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1. Cobinatrial Geometry (CG)
1.1. Body DEH
EGS H CG [1] Tix. BLFD &5 2252k (Body) AT 2HEMNTE D,

1. EJ K (RPP)
X-, y- & RO R/MER DR RMETERT 2, FHITOTIOOH L FATTH D,

2. Bk (SPH)
EROFLERT NI LV LR TERT D,

3. Ffi (RCC)
MEOEGOFLERTRZ LV & FLPLDOESR7 ML H ROMEORETER
1%,

4. M#H (TRC)
M#ED K DO FLERTZ MLV V| EEHP LSO EIPL~DmaS~X7 MLV H, KK
& FEOZNENDOFERLI KOR2 TEHKRT D,

5. h—7 % (TOR)
WTNDOENEATR b= 2D LERTRZ MV V, F—=FZPLhb, Fa—TDOH
FCOMMHERL . Fa—T7 O R2 KO =T 20 iM% RT &>, (n: x/y/z=1/2/3) T
EFRT D, T, F—TF ADMEV OME 01 LDV OME 02 ZfaET D, F—T A ek%E
T 25E8121E. 01=0, K1 02=21 &7 5,

Table 1: FIRDNAKE Z DR D= DT —#
2 NGk BIARDONARE EFRT DT —H

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

1.2. V=23 v OEF

%V —2 3 03, body ODMAROEIZEVERT D, MAGDLEIZIE, FlREE, +, — KO
OR NMEDLIND,

+ LB DI body FBENENNTHAIZIE, body ONBIOFEIEN Y —Va > b7 s, —hH, —
Fl T DI body B EDEDPNTHEIZIE, body OIMUDTEIEN U —2 a > 2725, body &5 Dk
IZ+XE — Fi5 & body HE < HGAICIE, MICAND it 505D LRI TH D, > T, +1
+2 1Z. body 1 ®AMITZ23570>2 body 2 DRI Z EET 5 DT, body 1 & body 2 D 7e - 7= fiFlik
b, —Ji. +1 =21, body 1 ONHITZ2357%2 body 2 DAMAZEET % DT, body 1 DEIK
HChbody 2 L HA2 > TWRWEIKZ BT 5 Z L1275, Body F 572 OR flsDFZICE NN
A, OR BRI AERRE L LTHERENS, V—Var B, OREBETHAELEY 7Y —Va o
HMABDETERESNIEALH D, 200 ED OR EEEMEDLNDLEE. OR OFEREIX. OR =
DL OR FBENDL U —Va VERDITOREGE TIZEENDHETO body HFHIZ, + X° — it
BRI WA EN D,
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1. K%

B 7K (RPP) O AA Y
o 77 Vv b AHRTHREGEA T HEEE 20
o NEZE—FRZRAKTET AL X-, Y- 30cm, S 20cm
o 77 v M AHIEIZ bem D2 E
2. MRS
o AHHRIT1E, =3V F— 1.253MeV DX

o REMIALE L, AMEFKE DS O (SPOSI=10cm)
o B LA X . AR T XHBEAM(=1lcm)*2 x YHBEAM (=lcm)*2 0 E'— A,
3. Hon sk
(a) CGview HREHIMEH (egsbjob.pic)
(b) FHHEES (egs5job.out)
o (EMT 2MHEICHT 5T —#
o KU —Ua T HEH
ERLTEARICEET 27 —4
EARMY =%, =A% A X
77y b AHLO lem x lem OO EER &5 (1em HAL)
% ST RGELER 2L
o XV —Va ORI LXF—HE

3. A—H¥—a—FORE
3.1. A4 777 A Step 1

egsh X, Fortran TENPILTND DT, egsh VA A KU —X, :L_*jj_ﬂh R T Tnd
25?5(0)@3%@?(% &, WD 7 7 A VI parameter 3L CHEIE L. include HREIC L Y 2 — P —a—

RIZED AL T %, common (Z DWW T, [A U< include H4RE ’i’ﬂqb\fb‘éo

egsd (ZIEHEBIRT 2 include BAFRD 7 7 A VX, include/T 4 L7 R U (egs IZPART 2 H D)
pegscommons/ (pegs (BRI 5 H D) I L auxcommons/ (egsd DEHNHRRMLL TWNDHIA A b
V—BfROS 7 N—F 4 V= —a— NZOREEZRT LI D) LV 735281k, AT
XHEHlcLTng, ¢

ZOEM, Mortran O~ 7 BiHRIZE Y | = —PF—a— N THFEETEX7 EGS4 DA L b 27

HZETHD, WINDRKRE SHEET LA, egsd IZEBERMRT 55613, include/egs5h. £
WD, ZDMDGETT, auxcommons/aux_h f O Y5% parameter XOMMAEEE T 5 Z L2/ D,

AIDREIL, egs IZHEBERIH T 2 include L TH D,

implicit none

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

include ’include/egs5_bounds.f’
include ’include/egs5_edge.f’
include ’include/egs5_elecin.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’

FZNHDOREIL, egsbrun A7 U T N TRESND,



include ’include/egs5_switches.f’
include ’include/egs5_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egs5_useful.f’
include ’include/randomm.f’

include ’include/egs5 h.f’ I, UTHETH LA, LIS D common (ZEHIHET 5 include
XiE, AT as T ATHAT L AREERS S L 0T TR, |
WOREZ, A A B —FfEEL—F—2— NICBEET 2 include L TH D,

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

% @ include X723, CGIZBH#E L= DT, CG ZFHT 2L AICIETFICZORBLET 5,
&l % O 2—H—a— KN THHT 2 common #RIZEFKT D,

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

real*8 depe,faexp,fexps

integer msxpict,ndet,nreg

AA 70T AOIT, implicit none E5 & L CNDHDT, A7/ I ATHEFLT
WLETOEBOMNES 2T HUERD D,

RICFEITIL OB THMT 52 = b % open T 5, egsh Tid, pegsh &7 077 LD—iE LT
BUMELEES LT D, pegsd DFEITITMHEN, 2=y F 7-26 1L, close SNDHZ LM, AA
> 777 5 Topen L TWTH, pegs FATRIZ, M open THZ ENNELRD, £DD, =
= N 726 DFEMERET 2 HFBEV, 2=y k391X, REMEROH I 7 7 AL Th D,

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

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

call counters_out (0)

Ty ANVDEFS, FEOI T X —% 01ty hTEHVTIV—FT 4 % call T5,

TEGS4 ® COMIN < 7 2 iZxHsd 2| CTH 5,



3.2. Step 2:pegsb-call

W T — % K OVEWE © Characteristic Dimension % 5% /& L 721 T, pegs5 % call T 5, medarr
DT —=ZIT 24 LF D EHIRET DUBENR O D, WEA D 24 LFREOHEITITE A ZAli> T,
724 305 &£ 9%, Chracteristic Dimension (%, 4#WE TR IND VU — /a/@w%¢éw%4
Z(lem x 1em x 1 em ONEHFETHIUT Lem) ICRET D,

nmed=2

call block_set ! Initialize some general variables

medarr (1)="WATER ’

medarr (2)=’AIR-AT-NTP ’
do j=1,nmed

do i=1,24

media(i,j)=medarr(j) (i:i)

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

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

T —% 7 7 A NDT +—~ > NEHRET D npreci ZiXET 5D, ZO2—H—a— KT, 7
V=74 =~y bO3ZiET D, stHROMN 7 7 A2, CG T =% OBkt% "3 CG data &
HEIAD, TD#H CG DATT —F Z@t I iAFr, cg T — 2 EEE LT 7 A VT (ZO%AE TR,
6) THNIAEITH T N—T 1 geomgt & call T 5, £D%, CG T — X DT % EW%T % End
of CG data /)T %, WIZ, MYT—5 7 7 A VT EREREMIT S, K==y FTHD
ifto 1%, 39 TR E L T 5, PICT D7 — & E— R& /R 3LF5 (CSTA-FREE X /%, CSTA) #{i /1L,
P subroutine geomgt (2L Y CG 7 —Z & RfT —% 7 7 A M T 2, HFICCGT—F D
HTHE®RTDCEND 2175, ZNHDORIE, cgT—#nb, V—U 3 ViR TH 2 nreg %
gl&E T,

CG ZHEMT2HAICE. OB MLTHRETHY, BETHMLETR,

write(6,*) ’Read cg-related data’

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

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

write(6,fmt="(’ CG data’)")



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

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

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

110  FORMAT(’CEND’)

nreg=izonin
KV —TaOMEERSE OG T —X Dk CTER LT — XD baikirte, egs 1y A7 =
INF— AT a ORE (Zox—W—a— KT, XETOMESMAES TV 7 FEX
MBAEL LAY —BELOA TV a U ERELTWD) 2179,
Ranlux Sl D > — K inseed DEAZFRE L. #IHLT 5,

! Read material for each refion from egsb5job.data
read(4,*) (med(i),i=1,nreg)

! Set option except vacuum region

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

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

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

3.4. A7 Z I Step 4
BRI 7 7 b LRI E CTOMERE, ZOMOBIR AT A —FE2RET D,

! Source position from phantom surface in cm.

sposi=10.0

1gqin=0 ! Incident charge - photons
ekein=1.253 ! Kinetic energy of source photon
etot=ekein + abs(iqin)*RM

xin=0.D0

yin=0.D0



zin——38031
uin=0

vin=0.D0

win=1.D0

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

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

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

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

3.5. AA 7 a7 A Step 5

KREFTHRLF— (BETRNLF—) KT emaxe X E%IT subroutine hatch % call 95,
hatch CtAIAENTWEF — 2R, V—g VICHTE LB A RO DICH % R
D77 AN, KV —a v OWERSEH T35,

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

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

open (UNIT=KMPI,FILE="pgs5job.pegsbdat’,STATUS="0ld’)
open(UNIT=KMPO,FILE="egs5job.dummy’ ,STATUS="unknown’)

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

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

write(6,150)
150  FORMAT(/,’ Quantities associated with each MEDIA:’)

do j=1,nmed
write(6,160) (media(i,j),i=1,24)
160 FORMAT(/,1X,24A1)
write(6,170) rhom(j),rlcm(j)
170 FORMAT (5X,’ rho=’,G15.7,’ g/cu.cm rlc=’,G15.7,’ cm’)
write(6,180) ae(j),ue(j)
180 FORMAT(5X,’ ae=’,G15.7,’ MeV ue=’,G15.7,’ MeV’)
write(6,190) ap(j),up(j)
190 gOgMAT(SX,’ ap=’,G15.7,’ MeV up=’,G15.7,’ MeV’,/)
end do

write(6,200)
200 FORMAT(/’ Information of medium and cut-off for each region’)
do i=1,nreg

if (med(i).eq.0) then
write(6,210) i
210 FORMAT(’ Medium(region:’,I5,’)= Vacuum’)

10



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

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

write(6,fmt="(’ CG data’)")

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

3.6. AA 7 a7 A Step 6

O —W —a— FTix, ZORT v 7 TRRICET HER CER, AR, Bk 2Edk+ 5
N, Aa—P—a—RFTiceg THIREZHREL TVWDEDT, ZORAT v 7 Trtalk§ 2 FHEIT /R0,
3.7. AA 7 a7 T L Step 7

ausgab [ZMEERREZTT 9,
SR RO L, AT o, e A MY 8 RMERT s AT —F 21T D
E AN —EDOREEITI, RT —2 77 A M, Ny FEZ (1) 2T 5,

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

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

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

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

ibatch=0

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

11



! History number
ncases=100000

! Maximum history number to write trajectory data
maxpict=50

write (39,fmt="(’0 1))

3.8. AA 71T I Step 8

WE L7zt X U —%f (nacses) 721 subroutine shower % call L. egsd Z#fiHT o5& Th
%, ucphantomcgv.f TiX, sposi DLEIZ, HEHHBIRNH V. Z 205 REEFNIZ, 1.253MeV D)
TR DO T, BN D& N sposi BEXRDES (5em) £V BEWESOZEKJE O CONE
EPD D N—F M- T D,

FEA MY —@IC, ZRXAF =T X (AFEH = 3L F— L KRN ORI T L F—D
FRELNWZ &) 2T v 7 2{TH> T D,

FEA RN —#&TH, FHEEZOSHEE OO, FREMREOME TOAREZNZNIN
BT 5,

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

icases=]

240 call randomset (w0)
win=w0* (1.0-wimin)+wimin
call randomset (phaiO)
phai=pix*(2.0%*phai0-1.0)
sinth=dsqrt (1.DO-win*win)
uin=dcos(phai)*sinth
vin=dsin(phai)*sinth
dis=sposi/win
xpf=dis*uin
ypf=dis*vin
if (dabs(xpf).gt.xhbeam.or.dabs(ypf).gt.yhbeam) go to 240
if (sposi.gt.5.0) then

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

zin=-5.D0
else

xin=0.DO0

yin=0.D0

zin=-sposi
end if

! 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)
call rstnxt(iqin+2,0,irinn)

else
irinn=irin

end if

12



ekein=ekein

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

if(iqin.eq.1) then

Available K.E. (MeV) in system
availke = ekein + 2.0%*RM

for positron

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

end if

totke = totke + availke ! Keep running sum of KE

latchi=0

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

end if

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

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

end do

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

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

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

end do | End of CALL SHOWER loop

3.8.1. #at#E:  rEZEUTAARGETHELLVE (RaT7—45/) 95, EUTH

N EORERICIE, £ ORMFTAENLETH S, ucphantomegv.f TiX, KD K H 72 MCNP THEA L

TWAHEERHA LTV,
e L ANU—¥E N LT 5,

e 1, HiBHDOEA RN —DfER LT D,

o x DV EHAT 5!

g

=1
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o z; DIEEELLTFOAMNLRD B,

o 1 & N S R S | N
—mlﬂ(a:z—:c) ~ 2 -7 (x —N;a:z)
o T DSTHUEIE,
Z= e LF -7
L5,
o MiataiAL LT,
e [ (7~ 72

MWD,
HOFHFETREBELZOAFROMIE, EROMHEDT-DIZFHE L TV 5,

3.9. A7 a7 A Step 9

FONTRR AL LTI B B 24T 5, MEFHRT— N T ROISRIEO KM (BRIED
AT ALE), E AN —BEHNT S, TOK, EHT 2 TOFEEWIEE L £ OREHRE

ZROMNT 5,

write(6,300) sposi

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

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

area=1.D0*1.D0O

do kdet=1,ndet
vol=areax*x1.D0O
dose (kdet)=depeh(kdet) /ncases
dose2(kdet)=depeh2(kdet) /ncases
doseun(kdet)=dsqrt ((dose2(kdet)-dose(kdet)*dose(kdet))/ncases)
dose (kdet)=dose (kdet)*1.602E-10/vol
doseun (kdet)=doseun(kdet)*1.602E-10/vol
depths=kdet-1.0
depthl=kdet
write(6,320)depths,depthl, (media(ii,med(kdet+1)),ii=1,24),

* rhor(kdet+1) ,dose(kdet) ,doseun(kdet)

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

[FRRICASPRLFIZ K 2 RE# R, 7 7 > b ARl CORSHE L O®% TGRSR & T Th o

ZaROTHAT %,

FoH, HHENRNTAEY — IS TWATFT— 22T —2 77 A VIicH L, F0%k

T—AORT KT 59 2 EE AL,
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3.10. Subroutine ausgab

ausgab |¥, T—FBRRDOHIERE AT T LT N—F L ThHD, WU, ATl T Lt
FIEEIZ. include XK O —H WVEKOMXE S 1T,

ivatch A7 Y a U OMES B, A% v 7 FKGH, RKEEZBLX TORW I & OiER#%, mPRi R
DT ET %,

larg <5 DHEITIE, U—Va v nreg L NSO Y =2 a U TORPEZ RN F—2RKD D, #
BEEATOMEBIE, V—Y3 20 b nreg-3 THHD T, irl B4 32V —a VOBEIZO
F, idet=irl-1 ZREMEHE T L LT, WINRELZFHET 2,

T2, KT 77 v b AREEMEY 725G E O hOREEITO, o7z &l L7856
ZiE, TR F— R L 22D = R F—RINGEHIN S 7 7 b AR T O 2RI & G
Do JeFH. Z-8HIxE U CHICH#EATZ Z LW E (7 7 & P ABREWGEO T 7 o b ARENLE)
i, kR G T, 77 v P AL OERORINMELZFHE T2, ZOFEDTH, wnp) AL
7oA, latch(np) 212y L, 77> FAELOFREIZMA 2N E ST LTnD,

B AR U 5, BT A N Y — O ER (maxpict) KV /NS WA, RIF O % Ak
7% subroutine plotxyz % IE5,

g
H
5
ct
[¢]
=
t
el
)
H
ct
=
O
=
0]
ct
g
2]
el
[e]
H
ct
[
[=}
. Hh
[e]
[a}
=]
o
t
(o
]
[=}
~
i
Hh
0
=
i}
t
O
[=2
(o
[42]
t
=]
H
[=}
[]
Q.
[e]
[=}
~

! Keep track of how deep stack gets
|

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

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

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

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

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

if (abs(irl-irold).eq.l.and.iq(np).eq.0) then
1f((w(np) gt.0.0.and.irl.eq.2).or.(w(np).le.0.0.and.irl.eq.1))
th

1f (dabs(w(np)) .ge.0.0349) then

15



cmod=dabs (w(np))

else
cmod=0.0175

end if

esing=e(np)

dcon=encoea(esing) ! PHOTX data

fexps=fexps+e (np)*dcon*wt (np) /cmod

if (w(np).1t.0.0) latch(np)=1

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

end if

end if
end if

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

end

3.11. subroutine howfar

CG #FAT 2N EY 1—Y—h howfar TEET HRBEE— L4,

PLF, 2B D7 howfar DFEREA IR~ %, howfar (%, KL FOHETH M TOY —¥ a VERFE T
DOREREZFHR L. BOSAE COREREE Otbid L, B E CORBEO S NEWGE IR O BEE
FEABER E COMBHcEEHZ, V—ya U REDD LW URET D,

Z Oz, howfar Tl. —F KT OB % 1L 2R ESITH (idisc=1) . JEHEIL. K72
BET LTSI OSMI CGRBR A £ T T 25 A1 Z DR EELT ).

4. ucphantom.f & ucphantomcgv.f M&HEEE D L
BHEZRIIR DRI R AT 5 JA IR, cg ITMARICA S Th D23, Kifi. &R 27 B/VZIRD howfar
e BHRRHARWE WO BN S 5, G LT OMBEIC L > T @EWEIRR DL, K7 BB
WA HEH LT 5 ucphantom.f & ucphantomegv.f T4 < [F UM DOFHE %Z1T 5 £ ucphantom.f ™
TR LT EERNE VI FERPELEN TN D, [2]
5. REHRE
5.1. FEHE 1 M A Co-60 IZEHET 2
IR % Co-60 1IZ& 2, 1.173MeV & 1.333MeV Yo7 %A UM TRESHE D,
5.2. EEFE 2 : 100kV O X # (A7 MAT =X %, xray.dat 2B iAA) 7 —F & AT v
TV TT D,
5.3. EEHES  MOETNVICEES 2,
AT B 3em % 3@ % O AN, 3-13cm i (B 0.3g/cm?) & L, ZOHHIZ 3em DA
W o D USRICETE S 5, ML, 100kVX # LT 25,
5.4. FEE 4 - A S Tl

fi OIS 3cm OALEIZ, JES 2cm OIESEZRET 5, BELZETOKETH, HEE, X-,
Y- 5L > TV D ERET D, #RIRIE. 100kVX B &ET 5,
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5.5. EHEIES  BEOFHA

JE & 20cm D7 7 > b AH D bem-6em OFEKEFKICE X D, BIEIZ, 100kVX #L T 5,
5.6. & DAt

FRZMA T, UTFTDO LD kA bEZ LD,

o MHE LT, o= ¥ —D X MEMHT D

o JATEIF TR, EFARDOWRIZT S

o HALIEEBRDOES%Z lcm ERRDESIZT D

o NESOmMZ RET D

17



6. EEREDMEEH

el D722 ucphantomegv. £ & 3T L. FIER (egsbjob.out, egs5job.pic) & ill724: Fr
D7 7 A N4 (Bl %1%, phantom.out, phantom.pic) THRIFL TH<,

6.1. FEEME 1
1. cp ucphantomcgv.f ucphantomcgvl.f
2. cp ucphantomcgv.data ucphantomcgvl.data
3. cp ucphantomcgv.inp ucphantomcgvl.inp
4. ucphantomcgvl.f DZHE

o MRIRT —Z DD OEFHNEZEMT 5,

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

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

W,

o MR RNX—F —X O E T EREBNT 5,

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

%

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

(A,

o MIRT —4% 7 7 A )L ®D open L& IEMT D,
open(6,file=’egsbjob.out’,status=’unknown’)
%

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

WA,

e co60.inp ¥, MO ZRNLF— & ZDFELEEHMTU TONEDO 7 7 A L THY | Bl
M7 7 AMTEERTND,

1.173,1.333
0.5,0.5

o MURT — X DFrAI & cdf ZVERT D —F > DB,

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

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

nsebin=2 ! Number of source energy bins

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

tnum=0.D0

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

end do

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

end do
(ZAH,
o MR O I JOER) = R L — DL,
ekein=1.253 ! Kinetic energy of source photon

%
ekein=esbin(nsebin) ! Maximum kinetic energy

WZEET D,
o MR RXNX—DH TV T NA—F L ZiBMNT 5,

eparte
epartd

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

ekin=ekein

eparte
epartd

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

call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 ekein=esbin(ie)
(ZAEH,
o NFH=RNF—HIEHEUTDOXIIZEET D,
300 FORMAT(/’ Absorbed energy inside phantom for 1.253MeV photon’/
%
300 FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/
(ZZEH,
. ucphantomcgvl.f % egsbrun THEITT 5,
2=y bADT 7 ANHRP2= 25 DT 7 AN/ THE AN LRNWTY X =295,

L RPEDKET L2 6. egsbjob.out AR, TP R L F—73 1.253MeV i< IZ78>TWDH 2 L&
W45, £7-. M 1.253MeV DG & B D 2 L 2 iERT 5,
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6.2. FEETRE 2
1. cp ucphantomcgvl.f ucphantomcgv2.f

2. cp ucphantomcgvl.data ucphantomcgv2.data

w

. cp ucphantomcgvl.inp ucphantomcgv2.inp

o

. ucphantomcgv2.f Z LA T D X I ITEIET S,
o MIRDTRNF—U UIREERT HEBEZBINT 5,

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

* faexpa,fexpsa

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

AR5,

o VU TV T ULIHIRD AT NAERO T2 D DS A BINT 5,

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

%

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

WCEWT 5,
o MIIEHRD 7 7 A NV EEFET D,

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

%
open(2,file=’xray.dat’,status=’0ld’) ! Data of source x-ray
W,
e xray.dat I, U FDOT—=F 77 ANT, Bf7 7 AMIEENTND,
201
0.0005

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

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

0., 15., 472., 410., b595., 675., 642., A477.
498., 492., 504., 610., 611., 551., 637., 702.
711., 99%94., 1130., 1338., 1618., 1860., 2393., 2887.

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

8078., 8446., 8850., 9129., 9675.,10419.,11907.,12607.
13196.,13542.,13940.,13999.,13922.,13409.,13136.,13141.
13594.,13916.,14347.,14525.,14496.,14621.,14658.,14818.
14745.,14730.,14589.,14217.,14097.,13794.,13924.,13665.
13650.,13430.,13260.,12862.,12587.,12227.,12255.,12117.
11661.,11343.,11187.,10859.,10604.,10266.,10085., 9768.

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

L Y ¥ ¥ S S Y

7574., 7296., 7058., 6815., 6769., 6505., 6511., 6279.
6160., 6751., 7016., 7988., 8860., 9176., 9348., 9177.
7496., 5690., 4512., 4105., 3851., 3574., 3494., 3337.
3202., 3115., 3177., 2989., 3326., 3356., 3441., 3403.
2873., 25669., 2263., 2008., 1815., 1661., 1490., 1469.
1435., 1242., 1210., 1183., 1210., 1104., 1034., 1052.
922., 904., 866., 842., 860., 824., 726., T14.
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688., 600., 587., 610., 497., 485., 481., 395.,

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

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

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

201 1%, =RAF—EUHL 0.0005 (X, =R ALF—E DM (MeV) Thod, FHRLED
BT, HoRAX—E e T 5 XBORERTH Y | B LIl TE S & g s
A% & 72&50 TV —D/MEIX 0.0 & LT3,

o WIRT —Z OFLAIEZLE S 5,
nsebin=2 ! Number of source energy bins

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

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

e

o cdf (ERKBIEER Y (B3, =R AF =L UIHIET D =R NVF—DORE) 2 RHET 5,

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

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

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

va‘fE
o YT T AN FAAERAENIET S,
fexps2s=0.D0

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

o MFT I NX—DY LTI v IMEEFET D,

ZOMED X5, WAIDOBIERE R AEBOMEERT 25610, =2 — P —a— FERE. 73y VW —HiEsr &
DTaL I AL, %TT’ETTI/\ BlFIFEFASN T 7 B AN E RN Z L R HERT D& TH D, kL LTIL, "egsbrun” & AJ)
T 5 & AHTegshbrun db” E AT 5, TIUTRY, Ty H—EREA F DT a L A AT D, 0‘3 12" egshjob.exe”
EATILT, BREEFETT D, Eﬂﬁ@%?ﬁfxﬂtéﬁfﬂ GEHRITREBR YK T T 5, B A viE—U 3l
HLERENZRY) ESIEEIRS T 7 B AR E 2B EIE, Y —AD EDITT, EORSIOMER OBERIZRERT 7 A
PATONIZPBRREND DT, V) —AD Y %WE?% BB, TRy A —EEDT A )V U REETEE
PIRTT 50T, FAYH—OERIET 277 DAEEOHEOHRETHITNLEN,
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call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 ekin=esbin(ie)

call randomset (rnnow)
do ie=1,nsebin
if (rnnow.le.escdf(ie)) go to 1000
end do
1000 if (ie.gt.nsebin) then
ie=nsebin
end if
saspec(ie)=saspec(ie)+1.D0
if (escdf(ie).eq.escdf(ie-1)) then
ekin=esbin(ie-1)
else
ekin=esbin(ie-1)+(rnnow-escdf (ie-1))*(esbin(ie)-esbin(ie-1))/
* . (escdf(ie)-escdf (ie-1))
end i

WA,
o KRIZAF LIEZRALF—F 2o 7 DIL—F L DBIC, BTV T UERIRASY h L
DO ZBINT 5,

do ie=2,nsebin
saspec(ie)=saspec(ie)/float(ncases)
end do

write(6,292)
292  FORMAT(/’ Comparison between sampled spectrum and pdf’
*  /23X,° Sampled pdf ’,25X,” Sampled pdf ’
*
do ie=2,nsebin,?2
if(ie.eq.nsebin) then
write(6,294) esbin(ie),saspec(ie),escdf (ie)-escdf (ie-1)
294 1FORMAT(iX,GQ.S,’ MeV (upper)-- ’,2G12.5)
else
write(6,296) esbin(ie),saspec(ie),escdf(ie)-escdf (ie-1),
* esbin(ie+1), saspec(ie+l),escdf(ie+1)-escdf (ie)
296 FORMAT(1X,G9.3,’ MeV(upper)-- ’,2G12.5,3X, ’; ’,G9.3,
* > MeV(upper)-- ’,2G12.5)
end if
end do

(e 8
o MIAMEHROH N 2 LT 5,
300 FORMAT(/’ Absorbed energy inside phantom for Co-60 photon’/

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

AW,

5. ucphantomcgv2.inp # A ¥4 5,
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&INP AE=0.521,AP=0.0100,UE=2.011,UP=1.5 /END
%
&INP AE=0.521,AP=0.0100,UE=0.711,UP=0.2 /END

2225 (2 TP

6. ucphantomegv2.f % egsbrun THEITT 5,
2=y bADT 7 ANHRP2= 25 DT 7 AN/ THE AN LRNWTY X =295,

7. BHREHET L7256, egsdjob.out ZFHX, FH =R X —RNEBEB LZ 40keV IZ/2 - TNDH I &%
Wil B, Eio, VTV T SN ANT bl BIRAY ML O pdf T 5,

8. CGView ZffiH L C. phantom.pic & DEFRDE N ZfERT 5,
6.3. FEEE 3
1. cp ucphantomcgv2.f ucphantomcgv3.f
2. cp ucphantomcgv2.data ucphantomcgv3.data
3. cp ucphantomcgv2.inp ucphantomcgv3.inp
4. ucphantomcgv3.f DIEIE
o OIS DL L 0.3 1ZEES D,

impacr(i) = 0 ! Electron impact ionization
%
impacr(i) = 0 ! Electron impact ionization
if((i.ge.5.and.i.le.14) .0or.i.eq.19) then ! Lung region
rhor(i)=0.3
end if
(ZZEH,

o MIEOH A 16 IZEHT 5,

ndet=20
e
|
o Detector number to score
' ndet=16
(A,

5. ucphantomcgv3.data #LL FDO L HIZEELT 5,

RPP 2 -15.0 15.0 -15.0 15.0 0.0
20.0
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RPP

_

TAH,

RPP
RPP
RPP
RPP
RPP
RPP
RPP

RPP
RPP
RPP
RPP
RPP
RPP

_

TAH,

7218
Z19
720
7221
722
7223
724

7218
Z19
7220
721
722

WA,

19
20
21
22
23
24
25

19
20
21
22
23
24

+19
+20
+21
+22

+2
+24
+25

+19
+20
+21
+22
+24

-15.0
16.0

15.

15.
20.

15.
15.
15.
15.

20.

o O O o o
o O o o0 ;o0 o o

o o1 O O O O

-24

-22

24

-15.

-20.

o O o1 o o o O

o o1 O O O O

15.

15.
20.

15.
15.
15.
15.

20.

o O O o o
o O o o0 ;o0 o o

o o1 O O O O

16.
17.
18.
19.

20.
-20.

13.
16.

-20.

O O O O O o o

o O O O o o



6. 1FR L7 ucphantomcgv3.data &#F =v 7 %,

e CGview D" {KHRT —Z AR D7 7 A MAERLZ IR,

o 7 ANDHEE L T"TXTHOT 7 AL & L, ucphantomcgv3.data IR T 5,
o RRABIINL, REMWY IR E RS> TND Z & 2iERT 5,

o VERGET OV RIS MERERR A BT 5,

7. ucphantomegv3.f % egsSrun TEITT 2,
A=y PADTFANLEPE=y F 25 DT 7 A NI TH AT LARNWTY =35,

8. FHREAHE T L7265 egsbjob.out i~ MiOFEHMOEELRIE Y 12785 TD 2 & s+
D, Filo, BESMB—RRT 72 b LOBE L RRD 2 LR T D,

6.4. FEEHE 4
1. cp ucphantomcgv3.f ucphantomcgvé4.f
2. cp ucphantomcgv3.data ucphantomcgv4.data
3. cp ucphantomcgv3.inp ucphantomcgv4.inp
4. ucphantomcgv4.f DEIE

o i DRESHB 7y DEIEZ 1.0 IEE S 5,
if((i.ge.5.and.i.le.14) .or.i.eq.19) then ! Lung region

rhor(i)=0.3
end if
i
if((i.ge.5.and.i.le.7).or.(i.ge.10.and.i.le.14).0or.i.eq.19.
* or.i.eq.21) then ! Lung region
rhor(i)=0.3
end if
e 8

5. ucphantomcgvéd.data # L FDO X IZEE T 2,

RPP 20 -15.0 15.0 -15.0 15.0 3.0
13.00

RPP 21 -15.0 15.0 -15.0 15.0 13.0
16.00

RPP 22 -15.0 15.0 -15.0 15.0 16.0
21.00

RPP 23 -0.5 0.5 -0.5 0.5 0.0
16.00

RPP 24 -20.0 20.0 -20.0 20.0 -20.0
36.0

%

RPP 20 —é568 15.0 -15.0 15.0 3.0

RPP 21 —é568 15.0 -15.0 15.0 6.0

RPP 22 -15.0 15.0 -15.0 15.0 8.0
13.00

RPP 23 -15.0 15.0 -15.0 15.0 13.0
16.00

RPP 24 -15.0 15.0 -15.0 15.0 16.0
21.00
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RPP 25 -0.5 0.5 -0.5 0.5 0.0

16.00
RPP 26 -20.0 20.0 -20.0 20.0 -20.0
36.0
\ZEH,
718 +19 -23
719 +20 -23
720 +21 -23
Z21 +22
722 +24 -1 -2 -22
i
718 +19 -25
719 +20 -25
720 +21 -25
721 +22 -25
722 +23 -25
723 +24
724 +26 -1 -2 -24
WA,

1 1 1 1 1 1 1 1 1 1 2 0

’DT‘E
6. ERK L7- ucphantomcgv4.data % =v 7 35,

e CGview D" {KHRT —Z AR D7 7 A MAERLZ IR,

o 7 ANDHEEE LT T RXTHOT 7 (/L& L, ucphantomcgvd.data Z#EIRT 5,
o RRABIINL, REMWY IR E RS> TND Z & 2iERT 5,

o VERIE” DOV ARTIEE G VEfERR & FEHi T D,

7. ucphantomegv4.f % egsSrun TEITT 5,
2=y bADT 7 ANHRP2= 25 DT 7 AN/ THE AN LRNWTY X =295,

8. FHAE T L7256, egsbjob.out ZFH~, EED » FTOBENFREM D (T2 > T D Z & A fifgad
T, £lo, MESMB—FRR T 7 FLOHHEERRD 2 LE2HERT D,

6.5. FEEHES

1. cp ucphantomcgv2.f ucphantomcgv5.f
2. cp ucphantomcgv2.data ucphantomcgv5.data
3. cp ucphantomcgv2.inp ucphantomcgv5.inp
4. ucphantomcgv5.f ZLL N D X 9 ITEIET D,

o WHADBK AT,

character*24 medarr(2)

26



character*24 medarr(3)

nmed=2

call block_set ! Initialize some general variables

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

%
nmed=3
!
call block_set ! Initialize some general variables
!
! _________________________________
! define media before calling PEGS5
! _________________________________
medarr (1)="WATER ?
medarr (2)=’AIR-AT-NTP ?
medarr (3)="FE ?
(KW,
e £ characteric dimension % B9 %,
chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.0d0
%
chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.0d0
chard(3) = 1.0d0
(ZEH,

5. ucphantomcgv5.data % LA NIZAEE T 5,

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

723 +24

Z24 +25 -1 -2 -24
%

Z22 +24 -23

723 +25 -23

Z24 +26 -23

725 +27

726 +28 -1 -2 -27
WA,

1 1 1 1 1 1 1 1 2 0
i
2 1 1 1 1 1 3 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 3 1
2 0
va‘fE

6. ERK L7- ucphantomcgvs.data % F =v 7 35,

CGview DK T — ZAERLY O 7 7 A NMAERL A 8

T ANOHREEHE LT RXTOT 7 AL & L, ucphantomcgv5.data &R 5,
o FRAEINL, WEHY IR LR > TND Z L 2fEdT 2,

o TERIE” DY ATRUEL G VERERR & T 5,

7. ucphantomcgv5.inp (ZIRDT — & & BIMT 5,

ELEM
&INP IRAYL=1 /END
FE FE
FE
ENER
&INP AE=0.521,AP=0.010,UE=0.711,UP=0.2 /END
PWLF
&INP /END
DECK
&INP /END

8. ucphantomegvh.f % egsbrun THEITT 5,
2=y bADT 7 ANHRP2= 25 DT 7 AN/ THE AN LRNWTY X =295,

9. FHEDKET L7256, egsjob.out ZFH~, kDU —T 3 URREMD IZR-> TN D T & ZfEET
Do Flo. MEDMN—RRR T 7 FAOEE L RRD 2 LE2HERT D,

10. CGView I L T, SO TIZFL A EDHTFNILE->TND Z L 2R T D,
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Appendix 1 Full listings of ucphantomcgv.f

1 stk ok ok otk ok o o ook ok sk sk sk sk ok sk ok sk ok ok ook sk sk sk sk st sk ks s oo sk sk sk sk sk ok sk ok sk sk o sk sk sk sk sk sk sk sk ok s ok s ok ok sk ok sk sk ok ok ok ok ok ok
Dokoroksofkokkokok ok ok ok kokkokokkokkokkokk - KEK, High Energy Accelerator Research *
1 stk sk sk sk ke ke ok ook sk sk sk sk sk ok sk ok ok sk sk skok sk ok ok Organlzatlon *
'* ucphantomecgv ** *
1ok sk ok ke ok ok ok ok sk ok ok ok ok ook sk ok ok sk ok ok ok ok ok ok ok ok ok EGS5.0 USER CODE - 08 July 2008/1600 *
1 sk sk sk ok ke ok o e oo sk sk sk sk sk ok sk ke sk sk s sk sk sk sk sk ok sk ke sk s e o sk sk sk sk sk ok sk ok sk sk s sk sk sk sk sk sk sk ok sk sk Sk sksk sk sk ok kok sk k ok
1 sk sk sk ok ke ok ke ke o s sk sk sk sk sk ok sk ke sk sk e sk sk sk sk sk ok sk ok sk s e o sk sk sk sk sk ok sk ok sk sk sk sk sksk sk sk sk ke ok sk sk sk sk sksk sk ok sk sk k ok ok ok
1
PROGRAMMERS : H Hirayama

E lied Research Laboratory

K High Energy Accelerator Research Organization

1- 1 Oho Tsukuga, Ibaraki, 305-0801

Japan

E-mail: hideo.hirayama@kek. jp
Telephone: +81-29-864-5451

Fax: +81-29-864-4051

Radlatlon Science Center

E lied Research Laboratory

K High Energg Accelerator Research Organization
1- 1 Oho, Tsukuba, Ibaraki, 305-0801

Japan

E-mail: yoshihito.namito@Qkek. jp
Telephone: +81-29-864-5489
Fax: +81-29-864-1993

KX X XX X X XXX XXX XXXX XXX

1
1
1
1
1
1
1
1
1
1
: Y. Namito
1
1
1
1
1
1
1
1
1

*

1 feske ok sk o sk sk o e ok sk o e ok sk sk o ok sk s ke sk sk e ok sk sk s ok sk sk s o ok sk s ok sk sk s sk sk s ok sk o e ok sk sk ok
1ok of st sk s o ok sk o o o sk s o ok sk s ks sk ok sk sk s s o sk sk s ok sk s ok sk s s sk sk s ok sk o e ok sk o
! The ucphantomcgv.f User Code requires a cg-input file only *
e.g., ucphantomcgv.data).

The following shows the geometry for ucphantomcgv.data.

Cg-data can be checked by CGview.

This user code corresgonds to ucphantomcgp.mor for egs4.

Use Ranlux random number generator.
1 stk e ek ok e ek ke e ek e e ok o ke e ok ke e e ek ke e e ek ke ke e ek ke ek ke ek ok ke ek ok

X
|
T____+____+____+____ —4———t————t————4-—= 20.0
| Outer vacuum region
+ e e +--- 15.0
| | | | | |
I T T Water (H20) I I
T T R T T T
| |Air |H20|H20]| |H20|Air | |
1.253MeV | | [ [ I
==========D+4—-——4———4———4- -+ttt —-—> 7
photons -20 -5.0 0 1.0 2.0 19.0 20.025 o 40.0

K KX XX XX XX HXXXXXXXXXXXXXXXXXXX

[PEERmmm——————————————————
1234567891123456789|123456789 | 123456789 |123456789| 123456789 12345678912

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

include ’include/egs5_bounds.f’
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include ’include/egsb5_edge.f’
include ’include/egs5_elecin.f’
include ’include/egs5_media.f’
include ’include/egsb5_misc.f’
include ’include/egs5_stack.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egs5_useful.f’
include ’include/egs5_usersc.f’
include ’include/egs5_userxt.f’
include ’include/randomm.f’

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

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

include ’auxcommons/watch.f’

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

common/totals/ ! Variables to score
* dege(QO),faexp,fexps,maxpict,ndet

real*8 depe,faexp,fexps

integer maxpict,ndet

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

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

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

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

real

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

integer

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

character*24 medarr(2)

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

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

call counters_out(0)

! Step 2: pegsb-call
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medarr (1)=’WATER )
medarr(2)=’AIR-AT-NTP ’

do j=1,nmed
do i=1,24
media(i,j)=medarr(j) (i:i)
end do
end do
chard(1) = 1.0d0 ! automatic step-size control
chard(2) = 1.040

write(6,*) > PEGS5-call comes next’

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

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

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

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

rewind ifti

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

FORMAT (°CEND’)

nreg=izonin

Read material for each refion from egsbjob.data

read(4,*) (med(i),i=1,nreg)

Set option except vacuum region

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

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

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

iraylr(i) =1 ! Rayleigh scattering

lpolar(i) = 0 ! Linearly-polarized photon scattering
incohr(i) = 0 ! S/Z rejection

iprofr(i) = 0 ! Doppler broadening
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impacr(i) = 0 ! Electron impact ionization
end 1if
end do

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

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

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

xin=0.D0

yin=0.DO

21n=—58051
uin=0.D0
vin=0.D0

win=1.DO0

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

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

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

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

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

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

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

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

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

! Print various data associated with each media (not region)
| e

write(6,150)
150  FORMAT(/,’ Quantities associated with each MEDIA:’)
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160
170

180
190

200

210

220

*

*
*

do j=1,nmed
write(6,160) (media(i,j),i=1,24)
FORMAT(/,1X,24A1)
write(6,170) rhom(j),rlcm(j)
FORMAT(5X,’ rho=’,G15.7,’ g/cu.cm rlc=’,G15.7,’ cm’)
write(6,180) ae(j),ue(j)
FORMAT(5X,’ ae=’,G15.7,’ MeV ue=’,G15.7,’ MeV’)
write(6,190) ap(j),up(j)
FORMAT(5X,’ ap=’,G15.7,’ MeV up=’,G15.7,’ MeV’,/)
end do

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

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

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

write(6,fmt="(> CG data’)")

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

! Step 6: Initialization-for-howfar

! Step 7: Imitialization-for-ausgab
!

230

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

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

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

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

ndet=20

write(6,230)
FORMAT(//,’ Energy/Coordinates/Direction cosines/etc.’,/,

6X,’e’,16X,°x’,14X,’y’ ,14X,°z’/
1X,’uw’,14X,’v’,14X,’°w’,9%X,’iq’ ,4X,’ir’,3X, > iarg’,/)
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! History number
ncases=100000

! Maximum history number to write trajectory data
maxpict=100

write(39,fmt="(’0 1M

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

240 call randomset (w0)
win=w0* (1.0-wimin)+wimin
call randomset (phaiO)
phai=pi*(2.0%phaiO-1.0)
sinth=dsqrt(1.D0-win*win)
uin=dcos(phai)*sinth
vin=dsin(phai)*sinth
dis=sposi/win
xpf=dis*uin
ypf=dis*vin
if (dabs(xpf).gt.xhbeam.or.dabs(ypf).gt.yhbeam) go to 240
if (sposi.gt.5.0) then

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

zin=-5.D0
else

xin=0.D0

yin=0.DO

zin=-sposi
end if

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

else
irinn=irin

end if

ekein=ekein

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

if (iqin.eq.1) then

Available K.E. (MeV) in system
availke = ekein + 2.0%RM

for positron

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

end if

totke = totke + availke ! Keep running sum of KE

latchi=0

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
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write(6,250) etot,xin,yin,zin,uin,vin,win,iqin,irinn,idin
250 gOB?AT(4G15.7/3615.7,315)
end i

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

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

end do

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

fexps=0.0
ncount = ncount + 1 ! Count total number of actual cases
D e
end do : End of CALL SHOWER loop
call plotxyz(99,0,0 O.D0,0.D0,0.D0,0.D0,0;O.DO)
write(39, fmt—"(’9’)") ! Set end of batch for CG View

close (UNIT=39, status=’keep’)

tt=etime(tarray)
ttl=tarray(1)
cputime=tt1-tt0
write(6,270) cputime
270  format(’ Elapsed Time (sec)=’,G15.5)

! Write out the results
I e

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

* »’Ncases=’,110,’ (number of cases requested)’ /,
* > TotKE =’,G15.5,’ (total KE (MeV) in run)’/
* > Average Kinetic enegy =’,G15.5,’MeV’/)

if (totke .le. 0.DO) then
write(6, 290) totke,availke,ncount

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

write(6,300) sposi

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

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

area=1.D0x*1.DO
do kdet=1,ndet
vol=areax1.D0O
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dose(kdet)=depeh (kdet) /ncases
dose2(kdet)=depeh2(kdet) /ncases
doseun (kdet)=dsqrt ((dose2(kdet)-dose (kdet) *dose (kdet)) /ncases)
dose(kdet)=dose(kdet)*1.602E-10/vol
doseun(kdet)=doseun (kdet)*1.602E-10/vol
depths=kdet-1.0
depthl=kdet
write(6,320)depths,depthl, (media(ii,med(kdet+1)),ii=1,24),
* rhor(kdet+1) ,dose(kdet) ,doseun(kdet)

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

faexpa=faexps/ncases

faexp2s=faexp2s/ncases

faexrr=dsqrt ((faexp2s-faexpa*faexpa) /ncases)
faexpa=faexpa*1l.6E-10/area

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

fexps2s=fexps2s/ncases
fexerr=dsqrt ((fexps2s-fexpsa*xfexpsa) /ncases)
fexpsa=fexpsa*1l.6E-10/area

fexerr=fexerr*x1.6E-10/area
if (faexpa.gt.0.0) then
bsfa=fexpsa/faexpa
bsferr=bsfa*dsqrt ((faexrr/faexpa) **2.+(fexerr/fexpsa)**2.)
write(6,330) faexpa,faexrr,fexpsa,fexerr,bsfa,bsferr
330 FORMAT(/’ Exposure in free air (using mu_en) =’, G15.5,’+-7,G15.
* b5,’ Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G15.5,’+-’,G15.5,°Gy/incident’/ > Backscattering factor =’,G15
* .5,’+-?,G15.5)
else
write(6,340) faexpa,faexrr,fexpsa,fexerr
340 FORMAT(/’ Exposure in free air (using mu_en) =’, G15.5,’+-?,G15.
* b, Gy/incident’/ ’ Exposure at phantom surface (using mu_en) =’
* , G15.5,’+-’,G15.5,’Gy/incident’)
end if

call ecnsvi(l,nreg,totke)

call counters_out(1)

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

stop

end

| Version: 080708-1600

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

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

g A simple AUSGAB to:

! 1) Score energy deposition
! 2) Print out stack information
! 3) Print out particle transport information (if switch is turned on)
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subroutine ausgab(iarg)
implicit none
include ’include/egs5_h.f’ ! Main EGS "header" file

include ’include/egs5_epcont.f’ ! COMMONs required by EGS5 code
include ’include/egs5_media.f’

include ’include/egsb5_misc.f’

include ’include/egsb5_stack.f’

include ’include/egs5_useful.f’

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

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

common/totals/ ! Variables to score
* dege(QO),faexp,fexps,maxpict,ndet

real*8 depe,faexp,fexps

integer maxpict,ndet

integer ! Arguments
* iarg
real*8 ! Local variables

* cmod,dcon,edepwt,encoea,esing
integer idet,ie,iql,irl
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if (np.gt.MXSTACK) then
write(6,100) np,MXSTACK

: Keep track of how deep stack gets

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

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

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

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

! Check cross phantom surface

Appendix 1-9



if (abs(irl-irold).eq.1l.and.iq(np).eq.0) then
iﬁ((w(np).gt.0.0.and.irl.eq.Q).or.(w(np).le.0.0.and.irl.eq.l))
* then
if (dabs(w(np)).ge.0.0349) then
cmod=dabs (w(np))
else
cmod=0.0175
end if
esing=e (np)
dcon=encoea(esing) ! PHOTX data
fexps=fexps+e(np) *dcon*wt (np) /cmod
if (w(np).1t.0.0) latch(np)=1
if (w(np).gt.0.0.and.latch(np).eq.0) then
faexp=faexp+e (np) *dcon*wt (np) /cmod
end if
end if
end if

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

* wt (np))
end if

return
end

e last line of ausgab.f----——---------------———-
ettt howfar.f-------------------------———

! Version: 070627-1600

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

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

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

subroutine howfar
implicit none

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

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

integer i,j,jjj,ir_np,nozone,jt{,kno
integer irmear,irnext,irlold,irlfg,itvlfg,ihitcg

double precision Xidd,yidd,zidd,x_np,y_ng,z_n ,U_Np,v_np,w_np
double precision tval,tval(O,tvalOO,tvall0O,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(ap) <=0’

sto
end i

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
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return
end if

tval=1.d+30
itvalm=0

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

do i=1,nbbody(ir_np)
nozone=ABS (nbzone (i,ir_np))
jty=itblty(nozone)
kno=itblno (nozone)
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)
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)
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)
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)
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)
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)
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)
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)
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)
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)
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)
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)
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)
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CHkok K

190

310

320

330

add new geometry in here

end if
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
continue

if (x_np.ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) goto 320
tva10=€va10*10.d0 y-np y P g
xidd=x_np+tvalO*u_np

yidd=y_np+tvalO*v_np

zidd=z_np+tvalO*w_np

go to 31

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*tval0
irlold=ir_np
irlfg=0
contlnue
if(irlfg.eq.1) go to 340
tval00=tvalOO+tvallO
if (tval00.gt.1.0d+06) then

write(6,9000) iq(np),ir(np),x(np),y(np),z(np),
u(np) ,v(np) ,w(np),tvalO0

9000 format(’ TVALOO ERROR : iq,ir,x,y,z,u,v,w,tval=’,

340

213,1P7E12.5)
stop
end if
xidd=x_np+tvalOO*u_np
yidd=y_np+tvalQ0*v_np
zidd=z_np+tvalOO0*w_np
call srzold(xidd,yidd,zidd,irlold,irlfg)
go to 330
continue

tval=tvalO0

do j=1,10
x1dd=x_np+tvalOO*u_np
yidd=y_np+tvalQ0*v_np
zidd=z_np+tvalOO*w_np
write(*,*) ’srzone:2’

call srzone(xidd,yidd,zidd,iq_np,irlold,irnext)
if (irnext.ne.irlold) then

tval=tval00
irnear=irnext
end if

tval00=tval0O0-tvalO

end do

if (ir_np.eq.irnear) then
write(0,*) ’ir(unp),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
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if (tvalmn.gt.atval(jjj)) then
tvalmn=atval(jjj)
end if
delhow=cgeps2
tva10=atval(j1')+de1how
xidd=x_np+tva 8*u_np
yidd=y_np+tvalO*v_np
zidd=z_np+tvalO*w_np
410 continue
if(x_np.ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) go to 420
delhow=delhow*10.d0
tvalO=atval(jj 8)+delhow
xidd=x_np+tvalO*u_np
yidd=y_ np+tva10*v_np
zidd=z_np+tvalO*w_np
go to 410
420 continue
c write(x,*) ’srzone:3’
call srzone(x1dd yidd,zidd,iq_np,ir np,1rnext)
if ((irnext.ne.ir_np.or. atval(JJJ) ge.1l.).and.
& tval.gt.atval(jjj)) THEN
tval=atval(jjj)
irnear= 1rnext

1tv1f§
oto 425

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
1f(x_n8 .ne.xidd.or.y_np.ne.yidd.or.z_np.ne.zidd) go to 440
tvalO=tvalO0*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. §t .tval0O) then
tval=tva
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(np),z(np),
& u(np) ,v(np) ,w(np) ,tval
9200 format(’ TVAL ERROR : iq,ir,x,y,z,u,v,w,tval=’,2I13,1P7E12.5)
idisc=1
itverr=itverr+l
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

! Version:  030831-1300
! Reference: SLAC-265 (p.19-20, Appendix 2)
:23456789|123456789|123456789|123456789|123456789|123456789|123456789|12

! real function encoea(energy)
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Function to evaluate the energy absorption coefficient of air.

1
! (Tables and Graphs oh photon mass attenuation coefficients and
! energy-absorption coefficients for photon energies 1 keV to

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

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

!

Radiological Technology)
real function encoea(energy)

real hnu(38)/0.001,0.0015,0.002,0.003,0.0032029,0.0032029,

* 0.004,0.005,0. 006 0. 008 0. 01,0 015,0.02,0.03,0.04,
* 0.05, 0. 06 0.08,0. 10 0. 15 0.2,0.3,0.4,0.5,0.6,0.8,1.0,
* 1.25,1.5,2.0,3.0,4. O 5.0,6.0,8.0,10.0,15.0,20.0/

real enmu(38)/3599., 1188. 526.2, 161.4, 133.0, 146.0,
76.36, 39.31, 22.70, 9.446, 4.742, 1.334, 0.5389,
0. 1537 0. 06833 0. 04098 0. 03041 0. 02407 0.02325 ,0.02496,
0. 02672 0. 02872 0. 02949 0. 02966 0. 02953 0.02882 ,0.02789,
0.02666,0.02547,0.02345,0.02057,0.01870,0.01740,0.01647,
0.01525,0.01450,0.01353,0.01311/;

* X X X X

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

if (energy.gt.hnu(38)) then
encoea=enmu(38)
return

end if

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

end if

do i=1,38
if (energy.ge.hnu(i) .and.energy.lt.hnu(i+1)) then
enml=alog(enmu(i+1))
enmO=alog(enmu(i))
hnui=alog(hnu(i+1))
hnuO=alog(hnu(i))

ene0=dlog(energy)
slope=(enml-enm0)/ (hnul-hnu0)
encoea=exp (enm0+slopex (ene0-hnu0) )
return

end if

if (energy.eq.hnu(i+1)) then
encoea=enmu(i+1)
return

end if

end do

! If sort/interpolation cannot be made, indicate so by writing

! a comment and stopping here.
write(6,100) energy

100  FORMAT(///,’ #x*xxSTOPPED IN ENCOEA**xx*x’, 6/, > E=’,G15.5,///)
regurn
en

! Version: 030831-1300
! Reference: SLAC-265 (p.19-20, Appendix 2)

:23456789|123456789|123456789|123456789|123456789|123456789|123456789|12

! real function encoew(energy)

! Function to evaluate the energy absorption coefficient of water.
! (Tables and Graphs oh photon mass attenuation coefficients and
! energ absorgtlon coefficients for photon energies 1 keV to

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

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

1

Radiological Technology)
real function encoew(energy)
real hnu(36)/0 001,0.0015,0.002,0.003,0.004,0.005,0.006,0.008,

* 0.01,0. 01 5 0. 02 0.03,0.04, 0. 05,0.06,0. 08 0. 10 0.15,
* 0.2, 0. 3,0.4,0.5,0.6, 0. 8,1.0,1. 25 1. 5 2.0,3.0,4.0,5.0,
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* 6.0,8.0,10.0,15.0,20.0/

real enmu(36)/4065., 1372. 615.2, 191.7, 81.91, 41.88,
24. 05 9. 915 4. 944 1.374, 0.5503, 0.1557,
0. 06947 0. 04223 0. 03190 0.02597,0.02546,0.02764,
0.02967,0.03192,0.03279,0.03299,0.03284,0.03206,
0.03103,0.02965,0.02833,0 02608,0.02281,0.02066,
0.01915,0.01806,0.01658,0.01566,0.01441,0. 01382/

* X X X ¥

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

if (energy.gt.hnu(36)) then

encoew=enmu(36)
return
end if
if (energy.lt.hnu(1)) then
encoew=enmu (1)
return
end if

do i=1,36
1f(energy ge.hnu(i) .and.energy.lt.hnu(i+1)) then

enml=alog(enmu(i+1))
enmO=alog(enmu(i))
hnui=alog(hnu(i+1))
hnuO=alog(hnu(i))

ene0=dlog(energy)
slope=(enml-enm0)/ (hnuil-hnu0)
encoew=exp (enm0+slope* (ene0-hnu0) )
return

end if

if (energy.eq.hnu(i+1)) then
encoew=enmu (i+1)
return

end if

end do

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

write(6,100) energy

100 FORMAT(///,’ **xxxSTOPPED IN ENCOEWx**xx*x’, 6/, 6> E=’,G15.5,///)
return
end
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