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Interface of EGS4 for Tutorial Use
K.Konashi*, K.Kase*, K.Imanishi** and Y.Nakamura*#*

We have developed an interface of EGS4 fot tutorial use. This program can be
used on both of work station with UNIX and PC with DOS. The graphical input and
output was designed for biginners of EGS4.

*Power Reactor and Nuclear fuel Development Corporation, Tokai
lbaraki 319-11, Japan
**CSK Lid., 4-2-30, Taga, Hitachi, Ibaraki 316, Japan
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Gamma-Ray Production Cross Section of Iron

for Incident Neutron Energy Between 3 and 33MeV

Eiji Tanabe and Kazuo Shin
Dept. of Nuclear Eugincering, Kyoto University.
Yoshidahon-machi, Sakyo-ward, Kyoto-city, Kyoto Japan

Neutron-itduced gamma. ray production cross scctions of iron were measured at incident neutron
cnergies 3—33 MeV. The gamuma-ray spectra were measured with a BGO spectrometer using
the cyclotron at CYRIC, Tohoku university and the Be(p,n) reaction as the neutron source.
The resulting spectra were unfolded and corrections were applied for neutron and ganuna-ray

attenuation.
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Estimation of Bremsstrahlung Flux for Measurement
of Photonuclear Reaction Cross Sections

Yoshitomo Uno, Akira Yamadera, Takashi Nakamura

Tohoku University, Cyclotron and Radioisotope Cenler
Aoba, Aramaki, Aoba-ku, Sendai 980 Japan

For investigating the isotopic dependence of photonuclear reaction cross sections
around %Sr and '37Cs, the average cross sections of (y,n) reaction were measured by
activation method. The enriched samples of 3151, #5r, 88Sr, &Rb, "Rb, %¥Ru and **Ru
isotopes were irradiated by bremsstrahlung photons. They were produced from 1 mm
thick platinum target bombarded by 60 MeV eclectrons which extracted from the electron
linear accelerator of Tohoku University. The energy spectrum of bremsstralung at an
irradiation point was calcurated by the EGS4 code and the absolute flux was obtained
from induced activities of Au monitor foils irradiated together with samples.
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Calibration of a detector to measure radioactive concentration in
the room air during proton beam therapy.

PMRC, Tsukuba university : Junlchiro Tada
Mitsubishi Atomic Power Industries, Inc. : Satoshi Iwai
Mitsubishi Research Institute, Inc. : Osamu Sato

When patients are irradiated by proton beam for cancer treatment,
the beam crosses the room air over certain distance. This results the
room air getting radioactive due to nuclear reactiions such as
"N(p,a)''C and '°Q(p,spallation)''C. Thus the measurement of the
radioactive concentration of the air is of importance as a point of
radiation protection. The response of the gas monitor depends not only
on the energy spectrum of emitted f-rays but also on the wall material
and the geometry of the ionization chamber. Consequently, the
calibration of the detector is necessary. As the standard activity
samples are not available for those nuclides with short half life, ''C,
'3N, etec., EGS-4 code is utilized to calculate the detector response.
The result shows that the response of the detector (Tritium Room
Monitor MGR-120X, Aloka) for these nuclides is aboul one tenth of that
for tritium, With this calibration factor the radioactive concentration
in the air of treatmenl room is estimated as 0.6 Bg/cc at maximum,

where the beam energy and the fluence rate are 160 MeV and 6.4X 10%m~
1

[

s¢ ' respectively.

AALAOBFRICEAEMRTR, BFE—LX TR b 2T38T520, TROK
HILAEC D, BRELCHCL2BHENTRAOERREONZIL. B THREIE
BEBUTOIHAHRPERFESTSONTHERRRAFIBERATRLERTH L., AN
tlLEZRicdEhse TREADILBMHUYRAMNAERZ., ""CRT''NTH 5.,
BREFAAOIMAAEZAOEER, BESAZ B RDART b ED Y THL
BEBOBTFABESTEROBLEBEOHAKCKETS., 200, PBH
AEZR, AIZMRELSHBELCL ZOIEEZ28EL AL TR ELR L, &2
AN, LEoBBFREEMEE,. Tht LI EHNTRVESD, HAEZ 4 —
DFEFREKEICHVWOIERREBRHAFEELL Y, 22T, ThE OB HHER
FEE, HAEZ Y —-HPHMCKEMES AN TS HEICML, EGS4IC & W E
ZA - Fe N —ANOTIHAINNF MR ETLL, ARG EMIHMCNT D
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BEMHE2RELT, BMHEENZERONE |
i, 10 4 T3
HAE- 2 —oMEE. EROKIC, 9¢
P PR 150mm - Nk K = 283mm (31 & ABSH
M5 : WML 3mm, ANiG% FE0. 200D M T
G, W I0om), 08K EE S,
MEx233nm(HHE 7L I, LB L LR
KoL) oR@BABUTH S,
EyFANOGECEIYBSHAE-BE
Aoz r ¥ —ER (BXEB* BT
1TEYYDFHEELRFNX—) OFFEHEZ, LTOJBYVTH>E (EZX Y —
H100,000), ¥, BEZEEFotb o l RE0ELAPIC—BUBECHHL, 20
NHEHMT AN —ART VR, 72 VIEEEACEERATS AL,

*H 5.9keV ''C 57 keV '"*N 53 keV

HRE=Z®— (PO A, NUFI2LEZR—NGR-120X) &, BEic *HBEIC X
LTliffiFahTREY, Bz WX —0ERE. SP0BETFHIEEE
CHLUT (EFRLF—ART LIS collimator
FOWTH) EFABREOBRME%ERT HD
L, MSORNHTR, ChEoKEOR
SholflicHmeY, T4 —-0ERHA
DI/10EH-> T, BERFRILEKEEICELD
ARG RRELBRLTEVWZ LA DD
5,

MrHEHCLBETFREMENE:
Kt BEZRNET DS, ROBELE
BT, TRARGEXS LOMETH

!

233
283

T e

FEN, RUFIL- T8 — KGR-120X
TR W2

If@-*”&

0—b

58 x2

5£/min

et ]
EEEBRL, TR X¥—200MeV, RU

1.5} (Basee) 160MeV D M £ A7, 10X 10X 50ci O % #
OFF PBETE, HAE=Z2—0@&BHATE

BFEBHEHE0. Snren/hrEEORERD
HHTFRCREAT SN, T4 —H
GHFHHEMOBERE2ES ., FHEFRE
0.5¢ HEBLARYADOD R HRST M
oTwb,

I R ILE — 160MeVM B H #0.31Gy/min
(d =6.4X10%n %-sc ') T85minki g
LEBERoMBENRE TRIICRT, "ComMBKEE, (£F0.6Bqg/ccThH- 1.
CORMMBERBEE, T 32X -2000cVOBAILLHBEEILET, BHOBTHRE
HEROEGE TR, COBREINBEOAELLIN DI,

— %, Rudstam o ¥ R MspallationkfBEM AR ZHVTHEx2ALE"'COM
MBE L4, 4Bq/ccTH Y. WEMOBIERKE oML L 5, ERTEI, BHEHEHA
HA 2 MO, LBNRWA-—22HHE X258, TOER—-2
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Response Calculation of Radicactive Gas Monitor using EGS4 Code

T. Torii, S. Kawagoshi, T. Nozaki, H. Ando

O-arai Engineering Center,
Power Reactor and Nuclear Fuel Development Corporation
4002 Narita, Qarai-machi. Ibaraki-ken, 311-13, JAPAN

Concentrations of radioactive gases are measured continuously by radioactive gas monitors
installed in nuclear facilities. The calibration of these gas monitors has been carried out using a
calibration loop and standard gases, such as *Kr and *Xe, in O-arai Engineering Center. How-
ever it is hard to calibrate the gas monitors for FP gases with short half-lives and for gaseous
positron emitters. Because there is no standard gas of such nuclide.

To evaluate the sensitivity for such gases, we calculated the response of the plastic
scintillator type gas monilor for several radioactive gases using EGS4 code. The calculated
results were in good agreement with experimental ones. Furthermore it became to be possible to
estimate the calibration factors and the lowest detectable concentration of the gas monitor for

radioactive gases with short half-lives.

1. @Loic
BEFIFhEe% ., mBEHERRSRFEOR TR TIE, KREHICHEE S 3 ety
ADE=ZF ) Y FIBADHTRAE= S PHERHENT VS, Bk - Rk LH¥vr ¥y —
TESKIEEDER TR ETRAEZIREN-TEHWT, ChODHFRAEZIDE
HRAREZITo TV HM, Lir L, BWIESRED S DEFGFPH A% 055 L
ZDWTIE, FEF AN RV OERMIZBERAMKERD L Z EXMETH
Bo Tz, MEIBMIRTIZIEIFOEEICHEOIN, SOHD fHBGE 7 A DS ERK &
MBS, BHMERHETAEENRAGEL, CHLOF A0 T L REREFEHE
ROLIEHHBETH D, TD70, FHEMFPH AR BRI A H M S 7
BE. S oORERMINETSH S,



ET, INLOFMICHT L AT y IR EHMWE LT, TFAL
UG — FEGSAQFERIWT, H AT ¥ DIBHFHEIr-7/0, F/o, TN AL
VBRI X - TiRIEIREHREAD ST A Mz DL T ARG SRR & i L 7,
B 51, EBRAVIZEE I MASINGE e AL It 5 7 A E = ¥ OBEEEIR ST AR B & fik
FIRUERE & fiZ L7 DT, #OFIIOVTHIES 5,
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HOWE, FEOHEICHB LI & & Lz, FIAIE, BIHOME (x,y,2) (3.
KADEHI2H 27,

x=R(2&-1), y=R(2&-1), z=H§

SIZT. RIS CIDEE, HIF > I DEE, B30~ 10 —HELHTH 5,
72, TZTLEREMx. yid, x4y SRF AT DL LT,

Rz, BEMARETHHGMET A0 9T AL F - Mild, FidoFermil %
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R L7z
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IIT. CMIFARY FVHIEEF. F(EZW)IdFermild8L. plditdisn 58 |-
(IBEF) oEfHE., WIEHZ+ VX —-TOETOEL AL F~ Ll L
F— LML STO511+1.0) . ZLTTJIE MO RAT L F— (MeV) Th
5o

EHEM G L LM, EX AKEEBRIZL YRR EREITF LT,
HAr, BKr, WXeD 4 MAEL , EERIVIZBALITMAWEE TS S 3 BT ADVN,
50, RUEHBHFPHTADNXeD 3B THH. ZNHDPYHEFT A 3#or 1 4
LE—ZA~RZ P ALERIIZTT,

EROL I, ELBERAC ABBETTLEKL. 7 7 N0 0B E
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DLEMEE L 72,
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Response Calculation of the SSDs Boarding on the Satellite

Shunji Takagi
Cyclotron and Radioisotope Center, Tohoku University
Aoba, Aramaki, Sendai 980, Japan

Response of the thin $5Ds was calculated by using the EGS4 code. These detectors
liave been measuring energetic charged particles, mainly geomagunetically trapped parti-
cles, boarding on the satellite. It is very important to determine the exact energy ranges
that the detectors system can measure. The results of the encrgy ranges calculated by
the EGSH code become higher than those from the Bethe’s stopping power equation.

1 28I

PNz, STERERLHE LT K7 L7 —HT-PHRMBHR TR &0
I RNF PR FYB {FET B2 ENTTICR A AHMOREMISHMON T B, &
NODMBHTF. FBEBELTHRTLORBICEKEEEXDY., ChoDRFO
W EEL UMD D,

1989 SIS R FIRIT CHFHRE TH1F0 ] (EXOS-D)V0ir & LIFMfTbh., 4
BAEATT LN T &7, JOFRIE. % 270km 205 11,000km | §HEHY 75.1° O
AEMD I Ed . BRI & THIN D IR FAUhEREEEY MR & TR SRIEAE <
BoTWbEIAXMEBTSE I EICNS, ZDRHARDOIIMEREEIEFICHKELObOR
B IHoDEMBRIT L ZWMRBEOBYEENT S 0 M TR M E =7 — (Radiation
Monitor. RDM) 28l Eh T3, ZOE= 7 —ORILBO—DI0. BT RILE-TTRH
I8 85 (high energy particle monitor, HPM) ETRTh 3 SSD & Mt 7z dE/dx Brili#s At
B, BB T FORHBRTOMNENTE 3. ChOSONTOME LR F-THZ
WT B ERTELERTHLIY, W EKRTREI NG N 72D T, EGSE a— FI%
MOTSSD TORFOUBZANF—EFILL. TOHERM,S HPM Bl 2300 FO G
IrNF-BMERDBZ LIz,

2 BIRL¥-HFRIEEZ (HPM)

TR VF—H T8} (High Energy Particle Monitor, HPM) 338K ¥ 08 1752
KEicko@itan, WETAKKSHTRES NI DT, HRICEIET S DI0/NE
Pl Si KPR B (SSD) DAE BRI BEI STV 3, Fig. 1IZZOEET
B, ZOBRNBE. 48O SSD(HHMER 10 mm . HE 02 mm ) &, 1 KD AlJEX
0.1 mm ), 280 Cu(fFX 03 mm. 1.0mm ) DBRMAHMESE TS, ALITARBAD
TIZAHTEERTAANT-BAMIRE I TS,



BAHHTOLFNF— & 4HD SSD TENEFHE) LANVF - ORFREBEF. o i
F4Z DU TS Ziegler HOM LA & RO T~ F TRIMSSY £ Al TEHA L. BT M
LT, RISRTHILIEES5Z 5 Bethe DRY MoEHLI N1,

dE

2
mc -
= drrg?’—NZ x

dr iz
prvy=Tmd) 1 [(y-1) 2
— 1- 2y —1)In2
[ln( 7 + 2,7 3 + (" +2y-Dle
l 2

:7;Z° ro ¢ HMBTETEE = 2818 x 10-m
52=1_71—2 me? : TLFOMIEHART FZNF—~=0.511MeV
T . BT ERILF— N o HTFYNAHEDO 1m® Yich OB FOMEE
zZ : PHORTEHR I YHEOFABERT Y ¥

Fig. 21LBF« BF. TV 7 7 RFOEHBOAHKT IR F—0WHLE LTOSSD &
TOUEIRANF—2HTT 5. CORMPS, ASKFICLY 5SD1I TE ) XA F—
R1LBZDT, SSD1 DWAEEIT LLD1(60 keV). LLD2(600 keV), LLD3(6 MeV) D 3 >
DT 4RI VLR ERYB LK, RFOFHITHNh D £/, §5D2, SSD3.
SSD4 (2B T, SSD1 &4 ¥ F A, SSD2, SSD3. SSD4 EH LTT »F a1 ¥
FUREEDIERED. BTFLEBTIBLTE, 3202 R F TR >OTHRED
Thhd, SSD CHH TRz xNF-roitfllesndNFEEDIRNF-HIHEEZNE
1 Table LICEH e kD it 3,

Frombeid. HREOAET EICA P M UTERHIZBHNTE . £ oMb
LOEDICEIITH B,

Table 1. FERF& LR AF—HH

CHANNEL PARTICLE ENERGY RANGE
NAME [MeV]
eEl electron 20 < (8.0)
eE2 electron 0.7 - 20
eE3 electron 025 - 0.7
pEl proton 30 - 38
pE2 proton 15 - 30
pE3 proton 64 - 15
AA alpha particle 15 - 45

3 EGS4(C&5SSDRDEETRILF—5HE

3.1 HEEREEH
BiEiz. SSD1 & SSD2, SSD3, SSDAD IS VU F U AAE ESTHBDT. BILED
BUANSBALTCBRFRPINEEZ SN S, €I T, Fig. 3IRT &L 975 Al SiL



Cu OEE (%2 1% 0.5em) 2B LK O®Z T EL LI LTS,
. 480 SSD(SH) P TORFLRNF-EZHNEND SSD DRFN O 2H T 5
TIHTHZIEITED, HSSDICAHLEBTIRLZFHARE LRIV F KD,
ASHT. BMICH U TRAO E— LBEES Lz, £, HITHRIZ%4 SSD THT X
1A B & I 50,000 5 500,000 T RIF—HICEATEELL

3.2 ESTEPE oi%3

EGS4 30— FTid. Molitre DL LEHEIRREMTH D, Al Cu, SSD DFEEHH
D THIT step size ICEFEL R IFNIEN S, £ 2 T ESTEPE T step size # L& &
TE*OEBER, BFOLRNLF—H500keV OB, SSD1 TR xR NF-DE%
Fig. 41257% . ESTEPE % default TN 8L 0.1% TEHELEE TR, 30% D&
Ni¥ SN, i, PRESTA 70 TY XLICk 35 bilA . PRESTA 2R B4
(3. ESTEPE ftii- #8877 {{FIF 0.20MeV L 3 RSB o hlc,

3.3 HE#£R

ESTEPE % EGS4 O default THALIBEOAHLF I RILVF—-LE SSD DT LR
F - DIHEE Fig. 5(a) IKRF. MEIIVF—GHIE. TFHRNAOF 1 R2 ) L-Ub
LLD1(600keV) &L LD TR NF —% SSD IR I BE L 3 HAHBT- 2R AVF-LLTH
ahs, COEMS. Bethe DILILEEN S KDDL LKL T, ZhEho SSD oL
HIZRVF—HF/LAD, MRLAVF-THIRCL>TI 3. ZhbDERIE EGS4
NETOWMEAE LLEICBZ 50T, SSD D path length HHEL LD, BT XILF—H
Kad B, £, B (Al Cu, Hil® SSD) TOWMWNHAXL LBZDT, 75 T7H
AWy 7 L. AR ZAF-BHANEANF—IKLLEEZ NS, BRIRT RN
F-DE—-I7 W dE/dx AR LB HOEHE L THPNME>TNBED L. SSD F24
DITWAL T RF L ZHE T, BNHPOBEICL D3O SSD FEAFITHENT
3,

—%. PRESTA 21T, 5SD TOWILL XL ¥ — %5 U2 &L % Fig. 5(b) iCER
T 5%, Bethe DN S LI DD EHEST B & siep size & default THELABELE
CBISBIENCI » 7z, LU 4 D SSD H1stb#d 3 2 X V¥ —{d step size % default
THMLIBA LB L TERSE D, 2RIV HPM BB TAES L 21 V¥ -
HEZRNUF MUY 5> T B, ZHid, defanlt ® step size 2 SSD OEZXIZH~XTK
2T EBNH. BFBROIZSSDOEINBEL LB, UKTIZANF-bR&{ LB
b?b%ﬂ

1 HHBREREFIRLFEF-IRT I

1980 4E 5 B 1990 4 6 R T HPM Bl BIC L BRT T HRAF— R~y b &
NASA OBFOHIRHE T TV (AESMAX 1) D ORDITRNF—XRY ML EMKHL
HOTHB. ZOELD, Bethe DN SROI T RIVF—BENSRHILRRY F i
EFNPSHBLIRAS PALEBLT, B3 AF—BTH—HHEOLS FI 1MeV

YAE8 (3. AE4®) | AES® srriz AEGT £E LB T—oitL. FLERBLEEFATS B,




LLETR—H13EG A>T, EGSE = FAoHP LR F-RBETR I D&
VERWTEBFEERBAL EFVEMFSOAZARY P LOXERE, IEWW (T
F i KM OB £ TOTE) OB, REGAEFOE L EIZLIEbDEELL
1%,

5 F&H

EGS4 32— FZMNTSSD HDBFASHI L BUN T ANF-DHE I, TOES
S HPM #IL 20U FRE 4 )L+ — @04 KD 3 & Table 215579 L D27 D, Bethe
DA SRDILOENBLT, WEZRANF-BHEZZRANNF-MISE 72 Fheo
PRESTA T TY XLEMT step size XL XL TR I ¥/ E L, EGS4 - F
@ default @ step size TR FABATHEOHR Sh. PRESTA TitB LN R
NE-GELIEL Lo T B, 4L TORY BTRKBEFHTLH. PRESTA 7L TY X
LE D EFRHPEARESEA DI ENEIDONTE O T, UPM BRILBO T FHIE
TAAF—FHS PRESTA )T EGS4 THHEANAL DO LELSNBN, o8
BRECTUHICH IO IO EHET I OIBH L,
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Calculations of Absorbed Dose Distributions in Phantoms Irradiated with
Gamma and Low Energy X-rays

Nobuteru Nariyama
Ship Researeh Institute
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The applicability of EGS4 code has been expanded to low energy X-ray
region with addition of eclectron binding corrections and linear
polarization effects to Complon scattering and Rayleigh scattering. The
precision of the code was confirmed by calculating absorbed dose
distributions in phantoms and comparing them with ones measured using
monochromatic low energy X-rays from synchrotron radiation.
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Application of a general purpose users' version of the EGS4 code system
to the dose equivalent calculation of using the human phantom model

L Nojiri", O. Narita®, 5. Iwai®, and Y. Fukasaku®

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

B : Mitsubishi Atomic Power Industries Inc.
1-297 Kitabukuro-cho, Omiya-shi, Saitama 330, Japan

C : Nuclear Energy System Inc.
Tokai-mura, Naka-gun, Ibaraki 319-11, Japan

A general purpose users’ version of the EG54 code systemn has been developed to make EGS4
easily applicable to the safety analysis of nuclear fuel cycles facilities. By using this version,
without requiring user-written subroutines for geometrical modeling, sources, detectors, and
variance reduction, electron - photon transport could be simulated. The dose equivalent
calculation of the human phantom model has been performed by using this version. These
calculational results have been compared with published data of ICRP Pub. 51. This comparison
has shown that almost good agreements between calculated and published data would be

obtained by using some adequate modeling.
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Photon energy spectrum and dose distribution computation
of a telecobalt therapy beam

Hidetoshi Saitoh, Toraji irifune, Kenichi Fukuda,
Masahiro Fukushi, Kenji Saegusa
Tokyo Metropolitan College of Allied Medical Sciences
7-2-10, Higashi-Ogu, Arakawa-Ku, Tokyo, 116, JAPAN

The most accurate mean of three-dimensional dose distribution calculation is by Monte
Carlo techniques. In order to calculate dose distributions in a patient using Monte Carlo
techniques, we must obtain accurate energy spectra of therapy beams. In this work, we
used the EGS4 code system to compute the energy spectra from Shimadzu RTGS-2 cobalt-
60 radiation therapy unit and the dose distributions in a homogeneous phantom for
verification of the spectra.

As the result of the 1.17 and 1.33 MeV primary photons of 4,000,000 were randomly
generated inside the entire source volume respectively, 66,976 photons reached the
scoring plane at 80 cm SSD for field size of 30x30cm?. Of the 66,976 photons, 61.3%
were unscattered primary photons and 38.7% were scattered photons. The ratio of
primary photons to scattered photons decreased as field area increased. These lower
energy photons were ejected mainly caused by Compton interactions with the source
itself, the source capsule, the primary definer and the adjustable collimator.

The spectra were used as input to calculate percentage depth doses in water phantom.
The computed percentage depth doses were in good agreement with the experimental data
with an ionization chamber.
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Fig.2 Schematic diagram of the source housing, primary  Fig.3 Diagram of the source and source capsule
collimator, adjustable collimator and sampling geamcetry and matcerials on our simulation,
planc on our simulation.
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Fig.7 Comparison of the scattered photon spectra which
were collected in a radial bin extending from 0.0 to
5.0 cm at sampling plane for different ficld size.

Fig.6 Comparison of the scattered photon spectra which
were collected in different radial bin position at
sampling plane for ficld size 30X30 cnr.
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Fig.10 Comparison of calculated and measured percent- Fig.11 Calculated absorbed dose at buildup region for a
age depth dosc curves for a 20X 20 cnf ficld. broad beam by Rogers (Ref.6) and mass cnergy
absorption by Hubbell.

4 #HE

Ao, ReVHELLBEHERTGS 2HER I AV M EREEC BT, Ty
¥F30Xx30 cm® ,SSD 80 cmD T BEIRELEL A TFDIRMEBMER L DII10.613 ;
0.387T® o 7z. Han b HH & L 72 AECLH B Theratron780:8 M8 2 /3 )V b & FEE TR IS



LEBABOYIalb—3a T, BHY35%X35 cm® , SSD 80 cm® AT i i F)
L7eTFOIRBEREBREDOLIRFH2: 1TH - 72%, ZTHiZHanS D /380 b 60FE
FOHLEHL0 cmTH oD HLT, RAOHBAL7-HREOE S H1.85 cmé S
C, BBEHNE» S ORELTFEIE P o272 THEEEILNA,
IANF—RARZ PNVEERLEYTREK7 77 oo iR Eksn
EitwsrliEEE RS —&KLAE. LdL, KEVWEHTFTEHEECL IS
ENKEH»o 72, NahumZ INITRNBEOFTEME 2291075 20121k, A4
KFOLEFNVF—H1 MeVTHETFHIOXI0 c*DIFE, #H4THEERA LY -0
Talb-YavHFYETHEY., KEXBET CREMELHERL, sHaKMNzE
$i¥ A 7wz ik, 4f&variance reduction technique& FLB % EHEE /5 2 — ¥ MG
TELENDH L.
FADHETHINFUELYIOENFT v 7RI TORNHREIIHNS.1X10" Gy
Thot:, HINEZEVEEORKRNRERS T, 16F4- ) oRIIEEO 5
BHOZFNF—IZLDBEAZRT. S5, HEX A V¥ —RIGEHD B H
L2IRFE ) ORNBROIANF - EBEERT. chicLdsany
FeOEREE — LD EHMH L T ANV F— 1L, H0.9MeVEREIHI.OMeVE 2o 7,

5EED

BEHRERO L OO ISV L OMGFEBE B HBEREIRE V2D, BEY ¥
FlL—4%, EHERERBZERIZIFNVF-ZAS P LOMERELY., $1,
BEGLZHETCHONIIAVF AR PP, GHEEBEORFERAHST LI
WE—ARZ P NTHLILERETHCEORBETH S, bbb PFSEBEL
I, BErFANOEIRLIVBEEC - LD AV —ARZ P VERD, 20
ARZ PV L AEPBESFEHEL, THAREFICLIMEME BT
EWEoTLZANF—ARS PVOBEERTL D FEREBNTH 5.

sENR

1) Determination of absorbed dose in a patient irradiated by beams of X or Gamma rays in
radiotherapy procedures: ICRU report 24, 12-15, 1976.

2) Nahum A. E.: Overview of photon and electron Monte Carlo, Monte Carlo transport of electrons
and photons, 3-20, Plenum Press, 1988.

3) Nelson W. R,, Hirayama H., Rogers D. W. O.:The EGS4 code system,SLAC report-265, 1985.

4) Ito A.: Three-dimensional dose calculation for total body irradiation, Monte Carlo transport of
electrons and photons, 573-598, Plenum Press, 1988.

5) Han K., Chui B. C., Mohan R.: Monte Carlo simulation of a cobalt-60 beam: Med. Phys. 14,
414-419, 1987,

6) Rogers D. W. O. and Bielajew A. F.: Calculated buildup curves for photons with energies up to
“Co: Med. Phys. 12, 738-744, 1985.

._52 —



Cosideration on Electron Linac and Target System for
the Positron Factory

Hirohisa Kaneko,Sohei Okada
Takasaki Establishment, Japan Atomic Energy Reserarch Institute
¥atanuki-machi, Takasaki-shi, Gunma-ken 370-12, Japan

JAER! Takasaki has been promoting design studies for the Positron
Factory, which aims at production of linac-based intense monoenergetic
positron beams of 10'° s-' in intensity. A nev concept of the target
design is proposed , which is expected to supply intense slow positron
beams simultaneously for multiple beam channels.

Ye investigated relationship between the electron beam energies of
the linac onto the converter and the slov positron yields from the
moderator with Honte Carlo simulations. Ye wused EGS4 for the
energetic positron production in the converter and a newly developed
code named SPG ( Slov Positron Generation ) for the slov positron
production in the moderator. It wvas concluded that the optimal
electron beam energy 1is around 100 to 150 MeV.
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Simulation of Energy Deposition from Rumaway Electrons
in Plasma Facing Components with EGS4

Tomoaki Kunugi, Masato Akiba and Masuro Ogawa
Japan Atomic Energy Research Inmstitute
Tokai-wmura, Naka-gun, lbaraki-ken, 319-11 Japan

Osamu Sato and Mitsushi Nakamura
Mitsubishi Research institute Inec.
Time & Life Building, 3-6.Ohtemachi 2-chome, Chiyoda-ku, Tokyo. 100 Japan

ABSTRACT

The electron-gamsa shower code EGS4 was applied to the simulation of
energy deposition from runaway electrons in the plasma facing components
of takamaks. We calculated the energy deposition in the layers of carbon
and molybdenum irradiated by electrons which energies were from 10 to
300 MeVY and the incident angles were from 0.5 to 25 degrees. The energy
depositions calculated by EGS4 were compared to the results of GEANTI.
EGS4 calculated higher total energy deposition rate in both carbon and
nolybdenum layers. and lower peak energy at the surface of molybdenum
layer. EGS4 was also applied to the calculations of energy deposition
on three types of proposed ITER divertor targets. The results of these
calculations showed that the peak deposited energies on metallic compo-
nents were not affected by their geometrical shapes in case of low inci-
dent angle.
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Etectron Incident
Energy  Angle Fraction af deposited energy (%)

E ]
(Mev)  {degree) EGS4 GEANT3* EGS4 GEANT3®

0.5 23.85 0,49 18.24 2.02 £0.1 1.63
1.0 29.96 +0.51 23.80 2.53 +0.12  2.29
10 2.0 39.01 +0.52 3.40 £0.13
5.0 56.80 +0.49 50.84 5.54 #0.17 6,23
25.0 73.10 20,29 74,18 21.75 +£0.29 1.1
0.5 22.09 +0,44 18.36 4,32 #0.17 3,99
1,0 30.00 0.46 24.44 6.04 +0.20 5.44
20 2.0 39.55 +0.46 34.62 8.34 +0,22 7.86
5.0 54.48 +0.41 50.84  13.02 *+0.26 12.72
25.0 47.19 +0,29 50.37  47.58 *£0.32 43.9
6.5 22.24 +0.38 19.29 8.19 *£0.26  7.87
1.0 30.11 +0,39 26.94 11.34 20,27 10,12
50 2.0 39.91 +0.38 15.¢7 +0.31
5.0 50.14 +£0.30 46.79  26.54 £0.35 26.75
3.0 18.26 *0.12 13.26  75.70 *+0.20 73.35
0.5 23.13 +£0.34 20.67 1185 *0.29 10.77
1.0 30.64 +£0.33 28.32 16.77 *£0.32 15.88
100 2.0 38.81 +0,30 36.27 23.63 £0.34 22,80
5.0 41.60 +0.25 39.93  41.09 *+0.36 39.30
25.0 8.68 +0.05 6.99 8518 *0.14 83.9%
0.5 26.13 +£0.27 23.78 18.35 £0.31 17.21
1.0 32.27 +0.24 29.75  26.31 *0.33 23.51
300 2.0 34.78 £0.20 34.06 39.43 +0.3¢ 36.7
5.0 22.28 +0.15 22,54  66.52 %£0.25 6%.52
25.0 3,10 +0.02 2.94 89.22 *0.10 _89.68

* The tesults of GEANT3 15 obtained from Ref. (E=10-100Nev, #=1-25" )

X2 REBIUVETUTZUBHISORHBFIRINF—

Electron ncident Fraction of reflected energy (%)
Energy  Angle by Electrons by Positrons by Photons
(MeV}  {degree) £GS4  GEANT3® EGS4 EGS4  GEANT3*

0.5 73.9%6 79.7 0.00 0.44 0.3
1.0 67.24 73.4 0.00 0.62 0.5
10 2.0 57.32 0.00 0.62
5.0 37.08 43.2 0.00 0.80 0.8
25.0 405 6.0 0.00 0.65 0.8
0.5 72,79 76,7 0.00 o0.82 0.8
.0 62,89 69.0 0.00 1.17 1.0
20 2.0 50,75 56.1 0.00 1.43 1.3
5.0 30.73 34,6 0.01 1.65 1.7
25.0 2.3 3.2 0.00 2.89 1.8
0.5 67.58 70.6 0.07 .80 20
1.0 56.29 59.7 0.12 .06 2.7
50 2.0 40.72 0.18 3,03
5.0 20,18 216 0.07 276 4.2
25.0 1.65 1.9 0.03 1,46 3.2
0.5 60.99 64.1 0.42 3,3 4.3
1.0 47,37 48.8 0.48 4.44 5.7
100 2.0 .64 32.3 0.5t 5,01 6.6
5.0 12,06 129 0.34 4.3t 6.9
2.0 0,63 0.3 0.04 1.3 2.9
0.5 45,15 47.8 2.06 7.28 10.8
1.0 29,51 331 2.4 B.60 13.1
300 2.0 15,44 15,2 1.87 7.4 134
5.0 4,48 4.6 0.98 4,50 10.5
25.0 0,16 0.6 0.02 0.89 1.6
® The 1e5ulLs of GEANT3 is obrained from Ref, {E=10-100MeV, £=1-25" )
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Eleciron Incident  Peak deposited energy (MeV/cm)/{electron/om2}

Energy  Angle in Carbon in bolybdermm
{MeV)  {dagree) EGS4 GEANT3* EGS4 GEANT3*
0.5 24.17 #0.36 17,30 1.60 £0.12 2,00
1.0 30.07? £0.37 22.50 2.10 £0.13  2.60
10 2.0 36.90 *0.36 2.72 £0.15
5.0 39.15 %£0.32 37.30 4.46 £0.18 6.20
25.0 9.76 £0.15 11.20 15.62 £0.32  18.40
0.5 40.85 £0.57 32.90 3.73 *0.20  5.00
1.0 51.52 *0.57 42.60 5.84 +0.26 6,50
20 2.0 60.75 *0.54 54.50 7.57 *0.27 9,10
5.0 49.7¢ 0,45 53.80 12.34 £0.34 15,10
25.0 10.34 £0.17 1.40 32.30 +£0.48 37.90
0.5 90.29 +1.09 79.20 12,75 +0.49  14.50
1.0 111.85 *£1.06 101.60 17.28 £0.57 168.30
50 2.0 111.65 *+0.9% 24,37 £0.65
5.0 50.73 £0.74 62,70 41.08 +0.82 43.10
25.0 10.66 £0.17 10.90 51.04 *+0.72 54.80
0.5 163.08 +1.66 154.80 31,08 +1.00 33.30
1.0 181.68 1,53 180.60 40.68 *£1.04 50.30
100 2.0 136,07 *1,22 153.60 58.26 =1.22 68.00
5.0 57.21 +0.80 63,10 96.55 *+1.47 108.70
2.0 8.68 £0.15 8.80 58.49 +0.87 64.10
0.5  369.89 *3.11 349.50 131,13 #+2,61 162,80
1.0 262.05 +2.51 307.00 179.06 +2.85 234.90
300 2.0 153.36 £1.76 166.00 246.39 *£3.15 315.50
5.0 79.14 +1.06 76.30 796.41 +3.23 364.20
25.0 10.44 0.16  9.50 109.48 +1.33 135,00

" The results of GEANT3 75 obtained from Ref. (E=10-100MeV, 6 =1-25" )
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Type A : Monoblock concept, 1mm-thick copper tube in CFC block

component average deposited energy peak deposited energy
{Mevicm } (MeVicm )
CFC 47.21+0.50 3723+ 31
Coolant tube 73.65+1.48 124.6£10.5
Coolant 16.00+0.39

Type B : Armored copper tube concept, copper structure armored by tcm-thick CFC

component average deposited energy peak deposited energy
(MeVicm ) (MeVicm }
CFC 76.21+1.04 371.2+ 40
Copper siructure 40.63+0.91 126.1% 3.4
Coglant 7.96+0.29

Type C: tmm-thick coolant tube between CFC and copper structure

component average deposited energy peak deposited energy
_(MeViem ) {MeV/icm )
CFC 63.92+0.88 3748+ 4.0
Coolant ube 73.32%1.88 127.4% 34
Copper structure 30.60+0.87 755+ 32
15.36+0.47
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