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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*
Department of Physics, Nagoya University, Nagoya 464, Japan®

We have installed EGS4 to the TOPAZ detector simulator to simulate elecromagnetic
showers ir 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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Job initialization

Run initialization

Run termination
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Create Current_Track_List(CTL)
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till Leave TOPAZ
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(Accumulate detector signal )

Output event signal
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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

"#REGION', NREG, 1
'IAUSFL', IAUS, 40
'MED', MED, NREG
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'BFIELD', FIELD, 3
'REGION', RGNLST, 20
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CALL SHMDCL( 'XXX ', XXXHOW, XXXAUS )
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Subroutine SHPRCS(XXX', CTL, IFLAG)

(Load Parameters for the user 'XXX' into EGS COMMON )
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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*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,
Qogoe Takao, Kakihara Kazuhisa, Yokota Mitsuhiro

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

KEK positron generator was upgraded last yearby 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.

1. &

BIANF-PERZIBTHROBENRREZRCABENHEER 2 ERT S /-
HORMMERE LT, BF—BEFOV=T7IF54 ¥ 2EFEEOT 5, KEKIZ
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1—DE—LRZ0MEL, ~BRYDEVETTHEL20D, RUVI /Y F12E5
220k, KAENRBRFEORABVLERTRTH S, ILCONY FRELRICRT,

BRI, =7y FHTRABEA A - FY ey TSk o THEREN B, B
B2 AETCBEBARr—Fyy7—%0R) CL3EETCH 2. 20720, BEHI R
—FYr7—rFHNAFHEI—- FEGSERVAYI2 V-V a v, BERFED
RANCHRLRIEBREE A 2DICATRTH B, KEKTR, ILCTHATAIEEI #—%
YMIOWTERICTF X PERERFEL., ABEAIT) 2012, ATF (Accelerator Test
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Be=Tuz P 724z 716 dz3
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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 467, 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 <@2>
estimation, it would be a practical method to introduce cut at
about &/d in the second term, or the single scattering term, of

Moliére solution.

1. BLyic
KFzrvvyazBRBHEBEVWI 22— Y JRAEOLDOBBERER XS 551,
CORBBCLIIFBNFOHARSFEARERECHEHER, XB=a-+rY /s 0H
ERERBRLELCHHLIBERHHATH S Y, RARJICOBMEC~WTHEREX
LAl EHNpatm?, 2O0HERE2AKF2L Y2 7RUBEEHVWIHBEER L
—7HEGSE2HAVWVTRALAERY LEB LA L X, HECRLVWALWHF S S H
. BAO0BMTREVEMNERIOAMLESNS S, FH2RARIALASMBCK 3
CORNMTRASBFOE VI AAF—FHETIVDERBECEVWEE 28 € .
HEARNOCERVRBROVOFRERILERIBAEORFLVORBRVWICHS B3 L EL SN 3,
RADVDEBRUERLELTVWIDRFAMNMUA 72V I1BRTHZHY, EGSTH
IVEBPLEEYVZI-—NV-<—FHEHRBRTHFI ", BV z--<-FHRIY
FHLCRIVMEOBOVILBEAOATVWAIRE BEFEE2ACE-TVWELD
EH2RPAAILRE T I LN, ERBOLARSA - TORASMSN T 3,
COZBRLoBBLHORNE»S, ECSE2FMBALAZEETR L EDER
M& EGS2I0EAMNRIZIALHDOEBEER~LLEES.

39



2, kKF2L a7 REBB 3 ANBFOEXITERERFEORN
KFzLYya7REBRBLWTR, FRBEFORTIFzLYya 7k H e
SEHEFRMERET S, T TCRARIKSFOBNORENESE2, BRFoHBERK
BT, RFEOBLES>F LB BEPHRIALERLL. EHREFRIAE
YN —-FTHbEFREELERAM>T B,
BFOEH2 ZHEAARIEHN 7L 1 HBBEEHLT

d<g2> Es? dE
dt - pave T at - © (2.1)
&0
_ Es® E_ _ Ee 1 (E-mc?)/(Ee-mc?)
<62> = 5ol T7cZ ~ TDs2e? - Tmorl" (Ewme?)/(Eevme®) !t (2.2)
EERM L .
—FFzLryrazhkFoid
dN « (1 - —L—)dt e g2 (1 - 1 yd<g2> (2.3)
n2g2 1-82 n2g? : :

EH1DEIRBLTE FITRARBREBAEFHSEHNHENCESLILRE
LTAEFEOESIZ > LR 2 FHEA El<o D] %

4
E[<62>] = - [ zo—In{ (1= o3 o0 (at <g2> = 0)

1-1/n2B2  E,2
2-8:-1/n28% 2epv ° (2. 4)

EFHMBMLAL, ERIH2ZOoOERCRZLZ2EBDTH 3.

201 8B RrFshat@ora~7T08MEHET 2L, # 20 MeV %2 HE
RLTIHNUETRL2DAENEDE, CHAETTRL2OFEHBEBDPICEVIAET
H » 7=,

(normalized)

dN/4d<e? >

0.01 1 1
0 1 2 (rad?)
mean square angle <62 >

X 1
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3, ZEHBEEHCMTIZ 7V IBREEV I —LIEBOREN
VIR x g/ca’® 2 AABLTESEARALSHARBEFOEN® 1(0.x)2z §d6
REMOF+2 bV 28 ERT B, BHFER

2L L @7 -2 (D) 0(F ) aF (3. 1)
BOREZ, ok 0(F) RBE-—BECESETHS. o(0) PMMKETEH 3
EE (3.1) o

£ = -E%—I:cchz(te)exp[-Zxxf:{l-Ja(Ca)}a(o)dol (3.2)

LB,
TEROEEANIZTVRIBEHNENOKFIOMBFVWIEH S, 71 I1BRTR
ERDBEEFEOFHEVECHBLTEALEN 0 aia~0.01 MeV/pc, 6 mux~
100 MeV/pe DA » F 2 EZ, (=) (L 8) XBR¥EERL, TOoYPWHE (" HOSHH
W3 COEERRBRFYORADNFERS, CORPIYRIPOBBERNEHDT
KEW (AAE t > 25) L&LlpRITLITVIY,
—FHEVZ—VEBRTCREBRVRBROASEEX, 0. ETEBEKET B, 0
CERRFEERLELTEAZILLHMET S, CosE ¢ FoFHRe WA
BENBZLERE BMRYECSENILE S2HECH--HHIHE F3IHUR
CHNEIEEX28E, 2V HMEBERLbOLRSE, AELEYV I - LVERTRIASSR
DIEXDE~A VI IIBRKTE'Y,

4. HERXORVEVWDRE

R2clBFE SNI1387A BROE &BONAERF—272EBIETY. T4
o oeit, SHHEETPREI T2 A I BRAEAVARAOEVWHANET S
TERERNVNF—RBRECDbE - TRRBRF -7 ZERELCRFFT B L E, EGSEAHL
ZZHEIZ 20 MeV FTOHERERLTWVWAY, 2n2BIA33DboAKEM
OMEETRT I &ETH 5.

FUREY 2 EMEB LT UM T 2B 720 1 BRIELCITVWOTEH B, (3.1)
OFMBic 6°2WiT 6 TRATALBONI LSk

Fo<82> = [[F20(9)aF = r2(E), (4.1)
ER-7T, LDBBL NE3DTHS, ihp.D)RB-HIALrARD2&KD = -
AV MTHSB.,

FYVz—- VoS ERIBR TTEY2ERIA AR T S LR, 20XFNR
YH B-BEHOAZEE0 ‘2z 0d0 AT IR TERX, HIAGHLTER
MREHIETE2TRIDLDOMBAEITLETACLELMETS. T HRTFRES
ELTESCEREERT 3.

KM RAXEAME R, RAEXNTLBRBLIURFHOFHEURC I BHE
3. REROCaua~vXT/d Db, BRzRAVF-ERENTILRABECHE T
3'Y, CONRDEH 2 RABEARIARLEE b 0,

EGSOHATREVN I~ VOAFHLARAR, UYEKBOWMEELLTZ A2 LF-
CESRWVWHEY Vi sing/0)x8B 33V ECMOES. ChHRruoHLEAN 22
/3O CHESTS. COALDRH2EMIEBRARSELETES,. LhLlERT ~E
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5. B2 0REORIE

WICH 20 MeV WV BEVWI R L E—0BcR 7= VvIBERTELIIEHAEH
(O nin, O max) B HMENLIBHE A, HobAFTETHS. CHR7 =
VIiBRoXBET IR -HELR

ge(8)dw = N.éliigé%%isi 9-4 2nede (5.1)

B (o) TEREINTVWELSTH B, iz to2RK

on(8)de = N—Z—%\%T—Ez—ci{l—sasine(alﬂ}sin"(a/2)27{sined8. (5.2)

i [0.7] TERESNATULAE ko-TRAELR (2.4) © E[<8 ] %, AH= %
F o BATOENAGEHEH (O ain, ) TOFTHEALXRD2KRDE- A Fpa®
BTe®ETACcEicll, BRARCDIZAVF—GFEHBTEGS DS A 2REY
2EMEEER, SHT2~-FPEL POLARADFABZLDOLIHEREL. R4 D
HEEZERE2H20EBTRT. Bz i ¥ -Gl TERF -7 E2LRAT S
L5 TH 3.

6. RADEBIMOANLEGS ORFT <& &

FMEGHgEE VWS b EihL s, ZRHIABROPTHRLESLTVWEIOR
YT —-N-R—-FHRATHIERFTAOBDBEIATHS. LiL, £
2RBEABELVWSENOF -2 HRLETEIELE, EYZI—~LOTARHFE
7o 2 BRAMSBERIEPY TR, BROMRELTO” BRFHEEREL
TEZBZ" CEBEBEVHEZECEVIC L L H B,

P2 BRI BEDHARFOELRTHIERNCLBALBEVE NI &%
Zx 32L& ETREGSESATFOABESROMAIN VI LEEL B L &,
FATROMELEE 2 EHEBORMFELAILT AL I NMERWETRTSE I LS
HFBLEiLioN S EGSTHBEFORMEEBHTZIELER, 279 7%28L
EBLETYV I~ LVORRE2HOBE~HAENTIB LRIV L2 ERT IR
S, COB2Hic X/d PP LtBERFIBCERIARVERNLE—D2DF
BETHHERREbDN S,
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UnixfB EEGS 4 2P CRRREGS4iz>D>uwTT
®WIEF B®EFZ
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. By
EGS 42 LDLTHEVYFHNAHAEN, CRLrO/NEFMBCFTI LM EHENE

RATARICR->TETNWS (£1), LIP»LERIZE. ChoDHEMIIOWTIRERBIEA
KEDLDNTEZAERMUIBERT LI~ —DERNDP 2L, MBIEAENDENIBELH B,
% ZC. EGS4%WS,PCTCHEATIPACEREETAHIC>WT, ZM. BRCCARECS4D UNTXAI X
yhr—yY, IB-PCANY r—U% b LiCRAKRNIICERR S,

2. SLA EGS40OWST & =

2a. MORTRAN

MORTRANZ K T 3 B MORNEWTT.F7 1 &5 4 S LONGE W\ 5 Functiond$3 3, LM L. LONGi
LIELVEWSOMEBAHME L LTHDASBWTHAID T, CHEEIXTERNMLEEZ T 20, &H
ZWMAELLONGR YICEBTTZIMNENDB LN H B,

2b. PEGS4
DERBDERBOR N
IBURTOHMEEBOERRIE. WTOZRKRLV P LEY, D=1, PECSATEDIT
W3L.E-38X WA M, WSTROLULTHDLN. ZOER. MMENELCE, hiEMerd.
1.E-38%1.1BE-38l Lic EW LR T hiTR OB W,
IDBEBELE7 FLAEL
IBMRCRY TN —F va—- VSIS HERMTHET. SOz, MATES & KILME
EE. EIEESEMESIEHLWSISFA—HMb-oTHEMAELIC< W, —F. WSTRRE[*
BEOPFLADBEY TN —F 2B TOT. HoF—KiZ, BHicEBMEOREICR 3,
PEGS4iZid, B X BOE, BO~BLTWRWITA—F vy I-ABNIEFESA20T. oh
EHMETALBND 2,

2c. EGS4F%k
EGS4.MOR,EGS4MAC . MOR, EGS4BLOK . MORM K VWK COEGS4T U ¥ S LA TH BDT. S Tir 2

NEEGSAFAKRLIFE, SOLISBEOURRFARRONoTNRN,

44
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A—F—a—FEONSUSLETHEET 2B EEEN R, BARAEMCHERL =S
DENSLETHESBESICIERERT S,
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Improvement in the EGS4 code system — general purpose electron-photon
Monte Carlo transport code system

T.Momose#, I.Nojiri4, 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 carn 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 systenm.

(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 usuvally 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

systes.”
In order to design and develop the general purpose version, we
have investigated the typical multi-purpose three-dimensional Monte
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Calro shielding codes of MORSE-SGC and MCNP, and criticality codes of
EENO-Va and MONEK-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 °°Sr,
(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. groic

AFRTIE, G A2 -V —-XBE2MRBLE, 2OT— R Y XF LIKEGSY
I-ROFEAEN., BATHINPBCH > THECERLR2TAER > 2V —
F—ERN—FVOMRB., BLIUZOMBICHLEL 2 SH0RIRINZIHFEOARE
BRELBVWISAFLTHE, RATE., ZOGS4AHI-F—-—XBOREL
FREILHESLIUNBEFBROEAVHE~AOBALEHICONWTHRET
3. BHUL., EGS4AAI—F—-XFEOERICHEL T, B3 E IZMORTRAN MACRO% {#
BABUTERLTSEY, FORTRANIO /S L2 UMCERLEDIT TRV,

2. A2 -F-XBOoMRE
2.1 EGS4T— ROME ™
EGS (Electron Gamma Shower) I — R IZ1960£E {34 A & SLAC (Stanford
Linear Accelerator Center)icBWTHREIhELE IMBRBAXFr—K) %
SIal—avTREVTFANMNOTUOSSLTCHS, SIACTIR %4, ML
AN —-HBCEAZAIRLEBORISCEATIZL2EHLLTHE
DN, I9TSEFELCBEIE LT —RELA2HMEINTHSIKREEZDP> VY
O VEBRCEAEINZILICRY, ZRXANLFE-—TRETTI3S0ERY
BEOTOE, BRI NDEREZEZA., L UBLL OHSFTHRAICER
EhBLICHKBENELDTH S,
EGS4T—R V3 RREVFANTI—FRTHY . ROLIZBEBLY
BENDH 3.
1) BF. BEF. BLUTXETFOMEZRTFEFNFIDISI0D XK., {ELEWE
SUBESEWCOWTSIalL—->arvTE3,
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(1)HShEERER. (L)BEFHME. (ii)MoliereHEBE. (iv)Meller
(ee”)& & UFBhabha(e*e™)ME. (V) H BN FORBICR - ZEFEIRIIVEX
—#%, (i)BFHNER. (vi)Compton#E,. (vi)Rayleigh#tg. (x)XE
$hE

2.2 BEFEOREEYTANTI-ROHAE
2.2.1 PEWEE

ARHMENTOWAREMASAFLERICKRT ESIC, BUFHEBRELEET
B —F 2 (HOWFAR), B FOEA % 227 L TH 773 3 /—F > (AUSGAB).
BEEBROEBEPLEEEZI Y NTO—-NVTB3 7T 7S LMINEZ—F—XZ
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VIEANOHEDEMEERDIEDOFEICDNT, EANVLRLTICHAR
FtRcERzLREBHLABFEYFALOI—-RENKRIC, ATOHEE
DREZToE=.

1) MAZHHVROBRFTE

2 MBANFE

8 ABERE

@ mE%

(5) MEFM

EHEEEDWTONENRL > ERBAEYTFAIDI-RO—KEEE
lICRL, AERREE2ICTRT,

2.2.2 BEAENEBEROXRRAFTE
BTLOBROAFARRAN-F 2 MAUT 2 EDAFEYFHITI—F
MORSE-SGC(MARS ¢®* ), MCNP‘®’  EENO-Va ‘*’ 35 & UFMONEK-6.3 S R ZFEH I
—FUOMEEToOE, TORRE2EI2LTRT, Z20ERIEEXEBRD
BAFERKRO2ODEHHTES,
1) EZXBROEADZLEERANBRTRATIHE
(BHRFREELTT3)
@2 EZXEBREZUERIINNVBETFARIINEEZHNTERT I HE
(WHhWBCEHFRE2EL. COAEERXXEBARLETTS. )
MARS. KENO-Va, MONE-6.3T— Rz XAXREF A TH Y HCNPIZFHRNF R
THd, BG4 —FARB2—F—XH Tk, HARSDGeometirical package#®
BRUE, 20BBBUTERTTDOTH 5.
(1) MARSE TR\ BN T BC6H R Tk, MORSE-CG ‘', QAD-CG ¢’ , KENO-IV
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A

(2) MARSRIRAY IN—F L THIDpackagelb RT3 EH. D
a—-RCHARAFW,

B8 HERAERELMMRSAROEXRFHLDFEBRHOLEIE, —RICA
NABRICEKETIZIED, EB50FFEWLEZEnWTIhan, BELE
RiCBWTiE, KENO-VicEHAR ENEGG (—HF2HEAINXEFRN):2 A
w3 FA, KENO-IVDunit-ARRAY type (ZEAREFR) £VdHEdd
L OHEBRREET 5.

(4) MARSTIZARRAYZH WA 28, itNFHMAI»RYERTES,

(5) MARSO® Geometirical packageiZMORSE-CGCG packagelc T, RE
EHROF vy VREF DD, REEHBRICHFAIAVRAR, &
KA cpuFfI 2 BRI 22 L Eh 0,

B E2hobdhBLHIC, KENO-Vao XEATBREBRGZEBIF P 2w,

(7) MONE-6.3@3 EHLbHTHHESHORRKRE2EZTTCEZIN, BRAEI L
YEMTHS.

LEDNR>T, (CARTE DNELXNERERODEAESDETHE OBHRKE
FHCE, dOFERLUAE(Iniverse) DMV EL 28 & TTHE T H 2 HARS(MORSE
-SGC) ®MGeometirical packageZEAL L. 28, XXNEREROLRIC
DWTiZDEEPT— R P 2 L =,

2.3 READFAE
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(2) Time Cut-off
(3) Gemetrical Splitting with Rousian Roulette
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ZRANF—DBRICEETBIDICHL T, WNeight Windowi iZZ=H - T R JL
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@) Next Event Surface Crossing Detector
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RCaec HRuBETOIRNF -Rg BHRELR RISy
E:.E;wl %*I*}b#-ﬁgd)Tﬁ ’_tmi*)l/#"
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T, ACHELERESEENEFE)COWT, XX THAZL IR
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(4) Track Length Detector
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TV & Bt SR F B & Uik

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 =ZW-I-Z4 @ Reaction

Energy deposition

Energy deposition

Detector between interractions Energy deposition
%k W:Weight V: volume
I: track Length Zr : reaction cross section

ABRE (FR3IFETH) FEEIAATHRY,
() HBABDTATLC DO THEMRN
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%5 90 g r JEFHRIC & B HIE S MHTRR
BT PR T (CRP—51
MEES BATHSD f#HIEE GrEtigE BAERLR
BRX [Sv/sec/(Ba/cm2) (%] [Sv/sec/(Basem2) (%] [Svisec/Baem2)
4 0 pgm=70um 1.1083E—08 1.42| 9.7591E—10 5.73
3 70 g m—3mm 1.2739E—10 1.79 1.0808E—~10 4.97
2 3mm—1cm 1.5509E—11 485| 0.0000E-+00 0.00 | 9.7964E—10
1 icm—15cm 2.5852E—13 16.81 0.0000E+00 0.00
5 b Ocm—15cm 2.5020E—11 0.84! 1.2833E--12 0.71

(1000X10/%y F)

69




A1

Information

Extracted

From Shower
T |3
@D
3
MAIN HOWFAR AUSGAB 8
Q
F 4 m
-------------------- R L G TSI R -
G)
»
HATCH SHOWER —)1 ELECTR PHOTON é’
m

L

T 1

—>| ANNH | 4 COMPT ¢

Block »|BHABHAH H PAIR |
(et | »{morLerl H PHOTO (-
L
'——"LU_P"‘_'_i S——
|
HOWFAR | Geometry

AUSGAB | Dete

ctor (Score, Output)

EGS4I— R AFLLIERT B21—F—XN—F>"

70



Z
4 Sr—o0Sig A
;L2 1450em EOa=E
A3 —
M4
—15.0cm ICAUZ 1200
A% X
AN
3mm \ BE 1g/cm®
) R (MEER)
cm —15.0cm 76.2wt% O
11.1wt% C
10.1wt% H
2.6wt% N
AR B (BER)
Z
A 4 ——
=]
150 ik 1 Sr—90
> FARRERE
08§ : S i
X
—150 15.00
BE 1g/cm?
8 (MRE)
76.2wt% O
11.1wt% C
10.1wt% H
2.6wt% N
A (MR (RIEFER)
=2 B MBI < B H k%

T1




>N

FiRK Surface crossing Detector

5.0cm
v

'_'L L 1.0cm

A
—

\ 50.0cm

\FAR R

&3

72

By X MEN O ET IR



), WOUTOR . + MOy Sy

20



4

A= = -
o= IE oD —

.

|

4
e

v

A (@] = S PR
D | g = - D BN

it ¥
§

A5 P9
& *H

¥ >

HRKE-8% FEBEZ HEBER

Calibration Procedures in Whole-bhody 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 potassium
.mainly distributed in muscle mass, has been estimated by the Whole-body
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, Tekeshi Hiraoka, Kazuoc Hoshino, Mitsue Takeshita,
Katsuhiro Kawashima
National Institute of Radiological Sciences
9-1, Anagawa-4-chome, Chiba-shi 260 Japan

Using the EGS4 Monte Carlo code we tried to calculate the dose
distributions in buth homogeneous water phantom and layered
heterogeneous phanzom for cobalt-60 gamma rays and 10 NV X-rays. To
calculate dose distributions for 10 MY X-rays we also simulated the
shower in the treatment machine head and got bremsstrahlung spectrus.
The agreements hetween calculated and measured depth dose curves are
almost good within statistical errors.
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1):Walter R.Neison, Hideo Hirayama and David ¥.0.Roeers SLAC-265, 1985
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Calculations of Bremsstrahiung Photon Spectrum from B-ray Radioisotopes

Shun-ichi Tanaka
Japan Atomic Energy Research Institute

319-11 Tokai-mura, Naka-gun, |baraki-ken, Jazan

An empirical formula for calculating bremsstrahliung spectra fromB-ray
radioisotopes has been verified using EGS4 code, The comparison with experiment
for monoc-energetic electrons demonstrated that the calculations with the EGS4
code would overestimate significantly the bremsstrahuing prazuction from thick
targets in the energy less than 2 MeV., |t was suggested that bremsstrahlung
production cross section updated by Pratt are different to a 3jreat degree from
the old data based on the Born approximation in the energy below 2 MeV, and the

Elwert factor negliected in EGS4 code is unable to explain the averestimation,
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Table 1 Typical B-ray 1sotopes and targets

Nuclides  B-ray energy Target  CSDA Range *
E aax (HeV) (g/cn)
©3Ni 0, 067 Ni 1.08 x 10-*
Au 1.59 x 10-?
by 0.156 HaD 3.00 x 102
Glass 3.65 % 107
i ] 0,225 Glass 6.55 x 10-*
Ni 7.79 x 10-?
*5Kr 0. 687 Ti 379 x 107
Ni 3.81 x 10!
2198 1.16 Ni 7.26 % 107!
Ag 8.19 x 107
22p 1.7 K30 8.22 x 10’
Glass 8,76 x 10~
segr+%y 2,28 Al 141
Ni 1.82
Ag 1.69

x range for the maxisum S-ray energy

Table 2 ElwerL Factor for =74

incoming ¢ (Mel}

Dutgoiag e- (He¥)  0.05  0.10 0.20 0.50 . 20

0.01 2106 2806 3530 4339 4695 4864

0.02 1518 2012 253 Q112 3368 3489

0.05 1.000 1326 1673 2050 2219 2299

0. L0000 1261 1546 1673 1.7

0.20 1000 1.226 L3271 L35

0.50 1000 1082 L2}

1.0 1,000 1.036

2.0 1. 000

Table 3 Comaparison between Oid and Kew Stopping Powers of W(2=74)

Emergy Collision (McV ca /g) Radiative (MeY ca /g) Radiataon Yield
(et} Rew''? D'y New' V! 01d'® New'"? o1g'®
0.01  8.974:00 8.382+00 1.977-02 4.022-02 1.076-03 2 869-03
0.05 3.137+00 3.119400 3.314-02 4. 653-02 5.430-03  8.376-03
0.10 2047400 203800 4. 084-02 5. 266-02 1.032-02 1. 424-03
0.50 1.085.00 109300 7.353-02 9.752-02 3.712-02  4.769-02
1,00 LOIGY00 1.033+00 1. 159-01 L 471-01 6.030-02 7. 626-02
200 1.037+00 1,060:00 2 117-01 2 565-01 5, 856-02 1. 196-01
500 1126400 1150400 5.372-01 5. 962-0 1.902-61 2 117-01
1.132¢00 1, 198400 3.006-01 3, 178-0)

10.00  1.203+00 1.226+00
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Table { Formulae for Bremsstrahlung Production Cross Section
used in ETRAN and FGS4 codes

E (NeV) Berger & Seftzer'® E (Nev) EGS4

<4dmc? de=Af: (3BN) <50 Me¥ do=A (3CS)
<3mc? do=Af, (IBN)
ar Y>15)
do=Afe (3BS) >0 M4V do= (3CS)
(r Y>15)
>3mc? do= (3BN)
G(ir Y>15)
do= (3CS)
Gr Y>15)
(3BN). (3BS), (3CS) :Koch & Kotz (Rev. of ¥ud, Phy,, 1959)
Y=100 k (B4 € 2'°) '
A ¢ Correction factor Lo exp, valuc Jy Koch & Motz

fe : Elwert factor (Coulosy carrection)
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Spatial Distribution of Radionuclides Produced by Photonuclear Reactions

Takashi Nakamura
Cyelotron 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 c¢m thick copper target bombarded by the 900 MeV electron-induced
bremsstrahlung radiation, and photonuclear reaction products in 20 cm
thick cesium (Cs2C03) and strontium (SrC03) 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. #Ldic
HiMBEHEREA T, ABRECLIIBRHUEEBOLERRPRENERONE
BRCHEITHBLTHLNTETWEE, EEREE-THWI~F o bRk
KRENIABRHUEBOEMBIARCRNTEIF—sRBEHTZL W,
EHRER22DF—HoOK>T Wb, 1 22 900HeV BRFERABRHRE
£33, R(y— "o rdHTCOXBEBRREBRCLIIERBNERBOIH CMT 2 H
RUUTHD, CREMEBIBSBATVWIBFNESEA VAR EBEECS T
5. MABORFHRHAERGB L - THALTMBLRET I THAS 5, D1 >
i 60 MeV BRFABREBHENBIC LI YA (BRB LYY L) BLUR PO ¥
FYOL(BHBRAIPOVFYIL) $-F oy bhTo, kRREC L3 ERBHER
BOoOSHEMToIWRE)Thd, CHitBEEEE 7oy L THESNT
VWA A AN HBO—-MELT, BRFNEBLLIAB VvV ALERENBOREGR S
BERYMONBMLBILLELIEWN T — 9253 5LDRLIT-HbOTH 3,

2. 900 MeV 3B s MBOER BB USROS

RABEFORF v Z7atrtaryE2HWT, 900 eV BF% 50 s FoBg&£0
N2 =¥ ricdT, RELAPABBENRBRZEAEN 2 ca D3 Y £ —F E-4
ELTHHL, Fig. 1 iFRT 10can x 10 ca DK EET. & 15 ca DR 5 —
¥y riRE->FTLSCEBEELE, ABRLASMBEERORERDZLDEIZ, 59 -4
y POREHICEME 2 con THE 530 ng/ca? DT AV i =29 02D Rhe 7 -4
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> 10 can ¥T 1 ca MEMALT., REHBEAOEBRBRHEESIHTERD DL, T 8
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Table 1 Effective ph ) ion cross sections and effective photon energy range
Nuclide Production Effective Effective photon
reaction * cross section {mb} energy range [MeV]
“Cy ©Cu(y, n) 50 10- 30
9Cy $Cu(y, 2n) 10 20- 40
“cy $Cu(y, In) 1.2 30- 50
*Co OCu(y, 2p3n) 54 50-900
iCo 9 Cu(y, 2p4n) 28 50-900
5Co $Cu(y, 2pén) 0.16 100-900
“Mn 9 Cu(y, 4p3n) 0.60 150-900
2Mn $Cu(y, 4pTn) 11 200-900
“Se $Cu(y, 3p7n) 0.13 300-900
Se SCu(y, 3pin) 0.42 300-900
“gem $Cu(y, 8plln) 0.52 300-900

“ f—:’l" for the *Cu(y, n) reaction, only *Cu(y, x) reactions having lower threshold energies than **Cu(y, x) reactions are
indicated,
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EGS4ikk&d (v, n) EEOMBEVWEMCNPLOER
B - M mW B, NE ORT, AR E—
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. BEHic

EGS4'"@ RF-—XTFORBEFXEFTIN, ToR, FVIFNVDEET
. (v, n)., (¥, 2n)., (v, f) RIEEOXAEREISBEA T
W, 2T, EGS4AKAKREROHEMREZEAAR, EBEEGEMYVRAZ LD
Clk, MMHeVORFTHRERNLEBESEOPUFONRKEHRAEMALZEGS 4
THEL, EMELAEBRLELIITEOEZIN L O%BUANT—HLE, &,
COHEREMAEZEGSA4Z2RAVWTRFREFMALE Y CsOMRALBOREH
XEfTy, MOMERZAMBLEARAB I ELOHLREZT o 2,

2. REA

EGS4TCit, XFOMEMAMA i Subroutine photonTCE DN B, ZZ Tit. X
FREREBRE-EBOEMREOAT Y ITCHENINTDODATEY., Ebo
AN LUTHETFHER,. 2T HR, XRGENEZEL TS, £L T,
ChoRRENEREACT, RER, FLE0OXKENFHEZHASE, EGS 4
XEEREEEIALKECR, LBOAFy T ABREENER 2B LA EE:2 3
ZHEND B,

REOAKE Er,, r b33k, B¥KE (02¢=1) e 150K,

0 =¢<r, RFHER
r'=¢<r; 27k KE
r:=¢=1 XRHE
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THd, Ch2UTOLICHBETI LR LY, KRRE2EETHILOLCH
RT23,

0= ¢ <r, EFRER
r.' = &8 <ry’ av7bhouE
r.= § <rgs’ RHR
rg': 2§ =1 KR

EBIC, ELEXEERSSE (x,5,2) 27PA 0L, CHEMCNP 2l
F—RELTHEATSI LT, ECGS4LMCNPOMEHENTRE-22, &

. XERCHERIZ, BEIHR (3) OEMRT—4%, SALSE AT~
by 74 —~LkB N7y bl ERARAALE.

3. HEI#R
HBETFTo2EGS40MEFzvy 70D, 3ieVORFTHREA-Fy F 2R
HLEBAOREFHRTFTREXLFHRFLERNEMLEAAAZEGS 4 TR,
ETRELOEEETS >, Fig.l CE2DEKBRERT., FOKEETable 1 ERT.
MEOEINL O%BLAT, —BLTWS,

Electron beam
(34MeV)

>

[€&—— 12. 5¢m

le— L%“

Pig.1 HME&R (AMBFRIXL0®, X—Fv b : §)

Table 1 R RIERK

Neutron Yield X 10'%(s~'k¥~!]
2—4v K L 2.98%, 3.94%, 5.93%X, 10X,

EGS 4 1.09 1.31 1.64 1.74
Barber et al. ¢! 1.18 1.41 1,64
[T § SR 1.60

Xo : Radiation length (1.12cm)

100



4. EGS42FMALEIHNH
-MEBCLBZ''CsOHRAEEO LK —

SETCRWL22OMEREAVCEHRMAHEIRRZA TS, XBERTIR
BEHFBECHUTHERGEEHKE -L, 2=y N ERENTA—RLLTHERAL
(ZEMERMY) LENEEEZ IBEHEREEHILITLCHBELRINFE~ (HRZ
RIF-) 2RO, FLOERLBEOLEETo 2.

4. 1. #x

hEoNRL LUENRALABRELZ0HKELE 2 L »H TTable 2 ERT, BF
BERBFEEBRA—FSFy P ARZYE, BRESHEHDENBTCHREES FE
Ty E (v, n) EE2MATS, eCFERIaZ Y MBEEMEES (2 CF)
HEFEMALT, Ec (n, 2n) FHETCHREEIEBTHS. BF2RAT
Z3FgELLTR, EEBMFER Sy N AHZE, ECAARAV-YavEIET
WRTH5HE (BTE) LBFE2RCANEETRESE 22 KRDPEFEAMAT S
FaE (AR V—-2aryhEFR) O2AMOFHEEODOWTHE:2ToE., YoM
—2HTCRIETHARGE 2B LT 32D EVFALNONXI—-FEFALT
HETBZZLiEL, NRZEBLLTZIZTR''Csx2MmMY LiTFE,

Table 2 WM&k

HRALESG & MENF =RXL¥F— REMX HAEI-—-R
[HeV] [mA]

®F&E e’ 100 2000 EGS4

T B P 500 900 NMTC

ARV - g rydhETFE P 1500 300 NMTC+MCNP

uCF& d 4000 25 MCNP

4. 2. RRrL=%

HMEREFig.2 KRT. Fig.2 5, LOMEL'*'Cs A—Fy MEMHF N
MTEBERED, HRZANF-RBPELLIYN, EPERPIIESLoTHWL D
Edb2B, ThiE, PCsA—Fyv b ERRLTBCELREOTHRARIED N
HEaRFEP<Ly, BEERIMMT 522HMRMI RV E—IRMPT 3N,
BEEMAMEY A=y PERBMP K2 2DEBHLERREI RS 2220 TS
6.
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KIS, EDHEBMM 2 2ECREBLEALEOBRII I —2EBELEL D%
Table 3 WRT., HFF T CsH I EMELZ2LER/ON3REF ¥,
BLATROLIADIZRILF—-%2200MeV, ZLBWRKEL, REYHEIGERET S L,

200+ 0.06x0.33=1100
LY, 1100MeVe 2t 2., MAE WX E50(LFEET AL, ""CsEF2MMARD
HNBLEATS, | BERSEYVICERATEIRLE~EB550MeVELTTHR L L
IRNLE—-RFTRIRYVILELR W, Table 3 &Y., 2CFEZBRLS IFEIHRALE
HE, HERABZIINX-LHICERERETZLABLL I EFDA S,

Table 3 EFHEER

HRALESG® WRTEXNVF— KEHERM
[MeV] [#]

BTk 4700 2.0

BT 570 2.0

ARV —-vavREFiE 500 2.0

w CF & 195 2.0
5. #Ld

EGS4kK"**Pb, '"""CsOXABREKEAXZEARAR, CHhETORTF—
XFORFZIZMA, XBEREBOSIa2V - M TFAILODECHBEMAL, XN
*MAZEGSATHELEMMVORFTHEBELEASSORETFOMXE,
ERBELEBT LML 0%BUARAT—HRLE, RERIERA2 774 ELTHD
T5Z2L&Y, XBREETCRELEPFEFEMCNP TCRATIZLLTRE LR
of, ¥k, XEEMAELEGS40EALLTRF2HALEMRALBRAORE
HEXz2To~,

$ETR

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

(2)J.F.Briesnmeister, LA-7396-M(1988)

(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)%.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, 661 JAPAN

The 4 MeV, 6 MeV and 10 Mev LINAC spectra were calculated using EGS4
code. These spectra are wideband and maximum energies are sawe value of
incident electrons energy. Using 4 MeV spectrum, I calculate the
characteristics of the flattening filter. The beam hardening effect was
observed. And [ 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.
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#1 ANBRFEICHTIXBBEE

AHBFIANE— 4MeV 6MeV 10MeV

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

2 4 MeV LINMCORIBALT 1 V7 —BBEARTOX RO EH T F U F—(HeV)

R 1 2 3 4 5 6 7

7449-E MM | 0.948 | 0.967 | 0.983 | 0.978 | 0.942 | 0.958 | 0.967

74h9-BMA/H* | 1.120 | 1.014 | 1.023 | 1.020 | 0.975 | 0.963 | 0.962
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®3 EMEBMIATO R LX KR (%)

CaMgz CWOMZ (cm) L K3 %5
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 T6. 39
30 mm
10~15 5. 95 15, 44 17. 37
16~20 16. 53 4. 22 4. 83
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