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1 [XC®HIC

AT XA M, BEE L TVD egs il 2O MHFLE egsh DHILHL—F—N, £ T hinm
B L DR Ol CEERBE CH MRy OEE H 2 MEEZ B U CHFET 2 &
ZHME LI DO TH D, FHITHH SN DEBOMABIREZ RN TN WD 22— =32 TE
TWHIRIM AR E 2 T, KEK Internal 2011-7 & L CHRENTWASTDOT F A Mo, #HZIZ%E)
AR B E L7238 M2 72 D Th 5,

2 H[ZFAH1—4—2a— Fucsource.f DPE

Rk E LCiE, Fig. 1ITRT R cg HWEMERIRTH D, FREOMIEDOT X M &ITH Z &
ZHAICLTWD DT, MEITETEZE (0) IZTREL TWD, H—Tx/L¥F— (1.253MeV) DY1-
. Z-Bh b-5em OALE NS B — DRICA T T HRRICRE SN TV D,

R
I'y
R=6.0
vacuum
R=4.0
vacuum
R=2.0
1.253 MeV
photons vacuum
- - Z
-5.0 0.0 3.0 50 7.0

Figure 1: Geometry of ucsource.f

3 RERE! MR RILF—

3.1 Co-60 M v-#&i&
% 1.173MeV & 1.333MeV @ y #23F UHER CTHRAT D Co-60 D y-FRIFEICAE T 5, if L%
AT 2515, data XA T 2 HIEE T — 2% 7 7 A Vipbairirdte FIER & 5.,
3.1.1 if XZEFERATIAE
1. cp ucsource.f ucsourcel 0.f
2. ucsourcel 0.f DA
o MR T RV —I|ZBT D EAN A H0T,
* esbin(1),spg(1),spe(l)
%
* esbin(2),spg(2),spe(2)
WA,

nsebin=1



%

nsebin=2
(ZEH,
o HEET R L F—DRKNELEET D,
ekein=1.253 ! Kinetic energy
&
ekein=1.333 ! Kinetic energy
ICEH,
esbin(1)=ekein
%

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

WA,
o TRNX—DY LT TS EERT D,

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
spg(2)=spg(2)+1.0
end if
IZAEH,

3. ucsourcel 0.f % egsbrun CTIHITT 5,

e Linux X% Cygwin D4
2 —H—a— R4 & LT, ucsourcel 0 &, =2=v 4 D7 7 A L4 & LT ucsource
EATL, 2=v k25 21T return” & A 13 %,
”Does this user code read from the terminal?”(Zxt LT 1% A )9 %,

e DOS OI&E
egsbrun ucsoucel 0 ucsource ucsource

e ucsourcel 0.f %A%, egsbrun.bat #FITLCNWDT 4L MU —LRIRT 4 L7 hU—
ZHoHEIE. T4 L7 M)A &iL#lid 5, DOSOHE, 74 L7 b U —Dihl+
. / TR ¥THLOT, FEDRVWE D IZEET 2.

4. egsbjob.out DN T DFIE AT LR, 1T & LIZIHWERIT/ > TWND Z L 2 HRT D,

Sampled source spectrum

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



3.1.2 data XEFERATIHE

1. cp ucsourcel 0.f ucsourcel 1.f
2. ucsourcel 1.f MZH

e real*8 H 5T espdf (2),escdf (2) ZiEMT 5,

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

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,
* esbin(2),spg(2),spe(2),espdf (2),escdf(2)

ICEH,
e integer M'HE1%IZ data L& EHRT D,

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/

IZAEH,
e nsebin=2 DI, cdf ZEHETH LA EIMNT S,

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

e/ 8
o HEETF N X —DRKEOKRHZLET D,
ekein=1.333 ! Kinetic energy
%
ekein=esbin(nsebin) ! Maximum kinetic energy
(CAE,
o RERAEHIBRT D,

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



ZHIBRT 5.
o MIAT XN =DV TV v THEETT D,

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

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

WA,

3. ucsourcel_1.f % egsbrun CHEITT 5,

e Linux OFE
a—P—a— 4L LT, ucsourcel 1 %, ==y 4 D7 7 A L4 & LT ucsource
AL, 2= b 25 ZF " return” # A 195,
”Does this user code read from the terminal?” 2% LT 1 & AJ17 5,

e DOS DG4
egsbrun ucsoucel_1 ucsource ucsource

4. egsbjob.out DIEF DAY ROV, 1k LIZEWEERIZZR > TND 2 & 2ERT 5,

Sampled source spectrum

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

3.1.3 data Z27A4ILEERATBHAHE

1. cp ucsourcel_1.f ucsourcel 2.f
2. ucsourcel 2.f DEH

e local variable #Z W4 5,

real*8 I Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(2),spg(2),spe(2),espdf(2),escdf(2)



real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN)
WCEHET D,
e data X

data esbin/1.173,1.333/
data espdf/0.5,0.5/
ZHIFRT %,
e open XA iBINT %,
open(6,FILE="egsb5job.out’,STATUS="unknown’)
%

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

WA,

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

1.173,1.333
0.5,0.5

e nsebin=2 OEIZ, UL FZHHAT 5,

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

o FERDHIIHZELT 5,
write(6,170) esbin(ie),spg(ie),spe(ie)

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

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)
ICEES D,

3. ucsourcel 2.f % egsbrun CTFHEIT7T 5,

e Linux O%H&
2—H—a3— R4 L LT, ucsourcel 2 %, 1=v 4 D7 7 A L4 & LT ucsource
AL, 2= b 25 ZiF " return” # A 195,
”Does this user code read from the terminal?” (2% LT 1 & AJ17 5,

e DOS G4
egsbrun ucsoucel_ 2 ucsource ucsource

4. egsbjob.out DIADFRIAANRT MV, 1Tk 1IZEWERIZ/ > TWD Z L 2 iHERT D,

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



3.2 Ir-192 M #&iE

192 O SN D y RO F VX — L AN -0 OHRIE, LFo@Y Thod, (714
N —7"FHEE 10 ki)

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 DZH
o BRRT —4 7 7 A NIZEAT % open XEEHT 5,
open(2,file=’co60.inp’,status=’unknown’)
%
open(2,file="ir192.inp’,status=’unknown’)
ISR,

e ir192.inp I, MFDO TR X — L ZDOMREEHMTUTONEFED 7 7 4 LT,
M7 7 AMTHENTND,

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

o MRDT —FBELKEST D, !
nsebin=2
%
nsebin=7
(ZEH,

3. ucsource2.f % egsbrun CHEITT 5,

LZoORMBED X 9T, BAIIOBEERBEROEEEET LB, ETF Ay T—HEELZ G Tar A,
FATEATV, ESIFEPHAN T 7 EABEZ RN L 2R T 5 XZ TH 5D, FHike L TiE, UNIX X Cygwin D4
%, Vegsbrun” & ASJTH L T AT egsbrun db” E AT D, THUTKYD ., Ty —HEEEER E Do 3 LA VT
bivd, D&ETegsbjob.exe” E AT LT, FHEEZFEITT S5, DOS OIFAIL. Yegsbrun_db ucsource2 ucsource” % 5
1795, BUSIREIASN 7 7 B A & 2SR RITEFEBE VK T35, BN A vE— FRICHRR IR
BUFIEEPHAN T 7 B AN X e GE12iE, Y —AD EDITT, EOESIDOME B OBEFRIZRIERT 7 B ADBTONTZ 0D
TREINDBDT, V—ADYUEHMDEBEIET D, B, T H—%2EFOTCar A NV LEEEAFETHENMETT 50
T, TR H—DFHIT T 0 7T DEEOREDIHETHHN L,



e Linux OBHE
a—H—a— R 4 L LT, ucsource2 &, 1=y 4 D7 714 /L4 & LT ucsource %
AJTL, == b 25 2T return” = A 15 %,
”Does this user code read from the terminal?” 2%t LT 1 & AJ17 5,

e DOS DA
egsbrun ucsource2 ucsource ucsource

4. egsbjob.out DT DOFPF ALY FLD | BRE LTHFEIZITN S DI > TN D 2 & il
‘ﬁ—éo

Sampled source spectrum
particles/source

Upper energy Gamma Electron pdf

.29600 MeV-- 0.14040 0.0000 0.13851
.30800 MeV-- 0.14210 0.0000 0.14479
.31700 MeV-- 0.40050 0.0000 0.39913
.46800 MeV-- 0.22930 0.0000 0.23069
.58900 MeV-- 0.22000E-01 0.0000 0.21718E-01
.60400 MeV-- 0.39300E-01 0.0000 0.39575E-01
.61200 MeV-- 0.26400E-01 0.0000 0.25579E-01

3.3 Sr-90—/ &R

BRI, YRR E D AT MUVTERE CTH D, @R OWBEOY 7Y 7T, —KRIZ
WZEEY 7Y T L, TR HIETH DR, AT MAVOEREZ BN TV DA
EOERGAIC LA TE D HEE, Mlh (Z0BEIE. XX ) ZEBRICX S L, ZOK
[H OFESE DO BT OFE BT KT 2 FIG 2 MR ERE s L, B LV s T 2 =¥ —
KMz 7V 7L, RV FXF—KMANTIE, o e L TEBNIFICE YD =¥ —%2 R
ETDHHIETHD, BEYNKREERGE L, KENOBENER TH D LIE L THRBARZE
M3 2, Zo%A, BEEZ BT 21213, aRie%< 358380, ST 2EEBERMESENS T
XLV THERS RO DMLERD D,
ZOHEEBIRT H7-DIZ, Sr-90 D BREFICLTH T Y T N—F U EEKT S,

3.3.1 ICRU Report 56 DT—42 #FHIT 5154

ICRU Report 56 1Z1%, Sr-90 D BHEAYZ AR, (ZFxF— KT FRLX—) 2415501
AR M7= OS2 O B THEZ LN TS, (RKEOE) ZoTF—X2&2HEHL TS
MOTRNFX =% RET DN—F L EERT D,



05y (E_=0.546MeV)
max
1.6 | | ! !

B/disintegration per interval

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

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

E/E | B perdis. | 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 ucsource3d.f
2. ucsource3.f ALK

e local variable |Z,deltaes,emax Z B9 5,



real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN)

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,esbin(MXEBIN),

* spg(MXEBIN) ,spe (MXEBIN) , espdf (MXEBIN) ,escdf (MXEBIN) ,

* deltaes,emax

IZEH,
o HRIZEST % open XEEHLT 5,
open(2,file=’ir192.inp’,status=’unknown’)
%
open(2,file=’sr90beta.inp’,status=’unknown’)
IZEH,

e sr90beta.inp |, LFLDOAEYTZ Y FX TR F =470 O FHOMEETH Y,
UTFORNEDT 7 ANVT, Bl 7 7 A MTEEN TV D, RS BEE MBI (cdf)
EROTYHTY o TIHT 5,

0.546
41

.025

.597,1.538 ,1.532,1.526 ,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

.577,0.498 ,0.420,0.343 ,0.268,0.198 ,0.135,0.081 ,0.038,0.010
.000

0.546 1% 8 DI RT RN F— (Epar, MeV). 4115555, 0.025 15, E/Epas DK
BTHD,
o BT —H 77 A ND 5 nsebin Z AL EZETE TS,

v v v .

OCOrFrrEFrO

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

%
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)

IZEH,

o TRNFX—EUDEEFET L EBINT D,

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

end do
%
do ie=1,nsebin
esbin(ie)=(ie-1)*deltaes*emax
tnum=tnum+espdf (ie)
end do
(Rt 555 N

o cdf RIS ZEHET 2,

10



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

end do
%

escdf(1)=0.0

do ie=2,nsebin

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

end do
IZAEH,
R A RIR = & ek A RS

igqin=0 ! Incident charge - photons
e

igin=-1 I Incident charge - electrons
(ZEH,

B MU =AY
ncases=10000
%
ncases=100000
IZEH,
BRTRLE—DY 7Y v TIEAERET S,

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

end do
1000 ekein=esbin(ie)
%

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))

\ZIEIE,

TR DI 2 EHT D,

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,G12.5,8%,G12.5,8X,G12.5)
end do

11



170

B IE,

do ie=2,nsebin

spe(ie)=spe(ie)/ncount

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

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

end do

3. ucsource3.f % egsbrun THFE{TT 5,

o Linux DHH

a—H—a— 4 & LT, ucsourced &, 2=y 4 D7 7 A /L4 & LT ucsource &

AL, == b 251Z1F return” & A 19 5,
”Does this user code read from the terminal?” 1IZxf LT 1 &2 AS1§ 5,
e DOS D4

egsbrun ucsource3 ucsource

4. egsbjob.out DE A DHFR AT LD,

Sampled source spectrum

Upper energy

.13650E-01
.27300E-01
.40950E-01
.54600E-01
.68250E-01
.81900E-01
.95550E-01
.10920
.12285
.13650
.15015
.16380
.17745
.19110
.20475
.21840
.23205
.24570
.25935
.27300
. 28665
.30030
.31395
.32760
.34125
.35490
.36855
.38220
.39585
.40950
.42315
.43680
.45045
.46410
47775
.49140

RE LRI
particles/source
Gamma

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
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
MeV-- 0.0000 0
MeV-- 0.0000 0

12

TN DR >TND Z & ZHERT 5,

Electron

.38520E-01
.37330E-01
.36750E-01
.37710E-01
.37060E-01
.36010E-01
.36990E-01
.36450E-01
.37110E-01
.35230E-01
.35310E-01
.34350E-01
.35240E-01
.34100E-01
.33260E-01
.34070E-01
.32810E-01
.32090E-01
.31810E-01
.30760E-01
.29310E-01
.28920E-01
.27620E-01
.25490E-01
.23880E-01
.23650E-01
.21360E-01
.19210E-01
.18200E-01
.15610E-01
.14610E-01
.12170E-01
.10670E-01
.84100E-02
.63300E-02
.50100E-02

OOOOOOOOOOOOOOOOOOOOC)OOOOOOOOOOOOOOO._d

df

.39108E-01
.37663E-01
.37516E-01
.37369E-01
.37173E-01
.36953E-01
.36732E-01
.36487E-01
.36218E-01
.35900E-01
.35581E-01
.35239E-01
.34822E-01
.34381E-01
.33892E-01
.33328E-01
.32692E-01
.31982E-01
.31198E-01
.30316E-01
.29337E-01
.28259E-01
.27084E-01
.25786E-01
.24415E-01
.22896E-01
.21306E-01
.196165E-01
.17852E-01
.16015E-01
.14130E-01
.12195E-01
.10285E-01
.83996E-02
.65628E-02
.48487TE-02



.50505
.51870
.53235
.54600

MeV-- 0.0000
MeV-- 0.0000
MeV-- 0.0000
MeV-- 0.0000

0.33400E-02
0.21200E-02
0.88000E-03
0.25000E-03

3.3.2 RADAR - The Decay DataDT—42 #FH3 %184

RADAR - The Decay Data (http://www.doseinfo-radar.com/RADARDecay.html) (21X, %<
D BIRANRYT MT—=EDPRENTND, (BT, TRADAR7—%#] &£\ 95,) RADAR 7—# T
I, 20 %5 Lo = RV X — X3 2%E T 5 fE 2% £ (PDF:Probability distribution function) 73 5-
ABNTWD, ZOT—=ZZ/A L TSr-90 D fROTFNFX—2RET DN —TF > 2EKLT D,

Table 2 §-ray spectrum from RADAR.

Emin

Emaa:

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

7.17E-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.f OZEH

e local variable @ ,deltaes,emax % beint (ZZEE§ 5,

Hahs gHETH 5,

%

* deltaes,emax

* beint

WA,

e local variable @ integer (Z iebeta Z BT %,

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

13

0.33059E-02
0.19835E-02
0.93055E-03
0.24488E-03

beint [T, AREEY 72V 12k



%
* i,icases,idin,ie,ifti,ifto,ii,j,k,n,nd,ner,nsebin,ibeta
ICEH,
o MARIE HIZEHT 5 character SCZEIENT 5,
character*24 medarr (MXMED)
%

character*24 medarr (MXMED)
character*x20 soinf

(ZZEH,
o HRIFIZEIT % open LEEHT 5,
open(2,file=’sr90beta.inp’,status=’unknown’)
%
open(2,file=’8r-90.dat’,status=’unknown’)
ICEH,
e Sr-90.dat lX, LFONED 7 7 A VT, BlAi 7 7 A VIZEEN TN D,

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

1. AREEICEDW R SN BRIV EFTH DL Z AR LTS, BEFOHEE. 1
LB,

o MIRT —X 7 7 A )LD nsebin & firALER & T DI T Ly 2 LT 5,

[elololololololololololofololololo Yoo N o)

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.D0

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

end do

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

I Incident charge - electromns
| Maximum kinetic energy

nsebin=21

esbin(1)=0.d0

espdf (1)=0.4d0

read(2,’ (A20)’) soinf

read(2,*) ibeta, beint

do ie=2,nsebin
read(2,*) esbin(ie),espdf(ie)

end do

! Number of bin for beta-ray spectrum

! Source information
! Charge od beta-ray, emitted beta per decay

! Upper bin and pdf

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

igin=ibeta
ekein=esbin(nsebin)

IZAEH,
o WHEROMITH N EEET S,
write(6,170) esbin(ie),spg(ie),spe(ie),espdf(ie-1)/tnum

! Incident charge - electrons
| Maximum kinetic energy

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

3. ucsource3_1.f # egsbrun TIHITT 5,

e Linux OH4E
2—H—a— R4 L& LT, ucsource3.1 &, 1=v b4 D7 7 A L4 & LT ucsource
ZANJIL, == bk 252X return” = A1 %,
”Does this user code read from the terminal?” {C
e DOS DiGH&
egsbrun ucsouce3_1 ucsource

XLT1ZANT D,

4. egsbjob.out DE T DFHRANT MR BRE LIZHRIZENS Do TN D Z L 2R 5,

Sampled source spectrum

particles/source
Upper energ 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
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.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

4 REZRE2  RRAEE

X 1.5cm D5 dem OFEIRIC—HRICHOA4 L CWAERIEOSESIZ. BEMNEBEEZ Y7V 745
N—F BT D,

4.1 EEYUTYLY
£ Ry 5 Ry OFEIRIZ —KEIZ 04 LTV 2 EAARIR DS A OB D53 A\ B3 5 fife =878 B B 4%
(pdf) I1Z, WD XI5,
f(r)ydr = ¢ x 2mrdr
Ry
/R F(€)dg = ex[€) = ex[R? — R3] = 1
1 2rdr
i A T
BRI OHRR (1) 1, IFOREMS = LIk T 5,

CcC =

[T B r2 —uRO
n= Ro f(g)dg R2 R2

r=\/R}+n(R} - R})
X &y DNEIE, o0&, 0006 2r O—FRAMNHIRE L,
Tr=rcos¢, y=rsing
ICEVRET D, BARNRT 077 8%, LTFO LT 5,
1. cp ucsource.f ucsource4.f
2. ucsourced.f OEH
e local variable (2 r02,r12,phai ZiB/INJ 5,
* esbin(1),spg(1),spe(1)
%
* esbin(1),spg(l),spe(1),r02,r12,phai,rr0
CEES D,
o HRIE D weight R EHIZ, r01,r12 DRELEFHEAT S,

wtin=1.0 I Weight = 1 since no variance reduction used
%
wtin=1.0 I Weight = 1 since no variance reduction used
r02=1.5%1.5
r12=4.0%4.0
ICE R,

16



o BRI EDY TV v T EREAT 5,

call randomset (rnnow)
rr0=sqrt (r02+rnnow* (r12-r02))
call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)

3. ucsource4.f % egsbrun THEITT 5,

e Linux DFE
a—H—a— R 4 L LT, ucsourced &, 1=y 4 D7 714 /L4 & LT ucsource &
ABIL, == bF 251X return” = A 135,
”Does this user code read from the terminal?” 2% LT 1 & AJ17 5,

e DOS &
egsbrun ucsouce4 ucsource ucsource

4. CGView T, JEE#ERZ X-Y 2L, filiz2 AT, P22 1.5-4.0 OFEHN L2083 HTVnWD 2
L EMERT D,
4.2 Rejection %

Rejection 15 TIE, x KDy ZZNEI-1 06 1 OFFHDOIESFTENT—ERIZH 7Y 7L, Ry/Ry <
r=+vx?2+1y2 <10DOEEITIT o R LDy * Ry ZRRMAE & L, 2SN O%EIT, 7Y
VI ERRVET (R REBERWCYH T T 5) 2D MEERRET D, BRI
A/ AN = N NN SN e pr

1. cp ucsource4.f ucsourceb.f
2. ucsource5.f DA

e local variable #ZH ¥ 5,
* esbin(1),spg(l),spe(1),r02,r12,phai,rr0
%
* esbin(1),spg(1l),spe(1),r0,rl,rr0
a8
e 102,112 DXE% r0,r1 DREICEELT D,

r02=1.5%1.5
r12=4.0%4.0
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WA,
o WIFNEDY TV v T lERERT 5,

call randomset (rnnow)
rrO=sqrt (rO02+rnnow* (r12-r02))
call RANDOMSET (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai)
yin=rrO*sin(phai)

100 call randomset (rnnow)
x10=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO=sqrt (xi0*xi0+yi0*yi0)
if (rr0.gt.1.0.0r.rr0.1t.r0/rl) go to 1100
xin =r1+*xi0
yin =rlxyi0

[

3. ucsource5.f % egsbrun CHEITT 5,

e Linux DFE
a—H—a— R 4 L LT, ucsources &, 1=y 4 D7 714 /L4 & LT ucsource &
ASAL, == b 2512iF return” Z A S35,
"Does this user code read from the terminal?” (Zxf LT 1% AJ17 5,

e DOS G4
egsbrun ucsouceb ucsource ucsource

4. CGView T, EEV 7V 7 LFEU X DI 1.5-dcm OFEE L FNRH TS Z & %
Eﬁa}r}\ﬁ‘ 6 o
5 EEFE4L  RREAM(27)

51 E#EYTULY
FHTIROEE . Z HMOTRRETH D w OMEREEZREEIL. LUTORKRIZR D,

f(0)dO = c x 2wsinfdf (0 <0 <)

w = cos
ET5L p
w .
= —sinf — g(w) = —c X 2wdw
~1
/ gw)dw = —c x 27 x (=2) =1
1
no

1 1
c= - g(w)dw = —idw
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E72%, wit, UTORZM ZLICIVIRET DN TE D,

w 1
77:/ g(w)dwzi(l—w)—)wzl—Qn
1

1-2np&2np—110F, FfiZenT, EHEHEMEHLTHRY, ZOMED XL 9 IZ cos O 23 IEDREK

DR S N5 FITHIR DB A1,

/log(w)dw =—cx2nx(-1)=1

no .
c=g5- = g(w)dw = —dw
LD DT,

n::]/ gw)dw =w —»w=1-—n
1

L—n&nid, FMRDOT, w=ntT2, EEOTTTT LI, LLTFOKIZT S,

1. cp ucsource.f ucsource6.f
2. ucsource6.f DA H

e local variable |Z,phai,rr0 ZiBIT %,

real*8
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1l),spe(l)

real*8
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1),spe(1),phai,rr0

WA,
o WIRDHFMAY LTV v I+ 5L EFEATD,

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)

o TR DOHIRERAL

I Local variables

I Local variables

— BTV T U AT, BB LS TTWRRIT e B0,

(xin*xin+yin*yin+win*win=1.0)

ZOBEIDRY K OLGEE, BRI NTHLEDR, 2—F—R3Ea50R) 5Tt
WEOT M ZRET H2HEITIE, LS TV LN E I D EiERT 2VERD D,

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

N, ZDOFEDDONL—FT 4 ThhH,

3. ucsource6.f % egsbrun CTHITT 5,

e Linux OHH
Z—H—a— K4 & LT, ucsource6 &, 2=y 4 D7 7 A )4 & LT ucsource &
AL, 2=y b 25 21F return” # A 145,
"Does this user code read from the terminal?” 2%t LT 1 & AJ174 5,

e DOS OFA
egsbrun ucsouce6 ucsource

4. CGView T, J6125 2r HFIMITHEFBICRAEL TWD Z & 2R T 5,

5.2 Rejection &

Rjection i TliL, x,y KWz #ZNETN-1 005 1 OIS HIERFT—HEcH 7V 7L, o7y
7 ENTALEDR R 1 OROWNR OGS, TR 7Y 7 Sz gl min 5 Fn & J5m
RiEET D, EROIMUDGZEIX, Yo7V 72V ET, EEOT w77 0%, UTFTOXHIC
T 5,

1. cp ucsource6.f ucsource7.f
2. ucsource7.f DA W

o WIRDF AW TV o T+ HESEEET S,

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)

1300 call randomset (rnnow)
ziO=rnnow
call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO=dsqrt (xi0*xi0+yiO*yi0+zi0*z1i0)
if(rr0.gt.1.0) go to 1300

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

3. ucsource7.f % egsbrun THEITT D,
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e Linux O%H&
a—H—a— 4 & LT, ucsource? &, 2=v N4 D7 7 A /L4 L LT ucsource &
AL, == k25 ZiF return” & AJ19 %,
”Does this user code read from the terminal?” (Zxf LT 1% A1 %,

e DOS DA
egsbrun ucsouce7 ucsource

4. CGView T, St WNEEY 7V 7 OEGAE LR UL DI 2r FIIZEGTINIHEL TS
LRI D,

6 ETEFEES  FHHARRKRE
U— 3 v 3OMEFIZ, 1.235 MeV O v #%& it 3 2 BEERIN RN —HRIZ oM L TnD &
T 5, IO KL, Rejection {ETRET 5,

6.1 EEYTILYT
1. cp ucsource7.f ucsource8.f
2. ucsource8.f DA
e local variable |Z,shl,shh,shr ZiEBI9 %,
real*8 I Local variables

* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(1),spg(1l),spe(l),phai,rr0

%
real*8 I Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(1),spg(1l),spe(l),phai,rr0,shl,shh,shr
IZAEH,
o MRIRNEW (Z D&/, BKERUFEEROME) #RET D,
wtin=1.0 ! Weight = 1 since no variance reduction used
%
wtin=1.0 ! Weight = 1 since no variance reduction used
! Define source information
sh1=3.4d0 ! Minimum Z
shh=5.d0 I Maximum Z
shr=2.d0 I Source radius
IZAEH,

o A HFENCT A2, MEDOY 7Y 7T 70 Z2-1 006 1 OfFEHK T 7Y 74
HEDITEFET D,

ziO=rnnow
%
zi0=2.0*rnnow-1.0
I,
o MADNEEY TV T TDHLEFHAT D,
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call randomset (rnnow)

call randomset (rnnow)

zin=shl+rnnow* (shh-shl) ! Determine Z-position
call randomset (rnnow)

rrO=shr*dsqrt (rnnow) | Determine r-position
call randomset (rnnow)

phai=PI*(2.0*rnnow-1.0)

xin=rrO*cos(phai) | Determine X-position
yin=rrO*sin(phai) | Determine Y-position

WA,

3. ucsource8.f % egsbrun CTHITT 5,

e Linux DFE
a—H—a— R 4 L LT, ucsource8 &, 1=y 4 D7 714 /L4 & LT ucsource &
AL, == b 251Z1F return” & A 13 5,
”Does this user code read from the terminal?” 2% LT 1 % AJ19 5,

e DOS DFA
egsbrun ucsouce8 ucsource

4. CGView T, XFNY —Ta > 3DOMEND 4 FIANZETHICHRAEL TWD Z L iR
T 5,

6.2 Rejection ix

FRIROTRDNEHE 7G50, EEEAZEHA T Z 813 LW, Z oGS, MIRENET 5
HEKREZER L, BEHFENTIC RO L TWDE LT EZS 7T 7L, BONTEALE
DERY —2 2 o ThWEEIZIE, 7Y v 7 %00 ET rejection iEEMHT D, RE L
B R CRIRTFEIBN O N L WIGAEIIE, BTV 7V o TENEL L8, ED X5 R
RICHEHT A Z EBHKD, Fo 7V T INTEENEDY —2 3 BT D&, PR, M
AR Z LB DE TR EZER LT2GAITE, (B LI2BRORRICEY, V—Ya &R
DX EFLR T D MENH D, ucsource.f DERIZ, CG TRKRAZFLIL L TWAEAIZIE, 7Y
T U RS, EDY —Va U@ T 50 % 1<% subroutine srzone 9 Z LIZL VKD
DT ENRHEKD,

1. cp ucsource8.f ucsource9.f
2. ucsource8.f DA W
e local variable ®,shl,shh,shr #ZH T 5,
realx*8 I Local variables

* availke,tnum,wtin,wtsum,xi0,yi0,zi0,
* esbin(1),spg(l),spe(l),phai,rr0,shl,shh,shr

real*8 I Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,

* esbin(1),spg(1),spe(1),phai,rr0,
* sxmin,sxmax,symin,symax,szmin, szmax
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WA,
EHAROER (X, Y RONZ Ofg/IME & e K l) 2% ET 5,

! Define source information

sh1=3.40 ! Minimum Z
shh=5.d0 I Maximum Z
shr=2.40 I Source radius

%

! Define a rectangular parallelepiped for uniform samplimg.
sxmin=-2.d0
sxmax=2.d0
symin=-2.d0
symax=2.d0
szmin=3.d0
szmax=5.d0

A,

BRIRONEZ Y > 7V 73 DL E call srzone TY —Va U FFEROI-H% DU
HAEET 5, srzone lX. xin, yin, zin OLED Y — 3 > F 5% irinn T/RT
subroutine TH 5, EEFITIE, BEDO YU — 3 > FF irinn 2RO 5721 OEEIT
& 505, Rejection IECHEMHT 25 E8121E, irinn BRE 72K, 2DV —T 3 VDR
BOV—2 a3 THLNE DAL, MENORIFELSNAD Y — 3 > OgAE, W
VY TR E T, subroutine rstonxt X, U —Ta VHIEEZZIR LTI ED
W2, BIFEEOQY —Va v OETHY —Va &k RD D subroutine TH D,

BARBIIZIL,

! Determine source position

call randomset (rnnow)

zin=shl+rnnow* (shh-shl) | Determine Z-position
call randomset (rnnow)
rrO=shr*dsqrt (rnnow) | Determine r-position

call randomset (rnnow)

phai=PI*(2.0*rnnow-1.0)

xin=rrO*cos(phai) ! Determine X-position
yin=rrO*sin(phai) | Determine Y-position

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 = ’,i5)")irinn
stop
end if
call rstnxt(iqin+2,0,irinn)
else
irinn=irin
end if

400 call randomset (rnnow)
zin=szmin+rnnow* (szmax-szmin) ! Determin Z-position
call randomset (rnnow)
xin=sxmin+rnnow* (sxmax-sxmin) | Determin X-position
call randomset (rnnow)
yin=symin+rnnow* (symax-symin) ! Determin Y-position

[

23



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 = ’,i5)")irinn
stop
end if
! If a sampled position is outside the source region,
! re-sample a position.
if (irinn.ne.3) go to 1400
call rstnxt(iqin+2,0,irinn)
else
irinn=irin
end if
(ZZEH,
ZOBITIE, BHROY —a B3 70T, #HRY —T 3 COHEIE, if (irinn.ne.3)
go to 1400 kiﬁo“(b‘éifi WIRD Z L2 D ZOSME, BRIRO TS LT
W HMERDH D, FlZIE, FROFEEN Y —T a4 L 6ICETR> TV DHEEITIE,

if (irinn.ne.4.and.irinn.ne.6) go to 1400

92,

3. ucsource9.f % egsbrun TIHITT 5,

e Linux O%H
a—H—a— R4 L LT, ucsource9d &, 1=y 4 D7 7 A /L4 & LT ucsource %
AL, 2=y k25 1Z1F " return” & A 13 5,
”Does this user code read from the terminal?” (2% L C1 % A9 5,
e DOS OFA
egsbrun ucsouce9 ucsource

4. CGView T, JF2Y =23 3OMEND 4r HRIZFTHNIREEL TWD Z & 2R
ERAR
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Practices of
How to Write Source Routine

(English Parts)
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1 Introduction

This ” Lecture Note” was written for beginners of egs5 to understand how to write source routine,
which is an important routine in particle transport with Monte Carlo method, via various
practices. A practice related to ”Isotropic right cylinder volume source” is added to the original
one published as KEK Internal 2011-7 reflecting the increase of the request from users.

2 Outlines of user code ucsource.f

The geometry used in ucsource.f is cylindrical with cg, as shown in Fig.1. All regions are set
to vacuum (0) to test the source. A 1.253 MeV photon pencil beam enters the cylinder from
Z=-5cm along the Z-axis.

R
I'y
R=6.0
vacuum
R=4.0
vacuum
R=2.0
1.253 MeV
photons vacuum
- Z
5.0 0.0 3.0 50 7.0

Figure 1: Geometry of ucsource.f

3 Practice 1: Source energy

3.1 ~-rays from Co-60

Photons of 1.173MeV and 1.333MeV are emitted with equal probability. There are three ways.
(1) use of if statement, (2) use of data statement and (3) use of data file.

3.1.1 Use of if statement

1. cp ucsource.f ucsourcel 0.f
In the case of DOS, the copy ucsource.f ucsourcel 0.f or copy function of Windows
must be used.

2. Modify ucsourcel 0.f as follows:

e Increase the number of source energy bins as follows.
Change

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

* esbin(2),spg(2),spe(2)
Change
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nsebin=1
to
nsebin=2

e Modify the maximum electron kinetic energy used.

That is change
ekein=1.253 ! Kinetic energy
to
ekein=1.333 ! Kinetic energy
e Modify the photon energy for each energy bin as follows.
Change
esbin(1)=ekein
to

esbin(1)=1.173
esbin(2)=1.333
e Modify statements for source energy sampling as follows.
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
spg(2)=spg(2)+1.0
end if

. Run ucsourcel_0.f through egsbrun.

e In the case of Linux or Cygwin,
enter ucsourcel_0 as the user code;
enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25; and
enter 1 for ”"Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsourcel_ 0 ucsource

. Check the sampled source photons spectrum in egs5job.out
The following is an example of the result.

Sampled source spectrum

particles/source
Upper energy Gamma Electron pdf
1.1730 MeV-- 0.49710 0.0000
1.3330 MeV-- 0.50290 0.0000
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3.1.2 Use of data statement
1. cp ucsourcel 0.f ucsourcel 1.f

2. Modify ucsourcel_1.f as follows:

e Add "espdf(2)” and "escdf (2)” as local variables.
Change

real*8 I Local variables
* availke,tnum,wtin,wtsum,xi0O,yi0,zi0,
* esbin(2),spg(2),spe(2)

to

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(2),spg(2),spe(2),espdf (2),escdf(2)
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

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

e Add statements to obtain cumulative distribution functions (cdf) after nsebin=2.

Change
nsebin=2
to
nsebin=2

tnum=0.DO0

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

end do

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

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

e Modify the maximum electron kinetic energy used as follows.
Change

ekein=1.333 ! Kinetic energy
to
ekein=esbin(nsebin) ! Maximum kinetic energy
e Delete the following two lines.
esbin(1)=1.173
esbin(2)=1.333
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e Modify the source energy sampling routine.
That is, change

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

to

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 through 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; and

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

e In the case of DOS, use
egsbrun ucsourcel_1 ucsource

4. Check the sampled source photons spectrum in egs5job.out
An example of this result is as follows.

Sampled source spectrum

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

3.1.3 Use of data file.
1. cp ucsourcel_ 1.f ucsourcel 2.f
2. Modify ucsourcel 2.f as follows:

e Modify the local variables

real*8
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,
* esbin(2),spg(2),spe(2),espdf (2),escdf(2)

to
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real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,esbin(MXEBIN),
* spg(MXEBIN) ,spe (MXEBIN) ,espdf (MXEBIN) ,escdf (MXEBIN)

e Delete the 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’)
to

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

e co60.inp is the data file including source photon energies and their probability dis-
tribution functions (pdfs) constituted by the following data. In addition, co60.inp
is included in the distribution files

1.173,1.333
0.5,0.5

e Insert the following statements after nsebin=2.

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

e Modify the output statement for the 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,G12.5,8%X,G12.5)

3. Run ucsourcel 2.f throough 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsourcel_2 ucsource

4. Check the sampled source photons spectrum in egs5job.out
An example of this result is as follows.

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
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3.2 ~-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

1. cp ucsourcel 2.f ucsource2.f
2. Modify ucsoure2.f as follows:

e Modify the open statement for the source data file.
That is, 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 constituted
by the following data and 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 4-ray energies. !

Change
nsebin=2
to
nsebin=7

3. Run ucsource2.f through 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; and
enter 1 for ”Does this user code read from the terminal?”.

f it is necessary to change the value of the argument, you must check the -out of bound- error by running egs5
with the debug option as follows. In the case of Unix or Cygwin, type "egsbrun db” instead of ”egsbrun”. Next,
execute the programe by using ”egsbjob.exe”. In the case of DOS, execute "egsbrun_db ucsource2 ucsource”.

Modify egsbrun.bat to use the debug mode, and save as egs5run_db.bat.

If the ”out of bound error” occurs, the line number and argument causing error are displayed. Running egsb with
the debug option requires more CPU time than usual, and is therefore used only for this type of check.
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e In the case of DOS, use

egsbrun ucsource2 ucsource

4. Check the sampled source photons spectrum in egs5job.out. An example of this result

is as follows.

Sampled source spectrum

particles/source

Upper energy Gamma Electron pdf

.29600 MeV-- 0.14040 0.0000 0.13851
.30800 MeV-- 0.14210 0.0000 0.14479
.31700 MeV-- 0.40050 0.0000 0.39913
.46800 MeV-- 0.22930 0.0000 0.23069
.58900 MeV-- 0.22000E-01 0.0000 0.21718E-01
.60400 MeV-- 0.39300E-01 0.0000 0.39575E-01
.61200 MeV-- 0.26400E-01 0.0000 0.25579E-01

3.3 [(-rays from Sr-90

The electron spectrum of S-decay is continuous and different from that of y-decay. It is generally
difficult to apply the direct method for sampling continuous probability. Furthermore, this is
an approximate method but can be applied as follows to any case if the shape of the spectrum
is given:

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

e Use the fraction of the integration of each energy bin to the integration of the entire energy
region as a pdf.

e Sample the bin by cdf created from pdf and a random number.
e Determine energy supposing the probability is uniform within each energy bin.

The followings are the sampling routines for determining the source beta-ray energy from
Sr-90.

3.3.1 Using ICRU Report 56 data

ICRU Report 56 provides S-ray spectrum of typical radioisotopes in the form of numbers of
[B-rays per bin per disintegrations. Fig.2 and Table 1 illustrate the S-ray of Sr-90.
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Figure 2: S-ray spectrum from Sr-90(ICRU Report 56).

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

E/Enas | 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” and ”"emax” as the local variables.
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Change

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

to

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xi0,yi0,zi0,esbin(MXEBIN),

* spg(MXEBIN) ,spe (MXEBIN) , espdf (MXEBIN) ,escdf (MXEBIN),

* deltaes,emax

Modify the open statement for the source data file as follows.
Change

open(2,file=’ir192.inp’,status=’unknown’)
to
open(2,file=’sr90beta.inp’,status=’unknown’)

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

0.546
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0.025

1.597,1.538 ,1.532,1.526 ,1.518,1.509 ,1.500,1.490 ,1.479,1.466 ,
1.453,1.439 ,1.422,1.404 ,1.384,1.361 ,1.335,1.306 ,1.274,1.238 ,
1.198,1.154 ,1.106,1.0563 ,0.997,0.935 ,0.870,0.801 ,0.729,0.654 ,
8.888,0.498 ,0.420,0.343 ,0.268,0.198 ,0.135,0.081 ,0.038,0.010 ,

The maximum kinetic energy of S-rays is 0.546 MeV (E,,4.), the number of energy
bin is 41 and 0.025 is the bin width is 0.025, calculated as E/E;qz-

Modify the statements as follows 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 a statement to calculate the energy corresponding to 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 the statements for calculating cdf as follows.
Change

34



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 as follows.

Change
igqin=0 ! Incident charge - photons
to
igin=-1 I Incident charge - electromns

Increase the history number as follows. Change
ncases=10000

to
ncases=100000

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))

Modify the 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,G12.5,8%X,G12.5)
end do
to

do ie=2,nsebin



spg(ie)=spg(ie)/ncount

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,G12.5,8%X,G12.5)
end do

3. Run ucsource3.f through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource3 ucsource

4. Check the sampled source photons spectrum in egs5job.out. An example of this result
is as follows.

Sampled source spectrum
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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
.95550E-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



3.3.2 Using RADAR - The Decay Data

RADAR - The Decay Data(http://www.doseinfo-radar.com /RADARDecay.html) provides many
B-ray spectra in the form of a pdf per energy interval. Table 2 illustrates the [-ray spectrum
from Sr-90.

Table 2 §-ray spectrum from RADAR.

Emin Ema:p 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 variables "deltaes” and ”"emax” to "beint.”
Change

* deltaes,emax
to
* beint

e Add "iebeta” as the 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 a character statement about source information.
Change
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character*24 medarr (MXMED)
to

character*24 medarr (MXMED)

character*20 soinf

Modify the open statement for the source data file as follows.
Change

open(2,file=’sr90beta.inp’,status=’unknown’)
to
open(2,file="8r-90.dat’,status=’unknown’)

Sr-90beta.dat is the data file including S-ray pdfs 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

[eleoloJoJololololololololololofololo oo

The ”-1”7 at the second line implies electron decay. For positron decay this number
must be 717,

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.DO0

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 I Incident charge - electromns

ekein=esbin(nsebin) ! Maximum kinetic energy

to
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nsebin=21

esbin(1)=0.d0

espdf (1)=0.d0

read(2,’ (A20)°’) soinf

read(2,*) ibeta, beint

do ie=2,nsebin
read(2,*) esbin(ie),espdf(ie)

end do

! Number of bin for beta-ray spectrum

! Source information
! Charge od beta-ray, emitted beta per decay

! Upper bin and pdf

do ie=2,nsebin

e Modify the output statements of results as follows.

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

end do

igin=ibeta

ekein=esbin(nsebin)

Change

to

! Incident charge - electrons
! Maximum kinetic energy

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 through egsbrun.

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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use

egsbrun ucsource3_1 ucsource

4. Check the sampled source electron spectrum in egs5job.out.

An example of this result is as follows.

Sampled source spectrum

particles/source

nger 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
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4 Practice 2: Source Position

Here, we assumed that a source uniformly distributed inside an annual area between radii
Ro(=1.5cm) and R;(=4.0cm) in the X-Y plane.

4.1 Direct sampling
In this case, the pdf for the radii is

f(r)dr = ¢ x 2nrdr

Ry
| 1€ = enlfs = en{RE - RE =1

Ry
1 2rdr
= ———— — dr = ———
Crmem T EeR
The radial position is obtained by solving
T ,,,.2 _ R2
= dé¢ = — 0
"= f(&)dg F_R

r= /B3 + (RS - R)
The calculation of radius r showed that f(¢)d¢ = d¢/2m; therefore, the next random number
determines ¢ by

¢
m=F) = [ f(@)do = (6+m)/2n

and ¢ = 7(2my — 1).
The variables x and y are calculated as follows:

T =17rcos¢,y =rsin¢.
1. cp ucsource.f ucsource4.f
2. Modify ucsource4.f as follows:

e Add "r02”, "r12” and ”"phai” to the local variable.
Change

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

e Insert statements to define r02 and r12.

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

e Insert the statements to sample a source position as follows.
Change
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call randomset (rnnow)
rrO=sqrt (rO2+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 through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource4 ucsource

4. Check the trajectories by using CGview.

e Select the X-Y display mode.

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

4.2 Rejection method

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

In this technique, a point is chosen randomly within the square —1.0 < x < 1.0;-1.0 <y <
1.0. If this point satisfies Rg/Ry < r = /2?2 +y? < 1.0, (x * Ry, y * Ry) is accepted as the
source position. Contrastively, if this point does not satisfy the aforementioned condition, it is
rejected and a new point is sampled.

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

e Modify local variables as follows.
Change

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

e Modify the statements related to the radii of circles as follows.

Change
r02=1.5%1.5
r12=4.0%4.0

to
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r0=1.5
ri1=4.0

e Modify the position sampling method as follows.

Change

to

[

100

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)

call randomset (rnnow)

xi0=2.0*rnnow-1.0

call randomset (rnnow)

yi0=2.0*rnnow-1.0

rrO=sqrt (xi0*xi0+yi0*yi0)

if (rr0.gt.1.0.o0r.rr0.1t.r0/rl) go to 1100
xin =r1*xi0

yin =rilx*yi0

3. Run ucsourceb.f through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsourceb ucsource

4. Check the trajectories by using CGview.

e Select the X-Y display mode.

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

5 Practice 4: Source Direction

5.1 Direct sampling

The pdf of a directional cosine for the Z-direction cos @ is given by

By setting

f(0)dO = ¢ x 2wsinfdf (0 <0 <)

w = cos d,
dw

i —sinf — g(w) = —c x 2wdw,
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and

-1
/ g(w)dw = —c x 27 x (=2) = 1.
1
Therefore,
1

1
c= o g(w)dw = —§dw.

The variable w can be determined by solving the following equation.

w 1
77:/ g(w)dw:§(1—w)—>w:1—2n.
1

For an isotropic source in the 27 region, w can be determined as follows.

/log(w)dw =—cx2rx(-1)=1

€= g(w)dw = —dw.

w
r]:/ gwydw=1-w—-w=1-n
1

Here, 1 — 7 and n are equivalent; therefore, w = n is usually used.
After sampling w, ¢ is sampled as
¢ =m(2n—1).

The variables v and v are calculated as

sinf = /1 — w2, u = sinf cos ¢, v = sin 6 cos ¢.
1. cp ucsource.f ucsource6.f

2. Modify ucsource6.f.

e Add "phai and rr0 to the local variables.
Change

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

to

real*8
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1l),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(1.0-win*win)*cos(phai)
vin=dsqrt (1.0-win*win)*sin(phai)

e Normalization of directional cosines.

— The sampled directional cosines must be normalized.
(xin*xin+yin*yin+win*win=1.0).
In the aforementioned sampled procedure, the directional cosines are normalized
properly. If users sample directional cosines through their method, they must
check whether they are normalized properly. The 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 through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource6 ucsource

4. Check the trajectories using CGview.

e Select the X-Y display mode.

e Confirm that photons are produced in isotropic within the 27 region.

5.2 Rejection method

A point (z;,y;, z;) is chosen randomly within the box —1.0 <2 < 1.0;-1.0 <y <1.0;0.0 <z <
1.0. If this point lines within a sphere with unit radius,

R=\/ai+yi+21 <1

use sampled directional cosines as source directions. Variables w,v, and w are determines as
follows.

u=x1/R; v=y1/R; w=z/R.

Otherwise, the point is rejected, and another point is sampled.

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

1300 call randomset (rnnow)
ziO=rnnow
call randomset (rnnow)
xi0=2.0*rnnow-1.0
call randomset (rnnow)
yi0=2.0*rnnow-1.0
rrO=dsqrt (xi0*xi0+yiO*yi0+zi0*z1i0)
if(rr0.gt.1.0) go to 1300

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

3. Run ucsource7.f through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource7 ucsource

4. Check the trajectories using CGview and confirm that photons are produced in isotropic
within the 27 region.

6 Practice 5: Isotropic Right Cylinder Volume Source

Suppose that radioisotopes emitting 1.235 MeV ~-rays distribute uniformly within a right cylin-
der (region 3). The directional cosines are determined using the rejection method.
6.1 Direct sampling

1. cp ucsource7.f ucsource8.f

2. Modify ucsource8.f.
e Add ”shl”, "shh” and ”"shr” to the local variables.
Change
real*8 ! Local variables

* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1),spe(1),phai,rr0
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to

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1l),spe(l),phai,rr0,shl,shh,shr

e Define source information (Bottom and top positions, top position and radius of a
right cylinder)

Change

wtin=1.0 I Weight = 1 since no variance reduction used
to

wtin=1.0 I Weight = 1 since no variance reduction used
! Define source information

sh1=3.4d0 ! Minimum Z

shh=5.d0 ! Maximum Z

shr=2.40 ! Source radius

e Change zi0 sampling from -1 to 1 to sample the angle in the 47 direction.
That is change

ziO=rnnow
to
zi0=2.0*rnnow-1.0

e Insert the position sampling routine as follows.
Change

call randomset (rnnow)

zin=shl+rnnow* (shh-shl) | Determine Z-position
call randomset (rnnow)
rrO=shr*dsqrt (rnnow) | Determine r-position

call randomset (rnnow)
phai=PIx*(2.0*rnnow-1.0)

xin=rrO*cos(phai) ! Determine X-position
yin=rrO*sin(phai) | Determine Y-position

3. Run ucsource7.f through 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; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource7 ucsource

4. Run ucsource8.f through egsbrun.
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e In the case of Linux or Cygwin,
enter ucsource8 as the user code;
enter ucsource as the file name for unit 4 and simply enter ”"return” for unit 25; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource8 ucsource

5. Check the trajectories by using CGview and confirm that photons are produced in isotropic
from the source right cylinder.

6.2 Rejection method

If the source geometry is complex, it is difficult to determine the source position by using the
direct method. Thus the rejection method will be useful. In the following rejection method,
a point (x;,¥;, ;) is chosen randomly within a rectangular parallelepiped, which includes the
source region. Xoin < T < Xpmaz; Ymin < Ui < Yoz Zmin < 2Zi < Zpmaz. If this point lies
within the source right cylinder, the sampled position is used as the source position.

Otherwise, the point is rejected and another point is sampled.

The statements to obtain a region number of the sampled position must be written de-
pending on the geometry routines used in the user code. If the user uses CG as the geometry
description such as ucsource.f, the region number of the sampled position can be obtained
using subroutine srzone.

1. cp ucsource8.f ucsource9.f

2. Modify ucsource9.f.

e Modify local variables ”shl”, ”shh” and ”shr”.
Change
real*8 ! Local variables

* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1l),spe(l),phai,rr0,shl,shh,shr

to
real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(1l),spe(l),phai,rro0,
* sxmin,sxmax,symin,symax,szmin,szmax

e Define information of the rectangular parallelepiped (Minimum and maximum value

of X, Y and 7).

Change

! Define source information
sh1=3.d0 ! Minimum Z
shh=5.40 ! Maximum Z
shr=2.d0 I Source radius

to

! Define a rectangular parallelepiped for uniform sampling.
sxmin=-2.d0
sxmax=2.d0
symin=-2.d0
symax=2.d0
szmin=3.d0
szmax=5.d0
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e Modify the source position sampling routines and the treatment received after ob-
taining the region number of a sampled point with ”srzone.” Subroutine srzone
gives the region number of a sampled position (xin, yin, and zin) as irinn. If
irinn is different from the source region, re-sample the source position. Subroutine
"rstnxt” has a function to obtain region numbers surrounding irinn for effective
checking of geometry using CG.

Change
1 -
: Determine source position
call randomset (rnnow)
zin=shl+rnnow* (shh-shl) ! Determine Z-position
call randomset (rnnow)
rrO=shr*dsqrt (rnnow) | Determine r-position
call randomset (rnnow)
phai=PI*(2.0*rnnow-1.0)
xin=rrO*cos(phai) | Determine X-position
yin=rrO*sin(phai) | Determine Y-position
1
: Get source region from cg input data
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 = ’,i5)")irinn
stop
end if
call rstnxt(iqin+2,0,irinn)
else
irinn=irin
end if
to
1
: Determine source position
1400 call randomset (rnnow)
zin=szmin+rnnow* (szmax-szmin) | Determine Z-position
call randomset (rnnow)
xin=sxmin+rnnow* (sxmax-sxmin) ! Determine X-position
call randomset (rnnow)
yin=symin+rnnow#* (symax-symin) ! Determine Y-position

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 = ’,i5)")irinn
stop
end if
! If a sampled position is outside the source region,
! re-sample a position.
if(irinn.ne.3) go to 1400
call rstnxt(iqin+2,0,irinn)
else
irinn=irin
end if

e The conditional statement if (irinn.ne.3) go to 1400 must be modified depend-
ing on the source regions. If the source distributed within the regions 4 and 6, this
statement is changed as follows.
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if (irinn.ne.4.and.irinn.ne.6) go to 1400

3. Run ucsource9.f through egsbrun.

e In the case of Linux or Cygwin,
enter ucsource9 as the user code;
enter ucsource as the file name for unit 4 and simply enter ”return” for unit 25; and
enter 1 for ”Does this user code read from the terminal?”.

e In the case of DOS, use
egsbrun ucsource9 ucsource

4. Check the trajectories by using CGview and confirm that photons are produced in isotropic
from the source right cylinder.
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Appendix: Full listings of ucucsource.f
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1 sk sk sk sk sk sk sk ok ok sk ok ok ok sk sk sk sk sk sk sk sk ok ko sk sk sk sk sk sk sk sk sk ok ok sk sk sk sk sk sk sk sk sk sk kot ok sksk sk sk sk sk sksk sk kol ok sk sk sk sk sk sk k ok ok
Dotororsrokokokokokokokokokokkokokokokokkokokokokkkk - KEK, High Energy Accelerator Research *
Daokskokokskokokokkokokkokkokkokokkokkokkokkkokk Organization *
I¥x*x 1 C S 0 U I C e *kxkkxkkkxk

*
15k ok ok ok ok ok ok ok sk ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk ok ok EGS5.0 USER CODE - 28 Jul 2012/1430 =
1 sk steook ok st ok ok sk ok ok sk sk ok ok sk ok ok sk ok ok sk sk ok ok sk sk ok ok sk sk ok s ok ok sk sk ok sk sk sk ok sk ok sk sk sk ok sk sk sk ok sk sk sk sk sk ok ok sk sk ok sk sk ok ok sk ok ok sk ok

'* This is a general User Code based on the cg geometry scheme. *
1 skeokeskook sk ke ok sk sk ok e ok ok sk o sk ok sk ok ke ok sksk ok e ok sk sk ok s ok sk sk ke ok sk sk sk ke ok sk sk sk s ke sk sk sk sk ek sk sk sk ke ok sk sk sk s ok ok sk ok sk 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 *
! *
! Y. Namito *
! Radiation Science Center *
! Applied Research Laboratory *
! KEE, 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 *
! *

1 sk ok ok ofeof ok ok skskskesksk sk sk sk ok sk s ok ko ok ok sk sk sk sk sk sk sk sk sk sk sk s ok ok ok ok ok sk sk sk sk sk sk sk sk sk o sk sk ke ok ok ok sk sk sk sk sk sk sk sk sk sk sk ok
1 stk ok ok ok ok ok ok skt skok ok o o o o s e ok ook ok ok sk sk sk sk sk sk sk sk s sk sk o ok ke ok ok ok sk sk sk sk sk sk s s o o sk ke ook ok ok sk sk sk sk sk sk sk sk sk sk sk ok
! The ucsource.f User Code requires a cg-input file only *
(e.g., ucsource.data).

The following shows the geometry for ucsource.data.

Ingut data for CG geometry must be written at the top of data-input
file together 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.

sk sk sk sk sk sk sk sk sk sk s s s o ok ook ok ok sk sk sk sk sk sk sk sk sk sk s ok keoke ok ok sk sk sk sk sk sk sk sk sk sk sk sk ke koo ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok

!

!

!

!

I

I

i

! R

i -

! |

! st B to—m———= +-—=

! | |

! | Outer| vacuum region

! + R e Attt +————— +-—— r=6.0 cmm
! | | Vacuum |

! I S e A +--- R=4.0 cm
! | | | Vacuum |

! + + + t——————— + +--— R=2.0 cm
! | | | | | |

! | | | | Vacuum |Vacuum]

| 1.253 MeV | | | | | [

| =========)>4————f————f——— —— — —— f——— o ——_—— > 7
! photons -5.0 0.0 3.0 5.0 7.0 cm

I

I

I

KKK KKK KKK XK HHHHKKKKKXKXKRKXKXKXNXXXX XXX

|
1 5k sk ok 5k ok 3k 5k ok ok 3k 5k ok 5k 3k 5k >k 5k 5k 5k ok 3k 5k >k ok 3k 5k ok 5k 3k 3k >k 5k 3k 5k >k 3k 5k >k >k 3k 5k >k >k 3k 5k >k 5k 3k 5k >k 5k 5k >k >k 3k 5k >k >k 3k >k >k >k 3k >k >k %k 5k >k %k %k >k

1234567891123456789 123456789 1123456789 | 123456789 | 123456789 112345678912

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/egs5_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

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

real*8 ! Local variables
* availke,tnum,wtin,wtsum,xiO,yi0,zi0,
* esbin(1),spg(l),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="egs5job.out’,STATUS="unknown’)
open(4,FILE="egsb5job.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,I4,A/A)°)
* > nmed (’,nmed,’) larger than MXMED (’,MXMED,’)’,
* > MXMED in iclude/egs5_h.f must be increased.’
stop
end if

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 ! ITnput unit number for cg—data
ifto = 39 ! Qutput 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-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)

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
igqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy

53



xin=0.0 ! Source position

yin=0.0

zin=-5.0

uin=0.0 ! Moving along z axis

vin=0.0

win=1.0

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

emaxe = 0.DO ! dummy value to extract min(UE,UP+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(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 = O.

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

esbin(1)=ekein

Zero the variables

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

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 i 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 + iqin*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
stop
end if
call rstnxt(iqin+2,0,irinn)
else
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).’)")

stop
end if

if (abs(uin*uin+vin*vin+win*win-1.0).gt.1.e-6) then
write(6,fmt="(’ Following source direction cosines are not’,
’ normalized.’,3el12.5)")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.D0,0.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=ttl-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,G12.5,8X,G12.5)
end do

call counters_out(1)

| Version: 030831-1300

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

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

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_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

realx8 ! Local variables
* edepwt

integer

* ie,iql,irl

56



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

if (ncount.le.maxpict) then

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

return
end

e last line of ausgab.f----------------------—-
U howfar.f----—-——-—-------------m
! Version: 070627-1600

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

I
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’ I 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

integer 1,j,jjj,ir_np,nozone, Jt{ ,kno

integer irnear, 1rnext irlold,irlfg, 1tvlfg ihitcg

double precision xidd,yidd, 21dd X_Np,y 8 ,Z_Np,u_np,v_np,w_np
double precision tval, tvalO tvalOO tvall tva mn 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(ap) <=0’
sto

end i

if (ir_np.gt.izonin) then
write(6,*) ’Stopped in howfar with ir(anp) > 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)
¢ 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=tval0*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=tvalOO0+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) ,tval0o
9000 format(’ TVALOO ERROR : iq,ir,x,y,z,u,v,w,tval=’,
& 213,1P7E12.5)
stop
end if

xidd=x_np+tval00*u_np
yidd=y_np+tvalO0*v_np
zidd=z_np+tvalO0*w_np
call srzold(xidd,yidd,zidd,irlold,irlfg)
go to 330

340 continue

tval=tvalO0
do j=1,10
x1dd=x_np+tvalOO*u_np
yidd=y_np+tval00*v_np
zidd=z_np+tvalO0*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=tvalO0-tvalO
end do
if (ir_np.eq.irnear) then
write(0,*) ’ir(np),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=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
tva10=atva1(jig)+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)
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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_ng.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_n8+tva10*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(ap),ir(np),x(np),y(up),z(up),
& 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+l1
if (itverr.ge.100) then
stop
end if
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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