12206

JAERI

JAERI 1228

5 3 (8] HPET IR A

1973 7 A

HA B+ 7 %

Japan Atomic Energy Research Institute



JAERI vfi—-¢

COREE, A AR FAMER CHEONEAE L LCHRORE L F AR RF LT B2 DEELET,
AERCHITLTO B O TY

MAKREERRS
ZAER L X B = @mm)

ES =]
RE  m (WG B Tt R (MRS )
AR BF (FGHRRER) FHEZE (9 & %)
B ORE (& @ =) FHE KB (DDFBRE )
KB B (FEFFLEE) BR AR (FRFEER)
INETTHE (B ) WM E (ISR - BFAEE)
AR %2 (RFFEIER) EFHEM— (RTFEITRE)
it REE (MR TEE) EST=8F (RT4AT2:85)

EH RK (HfiEE®s)

AT (BHZHICE3), B2 EOBMADRR, B AT HIRRAEAEIRE (F319-11 K EFPEEE
RIGH) BT, BHLCHLLESO. U5, CORPICHEEART IUAFLEEY — 2 Hk (FBR
AEESHAEA BART IREFN) CHEC L 2 EBRFAE A BN -THD T

JAERI Report

Published by the Japan Atomic Energy Research Institute
Board of Editors
Kenzo Yamamoto (Chief Editor)

Hiroshi Amano Kunitake Fukasawa Kichinosuke Harada Mitsuho Hirata

Hiroshi Hotta  Toyohide Ishihara  Yasuhiko Iso Satoru Katsuragi
Takeo Kikuchi Junichi Miita Sueo Nomura Yukio Obata
Hiroshi Onishi Nagao Shibata Yasaburo Yamazaki

Inquiries about the availability of reports and their reproduction should be addressed to the
Division of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-

gun, Ibaraki-ken, Japan.

RERRT BAEFIWEH
i B ZZ2HR#%RL



JAERI 1228

£ 30 T HEERERIRE

AAREFORER v/ ~HRERES

(1973 4= 3 § 9 B%H)

® F

B3 EPUTHEEFIRSNBMATE 1L 9, 10, 11 A0 3 AR, HABRFAMEFREEFETFIC
BOTUTEbIE. AHR Y S ~HRERALTREERB LTV IHENS, Tubb 1) K7 — 20N
i 2) FEBOFMCO>VTORES LURBRMBTRONS &k, 3) BROBEEFEBEICE T
BT — A DRE LB OV TEMEREST b, AREBIChOOEHEE T LDLDT
5.

7R A RAS: BEEGG, AHEE— MBS, BX % MERE hEES, w0,
WE e, mEthE, LEEL
g E: ERT



JAERI 1228

Proceedings of the 3rd Seminar on Neutron Cross Sections

Japanese Nuclear Data Committee
Japan Atomic Energy Research Institute

(Received 9 March 1973)

Summary

The 3rd Seminar on Neutron Cross Sections was held at the Tokai Research
Establishment of the Japan Atomic Energy Research Institute on 9-11 November, 1972,
and about eighty scientists participated in the Seminar. The Seminar was devoted to
report and discuss not only about 1) evaluation of nuclear data and 2) evaluation of
reactor constants, which have recently been performed in Japanese Nuclear Data Commi-
ttee, but also about 3) measurements and analyses of nuclear data which were contributed

from the domestic organizations. The proceedings contain the texts of the talks reported
at this Seminar.

Programme committee: T. Fuketa, S. Igarasi, Y. Kanda, S. Katsuragi, H. Matsunobu,
R. Nakasima, K. Nishimura, H. Sakata, S. Tanaka, N. Yamamuro.
Editor : K. Nishimura
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C OIS N7 —# 13, BNL-325 2nd Edition ¢ Supplements 235817 S /e 1965 4AELURICHIE S
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DHOMEOBEL O HEREHIRT 5.

#eic, 2~6MeV OFRICE S0 5 £2WEEO systematic discrepancy %>, 1~100keV OfHIKICE
B HARNTRE LU MOK S L4, AEOMEFELED 2 LICEbHRRELHELL -
TWB., F7o, BkHIOCEREEFEBERICOVTR, T4SEYTZLL, Li->Tnsd
Wi RS A L T ERICEHE S 2 FRATHICL L.

BIMIEBOTE, SEOFMEELEED 3D OEANSHE, KEICHE SNIHT — 4 > o ikl
A3 B 1o DEEEE, BARMEREMICE - THKHT 5.

Evaluation of Uranium—235+ 1 (The present status of nuclear data

on #U and a method of evaluation)

Hiroyuki MaTsunoBuUt

This is an interim report of the evaluation work on nuclear data of **U in the energy
range from 1keV to 15 MeV, which is a part of the works of “Nuclear Data Evaluation
Sub-working Group” in JNDC (Japanese Nuclear Data Committee). At present, this evaluation
work on 25U is based on the data compiled by the other sub-working group in JNDC. These
compiled data mostly consist of new data measured after 1965.

In Section 2 of this report, the status of the compiled nuclear data (dt, 01, Oy, @, Y, Tel and
o) of ¥%U is presented, and some problems are picked up in view of evaluation.

Especially, systematic discrepancies of total cross sections in the energy range from 2 to 6
MeV, and large differences of fission cross sections and a-values in the energy range from 1
to 100 keV are knotty problems in this evaluation work. In the case of elastic and inelastic
scattering cross sections, the data are too poor to perform exact evaluation.

In Section 3, a fundamental criterion to perform this evaluation work, and a method of
calculation to obtain the evaluated values of nuclear data are explained using an example of

fission cross section.

V=T KBNT, BEERDONT — 2 FHEE

EOhHHMETHB.
. ¥ & H = AEOFEELEO[MRE L TVAEET — 4 3, “BED
BT —F VIS —T"% BE O (30, U, ®Puy,

_ e e e - * o e BAMKT — A HFIBAD T — %Y IS v—TEL
ﬁ%ﬁ%iiﬁﬁbﬂm&T—ﬁwaHﬁﬁ%EE’ﬂt LT, ¥7 T, 1965 EELIE DRIE T — & RIVEL, T Bz LAH

THRBERLET — 2 HIEHED T — 2FE7 —+ K& LTRR I LI

T EREFHT %K), Sumitomo Atomic Energy Industries, Ltd.
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0Py, 2 Pu) O F — 2 L E 2 —Z BRI E LT, 19714 3
HETiIoE L 1keV~15MeV DK T — £ (04,
Ot Ony, 0,0, 7), BROC “WH: - EHBBE 7 —F 77
WP 1970 4Eic g &tz Pu & U O T — 2 V(06
o) MEKREHN->TH YD, ERMGICIT BNL-325 2nd
Edition, Supplements #3587 & 1 72 1965 &4p 5 1971 4
@ Knoxville Conference & T D 7 — Z KA EHD
T3,

REX N U OF — & ZRIGBICHET 5 &, 01
KT 37— 285b%< (33 #), ROT a (164),
v (15 #), ov (104), ony BH#) DIHELE-TEHD,
Fio, BB IUEREEINERCEL TRENMCT
— BB UL, a D34, on ZELICZHERZLZO
HTH5D.

ARECBOTE, REIWLIhLOKT—4 D5
REBAL, DOFMETED ETCOMBEAERHMT S
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5 19T ERE->TOBEM, £OhCE T — 403777
DATHEZONTVEb0bHD, BT —42 & LT
BCFATE 25084 LM, Licts-THER
BATA5LET, HIEPPRENSH ZHF L&, D 1963 41
HOF—4 L OMEEH~ B 201, EFFO NESTOR
KBRMEIN T B ENT —4 (1952~1961) 6 f:&2INA
T, SEOFmIEEDBEET —2 & L.

1963 EPIEDOTH L W 7 — £ %, i F rorF—58
1keV~15MeV DEIR TS oy UK 75 7% Fig. 1
ZRT. ThHDF — 23BN THEFEREEZHNT
RlExhrcdboThD, Fig. 1 ZRARDIZEVNTRT
—ARPREDa VI PLEELEESTED, F— 2O
A—ERLBNEIIKCEDbIhE., LHLINSDT—Z
EILIIEBRLTTay FLTHBE, BT — 201
VAL TW S EERIC, 57— % OEICI systematic
discrepancy DSTEZEMNHE. F h, §TF—F L bk
Fx xNVFE—O resolution, WmBERAEHEE, BLUH
BFLERILOBMEZEORTENETNERNHD, 77—
ZOBEENHIEALDORTD, ZhoDF— 2 %W—#H7
BEBITEIRL.

RICRIFR U TRV, WELT—2%b50 UKk
WA NVF TR > TF— 4 HEORFEZ LTS
E5. 7 1~100keV OFFEBRTHRD THZ L, TODH
BAKICE > THEFET 5 © 8 Uttley et al.® (1963 and

* JsEF—2 OB, BRRY T LOEWHT, TOVRTFA
BER T — 2 HOoRIREALERD, K7 — % HH
ADEBF—ARBVRTFLATI—F VI Iv—-TTRBEEXNL
1z.

MPSON BND L .6 MILLER %3;’4:5 u .5.3‘3‘“
S S 0 U TOHELS TP 6

Fig. 1] U-235 total cross section.
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1966) OF — 2 Tdh 3. TDF —24|d pointwise data T
1215 ¢, 1~2keV fHERIZ 0.1keV 5, 2~10keV fHiR
12 1keV iF, 10~100keV fEiI3 10keV #ET O i3
BELTEZ LN TV AN, WEHZER0L/NN—VEE
THEERIDPBORYL., ChERBRLEIHFLLT -5
2keV @ ic Simpson and Miller® (1969) @ 7' — 2 A3
Wl (22.7b) 204 T, cDAIKE TS Uttley et
al. DF =2 LI HRL—HLTVS. COHERICE
i aENTF—4 & LT, Yeater® (1958), Melkonian®
(1958), Henkel® (1952) @ F — 2 57 5. Yeater B LT
Melkonian ®F — % i3 1~8keV DHIHRT Uttley et al.
DF—# LHIKT & % 25, Yeater OF — X IZAMHIIC
Uttley et al. D& D &<, OB ORELSFEL
T3, HiEgEEREionTWisl. Melkonian OF
—~ AR COEBETRIALDIEL, DOBRESBYDTK
%<, UtedhsoT Uttley et al. F — 4 EHAT Yea-
ter, Melkonian JLiC{EHEE XK. Henkel 07— 23
40keV DI EDHEBICHEEL, T0keV 14T Uttley e
al. DF— 2 LHBH—H LT3, LrL, Yeater &
FRICREREBZ DN TN,

R 100 keVA~2 MeVO BB IC DWW THRE LTAH LS.
z OfFEBRITiE LR Uttley et al. DF — 4% (<1MeV) ©
ftiiz, Whalen et al.” (1965: 0.8~1.5MeV), Langsford
et al® (1966: <200keV), Cabe ez al.” (1970: 0.1~
6MeV) DF —ZHED, ThHFWF—FE L TR LR
Henkel 07— 4% $EET 5. 100keV~1MeV {HIKIC
%113 Uttley et al. D57 —4 & Cabe et al. DF—# &
O—HRBH TRV COHEDF — £ IicH~<T, Langs-
ford et al. © F— 2 BBHTT — L JLOBMBE N, £
hERBICF—200BbREL, PORAIERELRSE
v, 0.8~1.5MeV fEIICE 1T 5 Whalen et al. OF—
213 Cabe OF — F ILHANTHABBKRE L, H22KE
K 0.5 /75— VEBEWEZRL TS, Fi, Hen-
kel ®F — 2% 100 keV 4%, 270keV, B L 620 keV
T, Uttley et al. 3L Cabe et al. DF— 4 &
BH TR KT 508, thoHATIE 0.5~1.0 =g
BEEOEEZRLTWS, L L Whalenet al. DF— 2
L RABMICHBHEV—EERL, DT —2O5E
OEM ST S,

Bi%ic 2~15MeV OFEEHRDTA B E, CTicid
|22 Langsford et al. 33 L8 Cabe et al. D5 — 2 OAfilt
1z, Foster and Glasgow!® (1967: 2.25~15MeV) 07
—APED, FTh, HOF - &L TIE EiEd Henkel @
{tiic, Bratenahl'V (1958: 7~14.2 MeV), Averchenkov'?®
(1961: 1.9~8MeV) OF — 2 M HED. I OHEBTHIC
KB Nh3013, 2.25~6MeV OFIPT Cabe ez al. ®
5*— 4 L Foster and Glasgow @ 57— 4% & ORFICEH S
75 systematic discrepancy 2R SN BHE TH 3. Cabeet
al. OF — 2 DREEREEEIL 3%, energy resolution {3 22
~A41keV THBDIcx LT, Foster and Glasgow Dl

L1 ™U Qi+ 1 (¥U O — 2 DBUR L) 3

ERERE 13 1.5~3%, energy resolution {3 49~170keV
<&, Cabeetal. DF — £ D} Ht Foster and Glasgow
OF—2 LD dEHLT 0.4~0.5 N~ VEERHEE
FLTW3R., COMED 7 — £ 1K LT Langsford et
al. DF — 2 3B M L, Cabe et al. DF —2E &
Foster and Glasgow @ 7 — 2 B EiCx fkedi-THMHL
THY, EHERES 5~8% TLIEmE LD bEL.
Averchenkov 35 & ¢¥ Henkel ®5 — £ 13, —&i3 Foster
and Glasgow ©F — & BHEOHTAIE L systematic {L—
B LAEAERLTO D, —ifid 3.3~5MeV OFHT
Foster and Glasgow OF — 42 X & 0.4~0.5/,8x—
EEWEZRLTV 3. WE & SRERBED & Cenergy
resolution SRINTHE 5 F, LEB-TF—FOEHR
DO EH» OB THBOMFICII LEEL. T~14.2MeV
O #8185 Ic 7 3 % Bratenahl @ ¥ — % {3 Foster and
Glasgow O 7 — 2 L B —H L THB D, REHEED
Foster and Glasgow OB LEREICRWVO DO T, #iC
Foster and Glasgow O 57 — % OEHHEAE ST 57—
REZEZDENTELD.

PEZERAETSHE, 1963 FEROF LT —FicEkS
WT U O2KEEEIFET 5 Y- TR OEHEED
BF—412, 1keV~1MeV OB TR Uttley et al.
DF—#, 2.25~15MeV DT 3 Foster and Glas-
gow DF—F LFERT HHENT & 525, 1~2.25MeV
OHEBRO 7 — £ ICHENH 5. 0. 1~1MeV DFEHE
T Uttley et al. DF — 4 LBHDTERO—HEZRL T
% Cabe et al. DF — 42, Bk L7z & 5 i Foster and
Glasgow OF — 4 LRASHICTNTED, i, 5
803Kk x5 Foster and Glasgow @5 — # & Consis-
tent [ O1eAH3% Whalen et al. ®F — 43 Uttley et al.
DF—ZERIEL2URLIT.

L72h3» T Cabe et al. 35kt Whalen et al. ®F —
ZAAEILIELIBFLT, cohfiffiBick) 32
HEZME UER T 2ENSRDOENRETHS.

2.2 KAREER

WY DT —2DOPTHRGT — 4 BBERLONESE
WHEEKCHETE7—2TH 5. “BOKIT—F 77w
— 7”7 TOF—2WEEELR, 4B TICHAELLX
BRI O B 83, L FHNRTH B & datasource
BRALTH-720, FROEHF—ZDdciE revise &
NTHWBETF—2bH-h LT, 1965 FEPIRICREREIN
TS L F—2 E LTI 33 -7, LhLZo
B HROF—2QHICE, F—EHBS7T7DHTELD
NTV3600 1l f£dH0, 20777 MO
BF— 2RI, K4 RGERD BSRAREICED. L
Tedi-> CEHMBEOMR E LTS 7 — 2 REScDisn.
INGDF—4%&Tay b LI/ 5 7% Fig. 2~7 IR
¥, Fig. 2 & 1keV~20 MeV O &fHBICH I} 3 KA 5
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Fig. 2 2%U fission cross section.

WERED S 5 7, Fig. 3~7 R EhEn =2 vF—
RETF —20aHREAERLTTay b LS T T
Thb.

Fig. 2 »5H 3 X 5 g, 100 keV~20 MeV O ffilkid
FeE RPN ENSH BN, —HOT -2 2R e
KELTTF—ZORHEBLBOTEEE > GHERLT
WA, i, 1~100keV OfFEIZ #®°U @ structure T
k%5 —4@ fluctuation HEEIC B> T W BEETH
b, EHEELTHEINTNET—2OMTH, i
v K & 15 discrepancy MR 5N 3. 1%, Fig. 2~7 iICi3#]
EF— & & &b, REMEFHE T — 4 TH 5 Davey’®,
Konshin and Nikolaev'®, 3 & ¢ ENDF/B-III OFF-HifHE
EHEODIETTay P LI

Wic, Fig. 3~7 IiE>T b 5 HUHMICT — 2 %2
HLTH LS. Fig. 3 13 1~10keV OFERICE T 51
ABERT —2ONTHARIRTH B0, CCicsm
y FENTVIHOMTF—ZDRTTIRIL L, Fig. 8
OF —ATENL S bHB I T, WEINKT—40D
RN ThHs, TOEHE, FEOHTERELZHA LK
Brown et all® X Cramer'® O F — 23, £RYIC
bF — £ HOMME S THFLEE Lc LT E SR
y FNTERWEL, HOF~2R 77704852100
TOTHERD MBS TRE LD THS. LEPB->TL
NoDF—224FNEL, Fay P LEBTREOLLE,
BHIIHEIR TE A, BEFig. 317 vy PN
TVWBF— 2 EGHOTHHEOLOMBERER TS
25T 3, Fig. 3 €71y b &N de Saussure et al\?
OF — 2 REBOF — 24, 10 §92% 1 DKL

b0%E7ay FLTWVEY, TR THHERRIPLDK
% ¢ fluctuate LCTHEH Y, structure DELEEZRL TS,
COHER, ke y FERNTOLRBOHOT—205
bWVABD, TOREOVTRERNTH . RICFEH
BELTHEZONTVWAET— 22D THS L, HEK
p 150 k& 15 discrepancy #H 2 DD, k& LTI
de Saussure et al. DF — 2 DEAL E—B LIERERL
T3, W, Lemley et al'® OF — 43, BEREOHTE
FEFALUCEHNETHZH, coF—23to7—
ZICHNTRELEVEAERLTEY, Linac ZFEEK LT
BLDIANVF—FEBOMDT — 2 & O HIC systematic
discrepancy b B L HiIKBEbHNB.

RIT Fig. 4 TR & 1112 10~100keV #Hi%kiZ, Linac
Wk 2RET—4 &, VDG (Van de Graaff) i€ & 2 HE
F— R LR T AEBIEGIC, T2 OHBRGEE
TH B EEFIC, F—ZHED discrepancy 255 HK &
1R T o H 5. Fig. 4 HOHBHIZ Rjabov et al!?,
Silver et al® OF—2%, B LU Davey DFHEMHICH
¥t L7z Cramer O F — 42k &, o (70 £ D)
HLINT — 2138 ~<T Davey O FHfHE L D EWVES
FLTOWAHETHD, T hd g, Davey & Konshin
and Nikolaev OFEDEE L TEH LN T 5. M, &L
FF &t ENDF/B-II Offi i3 Silver et al. D 7— 2%
ERE—BUIEEZRLTE D, 50keV Dl EDHEET
{2 Davey &V b EWEERL TV A0, TRIEIKRES
OHFLWF—Z LA HOEMERTSOELTERS
n3. 20~100keV OFET 70 RO F — £ FHER
ZOHAARTRLL—HLTWVAS. Lt THREDT —



JAERI 1228

1.1 U ol - 1 (U by~ 2 OBUR )

e iRy

Fig. 3 2¥U fission cross section.

Fission Cross Sections of 233U from 10 to 100 keV'

—4— 65 Von Shi-dietal. —— 70 Patrick et al.
%« 65 Perkin —o— 70 Rijabov et al.
0 65 White o 7| Lemley etal
I -~ 66 James —— 71 . *

o 67 Knall & Ponitz o 71 Szabo etal.
T @® 68 Ponitz —0— 71 Gwin et al.

a 70 Szabo etal —0— 71 Silver et al.

e 70 Cramer et al.

= 70 Blons et al. \ 66 Davey

Ont (barns)

| [ | ------ ENDF/ B-1I
Konshin & Nikolaev

30 40 50 60 70 80 90 100 110
En (keV)

Fig. 4 Fission cross section of 2*U from 10 to 100 keV.
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_ Fission Cross Sections of 235U from 100 keV fo 14 MeV |
16 4 0 gg mt: & dibbon 4 7| Szabo et al.
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R e o 72 K 5
1541 ® 68 Ponitz — 68 Davey
A ER * 70 Cramer et al. — ENDF/B8-1I
Lal-LT NG & 70 Swbo etal. . 75 Konshin & Nikolaev
¢ 70 Kdppeler
213 - | e S
§ é'%'::_ﬂ'{. . o el
- 12 : v 7550 Ol
S » 2%
. =~y
I
L
09
ol 0z 03 04 05 06 07 08 09 10 LI 12 13 14 I5
En (MeV)

Fig. 5 Fission cross section of U from 100keV to 1.4 MeV.

ZATHES O Fo T A 4T 78 21, B/ 5 < Konshin and
Nikolaev DFBICIVFERIC L 32 ENFRINSG. L
FoHio T 10~20keV DR TIZ Davey L0 & #1 0.5
N—VvEBENESKE O LEbNS. 1, Fig. 4
DOF—#A2R LMD IV TI, Linac & VDG O
EBOHERICL 2T — 2O systematic discrepancy |3
NWEHiKBbh s,

i 100keV PLE o @ERE AR LK DT — 28
HEAVNNY FICEEE > TV AHEETH % A3, Fig. 5
ABTEFER IR 20, Ponitz?® OF — 2 o7
— R ICHNTEBICENETHS. T O Ponitz OF —
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Status of Experimental Data and Evaluations of Cross
Sections for 2®U(n, ¥) and **U(n, n') Reactions

Yukinori KANDAT

Very accurate cross-sections for 2U(n,v) and 2¥U(n,n’) reactions in the energy range
from 1keV to 10 MeV are required for the development of fast reactors. Available experimental
data for these reactions are not accurate enough to satisfy the requests, and are in disagreement
with each other. Several evaluation works have been performed to deduce the most reliable
cross sections for the reactions. In this report, their evaluation methods and techniques are
reviewed and discussed mainly to clear up the role of experimental data and theoretical
calculation contributed to their works.

It is valuable in the case of the capture cross-section to emphasize the experimental data
assessment carried out by Davey and the simultaneous evaluation method employed by Sowerby
¢t al. and Poenitz. On the other hand, since the experimental inelastic scattering cross-section
data are too scarce to deduce cross sections for the neutron energy range required, it is necessary
in this case to estimate from cross sections of other reactions for **U being guided by

calculations from, for example, the optical model formulae.

FERMBEFEBTHAS. LhL, BAOHEMEDOISDS

HAELZNOEREOATZOERICIGL SNIBNE

1. £ & M & Rick 2. CRICFSLT, 6,2 OFHEINANELTS
HETHELBENTVS., ThiIHULT, 0™ IR

IR A > OERNS BICbrbOLT, ERID

280 DY TR CEOERFIC & (RIEMRDIN TV E DR HAHRORLOEXRBHTASL. BHIEERBEE
o) THD. CHIIFREHMLSOEKEE 0, O Btz TH5. Ll, BPUDTRTONEEERAN
BT B hodic, $ERAE, CORKEFRERT —
& 1) 4%, ®Um,7), ®Un,n) 3&0 *Un) OBER 2 LTRSS LEDNS 0™ ZRBETHE
EBOBO 0,5%, 00 BLT of LG, CORLOME 000, o oewy, cn bHIRE B RRIOBRICH 5

i, Hi,n) % oa(H), 2Pu(n, f) % 0(*™Pu) T LLED
7. ¥ — 2 OFEEREME LT, FECHEEBREFL,

t Juk, Kyushu University



14 oM hikFHTRE AR

ABROMBEEERT 5.
T, 1keV DL EOHET x5 v F—FUESR
95,

2. 28U(n, 7) DHEMR

2.1 ERBRF-4

CINDA 71V L4 TOFME T AI IR, H&
CEDOEDODFM T AI N TN EE TABLE 1 TR
L. ThoERTF—Z2OMTE, RBREKYYFL—
A —Z o THE Y BRERI T 2 H i EBUR{EERIC K 5
WET 0,2 DEMBRFEMICES LOBERNDHZ. L
L, BEd3ERF—FEHBELIBZDOLIRELR
BHONEI-Te. B4, COHRRIBRINCRER A Y
VF U — & — %ot Diven et al'® DRIEMEHIK X
Hickpohiteh LRI h L. JESiEZz0E 4
R LoD Fig. 1 Th 5. 2HERDILEID FIREK
+(15—-30)%TH 5. 772U, HAAEBITRELHLED
B —REEICHERKBIL L. £, o icid Davey®
OFEME A, o(H) 1cid Gammel” OXEFER LI, &
B, 0,283 MeV R TARICBL TS L, 10MeV
PILETI2 14MeV iz Perkin et al® ¢k 3 3.3mb @
EhH20HTHBC LEOEADPD, 0, ORI ik
Frirov¥F—@f%E 10MeV RIF, BEHEIE 10mb 2l
roBWHETRT.

—BICERERIHREEOBELTVIDS, E
BEERL (N >TVELELLNSDT, EREHE
SELVHEIGESHTOREOD, 7, ERBEEZNE
EBELEERARE UTHERIRKE~NS &, REKD
FRE LTERICH > TLLB->TWE., RIC 0,2 &
NEEKAERIBICSE LT Fig. 1 IKRT. ERKAMIHER

104 T : -

Experimental data

a1
o 4,
T
,

7_2“1] (mb)
¥

o3 & o o o
Lol ©1945~1960 e )
+1961~1965 %
-1966~ 1969 .
1970 oy
+1971 e
10°1g0 67 107 T ot
E, (keV)

Fig. 1 Experimental data of the 2¥®U(n,v) reaction cross-
sections. They are chronologically classified
into five periods shown in the figure.
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Fig. 2 Accuracy requests for ¢,2%, for the purpose of
reactor design, contained in RENDA (1972)4®.
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TABLE 1 Summary of reviewed papers on®®U(n,¥) reaction cross-sections.

LLS: Large liquid scintillation counter

GM: Geiger-Miiller counter

A,B,C and D: We classified experimental data into 4 categories A, B,C and D, on the base of evaluators’ discussions
end comments for individual data. We judge that the data in category A are used to decide the cross-section
values, those in category B only to decide the cross-section shape, those in category C to check the deduced cross-
sections from category A and B data, and those in category D are not used in the evaluation work but quoted
in the report. Our classification is based on Davey’s.

N: The absolute cross-section values at 30 keV are taken from averaging the values at about 30 keV in category
N data. See TABLE 2,

Experiments Evaluations
AEE8 (8885 158538
YRS L|IBRRLIEREE
Experimental Methods, Energy Range(keV) 222 = 222 2 ?‘é ?‘, 2 2
References and —5
Standard Cross Sections = 5N :§: =2 —E
wwww | EEET| EESE|S 228
SEaS|2d<L|dEAA
Broda 45% a,(Au), o, (U) - AAD CcCD A
Linemberger 46¥ | Activation, -GM, a~*U AD CDBJ|A B
English 55¢ ? (X C A
Macklin 579 Mn-bath, Activation, ¥ . DD AAA|N D
Kafalas 58° ? —_— ACD D
Leipunsky ‘587 ? L DD DA
Perkin 58% Activation, 3-GM e | AAA AAAlAAA
Hanna 599 p-recoil, Activation, 47-8 o AAD NCAA é’N A/N
Lyon 5919 4r-graphite, Activation . DD DAA
Bilpuch 60" p-recoil, Activation 8 AD NDAA|N
Diven 60'? Fission counter, LLS — DC DD
Gibbons 6119 Fission counter, LLS o cD [NAD 4N 4
Bergauist 63 | Long-counter, y NaI(T1) —_— C NCA AN D
de Saussure 63" | Fission counter, LLS ool DD N A/N ABA4N B
Macklin 631 LLS oo A
Tolstikov 63" 1°B chamber, Activation S8 —— C NCA A A
Barry 641% Fission counter, Activation £ —— A A AAB|AAAB
Macklin 64 a,-Ta, Moxon-Rae — C NAD AWN D
Moxon 6429 Moxon-Rae, **B(n,ey) o C
Belanova 662V Fission counter, transmission . NAAA|NN A/N
Koroleva 6622 ? A
Miessner 667 Neutron decay in U g DAA|N
Moxon 66%% Moxon-Rae, *B(n,a7) . N N N
Menlove 68%% ;?(en.”;;,l‘llljfgtwity T C|N A/N AB A/NA/N M
Moxon 69%¢ Moxon-Rae, B(n,a7) NBAA A/NB/N A%
Poenitz 6927 Fission counter, Activation 7 A/N A A/N B
Fricke 70% H(n,p), B (n,a), LLS Al A
Panitkin 70%® Activation, ¥ Ge(Li) —tem A A A
Poenitz 70% Fission counter, Activation 7 —_— B|A
Stavisky 70%" Slowing down in Pb AA[A
Nagel 71% Fission counter, Activation ¥ —_— A
Silver3 BF; -counter, LLS | A
Beynon 66 Theoretical calculation A
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Fig. 3 The experimental points and the solid line are
reproduced from BNL-325,

JAERI 1228

10* T

Schmidt
— (1962)
---- (1966)

1 1
1070 107 107 10° 104
E, (keV)

Fig. 4 Comparison of the refered experimental data
and the deduced curves in the evaluations of
Schmidt (1962)% (the solid line) and Schmidt
(1966)*” (the dashed line). Solid circles, and
both those and open triangles stand for the data
represented in the column of Schmidt (1962),
and Schmidt (1966), respectively, in TABLE 1.
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Fig. 5 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Parker (1963)%. Solid circles, open triangles,
and X-symbols stand for the experimental cate-
gory A, C and D data, respectively, represented
in TABLE 1.
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Fig. 6 Comparison of the refered experimental data
and the deduced curve in the evaluations of
Vasel et al. (1968)*® (the solid line), and the
curve of Parker (1963)* (the dashed line). Open
squares stand for the data of Barry ez al'®,
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Fig. 7 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Davey (1970)*®. Solid circles, open circles, open
triangles, and X-symbles stand for the experi-
mental category A, B, C and D data, respectively,
represented in TABLE 1.
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Fig. 8 Comparison of the curve deduced by Davey
(1970)*® and experimental data reported after
finishing his evaluation. Solid circles stand for
absolute measurements and open circles relative
measurements to ¢¢*; they are normalized to
the values evaluated by Davey®®.

(7) Abagyan (1970)% @ Z}{f
ROEHTEZUEOER, EERERCRIOME
Ho THNWEEEAE->TVWEF — 2 2HEKRILT 212
EDOFHiZ Davey (19700 L3 : A ER U1ZH, BE
NeEET—413 Davey X h B\, i, BHEOHE
RECBVVEEEZELCELLTOVEY, LOFRTE
BN EZBREIZ 1keV—1.3MeV % 23553 Uizzh v
F-XHATEHEINE. Bohi 23 OLHHERET
2RI -> THL s OEREXE 23 RKEWNoH
Hzinv¥F—chEL, $FETE. chTlohik
23 OFEMHEE THEMBEER YD T LONEEFEEZ
T, K3 4AEBELBIEBE L. chEfmER s
T5.

COFERBAUEEBENC ENKETH I 00, &
DEFETEANEOBRTRELOMEZLVRBEL D
F—2EZBRUEALTVWS., ik, COFEOEHIZIE
DOFEICHENTEEEE &2 L0 D BHRBEND T,
BHESHIERT—2OFEEEL 5 EB8TREING.
72U, Bz A F—RITERREMICE > TRHMEEDH
CHEBOBELZ L TOEABELOREMERE > T3,
CDIHTHEB T FNF—T 0,58 BELBL->TN3,
HELERUEREE & SIC Fig. 9 IR LT,

(8) Pitterle (1970)% D4

ENDF/B-II & X ¢ III @ 2%¥U (I Pitterle 2384 L
7. Version II ® FHERFELWEHEP 35 5. Version
I OFEEREEARIALTOLE VY, 74002
Avire I oFpeZHBRUTHRBLUL, ERLET
—Z2DENIT TABLEl HOBHELTHS. KBETF—F0D
BRAAHBIRABEINT 2 IKRBETHE LD
72, 21 TRARIECELFLOT — 2 535 2 HEICHICIR
RLUTOW3HP TRV, ZOHABHLNEDT,



JAERT 1228

104 T

Abagyan et al. (1970)

%‘é&;&*
102 }'."Q-’Y"\ N

\

101 [) L 1 r 2 I 3 4
10 10 10 10 10
E, (keV)

Uy"zssll(mb)

Fig. 9 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Abagyan et al. (1970Y. All experimental data
belong to the category A. However, the data
symbolized by open squres are used in their
evaluation after correcting self-shields for origi-

nal values.
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Fig. 10 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Pitterle (1970)* for ENDF/B version IL
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Comparison of the experimental data and the
curves drown on the basis of data in ENDF/B
version II (the dashed line) and III (the solid
line). Solid circles stand for the data of Barry
et al’® and Moxon?®, and open circles the data
reported after 1970.
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Fig. 12 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Poenitz (1970)*”, See the caption of Fig. 7.
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Fig. 13 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Sowerby et al. (1970)*®. See the caption of
Fig. 7.

FiEid Davey (19700 o FEETHID 29 W EBRZR S
FBELT, (1)D Byer et al® O X5 RFHEIEL
DHEBRTVWBEEZZ, COEKT, Davey b ihE
otz & K] - 1M O 2 #53 Sowerby et al. ® Poenitz
k> TROBIMIEE 12 EZELTNS. TDHET
SEOBENLDELV 0 A5 L B HRERZ SV, £
BICX > THEONEREEHP ORACHFATIAT
R—BHEATOBEEELS. 2120, 100keV PITFTTR
o5 DLW D 2B IC Z DR FMmEIIEL S E VS EH
Bbsdh T, BT IV F—REACRONS.

FO XS IKEMEFEDIENC, RBRF—2ERICET
& ZRORER AR B0, NREERATERN
LCHETAIRAEZLTVWS. ZOLTERLTEHVE
HEOHBT— 4 2RRTIANLFERENLEDNS.

COHEDERI 0,2 DAOHEELRAMRICRT &
7208, Citid o, LEHT —Z DA% Fig. 13 TR
7.

JAERI 1228

104 T Y T
. Byer and Kon’shin(1971)
o
T
) pt e
5 o
= 3
] *Be
| 'ﬁ?&. e ido
‘3102_ '%
AN
A
8
1 °N\o
10"1ge 00 102 Tig 10¢

E, (keV)

Fig. 14 Comparison of the refered experimental data
and the deduced curve in the evaluation of
Byer and Kon’skin (1970)*. Solid circles are
the data renormalized to the mean value at
30keV by the evaluators, and open circles the
data not done so.
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TABLE 2 Cross sections for 2®U(n,7) at 30 keV.

Moxon (1969)?# Davey (1970)*® Pitterle (1970)*2 Byer (1971)*  Sowerby (1970)*
Macklin et al® 556 + 56
Hanna et al® 375+ 55 37077 371+51
Bilpuch et all? 460+ 48 46046
Gibbons et al® 473+ 49 473 +47 473+£47
Bergquist et al? 308+ 35 394485
de Saussure et al'® 531+ 60 47038 461 +40 47038
Tolstikov et al.'” 396+ 96
Macklin ez al'® 5304106 507+51 507+51
Belanova et al2® 531+ 22 450+40 389+31 427438
Miessner et al?® 540+60
Moxon et al2® 403+ 62 403+62 40362
Menlove et al 479+ 28 498+15 473+15 479614 (el
Moxon?®’ 418+ 29 418+29 418+29 425+31
Poenitz?” 467+18 459+22
Fricke et al?® 462455
Mean Value 425+15 483 456 462+9 468+13

TABLE 3 Accuracy of the evaluated values assigned by several evaluators.

Schmidt(1966)*”
10~20

20~ 30 10

Pitterle(1970)*

+15~—5 +7 }5~—15

Abagyan(1970)*

5~8 20~ 30—

Poenitz(1970)* 5

Byer(1971)*

4~7 7~10 10~15

1 I ] 1 I
10° 10 102 108 104

Neutron energy (keV)
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SO HEE Fig. 15 KRS, T TIRLEDR
Abagyan et al*® x4 5 TH%. Abagyanet al. O
K BRENET -2 OVHEEZL 51245 EEXh
5TH 5. HEid, RMOBMBRETIZOTRED DK
Wio?o. %72, H#go 2% ic UKNDL 70 O fEd7RL
1. cORRBHB L ZOEIERT O THMIEEIC
F TERERLID,

Fig. 15 itk % & 100keV A5 TR AK—H LU/ MHIC
BoTWng., chidlllEsT —2BcOBTESD &P
K EIHELTHE, 100keV PIFTTI~NTLOLK
DNSVMEICE > T B D13 Abagyan et al. 28 7

8§ J— Davely(1970)
2Z 13 ... Pittlerle(1970)
> AN Poenitz ( 1970)
wu

12" e UKNDL 70 - ’

—— Byer(1970)
LI Pitterle(1972) | :
LA Sowerby(.1972) S
O~ —~

=

o

>

"]

8

<

~

3 ATV

] F3

= 0.9 .~

> H

B o8 | /]
b i/
2 | | . /

s 0.7 107 10 10° 104
k- E, (keV)

Fig. 15 Comparison of the deduced curves in the
evaluations reviewed. They are expressed in
terms of the ratios to the curve of Abagyan
et al*®.

— A HCERORBEL L CIRLOFMEL D RS IHE
AE-1DTHS. 1L.0MeV fHETR 0,” DIFLL
E— 7 ONBERAED T A NVF—ICFHE LI TR & 18&
WHEbLNS. Lichs-T, Fig. 15 itkir3 1.0MeV
RO E—7 13 Abagyan et al. D 0,2 ©— 7T
BFNERTOOTHS. 10MeV TRIFEA L DM



22 $3E hETFHEEESEE

B—=HLTOBDE, 10MeV fLRICRET —F 301
{, &5ir 14 MeV itid Perkin et al® OHEE—>
Lipidinfedic, &R s OEERALIID TS
5.

2.4 % -

%9, 4% CIRTE Bl E R I MFEICOVT
2OOMBEERT .

w1, 0,2 OFEICEYT 3 MERCOlERED A
OHMECRELIINBOERBIKETNE L THS.
Schmidt (1962, 1966)%: 37, Parker(1963)*® % X {8 Vastel ez
al (1968 & TRED BV ERE L ERmIC X 251 HME L
DA LI FMEERDIHE LHT, COBRET
REBRZNBHEKOZELORBRFREIN TR, Davey
(19700 hiffl% OFEEEF USRI LT, FHESE DKM
BRICAETF -2 ickSTE2 L., ThlRE, BEOE
2P B DEHEE IKBRENBARDOFEBEEIKERT S LD
K15 ofz. COEKT Davey (1970) Dlig 48 2#] L&
A%, KBOKH, 0 2T — 4 & LTOWENER
LI B LOMHET X}, Barry et al'® 32 DEFIDOH]
EEEZD. TRUEIR, bBAAETFOILLDOKT
—ARBEBLTROEY, HUBZIhDOATRNT L,
HEPBRECEEOBELRHTH S C &L, FHEI
EHSTRF—2ELUTRHF LIS VAESEZ . £hds
WERHEOEA LEEICEU O DI TRV, 0,
2XOBELICHELLYETRCLIKDOABHESL S
WE BRI NETH A 5. 0, OKENLEEE
L ZBBC OB S fTbhit. £OFRRBEPD
WHEEICHESHICHEZINILHDEE . ChLLOEKE
EAROREME UTHEAT 2 CF, 0, OHZBHIC
SEAET 5 EBANS B, COBBEHHEE LT, Sowerby
et al. (1970)* % Poenitz (1970 i Xk 3 [RRsER-ME D
AWt EBRT -2 2R LTHNIEE, BREOEE
WEEOEMHNELLEDT, FEORTEELTRY
ROFMTHA L, FHMEFEE L TR —SRI#ELER
5. CnEEIWELTXRET S, 1L, COFER
Sowerby et al. i€ X > TRRONIBRE ((10)BR) 23
H2DT, SBEDICREI T LD CELRFEARED
BRI REICE B XA B ITRBBRETH A .
B2OMBER, HEOBOERT — S BROKEERL
DEICHETNEPIKHE. BT — 2 34 ICEE
DORMEEESATNS, ThETRTEHRRIWE, &
LRBMICPERETROONDITH A, HWET—2i3
TRUESTFMEE T 5 &0 D MEBLOFETH S
M, ThERTHIC, ROEEESREVER I HFEDOH
SETRHMEMEZ R 55k, 3755 Davey (1970) O
Bhh s, EHIZMEEOBRARIRTEEEL, B
DFDBRENTH S EEL5. TOK, B ULREDHS
ESLUTRBENSVETIhOBRNIBBETHS.

JAERI 1228

ZORBERET -2 0BEPHEECHEEL, —&ic
BOWARHWL, FEELEL QM TRTNEEETH
3.

PYED 0,8 B89 23 EOMBTIZ, TOH2OH
BCEBLUTRNTELELTHS. Lbl, TOAH
RBodDLTWBBALINIE, B-oFDURVEHED
b5, CHRFPHELEOMEL LTHRISIRTTEIN
ISR (A EAN-R A A

OFIC, FMEEVWIBEAEEZREN 0, OREEREL
3. ARNEEOERBRAEICL > TREINERET L
RUREY, 2.2 THELSKHFLOLEESZI LT
ZNEGCTERBERALINE LBHGTEEZHICK
V., Zhic RENDA 1972 % R AR D T2 LORES
Eix2 3iciks. A%Fc EHLOAESBINET E
REnedhid, $30R3 0,2 OKBRT— 2 OEED
ERELOV-> TERZHBK L2 RHBEZOHBRT b
DHETRZO,. TRICIIFREML O ORERK b BE
EEZLB.

3. 28Y(n,n’) OWEHR

.1 ERBRF-¥%

TR NVF—ENOHBIHEN D ICE T A v
F—AREBERINDG. 4FTCRABINLLERRB
i 2MeV £ TTHB. F 1o, EBRFALDIIN. Fig.
16 i Q=—45keV (F1GERE) K 2V TO B
BART. OB ORET — 2 O T—Hb& B,
Barnard ez al5% (3 90° FRICULAHIELTE ST,
F— 2B DONTHHEN S D £ HIcBEbh3s. &
7z, Smith ez al’® @© ANL /' v—70 K RflE s hiz
AEREZOD, SEESERLEVL. UL, ANL 7w
—7TREAFEHNEEZ LS LWL 2hOXXERICEIH
EhTV3BE. 1L, F—2RARIHLTHEL, @h
ORI DT ANL J 0V — 780 1T » T 3 EBR
SHRT B &, 0y, 0 BV ou ZFELLHEL, BT
LTz sibhd. EREREDOLNBNOTR- %
DURZEROZIEOY, FOAEESDELBOARE
HTHB L.

3.2 i

o028 et 9 AR IX RENDA (1972) © &k 3 &
5-10% TH 3. EBRTF—LZRCOERIHRIZL TN
WL, 2MeV DI ETRERT—2 10,

FHBRF—Z DI 2MeV DIETR 028 5 350D
WEREZ SO T - el % 0™ L9 213070, A



JAERI 1228
2.0}~ %o, Q=—45 keV
S ¢ Smith et al””
a ° o Barnard et al*
) R S o  Barnard et al*™
& T
‘ﬁb &ﬁa & —Igarasi et al®
|.= at®
S £
Y
1.0-  [o®
I~y
0.0 ' : :
0 0.5 1.0 1.5

E, (keV)

Fig. 16 Inelastic scattering measured and calculated
data for the 45 keV level in 2¥U. Symbols
stand for the data expressed in the figure.
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Fig. 17 Comparison of the recommended curves for
the total inelastic cross-sections of 23U in some
evaluations.
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1.3 Pu-239 OEsf ¥ ¥Mrm o 3R

noA& T &t

1keV 5 15MeV FToEdEhTicdd 2 Pu-239 o KIGHERKZ 3M ¢ % 72, BNL-325
2nd Edition (1958) DIt D EERF — 2 ZUE L1z, TZ T Yp, Oor, 01, 0c DYPE T — 2 DBREZN S
OFMEICHET 2 ETOMEAL RS, ERF— 4213, BETLFMTHF— %, 2 & AT ENDF/B-
Il % X0f Davey DS & HE I N TV, BEOHET — 2 OMICH 2RV ENRIEHR SN TR
BHENTHND. afEin, BOEOCOERO—DIILBEOH SRR L#EZ 5 N, Bondarenko AR %
AOEZOMBROHFE/ENREINTO S,

Recent Status of Fast Neutron Cross Sections of Puy-239

Masayoshi Kawarf

The experimental data for Pu-239 reported after BNL-325 2nd Edition (1958) have been
compiled in order to evaluate the reaction cross sections of fast neutrons in the energy range
from 1keV to 15 MeV. Present status of the measured values for Yy, Otot, 01, 0c is described
and some problems related to the evaluation work are reported. The compiled experimental data
are compared with the existing evaluated cross section data, for example with the ¢ of
ENDF/B-III and of Davey. Present discrepancies among the measured values are pointed out
and are discussed. It seems to be considered that one of the origin of a-value discrepancy
lies in a method of estimation for resonance self-shielding effect, and the result of calculation

using Bondarenko formura for the effect is reported.
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Fig. 3 Pu-239 fission cross section, 1-100 keV.
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Fig. 7 Pu-239 a-value, 1-30 keV.

EROIRZANVE-HREOHEDOHFBE LY.
B, =2IBYBDNNy 275V ERHIEICH~S Lk

Pu-239 a-value (0./0r) measurements

Author Energy Neutron source Quantity Fission and gamma detector
56 Spivak + 30 keV- 900 keV  Photo n 7 Ionization Chamber, BF;
58 Andreev 24 keV- 880 keV Photo n 7 Ionization Chamber.
62 Hopkins+ 30keV- 1MeV Van de Graaff a Large Lig. Scint. (Cd)
66 Lottin+ 20keV- 600keV  Van de Graaff a Large Lig. Scint. (Gd)
70 Schomberg+ 10eV - 30keV Linac a, dg Liq. Scint. (P.S. D)+ Moxon Rae
70 Czirr+ 0.29eV - 30keV Linac a, o¢ Liq. Scint (P.S.D.)+Moxon Rae
70 Belyaev+ Thermal- 10keV Cyclotron a, oy Stilbene (P.S. D.)/ZnS-+Nal
70 Farrell+ +2eV - +6eV  Explosion 01, 0c, 0y, 61 Fission Chamber+Moxon Rac
70 Kononov + 100eV - 30keV Pulsed Reactor a, d¢ Fission Chamber--Large Liq. Scint,
70 Ryabov+ 100eV -~ 30keV Pulsed Reactor Qa, ot Large Liq. Scint. (Cd)
71 Gwin+ 0.02eV - 30keV Linac a, og Large Lig. Scint (High bias)/Fission Chamber
71 Bergman+ 1.05keV-12.5keV Pb Spectrometer a Fission Chamber Gas v Proportional
71 Kononov + 10keV- 1MeV Van de Graaff a Large Lig. Scint (Cd)
71 Gwin+ 0.02eV - 400keV Linac a, og Fission Chamber+Large Liq. Scint.
8keV- 60keV Van de Graaff a

72 Bandl+

——

Liq. Scint., ®Li Glass Scint.
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Fig. 8 Pu-239 a-value, 10 keV-1MeV.
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1.4 *Pu® @& %+ W il A
B M iy

0Py DEEDEETICRT 2 &R, Wi IR ERE, MORE X UTIE RGN mHE O WE
BOBIRAR~S. i, B keV 25 15MeV Oz ¥ —HHHT *Pu OWEEZMT 2 /o,

ENSOREME U 12 & OEHEHLOKIER & DTV, FEOLHEERTS.

Fast Neutron Cross Sections of *°Pu

Toru MuraTAYt

The present status of the experimental fast neutron data of #Pu is reviewed for total,

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

To evaluate the cross

sections in the energy range from a few keV to 15 MeV, these data are compared with that

of the neighbouring nuclei such as ?®U and others, and a method to estimate the cross sections

of 24%Pu is discussed.

Bolt, YPu OA2MERES B - FERERE S E Ol
AROHEEIREINTH M, EOBFEEEIIC
T, WEfEd L KEHEROMMEERL D 513ED
F—2 R F FERINTOLEL. $-T, *Pu g 20
TRINLGF—2DH3FFCOPVTRAEEEL D &IC
T2, WEEOLOVERTIR, EEOEMELLEAR
BWUZOWMELBECIHMEAED L L L8 D.

BT KEKNIFE %2 1T 73 5 BB E-THRL
2, UTREHERONEEOBERICODVTEN, €1
S D LR FEOBEROLKETSV, FHEOHHZE
ERT 5.

. & I E W

B A T Smithet al® T X 2 EHHEDHT,
ZDRFEO L F VE—HH 3 E,=0.1~1.5MeV TH
3. CORRY Fig. 1 ICRT. HBOD®, 30, 30,
2Py @ LWrERHEEO ERETHROFEMICRL .
COLRETRIZ—WEZEOBREQHMEZRTHOTR
124, BLOWEF—LDOFROMTERTICT &
V., Ricaohdkoie, choBBoLKEERIZIZ
—BLEAERL, WEECHEET A2HE TR *Pu
LOEEBIZRALETHS. ®->T, Oz xvF
—fETOR—OMENERT THSLILEILONS.

T xvF—p 1MeV PLETIE, BEHMEED
KHEEOESBPPREL BIEANCORTED LN
AMBETDBEEOETIRIEL, BUHEIOF—ZitE
BRARTHBICEL, I1MeVALS TR E o7 *Pu D
BE—HLTVE., #-T, 1MeV DI EDEIIR 20 &
BIBRULEZELTENSS.

BlIEMEIZ 0.5MeV EETOPEBENEEZRLTNS
P, CARAEBEBBRRTOV B XS5 £~y bhD
Al OO E T, MELTINERIBIZHITHA.

T A —05 0.1 MeV PITCiddE st is
BTH 5O THESERZ DL AN, U & »Pu
B A vFE—0DRLE L HICFig. | THEHHICHENT 2
A5, BU OBMRYW3PrTHS. *Pu BzoHTFh
DM %R T I Strength function s; OETHIE I
3THAHHIM, BIEBOLNTVS so, 51 DIEIRBEIK
<, MEBICX 223EDEL., *Pu b ERREKTO
BsE? s h Ty, LR/ 5 A — & B—BH keV
FTHONTVWEOT, 2% d LEBEOHAET
ST ERAHET, RRAEREOEHRT 0.1 MeV YT
OWEBEOMEAETEDLCELRTELS.

PlE, ZAAMF—EBRC L CEREROHMED &
BRIz, SEBICDIDEEE R & —XIKE
W AICHONFHADY KX ZHEERA TS, HERE
D5 A =2 RTF—-LZOBENR U KX VEHEEE
W, MPu KOWTOHEERTRIFETHS. BAED
LA, BEBMOGEIREMEICHE L T Ex>21MeV

t BAEFAHHEE K. K, Nippon Atomic Industry Group Co., Ltd.
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Cross Sections of the Fission Product Nuclei

Sin-iti Icarasif, Masayoshi Kawartf, Tsuneo NAKAGAWAT,
Tadasuke SUeHIROTTT and Toru MURATATT

Total cross sections, elastic scattering cross sections, inelastic scattering cross sections and
capture cross sections are investigated for some nuclei in the mass region of the fission products.
For lack of experimental data of the cross sections for fission products, estimations of the cross
sections should be performed by the aid of the nuclear model calculations. In this work, optical
potential parameters are looked for by comparing the calculated values and the experimental data
of the total cross sections for many nuclei. The potential parameters thus obtained are applied
to the calculations of the elastic and inelastic scattering cross sections and the capture cross
sections. Differences between experimental data and the calculated values of the cross sections
are about 209% at the most. Results show that the calculated values of the cross sections will

not be so different from true values of the cross sections for all nuclei of the fission products.
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TABLE 1 Nuclei with their lives T1,2>10 days, in addition to the stable nuclei adopted by Benzi and Reffo®.
Numerical values are taken from ref. 7. Yields are taken from **Pu fission.

Z Nucleus 2 (sec™?) Yield A Nucleus A (sec™?) Yield
36 8Kr 2x107? 0. 005 53 129] 10-18 0. 002
37 8Rb 4x10°7 —_— 55 134Cs 10-8
38 895y 2% 1077 0. 02 135Cs 7x10°7 0.07
90Sr 8x 10710 0.02 137Cg 7% 10710 0.07
39 Ny 1077 0.03 56 140Ba 6x10-7 0.06
40 BZr Stable 0.04 58 H1Ce 2x1077 0.06
%Zr 10-7 0.05 MCe 3x10-8 0.04
41 “Nb 10-8 — 59 143pr 6x107 0.05
%Nb 2%x1077 — 60 M7Nd 7x1077 0.02
44 103Ru 2x10°7 0.06 61 YPm 10-? —_—
106Ru 2x10-8 0.04 148mPrmy 2x10-7 _—
45 106Rh 2%1077 _ 62 151Sm 3x10°10 0. 008
46 107pd 10-14 0.03 63 Ey 10-° 0. 003
47 mA g 4x10-8 _ 155Eu 5x10-9 0. 002
50 1238n 6x10-¢ 0. 0006 156Eu 5x10-7 0. 0009
1258n 8x10-7 0. 0008 65 160Th 1077 0. 0001
51 1255h 10-8 0. 0008 161Th 10-¢ 0. 0004
126Sh 6% 1077 0. 002
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Ce-144, Nd-144, Nd-145, Pm-147, Sm-147, Sm-149,
Sm-151, Eu-153, Eu-155, Mo-95.
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Fig. 1 Optical potential parameters used in the prelimi-
nary calculations for the total cross sections.
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Fig. 2 Preliminary calculations are performed for the
total cross sections of those 17 nuclei as shown
in the following:

75AS, SBSI‘, B9Y, 93Nb’ QQTC, 103Rh’ llSIn’ 1271’ ISSCS’ 139La’
141Pr’ 147Pm’ 159Tb’ 165H0’ lOOTm’ 175LU, IBITa

Riz. UhLZOEEBRI% UTT, WEMOBREUT
LEZONBDT, Vo 13 7.0MeV icEET B LI
Ute. 38, SHEEEIAEHEE DOEIDNSVERNY,
HEMEZDOE 6253520 7T, 20% PITFRS—F
BROD LT AT EITLE.

FIROEH EE L AEE L OHBOHBRRIES A VF—
flE Pm PLEORBT —HBENC EE2RLI. Th%E
HETZIDIC, Vo, Ws, Ry, b DA DDINF A —2%H)
IPLUTHEREHEN. TOBRRIATOLS iK1,

(i) Ws Vo b 28 LIcEA

Vo iz20WTid, Pm PIETRES, PrPdTCcREd
b, BWs OBRIBEALORTHENT 2 i RY,
WEEOERIERICHER O —HBRL BB HAK
Bvzeds, Pm PIETRERBLEh - 1.

(i) Ws Ry, b 28 LI-BE

R, 3 Pm DI EOTHEMT 2EREZREL. Thid
BARETR rs ZARCHTHERRBO &V D —KRIER
L—FTE. bWs O 12 Pm, Tm, Lu DA 2 o8
mERLI.. BEEO—BER AT HEI N EL-
7z

PlEoc Eps, R i Pm DLEOKTRAEBIRE
BLEBDLBLLNERERTE 24, Ws K%
B ECRELENDERS. LELD/$T * — 2 FER

NEUTRON TOTAL CROSS SECTION

TOTAL CROSS SECTION

| 1 ! 1 I 1 1

ct 4 (Z=33 — 45)

—— Present Colculation

Rh-103 N
Tc- 99
Nb- 93
Y -89
Sr- 88
As- 75 ]

owmpD P O e

! | | i ] ] |

0 50

NEUTRON ENERGY

Calculations of the total cross sections using the potential parameters shown in Fig. 1
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compared with measured values®® for nuclei with Z=33 to 45.
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Fig. 3-2 Calculations of the total cross sections using the potential parameters shown in Fig. 1
compared with measured values®® for nuclei with Z=49 to 59.
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Fig. 3-3 Calculations of the total cross sections using the potential parameters shown in Fig. 1

compared with measured valuesV? for nuclei with Z= 61 to 73 (solid curve). Calcu-
lations with modified potential parameters (Fig. 8) are also shown (dashed curve).
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Fig. 4-1 Total cross section for #Y. (a) Cross section

curve calculated by using the best fit value
of Ws=3.69. (b) Cross section curve cal-
culated with Ws=14.0.
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Fig. 4-2 Total cross section for *Nb. (a) Cross section
curve calculated by using the best fit value
of Ws=6.14. (b) Cross section curve cal-
culated with Ws=14.0.

B.6)REVBELIVORVEREEL S LDDH
ot COREOEHY Vo LT, B2
Vo=52.5—40(N —-Z)/A, 3.7

A4z, Fig. 3-3 1KY, @ Vo & Re Al E
Fig. 1 KE X -FHELZE > LA ROBR L EHEKD
BICRL., HEEEOAVFRIPEDRIIE->T?S
CEBBD. CTTHE- e Ws RELTMEDOT L TH
ZLEEERLTHL.

WEWC Ws T DI TR~ 5. Fig. 3-1 5 3-3 &
Fig. 4-1 /5 44 CRONB XS i, Bk vF—f
TR W2 AL TEHEATMEEDO—HIIEL B >TH
5. DULAWsO/NSWEOD FICR O ERBHIRFFS
5. Fig. 4-1 5 4-4 IGRTHEMBER DO T EERL
THY, Tz, Pm QLD BWs O/PNIHDRE
DB LRTCDIEERLTNEDDEEZLN
4. 2CTREE, Ws=T7.0, 5=0.35 L1, R, & Vo
ICRE XKD AL, fMRPHEOEE & LTEH
BAFIL -7z, Fig. 6 ICZDREREERT N, OHEEE
SO RICHENTH D WEIN TV S T &5
5. INEXLEBBCELICRTAS L, Fig. 7-1 b
7-10 ICRT LD UERICES. ch b5 0RTIE, Vo,
Rs 13 Fig. 5-1, 5-2 TR b DEF->TWHE. D
HELOKIDPRIEMET LD S L,



JAERI 1228 1.5 HAZUERMRE O TERICOVT 47
10.0 T 1 T 10-0 T T 1
9.0 — 9.0
/z; 2]
g 8.0 £ 8.0
a 8
£ 7.0 < 7.0
§ 6.0 € 6.0
Z A
3 5.0 2 5,0
2 &Oj N 2 4.0F
2 g
5 3.0 © 3.0r
B 2.0 : g 2.0 1
° &
H '
L0575 1.0 3.0 30 10 1055 1.0 2.0 3.0 7.0
Neutron energy (MeV) (a) Neutron energy (MeV) (a)
10.0 T 7 T 10.0 ' l I
~ 9.0/- =
~ 9.0 Ws=14 4 g Ws=14
§ 8.0- 3 @ 1 \"g&OA §§ % P 3 |
3 - .
=2 7.0- §§§ }' i . | 8 7.0 §§ ? ot 3
g t £ 6.0 ; 1
2 6.0- . o H
© @ 5.0
o 5.0@&}§ t 2 i 1
2 4.0 . g Lo ‘
o 3.0¢ 1
o 3.0+ - ]
-t s [~ -1
S 2.0- y S 20
& , , , 1055 10 2.0 3.0 7.0
L0G5 1.0 2.0 3.0 2.0 ' ; : . :

Neutron energy (MeV) (b)
Fig. 4-3 Total cross section for 1¥La. (a) Cross section
curve calculated by using the best fit value

of Ws=5.73. (b) Cross section curve cal-
culated with Ws=14.0
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Fig. 5-1 Trend of the parameter R: in Eq. (3.3). The
best values of the parameter are shown by
dots.
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Fig. 4-4 Total cross section for 4'Pr. (a) Cross section
curve calculated by using the best fit value
of Ws=5.69. (b) Cross section curve cal-
culated with Ws=14.0,
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Fig. 5-2 Trend of the parameter Vo in Eq. (8.1). The
best values with fixed rs are shown by dots
and circles.
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Total cross section (barns)
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Fig. 7-9 Total cross sections of Nd obtained by the
different parameter sets. Calculations are
performed for MNd.
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Fig. 7-10 Total cross sections of Sm obtained by the
different parameter sets. Calculations are
performed for '52Sm.
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Fig. 8 Set of the optical potential para-
meters found in this work.
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Fig. 9-1 Calculations using the parameter set given

in Fig. 8 compared with measured cross
sections!®17:18.19  for elastic scattering of
neutrons by Sr. Calculations are performed
for %Sr.
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e Towle et al.
65ANTWERP-38(’65)

4 Bostrom et al.
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Hauser-Feshbach
————— Moldauer %
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Fig. -2 Calculations using the parameter set given

in Fig. 8 compared with measured cross
sections?® 21,2229 for elastic scattering of
neutrons by Y. Calculations are performed
for ®Y.

oq (barns)

Nb—93

Hauser-Feshbach
Moldauver

Block et al. PR 109(’58)1620
Reitman et al. NP 48(’63)593
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Fig. 9-3 Calculations using the parameter set given

in Fig. 8 compared with measured cross
sections!6-17.18.24,25,26.29 f{or elastic scattering
of neutrons by Nb. Calculations are per-
formed for %*Nb.
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Fig. 9-4 Calculations using the parameter set given
in Fig. 8 compared with measured cross
sections!”1827:2® for elastic scattering of
neutrons by Ag. Calculations are performed
for Ag.
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Fig. 9-6 Calculations using the parameter set given
in Fig. 8 compared with measured cross
sections!®:17.27.:30.30 for elastic scattering of
neutrons by Ba. Calculations are performed
for %*Ba.
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Fig. 9-5 Calculations using the parameter set given
in Fig. 8 compared with measured cross
sections!®25:2® for elastic scattering of neu-

trons by I. Calculations are performed for
127]
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101~ & Walt et al. PR 93(’54)1062
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8k
7
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Fig. 9-7 Calculations using the parameter set given

in Fig. 8 compared with measured cross

sections!”3® for elastic scattering of neu-

trons by Ce. Calculations are performed
for 1°Ce.
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La—139 Elastic
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Fig. 9-8 Calculations using the parameter set given
in Fig. 8 compared with measured cross
sections®®3® for elastic scattering of neu-
trons by La. Calculations are performed
for ¥°La.
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Fig. 9-9 Calculations using the parameter set given

in Fig. 8 compared with measured cross
sections®® 3 for elastic scattering of neu-

trons by Pr. Calculations are performed
for “'Pr,
L1 T T T 1 T T T T T T T T T T T T T ]
Prin,n)
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[
[ea]
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1 1
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\ i
!
\
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' 1
l 1 1 1 1 1 1 1 1 l" 1 1 1 1 1 1 1 1 1
-1
(COSINE) (c.m.s0
Fig. 10-1 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections® for differential elastic scattering
of 1.5MeV neutrons by Pr.
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MILLI-BARN/STER.

0
(COSINE)

Fig. 10-2 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections*® for differential elastic scattering
of 2.03 MeV neutrons by La.

T YT

MILLI-BARN/STER.

10!

1ol

0 -1
(COSINE) c.M50

Fig. 10-4 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections® for differential elastic scattering
of 3.07 MeV neutrons by Pr,

MILLI-BARN/STER.

10* ¢

o
w

—
[w]
)

10' ¢

L5 HAZERHEEOKERICOWVT 55

0
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Fig. 10-3 Calculations using the potential parameters

MILLI-BARN/STER.

10*

given in Fig. 8 compared with measured cross
sections*® for differential elastic scattering
of 3,578 MeV neutrons by La.

Zr (n,n)

0
{COSINE)

Fig. 10-5 Calculations using the potential parameters

given in Fig. 8 compared with measured c.oss
sections'® for differential elastic scattering
of 3.66 MeV neutrons by Zr,
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0
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Fig. 10-6 Calculations using the potential parameters

N

10

MILLI-BARN/STER.

10"

given in Fig. 8 compared with measured cross
sections®® for differential elastic scattering
of 4.0 MeV neutrons by In.

Nb{n,n) :
|
S DO A I T Y I
30 30 120 150 180
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Fig. 10-8 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections® for differential elastic scattering
of 5MeV neutrons by Nb,
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Fig. 10-7 CalculationsTusing theJpotential Sparameters
given in Fig. 8 compared with measured cross
sections® for differential elastic scattering
of 5MeV neutrons by Pr.
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Fig. 10-9

0 -1
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Calculations using the potential parameters
given in Fig. 8 compared with measured cross
sections®® for differential elastic scattering
of 6.04 MeV neutrons by Y,
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Calculations using the potential parameters
given in Fig. 8 compared with measured
cross sections3® for differential elastic scat-
tering of 6.04 MeV neutrons by Mo.
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Fig. 11-1 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections?22369 for inelastic scattering of
neutrons by Y. Calculations are performed
for Y,
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Fig. 10-11 Calculations using the potential parameters
given in Fig. 8 compared with measured
cross sections® for differential elastic scat-
tering of 7 MeV neutrons by Zr.
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Fig. 11-2 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections?#26:60 for inelastic scattering of
neutrons by Nb. Calculations are performed
for ®Nb.




58

M T EETE AR

T

2.0

T

1.8

=
-~
T

Il
o
T

-=== Moldauer

Hauser-Feshbach

1 | 1 I
03 04 06 08 1.0 20 3.0 40

(MeV)

Fig. 11-3 Calculations using the potential parameters
given in Fig. 8 compared with measured cross
sections®® for inelastic scattering of neutrons

by L

Calculations are performed for #1.
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Fig. 11-5 Calculations using the potential parameters
given in Fig. 8 compared with measured cross

33, 67, 68)

sections for

inelastic

scattering of

neutrons by La. Calculations are performed

for 1%9La,
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Fig. 11-4 Calculations using the potential parameters

given in Fig. 8 compared with measured cross
sections® for inelastic scattering of neutrons
by Ba. Calculations are performed for '*Ba.
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Fig. 11-6 Calculations using the potential parameters

given in Fig. 8 compared with measured cross

sections® for inelastic scattering of neutrons

by Pr. Calculations are performed for 'Pr,
P
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ERBEREOBAILS, BOBOFSHERIRL, Pr,
La AR O KIBBENBLHVEITHS. KL, K
HoES2 XS, AEEOEMBDITNDT, BRAT
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ANTNS. FHEOFHELE LTI Moldaver 051,
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TABLE 2-1 Level parameters and level density parameters used in this work. Parameters E., a and 4 mean a
critical energy above which the nuclear levels are overlapping, a level density parameter and a

pairing energy.

T As T5 Sr 88 Y 89 Nb 93 Rh 103
1 0.0 (3/2—) 0.0 (0+) 0.0 (1/2—) 0.0 (9/2+) 0.0 (1/2—)
2 0.199 (1/2—) 1.836 (2+) 0.91 (9/2+) 0.028 (1/2—) 0.040 (7/2+)
3 0.265 (3/2—) 2.734 (3—) 1.51 (3/2—) 0.742 (7/2+) 0.093 (9/2+)
4 0.280 (5/2—) 3.050 (0+) 1.74 (5/2—) 0.808 (3/2—) 0.298 (3/2—)
5 0.304 (9/2+4) 3.236 (2+) 2.23 (5/2+) 0.809 (5/2+) 0.360 (5/2—)
6 0.401 (5/2+) 3.514 (4+) 2.53 (7/2+) 0.952(13/2+) 0.537 (7/2+)
7 0.469 (1/2-) 3.607 (2+) 2.61 (9/2+) 0.980 (9/2+) 0.651 (7/2—)
8 0.572 (5/2—) 3.974 (2+) 2.86 (3/2-) 1.080 (7/2+) 0.798 (3/2—)
9 0.618 (3/2—) 3.08 (5/2—) 1.295 (7/2—) 0.843 (5/2—)
10 0.628 (1/2—) 3.20 (5/2—) 1.337(17/2+) 0.877 (7/2-)
11 0.822 (7/2—-) 3.49 (5/2—) 1,465 (5/2+) 0.915 (9/2—)
12 0.976 (5/2—) 3.69 (3/2+) : 1.102 (7/2—)
13 1.247 (5/2—)
14 1.270 (3/2—)
E. 1.00 4.40 3.85 1.482 1.40
a 8.72 8.07 11,53 12,52 12,24
4 ~1.45 0.0 1,47 1,03 —1.45
TABLE 2-2 Level parameters and level density parameters used in this work. Parameters E., @ and 4 mean a

critical energy above which the nuclear levels are overlapping, a level density parameter and a

pairing energy.

T~ l In 115 1127 La 139 Pr 141 Ho 165

1 0.0 (9/2+4) 0.0 (3/24) 0.0 (7/2+) 0.0 (5/2+) 0.0  (7/2-)
2 0.835 (1/2—) 0. 0576(7/2+) 0. 1658 (5/2+) 0. 1454 (7/2+) 0.0947 (9/2—)
3 0.597 (3/2—) 0, 2028 (3/2+) 0.57 (3/2+) 1.117(11/2—) 0.2098(11/2—)
4 0.829 (3/2+) 0.3750(1/2+) 0.80 (3/2+) 1.127 (3/2+) 0.345 (13/2—)
5 0.864 (3/2—) 0.417 (5/2+) 1.07 (9/2+) 1.292 (5/2+) 0.8617 (3/2+)
6 0.935 (7/2+) 0.590 (9/2+) 1.206 (3/2+) 1.208 (1/2+) 0.420 (5/2-+)
7 1.078 (7/2+) 0.629 (5/2+) 1.217 (7/2+) 1.435 (3/2+) 0.499 (15/2—)
8 1.133(13/2+) 0.651 (9/2+) 1.255 (5/2+) 1.451 (3/2+4) 0.501 (7/2+)
9 1.201 (9/2+) 0.717(11/2+) 1.257 (1/2+) 0.514 (3/2—)
10 1.419 (9/2+) 0.745 (9/2+) 1.310 (1/2+) 0.566 (5/2—)
11 1.450 (7/2+) 0.995 (3/2+) 1.383 (9/2+) 0.638 (7/2—)
12 1.645(13/2-+) 1.095 (5/2+) 1.420 (5/2+) 0.672 (17/2—)
13 1.120 (1/2+) 1.439(11/2—) 0.687 (11/2—)
14 1.236(11/2—) 1,475 (7/2+) 0.716 (7/2+)
15 1.538 (5/2+) 0.820 (13/2—)
16 0.995 (5/2+)
E. 1.70 1.27 1,559 1.456 1.02

a 16.65 13.79 14.61 15. 96 17.42

4 1.39 —~1.18 0.89 0.89 —1.07
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Fig. 12-1 Preliminary calculations of the neutron cap-
ture cross sections by 7®As compared with
measured values™ 727, A curve given by
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Fig. 12-2 Preliminary calculations of the neutron cap-
ture cross sections by !*La compared with
measured values™7, A curve given by
Benzi and Reffo is also shown for comparison.
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Review on the Fisson Cross Section of *U

Kazuaki NisHIMURAT

The experimental data of fission cross section of 2¥U, which is important as one of the

standard meutron cross sections, have been reviewed in the energy region from 100eV up to
20MeV. The references compiled are classified into three data groups; i.e., 1) VDG data,
2) LINAC data, and 3) BOMB data. The names of authors, published year, and experimental
errors reported are tabulated separately in the three data groups. In order to display the status
of discrepancies among various experimental data, the values of the fission cross sections are
plotted in the following five energy regions: 1) 100eV—100keV, 2) 5—50keV, 3) 50—300
keV, 4) 500keV—1.2MeV and 5) 0.1—20MeV, respectively. There are some LINAC or
BOMB data including more than 60 data points in one experiment, and they are not plotted
in the present review. The experimental data plotted are compared with the evaluation curve
of Konshin and Nikolaev, as well as with Davey’s one. The main origin of experimental errors
in VDG data, normalization problem in LINAC data, and flux standards in BOMB data are
investigated, respectively, to clarify the problem of evaluation for the fission cross section of
235U.
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Fig. 1 Status of 25U fission cross section measurements obtained by using Van de Graaff acceler-
ator. Authors, year and experimental error (if reported) are shown near the individual
horizontal lines or marks, which represent energy regions or energy points of the cross
section measurements performed. The mark of © means the measurement obtained by
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Fig. 2 Status of U fission cross section measurements obtained by using linear accelerator. Authors,
year and experimental error (if reported) are shown near the individual horizontal lines, which
represent energy regions of the cross section measurements performed. The mark of ® means the
measurement obtained by using fast pulsed reactor.



1.6 U oS ANHEE o OLE 2~

JAERI 1228

hwﬁamﬂo uotssy D '

Iaqueyd uolssy UONe[[IuLds sed :'D°J'SD AP IN

Ioquieyd uoljeziuol : ) °T A Y
HOp="Fp {eIep ‘1e[a1 g[ JOSqE } :2INIONIG (wu)H| %¥'¢—92F WZT—S0 3L6T sepaddey] | €2
%€ 'e—¥2F| A002—A0T| TL6T ‘v 92 oqezs | g2
Lane( uey} 19mO] %8~L "D T [eorraydg £31a1308 Iy %¥F| A¥¥9 A2Se 0L6T 7iusod | 12
T =vgp HED {000 H 40) sormIpE G010y 0°d'$D (wu)H %S EF(NES 0 ‘PP 0| OL6T sofeddey; | 02
B1Ep IUIS]OY 109110D(AMYM SB dWEs) *D "] %EF WI—2LT| 061 ‘12 #2 oqezg | 61
eyep IUIS]OH| (GHYM B dues) D %eF WT—3LT| 061 ‘v 12 oqezg§ | 8T
WT'PT 98 92°T ‘(2)(1egs 03 2A1E[Y %6 F WI 91| o61 | uewnsyiedweg 7p 34T | LT
‘SJUIWAINSLIW ISYI0 UBY} 19MO] %GT~ 04SSO 0€ ¥ 6T g O} SzI[eWION] %21—S¥F| NS T—Y0g 8961 ziud0d 9T
0" 'S "OPI0g ' (°9) Ny 107 QUIGZFF09* L11a10® o, %E'L ‘LT A%9 ‘qo0g L96T z31udog % fjous] | oI
A0g~Q1 "Hp ‘damionis oN 0°d'S™D (0u) TTe 03 2aTB[Y NZ9 '0—88 0| 9961 Trouy ® Loquo [ ¥1
MSTZ Ay ‘InonIs oN D4 INOY "0 & qGZ T 03 9zI[BWION] NSO '0—8e 0] 9961 ualeyp % PIWS | €T
(A0'u)gy; XNP BIEP AIYM SO ‘2IMIONIS ON "0 T deldnny B1Ep SMYM 03 SZI[EWION NP 0—ST 0, 9961 suoqqlo 7 VIR | 2T
@30 ‘TF8 Z2—A¥z="7 °d-9S wstd woioq ‘yieq Y10 ‘Yieq UN %S 3 F Ayg S96T v 32 ufIdg | 1T

7 [P 72 OQPZG Y314 2JUBPIOIE U[ ‘AN(Y 1% xj . ) L
SES[[esm D " U BULI0)3E0S UOHNIU 10] UOHIIBII0] 0'd (vu)H %S zF  WPI—A0¥ S96T aym | Of
w/sug ‘JOI uo10[04d ‘sjutod eIRP TH 0 'S D[[10031 UqINIS ‘AP '€ ¥8 qgg ‘T 03 SZI[BULION] W1Z—S| €961 o 22 AojeIyuRd | 6
gol! (vmH %SF WIZ—01| 2961 ‘v 12 yuuwg | g
dois j05—0g ‘syutod B3Ep Gg %8F| WNG'Z—€'0] 2967 ‘g 12 UBUAIIWG | )
04 NPT 38 (19) ez ©F PANERY W0Z—9 21| 1961 ‘o 92 SWEPY | 9
JoL DA WPT 3e 2zi{ewIoN NZZ—01| 0961 ‘12 72 Aojenjued | g
%G g St Joxra xnig "9 eunod Fuoy pajerqied (£[uo) WNLZ 0 %LF| M08L—A¥’'E 66T ‘2 92 AO[I0D) | ¥
QST '0F0€ 2="9¢sz ‘60 0FE0 2="085/* Ossz "0 TING '#T 78 950 0F €T 'T “(°9) Nesz 03 24NE[3Y %S '9F N9 71| 8961 ‘7 32 uizardg | ¢
suojord (uwu)H ‘(£Tu0) NG 'TWGS 0]  £[uo "sueIg Ne—0g| 2961 uosnFio % IV | 2
[10031 Jo "H ‘d Jo uoneoderixe sI 10113 UIRI (wo)H (ATUO)NLZ'T| %E€'9—T'eF| W9T—¥0 861 walg | T
syIeWayg 10310912 pIepuEis XN ‘UOIIEZI[BULIOU IO 3IN[0SqY £oeInOdOoy uo1da1 g 1B X soymy *ON ‘Jo¥

VIVA DJdA 1 3ev]




JAERT 1228

#

Pa

H bk T T IR R

#3m

68

AN N
1030930p 93BIS-PIOS :"Q'S’S A9y ¢
uoneniong %0y, ST e 90 076 * 2/190(1'Ts) E_.J 00T 38 %ST
‘ASYOOT—OT 2INIINIIS ‘wfsur ‘e|qe’ ip 10 ‘as ST ﬁmﬁmo.v v 22 Z}IeMYOg "qu\vr e...w 0T I® %8F J00T—AR0Z 161 o 73 Asqwa] Vas
9Ge :
AT—A209 ‘Id~INYO UEYs 1ouBy 96G1 TAY~INYO 03 “wiou® 4o1) 0 32 49 1 :
‘31 ‘sturod eiep 966~ ‘QUVININOL g 0r6=(1"Ts) **0 * qpa(*Aoar( 03 "WION PRI 'Z—A0T| 0L6T rwer) | Ty
‘ (¢ "w93sAs ;
A1 “syutod eep 0082~ ‘NOWNISYED 'ass (d'w) oHg (U Axwm.wﬂv AT—AS0Z) 6961 ueBrog % 1oWeRID | 0F
A1 ‘stutod erep ye0e~ “THYLAd A9g 18 (esg) F0 03 "WION %€ 8F| ~ WI—AS0g 9961 ‘12 72 umolg | 68
sjutod e1Ep GIT~ ‘@INIONIS ‘w/suf W2—300T| S96T 241V | 8¢
syIeWaY 1030939(J piepuels XN ‘UOLEZI[BWIOU 10 IN[OSqY £ovIndoy uoidal Uy _ Ies X sioyIny ‘'ON ‘}od
Vivd gNod € 318vl
1o3e[iauros onserd :°g°d
10te[[1yULos ewwed :G-4 ‘IOQUWBYD UOISSY D’ AP IN
1oquIeyd> UOLEZIUOL ') ‘T ‘JOIE[[HUIS pmbI] :'g T AT
"U 10/puE £ *DUI0D { 2INJONIIS YONW ‘W/SUGZ "0-GT '0) 's'dl (99, £earQ JO J0OT 38 qy9 T 03 'WION A05e—NS BT| TLBT ‘o 12 uuewmog | L
Buip[erys-J[os 7p 33edS "HAW IO} UOHIILI0d ON 04 IdE-"INYO 3O FP 10 pspoefT 03 "WION] M00T—AR00T| TL6T [P 32 IBAIS | 98
‘U Io/pue A ‘OUIOd ‘Y(0Z) INIoNIIs ‘wrfsuy 'S dl (99,) £oa®( 03 JZI[BWION J00S—HS 1| 0L6T Jp 32 uuewmog | Gg
'SD UOPNeYII JO FP 10 pap0ef OF "WION J0e—A>BLT| 0.6T ‘v 12 suolg | ¢
“Jonpg %0g~GT (') gz e 2ANIINIIS ‘W/sUZ (DU, %8F|  M0E—A205 0L6T ‘v 12 PRI | £
‘o|qey Fpiof ‘10joeal Isey pasing Wiy 18 qGFZ8G 03 9Z[BULION J0g—ASST 0| 0L6T ‘12 92 soqely | zg
w/sugy ‘(o) fw/surzg o) 'y pored eiRg]  UURWAMOG JO F/FP FOpeefF? 0 TWION %% F| AT '2—A39% 0| 696T ‘12 92 MR[Qued | Ig
syutod ®BjEp GpT~ ‘W/SUQE DI+'S"T Wiy 18 qg8s ‘T/HP 10pe [t O} WION ) < Ag—AS9 8961 ‘17 72 08D} | 08
oqes 77/gp 10§ ‘wjsugy “soiowar 1se} Pasind 'S 71 ¥ “O'I+'SD wg 1o qyFoas o omemioN] o (NS q0p—Avar 0 806l 10 19 Aoqely | 62
qr °2L8=(VF) to 01 szyewIou UBWIMOG 090 ‘g4 0 J(uuewMog)q6 13T =5 /TP O poor [0 03 WION 40Z—A%% 0| L96T ‘v 72 amssneg o | 82
0 90 'S4 “Dd q5¥ "LZT=H /AP0 par S0 03 .wﬁoﬂ J0Z—ASY 0] 9961 ‘7o 32 amssneg 3 | LZ
AO —_
a]qe) sisA[eue Joxxd ‘(o) ‘SO MORIUOD  guppy 79 YOUN JO “I9AE O} oMmaEHonT %9+ H5g—1| 9967 sowe[ | 92
0 'ip o0 fwifsugy ‘I030BaI 5B} PISing ST 4y A08—A3Z 5961 ‘v 22 11-Yiys Suep | Sg
1090 ¢ A90gT 03 dn rexed sy J0T—AS3L 7961 ‘v 32 VOPNEIN | V2
SyIeWaYY 1030939(J piepuRlS XNJ “UOTIBZI[BTLIOU IO 91N[OSqY £oeINnddy uoldal1 vy Ieax sIoyIny ‘ON ‘1Y

VIVd OVNIT T 38vl




JAERI 1228 1.6 U oA BEMER ot OVE a— 69

BOMB DATA

« Albert et al. (65)
00

2“
~115 points
208V Brown et al. (66), 8.3%, 3094 points (> 1K) M
o ! PETREL
Cromer et al. (69),4.88% , ~2800 points
206V K PERSIMMON
t0eV Cramer et ol. (70), 4.5% , 596 points (>1K) 2.84M
—— > POMMARD
37K15-36% 10K
20eV Lemley et al. (71), 5-8% ,~426 points (>1K) 100K
1 1 1 | | ] J
10 100 1K 10K 100K tM oM
En (eV)

Fig. 3 Status of 2¥U fission cross section measurements obtained by using nuclear explosion (bomb).
Authors, year, experimental error (if reported) and number of energy points are shown near
the individual horizontal lines, which represent energy regions of the cross section measure-
ments performed.
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Fig. 4 ?%U fission cross sections in the energy region of 100eV to 100keV. The LINAC or BOMB data including
more than 60 data points in one experiment are not plotted in the figure.
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Fig. 5 25U fission cross sections in the energy region of 5keV to 50keV. The LINAC or BOMB data
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of Konshin et al.*” and Davey’® are shown for comparison.
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for comparison.

1 1.3
£
o
e
~ 1,2
=
c
=
[3]
2
3
&
= 11
o
Q
0
1.0

O Allen und Ferguson 1957
< Diven 1957
Goriov . 196!
§ normierte Relativwerte 2 s wen:;.ael' al |362
Diese Arbeit A White 1965 :
Képpeler * Absolutwerte 26-34% | @ poenitz 1968
1972 @ Poenitz 1971
WV Szabo et al. 1971
-
"
I © < r o
2 © a
L 2 1
[x] O
—
® * ®
i o
} —
(o]
®
1 1 1 1 I3 i1 1 1 1
500 600 700 800 900 {000 1100 1200

Neutronenenergie (keV ) —>

Fig. 7 25U fission cross sections in the energy region of 500keV to L 2MeV,
where the data are obtained by using Van de Graaff accelerator.
This figure is reproduced from Kippeler?, and the evaluated curve

of Konshin et al*” is added for comparison,

71



72 #3E| TR ESRE

#-12 L Silver et al.(’70)3® @ LINAC 7 — 2 38\ M
EREEERELTWS (Vv a—0ho Figs il
ZDPF—F23 oy FINTWLI WA, ENDF/B-3 T
REFEFOF—4E2BRLTNE).

Fig. 6 €3 50keV DL F 300keV & TOF —Z BRI
nTn3g, ZOFEKTIE, 270keV M 5ihE % Poenitz
() ODIENVEREAEBRNT, F—FMICKELANVE
WERSHIEL.

Fig.7 500keV—1.2MeV 4HIE.

OO EXE |2 Kippeler (*72)? T, private com-
munication I L D EZEBAF LI CKBIALLSDTH
2.8 5 s thsid Konshin e al. (72)47 OFHEHIERT
2. zhid Kappeler OFEMICIZNL, 2OV 2~
DlHEEBNTMAIbDTHS.

M o5 &5, WA L2313k Kippeler ('72) @
o(n,f) 13 880keV EFHETHR/ANICIEY, HUOLRTBH
FZR LT3, Gorlov et al.(60)* & Poenitz (’68)'®
OEBRTFT—213, Oz VEF—FEETHOIOLD
# 10—15%E Nl % R L, RFEMICAVE TS,
UL LIhDERF~ 213, ¥+ 5%OHANT—HLT
W3,

JAERTI 1228

Fig.8 100keV—20MeV #HIR.

1) Poenitz(’68)'® O flE (270keV—1.5MeV) i3,
fhD EBREIC S SRTHRIEICHK 15% BENEEZRLT
W3, WOERFHEOKMI, THFROREBMORE
BELE-T, THTFED Li D& —4 v bO activity,
TRbbAER Iz Be @ activity ZRIE L THREL
TW3HEITHA.

2) 300keV—20MeV it 1) 2 EET — 2 ORI
Diven (’57)1, +6.3%PIF, ®H; Smirenkin et al.(’62)
D, 8%, -H; REHNEROWETHEE S LR
UV,

C OEBTHEED X White('65) P07 —~%, +2.5
9%, 130.32, 0.4, 0.5, 1, 2.25, 5, 14MeV &, LU
EUTHAB.

3) Kicid #Pu @ onf) 2RDIZDWCHE -
Smith et al. (62)PD¥MET — £ 2O (334) T v v
FLTH B (0.12—21MeV) . F:F O Konshin s Q#4447
wkhif, LASL 0F—4R3Z 0 %% { OMEENZ
T, DREVEWVEICEIT I NLE NS, HiciE T OHET
MAVH(16E) T ey F LTH 5B (2.23—14MeV).

3 ® Diven (57) £31-63% B9y
~ ¢ Allen ot al. (57)
b w Gorlov et al. (60) 7%
* Smirenkin et al(62) £ 8%
4 Smith o ol (57)+5%
25| ¥ (Revised)  (62) —
i & White (65) £25%
4 Poemitz  (68)£5% ! 1
- x Kdppeler (70) £35% I ° 1
L ¢ Szobo et al. (71) £24-33% %’ 00{0 e

1 1 1 lllllll

(72)

Davey (68)

1 ) 'O SRS | L H

0.1M 0.5 ™

s foM En (MeV)

Fig. 8 23U fission cross sections in the energy region of 0.1MeV to 20MeV. The evaluated curves of Konshin

et al*” apnd Davey*® are shown for comparison,
Y P
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4, ERBEICHRTIMER

WEEMNL > TETVEEAD KBRS 50 IIREMN
RERICOVT, EhoOBEMICER LT 5D
b, FROOARREIBIUHERZKEMICRITLTA
2L, BRicET2ER FomEcEFRT 2BELANE
XBFOICBBTHAD.

TABLE 6 VDG F¥— 2 D%

E REgEEaE (%) |HIE (%)
Kappeler(7020 R BkES T4 B 0%h R 1.5
(0.44 & 0.53 |v 5 =9 AFFOK 0.8
MeV) KBET DR 0.5
KB F = v N— DFR 0.5
(n,7)/ Sy 2759/ FD 0.5
E
& 7 3.5%
Szabo et al. BF: 51 v % —O%hHK 1.8
(’70) 18
(1. 8keV— HE= 518 1.13
1MeV)
RF O 1.0
Farvn—Dry 2779 0.7 9
v RHEE
Rk BHETORE 0.5 7
W hic B AR FO| 0.5 5.9
FEEN
z2RY PO TE 0.5 3
(at En=68keV) &t 2.7%
Szabo et al. hiE TR DOWRE 1.8
(’71)22)
(10keV— R D 0.8
200keV) R 0.8
RZIC L BT ORE 0.5 7.5
(at En=58 keV) &&f 2.4%
Poenitz et al. AT H HMEIRB
(:70)21)
(552 keV— FTEGERT o ¥ ETOLR-
644keV) ix
A ISPN 3 o F x V=D
R 5Ok
F 5 #EL
o F 2 VIN—DH
Kb o ok
FHEICX S
B ORITE
Lokl
ehTVE—LER
—4y FAE R
KBt By
DI HRLEL
AP L0
LT 7 HGEL
Bil4% A7 8.6%

1.6 U oBSREER 0 OV E 2~ 73

1) VDG OoFEBF—4

Kiappeler (°70) 29 ; Szabo ez al.('70) 18 (°71) %2 ; Poenitz
C70)20 5, @ FE F— 2B AAHEEIOERE XU
ZROOKRBHFERR, BEEESICINIT TABES O X
SR NG, kiELccTid 0.5% L EDBREDHD
rBoE, REVRBERCHEHBELTHS.

MESE LTEMORE LR
a) T HOKEICEET 2 RICRROBRENS
INBTETHE. 2HEBICKEIVEER, BHLED
Y5 =9 LETHOBRDNETHS.

b) Poenitz("71) #2143, fth&i& - 7o REAF R TR
WEROREE LTS, UL LAREERS JURE
DHEXGEBF, AF4%ELTVT, TNLOMA
KHODTR¥EEHICRE L TH .

WERULE S EHET, &> RBED, &o G
TRATHBC &R, HOBOEERT 5 ETHERN
CETHAB.

TABLE & IC DR To~NY vV F LB TO Szabo et al. ('70)
OF —#13 68keV IKBF A HDT, #BER 2.7% /N
XA, FELRAHE T A MF—FEEICOVTIRES
%ELTVE. ZhoOHERIE, REOTFmIcEd 38
HETFOMKO AEAZRICANTITES N, FALF
® EANDC ¥ vE Iy LATREINKLD. &/ v 7
ZENVAZTO Szabo et al.CTL)DF —4 & 58keV T
2.4% L /NS WA, THIT estimated errors THY, h4
#iici3 1.79-0.05 barns (+2.8%) &7E-oTWV3.

B Kappeler (72)213, (70)2OREH EEHEL
HHOBEEA LV L, BEE 2.6-3.4% i biF
T EICRB LIz, THbb,

1) BTGk (Bi&) omB. Avvyi— TUVA
a7 & ZHEFROMET, HFATREEE
EREA U tow, BEBHEFICRRICE - /o,
2 oD% - kAR LT, RfEBREEZDI
< Utk.

i) BMAZBMBELTHRAY YT Ao vi—%iF

L7z, #0&FE TOF itk (4¢=2.6ns) /Ny
y 75 v FbEFOSRIMNTRECIEY, REi%HH
Bk #&EIN2hHETOMELRIBICHRD S &
7o (EVFANOKICLBEHEEED).
i) WEOLDOEROREAZHEALT, RENBREE
Btz L.

D3HTH5.

% to@F 25keV DT R AMF—%AbDElvbh 3 Sb-
Be rhikFiE % Fiv 7z Perkin et al' OHIENH 5. L
DULEREZD T2 VF—I3 25keV TR 72, 22.8%1
keV* 12, 26.041.3keV®O LN S5HESHDIE- %D
LT, X5 35U @ of 3H{D Fig. 5 o bR
2X5ic, ©D 22.5keV » 5 24keV T 5—15%
b4 20T, Sb-Be hiFHick3 U D of O
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i3, EEENERE VDO MBS S5 SIFF LR
EVSIRFPPEHB.

2) LINAC QEET— 24

LINAC ic & 2 REMNTERICONT, TN DDHE
WhE, mhR, BELEREINCENTA S &, TAsLE
7 DLHITILB.

coEPSELME LI, LINACIKK XS o ORIE
i3, UTREHINZ LS BHEABELONS.

1) WFhOERTS o OEEERD 70, £

A>T, COLERATIERLT
nE T RARECE>TES. TibB, (o
dEJE (fission resonance integral) & 3\ i, SU{ dE
(fission integral) LWV HE%EED, Mmoo R NVF—
OB IHBELTHS. T a® D@L
THEMALTWEEALHS.
2) WMEOEHRLLTROBOBDH 5.
1) HE/LoBRBICET38E
i) B (BK) REERVIES, FERELE
B CERORIEDBE
i) LINAC 8D, v/ 779V FERET
BEADMRE
3) hEFRR7 P IVORE
1) #IixuF—TO “B(n,a) OEEREMIC
W, v kEEERELTEH DT R VvF—
FTENAANS. Lichi->T 25keV DI L
T3 non-1/v WHEBHETH 5.
i) B A VvF—tBF 5 COHEOBENEDR,
o OREHRICHEL BRI

Ltedi- CTEHEDO P OV A R, BT840
Bk L TR xYHEER LU OfEHEOK A, £TH
—lcEZONS.

zorHicid, o ORECRSK TR ZFANVF—-TO
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MoR LA BT BTEZTEBHEZT LY.
3) BOMB ORET —#

BOMB it k2 EB L\ ->Td, ZOHRKRMEKIR
F LINAC CHWOR TV AEEDOEMERLTED D
751, LINAC & -TW0W30DI1E, 2SVvAOEN]
BThy, hHEFRENEOIDEED VR FHRIEEE
BEZBOETSHS. Likcdi-THRILED S OBERES
MENCEIE LT 5 v VELICERL, CThEREEY
AL A A S TRRELTHS.

Cramer & Bergen'®i k¢ Cramer*ic X hid, #5
D o(E)yRRATHREINS.

m(E)=% SE, 1 4
S(E): ) aviEHBED YT v
E: Bl BhTORNBEF OVEEH = A v ¥ —
(average energy deposition)
a: E »5 S(E) ~OEHER
N: v 5 =9 ARTFOEBEER
F(E): TR, 9: kA
ceT 12 B eRTH—FRCKHEI NS DL,
cho0Es, FE) ORER T X vF— HEHICE -
ok TR OB FINFT b T 5 (TABLE 8 BH).
coFRCRMETHROBEDOHLELT, ThEBALR
HREEB L CANBRELORLTHS.
F 7. 85D Lemley et al. (71)* © §il &£ T, et
EEDHICERZEDOEHRELT
AB ik FROHE
Ny 2 S50V FORE l
SNEEEE—T y FMIEOREEE
E(miiBhic sy 28%R O
SEHOEH T R VF—) OAREE
EHTTOT, ThHDATIXZHMBREILB Y (at

Blse 27150, or(Ew) OMETHENT 2%, EEBREOD 10keV), 5% (at 100keV) L3> TW3. ZOH>BE
TABLE 8 BOMB #— % D&
. kT R O S P 2
Cramer & Bergen*” 1) R¥EHyEE 2) 74 {V.L\&C“/fj“
(206V—1keV) 100eV—1keV Li(n, )T, 1/v 5. 2~5. 9% gggamagg
100eV LIF 3He(n,p) T 3. 2~4.3%
Cramer® it iR AERE
(1CeV—2. 84MeV) 64keV—2. 84MeV Davey @i +4.8% KB 6 BLEIT*
10keV—64keV no data
35eV—10keV §Li(n, o) T, 1/v +2.9% KRG IL109% LU **
Ona(Eswn) =940, 3+1.6b
10eV—35eV &dEE@RNLRH)

* 3 TkeV—10keV Tid 16~37% &L K& {15 5.

** 38 3¢V PIFTId 10~50% & K& 185,
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B0, AhETFoREEELELTHNLGNS
SLi(n, ) OWiTIBLICET 2BETH . THhLE
1keV PIE, don, o==23%*
1keV PIF, On aoclfv, On, o Eam)=940.0b*
EUTHEFHEREREH LTV S.

COEBROBHEBETIR o £ T LERHNTERVO
<, Lina) T OHEAHROREE S BPETFRICEE
LTl 3. %3 24TkeV it 5 p-wave OILRIC
X2 COWHEBOAEANO LB EHAE L. ZOK
BOAEAGEEELTD, 0o e i3 150keV T+3Y%,
100keV T+1.5%, 50keV T+0.5%#EN3 3 &b
hote. LB LREINILTF—ZIL, 24TkeV O p-wave
JLEOEEA X T A, 100keV PEOF—2 348
nTHIR,

5. ¥ & 08

100eV 7 5 20MeV * TOHEET, FMOHREE
D 3% U O onf) 20T, 1) X7 — 2 E2RE
AL, 2) EBRF—207 0y bBLXUHBET L -
7o. i FEGlic 3FE (VDG, LINAC, BOMB)
OEBRF—ZICHEL, ThZhoRSTHE LOME
HENY K EhERF L. 4%, RABHOFET
BHBF— A EEBES, CORBF—FDVEa—»HRIL
TIEENTH S,

B]E 20U © onf) OFETAT -2 ELTAESNT
3 E75 i, ENDF/B, UKNDL, KEDAK, DAVEY,
Konshin & Nikolaev #3% 3. 4EIOVE 2 —~TRhHh
LOEE T A#F — 2 OAFICO2NTRSNONE -1
N, Ao OEOHERBRETE»>T, HEARNE
cidHb, MCGERLTOE»EHELMIC LT BE
BH5.
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L

=t R #wre= Kk — Wt

KA ESTT Bk ST R ST - LA BT

| A f7A%éwqﬂ@%ﬁ:rsotmbﬁmﬁ%@iz‘w#‘x«'*a b VA FRITERE T, P ET O
AT E = v 7 VRO LETRIE L. Z QR 13 JAERI-FAST 70 #5g3 (**Th oW
JAERI-M 4927) % DTF-IV i AN LFckER EL (T A, COEBROMTOBMRI ¥*Th © 70

HEROFHETH 5.

EEE X UBITED COBEOERAOEAEZLHTHNT, BUFERHELUOBLTVI=U A
EAKICAV., TORRICINE, JAERI-FAST O #DE¥kiE 28.5keV OHBEHEE LD FTOI A

NEAORALBOFMYT B LEAONS.

Measurement and Analysis of Energy and Space Distribution

of Neutrons in a Thoria Assembly

Hiroshi NisHrHARAT, Satoshi KANAZAWAT, Kazuyoshi Mixif
Ttsuro Kmvuratt, Katsuhei Kopavasurtt, Shu A. Havasartt
and Shuji Yamamotoft

Energy spectra of fast and intermediate neutrons and space distribution of fast neutrons
in a thoria assembly were measured by the time-of -flight method and by activation of nickel
wires, respectively. The results are in good agreement with the spectra and distribution which
are predicted by the DTF-IV code with the input of JAERI-FAST 70-group cross section
set (JAERI-M 4927 for **Th). The immediate object is to assess the 70-group cross sections

for %82Th.

The same methods of experiment and analysis were applied to an iron and an alumina
assembly, for the purpose of testing their applicability. It has been found that the JAERI-
FAST cross sections for iron yield insufficient slowing-down of neutrons to energies below the

large resonance scattering at 28. 5keV.
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Fig. 1 (a) Experimental arrangement of the iron asse-
mbly.
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Fig. 1 (b) The spherical vessel of staniless steel for con-
taining sample powder of thoria or alumina.
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Fig. 2 The block diagram of electronics.
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Fig. 4(a) Neutron lethargy spectrum in the iron assembly for neutrons
from the reentrant hole; »=20cm x=0.
——: DTF-IV (S8), JAERI-FAST-70G (P1)

——: DTF-IT ($8), JAERI-FAST-25G (P 1)

The circular and triangular marks are the measured specra

bunched in 70 groups;
@ : scatterer method

A : scatterer method, after deduction of time-independent

background

A : tunnel method, after deduction of time-independent

background
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Fig. 4(c) Neutron lethargy spectrum in the iron assembly for neutrons
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Fig. 5 Measured neutron lethargy spectrum in the iron assembly
emerging from the reentranthole, r=24 cm, £=0; before being
bunched in 70 groups. The background was processed by the
tunnel method. The resonances are clearly seen on the spectrum.
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RENIE KRR D AL-25 THAT & 4413 TABLE 1 {T
RELUIZEDTHB. Fig. 1(b) DRABICTELICRETOD

TABLE 1

Chemical composition

Alz:0s 99.5 %
Fe:0s 0.04%
Si0O: 0.02%
Na:0 0.01%
TiO: 0. 004%
H:0 0.03%

HEOHERZLITHS.

Ni BoOEHbic & » THl & Ul @Ed i T o /4
i3 Fig. 6 IKRULBED THAREFESEONE. H
oz DTF-IV itk 3 3MeV 50D &diEFH
& -, BEbo4i L, ABBN § JAERI-FAST-
70G dFIICLLABRLTVS. Ni Og{LirEmE "%
AOTEHER & > TRIMLOERASHE2KD 2 C LIIE
BThHAHMNP, ZOEIX 3MeV fFEOLTHFHED
D EEEALRBTEROOT, ZORTRERLE,
#BEERLI.

Fig. 7 12 ABBN % X8 JAERI-FAST-70G @ % -2
7 MVEERBEERBLELODTH S, HBRMEIFE1E
DEDTNy 2759V FORER P Y ANMEIREST
W53, ZOFETIR, A7 P VD F ik 20keV DT
ABBN Ol HBHBHILG->TVS.

3.3 BEbUDLIEDINT
RERZHEBTERT, ROB L O 2TABLE 2

ICRLIZBDTH S, BECEBELLRETO BT
BiR2.7TEL-T5.

Specification of sample powder of alumina (AL-25)*

Properties
Theoretical density 3.90
Apparent density 0.90~1.3
Grain size 30~40 #«
Ignition loss 0.2%

* Offered by the manufacturer, Sumitomo Chemical Co., Ltd.
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Fig. 7 Lethargy spectrum of neutrons in the alumina assembly from

the reentrant hole;

. DTF-IV (516), JAERI-FAST (P1)

———: DTF-1V (S16), ABBN (P 1)

The circular, triangular and x marks are the measured values
bunched in 70 groups, obtained by separate experimental runs.

* Th OEHIE JAERLM 4927 (£ X 5.
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TABLE 2 Chemical composition and physical properties of sample thoria powder.*

Chemical composition

Property Result

ThO: 99.9 (%)
Fe:0: 4.7 (ppm)
Cl 0.01(%)
SOs 0.01(%)
Na 90 (ppm)
K 0.002(%)
Ca 26, 8(ppm)
Rare Earths 100 (ppm)
CeO2 1.9 (ppm)

Theoretical density

Apparent Pile
density [Drawer plug

Grain size

10.0 (g/cm3)
2. 70(g/cm?®)
2. 93(g/cm?®)
2.8~3.2

Ignition loss 0.09

Total quantity about 300 kg

* Average value of five samples, measured by the manufacturer, Santoku-kinzoku Kogyo

Co., Ltd.

Fast neutron flux (arbitrary unit)

H
0 10 20 30
Position from center (cm)

Fig. 8 Spatial distribution of fast neutrons in the
thoria assembly measured by the %Ni(n, p)**Co

reaction.
A\ : foreward direction 8=0°

+, X : transverse directions §=90°
(O : backward direction =135
@: scalar flux by DTF-IV, ABBN Group 3
@ scalar flux by DTF-IV, JAERI-FAST-

70G Group 6
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Fig. 9 Lethargy spectrum of neutrons in the thoria assembly emerging

from the reentrant hole;

— . DTF-IV (S16), JAERI-FAST (P 1)
--—: DTF-IV(S16), ABBN(P1)
The circular and triangular marks are the measured spectra

bunched in 70 groups.
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2.2 BOWPHHIELREHFEBICOWLT

o #® fF BT

BEALR—OMEDSESN T 2 RICKHT 2 B BAKRBEMERER, (ERERFRRZOMMEIC
WHHEICHT 2 HOERRFERLTROONTE . LeLRVEREIAEZEATHSHATE, #M
OHRCETZHRTEIE, FOHOTHPETFHEIVELE LR E0T, MEHEELBRENEREIC
72 HOERRTF AR SN S, S TIIHO 4.65keV 25 800keV F TOFKTO

BEEERICNT 2 HOERRTFEIRES v,

2O BEEE JAERI-FAST + 5 FMCHEZ 60TV

M E EH OB Fom s, BaTRTH 10 oL ARH I,

Elastic Scattering Removal Cross Section of Iron

Nobuhiro YAmMAMUROT

In order to obtain the group elastic removal cross section in a undiluted material, hitherto,

the self-shielding factor for the elastic scattering cross section was used. However, for

the group in which there is a strong resonance scattering, the self-shielding factor for the

elastic removal cross section should be prepared because the weighting flux of group boundary

is quite different from the average flux in that group. In this article the self-shielding factor

for the elastic removal cross section of iron in the range of 4.65keV to 800keV have been

calculated. We found the discrepancy up to a factor about 10 between the elastic removal cross

sections of present calculation and values resulting from the JAERI-FAST set.

1. # ]

#Bb L UOBERRICHT ZREDE T IV AERO T —
R A B T8 - 1B, — AP PNIC X 2 HgriE
B ERETREMBERD TS B &, EEdPET A
HhEBE LT3 AREROERZRIE, EREE
O—FIIMBO RN Edibh oo s, Shickh~5s &8k
TREEDDE D HEALEETHTCAE DR —BDEL
e EmBEH oS, ROEER I UChESTICHT
ATERIBELATHY, Lizd-TZhhbfEoh
HEMOMS, YOM © ABBN OTOEEII/MAIHD
M, HOBAICIT 5keV S MeV Kb Tz »THD
LEHEND D, ZOREAOKZNEFRELS ESOTH
E¥Ey PEOEWIRE S, MOFEESENLEEZL
5>h35. £ 7T ABBN L kv JAERI-FAST o Mh#g%
RS E L THOMERDEORF 2. UTICER
I TRHBONTOAREREZE LD S,

2. ABBN & JAERI-FAST +z . b D HE:

FERDOPETFRERRLS, HREFHELOMTE
AEULB0R, BEPMTOAHE, KEAHEFROD
TR HERRIEEOTRETHENT T4, FHT
WE—H 100keV [T i BEEETFRENSB. C
@ T3V F — IR B BELD & D3EIC & O TR
HEBRENEEOEORIBAREICES.

ABBN . b EDOHEET 5 o JAERI-FAST +
v b 25 HEEOLDE LB L, £OE 10 1 (21.5
keV-46.5keV) rhici3LBr 2 vF— 28keV O S
WHBEEABAINE. Ty P OEBRERRICHT S
BEMAEEOMI Tl KRTEIWCCDOHTHEDK
ENENED-TNS,

ABBN v b TRBSEEERENTNEL (1) RO X
S, ZOMD (FY) RYEEEMmREOME RV TE
HLTWA.

T I K, Tokyo Institute of Technology
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TABLE 1 Group constants of 10-th group in 25 group
structure.

ABBN JAERI-FAST

Oe 145 b 13.0676 b

o 0.657b 0.0681 b
Fe(00=0) 0.09 0.2145
0,=EZZeb (1)

T

b_-__ ¢(u2)

()

B b RZ0HORBEL A VF— (BRI IV —wid
M) oEHOTHTFEE, HIOPEPHETREOLTS
AHEE =1 L LTHEILTWAE., chicdl
JAERI-FAST Tizz O THICANIR

S"‘ du K (u, us)oe(w)p (1)
Or= uy—du ( 2 )

S:du¢00

CHZDOLOMAOENTNEEZLbNEH, TOX
SBRTCHET 2 E, u fED oe(u) DEHEDAND
NAHEEER 10 fHicB W Tid ABBN T L 1/10 ©
BRI N5,

L ATHhRbhOERRBRO XS, &osrnERicsk
T 237 — 2 RIFICIE, Ny 277 v FREED 0 K /iE
T BRI DM

0:(00=0)=0r(c0)+ fe(g0=0) (3)
BEOShRIZES N, COoREERICET2EEHE
AT fe 2RUHBETS ABBN & JAERI-FAST
ORJICIE R E L BNDH BT LiT TaBE 1 HOBALHT
#%. JAERI-FAST 04 00) DR FEHIT/AE L
By, COMEROTHELGH®TARZ bvid, &8
10 #1058 11 A OREDSD IV, Th U TOM
O EMERIBST S, ¢ hid RPIY 8 XUEK
D B0 HHERHOEHR Y PVOERIERE S
FETHOT, BEOHEHROBERELLODLEXLDL
nie,

3. WiEEELRENEROHRE

HificR <t & 5ic, JAERI-FAST + 5 b Tid, &
MARRCHT 2REHAKICELTRAENLIEEZE
ZTNBDIhdb 5T, coxcoDHRTIIBEEBELICK
TEHCERAT felo) ZRT 5 C Lick->ThEN
WA RDTOBCEICHEERSZ LB b0, T
BOHOFH (00=0) TROIKEVLEELEL O LY
AN3. 0D HROBPEREIC X 2 WK T,
WAL Y~ YD) OFERERERICES LV S RER

2.2 PoWEBEKREHEIICOVT 89

HEDELVOT, RROTHTHE ¢u)ocl/d(u) T
FhTCENTXE. Licd-> THYULKERDOT—7
VB NITHEROHEREETH .

1T UBED 28keV HIBICEILTIZ, BT A —4
FRICK ZEHEHRAIH, TEEZEFEOT I VF—
BB THRITT % 12 », KFK-750 25 4keV kb 800
keVichtz » TANERS L CRERIMERERA &
n, ChEEBRNFETEDOEEEY, TldhlETFRR
7 P VEONTRERFREZTER, ST 1/234(») &
L, B EEED6E»D 12 icbi>TEEDPDR
NTOELHT AW, BRI TS X Ol
ABREWERE, FEELE O TRERMICK > TR
ro. AWERES L ORI NER 2 ABBN tHUTY
Hicky, BREFEECOVLVTRAHO (2)RIKE-T
W2, COESEHFEEERELTED, FLFS5 -7
o—F=V7RRERLTVA.
WRARRICET 2 HRABEE S L CREWEEOME
BXUOBOZRCH L TRHBERRTFORETROLILL
NENO WTEO Kilix Taee2 BXT 3 KRy G
BWa— FREDOBELZMA O TTFROMBEELETRA
3.). chER3E, ERUBEEOEENED, »OF
LHHHOEL AT BFOHERT T, 0o BT
fe(0) Oz JAERI-FAST D 2 FEHIC L —HLT
w3, LiLieds JAERI-FAST iciz 52 5T
VBENTEREO DO EKRRTOME f:(0) RehEho
O fel0) DIEEIZRLY, HICHEDE 10 BT
10 EQEERLTNE. Licdi-> Tk 25 10
HomERIKRENEROMIE, JAERI-FAST 05

TABLE 2 Elastic scattering group cross section and
elastic removal group cross section.

ge Or
O
JAERI-FAST| present |JAERI-FAST| present
6 3.1373 3. 0463 0. 2094 0.2342
7 2. 9835 3. 0037 0.1854 0.1980
8 3. 6947 3.7448 0. 1995 0. 2042
9 5. 2446 5. 2628 0.1961 0.1929
10 13. 0676 13,174 0. 0681 0. 0645
11 3.9884 3. 9559 0.3138 0. 3208
12 13, 0692 13.108 0. 2370 0.2330
TABLE 3 Self-shielding factor.
_— fe(00=0) f{00=0)
JAERI-FAST present present
6 0. 9486 0.8358 0. 5509
7 0. 8295 0. 8300 0. 6381
8 0. 6135 0. 6330 0. 5867
9 0. 6625 0. 6908 0. 8627
10 0.2145 0.2106 1, 9359
11 0. 8394 0. 8401 0. 4754
12 0. 8007 0. 8020 2. 0638
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Fig. 1 0o dependence of self-shielding factors for elastic

scattering cross section and elastic removal cross
section.
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Fig. 2 Elastic scattering cross section and self-shielding
factor at the 2. 85keV resonance in Na.
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EOHDEEE Fig. 1 TRLTHL.

fr B LEBRDOEHIC 00 BWHRIVELIZLIE 1 2 A
AEESD. Chid T OMRNICHNILBEID 58
A, TETFHREIREABLLT(2) XD 4R 4(u) /N
FWNEEZDS D, ChiREULTHFOEMAINIVDTE
DIV EBRIOTH 5. BEMmBICH L T3
BRARTFEO HAERBY TRV SIKEDN S,
RO ER3MOKBICHTIIET B LD T NaD
2.85keV XIRIZ DWW THAEEE C LW £ ORREE
Fig. 2 {T/RY. RO THOMIERFZ JAERI-FAST o
source data %W TEHE L 7 BAOHEA KM DL
KEXNTERTO2ORALLOT, EBRHILEETS
BROEMDEFZRED & LIt D TH 5. ENDF/B-III
KEBZHMERFREERDTHREVD, BEMNTEOK
WED: JAERI-FAST & 15 0 B3 C LK T %16
LTBEL.

L E

F U L B S o Bk R R A O T8Ik v
AEBROBRFMBARD TAHILET A, TORBIEE
KREBEbh -7, CHREROKE EH50 em 375
ENEL, THEFORZRLSOIhNKETOIDIT, &K
EOBEODENARI P OELELTHIMICL
PEDLIEL-ckHEEZI OB, LELEMBLIH
S URENHARNOFEHE ALY P vdh 20 IERER
BOFHICBOTAHBELIE, EBRERLO—BRHII
DHBRINZ DD EHEINS.

JAERI-FAST % bt BT d U,PuZigonT
BRI fr BELZONTED, Al IKD2VTOHED b
50T, UEDHEZIHLVWERDOOD LIZE WAL
WS, A% E ORI LT H R BEBRERERE O E
LWVEREREY FELTHELONRERLTBNC &%
Bz Uz,
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ESHFICRBT AT A2 P VEROERE

e oW T (Th ZOEBRBYT « 22V 1+ 2)

R B

gt-m % WeE oL RO

EEFRICEBY BT A7 P VORTRE L, ZNOBRETFHFEE~DERCOVTAHENON T
3. TR Ry b VOKEARD ZOREE UTHERERTHY, ZRICB Ui FEm R
BOME ZHRENER (FER) OMHFTECIENS S ENHLPICE T, Ftz, TORRY
FUVOKEEREREZ OMOF OBk E BEEEL S JETOT, INEHRET B DICREERFR
TORPETZ <7 P VOEETE BWARENE S LTHBRETH S0

A Role of Spectrum Measurement in Fast Assembly

Tsutomu Iijimat, Keisho SuirakaTAt and Takehiko MukalYAMAT

The accuracy of spectrum calculation of a fast reactor system was examined and it is

revealed that the main source of the errors is the slowing-down cross-section. In the region
above 10 keV the inelastic slowing-down matrix associated with U-238 is the most decisive

for the accuracy whilst below 10 keV the most sensitive to it is the method of derivation of

the group constant. The accuracy of the calculated spectrum strongly affects the prediction of

the reactor properties.

Therefore, it is essential to evaluate and improve the slowing-down

cross sections from spectrum measurements.

1. & E

FEM O TG REICRENERIC K » T RO
3. CCTEORESERLIEAEAKP Bulk WHKR
kB EBREEL, chici3hTRs PO

EhEENG. MAEBRCBTAPHTF A7 P VB

HROEBOBRIZ 2, 3 OAAERVLTIE, HESHH
=ATREYINTVENCE, BEBRTATHY
systematic error MTHIARTETH 5 LHIKLD, E

BREAEOMEE LTRRY b VEHRD DHEELHEE

DIFERTES & AETRIAL V> TV DM
TH 5. BIHBEEDRRZ bVEILAI PO TOW
FRELNENSERAEHR LD, FEEEEREZR
BT BEICE EZEBEANEP T, TEDD,
EERBH A P VEEEOMRICIYBERER - TV
BBEAMEZ.

O LI HREO T THER, AHHEOFEREELL
THEAR ERE, SR, GEmES) ZR0TT

BTV AOREETHS. CHORISRRBESRE

EREORIERS 2 VP TFORBICET2BTH
BBADBEZ.

—ie, ChOBESBICXAFHMEOHRLELE>TVS
TR & R0 VRS B WTERE & RIMILATE A
£, 27 b OV TOHFRBEOREICELTA
REEHCHBED R RS P VAELWE LTHESRO
7 2 IERIC LbEE LTHHER TFHaNEn. R
7N VOEABCN S OESBICASUEELERS
WEAICR N THBRODBHEARICK > TRIHMEO NS
L LTV BWTERD Lick & BBLER RS P VBLR
7. 72l AZMHETORBEENICHEIERE, RKIE
ERENZNTH B, Lihio TR LKL > TAN
7 R VERET BNERPEABEARY by, AT b
WEEEEANMET S C ENBETH D ZDOIDITRA
Ry P VEBENES LTORBETHS. TOHMODR
»ic, ERxhz A7 P VRERE, Tav¥—HH
B SNTEEZOH S ERNBERNH S B~
<HD, TERELINEBECENEREL>TA
<=7 P VEIEEOBRRBICEHERETHS.

PITOEM TR EBRRTE &R ONTREKNR

t [ERT, Japan Atomic Energy Research Institute
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(1)DEAHARY bt MeV B TREICL S H
EHEFR R PVOEERSFTHS 1 MeV UTORIT
BRPETVEEELBIZINL. (3)D2REMEEDORE
BHRRI P NVOFERMCET I rEDZNREES
12750, BZEED Data/Method TR 7 b v OFEREE
C—BE ORBEHTROBETHY, chidth, &
A NF—~ AR TRIERERERERE S  KEEFOM
R ATNTNS U-238 DZhTHD, Ex A
NF—FIR TR IESEERNERE (P O8HFEIK
MENHS. CNOIKBELTRRY I YT 5 Y7y bbb
DEFEART P WERNC & - THHATS.

Fig. 1 BRRY I VI3V 5w POEERRY bV
(fundamental mode spectrum) DEF&fE (JAERI-Fast?,

103

llll

10?

llll

10

lll[

llll

lll]

e

-

|

)

Flux per O77 lethargy for unit source

J-F-0
ABBN
RCBN

MURAL/FGL-4(2176gr)
e | EXPERIMENTAL

16°
=
109
Fos| 24| 23| 22 | 21 | 20[ 19|18 |17 | 16 |15 | 14 13‘12 110]9 elr 6?43211
U
10 oV OV 100ev 1KV 10KV 100K&V  IMeV  1OMeV

Neutron energy (ABBN group No.)
Fig. 1 Natural uranium blanket fundamental made spectrum.
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Fig. 2 Fundamental mode spectrum, removal cross section and source of natural

uranium blanket.

RCBN®*, ABBN® 4% 25+ v + 40 U. K. OFGL-
4 4y bP (21768)) F XU FCA Tfifs -7 He-3 [t
PIEHE AR bat — 2K HBEBRIERTHS. O
K5 10keV-100 keV TEER{E - MM 1C, 1keV
PIFCHEMMI KX BERSLOHAE. LKl
eV-100eV T3 3kb D& HHB. Fig. 2, 3 BLU
4 BChoDEROBENEHRTY 2 LDChPFbD
Th5. WFRAERYF VT I vy MARO BN
HHEOKTENTS 5. Fig. 2 D (a) BRI PV %
linear scale TEW/2HDTH 5. FGL-4/MURAL O
BAGHREEE E EREANTDLTONENO T
D3 20 keV~d00 keV {37, BETOAEH T~10 #dH

* RCBN + v b i3 ENDF/B-1 Hofpi&i/ic ABBN #
A7OBEH LY +THD.

PO hikE VBTN, R (b) REFRERETER
T HHWEM L v MNEOBORH TN AR PV
DEVOIELERERELONLL. FX (o) BRE
FISRToh 3 EERIBIC B LTI source FHHICFL
V. source RIS E source y & EOFOBHOHEHTL
% HOEBH source KA BN D. 6BHED T TR X DR
BAMZIE & A E 1L KERS D3tk 8 EL source TH 5.

ZOEIZ Ly FATHIRDESTED, EICT~11 8
TRAEZE>TOTINMRARY PVDELIE>TH
bhactdns.

X THOEBE source DEMR X PO ERKIEST
WA EDESMICIE oA, T BEEE source D
ERFERE MY v 7 RDOBOD SR T . Fig. 3
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Fig. 3 Slowing dowm matrix of uranium blanket.

Vw2 ZORSDOMEIRIENSZCLBRE. Zhd
2 MYy 7 2SR KIS U-238 OIEmtt#EE Itk 3
HEDDT, ¥ 10keV~¥ 100keV O FHFTCOFE
R PVOKEEICH LTI U-238 OJERd:EH <
FY oy 2 ZOBRIC—REERD L EBERINS.
wic keV HBPAIT KB 2 22 F VEEMBROKX
ERERLCOVTHRH LU TH 3. Fig. 4 BREKER
Yygogr1 R ULIEBDTH S, Chic &k b & ABBN &
RCBN 5 MEICRIZEAEEN L. Thid source
BF—20BNRHEETIOL ORI ENS T &
ZRLUTWE. ULhLZOWF L JAERI-FAST, FGL-
4 Fi3kxIs#AH 5. ABBN, RCBN {3 JAERI-
FAST L1 Zgogt1 IR ENIHRARY b DBEDICH
5. ABBN, RCBN & & 1/E 2_7 bV EEH ELT

BEMEEEHL TN 3D REDICHEZ DO THS.
JAERI-FAST BRI 2 BBEERMEL TR EDOY
BO-DEEERLIVENEE Z 5N S, FGL-4/MU-
RAL @ Sgogt+1 13 2176 BAtRIC K 2 BHHM X )7 b
NEBHBERE LT 37 BRCHEH LD TH D BED
R & LTid—S exact EZ X 5h 3. JAERI-FAST
& FGL-4/MURAL @ Jgg+1 O HBTL —HL
TRV, WFhRLULTHEZ A NF—HfOR<7 b
NOERFBEREECERSHD, LrdbZ0BHEE
(ER CEABEY) CABIOEITBH .
PIERNTHRIZ EDOHFBEDIICARY PIVERE
THINOFER (FELTREKERE (MY v2
2))AFHMET 2 D ICIIEE DRV AR b VEISEIU
BETh5.
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Fig. 4 Slowing down cross section SY—g+1 of natural uranium blanket.

2.2 HmFRARY MILOHEEEORE

hitF 2 <7 b voEERPEFORERY U-238 O
MANEORSROE(LEE L CHRAY, ik, Kb
B G OO D estimation CE{LEET 5.
BlE LT TaBle 1 ic FCA V-2 £ &1k (JOYO #HEHy
£y 7Ty L) OFLRILICE T 3 —BEER ERE
Ei D GLEFE), Z. b3 CHT AR P VOE
%74, JAERI-FAST & ABBN icXk 3 25 B
BBIUARZ FATEHURRERERLUTHBH, &
QT READAR PVORBICRERERT

TABLE 1 Spectrum dependence of the effective (one-
group) macroscopic cross sections in FCA
assembly V-2 core (physics mock-up for

JOYO).
1. D:
&ss-section JAERI-Fast ABBN
spectrum
JAERI-Fast 1. 564 1.575
ABBN 1. 600 1. 609
2, S
—.__cross-section JAERI-Fast ABBN
T
spectrum
JAERI-Fast 0. 007264 0.007721
ABBN 0. 006947 0. 007360
3, VZi:
— gross-section JAERI-Fast ABBN
spectn}
JAERI-Fast 0.01285 0.01376
ABBN 0.01262 0.01342

7. EEEEEEY D ki a0, coD k25
Wik & LT JAERI-FAST & ABBN 0 &5 5%D%»
SMmEDBEBLLDRARYS P VTEET BPICE - TR
ZCEMNAELDSS. HETREBSART PLCL-
ChELELDIE DO T X VF—EFEELSPIEORED
c etk WiABEOBMCED 100keV-1MeV O
RcDR# 3 SBT3, 2o, X1 KOVTHRRS
FUKEMRPE D RED., Lo TehoDdl &P
585 Ed, ZRY P MDD TOERE LICRKG
REDEKSBOERED S WEEKIC OV TOE LOFFHE
ATTCLETERVDTH 3.

2.3 BABZRARY MV X OBEREZOMRAOKE

MABA<=) b VORREKRORRTF AT FVOE
IAAMF—BAORCEEYELXEZ, TOERINE
FL LT U-238 ORABOENEBLTHRAE, 77
iy VRTOWMANTH, BB KEUHBEEZS.
37, DEFRAZELCOBEREAOZBLRATE
751>, TABLE 2 1€ JAERI-FAST, RCBN, ABBN & v b
CENFNERICHOTOBHAHA RS P VERT.
WETy 7 AT = VAT E Lic & X OENTKREE
TABLE 3 TR d. EET~&E U-235 & Pu-239 O
BEOENHUER Y VTHUEDRBCETES. ¥
ABIR 2y b VOFx 120 % U-235 5 Pu-235 Db
DIEZLIBAD FCA V-2 4K ICEY 2K AR
mwmm£$6mﬁ%®§m%Twu4K%¢.%ﬁ
FCA Tfili-1c k=1 fAL (FCA IV-1 v ) —X IR
L0) TOEBERETI U-235 & Pu-230 Oy KX
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TABLE 2 Standard fission spectra used in cross-section

sets for fast reactor.

Isotope Glr\?:-p JAERXI;?*a)st-set R%xl%‘ltl*-)set A?,;B(I“\‘I“:iit
1 0.0161 0. 0160 0.016
2 0. 0886 0. 0818 0.088
3 0. 1837 0. 1710 0. 184
4 0. 2701 0. 2629 0. 270
5 0. 2024 0. 2075 0.202
6 0. 1407 0. 1506 0. 141
7 0. 0610 0. 0675 0. 061
8 0. 0238 0. 0269 0. 024
U285 4 0. 0093 0.0107 0.010
10 0. 0030 0. 0035 0.003
1 0.0013 0.0011 0. 001
12 0. 0. 0004 0.
13 0. 0001
14 0.
! ! ! i)
25 0. 0. 0
1 0. 0206 0.025 0.018
2 0.0031 0. 102 0. 095
3 0. 1806 0.187 0.188
4 0. 2630 0. 261 0. 269
5 0. 2010 0.194 0.198
6 0. 1431 0.136 0. 137
7 0. 0631 0. 059 0. 059
8 0. 0248 0.023 0.023
Pu239 | 0. 0084 0.009 0. 009
10 0.0018 0.003 0.003
1 0. 0005 0. 001 0. 001
12 0. 0. 0.
13
w| | ]
! 1 1) )
25 0. 0. 0.
*) source data: UKNDL (1968)
) » . ENDF/B-I
*%%) )9 4 (U-235), »=2. 8(Pu-239)

TABLE 3 Fission spectrum parameter (Maxwellian

nuclear temperature, MeV).

JAERI 1228

TABLE 4 Fission ratio and critical mass changes resulting
from the fission spectrum replacement (Y(U-
235)—>%(Pu-239)).

Cross-section set (#380(/*50y) Critical mass

J-F-0 + 0.5(%) —0.6(%)
RCBN +10.4 —38.5
ABBN + 2.7 —1.2

B WK TERRED SN oo (T(Pu-239)
T(U-235)=1.00+0.02). chidd7sd &b 280?50 I
SRNCHET 20X U235 & Pu-239 @ y 3E%RE
ABOEND TEERLTOA.

. € ¥ U

PlE_T &, RAFROFHFRR7 D
AERMEEEL UTHENMBROKETHRED, Zhid
i, Ex R F—HETIE U-238 O IR LN mE,
B 3 v F —HBR TR EEOEH G HICIERS 5 C
EDEH L PITIE - 7.

fiEF R R PVOBERPHEFO BES U-238 ©
BASEE L THAMZ OO FREO PRIICK X188
BABEZ 3. A7 P VvOERE VICKSED SBTERE
BT ALREITRDEBLTCESRENL, L
Mo TARY P NVERET ZHEREHP A7 b VE
BULEFHET 2 EBBBETHD, TOLDICIRRARY
FVOERBRESBLES UTHHETH 3.

BBEICEEEOHZ AR/ P VEREL B LD IC
i, o &b LWHIE LD systematic error % FE,
HETILEBBRETHD, COLDIKRBEIAEEIC
LD E L DWEETIRVRENICKRE, FMET S L8
REARTHACT LEDTMAI.

References

N:ross-section
s?t J-F-0 RCBN ABBN  FGL-4 1) I((lg;g;m/xcl S. et al.; JAERI 1195 L XU 1199
puclide 2) NisHIMURA H.; Private communication
U-235 1.332 1273 1329 1.300 3) ABAGIAN L.P. et al.; KFK-tr-144 (1964)
Pu-239 1. 355 1.410 1. 368 1.390 4) B, Il ; BT %A 47 EFEGES S B9,
T(239)/T(235) | 1.017 1.108 1.029 1. 069 B-10
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2.4 BEAUEMICKZBEMEET — 2 DEBIEOBIR
CUE I

FCA it B\ THEBIFICHV SN TV AEEa ~ F ¥ 27 4 DOYC IKARA TN T 2T 7
4757 — AGLYJ0 DEFEIS>\WTHERINE. AGLI 54739 -, LWbhWaHkT — & LHER
OIS 75 ) —TR_7 P VEFOARE LTSN TS, AGLI TRIZEALKT -4
Loty 1950 BT o ¥ —BEEAAVEICHBHEREE R 77 ARRBAVORTV . BELD
RAEE XUBABY DM SN PETFRIRT = €Y = 7EBICK > TS5 5TV 3 BHREEIED
WHREINTVWBREBRIRT—RLT—2TH5.

COBECHOONIRAT — 213, HBREBIUCEHEICOVLTR U28[Us=0~15 U=E/P28=
0~ ZRAKOEATHRS b0 E AL, BEMEICHE L TR 2 oMRICHRIISFLIC
BIEF—22RNTH 5.

BERISEBEEEREOTHLOhE. LR >TZORDHRRICK > TH S W iRZE M T1950
P5477Y) —OFLECH B TEXIHYRBESHREAELILS.

KiT, ¢ OREEREIT 2 1oDICHRENIBEY 27 4 ARCADIA DWW Tk~ 5. ARCADIA
o 25 miz FACOM-230/35, /3749 7 F 4 A7 VvA, 74 bV ERNI AGLI-74 77 —
DA V4 VEEYRFATED, BESNhET 477 —3EHIC DOYC IKAAENHS T — £
WHDBEBINA LS TS,

COYRFACEVELARECE s TEONBOBRICIVTERRIET -2 ORBERIE
BROEEATHC EMNTES. CORDICHELDN, AEBICEHIGEUSAVONEN, ChbD
FFYa YRF4 ATV ECERENZBEELBEU LIS OROERL DL T A PRVICI DR
NT&5.

FICAY 2T AIHA T — 2 OEARBRTE AT — 2 OBRELUBECHHATHC DT
BTHD, BiF—2 BT -2 0REOMBLENBFRESFLTVS.

Adjustment of Cross Section Data by Using Integral Data

Hideo Kurorf

The LSQ method used for adjusting the cross section data library AGLI on which cross
section data are given in the 1950 equi-lethargy group structure, is described. The integral
data used for the present adjusment are about 60 of criticalities and reaction rate ratios
mesured in an appropriate series of critical experiments.

The graphic display dnd light-pen system ARCADIA which is a powerful tool to adjust the
AGLI library utilizing information obtained by the LSQ method, is introduced. The adjusted

results and practical experience obtained in the present adjustment are discussed.

DiEY oh, BEE TICEBEREOHENER, YHEE

RV ORENTIE b etk ABBN set? OEIENST

1. ¥ A2 N = Bbhi®, ILKHESBMTOBEN LORDHERE
— Fy 252 DOYCODER KD 1950 B MiEHE 7 A

75 1) AGLI/0® OfEbsfitebh, ABIIISEBELFERE

AR EIC & B MR R OB E DI 3 4ET & BEMEN AGLIL ps526 LEAEIR AGLLZ2 OfESLs

1 JEiWf, Japan Atomic Energy Research Institute
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Tl T3,

2. BEEINIRMEERS1TS5YU AGLI/O

AEMEEDT RN NTEE S 4 77 Vid AGLL/0
TH%. AGLI-5 4 735 i3 File A & File B &5
hTHY, File A i35z, WRKCEHER?S V
+ ORRO 1950 T A F-BEETEZOoN TS,
BE LY Ui 0.0085 MSEMTER O = X v F — (K&
EOTACRKRETEFR LS BECKEOLBHERICE
WTRER M LERBANGNTNE®,

File B e R IERME S ELNERBR ORGSR A D UIL SN
AT v RUBITHTFORFY v 5 XL o0
TnA, EBMEHIIL LV~ Lic File A LRERIC
1950 Bz x VEF B TRINTED, £, v BAHT
HMFOLHYOEBELTF v 7BEMTEDN
12 I TOREMNFT—LELTHEALNTVS.

3. BELCALLhI IR

EEIBVh-BaEIR U-238/U-235=0~15, U-
238/Pu-239=0~23 OEBRHICH 28 40 HD ke, X
Vo DFELTHESN/N S HORBELTH 5.
REhORISEMEIRRS AGLI0 2k W TR RDE
RAUOBENEL, TOBTEICGREELSLTTHRESS
34, AGLIJ0 OEEICIIEL R THEL.

choDOBSBOMEIFIE AGLI0 54 735 ) 2H L
DOYC-Y R F ALK DITIbRTN 5.

CDEHELTHE LN B BROERIE S EITEOE
PBELHARBRICIZEEICHOONTNS,

4 & E # E

BECHELREEROMEROZBERICKHS 2 BRE
RITIZ 25 BEE T TEEOREROMEICLDIT
whN TV BN OEAH N 25 BEHIE AGLL0 %
FER LB KT —4 CBRA—0T7 -4 %
AWTERI .

kb b EERRIT AGLI0 OEECHAT 34,
TxEXEEBL OBBCEVTEERELTLEIC LN
BEE LW, Likdi-T, BEQOI—-FYRTLTHLE
ZEAOBEETH S 5 BEBEICEVTTRDO TN S.

BEOTsbh Bk ORISIE U-235 U-238, Pu-
239 WY, AEAYZIR OB BELNE R, Pu-240 O

JAERI 1228

N, RUKSEWER, R Fe, Na, O oBRKT4
WEETHS.

nER—EE, EB—-RISOEFEHREDO A VF~{O
HEBR/NEAREORBETER SN TV 5. ZOHEKM
3P, BWAEEERTYBEHET VTERUICBAOD
TANF—REREPORD N TS, EELRFEICIHERE
ARERT AHIRPENIERET O 305 PYEKS
EREWBEI LI ACEELRETHS.

ZO—fi% Fig. 1, Fig. 2 IR . Fig. 1 JEENH
® U-238 ORI EHEOLOMEEZRE LI B4 L L
BRI DOVWTRLBDTH S, Fig. 2 i3 Fig. 1 &
AEOR% U-238 O FMEKSLICODVWTRLLLDT
b5,

TNOORM S, BNHET — 2 ZBAHEECED
BELBINERES LB -BhB LURKEEOY
BMBRILEAEZR LUICEE, HELEET 3EOLE
PESHETE 2. BNEHEROETHIEEOREIHEM
THRREHEECL>THRLCERPLHLTHS.

1.2

/\\ =20
l.G T . ‘V/ T

27 4 6 '\

Group number \v,/

0.8
‘\

0.6 \

Fig. 1 Ratio of 0. (adj)/o. (unadj) of U-238 capture
cross section in each region.

0.5

Group number

Fig. 2 Ratio of 0ix (adj)/0in (unadj) of U-238 inelastic
scattering cross section in each energy group.
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5. BEOHR

BaEic L DBEENIHEET — 4 LEESLDHT
DT —ZDOHBRIIEA OFETHEbO 08, —FHiiH
THOBOFEL, BiTH L EREOEZEERINERD
ERBRETH-LROTFEI L BHRTIHAEZHKT S C
ETh3.

AGLI/0 DERICA W S o 7 — 2 13 UKNDL
ENDF/B I Il #8i3LAETH D, & AGLI/O IZ/ERR
REBICR/NARLICLZBESNTEINTOS, B
F—Z OFER, FHERITEHT, LEOAHEOHEHLILO
ZRALTHS, Licd-7T AGLI/0 itk 3 BTk
BRI,

TABLE 1 ICEBFRIRUEBDOSA 73 ) kB ons
PRITIE L SRR D EEZERBRETH - L SODEHRT
EFREHIREINT S,

12 BAIHNC 3 WO TR~ o A T A5 D AERE s ERRBIED
BB Z AREsikianicds, BEEZNANIES
LI UKBADERITEAEBVLESEID LR,

TABLE 1 Root mean squar and mean values of the

discrepancy between measured and calculated
integral data.

Criticalily F9/F5 F8/F5or F9 C8/F5

Mean 3.12 1.5 0.2 —-7.3
AGLIfO Root mean 39 16 28 7.8

square : . : :

Mean 0.014 0.13 0.25 —0.97
ACLIL Rootmean 11 g5 23 1.3

square

COHER, BNEREBEICKLARIME—DORETE 3.
COBABREABRLICT ARETHIRDONE., 20D
BEEZOLBECITNIBISCEETARTTH 5.
Ui THEZIMD AN S T LK » TEZERI~2%
ELH, BF—2DBALORT, HENICRARE
BIRTAFBROEBIIYURTHB.

COEREEMEICERL TV AWML, MTF— 20K
SBECLZEERZOVERICHBEEABHZDOTRE
{, ERIEEATRIOBEBEOL I KB I TH
LZpORKRBICIL-T, ZOHREEZR LT EES
BWNENI—DDHENA LS.

6. WEEMS AT S5Y AGLI DEIE

RO MollEMic & 2EER 15 Btk > TIT
RbhTWa. Licdi->T 15 BTHELhIERE 1950
BOAGLIS 475 VIcRIHT 284, EBREELT

2.4 BAWEMCL 2RERT— 4 OBEOBRR 99

HohTRIENENSN., CORMABEYTHIMED
POV EFTIES I3, BEIN 1950 74 7
7Y EMAREBEORBRVEESNLFA T )ICK
BEAUEEBFSOFHELEL T IHRIENERICE
{185, ThoOBREEHBNCTERVES LTS
21 On-line graphic display light-pen system AR-
CADIA? BRI N 7.
AGLI ¥Rk 7 4 7 7 VIERR, BE, RUEIrv R
54 DOYC @7 u—F v ~— b % Fig. 3 IK/RT.
AGLI, File A R ¢ File B 3A@HOKF —# ENDF/
B, UKNDL #» bfEgk s 3 Likic ARCADIA ik
DESFEEE CIELSHIMERRCLIOBESN
EHEING. FLCNOOBEAMA SN 7
4735 ) RESCRESEERT D — FicEkIn 3.
E7t® ARCADIA |3 FACOM-230/35, CRT, KU
N—=FaEr—LDEREINTED Fig. 4 i« CRT 0EH
% CRT HOKNBD N A—Favr—» Fig. 5 iKEZ S
nTnsa. CRT MO EFiciz 1 D0 job & UTEER
NARED I — FLEUSOBBEBRENTVS. 1D
D job & LT 10 BEOEELTHVELY, TOKE
BESLLDA—F)—FickbEITEHL.
FALBICBEOHAABOFEOEENRINLTY
5. CORDLIDOWBFA4 bRV -THETES.
FATRICBE YA T LACHBEIN TV BBEEIRE
NTEY, 54 PRVELDREBELSERBRINET
ThTirl.
COBIERRBAROER, BED A VF—FHO
R, EEOADEROANFE, BEEET—207

ENDF/B UKNDL CONCOCT

—— CHEBY | [ POINTX |

ARCADIA

I

DOYC

]

Fig. 3 Flow to compile AGLI
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sk

Fig. 4 CRT in ARCADIA

7 7ENR, BERCEERE, 7—-2DA#%A, CRT
MOWRKEDN—FIE—ROBELMDOT 1 ¥ 4 2T
VIETHD.
INSOBECHAEICLYD, BEHHKDT — 4 25
—HEICRE N, BEOETREEBELEHLEED
Wt O+ v Ve ADTREbN S, Th b DORER—IS
XEEE — FTTRDNKICER SN D HBIEDBY 4+ v 71—

Pk F TR s
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Ik ->TREINS.
MORMERRIC X 2B FOHRIEBEESICEONT, &
LA OWEFOLEE LTHA DN TS, COEH%E
HNTEIER Fig. 5 IcBiF 3 6 ORICE > TUTD
HHETEREINS.
TRHOBEEKRD 1950 BN k HOWH o« 1E
ERORTIEE ok 1T 2 KIEH ewd +butc 2F TR
5.
Ox = oxlaux®+bux+c)
L w BERKBOEEH VY THS.
SIREBCERET BRI 2,0, ¢ 12 ISEIIDNTRD
SNTVE. THHLEE I HO MOV IE U &L
BEEFBOMEROEELT a L LSS

anz“‘bUi‘{‘C:%(aH-l“*_ai)

alU?-1+bUi ’I‘C:”é‘(ai +ai-1)

Zékza;Eok
ukeUi uxeli

D3 EMMEHRT X cEbhohs.

Cross section retrieval table 3 Mar.1973 AGLI/1

1 | Element Reaction type 1 | Element Reaction type
1 11 123456789
2 26 12345672829

Please point data (X.Y) by this tracking symbol

AGLI Cross section library 26 Abs Function
100 9__ T T T T T T 71T T T T T T TTT T T T T 1 171 1]
7F 1i1 YN=A*X+B
5f 111 YN=YO*(5%X+T)
L 112 YN=A*X**2+B*X+C
3l 412 YN=SYOX(S*kX#*2+T*X+U)
3 YN=A*LOG(X)+B
[ 113 YN=YO*(S*LOG(X)+T)
If\ 4 YN=EXP(A*LOG(X)+B)
1075k 114’ YN=YO*(EXP(S*LOG(X)+T)
s 4 1|5 YN=C/(X—A)%*2+B)
s s 115" YN=YO*(U/(X—S)**2+T)
= I 116 YN=YO*(P*LOG(X)**2
£ g . +Q*LOG(X)+R)
§ 7 Light-pen smoothing
S« 1072 /\\\//\\ Control command
E;E N \/ \ E Function Delete
- - Pointing Hdcopy
5t ] Keyinput Print
st | Display Cont
Reset Stop
i N Update Smoothng
10 3 1 1 N I I ! 1 A | 1 1t 1 111
102 3 5 7 9103 3 5 7 9104 3 5 7 9305
Neutron energy in eV
Please key-in after picking
some one —%— below
X4=0.167E4+03 Y4=0.330E—01 A=0.100E+01 S=0.000E+00

X2=0.100E+04 Y2=0.122E+00 B=0.123E+01 T=0.312E—01
X3=0.167E+03 Y3=0.330E—01 C=

U=0.000E +00

— % ~ — % —

g -

Fig. 5 On-line data-correction of AGLI/1 cross section library.



JAERI 1228

7. & & &

HARERICL ZHERET — £ OB EREROBER
(DEB) DEED ST — 4 OB T 3 RIERS

2.4 FAHREMEC X 2HEETT

— 2 DEEOBIR

101

# AGLI/I o —#i% Fig. 6 IC/RT.

1)
2)

3)

BOEEEOHAN TOEE~NEA TS,

B — 2 RO NEEORREACEKBTEEICET

4)
5)

BB ERCFET LD TH>TRIELBL. FE

BICBLEAFRE->TRT, EKNEEOMEEATKT —4
HARSEEOEFEECE L TESOREEEIALIT LK

6)

7

BBEESERT LN, BAROBITHERb L —
BT AEERET — 2 OEEOWRELHNEIL I NI,
CO—f & LT U-235 DA ENEEOEIERD 1950
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o E HEPFEER

7N Ay i

ESERREEICH 0T, T ORBEEE AT T A DICREARERY (F.P) iixtd 2 8K 0SB E
MWHEAVELT S, COFERMER Y F2IERT 2IEEN YIS ~FRRAL, FEHFMBLO7
—k VS PN~ TREINEEINTVS. FHINERT— 21, BEAFTELEKT —2 -
T AN LEDOLDT, THLDBAHERYICET 2 25 BBLU 70 BOLHNEM v FAUES
h, chooWERES VI UEBAOMBABRYINTHWE. YI/YEBL KT —4FHMRLT
BESEERYOFERICH T 2MERTLOLA TS, SBRRCOFET -2 T ERHmE

v PEERTLIHENTEINLTVS.

Fission Product Cross Sections in Fast Reactors

Iwao OTAKET

Predictions of the burn up characteristics for fast breeder reactor require an adequate

multi-group cross section set of fission products.

The study to produce this cross section set is

being conducted by the members of the working group in Reactor Constant Subcommitee,

JNDC. 25 and 70 group cross section sets of fission products are obtained with the recent

available nuclear data files and the problems in a lumped cross section set are discussed. When

the evaluation work of fission product cross section data in JNDC is completed, the update

cross section set will be produced.

EHSA R FP (RO RAERY) FEBOIERIZ, 7
“HRERESFEREMREKBOTYI—F VT« 7V
—FEE S THEENEDOLNTVEY, CORETRE
OEXAREFELTHNTS. £, FP FEHIER
LOMELSOKOLICONTHMNTRES.

FP e, SHFNBEAECHIFORTF—Y LD
BRFDOR T — VI ELFEBREILT 21O TR S
T2 =7 b Okl & REHRE IR O RELORE
MENE T, ZORURWRRERLED LR EDAHIES
3, FORBBICHTIERGMUTEKRS. UL, BEF
ATR, MRFTC3SEMAEA R LT 5 FP EE
DEY I T o7 F—2bD10, TLTHNIFON
—V e Ty F=2BREL N DR Licdio
<, FP ORIGEHREZRINICMAFHITE J, FP

BEOKT—2ONE, FHMESLTZORERLELTO
BEWGIERL, FeERE L COBEE LT H®E
AREZEIZEEN. TR, TOMBECHLUTR
HONTEOIOOFRILODOTHRNS,

2. FEBFRLOMER

BETFORERT OO FP R, £hofFd
ZEEELAEOHERERD LV - THEEKEICKS
FP iBOAT L D4 K/ERT2FRIET, DToX
SNHEO—2EMZOBEHETDH 5.

(a) FP EEA5 V7 (DELEL®) T5.

(b) EEEELAFTECEEL ThosHE2EEKD.
FEMEREOMER, Chd 220D, HiC
(a)AFRIBICAELS. TROBEAHTERIN
FPEREII KA DHREF = 4 VI > THBE LTI L 5
EFHANO FP WK, o4O FP A

T S EEE (), Fuji Electric Co., Ltd.
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TABLE 1 Important FP nuclides in fast reactor.

1) BRI
Mo 95, Mo 97, Tc 99, Ru 101, Ru 102, Rh 103,
Ru 104, Pd 105, Ru 106, Pd 107, Ag 109, 1 129,
Xe 131, Cs 133, Cs 135, Nd 143, Nd 145, Pm 147,
Sm 149, Sm 151, Eu 153

2) WEWRE
Kr 83, Rb 85, Y 91, Zr 91, Zr 92, Zr 93, Zr 94,
Zr 95, Nb 95, Zr 96, Mo 98, Mo 100, Ru 103,
Pd 106, Pd 108, In 115, Cd 111, Sb 121, Sb 125,
1127, Xe 134, Xe 136, Cs 137, La 139, Ce 140,
Pr 141, Ce 142, Ce 144, Nd 144, Nd 146, Sm 147,
Nd 148, Nd 150, Eu 155, Gd 155, Sm 152, Sm 154,
Cd 156, Cd 157, Tb 159

B, HEBARKEUTETAPLTHSE. COFPRE
HMTE R OO BREEIC X B2, BT FP
B BEROBIC B 5 7 v 7 Ul R WE R & Rk
i, (1)BEes XOBHEM, (2)dhEFRVSIVER
HELTWS., LhL, B FFicky s FPEEO
AR, MBERERERY, BEFICEY 5 FP RO
R, MEBRETIE, (2)0hEFRY S MCKHT BK
FERAXBLOTREBOVESENINS. §HEbDL,
MM TIFOEA L&Y, & FP RO MENTRE Y/
XVHBIOEHET X VF R TOR FP R
HEOKE X, THAVF—IREESBEVICOECER
S TWHEWESNREOERELTLEF LN, ThHD
ERORKN, BER, SEFPICE T 5 EHMTEHREIREES
FUBHABRICHEVRELTORN IV S HRIVE
EHMINBZbOTHS.
(b)OEEKELRETAHI, (a)O FPEELS
v aEicb @0, FP BREREAERKELHD, C
NOOBBEROFMICIE, BOFTESFAAY T 14—
PR 2HERERLLINENLOTH 5. Tasel i,
BEFCEIIEERBREERO—HLHTs. 2O
£i13, BB REERZEICIZ, Meek & Ryder ('68)" @
29Py O EEE S B DRI AE > T, FHEa— F[FP-
S| T B BT o 4 YO AR BHLTRD 2% FP
BRERORE, BB I UCHEMLDHEE SR
HWEEELVEONIZDDOTHS. DOBREEKEL
LT 21 BEO& 413, 2 FP EREIC L 3 RIN
BE01% VLA 50280 T, 2)OBEREL L THhrDH
Wre 40 BRI 0.1% PlEA 50 56D TH B, RFF
BAEER Bhs, 360 AOIEAIC 1) © 2l BRI X 2 RINE
12, AWINED 82.9%, 900 ODEA, 83.7% itk &
3:.01) & 2) 24be ka6l B X 2 BINE, 360
ADEA 97.9%, 900 ADKA 98.3% %2 Lw 3.

3. EMMEROFORECHESEL

OB & - T YN FP R © e &AL

2.5 HEFER F.P FERK 103

0.69" 3,0000 Pu0,—UO,CORE(JAERI),*Y
/—
0.67
’E Present study
8
g ] /f
Z 0.5- 3,000/ PuO,—UO,CORE(JAERI)®Y
g —
a 2,0001 Pu0,—UO.,CORE (Hanford )
S ////’—7
0.45F
ZPR—3—48(JAERI),®Y
—

3060 90 120 150 180 210 240 270 300
Burn up days (Days)

Fig. 1 Change of effective FP cross section due to
burn up time.

L, Zhick > TEEEETD S Y7 Lk FP @O E
MMTERSREL - TRE. T48bb, EBEEIER]
K-> TEAT S, COEDWMEDFOREEICEE S F
ZEic DV TiR, TTIRERINIEDIK X > T UKNDL
HOWEEEAOTANOK TS, HHED 70 #HEE
i X 2 WA ORREERICHT ARFTIR, THzh
3r5k, EBEBBIUCENUTOL XAV —~HERT
DOWHE DR OCREIKREEEZERL TV S.
FFHEDOR Ry P AFELUTER L CESHTED
BRI EMEIC DV TR, %D O FEFIE Fig. 1 TR
3. ’rh JAERI BN TH B0, RABNFOHERT
HDHH, WEOBAERIGERHL BT =4 ¥ O FP
VR 192% th 28%, 5F =4 YOATH Tl
», EFWIEORMKERZEY. ChiclLz T
WA AT = 4 VOBWIE, —REAONEETOTF
24 VAEBWHUILGDT, Uicdi- TEAWTEORH
REME RT3,

4 BEBIUSROINV—TEE

BEEV/<ERALEZBLTHAEIC FP KREICKHT S
HEBORMKZET —4 - 34 77 ) —BAFEINT. Th
SRUTOLHINEDTH 3.

(1) Cook OF—4*

184 BZFEICXT A Ot, Oel, Ononel, Cinel; Ony, Ttr OT

— & (1073eV<E<10"eV)

(2) Benzi & Reffo 7 —4%
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MeV)
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(3) Benzi et al. ®F —4#®
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Ve h 4 28EiIc L. Cook ©F—213, BKEREL,
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30T, COF—RERNTS VEVYISKELPERIE
RIEEATRS>FC U, fE¥id UKNDL 7 4 —=< v
b&y ENDF/A 7 4 —<y bCTF— 2 KEWEITIE T
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TR AR

JAERT 1228

ZHEOTORB LU 25 BOFEHL, £TOKEICOD
TR I N/, FERMEE~ MY » 7 23, BREET NV
ZROCTERYT 205, KEERBETOKEICKH L TH—
Xh-REA Gilbert & Cameron® D {HABREIC L TE
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3.1 Hauser-Feshbach ##RDEIEIT DT
Wooa b

C ORI, BT v A AMICESRRICK 30BN S AHA KB, WAKBROKEDR o
O cd LThERD Hauser-Feshbach (H-F) BRAMSEX TRV LAR LD TH 5. EEBREIC
B0 &3, —BITF ¥ RV c,c/ ORIC

Semdf2c0, Serm®20
DEBICR O DT v 70 m BOIE Eb—DOBEET 3 HA% V. KEL S REHHBARD S 1771
T S SOz A K- S THALGNG.

Stir=8§
PIFcok37 20F v, ¢ REHFREALTOEEFERCLICT S, COXIET ¥ 2MCH
LTI, MAEIRIE gre one OEICIEHEHOMBMAE L C s H-F HRoZAEHELIEIDTEH
3,

I'>D 0EAR o 12 S OADEE LD, Satchler @ penetration matrix

P=1_SdirSdir1
DANBRTEXEDLTCENTES. P ORMERSEROBZEFE Tc TH 5.

T.=Pqy

HIEHA LTV F v 2 VO N BREVEA, oo 13 /¢ D EERBIERKD H-F OHFBO
MHICE LngS, HANEEHOMER oo BThD245ics 3. [«KD oBaR3—fc o' 3 P
FTEEEPTCERTENL. Uh L N=1 OEI0EE (THbBAMT v+ A VEEERAT S
D F v 2 AHIER) K3 of i3 P OERTEIEDLT CLNTES. COHA, HAMERE
WiERE oo 13 H-F BiROEO3FITIE5.

 OEE: Kerman, McVoy LA EZREOHEDBATHS. T—<& “HE

RIED F vy v in #Hw7Y 7Kk Hauser-Feshbach HEDEE” T, Annals of
Physics, 75, 156 (1973) ek Shic.

A Modification of Hauser-Feshbach Theory

Mitsuji Kawart

This talk was an introduction to the recent work by A.K. Kerman, W.K. McVoy and
the present author entitled “Modification of Hauser-Feshbach Calculations by Direct-Reaction
Channel Coupling” which was published in Annals of Physics, 75, 156 (1973).

T Ik, Tokyo Institute of Technology



106 F3mE RETHETEER®RE

JAERIT 1228

3.2 #EETF v A VERITK S EEP T EELO BT

mood g

Cr, Fe, Ni, Zn, Sn 3 &0 Gd Ic & 2 il FIRE O AAHARULEERL LO/KET ¢ ¥ 4 VR
TR L. WA OH R EEIC S L T 4 F — R 1.5-3.5MeV I 51 5 MLa, WPr

LT Er icxtd 2847 &Rk T ER- .

LaL, COBETRTFAVEF—FERIE, ERF—420

£250IHL TR, 8MeV FTHRELTH S, MBFOHTICHVIERT V¥ 7 vD/¥F S — 4
12 2Bi et AR L BAFELARBELTRD. AT+ VAVERICLZFHRFCBIIRG
BEOERECAEINTOA MO XROBESA L. BEALDOBAK, #AF ¥y VA VERICK
2SO EEEHREEEAC L2 b0 LDEREEOIV—HESZLSZ LOSERMBE LN,

Analysis of Fast Neutron Scattering Using

the Coupled-Channels Theory

Shigeya TANAKAY

The experimental data for the angular distributions of neutrons scattered from Cr, Fe, Ni,

Zn, Spn and Gd were compared with calculations using both the spherical model and the

coupled-channels theory. The method of the analysis is similar to the previously reported one

for La, "Pr and Er in the energy range of 1.5-3.5MeV, but the energy range in the

present analysis is extended up to 8 MeV, in case there are experimental data available. The

optical-potential parameters used in both the calculations were determined from comparison of

the theoretical calculations with the measured values for 2°Bi.

The values of coupling para-

meters in the coupled-channels calculations were taken from a published bibliography. In

almost all cases, the angular distributions calculated with the coupled-channels theory fit the

experimental values better than those calculated with a spherical potential.

1. B X

AT v VA NVERY ZRERTOBEICE M LI
i, BERILTRbh, RIEND TR, Thih
HPHIICEALEEAES, JOEENSLNETH
AH5ENSTERENICATEINEELATHS. L
DU, EBiCHHEELBHOKE, — 4 v¥F—fic
W UTHER AT TAT, EBREEOHBEERASC
X, WERTF VY DRF A —ZDEORE, TH
ARAVKETF 2 OFHMEO LML BEERTHAD.

bhbhid, ¢TI, AT VEF— 1.5~3.5MeV
@ ¥La, WPr, Er i & 2 FHEELICH LT, #EF

v YV ROVEREICHE S S RIT EITIE, BREEFEREICK
250D HERBELOLN—ENEONDEZ EERE
L1, ARIRCOFEA2S D LHEAOKEL LUA
Hrixv¥F—iG UTHEAT 3 &2RA7. MEOR
EELTRMEKELT Cr,Fe,Ni 3L Zn, LD E
WEZ AT, %< deform Lz LTGd, &5
ToFHA4 FOMEL LT 20U, *Puicx UTEITZE
Bl THANF—HHEHELTE, ERT—208BE503%
LOIFLTIZ 8MeV FTEHFRE LK.

2. RERFVIUFIOELIURNR
n7atX

WAF v v ANERICL AT TAVO NIRRT VY

t JEGF, Japan Atomic Energy Research Institute
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F VO ELTRROSDELEA LK.
1
1+exp((r—R)/a)

exp((r—R)/b)
{1-+exp((r—R)/B3}?

1 exp((r—Ro)/a)
ar {1+exp((r—Ro)/a)?

Z T rotational ki LTt
R=Ro{1+§ﬂxyx0(0')},

V(T, 6: (P)"_— -V

—4:W

V(0 )2

vibrational 7ZZRICx LT
R :Ro {1 +jZ: a)\;t YML(B, @)} 3
“

=P A (Brpt (= ) Ormi®),
TEAZbN, RIAFOEETHS. CCT A BEE
/85 A —&, by, bao,* 13 phonon @ anihilation, crea-
tion operator Th 3. Ro iT
Rozro A1/3

oD,

Lzhs=T, $Eh/7 4 — % -0 DBAICIIER
ORI HZFERTF v ¥ 7 viC reduce § 3.

COBOHBETRWERT VY Vs VDT A — 2 DfE
EESBAMDBIERCEETH 5. (1)4ESFIOREY
LR Bl OEBRME LB L T/7 A — 2 DEZRD
fo. MBI QEERIE LEHZRE & ORARBL L
TN, THEERE-TLOC EHBE,IDOENID
T, BB ESHERK-T, AT AVF
—8MeV £ TD 9D Bi LT 5 hEEFHEDT —
ZEDLENHS, VBLIUOW Z2¥y—FL, £hodx
FE R ERD . ENOUAD T A —FDIE
BECHBTHNONAEICEE L TEWV . (2)LKHE
HONBICERT 220 (1) oFTRBL NIV
1z charge symmetry term 24(N—Z)/A ZAFiF A fe.
(VAT v VANERICE T BRA/ 7 A —ZDOER
Coulomb iii2, BIHFELLEDOEBRLLKDENIHD
R,

ZOXHIRLTRDONI/NF A —2DE%E, AT
v Y ANVERB L OREEREE OME OHAICHRAL
7.

DTOIETHEST » v A VERICHT 2R
JUPITOR-1® %, % h Vs @ #H8Eic i3 STAX 29,
ELIESE 3% o — F&/e. BiEOHETRIMART
~T complex coupling Z# - 7.

{1

3. 2B F=H kBN A=Y - H—F

Fig. 1 BX U Fig. 2 3EnZh *BilcHd 2AHT
FF— 3.55MeV FTORME: I L OB L Lr v
R A ERMUEROMANTH S, BRI THRNILD
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Fig. 1 Differential cross sections for elastic scattering

by 29Bi. Closed circles are our data?. Dashed
curves are best fit cross sections calculated with
the spherical optical potential. The compound
elastic cross sections calculated with the Mol-
dauer theory were added to the calculated
results.

2, EEFVYYr VDRI A—2 VW EH—FT5
Buc, AEIBERBEAT —2kcd it §2EHIFRL
7o, WABBEIL 2.84MeV 2 TO S KDV IVE
Z M L7z Moldaver BH® #HLTEHHEI .

Fig. 3 i3, AStT % v F¥F— 4.00~8.05MeV HEHOD
M BEH OB TH S, EBT — 43 Holmgvist and
Wiedling” (X Hl) # & Kurchatov® (VH) ©OF—2
AEH L. M8, E.=4.00MeV ObDOD % com-
pound elastic 23NZ 5N TH 5.

HERIE LR & ORAEERUICRA L O&ED
ERZIHIC, AUNREET VYV 7 VEROIKAET +
VHANBERICEBRRPERTRENTVS. LT,
A% 2%Pb core @ 37 L NV EBRABTF L OO
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L 209
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Bi st level 7/2
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______ ———— e
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Fig. 2 Differential inelastic cross sections for the first
level of 2®Bi (Ex=0.91 MeV). Closed circles

|
; 10 - i 1
are our experimental data®. Dashed curves F [ Y =
show Moldauer calculations with the same r ‘Y / 3
optical parameters as in Fig. I. L \\ ]
ro =4, 3
Fig. 3 Differential cross sections for elastic scattering | N En =400 i
by *Bi. Crosses are data of Holmgvist and ! N’V iIV
Wiedling”, and triangles are Kurchatov’s data®. Y / % {
Dashed curves show best fit cross sections cal- 10° - 1y \ v v'v‘:
culated with the spherical optical potential. t |VI \7’_V__~ll ]
The contribution of the compound elastic scat- F b -
tering was considered only in the case of E. (L :
=4.00 MeV. Solid curves show the coupled- S
. . . 1.0 0 1.0
channels calculations with the same optical
parameters as in the case of the dashed curves. cos Ocu
VW (MeV) from 2°°Bi data
501150
V=46,9-03E
e
40+-100

A./

A
Fig. 4 Energy dependence of the potential depths. -
Closed circles and triangles represent the 30| 50 . a W=3.90+0.4E
values of Vand W, respectively, obtained b - A a &
from the parameter searches mentioned in

Fig. 1, 2 and 3.

® Ep (MeV)
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do/dQl (mb/sr)

Fig. §

3.2 WAF vy vANVERICK ZEERETRELORT

Fe 80 T T T T T T T

S6Fe 1st level

paa il
¥

Sj

En = 3.26 MeV 1 - En=3.26 MeV ]
>

T

80f oo ]

2R R TR IR E N

60} En =2.56 4

1003/&’

80;/’ ———————————— —\\\<

SRR ]

I 60f En = 2.0t ]

§ 5 i

40} -

g < 2
~
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©
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60 En = 1.71 ]
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LI I o o o
a0t e .

Lol

40 .
T T > SE N RT N SR SRR ¢
1.0 0 -1.0 1.0 0 -10

cos © cu cos © cm

Differential cross sections for elastic (left-hand side) and inelastic (right-hand side) scattering
by iron. Closed circles are our experimental data'®. Dashed and solid curves for the
elastic scattering are cross sections calculated with the spherical optical potential and with
the coupled-channels theory, respectively. The compound elastic cross sections calculated
with the Moldauer theory were added to both the calculated results. The dashed curves
for the inelastic scattering are those calculated with the Moldauer theory. The solid
curves represent the results of the coupled-channels calculation plus those of the Moldauer
calculation.
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BEREL, oD LIc UV ERBEER & DK
SEER L. WA/ A —FDMHEIZ B2=0.10 (ref. 9))
ERoNnt. KhoOoMAOREREICHT 2#I2
RIS N 05 5.

PED V,W x4 54 —FOREHEIL Fig. 4 ITRSE
Nz, Rbhd, HicVidisg V=46.9-0.3E TfitT
X3 EDHB. ZCTUTOHETIE, TTRDY
FA—RDMEAERNSECEKT B,

N-Z
q1
W=3.9+0.4E , b=0.48
Veo=7.0
1.23, for AZT0
°_{1. 25, for A=120.

a=0.65

V=51.6—-0.3E—-24

4. RERCXT S8R

h#&Ek; & LTI, Cr,Fe, Ni BXU Zn o U TN
#RAI. CCTRERKC Fe BLU Zn T4 2ERIC
DTS,

Fig. 5 13 En=3.26 MeV E TO Rt K U *Fe D
BIGE v ~vicd 2ERERAOASHERT. H
FEHERIDOOLIOF—2TH35. ¥BEF+ V2 VER
IC & 3 EHE T3 “Fe O REMEA & 1IEIRENEOD
vibrational coupling 2Z @ L. ¥A/¥5 4 — 213 =
0.2310 L7, EABERE 3 Moldauer B T9 <
ToOh#:Ficid % open channel Z#EZEUTEHEL .
Hdbhh 3 ki, BEE#EEIHLTR Ea=1.71
MeV OBAABREHEET » VFANVIC X BEE (ER)
b, BRENRFEMICLEH0 (R X0 bk ERHE
ZEALTH A, EBUEEICEK I % 13X Moldauer
FHEL (BR) AT v v A VERRIC K BRHERS R 2N
AtebDTHBH, Ea=171, 2.01 5 & U 2.65 MeV
B 2R EEREEO—EMBFEFITE . Lol
5, En=1.06 & 2.05MeV [chfii#EsMEINT
WaPL,, E,=2.66MeV H72D bFHEH 2T E2DKS
W TH 2. —HERIZ 4E.~0.09MeV Tfiiibhbi
DT, CNODERMBEDOR—HEH->TdbEMLL
730,

Fig. 6 12 En=4.0~8. 0MeV HHOMUHI TH 3.
EE 7 — & |3 Holmqgvist and Wiedling'® (XHI) &
U Wilenzick 726 (AR ©OF—~2ThH3. Ei=4.56
MeV % TREAEROEICHE = x v+ — 3.86
MeV #TD 15 RKOfigy ~vEZE L. £nllh
OHATIEAKBELER L. BOART A VvF—
1135 & B340 first minimum TOEMEE & EEE &
O—BMEL LM, COYYPRIEBRBEELT Y VT
VI TOBERIOHWEOKRENET AT, K&IB]RE

L FEE O R E
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Fig. 6 Differential cross sections for elastic scattering
by iron. Crosses are data of Holmgvist and
Wiedling!®, and triangles data of Wilenzick et
al®, Dashed and solid curves have the same
meaning as in Fig. 5. The compound elastic
contributions were neglected in the cases above
6 MeV. Dash-dot curve represents the coupled-
channels calculation with ro=1, 25 fm.

2EAHMHLTHE. LD EEEETEE, HEFv v
ANVEGRIC X BARER (ER) BERELEOIOV—BER
LT3 ENZ LS. En=8.05MeV O EAICIE o
=125fm & L ofcle (—H#ER) DHBIVERZ
BEZz T, LitR~xzfede— Foftic, & 51iC 3
VARV E KBRS ORAEEMUTHE RS2,
KB 2K BEIEAEEDLDRTOVERLIMEO NS
-7z, Holmqvist & MFEBUHEEOTFT —2EREL T
BN &R, BECHEITEELNLECZATHS.

gD wic, Fe OMUEBEOF — 21 fit 3K
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Fig. 7 Energy dependence of the potential depths. Closed circles
and triangles represent the values of V and W, respectively,
obtained from the parameter searches for the elastic data

of iron.

Solid and dotted curves show the values of the

parameters used in the present analysis.

°© C-C
Oy by Fe x sph.
4 sph., searched
L S
’E\/‘\/\/\/X N
o.
8
[e]
<30t
2.0F
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Fig. 8 Comparison between the experimental (solid curve) and calculated (open
circles, crosses and triangles) total cross sections of iron. The experi-
mental values were taken from BNL-325, second edition!®. Open circles
show the coupled-channels calculations. Crosses and triangles are
results with the spherical optical potentials.

HIERENEERN LR VW O/¥5 t—F « —F
KT oz, kERAE Fig. 7 WRT. *Bi OIFAICH~N
THD/N S Y :pRkE VA, W OFEdseic 8~10
MeV & RXNCEPHEEITH 3. W OEDNIN
E,=1.71, 2.01 XU 2.65MeV ZIHBEEFIcH T
ZERMBEIFEREOR-KOFHEIAHLTE T L
BEEOHBETHS.

Fig. 8 32 WEBIC X ¥ 5 HKEMH & 3HRALD R AETR
4. fi#3 BNL-325, 2nd Ed.'® 75 fH U IcRERET
5. SBRECEET v+ v 3 VER (OF) BIOEEE
ZHZTNBE T ENHB,

Fig. 9 13 Ni 9 AL TH 5. #HTIZ En=3.26

MeV 2 TO LN HRDTFT —Z Kt LT UfTiE- T
RODS, BHAETF » VANVERICKZFHERERITIOKE
%’25—2’(0‘5. 2T T, ¥4&E— Fid natural isotope
DB~ OE 1 IHREMOEL L FLEER & O vibratio-
nal coupling #Z @ U7z, #4895 £ — &3 B=0.194'0
Lot HABEBRBIKHT AHHEE Ni 04T 1
Y b —=FICELTE 6 RKDOFIHE VRN ERE L TITE -
7z,

Fig. 10 BLU 11 BZN T h Zn icd sHEEL &
U Zn OBA2 T4 Y b—7D% 1 g3 5 I
BEAOANHTHS. EBRHERIRALBDIA DI O B
D, x HAlH Holmgvist and Wiedling @ $ D® %R L
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Fig. 9 Differential cross sections for elastic and inelastic scattering by nickel.
The points and curves have the same meaning as in Fig. &

T3, bhbhObORPPEHENTF — 2 Th 3745,
E,=7.99MeV PIA T2 Holmqvist 5 D D E LKL —
HBLTW3., Zn TRBEEOTA Y F—=7BETh T
50T, B4 KICK LT 6 ROFLHIIIGIE L N vl
D, #h 5% En=4.48MeV DITTODHEAERDH
BIcERAL., 727150, 4.48MeV OBARRBINIZB
KEFAHICIE D O T, 2nd 2* levels iTxtd 2 FE R
OF — 2 C normalize U7z, & F v+ YANMTKBEH
TREEREEE Ist 2 level L DA (EH), BIU
TOREBEREE 1st 37 level LA (—HAHK) %
EZRULBABRREINTO S, A5 2—42ELT
13 B2=0.234" ML f:=0.12 2{RE L. Zn O
HHEILCY LTOEAEF » VI VERICLIHRE,
HREXERB LI 20 (B LOIVEREEAT
W5, EHEEEEDESIIE, Ex=5.92MeV P LT
HEF» VAVHRERERBE L O KRS HEEZEZATL
3. 3 URAVEOHAEERULBATS, RNOER
LREAFAUKBELIBONE L. T TARR
two phonon excitation »ZE L 12 & F + VA VEE
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Fig. 12 1 '2Sn ic W9 2 @ROLELRT. KEE
BEFOOhDhOREMETH . EET v v 2 NE
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L. A ®/e35 # — &3 B=0.112'0 Lo,
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%. B 1pREMcET 2EREEEA A CE VTS, #
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Fig. 10 Differential cross sections for elastic scattering Fig. 11 Differential cross sections for inelastic scatter-
by zinc. Closed circles are our experimental ing by zinc. Closed circles are our data'®.
data'®, and crosses data of Holmqvist and Curves have the same meaning as in Fig. 5.

Wiedling?®. Dashed and solid curves have
the same meaning as in Fig. 5. Dash-dot curves
show the coupled-channels calculations taking
into account the coupling with the 3~ level as
well as the coupling with the 2* level.
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do /dQ (mb/sr)

$30m chHEFRIEBE AR
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< = cos © cw
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o 20F (b) '°Sn 2nd level
N E. 1o} En = 3.60 MeV ]
> £ SR I I i3 ¥
Eopiipis ittty
a o]
° | 4
3 s
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Fig. 12 Differential cross sections for elastic and inelastic scattering by '2Sn. Closed

circles are our datal”.

Curves have the same meaning as in Fig. 5.

JAERI 1228



JAERI 1228 3.2 HAF vy v AVERICE ZEEPHETRELORT 115

T T T T T T

4 Ll T
80L~2" € %Gq ist ievels 1
a0 -
En=3.0
o
En=3.08
a0t
0 .
T T T T T g 80 En=2.57 |
~
10‘ o E 2 40
] e b dtaeg s £
’ 1 2 o
ol ]\E-ioj\r -
| i
of T} irya gt They
o)
J En =1.52
80F — 1
I WRE ]
‘,_.}_{._L_‘_ 3 _L_m
a0F .
Or L 1 i 1 1 1 1 1
1.0 0 -1.0

T T M T ] T ) T
a0f (b 8%Gd 2nd levels .

do/dQ (mb/sr)

20l En =3.60 MeV |
L } \E—i—f—rﬁ\h 4
o |~y
! En = 3.08 ]

do/dQ (mb/sr)

En=2.05 E
______ Ty ¥~idy ]
o]
r En=1.52 -
40t % ; ! J
_\___L—__;-_-;__L__%
o] ot -
[s) RS Y S S N S PR
1.0 0 -1.0
cos © cm

Fig. 13 Differential cross sections for elastic and inelastic scattering by gadolinium. Closed circles
are our data”. Dashed and solid curves have the same meaning as in Fig. 5. Dotted
curves in the figure of elastic scattering represent the coupled-channels calculations,
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6. Gd [Cx}7 BERHT

Gd It d 35HERI G T4V —7TRRENTHD
abundance OFEE DT TEH L 2B EBICELT
T8 -1, WEGELIARNT 6% L~ g TO ground
band O VANAED #EA A ZERLUCHEETE 7. ¥
A BREOESIR En=2.5TMeV 3 TOBAICHLT
Moldauer FE TR, 82 8L (4%) OB F O RERMEIC
normalize L7-. Fig. 13 R h & OFHEEELRT.
EBRF—ZR3bhbhOHIEETH2. HEHIALCE
T Ea=3.08 35 L ¥ 3.60MeV 0BAICIE 1 HE
AT 2R BE AT Eh o7, Lichi-
THEMOK & B HE LFEREHEIAORMN T ey L
THD. FIHIC ro=1.25, B2=0.34" L HINTHTDS,
FREEO—BHBLL B >kDT, WL 2PORTEH
MY E DR, 70=1.25 £:=0.30 23, PLIVER
252N, HRCOBAOKREERT. HA&Frva v
R X BEERRE (EH) B, BREXFERICXS b
O (B KN, EDICERBEICGEVELXEZ S
M, UhlEEficih—EEEoh B0 E
V. ZO—BORZLEZIE, BICHE U Er oBid#
A2 DEAICLRAETH . COR—HIZ, FHEICH
WizREAE—F (FRAULEDT) ORFEHLT EIC
L2HDD, ERF VYV NF A —ZDE, BT
W OED L BN EIZEBHDD, HBVEREND
PDADERICEZHDH, §DEZARPTHS.

WU LU *Pu T 2 HITR, EBRT—20RF
MR E B edic, HESKHERBE N> D
TLZUEBRRBZZERILUDPRABIEICT B,

7% ®

PlER~fzk H i, 1.5~ MeV (AfE 8MeV)
DODAHTANF—HBICBI 28NS, HEFr V2
VBRI, BRELFEEM LD SIS ERBEFHERL TS
NaEhBbhrot., £OB, BYEENT A —F X 7o
=1.23~1.25{m ObHTLRBHOEILERIETPH
WBHEST, REXFZEROBETPLESN DL X DX o
DK %1% mass dependence!® T HA T 5 AERII.

JAERI 1228

Cr, Fe, Ni, Zn @k 5 thEKICH LTI, 3 MeV
BT 2 BERELI LT, first 2 level & DA
OHRIIMETEI, first 2* level ~DIERMM:EELIC
st LT HEBRIC, direct inelastic [3ME T XS0,

120Sn et LTI Ist 2% level & ORADOHEIT/NE
WA, TNTHIZOHREZERT I LERE-T, &KV
SOERMBEONS.

Gd M EDKEL deform U FfKiesst UTid, MARK
EF ¥ VANVERC ISR NER S0, ERES
D—HDETELRENE> T3,
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3.3 BEWY =7y 2ickahEFHEREOME

K A & it

EFGY =7 v 7 OREH 197244 AFRR L, hEFHERAED 2D ORFOKEAS 19724 9 J]
b bhic. HLWY =T v 7K U THRICHNAT 2 & LB RARTION S TEOEROBEE L

~N5.

Neutron Capture Measurements at the JAERI LINAC

Motoharu Mizumoto?

The construction of the new JAERI Linac was completed in April 1972, and the experi-

ments on the neutron cross-section measurements were started in September 1972, A brief

description of the new Linac and the experimental program is presented.

. I C & I

BREOHHTF LETFH EOMOHEEFEMICET 5015
BEBELO—FEW-TEY, TETEE I VF—E
BOEARTROBED L CEARKOWE BREN DD
BHNCHENONhTVS. S5 KEFHIERAAOER
sy, b FIcBT AT — 2 OEOR.E, FiC
keV IO W ER, &V XVOILE T 4 —~Z —FODIE
HERBE~OEFLRE > TS,

BB N A v F—OhEFIcBIL TR, w479
v —TERNOBREDES LD VE-T, Boh s
BTRESOENS Y =T v 7 OFEIEHINTET
AV

BT & FF 35 AEDIkEREY L C > 72, High Voltage
&, 20MeV @Y =7 v 708, ERERIICONMT
DOEERIZL, IREEOBRREDY) =7 v 7 BHE
HEieoh, B0 OREZRITEVIERKART
Y, W45 4E, 6D 2O THTHNZTE-
fo. EICASEER, KBHORINBICHLTZTORE,
BEOBERICH T ON, 46 FEMHEVICHTONL
ATH 4 Aesi Uc g, REssssh, 9 ARK
BT 2 —4 v bick BARKBNE DT ORELERE
L, T HEciET 2 ERSMD S

2 YU=7w9w9y

HY =T w7i2S-svVF (2856.75MHz) © $DT,
BEEEMRCBT 2RSS T2 vEF—d 190 MeV, &R
BwH 600mA (110MeV) BB TV S, E—L0H
FREKT S0kW FTHESISCHITINTED,
MEBIR 2m OFA VE—F VY 2ABOBD 2K, EE
RE 3m O HD3K, WIhb 273 E—FT, Th
Z2hEHT 20kW, €~ 7 20MW o R.F. Ah%
MAzzEMNTES.

FHBFHRLOLOBTO /A IE I 10nsec > 5 2
psec T, BEVELIE lpps »5 600pps ¥ THAILE
HBECEMTEBEIIRKIE-TNS.

F—ADHERY) =T v 7 DE—LRE, BXT W
ZBICHEKET B2, AR OBMRBBRBITRDNS
FETHD.

3 M E K R

) =7 v 7 ORES ICHE/NESDOEEIR Fig. 1,
Fig. 2 KERMICRINTVS. REACHAEEIET
FIZRKEL, 2, SOERMSEBINTVS.

t JE#F, Japan Atomic Energy Research Institute
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3.1 BEFy-Tou b

P TFREFRICK 2 FISEHFREHY, TOXKK
B E - TREZIRONE., £—4 » P32 10em DK
X0 TERICER OGN Ta DR (Imm »hb
6mm EOdD % T) 11k (£E 21mm) &, 10mm
B, 3O PbOHRLDE->TED, WOMEEBKIC
L-oTHBHL, BkE 24kW O —ADBREICTHA
BBEICHRTEN TV ¥ FRBIKABOE—7
MIhHEETRAOHEE THT v-75 v Yaid#id s
W, =4 FOETIC, /5374 v, vHA FERE
MEBEBRUBNEES -7 v PERGLESIESH
TW3.

3.2 HETFRITESAMENR

T2 —4 o PRSI 6 KORGELLHE/NE
Ao TRHRBTVE. RITEOESRFHFO T2 VF
—AREEE 4 — v F L OFREVEZELTRES N
%, 100m O BICHIRTF— ¥ a vA2##D5190m O/©
ETREVAREIC X 22FEROMEREICTEbA
. B—4 9 PECBEBELEY VY INF = VI —/NE
TR, E—2BBOE=F—LHENEZY VYT VOREHR
BEMLOEBRTITEbR, V=7 v 7 0ERFHEFICK
AE—LBEOTIOZELS LURIBKRO FY 7 FOF
WAMELT A, 55m TRAEFREZEIRISN B
INEEEROIBY LAV I )~ XTI 7T Y
VFOERMNEEIN TV S, 46m 2R3 1 DOHEM
BE~EOMNEABLICLBOHAEBRENUONEFTET
b, X5CE2—4 vy b R KiFS0Om RTEHAA
FonTHy, BRI, FHHREOEBRICALS T
3. BT —4ic MeV B O DT ORERE
IR BoE U T2 AT 29 0 TRAFIEA
NEL, BENIKHAHI LD 1 ARARBEFE—LDFIC
HOHEFEAHTF L4y PERTWVL S, BHE 190m |

Bicid, keV HRAFE OB O Al Bick s K& gt
BOBBAI DK fodic He HFxpsopoh<4 75—
OEBMFF LTS, FRE/NRRBEKRBBT LD
n, REBOBMENEZLELSTEALIEESIATL
3,

3.3 #% i #®

é%ﬁ]‘*ﬁ i@”lﬂf&bnéiﬁ WKr3 /A wYa vV
Bick->THEINED, BEABOD 43" ¢x1/27 ©
SLi-/" 3 2 Y V/FL—va YEREERD 190m JlgE/NRIC

*SBEEPETA -y FI3BRESEL BTN, MELSORS
TOLOICEBEMMEONTFLOZ—4 »y b BER IR
<D,

JAERIT 1228

AT ORRAENBBEIN TN, H4 3HD °Li 7
FARMBEMIMAONZFETHY, BLZ 20
BAMROBMBHEIN TS, E—bsx=2—FiC
12 27¢x1/8" DINXIEHDWRY VYT IF =2 VY 5 —/)
Bicdh 5.

WM EEONEICIT Fig. 3 IKRINTVE L DIC,
3,500/ DKBEEKY v F L—v 3 ViRHENAOL LR
. v BOTNTF ) VF 4 Ik BRHBROEE IS
< LigiZ 100% DHMEAFEODLSERIN TS, ik
YYFV—BE—~F p-2—T x=—ELIU a-NPO %
FYVVRBRLIAOTH S, BIE127¢ O 2Dk
BT BEE (EMIS4LSB) IO ohTnah, Hl
FEOT A NE—EHBRLY 570 E HIKEBOILETH
EEENOMAT 2L, DBOARFELEHETTHS.

BEANEROREHEE L Fig. 4 KRS TS, 28
WRRE LRk 27 9x1/2” @ *Li-7/5R¥YVFLr—¥
a VEBRHEBBEW O, 45°90° 135° 32D AREICHE
LCRBichEF 2 led 5. *Li-7 7 23 pEFEH
BIZ - BIcb KT 502 0EEZELSCHNWT
Li-75 20BRHUBBEAZINS.

Z DAl b MeV fEIRO T2 RET 5 7D I T
ORMERBT BT 2AF v JRINBEBETHEEDTH
b, FENEERA 74 v Va vYF ey —bFERPTH
5.

4, F—HPEIRT LA

4.1 F—SNEBRHER

BRENEPLDESRI NN -V r—T vtk > TR
TEFHERZCED LN, 4 V74 YIRBEITI
bhad. FOTa w784 %¥ /5 L3 Fig. 5 IKRANT
WaH, CPU Ba7—0&E 16kW, 17— FOEX
(2040 F4+FaFsb) By b, 2055 8K
RB7ossaBicAnoh, BoD 8K 87— 2 INE
DEWICHEAIN S “add-one” 24D T, FOAE~F
12 1.8usec TH 5. ZOMIIHFT—2O—RKHEHEE
EAVIAY, FTFAVHDOT u s 5 LQBREDD
W B6AKkW OB F 7 L0350, 93w 2 800bpi @ 2
HOBE T — 7 EBBRENET — 2B 2T 5 129
DRBHFHEDODULDOBREAERL TS,

4.2 TOF-ADC
PHEFICB T 2 BB L SERE R BT LKk

n, MFHEEICL 2 bONnFELLE. 21w, TOF-
ADC OHBERBEHEICF— 2 O BICHES 5. BEMGH
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ShTVEOREKFITAR 16keh, 4 AT, 1F+ ¥
FUOIE 0. Lusec 5 128 usec Db D TH D,
“Variable channel” {8 D BiE%EFE-> T35, EEH
Vs be=/RBckB, Fy VFVIE 2nsec O
OMBERINFHBEBTEDOLTVS.

5 & H b (I

Fig. 6 B LU Fig. 7 iKZh®h 190m ORIGTEZH

3.3 BHIY =7 v 7 ik 2 piETFIERONE 119

WTHBbLhEFRRYI VDO L3 YR Iy Vavk, 55
mTOZ VA NMOHENERE Zh ERAkCsn b
SYRI Y Va VORIEF—EAMRINTVNE. Thbd
OF — 2 BEEHEDEENFES T, BERINESDT
B, AN EABEREEONEI SV TRER
CET 2R NBREARKRNILT — 2 OWEHTIED
n&H>ELTNA.

DIEEERY =7 v 7 EAAEEECET 2HEZ D
1o MBICE L. SFHCBELTRAESBRNSB T &N
TEUDP-TBFY =T v 7 ORBREBLUEERT
LORREORENLINETETHY, ThICES.
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Liquid Scintillator Tank

Photomultiplier Window
14 ,/
.
| Neutron_Baam
——/—
)
\
" N
Scintilgtor
A
\
-
——

Fig. 3 Liquid scintillator tank for the neutron capture measurement.
The tank has a diameter of about 1.8 m and a volume of 3, 500 ..

Neutron Scattering Chamber
and Sample Changer

Neutron Beam Hole

Fig. 4 Neutron scattering chamber and the sample changer. ‘fLi-glass scintillation counters are mounted
around the chamber.
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COUNTS /7 CHANNEL

COUNTS /7 CHANNEL

$3E EFEEET AR JAERI 1228
2000
] Capture Counts of Ta
i Electron pulse width : O.25usec
Anclyzer channel width : 0.2 usec
Analyzer channel block : 1024
Flight path length : 55m
1000 +
i
W¥l g
1500 ‘ ’2000‘ — (2500' ‘ SOOOK 3500I l 4000
TIME —OF - FLIGHT CHANNEL NUMBER
Fig. 7 (a) Capture counts for a tantalum sample.
The sample thickness is 0.2 mm and the time of measurement is about 3 hours.
2000
Transmission Counts of Ta
Electron pulse width ¢ 0.25usec
Analyzer channel width : O.2usec
Analyzer channel block : 1024
| Flight path length : 55m
?
;;
1" |
1000
|
\
i |
|
500 1000 1500 I 2000 ‘ 2500 3000 . I 3500‘ l ‘4000

TIME - OF -FLIGHT CHANNEL NUMBER

Fig. 7 (b) Transmission counts for a tantalum sample.
The sample thickness is 0.2 mm and the time of measurement is about 3 hours.
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3.4 HAKH LINAC iT & 5 r kWi i B 30

oo\ & OB

BB ERFEFREIMERONRSBAe SN, YIMEBRZLANYFRTH D 1971~2 £ 0K
BTHICL > THAMER I NESET T A VvFR 46 MeV, FAEHE— LB 10kW L7257
keV #EBIc 13 Pd, Ho,Ce @ hi:THiERKHEEOHTE L FHEROBEMNHE S i, HATS
RAEIL 20~50m T, BBEBRICIR Li 52 ¥ v F L — 45 RINEENECIE NE-226 O

total energy detector SIS B,

Powerup of the Electron linac at Research Reactor Institute of Kyoto

University and Plans of Neutron Cross Section Measurements

Yoshiaki FuniTat

Recent status of the electron linear accelerator facility at Research Reactor Institute of

Kyoto University is reported. It is L-band machine and was graded up to 46 MeV in maximum

energy and 10 kW in average beam power in 1971-2. Plans of neutron cross section measure-

ments of Pd, Ho and Ce in keV region using 20-50 m flight paths are also reported. Lithium-6

glass scintillators and total energy detectors of NE-226 are used for transmission and capture

measurements respectively.
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Fig. 1 Plan of LINAC-facility.
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21.5MeV hEFOH — & Vic &k 2 KE, BIUERMEHE Q=—-443MeV, —9.64 MeV)
OEAFED, ERERT 30°~155° OREICHI»T, BARMEINI 4 AFICED 5 A5 O RRH

EMNTARIEZA LA T 754 PR bat—2—KE->TRIEI N,

BUEHEHOT -2 OoBEED

WEERERC L BRERT Y Ve VDT 2 —F —HKH S, coupled-channel TR T & B RRAT D3,

FEMUBEICONTIT DO,

Elastic and Inelastic Scattering of 21.5 MeV Neutrons from “C

Yoshimaro YamanouTit

Differential cross sections in an angular region from 30°-155° in the lab system for both

elastic and inelastic neutron scattering by carbon have been measured at an incident energy of
21.5MeV using the pulsed beam time-of-flight technique. The collective 2*(Q=—4.43 MeV)

level and 3(Q=—9.64MeV) level were resolved by using newly constructed multi-angle

time-of-flight spectrometer. The elastic scattering data were analyzed using the local optical

model in its conventional form, and a coupled-channel analysis for the elastic and inelastic

scattering has been made.

8MeV~% 10 MeV O kvF— KT O T8
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model, coupled-channel Bzhic &k % =, = DFtERKRIC
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t EUiF, Japan Atomic Energy Research Institute



JAERI 1228

YV EFRERBT e W

531

132

*13j5wo0x)oads 3YBIg-Jo-ow) pPIONISU0d L]MIU Y} JO dAISNoUT jnokel Jeiuswradxyg | Big

J0§00}8p UOINON.

HUDy PIBIYS 40}08i8Q

Jo0jj pug ol

SO NN NNNY

L\ \ AN

joubow -0 juewsie-¢
2MBIA 243000

Y/ Z < gl
Jspuyo dnyoid :

Jejinys woeg
82JN0S  UOYNE
ejdwos buueljoas

1D} JOnoADILIeS

woos jabio)




JAERI 1228

~155° COHSHEORENTETH 5. BRIHBEDOERAR
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CRIENTH .
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Shadow bar
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T3, ZhdbD4ZREEDOEK TPHC ol 1o 12l
ID A58 LT 32input selective storage unit L& 511,
&5 —f Do 23 mixer 238 L T ADC iK% 5 1
4096 ch P.H. A. iCRMIC 4 KDhHEF R R VG
b1 5. Fig. 4, Fig. S ICCDEETHEINILART b
NESRT. WEEHE, Q=-4.43MeV,Q=—9.64MeV
T 2 e~ BRON B0 Q=—T.66 MeV K&
T5E— 73RS,

spectrometer @ efficiency 3,¥5 7 4 vt £ % 21.5
MeV thi:F-OBMEI & T(d, n)*He IS i+ A 53
firoREEINT.

AEIORETIE C Itk 3 21.5MeV thik 7O R
M, B OAIT 30°~155° DD 14 O
BEollEsh, BohER3a—F MULT lick»
T multiple scattering DFEMRTEHNI. Bo M
B, FERVBEOMAME Fig. 6~8 ITRY. Fig. 6,
Fig. 7 tho x HliZ 19.88 MeV THlsE & 17z Deconninck
£ ORitE, ERUBIHOMRTHS.

Coliimator tank Tun table Detector shield tank
Liquid 7dnﬂllat0t
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—_ e
N 5 \ﬁi: &.s\i‘.\ﬁ & —
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Fig. 2 Top view and vertical cross section of the collimator-shield system.
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‘ CFFD : Constont fraction fast discriminator
" FO | FD :Fost discriminator
PICKUP CYLINDER I | 10 :lIntegral discriminator

LA :Linear amplifier

STOP PA :Pre omplifier
- FTTTTTTTTTT (oot ] TSCA: Timing single channel analyzer
1 ! ! TPHC: Time to puise height converter
; 701338 ' | 1 WBA : Wide bond omplifier
NE 213 . -TTPHC 1D
' ¥
TP 3
 sfiien e 1
) 2 : |
o |CTO1338B ] HIE 2
NE 213 ! 1| TPHC 1D | 32 INPUT
| t
e —3 — SELECTIVE
E‘ """"" 3 T TTTTTTTT 1' ‘ STORAGE .
5 |c701338 R 3 UNIT 4096CH
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: ol | 8 F :
1 TSCA eATe }
] gt — |
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Fig. 3 Block diagram of the electronics system which is designed to enable four neutron detectors to be
used simultaneously.
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fig. 4 Time-of-flight spectra of 21,5 MeV neutrons scattered from carbon at 30° to 60°
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Fig. 5 Time-of-flight’spectra of 21, 5MeV neutrons scattered from carbon at 85° to 115°
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Fig. 6 Measured differential cross section for elastic

scattering of 21.5MeV neutrons from *C.

Fig. 7 Measured differential cross section for inelastic

scattering of 21. 5 MeV neutrons to the 2*(4.43
MeV) level of 2C,
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N ELASTIC SCATTERING
12, )y 12n ¥ °
C(n,n") *C
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Fig. 8 Measured differential cross section for inelastic
scattering of 21.5MeV neutrons to the 3~
(9. 64 MeV) level of 12C.

12 L¥ic optical model ® 2 — ¥ ELIESE-3 % T
optical model 1T & A 4T 21T75 »fc. T T TRHHEICH
U 7z central potential @ real part ¢ form factor I
Woods-Saxon 7 G & ¥, imaginary part | surface
absorption 7217 A#ZE L T form factor {3 derivative
Woods-Saxon EI'G# % . spin orbit potential {3 Thomas
Fermi T real part 7213 & L7z, best fit O optical
parameter %78 2 /IC 4 1D parameter set %A RUHM:
IO MM OFEEITIE - 1.
set & parameter search T X - T S/ best fit O
ZTABLE 1 [C7RT. set A {3 A>40, E<50MeV ODth
TR BELD A IC O S fc Greenlees %59 1T &
% parameter Tdh 5. set B {3 30.4MeV @ *C(p, p)
120 RSP THAWV 5tz parameter D P central potential
@ real part % 4.5MeV TF/cbDTH%. st C, D
X 5~14MeV @ C ic k2 hEFRMEHEAICA NS
117z parameter T 3. A, B, C, D 0zhZhoO

Z L & @D parameter

Fig. 9 Differential cross sections for elastic scattering
of 21.5MeV neutrons from 12C calculated using
sets of optical-model parameters A,B,C and D
of TABLE 1. Open circles represent measured
differential cross section.

parameter {Z & - CHE Iz BEKILOASH % Fig.
9 IKRT. ChoDHBHERRIEI NI ASA LML
A RTMA—BB B L. Fig. 10 iTi3 parameter
search It £ - THE S 7z best fit @ parameter Lk 3
HEEBELOASHBEREEL EHICRINTHS. T
parameter {C DV TIE TABLE1 {TRANTWL B K H I
imaginary part @ diffuseness parameter 2% 0.221 &/
T,

i 2C BRBLER LK EZEZ DN B ground
0% state & 4.43MeV @ 2* state % ground rotational
band, 9.64 MeV @ 3~ state % K*=3"band & U,
optical parameter % V=41.4MeV, W,=6.75MeV,
Vso=8MeV, r=1.196fm, rs=1,504fm re=1.16 fm,
a=0.64fm, b=0.221fm, asx=0.69fm, ZF D parame-
ter % B:=—0.60, 7°=0.33 £ LT 23— F JUPITOR-
1 2T 0v-2t-3-D 3 20 state AIFEHFIC couple L

TABLE 1 Optical-potential parameters for 21, 5MeV neutron scattering from '2C. All depths

in MeV, distances in Fermis.

SET 1% r a W, rs b Vo T'so @so X2
A 49. 40 1.17 0.75 7.60 1,26 0.58 6. 20 1.01 0.75
B 46.94 1. 026 0. 655 3.86 1.163 0.830 7.82 1. 026 0. 655
C 42.20 1,15 0. 65 6.50 1.15 0.70 5. 50 1.15 0.65
D 42, 20 1.15 0.4 6. 50 1.05 0.4 5.50 1.20 0.4
E 41, 40 1,196 0.640 7.94 1, 504 0,221 8.00 1. 160 0. 690 7.72
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Fig. 10 Optical-model fit using the best fit parameter
set E of TABLE 1 to '2C elastic scattering data

at 21.5MeV.
C(n.n)%C
En =21.5 MeV
grd o*
10:L —— COUPLED CHANNEL (RFF)
~—— COUPLED CHANNEL (CFF)
-D\U'l
E
. 107 ya=a1a
S Ws= 6.75
SI-S Veo=8.0
Nib r= 1.196
rs= 1,504
rsom 1.16
1’k a= 064 °
b = 0.221
Us0=0.69
] ] I i 1
0 30 60 90 120 150
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Fig. 11 Comparison of measured differential cross
section and coupled-channel fits for elastic
scattering of 21.5MeV neutrons from 2C.
Solid and dashed curves correspond to the
calculations made with real form factor (RFF)
and complex form factor (CFF) for the radial
factor of the coupling potential respectively.

2C(n,n)'%c*
Q=-4.43, 2"
10°F ——— COUPLED CHANNEL (RFF)
- —— COUPLED CHANNEL (CFF)
B=-0.60
=
g
~ {0
=
Q
&
3
\
10° \
\
1 1 | Il ]
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Fig. 12 Comparison of measured differential cross sec-
tion and coupled-channel fits for inelastic
scattering of 21.5MeV neutrons to the 2*
(4. 43 MeV) level of 2C. Solid curve, real form
factor (RFF); dashed curve, complex form
factor (CFF).

% (n,n') "%
Q=-964, T
10t}
— COUPLED CHANNEL (RFF}
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K
£ o't
3 .
- o O
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Fig. 13 Comparison of measured differential cross
section and coupled-channel fits for inelastic
scattering of 21.5 MeV neutrons to the 3~
(9. 64 MeV) level of '%C. Solid curve, real form
factor (RFF); dashed curve, complex form
factor (CFF).
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}2B D coupled-channel BHRY 1L X 5 HE 278> TR
7z. #+EiZ coupling potential {¢ real form factor (RFF)
% H 7 & complex form factor (CFF) % Fu7ckf
DOEHFICDOVTITIE » 7. BEEBELORER%Z Fig. 111C,
Q=—4.43 MeV 2*state 33 L ¥ Q=—9.64 MeV 37state
kY B IEMME BEL O ERE R % Fig. 12, Fig. 13 TR
4. Kb AHIMERETERH RFF ic X288, AR
H CFF itk 288 Th 5. coupled-channel DFHETIZ
%58 CFF @ coupling potential 23Ebh 528, CZOH
AW EKELE 2'state KB LTIX RFF KK BEHHOY
HFHEEREICIT.

A% DRI IC DT Fig. 11~Fig. 13 TH SR X
SICHERRELERELO—BMBHEVRILBOLODT,
optical parameter LZEFY(D parameter 2ZEA TEDRE
B ¥ T coupled-channel 3 & % SHHEMRBIRBREIC
&5 hEFE~N% —J, resonance fHIHK T D compound
process (M FF{fi, compound process % EICANT i
HES ORI AT S . T 7 Adicoff resonance {HIK
TOREEFTESOT, HROLKETE > THITZE

DETETHS.
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14.1 MeV = ®'H(n, n)p, 2H(n, n)d, *H(n, p)2n, *H(n, n)t, SH(n,d)2n, *H(n,p)3n RISOHES B LU
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REOFEMESHEL TS,

Elastic and Inelastic Scattering Cross Sections of 14.1 MeV

Neutrons by Hydrogen Isotopes

Shoji SHIrRATOT"

We have measured the differential and total cross sections for the reactions 'H(n,n)p
*H(n,n)d, ?H(n,p)2n, *H(n,n)t, *H(n,d)2n and 3H(n, p)3n at 14.1 MeV, by using a counter

telescope. Our published and newly corrected data are summarized and compared with the

data of other authors as well as theoretical results. We also present the details of experimental

procedures and data reduction.

1. Introduction

AFRAK H, 2H, °H ¢ & BT, Mk
HANERORE R, BAPKTD, SRKISEEO M
HA S BICEAMBHEETH S48, 1950 4£4RD Brook-
haven TOE:@EIC & 52 WHEO WiE P Los Alamos
TORAEEROAEIC VT, 1960 LERD Zagreb T
ORI EEDENT, REMFAESD L0, i 14
MeV ELTOF— 41, hWEFREDOREIPLIOD
EOKERRSEOBELIEEbDTH S, HLOT
— RAHMICHBELTHZESTLE—HLTELT,
ARKKIC DX BOLOREAKH D, WEEKOR L
Li-BAEERNENNRETH . —HEROETSH, &
CHORYEORAREL LTE L OHEBSEINTH
7203, ¥ic 14 MeV E0BO LIRENMTO T 0¥~
TORROILEN O A TS 0, *HAH B L TR
=, PUKTEHONM O 2 RECHEOTEHEOLEDS

KL, BECOBIBEIN27H2BIRTH 5.

bhbhREEF 5> 14 1MeV T O n-'H, n-*H,
n-*H HHEERIC 3 028, FREEERIHERO
HEE R FRZETTE>TETVS. ARRKT
2, TTHLHLLNOEE LURREZOREREREZ LN
POMEZELOF—F LHR UGS OHERT — 5 OB
REMBEEETOLITL, B THICERTICELE L
- ThbhbhOEROFMEHET 5.

2. WAHLULEHEREOCRHER LM

(1) ™H(n,n)p

RHEE A, @ Allred 5% Seagrave? D ELREST
Wi & & Nakamura® OfEicidh#E T 60 DIFEEIC
KEWEKHFT ~5% DEMND 5 &, QASHMIEX
B2 hRFRP O hich oo, bhbhlDEICRER LK
B3 W R{E L Seagrave {f & Nakamura {H®D R

t 37K, Department of Physics, St. Paul’s (Rikkyo) University
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Fig. 1 Comparison between the revised data on the n-p differential cross section
0(0y) in the C. M. system and data of Refs. 1-5. The curves are least
squares fits to our data.

TaBLE 1 14,1 MeV n-p scattering data revised due to the neutron flux correction. fo: the setting angle of the

counter telescope. #, and ¢(f;): the mean proton-recoil angle and the differential cross section in the
laboratory system. &, and 0(&.): the mean neutron-scattering angle and the differential cross section

in the C. M. system.

fo G, of,,) 6 o(6)
(deg) (deg) (mb/sr) (deg) (mbysr)
0.0 4.0+2.39 238, 94, 0*® 172, 0:£4. 6% 59,941, 0%
+4.3 +8.6
10.0 10.475 5 228,9+3.7 189.27 -2 58,2+0.9
+4.3 +8.6
20.0 20175y 215,243, 7 139.8% ¢ 2 57.3+1.0
+4.2 +8.4
30.0 29.975 % 193.9+3.4 120.1% ¢ ¢ 55.9+1.0
40.0 39.843.9 167.7+3.3 100.3+7.8 54.6+1.1
40 g +3.6 +7.2
50.0 49.87 57 140.4+3.1 80.47 % 54.4+1.2
+3.2 +6. 4
59.0 58.87 5 % 108.4+2.8 62572 ¢ 52.3+1.4
64.0 63.7+3.3 93.242.7 - 52.5+6.6 52.6+1.5

* The values indicated with + are the half-widths of the angular resolution functions.
* The values indicated with =+ are the over-all probable errors including the systematic errors stated in text.

THY, AFHRASLICHEMKRTH 7. TORERI
Iwadare & %% Hamada-Johnston” @ #F ¥ ¥ 3 WiCHE
SELEBEEREKE—F LT A, MacGregor LY DES
&/ phase-shift Z fi-7cfBE LR —HLUEh-7. &
WAL i2 671+10mb & % 54, Poss 5Y0FEHEIC X
A (68945mb) kD 2.6% INEhotc. £0MKbh
b3 CHetarget 22 THAIER2TH -/, £O%K
BRIBEOHMEANTEDKR L —H L, ®Rick~3
Lo lux MEQHEICX D BEIAEVELT L L
Bbhhot. BRI bhbh Ok MmEE4ERE
HIIC 2.3% K& LI nIEE S8, Lichs- Talr
M Poss SO & —H L, BRI TOMSWERZ

Seagrave {fi & ) Nakamura fEDFICH . Fi 14.4
MeV T® Basar'® O#RLIZHF T A, HOD
anisotropy 2P PKXTE3S.

Db OBERDHERE Fig. 1 B XU Tasel i
AT, TOFET least squares fit T

6(6@r)=54. 1(1—0. 0639 cos @+ 0. 0288 cos?By)
mb/sr (1)

THOLDHIN, Ota=686+11mb TH 3.

(2) ?%H(n,n)d
n-d B SELBA MG TR 0a(On) O HEREFRS 2K
KIRL T B XD THBH, CM RPHTFH 6. O
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Fig. 2 Experimental and theoretical differential cross sections for the n-d

elastic scattring in the C. M.

system.

TABLE 2 Values of the n-d elastic differential cross section at 14.1MeV (The error indicated*® is the probable error.).

Telescope Mean Oer (Biab) Mean C. M. Gel {@n)
setting-angle deuteron-angle in lab neutron-angle in C. M.
6o (deg) Grab (deg) (mb/sr) 6. (deg) (mbysr)

0 3.9+2,2% 487,216, 2%% 172.24-4. 4% 122,144, 1%%

8 8.3£4.0 346.0+11.5 163.4+8.0 87.5+£2.9

10 9.6+4.1 201.3+ 9.7 160.8+8.2 73.9+2.5

20 19.2+4.2 84,3+ 2.9 141.6+8.4 22.3+0.8

25 24,5+4.3 48.3+ 1.8 131.0+8.6 13.2+0.5

30 20.8+4.3 34.9+ 1.3 120.4+8.6 10.1+0.4

35 35.2+4.2 4.3+ 1.7 109.6+8. 4 13.6+0.5

40 40.5+3.7 58.4+ 2.0 99.0:+7.4 19.240.7

50 50.2+3.5 105.1+ 3.6 79.6+7.0 41.1+1.4

60 60.4+3.2 140.24 4.7 59,2+6.4 71.0+2.4

® Values indicated with = are HWHM values of the frequency distributions.

FEHICREOERFE 120° T TO FEOHAICELS
Shic. bhbh3EOER A2 ERT 3 EKbHD
?H(n,p)2n RISEBROBIET 0a(@n) ZHAPPE L., <
DOREBEWA Fig. 2 3L TABLE2 {TRT. Gn=60° T
BT OREE, T 7 0.<60° Tid Berick 5 O R
B L3 F — £ % BT =10 $TO Legendre
polynomials P;(z) T least squares fit UL 75 R, =
=cosBy ELT,
ei(©5)=49. 58(1—0. 937 Py(x)-+ 1. 059 Py(z)
40, 408 P3(x)+0. 369 Py()+0. 261 Ps(z)
+0. 201 Pg(z)--0. 199 Py(z) +-0. 016 Py(z)
+0.102Py(2)+0. 065P,(z))  mbfsr

(2)

THEbINtz. 72721 Berick &3 (1+0.048cos?@n) D
np WEKEHE > TVEOT, bhbhidEdHEES
LnpWEK (L) ZAVWTEER L. COBERESE
O n-d WEREAHIH T 10~7% FiFTi 5. Faddeev
R c -5 ¢ Sloan OHEPR ALY OBEREHET S
25, B I EOBEEORRVICE KEEND 5. 2B
HEMERER 0a=623+5mb TH b, kObhbhO
B0 (508+ 14 mb) 2FTIET 5 bDTHB. Seagrave?
DfE (61030 mb) & D —FiT L.

(3) °*H(n,p)2n
INSOVFTHT (0,<30°) Allred 5% Seagrave? @ity



142 #3m hETFHmRMASRE JAERI 1228
l I I | I ] ' I ] 1) 1 L4 ¥ 1 1 1 T i i 1 1 1 -
— En=14.1 MeV $ PRESENT WORK 10 |— 29.9°_|
% 140 — it (30"
3 & PREVIOUS WORK . 1 Hi
E © BONNEL-LEVY 2 1 0090° 6006040 7
& SEAGRAVE -] = !
b o L Byt
. ¥ ALLRED ET AL. S rt ! 1
2 —— CAMILL-SLOAN E o 20.1°
-=-— AARON-AMADO 10— * | H+ (20% ]
Hqe 1 Iy FRANK-GAMMEL a J } Bt
I %’ — o °°00 500 ;000090 .
% ;\o
o)1t (IR
6 . 5 1 (X B
5 N 10.4°_|
ul )
] 3 - (10°)
¢ = . .
73 ) 2 i
2 Ty ] 2 gt 2]
[} T 7 e w 10 + 13 —f
A T TR AR I B T i J WA
O I© 20 30 40 50 60 TO 80 90 § B ° 1
LAB. PROTON ANGLE &  (deg) & o ok
Fig. 3 Angular distributions of breakup protons from i o -
the D(n, p)2n reaction with 14.1 MeV neutrons. < 8=4.0°
= @.8)]
TABLE 3 Differential cross sections for the deuteron g
breakup reaction induced by 14.1 MeV - -
neutrons. =) °
Mean angle Differential cross section o
0 (deg) do/dQ (mb/sr) B
4.0 97.543.9* ‘-A'..,uj%%_.
8.5 91.2+3.8 TR N TS VO AN SN SN SN AR SR SO TS MO
10.4 83.5+3.5 °c 2 4 €& 8 10 12 4
29.9 54.4+2.3 Fig. 4 Breakup proton spectra at §=4.0° 10.4° 20.1°
34.9 39.6+1.8 and 29.9°. Points are for the present experi-
39.8 32.9+1.5 ment at 14.4 MeV and open circles are for the
49.8 23541, 1 Z:greb. glioup ?t 1f4.c4111\/.11<;V. dS(;llid curv; (ils th:;
59.7 18.4+1.0 t eoret.xca result ot Cahi a.n oan, and dotte
curve is the smeared theorical spectrum. The

*) The error is expressed in the probable error inclusive
of the statistical and systematic errors.

BEbhbNOEDHEC I »IE D K& BOSBELLN
fo. BIEBT- A7 b &?0(0,)/dEpdQ i B89 3 TR
0o, Ep 0t 28I llakovac 5 D HD LD
T, bhibhid 60° 1% TOREERTE - 1. BEEPOD
—i% Fig. 3, 4 B LT TaBLe 3 T/RT. Fig. 4 ;o
Szl Hic, 0,<10° T3 Uakovac 5D & D & Kfk—
FLTHBH, 0,200 TRESZSOEDLD ~30% b
K &>, Cahill-Sloan'® @ =Z{FERIIE & O —HiL 6,
<10° AQZFNTHEFIC LWV, BEDXFE onlp) 35ED
BRI L Kh—KLTH Y, 0p,=5" & 15° TD Bonnel-
Levy!® Ofi & & —FH LT\ 3. Cahill-Sloan BiHizHW
WRL OBV REBINTRNSD, R 0,<20° TE
BiEXy 26% BE/MNIL. bhbho 60° T TOWH
7% 128+2mb & Frank-Gammel H#201C L % 60°~90°
fi® 30mb Bk 90° PLETD 25mb %2 fMA % &3
P EH AN 0n=183+3mb L72. chisk
D Oa AMA % ELWERR 0wow=806+6mb L1753,

angle in parentheses is for the Zagreb group.

ZDOfEiZ Poss 5PDEPEILD David-Barschall? @ &
DEEL—HT 3. Thbhbhd onffid Catron 5%
DOEEDIL—HUTNS, EBRB XCERO W HEHBEME
D% TaBle 4 [TRT. BEbhbhid, Z0®REIC
0,=4° TCOBFRRY P VOB LA NVF—HAEBE
KEHE L. COE?™3, Cahill-Sloan 54 25%
B/ANE WD L4 U e Koori DRER'WAFHHERT 260DT
b3.

(4) SH(n,n)t

TABLES {TAH BN B LD, KEkA 0~0° TOWEE
OREBIIILIEDRIL > T 3, Fuschini 52 & Ko-
otsey®™ DHDENDS FH BB A O HEERODHER LD
HLOLDEETH 5. /2 Fuschini 53 Basar'® O
E—HTBLBRNTOEBRBOMEOFININ. bh
bhOERIFERTR TS % 48, preliminary 734H &
LT 268428 mb/sr % Z T 3,
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TABLE 4 Summary of the experimental and theoretical results for the inelastic (breakup), elastic, and total cross
sections of n-d interaction with 14.1MeV neutrons.

Inelastic* Inelastic Elastic Total
Oinr (mb) Oin (mb) da (mb) Ototal (mb)
Experiment
Present work 158+ 3 183+ 3t 623+ 5 806+ 6
Previous work!? 155+ 4 180+ 5f 598 +14 778+15
Seagrave® 112515 (137+15)F 610+30 (747 +35)
Catron et al.®® 180+20
Poss et al® - 803+14
Theory
Gammel et al*® 144 6001T 744
Amado e al. 160 520 680
Cahill and Sloan!*!® 165. 6 540.0 705. 6

* The inelastic cross section in the forward hemisphere is Oiar.
t Values obtained as assumed 2542 mb in the backward hemisphere on the basis of the Frank and Gammel theory.
1t The value of 620 mb quoted on p. 119 of Ref. 20 is an error. See a foot note of Ref. 2.

The values in parentheses are not mentioned explicitly in the references.

TABLE 5 Measured values of the n-t elastic cross section.

E, 6. dO/dQLab O dU/dQ(:M
Authors (MeV) (deg) (mb/sr) (deg) (mb/sz)
Fuschini et al.?® 15.2 0 228+ 4 180 57 +1
15 124+ 1 150 32 + 0.4
Kootsey? 14.1 0 392428 180 98 + T
Basar'® 14.4 6.5 177412 167 4.5+ 3.1
Coon et al.® 14.3 0 328168 180 82 +17
Cambou?” 14,58 ) 0 280420 180 70 +5
This work 14.1 4.0 268 +27 172 67 + 7
* From Fig. 5 of Ref. 25.
w [ T T T ] T [ 1 I T l v | 1) . 1 i ]
Ep = 14.1 MeV " (2;1)
= BREAK-UP DEUTERONS Men  PHen 1
(] = ° ] {
S5 AT &=4 4 ( ) {a00
(7) 7.78MeV ‘\8.7Mev<?
3 1 ' ]
-E— 201 3}1‘ +‘n
8 | e 1L
= ToMe z
% sl ! WATSON THEORY §
——Qpp=-I18F
w nn
8 ~=—- Opn=-22F 200 W
& 10 " Opn = —26F i '<:x
| -J
2 * * * } oo &
e T it
[
& wﬁﬁ H * 1
i §
lc‘—)_ 0 ::'. | }‘H {PH +'+I+ #i + ‘%ﬂ-ii"n 0
1 | 1 | ' | 1 1 + | i tH t i 1
5 6 7 8 9 10 1 12
DEUTERON ENERGY (MeV)

Fig. 5 Deuteron energy spectrum in the *H(n,d) 2n reaction at 14.1MeV. Deuterons
from the 3He-impurity breakup (*He(n,d)d and *He(n, d)np) have been subtracted.

bhibh o =4 ToUEHEREZRT. *n bound
state DEAEBTFREV GTENTH 5.

(5) °H(n,2n)d, *H(n, 3n)p
Lab RETHTO d,p A7 M VORIER H 55582
i, AESHROPERRIZBIN TN, Fig. 5,6 i
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DIFFERENCIAL CROSS SECTION (mb/sr-MeV)
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Fig. 6 Proton energy spectrum in the n-*H interaction at 14.1 MeV.

Fig. 7

Vertical cross section of the tandem dE/dx—E counter-telescope. (0) Anticoincidence propotional
counter. (1) Target room for the solid target shown as (8) or a proportional counter for the gas
target. (2)-(4) dE/dx proportional counters. (5) Lithium-drifted silicon detector. (6) Counter wire
of stainless steel 0, 015 cm in dia. (7) Target wheel. (9) Gas filling tube. (10), (11) BNC connectors.
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bhbhd B3 Cockeroft-Walton  Jn & #5 2> 6 @
14, 1MeV T-d fifhF & counter-telescope % ff - 7o BBk
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BRSSO E - T 5. 2mm & Si(Li) B
3 Esignal FiTH 5. HICHITTO X 27 b VO
e T3, T OHic 200~100 um O FKH REEER
Si(Li) il#EA JERELTRALTVA. bhbho
3L DORESODREBERIT Ref. 31 @B LTH 3.

Z D% DR BI0TIF TIRTRIT 2T > TV 5.

Fig. 8 T block diagram % X3, Fig. 8-a 3 ILAIFHHE
M50 dE)mn %5 BHATHY, Fig. 8-b {3 Si(Li) B
MBS MEZS ZHEATHA. FHIBEOHAI AN “p”
CADAL 5% & p K4d” KADRAL 7% ORE%E
HEEL, REDOBARTAUBWN TN FIETHS.

z O telescope I 4 EAREAEE LW 5 7odicfesRicin
BHEZLIE-T03E, £8F74A—F2—RHROTELTH
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: N | ADDER
P | 1 i
! ! usec I
3 GAIN ADJUSTERS | [abDeER DELAY LINE
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Fig. 8-a Block diagram of electronics.
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Fig. €&-b Block diagram of electrcnics.
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TABLE 6 Targets used]in our experiments.

Target No. Form Pg?g;ig 'E':ll;}::rtxg;)s Impurity (E"a:le) Manufacture
TH-43 (C'Ha)a 0.927 5.34+0. 05 %yg&%@ Au-0. 40 Mitsubishi Yuka Co.
TH-45 (C'Ha2)n 0.941 8.29+0, 03 H/C=1.9999 Au-0. 40 JAERI (Takasaki)
*H-42 (C?Ha)a 5.00+0.14  C'Hz=3.6% Au-0. 40 Volk
SH-$1% 3H-Ti Ti 2.2, 3H=5Ci *He=19% Cu-0. 30 NAIG
SH-$2% SH-Ti Ti 2.77, 3H=12.3Ci *He<0.5% Cu-0.305 NAIG

* Ay 1.8 mg/cm? evaporated.

% . target-to-neutron source distance: 11. 2 cm, target-to-
E detector distance : 14. 3 cm, diameter of 4 diaphragms:
1. 2 cm, max. angle from incident direction: 7. 9° solid
angle to E detector : 5.53x107%sr, mean angle at tele-
scope-setting-angle o=0°: 4, 0°%2. 3° (half-width). tele-
scope O setting {3 *H(n, n)d O ANHZFEL £0.5°
FTEXDBIENTE.

(2) Targets

bilbhO—#D KE TH WL /e target i 20T
TABLE 6 ICF &% TH 5. H- BLU *H- target DEX
OWERIBTOERAE LHEBBETORF > Y=V
k2B E L CH—-HREI L > 7. L2cmg Ol
Hicky 28Ty +2.6% (&K +£9.3%) TH
- 7.

B:iC n-p WiTiREIZERE L5 O T, 'H-¥3 target %
- 72 ZEBRY ORICHEBREASIC & 5 polyethylene ©
TH-45 target Z8fEL, 0o=0" TBRAEBREZTE->TLV
2. 'H-43 TO#EIZ 6(0,=4°)=238.9x4. Omb/sr T
Hoteht, TOBREROFER T 241.4£3 9mb/sr T
Hb, target KX EZENREDNLEL .

2H target th 'H impurity 47 5@ commercial value
(~3%) BAERTH-7:DT, 00=0° TOFFAR7
PricEbh A RKEFE—7 & 'Htarget TOE—7
LORBIED, bhbhid3.6% LRELTNE.

SH-#1 target |2B/ER & b H¥ DS/ > TH Y *He im-
purity BEAKAE (~19%) ©OT, H L target SH-#2
AE-TEEF—Z % & - T3, target D *He & 'H
Ofid He(n,d)d © d ©—7 E RBKBFE—7 XD
EL, *H &2 % 0 iataeds XU *H(d, n)'He KIS& D
RESTBFETH D, preliminary LERETE>TY
5,

(3) HHETHRORE

thi PRI T-d JUSICHE D o KTF% pn #AM
BREBTRIBLTHEDTWVS. COBRBER, MERFD
d* ©—2 (160keV) iz 3 L 90° 41T *H-Ti-Cu target
FOE =2 ZABy b (~2mmg) XD 3L.7cm D&
CAEBOLNTV . BHUBOHNICIE 2mmé (FEEIL
1.97mmg) @Y 4 —2—%BOTUEAELIE-T
W5, O system [Z/NINED Y A —F —ZHEREH

%, geometrical error % /N 4 A7k 63.2
cm, 4mm@ 1) ¥ — & —@D system TEIEL TW5.
a 2Ry FVO—F% Fig. 9 IR, BRiliBPIEL.
2Si(n, a), (n, p) FKS®D background {3 1.4% TH 3.
*H-Ti target 3T bA g hre d &0 D, pjt KIED
3.06 MeVp (& 1.13MeVt) 2 a & LTHAAEN
BOXIFEBEBI OO TS,

thi: 7% B 13 MARK I (brass #4) & MARK II
(stenless 8) O —FERAH > T 5. telescope D tar-
get A CO BT BER computer FHEICE - TV 5.
i TR B telescope DBENS EiC L % total flux at-
tenuation & inscattering DE[& D 3% net flux attenua-
tion & L, Zhid MARKIT —5.65:0.54%, MARK
I —2.7420.29% CLHEIN TS, COHETRH
INEREEEREIC L D AV ALEK 1 MeV IF (RBVET
27 P VORICHYT 3) OPETRIARPRTFLS
U7, MEBEOEMEI TABLE? KX EHTHDE. ®
#Hy75 net flux correction {3 MARK I 04 —2.28
+0.53%, MARK II @#4 +0.63+0.44% TH 5.
R UBERRRBRETHOD L.

R T2 =7 P VTOBKIE 1MeV OE—~7 T
DF %1% “degraded neutron” & U THMEL T3S, &
DS (13~4 MeV) i3 H(n, p)2n KISHHERZRET
BBAKEE (~15%) TH5. & 0o THEUIKEK
BFR<7 b VOWKLY, T @ degraded neutron (3
HHFEED» 5D DOHBEBEICEOTNE T EBLD
D, BMEMA R - T iterative IC £ O FE5OMIEE
T8 >T 3.

(4) Background subtraction

Background (“radiator-out background”) i3 target %
Eiz LT E B L £ oFEEmG THELTY
2. AthHTFULRR target ORMOBALFALTH .
4B (% SVRIEIF ~0.8 psec) DFERFEEE L -TH
Zicbhhb 5§, background i3 O K& (851
L, greBravF—3EAEL, COEEIEHT
Hoto. HlAEZ H ZROBE, ORI 0,=0~64
T 1.0~38.7% Tdh »1z. Tt degraded neutron Tk
% background (“radiator-in background”)id 4. 0~10.8%
Td -t HEBROEAL, “radiator-out background”
O %8 &% 'H impurity (c & 2 KBkEBF D background
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.
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Fig. 9 Pulse-height distributions measured with a p-n junction detector used as the alpha-monitor of
T-d neutron source. Background is charged particles produced in the n-Si interaction.

TasLE 7 Details of the neutron flux correction.

T-d neutron source system number MARK I MARK I

Target-collimator (2 mmg) distance 316.5+0,5 mm 315.7+0.5mm

Total thickness for attenuation 6,46 mm (brass) 3.16 mm (Fe)
(1) *H-Ti-Cu Base (0) 0.30  (Cu) 0.30  (Cu)
(2) Source box inner wall (I) 1.90 (brass) 0,60 (Fe)
(8) Source box outer wall (II) 3.00 (brass) 1.00 (Fe)
(4) Telescope wall (IV) 0.90 (brass) 0.90 (brass)
(5) Radiator base (V) 0.36 (Au) 0.36 (Au)

Total attenuation of flux*

—13.70+0.33%

—6.70+0. 20%

Inscattering total
(1) Scatterer I (inner wall)
(2) Scatterer II (outer wall)
(3) Scatterer III (ring)
(4) Scatterer IV (telescope wall)
(5) Scatterer 0 (target base)

+8.05+0, 43%
1.05+0.11
2.81+0.28
2.59+0.26
1.43£0.15
0.16+0. 02

Net flux attenuation

—5.65+0.54%

+3.96+0.21%
0.55+0. 05
0.96+0.10
0.86+0. 09
1.43+0.15
0.16+0.02

—2.74+0.29%

a-monitor collimator correction
a-monitor counting excess due to (n, @) and (n, p)
a-monitor counting loss

+2.71+£0.20%
—1.35+0.50%
+2.01+0.20%

 42.71+0.20%
—1.35+0. 50%
+2.01+0.20%

Net flux correction

—2.28+0.79

+0.63+0.65

*)

Assumed 7.=3, 0040, 06 b for brass and 7.=2,60+0.05 b for Fe,
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Fig. 10 Net proton spectra (points)and expected recoil
proton spectra from the hydrogen contamina-
tion (solid curve) at G,=0° 20°, 40°, and 60°.
Eax and E, indicate respectively the maximum
breakup proton and the recoil proton energies
calculated at the mean angle § for 14.1 MeV
neutrons.

ZEBITVA. £FO—§% Fig. 10 iT7;7 917, “radiator-
out background”, 'H impurity background, degraded
neutron i & % background O EDHE 2H ZEP D
BAICD X Fig. 11 79, “radiator-out background”
DERMIBFTH 5. 0=0 ToOHEDHA, Fig.
M-a CRAONSC &L, humidity ik 2% H HE
HWEBZZE—I BB TF A VF—DEZHICRM
sh3. CoRR, 'H EZROBE, KRBT C—270
~0.7% TH5.

CHANNEL NUMBER Y

Fig. 11 Measured and corrected proton spectra in the
14.1MeV n-?H interaction at §=4°  Solid
curves in a,b and ¢ indicate the “radiator-out
background ”, recoil protons from the *H con-
tamination and protons estimated as the cont-
ribution of degraded neutrons, respectively.

'HE XU HERICB T 2HEREL T LD L TABLES

DEHICIE. TRTOBREFIHERRETH L TED
LTHh5b.

4, Concluding Remarks

PLRiC/KRERMKIC & 3 4.1 MeV T BidE
K O FE R Y EL T T B D Mo B B2 DRE R & KB D FEM
AT, FEHBEROELINBTENBNLB.

(5) 8. = (1) Poss 5% 3 X7 David-Barschall?” @4 MimEs
TABLE 8 Experimental errors estimated.
H-n 2H-n
Angular setting +0.5° +0.5°
Statistical at Go=0°—64° +1.0-2. 4% +2.3-4.4% for a(6)
Systematical over-all +1.5%, +1.3% +3.3%
Target thickness +0.7%, =+0.25% +2.7%
(§3-target, £5)
Geometrical +0.7% +0,7%
Neutron flux +1.1% +1.8%
Over-all probable error
of 0 at o=0°—64° +1.7-2.7% +4-20% for d*0/dEdQ

+4-5.5% for o(6)
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BEEELZDS230T, bhbhOBREL—HT
5.
(2) n-p HEMSWEFIT 14 1MeV T cosOn
AWETE L, Seagrave fli? I RHEMITH T HIT/NE
TX¥Z., TR ET v Ve VTOFEBRIBSHE
BERAEET 3.

(3) n-d H#EBEIAKSWTEO HPIC@ 1L OB
RETO I Po&ks (1=10) 2 Z@L L FHITESE
W (ZDHEIE Las Angeles conference (1972) THHER
Xhict>THB.). Sloan'® O =k “exact” Higid
FHEAELS 2BRROBEELERT IOTH S0, @K
I BOBFEO I REMENSZ. cORR, BEOK=
KWEBZTOED 14 MeV FAD VW H W BT R v
FER TRV ERELLILDTHE. THabDL,
T-=btY v 7 RORICE I 2 WEEESMET 2 Vv F —
BELELRARE, B IHoFS53EGcrvF—13E
2NTL B THD. Basar'? OF— 412 O, DK
WigH TRFEMIT ~20% /hETX5.

(4) nd BHEBRIED d*o/dE,dQ B XU doldf i
DNTR, BELZONS 3ERDOTF — 4P RE LD
72, —igigicid Sloan-Cahill HR'WTHE T 3,
ic Lab ZREFHOEEICNIVEIFTORGZLDOR—
B (~10—25%) BEEETHL, SHROERORELH
BELZEZL. Hic 0,=4° T d0/dE,dQ OF
— &2 L “exact” MmO H#E Cahill & D HEHEE
THEED LN TED, nn KEAREO KD EMSHRAS
T RETELS.

(5) nt BAKR 2 SBROMEETHS.

Bigic, BEEEAIC X 3 polyethylene {2t X it
BABRFIMEFROEARTHKE heavy polyethylene
FREINIFIKOUNEERICE BH#ILET.
¥/ np BLY nd FBRIZ, BELKORTEER
H7E Carnegie-Mellon KOAThZERK, HELHETLE
HEFTOFERNHERS LEFRTAE-7250THY, %
7o nt ERRIT AHEEE, BEBNOHKELFRTTE -
TWATZEAEMNELET.
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3.7 14MeV Hi¥:Fic k3 (n, v) K&

t R B i Bt

Brown, Clement 5, # X Lushnikov Stk » THMIZER I L semi-direct capture f&%I%
T, MPb k78 “Ca © 14 MeV thiETickdd 2 B BN E R SRR T S hic. 20K
B EEEOENEERE~OBRICHT 2 HEN Vv —RA R PVOER, ChoOBRBICL-T
D ICEEEN S, UL, BEHICE Y 5 TEKOKHER, TEROEA LRRIC, BRMLE
X BHEMEED bHZO/AS. Sbic, BRFECHYE 74— 4 8 X CRT-REMEAD

WX OBROEBERBEHIN TS,

Radiative Capture of 14 MeV Neufrons by Nuclei

Hideo KiTazAawAf

The radiative capture cross sections for 14 MeV neutrons of 2%*Pb and “°Ca are theoretically

calculated on the basis of the direct-semi-direct capture models which have been independen-

tly developed by Brown, Clement et al. and Lushnikov e al.. It seems that the profiles of

the capture vy-ray spectrum for the transitions to low lying states are well interpreted by

these models. However, as far as the absolute magnitude of the cross section is concerned

it appears that the calculated cross sections for doubly magic nuclei, in the same manner

as the cases for deformed nuclei, are considerably smaller than those measured by activation

method.

1. ¥ C & IC

EEbHETFICL 3 (n,7) RISOHFR, 2&cHTs
WS ODDEIRS BREESATHNS. FTHE—IC, ¥
oz ANF—FEELT Td,n) a KSIKE>THEL S
AEGHBAFINT 2RMAFAHRET 2HAIC, O
RIS T 3 EEPH T OV X BT KEOKKISY,
ZhEBOERKEESEK . Lich-T, 14
MeV i F o BN ERIIZ, KA FOHRFTDIDHIC
MELEF—20—>2Th5s. £, BEFOTF V7
v FRTIE, BETAFLELORNAATL IV
— BRI X ZMBDOEENKEN. ThEHEET L8R,
EHhHTFIcE S (ny) RICKERB SCRE S LA
Ve —RARI PN EDT — ANERINE. &6
iZ, ZORGREHEENICOEED ZHRELZFATY
3. Thbb, hHETHEN Y~ —REBATECLE

& oT, BORBRELZEHT ZKICOBBITFHERD
Bk rBB T EDAHETHS.

bhvbhid, K7 — % OREL XU £ OHERIIFEMED
WHRELT, 4MeV thiEFic k3 (n,7) KIGEHO E
i, CORIBSZERFERES LT 384K, ZDDIEH
H5. —HiE, BabEEZROK (0, 9) KGO 2 HHEE
DRETHY, fFE, BEFSHERED O EEED
IANFE-RE~BBETARICHE ISNET V< —KA
Ry PNVERETBEATHS. FIRKBONTEHNLD
POEERT — 2 BEET 2 857, ZHAOERT -2
B ToD., —HOXOL S B FILTHEY v~ —#
2Ry PVOREDBBEINTNS.

(1) NalTl) vvFr—2 gLz hve—HRs

I‘IVODMEPG)-

(2) #HEHv<—RENBETICERL, Thixil

FTELERLE>THYT—BART P VERET.
INOLDERF— 205 0WA B R, HEEEICKS
B (A<40) © (n,y) RIGKER © G HEMEIERE
LA—ET—HTAH, BEOKICBY 2 EREIIFEME

T BT K, Tokyo Institute of Technology
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D EEA—FRENVENSITLETH B,

Lane L7 Lynn |3, 14 MeV i FiIc K BAE DK
O (n,7) FiSicBWTIE, direct capture fEICHESL
BERELERHITH S ER/NTNBY., LerL, AH
TR HF—8 20MeV PTFD (p,7) RISKHTERRZ, <
OB XA BEEHBELT 1A —LRENT E04E
Bant'’, cha®Bd3 2 ic, Brown'” BXU
Clement 53, BEFKick s v=—E0O E1RIY,
F 3T O M R T 331) B semi-direct capture £
WAL, OBz XhiT, ABRNTEENEL
MEERETREY, MEREREKOR—RTHRREIC
BHEsh, #Zi2420 E1 BERERIRBIBIZINIHR
TH V2 — AR UTHEREICS &S, —F Lush-
nikov 53, BRJILCEG 2 7 = v IWAREROERIC
VoT, Hve—&0 E1LRINOEAD semi-direct cap-
ture REBRARIB LAWY, ch b OERIZ, FEULT,
14 MeV i FOMERERES X CHBEN V< -2
7 PVORBICEASh, BREERLIOKBEBEEN
to. TOMRE, KEHMEZRAOTHEES e 14 MeV i
PEF ORI E RS2, semi-direct capture FERLICHE-S<
HEMED OO REVC EMBEHINLD., AEOD
RO Vi, B OPEETE o S IR ICHE
NERICH U TREA — £ b®T 5. ARETRE, #
2HjRy direct capture % ¥ X P semi-direct capture
R ORBICT - T, 4 MeV ik TORERISIC K »
THUEBN V—BARY PNVOHEETIS -1, b
®TC, i ﬁﬁ%?%@@T/t$;4T—K%T5%
B/EMAI:.

2. EFHERICOER

2.1 Direct 35 & T semi-direct capture %!

AT B SHEEA LT ERON IV L=
TVROEDXSIKET 5.

H=H+T(r)+V(r, ¢) (1)
T, He 3EREKEONI v =T v, T(r) BASK
FoRBzANF —, V(rc) ITHEOHDHEEERAD
BFVY Ve NTHDE. T, r BASKNTONBEE,
¢ BENEERT 2 A HOBRFOTXTOMBEKE
ERT. ARABLT, ARKNT EBOEARTFERK
WTE 33D ERET B, Schrodinger NI

ng‘(i):Ew‘(i) (2)
RFERT VYV Vou(r) ZHOTN I V=T Y H
#EEET &,

H=HC+T(r)+Vopt(r)+H’EITI+H’ (3)
TCT,

3.7 14MeV thitFick % (n,7) Kib 151

H'=V(r, ¢)—Vop(r) (4)
BEEEEAH B, ~ivi=7Y H OEHELT
Bbhd. coOEs, BRER TP arRchS.

HW(&):EQT(i) (5)
BEVBTEHEZRETNE, BEEHERIGCNT S
BRTFIERI,

Tff:<w.f|8lw.i(+)>

=(T|e| T

+Tile H | (6)

E—H+—n
T, T 0 3B 0 BOMEIRES XCKRIRED
RBEMTHY, ¢ RBEXVWBTFRAETFTH5. EXOD
#—I513 Lane 5 L ¢ Lynn'® i & - TIRMB X 17 direct
capture (TG L, HBIRBPRIREBERH L TR
HERE (F7b B, semi-direct capture) ICHIST 5.
BT ¢ 2 AHRTHSY e L EBHKRES et i3 T
EFEEEDTL,

g=g+¢t (7)
hREE Tine & LTHB 3 0¥~ Er, EIRIE [ ©
ExEEREMNRRE SN S LETI(6)RI,

T“_<qrf‘8n|1§‘ NN

<Wdeqwm0<wmdfflwf”>

E, ER-}-—zF

(8)

T, E, QBN v=—BOZANVE~ThH5. &
I3 Clement 3'®ick » TIRIBE Nie collective cap-
ture ICWEd 3. —F%, Brown O schematic BRI
Thid(6)RXi3,

Tu= <1+ 4E

1

(Wil en| T i) (9)
E;—£a+3?iF

T, 4E QiESHRS A L12IEFE O dipole par-
ticle-hole excitation energy DEDEFETH 5.
‘oXK, BRRIBI B 72 IBEKRICETS
Lushnikov 5@ semi-direct capture #% iz ki, &
%ﬁﬁﬁﬁﬁKﬁT%%@ﬁﬂ%?ﬂ

<TIQWW‘”> (10)

Et=E#(1+2f)
=142 f)

1+2f=2E

2 G, Eo, o 3B OBOENTIIOHEMREMMBLTNE
LOER TR ICE T 2 ERER T A vF—B LUIER
BTHs. £, sl 72y - xNF—, B
Weizsicker’s rigidity, f I3#ER FRIOHBEIER DR S %
BMST2ERTHS. LT, FEOBRRBICHE S
HEEHENEEIRRERVTELINS.
01;=E§A~%§ITﬁI2

T, M 3F % VA VAR, bk, BBEOBOASK

(11)
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FEIUBRHAETORKTSHS.
CRETREINIBBRIFIERERANT, AEY
12 AT & 2 €V 0 OBMEKERT 2HE
O (n, ) FISKE#HICN T 5REHC 5. direct capture
kT B B RN TE R, ASRTICHT 52BN
BFEET enr=(—Ze/ArYi, ZHLT, 20K
HT 5. N
8T MZe*E}
3K P RA?
ngaCXlijf;l:j0|<r>%2' 12)

op(nels ji)=

LT,

Gl ji s zfjf)=%(1¢+z[+1)(2]'.-+1)<z 1)

1 1 12
><{1/2 it j,-]
(ry= Swdjmlrjf (r)* dusji (r)r3dr

ng, by, Jr 3BD k®¢ﬁ%$“ﬂ?ﬁ&icﬁﬂ"éﬁii?
B, AEHRSICACVYRTFRTH 5. L, Ji BAM
NTOAEBR B LR VYRTHTH B, Tk,
Griji(r), Gmatejr) & PEETFO PRI S K CIRAREBICE
g EBEROBRESFTH 5. (12 RERVEL,
Brown O semi-direct capture A&%Iic #-3 < aHERE
W,
AE*+2 AE(E,—Ex)

1t ji)= 1 lij

(13)
#—TE13 direct capture DA TH D, #HIHE semi-
direct 3 k¢ direct & semi-direct capture @ D T
DOWFESL.

Brown ZEXILBREEEDH T OIT shell BRI DORER
AEW0x L, Clement &3 SEHEBRZAV.
COMBIINT, BEALERT b bRET-REE
ANINL =T VRRATEDES.

v\ NZ ry
H_<4>2 =Ry (14)
T,
Bur—R)=— 1dV(’ (15)

Tdr
m@%¥$TVV+W®¢®T4V-Zevwﬁﬁbt
FOKEICHE L, HT-REEADRIZRDT.
REFOTAY « A YD zR]S, r BAHKFOAM
BN, REEBRTATRTREBTFROBO
BOOELEORY v v THB. e, V),V BE0D
BOWEEF YV VORLIOEB XU ZDERET
H 5. EHIcHT 2 BESMETFHERETFRY,
8;0t=const.—~e(£;>myA—Z77z

E1 EXRLBREHUHET 256 ORFRAR

(16)
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2
ER<1|1;,|0>2=}_V*‘LZ zﬁ—M(1+o. 8:) amn
2T, T BEBAOEAERDTERTTH 3. (14)-
(A7) X% (8)R~RAT 3 &, collective capture {Z347
% it A T R
Oc(nflfjf)—%lg‘ G(liji; ls jo)
vy NA21+0.8x
|< TYIMA  Ex
1 2
S LY (18)
E,—~Ext il

Z T,

&= mas7{ 5 L) uis 72 ar
#—THi3 direct capture DFFTHY, 2% IH T collec-
tive capture DIWPA TH b. T H T, Lushnikov & @
semi-direct capture REHIiC ki3 BONHERERERE,
—%, b T O R AR BB O M — R FHERL TV
A, COMRICHT S AR brRAEY 7RF
S(nelej) L (12), (13), (18), (19) R 518 SN 7l
A2 H O TR RERERE,

0‘=S(mlfjf)0(ﬂf3fjt) (20)

oulnels jr)=

2.2 BEH®EE

ABDETO T A VF—HBEKRTZ &, PEFREO
HRF ¥ VANVEDHET. UiehioT, HAKERBEL
THE B U i T A RUSHTERIZ RATEDE
510).

Eo+ Bn
kvz Gv(Ev)pO(Uv)dE'v

ast(n, v)=0(Eo) o (21)
S ky? O'n(En)Po(Un)dEn

T,
) SRR

By ka B3BOBOHMMNETBIOHHFOWR, or(E,)
Biv¥— E, OXFOEFKIC & 5 BIEER,
0n(En) 3T 3 VF— En OrhiEFicxtd 3 WARTURKE
k%, 0dEo) BRI ANF— Eo O APETFICHd 58
AEEREER, oU) BEEZFVvY—U CH 35K
M DR, o ZEAEE/ T 2 —4, ¢ BN
WRRE, Ba R PRTFRATANVY-THE. HBT
2, hETRHECE UBHIES X CRER TR EE
MALTHS. EIKBOKERNWT, TOEMURBEL
WTHAHS. RTRBEERKRZ, E1 BF0LEMT
hid,

2w ke NZ(140.82) p ()

oo(E,)= o

(22)
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T,
| £ rE)aE,=1

F/27L' Ey

— L2EER —exp (0. (E, - En)} ;
(E,~Bor+5 T

F(E)= Ersta

F/Z?T:ER

1

— TR ER<E,<2Ex
R

0 ; E.,>2ER

3. HEHUT—RARYT FMIVOEHK

3.1 20%pb(n, 7)%Pb KD

WEH V= —BRRAR7 PVERET B 0HIKR, AH
i F O FIHIRE S & CHARIE O B BIRIB D By 5 %
HELLgnEE SR, FHIREORBRKI, >
DEAHBREREIIHEL C L > TRONK®,

( 2)3\245:+ R Ll +1)+Vopt(r) Ez,,;)
X rji(r)=0 (23)
2T Eunji RARTEFOZANVY—~ThH3. Guji(r)
BO¥OWARED > T3,

1
Q1iji(r)~ —%; kr[exp{ (kr—?lm)}
—Suji liji exp{ <kr——1—l ﬂ)]] (24)
St REBEGHERTHS. KERTF VYl L
T, t—=2HO R ¥ V- HEAELERABIUCHRSED
EKERINRT Vv v VvE ST Wood-Saxon # 7 V¥

1% 25 1Y il
Vopt(r)=—=V f(r)— iWg(r)—Vsoh(r)li-a) (25)

c T,
f(r)::[14~exp(rj;}2)]—l

g(r)= —4b;,i [1+exp( bR)]—l

Wr)=—122 L f(r)

R=ry AV3
BF YV e85 F — 21T Losen LVOHADSL &
Shte. Taslel KEHEIKBOWIEETFT Y372
— 2 25T, ERREORBEKE, >¥OoMAHEX
%ﬁﬁﬁﬁ’azcﬁ@( cEicL->THELNI®,

i 2 Ultl) )
( 2Mdr2+2M V)= Enac

X 7 sl jo (r)=0 ' (26)
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TABLE 1 Optical potential parameters for neutrons of
the energy E. :

V=49.3—0.33E (MeV) 70=1.25 (fm)
W=5.75 (MeV) a=0.65 (fm)
Vw=5.5 (MeV) a=0.70 (fm)

TABLE 2 Characteristics of the neutron single particle
levels in 2°Pb.

Neutron (¥) Excitation (%) Spectroscopic

single particle energy Eexe factor

level (MeV) S(nsls ji)
2g92 0 0.78+0.1
line 0.778 0.96+0.2
1ljis2 1.422 0.53+0.2
3ds,2 1.565 0.88+0.1
4512 2.031 0.88+0.1
2g1 2.492 0.78+0.1
3ds/2 2,537 0.88+0.1

(%) C. ELLEGAAD et al’® N.P. A 129, 113 (1969)'

2 T, —Enj i3 *Pb OrhF-H—R FHERL (el ejy)
e b FRA ANV —TH 5. bHTERTF
HERT DM A TABLE 2 ICRT. Chid Ellegaard 50
26Ph @ (d,p) RIGOMED S &ohte. Fi, hlEF
HERBICHTEIRTF VY v & LT Wood-Saxon
FY Ve VERW.

V(r)=—Vauj f(r)=Vsoh(r)(l-o) (27)
2T, Vo i, 202 & 282 BAIO T F VF TR
BEXU 3ds;z & 3ds2 BALO = R F —[RED ST
X%, MHOEEREZC LTk THLN. TOK
B, Veo=59MeV. Vauj i3 B—RTEMICHT S
ﬁ%#Al2W¥ —25iZBEDICEH, RF VvV

85— ZREROBDER U BDERA VK. (12),
ﬂ@dmwwh@nﬁémmt1¢nmv¢ﬁ%m
& % 2%Pb(n, v)?*Pb KISIKT B H VY= —KBRRA X7 b
WO EAETFRE -1, $ERI TABES IORINTVS.
T, HTF-HREEADRE v1 & LT Lane® itk -
TEZ bhic 160MeV 2@, RBHOEAEEDT
WF z &LT 0.5 2fn. 7, *Pb 0EAHR
T AAF—|3 13.5MeV, HLEIEIXH 3.5MeV, JE
# TMeV TH3. 73 « 2XINVF—B LU Weiz-
sicker’s rigidity A {3 Lushnikov 5Wick > THEZSh
TED, BOBD 40MeV, 23MeV ThH 5.

TABLE 3 S SEASMIT & S i, HEMbE I X 2 EBRE
2, WFhOBBIKESSHEBELD LBV RI.
¥ 7, 14MeV thiEFick 3 (n,v) KIGICH L TRES
BEBOBESREHAL T IVEEZIONS. L OK
LN TAS &, Brown & Clement & ORI
#*3< EHEMEIE, direct iTxT 2 b O LHBILTH 10
f= & Uk E S, Lushnikov 5 O#RIIC & % &, semi-
direct process |3 direct iIZXL % % ¥ enhance X NS
VW, COTERRIEBZERER/ ST A —FEZAOTEKR
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TaBLe 3 Experimental and calculated corss sections for
the radiative capture of 14.7 MeV neutrons
by 206Pb.

208Ph(n, v )*°Pb E.=14.7MeV
Neutron op 0B oc oL
single particle
level (b) (ub) (ub) (ub)
2gas2 4,91 25.01 46, 56 9.84
lise 2.27 13.56 37.27 5.01
1 jis2 8.01 55.79 74.26 19.46
3ds2 5.36 38.73 57.69 13.31
45172 1.79 14.71 21.34 4,81
2g12 5.54 52.71 84,99 16.34
3dsxe 3.86 37.23 49.81 11.47
Total cross sections
op 0B oc gL JsT Tact
(ub) (ub) (ub) (ub) | (ub) (mb)
31.74 237.74 371.92 80.24 1.35 1.0+0.2

X< RELBNTH A, Lushnikov > DRI EERKE
BASFLBMAT R EBTERVEHRHASLTRE
VWA, B, ARRTICK 2 EAERIREDRE DR
B OEROPCHAN SN THEOLETHAD.

% 7=, Brown OEI T3, schematic #EIC & 2 a5
BHREY TH 2 12D AT & EXKRIREOM S
METEL. ZOME, FEREEHB LT direct I
% semi-direct procss @ enhance 2I/NEWNDTHAH s
—7%, collective capture %l c & % FEEIIERED
1/3 Th 2, OB, EARR/, T A-ZBIVE
B x5 T LSRN T-RBHE ORI KREL
ERET . ¥, COERIZ, ARRTEERIERR
BOEESN, YENCHARESHETIRRANLONR TV S,

1’000__ 2°°Pb(n, 7)209Pb
N or
gc
£ L
3,
500
L. o
I o
0 | | 1
ST 15 20
E.(MeV)

Fig. 1 Excitation curves for the 2¥Pb(n, 7)**Pb reaction.
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Lih-T, COBEICONTHHIDULEANTHLS.
Fig. 1 IZ T ® KISIKst ¥ 5 Bhiedi#R%x ;R 9°. Direct
capture iTxt 9 % WEEIZ, AfPHEFO A vF—L&
Higw - Y ERADT BDITK L, collective capture |
AT i vF—LitickE B L, # 12MeV O
CIROIEWB e~ 2 25RY. Ek, Z2DO&EBOHOD
Fi# o; 13 10 MeV DI _ET constructive {2 712 0, WA
ik B57 5. Fig. 2 REARKR/ 74— 2 %%
Z 1B OREMEOE{LERT. ChdrSHLENIEED
iz, BEREEICT 2 —2 Ik - THEBOTEMEIIRS

# 38Ph (n, 7)2%Pb
I ﬂ |

1,000}~ +++ (1) Ex=13.5,'=35

’ M Ex=14.5,T=25

'g- 4 J.Csikai et al?
I N.P. A95(1967)229

500|-
! 1 |
s 10 20

15
E,(MeV)
Fig. 2 Excitation curves for the 28 Pb(n, 7)**Pb reaction
calculated with the different sets of giant dipole

resonance parameters. The lexperimental points
are taken from the work of J. Csikai ez al®

B, da2 Syz Jive o2
209Pb
g2 dsz  ine
1501 E,=14.7TMeV
> 100f
=
~
o)
3.
501
X 10
gsT
o1 ] \b\‘L [ |

Excitation energy (MeV)

Fig. 3 Calculated 7-ray spectrum form the radiative
capture of 14.7MeV neutrons by 2Pb,
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. 2P1z
B dsr Sy2  lisz 8oz
. 4Ca
200p},

8/2 ds iwe

E,=13.2 MeV

Arbitrary unit

Excitation energy (MeV) 4
¢ LBergqvist et al?® P.R.L.27(1971)269

Fig. 4 Experimental and calculated neutron capture
7y-ray spectra for ?8Pb. The experimental points
are taken from the work of I. Bergqvist e al.?

CEMT ZDT, HHHEOBIZ, CO/NXF4—2DR
FICRTAEBEIS RENS S 5. ERERESLE
k265D THS. Longo 5 DRIGICRTT B i
gL ROKBRER LI BT EHELTVS. L
L, HOOHETRE, ZBELITELTRO (1) ic
RENKNFA—2 AL, A7 w3y 7RF
ATANTLEL, EokchiET RN FEMBO = &V
F—trZEULBNT Ve Z2&HTWVW3., ChoDl
BEEMRICHORYFELEEXS. ChoETRTER
L, EBREICGEOVEARLER 5 2 —22F0 B L, FHH
BRENRZFhO T 3 v EF—itd UERIEDOK 13 TH
3,

Fig. 3 BAVY—HODAL7 FVERT., HAKBRE
HoDESR, BORMBRE~BET IHBAEOT V7~
BOPICENCIEET 5. Fig. 4 IERBICERNPS
BoRiAVye—8ORALs P vERYT. BRI,
10% © FWHM % &o4 v 2437IC & » THEMBEEL
J1eb0TH 5. BORRRE~OBRICHTET v~
— 2T DI L collective capture HEIIC X - T
PID XL EHINE D, BoBRRBIYT 2501
COMMICE > THPTEERTERY. &K, A
HrTFO L3 VvF—53 10 MeV DI T TIIER EER/D
CWVENWBKEL KRB EMbh3, COZER, Y

s, 1802 2Pse  1fye

ac

I

80
E.=14.0

9 + MeV
60 | ¢

40

ub/MeV
i
=

—

v
—
—
=
— e
oy

Excitation energy (MeV)
} F.Cvelbar et al® N.P. A159(1970)555

Fig. 5 Experimental and calculated 7-ray spectra from
the radiative capture of 14 MeV neutrons by
49Ca, The experimental points are taken from
the work of F. Cvelbar et al?® and the theore-
tical curves calculated with the statistical and
collective capture models.

TABLE 4 Characteristics of the neutron single particle
levels in 4'Ca.
49Ca(n, v)*'Ca

Neutron Eu? 0 5 Eexe 3S8®
single particle '
level (MeV) (MeV)
112 0.00 1.00 0.00 1.00
2pan 1.95 0.77 2.07 1.00
2.47 0.23
2p12 3.62 0.09 4.13 1.00
3.95 0.62
4,20 0.01
4.62 0.09
4.77 0.18
1gos 4.98 0.07 4.98 0.07
1fs5.2 4. 89 0.12 .5.50 0.48
5.66 0.25
5.81 0.11

(%) T.A. Belote et al?®, Phys. Rev. 139, B80 (1965)

v —BRHEBO LD VAR Y AEKEH O CHRERR
FreE LTHELBNTHSS.

3.2 *“Ca(n, ¥)*'Ca Rt

Fig. 5 RCOREBICL -~ THBONBZA V= —BDAR
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2 rANTH D, ERIIHE R I LT collective capture
BRcESCERMBTHS. vi L LTI30MeV 2H
W, BRI A—2L LT Er=20MeV, I'=4.5
MeV 2 1o, BORRREBICBTZH v<—ROX
~ 7 b wDFiT, collective capture BHIIC X » TE L 3
HTx3LEbh3. HAKBBOFERIMLBOREL
N, BOERIREBICHT AN Ve —HR Y b vEBH
T 2F TICIRE - TV, TABLE 4 € *'Ca i F 2
HFH—NTENOWEERT.

14 MeV thit Fic & % 2°Pb(n, v)**Pb RIGH & U
Caln, y"Ca RIS OWT T, HEEN v =—HRA~<7 b
OHEABLTO2E¥DOC EBHLhIKE ST, FT8b
1, collective capture BRI X - T, KO EHIEIREAND
BBICHT AN V= —RAX7 ORI EBEZN
308, BOERREI L TR, HAERDIINICH
DBEBEEZBZLENSHS. i, HEBKEEOMEK
B LT, collective capture BRI ic S HEBRIH
BEIGENEEZEZ 5. L L, Longo®™ 0w ER
20, “Pb @ &k 5 W ZERKICH LT RAELIkICX
AZEBRERABEELI OO REY. CORERELT,
W ODDRILTRRONTNE LS, BTrrF—
hHTFOREIC X 2 EREDORD bEZL 5 h 3 3, col-
lective capture ERIC BT AN F-RIFES NIV =T
VORERLEDZBDTREBVESS . THbE, O
BETE, ENROREOKTFIET 5 ASRTF L&
&L, EXRERRESHREINS. BAKTLONE%E
ZRCANTNT-REBFEE N IV P =T VYBRETH
A5,

BRiCERTN LR, BRIAEETIHA, NTF-
REFEASO®RE, BERLR/ YT 4 2 BXUOHETH—
B FEMOMBIERICREBEELEEZ ALV IC L
Ths. ChoDOBEEZRLT, HKELOKEICD
W ZRAL D EEZ TS, B, chETORK
BALEEIC & B 14 MeV it T 0 U M m R ic o d
ZREMIZ, BEAFBDTHBEOIHEPBHIOD
oA THL.

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)
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3.8 14MeV ¥+ D@L

R il

14 MeV th#EFic & 2 REMEROMEE SURFOFERSBERIN TV 3. HashfEONL
SHERET B, AMKFICH U ZREBSESNL. CORERD LI vF—2HREE, Bl
T THE N 14 MeV T ORGHEIER <7 ot — 2 —DREDTRED RV (AES300keV)

HDTH 5.

Scattering of 14 MeV Neutrons

Masaru MaToBat

The current stage of the measurement and the analysis for 14 MeV neutron scattering

cross-section is discussed. For studying some of the problem discussed, a new experimental

facility was installed in Kyushu University. The energy resolution of the system is the bes

(<300 keV) in the 14 MeV neutron Time-of-Flight spectrometers being reported up to now.t

1. @ L & &

14 MeV b FOHEGEROAER, 2O AV
—ERSERFHECE T AVF RO 1 HAELT, B
SNTRVWAPBREERLTVWBEDAHTIEL, BAT
3, ERHEDOD 20MeV fi£E TORENKDON
2EALHY, BEAFOWERLE LI, URiLDE
EEAMLTWE XS THs. physical i (n,n') RIGid
y—un VHEERSEE LR &S, B MeV T
DEZANE—POETANVF—, BELOEKEN -
PG HAORKIGEEOBAICE LTS, L, &
BEOHBR T ABEABEHAEINBICKRAT,
14 MeV i FORFOHH LB ONZERIZLLE
Dook3. ik, practical €&, physical iKd,
RISHEORME, BRI NS A —4 —, BAEET
A=A =R EDREDTHOREIEHEFE>TED,
Bx R OB HAL (CODE fb) it X » T, REICE~
A&, T2 OBELBEENS.

COHETIR, H2ETHELAOEEETNRL, #3
BEZOMESDOVL ORI OVWTORREEBEE L
AROFHF LOHERICODVWTHRRKL S, BRENETF -4
ELT, R v—THElE Ll 14 MeV thEF D> Bi

(n,0') KIS, Fe (n,0) K £ CRAMHO FM 4
satavyhs0 5MeV BFO Te (b)) RISOK
REBBUAKD, BEEHRL,

2. MEROEHE

2.1 HEPEFIRT IV

BEFic 14 MeV hiEF %2 HES 084, Bl
NATHFOIANFE—ZARI PVRED XS LHELEE
LTW3DThHASH. Fig. 1, Fig. 2 ICIKTHRIEL
7z Bi (n,n') RISQHHEF ARSI F VERTDD. Fig.
1 RARTEESEM B0cm) FBEHEDRNJ FIVT,
IANVE—FREIEND, TORARI P ALLRD K
SN DO ERSIIA C EBHEKRD. Hikol
DIRFBOBHEIO €~ 7 LEAKRRED O ORRDH
FLEZONBERARI PNTHB. EHICRAY b
Wb EED2EORARY bETEEABLTE &R
BB an¥—licEAEDO— s BEs (ZOHIT,
BERISIKEZEBDNZVRVEND S EEDN S0
CCTREBHRLEY). chsB L mshE-HER
HETHB. Fig. 2 IRTHEM%: Sm L UTHEL 12X

T SUMAS T, Kyushu University
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NEUTRON ENERGY (MeV)
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Fig. 1 Neutron spectrum of Bi (n, n’) reaction. Flight

path=0.8 m.
1 0 e — e —
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Fig. 2 Neutron spectrum of Bi (n, n’) reaction. Flight
path=3m.

Ry MNVTHD. BT FNF—ROBARDO LMK AE
OIS NV—TRABINTNSE, C0S5ORER, 1RO
FHEREED DR > TV ART IR L, *Bi © 2.66 MeV
REOHE &2 L&, Pb ok 1h92 oFFis1
AL EEZONBLNE D TRORENEEL
T3 EEbiz (Fig. 3). X35, ThoDAESH
11 Fig. 4 DXHSCHFE—27TH5.
PLEWCR~RIz 3D ARy b T D0 CHBEIER
L, BlcEEnEEE S - T 3 EFARRREORET I
DNTHREFHLTALD.

2.2 WHEHE

14 MeV {EED T 2 VF—Tl, BEBERBLAL

JAERI 1228

. 6 | J—se0

wmb

+

M&ADB_LE\\—;—/‘—_M

: o oes 4.38
4,086 e 2% 0,056 :]

3.709 5

3.475 ———————— 47

3.198 5~ 0.060

2.615 370.11 l\_ 266

0.0 o* 0.0
EX.(MeV) L EX.{(MeV)

208pp (p,p') 2098 (n,n")

Fig. 3 Energy levels of #Pb which can contribute to
the inelastically scattered neutron groups obse-
rved in 2%Bi. Values of deformation parameters
are also shown for levels strongly excited by
proton scattering.

102 ——r e e e LA -
r Bi{n,n") L
" E =14.1 MeV N
POTENTIAL A

------ SET A
) — SETB 1

eavael

3 8s0.110
5 p=0.060

5o =
of e d B
7l Shd g ]
g. 4.36 MoV \+ L 1
° 1=2 B=0.0%56 N\ T

-

o
o
T

N ]
«lub B=0.066 + \+
«la6 B820.066 RS

gt b e e
[} 30 60 80 120 150 180

8cm ( Deg.)

Fig. 4 Angular distributions for the inelastic scattering
of 14.1MeV neutrons from *¥Bi (Q=—2.66
MeV and —4. 36 MeV). Dashed and solid curves
show the results of DWBA analysis using the
best fit potential and the average potential,
respectively.

OREBHTREINTO S, REBEBEIC X IHFTHDS
LI NI T A — B =L OPREINTE DY
HOOVMEEZRNT, ENHOD/NF X — 2 — XD WH
B, AESHOHRRELTRVWEEDbNS. MEND
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3 &g hiE, BEEELOED T — 2 MRV EERREND
IEMMEBEL A L TORVWEANEL, thbDTF—
AAEFERUTEINRG A~ —3—BEETEILETH
A5, HPicHEIND Fe (o) RISIKAZ LB L,
BT CHEINTHEF —23%H 1R g (0.847
MeV) Bs+Aicait s THhiniey, MR, chod
F R A o TR R ICBMERE S, Re OSEID
Wik 3 &, BEEEONEEHE 1 iR EO Wi
BERBECTLBENS D CLEEHLTHCS. 7
¥ R VESAIEIC & BT IR C RS B A8, T O
WL 1A RET 32 L ELN 2B TRIFRERELE
NETBCEINEEETH B T &, BRHEK D 2-phonon
REgc >0 Th, ARICHESRARIGEN S EBED
StateEm I,

2.3 ZERPUEFRRI M

Fig. 1 HDOHLHRES DAY PNVEIEDDS
WHERER RS P VITE BT, MIERO T FNVF 3R
BRHTVRITIRERBY, TOLDEEITEHR
OF -2 PR ESh, SN TEY, KBEPEME
B A — A —RERREINTVE. TORART PV
235 < b L EAKEE TR B33 hTna. Ll
HRIBEE T A — 2 —OERX, MIBEREERKTO
HERrEEE, (n,2n), (n,3n) RUGIE ED R 7 bvOFHHE
OMEIINE FERNICSERMICOHEELD 5.

EE FORESARKRO 3 AichsEELLNS. (1)
% MeV DI Foh# Tz 2 vF¥—icd LT, PHEF-7 #
FRMBESETHECE. (2) BREMETOREFRE
EOHEOBMBEEICTRIL TS &, (3) Hht
ZRY P MCRT BEEBREOMESEL {fTREHNT
W3 L. BEHREINTVETF—2 3 EROEEET
NI LTOEEDRDHNEITHY, ThoEfk
Uiz ECOEEER R b IVOE T 5 vE—H OO
FRE IR DH 5.

2.4 EEMERE

Bx 0% 1 FRREOBKIBmHERABOMHPKRD
WECLH B LI, AT A VF—H MeV {205
BERISENAEA U EEIHRENY. AHx
FFE—p 14MeV fRICIE 28, BEERIGHEEA
EEB?., FTREOBAKEZZS (HBOXIIT
ERHIC OO TRABEHNGRETLESAE I AL L
My, BNF—24285C3BETHE). HEKT
12, 4EBBRBIRECY) LEZ SN 2H 1 2 REH SR
B IN G, BRItk - TR 2Z-BIRBMREBEEZL o 1
ZERIFIRIRED > b, it [=2 Ofic, [=3, 4, 541
FTERTILEBSIBANDH 5. TOHIELT 50
MeV BFick 2 ¥Te (p,p') KI5 D BF A7 +A»

3.8 14MeV h#:TOBE 159
130Te (p,p")
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Fig. 5 Proton spectrum of *Te (p, p’) reaction at 52
MeV.

% Fig. 5 WK RT. 2F offuc, 3~ (2RI GEELTL
%), 4%, 5T RESBRLFEISN TV, —RiIC 2EAR
HED T OMEANBEL B L. 126 REEH enhance
INTOAFIR *Pb PARREE SR,

B&HEKZICOVTIR, BREROT, HELTFICK B
HACHFEINTREL UTHEIRLTORVWEANE
V., —BICIIEERNRS 1 0BA OB BRI NS E
HpREe LEF (iR 1k—n) Z2EASELE
FEERTRITIN S, HREEMRZEL SN TR
BO "B LEKO Bl O UNVEEEETHS C B
Lo 28Pb QEREIREE OMED LTHIRLTAHS
L, UB Tl 2C @ 4.43MeV 2+ JREEIC 1 & — sk
ALTREED 2.12MeV 25 6.74MeV ORIt L
TVAEDIS LT, Bi Tid ¥Pb @ 2.615MeV 3
HREEIZ 1T DA LR gas 2.493MeV ;s 2,741
MeV ORicER LT B Z EREBEBNTHS. ERT
— 2 IEBESENT 2 -T, COT R VF iR
DPINELIE->TVBZEERLTVAS.

RTCHE LIz *Bi (n,n') RIGDF— 4% L&D
AT T Lk 38 Fig. 3, Fig. 4 ITRZIATL
3. Fig. 3 IKRIN TV A L S ik, AsdEEFid *Bi
OBREBED 1h92 BFOFELEEEA L TSEE oL
T, 2Pb (p,p) RIGHOBONKER/ ST A —Z—%
5T, 2Bi @ 2.66MeV, 4.36 MeV REED W E D
G EEHBE LSO THSE. ThoOREICHLT,
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lOz—x—-r—l.lfl T T T 1 ¢ .5 7T

», “81e (p.p')

AY
./ °\ Ep= 51.91 MeV

~—= OPTICAL MODEL

S / ANALYSIS
¢ ELASTIC

-
.
"
~
o
€ ° A~
-
g A
A3
°
o~
NP
. .3
\ o\ O
luh :/./— o — ™

== COMPLEX COUPLING DWBA

=== REAL COUPLING DWBA

ASEDE WUES UUNE SN WS TR TN SR DU S S
30 60 80

B¢, (deg.)

16‘ 1 L 2

Fig. 6 Angular distributions of '?*Te (p, p’) reaction

at 52MeV. Solid curve for elastic scattering
shows optical model fit. Dashed and solid
curves for 0.75MeV 2* state show the results
of complex coupling and real coupling DWBA
analysis, respectively.

#t3k, Stelson et al®, Kuijper et al'¥ itk ->T, K
B, 1 EOERHNEAEHECS THEIH, BEP
DREBERRSA—F—BEIZoN TV,

CfFE L, TORDFEVIZ, BBEIBBICONT, 5
BALEZEAONNWBBOTERLAINITESIL.

2.5 SEARERRORES

SRR RED — Bt 2 Bl B A v v LU (DW
BA) @i 215 ) cLick > THaaishL 5. DW
BA #IFCHMICRERT VY VO L ETE B ERE
@ Form Factor 2ib - bEb 7z, 55MeV BFO
M HEOWIT AR S &, Form Factor BREFRMATY
DbOEFE D BEMD S (Fig. 6). 4FTO 14 MeV s
BFORIAOF -2 R COLETHCHERT 3ICIRE
DRETEIC LCERTETHS. 7~ AHHREHK
T BHONBEVDT, AT v A VERICK SR
b 2C OEBEHEPERO TR FICERSNT
AYASAN

2.6 ERNT A =9 —0OABRTFERFE

DWBA Bz licknid, SHBRRE~ OB M
W, BT A— 4~ B)EHEZDECLICK-TH
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Bk, LTANID Bt BARKFOTAVREY
L - TAEESTHESEHINATHE®, 35
hHFEBFTREOINS B BHELLOLES DML
WHREEIRD, FRTFICELOSNTEN.

ChoOMERE~SICRPERTHRBREINE2"
$7:i3 3 REOHELSKERENEL, MoK FICH
F B LB E BT R TS - CHET 2 BENH 5 D8
BT THEIN TV 3 14 MeV hiEFOBIEORER
3, TRAF—SEEH 500keV LD HEL, BiICH
ERO 1 MeV 50 2° REBOKEEOHTNE T8
BHLEbNh3B.

3. AXOFLL () RIGMER

B2ETRREFEREBEZ, RYBIALKD (n,n) X
SRIER (EET 7 P HNTH) 4RSS URES
Ny 2739 v R S-NE) 2RITERL, 0D
PORABEITI - TE P, A4 10 A LD RITHEHEE
# 8m IcEIZ L, MUTICBR~NB XD KB4 BHRRAEMA
T, S-NEOHEEGFE, EEICRABHET 5 14MeV
T i LT, ¥ 250keV fwhm o x4 v ¥ — 53
EEE-ORERK L, B Fe (n,n') RISOREZTTE
STN5, RTEEAEIHET A VF—DESRAS
B2ORNRTH 34, NESEED 2R KRS
tow, SN HEZEE L T—RICIE 2~4m BEORITHE
ﬁ-—e@ﬁ“tiﬁgb\u), 15)'

T, ERTEROAESTHREEBES T B0,
i FREAEEZEETRIC U, TA7 s TRIBER
BIUOBAKABRE LM TREE7 S Y UVRERL
CTEEERRIC L, HEZEE2RE ST, hEFRH Cone O
HEAEIONE LI LIz, AESHUEDYD
hiEFRIVBRZELTHERLY (Fig. 7).

hEFRHBER2 Y 72707 FEOHART L AT DN
BARTTRETS. ZSBOY—VFEFERT A &
W, Thdy 2759 FORDIRARERHRED
e L.

TR 80 5 O/ v 2R AT A v <R 5]

NEUTRON

/ DETECTOR

cw. NEUTRON
ACCELELATOR SOURCE

Fig. 7 A new 14 MeV T-O-F spectrometer of Kyushu
University.
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U
n-¥ DISCR}.

5" x 2" NE 213

1500 NEUTRON BI AS 2.5MeV -

1000

COUNTS PER CHANNEL

S00 -

NEUTRON BIAS 4.5 MeV

1

0 pac o
100 150

CHANNEL

L P 1 L 0
200 100 150 200

NUMBER

Fig. 8 Neutron and Y-rays spectra obtained from constant fraction

discrimination.

E TR S VvAOADERI NS, Re 3T
WL LT 57¢%x2" DRk Y Fr—2—2HALT
WA, COBREORBOYYFV—F—RplT -7
VBRI R RER T LR BRI o 1210,

Z o TREERUNBICL ZHET - F Y <HRNFRX
ARAT A Eicky, KigicgEmEIsT LR
W3k (Fig. 8). ChiBEY, v 7757 Y FORDIC
B35,

—IHERTH 5, BEAREORNLEY, T-OF
ZTDNy 2759 Y FOFE, ¥—vFORMED,
2Y A — 2 —DFHROE®E EORREE A T, Fig.
9 IRINTWVWB LS Ni (n,n') USOHFEFR <7
FEERC EMHE., hETRR, BEETVT K
FHEELTIH, BdBmHEEbL N B 2X10°n/sec, cone
BE 8k, AT 4~5%x10%n/sec, cone) TRIE%
15> e REOH B ERIMBICE S M.
Fig. 10 [cHE D70, ORNLY (v {LE— ),
Chalk River'® (B 7 v 7 7 R F#:) TURIEONICA
~y b WA, ORNL O (n,n') RISHIE R 1T 1965
PRIk, 14 MeV hEFie L TR R TR O ROIH
BEH-LZRELTEL AN TN A, Fg. 11 @B
KCHIE LTS Fe (n,n') RKISODR RS F VERT.
gkouc ®Fe i3 91.5% BESIITED, RiKEF
ROk &7 “Fe OF 1 FiEiRIEIL 1.45MeV KB 51
¥, B 1FHEIRER Fe @ 0.847TMeV 2* IREET H
%. Fig. 10 »obh s LS ORNL OBIER TS,
Fe O 1 fiREs S8 LU CRIET S C LR ATET
b3,

BELLUTHREDE TS, 14 MeV it FOHKEOH
BHRELTRERTRORBVAMETORIENTRICK
st CORBEETNT > KRTFEBOTEHOKICD
WTKBDF~ 2485 ERHELBO, EREILH

Ni(n,n')
E=14.1 MeV
9‘=35.

— ELASTIC

10}

——— 1,33,1.45 MeV

COUNTS PER CHANNEL

1.3 At

" i " " 1 1 1 X ! 1 " i 1 1 2 n L
! 50 100 150 200
CHANNEL NUMBER
Fig. 9 Neutron spectrum of Ni (n,n’) reaction. Flight
path=7.5m.

O DMICOVWTHERTF— 22 e L, BERER
BRI TITRE > THRVEZEL TN S,

B, %E4kE LT ORNL @7 —nip b enriched
isotope SRR B & S pdi, COREREEDTH
EI3DhORREB-TNBEEEZLNEDT, Y/ <TER
S0EBROMBAIETBENE LI T.

COHEATHOICH>T, RREOT—LOHEH
AHEALTTRY, HAOPEETX - EEEI
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Fig. 10
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Neutron spectra of Ni(n, n’) reaction obtained at (a) ORNL and (b) Chalk River.

20 40 60 80 . 100
ANALYSER CHANNEL S

300 -

PER CHANNEL
»
©
©
T

COUNTS

>
32
Fe(n,n') T 9
o -
E=141MeV S w
81=40" |

—_— 4.5 MeV

1 PR St

Fig. 11

PR RN T WU TR N | 1 | S PR S
50 100 150 200 250

CHANNEL NUMBER

Neutron spectrum of Fe (n, n’) reaction. Flight path=7.5m.
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BBABMLLYET. BB, CCTHERALET 2R
AAROHHTF /v~ 7OERAREATHONLSOT, £
NoODERAAEFTLUTTE -~ HERBHER, thE{DK
RIS BAKLET.
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4.1 Budapest ¥ & © # %

hoo® EHO=Y

197247 B31AM L8 A5 HE T, 74 <R TN “hEETEME - B EOHE” <MT 2
BATHBINT N OLDEELHET S, FATR, cndPARDL FADHBILOVWTHER
XNIOEN, CCIEHET IO, 20O L TRESEEGOEKOS 2ME, SLUREBEVERT

X7 D0hhOBATESDTHB.

Report on Budapest Conference

Ryuzo NakasiMAT

This informs a few topics discussed during the Conference on Nuclear Structure Study
with Neutrons held at Budapest from July 31 to August 5, 1972. The topics are selected
according to reporter’s personal interest and his understanding, though many other subjects

were presented at the Conference.

78 (EEH#HIX) &R+ (FER) LE2540T,
FryR@EMICEEBRBLEATO .. FEELHT
EADFIND, VRV k- ELEOATELELDL, &
AERUESICW -2 LN T Or AN,
ZOICVANARIREBEC o7z, L LI TER
ZrOEDKTEY. LT, €O FFYORNICH
LT &R PIRKRESHE L SOVHBELTORE%:,
BAWC TR AMBEREBLTVS. LTABFLOE
RO LUOCAOERIL, OB FF v ORIGER
B kS OEYE DL b, 192(E0HZC T, BZ
5 <3 1960 RO T FRR MHRITE - TiR4L
MRy 7R, “DhHTFE Db K ETFHREEOH
78” ICET 2 BBERVBHEINIDTH 5.

RUREOS 1 BIEEFESIE, 19664 I~ VvF—Dik
H7 v~ THIN, ZORORHAENSE
T3, BEEOMRLEIV > ThhEFITL 2KIS
OHFEHBYODOELDDPP>THEI KERLTO
3. U LARO 74 RR M ESTR, XEBOEEE
OWFE, L btz 2 » TEFKORREAOH:
BAFNRD EVSBERTORBEOMRICTHERICRER
FEAD STz, 10 4£PL E & Hijic Nuclear Data
Sheets DYERRICT- T b > TOREE LTI, BAKEDL
45 FFT 2% LTHROBNICETLTNSE D
TREVDHEVIHREZETRG O, Fahi-
THhDE K EZITHELIIETTHD. 196040
ThH, ACYRNRYF 4 —DREICBAELLUTHEST

B LS EZZ BT ERAT 0L DLOFEIR, H
BOLOMBTRIOBREAENEBRHETLE»H
DM, ThMBBAL, RAOERBNOMLEICL->T
APKMAEEE->TWVWAEDTHS. £hiz, LHLE
BESL U TERRRBERICK s EVS KBOERE S
BRLL-T, EELEXTHLLAKK, TLRENE
UTbdH-7. BHEOWNE, PROVERICLELTER
121D TH 5.

. & % #

ABEREAHCOVTORBRLZ IRME B LD
DS, HEFEEOPT, Bl 2, 3 FOMTROHER
REELTHRBEINTN2DIX, *°Pu @ shape isomer
CETAERTH-72. A VFLMERTIEINLT
N7 P RTFEDOH-T BU(e, 2n) RIGEB TIET,
HR % 2Pu ORIEIRENLSON V< RORDILZDE
BETFEET 5. *Pu TRHEER, 0Y 5 67 X TO
REREOEEMEEMBE SN TN, COERT
RXoie 8 5 6" KBH2 E2 BEBESH DT T
%. ki *Pu @ shape isomer O X 4% 4ns Th
ZCEARFRAL, BRET IS RB T & O delayed
coincidence 2Jlg 45 & iCL-»T, WHhW3 2nd
minimum OB} 3 FHEEENE OB = HER L 7.

T ¥k, Hosei University
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240Pu
D
)
%)

8" o°
8+
6" 0.296

_2nd minimum _
4" 0.1417
9" | 0.04288/
0’ 0 Deformation

1st minimum
Energy in MeV

Lu-, Li-, Mu-, M-, N-Ez#aBFORIEIC X - T, T
5% shape isomer @ 07— EEFREMD 5 b O 8
—6%, 6*—d*, 42" E2 BRICHISLTWAZ Eitb
A, 2v50" s d 3BT, background ASK &
OTHRBICEDHT T ENTENho. ELTZHND
ORRZEHT S L,

%:7. 16 keV for ground-state rotational band

=3, 33keV for isomer rotational band

185, ORI, PIBERTRIFERICEETHS.
&5 Did, shape isomer DSEERBOEHLLD bRE
BEREL->TVRENS &%, HEMNIORLTVS
PoThH5.

2. HRENOMSTEERRE

R Lo B e RE L e At T 2o - T
FIRENOREET B L, ALohT B EZDHEN
DORSHERLOEEERICE - T, BT FvF—p5b
THEPVTNE. COTHhEH - TPRIFRBEND
WMKEEEBDODE NI DI EDIEN, cOFhss10-°
eV i 107%eV OBRBERLOTERREIELEERLC
LTI, 4@ Dubna @7 v—754E L1cDid,
WEr ZREBIETThichiET % 521, 0.460eV &
0.584eV icdh 5 2 DOLIBEN OH KRR % fE Ui
bDTH5. BEZ 002K icd 3 L EMK WEr ik
97% RT3 L, 7 0.5°K OBAICRRBE f 1]
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12% TH5. COMLOHAOKKREND T JE %

#l- T,
He 348 250 0435

AE=Af X Heg(tg— 1), {ﬂl 3 D R R
& Do THIREMOHSRRHR 1 KD B &,

1g(0. 460V resonance)=(0. 9+0. 4) un

1g(0. 584 eV resonance)= (1. 8+0, 9)ux
EVIHIEEEMNEB SN, Thid, Beckurts & Brunhart
&A% 1970 4R 124 L7- BNL it 2 BRI S
NBZEREZDICKEEDOL DD TIEH 258, Dubna @
NW—THEIRT 31T EITiT originality 23dh B EE LT
ZIEOVDTRIZNA D .

3. HRHEBMOBRDHL R

foe U 1960 £75 5 7c S B 5 A3, Yale KD Draper
EVIAD, BT R UF - eV BEOHBK TOIL
BAEOBICEAMES SV OF v <BERHT 35,
WODE B EFAREO IR r— FREOBCHE D E
VN3, WHhW BN YO multiplicity RlEDRKEEH
ELT. YR, COoF—-Z22LBREADRAY YV EE
ABOEEREAECVE0D%E, 50T HTFoEE &
WFE—DERNRELFECDTFLSELT, HhPTh
DETREEEZIEZDILELDDOE sz, UL, fBic
A HRBEREN V< B 0 mutiplicity 1Cf8d 37 —
EBBDTLIEL, UHhSBENERICOLIVGDKER
5,2 30FRFHSLNEDRHBLD I2HEEMNR
ZERRICSTTC IS -1, 19634F1C 72 % 72 % Draper
&, ZOBRBHUEL T ENEI LR EHB LD
7208, “EQRBLRVRABICHEO R LERLEE”, &
WhNEDTEDTLE LD L, Ll
ho 10 £, HOSOHEIAP, A VREICRT
% low-lying level population method & > gamma-cascade
method & FRIEN 2 REREEZ LSV T CARIE -
DREEN-THBRETEHBE . _

2V Ji OXBEMMS, A —FTEHETET
RUREYOE Jr b -2 20REXDL D 2TH)
BEEEERBLTATS, NAF— FOZBRETOHE
b EROT—RICILZADER LB LN,
L Ledss, ARTHTOS 2 5% - ki T2
SRy i OHBEMND AR~ FTRAEY Jf
DREBICEBIEHE L, RV IO IBHEA MASETE
U Jr OREICHRY —F TEB284 EOHITAK
ETHBEENDITEMN, EBRTF—22BELTHB L
WA BDTH5. Thid, PHEFHES Y ~HO multi-
plicity (ZHBESD T AV F—-DERNICL>TEA
ICAKEREMNEREEDEV S ED Draper DR
B L, WA <D multipolarity 1213 & A & dipole



JAERI 1228
<Pd(n, 7) R, THi(n,7)
L spherical —— J=6 deformed
—}i=4
2.0r 20
— hi=s
—=}1=3 L
- = }u=4
10E= =2 1.0f
= }J=3
— Popuiation from 3" resonance R= Population from 4 resonance

"~ Population from 2° resonance Population from 3™ resonance

285]] (n’ 7)
J's determined

by the present Previously 0,
E{(eV) _experiment known J's GA‘QA,%Q/O
2.04 3 3 g 07 0.688
4.84 4 (4) oW
639 4 3 (b
1.67 4 4 o119 0.312
12.39 3 3
+ 0.1487
E-ig Z 3 411 T 0.0453
. - L
1610 4 - 0 =y
21.10 4 -
_  Spins of rosonance levels can
22.95 4 .
23.40 4 (4) be determined from
2432 3 ~ g 121606 keV)
30.85 4 - = 1,(642.4 keV)
41,90 3 (3)

RELTIOWEVIEDPLOEVWIRAMBERLEEZ
i, RECHELTKLOD AR ENTES, F/HTOD
CEEEST, BICKRENDRA LY ERD BT ENT
X3, A€V ]Ir &, THERBM- TRV (13K
EWEREVERLN) T EEbo7 2 D0 low-lying
levels 28 1 DOFBEN AL N Ry — F T2 oNE5
AT, eNoNBDL ShEHADOHD SHBENDRE
v IikEARENIDITHS. LK, EIFGOERL
SENEENS CEBDMBE s-HTDL S N1z LIRHE
MDA EVIREILH LTHEMTH S, 58, Ok
Y T4 —EEESENSOENS, RYY L BREUE
7ZELIS, #hh KT oNtfcdh p-HTDL
SNEDOHRELNS T LIFHBITEL,

FLOBROFH UL XHORE IR, AMETHERD
FRREBEERELLVIAMEPOLIELTNS. &
DA S &, multiplicity iC B§ 9 % Draper 0¥
DOEBEEDP Y v <0 multipolarity 1 B4 2E» 5
DEWVEZMFRICCELILENELES. XDfic
TCL AHERNBED, 5 4 — 2O fi1ic, multiplicity &
#» quadrupole BE D Y BE LhEMAMAGE 7 £
— 2 & LT -T, low-lying levels ® population ratio
bbb ULLEHETRZENTEZDTHS. L
L, 2205582 — FEM- HREBRR, BiEE
LTOFEEERAESVBEEICER LR ERIC]
DELTORMANY, &bdbh, SEHEEINLL
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OMLDZDEDH I T LT, D low-lying level
population method A3 & VERED 123 IKIEFICHHT
HBRTEERLTI.

HAF—FOH V=B FIcER LS THRHED
BOAEOY V<A RY b MCONT, F VRO
ANF—LEZDOBREENHD EL L ML EEiE->&DXE]
T3 EVIEBRBENS -7, WHE b dipole #Eh
5, HV2HOT I NE—lcwd BikEE E 2R 0NT
PNIEZORENIS E1 E ML EBGHohbENHT
LREOLODOL o TN EFRL, BEHEN V<O
F— 2 P EMNOUEEZFET ABICR Db T OFH
ZROTOR., Lbl, ZBREELQICHREICREYT 28
BRTATHEhofclcdic, BIgasEFT—2LELTUL
PEZ RO THES. SEREINIBEDOLID
FET, 2keV S SWVEF TOHEEFAE 2Pu 5D T
#4400 SV DB DO TiTRRbIi. Likds- T,
BN VR EBNBYT VREEDI TP ILEND
3TLERYURTHB. TORRIcENE, FV~REE
A EFCE-TRBEMIBREAE—EMEENRY, EL
BRENLVEELS 1HTER L KELTRADDLTNT
3d 208 EfREMENES LS TH 5.

4. FEOPET OB

T ABE LD V=BORRYS P
13, WhWw3 5.5MeV anomaly EIEIEN 3 DLEDL
N3 ENBE. Thid, HEFVY<BOoTrrE—N
Kik 5.5MeV S 50D EZARWNTEZEHRTH»
T, HE¥)182 & 206 O THAINTNT, £
DOREXCIEABRBUREHR D 2 L5754 Ta (n,7) @
BaRBELARY. colohBiexd 2HHEE, B
BHOSAKEVDOTEALBORRO N OEEHEELI
WAL ES, 4T3 valency neutron model &4
b3 bOTEBNCIIRIILTNEXITHS. O
model L DNTIR T T THE » TRRITBEREL D
LEAN, BT BIL, BARIKDOE > T IR shell Orh
O BHEFARBE I TLEVIRE € El-jump %
THEDRENSEZLFTHS. MWD THBI single par-
sicle model THhrc-»THNIE, El-jump % LG5 BEAL
BRKEH MeV S50k ETAILHDENVD T EDD
b, LpL, BENEOBEEICE->T, H50VIRAHF
HFOLAINF—iCL->T, TOLOBREDIEANRNA
WAREALTZLVHIBEZERNICGR UL D LT 1
12, EX VIO HF% LT 2 particle-1 hole interaction
REEVIBDEIBAEOLAUMREEDAD. £
WO, AEOFELETIHEVALILL > THAAD
NTVi&kH5TH5.

Z®D 5.5MeV anomaly RIEXET, d,y) KIS
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Rise at low
energy side
is due to the
contribution
of (n,n'7) -

E,=0.7 MeV

I,

P

Theoretical curve ™
by statistical model

1 1 ! 1

34 5 6 7
—E,(MeV)—

*Pt(p,p'7)
Ep=15~18 MeV

*Pt(d,py) ~
Es=1214 MeV

L

p— 7 coincidence p— 7 coincidence

measurement measurement
i 1 | 1 1
24 6 2 4 6
—E,(MeV)— —E,(MeV)—

E @ PNMRIEEDOHT VY =RRART b VER - foEERMS
WEshtc, TORKRICKBE, (d,p) RIGICEEHH
VIBDARY P VICIZKIK 5.5 MeV O L Ayt
Bonz0rn, (b)) RISCHE ST VROGEAIKC
REABSORBEDLNTRKIELESPBENERT. £C
T, (b, ) RISDBEAKERIE L ThiT @, p) KIGDOH
B LDBHBNICIEA EPREENOISNZDO TR,
AP EEZREEIL LR, (0, 2) IGCOMEREHR
AERBBTCIHELTAECH, EREIIZO 1004
RED->12DTLOHAD(p, p') KISRKES M, p)
FISER U EERBTEC-TWAEHH L. (@,
2Y) R THbHHN A3 valency neutron model Cgihf
TEZHREELTSH, (p2'y) KISTLHBHEBOENS
CEEHHTIORZ MM L TR L D LK
T3, HEhbIlbhThicl, 4EENL 20
WESR TR &R, BROCIPEFHETEH S
(n,7) BIS& (@, p) RIS E ORIz H 2 REOHBNS
53, ULkHH->T, 5.5MeV anomaly idchFHi#
OEFRICBIE U2 b KEMNSHES, bAhZL. v
THIZLTH ORI, RBRICE b - EREMICX
{ARLNBETTL, HEHRMICIE particle-hole interac-
tion DX HbAELIHER L THANEND B E%ER
LT3 EHIKEZ 3.

14 MeV i FOHERISOWER#EZ, LANSIE
FIRZIC DT activation ETHIE T % &Kk 10mb ©
BET, Ubdshll hRBELLTDEHR ST
L AD, 14MeV fETOMBICHEI Y RO AR
7 bVEBSLTHEBICPXELE223E, LA
2N THARE 1mb BETULD shell HBRBHEDLN
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BOEOIFERD - o, WEBLLBR, Fry=HAX
7 Y WEBRHETADLETHBLE I5MeV ISR S
22~23MeV S LNETDARYZ b vAIFEEICK S EHE
TX23LW0H5 &, VIBicH4 &7 activation 1
X BREICIIBR I AND 5 LN H5HEET, 4EOL Y
TRARY P VESBEIC X A HEEOEO T BEETE
3L ->Tfe. LhLZOBARCIRERLEORES:
HARD->DRBEZEREBEDT, A7 FMVOEGN
HEOEHTIRE X T FABICHEEEBELTVEDTRE
A DM,

5. RPEBICONT

YR IC OO TR, UM ECIKBEH LLRER
IR ED, hED - THMEOHEETEH LI
BRPTZEDTERVHEREO—D2THB LIS
THR. 4Ab, 7EZIERY 2 —F VO Holmgvist
b PEMOMPRDBIDO K S i, ISR EER
B HH4E Xz, Holmgvist 72513, 1.5MeV »ni
8MeV FTcoh¥:T% Al 15 Bi 2 TOE  OENK
KEDTTHRlES XCHERERIOASHRERD, €h
ZRBERIC K > TREMICHT Uic. TO/KE, 8k
B35 A —2ICidYVERBRIKERE bR B LI
LT3,

zhid,

ro=(1. 183+0. 010)+(0. 0003+0. 0001) A, EIf

ro=(1. 1830, 022)+ (0. 0004+0. 0002) A, EZif
LEDLES.
g7 K4 V0 Newstead 72 bi3, s-HBEREBOFEL N
SARETE-T, EHRLEITREL EFCHDHYW S
symmetry term %ZHBA T2 REND S LHBFL Tk,
Thbb, RFV/VH VORI%E

V={52.8—30.0(N —-Z)/A} MeV, 52

W={W,—WyN—=2)]A} MeV, B
L 3L, oA Sn ORMTEHRICH L TIEW=9.3,
W1=44.9; Te DRAMITTHEICKH LTI Wo=12.8, W=
62.8; Xe DREfFIIEHEICH LTid Wo=23.1, W1=115.5;
Ba ORMITRICHLTIE We=22.8, W;=115.5 L\
S 7eBAK, WiWo=5 OREEICL TP 3 LEEERL
EEREE D —HBEFIKINEN S,

6. = o

TxNF~p8 eV b keV HEBEOT T ORE AL
MENTS » YV FVRBOETEDLT &, Pi(0) OF¥IT
—RiC, AT ANVF-BRKESBBICLIBDTRE
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0(9) =a(1+ w;P;(ﬁ) + (l)ng(e))

3 18] at+n S MPpo-p
0.1 1 10 100 0.1 1 10 100
—E(keV)—> —E,(keV)—
WPh+n

3

15 16 17 18
—E,(MeV)—

S LD ARTOEES2H, ¥la OB 1
keV A1z, “Pr 08413 100 eV ffRIiidsTE 3. C
OERICHT ZERE UTHEE B, AD doorway
state BB LFEETHRE VLV ->TWVE. Ldd,
O ® doorway state {3 p-iREEF & 1 H. doorway
state LHERN > TV BEKRB L DL LBV,
EHEOHBRETLHLLHOKRBEOTHRLEEZL TR
NG RODED . FCRE S b,

20pb e xtd 2 T AW EEE 20 MeV 5E £ THI
5 THBE, 1TMeV $H0D ECARIBOEE NI
DIZ-x LIcEBEAEbNS. COHKBR, VW3
TFHuaRELD b 2MeV CHLVENLIAIKHT
WBEND. ENRBHIE, BECOXSBRIRNT CIT
BhHhhA30hENHTELILDONT, Weidenmiiller {335
fH® single particle levels 3 F > THEELTNADT
B AIDERNTO ., BOLVEVKICIES &,
1TMeV WA IZERLROMNELDPREDELKLS.
LtchioT, El PIAAD & 21 M1 LR 7S & o rHedE
EHte-THNE, HE3VRBENLEDOBVZI 00D
mn .

i TSR OO Lk QS riti3d 2EOH

4.1 Budapest % & 0 # & 169

RS 5OTRELAIDENI T EIT, HIFOHH
¥, AARHERBIRBRER L TORRETH 5 25,
LHBEOZENFELZOPTHEVEL QAN OREICH
DEH->TNIEITHS. ChiIKEELTERORX
BEFEIN TV, 205 BEBIECEMNRO S 4
R H BT EREEH LTV . € QDN
&, HHE, RAROPVHLLLFALTHS. 250
SEZHCHTEEBTREENELT, A3l LdT
CEEMR D AEREOSZHICHARNETR LAY E
BUKRETH .

HRETOELeb i, HEOHAETIHYADH
HReifmhohiihot. L&A TALEKENELD
e UThd, PRYIEEBICDILE Yy 72 RITON
TERINLEEDOL I BELOTATIEDNT, 1A
DARIMREDWL Lob &) ERT T ELRTHE
KENT ETH A, FRiPIR 3 2OXGFICHHLNTEH
BMBTHbNITERZ PERK, BEAPLDE LD
SA, TENRZhALOABHETRETR LD
OPEVDDH, NWOhbLAIOEETHE. CTTH
NI EPACDEAOEESE I LD - 12O TRE
Wi, IBSENRTULE - HFEOHZDOTREBLD, &
WHIRNE D > TZDOHEEZTRATHIIEX 20,

EiC, RREALENSOEZ L TRIcT LB ED
SEMDONI T L ot. Zhid, D E. Wigner %
BEAHZ UTH ARLIHR T EFRR P EENWS T ETH
5. ROEBSAEEN, £LTC2F KI5 % TOMIC
Wigner i3, 7YV VICRBBIRBICHHLLHEOD
EBICEATOOFAL IR LS, “TA) AEE
2ELIETHVVAKK, BEAAELTEDA L5 T
VIRBEHRARBLAL L., ROBECRVANAIEH
BhD - DIEH, TRTHTAVIEELEE-THD
BEAEH LIz DK, BREZABERZLEVTHHN
AT, BRBIMREBEBALELG - 7k, DB
LEZIDNHADLI KW > T, EBEZILOD, O
ko E U ORDBELILOMLSENLVD, FIBLIE G
LRI ER L IKERBICI > TRBF CREMEEP & E
bl, FAOS LT EEE B LT BEATET
b5 EVHHBEROERIC, PitLE S > Tz Wig-
ner. Z® Wigner iZDNWTAYH Y —DAADBEIE-
T NBPEOHITCLEEREEXELLVER > TV DH
B, DVIEFRERILERTEWIELL TE R MKk
hz&FdFTlE 7. '
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Uy, ) 1ICBT 2R EHHEE 0 OHBHMAH

- A

Garvey LOHBEEFHOTEBREERN Za 2K, ECD (equal charge displacement) {REIC & &3
WT BUm, f) ORHERN Z, 288 L. 8o h it Z, OEBHIKER R, WESFIE o(=0.55,
0.58, 0.62) % F T INKREADOHEMH & EEEBINCRD MR & IO —BERI o1,

Z, OFEEEZBOTINREHAOREEICHD L 518 0 2KD, ZOEEH A, mHEFH N Bk
BT Z ~DEERAE LS. TORE N, Z ~AOERERICS X o0 BRENEBED, A D
FHRINLOERADLE L LU THETE I b .

0 & Zp WEBBOHCKET 512513, REEHEOUEMICHD Zp & 0 OHEEL->THS
L, TRTORBEERNEETBE (Zp,0) BEATIRTTHS. CORTAMETIRBRIEDODT
Dish ot

B ELT o BPETH, BTNE L UCERMICKEL, THTFES L UB PR REENAE
MTHBEEICHZLE.

he

Mass Number Dependence of Charge Dispersion & in **Ulny, f)

Atsushi ZUKERANT

The most stable charge Z, have been derived from Garvey’s mass table, and the most
probable charge Z, in #U(nw, f) have been estimated by ECD (equal charge displacement)
hypothesis. Mass number dependence of the estimated Z, does not fairy agree with the semi-
empirical values obtained from the observed fractional yields using the values of charge dispersion
0=0.55, 0.58 and 0. 62.

The charge dispersion ¢ have been also derived from the same observed fractional yields
using the estimated Z, values, and the resultant ¢ values have been investigated from the
point of view of dependencies on mass number A, neutron number N and proton number Z,
respectively. It is found that there is an obvious systematics of N and Z dependencies in ¢
value, and A dependence of ¢ can be expressed by superposing of N- and Z- terms.

While, if Z, and ¢ depended only on the mass number A, there should be a point (Z;, o)
common to all of isobar in the Z; vs o plane, where the common point (Z;, ¢) satisfies all of
observed fractional yields for constant mass number A. However, study of the correlation
between Z, and ¢ indicates that such common points do scarcely exist.

In conclusion, the charge dispersion ¢ depends upon the neutron number N, proton number

Z and thus mass number A ; especially the dependencies upon N and Z seem to be essential.

OEEMEARANTRTH 3. AHAHE L *°U O &

UFEGRCEBT ZNEOEEEFET 2 e ORER

= T (most probable charge) Z, LiFED4G1E (charge dis-
persion) 0 LT BAEDTH 3.

BHEN Z, INEEHSOHEM» SHESMHIF o %

BARERYNEEZFET 2 IC3ERAM EAERBE  RELTCEHEBRNICRY 52 L03TE 5. ARTRCS

T HarJEWF, Hitachi Atomic Energy Research Lab., Hitachi Ltd.
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UTRDIME Zp OREEEFEA TN 5. & 7
Zo A EELT 0 2kp A ELTE, WThOBAD
NREAEEZDH 5O TRBBRADBERICIE > TS,

2. T Garvey® 5DHEERAEMOTHREEEN (most
stable charge) Zs #%Ef3 L7:. Fiedler & Harrmann %
Kénig 5 OHBEEEFHNT Za ZFELTEYD, EFEOD
MEHoOEN &M 0.3 BWHAO £ZT—HLTY
3. B2 15 114 $ TORET Fiedler & Harrmann®
OHEHEZEROSETRBKFHERL TSN, FE
OFHEE I T EMEE LA LN S,

3.1 TREXREERN Za DFHEME LT ECD (equal
charge displacement) {iGEICH &3\ THREEM Zp %
HEL:. HBHEKEORMERN Z, OFRELS &K
W’ Z, ORPEEE LB L. BEEOE SO
BTHZL < —BHLTVAD, BH#Rd3VIREARICI
WEBR—BICHEREAZCRIBTA TV S, EHIK
ZP oo Zy—Z"P O HEBIKEFERIIERK
123 OEBIcaNH 5. Thid 7P, #8n, ¥5n DHEIE
BEFBELUBOERTHY, Wabhl*? ZzOffic OFED
HEICRAONUEDP-72bDTH 5.

BB 0 Z{RE U TNERE S OWEMP 5RD 5
N BREEN Z, OHEHKERR Fig. 3 4005 K
SIEARELELDNTNS., 3. DRETCEITESHIIR 0
APAT Zp OFEE L BRI, £ ORERERBICHKE
L 0 AV 2HED, Z, 035 05RHTDEFH
Ihhoc EBsbhork.

3.2 TREMEN Z, OFEZRO THEREHEGOWE
b SEE SN MBATIE 0 DHBBIKERZ L 5N
fo. ZORE o PEBMICKET B EED LY, &AW
CRBTFREPETFRADRER LATBIRETHLC
Ehbh ot BREEFEMER Crouch® I X->THT
CRA LN TVSD, 3.22 TRIFLTVAELIIT, B
BEMOMCRET S EUET 5 LAEADOREL & OH
SEEEWR TS Zy Lo ICKENENH DT LERNAT
X1V,

B TR O B8 & PHETFRURE O EA IR
o HBBIKE O ESHIEZE AR L b0, Crouch
BHE LTS 0 OHBHUKIEHE EEMOMEELSAT
WA, MAOHD o HICKEIEENDS.

AHTREREOBE S U oAl FRAIRICK
AAEBT, BEERN Z, SAESFRERE L. £
ORFEAEN U THOBAAUBISICIET 2 Z, Lo %
ET B ENTETHAD.

2 BRERF

Garvey” o REFEEICMT 5 1271 Hoflem &3
IR - THEE (mass table) Z5ERK L7c.

4.2 *U(na, f) 1B 5 TWRAHE 0 OBBIIKIEL it

COBEEEE-THER A 25 O2BBONDT A
BICR U TR OREBEN Za 23R L. 20 Zua %
iz B (most stable charge) & FFA T3,
Garvey? 5OHBHRICREKAT 2 v¥— BN, Z)
D3 DD (N), 0:(Z), gs(A) OB ELTHZ S
nTn3. 7libb
B(N, Z)=Bo+q(N)+g2(Z)+gs(A)
B,=110. 7824 MeV
N,Z, A gzhzhdi T, BT, HEEEHOD
L, TOEBRI2EDLBDTH S,
N=10
Z=6, N=Z
A=16
HEMH AWERT A& BN, Z) 3 Z © 1 ¥
BA—Z,Z) iz, BREER Zp IHERX

(QM%E—Z’Z—))f(MH—Mn)-(@_@Lf;_—ZZ_’.Z))A

=0 (2.2)
My=1. 28899 MeV
M,=8.0714 MeV
ORELTELZONS. (2.2) ROYUER Zp, 3ET
7497V Uiz BA-Z,Z) 8XU 0B(A-Z,2)]
0Z ZHuWi:.

(2.2) RoWMEFKkD2E %, HEHK A OREKRDR
PehlETFH N(=A-2Z), BFR Z o=vV vy 78%
b0 0ONH BEARZOEBTHNME 0B/0Z MK
ETE. 22T Z OEVHEBICD > THEX S
EERAHTRDACRBOREBERENS. °TCT
HEI4RA,

M(A—Z, Z)=a-Z'+-b+Z3 ¢ Z2+d-Z +e
(2.3)
AHTRDTEUE Zao 2K, 51T Zao OEBO
3EICBY S WAE 0BOZ 2k AEHTRD T,
(2.2) RO Za ZRDI

BREEN Zy OHBEELBNS N TV IRELRD
ErEE L% Segre Chart FTHB L/ DD Fig. 1 T
% 5. Fig. 1 @ Class #3312 Levy it Lichiofz. &M
PCEBE S BRER K —H L TR Y, BEEREK
D2 2P LOREKRORTHSOBIIHMICAEL T
Z. £ (shell) OERICE V» THREEKOMEBEIKIC
b3, CORMBEOEBEURTEHER Fig. 2 TIHRLT
HBETEWMTES.

Fig. 2 3 CTEHEL-EREEBRN Za & Fiedler® &
Harrmann %5 Konig OEBE » S FHE LA 02 HK
L:bDThs. MBERLHEERBHIchK>TH 0.3
BB T—H LT % 05, FEOHFAMIERK 92
Ho 114 ORI THNEEBEZLTEY, ZOMETYEL
PEER DAL AR LTV S, T3 Garvey? o DRF
BROMEMD» S EREEERT 2 & EiCHVCHRM
(%3, (mass relation) OUEHBH S5 b THELIICE

2. 1)
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13\%5140
\\\\< N Class 6
N

a

%

"‘\X\\ R U [
N f
N E

-1

™ stable nuclide !

//  the most stable nuclide !

l

|

t { | L
60 70 80

Neutron number N

Fig. 1

Stable and the most stable nuclides in shell classes.

The solid curve indicates the

trace of most stable nuclides derived from the mass table compiled by Garvey et
al.l’ and the closed circles on the straight lines showing the constant mass number

A indicate the observed stable nuclides.

Regions divided by dotted lines corres-

pond to Levy’s shell classes®®, where co-classes for complementary fragments are

excluded.

Z4,~0.44

80 90 100 110 120 130 140 150 160
Mass number A

The most stable charge Za as a function of mass
number A. Two calculated curves are shown
for comparison ; the solid curve is ours derived
from Garvey’s mass table?, which is essentially
the same as the result shown in Fig. 1, and the
dotted curve Fiedler and Harrmann’s® derived
from Levy’s mass table.

bz, AROMNESHIEEK B PEZdAELND
2, ZOBFFig. 1 CBUZBAMAEEFETZH0TIR
., XSIEE 121 R0 A 13 Fiedler-Harrmann
DHAEMELDEL L > TS,

Fig. 2

3. B5U(n, f) ORI

3.1 Y, f) OBRERE Z,

HZHLTOBAER. (isobar) KET 2HTFRE Z 0

Ffrtk (isotope) DR ZAERPED F& 12, £ HEED
Fx—VvR (Z-2Zp) L57R 0 OB¥LELT,

Z-27,
P(Z):V!c_nexp[-( - P)] 3.1)
Z+0.5 _ 2
Yc(z)=al_}2=n - exp[—(”—ZU—Zzﬂ)—]dn (3.2)

Cz2(02+%)

ThobEhb. cT PZ) REFHS Z £2b2R
PR DI R D #E] A (fractional independent yield) % &
Sbl, YZ) 2 #DRBEWEDHA (fractional cumu-
lative yield) 2 & &7,
ECD (equal charge displacement) {R5gic & 2 & 5
B Zp BETEEBMN Za AT,
(Za—Zpw=(Za—Zp) (3.34a)
Zpt+ Zpw=2Zp (3.3b)
DORETES. CZTHF Lh BT h ZThBOES
REFELEVESER A0 U, Zr BERORFERS
Thd. BAHCEOWGLURICERBENSBR D (LD
bOEET D L&, BIRPHTHME O BRREER Zy,
Zow BENEN

Zpl=ZAI—%<ZAI+ZAF‘“AI’—UT-ZF) (3.4a)

th:ZAh—l(ZAh“‘ZAF—Ah—UT—ZF) (3.4Db)
2

Vr=V;+Vy
A+ Aptor=Ar
THEZoN3. vRENED I O hHETFiRERE

3.4c¢)
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*lleg
IZSSb
l 127Sb
~ o.0ft
%
<
=
N
T 117})d
& b
—0.51-
+ light fragment
/' ® heavy fragment
e ™ N or Z=50,50%1
; L[/ 8 Nor Z=82,821
1410 g . N=82 and Z=50,50i1
—1.0 , MCs ¢ N=82, Z=50 J+1.0
120 130 140 150 160

Mass number A

Fig. 3 Deviation of the most probable charge Z, from unchanged charge distributions. An’ and
A, means the mass number for heavy and light fragments before emission of neutron,
respectively. The solid line reffers to the most probable charge Z, calculated by using
the most stable charge Za (Fig. 1, 2) and the recommended number of emitted neutron by
Wahl”. The empirical Z, values were obtained from the compilation of observed fractional
independent and cumulative yields by Wahl” and then charge dispersion ¢ were assumed
to be 0. 62 for equ. 3. 1 and 3. 2 (see text). Dotted line is for referance to show the average
of empirical Z, values for 0=0.62. Several nuclides near shell edges are distinguished by
particular marks shown in the figure and some nuclides of delayed neutron precursor by

the letter D.

KU, v, 2 2R ZRBOBARR, EVELSRD
SOMRMETHRERES DT, Ar BB HAK)
OEBMTHS.

@Y pEhEFREARICE ) ZRERN Z, &, 28
TRt E BN Za & Wahl” i X% vr, 0,00 O
FHEAERNT, (8.4) RTCAHRE LK. Fig. 3 BEHME
CHEREA B LD THD. T TERMELIFAT
WBDIE, FHESMGE Z 0.62 E{E L TARIBEE
sofiEEERnT G DR (P(Z), 3.2) R (Yd2)
CTHE LD THA. Fig. 3 ORI, T TAHEL
- Zp D ZpUCD:

Zs
Ucbh— A/ ZE
Zy _A<F>

HLOTNTRLTHS. £ T UCD &id unchanged
charge distribution T#Hh 5.

Fig. 3 DFEE & EBREI <Y v 7 3 82, 50 Dty
R BT AEERS LHEMLS—HLTVS, Chn
5 OB HSnrs & 'iSne 20 L
HIIC ZpU 5D TR/, ®Nb & UNb 345
Zc 1) % K (complementary fragment) %3 BF3K
51 % & >0 THIOHH & FKIC Z,°C 250 gy
XL oTW B, BEMM 140 DL *Cs, B,
6P, 148Pm, 19Pm (3 AR A O HBIIA S S @ENT

WEOIE Z'P pLOFhBKETES. Fig. 115
N3XSICHBRK 140 0 47 TR ELEEM Z2 O
HEELBREO—EMBLL BV, chBRERTIE
HEZTOWBERO—DEEZ o0 528, “Cs, “Pm,
148Pm R L T3 Wahl” dEHHEERAEThEC L
ZHRHBELTO S,

Fig. 3 OEVARTOHEBH 136 DT IR L TAE
MRLVKROERT — 2 OFHWENEEZ LD TS, B
EXIBUFABAS N B H, Cid "Pd, *5n
12560 OF —Z EFFE LR, ik Fig. 2 IWRLER
REEHOEBYIKERICE T2 LRI EBEOROEZETDH
5.

BEICEVEED Z, @ ZYP o O T RHHEN
INKVORTTIERH LY, Fig. 3 KBHT D TR
LicBRMETFOETECELTORELETNRA LN
5. chid Zp 25 ET 5 L S ICERPHETFORBICE
ZEBMOENAZE LEL - L XEDTHA
2.
Fig. 3 LB A BIEEKBREOHBLOHE LI
i, BBIGEOKEBOEMEORELThELIC
LTh, BEXMODE BOBKARF TR 9% UT)
TRERMBRI M HEHREZTNEZRLTNS.
T C THBICAW - EBE R HESHIRE £ 0=0.62 &
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5
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Zon— A(Zr/ Ar)
Zm— Ai(Zr/ Ar)

|
o
o

I
+
e
o

-1.0+ | | . . \ 21+ 1.0
120 130 140 150 160
Mass number Ax

Fig. 4 Deviation of the most probable charge Z, from unchanged charge distribution. Fig. 4 and
5 together with the preceeding Fig. 3 are provided for studying the dependence of the
empirical Z, values on the charge dispersion ¢. The is the same as Fig. 3, except the
empirical Z, values and their average shown by dotted line. The empirical Z, values
were obtained from the same observed yields as Fig. 3, but ¢=0.58 were assumed in order
to study the deviation of Z, values depending on ¢ value. The solid line indicating the
calculated Z, values is for reference to show the movement of empirical Z, values by
changing the charge dispersion ¢. Several particular marks for empirical Z, values indicating
the nuclides near shell edges, as shown in Fig. 3, are removed. Dependence of average
Z, values shown by dotted line on the charge dispersion ¢ used is summarized in TABLE 1.

~ 0.0 0.0 -
G,
< <
) =
N N
< g
l, L
I e e T e T 1 3.1 /41 e S N
—0.5 —4+0.5
—1.0F -+1.0

! t ! ] !
120 130 ' 140 150 160
Mass number Aj
Fig. 5 Deviation of the most probable charge Z, from unchanged charge distribution. This is
provided for studying the dependence of empirical Z; values on the charge dispersion ¢
together with the preceeding two figures; Fig. 3 and 4. The charge dispersion ¢=0.55

is used for derivation of empirical Z, values from the same observed yields as Fig. 3. The
other discription is the same as Fig. 4.
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TABLE 1 The average Z, values as a function of o.

Charge dispersion ¢ Average
0.55 0.58 0.62 Z,°

Zu(o)® 0.350 0.326 0.225 0.300

Zon(a) 0.425 0.469 0.521 0.438

Zo(a)P 0.393 0.408 0.396 0.399

Zw(0)Zn (0.55) 1.000 0.931 0.643

Zon(0)/ Zpn (0.55) 1.000 1.105 1.227

Z(0)Z, (0.55) 1.000 1.038 1.008

a) Zp(o) means the average of empirical Z, values for
assumed charge dispersion o, where suffix [ reffers to
light fragment and absolute value of Z, is used.

b) Zs(0) is the average of light and heavy fragment’s
Z, values, where Zy(¢) is not the average of Zu(0)
and Z,u(o) since ansambles for light and heavy frag-
ments not equal.

¢) it means the average of thee Z,(0) values.

HELEEONREADOHEMEICHD LI Zp TH
B, LTchi-o CEBMEOO o (REWHEMHAEL T BB
»7%. Fig. 4, 5 BoxZn%h 0.580.55 i &~7c
BAD Z, D EBREAHAM S HKLLODTHS.
Fig. 3 75 Fig. 5 TO 0 KEHOHBEILH X o0
15k D ICHBAHIE o 21 15% 2 THERMEMOI
5o /IE LS. KT Cs, "Ba, YPm,
UsPm, 0Pm 73 I BV TKRIBREER A SN,
Z, DEBRED o KEHOBRE LT Fig. 3 5 Fig. 5
i Zo OEMMEESEBTRL, Tasel (T3, BEES
ZED Z, DEHEE T EHD TV, BEVESHEHFO

42 EU(na, Dick1 5 WBSEE 0 OEBHKEE 17

Zo OFHME Zon LOBNFOEHIE Zy OFH 0 R
D AXL, HiEE o=0.551CKELTABE Zuid
WAL, Zpw BWMLTOR ENbh3. TORKRE
LT, ERARFOAKTEYLIE Zo &, 1313—
SO 0.4 iKedblieh TS, Zy OB E Zon DY
Hid Fig. 4 DABOFMICERT -2 2 BEIE 5.
Lo~z Z, (EBHE) © o KEHRBESEFOT
RTICH L T—ED o lHEAV I, ZORHF o DEED
ZTHERERADIE S OXIINEL B Shot. ZC
T3.2 TRERMKED Z, & UCHERBAAWTHE
NFEE e ODHEBERIKEHEZ Lo NTAHS.

3.2 B%U(ny, f) OFBIHIE o

(1) HEIFE o OT19F72Y

MRS o OEEMUKEMN X Crouch K K> T U
5R1CEDH DB, 31 TR ICEEADOH
EE» DR BESHIE 0 2RO 3ICRBEER Zr Z{E
LR S0, Uiehi- TRONCHEMREARE
TEHEEINO L Zp B—EHICRKRESLWL. TTTRH
3.1 TEHEUALREER Zp 26> TREE & D RIE |
P OITBEAHIE 0 ZRD I,

Fig. 6 12 3.1 TROIWEABRIREORERN Z, 2
> THBELHIE 0 OERBEKREREE2L S XD TH
%. Fig. 6 o X ohRLORKoFERKICK->TK
E{ELL, SOREEH A=9% L 132 DAHETRHE
CHBRTHBTFHBS XCHHRTRO bESVICHEKEL

A
1.5
®
g
Iz
WAL
o ' {
i 4
g)D [ o4 *1+’o HLT!I‘WQ‘H’O
: 0-5— 4 dl.' l *- I K
5 ’ K
| | >
t 4 N [
0.0L—1 1 ! i | ] | | [
80 90 100 110 120 130 140 150 160
Mass number A -

Fig. 6 Charge dispersion ¢ as a function of mass number A. Charge dispersions ¢ are derived
from the observed fractional independent and cumulative yields compiled by Wahl” using
the estimated most probable charge Z,, which is shown in Fig. 3 to 5 by solid line, and
depends upon mass number A’ before emission of neutron. These semi-empirical ¢ values
are also plotted in Fig. 11 in comparison with Crouch’s®.



176

1.0

0.5

Charge dispersion on

0.0

Hem rhiFWERITES®E
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! IB4Sb 140, 56
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Fig. 7 Charge dispersion ¢z as a function of proton number Z. Semi-empirical
charge dispersion as a function of mass number A’ shown in Fig. 6
are plotted against the proton number Z. Solid line refers to the
weighted mean of semi-empirical ¢ values excluding the scattered

- values specified by chemical symboles with mass and atomic numbers.
Numerical charge dispersion oz is tabulated in TABLE 2, together
with on. The reproduced charge dispersion ¢ depending on mass
number A as a combination of on and ¢z is shown in Fig. 11.

13
5SSH

“

1
50 60 70 80
Neutron number N

Fig. 8 Charge dispersion on as a function of neutron number N. Semi-empirical charge

dispersion as a function of mass number A’ shown in Fig. 6 are plotted against
the neutron number N. Solid line refers to the weighted mean of semi-empirical
g values excluding the scattered values specified by chemical symboles with mass
and atomic numbers.

Numerical charge dispersion on is tabulated in TABLE 2, together with ¢z obtained
from Fig. 7. The reproduced charge dispersion ¢ depending on mass number A
as a combination of o~ and ¢z is shown in Fig. 9.
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TNBC EDDbNE. Fig. 6 OF— 2 2RV TBTFES
FURMTHICH LT xR Tay FLTAHB ELENEN
Fig. 7, 8 DX 5. thbid Fig. 6 kDb oDV
RFRTT 4 AEZS>ETDRLTOS.

Fig. 8 @ QIKr’ QSY’ 134Sb’ HOCS, HOXE, 143Ba, 1(4Ba,
UsPm DRSS 0 OEBMEOKED 0 ERECRE
NTW3., ZhdOEEIE DN TIE, Fig. 3 TALND
k5ic 0=0.62 & L TR URIEMED SR o BBEER
Z, D bMHOBD ERELFN TV, 80, ¥5n O
(Zp—Z,0) Dffiiz —1.83 PlLich 72D Fig. 3 IR
LTV, 2 oD IEER LTI o OEREEN
ZAHoTHT, ~ADLEHohRHREELTRDHLI L
HZEFENL. Fig. 7 B X U Fig. 8 D13 5 M SHIRE
EREEOTEAWE L LTEADOFEHMHEELHL, €0
LAERDOLMICOBNE D TH 5. hdEFIH N=50
DLz Ar0o DEIFHIBOEAIOHEELT o=11 &
L, N=82 kB TIl3 ¥5n Oz & >7z. N=61 %
5 75 2 TOVHY B HHAAMERICE L TR N=62
L 82 OKEINZIZK S 2O MM (complementary frag-
ment) THV, i N=50 L 72 OEEHHEMI
TH5. ThHOBMNLEEAEZERLUTERT —20
DR FERENE L.

Fig. 7 BHBAMIR o ~OBTHIRFHTH 5. i
?ﬁ{&ﬁﬁ@%é& EH%‘C 91Kr, 91Y’ 95Y, l3lsn, 13381’1,

42 U(nw, ) icHY ZHEATIR 0 DREBRIA: trr

FRIKEOHBS A 0 LT RIREOWEN A on
F O TV, HERKEOHESR or 2

0A=%4m+n@

k- TaELYE. 2OLSicLTRO EBEIKED
TS #itE oa 1 Crouch O fH & H#E L T Fig. 9 TR
LThs. MEDIIMEIEERNI U HELR
LTW0ahs, fHx0EBMCERTEENLEYRELE-T
WL ANH L. BRI 86 DT TIE Crouch DMHE &
D —BI/hE <, ABgoMmmIEERK 92 »5 95 O#
i Tbson 5. HEEK 9% L ETIRNEHRL
WL -TW5, BB 133 TREZE DML
BLTV3.

Fig. 7 8L Fig. 8 ILAHALN B LIV v 7HOD
L CATHESHIR o BAKICKELS B> TS, o
L Sng, '8Snes @ & S ICBEEIC /N & { 12> T 25
Y& 3. IR %4 (fractional independent yield)
PZ) 3 B 1NRpodEohIELHIC f HEOF =—
VE(Z-Zp) OH 9 RBIB/FHIIE>TOEH, Fa
VE (Z-2Z,) 22— L 12 BADOMILINRE A ORE
SR o KEBAELONTHB.

(3.1) REBVTLAHEDOF = —vEEE LB LM
VIRKROE A P 0) 3

P o)=—1=exp[—5—2] 3.1
134G}, 40X 140Cs, 143Ba, Ba @ 10 BREDIALLLERK ’ V' c(o) c(0) )
I ZEALTA. E=72-27,

TABLE 2 iC{X Fig. 7 B LU Fig. 8 S F:A M- KE c(o)~2(c®+1/12)
TABLE 2 Charge dispersions as a function of neutron and proton number.
N an® N ON z» oz% zZ gz
45 .60 68 .54 30 53 .66
6 .58 9 .60 1 4 .70
7 .57 70 .60 2 .60 55 .62
8 .59 1 .54 3 .58 6 .58
9 .64 2 .47 4 .57 7 .57
50 1.10 3 .45 35 .58 8 .56
1 .94 4 .55 6 .62 9 .55
2 177 75 .74 7 .65 60 .54
3 .67 6 .83 8 .64 1 .53
4 .60 7 .65 9 .58 2 .525
55 .53 8 .64 40 .45 3 .52
6 .46 9 .59 1 .43 4 .51
7 .41 80 .58 2 .45 65 .50
8 .50 1 .62 3 .56 6
9 .61 2 1.12 4 .66 7
60 .69 3 .76 45 .68 8
1 L71 4 .65 6 .58 9
2 .69 85 .60 7 .43 70
3 .63 6 .64 8 .46
4 .53 7 .70 9 .70
65 .44 8 .70 50 1. 40
6 .44 9 .68 1 .80
7 .48 90 .68 2 .71

a) N and Z mean the neutron and the proton number, respectively.
b) o~ and oz mean the charge dispersion as a function of neutron number and the charge dispersion as a function

of proton number, respectively.
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Fig. 9 Charge dispersion ¢ vs mass number A. Four charge dispersions obtained by different procedures are
compared with each other; ©: by fitting charge dispersion ¢ to the observed fractional yields compiled

by Wahl?.

The calculated Z, values from Garvey’s mass table (see Fig. 3, 6) are used, [¢]: by fitting two variables
¢ and Z, to the observed fractional yields (see Fig. 9, TABLE 3), X : combination of charge dispersions
as functions of proton and neutron numbers; 0.5X(sz+0N) (see Fig. 7, 8), and -: Crouch’s charge

dispersion®.
Thobahs. o DkFHESZDIc 3.1) KXo
BEAEHET S L,

EHNPSIEE

oo (o) To)_
&2y, P o) OBiEEEZ3 o ik
o=0
1 1/2
el
L85, WESTRERERTHEE»0Fz—VEEK
£oT P§0) D32FT0VRBO2FOL>IEHF OB,
1€1=<1/12 135 P(o) 3HRRBA
€] >1/12 oB4,
o<oo 15 Plo) 31
c=00 T Plo) 3K
0<oo 735 Plo) b
Fig. 10 2 2D {=Z—Z;) it L THRIWNED
#|4A (fractional independent yield) P(o) 2 7 o } L
bDTHB.

Fig. 10 BLULOERM» O b & Sk dic,
WROEA P& 0) D o IRTEHIIHMB TRV, Lk
- T Fig. 7 B LU Fig. 8 iIKRLE=Y v 7 HDEET
BEE S DL D70 24> THMVINEO B AP

(3.2)

0.8

e
o

e
>

e
)

Fractional independent yield P(z—zp,0)

0.0 ! L ! !
0 0.2 04 06 0.8 1.0 1.2 14
Charge dispersion ¢

Fig. 10 Fractional independent yield P(Z—Z,, 0) as a
function of charge dispersion ¢. P vs ¢ curves
monotonously decrease when the chain length
Z—2Z, is less than 1/12, and the function P has
the maximum value when Z—Z,>1/12,

BLT2ER0ESLS, F2—VvE E=2Z-2,) ¥1ib
LRMEEN Zp KL ->T P& o) DHIEIHRE S,
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(2) BMEBH Z, LHBHYHBE o DT 495V YT

(1) Tt 0=0.62, 0.58, 0.55 &MZ T - TIEE
AOREMD S ENENICH T BIRFERR Zp ZRD,
ZORBAERRMOAE LI Zp LHELE. 251K
D Zp OFEHEERN THESGIR o OHBYIRFY
AHELK. TOELLDBACBNTS Z, 0 DED
ShOBMEMMBFEBLIHOENTINSG. TORAEE
DOEL eI >X¥DOHEERAI.

IERE & P(Z),Y(Z) 3 (B.1), B2)XThobEh
3H0EL, Zp & 0 FHEN A OHTHKEL, BT
¥, PHEFRCREELBV O EKETSE. L
DIREMNE LFNITERK A 2 b > T X TCORERK
(isobar) DINEEIEONEMERFICHERT S Zp £ 0
NEAET BRI THA.

Fig. 11 {2 Zp %) 2 2B A IR SOHEMEIC 7

4.2 25U(nwm, f)iTB1 2THEME 0 OE BB 1

4y }TB 0 DHBEANOILDOTHS. HEXR A
S OERBEOHMMS— A TR ZH S LORELME
T3 (Zp0) 5 Z 3. Fig. 11 LW TOEEDTT
20D EL 2KBULOHNBIBRXTEHTH
5.

Fig. 11 OEFIcE 3 Zy7 123 VR TRDLRHEES
HMOHEMTHY, WREAOREMEEIERET S Zp &
o DA% & 2BAEERE L TRV, $ubb,
Z, 2 BT Zp0x0.95, 1.00, - &7 77 &
—~EhITELI .

35U Q@b FRARICE T A NERE A DRIEEE
T EICRAR I FETHHOR XA (Zp0) ZLOXRT
HBE TABES DL -7z, By aTLL bhicl
BRZXTA2HDERL, vy 3AOEBERMOEN &
XX LB DTHS. DR 2EEESZXT

TABLE 3 Comparision of empirical Z, and ¢ values obtained by different procedures.

Mass No. Dis;:e)r:)ion . )llffost ProZbit},))lf) Charg; o o
o b8 . .
A (Zy-0 fit) Z g by (om0.62)  zyn 0 g ()
84 0.47 33.15 33.83 32,63 2.0 1.7 (Rb, As)
89 0.76 35.22 35.25 35.44 0.9 0.6 (Kr, Rb)
90 0.74 35.70 35.80 35.81 0.3 0.3 (Rb, Y), Kr
91 2.0 36.21 34.10 36.73 —6.2 1.5 (Sr, Y),Kr,Rb
0.68 36.90 36.71 2.1 1.5 Sr, (Y, Kr),Rb
92 0.58 36.72 36.75 36.72 0.8 0.0 (Y,Kr),Rb
93 0.56 37.26 37.30 37.28 0.2 0.1 (Y,Kr), Rb
94 0.52 37.79 37.60 37.69 —0.6 —-0.3 (Y,Kr),Rb
95 0.51 38.33 38.0 38.13 —0.8 —0.5 (Zr,Kr),Rb, Y
0.61 38.3 38.10 —0.1 —-0.6 Zr,(Kr,Rb), Y
96 0.52 38.84 38.5 36.71 —0.9 —5.5 (Rb, Nb)
97 0.62 39.24 39.15 37.04 —0.2 —5.6 (Rb, Kr), Nb
0.54 38.80 38,92 —11 —0.8 Rb, (Kr, Nb)
131 0.71 50. 60 50. 40 50.72 -0.4 —0.0 (L, Te), Sn
132 0. 66 50. 96 50.95 51.00 0.0 0.0 (Cs, Te), 1
0.61 50. 85 50. 92 -0.2 —-0.1 Cs, (Te, I)
133 0.43 51.34 52.20 49. 65 1.7 -3.3 (Xe, Sn), I
1.08 53.30 49.91 —3.8 —2.8 Xe, (Sn, I)
134 0.41 51.77 52.59 51.98 1.6 0.4 (Cs, Sb), I
1.35 53.92 52.21 4.2 0.9 Cs, (Sb, I)
0.59 51.70 51.52 —0.1 —0.5 (1, Cs), Sb
139 0.53 54.02 54.55 54. 08 1.0 0.0 (Cs, Ba), Xe
0.85 54,35 54.01 —0.6 0.0 Cs, (Ba, Xe)
140 0.54 54,55 54. 90 54. 49 0.6 0.0 (Ba, La), Xe
141 0.58 55.09 54,85 54.88 —0.4 —0.4 (Xe, La, Cs), Ce, Ba
142 0.49 55. 60 55. 08 55.33 —0.9 -0.5 (La, Xe)
143 0.60 56.12 55. 90 55.95 —0.4 —0.3 (Ce, Xe), Ba
0.52 55.55 55.88 ~1.0 —0.4 Ce, (Xe, Ba)
144 0.67 54,50 56. 60 54.94 3.9 0.8 (Cs, Xe), Ba
1.9 1.8

*)

charge dispersion derived from two variable; Z, and o, fitting. Fig. 11 was used to find the intersect points (Z,‘*, ¢*’)

where the observed fractional yields of isotopes shown in the parenthes of the 8th colomun were simultaneously

reproduced.

§ the most probable charge derived from Garvey’s mass table.

t the most probable charge derived from the observed fractional yields assuming 0=0.62
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Most prabable charge Zp

37
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Correlation between Z, and ¢. This is a part of Z,—0 correlation map. Z,*f shown in the upper
corner means the calculated most probable charge, which is shown in Fig. 2 to 5 by the solid line;
and four different values of Z,*f shown are used as reference values for studying the correlation.
Solid lines mean the correlation curves on which the observed fractional independent or cumulative
yields compiled by Wahl” are reproduced by using these Z, and ¢ values for equ. (3.1) and (3.2).
Larger open circles refer to the locations of (Z,, ¢) points where more than two observed yields are
simultaneously reproduced.
The location of (Z;, 0) mentioned above is summarized in TABLE 3 in comparison with the other

results,
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fok S BT L UHUTREOHEAHRIEL O &K
L7zb D% XAITRLTHB. * HIZ Crouch itk 5H
BHKECHBSHIETHS.
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TAROHBICHIET ARBEOLE L h—HDRELCL -
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EBTHAS. HERIM OBAR 2HEORUYNEZX T
Z2O034b0, HEAGREREE L ZH 0.41, 0.59,
1.35 T 3. HEMNK 139 @ L TbEKTH3. HE
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4NN
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HEBAELHROBALABRICKRERTRERTY, T
NRERMETORBICL 2 EEROEEZE LD
27 EiLEBEDTHAD. :

BB Z, DEBRERWESHIE o & 0.55,0.58,
0,62 E A Th Z, DEBMKEROES D& RYES
Nisly, TABLE1 1845 1 % &5 KEVERS R OREE
BHOTHME Zpw X DBOKSRA OFHEIE Zot OF
Mo REENKEL, B-ERFBEAICET S 0=0.55
0.58, 0.62 OEHEIIMK 0.4 TH3. chid Wahl ©
i 0.44 2k —FHLTWA., 0.55 O o i L
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EOKRCEET S, Zoi OB E Zpn OEMMHIC
HMBLUCESE Z, 3132—eM0. 4 Kfgeh 3.

DI E O » O BRBICKE L WHENTNIE 0 2H
Wi A Y 2R R CINEHAOHEMRET 4 v M T
2 LRREETHS. £ THEBKED Z, GIHME)
ARNTo DEBEIREN%Z & 5 L Fig. 6 DX
3. ChAEBRARERYOBFREhHETFROKER
DINTHB L Fig. 7,8 DL DTS, RBAMGIE 0 O
BT Z, PHEFH N KER< Yy 7BEHCEY
BHET— Ao & BH > THRICEE 74 v T4
VIDBHETH B, 2fNKsBL Fig.7, 8 DILYH
SHOEHMBEERETALOLELNSE. Vv JHOE
BETORBEAOAMBENETRT 270HIC, 0 ¥
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U O#PHTHABICEEEBONT, BEEN Z &
HESHIE o OHBRBUKEM AR Lic. ABiTRAE
F—ARBLEEBNT Z, 0 DYVARF?T 4R
ELOHTHHE—BUTF->TEL, 2 THLR
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4.3 ®EEv 2T v TEROMBH

B B ot B, &k B OE BL I A& fF &
AR RO EH oA EY £ B oM —F

T | R EAET 2 720ic, FCA Kk 5 BB v 77 v 7EBEORBITZTIE~ 1.
b WRIT L e NAIG BE¥t v b NNS-5 AL, TEREE 7 2 2 KOV TERE/ERE
DOHE, FOREISOBEABREL:. BITOFTESEERIROLSITHS.

(1) SfEKEOTHEBALOESMERL, CE K & 5 BEE S BERNEOW S THHE
L, THEORERI B L. LMo THEBOEHERIBOBETTRILERLLERS.
2) BERTS5 Vv F RORISERME 10-30% #/NEEST 5. (3) &Y vHRBELSAH L, hHET
EISEAMOREEAFACLZEOVEETTRTE 2. O SBME BC HEBRKISER, B4 OH#
ERBIcLTRE Lk CE kA8, 6) WHRICERK®D CE hEEhi.

Analysis of “JOYO" Mockup Experiments on FCA*

Shungo IrjMat, Masaaki Iipat, Masayoshi Kawarf,
Munenari YamamoTtot, Tadashi Yosumat and Junichi Sanot

JOYO mockup experiments at FCA were analyzed to assess the JOYO nuclear design
calculations. A previously developed NAIG group constants NNS-5 were used for both the
analysis and the design calculation, and the calculation/experiment ratios and the their un-
certainties for principal nuclear parameters were determined. Highlights of the present analysis
are as follows.

(1) The criticality factor of initial clean JOYO core with all control rods withdrawn was
predicted by two methods: C/E method and the method of density coefficients. Both methods
have yielded almost identical results, thus giving confidence in the prediction of JOYO criticality
factor. (2) Reaction rate distributions deep in blanket were underpredicted by 10-30%.
(3) Gamma-ray dose distribution was predicted satisfactorily, provided that the source distribution
was corrected using measured reaction rate distributions and reaction rate ratios. (4) The C/E
ratios for the worths of highly enriched BsC rods were well constant for various patterns of
configuration. Positive interference effect was found for two rods separated over a certain

distance. (5) C/E ratios for material reactivity coefficients were determined.

ch EXFFLT, PNC 55 0FFETHED NAIG B
i eHRE s L CEBRERIT 2T, SRKERHEZ
1. ¥ A Hh = EDBIELETE . CORETRELLUTCLEEOR
FERIC OV TRERIERD O EREERZ R~

Z2ETOHRNKESEZBOTHRREZELETS.
BAKRGETERIOEERRS [FH >0 THEB AREAZTMCHEBFLOBEEZLZLTELH. B
FCA T 19704£2 A& 2 EfIchic» T, FCAEEH 34 MY v 44, Rl 100 MW, LKL 250
LYY — X UTEHAREEEEEERST b, L THv, FLEHE PuO: & 23% Bfg UO: ORA

* KHEREFHE - BRRKBREEMOFRICLD, HEZHBIHRSHH NAIG AR TTE - 1A EDORRBEECES
WTWH 5.
t BARFHE%E KK, Nippon Atomic Industry Group Co., Ltd.
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#Ee, Pu gL Pu/(Pu+U) 134 18% TH5.
DAMilic#s 30 em B depleted UO: O #im, BHR
TS5V FHHD, X 5IC steel-Na OREHATHE
nTW3, M, TeEIE 0% Efo BC T, Fid
AR 6 KRB I TS, REFTIRFHFICE
ST — &, PEEROREIS, TIFREFLEER
LT, Fix OB 5 2 2icket, %K, B8E
HEMELILEBLHO [RAFBREBE] 2&TTH
3. 2hRMATHS—D, TCETRBHTUBESE
EHlnEnS [HHBEBE] BEESI . FCA
ke w s 7y TEBREFOBITOBNRIEBOCH
O DOFEEMME T 2 2 BEFHFTRBLEOEHNTTR
ENTVEBLEIDERERTLZETHD, Rithd
DHEMEE RN, IZHRE LT, REIHEEEDHDT —
B AR AR T3 EThH 5.

T ORI RA R R S AT, DBEHNNS-
5 (NAIG Nuclear Set No. 5) i€ & % 2 &RT 6 BB
AR AL U, COREHEEREARGT 37120
iz 16 BILEETE S ABBN BEERCORRLETLT
i, Fi, BBEU»LOTH, FHEHREE S
HE, BAoMEERSICL - THEMRE LTH- 1.
hiE 7 o A v F— 6 HONH3, ABBN ik T 4/6/
8/11/14/25 TH 1V, RBO TR % V¥~ 1.4MeV,
400 keV, 100 keV, 10keV, 1keV, 0. 215eV {24E¥4F 3.

BT ORI, T 5 2 2 >0 TEHEM I
EMEOW CIE & Z O RE,PIDOETE LY, FEtTIR
COEE - THET 2 HENER SN, 2L, £
w 7Ty TIRBRTE/ND cell (5xX5X5cem?) ZBATE L
THBPLEERET 2 hEER-TEY, T2, HEO
HBRbH20T, £y 77T v TERHER S FE PO
MR EOERMBTUSNSLEL, HFEEDHHEEEOT
DN TREY 7T v TRREPOEB~DEETE 3
NFEHBEAZEZ B EDBBETH >, TORDICER
RO AEELE LT CE ic & 2MIEREXTLT,
FCA OfHEEIK X 2 WHBEEKICERKOMEEL M
WABERKEERV, BRI, mEOFEKX 54
RERIEF X —BL, FHOENEEROELVF
HEBBONI-SDEELS. UT, F2HETRIBREHK
OER EBAEBRMBICE AT —E TR P 2R, F3&
TREEREME 5 A 21T FCAESHFLY Y —
A TOWEEDIFENTERNB.

2. PBTEHYERL & Data Testing

2.1 NNS-5 (NAIG Nuclear Set No. 5)

COBEENE v M 1970 4 3 F iz NAIG TfER L7:

JAERI 1228

25 BB DO L DT, 1964 4£fRD ABBN B+ o bV
OFEAICE SO TE-> TV S, FEROFHRBRKRD LS T
H5.

(1) cross section OFF LOAIEME, FFMMEEE D AN
5.

(2) TEWKO fission ratio @ consistency 2 EET 3.
Z D1, 1keV Pl ETid Davey? H3zEff L 72 fission
cross section Z2—E U TEMHT A. 1keV DITTRME
ZICFHES 5.

(3) EWH D capture cross section DFHICE SAx
. BU DTk 2-500 keV 73 Menlove-Ponitz®
& Moxon® DF — 2 OEEEAL S . statistical 735}
BETRCZOF —Z3# keV PITTIX Glass 5% ©
Petrel SZERMEICIE S pICD78H35. 500keV Pl ETid
Barry 2D 57— 42 %%, ®Pu L U O a i
{2 ORNL-RPI*?, Dubna® %50 H L\ EE il A
%, MPu T Geel ®F — 4% & Pitterle-[|AVD
AR ERAT 5.

(4) BOEOABROHCERRFRIEBICKS L~V
RAEEED, BiICk 3 smoothing % 7755,

(5) Cr,Mn, Fe, Ni, Mo, Ta, B %@ absorption cross
section DFHEE T & 2 XTS5, choDF—4
BESDENKREL.

(6) ZOMIDVWTIRAET —F & HBLIEHMS,
Schmidt OF%{fi, ENDF/B-1 %3 3.

(7) Partial cross section Fl L A2MHEEDOTHITEA &
L CHEBENERICLOHFET 5.
TOE3ITLT ABBN BHERICKET, BHEfTE-

72Dt 21 BETHD, TO%k, R LOERETHK

BKEZEBMUT. Fig. 1 iC *¥U(n, v) B X, *U(n, 7)/

33U, f) hOoFEZREMHEE NNS-5 £ v b MEERT.

Fig. 2 X ®*U(n, n’) cross section T, & & Tld Schmidt

OFHiiZHRA L. (REITANZ X 3 CB|LT — 21

&3 data test ORRRI O UARTEZEOFHMEHES. )

Davey @ fission cross section 2 —EH LU THW-C &,

BXO Fig. 1,2 48 NNS-5 0 ¥##Th 2. Fig. 3 i

Mo(n,v) T& 3. NNS-5 i3 1-800keV T Ponitz @

FRE (LW Au(n,y) IKHBEI N T 3) 28D,

Zh YT L UL ETIE ABBN o MiEE- T

ENDF/B-1 Ti% Bloch-Slaughter ® ¥ — & sl ST

WEH, BETRAITRYUSHICENKRETES,

2.2 Data Testing

Fig. 4 K EROBERERESK > IOV TDESH
R EART. JlEEiE 1.00 TH 3, FEiL Davey
OHEIC L 2 EMBEEREETVTTRE DT,
XTI S AUTRANBTE-7cbD, BLY
Baker'® (z & 2#EREZ AT 3. Fig. 4 OEAEA
RRRBEAETNTCRBY 7 VT 5 Y7y M DHR



JAERI 1228 4.8 wBEv T v TEROWT 185
2 \ 238U(n’ 7)
- \\
A
\
o AY 4
R “ o Barry et al.
\
1.0}~ \\ v Menlove and Pénitz B
—_ L °e . \\ o Moxon
é L _°°L\ ~« Evaluation by Davey R
2 | 00 N —NNS—-5 i
\,
o | -——o‘ﬂ—\ ----- ABBN 4
N
0.5 o -
- o‘v\ ]
o \dv
B S i
L Oz~2_® .
_._‘?.o\\! =g v
- N - 4
0 | I 1 ~—
23 235]
0.3 . U (n, 7)/?U(n,f) i
\\\\
\\\\ e Barry et al./White
\‘s\ ode Saussure
""" ™ v Menlove and Pbonitz
0.2 _._.__.___%,\;,:\ v Ponitz ‘
/2\ P T : -\E--—- + Linenberger
[ \
b \ .
= X STyt v
N o V-}+.‘W~o___w ¥ - \
| - - i
0.1 — %
-
\
Y
::'\:\'_—_
N
=+
0 1 ] I S~
108 104 105 108 107

E (eV)

Fig. 1 28U(n,"v) cross section and Z¥U(n,7)/**U(n, {) ratio.

THy, HIFELFLTO N2g g/NSols ¢ OF
SEfEE L - TS, SHEORER, KROFEMGHE
LkZbDE, BAHERBLEOBRELORDL BONET
HH5D, 1% dK Z @822 LB3EZSNEL. Fig. 4
Mo B & Hic NNS-5 Bl *°U/Fissile JEF¥(tt
DT IC oM TEBEREB/NHE T 2HABH D,

F -, VERA-1B (U $iy) & VERA-11 A (Pu FAil)

DX 515 “Mirror” core OFRICTNDHHS. Fig. 5 i
NNS-5 OB EHEMACER LERT, U ok
BbEBFL & capture cross section, 2°Pu @ fission I X T
capture cross section % R L [ET — 4 OFFFEHH
TERLZHDTHS. TORFERIEHEBEROFHL
REO—BIIE LB BT 3. T OEREHI
2 @ 1.5MeV PlbTOHEMNMEKE % Schmidt DFE
mPoRVIC, Eh kb 10-15% BOAETEHEODOF
0% tc ik D FNE T 3oV — b T3 in
L, U OBRSHMEALIC & TH 5. Schmidt D
Y W HESAE T EZOTREODL LV IBAN
HIRicbH s, KEBRRY I YT ay 7ORT

OWLEARY FVORIEE, $b b Snell HERV DR
Wil % TABLE 1 IC7R 9. D TAsle TR 2 X 5 iICEED
5510 RO B34, U OEMME#HE % Schmidt
B LD 20% FUNS LALARIHEDO—HIZL
mEELLKEINSE, LEL, ThoDl Lid
fission spectrum & L TCEHEDHEL D  POBWNRA X7

PVERBCER > THORIUERPBONEIESD.
BEEORIER T — & T3 fission spectrum %5& 5 O34
LEEODL S THENAESICEI NE I DRET 204E
BHAS. Fh, HBO mirror core ILET BT N5
%»T, Davey @ oo HiZHEZHHIC 2-3% B HHE
b . BED 0o OWET — 2 ZRICEA
Davey OFHifE & » 2-3% K& L-THHATRE
. NNS-5 &y b Tl LB~ XD BEFHNITER
TENGHEBERFTE > TORL.,

Fig. 4 @ systematics = HHICHTiIH 3L, BEHET
AEE N2®o® g/Nisglisg 230 LAt TH 50 oK%
BWERIZ NNS-5 TRARS TRITE 2 ENTFRIN
3. %1z, —K, Fig. 4 OEREAKRB B LALLEY
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H3E hHFHEEARSRE
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o | \
i Evaluated curve
1_
%’ — J.J.Schmidt
L S.Igarashi et al. (rough plot)
. 1 ! | B N S | 1 L L [ PRI
0.1 1.0 10
E (MeV)
+Walt, 4Beyster et al, vBeyster, VSchrandt et al,
OCranderg-Levin, 4Grazkov, ©Batchelor et al,
eBarnard et al, <¢Smith
Fig. 2 Total inelastic scattering cross section of 23U,
4 A
s A s,8 Mo (n, ’)’)
o..o A a A
o 4 ST%L 28 A,
A TTETTTT 0%, s
o ° ' A -
1.0 '.: %"..,oe .
° __“_.wo ° 000
)
2
[
2
S % Diven et al. (1960) N
A Bloch-Slaughter (1960) oN o
0.11 v Macklin et al (1961) TR |
O Staviskii et al. (1963) }Ku .
SO~
o Kapchigashev-Popov (1963) X}ﬁ N
o Mitzel-Plend] (1964) Nw_
~~ Pénitz’ evaluation I
-—---ABBN
L i 1
0-0175s 10° 10° 10° 10°
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Fig. 3 Capture cross section of molybdenum,
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o U assembly
1.01 © Pu assembly 1
® Pu-U mixed assembly
. “6F
1.00 - 12
“ oo
[ON §40
. V-2 V-1,
% |*VERA-1B o e
« 48
0.99 SR M
o ZEBR-A2
e -1
0,05 VERALIA 1
ZEBRA-Bl
0.956 }
0-975 0.1 0.2 0.3

SBg/Sfeslted at core center

Fig. 4 Calculated criticality factors of fast critical
assemblies (NNS-5, Sphere model).

4.3 wBEv 2T v TEROBIT

TABLE 1 Testing of NNS-5 by Snell experiment.
natural uranium block. ’

187
1.01 oF
{ 12
4
1.00 o o
?
JVERA-1B . °
V-2 18 o
v 4
0.99 ]
ZEBRA-2
VERA-11A
0.98 ZEBRAHS
0.956
0.97
0 0.1 0.2 0.3

ZP¢/ZS "¢ at core center

Fig. 5 Effect of cross section modification on the predic-
tion of criticality factor.
@ NNS-5 O Modified NNS-5 (not in use)
Modification :
oe': +(2-3)% above 10keV; o.4: —(10-15)%
for 1-10keV ; gina®® : —(10-15)% above 1.5MeV;
028 : —89 for 200-800 keV, +10% for 1~10keV

Fission ratios in equilibrium spectrum in large

. 05)a® o7/ af%a®
Diffusion Cale. (NNS-5) 328 23.9 295
Sy Cale. (NNS-5) 317 24.4 290
Diffusion Calc. (a1 X 0. 8) 227 19.3 207
Experiment*:

Snell et al., 1943 200

Brolley et al., 336

ANL, exponential 363+40

Leipunski ez al., 1958 249+20 230

Saclay 221+11

PAJARITO, indoors 200+10 15.94+0.8 228412

Chezem, 1960 240+12 1542 250+16

® From ANL-5800, 2nd edition

59753y b DT, UO:-Na 735 Vv PZZD
FTIWMATEBRLRBSTL.

Data testing (3 EZhEROMIc, FULRKIGREL, H
DE RS E, delayed critical T @ time constant 8/,
B YT E Y 75 —RISEIC DT TR 7.
OB ZH, B HABRISE, KERAHICONT
DFA P71, ZhodTFA ML, HELiED
—HOBERMSC L Litic, ERBEROLRMLK
HREAEEL T L EBRBAE.

3. Eul79TEBROBELRBRITRES™

TasLe 2 i€ FCA HESHFLY ) —XTHIEINKERB
A3 2. Assembly V-1 & V-2 3 B #Ifa8 5 +
FNESTRVYENER T, Pu B V-1 TR
11%, V-2 Tid 14% Th3. V-3 EAEKII 6 KDH]
T » 2 VESDTENEE TECHBBRRISE ORI
EMBTHEbIh. V-1 05 V-3 I TOEAKRBMED
BRTRARAY S VEBDOT7 5V v PRV TV
0, V-3 BAKOT 5V vy b EEBRLL—ED V-3-
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TABLE 2 Measurements made on FCA assembly V series.
V-1 V-2 V-3 V-3-B1{V-3-B2|V-3-B3{V-3-B4| V-3-B5
Assembly name Physics | Physics |[Eng.  |AluminaDual  [Thin  [Thick | Fuel rack
mockup| mockup| mockup|blanket |blanket [sector [sector | mockup
Criticality X X X X X X % X
Reactivity coefficients:
Sample reactivity X X
Sample Doppler X X
Fuel/Na substitution X X X X
Sodium void X
Core density coefficients %
B«C Rod worth X X X X
Power distribution :
Central spectrum and spectral index X X
Reaction rate distribution X X X X X X X
v-dose distribution X X
a.=p/l X %
Z . "
m TABLE 3 (a) Approximate compositions for cores of
90.0 JOYO and FCA assemblies V-2, V-3
) and its versions.
Plenum (Na-steel) JOYO  Assembly V-2, V-3
70.0 - Material (g/cc):
‘ adial 3 U-235 0.67 0.59
Axial Radia @ Pu-239 0.47 0.425
blanket blanket > Sodium (Aluminum) 0.35 0.31 (0. 40)
(UO,—Na) (UO,~Na) : Stainless steel 1.63 1.56
2 2 8 Fuel composition (a/o):
8 U-235/U 23% 20%
30.0 w Pu-240/Pu 25% 8%
~ Pu/(Pu+U) 18% 149
Core Oxygen/metal 2.0 1.55
midplane
I TABLE 3 b) T E . v /2 i
0 66 BT 50 & ABLE 3 (a), (') WHBEEY 7T v 7RROMRD BT
Fig. 6 (a) Cylinder view of JOYO (control channel DHEBREHT 5.
omitted).
Z 3.1 ELhIEER
cm
61.0 U
, TABLE 4 IC € v 7 T o 7 BAKO AR RiEE
Axial blanket Y. B clean WIEKRIC DV TOILBGEME 5L
(NU) PO AL TERY, ERUSHEEMA T as-built 72
EKRDEMBERAS > T bDT, WHIST2RE
30.5 31000 TH 3. Al bLOoBZEIEGEGEEZED T
) $0.2% PIEENS T ERBOTHAS. COBELD
Core RB [ RB HBOPRIFL, HOEIIKEOEDRMELETHT S
Lo Aol &\, TaBLE 3 (a), (b) IRLARAD B, MRS
e .~ = "
| micpan B, BRU TABLE4 THZ & 5 ICHEEEA BIER
OL ~ / DELOEXEEMT L ENYBETHS. T TRERD
35.4 57.5 cm ZODF®BER .
Fig. 6 (b) Cylinder view of FCA assembly V-3-B2.

B«C channel is omitted for simplicity. RB-I
and RB-II are UQO.;-Na and UO:-AlLOs-Al

blankets, respectively.
B #4kpfilzh, TCRKISRAHEBHE SN Fig. 6
CHBEHARL V-3-B2 ARO R-Z KRR ZERT.

(1) CIE oF#:

UO:-Na 75 Yy hDEw 7T v 7 (V-3-B2
HHEK) BB EOMCRERNBABRLORBEILL
LD LRET B, V-3-B2 EAKIBE T 5 Y7 v b
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TABLE 3 (b) Approximate compositions for blankets of JOYO and FCA assembly V series.

FCA blanket type

JOYO
NU metal UO0:-Na UO2-Al:0s
Materials (g/cc):
U 4.4 16 3.7 3.7
Sodium (Aluminum) 0.28 0(0) 0.3(0) 0(0.54)
Stainless steel 1.45 0.9 1.55 2.55
Fuel compositions (a/o):
U-235/U 0.3% 0.7 0.2 0.2
Oxygen/metal 2.0 0 2.0 3.5
TABLE 4 Summary of calculated criticality factors for FCA assembly V.
NNS-5 ABBN Transport
A li Model
ssemblies ode K K Correction, % 4K
RZ 0.999+0.1% 1.032+0.1% 1.2
A V-1,2,3
verage of V-1,2, XY 0.998+0. 2% 1.029 1.2
RZ 1.008 1.044 1.5
V-3-B1 XY 1.005 1.029 1.5
RZ 1.007 1.042 1.9
V-3-B2 XY 1.002 1.9
Adopted C/E for JOYO XY 1.006+1.1% 1.087+1.1%

BEBRRY S v1zDT, th# UO-Na 75 vy
FEEEDPARBRREEZ, CThO “RBRHN” 3%
HrgeREE L, CE ZE» 5. O CE -
T,
K(xmem) =K (BBit5m) <EC

LT, HROBER Yy PEES>TRA—DHEVEDS
N COFEORYESRIEINLBDLERTROT
55, T, V-3 &tk D V-3-B2 REENOH
T, ¥RbERFATI V7 v POEBRRY 7 Vo
UQs-Na~D B#uic k5 RISELRLOREMIT —0. 4%
AK, #HpEfEiz —0.18% 4K Th 5 (k2L OFHHIE
13 NNS-5 & ABBN OBEM -t v MCREDKFLE
WS, 1HRICEHEE 2RTAFH E TRERY K& 10EH
Hote.), Lichio T, BAFAETADIET I Vr
v VEBRISEO “UEM” RBLE —1L1%4K, &
BEE —0.3% 1Kt , 0.8% 4K X0 DFThEET S
bOEFRENE. —F, EBRRY I VT I /Ty b
DIFL V-1, V-2, V-3 #4584k EZZhHEERDO CE
TABLE 4 > 0,998 (NNS-5) k¢ 1.029 (ABBN) 72
o, B, REEKRICXT 2 C/E & LT TABLE 4 DF
FEHCRT & 5 i 1.006 (NNS-5) 3 & ¢ 1. 037 (ABBN)
%1B%, cO CE HORE,EELLT L1% 4K 2R
Adr. BmEORERR (i) V-1,2,3 £4#%kTo CE ©
Eoox: £0.3% 4K, (i) MXERMED A HENS
+0.4% 4K, (i ) EBEZ~OABORHEL =+ £0.4%
4K, (V)77 ¥4 v PEBRICEHMEDORZE : £0.9%
AK %EZ, &L EME UTHHRES S, D1 1%
JK ORWEM SR Ty 7 T v TEBERORERE L TR

FEFICAEVD, LOFER (v) DR S BBKOEFE
THd. T30y FEHRISEOTFUBENC EOR
mELT, =X VF-BEORE, 77 V7 v FAEHD
BRAKESRYHES D, 77 Vv FOFGHEYE, #
ERORMBESEHSEELLS,. L L, NNS-5, ABBN
Oty PESTFVr v IRV TRELLS
BEAEX TV AOTHBICHEROMBELRALER
v». JAERI-FAST, RCBN + v MEiC & 2 3% &0
BH.

(2) HBERYE

TABLE 3 (0) THIB X DI Ty 7T v THLEFBEFL
OMHBIZ TR 12> T Y, fissile element TH 10%
OBPEENDD, %7z, Pu RMTHRENENS. FCA
DOHFESLWORMFREL-FRICLD, V2H LA E—
b UTHBEOESEERZROBREC T THEES 5.
mwie, V-2FLBNT, ¥4 ZRAEDE IHBF
DHRIEL S, 2OIVORGELLE, V244K
THEINTEBRTRE EOBERISE #RE0 5 exact
perturbation theory DB} % f5 v THERAIC AR L TK
W3, WOBKELT, FbLd4 X2, HEEs v+
ANVEZBEL, 75V v P EERRRY I VHOEB
Ty VCEBLTEBRRICET. ZOBTICH
) RISEZOHEIFAEEERET 2 BHEEF » &
WERE, 77V PEBEOIVORIGEELOHEER
WEEEE - THET 2. V-3-Bl 44k (UO-ALOs
T3V o) TTZ V0 y FPROBERBEBRES N
T3, ERRKRV S VEREET 7 Vv P OHRD
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TABLE 5 Prediction of criticality factor for initial JOYO core (17.5 w/o Pu enrichment) with all control

rods withdrawn®.

Eigenvalue, Corrected eigenvalue Eigenvalue,

As-calculated C/E Method D. C. Method® Adopted
NNS-5 1.034 1.028 1.029» 1.028
ABBN 1.065 1.028 —_ 1,028

a) Method of density coefficients.

b) Based on Keepin’s beta data. It varies 0.2-0.3% if other reactivity scale is adopted.

= M REROENE LV O THBRAFORENK
X<, 75 vy VEMICH L THEBERBEEERT 5
el

PIED o0 KH% 17.5 wjo Pu ELED HBHIHIF
D (B4 RkE) WEA LT, Taes OFR~%E
B2, chEDHB IS RNTROFETOIRERD
EHBELRIBOTEL —H LTV S, HROCL%E
Pu E{tE 18wfo iIC DWW THTHY, TOKE, B
OERNIEERIEMREI NI, ZD2DOFETO
HERCXD, FEESHRBEROFUBREILS £0.5%
PIR, BRFNICRE-TH £1% DRTH A 5. RTH
KEEZEHRR, 77 vr v FERBIUHEERT v &
WEBICHS KSEELOHEECOREIETH S, HE
E¥E R O o S VIR EORISEEL PO E S
BEGCHES RISEELERSSHBELTOS., Lok
5T, By T v THRLLLEBNOBTORREILE

0.0363%)

AK/K in unit of po (oo
o

Natural U

—0.5

1 1 1 L 1 L
18-18 18-19 18-20 18-21 18-22 18-23 18-24
Radial drawer position

Fig. 7 Radial distribution of density coefficients in
assembly V-2. Comparison of diffusion theory
calculation with experiment. Reactivity is for
12 material plates of 2x2x1/8im. size replacing
void in a drawer through both halves of the
assembly.

3 ARIGEZELOHEEDOERED, net result &t LTH
ZREEFOTRLICEEZERLTELONRNERS .

3.2 RICERY

Fig. 7,8 12 V-2 £A4RKTOEBERBOFLN radial
traverse D RIEME & STEMO LB ZRT. HEEIT unit
cell R T 2HME 7L — D, KA FiT relative 13X
GETHD, EFLEIC OV T (12 unit cells) FE#HT
RbhTw3. FEIEBEMTHS. Fig. 7,8 o H
5L ICHBRBFASHEERCEELTEY, fissile
element (2N TRHEHMESFERO B —H LT 5.
F 1, FLEIL TREGEANOFERIPHTFORND
EbDSELEEY, 2 TRIELAEO—HKIILEW
R, 20Z & IFPMIE O transport cross section
KELVLBYBEVZEERLTV S @K, 2O
cross section KR XEBENINTIEREOTRICHT]
BRODTHAETELEEZTCRVWESS.). KRRV YV
OHEMEAEEOTHIRIEEENRICL - THEHD
BB B AL LEEZERTHLERPATEZS>TH B,

0.4 Al,0, ]
0.2} * : |
B Na
fe] o (e o ° .

$§ 0.0f-=mmmmmmm e oo
m 1 1 i 1 i A
(=]
3
10]- 0.4‘ -1
o " Al ]
S 0.2 ;
< A — * )
“— )
o 0'0 L L ) I Il !
‘g 0.4
£
e 0.2
S~
S

0.0

18-18 18-19 18-20 18-21 18-22 18-23 18-24
Radial drawer position

Fig. 8 Radial distribution of density coefficients in
assembly V-2. Comparison of diffusion theory
calculation with experiment. Reactivity is for
12 material plates of 2x2x1/8 in. size replac-
ing void in a drawer through both halves of
the assembly.
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TABLE 6 Whole core density coefficients for assembly V-2. Comparison of calculation with experiment.

Measured Calc./Exp.
Material

Worth® NNS-5 ABBN J-F-1I» RCBN®
Pu~239 231,742 1.04 1.03 1.05 1.02
Pu-240 53.9+5 1.24 0.76 1.08 1.12
Pu-241 290.4+15 1.12 1,02 1.30 1.10
U-235 146.8+1.8 1.13 1.06 1.10 1,12
U-238 —1.2140.15 2.53 2.45 2.38 2.19
0 2.58+0.08 1.13 1.06 0.95 1.06
Na 3.84+0.10 0.74 0.71 0.59 0.72
Al 1.8040.07 1.10 1.05 0.92 1.00
SUS 1.1540.05 1.36 1.26 0.92 1.10

a) unit: 4K/K/10* atoms/cm® for whole core:

b) JAERI-FAST/IL. Calculated by T. Lijima et al. at FCA®™.

c) Based on ENDF/B-1. Same as (b).

FrYwaL SUS OBSRIEEEYE, MXERYR
LEHICREHOMELH D T H LSBT ERA TG
V. FRY Y LOEERKD CE i3S b Y v LAKRA

FRISED CE & 1238, BENR, Birthy
Y ALBREMEORERICEENHLEEALOND. &
OBEREHBICT I r— b b0 THY, HEICRELE
TERBRVDOTRBOMERD.

TABLE 6 (I 2P VEERKONE LHAEOERKERT.
g s LT FCA o ffE 5% @ JAERI-FAST-2 &
& RCBN 4y b (ENDF/B-1 ZBEHLLcbD
ERMEEOIER L) KL 2HELSHLETHITH
%. Pu-239, U-235 @ RISE L, REROFLHFLTE
MAERT Y v P rickafile T3 CE=1.2x201 &
15 21 bW % “central reactivity discrepancy” DIK DI
Botos, BERENLHE TIX, Taseé LoHB X
SIHELRHEO—HIROBESI LTS, XL
FEEEHRAEAD S EABEERLIPLLARELLD, A
FLOTNGLMNETHAD. U-28Bico0TROTH
DA S HEME & KIBIC TN TS, Fig. 7 2 5H
35X ChREMESOIVDITIHELENDOKDTH
5.
WA E L 36 0y 7 (#95.61) KBTS
HEshTnid., BBcEBRTERBH, SV v,
BEMORIGERKD CE fiid ERO ChoDF—4
KESHTHRE L.

3.3 RIESH

% E) 5 FRISRA A & A v < R REsS
fins FCA TS e, WER 20mmé OEFHHD
REATLNC, fission counter, foil & & ¢ TLD 700 foil
(LiF) Tffts b, PHEFRISES A O ERIREI
DGR, Y < BBRII A v <& (capture, fission,
inelastic gamma) ZEBGEM TR YD, H v < BRElT
Build-up factor method THE L7z, KIZLA v =RIE
AR EBREUHEZDO SO T, PHTRIGRSH
oW TOD CE WA H > TELOWANEB ST ENE

BEThHD. Ff, WELHET SV, RYOHIE,
ERATORMUTF, FY<BA L) — I VI OMENL
WP, TOBREBOMEICIVWULTHRD ORENEN
5.

HY AR P VREHERKESHTARS—F
AawlcilE e, Nuclear Data ICHEIN TV BB AR
7 P VF =R AR TIE L., €&, TANMF
—2EULL RETECEBROIEETHS. AT —F
DEF4L3 E1 transition Z {KE U, Gilbert-Cameron D
constant tembéfafuré formula iz, H V< v
VO E A VF—-REFFRTREEL U TH MeV
PIFTHh B2, 5 constant temperature QAU THST TH
5. $ZDRED Fit, one photon emission TH %
photon OFEH T A NF—134T THY, T~500keV 72
P3N RF—FETEDNTRIEIESTHS. MR
MEEZEH Ay — FTH &N 3 photon 3 EiTET #
WE— e 3. $EER TiE selection rule i L
Do THHENZEI A NVF —RAEFBRTE OB,
ZLOHA, CORFIEIBARI PVELTHET —2
Mhb. FERUEBIABRON VBART bvid, BEK
BhR T 2 v F —DHRIE { TR D METEETHEE U
7z.

Fig. 9,10 i3 V-3-B4 &K & 1 2 PHFRISHK
LU TLD 700 i & %4 V< RREER G AHOHR
SEME LA EMEOREAIRT. Fig. 10 KR ¥ ¥ <RES
HHRLTHS. ThohrofBT LA,

(i) EHER77vrv rRTOFHEFRIGHEE 20-30
% B/NFHEL T 5. '

HYTHERMAOHEHEIMEBEL TR RS
—B LT3, chizEie, #FY<BESHE(1)
D C/E EESTHELLILDTHAD.

B2 BERSER EN VBB G -
77y PERPUATRRE-RLTVE. Mo
BOEELTRT 7 V7 v PRTON /< HOFG
BHEFERH om TH O, H v RREOMIEHEEE
(~15cm) ICHANT/NE DO THREICIEN v = #
D RBENTCHAT S, bLAYICESILHIE

(i)

(i)
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Fig. 9 Radial fission distributions in FCA assembly
V-3-B4. Comparison of calculation with ex-
periment.
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Fig. 10 Radial gamma-ray dose distribution by TLD-
700 detector in FCA assembly V-3-B4,

’ Measured; — Calculated; --- Source distribution.

The source distribution was calculated by using the
measured reaction rate distributions and central reac-
tion rate ratios. The gamma-ray dose distribution
was calculated by build-up factor method, and has
been corrected for the effect of streaming through
experimental hole of 20 mm diameter.
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75 vy VRON Ve REERD 5 BERRES
FEH VB A NVF—RBEEUSFET A L
WKDEZRT, HV=HBARI bvOmiEE LUH
RHERARETHSE., ChREBE—ALELUTREL
WEES, UL, PPEMCIANVF—EOA Y
XA RS EERREAEBHETIRLEL, B
XD U HBEBZT-HDICRE - EHRBHLETH
5.

7%, Fig. 9 TT 3 Vv R THEIE/NFEM & T
BERELT, 77— MERHESREHETED TV
Wz &, EBRARODET R + Y — 3 VS HROFEL
EHTHNCE, BXUOT7 7y rAEIO#E W FCA
matrix tube (SUS) 1 X C#E&EH» > ORHEHETE
BLTONRNWCEENSTONE, HOERAKRTOIHE
ORBTRINLOHMBRBETERNC LD S, i
BRI L #%E#R & 12, diagonal transport SAOEHE
D=1/33y LEHTHITERBEAEHBICIE S8
fe.

3.4 B.C FIHBRICE

HiEERIZ V-1 244K 0 5 V-3-B2 4K ET
REERESREST bR, AR, (1)&EFAKIE
EAf, (1)BREDER, (i) FBHEELLETORIG
B, (iv)BHREME, LREAHUBCLEHNTEB, CC
TREIC(i) OBITRERITONTR NS, TABLE7 K,
V-3 £EKTOTARY 524 —8 90% EHE B.C HlifE
B IGEO MM RIER & NAIG 5HE#EE X CE
O, FK (%), FHROFHEMPLOLKREERITS.
SHEFER NAIG, FHif & B, KRFEI—BIET
B0, HEEHEER—XE LTEHIERYR, FEED
BOMERMIMICTFE 7. TABLEZ 5 5 HB K H5iEH
ThostEs CE LR BOTRELBELTHE. B
DHIBBERISE T 20 T b RRICEHEAET L TITE
VY, TABLE7 @ C/E HA - THBE M AMIE Uik
B, NAIG, FE#E bIFEAEZTLWVEERKG. LI
S THEBHMBERSERESUBETTFRALELOL
ERD.

HEFORBEIC DN TE P A Y FLTEL.

(1) REMRERTEECETZEMENRRIVTN
LHUBERICEERBLIE s TMICHE, BBLT
KEUHEENSE (v 7T v 7THLT 14-18%.
EETIED > ERETW.).

(2) TAEYD/ 5A4—COEEHRI, 77X
2 —ARMNAEEZ T 2 FBREEET » 2 VET VT
BEMNTE A, $Hbb, COHAEGHMNRE
SHEDFE Y OIEHEMIC K ZD T, BiC mass
® lumping effect &% Z 5 HFBEFEITHEL.

(3) XY stEO:, HIMBEOWRIKDHM 72 HIfE T
» FVHROEHI Ny 7 ) YIEOEDFRIZEA
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CHEEICE SR, LA, HiBRERATSCLE
1 X 0 AR R O SRR O 5 T T R A A8
BH, MhaL R T3HR (HEBERIGEEZNS
95%) Bbs.

(4) HZFEHRMER LRD(2)OHREZ—WHIO
W EELTRL. UL, HESKE VS
A HWUITHENES LRIWS TV, T, ME
HMEOAHOKEXINORT, REHFELARENT
WHHFAbEZONS.

(5) 2ARDHMEOTHHEL, Taee7 2o H3
X, WisE, HEESL, BLIKEVLRRA, EX
o T CEDTHHREETSZ (LK LTEH
ROWEMmRIEENKEN.). 20O, BEKTO
VY YORENCRT 3 &S BEOTEHER B
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BICRRO LS TR TE LS, HAaBEANS
LBTFRERI ATV E L THRT, EFTEZ
3. TR ZEBOHBEEEZANS EgEL hiE
FARNTEZ. ULhl, TORRIFERIICPOPE
HLLbH 2. THBHROKE XIFISED MY
R L TRISEDOEBOHET IC & 5 hIKET
3. COTBHRBIRBFTRE-EFELLAD,
F 7, BPHTHETOERINIC LMD 5.

(6) HmEOCHREEIBOVEETCTRAITCE 5. BC
OBBEEELICHT A ISEELOFRRIAKS T
o7, BED S FR BC HEAB~NDOBEBRIISE
DEHERAEE B KLY, BErsF) Y
LADBHOFRNBASRL 12, TORKRIBERME
BC HIBERICELRES RES T LT~ 7.

TABLE 7 Reactivity worths of 7-pin type 90% enriched B:C rods relative to sodium in FCA assembly V-3.

Comparison of calculation with experiment.

Drawer Measured, NNS-5 J-F-II» ABBN (C/E)

Position® % 4K/K (C/IE) (C/E) NAIG JAERI®
Center 2.312 1.07 0.95 : 0.91 0.86
#1 1,283 1.06 0.94 0.90 0.88
#2 1.107 1.03 0.91 0.85 0.84
#1432 2.301 1.08 0.94 0.87 0.87
$1+44 2.632 1.05 0.96 0.89 0.89
$(2+3+5+6) 4.386 1.06 0.98 0.88 0.89
#1 pair 2.040 1.03 0.93 0.88 0.88
#1 pair+#2 pair 4.335 1.06 0.92 0.86 0.86

a) Calculated by K. Ikawa et al??

b) Drawer position No. 1 is 18-21 and No. 2 is 22-20 matrix positions. Nos. 1 through 6 are positioned in clockwise
manner to form hexagonal arrangement. Thus, No. 4 is located opposite to No. 1 drawer with respect to the

central drawer (18-18).

Note: The calculated worth is defined as 4K/K, not AK/KK'.

TABLE 8 Summary of Calc./Exp. ratios and their uncertainties for principal neutronics parameters measured

in JOYO mockup experiments.

Items Calc./Exp. (Numbers in parentheses are for ABBN set.)
Criticality factor 1. 006 (1.037) Error: <1%
B«C (90% enr.) rod worth 1.05+-0. 08 (0.87+0.07)

Reactivity coefficients:

Doppler, 300 K-1100 K 1.07+0.2 (0. 66+-0. 05)

Fuel 1.1140.1 (1. 06)

Stainless steel 1.35+0.2 (1. 26)

Sodium (central zone) 0.5540.1 (0.45+0.1)

Sodium (whole core) 0.7470:3 (0.71)

Central reaction rate ratio:

F4Y/F% 0.92 (0.96)

F2/F% 1.00 (1.06)

C2/F% 0.90 (0.89)

Reaction rate distribution:
F4o,F25,C2 1.00+0.03 in core
0.76+0.05 in blanket, 30 cm deep
F2 1.00+0.03 in core

Gamma ray dose distribution
Power in fuel storage zone
Kinetics parameter, /I

0.78+0.07 in blanket, 30 cm deep
1.00-0. 1*

F25: 0.94+0.06, F*: 0.79+0.06
1.00+0.1

® The calculation has used the “measured” source distribution of gamma‘rays.
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4.4 JAERI Fast Set % fiw> 7z FCA-V-2 B &t

fE N F

BB OKRIMEERE T 20D 18 - TR R, EBREE X —HL, BREhCRHV LT

BB RICRIZETHB &R

TR 2~30MNA%E, SHEBEOBR, BT -2 OREREX

KT 2BEA 52560 LTIRR L. FROBHOHFMICONTHERELK.

Analyses of FCA-V-2 Experiments Using the JAERI Fast Set

Satoru KaTsuracrtt

The results of an analysis made to confirm nuclear design features of the “JOYO” showed

reasonable agreements with experiments and adequacies of design calculation methods, in general.

Tn this comment, a few exceptional examples are presented in order to give an idea concerning

on limitations of calculation methods and inaccuracies of nuclear data.

Directions for future

activities of JAERD’s data and methods group are also given.

BT JAERI-Fast Set # > T, FCA-V (HB
Ty 7T v 7) EBOFERETEL, COBRPSEEL
WEMEOBRME AR L., BT UCRBIR, HEEs
B, MAHEE (FR3EMNMER), S P Y ILAREAF
R, Fv7 5 —0R, KRN, FORISEME
i, BEARETHS.

k213 JAERI-Fast Set &R OFE 22— FY R
FAEROERR NAIG 5iEED /S v—7FE->T
BRI N RERER—EERLTEY, BHRHE
OBYMRIENBRINILEO>TINTHAHD.

TR URTF — 2 L0 HEAEDP SR, TEBENENE
W biF T, JAERI-Fast Set O REFH &L LT,
MEAETIRT C LI 3.

2. JAERI-Fast Set [CDIVT

T, T st JAERI-Fast Set ic >\
THIMBEICHEAMA LT H {. JAERI-Fast Set | 1969 4 10

Riktx ko, 20k ®U0, U o WEEOEEEE
TI19704 6 AREFRAIN TSy P TE LE-
7-. JAERI-Fast Set # R vFv—7EERERICHRAL
JeRERIT, Fig. 1 ICRIN TV A, Fig. 1 I3EXhHMER
(FLLIRIIZHEBEREDDEINTVS) ZRHHR
(MAMEBENEYRBE) 2H#ELTRLTSH
n, @ ®, O@DITEICEL->T JAERI-Fast Set OHET
OR\EAEH 5D LTVE, OQTRUKSDOMERE (37138
HH 197246 ALIk) fHEbh T by PERVRE
ADEMBIERTH S. Hrhic ZPR-3-48 © & 5 K&

104
el 8
= % @ ©
+ ZPR-3-6F 8
=, oo%—'xs’ ®
o VERA-18
= ounh @zp@a-;)—m ©
S _ (X ® ®
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Fig. 1 Comparison on multiplication factors.
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BTORLEDRMISTE NV F v — 7EBROFHTH
%,

O©TREN2MEmIE ENDF/B-3 ick->THELNZM
MEBE—TH B, NWRET—2OEPLRELOE
Wb 3., 2Pu @RIk LT3 JAERI-Fast Set {3tk
MO —FARTR U oRIcLTRBED L0
—FEHE SN TN (R ° °x T %Py, U 0%
TharTEERLI).

@TTRENEEy PEOTRENS £y POENR
#¥U @ o, BOTIT 46.5keV~200keV T L/NEL
WoTWae &, $1-0LOEENE U D o & oc
H3 10~200keV T/HhE K IE->THBETHB.

. BEy M EBRAEROMER

Fo 75 —BROBITRERD TABLE 1 ILRIN TV 5.
#ih C/E L UTRINTOAMERBHK 0.6 THY, LB
LOR—EHREVC EERLTN G, BESESF Y
S¥by b3 ABBN HREBALTED, BEVKOH
CERATFIL 21.5keV AT CHESRTVWS., LU
Fig. 2 Db 5L 51T 2L 5keV Db S bbb D
HENHBHDLEZOND. Fig. 2 IL--HITKRKED
HELARLTHIH, cO0F5%24H 5 & CE O
i3 TABLE 1 Th o CHICRT L5 BHICIEE. TR
£y FOREDIDTH 3.

—hEF—20EL SR ) OEICEMEDHS.
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Fig. 2 Doppler group contribution effects and real flux
calculated by one dimentional diffusion code
EXPANDA-70D,

JAERI-Fast Set iz 19. 1meV BRI TV 558,
HEMELSRIREVEBBREIN TV IFENE . T
OEREEF » 77 SRR TL3bDEELLN
308, BEORITHER»S [y ODEERATHER
REETH 5.

TABLE 2 T2 BB (RS, TasLe 3 (T2 rul RIS B {E %
F Ut BERHOR *PuicL TR “Pu o453
BAEEBELLBHEELLNS. cdOfREX
BT2EMELN TS, Na KL TRA—EOR
A& L., T 30 KBEHLTHZOR—H
ZROBRL 7200 0, FERRT L v, EEERMAET
Oh¥:FR 7 b VvOEBEEEZERL 128 C/E T L7
BEITLIrREINLL., DORIGEMECEL TR

TABLE 1 Comparison of experimental and calculated Doppler coefficients.

777777 B ‘fr -6
Sample Calculating Group | Sample worth C/E Doppler effect (107¢ 4K/K)
No. method structure (10" 4K/K) 2a=0.0 C/E a=1.0 C/E
70 —114.2 1.11 ;6. 64(—9.05 0.62(0.85 —5.61 0.53
1. D. P (Sphere) ( ) ( )
- A9 25 -117.1 i 1.14 —6.78(—9.79) 0.64(0. 92) —5.89 0.55
2. D(R.Z) 6 _ —5.82 0.55
AT 1. D.P(Sph 70 2199.8 1.18 1.72 0.75 0.80 0.35
+ D- P (Sphere) 25 1.61 0.70
TABLE 2 Density coefficient.
Material Experiment Calculated C/E Ez%) Calculated
x
239Py 231+2 248.5 1.064 0.009 246.0
2573 146.8+1.8 161. 60 1.101 0.012 161.69
28U —1.21+0.15 —2.488 2.051 0.124 —2.870
40Py 53.9+5 60. 16 1.108 0.093 60. 09
241py 290,415 377.29 1.30 0.052 377.28
Na 3.84+0.10 2.466 0.642 0. 026 2.505
O 2.58+0.C8 2.453 0.949 0.031 2. 469
Al 1.80+0.07 1.728 0.959 0.039 1.753
sUS 1.15+0.05 1.096 0.955 0.044 1.178

Unit (4K/K/10% atoms/cm®)
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TABLE 3 Sample worth at core center.

Material Experiment Calculated Ca Cuo/Exp
EUO:;®™ 20. 04 24. 886 20. 04 1. 000
EU® 4.144 4.9674 4.0001 0. 9660
NU —1.178 —1.3025 1,0489 0.8904
DUO;® —0.984 —1,131 0.9108 0. 9256
PUO:® 35.91+0.49 42,621 34.321 0. 9558
Pu® 39.19 46.031 37.070 0. 9459
Pu® 34.49 41,545 33.445 0.9697
B.C™™ —435.1 —390.55 —314.50 0.7228
Na 2.284+0.047 0. 9385 0. 7557 0. 3309
Al —0.332+0.025 —0.4038 —0.3252 0.9795
Al:Os 0.811+0.020 +0.4384 0.3530 0. 4353
C 5.016+0. 044 3. 6506 2.9397 0.5861
SuUS -1.095 —0.9464 —0.7621 0. 6960

Unit pf/g=(0.1543+0. 0033) x 10-8 4K/K/g
(b) 5U: 89.83a/o

(c) ®5U: 19.912a/o

(d) 2%U: 0.219a/o

(e) Pu-239/240/241: 97.87/2.08/0.05

(f) Pu-238/239/240/241/242: 0.033/90. 468/8. 358/1. 065/0. 076

(g) Pu-238/239/240/241/242: 0.086/72. 344/22. 330/4. 255/0. 985

(h) B-10: 90.71a/o
B/BiC: 67.72+0.29 w/o

Core } Blanket

f

~ —— calculated

© experiment

orbitrary unit

o 1 L 1 ]
0 100 200 300 400

3 radius (mm)

Fig. 3 Fission distribution of 2¥U.
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. L ¥ U

bhbhid, SEFEETHEET — 2 OBFKICEL

T, o159/ FERETLIICTERL., §%OR

BELULTEERLOZHTZLUTOIDONDS.

1) FEEREOKF—4%2FEL0b0ETECE, 112
LELWSDRFAITHZDEIOMIL TN T &R
HIET, BT~ 20HPEDOHBERENEEZLD
NABRRECHENWEZERT 3 C LREUEOHWHHE
REANBORYIEEKRTHAD.

2) FegomasrREL, ERNEHALVATEC L,
ORI EEREREEORVP, FHHR~OH
Adazhh@lEsiso,

3) MMz —FoEk{, 2&2id Sy OKBE, &
ABRARAWEL,ICLT, ELWEBEOhZ&EEM
BT k.
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F—ZOEREZOMICEETZEEDIE, ZORE~OHBVRIDIVET 251477 ) ~OfifF&
1o TKRTF—2OEERORBO LK 3N, —Hohicwl, chETHRObNTE KT — 4
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