl
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iql = iq(np)
edepwt = edep*wt (np)

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

return
end

b——————————————— last line of ausgab.f--——------——---------—-———
b howfar.f--------------- - - - --------—-————»
Version: 070627-1600
Reference: T. Torii and T. Sugita, "Development of PRESTA-CG

I
!
! 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/egsb_stack.f’

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

integer i,j,jjj,ir_np,nozone,jt{,kno

integer irnear,irnext,irlold,irlfg,itvlfg,ihitcg

double precision xidd,yidd,zidd,x_np,y_np,z_np,u_np,v_np,w_np
double precision tval,tval0O,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 howfar with ir(mnp) <=0’
sto

end 1

if (ir_np.gt.izonin) then
write(6,*) ’Stopped in howfar with ir(np) > izonin’
stop

end if

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

end if

tval=1.d+30
itvalm=0

c 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_np))
jty=itblty(nozone)
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kno=itblno (nozone)
c rpp check
if(jty.eq.ityknd(1)) then
if (kno.le.0.or.kno.gt.irppin) go to 190
call rppcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c sph check
elseif (jty.eq.ityknd(2)) then
if (kno.le.0.or.kno.gt.isphin) go to 190
call sphcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c rcc check
elseif (jty.eq.ityknd(3)) then
if (kno.le.0.or.kno.gt.irccin) go to 190
call rcccgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c trc check
elseif (jty.eq.ityknd(4)) then
if (kno.le.0.or.kno.gt.itrcin) go to 190
call trccgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c tor check
elseif (jty.eq.ityknd(5)) then
if (kno.le.0.or.kno.gt.itorin) go to 190
call torcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c rec check
elseif (jty.eq.ityknd(6)) then
if (kno.le.0.or.kno.gt.irecin) go to 190
call reccgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c ell check
elseif (jty.eq.ityknd(7)) then
if (kno.le.0.or.kno.gt.iellin) go to 190
call ellcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c wed check
elseif (jty.eq.ityknd(8)) then
if (kno.le.0.or.kno.gt.iwedin) go to 190
call wedcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c box check
elseif (jty.eq.ityknd(9)) then
if (kno.le.0.or.kno.gt.iboxin) go to 190
call boxcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)
c arb check
elseif (jty.eq.ityknd(10)) then
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 gel check
elseif (jty.eq.ityknd(14)) then
if (kno.le.0.or.kno.gt.igelin) go to 190
call gelcgl(kno,x_np,y_np,z_np,u_np,v_np,w_np)

ckx*x*x*x add new geometry in here

end if
190 continue
end do

irnear=ir_np
if (itvalm.eq.0) then
tvalO=cgepsl
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=tvalO*10.d0
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
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go to 310
320 continue
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
tvall0=10.0d0*tvalO
irlold=ir_np
irlfg=0
330 continue
if(irlfg.eq.1) go to 340
tval00=tval00+tvalll
if (tval0O.gt.1.0d+06) then
write(6,9000) iq(np),ir(np),x(np),y(np),z(np),
& u(np) ,v(np) ,w(np),tval00
9000 format(’ TVALOO ERROR : iq,ir,x,y,z,u,v,w,tval=’,
& 2I13,1P7E12.5)
stop
end if
xidd=x_np+tvalO0*u_np
yidd=y_np+tval00*v_np
zidd=z_np+tvalOO*w_np
call srzold(xidd,yidd,zidd,irlold,irlfg)
go to 330
340 continue

tval=tval00
do j=1,10
x1dd=x_np+tval00*u_np
yidd=y_np+tval00*v_np
zidd=z_np+tvalOO0*w_np
write(*,*) ’srzone:2’
call srzone(xidd,yidd,zidd,iq_np,irlold,irnext)
if (irnext.ne.irlold) then
tval=tvalO0
irnear=irnext
end if
tval00=tval00-tvalO
end do
if (ir_np.eq.irnear) then
write(0,*) ’ir(ap),tval=’,ir_np,tval
end if
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=atval(j{8)+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
tva10=atva1(j18)+delhow
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
go to 410
420 continue
write(*,*) ’srzone:3’
call srzone(xidd,yidd,zidd,iq_np,ir_np,irnext)

o1



if ((irnext.ne.ir_np.or.atval(jjj).ge.1.) .and.
& tval.gt.atval(jjj)) THEN
tval=atval(jjj)
irnear=irnext
itv1f§=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=tvalO*10.d0
xidd=x_np+tvalO*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
go to 43
440 continue
if (tvalmn.gt.tvalO) then
tval=tvalmn
else
tval=tvalO
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(up),y(up),z(up),
& u(np) ,v(np) ,w(np) ,tval
9200 format(’ TVAL ERROR : iq,ir,x,y,z,u,v,w,tval=’,213,1P7E12.5)
idisc=1
itverr=itverr+1
if (itverr.ge.100) then
sto
end i
return
end if
irnew=irnear
if (irnew.ne.ir_np) then
call rstnxt(iq_np,ir_np,irnew)
endif
end if
return
end
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