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Opening Talk 

Kichinosuke HARADA+ 

^PfciSBA:03Sf*©»afcJ:»>*LT. K f l f t t t ^ n ^ ? A08fift£*BMI-i?#S£4fctt 
t)*Lfco t©BF^£t>^#fT*lcteo-cfo !)£-#-©-?, #*#©#*/0©W'i>*»?.*:«fc •?*£, 
M T * » o | » t t ± i t i * « ) l c i S » t t * o fc c 4 4 £ C 4 t-o 3-^tt •> ?•*&$&*&*&* 

JE L Tfr & 20 fpgic^!} *-?)-„ $M£g»fe*ofr!3tt»afc£oTftffiJIH«c*S4W*S4iB<.» 

^ lco l>TH| l f tL*^C4l i^*#*«<i :C4^- r 0 y B ^ 7 A 0 2 , 3. 8 ( i t ^LfcE**» 

b T f y ^ J f t t f - ' f * * ) , ^ © W £ £ © # f e - ? * 5 ? 4 & o T * ; ! 3 * * o 

^of>*L*fcf5t4Tf^-**. eB(S6*Se<^S»Wttt>olct5lc(i^j!B#^g©ffiM«i:* 

t«:iSA©^«o«Tfto«lS^t>. IMD#CDcr«i^**tttffttf^»lE:»^-5C4Ktt!34to ffi 

§8tti«tS&*JBl58;*ft-C. W££#BE?&«lz:&Sii4£&L:-C, ¥1&<D&&£ lUt* 

+ B&WftlMffMi, Japan Atonic Energy Research Ins t i tu te 
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2. 2o$mzi&Mm'-i'y^m3z£B.£2o*f*MMix 

^ 5 o volunteers CD** (3T*S-> ^ ^ ^ a ^ M 20 %.f£li£W)$:tfiV Z C £**?#*:#&* 

&*?a^sg-rseta* cn*>e.^*icisi^oT^:t<&§!•#-*£!&©«£fe<j*ttf^^T?* 

It is twenty years ago now! 

Retrospection of JNDC in the past 20 years 

* 
Ryuzo Nakasima 

Some recollections of the early Japanese Nuclear Data Committee, 

a group of volunteers, are presented at the 20th anniversary of its 

establishment. It is hoped that the knowledge about the past 20 years 

could be put into the future activities of JNDC. 

i. (tome 

ct. xmtc<8.-,tzct, MiLtcKmiKtttet'&t^X, ^ < c t t o T * S i g U ^ H i 
KteftSftT, tffl20f|M8l*-*gJc#X,•??£*:&<!: LTt t f rLS. • V / v f f l ^ i l ' i n J n i -

S '^Sf t fe t t , jEaicttl963S:2J!lcfgJELfc©T?SSA*, HBSSIcfi&f-^CDF^JS^-M 
£r i>Lt t t f f t {M:&t t^£^9f i£#> B#T?feko£ElI|:6»£*ofc«fc-5T?*So ?A(il962^ 

%M (Mm . ItiR (Bfi) . &ffl (MAPI)ft£#. SW©HW, *H. tea, i€flf (1#) , 

tt*ft6i, «E7»- i '« i [©ia i«Ko^r«*»< '6Lr i»fc4ra i | |LfcE*****. 1962^ 

^«f©ia»ic«tntf, JH^^^AoABSM-easofc**, w? (WW), $# (NAIG), 

*ffl©»ft*t, * 6 K y ̂ ^ * P l * H # * t t « L 1963 ^srfi^PWfDfiJfflW£S3t&££W-.5 

* fttt** Hoaei University 
- 2 -
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Offili, ?Sa*-C ilc->^-7g|M^-C!tt*f ;&Lr#fcAfc^^Mt!*50 

•>>T-?mm£ii)mPZibW-tz 1963*p 2 £ fcli, ^ i i i ' , * I O Rice A-^it t50S^!H± 

f f * © ~ o £ L T , Fast Neutron Physics lc&rr£SB&^£*>'2£ 26 BA>£ 28 B £ "CBB 

lif§fetiJj£Ltea>-ofc0 Celt5, Harwell © Bretscher lifiif - 9 O&W&ifPRKbl}* 

wttmmLT^Zo miT^tzm®m¥%tz%fiw®mmKttLx±'(D&?Kfrfo,$:7pi 

B#© Bretscherfs) ©f£(i?Alc£ -oT« t f f ^LJS#X m<faM±1Pti)M • * P I # £ © 8 = £ £ 

ttK i l ^ O J i , S«S<0fFffi*LT^fc*S<0fisf-* • ^ f - T " * Washington, D.C. 

ri>£ ORNL K#*-5£^-3g#t>5*sS*?>, *fflffi8K©fcaic^a»t. l ^<-6 l»#T :U> 

fc<£, BNL o->^-7» •fey^-T-JiT'-^JK^O3 ^tV-^L^iaiSJt&LTOfcoORNL 

T(i, McGowan #?IJa&:FKfi»ffi*fflf-*4K*£rateLrtfLfc4 £6T?, ^ 5 7 K f f l 

ft«Kffi«*ffi-5-Cft*Lrofc0 *fc Naval Research Lab. 0 Toms £l*-5*ftl±. 

ST, 10/i3tcfc»BLfcfctt, • ^ ^ ^ © f ^ f f i i L T I i K i S + t t ^ A ' - ^ l c M L f c f f l 

T?*S*f. CC-e,tt*»»rS*©S»SM|Efflfc»JCt #§S«S!£ Hauser-Feshbach Sift© 

H-lNIa- KOftA4XMi9^MSKffiMttlF0M%&ifT«t>«iTi>^. ttfc»*We«fcfc 

^©J»ic*tt)tB-cct»niS<4-ofcj:i-c:*50 £ff$Mafe^s©*s'*gi|n?©:«,ig-?? 
S o t , *^3*&ff l l0*Bfc*t tS:*§t t l**©--3-e*3 ELIESE-1 fflf&SKlMricltitt 
Sft?t0 •>^7g5Ji&©K3ii-E-nictt<Baj4itt??'^-7 ,©*«^<!3fc1 ® R * > y ^ -

- 3 -
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flt^lt IAEA ^^Ol^O'^y-A^-oT International Nuclear Data Scientific 

Working Group ( INDSWG ) <D* >->i-\cmt>5 C 4ILttofcffl-Ci, M&t^S CtV 

Uir^&mi^-o'<AJKfez.CAJ7*1&^-&nLtzCt-e&h7<, L^LC©SfSBlc, * § ? g £ 

it, n\c3.mt£tmm?a ^n® >>?••?£%£&, %*L^mtMu?i*.-T<t-i*.r>tz<!> 

•?**<, cfttt, i i t * ^ i f 2 , 3 A0A*Bfc^fc*S|Sfl-fflIia£;« ;"*-**, #£&>)© 30 

iC5*iA-#A»-3fciox.J;-50 

1964^ 12/1 lc^SS^-^i&*ii£*5;£T?(£tt&ftfco i f t f i - t^ t" B*©->?*v-fe y * 

- " 4 IT , £ft£X5© BNL->^-7 • • b x y - © ' ( *-S?*fc-3T^fc#£$|glM Kffl> y < 

lc«MT*-ofco ga^ffi iWS2^ilcA-ofc^ ( #S©-£# Goldstein *>£ CINDA 

reader £3lgy-THt U ^ I ^ ^ M E A ^ T , %<Dtz#>\ZffT * h Sg t fSJ : t<ct£r>fz0 

i i t*^J6fcJSW^ifeSff lSl^ y^ - i f t f f l f tTA^I lK^eA^tJ -C . F.3e4 LT4*.5> 

nfclo/f-3fc*»2ofc--5fc*»ffli&3S:K^^TfflCINDAieA*LfciB«i***50 1965 *£K £ 

§ 4 , ENEAffl8c*^f-i 'SM^ (EANDC) ic B**anAS^fllte**3|-a-Sir>-el, 18 A> 

lAaH*SW-KC^4^-3g i i J l> f tx i* f t r f $£©, 5/l¥tfK Los Alamos f ^ M l 

« ^ 8 @ EANDC ^Si-ca^SKH-St i lc t t -^fco Cffli#iS*»&#i&ftfcffl(i, r g 

«-TSBl±fi*4fc^feLTSL^o L*L. €@ EANDC^HKfflJ^S^JftMKA&ftSA* 

4* •?*»*>!&» Sfc^OT?, ^ * 0 6 f t L t f c 6 o t i I 5 o J i l ^ f l t S o t , ig t t tb fS 

©eic^BB^SS-ec&nr,..mar (?#»?*-?? r&t&LTti\, T?fe^t&LTfea«„ j 4 ^ 
fcft, oi,MCCfflii«*1Uf^ofc**?A{iA¥#*axitffl-e*^fco 

Cffll965^tt<y^r®a&tfc£8m4l^i:< &<,MtLi^T?<feofc#, y ^ H M ^ i f c * 

*«ETtt*fflfl©*il^ffi»lcS*Lrafl|*fcoc4**T?4fc^yf 4 fe^A*. 8J IA4 LTB. 

flt!lB EANDCHSSm&miztiiltitZMMMmc. BNLT5 Bffi&lfrtliz ENEA 4 USAEC * 

- 4 -
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ft K&mm-eft 1 Hl^Ji+tt:F»rEf«9f^^**gg*>nT, £ » f c f CSfc* (i& o/ ; fe©0, 

c ©fp© 9 ,q K (i INDSWG S8 4 @3:ifc&*SftR??§3i&»nfco C © « £ It, -y ? * ^ f t £ > yy<-

£ INDSWG > y^-iO^ISI^IiAS, 1 ~2B#F^T*o;t£!g-,#f7ttfrft*:0 & £ © - > ^ 

mms* v'*-&&?»-7fsmimftLx, ^nicftLTS^jsi^frttfrftfc©^****, 
INDSWG > y'<-*»&£ < I t^&ttn > y ItmbfttzfrZifr, fL®ia«fclifti.\, LA>L, 

INDSWG©£*:' '«--tt,a#WfcB#fcfcttS^ft*teglfcT?**>?L, * fc -y*"v£ l£ 

© £ > >,<-l}*tiZ'tUc. M&WmT'- ^jgfilcffij-Lms £ î  •, S<i£fe -=fct £ £&•?„ 

1966fpfcA5£, INDSWG JfEANDCytvy.'-iLT©ffiI!l*i'*liili:Si9!iC«>fco L*»L 

£%£«£"<?&, B5a0CINDAISA£Ht;J:-3Ktt*»cttB»c, * f t t * f c * S * J * S # S a 

gimmi-cmmztij-ov, *.<Dmk*>tmAk>]iktr>xis •>&#&•?< <omz%vt>tz<Dx& 
Zo imttfrb&m£tiXi.'>1zJflDC-*.-zi*1966iptBiblz:Pl¥fZti1z&, toJgSllc 

itfti$.zntza*<Dmm%$.>) * MC^LTS, ??#»£©&!* £^9E#Jttfi^*,*oT£S 

^•(iCAi LT lO^ELk©.* y-"«-*iB8^Lfco |a| l-<fc 9 lc IT , B#© Progress Report 

o^rSrSatfFffi^ > ^SSa^-eff fc •? £ ^ o t £ # 1966 *P*©*8S£rz?&*> £*i, £ ©5Mc 

jgeFic^-,fcE+aft;&#»fc4A©)sef^y'<-*^ii;&tBS-#-sc£ic«ofc*j, £g, m 
fflft, a © 3 A ^ ® f f i ^ f f i f i t i ^ T , *tt*>£3^&t)$jCfflPn1Jilt:fco£&l,>t5li*K: 

«ofc„ cfticoi^-cfi, «&sl#< LTj|6A5iJjli:§ofc©Ttt^i^, £aifc£*ifci2ttW**3. 

#>, Al*x*yi/*'- ttfffl^iWa^tbS'.Si^^fJ i l ^ C i f , £<lc_tK£IB!ttT^tt!&»o 
fc-fc^cJld,, c © i R 3 l f t l t © t - ^ t o L ^ l i f t ^ £ l ^ C £ l c t t o T W c £ L < , ^ iMgf -
* ©«**:£*>, £ < »c4>tt?f- * t t CINDA £g«*SiR«;ttflUII*ftt£:, H^Sl t^ :< *ft 
«*ttff*7fBtt l '>*>£l^a^#*£*£©fctfic&»e*ft iLfcC££I2W I T V S . 3B$© 
&#, ^B©J:5t t f f iWfrF«i i«^-*JK*Katt -S IAEAfc+iWeLfcHBttH!!*** 
LT^fc^y-T'li, fe"66Att^o *=*:, &f ,-*ffffi*frtt9fc»ICT?#S*ftfffii,^-ri,i& 

fe«»Lr*ntf, s-f, ^6^>3ttit)(t«3-K©f-x.yi'jf>*ne.^ffi-3fc3ia^y'>"•*-
©«AWttft*KWLr*^*att-e#5yif5-5L, « I K , maKkH-vmtommtz-zicb?-

9i&miX$tili->if-?£R&tSWi<D%&lci>tSiZX'&?>o, iir^/RffittaRffeifeofcJj-plc 

1965#*—?©i*£ L T ^ v S * £ j ^ f ' - * f f a i f f i » * M t e L ; £ L f c l 9 6 6 ^ l & iBUklc - 5 -
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8fc«**ecfj, ttiic%ixmimB<omm££*i"*-ii>s>it, zti\±ir>£<o\zk>9\.ummzm 

LX5£&Ltz->y-?mA£T'ih-,tzttirte(DtiJ!>i. ^3'5g|£ft3i££ttL:;i6T&S4, Zti*T?m 

&i3ic*.zt><DT?i>z,Ai. L ^ L S M ^ M y'<-jyft©£<©Afc-5©ts#f>Jia5A*-y-fci.\> * 
©#T, 4 <K&<|U>W&fc&oT^5©ttIBM7'o^5^~tfofc#tt§l£/Ur&5< , A d 
E ^ LfrfeSffitt&CtS^fcL^&tlttfrofce,, IF*iJ©«fc!»>ofc ELIESE-1 ®5Sfi£fife-3 
t&ixtifr, * S l M i t > o i ^ A ^ 3 - K K 8 o T ^ f c f * 5 i . *fc, 10^iS<lc*>fco-Ci 
*©ifc*&*o£fcTi,>fcffl#&?<^©ffctWfc«#tt, i/7-*£m&<o%mzmz>teK\tZ 

•5 L-cfe^*>-a-ai'0 £ftfc3?§§te:fi*i^LTHiK&:fiW&©tt**T#tf#^T<ftfctf 
frQxtK, »jitt->^^SM^©-iK#gs*#^*3«i:<®aLr<tifco &&«;, <F>/t,5*tt 
•>?>SMoJ:#s-efe*-,fc©-e*5„ >^7#«#M8©lH!iE£**£fc:*;t-3-r. ett£ 
fflAfc^lcK»TJSiiLfc^il!-3o 

3. gm^f iMff lC-^T 

H ^ L T i f c f e x ' - ? • * y ^ - l s S M i W f c i ' ^ ' - f ev^- i f i , fc4£tfiailW£T' 
-^jR*'«*il»'5jStti*TfA^j:»JMtto-c^5o c*ili. *ffl 10fgsfcf}©IHfc@|Kta#© 
* y h • 7-**iAlMC«ffi-#-5J:TjcttofcCi, *fc, *Si1-*«©;flJffl!&*ffL''.#KLfc 
Cilcj;5fefflT-, irL^S&fflfifcfifTfiofc,, £ © i f - ? • -fe >9-£, W T 7 - > 7 ^ I 
©*t&#WgG&&r'- * • -fe v^-KIBSS-B-J: i 4H?1S#. «fi©>*•-*-£*£-??«: Ltf Ltf 
feS****. 20^mTlc(iyffi^lcLtt^-ofcCffl«IA««Sllc*fLT> IMifc-fCKftttLtt 
^*« )S t>LS l \ , » « L * f e 5 i f t l i ^ * 5 4 i , ^©a ie&oTt t , CfflfiFf-* • -fey9 

-&tira*<z>m?-9 • *v9 -tLT&m<»Wi®mmb%)t>tzmm%K.*,\cm.)t>i>tiz>ti#> 

*jj*Jffl" £*>£'*>" s$fW»&fi6g»!ffl " ©tfffltf" #f tfcA*4, JEfe4£JiaoT?;ftfcjiS*4 

U S * * « • * # , #£ f l& Glg£Jt£) •e©«ITC,fc.fc^fcj!v»«i;&ft*.fc-5fctt-sfc£ 

«t*ra, &mwm-*4 P C ^ ^ M U S * >'*-•», ftnMicfco-ctttiiL*:B*®fHrar 
* t * f - * • 7 4 7 5 ' J - . JENDL©ft(Si«r^fe?--JOgHlCOOTrt, ENDF. UKNEL, 

KEDAK#4*#*jffiT#S«fcS K t t S 4 ^ i J S ^ t t t t l ' * \ 4H-5 C4****JI£T?ttA-jM*t: 
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tmtl IX, ijRmftmv?- 9 • 7 T -i ^*gfc Ite&Z JAERI -FAST-fe * h £fM Lfc„ 

KX, §SM£&@©ilMI#r*&x- ^ 7 7 - ( <̂OffefiRBSteK||f*Wr,fc©li 1973 f£T?, *© 

4£p&icli JENDL - 1 £ Lrcn*iB©B**5CiKt t5 0 L*»L*t*T?»cSiJ5Jiglc{i 

£g£©&8&ic*-e«^/=e£i*s0 ztizimbstix, nmKntfoatftmsttm&m 
#>tzmm£:'7-*>r- ^ - T * © . * y'<-©»***, JENDL-I£ LTBBTEL £©•?•* .So 

~ty=f~*-9 . -f X htt«»fT?Wb.*»KSnfc JENDL- 1 © f̂fl̂ -jgiEL, *fciRtt&a&£ 

A»tt*)ti*Lfc JENDL-2*i. 4**iC^fi8$n«fc'?iLri^o S&K. iUi£#3, &#t t? 

££gf t£ LT JENDL- 3©fffi£*i4-^K*»toHteSnfco i ' / r $ l ^ , B^CfFffigr* 

o T l ^ i l ^ C i t f i L T , £i-lctii&±£$gigt9fc;6>'t>, 3£@ttgtfrf*$iJ©t>£lcJENDL 

- 3©5£fi£*BJgLTt>< e££JBftLfcl\, 

V-if-vf-fto- 7PJLJUC CINDA ?*A— 7*, WRENDA ̂ > - 7°, jfttf&if XiP>*^- 7°, 

Progress Re port ^eff- 5- • - ^ -xg*#££*#!I#@^Sft/;Ai cne.©i'C|Cfe 

•e*So ©r/ffltf^«©iat©HM^KW1-5S^.©-ott> i '^£fi£©ffift •&£©£«• 

S^f©'7-*y^« ^-:7©Afc5fr&fe2IMt£ftT*g^ftjfcft£?ofc©T*S#. £-5^ 

^ . ^i/-7°^fej*SnrA>6 3^£Lhfefcor^5©KM©ii#*>ttl.^tt«i'^»£C£*5 

fc^fc*L<ftfc*u*nfc0 «#. loooRaHioanif-fiiBiiXKa-aTRm'ttWLT 

Sft*-e«itt<, **©&*«»-c<*\ *LT<fc©at»©;5Wico^-aiiiLT<ttfc£H;^ 
•<NAIG)0*}Kf*ofc„ l~2HHftKft&sn*:3B^^lttM&JKlcJ:oT. &(*&*> 
nfc©-e*5o 
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4. fefeorc 

Lfc*t.-ryf*< m*£s* v^--Sftfc-&n-€'ni£:Jii*iltltL-C«#A:Oo *>"&£<. &©ftl 

M£©##ffl§£JSfc:gi«L fc^ f>©T?* 5„ 

0 Freunde, nlcht dlese Tone! 

Sondern lasst uns angenehmere 

anstimmen, und freudenvollere! 

L. van Beethoven 

fc-o i-t»jt=fc t \ f> o £ * tf K m t. it ft •£• 
9 f c f c 5 T l i f t <,->*> ! 

I t Cft 

Q : Hffl ££fl& (SSSF) 
fgotfic, (l) - > r ^ M # # t f c ^ B # t t a > £ © t f © t f i $ t t f c ^ T - t i t © t i : , ±S*<7 -

A : 4"* fflH (ft*) 

> ! " < - * * « » L , *»og^*feoJ;-5KSr,fcCi! j i«*0aE6T?*«. ±2#«*t f j3 i&t> 
^©^©t f t t i re t .S . fcSteSofc , t i ^ c t T I W K (2)ftot*T; ± £ l i , # S a £ & 

£ffiSL, * » 1 ? * t t t f f t t f * © / * - ^ f t J | K « l * | l J L T 4 * f c * / * - : / © f B * r t * « W a i 

* £ * S T ) J:^Ktt-»fc4IWlc. ± * ( * « t * f i * M M J I £ t t £*>©{&*#) *3C®ftl|re 

©tf©tfuirc, -v^TSll^gnciitt^wtticffia-a-t5, 4^tt£tH5K#ffttfctitt«> 
o £©•?«**«>*», io-5©tf©tf l* t t©**W»!<c*f7-5S*-C*«o « ©tf©tflcft. # 
tf#»44^«*©*Kac«|tfi:^iatl|8«»***fc»i'«»**lc«:*r.fc, i l ^ t i f c t f 
I 2 L T * 0 ) 
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3. mr-?mwj<?>Mm 
Review of the Nuclear Data Activity in JNDC 

3.1 »f®»#f£:3-KIW380}£j& 

9wmK£<Qismtt^r burn, ->y^m?igA£mm<Dmmt&m£**o mtic, §#•> 

On the Development of Nuclear Model Codes for Cross-Section 

Calculations in JNDC 

Sin-iti Igarasi 

A review of JNDC activity on the development of nuclear model codes 

for cross-section calculations is presented. A rough chronology of the 

JNDC activity is made, and activities of the nuclear data evaluation and 

other works in JNDC are briefly mentioned as background. Table of the 

codes available in JNDC is presented. 

1. f*l>»C 

Stt, Slfif4ft-O'*o Lfrfc. * o * « » H * t t ! J © « B * * * t f ' T * T *>L<Baffi4*rtl 

- * « : , ttilfe-KttBFft£%JI*«ft<D*J|-e*«. i S ^ c i K W i l i t t ^ f c o i a ^ . 

^»*6fflffi»oai)S<!:*fc«til£3- KOWHfaJlJl. *«ftLT*Ti»*a>Htai(!0*i)ff* 

»iai3j**jj«»iiHioaiiii«©^-^KSEftstifcc4-e*ofco ^^tt*«iSsas*5ii^*o 

+ S*ffl?^JW^3f Japan Atomic Energy Research Institute 
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£-*-aa>£. a*ttTir®*ffl7'-^t>'iJS-c*5o 2#&icj;aw£*f£iictt8#H:;Pif®s 
0lt*l>Ao-ri>-r,- £©3t*lc<iJ££tm3-K#2ofIf l=£ftfc0 £*l#Sfc*PffiJ*S3ffife7f 

- *©JMiIt*ic-=>/j:#-orjf < c i M 5 . 
«l+tt ;?»:iLWr®»ffl7'-^li, -ffi%|Sfel»T, «£/,£*«*.£ ft, t©BB&©W^li^a*T 

LT$»3 ±.tfbtl& «fc -5 »ett̂ > fc 1965 Sp^f f ix - * # + # t t fcfflT?a*r.'fca|J§ffi'C*5. 

•>^^^M^©W^«^^S*tt :F©x-^Km4'LfcBflJi^aftiici:ic*ofciR-e*5o c 

i97o^ft(cA5i, a^Hjfiafflfm-r^ssf - * 5 4 /? •; -, JENDL, o M ^ i f i 
f t&ns.fc' j ictt t), S^lcfe?iJfflRJS6lc4-oT< 5o JENDLfln£#ttL<tt*lc-=>ft, ^ H 

SMSft. Sg f f l a - K4*K«fy-* IMIK?r | f f lSf tT^«. 

x-*f i4ES»£-eft lcM;«LTtt5.ft, ffifrftfcWr®»ft*3- l - J co^ ra^S . *fc, fl-
SJgffls-K©*e©#|6jfc-^Tt>ll*ft. ^fcCfltT'-a'fFflifcfc^-C, Cft&<0 3-K*<!f 

f f 3 * T f H * © 3 - KB9^©#**MT*T. C»6^5ttB9ll*#^.T*SCifCf-So 

ft SftTVfco 3^r©«^fi5It»3 - K £ L T I i * S © ABACUS - 2 ^-MStfS £.£#•??# S„ 
Cfttt#3M3tM£ Hauser-Feshbach ffl^r!£*ffll>fc3-KT1. IBM-7090&tf 7094 
ffllcff&ftT^fc. 

(>e:ffl̂ ii|gic;-e*o-r, B*ft£#fc3-K©«9W«i*., 3-K©rtgi>«*icttoT*-o> 
* „ Table IK, NEA *} fflf-#'"fyi'*»&ajT^S3- K T 7 * b 59 Yfrh&&?-9'-* 

- M L T W S C i i i , 1970^BlPHc^<O3-K**»+LT^6Ci-C*6. CfttttHWB 
©*jticj;»3, 3-Kf f f iR**Saic t to fcCi* ! lo©| fHt?*5 0 L#>L, - t f t / f t f -es-K 

• ) l ^ t t f l M a i W C O E C D ) © * © ^ ^ * ! ? (Nuclear Energy Agency ) „ ? - * " < y 

9 liNE A ffl 1 o © # 4 L-CWff - f&tftm* - KO«* • S * • B*tt£*©*- e**Jf ,TV> 
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JKOTableA^LT^* ££!£»#-*BB!9. *©3S«*£f'-*S»©#J?lftl&J*t>-C :AS£# 

e£S-e*S0 #£ic&-<fc ABACUS- 2 *ff^t>nfclgicti,- &*&g©0F3S©3.£*MfclcLfcs;' 

ftz^g-e&zc t& 1971 szicv<- y-efflfrtitz rmT'-wmmic&i-Z'-tx*!2) •ett 
S $ * i T ^ 3 0 Table 1 ©ISlSlliclffliSfeMtgftfflUzmtmU^tf, &f-;?©f»HBiffift 

Table 1 lc*fffc=>- K#£'©.fc-5*m«l!ic.fc»>, t'&tmm*2:itW.tZ>C£&?'£& 

*»£, Wlg-Cft**** Table 2<c^Lfc0 Cft£J| .5£, S # S I r ® * £ # v v«£lfclrffiaf 

•fc!3 4Hfc.fc9«8Ki£}#-oT^*§t*3- K lco^T t t [5 jOTS^M.Ti t*U *®*£*£i t 

Table 1 £ 2 £ #» fc>, Pre - Compound ^Di rec t Interaction Model ffla-KA* 

ffi&Aftfcil8&Wtttl-***T?£SJ:?tttt-*3-Kfcs*ir*T^5o <:nu-itA«fii'C 

JftfcJBHy-JOJ^WRoTiii, *otM»K«ff l t*J;^4ci*#AnHf. tHl ta-K* 

*aMfcL-c« ĵc<<*-fK, /j«©«i»a^itj|[3-K*tt*^*T. tunic ttMmmfc 
a><»* f f l f i lMH*A*^£*®^t t t t ^£** . '& f tSo Table 1. 2 O«(Sjffl*0H«£ L 
TA^JcD(B*'ft£*/c#*Lfcl><:£-r?*5o 
3. i /^vasiiArtt 

t © « ^ B f / T * * ^ * « » J i L f c B f t a 8 ^ (1983*) *>6»ft4-Ct4-*Ci lcKWL, 
*n^n©ffiw-j?fi:^nfcifaD«itiiE3-K0^fiE£*©i'jffl. *.* #«?'-* »«§»©*» 
<z>*?*H,-rff<o 4fe *©#*©WilLfc*JS£ ,MfJlt£LTA*iTfT<o 
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3.1 BBft)38~41 ( 1963- 1966) *pflE 

: f i )gLBfE«*l t»-r5l 1 ^l .^ t t*S*ff iofc l t*3-K**ft&nfc . Table 3 l c * L f c g 

E&#x&S. NelkinglS!, Egelstaff - Schofield «S», *H^SS,fllS!«.h*lcJ;5Brffi 

viHia- K***ft-c. ens©*- K-»aaT* ,"' ,)4*iEW!«et r*+te?fta©a 

tt«Se.fcStt]|*Mi.>:4M<fj 4 * * f rS f tT t ' * . ft4>tt?^©«F&fift4itt?£3©Mai!ii<l 

£**&*> t - l i - f LT^ So ft-oT, H-*3-KfflHf6feCfflWHfc*H-fflfefflT?*50 

«&fc4><, m$&:?-}p<DiWKRl^i>tiX^Kr-9bMtt>xtiZi-DX$,-ifco CiWitt. 

fc¥&m± Hauser-Feshbach©&ft&M£*§&£-a-fc ELIESE-1 4Hf6fll§!lCJ;5STEVE 

- I T * * 8 cnt,ic«fc5»f!i8tit»©igm(i rŝ aai&ic«fc58i;̂ 6ti»f®«i©a<iiiBSficgg 

ELIESE-1 rtfH»±i'5t'5ttx***tt-i-nrir»«. wiar. ftaiif*©«?a©±ffijf>^ 

?SsiA*«4^i©ffli:^S4! T v •>+ *©flflS£ftft©MEllHft©lf «tt«ttiT*tt*«*«»l 
•fLTfctoSJ^ICLT^So Ctlbomtti&ltAllT'-ttlX&iX^ZW, ELIESE-1 
-etttitZtt\c£.^xAJjm>$:'J><lX^Zo ttz, A » » a i c i * * U « « L T ! t * £ 
f fSa^OAf l f c f ce t t+SJ^KL-CVS. H-IMtfltiStliaflElco^TJifJiE©ABACUS 

- 2 4 J t « L , ELIESE- 1 ©;Sr#«XTl>*C4*i taLT*So t * l S © £ t t 3 - K v -

* T ^ 7 ) } c | ¥ « L T * 5 o 

STEVE- 1 tt3»tfc?jfttti*^#*L;fctt-*:>- FT****, CO^IE^ICfcStSKBf^Kt 

«fCftJ lf t««ia*#«Lfc 1 tfcfltftttbOtt**-??* S«fc 5KLfc STEVE- 2 4. C*l* 2 

fctifipttffiS-eKtSBLfc STEVE- 3 4#ttt>ttT^.&o 
c©)HM©a*lciiiKIH-*S&CJfiiSKfl5*S*ffi-ofc««*f®«|it*3- K RACY8)4|* 

H-WSK:J: *«r#««©it*:> - K STAF 9) fitftzn,. ttz, ELIESE- I z*,¥mm#T > 
•>+,wt7t-9 (OMP 4*180 ©Sl^«#T#SJ;9K#$SLfcELIESE-2 1 0 ) #t tS>t t 
T H * . RACY(igiK«a««E«Jf>«i»a4fi£«!l«ll©Jlt«llrii»[itJHcffll,^nTO50 * - 1 2 -
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fc, ELIESE-2{i-E-n§#lcj:5»fS«[ftWoflblc, #8-?aa«8*£»rffiSfc"l*©it* 

Table 3lctt<L©ffl^lcfiffenfc-o©igig+tt^»f®aieT^^^*L-CV>5^, ->^-7§IM 

3. 2 BBfa 42 ~ 45 ( 1967 ~ 1970 ) fpg 

K^Lr i^-oT^fc (Table 4£fl3) „ 

fFflBS-ttffl-**10**, 2MeVfirFffl&*®£lft®*fflSHB£Sttt>12)# 2"U©##&*St 
a»f i i««-»*E+i l& 1 3 ) **. Cr, Fe , Ni, Mo ©<M<mtS»r®*©fi*£*ttfc> 1 4 ) # 
if •?*:„ Hrffi*f1-* = - K-efi 2 " U©^^ttt!tilirS*H-||t©fc»lc. ELIESE-2 £MKft 

SILT. a*t"<**fi3eLfcmi^«#iigo»*, # M ® » & # » x t t £ * # * i * : 
ELIESE-315)^fFt.nfc„ ELIESE-3Ktt*©flb#SBf#x>'i' + .rt'fflfcfli, *« i l "<^© 
^'J x*#*©#Jttt££<©rtg;MK*JA*ft-Cl,>*. Cr4'i'Ocfitt^fflai»TH*H-||tKJi 
RACYtm^ZtltZo C(D=.'3<Dtmimtc Helsinki -egS*>nfc«T'-^©S«R^li13,14) 

^»©fFfifcTf;Mi*t> ,6) KiiJJAERI-FAST-SET jWbt t fc , tnKB8i!LfcM,Pto 
©keVB(T©«g«©MT'- *l¥ffi17) ^#tE3 ftJCfcSitftti^fflft^a^SliMiafef-* 
fME18) ttif3Wfi*>ftfc. £ © l i r a i « f * - * I H W * 4 e > » « L t t ^ C £ f c | » ! * * L f c « h 

Baft45^«*>^SBf-C?UFACOM 230 - 60 * * A L . **lK#oTff-J|C-!/-- £•*##]© 

^(•ttavififofc, tnKioTH-wttoffiffl^^flricfiiijKtt*). i t * IBM« t - o^Ki t 

fflL-Ctt^^ + * ^ i t * 3 - K , JUPITOR- 1 ̂ ©SfWfffcftfc. C©3-Kffl|g#li 
CDC 1604fflKff e . t i r^fc©*IP : F*6**-a3i*© HITAC 5020 E fflKgEfcL, * © a tf 
*FACOM230-60fflKifflV^CiKL!t2°o S5C*Kfel|ofrffl8*) #*->£** £9S©lfc 
K3HLfcKt>*JiotfS©K*g£#Lfc. 

3 ¥ « © a * ^ » t * 3 - F©S*ltt £ ' # £ * , *fcf l l*0#fei 5 ^ < » & £ £ # « £ L*:** 
*4f-f^©7'-*W;£#«AKiSStt(!ri,-r, c©««lffl«HiKtt8Ef-*W«*'*ftWicif 

5T**»-9T*T^fc .*« :©«a iBMWiO , , , U, M , U 1
, » , Pi i , M0Pu,Ni , Fe.Cr. Na, 

KB< C£KJ; t )m$Wfls**t&»5c£T?£4JM*S*. JfettB*l»ffl»g|^iottAio-Cif 
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3.3 ff3ft]46~49 (1971 ~ 1974) ^ffi 

&7'-*<»m-faW$.i&mmt>tlZ>&0fct£t), BiJ]®0J3sU,238U, 23,Pu, 2"Pu K o l > r 

It 1 keV~ l5MeV <D\<*>t>\3> ZX M.- yd- h (D%T - 9W-ffit&%'*7 * - 9<OfmtWJt 
ti?tm±®ftmtf»-7K£'3x&»!>t>ti-fco c0WMtswi-en?>titdft%:im}cJENDL -

flBfe*»6«)icff*>tl.fco C©8MIffil&-eBiiixB<Z> RACY^ELIESE-3*Jffl//lCffll-'&nfco 

TOTALCS3- Kfcft&ftfc, £*lBELIESE-3<0—SB*?iJffiLT, ZlJ^x- * ^A^JiCjD^, 

C*l«-BS-r5«fc-3lC'*7^-i '*@llg*-r53- K-C=*5o ELIESE-3**AWx*^* ' 

znt x-icMmwfrtitimf&x'««£^drffl^n&*>^ fc^x- 9<Dwm<o£.%izmim 3 
H+tt^WrffiSW^-ettMK e:£**T?§fc ( Table 5#flS) o tofif&KBBbrefc&f*-* 

toic, i97ifpit rsf-^ffffifflfc»©'**^jz) £SLfcHF^^si*i'5-f-y-e6a*>nT 
^s„ C©*TT, #icaiftit»3- Kico^TB. ^fi^aft«)W3!s;£-g^)£L^fpt.n^*Lr^ 

#!*.#, .issJK±Kfta«rjt*9jori>s£*>, j:*^^-jS«ij«#t)A*-e#a^£*>. »f 
®af f lS©g8f f i *#*LTO^ l^£ !6> , £l--3fcP^ST?*5o * f c . fflfc«fc 5 fcttJIa - Kfco 

^r , £-n*sft|gT§50)i)^ifaajtgicj;-or^rifLr*si2>gA^5^£t>tgfii$nT^5„ 

xft<o mmmzftmmtntoxm-tor'vyizws, t turner itRmti-sizibic n 

Kf-^^tS*ft^3jl1-'5->XxA NESTOR 2 l ) jf^7 7*f̂ fig1-5 SPLINT a)«£'**#6*1 

&m. arnci.^x%m^'p<om.Ltia coa-vat/t^mmtm^wm^m^^^x^iM. 
•CB ELIESE- 3£|^t-e*S** RACY ©ffi»»rffi«ft*W£*i£ffiL-Cj!l*ii*>Slet 
<0a-K-CBiSfiS*i6T^a^ ( n , 2n ) . (n . p ) «£*<OKJ£WrE8l*A:*7£ LTAtt. 

en s. ©!*#£** L *:##tttta.'fMaa>r9ai«:<?**»s * $ K L -c ̂  s. itaaayc^fc 
L, ffJ-JMffl&Wf L <»< a^fc^H-ertCfOA^LJtirEaifeitftlMlt^-S^SJWiJlS*^ 
A,1£a- VAiftZtlX^ZW, CASTHYtt^Bttfc JENDLCfc&CfrffiSHlKMfflStVTV 

wo 
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mfi$L&mwma>¥iw®& c ? ixrft>n, 50mcm^ntz Washington gmx%%$ 
ft, &&Z'&tZo Colti&7,-9&m<£WCDf$i,%:ZflX. l - ' o iTfe f l . gSf f lENDF/B tt 

i*07 ' -^ ; £-! (S^r t ' ' - f lc , I tegtOfFffi^^-^x-^ 7-f 7 5 •»- ( J a p a n e s e Evaluated 

Nuc lea r Data L i b r a r y , JENDL) * f M > - 5 i # - 5 » J I # £ n T # - C . 49*f£*»£>* 

© jiftftwis £a*ffgtfMfe * n 5 A 5 K a ^ fca 

3. 4 BSfO 50 ~ 53 ( 1975 ~ 1978 ) && 

JENDL- 1 <DWmtmikt>i®*l49t£g.frZ>fe* ofc„ JENDL-1 i c t t i i LTBtSolfflS 

fcfflS LtiAmfr, £ tztt JENDL - 1 © « * £ * I 3 L f c l ^ O & r - * W £ ^ M # f F « & £ 

JENDL-i<z>mmtt51^3^IC^TL, ^v*-*-??*n'n^xzommomn&z 
tiffi L/c - 5 i - C 5 2 ^ 10n £££&! !?L , ^B#© N E A # t t ? S f x - *S*-fe y * - leg-?fc„ 

•*-Sa£fBSB$©&Ig© 1 O T * •? fc&x- * -fe v * - l c -#«g*Uj Lfco a 52 *p 7 £ K S « 

KPfeSffifflKf- * * y * -leg*., Sfg&it B*©^7-'- * -b y * -left -afcc 

JENDL- lffl£liE4K7'-*-fe>'*-fflfgJe4l ,9Jl?;&»L$li*ofc;&i $ • ? - * ©fflffilc 

B9a^-S*^©ff l l t^pgje«*ff l JENDL- 2fflf|=fiSfclt5ffl$ft-0*5o JENDL- 2 OfPfiU 

ttBBfD52*PSA»&l34&$*lT^«#, #Ji6ffl-3 "fete JENDL- l -ppa iBKt tofcCr , F e . N i 

tti'fflMevtiaffli«afflai^jfS^safflT'-*fflSH©H«, *s wi&#s£i&«i&a 
fflltJHi:ffl^S«E«S!",7>-*ffl*tttttti*©*l*te^a*W&*ifc<( JENDL- 27?Jtt&g 

©Mf-tmm&nixr-* £»*.#«* *u*«**<«i*<:ta*&, t*i&©raB©A»«:•>©as 
^ » * - ^ < - e f f l » f i t * M - o T ^ S o flx-tf, * * © £ * « £ « £ © CRT Ji lc^LfflL, **l<=> 

• C * 5 . <l©fcJ6IC, ^ f - ^ f F f f i - i ' X x ANDES MVff&*lw JENDL-2 ©#r; r -*fME 

•CBAlMcfigBtS (Table 6&H) 0 

ffc©iE#k*o-t, gt#©it»=- K-etiJiitt^iifiAi^if^tttaa^iSo LA»L, aife 
l t*®«ff l logB*/£fcC5I*-f^*( i i£fS-e*$o JENDL- 2ffeSffltffl»!lfflfctt**i*fi:9 

* * # t t <. S E # © « r @ a i t * 3 - Kffl*K«*«rtfT?*-,fc . 

3.5 BBfD 54 ~ 57 (1979~1982) %•& 

JENDL - 2©ftfiSli, »JK**BBfr&fflS»fcJ6iT, H * « | ^ © ^ S K J S J P * ^7-j-f 

fSKMWf (JUPITER ttffi) J C f t i C i K t t o f c f c * . H B ® * W * a ® f F t t > J M * 5 l a ? f & 

# f c . * L T , C f t ^ O S l i ^ i L ^ y f ? - ? ? ^ h * f f o T * f f l < t « t t * a * » * , 

JUPITER I t H © B # « S * S 7 ' - * < « : l - C f f l l \ t 0 C*lt t*nt t»J©fi6*tt*ofcA*. JENDL 

- 2 £ # © t t f i E g t B £ * L < 4 l t t » c L f c 8 * o f c » K , - » © M ? 8 t a © T - - * » « £ * * # « 

- 1 5 -
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ti, £?*<, 57 % 12 Bin^m®?-9 comm£¥t71. &BJT?#S«fc'5R:fcofco 
JENDL - 2 fPBS#**f&*KIS© 54 if tJA> £&© JENDL-3 ICfelftt^WMt f - 9 © 

wmvmmzn? JE~NDL- 3&m^mgfii&tt*>ti, zc-ecotg&tixff-yTm&i&am 
f - * L-¥k>mW9L=?-5 *«f L < flOX.5 C £l t t tofc0 C*l6li JENDL-2 Tftiftttfc 

9-b's9-ttWM:,gtf*Lk>V>, fc<fct/NEA ?•'-:?'•>'V *£*&». ^ B * > & S « * S l * f c 3 -
K * * » . ^tlSAiHWOltJMI-Cffiffl-CiSi^^iEil^-SfNIift-Dfco Table 7ICCft 

g r t - e j i t o j ^ i c , JENDL-3©rtg*^5HS*5fcJ6®iWI**fi1*)*lT^fc!5i, SBSW 
K(iS£*©tSil|#S!l*ai^-«fc'5ttl!l#A*dJ«e«!>ri'«fco ft"3 fcSAiffiBfcStBfcNEA?*-* 
'<y0£JILTi§f tLT^r t :ENDF/B£*©m5IKfr&g#Lfc^t£ lcLfco Ci lKff i 
LT, jScKa8caS*iitt@fflfi2flli1»*Kf-^7 T4» (Joint Evaluated File , l&LT 
JEF)£f£-5ttB£frfttiiL. N E A ? - * ^ ' y * £ # ' f r £ l . r l t i S # 8 J T £ t l , HfflCgSStl 

fco NEA T- 9'<v9immb LrB*fcis»0ts**-a-s"5*^<i:^tta**4crtfciR^ 
*5 (Table 8 #M) . 

C r> liztoSli, sRS^-e JENDL- 3©:£»*3S< LT^S©"?****. ^ftrtftticflg© 

*9»^«jfii*»6. ^a-efeSr^-^iMBftottW^ailiHla- K©s«iic^*Anr*r^ 

• fclMWfcS'tlT<*fcffl4a*>ft«o & « k J E N D L - 3 m £ £ * f £ £ L T , *e»fi l '«f»-

i C W , JENDL- l®^A«df lcH*>St t f -^ l^}fHiSi | ] i«^K: t tSd:a lHla icJ :« 

(KSSaWf-UCa- K©MS5tt^Lfcff*>ftfc<fcoTt*r>Tli.So JENDL- 3ffe£TE?ttC©* 

^**a»«fc-5£LT<.**!&*. i t * a - Kffla±BS»tt£T6ra»c&l**5»c«l*©7/SE#® 

Table 7 IC, Sffilfcf-^*X'-»C*o-C«fflRl«6tt»rffl«IW|[a- K&SLfcrt*. Cft6 
© 3 - K ©XK4C t£ r, XP S t t * g £ ffffTf * «ttaft©ff*> & 3 - K «•«'& o # T * fc © # 
Table 9 7 * 4 , £{*©#tf«fittTable2lc£<«l-CVT. t © * V i a f i t f t f B l H m a -
Ktfff i imflaict toTi)* £ ± * ; S L T ^ s 0 * 2 » ^ ^ t*ftllffiii*tt*a 

- 16 -
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5o *j£(4. Pre-Compound * Direct Reaction O t t * 3 - Kfc*t*.T*Tli*So 3"&i4 

: n ^ a * S t f c » ^ i i 3 - Ki t f i iT < 5 fe©iSt>n5o -J-CK GNASH* HAUSER 

* 5ttt'T?«-e©K**ift*DnTl>5o it*«»i*3!'ffcU tt**K**a<tt«<!:. C©«©*t 

S^i*>&3¥flSttffli»K**i65e:it>^Stffli«fltti!Hili:tt5-c ,*5-5. JENDL- 3EI&K 
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Table 1 Chronological Table of the Nuclear Model Codes, irom the NEA Data Bank 
Collection 

STATISTICAL 
MODEL 

i 

OPTICAL 
MODEL 

COUPLED 
CHANNEL 

PRE-COMPOUND 
MODEL 

DIRECT, 
DWBA 

65-67 

HAFEVER 
NEARREX. 
SASSI 
SADD-EX 

SMOG 

DANG 

68-70 

JUPITOR-1 

JULIE 

71-73 

COMNUC-
CASCADE 
STAX-2 
2-PLUS 

STAX-2 

2-PLUS 

74-76 

AQUELARRE 
ELIESE-3 
MARE 
PELINSCA 
THRES-2 

AQUELARRE 
ELIESE-3 
HADES 
PELINSCA 

77-79 

FISPRO-2 
GNASH 
MODESTY 
TNG 

GNASH 

MODESTY 
TNG 

80-82 

CERBERO 
HAUSER*5 
STAPRE 

CERBERO 
CRAPONE 
ERINNI 
HAUSER*5 
SCAT-2 

CHUCK-2 
ECIS-79 

AMALTHEE 
HAUSER*5 
PREANG 
STAPRE 

CHUCK 
DWUCK-4 
*HAUSER*5 



Table 2 Nuclear Model Codes, from the NEA Data Bank Collection 

STATISTICAL 
MODEL 

PRE-
COHTOUND 

TOTAL ELASTIC 

2-PLUS 
AQUELARRE 
CERBERO 
COMNUC-
CASCADE 
ELIESE-3 
GNASH 
HAUSER*5 
MODESTY 
NEARREX 
PELINSCA 
SASSI 
STAX-2 
TNG 

INELASTIC 

2-PLUS 
AQUELARRE 
CERBERO 
COMNUC-
CASCADE 
ELIESE-3 
GNASH 
HAFEVER 
HAUSER*5 
MODESTY 
NEARREX 
PELINSCA 
SASSI 
STAPRE 
STAX-2 
TNG 

AMALTHEE 
GNASH 
HAUSER*5 
PREANG 
STAPRE 
TNG 

CAPTURE 

CERBERO 
COMNUC-
CASCADE 
FISPRO-2 
GNASH 
HAUSER*5 
MODESTY 
NEARREX 
SAUD-EX 
TNG 

FISSION 

COMNUC-
CASCADE 
HAUSER*5 
NEARREX 

REACTION 

COMNUC-
CASCADE 
ELIESE-3 
GNASH 
HAUSER*5 
MARE 
MODESTY 
NEARREX 
STAPRE 
THRES-2 
TNG 

AMALTHEE 
GNASH 
HAUSER*5 
PREANG 
STAPRE 
TNG 

PHOTON 

COMNUC-
CASCADE 
GNASH 
PELINSCA 
TNG 

OTHERS 



Table 2 ( o o ' | ) 

OPTICAL 
MODEL 

COUPLED 
CHANNEL 

DIRECT, 
DWBA 

TOTAL 

AQUELARRE 
CERBERO 
CRAPONE 
ELIESE-3 
ERINNI 
HADES 
HAUSER*5 
PELINSCA 
SASSI 
SCAT-2 
SMOG 
STAX-2 

2-PLUS 
CHUCK-2 
ECIS-79 
JUPITOR-1 

ELASTIC 

AQUELARRE 
CERBERO 
CRAPONE 
ELIESE-3 
ERINNI 
HADES 
HAUSER*5 
PELINSCA 
SASSI 
SCAT-2 
SMOG 
STAX-2 

2-PLUS 
CHUCK-2 
ECIS-79 
JUPITOR-1 

DANG 

INELASTIC 

2-PLUS 
CHUCK-2 
ECIS-79 
JUPITOR-1 

DANG 
DWUCK-4 

CAPTURE FISSION REACTION 

CHUCK-2 

DANG 
JULIE 

PHOTON OTHERS 

CRAPONE 
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Table 3 

IS138 ~ 4 1 ¥ S ( 1 9 6 3 ~ 1 9 6 6 ) 

E g e l s t a f f - S c h o f i e l d S l ! 

ELIESE-1, 

STEVE-1 , O&ShPfttfDo 

STEVE - 2, 

STEVE- 3, 

RACY, mmmm» 
STAF , m^mmmw „ 
ELIESE-2, (0MP©S»ai3i?), 

. vmrnm* (38^s®*) 
5fc*n»fli«ffl8«lt*0 

INDSWGSJtfJJS ( 3 8 ^ 5 , 3 ) „ 

EANDC&t/ ENEA/CCDN 

i £ * A ( 4 1 ^ 1 ^ ) 0 

(40^8,3 24~26B) 

( 4 1 ^ 8 , 3 1 8 B ~ 2 0 B ) 

EL1ESE - 2 £«t * OMP ^6£ 

ttfflfcft (SJ&ftt>) „ 

STAFfflffl^- ( # # , A S ) o 
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Table 4 

K in 42 ~ 45 ^ g 

14 Me V ^t t^JEBfESSCffff i , 

(Wea-**) o 
& * © £ S t E * f f « , (H*f«> o 

" » U ( n . n ' )KS*0j)Wf. 

ELIESE-3o 

Cr .Fe , Ni , Mo® ( n , r ) 

K B N t t r * . RACYc 
m P u Oke V i f t ^ f - ?fFffi 

« i * W o 

JAERI - F a s t Se t , (&*^}» 

Thermal F P & f - 9®W4fo 

mmm „ 
JUPITOR-leDSfl to 

J J 5 M 2 3 » U 2 » « p u 2 < » p t 

( 1967 ~ 1 9 7 0 ) 

Jfc+itFftaHff ©**- * 
fi§ft£f*7o 

t&7-9W%M%B. ( 4 3 ^ 4 / i ) o 

Helsinki Con ference ( 45 ^ 6 .B ) o 

Nuclear Data for Reactors 

Washington Conference 

( 4 3 * P 3 £ ) „ 

Panel on Nuclear Data 

Compilation (BNL, 44*£2£) „ 

Knoxville Conference 

( 4 5 ^ 3 ^ ) 

m i (aiiptt^Srffiatgf^^ 
(43m2M 1 5 - 1 7 B ) c 

m 2 @>Ctt7WffianF%& 

( 4 4 ^ 2 ^ 1 3 ~ 1 4 B ) o 

, Ni, Fe, Cr, Na, 0 , ffiil*Pffl 

F P ^ f - ? ! * « © * « , f - ^ i K H ^ K f e , 

- 2 4 -
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Table 5 

• flSfD 46 ~ 49 *PK 

2 36JJ 23BJJ > » » p u 2 4 0 p u 

l k e V ~ 1 5 M e V S t f * * ' * ? 

Mi 
TOTALCS, RACY, 

ELIESE-30 

NESTOR, SPLINT©fft&> 

JENDL-0©Sff»o 

CAPTR- 1 (:ll$?) „ 

F p 27 sirogf-* nwm, 
CASTHY, 

JENDL - 1 fFfi6gS4S0 

( 1 9 7 1 ~ 1974 ) 

j a f - ^ f f f f i ' * * ' " 0>4-V) 

(46^8^ )o 

(47^11/3) o ( * - f - V ) 

C48*P3£) o 

( 4 7 ^ 1 1 ^ 9 ~ U B ) , 

(J;9*<gif©tt5f-C--SS) . 

Ktft£*it i i f i tt. 

EAND C17 Ie|#aSCM-e68K 
(48^ .3 .^) , , 

( ^ o - ^ + ) ( 4 8 ^ 1 1 ^ ) 0 

Washington Conference 

( 5 0 ^ 3 ^ ) „ ' 
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Table 6 

Bg;ftJ50 - 53 *Pg 

JENDL - 1 ffl&x- 90iWSk 

»«, +s&, F P R S 
CAS THY, -ffflffio 

JENDL - 1 *S*fc7 

(51*P3£) ,*<V1~*-irT 

7. h**7 ( 5 2 ^ 3 ^ ) o 

JENDL-1&5B 

(52*P4£> . 

NEA DATA BANK ^igtf 

( 5 2 ^ 1 0 ^ ) 0 

JENDL-2ffr£BB4& 

( 5 2 ^ 4 £ ) . 

NDESSM (5350 c 

*tt*»f-*©aau w& 
(OffiSBBffiSfi. 

( 1975 — 1 9 7 8 ) 

« T * f - i ! > A & 7 ' - * I 8 P t g 

y>\'--f&& <ji->i>7.>u-x.) 

(5C*Pl l£ ) o 

+ t t ; F « t 7 ' - * Mr^OttflttfMJ 

JSPal^^-T-^^ (h ^ I X r ) 

C50*P12£) o 

« " U , " 5 U , "«U. 2 S » P u & # 8 

ffaBflivnc^i CT * =>* v »> 
(51*£7£) o 

B t t r - *£f£JS, ( 51 *P 7 Jl> o 

J*T'--*-fey*-#gffi ( 5 2 ^ 7 ^ ) „ 

FP«f ,-*'iwa!^*-^^^ 
( ^ f V ) (52*P9£) „ 

« a # « f - * *P!££& (y - *) 
(523H2JI) „ 

Harwell Conference ( 5 3 ^ 9 ^ i 

19788r?'-*ilF££a2.820. 210) 



JAERI-M 83-041 

Table 7 Nuclear Model Codes Available in JAERI NOC 

1. CAPTR-1 (by H. Kltazawa). 

Capture cross section calculation. 

Direct, collective and statistical models are used. 

Only El-transition is used. 

2. CASTHY-2 (by S. Igarasi). 

Total, capture, elastic scattering and inelastic scattering cross sections. 

Spherical optical model and statistical model are used. 

Calculation of capture-y ray spectrum is possible. 

3. CHUCK-2 (by P. D. Kunz). 

Total, elastic scattering and inelastic scattering cross sections, and 

angular distributions, 'tome reaction cross-section calculation is also 

possible. 

Coupled channel calculation is used. 

4. DIRCAP (from M. Mizumoto). 

Direct capture cross-section calculation. 

Spherical potential model is used. 

5. DUCAL (by K. J. Yost). 

Capture y-ray spectrum calculation. 

Statistical model is used. Dipole and quadrupole transition model Is used 

both for electric and magnetic radiation. 

6. DWBA-2 (by H. Yoshida). 

Distorted Wave Born Approximation calculation. 

Only zero range interaction is used. 

Inelastic scattering and direct reaction cross sections are calculated. 

7. DWUCK-4 (by P. D. Kunz). 

DWBA calculation. Zero range interaction only. 

Almost the same as DWBA-2. 

8. ECZS (by J. Raynal). 

Total, elastic scattering and inelastic scattering cross sections, and 

angular distributions. 

Coupled channel calculation model is used. 

- 2 7 -
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9. ELIESE-3 (by S. Igarasi). 

Total, elastic scattering and Inelastic scattering cross sections, and 

angular distributions. Polarization, asymmetry, rotation and depolarization 

of the scattered particles are also calculated. 

Spherical optical model and statistical modei are used. Automatic parameter 

search for optical potential is available. 

10. FISCAL (by Y. Kikuchi). 

Fission cross section calculation. 

Statistical model with single and double humped fission barriers is used. 

11. GNASH (by P. G. Young). 

Reaction cross sections and energy spectrum calculation. 

Statistical and pre-equilibrium models are used. 

12. GROGI (by J. R. Grover). 

Reaction cross sections and energy spectrum calculation. 

Statistical model is used. 

13. GUPITOR (by A. Mori). 

Direct capture cross section calculation. 

Deformed optical model is used. 

JUPITER-1 was used to calculate the neutron wave functions in the open 

channels. 

14. JUPITER-1 (by T. Tamura). 

Total, elastic scattering and inelastic scattering cross sections, and 

angular distributions. Polarization of the scattered particles is 

also calculated. 

Coupled channel model is used. 

15. PREANG (by J. M. Akkermans). 

Emission spectra and angular distributions of the emitted particles. 

Pre-equilibrium model is used. 

16. RESCAL (by S. Komoda). 

Resonance cross section calculation. 

R-matrix tueory is used. 

17. SPRAUT (by S. Igarasi). 

Automatic parameter •earch code with SQ, S1 and R. 

Spherical optical model ia used. 
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TOTALCS (by S. Igarasi ) . 

Automatic potential parameter search with total cross section. . 

Spherical optical model is used. 

DWBA-4 (by H. Yoshida). 

Distorted Wave Born Approximation calculation. 

Finite range interaction is used. 

Stripping, pick-up, knock-on, reaction and inelastic scattering cross 

sections are calculated. Two step process is also included. 

HAUSER*5 (by F. M. Mann). 

Statistical model, pre-equllibrium model and statistical model for direct 

reactions are included. 

Any type of particle is available. Fission, capture and three-body 

calculations are included. 

- 2 9 -



JAERI-M 83-041 

Table 8 

BBfP54 ~ 57 i f £ 

tf^tt&ifc&f'-^fFffi 
rate, 
DIRCAP, 

DUCAL, 

GNASH, 

GROGI, 

HAIBER « 5 

» * = - K«E« 

CHUCK-2, 

DWBA-2, 

DWUCK-4, 

ECIS, 

PREANG, 

DWBA- A„ 

( 1 9 7 9 ~ 1 9 8 2 ) 

i r ^ f - > ) A f f - 9ffi&7>*> 

- 7 ° £ £ {.iify-j •>*•) 

C 5 4 ^ 5 ^ ) „ 

&#S©->y#S*>?A ( a - h t ) 

<54*P5J3) o 

Knoxvilie Conference 

C 5 4 ^ 1 0 ^ ) „ 

P P * f - * * P l * A » (#o—=•*) 

( 5 4 ^ 1 2 ^ ) o 

1979 5 M £ f - * i J F £ & 

( 5 4 ^ 1 2 ^ 10, 11B) „ 

*>&Tfflmy>i>--T&& 

( f y i / » * y ) ( 5 5 ^ 3 £ ) „ 

10 ~ 50 Me V * t t ^ f r S » •> > # s? 

* i (BNL) ( 5 5 ^ 5 ^ ) o 

&x-*©!flffi:friS££- ( B N L ) 

(55*P9fl) 

19805M£f-*ffS&£ 

( 5 5 ^ 1 2 ^ 1 0 , 11 B) „ 

JENDL-3f t | J /h®f l£ 

JEFfflBSte 

- 3 0 -



Table 9 Nuclear Model Codes Available In JAERI Nuclear Data Center 

STATISTICAL 
MODEL 

OPTICAL 
MODEL 

COUPLED 
CHANNEL 

PRE-
COMPOUND 

DIRECT, 
DWBA 

TOTAL 

CASTHY-2 
ELIESE-3 
HAUSER*5 
TOTALCS 

CHUCK-2 
ECIS 
JUPITOR-1 

ELASTIC 

CASTHY-2 
ELIESE-3 
GNASH 
HAUSER*5 

CASTHY-2 
ELIESE-3 
HAUSER*5 

CHUCK-2 
ECIS 
JUPITOR-1 

INELASTIC 

CASTHY-2 
GNASH 
GROGI 
HAUSER*5 

CHUCK-2 
ECIS 
JUPITOR-1 

GNASH 
HAUSER*5 
PREANG 

DWBA-2 
DWBA-4 
DWUCK-4 

CAPTURE 

CAPTR-1 
CASTHY-2 
GNASH 
GROGI 
HAUSER*5 

CAPTR-1 
GUPITOR 

DIRCAP 

FISSION 

FISCAL 
HAUSER*5 

REACTION 

ELIESE-3 
GNASH 
GROGI 
HAUSER*5 

CHUCK-2 

GNASH 
HAUSER*5 
PREANG 

DWBA-2 
DWBA-4 
DWUCK-4 

PHOTON 

CASTHY-2 
DUCAL 
GNASH 
GROGI 

OTHERS 

SPRAUT 



JAERI-M 83-041 

Q : :KJt ft* (mi*) 
^ ^ S i * * W ^ 4 f i g O n - K*i"**f5^^il-*3n/c*i, <Hat>©g!(5!C.&Ht,0#teO 

A : E + & ff- (Kfflf) 

•oTl^Oi>t 'n*$AKffl#fc^, , *yv«S4)a©^rBSffi'Cli CASTHY- 2&#f5 4H> 

C : »ffl #SiJ 0 L * ) 

A : E+M f t - (£ff) 

•£^=- K*-e£j&T«igHfcjSx.sicw:g="- K^si^r.&tttfnifa&tt^ffl-eNfPaw 

K£TabIe 7 IC^tf r fc t^c 0 ^ - ^ T '^**^fl|fflffife*5A* Ctlt>0^ - KOBflt, 

5£giiFAC0M M - 2 0 0 f f l ^ T ^ 5 o 

Q : *lllj -& (HUb*) 
%&T'-*'P»ip®m<» a c t i v i t y A ^ f f i f ^ H l c i ' 0 ^ « ^ S * 4 x . r ^ 5 ^ , ttztt$x.tz 

fro 

A : E+® f t - (ISUf) 

UiUifflMffifl3gl£:*#<l!s*-rSo »£©£(, Mtf i t tOff i^ f lKt t fc^^dlL-caLtv, 

?te^©#gitt-e*>^-c, fl&©fcttfcf'-*ttt1-|l?ltttfr;ys*?§tti\, #fc, 20MeVfii 

mmv-mk-T-*imr-*miamttr-9tit. ttz, &im<Dn&?-*\mm 

Q : « « ft CUb*) 
0iiLtfHau';er-Feshbachffi©3-KBJRlljiSAi. *©-?££"ft£ffl^*a>, ^©^J 
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A : £ + * «r- (.mm 

$&Kt£r,Xd-h'<Dm$altXC&tg&1f-+y*»'&S!. &It&5!, Pre-Compound gSSK 

C.n&©Jt«!!KJ:r.T*>ttf9©CiAS|H|5©Tftttt^*»i)tli^fLT^5o 

C : C A (ft9 (NAIG) 

£ < © a - K*^t»nTl>5As ' CASTHY£JiG», " ? - ~ T 'i>#gjgSft-Cl*<J:ofe<D;&* 
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3.2 mmmmmr-touh**.-

^.-Lfco -E-Ofc*!), Bgi fo30^jy^>^BF^S£A>&fim£f tT^3" Japanese 
Progress Report to the EANDC " © EANDC (J) 1L(1965) *>£> NEANDClJ )-
83/U U982) £ * # l c L T * £ t t g £ f M U C*l*t>4lC LT 20*Pligffl«t£*S ? o T # 

The expe r imen ta l work en the neu t ron c r o s s - s e c t i o n s i n Japan 

Kazusuke SUGIYAHA* 

The author presents a b r ie f h i s t o r i c a l survey of developments 

in the l a s t twenty years on experimental a c t i v i t i e s of the 

neutron c ross - sec t ions in Japan. A review i s given on a f igure 

and. a t ab le c l a s s i f i e d by neutron sources and the measurements 

which a re refered to the Japanese progress r epor t s to the EANDC 

and the NEANDC. The paper deals with d i s t i n c t i v e fea tures and 

problems for the experiments in Japan. 

1. liDA&IC 

X&ZCkliZtiKrjIcMtifLCD&ZCtX&iO, Z l f t£SlcLT4-&©*9#£#*.5 , * S ^ 

i t . a B i e & t f * * t t m 4> t t? t t i i *0 t t l l ( x * * - * - ) glj, *$J;tf»TS»©a8lJIC 

T^S#A35fl>W6!6>lcaS4#Afc*»67f*So * * . ££T'{i, fM£FKlEIKffi«ie«j£L 

rfc*), ffi«ia:fRj&**«L--cvtt(,»u wa^-^rcoivtfeiiitfciStftt^-sfco {-©a 
&(*, *©*5H*4*£*T£»*>!>>lcot,vc© criteria*fe-5fc)-S2:4*iffl»T?*ofc*>6t» 

* JlHfcrt* 
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*5o Sfc. ->^'v3|M^fiJffl progress report Itm^ZtlKfr-otzbMtSibtSifritzC 

® R I + t t ^ B K o ^ m •>^-7 3!M£;fr£&HijfiSiJ£LT, ftifi© 20*P|gJ-c-«: »"Cf J£l 

t£^£r>-?&Zo JRR-2 , KUR. YAYOI # i f i 6 5, SJ8:E;*:£3feJIt4*50F3£lc&;*tt 
T ^ 5 c Ii?Jtp(i8gaif-^Sf3SfflfcJ6lcRIIi!ii/6ii^<!:^-orP5ffl-Ci*5-pK 
(D Electron Linac (i, itlit<£ 3 !££*$£?# White TabSC 4*>5l£l 'x* 'i/*'-(8 
ffllc^fcS+tt^SrffiSieF^lc^^^^glitt^-pSo fifcLT, HBf, H^C^ffl Linac liWf 

mmmmmi/st LTtaasnfco 
© aatcfi, ^yfr^7 7<£ifii«ts*Eaia3i-4i+a^*5 (mux mm, mm*, mat 
w. nn*. m*. &a*. «*. »*, mx AKuti #, ^tt^n^ic^fflsnrtfc® 

© 3 .j, ? ? o 7 m<Dffi«EJnS3gtt. BIJ€ " neutron generator " £«¥l£ttT^S J; 

ft*:©i>©jMi£lcS»LT:fcf), ftigictt, BR^C^i '^f ry i l lBFFNS^rBif t^SLrj 

© i ffl a*>0SD«S, i < fc * -f * D h o v tf&SlC 6 ~ 7 £ * 5 **. *#WK +tt?«f f -

* lcWLT§g»£f f^T^5 *>©«#}£•*£<, #fili*-f * >f*ttSE # £ # - ? * * . , 

j y ± 0 + t t ? S l c o ^ T , # te?»®«»]£^©®ffl#f t£0fc*LT;W:fc©#Fig. IT" 

* So » « © # . * tttefflfflJSKfcSLT^So 

iEO+tt^fiSffl^TMSSnTSfc+tt^lBflffllittSCSlJK^Lfcffl**Table l©4offl 

£-?**<, CC-c-(i^Wc^-oTge?iJLT*f3. S05E&S, x*^*'-:fej;tf«fffi»©asijfc!a 

LTifcSo 

<:© Table 171*, •>**•*•£££»«© lgeS^g^bfflflS-itf'Ti&sa*, -E-n^UiilcfciBt 

ofrciHjglttffctiT^So rBaffl30^KII¥#¥fn*iJBlSF£aiiSfc&J #3*8f«*£*>£3Stt 

§*i» *ffl#£»lcgEfcfat*£#SSo S ^ t t R * © ^ ^ » ^ D 7 htf£jj-Ch >)*<> 

2.9-f-j h©A#Rr»6itto/:«f)WT?. 14MeV <et t?lcJ:«ff i i imttrc*o*: l)o Ctifc 
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•e, tfL-5*tt?^«»a^©ig«iii>^«fc^0 commit. zo'&omws.suv-xyryy? 

l ^ l i , #BF£&©!6llHl4't>l^-«# rig 1 HIS6iS«+>14^WfS«|BT^^ (1965) J icfctf* 
BBB5fc£© Concluding Remarks 3) (C. * LTSIt t^T 1968^© r!& 1 [U^f t? Brig* 
BF&£j Icfcfcr* free discussion 4 ) IC&^&flTfc*), Sfc"»lft©*5i: iT?*5o 

Table l*4-^'«>Ti5H©*tt?»fffi8lffl^©^*it>^x.5»S*««|o*1ab5©t !, *ft 
£±tfT*<fc-?„ 

® H?^lcj;-5»fS8lllKli, reactor neutron ICtS Ki?^ h U -f £ g # l 4 LfcSIS 

** 1968m&frt>ttl)<fi)lt'rit>tim%:Z±ifT:^Zo 

® WW, &.MPV) L inac ( i f -A^7l iae ( j | 5 , ^ L i n S S ^ i f f c . IB 2 le]i§i£#tt? 

Bf3&& (1966) Tf, SBaK«Ho34»oaE6*±«'re-Aje§S4iiaLri l^**> iElc-e-

n**HSLfc i f f l i l^« t -p . c n t . P S # B ! 5 | - r - - 7 © | | ^ * f t - o T ^ 5 © r t t « < , 

IS 6f: F. P.feS, Resonance Parameters 4 o^p 

W^CiP: H#t tH& (assembly * £*&*'•*? h n>, \%?- ? V 7 A »> © 

assessment 

41» •? BJHKfc£g{?)£fT -o T t ' 5 ©f i l l * - ?** 4 I v t -5c 

© linac lc<fc5 White neutron KVc/< monoenergetic IC pointwise ©SflS^if-? 

itSfiSMffflDaSm HSF2MV*i.fcC«ltt< &5MV**«»»rE»MSlc*f^r*#t t 

B!c**±yfc4l^5-C i *^9o C4IC, Mobley magnet »Ble.fc»JS*Wle*Tt>— 

IRtOlSMt^K&o 9 v?J* "*y?ir97te&<Ofcl6tlt^JL. 1977 *PEl* * © « » £ 

5 hn^4miA^H-ay^iS«,«-feJ6fc©Ii-t©SPa ;£-fflA5 4 t^«[^ lc«- , fco £ 

©ffcfc^TIi, Î BF 5. 5 MV ' ^ f ^ 7 7 -efflMi£4il> UStt t). 

JMb*: DDX (-M%^»f®») , (n , x r) 
* ! * : (n , r) 

4 ^-5 data production T'ffitfWfcSBS&iiJ&T^a,, 

1976 %PM(omm'-<y nryy <o%&x\mmmm<o'mmikmz ?j****#*vo* 
fc<fc-5T:*SAi, Sdt^'SLtfcfflSaiftftt evaluated data file fflfcffilcjsEHS-itf' 
T ^ 5 © ( i * i f t © * 5 i : 4 T * 5 o 

© 3*??o7htojgg§^fii4MeV©--^T i©ilfl;£#2H^, AA-eii-E-naolcoJfiSO 

® *H*8cWT?©«Eifffi*4wrfi)5»)*oT(1>*©{iaffl©*^^«K h ? ^ • » * , ! > * 

or T9*J4 KWt**#1HciU404^^jfll-e*». CfttttftttbttftDllftt'lcftH-
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® 8CW®*«^Kfcy-5pga©—3fc, «K ( precision "and accuracy ) &&Z,, C 

«ftl>4tt?-*£LT©«£4l>-5J#&©lR!S^ or #*2fffl*4l>;LSo 
® Silll^iPH»0«»i«Cf-^iilS±Ji:t>ai<S*L-r#-rfc»). Jfclb*lc:fett3@Mt> 

£ftK[SHTHSL, (E^^^^trry^SWFNS {i-t©ilg-e«4Lfct)©-c**o & 
#»i*»fcjfgI*£±4L-C*i!3. ft*A>£SIKWff«fei«lM££*±tm>S©fc*fU Iffl 
^«C©»^fl|^fi5,^DDX»|^©m«t« data produce JiSIRft>)lc&a*ttte«>Tlp£o 

HtB LTffi:*iJ*§y-«fc 5 4ih5 C t fc*S0 firf- * S » © ' * P * - * 4 LT@i5^ll'v©att 

196 6^ Washington 0 
1 9 6 7 ^ 

1968f£ 

1 9 7 0 ^ 

1 9 7 3 ^ 

1 9 7 5 ^ 

1 9 7 6 ^ 

1 9 7 8 ^ 

19795= 

1 9 8 2 ^ 

Paris 
Knoxville 

Helsinki 

Paris 

Washigton 

Lowell 

Harwell 

Knoxville 

Antwerp 

0 

1 

4 

0 

4 

2 

3 

7 

8 

tn-ff**«t»BBA«^«)»JMta:i*«iKiWnLTv»*tv 
tt t . f t o i « «»)»L^<tJi*>n«o 

=T«fcl->T?*?)-5*i, Ziffle 

6. fc^U 

ja±aHK*sy-S4itt:FIKS**ll©tt«**lillLT#fco Table 1 d>£, $£>IC»*tt*« 
#?l#totf*41l-5o *fc. «<0WlKttS|EII(D«f»«»Ao]»4ltiT<«J:'»l):S«>ft«.^fl 
©I8M4 lT±tf&ft« fcoo-ott, « f f - * ( D f M * £ I N i * ^ 6 « e t ^ « ) t t « l • ««T? 

T©) *ffo-ct><«!9, z:ntt<LTlriiHKM£fltt<D|Uimitt*0>Ltt«>T*«^. c® 
C4J4, i ^ t t K ^ W I L i ^ t l i t s 

- 3 7 -



JAERI-M 83-041 

1) Yasumi, S.: Nuclear Reactions Induced by The 1* MeV Neutrons, 
J. Phys. Soc. Japan 12 (1957) kH3t 

Kumatfe, L : Co (n, a) and Mn (n,a)V Reactions Induced 14.8-MeV Neutrons, 
J. Phys. Soc. Japan 13_ (1958) 129, 

Kumabe, L : Alpha Particles from the Interaction of I4.8-MeV Neutrons 
with Medium Nuclei, 

J. Phys. Soc Japan 13 (1958) 325, 

Yuasa, K.: Differential Elastic Scattering of 1* MeV Neutrons in Al, Fe, Pb 
and Bi for Large Angles, 

J. Phys. Soc. Japan U (1958) 1248, 

Hosoe, M. and Suzuki, S. : Gamma Rays from Neutron Inelastic Scattering 
of Mg, Al, Fe, and Bi, 

J. Phys. Soc. Japan 1^ (1959) M3. 

2) Tsukada, K., Tanaka, S. and Maruyama, N.: Inelastic Scattering of Neutron 
by the TOF Method, 

J. Phys. Soc. Japan 16 (1961) 166, 

Nishimura, K. : Gamma Rays from Inelastic Scattering of Neutrons by Fe, 
Cu, Zn. Ge and Se. 

3. Phys. Soc Japan 16 (1961) 355, 

Sakisaka, M.: Sample Sandwiched Plastic Scintillators for Activation Measurements 
by use of Fast Neutrons, 

J. Phys. Soc. Japan 16 (1961) 1869, 

Tanaka, S. : Elastic Scattering of Neutrons from Al, Si, P, S and Zn, 
J. Phys. Soc. Japan 19 (1964) 22*9, 

Nfchimura, K., Okano, K. and Kikuchi, S. : Studies of Excitation Cross Sections 
of (n,n'Y) Reactions, 

NueL Phys. 70 (1965) H2U 

- 3 8 -



JAERI-M 83-041 

3) fflffl iEBfl: JAERI 1102 (1965) 1titif>tt?WBWffft&ff£ P. 110 . 
4) JAERI 1171 (1968) * 1 @*tt:PI»rffiaWF£&«£ p. 94. 
5) SBBJK&fiB: JAERI 1126 ( 1966) * 2 Hlfca^tt^lSrESW^ffiS p. 108 



1958 1960 1965 1970 1975 1980 
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1982 

I I I I 

REACTOR .HUM 
3KK.2 

KUK 
YAYOl • 

ELECTRON 
LI8AC 

3AER1 • 
20 MeV 

KURRI 

•Tohoku U. 

23 MeV 

D.C. HIGH 3AERI 2MV 

VOLTAGE TYPE 3 A E R I 3-5MV" 

190 MeV 

46 MeV 

Tohoku »J MV . 

T.I.T. 3 MV -

E.T.L. it MV • 

T 
s 

C0CKCR0FT- Kyoto U . ­
WALTON TYPE Kocwn u. 

RlkkyoU 
Kyushy U. 

E.TJ.. 
OKTAVIAN-

Fig. 1 F a c i l i t i e s used for Neutron Cross Section Measurements in Japan 



Table 1 Neutron Cross Section Measurements In Japan 

Year 

I 9 6 0 

1.9 6 5 

19 66 

1 9 6 7 

1 9 6 8 

Reactor 

J«l01*-JiilOzaV Thermal 

Er, Dy, Eg M , U 

Transmission FP En. 
Crystal saect, speck 

Electron Llnac 

132 eV < keV 

Af - Au , 9 Co Cd 
2) nuclides 

C * P U " S S i t TrimniUttan peram. 

OJM-iJ) eS> Thermal Thermal 

1 M 5 » » V J J U * l A m 

Crystal Spec, yield 0{ 

<M»t eV Thermal Thermal 

I W Sm { & » » S m T l . A l 

Resort. 

»""• ' « ,« "cap 

10'}-leV Thermal Thermal 

°t »t Cap Y 

Thermal Thermal M f H V Reactor 
neutron 

' »« »'s- *" ^ 
1*3 2 0 * ^ 
I O N d * nuclides 

«t ««,« "*£ J ^ ' V 

NWJOeV 

Cd, Sb 

°t 

Same ».1», 
above 7.6»eV 

•W 

Reson. 
param. 

3-330eV OJJkeV 

Re M C o 

°t Reson. 
param. 

3-330eV 

Re 

Reson. 
param 

Von de Graaff", Pelletron, Dynamltran 

3J - W MeV 03-U MeV 

Co^(,ln,Ta,Au re,Co,NI,Cu, 
Zn,Mo,At,Cd,Sn 

(n,n") (n, n'y ) 
Level density °cx 

I.JJ MeV 2-7J MeV 

Fe, Nl, W Cu, As, Dr 
Nb, 1, La 

(n/i),(n^i') (n,n'), 
O(E) Neutron spect 

100-200keV Seme 4J-*MeV 1.7,2.2MeV 
above 

, 3 , U S, Zn Fe,Cu,NI,Zn 

a, OyiXn.nl (n, n ' y ) 
do Y-jpect 

Cockcroft-Wolton 

13 - 15 MeV 1« MeV 

Sb, Zn 6*Zn 

Activation Activation 

0 n,2n °nj> °ryip 

1* MeV 2.5 MeV 1* MeV 

* ° C , >»N MMo.Au,A, 

e^ttSfi \ a » Aetlv"Ion 

NueLTemp. °n,2n' 

U MeV 

• « L . . 1 H H „ ' « ' T . 

MiftiwJS- T' 
(n,a ) 
E> distribution 

10-24<X«V IJ .UtMeV *,J-«MeV M-IMeV 0.5-lMeV 

La, Pr Zn, Cu S, Zn Al, SI 133Cs 

, CvObyri (n.nXn.n') (n,nXn,rv) (n, n'Y ) 

' do do do 

•aar • H E •ais 
10-24M«V 1J».2JMOV, *J-*MeV, 0.5-lMeV 

U , P r F« AIIS>ISI ' , 3 C s 
Cu, Zn 

OyiXny) (n,nXnA> («. n*Y ) 

14 MeV U MeV 

(n,n) C o 

U.1 McV 14 MuV 14,3 McV 

'B«, B, C,O,AI, D 
10D Pb 

(n,nXn,n') 

ftf °sc olE^,.,,) 



1969 

1 9 7 0 

1 9 7 1 

1972 

1973 

Reactor Neutron 

a 2 T h " T l - ^ P b 
» nuclides 

Flulon " n * . * n ' ° 
yield 'n.n1, °n,2n 

Reactor Fission neutron 
neutron 

" 5 U . W A * 2 » T h » 7 N P , l 0 1 R h , m . n 

Mass n x -
yield n,2n q I "n.n-

Thermal Thermal 

2JJU,2* lAni Oe.OeO.Pb 

Mats yield "t 

Reactor Thermal 
neutron 

£NKnj>) 

M,ln(n,n1 
Mass 2JJ iu . * . \ 
yield 0 < B ' 2 n ) 

°av 

Sane Reactor Thermal 
above neutron 

27A1 2 3 2Th 
(n« ) 231p § 

'Vfl 
(n,2n) 

4 . <=» 

lkeV-2MeV 1.4-2.2McV 1.3-3.6MeV M-IMeV 0.J-lMeV 

Fe Fe U.Pr, Same l , 3 Cs 
207D1, above 

(n,n'T) P b 

Neutron (n,nKn,n') (n.nXn.n1) (n,n"v ) 
spect. da do do 

"35" "oTI "35" 

0002-OJeV IO-300cV 

De Pd 

°t Reson. 
parant. 

I.eV tOeV 2-(MeV IkeV-lOMeV 
100'keV 300 eV 

" ' T a Pd 2 3 , U Al, Fe, Th 
Ho 

Capt Neutron 
yield spectra 

!2eV keV <2 keV 2tkeV IkeV 

30keV 30k'eV lOMeV 

2 3 I U Ta, In w C.Oe.O Pb 
Ho,U 

Nb.Aj.l, 
Ho,Au,U 

Trans, capture Trans. Neutra 
Scatt. spect 
Capt. "cap 

1.5-3.3 MeV 0J.12 MeV 

U 0Sn,1 3 9La,""Pr, 1 3 3 C . 
2 0 9Bl, Gd, Er (n,n'T) 
(n,n), (n,n') 

do Energy levels 
"dTJ 

ltJMeV U.IMeV U.lMeV 

D H, D 209B1 

(n,p) (n,nKn,p) (n,nXn,n') 
do do do 

US "3n "3n" 

10.1 MeV 13 - 13 MeV 

» N . *>'92Mo 
(n,nXn,n') 
do °n,pOnd,°n,2n 

•dTT 

1.7-JMcV 3.»-*.vM«V »-JMcV 21.9McV 3.1McV 13 - 13 McV 

" T l , , , 3 . n 2 3 2Th, C.S 2«SI,56Fe, »Mo, W Zr 
F e ft,,*) N » (n,n) »20Sn 

°n,P „ „ 0, (n,n>) (n.n'Y) °n,2n °n,2n 

^ 48 3$ 

U-3.6, 5.2-1 MeV 11M MeV 2-3 McV 

207Pb 9"Mo.Mo C l20Sn 

(n,n) (n,n) (n,n) (n,n'Y) 
(n,n') (n,n>) (n.n1) 
do do do "ex 
•35" •3a "dTf 

2-3M6V 3.6-<>.9MeV 1SJ MeV 1.3-4MeV 

12°Sn 2 3 l P . 32S 91*Mo 

(n,n>) (n,nXn,n') (n,n' Y) 
do °J do Y-spect. 

•Hn" "3JJ' 

11.1 McV 

Fe, 209Di 

(n,n),(n,n') 

do 

13.2 MeV lli.lMeV 

Fe, Cr Fe, In 

(n,xn>) 
"cap DDX 



1 9 7 1 

1 9 7 5 

1 9 7 6 

1 9 7 7 

Oj002.fl.3eV Fast 
ructor 

Be ^ H f - ^ O 
21 nuclide! 

(n,pXnf») 
Temp. (n,2nXn,<> 
ttfect _ 

»x ° 

Ructor Thermal 
neutron. 

**Nb, 233,233,, 

Thermal Pinion 
neutron 

23J„ 2J2Th 

» « P . 

Mau TraiH-
yield minion 

Fission Flulon 
neutron neutron 

2 3 « 3 8 0 » C o 

Decay Bn,2n. 
heat 

M M <30keV 24keV lkeV 

• , , , , * * lOMeV 

' " C u scatt. °t SUS 

" N t V U . 1 2 7 ! 
163H„ 197... 

H o - A u Neutroi 

<>keV 20 eV 24, 146k I keV 

30*keV l o W v 

3» r „ 23»n »>. C«, Al 
C O " Ta, Th Fe+Pb 

' " ^ ' - E L ° « » * Neutron 
"a ,* l < ,n spectra 

<UkcV 20 eV 24,l*7kcV ikcV 

JOkoV IOMOV 

"»Tb 2 J *U Fe^l,1J ,C» LIF 
233u 

Rcaon. o, o ™ Neutron 
param, ™ p spectra 

< 2keV 3 keV 1 keV 1 keV 
JOOkeV *WkeV |0*McV 

7 ,Br 1*3 232 - . . 

' " H o J " ^ Zr '"» !«„ T» 
Rtson. "cap Neutron 
param. spact. 

5.1-SMcV M MeV 21J MeV 1J-4 MeV 

«Mo » 7 N P " S »*Mo 

(n,n),(n,n') °n,2n ln,n),(n,n1 (n.n'y) 
do do 

"3J| "3T 

J.l-SMeV 0-7MeV 1.3-3 MeV 3.3 MeV 

" • ^ M o 7LI WMo Al, Cu 

(n,h) (n,n),(n,nO (n,n'Tf) (n,xr) 
do d o a (E-»l 

To "an ** 

S.1-7X MeV 2I.J MeV 3.2-7 MoV 

" • " f t , 2 S »Be 

(n,n) (n,n) (n,n) 
(i«,n') (n,*) (n,n'> 
do 00 dj 

•35? 'S5' "3ff 

U-13 MeV 14 MeV 

" S l n 'ne 

On,n> °n,2n 

14.1 MeV 14.6 MeV 

* , 7 L I , 'oe Nd.Sm.Yb.Lu 
, 0 n , Fe 

{n,n),(n,n') °.n,p ,°n,ei 
do n,2n 

"311 

14.2 MeV l*.l MeV 14.SMeV 

Al, Cu V, Au M Fe 

(n.xY) (n,nO oh,p 
do 

14.7 MoV 14.1 MoV 14.«Mc-V 

0,Na,Al,Cu Cu,As,Nb, Zr,Mo 
Fc.Oi.Pb Ag 

(K,XY) tn,n') °n,p °n/» 
0 ( , , second. °n,2n 

* ' neutron 

13-13 MeV I4.IMeV 14.6MeV 

'nc, 12C 9De Fe,Co,NI, 

(n.tyXn.n'T) (n,2n)2ti 0n,p°n,a 
°n,2n 

http://Oj002.fl.3eV


19 7 S 

1 9 7 9 

1 9 8 0 

19 8 1 

1982 

Reactor Plulan 
neutron neutron 

' W \ '»» 
on^' %ap 

» M , - ' » 7 A U 
12 nuclkfci 

Ay> °n,2n 

Thermal Flnlon 
neutron neutron 

23J.»5U M.5«N , 

23»p„ 3 , Co 

M m 
yield 'n ,n ' 

FlMlon 
neutron 

»xi »co 
roC.,»Sr 

»n,2n 

JeV <!3keV 3 keV 3 keV 3kcV 10 keV 

JkcV lOOkeV j W o V SDDkcV 10 McV 

23»u 7» 1*7 H I U l r , (Cl'J 

" O r i M S n , ' " c u 232T,, 

ss ss -COP *•> °«> ~ 

<13 keV 1,} k«V 3 keV 1 keV 

73 keV 700 keV 10 MeV 

Ru l l l T « Ag Mo 

Reton. Capt/r ac,B Neutron 
param, p spectrum 

-meV <2 keV<2JkeV CUkeV UkeV 3 keV 20keV 1 keV 

20 eV 17keV 73keV 700keV 1 MeV lOMeV 

Th U7 139, . 13 133 _ . 107 238.. n, _ „ 
1*9 U 8 7 C» 109 . . U ™g*° 

Sm Rb A s 203TJ 

<t Reran. Resort Reson. Cap.Y fteson. a. Neutron 
param, param. param. param. spect. 

Thermal Fait Flulon 

( 2 » C 0 r « * c , o r 2 J 2 C : 

Mn-bath 9 3 ^ «£,«7, 

1 W H » « T I 

H / o « n »n,n' *n,p 

Thennal 

Mo/.l,S 

°t 

<3O0eV <7kev MkeV 3-S0keV 1 keV 

1 MeV lOMeV 

2 3 2 Th 123Sb 1 4 1Ta Au,Pd Fe,Nl, 
107 

" " Neutron 
o- RMoa a C»p,y jpecfc 

param. 

<»keV 

123Sb 

°t 

3J - 7 MoV 134 MoV 

Al. Nl, 93N b 
Cu, Nb " " 

(n,iy) <n,n') 

DDX " ^ X Y 1 n D X 

M - M MeV 1J MeV 

Sn, Ba 2 3 2Th 

(n,xy) Flnion 
a (E ) neutron 

3 keV 400 keV 0.3 UMeV 13.2MeV 

SOkeV JJMeV 

3 6 Fe Sn 23Th232Th C.A. 
Ti.Mo 

fci,n) 
Cap.Y Cap.Y (n,n') Fisilon (n,xn') 

do neutron DDX 

•air 

H.fi McV 

Tl, Mn, Cu, Zn 
Sr, Y, CU, In, Te 

Activation 

On,p,OnjctOn,2n 

l».l MeV I O MoV 

* L 1
 2 » u 

{n.d),<n,E) M s B > E n w g y 

tM do distribution 4 SS 

\k MeV 

C, Li 
Al,Pb 

(n.xn1) 
DDX 

200keV tOOkeV 1 3.3 UJMeV HpMeV U.lMeV U.6MeV IMMeV 

6O0keV 2.2McV 7MeV 

1 W H o Nb,Mo 2 3 2Th M,Fe, F*,Nl D,B«, ^U 3<Fe A c t i v . , l o n 

°"iP 

Cap.v (n,n'Y> <n,n') (n,xn') Oyin') (n,d) °n,p „"'? 
""p o „ «y Dnx °°* <n.'» o!;;,^ 

do 
•3a 

13 - UOkeV 3.7 MeV 13.2MeV 
13 MeV 

Ho, T», AU u Fe,Ni,Cr 

Cap Y (n,«n') (n,«n') 
DDX DDX 

1» MeV l'.9MeV 

De,Fe,NI,Cr 7L! 
NI>,Mo,l'l> 

(n,xn'> °n,n't 
DDX 
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I t I t 

C : Stt fpaJTOSOT) 

C :JEffi fP«: (NAIG) 

trans P u O ^ T ' - ^ f i g i f c o T< S i f x . &tl5o t O « t 5 t t C i * « * 5 4 t ^ t i 

A: 41 ill - « O u t * ) 
*©<fc-?tt*&fc, h 7 ^ P u t t i * © * - ^ h©A¥#*#fcR3H4tt6-5 L. KKI9: 

W^BgHTfi^^iS-io J^t7CO¥/Ui'"'i'-^'* iJ?>oT^5J;-5lc, fission chamber 

Q:/H£ 49* (NAIG) 

(D x - ? © accuracy i precision tcfcflT, F̂=]6>J!8&fefe*>o'CA> precision£@ 

fflLfca9S**ft*LT^5ffl-ett<£i^5^*>b * * * fc-rv-eozsi^ &*•©.£•? feast-? 

fflj£#B. ilJSffl'J:^7'-^*S^BS**afcLT^tt^7'-*fflir%&KiR4BV^T 

A : mill - f t <***> 

®7--^caaiMK-D^X(t, fl*©W3E#»c«fcoTSoT^5<J:ll-e;**. ftHTIi rgs-y-

?J i f - j f r&ie t t accuracy ^ M g T i S i J i B o precision £ n < £>&< lfc«fc-5fC 

S o f t , systematic error l co^T+##*LTWi:^£*f f lx -* t t§gf f l J :©Wil£ 

fi<t*tI5. M^a^±©^a i f e* -7^ i©i t«*@Wit5 l l i ( | -C , ( i precision 4 ± 

( / S C i K t S a ^ f l ' S i l ^ . #Jx.tf, ijgtfc" Nuclear Physics" ©IfeXi Nuclear 

Data for Technology ©SBK^-iiOffcfciS-Jt-cc^Si. IUfti|gfflSM»l,WC*tl-.5 

i M £ # © * » t i * t t 9 g ^ T ^ 5 t £ # * > ; 6 > S 0 «x*-*a!lS#W:*fficovariance tt£T*> 

ttiJJWflicSSttJiH^^-So * ^ * e r i ' © ' 7 ' - ^ « : o ^ T { i SAjfe4*>&3> ^ h**** 

i l i * « , 3-©<tC6tidata production **&T?»£AWTttttti&»&*n-C»«>< i l o t 

WRENDA**»ttO*TtftWl-o^*o - M f i E l ^ l f , fc^*^©£^f-^SE^T. * 
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C : E+IK f i ~ (JgOPf) 
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4. &&<7)wm&t> 
Special Topics 

4.1 m^m&w-nmim 

icCO^S^KiiLT, (d,t,3He, «)tt£®«&^?flffi*ttJM-SK**«fl''rSo 

Theory of Preequilibrium Process 

Akira IWAMOTO* 

Theoretical treatments of the preequilibrium process are reviewed. 

First part is devoted to the review of ordinary exciton model. In the 

second part, this model is applied to the double (angle, energy) differen­

tial cross section. In the last part, the exciton model is generalized 

to calculate the complex particles (d, t, 3He, ''He) emission. 

i. tf m 

X^Zifi, l3ffl£J£ «fix*^**-3B») ltfM>Z>m£x^tl-*tm*tiZm&-e, i£lc$SS 
(iSx*^*'-g|5#) «fi«Kfofr££L:5KttW*'<* f-'i'#fil&*l5o Cffl2oco#?fFJctt 

ffl#&lc*5R«^**Ii¥*Jifl4»¥.«. C CD«g*!2KE-r5 1 offljitlWttfilSft LT, 
Griffin K«fcSx + i/|.y«l! i!W«3Cn*tti(t»»i:ei&IS*ai«»-C«)<^, C<E>mmic£Z4 
« W B r a * * « » 8 4 * £ K M © * M W « » 8 4 LTflMWtf 6 . C0C 4*S»i |-5fc«) 
»ctt. it£Jig4«&RiIgffl&*©1*»*&l.5&g***3a*. *ft*«i|Mz:*4a&fcfeffl!&*S 

^ ^ / K ^ t O ^ ^ ^ ^ ^ ^ l i ^ ^ I i M S j ^ . *®&4^*S«#£fc^Tft?;J>1&ffl3*i,£43-

JFto 

+ B^fJWftWJtiS, Japan Atomic Energy Research Ins t i tu te 
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2. x*-> b>mm (v^-ssitfflsrao 

ffll^r. -eofikfflgSSIco^TiiJgSL^v^ fifciSttiffllciLT ( p . h . E ) £ffi£ 

Lfci ftfflttHWK^ h (E) ft&K&ttS. x + -> h y«GBTttlff I gfRMFflEg £ £ » 

( -A/13) £#* . , c n i f e i l c ^ J K S r l W - r S o Pli0(E) = ^ l ( E ) = g i U 

"o. h (E) - I f " „0, h_, (E-tf) Po,, ( E ' ) d E ' - i t ^ . 
o 

, E _ ^ N ^ l 

"o.» (E) = f ^ 0 (E-EO (.„_ „ (EOdE' g (gE) ' 
p!h!(p+h-l) ! 

(1) 

JCHSWKffll^nSo HIS©it»K|RLTIiPauli©»«i|Jia«J:i9 < .&&fIEJl£(l)2eK:Aft*: 

(b) 3 S * * wm^„ 

^ „ = ^ I M | 2
P o ' (2) 

CCeff?'M*M(i, i + ->h y»m6»t . i+->h >IKn ( n = m - 2 , m , m+2) ^©SfTJitt 

^ff?Ji*ffl¥^6T", «#©/=«> MB m, nKflc#L«^i<RSLfc0 #!!S®Ki°B' tt n x * •> 

w,_jtt (B/A*^ I (E) i tCS©T 

- £ , M | ' » ^ (8) 

—#C©w,_3 fi#:©J;-5li:fc*ttSo 
W|_ 3 = V O0 P0 

« ( 3 t ^ # r > ' i ' + ^©ll t tW») (4) 

- 4 8 -
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E 

Wn,-*n+2 = p ( E ) f {W,_3(U) P^, „ CE-ll) P1; 0 (u) 

+w,_3 (u) PR h., (E-11) P0 , (u) } du 

# * * ; i / * * - I C t t # L t t l > 3 £ » 4 < 5 £ * - S 4 

2* 2 g»E* 
w m _ m + 2 - R |M | 2 ( m f l ) 

2 « , . , , 2 p-h»(m-2) (5) 

. w m _ ™ - 2 = ^ l M | g 

- # . (3)S<Oft 19 ic(4)5&&<g£LT&©J: ? ttUKS;4' 

w,_ 3=1.4xiO i ! 1u-6xiO l 'u 2 ( s _ r ) (6) 

' wm^2 = J.4 x 1021 E - -f- • 6 x 10" E' 

(m-1) (m-2)-p-h , , A .. ^ 2 W 

• w — = ^ ( u x l ° E - , ^ 7 6 X 1 ° E > 
^ o ' n © S ^ I C f e w m _ . m + 2 = w l n _ . r a . 2 4 * J ^ r ¥ » ^ ? ) i T © x * - > h V i g [ ^ * i 4 ) 5 4 

n „ =- /2gE" (8) 

# # * S 0 

(c) tiff&WW - ^ L -
H2<oi-5a*»*LT^5(aK. *aisffla»3 w©**-e8f:Faai*e-r4^-«o staita? 

2» •> , x d 3 p/d 3 r 

££-£•• Vt t&^ifcf f lOfi^Jgj re* So CC7? 

d3p=^/2m« mdidf l 

£ttALT 

d< T (2*H)3 

• ,«-J -Tlv '^ , 
»Moi)*i*©IMKf3'rttJ6. tt^FHHIIcBa^SffyiJ«*V'*i|4?*feHlfflV I C ^ L ^ 4 * J < 

4, K(±fc4;ifc 2 i£<£0 &©««##£ S0 

dW m t «,„ PA 

d . #W P A + I W 

- 4 9 -
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- p ^ — e x p . { / 2 l u - / 2 a E ) 

4E=E-U T = l / ^ - ( ^ A ) = y ^ 

r ^ 5 0 S T i + v ' h y S i f f l ^ K l i , # x + j /h v#jignlc*fLTEricson ©3££fflt^T 

/dW\ _ in « *iny (PA(UO, 
U « / . a2*3 (PA+1(E))„ W 

d « ~cap n • • - " < • > ( ! ! ) . 

CC-C»e i ipH:A«tt?**l«l*ft*KB«re*t». *(n) H:x + i / h y « » n K 3 B * W « t « * 
ffl$IH*8*-o £©*• (n)*8c»-e^**-:ffgaj;»}jfca63o 
(d) 7 ^ * - M S 

^ ) = | w n . . „ p ( n . , t ) - p f e , t ) {£w„_m+Wn} «» 

r(n) = f p(n , t )d t M 
Jo 

*C-e03S©pgia*^rBaSI^-r5 i f (n) K*fr-*-3&fflJI5©;&gS;***§&ftS. 

p ( n . t = c o ) - p ( n . t = 0 ) = J w m ^ r ( m ) - r ( n ) [£ w^+W,,} 

C CT£i2©J& 1 Jgfi* (Wo^0®ifl£) . p (n. t =0) =«, ^ ©BMR (n 0 l i t =0 T?fflx* 

-*. , .0=|«{»-.n^m)-r(„) { ^ w ^ + W j (JO 

»wm_m. i8 09 

iA^SfiSo Cfflg^fflfciTJivx:j'-^SS;«©»tti*:©J:'5'c;''J:*. 

t ( n ) » ^ — r - M 
W.-...4.2+W. 
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C CX-depletion ££*>-*-DDtt 

D * s * . . »'-«+» o» 

a 2B*#ffffi* 

fl4*rU>g*teLT*A*5«S#*5oS)'S)*CT«ttspq(n. ftt) £JfALT. CftlW 

/q (n,0, t )dC=p(n, t ) w 
STC®q<h.ftt)K&LT&©flS©vx*-2fg5i; 

d q ( n d t a t ) = ^ / d ° , q ( m - fi'l)^(^fl) 

- q ( n , f t t ) ( ^ f d f l ' w M „ ( i M J ' ) + Wj CO 

^ffi^-TSo t C T ' f A L f c J ^ I f w ^ (lT-0) ttx*-> h y»n i*»&n^f f l a» i*K. 

wm^„ (iT-xB =wm^D • G GO- A') 
f (21) 

G(.Q-*0'y = <>(Q-Q')/J<>(.Q^Q')dQ' 

cer>&?ic, nmt&acz>m#im<otMttv)mii&t&fei, "(fl--fl')iett«f:F-8E:FiRSLffl 

jG(.0-0,)PtCcos"')dO'=flPi (cos*) 63 

O £ 0 ' © M © f t * * < » £ * S £ . G ( 0 - 0 ' ) lc«^-«««>M41«iSC(tt«?-ttTlka®K 

G ( f l - f l ' ) - S S t _ ' . « ( | - » ) t» 

i l l < o5)'8)£©«£lctt<2a^£*Sft/=^;6<MiiUc#* S0 -^f i teSoWrt*** q (n. ft t) 
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.00 

•(n, 0) = q (n, 0, t )dt 

i (24) 
21 + 1 . ,7<n-V-l ' = r ( n ) f ~ 4 T ~ ^ i ' p i ( c o s f f ) 

d2* /dW\ 
d«dfl 

/dW\ 
ff-fr(n-fl)(dT)n 

(23S;T©^LfcJ;-9lc, MrtO^i^jaft^JSffi-TSififfilK^LT, Paul iJSa*#«Loo 

L>6>Ltt#£ttt^0ffift^T1389SKJI£ft*i:-3ltr fa, OfflSBtficliSfcfflx*;!/*'-® 
{£#&*«£<, (-^)n o*iC(ia»IC0ffl«c#ttAi«i,>0 »HWKtt«?-R?MgL-effl»ttlli 

<ttS . c®»**WAft*fcJ6. v x * - 3 5 f ^ « t e 3 & f c « » L T * H t f m > f t * f l «!:*£. 
*fflx *,!,*--« fc|^B#lcfc;£L/:*&0iMSq (n,ft «.t ) £#* . , CftfC*^* v x * - # 

esc 

y ( i l , a ' , t )°gjdfl ,Jdi ,q(m.g. «',t)*M(fl'«'-flO 

(26) 
-q(n.fl, «,t) |z fdO'fd^^Cfle-^O'eO+W,,! 

Fermi aft , PauliSS) £iQftW-tZ><, C®lg&KttSfflK#^£*tKttS©T£l&-f Stf*. 
q(n,ft «,t) &£fi«gffl-r£r?--y*Ji:fc$gt>S3!n?, * ^ i — K » t t J i S * * # K M * 

4. *#*tt*<Dttffi 

ttSnfc**. * x ***-«*«?®INm®tttMU*JtKfl£t t '<T 1 (fiBLh/hS < tt-»fc. 
t f f l*Hft£W?8**fc©«*#«oA»*S#, * • « £ « * * # S f i f f i o T c i K ^ x * * * -
JGB (0~200MeVgflE) •P*H^IB4fc©Btt!6>-.fc0 £OlHH«jffft-*-sa<e. ®*fiifc© 

10) 

ft«ti-*-*«Att?*K»iB(t>E©»=p-c«BW*«*FUll(0 £=%*.So c c c i ji 
FermlfiE(±®tt?®fllfc. mtt Fermi BJaTCttFoWIre, l + mft*ttdtt?®lia*?ft 
r*»?. •ttttffifi:Ffflx*^^-t?*So cct?**tte:4tt(«*©ffifti>tii->T, t*£fit 
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*i£*a»©#lclllL\ft5££lc<£0nnii£/j:5o «t£F:Mftai§ttS*&rco#, C©F l m 

(O^drfflJtO KttSA»*ig|3 K ^ c f t T l ' S o C i T F < r 0 l i 4 I i f e Fermiffiei±©l£FJ: 5 

ttSi, te©fiE»F1)m*i*l«ri-3j;'5lc«,T<5o S F ^ ^ t a ^ f c t e J F , , m ttCfflg|-Cli 

JF, m (O = const <1 (27) 

i t t o T ^ S o STCffl«fc-5KH"Jf$tlfcFIilI, * f f i ^ S i , x*-> h v t tUn *»£>«£&?;!& 

/dW\ ^ (2a+l )mM,„ (PA-CH.mH.,(U)\ 
Vd«/« »2*2 l.in '•- (PA+l(E))n 

<>A-<I+n w ttB*„ = ?„.,, h(U) w 

E8K«fc B » 5 J ; i K , ft*©&S£tiUttt) Fermi ffiHTffltfrpffl.pick-up W t t « S * # A - r 

5/ST?tfL< . S.oCffl»fLt^(ii2£|J;()^5J;Tlc^^ffigEffl^i-C!^Si5©«^i6iFeriiiiffif^± 

©JgKlfc^T^FfiJfcttSo HBCff l i ig iAt i a^a^ lc t t t t ^ i&^f f l t t an i lHieKi t^T^ : 

r t n c / h $ i ^ s ) , c t t £ K A t t * £ * £ S t t - £ - f * 0 *© 109£ LTiH tc,20&,+pKJEl^:j^tf 

S t l T ^ S f i S ^ ^ S o ef f l«fc5 t t«# t t«*0*W«RO t «*©A#**;M*-KftLT—» 
10) 

l e g o , if«D»^fe*>tti)SV'SMMIio-«**J16*ifc. I t»©+-ett ( P . « ) £ £ © * £ . 

2p- lhttlBA^F,, 3 « » * a i L T t t a i S n S « l 5 » * « * © 5 S # * 4 i T ^ S 0 *J5," ) |^L;«S 

K^-SttJfcWattattftf-CS^ . d.t . 'He ttfflKo^TfettJfSft. *©*S*£*l£©ai£e 
?ttfflKJ*UTfe-'*7>-iS'4ai«B-*-se:ittLicj£i>x***-|Bfii-ea*fflaiWflfKot. 
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ft m m 
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s m 

m it n ¥ * 
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s n 
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* m 
excition « S . FKK 
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B5 ^ t° - ^ 
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S 4F*(40dtg),MFa(37dfg) AND eoNi(40<li9> 
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6 

•\""\ 

t \ 

•6 
- A-
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ENERGY (M«V> 

•O 63 

11 62 MeV 0 H ? £ "Fe WWfit OHM 37°) fttf 
i,4Fe±*,NiJIIWJ* (ftaft40°)KSTfci*^ffl«c 
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t-F*il Nf =££# 

init ial ap-lh 3p-2h Up-3h compound 

0 2 «?A*fffl«£lc. 2«roR^jKJ:»j*Ai¥«fYkt-5 

10-

r 

1 1 1 — 

/ \ " / X. 

Af i ^X ^ v t ! 
100 200 _ 300 

F».o 

1 

_ 

400 
I 

KM 200 300 

13 «&?ffliJj£«^£;!fttbx*^*' 

- E a © H » i IXTFito Xtt 10) 

— I 1 r 

Sn(P.PI, (P.a) 
Ei«e - 62MeV 

30 40 
€ (MeV) 

14 62MeV©»^* , "Sn*««K 
£ T f c * & 0 « ? K t f « t i ? 0 * t 

Xltt 10) «fc »J 
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ft H 

Q •• mm m cmitjzx) 
Formation factor ©itWa^fll^lclSSBfl L-CgfcU>0 

A : g* m (nef) 

5£©£# (0»J;Ltf 1 fe^ii Fermix * ^^-Et±1?ffl|(0 3 fl^ffi Fermix * JU#-PAT) ©T 

T l t * - r S C i l c J : 9 . ttJBttfcttJM-S. HlS©ft»lc*fcoT(i$t.KiS<H*s!£JgT!. * 

Q : «S&W (NAIG ) 
Pre-equilibrium «g©*6*Ht(i, #»]©;•? 5 ^ - * F»9lC &£©*><, *©£l>. £ £ $ » ? 

S S l i C g a ^ J i i ' o ^ S © ^ , , *fc, Compound nucleus process ©*£$f±, i L ? l l T 

•&5©a»„ 

A : g* sg (mm 
mw-maumm-eimMtitz<©^5* -***AOTVS. «^©a:««ae*ffl«Mr-

(P. P'O S*£**^*5J:-5lz:LT, &t>ftfc^°5;<-*©«£@£LT, t t iE t^KSff 
'*5;<-*ftLlcft#Sft3fl5fiS*t^F l i in * # A - T S C i K J : » j , ft^e^fflx^^+'-x 

Q = ¥»iE5B OP*) 

< * y S)C^©li£SStt £' •? a©*»o 

A : g # BS . 
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4.2 mik<nn&mg.z%mLt:%iL\<>mm£ 
3=1? I S * 

A New Statistical Method with Consideration of 

the Intrinsic Error of Theory 

Masahiro UNO 

A new statistical method is discussed. This method enables us 

to deal justly with experimental data with a large variety of errors. 

As an example, its formulation is explained for the case in which the 

theoretical expression to be fitted to experimental data is a linear 

function, and simple model-calculations are presented. 

1. ttbttfC 

rat>*>0§8ft«§B&lc*5£#*&ttS2o©£SS[x.y icol^T, N<g©iH5&& (x;, y, ± 

«,)G=1, 2. N) #4x.S>tt*:££, cft?,®7-9Zbt\clx. M^3ECy=f(x) © 

j:!?. a#rt»:©2aoo^ffi*i»ffl$nr^So 
® WnMfr2mHz: , J Cy-f (Xi)32 **/Hko 

CD M£8£ffljffi2Ilffl«*tt«/h2*i£: 

* ¥«Ba^*, Waseda University 
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®«S5»-*fflfliaW*JtRWfit->Tl>5iiK*,S!i. ®lt7,-*<Dl&gtf*m^ (fcrtfL. &£«, 
* s * - ^ - * - e i i » * 3 t t ^ S K ) © i t l c E & i ^ t . t t S o iC6*^|S©Pa^©cti|c(i, f 

- *#WK$ f tS f f l l i . -j&£aWtt«fc-5fcg;b*lS#t, Jfi£IC<fc-3Tfi*fB£tt££k;fc.5o 
01*.**. a * *JH«&SBf^ f f l ) ! * f t i LT^S IS^«E»« f - ^ f l i , £5£&<S#a>t>a<Ktt 
fcHM©?-***. *sMR»J***<Tfc | |«&*K| t ta* fL^11 l«* t> fc6L-C<f tS t^ 
•5 ?«£##!). ^^/c^©PaWC!(i*lTlH1>©-C!*5o - # , glgff l 'h$t>f'-*#S«iSft.S 
©fe^awtt«t^<ci!*3fis*i. c*i4>^iB^ai#Ai*ao #]*.**. s«SK®^ainitg*ii,> 
T g l ! t * * 3 K/J> $<£»•=*: i t s £, a» i t©^7P ' - i ' t t t t c©7 ' - * l c ^3«c? f i<5E 
§* lTL*-5©-e*5 (HK f - *©^^ * * -6» t tD iaWKm»fc&* l5C i l i , * W c £ 9 ® 

±©J;'5ttKSJcW1-aai3!Wiffili-ffi*JS£*{ia3fc.ttA»-afcffl-e, gf£#lc«fc-3TttT'-* 

ar*«fĉ <c,s*>*iSo -ec-e, coSop^M^fe^i^aM^^a^st i t t t^ i t^© 

2.1 S*W«^x^ 

MtttitztL-cb, s.tzm.mti&.wfai.ixT'-*omg&iiMsic/bsiu^tztixh. « 
£gaai&3CfflSt!£*#*1-Sj&t !*So Cffl«fc^ttK^*aiftfflrtSSII (intrinsic error) 
ti^tf, <*tm*ctic*z>0 ft&wm.«v>&&\$., ««^*»-c©jE«ittai»*i»<i-'<Tffl 
iSfflai&»ci->ri^i»wc*s^. cffl«t7<£SHffl̂ :#**«aiftW»cffffii-s-ciii, £< 

*£©it8KJ:^-r#!£LJ:-5£o-5©#E, *fttSfffi©*BI^«iC5-C*So J J&WMMM 

> - ^ « , ±12®. @ffl«fc5ttfl#ffl8EH-8n?ii, N f l c y - ^ i & f c ^ i a t t e S t t f t i r e 
* S # , «ftttfi*-cii. **i*iFig.lic*$nr^SJ;7artttia^«SRfflB*fe-afc«ttffl 

asisf (x)©*©'*?•>-*«)»« (fi) itb£cw£H£<> ©flattest*, st^t&om 
aKff i-sTff i^bSftS, C C T I i l W i U , a»jfc&*l#S*f(x) =ax+b©»£-©S#W 
asitfl:*a:©iF^^Aao -»ic, a*iw*«fc») »&©»££» LT*>, s^fcfi^<n»© 
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2.2 ££4b-l iaf t£f t<l&£®tt£-
nmca-r-9^. (x,. y,±«,) 0 = 1. 2 , - , N) lc, gffti£y=ax+b -£!^$tt30l*fl;£:<fc 

l o l i , moMYi^gSfeiiaxi+b©*t>»3K^!p<gM<»-C!^ffiLi;oiirs«[6]*fe-5T^5 

*,„ CY,- :a, b, <*) = -=J—exp {- CYj-aXj-b)2^^) (l) 

icfc-^T^SftSo b ^ l o l i , S(0«Yili«)J^€yi<o**3»)KS*SII»l-C»ffiL«fc-3<!:-*-

•™P (Y,.-y,. « i )=^=Texp(-CY,-y i ]
2 /2 ..'j (2) 

K«fcoTS3*lSo t f t& i f f l l ^S i , SfflM^Y.^Yi+dYiffliefflKStbSftSSIspttat*,,,' 
*„pdY,TNM.&tt. Sto-CNIfflf-^ (Xi,yi±*,)(0ffl*t*fit-5fl|sptt 

FCy/s ; e.s, a, b. «) 

= ^ [ f •lfcCYl: a .b . « ) • . . , (Y,:/,. .,)dY, ] 
- Q O 

( N 1 ) f N Cyj-ax-b]2 ) 

&lc, CfflJ|*y*ffll>-C, a i a s * ® ^ ? ^ - * a. b ©SS| (g) <ia0, b0&J:OW£gl 

M«©4I&&5£f-£o *5tffla0,b0lcKlLT(i, «¥S&ffllSHfcffio-CfflSH*5r£«;*:K:-a-Sa,b 

_ 2SV-*nJ _ 2UW-TV 
a ° ~ 4 S W - T 2 ' bc~4SW-T2 

££T? 

,__ 1 N 1 _ N _ jc ] N y, 
2 1=4 t*+tt 1=1 * *+or 1=1 «*+«* 

v-l^V.w-II 
i 

2 

i=4 t*+t? ' 2 1=* t.2+a* 
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-e*50 cc-e&mf<&fi.tt, ±oa0, b0 fflStt^-fftfertiBE^a&^-c'^SJii-c'* 

<^Y,2> 

r°° r°° r°° r°°N N 
Ida I d b l - j .£j C Y . - a x ^ b ^ H ^ d Y , 

— OO - DO — OO ~0O 

= (6) 
r°° f°° f°° f°° N 
Ida I db \ •••} HtfjdY, 

-OO —DO - D O - D O 

C CXfifte&&Htt 

H=S1^thiYJ:a.b. «0<Pexp (Y, :y,. «,)) 

-?•%•*. &fis„ c<o<xjYl
2>«, jiffl«£aifttt£ffla^¥^fl»cfflsi-a*»fc). ft&mg® 

<SJYf>=n^ (7) 
i K f f l l i ^ l W T ' 4 5 . c©S ; ( iSa i ca^^^ , i t o f f f l S l S t i b i * ^ Ct t£«© 

•et^So &^>T, ctiZtmZ.ljMXtLxWKCtlc&io , aifca;#ffl'<f5j'-*ffl«HI(g) 

-9@Skm(Dtz}iblC!&f'Lt>''ty* -9<&mW€ti?-9W®.*iin,tzti*gr>frW$>teXts.<k , ft 

-e, t f t l t t t f c S ^ i L T , ^ ( c ( i N * * ^ , ft*)*Jlc(6)S©<^4Yf> CDltWIcfc^TY; 

K-D^xtzttXtK'*?*-* a, b K H L T f e s p ^ t ^ f c o Cftfi'-?? J< - ^ f i l c f c ^ t t 

€-S»Si : i»T*S**, CCDir^Jciroi, Si&ity ==ax+blc(i-S-eic^'vcfcrtffiKM^'tf-e 

tt<. -"f5>-*ffl^^tt*>&4U5KHfeft iaiLTl '5£#«.5©A^aWC i*51 , <:©£? 

«^g£F*9£gi l (intrinsic error) £JttJtLTfl.&&^ (extrinsic error)tZftldZc ft 

S K ^ t t W * r * ^ " 5 J< - ? a. b ©tff t i J lT 

¥" (yi's; «,'s, a, b. «) 

= { A C2*(«?+ «'))*<} 
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i»#ii^CiK«k»9*toSc;(t**TtS0 tztzlZCT'ltm&£& (a.b)-(u.v) : 

u = | lVw(a-a0)+,/S'(b-M 

v = | f r f ( a - a , ) - ^ H ) ) (9) 

-K-i*)] ----W*-M 

'w-K*+» ^ b r ) '•']' 
* 6ic, Sffi^fcTttSffcay =ax + b K«fcStt3Niy KM^ f - ^ t a i f tSg * * 

ay(x)={«2+ [J(x)D2l' /2 03 

2.3 S»7 ,-*KJ:*f|-JW!l 

StfLT, 3«®iieitaKJ:Sit»Ba«:Bllc*Lfco Fig.2-a K»iaH5S«/J\2SSteJ:S» 
Jg. Fig.2-b lc«iffl)^^H©]ffi2S©S:*W«/jN2^SfcJ;S^m, fc-fctfFig. 2-cKtt*f« 
i t f f iKJ:Sf ta**4 i&t iT l>S. Fig.2-a T?«, SM»4^t t«- t i t f *SS(.Ml«*^ l*>t i 
T^S«fc-3lcSiS**, K g * * * * * * £**:?^¥tt l84:fc*i t t l*o t*:Fig.2-bT?(i, # 
*a5©ffii*KffBEfflfil»2. 3ff l (07'-* 'Af«-Kf i ia*1SE*nTL*-aT^So **ite*JLT 
Fig. 2-c•?«, A>ttfJ^aWttd*fe-ofciafil**?|*>JHTt.>SJ:-7KH&*i5#tl»*»**-e*55 
*><> 8 W ® f f « K * o t £ £ L f c i \ , 

3. *£«> 
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*&K, m «t*w» &%a.tzmftmtixM%?ft>nzikjmm i^-mmtit:) tfgm 

tftt>*>. &&mttm%<Dffl<Di8Mim&2ti. zti¥tw$.icm£ztizaix&2>o cmc 

ftLT, f f & l t a - e f i & i l M i f l l i ^ (f*J#gi^) <0fflB9*^**ft. flu#tf* consistent *C& 

tt*>\ ^*ff&£IS?B»&5tt lFSEfcaJflL £ » £ © * £ * * * • # # £ S * 1 ) , 2)te*.5©T?. * 

1) M. Uno and M. Yamada, Prog. Theor. Phys. 65(1981), 1322. 

2) M. Uno, M. Yamada, Y. Ando and T. Tachibana, Bu l l e t i n of Science 

and Engineering Research Laboratory, Waseda Univers i ty No. 97 

(1981), 19. 
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Fig. 1 Meaning of the intrinsic error 0( attached to the 

theoretical expression, y = f(x). 

400 
Equally Weighted 

Least-squares Method 

200 

I I I li U I * 

0 2 4 6 8 
x 

Fig. 2-a Model-calculation with equally weighted least-

squares method. 
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400 

200 

Ordinary Weighted 

Least-squares Method 

I 

-I I L. 

4 6 
X 

8 

Fig. 2-b Model-calculation with ordinary weighted least-

squares method. 

400 L 

200" 

0 2 4 6 
X 

Fig. 2-c Model-calculation with the Dresent method, 

resulting intrinsic error 0i - 21. 
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f-f IS 

Q:ftS«E§ (NAIG) 

c?mf#lT&^fro FittingSlcrti^Rffc-a-THemiJ: fit L. §gfHI©iiM&£toTr1] 
^SfFflSLT, consistent/c-E-n-^ff-jT^-So 

Q : 1 t S t t - <R*> 

(2) ®BK*«aRtf95»i^-51Ucffi!£T?§5<OA>„ 

A : ̂ fFES ( f « 
(l) m8K £«<*£»£©«£ 5 ttBWST, USSaaLT^So 

ftl*. alcaa<£Stfc**>^fcfeffl*rtffiSM 0 I « £ ) iSi i*«fJ; l -^-e*5<, 

Q: ttzsttr: (ft*) 

A : ̂ f?E5£ ( f « 

{•©i#IC(i(6)jttf©^^MSiCH^«Beai«5o *fc. \rax-b=0tZfrih<2 *\*>= 

OtKZo 

Q-Ham^m (FBEC) 

COfiEItffitt Demi ng©ft'h2^afei*i3EFIC*5l,\T<!rc*fa-5*0 

A : ̂ S?iE5£ ( ¥ * ) 
Deming ©ftSMHfc (internal varience )fc<fcCW!f|$#tSc (external varience )©#*. 

^ t t , * f t 6 2o©iJjR(Oconsistency**afiESftfci#. ffc*ffltt8ti££Hl£|J?l3Sttk®K: 
Tl<QZJt£i}i, C© consistency ICo^TDeming(il'&Lri'"tj:i-'>o *fc. t©££©rt8|5 

a « . ft&jimt$t*<Dfi#mm. ft&mmtitmzbco-e&zfrz, m*uintrinsic 
error, extrinsic error £Hofflf§£ffl^T, 3SS7»liKS(IL.T^5o 
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Q : mtmt=. OL*) 
rtffisg«4£m&7'-*«>&m£&fiSLfc* (*\+2r l %&%*?-* y, ® s * 4 L T 

A : ¥UiE!£ (**) 
«©«M*%**5j&£fl:t>Hrt64iI-5a*. #«K«|ittt>ffl4tt5/£5-5o S^ffljiftt? 

*., aa6TBffl»»*»tff i-&4i^C4KttSo 
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4.3 HttflS«ttifrK £ * « « * « • 
—FBRJJW KRJSK'MAJtffl— 

-»<mwimfcm^^ 2 &x{tft-cm&9Uti*tt*t&=»- K SAGEP a>n««ttn L .ssas 

5o KaBS**^(*ZPPR-9«3ito@S«. Na #-f KRJSK. KJSspifc. KJSsp»*fc*ftf-

5&£&»£JENDL-2B-701¥»rB8l-fe-y h*8i^fHM-5. JENDL-1 &CXJENDL-2B 7 

T-f>KD
M9Pu (n,f)»rE8l©Mlc<fcf)Na.-iM KRJSKIi 15JBSffiStt5ff**L. 0.5~2 

KeVK*tfS»»Pii (n.f) •rffl«**i«a^»«M»ttK«e4a«l*J*o**M6*»K^*o 

Sensitivity Analysis Based on Generalized Perturbation 

Theory — — Application to Sodium Void Worth in FBRs 

Toshikazu Takeda* 

The calculational procedure of a SAGEP code is 

described which calculates sensitivity coefficients in 

a two-dimensional model by means of generalized perturbation 

theory, and sensitivity coefficients calculated in a fast 

critical assembly are discussed. Sensitivity coefficients 

as well as neutron fluxes and eigenvalues are calculated 

on the basis of diffusion theory. The applicability of 

a round-off-error elimination method is numerically tested 

in calculating generalized normal and adjoint fluxes. . 

Sensitivity coefficients for eigenvalue, sodium void 

worth, reaction rate ratio, and reaction rate distribution 

in a fast critical assembly ZPPR-9 are calculated by using 

the JENDL-2B-70 group cross section set. It is seen that 
239 

the difference between JENDL-1 and 2B Pu(n,f) cross 

sections in energy range from 0.5 to 2 KeV produces a 

difference of 15 % in calculated sodium void worth, and. 

the cross section in that energy range plays an important 

role in neutronic properties in FBRs. 

* *R**I*», 

-68-



JAERI-M 83-041 

1. * * 

K E f c ^ r ^ O j i e L S S ^ t t T ^ + XMyhSif-j^fcnrffitettS,, l&g&Stttgtt 5 2 
a®Kfi*fcy h*ffll'fcliail1l**l»BttlW»ffl«*fflJ6«J:')e*ttJ|[-«f#***. »!:•*• 
S » r B » ® * B a * » £ < * S » £ . BP%a*o«a«D»x*^**-Sc't»Rj6^4^C*to«f 
E«*»fc*-j-«^KB«-JWHHI*MB*Ktt*o HRftfttttt«fflitS&*§-*-£ttttttft«<£ 

ffi#KB»B«^^K «fc o £ t; zfp&ttftftamtzmmrM- ui < T k*ss «t < * t s®-e 

»*©ItWo^ t°- KT-y 7"*%;L5i, 2&5n#£T!&K«&£ft$Tra##J:t)gii: Ll\, 
CdTttBllftt. *j£,»RJS*Jt. £ £ * # * ? . #»EJS««i®*fB*£'fbiaitf-*-SJSBEff8 

* 2 ftjcft^-e-ft^bSKllftKS-JtfhJt-ra SAGEP a - Kfflrtg&tfKjgaS'KfcttSS&flE 

ffi^tt. cp'C^JE^Jt, NadM KKJ6K«fW>*eflfiai&JENDL-2B-70 S¥ffB8f-fe * H(0 

iffll-'Stofco NadM KRJSK, BlfttKS*^*SJENDL-l, 2B 7 r -* ;HC J :Sc /EH©* 

#&? m& # Mf*+tt?*ji&sr&s s ft 5 ftifcfrsiiS&tf ic * ® n##&3® DP £ L x$z. 

(A-F)(*sp(S=o (1) 
(A*-F*)(**s P V = 0 (2) 

A* F*ttSfl*?-A, F 0 H » T * 9 , A, F B a * « K t t f t S - e S * $ f t S o 

Fr= Z*^ «2",
f'^«>k<if, (4) 

g 

(8). (4)^lcffll^ftfcKt!t^7>-^«ia?!r<J;<ffll^ft-C^507rjE-o|ftB^{i^ft-r50 

© « * * *>!'*-Kol.^T*»Lfc^*Ji*« ' J - + - t t « ^ « T * 5 * i , kefffcJ:t/£«KJS0E 
««[0«1l3CKH:tt»i|Jtt^J|tti»A4ftT*l5-'M » - + - t t « « i t « - » W * . CtTftt. 
"»4 'i - + - « » « K « ^ * « K « I W * t t l w i ^ T J ^ < * . 
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R < # • » # > (5) 

«0. 3 0 * i * < i , R 0 ^ t a R ( i * S l c j ; i 3 4x. t>nS o 

= I <«» * Hi «* > <«»* ft <f>> > 

+ < 5 < i - / _ ^ _» },»> (6) 
l<(4Hi(4> <5* Hz <*>) 

(6MT 30 • 30* © £ o f t 2&ffl»/h*tt»BlLfco (6)i$©ffS 1 £tt»iE»ffl£{fc;lc«fc SiSJR:-

P r = — ^ a * (7) 

<0*HH*> <<S*H2(4> 

P V*= Hl'*' - H ' * 0 * o« 
<0*H,«S> <(4*H 20> 

(7), (8)S;£(6):£fcttAU 

P3(4=-<5P(4 (9) 

P*3,4*=-3 P*?S* (10 

fcSB8«iS*flil'Si 3RttJ2rFffl«fc-5lctt5o 

SR/R=<<f>* «Hi 0>/<«**Hi«* > 

- < r * a p ( 4 > - < r « P * ! 4 * > ai> 

f «K«K©tHrffH; 3ft , aifa, a P. « p* ffl**«Kffi«o«fl:ic^*)*T*AnHfJ:^o 

-Mrfk 'Pt t :F*/ ,H;(7J*e3e«SnS!6*. ( l « f c J : » > » * * * 5 fcMWPttftJWfltPC1* 

5fcJ6, P©a»«}IT : *f f l ^Tr>&l t} | £L« t^ i ^5 i lW( i f6 l i [LTLt -5 8 t t T H T O J : ^ 
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Ar 0 =Hi*/<**Hi*>-ffe*/<**ffe*> 03 

Ar,=FTrl 0$ 

c m , -aft**?*!* 

{CJ:OItJI*n5o r„(n->«>)[i0lciRS^5¥*iaiftfl«ilc|EBfl*tlTiit), 3IIKMIC 4> n £10 

ra=ra-4< ra F V >/< 0F# * *> a$ 

tbbtiic <i0^*Na--K^ K££Klc*ht-5M9Pu (n, f) lftB»©SK0y&fm£0l£LT 

< l**H. 1* > = | j dF ( 4Dggrad <4#"gf ad 0* 

«'-« , W 

i t t S o t t -e- i t t t f - f KJctt5*K«k5»S8Be'ffc*^-j-. # ? £ & © # £ 1 T i t * * 5 » £ 

<<**S>5*0 09 

<s»*s>=o a$ 
£ # 5 o 

2fiU : f dF*Hn* = -4D? f dr* p V 

-J jtf-"tl''v, 09 

# £ 2 : f d T H i ^ - f ds(n«,JJ) 
Vi J Vjgff i 

r r i 

fiL4Itt«KV, *MMr»ctt^fc<Hcj:5$tWa£©*Jb£^*t». M i » a ® i t t * V M i * 

l^frt?**. Table 1 K#&1 , 2JC<fct)M,Pu (n, f )irffiatJC*N-£Na *>f K5J6flt©« 
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a * * £ • * 

^^g8!4600^ffli^JSS^*^<*ZPPR-9lcfc[iSke ( f , NadM KRjSfi, *jt»S*S*tt. 

ICfcOftJfLfco ItWiFig. HCijrf RZ<*S"(?m^ WfSS-fev h£LTJENDL-2B-70 8f 
•fe-y h*ffl^JKSSKD7-ffl*^Htt«i«ftSLTRZ(*ScDl?fS^'«^ h^*ffl^T16S*JJ:c; 
7 S < 0 ^ a » r S » * f t ^ L f c „ Na*M K K £ « f f i * t K t t * 5 « a ^ i ^ l 6 i f T , # » . fl&fflft 
tt*0SS^a«7gfTit#Lfc» Table 2IC^cp;5®9 K D 7 - (3?f3 ?ij) #t t#lS]l t&* 
®J:t)±2032cm (±9inch) # 4 Kltt tofcH^ (Fig. 1#M) ©Na #>f KRjSffiK*hj-5 
C f t f t K * * * . 2KeVElTOx*^+'-«l«ICfcy-5"! ,Pu(n,f)»fS8a6c;iC ; !3 ,U(n, r) 
»rffi*fflffiK««fc^*#l'<» Fig. 2K^LfcJENDL-lfc.£i>'2ffl2MPu(n,f) ff®8U?>P& 
7r'f-"'©^(ilKeVWJ£-C1^:#< , JENDL-2B»fEH(i JENDL-1It < S^S-WM^l** 
**fc:6»5o3JENDL-2B*ffll.>fcZPPR-9||£fl;0Na #>f KF.JS«K*f-f SIBtflS* *' J: •? C 
/Ettt t lP*it»-ei. l4, «^|S]7'7xy.y l-flil55<!:ttSifAiffi«|SnT^S (Fig. 3) „ 
239Pu (n, f )Wr®8f£JENDL-l &&IC 0.5~-2KeV©x *^+'-IBH-C! 20^g£J»!lD$-a-5<!: 
C/E &Ut&tS>foT? 1.14—1.14-0.430 x02- 0.429x0.2=0.971 Yl% fc«iW-•5^#(Sg#»IC 

o^iacKSH-saSffi^KICo^raaft-rSo Table SiC^Pu(n,f ). "'Pu (mr). ?* U(n .r ) 

ST®*©&£&S£*-f<, It*fi7Src:7ToT^.5©-zrNa.-iM KRjSffiffl*£®J:5KfflMlBK 

i*^**-ffiffi£gi8oT^&-l^0.1~lKeVffl"9Pu(n, f ) § r E « £ 20# * # < f S 4 k e „ 

tt-#if« 0.84« J k / k I t t o ' t S ^ e f f l ^ f c ^ f f i S t t S o Table 41£J;J:ZPPR-9&C/103I 

^(*IC*f-T5JENDL-2B»fBat«-fflt,>T%t.nfckeff©C/EffiA^$n-C*5^4) , ±12© 

J:3fcM,Pu (n. r)»rE»*l»aJ-r5<!:ZPPR-9*^«:fflC/E<itttl.0014ttSo 

Table 5lcli*i'>RJE*ttM8U-capture/M,Pu -fissionKS*-rsiBK^tt**-r<. 23,UIC 

<ts+tt^ttasttflisiiRftt^tMifrsi-essttKK^f&s**. ZPPR-9*«tc;io*^» 

fflM8Pu (n, f) « f ® * * 2 0 ^ ^ x . - r f c i , c / " f J t r t l ~ 2 « L ^ ^ Y b L 4 - l ^ . ftfcffttftfft 

Table 6 K J i - « i LT23,U (n. f) K£i*s©S#|S]#Wt;lfrf ^ " 'Pu <n, f )WB«©*K 

«»4^ -To RBfl ,«*tti^ifrTJWM:LfcO"e**>-ffO*BE«*tt»lctt*. M ,Pu(n.f) 

•ra»*»lKeVfira-eao* * f tL -Ct>RiW»*lcSW*« | t t J«* 1 jKSK"C**»***>*» 

So 
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•. &<£tb 

(1) JENDL-2B » r@«7 r 4 ̂ £8H^:fcffjrtrt i :£SaEJ?*£f*ZPPR-9 © Na-iM K&JSffi 

«-^*^-C15^gffiJS^:fFffiL/c^, J E N D L - i a £ * l c i K e V t t j E 0 " 9 P u ( n , f ) WrffiWSiM 

« S S * S 0 S - & a i N a # > f KRJEKt t l5«SS«JI>L. afl£e±«fc<-HRLfc. 

(2) |H)t;<kerffcOJ8#Jk/klftlQL, Bf t fc fcf t^Sl^fc:* :*^*^*^*: , , 

(3) RiE^ifcafeo'icSfE^^ffiic^LTfejss^a^jiLrifffiao^p^^f^-et, ®m&& 

i f # 
#W£0gf t l c3 i )B#JS? ;W£f t©*te8£ : f t . B # H ? # | f i l 0 * # # m f t , SffliEft, 

ff««§ftK-lttftSlftaftKHt««»^J/K JENDL-2B £«fcSIt*^S»Co#MISfrLTI *fc 

1) Kikuchi.Yet al. : J. Nucl. Sci. Technol. 17 (1980) 

2) &#»Sfc. ffi:JgrF#S*#raft]56$yf#gg*, B31-B36, (1981). 

3) mmmz. •yv^mm&mttwmv-*y4-4-A>-7?tm. 
4) gg *S±. ffl:IC?#3*#Bafn57f|^£fgi'*. C30-C35. 
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Table 1 Effect of round-off e r r o r e l iminat ion on s e n s i t i v i t y coeff ic ient 
of sodium void worth to 2 3 9 Pu(n , f ) cross sec t ion 

Sensitivity 
coefficient 

Method 1 

without Eq.(15) with Eq.(15) 

-3.845 -1.088 

Method 2 

without Eq.(15) with Eq.(15) 

-1.092 -1.057 

Table 2 S e n s i t i v i t y coef f ic ien t of sodium void r e a c t i v i t y 
in ZPPR-9 

Group 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Upper 
energy (eV) 

1.05+7 

6.5 +6 

4.0 +6 

2.5 +6 

1.4 +6 

8.0 +5 

4.0 +5 

2.0 +5 

1.0 +5 

4.65+4 

2.15+4 

1.0 +4 

4.65+3 

2.15+3 

1.0 +3 

4.65+2 

239pu 
fission 

0.0* 

0.6 

0.6 

-2.3 

3.3 

2.5 

18.0 

3.5 

15.7 

0.9 

-7.4 

1.0 

2.8 

-43.0 

-42.9 

-39.0 

2 39 P u 

capture 

0.0 

0.0 

0.0 

0.0 

-0.1 

-0.2 

1.0 

-0.3 

-0.8 

0.5 

2.2 

0.9 

-0.3 

15.2 

16.8 

15.4 

238u 

capture 

-0.0 

-0.1 

-0.2 

- -0.4 

-2.5 

-3.7 

-7.8 

-3.5 

-9.0 

1.1 

9.8 

1.9 

-1.7 

31.0 

26.1 

18.4 

238u 

scattering 

-1.6 

-4.5 

-8.3 

-9.8 

-5.6 

-1.5 

-4.2 

-2.2 

-3.9 

0.4 

0.7 

0.4 

0.3 

0.3 

0.3 

0.1 

* %4k/k / Ao/a . 
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Table 3 S e n s i t i v i t y coef f ic ien t of keff in ZFPR-9 

Group 
No. 

1 

2 

3 

4 

5 

6 

7 

Upper 
energy 

10.5Mev 

4 . 0 

• 1 .0 

0 . 1 

10 Kev 

1 

0 . 1 

Sum 

2 3 9 P u ( n , f ) 2 3 8 U ( n , Y ) 2 3 9 P u ( n , Y ) 

0 .009 0 .000 0 .000 

0 . 0 4 3 - 0 . 0 0 3 0 . 0 0 0 

0 .230 - 0 . 0 6 6 - 0 . 0 1 0 

0 . 1 7 0 - 0 . 1 1 6 - 0 . 0 1 8 

0 .077 - 0 . 0 5 9 - 0 . 0 2 1 

0 . 0 4 2 - 0 . 0 2 4 -O.O^S 

0 . 0 0 2 - 0 . 0 0 1 0 . 0 0 0 

0 .580 - 0 . 2 6 2 - 0 . 0 6 6 

Table 4 C/E Value of keff in ZPPR-9 and 10 assemblies 

ZPPR 

C/E 

9 

0 . 9 9 3 

10A 

0 . 9 9 1 

10B 

0 . 9 9 3 

10C 

0 . 9 9 1 

10D 

0 .990 

average 

0 . 9 9 1 6 ± 0 . 0 0 2 1 
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Table 5 S e n s i t i v i t y Coefficient of Central 2 8c/ '*9f 

Group 
no. 

1 

2 

3 

4 

5 

6 

7 

Sum 

2 3 9 P u ( n , f ) 

- 0 . 0 1 1 

-0 .067 

-0 .400 

-0 .332 

- 0 . 1 5 1 

- 0 . 0 8 4 

- 0 . 0 0 3 

-1 .049 

2 3 8 U ( n , Y ) 

0 . 0 

40 .008 

+0.203 

+0.384 

+0.214 

+0.082 

+0.002 

+0.894 

238u<n»n) 
( n , n ' ) 

+0.004 

+0.031 

+0.041 

-0 .006 

- 0 . 0 0 3 

0 .0 

0 .0 

+0.068 

n ( n , n ) 
° ( n , n ' ) 

0 .0 

+0.006 

+0.079 

-0 .009 

-0 .016 

-0 .001 

0 .0 

+0.059 

Na<n'n> 
( n , n ' ) 

+0.001 

+0.005 

+0.034 

-0 .006 

-0 .007 

0 .0 

0 .0 

+0.028 

2 3 9 P u ( n , Y ) 

0 .0 

0 .0 

- 0 . 001 

- 0 . 0 1 1 

-0 .012 

+0=002 

+3.001 

-0 .020 

Fe<n'n> 
( n , n ' ) 

+0.00? 

+0.010 

+0.018 

-0 .005 

-0 .009 

- 0 . 0 0 1 

0.0 

+0.016 

Table 6 S e n s i t i v i t y Coefficient of 2 3 5 U(n , f ) Reaction Rate 
Di s t r ibu t ion to 2 3 9 Pu(n , f ) Cross Section 

* 
P o s i t i o n 

Group no. 

1 

2 

3 

4 

5 

6 

7 

Sun 

45.24 

+0.002 

+0.005 

+0.014 

- 0 . 0 0 3 

-0 .007 

-0 .009 

0 .0 

+0.001 

87.55 

+0.005 

+0.022 

+0.063 

-0 .018 

- 0 . 0 3 3 

-0 .037 

- 0 . 0 0 2 

- 0 . 0 0 1 

90.24 

+0.004 

+0.020 

+0.057 

-0 .017 

- 0 . 0 3 1 

- 0 . 0 3 3 

- 0 . 0 0 2 

- 0 . 0 0 1 

118.40 

+0.007 

+0.035 

+0.100 

- 0 . 0 2 1 

-0 .049 

- 0 . 0 5 8 

- 0 . 0 0 3 

+0.011 

121.84 

+0.007 

+0.031 

+0.090 

-0 .014 

-0 .040 

-0 .049 

-0 .002 

+0.022 

* Radial Distance from Core Center (cm) 
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125.00 • 

104.810 

91.510 

76.276 

• 

50.876 

20.32 

0.0 

'Axial Reflector 

Upper Axial Blanket 

Lower Axial Blanket 

Inner Core 

• Ho-S 
(Void; 
\ \ 

9.351 

Flg.l RZ Model of 

Outer 

Core 

- - - -

Radial 

Blanket 

. .88.872 119.95 142 

ZPPR-9 

Matrix 

R 
a 
d 
1 
a 
1 

R 
e 
f 
c 
t 
0 

r 

"159.45 ' 
.59 18 

> 
w 
Ml 

I 

I 
o 

Fig. 1 RZ model of a fast critical assembly ZPPR-9 
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685.8 

508.0 

406.4 

1.55 

1.11 

Ol 

~5 1.32 

X 

203.2 

1.14 1.21 1.21 

9 3/ 97 

No. of drawers 

Fig. 3 C/E value of sodium void r e a c t i v i t y worths 
in ZPPR-9 
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Q : \litfm» USBf) 
"»Pu fission cross section® 14-15 #©lfc«ffi8<ix*^**-8MtJg# mtUz&ib 

A : flrffl«- (IK*) 
NadM K7-*K*N-3* M Pu( i i , f ) «f®;»© 14Rtf 15S*©(££&]Btli#'firiz:;*:£ < , 

x*^4 r- i¥«J&J^' fbLfci i^JcttNa#'f K 7 - * * © & © { * ^-fbTS/S*, & £ & » © £ 

C : * * a ^ (JSSf) 
NarfW K&tfcie*fLT, 2 KeV £TF©239Pu ©SfEa#*:£ < 3&< fflfiadjoint flux (i 

i * ^ f - © T * ^ l S < f f l f , T©x*^*'-©|ffffi«ffli&H#±fflx*^4 f-lcfe»L'c , 
-?-©£|ffi£;*:£ <^*.3<l£lcj;!9 , slowing down component£^fb£-tr3o £ffladjoirt 
spectrum © -̂fb fifi&ft1*"^ SIS. 3*17t0 
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5. *§ ma) 
Summary Talk (1) 

Tohru MURAIA* 

•><r-*mftmM.£&20%*&&*., wmL-3^h%^-ft»xmi^mmz&ix^z<, ttz, 

i i i ^ t o ^ o f c t i ^ n s o ftic mmco&m-e. cfrObwskmisKmT'nitzm-ft 
z-mz%iz>tix^ts.^iMffl£t\ &m(D%-r-9r£W!hmmtfiiz&L^'&m£mt'<£i%mz 

ttfcj&i, JENDL-1, JENDL-2cDfFffi-rBg/<i:®fJS-^L/:ELIESEf>CASTHY a - Kffl 

-3fflfMUC|SitfT, f t3M7.><-*ff lSt t t>£#>, flfflL**i^«eS**S £ £ # & » • ? * * 

3-5£«-tf£*i£:o 

SMfcWf L fcSSJl-f ^ # fcfflffl&-*?«tto C £ * # * # • « • 3 £ . 3 -&M£a>®J iS££ S ' i fS 

7*Jtr>Ttft iyj#t t ;Sft£&^<WfiTftr>rt : :&*, ^^JENDL-3fflfM{C|S|tfT, -Jftffli* 

MCJBf tS t tS . I t f f l t t - f t lc^oT^^nfcFBRff lNajK-f Kffittffl-HBMfcSOWBKJSWfTli. 

» B^flPFAJHt (*|c) , Nippon Atomic Indust ry Group Co. 
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Topical Discussion 

Nuclear Data for Burn-up Calcula t ion in FBR 

6A-i xM&mm'ot^-fftgiz&vmM 

NEACRP ^mm$ftttm&&&(Dm&^y?v-?ftn<Dmm&&&ftt>tit:o *©£H. 

LMFBR Benchmark Calculation Interconparison for Fuel Burn-up 

Masayuki NAKAGAWA+ 

Intercomparison calculations have been made for the NEACRP LMFBR 

benchmark problems on fuel burn-up. The uncertainties of calculated 

parameters are related to the variance of nuclear data or multi-group 

data. In particular, the present data accuracies of heavy isotope cross 

sections cause the significant uncertainty (about 0.5% Ak) for the 

burn-up reactivity. The comparison of lumped fission product cross 

sections shows still high spread among the laboratories. The brief 

description is given for the topics discussed at the special meeting. 

1. » & » C 

JiftK^&ffliMfctHSitt. gRtt^MMEII-BK^TSSKtt^oRS,, NEACRP Xlt, Stic 

XW&(DK¥i1£KW*Z&toim<afrto<a«>'*v-91-m:&ffr>tz#. ^ f t f c t t ^T 1980 ip 

1 9 8 2 ^ 4 ^ < c * ^ 7 •> •>*.W2imiasV2,mfflm£:m-e1kM$tlfi:l} * © « & * # £ » £ : L T . 

+ B * © ? ^Bf^Sf, Japan Atomic Energy Research I n s t i t u t e 
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2. muammtmf-^ 

adjust £tlfz&7-?lt. CARNAVAL4, KFKINRmo'FGL-5-e*50 FPf-'-flcM 

LTtt . 7 7 ^ * , PhenixOfla*f*8*4*ffl^fc«»HK©fe^«-ffi^r adjust &a->X^Z>o 

&T-9V T*jf&ztii&Lfrwmtt, mm**<t *•»?- K - C S * * - KSt**?f^27XJ* 

IC -̂TJ;-5/<£{*«9950^© -̂ h 'J * A J^aUSi**^* S # . 3¥ffltt##£itt(2)fcie«S*lT<,' 

3. « f t £ £ S 

^@©^it#-C !*fcmgttl l#«fe t:fc fed©—o*i*RSSiEgT*5o ^ 3 tcHt&imt. 
«kEFF(l)«i. &M&R&&., |HlL;<(2)(i, -JyVr-v HcfctfSPu ©S»lc^5SKflE<0*i 
SO. (8)ttFP©*«KJ;5SiEffia*, *LT(4»*, *F<fclc:fctf'5JlR*4&a©^blc#?K£« 
S-ffCiSo cu*>6 , 4S*EK-C05«^k®«iHg | |* t4 t :T^5Ci* i»So 5 t t* fc , £ 
« R J S £ © S « t t K l i . 5 ~ 1 0 ^ i $ n T ^ 5 C i * # A * l t f , t f t t tSgfcgTf&St i f l t f r 
d>5„ ^fflrtlRiLTIi, ^it»©Jil(S*4Ka©*«|KJ;Sfe©^«fe^:#<, &HTFP © « « K 
J:5SiBK^fc©1J»JffiK'e*5o iiipffcRILTte, MS&tfSJEicRILTCEA •£&,&&&& 
fr^tt, SMoitt lSH**. 23 'Uffl}fgt»fB»ii:J;5fe©T*5J:i^B3e.^ittofc i> 4 0 © 
Jttai-ctt, 23\©-S¥¥i3WT®»ic*m5&$Ml£si. 2.i#-e&sa*. ^n-efe^{*©42^(i, 

^ii^KLi'ttittoT^SiftJ, M^cn^JigesnfciLrfe, fto.4#4k©«j&5£K© 
'ffflisa**"**, t»$,!kKz>z-kKtiY), •kmM.L^mL&>&gkis.zB comic, stoats© 

»**#:£ < , rtffiiWBJtiWia^e: i feJSHLTPS. o * t). JBS&iT-SPu ££$-*-5 Pu**K 
JSKMK^T, '<7-/xUfc*), 2"«'c<!:"'Pu©<', ©ffl*MtK, i J i T t y i ' f - ( ^ ? * « 
tzi6k%x.c,tiz,o mkipvmmjpTm. mmzmmt. *&Pu©*^K«fc.sKjsaaB£a*3ft 

#)*.(*, ENDFB/5*ffi^fcANL£. JENDL2 fcffil**: JAERI ©J££lCol*T. Pu © 4 

flEK*§<3»^TV^5o C f f l ^ * i 4 t S i t t S H i L T , ANLiJAERI©»fE9?0it£<>:5<!:, 
2"»ctt. 1.015 T& *>, "»« ,« , 0.982 £ t t 5 0 o f t ) i t t£ l i lWtt t>Puff l£ j£»Ct tL 

JAERI ©fl te /hS^S^lPl lc t ta , , C©J:-5IC, ««SRjCffi©It*fflK«-S<-r5lc(i, 

" ' ^ i 2 3 ' » , 0*6*f«[fflf»Si£±tf5©^fflli<!:-rntf, «^©*BE*±0 r *C4#*W<>: t t 

5 5 . 
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4. FPMffia 

* # < t t - 3 *:£-?&£<> 5fclc*Lfc<fc9lt, S(E9SEffcK«fLTt>FP©^f#Ji, ftl6#©£¥ 
«ll^'ab*3. Cftfi, I u m p F P C - ^ S f E a o - e n i ^ y ^ x - f >-h-C=*5„ £ 5 K , - i ¥ ¥ 
%Z)&iK»T®8l©it8if£-^-o t © ^ © ± g ; l i . # f f l ^ l t #Lfc^x^v -?^<C ' .©x^^ h;b 

¥^Lfct>©-e*5o CEA©LFPte, <(!>!?©##FP 8f®»£adjust LTftfiEL *:•?-:?;&> 

Clump-ftL*:t>©£, MIC, LFP iLTadjust LTfi^fcfc©-? &£;&*, fl6Hi©P^C^j: 

«3©H#JlS>*lSo tt:*'*? h.«/*tt-Lfcfc©tt. S4»fiSA*/^S<<i:5o •?•£ ^fcfe^x 

•&©fl6LFPICggLT«, *Pttt![a©a**n5~20^(!:*lffi-C1#^^C(!:, FP©£»3&£#* 
5 C i ( C E A 1 f t t 5 » ± 3 « t L T ^ S ) . Yieldlct>^itSS***5C t ^ ^ f f i « - C # 5 . 

^•|HK»&ftfc¥J$«tt. ^ T C ^ H © ^ ^ - ? * * * * . ENDFB/4©LFPtt*>tt«3/hS^ 
RRBftEai*-***. *©"??. c n ^ - K ^ ^ n i f , fal0fciia:©**3£aT&^©-etifcl^o 4 
£FP©«fffi£±lfSfcto»t(i. LFP©^ffFffi-rSfcto©«^H«^Sfli#x.e.n, S%II 
*}S©A©35*t>#gT?*5 5o *»cffl^©r-(y h-T-ffl-SfBUKKrEafC. MJ5*SSLA»O 
fcfe0**6K^fo CCKIi, ^^ttKSsf'TajENDLl ©i tk^S t lT^-So 

5. -&©tt 

•e©fifiiciMssnfc^5>-*0F,3a>&, *.•><r>fr<Dm%&K*o * 7 t t , S T ? * - * - * K « 
1 0 4 S 1 E O I > T , JAERIi¥^<iS.O'^ip^M«-*J6Lfcfe©-e*50

 2MPu(i, gB«SSc 

* 8 « . #£>K£$Jt£JtRLfcfe<zrC !*£#, JENDL-2(i, C49/F49 A S i i ^ l ^ i 
# # » S f t S o C28/F49(i, ^ ^ ^ i M ^ ' A ^ J ^ ^ o Cftli, ZPPR-9, -10IC&VZC/ E 

*j*>ao*#t,^ittt-s-c-jas<tAa£Psi*ai^o *fccn&©*©&&Ma£*JB©im*krt: 

It, M,PutM1Pu©RiR»rE*-C!*So 

1) tpJHIE^ : 0*11?Jl¥&m 24(Id P. 788 (1982) 
2) Lesage, L.G. et a l . , ANL-80-78, NEA-CRP-L-243, "Proc. the NEACRP/IAEA 

Specialist's Meeting on the International Comparison Calculation of a 
Large Sodium-Cooled Fast Breeder Reactor (1980) 

- 8 4 -



JAERI-M 83-041 

Table 1 Organization and Nuclear Data 
Organization Cross Sect ion F i l e FP data 

ANL " 

Australia 
CEA 

ENEA 

EIR 

JAERI 

KFK 

DK 

ENDFB/5 

EHDFB/4 

CAHNAVAL4* 

ENDFB/4 

ENDFB/4 

JENDL-2B 

KFK1NR1* 

FGL-5* 

ENDFB/5 

ENDFB/4 

ENEA-CEA* 

ENEA 

ENDFB/4 

JENDL-1 ' 

ENDFB/5 

Bartram et a l 

* Adjusted l i b r a r y 

OrtGANIZ. 

ANL 

AUSTRAL. 

CEA-2 

''ENEA 

E I R - 1 

JAERI 

KFK-1 

KFK-2 

KFK-3 

UKAEA 

MEAN' 

ST. OEV. J 

Table 2 

1 6KEFFU) 

- 0 . 0 1 0 0 3 

- 0 . 0 0 5 4 1 

- 0 . 0 1 2 7 5 

- 0 . 0 0 6 7 8 

- 0 . 0 0 7 3 5 

- 0 . 0 1 4 7 4 

- 0 . 0 1 5 8 2 

- 0 . 0 1 9 4 0 

0 .0 

- 0 . 0 1 7 2 7 

- 0 . 0 1 2 1 7 

0 .00501 

Burn up reactivity change 

1 1 
1 S K£FF<2> 1 6K£FF<3) 
1 1 

1 1 . 
1 0.005t>5 1 - 0 . 0 1 9 4 0 
I 1 
1 0 .00569 1 - 0 . 0 1 6 9 2 
I 1' 
1 0 .00595 1 - 0 . 0 1 7 2 2 

1 1 
1 0 .00547 | - 0 . 0 1 8 1 1 

1 0 .00535 1 - 0 . 0 1 2 6 9 
1 i 

1 0 .00561 1 -0 .0187.0 
1 1. 
1 0 .00562 1 - 0 . 0 2 2 0 7 
I i • I 
1 0 .00487 1 - 0 . 0 2 1 8 1 
I t i 1 
1 0 . 0 1 0 .0 

1 0.00575- 1 - 0 . 0 2 1 2 4 
• i 
I 1 
1 0 .00555 1 - 0 . 0 1 8 6 8 
I | 
1 0 .00031 | 0 .00295 
1 1 ' . 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 1 
1 
1 
1 
• 
1 

1 
i I • 

1 
1 
1 
1 
1 
• 
I 
1 
1 

6XEFFC4) 

0.00484 

0 .00690 

- 0 . 0 0 0 5 6 

0 .00666 

0 .00065 

- 0 . 0 0 0 7 4 

- 0 . 0 0 1 7 2 

- 0 . 0 0 2 3 9 

• 0 .0 

- 0 . 0 0 1 1 3 

0 .00139 

0 .00370 

1 
1 
1 

1 
1 
• 
I 
1 
I 

1 
i 
1 
1 
1 
1 
1 

1 
i 
1 
1 
• 

1 
I 

1 
1 
1 
1 
1 
1 

1 
» 

-jKEFF(1) global reactivity loss per cycle 
6KEST(2) reactivity gain due to Pu build-up in blankets 
5KEFF(3) reactivity loss due to FP build-up 
6KEFFC0 reactivity variation due to the core heavy isotope burn-up 
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Table 3 Calculated Core Parameters 

Breeding ratio, Breeding gain, 

Fission rate distribution 

Central reaction rate ratio 

Sodium void worth 

Burn up reactivity 

Irradiated fuel composition 

Neutron spectrum 

Concentration of fission products 

One group cross section (actinide, FP) 

Table 4 Comparison of 239Pu 
production (6kg) 

ANL 

JAERI 

Mean 

Inner core 

115 

94 

1C7 

Blanket 

447 

438 

435 

Table 5 Lumped Fission Cross Section 

acD 

a c 2 ) 

ANL 

0.547 

0.527 

CEA 

0.44 

0.45 

JAERI 

0.561 

0.533 

UK 

0.52 

0.51 

Mean 

0.500 

0.505 

Std. 

0.08 

0.03 

(16Z) 

( 75!) 

1) Weighted with the benchmark spectrum 
2) Weighted with Super-phenix 1 spectrum 
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Table 6 

Isotope 

CS-135 

Ru-103 

Zr-93 

Sm-151 

Sm-149 

Ag-109 

Pb-107 

LFP 

Status of FP 
in JENDL-1 

St.Bev.(%) 

66.1 

52.5 

30.6 

24.7 

18.5 

18.1 

17.7 

16.1 

Isotope 

JENDL/Mean. 

2.1 a 

— 

1.61 

0.88 

1.04 

1.20 

0.99 

1.12 b 

a B/4, B/5 too small 

b B/4 small 

Table 7 Actlnide Build Up 

JAERI Mean Std.(%) T.A. 

Np-237 

Pu-236 

Pu-238 

Pu-242 

Am-241 

Am-243 

Cm-242 

Cm-244 

1.58-6 

6.82-18 

3.74-7 

3.31-5 

3.96-6 

1.65-6 

1.19-7 

1.50-6 

4.05-12 

3.71-7 

3.37-5 

3.88-6 

2.17-6 

1.67-7 

18 

183 

16 

7 

2 

22 

26 

48 

* Target accuracy 

Table 8 Central Reaction Rate Ratio 

EOC 

JAERI 

ANL 

Mean 

Std. (la) 

BOC.Std. 

C28/F49 

0.1612 

0.1635 

0.1635 

0.0020 

0.0023 

F28/F49 

0.0240 

0.0231 

0.0227 

0.0007 

0.0008 

C49/F49 

0.3172 

0..7941 

0.3004 

0.0096 

0.0096 
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Fiss ion 

ORGANIZ. 

Table 9 One group cross sec t ions 

ANL 

AUSTRAL. 

CEA-2 

ENEA 

EIO-1 

JAERI 

KFK-1 

UKAEA 

MEAN 

ST. DEV.-

• ! • • I -

U-235 
I 
I U-238 
I 

I PU-239 I 
I I 

PU-240 PU-241 

1.98250 

2.03490 

1.93900 

2 .01700 

2.04995 

2.01080 

2 .05819 

1.98000 

2.02008 

0.04251 

0.0419.0 

0.04080 

0.03950 

0.04030 

0.03990 

0.04430 

0.04323 

0i04270 

0.04157 

0.00152 

I I 
I 1.85050 I 
I ' I 
t 1.86030 I 
I ' I 
I 1.80600 ! 
I I 
I 1.84300 I 
I ' I 
I 1.87490 I 
I . 1 
I 1 . 8 5 6 4 0 I 
I " I 
I 1 . 8 7 3 7 5 ! 
I i 
I 1 . 6 3 0 0 0 I 
I I 
i 1 . 8 5 4 0 2 I 
I ! 
I 0 . 0 2 2 7 0 | 
I ' I 

0 . 3 7 1 0 0 

0.35880 

0.33400 

0.35480 

0.35770 

0.37290' 

0.37064 

0 . 3 5 1 0 0 

0 . 3 5 8 5 5 

0 . 0 1 1 4 3 

I 
I 2 .00*30 
I 
1 2.63620 
I 
I 2 .53000 
I 

'I 2.6C80C 
f 
I 2.655o0 
I 
I 2 . 6 4 4 5 0 
I 
J 
i 

2.59455 

I 2.70000 
I 
I 2 .63987 
I 
I 0.05880 
I 

• I - • I -
Capture 

ORGANIZ. U-235 
I 

U-238 
I I I 

I PU-239 I PU-240 I PU-241 I 
I I I I 

ANL 

AUSTRAL. 

CEA-2 

ENEA 

EIR-1 

JAERI 

KFK-1 

UKAEA 

MEAN 

ST. DEV. 

0.60820 

0.60680 

0.59300 

0.61880 

0.61370 

0.64410 

0.61784 

0.53500 

0.60290 

0.02818 

I 
0.30440 | 

I 
0.31160 | 

1 
0.29200 ! 

I 
0.30840 | 

I 
0.30450 | 

i 
0.29990 | 

I 

0.55630 I 
I 

0.56860 I 
I 

0.56600 I 
I 

0.56670 I 
I 

0.57730 I 

0.59800 
I 

0.49770 I 
I 

0.57260 I 0.50540 
I 

0.55200'I 
I 

0.57010 I 
I 

0.57350 ! 
I 

I 

0.59530 I 0.61780 ,! 
I 

0.30539 ! 0.56546 I 0.63545 
I 

/ / 
0.29200 | 0.54800 I 0.62700 

0.30300 
I 

I 
0.00653 | 

J 

. I 
0.56409 | 

I 
0.01425 | 

I 

I 
0.561>j | 

I 
0.07271 I 

. I 

0 49o00 I 
I 

0.51620 ! 
I 

O.SlObO I 
I 

0.53330 I 
! 

0.5iy03 I 
I 
I 

0.D200U I 
I 

0.545*5 ! 
I 

0.05o25 I 
I 
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cm 
91.4400 

83.8200 

(8) 

50.8000 

(15) 

0 

* = 0 
Refl. ML 

Axial Blanket 
J - 3 

Inner 
Core 
j"1 
(38) 

V*=0 

Outer 
Core 
J-2 

( 9 ) 

Radial 
Blantei 

J-4 

(9) 
(3) 

0=0 

Fig. 

85
01

 
13

6.
 

*<>=}-?- -i>fr»Z 

53
30

 
17

6 

i 

19
90

 
.5

87
7 

ro oo 
CM rq 
CM CM 

Cr cm 
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Q : VZmjiM ( B £ ) 

CARNAVAL-4 0 F P lump cross sectionlCft-^5 migration effect® t OAt l^ l i i* 

A : *JHIE* (MW 

MigrationlCi^TFPtfxri^Alc^t&L, RJ&SJt^Lftl* £#^.T^50 

C : « f t t t 5 (NAIG) 
(1) F P # x migration ©±#&ffl{£, I3'Xe i,S.-3o 13IXe fi total FP poisoning fti& 3 

# # F ^ L , CZ>o*>~W%&1fcliiZtlZ>i:%Z-Z>tlZ>o CEA©FP migration eL'ect OlF-ffi 

(2) ZPPR-9 ^OjffW-Cttl^fe , »#a!j£©*SKJS©*£Ba££ LTJIO , 49 a ffi^ji 

ISftKbA>4>*j6f, S^fi iJ^ifS^il^ti-C--, (SWO^SiCfflT*^^., ^»©PIE 

T-9fr£>, 49«or"«,*«»6n5OT, »#i?ffiWG £ L-a$?>±W'T&U\, 

Q:#*iEff i (NAIG) 

«*&-:v*•?->>BgjgKfctf s, 239Np ©S^aSJi^fflgK^o 

A : *JHiE^ (HSF) 

Q : mmmz (mm) 
Pu239 <D£j§sa©£Iias2MUffl<»;©g^lcJ:Sfc0£&, blanket#©2r;&*gM***:#l* 

A : *JHiE^ (JSSf) 

blanket+"Ctt, Pu (44fiRSns-^T*S^. &<£y&i., 4fiRi*8«S**a^lcffl«§n. 

/jN*ttKS-efe««!&**# l*L , SJSK^©?F4fe^'fr©^**ttS*lc^:#^fc»i#i*o 

C : UjSff ft (SKI*) 

*MU©«effl»J5£fflmi!&»&. IUMlfflSl£tt. SS±5»i#^.^n*o Cftttknoxville 

£ii©B*lt:ANL© Poenitz tffe*-LTi'SC £A»&4>*iJ»f-J?#So " * */*"*,© J: ? 

ttfflSy«5n?**ltf. *0*ffl»flEtt4>r,££</.rS,i»Mre#S. C*uMbfi<DJ:9lcMS 

ttRf-^-CAattStf, LINACfcfeo-CVSPaSr. 0J;itfISffl-C'MJ£*K*St<I:#2 
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6 A • 2 r®mMm<nmm.tm. 
»± eat* 

&&%&& rs»J T?tt. cft*T©iifrr*«£i:LT, *£<*¥«g*E40200MWIVTIC 

tt*t£&£L?tsZir. B i f t f i S W o l W f i i i s , Ch*T '« ) iC5 , HSJISiH-JWili 

c5oo 

Burn up Experiments of JCYO Fuels 

Tetsuo IKEGAMI 

Fast experimental reactor JOYO obtained maximum burn up of 40200 

MWD/T (bundle average) through its operation. 

Burn up related experiments such as measurement of burn up coefficient, 

mass analysis, and fuel substitution reactivity measurements are success­

fully conducted. The experimental results agreed comparatively well with 

the predicted values. 

sanest r^d j «, Bam 52 *£ 4 flo«ieiiJa». mimp'bmti CSOMW). ^ J H * ^ 

dl^j (75MW) -ecaiS^Ki ig icUx., BS|0 5 6 ^ 1 2 ^ * ( J : , M K - I * P £ » (itSfW^O T ® a 

K t ^ T ^ T L t o t©Ra©»*f f l ; f r f i 670000 MWH£igx., £ i§«*&£ ( H £ # ¥ J £ ) * i 

40200 MWD/ T K g L T V ̂  * . 

MK- I ^i»K*j^T, m&§LK&tsm&i*^<ii[rfTi3tix\,->&*i, r^sae*-*?* 

(1) S£teSfi1M*A'-e©J«jfc#ftBlS£ 

Fig. 1 K i R * . J»S* ]« lc * f l lS {£ ;8C©*« ) J i *A^^^o( i M , Np©S4St r *So t © M , N p 

» U ( n ' r).»»U T d g c a y -"'Np ^dBCBy»M*Pn 
T *=23.&nin. T 2=2.35day 

© * * < yic*jt>T. M»Puffl4fiSlc^H«n*i*Sfc«>©SiS-lr*So « & & » £ * « > * » £ : * 

* »#*F' SMR$M$B*&BJ, Power Reactor and Nuclear Fuel Development Corporation 

- 9 1 -
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fc-3-Cli, Fig.lJCfc^T, "'Np©S4SA^Rffi^!#'S600MWDJaK©7'-^*l*S»C7 -f 

75 MW£#S& W l S t ^ f ? *T?ffllK«^aj5BHf** Table 1 IC^-f „ &* 4 * ^ * a L 

•zocmm^mt, -150x10"*—i.57xio~4# jK/K/MWD-cfc^jgL-o^o - # . & 
ttltJULJi. -1.45 xio-4—L54xl0~*# ^K/K/MWD^'lfllflHIKJtLr, Jfefcr t t*^* 

SBttW, ^ # J i J t t 2 W « f c < - a L T 0 5 i l ^ S o Cftli, M K - 1 £ M > © « & . rtS|5g«Jt 

****< ( £ 2 0 $ ) . J««!S^^©i^^(i7 'f->*^- 'HSa©ll^tt!BS©«^-C !*S0 jSoT. 

**U(n. r )£&•¥>. FP^O^ilStt©^:#l>fe©©«r4**/h**»-9fcfc«)iJi*)ft5o 

SSffl»E<t»fflRjEK^b4 LT, H8fî ©«*#Sic«t5 *>©KWc. *B*4ffl«l*raMftlc «fc5 K v -f 

fifiSfflSttSSIIS) o 75MWJB31M ^ T l i , C©#;3lttjJRifclcJ;Sfe©©5~6# S K 
(2) 

i^jEsn. «4ftffli& f̂c*iM*;na<!f. c©sft*i6^*)nT<sfe©i;?s$nfca */=, & 

4**H-B,Jfc&W££L-tv5c4*>&. cnscSiiStt/hs^feffliji^snSo 4-a. §¥*ffl 
"•NpOSftSfi. 75MW-C-4.10 k^o&mmbft, I tWlLi«t<-SLfc , 

(2) JKttKMSSB-eoHe 
O t t K H S S I l i . Fig.2Kw-r«K. # : / < ? « • £ & • . + t t ? M H M . « B * * + S'SE 

I . flOTfflayv-^fcACHMEffl? »**»&«»». ttfllR*»IG,a7'-.»'fcttl3ft«o 
W&OtCZ. *gS*ffl^fcfiiJ^t>IJJi. *8»ffi23000MWD/Tffl«8fi*^#H*:ffl*T?*So 
<to&|Sl^'y^»SIK©aiffi4SS*Fig:3li:*-ro Fig.3ti300KeV ELkffl^'tfyvfc-effl^ 

Lfcfe®-e*5o c©iaic^-a-tiTi,^7'-i'«-4^S;-c!*/h@^7 *•>? -fv^L, tt^faf 

•tt»|Sltr-*y^«» : 1.143 
°%fflWlz&Z>Mmipfc<Dlrtl : mm¥tft<P<b&Q 16.7mm T2r 

4*«*>*»-»fc. Fig.3lcfc^T, i S B T ' ? : ' * * H * # 4 T S 5 7 , 7 ; ' y * h»»©**>'viJ85fiK 

#t fJ©£*i±iS57 , 7vyy h«Hff l^ i /hSO. Cftli, ±Mrfyv>r-j hStl^T?, &*BC 

iCfcO. JBftx* y ? f t®ft t f*fMH-«c<b«t t t t i |nr*«. 

IMto&lM. JMtee t t t t t t** toSC&4r?f t t t t \ i ^ t* . fttfttjEttri*. j»ttK©f6*f 

(8) W*t*£W-T©*)K9;iM^ 
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«£Sttfc*5ift*lilto 18000 MWD/T*Tr-C-*So 

*7yffl|§|&(*ifc{i, M4u. Msu. 23,u, M,Uffl4«S»c:o^r^ii*iri'So 

^ • ^ h - * A O | ^ & ^ J t ( i , 23,Pu,*35Pu, M0Pu, "'Pu .u*Pu<05tMlC-o^Tmt>tir 

^ 5 o *ffllW£Fig.4ie*3-., 7 , -*#J£ko^T^5J ; -5 l ! : j |* .Sa* . Cttt t , Sffil 

^iC.»fJ*J:c;y5>yy hf!K:fcW-S:^n.-*A**£S*Jt (Pu/(Pu+U)) CD«S«SS 

^C^frSBlcfci^Tti, ^ K - * A f c S S * J t t t * ^ £ * K * i S i e J ^ - f S A i . ^ f r ^ S 

•fflfiRflffif-*A»£*§fcjllBi£$£ rflfliJ JHSSSfiffla-K (SMART )lcJ:5JK«**Jt 
&Lfct>©SFig.5. 6 ICKto C f t i D , r̂ THJ a e i l l f f l a - K l i , tefiR^tfrr-:? 
Ic i tL, «R«E**««) 10a$a*MM LT^SC &*<*>*»*o 

x 100 

* * * jMfln*8't'®&aR?tt x 10° 

(*#SEK) + CIHtrtMW**© U. Pu ft) 
m^F.P .gM?K 

(fli&FP £LTti14,Nd£<sgffl) 

cn*-eiCi9H^§n/;JB8^a«, ftlSOOOMWD/TtTf-eSS**. MK-IfroSMJIBttSE-C1 

<&£ 40200 MWD/T ^ f f l ^ - ^ J S c ^ f c W & f t S ^ - C 5 * * . , <%&&. C f t & © f - ^ 4 

(4) « « £ J 6 * M £ 

(Fig.6#JH) , M&K&to22QWMmi/ T~to36mMWD/T<mm&KZmMmitW# 
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4># (4N) ZftX-tZo COJN&ffKttRofMff|-JM(&4>&, 50 MW +̂SIB 1 * A >> »X-

Table 2 «tt7. 4Dl©*«*6W*«rt*Tt t . KftgJftK07Mtt.!:3ttMlK*J:<HKLT 

(1) r#HJ££fflitfg®fc»ffl^C*#f (D) « £ » SB2#ffi 3C2 1974i£2H 

(2) JI ISff i : t t f f ia»KS-^< r » » j ^DgElftltffliS&IFffi jgi£ SJ201 81-18 

1981 *p 3 £ 
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Table 1 Measured Burn-up Coefficient during 
75MW Duty Cycle Operation 

1st Cycle 

2nd « 

3rd 

4th ' " 

5 th 

6th 

-1.50x 10-" ZAK/K/MWD 

-1.57 

-1.56 

-1.51 

-1.54 

-1.57 

Table 2 Fuel Substitution Reactivity 

location 

000 

1D1 

2D1 

3D1 

4D1 

burn up 

(MWD/T) 

35900 

34800 

31400 

27200 

22100 

substitution 
reactivity 
(predicted) 

ZAK/K 
0.15 

0.13 

0.10 

0.066 

0.027 

substitution 
reactivity 
(measured) 

XAK/K 
0.148210.0022 

0.1293+0.0022 

0.0945±0.0021 

0.0668+0.0021 

0.035210.0021 
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Fig. 1 Burnup Coefficient at 5th cycle of 75MW Duty Cycle Operation 
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control and 
measuring instruments. 

/~TT7 
Fig. 2 Fuel Burnup Measuring Apparatus 
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no-3 
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6 
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0 
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Fig. 3 Axial Distribution of gamma ray 
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Fig. 4 2 3 9?u Isotopic Ratio vs. Burnup 
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1 2 . 3 

Predicted Buruup (a/o; 

Fig. 5 Conparison of Measured and Predicted Burnup 
in core Region 

0.04 0.08 0.12 0.16 

Predicted Burnup (a/o) 

Fig. 6 Comparison of Measured and Predicted Burnup 
in Blanket Region 
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«lfl3> 

/aFi^ysf^^ 
/cxJVVfiin^^ 

/ S i X T / s l F e ^ 
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Fig. 7 Location of Substituted Fuel 
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I* 

Q : *«st- mm) 

A : t t ± 8 « 

1) &5tK J: *»#»£„ 

JBUfcfii<F©£H-E# 

(«»f8BR)+ CJMWiOU, Pu©&) 

« W 3 8 K = < t o .M ; t :x.~ t- . — - — 

2) ®mm<omvJX*&Z>o a * 4 L T f c , #fc Yield data K o ^ T I i , PlffllC&f-teflO^-C 

Q : « S l £ $ (ffiSKI) 

1) «S«SlnS8©]g:JES^I!c©®Tti239Np©Sa[lcj;5fc©t©*fc"*i, FP ©*«rc<fc5>5Hi 

CDfao 

A : 7lLb#fi£ (»*R) 

1) FPffl*«KJ:53»*Koi>Ttt. SMffiKfW ri ' t t i>o L*»L. "*Np ©fffcKJ:* 

i-r5i«-jMttie»i«**s< '̂5©-e. FP ©**©3aatt*oTt>«WKtt/jxsi»ijit» 

aESOHb±©^^i**T^So fim*ttffl-ettBlf/&©SSttlifi^o«**, Ktb^««l 
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6 A • 3 mm&mmfriBmnmmmffi 

^m.% % *, ma m" 

•by t-ommzm^itzo 

Sensitivity Analysis of Fast Reactor Burn-up Reactivity 

Atsushi Zukeran , Takashi Watanabe 

Large reactivity discrepancy (0.5% Ak, la) based on International 

Intercamparison for large fast reactor burn-up is discussed from the 

naclear data point of view. For simplicity, an error evaluation formula 

is analyticaly derived from the neutron balance, and the effect on the 

burn-up reactivity due to nuclear data uncertainties of 239Pu and 2 3 8U 

is investigated by using the analytical formula. As the result, it seems 

that the required accuracy for burn-up reactivity, 0.2% Ak, exists 

beyond the ability of current evaluated data as it is clear from the 

existing nuclear data uncertainties. And thus, the cross section adjust­

ment by integral data, as an alternative approch, is proposed. 

1. * * . # * 

im&tl%n*mMm&<DttW&ibKMtzm&<omftMKtt&Zft^tztf, 4-H(1982 

(i) *RftEJSflE#»r®at-fe v h©fc#nKKJ:- ,T;*:£*-£-f S — mmMm= 0.50# ( 1 « ) 

(ii) JENDL-2BM7 , -^7 7-f-'HC«o*<»r®ai-b^ MiBOC, EOC JCfc^Tfcfc^ttt 

# 4 KRJ&K*4*.5 BOC-e2.7#Jk (ft 7 $ ) ? EOCt?3.3^ C*?j 10* ) , £fl|]&gffl 

¥ i ^ « « BOC 7? 2.3#, EOC 7? 2&96 

(iii) M l t r o & ® i i t t t t f l r c * S f t & 7 ? * * 4 KflM«>£lS«K16~ea8 © * M £ £ f * 
* BJMKftnJr'iJ^-Waraf, Energy Research Lobaratory, Hitachi Ltd. 

• •JHHSIil (tfc) , Kawasaki Heavy Industry, Inc. 
•) fi,„=0.3879S 
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Mz.H. Pu-238 : 1696, Am-241 : 22 , Np-237 : 68# 

««SSi£;fio|| (0.5# Jk ) £ £ t , & £ t t I I B H : * # « « (PuiUOIlff if t)©^:?-*©^ 

**» SK j ; 5 t<t#*# &*»£;* fife. z<DtpX'hwlucxp&^mmmmfct^to^-mfrtstm 
42%. M0Pu O</c

40^iS«l32«^#LTV^o 

c ft t.opgjs^**p '̂e# s©*». (iijRf - 9 nmtffif Lxmrn^mnsmtm^^m^is 

L«"50 t f t t tke„#*fcJ£flfcR^-*<0#t! l :£RWlL. tt*ffi©*lfe&»;*0*«fc/h;*^BEft 

2. JWJt iBara i l l iMt^EJUt t t tJMf f6 

fflSJtR!tWrt^C>oft»fBS* Fig. l i c * L, t©££*P'frtttt*£ffi®tfcSW£<o*t*«c: 
ter>-C^5:l!P/fc (PNCggSErtP) OttfSiJtlRLT Table 1 ICJj^o C©f§5iHSft*ffi*F'i>tt 
1975 mc AHLXffl%Ztltz, &\HJ] 3260 MWt (&%&!] 1250 MWeXJtfcHHil*3-?? • *8*4b° 
yl0.762mm0©S£8S<b«3«m£ffl^-C^5o CCD&fo&Pu'gfcmtpffl&ibXlh 10& ft 
fifl^C^i^ 1335-e* 5 Of , ^a^igtp©SUPER-PHENIXl©Ml4«, 18# It < &-!Tg 
*fc/J\Si\, Cft«J«!l!tl*fflj |pjCi*Jt»«*^«Htry*«BL. tt»S^&*8ttattttf 

3. f f t^/ t^VXif lJ iBIWft 

3.1 M?ttftK<DXft 

«tt<cj;«fl(7tHrao«Att. ;&©«t«ffl«7'-^ oraett&iffSK) wett<. mm 
* * - y i« )4 to5 fe} fS«)Rf -^ © i « £ £ t t 5 . $ SiwMtFoWKie J: -sTWHIKfT 

5 i . *ftlC#,TEptfe?*'<* h^feSfcL. * « © « * # t>X*>^T<5o 

**W-T5o l W i L T . Fig.2lt;jr*-M,U;fr&M,Pu^©£Slffl*&£S§ LS„ «ttl$fflt& 
^©"•U , 25*Np, M,Pu©©?»8BK«-&ft-eftNI(t). N2(t), N3(t> £t*t, t n & l i J l 

-^- i ( t )+-li#N1(t) = /l i . ,-N i- l(t) (3.1) 

*;«*;'+«,' •# (32) 
J| = l. 2, 3 
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Autism. ( i -D ifi*i*&^ra*fci9ic4fiR$ti5fij^**t.^-r, t-n*>%, &®mm» 
m&immfe&i. 4H£HtsKJ&D4tefi*e(>•?*5. i*tt«Mfc?*»KLTWiM-s»£ 
£ # * L / c f g # l § 1 3 ^ R T - * . 5 o CC-C^'fi^iBURBfBfll (parasitic absorption cross 

section) ( n , r ) , (n , p ) , (n , d ) , (n , t ) . (n , He3 ) , (n , «) ^ 0 R J S » r 

23 ,U, " 9 N p , 239Puffl*J]# ( t =0) ®II?-£St®K£-&tt* fttN I(t), N2(t) . N a U J i ^ S i . 

# S S (3.1) (DMit 

Ni(t) \ N, (0) 
\ 0 

N2(t) \ N8 (0) 
DM \ 

Ns(t) " \ Na (0) 

Dn'Ni(O) 

= D21 • Ni (0) + D22 • N2 (0) ( 3.3 ) 

D31 • Ni (0) + D32 • N2 (0) + Das • N310) 

D i j ^ e x p ( - - J , * - t ) 

i exp ( -**» t ) (£»•£-
J = i 

j < i 

(3.4) 

(rM) 

Fig.2ic^L;fcfll**-*-: 'K:*fLTfii: , - l i ^ 2 8 * . /J2 = -»2 T&.5#>£ 

Dn=exp (—^ • t ) 

D : ^ - 5 — - • {exp ( - V ' t ) - e x p ( - # • t ) ) 
*i— *i 

D« = exp(-*2 * t ) 

(3.5) 

(3.6) 

(3.7) 
exp(— ̂ *«t ) exp(—V^t) exp (— V»t ) 

Dn 

D32 

[ expi—«i*t ; exp 
^2) ( - » ! - « « 

• (exp (.-*!• t ) -exp ( - V « t ) ) 

:xp ( - y . t ) I 

i - ; , ) (v-*)J ( 3 B ) 

(3.9) 

(3.10) Ds3=exp (— 3̂ «t ) 

(3.3) * * > & * * & * » « * $ £ . 2 3»Puff l IS^a«5*N3(t) f iHtff :M©fi tS , 3 'Np^e. l i 

* ? i # « ^ r ^ * « cft6fflat«ttsfiffl«»*iifflSs»K«iT^So *-«*>£. aoftKusp 
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JS?a^S(ciigLTt>[3its-e, (35) mae^x. niWicmtttz-Zt, Ni(t)/s'tf-*?tt<, 
N2(t), N3(t) fe|S|B#IC^fr5o 

±T^^fc<fc-5lc, H?*P©«*«$Ftt (fltelflSffftffiS) ©*56;6>$£&f-* ©*«*>£ 

<o¥mm*\ 2 ©**6>£ltJ:S2"Np©lS^*mgN2(t)©^Sta>$(;}:, 

W8 _ r (^at +DM)-N2(0) l . / ' V * 1 ) 

r (^i/Nii5.)).expC+V . t )-|.(iI^j U l l ) 
L o? $ V Ni(0)/ J V T i / 2 / 

-C^*.S>ft3o 

3.2 tip&?'iyvx 

2a-eiE'<fcillSffl2H:Rffl«Pit'K*s^T. 23,U i^ 'PuO&JE^I I&t l f i^k , , , , K£"© 

k ° " = < . M > + < D B 2 0 > C 3 l 2 ) 

< D B 2 4>> •• 'pm^-mmm 

•cm&Ztl. k e f , l i# t t?#S4^<*.F r0>±fg&W##tt?SiJK* « i : , 5»>+<DB 2 ^» 
©J tT* 5 0 Fig. 3 C ft S>ffiRJS$© kef, -N©$43S£*&f0*>' kef, <D&ICT£ 2> «fc •? E i * ;i/*' 
-©BQSc-e^-To 

So Sa©Sie*A J k e ( f l c4>L5«^** i«^ : i t t 5©( i , ^HH^^ST??** 9 3 (46.5KeV 
^E^lOOKeV) R^S-CliSBlOff (2l.6KeV^E^46.5KeV )t=*5o t ^ t t ^* -?* h JUO 
€-9&&-e\t, C©2o©Jg<ilJV(^i;^:#$-c!*5©IC*fLT, *tt :F«IWS<DB2^>tt 

;itti5#©#t§:?jM!piC,>a»&75 yfr? hffi«icjift50 

Fig. 3 KJSLfctN*^'-*? y ^ 4 * & K M , U ±mPu©±ttJ£KJESiJK:#PLfct>©£Fig. 
4ICTT-r0 CC-CfelSflJ^k.nS-^ASi-SJCfflftYtLTabS,, 23,U <Dflf£SgJEK«fcS+tt 
?%£&< »2,*>Mfo UMeVja*»6SillKi-6±*i») , 1 MeVj£eSl?(i23,Pu©«F#<fc*)^: 

&L±<DlltfrZ&£ bfrtt&iK. * t t ^ " ? y^©«-Z?*tt-?^*^©i)H/7O»li23,Pu0«E^ 
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3.3 &KK0r 

3.3.1 3BWft*lc*tt-SftKttft 
SaWMM»k,ffffljg*a (3.12) *ffll'T. #M*SiS»S^0«t&**-:x0;£gSi5#T** 

i f i . 3.3fcJ;t>'3.2-ei¥L<«B-!fcJ;-5lc, CCT:tt.mm* * -v*23*V^"'?*•&&&•?&<, 

c amt&it L tzm&r * - y K*f-r s238 u o^m^msm NI < t) t 2"PU o i f a t e s N2 < 11 it 
(.33) ttm^X&bfrttlZo - # . keft ffl^SiUcfctf5&«ifflKJS$tt 

O J 1 , (4>=^2'N i | t ) ' i" ' f ,•!»„ (3.13) 

<£,<*> = ^ N , { t ) « » , i , ̂  (3.14) 

<DBJ£> =|DgB/(> l ! (3.15) 

S . - i T <3^> 
•C^^-rSo keff©^3IS; (3.12) \C (3.13) 5£~ (3.15) iSiCftALT. fi*®£&ie»t 

(i) &8i©lig:PSfc®Kic*hrs3&K&s 

S^(^t-k^)»v g f 4 a .^ + v g f (3.17) 

R<= N U ) 

tf'lt) 

(ii) g^4>tt^attsaic*tt-s*Kfflk 

(3.18) 

S';/ = *»,',. 4t
 R .. _ «(4-) (3.19) 

it) gWD«WtFWR»rB«K*H-*JBflEfl« 

Si « =-k *' • „ j L ^ ,. '(-^-) (3.20) 

( ^ - k ^ ^ ^ - k . ^ ) , ^ ) 

(IHMK*LfcME«**JWIiWlt OBflttiLT7"oy h t S i . ,3»UA>&,3,Pu^©2tt 
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mteK-to Citiz-MLX, M9Pu OS^a«6SN4»(t)«^±*i»)-e. #JSlefifdLTH<«|S| 

3.3.2 jnttK£KK*tt-SMEfftt 
t C-CI* 3.3.1 -C*»fc k.((Km-«BaE{Hk«fflV'TJWIhEKeaKA»t «CK«Hft«r*< . 

k,„£J8»l*ratffllBttk(t)t•*-*£, «HBti»6t'*-eiB»L^»ft«)««RJ6aEf * 
P=k(f)-k(t) (3.22) 

ap= P ( (x+ax!)-p((x)) 

- ' " • ( • ^ ) - ' - ^ ) 

3P k(f? t 3k(t') k(t) /Jktt)^ 
9 "k(t1-k(t) ' k(t') k(t')-k(t) \ kit)/ 

1 / W f ) \ /3k(t)\ /3k(t')\ , , 

P=«k(t) (355) 

i « 0 . 3.3.1 •??*a6fcke, fK«^«IRIS-e*6*)'rc4**Tft*. * « £ « * £ # * - £ « « * 

li) ««i©ia?ttffi*ic*fr*-s*0E«tt . 

^={ (1 + 7)'H1 ( t . ' t ' ) - ; ) "Si (356) 

I 1 . C t . t , ) - N " ( t ) , R V ) | ^ ' . R ^ ( t ) + ^ » 
" N"(t'l R'(t) »•« .RnO+Mj 1 - ' 

R f ( t , = W (3'28) 

(ii) g8©#tt?£l£ifiB*lc*f+5*0Efctt 

B^={ ( i + 7)-H i(t:tO-i}-s!;V1
j (359) 
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Bj,/-{( i+ i ) .H ,(ta')- i} .s l , ' 

(IV) g8©+tt^$ic*t-r5«£K&& 

B* - U 1 + J ' l-k(t).A^t) • / S* 

Fig. 6 ICr3,U©4't!H1ffi«»f®*ffl*l)£7:'-:? £ JENDL-2B ©fflMfr^-fo fffleatt 

1 MeVBl±Ox*^4f-ffi«-eii«S^*tJ:t)fi^i[*Bl-j-Cl''«*i. 1 MeVJ2TF"??tt Spencer 

Table 2lt{i!Bi]^<i©*#ffc-7 h <) v * * t W^m^m.^mto 7.73 KeV H T o f i * *;i /* ' 

- (A*) $ « £ & < £ , *£*£<!£& (1») f± 13.3~74.1^©ieHJC*t). ¥®mt22A %t 

±M(DW&&&m*iM\3<D#&¥ffiWBm* (&500KeV JilT^li©JR»TB«) ©*«&&»* 

i ^ L T , /&K&£fc£; (3.21) £ffll*T, k e „Ka*5S&M****#- -§¥«Kff*W:l i* 

Table 3 K^f"0 

Cttft)frZ<> M%S.fc&e>lGi&mWt (3.26)~(3.32) j t iC^Lfc iS K keff ©i«ft#»IC 

iWW-Sffl-e. k e f f f f l ^ ^ J ; 0 ^ § < « 5 o tt^T. g * « K (0.2# Jk)£SSE$tf5e:£l i 

H*T?* S i %*.*<> 

5. • « « « • / h 0 a & 7 * - » G : j : « m 

H3l§*7'-:?^M^©iieS?ilftx--:?*ffll>fcBfSSI-bv KDiafiE (adjustment) Kot^T 

&-*S„ 

fftfarW^-^^&ftastifc^SKrai** h*s*<tLT, COWE*-** b f̂fl̂ -rit 

ffi*KB«*» h o M E i S * . NriEK*y hOSWEtt, SWFfflMMafcBS-eSSfrfcttir 

S K * y h * 5 * - c < * i * W e t t < , *©M»aHT*&ft fc t t* f l«? -*IH»Eat f743 t 

« £ 4 * - . Kf-^fHBilKffiSHr* h©llSE*K»rsr£K«fc->T. fffi6Sf^7'-;S'fi®t3 

(3.30) 

(3.31) 

(3.32) 
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Fig, 7 IClSSSfBiBfl-fe i> H JACSS ( JENDL Adjusted Cross Section Set) (&ft0 £ 

*§.5*-£!©*&t*.&&fi£JJr*-0 Fig.7IC{i#/!r©7'a.y^©)BISIif»«©M*l*^L/:0-C i , 

ffl^oSiWttSGi;, a S ^ ^ t ^ - t ' W I c o ^ r i E ^ S o Fig.7T?»ffl»l8«i±®4''il^«©lt 

ft-?tbZ>o —15, &#$•=? I- 'J • * ? * (covariance matrix)ti*/h2^&lCfctt.5?SK£4x.. 

6. * £ # * 

Lfco 
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Table 1 Comparison of Main Core Parameters 

Main Core Parameter 

1. Dimensions 

diameters (cm) 
(IC/OC/blanket) 

core height (cm) 

blanket height (cm) 
(radial/axial) 

2. Volume . 

core (£) 
(IC/OC) 

blanket (£) 
(radial/axial) 

3. Volume Fraction 

(fuel/coolant/structure) 

4. Control Rod 

5. Fuel (initial core) 
Pu isotope ratios (y/o) 

(Pu239/Pu240/Pu241/Pu242) 
Pu inventory (Pu-fiss,t) 

Pu enrichment 
(XC/OC) 

Pin diameter (cm) 

Reactor 

commercial NEACRP Core 

243/325/405 273/353/446 

100.0 101.8 

40.3/35.0 46.7/33.0 

8270 9950 
4640/3630 5977/3969 

7860/5790 9824/6466 

40.5/22.4/37.1 41/38/21 
•k 

31 (1) 

58/24/14/4 65/19/9.8/2/4 

3.28 

10.6/13.6 10/13 

0.762 

*) s ing le central rod 
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Table 3 '*eff error due to cross sect ion error 

Group 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Lower Energy 

8.3 MeV 

6.5 

5.1 

4.0 

3.1 

2.5 

1.9 

1.4 

1.1 

0.8 

0.63 • 

0.50 

0.40 

0.31 

0.25 

0.20 

0.15 

0.12 

0.10 

77. KeV 

59. 

46. 

. 36' 

27. 

21. 

16. 

12. 

10. 

7.73 

5.98 

,4.65 

3.60 

Cross Section 
Error (X) 

13.3 

92.3 

19.0 

40.5 

27.2 

74.1 

44.6 

27.2 

26.8 

21.6 

17.2 

15.6 

17.4 

16.8 

18.2 

18.7 

19.7 

21.8 

19.4 

18.1 

19.9 

15.9 

15.3 

19.0 

21.2 

21.6 

19.2 

4.6 

4.2 

7.4 

Sensitivity 

-2.85(-3) 

M 

II 

-9.13(-3) 

II 

-1.93(-2) 

If 

-3.46(-2) 

It 

-1.26(-2) 

it 

-2.000-2) 

II 

It 

-2.530-2) 

It 

II 

-3.630-2) 

II 

II 

-5.83(-2) 

If 

II 

-7.56(-2) 

II 

It 

-6.93(-2) 

II 

II 

-5;06(-2) 

ii 

ii 

k-contribution 

-0.038 

-0.843 

-0.173 

-0.782 

-0.525 

-2.564 

-1.543 

-0.343 

-0.338 

-0.432 

-0.344 

-0.312 

-0.440 

-0.425 

-0.460 

-0.679 

-0.715 

-0.791 

-1.131 

-1.055 

-1.160 

-1.202 

-1.157 

-1.436 

-1.469 

-1.497 

-1.331 

-0.233 

-0.213 

-0.374 
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'•« S:S t » 

50.80 

en 
Chan. 

(1) 

1.6934 

3.38/ ; 
s 2 

0 . 0 *] 1 

REFLECTOR (6) 

AXIAL BLANKET 

(4) 

INKER CORE 

(Zona - 2) 

OUTER 
CORE 

(1) 

RADIAL 
•LANKET 

(5) 

1 2 3 . 4 5' 6 7 8 9 10 11 12 11 14 IS 16 17 18 19 20 21 22 2 ) 24 25 26 27 28 29 30 31 32 

flZ Z I ' (.7.203*. 129.65 + 39.683 . f 46.666 >^15.3»| 

r ' | 0 .7.203 136.850 176.533 223.199 238.581 

It 2 fc * 
In ca 

S 

Fig . 1. s i m p l i f i e d Hodel of In ternat iona l Coapariaon C o n (or U i g o LMFBR. 

238 u ^ 239Np ^ 239pu 

238 u _>. 239p 

Fig. 2 2 3 8U decay chain and the simplification 
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Pig. 3 "Gross" Neutron Balance of NEACRP Benchmark Core. 
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Fig. 4 Main Isotopic Neutron Balance of NEACRP Benchmark Core. 
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Fig. 6 U-238 Capture Cross Section. Solid Line Means JENDI.-2 Evaluated Data. 
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Fig. 7 Flow Diagram for Cross Section Adjustment. 
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Nuclear Data for Fusion Integral Experiment 

6B-i Fmrnftrnm^vmr-f^wmm 

FNS£ffiI,Vciii 1 ^ F ^ o a i ^ l l K © * ^ . ft© 3 o © H K ^ m £ * OjSflricol>Ta-cS<, 

-«:? l-^, ®SUS 316 ©K*6fcSft6o 

Comment for Nuclear Data from the FNS Integral Experiments 

Hiroshi MAEKAWA+ 

Among the integral experiments that were carried out during l a s t 

one year at FNS, the following three experimental resu l t s and their 

analyses are discrlbed. 1) Tritium production-rate distr ibut ion in a 

LizO-C assembly, 2) Angle dependent neutron leakage spectra from Li20 

slab assemblies, 3) Induced a c t i v i t y of Type 316 s ta in l e s s s t e e l . 

1. ttls&fC 

nmc-o\.>xft£Lfzo -eost, LUO-Cttm<p<D *• 'j^tfA^M^^^^'u (n. ^ T . 
'y (n, n,*)3Timtczft*'ft#miTmm+zmm&*Liio^#m>zcr>mtii#1) 
-tx^thJis&TOF&vMm-tzmm&mytifzo tt:, svs3i6<ommmimic-o^rb 

2. LijO-caifts+rohy^CASja**^ 

#< K. mt »>**/-., mm<D&wt,-e*n?n33,22.4.46Bcm-c!&5o h ' j f ) i4s i i*» 
^«itf:ffl2offlSrST?iM^Lfco ^«i:feJ:tf7Li (99.952atom*) ffltt**fflllrfiSBLfc'<fv 

h (10mm*x5mm. ~ 0 . 7 g ) * d + f -AfcWLT0°^(Sj 'cE«Lfc*«7L##OLUO?'D 

•;,? (lb-.6xi6.6ffl*H7Ui0f^|RjKflMKiri>;fc. ) ©4*;?f<z>*ltfUcAft. IStfLfc,, Ji 

» # © K # t t ? » £ * i 4 . 8 0 x 10"•*?*•»£. JBWLfc^W MiR.Dierkx ©BWSLfcW* 

+ RXM^ttiftHrft, Japan Atonic Energy Research I n s t i t u t e . 
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(2) 

M*t& KJ;5»JgT-{iHawshawttM©TLD-600 («Li : 95.62atom*) iTLD-7OO0Li 
: 99.993atom«) ©***«: 2mm^x 12 nun ®'"M Uy :? * # v * lC£fALfcfe©£8J^fco 
TLDIi_hf2 LijCQ ^ U * I- i(§|L;filrafflfl6lcd+ f-Alc>!sfLr90o^(S]IC fe&SLfco fig 
W*o*8*tt :Ffe4*(i 5.9 x io15 t * o f c „ Fig. 1 lc£B(*£©;*¥»rBEI£-* y ^ n & K I I 
a« i*IC^-r< , PJ**. 13BHSfcaLTI- 'J*$AElfl .©«*£8foT. 4001, 1 B#Rg©T 

(»3y^) &aiL. f̂î L/fc^y^->A t̂>©/8t8<cj;5@affaw;&?f̂ , TLD ' j-^r-e 
©S*£«j£Lfc 0 aKf*-*tt+y^i 'ffl*ffl«Li . 7Li ©EfflBBBK***!,. 6Li (n ,«) 
3 T. 7Li (n, n'«03T*.-«fctf£h ') *•>^£.0i,m£WmLt:o 

(3) 

JWrtt 1 &S*&itSlt*a - K ANISN Tff o fc„ ffiffl LfcttSSH: * l- ttftt^KS* LT135 
SfOGICX FNS(4)t?ENPF/B-N©^T-^77^:6^NJOYu-K'r«!!!aLrfFfiELfc<, tt 
* . "CteENDF/B-V. 7Li(n, n'«) T KJSii P. G. Young(©fF<Mt£<£ffl L t l < 3 . A * 

(6) 

Befi t* LfcfeS *fflofc„ I t W ^ f ^ F i g . 2lt. SfBKOlS^BflBKfcTable l i c i t o 

fUM&£*tt**&£<!:*K:Fig.3ie*p-*-o TLDfflim«[ttLi,CO, © 5.3 cmfflfSfMreS* 

ffcLfc„ S t t 5 - o f f l ^ r i S K J ; 5 S 0 ^ | H i a c S < - a L f c o
 sLi(n. «)3T©ft*te(;i:*<ktt 

« £ £ » # , !6K*fi<SSLTl>5o ^ T r t A ' o f f i ^ t t W L f c W I - ^ i U ^ ^ ^ i T O F £ 

fM£Liti |g££2MeVEU:T&<--&LT^5fc©©, 2MeV ETFIii*»*ikl£< , fUMt 

*fttl'fc«i. fltg0*ff*>*lTl>ai,\> 2MeVffl#tt:FS.x-«* t - ^ A i c i f t l c ^ T f t W L f c 

S S J i 'Li © h 'J * •> A £fi£$lc ft L T ^ f l - f i f * # < £{fct 5 C i tf*ij o fc. " 5 U © £ # 

a*5}*lc*fLTC©»#liiJ>< , 6Li © h tf *3 . fc£ l3^f f l J t* te t t f f i : t*^- |H®*t t¥ 

*;*-«:? h^*iEL< A#-i-5'iSg#*»>. 2MeVJaT©*tt?iR^-!^ I - ^ J E ^ * ? * ^ : * -

5 ^ ^ 7 ? * S . - # , 7Li (n, n', <03TJ5cftfc <fc* I- 'J *•> A£fiMi©ttJMafc|:fiiMt*a< 

ISSLTfc!}. P.G.Young ffllMHSfcXftLTHS. t>L. ENDF/B-lYfflx-^S-ffiffilJ-S 

i 10-15* *6fl t t t*«* J^:#<^50 S(f&. HJfiLfc'LijCOi-tUv h K <fc 5 15 MeV Icfctf 

57Li (n, n'<*)3T ©SfBaifflZlJigfSlgfiP.G. Youngfflfftt*£8LTt*5o 

3. L i 2 0 ¥ S # * * » 6 © f t * « # y - ^ X ^ ^ h ; t 

H«©Ea*Fig .4JC*f„ Li20©fgf*<*£<i:?-**•;< l-*>£ 20cm (ILT&HL. =Nf®« 

,kttia;&>£kttT<'5*tt :?*'<? h ^ ( f t t ^ f K f f c M S (TOF&) TJiM^Lfco £ t t # $ 

<i Li,0 7ay?£tpQ(D7JUi®^WTm±&tz!fr<DWtZ7-VUXt£<D$\mLi3£.V&=? 

WK LKflMWftfcTfc. (Fig. 5 ) L i p 7a v ? iiffJJE© Li,0-C#&T?teE L fc^o„? £ 

Jlttfl, Li,Offlfi)c)e(*©afBEIiaiHeBE©75.5*-e*«3, Oimmipo^rxu^ff i icMASn 

X^&. SttJ¥g<i31.4cm-CWS5.06, 20.24, 40.48cm ©3«©<*JR-CSI^L;t0 a ' J > -

**jj;af<*aj*J/-''i'K(i2*(a(£i!c;©3'-*y-*©±ic*,r*j»). MSftBEicfcbTWK 
3'J^«~i't*tb»ffl<**i*«#^Ollfi5tp'Wc^*t.*l5. NttfeKfiO^ 12.2° 24.9°, 41JB'. 
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66ff<D5&V, Mft&mtVn ra-Z&Zo &ffl$B5 cnn»x5 cm ONE 213 ->y* U-f?-C, 

2-^4T*j£®gffllcJ:!3 0.5MeVJiLh®*-i:;!' h^*S!)$^<Sd^'e§fco tfefflUfflSfisM 

I61IKS*-*-S«*»r BR© 3 oroSffi-eiTibttfco 
i) 2R5c»i3lit*3 - K DOT3S(8)iHU^O»fS8t-fe •* h C.CXFNS*> J: C/"f-tTO&y'-
* * ENDF/B-V *» 6»ffl L fc GICXFNS 1 

(9) 

K> VDX&Wfl Lfcjlg*#2!© 2 R5c*BJ£It*=' - K BERMUDA- 2DN £ ENDF/B-W 
*>S>fMSL!t51J¥ffl§r®»-fe-> h°0) 

jjD DDX *Klffl Lfc* > x * ^ o a - K MORSE-DDX iENDF/B-*A>&ff)s8Lfcl»®« 
(i0 

•fe-y h 
±i2t»^ft©J»«fc*Jl.>Tfe. tftKNg*^? h * i L T , IHIISTOF m%3kT?&<2>tl1z$m 

m£hJlUZo H«gfS^GICXFNS*ffll^cD0T3.5OP5f«SSi*ICFig«. 6-8 Kipf. 

Gmm/nwtm cD&Ttt&Ltzgm&Fig.sic&t* 5wt»a***±LTS!ivT^siaMev 
jy±T?P.G.Young OIFffi«*>e.lins^|DlTf*!3, 7Li (n. n '«) , T1fl5* flKS4>L!ta5 
»*5|fttttafciBAnSffl**S<ftv^£*^LT^S. 

BERMUDA-2DN JSiC/MORSE-DDX K£5||^*£3|(l'Xl2)t>±i2DOT3.5©*§&£SffH 

4. SUS3f6<DR*tt«ffi 

(13) 

^»3H-ffl£LTBi«snfc««fF3- Ki/^f-ATHIDA ffl$iS$JHJt5ii*IWi 

L. RflSB«®Kft-?*t&#& LT»ffl**lT^SSUS 316®I**ft#li£3»5£L*:ol4):fII 

SUS316 0-9-^^i/ (10mm«Sx2t) £2T?&-<rt: LijO-C^^Off1 #fi|#&j&»& 12.6 4 
23.1cm KB £ , *tt^fB4*«t2.3xiO"n/ /s -CSlSffilJiJtf Lfco *V7'-'i'*>&fflII«ltt»«l 
BJH»attl4«Ha*sJ:c;Hr^a. 60cc®Ge(Li) UMiS-eSBELfco ig«©SSHt*tt*tt 
LOttiT??-y'y h^e.l0cni(iL!tffiJlfC-y-^7'^«-itlirfi;-sfc. HIMS*©«*THIEA 
IE£fttmttJR£#e Figs. 10-11 ICJS*„ *fc. <JMINt/ft**)©flrc*feLfc/»7* 
Figs. 12-13 K^-fo *ferH5»S:oi«t1>x*-"'**-» (810-900KeV)»c*;V>r. 1 SJart 
o£OIU)^p-CB9IMII^^rtt)|{tJ:«)4>iV< < £ « * « : MMnX 1 JrJfSKaJtttMttSI 
•fftttt 12*XIM4<tt*' ( £ « * • : "Mn , "Co X £ rttfftft©3tfttt£ft)Mfi4@®* 
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© £ 5 £ j £ & a (51Cr, »2mNb, 59Fe tti') WtbX>, mmLX^zm?-? 7 4 -fv 'J - O S 

#f*^^-??*5o *©fc»itte, ^7'-*'7 7>f^©4i©cnt.©^ao4B£»fS«ofllK(Sl± 

FNS *ffl^fcHK*i*&* o r i m&. *<D®. ftmz.&zz t7Ltetfz>n*<Dnm*ftt>ti 

lOOOCiOh U*-$ASr£trlHME*-y* hfcffl^fcfcr-Ayx h fc1-rit**7L, £ * © h 'J *• 

^**JlS1-Sfc©<!:M^F$ftSo 1983 ̂ *>6ttFNS Srffll^fcJAERI-DOE©IS^W^fex^ 

-n - sc i i c t to r i^So FNS»c«ts»»iH(lttte*-ofcif*>t)r&t), *©£S&t4tt̂ -ij-

(1) Dierckx, R., Nucl. Ins t . Meth. 107, 397 (1973) 

(2) luJII m. rjftm*»»ItlC«J;Sh'J^^A^g£^^^©fliJ^j , JAERI-M 6055 

(1975) 

(3) Engle, W.W., J r . , "A User's Mannual for ANISN", K-1693 (1967), 

Oak Rigde National Laboratory 

(4) H » . felt 
(5) Young, P.G., Trans. Am. Nucl., 39, 272 (1981) 

(6) Sekl, Y., et. al., "Monte Carlo Calculations of the Source Characteri­

stics of the FNS Water Cooled Type Tritium Target", To be published 

in J. Nucl. Sci. Technol. 

(7) Oyama, Y., Maekawa, H.» "TOF Measurement of Angle-Dependent Fast 

Neutron Spectra from Li20 Pseudo-Cylindrical Spab Assemblies", To 

be published in JAERI report 

(8) Rhoades, W.A., Mynatt, F.R., ORNL/TM-4280 (1979) 

(9) » * £ £ , m. r2&5c#tt?Hi£3-KBERMUDA-2DNJ JAERI-M82-190 (1982) 
(10) #fr*£Jt. IMI 
(ll)'"WHiBJ». tt-'ftft " 
(12) Maekawa, H., et al., "Measurement* of Angular Flux on Surface of 

Li20 Slab AssaobliM and Their Analysis by a Direct-Integration 

Transport Code BERMUDA", Fifth ANS Topical Meeting on Fusion Reactor 
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Technology, Knoxville, Apr. 26-28, 1983 
(13)F ftBBSE, E+«liEC, THIDA—ttMdgWtftftf-gS'X?*—. JAERI-M 

8019 (1978) 
(14) ?tbfflS-fig, ffi. r&M£#Mllft&afi!cgttb£l* SUS3i6*o^»ScSdffiJ . M^-ij 

¥&&n& C-33 (1982) 
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Table I Nuclide Densi t ies of Each Region In LI2-C Assembly 

Nuclide 

6L1 
7Li 

0 

C 

Cr 

Mn 

Fe 

Nl 

Void 

1.751 

8.185 

6.349 

7.303 

Nuclide density 

-3 

-5 

-3 

-4 

L120 

3.355 -3* 

4.1855 -2 

2.2605 -2 

1.935 -3 

9.632 -5 

7.030 -3 

8.106 -4 

(1021t atoms/cm3) 

Graphite 

6.9298 -2 

1.751 -3 

8.185 -5 

6.349 -3 

7.303 -4 

Lattice 

5.632 -5 

4.159 -3 

4.821 -4 

* Read as 3.355 x 1 0 - 3 

F-fg. 1 Horizontal section across the center of L120-C assembly 

D-T Neutron Source 

or 333 
0.75 

2M2 46177 7177 
Distance from the center (cm) . 

F1g. 2 Calculatlonal model of L120-C assembly 
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in 
c 
o 

Total 

Li(n.«)3T 

7Li(n,n'o03T — A A V 
(Voung) 

Cal. Exp. 
L^COj TLD -

0* 0° 90* 

• o x 
• O 

10 20 
Radius (cm) 

X-_I 1 L. 

30 

F1g. 3 Tritium priduction-rate distribution in Li-O-C assembly 
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d» a T - T a r g e t ^ . 
— - > * • 

L i 2 0 Assembly 

F"i'g. 4 Layout of TOF experiment 

" 

1> 

/ 

A 

\ 

i 
/ 

Aluminum support 

-,** 

1 1 
" N 

v 

Lithium 
Oxide 

\ 

| 

/ 

•A 

V-
— 

t-
T 

various''size 

. • • • • - • • • • / > - . 0 side view 

0.2 mmt SUS liner 

boiiom view 
LfcO 

|50.6mm| 

onw tquivolerrt circle 1 i, 1 
0 10 20 

SCALE (cm) 
F1g. 5 Vertical pattern of L120 slab assembly 

- 1 2 6 -



JAERI-M 83-041 

C 
< 10. ,0. t 2. 3. «. s.6.7ja:2Qu- 2. 3. *.s.Bjjaa<]Q^' z. 3. 4.5.6.7^3.^ 

Neutron Energy (MeV) 

Fig. 6 Angle-dependent neutron leakage spectra from 5.D6 cm thick 

Li" 0 slab assembly 
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3. BE: 
C :: 

Neutron Energy ( MeV) 

Fig. 7 Angle-dependent neutron leakage spectra from 20.24 cm thick 

Li-O slab assembly 
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Neutron Energy ( MeV ) 

Fig. 8 Angle-dependent neutron leakage spectra from 40.48 cm thick 
L120 slab assembly 

- 129 -



I 

g 
I 

1.5 
I T« 5.06cm 

•K)MeV<En 

* 5MeV<E„<K)MeV| 

1.5}-

1.4 - ~ ENDF/B-F 1.4 
— Young 

1.3 

T-20.24 cm 
1.5 

T» 40.48 cm / 

-L 

30 60 
Angle (degree) 

o 30 60 

Fig. 9 Integral comparison of angle-dependent leakage spectra from 
Li J) slab assemblies 
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10c 

a. 
Z3 
O 
i_ 

O 

£107 

fr 

•i 1 1 1 

<0 

e 
£ 
to a 

10 

10= 

T 1 I I I i l | T — i — n — " i 
at 10 cm from target 
for 3hr irrad. 5« 

cooling 3600 s 
collect 3000 s 

99„ 

57, Co 

- *9, Cr 

l I 

10" 

S,W 

17 

511 

ft I ,1 

57, Hi 

i 1 J 
io3 keV 

Gamma ray Energy 

Fig. 10 Comparison of gamna-ray emission rate between the measured 
and calculated values . 
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101 3 - I I H | 

a 
l i o 7 

CD 

T—I "I I I I 11 "I—T3 
- at 12-6cm from target ( in 
I for 8 hr irracl-

- cooling 3081900 s 
_ collect 441439 s 

511 

- 57, 

>> 

in 

c 

$ 6 
2 10 6 

£ 
£ 

CD 

10" 
7 

Co 

J_1_U 

.51 Cr 

10' 

i20 region) 

54, Mn 
58, 

Co 

92-Hb 

59. 
Fe 

60 
Co 

• n S8co 

tr/ 

.L.i -j 
10J keV 

Gamma ray Energy 

Fig. 11 Comparison of ganrna-ray emission rate between the measured 

and calculated values 
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ao n i i i 1—i i i 11111— 
at 12.6cm(Li20) 

13.8hr after . 96-Nb 
51-Cr 

T — r 

2.0 

10 

u 

a. 
X 
UJ 

1.0 

0.0 

S11 

*-57-Ni 

! • 

\ 
99^40 

-ul. » • • • • « ' JI i_ 
10' 10* (keV) 

Gamma ray Energy 

Fig.12 Experimental to calculational ratio of Induced 

activity of Type 316 stainless steel 

3.0 T-rrrr-
at12.6cm(Li20) 
1 Month after 

1 1 I I T r n f f 

2-0 

AS 

u 
d 
X 
UJ 1.0 

51-Cr 

S9-Ft 

„60<o 

•Hr 

57-Co 

(M> 
10' 

J l—i i i I 111 
103 (keV) 

Gamma ray Energy 

Fig. 13 Experimental to calculational ratio of induced 

activity of Type 316 stainless steel 
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t: n 

C : #ffl#ftj Vltt 

Young ffl7Li icBB^-Sfftf-ett, 7Li (n, n'«0 © i t e T t f f c a ^ L i (n. nXDfSS^tf 
fc„ (n. n' «) HLgt. >*£*£•#*. * # . (n, n) li&< «£^i f f l»»I l i f r t .On> y Mi, 

®<Onon-elastic ttffimit< *0&/utz%,&, 8t#H»©ll?#f-C\ *©«»*«*)*>Sifc. 

A .• mm m mw> 
^»f®»tt-»KSl. '»fi-e«9SS*iri»- 0 , (n , n ' a) O i S T l f f c S l i i O non -

elastic mWSLte<kV&'<tt*A.X^Z>o Cft&*W&jWe*Sifi^fftt]&3*l.Tl.'tt 

I 'L . if© non -elastic IRESIK: <!f ©gffi < ^jAfr^iT&Sa^Sft jSTrteSR-Tfit t^ 
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6B-2 *??vT>mftntk£m?~-?<?>wm 
Mm 35A* 

* 9 9XT v^m>tlfc¥-1RBiXffift%<0*L%$mt DDX m&&VitlZe>mVr$:lt#*& 
CilCt fJ , r.fotp&:?-r-9<Z>?m&%:e)'<Zo C L i , Fe . Pb \t-o^XftMm*Kto C 
0ENDF/B-V f ' -^ t )«»IHft i f i<—S-rSKtt f fc-aTl^l 'o Li . Pb E o l ' T I i , 

E N D F / B - N X - * £ * : # < gfeg-rSiftH****,, 

Nuclear Data Problems for Integral Experiments at OKTAVIAN 

Akito TAKAHASHI* 

Problems In secondary neutron data are discussed, by comparing 

between integral experiments of plane or spherical assemblies, measured 

DDX data and their analyses. Examples are shown for Li, C, Fe and Pb. 

Integral experiment of graphite sphere does not agree with analysis even 

by using ENDF/B-V data. ENDF/B-IV data for Li and Pb should be largely 

improved. 

1. * 

%M&)pm(Dm?-9&±vmmftw&<omm(Dtzt!><Dj»£3m±ix, *9?tryvxuw-

Tl->£o'2) Ctlbon&lt. ENDF/ /B-Hr«f-**ffl^fc—#5cSN3-KNITRAN . 

ANiSN**yy**D3- Kicj;3H-#£jfctt;|ftf*$ft, mkta^-fSwJz&ftaim&lfc 
7-9«i»t*5t®t>tiz«t5icte-,tzo -is, ^tt^&tfj-fiabjsfsat (DDX)*>'*?*»& 

ttWC&A.Z>£r>lZtZ>tzib(Dn—x-ry7tlX, DDXOitgiBl^i ENDF/Bx-**>£>© 

&f£DDX © J t f t ' W ? * try VKJs^TfffcflT^S. 

H » ^ l * t » t * t O i b R . DDXSIBiENDF/B-tf CDJtUE©5R^lc*j^-C«-ii*l4^«iH-
i fc^-acfl i^f i- j t t t^^&nSo *cx, *«^-ett. t©-JtfficS0S£*-c-c. c. 
Li.Fe. Pb©«ICo(,>-C. fltf'-^ OftJC-fctHtF?-*) ©PJl)l^*We)*^lT*fcV>o 

2. mm (««) 

»^HKtliilS90cmO*Ji«S«*ffll'>T, *©#*iVeDT # £ ? * « £ £ * , L # l \ K £ $ & 
Cf#tt :F«>ft«**'** H^**3£Lfco ffll>fcL#l>S*E«. MNb(n, ai)MNbm, 27A£ 

(n. « ) " N a . "Fe (n, p) MMn tWMtP&TftX'** h»"t v7y 9xblX. u s In 

• *IK*¥I¥S5, Faculty of Engineering, Osaka University. 

- 135-



JAERI-M 83-041 

(n, r ) m In ^**ttTffl-C*5o +t t : Ffct t»SB*'^ HA/tt. NE2135' ,*x2 / , ,*dlS* 
fflt^TOF &-*?$£$ ttfc0 D T t M £ F « £ » i . # - y v h«®K:ffi!3otf*:T;i'SaD t-*7 
te©8c*Mt«J:!58HgL*:„ 

H - 1 K . ^ t t ^ inSES^^ i ' b^OlHl i i tWi f f l iUSE^*^ . , «•»«:. ENDF/B-V 
©Kf-^S-ffltPTNITRAN ICJcSSi* • 135gf©l¥#f£fif ofcfcffl-e&.Sc, £*fcfc, g^-HR 
**f§&*lTl">SJ:-3K:j|gtt&hSo L#>L. i ¥ L < # 5 i , lOMeV i»#^ffJM3i§/J\flMB. 
6~7MeV©b°-:?-C:ff-|ffflig*fftB, 3MeVi.#A-efl-J|C©aI/hSHB£a.3-0'5o # # * © 
UMB8. ®K«t5RjS¥^*ffl*-e*5**, g!-2IC| |^ifHffflJ te«rC/Effl^7 7 iL -C 
^LTl^5o 4otDSlSKoO^T?§6*lfcC/Ett-r^T*T**?J<EHi|fiI'c*5o *fc. *S*tt 
=HM6i&t in (n, r) K*S©C/E#. «^#JCfcfcf9 1 J: »)*»«»}*#< S o Z V 5 © t t * 

Nb, A^. Fe©SJS) ffliiWilftaroji/MFtftt, m>Z>e>Mmco&ffit6H:&&?>o CCOCt 

NITRAN IfJlTffflft+lfrFJ&DJKStttt. S» -£•£#-£•*5 C i # f c L*>» S h t V «4> © 
•C, ±K©ii/MFtt©ISHtt. r.ft(ftt :Foft^ :»S7'-^©^ifJC*J6e>n5^*-C !*5'5o 80 
© S # f l l * £ L T , ¥«ll»a>&©8»8#:fifcffl*^ f-^*TOFft1f«^L, ENDF/B -
V£f f l l ^NITRAN!t* i J tRl fc©#0-3T-* .5o S t*0 o t e*^T( i , 12C©?B1-~3U 

^^mtfm&^tt&ire-t (ii. 85, 7Mev .*,#/,) ©ic 5^tf JW*;6>tt *>*/h# 
flEia-aTVSroaUigtt&fiSo t f c , St?135°«c:*i^Ttt. —&B<De-9(&—i"<ji,& 

3lfflK&ffl^#) -CWJfcWa^fffliiaoT^So H-4KK*«0EDXJHIIt*»6ff6ftfc.» 

1 - 3 L ' ^^» t t i [ a» fS»Of t^ : Sx- : 5 '*ENDF/B-VO*t l i i i : tS !LT^ i r 1 , Mil. 

SB3 i ^ n e f c ^ T t t , Hl&i ENDF/B-V J;bi iWi! t&#&^ife££t t^T^T, 0 - 3 I C 

/E^itejai^iraiBias^ir-s^tt. *Af^*^^snn^j:^o L*»L. ENDF/B-V 

3. xasu^-jA 

H-5J i : . ¥£u**Ari>£©ft8ttt#;ttm*'*:7 ^ © f U l i l t J f o J t R S - ^ - o ffllvfcf* 

3&©iD?|6|*:#3 (50x60cm) #14MeV ^ t t ^ S F i ^ i f f H Oft 15cm ) ORflET^T. 'h 

S-r* ,Sfc»Jt«tt3*3C*>'f-*^BH-J|[ (NIMOS*! %M) •4ff*>tttttt(ftt&«l\, 5 ~ 

10MeV««-WimtWJ| [O*#«^-«*<*6f t* . fl# (0°, 4F)7ttltJ|U>i|/.MF«, « 

* (135°) TfiJi^fftf-e*5o * * | R F © « * * * 4 f - « « f l » * a / M t t i i f t o T ^ * . 5 

~ lOMeVfiUgJK^snS^-fttt, H-eiC^LfcDDXffl^KiENDF/B-Wf-^OJt t t 

• C ^ & t l S ^ - a o f l S l & l i - J t L r i ^ o 'Li (n.n'«)TKJS©-5fc. '-Li ©JHOMt (Q * 

- 4.63MeV)*ft&r5*- + v*Mt, IWR U^HRH.4 LraiJC»fc*a{ftte.AC 4** 

DDXSHMt* 0*>*>»), ENDF/B-1/K*^TC©»aH.'*L-C^ttVC i**H- 5 © 5-~ 10 
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B - i r a i , 7Li (n, n'«)T£fo©L#lMIriiift2.46MeVT£S<!:t;?i#>£, 14MeVA#» 
f t f l c j ^ J L C S l S © - ! ^ ^ ! ; * (14-2.46 =1154MeV) J;9T\S"icftft (C3U££) "TS 
£ L T ^ 5 „ L ^ L . DDXH§S*£&(±. 4.63 MeV L-N-ji/t"-:? J; t J i f x ^ + ' - i J I t f i . 7Li 

Lfc) r & r ^ t e ^ X " ^ hJKiENDF/B-W£Ofe©ibWi:l3lk{tLTV^i:#At.tlSo £© 
J;-5lC7Li (n, n'«)T fcfo&Q= - 4M MeV ZfyXZtefimX'&Z tlX-fcty&l-ftlS* 

5*., Li ££© I- 'J ̂ •>Aif$i^£PWLfcHii5©ttg'ic<fc3£ 20® §K*l5l#*8&-f*§li 
i t t ^ T ^ 5 . Lfc^^T, ENDF/B-iy£^iELT7Li (n. n'«)T - & * & ? ? - : ? £ I E L 
<4^.5.c:£(ilpmiz:Sg-C,&3„ ENDF/B-V TrttSfiW <hin| t ? - : ? * ^ LT^fciJ*. 
gi£P. Young ( LASL) tfffiftffi LT DDXU-tfc^&^ftfia^x. btlZ± "5 KSSS tlfcQ

6) 

A^Bjiltt t . H ^ t o J t S ^ ' S S ^ S i JL5T&30 

4. ft 

0-7ia&¥ffifr&©ftK«#ScdiX'** bJU©HBteiit*ffiffl]tt5E**-f. ^»W-H6li. 
M ^ * t ^ i C J i L T a ^ i S ^ 5 o Sli8^#*#<*ft«£*lflff i-£-(i t t l^. P L < * 3 i . fi 
S©5MeVEt±©Sl^'e^^<i*^JP>iK<^-3Tfcf3> &#-?{*&*£ LT^So £©*£|S]fi, g] 
- 8 ic^-f DDX 5£!^x-4' t ENDF/B-IV© 5~13MeV-e©^—S:©Jl|Sli|5lL;f*3o Fe 
©ENDF/B-IV ? - ? f c S f c " F = 1 I ^ S L T l ' 5 i M 5 . D D X ^ T * - ? © 3 MeVETF©® 
S l iS i a©^g t i 7 - ( N E ^ r a ^ © ^ ? ) * * ^ ^ ^ * ) ^ © ^ ? ! ^ ^ 1 ? ^ ? 

0 5 , (£S^©&Sf±, —t t&o^SKISISfS i^ga©-? , £©o£**«iT^5>o Z&iS©L 

5. & 

»#&©*&-?? DTrMS^S^St f , &9.5mllitlfcfellcg^*:NE218&ta31£ffl^-Z: 

TOFSicj;i3*tt^ibtiffis '̂«i' h^^sij^sn^ tnffis^^^ h^5-i*^*"-at7} 
f S C i l C t f J . ^ a K A S O T + t t ^ e S W S b t S f t f c o *<Stt. Pb(n, 2n)5JS (L 
3lMg6.7MeV) fcJ^jgSo $#?(£, — &7cSN a - KNITRAN RtfANISN £fflH, &7* 
-?£LT<iENDF/B-N£fflW,:„ £S£S©J?$li, 3cm. 6cm. 9cm, 12cm ©4g$'J?*> 
5„ 0-9lcr#!£F&*i8sJlSX'-<* h^©H^i tm©Jte** ' r<» f l ^ t t ? (14~15MeV) 
ICJ;5t'-^ei^.-eHi|*iiSsilc-eT^ :5o *fcl~10MeV^©^-«^ h;Ki, fg§S©:£aig 
l\> %-llzm®m (0.3-15 MeV ©§#M) ©fgf££ft3?©JtK£*'fc ft*. HgT'4~15 
MeVi-?:tljaT©SiS7}i#fe^£^Lfc©(£7Li (n. n' a)TSJ&OHS!IL#l^K*tJSS#fcfe 
©f-*5 0 HiSli, 6cm^S©9E«T?naJ, 9cmH$©S^T?25# S . !+®{f .fc<3*:§teii 
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B-lOKPbfflDDX fOMtiENDF/B-tf OJtK^^-To -&&&=?•£>r>58MeVETFii. 
(n, 2n)SJSlCj:5t>ffl<«:#^e.^,5^, COSHStHIMIttENDF/B-N £•)*»#*>*# 

<-PT^5o ttz7.^i> h*fe«!»«fca-3T^5o ^KBifS-C-O^—SW**#l\, ENDF/B-
FT-tt (n, 2 n ) « ^ ^ i * t l T ^ 5 ^ , Hi l ( i^To^S«cS14*i*5C £ £ S L T ^ 5 o 
DDX ffl "5 5 Pb (n, 2n ) ©Q i t - 6.7 MeV * £ A S x * ^**-£g« ( 0~ 8 MeV ; j£# 14.7 
MeVffli§) # (n, 2n) tftt^lCttJC^S £ # * . T . CfflfSK-eDDX £ x * A - * ' - » # - f 
•5C£K«kt>, n&.ms-V> (n. 2n)Si&»f®»*s*4!)&nfco MicZtl&figmftLX, (n, 
2n) K{E8f®8J£#tofc<!:e5, ENDF/B-I^OM (15-13.5MeV ©¥J$*£) J;f3 22«^# 
tt«uM#6ftfc. DDXggKA>&#&ftfcC*lSffleiitt, £ffl»»J#&5S«ffl*£|i<fc£<-ir 
LTl*5o ENDF/B-1V© (n, 2n)»f®««*5l20« *#»JC*iE-r5£ .g*i* !3 , - & # & 

6. *S » 

DDXHKHci;i3-»:*{4?Rf- ;?©P4!i^ ;£-i^a/j:<«:C5«kt)Bflt.^lcLT. x-*f f l 

aa iCff l^-?5Ci*SLfco L^LDT^KIft t t^OI^Jff l lCfc^T, i'fflSS©H©K7' 

^Lfc«k9 t t l ^ fm£§t*f f l* -&©J£f i£J IB# . -&#t!HP DDXf-*©*-»tt&«k<0 

- I t t i f c c t S f l f i f c c i l i ; DT #£HP©*&&#DDX ©.fc?t t*#y-at t t ! f iT**) , 

* ? * t r r y f l i , ^lHl^Lfc7C3!iei^ffl7c*tt^^3 y * 'J - (•. SS 0<k5t tz lMmK 
o l > T f c * 3 I K ^ ^ t ^ 5 . *fc. ^403n*ICo^T14MeVAftt*tt?IC«kSDDX • ? -

W * 

THS-»Dl iWU«J. **—»KBWS«>©*ft i f f lL-C. *«** f t«LT*f i r t fc fcO-f f * 
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1 3 S 7 S I I 13 IS 
NEUTRpN ENERGT (H.V) 

F i g . 10 S e l e c t e d DDXs f o r Pb 

En«r(y 
JUa(«(H< 

is.o 
1 0.3 

1S.0 

4.0 

V 0.3 

Table 1 P a r t i a l Neutron M u l t i p l i c a t i o n of 

IV) 

Experiment-
MITRAM(SW) 

unsmrssu) 
Expcrlaanc 

MITRAH(S19) 

AM1SM(P5S16) 

Exparlaeat 

MITRMI<S19) 

ANISN(P5S16> 

3 ca 

1 .22 + 0 .01 

1.124 

1 .131 

0.80+0.01 

0.7S6 
0.774 

0.4210.01 

0.36S 
0.3S6 

Thlcknai* 

i ca 

1 .4110.01 
1.214 

1.234 
0.6S+.0.02 

O.S99 
0.627 

0.76 ±0 .01 

0.614 

0.606 

9 ca 

1.59 ±0.03 
1.270 

1.309 

0.54 + 0.03 
0.466 
0.502 

1.0310.01 
0.800 

0.80J 

Lead 

12 ca 

1.60±0.09 
1.296 

1.359 
0.41+0.02 

0.363 
0.401 

1.1910.09 
0.932 

0.9S7 
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I* £ 

Q : (pjiiiE* asm 

Li ©DDXilJ^ieSiENDF/B-4 ©Jt&LfcBHC-DlPT, i * ^ * * - © f i l ^ T E x p . 

*i iS*^Tl^5©(i , 7Li (n,n'a)TRJESfEat*i|lH-e*5©A^ #(£•£© ft K t f ^ j t 

A : mmftA (MX) 

tt, lMeVjyTrox-i '^rjDxT^&^to-C^Sofc^-eibSo 

Q •• «PJIHE# (JSW) 

A: igflBSA (IK*) 

KJEfflftKftflJfe L < lirt -f * ? f -f -j >> x&7 T -f ;nc4x . t>tir^tu$C<D&o left!-, 

te^o L*»L, LSl^lS«B-4'C!2.46MeV<i:L'CI.^^, H*!lWfC« 4.63MeV t-f^ZT' 
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6 B • 3 mm&mfrmmz mm-r h wr- ? <nw& 

iLtio #lc*tt^-»»5J»f®* (DDX) commz^-at, &1®Wr££l6£ft-,tz0 i£ 

ita Zai&lZWt+Zo X. &< Sfii4-5 h 'J ?T>Â figSJE 7Li (n, n't ) 4Heffl»f 

Present status of the nuclear data for fusion 

neutronics integral experiments 

Shin IWASAKI* 

Present status of the nuclear cross section data 

for the analysis of the fusion neutronics integral experi­

ments has briefly been described. It has been emphasized 

that double differential cross sections (DDX) for various 

nuclei have recently been measured at the source energy 

of about 14 MeV and comparison between the experimental 

data has become possible. 

Recent topical problem on the tritium production cross 
7 4 

section Li(n,n't) He has also been discussed. 

1. I4L>«&(C 

Be , C, F.Al, SUS (Cr+, Fe+, Ni+, Mo, Mn). Pb, U, Th m?-, f£»£J!pH!flU:» 

HtltfciE^So X, 'Li (n.n'O^S^aKffiaf lco^Tfe^n^o 

• W.ikKl#m Tohoku Univers i ty 

- 146 -



JAERI-M 83-041 

2. » S * * . S © a t t 

2.1 &ffffift-#tt, #*ttfta,ffffift 

* H y * * e . /ncfct tS&f ' -^BIK^a (1979. lo)JJlB<o, ±!B>tfii&8©£SrE»©± 

<tffl^«l«:*tJ6fc(0*iTable 1T?*5. i l f t R i i , *S|5#(i, # • B£X«i*3*W36irr 

fftttfcnr*?*), flkPfflta^SF-efflS^tt^^/J^^o *LT, WRENDA3 -̂z?*iS5&& 

2.1.1 £Sr@8t 

T l*S . LfrL Table loaiJ£Wtt ( Fig. 1~5 ) , ENDF/B-V £©te£©Jt«W»S>. Fe 

CD 20 MeVPi±£K^T, 1 ~ 3«PirtlClRSLT#T^5«l1?*5o t f t t i , fti£©ffl!£#l6 

ORNL ©C ©jflj^ti: B-V £©Jt« (Fig. 1-b ) X% 12 ~ 15 MeV?W«tte*ttftW-S# 

2.1.2 ats, ^®tttfeasr®» 

( D ^ - ^ l i S U S © W e * * Cr, Fe , Ni K-3l>t, l~4MeVZ?, fllfBttilJJfc*?!^ 

(Fig. 6 H O M S O i i * 8-12 %t%$kr>tia T\JHL(DyA>-y(D—IffllP &S('7Li, 

' B e , " ' "B , B , BC, "N. "Oofcfigf*. 7~15MeV<D«ffiT?fTfc*>*l, Table l O + T ' l i * 

*>«^ . fc#4t f*5 . ®t>©ffl*(0Sa»c^t5ie«ttNucl, Sci, Eng (NSE)MRg;**l 

TV***, £ t t f f l * £ a a * ^ f f l r : / h 9 - : / f f l & » c « & $ f t f c t a g . 7) . $t>(i, Brttftft 

»li480keVT?, ^ » K K f f i t t « i « t n T ^ 5 » K S A 5 * t , iMJ£»<0»Sfl&<!:. *»3SWx* 

^* ' -©/£#9©S»a*:* ;#<, fg lBfc t t# I I#&*>U\ , ) #£ t t , £©NSE T?©*£(i, 

2 o 4 4 i a » T f t - 3 T ^ 5 o L^LT^hV-T-efflfB^-C-fi, g] (Fig. 7) icfcttlf, Wttft 

ftrtfttfctt-jT*!?, BfffifcCfckNSETCfRgite&^-C^SfclcgfcttS©-??, 8tt8#!& 

mo^e,, C*HN*T, fi^ajeu^ncii&nT^s (Fig. sxciwiim *£•*?.*. 
ft£-*«#lffffi;fl»0$|£©-S|£LT, E^C^^-^ifiroitfeOT?, Ex = 9.63 MeV©^ 4 

u-x-^STfB^itlcSiJSdrtfc^Fig. 9) . ffFflMtifflJt«i?a. B -VB^*Mt£Jt t tWg< 

ffataJJ-p-CiSo ^ t ^ f f l ^ ^ - T ' r t , F e i N i O S B i , S&2 i"<;f*T?ffl«|j£4?fK 
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2.2 mmmmz&BLtz-nw&mmamm 

-S*#»r i i «©SJ5££*£ J6T*fc©#Table 2Tr**. £ t t & £ 3 o © * :f a'y - l c £ £ ' 

So L*>L-^ , A « * * - M * - OP&f-M) ii, 14MeV(T+d£j£) K(B6*i, *>o. ft 

Table 2 £MX. *fai<0#< t i l i , 1975«£lc#£Sttjt K u x f ^1*4;*: (TUD) ffl 
11 ) 50) 

^- r r iCfcS- i i f f l f l J j r e** (TUD-75) *ft t t , £(*-?? 34 ft* KKi?t> OT?, # 

M^—^ fe«S-:,-r*iO. fFflife*©&ttflciKffl^t>ttT^S0 L*>L&&ofiJ^«i, 50*x70 

(mm2)iSffl, ^HrK^Citt-S-y^fifflOT^-C, *«;*:# SOffiiEtt L T ^ S fcffl®, % 

#KSEL#ftT^5ffl*»df5;M»!8#aSSo 

C®<Hi JENDL offffifci^T^&SflJttttSlilvLJ;-?. 

10~14MeV ^T?(i, TUNLO^^-ycDSiJ^CFig.lO)^, H i ^ l f — ® t>®-J?*30 

L*>L$&fi. JR¥®<gn#¥>, S/N ®)I$®ISIIB:&»&, *©Sfc*M*LfcftlJEJiff•3T^6l> 

»T**S 0 z:oflW7®B*(Das(sai£]Mi«n«. 

Table 2**-Ct>A>*aHc,14 MeV#iSTfttlHI«[A^*T*fc(OT?, -**SJtR*reriilTf* 

So * C D - i / y x . 'J'**TW£3f (LLL)ffl§MWId:.l^tJ#J*-B ,*JS*«<07'-f*SS 

Lfcft*/*-7fflSWWfflifcttH:, I3| t;S^<K«l^«T", MMHtt>lElfeJ:-.Tl'«07!lltie 
43) 36) 57) 53) 

a i \ , ZC-T?, OSAKA-82. LLL-72 , TUO-75 £TOHOKU2-B2 £ £ 0 * W S , Cfl 

T*fcO*iFig. 11-a -F ig . 11-d TT*5o 

OSAKA t LLL ©Jt«T?tt, <S^u^^cD^^t t f tgLof- i '©&fl |^BS$4]t '<T«.5i , 

*» t t f j ja^—S*SLTt^*i , ^<o*>ffljSi-c<l^*!Ofefi6*l«o Fe ®«&T?. TUD 

(53*), LLL (35°) 4 OSAKA (37°)©JtRftt, TUDIiB-tf**J*U LLLi OSAKA 

» ^ * J * - C i « » - e - i t L T ^ * . -#TUD(53°) <tLLL(65°) OSAKA(65°)®Jfc«T?tt, . 

TUDi LLL#tt;ttMS<&-3T^.5©|c, OSAKA tt^Lid&iettoTUSo MoK-3l>T, 
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TOHOKU 2(30° , 70°) t OSAKA(40°) £Jt&Lfc©#Fig . 11-d T'&Ztf, OSAKA® 

•?'-^«T0HDKU2Oiao41Pa;&Jfior4>-t), fcSie consistent t^JLi.r>„ Ai fflf-^i, 

ENDF/B-I / , V.£-b LLL 037-9 ZmmtXts*), Ctltf OSAKA © ^ - ^ J C t 9 * 8 3 ft 

- f / ^ g . DDX-ffcfiga-K (FAIR-DDX)S-^ofc©T S . ) Jin i &ffi^r#IHft7 r -^0*SW 
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Table 1 List of recent total and scattering cross section 
measurements for the important elements in fusion 
neutronics experiments. Each symbol means that 
Institute (Abbre.)-Year, (Incident Neutron Energies/ 
Energy Range). 

Element 

Li-6 

Li-7 

C-12 

0-16 

Cr 

Fe 

Ni 

Total C.S. 

NBS-79 
(3-40) 

NBS-79 
(3-40) 

NBS-79 
(3-40) 

ORNL-79 
(0.5-60) 

LASL-79 
(2.5-250) 

ORNL-80 
(2-80) 

ORNL-79 
(0.5-60) 

ORNL-80 
(2-80) 

ANL-79 
(1-4.5) 

CBNM-79 
(0.03-2) 

UCDAV-79 
(35,40,50) 

ORNL-79 
(C.5-60) 

ANL-79 
(1-4.5) 

OBNL-80 
(2.0-80) 

Elastic, Inel*, C.S. 

TUNL-79 
(7.5-14) 

OHI01-79 
(4.8,5.7,7.5) 

TONL-79 
(7-14) 

OHI01-79 
(4.1,5.1, 
6.4,7.5) 

TOH0KU1-79 
(5.1,6.6,15.4) 

LASL-80 
(5.9,9.8) 

TOHOKU1-83 
(6.0,...) 

TUNI.-79 
(9-15) * 

OSAKA-82 
(13.5-14.8) 

TUNL-79 
(9.2-15) 

IRK-79 
(14) 

ANL-79 
(1-4.5) 

** 
INR-79 
(1.5,3) 

TUNL-79 
(8,10,12) 

*** 
INR-79 
(1.5,3) 

ANL-79 
(1.0-4.5) 

INR-79 
(1.5-3, 5-7) 

** 
ANL-79 
(1.0-4.5) 

*** 
OHI02-79 
(24) 

TOHOKU1-82 
(5.5,6.2,7.0) 

Contents 

* ring geometry 

* elastic for 
natural ele. 
; inel. for 
A=52 

** A=50,52,54 

* A=54,56,57 
** A=54,56 

*** A=54 

* A-54,56,S7 

** A=60 

*** A=58,60 
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Table 2 Summary of double differential cross sections (DDX) 
measurements. Each symbol means that Institute 
(Abbre.)-Year (Incident Neutron Energiea/Energy Range), 
([Measuring Angles/Integral Measurement] for special 
case). 

Element 

U 

Li-6* 

Li-7* 

Li 

Be 

B 

c 

N 
* 

0 

F 

Al 

Si 

Ca 

Tl 

Monoenergy 

Cylinder 

CEBC-80 
(8.0,11.2) 

LASL-80 
(5.96,9.83) 

LASL-80 
(5.96,9.83) 

LASL-77 
(7-15) 

TOHOKU1-78 
(3.2-7.0) 

CEBC-80 
(8.0,11.2) 

LASL-77 
(9.8,14) 

TUD-75 
(14.6) 

TOHOKU2-61 
(15.2) 

TOD-75 
(14.6) 

TOHOKU2-79 
(15.4) 

TUD-75 
(14.6) 

TUD-75 
(14.6) 

TUD-75 
(14.6) 

TOHOKU2-81 
(15.2) 

Ring 

OSAKA-82 
(13.5-14.8) 

OSAKA-82 
(13.5-14.8) 

LLL-72 
(13.3-14.9) 

OSAKA-82 
(13.5-14.8) 

OSAKA-82 
(13.5-14.8) 

LLL-72 
(13.3-14.9) 

OSAKA-82 
(13.5-14.8) 

Others 

CEL-72 
(14),[90°] 

CEL-72 
(14),[90°] 

CEL-72 
(14),[90°] 

IRK-80 
(14.1),[lnt] 

White 

__ 

ORNL-76-

[50°,126°] 

ORNL-76- n 
(1-20),[127°] 

ORNL-76- n 
(1-20),[130°] 
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T a b l e 2 - 2 

Element 

V 

Cr 

Fe 

Ni 

Cu 

Nb 

Mo 

Pb 

Cylinder 

TOD-75 
(14.6) 

TOD-75 
(14.6) 

PPEI-74 
(9.1) 

TOD-75 
(14.6) 

TONL-79 
(7.5,10,12) 

PPEI-74 
(14.6) 

TOD-75 
(14.6) 

TONL-79 
(7.5,10,12) 

PPEI-74 
(9.1) 

TOD-75 
(14.6) 

KYUSHU-77 
(14,1) 

TUNL-79 
(7.5,10,12) 

PPEI-73,74 
(9.1,14.4) 

KYUSHU-77 
(14.1) 

TOHOK02-79 
(15.4) 

PPEI-74 
(14.4) 

TOHOKU2-82 
(15.2) 

TUD-75 
(14.5) 

TONL-79 
(7.5,10,12) 

PPEI-74 . 
(14.4) 

Monoenergy 

Ring 

OSAKA-82 
(13.5-14.8) 

OSAKA-82 
(13.5-14.8) 

LLL-72 
(13.3-14.91 

OSAKA-82 
(13.5-14.8) 

LLL-72 
(13.3-14.9) 

OSAKA-82 
(13.5-14.8) 

OSAKA-82 
(13.5-14.8) 

LLL-72 
(13.3-14.9) 

OSAKA-82 
(13.5-14.8) 

Others 

CEL-72 
(14),[90°] 

IRK-80 
(14.1),[int.] 

CEL-72 
(14)r[90°] 

IRK-80 
(14.1),[int.] 

CEL-72 
(14),[90°] 

IRK-80 
(14.1),[Int.] 

IRK-80 
(14.1),[Int.] 

IRK-80 
(14.1),[Int.] 

CEL-72 
(14),[90°] 

IRK-80 
(14.1),[int.] 

White 

ORNL-76- _ 
(1-20),[130°] 

ORNL-76- n 
(1-20),[129°] 
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Nfiutron Energy IMeV) Neutron Energy (MeV) 

a) b) 

Fig. 1 Total cross section oZ carbon from 0.5 to 5 MeV 

2), from 5 to 20 MeV b) compared with ENDF/B-V. 

Taken from ref. 41. 

3 

c > 
a 
„ 

• <n 
• ' 
• a L 

u 

1 . 1 t i l 1 
HI i l •HA 

5 '*W 
* 1 

[ 
L '* * 

-, 1 r— 

W*^ 
• 

/"^>fc 
l I ^ V I 

J 

• l l -

:§3?5/» 
, . 

^ ^ V % j ^ M h V * ' S A 

' ' li " n ir - ' •" 
Neutron Energy (HeV) Neutron Energy tHeVl 

a) b) 

Fig. 2 Total cross section of o.iygen from 0.5 to 5 MeV 

a), from 5 to 20 MeV b), compared with ENDF/B-V. 

Taken from ref. 41. 
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Fig. 3 Total cross section of iron from 0.5 MeV a), 

and 5 to 20 MeV b), compared with ENDF/B-V. 

Taken from ref. 41. 
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ENERGY (M«V) 
<o ao loo 

Fig. 4 Total cross section of carbon from 2.5 to 250 MeV, 

compared with ENDF/B-V. Taken from ref. 34. 

Fig. 6 Mearsured differential elastic scattering cross 

sections of chromium (A), iron (B), and Ni (C) 

Taken from Ref. 24 
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Fig. 5 A comparison of total cross section results for Fe 

obtained at U.C. Davis (58) at ORELA (41), at 

Karsruhe (by Cierjack), and at ORELA in 1972 (by 

Perey). Taken from the paper by J.C. Browne et 

al., (Proc. Symp. Neut. Cross Section from 10 to 

50 MeV, BNL-NCS-51245, p215 (1980).) 
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Fig. 7 Neutron elastic scattering angular distributions 

for 6'7Li, he, 1 0' 1 1B, 1 2' 1 3C, 14N, and 1 60, com-

pared to the spherical optical model calculations. 

Taken from ref. 56. 
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Fig. 8 Measured inelastic neutron excitation cross sections 

of Cr (A), Fe (B), and 60Ni (C). Taken from ref. 

24. 

-163-



JAERI-M 83-041 

10* 

10» 

»4 

& 

"1—I—r -
Carbon 

f :Prcs«nt txpcrimtnt 

-Tr-'OOX rtprodc/cctf 
from ENOF/B-V (1; 

s w 
NEUTRON ENERGT (McV] 

Fig. 9 Scattered neutron 
spectra from C ring 
sample at the inci­
dent energy of 14 
MeV. The peak due 
to the third excited 
state was clearly 
resolved. Taken 
from ref. 43. 
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Fig. 10 Double differential cross sections for Fe, Ni, Cu 

and Pb at 10-MeV incident energy, a); at 12-MeV 

b), Taken from ref. 55. 
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b) 

Fig. 11 Comparison of several DDX data for Al a), Fe b), 

Ni c) and Mo d) measured at four institutes, i.e. 

LLL, TUD, TOHOKU and OSAKA (see Table 2). Taken 

from the refs. 36, 57, 53 and 43. 
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2.00 4.0Q 8-00 8.00 10.0 12.0 14-0 

Outgoing Neutron Energy ItleV) 
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10* 
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id 
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k i 

(».*! i 

AlNJNI 

' \l 

1 1 1 1 1 I 
EN : 14.6 rev 
OHERIBWKF — 
ACUttEUX. 14.0 nEV 

•mmi IRON mr U K 

-

" T \ ^ tn-.-lSMCWWy 

—tN.it' i cwrimiT^" j -

II . 1 

-*-
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-

-
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Outgoing Neutron Energy (HeV) 

Fig. 12 Example of the comparison of the angle integrated 

cross sections between measured (ref. 57) and 

evaluated values (ENDF/B-V). Taken from ref. 

17. 

-167-

http://tN.it'


' L l l n . n t J ENERGY 2.82(MeV> - ! 5 .00 (MeV) 

15.0 

N e u t r o n Energy ( MeV) 
Fig, 13 Cross section of the Li(n,n't)4He reaction. Taken 

from the fig.2 of ref. 19, added the recent experi­

mental data and the newly evaluated values by P.G. 

Young (ref. 20). 
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Et [M«V] • 

Fig. 14 Energy spectra of the 
tritons from the 
7lii(n,n't)4He reaction 
measured with propor­
tional counter tele­
scope by H. Liskien 
(22). Each spectrum 
was extraporated to 
the zero energy as 
indicated by hatched 
area. 
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Q : fWHiE# (itBF) 

A : « * A (J&tt*) 

•C*5o 1956^ICLASLOfiosentStewert # * L i £ 7 L i i c o ^ f , 5~14MeV 

-£••, • f^TOifcf f i f l r tPff lX'^ h * £ f t « * l i C ^ K « f i * f f l ^ - c a j £ L f c f f l £ . 1972 r̂c 

i - ^ 7 t 7 f f l B. Antolkovic **'14.4 M e V T ? [ ^ f t t e f g f f c £ L T ^ 3 0 # f ^ WSJ 

. T I ' Sri* i f •?*»«**> 6 tt I \ , Cff lL iskienff lSISt>*»tt 'J I** : f foTt ! t fct>f f lT ! , 

t *u *> > 9 --cans L fc « £ A.<trng—®WJ t s*>n 5 . 
+) L. Rosen and Stewert, LA-2643 (1956) 

++) B. Antolkovic, Nucl. Instr. and Meth., 100, P211 (1972) 
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7. JENDL-3 £ $ o T 
JENDL-3 and Related Topics 

7.1 JENDL-3 ffrjfcc?)^ 
m a m *+ 

JENDL-2©iSmA^TL/c{f^f3-e*5*i, -> ̂ W ^ M ^ i i f t 2 ^fiJic JENDL-

3ftH©#?*@to, 57^KA»& JENDL-3KJRWt««r7'-^fflff«li#lllKAofc l, 

JENDL-3tHI©gEgi ik lC JENDL-3ffr&ft^*©#0J©il!f£lCol>T&^^ * 

fc, JENDL-3fciR*«^©&S£igft@ffl*I! l$7 ' -*. y 4 fy ') -©-E-ftiJtKLT, 

JENDL-3ffl&«<M#g»c.oV*T%3g*.5o JENDL-3 f&Sfcfctf S ^ f f l R W I f c ^ T 

Status of JENDL-3 Compilation 

Tetsuo ASAMI 

Japanese Nuclear Data Committee has already made a pirn for JENDL 

(Japanese Evaluated Nuclear Data Library)-3, and has made to start works 

on the data evaluation for JENDL-3 since the current year. The status 

of the data evaluations and compilations as well as the outline of the 

plan for JENDL-3 are described. The variety of nuclides in JENDL-3 is 

compared with the ones of other large nuclear data libraries. Further 

problems on JENDL-3 compilations are also described. 

1. tittblC 

B $ f f l S i S * f f ' - J ' • y4 rfy ' J - JENDL ( Japanese Evaluated Nuclear Data 

Library) ©If?3JK, JENDL- 3fflfftSEft*tt&IC6aJ&£ftZV.5**, *©flil#n?*.5JENDL 

-2&m<mmzmmm*), QM<Dmiftt£r>iz0 i977*»t.ftMsnfcjENDL-i**, ss 
&£36IJ§£lc?iJffltf-ZttZZMt ItzCDimi-C, JENDL-2 !iia5J$*Pffl|ftItItJ|Cfc?!)ffi-̂ 5 

fzo JENDL- 2®Sgl£«ieoHTt t , 8£lc< v ? ? - ? «xx h feKiTlgfflttjMfcSSft 

Tl<>5^, 7-(?7iJ -£<*£ LT©^fflttli<¥&, £#E©#!FT-?iJffl;*ftT§W£-Stf S C 

+ B^jK^^Sf^SSr, Japan Atomic Energy Research Institute 

-1 7 1 -
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JENDL-3ttffiffl*ft£©fc!t£frl.\ T-9ffi&(Dft%£toteLX<.'>Z0 J E N D L - 3 f t 
momfcmRtfzn b* 11 #> s KM -, fcg&gitoi ̂ x ttgEKSsa** 5 ®-?,li 2)*«mi« 

<1B5^(c)ttnS^'tflcL-r, JENDL-3©fP^K|S]y-rS^Jifi:Lr^.5PFfflfPll©«:*J^iiF 

-£©iRttfe8»<Dj£8£fift\ JENDL-3<DftBtftf£ifr*-C*fcl\, 

2. J E N D L - 3 W-Bffl*S 

JENDL-3tt*feWtt«affl^f-^• 5^7 ' j - iLT, sajp*sia^^§B^^©fijffl 
£#'We, * fc^+t t^^©^ai t (c fc ( i^^^( l^^Jg lS©$^t t^ f f i5 , ifi&It£M£©IH^ 
©j£iBH©^IfCi©?iJffl(Cf£;x.5Ci;£-g^[cItil$n/;o JENDLIiJENDL-l*>t>JENDL 

*/=, mmm(nmttbfo<hLxbWfote?-9<bmmx'\mmtmiKi±%^%(Dn\ttz> 
i&Wte^-C'tttifr^iz,, ctibofflm&Z-ffiL, S©B*5*@©iflffl^:S!^7'-i' • ? 4 ^7 

'J-<tLr%fi!c*-a-5(O^JENDL-3ftfi!cO*#tt3il»-e*S<!:l ,i«fc9<, 

JENDL-3 immmr- ? ZtRMtZf-moteWiS: Table 1 lc^L/c„ Table ̂ liJENDL 
-3t?mtztt<im*tiz>&n mm. JENDL-URSMSS ( m, jENDL-2-f-iiJtra 
zntz%m (.— m tzmqix^itu JENDL-I, zxtxizmhix&z&wnT-
9$>, ^/ui-'o&ofco^-ciiiiiiL, Aŝ ttSfFffi, ^fcttS$©x-?©iisn^#m>ft 
So J E N D L - 3 © r t § © # ^ * g * t ) - t S i * © ^ ^ y t > n S o 

(1) * t t?©i*^+" - |Qf f l©±IS! i20MeVKi v$bS0 

12) iRSifeSfflilSDIiS/hRSIc i ^ 5 . 
131 r*8£J5£&f~?£®!9A*i5o 
(4) if x * ;i/*"-#tt^KKJ-r 5 S f - * ©«g©|S]±£iaSo 

4>tt:F®J:*-'i'+r-iSfflffl±ffi*20MeVjy±Kl!£^tSiEmt><6o/:A*, MSl^^gl^^© 
f'Jffl*#*l Tfe20MeVlc£ v » 5 i : i W , f c 0 7 ^ 7 ' J - ^ f r i L T I i , J R ^ t S r -
*-®HoiS|±KSj^*g*, «Jft&8»ffl*M**'hfKlc£*toSC£lcLT^.50 H©lS]±i 

LT«, »Mevjia±0ii5Ji**fe:F«c*fts^s^;7'-#(otta*eS:#tsciAi^<si»sn 
TOS#, WWitmr-t&mmcDtgliatet'cDfliffitomftbSttix^Zo ifz, Mhr-

?<D'g<Dl5l±.lt:Mlxii.£<c>imM&:£&Wk1-Z>fflSiX&zfii, c^xtmtite^ctKtZo 

comma, $'&, jEKDL-2<owk?-9<Dmt*wktLxjE}ii>L-3(D?-9mb 
^m<omm.xt^mui»taiubu^t&t>tii,o 
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3. JENDL-Sf^Beajf tHlJi^-fA^^iJa-^ 

JENDL li, Cft*-efes^vW£3^&ffi£EWtt18#<0fc<!:lc, 1#fc8if-*SP'J«5& 

rto#7- + y ^ . ^ ; b - r (jy&, WG i»5S;^-5o) TT©tt2l£#'klcIlWffl&7'-*'-fe:<' 

*--e«*A*ff*>nfco JENDL-3fccniSv|5)L;f*4iJfflfcilciiF<E.«g*ffif^i|^iiJ6t. 

JENDL-3fM©fm£*telft<C£fc&#£i<Jii6*K:S!?, &7'-*4£Pl!S|5£rtfflWGffl?f 

«fiE*fToito Fig. 2 £*!/&***.©$?4 4 feic. JENDL-3f^JS®x^^^-^ i £-^Lfc 0 

57£KJ:*mr-*W9#rtfctffcfc«J&*ft;fcffltt, fiTf-^ffffiWG 47T-i^fffifeWG 

• e * S . HfrtttFig. U c ^ L i t t l e , 4o©-*7'WGItfirtfMb;!5*i, ^ft^nfflftHtfBlllcje 

LIT J*-* ©US,' S»lt»<Ofc«>©tH|C3-K©iE«'*tif. ffiffl-r5^7^-4"¥>A7Jf-

^©iftiir^**if*4ji»6&nT^50 &*-7,wGT©ii&tfc&f;M*4T;&oT, ^ f i * o 
@»ttffi££^5©liS^Ttt^0Tjt» 5 £4 (£•*-.&„ 7 T 4 f̂tfiRWGIi. Cftf&jfcr-
**>f-(Differjis-^fffr^r^izvT 4 Mk(0{mi&it+&K.it>t, J:t)l£l6fflfflAK 

7 T - r ^ i4» IMBiO««*»A-eM^«:4**«LTl i«4« l* : . JENDL-3©fFffif-^ffl 

7r 'f*ftliCft*>&-i?*oT1 57^ft7rii, £©WGIiJENDL-2ffliI*ft*lctifj&Lfc<, 

JENDL-3IC**y-7iJi^Efef- :?*JR*rt-r5C4(iMIC^ig$tlT*5t), *fc. *0 fF« 

f^Miicii*>a9©a#ia4vv*v-%mtzct&^Mzntzvc, '>rvm%£R£-ei±, 
53£«frS#: 'v|g£l£fcf-*WG*fBffi*-e--Oi5o tCWGtftt^wll^ffilBriiai, 2 
** 'yv«©X'>e?h**of f«#af f l«W, M M = > - P O M • * # « • & . t&kttlttim 

\C-D^TiZir-(:KT-9(E>m9k:&'fT->T^Z>o F P f t f - * WG«, JENDL- 1 (Of- *»ffi 

Fig. 2 »CJS Lfc J: 5 K, J E NDL- 3 (iBBfa 58 ¥ $ K f - ^ffffiSCX 7 T - ( M t £ & 7 L. 
59 i£&tpicm*<£"<>?•?- 9 • r x t-Z'a^fzfc, 60 4pKiaSJ (1985^4^ ) K ^ H ^ S 

^Tfl-3fcMi«>&ftT^50 

4. JENDL-3£l«*HI5<l"7' i7'J-4.©iHft 

JENDL- 3©5£$#¥5££ttTl>S©ttf i2^&T'*.5#, KBfr£-e*ffl:F;fiS*l.5ffi«* 

gH?-f •Sftttg|©A-!S5 4 -fv «J -®-?rfl4£J±fi:LT, JENDL-3©*J:--r0&«fl-0-*LT 
*fc^t,B9o s « t f orfc jENDL-3©fMiii7'-**f-r-eK***>«-e!tt<s<, att&a 

8W>.5C4ttT*fcn#', JRtt8f»6»&*©5'f 7*5 U -©*«fc*©88ttt{), 7-f7*5!)-io 
«fj|tt tJ ©-«*l IWJi,S C 4 # T # S T * 5 7 o 

SHE, 1&#0rtStta7J (?) **ttt-«fr©<k7te*ft*ft7cS!©8ff'-* • 5 ^ 7 U-

£ 8 o T ^ 5 0 i ^ fe f f l tLTI i , J R H O E N D F / B - I V , ENDF/B-V, ENDL, £ S 

©UKNDL, B&©KEDAK, VJS© SOKRATOR tt4'Ai*58 CtlbJzMy 4 7*5 U -
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fflfiHo^tt^aUfflgfc^Fig.SIC^Lfco SOKRATOR {tftWl 7 + -v •> h feffffl L 

BXx-mmitimwirmmnft/ozm^r^ti^,, ttz, uKNDLf*i9?3*£««»«£ 
r>t£r,Tl->Z<Dfr*Bar"&Z0 KEDAK& KEDAK- 3Fma>mRWMX>r^Ufrr,tzW, A 

i£, KEDAK-4©#ffi*l»-tff>*lT^5o La>Lfc#£, <:*l£>©3?B-<f>g$6©7 T >f ^ft 

i&<Dftmt!&mh(D-%ftlc£> \), W&, a - o», ^(D^WAtHm LT*;!© 7 T >f ><K JEF(Joint 

Evaluated File) Zftl&t 5^lSllc«r^r^5o tftfc-sOTttStCft^TTif I <&^£>*l 

COJ:-5 4-»|Si«-%-arLr, t t ;?«JENDL-2&t;-3fflJK*fi8?iI£ENDF/B-IV, 

E N D F / B - V , ENDL78©-E-*liJtftLT*-5o Cftt.5-f 7*5 'J -ICHVZT 29- K 

OiRIW£«fflJife£ Table 2 Ic^Lfco JENDL- 3 © T * ? - K«ttfefl(i, E N D F / B -

]VO*n i i t ^5 i*>« t3^^* iENDF/B-VlCj t ' v :5 i*^ j : t ) ^ JgLr i , ^o ENDL78 

© r ^ f - K^a©JRiirtKli^«t3^<, ENDF/B-V©-tniCja^t>©T?*SC,i:)!)i@4o0 

ENDF/B^«iv^t.v^^fi1t5g;Pi^JK«ft^a»«-^:*aic*jn*-a-fcciAififi(:65jr-*5„ 
JENDL- 3-Cli JENDL- 2 lc*f L T T ? ? - K^SCiljtoSrfffr-f, JKtt7*-*©K©|£] 

Jiic&SS-fi^-ri^a*, 4-^©f-^fiJffl©liisi*l,S«>TiKtt^afflSSico^rs*i=f© 

+*^^ t .S^ l c*^ r f f l |BB-e ( i , FP^S*i^:3|5^*i465o Table lK^LfcJENDL 

I'TIi, ±f2©i'©7^7*5'J--et><H/:«(D]lcab5©-C1, #*<2g'4>fi$ (Z<29) K-3l> 

TiRifW£S©J£8:£fT7 (Table 3)0 #*W4-Ci t t , ENDF/B ^ ENDL ©iKUWSW: 

S^ja^fco^Tt t^^^cJg^^tSlc : LT^5©lc*fLT, JENDL^Ii^iK7C3!l©a*»**llc 

^^ns^^^aico^rfefFffif-^^W^Lr^Siii-eabSo <:©«fc-5tt JENDL -e© 
& » « , i5¥i<lc^Stt*i®li*nrt,^)!iJcW«6H-», Sc*t«ffl*©fFffi, Kerma factor 

©ItJfOfiglcli^'SlcSg-ei&So J E N D L T - ^ 7 G * K ^ * t t S £ £ & S £ - r ~ * T t t S l c L 

fcttfiWl*. ±!B©5 4 7*5 U -©F^-eiRtt^fi©St)±y^liia^lS|i:<SrSllca65oJENDL 

-3 -e i i , ^©KJi^^-e^fcfcHe, P, S, C£, Ar, KO^afcilflOLTft©;*:!!^ 7*5 

&lt, J E N D L - 3 © # g © l o -^*5 A*v-7*g4fig^7*- ;j'*St)An5«t8*ft&©7^ 

7*5 ' J - © * n i * J t R L T ^ L f c © * ' T a b l e 4 ' C * 5 o JENDL- S^&toTtf^JMfcf* 

- * £ $ $ • * - S t i l e « - , £ / : » , *ff l?-*£«9&«tt£>g*{g|8KRo;fcC£a»£, Table 

4lcJlt>ft.5«fc-*>lc> JENDL-S-eCiKWStWiENDF/B, ENDL ©-efllcittS LT*» 

iS?)i t .nfctOl!:f t- , r i>5„ t 7 ±7-*>&-<, iR«^a©ttiH^(C-E-iilc^**l5ff«7* 

- ^ © K f c o ^ r f e a i Ltttffttftt t .^©-*?, iRiirtM«ttA:y-C!7^ 7*5 'J -©fc-ftttl-* 

-e#«o* ' , JENDL- 3 V k ^ a t t t f v ^ a ^ © ^ - * ^ ^ ^ * © * * * *tK>Sttv» 

ifW®-C*>/Xt)#J|!j$n5CiA*#if.n5o *©&, ENDLTS-ettW^-rH^fiRftT*-^ 

* £ ^ « « © » » © £ ^ i : £ a ' # f t £ t t - 3 - r ( , * . 5 0 

J2<±©«fc-!>K:, <Ktttt8©*i**^l,fci# J E N D L - 3 (i E N D F / B <f> E N D L ©.fc-jtt 
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& ^ » © M a £ 

JENDL-3ffr£©f£3i{2Jifi:LT^.5as, JENDL- 31tS©*^#«SgW7T-f ^ R t f S 

F P ( Fission Products) 7 T -f.^©fl^S*^* -oT^5^fy-^ffittfffigffl^lSUCj&S«;«-?? 

*-S0 Ltf>L-tt#&, S S , •V^TW^Sfi^© rftflc@W8Ef-*KH*5 a d - h o c / M l g 
£ j -eco^^^trPcgjgffl^t^^ff-oToe^T-, •E-©/j^a^T©igi&^e.(i-3#*)Lfc^isi 
A^$n5fe©i*J f f LTl>-5„ ^ i ^ r - f W o t ^ l i , ?OT#;6>£>©gate£^ fc©©*5} 

ffcv h 'J •» ^ x £ f W * a » f f l i ? y ' * 7 - £ # * . £ £ # , JENDL-3itB-CttW5l6:^rH-** 

r - * I W © : a g ^ # a j W g T O ^ - # © » a © I W * f f o T : * 5 < CiAJI&^SnfcKS*, 

T ^ 5 „ CftKol>Ttt^ilfcHJJttttfttt£dJ-#-#g#S'5?,, 

tOffiC^fCo^Tii , JENDL- 3©**Kaf*»S#4 LTffl5Mg*»&JE^o< tttt&ff 

^»«ci i 1 & g 1 iW#©^?iWfm#f l i»&*iTi ,*S# , 1 SBfflT'-^t t^SiEcag 

g f e x - * © ! ¥ « * $ « 

6&-r-:$'©IiFffilc*jLTf±> >fctfWG***lfi!ESflT^fc<T, 7!'-*?F«i©#fit>HJHtte 

-?T4 Mt<D?»-7&, mtom>e>e>ffl6?-*cDmmzg.Vxy r -f Mtvlfemt'rio 
i)i, 7 T -f ^b©f^**EitK4fcfflafcfi1'5fc»lcttB|#fflHI©3 %-*.*-•>; a vt&m 

JENDL-2;6>6ffl7-f- V>*<»9 

JENDL-2 tete&.LtzlXfr<OV, £#Bfc*lJfflSftJF^3tt5©»tft*»&-??*S**, 

JENDL- 2 1?OH»a*Witte4fc^«ilcjBaLT JENDL- 3©^fi6^*JCK«S*«iK 
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JENDL- 3 Tf!iiRttft«©iiflDtt*/hffilce*S^tt 'e^**Jlt»T^ * # , 5feic kiB^ 

(It £ + a U t - : " JENDL- 3 f f l X 3 - r , JAERI-M 9523 (1980*jM£T'-*f>tafc& 

« £ ) (1981) p. 199. 

(2) &MM*:, S + * m - : " JENDL-3ffr&U-®\ B * © ^ ^ ! * 23, P-M(1981) 
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i 
1 Table 2 iR#iSi«©lt8 (79+-Y, Z ^ 9 0 ) 

z 

90 

91 

92 

93 

94 

Nuclide 

Ih-228 

229 

230 

231 ' 

232 

233 

234 

Pa-231 

232 

233 

234 

0-232 

233 

234 

235 

236 

237 

238 

239 

240 

•p-236 

236a 

237 

238 

239 

Pu-236 

237 

238 

239 

240 

241 

242 

JESBL-2 
(1977) 

JEHDL-3 
(19857) 

o 

o 

. o 
o 
o 
o 

o 

o 
o 
o 
o 
o 

o 

o 

o 
o 

o 
o 
o 
.o 
o 

ENDF/B 
-V 

(1979) 

o 

o 
o 
o* 
o 

o 
o 
o 

o 
o* 
o 
o 
o 
o 
o* 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o * 
o* 
o * 
o 

EMDF/B 

(1975) 

o 

o 

o 
o 
o 
o 

o 

o 

o 
o 
o 
o 
o 

ENDL78 
(1978) 

o 
o 
o 

o 
o 
o 
o 

o 
0 
o 

z 

94 

95 

96 

97 

98 

o S 

o 
o 
0 

o 
o 

99 

Huclide 

Fu-243 

244 

Aa-240 

241 

242 

242* 

243 

244 

244a 

Ca-241 

242 

243 

244 

245 

246 

247 

248 

249 

Bk-249 

250 

Cf-249 

250 

251 

252 

2 " 

Ks-253 

III
! 

o 
o 
o 
o 

o 
o 
o 
o 

EMDF/B 
-V 

(1979) 
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O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0 

o 

EHDF/B 

(1975) 

o 

o 

o 

EHDL78 
(1978) 

o 

o 
o 

o 

o 
o 
o 
o 
o 
o 
o 

o 

o 
0 

o 
o 
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2 3 
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29 

31 

Nuclide 

K-l 

2 

l d - 6 
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Be-9 

B-10 

11 

C-12 

M-14 

0-16 

t-19 
K.-23 
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Al-27 

SI 
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11 
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M 51 

C : S EB IE CNAIG) 

JENDL-3-e«riS4)SSgs7 ' -< '<oiRiW^aSSnD<0l '3lc t t^)T^S o l * > l , WiRX* 

it fission IC i fc ft -5 delayed r ®T~9 ZtCXfML, V y{ >\>K£;yty3bZ>fr&m& 

SftTfet>-fffilci?^TVSo prompt r £ H g g © ^ 4 © * 5 delayed r # t t H r * i £ l i £ 

x - 5 ' 7 T ' f ^ T r f i ^ f f l ± ^ : l 1 l c B 5 ! 1 c o 4 ^ i ^ ^ i c policy £HJ55tlc LTfc^TgfeL 

Q : S « H S ( B 4 ) 

JENDL- 3 ftfig©±§ft"C-&5H©|nI±!-i^#;-e;&3#, HMff iPF^x-? -yT4iut 

A : S j | e * (SOT) 

S l O ' s y f ? - ? - x * h T ? £ n * S m * i R # 5 © # l o © § $ - e « & . 5 # , -e©<fc-5tt;g# 

x* i>fc*^T?M«-*iĵ -r5t)tf ĵ±tt̂ o WMmo>%Mipi>%x, m^<DWM.t^^uh<ox 
*5*>, ^ K l i g l ^ i i S o f c C i f e S S i ^ g ^ S S o *fc, C h S T ' O JENDLTrtt*&/>£" 

C : £5 tt Si 2 (ISBf) 

J E N D L ^ C f & ^ t t i ^ P ^ O j i f f l - f x h©$§^, thermal region ©fFffifc^+ftttfe 

Q :JH £ *? 8 CNAIG) 

m7-9*m%<D±%frt>lt, ! B © f f i i ^ x - * # # ; U ^ - e , W5a»lc@#ignt>©-e«& 

ft(fSH5ofc©T?*oTfcffi-5aic:ttttt.ft:^0 JENDL- 3im&FlZ£, M - * i i l c S 

HS-a -5Ci^ iE^ i j> t iT^5Ai , ^ > ^ 7 - © £ f r b f i # £ i i f c ^ © { 2 f r t t t ) B I I " e £ , 5 £ 

S 7 o * C - C « g f e a K ^ ^ * 8 - , T ! g © g ^ 7 ' - ^ * a i L f c ^ A J J E N D L * S t f A n S < tt 

A : m a m * csw) 
ftlcm^tzkoK, JENDL- ZX'tt JEUDL- 2tpt>mmttftfc*£JPZtW%ttT'&Z0 

mz\cmmtz&waFPsmx-n^mmmmwir, i&o^mic-o^xiicti-ixor-•?o 
M.g.l'P&g&iTotZtttKDX'. * © i : - 5 t t c i l c B t t & t t ^ i S - 5 < . La»Ltt#5>, F P & 

ffllco^rii^WLTSSIK*ab5Mgg£-oy:^^S^^ib^in^^a 

Q :f) Jll z¥ (JMf) 

mm&p77-s>rv t-<Dmm.nm$:'rtix^z\[.mfr?>tt jENDL-azgnftmzxb&g 
W&mx-&Z*L\. 7Li, C, O, Fe, Ni, Cr, Mo ICol^Tffiffl LfcH„ *-©@^B#$ii 

A : S M, g * CHW) 

&*©MS©x*-*M#HBt&5fr t t*7£JEte lcf f lgLT( .^ . i :^a "e# 5*: #§?;*;£• Lfc 
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7.2 Joint Evaluated File?)J&i£ 
m m. m 2L~ 

Current Status of Joint Evaluated File 

Yasuyuki KIKUCHI 

Joint Evaluated File ( JEF)f i , gfctfl (B#&£**l£) <D&mWffim&&r-f 5 A 

y v ' J - t , ENDF/B-V©#&H&lt*j£n;LT, 1980«PK{|^SnS&fN*i6*ii«>t.nr 

*-©tt!(i2o©Phase lc#tt "Cf*iftTfcO, Phase - I T?liK#©ilMffi3lf-* 7 T 

o W 5 „ Phase-II"Cfi, Phase - I 7f5ul&Lfc 7 T 4 » JEF-I (D^O^-7- V T X h£ 

ffl\ &gtti§£ICIiJ*gfflS§!Fffi£ff-5t£ic<j:oT^5 = Si&li Phase-I ©g^gpg"?* 

19, Phase -nof tWtA^WSnTl^o 

JEFItilO^*"C10^ii(±Table HC^-i-0 S& NEACRP ICfc^T Campbell (3?), 

Kiisters (54), Bouchard MA) © 3 Afr£ffig£ftfcgii§A>b, t f l i NEACRP O Ad-

hoc Working Group t ITftStfr'iitobttfcAi, 1981^® NEA Steering Committee 

t 'NEA Data Bank fflflt LTiESKfcSStl, SEftliNEA Data Bank £ * $ J i 

a*!iCOati@fc^LT, JENDL-3#&®5fc£(D3y§A»fc>, Phase-1 £-ett;?cg!Lfc# 
Phase-niCoPTligSK^SSLT^fco gW+ll]fi£ffl«@®Ici#£, TNEA Data Bank 
#JEF-nicH4-r-5¥®ipc|g©&®J i ^^T l^ l cg l tLT^fc^^ -eS -o fc j i i , B*£ 
LTIi, Phase- II®SlfHi£{§£ftSLfcffl*T-, Phase- HIHi*S5£t-S^li^Hlt t*^ 
fc„ 1 9 8 2 ^ 9 ^ 0 ^ 2 i ] Scientific Coordinating Group Meeting 7?, IL^COlPtt 

B**>t.O JEF icft-t Zm&O'mM.t LT(i, J E F - I left LTfig^lCJSCT JENDL 
-1,2(DT-5>Zm&U A>tt 19Ofgffi (SSt t Actinide ££ t r ) O x - * # , TS^^T 'g 
fe<iHT§5x-^J t L T S f f l S n r ^ S o —S, Phase-HltBULTIi, J E F - I ©-^f-
? - ^ x x htff-5», MSKJ&LJT JENDL-3©f , -*£f^- '5&-t f*39£f i&3f t -5o 

gg l c JEFO^HttopD^T-*-5*i, MEA Data Bank MBJcStfLTtefeMiORiftK 
W&tt<&§§, *OflkO@ICH*&H*iIlIll-e*5o CftlCftL' Ku'sters frt> TENDF/B 
- V ^ & M l t L T t ^ FP-p Actinide felf^glittff ^ i i f J £©ggfetiJ$*l. -#IAEA 
A>t>ffi^tffi£lcj:S Actinide f - ^ O f ^ h3£"C$8t*;£€ < fcSb Actinide 7*-* ii&ISIC I 
T§KL^£®ggfel?-a-t>ftT:fo<9, cnbff lSt^iS&K^fifsnSWctCfco ?A£lT!i, 
T-£5fc' t t&§§®ffilS£»tf£»#M*U^£%;iTl.^o 

JEFO^&^tt i ffff iutf-ho&fiJl tgSlTli , r#ffM#(i, -E-©rF«I££fcg©JB-c--

+ B ^ B ^ S W ^ ^ T : Japan Atomic Energy Research Insti tute 
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l '„J i f f l Camphel) ©JU?#-gl£:Slg£ft7to LA»L, ^ v ? ? - ? x * h © u-tf - HcKIL 

C : IS 1 & § (NAIG) 

JEF - H i J E N D L - 3 0KS"e , &tfMict£ e>-f\c JENDL-3© 1 S5£ JEF-HIC 

tgtt^SJIi lOK:, J E F - n o f F f f i O — S P « - J E N D L - 3 C J i ^ * ^ 5 S | t t . JEF£fe-3 

C : * ft K (*±WS) 
r - production data <DWi. * o < 9*ijfflt?#£ <fco ttf -*©fHffi#fti®T-#fttf 

ftHL/rS^S^ifiST^, 56* J E F © $ ® i § £ © * : 3 - 7 l ; t & < ( i f j i ^ ^ ^ i ^ t o * ) , 

J E N D L i f i * O ^ T ^ ^ < ^ / < £ 5 „ L f c ^ o T , %>9i JENDL £ LT?i]fflT?£ 5t5Bli£!>^ 

A : S '/tfe K 2. (HOT) 

JEF t JENDL £©'•>•-:?-1±&^%*.T<&5#, JENDL tiUBiJWlc&gg, J E F I i # 

JENDL-e&MLTfe, TCtlU JEF aor-ftZk'gt'tetttUZ&^l £ © # * . S fel&fi: L 

iSff l f , ^•^CO^fc#StLT*fM^^# 'C v a56-3o 

Table 1 JEF ft Hi (0 S S 

1980. 9 

1980 11. 20 

1981. 4. 9 

1981. 9. 16 

1981. 10. 

1982. 3. 30 

1982. 9. 8 

1983. 1. 20 

^ 2 3 0 NEACRP 

jEFitHotig, mn 
S 1 0 NEACRP ad 

Policy, scope © f t S 

^ 2 ® NEACRP ad - hoc Working Group £ £ 

Phase - I ftMftUiklg. 

g 3 @ NEACRP a d - h o c Working Group # £ 

NEA Steering Committee ^ JEF 9tMftM<Dih£ 

NEA Steering Committee 

JEFH-Bfcg, NEA Data Bank tm^M^-

S5 1 [si Scientific Coordinating Group ^-o 

Phase- I ©i l^ f t f i . P h a s e - H O l t i H t S 

§i2 [el Scientific Coordinating Group 

Phase - I fflitfm Phase - H ©ttffiafMt; 

9s 3 [s] Scientific Coordinating Group ^ - Q 

Phase - I ©ijgfi, ^Vf-v-Vr- * hCDff-jlJ, 

Phase - H f t i i © NEA Steering Committee -"-©Sl£ 
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8. &7*-?#*f»N°*;Wfi£ ~%Wf-^<D% 
mzftijx— 
Panel Discussion on Future Piano for Nuclear Data 

*®f-HS£f?gLfcfcffl-e&-So l i C t o l c * * IJX h B^f f l ^o iSg l r tg lcHvfS^fcSSXa 1 

&<3, ^ O l - e W f S O I E ^ ^ ^ L T & S o !-fl&®rt§®i£:S:lfc;tt$#*ifi-6|Sfi; (USD Stfigffl 

S - f t (HOT) tffTofco C M t i ( i 8 ? L $ L i i f 5 . 6HaSH£) 

( 1 ) I^Wi;-T>y^(CJ;?,^f'-^c7)11iJS 
7.K ^ 7E 7n 

Nuclear Data Measurements with JAERI Linac 

Motoharu MIZUMOTO 

£JS-fo SniiStil20MeVIC«^SSrU0J^tS5*fflDniiW CS-Band 2857MHz) K,fc<3 

i S W W S J B ( r , xnSltO ft £•)§&££# 5 ©#Hfitfn?. I i T ' l i > - y 7 b i l , T 

©JHfrfltJ;*), 4oo5lil*^fiflJi?T/j:*)nTP5o CSS l#®fRfTf t i ^ f t ^ i © * - * 

F ^ i t ^ a v 2000^FS-e* i9, *¥ii*ttfl8fBfflifiil£itfflip e.nr^5„ 

©Tr, H2lc6Li A'7X, 1 0B-NaI fctfjiglt J; ,T^&ftfc4>tt^5fi#.tfc&£nT^£0 

X ^ ? b;l/43(Cat,n?)tgitt±, ^ f t ^ If-Alp© 7 -fA-?- W V 7 7 7 - ^ a f | l f f l l , '•>'", 

V ? =5 v Vffl&MW) IC&SPb, Na , Al ^i'OJ±q|icj;5feO-e*>5o x "< ? h'Hi*:* 

A M C x ^ ^ + ' - O ^ i S - e S S - t S C i ^ t b ^ S o S'-f^^afe (20ns) T(±, i f t t U l O 8 

HCffl'J-T-,?Trte, £ltlJi^p§gifeK:&gttgi#§4i£ti ( F - P K 1 ) ® keVS&OliBI 

fio-CSfc. S2ttgffiai5£L;fcF'P&S®g!I. S|;£x*A^-ffiHiJ.J;tf*gK, SfcfggS 
* Bffî ĵBFfiSff Japan Atomic Energy Research Insti tute 
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©Igs© 'J - T -j £ffl*fE*fl=£i2Lfco t & b i s i i T f i ^ S & f t v ' > ^ f - ->3 v&fiB&jWHl* 

t>ftTt>5„ SJa-eii^F^4~6S@fflffl!l£AiJi#ff/i-*)n5<fc'5lctt-3fco t y ^ i L T O 

S f t 5 . @I3 l c -«a j iLT 1 , "Agf f l | | g lSS i &*t - 0 tffl&@-et±E&i¥<0-7'-*FiaK8i2teffl 

i J ^ K i o T ^ t t ^ S S I S i a (Strength Function), sp i ^P fe^g , ^^*g|=tl1]ttt"©^K 

©£^<I#?#t .* l"C^5o llUlcflaji l T 8 7 R b ( 0. 00275 a t o m / b ) ©fJ£*£S£*-fo *",! 

* it-E-©fl&K fe, U. Ta te£*®£§f®:g©ifi?©i!]£#tFe 7 -f n>9 -m&^XWlt>tlX& 

<0. * t t ? f f l ® K ± S * ' y v ^ x ^ ^ h ^ f f l l l S f e H - i l S t i T ^ S , 
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Table 1 JAERI Linac parameters and performances 

Electron Energy 

Operating Frequency 

Pulse Repetition Rate 

Pulse Width 

Maximum Peak Current 

Maximum Beam Power 

Neutrons per Second 

Number of Flight Paths 

4 0 - 1 9 0 MeV 

2857 MHz (S-Band) 

12.5 - 300 pps 

15 nsec - 2 ;isec 

6 A (20 nsec) - 600 nA (1 jisec) 

4.5 kW (short'pulse) 

several x 1012 (short pulse) 

5 (18.5 - 190 m) 

Table 2 Average capture cross section measurements at 52 m 

Target 

Nucleus 

-

15!-153Eu 

E U ) ma-UBmi 

'"'i^Sm 
107-109Ag 

137Ba 15S-lS7Gd 

Others Ta, 

Energy 

Range 

(keV) 

3 - 100 

5 - 300 

3.3 - 300 

3.2 - 700 

3.2 -'"120 

J"Cs, 85 R b i 

Accuracy 

(« 

5 - 15 

5-15 

5 - 15 

4 - 7 

natAg, Au 

Linac conditi 

Current 

(A) 

1.0 

1.8 

2.7 

5.0 

5.0 • 

Rep. 

(Pps) 

150 

150 

300 

300 

300 

Ions 

Pulse width 

(ns) 

100 

30, 80 

30, 80 

20, 80 

15, 80 

Table 3 Resonance parameter measurements 

Target 

Nucleus 

238|j 

Tb 
79-eiBr 

lH7-lH9Sm 

La 

Cs 
107-109flg 

as-a7Rb 

>37Ba 

15S-lS7Gd 

i"Sb 

Energy 

Range (eV) 

5 

3 

30 

30 

1.5 

1.5 

70 

50 

1.5 

200 

200 

1.5 

2.5 

2.5 

20 

- 4800 

- 1200 

- 1000Q i (7sBr) 

- 15000 (918r) 

- 2000 

- 2000 

- 2500 

- 2000 

- 7000 

-10000 

- 5000 

-20000 

- 500 

- 1500 

- 6000 

(™Sm) 
(l«Sm) 

(85Rb) 

("Rb) 

(lsSGd) 
(lS7Gd) 

Flight path length 

( m ) 

190 

47 

47, 190 

52, 56 

52 

52 

52, 56, 190 

47, 190 

56, 190 

47, 190 
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Neutron large! room 

Conlrol room 

Data ocqusilion room 

100 and 200m 
slolion 

. Accelerator room 

Modulator roam 

JAERI electron linear accelerator 
Fig. 1 Arrangement of the JAERI electron linear 

accelerator. 

U l j 1 1 1—I I 1 I I I - I 1—I I I 1 I I 1 T" 

10* I—IT 1—sa—i—i i i 111. 
i u Tn1 in* 

Neutron Flux 

measured with °Li detector 

measured with B - N a I 

detector 

I l i l t . !l L 
10* irF 
NEUTRON ENERGY C EV ] 

F i g . 2 Neutron f l u x s p e c t r a measured wi th G L i - g l a s s 
d e t e c t o r and 1(>3-NaI d e t e c t o r . 
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O 

10° 

10' 

J- .© 

^ 

7 . 

- S A W 

^ § 1 ^ 5 - ? 

. . i 

, 09Ag 
© Weston efoL (19G0) • 
¥ Kononov et al. (19651 l 

=8= Chaufcsyef aL (1966) 
RCN-,2 (19771 
ENDF/B-V (1979) 

^ T S - w ^ JENDL-I (1981) 
""•—=3_ * ~ ^ " ^ ® - » « L —*— Presen' experiment 

* ' - i l " " ^ * * - * ' " " - ^ . 

* "-̂ -i """"-wdr"—-~-
**>—„ '—l_ -~—- \ 

^ ' ^ ^ — 1 ' \ \ \ 
*** '—1 ' v \ 

W L - n - \ ^ - — • 

-• • . . . . . . . . 1 . 

to* 10 
Neutron Energy (eV) 

F i g . 3 Average capture cross sect ions of 1 0 9 A g . 

6 . B. 1Q. 1 2 . 

NEUTRON ENERGY ( K E V ) 

F i g . 4 Transmission data f o r 8 7 Eb. 

1*1. 
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( 2 ) mt±?4 t U a VftKt iitt S&f'- ^O 

Nuclear Data Measurements with Dynamitron at Tohoku University 

Shin IWASAKI* 

> - * : 3fcB Radiation Dynamics , I nc . ( R D I ) 

- f*V = 314. @"f * > (H, D, He) <Ob 

Sfflcife: 2 MHz ~ 3. 906 KHz 

'*tox\\i : 1. 5 ~ 2 n s FWHM 

: DC : 0. 1 M~mA 

A ' W : - f e w CA ( p e a k ~ r a A ) 

ft 

D + d S S (3. 8MeV~ 7. 6 MeV ) 

T + d S l S (16. 4MeV~ 21 MeV ) 

T + p KlE ( 0 ~ 3. 6 MeV ) 
7Li + p B E ( 0 - 2 . 5MeV) 
7 L i + d K l E ( 0 - 2 0 MeV 3 © thick ta rge t 

^ t t ^ H ^ f f l 3 ^ - * ( '82fC2=i~XtgiS!) 

wtwmmm i=>-* 
t ' -Afggffi 2 = i - * 

5 ' f i x 2 ' , 2 ' ( * x 2 ' N E 213 •> v-^ u - •> 3 >&t& 

70 cc Ge ( L i ) fctbgl : r g|£l£gr®S®Jj£ 

HPGe ttfflfg ( 78 cc ) 1 : #aH§|ff l , SfS 

100 x 75 x S)0 ( m* ) ^ N E 213 -> v ^ u - •> 3 v^miS 

&tf. - > - J I / K . zf=.*t-9 - > * x A l g # c f 

• Edb^^, Tohoku University 
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m%im ( u , P U , Th m) •• «i wmm 

NAIG D V " J - X ( 2 & T Q + T O S B A C - 4 0 C 

CANBERRA 88 (£&?£) + E C L I P S - 1 4 0 : &®<P 

(i) aas i i s^- r i Jiii, ĵiiffi 
g $ (Li , Be ) . * f i& (Fe , Ni ) . fi& (Th ) * l c o ^ T , I K 4 - 7 

MeVOfigigreO « e ^ ( # ) » j n e l ( tf ) fflffl'JSt. gt»S?fffo 

&M&!ptin ( C , A € . Ti , Nb, Mo ) 3|eD£|t 15MeVJH±-e®DD XOffliJ 

(3) r ^ f f l S H i ^ ' ^ - T ' ffiS. HdiflS 

Th ^ O ( n , n ' T ) fflffljjg 

" ( n , n ' e ) ©$JSi£ffl§fJ§S 

(4) ®ft%i&(ffimmi£r>L'-7 *ra, m ^jiifls 
T h , U, Pu m<D <r{ O i l £ 

(5) S t ^ H S ^ ^ - r WEB, ¥)Hflfe 

Fe, C, LiO^SftSSfctb+tt 1?-*--^ h'ffflifflS 

(6) *<0flfe, £«glcjEii;-Cffbtl5o 

3. ngmmo&mtmw. 

K^ib f t f c f f l f , i tgWlf i l 1 * '"*-* (25 x 20m2) ^ fe^TfcO ( H 1 ), 3c#feit&Wra 

tf, ^rtffca©^'-./? ^ ^ v Klc( i4>LSSi^#fe5 0 

XfcKS^fcS&lc, SfSLivESmfgi /xyAi , £#Sc&itJ#0r7J-**fl iagM?iiffl®AKJ: 

- 194 -



JAERI-M 83-041 

- 195 -



JAERI-M 83-041 

N. 

\S 

a-

^ 
K 

bo 

- 1 9 6 -



JAERI-M 83-041 

(3) MX^Uvvybm&zm^*:%'&?%& 
# m & z* 

Neutron Experiments with Pelletron Accelerator at T.I.T, 

Masayuki IGASHIRA 

1. -su l-nWinj§f§£ffl(,^fggt 

3. 14MeV4M4?igl£fflW;:#£B1:]:^©i?i£ 

B 3 i i T * 5 . Z'OHSfcTTIi, c n ^ - e i C k e V ^ttiHUHt ( 2 ~ 80 keV ) ©li@»f®«*! 

iO'ffiS&tfv^Uji*'^ h ^ o i H i | ^ * f t ^ o T # / - ; ^ , d O ^ g H c o ^ r t i / J ^ ( £ * # ) ©IS 

* 'yma^tf^^M^Mm.^<omwRfA^M.tL 1980 *P t ^ b-e* 3„ ?!£©•"< ^ 1- ° >SDiî  

(l) mmtfy-^m^^'y i-^ous 
(2) 36Fe CDAq|©gB^{j[|ifJiCDffllJ^ 

(3) ffi®Mfift©ffl5£ 

T * 5 o ^ t t ? I i L t l i , §t-££-e, 'Li ( p , n ) 7 B e K£©*£ff l<^T^5©T?. ±12© 

Sl i l l i - r - iT keV + t t ^ S g ® T f r « ^ n T ^ - 5 o £ ftb©Hl$ii, S Nifc©|S]_h^©l£it_h© 

S|x * / i / + ' - ^o . 5MeV ^ © f f i g t f v ^ f g x ' ^ hy i /O i lS^ f i ^oT^-So £©§)£©# 

3S©J&ggg&A*£$Sttfl:J& unfo ld in B ©S8lc4 l i5^ | | i i / J \$ <, *#g r i s ' J ^ t <tT?*a0 51 

ffi^TIC, Nb, Mo, S n , Tb, Ho, Ta , & =fctf Au © 7 5£fitK'3l'1"CJ8i]£asi&7 LTV5„ 

N b - T a i c o ^ r i l , ^ t t ^ ^ + ' - ^ O O k e V l t f c t t M i J ^ i W f f t f c f t , A u l C o ^ T i i , 

A f t W f x * n - + - | E $ f - f 3 J j f g # V T ' g g ; * - « ? h ^ O ^ t ^ S ^ - S Z - c t o , 15~600keV © 

6£lto^Tffl i |£#m£*>nfco S K « i L t , Au ©&£©-§[ !£g] l . lc^f-„ 

(2)©^^-eii, tjy^m^\h^tLxm^m.Ge^.\hm^m^\ mmvtmfrummviM^m 

iTl '5„ ^-^10 EKff5 HHiC^Hg&Wifrfl. * p . | i * * * ' - Z7.7, 341 *5<ttX 38.3 

• m«X»^^B?<Pl^0f^RlT Tokyo I n s t i t u t e of Technology 
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keVffl&fl!lz:o^TfflifiiJ^#i&7LT^5o 3-SE. SO k e V J U T o ^ ^ l c o ^ T i J ^ ^ / E W S ? -

(3)®5£S8T?li, * "> ' ^S^HlS iLT« i#g i J ( J : | a f f*n fcS t tNE-213^ t l lS ; £f f l t \ £f t 

ic^-yi/xsBB^iiias^ja^LTissBfffisoaiiit^ftm^T^So stss^-K. I33cs, 
165 Ho, *>££>' , 9 7 Auff l3$ i ! lco^-C, i ^ t t T - * * ^ * ' - 200~-400keV ffl 4 £t?ffli!5£A* 

JU±<Ollgl<OiaA\ HWfiA>t>, n ^ h ^ i h S N a l (T£) ^ t t i f l ^ H ^ * : 28Si ©ft».| 

ffl^#SfcfttI©ai]£fe46i6£ft, ftn.ix * ' " * ' - 566. 2 k e V C & ^ I C o ^ T O ^ f r ^ ^ l l T L 

*^* ' - f a f f l£ j£ t fT±!B©H!^£n 'A-5^T ; £) .5o tefc, jfcffrgfr^, gffcfc polarization 

H 1 - ! i / H " y i ! i p i g t | O i 4 t t ^ t t t i * | | S ( i : 

ffl^ft-'Vy • :?-< A 

J n ^ H E 

mmm^-^-^mm 

0. 4 ~ 3 MV 

~100 yuA 

' ^ ^ f t i f f - A 

^ ' A- ;*. ijg 1. 5 nsec 

1. 5~2 mA 

2 MHz~62. 5 kHz 

4. 5 ~ 5 . 5 nh @ 2 MHz 

f tt-T-H^^ffl^Tt^w • fi-i A (hr) 

1980 4f £ 

600 

1981 ^ £ 

800 

1982 ^ £ 

1200 
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T i 1 1 1 1 r 

X l / 8 

'4t 

10 Hx ******** 
^>cl/2 \ ^ En=200keV * 

101 

\ 

V , Ens4 20keV T " \ , 

f 

V V i 

10 

En=620keV \ j 

f 

itf* J I I I I I L 

8 
Ey ( M e V ) 

H I Au (n , r ) Rfc-fri^t Sfi^tfv'T'gjU-!:? h ^ 
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(4) K * * 3 K & it s *ti&mm9t<r)m%. 
>b ft fl ¥* 

Measurements of Neutron Cross-Sections a t KUR 
* 

Katsuhei KOBAYASHI 

*£g©*H?£ffi"<5#, ^ f t f f l jg f f l£^oT{ifgS^;5©ffilfiS|<!:Ma:*]fc<fc 5 t £*>#;*;# 

i \ , ^©W3Ert!F©!¥ffl lc-3i*Tli#^£iftK!6!9fc^0 

# # & # f i ^ » i » T # f c f | & I J ± 4 L T i t x H 6 8 S S n i i i § ( 7 - f t , ? ) ^ f i - ^ F ^ i i l c i S ^ t t 

x-£»fffi8&Cfl£gSfffl«ffla!lS, ^ f t ^ * - * ? H ^ © i J S , ' •<>x^7-7 jnJS i l«cJ ;S i j -o 

A>©KS-Mfc?§KJESfffiS©ffliJ5£, 2t2Cf$&:m&.tfKUR*YAYOWKl3ttZm&}K&ft 

g ^ t t x * ' * ? H^Jf-ErfflW.:*^:? h^¥^»f®St©i9JS^T?*«3, ^ 1 K C n t > £ * 4#>5o 

Or. tp&^&iWm-Z'ltyyfi;, >y=>v, ^ ^ v , h ij •) i l c ^ ' T i * ^ - f t # i 
B S ^ i l S L-r#fc1)~So) S K , &5>0'-> >J n V7 w ;v* -£{£ofc 24keVROf 146 , 55keV 

SI i K#Bfffi«ffliJS©H^iEggl**1-<, •> 'J => > &tf I- y $ A O ^ i i B ^ i i ] ^ © ^ ^ * ® 2. 

H 3 K * - f o c n ? i l < - * J i L T ^ 5 C i l i , E N D F / B - I f x ' - ^ © l i S L t « E E © ' i 5 J H t A i S 

l * n f c C i T f * 5 o 2keVi£a i cE t> t i5^A v ^ ^ A f f l ^ g r g a i i ^ ^ ^ ^ - t ' - A i g f t © 

n^A'&s^ig^A^fcnT^So BNLTr©n;?-'j!pt--Aii#oifes±o, {fefc©x#'-'i?<7 
A^K-ffiSS'JHiAi@Bg^§n5C<!:<!:<i-3fcfcJ&, f ^ b l i R P I 5 4 x ^ jRtfTB^ft lc J; 

oT^*y^^Agf®a©zRiJS«r f fo /c ® 4 ) ? ®<Sf i -Cl i , Fujita iiSSUz&i 41-y9 

£ffllPT, 2keVfiia©Bf®?lffi/JMl«:ilSLT^5 ( H 5 ) 9 ) „ 

s ^ ^ p / ^ - ^ T ' l i , m ^ X ^ O Q j ^ l t S ^ ' i ' - ^ i f t l c , 5'fx-,?JRiTB#Eaj£fc<fci9, £ 

«fe7<^^-ft!CJ:5JRff^P55}«Tllll©iEma%*-t-o t f t l t J ^ - C i f f c ^ T h C n , r ) fcfo 

©r®fflSIS©x-'5'^J?rig7IC^;fo H y <7 AO i i IC, i£®g#*>S,©'N'-, ? : / 7 >KA*jg< 

LfcMgBrB«iJailB16 4 ' © a 7 -< »t> -^BgJJiSfc^Tff ofcu ' " T h (n, r ) RtSBTBaS'l 

* JKaftfc^SxiPfl&Blr Research Reactor I n s t i t u t e , Kyoto Univers i ty 
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Stg#Mie(£<, EI 9 \c c6D61C6F6 m-> y f i ' - J fcfcf*S*ttT^lg©J±K*^; Lfc" I 
L^LaiSTIi , •>:/•?• u-*<o?§fiE#ig<, H! 10lcfcflt>ft5 J;oK. i § x *- " "* ' - T&$& 

Sid fcil LTI^S B GO •> vf- -f -9 Offiffl̂ 'ffig S l l T l ' S , 

v ^Iffifi-^F^Sic J;-, TiJJE L, DTF -IV^PANI S N => - Kfc J; SfftiiSIIStmOrfSSiJt 
gctSCifc ioT, H:F^KIftttft®ic^<c:i©-e#4-^ilSSfefFffi«-ii«)T#fco ©*(i 

K$agata§t®©ii££**-rw)15i t ft &©*£**»&, hy>i©s^aKo^Tii, J E N 

DL - 2 J; <0 btsLZENVF/B-m>ift!&£ntzmmc£Zitn&mW£:f&(filcm$tMt X 

' J ^^ l l i g , X l i C s K T n ->y*K-9Zmen£tzffi?fcf&&t&&>t:i£.ftLt:0 tftt,© 

&%m®z^vr9-7-y)Bm&£K}^tzm&<p&?\cziLTmmtz£&ic, ,,Bm (n.no 
1 1 5 m I n f a9Hg(n, n ' ) 09mHg KJS£fB«©fiiJ5£KJSffl Lfc16 )17o t ft£©gMg&ill3 

~16fc^^o 1 , 5 I n ( n . n ' ) " s m I n R M I ® l i » i i i l 1 - t * * L f c A V i 9 t f e ( n , n ' ) 
19,mHgSlSSrBSIiSt*®*-*^ < SE-TS^H^^^-fco 

ft&K, ^ t ^ f i i S i l ^ t e i ^ - ^ h^Of i ip l f t t t t t t i i ^ ' ^ h*giLTS HCff>2 3 5U© 

&#84>#:Fli*teffl U $ # g x ^ ? h A^SSfBSt, #ic React or Dosimetry ltg®l 

iflj^ffofc2^ {§&ftfc£RJS0BrB®, ^^S^ffig§^aff?iJ ;&^2lc^.^0 cc ic^Lfc 

iiaffi(4#ft©&£#;itzft%<D%mt±zmm@.(Dfo¥.fttti<o, m^.r-9ommzm*> 
5±-e. x-i'FH1©ffll8*#^L/c*5}ifefi;?ij!S!cj;-S^ff©fig$Ai^$nfc20i £31* 
Mannhart # * t o f c ^ - * a ) £ # # t > # m f c x - * l c o ^ T , *#&JS£l£-ort:ftga - K 
B0LIKM>^ra^Tg/J\@m4aaL, ££«>fc£gT'*>So mgSgffl*#^7'-^(OA>A»fc 
5fflKffiai i /h$<ttoTi^0 *fc. K^SSiSilW^aRJ&F^fflfflBg^aii^JKK/hSi^ 
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m.Z '"Of*"*? 

Reaction 

"Mg(n,J>)='Na 
"AKn.M^Mg 
"AK.i.a^'Na 
"S(n,p)"P 
"V(n,rt«Ti 
»'Fe(n,fi)«Mn 
MFe(n,rtl8Mn 
"Ni(n,#«Co 
5,Co(n,o)MMn 
"ZnCn.WCu 
"JIa(n,ii')","ln 
mln(n,n')">"ln 
"7Au(n,2ii)u«Au 

(mb) 

1.940 
4.831 
1.006 

72.52 
0.7126 

87.63 
1.440 

118.5 
0.2176 

41.84 
169.7 
201.0 

5.267 

Std. dev. 
(20 
4.79 
3.67 
2.17 

' 4.08 
8.25 
4.97 
4.86 
3.45 
6.44 
4.18 
4.77 
4.08 
4.30 

t Normalized with <»> CAlOi, <•»-1.006 

h *&mwHDwmsk 

Correlation matrix (xlOO) 

40 100 
44 58 100 
41 45 
14 26 
46 41 
47 42 
39 55 
19 31 
29 46 
48 46 
56 54 
28 49 

52 100 
25 
42 
43 
62 
33 
51 
44 
52 
50 

16 ion 
40 16 100 
41 16 53 100 
50 24 40 41 UIO 
23 17 20 21 28 100 
36 23 30 30 42 29 100 
39 20 49 50 45 22 30 100 
46 24 60 61 53 26 36 66 100 
31 29 32 33 46 32 45 39 47 100 
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%3 2 5 2 C f * - ^ h - N ^ S f f f i S l 

CF-252 SPECTRUM AVERAGED CROSS SECTIONS 
OUTPUT % 

PROGRAM " B 0 L I K It 

C F - 2 5 2 SPECTRUM AVERAGED CROSS SECTIONS CW, 

CORRELATION 

ROW/COL 1 

1 1 0 0 
2 20 

1 3 35 
to 4 22 o 
o 5 28 
! 6 3 0 

7 29 
8 5 
9 30 

10 29 
1 1 32 
12 9 
13 26 
14 32 
15 24 
16 35 
17 3 0 
18 27 
19 8 
2 0 6 
2 1 5 
22 7 

MATRIX 

2 

1 0 0 
4 7 
25 
3 9 
4 0 
3 8 
15 
4 0 
3 7 
45 
18 
3 8 
42 
3 1 
4 3 
4 2 
4 1 
1 1 

8 
7 

1 0 

3 

1 0 0 
3 7 
73 
74 
7 1 
I B 
7 1 
6 7 
8 3 
22 
64 
7 0 
5 3 
72 
6 9 
64 
19 
14 
12 
1 7 

l PRINTED 

4 

1 0 0 
3 0 
3 2 
3 0 

6 
32 
3 0 
3 6 
12 
2 8 
3 0 
22 
3 2 
2 9 
2 6 

9 
6 
6 
8 

5 

1 0 0 
7S 
7 6 
15 
64 
5 9 
7 8 
18 
56 
6 2 
4 6 
64 
6 2 
56 
17 
13 
1 1 
15 

VALUE 

6 

1 0 0 
7 1 
16 
6 6 
6 2 
8 1 
19 
5 9 
64 
4 9 
6 6 
6 3 
5 8 
18 
13 
12 
16 

HAS 

7 

1 0 0 
15 
6 1 
58 
74 
I B 
54 
6 3 
4 8 
68 
6 1 
56 
17 
12 
10 
15 

BEEN 

8 

1 0 0 
14 
14 
16 

9 
15 
17 
14 
I B 
17 
18 

4 
3 
3 
4 

. M . PROGRESS + K 

M U L T I P L I E D 

9 

1 0 0 
64 
8 3 
18 
56 
62 
47 
6 6 
62 
57 
19 
14 
12 
16 

10 

1 0 0 
68 
17 
53 
59 
45 
6 1 
5B 
53 
16 
12 
10 
14 

: .KOBAYASHI 

BY 1 0 0 . ) 

1 1 

1 0 0 
20 
64 
70 
52 
73 
6 9 
6 3 
27 
20 
17 
24 

12 

1 0 0 
I B 
19 
15 
2 0 
1 9 
2 0 

5 
4 
3 
5 

13 

1 0 0 
55 
42 
58 
55 
5 1 
15 
1 1 
10 
13 

•S T I T A N ) 

14 

1 0 0 
6 8 
8 5 
8 3 
75 
16 
12 
10 
15 

15 

1 0 0 
64 
64 
56 
13 

9 
8 

1 1 

16 

1 0 0 
84 
74 
17 
13 
1 1 
15 

HG24-NP 
AL27-NP 
AL27-NA 

S32-NP 
T I 4 6 - N P 
T I 4 7 - N P 
T I 4 8 - N P 

V51-NP 
FE54-NP 
FE56-NP 
N I 5 8 - N P 
C059-NA 
ZN64-NP 
IN13-NN 
IN15-NG 
IN15-NN 
AU97-NG 
AU7-N2N 
U235-NF 
NP237NF 
U238-NF 
PU239NF 

1 0 0 
8 1 1 0 0 

1 

16 15 1 0 0 
12 1 1 
1 1 10 
15 13 

73 
8 9 
7 3 

1.915D+00 
4 . 8 5 4 D + 0 0 
1 .012D+00 
7 . 1 6 8 D + 0 1 
1 .404D+01 
1 .934D+01 
4 . 2 0 6 D - 0 1 
7 . 1 4 6 D - 0 1 
8 . 6 4 5 D + 0 1 
1 .457D+00 
1 .1530+02 
2 . 1 8 2 D - 0 1 
4 . 0 1 0 D + 0 1 
1 .619D+02 
1.255D+02 
1 .974D+02 
7 .668D+01 
5 .502D+00 
1.204D+D3 
1 .339D+03 
3 .191D+02 
1 .798D+03 

1 0 0 
75 1 0 0 
6 1 7 0 1 0 0 

4 . 8 7 
3 . 5 3 
1 .96 
4 . 4 8 
2 . 1 5 
2 . 0 9 
2 . 2 6 
8 . 8 1 
2 . 1 1 
2 . 3 5 
1 .66 
7 . 3 3 £ 
2 . 4 5 5 
2 . 2 5 S 
2 . 9 4 2 

2 . 1 7 „ 
2 . 2 5 f 
2 . 4 9 g 
1 . 6 1 " 
2 . 1 4 
2 . 0 8 
1 .83 

END OF CALCULATION 



(D: BFa monitor counter, ®: Cd shield, <3>: Pb collhnation and shielding, ®: Concrete shielding, ©: Electron 
beam from KUR llnac, ® : Water-cooled Ta photoneutron target, <8: Son thick polyethylene moderator, 
d): 20-cra thick Fb ahadow shield, ffl: 20-cm thick Fe filter, ®: Concrete shield, ®: Evacuated flight tube, ©: 
ID-cm thick Fe filter. © : Remote controlled sample changer, 0 : Transmission sample, ©: Fb shield, ©: Con­
crete null. ® : Fb shield, ©: Mai detector, ©: Vacuum port (All dimension! are in mm.) 
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SCANDIUM NEUTRON CROSS SECTION 

200 

100 

50 

i 

\ 20 

! 10 

' 5 . 0 

2.0 

1.0 

0.5 

* " * * » 

0.5 2.0 5.0 
Neutron Energy (keV) 

10 20 

ftgBtr The total cross section of scandium between 0.4 and 20 keV. The curve shows an /!-matri.\ theory fit as described in 
the text The primary interest centers on the broad minimum in the cross section near 2.0 keV, where we find a value for o r of 
0.71 ± 0.03 b. Two small p-wave resonances are apparent below 2 keV; these have negligible effect on the position or size of the 2-keV 
minimum. 

a4(l) x ^ y ^ A © ^ t e i ^ K r ® ^ 8 ) 

1 I 1 1 1 
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10 

eg 

c .g 
* J 
o 
ID « 
09 
O 

O 

& 
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Scandium cross section minimum 

measured by Fujita 
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Neutron Energy ( keV ) 
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10s ICf 

Neutron energy (keV) 

present work (tiiiuruy dependent crush hccliuti) 

Present work (point croah itfciioii with filtered bcanis.) 

Macklin ct at. .£. Lindner W ah ^"L, Fomiiin 

Macklin (revised) A Chnen cl at. ""•... E N D F / B - N 

Voeniiz cl at. 'y 3ain ii of.1"' *N. ENDF/B-V 

10' 

18 "2Th (n, r ) RiE .0) 

10"' 

En 

1 0 ^ 

10"* -
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1 

En 

"v.-. 
"... 

• 

—1 1 1 11 I I I 1—i—1_I 111 

counts 
scatt. neutrons-

• CeF6 detector 

oCsDo detector 

" 

~ 
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2 3 4 0 7 • 
Ptdii Balghl (U«v) 

110 CcC 6 tBGO->v^u-^iCi4}iS?-

% Blown i=J Blur Q Hioonwui. ffi AI tlcciroo ealUmtlBf, $ fb pn-eaUbnlor 
CBngf SO ma thick). U> He»r «<em* H O n o l . <S Fb ikkld (XQetal, 9 U Uta. ffl 
Caxmi will. 0 ?fa i s ) &C raSUnatoT UOmn Fb Md CTora EUQxt, Bnm)), O H> 
mJllnaior OCOmni). O EUC tnlUoniM 00 mm. leoamfl, O K allimtter ( 0 O D . lS)ma«). 
U Cerent*- wit] 3 Will si hut. O Pb ihnkl for dmaor. O 'U llua ulnillltibn cmintii 
tank m i i to mnertd -Mn Uu "B-viaailarpIiii HitlTD dtitaot ii teei). 0 ft tbfeH US 
mm ihkW. O »B-n«llM-0io» MlllTIl dacem, V Usury pomp 

WSwl, 

(1) Th alab, (2) Ta-target, (3) Pre-colllaiacor, 
« ) Concrete va i l , (5) Flight tuba, (6) Colll-
aator, (7) Concrete v i U , (S) Fb-ahleld, (9)*U 
glaaa i d n t u l a c o r ! (10) To vacuus, puap 
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I 1 * ~ 
Targat 
Sample 
Au Baching 
Au Collimator 
Radiator 
Cal t ' l l Scintillator 
Photomultiplier 

013(1) Csl <^f)^v=f-v-9 

Mercury Snmplo 

jffifffl]—'M* ' J™ BflQtn 
Toiflrt 

IndiL'm Foil 

Ftadfolor 

/ _ 
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Prolan Recoil Telescope 

113(2) i / i j a^ tHS^ff l^ fc 
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16) 

e G 7 9 
NEUTRON ENERGY (MeV) 

Measurement*: 

!T 

present work 

Mtnlove at ml 

San try and Bulicr 

Smith and Meadow* 

BNDF/B-IV 

Smith a HL 

NEUTRON ENERGY llUV) 
Present works 
f* Neutroa monitor: In, u * " H g ; ISBteV 
O Neutron monitor: In, " • • H g j 374 kcV 
A Neutron monitor: proton recoil counter, ****Hg; 138 keV 
A Ntutron moniioi: proton recoil counter, ™*Hg; 374 keV 
— Filling curve 
— Swum h McUfer 0 p«wM» «l a/, 
x Bomemiixa it at. + Tempcrley 

H15 115In (n ,n ' ) U 5 m In 16) 0 1 6 ' "HgCn.nO '"HgK^Sfff l* 17) 
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(5) mmmmzn-r a FBRi£HM$5&>hvmm^m, 
i l S l ' 

Requirements for Nuclear Cross-Sections from FBR Design 

Yasuyoshi KATO 

a#B-e§l§££ft/ . :JENDL 7 7 4 ^ t i J E N D L - 2 KM*). 1 -m&lcfrWQ%,% LT#fc„ 

JENDL7 7 4 *JENDL-3^©&iTA*H-H • # ? * * » • , ^ ^ . - B O S H ^ J K ^ ftT^S,, 

l. & t S S t ± © g S ¥ g i 

StfiE'Jp? 7 x©*M?gi§:IP (-lOOOMWe) ©'JpifrBlli^Slgl^BJfc&ISlKJ;?) 

J U P I T E R " l t j @ i L r ^ J S $ n - C l , ^ 0 JENDL-2B&ffi^fc8¥tff*3lii<:C) £HgHI(E) 

a ) " 8 U ( n , T) 5JSIgrS«©il*flMffi E ^ t t i i - 0 .8# /h$ < , " 8 U ( n , r ) 

/2 2 9PU (n, f) (±~8*^§<f?ii$n, S J E ^ ^ * © (c/E)icai^[SifeSto*i.ai 
£ftfc(1'o t t l b l i 1 J , U ( n , r ) ^ S ^ 8 f ® a © i ® * l ¥ f f i A > & 4 b - T ^ 3 £ ¥ S £ f t . 5 
( 1 )~ ( 2 )

0 - t O U S i L T , "8Uffl##8f*ll§£Hg ( 4 - 1 4 9 k e y ) © * " ! ' ^ * - * - " * 

©fFffi^iS^^x. t> ft£(31 ^ & , J:EfflSc£|ili£fflfS?#rgiiil£%it L T#£«t£<!f| '< 7 > 

- ? - f f l i . i t L * i S ^ f t 5 „ 

b) #4 KKiSSffliî fFffi #4 KS^]St±30~40^^#<Wffi$ft5(1i tftii, 
M^^aoTfaffl®Tsa©fPtt^c|f.H6^fe51tti^g^ft(4,, #4 K ^ I S S © ^ ^ * ^ 

$-a-5fctolcCft6o^fgffl©i,ilLA^if«M'e*5o 

• 239 Pu (n . f ) 0. 8 ~ 6 keV 

• 2"Pu ( n , f ) 0 . 4 - 0 . 8 keV. 

c) *yy^S iES©i i^ : iF f f l Ta i M n ffl*yy^5JBg(i70~ 100» * # < 

fFffl$ft5(1)
0 cmt, cn&<Dmw<DmL\Brffl&tt&'$'*:7* -9-(o&mfcffis&ioz 

2. &mmmm±.a>wmmm 
igiSF©igiRia:H-lJ:H^-r5SaSttft©«fc^K*giJ*n, •e©*fi£SJEiii!glSi+@§f ;&^ 

2 IC7Ff-0 

a) ®^S4B£^I (FP) ^iCMcfe^s^^atcAOigasnso 
b) ftjtte)gfi£fi£fe ( C P ) J B ^ f e a ^ ^ g j p ^ a g g f l l i t t f - g J b S ^ r y u x t H 

* HSis*3-* y ^ - r 'J ^ t f c S ^ i t FBR Engineering Co., Ltd. 
•* ^Japanese-United S ta t e s _Program of _Integral JTest and Experimental 

Researches. 

*•• # # * l * i g S i ^ © f t ^ : 7 J< -9-lica3fm<DsmBiffl&.tffflmt8kk&5 ±vKL&mi<tiZ. 
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c) l$Wtt ?ftin*t-e*SNa tNa ^©^B^Ai^^SlSlcfc^-CttMftSn-C^BS 

£ft5o 

d) 1i><-ifx l&ft£P2£©#'<-#*-?*£ Ar ©ifc&Mti Na^ffl^&ifei L 

e) H ; * - ? A !(piMli:*3y-53S»aSiE;iS!lffll^rtKfctfS (n. «) ££?§ 

K<fc<9£lj£$ft5o 

f) K^-14 Ili^gSs^fflgll^KtieM©* •> V- ^x^&iSSSnSa 

g) * t t? piWcfc-y-Sg^S, SSiSSS&'PKfcttSO («. n ) *5«ttfg§&g 

^ S K J; *>£(£;* ft •£„ 

3. iiffiM?-±©gg*s 

a) *ft^siE«fa» w8ztix^z®m&<D&iifymt>>z>vtm± ENDF/B 4£<£ 
f i u ^ t . 3-&, jENDL7 7-r 'wm&mtiTicK&i-z^zmm&MimL, &$mtm 

b) rga£i£SfBS StStSftm Tgk&miSimmtLX, ' P0P0P-4 • 7 

•f 7-7 1; -Wff l j t i t i ^* , rurpiJ ®^f*S^9©jg]R#«r3*®t;-a,> < ofroRg 
@ î*«flt.̂ lz:4--7!t<s)o JENDL-3 T<irga^^ffi«©i§;ta#ffiI£ftTP3#. M 

*fc, SltWTfi, JENDL-2B70S|©JB-C--70gfSS©^if^¥7-f 7"7';-fiJ*gf 

-5- •-fe^-lcfci^-cffr&Sft. ?iJffl#BS*»raWc«t.-r, c©p^&A>t.^f1-»^fr 

<£9Ciil«fi5. J®8»#flt*5^Tfe, £ft£|^§tt£i¥&ig7 4 77'MoraBt6#g£ft 

4 JK$i&flMil5K*msgii*S 

£, " feAL-^-iPOiSltlCgfflSnT^S^a^ft^3- K" FPGS-3°<6)lc(i^4IC^ 

tm*&%.mmmzti, ^mmmt L T ± 20-30 ##!!.&* ft-c^s-
g4lc^$ft-CHS«fc-3»c, ffiffl§nr^5S#»rS®liJENDL-l £ENDF/B4 ## 

<LVe*5, i£*P, " - > ^ 7 i I t - i a i f i W / G " -CWfiD «igfllSftjtJNDC7 T A >\P 

nfc<62 ^H£. mmcow;mmt£<o, ±ia®jENDL-i, ENDF/B4 icfta-toftm*® 
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FP 
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P u - 2 4 1 f « | ) 
U-233(* !0 ,T l i -232( iS i© 

( n , r ), ( n , p ) 
( n, 2 n ), ( n, a ) 

( n . r ) 
Cn, 2 n ) , 

• b^»SltraffliailMiH»cJliv»£nTi*.D- FPGS-3"ffllc»(«ShTl<5fc©. 
. . tp&-?se»fffi« 
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(6) tm&pz.*-vu-?x<D$&fre> 

From a Viewpoint of Fusion Reactor Neutronics 

Yasushi SEKI+ 

f 7Li (n, na) t &jS»fE8! 
1. h ' J^AitSi l t { 

„ „. » ^ r - f t ^ t t ^ sg f t t f T -? 
2. & f l Sft I 

1 riK4e!cBfiiS (nonelastic r ) 

3. & * $ H _b 

4. ifgifc&tg ScS-t-ffcSrEg 

+ Yasushi SEKI B*IS-?7jgf3£3r Japan Atomic Energy Research I n s t i t u t e 
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(7) mmmm<nmfo%&mmfc>m:ts:Wcr~-* 
mm) ib s a m+ 

Nuclear Data Needed for Nuclear Safety Evaluation a t Fuel F a c i l i t y 

Naoki YAMAN0+ 

icfc;&>*»*)&-f, * n ? * i f f l # l ? T * 4 L f c D a t a & Method#ffil^n-C*5»J, g # f a f t x 

#-*?*>•&„ LA>Lft#£>, t f t & f f l g * x ' - * l 4 S l * l c * a £ t t 3 f e f f l # £ < . *®ffi—{fc«4$ 

oft***,, ELh©tS£<fc*3 r & W £ £ f f F « g £ - > * x A j fflgg|glcg^LT^-5^, -£®&ffl$§ 

j§ffl'5Jg6ttl£ft£:fT-3Tl'>.5= C O v ' ^ x A l c f e V T S ^ x - ^ l i Table 1 lt7rrf6W&lzft 

Table 1 & W££ffF«3;& •> * x A « ) I * f - ^ 

S * 7 -f ^ 7 9 g 

1. ^tt^RJSBrBS 
2. i W J - t i a w j * * 
3. SiJix--* 
4. Yield x - ? 

5. tiLthtfrl-*X»:¥-X'*9 t'f 

6. r . & t f V T ^ T ' - * 

ft x - * 

JENDL, ENDF/B 

JENDL, ENDF/B 

ENSDF, JNDC 

ENDF/B 

ENDF/B 

ENDF/B 

n / y \-

"J S*6Ulc(43cHLT^5Ai 

j -SIPFE 

decay chainA^JSL 

ftS#*ffi (7**-K) 

* + # OMSFttffl) 

*+7> 

g ^ x - ^ O f t l & l c l i F i g . 1 KJjrfJ:-5K:, M i S f ^ T f - * ENDF/B J ) , JENDL2? JNDC 

FP Decay Library 4 ) {t&£#Ji - f3# , t t t i & ^ f f l g ^ r ' - ^ O f t & i g i t t S - ^ n - P t t S 

£#>*:&©£ Table 2 ic^Lfco &®§t '£0gKI |£ErFfc& ' , i So 

a) #&^KJSSf®@ 

#tt?»J£t1-3tE&£M >"<y h 'J fWc-Ugtt&gi to^T© (n, X) SffiSfSSfeSSo 

$aifcliig;*C«&©£tt5#. f K f a ; ">'•>3->'^'lc||^LfcSffi5, £ Table 2 l t *Lfc0 

Japan Atonic Energy Research I n s t i t u t e 
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ip&?%ii£$ViK&igts.$1Hc~D^-C(D g roup to group t r ans fe r m a t r i x TTcofJ, 

c) &W?-9 

4v*v\-*)wmmmmvffi-K&g:*i-r-9'z&*). %im.. ikm^.M<owm^m^n6c 

JNDC FP Decay Library ^ I H f # S f f e 5 . LA>L, Z = 96 J H ± f f l $ ^ x - * , & 

d) Y i e l d x - ? 

£ £ L T $ # S i c J; a F P O i K ^ - ? - ? - £ & £ # , Rider-Meek 19776), Rider 19817) 

mv>T-9MU&tZ>° mm^^r-9y^-f7<) ENDF/B-1V, V-eiiT9*-Vtfim\z1S 

ti&r-ffr^&l-Zis'O, JENDL-3 -eit, ^0>iK$x-?©S§ga*MSft6§T-C !*>£o 
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m&ftwz-o^-cw,?,t, wffim&7-'-9 7 4 77<)EiiDF/B-vi, VKit^m^^m-G 
fo&o £ fc induced f ission I c o ^ T f c Th, P a , N p ^ l c o l ^ T O x - * # : £ £ LTl*5o 

(«, n ) K J S I c o ^ T l i S i S , * t t ? f g £ $ t K o ^ T © $ | £ - § ¥ f f i 8 W f c > * i - 3 o & ; 5 # , •& 
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fiir*s*s<. JENDL-3 •c©sii*^< mtns. 
vxijD&iK, mMftmmw<omft%£mffi\zte£mmzr-9$:wmfeiii!ii, fr^wmt 

a-T5ffFffi#o#?Efesgi«5o mr-9wm%imi&twffim&r-9<Dftf8i.$:'&'DtDX'tt 
£ < , t a rge t accuracy fcHJlJjgic LT^gft lcf if l^ •iFffi£ffl-i-g#£{f M - f A * 5 i f 

*.£» Sfc, &r-?malz%-o-a$, preliminary«ilMffiM£«gWfc»#!g^*Pfffcffi 

fflL, *©JsS«- feed -back-^ -S^ ic J : f j . «fc f3 P ^ t e f r f f i £ f t ? ' i ^ A i * £ £ # ; i e > t i . 5 c 
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(s) 'Fmmwx-mm$tiz&T-?<vm$z 
tt m a* 

Nuclear Data Needs for Other than Reactor Calculation 
* 

Tohru MURATA 

82T'&^, t©ffl2(cf£M->M M - g f - J V-*-v>r?>\'--?W£ ( JAERI-M 9993),& 

ftlWtlf'-? a d - h o c / j N $ M # S ^ A i ' f e # # i L ^ o 

( a , n ) StE 

$ S : Li , Be, B, C, O, F, Mg, K£, Ca 

H # S : S r i l K / T h i c k Target Yields OfgS 5 , 2056) . 

c p ^ x - s ? h;i>; Ea ^ lOMeV 

Priority : 2 

^ n : Thick Targe t Yields © S £ © $ ] £ # BairU>, West(Z)ICj; OfT&fctflT 

l ^ o 180 © g f f l i i U02 # © Thick Target Yiel ds ©51$ £ Fig. 1, Fig . 2 KTTS 

to mmmfs, mumrsitfoKiocDmmibbtiZo 
(n , 7 ) KJS 

fyffl i w: mmmsimmm, K •> ̂  t- y 
& g : 58Co, " Z r , 106Ru, 133Cs, 134Cs, ,40Ba, ' "Eu, lMEu, Z38Np, z "Am 

S * « :®fB9 (Ifg 3 - 2 0 # ) , # ! § a # ; E n = ^ ~ i t " l M @ , lOMeVJJIT 

P r i o r i t y : 1 ( , 3 4Cs, l 53 ' , 5 ,En, 2"Am) , 2 , 3 

(n , a) Jgfc 

^ 8 : 1ZC, lfiO 

g * f i : a4f£®fE« CftglO#) , ( t ^ ^ n ^ ; E n ^ 5 0 M e V 

Priori ty : 1 ( 1ZC ( n , n ' , 3 a ) ) , 2 

^ n : " C O (n, a ) SC5 ( n, n' 3 aMEgff l l l i ^&t f fFf f l l f f l ^ ] 5 ' * Fig. 3 , 

F ig . 4 IC^rfo 

(n , 2 n ) SlE 

fiJffll«:ffi©at£UfflfiJffl, 238Pu*iJ8 ( 2 0 8 T^»IMI) 

& g : Z37Np 

S * f t : ISTE* ( U S 10 96) ; En = Z35U & # § £ * & ? 

Pr io r i ty : 1 

^ ' / H r - ^ © ^ t t f c o ^ T l ± A ^ ( 6 ) # P . = 

* B*l®iF?jV3gCBi) Nippon Atomic Industry Group Co. 
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(n , f ) 6CJS 

M S : ^U , 239Pu 

S * f t : a i f S * ' ^ - 7 ^ ^ S : E r = 5 ~ 15MeV ( A E r = 10 keV, W&.296) , •&.&#>* 

&&& i E r = 0. 25~5MeV ( T = 1 ms ~ 12 hr . , £ E r = 2. 5 keV, ffig 15 

9S) , FPiRsp (235U lc*fLTf t 9 5 Zr , I06Ru, 239Pu left LXit 9 5Zr , 106Ru, 
133Cs, l 3 4Cs, "°Ba, I44Ce) ; E n = ^ ~ 1 4 M e V 

Pr ior i ty : 1 ( 133Cs, I34Cs ®iR$) , 2, 3 

( r , f ) SIS 

$ 8 : 239Pu, M l P u , " ' A m 

M * « : M a cms 10so, * t t ^ % 4 a cms 10 s o , F P urn « t « 10 s o ; E T < 
lOMeV 

Priori ty : 2 

mxm• gfg^tt^smffiis;Be (n, P ) , 235u, 2 3 S u ( n , f ) , 239PU,
 Z4opu>

 24,PU 
(n , f ) , 239Pu, 240Pu, Z 4 ! Pu(n , f ) KtEfCifett^feOo (*tS 5 96, 

Pr ior i ty 2) 

FP » * ? - * • . " B r l " B r 1
, , K r . u , R u . " , I . " M , >381, l 3 9 I , l39Xe, l40 La, 

,44Ce, 1S5Eu<D±m*>••/•?$&&& ( f f i J t l# , 10 8 , P r io r i t y 2, 3 ) 

wmrnm'-? ; 2MPU, 2 3 9PU , 24OPU, "'Puotfy-^gggjt m&\%, 
Pr ior i ty 1 ) , 238Pu, 240Pu, 242Pu 0ifg&ftg¥*SS3 OfK 1 96. Priority 

2) , 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 24lAm (Dffim® ( 8 8 1 3 - 1 . 5 * . 

Pr ior i ty 1 , 2 ) , 

1) Bair, J .K. , Gomez del Campo, J , : Nucl. Sci . and Eng. 2 i 18 ('79) 

2) West, D., Sherwood, A.C.: P r iv . Comm. to Prof. Nakasima ( '82) 
3 ) ttfflM, ffltti?^ : B # I S 7 ^ £ l f c 2 4 C l ) , 2 ( '82 ) 

4) R. Nakasima: JAERI-M 82-117 ( '82) 

5) Haouat, G. et a l . : Nucl. Scl . and Eng. _65 331 ( '78) 

6) Iga ras i , S. : JAERI-M 9999 p.2 ( '82) 
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Discussion between P a n e l i s t s and Pa r t i c ipan t s 

m a ^i.sh gggf) 

1) #*4«4©W35. 

2) Stf^S^'&'ffc^©^. 
3) fi«6.-f*W££'^m&?KJ:S£5iJ5©$F35, 

4) ' M H ^ T ' - ^ O S F & o 

t ) n ^ n i ± 4 o o i g x - 7 | c o ^ T H i | i | S « * J i J 6 T * f c A i , tp&^m-T-fxDjjfimfcit 

»Ml4*'-'M*Wtm.irZ>&g1)itbittV>-£, C * i l c x ^ h ^ # J 6 T i ^ l ^ ^ o T ^ 5 o fife 

- ^ T t r L 6 * t t ? ^ T ' - ^ © W ^ * i i f i : - r 5 i i ^ ^ S t ; & i H t - r 5 ) , : i 6 l ! : ^ g g * J S ; F S * i f c i ^ 

t t S L T ^ S o £ < 3 £ x . - f f i 6 ^ £ , fciitfCtt^oWfe IB&tttJffiLfc^tJ. * J * l i K * * 

A/^- i f t t^ lCfcS ( n , 2 n ) , (n . r ) «£*£*» S^STf* So 

a ^ l c ^ # i © ^ | i l W ^ l c o i , > T s ' a b S A i , H £ ? ^ x A o ^ ^ g ( i ^ ^ | c ^ < , ififirtfy-

Sf3S^©IS<iKo^T, 5fc®fS©liJl£Lfc(.*o t>tit>tl(Di:C^li 4.5MeVffl*M * 5 h 

a y{-/N>7 • * - K - e ^ ^ L , +t t : FOTOFff l9S*^f-5T^5 0 i ' - ' - f i S i ^ ^ - j S 

Hf±$i:WlteVA>t>20MeVr*5A*, fcv L 7 - 14MeV ©i*A/*-fgffl**ffl!]ftttl><!:^,5F.a 

®;&<*5o ^ • * - r i c ^ f i ^ ^ » f a » ; & ^ < o ^ f f l i * ; i ' + * - T - 2 o o ^ u - 7 ° A i i J S L T l , ^ o 

ztitp-bmommnL. ify^9&msmm, sfcn#Th©BgHfcHL-c*©!isi. ®2gss 
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Jll £ n m (NAIG) 

s ft I t (JHb*) 

i , #ttSSLOB?D?liyielci)»i^:#<TiJ0gi^, »Si*#P1tfi( ta<o#K i ^ ^ * * - o 

K^gl5ftl±#l&ic yield #t/hSl\, t oao f -*£ -BJ fc£Sfc l&lc i i , 1 Hl<D|ggi-e*Jl 4 

-5iS-5*i, L*»LSSP«gSK<£oT^5 Discrepancy tt£*J:!9 fcfigttBgS#**iJyfl-© 

^•»50-eJitt^*>£,©^0 

ft a a a. (gi*) 
^fflij^-e, 300^F^li±, Bfe^J67t2]lFBia^®i^i#x.TMx.ffS^o 

i^£S-3o 7-9tim<Diztbiz£e,K. \mm< b l ^ ^ O f , H S 0 S i * i i ^ t f > 5 

fit ft % g ( NAIG) 

^ l f f lKF4l iU*/ ;0®iJS*ffTff l l i f fa±^tKglL^iH^T^-5^ , M ^ T - l i ^ U 

^Th ©ffliJS£LTl*5„ *ftf±«*^/d'frt>eJt6&0-el ti&o:5"mJIL^£i,^ <fc-5ttS& 

g 2 fflKF4t±il!£## 1 ^ f i f f l f f l ^ O t f - *>%& LfcB#|c, tftfcgfKtt*'? 7 £ LT 

/h n % ¥ OR^'F) 

^•f-Ti^ftko^#lcj;50-eS6-5o 
W a ^ BIJ (ft*) 
fflrt-effliicfjSDrti^i c 5*H#fc^0 

* # 7C fe (HSf) 

=btifc>ftffl£C3Tfe239U, 2"Th OfficiiL7t££#&-50 fcvfiilfflliifl.fl-efeeaSKtt-, 
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L TV i * o fc * S u l f i t e t'CD J: -5 K«fiacDft4PS®W SJ§£ttSi]-e* So 
g *g fl (MitK) 

t>tit>tl-ei$U\1>W, fibcD^u-r^'U^i'l^o^cQ^a*fission chamberCDjgfffi 

# Si BC Z (JfEX*) 

1 B 10 W (USD 

# a # gu (fe^) 

M f - ^ feis-a-T < tit i ^ c «t*>0 

IS a fe g (NAIG) 
f-ponticfeists^i&i, %?j]¥£:&PNSEimmi>s&i-''i5t?w*tiX't>&mgzt 

tybtizctfr&Zo co^wi&mft&nTLtOT@ICO^IC<^J:£itte-50 *--5i^fc 

W B 0 m (A*) 

¥£t£KTechical data i l ^ » S f e * 5 &L^**. m&Wi&.fe7-91?tfi>i1imZtl 

m%wtLxttwim-7-9$:ifflK-i)ki\,->£\.Toctitt3bo&, ztibf&m<Dfflmi.&?>o <sr 

6S)H 8.3 (Iggf) 

m.X&%o &ICNSE£jMMHJ$*lT^3tfjliSg!l©J§&tt, ^ f ^ l d t f LT&d>?>grtl7'--* 
*^!§LT<ni^-5JBfTequest ffioTl^tS^ S£oTg# #**l l t f tLT&fgx-
^4-Sfrf-rtKf, ^ f t f i i l ^ l c E X F O R x - ^ i L T g g S t l , £bltCINDA £ LTg$g£ 

ffiffi*nfce.s^4.s^o 
ft EB 0 li j ( A * ) 
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ft m ffi ( NAIG ) 
(«, n ) KJEtilfc&WMg-e-. ^h^htltZ-h-Z^miWfoZtlX^&o fmoliXaZHb 

Stfj£5Mifs£&;fcftTl^££-3li ;&5K mi*©^®ls t i ** , ^ -A*3MeV-e , £© 
i^+'-faff lT' l i—^x-?lcftf3fc<i ,^i , double charge X'P^X6MeVft£T?MI 
trj*ttli g I* f- * #&*L S O f lift I* fc* 5 -5 fro 

(a, n) Ico^TIi , tiMWffl&tto thick target yieldlc-o^Tli^ftOHHIi^S 
#, ffi#*ftf)l;r&-3l*TH3o ^-o-C-E-©^SO[p]±lc*t-rSg*li*50 ^-ftfrS.tftti1* 

^? h*Ko^rfeSft*>ti*Jtiii^:*ifflfttm*Lr^5!6i, i)j£#fi3*iM*!&>fc»3#fflft 
©-eiiftl'vfc'^-jjfco 

ft as a £ cmi*) 
double charge ic-rtlli'i^-5fS^'ttifcAi, *ftfSfg|BUcH5ttij*5 feCT'lift <, ttz 

yield*^^lt l /h$<fti ,0 ^SIQ 6 ~7 MeV £-eSnS**£ V. d. G. * -f 7©fe©£{£ffl-g-
fel^ST?fe5-5o ^ T ^ f t f t V i l t i i & ^ i E o T t ) , " l ' b ay-effi^-V- 2*ifi 100 PA 
ISFBWK(i200/»Afc/j:^feo^, double charge "Cli^yAftLfrttfF, iStiX?-? 

lilfSlc^L^feffllcfta^f^'Jo 

Jb gg, Bflfi ( m i * ) 

^ftODnoplasmatron-eii double charge •ejt'SOIi^S:lCJSL^t,ll'5o 4*>ffi. 

*#^nifoitiitii*5. ^s^nfcoii^^icjg^o^ranK-eiifes^, sUK-eiii&g-e* 
a-

ft ffl ffi (NAIG) 
' J -T- , ^ICfcl'TIi thick target «rfc M-''T^5©T?*5^**, •£©B#©(f&:?:yield 

%tfcfMim«l£r&feft^<b©fr0 Sife^CDig^fc, &Ktt b * •*•?©:/5 X^aqMiLT^ 
5I?giiimgft^#, %ft#5:'*9:£>f •*-Klcft5£fr t t9If ie©it i l^ :F# !^»3H9, * 
nWWm® limitter fc£'£fc^T*tt;F#*£j4»&8ifm£*l.6o <1 ft feJtigfflEgg-hfig 
• e * 5 i # i t > t l T ^ 5 o 7 ^ 9 H • t-K-eiiS+MeVO^FtTSBDiiStt;&£<!:## 
«3?iS^, -&© thick target icft-i-Sfg&f- ^a^'ftlJfFffilofftSo&Il -5„ *©a©ffll 
ScDPlllttliif-?^ 

7K * Jc f& (USD 
tfiTff <#©«?©:£# ; i># -# 10 ~ 20MeV left5 t ^ S t , IgaWK'f t i f t l^J l fe i i 

ft^i.S-5^', ^ S ^ i T , Sgffl»pilS-i&J&fc«3f^^a¥jSi*>DffltWKft:5fc'6'5. fc* 
tfitt^©i*yi/4r-frt.MeVJ5Lhlr.ft:5t, tztz-litiftfrtwi) - r -, ^"Cli, # ^ 7 . 7 
7 -,S'3#U}fc«3, *)-Tv9&$r1fim<D/4XmKtbZ>Z.t1pl>, TOF S K I i & U ^ f e 
»l*lftl\> 

/h ft % ¥ 0a*ffO 

KIMfcft-egttftW:, SS*fc'»^raa!£m*Sftf6'5o fSKteT^.5©liphotoneutron© 

cttttmow, *"<* *»K^xTOFx-m&z'oismm^tLZio «^©Aofc#ia]ic 

- 2 3 2 -



JAER1-M 83-041 

m m a & (FBEC) 
i l i i ^ i c * i ^ r - a g « 23aU ©#J!tiUg<£gJEORNL t?4 keV *>& 6keV $ "effitf «fc -5 £&# 

7k # 7C fe (Hfff) 

i ilk § j : (Hfff) 
CfflBaSlcgi LT Antwerp £$-*? review*** r. fca ORNL -eii#fl«t*lSK«fc 5 

di a g & ( m i * ) 
(1) 3&L^tfc¥£LTff-*£tf*5«fc-5»cte5K:tt, fit*) 3^fiL(iA»i>5o LfrU 3*£ 

tittle o 
(2) ^-®Hg|-efeaiEffltt^lt:J:f9llKfr-^*i2^£t±-e5C£i6**5!i*, #rU*fe<©<© 

* M g (BW) 
5^<DI38Uffl£i,6.IJS©ft-e*.5a*. 4keV EJ±-ett K ? 7 7 -•§#;*;£ <tt5<0t?43B© 

Jfc ZR BHjfS GUI;*;) 

Jf! 5_(dW) 

fig EB ^ a a (HSF) 

priority 1 Trequest LlzWSt?-9<Oft. fifctilM&K-fflbln-Z fefflK 
t5 IS fe !• ( N AI G) 

tt IB # fl'J fcfcfc) 

s+a <t - mm 
priority I t request LTt^S feO^&^itu^bS^T^S &©#**: < £/k*5„ -&ft£ 

li«£fflg*#8t'U'&©-?<& 5 „ 7'-**g*-tSffl0fe. DTt|ttg**>t*-5*>4#A-CrequBst 

* _ t t _ _ * «±**> 
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ill £ f? m (NAIG) 

W EB # flU Cfr.*) 
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9. t& JS( 2) 

SuiDmary Talk (2) 

Shungo IIJIM&* & § & s * 

Sffi*sJ:0 :#^<0Bg@Ai®2BlcS^, fjft£*ljt#s", g i p l c o ^ t l i , tfJUftONEACRP 

« ^ v ^ - ? p D m ? ? ® , J B & £ j 6 g ^ f f l * i 1 ] t t t f £ o # # q ] # « g ^ 0 X, ifeBBii, #1© 

MK-2'Fifr#E£|?£te-3*:#, S # £ ^ > < Lfclgft^iUffifi, MK - 1 itp/£>©B$ £ [§] £ < , 1$ 

l&AkOil^ffMffi i teoTW;, , c t i b C f n i i , ^M, ^: l !^©ISH-K*H"3^:#t i»§T? 

aHW, fg§sttttiiW£d1 ' .&gttflfF-e£5'3,, ttfc, P N C ' F ' i l ^ i t H P ^ f i ^ t ? , Sffl&# 

K B ^ K - ^ T I S , IK*, JPBf ;&•£,, S r U ^ S O D D X f - y , * -?:? I- ;i/ • f - ^ f f i g 

4Mt£H}lig#W^Stt-5= 

JENDL-3fcJ ; i^ Jo in t Evaluated Data Fi le (JEF)ffiI lc-3^-C, * * , S S . 

3i3faftfr£*ggfatt$B&WTtab*ifc0 SSft<0i£L©4>-efeiE'<fc>iifc;&* JENDL-3 £*• 

o m i c o ^ T , tblK®|©§&fc£Ji#§*fc^o X, SfSSffl adjustment I C o l ^ T l i g S S * 

£ 5 5 # , B # a n ^ i £ f e t f f l g & £ L ^ & l * i » J I > i . t t ^ o X, fflMSBypE.. ffv^ilS 

BfS»lc*f^-SS*SK*±?<!:^-?MFra*sff<£^nfc*i, adjustment <D7vbx%m£T, 

C?\,->r,idfe$MMiJifit>tiZ>W£$>'0. -E-OStift-efe adjustment O I i J ^ ^ J i i * # ^ £ # ^ . 

* B * ! ! ^ ^ (&) i Nippon Atomic Industry Group Co. 

- 2 3 5 -



JAERI-M 83-041 

- 2 3 6 -


