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Evaluation of Energy Response of Neutron Rem Monitor
Applied to High-energy Accelerator Facilities
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Tomomi OGURI, Michio YOSHIZAWA*+, Fumiaki TAKAHASHI+, Takeshi ISHIKURA*,
Toshiaki FUJIMOTO*, Susumu TANAKA+ and Nobuo SASAMOTO
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A neutron rem monitor was newly developed for applying to the high-intensity proton
accelerator facility (J-PARC) that is under construction as a joint project between the Japan
Atomic Energy Research Institute and the High Energy Accelerator Research Organization.
To measure the dose rate accurately for wide energy range of neutrons from thermal to
high-energy region, the neutron rem monitor was fabricated by adding a lead breeder layer
to a conventional neutron rem monitor. The energy response of the monitor was evaluated
by using neutron transport calculations for the energy range from thermal to 150 MeV. For
verifying the results, the response was measured at neutron fields for the energy range from
thermal to 65 MeV. The comparisons between the energy response and dose conversion
coefficients show that the newly developed neutron rem monitor has a good performance in
energy response up to 150 MeV, suggesting that the present study offered prospects of a
practical fabrication of the rem monitor applicable to the high intensity proton accelerator
facility.

Keywords: Neutron Rem Monitor, Lead Breeder, Energy Response, Intermediate and High
Energy Neutron, Monte Carlo Calculation
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1. [ZLDIZ

AARTAHEDN (B SELXILF—MEEMFEEE (KEK WHETERL TV KR
ESTFINEESESEMEER (J-PARC) ®°, EEMMNGERIZH S 200MeV BEDOHFE—LE BNV
DSAEFERNEEE R & o EFE IR F—INEB R IC BT 2 BNREE T, FIAKERIC
BOWTHFE—LADNY—4 v MCANT B ZETEREINZFHTR, BEREY—LAWNERHEE
POBEREICART D ETERIND ZRIETFICLBHETHENEE L 25, EkAZE
BLEORETICEL, BRI X)NF =05 180MeV BEFXF TOL RN F—HEHBEOFHTFIZLS
BIL BABAOHIISBEDIREZE ED, & 0DIT 20-180MeV E TOHE LRIV F —HiEF
BT CEBBESBENDFEIIKEL, 50% L LTHS 10, o T, BELRINF-MoHEL
FNF—ERETOLBRFEFICHLT, BEESBREROUENTREIZKNBREINLE
ThHd. LML, ENSLESANLGNTWAHEFORREF L LAEZSIE, EFFERSCBETE
AL TERE D R fEER &V o 72 10MeV BiEE TORBHEN I XN F—EHBOPHFICL DR
BRAFEZSHACHEREINTBY, PEIRIF—EHBEOPHTFRAERR L L TWEWN. Th
SOHRMFLLAEZY T 20MeV U EOHFHETFIZH LT, ICRP FiZL o> TRENLFEHRE
BEREHBRL TN F—IRENETTH NS, ERBIRINF—ERIIBT2RERER
HEFERTAHZEEATERN, RIZZOESBPHTFLVLAEZVEZFEIRINF—PHTFOE S
MEVWHEBRICEBAS, EoYDBTREEZTOEERORBEMBNT 5L, EROHHHB
DHBEZB/NHET 2BEFNNHSD. TOD, BEOMERBROZNITIE, PHEFLLES
YOHEAEEEELE2EL, INERFRBOBRBIFABEIATHELTNREEISHH B,
ZOHED, FORMNBRBIIBTIHETFIRNF—ARYT MUK > TEXRE L <Id@/NFH
ERBTENEZONS. BEOZENS, BRIFINF—NOFBIRINF—HEETOLER
BETFICE L THEELSBEBRAENTEZ XN F—LERELZEIT2HHTFL LTS O
N, MEBEROBRRNBEEEEEAS LTROTEETHS.

FAE T, BERBCEBTETHL KREBFNERERICANVWSEILOTES, LEAT
FNF—EROPHTFICH L THEEOBWRERUEN RV AT IOMEZENELLT,
HERBMOPHEFLLAESY (UUTF, #RBLVLAEZSERT) KHOBEMASILETHEIR
NE—FHFICHTIREREZA LSRR T —FFERHEFLLAEZ Y ZRAMELEL. O
HEFHFLLAEZSY GUTF, BEVAEZS EiY) RURKE LV AT QI F—E
BHICEL, BIRILFE—05, BEES A 75U O LRICHZS 150MeV £ TOREZ LRIV
F—EBOPHTFICHTANE 2P TREFBECIVHET S &L LB, BTV F—N5 65
MeV ¥ TOHRHFRERAVWTHEEHZHEL, FMAEOEEORDR, ALV LTS &1EK
ML LAEZYOREREQOLEET . Fiz, BoNEIRINF—REREZIETFORER
Bl

INSORERENS, REVAEZYOIXINF—HER, BIRNF B FINEEHERICE N
TEEAEEEGLBOPHTFIIEZRBIVMTEER, BILXINF—05 150MeV ZTOHH

FIoHT2RBHEREER<BHRTELD L EMMHRATE, MESKERAPETILLAEZSIEL
TOERMREZERTERLI EAHRESN, ERLOBAND W,
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2. £ B&

21 FEIRNF RSP EFLAEZY

PRI F-REOTEFICLEHRBREORECHELEFEFL A=Y ELT, BRESD
DHDEFTH TEDONOREEFNZETSNDA 20, BERIEGTEOMESEMR (J-PARC)
WERETE, EACMABFLHD, EWISBANS, BRACBVTEMEETIREL DIAMN
DEEIFONDZEZSISEORBOMFAE L. iz, BLRNF—HE5PBIRINF—F
TOLRERFEFIIITE2IRNF—RE/EELTIE, BEREENAEETS, WwbwslL
LVARIAZETHIE MR EIRTIRERREDEZY L L TOEEEEOBE AN 5,
RBEBTINEEERICRET S5FHFLLAEZYORM 2T o=, TORE, EFAHEHRD RI
BOFNERS EOBFRER T TAREEDHDURBOFREFL LTS EZR—-AT, F+ &
BHETZEE - LI 5 RY IF L VREMOBICPE TR F— T O - Bz X
BIHDOMOBEEMT S LT, FEHIRINF—FHEPRETICHTIHESE2RETEIHR
ZRATAOIENBRETHD LHBL, AT —FFEHUFL AT OBERZTo /2.

2.1.1 $a7YV—F{FEPHEF L AT E

FEFFMERR, PHFRERE, RITPETERDRWERZEICBNTHANWS N TWAREER D
FREFLLAEZICRMOBEMA DI LT, PFELRNF—PEHEFINTIRHREZEDSF
EZOHDIRIBRNSH D, Birattari 5DRX 22 TRRSNTVS. ZOFRBIZEDNWT,
BIRNE—fEFREE2EI P EF L LTINS ONERINTVS 2829, Zh5%
Table 2.1 ICEEDD. LALARRS, INSOFHFLLAEZFIL, ¥ 10MeV hHETFIZHT 2
REFEOHERVRAIERE, BREROFIIBT2INEENTMLE, Ty LToEEN
RICHADSBEROLTHTHICHI> TWB EREARWRRIZH S, £, FHEFLLAEZIRN
EOFMBECRERBER EE Wo e, ERMAEIBEOLZEERHERIIONT, XTFLHLTH
REAEINTVEDITTIRBRNWI ENS, TV OREBEEGECAERBORRRE, bHFL
LEZZ ELTOREAMERMMEBEEORRR EDELIIDNVT, EZIDHETUATITSO
BEBOTHETHE EEZ5N5.

UEDZENS, ZRETRINETERCB I I2THFHEEBREVELTEHL OBAER
BHYD, ELIOFMBEREHFEDILOTE2EEORREPETF VLTI ZR—RIZ, H
FRPEFLLAEZIZRRTRZIEELE. O EITLD, SHEHIIaL—aickd
BEREOES, MEEBORBRUKRZHKEITD ENTEEERD, BREELTER
HOBWHAEFLLAEZY QRGN L 2o 2.

212 RELhEFL =S
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FMETIE, CTNETEACBI2PHFRET -V ELTEOEAEENHZELTHN
DRERBLVLAEZY (BABEY A7 BENDN2) 2R—2&EL, ZOVAEZYORKMEEE
NLDD, BIRNF—FRTFHIEETERED, RULFLHEO2BOEEMORIZHORE %
FIZEBMUEV AT 2RELE. BEV AT OBRMERZ Fig. 2.1 IZRY. =4
HRRICEE S N7 BRI ERR 5.08cm @ 3He HLHIFHEE A sHe HADESN : 5.0 8F) T,
ERBLVLAEZY EE—THD. FEZIOREICHEZD, HOENUDEZIOREEEERT
MZEFHEET T A O0I—RKRMCNP-4B 29 ZANWTHHEL, HOBEIRVEBOEELZR-
e, TOSEOFHHIIRETRNS. HOBEZEMLUEZPETVAEZFIIHNTEIRIF -5
BRUHERERNS, HOBRIEZETIEE, FEIXNF—HEBEOLEDKRELBRBEANSS
N2, MOESIZ 15cm KLEBEKHEREREZE<BETERZIENS, AHETIIR
ELAEZI BT ZHOBOEEZ 1.5cm & L. COMRER, BEV AT DEERIIW 30kg,
BEMESDELVLAEZYOER MR B 28cm £720, HOBMEHINZZEITLDRE
FRUAEZYIDDER, KEXELHBMLTIINDEY, EZIORFREZANTHASEH
IR 7.

22 TRIF—IEEZEDAE

AIEVAEZ YOI RNF— LB ZERICK DIFET 5720, RIFRMEBUTFIRT O BGHRENE i
RE(FRS)OEPHTREG R URPHTRIES, RTREBRAR1 4 > BEMRER(TIARA)
IKRE S N7z 40 R 65MeV EEEHRRTFHRZ AN T, REVLAEZIRCIERMLV LTS O
BEREZAELZ. UTIK, 40P HTHEOBEL, BREHICOVWTERS.

2.2.1 FRS DEPEFIRER R VAT FRESICRBIT DL ERIEORE

FRS B TEREE (FE4BER) 2B 5 252Cf R Am-Be PHFRIEZRA W =HHETFL
LAEZY BREROERRZ Fig. 2.2 1T7RT. 2O FRS EFHTFHEOFMIL, XM 2oLz h
TWBNDT, ZITREBROATHATS.

B4 BNEOL XM 12.5m, #12.5m T, REWEZOBRNOIZIEPROMBEITRE L. T
DEBEEORKRIE, HEOXEZERITLRD, SBOTV—F U FEKER> TR, BIFEIZZ
DT V—=F 2 FERMNS 100cm OE S, BEH T2 (B8R KD SNKETREL . #F
HFLULAEZFIR, ZORENS 100cm BEN/ZALBICERE L, BEN S OFHETFICK 5 ERFE
PRELE. PHFUVLAEZIRARTIHETFIL, REMSEETIHHFET TR, BRE
DEVIHIBIEA T, BEZRETIAY R, BOXR#RETL> THELE N ZHhHET
HEENTVS, o TERRTIE, INSOREBROEBEER L ZARYT MVOFEE 20
EREARY MILELTRWE (Fig. 2.3).

iz, B RIFICKBPERRZANTHEF VAT OKIE GHERENSREEADOKRE
BEOEY) 217o/. ZIT, PHFLLAT- Y BEMBIIBT 2RBROMEIHEIZ, #HIE<
BEROAE - MET=2 7 NVEICHEAENT WS ICRP Publ.74 27 I REINFAIKERLE



JAERI-Tech 2003-011

H*(10)NDOBRERBERAWTER L.

—%, BPHFICHTEPUTFLULAEZYOREREIIDNTD, Z0E4BEZOBICRE
EINTWBEMNNAIL (Bt : 1640X1500X 1160 mm) %AW EERPHTFRICKDREE
Fole. ZoBPHTIHEOFHMIT, 2B INT NS, ZOHHETFRIT, SEOFEREHE
OHERIRFICL D, EREE FEEENEEMER) O —HBEUF42HETHD 29, &
EOREICIE, BPMEFHERAMRE—RFETE—LARBHRE SV 2RV, BEMEE
MOERENS 40cm DMBIZTHTFLVLAEZYE2REL T, BPHETFICHT 2 0E8ELZREL
7=.

2.2.2 TIARA D¥1 10MeV HEE & P FHIZBIT DB R EDORIE

AR B BTSSR TIARA DB 3BEA A B LCO I—ARREBEI N EREATHTRELEZH
W, PEIRNF—ERFEFIINTEIFEFLLAEZIOREREZBELE. ZOBHTH
DENT DWW TSR 29 21012 TN TNV S,

TIARA HEH @ Pt FIEICRBITHERERKZ Fig. 2.4127R 7. AVF A ruba it ioimgEEni:
BFE TLi #—4yMIARESEBIET, Lilp, ) N LA EREE T HTFERAEIES. AR TIE
43MeV KUt 68MeV DBF AR THEATIH 40MeV RV 656MeV {HiTice — 7 &R - O2f@HD 4
B R 7R ERICAV V. TLiZ—4 v MN99.99% L) EIZ AR B F 2354 2MeV O R L¥—R %%
THEE(BFRL¥—43MeV RV 68MeV iIZX L TENEN 3.6mm KT 5.2mm) THD. LKL
et FII YA 7ubn ARELBNETHEEIRAA LV BLOMOERNIZRITONIZERE 10.9cm,
EX220cm DV A—FE @B L%, ERERAOHRAGCLFEIBEE H(movable stand) EiZ
BELER 10.9cm, BE 80cm OBMOEHaVA—F2BBL THEIRAAVERNICAHFTS. —F,
Li Z—F o BB LB FE—AIZV TV Ry NIV T 757 — Ao T IZ &N D,

ABEIOBEEEREICRVT, Li #—7yhpb 1240cm O BIZFHEEFLLAE=FZREL,
HFERBRELE. ZOMBITEIBAAVEOIREPRICHI=DTEND, BPOLOBERDOELRITD2
WeEZbh.

B FICBITD AR PHEFROE=FLLT,

1.77 5957 —Av T BT E—-LBROMEME

2,238 B BEtEE (Fig. 2.3 12317 % monitor 1)

3.282Th A HEHE (Fig. 2.3 ICH1T 5 monitor 2)
OSBEOPHEFET=FZ AV, REBKBF Y% —F 1L 22 —7(PRT: Proton Recoil counter
Telescope)it L HE— 7SI D P F HEAHERIEER 210 1LY, ThoDE=SEHON LB
LTRILT, AETORKRBLZIRETS. TIARA OEREFHEFFIZBWTRERTON TEH
T, PHFRABOEHIZIE LOY —2ERBEMELAVTUTOA TV, SEIORE T
AFBFE—20/NEL, BEROEBICIV —LAEHFBEEORERELE(LTHHEDRIEN
EFNBTEND, I 2RV 3OS R KB ICLZE=FENLREFT ORI EZRELT-.

HIBEA A EBIIANTS 40 R 65MeV HEAFMEFO LRIV F—ART MVIIER
12.7cm, £ 12.7cm ® BC501A H¥HES > F L —a > Ao 24 & BWERITRMETOF
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B EDRE 29 SNTVWD. LALEMND, BES P FL—3a iy &0 RiTEE
BT & BRE T, RIEHED E— AL ADRB S E0HKN S K 10MeV HEE TOHIEI A
W BIERIET 6~TMeV LT DEL RV E—EBARY ML EREALRET S 2 ENTER
W, BIT, ERBTRLVE—EROPET RS ML ERIETE ZREOSBEM T E XY
ROA—% (RF—HE) 2AVNT, 10MeV T OET L F—HIT BT 5 FHFRIER
R MVERELE. ZOMNETERREALESDEL IV F—EROARY NVEREL, oh
% LD TOF %12 L% 10MeV AED AR MIVBAIERREERET A2 EICED, AiIEMBICH
T ARMEEN S5 10MeV EFTOEEHRIRINF—EHBOBREARY MV ERDBZ ENTE-
(Fig. 25). TITBSNEARY MLEFPFRTOEBRRUSEIC ST 25EEHSE L TR
7.

Table 2.1 FEILRINF—HHEFHEL LTS O LB

%‘_{_#;\_g 7‘\y“_ﬁ jy—y L A=A

DT DEX oAk
LINUS (INFN, Italy) 2 BF; h lem M8, Bk
WENDI (LANL, USA) ¥ SHe B AT 1.5cm M, R
o E B AR 20 BF; & lem 2
Health Physics Instruments BF, & lem M

(type 6060)

RIELEFHEFL LTS *He &n 1.5cm BR
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3He counter
[ Sus cover
Inner Polyethylene
_/— B,C sheet
H
Thicknesses of each layer
c 3He counter
opper
& Sus cover 2.54 cm
Inner polyethylene 3.77 cm
Lead
i B,C sheet & Copper 0.31 cm
4 Lead 1.5 cm
\ HHEH Outer polyethylene 5.85 cm
A Outer Polyethylene
Cable duct 3.2cm¢

Cable duct

Fig. 2.1 $7U—F (&L ATy REBROEIKIX

22Gf or Am-Be
source
Monitor

/

Grating floor

/

P

100 cm

Fig. 2.2 FRSH4BHNE (HPMEFEES) TBT2MEEREZRY
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Additional Collimator
Shielding Wall (Concrete)

Iron Cbllimator
(iron ball and iron sand fillers)

Monitor

/

Monitor 2

Rotary Shutter | Poly-

Proton Beam . (iron) ethylene

@ [|] . Clearing \_ . -
/ e
L Targeti

E Monitor 1 /‘ :

¢ Faradayi - Beam dump- ! . E

: E Cup ! (Iron) , \

: i H H

< 1€ >| H

i 176 cm 220 cm : :

' 1240 cm ‘
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5
10 ?ﬂﬂmllﬂﬂﬂ'rmlr—l-rﬂmq—rmwnl—!ﬂ'mﬂ'—rnmul AL R |uu§
E — 40MeV quasi-monoenergetic source .E
F - 65MeV quasi-monoenergetic source B
10* 3 =
2 i3
o i ik
= 3 i i
- 107 F E
> F 3
o C ]
«© - ]
E B -
3 10° =
o - ]
= i ]
5 . i

1 [}

£ 10 3 — —
X - I Sl 3
= X Rt S ]
w IR ]
10° |- -
-] ;
- A.LMLLLLMLLLHMJ-UMLJ-L“HHLJ-LLMII-LUMHI—LL&HNI—L—LUM

10

6 107 102 10° 10°
Neutron Energy (MeV)
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Fig. 2.5 TIARA @ 40 KU\ 65MeV HEBEFHFEDO TXINF—ARY ML (BREELEED)
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3.5t B
3 PHEFLAE= AR EREHEDCEYN

FEBRZITo 7= TIARA O 10MeV TR, ZL2LBHEATHTHTIRN. £OED,
HEFEFIOTT2REREEED 0L, ERENSHEAMUNOTRTFIILZEFEEZELFIL
DERHZN, COFGOTHEESIDDICFEONSHEROBEITESRS. iz, ERTHE
TELRFELRNF—RICERONH 2 I M5, ERICKDRELT TEERTRILF— K
KT 2N E 2 ERNICTHET 2 Z EREETHS. UEDZ M5, FHRTIE, ARPHET
IANF—IIHTE2FRTF VARSI OREREZPETEAHEIILDRDDZIEEL, 2D
BERBOHEREROBEIIDODWT, DEREEREZHNVTHER TSI & ELE. &, K%
BEEEICLD, 7S OREIRVEBORF 2T, RBLER- 7.

32 IRLF—EERHHE

AEV AT I RUIERB L AT Y ORERELZHET 5720, RFRZESEET T A0
J— K MCNP-4B ZRWzEtHEZ{To 7. S EA&R % Fig. 3.1 1TRY. SHEARIE 3 RTEBKRT
B, dHFLATZINOESICOVWTIIAMEOREL AT OERMEX (Fig. 2.1)
WRLEBEDELETETIMELE., ZOEZFOFRITIT 3He HFIGHREZBRBEL 2B D
track length estimator ZEEL, I estimator IZBFEPFHEFARY ML ZFHETRD .
BIFIZBIL TR BRELV ATV DABRE D D REW, FE 20em OHEZ LZEHREZEEL,
ZOEMNSKBEFHT Z2—RIZ, DOEFTE-LATHFEFLAEZYIZAKI®E. SEIZRBIT
BZHRPOLRINF—ARY MUZDWT, BPEFIIBEAEL, 252Cf HIF, Am-Be BERUV
TIARA @ 40 KU 65MeV ¥BAHRETFHICHB T DHMIFICH L TR, ATEITRL & & ORESL
BIZBF2HREFARY Mlefne. HTREFEICAVWAIHEES 1753, 150MeV
ETOPUFIRNF—IZHIHLZ LAIS0 Y S T75)2AWE. AL, #HEFLAEZS %
HWERTDIEEDD S sHe KU B IZDWTIE, LA1S0 A4 7SV ICBAMINTLWRNWI &5,
N5 OEDHS JENDL-3.2 32 MW\, ZOFE, 20MeV U EOBBOMEEE LTI,
20MeV KB 2WHBOENEAINS. FHEFLLEZIORER, FEEZHEEL L
estimator IZBTBHHETARY MVOFHEHERIZ, JENDL Activation File 33 ISk
3He (n,p) RIGHEE (Fig. 3.2) 2R U TRDE. ZOMEFEICEAL THREIZ, 20MeV ELED
WriE#E & LT 20MeV TOMEBOEZBERA L2, ZORBEIIDVWTHE, AEOHEITERS.

3IETEHER

AEVAEZ Y RURERB L AT DINERFEFMEDOD, INSOEZSVICEL THETF
BXETE 2TV, SHEERSICBITA2PHFIRINF—ARY MLV 2EE. 2T, 57
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HFHEFARY FIVRUZDARY BUZ Fig. 3.2 @ 3Hen,p) RIGHTERZE U TRO = BAL
FINLABHTD OBRHBRIGEICONWT, FFLLAEZIRIOLERITo 2.

3.3.1 PHFZINF—ARIIMABRREOFHEF L LAE=FEDOLLE

252Cf FMEFRRER T 100MeV BEFHEFAFIZBIT S, RIEVATZIRUEREL AT
& DLHIFEHEMBICBIT 2P FIRINF—ZARY MIVOFTERKR % Fig. 3.3 KT 3.4I1ZRT.
Fig. 3.3 5, 22Cf FHEFRIFEICH U TEEV LAEZIRDARY MVIRRKRIL LEZF DR
R MVERERIUE, RUEREZRLTWSZEMHMS. —F, Fig. 3475, 100MeV B
hEEFHREICEL TREV AT OREFRIZERB L LTS DRSS LB L TLENICE
<, RUHBREEANOEENRKZNVWELRNF—EHE TRIHEFRESETO6 FREDENDH S
ZEMHoM. TNEEELV AR TEFINTVSHT ) —F D 208Ph(n,xn) RIGIT &L o THE
RENBZEIRNF—FHFICLDIDBOEEZIEND. —FT, HEEZEL 90-100MeV O I %
NWF—BHIZBWTIE, BEVAEZSORHFRIIERB LV LAEZF LD 1 EIBERL. Zhid
BT —F ko TREPHETFNRES N LD EEZ 5N S.

208Pb(n,xn) RIGKIERRICBIL T, 57— 51 75U ENDF/B-VIS-IZHMI N TS AL
HFILRIIF—30MeV ETORINKEEZ Fig. 3.5 IZ, ICRU Report 633dII R I N
30-150MeV & TO RN ETE % Fig. 3.6 IZRY. I Z°T, Fig. 3.5 1Z;R3 ENDF/B-VI OF—%
i, AWROKRFEEFETHWE LAIS0 1 75 VIR I3 RENEEE L TIHRAINTY
%, /=, Fig. 3.6 I RTHHTERMEREIL, FHEMEEEMERIZ, RINCX>TERINS
FHEFENRUSNAEINREINTNS. 30MeV ETOWHEEERLZ Fig. 3.5 05, ARTH
FLRINVF =0 TMeV LLET0,20) KI5, 14MeV A ETh,3n) Kk &V o7z 2 B LD FHEFI
ERTDRIEIMEZ B Z EAHS. BIZ 20MeV L EDAFFHFZRILF—TH, (n4n)RiEE
o, X0EOPRFRRHEINEZRIENEISELDI1T/2%. 30-150MeV E TOMETE2Z
RL7- Fig. 3.6 5, ZOIRNF—EBRIIBTH2AEEEINEEOMIEZDO DD, AH
FHFIINF—NELBRBICONTEMEAICH 2 DD, BEIXNF—ERTIR1 DORME
TEREINZFHFENE BB ENS, RIBTERSNSZPETFENEL SNIZRHEFER
WMEETEXSE, ARPEFIRINF-NEL BB ONTHETFEREEEIZHEMOERIC
HBHZENHB. iz, ARRFIRNF-2MENHEIEA02)BEORBITEIST, 1K
BB DREFERKODBNIENS, 2EULOPHEFRERT DRI IS TMeV 12
EULORRTFRARTEZIEIRED, ROBMSEZ D2 RPEFNERIND ZENTFRE
N, THBRTY—FORETFHRENREZ>TWS. —F, ZO2RFEFOIFILF—IZH
LT, 100MeV FHEFAFIZBNT 208Ph(n,xn) RIGTER I NS 2 RPHFO T RIVF—HI M
EiE 9% Fig. 3.7IZRT. TS5 T7M5, ERIND 2RIBFOIRINF—HELT, &
MeV U TFOEBH T RN F—DENFHFREOHREEZEDZ T ENHD. ZOZ &, FITE
IRNF—ERFHEFIIH L TEWKELZET S sHe SHREOHERLZED DI L&D, #E
ELTHUEFLVALAEZIDRENKESRD I EZE KL TV,

PLEMS, 8T —FEEELERELATZSIE, Pblnxn)RISICEBELRIVF— T
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DHBEHRICLY, PEIFXINF—FHEFARCBNTEVLENGOND I &%, PHETFHE
SHENOHEET D I ENTE.

3.3.2 HHEICART TR EF O, TXNF —FEREOKIEE~DFS

FHFLAEZY OIRER, EBRIC sHe LFRHEREIC X > TRAEINZ2HHFOES, T74b
B, AHRENBICBIAFHTFIRINF—ZART ML E, FHEFIFXNF—IZ04T 5 sHeln,p)K
EHTHEEOETHIRIERICE > TERTIENTES. foT, ZORBEZRDSZZETER
DRI EREITH 2 LERIC, SREICANTSHHFO, TXNVF—REEORBE (6
&) NOFELEEMB I ENTES. RIFITRLZ 22Cf BER Y 100MeV BEFHTAFITBIT
EHHT L AT SHEERSOIRINF—ARY MVEEZRIZ, Fig. 3.2 @ sHe(n,p) ¥Ei#
ERUTRDE, BAUPRHTFIINVIOAHZDORIGEE Fig. 3.8 XU Fig. 3.9 1RT. #fEL
LAEZY EHERBL AT OEZIEO LB TIE, KIBKOLBIZBWTHRIHOTRIIVF—
AR PIVOBRZRBRLUTHED, 252Cf PHFRIFICH L TIHEFOEMNZ <, 100MeV T
RIETIIRELV LTS DORIBENBNWI ENHERTE 2. £z, FHEREBICART S HHFO,
IRNF—EBHEMNOFEIIDOWT, PHFLATZYOEE 7 —F0FE) DRIFEOHES
ST, MNOFERBNTHRIMETOFENFEEIIZSNI &AM D. T T, 252Cf REK
U 100MeV B EFETFARIIBITZ, REKIZED S 0.4eV AT, 0.4eV~20MeV K UX 20MeV
UL HFOEISEZEH L~ (Table 3.1). ZOEENS, BIMTFORBEIIFEHEFILLE
ZHRRKRBEOBEIZL ST, RIBKEHED 91~93% % HD TS Z &AM D, PHILRIILF—F
HFAROFEIIBNWTY, SAREOTFCARINIAPHEFREE T LN, PHEFLLE
ZHDBERHIIKESHEERITTIENHS. —HT, 20MeV BLEOFHTFIZL 2 RIGHK
1%, 100MeV FHFARDOBETRIGKEED 0.1%U T EHEHITDRBRNIT ENEHS. FHRKIC
BIZFUFUALAEZY DI RNF—IRESEICBVWT, —HMOEEIZH L TLER 20MeV £T
OWEMEIA 7SV EBEALTNSA, 20MeV U LOFHEFICIDRIGEKIIIEFEITNEL, Z
DA TN BERIZEZEEFEMICBITI2REZBWD TANINEEZLENS.
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Table 3.1 HEETORBEITEDS 0.4eVELF, 0.4eV~20MeV KU 20MeV L L

OHRHEFOEIE
(a) 22Cf IR F
En<0.4 eV 0.4eV ~20MeV En > 20MeV
AEV AE=S 0.926 0.074 —_—
PERBIE=H 0.923 0.077 —_

(b) 100MeVEE & i+

En<0.4eV 0.4eV ~20MeV En > 20MeV

AEL AE=H 0.911 0.089 0.0001
R il et 0.912 0.088 0.0007
Y
A
Surface Monitor
Source
Tracklength
Estimator
Neutrons (®He gas)
> 7
Neutrons
X
100 cm

Fig. 3.1 H#FLATZFILEREFEER
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Fig. 3.2 3He(n,p) RIGKTEFE 39
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252

Cf Source

New monitor

L L L A Ll

------- Conventional monitor

A0 01
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o
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E
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10° 10°° 107 1072 10° 10
Energy (MeV)

Fig. 3.3 22Cf PHFRFEARICELS, REVATZSIRURERBV LAEZS D
SHe St BB BT 2FHFIRINF—ARY MIVEHEHKR
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Fig. 3.4 100MeV FHETFARICE S, REVATZSIRURERBE L LAEZSFID
sHe SHEER BT 2HBEFIRINF—ZARY MIEERER
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Fig. 3.5 LA150 TAHHHFIFRILF—30MeV LLTOMEEE L THEASHTNS
ENDF-B/VI Z1 75 U O 208Pb F¥EFAERR R IGHTEFE 30
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15 I I | | | | i | | | | I | I |
B 2°8Pb ]
B Neutron Production Cross Section i
- cmemeae- Nonelastic Cross Section 7
10 - -
5 - —
0 | 1 | 1 | 1 1 1 1 l | i 1 | I
0 50 100 150

Incident Neutron Energy (MeV)

Fig. 3.6 30-150MeV T ASHIC BT 3 208Pb DT 4 FRUTTE 1K 39

ZTITRT T ERBERICIE, ThEehoRIGEE#EC,
RIS L > TERSNDPHFRERARLOENTNS.
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10 3 i ] ' | ' ! ' ' ' 3
E |*°°Pb(n,xn) for 100MeV Source
100 — E
10.1 - E
107 | I
10-3 1 ] 1 ] i L 1 I L
0 20 40 60 80 100

Outgoing Neutron Energy (MeV)

Fig. 3.7 100MeV HtEFAHIZHBIT 5 208Pb(n,xn) KIS THERT S 2 Kb EF
IRV F - WEE s
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Fig. 3.8 2CfBRRPHTFAFICELS, AEVATZIRUGERBILV LAEZS D
B PHEF IV AHD sHe 5HEE RIGE
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Fig. 3.9 100MeV H#FAHICL D, BIELV AT RUERR LV LAEZSI D
BfrpWF 7T A H7 0 3He FHE RIS
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4, FERKEOELE

BIEICRAREZHEICKD, BIEV AT RURERE L A2 5 O T RIVF—IRE R 2 5HE
U, INEEREEHRTHIETHEAEORELZERE L. i, fEL LTS &REKRE
VAEZY OIREREOHEETD LEBIT, TNSDIRIF—INEREZRBREREK ST
L, PEIRNF—FEFEFLAEZ S E L TOMREZFEL /.

41 PHEFLULAEZAD IR —CERSLERTIBEBRERY

HEVAEZIRUREREIL LTS O, BEEN S 150MeV £ TOLHREIO FHEFITH
THLRNF— AR HBERERREERTEZIET, VAERZYOIXIF— Ak
FMEL . A THRLZFEFLATZSIE, MERERICBWTEREOBRF BT
DHEBRZAETBIEICRS. Z0D, BIFNF—FETFIIHNL TSRIRSERNER
BizoWwTkEZfT- .

ER T ICRP1990 &1 & DAY, FERR 18 4F 4 A ITHREBRERN LIRS RIEA DK
Exnfz. ZoHT, ABEIEICETIHREE LT, RERECHER ORELER EHHNREL
HEEFDHRICIGER (EVER) 2, EoYV /OO ORBICIIERERENAIEEZERE
BOEZYY DV ZIEATREYE, BAT=YY CVICIEANGRERYE) 2HVWSIENE
Do5N., IOESREZZT THINAHEISBEROAE - #MEY=27 ) (GHEFHELE
Bty — %) TR, BOEZF UYL TAWVSRERIIHN L TRATKREYE H*Q0)~
OHMEBEFRREZRWTKRENOREREZEHTZ L ERD, 20MeV UUTOHFEFIIHNT 2H
H{#% & LT ICRP Publ.74 iTR& Nz H*QO)NORBEFEARA S N7z, Fig. 4.1 i ICRP
Publ.74 \SRE N/ H*QO)NOBREREZRT. —F, EMEGTETRBERE L TOEPEE
DREBHREBEVAVSNS. EPRENORERBERRIFEFOAFF AN T EFHED
HBIENS, BHEGFICL > THERKOMENRZLD, ICRP Publ.74 IXBWTHERO RS
DFA M) —BIIBERENSASNTVWS., £IT, SFHFIXNF-IIBVWTRKEERS
ZHBREFICBIZEDERANOHEREZ DRWEREEZ, EVEENOHRBEREORAME
& U T Fig. 4.1 ITRY.

20MeV LA FOEBICHIT 2 B*QO)NDOBRERR EENRENORBERK EOLBICEL T
FRERZ AT 4VETRRENTB O, PETFOIRIIVF—EHEICK - TIIERSHIC AP
SEIZBTEEPRENH*10) %2 LEZHIVHE5NS. LnL, EROREICBNTIIEELR
BEAEIENOBHEDARY MV ERB T EMNS, H*QORENRE L LB L THREZ2M O
BE5x, HYQOZRWEEZS U VIV NEDREEZB/NMETI ZEEBRNEZEZSNTNS,
ZDZER, EBOERIIBVWT, LAEZSITHEINZ H* (102 TOEEENRERICHAIHE
A5 EREHRETHIRAMICTIZ> TS,

PEDZENS, AR THELEV AT TSRIIHKERBHEEITDONT, 20MeV LA
TFTobFicH LTI, REVAEZIDR—ZAER>TWBETHERD Rl FIAERRET
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HRAINTVIHBEDOLVLAEZY LRAROINEEEAD T E2FREL, LEXZ a7V THRA
L TW5% ICRP Publ.74 ITRE N/ H*QONDOHMEREEZSH I & & L.

—75,20MeV A E QP HFITHT DB BHALEITDOWTIE, ICRP Publ.74 iIZH W T 201MeV
ETO H*(10 XU 180MeV £ TOEMREICHTI2HREREAIVRINTNS. H*QO)NDHBRE
BRI, EROEK DT 20MeVELTIZBIT2BERKELTHEALZZ EN S, RICTINE 20MeV
D EOWMEREE LU THEALZESR, 20MeV T EOEGEORSMNSIIEBELPDPT V. L
L7a5, 20MeV AEOFHFIINML T, EPRE~NOBREFEISANTEFIRINF -0
MTAEVEREMT20ICH L, H*QONOBREFREIIAR I RILF—OEMIHE> THD TS
TENS, HFQONDHREBERKIIERENOHRERKELEBE L TB/NERS (Fig. 4.1). HE
DEDNFRDBKEV 150MeV IZBNT, H*Q0NOHREREKIT PA RHF BT 2EVREAOHRE
BRED1/2UTTHSD. Zhid, 20MeV LLEOFHFAHTIE, RIBICK>TEREINS 2
REGBRTFORENEL, ICRURFIZBVWTHES lem OB L D BEIZHEWE TR FNIX
NFE—2fFE5TENETHD. ZDLIIT, 20MeV UL ETIE H*Q0O)NDORBE LI EDHBREA
DOHBEHRBEUR L TELAOEREZEXRNVWIENS, BEBRHBOBSNS 20MeV L LD
FHFICH L THQONOBBEREEZSR T2 LGB TRWEHB NS, —F, EPEE
~NOBBEREICEL T, J-PARC QERGHEICBIT 2REREREELTRAVWSRTVS. K
ILZN%E 20MeV A ERBWTEZI NSRBI IKRERERKE L TRALEZEAITE, H*10)
EHBLTREMDEREEZ D EEDIT, HROBEWREITBI2HEBREOBEHOBES
NOEZEIDBVNWEDOERBDNS. UL, EPKRETOBORBOT=S ) L FITAVWSNS
ERETIIRL, HHRGEREZEDZ DD, AMEPIIREIN-HERTHLIEND,
20MeV LAFTH#MA L7z H*(10) EEHMRBSHEIIRWN. 20720, BELEVLAEZIDIX
VF—ER, 20MeV EAF T H*(10), THLETREMREE WD, BHORR3 288D
RERBEHRICETS LV ATZY &30, 20MeV L EOHHFREZICBIZIEREZIORE
R (RRINKRER) OFBNHEICTERY, LW HERITERS.

PLEDE DT, 20MeV A EOREREREEL T, H*UWORUVENREOMNOBREREE
BRLTHRETIIRWN, $RNICE LS 2 7V ECBWTHREREREKHEREOIRRIH
FINBELEIATHDN, BRF[CBWTSHEINEHREREDVLETHS. £IT, FHAK
BIZEEL AT TERIREBVEBEKIIOVWTRELEKESR, REVLAEZYORTHE
NEBROBOKREBEZE/NFMT D I &L, BLREUOEREEZ DTV ERDIIREHT
ZIEEREELEX, 20MeV ULEOFUTFIIHTIREBEREKE L TEDRE~NOHRER
BESRTZENS, EEMMDTENRHNZ2Tok. TOHKE, ZOEZIORTHEER
i3, 20MeV AT OHEFDADBITBWTIIEROT T L LTS EREROEREEZ D7,
20MeV U EOFHFMRETIHIIBNWTE, ENRECHL TRLHOEREEXB VLT
=, EWS LG EPREBERAMEBRETFINVERAWTHEEIND 05, FHTFOA
AR T 2EEMENSH U, ICRP Publ.74 IZHBWTH 20-180MeV FHFITH L T4 EHEOM
HIOAA M) —BIRERENEXSNTWVS (Fig. 4.2). AP & (AMERTAD S OBE) 1T
BIIHBEREL, 30MeV UTOEB THOBNEKETOEELBL TRAERZS X3,
50-150MeV IZBWTIL PA & (AE%FHNH S ORE), 180MeV IZBWTIL RLAT (AEHH]
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S HBH) RECBTIREREMBRAMEEEX 5. 50-180MeV O TRV F—HIKITBNT,
AP & TOREREZ, BAELZE5X2BREGICB T RERK LB LIZER, 2-18%EN
ZEDH o, BRAKTIE, BEEZENMNHMELAZNWI ERFRIKEAZIEEL, ELDOIR)
F—BHIEBWTRKEEZEASBHIA A N —TOEEEDBRENOBRERBELTHNSZ
&L

42 BEL LE=AREICE TR0 TS OEBRUEZORE

RIEVLAEZYORFHIBWT, BNT2H7Y—SORBRVESIKEL, $##FLLAEZ
Y OB E 2T TRILE.

4.2.1 87V —F OECERE

RIEVLAEZYOBRENIBNWT, BB AT YOBOREZENLDD, BIRINF—H
BHFEET DI, BEOHMBERESEADZILORWIBIIATY —FERBT 54E
NPHD, R—RAERDERBMLAEZFCBNWT, ROBEEBETEZ5HAE LT, SHe 3K
EONE (RBR) ZF L 2 BEMBOAR), SMIRY TF L RBEMEDOARIB 5 NIZEDH
BIDE 3RS S. T TR, MOBZE 1.5em EREL, EDMBICERET 5 OHMERER
DOhE, T —FENOHENRNZHE TR F— BRI BT 2 INEEROFEET> TH
M. 100MeV MAFHEFARICBWT, HOBONEEZEALBSOBMFHEFIINI R
B0 ORSEEEZREZ Table 4.1 1TRT. HERREOLEDZY, MEEEL TWRWRE
KEIL AESY OREDHETRT. TORENS, SMIRY IF L EEMEONAICERL
B8 (COMNBEIREBBLEANSAHT, FRMAEEYTS) KBRLBVILENESNSIL
BHoTe. £oT, RIELVATZYORTIE, ROBEMOEEX D BEVWRIEZENHFT
%3, MIRY TF L BEMBONNCERTS L& L.

4.2.2 $p7V—F DESHRES

RELAESFICBWTEMLERTY —F ORI DWTRELERS 2D, #T)—FE
X EBAFBEOFEIINFE—ERTORHTF L AT I SERBMERZEE L. 100MeV B
PHFARICBIAREL AT Y OBHAHTF INI O AH 70 ORISKOGERKREE Table
42 VRT. COENDS, RAOEIMETICONTHEEOREEK (FHFLLAEZS OKE)
LETHERIC S5 C S5, REVAESY OBEREE LTI, BERS SPETRIL¥—
ERETOERAERC BN TRBRERSEERT I EARD5NB. 22T, RHBOR
EREEFS BCHRIEIC B BB R REITEL, RMEVATZIO, BCfRRICBTBIHE
RT A PE TN FE—PRETIINT BREQL, BRABRKICEITS m0f HERICHTS
B BTN F— P ETFIIRT A EROEIGENS ENEETHD. HOBEIEELI R
Ba O, 20 BIEIZ BT BIREICKT B 100MeV FHTIIXT BIGE D% Table 4.2 ICHFE T
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RY. 22Cf BRICH T 5 AR B L BAOHE R L 100MeV PHETFITHNT 2 EBRENDR
BHEKEOHMN 140 THZOIIHL, MOEETZ 1.5em &ELBAIT 1.39 ERBIEWE (th)
BESNEZIENS, BRIEOVALAEZIRXBVWTHT Y —FOBOES % 1.5cm &5 Z &R
BWTH2DEHML, RetzefTolk.

43 TRILX—IEEREE

BEVAEZIOIRNF—RERFE LI FREFEICLORD, ThERRELLEKTS
CETHBEREORIEZ{To/k. -, RIEVARZY EERBL AT OREREOLEE
T2&EHBIT, INSOIRNF—RERFEEZRERBEEREEERL, FEIRVF—EENG
PHFLLAEZY ELTOMREEFEL =,

4.3.1 IGE R HEE EREE OB GHERE DRI, HHEONME)

EoBETHEONEREVAEZIRURERE L AT Y OINERERERERZRANWT, IHEH
HEEOBERI 2T o7, HEEEERBEOHEER% Table 4.3 1TRT. ERICK>THES
NEFHEF UV LAEZF RS sHe SHEEOEBROGHER () 722, SFEICI> THESNIEER
SHe St BB ARIEETH B NS, T TIIERME, SAEEICDWVWTR L4 25:Cf RIFICH
IERRZAVWTHERILL, £BE, SFBEThTNIIRLNERE 2520f METOBRICH
THHTERL, COhRERBETHIILICIVERBEEFARMEDLBE L. Table 4.305, X
B AEZY THERTREL 20MeV LT O T RINF—EBRNICH 2, P HF R Am-Be FHF
BEIZHL, RIEVAEZYRUVRERE L AT DEANICBWTD, 22Cf BIETORE THRE
LU EBEEHERRIL, EREZ 16%INTHERETES I LKA TEZ. —5 T TIARA
D 40 R 65MeV EEAHRHETFICHL T, BIEV AT FHBERERIT 15%LA, EREL LA
EoVHBEHRII%UNTERELZFRTED LR TE. DEMS, WEREHED
BEEZERICES> TRIETERIET, FHEXIVPHFLLAEZ IO EREEZRELCH
MTEDZ LEMBTE .

4.3.2 RV AT = EPERBIL AE=F DS ERFED LR

BEVLAEDY ERRBL AT OARPHEFIRIIVF—ICHT 2INEREZEET D20,
INSOREDLEERE, FEETNTNRD (Table 4.4). TOKR, BrpikT, 252Cf
RO Am-Be FHETFHRIFEICH L, BIEL AT Y ERERB L LTS OIREIZERET 13%LUA,
BEETI A%URT—HITHIEMN oz, ZOZENS, RBLUATZIORME@ETDH
BEIIINF—ERFETFIINLT, RELVLAEZITBVTREZER L I EICLBNERE
ANOFERFRERL, KRB AEZY ERAROIXNF—IEERFETH B I &N, SFREUE
ROXGDHRENSHATE L. —F, 40 RV 65MeV EEAHFHTIIN L TR, RIELVAED
5 OREIHRBE LV LAEDY EHERTENEN L8RV 2.72.8FFH W I ENERRUFHREORS
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DEBNOHRETE., ZHRTRMETHRNZLD1C, #MELVAEZFIBWTRAT)—F %
#FE LI ET, Polnxn) RIS E 2P FHREEDR THEE AN T S ETRILF—P TN
ML, ZORETHFLVLAEZIDBENELRBDTHS.

E7-, 40, 65, 100 R 150MeV OEB LRI F—FHEFAFICHT ZREL LTS L08R
B AEZY OIRESEFEZREOLERD, Table 4.4 ZHETRLE., ZOEENS, 40K
O 65MeV BAT R F—fFIIXL, SELV AT R L AEZS LD 3.6 KU 5.0
ERWLENESND Z L2 5 /z. TIARA OEEAR T, FEIXINF—hHFLETOFHS
T, BIFRNF—FETFIIEAFEDREL TWH I ENS, BEARIIBITS, RELL
FoYEMERBILV AR EOIRERIR, BATIXINF-TORRITHERTEL B> TS EE
A5N5. £z, 100 KU 150MeV BEL R IILF—IZH LT, BEVAEZF T 5.7 kU 64
BEVWRENELSNZI LS, FEIIIVF—ERIIBVNTIRNF -7 RZITONTH
KBV AEZY EDIREDENIEKT 2HEMICH D Z E¥- 72

4.3.3 MEBRBLEELOLE

RIEVAEZY EWERBIL LAEZS O, BEEHN 5 150MeV £ TOLH#R TR IVF—HEDF
HTFITHTRNEREZ2HEICX > TRD, IN2RELERREEKTZZET, FHETFLA
EoFELTOMREZTFMLE. FETFLLATSIRERELREREREZERL -EE2
Fig4.3IZRY. ZDFIT7IZBNT, FUFLAEZYDINEHFHEIIODVWTIREMINI X H
ODORIGETRL, T 2RERERKI »2Cf BEICBI2HBRETHEBLLAZEEZ Oy
L7z, ZORMNS, REEBMLAEZS TIE, 20MeV UL EOFEBICBWTRERHMHIIELLE
TL, EZ0RENOHBERREDOEDLENZHEMICHZDIIHL, HAELVLEZS T 20MeV
U EOEBIZBNTHINERFMEDE TR, ERBNOBRERKZR<BHRT S I L4143,
OBITBIT S, 25:CHRRICBVT DBRTHBL L2 20-150MeV B TOHHF L LAEZS
B EMBHRERKE LB LU/-{EE Table 4.5 ITRY. TOEEMNS, ERELLAEZI TR
20-150MeV OFHEFIZIN T H2REBREREK E B L T 0.16~0.40 f&, TRDLLHKEEMEREKD
1/6~1/2 AFRoizxt U, BIEL AT TIIRERBEREICHL 0.78~1.04 %, $72b b 22%
DA THREBHRERKEZEI<KERTELZ LMk, TNSOEENS, RIELVLATZSE, #
KB LAEZY TIRBOKREREZE/NEET S 20-150MeV OFEFIIE B HIEBEREE, BN
FBETHET S ENAERIRNF—INEREZAEL TNWD I ENHETE.

44 E10MeV FHFBICEVWTHFEFLATZINEZIIRBELEBOIBOKRER L OLEE

FHTF L ATDY ORIER, SREAHREIR 252Cf R 241Am-Be 72 & ORIRE 2 AW - P TREES
THELERNS, SERREBERROUERZAZEHNT HHEN BRI THS. EROERK
ZBNWT, SERIELEPEFLLEZIOREDBRRE LV LAEZS LRROAETITONS
EMTFREINZIENS, TOREBHETRESNZFET L LAEZSI K 10MeV sREFHET
BIZBWTEHAZKRERE, EROBORBREZUK TSI LICKY, BEARKICBISHAET
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FNF—FHEFIIRNT IV AR ORBREATHEELERNICHRETAIENTES. ¥ T,
252Cf #RIR Z V- FRS SRER TRIERK LB KR ERBR EDLZHAWNWT, TIARA OF
HFHTHUESINERELV LT Y EMHREV AT OHKREHRER (DHFLLAT=YH
HME) ITHREL, TN %E TIARA FHETRICB T2 EROBERR LB L/ (Table 4.6). 2T,
252Cf SRIRIC & % FRS B TOFUF LV AEZIREC BT 2EERIT, BRUIBICBITSF
HFREEEN NI TR F—ART ML E, ICRP Publ.74 ICREI N ALBERYBADHE
FREERANWTKRDZ. £z, TIARA OFETFRBIZBITIZRERIIDONTIE, Ty BHAABICS
JEREPRTORELNCIRINF—ART ML E, BEREFRE (20MeV UT2BEIHKE
LB, TNHULEEBRAEEZSASHRFHTOEDRE~NOREREK 2AVWTHELRL
T, TIARA ZERICBITDMEROE—LABRICEL, P HEFLUVLAEZIOBAEE LEOEEN
BNEEZSND 100~140nA ICBVTI2ERELZFEA L. AERENSROZBREREB OB
BROKENS, RBEVATZIRCBWTHHERLZHERERICRE L ZERIT, 40 R 65MeV
WEHEPETICBIT2EBROBOKRBRIIHL T, FNEFN0.4ERV0IBOELNEZLT,
BOBRBREEL B/NHELZOIZHL, BEVAEZ VBV THEREZBRRICHEL -
HRIL, EROFOBRRBIIML 10%ANT—BLEZ. ZOBENS, REVLEZSIL, 8k
Bl AEZY EARIC 220 RIEP Am-Be RIRZAVWTHER EBBRROBBERK 2B TS Z
ET, B 10MeV HHEFIH L THODHEOLIWRENTETH D I ENHRBTER. DT &
5, BIRINF—BFINESFER BT 2EREELH TORBFMEICEER 150MeV ETOILXR
NF—FERICBITIZEEDOL VP TFRERAENHETE 3.

HiZ, M) F—fEFicgl T, BN THREFBEI-RERAVWESIalL—a 8t
BIZEDIRINF—EEHHEZIMT 2 E L HIT, GeV 7 5 ADIESRER BT BInERHED
HEZRFL TNS.
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Table 4.1 #7V—FHE L LATZYDORIEITHBITS, 100MeV BEFHETFARICELS
BABHUFINIOASEDOEZIRIGED, 7)) —YORBICK 5

TV —F DALE BT BSF I RS RIS
(R J#% cm?)
*HeFH & DMl 3.44
SMRIRY = F L B DRI 5.80
SMAIRY = F L BER DR 3.69
STV —F L DEREE=F (B RIE) 1.01

Table 4.2 M7V —FFEVAEZYOHAEITBNT, 100MeV BEEHETFARICES
MOBIDBEWVWICEB VAT RIGEO S (B BE{L#H)

DS BT hEF 7L R BLCHRIR T O BT BUCHRETOR G

(o) &;T:DBZE\%I FHEFTINTUABHTEY (21t 5100MeVARIE
(¥ cm”) KRS8 (RAS%k cm®) TORISEDL

0.0 1.01 4.25 0.239

0.5 2.62 4.21 0.621

1.5 5.81 4.19 1.39

2.5 8.94 4.16 2.15

BRI R A AR RS E~OREZREII T 1.40
100MeVIRIRIZ BT D EDBRE~DBRELE O :
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Table 4.3 IGERMEFTEME S EREOLE (K4 D 252Cf R T DRER THREAL)

(a) RIEL LE=S

- 252 B NG
s REHRE Sommm  GEERE Scomm AR CORR
N (Em& sz) ?ﬁ%“ﬁ (count sz) —Gﬁ%'{t {Ea%ﬁ{ﬁgm
Thermal 0.0715 0.0171 0.0700 0.0203 0.842
e 4.19 1.00 3.45 1.00 -_—
Am-Be 4.44 1.06 4.21 1.22 0.869
TIARA 40MeV 4.67 1.11 3.34 0.967 1.15
TIARA 65MeV 4.93 1.18 3.68 1.07 1.10
(b) ERTL AFT=H
252 -
. BEHEE Sopmm  GERRIE Scgmiy - oRRCOBR
i (Ris#k cm®)  THIEL (count cm?) THEL Jresiet 1@77; i
Thermal 0.0742 0.0175 0.0626 0.0158 1.10
B2of 4.25 1.00 3.95 1.00 —
Am-Be 4.97 1.01 4.25 1.08 0.93
TIARA 40MeV 2.54 0.599 1.86 0.471 1.27
TIARA 65MeV 1.83 0.431 1.30 0.329 1.31

Table 4.4 FIEV LTS LERBL AT DIREDLL

HRIR EEE HEE
Thermal 1.12 0.96
B2of 0.87 0.99
Am-Be 0.99 1.04
TIARA 40MeV 1.79 1.84
TIARA 65MeV 2.83 2.69
40MeVELE, — 3.63
65MeVEL &, — 4.97
100MeVEL &, - 5.73
150MeVEL &, - 6.40
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Table 4.5 20~150MeV T AFICBIT D VAT YDA LBREREREOLE
@2Cf RIFETORER THEBRIL L 7= ED HB)

() RIEFLLE=S

RELVAE=XIRE REBERE
S BB 252 - 252 .
(MeV)  (Reaction cm® * ﬂ:fj' s (B K1E) LEESRELYE EoFNEE
e (pSv cm®) ~DOBBEFREK BREREOL

20 4.40 1.05 480 1.35 0.78
30 4.60 1.10 458 1.29 0.85
50 5.11 1.22 444 1.25 0.98
75 5.42 1.29 459 1.29 1.00
100 5.81 1.39 477 1.34 1.03
150 6.30 1.50 514 1.45 1.04

(b) RERRIL LE=H

PERBIL AT HIRE REBRERE

252 EHREYUE PcqamEic -t 5 BUCHERT
Energy ISEHERE  CRRTO  SoBBEM mmgmcEml @bl
MeV)  (Reaction cm?) IOV OB (BRME) U rEmmBME e dSEL

{ELTCIS® (Svemd)  ~OBEEH IR OO
20 2.32 0.55 480 1.35 0.40
30 1.62 0.38 458 1.29 0.30
50 1.21 0.28 444 1.25 0.23
75 1.05 0.25 459 1.29 0.19
100 1.01 0.24 477 1.34 0.18
150 0.99 0.23 514 1.45 0.16
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Table 4.6 TIARA FHTRICBIT2HEBRAEEE, P2CfRRICLIREBNOERM S
MELLRERE, ERICENZTo7 TIARA OBOKRER (BORETIEE
BRUART RV EH) LDt

(a) BUEL LE=S

Mg Es EOPET EoFEER EoFEHER

BIR E—A 7/}/::‘/(1>$7be MNHROT- ﬁggﬁji&bg o
CERiD ROT-HRER REE ERRLOH,
(nA) (mSv/h) (mSv/h)
TIARA 40MeV ~100 1.03 0.939 0.909
TIARA 65MeV ~100 1.35 1.39 1.03

* 252Cf@ﬂ?bf:§+¥k$—ﬁ§i$?ﬁﬁf%&%{fﬁﬁ LTEH

(b) PERBIL LE=H

mEEE  ROPHET ToFEHER EoFEHER

R E—h  TAILAEDS  BDROR ﬁggy’g@
| Bt RORER B PV
‘ (nA) (mSv/h) (mSv/h)
| TIARA 40MeV ~ ~100 1.04 0.460 0.441

TIARA 65MeV ~ ~140 1.96 0.606 0.310

* DICICROIF S E - REEREREEERLTEY
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5. &

B - KEK MR TEREL TS KEER T IESEHEROBGRERICEL /=P HEFL LT
“HYDOBRREBMNELT, RV ATV ER-AIHROBEMAZ ZETHREIRINF—F
HFICNTIREEEE2RELZHRT) —FFEPHEFLLAEZFZRELE. CORIELLE
ZHDIRIINF—RERFEIIDONT, BIXINF—N5 150MeV £ TOLRZAFNFEFITRIV
FIIHTHINEREEPHETFEEFECLDIET L EDIT, BIRNF—05 656MeV F
TOFEFHEERANWTREREZAEL, HEEROBERILZT /. BHELLAEZSF &R
B AEZYOREREOLRENS, BIEVAEZY DI RNF—IEER, ERBLVLAEZSIZ
HE5NB 20MeV UED T RN F—EBICBITDIREBEDOEBRAA DR, BIRINF—05
150MeV £ TOLEERPUEFIRNF—IIXM LT, ICRP Publ.74 DEIKRBUBRUIEDRE
(BRAEZGASBRAEREICBITLHE) ANOBREREEZIBHHEHTED I LAHRETEL. £,
WERDBHTF LV LAEDY LRI, 22Cf RBIC X 2HHFREERZAVWTEHEL AT OKIE
21TV, 40 R 65MeV ERBTHTFRICBIT IRBREZHEENSEH U LHER, EBROPH
THRICBITZBRERIINL 10%UAT-RITHHERNGONIELS, FRFAELZFHFL
LEZZIE, ¥ 10MeV EEAFHEFICH L TREORBWREBRAENAIETH S VBB TEL.
DEDEENS, RELEPRFLAEZY QTR —INEHEIIMEREZAPETFL A
EoFELTOEEMREZZERTERIENERIN, ERALOELNDN .

E IS

FHFEORIET TIARA IZRBIT2ERIL, BEH - K¥E7OP o) FERPAR TRBFinESER
BT B RHBRR LN ICET 258 0—BEL TiTbil/z. TIARA OIEMERICB W THEHET
HWEREZEFLEEBAERME—LABENBARE RIFIERRILERNIEEZER Y v 7 OERICESE W
7ZUET. £/, FRS FHTFEEZ BT 2INEHHRUERRIIBVW TG HZWEEEE LR
REYETRBEERORASY v 7 DEFKIZEHRHNZLET.
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