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Measurement of
Fission Cross Section and Fission Neutron Spectrum of Np-237 by
An Advanced Technique
Mamoru Baba®
Abstract

For fission cross section and prompt fission neutron spectrum, which largely influence core characteristics
of a fast reactor, we have performed experimental and analytical studies for developing an advanced technique to
measure absolute fission cross section and neutron fission spectrum for actinide nuclides such as Np237.

As the results, we could develop an advanced technique, which combines a normalization technique for the
well-known differential cross section and a correction method by a Monte-Carlo code for sample effects. This
advanced technique accurately provides both absolute fission cross section and prompt fission neutron spectrum
individually. By employing this technique, in this study, we have measured for three actinides (237Np, Z2Th and
233U), then, have obtained the fission cross sections and fission spectrum parameter data for those nuclides.
Furthermore, we have also performed an analytical study to examine sensitivity of fission spectrum paraineter

to core multiplication factor by using the standard calculation code for a fast reactor.

Work was performed by Tohoku University under contract with Japan Nuclear Cycle Development Agency.
JNC Liaison: Reactor Physics Research Group
System Engineering Technology Division
O-arai Engineering center, JNC

* Cyclotron Radio-Isotope Center, Tohoku University
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Fig.1.1: Comparison of fission neutron spectrum data of 27Np and ***Th
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(top), and the results of the experiment (bottom) [9].



3. B

FERIIHEIKRZEF A FIMa ERE T, TOFEZAWTITo7,

Fig 3-1ICERBELE LT T, BEARAXIMVORIEIZETIL, S/N(Signal to Noise Ratio)r
EBICT RV —RRENREETHSD, —F, 2°U, P'NpDBEIIL, Yo IVERDIRL, Y
YT PLBEHRLIEOD T, INEES/INORE L2 B E LI EREHERELL,

BRRANIINOREL, EREROEFTAELIRCITol, O HPHETIIAR T
TARNF—PEMeVERE TIIFREEHFNEE 2o, ERTHRERIN TV A[10], #E-THIE
ABEOREL, NvI 7T RERDEMEBELT T O EI 2 MK B INTRAT,

3.1 PR

PETFRIIY AT I MERI LD NV RRGF, B FE—AE Table 3-1 (TR RIGIC
$oTHE-, W Table (R TIEE2EI-BEATHFTHE, B —AD, UL AT 20s.
#OIRL2 MHzTHB, Li¥F—7YyMNIHE v 7 LIZE&BLIERELIELOT, T¥—5 vt
Ti WiEH, D,¥—4 vhMX 3-cm BEOHTAEW(E Mo 5pmE)THB, WTFhoy—4 yh/pb
BREL, GHALEREER TIPHILIE> T FOBEEARD ST, o, VA —A
DIgZ D BT DIZHR AT ay /& AV =[13].

Table 3-1; Neutron sources in the present study
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Experimental Set UP

L

Main Detector
NE213 12.7cm-diamx 5.1cm-thick

Monitor Detector /.
NE213 5¢cm-diamx5cm /\

g ‘ Lead Shadow-bar

Fig.3-1: Experimental arrangement for the present study
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Dynode L——I TPOU
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*2

*1 Gate

4 *

Selocei|  |apcee]  [apces)

[TOF [ tPH
Multi Parameter Controiler
PM : Photo MultiTube Base : Photo Multiplier Base Assembly
H.V. : High Voltage Power Supply TPOU : Time Pick Off Unit
PA  : Pre Ampilifier TPOC : Time Pick Off Controller
FO. :FanOut CFTD : Constant Fraction Timing Discriminator
DLA :Delay Line Amplifier CFTSCA : Constant Fraction Timing
DA : Delay Amplifier Single Channel Analyzer
TAC : Time to Amplitude Converter 1G&D : Gate & Delay Generator
SCA : Single Channel Analyzer

Fig.3-2: Electronics block diagram for the present measurement
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THUIF TN YARXRLIETN, SEBEICLDARIMOELRLY L F VRO D TR
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Y, BHITEHEIZOHBEET 20T, MR REORISIZR T 2L E I, HARES B
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ABEOEER, ZOMRIII%EBZDZLIIRD TN, ZhRRIERE I, 2ERELOKSY
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HBOM, 20T FLRSEHIALEPEFOINX —LAEOE(L, PHFIROIESES
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AT E 2 BEHERAUNL > TEHEL 72,
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En= 1.9 MeV, 1.5 MeV Bias

:710-2?1 T 1 T SRR

§ : : 2381y
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Fig4-1: Examples of TOF spectra in the present experiment
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AE T, ERERETL, R¥Emz 3,

OIS, REEOEBNTHIESEAIMM OBHBIEIZOVWT, RELZTLEOES
ZRATY D, PR CR NI E DB R RARI M T — 13, ERERLT —H7477
V—IZERPDHDHLE, BN RTEEEBE S EA I, ThbbLExHEL B IRORMEZHOH
T DDIE D THAIEHFIND, LLAIOEBRIER THOINDDT —FIZOWTORFERD
T,

wiz, P20, P2Th, 20 OBSEAI MO RE L LB 5L LbIC, AERREE
DHOEHTEBDNRTA—FERD, ZNLIRBOB N BAVIM T —FOBRREFAD, -t
DFRBEELZRD, ZWoDFRIT LEEORFHILE D THD,

BRERETRTRING, T —FOKMEEZ RA1-DIZZNETICNT5 Maxwell 74 hORER%
Fig.5-1(a)-(c)iZ AFHT=RAX —TLITRT, 5280 TR B L5 ICMaxwell 3 A i TRV VET LT
XHoN, ERT —FEIRIVBREERTIOT, AVMOEELLUTIKFIRAEND, A
DFERIL, 41 MeV THEIDRVFTEIRENKEVS, £24FLL T Maxwellian ([ZH>THY
BB RV RD,

5.1 BN HETEBAOER BIE

23BN TR ATAZEEREE AV D FIET, BOHRAIMORMEZ ROBRE D,

1) P20 U5 REEEREL L2 Th, PPUDRESHER E
BONCPUICHT D 1.9 MeV R TU4.1 MeV TORIER R % Fig.5-2(a)b)\ R ¥, KEIZT
FTMaxwellBEDOHBCGRT IO, 4ED 19 MeV TORRITHIEIDO2MeVIZISTRIE
HEN0 LBL—EL TS, 4 EIDOERERIZ10Me VIR CHRIFHEE R UHIEI O LD
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¥7-, JENDL-3.2 % U} ENDF/B-VI OFBEIXE T RAX—THRK, ExHELLI R0
L, R CHHERERLILIC—EL TS, &HIZPPUOEH RFEEE v 2 EbHI-VD
AR T ) HI<FD2TVBD T, PU BB EAIMATERHED ETH J<53h>
FLOELTERMTDENTES, ZDZLH, Fig. S-S5 R RIRIOBPEFERT —F —F
BREIZHn,n) I EEZ AV THRHETROLATVS —2#ExHET JENDL-3 L RS—EL
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TVWE[10] TENDHRERRTED, #E-T, SEIBFELZ1.9MeV, 4.1 MeV T 22U D4y
HPHEFIRE% JENDL-32 DKL, T AVT 2Th (1.9 MeVOH) & 33y
(1.9, 4.1 MeV) D¥xHEZ R E T3,

TORRE THhTh, Fig.s-3, Fig.5-4(a)b)(c) \Rd, 21, Z3UD0.55 MeV DIEL, 5F
HEIXR<—HL, ERELLBRT—HI 20T, MeVERE CHRMIEIZEBLLILOE R
R

PThORE, BIXNVX—THOBROL TIE OO RHENZ Y ThaH Il sk
ThHHD, ZORMEDHBICL->T, ERERIZFALAIC JENDL-32 12 <ENDF/B-VIiX
AT RAX—ETHRYOBRIE THEZ LB B, BRBARIMOBSE, +hbb
v 0 ¢ DEIZIBVTH ERE LM E TIRFZE LY\ O CENDFORBIENR A~ MIBR IZH S
ZEHHLNTHD,

BUDHEITIL, 0.55 MeV TIIHEEIZ B —BL, ERELBIKRO _ETHRYEN,

1.9 MeV (225 LFHIERICZH B, EREIIJENDL-3.20E S OIS A, 4.1 MeV
(272D LHIZENDF/B-VIOERD DEISAL 2o THY, HRAR—FELAV, 1.9 MeV, 4.1 MeV -
TIROB THRAERMED ECHEEMICES RONEZ 223 B &3, JENDL-3.2LEN
DF/B-VI O] T, v 6§ TS%REDERHYNDOARIIM BB CNBT=bIDERRZRFL
o TVBEBDLND, ZOEXIHIZODIILNEEL E LN,

2)PHRELMT AR AL LI=P"Np O#HERE

S NpDRIEIOEBRE (FE5HE) [12] OB EEE RT3,

NpDBIEDBZEITIX, RNy 7 IV RRIEIZHVEPY OBE P FINED T —#53%H5, Pb
D&, FEREBELCH BT E AN SSHEBEL AN KXV 0T, BiEEETnE
DAENSIIHBE NS NEE 2 H 3, PbOEMHELMT T2 IEREEEL T6)RUTE>T, Np
O#exHEE KD,

Np BEGEARII DK REFig5-5 17T, MiHE#EIT2 MeV A TOSIETIRRER
CIETHY, LRI TIIFREENEL, TRXAXF—OB W FEIR TORVITLIELARZE
LDOEWIES,

EROBEDRPEETFINELESL TRO-EIL, JENDL-3.2 D v ¢, DiEL6%BRET—
LTy, AEROFHE TS R H (M 11 5 R m L % P TR oM THo
BEOREHIIIFEE /NI OBEZEOLTMEL iR 2L b5, - T, KR ¥ —
W TERMEIFMEL BT 528413, FEEOES RTEmENR Y THDHL, JENDL-3.20
AR BEREDPO RN F —LEBICTNAZLIIARIMRFE S EBZLERL TS,
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UEDISIT, BHRAIM OEIBIEICL>T, BESRBTEREEIBRPHEFAIE
WMZOWTDEBRIEFEON, BIREIEHEOREL S BEL THONIZTERILM ah ol
PS> TZDOFREICLY, EHREEHEEA IR, TNERHALNMITHLII, BERE
DI B> TVRWESICLE ARBROESNZZENEIFIND,

52 ATV ARG A—FZDOEH L B

AERTHONIBEFRAIT AT HTA— S RO ZHEER D ELHIT, ATV
TR DE BRI ETTY,
FIZR AT IR ATV, @F Maxwell BERWan BOAR7MBEEERAVTE
BxXhs, IhoOBIY, Mawell OB IPH FE Bl 5 5 R OEBEESL, Wan
RO ISR OBIIZBETIHODENE R —LIETHRL, LhIEAEPHEFD
A R A FEE IR LRV IR EICH L OO D TIEH DR, ERT —FEPRVORBREHRB
L, &L 37 A—25120 L20B BB ThA-OICER LEFITH D, 207Dl LH
Sl T — 2728 TOARORAIAS TS, $i, TR ENOBEEICH L TSR P HEFOFEE
FNF— <E> BRLUTOIIICEZ DR THERTHD,

<E,, >=%-TM (10)

3 AB
<E, >=4] —+— 11
SRVEREL) I

Howerton & Doyas [5] 3Ty L RMRE ST v; LU TOBGRERF L& - RBRANICH
Wi,

Ty =0.353+0.510,[(1+ v (E) (12) 724

T,  =0.997+0.125v, (13).
BT PH FH v RFR TR —RBITRBERROOLI TV DO T, ZOREFRITE
F— 2 HR L LAV HRD, T2 T ERMEEMaxwell A2 ML T7 4y MU TMaxwell REZ
R, ZETICMOERHECFHE L BT,
7 4o b RR DO~ Maxwelliil % Table 5-1 (2759, £7= Howerton-Doyas Ozt *
U DWW T O TR AFig 5-6 ICELH D, Fig5-6 LV, AERROHIEOERICLD Maxwell

-21-



IR B 1XBamard, Batchelor SO EBRHZIZLBELLITV T 5HB,

Table 5-1 Maxwellian temperature (Tm) for the present data

Incident. Energy Tm

Nucleus (MeV) (MeV)

19 MeV 1.28 *+ 0.02 (1.26%0.01)*1
U-238

4.1 134 *+ 0.03
Th-232 41 ' 1.28 + 0.003

0.55 1.31 = 0.02
U-233 1.9 1.36 = 0.02

4.1 1.39 + 0.05
Np-237 0.55 1.29 = 0.04 (1.38)%2

*]1: Previous data
*2: JENDL-3.2

53 AV OFIR B

RIENWT A X —GIICE > T RARIM T —E BB TS P'Np & 2PU 122
WK DS LB Z 1T o THD, A HARIMIBROFEMRHEBIZIT, EREICHL
HELT74y T BMaxwell F7213 WattBlZ EAELL TERLOKERTTHHFABRAVDHh
%, Fig.5-7(a), ) = Maxwell & Watt AXZMUIZx$ 5 Np OERELFMFDLL, Fig.5-
7(b) (ZMaxwellian (Zxt3% U ORELTT, TRETIRBLSR TP IREDOLO
DHBTHD,

FFNpIZ OV TEREEMaxwell, WattA X7 OB THLH, 5-6MeV HI-DETiXMm
ARIMV AL ERELZRBREICHBEL VAR, Tl Eidiedd Maxwell X ERFE LYK
<720, WattBlO B BRLWEBREY 5 X T3, ZOBRIXhOBEDS S HEER[10,11]T, Wat
IR ST OESHZEEL, MawellBIAEEL THHLWHANOLEENLEE LD,

KICSHME L ERELZ BT D, JENDL-3. 2138 RI-L5ICH 20 @ DOMaxwel iR B %
B2 TWAle, ZZMUBRIZBWTHOERBELODRVFEOARIIMLRSTND, DR
B, B RAX— T ATHE, AR TR/MEEL 2SR, EA EIME R AT —

-22-



HCO@/NEHESREL 25D,

—7%, ENDF/B-VII3#Me VB TR ED THHA, £EELTIERBICHZVENT —
H% 5% T\b, ENDF/B-VI DXL -T-Madland-NixET/VIL, —#EICMeVERIR TR/
D, FAUTRUULOFER TRDOEE 5 2 5L BRI h TX-25[6,7,10], Z'NpT—%
BRIV ZZNIEFEETII RS, 2&LL TRV EREIGEVEREY 52 TW5,

BY OBEITIE, Maxwell i LBE VW RAX —F CTEREL BREL TV %, JENDL-
3.2LENDF/B-VILFEMITIE 2-10 MeVOFUR CEREIVAZL, EEGWILEIDODZOMHE
FHINpDHA LA THD, L TR ~/= Madland-Nix €7 VOFEMIZRONHEHM TH
5o L, PUTHEZOEESEIREARL, EONDOBE LR, £77F = FZEOBEL
BB 8B ERIND,
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Fig.5-1(a): Maxwellian fit to the experimental result (En = 0.55 MeV)
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Fig.5-1(b): Maxwellian fit to the experimental result (En = 1.9 MeV)
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Fig.5-1(c): Maxwellian fit 1 the experimental result (En = 4.1 MeV)
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Fig.5-2(a); Fission neutron spectrum of B8 for 1.9 MeV neutrons
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Fig.5-2(b); Fission neutron spectrum of U for 4.1 MeV neutrons
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Fig.5-3; Fission neutron spectrum of B2Th for 4.1 MeV neutrons
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Fig.5-4(a); Fission neutron spectrum of 3 for 0.55 MeV neutrons
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Fig.5-4(b); Fission neutron spectrum of B3y for 1.9 MeV neutrons

-32-

15



1035----r-'-v.
; En=4.1 MeV, U-233

ok et
) =)
- ©

ok
Q
o

.+ Present
= —JENDL-3.2
A ENDEF/B-VI

Cross Section [mb st MeV’l]

ek
<
[y

I 1 1 1 i I

0o 5 10 15

[y
<
N

Neutron Energy [ MeV |

Fig.5-4(c); Fission neutron spectrum of 334 for 4.1 MeV neutrons
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Fig.5-5; Fission neutron spectrum of 2”Np for 0.55 MeV neutrons -
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U-238, Maxwell Temperature
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Fig.5-6, Maxwellian temperature vs neutron energy for **U
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Fig.5-7(a); Ratio of the experimental and evaluated fission spectrum data of BNp
for 0.6 MeV neutrons to the best fit Maxwellian (top) and Watt (bottom)

spectrum for the experimental data (Fig.5-5).

-36 -



Ratio to Maxwellian Fit
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Fig.5-7(b); Ratio of the experimental and evaluated fission spectrum data of 2*U
for 0.55 MeV neutrons to the best fit Maxwellian spectrum for the
experimental data.
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