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i . m & <r> m m 
Opening Talk 

Kichinosuke HAEADAf 

i3^#fc -i,Il>*t. 8Ff-*ffl«J:'5ttJlft6|e«ttftfflBf^K*i^T:tt,.ilSSS-eio|Ui*aEtt 

t H * S ' ? ^ W 3 £ 3 T , Japan Atomic Energy Research Institute 
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2. &7^?Mmm<7)t:ft<n%rmmi%i£<nmisi 

2.1 &immm&to&&**tobix 

Introduction to Nuclear Cross Section Measurement for Evaluators 

Fission Cross Section 

Toru MURATA 

Explanatory description of nuclear cross section measurements was 

made for the nuclear data evaluators who were not familiex with the 

experiments. 

Principle of the measurement, neutron sources and radiation detec

tion techniques were explained generally at first, then examples of the 

measurement system, data analysis, present status of the measurement 

uncertainty and future problems were presented for the fission cross 

section measurement. 

1. tt * 

^mraicmaffifflfcij*'*̂ *, u^^rvr*tf««:iT?*t). ctitsofsn-e^mtfimm 

aOi'-i/lcSMfSixT.nSo 
HT*tt . ••faMWffittfflfRttif*-«««£«-«, ||&9WriEftcDM£&Kot'-ctt£*«. 

".* B^RtTftVMt (flOV: Nippon Atomic Indusv.ry Group Co. 
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2. Ksn»x%a>*« 
* 

:f«f**Afc*K»*+tt :fT?JSBL. *©t£S£l«3t tS i ra4+SlSKi6®»** i r * -S£4' 
K«fct>»fBB#»&ttS. + t t : f *A»e.» iL fc+t t : f l i . HftKEISKJifctfJStt. tSBJEWJ.® 
a5»7?fefitSJ6*ieL. @W4**££&©fflSgKff* L< a w < * * ^ v v K * £ • ? * . ZC 

^Sfctt, K t t f c a a + S + t t ^ f c t m u *fttfJgffl&¥a££ffl^T#»&ftS«,-Bra.fc+S«E 
Rjfi*tt*©RJ6ffl*ttHfrl?ttKU * t f f i t t *a i f * f l i ^T l»&h* . 

»ic#**i5^ft^saifi8ftt*ttT*o8flcJt^^-5o as*r®«(±t©it0l)£tt.t LTJg* 
sn*©-?, *©ttiiSJE*:£-*tt^^i«aat!i^LT*toe»n5„ 

»riit»lfiKffll^n«««Na*tt :F««)-«*Table 1 KJF*U "+ttJF©»4tt«tRJ6 

*tt^*^'-"'^fC|S*Lr> fltirftlU] (Time-of-Flight: TOF ifcKSttS) T?*©x*./i/ 

m-x+^^-^tt^stt. taag*ffli*TWfa£fflffi*B:f*?6£u (Prn)Kjsat* 
Kit) +tt^*S6i+i-fe©*^<, ^4*tt?ox*^**-0*J»Ji^**4^0]!)nJ«x*^+' 
-$**.Tfrttfrtt*<, c o l i c ( r ,n)SiSKii feo , IS^^*^oiiax*ji/*--+tt^F 

TOF a i a s t O f l i , JnaSA>&©-"f^xtt^«e^fflRlSKJ;t)+tt:f*'^i'.xttK|iS' 

4. +tt?iM£& 

+tt^©«iJ^«. *ms+t?©+tt:FfflSJ67fttnisnsfif*a;Fai**«i3eLTft^*tt:f 

+tt:f*llj'gtt*tt:f©«ERlS*ffl^'«.ffl-P. #tt?5fc©»#tt£#to*>ttoKli, *©*f® 

jBLT ŝffl-e, *©M^Kit)+tt^ie^iffltt»it**»s2:4*<ia*So 

©*")***•*s. ^v^v^-x'^ii*,ttT«.©iiiB'*-5'v«,'j'*j|f«T?H*i 1*4/,.»:*©#&? 

- 3 -
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tftt^ai^&cDSiJ&.S-Table 2lcJjvfo 

5. ttaS4*tt$ 

fe—lttW«t><0li««lffl"e*5<. Fig. 2(c-to«i:El5-^f0 Ellc^Lfct>oliback-to-

back fission chamber t ^ i t l * *>©-?, 1 tfcCD|^*^^-CD*Wcr Jt«.5«1ilK*tt 

# £ # , H«fKffi#o8i»a»*H-«[L. S » a J t * 8 J ^ L ? S J : ? l c « o r o 5 . 

StoKiiWKttW*•*?{**£tiso-e. •eo*-c!o^^aM-offiUR*1»tfe.n«^0 t o R « 

» £ g t t S „ «r>T. #£8fctfc3§©3!l$(i, HCa»ief**ttej:„T, t f c i W F * * * * -
lc«fco-C$5<li(!:«5o **ttJ&*a<90#ia±<Dlfctb8T?**ltf, * t t ? x * ^ + ' - | c ^ f 5 
ttffttli 1 ~ 2 5B-C* 5 1 Ifbft-CH So 

pig. as ""ucD^^asfBatay^opj-c--21. #«=?£*?« LINAC-emu *tt?«nus 
tt*Li ^ 5 x j / y ^ i / - # a f f E I U » ? J t M l t t W * f f l ^ - C ^ * 0 ccDHlcji, e.n&ttlWt 

St*ffliSS(i-fe*o (zero-discrimination)*-C!^.j*LT*J65-iMI*s*5o 3*8, t©*Mfil(±tfc 

#5fc" t t4>t t^££A^*L^ 0 COfcto, Black detector ttSfe(0*<MIBS*lTO5.'e:CD 

ttfflH*ffiffllfc*J£*&3>*Fig. 4KJjrf. tfcfflS£LTJfc«WJ:*:£tt7 ,5x*^S':>* 

TV->x/f hftlc«fcS»l!tCDW|4)*Fig. 5ic^-f0 CCDWCJiT(d,n)4He M*ST*tt? 

* « * U «&?( 4 He>£¥*l***aiH-el t»LT, * ' fc&-ei80°£ |S] lc££*S#t t?» 
**J6T^5o Sanfeat t^CD/f^xSM^*,! : M » P u « » a « K » T f # 6 * l f c - ' ^ x j f t * 

.»*fc£<OHfcSLT*So Pu<0«fc?.aa*5y3C*Ktt*t«JIH«CDac»|t**«<, « t£f 
K«t5*«|/-cyi/X(0*« (plie-up)lcJ:0, «»aK-©'^x»K£0gBE<Ofc<Ofc»£U 

*tt?Rc;ft^acDlt«[<!:fetc* ,x->y^u- ;j'*ffifflLfcPJs)*Fig. 6 lc^fo # & ? * 
ftfflfcttRKil?*»*S-a-SVtJ6#'J r o e i / y i S f f i l ^ l ^ . <1 ©#]-£•« 50 MeVICflDJ* 

- 4 -
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L f c * » ; f * ! > 5 > ' * ' - Y w HCj$ j t f l , -C#t t?£J£*U T0F&1CJ;!3 0.5~30MeV IC*5 

c©i9icLr#&njta««ti3et»a»f®«**i657'-;?«ia©aEn©«5*Fig. 7 ic 

Table 3 3 ) i c ^ ^ „ JlCfttiFig. 4lc*L,jt#&lcJ: 13 "5U©8t#SIfffi8t£S];£Ljtt>© 

•e. H-»«fflttfl-s*«ftiJK-e*!j, £#©ttjtii/r2.3fc#*§t>ttTt,>.50 «*5C«o«* 

£Fig . 8K3?Lfc#, ENDF/B-V©ffffiJI«tl3*«)2JK/h*^fillC/j:r.T^50 

7. paeons* 

P »5UOgf»SWf®»lcot,>Tti, (it5,2~3JKO»a:^aifiS$nTl->5^, Poenitz6' 

"It is recommended that future measurements be made with an 

uncertainty of -12 in order to be significant." 

iSft-C^So 
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Table 1 Types of neutron sources for the cross section 
measurements 1) 

NEUTRON SOURCES 

MONO-EKERGETIC SOURCES 

CHARGED-PARTICLE REACTIONS 
7 L I ( P , N ) 7 B E : 0 . 1 - 5 MEV, 5 1 V ( P ; H ) 5 1 C R : 0 . 5 - 0 . 6 NEV 

T ( P ; N ) 3 H E : ' 0 . 2 - 1 MEV, D ( D , N ) 3 H E : 1 - 8 fteV 

T ( D , N ) ' . % : 1 2 - 20 MEV 

GAMMA-N SOURCES 

GA-D : 110 KEV , NA-D : 265 KEV , LA-BE : 770 KEV , 

NA-3E: 961 KEV , SB-BE: 21 KEV 

FILTERED BEAM ( REACTOR ) 

Si : 111 KEV , F E : 21 .5 KEV , Sc : 2 KEV 

CRYSTAL SPECTROMETER (REACTOR ) 

THERMAL TO 10 EV 

TIME-OF-FLIGHT SPECTROMETERS 

MECHANICAL CHOPPER ( REACTOR ) 

PULSED ACCELERATORS 
ELECTRON LINEAR ACCELERATORS ", CYCLOTRONS , 
VAN-nE-GRAAFF-ETc'.* 

PULSED REACTORS 

UNDERGROUND NUCLEAR EXPLOSION 

LEAD SLOWING DOWN SPECTROMETERS 

Table 2 Methods of neutron flux measurement 

NEUTRON FLUX MEASUREMENTS 

NEUTRON DETECTORS 

GAS-FILLED.DETECTORS H-RECOIL : H ( N , P ) , BF3 : 1 0 B ( N , A ) 

\ i \ 3HE(N,P) 

SCINTILLATION DETECTORS PLASTIC ., GLASS , LIQUID SCINTI. 
WITH H(N,P), \ \ < * , t i , 1 0B(H,A) 

GO(H,S), REACTIONS 
SEMICONDUaOR DETECTORS WITH H(M,P), \ \ < M , t i , \ * L * . r ) . 

U(N,F) REACTIONS 

ASSOCIATED PARTICLE METHOD 
T(D,'«)',HErD(D;H)3HE, T i r . r i h t 

ASSOCIATED ACTIVITY METHOD 
5 1V(P,N) 5 1CR , 7LI(P>H) 7BE 

IHDUCED ACTIVITY METHOD , 
MH-BATH , Y-BATH > AGtlVATION-FOILS 
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Table 3 An example of fission cross section derivation formula and fission 
croutj section uncertainty 3) 

235.04 frV \_A?I 
"f-QtoTiKR) MD F 

„ ( i U+kWA)i{TF),\_°T\ l 
X Y W^i ( 5 f ) f L(°/>'JENDF/B.Y) 

where . 

y> • fission chamber yield 

Yn- black neutron detector yield 

A = geometrical area of the collimator 

F » correction for fission fragment absorp
tion in the deposit backing 

M-• "5U mass Of the fission chamber 

r = distance to the center of the fission 
deposits 

J? = distance to the end of the collimator 

Z)> dead-time correction for the black de
tector 

e a black detector efficiency . 

(1 + k) - energy-dependent variation in the effec
tive area of the collimator 

Tx" air .transmission of neutrons 

7 > a neutron transmission of one-half of the; 
fission chamber 

SF"scattering correction for the fission 
chamber 

(o/)/ = fission cross section for group / 

i — labels the neutron energy groups in the 
black detector response. 

Parameters Which Are Used to Determine the Cross Section* 

Quantity 

r 
R 
A 
M 
F 
e 
TA 
TF 
SF 
(1+*) 
D 

Nominal Value 

(133.3 ±0.2) cm 
(565.9 ±0.3) cm 
(5.067 ± 0.025) cmV 
(170.9 ± 2.0) X10*3g 

0.993 
0.94 
0.92 
0.99 
1.01 
1.015 
1.005 

Fission spectrum extrapolation 
Monitor spectrum fitting 
Monitor shield scattering 
Neutron beam uniformity 
Neutron background 

Total systematic uncertainty 

Uncertainty in 
Cross Section 

(%) 

03 
0.1 
0.5 
1.2 

1.0 
0.8 
0.2 
0.1 
0.2 
0.1 
0.4 
0.2 
0.3 
03 
0.3 

2.0 

•The third column Hits the uncertainty in the cross 
section due to the uncertainty in the parameter. 
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Fig. 1 Explanatory drawing of cross section measurement 
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Fig. 2 Diagram of a back-to-back fission chamber 



I EXPERIMRNTAL ARRANGEMENT 
UP 

BEAM 
DUMP 

2 2 . 3 3 1 M Z3.30Tm 

I I I I I I I I I 1 I I I' 
*Li GLASS PULSE HEIGHT SPECTRUM 

' ' SO 100 
CHAHHEL NUMBER 

• ' ' 

20 21 2 2 23 

DISTANCE, m 

PROTON-RECOIL NEUTRON DETECTOR 

S.I cm 0.88 mm SS 

A r^rz 
-60 cm 

24 I C = » — | — i — i — i i | — i — i — i — i — r 

: PROTtW-RECOIL PH-SPECT H 
e.t* 

itf 

v I / 1 V 1 1 1 T 

V. 

t l k . V 
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.• —7S.K-

2 

1 
O .ILICTHONIC 

- Zi 
/A .ZERO 
# IN tPOV 

yli ' V i i ' • • ' 
0 H 100 

CHANNEL NUMIEA 

Fig. 3 Experimental arrangement of NBS fission cross section Measurement and 
pulse height spectrum of the 6Li-glaas and proton-recoil neutron detectors ' 
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MOVABLE SHIELD 
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, PIPE 

REMOVABLE 
I N S E R T S • , „ - . _ - „ . , „ „ . . . 

NEUTRON BEAM 
4.5-deg HALF ANGLE 

PRECISION 
COLLIMATOR 

_£ 

BLACK 
DETECTOR 

SECONDARY 
MONITOR 

o~ LIGHT PHOTON 
O rfECOIL PROTON 
OP NEUTRON 

-LEAD 

EXPERIMENTAL ARRANGEMENT 

SHIELD 

. For compactness the black detector and shield are shown nearer the source. 

qp^ 

. PHOTO CATHODE 

ANODE 

E„-540k»V 
i EXPERIMENT 

—CALCULATION 

ELECTRON1 

•" MULTIPLICATION 
:BON\ 

,JV)%P* 
ELECTRIC 

SIGNAL 

T 

PLASTIC SCINTILLATOR 
NE110 

PHOTOMULTIPLIER TUIE 
HCAM54 

i 
i 
S 
CO 

BUCK NEUTRON DETECTOR 

40 00 to 
CHANNEL NUMBER 

BLACK DETECTOR PH-SPECT 

Fig. 4 Experlaental arrangement of NES fission cross section measurement and 
pulse height spectrum of the black neutron detector 3) 
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Sol id-San Dcttctor 

Aptrturt 

V / '/JsL- /^>r \ DtMttfril 
/'xjgf^^ \ IEd""'uvr l 

Tritium Tifgcr 
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1WU Ocpotit 
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EXPERIMENTAL ARRANGEMENT 

Alpha-Particle Spectrum 

3000 

G2000 

1000, 

\ 
\ l i V - " n i t n l ^ - - t r 
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Chan (Hi 
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ALPHA-DETECTOR PH-SPECT 
25% FISSION OWBER PH-SPECT 

Fig. 5 Experimental arrangement of Bruyeres-le-CMtel associated 
particle method and pulse height spectrum of the alpha-
detector and 239Pu fission chamber 4) 
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EXPERIMENTAL ARRANGEMENT 

NEUTRON DETECTOR 

FISSION QWBER 

O H 

toot 

set < S** 

•• 

:±X 

1 » 
-Sthvrt* fet 1) H*V 

• i tmwf l 
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» • sot no mo i35o r.) 

FISSION OWBER PH-SPECT 
Fig. 6 Experimental arrangement of KfK fission cross section measurement and 

pulse height spectrum of the gas scintillation fission detector 5) 
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Fig. 7 Flow diagram of 

derivation 

4 
SttHttfflH P-T 1 J \ 

rf -R/#/Nj~>|W«ftft)—\ff»f«j 
data processing for fission cross section 

i.o 
too 

D ^epu.'so"'"* 

•406- •SB5" TST 
NEUTRON ENERGV. En. kiV 

tab 

. th» *"V fiMiM OOM-WMIM itndii for Iht two irava* of mtiiunnmu. T)k itaih Deal ami total »fmnikilta art 
Mkala4 for itch remit ky DM M U I ui birt ban, roptciMy. Tin toM cvhn rrpmenli the ENDP/B-V (valuation. 

Fig, 8 Results of recent fission cross section measurement 3) 
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Q :JH£r ft* (NAIG) 

«t)i«A^fc^, WtiUfflWassonOSUT^i, *fflK$*i#ftM^S^i'ifc!l3fctf&*l.*. 

A : WEB * (NAIG) 

#ffl LTfc •}, *#'#;IEH>jV S « *>©4 « ^ -tl.> 5o '* fc, '«KiWfc Wasson OjliStt M,U 
©fcO-e**), Fission Chamber OafeTICJ;'*>«•> ^ ̂ 7 v K**** OBa'iifea-.&tt̂ o 
Q : « f t flfcg (NAIG) 

Black neutron flux detector ©&*l i#14?x*>*- - | c j ; Vr&!)X&tt^0;MX, 
3&s|W«S4*S4. faST black" detector ilfc«i©*»? 
A : WEB flc (NAIG) 

W-Tftta^fflTrttajja^Os^^^-ttSftB*;*. " blak" 41*>ft*©<i* Etffir"grey' 
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2.2 mmm^m^mim 

&iE*xm^iz>tix£K4>&?mmmMm®mm8;>£*--M LX, $£3*$ , juhft&* 

tUS C*S«ft->>'*t-'-*. Moxon-Rae fclijg, ̂ *^«K«*ffi*ffl^fcftlH») "*?» 

Measurements of Neutron Capture Cross Sections 

Yutaka NAKAJIMA+ 

A review of measurement techniques for the neutron capture cross 

sections is presented. Sell transmission method, activation method, 

and prompt gamma-ray detection method are described using examples of 

capture cross section measurements. The capture cross section of 2 3 8U 

measured by three different prompt gamma-ray detection methods (large 

liquid scintillator, Moxon-Rae detector, and pulse height weighting 

method) are compared and their discrepancies are resolved. A method 

how to derive the cova.riance is described. 

1. lilJttC 

+tt^irffi»'*»«*'s;*;&; *£«#«»:** t*i i , *tuzm-3^Ttmzti&etui* 

ttt^bir**-. v£^xftfmm?-.9£H%Lx^z»x&i*tiiT, xnafflfliWEjMpw 
ZtiZo LfrLKtfbZQttlt, >5lift< ixmoiiJzXMb^ctXiiZo £ * * - * 
*fflLfcS«E#Kfe. *t0tt»J6*}i^t'5CiJiaiLTSB-C ,tttti,^6^?.-c*5o **© 

3M*f-#£©Jt«, X«tt«f^&£oaBeA«te*««>>Ntt«TStt<Ttttt6«o. * ® 

««&, ««»»?)*, ttwm w&rm&itimc^xMi&Lizo m*®mmmt-3^xi<m 
m&b%&, JBEHKo^TJB^fc. >MU<D4itt :3HtSKii«(Dll««MKacKJ:«3Hlsto 

•Martfeifti-. . 
+ B*m?J]VIXM, Japan Atomic Energy Research I n s t i t u t e 
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2- *>Vi:F-MwmwmMte<r>-*wm£Mi£& 

n+E0 + A - ( A + l ) +£r i+E A + 1 (1) 

fcfc'U n ii*l£f, En fi#tt?©JH&:t*;t>*'-. AttS'-Y* h«, (A+l) liRjS& 

(l«a>&#tt?Jll»RjSfflttS£ LTft©4 offlS'fcjMBS£ £;&**>A*.5o 

(a) *tt?ffl«« (#£?©«£) 
(b) 4K£& ( ^ - y - y btt«fc.») lamu fc*tf»l->Ii(:fi*ffl£fi!5) 
(c) ttttft (StWtt*fE*©4fiS) 

(d) JkW*fflStdl ( « 8 * * * ¥ - © ; ( & « ) o 
+tt?}««irf f i« l i<l©^t .©ifn^lo©aft*«*t5<l i lcJ;- ,T»lje$n5o £*©# 

it*ffil,>5^»±*tt?*©tt&, M^L«t-5i LTt,>5x^yi/*'-ffi«t?©||«iran*©x*-'i/ 

3.1 « « « « & 
(axoaftsfijffitsa^sis^ji-nf**. Fig. iic^t«t^ics«ttic^^nfcK^©4> 

it.K#eicisi>+tt:FiiiS'bT-Be.'ttir*jt#, ^asica^nfc+tt^^ms-c+tt^s^Mjef-

nbtiZo £©2WR©*tt?*©Jta>£>, #t t* ir®*, «P**KB«*»-6.Wtia*«.l^' 

•^ffl+tt^ © £ • » [ & * # * § B«K«l*©«IE4- £tttt®#&& HWteBK-eft So 

a 2 Mftflffc 
(b)oiW»*Mffl-r*ffl**c©»5S:£i£T*S. -JE«HB*tt:f«*KBt\fcK»*BiDtU'L 

T««Mrttie*»tfT, * t t ? » « R « ^ d l * f c 4 « « © « * ^ * L - t l l i » i r f f i * * * » 5 ^ i t 

£«D3MfettSI^J|ift*1£F*M5«4 * * OTHBIrpttiattMS LfcWittivJt o •»*•„ 
fctfttWM»»EBR-II *ffll>-C4fi)c«Ca^$^7f*5ia««i©Jt«l»fffi»©«»*itlcffl 
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3.3 ttttfttt 

(c)©S*;fr¥iJffl-f5Si*(i^<»l^nT^4J;^(cife^bi*-Ci*.5o £©#i£li, 3.2©K* 

*&3»©> o3cS«a36**tt:f}iaRiSK«fcoj(c»{bsn«iir*>*i-c^s**, ¥««* *« * 

^a«t>-^il®&ti-C<50 ttftMbffilia*fctt*£a<ffl^&*ifc*s. &!::>$-<* SPfEr»& 
«fctU*S8tfff#§Sa>Lfcfcft, * i£-e! i J ic^bi* lc j ;5SJSA J ^«<«^r# 'C^5, L*»U 
4*»tt»&fcli, t©J?&£ffll>*J?#W?'Jtt«&;&1*'5o *®Wtt. ±Sfc&a**isomeric ft 
flgfcftoi^fcfi, Sl£ft«SMf<*f®*4 isomeric ^ ^ < K H « ^ t f T M & « £ 4' 
*«r«6-C**»&-e*«3, fe-3 lofflfljii. |fe©J?£lc J; StlST? !*&£#£<. ttftKbffiKJ; 

S«DTMi***-jfl i***i)*< 41tf. &i»fS«tt4'»®*#;&aUck»* *««•*?©*!£ 

L-ci^e5c*K»tsiBfBia**i6sct**Rrti-ci**<. 
FIJI n 5 I n ( a r ) 1 , 6 mIn(54irin) i , l s I n ( n , r) ' " g In(14 sec ) ©M«fr®«©SI 

Fig. 2 li ,1B In ©#tt?Hi«lcJ:t) " 6 In ©Sflsttffilcff < VrjgSt4 isomeric «BKif< 

Br®**ac*fftffiKJ;l5»l*T«JSLfc^S-e'*So Present data (iGrench and Menlove21 

•5ffcffl9J5£?-*li. mU(n,f)©»f®8(*ffll>-C»JSLfct>©-C*5o fc*fU w U ( n , f ) 
©(Bf®*i!:iil968^3Bf©(i*ffl^-CRffife{bLfce:l^ia*Lr*5oJlfflJ;^lcl"Au 
4 "BU(n,f ) ©m©if@»#ff l^&t tT^*lc *>*>;&>*> 5.1*. fl]5£taffl-Stt**fin. 

M2 "*U(n.r)if®«©«ilS4 1 

A*/hs<tto, mmmm&xtt^o w&tmrza"*u(n,r) ©*SS ,S,NP(ommrmzmmi 
-CffMm*#X>btlZ&, #^« .C4KFig . 3IC^tJ:^ICM,Np *i",Am©a«fi»IC«fco-C 
k t t£ t tSo 8Mft£M£*«r t f t t lbS l iC® M ^mfc J; , T t t £ 4 tlfcffl » * * * » * £ < 
*J6^.n5o 2 4 3Am©«rt*©»lia«(*«kmLriEltlc:^S'e#50 CtilcfcO "'UCn, r) 
*rffiaiittWfbffiTf»Kffl'J^^|«r!6f5f|6-C,*S. *fflft**Fig. 4lcENDF/B-V4Jt«L 
T ^ t o ^F»JS(iffl^SiS6'-e**. * # K M © g i 4 £ * © « & £ £ £ Table 1 £ * * „ 
1 MeVfilT-eti«JM)fffiii'4 L.Tffl '̂fc M,U(n.f ) ©*rffi*fflK *****>** < 3#6tF»3©tt 
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3.4 ipfer«*mffi 
"f t tT^H^tt fClW.* ftfctftll 5 fc JMJ S ft s * « « ( r tt) ££«© r « * f f l » r IH i L. 

Fig. 5lc**J;?lt=J I J / - h L fc+t t :F**MSLJ:-5 i ' rSK»lcSr . *tt;F£fl.T?K 

**©£< K*tt?*<fctf r *K* f *5S ' - -« ' K**Lfcr«Mftff lS*.«*. . t t8*&.f f lW»r» 

© r « * ' ^ M i ' £ t t a M - * i l 4 l c t t t > . * * C ' i f f l 7 t ^ h ^o$ t t l i ^S f tT . x«9hju 
o«»li**t)tt^J:-5»£:B*>*iSA>tLfta^o Ld»LFig. 6IC7jr$-J;-5lc. :£»T?ipK§L 
feSt^r**"5* h^ fc * t t?x* ,M i ' - l t J ;oT« f r * *c4# fc r t>* s l o cfflmaii, S 
iMMSHIWe * * * - « * h * i p g E f f l t f t i * * H t t , r * 0 . Lfr feStt0iHMriM£Ptt 
©*f t4©#J&#*te?x*^*--4* lcSfb**rt>&^<fc5o 86-»r»«i*(WW«<0*tt6r 

• S I « r K a S f t f c « t > t t T « * f f l * * « a i « O B 0 K * « * I t e i W i S f t T r l l * « 4 L . 
«MiJi&-eiit»*ft'5o c o f c » » « i r B « j 8 * * * » K a j T L t i . m r M t t t & S o t t * * * ® 
fcttW4$£ V »ESL*t t ;F<0«Wl« l**V n i - r5 i * t t^** t tk = T?n/T?r 45£*$ft5„ 
Fig. 7lc#a<0*tbg|lc^-i-5ttitt :F«!Kk<0ctitt :Fi^**'-«c#tt**Ljt6)o * £ © « 

V\> * t t?*KKSi*> f tT^St f - *«£ f f l *>6 l i , »tftS©*S#©**fcJ:*-fc©-??iKA* 
©* i *#J i * .T^*o 

3. 4 1 £x * ^^-WKaKtUfll 
£©«©*ms©iSHtt. #B-?fc«ic«fc!);feajSft*r«te*^T«iKLT. *ftic*a^-i-

jWltffcD, r»©3«S^*t t l l l©*SJ:>3^*^fc* i r« l^*t iJS*o*f t t fSfcJ6, fc-,4 
/£**•»fcJ6!SH»**+. * © « i L T 2 » © * t t l g l c o ^ T F i g . 8ic^-r7 l

0 Fig. 8*>6 
ANLffll,300/fflfttiiS**RPI ©l . -000/»tbSJ: t ) l i * *>KS^l t l l l * *Lr^* t i - ** l ! l i 
*4ft-5„ C* i t t * f f lS©*#SKJ:Sa^t*5AJ. Kft* f t fc^t t#J*t t ! ) . i ' J ' f - u - * 
- * # * ? * ! « « 4*©tttB#.S < tt •» fc c 4 KJ: 5 « ^ * ! * * ^ 4'*A;&'ft*„ 

I I IB l t»«f f®»»^ l j :^ f f lSf tT^5©l i t t "&/^e. 400.0 f.4T?ff l f t* i-yf i / -# - -c 
* 5 D ;Cffl«©*ffl^.?±ffSl*[3t#^fflr. «£*>&® §«&#**, >?£*l tJ: * ' -**? ^ 7 $ 
^ K#:*£ l\> tfcftaiptt^te*'*><•* 9f5'Vv}••&&.•?&&, t f t t¥ e-AJLK ' L i H * 

'»©*M*4i SAT>yi'j&V *ft t? fc •> Xf- U- > - * 0 * * © « t S n ? i f t S 2.2 MeV ffl/** ? 

- 1 8 -
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if 7 i> y Kt±ii'#e*.aVo *©fcto 2.5 ~ 3 MeV 7»fci®%tz->*»xffl%it7'* w-v »-*• 

T t f T ^ S . ^Sift*-i>y^i>^^ftmS<0*tt;F«flE!6*^i'X^>f hS*&*i'l*fctfctH8«fc 
•Jte^oii £©£*•*?**.„ -fA^9 U u^ jWt« f tK< ia j r$ t tT^ .5 f c» . JftfflSMiJif 

*ff lS(i* l i i ( f t f f igff l*t*- lcJ;,TSEa*s. fl&©ffli©*ffla§fctfc'<T-lftK7lS <X»10 £ 

ftfr-yy ? ix- •>a y*ffligfflWli LT ANL © 1.300 / *tiil843UftEII*Fig 9 fc^*81. 

a 4.2 x * ,i/**_ JtWI«!i*®«WHI 

4»*>«**»6, E r i * « » r » O x * ^ * * - i t 5 i l i l » » f t © * m s S * Vc tt. 

V, = i'vCE;) = C« i'E., =C «E 

•ea*>tt50 t e e . ittio©jt«r«***>L, fnttio©jtsnniK«ti9ttm*nst'< 

t©l!ffllfttfjg§l±Moxon ±Rae fcJ:oT#*a*lfcffl-J?, #5B#©«l|if£4 oTMoxon-
Rae QB) *ff l«4i««VCHS. « $ J « i . ^ 7 7 , 4 htt£fflr « * * * « * * * - * ' « » 

WlCH^&n^o • e © e S * F i g . 10IC^t91o Zffl'hSlHMtllZMeVWiE-lf^EjVE,, 
#** fc t t ij, **i*»&ttE r4*K*il>LT^<o Z 0**^WRttx*;i/**-4&lcitt!in+ 
*«|£J*JM.6*l*o Z«50 WJ£ffl«l1l**lt«W-SO*«r^oTfc*)a J " < - * - 4 L T * 3 

tt«t^KSt>*is**. KtattJtt^KjtfeWiEKa^ffl-efli^&nr^tt^o -Hfticacttircz 

df*ffl.&*3-a-cffl^&*ir^5o 

5o 

W KFKT?©Moxpn-Rae «fctllS(!:^ •&]tSllKSi«kCD«]̂ 1(>> 

Fig. il liKFK-C-Moxon-Rae'a*mS«rflll^Ji»*fi |«|*M!tLT^«||«E :lTf* 
5o C©^| |©#«: t t 'L i (p.n) *fctt»H(p,n)Sl6lc«t«9*tt ;f*ieiS-a:S«f, L # ^ 
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m**)t>?'frK&^9?i\tte-ia:, Fig. ioic*$ftr^*ii^©*sftSrtJc©##tt?# 

î OT*. K^lcj;5fflaiT«*J-^*^<*ftffilSlcSJ«U tm*ftt'fctt*lcj:«j|HirM£i* 
•BSlW«fc»ttS £&**"*?#£„ tcDCilc i t ) , «ta*tti:(c*tt5«flE**tt;FS^t.cDitgf 
©#tHF t*- Aic j ; 5 AN-91 ?? -ffw ( i*g/h$ < tt 5o £ fc c <D%mWMXit^'^-m<Dir 

Wisshak Hm&it>&¥KiQt&lR8Wfris^Chim%l,T. fiS»«JcJt-i-r*i*^*tl6* 
raw*>*#^mm&Ki^rmmmmfttmmLfc. *iz^maumK.*iw&mwrct>&& 

C«DJOIEl-e«eLfc , 4 ,AinO»aKIi«tWi«4tt«LrFig. 1 2 K 3 L T & S . 
fix***HK«NttvclMi(i3~4*rc. *aB#tt£«i»3!t?*.&o 

1 4 3 -"Oi/XflfiMfciSfcaiS (Maier-Leibnitz Stfcttilg) 
CCDmnmmi&xZ'KX-lktii&kbWm, Maier-Leibnitz «<ttgKfBM<z>N£IE 

ffl^*ii*«!BU Macklin i Gibbons lc J; ^T*£tf>TfcfB;!5iXfcu\, IftttiS©:*:* 3 fc 
ttUlJai^feMoxon-Rae S*fttfJ38<!:*i!fftl*->'>'*<'-->'a >'l*aj8©#Mte**o C©S© 

**»^T|D*<!:S<!:iiMi»*O»KJt0yLfc«*!»&nSCi*JpJffli-5. r tMftfflS"C**l 

'*>i'Z.®MiM6L (p) ( i f c © S T * b S f iS . 

L(p)=./'0Oq(Er)P(Er)R{p.ET)dET (1) 
o 

q(ET) - r i » ' « # l > 7 A 

p(Er) - rttettt&a* 
R(p, Er) = r*WftHJS®JSSH»o 

£ ©5$;£ unfolding t&bq (Er) **»6*lSa -Blf ix*^4?-*ET i •*•*<!: 

N e«ET=yE, . q(Ej.)dET 

i«t)«»*ftoaNc £a*ax***--ET©*#&e>tt*0 ETttK*m?*.5#>&Nc##» 
*C£#tfi*So L^L(l}a«-unfolding-r5i L(p)CDttH-S^iR(p, ET) ©g£©rt:» 
q (Er) hwoummzhicbicti^ mm&&9t&i>&< a^. 

•Nj'ET-ygfolLfpldp (2) 
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( l ) S * ( 2 ) S i c « \ S - S t 

Nc»E-T.= . / , g(p)dp.A(E y )p(E, ) .R(p.E, ) dE r 

= / q ( E 7 ) d E r . p ( E 7 ) . / , g ( p ) R ( p , E r ) d p (3) 

£ « * „ 

(2)Si(3)S ;£-Jt«L'r 

Er =P(E r) . / ,g(p)R(p. E r )dp (4) 

(4)St*unfoldingtSCilcj ;or(2)SiCff l^Sl:«-Baag(p) i &*»'5CiAl-p**. (IS* 

i i o a i M M i S l c i i t t f l - X t t t S H ^ ^ t t ^ C t , *t t ->fcE7lc3frr4*<©£fr£.g(p)*ft 

» * © - « W I « # * * # - 3 < g ( p ) * ^ » g l ^ i - C * S o *«2):£*ff l^*©##f i ja«iSM:, 

(DjClittac't , \«#tt :?i*.n'+*-£ -«!:lcunfolding Lat f t l t fa&a^** , g ( p ) t t - K 

« * M K © t t J M & « © - « * Fig. 13 K S t . 

4- ft&Sa£ft££SJMXtMI©ftlR 

H-SMJB6fr"e»H«itftf*»»ATMSLfc«H:a^«). *Weffi<.*fefrfl»eLfct>©4 

LTtt. l ^ - S a T f | ^ C ; x * ^ ^ - f f i « T f © , 3 , U © J i a » f f f i * ® f ' - # ^ * S « Poenitz K<fc 

oTttRfcrt$ttfc*£JI£Fig. 14IC^*7 1
0 de Saussure £ Quan-Block { * * £ * * • > 

vf-v-Va ^<fttBH. Macklin ( i 2 f iOC(F 6 O Maier- Leibnitz MtttfiS, Moxon «± 

Moxon-Rae *tffl8*ffl<i ,TilS£LT^.6o de Saussure £ Moxon £<£>*— » # ; * * < a 

5 x ^ ^ + * - ^ l i , A / © * * x * ^ * * - ( F i g . 14fflt W) t - S c L T ^ * . £©HHttde 

Saussure ©T'-^lc*S<OTI±a<, Moxon <0f-:?lcB!J«©*5 C£*i*)*»r>r^*« JR 

fiLS£*»*mil©^-^a£*^A/-ci^&nr^T*tt^^o^'<^ h^*iA/©**©fc»K 

fix*^i/**-<8W-C©Moxon £de Saussure £ © £ « , fi-J?*SWiPi;S©*tMB-eatB 

» * * * S t 5 f f i K « - 3 f c & 6 e V * » 4 ^ < f f l * f l | * ¥ ^ L T i ) « « » & « ! : 1 f a f f l - » J » S * * a a * 

ft10 keV KkJ:Tf DESAUSSURE/MOXON £ MACKLIN/MOXON #;*-* <ttr.Tt>5fflli, 

c©ia«-ep«0B6»ffl«&****<a-3T, r'*M"<* h ***£••), 'am»***»fct«fc» 

5. KH»«r-^tt©*tb 

»£-3'<bffiia«©ffiiM©MiT. «ft*a©*ttKSBa*##tt*fOT L T W M W * * * 

- 2 1 -



JAERI-M 84-010 

0 1 k= l 9 f k i
 k l 

<roi =Ei-e©*||g[ 
fki ^UttcKScHBit tSB^ff lEi -pf f l i l . 

#tt :?*:M'**-Ej£E j t?Oft^lttCov(i,j ) (i£»CJ:0(5)S:«rRB^-CftOJ:o«C/X*. 

Cov (i,j )=<( t f , - t f 0 , )< V t f o p > 

k a fki m afmi 

k ro 9 fki 9 f m j 

= 2 2 r* J<(r—^ >">fki' 1/<(-TJ-> > 
k . » / a f k i

 kl / 9fmj 

• < f - l 16) 

k m u ki mi 

C C 7 ? f ! - H ' * f " " " 

/<(—'-)' >•/«-—1)» 
V 9fki 9fmj 

> 
mj 

affffl*Bi<o»'&Kli*»RI| (J<7kis|^i-. jfkj) |BJ|c{iffl|B*i«^ (r km=0 for 
*fki J 

kHm) i # x . T ± < . ia.lS«»l8l6<o**^=K-jSBI©fflB8*ftf*#it-r*iWfi^o- to** 

Cov «,,*•> = X r " J«^f- >*>• Jf kl 

> • J f k j (8) 
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1 r kk • i~a,: ' Jo„ 19) 

(8), (9)i$> z>&® C ttfit>ir-titt. *#»;&*#£ * C tWfrfrZ, 

* f ki 

^ a ^ W i e f f l B ? C i l C T a b l e 2 IC^Lfco Normalization © * » £ * l c K ^ < « # » t i f c t t 

Jfft - *„, • Jf ,/f, frt, Table 2 fflftt»rS«(OiJS«[ *„, frbftSS.** t £ # T ? # * 0 £ « 

©«5^afic^ic5£<ft£Tta<!:tt . i8&tti , \ ) 0Uif£*ltaic.fc*t>©tt lofce® 

ft^^rt^Ciliffl^t?*^ r f ' t L t t t , 82HiP*»&#*-C0, 0.5 1.0 ©-5 £ rt> & f t i 
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Table 1 Uncertainties of 238U(H,Y) Cross Sections 

Source Range, % Comment 

Gamma Detection Efficiency 1.0 
23SU Samplis Mass 0.6 

Total Fission Fragment 0.5 
Absorption 

Half-Hfe of 2"Np 0.2 
2J8U Sample Mass 0.2 
2JSU(n,f) Cross Section 2.0 

0.9-23.1 

Common to 
all values 

Statistics and 
Reproducibility 

Neutron Background 0.3-4.0 

Second Neutron Group 0.1-1.2 

Scattering of Neutrons 0.8-1.7 
In the Counter, Samples 
and Neutron Source 
Structural Material 

Fission Product Decay 0.2-4.0 

Values are 0.9-3.OS 
below 1 MeV 

0.35 for most values 
except at higher en
ergies and larger 
distances from Re
target 

Does not apply below 
800 keV 

Does not apply below 
1 HeV 

Table 2 Uncertainties of the capture cross sections measured by 
the proupt gamma-ray detection method 

Source(fk) M 

Normalization 
Background 
Multiple scattering 
Statistical error 
Sample thickness 
Gamma-ray energy loss 

in the sample 
Scattered neutron 

sensitivities 

k1/fk1 

5 
10 
10 

* 
* • 

1 

* 

(*) correlation 

correlate 
* 

correlate 
uncor relate 
correlate 

correlate 

correlate 

Strongly d*pend on experimental conditions. 
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Fig. 1 Experimental Arrangement for the Measurement of Neutron Absorption 

Cross. Sections by the Spher1ca1-Shel1-Transin1ss1on Technique 1) 
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Q :Sffl IE (NAIG) 

1960mRZX'l±, 4-CfeSWltrt:*.*£•?«Activation £lt»o*<«!£***•:>£#, *© 

A : 4>» fi (H0F) 

Q : « » ffi^ (NAIG) 

Fig. 14T?"'U(n, T ) ©Macklin/Moxon it© 1 fr£>(D-f tlii, P StRWlC«fc5 fed i O 

A : * » ft (H0F) 

s&mitpimmt*.&#>•?&*'<9 *•»&&*£*fc»fcma&*#p&£s&©«&#* 

Q : B # ft-til (MF) 

Fig. 14-eMacklin/Moxon©#-7teflt&a>/J>', ^••p'TSi, Macklin/Moxon©^* 

life T ^ i ©effect *£//rtiSffl*»? 

A : *ft « (1113*) 

Moxon ©T'-S'ICA/©iJfttfifct) Macklin/Moxon © a - T ^ f t ^ T ? * * ; ^ ^ * * 

Macklin © f - i ' f e A/©i2##**fe©£S*>*l*0 

Q : j*ffl *iS (&.-X&) 

Moxon-Rae fcttlllicj; **!££;*:£•> viF- i^-*-KJ;**g££©riJnc&ttt tKM©** 

t>L^fl]*|f<Lrt:»*(Fig. 14), £ © S © g l M J i S I £ 0 # S * (Table 2) IcttJTlvfcfrT 

A : # f i j l (HCT) _ .„-

Table 2 i t l i iBl^f ' -?**a«Lri f f f i»**»*»&lc-3t t5- t tW«Raff l«p**« ' . fc . 

S*SnfcS^ttte®Sa»«[iJt«Lr(it*rfc*>*aafflRaa«Z!.-eTable 2Ktt£». t t 

Q :dfcJR BtbS OtE*) 

»MeVffi«K*J^rttW{bffi*ffll->rMgLfcttW«ISIIRS*Klithermal neutron fc<k 
£Room background 0i(F#:&*£**vri>ttl>a»? 

A : *a « mm) 
Table 2 K(*WfS^y-^KJ;5MSffl»&(0|****fcffcfflr»*SnfcSi3Stt#*nri' ' ' 

tt(,\> MeV««T-«»»!»fS«t^ 'h$^ff l -ef t«$naJi©1ltEicj ;5»^fc^toiS*Dn 
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3. JENDL-2^* |̂E 

3.1 JENDL-2^iSSar t i»+t t^^O^Vf-^-^ 

H JfK* 

JENDL - 2 <Dm:?&ftX^<omm&>S:m-i-Ztz»bK, JENDL *#ff*WG WClOft 

"--*y*MS***ii>«C. » « * * JUPITER SU*fHff t>£»-t, JENDL-2 ©*#<$tt 

(i) H*a*e*©;?i!ltt.a*Fe*-5„ U &£!&-? C/Eli 0.999 ±0.008, PuJMp,&-Z? 0.997 
± 0.005 iKJSLrl^So 

<ji) SJS*Jtlco^-rttmPufi,/"6Ufi.li3^fflii/MiFfll, "•Uc.p/^Pun.liejBffl 

JUPITER s^-ei* C/E ffl3BHft#tt**a*>'n, *mnp&-e*«> 6#©**»*4a* . 
«v» sij»#i7-^©;?adttI,,BS^«jfsij»ii*ifA*aicftt.TrssLTi>s (c/Erto.92 

'~0.97)„ ffiL. ^S«s^-CttKJ6*»*4|pIt;< C/E ©S^(qlflt#tt^St)n5o 
(V) N a # 4 K»6*liJ.ENDL-l-ett.&ff««*T?*-3fc#. JENDL-2"ettiE«UC 30 

i«~50«ia^:ff«+5o «**$?©*£&*>&, 1KAV|HJEO,HPuttJHHKSW<JENDL 

- 2T?j§/hff««!ic»i>fce:4A^Sig-c,*S4lr^..5o 
*H*tt?^ffl ^ y * •*• - 9 x * h ©fe£a> t> 
(i) »i«^4^i;<|g«iil^*ffl;?i8d(ifi:*fc,*-5 C C / E ^ M I * 0.997 ± 0.003 )„ 

(ii) SJE*it lco l>t: i i" , U n , / : j s U f i Ji*S! , /hffl©H«iPifr4HI.;< 3 ~ 6 8 •©.*;*: 

2" Th ©Sa&spJtlifUlmU 10 ~ 15 %0£t)iM,btlZo 

Benchmark Tests for Fast and Thermal Reactor Applications 

Yuji SEKI* 

Integral teats of JENDL-2 library for fast and thermal reactor 

applications are reviewed including relevant analyses of JUPITER experi

ments. 

• XM&i-yV-T'iyyttS , FBR Engineering Co., Ltd. 
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Criticality and core center characteristics Were tested with one-

dimensional models for a total of 27 fast critical assemblies. More 

eofisticated problems such as reaction rate distributions, control rod 

worths and sodium void reactivities were tested using two-dimensional 

models for MOZART and 2PPR-3 assemblies. Various thermal core charac

teristics were tested for a total of 6 cores with three different 

moderators: HjO, D2° *
nd graphite. 

Main observations from the fast core benchmark tests are •» follows. 

1) The critical!ty is well predicted; the average C/E value is 0.999± 

0.008 for uranium cores and 0.99710.005 for plutonium cores. 

2) The calculation underpredicts the reaction rate ratio 2 3 9Pu £. /
235"fl 

by 32 and overpredicts 2 3 8U ,/239Pu_. by 62. The results are 

consistent with those of JUPITER analyses. 

3) The reaction rate distributions in the cores of prototype sice are 

well predicted within ±3%. In larger JUPITER cores/however, the 

C/E value increases with the radial distance from the core center 

up to 62 at the outer core edge. 

4) The prediction of control rod worths is satisfactory; C/E values are 

within the range from 0.92 to 0.97 with no apparent dependence on 
10E enrichment and the number of control rods inserted. Spatial 

dependence of C/E is also observed in the JUPITER cores. 

5) The sodium void reactivity is overpredicted by 30X to SOX to the 

positive side. A sensitivity analysis with generalised perturbation 

theory suggests that the main cause may be underestimate of 2 3 9Pu 

fission cross section of JENDL-2 below the 3-keV sodium resonance. 

Main points from the thermal core benchmark tests are summarised as, 

1) The criticality is well predicted, as is the same in the fast core 

tests; the average C/E is 0.997±0.003. 

2) The calculation overpredicts 2 3 8 0 f l B /
2 3 5 u

f l B
 by 3* to 6*i which shows 

the same tendency as in the small and medium size fast assemblies. 

The 2 3 8U /235U-. ratio is well predicted in the thermal cores. 
cap fis r 

The calcu1 d reaction rate ratios of 232Th deviate from the meas

urement: % to 152. 
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1. * * .#* 

JENDL * » J F « 7 - * y ^ ^ v - ^ , T t f i : o T * f c JENDL- 1, ZO^Vf-v-VfT. h 0 8 

j i * Table 1 IC^+0 Wt&<b'<vii-*-9'r* Mi, 27*0Jg&*£ft*ffl(.>T0ie»iiM£ 

* ' £ * i M ^ ! t H + S i ' R 5 £ ^ y f ^ - * x * b ^ MOZART, ZPPR- 3 jPffCfflRffi 

* # * • MIIWflHt • x. (• 'J 9**4 Kl»MelW-«2K5aNi'«s'*'-*7l* K 4 ® 2 * 

a:TT?ft^T3ftfco l ) , 2 ) *fc56^tT?tt '<>'^^-^x^ Ht&&&&<DZ:&tt&K'rJt>ftX<''> 

fc#. 5 7 ^ » C t t a » T « l * t t ; F < P * - e © ^ y x ^ - i ' T ^ b A i | | « $ n . J E N D L - 2 # i « j * 

<p»tff0*tt &-r»*tt?<p|»ffofcJ6o" WW*?-* 7 7 - f * , t L r , s«*jicD^ < fe 

CC-CJi, t n S C ^ f ' - i ' W H S S S i t i W , H*+*JUPITERS?i*jlWf4)>5iP> 

« ! K I » W a ) © « f * i # » - t JENDL- 2 0 * » « f t t S i F f l i t t * * u ^ i - * -«„ 

ttfc, » ia^0lBff -pff l^T^*aff r ' -# 7 7 -f ;Wi JENDL- 2 B iHf t f t lTV*t>0T\ 

Table 1 0±R#S*M*«£«>S««f*lc JENDL - 2 * , *nEtfl.00E«IC|i JENDL- 1 *ffl 

^•kmm.7 4 7? ') -T?*S**, il5»^Oi($tt±|i0-imtt^SOT?*WT?liJilStg8iJ*'f fc 

JENDL-2 4 « ¥ i i t 4 4 -r* B • 

2. * j M F © " C > x ^ - £ x ^ h 

Ki«<PO<P^)»WlCli JENDL- 1, 2A^fftSLfc70ff^SJBt-fev h # B ^ & n T * $ » ) . 

l R T C ^ ^ x ^ - ^ x ^ h ^ f i T O S f . 2 & 7 t ; f f l i ^ : ' x ^ - : ? x * h T ? t t l i f t l 6 i f a t f 6 t * l t 

2.1 * f * £ ^ 

l f c T G ' O x T - ^ x * hT?ft&4Lfc*p<frli. V^i*SHI!R^>'x-='-^^JiVfflflb. FCA 

&&. * - 7 7 ^ K O M Z A , MZBiP^*j!)P«.fc27^^-C«S! ;ef'^T?aoTV5o £M>#St 

4 Fertile/Fissile Jtffl|fo5:fc-6lEai>T Fig. l K^f0 <P^«:*{i^:«5»^Jt«W^ST?600 

A£tT"e*S# Fertile/Fissile JtJi 0.0 *>& 9.0 * tWS-aTlO*. ,l**>|*$. rjHffl£»'#i&" 

MZB, ZPPR - 2 lift 2000 ;£, Fertile /F i ss i l e i t 50 — 6.0 »Cfitf|LTtv-50 tttsfrtii® 

JUPITER**^ ( Z P P R - 9 , 10) li$m&Wl®J&1P&-?1p£.>ttm4600 l~~6000 Z. Fertile 

/Fissi le i tf i 9.0 ~ 7.0 * * « o 

a 2 lis**©* 
Fig. 2IC£*A'J|£* (keff) 0 C, /E**«*S&® Fertile/Fissile Jt*i**S»cKo-C*+. 

JENDL - 1 T?ii Fertile/Fissile J t O * S l^ifrff keff A*Ji'MF«»CttS«|S|^a&nT^* 

0IC*}L, J E N D L - 2 - e « i t n * i J » * * n S J E L T ^ * n B#JCIiENDF/B- 4®ttJifcij! 

L T * 4**, ft 15K Jk ©ii'MMi 4 tt o T ^ S . 

Table2ICU*iP^, P u ^ ^ - e n ^ n c C / E s p ^ M t S L f c o JENDL-2 liU***&"? 

- • * -
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0.999 ± 0.008. Pu*^d>-C0.997 ± 0.005 iJS5<P<t>^T?S< - » L T ^ S - — ^ J E N D L - l i 

ENDF/B-4T?<iy&. Pu'S*P^lffl-ei«Jk.ffl***^6*lSo PI*<DT«KJUPITER 

(ZPPR-9) ffl*S**^-LT*S!i*. J E N D L - 2 © C / E (0.993) & # ENDF/B - 4 © C 

/ E (0.983) « i ± i E f f l P u ^ ^ y ^ ^ - ^ * P i > O f e * i S < * t « L T ^ 5 o 

2.3 # £ > £ £ * & 
I M P u f i l /

M i U f i i ii JENDL - 2-t?li JENDL- 1 «fc » 3 « # S n T ^ 5 * i . ^^a/MFtf (ft 

3»0 0 f f | S | « o T l > 5 o 

" ' U c p / ^ P u n , (4 JENDL- 1. 2&ltHI!*p«© Pu&^&Ttt 6 # © * * » « < » : tt o 

" ' U f i . / ^ U f i , ICO^Ttt, ^^'- fv-y***^*^**, JENDL-2li£fcWICftl0»;© 

iS^:ffffiT?*5o <!L, Ferti1e/Fissi]eJt©itJPi^lcJl^:ff<Bi()J^tt<ttl3. 9.0 (ZPPR-

9fflS) &iz O-CliC/E #HHf 1.0 i t tS« lSj**a&n5, , 

Table 2lcPu^©«;^^^-C©C/ /ESp^tti JUPITERA¥tfftgf*£7FL;fc#, PS#lifi< # 

JSLTUSo S«*Jt©ttA»-C ,#lc"*U c .p /" ,Pu f i l lff l6«©Jl^:jfFff( i^a!*P©Ji*tt^ 

2.4 , £ £ * # * 

t - 7 7 ^ h M Z B ^ C ^ S ^ l S l S ^ ^ ^ f f i O C / E ^ F i g . 4 IC^^0 SSj&We-littJMIi 

^ • M t « 3 « K l F l 3 1 ? ^ < - a L T ^ 5 n fyy&y hrtT?ttffix;jwi/*-||fc|MEffl»^"*Ufu 

i "' U c „ * ^ ' v* ••> y ftmzff< KSEOii'MHi < 5 — 10 515) £ ttoT^5*J, c ©flj|S|li 

ffe©7>f ^ 7 y - T f c a & n S f c C T f ^ S o Cffl«t'5lcE(5!ip«;©ip/C>-rj±ip/C>Fl3©RlS*i}* 

© ^ i i d i ^ f i 1 ^ * ^ ^ . ^M**£Hfc*5£»ttfH:SE-3-r<S„ JUPITERAWrlCfcSi^S 

<p.C>1ftt<P^©^«llcff < icfti* C/E ^'lijDnLT^ffij^t^jJSTriift 6 # © * * » « £ fc 5 

"C/E<D%r&&&&"&W&Km£>tlX^Z (Fig. 5)D COJSHiLTtt . 2 31?iE^fc" ,U 

JtaWrSSIffla^lFfl i^ 1 HT?( i«^A>i©^ai^ 'a ;$tLT^5o6 ) 

i 
i 

2.5 ©J»*ffi® 

t - y ? * h MZC(D^tp^MWi^mmo C/E ^Table 3 ic^ta JENDL-1 ( C / E * 

0.99). JENDL-2 ( C / E « 0.97 ) ^K^rKHHIKttBlffT* 9 . l*Bg*5*»C0c£>-rC/E 

ftiSSELT^So ZPPR- 3*Pid'T?ffl£S:#lf Affl»JfJ*««© C/E * Table 4 K/FTh, C 

/ E li#J»WfflffA#ftlc#; 5>#£5£Lfcf i f f t t t t*** LTHSo 

icjj^-j; o fs• c / E ©g;ftS|te#tt" #g*>ns„ S i c ^ s © Z P P R - 10 D*P& (ft 6000 /.. 

37*«IH«L#<P.W 7?!i«fK*.L<, #J»*7-*©C/Ett£*&T0.99J&>&JS2WW» 
TfLCOt-eiOiBfettttD^S. #S©ANL-?f fo fcENDF/B-4£f f i^fc»W-e&|3 |» f f l2 

« » » « * © C / E . « * , * i»!>TTable 5 fc^tc JENDL- 2 © e S ( i . MZC. ZPPR -

- 37 -
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3 , ZPPR- 9^^TC/E | tAi0 .95^e» 1.0OIBKW4 0 £ # * £ - * ? * 5 e S ^ A - C l " * 5 . 

JENDL - 1 4 JENDL- 2 © C/E f l l i MZC, ZPPR - 3 * * # t e JENDL- 2 ©;?#2 « f i 

<, SHPi& :!?3y>^>'>'h-e*0, tfcl^^lC^-T 1 0 B * y y ^ ' 7 - X T ? f e J E N D L - 2 O ^ 

rt* 5 # f io |$S<! :£ < ftJEL-COSo 

2.6 Na#-fKKJEK 

MZB^^ffltt^rSl&^S^lSlNadf'f KK£KfflHH«iff*«<DJt«;& Fig. 7 fc** \ , 

JENDL- 1 * * £ * ? « » * * * L"0»5fflKftL, JENDL - 2 liJEfflKft 30 8 © * ; * : f f « . 4 

S o t l > 5 , RlEKfiE^*JtefLT*5<!:IfflaiifiE^fflitJD^*Ll.V JUPITER#5i£MC:fcO 

Tfe|H|«IC10~50«cOJl^ifffi©jg[SlAs*!3, SfciiM Kffi«©J£#9 4#ICC/E#itf lD-r 

JENDL - 2 T- Na <1M KKJ6KK^# tti&*&&&&*3tliiC tit, tomEftBJitDKAK 

fffcKI«S!Bfffc«#*--SS^§B*<!:ttofc. -*MfcRl(illK*r*<l«ISfl| |f#ZPPR-9ffl 

*P#ibNadM KSffiflEKftLTfrfctt, ItflttWe. 2 KeVJaT©ff i i*^-T©*RW«ai 

©lBKffi»## # l c * £ 1>JBJ**J# o T l* 5 c 4 #*i] o fc„6) 

JBSaSIW^e***& JENDL - 2©Na rfM KKJS*©ii*ffffi©£JIHa*M,Pu©lKeVK* 

i £ © & # S » f ® « ( JENDL- 1ICR^ JENDL- 2T?tt»20 JBfilO K * 5 C 4 tfWW Lfc#. 

iS3^-C ! ( i*4f3 l :S-C , ( i*54^ < ! :#x . t>nT( ,^<gx*^**-f f i«0St7' -^*iNa'} f ' f K 

T^<;?i®L-ci(^j:i6^fc<:i-eab*3, *£«t*£&fcra>W'-c^.54l'*..5a 

» * f t ? * p O T X h T | i , JENDL-2^t . f»* t t : ?45S , »# t t?74 i l©^J£t t* f&s8L, 

SRAC =J - K <S7, T A 8,|C«k t)SS^SI^iSlC J; 5-feyult*©* 4 , 1 R^Sttiei^itllt^ff o T 

>tf&4 L f c ^ v f - v - ^ i f r f i Table 6 lc^-«fc 5 K, ® 6 * & © f & « t t ' « :>*•*•-***(> 

- p * 3 TRX- 1 4 TRX- 2, © S * & © DCA (ATRffl«S£ii(M 4 E T A - I <*"th I? 

Kffl^tO ® 2 *Pifc, ®H*S&© SHE - 8 4 SHE - 13 £ t o © £ l t 6 *3jf>T* 5» C ©filcBS 

»s^ttfflfc»fflORNL^ilffl)!MTt>iTa*3nT^sl, 

3.1 H8)if £ $ 
S^itffl keff © C/E f t £ Table 7 K ^ f » JENDL - 2 © C/E *t(i 6 SSiM«g-C 0.997 ± 

0.003 4 S ^ L T * J 0 , » a H P f f l t t * 4 i - a L T ^ " S o - ; ? E N D F / B - 4 ( i keff fctfjlfc* 

' N M E L T ^ S . JENDL - 2 4 ENDF/B - 4 ©«7 ' -* t t j f c*1S ; f««T?t t^*«***«<• 

«JS*tt^««T?fflM*i*5o «jJ>-Ci , , 5U, 2 * , U © » * - * > « ^ J x ^ ^ h ^ * K J | ^ H 6 n 

5 # , keff fcStf LTIiWK vfc©JB»#*#l- \ , Table 8 IC ENDF/B- 5 fc£»T " S U © » 

*©JtR*3? LfcB K*K ENDF/B - 4 © MB U 7*- * * ENDF/B - 5 © fe©IC K **>>tT 

* 5 t k e f f . l i » a 5 « l i ' a L C / E - M * * a # S n S ^ | f i l K * 3 (Table 7'fiW. 

- 3 8 -
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3,2 ;»*Sfe (^*it»R«;*Jt) 
£ £ £ © » £ £ » © C / E « * Table 9IC**,, TRX^fc©$£*a>£. I35U. "*U© fission, 

capture KHLTepithermal/thermal ib{ifi*fe*S„ LA>L , M U f U / " ( U,i.(i*aHP© 
/ĵ .'fna.©'*y -̂s--9&&T*jLz>ti-fctmmic 3-6#©>§;*»* t«it^j . m u c w 

/^"Ufj, li, BSS ĉoPuJR^^Tyil̂ ffaTyjb f̂cOiJirj:*), 'Sit±0Jtt'-SjPff &n 
T ^ i . ETA- I*P&©tt*a>&mTh©R£*ifclColvoi, *>a*)fflj|/MMI(l(JM5») 

4. t*ra 

JENDL- 2©»£#«•©£*&«»!§«:«'<*:« 0•?*•), £*Wlc*Ti(fJiU*.5 fetor 

(1) ^l!^fflli«ttffl^a!JlcBflaL'C" ,Uc.p/" ,Pu,i,fflil^fftffflJBH^ 

(2) 8EKlBH^WWLT^*Na#>f h * S « M * f f * © * j E 

(3) ^a<PT© •" C/E ©SIHJtefctt " ©ISB^Bfl 

mVbtlio i l £ , JENDL«»ff«WGT?*±2.6T)l4^fc«?flC)W#f*M«c5S8Sti-T. SM* 

tt«©»»«Sf'-^©fl»«4«»ttf'-^ff*«cir»lcS«^,*5J:oTi'>^ h / v h # f t 
©H!fc£ila6oo*i3, C©fiE*^±tS©«|lftlcSd:o«t^|S^Lfc^o 

ttWIit'lltv^^-xi K*77~KJSKIco^Ttt®fflW«T*«Lfc#. K'«©u 
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Table 1 JENDL Benchmark Test Program 

*p 

51 

52 

53 

54 

55 

56 

57 

58 

JENDL 7 r < * 

o JENDL - 1 

o JENDL-2B 

/ U - 235, 238 \ 
f Pu-239. 240. 24l) 
\ C r , Fe. Ni . ' 

o JENDL - 2 

' j y f ' j - ^ f ^ h 

/ * . - y r * h MZB, MZC\ 
\zPPR-3 J 

°«WIWf (ZPPR-9) 

(TRX, SHE, ORNL) 

JENDL Cr>mm 

oHE^©ttK:lt 

o JUPITER «Wr 
/ ZPPR-9 \ 
VzPPR-10/ 

(ZPPR-13) 

file:///zPPR-3


JAERI-M84-010 

Table 2 C/E VALUES FOR K-EFF AND REACTION RATE RATIOS 

K-EFF 

U CORES 

Pu CORES 

R/R RATIOS 

F**9/F25(*) 

C28/F49(*) 

p28/F25(*) 

K-EFF 

F**9/F25 

C28/Fi»9 

F28/J.25 

JENDL-1 

1.007 

±0.007 

0.998 

±0.007 

0.96 

1.06 

JENDL-2 

0.999 

±0.008 

0.997 

±0.005 

0.97 

1.06 

0.91^1.04 0.98^1.12 

JUPITER ANALYSIS 

JENDL-1 

-

-

-

-

(ZPPR-9) 

JENDL-2 

0.993 

0.97 

1.06 

0.96 

ENDF/B-4 

0.996 

±0.016 

0.986 

±0.006 

0.97 

1.08 

0.93*1.07 

ENDF/B-4 

0.983 

0.97 

1.09 

0.91 

(*) ZPPR-2, ZPR-6-7, MZA, MZB 

- 4 2 -
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Table 3 Central control rod worth of MZC 

1 0B enrichment 

I 

Natural 

30 

80 

90 

Experimental worth 

ZAk/kk' 

0.808 ± 1.3% 

0.993 ± 1.4* 

1.525 ±1.8% 

1.629 ± 1.9% 

JENDL-1 

C/E 

1.00 

0,99 

0.99 

0.98 

JENDL-2 

C/E 

0.97 

0.97 

0.97 

0.96 

Table 4 C/E values for control rod worth of ZPPR-3 phase IB core 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Avet 

Control Rod Positions Inserted 

8 

2 

2,8 

Type-I in CRP-1 

8,14 

2,5 

2.4,6 

2,4,6,10,14,18 

8,10,12,14,16,18 

2,3,4,5,6,7,10,14,18 

2,4,6,8,10,12,14,16,18 

8,9,10,11,12,13,14,15,16,17,18,19 

2,4,6,9,10,11,13,14,15,17,18,19 

2,3,4,5,6,7,8,10,12,14,16,18 

All except CRP-1 

age and one standard deviation of C/ 

No. of 
C.R. 

1 

1 

2 

1 

2 

2 

3 

6 

6 

9 

9 

12 

12 

12 

18 

E values 

Measured 
Worth ($) 

1.94 

2.02 

3.58 

4.14 

4.24 

4.26 

6.51 

14.33 

14.88 

20.75 

22.65 

28.96 

28.99 

30.12 

44.76 

C/E Values 

JENDL-1 JENDL-2B 

0.94 

0.99 

0.98 

0.96 

0.95 

0.99 

1.00 

0.98 

0.96 

0.95 

0.97 

0.97 

0.97 

0.96 

0.96 

0.97±0.02 

0.93 

0.96 

0.96 

0.93 

0,93 

0.95 

0.96 

0.95; 

0.94 

0,92; 

0.94 

0.95 

0.94 

0.92 

0.92 

0.9410.01 
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Table 5 C/E Values for Control Rod Worth 
and 10B Sample Worth 

C/E VALUES FOR CONTROL 

MZC 

ZPPR-3 

ZPPR-9 

ZPPR-10 

JENDL-1 

0.99+0.01 

0.97+0.02 

-

— 

ROD WORTH 

JENDL-2 

0.97 ±0.01 

0.94+0.01 

0.95*1.00 

0.99*1.09 

C/E VALUES FOR 10B SAMPLE WORTH 

ZPR-6-7 

ZPPR-2 

ZPPR-9 

JENDL-1 

1.006 

0.993 

— 

JENDL-2 

0.958 

0.942~ 

1.12 

Table 6 Thermal Banckmark Cores 

Assembly 

TRX1 

TRX2 

DCA 

ETA-I 

SHE-8 

SHE-13 

Fuel 

U-235 

U-235 

U-235 

U-235«h-232 

U-235 

U-235 

Moderator 

H20 

H20 

D20 

D20 

C 

C 

Mod/Fuel 

250 

430 

113 

2316 

15724 

Comments 

r-26.2 cm 

r - 27.4 cm 

for ATR, r =150 cm 

r » 33 cm 

r-28.7 cm 

r « 55.76 cm 
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. Table 7 Effective multiplication factors 

Assembly 

TRX-1 

TRX-2 

DCA 

. ETA-I 

SHE-8 

SHE-13 

Average 
S.D. 

Exp. 

1.00 

1.00 

1.00 

1.00 

1.00 

1.008 

Calculation/Experiment 

JENDL-2 ENDF/B-4 B-4/B-5(235U)* 

0.9934 

0.9945 

1.0021 

0.9966 

0.9949 

1.0031 

0.9974 
±0.0034 

0.9860 

0.9890 

0.9948 

0.9851 

0.9930 

1.0006 

0.9914 
±0.0054 

0.9916 

0.9942 

1.0013 

0.9970 

1.0051 

'U data from ENDF/B-5 were used. 

Table 8 v Values of U-235 

JENDL-2 ENDF/B-4 ENDF/B-5 

2.4286 2.4188 2.4367 

(1.0041) (1.00) (1.0074) 



JAERI-M 84-010 

Table 5 Lattice cell parameters 

Assembly 

TRX-1 

TRX-2 

DCA 

ETA-I . 

parameter 

p28 

525 

628 

C* 

p28 

625 

628 

C* 

p28 

625 

628 

P02 

625 

602 

CR* 

Exp. 

1.311 +0.02 

0.0581 + 0.001 

0.0914 + 0.002 

0.792 ±0.008 

0.83 ±0.015 

0.0608 ±0.0007 

0.0667 +0.002 

0.644 ±0.002 

0.84 

0.06 

0.049 

10.54 ±0.15 

1.74 +0.002 

0.0166 ±0.0009 

0.867 ±0.009 

Calculation/Experiment 
JENDL-2 ENDF/B-4 B-4/Bv5(235U)** 

1.001 
0.978 

1.056 

0.996 

0.983 

0.965 

1.032 

0.985 

0.94 

1.00 

1.00 

0.921 

1.012 

0.842 

0.896 

1.034 

0.988 

1.037 

1.007 

1.016 

0.975 

1.009 

0.992 ; 

0.981 

1.00 

0.98 

0.981 

1.004 

0.778 

0.968 

1.033 

0.985 

1.081 

1.009 

1.015 

0.972 

1.051 

0.994 

0.977 

1.00 

1.02 

p28,p02 ; ratio of epithermal to thermal 0-238 or Th-232 captures 
625 ; ratio of epithermal to thermal 0-235 fissions 
628,602 ; ratio of U-238 or Th-232 fissions to U-235 fissions 
C*,CR* ; ratio of U-238 or Th-232 captures to U-235 fissions 

** 23Su data from ENDF/B-5 were used. 
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o 

s 
CO 
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Q : « « « 5 ( NAIG) 

K(E*#lU. SH»*iiSfEKOC/E»^01.0A^O-ftil l. tt*ftOfc»A>, W t f - ^ f f l 

A:B8 8tK (FBEC) 

ZPPR-lOTTOJBflCffftf-ffl^fclftlifAiftttfcnT^ScaiK, i l l* (FBEC)* , I t ? * 

¥&Jft :«£S«m£)o StUC^S*, M ,U «e « £ li *ijfe|>, »»Pu *f * 3 fc«4>•*•««!: 

* « | J i f i * O C / E t t l . 0 4tt»), £ £ * # $ . M W * 7 - * ® c / E # * f c ¥ f l f l : * n S . f c 

?JC«»).
 M,u »c0l«#*sve&#ft*attTV'*o akattf'-^iciuM****©*. 

±»ffl*fttiftt broad group WV'rir.XtS'Q, £fflx***-«*a>&®i5»&*;*:#^j6>ie 

-3^T«i lOOKeVJsTFt LA>S*.ttlV 

Comment : « « « S ( N A I G ) 

Q: lil£ <1& (NAIG) 

(1) ,0B sample worth fflC/E #*>/J <0 1.0 ri> i f n T l ^ S t f . t f f l i t t i l l H t t f l * ? 

(2) Thermal i p O ^ y ^ ^ - ^ • T-T. bTTh OK*6J^'it!C>«t)O1.0 A^ffl^tl******, 

A : W Ht»C (FBEC) 

(1) f t ) » $ 5 " Small Sample Discrepancy' 4»flf*l.T^Sfc©Tf. JWaii l*7'-* J:9 

Sample Worth © C/E ©t6*rttt?litt<, *Rfctt«£©ffift«T?«ifLTVSo H*K, 

JUPITER (ZPPR- 9) ^it^ffl C/E li M ,U (1.08), *MPu (1.05) •e,*&©"ff',,B 

(1.10~ 1.12) II. l i l* consistent 4 # * . T ^ * o 

(2) />„ (epithermal/thermal capture ratio) ©j| /N*fc£ CR* ( 1 M T h e „ / " i U f n ) 

© « * # « £ * > * > . * « # ! £ ? « « < lKeVJSLh) T?:©™^c!WJi/MMi'4H*)hi-. tiz 

an (n,fhfi, /"'ufij \©«/w«*>&;'*'• f W'mutmbtiZo 

- 5 2 -



JAERI-M 8 4 - 0 1 0 

3.2 mm**?*''-?** 

# £ S # t t ? S i £ l f lv*fc#3MC*5HSXK-4v*-*-#Slfc*SWr*5C t ie*• ) , JENDL 

- 2©«*?*-*£x*> life JBftlc^fc^y^-^lgifcW;, KFKT?frtffcttfcj^>S>0 

* 4 ^ > f c ( ^ l R # t t ? ^ > U t 1 ? * . 5 . HWrlCtt, RADHEAT-V 4 3 - KVXfA £«ffl 

Lfco » # f o e * . KFKimtlC-D^-C, C / E f t i L T ^ 1.1 Oft*#, ORNLJMfctt, e-

±to*>>Zmtlt:tiLm<Dlktii81z^T:33%<Dm&T?mmm£ -ft*-********:. *fc. LLNL 

-fl?*>nfc*f«t«> d - f ^ t e ^ a * * * * * * ^ - * - h n^xgt«Blc3MT*nfc JENDL 

*B^T*«IMFfLfc. 

Shielding Benchmark Test 

* ** 
Hasayoshi Kawai and Shielding Group Constant Sub-Group 

Iron data in JENDL-2 have been tested by analyzing shielding bench

mark experiments for neutron transmission through iron block performed 

at KFK using Cf-252 neutron source and at ORNL using collimated neutron 

beam from reactor. The analyses are made by a shielding analysis code 

system RADHEAT-V4 developed at JAERI. The calculated results are com

pared with the measured data. As for the KFK experiments, the C/E values 

are about 1.1. For the ORNL experiments, the calculated values agree 

with the measured data within an accuracy of 33Z for the oft-center 

geometry. The d-t neutron transmission measurements through carbon 

sphere made at LLNL are also analysed preliminarily by using the revised 

JENDL data for fusion neutronica calculation. 

iiiM*, mmmz. &m\m mm , .«t«f .c**>, «#» c*±a>. «:**BF«J i=xm 
*J» , Kttfr- CSIMMMWlil) . nmWb CH«*0F> 

* Nippon Atomic Industry Group Co. Ltd. 

** Sub-group members: 
Naoki Yamano, Yasuyuki Kikuchi and Akira Hasegawa (JAERI) 
Hlroyuki Hashikura (Univ. Tokyo), Kasuo Minami (Fujitsu) 
Kenji Sasaki (MAPI), Shin-ichi Mandai (IHI), Hirokazu Tsunoda (MRI) 
and M. Kawai (NAIG, leader) 
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1. ttl>tt>fC 

JENDL - 2 li, M?F<P#mt£ t felc**K£^iirtS£<D«-Ji:ic fc^ffl+5 BWTfPft 

*^*#ft«airiplibi^ii^»[Mev:;*^#«*n5tti". JENDL -1 ictt^r^< <t> 

14 MeV *ft?**fflvvfc*»x8^|*ft?^^ :7 h JvMJmMbWSxfr t-lBMLfc? *0«l«f© 
ttJIiLT, JENDL- 2 0*«iH«f'->?A**«&iP-^-* °- f *-emtZ1klCit, Jjt 
MeV £l±OSS»*ttiFIC J; 5 2 R*t t? IcBfl-r 5 f - * ©Sat f^*"?* 5 <!: AMI * ft, * S ; 
JENDL - 3 KfartX*<D$.lJftmwm'<:T<p-e$>&$>W?>, JENDL - 2 Offtff-^OJK li. 

f te#±iBff la»KllT*£ L fc fc©-e* 2 . 
Ld>L, *OJ:^tt^«^l i , »MeVPi±Oi*^*'-ti«-eHMlctt*«'W-e*»). 5MeV 

•3, JENDL-2©<*7'-*ffl8l»x;*h*?Ttt-3fc. **:. B##E«t«&*575 y-ir * b * 

v:?Tvri?li)IIWlcfflV^«7'-^©^ffFIB*iJlJ66ftT^-5*)C.<!:lc^J6LT. 14 MeV* 

- * £«*©¥ *MWr l c o ^ T « ^ 5 o 

JENDL - 2 © * * # * 7- 9 li, *IWS#r ©:£*;&> &'ffi* ft*: 3 o © * # 5 ) £*fc *-^ < |£ 
«A*»»&ft, #fc'*7;< -^*Mffi*©*»l**i«K*< x*^**-ft#ttlco^Tff«lc«t 

J**rt£Jlie**ttg**Kf7*-. *CT, 4lUli, *** i e*r tS t t»H*te7a* l cHtS ' , « 
y ^ ' - ^ l l l l * « l # f L , JENDL-2 0«f -*OFBR*K»|#f^O*l t t* t t |»Lf t : . 

ffffLfcHHli. « t f - * © » » x * K f c i W d L T l t S S f t f c ^ ^ ' - ^ I S l l T * ! ) , 1 
oii KFK-efittteftfc+ îc "'CffltftHiitai^oait^&ona+tt?^^^ h^*S* 
V?) T?* 0. flkli ORNL © tower Shielding Facility IC * » 5JH^^A» &© a !/> - > $ ft 

AWrKli, «WPllli6$ft/:*«ltJ|:3-Ki'^-fARADHEAT-V410:>*fflV^o CO->^ 

BHfgH»RII!**©fTSW9»«0H«ittW AWrlcfc^T. irffi*(±, JENDL-2©fft, 
t # i l t ENDF/B-FOf-^t-tft-PftlOO PKgffcRft LTBVrt:. JENDL - 2 i 

mDF/B-y®m.?-9t)*xttzt, Fig. 1 iĉ -r*uc3MeV£i±®*ffettai»ffi*o 
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2.1 f t * * ? * 
Fig. 2 Jc KFKJcfctt**B**> Z<DM&#&*,x<<9 b A^S£3M*©e«£*+. ***©;* 

#*l±; iSS 15, 20. 25, 30; 35fcitf 40cmTNfc*), ^tl&O^X'ICO^TJKWLfco **#«> 
#£>?* v**lett , »'Cf < S * t t ^ ^ j l ^ ^ v > * 0 ItJtli. Mt*. KM, £»«©3flWi; 
Kft»1zm^m*Tji> CR^l52!4cm) *W,vT7Ttto7t0 fcflJIiJW©^* (R=2.5^cra) •" 
I C ^ l 5 * K - * t t ^ l f ^ * * # r i shell source «#^fc i 

ORNL ^<61lk¥m0F^^k^; 5 7 -f - h ̂ %0tfespS*l:fafcflt§-L5- 36 -f i»'̂ ': 

© 6 s*<ow^ic^^Tffiii^ftfc. Fig. 3 KitonikmwzK-to A»*tt^ tr-A«i; ; # 

JT.^ffl^lSllcBMl*:,, (Wflrtt. flt*10.3. 30.8, 31.1, 62.0 Stf 92.9 cm (DSfDRKJdlXfrU 
r,fze Fig. 4 it, 2 9:7nSn«I^ItJHCffifflLfcRtt*f^*:S-W*. 3 ' J > - * * * » L * : . 
ffifflW^ttKtt. » ¥ « « f f i ^ 6 172.72 cm ©«6»C«l>;fco 

2.2 » t *# f t 
lt»ffl#IB*Fig. 5 l c * + , Jfê J. FAIR-CROSS STEP 1 %*.&STEP 2 * i ? * - ^ 

TTJENDL-2 t ENDF/B-Nff l f -^f f iaLT, S t t « © * t t ^ i * ^ * * - 100«ffflE» 
fcjUSWfSfcfcttfiEl*:,, x*"**- i f t* l l i , 1ft487 MeV~ 15.034 KeV* 56Iff(Ju=ai25), 
15.034KeV - 0.414eV£ 428¥( Ju = 0.25), «!) 0.4i4eVjyT£2f|lc#tf;te4>©T*^b 
Scl̂ T DIAC 3 - KlcJ; Q, Si. ffiiH (17 ft*#j5) © 1 JRTt Sn t&&lt»*frtt oTi.: KFK 
i^mco^-rtt. c©is**a)sittJt«ifLfc. 

ORNL^Htt. C®*FAIR-CR0SS STEP 3 *i? ̂ -^^(UfSfll* 28SMc»ftly 2J*C 
SSntftS&n - K W)T-3.5n)lc^QK#^**<tDf-t©*®ffl*tt^m»* ;&**. $;£&'/ 
SPACETRAN^ - K12)IC J; 9&ft£jti>&Sftai;fc#te?#^l&***'<? bvu * ; # * - * ^ - ' ; 

cfeSfcClcoHTli. «**tt^ffl*ff^BE»©«^*giJ)*fl-»LTflP>L&*)-e-y;. 

2.3 KFK£*©llWr«r* 
Fig.6tt. i!835cm©ttf*fr&II«lT<*#tt?;*'*:?h*ICoV*-c, ttJHl4*l5£p 

^JtRL-ts l fc i©-*?**. H # © - » t t S * f T * 5 o **:. Fig. 71c*^tti*A-+*-KIB 
^*£Lfc*«:?*ff lC/E * * # * , , 100KeVjaT*lfctttf. C/E Itli 1 JCJtRWfi < . * 
izitHtimoXi *.K fc** bftff L ttV> JENDL - 2 £ ENDF/B- V*JtR Ifc»gy 
2.5 MeV JH±t? ENDF/B- Vffl̂ A* JENDL - 2 <fc 0 fc&V**g*** LTt* 5o * t T?, *ffl 
2l;WlcS*i-*;6>£i**$JMc, JENDL-Sffl^fftMllfrffi^©^-^ (MT= 51-91, 
MF = 3 - 5 ) «• ENDF/B- V©7*- *'T?1 *£A, ^•fffiSKOIt^«#+ 5 «fc-5 It#tttt it 
• f l i * © * * * * L T , fitl*?*^f " JENDL-2M*^L-, JENDL-2 4H«tt^tt*!C^ 

63.25 K e V j f r ^ ^ 
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Mfclfc 10#Pirt©8£T?lB&T?* 5*^*iJ^fco 

2.4 ORNL %Ht©H¥#r 
Fig. 8 lc*fcW«t«JE 30.8 cm©J*&© it = 15° £ 45* fcfctt * 0.8 MeV Pi±©#1£ ;F:*'<? 

h / H C ^ T , N E - 2 1 3 ^ ' < ^ h o > - ^ | c J : 5 i | E « ( i : J t R L ^ ^ + . P i - S i fitticj;* 

JENDL-2 ©IS* »i, ENDF/B - V P W K ^ S S t e t f f c & n T ^ S . i : * * * * - * * * **i 

fc^*ttTm<OC/E«[t), •t*HE'n©*dIC*tU0.92. 0 .94 i l l c« |^j ia^«t« .SLTV^o 

E N D F / B - M i , ^n^tlO.98, 1.01-e*5c 

Fig. 9 it, 31.1 cmW©0c&&#T?*D = 50°IC«^nfc Benjamin *^9 h o y -*Tfj||JE 

$*lfc80KeVA>t> 1.5Me.V©i*.'i/**-|6ffl©*tt ;F*'^ h^iJtRLfcfeOTrSS. JENDL 

- 2 . E N D F / B - F i f e f - ; 7 « t © S S t t { i + 5 } T r t t < . # & ? * © * *;"**-*#**© C / 

Efcli. ^ tVPn 1.34. 1.33£1J:!)?*;*:*1\ , 

S6IC, d ? ^ - # - ^ * m S I C j : 5 S « * f l ' * © C / E i [ * F i g . 10IC^-ro * d = 4 5 , © » 

# , C / E = 0.67~1.12iliclfcRWi6vva[*^fc8 t f c . C / E * i , « « # © * * » * » • • * -

£ £ f c l c * ^ L T f t < £ l ^ « | S j « J I - a - T ^ . 6 o C©«|SHi, *d = 15°©i f t* lc j :» )«*tr* 

5*J. c/E;*©*filitta53Tr*s. 
ilc&'MfcflHc, f - A * ) c i ^ ^ 6 l i n f c f f i * © a i S i [ l c M L T 1 JENDL - 2 ttJtR«£^ 

S S t t * * L T ^ 5 o W>L, tr -A*^«! i±©i iEi [ jco^-rt t . Fig.lOfcJjT#-»lcSPACE-

TRAN ^ - K©tt*IC*lf^t ,©a«tF^Tr****^*tt?fiR»*i! lDiTt>Ji/hlMIA*Bao. 

c©-#©afitt. «ifficffl̂ fcx*yix+'-iM)iift©ffl$*î «'e.n«. BIB. X * / I / * - # I » 

jfttfffli^i. «**K*S#l*T©*^a*fc§l<»»t!«^«ff f f i *o»v^^¥^*ff©»lca 

$£OT. 6RtiLwik&mv>tz*y*^-9tmtiwmKtt, t'-A#£>ttj6>t>ii*ifc, w*>*& 
©^#^&«T© C/E **»fflySo 

2.5 * W 

J E N D L - 2 © * f - * © * i i ' < > ' ^ ^ - J ' a * 0 » S « . KFK*H<iC/E= 1.09-1.12 £ 

» » * t t ? * * t t l O # © H * T ? t t j r T # * : . ' * f c . ORNLSSUtt, f-A*£i|*Ai«>li*lfcfi[ 

• O t t i U f l e o ^ - C C/E = 0.67 - 1.33 t 1 IC Jt«Wifi^*i*#fco ENDF/B - V I C ^ T t> 
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H*©tt**.»fco ±ie©&*A>S. JENDL-2#FBR©»B»ffilctt*3jHfflte£WL^ 

*fc, ••RFJC.¥l(Jffll»fflC*^T, Z5MeVJa±ffl#.^ttitta*±H'fc^*iai\»^l<E;t:S-
JSS^'fctlfco".-2f. Hfihn13j <C «fc5 ENDF/B - tf © iSK****•*-* g|Te-li. *P?T 
JENDL - 2 © f - ? £ £ & * • Sfc*'jWKg3ftT^So £ ©A^itl^li. JKffi^&©£ fe** 
&, «?*f*tftcb*^fc^iOi#^?»n50 cn*WS»A^c-j(-5^IE(i. S.6KBiJffl||!Jift*̂ )H5v 

ttz. ORNLimicfi. s*^¥-S«»fflfiS^W&*lcfi(Slcji|gf-$S-»*Lt^;t).-,.;.. 
t*-A*^«l±©**tb|gfe^i6T^SW« C/EttfcfcS&lcii. S £lcPtt*£*£lc«fc;5JK 
W*i<iJST*5o * © £ £ . C/E«Ki-lf llci£-3< fcCiSfcttSo 

3. ttMPft?--»a>'<c:'?7-0IMI (*«Pff) 

B**lRlWiBI&^5yy»f-*w^Twr«IWIWfflfflW7'-i'4LT. , , , Li , "C, '<0, 
Fe. Cr, Ni*(DMeV£l±a)lrSn»*fnHi»nT«0, ^OttK^yf-'-^KBfcllJiL 
T ^ i o W f t i + s m U i , LLNLrfl^fcnfc«tt*lR#J5^«»l|-S*tt?x^WP : i«« 
lHl14)iIlBf PNS £ FNSIcfcttS Li S f f l^ fc^TCSft**}^*^!* 1 ^- !?** ,%£• 
LLNLHHiCo^T. DIAC^-KICJ;5 1^5cSn^Mt*^ffl^ll)»ff*iifeT^5i 

tWr*f;Wi. ^ M c ^ f t ^ ^ . ^ S i ^ a S ^ f ^ T f t S . « *x * , i , #^£LT , ; £# : 
Sft^eDftiiJcMi^x*/!,*-*»,;£,, ttJMSJRtt. M^tttJtlSEt-'iA. »S^©^MaW 
*fc»**ltEti»m'm ,©fn©HiE«Titt\ 3ltt»atr-^»*&5.«t5-teB|hl-«!i. / 

Fig. 11 ictt, ¥ £ 1.3m.f.p. © l2C ICH^X tr-A^ftlc 30° *tt^flK^|^IC«}lt5*tt^ 

x ^ ^ h ^feW^-a-So ^««i DI AC =•- Kici3i*©w-*e«-e* •&, * ^ # t t « a t : - ? 
^S^nSr, Ctt£¥«rM 3nsec OlSM^1|gi?j*iELtfflEM£J^L;fch « » j i , ENDF 
/ B - y - C A S ^ , 8 - 14MeV©x*yi/+*-|Sffl7?X'<^ h ^©S©SSttA*S< 4t\h —^. 
JENDL ©efc&JS (JENDL -2.5 £ « » 0 (i, CCi^+'-jgfflffl^g&ttgaFe**,, L 
*>L. »«IWO#SHtlfca**l»Lr<*B-MBVJaTO»'«^h*lcolW i ff*tttt»5E 

•p, c©jt^at<.^*K7'-!5'o»Micig5A>p !W#&ffl«SfcBsa>ttW3T?*ai\,4fcii, 
C OT«Wffl»*«ll* AT. «*©#^te*«**®«M9*WS5t*:£# L <*"ofc 3 flr^* 
y •? * JI> • ftT?»#r* 5 ̂ SET* 5c 

4. » a 

*».'>« v f ' - V&lkt LT.. ^ft^il^ffl^fcttWStftttTailllllffliWJfiS-fi1^. JENDL 
- 2 © f t ^ - # ^ F B R * i K J ^ L^L. 14MeV*tt?« 

^©iiiMswfcttoT, >H|^!*©ffi*©iEgji^+»ic«i»wsnT*sf, »«T©«a;fe4> 

Kit-*•fcifc&itT?*.*. i7=, 2 i fc t fy '*T<- ?©«•* fe3-»©R«-e£ s„ 
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Determination of Room-Scattered Background. 
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(KFK Experiments 8>) 
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Fig. 4 Two-Dimensional RZ Model for Analyzing the ORNL 
Iron Shielding Benchmark Experiments. 
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28g ones and conversion to Re 
(ANISN) type cross sections. 

DOT-3.5 ESPRIT two-dimensional Sn transport 
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calculate detector response at the 
position behind Iron-slab. 

Fig. 5 Flow Diagram of Analysis for ORNL Iron Shielding 
Benchmark Experiments. 
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3.3 FCAIZSVIT?I-;4 m&nik 

-7.^9 \- K*W&fo&0U^teFOK<ai*6frfeK#\^X. 7 9? J A K*«*#5Wi i 

•k^-tf-yr^RJSBCailailS^iTofc. 8H5£»**JENDL-2&tfENDF/B-V (Xlitf) 

£ffll>fcIt*tt*£Jt««W+.5o 

Actinides Integral Measurements ca FCA Assemblies 

Takehiko MUKAIYAMA, Shigeaki 0KAJIMA+ 

Actinlde integral measurements were performed on aight assemblies 

of FCA where neutron energy spectra were shifted systematically from 

soft to hard In order to evaluate and modify the nuclear cross section 

data of major actinides. Experimental values on actinide fission rates 

and sample reactivity worths are compared with the calculated values 

using JENDL-2 and ENDF/B-V (or IV) data sets. 

1. ttGtofC 

A " £e»**9ftfc*ifcic^3tt.5«fc ? ic, HH^Mi«*R*4<M * " • '<* * * y K»c«fc OJRL 

05 <Actiriide Buriiiiig Fast Reactor ; ABFR ) £JM? L T * ^ CtHi.7i>f- / A K«# 

K*«feiB&i7?:*s ( f f /»e > i )<, Fig. i \m%m *mwtim.*A V^*«:&x,jt'HM* 

ABPREfr©«»lt^ 
+ a^JR^^WftBT , Japan Atomic Energy Research Institute 
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Mitotic ?cK%m^tL-m<DT<r*j 4 mammzft^t:* 

2. TV*J4 VWar-9Gm#. 

Table l(a)(bHc#S^E^TV*t£?-y 4 KttB©*?'-*•*•:; hfcLMFBRONEACIRP 

Kic-oOT©tliHlH;4>tt<> tt^j;t1'>IIH7'-i'**»<i:i^-t»&n/:7'-i' • * * h o p 
£f* Table 1 KmZtlX^Z fc©J; DftliliS t>K*.&^t8.t>tl&o 

3. FCAK*tt«|MHMI 

*#a£ic.fc!m&n*:7'-*©«?l*:ii, *»*S7'-*'©HIKJ;!3fi^**, x*,i/*--w»e 
«[»*nfc7'-i'-e*SA:a6, x^+'-lcM+atiMBIi'JHv K^i*^*-«ffllc*3fct)«i 

O*tt^«-CO«[»i«S*^e»CttS0 ^ e T F C A T ? * ^ ^ * ^ ? ^ © * © * ^ * © 

3.1 mm#&?x*9t»fr%FCAKipfo>>>j-xtii&nik 

«fttH!l©SWIi±KiE^fc«fc'5K-a©<P(D->,J -xictjlf S * t t ? ^ ^ ^ h ^ © * ? >© 
*Jtt**SE^-i»<!:, » # l l l t * f r 5 # t e ? * £ i B a ^ * / : * © d a t a and methodOilirc 
* i o ffix*;i'**-tl©;*'<? h^H«lc(i^7 7r'V h £*!?«<!: LTffll,\ «x*yi/+*-«| 
©W»lcji^(BWI*fflOT^So ftiSfii L T 7 ^ h-v^&m*t:m&KttZ<D *&*&#? 
lejWUCfc S(*^©fiK b''jy]- # * <0, *^R£K*3£©«fK**ll < KZtz&, Rtf^-Clii ft 

tt«j«^& FCAK- 1 ~ K - 6©6 •pffl^<£,^RS*tl, X 20 # « « & * ' ? * y©*£E*>fc 
k-7*P^fciiOl4nfc<, FeAK-l~K^7^'Cv©H«/vv^^->*Fig ;2lc^Lfco « * 
T ^ ^ y < KM»«3£<±7'^b--?A«J4*fflv^ r«»WarkIJ *JI#SiC» <FCA X - 1 ) 

FCAK-l~K-7*3&©»8te . « * * ^ * h**£LT©£i!ite, tftt^x** h;ME 
JE© data & method *lc-3l\-cttSClR4) *#IHS*X^^0 

3.2 7 9 +J 4 KtMWF5WMS 
•ffclcllXLfcspiTSatt^Jifl-llcff^^ffl^T, '*»U, *"Np, '"Pu, ,MPu, '"Am, 

M,Am is«fctf M4Cm lc-3^-0*#S**5S*?To*:? 
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*s*t*«»*eft««>i!iSK«it*nT^5<, %mmi±Tf*/4 FVMimto*&*m>f; 

LTftfe&n, tt/ig ("'Pu, ,4,Am. ,44Cm) A> t>*ij 200 /*g ( , , 5U) © M © * T * ^ C© 

^ * n * « " » H * 9 > ' h t t t t 4 t * » H " * 9 > ' h © t t l « » T - T ' * * . 

M3ett*Jpj£»©*iCWc*t^Tif:o.fco t*#8^vu;*©£* 9 y htt(* 1.5 x 104 ~ 1 x 10* T? 

*«tta>&©Sf#«*^ffl*#(i , H ,Pu « •»«©»£ . 2 , ,Pu©*##19~27$K. *©fl& 

©«W©*F#iMl&2#. , 4 4 C m I t t t * f f l » ^ m P u ^ & 3 ~ 5 « . M , CM&>&6#©lf5#*D. 

*0<ft©«-«[*-eiiWfi«i6>6©»#'ttia5JaTT**. 

It*»4(NJKi*A-*-S t i K «fc <0, #&#lc * r v i>*«MS©* t f j ^ - fcfcj&fr c. i«c 

miEnikt'a-otz^m, t©fj»rca*s«iE(io~+2#fi*T*-=*:o cn*©t«iE*ao 
T&#«©«i»H*©*«Mi&*#*«. *n«f©jpuj*K«iBMfitt-iftia«Ktt*j;9»c, " lu 
©#aS*tC5(**S£lSS©S#8J±£#tf>So .»EJjatt;ffllm»«li '"Cm lc-D^T(i±4~ 

5*', *n£t^f f l*aKo^'r i i±2~35KT?'*So 

3.3 rif^/4 h-mmunmi&mmmmm 
"7Np, »"Pu, J4,Pu, , 4 ,Am, : 4 ,Am©5«aKo^TJpi!l»tWK*Jt«afiSJ6M«ilJ- . 

Lfcfc©T?**o 
T97/4 K«Sf i» t t M,Pu *5«fctf ,40Pu tfifc 15 g . - t f f l f l f f l*ai i 20 g -P*-*. ^Pfitt 

I* "'Pu a*4©»£«c H,Pu £ " fPu ^ I f e t t 9 8£3ELT^S#. fflj©K*4fflii£H;«J*tt 
ft 98 »Pi±©B«K© fe © "C* So 

M £ l i K 8 * * t o * f r K»A U **4ffiSfUeRofc»©»Jl»"*ffl<Mffl«fl:*> *>KJ6J*«Jl 
*SM£+S. BII?^©-ycSffl»^lifiJ**fflffil©^Mt?*D, Cftli±a02mm1?**).-Si6-
BE£ LT I i 3~9 x 10'7 Jk/k ©»*•?*•«. K*4©fi*l i i f i8cmT* D. <NJ#jfrfc**LT:: 

a8ffift*lKft!ttc 4 cm'»»**TKfilill^!Sl©KJ6HC*fliJ**'il£L*:AJ. ^ f c ^S -©*^ 
/ h *UK- 7.ipi&fc*^-ra-fi^SKtofc5SJ6flC««[ffl«^liifi6»Tft0, X - HN>©,fc 

9 «*>* * § tt*?i&-ett*fc 3'«HTT?* •= tio a*4£*#t L f c t t r * ^ © K ^ I M * ^ © . * ^ 

' f l i t*"* -**r**Ko^T©'illJ^«[*fflVTilliE'LT>>•.«•.- » * © K « K « l t ( i « l i 9 7 ^ 

»^tisitt'fistf^b!?5 y»lb»wfi©;Rj6*aii»3Efa«j:»*i6 .̂ x Aiio».a»stf Aia 
.»^^K«i-«s«*6i*»fc**. c©2o©ii*Rje**i[sis*(iii«»*rtTr-aL 
TW5,- »*©K«*«*©afiR^Kffl|t^©3f^ii"7Np, "'Am, ,4'AmKfi(DK-3, 

« * © * £ * * L fc*©a^K««:««[int«0»«tt«« i g s *) ± (5 ~ 20) x io •• JK 
/k -c*-ojt. ttttSfc******* ,,,Pu fflSrcfchl-SJti LT Fig. 3 i c * Lfc„ 
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3.4 f«Mt£Mttl0Jt<S! 
* £ © « • » £ l i JENDL-2* ; r9*J4 Ktf»a*4©tf?7'-* £ LTIiJENDL- 2 &tf 

ENDF/B-V <*IL VtffcfflTdtt^Jf^lCttAO 5 ^ 7 ' J -fcffl^fc.o ft*.®1? ° - * 
Fig.4IC^-T0 ^(L»*A/Eo^TliifSI«aft3- KSP-20006)ICJ;») JENDL - 2 7 4 7 
>'J- (1960W *ff l^T*IMW**IHKtfl \ a iPSl t tKi ia*** . :KKC©KiB« 
*ffl^T. ^ll>*J;t;r5>'^^>;O2«*H:3Sli:-o^T20Sf2»:7cR-Z*7f/Wi:J;554Pi 

T JENDL -2»OfENDF/B-V (XflV) 5 4 T"? U -*ffil.\ 1950Sf-*£ffSL SP 
-2000*ffl^T*J6fc«:3RO!!tJtt:JFx'«^ h* (1950S) * « * & L-CfcHWROM 8*rS 
*ic*ttL. -V&WiMK**>T9*/4 K*«ffl*»S*StfKi|4*kR£*«tt*tmt-V 

miMiitJMtcDitiatt, M , u K f t j * * T * * / 4 K*»©&#s*Jtstf "'PUKS**-

*#8Jt©»tJMl©ISit«Kft**Jt*C/E 4 LTFig. 5(a)(b) KwLfc. XI«^SlE*tf 
HJt© C /E *«• Table 2 K SL fc„ 

Fig. 5(a)(b)fctfitJB*flt*** •****fc»lc" ,Pu©#£S!Ut£/iafc#, £©JKi£tl'' 
SSK&lcfcfc o THH*£ItJMtJ±HIMfi#rtT-r*,L:Tl^»t*©flf*l±2!£.fc ^C £#b*> 
S„ "*Pu I c o ^ f i i K - 2^&K*rt*!giMlKra^^ 
JSrtTTSMMIilttMIBHR.LT^*. *©ffi©««lc-3t>TliltJ(«tlilllWt^ b 5-155K^ 
* t t « * # i t . T ^ S . JENDL - 2 £ ENDF/B 7 4 7 5 U -©HlCtt '"Np^S-fctf "'Aiii ;77 
5 ~ 8 96. '"Cm X~ 2 5B©M*4-f ***. *'©ffi©^«Ko^TiiS£ A ^ ^ M ^ . A T l V ' 

* o ' 

S**R£K«fcJtlc-o^Ttt. ItJH»*©!£*S-*-fc»lc "^©"'Pulc^-SSiSf lEa 
«©Jt£ Table 3JC#taLfco &X<Ofrmt^XZ96WiX\\nm±%1kVL£-9LLX^X, 
ItJH^OKSttfcsJ* LTI> *„ 

a^Sl&*««t( i±£ LT*»|»«c J; 5iE©SlEK«<tfflSF#£»iRlc J: SftfflSl£?**<tffl 
3ij©fnT?**3, M£Lfc«i|©#Ktt*te^****A'ieJ:o;tfiC;fr^ 

L < ts9, BU&xMmt ixiio\c0nim^i><ot><hzo comM&icttc/Etixnm 
•imMtj^t-eosaayo^fPT?. a^s«K«it©iii»iiitapftt»i©--^xttPi^ 

. # "• Pu ©It© 10.XEkJlzti5JiSloii l - C / 1 - E £ LTitR U Table irgli-C h#ffl 
i t e * * artKSLft:.- "*Pu ©W^lcttK- 7.^^.^T?li|^ii'!it*l||l|*.9;*:ttM>'**v' 
*£«Co-C^T, JENOL-2,»tf;ENpF/BrT/K'TS*©^raiiH^PL;7?-*S« "'Pu©«£ 
K l i K - l ^ i > l U f t T { i ^ ^ JENDL-
2 ffl^ENpF^r^V.S:^ "' AmlC-XoT 

«;jENpL-2imyf^M^ii^Biif^immLx^wmL, ENDF/B-v* 

*iltJ«t©-*ttSi.v 
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1*#SSfan*7'-*ICo^Ttt, JENDL-aTrtt"'?!!, , , 7Np©f--?, ENDF/B-V 
-e© "'Pu O f - * ©dJKtttti* <, -t©fflj<0lfcBico^-aipf 5 4 ^5 'J - i fe 5~ 15JK^4 
^MiaoT^^a^aKKf l i l tKMLTtt , JENDL-2^-*£fflOfe£;6*, "'NpfcJ: 
tf '"AmK^xmmfejzflO&iTmL, *©fl&©««ICo(PTtt JENDL - 2*J:tf ENDF 
/BCf ' -^IC^i t tMJi t t ly 

^« tn *©*£» jg#£ f t ^g *&* f f l ^T7 -< » f ^ ^ L , «#SWE*&tf«rai(ffffi 

W * 

KfHI-feyy-) ©&#«•&*:. *f8S«*ife5lca5ll ia*v^fc^fc±iB©^*, S O * 
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Table 1(a) Comparison of one-group f i s s i o n cross 
s ec t ion of a c t i n i d e s a t core center 
of LMFBR 

(Unit : barns) 
Set 

Isotope 

U 235 

U 238 

Np 237 

Pu 238 

Pu 239 

Pu 240 

Pu 241 

Pu 242 

Am 241 

Am 242 

Am 243 

Cm 242 

Cm 243 

Cm 244 

CARNAVAl/7 

IV 

1 . 9 4 

0.040 

0.33 

0.84 

1.81 

0.33 

2.53 

0.22 

0.29 

3.70 

0.20 

2.05 

3.39 

0.45 

ENDF/B-V* 

1.98 

0.042 

0.33 

1.15 

1.85 

0.37 

2.60 

0.26 

0.29 

0.61 

0.22 

2.77 

0.40 

FGL5C 

1 . 9 8 

0.043 

0.31 

1.13 

1.83 

0.35 

2.70 

0.27 -

0.27 

3.33 

0.19 

1.23 

2.89 

0.38 

JENDL2d 

2.01 

0.044 

0 . 3 2 / 

1.13 

1.86 

0.37 

2.64 

0.27 

0.28^ 

3,49 

0.22 

0.47 

2.91 

0.41 

KEDAK46 

2.06 

0.043 

0.34 

1.05 

1.87 

-."7 

• 9 

0.25 

0.28 

3.86 

0.20 

; — 
2.46 

0.43 

Table 1(b) Comparison of one-group capture cross 
sec t ion of a c t i n i d e s at core center 

Set 

Isotope 

U 235 

U 238 

Np 237 

Pu 238 

Pu 239 

Pu 240 

Pu 241 

Pu 242 

Am 241 

Am 242 

Am 243 

Cm 242 

Cm 243 

Cm 244 

CARNAVALa 

IV 

0 . 5 9 

0 . 2 9 

1 . 4 1 

0 . 5 5 

0 . 5 7 

0 . 5 5 

0 . 5 0 

0 . 6 3 

2.02 

0.70 

1.60 

0.59 

0.50 

0.85 

ENDF/B-V* 

0.61 

0.30 

1.82 

0.79 

0.56 

0.60 

0.50 

0.47 

1.86 

0.097 

1.20 

0.27 

0 .91 

FGL5° 

0.54 

0.29 

1.95 

0.46 

0.55 

0 .63 

0.62 

0.39 

1.88 

0.11 

1.73 

0.51 

0.10 

0.49 

JENDL2d 

0.64 

0.30 

1 . 7 0 / 

0.95 

0.60 

0.62 

0.53 

0.39 

1.692 

0.45 

1.69 

0.64 

0.29 

0.66 

KEDAK4C 

0 . 6 2 

0.31 

1.66 

0.71 

0.57 

0.64 

0.52 

0.48 

1.93 

0.46 

1.53 

0.18 

0.65 

a: CEA, FRANCE, b: ANL, USA, ox DKAEA, UK, d: JAERI, 

Japan, e: KFK, West Germany, / : ENDF/B-IV, g: JENDL1. 
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Table 2 C/E values of actinide sample reactivity worth ratio to Pu-239 in FCA 
standard neutron spectra assemblies 

Assembly 
No. 

IX-1 

IX-2 

IX-3 

IX-4 

IX-5 

IX-6 

IX-7 

X-l 

Data 
Library 

JENDL**. 
ENDF7B ' 

JENDL 
ENDF7B 

JENDL 
ENDF7B 

JENDL 
~SNDF7B 

JENDL 
ENDF7B 

JENDL 
"ENDFTB 

JENDL 
~ENDF7§ 

JEHDL 
ENDFTB 

Np237/Pu239 

1.06 
0799" 

1.01 
"575o 

(0.98)C) 

"To. §87 

(0.97) 
T5.89T 

1.11 
l757~ 

1.06 
"1736 

1.16 
1.63" 

(0.99) 
"757927" 

Pu238/Pu239 

-ta-
-ta-
-HF 
- 1 * 
+8-
-HJ-
-fcS-
-fcfr 

Pu240/Pu239 

-*fi-
- § * 

-i* 
-fci-
"5770" 

-fea-
' - } * 

-ts-

Am241/Pu239 

0.98 
i.do 

0.96 
0.86 

(0.98) 
"TO. 967" 

(0.95) 
~Tl.04r 

0.77 
0.8*5" 

1.01 
1.01 

1.12 
1.15" 

(0.98) 
"TO.-37T 

Am243/Pu239 

0.91 
0777" 

0.71 
75778*) 

(0.92) 
"T5755T" 

(1.00) 
"T57555" 

l.n 
1778" 

1.14 
"1749" 

(0.94) 
(57537" 

(0.96) 
"757537" 

U235/Pu239 

1.012 
"17522 

0.985 
"57979" 

1.002 
0.995 

0.976 
"57978" 

0.967 
"57975" 

0.980 
"57991" 

1.007 
1.028 

0.979 
"57994 

a) : JENDL-2 
b) : ENDF/B-V for Np-237, Pu-238, Am-241, Am-243 and U-235, ENDF/B-IV for Pu-239 and Pu-240 
c) : Values in perentheses are values of 1-C/l-E for |c| or/and |E| <0.1 
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It * 

Q : * * * - ' f t < ;H#v x * W ) . • 
Actinide nuclei © sample worth KoV>TJtWli£f®l8<t©r«Sfc systematic tt 

discrepancy #265 ©A»? 

A ; isii±i ms (mm) 
Table 2 IcJSLfcJ: 5 lc, M,U ffl "*Pu \cftt2> worth ratio T i S I U , C ffl —j*ffl 

IH»"C{i, ltWltilHllt©M© systematic discrepancy l i t t l \ , fife© Actinide nuclide 
Ic-a^Tli systematic discrepancy £JK»T ,i5gfa±tfE;«f'-*©*ltfleiii«< ttW 

Q •• ^m mz. (lew) 
fission ratio #&< *5©lc worth©C/E A*^? y + + f 5 . worth©P*rlcPJ]ll*i£ 

s©T?ttai>*>? c© worth-esff-*£5*"e#tt^©'£f±ttMa>? 
A : isiuu a g mm) 

Table 3ICjjr*-«h o K, ,M U/*'»Pn © worth ratic © C/E (i 1.0 ± 0,03 T? * 0 »#f lc 

H » i t t ^ o worthlcM^S/Rf-^rof l lKff l ia t l t^C/Eax^-y+lcatet iT^^ fit 

fission ratio 7F (iff ffl**#A*ltf^^**, sample worth (i wJfy - 2, t l ^ j t j j * * 

Atttffttfa&f, «2f, i \ ©£*a*b?>«o-Ct>, ^ f ^ i ' , 0*&tc<±-£©it#©« 

^©tt^"(i^*l<^ ^-lel©—Jlffll?!!©*!^*^^^^^ h^« i/y hffl^i^Ji^lcfesaniple 

reactivity worth (&IC exotic tt sample IcfcfLT) <OC/E <D-><7-y*i)i/^£tftlli, Z 

©»ff -* - 7 ^ 7 U-teJ£l^x*,i,*--fcfc|cttLT'<7y*©£*l;fca^7-t T '^ ' J -

Q : E-Mt m-W (SBF) 

A : (SJlJj S g (USD 
Hlil i2-3lc^^*i5o MSllifSWp (LWR, FBR) l c f c t t S T ^ / 4 K£fiE*lcW« 

1Z&r-f-ekO. 'VUl'^ffifiUMtmetflcKfll'L?< So *2l i*«S^*©*«Slcifet t 
•3«5^«aBX©«^(cBB^-t5lSx-^T"*50 * iff l^lc-o^Tli , *SBtl*tff©-fe* >a W 
3 S f t (USSD * 6 S # . * S i B 5 « J , FBRIt*; t t .5T?f- /4 K£fi)cltB8LTI±, " lPu, 
" lCm©«J*5£». *e«cB8LTIi. "7Np, "'Am, " 'Pu, *f lcHLTI±,mNp, J4,Am, 
"'Am, '""Am, " ' P u f f l f U K ^ ^ f - ^ ^ S ^ S n S o (RMitani, et al, JAERI-

M8133 (1979) )c «2©&IC-3^T(±, m N p . " 'Pu, 24,Pu. '"Am, M ,AmO»f, 
ffc, "*Pu©<fc, "'Am, '"Bm, "4Cm© decay constant tti*©«flE<fc^x-***& 

Q : * « mW (NAIG) ... 

f i * » i L T , *(E), ^* (E )©» t t«**#^aL-C*^T S cH v 

A : IOJLU S;^ <KW) 

FCAfP** t t ?*^>> ' t ' £ to ( F C A . - K - 1 - 7 ) K o ^ T I i , •<** * > « * * £ LT 
^ p a S l c f f l ^ S ^ S ^ i S o fS*3g©^(E), «i*(E)©fiMfflx-*£-3^Tli. fif^^tcilfij 

•JII.VfctfttS.k5tt«Tl*te38ife^>t'-^ ( » £ # : tfSlES:) <fc O ^ S + i ^ S - e * ^ 
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4. rimm#rt*<7>i&m 

A Review of the Theory of Sensitivity and Uncertainty' Analysis 

S. IIJIMA* 

Theory of sensitivity and uncertainty analysis is being extensively 

applied to the problems in various fields, Such as nuclear data evalua

tion, reactor physics and shielding calculations, reactor burn-up probleas, 

and thermal-hydraulics probleas. It is dear that we should be familiar 

with this theory if we are to incorporate evaluated covariance data into 

JENDL Version 3. In the practical application of the theory we oust 

deal with a large amount of input and output data and must develop 

detailed algorithm of calculation. Moreover, certain important problems 

must be cleared such as how to handle the systematic errors in data, 

and the uncertainties incalculational method. 

The present review is aimed to give essential frameworks of the 

theory of sensitivity and uncertainty analysis with emphasis on the 

application of the theory to nuclear data evaluation. 

«) NAIG Nuclear Research Laboratory, Nippon Atomic Industry Group Co. Ltd. 
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*ttNt< £ £ * * » © § * £ L ' t i A i " 2 ) 

^tta^fflo^it^stt, tt*toX*"f*>'*iMi, wfexMMjeacMft. it*r*©ia&, 

C-JLT, iBHfllWri. '^©^frSSHBtfaWALT. te»T. ¥M»©*llt*»-3©je* 
w»flK*sc«t<. en**, iii2ffi«7'-i'7T>f7Hc*»tS[T'-i'**»<sa*nr^5g4-c* 
So 

t w , K4iww^©afflfcif»snri.>*8 cn6©it»t tnp-x£e>K*ttitfNwi£s 
L, X, *«SU*fe£«ffl»ffl**!&S?-C*S®-e, '•»5/*«i8Effi»*iJtRWSftte*»6ftS 

*8BWfi^«*>3tWr*-*ai«>-C. JWDflHMMKg^-Cffftr-*©**, /**>.* 
©«K*fi"5 C i t>8*Kff*>ft-CV S. attfljl* &n«#fttt Bayes ©£SK«•?< «/h g 
« t t r * 0 , •fL^ttafcWbSCiofcfrO'Fie. ttmMtoJUtt*fciE-4-S&V3*Jt& 

•C*S„ c©*£T»tt. -« f -* i*©Ji f f lK:o^r , IK*)**?, ***»3#ftf. '<?7>*SI« 

2. « « l » * T * i * 7 : - ^ * » * B * ' 

ttf-jaiill!lOJHt'<5;: * * T i l ( * = 1 , - , N ) i : L , c n * » & » * > n S * # « « : R i ( i . 

R ( D * R ( T ) + G ( T ' - T ) , (1) 

Gj= 3RJ/STJ ( Sensitivity function) (2) 

(1>5$T?AT= T ' - T * f f « * T . © ^ ( * v S i a a L , * © * # » * M ^ = < £ r j i A T J ! l > i -T 

5 i , R © * » * t i , 

V"(R)=GMG* (3) 

£ S S n S „ G+«e§!ff?lJ-C*5* (3)5$[i sandwich rule i f e l f t f n , S £ G J I © * # * T ? 
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•«»R*ATy'.Tilc-D:^Tfl|kV>fc<.^li. a)AT?T£*©*HS AiT T?* **»*.. G/= a R / 

(3)jStt'«|HRK:-ffltV6ftrA 5̂;**,-- *<o*ffllc«a*A^S-e*56 W -̂tf, JW*iHfiftH-JI<0 
^t!6>$ffftK.(3)ai**LI*Ltfffl-V.1fc'ftr-v»i**. IB*f'-^:©5FllE*»*JaB!fE, ?•- *©jKO 
**mT.afli*-r„ *©«fc o^lt»ft*'gttrR«c}i(3^i*J|ffllll*tt^.. F .G.Ferey4)ti. >ft$ 
*»S.IH!f©S^li. f - * © K * 9 (known mistakes , unknown mistakes©ffî T) *5fco* 

3.1 N£tt*ftft©*|b 
tptt^Rj^WrSSf^x^^+'-Eilcij^r, "black" flux detector *ffll'«ril)SLfci-f 

*? 
c ^ b i C i / t n ' i ) (4) 

£ *-c. bj tt*tt?iii*tiJ£©:»$, Cj ( * > « » ^ 5 ^ K, *MHM£*-®K£tHK*&. 
*ttTSS*ttl38©H-»:*i®tt; nli-TyT-^CSSt^tJOg^JStffiKatoms/barn, t, « R 

frS ©x*^+' - f i ! j««^^*»»«i 

< A«i A«A var'ji) cov(c(Cj) covCb, bj) oov(«j,tj) 
"i "j / n* c,Cj b ib j «i«j 

(5) 

Ratio neasurement ©«§fePH*KLT, ^*^*"-K!fflH. sE{*RJErB!ffl.BO**»&ttS„ 

Kon-shinaKWfe (1 x*;M^-jfrCg)ftlR) 

« i e = « 0 + A»i . " e i t ^ W j t f i * (6) 

i*5<o A<M*, (4)a©^-5ELr»ISi[*aiSA^*»5o «„t<i, "c £ "est ©^©^JR: 

L=<(<»0-rfest) ,>=<(4 , WiA»i)'> (7) 

#* /h£ tt 5 J: -5IC, 2V • = 1 O^^TT Wi *Sto. »„, is J; tf * ©#tfc< <A't,?> = 

Lmin * J * * 5 o 

aSTCtt****. # S £ £ M £ # ® a £ * ^ ^ 3 r a © * # i f c * . Vij = <A»iA«'j > i t " 5 i . 

±K©:5£tt, • ' -

L = ( « , - . 1 1 ( ) ' Y ( " - ' « « ) (8) 
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A»6tt,' 

'«i-4M^:Or»)'.j/^-CV-,)k«}»,' = f w,.,' (9) 

£ tt t). Kori-shi n © w i ffl^SCi II - r | £ S # * i t> ft 5 0 

i * * ¥ - E - n - K * t t « V - M ^ : i : : ; E J ; 5 » l ^ i [ % ( r i e . ( E n ) i ^ i 0 . S x * ^ * ' - . ^ , fltjft 

©•fc-JICLt, ffest (En)=2'iWi<Ti
e(En) *#»-C±5<c C ^ i ^ t , i * * * ' - E n , E „ 

©»B**«S :©ffiB8t t , ' 

COV (oe«t (Eli), "est (Em)) = <A<» (En)A<» (Em) > QQ 

{IL, A<KEn)= «'0(En)-<»e»i(E^=^WiA«'i(En)o <A«'i(En)A«'j(Em) (i, S«£l63Uii© 

$ I * ©£/-? 5 * * m&<OW6fr &'*•» So 

S U R J - K O ^ a M ) 

Ccorj-K-C-U, 

COV(ff(EiJ1<'(Em)=4i'wi(<'ie(En)-<'e,t(En)(<'ie(Em)-<'est(Etn) 01) 

<!: LT*#»&#-i6-5o »e,tM9Ji£K#tf>fcffffi«n?*.5o Korishinffl«£fc-*-3T?*-.5#;:;fll' 

5E«i" tt#4;i*& •? fcffi$#ft" A> 6'ft tti $ titz fe O f * * C t *{£5E L t ^ S ? } 46 L, : 

KottehinCSSig-teO, »«t*8i|Jfeli:WfliLfc«n?*«ot?, ttflSteffi? t , ffl&ftft»jlb&?.' 

f-*ttNlcRJ*0!W"f, U£Ur*fcff«Ktt«£fflC £7?*t), ENDF/TB-4 ©WJB©* 

»«!tt*-5tt-3Tl^« *>©#**£©£ fZ&Z® Cfflj&rconTtt. .SITiS •«£=••- (•* SURP 

3.2 «T®8taifeit*«©*»tt©#m 

©x^wu+'-ftTSfflcgEitai&itwcw, ifsnm, tt^acMS ,''#V7aIgK{g!k/ 

© ^ a i ^ S ^ - A p ^ i - r s i , 

A»(E) = 2' GjCEDAp;,., G^(E)=3«(E)/'3p^ 

SfcoT, cov(«r(E,), <KE0=2 ,G ; i(Ei)Gj<Ej)<(Ap;t) ,> 03 

»»*«Rl6»fffl l«afflff lBBbl^*t?*«p 

•0SJ?> e.̂ JS.fc-5 K, «?,(E,), <r(Ej) # # - © / • ? 5 J< * , toiut s r T?«*'S«f (SI©4X00 

tea, » ^ f f i H £ £ - f 4 o *(Ej> #&>•?, <KE^#S r T£E3t t4J ; -3 t t l l # (SKUXfii) lc 

(oy 
a ) COjfiieot^T, Pee'le'li.AlI experiments are alike £I^-5©W:, "All men are alike" i l> 
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(4, i ^ \ ; u f - * i | 6 f c 5 I E o n r , 1®mt1&it#>J>tZC£\CUZ0 

4. **fcft©trJ|: 

nHilTtt.1*. * © » & , . l S K « » * * t t * © l c « o f r © ; ^ # * S 0 - o ( 4 , ^ 7 > * & £ » « 

OSMLTH-HCL, *£&£!s]*5J^lElcJ;9*£tf>S#)£-?*!3, Response surface method 

T<4, S S f f ^ S o ) ! ? « o T , * f r - * « f t K « W * « f t t « W t * . HttfcB»fcJ:"D*i&* . 
t£**f f i *a» 

CO—li - f tS t i l oS^k lc i i , differential method5,9)£ variational method"*^<ffl 

l '&*lSo Cacuci#<4, PS#rt*l^re*«?, X, # * £ B B H © # « ! ! J £ 3 f c f e * B t f l * 5 t £ 

* * L f c . J2TF. ^ I f cH-e&gt t lS l i iC - f l ^LT , @W«IB3H«c*5tfSSlSKltKo^T©-

c®fiMtt?l4, 8 * ^ g i C £ , * * f c i > # t t * l i , 

K * # g S ; : H(»(x)= ( A - J F ) * ( x ) = 0 (13 

H+^*(x) - ( A + - i F * ) ^ x ) = 0 

# t t * : R(«», **) = (**, H, * ) / ( * * , H , * ) (14 

T ? * 5 0 C *"?, x=(7,E), F (4 fission operator , A (4 iti^M<Ot^\y-S ,• i. (40W 

ttJ*#*tt£*fc*ffi*ffl-o©M8f(x) ,g(x) K o ^ r , (H+f, g ) = (f, Hg WfifcfcoJ;? 

*t, m-T-Sili, » — <»'= «+Ai»£a£ofcl$, 

(19 
0 = W = (H+AH) (0+A0)~AH0+HA«S, 

0 = H*'* * ' « AH+* *+H+A«» * 

H i - H i ' = H , + A H . H J - H J ^ H J + A H J U9 

£Kf t * *» fc£• * • *£ . IBS ( » S i ) ©Sfttt. 
9R 3R » 3R 

A R = < A » , — ) + ( A * . — ) + (A'/t* — - ) ttT) 
9<r 90 90 

( A « , — ) = R { — ; } U6 

9R 3R 
—>=(A«S,Q+**), ( A * * , — ; 
of) . 0 9 

( A 0 , ^ - T } = ( A « » , Q + * * ) , (A**,—5:)= (A**,Q*) U9 

- 8 6 -
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• ' • : • • , ' H i ' H i - • . • 
Q=R{--r z— } (20 

; :(**H,« ((6*HZ« 

(A*, 3R/3f) e>mm&mtmm, ; &«»&©*., ** &** -> x^tmfettctmnai** 
(A*. 3R/3(S), <A** SS/S «©Stt#B*S=®^» 0, **Ji, " fflSlkOBElc A*, A* * * 

tef-r5'K*fi-s)Ba:«aGff(x) ii. 

AR^ (A*, Gff(x) ) , 

3 R 3 R 3 * 3R 3 * * 
GJx =—.+ + — j , Bl) 

" da 5(6 3ff 30* da 

» # & 

' 3R + .. 3 R " • 
H T * I X > = — (=Q * (x), Hr(x) = -—#(=Q«i(x)). ea 

op op 
\zX.iT%M1rZa H Ji#cD*& s ingular-e*5# , * ? © # £ £ # : 

3R 3R 
C#. —> = ( f . Q V ^ - O . ( 0 * —i)=(**,Qi») = 0, . C23 

Usacheff , s Stacey 7) ic«(: o r a ^ ^ n r v ^ S o 

< & * , — ) = - ( r * A H * ) , (A**, —v»=-(r,AH+<4*) (24 
3$ 30 

Stor 

aR ' * 
AR=(A»,—-) - ( r * A H * ) - C / V A H 0 * ) (29 

Sir 

3R „ 3H 3H „ 
G/x)-='—— r* — * - T— - i>* (29--.. 

3 ir Sir 3 <r 

c u t , -MfciateHttr, r**is^»^T3ft»rfctfif, £«o«7W*ftte*H-Sil5;. 

- W » K » \ **^gS&3S* ***•*#• i U «ftt«R((14S)*lttB8ttitS*» 

- 8 7 -
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J (?,?*; Hi,H,,H)=R(^?'*; H,,Hj)-<r* H ? > - < / y H + ? * > M 

£»«**» 7*ttttfiWft, r , r*(i Lagrange ©*^mKO?, JMS*, # * E * V T J « t # 

3 j / 3 * = o : H+r*=3R/a* 
3J/30*=O : Hr= 3R/3** 

cftii, 5t(Deas:i(^Te*5o j © # S * « ; R (#,#*) K * L ^ * & , J <*R © S E N S E S : 

AR=JW, #*'; HI ' .HI ' .HO-J <#./; Hi.a.H) 

•f-f 7-JSMLTtt*t-.5±, A*, A** ©l&©WiJ©#Sfe&>&OEttt), ftoT, 

3 R - + * 

A R « < A « — > ~ < r * A H * > - < / \ £ H * > + (2&C0JS) (381 
3 « 

«f. &«£i£ • 78«©«RKJ*#f, f * ^ f f l l I W * ) f t r i > 5 , (S^JK£©raWi. * £ ? * 
»£Sa*f f i»*** -, 7-71/LfcPSlBT****. t t i ^ U t t Williams"? tirffln)*MPF3S*i» 
*>TV5„ «S*^Jit*lc«. OblowtT ifaifflLTVS. 

5. a * * ; : * ^ **<£>*# 

KEf-*»M*tT^*:«. ' t fL^»»«iSE«!W»6nfc»6. t © * ? * « £ * • * *T. «©*fB 

^©A^a^a ia t f f f l^RW^if t iLr , ^ T x S i , Bayesffl£#ft*«Ss*J&ESclcS 
-3\*/h&!®fc#2<*fflsft.5. ^MrxS a feooTi t , « E %#©»£#* $©-e, t \ 

Tt±, Bay8s a f f l ^ E o y v r ^ ^ - S . 4-0»&. aUtt#E«fcSff«|tffl>F**>SI4, " flEf 
- * " ©**6>§*E i s £©£•$-;&<, It»^S©>FBai*>$ (methods uncertainty ) © » * 
tt-ttittiSfil-C-, a E ^ © » l ^ © « * » ^ 5 . 

- 8 8 -
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5.1 Bayes O^StcK-^ < * / h g * & 

* f c A . B © H I ! * * * P (A. B) , *ffiMMP£P(A\ P(B), A # « l 5 e $ t t f c l § © B © * » * # Gfe 

# # * * ) «-P ( B l A ) i t - S i , BayesO^Sl i , 

P ( A . B ) P ( B ) 
P ( B | A ) = ~ — — = P ( A | B ) - — — « 

P (A) P(A) 

c ©jga©—ocjsfliwŝ -a-,, *s*tt:f**L"<^©g/'n A**ig$nfc f̂.c©u"< ĵ 

Pi/P 
PU=I igrn)=p/=i(grn) G»o/P)P/=o(g/W+ ( f l /P)P/=i (g / 'n) 

C ^ P * (gTiO l i^«* i !»© grn©W*^flJ, IPS Porter - Thomas #fln?<fca0 D„, 

D , , D o b s * * * , s « , p S , to&V±#m*''<»<n¥-Wmi:tht, Po/> = Dobs/D,, 

P i / P= Dobs/Di "C*>5 fr£ 

P U - 1 l g r n ) = P / = 1 ( g r n ) / C - S i P / -o<*' '«>+P/- l<*' , »>) 

CfflSffili, Bollinger-Thomas1"tflML. Rohr JtB ) l i FP*Wco^T©ilHJg*l£*ffi 

19) 

COftlFolWlcolr'TttLiou ffli/fcr»-****. 

S t , Bayes<DEa*«x-* : FM<DfciEie*f f l** . <%•, ttf-*(B)i ' . T f H H * - * * 
T, J W S T , i + a . To i±T0iBfre#7*##LT^a<bJ!.-c, 

(T,-T)» 
P (B) = P (Ti)= const x exp ( ) 60 

2M 

MliWffif*-#©#tltT<fcao StfMKAHcot^Tfc, KitR. I t M E * Re©fiflrt?, * £ * # « 

v©#7*#**L-tvatJl,T£o-e*5-3;&>&, 
• p p*y 

P CA)=P(R»)=const xexp ( ) Bl) 
2V 

Method uncertainty iMfctttU*. * * T . *ff l l^fc*#«lt lMt RC(T.) ttR. i - f t * ' * * 

T?*a , »•&. T,*HM.&tlfcl*. *«ttR"ttR c(Tt)©*t)OIC, ttttVTfSM&U 
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P(AIB)=FCRe |T. )-const x e x p ( — — ^ - ) 03 
2V 

tt o T, B ayes fflfi[Hj6> &, 

L (Rn-R^1 

P(To IRe) = constx exp( )/exp ( ) B3 
2 2V 

( R ' - R ' m ) 1 (T , -T)* 
f&U L = + M 

V M 

Tj ( a - i . - j . N ) , « l » « * R i ( i = l , - , l ) t L T , 

L = *R+— «R + «T+— «T ; 3L/3T'= 0 09 

«R=R e- R*(T') « AR-G (T'-T) 

<JT=T'-T, A R = R e - R c (T) 

T l t M M . T'tt - « « t * T * 5 . *&*li , t t ) 

T' = T + MG+ AR 66 
GMG++V 

cov(T') = M'-M-MG+ GM 07) 
GMG++V 

09, BWT. »SOGMG+liRc, /(T)tD*»ikT**(c.f.Eq.(3)). ttoTtfgliR^CT) 

T' *JH*fc«KD, rt5HMCtt&ttfttt<D&tt. 

R « P _ R«* ( T 0 = v — — ^ R 0a 
GMG+ + V 

X , L m i n = AR+ AR 09 
GMG*+V 

1 - | _ i v Lmin 1 -K-l - » Lmin 

p » e o - „ , .„. x* e-
x ; x=—rr—— <w 

tt)oe, ei*o««)K, T ' -T+M'GV- 1 ^ ,M ' - ' -('ir'-t-Gnr'Gr^xA^ffit^c&(>««. 
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left-jo <&8i*;©#Sttcov(AR)lc3sU^£ICffi*o) Lmin^^iRlidOS^t. 2» = 2 I T 

'(tor. ttK.e*©Linin/i *JI±N/27T ©«sBic*n«, esaaitwic^awiiMjEai 

S^?©fc*>lc, 03SAJJifc5M:ti<tior<.'>.5, dElimethods uncertainty A**S,aRtt, f 

«'ha*)*lcj;5»«||#Ulffl^j4li«>!r*i), Bayes ©£SlcX-cK fcffliliR&ttna*. 
# t f c £ « ' N c * S * ^ £ l i . ( # $ x ^ £ < K £ L t i < rfc) « / h g * i * r * 5 i i ^ G a u 8 i -
Markov©3£a*i<-©#aic*50 fi6©^tt<h Bayes £Sffl#ft£W»Itttf T*$< ©*>l|l|*# 

tfiR15'© Jl nwthod*«t^50 R(E*©i«3£ll*Rie = (<'i.^)«!:Lr. Kffl^-si'h 
^0(E)£#J6* spectrum unfolding ©MB***.*,, tf IE) ©«!£«»: LT, JfclMfctt-Rj* 

tf (E) = WEI + 2 /] <EKRie-Ric(*o)) (41) 

£*$<, ffi»©windpw function W(E)IC#Lr, JiW == (W, ^)*#x.5„ 

J i («- (W. tf) 
= (W. *)+£(W, Tj) (Ri e-Ri c(#,)) (ta 

t © J , = (W, «©»|)t*J*/hittijL-5ICci=(W, T i )* , fc.ai.Ri"©**©&»»*# 

* } , * # * © * # » # # * * „ 

*<E)=*.(E) + M*« _>w ^ „ ( R e - R c ( * . » 143 

c-»rali«fflg©RJEIBf®». M*. M, , V l i * * , A>. », Rf © * * * > * © & # t * T * 

ST, - # , Bayesa£©SffiB9-6T)S*ffl^rt)^<l^i;S*(t3S*i»e>*i'5o CO, - E 
Jltt * » l ^ * W - » j i l £ tt * C £ HJIlMt'. 

5.2 Methods Uncertainty 
Cffl^HSffllMiottS. fcjLtf**i*Bayesaillc£*-j#tf>*;fcli, «oA»©#iEtt*5 

Marablea>ffl#Jt^rt*«<PJ:-5Tr**. SEf-i'fc-JEKLTfc^T. * » « © « • * « . 9 9 

- 91 -
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i l i t t L , #a*T©JSpo^«t i»$b@Sfa* . methods uncertainty ©SMRiM'tt+o C 

Jltt 5 PrflBfc ol^tTf* 5 # , Gruppelaar*"!*,mtfllftie A 5ffi»»fB8(ItiMto*53r»ff 
ftK*^r, S 3.2-C !^A:y2 ;^7> ?^gEJ;5#»»lc, model uncertainty i c £ $ # # » 

fciilc*f-^5, statistical model e r r o r T * 5 0 »•», *»li«Wf®8Hi, Breit-Wi-
g n e r ^ u ^ A - ^ H I l T r ^ L T 

_!_ Ar"rr \ 
D > \ r n + r r / ^Hf^^1^ M 

Porter-Thomes^^^^-efeSo ^KiiKi £ ftflE L < 4*. t , f t5#, #tSct>3-©»63&6 

\ "i 7i / ij < " i -

var (r„ Tr/n cov (ni, nj[)) 

> < r n / > / r > 2 < n i > < n j > 

C ^ , i , j ( i x ^ A ' + ' - i ^ S l , <nj>= A E i / D i ^ i o r . t o s * * * - ^ ® ^ 
" ^ S t e S ^ , , ^^^ra^O^^Mtt^- f f l^ r , cov(ni.,nj)={var (ni+.nj)-vaf (ni)- ' 
var (nj)}/2 ±LTlt*trJ5fc5„ 

aiffil-b» K y i . x i ) =&it«y = a x + b T?7 •* •;/ h t S S W C , CfflfflUtf^lcfe«H± 

L s N ( y a x b )» i i ( i y j ( 0 j S | | • 

<(ZiYL)2> = < 2 , ( Y i - a x i - b ) * > ^ No* (IT) 

ifcl'-T self-consistent lc^A5fc©i-^5o 

6. *t*> 

<i©«fti?»-«/:aitstt, asntii+<iA*»wi?*s*i, *iK©afflt?tt, «•©•*§ 
»c, ^ ^ © f ' - ^ © I R f t l ^ > *5<ttfitlltol¥IB<i:T^3''JXA©J8M#!&gT:;&.50 u-Jftic 
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L rfe, mr- * i•*©<£fflic-68 l rB, Sf-jffffiii*• «t tf»£»fiE«'©**®*»»x-. 

(1) ##t*itB, ¥*3*.(ffttik). igWLT^SO-C. *»»f-i'±*^S©ff«*#*)5 

(a *f-*»M©a»fttt, £<©*£, #*.&ntwew ff«#*^n*ft-54sisfc, 

a»Bfcl^. 0¥x.B*#g©SUR = - K©J; •? fcfflbttf, »J5i««D*»tttt, -JS«t*KjlC#» 
5Ct*S[U*5o C©J;-5tt#:£**ltf5!tt£*>*ifc.&o X, ftfcWic » « * © * £ » £ # » 

«±-c©a««i«Bi«3W**o «*.«, mmnwtmkmKy 4 9 bt^o^rx*^-,; 

(3) #5Mfc*icg#t-^*ttaE0a£as*s£W&-e*.5o cnBffiSft^ttfco-e'****, 
£ - t o S f f l © £ » & * i B f £ e * % - 5 . ' " ' - . . . , ; . . • 

(4) «8»M©#»*fcX *»#»*totf«&'.H\i 

-*?**<, BF&RRB.. Ref.(l). (2), (29 tfa^lMfrittS. C©.fflHl«:^K»6f,-. B*Tf'tt; 
W^4ff«*»tfMff l#©tt*KJ:*^fciWE*«W«^*4^4#A5o 
t©«Sir«HrtBf*Ko^rtt^»ic«in«*>ofcifti, =&»M# CSBf) , /NH^XJS*-

*0 , miM'ftm (A*) , *R OS*) , &# (Off) , »ft (Wt*);,.tlrB'(E*)V 
»*H«Sffl (NAIG), Sfflfi^BFSfcjWSSSnTJg*). flkK.t>^<©W*©'**ta.6.nSo . 

* ^ * * 6 * P ^ * P r a £ f f l * # T - * f f « W G © / h £ f t £ - l ? , *#f-.*Ki*JENPL.-...-. 
- 2 9l»©|P|«*.<#-*©ffir*ictiiif-L!t„ # i^B*©l$©i i l# fc*^<^**£^ 0 /=/>•«--(*,: 
ffff, ft$jl|. H», * * (USD , m,tm ifR*.) , I**S (BS) ©MRWI&jafc, 'C\ 
fflfi&K, >J\# (JR**P) , fpn OK*) , £ # (llBf) , fe** (MAH). * # , Ji|£(NAIG)f 
wea, mzm (ft*) fiasott*/ ^ . t o ^ i c ^ ^ 
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I* » 
Q : W * « OKI*) 

K^fiSfrfc-HRWlcttth-a-te^) IEffi#;ft©<85£#*tf L*l f 5 £ £ t>£l\ , 

•a--<T©g8M**]&ti^ >r*»»*m-a-^^fc», ^ B t e J f t f e S i * . A>tti>*i|FA»tt 

ft « f i * * 5 t i #»»-?? * 5 o Cti&vctfrb, S f - j ' - ^ T - f ^ o l S f ^ r - f ; K 0 1 

£ * o f c < t t < ( *5HW£tt^oT^<£t 1 ^t<!:ICttoT^.5©;&>T 

A : « A ftS (NAIG) 

tff-**!ig©JlJfi;6»£,B Format O 7 T ^ H c t 5 M i O i i t ' * 5 0 
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4.2 pa«jft«>H>xH;—*<vmm 
*?R JEfc* 

6g^*tt^il»fflSK*5tf3S8e«»tt, l^t0>5Unfolding tfrdata adjustment t 

Applications of Sensitivity Function to Dosimetric Data Adjustments 

Masaharu NAKAZAWA 

Sensitivity functions are applied to the dosimetric field in the 

spectrum unfolding technique, also called as the data adjustment technique 

which are statistical estimation procedures of the neutron spectrum or 

relating dosimetric quantities basing on the reaction-rate data measure

ments. 

Using the practical formulae and numerical examples of the sensiti

vity functions in the dosimetric data adjustments, two comments are made 

that (1) present sensitivity values are highly depending on the initial 

spectrum inputs and (2) more attention should be paid to the dependency 

of the sensitivity on the very uncertain covariance data inputs of the 

initial neutron spectrum. 

1. * * 

g**'i-+6&mtLxm\ 1 » f c « K f l » K J : * ! » » « £ L T , ?£&#83<DflKIHWi 

* K 0 ± W 5 o CfflPJIIItt, — KkKz.'V? h * 7 y 7 * - * ? - f v^iifcdata adjustment t 

Mi = / ° ° A i (E).X(E) dE, i = 1, N (1) 
o 

fflL M i ( i = l . N ) = | | * « 

A; (E) =imvm ttyttizmm 
*) * » * * « I * * • mttT&maUDt , University of Tokyo 
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Mftlt, Mi#jR*f{fc£ffl8©££#£!&>, tft-tfetfjS^jjfc**'Jx^xWSOi^Off-

a i l S ^ f r L , X<E)*r*tt^^-«^ h^t-r*(0**KJ/^ M J - O i * ? * * " 0 t f - * » * 

O H ^ A ^ ^ i i , X(E)^ff«*tJR©»f®|B-c-*!3, AilElttiSBOMJiKfflH&nfctftt?-

Mi= S Aig • Xg , i = 1 . N (1)' 
8=1 

<SL Aig = Aj(E)©Eg~Eg+AEg KfctfS^Kgft 

,Eg+AF-
Xg= / X(E) dE , g = 1 ,G 

Eg 

ktZCtW&W CCT", feLG^N<o«fcJJKsMKSK:Ltf:tt&, (1)' 5£(i*5ESKFg*Ctt 

«</<):5*icnii«)C©#lc%it.n5o o t D , t « l i G g N O J ; - 7 l c L J ; - 9 i - r S i A i g l c 3 p 

^ft+*R»e**ttK**Aii**ft-»rL*^an' l **>&n*:Xg ©*(**# tt»££*rL 

JSffi©w?eat-'<rG>N©»^**ffticiitot.nr^50 t©*££*t*icLT, f - * » a 

)*©«£, «5«««t©»ai|f>IS^*©tt»tco^-CltiBflLfc^o 

G>N£tt^T^**££:&g5£*l»<*:*i©:tFi£li, HflBMIXtflEllAXolEKXrtX, ±A 

to 
N ^ - l A . x g ^ ^ x g - x ^ ; ^ a 

i= i AMj g AXog 
fiL AMi = Mi©r*^ 

c n i i , l t a t W « l « f t © * « l i t t o r ^ 5 ^ > f X « E m « ) * © I I I W i : » ^ l c a S L r ^ 5 0 o * 

0 , J:*)HKWtc(J, &5S; 
t ( M - f A ] x " ) C A M r l ( M - C A ] x " ) + t ( X - X o ) l A X o ] " ' ( X - X . ) = » ^ ( 3 ) 

<!L CAM] = AMi • AMj" =*se«©*#tt?f?>J 

CAXo] = A Xog • A X * = « ] * ! * Xoi ©*#ttff?ij 

t t t S o (2«l i (3Wlci j t f5*»»f i : ?! l©*«ft lS»*ir icLfc»^lcW«t- '5o ttii. OfeStf, 

3I&. Unfolding tt*. * f - * I W c J : < ffl^ & n r ^ 5 S T A Y ' S L ^ - Kt t£©*«tSt f 

^ 9 8 -
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Sensitivity **ffli}-SICtt.(3KJ: <0It. J 1 ft i C i S ^ J g i W ^ Q ^ o Cfilt, #&m® 

HffltSEtt-ifttJXtttt)' =R*»fra-X(E)K*tL 

1= /°°W(E)X(E)dE (4) 
O 

J0G=/°°W(E)X(E)dE+E C i (M i - /°A i (E) 'X(E)dE) (5) 
o i = l o 

A J = / " ( W - E CiAi)AXJIE)dE+ 2 C i(AM i-/AA i«X ( 1dE (6) 
0 I — 1 j = 1 

A £ n l , CiMj 1 
, = S(M,) = (7) 

A ^ n M j I 

A^nAio I 

'^-scx^-^dr.-liOA,., 
AZn X0g I >=i 

Q CiMci 
S S (A ig)= s= S (M.i) *5 S (Mj) (10 

«=i I 

2 Io N N 
S S ( X o g ) £ SCMo,)^ 1 - i S(M,) (11) 

J = l I i = l i = l 

G 

fit M o i = S.Aig Xog T-*So 

AI Q AXo« N- , AMj G AA ig , 
— - E - S ( X o g ) - — = + Z { S ( M , ) — + S S ( A i , ) 7 } U3 

I g = l Xog 1=1 Mj. g = l Aig 

ic j ;0 ( A I / ^ ) 2 0 ^ T # * > S f t 5 C i l c t t * . 

tt*f, 'Ci.**ASi-*lcibi£JS"C*«!6*. tt3i!»>5>fc, (AL/ l ) 2 £ # A 5 l c i i . i fcoSto* 
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iHBtfjyiJAXog' AXok.AMi'AMj , AA ig« AA ii# i£3S-?&'5C £ # » 5 c 

3. mmm&<ommM 

JlS!©data adjustment =>- K NEUPAC-832>£RH^T(7), (8), (9)jtlC<t t>#*bfci!£ 

##©0J*£(7lc^*vtt&£LfcT'<~ ; ?te , W»Hffi-IaF£>©K*H*fflAl Ic fc t fSSS© 

KJS*"?, Fig. 1 fcJWmx'** h ^ i - t © ^ { t ^ t t S ^ 5 f f ! B © S l S * © W « ! i * ^ * ' - f i 

«*SL/: o (El*905KConfidence level i i e t r * 5 © ( i , ^SfWItRlSffl 90 3WSSU 

•C^Sx4wi /**-aSH©ti*^; ' t 0 ) 

Fig. 2 ICIi Improvement-ratio O x - 2 £JF-#-0 COx-^WffTliffiJH^^J' h^ifcft* 

S8f-C-aa:iC60^©^ltS14^feo(!:L-Cfi:-3-tt. ,'SAi, Improvement-ratio i l i , C©ffl 

Offl&tmSHD 1 l c > £ < tt,fcj6»&ar$-fc©-e, £ © f c # 5 i l " 5 £ £tt60 5B- 5 = 12 8 # 

*tSH»ffl^JlffittiV>-5 c i**i*L"CV>So C© Improvement-ratio * * 5 i , i ' o i * * 

* ' - « © * t t ? $ © $ £ # ^ l c t t £ n t V 5 A > # # . 5 < ) -3*t) , lMeVlfflfcfr&lOMeV © 

Pal, X 5 , C o ( n , r ) © ^ « © * 5 100eVM** i I m p r o v e ^ n r ^ S C i S - ^ L r i ^ o tt*. 

NEUPAC-JLOG i t * log X(E) Ico^THfflHfcLTltjSLfcfe©-?, X(E) ©#fit t#&SE* 

ftfc«ftKSr.O>5„ (FERRET a - K i « f « 1 ? * 5 . ) 

£ © & * . ftffMHcMtSSJK*®MEIMRS<Mi^«TabIe-lKl X, £ * £ ? * * © * ] 

# * - ? ? h^KWrs*flEflk»'S(Xo«)*Fig. '3lc*Lfc. Table-1 it),«8E«MBttt, ff« 

«SKK«ci!W»So end, gffin&mitimzmikciw 

W(E) ^ £ GiAi (E) (13 

i t t S J ; i\c, o j 08?flBBB«WtE)*JE!SfBB»©*a!fe^fnt?J; < £fcnt-£•?£•#--5 fc*b©»ft 

•t?*5i^-s.ntfa)»«gg^*a. 0*0 Ci ©fuiwox)©^ *§*^-e-&na AiOEj.oaii 
Kj;,-rEm^-rnicfc^BKS'fl:L#5-©T*-5 ( ,XFig. 3 <fc<9 0.5 KeV ~ 100 KeVffi*©* 

tt^tc^L s (xog )#*§ < ttoti>«: itt, co^^^^-mxitmmr-s^cx'o^m 
ttflMJsft*. fefc6$ntt36»-afcCi**$(cL, Cftli, Fig. 2 ©Improvement-ratio # £ © 

x * ;i/*--«ffl-eift 1.0 T * & £ kIC*fJE LTV»«„ 

NEUP AC-83 a-KTBtn'Sa^^^ I-^©#IR£ 
AX„ g .AX 0 l ( _<£>£ 

—5 —5 = ( 0.6)2 • e 2T tt4 

•*?%*. 6 t t 5 J: S-fctto-CVS. C C ^ r © t t £ * L T ^ < £*»tba»#JlMinL, * t t ? ^ " 

* h 'H i . l l < i : 5 x * ^ * ' - © ( B I ^ f f i B f l t t * i * < « - 5 i i * * l f t ^ - S o t © r © * l * * t t W K X 

ftS-frfcfc&lc, KKAjKS'(M'i) * *£©1* lc«*d>* I l ^ fc t>©#F ig .4 T * 5 o r#<J>* 

^ i * « °Cu(n , r) Rj6©*t t#fc l ->#. r a * * * < t t S K - o t t M 7 N p ( n , - f ) R£©StBE# 

• S K t t S i l ^ f c f t f c L T ^ S . Ctttt,-tt3£^flMK Cj * i fc l6S'*&. i * © x * v f * * - i « l c « 
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4. *£*& 

r . c n & o i [ * i « W l c A ^ $ * i ^ ^ < ! : * « : « » @ # o « i * * s « < « « « : < ! : f c * * . X, « * t t 

«j«K«»*iirnso*i**W-ts*^o^r«, a*ir?i]ffl-a-«#g#*s. aid--** I-

'J - o i U g i L r i i , ^ffioft^W«^*ttJfmffi«i'OfFflS«9Elc:^:^4-Bai^*WLrt,''50 

( # l « y f * * o S t f f l ) tetWmiiftir^ZCt&lk&tt?* v h t L f c K 

References 

^ S Vol. 24 , Ka3 pp 166-174 (1982) 

2) T. Taniguchi, M. Nakazawa et a l . , Neutron Unfolding Package Code 

"NEUPAC-83" NEUT-83-10 (1983) 
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Table! NEUPAC-83ltJ;5lGK#tttU;*J*f* (0J8) 

SENSITIVITY PROFILE OF INTEGRAL QUANTITY 

SENSITIVITY TO REACTION RATE 

I WINDOW TYPE (*) 

REACTION TYPE 
4SSC(N,C> 
4STHN,P> 
S9CO{N,C> 
S3CU<N,A> 

- 4 . 4 S 3 E - M - 1 . 1 6 * E - 1 * 
7 .491E- *3 - Z . 2 3 * E - * 4 

C34E-*3 
167E-*2 

-7.742E-JV3 
<2.S87E-*S 

• l . S M E - K -8.146E-*3 
3.1BBE-IT2 1.612E-*2 

•7.61SE-04 - 1 . 7 U E - I 3 
7.739E-02 S.3ME-«2 

237NP<N,F> I 7.S98E-W3 3 . * 3 * E - * 2 2 .635E- *3 1.273E-V2 

(*) ID NO. TYPE OF W.FUNCTION 

1 TOTAL FLUX 
2 FLUX GREATER THAN 1NEV 
3 FLUX GREATER THAN 1MKEV 
4 DPA 
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1 0 ' * 

10"-

I 10" 

g 10»-
K 

I io« 
£ 
u 
* 10* 

1 0 ' 

10» 

NIUPAC-IS 

NIUPAC-JLOQ 

90% COHFIDINCI LIVEL 

4M.(n,o) 

4ITMK.P) 

I HC. In. l ) 

MCula.l) 

I U7Hp(n,() 

10-» 1 0 - ' 1 0 - ' 10* 1 0 ' 10" 10« 1 0 ' 10* ;10« 1 0 ' 10* 
NCUTflON IMP.0V | «V ) 

Fig.l # » M K - I ( 9 A 1 ) IC*JW-5x-5^ I* ;U»A£ ( « « ) 

«.0p 

4.0 

2.0 

1.0 

0.0 

NEUPAC-S3 

NEUPAC-JLOQ 

A(D, « B 0 % 

J _l_ 

J™ 

-I 1 1 U 
10"* 10-« 10-' 10* 10' 10* 10» 10« 10» 10" 10' 10» 

NEUTRON ENERGY («V) 

Fig;2 ^Bli-fcfc)'5 Improvement-ratio 
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Fig.3 MBA^tti 1*'-?? h >ne***S**flaK ( « • ) 

\ 

i.t ;::^.i uixa** uass^i aisiiuX ife.i Hush* »aa.i iiiaiu i i ^ i r.lSfr.-i ;m 
•J- Is "J NUMM OCWT 'utn j 1 r" 7 f leV IkeV lMeV 

ITERI],, 

103 8 /d!0f f lA^^^? h ^©##lfc*W*SlMit) 

Fig. 4 Total Flux ©£ Reaction -rate left t •SJRKfflt 
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It tt 

Q : H * 1# ( * ! * ) 
Input spectrum 0Sfia©ffllW£Ail*t £lc J:o-Cj£S©spectrumli£*0g«tt»& 

A> (S*K) ic/iofc^o input spectrumOKMtLrii Z2 #|i]L;Ktt*J:-3lc-a-S0# 

A : *«£?& GK*) 
»J§fliJi»), input spectrumlcEOfflM«-A*l5CtlcJ;t)|gStt> frfcOttri&frlc 

fi5» (B*WlciigWLlc<^ifts0)X. input spectrum^SSliA^7J-y-fc-> * £ 

Q : J H £ # * (NAIG) 
'P&l-Z'<9 h^icfilt^ai5®l±detector cross sectionOgj&jMP^LT^Si:* 

*.£>tt, iftt?****!)5IRicdetector cross section*©t>ft)^adjust^S #ft6** « 
t,S^*^-*SNEUPAC 3 - K-tfl±t'OJ:-9lc LT^5*>? 

A : ipiRJEte (JK*) 

NEUPAC=>- Kflidstector cross-section t±A#Lfc£^*6fflF,9t,SE*>9tt.8 fcffl 

*ifl«fe*<om>kLT^ZtcbWZ.tiZWm-e, 0l*.tf 10 ± 101lS-5 J:.-5ttA^f-

y*ES»^*T'^f-Anfci-rnif, Btic#tr 15#©»;$-em»;t*«)#51 Lxknx 
^•5t£ictt«J, CCizX%ts.fmW3r>Z>0 c n * 1 0 ± 3 <fy4 ictii*. L>fcZ»*£*e 

£fc+5J;S^*fttfafc#tosc£i«&/^.!fft^. 
Q :Jlj£*H* (NAIG) 

NEUPAC-LOG OSl^lco^riiiaaW(cELt,^)iH=&1i;^5^4ll<5I? 
A : ipjRlEfS (J?*) 

10± l O - e E S ^ t x ^ - C - A ^ - ^ S J : tm, 10± lOTfcWttEffi^^-C'Ahfc^ifi 

Q : S B IE (NAIG) 

S< go-c<* £©£££'#, £©8l«©ffiH&£aWlcff« (fl*.tf4itt?**0£att> 

A : fiRlEte (JtUO 

o ^ r « 1 § L r ^ t ^ - (Nuclear Technology Vol: 57 i>20i';(19'82))'**; fltfEH*'*? 
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4.3 r58«JH*f#^j<7) rFBR^*««rffi^«j^OJ5ffl 

•#MT.*Sffl IE* 

*«ST{i, * « » © * » £ a>££i;sfc#i4©±i2¥»]^©3m «K«Wr#ffi*ffl^T 

ZPPR-10D, -eSStlfc/M r ^ i ^ J B i t J i LT, *©JK©1000MWe«FBR©«# 
tt©TMKft©IHn*lf5. 

Application of Sensitivity Analysis Method to the Prediction of 

Large Liquid-Metal Fast Breeder Reactor Core Performance Parameters 

Takanobu KAMEI* and Tadashi YOSHIDA* 

In the design of a large liquid-metal fast breeder reactor (LMFBR), 

the bias-factor method is widely applied in order to reduce the error of 

predicted values of neutron!cs parameters. This bias-factor method is, 

however, rather an intuitive approach and only a limited number of 

studies have been performed on the evaluation of the predicted errors 

that remain after the bias-factor is applied. 

This report presents an evaluation model for the above kind of 

extrapolation error, due to cross-section uncertainties, by genuinely 

employing the sensitivity analysis method. As an example of an applica

tion of this model, the extrapolation error of the design parameters of 

a 1000-MWe fast reactor is evaluated for the case where bias-factors 

from the large LMFBR mock-up critical experisant, ZPPR-10D, are available. 

* . 

*) HAIG Nuclear Research Laboratory, Nippon Atomic Industry Group Co., 
Ltd. 

**) This report contains the results of the work performed under con
tract between Power Reactor and Nuclear Fuel Development Corporation 
and Toshiba Corporation. 
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1. ttfc*!>|C 

Sic, •**S©«¥.TStt",' C.-vciJWStifc^ttift lvf, 8£lcgg*#&Rtf»fH**£S:£ 

ttl*flW-8it8, * © « . TOSftfcWWSHHttt. * £ » * , ttltWffliSfil ( *T* f l3 

•5 # » * * * * „ *Bf?tT?licn&«D*SSI*H*»:®.2o,"'-rtt*)-6, *!tKS#<D*MtS'.R:fSff.. 

4", H | O n i © « S ! R f i ^ ^ * ^ 5 0 . . C f t * f ( n # x : l * i * L ; , t f f lTf f l^r** 

*©«ti'r5fij (nfi-x;n2l) •*!»£•*•* 6. <I-U M®f^iS^-'Mjk 'ft, <r©¥* i f *** £ £ * £ , 

T *5o n « * i f f i f t x ^ - y » x S j E © a p t ^ 5 : 0 

* (keff"), fummam; ^i^^nmtic[±:niitRiteminwmm*y m>*M 

r, 
a i j / I j - C Q . 3 T ) j (2) 

£*fc<*nSo 
3-. »*©/i^ifffl«-fe „ h T, *ff l^riw*nfc*»«ftttt* i^ ' i^ -* . fit. new 

* 3 f f e l C « L r « i - l , » f t i ^ « » I t # * l C * * L r t t i = 2 i t 5 . £©»*, I , *•£> *T *ftf• 
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I j < 1 , - I . : r , C l + ( a , ^ * T ) j 3 (3) 

i j ' 2 , = i , /2 ' en - c<af2i (4) 

fts-atc iJ"b**Mts*. fffl$n**tftif«:tt i<2) 0^w$*ff«ts**#x.5o t© 

4ft$(9. ( 4 ) S 0 l B f l # O T f l « * f t l f , IiU), IUJ I(21 Gf11, d2)*ffllvr, I . ( 2 W 

*.,2,*T«*'s|llicv..SttMini« (I.(1)) **W1-**t t t Lrii . H-JHt*(E - C )©J& , 

T j
( 2 )-I j

, 2 ,x(I. i
( 1^I j

( l l)-I. j
< 2 )Cl+(a ( 2 , .«T) j)/Cl+(d1 )

t«T) j) (5) 

fcL, (G^ , , 3T) j « i « 6 , 

i f W , ' 2 ' ) i+cd21. 31),) • Cl-<.dH»T>j+ 0«Gf1,.*Ty)) 
=1 . / 2 ) ) 1+ C «3(2'-Q(1)) • *T3i + 0 («3* "• IT)») ] (6) 

(BfeU: MB &*»«*•$«, t L ^ ^ a | 2 | t t 6 , JT ©*#$lcMff t t< T12^ t,(2)4ttt). * 

i c * '> * *c *-L"t, i5'2>i-,.j2,'"©«»llilfW8*a;oJ:;5ic«i:s. 

V= ^I'^h'M'V^-Q^Y ISi 

(î j )(i»»^tt*i, i ij©ffise©«gE^«Lr^i0 c©ffiBe©a$(i, &£»©«*«* 

_ Covttj.Ij) <(JriD'(Ij-I i )> 
t i j Vatai)-Var<Ij) " >/<(I^T i!f>-«Irrj) ,> 

T-^-i&nSo <SL, I";, I j «*£>•*5 Variety ©•raBK** h*WVVTCf»-6;iM*«fflttfe«.i 
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HBftSi £ L T t t ^ t P O a i O S S I U l T * 5 ZPPR-10 D *•#*. S 0 C © ZPPR-10B#& 

ttB#*l^©*M^©&©-£©i&#§S**T* S JUPITER i l i f t * © - * * ^ * 9 , ^ ik#*t l* 

6200 ^, *JJBW^+ *••"'31 jB*W-l;rx•>•«•« ?Wff*^£LTtt. #fcl!Wnn000MWe«FBR 

^ ^ i f S o cn&W(*?F©XYt7 ;'^|2I«-Fig.lSCP2IC^t-o 

tSEflt©**;*-?'h V-jOMt. Bohn-.Mcknight'^CfcSffffi, Drischler-Weisbin(3lJC 

«k5lfPffi^*?g#lcLT^BRLfco ft, *#ttff?I©ttl£lct£i.''-Cte, x*vi/**-fifl©ffiW©3-

£ # * L , SiSrBl, SSPBlOffiWftKOAn^A^fco Cftii, t©8©ffi |«li«V©§fffi8l© 

ff«ft£lc&<tfc#L, -« ! {bt -5* l i%i*^Rl*6 i#^fc*tcJ;5o Table 1 l c£* t t*Hlc* f 

L, *©Jatt»«£*#tMT?!l£;*t-o 

faft<*&acttftIt#&©«««S[©it*l i . JENDL- 2 B 5 ^ 7 ' J - ( 4 , & f t ^ T , X * , K * * 

- ( 4 4 8f-eft-5fc0 &8f©"FKx*;f+'-(i 800 keV/100 keV/1 keV/Thermal i L f c . ft 

XW<£^-^lc*N-5flRaE«»*Table 2&tf 3 l c ^ f o 

(i) leSdite*krff © M f 8 £ 
• ^ n l ^ W L t i l ' S ^ : 3 .2#Ak/k 

•ZPPR-10D^e>©^» : l . l # A k / k 

•HftlcKW-SPuT-f V h - 7 p i t * H * © f e © i ^ L < Lfcft^: 0 . 3 » A k / k 

(ii) $UfflHiMBfc©fl.fii!^ 

• / •MT*H :F£teff lLttOii&: 4 ~ 6 # 

• ZPPR- lODfr bOftft : 1 ~ 2.5 96 

(iii) t b ^ t f * © ^ ^ 

•ZPPR-10Da>&©*Mf : -196 

(iv) ±fE#i#fflH©fl.#*Sg©ffiW 

. r i j = vij/Cvii^ • VJ/* ) STable 4 i c ^ f o !§]««£ t>, keff £K£*#:fljlH©*lWtiiilr\ 

4. * *>y ic 

*«fe-et* r&aagfrf &J © rFBRgswHSfttt̂ flij ^©gfflwcof ta^T^fc. * « 

*) H**l^ffl^SKa#«j|lSii(o JAPAN AND: UNITED STATES PROGRAM OF IOTEGRAL 
TEST EXPERIMENTAL RESEARCH 
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ztimmffm&aimtK^tzo comic, &&Mmmim&znmicmirz±.T~#iisKm 
«t*5^)*-C*5o X, *K«W¥^liS*©iS«^f^"->.*ttlMK.|,«fflta3(il''*l|ri!:W. 
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4.4 mm&^ip$fflffi* *m>$m$T(r>fom 

Cross-Section Sensitivity and Uncertainty Analysis 

for Fusion Reactors 

Yasushi SEKI 

Application of sensitivity <ind uncertainty anelysis to the nuclear 

design of fusion reactors and the analysis of fusion reactor neutronica 

experiments is reviewed. The special feature of the application to 

fusion reactors are introduced first, followed by a brief description 

of the computing methods in use. Several examples of the application 

of the sensitivity analysis for the blanket nuclear design and shielding 

design of fusion reactors, fusioii-fission reactors, and for the pre-

and post analyses of integral experiments are described. Lastly, some 

future tasks are shown 
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(K*fl^^2JfcS*7-vuil9:SJa<HtT?Ja^i(ti:?)«tt5^< l&7C*7'*"kV&.t*'->-

A-.BB * (EWF) 

l^xtf^Trftffltr^si^iiTr^-s^'tfflffl^-^^-eiSo La*L*»&*P-e.B, 7 

Q :0lS£ft (NAIG) 

* - * yKWttA-eofltftSit© C/E ©fttic o^r***HlTi©ie*4 L -c, * - * y® 

©*§**»£., *-#yffl»ffl«K£fflJ:?tt»fc*#;Uitt\ G/E**^^J:o-KrfS;o^:'.''' 

A :H * (WW) 
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4.5 &n±mm<7)mmmm 

*SWgS;fflJSH*»?iJ*Eitlcffia:l-., B t * H W * # # £ * * C £ £ * L * 0 1000 M We****? 

ttSU ifc, «t«irBSf(
 mU©(n,2n)«fffiK, »4lPuOj5*«IS»:is«fcOr",Cl„ffl«** 

£ » © * K « « f c W l c * S ^ C t*B^6A>lc L.fc. 

Sensitivity: Analysis for Production and Depletion 

of Nuclides 

Hiroshi MITANI + 

An eigenvalue-method is applied to solving real and adjoint equations 

for production and depletion of nuclides. The cyclic chain in the decay 

scheme of actinidee can be treated accurately and the existence of com

plex eigenvalues is also shown. The sensitivity coefficients of actinide 

production and depletion in a 1000 MWe fast reactor are strongly dependent 

on the type of Pu fuel used, i.e. Pu fuel from BWR or Pu fuel fro* blanket 

of FBR. The sensitivity coefficients due to variations of capture cross 

sections, a„ _ of 23*V, \ . of 2ltlPuand X„ of 2lt2C are especially n y £a p a n 

large. 

1. (4U*5>IC 

JlLr*»**ffl^)S^l£<iiilStirt ('>5„ COfctt lCttg^rtTOT?* ,M K*«©£ 

j£fl3**jEL<fFJ^St£#!&£^*So LfrL, JJM*T?tt7*^ 4 KMoMMStt** 

i'©ei*©i*©ifE*^i:*T?*.5^*Bfl&*wc-rsci*i!e:>ST*So 
C©*tt^^^rt^©*«©4^?8«Ko^rj«K))Wr«rffTfc»«c(s^Baicft#LTt8l»lt 

*ff l^5t i*ij^*t?*5o &»ndtni^¥i, &fi-C£.i&mmir &&&*$> ZtifMflktii*ZCt 

+ B+WT^BfKSr, Japan Atomic Energy Research Institute 
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c ©#&£ffi I'̂ r J«a|#frTr ? £'» it I*. 4Stto£<£8*M£K&*5 »##§:*; £ < V- * -

Tffiflp.C.. £#•(?*$.*'. ̂ ©PSfeiiMatrix: Exponential fe4)i Bateman&5'2*ffli\£*l^ 

VS.**, VtfftC^&lck—S—@*%So 

* .S#e tt. r ? ^ vA K*a©J«M^?i]icfiliate© *>©**£ <-£**IT<Ps©-?, e t i 

*JE*K*IR-5 fc*icitftttab*;£g3©&*W 

* 2 *TI± , «9E«l!t©H-*S©*to i 4 « ? l K © * * S S S i -1 > * - 9 >'x£gS©l»& 

dnilt) 
— ! ( i | + •,i#lti)oiU) 

dt 

+ .£ in j(t)(Vi+«'j-i«t))+r iF(t) (i>l,- ,n) (1) 

£^-£\ 
J. »ai 

#lt) 

Fit) 

IWjiO*tt?1RlSKJ:.0.a9i ,'iffl4rt*«fe+Kiai,. 

i£4l$-*-S*l&£*bL-CVSo (l)Slc£*ttS«»re :«ii. <st(t>. *i— i, ri:, EUJttJttBK 

«c#+ 5 «T? * 4 **, -t ©BSIBHEft li JtRKW 5 **»^* *).,,: * S -©DtflffllWHlTttj£»:£U 

T>a^^iCi^^«&T*io„C©^IC(i(l)SttSttffftCDiiS--«^ 

^ = A n ( t ) + F W" 
dt 
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(2):£eM y#-i?y,xJSS««iaW^K^&-ciiSE«fPffl*fflaS(l*»6t!fealK c i « i 

dn*(.j 

dt 
= A T n( t ) (3) 

- ? # * . £ n S o t>T-ATttA<D(ES?fyi]-e*'50 

»K, (2), BJSTttl^yiJA^A+aAlc^tLfci^lc, l$*d tf T-©8fS©£fiE« OS? 

Q = hTn ft,) (4) 

hT= ( h i . h i . - . h n ) (5) 

hi = 1 : ttfl i £I$*!J t , r-i«!J3£t5, 
ID) 

= 0 : 9 l3£Lt t^ . 
T-SA^nSo $, 4 v$-9 : • *©&«&#£ LTHSSiJ t, f 

aft,) = h (7) 

aQ=hTan(tf) = /tfaT(t)aAn(t)dt (8) 

to 

nj t f X j , k 

•e5£*3;tv5o ± S K « ) S * v & * » &ti4 am (to * « A - f 3 1 
Si i k = ——•-:2-A / -.11/(t) (——^-)nm(t)dt 08 

niCtf)./ » t. 3x i i k 

3Q ^ a a ( t r > ^ / t f n ^ t ) - ( a A n l t ) + «F(t))dt, £tt*6 
t o ; -1' -•• 
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Si,j,k = ^ - 2 ' ( - ^ i ) / n / ( t ) n j ( t ) d t (11) 
ni(tf)./ek oxj.k to 

S * ^ g i C © » S i LT, DCHAIN , COMRADT-li Batemanft, ORIGEN, ORIGEN 2 

-PliMatrix Exponential i£#ff l^&ftTl>3. #=»-l-"ett, 7 7 f - , M K8sa©**Wfi 

ictZBWzLx^ztztotc, »#3iIS;:fcJ;tM y#-*y*#*l3;0JB8iz:, AJSHT?!!© 
@fftt. B ^ ' 7 l-^fcfliftjftftStfii, IPS, H^ftHM£LTffi«5;&a*ffi^fc. -H»ic. 

flHWW©«*aij*««rt*oTfcH*«ttttlWttt6C t*«*So ttoTCaStr F - 0 0 

£*©S*;&8SfflJBH:. .Sfftt; a j l i J J j . H ^ * | .;u ; a'j >±ib ( i )£-st"*£ . 

n(t)= 2' CC j(«!' ,cos/5 j(t-to)-bl jkin/9 j(t-to)) 
i 

+Cj+fc<ri,l»B ^j(t-to)+ a<i'cosi5j(t-to)))ea;i(t-t») (13 

-e4*.e>ttS0 Italic, ( 3 ) S O ' ( y i K - * 5 ' ^ l S o S l i , Soffit; « j ± ' i ' j 1 l | ^ ' « ' h ^ ; 

nit) = 2' tC*(a* ( i )cosi5 j(t f-t))-b*< i lsini5 j(t f-t)) 
j 

+ C*+i< (*>**''cos /5j(tt-t) + a^'Uin/Sj ( t f - t ) ) ) e a i ( t f - t ) (13 

-£•#*. &n-5„ (13, a3S©#lii»3!JW**&*JK;tfLTW;Bateinan ©*P £-&•*" So 

3. * * « » © » « « * 

H J & H r e r ^ / ' f KSa©4fiE?g«;5riEL<fFfiSf •Sfctoic, lOOOMWeifJSifp-eBWR *» 

fefcOffiLfeMH* (,39Pu/*40Pu/*4lPu/"4*Pu = 58.7/25.7/12.3/3.2(w/o)) iSi l i tP© 

^ 7 y^ry M»&ffi9tULfcPu*Kfc ("' Pu/*40Pu/*4,Pu/"8Pu=95.0/5.0/0.0/0.0 (w/o ) 

whm*m^2ZWM-Z&Z>o?-tlb07 9*/4 H8E«©0i*&?IJ*Fig. 1 K * f . 831© 

£ < £ $ « © * # ; ^ f t f o J : t M y * - * ^ * a a © f l M W f W l 4 , *®«k*t«f lM£H&Ntt t 

lfS*ftS*©ififlflcf|ti3'Lr^5fc», H ^ « , t t f t f t S * © « n c a < 0 c # * - « . ¥« f f l©l l^8 i 

JM*BE£Ii < * 4 «t -5 left ffit-So 

i - e * S . 7 9*/4 K8l«©l|8*^J©*K|$«fflii*aKJ:.s|faB^Sfflffl«^J*!l,-><'-3 
iirtnrivio cn&©*T?tt;RW¥«ffl©©^«»s«8ia,4,cmi844cn, *dtrif»|g£<D 
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c vjcii^Lri^^A^3,u;*iK>xAn51, "4u iM-^'^u im? J"u £i^M7u -£-• :. 
«rNp<iki2»«Np-i* "*Pu>-^ »4u ©Ma^^cQj f iwm^&a^awt*!^ 

S t * 5 o £©fc*>lc 1000MWeiasiS^-e2^HMW^iiJ:t>'l ^ r a ^ a ^ ® - ^ ® ^ ^ ^ 
**V 4 K«a i©4lS***= ' - K (EIGE^J^ORIGEN^- KT?Jitfl*g}L;fco «#©*&* 

(i o. 5 sKjarti?^ < - a L r& <o. m&Mnsim£ L TIKIS ? ##&©w&tt#«8ig<*n^o 
*««**£#*>•& fc»icii 4 v#-9 yx £#**•& &&&**•&<. C © t f # ^ * F i g . 2 K * 

to Ctltt, ! (prtT i2^raM^L!(P^T180BW^«Lfc^^T" ,Rj*«ffl^SCilC«Lr, 
"«PU fe#Arflfe©Sa*^-©^8E«4-r5A^**3t-'f v*-9vx-Z3bZo , 4 ,Am± , 4 ,Cm 

li. MJAm -j^» " 2 C m i ^ * " ' P u ©» i*«S lc« t* ) , 3 , Pu®*^ l c *^^*®^ . S*® 
4 V*-9vMtlm\ tfz, ",Np{±2.1B©«iJ«}ICS^*«JWtiiS»j*LM,PulCi:5fc»b 

ic, 23,Pu£j**|I]L;4 >'#-*>'*&&-:>„ H,Pu©>f v * - * y^*JR9WWM*lc*(ii«r*iJA» 

1 M C m « t !3^ < ttS©ti23,Pu®*14?lff®«tf,42Cm©*tU«3 2 <St>:*:*^S> "?*>*<• 
237U.237Np,241Amli ( n . r ) R(£;*#t;»»i««S*iSLrM ,Pu©4fiRlc*^-t5fc»tfi 

&fc, i i S ^ t t a f t W g S © * ^ , 23,Pu,241Am.243Am left** t>©£Fig. 4, 5, 6 JCiJv 
•To C ft *>©*£**> £>JS«&8li, BWRA>£©Pui**4;&ffi^*;&>FBR©7'7>'*-y••»:& © 
Pu*»*ffl^**»KJ:-9T£ <««»>, 4fc. «»SWfB«J:»)i±»«WfB«©*;fS',ic:*o*<^ 
tfttSiWc^Slv, " ,PuT(iBWR^b©Pu«^*ffl^fc^lc(i" lPbAM23w>6^**iri.^ 
3 ©T 241Pu £> Ml Am - ^ 1 "'Am X , 4 , C m - ^ M,Pu tt**«HI*?-6 , "Pu«f t«S 
nSffl&aJ**^©-*?, 24IPu©^5, 241Am©*c©S9E«8Wft*;*I.V - J „ i « i a i P « ) ^ 7 ^ 

•y h*»&fflPu«»*ffl^s«rKt±. '"Putt^tn-c^tt^ffl-e. 23,u 1H--H22237u J?ZM7ifc 
i£ii>. 23*Np - X . 23,Pu®^*»^^t»" ,Pu**4BR$n5iPJ^AS^S<<i:0," ,U©?n>2„ 

Fig.5A»e>24,Am©i6g*lc*fLrii,4IPu©'liS. »f©lSK*»***#V**, FBR.ffl^^y' 
*•:, h*»i&<DPu*6*4*ffl̂ ;fcli#Ktt, 241Pu#toWSffi©«&K£*ttT^tti^*>ic, M,Pu, 
m Pu© (n, r)Rj£Jt-241Pu*s4fiR$^/:«tc iSffl«LM1AmA^fiR$n5©t!, 2"Pu±,4CPu 
©ffc ©ie8E&8#lt*m*S<tt3o *K, 24 ,Am©4fiR*tc^-r5«9E^tt*Fig. 6 icjp 
•#-„ 243Amtt241Pu ^ 2 2«PuilL-?2 243Pu X 243Am eammsa^bSs&if.tlilMXc-, 
242Pu® «c.2 4 1Pu© f fc©*£»&#*# < t t* 0 *fc. FBRO^^ydry hfr&.®P.u#*4.* 
ffl^fc«rK, 23'Pu,240Pu.",Pu©<'cOK9E^ttA>*]t«l!W^:*<ti:5©tt241Ani •ffl#&-±'PJ.t;a 

c©fitlc LT235U*>&,4,Cm *-^©22«»©£&»cft*3*8E0iS£at*L;feo t © f t * 
a> &«* ©«*©^BR*©ifaicM L r if ©<*«© t'<Dwmmmmtem\z&#>T ^ 5 *>£« 
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mem&*>icK•= fc„ Cne»oe***&^Wlcifc«LIKE**»J*5£«©«5fcK££1SKJlcS£» 

©*§^HIC 5 i O ' . - ^ - **«lcE?iJLr-o©^iJ^:|ifiaLfc0 Cttt>ffl*£££Table 2, 
3 l c 4 * * 0 Cti^t., ffl*^ttT?H"'Pu©^. "2Cm©^.,M»IBr@«T?tt"?Np.",Pu, 
"'Pu.^Pu.^Am.^Am, «^Sifffi*t!«235U,237Np,"'Pu, ,4lPu. ftlK, "'U© 

U»L, ±IB©fFflEt?HU*;J;0'Pu«S*4ic^*nr^5Ratt%itLTi.^i:v^ 
Cftt>£&9 A n * t ±IB©RT:'-*©fl&K, "SU©<rc,

23,U©»e& "f,M,Pu©»c,mNp©J/9 
©«5fcBE#ffi<*:5„ Sic, 70*/4 \-'&U<Dmi&!timZgMkLizm)&&-£V4 **%&&. 
SOOiM ?") if-afcl^ffllBflEPWfB "7Np,"'Pu,241Am,"3Am*©tt»H»fii«*iJ« 

4. * i » S # 

tffl©*lRM*©**3&S*la.fcCM y # - * y*35pSS©IW:K, #Stif?iJfflH*i-flte**!> 

««K»- i -6«f laWf«f i \ fi*©««©<»f©»TBWHBJ;OtW*^«t*i«i5'C*5^*S«W 
ic^L^o ffiff»W©^S*^Wr®«*;<fcOf«iiai^»©«5fe8EiS*«BC;&S*Wlc**iSC(t 

£lS**ISi*!K3?£ItJP*-5='- n j , ORIGEN, ORIGEN 2£*Srt£ L.DCHAINjOOMWD 

**fMS3ft. IMtJM«lt'«©flH^a>!>&ft-OtS. Cft&©flWffHre*4fc»fc|*MEIP 
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Table 1 Eigenvalue* of the coeff ic ient matrix of basic equations 
for core and blanket of 1000 Mfe LMFBR (Pu fuel fro* BUR) 

Mo. of 
e igen
values 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

1* 
15 

16 

:. 17 
18 

19 

20 

21 

22 

Core (5.54 x 

Real part , 
( sec - 1 ) 

-1.2012 (-5)* 

-8.7694. (-6) 

-3.8392 (-6) 

-3.4166 (-6) 

-1.2024 (-6) 

-5.3632 (^8) 

-1.7689 (-8) 

-1.6685 (-8) 

-1.5792 (-8) 

-1.4389 (-8) 

-1.31Q4 (-8) 

-1.2527 (-8) 

-8.6025 (-9) 

-8.6025 (-?) 

-6.2352 (-9) 

-6 .0538 (-9) 

-4.6780 (-9) 

-4.4179 (-9) 

-4.4179 (T9) 

-4.3168 (-9) 

-2.9310 (-9) 

-1.8854i <-9) 

101 Sn/c»2sec) 

Imaginary part 
( sac - 1 ) 

1.2790 (-10) 

-1.2790 (-10) 

1.1365 (-9) 

-1.1365 (-9) 

Blanket (1.66 

Real part , 
(sec"1) 

-1.2004 (-5) 

-8.7558 (-6) 

-3.8257 (-6) 

-3.4120 (-6) 

-1.1937 (-6) 

-5.0528 (-8) 

-1.039? (-8) 

-6,3518 (-9) 

-4.7337 (-9) 

-4.3114 (-9) 

-3.9303 <-?) 

-3.8660 (-9) 

-2,7317 (-9) 

-2i7317 (-9) 

-2.4390 (-9) 

-1.8921 (-9) 

-1.8694 (-9) 

-1.3952 (-9) 

-1.3952 (-9) 

-1.2933.-(-?.) 

-8.3638 (-10) 

-5.6494 (-10) 

x 101 5n/c«2sec) 

Imaginary part 
f . e c - h 

* * 

1.3576 { -10) i 

-1.357J5 /(--JO) 

• ' ' " " ' i •". ' 

3;6310 i-V>) 

-i. 6310 (-10) 

* -1.2012 (-5) - -1.2012 x 10"5 



Table 2 Priority of decay constants and cross sections to be measured, which 1s derived from # 

sensitivity analyses for build-up and decay of actlnides 1n the core of 1000>We tMFBR 

[ Nucliat. | 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Am-24T 

Am-243 

Np-237 

U-236 

Pu-238 

Cm-244 

Cm-242 

Am-242ir 

Cm-243 

Cm-245 

. nldes 
^processed 

yearlylgr)** 

1.011 (+4) 

4.878 (+3) 

2.504 (+3) 

1.908 (+3) 

1.124 (+3) 

4.243 (+2) 

2.168 (+2) 

2.148 (+2) 

2.619 (+1) 

1.542 (+1) 

Priority of decay constants and cross sections 

1 

*B (Pu-241) 

oc (Pu-242) 

"n,2n(. ""238) 
oc ( U-235) 

XB (Pu-241) 

ac (Pu-242) 

XB (Pu-241) 

XB (Pu-241) 

oc (Cm-242) 

oc (Cm-244) 

O f 

a r 
oc 

Of 
az 
ec 
ac 
oc 

H 
oc 

2 

(Pu-241) 

(Pu-241) 

(Np-237) 

( U-235) 

(Am-241) 

(Am-243) 

(Am-241) 

(Am-241) 

(Pu-241). 

(Pu-242) 

°c 
oc 

oc 

°c 
»a 
oc 

a f 

°f 
°c 
«c 

3 • 

(Pu-240) 

(Am-243). 

( U-236) 

( U-236) 

(Cm-242) 

(Pu-241) 

(Fu-241) 

(Pu-241) 

(Am-241) 

(Am-243) 

4 

oc (Am-241) 

o f (Pu-241) 

oc ( U-235) 

Xa (Pu-240) 

°n,2n( U-238) 
o f (Cm-244) 

oc (Pu-240) 

a* (Am-242m] 

Xa (Cm-242) 

o f (Cm-245) 

oc 

a f 
a f 

°f 
«fc 
ac 
*« 
ffr. 
a f 

°c 

b 

(Pu-241) 

(Pu-242) 

(Np-237) 

( U-236) 

(Np-237) 

(Cm-244) 

(Cm-242) 

(pu-240) 

(Pu-241) 

(Pu-241) 

* Pu fuel from BWR. 

** Irradiation for two years and cooling for 180 days. 



Table 3 Priority of decay constants and cross sections to be measured, which Is derived from 
sensitivity analyses for build-up and decay of actlnldes in the core of 1000 MUe LMFBR* 

Nuclides 

T Np-237 

2 U-236 

3 A»-241 

4 Pu-238 

5 AM-243 

6 C«-242 

7 A«-242» 

8 Cm-244 

9 Cm-243 

10 Cm-245 

Actlnldes 
production 

yearly(gr)** 

2.575 (+3) 

1.927 (+3) 

7.209 (+2) 

3.638 (+2) 

2.865 (+1) 

8.471 (+0) 

6.868 (+0) 

1.275 (+0) 

6.184 (-1) 

2.894 (-2) 

Priority of decay constants and cross sections 

1 

°n,2n( U-238) 

oc ( U-235) 

X6 (Pu-241) 

°n,2n( U-238J 
cc (Pu-240) 

Xa {011-242) 

XB (Pu-241) 

ac (Pu-240) 

XB (Pu-241) 

oc (&K244) 

2 

ac (Np-237) 

a f ( U-235) 

ac (Pu-240) 

ac (Kp-237) 

a,. (Pu-242) 

XB (Pu-241) 

ac (Pu-240) 

ac (Pu-242) 

ac (Q*-242) 

at (Pu-240) 

aC 
ac 
ac 
a f 
aC 
aC 

°c 
ac 

°c 
ac 

• 3 -

( U-235) 

( U-236) 

(Pu-239) 

(Pu-238) 

(Pu-241) 
(Pu-240) 

(Aw-241) 

(AM-243) 

(Pu-240) 

(Pu^242) 

ac 

°f 
a f 

V 
ac 
ac 
ac 
ffc 
ac 
ac 

• * " 

( U-236) 

( U-236) 

(Pu-241) 

(Pu-241) 

(Pu-239) 
(An-241) 

(PU-239) 

(Pu-241) 

(An-241) 

(An-243) 

a f 

\ » 
a f 
ac 
a f 
ac 

"f 
ac 
ac 
ac 

, . 

5 

(Np-237) 

(Pu-240) 

(Pu-239) 

(Pu-240) 

(Pu-241) 

(Pu-239) 

(Pu-241) 

(Pu-239) 
(PU-43I9JU 

(Pu-241) 

* Pu fuel from blanket of FBR. 

** Irradiation for 2 years and cooling for 180 days. 
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A 
245 

244 

243 

242 

241 

240 

239 

238 

237 

236 

11/ 
tn.THn.2n) a-decay 

9.3x10 T» 
244. B / **' 

A m T a u r * C i n 

3.79x lo* 

I /ivy i 

/*l63d 

P Sim1 JjP f ttd " .^r 

/ /f. .""Ŝ tt/ 238, 

4.5Uld 

Z39xt0' 

T**3f 

235 -

22h(43%)"r22h(5 

86y 
234 | | 

Pu 

7u 
7.UI0V-

"7 
to^u 

92 93 94 95 96 

Fig. 1 Decay scheme of actinldes 
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X±— 8.6025x10*' ±1 1.2790x10"' 

* - A m » % m 

(a) The first cyclic chain 

X± • ~4.4l79x.IO*' ±11.1565 xK>~' 

A.m M • v»m 

(b) Th« stcond cyclic chain 

Fig. 2 Two kinds of complex eigenvalues arise £rein Jthe abov* 
cyclic chains 
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W 1ft 

Q : H * » (SCI*) 
* « f ! « / * * A n r n < *&. «pMiett*-«#R*modify Ln>< #&*#&*i*7 

A : = $ ft <B«F) 

an*,' 
Q :flt«ie I I (B4x*0f) 

Quasi-static (JKttfifM*/hKIBK»'«•«) tt#&-?flux<D«FM«E#*|R*) A*L*3B-,'.1.• 

&©«*(*? 

A :=« A mm' 

Q :**«* *KB4**W) 

Burnable poison*fclMCjg^|j||KMio*5J|^Kttflux©^H*S^*»*"*/X--';;,.' 
l^£<DJ:^ttnHK#tfi^MftaMJR*.ttltLfcf|tttth^? 

A : = S ft (R«D 
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4.6 is7^mz&^m%*<7>&mimT>>XTJ*<nmM 

v^m%£R&<0)pmWW&<DTmmT-*>ZJENDL » # # * 7 - + v>f • *f>v-f 
^V&kP'MtobftX^h, adjustment0&©JRflEJK8f a - K • i ' X f i K o ^ T , * © « * £ 

Present Status of JNDC Sensitivity Analysis Code Systems 

Altira HASEGAWA+ 

It is briefly described that the current status of the JNDC (Japan 

Nuclear Data Committee) sensitivity analysis code system for the adjust

ment of group constants. This code system la now being developed under 

the direction of JENDL integral test subworking group of group-constants 

working group of JNDC. 

1. I*U»|C 

mm-> <r-*mft£Sk&®ipm&m?W£:<nTB®mT:&z JENDL a # » * 7 - + ?? • ^* 
-f (JJlTtffl-ffftW.Gt'ftt^ffMI^Jitt&tir^*. adjustment o a o l B W f J - K 

# t t * © g » £ f c i § L * S £ , 1982^i2flMA>nfc, »»»«W.G©^^»ciflvr,a:^flt 
fl?*<b L T,. fc^f- * (c <fc S JENPL- 2 © adjustment.*»») ifctf T (iI>ri>A*£lr"> ? t | * # * 
ofc„ *OjpsRK»L-r,' adjustment ffl^ttiWM SW.GflKtif* &?\ * ^ * J l & r t 
fflflfi©ff3SW^K»L.-Cfe, \>b\*hH4 V'****^*SC£#¥3B&ttfcfcJ6R:. tt»'r-
9\ZJ;* JENDL-2 © Adjustment ©MlllCfct LX, SW. G £ LrV^»KR0Wf.<«i&!fe® 

5JENMJ-2««©HWcB«lfS*l<f©«^J1)'imtr*«F*#F&0*£»&n. * ¥ ( 8350 
5 fl0«»fMiW.G6^JC*|}lsnfco £*#<D**t± r»»ff«W.G£ L r « » f - * f c i 5 
JENDL-£Hlf©im«t»««ICifJ*y4Ci, ft»c3B«Hi»F*a*£Lr, ««(**?& 

vwm$m<»i'X7-i>rtfczm*iz>ttz*i-tLx mm <o**t&9&. M*.tmm, r? 

+ B&W^jj&lfjfi , Japan Atomic Energy Research Institute 
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I. f t * 

C©«*#«tB3ftfcff»lcM;, W.G rtK**Wlcttfc<DJ; 5ttgMl«#*ffl*5#t>44tt-3 

^fflfta*»scitt*fL^iai«-ctttt<, n&comcz&ti, »B#?f*>n-o*.5c4'T?*So 

*i>m atisttfApsEn-cfe^fc. Ktt©&ttti»tt-?fe«*i. Hfter*©-*tt, <r 

MttfctttSKM. IWI8Jll®ttBttttKH-*-S*EM. t f t? r - * ' ra&fimft©*ff*Bi6S 
£4JC*f*«/G«, *#±tta44aM.T<fcl'-C**-5. CftK'ttU #^-*|l*®«F3g. * 
Hi*. C«B«MP«HT»*»L**fct'MMi4tt-3T*Tl'8. MCnttHSEHKpniiJ: LT. BC 

©»fl**&***tt^t>©4ST>T<.'S. X, « 5 * - * © # a M t t * * » * f c » K . . « * S « f t * 
»«»fS*ffl«i|S@*ICjiffl-r5C40W*«$*, F.G.Perey #Bt<±3fiLo-Jtf 5 i 4(i& 

» B o ^ T © i f t J W B © » # K » L T . H****. **WttMMWfatf r » j © g * . ML 

*»fcfK**#rfi^t©-e*6^*». e©jsuw. &]&*k<Dmtt&taM&ciib*>. *# 
fftf7-*v^. ^^-T'lciH^TC0BgjH*S(SW*cK*)*W'5<:4*S ;*-t-5«^:©aS^ 

• * 3 . J 
HJiW&*>tiJ:-5K, iftj?©afn#, -T^< adjustment ©ffiltcftjKo^rfe»*)*»*)or 

**5^IB6InMi(EM«jgiRai)R^Si*iB*-e**)t Lfc#. «KJSWf^S.**Sf»»KoV^ra-
r^tLrfe, ^<|iiiici*n^*-ro #Jx.tf, iftS©aEn*ar**-r-4, ft^Mcdeter-
ministicfc^&lcis'lftTcSN ANISN/SWANL,AKEIC«^jSnafiffW>&,' '• 2 ftjcfcgT, 
3SS'C«. 3 f t i « y f * * B ( TRIPOLI (FRANCE), TIMOC (ITALY), DUCKPOND 
(UK)) ic«ts., tWi»ttK^-rsjS8E)JWf¥S^4-r^<»*)36»*J-3r4}*). XJWjS* &•¥*. 

&n«a>r>fc«18Ef-* fe^-(i*»«:-f*-«'*t>*#t«&$n5 4 l^3St t ; S:#^5 4, Hit© 

£lJ:fflJ:att*«;*.fe?r, * fg( l#&B3n, £ * 3 f i s t i c a ,*:**, ->*VW££a 
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3. fMtr t *£fm** l 

1) SB, F . B . R g ^ l ^ ^ l c . f c S S J ^ f - i ' ^ f f l ^ r , JENDL-2©*«»«?. S « £ 

fcfttf*<-fr;6>S<k5lc*Sfcto^;fc*), XES#H»t tB*a:5e- r5Aaic jSa ic :deta^ l«-

5 &©*niMI*'-<* y ^ i L r ©afflfclt £ -a- 5 ait? fc* z. 

1) ttft 
•F.B.K. (iSJSip) 2 iKS'-O^-*•-?&& 

• 2^Sfe»*JS* i - r5o 

2) H S v / x f i 

a . flRK&Sfcitffi'^xA 

IR^-egfl^Snfc, -« { t f f i i )a ! f t l cS< 2fc5di£#='- K SAGEP2)&&ffl0 

b. *tS^SSffi)S#r->^xA CATEX (Computer Aided Tool for Evaluaters of 

Neutron Cross - sections ) 

c. BfSStadjustment ->XrA ADJUSTX (adjustment of Cross-section set) 

Slj^0l«ff)B#f->^xAlc, &im?-9 "<-x* t lDAr , */h&*ffiK*< adjust

ment #ff 5 * * r A **f-tic B8&0 . 

3) i i JS i t tS Data Base ©ffiBE 

• aat'wr-* • 7 TWvi/ (JENDL-2) 

•gfSSft JFS-J3 TYPE 

• mark's mst 

•- 140 -
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jy±i£'<fc->*7lAM§effligft3g©fcfflSlJB W.G£LT«tttdeta (DSM, 8 £ S , *flE» 

#r£ffl§!ST|-S8(#date f^HI^^-7 0 , & C ? * » » 7 ' - * ( 0 i R | l i f * « * t i a - i - 5 * » * 7 : ' -

Table l ie, X-tffl*tfWO * t f 5 8 t # f S B ? - * £ LT Table 2lcjj*Lfck<DK|8jfrl,-Cg 

Table 1*, PRIORITY (0^1***5**. *^<DS^k<Og. PRIORITY££S< LT*$»}, 
PRI0RITY=1 fflkffllC-3Tlii&-f£9Aft5,X2<0k<DlC-3V*Tli, f^*!c^^jAi*-,fcf, 

5. !ftfiHI$lft£J!Wr>>l-rA CAT EX : Computer Aided Tool for Evaluate™ 

of Neutron C r o a t - aect ioni . 

&&, 8tttdeta (»J3e<i)-e*0, Bft®*£<tlC*< K t t d e t a ^ f f l l J ^ & t f * © * * * * ' - ! ? 

SiJrtKR, C/E (Calculated/Experiment)tt, C/E©i|*IMi**ltJ^SnSo 

« t f data (ftljete) : Riexp (i=i, - , I ) 

gfSES ( S f - J ) : T^ ( * = i , - , N ) 

« # f - * i t * f t l : H i '* ' ( i = i . - , l ) 

R c ^ ( T ' ) = R c a / ( T ) + 6 ( T ' - T ) 

ftscsnSo 
J&ffi, 1 * 3 ftTH* MENU li. 

1) REACTOR TYPE 

&mXfeo mtlTFig. 1 ic^-To 

2) CORE SELECTION 

PuHpiC'fflWi L r Fig. 2 i c ^ - . 

3) INTEGRAL DATA SELECTION 

MH7-9X&, « i L r F i g . 3 . i c ^ „ 

4) NUCLIDE & REACTION SELECTION 
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SES&OfKjKISo m F ig . 4 o 

5) SET CROSS SECTION 

^M(fi®8(A^J0 # | F i g . 5 o 

6) RESULTS DISPLAY-1 

mat*$LttM, C / E . C / E t t H - l t a ^ . 0 J F i g . 6 

7) RESULTS DISPLAY-2 

laA^-ffiJJirafJMS&JFo W Fig . 7 

6. BrffifltMS (ADJUSTMENT) s /XxAADJUSTX : tdjuatmont of Croes-

section Set 

irJE©lBKII?«f->^7 iAicSll?:ft»|f[f-5A.-, fl*m\ « ' h g * & £ E ^ T f r ® * a d j u s t -

ment &-?T-5 7"n / 5 J»T?&&<, 

Ri"p , T i , G / , Bi c ^*Bi l ip | i ;^ ia f f i t L f 

•rfcK 

fc#data©£fttfc: Vij 

L = ( T ' - T ) + — ( T ' - T) + ( B ^ P - R ^ C T ' ) ) * — (He5*- R C , / (T ' ) ) 
M V 

1 
T ' = T + MG* A R 

GMG++V 

A R = R e x p -R c a / (T) 

1 
M'=M-MG* GM 

GMG++V 

ffl*$iaSMENUtt, BuiEOCATEX MENU 5) ~ 7) ff 

5) SET CO VARIANCE DATA 

& # # d a t a A 2 l 

6) RESULTS DISPLAY- 1 

adjusted cross—section S T F 

7) RESULTS DISPLAY-2 

adjusted cross-section lc$frtrt"S&jMft.deta &*F; 
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8) RESULTS DISPLAY-3 

adjusted cross -section l£)til&t Z>HtftM$Lit%7r;0 

7. tesbyrc 

CATEXIco^rii, *^Krt, ADJLSTXIco^r(i*^E£HU*©i/^TA««l*g*"Lr, 
(tt*HSS*T*0, cn6**Sfi6L*Lfctt6lf, i£St«##3SlfttfiIfflfl;S!'P. »rS«l<b«l^ 

i /?V^a£rtTfc, #ft*©&Jg®lgg<>:LTttit< 5, 1^105 adjusted set K o l ^ O 

fAKStS iJ * x * |»^ R|jB$<DSifi*WK fellies Lfc"l^*5o 

References 

1) JENDL-2 StJJfMWG * * Jl£ : l"«ft x - *' KJ: 5 JENDL- 2MfeoiaBKH?3*W 
®«£J , JENDL-2 St^ffffWGrtK^ JENA-64, (1983) 

2) R BSS, ttffl«-, *7tfe*£ : * SAGEP : HttftSMIftlES-4< - & 7 G * * * W T = > - K: 

JAERI-M84-027 (1984) 
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TABLE 1 SELECTED CORES FOR SENSITIVITY ANALYSIS. 

ID ASSEMBLY 
1 FCA-V-2 
2 FCA-V-1 
3 FCA-IV-2 
4 MZA 
5 SEFOR 
6 FCA-VI-1 
7 2PR-6-(SA 
8 ZPPR-2 
9 NZB 

10 ZPR-6-7CREF) 
11 ZPR-6-7(H240> 
12 ZPPR-9 

PRIORITY FUEL FER/FISS VOL REM. 
PU+<U> 
U+<PU> 
PU+(U> 
PU 

PU 
U 
PU 

PU 
PU 

2.3 200. PU/EU-1/3 
2.6 14-2. PU/EU-1/4 
3.2 422. PU CORE+EUD 
3.9 570. 

4.4 423. 
5.0 4000. LAD-0,8 
5.1 2400. L/D-0.5 2-ZONE 

6.5 
6.5 

3100. 
3100. 

L/D-0.9 
BURN UP SIMULAT. 

N.B 
PRIORITY l: INCLUDING THE CORE. 
PRIORITY 2: NAY INCLUDE IF WE HAVE SUFFICIENT TINE. 
PRIORITY 3: EXCLUDING THE CORE FOR THE MOMENT. 

TABLE. 2 SELECTED INTEGRAL QUANTITIES 

1. K-EFF (EFFECTIVE MULTIPLICATION FACTOR) : ALL CORES. 
2. REACTION RATE RATIO: ALL CORES. 
3. SAMPLE WORTH! ALL CORES IF EXPERIMENTAL DATA IS AVAILABLE. 

U, PU, 6-10, M0> SUS 
N.B. MO: AS RESONANCE MATERIAL. 

SliS: AS AN EXAMPLE OF INTERNEDIATE WEIGHT NUCLIDES. 
4. NA-VOID WORTH: 

ZRPR-2> ZPR-9, MZB 
EXCLUDING VOID MAP. 

5. DOPPLER COEFFitiENTS. 
SEFbR>ZPPR-9>FCArVI-2 

6. REACTION RATE DISTRIBUTION: 
LEFT FOR: NEXT STEP. 
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CATEX PANEL:: PCATX010 REACTOR TYPE SELECTION — 

COMPUTER A D E D T.OOLFOR E VALUATERS OF NEUTRON CROSS SECTIONS 

PLEASE SELECT ONE REACTOR TYPE. 

l: THERMAL REACTOR 
2: INTERMEDIATE REACTOR 
3: FAST REACTOR- s 
4: GAS COOLED REACTOR 

CONFIRMATION 

REQUESTED REACTOR TYPE:FAST . IF OK THEN HIT ENTER 

Fig. 1 An example of CATEX menu for 'REACTOR TYPE' 

IF OK 
SEL 

CATEX PANEL: PCATX020 CORE SELECTION 
C OMPUTER A IDED T COL FOR E VALUATERS OF NEUTRON CROSS SECTIONS 
PLEASE SELECT 
PU-CORE 
THEN HIT ENTER. 

SLCT 

SLCT 

ID 

4 
5 
6 
7 
6 

10 
11 

1! 
14 
15 
16 
17 

CORE NAME 
VERA-11A 
ZPR-3-54 
ZPR-3-53 
FCA-V-2 
SNEAK-7A 
FCA-VI-2 
MZA 
FCA-VI-1 
ZPR-3-50 
ZPR-3-48 

• ZPR-3-49 
ZPR-3-56 
ZPPR-2 
MZB 
ZPR-6-7 
SNEAK-7B 
ZEBRA-3 

CORES 
OR LI-

OR NOT 
FUEL 
Pu 
Pu 
Pu 
Pu+< 
Pu 
Pu+< 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 
Pu 

NEXT: 
•CORE 
OK THEN REINPUT. 
FERT/FISS 
, 0.050 

1. 
1. 
3. 
3. 
3. 
4. 
4. 
4. 
4. 
4. 
5. 
5. 
6. 

.600 

.600 

.300 

.000 

.200 

.900 

.400 

.500 

.500. 

.500 

.600 

.100 

.200 

.500-
7.000 
3.600 

VOL(L) 
12. 

190. 
220. 
200. 
110. 
422. 
570. 
423. 
340. 
410. 
450. 
610. 

2400. 
1600. 
3100. 
310. 
60. 

CONF: 

COMMENTS 
PutCiNo U in core. 
Similar to ZPR3-53 except F 
IJ-ref rector. 
Pu/E.U = 1/3 
Pu/E.U = 1/3 
Pu core + E.U driver ' 

Test 'resion + D.U blanket 
(ZPR-3-48) with additional 
Soft spectruiri due to added 
(ZPR-3-48> without Na 
Ni reflector 
Equal volume 2 zone coreiL/ 

L/D=0.9 

Hard spectrunCSOX above 100 

Fig. 2 An example of CATEX menu for 'CORE SELECTION': Plutonium fueled cores 
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.CATEX' PANEL.: PCATX030 INTEGRAL DATA SELECTION — 

COMPUTER A DED T ODL FOR E VALUATORS OF NEUTRON CROSS ACTIONS 

PLEASE SELECT REQUESTING INTEGRAL QUANTITIES 

SLCT l: k eff (Effective Multiplication Facter) 
2: Reaction Rate Ratio (Spectral Index) 
3: Nevoid Reactivity Coefficient-. 
4: Sample Doppler Reactivity Coefficient. 
5: San>Ple Worth. 
6: Reaction Rate Distribution. (NOT YET PROGRAMMED) 
7: Worth Distribution. ( NOT YET PROGRAMMED) 
3: Control Rod Worth. ( NOT YET PROGRAMMED) 

CONF: 
REQUESTED QUANTITIES. IF OK THEN HIT ENTER 

Fig. 3 An example of CATEX menu for 'INTEGRAL DATA. SELECTION' 

CATEX PANEL: PCATX04Q NUCLIDE REACTION SELECTION 

C omputer ft ided T ool for -E valuaters of neutron CROSS sections-

PLEASE SELECT REQUESTING NUCLIDE OR REACTIONS 

1 
2 
3 

NEXT OPERATION 
REQUESTING NUCLIDE 

QUANTITY I NUCLIDE 
K-EFF I NCOD: 949 93-Pu-239 
MT I 1 2 4 16 18 102 

I T E IN 2N F C 
REQUEST I __ __ __ __ __ j . -coil i ——-----
FCA-U-2 I - - Y - Y Y 
ZPPR-2 I - - - - - - Y Y 
ZPR-6-6A I - - - - - - y Y 

OR NC00E 

i NUCLIDE; 
I NCDD;: 925 92-U-235 

I T £ IN 2N F ' C 

-- - --_„_-.— „ __ 

I - •--- Y - Y Y 
I - - •« - Y Y 
I - - - - Y Y 

Conf inut ion: 

Fig. 4 An example of CATEX Bernl.for 'NUCLIDE& REACTION SELECTION' 
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SOii 
2ft 
ffjft 

mi: 

M T?« _ TAPE 
26F* 0 REAC: <n,_ 
5.53650E+01 TEMPERAT 

1 NS2: 5991 

EpSY-jgOS? S E C T I C ^ - - — — -

> El : 1.00000E-05 E2 : 
' 3.00000E+02 GOAL: 7.80300E+06 
MESSAGE: 

KT : 102 
2.00O0OE+07 

GROUP ENER6Y<Ey) SIGCBARN) GROUPENERGY<EV;> SIGCBARN) 

5645 
5606 
5*47 
5468 
5869 
5870 
5871 
5872 
5873 
587* 

1.94000E+06 
2.07000E+06 
2.10000E+06 
2.270006+06 
2.300006+06 
2.460006+06 
2.502466+06 
2.510006+06 
2.640O0E+06 
2.66000E+06 

1.30017E-03 
1.299946-03 
1.20006E-03 
1.19994E-03 
1.100066^-03 
1.09994E-03 
1.024116-03 
1.000066-03 • 
9.99991E-04 
9.SO00OE-O4 

5875 
5874 
5677 
5878 
5679 
5880 
5681 
588$ 
5883 
5384 

»•• NEXT CONTROL: PAGE : POINT 
OPERATION VALUE: INT.SCHEN 
A:ADD SISTBSTRUCT M:M!LTIPLY D:OIVID£ 
AA/SS/WI/DD: RANGE OPERATION 
HESS* 
EXIT: IF EXIT FROM THIS PANEL PLS ANY NON BLANK CHARACT 

2.710006+06 
2.73000E+06 
2.76000E+06 
2.80000E+06 
2.820C0E+06 
2.64000E+06 
2.67000E+06 
2.89000E+06 
2.910006*06 
2.93000E+06 
." EMG '__-_. 
2 ENGXX 

SI6XX 

9.6CO18E-04 
9:59998E*04 
9.500006M)4 
9:300135r04 
9:29993Er04 
9.20007E-04 
9.100016^04 
9.00014E-04 
8.99?93Er04 
6.90014£-04 

2.00000E+06, 
1.30006E-03 

Fig. 5 An example of CATEX menu for 'SET CROSS! SECTION': 
setting of new cross section 

CATEX PANEL: PCATX040 RESULTS PANEL «-- - — ~^~»-: 

C osputer A id«d Tool for E v«lu»ter» of neutron CROSS sections 

RESULTS DISPLAY 

NEXT OPERATION 
INTEGRAL QUANTITY: K EFFECTIVE TOTAL NUMBER OF CORES: • 3 ' 

CORE' I EXP. CAL I NEU RESUL. I D IFF . I C/E 

1 FCA Î-2 I 1.00000 I 1.0108 I 1.0091 I 
2 ZPPR-2- I 1.00000 I 1.0072 I 1.0087 I 
3 ZPR-6-6A I 1.00000 I 1.0139 I 1.0019 I 

-0.0017 I 1.0091 
0.0015 I 1.0087 

-0.0120 I 1.0019 

ORIGINAL 
SUKMARY<ALL> AVRG: 1.0012 STO: 0 .0087 
SUMPifiRY<PU > AVRG: 0 .9978 STO: 0 .0074 
SUKfiASYCU > AVRG: 1.0067 STO: 0 .0077 

NEU " " ' ' • • 
AVRG: 1.0023 STO: 0 : 0 0 7 i 
AVRG: 1.0017 STO: 0;0044 
AVRG: 1.0033 STO: 0 .0100 

MODIFIED CROSS SECTIONS: S-NICLIDES 7—REACTIONS 

Fig. 6 An example of CATEX menu for 'RESULTS DISPLAY-1': 
difference in integrated quantities due to the 
cross-section change 

.-rr.~- CATEX PANEL: PCATX070 RESULTS PANEL-2 —,-
C ouputer A ided Tool for E valusters of neutron CROSS sections 
RESULTS DISPLAY-2 

ERRCOM, : 

NG1: 

NEXT OPERATION . 
INTEGRAL QUANTITY: K EFFECTIVE 
CORE ID • : FCA-5-2 
NUCLIDE : 949 

s 

93PU239 REACTION (N.F1SS) 
; NS2: E l : 1.000006+02 E2 : 2.O0000E+03 

6R0UP ENERGY(EU) CONTRIBUTION 

• - . - i . ' 

•"..2 

3 
•-:. V*. 

'•... '.'5 

6 
7 
8 
9 
10 

••••• 1.000006+02 2.50000E-04 I 
2.000006+02 5.00000E-04 I 
3.COO00E+02 7.499996-04 I 

; 4.00000E+02. 9.999996-04 I 
5.000006+02 1.25000E-03 I 
6.000006402 1.500006-03 I 
7;000006+02 1.75O0OE-O3 I 
3.000006+02 2.00000E-03 I 
9.00000E+02 2.250006-03 I 
1.000006+03 2.50000E-03 I 

GROUP ENER6Y<EV> CONTRIBUTION 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

»•• NEXT CONTROL: PAGE PUIMT 
MESS: 

1.10000E+03 
1.20000E+03 
1.30000E+03 
1.40000E+03 
1.500006+03 
:i.60000E+03 
1.700006+03 
1.600006+03 
1.900006+03 
2.000006+03 

ENG 

2.75000Er03 
3.0O0O0E-O3 
3.250006-03 
3.500006-03 
3.75000E-03 • 
4.00000E-03 
4.250006-03 
4.50000E-03 ; 
4.75000E-03 
5.000006^03 

..-*•• : 
EXIT: I F EXIT FROM THIS PANEL PLS AMY NON BLANK O W M C T . 

Fig. 7 An example of CATEX menu fq*: rREjSlJLTS pISPtAY-4' 
group-wise contribution to' the integrated 
quantities 
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5. JENDL-30»«t 

5.1 JENDL-3^«lCfft<«ffli-*«KJ6«Sf . 
mm *z+ 

* ft 

JENDL-.2 ffliiFjBlc'.*^-Cli, S*iJ:ft¥fl$S. «^«<S^lcK<tt!tl)IS*^<!:LTffll>e.n 

* & l i t t » £ * ^ t t ^ l £ » C s t | f t t 14MeVJtt«-t?l±«flcW#ttt5. C O ^ * a « t * f c » . 

JENDL•• 3®fF«T?i±. tt^^^^^HMia^nfflna*#dtLAMin-<sjmatsiusu 
£*ECIS, GNASH*»ilLfca tt^^ + ̂ ^Jt^ttatttitWffiittClfotfSfctolC, «3U 

Ofittlfcfi^fc. cn6ffl#fL<»fflLfc«ffiKJ:0Fe ®WflBft«IWC,*:. *<DlMlttM 

MeV + t t ? K * t t - « A K • x*^*'-r*«;»WrflDl l loHEHi[*«l6TA»fel l*L, 4 H O 

Nuclear Reaction Models Newly Adopted in JENDL-3 Evaluation 

Yasuyuki KIKUCH£+ 

The spherical optical model and the s t a t i s t i c a l model based on the 

compound nucleus assumption have been mainly used in JENDL-2 evaluation. 

These models cannot consider (1) the direct reactions, (2) the 

pre-equilibrium processes and (3) the nuclear deformation e f fec t . This 

drawback i s particularly severe for high energy neutrons important for 

fusion neutronics. In order to overcome th i s drawback, i t was decided 

to adopt the coupled channel optical model and the evaporation model 

with pre-equilibrium process in JENDL-3 evaluation. The ECIS and GNASH 

codes were se lected. A special Care was paid to combine the coupled 

channel opt ical mode to the usual s t a t i s t i c a l model. The cross sections 

of natural iron were re-evaluated with these newly adoptedmodels. The 

+ B*W^*Bf<RFJi, Japan Atomic Energy Research Inst i tute 
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results reproduce satisfactorily the experimental data of the angle-

energy double-differential cross sections for 14 HeV neutrons, proving 

the applicability of the present.model. 

1. .:* .» ' ', 

*f-f>ffl&K*̂ >c, faUna+srea^mpK.ammmitmwmztiZo JENDL-20 

i>*o ctiid, «»SJFKKl!/i:5MeVJ£iT©*tt?l(rB:»li:^LT(i, jJIJSt^fcttJftfc 

L^LC*lfe,0«l!Kfe5|l»j(i, S t f a g . M¥*«?II±#*T*tt(,>o Lfc#oT. Ctl 

t»Ai*Slc4-«14MeV*tt^*JR'5^l*^^*tt?l¥li:*il,>Tf±, JENDL-20«ffltt(i^ 

cnt.t0S»*3S«[+«fc»K, JENDL-3«cfci,>rtt, J; Oii^W-JHJIMi IT. »S& 
* + * * * « « . lKr¥*ilS*#JtLfcfiEJt«ia!**fi5fflLTfffli-t-S*lc<i:oy:. **Tftt 
CtlbZftftt*» »2*7?liJENDL-2OSfflLfc«M0PJIJl^*«i[L, *3*Tf(i«fL< 

¥^t.0§n,>Sl»*lcj;»), SSl^itL«-Lfc7Sa ('Li, 7Li, C. O. Cr. Fe. 
Ni : JENDL-3 Preliminary Version 1, JENDL-3 PR 1, i f f is) OftFe *WKit»,.' 

2. JENDL-2K^SftfctMt*©|l* 

2.1 e & » g 

jENDL-2«c*ii,>T(i, -mca&mzm'ra, &mamii*x$tiTt3S>?. tt§t«sic 

§t*IC(i. fiiA,i*SiHf£4;L-f. JENDL-2liifi!iî . **tt?*P©*Ptttt:fe.fctf. #f#S 

- £ , 5MeVJy±04itt?li:J*LTIi. it8«iilHtfg-e*!), ttic 14MeVIC;fe(,>Tli, fi 

S l i Hansen *IC J:* 14MeV *&?©&#£;&> t.Ojfij!**'^ h ^ H » 4 ) * JENDL -2 i 
ENDF/'B-»r*ffl^T<WffLfco *0*SJ&£Fig. 1 lc^^0 JENDL-2 0H*mtli-H»MeV 

tflceEg+So Wilf "Fe comiSltiim (0.87MeV) ^O14MeVT'0*#tti(;aj»fffi|ft 
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«, mktflfrZii 50 ~ 60 mb iSfr t lSOIc JENDL -2 (i 0.1 mb r* 1/500 -fife*. 

* £ * £ * ¥ © OKTAVIAN -Zfki&milttoKMitlX^ i, 14 MeV +tt^K*f-#-S^rttttl* 
tt?©ft«^*^#-5it*»l»fffi* (DDX) © m » f - # 7 ) A ^ f c , JENDL-2 ©«£/<,£ 

©s«tc*i(,̂ T, ffiaett»^©*#i4»[a©ji'hff*^te»i$*ifco lfliLTFig. 2 KM 
<!>80oJ}fa<Dl£&£7fi-j-o Ni VS.&T4 V h -7"©* 1 gte#lB^©#*ttti[af;tDWBA £fflv 

TjtSfilS*%*L-C<.^o L f c ^ T f t m + t t ? * * * ' * ' - - ? 12MeViaaiilH»ifl-l|c©-

2.2 M ¥ « J i S 

t S B S , JUJ%Bif¥«ilfl£iEa*£<£-3T*So C©RJE©iRft^lcii^<-D^©«5!^*>), 

tfitt&lX^ZtlfS^m^W, t r ie GNASH 8 ) , PREANG9)^©=- K-MSSffl-?***? 

CC-ettGNASH^ffi-^fc "Fe ©ttf t*aS^50 Fig. 3 lc, 14MeV * t t ? ( c ^ t S S k i l l 
t ^ t t ? * ^ * ! ^ * , jtiJ¥»>i*I***L * : * £ £ . * * L t t ^ W a © * & * * & £ © i t R * i f 
ofco 3H¥»iiSl±. ffix*^*'-*tt^©ttda«-Wlx., «x*^*--cl3tt^©tttllS-5|*!)S« 
|Sj*i*50 C ©«[Sl(i OKTAVIAN© DDX © * « * * S < S S t 5 o - ^ . Fig. 4 ic(n, 2n) 
££©Kl*SI3e»£*-#-#. aW***!***-"*-* t (n. 2n) Kft# 'h3<t tSo ffi¥»ig 
T-li^ls!ie^!ll©SaSffMAiWl^t.n5©T'. (n. 2n) . (n, np) 3?#«J*.fc.*l, -€•© 
# # # £ » & * * * : # < tt S ©T * *„ 

C©«ic, Bif^ifi^ffi^^MtSi, imm-x^t t^-hWmizmtL, *©& (n, 2n), 

(n, np) 3£#3ltttScft©Eat>&ffc-!J-S0 t n££? l i4X$9®?:S££§f laN-S!&£ 

2.3 mUBco$))%: 

!££S»©ilS^lcj;5IIHaift|cj;5fc©-C !*5*ttS<ftie»*lTl^o C.n&lc#Jeft5*«£! 

*wm-ft«r. s«*aai»*-K)aifi©i[«>is*#tt«:i§Ltt«iffi*n50 cowimft&jp 

ic«je##«£!£ffl^Tk, îfffi». #ttttaft*^*. *£?**©»£«*£ess** 

3fe¥xKrVi'-y^*S5:fl±-C:#^o )ENDL-2T?tt««IW©ljM*tt£%*L-oo, «£4-:r? 
xx>f K«iaic*fLTIJt. SSffi-??*54!x>"> + ^**>!)T<-^o L*»L. £ 7 LT*»St l fc 
dJx^^-y^l i . ^«SWlctg^©S*J|l*rtJiLT^-5 («*.<*, * » # x v * + * ¥ g £ I S » # 
* » * © l l 5 « r i i ^ + ^ f e ; © £ < i : . t ) , ^ J f j J ^HMcH^n , ^ i8S»:©aT?xx>f K«© - 1 5 0 -
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Wifmmcos.i^ixmKti.. u. pii*©#*y*+***»*.5ia*#*.sj&*, CORK* 

3. JBNW,-3-CifO<»ffl*n«W«* 

3.1 m&r + **&mm 

'^fflSSS^afitLTJECIS^SSfllLfc. 5c*®.EGIS lififttaffl-C*^T«tf'-:?«s«ffl 
Kl i f f i / i f ib^^OT, I 3 f i S a * f f , f c . -'ittSfi^li : 1) * f f f v i ' t * A > ^ -
*fcA*4M*¥i***-<fe#tt*4MM-S. 2) '£fNBft&JMm*# : f tx***-jAoft 

+ ^ * ^ ^ . 5 * * i T ? # 5 o - . . . • ' ' • 

ISttB®*-?*«. -^*ttlWBatMHc4niTtt. I )S»te '^ K ^ o b o t , ^ , ft-tto 

Lagrange istt. aESttJBffl+tt^aJiStt-*. x * >M=-* - £ * f v • '<»> ^ O l ^ * * ., 

J6fct|jtt:Fa««tt*ffl^l:^5<.12)'iBi#*K-fi^)g***S**, ^ K J t © t t - t t * ^ * i T * : * 

i t t t tS ia ia- KeASTHY'3r*tt^*#5 3 - K **XA£B8§£L7!: 0 

*ffl£tt3M«« : 

2) Ecisicfc^-c, A«4>ttTaaiHk. ff^#ttiRa4}«fc^it»as**tt»i§L»fsiiat; 

3) CASTHY ICfcl̂ T, »»*¥«SK«tt)aj»t|jtt;?a»fl«l!**». ECIS *>6©A*+ 

4) ECIS Tf*J6fcigJt«g£ CASTHY T * » f c « ^ * a S f f l * # t t * a * ^ « L , #»t t f t 
a © » i E « £ f t S ^ ^ * * ! 6 , ENDF/B7*—?y hT-m^-TSo 

3.2 ffl¥«*il 
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V>T, **JiSB*e*i4t:»c<i>**BB*- Kffl(ift*ffiJf'aitt*&'v©#3»ttlka«J:«LTfc 
; fc*t t i* f f l***#»ofc . *£^JENDL-3fflJNiie*?:^Tii. U ¥ « i g « - # * ^ - 5 * i 
L,fc.;.., 

li(3^'S**ltLfctt|HiSis?--.K©rt, ^^•7^&Tf«iGNASH?)AJLlfL»ffflV^n 
^gfcfc&fcTft'.B. C©3vy ic^^5^©^t4^0aa«»* l tJ I^* .^^EUESE: -3 1 ^ 
**jaLfcELIESE-3G^Bfl^$nfco *fc GNASH-.14. ^^©^BgSCW^^Ii* (x*vu 
+•-, * f> • />-y x:< -.rMUmt) £A7JitetfftlfKit. jB*t tA#^Si t t -5o 
*C^tftb%?-9 7~Mtt$m¥, GNASH©ffiffllc(î pr̂ T?*t», S£BH-f*-?**8 

GNASH£ffl(.>Tlt*S*l*«4, tt?»ttJiigll©.l»Bn*t, *©ifcaj&^©x*,i/+*--;s 
"** h^T*4o Lfc^oTtn^*ENDF/5 7 * - ^ 7 >^^ft*rtTl>5^SJE§©llffS 
« £ x * * ? - £tf ©ftJlcSE**4 K (i, frtt •) WtttJgpfHIbMBK£ tt * . a^*t t? t i jL 
(n. 2n). (n, np) KftlcftLT, ENDF/B format ^V>*&k-fa>f? AGNASPECX5) 

FNS^e.©S*lc«J:t»Sll^«iiLfcJENDL-3 PR 1 ©x-i 'Crt , Fe. Cr, Ni ®*|Jt 

4.1 S d f ^ x « i t B I 
JENDL-2© B6Fe ©ae^&^Table l i c ^ t o CcortfiftSfffiiSfrtl* fe©«4. * 1 

*& (2+(0.85MeV) : UB?E3«S1B») , £ 2 . 3, 4*ft (4+ (2.09MeV) , 2 + 

(2.66MeV) , 0+( 2.94 MeV) : 2 JfrffflSSiMJi) 4; J; tf* 27**4 ( 3" ( 4.51 MeV ): 1 
Jg^AftllgK) 1T**o ^HIECIS tCfcU, C*lt,*fe^*-a-TH-*Lfco 

ECIS -e "Fe ®^»f®«t«-7 -f -y h LT, «*ffl3t¥#x^-> + **S»«*Lfc# t . 3 
MeVE»TT?(4tt»*#SI«**JI*fffflLT, * x * ^ 4 f - f f i * K * S « * ^ 5 > - ? t t * * 

V = 53.202 - 0.007 E • 

W8 = 3.400 + 0.0525 E 

V so = 7 
r = r s o = 1.133 

r r = 1.628 

a = a s o = 0.371 i.'r; 

b =0.48 

-0.0116 EJ (MeV) 

(MeV) 

(MeV) 

(fm) 

(fm) 

(fra) 

(fin) 
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ECIS lc<fc !>#»*:, *#ttfta©it»agfiR»«-JENDL^2 0*^«EJiSfiE»i^fi6LT, 

IC**0 14MeVfrfJa7?(iJENDL-2lcJtLT2fijjy±^§<tt!3> g?«NB<fcfflH&t>j5t<<V 

4.2 fflWMa 

GNASH tc*vzm¥W*ntf&z. a » * * * p v c | ( i^**tfai»t t^f t i iaL 
KJBt)»tt, JENDL - 2 ffl»^KJigJfi^lcto^TWfffi»**tofcp GNASH (i*HBt*ffi^t; 
*tttt^ffl-e, (il(i[Jl»ti:lc*f LTJi, 4.1 IB-ea-ifc 5*©JgftV'Oi'fcKK 22*© t> ̂ H C 
»L-cw»eeaLfc. *»jpaiiaa*ffi#pttttta©w*Figs. 9, loic^tvUMev 

&ffl*l!fe:? '̂«^ 'h'Mi;- GNASH ffleAiSffl.'Ly-^WB^Tf^Afc. * ©ill &#&? 

J6)'tt4tT (n, 2n) BU&ittttLr. #Wt»a*»6.ttlW1.LT«Afc. •j-tttoSlfJItt; 

(TK^L) i ^ * < J I 5 o (n. 2n) * + *.M/#M< 12 MeV Ei±TT(i, C O * ! * * * / , 

•̂iHifflteaiatttaicff n r o 50 

4.3 DDXiOJtK 
C ©J; r> l t#»fc JENDL - 3 PR 1 ffl Fe © f - 9 fr £> DDX *fPfiS L, OKTAVIAN ©Hit 

41 £ Jttfc L fco C © DDX f&S a - - H i •> *'vflM^SIBl^^ • *«!£»: WG. "iPHIS.'S ft fc fc© 
T. ENDF/B 7 * -•*•> HT^r-f ^6 *fft£1~S FAI -DDX16). *©&#*> S f g K * # l c £ 
*>tf7;?'77£fM^5DDXPLOT17);&>£B£oT^3o 

Figure Hlc8O°^|fiI0lS*;£-JENDL-2fflH-JMfti*IC^-ro * 5 L(pa##j§&ft, ^@ 

s. i i 

JENDL-3ffl»ar*fL<'»fflSn5?Sfflai»tt*Ko^T«BL^fc. '*ft6»iil |^f-+* 

iiJ&SftTV50 Ctt'e.oaUfflSfflJCJ:'?. JENDL-2Ttt*+£tfofcifi!x*;i/*'H««© 
7 ,-*ffltt*#|SlJ:U « « | ^ ^ f f l i L T t ) « S T ? # 5 7 ' - i ' 7 T ' f ^ ^ t i l * 5 * ^ . FNSffl 

*«**4l6*'feaoT. f 'yT*«rt(Er-*»fHM*r-^lrt |W. G. ©**«• S. W. 
G. £M*S. W:G.. * J : 0 H ^ ^ * n « & M I 6 £ • XKgftWG (DjM&Mt&Nffl $ 
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Table 1 Level scheme of S6Fe in JENDL-2 

Mo. Ex(MeV) No. Ex(MeV) 

G.S. 

1 
* 
2 
* 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

0.0 

0.8468 

2.0851 

2.6575 

2.9417 

2.9599 

3.1200 

3.1299 

3.3697 

3.3880 

3.4453 

3.4493 

3.6009 

3.6019 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

3.6070 

3.7480 

3.7555 

3.8320 

3.8565 

4.0490 

4.1003 

4.1200 

4.2980 

4.3020 

4.3950 

4.4010 

4.4584 

4.5100 

Levels above 4.6 MeV are assumed to be overlapping 

* Treated as vibrational level. 
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Fig. 1 Leakage spectrum from iron sphere bombarded by 14 HeV neutrons. 

Calculations with JENDL-2 and ENDF/B-IV are compared with the 

measured data by Hansen et al.6^ 
. n-ii-n 

to 
T i r T 

JtnOt-! 
— MIF/I-4 
+ Up. M..S37 

10.00 12-DO 14.00 
( xlO* 

IS.00 

Fig. 

0.00 2.00 4.00 6-00 8-00 

Nautron En«rgy («V ) 

Comparison b«tw««n DOX FMii of Nat. N! (80 d«g. > 

2 Double differential cross 'section of natural nickel for 14 HeV 

incident neutrons. 
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ICT'r 

ft-56 

En =14 MeV 

Compound 

- i • • • 

2 3 4 5 6 7 8 9 10 II 
En- I MeV) 

3 Emission neutron spectra from 56Fe for 14 MeV neutrons calculated 

with and without pre-equilibrium process. 

<T 

(bawl 

0.5 

nn 

Fe-56 

(n.2n) 
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Fig. 7 Inelast ic scattering cross section to the 27th leve l (4.5 MeV, 3 ) 

of 5 6Fe. 
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Fig. 11 Double differential cross section of natural iron for 14 MeV 

incident neutrons. 
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5.2 ms^<nt:&<niffik<7>Mm 
mm .m-y 

JENDL-3©fc»fc «Li, rLi. '*C *iJ;tf "O ©#&-?#> 7*-* ©F«£*T•>£©-?, * 

Evaluation of Light Nuclides for Fusion 

Neutronics Application 

Keiichi SHIBATA + 

Neutron nuclear data of 6Li, 7Li, 12C and 1 60 have been evaluated 

for JENDL-3. The methods of evaluation and.the results are described. 

The present evaluated data are employed for the analysis of the Japan-OS 

co-operative experiment using FNS. 

1. »Ott(C 

B+OfFtf f btfkT1-* 54 7 5 ') - JENDL (Japanese Evaluated Nuclear Data Library) 

OJU3KJENDL-3(Ofc»(OiHBf^*ttSffi!«fi1if>-e*So K f i » # 2 0 £ / T © 6 « r £ LXtt 15 

&mWMtZ?mitts;^xi5>0. * © # l c t t « l * £ ^ M f ^ c # S t t t > © # £ ^ . 4-E, B * E ? 

^jBr^OFNS (Fusion Neutronics Source) £ffl^fcB#&l!SeK©IW#r©fcJ&IC 'Li. 
7Li, "CfcJ;^ l « 0 © 4 o © ^ i l * F « L f c © T ! , *©f f«#&fc . f c t f*£*£CC»c*£+ 

5„ 

2. «Ll<D*7 t -^ 

JENDL - 2 © 6 Li ©8sT*- 9 f±£/T©<t ? tt!BJM&#* 5o 

(1) *»ffi«**MeVffi*-e. ^IMIfcJt^'hSVo (14MeVei5*SflE> 

(2) Kapur-Peierls a»»cJ;l3lt l | [*nfc»ttttai)rff i«feMeV««Xil 'h»| i l ! : / j : o T 

l ^ o (HiraHKJ:»)St»Snfc (n , «) . £ftlff'ffiftttr<3Stti\> ) 

(3) # # « = » & © * « * & £ LTtt, * 2 M ? i t t (3.56MeV) < D * * * M L T ^ $ . 

+ H*W7^;»ffESf, Japan Atomic Energy Research Institute 
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2.1 mm 
1 MeVaTOx*^^-JCWtR-matrix MUliCJiiomVUtmiotitZo tt*rcH:#tttfcSl*JJ; 

tf (n, «> R l E ^ i o o ^ + ^ ^ i ^ L f c o 250keV #£©*»£-;!'I*£»rffifc#Smith 
et al. ^ PttfkMJliO^ '̂jCii'iiteF et al. 2 ) , ( n, a ) JcJte»rE«#Macklin et al. 3 ) © 
^•Ht^fct lcU rn^tSl lTJtS^^ttR-matrix^^y-^^acXyfLfco 500keV 
£/"F©tf-JM£S£Fig. ilejjrt0 iMeV£i±-C!li. Geel. NBS. ANL 3f©*i£©3WM* fe <t 

2.2 #ttttSUrrffi* 
lMeVJiJTTIiR-matrix a * l c f c ! > I t * $ t t / : o JiMiaT'oltiUrfffi** LTttBNL-

325, 4 th ed 4 ) # 750 ± 20 mb £ J t « LTl>5**. 4®©ttJMSJltt7345 mb "C* 0 « ! * -
&LTl>5o lMeV£i±-Ctt. £iran«^RJ6»raBtt©*;&»&ff«**»Jt. * © * . S f ( n , 
2 n ) , (n. n') ad R£»fffifc©H£W»L;fc. 6MeVEJ±"Cli JENDL-2 l i E S f r W i 

2.3 ##t£flfc£Lfrfi* : 

IB 1 ®&m& (2.185MeV) ! ia + d IC««*tSOT?, JENDL -2Tliiifcitlffi ( (n, n') 
a d ) (DmmHUC&ttl-C^fco Lfrlt£t»*t>21kip&:?-X'<9 h ^©«J^ICfct,>T, tto#t) 
iLfcf-;?£;*-*- £©ipffi£JH*iM4©iti|c£a!>5©tt**Mifc©-^0ttftftipffi £ LT« 
o *:„ Fffi!Ki«ifi©f?fHI£ fe £ ic L T*to t> *i)t0 

3&2E«SiM4 (3.562MeV) lir «*»HlLT»fitt*IC«J5o (n. n'r ) © f U * f - # l i 
2#**) . *tt&©7'-*£k£icfftf£fr-,;te„ 

*fc*M4©$4£ LTfi. »<*«#n + a + d ICSJ5Jig©? £ ' Li * ( 2.185 MeV ) * « f i 
t-5^JW*£i^.©fe©*#X.fc0 (n, n') ad SlE©»f®llli LTIiRosen and Stewart" 
©£IMl£t>£lcL, 5felc»«L)tJ|llJi!ieipffi0aF4«:lgt§I^T*aiiptelcJ:5»rB«[i L 

2.4 (n. a ) RjEirffi* 
2 MeVfilTTIiR-matrix S»IC<fc5itBtt^SffiLT!•>*<, l»«(«T?©ftJMtli940^b 

T?*0. BNL-325, 4 t h e d 4 ) < D J t S t * 9 4 0 ± 4 b i S < - » L T l ' > S . 2MeV filJiTIi 
H«**fe<!:KLTl>-5o Fig. 2&&&*••&$&, R-matrix ICJ; 5 m M I l i ft x * * * • - • ? 
© 1 / v « | f i ]*S < ^ Lt l> *o 

3. ' L l C D * ? - * • 

JENDL - 2 © « « * £ LTttfiiTOJ: ? tt fe©***»f t>ttSo 
(1) * # t t * a © l i l l ! * t t 4 LT. m 1 BlSmffi (0.478 MeV ) © * * # i t L T ^ S . 
(2) (n, n') « t fflifaiUCCIiLiskien et al. a ) © activation f ' - *##*3* l -£V>t t l \ , 
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3.1 g i f t s * 

lOOkeVJaT-TTliWttftaHrffiKliJfeWttJtaiBfSJIOlPi txmmm&*x.t-o 100 keV 
& ±T?(i JENDL- 2 £ |B] t < Meadows and Whalen 7 > Foster, Jr. and Glasgow8 \ Goulding 
et al.^Lamaze et al.10) ©«£*£*> £lcff«ILrt:0 Fig. 3 £*)#£J : ale. ENDF/B-
V It 260 keV ttS®A* f- ? « f t nX«M« fc £ Kffffi L T ^ 4 0 

3.2 # t t t t a * r B * 
100keVEI"Fli970mb (BNL-325, 4 th ed. ©JiSM) £ L. 100keV#±-Cli£»rE* 

£K«W®*©g£ LT^*.*:0 Fig. 4KMeViS«t '©^B»*#^o i l l l ^ i ± # t t » a ( n , 
n0) <De-9£3il®&mtfL (0.478 MeV) lc<fcS##tt«a (n. ri,) 4>e-t'>S:&M+& 

CtWmi^WZ; £ < © « & (n, no + n,) ©l?« t t£4* .T^So Fig. 4©£«ili-t0ff 
«*^LTi5«J< f O * f t £ © - a i i m v ENDF/B- Mi4 MeV EJ±^ttj)OII|;fc.ifc*<Tii . • 

3.3 ##tttfeSL*f®* 

SlgFig^tt ( 0.478 MeV) li r « « t * «>t-, (n. n ' r ) ©f l JSf -^ f r t tOi fe i , , 
JENDL - 2 T(i Presser and Bass n ) ©Hiftite fe £ Kffffi Lrt:#. ORNL ©Morgan 1 2 )© 
H«N£li 1 MeV ^ ^ 20MeV *T?©x^^+*-^ffl**^*- LTiit). L^fefitS©^Tt> 
Presser and Bass fflf-**lMtl^CiW^fc0 3-®©flMffiti Morgan ©HIMl£fc£ 
ICLT?f^fc0. 

S2gFe*& (4.63MeV) liJENDL-2-Cli««:Hlfir£ LTI i#*£*lT^#l ,># . tfSIt 
*±Tli*3?^*S©^%[IllilittfWfc£ L T a , f c . (C©lp&li«M*-rS©•? JENDL-
2-Cli (n. n') a t R«i r f f i«!©+lc^*nro5c ) HK*I£ LTIi, Hogue et al.13). 
Babaet al.14) 3 £ # * L f c „ 

3.4 (n, n') « t £*SWf@* 
(n. n>) a t Rie»f®*iiactivation)*lcJ;5i8iJS*^<^$tlT(rvS0 •?©#-*?*> 

Swinhpe and Uttley 15) ©SOUlli 6 MeV ^ C 14 MeV ©ffi«"CENDF/B - IV «fc !9 25 # fe 
ffio£l,^*»W<i:*)©-C*ofc0 &^©ll«itli^^tlfcENDF/'B-W*!9'h$l,vi[ ;&^L 
T^So ^•[HlOfftf-CliSmith et al.16) if J:tf Liskien et al.?) ©sM*fltefe£(Pb;tb Fig. 
5 lcfftf«£f«Mt£;SLT<fcSai. Swinhoe and Uttley195 ©^«ltliil!fi9fe©lcit-<r 
' h<**- f*££##*„ HMeVr-©^fFef :*7'-^©JitliJiyTr©ii0-e*5o 

^E10tS* 286.2 mb 
JENDL-2 319.1 mb 
ENDF/B-tf 335:0 mb 
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4. "Camr-f 

JENDL - 2 © "CU 2 MeV#T©£»f ffifcfccfctfflt&ifciLWfSSt, ̂ ^icStlffiSiaWS^ 
Ei^lit^TENDF/'B-IVS-SfflLTV^o ENDF/B-N© 12C OfFffili 1973 ipicfjfrft 
fci©-C. *ftEI& 1,ClcH-9

,-5|g»f- :?(iA^<j!3*l1v *cn?. 3-HUi JENDL - 3 ©rt:* 

4.1 gfriftt 

10eVE/Tm »tt»a»f®S!<!:ScftH4ffi»»f®»©f0<!:Lr^»fS8(^4ifco 10eVj>> 
ta*#ttttaoL#l^l|-t;*54.8MeVor5(iR-matrixaSlfc:J:!3«?#f;&:fT-5fco Fig. 6K 
ItSfeH^S-To 43MeV£l±TT(iNBS, LASL, KFK O ^ B ? - ? £ t>4 lc, x r ^ ^ M 
*7-f »McJ:»>IMBJi*f»fc0 

4.2 Sttftaiffln* 

*ftffi«©»fE£4LTfiBNL-325. 4 th ed 4) ©4.746b #ffllW0eV#T©«4 Lfc„ 10 

eV A»& 20 MeVO'«H-Cli |̂gfffi8f4SiE»rffi8ffflS«-?Mttl[a«Tffi«l<!: Lfc„ 

4.3 #SM4ifcaWf®» 

yt. (JENDL-2-eras*i®&m&<D&&timm&.titz0) 
SBlSie^tt (4.44 MeV) ^©#3Mfe»aiBfH*ttMorgan et al.18) © (n. n ' r ) ©I? 

B?-*£fc4lcffffiLfco teH(4 4.8MeVA^19MeVlc:^A:-,r90o<t 125° © 2 £T?»J/£ 

352I5M3P& (7.65MeV) lcB8LTJiHKf-^!6*14MeVf<fjaKL!6>ai>o *£T?. 4 i f 
ffi«»4S«»fffi«©S4 LTf^f.n53ttt»a*fS8l©l iF«5«^Sg«i[4^-5 <fc 5 KJl©if®« 

3&31lgiMft (9.64 MeV) ^©*?MtJttaifE»li Antolkovic et al.19)©SO*«£85ffl L 
fc. WttWFIMMRieJ:?) (n, 3 a ) e ^ ^ hStttiiLaUMWNIHIftcJ: & 1JC*(9.64 
MeV) £«£-*-3 (n, n') 3 aSJE©ifS**#»T4}»). *©«li3fc£fi«h?#* 4>©T? 

10.3 MeV 0±fflg'S^ii£fci!J;«#«*«=!&* J: tf *®flfe0KJST?**tt»#3 a + n K fc* i> 

ffl^T*afc*fi^®#»^a4#;Lfc. (n, n') 3 a £JE®ifE«4 LTfi Antolkovic 

et al.19)©£Ktt£ffl<.\ ftefML^M|kWA^6®ff4«fit3I^TjpttlpffiOlrB«<!: 
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6. I S 0 © * 5 * - * 

"0 (t JEmL- 2 IcttStHTteZir JENDL-3 (DKiblcmtilcm&lfz&m-e&Zo CO 

5.1 £Brffi» 

3 MeVJ£IT«iR-matrix aa&ICfc 0f t*$nfc o ft"«fflS|5}JJS<tLT{is, p, 4 f-ffi## 

* $ n f c 0 Fig. 7fc*0§tJM£££:*;-a-o 3xMeV£l±-Ci(iKFK •. .-, tft* t> £ It: x 7" 7 4 v 

MS 7 * y VKJiiomULtVUCo 

5.2 * t t t t £ | J rB* 
3 MeV Ki Tit R - matrix ©H-*fc J: 9 fFffi L fc0 2200 m / s T?©ftJMttt 3.75 b 7f* «J. 

BNL-325, 4 th ed.° OJiSlffl (3.761b) i - S L T ^ S o 3 MeV ~ 9 MeV ii £0*15 MeV 
~ 20 MeVratt^WfSiti:Rffi»iB»©^i LT^Afco 9 MeV ~ 15 MeV Kti.Glendinning 
et al.20) ©HBiI£t>iK Lfco Fig. 8 K 5 MeV JJJ±©»fltt*£>S*0 

5.3 *»ttftgL»rffi* 

IB«[*&iLTttiftfix*^*--l4.4-MeV4t?29**#fcLfc. * © ? £ . * 2 . *3Kr*g 

* & (6.13MeV fc.«fcOf 6517 MeV) KoiiTtt£t t7»-*#*Sffi«^t t*ft*$IJi l I L. H * 

7,-*#tt<,*fB*liCASTHY a - K 21) Jcj ;Stt l t«ai©fH|[«Eie^^ + *^ffijcJ:5ii« 

« § © $ # * £ LTffflMti Lfcc *ftJei^©*ffittt^TCASTHY a - h* fc J: S Jf-JHtSff 

i i i U . 

6. * £ # * 

«Sf*IFf l i^ - -5±-e -»©BaH«a»a iS* i i»4snT^a^CiK*5 0 R -matrixailli 

#»tt*gL0LtO«^iT©x*<ii/4f-ffl«-C! 'L*»a»ca:fca^(, L*>fe 7Li (n, n') a t * 
6Li (n. no «d ©«k-3ia:3fl:»*sj6icttaifflai*a^. ^ss^^aofcfeoic i 'vx 
* - * i ! * 5 Wi-Faddeev H » # * 5 # . ^#ttt>-t<'-ffffiKffi*.Sft-||t=> - F ttffiffi L tt l *. 

&Ktea±©P«3iiT;fe*S# 3 # £ £ © Kinematics * i * ? ^ n S * > i l ^ C i * i * S o Sift 
*^:? h^^DDX (2«*^»TB8f) £g£©ENDF/B 7 * -•*• „ h CD file 4 -CftflMJfc) 
is.kClffile 5 , (x*yi /4r-»*) < f c 9 f t J f r t * # ) S t t l ^ ^ t t * * ^ * S o Lfct foT. 
Kinematics tfitfffiKaSfcSttS file 6 .(ftK • x ^ i ^ - f t M ) ©m&te«fcOf*©*tfl*IMlJ 
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Fig. 1 Measured and evaluated total cross sections of Li below 500 keV. 
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K • • 

Q:4-ffiiM ( S ± » F I P ) 

R - matrix 331 ikapur -Peierls S5i£gJ3iJ LX^ZOfo ? R - matrix S i t t M 0 « & . 
£*tciiKapur-Peierls ic«fc4fc©£ Wigner - Eisenbud »c«fc* feffli*5*s0 

A : ma- mm . 
C C •vm^X^?, R -matrix mm tit, Wigner - Eisenbud S H O U T * *„ 

Q : 4 - S * « <S±»FIP) 

R-matrix gUttcfcamrcr-Ji, mMz(t®*mLe>Vl&mi''<s-'%1f;miX^Z<Ofr't 

A : î Bajg— (P9F) 
6Lit '4*- , "C-C--8*. " O T I S * " ? * * , , 

Q : mm m mm) 
«Li. 7Li, "O©ft l*#f t l±f t*07r-O^HiWI<i . d f G ^ / J ^ t i f c S O t t ^ l ^ 

A: SSfflK- (HSF) 
®x*yi/+ '-ff l#t t t f!a^*^*li ( R-matrix a t t i c s ! ) I t*Lfc , M e V « « r i i * « « l 

ffl*S««liHB**$ffll. Mt'WK (15MeVEi±) T'iift¥^KJ;»Jtf-*L*:<, £ * * 

i&miizmmtto*nikmt~&.ix^zmtz&, R-mawx \c±QftnztitLi*m-ebn 

Q: A«SA (=#«*}> 
••'Li (n. 2n) S J S O t e t i l ^ t t ^ x ^ ^ + ' - x ^ ^ h ^ ( i i ' O i ? l c L T * J 6 f c ^ ? 

A: £§ffl«- (SSW) 
3-body phase space factor £x#;i/**-£Hft<i LXAtlX^&o fcfc'L, H&Ofile 4 

i><fcCXfile 5frt>tfW£tlZ>X'<9 MMi phase space factor HESlLKWW.Xit£^t^ofJi 

Q:«S«W(NAIG) 

" 0 « ) » ! ^aofFflBICHauser-Feshbachaii^S-oTI,^^, CCfc^ttSStlCjlffl 
f t S O M */=Optical Potential *i£'5Sii6fcffl*»? 
A: ffl#j$te ORBF? 

7>-*©&(?#& LTIi. H«f- :?O*53W4«[a*5«k0 f*2 -S3i!iePffi^0^3W4it 
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««©*«*•'-!?;-Kywft££*fiIe 6 Kfettf 5 i t t 5 <t. ** ' a r tSKt t5 i* lC , . J< „ •> 

*Oi!)JWP©RMIfe*h-5o ettTf x-?9 Y**»0JfcTf 5*5«t•?«#!£(*#*'&*tf«u&»? • 

A: gfflfc-(JsCBF) 

'Li (n, n '« ) d , 7Li (n. n ' a ) t tf©3-body breakuporf t i j i t t f iOi***'-

#*J?*fti>iS-C4;irt:JJ*£. A - * - # 3 -body kinematics * * £ / t £ # J t L T S U I £ * » c 

SStfSOJiJiLl-viJS'Po S£0ENDF/B- t f . B-VOformat •ettftfcliST?*'** h * 

c: mmmz. mm 
*ttKBB»tlT©=>;<>l>£-o0 Hf tKJl t t i^^ff l##t t l fca*> (n, 2n).RJET,

:, 

ttC^trft*^**^ h^*#>L5(Ki, «F«a*>6li^aWC!*«#!«ffi«:ftT ,*S-<tt 

'*« + t t ? I ^ l i H « S * - C ! O * t t ? O * « | * m « 0 T ? * 5 6 Lfc#oTkinematics .ItJ: t) «'' 

't**>6HKS«^*ft7?#5RJ66l*1.tt, I O I S » T , f ' - < ' * 4 A a < T t t t t & t t ^ o JENDL 

- 2 "P* «:©«!•*** 5. £T*iELfc. 

C : # # & * CMBF) : 

aMfcft©Bfcfc*ofc«K, jENDL-2tti«aWP*»»KLT*«) i * & * * > * * * * - « * 

fflff«R«7'-*JENDL-2*ffifflT?S?«£KIloT^fc. JKOflt, * H • *»pjftOfi|CDJ 

Jc?ic. J / ^Tg jU&.Rf -^ -bv^ - f f l ^^ i c JcO, FNScDlHWiitffJ&WftiL'dSiB^ 

^fflo version Ai»il$tlfclHi. / 7 >->--> HK#SU*fc»*>-5#<!: l T * f c # t f t < , 3 * 

taTj-COJtRfc.fctf? y-^>^-?ISI*©fS$rlc;MWcffiffllfct,>o **L<t*K^a-fl | 

© » • * * • * ' L f c u . 
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5.3 n&^finmmmmmt&frftT-fnm®. 
rntamz*. #H#»J* 

»»©*A-eW^* l iA>5^ iLT^5o S£*o*^o«« . r<3M£WfiL. « * © # & * * £ 

MOftXHt Bayes }tlJ£0{£;H3lt*3o 'f»&ftfcfej||£*U 2f j£©tt«£l«*U fftoff* 
i©ifcR*^-5o 

The Reviews of the Simultaneous Evaluation 
and E< -Lusted Covariance Matrices for the Cross Sections 

on Heavy Nuclides 

Yuji Uenohara* and Yukinori Kanda* ; 

The simultaneous evaluation method for the cross sections on heavy 
nuclides are introduced on the basis of the authors' work whose features 
are on using of spline functions, logarithms of cross sections and Bayes 
estimation. The evaluated cross sections and covariance matrices for 
them are discussed and compared with others. 

1. » » 

U. Pu t^r>t:nmzWi-Z4>&?mm&®M&Wto&<J£Zft^Zlzi>>frt>e>ir. *tl 

fflSFtfare'St**5ctAWftsti. »o^©H*6i/.i:snT^50 *©—o#isntfF«&-e* 

+tt?©»**«**S-r'S©«fti6TJiL^©f, •?E*tt«*i* lJ£#^. *»©Hfi6«<!: 
LtJtRfi«l««^<ft^*nTi^fe©fe<i:^-C!(itt(,^s. M&ft tgBoSUMWfcaLfc* 

Kyushu University, Interdisciplinary Graduate School of Engineering 

Sciences 
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4o •*ft»tt*|c«ffi*'©.i[©iRJ6*#il«ffl*.-C'tttt<. *©x*;i ,*-^t©fl2ffl«**T? 

**Si i i*4©Tv *i*^S8M©*•e(i*Slil*tt^^?f*•e^^•c••^5o -e©)»iftii3^f(ffl* 

HB*aHffifflJl*Wtt:JENDL - 2 ©•8EICBB*-S-WKESIfflJFafcJSffl S*ifc °. **fr®SI 

tttJ;<35fc, Sowerby et al.2) l i - lSS*Wlc««©il? ins« | ic | i I^f f f l iS*ff l^re* 

*ittl\> te^©H^fffl5ft©£C«-(i*fiIHelsinki 3)-C-©^»-C--^**nfco:t-©^li, KMrt 

K, ^tSKj^ijft^i-c^fcffl-C, *®»©SMKlca^S't>*8-3T^;fc. C f f l ^ S n i H ^ 

litffl/S*. &*£**&]<, B - ^ 7 - ( yHttfflSA-eSPiJfcLfc. 
IMS»f*«tf-*ffl»***»»cDK'C#il«c:i*JPlBiey ° *tNLWC*:StSft. ENDF/ 

:i*!**HBMfcLfcBayes«£*ffi$ffl#^ffl:fr!*^*S. £ © » £ , * ^ t * * l T O t t ^ 
£SPtttfl\, ffl^«JS*i«p:fl:t«fflK. a*li*fl6t*£^;fc#. Poenitz tt TaytorBH*L ' 

Hayes and Ryves s ) (*£©!*£:#&£ 14.7'MeV-#tt:plcft-f 3 8 SS©frE*lc*ffl Lfco 
»8f©KJStt#**lT^fcl>#, Jt'< » ^ 6 * i r i ^ « i * » E a i S T ? * a . x * ^ + * - ^ | i - ^ 
•C-jfeS^e., fflM.ttRJ6iB|ffl*»c*5l^«ffFfl|-e*S.6 

M J £ # * * i £ # # g T ' * 5 « , C*l6ffl»MSKJ;^Tj|fi»rffi*IHI©«H***J!».6*V.$. 3& 
x*^#.-atffc*t**>,

1 i»a*©»fE»rt©fflwfe*40 £©ffi#©ftH#ff«»f**7'-# 

tt5„ CfflC£li. ffiffi+SgH*?'-*©»**£<. LA>k£«B*5££#<fcSW«T*5C. 
££***•*-*» Cffl*ttttfifc*.S©liM*ffl (n. f ) , (n. r ) ©fr®*-C*50 *-*Uc 
•fffi*©x*^+*-SE{fc*Jii*-C!li|!Jft!6iBJU!:«5©-C!, #<,vtf^»10keVfi!±ffl<B*T?* 
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^«lcffiM* i*Si't-n<f 10 , ®S«* ' i JS i ' rSo ^IRlc(ifflMo^v^cDt>*5cpT;v j ^ t ' 

f-i'KliclfflfctofflflMg^JStSffl-e. ccoMi**a#WK»ffi*ai»5IBfflH»Tf*So * 

"*. »6nfc*»IS[*ENDF/B-Vffl-e*i4-JttSft5<:4-e. Ctt&ffl|SI*fflSittli$<*S: 

4%X.5o EiT. -tCDSWKSe^T, 2 M U ( n , f ) . , 3 , U ( n , f ) , M,.U (n. r ) . ,M Pu 

( n . f ) . I , 7Au(n, r) ffl5««fffiSl©Il^ff«i»co^-ciE«!S. £ft&fflfMt7*-*li,. 
I 3 5 U(n,f ) 4 ! , ,Au (n, r ) *rS*)&»*M»rE*4 L £ « « • £ ? - # * * * * • > . *fc, C 

tii<or-9&. £< liWfS**fclilftS«[J±cDx^^+'-^tcD«.*«l£LfcJBttMJ£f-^ 

-*?**„ cn6cDj«3£iftcDttH*#MtL.fcfffflffi*«'<So 

2. B*en»co«aa 

i \ , ffi-5-c, U*Pu<0«:«R«;KBBtSBSB9»*8S-e*SBB»»tt<i:i^ •*•?? .<*»» '" 
*ffll^S4ISaWKttfflt(0^tt*aS7?#So Sr-*ff«fcM+5*^©J»s6T?, sllBicx 

Horeely*0 (i. 3&©*7-7 4 Ŝ5Sfe«: H (n. n) Wffi«fflff«fcJ$ffl^TJitf tt"«^*||fe 

*5o StoT, Kf -^ f raKj fcLTV*. r -#ffl*:/?>f y'Hfttt. «M&#»*Lttl*]B»>. 
* t t c D f f i * O ^ T - r - l ^ * T r p # M » ^ a a 4 ^ 4 o i W 8 * « 7 ' - # , #fcftffi»ffl»£-e 
cofftgM»li. . ¥^*f f f i*?»3E»i*»Sfc» lc*»sns<:4 t t*S-*s . c:n©#Mtt£ffl 
V**t48:fct\, l o t , ' « ? - . ^ : f i M B l c f f l ^ s i r ? ' f yHtticliias'PBffltt^iItlttJi^^B 

Schmittroth and Schenter 8) ICfc^T. "Fe (n, p) Wffi*ff«Kffi^&tt, S f f t t S * 
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- & © B - * : / 7 -f y f±. : ffi$ f .*»£.*• 5 c £ ic j ; *} 

£ £ 5 0 

Jft&HKf (E)li. 

A f (E f) = 

0 

f j - i ^ E < ^ 

-t©fi 

f (E)» J A , (E : f ) <?, 

(1) 

£«!> , « £ • €j (j = 1 . 2. 

(2) 

-. m) - e o g i e M f t O t t ^ ^ • f 5 > - * i 1 - 5 « I U g H 

3. ftttoKSWMftffff 

I^IFtfOfcffti LT, " 5 U ( n , f ) , ! 3 , U ( n . f ) , , s , i ' ( n . r ) . " ' P u C n . f ) , 
1,7Au (n. r ) ©5«(ftB**ffl^fco iltt&fflfUftT'-*!*. " 5 U ( n . f ) i 1 , 7 Au(n, 

r ) KBt tSaWttSf t iL fc t i ^e?-** !? ! . ' . *fc. ctt&©£< <i*f®8t**:liWfB 
» J t © i * ^ - ^ b © * £ » ] i £ L ; f c ^ $ ] £ x - * T r * 5 0 t t t&©ff lS8;©t tK*#* l , f c 

• » © * » • « ? . ' * ? * - * f c » f f i * © « * * 4 * 4 . «r t l t f tLfc lr f f i l | o |M*«4««»***i 

log « i ( E ) = 2 ' A k ( E : f . ) fliZ (3) 

log { «, ( 0 / O j (E)} = J A „ (E : £, ) <?ik 

- ^ A ^ E ; « J ) « U • . ' (4) 

£*JNb-c*a.'.> cur-, log ^(Eiiiog { «,(£)/«,(©}<*. en*tttt«rtbLfciffE*<o 
»S*«iffl.*HtoiiiBB8»T?**». E t t + l f r f o A f t f x * ^ - - ^ * . A k (E : e,) . A z 

(E : ^ ) tt, t f t f ' t t W ^ f , . £, ^ l f c ^ t f £ * a i # ® B - * ^ 7 - f v r , 0 i k , 0.^ 

E * J t f - * t t . £ ( 5 ) ^ * + ? •£.**"?* So ccrti. lomm ( i = 1 . • • •• 1 O ) 0 H * 

?-*>£., 5aa u = i . • • • 5) ©ifsptiaftf-fsiHi^^-fo i&tfj©jM*wKJE 
•^©*fJE* Table I i I i c S t o 
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y = 

r~ -i 

y i 

y j 

y» 

y4 

ys 

ys 

y? 

y« 

y« 

yio 
— — 

fie 

i i 

0 

3 1 

0 

S 1 

0 ' 

0 

< I 

0 

10 1 

0 

0 j , 

0, 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

04 3 

06 3 

06 3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

07 4 

0« 4 

0 

0 

0 

0 

0 

0 

0 

- 0 6 5 

0 

0 

09 6 

010 5 

* 3 

<?4 

05 

= 0 0 (5) 

*<9 ^ f y t i ^ f - * - ! ? h^Tf, yfiSfltf'-*? h ^ y , (i = 1 , • • • . 10) -efltfiSSft 

&B *9 HfOit, / * 7 / - * " « ? h;fT?, 315^'*^ h ^ 0 j (j = 1 . • • • . 5) T?*lfi£Sft 

5o $ # - * ? h ^ 0 j (i, SC(3)4 (4 ) f f l ^7^ -^0 l k 4 0 j 4 , £ j £ # 4 * 5 o ff?iJ0(4, I f B ^ J 

(design matrix) Tf. SIHMTTIJ*,, -ClftSSftSo SMMfJIJ*,, 04?. kfiStfli. - » ! O B -

* 7 ° ? 4 > A k ( E i : f: ) 0* tT '4* . &n. E^±f-**Sff l f l£3t t fc#t t :Px*;u*---e ; fc .5 0 

»(E)= r(E) » ( E o ) (6) 

4»rfflai[*fcti»fffl*JtlcS»ft3*ifc^T?S*-r5o * 0 l $ . # K i « ( E , ) * i i l l £ f - * 

£4ttjia-y-ai\, flixtf. jUHfi^Sttofcajs-ett-tn-pnowsft^siifTJcffiSL^tiv, 

oSflK«»tt.' 

A?.<E> ._ A r |E) + A » ( E o l 
«(E) r(E) <KE0) 

4 ttt). ffi*©^*>'i'**-E4E'-Ci©S(7)©a[^¥^'t54 

. Ao(E) A o (EO > = . Ar (E) A r (E') > , . 

(7) 

"(E) <KE') r(E) r (E') 

(8) 

J&fcr(E)4r (•£') li#ittB04<5S£-LTfc, i t (8) © £ 2 3 8 2 3 (iO K f i & f t ^ . f a t ) ^ . £ 
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Table IKij?*WH»&tf»tS»Jtff l f-*tt:, ffffioftgfci L f c x * , i ^ - # « - e - « f c £ 

x 2 (0 )=(y -<M) ' V"1 ( y -<M) (9) 

^= ( « ' v _ 1 « ) - ' ( * ' v _ l y ) aa 

M = S * « P ' V - ' * ) - 1 ai) 

, X 2 (0 ) / (n -m) Z 2 ( 0 ) > n - m 
S* = C , ~ (13 

1 **(«)£ n - m 

4. •tt®KS«l8)ttff«®JIIK 

£tr&-i.5|B|ll3fFfftt, Bayes«UEt>L<li«*ftR^K^ffi«a«|*iJoro5. COS 
ffi*<«fH»ffffiKiEL<affl^#Sfci6Ktt, ft/Mcr^^ffffiBflS, S(9)#IEL< #»&*vc 

*Sf f i i©a£ , *J;cra»* ' - *©*»t*©JI«0- i?** . # fc&£«: t t fa*x - *©«#$ 

5. SfMSI*. HKS(HWIs«>I(*i*oflWII*ttKJ;*WliK»(tTf**B Slft{t0S£ 
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m-<D*mm*m&»mmxmtHt Lfcr- 9 icoi^Ttt. 8t*fb©£££*#»:<t%tttc 

^©*i»«fe*fL. ̂ A^olUte*#ft#fc£££-*-«£. TPStt£4x.. 'gtlKftoM***' 

•C*SCi**iJofco Fig. 2*>&5KS-r«t-5*c. »*u, m U . ,MPu ©8i£8WrK**«fca{-

Fig.6lcJMU (h.r)KiiittOlMl«w-*-. Sfc«M»BUSlcM*SlW®«*<fctflRffi«itli, 
M t f - 9lM&WRJ&KWttt i t 'pit n fc lb K, EBrttSilfci fctt r> fclMltfft&tifci 
L*»U * o S H M U I l c * * < t t < . J»©aA«Hfc»^©T?, lniW®£tttflttIMK*;A: 

Wrffi«£*©*#tt®fiM^K*fc ,"U(n>f). "*U (n, f ) , I MU(n, r ) . m Pn • 
( n . f ) . "7Au(n. r) 0 5«*Ol»rffi«fOfe«(i, ffffilc^fcSSlIf-*©&#»#« 

ie*fcoTfcfto**as#-C*.5#. ffl^fcWrS«fc«kt;iTS8Htco|lttf-^i-SL. t n & 

«i««Sf-*©ttfl**llf-^OsWcaK-eSiW-s^fttt. "'Pu (n, f )©«f®*Jt© 
Jt^t?*fflWffl;$**IIE$n. f - i ' f t a ^ l ^ i f c . f c S . lM*M£f~ * © « * & » * £ & £ • . 
T?£fc„ 

"»Pu (n, f ) ©»f®8Ht©f -*©#-?*> Cierjacks ©7'-*&ttfcfc£B:*t», M,Pu 
(n. f ) *ffi«'<0»«K»fittat!**LT^So*i£i[fflFig.6K*-ro Cierjabks©?'-*Ji, 

IPSO Bl*iWS7'-tS'(i, Wfffi*RtfWfffi*Jto^lco^Tlii!c«£$tiTV>Tt>. -toft 
»*tt«tt'gKtt«fflC*i«t<tt^o ffi^T, W*©IK, Cierjacks ( 0 f - * O l « i * i a t 5 
ig*tttti\> £©££«/Kffi*it#Cierjacks Of-*<hWrlc«i£Snni*i:<, 5S£lct 
n&i -S -rS^S i i t t^Ci^ l t l f e - r io flx.1*. Cierjaeks ©f-*<fct)il5#>lc ,MPu (n, 
f. ) OifBSetti^fFfflLfc##fl&©*fE8f©fU*7'-#£S<S^T*SttS«. Cierjacks © 

c itf?'STC* *„ "co i j / i K t t H S ? - ? '<04Hfe"*»Eitf - * d * j j » * | | * - i jy JiCfMi 
SS^SftraKiStiAfrisSfctoli:, #JI8ite£*TJS»»fb**#£tt*£V. Fig.5ic*$ 
nfcCieijacks © f - * £ © * - S l i , t $ICrtM*aj£f -^Ofttt**&ftt ,**Lfelf*S® 
HaWiSWf**, Fig. 5©a«TJFt«fc-5KCierjacks Of ' -^f f l^jRi l l fa^^^i l^ .Pn . 
( n . f ) £ ' " U d i . f ) tamSStOttt Cierjacks O f - ^ i - f t L t t e n t f t t f r ^ *J£ 
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©•fffifcli. ' VrflBft<Q^®iktttt7Hft«Nk< i JENDL -210), ENDF/B - V u ) i « « | l c 
mu i fcfeHi Jitf:4x^tt'V.\, 

a * ©ffl ̂ fci^i#ij«£i Jifct^ieas^-c i > s ox, ffafTgar©*^*^ fe# * o T 

*#I^J©ft8l£Mttfct i#tfc©0l*, St$«££LTFig. 2fr£Fig. 64>0^«Cf*to 

/^T^tfcWip'JB*tt; ••*)£-* ft-fc*rffi*fflR|fK«at5 4#**ft*)£*©*Mte*Jb*o 

* ©*»IWf ?!l V TiH&Stt -5 E£#ftfcft*>tt tt ft tf a & tt I, s *Bf36T(i, HSI ? - * © £ 

*sn-c^5«***<. v©#&ftsR#t>*iyjfct>©**£̂ ,> naofcuiiiiBofflMKHtTi 

* ( i . *<0tf6o#Ji^icfe!6»!6»66-f||flC*!^<afi|ca(Ssn-fcfe04!MirLTlr'>*. 

JW^-*©^*ff iW«E»eJM&*lTt**l (g;0 . ttl0^fttv»W&ft«. * * 
-*WFtt«K^-#©i»©- ! lKKJt# !*S©:r . ffl^fcJWf-*©Wltt. ¥fc«K8 
«Stt©iM>ttjai«)4tt-9T^*ti*«*|*. 

1,1 U (n, f ) 4 "7Au (n, r) l i * l « ^ T , c ?:?#»*: fftfKffifc©**** 4 
ENDF/B - V O&fttfc 7 r -f ^fe $> ©It i JtR* Fig. 8 Kifrto " s U ( n, f ) WfSi*© 1 
MeV A»&»MeV ©x * >i«K-«i*T?ENDF/B - Vffltt J: K)^B^SA^ifi, S » Ctlhit ENDF 
/ B - V O l t i - a t T l ^ S o 

ft#f^J©#ftftfiR£, *#»©£W£fflM«»fi:3?|J©«-rFig. 9ie*-*v Fig-9 lc*L 
fc«MflHHfWi.. m U ( n . f ) •rfl5M©fiHftft©Hr?fc«. tfe&l*. tmWt:?--* 
©&#tfefcga Lfcife*So * r ? 4 yH»T?*fffi«[*«SLT. Bayes Jt^*#^ftff«f :• 

*it«*^Atttf"n«,.iirflm©aa«HJi«'*o4jHifc«. 
. |Sl-x*^*'-^lcfcfcf 5*a-5^»rffi8tia©fflSffiMfftt©«*Fig. 10-to^*. cctfff 

«Lfc«fffi«©7*'-*©*'< (i, *S^»IS7'-*T?*5©T?, ftttfFff IfctfBt^jMTO&W 
raw**** 4 ?«-?**„ mwSLfcttft, cn'6ttos*»6 05a«fl>iE.©fin.i"a'0, a. 

«. mm 

4**-c-e. •*©KtB*BI«Hfftfife«co -̂c»'<T#fco tc-e«-<*:l^i#fF*tt. Wrlfflt 
©«*J»5£?-*. ffi*HHS-7'-J'©iI>-fnicfe-a-i-5»fffi«lJ£:iiil«^5CiT?*5o t o * 
•SttfMBEWcfe. WAtf, *»«ff i»*-tn6©»* [ *»K*4-»- i -*J:^KlMI-r*Hl» 
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o * 5 0 Bayes JiJEH;; £ & i L T S t f t l T O S ^ i . J6ffl«IB**l£^fc»'KIRffi*fflH«ffF 

Bayes Jiffili. #<'®»IP7?JSffl*nT^5fc»lc«f'-*fF«lcWJSfflT!'*5ifiJjSia**5 
**, L*>Ltt**6flkffl'»SFT?tt**»)l!!IJHc*nttV^cfe!ft>*»*)6t!. » ? - * » « © » » © ' # 

fp?*# < rjHi'-s-'fts-j&vaiojwrLT^*. *©--^K. §i«f-^o*»ft*i#y^n50 

Cff lJ:?t t««ttrJ!*£l i*5#, Bayes JiSKASIRffigloBI^IHBtt. « f ? - i ' f W f c 

# * - * * t t t t * * * * £ * t t * - £ , ff«lffS*ogSffilWff»ttt^-f0Jai^o«[*<!:v3<iJ**J* 

* L f c « r a © B B * I W t t * » E T r * * £ t t l H & t t i \ » #IAtf. * A K * f i l l t t 5 ' - * « H K 
Si t fg fccgEf f iM&tt t tOi t tSo C(DHfljA(Dff8S«d:L-C, Bayes ffigoJMfcHi&it 
•C!»f®8ll©gSffiM*StSlS«Sft*^^^5^j*fc#>Le»n5 lz)o CO^ftTtt, i f f f i *© 

So 

TCDSJHflfieiJiTti^^tSo £B?'-#!fc&©tt«©**ifc^fcl5l«*ff«T?fe1 ±ie©PJW 
JS*«I t t **6b* i£Lfc l»f f i ** . fc t f * f f l *»t l [ t t , * * © » « « * £ : * : * < U t t o f c f c © i 
tttt-aT^tt^. 8 - J T , ct-CRB&Lrt:Bayes I S t x ^ j - f vMtt^ff iVfc^fttt, ffffi 
* £ * © * # » # • « & £ L T + ^ J l l l 9 5o S S f t ^ H H i LTf i . 3 1 * ^ - * ©&#f t *m 
* fe5^f t * fc ( i f f i« -©^St , *Mti»*©8H«A^ye»n, C(DHHI(DM0i«4Krai(DRWllP' 
«B£J;!355££fc©£-*-5o 
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I t I t 

Q : « f t # g (NAIG) 

Shape measurements £&») ktlizS*. Hlfcx -*©&#lfc©4 'OKtl^itifo LfcOfr ? 

A : mzmmr. en,*) 
Shape measurements K£Z>r-?li. #fl8(£©&g©-at£##lfc£ LT^t^-, , 

0 : &®l£# (£JSI) 

1) JENDL-2©ig^li1 ife-f !36<»f fc^fltiMBU clttlc ratio data £SIL;-C&*©«&© 

«*f» ]£7 ' - i ' 4 I t«L , - S ^ J l t t t t t f l l l t " 5 «f *ttJE*.5 4 ^ - 5 ? a * t e o f c # , C<0 

2) <:©«£. #iijs?-^ic*f^-5a«--3'^iif'5^--so^? ifflSf-^ic^^e.nfc^M 
(Xfi&fttfc?--*) ffl*"e«, §¥«#©£&#£& Sttttl* J ; - 5 ^ 1 - 5 ^ 

A : « 2 M t - OL*>' 

1) SfliJtLT«P4l©iB*)»ctt50 ##&T?li. f¥ffiLfclffE*(ifcfcfliJS£x-*, ffl^SJSf 

2) # # i * m Si|i£?-*©S*l;l:x-*©&#tfcT-£fr£ttTlP5o 3Mffi##S*£tttt-5 

C : ftmmil (*,*) 

c: tpn3.& on*) 
htST-9-ky h ©feE!tW£3tt£, Z , # i £ ^ T ' ^ i ; » * i £ l T * < » 6 S # g T ? * 6 - 5 o 

Mfflx - ^ * » h o^^o^TT^SffFffi^iSlc^toS^d 4,1-5. 

C : « £ H l t - QUO 
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5.4 w^^m^mmmm<Dmm ^ ; 

89fD 5 4 ^ JENDL - 3 (Japanese evaluated nuclear data Library - version 3 ) flfrK?'-

Evaluation of gamma-ray production cross sections 

Motoharu Mlzumoto 

A working group on nuclear data for photon production Was 

organized in 1979 for the purpose of evaluating gamma-ray production 

cross sections for the JENDL-3 (Japanese Evaluated Nuclear Data 

Library-Version 3). the experimental data for evaluation and 

computer programs used for calculation have been accumulated and 

Investigated. Recently, the preliminary evaluations for specific 

nuclei have been completed and the procedure to store the data in 

the ENDF/B format has been developed. This report describes the 

pest and present activities of the working group and discusses the 

problems to be solved. 

1. tttmc 

Rtt&*i. if>vm&imr-9wmimtznit&cfWM&ftt£t>tit:o -to^si*. mis? 
#jRfh )»«fic*jtf5*'y^i«*7!'-i'©fijffl©s«ip*. mr-9y 74^©s«<tart© 

« S i ' ^ x A © « S l . (HilSrt^Oil^, f F * f f i » * 5 J : ^ a i t l t } | [ 3 - K « S l © 3 o © g | i l c o ^ 

+• BJMWOTFRffi. Japan Atomic Energy Baaearch Inst i tute 
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XX'&itZo - t o g * , J E N D L - 3 l c l i # : ' ^ l M * f , - * : 7 7 4 ; i ' £ £ » * C £ # a * L ^ £ © 

*-c!{±i9!x^^*--©*'y^*Aiffi*tw<csgTr*ti, *©3?#««ii*tt*'tt± 10 as, *>•£ 

tf±20~30**B«£*-*c<!:*i»>ftT^$<. (£*&-?©**«•*> tic. BJfl, SB-31 

JM*ft-CH*tt)) . 

vyy*--? wrwibW) *siia*$*ifco Jii*wG-etiiftioAffl>:"'«-*£i*LTff 

2. *fV7»*7t-*<D«i 

* t t ?A«B£fc l c J :0 f8***#vvfc t t **<# t7^£ , ( U H M * ^ * (Capture r -
rays) , (2>##tt»S.K.fc*#i'^» (Inelastic r-rays) . (3)5M*«.KJ6KJ:«#,:'^t 
( Nonelastic r~rays) *»&fifc!>4oT^40 + t t : Fx*^*-fH*KJ: r>T»( iLT '*« t 1 

lMeV£iTr-|iilc(l)i(2)Ai. lMeV0±T?tt(2). (ffltfMttBMWfclifctV. *fc«'*T?tt 
« » a i c j ; 5 A - y ^ * (Fission r-rays) fe#*Ltttffttftt&tt^o-#**l*nfl>RJ6© 
«S»*ft-i-*J!r>-»ll*x***-c:<tKMW-*<t, ( l ) * x * * * - ( • » # v - » « (High 
energy discrete r - rays) (2)*Mx*;i/+"-©iiSl6*'^^ll (continuum r-rays) (3H6x 
*yi/+*-©lttt* '^^« (Low energy discrete r - rays) £lcA-8!l<**l*o tf^iDif*-

* * - « « & * r>T*fc* 5 * * 0 . * © t t * * J : < « M L T * M ( R L - C H ^ * « M * * * . 

WGrt-eiKffiffl**iTv^SHIf-**J:tfH-ll7 ,o!ir5A*««Lr**. 

2.1 daft?x***'- lMeVfi!T©ffi« 

- * # J t t M M I * f c f f t t L T ^ * . #T?fc Bartholomew. Groshev (sd JCAtjaJfcsnfcf-* 

tt. XiKKflfc^SBi^otffltWLT*!).' *fc(tft*>^««ffl*ttbt!il«!*'^^«l 

fe£/{/e^*„ Jt«MS^i!ljrett*5#, wG©fWcicii*i5ttff-*£L-cffi^&ft-c^ 

5o *nicSLr**l»K. •*»««l«K*}fcf«*'yT«f-*li, 2. 3fflWl-*l»i.*T. * 

itHBtam. **£?. #a»£ cmi*). JII&IHI. nmmrn CNAIO . ai*** (««&«» . 
«db*S] (fttt) . ¥ * » * (H4) . £ + * « - . SJttf*. **5cte ONF) 
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fco L*>Li&m?--*©&Stt*JIUW**l.5«.Ktt0, S I * : © ' * H - a v£ffir>fckeV««© 
A'y^tSx-?^ hyi/©gi*(3) (fll^SsS, Al, Nb. Mo, Sn, Si. Fe ) £©#8&«x-*©8!l 

WG-C(44itt^»fffi*rHHc(iHauser Feshbach lcJ:5iKltaSt ( E l T H . F g i l i l * ^ ) . 

•fayy^TUt, #>r?m<om»tlXEl, Ml . E2*^iSf tT*5») . KftfPttlB] © * * 

JCtS^y-^JISMEfcfMI+S. CASTHY©St*^mB4'»eif i l±©a«^>'^«* 1 i#T* 

* * "< ? (• »<DW*M& J: < S S t - 5 o 

*Wttf*S,fcJ:S#s'-*-««>5WI*tt. «fj£©ipfi;IHffl»»lcJ:orJe4+«(itt*-i'^Hffl 

2.2 4Jtt-?x*^+--lMeV0±©ffi« ; 

#tt^RJS»cJ;5« ,yT>|<07'-*tt. iS)lS«ifi©aa©«*$i. ^ t t ^ x ^ ^ + ' - R I B © 
mZfrb. ORNL 7?© Dickens fc^fflf-***. WG-C©ffffi£fr?li*fcW#ttt>fflT?*So 
C©£l*ii. y-T.y:?^t>fflaitt4'tt ;F*ffli(\ fctBl&ilTNal (T£) SffifflLtiriS, 
•ftt^x*^4---©^SI4iafi:^IBIS«-fflOT20MeVi£ffl»l)e*fi:-3ri(v5o . ( » £ « « , Li. 
C F Mg AI Si Ca V Cr Fe Ni Cu Zn Nb Mo Ag Sn Ta W Au Pb Na Ti 
U O) . *(Dfhmt±(Dfr4 i-i h o y f C G e (Li) *fetB££ffi^fc*l£ (AI Ni Cu Nb) 
•¥>, D X T H ^ O ' ^ f ^ A lRT©y-T.;,* ( 8 )£ffiofc«;£^£J:0' .5C£a*aj 
*5o S f c 3 , ^ D 7 H a 5 (d, t ) 4 J f t ? £ ^ f c l 4 M e V © £ l t o } f c t W £ < # £ * 
5o lfrlctii>v>Mfet*. * ^ ^ a ^ f c l c & g 7?** £ ^-3 <:£*>**>. SiXif**Natu
ral Element (D7-tnm?>tir^6o &WltiL7i.*C't<Z>ni&i>Wmtmr*lttmtclzX. Z>g 

m t t i y n ^ A T i i . i96o^ftKHasnfc«Ea*f'^*«i\ -r 7* ( • *# *#«L 
fcGR0GIf9)*^S*-e*5o t C T - n ^ A l i , 3fiX^. NAIG £4"fc£ Lfc?>-7JC J; , t 

aa^sfcfiT^fc tl0l ^c^ssia^-ii*^*^!"-?^-* (OMP) . n«&a, 
(AMSSEP) , m&.m&'*7/ -^A^D^7Art lcr t j |$*lTfc»3. fif¥*JlS*>&©* 

44£ fe tm tZZ±* s ' tB*So OBI;*:Version *NGROGI t**M) . Fig. 1 Tii. NGR 
OGI <D*Wlc&S'tt£ttA;*J'*7 >< - 9 - # £ « © * y aftfc. n-*fflft*» -&ti-5«:6*&<D 
* » 3 © # K J S S f t T V 5 . NGROGI ©ttJMSJRft. *»R^iaix^^4-*-A« : lJ:J:5* ,y-7 

BBI6*nr^5o *®—oiLrWG-ei i . Young £ Arthur lc£oTffr£;**lfcGNASH<m 
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•ti (SJEChain) CtKK*), GNASH0»ICjt l fc»aoftJI*^^^a^7A^|i^«^ ^ 

-9tm^ti9i^, Howerton $ <1Z) ICJ;oTM5l$*lfc«|IS*fflV^ft«±il«1?4r^ 
**„ * # * © ? > - 7 ( 1 3 ) liJJiB5A>&«:©^ft*ffl^T, î < o*»©#ico^T#tt&£Bf 

3. Cft&CDStt 

W.G*i5IJSLfc^«p. •i-Plc]RX^:©^i'-7'*4i«0lc. GROGI *ffifflLfc#tt#j.5J6fc.fc 

*Tfc9?>©*£tc-c>^T&liVtiS£#i»&ttT^;fc Cl*). JiiB'CttORNL-eroNonelattic T 
-rays © « £ # 2 2 OElerants T»T W L, ENDF/B-V«ett#v^imr-*<!:tT»<0 

ENDF/B-V©ffffifeMtfe*nT^fco (ENDF/B-V«CttJrt*tiTOStt*. H. Li Be 
B C N O F Na Mg Al Si CI K Ca Ti V Cr Mn Fe Co Ni Cu Nb Mo Eu 
Ta W Pb U Pu) 

if W H ^ B E S T ' - 9 WG ®±tt&IMij| 

* © & S t t £ $ * 
B8*a54$i o WG--#fcfi 

o f f f t+ i t ta (Na Al Fe Mo Nd Pb U. UlcJES) £tfS£&3l?ft£ 
oCASTHY, GRCGIl!:J;5tf-J|E*BI»fe 
oENDF/B. tfy^lWMA?*---** h©*M* 
o DUCAL ( » « # ^ * M t * ? " o 7 ' ? * > ©Pjg©fctt**Tl<\ S L * f c 5 « I * 

! , £ * $ £ ile»J£o 
B8fQ55f£ o NESTOR, ENDF/B" « f O f - * * M ttH 

OGRQGI©3ES CELIESE - I, GMP, fin. MASS. Level density parameters 

o DIGSTOR OMfctfVvlMMrtro^A) ©BB& 
o « f f - ÎME= - K WG £0&l§J££-

B8iftl56* ofr*=r-K (GNASH, TNG. HAUSER 5. CAPTRI, STAPREO0Wt„ 
°VkT-9Vff&-C. Xv*W&?'-9KlRtZ9m, H*.••.'7:r.4^61^.1,VTO--

o CASTHYK M 1. E 2*ljf©ltJHII6*>8jDo 
JBffi 57 *£ o GNASH ©fctt&tftt* 

- 1 9 8 -



JAERI-M84--OI0 

o GROGI ic PrecompoiiM OfrJI&ttJQ 
o 7 r 4 ̂ • 7 ' o ^ 5 A GAMFIL ©BB3B 

COPJJ^^-v-giJl^fli. 1980^JEhroL-3£#S*£#RtfStt, JENDL-3©#£©1 
o i LT*y^«S«R-f'- :?*JRi|rt-r5(:i*iSiS$tifc0 -ttilcJcSi. M L S * * © * * 
(Li C 0 Na Al Si Ca Cr Fe Ni Gu Nb Mo Nb U Pu) ©«art*5££#ft»<&*V 

fc (16)o ENDF/B-liriJt«!-*-«iSr«»tfc*>a«)l86nfc«>ffl4a-9fc**. •etiiSfflIF*® 
gf*. •»'^''f7-ai'*#«LT^««/jNHKiifa66n*i:iEa-3fcl, 

4. a&ff«+<Dtta 

JENDL-3lcft#i?S©«»©?-&, UttVGTlHIifiOtlFatUITO'Smi (Na Al Si 
Fe Nb Mo W U) T*So *©-5'&*=>6^< o*>©«SKo^rlMlffliltt*«lft't*'. a 
fcfFffiClRlCllSStlT^S^-ftOllflS* Table 1 lc^LT*f<o 

Table 1 ff «6 ^ ft 

Capture 

None'lastic 

* © flfe 

IS * 
Na Si Al 

HI R «t 

GNASH 

NGROGI 

ttTJWHK 
JE£©S& 

ft 

Fe 

JI f* m 
(CASTHY) 

m m m 
(NGROGI) 

Nb 

CASTHY 

NGROGI 

(GNASH) 

Mo 

CASTHY 

Howertoi: 

U 

CASTHY 

NGROGI 

Fiasion 

4.1 U S (Na Si Al) 

•*-*©ttBlf<r*S. *ffiia»WO»ftJt*»*tt*HiS**fl|l.'fc^'. *fcfi*6#{jWrect 
reaction) lc£SI!J*£#*LTttW£iT?<i:>*#*So -«<t LTFig. 21C^a © f t t ^ S 
iSlcJcS^^^UIx-?^ h^£^*- a 7 )

0 WGTJiNa KM'L'TJiGNASH*ffi-=;fcftifeM,Ji> 
Tfct), SttA'*"f 9 * - 91 Lxm^ btl* OMP f I ^ ^ X * - i ' O t l f i ^ ' j i l i ^ ; 
Fig. 3KJiSi ICtSfMStfy^Hico^T, *I*X'®*KISJIl£. CASTHY£t*HKARI 
«*R*6a»*«oysfM|E7'o ^7 A ) <18> TOtflMiMliOittt***., N a © * ^ i l ^ * 
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^B&it*£S©-*i i | i<ttC> 0 L*>t««KHL-Tt>«x*,u**-4M4?K:<fc*>ttaj$tlS 
tfyvmtOZ-*? hJf-eamWmteZo Pig. 4KA1 0 » & K O ^ T , "fcBhpx *.*•**- 14MeV 

Fig. 5JC-W4LTA1 (n.n') KJ6K<fcoTttti&S*l.S#tt;f *-<* h .«>© I f * £ £ £ ! * « 
OJt«E*St-o Bit3F»ilg;&#*LfcGR0GIO«[(i^Hi[*a<||SLTl^o L f r t W f t 

ic L-c *>««;©*£, ff«i[(i^ii*icx# < tm#gzzw^\ 

4.2 K 
&<ifgffi±«jft#£LT#*lcMttflre*!)1 "Fe icHLTtt, fix****-#«•?&# 

R x * * * - * « • ? £ fclcJt««£ < «D«g**lftt*>'nri»*. Fig. 6 lcft4H£Ftt:«iMW 
J"-***"** h*£ CASTHY 0ltJMS*©Jt«£**o Cfflttlcfc^TfcJIH^VTllOU^i 
<**#<, 7.5~8MeVfflx*;u*'-e>'J!y*T?0S#©-SlilKtt^ ttfcltJIfettH^x 
* * * - (8MeVEJ±) 0 , 4 ? e (n, r) fc<fc*A'y^ifflftllittSftTl^il'. *£|C 
ftjetftt^x *;!/+*- 520 keV TOtf y ^ i x ^ J h *iW£aOIII*Tfrtt;fcnfc# (19). C t 
•efcCASTHY0jf*tt£*it£££LTW*-(,>o F e ffl*&ttl00keV#t*KftS£#i»i«!i! 

ti»**>'vaifflfi!fls(c(i. »isi[%rt̂ rtiLfc«%4i«j:itc/<i-ofc0 L»Lnei[ot»« 
100 keV FJTVff v*mK.-o^X tt CASTHY ©It**** fe##!C^S,iJ«*i* 5 . 

Fe ©#14flKJSlcJ;S#v?»«f'- :?ffl3tm JA^AoTfct). «*H>»Bfl(iftoX« 
K«« (20~2Z)o *iax*^4-'-^7>^*#*Lfc.Fufflfftfe**iie^sn(22)

P ttz±R 
e.icj;SGROGi0jt»e«t>*^$nri.>i (10) 2offlfffltto-aaja^. *ns.©i*s 
£.&**.T. WGOfFft-pfi. ^r^vKt^^^ h^ffl«(iChapman *ffl|gilt«[*MtfU 4l£ 
•fffifltOMtt**.«/*-'•«? v * * # * L f c F u ©flteJMfJctStilcttofc. ttfcftx** 
* - # > " * « (Er<0.68MeV) ffl^.»K(iGROGI lc<tSJtJWi*»ffltS*ttT?**. 

4.3 - * 7 
COtHOJBWf'-'^'*? h*OWMIwtt. Fig. 7JCw*n**B|fcttBJ**n*:»* 

Emax = 1.357 MeViSOW'-OMSffl*So ) * * # + 5 t £ l c J ; t ) . CASTHY(0{jttt*»tt OS 
<SW«*HiW-6o .*fc«WMaBJ:«liftjtryV«olHi*|ff**>ti» ««J®8*©*tt 
K»t«»IMt*ott*t-r l»^«B6 (Multiplicity) j£.£it£ti&ffi$n$. 

Nb fflgtt^R^lcj;5^Vvi*^^^ hvi/OJtJjtft. NGROGI fcJ^Tfftt'fc.ftfco IMS' 
fflfttolcftJlW#it,3ftfcK$;Chaiii £ Fig. 8 tc^to £o*ttltJ|C-eii*»tt 9 £ < ©R« # 

##*jfia;;i*H«^;ii^b ;:tt*-Fi* 9icitJM&*£S^ c©*£fcAi 
£M*| , - i l^ 

tt*&*t*So 
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4.4 * ! ) ^ y , 

<0£K-,T:^:Z6 ZftlcbJMtt>z>?%%t LT*5.nfcCASTHYOlt#i[i420keV-eo|| 

*«[''*"<t-<0-««*Mi?i WG ©»«T?(iNb 4©#*!«#y^«©«[t t CASTHY OltJMt** 
M-i-St4«:;.L-/Eo-

»#f£tAfcy>, •«#£«£•< ®A:*J'<f> - # © & £ # & £ 4 t t * 0 *fc«*©l^ft#K:*hh5 
H*«A*#ffi-Ltt^fc«!>. H1WS*fflSStt**l<f-i-St4ligB-T?tt<i:^. *©*:*!>WG©lf 
*T?(i3g«*(5)*^Si|lc«ffl-t5. Howerton©#fc(12)*SUB*St4li:&5ei,fco Fig. 10 
IC^-t«0^€-CDttS-C*5*l, C<Dljtii-l*{±1t'srr1Hz.^9 h *«ffi¥ttilll& (N (Er) » 
AnErexp(-R Er), An. R n : / < 5 > - * . Er : *"yv||(x*;u**-) -ejfrkLiglHK* 

•SSttttfcW&^fcffltfFig. UTifet), t(OH*>6fe*>tt»)fi^iMMt*^1»--t4-!i*JW*.'tt 
fcFig. lOOfflBOlR^tJctfv^^Ol^^iSl/ i lBiSTtt^il i tx*^*--^*^. , UK 
*Ott^fix*;u*--H«-r(iHowerton 0£*ffll*T#M*L;fc. Fig.:12 lc (i JENDL - 2 it 
J:CJfENDF/B-Bric*«-«-Nonela8tic cross sections <Offa*4, #y**i&j£»faDSt (C 
fCttflK. S^T'&ffi*n5#i'v»cD*»4Sl6oWr®»*»tffc#ffico«*^L, »-£?& 
- i S J r ' f ;H3 ®*l*£*fc-*-) -4©ff«fl[*JtKl!LfcfefflT?'*-Sb SJSC'4K«Eja S f t i * 
y-^WJi. 4>tt<4-fcl*El±-!T*5fc». a#J4flir#J:t)*#<tt'«-ntftt6tt^.-

4.5 * 7 X ( ! 3 , U) 
Fig. 13 ic, ff«T?»S>*ifc#i'-7l»<D#»*. Ktf&fcKESfc&^LTl''*,, H®tfuc|a$ 

nT^SJc-jlc, Ma/fVvWfflffff-eiiCASTHYIcJcSffJttSlliffl^fc.- 500keV«*K 
*«-5ENDF/B-K4CASTHYOltJ|[tt»CDltliiE*Fig. 14 !£**„ *fc 44.9keVEJ±©# 

,3,UOfe^S*«tCX#tt^.|)tgl*^»[tbSn559,l'v»cOX-s? h*tt. XfliCJ:'->TfHI 

*ftfc(Z4)„ t©S«T'fiGROGI •(NGR0GI©fe4lc«ofc7 ,o^7A) *ifflt,v^,n, Fission 

£ f t4bT8c f f i * f t * * *>v t * (#ttR{Elc«J;5*'yv||) otHMtfi...JfcMfit ( 2S ) * f i <-# 

5 L T V S . WG ©frWeji , • j«mtJ:5ffai«[*ff l^*C4KLT^S'o 

•fftt^TLJt^T*1^'^.'-*''*' ENDF/B 7.*—*v H c a , T 7 r f * i : t : T i i * 
ft*„ (n, x)••^ic#^:/fy>#^<o*^ffi^a;. <«*?**>*-- (E0), jcffitfy 
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d a E V d A r ) = » < n , x ) Y r ( E n ) f (E„, E r )P (E„, E r . » 

t&t>tC±KtZa CCT?o (n. x) tt (n. x) SftO»fffiS}, Yr(En) ttRft*fc»}fc:St 
Hi;**lS#i'-78l©¥i9#« ( £ » « . multiplicity) , f (En, Er) (i 1 lc£»{t*l1;fc;tf* 

ENDF/B 7 * - 7 » . ] . -JUtifv^m.^T'- 9 (i, y 7 A JU 12 ~ 16 icfcittSttTfc 9, *© 

MF 
12 
13 
14 
15 
16 

ifv?m#r-9 
Yr(E„) mtmim* 
»(n. x) Yr(En) 

&*!#>•-**«*£* 
mm# w f c x *;!/+' -

^rwjdox* /!/*•-
ft*2itt7T»rffiil 

a "* £ h ;i/ 

MF 4>tt?frffi* 
2 * » ^ ? y - ^ 
3 « ( n . x ) 

4 ttlij+«•?«*£* 
5 ttta^e^x***-*<••?* h^ 
6 * t t ? © x *;!/*'- ft* 

2»*5>irffi« 

TCOMIU^T, 8if!!»©ff*B-CttMF=16 0?'- :S'Otttt{±fflJi^*Si©S|| |cait 

asttS#yv«©*#©&c'<fclcglE»^*3*£o.^ 

o»^o *»#w«f*niiii**'>-7«iT*n. (i)©ii#7r4MfcfcttMF= i2©#:>-7* 

l±MF = 2 (**>*?.>»-*) X«±MF = 3 Wtt^WBfllt) i©*<t LT#t . i lS . -£ (2)0 

r f l t l l l ^ n i ^ w l l l * , Nonelastic r-rays <!:*#MF-13K*Hftl. *"<:? hMUDt 

|oHllcMF=15lctt***o 
WG-e i i# i 'v**7 ' -#77^Wt7 , Djr7A (GAMFIL) *M«lfc„ Fig.'i6fc 

GAMFIL **HStt> 8 i f - # <D*!iR:C?*ra^<»*l&*^+. tayaf? AT?tt;; Mlk * * 

I»©«ftt^ST?<i. A«#^P©x*^4r-*l1*^tB*<J:ofc«>-C,*5o 

ti*i&s#**o tofc»7 ,o,>7 ,a^A (SPLINT)(26)(cffy^mr-9<ofmmmi 
matsftifoWiif 4>T?**O a s MF = 12 © £ » * r - * *»vT-fc*i»ftj |(NESTOR ) 
«D"rtSt>£«6"C7o „ hjJJqflfiitt^fc (Fig. lORtfFig. 12) 
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6. R«(c*5l:tSIH!H& 

ID ! ! » « # * £ LT^5«&. <fe5l*li<i«fticrail#*5«& if>•*!*&?-9<Dft 
ffiTliUKttlc^:# < tt##;sfS£»/.£l\> ^JENDL - 3 lcfejft?S«S©pl1t^.R«:#' 

(2) fl#ic#-?raji& nvnmz>iizifv*mx'<9i-»(i. *s©a«*^e.ttwkev 
£iT©®x*;i/+*-#'>'-7|«lcM-r5l««litt^©*i*a-e*5o HC*>©^ra-en*Pt5 

-?* h^tt, ttftSll (Fluctuation) # * # OgfcW^SJfeJlLlv. WG-?©#*«(«© 
ff flBK -3 n r Ji-BMfcft*- 5 ?3£-C-* 5 . 

(4) I ^ l c f c t t i l l t t t f ^ f c c l t a i o ^ - S c »«©*#«•?*>«'«*:»», a t re i i 
ailfWliltL<fFfftt'lH)Milc«&S"5*»/j:i»o £&«H.F. *?Oi,©It*flf*©|6j±. 
ffll*5>«7 > - 9©tfcfr£?f-3#5***5o 

(5) Fission r IS ©ffflfi 9 7 ^ , 7VH« -^iCfff f i -Ci i . Fission r * # * £ - ? * 5 0 

(6)- ficft-TSfflSfc £©«&«= iiwlfkl&mr-tti., »airffi**5^ttfi^atli 

S^EWG-Cli. Cft&©Haj££fcWLJH^£§t5i:I^NC. JENDL-3©£tt« (228ES) 
© # « £ ¥ / £ « »)fc5Sl£*-t*-5fcA, ^JSfflfF«l*«leBM-5ei**4LT. fl6©ttfS<cffiffltb 
*-5fFffi^rffi©it4;&^^-C1^5o *fcte©IHfi7-* ^ ^ ^ ~ : A i © * » £ « £ LT. S»$ 
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'REACTION CHRIN 
INCIDENT ENERGY 
YRAST LEVEL 
OMP? for N,P,ALPHA 
GAMMA-RAY TRANSMISSION 

COEFFICIENTS 
LEVEL DENSITY PRR. 

NGROGI 

AMSSEP 

ELIESE-I 

GROGI 

SEPARATION ENERGY 
LEVEL DENSITY 
POPULRTION 

REACTION CROSS 
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INPUT AND OUTPUT OF NGROGI CODE 

Fig. 1 Input and Output of NGROGI 
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0 1.00 3.00 5.00 7.00 9.00 
GAMMA-RAY ENERGY (MeV) 

Fig. 2 An example of experimental -y-ray spectra on Na 

(1 

Di 
U 

En •= 545-615 teV 

- EXPERIMENT C Kltazavw «t m.) 

COMPOUND ( C»l. by CASTHY) 

DIRECT ( Ca(. by HIKARI) 

Qj Jl 
GAMMAr RAY ENERGY (W«V> 

10 

Fig. 3 Comparison oC calculated and experimental Y-ray 
spectra on Si 
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ENDF/B IV 

127* 

eV 

1193 

1.00 2.00 3.00 4-00 5.00 6.00 7.00 8.00 9.00 10.0 

Gamma Ray Energy (MeV) 

The Y-ray spectrum calculated by the GROGI for 
Al(n,XY) is compared with the experimental data 
by ORELA and evaluated data of ENDF/B-W. 

Al ' (n .Xn) En=l4.6MeV 

—*— Experimental Data ' Hermsdorf) 

GROGI "I Equilibrium + 

GNASH J P r e «qulllbrlum 

GROGI Equilibrium 

En (MeV) 

Fig. 5 Comparison of calculated and experimental neutron 
emission spectra for Al(n,Xn) 
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Fig. 6 The neutron capture y-ray spectrum calculated by 
CASTHY is compared with-the experimental data by 
Maerker and Muckenthaler (ORNL-4382 (1969)) and 
by V.J. Orphan et al. (GA-10248 (1970)) 
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Fig. 7 Comparison of calculated and experimental y-ray 
spactra for 93Nb(n,Y) 
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REACTION 
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p)ZR93 
<X ) Y-90 
2n)NB92 
np)ZR92 
2p)Y-92 

n, 3n)NB91 
n>2np)ZR91 
nj n«)Y-89 
n,2n«)Y-aB 

Q-VALUE (M«V) 

7.2295 
0.690 
4.918 

-8.832 
-6.042 
-8.894 

-16.715 
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-1.939 
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ZR-93 

NB-94 
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NB-93 Y-90 

}-92 Y-£ (Y-92) ZR-92 NB-92 Y-89 

(ZR-91) NB-91 (Y-88) 

Fig. 8 Reaction chain for Nb-93 with neutron 
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Comparison of calculated and experimental v r » y 
spectra for 93Nb(ii,XY) 
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Fig- 10 Comparison of experimental and evaluated y-ray 
spectra for "^Mo (ii ,1/ly). The figure Is produced 
by computer program SPLINT* 
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HOWERTON-'S METHOD 
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•AN«0.055E-°'61 
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1.0 10. 1.0 
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•3. ME •0.81 

10. 
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Fig. 11 Energy dependence of parameters used for Howerton's method. 
The experimental data for natMo(n,y) and natMo(n,XY) are 
taken from Dickens e t a l . 

I - ! NEUTRON CROSS SECTION 110 NAT GAIHM RAY ENEREY tO.OO(ktV) - ZO.OO(HaV) 

c 

ENDF/B-13 
ENOF/B-3 
JENOL-2 -3 

PRESENT -13 

Neutron Energy ( *V) 

Fig. 12 Comparison of evaluated nonelastic cross sections o(n,X) 
(KF-3, MT-3) and f-ray production cross sections a(n,Xy) 
(MF-13, MT-3) on natMo. ENDF/B-3 and ENDF/B-13 indicate 
o(n,X) and o(n,Xv) of ENDF/B-IV, respectively. JENDL-2-3 
indicates o(n,X) of JENDL-2. The figure is produced by 
computer program SPLINT. 

- 2 1 1 -



-zxz-

09 

Y(photon/r taction) or o> (barn) 

f 
rt 
H. 
O 
a 
o 

*T 

- B~ 
o 
ft 
H. 
O » 
o 
>i o 
a a 
o> 
n 
n 
n 
H. 

s 

.S i / ~ 

«» m 

! 

S* 

s 
• 1 

£ 
1 

• 

•MaMBB 

; 
" 

. 

™ 

r—-j 

n
.r) 

: C
 

n
.n

'r): T
 

n
.x

r): T
 

• • > 

Hi-
in 
ir 
s i 

• 

9 -< 

ft. 
V 

, I 1 . ' - " ' 

;• 

11 ~ 
5.5 > 

(ifii* 
P

roduc 
C -o N 

3 ~ 
o 
O w » 

• < 

1. 
^ 2 

• ' • 1 * 

» 1 I'J 
o 
p» 

3 

7 
CM 

*5 

# 

3 
v 

b e 

[ ^ 

k ? ? \ 3 3 ^ 

5- **-

i 

i 

\ 

M I 
"* 1 
^ 1 • \ 

09 

Normallzad Intimity ( a V ) 

' f ~ - ^ . t i -

•1 

£ 
i 

a n, n 

OIO-WW-MaVf 



JAERI - M Si••-010 
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Transition Probabilities 2 I ,U 

(Table of Isotopes 7th fed.) 

Fig. 15 The transion probabilities of 2 3 8U 
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Fig. 16 Input and Output features of the GAMFIL program 

" -213:- • 



JAERI-M 84-010 

It It 

Q : « » « S (NAIG) 

NESTOR K r - production data ttftifl <* tlX ^ 5 ©#> ? 
A : WHIM (HW) 

r « ? - « y D , KiStt©±±-Cttfi*»L^o ^ElttNESTOR-2 O f - * i f f t f f f f -
**7*-7 .vh±£fU£jEl* ' :7 7*J8^fco l?lt;^)£t,-(6^gl(iT?*5*i1 * © * * ; ? ' -

Q: ftj££^ (fl-HI) 
r -production cross section I*, ffix* ^+*-®J*'C,li (n, r) cross section # £ • ? * 5 

4 B S t t •, ,„„_ >»M_.,Ttttttttftf&tt^©tt«jlc*»? 
A : **S?& (Bffi) 

*.«-«iK r - r a y ©multiplicity #8oT±sf), *©8ctUi lE»±<0fc-e*5. 

Q:.*ffl iE (NAIG) 

5©A>? 

A: **7C?& (BW) 

Q:0jS<t& (NAIG) 
ttOff^fciljiyifffflBffl 12MeV J2l±©«lCo^T, Drake & Chapman ©*»tt 0 ***S 

*#**> energy balance ©jS-efi^**i5*Ktt?fc*-j*f*J, *©£*fc?4>L#L< B 
#fci\/ffl©«fcfcE«fl*&**ofcj:5Kll5ai. §&»!* **©*»? 
A: **S?S (H9F) 

Fu (ORNL) fob'&iz** V M C i S i , 0RNL©HK-Cli1»-J'7'^*^:*li:fieffl-r5fcJ6, 

C:JH£«* (NAIG) 
tfitt?ifflS«;©«**ltmR?K^Ae.ft'5JI«|i*-'i'**-tt. Kerma factor t?*:fc$*i 5 

RT?****. ORNL©2&r«r-***©**ff i f f iLx*^*' - /<:?y*£ | t*-rs£ . C© 
Kerma factor #flKtt5<!:.0-5*£a#ilfctt.5. ^©•rffiK:?'-#©#-?. tf^ttBiBan 
*J:»?4>2*rl|!7'-tS'©|»*©^*«^i*»KfLT> Fu tt2ftrM&MWB*&LTtittJ|[ 
f tK9*4 hfcB^fcfeoi^Jt&ftS. R-&. 2*ttJf*fctt2ifcr«©:*'«? h*fflfiUB 
L©«Bfc#LT. Kerma factor i i * » t t ¥ » D * 5 * . T < t t 5 i © £ l - ; L S o 
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Q : « f t « g (NAIG) 
CASTHY-Cfi (h, n' 7 ) * ^ * Mf£fH|£T£tt^0T-, * « £ « L ; T ^ . 5 0 

c: s+jmt- mm 

Q:fcfH ft (NAIG) 

C:JII£-*f* (NAIG) 

GNASH ©<fc-5lc*f;fa*#L<tt.5?i, '>•?•-:?©aUILa*gi*fc&<«*>tl.5o *© 

A. «^®ft (ft*) asjsofcjc-jic. ^^Hri^^i/»*^7>-^ico^Tii, «araicfip$ 
t i * « f f l t , £ « f ' - * £ ? S § I * 3 J ; ? i l « * 5 * a ^ * U \ , -2T, NGROGI fflJ: -5 K, **> 
ffl^ttW-*fvnc*}^rii, *f>KZ)ffl**iffl«:L*or. '<5*-*©lHK«f t iL-o>.5 4 

C : ttKBtbA OKI*) 
a t T ^ M * * ' - * * « « • * » * . ffl«tt**JM=-'-ffi«l± thermal * » & l M ^ £ # W t t f t 

SL^*#tS»MeVff l««T*5o Cff lx^^+ ' - f tW-ei i j faR^sXEWe**) . #>"*• 
« * f - * < ± « f f l « « S t t t t * t t £ » < E I * L T ^ 3 o tfKlItfctf>'v«#**#T-*3e«Ffr 
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, 6 . h tf y ? X 

6.1 JEF-10%R" 
+JH l»St+ 

JEF (Joint Evaluated File ) - 1 liOECDONEA Data Bank»MBIB©#|q|ffl 
I H i f * f - # i LT»ffii'**[it»-&tlT^S'fc<Ot?**o J E F - UiENDF/B-V ®7 
*-•*•» h*ffifflLT*50. lfttt*n5f-*liNEAJ!l0Saartffl*7:'-i'<[('9*!6V&fiai'Stl 

4 *b, fflffl©«4#*T#"*»fffllt*mit LT7 T 4 Ml LA: pointwise 7 T 4 > ® 28B« 
ifibtlZo CC-Zit JEF- 1©<U*£, NEA Data BankTffttofc JEF-l-'Wiffl** • 

Present Statue of JEF-1 

Tsuneo Nakagawa+ 

JEF (Joint Evaluated File)-1 is a common evaluated nuclear data 

file among OECD NEA Data Bank member countries. The ENDF/B-V format has 

been adopted for JEF-1 to compile existing evaluated data recommended by 

nuclear data exparts in the member countries after careful1 investiga

tion. JEF-1 consists of two kinds of files; parameter files which 

contain resonance parameters and pointwise files which were made from 

pointwise cross sections reconstructed from resonance parameters. In 

this talk, histrical circumstances of JEF-1 and its compilation work 

done at the NEA Data Bank are summarized. 

1. * * 

JEF (Joint Evaluated' File) - H i OECD CD NEA Data BankJafflfflrtCD f̂frnT 
f * ? - * 7 r - < *b LT!BffiW*fl=|t*M*ttt>tiT^Z7 T 4 ^-c , *4. NEASaSBH^fffc 
B JEF i&t -5 £l>?*B/£-,fc^Hli#IS# ENDF/B-VCD-JR®?- **U:&fl|BL 
fc»B ife v *m<o £ owmrnm- &*% t><te ̂  xtk» & n*: j E F g> 7 p •? x » H -e& & &*, 

+ BHW-TJJ&rX.rft , Japan Atomic Energy Research Inst i tute 
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3-? U4 ** U x-¥> K A'v(±4-*7?a§© 7 T 4 ; f£ L T f t i T^fc UKNDL*>KEDAK©i** 

•¥>», t ^ > £ t t JEF l * l r L»-3rfi :< i^-5Sfcth-r*J>3, ^1*NEA;toHart©*-f-**Mi 

*-ft)R-C !*5JEF-l*±1982^©*&J6^t>NEA Data Bank-?tM|jWti6&ft-0>So 

*#lifll*SC©^ria ( 1 9 8 1 ^ 9 f l ^ e . : 9 8 3 ^ 8 A ) ic NEA Data Bank KtSlSj L T * t>, 

S9fejENDL©«**LTt. ' ' fcg i i l fc i fet ) , J E F - 1 © W a ^ f i ^ L T ^ * : . 

jyTlctt, J E F -TnV^ir h 0 g i | £ * L , NEA Data Bank "effort: JEF * * © » 

2. J B P - 1 ® « » 

J E F © g L * J « f i I l c t l * * tlftOH 1980 f f9£fcH#>ft fcHI 23 lei NEACRPCjfc.L-C' 

&itZo *©&|H)t;i£©llE 2 0 B K I i A d - h o c 7 - ^ v / ^ - T ^ M i W l J E F »c-3vV 

1) 7 7 . ^ w 0 7 i - 7 j H i E N D F / B - V 7 * - V 7 l - i t S . -
2) 7 7-4"'ffr£lcS-3TI±, ^ ^ « r f c A £ f f « * t 5 C i a $ W - T , " j a # © I M i i r * 7 ' - ; ? 

© # a > £ * f c & * * 7 t t f ' - * £ i I ^ 7 7'fMl:-$-5o t © f c » i c , f - ? © J i - t r X , * * 

3) JEFffcfclcJJ^TNEA Data Bank < ± « # 0 f f * ? t * 7 ' - * £ £ i t 7 ' - * f f l i f c « H * 

ft5*-Cx-*«N7l,#K:ta73L, } i-a%$ftfcx'-*#dJS,!: , •€-<t«:ENDF/B-V7 

Ad - hoc 7 - * v if >?» - y i i t ffl& 1981 *£4H £ 1981 ̂  9 E © 2 [§IBI!*> JIT!,* 5V # £ 

3 | 5 l f f l ^ t J E F ©ttft<±fai?i*£ L, « l ! S S © ^ ^ ^ f e S S « S t & n f c o Ad -hoc 

7 - * y ^ * - ^ ( i C * l T ? ) W t l [ l > , j E F © 7 " a ^ * ^ httScientific Goordination 

Working Group (SCG }K3l#* ;6mS C i J t t t ^ o JE F ©ttft© 1 o £ l i" t f lr>T|r; 

^til/iiniti^m^o lraic, JEF«i**«i*©l( ) f®»*pbintwise ?-*^&tt& £ 

i > - 5 » # * * „ £tt( iJEF©fl]ff l£;W*5l>t^>-?7>< -^A^IWafl([[**toS^rai«)i i 

^JSSft^-Sffl^iWCASo U»L, pointvrise f'--yyfW-Tr(iJ EFJ|*fc©benchniahfc 

x x h«*m*n»' , **SCG t f t l t e f t , *SJ§, J E F l i * l ' ^ ) i - ^ ^ 7 r f r ^ 

7 ) i - j 7 7 ' ( * ) t, **'' f7>'-$'£8rt:ttl .>:7 r 4 ^ (pointwise 7 T^f^) © 2 * 

£t»fflSCGT?©IHtlC"Ol.''TttlRi3i-rSo 3l£ffl JEF - l lt&±<DJMKVt-,XftZ>tlT 

i>St ,©-C*5o &KNEA Data Bank -?###??-^fc J E F - 1 f l * © * * ? * * ^ * . 
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3. J E P - K D W I 

* ^ # a * ^ ; £ T * - * t i E N D F / B - V , ENDF/B-IV, KEDAK7*- -? - , hOi^-ftt 

frCD? *—?y h'-E*S„ UKNDL7*--e .y K D ? - * ( i - f **'J x<D%X*y * - -7 ., hSE* 

fc<fc # « * £ * * & •sjficttofc©-?, NEA Data BankcOttVlci iAoTl^i^o 

t"f, ENDF/B-VJJW©7 *--*••;, HOf-^f i^f t '&ENDF/B-V ICjISttttntftt 

6 t t l \ , 7 * - - e . y h$SUiENDF/B-|V 7 *--*•-, M>£te CRECTJ 5 a»B4T05(PDP 

- l l©fcJ6ICf^ofc/h$^7'D^7A) tti'07,D/7A*f-ot}Tofc0 KEDAK 7 * - - e 

•* h fr t>ti KTOE- 3 £ffi o fco KTOE- 3 (i option "C output ©ff^pointwise 7 7 - ( ^*> 

'*7 > - * 7 T W ^^ffiJE-Ci 3 £ -5 Ktt o t ^ i . 

ftlCpointwise f - * * * * ' * ? ^ - * * » & # » 3 © li. JENDL& £ © x - : ? K*f LTIi 

H5F"C'«ilLfc7'oi''7ARESENDD;&, E N E A © f - * l c * f LTIiENEA Gc©CNEN) 

TfBB»LfcCRESOi(.^^'D^7A«:|gBiJiL'rffifflLfc. *ftJ20i.ie*fLTIiLINEAR 

£ RECENT*ffl^T*»J»fffi«***fco ±fc J*^«®*i»*s**K«)*»*»*>6-fBrei t -

£16, 7 * - * * F f l * ^ o ; f c T * £ ? £ f f l * > f t 3 7 ' n ? 7 A * f l ^ L f c t > © T * 3 o 

& K 7 * — ^ v h S E m i ^ o f c f - ^ ^ p o i n t w i s e f - ^ S f f i o t J E F - l ^ © | M H i 

CRECTJ5 Sf f i f f iLTi f '^ fc C©l$&T<i, & « * * £ pointwise f-*•"»?•#*•*-*. 

ENDF/B-V 7*—vy h © a * © M R t t f l a g KflGfc^j&ittl^ir-jj&i©^ * * . Qft© 

*• x v9 £ * £ , * LT£»fffi**»5Wfffi*©fll£ LT||t |-*+«»ttdf*iJf<£*>nfc. « K 

*S*t tENDF/B-V 7 t - ? , hTtb^Snfco Sffly-^ffltfirtlCliENDE/B-rllipWK: 

ffi*>ft-£V« 6«j«JS*ffir,"CI'fc. L*»U Ll*£< LTC0Sj£T- | i&»««©If f f i fc©^ 

# iE L <*«-??# ft t^*#:btf»!9, RECENTiCRESDtr*i6fc pointwise data ffllf£(i 

7 7 ^ ^ I * * » ^ . f c a S l i , CHECK5^FIZCON5^oTeiror0^x". ,**f i : <s: .? fc , 

Sfc . 2200 m/sec Wffiii, * . * * » l l . MMeVltfffi*. * £ 8 X " < * h ^ T ? © ^ l t $ : * » . * 

B NL 325^>ffi©Sffi-f*7r-:? 7 T 4 ^ © f c t ©JttS* fcff-= *:„ £©»#, ^ f f i f t © ^ ' # j t . £ 

«**. S»»f®«©^«»t»<i©«l t -HSL<i -^fc©A^»[*-3*^fco Cttt>©t*«i&»':<7 

> - # * f i l t . * i ^ K i < £ 5 7 * - * v H £ £ £ ' t t £ W i ^ ^ E * f c 7 c * © t t & # # L T ^ t f : 

fc©-?**,, ftii&TGRECTJ 5Tf£ltffffi***»fiL|lEIELT*50 

ELL© JEF- l iH#Ht^Lfc f fmWi±KUNIVAC-mOT?*S . . Sffltt IBKt-3033 •* 

ffiffl LT^fcA^Jf©Sa«-C ijft**^UNIVAC ;&ffiffl^5*lcLfcfc©'r*5o i f c N E A 

Data Bank A^oT^fc /J^H-»«PDP- l l r t lBJ | l t t i f^©7 * —e. , h * « , a > > h f 

-?©iIJO, pointwise 7 T.4*'<D$M'*3* -*(KJ©«iEtt<!r>h$tt7"n ^ 7 i T ? 4 + ^ 

Kfifttx.Sfl*l£ffifflL;fc8 
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4. JEF-i**|#(c#OjfcofcM«j££*©JK* 

JEF-1 £ * * I/O* 4 »&&-*?. «|•a•^*nfcf-^IC^.•'<-^^©PJ]iiA^l*-^^-,/i0 ±«ffl 
£ffE8l©ISI«fc*© 1 o-e*So *©fl&ffl£ttrdJ«£*&TK5S-*-o 
1) &»«tttci»tf*ft(DlrB«t 

Breit-Wigner 0-*f f i£^*£*&>j;£ LTl^7'-^ffl+K(iiei)!{K^«HJfffi**jH# 
L T * * 4 , ©ffl#ttifca»f®«l^**-5t>©Al*5. "Wiffi 9 **&«*;£ Breit-Wgner 

2) J # * J t i ^ & # f r ^ y 0 K P . a t \ 
J # * ^ © # ^ # & S ^ ^ ^ 

^fc, JEF-1 fflpointwise 7M-M/fi 3*7?^^fc»lcffffit*<Ifi[|c^fe7'a ^ y A * 
ffi^*J6fc0 fcL^H* JEF-l f W t # ' * 7 * - * 7 7 4**>& pointwise T ' - * **J& *J# 

3) 1/V«««rtff 
flNvl,* ttfcf -^(O^Jctifi^tt^ffiWfflWtBSf*pointwise lc^JL»>oililrtJ»*«ffl 

t Lrafci-i-E-ffl^ii/v $>&;**<-five L i So ttt&of'-^&o^ofcjjtett 

JEF-l Altaic. Jk4itt¥x**:p-ffiR*log-log rtJ»K*fiLfc0 

5. J B F - l ( D * t t 

£#©££*>. JEF-l lctt ifBSf- :S'*Rf07'-^iLTIi297tt«07'-^*iA-5*lc 
H i i t ^ J . R#Data B a n k £ £ * 8 £ > f c * W t t , «M*f t^# 8 Ĵ ictfi S nfc+ftflfli 
«r»^T/^7ji-^7r'f^liroBRLTt,^0 pointwise 7 r 4 ^ffl^tt-f^jWinr^a**, 
^Sto^^^-^-i 'T-x ncffit>n*Sg8i8ffl7 r A »$ "*!C^i56"Cr'^fc9:*3SfiE©»9-
Ji±ICFP)Ra<2>pointwise 7 v"f ^TrJb-So 

Decay T'-*£##a£l&$fflfJ- :m*;fc^fflT'-:?£JEF-l teXfiS&fta&ft-Oi 
«!.*. Covariance 7 T 4 ^O^fei*®*aic^LT^>L*^*^iiett | | | |$nT^*Ai*y£" 
JEF-l \cr-9ZAtizm*r"K$.iT^te^„ iJ^tt^tiao^^^JijEF1-! lcAn*C. 

'O'^v-^T-xKO^IiKFK^Harwell <DJHltf*!&>»)T, NEA Data Bank©*** 
7 * i * < | » ¥ / i i t * * L T * f c 0 . S«ttftf i6*LT*fcl!: i i^oT*jb. JEF-l ©•r-* 
K^tttMfc^littl^K'&^LM^o-CVtt^o 

•• tt V 

JEF-l ©fifcS©®*, NEA Data BankTffl7r'f^**ICo^T»-ifco *yf*ftJE0* 
£ f e £ < . JEF-l ©S*tt*fc"ife©*KttS0 B*©ff«^*7'-i'7x^^JENDL*'&fc 
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##l i t t*t*(f K f C NEA Data Bank ©tiil£$lB#ttftTL*lf\ JEFOTc^fC'li 

Claes Nordborg fct©tt*£*#£-#l«>-3TI,>fc**#fB*Sc, »©<%0E©ffiH£J£F 
- 1 ©J|H^lS*fflft*-5. 

It * 

c : E+M « - (mm) 
JEFttNEAafflSflTffl#&H£SKI!Lfc#, *oTPtttt< , NEAf- 9'* vvmSR? 

©*-&Brc*5o 

Q : « « « ft ( 0 4 . x*W) 
J EF •C,Ji*»'<7 ^ - * & * £ Point-wise data &^©ffi#£$ffl L T ^ * # , Point 

-wise data £;rci£tt£IS0GENEX Library *T?£< *>6ffl^t.*lTO*^ST*«^ 
data#**KttS©T?(±?*fc, Point-wise data &3%&©&Stt(i? 
A : +JII * g QRff) 

WjW^r^iLTttA-tt t fcOICtt^TL*?. , LA>L, JEF-1© user tfglslPoint 
-wise data £ftl£*S^IW££tf S©T$]A#**£#*.-C. Point-wise 7T^*T?© 
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6.2 I f i J i ^ ^ ^ - ^ ^ O ^ f - ^ 
—Spallation+teif?>36£ t *ft&— 

i t*ff lJ!^t*r£fcfc&S<fctt* 20MeV~ 2GeV©ffi*©l*7'- ;S'l!:o^T. t * y * M y t * 

- fg« Kfctf* tfs^S»fffill| f - * *i J; # * « • ? « « ? - * ®att»col v-tffl* i: »6*fr3. 

Nuclear Data in the Intermediate Energy Region 
- Yield and Transport of Spallation Neutrons — 

Yasuaki NAKAHARA4 

Summary has been made of nuclear data in the energy 
region of 20 MeV~~ 2 GeV, which are required in INS(Intense 
Neutron Source) developments and analyses of transmutation 
of the radioactive wastes and breeding of the fissile material. 
From the viewpoint of nucleon transport calculations, 
discussions are made oh the foundamental concepts of nuclear 
data and the present status of data on spallation reactions, 
fission cross sections and neutron yields. 

1. ttx-^CSW««*»#** (flUCfrAD 

HfSa^ifcdlSnStt^tL'Ttt.' p . n , d , t , 3He fcJ; Va&ZmLXtr&o»«©* 

f*-e.ji« •* »>»v\fefrN;-f« £ J & 4 « X *;i/*-8ift8 t L T S O T ^ *•;••#£©£•£*»-& 
fc£ Atf, Taiblel (i De Felice t>*i600MeV©»f-lcj;5 gSrffl^»»a©ft||[©/:J6lc 
ffl*ifcfrSsp?, •"'•")-£©«-ifi6 fc*©* s # • » * 0 $ e.ic2m&om&ttumoizMt 
tt. 2&&?©**;H : - , A&*'4£«ft5HKiiVfcft*-Cli Ctit»4T©f'-;J'*iH[GeV~ 
201^r©x^/i<^-iiSc*jfc-,Tffiirt-*lc|i. fiO»c£B?'-*#M*lcS£ttTlvJ&<!: 

£Kli20MeV P^fflx^^+'-fll^lCfcttSSET-^fflattlR^fcifcfflTf, fc£*-H«K 

+ B#*;F?jSfSE3rW;?^I1'* , Japan Atomic Energy Research I n s t i t u t e 
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itm&tftffitiric, m*©tt&ft*?A>4WG&X, * v T1 a ^ n i£fc J; -5 * S ,* u - •> a vft 

wz?fo(Di)iXbmn#}fr-?wws.i3&x'$>z>a wr-va, t*\b<Dvm*jr*<D&m£.k%x 

-9-ty h£LT5gf tL-0^£>gl i t t< , frL5ft*©«£fc©i|&g&!j#»&-3:i:< kbZ-tz 
•?-f>X&ZC£WlLm£t£Zo Ltf>L, §l£©ft£(EJIil&©#l*3Ttiif9 LTfc*f^ltJ | t |c 

fc * © J; 9 tt& f - * ffl»lS**S»S n J: -5. 

2. &££Kffif* 

x#u-i/ay|Brffl8l*ffl^Lfc (Tablel) «!§ £ LT, X ^ I ' - > ' ^ S I 1 T - ? K * 

T i B ^ S . lO~40MeVfiSK®p;n*!J;afdKJ;S«iSJS»iffi«HCol>Ttt, 1977^®BNL 
7?<04]tt:F»faSi!-i'J/iH^*z>-C, Davideenam^f-^fflStfeS-ft ' j t tfcK, ALICE 
a-K (2^2O~lOOMeVlct>fc^rfff«Lfc*ilHWt40Jt|S;*ff-5ri>a. (3)l980#© 
BNL ^ v t f ^ A f t i Browne & L i s o w s k i ^ f t r ^ - ^ f i ' o r ^ S ^ . RKjSKrffi*K"3 

2. i * t t?££»r f f l» 
# t t ? ^ f t E * 0 7 ' - * t t # f i r K i K i : i > o Fig.JttBayhurst t . © x - ? ( 5 ) £ ALICE K 

iSitJIlil^lttilELfcfcffl-CJfeS.^IBi1®***^^ (n , xnyp) Rj&©7 ,-*tt 14MeV 

2. 2 »?aSBrffiSI 
K?©*^!;*, g T f - ^ ^ f t S ' C - , 1977^®BNL •> y # s>£ z. "C 51V, 56Fe, 65Cu, "Zr 

*fj;tf 1 8 1 Talco^-CCDx-^^«S*nCw^ 0
C 3 ) Fig.2lc(i, MZr ©PJtfSSftTUSo 

fg»ti ALICE ICfc^ltJMt'e. Myers-Swiatecki ©H*&S;JC pairing fcSIE&fi^T^ 
S»£-e&5o ALlCE-Cffl^6nT^S***7'^ttfl5|Z|BttSlKSy^-5BIannfflGDH ( 
Geometry Dependent Hybrid) *x;u£1*£«K2to-S Weisskopf-Ewing ©*& * x 
^fcffl^tffcfc©"??**. Fig. 3 li 56Fe ©pre, H+fflj^llli pairing ffiiEfflflhlc Shell*! 
jE*ffofc3tJMlrc*S. ( p , n ) © J f t £ , 20MeVJ2U:TftJMi£MJ£ftffl-Si&sS^8iB 
®-ot t , a^«a»6fflttaiiis^H-*i?3ifli*n«rTi»5fc»tji«is*iTi»5. **: (p, 

2pn) ©«£, it»^#&0©:l*ffflK:£oTl>S©tt, £&6DS>If§#ALICE©it* 

JfcKWS^tJfT-tt, 12C, " N £ 1 6 0 Ko^T50MeV©»l^l t^ Vdovin 6fc J: 9 « £ S 

- 2 2 2 -
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3. £fff t f t£##gi*$fl i 

+ t t ? ^ * r B » 0 « | ^ l i LSNL ©*# u--> 3 y+tt^aiffl^tMjgjWffcnT*:!)."-'-
^ P b , a z Th, " u , 242PulCot,-.T20~200MeVli:*Dfc5?-^^Lisowsfci &IC«kt) 

S6S$nri-^o ( 7 )Fig.4li :( i , - t n ^ C D f - ^ ^ E N D F / B - V x*-* ICfi&fc-f i^0^t 
ft-0>*0 10- 100MeVfflx*^¥-'-fl|«KfctfS^|(fffi»(OifL^1*i[«i, | i fe>*£fc& 

£ e,icx * ; i / * * - # ± o t , 900 - 2600 MeV/c* ©IBffl©#tt?£lftffl*fe «fc'tf##tt ( 
non-elastic) Brig8W*Schimnierling £>icj;t). Be , C, Al , Fe , Ni, Gu< Zn, Ag, 
Sn. Pb, Bi :fc.£0*UIC-D^-ai|£$ft-0>So(9) Fig. 5IC(i236U ®*#ttl»fffi«|lCoVVr 
»J£«£*1S© N M T C / J A E ^ ' l c ^ S t W t t 0 0 :M*$ft"iV.5. ff}|rett«Rjfctt, *(*3 
* * * - K • Bi#8 • &?fcSg©8(£tt%iig£ LfRfcftT^ *, 200 MeV WJfilc*&ttS 
##tt»fE8l<0fi/Mi, Fig. 4^'K.Kisti-C^ 5 t t ? • «E :F*rB«©*/Nc«jSLT^«, 

4. Saiitrifift 

44(x*A'*-ff i t tKi i t f«t t#Hli . * # w r o t t # * ^ i M 7 K J : « t t * m ® * & ± 

S&lg«n?«i. S^**-" '4 ? -*RpoA«t t ; ?KJ:*«Er t*^^-KJiS , IB 2Sif t , t t , IMS 
**Sglc*S8srt***- K8S«©#K£*frflS#S©tt%iig. aS3gfc{i*#f^jfc&©l£? 
S^-C-*5o «»SKff i»^ l6 : t f«*#; i*»£t t t t e»Ti I>t t <, BNL-325 (3 rd ed . l 
I c ^ E t t S f t - C V S K a t ' t t i ^ F i g . 5lca+)l©NMTC/JAERIIcj ;5t t*i t i i l lS 
(i*>'^*nTt,>5o Fissility Wf = <»f/«non_eilco^T(i]t<S&5'?'-^* i^< , II'inov 
t-fi 150, 660, lOOOMeV©ll^lC^t5f'-^0)R**ft^iifc<C^©)gff*ft,T :fet '< 

* ©-SRS-Fig. 7 ic l̂ffl LTfc < o<14)' tt*«cli Bohr'- Wheeler ffl«»H£|ia*JBii\&ft-t 
fc9. P&8B«i t a f / a © H i L T I i , Z2 /A>25©«&, a f / a = 1. 05-1.10 (x*;u 
* --#ffi^ig&) £ f c t t a f / a = l . 0 0 - 1 . 03 ( x ^ * * - * * ^ ^ ) £ffl<^-5 £ , «f£4t 
&*»«&<SSi-C!#S£«g$ttTi,>S<, Fig. 7*> t># S «fc ? ic, B(f5p*WB*^«t4?ttttJ 
Zfftt, fissility it 10- 1005}© ltt«3, # ICZ 2 /A~ 20-^SSifc/M <#*„ Shell 
SftSlco^TIi, S J & X * , I / * ' - E * ~ 100MeV -JTSft̂ tt < ttSo 

100 - 340 MeVICfctf 5 fissility K o l v r i i , ^ U , " u , 232Th, ^ B i fc«fcOf197Au 
lc-D(oT©ao£<i;4SSteiner & Jurgerman «cj;»)*RSSnT^50

(15) 

• ) 900-950MeV/c©s|y9x*/u4-*-=379MeV, 
2400 ~ 2600 MeV/c ©¥i9x*;i'*--= 1731 MeV„ 

- 2 2 3 -



JAERI-M 84-010 

5. « # * f l » 

•fcfttfSfflOilJEttOhio^OFinlay, Rapaport £><*>?*-•?&, (n . n ) *S«fctf ( 

n. n ' ) mim<OMm*:¥f->T^Z>t>i, E n i L T I * . 24 £ 26MeV a>2j£<D&X°i>Z0
ut) 

« E » i , I 6 O. I 8 O 1
B Si , 3 2 S, 5 8 Ni. 6 0 .Ni T * 5 o 

6. 4>tt?«i:a 

tt^iR* (AW»?ie*;fcD©¥^££*tt?&) -e*s. fes^c©*^-**-, h® 

•j vtr-09-V? KDHftK-ant, H £ t t & I W f l t * A J H I I ? x * * * - E 0 i * - y » 1* 
tt©K«A*ffl^TSBJWfcLT4£»fc Armstrong &©|ga7)£Fig.8£ LT*Th, * t t ? 

7. »S • 

Jil±©*#f*»&»SJ:5K. ^^u- i /gy+ t t ^KBBaLfcWK^f f t t . a * * } * ? * * * © 

* . 5 i . S*WK-#r4IB#*S©»i20~100MeV©|BfflT?. CCTT« ALICE^N MTC/ 
JAERI ©H*&^? ' f t«>»8 t t i c *£#* i j , ffif*«^*fcfW*fefflBB»**iiiyBi-#JL^in 
5. 4to»W«fflR«K-3^Ttt. » » S © * * « ^ T * 5 L i , Be<F>FffiJ;5 tt £!,*«©*•# 
U - i / 3 vKl6K NMTC»(t©itJ|£**ffl-t5 C ifflSSttrco^TfettttrojftJfta^oT-t* 
5o - # . TRUIS*«5©X.-i?L'-i'3y»fffi«Kc)PT«f«!IC»|£A*gej|$n5Ci*JW« 
S t i 5 . *©fl6©»7»-^Ko^Tfe|^WaiB3£L*>?f*»nTVtt^»R-ett^«fflW3efflii 
RJ±iMB^*>©T?*0, 3-&©f£K*»-p fe©T?*5o 

*? - *©•* . a*iiCB??jjfta (a*) &* * * * * LTfrvc#-o»s. *BjkH 
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a.YHORsrt;;^J 

T5 W 
CalMfVl 

• * " 

ri«. 1. " I t * • u c l u U H I w l M aa co 100 Ha». TUlaa otu 
iM ooaa clralaa URHfMd M layoarac* ac.al'a aaoarl-
aaacal oica (XOX m m l . toaarocltal aroalcuoaa a n 
i t n i u M k i m l . R e f . ( 3 ) 

100 

-i—r 
00, 

n—i—r-
Zr{p,2pn) 

• KANTELO 

100 

10 

i — i — r 
uZr<p,2p2n) 

i—i—i—i—r 

i r 

j i_ J I L 

i — i — i — i — i — r 

FtCp.n) 
• JENKINS 
• GADIOLI 

j .*.*. PAIRING 5 
•"" inn - ' V SHELL 
6 l 0 0 f r > — - PAIRING . 

100 

| , 0 

- i — i — r 

»«« 

*.v ' ^ v . . 

_i i i i_ 

~ i — i — i — i — i — r 
Fo(p,2pn) 

i r 

i — n — i — i — r 
'Ft(p.pn) 

- 1 — i — i — i — i — r 
5,F«(p,'an> 

20 4 0 60 BO 100 20 5 0 , 6 0 80 100 
E,<MoV) 

T1a* 2 . " l * + ai .'coopariioo of axa'arlMutal.aoa naotat lcal 
axcltatloa fuactiow. taaartaoocal UMarcilntiu i.ra 
laai tK«n 101. Tha fIrat alia* la tha aicltatloD fi M-
cloao uttat|iMda ta (f,ai^);>a^;tliaraai:alHl e u to 

' ( • I 1 » ( » + 2 ) B ) c t o a V a o c t l o k i . ' s i f . : ( 3 ) 

10 ?." 30 40 50 SO K> 20 30 40 50 60 
E.(MaV) 

Fig . ) . s , Fe + a: .(a.n) axcitaclao fooetloQ caleulatad ylCA 
raii laf ao4 ahall eorractioo aai th« raac with aalrlng 
only. Orar-araaieclo* of Cp.n) oareol 23 HaY r u u l c i l* 
an undar-pra41ctl6a of (a,2p*) ereat taction. * I t r e n foe 
too oxaarlaooul data oca of tho or<lar of 10f. Saf (31 
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It » 

Q :JdRBUifl OKI*) 
A#*fc^**^+--*^*MeV*»&*GeV4-e*fl : - r5£ mass yield©#fc###K:# 

A : * g «BJJ (SW) 
FPfflR*^^li70MeVfe4T'll A/2#£K[B*£8o-**#:? j i£LT^.5# , Sfc-fcx 

rt¥l||*ftttx*A>*'-ft#©^°7 * - ^ ^ f f l ^ T S S T * 5<t 9 l t 3 - KIcffiii^nTl^o 
$ iMc. x^^+--*J«J;l3 400MeVte lc t t4 iAlc ja^ i J :^ ) l c^*u- i / 3 y^ f f i f t ^^J 

s©«t'5»caiT<So s&KiGev £<-?«;, FP ©#*&;##«:£ <jwn. ¥fifctto-c<a. 
Ctt£©£ftrt3i*©itl |E*7^TiS-3 ££#-*?**<, L*>L, lGeV#£T?li, fragmenta
tion lcj;t)6^SEffl±fi!t^A^* < «4*i , fragmentation ©JWtiWi-?* t) Lttl*fc»," 

itjncrtffiAnt.nTfcfc.-r, «t'ttao£#iiif*Tttwic]tfttrflMEttfto 

Q :9iKK H (04, x^flf). 
Spallation reaction iW&#W£l&K&k LTffJffl L. Mo*OI^WIJ iJ t« t t« i«*» 

i ' 5 i ^ - ' 5EC**f*S i t ^T^4 i4 i . *©;5rffi^©ffifflj£KoHTtt ? 
A : * H «B£ OSW) 

l f iSO eO-lOOfiOttatt^A^^L, <̂ fcti> 5 neutron rich ffli-^fAfiiST*, *©tftt 
:?*fflfflLTl*;&l>$SC4#T#S5rfttttta&.5#. M#WK«f»4SKffit>nT^a*>if-5 

Q : « A « S (NAIG) 
JfrFfflitl, neutron yield ©JtJ|C©flWrt accelerator breeder ®Sft$lcfiJl,'>-C< SOT 

A : *n mm mm) 
Neutron yield ©tf*KI£l* 1096Kki*HCti)KZ>tlZ J; SKtt->*:£#*. &ft<5**. breed

ing ©fftfOfci&Krt, ^ U ^ T h KJ; S neutron capture rate ©««#•;£-*?* S„ 3 
tt»?fltlW*frF-e capture rate ©»*M«»#ll*»flEJ: <*a65©li*>tt»)»L <, ft+# 
© K * ^ * S i # > L « . n « o IWtftJILLtt, ic'tlti, a x K j C t t accelerator —»T?4 * 
©LWR'jc*f4*tti&-r5JMS***S4-rnHr. ,»rfflJ;-3rc#-yy h • •fvs'Tv h*I9W-r 
^ £ »>4n-5 j&fin?**."^ S. 

Q : « « E H ( B £ . x * 9 f ) 

Dr. Grand K A S i , J!)D*SJ|»IS©Ji;ftlcM^*S««ttH*rt/<i^iM^TV^*i, + 
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A:*W mm (mm 
a*Kft«ttt5ti•j>ti9;*yv-TV^±©iBj«a*arc< &t*x.t>ft&. iztz.u, 

•«*>. - # , a#tfi£t£^tf*P«**©^, ? - y . h*©ffl:fi&##a<*itt5fc»J»JS 

&ftSft«©>£'5;6>3SIEt^^ 
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6.3 lfflmtomizt>\,*xgj£Ztii>m*M%<7)mmi: 

lc«*&#3ttS*T©ag£*©SJIgK:fcHvc;F^Klc^^ 

>•.' 7 * - ? ic o i, V T J W W L fco 

Accuracy and precision of dosimetry required 

for radiotherapy and atomic, molecular and 

nuclear data affected on accuracy 

i. 

Yoshio ONAI* 

The occurrence of normal tissue complications and 

probability of tumor control are steep functions of absorbed 

dose. It has been recommended, therefore, that the delivery 

of the dose to the patient should be performed with a 

precision better than +2% and an overall uncertainty less 

than +5%. This paper describes the sequence of dosimetry 

procedures to deliver the absorbed dose to the patient and 

the method of determining absorbed dose for x-ray, electron 

and neutron therapy. The uncertainties of physical parameters 

involved.in dosimetry are discussed. 

1. ***** 

target volume k^o) K+£<£»*£#*. , ^o^©flffl©tt»ll*Sffi©W^II^(S; V 
aans. organs at risk t^r>) ©««&-cgs*ftf/h$< tzmmmm£ti£tmir: 
* •SBfcBfWBW » Department of Phyaics, Cancer Inst i tute 
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*. mic^mim&p^KmmmMK^i^mix, ^»*#**£**J:3tt3fflttRof 

cc-cn, *mm-om&*±tfts.<x&ubt£^m&t£z,aKmmmimt*<o&8tmz 
*^xmmvt9ucmtz>E¥\c^xm*Kj6'<t;±x, xm. nwkvm&t-immK 

S&ao^HOf-*-CO.TablelKi^tJ;-?lc, M^&Rfl©-? % 308*>£ 85 fcjWB&HKIIlc 

ttMUDtt* lOJBTffii, * © * « * # 70 #*»& 10*IC-F*<,TL*.'•5t'i*fjJ*>.-iTI.V 
* 2 > (F ig . l ) o * l /C, M»*ll*®*«tt£tttt;ttKJ:MW^ 
X, iE1*ffltt©l**fca«lc&£L (Fig .2) . WWS*«^# < ^ i U i ' » g « * ^ h * < 
<£*. M»g**/h*<l l -^J6lc ( i , a vtf* -9VM&W. (CT) ttt**ffl^T*WS»* 

x, &%*M^**^|©-e, f4*i«iwLT*'fc«i«n?»*^*tt*«*8. x, ft*i 

ICRU (aiiM*«*S^f llf) Ttt. .t#^©S:#«i*tt*il«s-e±2«^±. £** 

© tirt««£± 2. 5 96, iiimi0imi± 8*. 36l!R©*IIW»«£± 5 «©««iart(c-r 5C 

3. • •S4©SiS±"F*e« 

R«LTJHWlf*rtW)Hlt «»/Jv»ii^il**l.Mibrachytherapy 4l\"3) # * « , *ft£> 
©JHWSfco^T, * t « c f t f * « « f t # l c S * * T © « « * £ © « g * Fig. 3 &tM«:*+o 
c n?»© îi:iifc*5̂ TiiiitfF*ic*5̂ itffi8e***A*<i*o x, rmmmmmi^Ttt 
*<D*m%gatim$nx^z3\ *tuci^xmmc&<z>o 

fc © t**^©JH«©s»-eiec s *>©*<* 5o 

a i 7x>i<A's©«»S:^.©^it^9P 
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Loevinger3)t>©HWr<i, #*-KJ: <»*«S*?r-3Tl^jfcia:f-2; 5 # , -rfH&ttJUFeB' 
96WSLX-t>t>a 

a 2 AV^ojiHoftM-eiasTingft 

fe©t?( * £ © # « • yc*S©ffi*. *ae©M£b, » . #5ir©*$K1£> ICfcSfc©, (2*6* 
ttm<»m-n. fttfoft*, *8©WM¥We«tt^*IUTIK»*S££lc,fcSfc0. (3)J»# 

©-fe*h, PJHI?'££©ft*tt£©gB©'<7 *-*©-&*>. t '-A ©&f^»t t £>©»») 
i c j ;* « * £ £ # * ft-e, jitit.©-?*.-ri-'-A©firBay6©s>)!W*t)^i'V 

cti*x*&«ti&oK, ftmftmxi±femam(D&miixwitm&i)W}<ztizi>*. -to-? 
£^4>A£fc§B#-rsH?#**>;*;#<.>©-e. tom¥if)'*7>'-9fi±'r<3IMizVi>x^<DX'Hts. 
^i>>±*z.i>i*>Xi>Zo LA>L*e©?&«S*l±*W*««f0E**J;<<i:oTtfcL. «*tt*fc 

4 1 ttiM*ll»*K*tf«URJtt 
fc^ST?!*. zasRa, *°Co, 137Gs. 1MIrtt£#-l#S#r**«£LT, 198Au, 1 2 S i#* 

3MA«S©;Sfc*rtl#Ao (mCi )-r*4^»«WPt>r(ci) * * , £ £ © « « © « « * « D (Gy) 
It. t NrM -̂ett 
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f ,.t -0.693t/T 
D = 0. 01 Xti - tt 01 ̂  J r , A 0 e dt (1) 

• • r o 

x:mmmm(.R) 
f : R- rad « * « » • ? ? . £ » # - ? 1 4 * v***'ft* ©K&Stt x * ,u**- W= 3a 85 eV/4 

f =0.873( /*en/> ) tissue ^ " e n / ^ a i r ® 

r»: M*tmtmi&» ( RaFtr1 m c r 1 ) 

rt =sPiri (h*,) 3̂) 

Pi = 194. 5 ( / t en / i ° )air * h"i ."<* 

h K i l i r W o x * ^ * - - (MeV) , /»en//° ttK*x*^*--RJK#»rC!*.So 8 i t , ttft 

IttUett. ^»«CD»»ftg. ¥ * « . tttUrll (XttXtf) <Dx*,u*--£fc, $«&tf* l l«© 

tt * « { » » * * r , Ao***SLT**Udr«fci.». 

4 2 *S5JB»X • r « © K « t t * 

i>K 400 kV£lT<OX«fe4ft^W«F^Ktt^!6»-B'<i:i^ 

fr^ST'Si ""Co rWOkXfAfrb 1 0 M V S * © i « * * ' i " P - X « l A i i i L T f f l ^ & n r i ' ' * 

4 2.1 400kV-£lT<OX« 

400kVjyT©X*Ko^Ttt . VIIBFeJilMftffi & * « * # * « « > & . ffiffl-rSX«0* 

Hfc-3^Tfla««*-e«lEiELT***«|ffl-eill^-rntfJ;i''. 

150kV^t.30DkV©X*g (HVL 0. 5 mmCu frb 4mmCu) i w n t t t , *£©ttiEMid 

( 5 c ) K. *ffl«H<0X8fcoi*TJH*M« (R*t t ) T ^ L f c * « B © # i & * * * > - £ , X 

ISl^f laWLfci t f f lS^^Mi- i -S i , ««^*^l - '< l : t f f l»$dlc i - fc f5*f f l»«»*Dwater 

(Gy) tt 

Dwater = 0. 01 MN,,i f (5) 

NX><I : «m<D«<Dttflr<Dx«Ktt^«jnmattiE£tt 
f : R-rad*HEflare . XfcfflSHlCfcoT**,, 

S2ffl«i*ffl^So 

Dwater = 1.145.MNk,.i f • (6) 

40kVri>bl50kVOX« (HVL 0. 5mmAl Iph BmmAI ) ffli#£lC(i, HSP^SIHJE* 

i ^ L ^ f f i * f f l S a * f c i ' ^ T f f l ^ L , « i i f f i l l 0 * 0 W U t t D w a t e r (Gy ) £ & 5 U » 9 * 

to •So 
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Dwater - 0 . 0 1 M N x . i f B • (7) 

Xtt D^ater = 1-145 MNjc.^f B (8) 

B : t f«»SL#8h?, 7 7 y h A#tt(^ £ £e>£5SfplcistfZ Zt&KMtZ ? 7 * \- * # * 

# » * & # » ttX«ffltMt £ $«* Jf ® * # 3 K <fc o r * t t 5 o 

4.2.2 H x * , u * * - X * l 

*+®S!iE^idlc, wCo r«(D)IW«|-eRJELfc«KK<D4)il>«IU'l/. X » £ H « L * : 

i ^ f f l « t * * M t - r 5 t , WtffiA^l^toaiSdlciJd-STfcOKJRJHiDwaterCGy) tt 

Dwater - 0. O l M N x . c C ; (9) 

Nx,c : • • • © " C o r«Uc*f-r5MW»«SfiEStt-C, 2»4ucjs<^TRl|ifi;T?ttiE 

** f&£ 6 0 Co rm\ci!*Z&SMi-? (J&ttGy) TttJELfcW&Ktt, *©#iE5£t t* 

NK,C t + 5 t 

Dwater = 1.140M NK,C C,i (K» 

"Co r « © « £ l c i i , S a * T ' ^ * L f c 2»T1?SOO. 4^^*JfttfeWt/j:5CD-e,s) OSf f l f f 

tt 1.145 *>' 1.140 ££ -5 . 

K«««^©£gteM& Cn it, ji|»rc.tftif. 

, — , . . . . _ i / P )water 
C i - A w ' A c ( ) • ( - ) • I T - — — 

/P >wall. 

. / w a i r \ /SwaterN [ ( ' ' e n 
= AW.AC - — ) • ( — — ] • — 

e x »a ir ^ k<- ^en 
Pi (ID 

e :*?©WSfT?, Wair/e =0. 873 rad/R 

-3a 85 J / C 

S :R«S<k*& 

/ 7 7 7 ' ( h 0 . 9 7 ~ a 9 9 , * 0 . 99-0.995 6) 

AW , Actt
Mco faicst*-**-?, 

Aw — fcw>>'> en / P -'wall 

( ^ e h ^ p ) en •'•• r -< air 

5wall 

^air ' c '). (12) 

http://-0.01MNx.ifB
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A c = ^wall * Awa i i /Pc (13) 

/? : D / K c o i (14) 

D : WSLWA 
K :*—*-, Kco1 = K (1 - g ) 

A W a i i ; mmmmm£¥'mtitzt§<Dm®KK£zm<i>u®i?i.am$Lfc 

60Co r*S®J8& 0=1. 005 , AWall = 0. 96 ~ 0. 99 
Pc :m*flSrtKSm©£^£fe£^£ , i i£lct tTh3raiE&& # S P c = l 

A w - A c l i t-;uKT.y7=++y7 ,OWHi)?$(cft#L, P c i*£m-*1Xiztm-fZo 

(7)Xtt(8)Si(9)SJ:«). K * * ^ + ' - X « f f l « ^ « f f f f i © » K t t . S i S f f l % r«ic*f 
*-*l£iEffi»£C,l offlgictt#^4o Cj liSSllc***- S*&cflIliffi©S'ftKfflJttfflihtl 
Jt. « W t i f f i « 0 | » i * ^ 4 r - » R f t * O J t a t f W l c t t f i P + 6 . 

£B©«JS1*#tS£ (HPA) T?li, ? 7 7 7 ' f H | | i E o l ' ' r i Berger £ Selzer (1982>7) 

KJ;**rUVK»l±fi£©x-:?£Hubbell (1977)8) l c« t5H*i*^¥-«MX«t t<0f -
^ S r f f l ^ T C i ^ l W L i t L T ^ S 9 ^ *©*£** Table 3 K**-. 

4 3 ffiia^-Vft&ORJRtt* 

ffi©IS»#'i>**tp:©#jE/£drciftBL. «?*g*fiP.*fL.fci#cD^**Mif4i, « * $ * * 

ai>£#ffl#$dK#tf**ff l®K««DWater (Gy> ( i 

Dwater = 0. 01 MNX> c CE P E (15) 

X(i DWater = 1. 140MNK>C C E P E (16) 

CE : MTtloffi^oKJKilia^o^SI^K-C5. *?«©AW*#;M=-*-£B5SlcJ;,T£*o 

fWair\ /S water \ / w a i r \ /=water\ 
CE s Aw • Ac • ( • (— ) 

v e \ Sajr / 

(17) 
E 

g£&*ltIE©Jg££ - sT^S. ' Table 4 ICCE *q?-*-. 

*T«©RiiX««ff«©»*l i , MCo r« lcJ ;*&lDE»£C E ©»gK{ta¥U CE ttffi 

»K»-fS*©K«iaihl6JtS'tfWfflBa»T?*5. 
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4 4 il+tt^tlOIRJKtt* 
fctfS^tt&EBfiEfWK&^T, -(M *n h a y^-ffl^fc 30MeVd +Be &tf 14MeVd 

+ Be *tt^^r&S!ltffl^t.nTl»5o 

ftKH^®jgK*«tt-«TJH|£S OEH*fcWfT*otf*. 0Hx.f2*&*3ffi«ffi) i + t t 

îcffiiRaoujgaiss (f3 îciS?u* t̂f5o mx-imvPtzryyT* h^$Lfcf7 

^rfygo*. **yio#£LfcAi-Ar*iiffi) £-*f<fcLTffl̂ *0 PS#*EC»aEWe* 

fci^©i'X.fy7«WnMcTS0:Mcu i t " S i 

RT = M T / M C T = ^ D N + hTDG (18) 

Ru = Mu/Mcu = kuDN + huDG (19) 

DN :4>tt?®«ttiE*tf««J|!UM (Gy) 
DG :%?®fittK*tf«aftfM (Gy) 
kT. ku :§»JSS©«EiEr«lcoi^ffllBffiK*f-r5fiffl»©cf'tt:Fico^TffljB*fflJt 
h TJ h u : S-»ISII©«iEr«Koi^-c©JBKlcjsff SfiS»ffl36^lcoi^T©jRBEffllk 

(18), (19 )S*»^T 

h i j R i p ~ h T R u 
DN = (20) 

h u kf — h xku 

KrpRrj — K I J R T 
D G = — ( 2 1 ) 

h u Kf h*j» k u 

kT, hT , ku, hu &%&IM*C<D2ttm^X*&*ty&OWmmZm*Kim-Z%2>* 

Broerse t>10)ti, ISiJ^ftm^iffilc^SiiffilifciJ^SICRUlR^tfllt10 © « « « * * » 

DN + DG = NC« ( »kA)c* (f t )c*d T * kT1# 7 'Rf(.n kR)T 

1 + o 
(22) 

^?N*i*tt .̂ ^?Gfi* ,̂ m^cu&iErm, ttTatmmnms&toik-t** 
. - i r„ WN (K t / Km ) H 

kT = • • (23) 
(sm > E)c Wc C(/*en/iO t /( /*eiy />)m )<. 

SS?t li ICRUSŜ iffflW. S?mli«t i*ff lMI« ( A - 150) ©»*f*4^*ft^50 
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NC ••ffiErmzmzmMmmiEmL 

ft : mmitMi-Z R- rad&gftft 
dT : m#MiEm. 

W, K, /»en/PtiS;I1*-"'**-X«|0»^<!:l^lt;-C!*5o 
« + « ? « © » « « * * ! > * * £ « » * . «iiEr«-e*S6 0Co r «lc ft* *«»«»« &£;£ 

5. fc«¥W/<5;*-*£l<«ff*©*»«a! 

5. 1 B x ^ i z + ' - X t t 

ICRU (1969)1Z)-eC<i*ffl^fc*OKlR«l«SHffiO^«SK;£:)»WLTl,^o *©&£«•# 
*ICLT, £feg^t t '<7y-*©*«£K£JI»^j t©#Table5T<fcSo MHSltt6Jt®*W 
S S * * * f e * # ^ . Fig.5Kbb*«:«J:5H«Pilitlllit©ft]»*^r13)o Table5ffl 1 frbSf? 

(i60Co rfclCfttSfeCTT, @ ^ f f l ¥ # « & £ ^ T £ * W J g * * a ; M - £ 2 . 3 a j £ t t S o 7 
£8<i30MV XttK^H-SfeiOT?, £*«DEStt3. 3 # T * S 0 HPATJi 1983*«C*f L ^ 
C,i*l*ffi*l,fc#. ^niffli^TS&nsiMISMiroiFItigBEtt, ttiEflc*«-e2«, 35MV 
X i - e 3 . 5 » i L T ^ 5 9 ) o 

5.2 S i * * ^ - « ? i 

i5x^^+'-x«ij&i"(3jt;fea^e5-"f7>-^*ffi^T^5©r, R«««»«©=Fit^ 
Kfe i lS * * ' ^ -X« [ iHSK-C*S . LfrL. Hl f i©t* -Aico^T( i , « ^ » © x ^ ^ h ^ 
©»Ji**Xt8J;0J;<tt^<»-C, *S«IF«©»St tXt t©^U^o 

5. 3 S*tt^«S 
Table6KBroerse&10>©a«-3fcS«!ia^W'"f 5> - * ©^St^S^/S^o W £ * - ^ J t 

©*fflt5£K#*t>:*:#i.V Table7K»ate^«(0««Si#«:*W-5W(Og[*3ri-. t t t t^icft 
•rsW(0«©«K«4.* ;?K»-i-ifc©«tOJ;<tt^o 

A —^AUSttlCRU Report 26n)K 30MeV4 ^ ^ 4 6 * 1 X ^ 5 . Fig.6 K-tO 1 Sf5*g|^ 
Liz. F ig .7 t t -e©f- i '**lcLTt t l | [Lfc*-vJfc i , tissue approximation * 1 £ L 
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4>tti^o-e, JISX*;!•*•-*tt?ic*fLrant<t©«*#*£<-\> 

6. fcrU 

«*»5*TOtt«©aare**att««©iw-ett. ^•rnosfc»«ico^Tt>, "cor 

X-«KUtfJ*«»fffliffl̂ atJEffl[»i, *°Co rm^2 96. 35MV X«CC!3.5JKJaT7?*»J, ttS 

# . ttiESK::fcttSx^h^ffffi#X«J;0J;<tt^©^ tttffff©MKt>XMJ:t>jIli.v, 

;-?7 >-?©•?•&•?. Wi*—^Jt©=RtSK***t>^*^o 20 MeV£l±0x* ; i / . f -©#£ 
^ K ^ S a - ^ i f c O f i f K t f J X t t l ^ , # * . 60MeVJiLh©W?£ffl^fc (p+Be) * t t 
TttteajMBftSftT^Sffl-C', t©f f i«©4*?«t©*-^Jt©«*£&t f5&i5# i fcSo 

5©T, f . t i t .©«**5^t tS«©Hlfe^ i£J l lT*S ilsl^ric tft£©;&*f**©iWl««&c i& 
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Table 1 * S i c * ^ 5 « S I » ^ » W © » ^ ( Perez. 1977" ) 

&M ( * » ) « 
a . « 
*t> SI 

sir i t * JB 

? g * 
pf i • <sa • * a « 

U y ^ - E - # « « 

S Jfli iS 

»PJTS-« ©a-

3 5 * 

10 

15 

15 

10 

40 

5 0 

20 

-

mmwfkt 
i i e » 

3 5 * 

25 

25 

65 

50 

45 

25 

20 

-

I B C f f f l * 

30JB 

6 5 

25 

20 

30 

15 

25 • 

60 

70 

&a«i&tt3U9tttti 

Table 2 400kVJJlT©Xii!(!O*BLJ>*#ar«ili©S5^l!:*J-rSR-rad«IJ|Cff»; 

X » © ¥ f f i J f 

(mm A1) 
0.5 
1.0 
2.0 
4.0 
6.0 

ao 

(mmCu) 
0.5 
1.0 
1.5 
2.0 

' ao 
4-0 

f (*) 

0.89 
0. 88 
0.87 
0.87 
0.88 
0.89 

0.89 
0.91 
0.93 
0.9 4 
0.95 
0.96 

« 9 

^ R a 

"Co 

I3?Cs 

198 Au 

192 I f 

125 , 

f mm* 

0. 961 

0.961 

0. 961 

0. 961 

0. 96 0 

0.9 20 

• W=33.85eV/ ' f*y*t 
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Table,3 &BX.r jB»C*Tt5C; (HPA)9) 

* ' • ' ^ - IBIS C 1969) * f * C1983) 

2MV 
3 J*A> b - 60 

4MV 
6MV 
8MV 

10 MV 

12 MV 

14 MV 

16 MV 

18 MV 

20 MV 

2SMV 

30 MV 

3SMV 

lhble.4 « ? » © ? K S » « * Ci 
(ICRU Report 21, 1972 -) 

TWOS* 
(cm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

tffOAl******- Et (MeV) 

5 | 10 

0.922 0.877 

15 20 25 30 1 35 | 40 

0.8431 0.823: 0.808! 0.795! 0.784! 0.775 
0.893 0.858J 0.835: 0.Sl9j 0.806: 0.795i 0.786 
0.915| 0* 871; 0.848! 0.8301 0.816! 0.8O4! a 794 

| | j 1 i j 
0.947 0.886j 0.859 a 840! 0.824! 0.812; 0.801 
0.963 0.901. 0.87l! 0.847 0.831; 0.819 0.809 

0.933; 0.885j 0.856j 0.839 a 825; 0.815 
0.965' 0.902. 0.867J 0.846: 0.832 0.821 

45 

0.768 
a 778 
a 786 
a 792 

50 

a 762 
a 771 
0.778 
0.785 

a 799! a 791 
a 806; a 798 
0.812 0.803 

I 0.941! 0.882. 0.854; 0.839 0.827: 0.816j a 808 
0.959; 0. 898] 0.86s| 0.847! a 832. 0.820; 0.814 
0.926 0.917j 0.878| 0.856: 0.840; 0.827: 0.819 

0.946; 0.890j 0.866 0.848: 0.834- 0.823 
0.939: 0.906; 0.879 0.857; 0.8411 0.829 

* 0.926: 0.890 0.867: 0.848j 0.835 
0.959: 0.9071 0.877j 0.857| 0.842 
0.933! 0.924J 0.890; 0.866; 0.849 

0.954! 0.903 
0.929 0.919 

0.940 
0.936 

0.876: 0.857 
0.8871 0.864 
0.900.0.874 
0.915| 0.883 
0.935i 0.895 
0.943: 0.908 
0.921 a 924 

0.945 
0.918 

0.95 

0.95 

0.95 

0.94 

0.94 

0.93 

0.93 

0.92 

0.92 

0.91 

0.91 

0.90 

0.90 

0.89 

0.88 

0.955 

0.95„ 

0.95, 

0.952 

0.950 

0.946 

0.943 

°-»*0 
0.93g 

0.933 

0.93, 

0.927 

0.91 , 

0.914 

0.90g 
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Table 5 60Go r *©lUtt»«t«EKa£o'< 30 MV X « © * + « : f c t t S 

. «iK««fffi©*ii5£* 

1. 

2 

a 
4 

5. 

6. 

7. 

a 

I S S ^ M ' f 7 * -9 

SWttf<0«t*M 

&IE5£&NXjC t*flMtJE 

WfflM 

H « x * ;u*'-KJR&a©Jt A w 

/» = D / K ( I - g ) 

" wall 
"Co r t 30 MVX -:>Bragg-Gray * # © * - » 

H«ffijt«6Jt. ( • » , , ) i / ( « m , 

£ * * £ * (g!HU®¥£8) 
g ) C 

* « ) £ * # 

0.2 

2 0 

1.0 

0.2 

a i 

0.5 

1.0 

2 0 • 

3.3 

Table 6 + & ? M K f t t f S « t t > f ' a £ « t M S f f f f 0 ? M t t K < Broerse & ™) 

ftifSll^?^-^ 

1. *I*3Pffi«ffifflcfc* RT 

2 *«MiEflkft (»k*)„ 

a l i iMiriMk dT 

4 «SiE^B[-aKLff i iE«tt -R-rad*»»8f[N c . («k A )c - ( f t )c 

5 W« W N / W C 

6. ««aih«lifc r N / ( s m > g ) c 

7. * - ^ i f c ( K t / K m ) N 

a H « x * , u * - - 8 * J R « » © i t C(j»en//')t/('Ben/rtmJf: 

£ * * £ * (g**n©¥#«) 

* * J @ * 8 

0.2 

0.3 

0.5 

1.2 

4.0 

2 0 

2 6 ~ 9 . 7 * 

0.1 

5. 4 ~ 10. 8* 

• Bewley (1980) K«fcS£, fil^©»id( 16) + Be*tt ;f , 

S S l ^ f f l i t a P ( 6 6 ) + B e + t t : F K * f L T * f f l S n « o 

Table-7 &85W*K*ff * » ? , a «P?. » ? * » * ffffitt?© W (eV) 
(ICRU Report 31, 1979 ) 

n ? 
« « ' =F 
in ? 
« ? 
* tt =P 

Ar 

"- 26.4 
26.66 

26.4±0.5 
— 

N. 

36.4 
36.68 

34.8±0.2 
— 

COi 

34.2 
34.37 

33.0+0.7 
— 

ffi 5C 

35.1 
35.18 

33.85 ±0.15 
35* 

31.0 
30.03 
29.2* 

31±1.5 

a : 5.3 MeV, p: 1.8 MeV, n : 1~14 MeV 
• ICRU Report 30. 1979 
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a 
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1'2\ 1 I I I 

1 .1 

1.0 

0 .9 

fi 
0 . 8 

0 .7 

I I I I I 1 I I I I 1 I I I I I I I I I I I I I I — I I I I 

A . . „ • tissue approx. i 
standard man 

compact bone 

0 .6 1 I I 11 Mil I I I l l l l l l ' ' 11 mil I M l Mill I I I Mini I I I I Mill I I I Mi l l 

10"3 10"* 10" 3 10" 10" 10° 10 1 10 2 

Neutron energy (M«V) 

*%.7 fflUfiffilftlt (CsftoNGi.) IC#-$-.S£«IM*tt»eD*-vti; 
(ICRU Report 26®*«k K) tfJF) 
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Q :*« E© am 

A :®rt « * GBBF) 
ffl*»^fiB*(iffi^lc*ttii*fl8WLfc<!:§lJ:, JltttolcfcttS energy deposition Ed•*, 

Ed ICj;-,Ta«E[*jK^U;fc'f*>'*f©ttN-C!KSLfci[> Wn = E d / N T f f i i S f t T O * t . 

Q : * H «S (H5F) 

« » § * * ! « <0*»? 

A : ̂ r t HI* GB5F) 
20 MeVJJlTatWt^lHWTli, fflllM$fffi&«*©«iR«l**± 5 #©**5£«T?aW5£-e*T 

fcWSfr-etti^, ^g ( i5#© l t t£ *»*W»cK8 i j ^4S£3 f t t v2+ . flfcoTfrg* 

nsi«<o^»SKw 5#~ io JK-C-T. 

Q : mn mm mm 
X*-C!4OOKeVjaT<!:^,5K«0»9**nT^S**, *<oaftliH*>?>8Kfl-*tf, <5J4fe300KeV 

* 500KeVlTtt̂ <O!6». 400KeV lcLrt:4$S!l©SSfct? 

A : srt «* mm) 
SftaftWIBI-rtME-eSSSflroXgKDBEt^iSllt-e. S00KV*fc500KVet>||n4 

*A,#, 3Sai?400KVT?K*0oT^S©'??*nK(S^4Lfc. $400KeVC-!±* &*•£/« 

? 
©cold neutron Ji&ffl Lttl^©"C+*> ? 

A : BA ft* OWPF) 

die tr-A*iR|H:5©i()i8g.-ciitt^*>6-c,i-o 
©•cold neutron I1#8L-O'1*-S%o 

Q :JH& tt|K (NAIG) 
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6.4 mmmmnmmnmik 

Present Status of the Reassessment of Atomic Bomb Radiation 

Dosimetry in Hiroshima and Nagasaki 

Toshiso KOSAKO* 

The reassessment of atomic bomb radiation dosimetry in Hiroshima 

and Nagasaki has been going on by the American committee (chairman; Dr. 

F. Seitz) and the Japanese committee (chairman; Dr. E. Tajima). Here, 

the status of these committees is written and some discussions are done 

about their problems. 

1. * * 

1980^LLNLOLoewe (i, '&ffi, £&££US©IS*»affflfcffl^ £t tT#7t T65D *t 

t>n r# r*J t l , & # « £ £ * * © • ' < - * itt-oTt, '*©-?, Loewe ©C ffl*££Ht08&£«:;*: 

^ K » 5 ^ f c 0 CO«SlC*f-r5*aft©*tlBliSJ6T^<, 1981^9fl!Cli, £®R | f l eH 

RERF^tCRgHKftLTtfeftSr&to, 1983 *£2 E K<i, !& 1 |5|©II»ttM?|JF«lcBB^-5 

B*^|H|'7-i! ' i '3 -y^^WCBB^nfco Jt>K, 1983^11 ^ICli, 382lElgffl£|n|>7-? 

•>a •??&, aEKSi iSi***!**^—vi LTJ£ft-CM*»*ifc. 
c c t l i , cn t>Hi©) l*««Si i l E «f i^K!«U;B*©«f3SSl l©i ' f i - i , c f t ? , ^ 

©^*^5F«gil^©«K ;£^*.'5o 

• *JR*¥Ii5C;F:W£*S£*>'*-. University of Tokyo 
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2. i mmoim 
i t » 0 5 * a i i * n Y> (kt ) (Dm&.-Z&t)Z*n:^Z&, Fat Mantmitliz^tHmtOfe 

CDICo^TIi, LANLfflBrowne 0 Radio-chemical yield 21 ± L 5kt iLANLCDOgle 
»CJ;£ Fireball yield 23±3kttt , 1970^0 U.K. ffl Penney ICJ;5 22±2 kt l c £ S L 
TfcO. SlfPfl«*^^feCDi$nTl^o 

ffiS, Little Boy tWitlizfc8,m<Dt>(O\C'D^XliFig.2lcmt£o\ci0fr£>18.5kt 
J ^ 7 0 l > T l > 4 . cn&ffl yield l i i i c , JlfBmffflgft2Sl4'-CCDSiW,/>'7'iC«t5^ft, 

235 «-fl| l^ffi:ftS!fflttl i^<tt&ftT^ttl^»*BJ30j£i#£l,v 

2.2 B a k D * * * ' * * ! - * 
H « © « « i ^ ^ ? MHiLANLO Preeg 1fi 1975*PIC 1 Sc5c©ttJ|ttS**fiB«U 1982^JC 

liStreetman £ lc£9 2#7cfflItJM&*#»*$ttT^.5o (Fig. 3#18) Ctt&ICoi^ 

ftSfflfefflfco^TIi, «<*ELANLCDWhalenS>»C«fc»), «#LT^rt :EI-f f l#«#*fl i^ 

a $«+©«**£« 

*ftmH«c«t5t,ffl) *fei«c««|g|l*S»!>, t t t l c f c i c ^ T » « * * £ * £ # « Lfco £ £ ? 
li, 4'tt:F«»aWJ|C. i iLTS N f t«c«t5IFff i* t ^$nT*;0 . LLNL©Loewe ( Fig.4# 
BO . ORNLCDPacee,fflfem*t*$*J, ffiffl-T5.3- K^IBfS«©»^J;*)li, ffifflLfc** 

S a * M t ? # 5 OttTE© 31lfflK*«tlrt6 £ «l«3fC*Sc 

®**ffllMt*H ^ L*ffl 4 * 9 (»*Mt$ *ifc mP) 
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mmtSpFM. .«»T^lMHaBJcaif<DiJjl»'6JcJ:'6 a- i) y • ; , v * t 8 (Fig. S *JRD 
K«fc9»£*nfcib©-?> 1982~19B3fpltRIfi}£©&ffl#, S I S . HKI^ifTttofc 

»*&•?*«#, #n I<D]&R, w^L©*ofcfljafoafflottM^ic^iscD^i**) t© 
j&d*8l-V- . • 

® g E * © « * 5 c * Eu ©JHWfl: (152E u ) 

&iR*.'m±, &*fc*:«Hfte> (Fig. 6#JH) Ki.*). £ft. g « © 4 - - x i c o ^ - C » 

®m> © S9Co otUMb ("co) 
mmm<o%\h^K^->x = y? y - h*©«*K<ottwft (""co) ^ajjEiSttfcij, mm 

'J - M*iK*«ttKo^rtt3 V^ 'J - h©19Wtt*#lllll£tt9»So 

£ & » « * • iftll (Fig. 7 #JRD , ttgffl • full, ! ? * • Haskell &!£*»?*£* 

t lT^So * 7 7 i * t t ! 3 i ' ' f ^ © J f ^ l i * * ^ f © f i r l * i « t o T J ; < i b ^ o r ^ 5 * i , tt» 

IS©**©**.;?, #*4©*»ftt. «aa t+^©B.G.©*^ .^^^IMt lc t t t3 7 5 0 

5. M * K & « 

t?**HtfT*ofcilKB*J(ai*K#<«T (Fig. 8 #H8) , *o«tnfflHMBHiKj:_»>B 
g«Ksa«fc*»&nr^S!Oi, c<o««stgtt0*UB(o^iffiiT^s-*i, *-7 5«*>x±,'. 

SjW±»S&£ttS. 

H£ i i , Science Applications it© Woolson &*cfii£»|e DOE *»&©, ÎHJftMIRfiU:© 

•fflKJ:»)*yr*^ntMl|[*|ftt-3T*») (Fig. 9 #JH) . SSI*©*S«$}"? forward* 

t> adjoint ^©o&fftWfcfT/i^-CfcO. Ji*J*©A©«««*(± adjoint jfH*K J;*)* 

abs^tto-cips.flHirSifc, £©#©£*©«£-c©*»4\ *©^A«f r is j t f *o fc*7 
L£|S]#J4>, » 0 l C ^ l i * o f c * . £©«j8tt£'?T?*ofcri>^*©ffl§KfcfcoT^50 

6. £*f t f t f f« 

a««t<ffl^^n5ft*A*K*iLfcWPAitt-f< '^J!-5-r45t3> tOjft'Kolvrfe 18*. 

^3i$©B*A©#©*?^£jfca£>, *ft«c»J&L-fcftft*MW*L J: -3 £-*-.6K*#C3tt 

- S 5 3 -



JAERI-M 84-010 

Tl^So (Table 1 *J8D 

7. i t m 

7*S<fc5fcf i^#Thrfe&*iTi>S. LA»L, IS[«©**»S£#J&.5l!:tt . * » # 1 A 1 A 

J 6 T A - t « » ^ i ^ f H * S ^ - S 0 ffiM#mnmtb, LLNL ©Loewe # * * L< T65D £8t 

*iJLfcB#.fct> 3*?JJLt;fc-&, S»Ti l6«T^t .^PJI*j«a! i^ -S7x-X | i :A-3T#TV>SJ;^ 

l!l,S-3o 
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Table 1. Organ'masses for Japanese adults from 1952 and 1979 studies 
of autopsy data and for mathematical analogues developed at Oak Ridge 

Organ 

Total body 

Adrenals 
Drain 
Heart 
Kidneys 
Liver 
Lungs 
Pancreas 
Spleen 
Testes 
Thymus 
Thyroid 

Japanese 

1979 

51kg 

13. 2g 
1308 
284 
280 

1363 
893 
111 
122 

25.6 
16.8 

females 

1952 

49 kg 

10. 5g 
1256 
249 
235 

1269 

106 

21.7 
17.2 

Japanese 

1979 

57 kg . 

14. 7g 
1440 
352 
327 

1600 
1162 
135 
127 
35.0 
31.7 
19.1 

males 

1952 . 

54 kg 

11.lg 
1424 
309 
269 

1431 

109 

24.9 
18.8 

Oak R idge 
mathematical 
analo 

57 kg 

10. 5g 
1408 
241 
248 

1411 
651 
65 
123 
15.5 
28.4 

. 12.4 

gues 

74 kg 

16.3g 
1422 
316 
299 
1907 
1000 
94 
183 
39.1 
20.9 
20.7 
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T H E R M A L 

OUTPUT CALCULATIONS 

MOCK-UP OF HIROSHIMA BOMB 

MEASUREMENTS 

PROPAGATION IN AIR 

WEAPONS TEST & REACTOR 

MEASUREMENTS OF N E U T R O N A C T I V A T I O N 
& G A M M A RAY DOSE 

NEUTRON & G A M M A RAY FLUENCE IN AIR 

N E U T R O N A C T I V A T I O N MEASUREMENTS 
AT HIROSHIMA & NAGASAKI 

G A M M A RAY A C T I V A T I O N OF BRICKS & T ILES 
& SUBSEQUENT T L DOSIMETRY MEASUREMENTS 

• SHIELDING CALCULATIONS 

I MEASUREMENTS AT WEAPONS TEST SITES 

• ORGAN DOSE CALCULATIONS 

Fig. 1 Schematic indication for dosimetry reassessment 
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Fig. 2 Bomb yie ld (Hiroshima) 
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2-DIMENSIONAL 
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ENERGY INMtV 

1 0 ' 

Fig. 3 A-Bomb source spectrum (Hiroshima) 
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Fig. 4 Free-in-air doses (a) at Hiroshima and (b) at Nagasaki. 
From W.E. Loewe and E. Mendelsohn, Health Phys., 41: 
663 (1981). 

Fig. 5 The Lauritsen electroscope used by Or. Yanasaki 
and Dr. Sugimoto 
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Fig. 6 Neutron induced 152Eu activity by slant 
distance, Nagasaki 
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Fig. 7 Glow curves of quartz particles from decorative 
tiles, Hiroshlna 
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« ^ 

£^ IMw 

:m 

Fig. 8 Typical array of Japanese houses used during 
Operation Hardtack II 

Fig. 9 Cluster of one- and two-story typical Japanese houses 
used for house-man shielding calculations with adjoint 
Monte Carlo 
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ft It 

Q :«f t km (NAIG) 

A :/N£#*ffi OK*) 

iCRP *r-mznr^zi&iiimti}&<!>w*£tiziz#>-e. &Kkw-wtz>?-9imx 

Q : XR * n (ft*) 

§*lfc©*>? 

A : /MEtfKff OS*) 

Q :JU& ftft (NAIG) 

A : <M££ttff (**) 

av>E«©SS&ttlSI«i *:!>»•&#, * © * f c b f f l * - * ^ t t t t f c © ^ t » * © & * f c * 

Q : + # # * OKff) 
Oak Ridge ®JiS*il«T65D«iatoTl<i5i^-50«^#Wlc<t*fflJ: •jftfiHWCfetf^ 

A : <N££tt& (£*:) 
T65D*aiLfcl965^^^J;0li, 8 f - * , §t*=i-K, US* * & ? * » * , *-«? h^, 
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7. t v ' J - h - ^ 

#a mi* 
Summary Talk 

Yuklnorl KANDA* 

7-o^5ATW«ll«<t|l»#**maA*6, BFft£ffl2BH«rK@afflffiS-*-.51|$2Blffl» 
* * £ © « t t ^ S B I I < * * « » K # * . f c D « * - 7 ' i - h - i ? * t 5 f i U - C , t .©«4f |o ' 

&->*#. * © « * - e £ © * « i » * ± * t £ ± L f c . * I K , Mffiktfdrix < • L>frASfi 
TOffi***>©***< * i 5 » 6 . ttoT, Mtt©ffllcftiM:H<'<<#SjA&, MMtic£itt]*ti 

XLtOo * 3 K , *JJf3S^(i, U-BStifclWetnTJWLfcWItttt^. ffeSStifcH* 
K #a -r arts *«iqj*«i* i o r t>*i*u «i\ , 

BLhfflHaaftf. * © = o © » f t * » 6 « W l * H I < t t t L f c . i) *¥ft®gFft*©tti 

fttfo ii) JENDL- 3©ffilttttt. iii) 6*tt®4Mtttt 
§*PH«;*tiT*)t#OT8£(i, * * > » * * © # * « & . « ? - * « « » ^ © « « « * l K r e 

£6-5. *Jsfcfl8ftt*ofci&*, - t f f l lWfc&Loo, S i L f c I ^ i « o T * f c . ^ « ( i , 
•>^^SJi^»Jeao..ai^iffltiTf. *nKBai-s»WK«i§'*ii*n-ci>fc. tfflfltesti© 
*-C. *^S©W^^ffl!|^*i*ffl«ictb^^tiiflli#fl|-r3fe^%**ti7,:fc©iS'5. *£fc 
« £ # * « t : T . «j^ictt< JENDI^Bffl&StlT^fcA-JKJljtfc. 

JENDL © f l s « J * * ^ * J | ^ S » f f l i W y e * 0 . S £ BHI* 2 S # ^ * S t i T . &ffl!S 
3Rffl£#Wft*iO*#ft*fctS"S»fc£3. r JENDL- 3 fflffttJ ffl-fe •> * VTftti t :t-KS 
»WKiM©»AA:««feSt;KJENDL-3ffl»tflcSfflS-n*^ffi*«k^;*fflS#W'*ffl« 
#jjs§*lfc„ tne . l i , SS1B1© rjENDL-2©|fciEJ © t f e * ^ . JE'NDL-.3'l±<!r'5-r 
Sfc£&Jfr*-'*#'i>fflT?**'<!:Jl-3iO*. £fflili*(i*££-C'<&ofco L^L, JENDL-2<fc-3 
i i ^ f e C W i S S H L f c t i l i B f l ^ f , ;*#«fflW££ffl***Jj?*-t>fflT?£S. *©&*» 

2 B E * 1 ffl-fe*a v T JENDL-3 <T<ff«J T?ffl4H*tt, JENDL-3 tt£ /U<E#&-CiF 
ttsnfc'fcfflicnc»).*-i:*iv^rtSTf*ofc. 

r*fL<Sffl^51t#i*©)SSSJ GHi) -ffttEGISa-KitfubJe, «lfl*tt;P*'«!?! h 
^*JM*«i LTKWiStt fco JENDL-1'. -2"T?;*:?5B4LfcELIESE. CASHYa-
Kttata*Ty*+^ffljfe^3!itlire^ etue 
• AW**, Kyu«hu University 
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Mtz&m<o&mmti'^mA&Pi^b%m<octt§tv±#>c>tiT:ts>). JENDL-3 ©>t 
felt(i^SJc^^r y> +MCJ;5lt»3 - K©««*s^nrX'C-*->£« SCI S # - tnic JEx.3 
fc©i Lrfi5ffl$n, GNASH a - K *>&ffl LT. ^FeOifcffi+ti?*'^ h**ft*LfcSI 
#H#Wl£*aftfco Sm£©lt t t*14MeV*H:?©:i«^Kff i*^f tofc lS& ENDF/ 

t&7JiZtlK0 t © t £ ( i , JENDL-3 S-fflMTJ-5±-eMS«C tXtblo 4&l8Kjl£J:<3ESI 

» sflkiitt <, £ < ©ttH©«#w&ig-e* So 

^§^£•1*3 7 - * > ? • • ^-7VDffif|ffliffiBt>£»T*£»fc»8re*.5. tf^tf&SIK 

J6©H"J|l3-Klctt, NGROGI, GNASH. CASHY£ffl^'C^S„ Ctl&®3-Kffl i l4> 

& » » T . '*?>-*fcSHEL. H # « * « * L f c l i « « * « * n f c . LA>L. 3-&lc£< ©AM 

AiSiiife^aisnfco «sjx.«. ei-'Ss. fltas, **fi«-e0ffffi£-c*s. 
JJl±2o©gBBttJENDL-3-C,ffi'5t1-J|C3-KtCB8Jl<0*Sfe(0-e*S*S, Î B$IC, JENDL 

r««*+ iDiLfcFN3 AWfffl® JENDL-2 efefllgSJ QSffl) . 6Li, 7 L i , 12C, 160 
©ff«®S-e*So IS5f©&lt&»PKlSiS&ffl®rt 14MeV*t*?£iFNS «ffi-jfcB**l^ll 

»a^DW»&Hte3ftfc. c©»©MWfcttffl«B;Mias©M«^F-*#iW<!:* 
-jfco cniiJNDLffS!fflBWK^^fc©-c. -ffiliJENDL-2©ffi»WaiT-e. fl6li*ffc 

rcfMBiSftfc. £©atire*&rt-£ftjtk©(i. ttf-* •*> '#-4j '^sa^r t ' , 7-*> '* r 

r*««7'-#ffli^w«ffi£*a«T'-*©iM*j (*£i®. #ea). JENDL-2-efc, 

nfco *©ffiKa*&tifc|^«fffFffi®WJi»oA>*S!W, *ft&®*S£#S4fiSf*«T f-* '? 

7-f>WcA*l&nfc«»i'i*fc"ttV^«t?-C,*«. a^Sffl^ftlRtt. ENDF/B-V©—«KA-= 
BW&3ftfc'M*!iJ££*'7*7-f yBfl»**JfflLfc^l*ff«ffi08^£. Ej&ffifc.fc^T*** 
##«[©&*** *), »flfllt>-*§*lfc. C©Sft(i JENDL-3 ©Ffli^©ffiffl^ItiS*n-CV^ 

T Joint Evaluation File-fflSttJ OWI) . MWftt J E F * * £ » T l " ' S N E A©? 

- * • >*'s9te*&%i*mm.L,...J.EF ffl|BIH?:aft)tf.S^-,T*fcffl-C, J E F ©SH*£ffl 

^•fSfflKttfaifflA^iSo. JEF-.tOJlMfttffljSiaS^&nfco Ag©-*!* . |5)77 4 ^ # 
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tt»#£Ol\ ENDF/B-V©-*L;&>&J*)Stt^SM*£liH\ (ffflftfS&Slc-f-hl;, illKtftft 

fil±©5SW{*JENDL-3iOM<3ir«HBLT^fco * f f i . ^ ' i , ^lcff«B©ii^(i i%4-

i>ffl*>*S5 4i.^s*-e*So fc-fes/t,. cne.̂ isi©9f̂  is^sn^^ifta JENDL-

jbftSo 

J E N D L - l ^ e . - 2 , -3i3ferr«g^ft«!$n5^IC, x*^^-«IBA4KA**i*>. **»** 

itx.5£A>. « * 6 * p f f l * * A S i * > . £*ffltlfito*-3fc*>ft5. * f t & £ £ £ * * f c » i c | ± , 

^ J * * W 5 i , JENDL-l-C !x*^+'-±KI±15MeV-C*-5fc*i, JENDL-2 f l ± 20MeV 

KUr>iZo C f f l S l i x ^ ^ ^ - l f l i S M e V f f t O , #tt*x*;M fHittlM<jJe#;Stft |f .fci* 

®fc>&, $*>©&»£ fciutsa*, c o i i i i a ^ t ' . i5~2CMev<±5«i#4>tti,\)±ig 
15MeV©«£l i , W M e V + t t ^ l c A S r t p - C W f t r i S . i C 6 * i , ±R20MeVlctt.5 £ , 

* 0 § t * 3 - K , - t © ^ 7 > - ^ ^ * i i J g i t t S 0 COfzlhK, JENDL-3 7?tt-'.*f-L<«ffl 

TT.5if-*8c*tfi&££tta0 

IB2 ©WC. ttHteSsffl*?-*^*:*.!*, 6 « a « £ £ t t & . #^»5&ftlcff l*Wfc© 

Cfflfcic JENDL-1 A > b - 2 , - 3 i # i © * 5 7 r 4 ^ i t S f c f t K . «o*»©#'j£#IBS& 

3 ft. f g a L T * f c 0 * © * f t t ? . a iT**fa5SKrtg©^l ia f f l « f f l f f l i t * : -« i t tS f tT* 

T . JENDL-3 fflfi«#«-liWI»7?*5. »)SSK^.Kfiii6>-,T^fciLS^B'ttJtA. 'fFff© 

«fc|Sj±L, J E N D L ^ v ^ y ^ u O f f & i M ^ f f t f S f t S ^ r c t t * . LA»'L, « • ? - * • 

7 7'f^©*^©ffi<ll4iRJft$ftfci[* iiEL^^i'-9A>lc*5o *ft*NHIJ£*5—3li*»S51* 

£©lfc|0n?*5. 

*BF£&T?t> rjENDL-2©lftSEJ © 3 o © ( W e £ 9 * t f & f t T ^ . 5 o C©«©lMt7?li 

I t*£!H*©lfc# C /E £ LTJgaWK*S ft*„ * # ( * C © C / E ifi 1 ic t t* C £ a ^ f L fe 

* © * * " S ^ " C £ 7 ? * S i J 4 1 l r . r ^ « ^ . L*>L, fMi#fflS -tt^'f-7*Kfe, t f t t f l 

•??<»•> £ l * f t S £ . ff«#I!^©a»£.gl,\ *©*IT«g-C!l±*>r>£-^^•S«*iil>j»«-«b-9 

SlifirTTk, *©«Efcttv>. *fttf&, 8t»»i^lc^-9*)Hcjs«Ptftl4*J;^£^-9#x.S^ 
HlT<5o t 9 t t < 5 £ . * -7 ' -* t t«»«l3g lc^l , - .S iLt f t l f« t^£l^#^^«*Sft<toSo C 

ftlc0Bt-5»Hl±, •>^-v$M^©*T*<^e>Hl;t .ft-C^fco « ? - ? ^ T ^ ' M D * * . 

^ © * ^ r « l l ^ » * f t S . ' j E N P L * £ * 9 # i « f r f f l B M | 7 ? * - 3 - C . ^fefc«5feLT#x.S-« 

# IMP?* So' 
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fM*©Ji?M>ff«j * JENDL-3 ©fF****»&, £*©»«*#*£©?'-*©**« 

whtf*ntt^tsi!i**B^ ;|tfc^«#$*»itt>tii-*. <iffl«*^*»ife«fflc/E*^ 

0TjMi-tt#|i'-u**|iiffx **£ t i isstr^^ L, .cajswumm L-ctfcj&BKSiis* 
*. »#, «^*(^^5J:^l^^-^^l»IW**Cjt-fc3Jrff*». ^ t , JENDL 

CVtolt, JENDL«*|*HJ*3!SI*#. ¥&i&#LTJ;t>'fil^" 7 r >Ou*gitlcKITU 
gfl-JiTf ftofc 7 r -f ̂ i^f.oJl £ O X I l t ^ ^ . -15CtlffiENDF/B^ J EFiSWfcLfc 

ENDF/B-W^fflT^STrS^^L, JEF-lffl&© J EF-20*ffl#Tl - i * fc*Bntt&\, 
*n^.li:Jt-<TJENDL-3©HI)R6tlttfiaif>|-«-li«*£*©*>. *C*-e«iiai*rffcg#-eft 
o fc7r ' f - '^** i : i^ i iS+5©-6» 0 - tntfe. <i©7rW^li:Jt^T#*lTl>SCit i 

* • * * « ? ' - * •7r4A'®ft»Pfff*. & S * £ L T © « ? ' - * ©*©*****(:«!:•*» 
**<, - # . SS©§*a#«IS?)SP©l*lt*Mff©**f'-^©)WffKfl!ffl5r|6tt|t*»«C 
i f * 5 . <l*l&©§ai©aifiSS*i*-5 LTiB8+*©^i t t5 t f f l ( t* i* i . lWa©C/E # 
B3fKtt5KLTfe,'JKOM^.l £<^5C£tf*ftTTIittt,\, i l ^ T , C/E 4 * a m * t t V \ , 

*©ia©*», *fcftfmf*fw#0ira-n<fJ^t^ti>5. »«*««»< *Tfta6?i. 

rfc*M£«a:*ifi-rgfi*«s<.v £©«a»s**;tw*&"efcffi**ifco -tnK» LT,'.*,:*x 

ft £>« x - * ©#«li i'fflflte LTO 5*>'*#iT *T»i L V * i f Vfc<- \> SiK«[**J6T^ *, 
C ©c £ i^t«li::ft»|Jtfflffffi*#xntf«fc^o *<n&Mm»tiz^+Z " iEih' tt, T * 
JENDL-I fm<z>m<Dimtmt£t%-oc *©a»s. £A*ricinfi*£ LT •.-*©* • 
*5i<©KSfaLfcji4*>b ettfcisjfro-c, *-»**}5-r-ia*i"**t>ofctt-r^*ii 

»^^&*m»rt-*»c. E K p F / B - V I © r t ^ i t t 4 i * & n * # * « © f F « i . 3 t S W ^ ^ 
*nfe JENDL-3 © ^ f t i ^ f c # ^ f f l ^ * o ^ * > L , .«9$3JtK:$«^tt#ft©W«lflCi: 
!<> ^H* fc©Ktt^*b*77?**o JENDLff«ffltt:*|*»t. LT, CtiZmirZiliffi** 
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•alette©-??. ¥*^«u"<^tt*tra*!6, *nicSD^r-ja^fe»g©t>©*^oT#s«itt 

•aiC»^fc«B«iKo^T(0»#©fi«#«-ttW&.*>t*"-|>-9. JENDL-3 ©J$&£gJ 

ffl^-53t«i•:LT«fy-^*iff«"Kffi^K LTfepf t l ( -5»»t©«* i»^o *"ffl«ltti»»ic* 

r*x***-.«rt|ot([7'-* Spallation-4i£?©n£&lti8 -J (**) 
Spallation ^tt^tt, «j£. »J«ra*^«»**mM»OllM*«*ttTi[t-LT:a^H-CNft«' 
ftfeSttT^S. A«**.M*--ai 100 MeV * . « * . * £ , * ? © t t G * * ^ * * - t t * i i a i * i 
fflT, *#tt«ettgS«^©^£:**.&ft;6J;-j-C*S. U*»U 20~l<X>MeVttC.©*IW: 

JtA âwiEfjiL îoctAru*, comma$10*7-9 ^r^^ao-c^s**©* 
O r * * . *»*J|llf».Lfc^. 

(MF*9) ©wsi*. ^©flWK*y-*#«Hsn*»ft©n«AtwiPKi»iiu *<®M 

7'-^fflaa©^tfi*&#iTfflaKL^«[tt©-ci. ankc©^**ufco r&*©picB^ 

«-r-*^©g*-»ki6*K<, cnicjt^5fci6icjis«)T»a:©i«^*f'-^©«^i.*-e 

riMSk««l«ffVHi©NBiinJ (/MKf) . * £ . •fBB»7ffcBLt*f6ttT*viiap-e* 
* „ £<©BI£:ffioTfflJ!BftliK«:S<, B3«^t><t<31«¥ai*fcoS:F^ra«©«;Slli:*,fc 

£©-s*ttaj**a»&. «©*aoftsmicftftLfc?wf>««*BK!Lr.--i»ttf,-*«r 
BL«t9t-rsltt*--fflJ:9«o ctt*> &*«©*<->fc#»e>tt, 4-a©Jiii©*a©K«tttt» 
»Stt»*JIIM*LfcV\i 
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^TflPUc&^.5,> 6,7Li, Be ICo^-CfeMeV- 14MeVIC:fctf 5 DDX©«)£IS**.ENpP©. 
3?ffi#[££JtR*ft^5££klc, XIMt®?iS«tt**:. Fe, Ni, T h © * # t t » a © * S 
tMtt. iB»iliS©ESfi**Lit„ X, Fe. Ni ©W$tt#i8W|S©flW£«fc»), ftlOOkeVM 

A Study of Neutron Scattering and Tranaoisaion 

for Light and Medium-Weight Nuclei -

* 
Mamoru Baba 

A brief description is presented for experiments of double-differen

tial neutron emission cross sections measurement. Neutron transmission 

experiments for various sample thickness are also described. 

1. * * 

©•ess**, £»7'-*iii«£feK**»afl3ZKas0 x, 4,«*K*s.^rfe. »aifffi« 

y!HttK*tf*-+tt?«iJMffl-BK: LTffWlfc. H**i}ifffi«[©il^lcooT»-!. 

2. *»ac;tt* 

i ) +tt;HBa ••.••' 

T 5'0x 2».«N'E^i;;:*tt^lltt.ftS*-==-'#:l?;H;gIt;<, 2'0x 2* PNE2l3#W^ttSo 
ij#ictt400 : r # ^ 

* * dt *; 9* /Tbhoku University 
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2 cm0x 3cmgBe V>7MZX&n&tp&?mftftfi<D-mZJi?t<,=MmQKmkO!>m&<t> 

+ t t ? « © S n i c « t 5 i 0 l ± * - 3 A H ^ * O , £ < tcrmtKZ d-DK-JSfcffl^Sli&lcli, 

*•*r-?h©ajjgfe#i\:.flbffla^-cfefir&^fflj&i*"??*-!»*^?foTSfco x. £»fta«r 

Fig. 3l£6Li, 7Li ©SiJS^S^^^o -reicJ&SSSftT^fcJ: Tic',' ENDFTtt. ftS. x * 

SLfcx*yu4 i»*i-ilttx*;u4 !»ftKB8LTJi,-SSCoulomb t)Z%m phase space 
W.^-oHBcf t e - ? left LTli, DWBA ©§t»I£<S5E- ttgg«tt**»tt9 J: < ilft LT 
^•S„ fiLx^^**^8MeVJaTKtt*ittl|Clc«J;«e-^fiE»tt^i;ij/J\Stifeffli/1£o-CL 
Sl-^^O^fi^iJS-ecfeSo 14.8 MeV Ox-*-?« : , 'Li . 7Li icfc^r Q=-2.2, Q = 
-4.6MeVJ;0S5l'^!BfeSlie*nri->5J;Tlc*^, <m£fe%!lt£ft2i£>Sai*60o 
Fig. 5KttBe©tgS**-f . HH«tfflSffl-aii+»ittl-iLttl»**, x*^+'^ftflE©«^ 
*#«•*•« t ib«!WS<-aLT^5im*.« t -9 , , *ftl£*fL, ENDF(S*©*g|S]<!:*r1llC#|tt 

S3"ctti.^t. x^fOfta+ttTfflx^^^^ffiA^awcttî iictstffltjifenSo 
trLS'Be (n , a) 6He ©$##;&»« 9*£^£^; t fc#a<&ff lm?* 5 t^AtoftsV 

Fig. 6, 7fctt, Fe, Ni, Th ®.«#(OftaKS««$^.ISIft&®JtK®fc»Ktttt«ffi& 
e ^ ^ + v ^ ^ S S K C - O K ^ S H - l W i f e ^ - r o ftf#f>"> + ^ l iFe , Ni ©if&JENDL 
- 2 X%mZtlizhCD, Th ©i i^ t i Haouat4) It J; oTTh IC*fLtf-* *ftfci*©"? <6So 
Fe. Ni©ig&, #3¥t t»a t t , H&ii*I££»S<:£KJ;!j , frfcflfgSHiKffi-^ <:£*** 
StlTl^So ThfflJg&tt, HIC^Lfc2.5, 5.7 MeVCtt, B&i&il#l3.£/l£''£i5», C-C 
©*"*?&< gaMt*WSL--cn5o Ste$nfcrS»5}Wiffi»J;fJ, ##ttffca»T®»£. 3«8 
Eftt^ffiKfcjfttofctggtfFig. 7(c)ie*i$ft"CV5o (£©«&, 2nd2+. 3 rd 4+?±#tttfc 
ftt°-:?frt)#[it;*ft-z:W,f^©-e!, -hiBwe-Ctc.toffffiO^) ^#tt»aiBrEIR(±. 
ENDF/B-V (ANL EVALUATION) Kj£<. JENDL- 2 <t t> tt-30*iS5^o t © * ^ 
tt, 2+, 4+0«.-C:«lftH^*-oA^<j:^0-CiiSSie»&fe^». ^ftffllliit^iKfi-CSS. ffeS. 
aTMeV-Pffl^Sg+tt^SK**. JENDL-2 ©<licja<. B-Vffl£JgttH«M*li:ifc'**»a«> 

2) tfrtt^Sil^iMJE 

Se l f - sh i e ld ing»S^*< , tffliEStfcfffliA^S-eiBSC. t^ffiaLfcV « « iifilmfTh 
»Co^T?f-9fcaiilliJ*)'.«c«§. * ! § # & « © * vy;WP£te#©i£l$)M;££ffoTO£a 
JtRWl£i»x*^+'if]|Co' ,^r, i-5cmit©5SIS©-y-yy^©SJi$^SiJSL. -trait sic 

„ , /0-e""°T e dE . , _, „ ^ 

a / 0 - e - d E 
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^ W t - « C i K « t o T , "Jt* 0^P^»fS«** :»J : -9 i - r« t0 t r*5o Fig. 8 K * t J : i K 

WffieStt, JENDL, ENDF fr^MZtlZ i-V fc&ttJiSftEttfc*L, ¥^*fffi»IC*5V^ 

Tfe, 5-lOSBi«^0«*^L-e^5o £©££(* ANL ^^-7-(0e*i|^U)«l|£3-?r*«3, * 

mmm&i. <o &*?•& i c t £ * * LTI-> S <t #*.*,> 
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Neutron Monitor ^ m e n t a l Setup 

NE213 
'Li£0,-Paraffin 

Fig. 1 Experimental setup for neutron 
scattering measurement 
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Fig. 6 Scattering crosa aectiona of Fe and Ni 
compared with calculation by catiaticali—) 
and coupled channel m o d e l ( — ) : 
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P . 2 15MeVK * It 6 * a • m^CODDXcoSiST * 

MeVCODDXfflSISSft^TST^So ^ S f c & g O f F i M S & x - * 7 7 4 A - E N D F / B -

Nb, Mo, Pb, Th QMS*) T?, fl&K6»£ LTG £ Al # » S „ 

Measurements of Double Differential Cross Sections (DDX) 

for Several Medium-Weight and Heavy Nuclei at 15 MeV 

Shin IWASAKI* 

Measurements of double differential cross sections (DDX) for several 

intermediate and heavy nuclei have been performed at 15 MeV in the 

Dynamitron Laboratory at Tohoku University. Comparison of the experi

mental data with the evaluated nuclear data file, ENDF/B-IV revealed 

that the data file could not reproduce the experimental ones, particularly 

in the angular distributions. Nuclear model calculation showed that the 

preequilibrium process was important in the present incident energy 

region. 

Measurements have been performed for titanium, niobium, molybdenum, 

lead, and thorium (in progress), including the light elements, carbon 

and aluminum. 

&M&&77yrv KDttHttffKft^T. DDX C=Mft#K9ft) ®SStt®HI#*i 

miuz?4 + n n vmmza^T, ±Kmw&&#&t LTSsttflssico^T. i5Mev m 
«®DDX®fl|£«fT-=T#TH.5/2/l / 3 / , / 4 / , / 5 / 0 ^B*ft*&fl*ffl l"* 

* & it * m , Tohoku University 

• • ) comflli, W l « (S BBF) , » « £ W OS = » * » ) , rtffl » ( 8 Sfe7 * ( • - * * ) , 

* « f ^ ca H * N U S ) , EBW«M, HW c . #±*t? . 'hiii*-. 4 * * - . «iii-*t 

- 2 7 7 -



JAERI-M 84-010 
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A«*ft?3fc©£Wfc©fc»©*-*-tfttH8g£LT, 2>f >^gST2'f y^WSO, ^li< 
#7XftAS!NE2l3i'y^u-i"£ffl^T^5„ 

ii/-i»V • a^J . / - • * ] 
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S * # £ t U t x - « * h/i/ (Fig. 8) £ Maxwell »*T?7 ^ „ h LT. 0*»& 6MeV*tf*»jL 
T ( n , 2n) StS©WfffiH**«)fciC.6, fti£©Frehaut 6 / 1 8 / f f l t i a ^ v / X f y hT? 
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Measurement of Fast Neutron Inuuced,Fission Cross Sections 

of 232Th, 23«U, 238Np and 2"3Am 

Kasutaka KANDA , Osemu SATO , Kaxuo YOSHinA*, Hiromitsu IMAROOKA*, 

Hichihiro TERAYAHA*, Masashi YOSHIDA* and Naohiro HIRAKAWA* 

Neutron induced fission cross sections of 232Th, 238U; 237Np and 
2<f3Aa relative to 2 3 5U were measured in the energy range from 1.5 to 

6.6 KeV. The present results are compared with experimental results of 

others and evaluated data in JENDL-2 and ENDF/B-IV. 

i. n m 
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-=fc©TlBSf5o 

z *»#** 
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*^-o K»tt^t'ftfc«»)*l)K:Ta3~0.4mniff©a*|t±IC#^fctffl-C ,ria25mni,)P* 

i7~i65jug/cm*-i?*So 
£*tt*:lk*¥©:^f * * J-n^fcffi^, D(d, n^HefcitfTCp, n)'He ReKJ;Wfc 

^Lfc+ttTtHHTfi-a fco. «E»WHK«fflJIWB*-y» ^ £*5»WW>WW*5-7cm 
©{fcmtTMT->fc. **tt :F©x*vi/*--i}*rt2'*x2*oNE2l3i'i'^U'-**ffl^TTOF 

* * # * * ' , Tohoku University 
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fc»K, **to8©|n|**if tt^^flSllcftL 180° SfiL 2|Hllc^y-rfi1ofc„ 

3. XftttratfJE 

B#**V.;-*m-e*:»fcsi6*Jt(RX/RII) ictt^<©/%^;/7yKBS5>**^4nT^So * 

©^3Pli||i*WlcliiE^Hril6T?*«*<, 'ft«S#ti#tolffttt£ic.kSffie'eM&g-StJUEt^ 
*«'«K«|jE'**Bir«Kt *>©.!*. SrtttiL+tt?©*^ ,,,U£*SI£K8©tt«©*i,*:.fc*ll 
JH*«£, « » W © * * « f 1 i t t « * * . *fc.:Mg|ltfc&iELT|Mtt)|Kj:i}J|jlH-« 

S^lRifcCN^/NjsJliLow Geometry; 0unter:TStfig#fflttlll-*-Sa«l*ai«Lr*J6 

LT^SO c © i § , a ^ r t i c S ^ a t t r o ^ ^ i ^ t n r i ^ J i ^ i c f i , *©£iS#Ji;* " 

M!Ut2"U, 23,U©a*8©x*;i/**-£:fia^ 

4 . • • * ; ' : * • / 

jfefe^ifcJt ottS«©«iE*ff-o fc©ftic$s*i£«#airffi*ttfc «fccfl*#aifanK* 
Table 1 IE^„ c'zi-e. tt^aWBi©**©!*, :^5U©*P«i^airaD*t LT JENDL-
2 ©K^ffl^fco J-ENDL- 2 £ ENDF/B- ^©"'U©«Eijair®JII©«liJtR«/h*^**, 
4II*l£Lfci*^**-IBfflI.5~6.6Me^^ Table I 

©tt^a*Jt*«tcif*^aifaDjii©»*B*n€ti©«is«i©«P«**^0 tzttt, * # « 

©*i!f*©8£*»fiM-S±tt*BM;, «S*©W:F«:©«*K*(0.5-3iK), *#«tHK©tt 
lt»flE(1.6~a4«, mAmlc-D^TIi5~105K), **«•?©«k Cft GI&lSK), ^61*l*»c 
<fc*#fta (#10.590 7?**,, 

Fig. 2~5lctt^|II»k*lfc*#airiB«£ JENDL-2, ENDF/B-F*j«fcc;«e*©a!«IS* 
iifctfLTJSLfco "*Th©ISI|lli, 1.5~2MeVC!Behrens!) JENDL-2lcfi<,a5~6W V : 
TfiHenkel? ENDF/B-tf©ltlci£< ttofc0

 , s ,UICo^rtt^*i6^^< ©«^*«fif<i:fe 
nrfct), IHWi©ll»K*)JtttWJ:^iH*>n*. <%II©*S*fcFig. 3K^L;U;TlC*ii©i^^^^;'; ^; 
HT•iW*<!:-»LfcD mNp©tt*tt.Fig. 4IC^Lfc#, 1.5~a5MeV7?BehrenS, 
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JENDL-2, ENPF/B-W«fc5fei«(<«t), 1959*P0Schmitt4) ©*|IEi£< fc-^fc,, * LT 

4^6 .7M^TttENOT^B-^i—SLfcc " ' A m l C ^ v t t t x - * A*4><. * f c f - : ? i a © 

lf^o#fe^S^fflTP^JH©aB5«E||t'*5o 3-!eJ0t£SIM:, JENDL-2, BehrensS) £ 

E N D F / B - t f / B u t l e r ? © S © j i £ tt •? fc0 

5. *<£«> 

#W3fcT?li, "*Th, "'U, " 7Np;foJ;tf" 3Ami!:^T 1.5~6.6MeV ©#t t iM*#8*f® 

8t<D»l£S:?Tl\ JENDL-2, ENDF/B-W*J;tffi&Sfflfflffill£Jfc«Lfco 3"lHl««Jg L fc«t 

» . ffffi«iJENDL-2iENDF/B-yTr^t<SoTV^5o t©£££R!feLfcfc»Tr-*6 

•?*>, ^(HlO^»(i#lcM 7Np i"JAmlc-30r{±i'Offff*i*>/£lr>ttgB-C-=g:^-SJ;-7<CtS 

HktitUf,t£i)^fzB C O C i t t , MeVffitt©*#S«frffi*£tt«J;<fftf**fc»lci±;*&l!: 

W » 
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Table 1 The r e s u l t s obtained in the present experiment 

MATERIALS 

2 3 2 T h 

238D 

237Np 

*"*• 

ENERGY S WIDTH 
( Mev ) 

1.50 ± 0 . 0 6 0 
1,52 : 0.115 
1.61 0.065 
1.74 0.065 
2.04 0.100 
3.50 0.190 
4.32 0.245 
4.99 0.170 
5.51 0.135 
5.82 0.130 
6.11 0.115 

1.52 i 0.115 
1.74 0.065 
2.04 0.100 
3.50 0.190 
4.61 0.230 
5.06. 0.170 
5.73 0,145 
6.05 0.130 

1.52 t 0.115 
1.74 0.065 
2.04 0.100 
3.50 0.190 
4.08 0.140 
4.08 0.140 
5.15 0.095 
5.16 0 .095 
5 .95 0 .085 
5 .95 0 .080 
6 .63 0 .090 
6 . 6 6 0 .080 

1 .52 i 0 .115 
2 .04 0 .100 
4 . 0 8 0 .145 
4 . 1 1 0 .285 
5 .02 0 .195 
5 .16 0 .110 
5 .67 0 .110 
5 .96 0 .195 

FISSION CROSS SECTION 
RATIO TO 2 3 5 D 

0.0640 ± 0 .0025 
0 .0683 0..0027 
0 .0846 0 .0033 
0.0605 0 .0024 
0 .0934 0 .0035 
0 .1150 0 .0046 
0 .1270 0 .0053 
0 .1360 0.0057 
0 .1320 0 .0055 
0 .1280 0 .0052 
0 .1450 0 .0060 

0 .255 i 0 .010 
0 .371 0 .015 
0 .432 0 .017 
0 .481 0 .019 
0 .507 0 .019 
0 .515 0 .019 
0 .547 0 .021 
0 .566 0 .021 

1 .320 i 0 .051 
1 .400 0 .055 
1.389 0 .053 
1 .471 0 .057 
1.417 0 .055 
1.369 0 .061 
1.383 0 .065 
1 .398 0 .071 
1 .352 0 .093 
1 .394 0 .087 
1 .442 0 .111 
1 .417 0 .115 

1 .255 i 0 . 061 
1 .169 0 .058 
1.308 0 .081 
1.427 0 .094 
1.458 0 .104 
1 .421 0 .095 
1.557 0 .080 
1.590 0 .060 

FISSION CROSS SECTION* 
( b ) 

0 . 0 8 1 0 + 0 . 0 0 3 2 
0 .0866 0 ,0034 
0 .1079 0 .0042 
0 .0778 0 .0031 
0 .1216 0 .0046 
0 .1371 0 .0055 
0 .1433 0 .0060 
0 .1473 0 .0062 
0 .1393 0 .0058 
0 .1378 • 0 .0056 
0 .1688 0 .0070 

0 .323 t 0 . 0 1 3 
0 .477 0 .019 
0 .562 0 .022 
0 .573 0 .023 
0 .563 0 .021 
0 .555 0 .021 
0 .581 0 .022 
0 . 6 4 3 0 .024 

1 .674 i 0 .065 
1 .801 0 .071 
1.808 0 .069 
1 .753 0 .068 
1 .620 0 .063 
1 .565 0 .070 
1 .481 0 .070 
1 .496 0 .076 
1 .490 0 .103 
1.537 0 .096 
2 .031 0 .156 
2 .016 0 .164 

1 .591 t 0 .077 
1 .522 0 .076 
1 .496 0 .093 
1 .629 0 .107 
1 .575 0 .112 
1 .521 0 .102 
1 .651 0 .085 
1 .756 0 .066 

* The data in JENDL-2 i s used for the standard cross section of 2 3 5D 
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Fig. 1 Schematic view of the fission chamber 
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Fission cross section of 2 3 8U. 
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Fig. 4 Fission cross section of 237Np. 
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Fig. 5 Fission cross section of 2"*3Am. 
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p.4 *LAt*mzmz7m£immn<on%. 

Measurements of the Gamma-Ray Production Cross Section 

at Tohoku University 

Shinjiro ITAGAKI* 

A review is given on the measurements of the gamma-ray production 

cross section which have been carried out at Tohoku.University using 

4.5 MV Dynamitron accelerator. Finally the problems to be solved in 

future are briefly presented. 

1. ttlvttC 

hi J; n icfc t). tft#©^*icB5A5^T, ;*< 1970¥ftfe A-^T, #y^j»£i£fram#il 

2. Al, Nl, Cn. Nb (73 (n , Xr >Jgltiii!M®iM%<b^«mA(CJ:Sfll«f 

*^lcft^TJi. 1977m i £ L T « * £ ^ 
«I*«)^LI),'),,),4), cnicORNLcOx-r?5^^*; tft**cHow<;rton <t PlechatyO^BHiS; 
* 7 f » f < > ^^-5 ; t t ic J; -VT, C o¥SIISo-'-f 5 / - * © * » ? £ K » * # © * t t t t * 

Howerton i Plechat-y <Q*&k^ «. tfJ'Tlitx*/!,*--*^ h*®jMttf#*. «M 

N(E r )=A m -E r -exp C-R-Er} ; :vt 

* HE Jb * * , Tohoku University 
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±l2iM--5fc©T, CCCE, li#:<'^*©x*A<+*-, Ara, Riimmr-9icy ^ „ h LTfc 

5>li, * t t ? x * * * - - (E„) *<. 4 1 ;£E„<148MeV0«ffiTK«»!A)£*tt?x****-

R(E„; A) = 0:00395A + tt940+ ' ~r~-—rr (0.0019 A-0.605) (1) , 
148— En 

5.56xKT' •/ 
RCEn, A) =0.00247A + 0.285 + -———(A+ 115.7) (2); 

E„-3.91 

ttSBSflk^SrcivaV tf t*©it«£Fig. l i r . * t , co^gnsicj;5)JWfT, f -# . ' -
^^.yx^yi/ffllR, * » # : < ' ^ I M ' ^ h;ni!5» («ricE7.<l,5MeV)©lijt3fe®tt^K**< 

1 ' " T I I ( B , n'r)SJC 

lc*#tt»a»fS*<z>»^«f!!**il>'j:<, -tc^W^liBieipttWIi^Sti^iA^, fcofrK* 
toJt^ffilc^^SKffiSi^^StiT^So C.fflJ:.•?•(«;.' ' £*©-»*t t?n '©*^K|RL, x 

2"Th (n/ri^r>:KEl^S^>'^«**lft.ffi*cD*^&, ^BttttiLllrEllte***:'''*© 
Stfttt, * t t ? S i U * , 7Li (p. ri)7BeKie*fflV>, «#tt^x*^^-E„-1 .0 , 1.4, l.a 
^LT^MeVCfH&T?. 5. lcmx 5.1cmx O.ecinffl*^^^ (J5?;*;*pJ;{Htffl) ^^O* 1 

y.T*%, W«J^*70cm»( flSM6~5keVFWHM©SttGe (Li) tfctfaS*. * £ * 1258 K 
M L * . •€•©«**Table IK, #>"7«£6aifBflt*. Fig.2fc«Bei»lfl:«:*rt-*#*tt 
IkairffiSl^ltR-rSfctoK, McMurray £(•)£, E g a n ^ ' t o f - J t W E L . t L T Fig. 3 
•K, Beghian? McMurray &©-fc4M4?©*JErcJ:*fc©£©Jt«**LT*.&. 

ft, 1305.5, 1329.4, 1450.1 t 1480.1 keVJPttlcMLTtt. :£W*:T?*f«:«»4ftfct>©Tr* 
S0 Egan £>•¥>McMurray £>© (n, n'r)Ki:S»(J£*£IR*©«Hrt-e. BSMfcLTlr** 
tf. - & * t t ? * £ ( n , n') ©i^©**WI*S£LTlr>Si©ai;69 ( * © i f c * H H * 
(n, n'r) SflSlcHLr#*-#-*i, "'Th©H)*^©***, fclcflttJfc. rttfKWlT-KH 
* * * £ * © # * £ * L**tt#¥tf'Sftao f**fc, COrtWfiDWt^ CEO**} KM** 

*s*K*r( ,^6<*^. isiii*»f»&nTi^j:^. <#•»©«•• iLT, mftMi&tfv^mutton 
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4. 7Li ( a . m ' r ) 7Li'(<U7IM«V )HflJ 

ltitgtl»®**<S***lTI,>Sc 7Li©JHlBieHllfir(Ex = a478MeV, Vi") frfcttttiSft*;* 
y»«fflft«»fiii!K*»6. C©*tt©«tt»HWiE»Mt»*fc©***>. J.M. Freeman^ 
© * £ & * . (n .n ' ) , (n, n 'r)SlSKMfS«o^0| |XA^«*n-C^5*<, t©W5e* 
**!&&fLt>—SLTI^ttlv, #SF£©ffl^iLT, t©^-S©35lf l i , ZVrtvrmtitMm 

**fc»©3ffttt£fc4t,»:£llfcj£L. *©iMS!fflffrMr. Jfc#gJifcJ*£U)K:iS^T, * 
« * , fl6©7'-i'i-«lcFig. 4lc^-*-„ if tt^i * ^*'-ife 1.1 MeV «-i£T?. fl&flJiUDe^^-
T' i f f l^ i t tSHtfBKo^ Olsen e,(+)M) i Morgan €>C*)H>tt, SS^tt^lCfcffl^, » * 
(WJfSmith&(+)")«irLi (p, n) 7Be Rfclc J:fi .#fe*tt»*3^-p>$. Smith &©f-
*lc|»LTI±. Olsen&lcJctllf, * t t?s*^* : -x^-;uK^^H«*<»*©'e^vV*>4} | 

keV) IE8S6T, M&A*i|tL, 'Li ©»«***#--3.2MeV, x t f s ' K f ) . Cl*)oc C24)) 

-—T-^ = a*+a»P» Ccosfl) + a4P« Ccos9)+ 

4SBB L. » E * £ * » * l * l t , »igft 0 - 0. -125° (Xli 55°) K«e-*-fttf. Jdrqi 

P. (cos0t)-OT?*5Cia>&, Jd3aKl±©**qi*»e»©»JS.|i, *fcL»5«<!f/ha^i 
^ -5>aw©*ic, *©*J£fcT?©*iWaB«*J|llc 4 Jfffi? LTffaB«**m.LTI>*. * * » * 
©anjgji, *^4flK*»»ai©fc«!)©E'*-ett<. tnK^oT^&nsflMiJi, ** icM 
-?•*-*»£, **«5£**ff*n4^*fc©©-oT»»*lcif l fc-tf , •'C©*Bttfita*fltyi,p.';. 

**B&£(W*/j\s<Ltttf*uftt&f'. is^aK ®iW)fe«pnB«riî -s t*ic, »£»©$« 
Ytsia*>, ***#*«tt©m^*-^^-*©»*»*)ii^Ltt^*itfttto<cojt(ai«*iiij» 
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Table 1. Gamna-ray production cross sections (mb) for " 2 Th 

" EY(KeV) 

611.9 

627.3 

664.9 

680.9 

714.3 

735.8 

7 7 4 . 1 -
780.2J 
785.3 J 

823.0 

932.3 

981.2 

1004.4 

1023.8-f 
1029.3 J 

1045.7 :. 

1056.2 

1072.5n 
1077.7-J 

1133.3 

1167.3 

. 1225.5 

1303.5 

1400.9 

1430.7 

1505.0 

1.0 

171.1± 

.220.6* 

5 6 . 1 * 

40 .1 * 

20.9 

26.4 

7.2 

5.7 

120.2* 14.6 

180.2* 

10.1 ± 

, 

21.8 

2.5 

-

Neutron energy (MeV) 
1.4 1.8 

214.8*26.5 

207.8 ±25.1 

49.8± 7.0 

29.1± 4.9 

146.3* 18.0 

193.8* 25.7 

24.9± 4.1 

3.7* 1.9 

15.7* 3.0 

77.8* 9.8 

15.0* 3.2 

28.7* 4.4 

86.8± 11.1 

14.7* 3.4 

226.6* 29.4 

10.0* 3.3 

197.3*24.1 

23 .1 * 4.0 

33.9* 5.2 

123.7*15.7 

217.5*27.7 

33.6* 5.4 : 

6.5* 2.7 

22.9* 7.6 

9 . 1 * 2.4 

99.4* 13.5 

21 .1* 5.0 

61.9* 9.2 

132.4* 17 3 

34.7* 5.1 

14.3* 3.1 

.15.4* 3.3 

15 .1* 3.2 

21.7* 4.6 

10.7* 3.1 

17.3*. 2.9 

2.2 

282.7* 38.0 

16.7* 8.6 

203.2*24.6 

17.3* 6.4 

32.4*11.7 

125.1*16.2 

247.7*31.8 

32.2*11.6 

36.4* 7.4 

89.4* 12.3 . 

36.3* 6.6 

61.2* 8.9 

147.7*18.9 

40.2* 6.8 

12-1* 3.4 

% 8 * 2.9 

22.2* 4.5 . 

34 .1 * 5.6 
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6 8 10 12 14 16 18 
NEUTRON ENERGV(MeV) Fig. 1 

R parameter dependence of the (n,n'r) reietlon gaaae ray spectre on 

the Incident neutron energies. All points are obtained by analyzing 

the ORNL data with the least square fitting technlqu. TMO dashed 

lines and two solid lines represent the equations (I) and (fi) for the 

ft parameter dependence proposed by R.J. Howerton and In the present 

work, respectively, for nuclear aass nueber A to be SO and ZOO. 
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Fig. 3 Comparison of the result of neutron inelastic cross section with other data. 

Solid curves are compound nucleus calculations^ Ref. 9 ). 
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F1g.4 Measured 4 * cross sections for the production of the 478-KeV gamaa-ray In ' l l 
By ntutron Inelast ic scattering (D.K.Olstp i t a l . .Aucl. Scl . Eng. (1980)219). 
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P. 5 ##2MX3£tf>at#«i& 

ikiiauC & «&* 

^SJR*fflff«*fi:-5fc»o*«f!CJ:t,'.|«(^|g||7f*5o c<Dm&i!>t>, mV, *"U, mTh<D 

Integral Experiments for Fission-Product Yield Data 

Masatsugu AKIYAMA* and Shlgehiro AN* 

The amount of the decay heat of fission products is known very 

sensitive to the basic fission yield data. Therefore," experiment of 

measuring the decay heat is one of good integral experiments to. evaluate 

the fission yield data. From this viewpoint, the y-decay beat of 2 3 5U, 
2 3 8U and 232Th following 14 MeV neutron fissions have been measured, and 

these data were compared with decay heat data for fast-neutron fissions 

and summation calculations. 

1. « » 

a^tt^SHP r%£J r*^5iir*4>tt^«^afcJ;Sfllt?-*U,V0RNL(c*itf5il*tt 

p ( t ) = | f i a i N i ( t ) ) -: (it • 

^^-f.F(t)+XL,_rt-..
i|Nini-i,N,(t) (2),•: •*• 

at } 

i # x . t . n 5 0 CCT, Ej J i s p £ i W « x * ^ - , *, ttJW«i£»c, Nj ttS^tt. f i l i * # H 

« * , F li8t5)aRlC$SCIf L | _ , ttfiESj © l*«S»34f i f t$* i5** i ' •©«**•* . ' tOtf-

©S34M*«®IH*T r - * * / 9 * * k D * « t t l ! * £ f l ^ T « b £ L f c JNDC 7 T ^ - - K Version l" 

* JKSifc^I^WWtHil?2Jl¥ff£llR , Nuclear Engineering Research Laboratory, 
University of Tokyo 
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Version 1.5B)) *ffl^fc*Wtt)Ht**«!)»rS»a#-f ^KftS-f, £#&l#|y]ffi«lc:fc^-C 

-9 (Ej, Xit L ^ j ) tf*«IEL<#*£tt-C^Sk©<i&5iE;*ttS„ ft-aT, »|**l©£l* 

*t£ JNDC 7r>f^*ffl^fcie«ltJMtiOH:R^JffiLrei^aiR*7'-#©S3tt^ai^Wlc 

••£•©«&'*»;&, V'V, mU,:',MTh-©T«»WM!lffl»)£*m\ * t t &©$£*£ Hd*!*?. * 
«+tt#*»iBifcJ;S«N*f»©«l!£ll$tXJNDC 7r^>^ffl^fc«ftff-JHI<t©H:«:l*W*ft 

2. 31 I t 

Hil©*!ft(i^©fi9ftt^|Iifia*f^lH©»^*l^«-tf, ##X«(1), ( 2 ) i ^ < l ^ - f * 5 o 
{ ^ t t D T * t t ^ £ S ! i © h iy?9*'#-Yv. hffJEIERlLTlSftfLjto "BU©ii^tt>?7 
v*»«il>tt^fc»1000»MliaittLfc*iMffi*ff-=fci. - # . MtU£M,Th©*660#|R#.fLfc 
St©®]^ 2 [Hi 300 8>|f8W L£&©»]£ 1 ®*:fr-sfcc 

©ttMStPig. 1-KiR-i-. ^ip^BII105S>©ttH7:-ttl»*tt :?iSa*tt :?S5}S©ei*tt2~3« 

©a^LfrttHtf, 14 MeV*t t?*»a©tS*t tSao« 'h* £ « * * + . S H ^ t t ^ i K a ^ t t 

^t^atc**** ORNL titL*<D%mwA<o\mx*\t rmmw>fttmiR 5oo#ja±-e©* 

ftfmtaesstt^ffiwsti'/s'o ^EI© i4Mev*tt?»»iBte*t*« loootwawogftiiiEa 
+tt^»»»©«S*©Jtt t . ( f tg . 2) ?Mtfbl t tMte£3tt*<v3ft*: . Fig; 3 \cfr<t " 'U 
ffl;i|S*K*i->T.fe'!$a«ffig 3008* t, 2000g>©H-C;itJ|t«^S;F.iiil>SffiLrt''S^>^illti 
» f t f t * « t t K « * t t ^ , t ' : i 4 ^ L*>U Fig. 4 K^ 
^"2Th©i*^ttl4MeV*tt^tS^a©feSttt&fill1-| |C«ti^<-aLri,^)!»i, . * » * « • ¥ 
&#a©#& (i^ifl^f^2p6»*-£>:8006»®ia-e«;fP|H-*«i*istt^-a**ig»&ti*o c© 
4J. '"Th © 14MeV*ltf'S^ajR*{i JNDC 7r-f ^KttO©T?END"F/B-V©M«ffl^ 

• i - r * ' : l | : . 

SmtkmtwmrnmJ*«*W©8*,'"Th 0M$ttrads®tirsK:«**4*-a# 
**), *©KH<fcLT ,MTh©*4#:*;i&tt.5o C O C i t t ^ ' U O J i & I E - o l v C f c ^ ^ L 

JJl±©*S*. JSS«Mft©tHHe:ffli^*iri^«l*»aiR*©tia^iESff-e*«c:i*iitBSnfco-
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0.9 I I I 11J «| 1 I t I Dill 1—) | | j l l l j I—I I J l l l l j I—I f | 11 IT 

NEUTRON E^ERGf DEPENDENCE 
OF DECAY HEAT OF " 5 U 

. THERMAL FISSION 

: FAST FISSION 

: !4MaV NEUTRON FISSION 

TIME AFTER FISSION BURST ( s ) 

Fig.1 Neutron energy dependence of beta and gamma decay 

heat following an instantaneous pulse of 2 3 5U f i s s i o n s . 

Cooling Time (s) 

Fig. 2 Comparison of gamut decay heat for fast and 14 HeV 

neutron fissions of 2 3 5D. 
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-10?" 103 10* 
Cooling Time (s) 

Fig. 3 Comparison of gamna decay heat for fast and 14 M«V 

neutron fissions of 238tl. ! 
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Fig. 4 Comparison of gaama decay heat for fast and 

14 HeV neutron fissions of 232Th. 
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P. 6 FCAJC fctf £ * P * t t : * X ^ b )Vm 

7 yjWRjfrfcFCA K - 1 ~K - 7 *iiSLfc0 « M W c * » W i t * f ^^JSflttfmtifc 

OSJS*^^C,>»S^SST*S<: £4KHLfc. JENDL-2 5 4 7-7 'JfcffllrrfcX'** h*. 

FCA Standard Neutron Spectrum Cores 

Masafumi NAKANO+ and Shigeaki OKAJIMA.+ 

Seven uranium fuelled cores with simple composition, TCA Assembly 

IX-1 to IX-7, have been selected to provide FCA standard spectrum cores 

with appropriate variety of neutron spectra. Systematic shift of the 

neutron spectrum among these cores was confirmed from the integral 

measurements of fission rate and sample worth: ratios of conventional 

materials. The spectrum indices calculated with the. JENDL-2 library 

fairly well agree with the experiments. -

I. K * 

MSmr-9tt>tM'' *S®fc»iciil»fffi»ol»^8IJ3£t^^lcBililse«til«l|sic**«»* 

FCAT(i, | f S « r - ? £SF***fc»©*#*&*7f 3 « * * . t t * * * * > . * * £ LT. 

fflBRA^*fi-ex ^ ? h n>ft*3SttMK S> 7 h L'fc 7 SB[ffl«5^FCA K- 1 ~K- 7 £ * £ C. #*5 

*»"?«:, FCAffliM^^h'HF&FeAK ^ * © a ^ i l * 1 S ^ l c ; o ^ r * © i ^ i $ J E . " 

" * 5 o '•"''• ? : ' 

+ B+W^^JBF*"*, Japan Atonic Energy Research Institute 
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2. wmtonak-. 

FCAfciM'^ h >i/*3& (FCA K * £ # ) t LT'^BHF*'-!* h ^A*3iM*fl<|K*fl:Lfc 7 « 
*©»5ifcFCA K-l - K-7 ^JBSLfci *^^©««i*JfTj-JS* Table 1 ic*f„ *M>*£ 

8 i L , •E-©^t)<£JP§30cmJa±©^ft'>5y«|*T?Btf<, 
i!) ^*0K£h?fcRfcflE«*ta*W5£T* SJ:^lc/J^^<C^it-S (*J«i&* , , ,Ue200kg 

IN) P&DMQKf t ic j iSKea K « 7 h * » t t R « * t f | | © » | « l i « * ± t f * f c » « : 7 , A , h 

iV) * « • ? * ' < * h ^ * a i S i C J / 7 h + 4 f c » © I W ! M 4 L T t t r ? 7 T - f HtlMi^fWH 

(SS) © l^ f flip—$©»«J8t*&. 

FCAK-l*>^K-6*Ttt93«i;|«i9 5y«jli»4-*-SJ!P^-p»»J, *©-5£©K-l*»& 
K-34^t t^57 T >( htfflttJfc, K - 4 i K - 5 t t S S * * # * , K-6tt**& SS **<-*• 
*>&!$* t>ftffl£n#3&-e**. jBSjtaJjjfro^^^ h*tt, Fig. l KijrfJ:-5IC, K-6A>& 
K- l ^IRttWKfix*>u^BE»*HitiijLTi*<o K-1 li*3!i«*F©X'<* h *Kfi^. -
Jtf. K-7 l i20*««->7y iFCA«Jt t t («?**6t t£SldJL) ©.**>&l&S FCAiL 
T*4>*tfiafflBfe*feo^it.ffl 1 O T * 0 , x ^ * ha/WttJiK-5KJEl>0

 u B(n , a)Rfc© 
ip^x^^+*ttK-l, K-3*J;afK-6©jp^t}jit.T?*n^*l2keV, 40keV4tJ;tfl50keV 

3. «ttJH»i»«f 

• W & 4 LTJgSTLfc 7WI«Dlp4>fco^T, i W t t * * l * « t t * « © « » K « * « H l * . f c 

IPiMlSMfltamXi, C, SS)©ffliPu, ^«U. B«C * © * « • * y7-**ffli,>fc. - # , ft 
^S*ittt^v->/ua©" ,U, ,MU, , , ,PufcJ:tf ,'TNp*»IWa**ffl^TM£Lfc. xi 
9 h*©*&*£ltfffcftTl*tt^i&«. tt^«*JtJt»*y7*;i/Sie8E«itit^e.#lP^©X'<t^ 

^/L^iWc:*5fcf5«[53'a*Jt,FZ8/F25*}J;afF49/F25 i^jRBiC t 9 3 8 * * $ 5 V©-* 
>'7,^K(Sl**ltifcW<Nat.B4C)/'W(HEU) ©*^*S«*Fig. 2 K^+0 F49/F25 li 
K-l*>&K-6*tf-«K*teL*©*fttt»&40*-C'**. - # , ' F28/F25©»tt t^* < . 
*©MT?fi 3teKttS. K- 3 ICjfc^TK-4 © F28/F25*ta*/]\3<,HD8:*&f?*t£ LT**K 
#&+SFe ©«ta»CJ:»J afx^^+'^tt^Fgg^t ^^ 7 T >f l-#K*© K-3 J:*J*4< tto 
"0^fc»T?<6St#x.&*l*,> 1»-y7,^Rl6flE*l[H:W(N«t.B4C)/W(HEU) © « # « 
tt K-1 *$ K-6 *Tf-*K*'>U *©*tttt K Ktt*. 

- * © f t t e * * * * W f L, mm*-** h * « « H « W E J W - * r - * • y v » K©*Stt*«k 
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ftLfc. * r - * . » - f y*U JENDL-2*ffl^fcS«JSjtt®(ft«W)HiailHt*Jf^»*IMI 
t5«fi^*-e»*l*«tt-JWI<!:"3«Mt<!0*{i*«5^i*> lfcETFTrjfcSo *»«* l tF28 /F25 
©IrJMtttSttMt* 5~iMSm*.imtS#, F37/F25 *U:t;F49/F25 li£#5ifc*»LTil 

4.' * » 

ttWIC-V7 h Lfc 7«*©*!&FCA K-1 ~K- 7 * » £ L f c . ttftMUfc*.fctf + rf»tUS 

*«ttt*. -mourn*** s>. *®x%Lizw$p&&x*9*»Mt#xmttrvLfri>*: 

IFttWTfcnTHS. jMMW&li. $VtT9*s4 K«M<D4tt&-r. *^»4**»©ir i i 

References 

1) + * £ * . ft rS^^^*B3fD57^^^J C40. 
2) ftiliR*. flb H ± C41. 

3) * » tt. ft H ± C42. 
4) Roue*. w»*HBrFCATOT^*/^K!Wj*««iai-^»)wi 

Table 1 Core composition and critical dimension of FCA IX assemblies 

Assembly 

Core 

composition 

(v/o) 

Core 

dimension* 

93SEJJ 

20SEU 

C 

SUS. 

Void 

Dlameter(cm) 

Helflhftcm) 

volume( 1) 

IX-1 IX-2 IX-3 IX-4 IX-5 IX-6 IX-7 

5.3 10.6 15.9 10.6 15.9. 15.9 — 

— — — — — — 84.7 

79.4 71.1 68.8 — — — — 

10.8 10.8 10.8 84.9 741.6 27.9 10.8 

1.5 , 4.5 4.5 4.5 A..5 56.2 4.5 

60.7 46.2 35.8 55.2 40.8 45.8 34.7 
61.0 40.6 35.6 50.8 40.6 40.6 35.6 

177 68 " 36 122 53 67 34 

• surrounded by a depleted uranlw blanket more than 30 cm thick. 
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WW* VT^fluJilglcfct), 10-40MeV««©*tt?*iUlfffi**«l«-i-5fc>!>OitB"'?*S 

(n , n ) , (n , n') fflE„= \3MeV^<DmiS.&*ZifroM%to*<0&-e\t*ftK&±-*{*S>tl 

JAERI Tandem Neutron TOF Spectrometer 

Masayoshi SUGIMOTO* and Yoshimaro YAMANOUTI+ 

The layout of theneutronTOF spectrometer at JAERI Tandem Accele

rator for the scattering measurement in 10-40 MeV and the data acquis i 

tion/process system are described. The result of the 2 8 Si(n ,n) and 

(n,n r) at En-13 MeV i s shown and the great Improvement of the counting 

eff ic iency i s obtained. 

1. * W 

mm9 yr*m&&zm^tt?-i'Mm±Table i \ar<tx.*>K9- s +*<<. *>mt 
D (d. n) JRlE©|i^-a-C!iO-20MeV«i«*1 &4 ***£ 7Li (p, n ) Ri6©«&tfT?20-

40MeV 8i*£iJ '<—1* C t V* § S0 C ©ffifc-C^tt^ttttil • ##tttta©fffl6»MIJe* 

Jf TC t*gWK(l}»fett*s«J: < ^ f r o ^ l c ^ t t ? * ^ - * - * * ! * ? * - y » h*t(2)Jt« 

Fig. n c ^ y f A j u a n t ^ t t T T O F x - ! ^ h o / - * © * « * ; s t o s a t t + t t ^ - y 

y l»SKRBSn-C*5»J*ttfi'-yy »•* (2.1) if«fflE(i8m©^:l!«Wl««K*o#|g 

<E6i*>&fifc«o 2SIB©^ffl*mig (2 2) *#«•#•*CitT-15°*»£ + l€0°*T?©**JJt 

Rllfi-pifcSo * t t? jR*-#Ktt t - -A^;^ i1 i f i«* i6 t f i r fc -a - fc2 '#x i - '©NE2l3<teba 

* •>- JU Ktt LTflSffl L t l ^ S . 

+ H * * ^ ;*j«F*3f , Japan Atomic Energy Research Inst i tute 

- 3 1 2 -



JAERI-M84-010 

2.1 *W?9-¥«j h 
#tt?x*^*;-20MeV£§£KLTJ;Sffi^««T-D (d,n)f i l5S, »t>«*T? 7Li (p. 

2.2 izm^^^mms -
Table 2 lcifc(SLT*5<l;Tlc*gOMunchenS!,) i fc*-H»g©Ohio^')£^T 2 »•©;*: 

50 -̂rnt>NE213 .i/y^ u-y*ffifttT*ft*n^n»ofcsso!»i«iiiift^*J4 t.n50 
Fig. 2 ic "Al (d, n) RC (Ed = 10MeV) ^t.SS4^5*tt^«:0hi6M«limS^«|^Lfc 
TOFx^^ h*/£jjv*-„ EI+, t'-^iSlcK^o^r^SW^Ii^fiyJltflttcJ;*}•€•©«»© 
B#ra#*^Mfa±LT^*t££^UT^S 0 fcfcbSKKttli Fig. l l c*S J:*«:|5|«£± 
Ohio Slffl© t>ffl*'#i&K:ffifll± 15°IC MunchenSlffl© fcC^RHSflT^Sc, «£©:*;«£« 
4"^©OhioS!)cj;orfiil,\ B5 • Softie MunchenSlfcteffl-a-So 

3. x - f r f lU iaCM&a* 

f - ^ R ^ t t i l C * yx'A*JlO«*^7?*5 PDPll/55-CAMAC->XxA*ffll,->«d C 
tttt**8£©ADC£gtttfJR**-Klc:W:Single (&£*'** h^). dual ( 2/*5 >->),' 
list &'*7*-9) &£&„ ?'-5'<ffl«lil6Kf-+y*^(20bit) * 5 0 C©fl&K'<-,*-

Ty^fflic CANBERRA 88 MCA£HMtLT:fc!3 ADC ft, « * * - K t t ^ W ^ f - * * * 
l i8K^ + y*^(c/j:50 »# ( i f -Art i©*-*^lc f t f f l t5o •?-*«?**§*«*^TMT 
^^-LTx-^fea^isi^iiSo •r-:?teSlii:tt&©MT£fc£lc*s'i-.Mfc^ttfc*la7, 

n / 5 i S f f l ^ t « M y^'fvWIcff^nio «taff l©3^tV-5' l iPDPll /70 tfctt 
VAX 11/780-est):,. E&S f**• + J/xf -t. ic J; •? 4Jrafem« BESNr ̂  7 7^L*tgWSWt 
7ff¥MI*Ji»T^<0.'Fig;3'JC, - * x - r « ! . a © W i L T " S i (n, n), (n.n')KlS© 
E„=l3MeVICfcy-<5TOF^-5^ K^^^-fo COJffllrC'liV- h, ' • ^ • ^ ^ W l 

Sife^ff^nio *M*r--•**wiamfflte©tt©*r-* twfoWttSh?- *im^4isi 

4. =r-*WSi 

•XmtVl?- 5-«Wr(î :SitJ|C«M380-Cfif •?#, lilft S - = V (VAX 11/780) •*»«,*•>•* 
* tfnllftttJ: T K|MlfBlltiil6Ti^6.- «Mffffltett*«^* £-#ttt*Sl • ffiJaStKi^ffl* 
WttttSLliJfc^Hiffl-eSiiaH-lf^WiK L ( a - K : DWUCK 4, DWB A 4, CHUCK 2, 
JUPITOR 1. ECIS) m^tkr'lt&mmM<0%m (R matrix a - K) *, WKiiett*^©** 
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ttKiLTtttt^et-fiif^lBJIStf-JKexcitonaiSD^ittAtl-So #ic-c*5(8>) microscopic 
T7*o -m&z «fc -5K LTI-' < o 

S. « * 

BgW* v T'^SDJSSK J: 510-40MeV («*©4>tt?fift©M5e#4>tt*TOF x ^ h P ^ -

13MeVIC*J«-5 "Si (n, n), (n, n' )©M^T?JiOhio®tttbS;£fflV^ift9f l&*fcb 

reference 

1) Evers D. .Spindler E., Konrad P., Rudolph K., Assmann W. and 

Sperr P. : Nucl. Instr. Methods 12±, 23 (1975). 

2) Carlson J. 0., Flnlay R. W. and Bainum D. E. : Nucl. Instr. 

Methods 147_, 353 (1977). 
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Table 1. Property of the neutron sources at JAERX Tandem 

source 

reaction 

beam 

parameter 

property of 

neutron source 

D(d,n) He Terminal Ion Source 

I -1-2 yA 
av 

freq.» 2 MHz max. 

width- 1.5 ns FWHM 

gas target (2 atm) 

E_ 10-20 MeV 
n 
AE ~ 200 IceV n 7 
• * 3x10' n/sr/s 
• n 

Li(p,n) Be external DEDP source 

I - .1-.2 yA 
av 

freq.- 4 MHz max. 

width- 1 ns FWHM 

metal target (0.2 am) 

E 
n 

20-40 MeV 

AE « 500 keV 
n 7 

• =• 2x10' n/»r/» 
n 

Table 2 Comparison of the neutron detectors at JAERI Tandem 

size 

volume 

photomultiplier 

time compensation 

scintillator 

Ohio 

type 

35.4x22^ 

9840 

RCA8854x2 

T.- oT2 

NE213 

Munchen 

type 

80x10* 

5550 

RCA8854x2 

|(T1+T2) 

NE213 

conventional 

type 

5x12.5$ (cm) 

600 (cm3) 

RCA8854xl 

no 

NE213 

315 
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Fig. 1 View of the JAERI Tandem Accelerator and the Neutron TOF 

Spectrometer. Neutron experiments are performed on the 

"-80" beam line" using the 20° magnet to transport to the 

neutron target system. The bottom is the side view of 

the detector shield-collimator for the "Ohio-type" detectors. 
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Fig. 2 
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27, 

i i 

1800 '2100 2400 

Neutron T0F spectrum from the Al(d,n) reaction at E,»10 MeV. 

Neutron detectors are array of "Ohio type" and the time -

compensation factor a is adjusted to the best value. The 

shaded areas show the improvement of the timing resolution. 

Channel Number 
28 

Fig. 3 Neutron TOP spectrum of the Si(n,n) and (n,n') reactions at 

E - 13 HeV and 6- 60*. 
1 
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p . 8 mm *).±TV*t-<t a*i**»f®&<7>ai& 

(1) " B r i :inTa.<D&<*'*9*.-?(Dm£. 

(2) ,5tGd £ , 57GdOk^V$i«0»»»fffiStOiilJ^ 

(3) « 7 -r n , * - tr-Affi^S^fc ,3*Uo^»fffi*0»«SlJ^o 

Measurements of Neutron Cross Sections at JAERI Linac 

Yutaka NAKAJIMA+ 

Following three experiments recently performed at JAERI linac are 

presented: 

(1) Measurements of the neutron resonance parameters of 81Br and 181Ta, 

(2) measurements of neutron capture cross sections of 15Gd and 157Gd 

In the keV region, 

and 

(3) measurements of neutron total cross sections of 2 3 8U by the Iron-

filtered beam. 

'mst')~ry**ffl^r^a'*)nfctftt:F»fffli<oaistt3as.K»^&n, mi'-*?*-? 
©il£,keVfI«©£8rffi8t©aiJ;£. keV«l«©^»fS«(©aiS)M*ft-e*S. CtltX'izmfeL 

fclSatWELfcttM* Table 1 lc^Lfc0 

J. ft«/<5*-*<©»;£ 

»J£LfcS'Stt"CoAve, M/UKiTffcfcoTIP * # , M»*r®8t«aiSil9aLT8tf}&£ 

'+• B *'IR'?.*i'Bf itBr..,. Japan Atomic Energy Research Institute 
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(Atta-Harvey0) ^MVT-^fc**, fcfitfT^O • >>-f 71— ®^*&&a;*«^3 t» t t 

9wa<oim*i^m<ti^ti6 &-%yc&mfc&&%'m^izMffiiK-£. sawr-e&sfcfc** o 

1,1 Ta © 3 aJ8©W * offttOjHMI f- 9 £ SIOB Tlttf L fct8£©-«£ Fig. 1 (a) * t & 

Fig. Kb)K*t-J>.'i8*©V-i-.4'li:Hacken SlCfcS 2keV *-e-e*-..fc#, 4keV *•?©&!» 
K o W f J i ^ ^ f t g L f c , Fig.2li, • t i . t t ^x+^^-K^LT^Jh i .O- f i^x*^*- - 1 , 

© ^ ^ f t © * * ^ ^ © * . ^ 0 ' * 7 " D , hLfci©"e*t>, C 0 7 - B , h©5pj%©^E 
tf+tt^aS^ftT?**, '"Ta ©*^ , p «#*©«AJi£©x*; i<*-- iWfrei i##K^t t 
i^iSfcttsa*. fe L * o f c i LTfc pS**©tf t t^* l i^SE 'h* < « rn

<0) ^ © * 4 » * i * 
•CSS. Fig. 2^e,H3i^<j:<fcTic^^©t)E*il.7keVWJ5 ,eT| ,itlc^bLr^5„ CilitS 
«5fc*B8tt*fl.7keV*»KfticK-DTii>SC4S:lti*'LT^So S f t a K H I W t M t F x * ^ 
* ' - £&lc£SgiJ©0!l£ L "Br © & * * Fig. 3 IcjSLfc? E l i c i t e * © ^ .„ *#jj*;*ttT(,\ 
S#, cn&ii^JKic^Ljtv.cM.fcD^s^gr/ ««o*«W«ttKo*»T(li«4?fci!': 
Sic*t&LTn40 3-t±v, = oatf&Kti#*.fttfa^o 8/£©**«#*&«*#L x^Sfc:: 
J6^fi*<:^£)S^iilcttor^So C i LfcSftliflbffllMrefcJI&ft, 4»tt^»W^S>v>» 
0« l |K^^J : -7 -e»So LA^L,"Talcm^nS«fcTKSSEa(BEM»!©-^-eabSx*^+---; 

fiUffiicas*-f-3©*aj(»fi[*^trfflttcn**fii»T-e*,So 

W»H4fla«K^^rORNL*6»«Lfc«lBf ieBlf f lSaSOiWt«^T«Jg.Lfc , « 
H5li3,500i ffl«*i'l'fl/-*-*l^TSISLT^fc*i, BW«*fL< 5«U ©*#•> : '* 

* £ L T H * o PBErfflfll**HWW-»+*CiKJ;oT. « t t 3 ~ 4 * » £ * S « » r * £ 1 * 
0r«8L*»AWLttl^f»^^5'>>'K*BglJL, S/NJtS^WKa&Lfco *fcl#M»flM64 
x . * ^ + * - » » f f i t > * i < » # * n T ^ S o 

•f LHtoti«*JH*Tff«o fcmGd i mGd ©S«»rfi*©feJil£ Fig. 4(a), (b) K s f i 
90keV£ i5OkeVWJSffl*rE»0lt*1^tl£WK'h*<a-=r^S©tt, ' .<y*^5* vKWje© 
fctoicjf ALfc6cm©Al S©7^^i '-ICj;S*tt ;fS©J*^>©fc»i#^.e.*lSo Shorin 
e>8> © x - * £ ( * « £ LTIi-fc < - & L T ^ S # , t f t t ? x * ^ * * - t t # t t l i J I - o r ^ S „ Bit 
lia?*a*»-DfcA*. Friesenhahn £>7) IC AS 1 keV^t.2qkeVfe©«i^JBt). c © x * : * 
*-«fflT?ffl-&-l*x*/fc4^tt#ttfc£»T*»Tfil\ , 
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3. ktvmmnzxwmnnmmT 

&y 4*9- t ' - Afe^ffl^T S/N £&< L T " ' U t u lTa ©4«Baf©«««(3E*.fT«. 

[fcfrT1*'-*? h^*Fig. 5fC7Jv$-0 '<(£*W24keVfflf-i' (Fig. 5 K t t ^ S f t T ^ t t l . \ 0 ) * ± 

icffl^^nfc^, mnmmi&<tf), #iwi!i£±tf5t<ticj;r>TiMevia cot'-**-*?*] 

( (CH»)„) ©aaspsaisu CH,©£«TB»£5**. JENDL- 1 **# ENDF-B/V t 
ftRLfco Fig.Bii-E-cJtlSiffliaTftst1 CtHffl^ifBWoffSiitli^KWflE^^K^-fnfe 
1 «Jilrt©»£-e*So *SejENDL-l<tENDF-B/Vffl«fc*»f/h$<p Fig.6 Tl ip i 
#£K8i]LT£^Ti*tt^ftTr*a„ toajS&NjJga^ 1 ««iiafc©»KT? l̂»fB5«l©*ffî 1l6. 

"•Uffl^if®»©iWS«t)W«r©«SS*Fig. Tic^-T? 270keV*-eii4«H©**©tt14© 
9J««[*ffio-C*»gBii:iRS**©«riE^LT*«o «*n?*Lfc 4*©*««iR-'matrix * 
ffl^TA*t*tt?©a5^ffilc*fiS-f5Bg»K^^fc||fffi«-C,*5o t ©tf file* ! ) £ * # » © & 
JKM&S^ £ a K © f t * a > £ f f l $ 4 * * * R " f f l ^ » £ * x t 0 fc^XCfflJWffT?(iS*3MEIIM[, 
<h LTOlsen SIO)©So = 1.05 xlCT4 £ffiV>fc„ P » » * M t t a ^ * » * ^ < * ^ T , S i « C l . 6 « l . 
± 0.18 (s ta t )± 0.20 (syst)) xi0"***».&*ir^"So CfflMtiRMttlcW-rS^xx-fw*y 
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Table 1 Summary of Measurements at JAERI L1nac 

Element Mass No. Res. para. Ave. cap. Ave. t o t . 

Co 
Ga 
Br 

Rb 

Ag 

Cd 
Sn 
Sb 

Cs 
Ba 

La 
Nd 

Sm 
•• 

Eu 

Gd 

Tb 
7a 
W 
Re 
U 

59 
NAT 
79 
81 
85 
87 

NAT 
107 
109 
NAT 
122 
NAT 
121 
123 
133 
135 
137 
138 
139 
143 
145 
146 
148 
147 
149 
NAT 
151 
153 
155 
157 
159 
181 
183 
NAT 
238 

0 
X 
0 
0 
0 
0 
0 
0 
0 
0 
X 
0 
X 
X 
X 
X 
X 
X 
0 

0 
0 

X 
X 
0 
0 
X 
0 
0 

0 
0 

X 
X 
X 

0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
X 
0 

0: Published. 
X: To be published or under measurements. 

Measurements to be made: 
MO-95, Mo-97, Ce-142, Mf-176, Hf-177. 
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10 
FE-FILTERED NEUTRON BEAM FLUX 
HT JRERI 120-MEY LINHC 

M I I I ) I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I 

Mtutrtxi Cntrjjr ( kiV ) 
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i i t i i i i i t i i i i t t i t i i t i i i i t i i | i i i t • * * i 
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scintillator 
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F1g. 5 Time spectrum of the Iron-filtered neutron beam. Above spectrum(A) 

was measured by L1~glass sc1ntmator(NE-918), and below(B) by 

plastic sdntniator(NE-no) . 8* 
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ttWffiOJBS'^m^RW'jttWIBa-KTHIDAffllftE^fTofc,, * © « * . »*MbK«tt, * » 

Integral Data of Activation Raactlon for Fusion Neutronica 

Yujiro IKEDA+, Kotaro NAKADA*, Hiroshi MAEKAWA+ 

Tukio 0YAMA+ and Tomoo NAKAMUBA+ " 

Integral experiments based on the act ivation reaction have been 

performed to invest igate fusion neutron!cs by using an intense 14 MeV 

neutron source, INS. Distributions of the reaction rate which have 

different responses were measured and compared with those calculated by 

one and two dimensional analysis codes. Induced a c t i v i t i e s in the type 

316 s ta in le s s s t e e l were measured to verify the code system, THIDA. 

From these re su l t s , i t i s demonstrated that the activation reaction has 

ava i lab i l i ty for the fusion neutron!c study. 

1. ttOttXC 

1) »*f# iSM3fe0fc to©'<i '? -7 -^x-^ 

2) K i t e K » m -#&©K1% : V -• 

+ B*»J;f;*jSF£3r , Japan Atomic Energy Research. Institute 

* J K ^ X * * , University of Tokyo 
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3) s.&mmw>m#ii?mm 

4) «*#*M6©8f£ 

2) (i, £»©KJB*£ffl^T, x ' s n w ^ ^ - ^ ^ y ^ ^ , JB*MM#)**J;»>iH 

WCLTIP <C £*«! ! - ?*5„ ^f tOSlt^x-^iSt tKKCttaTf-SCilcj ;*) 3) © « 4 

©Kffi*fflfffHiA*RrtlKtt*o *fc. WWtm+fflttWkSfiEISl*©*>©**,'-4) •fflWMtW 
2. it at 

I ) imt-Vv h (*1 *-**••*,hS) 
a) RR ftflPklBft* < "Al (n, a) , 4Na, "Fe (n, p) "Mn) 
b) H ^ t t ? * - * * h ^ (MFA)^2' 
c) SUS3l6R*8c*fi6 

ii) EUS 9 - V ? h (SR 2 * —!r* y h m.) 

a) RRftff, $ » # $ ' 
"Al (n, a) MNa, "Ni (n, 2n) "Ni , »*Nb (n, 2n) MroNb etc 

b) 7.^-9 t-JUftft (MFA) 
9-Yy hgrt©ff7JS . 

lii) Li jO-C^{*^ 
a) #&ftx*:*l»A' (MFA) 

b) SUS316R*ft*tfe 

c) SUS316IC«t5Ki/>( h V- • 

iV) LitOW-WLt^i (40cm, 60cmi:) 
a) R.RSIWftft 

"Al (n, a )"Na, "Ni (n, 2n)"Ni , l,7An (n, r) l , ,Au etc 

b) Vmn*'*.? Yi* (MFA) 

& i ) RR : : S « * 
tt2) MFA: # « £ % % « & 

C C t , MFAKffiffi£ftfc£ttLi^£iB£Fig. lK/IJt . (CORlBOftllC, (n, Z ) K 

isf-^tns) 
MFA©x-:?<i, 7 > 7 * - * f < y ^ a - K(1)SAND-S, (2) NEUDAC , (3) STAYSL 

^ l c A ^ J * n x ^ ^ h * * * t t S o (d)i(2)(±, *4J«!i8S*ffiAtlfc»2iff***5ril) T v ? 
* - ^ f 4 >,^*ffTfc»©l3!]JB«!£*'^ h^ttANISN, *J;t;DOTa5©ffllil*fflVv 
fco *fffi*li±£ LTIRDF 82 K-» h U - ? r •* ^*ffl^fc. 
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a. tftjt&mt 

>7i)-*mkL1z*V7-1i>\'vmiQ>'<>:f--7-i>7-J>tLT, "Fe (n, p)5,Mn*5«fctf 
J7A1 (n. a)"NaSJ£5**iffiffi*n, tmofcSEfcfi^fcl' *fcMFA"lc±»),'x^# h*>© 

ii) S 2 * - y y hSrt©SC*»*T'-*K«fc»), I) tH»®*>'x*^o|H-||[<o|fcB«r 
ff-7 ££#-?&£,, MFAIC«t5x^^>^»ftWST?tt. * - y ? hS* 1 ** 2m~2.5m©a 
y * 'J- h*KH*nfc«^a;|B|T?«-5C.ti6»6.' SW^ttTict'Sfix*;!/*-*!*?**, -
»K3J*LTl>SCi;A*^*nfco *fc. E6*©ft £ » * : ? ' - **J.fctfMFA7'-*©#*!<: 
£<?. KL*i»4IR«W«:jRttWtt. *H4ff«©M'ffl**»ii*>ft-C^fc. #K, »?Ni(n.2n) 
"Ni OffffiRtf. ENDF/B-V K->^> ' J - 7 r^^TTtt, 14.0MeV ja±T?10~20*ii'J>IF 
mztir^zcttWfcistiZo Fig.2ic, mttr, NEuPACa-Kfcffl^-ofttofc, oo" 
#fa,lm©&|l©X^* h^£jR£££fcfC7S'to 

III) LijO-Cj*^ 
Fig. 3iCLitO-C#%fp, 9-?v h*»S> 1.5.1 cm-COMFA K J;57 V7*-Ji/ KLfcX'! 

±10«JilF"JT:—&L*-„-H.ISteC.(0*^*^1 v-c, ±^pt#«M*^**SUS 316*1* WW L 

Rtt»tttt®ai ,&£m>, R $ t i H i t t M a - KTHIpA^ottSE^ff?^'' SSKSUS 316 

iv) Li,O¥£#£(40cm, 60cmlir) 
*S*O*^ttSafSraTORR^ ;£-«I^LD0T3.5 l e t * 2*7Gtfift JtR*WLfc0 

Fig. 4IC197Au(n, r) 1"AuRR^^*DOT3.5©H'IHiiifclC^f„ US. W+tt?® 
ESS}*, «a#©SB«K»**«Lfc lWr*f f ->T^* 0 Fig. 5lc, 60cm ##4"fr<*± 
10cmfc«tat30cmTOMFA(NEUPAC) lc«fc5T>7*-^KLtex-t^ h>i/**to .RR li 

4. £<£:«> 

2) i4MeV*tt?*ic*i>-cjgtMlfffi*#^y:x-5^ h w > ' 7 * - * 7 ' < y^'tf^tSitt'.' 
ofc. 
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i 

10° 

XJ1 

H? 

«? 

Cross Section of Threshold Reaction 
1 

/ ^ - 7 ^ _ ^ 

CDffiO ® ®©<3)® (D® (£ 

\ 1 1 

© 
i 

"V5 

u / «v\ 
-

-

0 5 10 15 MeV 
®"5ln(n.nT^n ©*Ti(n.p)wSc ©MFe(n,p)SiMn 
©«Ti<n.p)««Sc ©"NKn.pJ"^ ©5,Fe(n.p)»"Mn , 
®"Ti(n.p)"Sc ©"AKn.ot^Na ®a7Au(n.2ri19^u -
©MNb(n.2n)*Nb®»°Zr(n.2n^r Q"Ni(n,2nf Ni 

Fig. 1 Typiacl threshold reaction cross section used in 

the integral experiments 

io-5 

Unfolded spectrum by NEUPAC 

at lm (90 degree) of 2nd Target Roan 

in-IOl IJIIIWI i j f i ^ Yini L -* • -in ' r in—1 r -md -1 r -\\-\ r ' '- -m. 
'" 10 -' 10-2 10 -' 11 I 10 ' 10 2 10 3 10 * 10 s 10 • 10 1 10 • 

Neutron Energy (eV) 
Fig. 2 Unfoldedspectrum at 1 m ( 90°) in the 2nd target room 

by NEUPAC code 
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10-* 

, -

< ID' 

1 0 "lO 

A AHISN 

n . Unfolded by SAND-II 

~£r 

16* 

.3 
Sid 

i i 1 1 i——r-
JUaction lata Diatrilwtion 

In LljO Slab Aaaamblj 

lap. 
• cwtar axia 

O ao oa o£( am ott oaatar aula 

Cal. DOT 3.5 -; 

135? J 

10 • 

Neutron Energy CeV) 

Fig. 3 Unfolded specrum at 15.1 cm in 

the Li,0-C assembly by SAND-II 

code 

10-V 

K 20 30 40 80 (0 cm 
diatane* 

Fig. 4 Reaction rate distribution of 
197 lQfl 

"Au(n,g) *°Au In the Li ,0 
slab (40 cm thick) assembly 
The calculation was performed 
by DOT3.5 with GICXFNS library. 

Neutron Energy CeV) 

Fig. 5 Unfolded spectra in Li_0 slab (60 cm thick) 
assembly by NEUPAC cede 
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P. 10 m<t ])f ?^tf^TOF&lc J: S ^ v ^ v - 9 t m 

* •*•- 9%*Lt tfflSWlc-Dtv-c-^So « ^ « ( i 2 fcS^tt©¥«<*&©*E#'kT"©ft*tf: 
#*BHPX'*:i' h';u-e, ;.^'©i|,*i'j)|^ft«*iLfc.. H»©)IWT(CttDOTa5, BERMUDA 
-2DN, M0RSE-DpX©3affltf-i;3-K^ffll,^., 

Benchmark Experiment on a Lithium-Oxide Assemblies 

by Using Time-of-Flight Method 

Yukio OYAMA+ and Hiroshi MAEKAWA"1" 

A benchmark experiment on the fusion blanket material Li-O was 

carried out by using time-of-flight method. Angle-depeadent neutron 

spectra leaking from cylindrical slab assemblies were measured with 

respect to the thickness and angle. Analyses on the experiment were 

carried out by using DOT3.5, BERMUDA-2EN and MORSE-DDX codas. 

1. * *T 

2*+tt;F<oflK»#*iEWK&.-7J6®*J*30 C©@^T2*«:^»fffi»CDDX)*Mt v«tt • > 

ftfcgglc Lfc„ ItWc iSSJTli, * ¥ £ LT SN&ffl DOT3.5 *ffli<>,DDX*fflV^fi»^ 
#&© BERMUDA- 2DN? * Vx^^oftoMORSE-DDX^OttftiftSICJtlSbfco. 

2. X M 

tMt'J^OA©^!*, a2mm©)!E*©XxV^Xi|7?»aLfcya.y^*ffl^1 T>u$© 
#£f t? t f ®#TRa»IC*i&±tffc0 C(D#mt. D-T*tt^**^20cm©lg|ite«*, # 

*xAIC«fc-?T«5£Lfco(Fig. 1. Fig. 2J iS*CDftJ* =• - h'?XtoZ1lZfi&{fcm>l6-:£$l 

+ 0 * ff ¥ j] flf &3r • sJspan Atonic Energy Research Institute 
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n-«fco x^thtonmfcaiiE2i3m.frwns-if&ik&mtL, +tt:F«fiWBftK:.fco 
TfeCttofci tfc.! 2'<'fTxft«ffl^Ta5MeV*vC l5MeV*-Cfflx* ***-|6HT?«( 
5Ef£fc„ :. . . . ';.•• 

SJSLfc#^Oflt*tt, 5 cm, 20cm, 40cmffl 3ST?, §&8¥&# 31.4cm T?**,, *fc, ft 
SLfcttJtt^cpSfcJtifttt'df 12.2", U9° ( 41.8°, 66.8° © 5^*^5» 

s. m m 

nmornvrKm^tYX*- \><D<&wi*$t 1 i c ^ 0 s t m t *>»fffi*7 r 4 *» E N D F / 

^•^.e>nfcifegLttJtt;?©ft«iJ^«-5J»)AnT<.>&o MORSE-DDXfi point esti mater * 
ffl^T*iO(*&&E©¥& 5em ©«ffit?3p^kLT^Sflb©tSfii:tt*7'n/ftt.iH-,TV^o 
ifefc, »3t©ftflEttDOTa5fflftflE}J^t-a:LT*5«3, BERMUDAr2DN ©ttHliflKK 

DOTa5 t BERMUDA- 2DN KoHTtt first collission source C 1 HftSJI)ft*ffl<^ 

4. tfi « 

DOT 3.5 t BERMUDA- 2DN ©#»femtSgHftt©itR* Fig. 3 K^- 0 * fc, 
MORSE-DDXffleStfflJtlS* Fig. 4IC^Lfe9 £tSi£il0MeVtti5:£ 2~4MeV#fiK 
JtlSW^^^^-HBt^M^hSo lOMeVtf £ © * - # » , SK' ,Li/o#2;:-^*##ttttSSW* 
•fSM? T 4 *fe«ft»ft.Tt»tt*»Ci«-J:*. 2~4MeV#iStt±K: ,«6©*#ttfta©liat 

#x*^+*^«Slcttl|tiii:ieik«[©ifc-C ,Jt«!L^gf**Fig.5 lcgLfca &If-*£ fc£!«© 

* K I f ^ t f t f J H f £ tt'•» T ^ * „ 
cne.ff l^-&ffl»RHtLT. mWSOrAto, «.fcttKiq|Uia.-'K±(D2K4>tt:F«)ll 

K#*©Kft^.?fi*=>-- K±fflft*> „ ->a©wt)>^©iai«**#^e.*iSo cne-oiBipt 

BERMUDA-2DN, MORSE-DDX©ttJM6«tt. JRWOlfr***. *JHJE*, * JKE 
©§ftK«t5fe©T, fflSJt«lco^T©«6*lcStLlifW©**«L*i-0 
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Table 1 Calculational parameters 

DOT 3 . 5 

* Code 

* Approximation 

* Geometry 

* Source 

* Gross Section 

set 

2'-*di|eris'i0nal S n 

P5~S16 

R-Z 

points isotropic,experimental value 

first collision source 

G I C X F N S I — 135 group ,NJ0Y ,ENDF/B-i| 

GICXFNS — 7Li(n,n'a)T evaluated by 

P.G.Young 

BERMUDA-2DN 

* Code 

* Approximation 

* Geometry 

* Source 

* Cross section 

set 

2~dlmensional direct-integration ,DDX 

P. ,40 angular ordinates. 

R-Z 

point,lsotropic,experlin£ntal value 

first collision source 

120 group,PROF-GROUCH-G U ;ENDF/B-H 

MORSE-DDX 

* Code . 

* Approximation 

* Geometry 

* Source 

* Cross section 

set 

Monte Carlo using DDX 

P. , 2 0 angular mesh, 

point estimator 

5 Dimension 

point,' isotropic, experimental value 

100 group, PROFDDX, ENDF/B-4 
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Fig.3 Comparison between DOT3.5 and BERMUDA-2DN 
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p. i i watv f ?-M^mtcfctta. >•• y:##'A*j**«8f|Jfe 

Mil Sfc+ ?*ffl*-y # n S * * ?fbffl«-»+ 

IUNtKttftMKffflW#IM: 'J * * A*#*£40cm j*£ ©8Mb 'J * -5 Aipfift^f **„ 3 
-3ffl^fe-C !iM^LfcTPRttSOIcg<-»Lfco 30MS*ttP.G.Young©fF«Lfc7Li (n, 

Measurements of Tritium Production-Rate Distributions 

in Lithium-Oxide Assemblies 

Hiroshi MAEKAWA+, Koichi TSUDA+, Tetsuo IGUCHI* 

Yujiro IKEDA+, Yukio OYAMA+, Toru FUKUHOTO+: 

Yasushi SEKI and Tomoo NAKAMURA 

Tritium production-rate (TPR) distributions were measured in simu

lated fusion blanket assemblies Using the RJ3. They were pseudo-spherical 

lithium oxide assembly with a graphite reflector and 40 cm thick lithium 

oxide slab assembly. TPR distributions measured by three methods agreed 

well each other. Experimental results support the P. 6. Young's evalua

tion for 7Li(n, n'ct)3T cross section. 

1. * * 

h y f-*>j*wm:t L T 8 * S n r ^ s u f f c >) ?• *±zm^iz 2-=©?? **v HMW**-e 
TPR jMife'iM^Lfco TPR-©MSfti L"C&® 3off lJft«Sff lLfc. 

(A) Dierck-®-j&&1;> 

(B) LiF©«(3t*«gfiitcTLD) ©aaiawft" 

(A)©SJ*(ij£< XPR©JlliKCffl*nr*J»3, (B)f(e)ii!S»fTfM*Lfc3S«fe'c,*«3, 4®fil 

+ H ^ W ^ W ^ S T , Japan Atomic Energy Research Institute 

* J K ^ l ¥ 8 5 , University of Tokyo 
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2. It I I 

2 1 Li ,0-CS*#* 

FNS £fljHfc*SJ©^ y * » h£H£ LT, *M&E#K*tt*ltft'J *9 .MM*ft i4? 
TPR£*£Lfc= CO^SJiPNS-A-CWE^R^^^iM^LfcOtBIt-C-**^ TPRtt 
(A)4J«fcaqB)©^)Sf«j£Lfc0 #,j>#4 K, LiiO, IW&i«*©fl.¥aiia3. 224, 4a8cmTf 

:5?*(A)7rfflV^^^*jJ:^rLi *«J|Lfc (99.952atom*) LiiCOj^Uy h (10mm* x 
5mm, ~0.7g) £ d + f - AKjyLTO°^(SlKB«Lfco JB»*0*4i t t^»4ptt 45xltf» 

TLD-600('Li : 95.62atom«) &TLD-700(rLi : 99.993atom#) ©tft*«2nm* 

xl2mm®^->f U' y ^x#7XlCiJALfctO*d + f -Alc^LT 0° #|S|& 90°JfrlSlfcBB 

^.y^^7^Ko^ittr22i5B#Pfl(i»5j3^fl)tt«L, h <j*-5AO(9*IC.fcssaiiMi-e&i; 
fcTL^SI^Lfco 

2.2 40cmLiiOS|2«#* 

? ̂ > T ^ f c t f m ^ t f © ^ Li IO ^ o v 9*>*>*-*$}ClteLXiU CCDLitO* 
<K#^©^S»¥&fi 31.4 cm, J?${i40.5cmTl»ofc0 * - y . y MitKd*±©#**Ba»& 
lOcmOgf-C'^ojto *^**±OTPROilSlcrtCAJt(C)(OSft*«fflLfc<, LiiO£Li,CO» 
-< f •> h tt»PfiflE©^$, JKtt'Li ( 95.446 atom*) & rLi ( 99.952 atomSB) ©LiiCOi* 
*^f.«^Lfco LiiOtLitCO,©-^,, h © * * * t t * f t * n . 12mm*x2mm, I3mm# 
x2mmT?<6&, «$li^*&© fc©lc*fLCtta38g & (X85g TN&ojt. ^ U ' , , httLi i07 
n y * ffl fc£ (i 5 2IBKE« L fco JH*f •#©*#«•?»£•;«: Li tO « v v h ©»& 5.18 x itf«, 
LiiCOi©*^ l.n xirf^-eaB-ofc. IH««. fl#*a*L. fr*»^7*F(!)iW(ii/yfi/ 
-**ffiSHnr£iSLfch y**A*3£aLfc. 

3. m ifi 

a i Li.O-C*jR©))Wf . 

tWfKftfll Lfc l35£©*rE**.;, h GICXFNSWI* ENDF/B-N©*^- **» ^ffrfcLfc,, 
fflL. rLi (n,n' , a) »T Ji P. G Young ©flHKlV C t t E N D F / B - V © ^ - * * * ^ ^ 
«MJVF*©ltJ|ttt 1 »5c«»aSti-*3 - K ANISNr) «Jlt* P, -SnJfiflTffi1-* fc. # t t ? i U - ! 
# h* iLT*yf**nItJM»J^ ) t«v ? fc . tfc. Jt*©fc». rLi (n, n'«)»T©ifii* 
t LT ENDF/B-V © y - 9 *fflv^fclt»tff-a fc0 
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3.2 Li,03}MR**©)IMlT 
tptt^Jfctt 2*7C=- K.DOTaSf) i GICXFNS £ # l \ P,-Swi£*!Tfl-*Lfco * » ? * 

^ ^ h;Mi±iB*Vr*>unltJf©06;5rS]©iteffl<i\ first collision source (bVcUit 
GRTUNCL code £JB^fc„ 

4. mm*&zmtt 

4.1 Li,0-C<** 
SWMS**ff-lMS*<!:#fc Fig. 1 IOT^O TLD ©***«: Li»CO, © 5.3cm©*riH*ffcL. 

A»*(i2-20*-C*ofco TPR©»^(±TLDiLi»COl©|«-e||<-*L,fl-IMIi*'C>W 
>£$IS**-iScLjto ^77frt>Wi>frK*n\zYoungOfHl^ffl^fc^*{3H»*K^^Ci«b 
*>-ofc„ *fc. «iJJft7LijCO,-?u.y h£fl3^T»5£LA:7Li (n, n'a) 'T©ifffii»tt( 0.259 
±0.018) b T J i t , 

4.2 LijO^Pfift^ Z 

SMW***IMM»*4*KFig.2KiS^0 £ t t « £ t i ± d.4fc, 7 V^ARStt l~15«-e* 

ofc. 'Li (n (a)'T©Rt6*(T«)©tr}|tfe*lc(i@a*iKS»**lfiiELT*«o XIMtii 
ftJMe»C*tLT10--20Stffi< <, *«»3gKJt«tT*#^. Fig. 3 T« i T,ffllttt OltttLfc 

5o 

5. * £ » 

(1) 8t»^^«jaffl*tt^*(FNS) *fflV\ 2o©Li,0:?r7 >•*•;, h**"? H J * * A £ I S 
* ( T P R ) £»£L) to <%*, LiiOSSatiLfctt^TlSBSSlWS^jreifcSo 

(2) LiF©TLD©aBI«*ffcK*!)TPRtfM£T*«C£*JSLfc. Iftttlt^ffl**©*:* 
©«E8SfflM36«!:l**G]±#jia5Tf * So 

(4) HHfe*(i 7Li (n, n'a) >TK»t5 Young fflfF**£#Lfc0 
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J i i i . ' I V i l__i_ 
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Fig. 1 Tritium production-rate distribution in 
Lii 0^ assembly. 
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Fig. 2 Tritium production-rate distribution in 
40 cm thick Li20 slab assembly. 

Fig. 3 T6/T7 ratio distribution in 40 cm thick 
Li20 slab assembly. 
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p. 12 FNSJZmf zmm&Ff? >y*/\> jpx^m^ v^v-? 
mmm 

*# a* 

A Program for Design-Oriented Benchmark Experiment 

on Fusion Blanket Neutronics at FNS 

Tomoo NAKAMURA* 

this article describes the outline of a program on integral bench

mark experiments supporting nuclear design of fusion blanket by using 

the FNS facility. 

1. filitolC 

tt«0«f-**JJ:tfi*it*fc:*stt S»a-oKaiMi:o^Tfl |«Ai»e.n. i f # f l i . -feflct L 
TfflH*©Satto«K36*«**<t<£S. t R l ^ - o ^ - * £ ! * « . #£©*pMffl;fca6.©*? 

2. * * t t * D « * 

# f t i l t t , .2aPBte»tf&n«o.JBia»«:,IBlBI«i:^-i-J:-3KFNSJIS2*—ir'v hg© 
JtfflH«a*fJffl-t5 fetOTT, l^tfSB 2 * - y » H^±(**y5 y-5r y HBiJLfcT . *.<&* 

+ B*lS? ĵSf3SBr , Japan Atomic Energy Research Inst i tute 
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5o 

Ill • i S i i * 6 © e i t ^ * S o r i a « » o a i B W « i E * ^ f f l » ^ p » : « a ! K : J : 5 fcfflKJtttrtfi 

Vii. & W J £ # * £ * ! > - C A W * ' < * h ^ f l H I L T ^ i o fflla y * 'J - h *OA . ttux** 

VI. # * « > A i * * t t f K » L * - Y » h*»6(Dititt?««»|Si3|!»*tt**llJ«. 

ix. Awm^jRiWKai'. 

«£*T9o tffc, *^BK,BSiH^KBBtSJSff -USD0Eff l8*^*SOHFje#fe#at* . 

3. K l f f lXM 

XlfcKS 

SHWSfttt ' 
I 1 I « K 
«Ht;FJ«S«»* (Be. Pb) 
KttttttJK 
#&##*£»»* ' » 

iHt^F* J: &tf y - ? « « • # & # 
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4. VTU 

#§tst±, 58̂ 10̂  & am «£*• IT.% i *a©as i EgmtAiAWtftt^a^"* i- *»©*«: 

»«T-C!^e.nfc*Li4>«fcc;7Lil!:<i S h ' J f - $ i . £ j 5 E ¥ £ * i £ ^ t o * 5 B f c . L i if?*** 
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t 

p.i3 mm*iL*i£xz't>&*b#>'<?m&mzM'rh9tx 
±x art* 

30-MeV p, 33-MeV d, 65-MeV 'Ifefttf 65-MeV <**, «HP ©JftBJ; OJFHRIs.ft. 

m. » © * -¥y MC««L , » £ * 6 2 * W f i ^ v ^ l K o x ^ ^ l » / H | £ * L * : . 1 « f 

© S U M S * * * * ! * * * - H • S f t c f O e l E J : 6 * vrUJKatmtikXt Lfc. 75* <D*HJ** 

TTIi-HllcltJUiimt J;<HfcLfcA*. fTfcTNi p »coi>Ttt**;fc , d .'HeJr ->i-.T»*(h 

4 t t * * * L f c . tit 2 fc+tt ; f l c o i > T S I * l l « a * W * * l A f c . 

Study on the Secondary Neutron and Photon amission by Charged Particle 

Yoshitomo DWAMIMO 

The secondary neutron and photon apectra from thick carbon. Iron, 

copper and lead targets bombarded by 30-MeV p , 33-MBY d, 65-MeV 3He and 

65-MeV a were measured. The intranuclaar-cascadfe-evaporation Monte 

Carlo calculation of neutron emission was done with the MECC-7 and LHZ 

codes. The measured secondary neutron spectra were analysed.phsno—mo-' 

l o g i c a l l y . 

• 1 . • * : . » , . . 

KJ:5)BJ&**lWiLT)Pi>Be * - y ? MCd <P>p«-KRI*L . 0" ^iSjICf^fe+ScM*?© 

x ^ H u f c i M j g L f c W t t ^ l i ^ W f t S t t T ^ S A i 0 , fflaMatttttffiicMtfL*:!!. 4 0 

fctt2&#y?i]i©»£fc«j5gLfcWi«a6Tj>tti.\,) c r f t i i ^ i u e f f e f f l i H - f 

* h**£**£•*-*« *£tJt«SltSfc»lc , ttrt#x-!r- K •*SB*?.'t,»c.fcS*y51**' 
n a - K (MECC-7S )RtfLHI4 >;*ffll*T4M3:?»£*it*L*:o t f c H S L f c t f t t ? ^ 

* h ^ f . equilibriumjnodel ( * * * 7 * » £ pre-equilibrium model *W>T9Wrtb££ 

fcfc . •iP ;F)i»ico^rtt*-/<-©x h i) v aytftr** K*&imt t>Jt«Lr*/=. 

• W**&'M.:¥*mXm , Institute for Suclear Study, 

University of Tokyo 
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2. Hit*)* 

f K l t t S M ^ S i a ^ T i l ^ f c . 564Lfc2»:tm^. #v*mtQm, IS'. 30\ 45*. 75°. 
135'©^FBl?, 3'*x3'0DNE213*ffll^Tilj£Lfco'^rt'Xttn-r#MStt. 2.fca:jftilS 
»«f»lcfc<t)x.&h«. * f t e h f f l » # * » * t t . lOOMeV * ? © * £ ? £ « + 4 Jtflfllllt* 
RtfUUtVtT!®ifv-*MlC*i+ZJ&&Ml%:m^r, 3U*SttA:I>ERDO a - h'} KX-oT 
Unfolding *'ftfc0 n-V#M©',*'4 *-•* »>uy^K.J:6KR*»6 , x*.a>**-x'<* h^eo 
MS"F»«i . *tt^t?tt 2 ~ 3 MeV. # y ^ * - e i i 1.5 MeVT* S . *fllk&ll<Dff*tt * * K 
. - ' t - t H f . T i f »̂fc*f. *tt?fc*tLTtt5~10# . #^»c t tLTI i30~50#©*4*** 

ftmmt&j&t Ziztbic ,UECC-7%ZfLRl*y 3 - KlciS 2fc«t*'*»4<Dtt*«Tr» 
/=„ »TJf8**cot>TJ±MECe -73 - KTrSB^x^^-lc^^S^tt^JSifraBai^lf* 
L , * f t * f t ^ H f c t e > ^ « # L T 2 « * t t ? * 4 » ^ f f * Lfc. LHI 3 - Kl iSt** 4 * 
v (Light Heavy-IonjA»KJ:S2«*tt-T»4|tJ|[!(i*T?|tSi:-5lc> HETC3-K*»A 
L/=4>©r*4o LHI n -Ktt,' « 4 ^ V t t t t E ^ t t t ^ i ^ i S - S o l g J i ^ t t J i f t - c a 
4 K > - y » M*KA*tL , *0»©t tr t* * * - KRC)t*56iieeoKfti>ttMECC -7 = - H 
t&<H-tr*5o Armstrong &° ic J:tltf. LHI s-KtfftiSAJrtStftDx ****-©T 
HttdTTtt 32.2 MeV, 'He TH; 527 MeV . tfT(i8&3MeVr*»>, fl£-=TaAJK<OftJHiif 

4. ttJR&ftlt 

4.1 *tt :F*'<* Kvi/JBM 
W<!:LT30MeVeDpt33MeV(Od*fi«cHI^Lfc^<o*tt^^'<i' h^ili£o*S**SI2, 

3 Kim-emiro H 2 ©KJtfcti FERDO 3 - K" K J: 5»tfT?* 5 o B 3 (iKg<D«*(tt§ L 
fc0 M£*tJ:OJaT®«ft#*;SttS. 
; 1) d T?tiA#x*.**--cD*«tf£aic. 5He-CJi»WlcxhU .ytry^SH5Kj;5<ioj£i->tf 

! KSLfctWt^x^^ (-.«/**? ^ 7 1 + ̂ - (Ecut-4MeV)PJl±(0«HKt>fcpTA 
ftKKo^T^jJLfcttitt^ja* «*"«) * * I I C * + . *»KttEcut-a+tt*)-&ATOx 
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*^+*-«fflK*Dfc«*tt:F4fiE*y^tt,*i!jJSK/j:ac.t^^l^ lOMeV BIT©*'*?** 

£ ? # £ ? * S & # * . & n 5 . WE«K64 J;-jlc«MflE*ftJ6, * fctcEcut J : 0 « ^ » * © * 
*»l£»«««**.fc-*fc**LTjRi6SC. (*:»C.fc*) , Ecut«0 © £ # « • * « » Y J " 1 * * 

•>r, tWt^JSiMY^' !**:#<«£*. LA»Ld fc8LTttt©«fti*£<a»-e**. 

4.2 * ? * "***!•*«£ 
«f!£LT65MeV<* * * * - y v HC|M# LfcWc Belli* ft S * ? * ' * * f * * B 4 K * t . 

*t9->fv i-i(o»i^t>#Tt)*tor*^ttA«*^, juG^-y? I>T»I±,,C®J*IJMSI",< 

;nfrE>©443MeV©fc''-*. Rtf nC©J* 1 , *2»fil"'«A'*»&CD2L01ifeV£ &6M»V ©^ 
-*#Jl&ftSo 1.5MeVBl±O3fe:f»m«tYr

t0,**», * I fc*+, i^ftafitfllMNc** 

4 3 ^ri'x^^oltJtimWiiCJtlil! 

B 2ICMECC -7K J; 6tMMMWjMr?3 L fc. M*T?ttXIMJ: 0 2 - 3 « * # < , « t ' 

* f l J * 6 " i : J; < - » + * . H3JCLHI li:j;,T:ltJ|[Lfcil^©»l?IIMt©«***L*aft*. 
0" t 1 5 T l i « H * i l i 4 < Jttt <0, 45° i 750T?ttJ: < - » + $ - # , 18B*Tfttlf-|HII«|/h 
M K t t 6 . c n & o » l f i t f t n * x * - K t t * i r o r e a * J H f t e . ifcJKftaBafMW'h 

4.4 iM7x**h*o|Uklfcnfl!l*r 
HSLfct f t t?*^* h * * * * ^ * - 1 ? « - 3 f c i i C * <E. 0 ) / E ] *H5 . 6 K * t „ m 

g*K 2 -sofflfaAaeatreft 5 C £ tffcfe S G fix * * * - f l o f t t t « f t ttftgiUIK: J:5 
fc©T?**) . H!x*^**-«!o«l^*li^t>»*6pre-equilibnumJiSKJ;SiOT. H#tt 
HWe,5~7MeV, *ftKT8~10MrVTgadT#S«S£l*^Me;fctt6flpl^-y» h*>5>© 

***tt :Fx'<^ h^ c* (E.«)) nacAtrtw-e* a. 

* (E. 8) -J N»ta».i(Ei)- - e x p ( — - ) ( ) dEj (1) 
''"th 2 x* T dx 

(MeV-sr -projectile )"*. 

C CT? E ttlWtt*T©+ &? x **<**- , E, J*A*H * y i W - , E ,„ tt+tt^fcifeK 

*«>L#^*. N B * - y * honT«K. aMnitt^*yoMittttajnm. Ktt#mt« 
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fcfe, X«io«c4^.&nT^5ii^R:«-*-6i[*i[&**s;oQ^[»colilE*Lr<ik©'f*y|c 
t.ffli>V=o 75* <D**<9 l-^icHfctS J:-5lcT*ftl6, *®*®T<D*4*]Ifc . x ^ h * 

*&-»•* -6 . fcjtfLxh <; v ty^*S* l t f ix*^**-Tfe«»aj lM9Kd ^'HetRMtLfc 
»&®-SliJ:<ttir>0 tt»-effli>fcK(Kcal) £3lll«£©it«lcj;^T*a;fcKexp©Jtfc 

HIEsE^iH^O. prb-equilibriumJiSICj;6ttillBC (T') «tt tBft«lc*#L, * * : * » 

J t » » c o n r f i T t * o Tttfc&ftottrffcfcOeDfiifcx*.**- (EC /MC; I C « # L ,*:**> 

T-1.85 (E C /M C ; M (21 

*Ti>S„ H7TNB* - Y » hOlMMI* , JHM&mtnicftlK(/rL'6. W#tt.fc<*lTi> 
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Tabic I Neutron and Photon Total Yield 

Incident 

Particle 

30-MeV 

proton 

33-MeV 

deuteron 

65-MeV 
3He 

65-MeV 

alpha 

Target 

C 

Fe 

Cu 

Pb 

C 

Fe 

Cu 

Pb*d 

c 
Fe 

Cu 

Pb 

C 

Fe 

Cu 

Pb 

Neutron Yield 

Experimental 
_fast*a 
xn 

0.0503 

0.259 

0.320 , 

0.176 

1.75 

0.785 

0.788 

0.348 

0.650 

0.603 

0.613 

0.0404 

0.221 

0.278 

0.361 

0.162 

vtotal*b 
n 

0.130 

0.938 

1.33 

1.64 

2.64 

1.76 

1.81 

1.35 

1.21 

1.48 

1.50 

1.56 

0^297 

0.696 

0.744 

0.531 

Calculation 

0.986 

1.04 

1.27 

2.81 

1.51 

1.30 

1.37 

1.98 

1.45 

1.11 

1.22 

1.43 

Photon Yield c 
„to€ 

0.948 

1.38 

1.33 

0.366 

, 1.68 

1.43 

1.13 

0.520 

1.39 

1.78 

1.44 

1.03 

0.613 

0.905 

0.835 

0.413 

*a : Neutron yield per 100 incident particles obtained by integrating 

the neutron spectrin over the energy range E_J4 NeV. 

*b : Neutron yield per 100 incident particles obtained by integrating 

the neutron spectrum over the energy range E ni 0 Mev. 

*c : Photon yield per 100 incident particles obtained by integrating 

the photon spectrum over the energy range E £1-5 H*V. 

*d : Obtained using estimated values at 75*. 
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Tabic II Q; value and excited energy per nucleoli of the compound nucleus, ratio of calculated and measured total 

evaporation neutrons, K /K , , and nuclear temperatures T f 
exp ca>* 

pre-equilibrium state, for each projectile-target combination 

evaporation neutrons, K /K , , and nuclear temperatures T for equilibrium state and T' for 
exp ca>* 

5En«rgy Compound Q 

Projectile ^ ^ Target " ^ (lfey) 

Excited Energy 
per Nudeon K 
(Eo+Q) /M„ 

(MeV) 
K 

exp 
cal 

Nuclear Temperature 

Equlibrium Pre-equiibriu«i, T-(MeV) 

TCMeV) 0* 15* 45" 75* 135* 

§ 

JHe 

30 

33 

65 

65 

"C 
"Cu 

*"Pb 

12„ 

*», 
2 0 « 

Cu 

Pb 

ioa 
'Cu 

Pb 

l « r 

( 3 

2 0 1 

Cu 

Pb 

•>Zn 

2 » B i 

i » i 

«s 

2 1 0 

N 

Zn 

Bi 

i V 
f ( 

2 1 1 

6a 

Po 

«'», 
2 1 2 

G* 

Po 

1.94 

7.71 

3.ZT 

10/27 

13.46 

6.19 

12,08 

13.07 

5,63 

7.16 

3.72 

-8/94 

2.28 
0.58. 

0.16 

2.75 

0^70 

0.19 

4.27 

1.13 

0.33 

3.49 

0,97 

0.26 

2.9 
0.96 

0.67 

11.4 

1.32 

0.93 

5.2 

1.11 

0.79 

2.6 

1.06 

0.40 

1.7 

1.5 

1.0 

2.3 

1.5 

1.1 

2.8 

2.1 

1.5 

2.8 

2 .1 

1.5 

4.7 

4.4 

9.3 

6.9 

5.0 

11.2 

9.8 

10.2 

7.4 

' 7.3 

6.2 

4.6 

4.3 

7.0 

5.9 

4.9 

9.8 

9.0 

8.2 

5.5 

6.3 

5.4 

3-9 
4 .1 

5.0 

4.3 

4.3 

8.3 

6.9 

5.8 

4.6 

6.7 

5.0 

3.6 

3.8 

3.9 

3.3 

3.3 

4.6 

5.9 

4.7^ 

2.6 

3.3 

2.7 

3.3 

6/3 4.2 

3.0 

3.5 

3.6 
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Incident Beam 

Target* 

Scattering Chamber 

Shadow Bar 
(15C*X15C*X60C«) 

3*diam. X3* 
NE-2I3 

Pig. 1 Experimental arrangement. 

10 . 20 
Mtutron Entrgy (MtV) 

Fig. 2 Neutron spectra from copper target bombarded by 30-MeV 
proton. 
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3 Neutron spectra from copper target 
bombarded by 3 3-MeV deuteron. 
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Photon Energy, MeV 
Fig . 4 Photon spectra from copper targe t 

bombarded by 65-MeV alpha. 
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10" 

10' 

O Exp. 
A Exp. 

a EXP. 
• EXP. 
A EXP. 

0 deg 
15 deg 
45 DEG 
75 DEG 

135 DEG 

_1_ J_ 
5 10 15 20 

NEUTRON ENERGY CMeV) 

25 

Fig. 5 Analitical fitting of measured neutron spectra divided 

by neutron energy E from copper target bombarded by 

30-MeV proton. 
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10 -̂3: 

10" 

I I 
o Exp. 
A Exp. 
• EXP. 
• EXP. 
A EXP. 

I - l 
0 deg 

15 deg 
45 DEG 
75 DEG 

135 DEG 

V^SO^ 

5 10 15 20 25 30 35 40 45 50 55 

reUTFKDN B^ERGY CMeV) A 

F i g . 6 Analyt ica l f i t t i n g of measured neutron spectra div ided 

by neutron energy E from copper targe t bombarded by 

65-MeV alpha. 
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7 

7 

X10"4 

6 

§ 4 O 4 

1 h 

n 1 -r r 1 f-
O Exp. 0 deg 
A Exp. 15 deg 

0 5 10 15 20 25 30 35 40 

NEUTRON ENERQY (MeV) 

Fig. 7 Comparison of measured neutron spectra from copper target 

by 33-MeV deuteron bombardment with those calculated by 

Serber model. 
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P. 14 Mg,Al,Si,Zr,m,Mo<7)m$&?±mnmM% 

te* ejj*. «JR ZJT. ft« **** 

*P<D* . „.*. TOF zmmmim^r, mfp^^^^^^'-mmca^msmtommiffts.^. 
m*tmmt<Dtt#z'ati-,tia immtimmaa*oiix. mmK*yy»tm^td§it. 
*#tt»aifffi*ii^<-»L, ta^tt-y^r^iffl^fc*^. ^»it«tai»fan*Ai*iitKA< 

Total Neutron Cross Sections of Magnesium, Aluminum, Silicon, 

Zirconium, Niobium and Molybdenum in the Thermal Rauge 

ft ft ** 
Tetsuo MATSBMOTO , Otohiko AIZAWA and Hiroyuki KADOTANI 

Total neutron cross sections of Mg, Al, Si, Zr, Nb and Mo at room 

temperature have been measured in the thermal range using a chopper and 

TOF facility of the Musashi Institute of Technology Research Reactor. 

1. * » 

Ifc+tt^UfBflltraailJgM:. 1958^EtB!fJ;t), S ^ i ' O t t H l c o ^ T f T t t f r t t r . BNL 

325-1. 2, 3rd Edition \t(L»£tlT^&o LfrLKiiie,, ffll^fcif vr.rt'iDifflflHBteo^ 

T t t « * S f t T * S & f , t1*&ff lJ£RkttSftT^fc^. BNL325-3rd EditionSffi'4k, V< 

o * > C j £ | E o l > T t t , « £ W # * S»X«.«. «JJ BNL325-3rd Edition fcfcl^Ttt , Mg. 

Si, Zr, Nb ©±*Tffi*(± , £ * 0.0024 ~ 0.024eV, 0.0033 ~ 0.013eV. 0.003 ~ 0.02eV, 0.0~ 

0.008eVCDffi«-e^SDLTi^5L. Al t Mo O f - # « * . « » * f r L t t x + . M r - - f t # l * f c * L 

Ti*5„ *CT?, g ^ t t . M g . A l . S i . Z r , Nb, Molc-^^^T•^^>'7'^<0«)attll**tO±•^r. -

* # t t ? £ l f t P S < D * ; £ * a j * I ; t t P < o f • *'* • TOFSEB*fli(->Trrtt'-5 i p ^ f c , UNCLE 

-TOM^&tfTHRUSH10 a - K K J ; S a i m - » * S a ^ . J£tWft*f*Jn*fc.T) 

* JUKfltf#sRF;frff*£i)r > Atomic Energy Research Lab., Musashi Inst , of Tech. 

•• -fcyf-a'J- • U t f - f t y # - , CRC 
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2. X ft 

2 1 ItfftgC 

Fig. 1 ic , gMTX&ct)* m •*/* • TOF « • * • £ » f c f U M E W a * * * . * • » ' < O B - * 

l i , B N K - C , * S 1 2 c m , * S 1 2 c m O H S ± 1 f , * * « K , » | 4 i n m , S $ 7 c m O ^ ' J * h # , 

9**l"'fcfccOT?*So o-*CDEH6«Ctt. 5000rpm *T?«!£-*?# 5 # . 4-[a|!i . 2000rpm 

<t 3800rpm*ffli->fco JRf fH» i . 6.25mT?*»J. CCDtlfCOs. *^+'-5Jj»jfe« ( 2000rpm© 

1$, 0.002eVT?5.5#, 3800rpmlS, OOleVT 7.5#TT*S.> X , « f k ' - A t U l i , A 

* - ^ r t l c , SMSftSi £ f t $ 522 c m » A L f c l # l c » S . n $ * # 1 4 7 7 -M'? A (si t*-A) 

£ , W$#15cm©£ttftBe ^ D - , * £ * A L T » & n S 5 meV£lT © & # « • ? * * - A (Be tr 

«ff».t«!>t^j:Tr**K;«r»;t,*.'a^.'' p 

2 2 itVrffi/ 

Table l i e , £ » f S * © a ^ f c i ^ f c i r > 7 ; u * ; 5 ? + o « j a t t « < D « « * * 5 f c i 6 f c . fflftfe 

ft (vf ya- 7 h) ,-4>llffcjt. (100-~ 200 * v •>*J , * 5,^tt ( S 3 ~ 10 mm; Rtf * 9 * 

* * # ( g l ~ 3 m m ; Ofcffliffltr', t f t * # V ^ n J ' O i / ^ ' I c i t A L T ^ y y A ' i Lfc, £ t t 

&©8a?«8««:ii, {**ti: s «t owtb Lfc. 

2 3 l ? « ^ S S O r 7 ' - i ? * i a 

£Kfffi*©»5£ti. Si f - A t B e fc'-Afcffl^r-etl-etlfTtt-ofco Fig.2 ic , S-fSrOe--' 

SKJS^ft^K«fcSfcffli^it>nfcco7?, Cd V - K e e - A * f c f ? c tlc«K*»'< v>*"5 

V KSJ^fcfi-tt -ofco Fig. 3 IC , Si7 <*-?:.SrJfAL'at>«fK»g,nS* — / y t ' - A ( a ) t , * 

(D^-jfiTy VV7.12 hMbl&tfSi t - ^ l j © / * - . / ^ V t'X"?? h>!/('c)4, J£«.i/C(D-« 

izifi, Si t r - A«-ffiffl Ltzmt. '*v 9 fv > K ^ » ^ f t 2 « i t t ^ L r ^ S © A i ^ 5 0 XiRg. 

4 Kli , n -^©EH6*fe^3800tpm B#IC$£ift7tX'*£ >yK«-«*7t^,aif®^^X<!:©*-/< 

Fig. 5 Ic^tfltttMttf U ) f . '<7 * ^ 5 y K*R#& 7 < ? r ^ L r * a * t t ^ » * * * t > 

$ & ^ # t * £ < t r » t M * : F © * - - ' " ' : » *-ra*ifc*t5;&&*<fc-ort:o C©Nr,^HfS*<n 

1 Ci -Bj , 
ffi = — In—:—-

Nd C i - B ' , 

N : JJ i& t t t to fcO©*^ , d : •*>-?A><DlHs 

Ci. Cj : tfVT'.'i'**? , ttLI#©i * t ; < * ^ 0 * ! > > ' hft 

B,1, Bi : tf • T ' / f * »J , tt LIS© i * * **7i/©/<7 9#'-i X K * tf ^ h# 
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3. * * S « < D * * t t * 

#tt»airB»©tf-»l i . * V7M/«©|*FJ£tk4ffl^T, UNCLE-TOM a - KT?ff <-S * 
# t t t t a * f B « 0 t t * B . f ' M # © * » * » * * « £ L T , THRUSH a-KICJ;i)ffttofc.. 
Table 2 ic . a*tt*fcffi^fc«JS!5g|l[**+. 

4. **au#* 

Fig.6(a)(b) ic . -ry + ->*i(04irB«o*iW4ff-}|[|l©JtR*/Tto M t f J O t t , * 
H J W H W W * * . + 5/7*4 LTtt , 4 *:** h £ * « » * © 2 » W B i > * : # , IHM&cDJt 
WCB • Bragg cut-off EtfO^irBtltt . 4 v*» htfy^KDKMCjJK-JcL.. Bragg 
cut-off jy±©#tt»SIJfffi*li , ttftCM^fcttlc, #» lca<-»L-C<,^„ tt*-W4lW 
ic , flbo-!*-y7,^*lRH«lcJttSELr*60 Fig.7(a)(b)lc , T;i> 5-$.£.©•****•*-. l^T* 
; K £ L T B . o» Ktt£**lt&*cD2«JMi^rt:#, 7 ^ s/flAtHfltt1. n»K*>'7 ,*«) 
S$. Bragg cut-off UTSA < Hft L , Bragg cut-off &±®#ttttaKEtttt , *JRtt# 
*ffii^Nflc#1iric&<-SLTV6#, cut-off BITB*1WA**:'C*6. KK, Fig.8 (a) 
(b) ic , > \) a y«D*y^;i/t LT. * t t * n * K£^»#*f f l^ fc* lc#&nfc* irB«© 
tt***t. JJHS1.B 9 KOftttfttt • IHMIiJK -ftLTl^T . I M * * © * * M X 7 < 

#ttt*a»r®»B . &< - » L T V S # . Bragg cut-off £lT®»fB«B. JtUHfiawW^tt 

B. ## lc& <-ft LT^Stf, Bragg cut-off filT©WrE*B , flk<07C*^»«c, SUM* 
*T?*S„ £££** . B-y K-S-y^^no^rB.flHiDTcSStBa^C, £** lc*>fcoT,a< — 
aLT^S«D!W»*»6o Fig.lO(a)lb) KB , - * ^ © t S * * * * . - * 7 * > * « » * # A^Tf* 

flbra5c*[^» . Bragg cut-off JslFeBIKHRLT^S**, BtttfcaJrBfttt6t>ttt'. X 
9 5"> ^ t f co fcoB , #tt*faJrfi«ttHftt«Mlfi|lc*S!6*. aE»-eatti^Ct**d*>8, 
Fig.?l(a)(b) ic , * >J y f y©ISJRcQjt«!lE**t o tttfcD ., Kft©I*»c , Bragg cut-off BIT, 
© • t B * B f i < - * L . *U»**ffl^fcl*fca . Bragg cut-offfiLtO#tt*aKB«**Hfc 
t «**. cut-off JSlTtfB. mWa***#i^oBMg-*>AI i H l i T i S o 

Ja l t cCi fr&^ASi l i t t , tttMtiOJtRrtt. o„ K « * y^*ffli>fc»Kli,Bragg 

cut-off£iTô ir®« &w&muKm*±mmm*iBm tt.A<HRL.»*+y^* 
*ffli->Vtl#lcB.. Bragg~cut-offJa±0#ttfta*B«**£<-ft-rS<fc^'5 ££-??**. * L 
T\ C f f l C i * # i S K , »**>'7,-"'*ffl^fcl*fc, Bragg cut-offfitToifBfctf&fcfcK 
T . #!£*•«!&**: #<^©B , »*lc£*nS#ii£##;6JIiH-£ tatt^a>o X . B.„ K+yy 
^*ffli^fcl»K. Bragg cut-offJ£U:T?&fctt^©a . S5^a#tt«««TfBa < , &•)*£** 
*RW»cBfl§nT^S«aicj;6feeD<!:gfcft6.<aL.Zr+i'7 ,;ua, £ « * • ? . & < -
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B. ft tt 

S t K I ^ : ^ ® ^ 3 v < • TOF mmt 2«i(ottJttT-tr- A (Si t r - A i Betr-A)*ffl^T, 

Mg. Al. Si. Zr. Nb , Mo ofctftt i^iff f iMfcftS L . aUttJMtiOitRl f tWifrt tofc . 

***£ LT. cofl|*co*it^ifffi*(i, *y7»<DmmtfM\m&i s e t . ifrJMIioittSE 
Ttt . »*•*- v-fjuzm^t&tti.. Bragg cut-offJH±©?«£l*S,iTB»»i.gt < Hft L , B # f t 
0 I 1 ' KiJ-vr^if f l^fc^lCl i , Bragg cut-offjrF©£lfrffitt6*Hft+6 t<!:***ffl Lfc. 

Si (0#tttti§Lifii«oft*(i , M H f t K M C i ^ l i Lfc8 *»nfc i , . *+. 

Bafarancaa 
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Table 1 Sampler used f o r measurement 

Si 

Zr 

Solid 
Powder 

jolid 
Slug 

Element 

Mg 

Al 

Phase 
or form 

Solid 
Powder 

Solid 
Powder 

Purity 
(#) 

99.9 
99.0 

99.9 
99.9 

Density 
(g/cm«) 

1.7 
1.0 

2.7 
1.5 

Dimension 

Diameter (cm) 

Ingot* 
9.8 

9.9 
9.8 

Length (cm) 

30.4 
36.0 

30.0 
36.0, 54.0 

99.95 
98.0 

2.34 
1.19 

99.9 
99.8 

6.67 
3.0 

6.1 
9.8 

5.5 
9.8 

22.0. 30.2 
36.0 

8.0 
18.0 

Nb Solid 
Crush 

99.9 
99.9 

8.6 
b.O 

5.5 
9.8 

8.0 
18.0 

Mo 
Solid 
Powder 

99.9 
99.9 

10.2 
2.49 

5.5 
10.? 

2.0 
16.0 

tT»|Mid 

Table 2 P h y s i c a l c o n s t a n t s f o r measured samples 

Element Crystal 
structure 

Lattice , Debye temp, 
constant (A) (K) (barn) (fin) 

*f 
(barn) 

Mg 

Al 
SI 

Zr 
Nb 
Mo 

bcc 

fee 
diamond 

hep 

bcc 
bcc 

a-3.20280 
e-5.19983 
«»4.04145 
«-5.42 
«-3.23 
e-5.14 
a-3.2941 
«-3.14103 

342 

428 
640 

310 

252 
450 

3.41 

1.49 
2.2 

6.40 

6.37 
5.8 

5.33 

3.45 
4.15 

7.0 

7.11 
6.9 

0.063 

0.23 
0.16 

0.185 

1.15 
2.65 

t BW.-32S. (3rd «L>. VOIMH 1, CEANDC(US)-ia/L3 
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Fig. 1 Arrangement of chopper and tiae-of-flight facility. 
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Fig, 2 Si-beam and Be-beam. 
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Fig. 3 Background apectra at 2000 rpm. 
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Fig. 4 Situation of pulsed-neutron overlapping 
at 3800 rpm. 
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Fig. 5 Examples of background estimation 
at 3800 rp«. 
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( b) Magnesium powder 
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( a ) Solid aluminium rod 
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( b) Aluminium powder 
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102 r-^-i—• 111 i n | i—i i M M I | i . i 11111• | i—i 111111. 

( a) Single-crystal silicon rod 
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p.15 frm&£xs#ftmmmmz}$vz*&*mm 

»* nt^.^m m'.m £»* 

565keVlcis«-S"Si (Dp. S^ttTft^^&OHWtt^MSL . valence «£lc«fc5lt*£ 

Jt« Lfco 3 t>fc . #&?Mjf«RJElc*Jtf« off-resonance ©*T4***tfjK:ll--<fc. 4fc, 

"FeO 27.7 , 34.2 ,3&4 , 5a2keV Itfctf S s, pftcWP&iUfcfctLTtt , "FefflSfcRIBfc 

P - lh m&<DWai^^M^t&ctK^^rim^tiicti!i^«t^ti6o ##*&*** 
IciJl^Ttt ,,41Pr, '"Tb.'^Ho, '"Ta, 1* ,Au®fy5 -&*£#*£ ? #«=?}•» tf^fct* 

Study on Neutron Capture Gamma-Rays in 

the Resolved and Unresolved Resonance Regions 

Hideo KITAZAWA*, Masayuki IGASHIRA*. Haruki KOMANO* 

Michio SHIMIZtl*, Kuninobu TERAZU*, Eidehiro FUKUI* 

We hnve measured gamma-rays from s- and p-wave resonance neutron 

capture reactions on 28Si and 56Fe. Anomalous, strong gamma-ray transi

tions to the ground and first excited states of 57Fe have been observed 

for neutron capture by 56Fe. In the unresolved resonance region neutron 

capture gamma-ray spectra with the pigmy resonance have been obtained 

for 1*1Pr, 159Tb, ^BSHO, 18lta and 19*Au. 

1. If * 

±tc, n*7-9<ow%£tf#y^m7-9<Dmmtoj-m®&^*i><$k£&o # K . s + « 

* MP.xm*#mzf1pZ¥9mm , Research Laboratory for Nuclear Reactors, 

Tokyo Institute of Technology 
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Wiai»o»i^jWRfliJK*-^^r#yv«4i»aiS*i5o *©*§*, ify?**** h JUDAIC 

»E*»6»«E*T?oj£i'R«R«Kt>fcoT , tt-fcjfcffiatSCtJi^KBJt-eifcSo **l# . 
#y•?*&?-9 fm<D&mfrZ>. lMeV#T©*tt;F*:M'*'-rc:fetf *«»#:'•**<£:«+ 

SSfti LT , "Si, "Fe, u ,Pr, 1MTb, '"Ho, m Ta, ,,7Au tfillttlfco "'Si fc.fcc;"Feli. 

^WklSwto**.* hjuatpiz. valence«i!lc«J:^T|Bi6-C,# sai^-fl^W******!!*! 

SrtSCi^ff l^Srt io mm ."Si Opfi+tt^*'«*&ffl+tt;?«<t*««©MfflSlli^«« 

*w»6ftrt?6o *fc, M-rtpm^lWRpisit, Zp-ihEfeopntltlSiffliMKWt 
tf5#yvtommtyp$tlT**i„ ILWD,5««J±*^*ft»82 4 126(OM»C*»3,cnt. 
©KM©* w * * * * * ' : ^ * « * V S C i l c j ; o - t , *"x4«iatflEM«CDH*»fcJ;at+tt^ 

2. si it 

SWttJWl3IW*ilf^±WFK^K«iiSftTi'' S 3 DH-HC-* u h ° ^tt^FJDJi«l* 

ffl^Tfrttfrftfco *tt^ti7Li (p,fl)7Be-R)6*ffl^r.»:&.:nfco »)»»*» £>ffl»l?fc'-* 

li , J 7 - f ^ h a y / t y f WttKi.*) , ¥ttlptt 1 ns , < *3 iS L 2 MHz ic^KXftSftT 

*5t). ¥ ^ « « l i 5 ~ 7 ^ A - e * S 0 *-y7**tb*(i76mni*xl52mrafflNaI (Tl) tfM«* 

^•S254mm. rtS89mm . Jt<* 279mm <D#SRM£NaI ( T / ^ t t t M h r B ^ a ^ h y«lih 

SffttBSfc -fc tfi*«SE Ge tfttUST* 5 . 

2.1 Nal (T / )#^*fc tB£f f l^ fc£« 

5KJ95SK, ^ A I X i - 7 , • tf-*<D««!:/*/4'#!|»£sns<DT?, i i t * * ' - ' e-*0*SMi 

tt, Am-Be*tt^JBfcJ:CJfI,F(p,ar)uO. ,Be (p, r)14B, i7Al (p. r) "SiRfclCfc o 

TJS*t5*'V'H*ffl^T»&*lfco Fig.l itmmff>•?**'<9 h^»S<0E1H-C*5. 

ttftolElili 15cm, !«S<t*tbS(Olg»i79cm T * 5 . Jiff. fcHJSttB? t - A^flfcft 

LT1258E . Bp-&Pt (COB t) tflUcttSteBlcBfrftS,, Li # - y ? KD*$tt , * t t?* i« 

UTOF £PH®=.&xT!fTtt>btl6. Fig.2liTOF^'<^ h**jjr*-. Cffitf-**##*••« 
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«" w » K J : S f i ^ - e * 0 . A t t 3 y x y y | . ' A ^ ^ y K ^ S . Btt 7Li (p, r)*BeS 
JElc«k-,T|fe*Lfc*,>'^lll**ai|6Hcj;oTtlca3n»tliailcA*fLfcfe(Or*4o ±fc, Fli 

U9-Yv h •**^-j3J;c)=*K»ADottKJ:r.r»asnfc+tt :F**ttfin:J«i*nr* 

Llfctf:^*-?**,, Fig.3 J±420keV©im?*****-Kfcl>T«»3nfc '"Tb©ill«# 

*fc0cDfttb*-y7||xt^*'-ICffitt{kLT*5o
 141Pr. ""Ho, "'Ta. ,,7AuCD*»fl*»i( 

ttK*$#;6ijifWV***^^^ 4.fc . Rt^f- A.pJfl*J;t«5 
Kfe'R'ii Lfc 'Li'•#?;* • 'itrs*v- * a VfctfjS^ffi^T***?-ammfc&fttso c t\cx 

2.2 Sfttflt Ge«tb3g*m»-̂  
*«l»^^fcSttaEGe ^>-7««(llSJ±."CoCD l,33MeV ffvyflUcWL-T , 2.0keV 

F WHM8.1 *"**-##fl i11 l#©ffi*Mfttfj8!i* C76mm* x76mmNaI ( t i j 1*tb*iltttI/O 
**LTt*«i , *aiSo*ff l»*l i#*^>^«l#*JJ;^"Al (p'.-r; ^SlBJBKXiirsvm 
* f f l t ' T ^ * ^ o : ^ 4 » | | ' I B t l a > E B B - e * 6 o 7Li (p.nj'BeRJCJCfc&SS&Lfc* 
tt^tt^fSlAO^'??^•VKi-jta l i / . - ->Stl , flt$ 1mm©'Li # 5 * • </v?\/-9 
* « i ' f c « H £ f * * * - £ * * » . ttH4icAW+io Itatf^attrnTtr-z^iSiicttLTgo 
K©ffilKl*nfcG4#tb8K J: -o t l i S h f c . tfctUSoH t) ©l&*5 J: tf **KA<3'<? 7 
-f y|i'< y Of => v K*SliEt 5fcJ6ICBA>n/:0 8*4£ LT . 60 mm* x 5mm ©^*S©I** 
ffl^fco RITx *.;i/**-(± 1.896MeVlf, 7Li (p.n)rBeK£<0 L*l>ltJ; 0 15keV*^. CO 
B*. SD»t* - A#|6 | |c 5 ~ 80keVO«tttftt?#364+ 5 « TOF * ^ * h ;H* 256 f- + v * * , 
ISv-?*k3.%*¥-.*«>> YMi\m* + v*J\trZ&5m'£Z'rtte'>1Zo Fig-.5l±TOF* 
^^hvi/tf*5o 20~80keVO43tt?x*^**-««lc, n< o^cD+tt?*i*f-i 'AHH| 
Sftfco TOF*"*? YiMDT"J9*' <>4 XK9£27.7keV ©s S^t t?* !* t--*rtftt * £ 
tfJ:-5lc&St-5t£lcj;.3Tfct>ttfc**>'-?jil*''*? h""£Fig. 6fc**o H*>6W€.*»<£J:^ 
ic, "Fe ©£&Kffi (W-J fc«fctf*lK&KJ!S (%-; ^©»^i l f*KJ:5#^fc©£x:M, 
* * - « t - ? ( F E P ; , i ' y ^ ^ x ^ ^ - T ' - f - i ' ( S E P ; a^xf??*^**-?*\£-t 
(DEP; Ai«jMsnfco 

3. « « £ # * 

ftaftl25KT?. M,Pr.l"Tb.1,,H6.l,?Tk. ,,7Au ©##**i»««IC:fetf 5* t t ? l l l «# 
V*-***'** h;i/*NaI (T/;l»m*tffl^T»|^L^o 4fc , u , TbfcoHTIi , attTfeM 
Jgfcffttl^. #!'•?*;*'<? h^OftflC*fftt**^< tt^t £#**>» $nfco t©tt«*Ha-
mer-FeshbachaSIIC*^<tMl3- KCASTHY fc J: -oTW#f Lfco *©-fl|£Fig. 3 IC* 
+ . 3U«*JJ:t/AJili. -ttlf'tl, Gilbert-eamerDnfcA^SflaEipffiafBe^Siffl^.Brink 
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<-*T , §»»£gt*©M0-*ti#*lt . fc^ o ±fc. t © • c & ' H;*»F£©*fJfe<t Lfci^-f ft© 
•Wfcfc^TfcfMlSft. *©x*;u**-iiA*f*tt?x*^**-£&lcXfl;Lfc< . * 5 S © 
;*M*!B*©^***t £#**>& &ftfc0 3t>ic. • CM •©ftgx+.M'+'-ttRMfci&K: 
«*»i[|ia!iicjia]LTi^5o • cis,©i!aft«)«*«iBflt.^-eiitt^*i, t*it>©tftk*E 1 f 

12 5,Fe©s,pS+tt?*»jll«#>'-?a2) 

27.7keVICfctt5sfttH£;?&**tt:fo.fctf 34.2, 3&4, 59.2keV ICfctf 5 p &#«• -?*** 
tirt»&57Fe©aflttK« G4-) *JJ:af*lilKttJll (%-, Ef-14keV; ^©*0ICtt*-«# v 
>^«l*«jllLfco p «#*tfpft©x av&/it&ML, tft*» &&*&*»£*}+5#*©ll« 
« * i t * L f c 0 Table 1 T , Beerj^© Cn, r) ££*>&#«>*:* , Jacksonig4)*J J;tfBaglan*1* 
o(r , nJSJS4>&*»fc*tJtRLfco s S**lcHLTI±, *ffitt*t->-ffl««S(±B«ritk-
•ttfBaglanauOfii J; < - S L T ^ S # , * lBK^ll^adWtlttBeeraicilJ:*)*^*)^: 
l̂ o L*>L . Beer i i©£l*Tli , mmM*&VXimi&m^a>:&&K.tlLir &r.-D<Dffy^tti 
* ^ I C ^ | t t 5 C i i 6 i - C # t t ^ o f c . 342, 3a4keV©pS&mcBBLTtt,BeerJt©M£ 
# * I C k < - S L T ^ S 0 ±fc, 59.2keV©p«^*IC-3^T<i,JacksonaiiJj;tfBaglmii 
<D*£SMtlC J; < - f t LTV 5„ 

Ctlb<n&iMmifv-?mz.'<4 \-MCWLT, 0~2MeV©"Fe©ttiBx*;u*'--ett. 

*tt«iifcj:tf*lBiettttEt^icjtRw^i^ft^^wH^iSf^fcH-, %-twa-Moa^ 
a*tf«to&*tttVC£»i£S^ »Ktt»*!J:tf*lBjett i l lc»t'Ss « * 
« * & © * « * & vale nee StSK:£^T#«LT* S i , *$©*>•© , 0.048eV*5J:t)f0.31eV T? 
* 5 . CCTf,KK^«*jJ;c;i|5 1S|jB)K»©^*¥«B^tt0.143. 0.415-Cft5a Cd.pjKfc 
i*tt?»aRt£:4©|ffllc»tt)BffiMA*ffl^$ntt^C«t*^. (BW**valence *ffl^f»Wt 
&ctttmm-et>6r>o $ e . l c , P « * i m c H L T . tft&©;flmtt»K±K£^*«*IB*fc 

L 5 . **(**{£ *J LT 2p-1 h Ett«r#*1" *,#**** ho „ «*.(* , El a*K*»LTtt , 2 
PV4 *fctt2p%<!:2s%\ 2 p V 4 * f c « 2 p ^ i 2 d ^ O^tt^SfcMWF®** £ 2PV4*fctt 
2P^ ©#tt:P©*S&a>fe>tt SE& . Ml KMLTti . (lf% , If % } 2p% 4fcl± 2pfc OR 

{£*«& L T # J^toWftHi 3*15 £ # * t, n s o 

a 3 »s i © p « * t t ^ f t » « » * y ^ * 6 ) 

565keV ICfctf S "Si Op^#«¥&®ff i£«t i«*ai£L , Table 2TT. JcJy*7)©tt**$ 
.fctfvalence «filCJ:6«-J|iit«Lfc. £ » « £ « , Joly* ©tt*£J:<HftLT^5 0 L 

- 3 6 2 -
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*»L, en&OlSSIitff-resonanceOSMjfc^-efcO . Cft%m&^1kU^c£i>%bMt 
SthiZc ifz . XK***:foJ;CttlS lftigifcJB^©*&lc*h>-S off-resonance©*#«££»«. 
«S!;cJ;6ttJ|C«cj;oT+^#gt$tl»SCt*i*D^ofc„ valence «3!«cJ;St1*lia6ffi#IS. 

m i m&vtmtij:vm 2 ssettMicai* *««#£•*><£ ?> <* < ss i L T ^ s # , * 3 nei***: 
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Table i Partial radiation widths 

Er l J," Ef 3 fn [ r f r / r (eV) 
(keV) (keV) preset Beer Jackson Bagjan 

. • • • • • • . et al. et at. eital. 
27.7 s 1/2" 6 0.17*0.02 0.15* 003 0.11* (102 0.17 

3/2" 14' 0.14*0.02 0.04i0.01 

34.2 p 1/2" 0 0.36*0.05 0.30*0.07 0.18*004 0.22 

38.4 p 3/2' 14 0.14*0.03 0.15±0l04 

59.2 p 1/2* 0 Q26±a05 0.13*0.03 O22*0X)4 0.24 

Table 2 P a r t i a l Radiation Width 
2 8 S i ( n , y ) Eres=565keV 

J * 

1/2+ 

3/2 + 

5/2 + 

3/2+ 

5/2+ 

Ef 
(MeV) 

0.0 

1.2733 

2.0282 

2.4256 

3.0671 

EY 
(MeV) 

9.019 

7.746 

6.991 

6.593 

5.952 

Partial 
present 

0.78+0.12 

0.32±0.06 

0.13±0.06 

0.15+0.04 

0.15+0.04 

Radiation 
ref a) 

0.60+0.15 

0.18±0.05 

0.13+0.08 

0.12+0.04 

0.07±0.03 

Width (eV) 
valence model 

1.28 

0.13 

0.22 

0.006 

0.008 

17) 
a) S.Joly e t a l . ; Nucl. Phys. A344(1980) 269 
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urn «fiP*, sg a*, sa « -

* U ^ f ^ f i M * © 14MeV cftt^lc J; 48S*Mfc*f®8t©SI5£*fi:tt ofc0 +tt : Fli 2 MV >< 

^ f ^ 7 7^e>cD500keVOS**f -Alc j ;S 3 H(d,n) 4He KJ 6 tS S iS # fco + t t ; F 7 * 

x y * t t 7 * * - * A B © j f t * M f r W » e L f c . m o M t t £ R £ t t S n i l M t t « * f f l t ' n f t t : > 

fee 8 H t t # K ^ ^ r (n ,2n ) . (n ,p) *J«fctf (n , a)KJ6(DllJrEai*«ISLfco "Mo ®(n, 

np;KJ6o»rffi8lfeS!lSLfco 

Neutron Activation Cross Section of Molybdenum Isotope at 14.8 MeV 

Toshio KATOH , Suaumu AMEMIYA , Kei-ichi ISHIBASHI* 

The neutron activation cross sect ion of Molybdenum isotopes have 

been measured for the 14.8 MeV neutron. The cross sections have been 

determined with reference to the known 2 7 Al(n, <x)21,Na and the 2 7 Al(n, p)27Mg 

reactions. The cyc l i c activation method was employed foi: the Y-ray 

measurement of short- l ived nucle i . Cross section data are presented 

for (n,2n), (n,p) and ( n , a ) reactions on Mo isotopes . 

2. X * S B 

2. 1 •tt*lf ) 

14-MeV + . t t ; F « i * * S ^ Z n * « ( 0 2 MV ' < v f ? 7 7 i 0 © 500 keV © « # * t*-Afcffl 

i^T'H (d(ii> 'He SfETT^iS-a-fco ; : # & f t ' 6 # t t - £ $ < i T > - y v K*» ;^©l6liic«#+«B 

C©Hff*«^fc©*JFig. l 2f*So-*tt ;F*tt*»*ffl^-CM3£Lfc«> B # © £ » t t T * -V 

* ^ S M T ^ ^ I ^ W , Department of Nuclear Engineering, Nagoya University 
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mm.&&Title IKmto Table 1 IdiLi 9 -V -J VK JcSiSiS+ft^^fi iSk^LTifc S„ 
a**f-AO««E«[{4 500JuAgK*-C!mL»S«DT?*tt^*tLTfilO,n/cm*-s S K * ^ 

Kj*#tt?3l?©*l;£ic (i&<0 (n , 2 n .) &JS£*Jffl L it 6 

££ i§£ t i r ,rfc0 .;• J!®#J£«$#eGJP<*(i 5 m m i U , JHWSSftfi£©##«©»;££ ft* 

2.2 gftlBiHSlf0 

^oRs*tic(±g«ifi8WS«;£ffli\ito coSB^ffli"sctK:*iT¥mm<D&^ku(DMm<D 

n S o H*t * r - •> a v-iiV* v T* ̂  f 7 5fe«So T * - Y * Y K fcft.L r » • $ ft, *5Ex ? - •> 
3 vttHjacDiumtiiEits'foMricKKdnT^s. sme>w&. xwv.ikttiKpnetta * i-
o - 5 - ic J: o r * e.*̂  liJ6ia:j£3*iitNrMmii-?l«T$*iS o 

ffS-CTftM^WLfc. t®fcffi3§©fctfl3WiIAEA «DWMMIi*fti>T«iELT*6. *fc 

&SKJS UT'5'*x4' ONal ,CT/JifttB«'fc#ffl UT|^l*K«J8|ffi*jTtt oito 

3. pprip^ 

Wimtitmtfitl-'* im<nW$K*it * » $ * & ? JfciitflO* n /cm1 • sec TT* r, fc„ £*<Dtp 
ftf7*i y x i i ^ i i< ; n.csj uKa Sj6*s;J:tf.;,rAl 'On ,pj "Mg Sft-e&Stt tCilc* 

lfcto©¥*Wli£a^k©ttl .5f*, J t l^©t t64 .0B£ . tott9l£|6fflrc*>A:-3T^6<D-C'. 

s7NbCD4fiEtt ,7Mo(n,p;*5i:C?MMo(nrn'p) ©:2ocD£jSlcj;oTfct SOT "Mb 
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« f t t n . ' "Mo (n; n.'p ) Rjfc©iS»**tiELT »7Mo (n,p)R«©ifaMI***!>fco ' 
,MMo(n,p; lMNbSJ6ttSJe4«tt© , , , ,Nb*ifi*#(1.5«'. 3.1#) <£©-?«©*•© 

t2**SttSfcfeic lwMo ©«JtE(it5t;;fi££ffll-fco 
»£Sftfc?'-*fctt*|£©i$IHIR5g. RUB*©*!*?*©*!*. fcJ:tf*«ffl©!*»*#* 

LT^aW^ftJW (FACOM-M200; fcffl^TlilEfciTtt^fc. 
» 6 * l f c * ' j y f yp!firfl:©ifE«©«liTable2lc^Lr*So £ © 8 * © 9 V 7 Mo (n, 

pj ,TniNbfcJ;t;,TMo (n,pJ»T«Nb©RiE;i»f®*tt-E-tl€'nMMo(n.n/p; ,7mNb *>J:bf 
"Mo(n, n'pj w«NbRl6fflU«*1«ELfc«[T?*6. ft*©«^tmK#£i>£^;tSo 
"Mo (n, 2n) MmMo ©Rftlt:o^TI±i£*©ltJUc«fc5HMMIK60Omb ) KJt^T/hSU 
mttl^teo L^LAffl^^©Fujino*©*l^i[ (2.4± 0.3mb ) K f i ^ l H * *<» ,HMo (n. 
P J I00NbRlE;{i@«i)(H«8«©«ffl<c«fcr>Ti»flES<*!tai*fco 

References 

1) Kawade, K., Yanaaoto, H,., Aaemiyac S., Hiei, A., Katoh, T.: J 

Nuclear Sci. Technol., 10, 507 (1973) 

2) Amemiya, S., Itoh, M., Kawade, K., Yamaaoto, H., Katoh, K.: J 

Nuclear Scl. Technol., 11, 395 (1974) 

3) Aneaiya, S., Xahibashi, K., Katoh, T.: J. Nuclear Scl. Technol., 19> 

781, (1982) 

Table 1 Fast neutron fluxes measured at 12 nm In forward 
direction from targets, obtained by (d,n) reaction 
on lithium metal and tritium target 

Deuteron Fast neutron flux 
We5, energy (HeV) Mn/anSsec.uA) 
material J. •'""•.: 

Lithium metal 2.0 (4.5±0.6)xI0 6 

Tritium " 0.75-1.0 <*h8:t0.6*xl06 

- 3 9 0 -
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i i i ) 

30 
X 

~ 20(-

* 10 

. <& 
Hi 

5 06 
41 
a 0.4 

OJ 

0.2 

Caluiiied 
I M«wjr*i 

^ i J i i L. i i i * i i 

12 16 20 24 28crvn 

Distance from target - • 

Fig, 1 Relative fast neutron flux as function of 
distance froa target:. 

0- f ing 

T-target Water 
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p.17 &iz.*.??vT>iz}iVi>r.m»frmmi*<7)M%.tftm 
0 J * *?&*. * * *A* 

*"R**3I* 14 MeVtm^JIOKTAVI AN *ftoTiBS**ITi" S-*»5J*rffi«t<0+*> 

Measurement of Double Differential Neutron Emission Cross Sections 

at OKTAVTAN Facility of Osaka University 

Junji YAMAMOTO* and Akito TAKAHASHI* 

Some of the recent experimental results of double; differential 

neutron emission cross sections (DDX) are shown, that have been measured 

using the Intense 14 MeV neutron source OKTAVIAM of Osaka University. 

The new data for Li, 0, F, Si, Be and Fb are compared with multi-group 

DDX produced from ENDF/B-IV library. 

1. ttl5*>IC 

* * 9 fc'T y-CliD -TSEK^^W^'t'^t LTSgi-CK 19 * « E o ^ T , 14MeV*tt? 
AJHlcJ; 6—Sft^+ttTttttHlfffiH (Double differential neutron emission cross section 
; DDX; ©iM5£;£fiLttoT#fco Cffl-5^ 15*««Ofe*lco^Tli. -fCKr~9fkt LT 
OKTAVIAN Report Eiito&ftT*.-!?0, ENDF/B-N K«l i$ f tT^ S-a*#irff i 
*^&^lSLy:^»x*^+--ilJtCDDDX2 )t*^f'-^ iOJttt •*Wt>ffttt>nri>So0'1) 

tit •; y^tt l t iH** V7-;u*ffi,fc*tt^Rffi*Mftlcj;SilS^ft»co^rtt##Xlst(3)lc 

•JSOiftEi ( i , Si. Ti. Mn. Bi KZlRXt LTttff*:*Etffl©iaiIITr**>. S 6fctt*S£ 
^JH<cr«+tt:fx*^+*-ffl|BH* 15MeV*»S> lOOkeVttî L 50keV tTrjtfcffcJWIST? 
* 6 . W c « # t t L * ^ x * ^ * ' - o H i > < n , 2n ) RJ6ttif*>€>©r:»4>tt:fx + ^ * ' - » * 
*T*6«f»*ftx*A'*--jS^*r«3eL, total emission crow section SffCtSSftt f 

• , * e t**IW, ,V Faculty of Engineering, Osaka University 
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2. 3E«'J*9A 

CD«x*;i/*'-aB»T?*ofc0 ^@Ji(n, n't) , (n, 2n)RlEi-oO*tt:FO&x+A'**-a 
#*#&fc*5£+Sgfl<nr. x*,L/*'H6ffl*100keV±Tfj£tffcilJ£*?Ttt-*fc. Hg. 1 lift 
ftft41°, Fig.2li|^125oOtt*T?*40 ^n^tlBEllliB- Iff -9 icDlfcRT* S. B-KK 
li 7Li OQ= -4.63MeV(0|(!rg!iiei»fir(||-U''sVi/)O»:»|»rE«llAi»ffi*nT^«E^C.£ . 
*fc(n.n't) . (n. 2n)KJG***S»a (£ t ^ t t 7Li ®(n. n't )R£lc*t*5ftflt$}*7' 
- # (file 4) itmmfC^ti^) tfCWL&t>tl&fzl6miltmt<0-&lt&< tti\, -tCTTB 
-Kf-fS'^fei lc (n.n't ) . (n, 2n) IcjjJLTkinematics£fi£ L Tt t* L fcttJ^tfSI 
U T * 5 . tCDtr*T?»i (n, n't )KJE**ttOQit*#*Lfc*#ttftiL(0 kinematic "PIS 
S L , *6K (n, 2n)^&(0»-»cttl*tt:ft,*#ttll[iL<!:LrW«'ptt<i:*O*»*lTtt->r 
#* :# . »^125°-C,tt5«I»«<cWLrji^ffffia-oTVS<, <KO*MttB-FO(n. 2n) S 
J6irffi8l!!6*<St*'S<!:#i&nSC<!:. *fc£©tt*Trii (n.2n)KJfc|i:ttLTTime se
quential process %1Rfel,izCi:K£&£^X.Z<, 

in x 

«*C0DDX*Fig.3»C*to ftJt0M£-Cfi. AliO, *'J y^lfyT'A'tLTfflV^-C^C. 
*LTA1 (ODDX*|aIHIl[afl|«ll-x*^**-»«M6T?»^La5l^r^S. B-FT?tt6j052 
MeV *£> a872MeV ±T 5 oeDfMJjftiB l/**©aWtttHLfc-3^TH: , #»^rt t« l**^» 
ffiSHA^i&tir^So L*»L£*U2WUi 1495MeV0ftiei'^i/|CS4$T+^T«&JMRF 
©fcflBMn** 6 . $ iT%m-ZVimcmmZtlX^& 6.052 + 6.131 MeV Rtf 6.917 + 7.119 
MeV i"<^^fe,0-«+tt :Ff-^tiB-W4J;<-ifcLT^6o$,t.Ki:n£l^-e*>, KMeV 
BLL 13MeV gSt-eojftjei^st^A^OSfcai+fe J'l!:fflSt5x*7i/**-fU«irtt||#ttlt«-

« * ^ - 8 £ * L T ^ S 0 L*>LcnJJi±©i!iieu'̂ ^cDftflEitijifffi*icHL-c«iB-Fr-

4. 7 ? I 

7?*©a£ri**<!:H«Wt#«rt*fflL-C^6. 7V*<0»6fc:ji?-7n:/((CF,).)<D 
' j y ^ y r * i i K , BU<K*oDDX**5l^-CV^6. L*»LJfc*©DDXTtt)MMHL 
KJ;5^-#Bl^KQ--4.43MeV ttifl»raB8i!O**^»IBW"<^<P&<0**ttlkaiyK««t 

£tt o r n * o « * . « Fig.4 »c*t 30';frfc<DJ»mlHC**10MeV©f-*1±**(04.43MeV 

(1.42MeV frfc 2.75MeV) *6ffl##ttlkj9.^Rcprttil
1KHLTIilHHitB -VttJi < - * 

L,T^6. L^LcnJ:^il(v-'U'«A'K:a«tB-VttlKr^-eil/MMitttori>5. tfcCn. 
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n ' p ) . (n .«0 . (n .2n j BL%frb(D=Lfc$&¥im5-+i>1t]5lAeVPJ.T<Dtp&:?3.*A'*:-

5. ->U3> 

Pig. 5 ic -y i) a yoDDX £;r;to •> U = v © ) R ^ t > ^ ^ T ? i i » * (0.1mm fltcor ^ 5 -

$ A * - * AO) fcteffl LTt.^ S f c A t t l t S M i i p o M ^ j i ^ J t ^ T ^ / J ^ i : < tt -,.T<^ 5 . 

ftTH S C11>* 0 , 4>tt?x *.«/*'- S M e ^ i r e ® * * ? hvi/y-f* - y * * 5 iHEiMti B 

- J f O - a i i ^ ^ o *fc5MeVjyTffli*^**-fcfflK44;£(n.n'a) , (n.n'p) ifc S W i 

(n, 2n) SJ6*»&fflClR«lJtt^JSEWt.tt.S;fc*cphtjiiU6uB tt^^* b ^ t t t i , C*l£> 

6. ^'JU-SAilft 

A4-I150 keV*^©»££?ftt •=.*:,, * L Tfcx *,i/*--*TiM5g-e# fettle J; 0 . iBSILfc 
DDX * x * * * - £ « & « * . £ o i*T«a .LT (n, 2-n) R J 6 » f f i * * » * L r * f c . ^-'J U 
^AlCoivTJiB-MDltlClilJr-HftLr^So L*»'Lx;*'^**-£:fcte-3^TliRg.6fc*L 
fc<fc^lcjyff0iiS*3)<!:rafll-ejb-3fc, •#•«*>"•& (n, SnJRjEfcTime sequential process"? 
Kft-5 B -N O i *"**-£:fitt!a<«l£;*C# < *-=TivS0 # £ & * * - ? » 11.28MeV U«/u 

fr5eDr.K$&?fflMl£ \£-t> (B -l/T-fittittlFx *;i/+*- 2MeV© f-* icffi^J <t LT 
«IS$*lTi>?t-^ L. 2.43MeVR^6L76ileVl^^^*>&0-19:*tt?t'-i' ^direct break
up channel-^!ft#t-'$:fcfeB.-W(Ote*ia^ctt*0#Ji'^:t < fif. *fc~»:4>tt;Fx-si' 

$ AiKlff^-ttaftflt^SI^Lfcl&iODD X (Fig. 7) K : O ^ r t C ^ 5 0 Fig. 7 IC:fc(.\r(n, 

2n) R*^ '6©i l*$^ jwiBW«:x*^*- fR«^i i | i | ( iS<i<o^ '«* MKO##<P<f>^-

K-P* 4„ *fc (n, 3n) 0«£lco^Tli j f i lc£ |*i iai /h$ < t£ - , r n 5 b Ctilifc-fc t> < 

(n .3n jRjE»fSI» I^LrB-MD| t t t J i ^ f f t fTr*5<t#Xbn5o 

7. <H*©K« 

H£S£;*: L *:»£•*?* 5 . tKt>*>(xi. 2n) , (n, 3n Jtt ifLfc^x *.«/**-ojlj^RjS*>& 
CDZltfC'f*?*''5:? b ^SriMiE L . total neutron emission cross section £ffftT?&S<fc-5 
K+zciT*5o *fci^£oicfi,BfU&i/<<A<4^0#Wttlta:^#tt?ta+tt 
I C * S t « (collective level excitation** £>© — * * t t ^ < O i i S ) fcl6(Oi(j *^**-»W 
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P.18 M±&?jj'y?\zjsVZ*&?mftm£X'<?}.,ww% 

mtiip? 4 i- •? iHOstf Z>tp&?%m<D£UtL?. &ffl8Mie-3t>Tffl«£4*fa-5 :(lMi 

(2*t»iffsB*i!l!£fflBG O > > * f - * - © * « • , (3)•> 'J n y y < J\,9 -o^frffiSU 

A Report on the Recent Act iv i t i e s of Neutron Experiments at KURRI-Linac 

Yoshiaki, FUJITA and SHU. A. HAYASHI 

A report i s given on the recent a c t i v i t i e s in neutron experiments 

at KURRI-Linac by se lect ing a few topics ( i ) A pending problem for the 

energy spectrum in a chromium p i l e , ( i i ) Preparation of a BGO s c i n t i l l a 

tor for capture cross section measurements, ( i i i ) Total cross section 

measurement of Si at the windows. 

l i f i « o T * f c D Jt«K)*jffi©fiESico^T(i, ^ f i f f f * f f S t t t t a # f f $ « # - l t , 1982 

m<ni,'r.T>K7-y&mJf*^«^**a*nti>S'00 c^u,«£*s©ifrsic:i3^T. 

»<o«tw*s**ii*»c«g-r So «0ffMtt, xtt<2)ic*£$ nri»So 
i t f . HWfB*>&«Df-* v^iLrDTF-IVIcj;S)»i#r«tVIM S ) (A continuous energy 

ueutfonics and photon transport Monte Cairo code) IcJcSflWr*??^. *-©tt**Jt 

R L T A f c . * © J t « * F i g . l l c * * A * . S # S f f - S l f c * ' * * VJ^m-JL, WUrftfclHMH; 

a s t ^ f t f i o t t l t i c a o f c o - # , £ K f f i J ; 0 t t i m < t L f c * n A 4 H D # a a t f £ f f t t o T & 

fco **©*i* l iA**:# < , *«©iSA-C ! fef ixtyu+-- | jeox^ir h,HCttffl§S©«**#X. 

sfeoi#A&nfc^t.T*s0 ttHUisasppmf**), cft*w»)AttfcfH-*£fiitt̂ . * 
© I W * * W L f c o Fig.2 lc i i*»©»»*#»LTi>a^Ji^ol t»- i |gS<t36l f t fe l |7! ) iJtR$ 

*IT*») . Fig .3l i :J4*4J**itLfcifLi>lt»<toJtt l ! ;^a$tir^So BlJ:»)l!Bfc>*>ttJ:-5 

* **^*IK :f#IH** , Research Reactor Institute of Kyoto University 
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2. * « « « « * * « B G 0 £/V!F U-^-<D*ll 

Kic(isa«tt <, » $ * * * * # * ' • * * £ * J * * * * <t* &. c©*=*. '«**••» * s * # * > 
f i z - ^ - ^ y ^ a , t j yy - • • • • v-S, /-ryu^^4:Y*>,*.4?-4 yfMti£*©IfwVMktiM 

«ffl3§£ LTC« F« K t f C ^ D r * * * ^ - * - l c * S * f e & ^ ^ 

oa(SAJt^>!>t.nr#fc'0
)5) ; ' th»cil :*«'*;vW.Li>«l^fflM»»c«jSi*'4J' ' , ,-C-BGO ( f 

X 7 X - i ? + - 7 t O ; Bi« GejOu ; : © * ] » * P » L T £ T i * 6> £ >> •??»! . 4 IT total 

energy absorption detector <b L T f J f f l t ' 6 i f ' l i f f l * i H * S * * S t So 

BGOIiJtS#7.13-C\ Nal ©&?*£, # « * y * V - - * - © # 7 te*0, 8 / © g § t # * 

*lldrSIilw'>'•7»o?&^i'*«JRtt5*•€••^'C•*5o X . • • N a r » £ f c t t * t t ? i c a . * 6 . « * t > * # 

< t i t t < , B ( n , « r ; cD480keV* ,x-7«*+»|*tbtB*SOTr1 i o S ^ T f ^ t t ^ * * * ^ 

K£9f£LTi-" '5BGOI*6f f l lc f t * iT: feO, * t t * r* i lc3fc* f4 iMgl ;*ot tTFig.4 © * 5 

K f i S T , 4TlCiao*tf«t-5<bLito C O i / y ^ u - ^ - O ^ l c ^ / i r A u . Ag. B©t t *4* - * 

» H . tS[eVOftiHcti14^(c«fc5j«ai«:,^i&fl)|^LfcO*iPig.5^*5o Au, Ag © » & B E • 

( t t ^ x + y u ^ - j C D i 5 < l c f - i ' A i 4 L ; * ^ r i ^ S A i , ^ R « S i t S l c i ± S « . l c B G O * ^ : 

S ^ t 6 ' i 5 J 5 * * L r ^ 6 o « f f l < b © ^ l c t e S r t V r a * # » * * * ¥ & 7 . 5 ~ 1 0 c m © « t t # * 

i P i e K l c Lfci*«!:*x.T l^Sc BS&ft lCoi^Tl igglc 480keV ©#*>"^*£iW£"e* SC t 

MS L * S T 6 fc» , &m<Dmmt£ftte^iz±Mmify-*mzM*?>&;&ZttX L T * ; t 0 

* y f a-n/ott-JMSSo-PJ* Fig.6 i c ^ f o BGO i i ¥ S 7.5 cmfflS*!R*ittf •• fflSatf^ 

$ * - < * ^ H C O ^ T t i , S K W » | C O l ^ t f y v | f t x + * * ' - f f l 3 f | ^ W 5 f g f f l « ^ * i f c 

*rfcS;tSKH£©PfiHBKicj;-*T«SLfco ®xt> i ' * - - -?r^-6±^r^5ot tS[L<<i^ 
# . Fig.5 fyi>fyi>t . H B g H C | i i - 3 ' > L # f i J ^ * # l c * S C D - e i i ^ ^ ^ i # x . t , n 5 . * # • > 

y^u-?-<bit-3TBEi4<lcfcr-*rt*4-f S© l i , BG0©«£«3 y ^ h y«&*£-ttT?tt 

fflHfc*©**SK, fl'iJLfci/yf-U'-i'-HK*JH-SPl^Wtt©?iJffltt(!f*i|ftWLr^*fci'«o-

3. 7 - f ^ * - « K r o ^ * a n » 

i ' l j a y i c o l t , 1 4 7 i 5 5 k e V i i a ^ l c - 3 ^ r © 7 ' - ^ * ^ S L r * ^ i t A i , 7 ) 3-gESi4©£lft 

^ T , » f ® 8 i a ' h * * t - x * ^ * * - « 1 4 6 , 53.5keV(±0.4; i t t O . ** l - t ' * l lC-3^T©*f 

®8l«[ l i 0.187 ±0.006, 0.265 ± 0.008 ^*-y i t£^-Cl-> So gl^S"J a ^ 7 *.»i>?-£ffll*fc 

*£©WJft'x * ^ * * - l i , -t *l-t**l 143. 53.5 keV <b tt So 
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10 L i i i i i i i i j —i i i i i i i i | 

Neutron energy (keV) 

Fig. 3 * D A ^ K f ^ T a ^ * f f l 7 k ^ * # * L f c « © l t * « i » i 

ffl^ViANISNKJ;5itJ(i;) 

Kg.4 TOJUftKfflt'fc BGO >>yf-^-* -fflSXH 
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200 

Pulse height in Energy scale 
Fig. 5 BGO S ' y f l / ^ - O A u ,A*. B K^O'Ptt^JtaK 

at&&*<»M%. (Fig. 4 fflEWCfc»)« eV ©&*# 
tt-Tfc J; !>««£) 
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so i -#^i -#a ••••-**.«• m* ' 

+R JE»*f#J3- .^*,2BB* 1*7 

S * 36A*f til* fltr&'s 

f r y !4MeV #&#*M^tf l f r f tTiv£ y ^aA^ftfcKo^TcattfltBlcoi-'Tafe 
* S . «ft»^tSli:j;t54itt^iS^14<bJR*6«t;«rtORJE:*»*Ai*ffi*nfc. .40cmSOU 

f-DAjjiftJftlco^rtt, i i^aTNE-213JC*t#5*j l f^ , 5' NE -2137TTOF ttfc; 

J ; * * * * ^ © * * * * ' - * ' * * ^#70keV*»&15MeV<D|6BK+>;fc-3T*|5£$ftT^ 

5 . 

Integral Experiments in 14-Mev 

Kazusuke SUGIYAMA , Ktziitaka KANDA , Shin IWASAKI , 

Masaharu ̂  IGUiCHI*2, Hiroshi SEK1M0T0*3, 

Shikoo ITO*4, Kazuo SHIN*5, K%jl SUMITA*6, 

Akito TAKAHASHI*6 and Junji T/WAMOTO*6 

Integral experiment in lithium spherical assembly for M^MeV 

neutrons is performed under universities cooperation program supported 

by the. Grant in Aid of the Ministry of Education. This report presents 

preliminary results on the neutron r.ource characterisation and reaction 

rate distributions, in a graphite sphere using an activation foil tech

nique, and leakage neutron spectra from a lithium sphere with miniature 

NE-213 spectrometers by pulse height unfolding and medium size NE-213 

scintillators with time-of-flight techniques for region from 70-KeV to 

15-MeV. Measured results are compared with theoretical calculations. 

* JMb** ,-Tohoku Univ., *2 WMJ& , Univ. of Tokyo-, 

*3 HL I * , Tokyo Inst, of Tech., *4 « * , Nagoya Univ. 

*5 JrE * , Kyoto Univ., *6 IE :*; , Osaka Univ. 
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6 « W I H i f f l - o K , -f?v>r-j hT?cQh ' J ^ f A 4 S * i * 5 o S S , «-3*>©«H-*#f?*>*> 

r U ! 3 , M J ^ f A J t « i t t t l . 0 ~ 1 . 5 i V ' " 5 * « - * . - C ^ 4 o - ^ , 'J ? * Aft&lcfctf 5flb} 

HBtt . «^T?«LASL. KFK, JUL,BirminghamT?*ffrttT:fc!3 . glrtTttlSWFNS fcfc 

ttSLi20#*Ko^T®W!ft#«fc<fcl&*lT^5o KF K IC*jttSLiSS{**<D'<:<'*7-*X 

ftrt:©£*lfc , ij *-> A # * i c * t t 6 h 'J * * A « W f f l * y * ^ - * * l t * t t B l , , « a « 8 ¥ * 

*»6X« l rWW*E l l l l t t *oSE( * t *T :xy - *'LtefflW* 68 

U (•'J * * Aif 5SJt 

2) #Sl*J© I- 'J * 9 A M $ M 

3) heat deposit HUB 

b) 6Li.7Li £TLD 

c > M g i S i 0 4 : Tbtti'OTLD 

d) «Sc*Mti*fc«fc S * f t ^ » * 

e ) /hS NE - 213 ~> V * v - * tc J; hWkfttyikfMfe 

f ) 2'UJ:c;5'NE-213 , UflOAJ!f5x->y-f:,u->-i.TGFift'.teJ;84'tt?«l3e 

SrStdfrTSo 

#W£lcE^S'J^9A#&ttK©J;?t t fc f f lT*5o 

t t J ^ V ^ g e O c m i t S . 4 ) X # ^ * « i . « l » * - < ® t t a | t t * # * L r , *g40cm© 

rtSctfig 120 cm ©*$*<!: + * ( t f f l * a * r t f c f l » ^ * 6 *?«C|9!it$ttT*i!3 , flJ**r 
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(#&*»£tt*rt*fc.) 0^45••*fJ;af90•©iO({b)ttlJC>^t.35cmOlB[i•^?0,, HfttcWfiti 
fe©.(c)*'C^1&2&5ctniO|E|iTf-A^iSilc*iLr 110°£Dt)O, £ i t 5#0j£&5cni CD 
ffl£?L£SttTi> 50 *«FWfc»*±y &£ttEC*Pig. 1 »t* Lrfc < . 

«B?D58*PfltJi ,#&OjIg40cm © 'J * 9 A^gBjtcDUfl:i . Ctifr$,G>M1H$&:?(DX'* 
ft»MfeZ'ff-oizi)i, **iic5fe£,T, ^ * * e r y * t t ? i e f t i i i w (SSioocmJrt 
T©KJE*##£ Stt*Mtj£*ffi i>r * £ L fc©-CJBlTK*S+ 5 . 
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2.2 SKflS 

a»E*B £ £ * * © - * * * 1 l c * + . 4>tt?MttteiHr?<*. Fig.2- A ie** f t6*$ t t 

KB-C . A1. Nb. Zr ©IMMl&ftJIM*I, t t , Zr /Nb ©Rl6*.lt©#1£Fx1i,i/*._fc# 

tt*fOTLT. ^ f c * ^ ? * * * - * ' - * * » * : . fc,C( COx+/u+*-KW|6t4*Wfti^ 

ffi«<h Al .Nb <z>R(K**»&5p^*tt^3tS*ltHcL. £*3i<P&:?micm»tlCtiK%.t:c 

M»*{*^rtfflSJS*i^*to«^T«i , Li,CO, <*\s-y h*ffl^fcf±i£JM!«j£j&J, t © # 

COflbK , tt>tt?|[fcJ:0ftftnic*0ftititt?x<-«» b *©!*#£»** :"» , £ftftMt«[ 

2.3 £ * « * 

Fig. 3 K , *tt?ilfr&©*tt :P«4«<!:f6£x *^* - -of tBE«#t t *^t . .J64**^** 
-©Mlco^Ttt.£2i£fc»»a*&;-e. * © * * > . D + a x M « i E * & « | S * i * x # * * -

-SKA*. *©*«7?jB©iWffi*$iir'-3ri^fc*!>i#x.r^So cne.©«m*»&, jeesn 
S¥*3#tt??££*tt . 9.01X10" (n /4«- iec ) T*^fc^ . H*j&T?[* , « * » * © « « 

!>»£#, mo^gflCKttsî iiasnSo Fig>4K, * « u ^ h^©«*tLr. ^-y? 
h*^i0cm, 7o°^|Si©^«i[tt»ftf i^cj;5ry7*^f ^ >* •£*£*+„ mmx<*i> h * 
*GICX40«^»5^y7U«rffli^ANISNit}|-C, * - y ~ , h T-fcJ'7y £)&«$*- (* 
in«*L*•-!?*r*$ , *-<Z>»af£50#£** < £ , £ * : » , tfafcESfl^ftjeLTft©** 
m»)l»t>fcNEUPAC-JLOGa-KT?«Wf LTl^So 

ftic, MIS»(**rt©RJS*»*©«j^«***Fig.5<c*-*-0 NITRAN ©H-JUS**©^* 

I,7.Au(n.r)©R«*»*K«LTtt, mwe««>e.. »a«*?»»**©»#*t#i6n,,Li 
(n. a ) TSJ6©J;-5<c«H*tt^«W»ci«^i[K*t,oJi^1 <JDtt**)P|?t«l|lc, SB 

* • * » * * £ © « l t » * t t £ \ -HJffi****6£JIfcft&0 Fig.6tt.Fig.4 £ E l i # » r . 
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Table 1 Sf i£g§£*ff l#£ 

A, Source Characterization by Activation Foils' Technique 
1. Angular Dependence on Neutron Yield &. Energy 

Ylald: "AKn.o), «Nb(n,2n) 

Enargy: »«Zr(n,an)/»»Nb<n,anl riUo 

2. Monitor Calibration for Total Neutron Yield 

Calibration (actor to "Nb(n,2r0 raactlon rata 

on th* front turfaca ol tna tarsal aaaambly 

3. Source Neutron Spectrurh(Spectral Indices) 

Unfolding by multt-aetlvatkjn folia • 

•Wri,an),i«Co(ii,Jn)i1«TAii(n,2n),«AI(n,a).,,NKn4>>l 

"Fa(n,p) l ' i»WrMi ,),i"Au(n1Y),11 ,Wn,Y) 

using NEUPAC-JLOG coda 4. ENDF/B-V doalmatry IB* 

B. Reaction Rate Distributions in the Graphite Sphere 

1. 6LI(n,qJT Reaction 

Liquid scintillation counting ualng anrich t l j C O , paKats 

* 
2. Induced Activities of Activation Foils 

Low anargy threshold: o'AiKn.y) ( L Cd-rallo) 

High threshold *n*rgy: "AKn.cd. ••Nb'n.an) . 

3. Neutron Energy Spectrum in the Assembly 

Unfolding by multl-actlvatlon lolls 

«HIKn12n)i«»Co(nian)1«^r(hlan)l»
sNWn,an),"'Au(nlan),*TAKn,<i). 

«4illn,p) l«.»Fa(n,p>,1i«ln(n1nii»'Au(n,Y).n,ln(n1Y) 

using NEUPAC-JLOG cod* t . ENDF/B-V doslmatry flla 
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3. ' J M I N B - Z i a e / V ^ u - ^ l c f c f i f t S r t + t t ^ ^ ^ ^ ^ K D i l S (§8* tt.*,ftl& 

3.1 Jtni*&a3R*-eglS©ffi0'hH«S<ONE -213^=f-X'<ir h o t -^ASB|^$nfc. 

£i*©fc© (gm itc<Dn<on*x<k<mziix^z%Wi®v*m^r ctiz#%Mc 
tH*-fci6l!:|BI*5-f h*M KTfttSLri^So < i n i c * H ^ o t > o ( H 8 ; (i*fflH3e<D#L 

J&ttl&0 $®KZ<D2'D<DX'>Ur hD*-*£ |R*OKTAVIAN S5!i*gfc#£j4*., I J ? * 

3.2 * * * " « * hrt-ffljHl^ 

3.21 * I * * - « * Kn>-!S'KJ;6U*$Afl;3MI»,*' ,<* h*fflS|j£ 

*^g-ffcL,X i> £ c £#**>.*»$.• £ io •>y* u - 9*ffi -ofciDT?n - r #»MH*:&**#CD t o 

ttJ8+6eSHft®Jt«£Hl3l::w*o i«*M«|«oiioiC57f«o^-S[**SJ!:oAf, cf t t t 

*«•<?»tonfc/^uxiJJSifQLri^fcBrilfitt*1*6. T > 7 *-*¥< ^ t t j & K K F E R D O 

3.3 N£±<DMHA 

<o*^3fij¥LT*5<0 . 

V4V •7>\CLtL„ ) 

- OKTAVIAN WHIZ* LfcmHBfttmts* 
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4.1 1983^10^ 17B J:0HMD. V*<>**#Jfc*>&©*»^te^x***-*'<* hA>eo 

* ) E * ^ R * ^ » * H M e V * t t ^ » (OKTAVIAN; fcffl^Tfftt-sfco ^BttftIC, £ « • 

!>**.fc*li. h'J^*A.%j«*co«(3e3»|***ltB**ir i >6^SIOU *•**»(** (Fig.l * 
# « ) ©rt«yn „ * £ LTMft*n;fc»£40cni©/h**T?ife«« It-oT^EI© * « * * • * £ 
*«*#3ll*©fca©?f0ll*<!:LT#;t*:»a. «WfjBT?«i»K 7Li©lffi*r-*<DlNM& 

mUT*&c £#**•?* £ . 

4. 2 '..TOP ^ICJ; i t f t t f - i • A ' * - J * - * * h*©il|j£ 
i*S#*iiFig.l5lc^tJ:-5«c«.g399niin*> fla200mm*. rtJ*2mm<Dx?-Vi/xx* 

-*316»o^«^«lcKA*nA:^*S lJ^!>i.-trifc«o BU+'lMBJcrD -T+tt^tf l f fe** 
Sfe»©*tt^*lfA?L (110mm*; #*fcr£.nTV6©T? , £©ig»D|5flW;27/<!:tti) 
14.1kg©yf-*A*J5f6*$nr^S 05**98 30 „ COftfcfr&Ciia+tt^x***-:* 
- s * i * S ^ f t T y ^ W 7 - ( yifJfflLT+tt^fftftHrtlB* (TOFit; riWELfc. X 
•tEBs*Fig. le.icjs*„ 4»tt^*tU8*RitsfctoffliDefl-i^affliijeTrii2y*K» 
tttfc*) , * : > * V r y t r - A > 7 : y x # - h5-f vic*jLT*n-efio,£50,;fr|SjfcttBLT 

&<p ? 7 y *• v h atfjEKfto+tt^a«-« y *• •* - * M I J -cww L fc w e * 0 & wmt tt 

* * L T i ^ . cni±NF213##i 'y^l ' - i 'T?T#«R»J«x*^*--4r©«jft*f i : t t 15 
£»-?*»>, e*ttfcttl5MeV*>&70keV*T©l6fflrt^©»£a^lkT*ort:. tl*s>)**> 

£©£lfre«i#*A1£>©4>tt:Fx*;u+'-;*'<£ l > * i L t "leakage current spectrum" 

(J(E)=J\ (R. A ,E; 2*Ad*. f (R, A. E) <iJ*«B (#SR) TfOAnqular flux) 

x ^ ^ h^<£S1^^"4CiKJ;») . r leakage current/unit energy/source neutron J (CfMfc 
•?£ sV jg^tMi? » © « & * - * -«i 1* * xl.5' ft© NE 213 tlTtt ->X^ « o 21©<ftm» 
* M J ^ * A ^ - y v ! • « £ * * « ? * « & • » • * . TOFffl*3£****fi*S. *LTUHB 
* ^ * (•-'i/oai^^^O'S^WMeV 4>tt ;f©i5^©**y-h + fiCt»cJ:oT-»4a**i 

a) Haft-fry7^*8i\fc»fe (16MeV~5.5MeV; 
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* »at *•' U yy vf$&oT7k*©#tttl[iL*tt;f:-**S+ 6o * LT#ttttS.©ftXtt 

b > ,MCf a » * » « * 1 t ^ l t * J B i ^ : « S ( 7 MeV ~ 300 keVJ 
»MCi © « £ » * ' * * h W * * £ L'T»t t«***«5£t &» TOFWS&©** - K« 

c) JMMfrfcJB^fcx****-;*^ hAfcjg (500keV~70keV) 
ftS30cmS3l0cm©Mtt#*»£>©*<Jl+tt?X'<* h^fcHjEL, ENDF/B-V?-' 

«£*J50* 5-f y-CttfflLfcfttijRjeo^rtt, TR**A-*-#i|&200keV-C,*S©-Cta)£<b) 

0° 54 >"C"©«!l^»JS**Fig.l7lc*tn «ISI»iaiJi243keV*«[|i3ntec(Oit|l^^x 
tr-i.*H«L«»|*125kH*-C»±**ril»(B-C ,*.oit0 14MeVT?©fc'-*ft£Jf'Li©# 
W K & K J : s ^ -,•?\mmtto\z.BmKmmt*i>*iti\,i0 ca^ncoy *<?Aji©ipsi*io 
cm-C**) , - # ' J * $ *##•??© MMeVtMtf© mean free path fcM&lScmTJbi.KfcoT 
«j£3*lfcx*.;i>*--:x-«* h;H*14MeV #t t*A**K*6l*f t - fc+t t*©x**+^-#$ 
©««*Jt«6«ia*<-3tfr^St#i&nSo 14MeVt:-^eiTT?J±7Li (n .n 'a ) TRJ6 
^Sfflnac^tt^.ttloOkeVtotTTrJi (n, 2n) Siti:*1'e.©-»:*tt;F(0*4A**6V ft 
MeV*»&10MeVO«fflT?tt7Li ©JJOBMB l"** (Q--463MeV)*»£>©##tt||rftr*4» 

4 3 ENDF / B-W f -* *E^;fc-K5cH£tt*±<DJt« 
Fig. 17 7?{±-ft7C«fc^tt*3 - KNITRANTfiTtt ofctfJMSIlfcglkfciitRLT^ 5 . If 

JHcffll^*fffi«t-fe y KiENDF /B-lVT'-^&ftfiSLfc 135 3tt*©~ffft#a*rfift* 
•y h-e*5 (ft«^jSft{±Si,)0 lt**^Ki^jB5"j-f t7A*S.S-316 (Fe.N . Crffl3«« 
*ffiffl) •CH-3fc-«c5c« <«) * * t ? * 5 o ±fc#*ltA«+6*tt :f«©x*.rt,**-*-e ;jr 
h ;Hi o° 7 ^ y-e©SMl«*tt , r <••> s„ 
fr!Mttt^(*fi«IICtt|HWt*J:<||ilLr^So fctfB- JVT?l*-4.63MeV V-c*©#JWJ: 

«tSLKrOn«l«:Mliku—«jui LTIHiLTi-'<£^fc86e:fflU»*iftMeV>&10MeV © * - * £ L 

< « - = r o 5 C d : t * 4 ) - « t t f i < t t ^ . *fc 'Li (n.n'a; T©£«WfE«#B - W ©IP 
**J;»3l)15«eflE/h$^4i-.t)*ir^6H)llco^T-c*6**. 4*fiWPA?Lffl |«*S^ 
ttD -T Kinematics tcJc6»4xt -*+' -a j»»*©«»t t , i f©3»:5c»*t#*fc* l tA^ 
»-c*»). 4-©iC6<:©jSKPlLrtt*y?i;R-c#tt^. 

44 * £ » 
$-@©mM***afc h y *$ AS-B&MIJE*^* Lfc;*£y * * * * * * - a r e n a * * 
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