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A use of EGS4 in the TOPAZ Detector Simulator

A.Miyamoto*, T.Tsukamoto®, S.Kawabata®, Y.Watanabe®,

S.Kuroda®, T.Tauchi*, and TOPAZ group
KEK, National Laboratory for High Energy Physics, Ibaraki-ken, 305, Japan A
Department of Physics, Nagoya University, Nagoya 464, Japan®

We have installed EGS4 to the TOPAZ detector simulator to simulate electromagnetic
showers in massive structures and check fictious interactions in low density regions, keeping the
modularity of the system as much as possible for easy use and code developments by many
physicists. For the total absorption type calorimeter, we applied the Frozen Shower Method,
which reduces the CPU time significantly for high energy particles. The TOPAZ detector
simulator reproduces the detector responses to the electromagnetic particles very well.
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CALL SHPRCS 75 3# Swimmer
(& x 7 — ) b\
K& sTop SRESN ——
CALL SHPRCS
(fictious check)
EXIT

H4, HFAA bINV—TOHGE

SUBROUTINE XXXINI
PARAMETER (NREG=19)
DIMENSION MED (NREG), IAUS(40), RHOR(NREG),

> ECUT (NREG), PCUT(NREG), HCUT (NREG),
> FIELD (3), RGNLST(20)

EXTERNAL XXXHOW, XXXAUS

CALL SHPDCL( 'XXX ', '"#REGION', NREG, 1)
CALL SHPDCL( 'XXX ', 'IAUSFL', IAUS, 40 )
CALL SHPDCL( 'XXX ', 'MED', MED, NREG )
CALL SHPDCL( 'XXX ', 'RHOR', RHOR, NREG )
CALL SHPDCL( 'XXX ', 'ECUT', ECUT, NREG )
CALL SHPDCL( 'XXX ', 'PCUT', PCUT, NREG )
CALL SHPDCL( 'XXX ', 'BHCUT', HCUT, NREG )
CALL SHPDCL( 'XXX ', 'BFIELD', FIELD, 3)

' )

CALL SHPDCL( 'XXX 'REGION', RGNLST, 20

CALL SHMDCL( 'XXX ', XXXHOW, XXXAUS )

5. EGS 4 MELAEDH]



Subroutine SHPRCS(XXX', CTL, IFLAG )

CLoad Parameters for the user 'XXX' into EGS COMMON )

(Load addresses of XXXHOW and XXXAUS )

. CALL SHOWER"
((x ) A
e, CALL ELECTR CALL XXXHOW/XXXAUS

If v, CALL PHOTON through HOWFAR/AUSGAB

If Hadron, CALL HADRON .
XXXAUS,
Store Particle info. into TTL
when IDISC=1.
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Design of TOPAZ Masking System using EGS4

Shoji Uno
KEK, National Laboratory for High Energy Physics
Oho, Tsukuba, Ibaraki, 305 Japan

There are two sources of the beam background in the e collider experiments. One
source is the synchrotron radiation from many magnets. Another source comes from
the spent-electron hitting the beam pipe near the interaction region.To reduce the these
background, TOPAZ masking system was designed using EGS4 code. The designed
masking system consists of two pairs of masks which are called mask-1 and mask-2.
The mask-1 is placed to intercept the spent-electron. The aperture of the mask-2 was
determined for the synchrotron radiation photons not to hit the mask-1 directly. After
these masks were installed, we are taking the data in the small beam background.
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A simulation study on KEK Positron generator

Kamitani Takuya, AsamiAkira, Sato Isamu, Enomoto Atsushi, Ohsawa Satoshi,
Oogoe Takao, Kakihara Kazuhisa, Yokota Mitsuhiro

National Laboratory for High Energy Physics (KEK),
Oho 1-1, Tsukuba-shi, 305, Japan

KEK positron generator was upgraded last year by improving the solenoid focus system and the
beam transport system consisting of quadrupole magnets. A simulation study on positron generation
in the target and focussing by the solenoid have been performed to explain the beam profile measured
after the upgrade. Details of the simulation is described here.
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Figure 1 Position plot of positrons at the end of target.
Four plots correspond to the cases of incident
beam radius 0.0, 1.0, 2.0, 3.0 mm respectively.
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Figure 2 Emittance plot of positrons at the end of target.
Four plots correspond to the cases of incident
beam radius 0.0, 1.0, 2.0, 3.0 mm respectively.
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DESIGN OF THE JLC POSITRON SOURCE

NKKA, KEKB H. IdaA, S. UnoB, J. UrakawaB, S. KawabataB
T. SumiyoshiB, Y. TakeuchiB, A. MiyamotoB, M. YoshiokaB

AEngineering Research Center, NKK Corporation
1-1 Minamiwatarida, Kawasaki-ku, Kawasaki-shi, 210 Japan

BKEK, National Laboratory for High Energy Physics
1-1 Oho, Tsukuba-shi, Ibaraki-ken, 305 Japan

A simulation program has been developed in order to design an intense positron source for the
JLC. In this program, EGS4 code simulates positrons' positions and momenta at the exit of the
target made of dense material. By using this program, design of the JLC positron source has been
carried out in order to optimise positron yield. The results of the calculations are presented.
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TRREFEMER WL T 2R R ¢) L LB ETF 2 NET 5 INEIIC KB S
NB, =4y VB TRAFEFCLIBEAR I —FIV v 7=l & > TREFPER
ENnb, =7y PMOTHBEEFOHMABOIEND X mmTH 3 5, HFEOEL)
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Effects of the Point-Like Nucleus Model
on the EGS Simulation Results

Takao Nakatsuka
Information Processing Center,
Nagoya Women's University, Shioji, Nagoya 487, Japan
Takashi Kitamura
Research Institute for Science and Technology,
Kinki University, Higashi-Osaka 577, Japan

Although EGS simulation code has predicted many exellent
results in various transport problems of charged particles, some
discrepancy from experimental data is yet found in calculation of
mean square deflection angle.

We estimated reconstruction error of arrival direction observed
in water cherenkov detector by the classical Fermi theory, which
shew fairly good agreement with experimental data. On the other
hand, a similar estimation made by Kamioka group using EGS code
gave tendency of higher value at electron energy greater than
about 20 MeV, and lower value at less energy.

The discrepancy seems attributed on the Moliére formula used in
EGS code. As well known, the formula gives divergence of mean
deflection angle due to point-like model of nucleus, instead it
gives high accuracy of angular distribution. Suppression of
large angle scattering due to intereference by nucleus is not
considered in EGS simulation. To keep accuracy also in the <g2>
estimation, it would be a practical method to introduce cut at
about x/d in the second term, or the single scattering term, of

Moliére solution.

1. BLdic
KF 2L vya7RHEBEVWI=a- Y/ AEOLDOEEBREBNS 35",
CORHBRELIIFABUNTOIRSFBNREFRECHTER, KB==2—-FY) /0
FERERLECHHLIBFERHETHS Y., R4 CofHEL~WTHhHBr-AEAH
LAl eMBb-RadY, ZOBEBREKF2Lvya7REBE2AVIEER 7 L
—THEGSE2AVWTHELAGRY LEHFELALLE, HHECAVEVWN IS
fo. BA20FETRREVWELEROANRZN S S, 2 E#HEAANBFEICL 3
CORETRAHBFOLVWZIXAANF—HETI D ERMBEEVHEE 2R & .
ARECAVEVOREIFEHISEEONEVWORBWIE S B EEL >N 5.
BRABERABRELTVWI30RFHMNLT T 2V I BRBTHZIMY, EGS T}
FVEBLALEBYZT -~ -<x=FEBRTHL"Y, TYxz—-—N-<~-FHBIK
¥NICREIVEEOFSEVWIESNHASATWEREA, RFEZETCEHE-TWVWBE LD
EH2EREABRE S 2LV, ERBOGHR L >»TORAASH T 5,
COBBRIPOBLALTORNE»S, ECSE2MALAZERE2XREILEOESE
m& EGS%R2EnDEAHANIRCTAILDOEREEZRRAZVWEES.
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2. KF 2L YyI7RHEBKLBUIAAHNBFOHRFONREREOSAR
KFzLya7REBLEVWTR, BBHFORTEIFzLvyaTkogHr
SEHRFMAERET 3. TCTCRAVIHALSFEORERES:2, BFOoFAENRK
BoTO, RFBOEAE2>UAR2ELHHIABELER LA, EREHFIWME
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=8> - pféi e (2.1)
) 2
w0 - 2k - 55 - el (Emen (Femen) ()
CEMEL K.
—KFzrvvavskFoHd
N = (1 - —3=p)dt e TRl - Sippd<ess. (2.3)

I DEI3ICBLTE. FCTHRABBRULFHISIEHEENCLES S LERE
LT FHOEAEZ ST AT 2 BHESE EKE D] %

——Jl—-ln{ B2 (1- 1 YY1 (at <@2> = 0 )
d<g2> 1-82 na2g2

1-1/n2g2 Eg2
2-82-1/n2g2 2epv ° (2. 4)

E[<¢2>] = - [

CEMLE ERRF20o0WHBIECREINBZ3 LB TH 5.

R0l BB eRrshsa@rr—7"08BELEEST S L, £ 20 MeV 251
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g S Mey
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N 10
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“ lft:
0.01 , :
0 1 2 (rad?)
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3. BEHE M 327 = VIBEHLEV T~ VEROEL
B x g/cn’® 2 EABLTEERAESBIAABRFOALT (6 .x)2x 6d0
BREHOFF R 2BELT 2L, BOaFER
2L L [reE-T ) -2 a3 ) dT (3. 1)
hOREZ coic o(6) RB—HECASTTH 3. o (6) BHUHMHETH 3
EE (3.1) ORI

£ = —Z%I:z;dz;Ja(ca)exp[-Zxxng{l-Ja(CO)}U(B)dG] (3.2)

&3,
BBROEANTRBVRIEEHMENOBsORBE VWSS, 7= I EBETR
ERDBEEFEFEOTFSHRECHBLTENEFN 6 0ia~0.01 MeV/pc, 8 aux~
100 MeV/pe @A » P E2EFX, 1-J,( 0) */RHKEMHL, Z09HE (* HOSH
W3, COEERBA IR/ HENRS, CORHRIYVEPOEARERELEDLDHT
AKEW (BAEF t > 25) EELbRILITWVW?,
—FEYVZT—VEATRERDRDOAEEL, Onx TEBBEBXRKETSH, IO
CEREFELEAELTEASLEHNETS, CodtE P BofHiexdtHE
BEAZIEich?, BRVNECSERILE F2HRCHE-HEH H3HELUR
CHEREEBEE2SY, LV HEERLDENE, LELEYVZ-VERTRASH
D2EXDE—-2A Y RBEHTSZ'Y,

A4, FRHEOOAVEVWDFRE

H2ic@BFE SN1987A BRoO L &EB oML ERF -7 2EKBERTY. £FK
MoK o &ir, THHNEEDLDH 272NV IBHEZAVAR2OFVWHANRTS
TR NFEF—HBCbhLh - TERF—7ZHEBMICHEBEFELELEL, EGSERHW
7o EE 20 MeV ETOHBEAZRLTWEN, Thi2EA2b20ho@BXKEM
DEBIERT C&ETH 3.
ERPEY2EHRIAEHBEST 2B 72V 1 BRHRIFCEIRWDOTH 5. (3.1)
OHDic 6°2HWYT 8 THAETHEBOILBE LI

5<62> = [[F20(D)dF = n2(E), @)

ER LT, LI)EBOShB3DTHS, CCikpu.B)RB—HALARNDO2RKRD €~
AV FTHAB.

TEYZ—LOREHRIER CEY2RBHIAAINRUT I LR, ZO0EXNRG
I, B-HEAOASHTES ‘lr 0d kAT IETER, HIEAGHETERK
WRELCHGET 2 TR PoBEBREITETII>ECHETS. 22 RFEEZA
ELTHEICEICERT 3.

ERBICRAKAHMEIL ZAENREBRBICEFEOFHEH B LIoIMHE S
2. BEWROaux~X/d B, BEzazNVNF—CREATILBAECHEG T
3'Y, ORI RRIAARFTRARLMEE b 2.
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5. B2A0HXBEOHIE

WITH 20 MeV D EVWZRAVF—DCR 7=V BRTEII> HDAGH

(8 nioy Oaux)XHMENLEBMBEr T, HoMLAMETHS, hiz7 =

VIBROBRWET I H—-HE LK
N

4Z2rg2m.2c?
Ap2g?

gc(8)dw = 8-4 2xoede (5.1)

B [0 ) TEREINLTWVWENSTHS, PHAEEY b DR
Z2rg2mec?
4Ap?B?
2 [0.z] TEBETAhTWS, L-THA21R (2.4) © E[<8 ] 2, Afx
F—BATOEFDAHATEE(0atay, o) TOWMHELKXDZRKRDE—2 Y Fp .0
bkTeHET B EiElLh, BRARCDIRANVF A TEGSDEASEEY
2EMEAR, SHT7+r—-FPEH POLRXDEASHLDLIDEEEN, 20
HMERRELE2H20FELETRYT. ELxx Vv F—GHTERFT - 72 L BET 3

&5 ThH 3.

2

on(8)deo = N {1-82sin2(8/2)}sin-4(8/2)2nsineds. (5.2)

6. B2 o8BS HBALEGSORFS T RES
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EThBCEicEbN B,
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UnixBEBEEEGAGS 44 2 PCARREGS 4 Z>2DWWT
B BEBF{
Running EGS4 on Unix Workstations and Personal Computers

Yoshihito Namito
National Laboratory for High Energy Physics
1-1 Oho Tukuba Ibaraki 305, Japan

Several points , which should be taken care when a EGS4 user run the EGS4 on
Unix workstations or personal computers are discribed. The NRCC version EGS4, which
has already modified to run on Unix workstations and IBM-PCs are introduced.

1. BU®ic

EGS 42 ULOLTAEYFANOSTEEN,CRED/NMUFERTITI LM FENIC
BTEICR->TETWS (£1)., LHMLERCE. ChoDHEBIC D WTRIERMZERE
DR TERANBIIBRTI—F—0BRNP R, BELKTENBEMDBELH S,
22T, BGSARWS,PCTCHATAIHACER2ET A>T, FBR. NRCCAREGS4D UNIZAN
whr—y, IBM-PCANR Yy —VY 23 LICBARICERS,

2. SLACIREGS4QWST & =

2a. MORTRAN

MORTRANZS & T 3 2 MORNEWT7.F 711 7/ 5 L HiCLONGE W 5 FunctionH 3, LA L. LONG&
LIELIEWSOE B RSB E LTHEDIBZHTHZDT. THEEXTERNALEE T 50, &AW
ZFRATLLONGR FICEETILENHIILHH 5,

2b. PEGS4

DEBOZERBEOEN

BMRTOBBEEROERBIX. WSTOEERLINVDPUEW, ZOD, PEG4ATEDLNT
WB1.E-38L WHEM, WSTIOL LTHEbHLNI., ZOHER. [EMMENEL S, IhEHED,
1.E-38% 1. 18E-38  ELIcEB LR T hiIER 62 W,

IDNBEELE7 FLAEL

IBMRCRY 7NV —F v a— VRIS EHEBETHET. C0kd, MAXESEHMNERE
EH. REISHMNEHESEREVWSIF—ENH-oTHHEWMELICC W, —F, WSTEEE
BOFPFLVLADAREY TNV —FVICETOT. BoF—BiE. BEBICBRBEOREIICR S,
PEGS4iziE. BIZHOHE, HO—HLTWRWH TV —F Vv I—-VHHNIERESHIDOT. h
REETHLEND B,

2c. EGS4AKL

EGS4.MOR,EGS4MAC.MOR,EGS4BLOK . MORM IR WERIE TDECS4T T /S L TH BD T, I TR
NEEGSAFELIEE, SOLIABEOUERBRARIE >2>NDoTNRNY,
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3. User’ s CodeitHLTHEFETSS
11— —T—F2TOPSWSETHERT IBSICIEEEMNR WA, IBIRARBTERLZ
DEWSLETHESHBESICREREERT %,
DEEELETRFLRAEL
PEGSATHR~R DL ELHENEE s TEEEND S, MBRMIIE. UCSAMPLADELX. MAIN
ROUTINE THISHIEEHRB DIc. Subrotine SOWER TIXHE TH 5D T. EI ik SHOWER i
FLLBEHEXNT. UCSAMPLARWSTREERTTA I LMNH 5.
iwriteX O RO R EHEM
FTOL32RARERD D W write XIKHSTIX =5 —(LEVEL 8)L X h3 2 &MHn,
write(6,601)((A(1),I=IS,IE),(B(1),1=IS,IE))
HDNHEELAKOTF—¥X
ESGAD L —F — T — FT L {EDNBZTO LI REES L ARKOD T — % XX PCHOMS-FORTRAN
TR -5,
CHARACTER TEMP(24,1)/$’ FE',22% '/;
SEDRIAETINENDSS;
CHARACTER TEMP(24,1);
DATA TEMP(24,1)/$'FE' ,22% '/;
iviLg~v 7o
UCSAMPLARZ P it AL ERTWAVAKBE KT 7 u2AnWas 408N H 3,

4. NRCCHREGS 4

4a UnixWSHNAYHY-—Y

Alex Bielajew(NRCC,Canada) A5, EGS4:2 BHICEZ RN F—HAICO>WTHEL. REM
NRCCAREGS4: LTHALTWS, ik, SHICSUNZIRISOWSTEI & 5 i ED2a,2bDEIE
0%, UNIXFSEGS4: LTEHLT WS, ZOUNIXRICE. MToORFEMND 3.
ABEx 2N ¥—HHE IR

IELT RN F—BFHSOHBEHOUR

ESIH IR EE. #HBBERAFOERR2AELSH. HUMEBHRHETFDOXT VYTV,
IINBFOAREAROMEAAH

iii)PRESTA

B. 75747

3D, 1S5 —. EEE. /. #hA. BEaTEE, SUN/PHIGSTHMATBEH. fOPHIGSOHEI KW
Stz b BHE AL,
C.C-SHELL 7uvy¥v—

SUN & IRIS TEIMTREDOIYQTTFTuyIr—NEgENLTNDS,

4b. IBM-PCHNw» -V
ALEX BielajewhSIBM-PCFHEGS4/Sw r — U Z{ERR L. IAPM(USA)M SEHF L T W 3,
PCAREGS4=UNIXRREGS4 - /574 v & - C shell procedure + MS-DOS procedure
THD. F77L-EM/3 F /=& NDP FORTRAN MHYETHHILW-H-TW3DB,
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5. PC98 FTOEHF

R EFRNERTSH B, T2 RTHEDMORTRANY EGSAK{K 12> W T iL. PCIBOLIRALNDPT
+—FSVERWAETAFEFTVWERCHET 52 L £ MEBHFH TH S, MORTRAN FILED 5%
5% Th EMKICIT S BATCH FILED EE . PEC4DEEF 2 v 7REVWAKRTI FETH 2.

6. ¥¢ 8
EGS4% WST M T 7= @i k. NRCCARMORTRAN & NRCCARPEGS4%2 BB L kW, TEHIZI A Y

MMIEZTEENFDODRATED., P22 —F—LHEERLE2ERSIERVWAIALTH D, ESG4A {4
o, WSTEM T 7= DPatchd LEMZ WD T, SLACKK. NRCCRD EB HZHEHWVWTH LW,
NRCCHR D EGSAALEIC . B A NF—MEOLENLLEATNILEWS XY v FHIH DA
F1 X IE. COMIN/USER MY AF AR &> TEDATWHI DI —F-HNEHIKEAZRWEW L,
SLOFENICLTBLH B, K- T, Ex ¥ —1—F—(CIENRCCAREGS4AA (K, ZnUAD
1 — F— - i SLACRREGSAK K MR S NB, 3D /574 v/ —F—a—FL@EAMTa s
SLDBICHMETAIDT. ¥HoDEAAK YL B EDEDILMNTE D,

EGS4% IBM-PCT S M ¥ ik, NRCCERDIBM-PCN y r— V2 AVWHAIELWR I TH S, H
L. BNTREREZELEELWIZLREWTWRWOT. NTOEE. HESRTHTH 3.
EGS4%PCIBO0TES ¥ A HiE. KEKTR T A FREETH 5,

iz, MORTRAN » ESG4ZA{k iz ki@ Patch® ¥ T =M B ICWSTEGS4% 1T ULTREBE ENH
50RBWEDFMHOEDBERETTH B,

a) 1—HF—3— FAMWSOFORTRAND B L WHIFR., = X, SIEROEOT-RKLE >2H D
BE, COBEE. 1 —F-a—FRBETILEND S,

b) EROBEOMYRENEET B8, —REWSOAHNRERIVOIETHETHI0OT,
FaEEEEZW,

HoT. BEDL ZAECHDEFTICUE>TARBOEHETOHBELUSERMB W, MO
FORENTHETH» = iz, CREREEALTARAE-FTR2VWOTHF LA
RTWRWN,
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£1 ¥ WS PCOEGSAETH I (HfHitac M68OL), UCSAMPLA{EFH )

Company Computer Speed Company Computer Speed

NEC PC9801VX 1/176%1 Silicon Power 1/3.2 #1 With 80287
NEC PCI8O1RA 1/46.3 Graphics Station

IRIS 4D/20G 1/7.7 OMRON LUNA 884 1/3.8

HP 9000/375 1/13.8 DEC VAX8530 1/10.5

DEC Station3100 1/4.2 SUN SPARC-1 1/10.8

DEC Station5000 1/2.7 DG AV310C 1/4.4

#2 Bx 2HHCE T SECS4DWS, PC E T @ B IKR

Workstation#l PC9800

SLACAR MNRCCHR SLACER NRCCRR
EGsdE{k O O A2 FE
MORTRAN i3 O Ai2 FE
PEGS4 3 O FE

21 DEC Station 50003 & UFSUN Sparc Station ,
£2 Batch Pile R{EK (ERFZE)
33 ANODEEICE- TSI LERERL fﬁE‘ﬂi. NRCCIR Z(ERA L T W3,
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EGS4a— FHAHZ -V —-XIROBEFE

BOF -EREUARFEE TEXES, FR—B*
BRHE  fFr

ZEERFALIRGRA S ° BHF H°, AEgE’
epE E°, PHEE®

Improvement in the EGS4 code system — general purpose electron-photon
Monte Carlo transport code system

T.Momose?, I.Nojiri?, 0.Narita®,
S.Iwai®, Y.Rintsu®, 0.Sato®, and M. Nakamura®

A : Power Reactor and Nuclear Fuel Development Corporation
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, JAPAN

B : Mitsubishi Atomic Power Industries Inc. '
1-297 Kitabukuro-cho Omiya-shi Saitama~ken, 330, JAPAN

This work describes the development of a general purpose users'
version of the EGS4 code system. Users can use this version to
solve complicated geometrical problems, without the knowledge of
MORTRAN3 language and the techniques of devising user-written
subroutines ; in the original code system users have to write these
subroutines for a given problem, since they are not supplied in it.

The original EGS4 code system is a three-dimensional Monte Carlo
code simulating electron-photon transport, developed by Nelson at SLAC.

Although the original EGS4 code system is very popular as a
general electron-photon transport code, the two following items prevent
novice users from using this original system.

(1} For a given problem, user has to write the geometrical subroutine
of HOWFAR, the AUSGAB subroutine which scores and outputs particle
weight, and the MAIN program which initializes various parameters
and control the whole program.

(2) User has to usually write the user-written subroutines in the
structured language called MORTRAN3 developed at SLAC.

Then, we have developed a new version of the EGS4 code system, and
have named it “the general purpose users version of the EGS4 code
system.”

In order to design and develop the general purpose version, we
have investigated the typical mul!ti-purpose three-dimensional Monte
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Calro shielding codes of MORSE-SGC and MCNP, and criticality codes of
KENO-Va and MONK-6.3 for reference. These investigations have produced
useful information of three- dimensional geometrical modeling methods,
muti-purpose source subroutines, detectors, and variance reduction
method. This useful information has yielded the multi-pupose user-
written subroutines for geometrical modeling, sources, detectors, and
variance reduction.

Incorporating these subroutines into the original EGS4 code,
we have accomplished the general purpose version of the EGS4 code
system without requiring user-written subroutines and the knowledge of
MORTRAN3 language.

Two following sample problems were applied to this version for
verification:

(1) Skin dose equivalent evaluation from B -rays emitted from ’oGr,
(2) Bremsstrahlung dose evaluation generated in a iron sphere having
a point source of °°Y in the center.

These calculational result agree well with results in other

calculational methods, respectively.

1. L aic
AHRTE, SR AI—F—XREHBLE, 2O~ R 27 L ILEGS4
I-FOFEHZY., BREITIMNRCE->THECERLR2FAE RO R W2 —
F—FBRN—F v ORRB. BLUFOMHRBICHLEL R 340RTRINSE S a1 %
BREELBRWSATLTHSD., RBATIER., COGMAREAI-F—-—BOHEL
BRBEHEBLIVHBBRHBROEAVHEAOBALEFACODVWTHE T
3. HU, EGS4RAZI - - XIEOERICEEL T, #8335 IX MORTRAN MACRO% {&
AUTERLTSEY., FORTRANZ O /S L2 LAKIERLEDITCIZE Y,

2. A2 —-¥F—-XEOMR
2.1 EGS4a—RooiE WV
EGS (Electron Gamma Shower) I — RiZ19604E 773 » & SLAC (Stanford
Linear Accelerator Center)icE W TBIREhEE: (ERHIXFr—F,) %
a2l —2a VIR EVFANTOTOTISLTH S, SLACTiII4%®., &=
ANF PR CEHAZNAIREBORHSICEHATI L2 BHLLTHER
ZHEHEA, 1978FICIFEGSIE LT —REABMEATHIDRBEEDPS VY
OhOVRBCHERAZADILICARY, TRXNX—FTERETIF3S50ERN
BEoTOE, LIS DEREBEX, LYS<OATFCHYCIES
EhB3EICHBENEHDOTHSD.
EGS4a—F VR 3RTEVFANTI-—FTHY . KOELSLBEBLY
BE|HH B,
1 BF. BEF. BLIUXRTFOREEEFESHFIISI00 TR, LW S
LURBREPKDODVWTSI2l—->avTE3,
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2 BRAIRANF-—RBEFERFTE. EH = RIVF—K10keV~KTeV, 3
FTHEELkeV~TeVTH 3,

@ MEH>YWERAKI, UTOIHEETHS,
(I)MEBHERER. (L)BBFHR, (di)MolicreZ HHHE, (iv)Holler
(e"e”) & & U'Bhabha(e*e )&, (v)HBN FORBICH >~ 2 HEREZ XL ¥
—f%k, (M)BFREBR. (vi)Comptonil&.. (v@)Rayleigh#fd. (X)X E
HE

2.2 BEORAEYFANODI—-ROHEE
2.2.1 #EWEHE

AAENTWAEAS AT LERLIIERTEDIC, BITENEREEET
B3)y—F v (HOWFAR), N FOEA% 237 L TH 3 30— F >~ (AUSGAB).
BEBRoBEXLEEZI MO NVT 3T /SLMAINEZI—F -V
—F V& LUTHORTRANSE FIE N A EETCHEASZSSAER TAZ L AFHRBENT
Wd, ZHOZLiF. KO—FAAHI-FTHaRELBFEHRTHZHF, TR
NRFERBCRRKRERFNELELT S,

ANTF—2 DA TEGMHOHEX*WMELTRABZEILCTEIED, L2
—HF - N—=-FUE2AHACHRBLT., - FE&RICEHIARADL I L, BLUE
VFANOHEDKEEZEDIEHDOFECLDOIVWT, EANVLELSTICEAR
FHBECHERZ A AIRBHR2NAT Y FANOI—-FENRIC, UTHIAE
DREETHO 2,

1) BEEHBROERFE

2) BEANF&E

@) SHERE

@ RHEHE

(6) HAEFM

EHEKOWTORENGF LR EAAEYTANOI—RO—ERER
1CRL, AERERER2KCTRT.

2.2.2 BUERNEBEROEXREFE
BEMZHORRKONBARRN - F U E2HATIEDABEYFANNTGa—-R
MORSE-SGC(MARS ¢*? ), MCNP®’, EKENO-Va ‘' 5 & UFMONE-6.3 ‘S R BEHIN
—FUOREEToRE, TORREZEB2LERYT, B20E»DEXERKD
FBRHAFERKRD2OICHETE S,
1) EXBROBAB:2SAARBRTCERRTIFE
(ZHAARNEELTIT3B)
@) EZAXEBREMEXIMNNVBLIUVFAXIMISEHWTREBTHE
(WHBBEHRESY. TOFER2EXREBFRLELTIFS. )
MARS, KENO-Va, MONE-6.30— FIIEXEE SR TH Y MCNPIZHIHARX AR
THD, EGS4a—-FAHI—-HF—-X T, MARSDGeometirical package%*
BRUE, TOBBEIUTIERTTI2TH5.,
(1) MARSE THWBH T W ABCGHRK Tit. MORSE-CG ¢® , QAD-CG ¢ . KENO-IV
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/G BB NDA—-FRICHAWHATSEY, HHEEROHIHMEENS
by,

2) MARSBAAHY TIN—F &L THIDpackagebt o T3, o
J—-RFRICEHARAAFZW,

@ ZHARBAELURSHFROEZRFELOHERMOESIZ. —RICA
NBIFRICEKFET IS, ESEBLIFFEVWERERETVWThAn, SMLE
RiCBWTIE, KENO-VICHARAZT =G (—RFSEXEXRFR)2H
W3 A A, KENO-IVDunit-ARRAY type (ZBXKREFR) LvUHizadd
KL NFTERFEZET S,

(4) MARSTIZARRAYEZ A B8, HERBRMII Y LB TE3,

(5) MARS® Geometirical packagelXMORSE-CGADCG packageic X T. £E
BHEROF v VREN DI 0, REBHBCKFHAIAVRAA, &
KizcpuRiffl Z BB T Lz n,

B F2HBDIBLDIC, KENO-Van EEXFBREZRIZEEIN PV,

(7) MONE-6.3iXE LD THMEBBFORRERBATEIH, FEHFEIN H»LR
YE¥ETHS,

LEAR>2T, CCARTEODNDEXRHNEREZFROEAEDLDETEZ<OERE
RETE, dOER L 7= (Universe) D VR UFRHES TTHE T H 5 YARS(HORSE
-3GC) MGeometirical package2# AL 7%=, 8. ZXMNEBRER VLRI
DWTIIDEEPT— R ' 2 BRBL =,

2.3 BREADTGE
BEANFELLTR, LTOLBENHOBBEIRADI LI CBREANF&E
OFFTEEELE.

1) =RE
2) MERE
(3) &Y HRE
@ E—LRBE

HRESLUARSARERCODOVTER, EHLBRRASITRR LI K,
MARSTEZELUAHEMBAE., XIFAEA-RCBEZRETEZI>DDLTS
A, AL 0BREORENRERFKICD W TIE, MARS, HCNP, KENO-Va, B &
THONE-6. 30 IRAE Y FANTOI—-RICHEREAT RN, ZEL, E—4A
RBBEDEZZEHED HAH HETC-KFA 19 5 L UFLUKA82 UV IC/REhTWnWB =2
H, CADBKODVWTHPRANFTEOTHERXTo %=,

FLURAS2(ZHETC-KFACEE R TE - LNEAY AR BE T I3HIH U, EROD
E—L0PEBEHNA A -JICEWES, FLIKASZOA NI A XN E8AL =,

2.4 SREERE
SMEBREICDODNTIE, ICNPEBWT, L TERTI2EBYVDOAEFAHW
BhTWaZ L2 EICRERTEITO-E,
(1) Enelgy Cut-off
(2) Time Cut-off
(3) Gemetrical Splitting with Rousian Roulette
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(4) Enelgy Splitting with Rousian Roulette
(5) Implicit Capture and Weight Cut-off
(8) TForced Collision

(7) DXTRAN

(8) Source Variable Biasing

(9) Weight Window

(10) Exponentical Transformation

(11) Correlated Sampling

(12) Point Detector (Last Collision)

:mﬁé\mmmml—ﬁ—zﬁtﬂmfiéw\M\WQEEEQHT

uﬁﬁ?a:tt%wéo&ﬁ\mwﬁau%M:—FKWﬁénfwé.

% 5. W HWoOExponentical Transformationic™> v T {ZMORSE-CGH 2’ @

*cmTSEﬁmﬂ47zwﬁﬁﬁﬁ%éntuétw‘:wﬁ&&%ﬁ?
5.

@ BENFOFEARELCIY., NS FRAEMNMIB,

(b) EELEACHI Y FAKHTIHARICEY., NRATPAEDT B,

() HEEMLENIFRCHTIAECEY ., NAT7 A EHhiTH,

d ZWriEBLTAIAHOEBAFALCNATRAEDTS,

€ Z@mr®miTAABGOERNFEECNA FPAEMTD,
FEEO).0). @ RENT W BHeight Windowdh ¥ Geometrical Splitting
with Rousian RouletteX Enelgy Splitting with Rousian RouletteA*MCNP
:—Fcumwanrwa,%mmmeﬂﬂﬂmgﬁ&U:$wx—uo
T .Rousian Roulettek SplittingZfT3 NYERETHD. HOIEMBE
UI*W¥—®%%E]\6&?E?¢L'C'Splittingit:biRousian Roulette
ZHWT, SHOBFORAN—EOBEARACHD LD KT BA3AETHD,
Geometrical Splitting with Rousian Roulette& IX4HEK Z & IC importance
%45 %, Splitting® & URousian Roulettelil & Yy ERMoRFOEADEK
$&Eiékwiﬁﬂﬁﬁﬁfﬁé,%n&:*w#—&ﬁgﬁtontﬁ
> M3, Enelgy Splitting with Rousian Roulette&ETH 5.

Weight WindowEA', HBED 2 DNDHELRR 5E% TFTRICRT,

(1) Geometrical Splitting® & U'Energy SplittingA F N FhEHB LT
ITRNE—DRICEETIORLHNLT, Height Windowik (Z =M - T R IV
X—WHFCEET S,

(2) Geometrical Splitting® & UEnergy Splittingld 2 DRFNEH %
H F & §° IcRousian Roulette: Splitting% 47> DXL T, Weight
HindowkE TS LA UHRFOEHEZHILTH BT I.

(38) Weight Window?ﬁ&i‘ﬁ%mﬁawﬁﬁﬁfﬁd)ﬁﬂk’-ﬁb‘Cﬁﬁé hdD
L. o2 BEMER T L Dimportanced X TEREIN D,

(4) Weight Windowk CREIKB A REEE L HROMF DH S CRousian
Roulette& SplittingdAfFFhhdDicH L, fltd 2 ZREALAEAERD L
ENHaTHOILDS,

(5) Weight Windowkid . BEAOGEMNEL —FORMBRCHMASIEAEZED
M, o 2FBICEENEAZRY,
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ACNPO—FRKE., IV (BHIBLIUTZRIFE—) TLONFOE#R%
HUT.2DfH% A v TWHeight VindowdE D /NS5 A — 2 ® HEBYIC ko 3 81
WHd, 8. HORSE-CGHO - RICH AR T L O TFOEHEA R HEL T
To{E%EFYv THeight WindowiE D NS A -2 % EHEICHRDIBEI S 5,
Weight Window# iX. & 52H) 7% Geometrical/Energy Splitting with Rousian
RoulettelC ER T ERBICRULELIIC, W 22D EFRINS Y., HDOHCNPS
LK UHORSE-CGMIC WO N T WA FEZTHVWIAE, BELRLNASA—25ET
BIICBETE 328, Weight WindowE DA %25, L 8.HE (B ®Source
Variable Biasingic D W Tk, HBEAXP O RETINFORLEMNE, TR IUX
—BELUABKDODVTONA PAFEICODOWTAINPI - ROFEEBEICL
TERT 3.

.2.5 BH%
REBCOWVWTR, AEHBLLTUTOS >R LE,
1) SREF[FFME (Point Detector)
(2) BEAXZEFM#E (Surface Crossing Detector)
(8) KRB EFME (Next Event Surface Crossing Detector)
4) FEFMH % (Track Length Detector)
(5) T XIF—UFFME (Energy Deposition Detector)
W~@omEFZAABLENEZE O TICHORSE-CGHTAWD AT WS
EH. Fhb0FEESZICLE,

.2.6 MEFM

EVFANODETTHBEULUAAHIKTRAZL2EIERD, FOEIFE>TWS
HENME*TILENH 5. HCNPB L UMORSE-CGATH WL ATWAMER
HEnHERFTET 2=,
MNP T~ R TCREEZFMEROLIICTo> TS, GFRATIBSEUTOL
BYTH3,

Yi :iFHBoOEXRY —DNFOREBLEE (BULisL, <~ N)

P(Y) : ZEBY (REBEE) OROS T2~ THETENK

EY) : EHBYOHOFHHA

E(Y)= S Y-P(Y)dY (1)
52 :FEYOHOLSHMME
62=J (Y-E(Y))2-P(Y)dY=E(Y?)— (E(Y))? (2)

REBEEERITEREYOHOFHHAIYV) L HOS MBS ZTEVYFAN
OHEILSRHBAZVDLL, EQ)DIADYCYinFHHETE,

_ 1
E()~Y= — = Vi (3)
N i=1
DA ADLYICYIDHHES %
1 —
§2~S%= —— 3 (Yi—Y)*~TV:—(Y)?
N-1 i

— @
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A (3)s (4)‘;"1:1I~U-—ﬁNh“i‘ﬁ'kch&akﬁd)ﬁiRUL WAL T B,
%/T?‘J)bna‘i‘ﬁkqt‘)E(Y)@%EfﬁtL’C?-%bﬂ’l.éfﬁh‘{'t'&oﬁ Y
AENNETHYCERSFFTHERETHE, TLEMOEER2RTEX
LLTRYIOHSBES *TR2L, Yd)ﬁﬂﬁS—#M\¥‘C&6 S gk,

Si= 4 8~ 4 (T*=(T)*) (5)
TEDEND,
MCNP I — R TRIAMETR *“}:. LT,

R= SY/—~[ {—(Y—)r—l}]l/" ()

ZFHVWTWS,

—+% . HORSE-CGI— RTiEL LA MY —BNEZBRAYFLLT T, &N
v FOELGMEY (biz NSy FEB)OFGHEZE>T VWD,
ZoExeibET B L,

— 1 8 1 1 N/B
Yb= — 2 Yb = ¢ > Yus) (7)
g b=t B b=l N/B 4=t :

(BEL, Yu;ldbSvy FHjZEHOD
_ 2 by —OREZFGEE)
COEIZICNPT—RTHVWTWAYERL, 7205

Y=Y 8)

T#%. UL, HORSE-CGT XM EMMH & GICNPL B2 Y, 1b0 H#IE
SpEANTHNS, TS

L 3 — 1 3
Ssz = —B—l— |:Z*.“(Yb—Yb)2 = Tl_ z, (Yb—1)2 w=omme - (9)

S szL;thcof}ﬁ{E'c@ar HAvFERETHICREL RTFRERS DY,

MORSE-CGT — R Tit4¥ata= £+ L TFSD(fractional standard deviation)
Thbb _
FSD=S8 Yb/Y (o)

FEHALTWS,
HMEOEREFMOFEZRBETI2LROIEDFI DA S.
(1) HCNPO FER Ny FRICEMFE TS 3 4%, MORSE-CG AR IE /Ny F
BRICEET 3.
(2) MORSE-CCH FEZAWAE LNy FILDEA Y —HH+HKE
WHRENDH B
:nbmﬁﬁﬁbﬁéﬂmﬁﬁ&bf\mwvﬁnrméﬁﬁﬂﬁ%ﬁw
kT B,

54



2.3 EGSa—-FHABEx2—¥F—- Mo Hst
2.3.1 BFFOEE
%2.23?%&&3‘]’1/73%%%&@&(4T\EGS4?H,R§:L—4f—XJﬁ0J:DX‘?"L\
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#3

Tl & & RN RBF 5 & THERE

Detector Detected Particle Estimated Physical Values
A
Point Detector Photon after Compton @ total flux
scattering
Surface Crossing @ Photon @ total flux
Detector ® Electron (® angular flux)
® Positron ® current
Next Event Surface Photon after Compton @ total flux
Crossing Detector scattering (@ angular flux)
® current
@® Photon
® Electron =ZW-I/V @ total flux
Track Length Detector { @ Positron
@ Reaction =ZIW-I-Zx ® Reaction

Energy deposition
Detector

Energy deposition
between interractions

Energy deposition

* W:Weight

I : track Length

V : volume

g - Feaction cross section

ABE (FR3ETH) TEHEHBRATHR,

(
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1 FEDS 1en~F (1 5cm)
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£5 OSroREHEFRCLIHI RITHZR
BER FAR T ICRP—51
MRS BFE» 50 P orspas | BARALR
RBX [Sv/sec/(Ba/cm2) (%] [Svisec/(Bg/cm2) (%] [Svisec/(Ba/cm?)

4 0 um—70m | 1.1083E—08 1.42| 9.7591E—10| 5.73
3 | 70 xm—3mm 1.2739E—10|  1.79| 1.0808e—10| 4.97

2 3mm—1cm 1.5509E—11 4.95( 0.0000E+400 0.00| 9.7964E—10
1 1cm—15¢cm 2.5852E—13| 16.81| 0.0000E4+00 0.00
%R | Ocm—15cm 2.5020E—11 0.84| 1.2833E—12| 0.71

(1000X10/¥y F)
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Calibration Procedures in Whole-body Counting for Estimation of Total-
Body Potassium by Simulation instead of Phantoms.

Hideyuki Tobe. Masami Togo.
University of Tokyo., Faculty of Education

The purpose of this study is to develop calibration procedures by simula-
tion code on the computer system instead of phantoms. Total-body potassiua
.mainly distributed in muscle mass, has been estimated by the Whole-beody
counter of the University of Tokyo. The subjects were counted with a plas-
tic scintillation detector system for 10 minutes. It has high sensitivity,
but its energy resolution is inevitably low. We used human-shaped water-
and potassium-phantoms of five different sizes for calibraton. There are
considerable differences between physique of the subjects and shape and
dimensions of phantoms. Physique varies from individual to individual and
from time to time even in one individual, particuraly in growth. So, we
have been developing calibration procedures by the simulation. The EGS-4
simulation code was used. Countings given by the actual whole-body count-
ings of potassium phantoms were used to evaluate the validity of the simu-
lation code. Homogeneous potassium solution was assumed to be in the phan-
toms, and efficiency rates and energy spectra were assessed. Geometrical
efficiency well agreed with actually observed one, which implies that the
simulation procedures are able to provide reliable results.
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Calculations of Bremsstrahlung Energy Spectrum and Dose Distributions
for Radiation Therapy by EGS4

Akifumi Fukumura, Takeshi Hiraoka, Kazuo Hoshino, Mitsue Takeshita,
Katsuhiro Kawashima
National Institute of Radiological Sciences
9-1, Anagawa-4-chome, Chiba-shi 280 Japan

Using the EGS4 Monte Carlo code we tried to calculate the dose
distributions in buth homogeneous water phantom and layered
heterogeneous phaniom for cobalt-60 gamma rays and 10 MV X-rays. To
calculate dose disiributions for 10 MV X-rays we also simulated the
shower in the treatment machine head and got bremsstrahlung spectrun.
The agreements between calculated and measured depth dose curves are
almost good within statistical errors.
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Calculations of Bremsstrahlung Photon Spectrum from B-ray Radioisotopes

Shun-ichi Tanaka
Japan Atomic Energy Research Institute

319-11 Tokai-mura, Naka-gun, lbaraki-ken, Jazan

An empirical formula for calculating bremsstrahlung spectra fromB -ray
radioisotopes has been verified using EGS4 code, The comparison with experiment
for mono-energetic electrons demonstrated that the calculations with the EGS4
code would overestimate significantly the bremsstrahuing praduction from thick
targets in the energy less than 2 MeV, It was suggested that bremsstrahlung
production cross section updated by Pratt are different to a jreat degree from
the old data based on the Born approximation in the energy below 2 MeV, and the

Elwert factor neglected in EGS4 code is unable to explain the overestimation,
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Table ] Typical B-ray isotopes and targets

! T
Nuclides  B-ray energy Target CSDA Range °
E aux Ole¥) (&/en?) 04, i - S e
; (E5™ = 228Mev)
SN ) 0. 067 Ni 1.08 x 102 i
Au 1.59 x 10-2 - — Specuqm
b 0. 156 1,0 3.00 x 107 Z N . -
Glass 3.65 x 10-2 < 03F c;:';‘ll:::%'igley
147 0.225 Glass 6.55 x 107 = -
Ni 7.79 x 10°? w
5Kr 0.687 Ti 3.79 x 107! ° -
Ni 3.81 x 10~ a
210g§ 1.16 Ni 7.26 x 10! k] | ]
Ag 8.19 x 10° E 02 03
p 1.1 B20- 8.22 x 107! s
Glass 9.76 x 10°' & -]
sogra®0y 2,28 Al 14 -
Ni 1.52 s -
Ag 1.69 o 0.l
x range for the maximum fF-ray energy -
Table 2 Elwert Factor for =74 0o ! L 0.0

0 ] 2
p-ray Energy (MeV)

Incoaing e (HeV)

Outgoing ¢ (He¥)  0.05 0.10 0.20 0.50 L0 2.0 Fig.1 B -ray spectrum of 80gr 90y
0.01 2116 2806 3539 4339 4695 4.86¢ L —
0.02 1.518 2012 2538 3112 3368 3.489 B 3
0.05 LOO0 1326 1673 2050 2219 2299 i 0051 - Y (Tpgr » 2.20MeV] ]
0.10 1,000 1.261 1.546 L6713 1.7M4 ‘_ al 7
0.20 L0 1226 L3737 oE @ feoszien
0.50 1000 1082 L2l - i
>
1.0 1.000 1.036 f_’ s 4
2.0 1. 000 ‘f‘ ‘o’z = _
a - ]
> r -1
Table 3 Coaaparison between DId and New Stopping Powers of H(7=74) =2 R
= -
. o 0% -
Energy Collision (Kcy ca /g) Radiative (HeV co /g) Radiation Yield .g - 7]
(Me¥)  New'  Qid'® Hew'  DId'Y Hew'o 0" & i £GS4 N

+
1

~—_— ESTEPE=1%
0.0] 8.974¢00 8.882+00  ].977-02 4.022-02 1.076-03 2. 869-03 10
0.05 3.137+00 3.119¢00  3.374-02 4.653-02 5.430-03  8.376-03
0.10 2.047+00 2.038+00  4.084-02 5.266-02 1.032-02 1. 424-03

Tt __r--- ESTEPE = 100%

L

T
L]

0.50 1.08500 1.093+00 7.353-02 9.752-02 3.712-02  4.769-02 102 ) 1 \ 1 | ) {
1.00 1016400 1.033:00 1.159-0% 1.471-01 6.030-02 7.626-02 o 0.5 1.0 1.5 2.0
200 1037400 1.060+00 2.117-01 2.565-01 9.856-02 1.186-01 Photon energy (MeV)

500 L1260 115000 537201 5.962-01 190201 214701
1000 L2030 L226+00 133200 11980  3.006-m 3.17-01 Fig 2 Dependence on ESTEPE of bremsstrahlung
. spectrum from Al target due to °°Sr-3°Y,
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Pholons / MeV per B-ray

Fig.3 Dependence on the target thickness of
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fig. 9 Comparison between experiments and EGS4
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Fig.6 Comparison between ETRAN and EGS4 of
angular flux of bremsstrahlung from W target
due to 30 MeV electron beam,
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Fig.7 Comparison between ETRAN and EGS4 of
angular flux of bremsstrahlung from ¥ target
due tol MeV electron beam,

Table 4 Foraulae for Brensstrahlung Production Cross Secticn

used in ETRAN and EGS4 codes

E (He¥) Berger & Seltzer'® E (Hev) EGS{
<4dmc? de=A{. (IBN) <50 He¥ da=A (3CS)
<¥mc? do=Ale (3BN)
(il Y>15)
doa=ATl. (3BS) >80 MY do= (3CS)
(il Y>1-5)
>30mc? deo= (3JBN)
(if Y>15)
da= (3CS)
(ilf Y>15)
(3BN). (3BS). (3CS) :Koch & Molz (Rev. of Med, I'hy., [959)

Y=100 k (€ € 2*7) -

A ¢ Correction factor Lo exp. value by Koch & Motz

fe : Elwert factor (Couloalr corrcclion)
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Spatial Distribution of Radionuclides Produced by Photonuclear Reactions

Takashi Nakamura
Cyclotron and Radioisotope Center, Tohoku University
Aoba, Aramaki., Sendai 980, Japan

The spatial distribution of radionuclides produced in a medium by
photonuclear reactions was investigated; photospallation products in a
15 e¢em thick copper target bombarded by the 900 MeV electron-induced
bremsstrahlung radiation, and photonuclear reaction products in 20 cnm
thick cesium (Cs»2C03) and strontium (SrCO3) targets bombarded by the 60
MeV bremsstrahlung. The measured activation rates were compared with
the product of the available production cross section data and the
bremsstrahlung spectra calculated with the EGS-4 Monte Carlo code.

1. BGLyHic
HHREBZEZHEVT, ABERGC LI BRHEEEOLEKRBLIRENEBHROHAEK
BChETHE(CTFDLDRATETVWE N, ABERBRE-TEVWSY— ¥ 5 Pdick
RENI3BNHEBERBOZEMAHRMEATEIF—sRBEBHTZ L L,
ERFRER22DDF—"HSK>TWb, 1 Dik 900MeY BFERFBBRHFR
B3, Fs—-¥ o I TOXAXBEERRGCLIERBRFEUBEEOSTICM T 525
RUVTHED., CHRBERBZIIFEATCVWIBIMBESETA VAR LEHBBRICB T
5. MEZBORIBRHEFGIc L~ THFALHMEZRETEITES S5, ol -
2 60 MeV BF ARSI BRHBIILEZ Ly a (BBEYyYva) BLEURFR v
Foa(RBAMIVYFIL) =07 bPHTO, EBERBCLI2ERBKFER
Bo3HmcMET+IaMRThHY., CRHRREEERE e Y=L THEILT
WARBAANHEBEO-RELT, BFNMEBLCLIIFTVvVRIERYDTOEFGES
RERYOHEBRLBRLBER BB P - 9258 LbIEIT-1bDTH 3,

2. 900 MeV HIBHMFBRCLIIFATOLERBHUBEBEOS®

HRKEHROBF 7oty 2H0T, 900 MeV BF %2 50 un EoEE&D
A -7 bedT. RELAFIVKRFABRZEEN 2 cn D3 Y 4 — b E—a
ELTH WML, Fig. 1 I€/RY 10 cm x 10 cn DK EXT, BE& 15 cn O 5 —
Y9 bPegE->FTCIRBHLAEA, ABLAHBKRNERoBRERDEIL DI, 7 — 5
POXRBMDICEE 2 cn THX 530 ng/ca? O 7V =9 8a@E21e 5%
v PHICiE, 0.5 co x 0.5 cm DK ZET 450 ng/cn® EOHFBHEES | ca »
5 10cn T |l co BIEHWALT, BSFROEBRBREESHEZRD 2, 7
=9 LAFHII 2TAI(y ,2pn)%%Na RIGICE D ERE s 24%a ofeE., CORE

N8

s
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ODHER T — % (0.74 nb/eq.q.)3 o, AHFYRHBLOR Q (eq.q.) %2 %
o MVWHEZS -7 9o P20 BIHRHBDORXI b ¢a(E) i Schiff o=
VTHEICEUTEIOT, 2O0RPEE Q CHEHBLL LA DE AT R <2 b
neELho -7 v PHTOHHBREBRI R P LrOEIIZ. EGS -4 & v
FAVBI - FOEHOWTHE LR, HERIDVBSHRR<I MV ¢ (E 1)
(I R—-—7T vy rPPTORE) 3. RICHER o (E) AT HhhiE. MIE S h
IR EE (ERE) A(Z) tXRANIREVBEESTT >N 3,

Eo

A<z>=aNoj ¢ () $(E, 2)dE )

Eth
CCT. Ng B2 =% PBPOHFEFHE. Bg GAHBF =24 £~ ( 900 MeV )
T Ein BRLEVLVZZRANF-TH3, LL, EEBEBRRGOMERRL(CBE X
hTwiwow, (1) A%

Ea

A(R)= @ No G (E, Z)dE

0 Veff JE;¢ c2)
= QNo Geff B

(3= f:f ¢(g, 8)dE )

EHEBRA, HETRDoN ¢ (E2) 220z xAVF—~FH (E,, E2) O
MRS LAHBHRFRE ©(Z) KD,

COHAD O(I) D% I THMELTHEE., T35 7ic A(Z) 2HRT.
IR T IRSKFHOHMBY LIS —RLAE 0(2) BB LI LTy (2)
XbroBRENANVF-TH (E1. E2) - RYMEAR oert TR 7,

Fig. 2 ic1fle& LT, @AdicEkL A~ %8Co, 5"Co, 5SCo o fafOm G A(Z) &
Ro#wBhBRHERAR

r 300 MeV

P02 = ) comer BCE, B)AE (3
r?ooMeV

= (g, B)4E (4)

DESHTHEERY. MEM A(Z) HEME ©(2) offisgRRE—FHLTWT,
ChdMS Torr ZHETALEBTE S, COHFEIC LD, Table | KRT &£
2. 900 MeV I BB RCLI2FOAEBERBREOENHBEREEY = 2 1 ¥ -
MEEHEETAICENTEL, CHLRDHTHBSKHAMBR -2 THD. BRY
BMEEFHBTHRILODTH A 3,

3. 60 MeV HIBIMHBIC LIy aBLUR o yFoyahoEkBHBELE
D53

HWIEAKEBHOBF Y =27 2%2HWVWT., 60 MeV BF % L on BOog& 3 v~

— RS TTHHHRHEBEEREZIE, 3V N—9 2 FRLAEABFERE= % »

PR > TTHiIcHI, BHBRHBLATEEABCARTETESZ L S51ICL e Fig.
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S CEREBRBETR Y. BHRIRBX bo vy F v a (SrC03, HE 2.16 g/cnd) B
LU BRBE Y AL (CsaC03, T 3.24 g/cn®) O HE 18 nn.s BE & 15 nn D b
D%E, B&EH 0 ca TERLRS 27 THB 99— b5 v 727ROEFHRE
AP FHREEZRDEIADIIK., X7 v 7H0iIcE (10 non EE. 0.0lnn E)
7 i=9 46 (10 nm HE. 0.05 amn ) 2H AL 2o

BFlILBXHEI v "= AHLT, fidcBBshsdBRER/RN Y —F
y bR Z v 7 RAHLUALE, L X TOXFDORI7 bV ¢ (EX) BEGS -
AIREBHE»PS KDL HEI VYN —F AR BFOHMBEELILRD S NI
oo DT, ZOHK C REBPI "9Tau(y ,n)'% %y RICTHERKE A 1964y
OHRHFEDHUEME A(X) boRRiT L HRD 1,

Eo
A(X) = CNo fEhG"CE)WCE,X)dE (5
¢

CCT. Ng REBPOERFH. o (E) & '"Tau(y.n) REMBEHRSTH 3,
() X oRDSshh COELID, 27 vy 7RO FHIL

BE,x) = CY (E,X) (6>

THEASND, AEEN ARy v /7 OERBEBAOBABEEE (ERB)
Ra(X) B, TOEBMBMBR o o(E) 55 nif,

E,
RAa()=N 0, (E) P(E, X)dE 7
A AJE‘H\ ACE) )

REBHHBEELEETEILNTEL, CCT. Ng RBEBAOMTS 2,
RiL. R 9 7H0TD (7.0) REKIVERENZ LD ETHOSH L.
Eo
Y‘n(x)“—‘ CNA LEH,G’CE),@{_.Y(E, X)dE (8)

REDROBONB. L (EX) BHARBETHY, EGS - 4abh SB35,
BEFEFDOR~s P ¢,(E) i Svanson™ K@-T. X2 v 7 HOLMEE i
nT

En -Eﬂ.

You CEn £ 3.5MeT) = TTe T (T=082MeV) }
(4)

~d
Yo CEn > 3.5MeT)= E,  (d=28)

KL THEBUENREEDE LA COXRI FPALDLAERYH Yo iR B & S5t
Bi L.
E,

Yo (X) = K(X)f VY (En )dE, (10)

0
J:D K(X) ’E*wto Cﬂb‘é¢ﬁ;x&7 b ¢n(En-X) it
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o (En,X) = K(X) Vo (Bn) (1)

ELTEHBEAoh3, FRRTR 7L =y adhickfREh s 2741(n. p)2 Mg RIG
ERAOVTHHEFER (1.9 MeV BlE) EROBTWVWE, CORBITES 27Mg O 4R
BRRACEDEZX SN 5,

Eo

RACX)=Na | On(En) @, (Enm, x)dEn ¢12)

Eth
Fig. 4 Ky 9 asg =%y bdaic 133Cs(7y.n)'3%2Cs itk nERETHL
132cs ofafIBEOHEME. (7)) R 3 IHEMEEE LTS, HHI
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Fig. 2. Axial distribution of measured saturated activities of
38 Co, 57Co and **Co and calculated integral bremsstrahlung
fluxes.
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Table 1  Effective photonuclear reaction cross sections and effective photon energy range

Nuclide Production Effective . Effective photon
reaction cross section (mb) energy range {MeV]
“Cu Cu(y, n) 50 10- 30
fCy $Cu(y, 2n) 10 20- 40
“Cu $3Cu(y, 3n) 1.2 30- 50
%Co $3Cu(y, 2p3n) 5.4 50-900
Co S3Cu(y, 2p4n) 2.8 50-900
3Co 51Cu(y, 2p6n) 0.16 100-900
%Mn $Cu(y, 4p3n) 0.60 150-900
2Mn $3ICu(y, 4p7n) 11 200-900
“45e $Cu(y, 3pn) 0.13 -300-900
3¢ $3Cu(y, 8p8n) 0.42 300-900
“gem $Cu(y, 8plln) 0.52 300~900

* Except for the *3Cu(y, n) reaction, only **Cu(y, x) reactions having lower threshold energies than **Cu(y, x) reactions are
indicated,
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EGS4iC&ksd (v, n) EFEOW&Q\&MCNPtd)%ﬁ
WM -HE B B, NE RBRT. BHK ¥— B8R
Treatment of (v ,n) reaction by EGS4 code and connection to MCNP code

T. Kase, K.Konashi and Y.Kishimoto
Power Reactor and Nuclear Fuel Development Corporation
Tokai, Ibaraki 319-11, Japan

The EGS4, a simulation code for electron-photon transport, has
been improved to calculate the photonuclear reaction. Neutron yields in
the Pb target bombarded by 34MeV electron have been calculated by the
improved code. The calculation results are well agreed with experimental
data within 10%. We have used this code in order to estimate the
transmutation of '?*7Cs using bremsstrahlung.

1. BLtaic

EGS4'VR, BF—XAFOREHHEZTIN, ZoR, FVTFrroxET
. (v, n), (v, 2n), (v, ) ERSOXERRIEETEBEILT L
W, 2T, EGSA4ICAKRLHFERZEI»AHR, XBREEEMVRAD &
KUE, 4eVOBFTHEZRHFLEBSOFRETORRKEZHAREMAZEGS 4
TiHEL, ERELERLELZIIAMEBIOERIHLO0ORUARAT—RULE, £,
CHOHRREMAEZEGS4ZAVWTRFREMNALE"YCs DHRAE O FMEE
HE2iTw, tomER2FALEHRLAB S BLOBEEZT o .,

2. HRK

EGS4Tik. X FOoM%E:BE I Subroutine photonTHRbN 3, T Z Tk, %
FREREBRE-EGOBEREOAFYy ITCHAEN M TODATEY, Ri50
AELLTREBFNER,. YT MR, XBHEIEBZHLTWSE, £L T,
CALORGINEMER T, REE, RSosrBEFtHEEHhd. EGS4K
¥EEEEEHAPRADCR, LEOXAFy TEAEREEEORML2EBUEEE:2 Y
SHENHD B,

REOHKZr,, r: T35k, 88§ (0=S€=1) FEALBNER,

0 =¢<r, BFRHER
rs€<r, avshYHE
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r S ¢ <ra av7 b yBE
ry S € <ra XERHR
rer S € S1 ¥ 4% B R

xBic, EULEXEEERILER (x,v,2) 27740l ch®MCNP'POBRE
?—a}:bf{iﬂi‘d‘é:t‘e\ EGS4&:MCNP<D5&E‘§1‘£#‘E‘I€E&7E6, bAy
8\%mﬁmﬁﬁﬁm\aﬁim(3)®%&¥—a&‘SALs&mmrn—
vyw7x—btﬁ¢:i74vbbt%oéﬁaﬁhﬁq

3. #HELER
&ﬂ%ﬁotEGS4®%ﬁ?:v7®kw\&wﬂmﬁ?ﬁﬂa—fvb&ﬁ
Hbt§%®%i¢ﬁ?&%%*ﬁ?i&ﬁﬁﬂ%ﬁ&ﬁhﬁEGS4?*w\
i&ﬁtmﬁﬂéﬁot.ﬁ&lt%mﬁﬁéﬁTo%wﬁ%%hMeltﬁ?.
MEOZRWLOBUAT, —HLTWSD,

Electron beam /X\ \
(34MeV)

e — L
Pig.l HHAAER (AMBFHEIXL®, 2—Fv b : 8H)

<— 12. 5em —>

Table 1 BRI

Neutron Yield X10!'2(s 'kW~']
B—4Fv bE L 2.98%, 3.94X, 5.93%, 10X,

EGS 4 1.09 1.31 1.64 1.74
Barber et al. '*’ 1.18 1.41 1.64
@M 1.60

Xo : Radiation length (1.12cm)
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4. EGS42FMALEHER
—MEBLCLD'""CsOHEROLBEO L —

SETRV< DA OMEAB+ AV A HRABESNBREEZA T3, AFRTH
BAECH U THERGELMH—L, S —Fv NEABMENS A— R & UTHBREE
(ZEHEREM) LENEME AN RE S L S SERT A LT — (MRT
ANE=) 2RD, FXOHRLBEO LB Fo .

4, 1. it

HBONBRLELEHRABEL TOHEZE%2FE L TTable 2 KRT. BF
EREBEFEZEABI-SFYPCARHZE, RESHEHBRNBCHREIEIFHE
Ty EL (7, n) RE:2MAT S, tCFHERI2A VBEKEBS (tCF)
RrHEFEMALT, E2 (n, 2n) EETHREZEIETHD, BF2HET
5HFELLTIR,. BEEBFZAEA—-HSYy b AHZYE, ECAARALV—-YaVERET
HWRTA23FE (BFE) tBF2CABEYRESEE2RBEFEHAT S
FE(ARV—-CaryFEFRER) o2 fiBfloFECO>DWTHAE2T2E, YOr
-2 TEBHIETHARGEE2S LT3 =bEYFANODHEaO-REFHLT
HET I LU, ¥IRXREME LTI ZITR'I'CsZ2WY ETF~=,

Table 2 Bt HF &

HRLAEA®E mMENF ZxNV¥-— BHE HEa-F
[(MeV] [mA]

BF&E e~ 100 2000 EGS4

S F & P 500 900 NMTC

ARV—YarvdlhFe P 1500 300 NMTC+MCNP

L CF& d 4000 25 MCNP

4. 2. BRLEE
HERRE2Fig.2 KRT. Fig.2 2B, YOBEL''Cs B2 —F v MERIY
mEdicn, HBIRXINX-BPELL LN, EHERPIRES 2T Z
b B, 2hit, '*'CsA—F vy NE2KRELTHIELRKEOTHRIKCD N
B3R FRPALLBY, ZBEEERIHMMTI2EHDHEBRIRINNX—-RFEDLT 5,
BEEHMEY Z—Fy PEARMNAIRECVLEHDEDEBMRIRS2I2EDTH
3,
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200+ 0. 06X 0.33=1100 |
YU, 1100HeVE 23, MEBBHEE505LFET 3 &y MV CsEUEERAED
%%a#it%,1&%&&&0tﬁﬁ?%é:*»#—@%%ﬂﬁ??&nk
TANF—RIZRBBRYIELERWN, Table 3 kW, 2 CFEZR< SERHERLE
. ?ﬁﬁﬂ@:*}b#—a%tﬁs&%iﬁt?:}:ﬁ&bo\:};;bfab;b\é,

Table 3 HEZHE

HRILE S HEI R IVX— EREEY
[(HeV] [£]
BF& 4700 2.0
B+ & 570 2.0
ARV —YarvpREFE 500 2.0
w« CF& 195 2.0
5. E &

EGS4iC***'Pb, "*"CsOXABRREHEREESAI, ChETTOBF-—
XFoMBEICMA, BBMREODIa2V—-I’FAFTAB LI ICHBAEEZMAEL, B
EMAEZEGSA4THEULLMHVOBFTHEBHLEBESODFEFOREK %,
ERELUBTHIENLOBERNT—HLE, EBEREEE2 774 VELTHES
TIH3ZLEY, kRRETCRELEFEFEMCNP THFMI 2L TMiEL R
2%k, £, HREMAZEGS 4B LUTRFE2FAALEERALAE O FRE
HHE2T-o %=,

S E X

(1)W.R.Nelson, H.Hirayama and D.W.0.Rogers, SLAC-265(1985)

(2)J.F.Briesmeister, LA-7396-M(1986)

(3)S.S.Dietrich and B.L.Berman, "Atals of Photoneutron Cross Section
Obtained with Monoenergetic Photons”, UCRL-94820(1986)

(4)Barber et al., Phys.Rev.116(1959)1551.

(5)W.P, Swanson, "Radiological Safety Aspects of the Operation of
Electron Accelerators”, IAEA TECHNICAL REPORT SERIES No. 188,
VIENNA, 1979.

(6)T.Kase et al., Proc.Int.Conf. on Muon Catalyzed Fusion x CF-90,
Vinna, May 27-June 1,1990. (to be published in Muon Catalyzed Fusion)
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Calculations of LINAC spectrum characteristics using EGS4

Hiroaki Sumitani
Central Research Laboratory
Mitsubishi Electric Corporation
1-1,Tsukaguchi-honmachi 8-chome,
Amagasaki, Hyogo, 681 JAPAN

The 4 MeV, 6 MeV and 10 Mev LINAC spectra were calculated using EGS4
code. These spectra are wideband and maximum energies are same value of
incident electrons energy. Using 4 MeV spectrum, I calculate the
characteristics of the flattening filter. The beam hardening effect was
observed. And I evaluated this 4 MeV LINAC whether it can’ apply
CT(Computed Tomography) function. The linearity for the thickness and
detector output is better for the spectrum using flattening filter. This
result shows that 4 MeV LINAC may have-a CT function.

1. B
HEBRARBcAWOhBLINACEBRESERY - FYIMCBFE-—LED
TTEREFHCOHBHRHSK LI TRETIXIHREZBEREAL L L LTWAS,
BE, CORBAY-—LEZHICAWACLA2ERNE LTHREALINACEE
KW CTHEEEMEIMULT. E— XYy FATOBBONBRDPEABPoORNER %
Eo Yy —FTBILNEBREEATWSE, OV Fy bRk BFE—-L0BEKC
IV RETIHZBET 220008 BRETIXRE-LEZIYA—-}T
32V A —%9, 2Y2-—YHOBATCOXB[E—-LBEE2H LTS DD FHE
714 Vy—THEEIATWS, ChoODBMEBERIANETERNICRESINTS
D, 2YA—-YHOBADOE - LBEAHGEWET S LICELDFEAET 1 VY
—DBRBEEXELOATERE, . EGS47u¥/SL2AWTY—- vy +EM
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2. LINACRARRZZ P

RﬁwaLINAc&—&vb%omﬁ%mlmﬁfo%@o%ﬁ?m%¥x
ANVF¥F—-—4MeV, EMe VRU10MeVOD3LBOIKDWT Y =4y F8m
SCOREXBOARI MV EHEL 7=, CREDARIPMALEE2IERYT. Ch
6@1&7b»ﬁ?&T¥Ew74»&—%@@?5%0%@?\9—¥vbf
565%&E%m6®%$Xﬁxxabwaﬁ%?ﬁé,:newxaabwu
l%%?l*»#-&%k:*»#—abrsOOkeVﬁﬁéE—aaLnx
&7menorw6,§k‘:miﬁﬁ&—fvbmaﬁibkxﬁoﬁﬁﬁ
ﬁ%ﬁstﬁf.l%%¥®1%W#—ﬂ4MeV®ﬁk6Mevwﬁum&t
l10OMe VORKCHARESHR<R>TWS, BRILECAHNBRIBS2D O KT (
lkeVEE) RENEERT, YROL2Mb, ASHTFIRALF— A=
SRILESDTESBFETOBBMIR I —F - vy ~DRERAE. IR
EMEDIBFOLAANX —BEWVEBARELRST WS,

REZDARTI PV EDLEEBEBLETI AN —DOBEBHLELHELE SHO
HERRTRIVA-YOHOANRN14° tR2->TEBH., HBELEARZ ML
ODHUEZEBFEC-LAHFBZFLOCALHRCS AT LT, ThPAOEBCO
FHET ANV -EBRNBORFEARLR, TORBLULTANEBR T A L % -
BA4MeVOBAIKODWTER2KERY, COREBTODNB ESIZ. T4 04—
CPERBERNIRVPALBEBEIAINY-RAOBENAELIR->TED, 20
REBHI AN -—NRELR>TWSE, ChEWHOIEBETEERTH 5, 22
B, COFHET ANV —RBLINACODY -5 ¥y D oRETAXHED BB
BE2-ZBRTI3ILZENECLTEN. ARV EH LT EIHDOTRE W,

3. CTHE~OEZH
BERALINACERAWTCTHREE2ERTILEDERB4ALRT LS cds
MES—FT o b DOBHINIXBOBINEARCES, H82Wrdhiicy—Fy
PR TINECXERHBEL2XBOREHA 2L L UEEOHECEE L
T. ¥RV EOHBIF[EZHLRIDY ¥y B LBRUBHEZEEICTHEY
EEBULTLKA2XBARBR2HELRIAEROZ W, CTHESZER TS =012
. —EBREONEHMCNTI3XBEE - L0REHMEHMNEEY i
I=I¢exp [-ux] (1)
ODRENBRDLTEREZERZN, ZITSHEHHBLEXBARZ M LIZDO W T,
FHET AN —2BULEBALBIRZDSEHEIEONVWT, IV Y LthE B
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gHOMBEEECRT, COM232tHEB1IPLHEBSITORBETRAD
pEMEN TFEETANY —2BLEXBARZ FVEAWESNFEET <
WY — 2 EERWEBALD AN YILAREEEHTIREBHNOERMEMN &<
BPoTWBo bhbhsd, £ CWORHEEZ24-DOBLATTCEETOZ R
VX —BERERDEEREETERT, CORDPBLBFELTIINI—-DBD
ESRINYILAESILREBHAOBEENERWI L b2 ZIMN THERE
BPCOXBOIAINF -~ BERGHE2ELEIBTHLEBI TR I LH
P B, RERBMLLTIANYYILEZN 2nmm, 14mme30mmoRS
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SEOHBETCLINACOARZVIVEERNIECRDA I LA TE, FHBILT
IV —DODRHUEE2FHEBTA I LNTEE THEE. COFHEIKE->TRDLNE
ARZIPNVERAWTLINAC-CTOTREZ2RFTZT-EER HEP0OE
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K1 AHEFRICNTIXERES

AWNBFRINE~— 4MeV 6MeV 10MeV

Photons/Electrons 0. 015 0. 072 0. 119

K2 4 HeV LINKCOFIBIET 1 V& —BBRAMBETOXBO FHT 2L £ — (MeV)

IR 1 2 3 4 5 6 7

74h9-@BAT | 0.948 | 0.967 | 0.983 | 0.978 | 0.942 | 0.958 | 0.967

7409-Ei87% | 1.120 | 1.014 [ 1.023 | 1.020 [0.975 |0.963 | 0.962
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£3 BREBBIATOTZXINVF-EKE (%)

CagZ CWOEZ (cm) SHIE 1 $H3R 3 $HIR B
0~5 0. 68 1. 07 1. 06
5~10 68. 73 78. 07 80. 08
2 mm
10~15 28. 14 16. 50 15. 20
15~20 2. 45 4, 36 3. 66
0~5 0. 29 0. 67 1. 04
5~10 86. 01 78. 56 80. 50
14 mm
10~15 12. 70 17. 08 15. 03
15~20 1. 00 3. 69 3. 42
0~5 1. 22 1. 00 1. 41
5~10 76. 30 79, 35 76. 39
30 mm
10~15 5. 95 15. 44 17. 37
15~20 16. 53 4, 22 4, 83
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