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Neutron Capture Cross Section Measurement of Tc-99

with Lead Slowing-down Spectrometer

Katsuhei Kobayashi *

Abstract

The present status of nuclear data for technetium(Tc)-99, which is a well-known
long-lived fission product (LLFP), has been reviewed. Making use of the neutron time-of-
flight (TOF) method with a 46 MeV electron linear accelerator (linac) of the Kyoto Univer-
sity Research Reactor Institute (KURRI), the #Te(n, 7 )'*Tc cross section has been mea-
sured from 0.01eV to 10keV relative to the *B(n, & ) reaction with a pair of C:Ds liquid
scintillation detectors. After the neutron self-shielding correction for the Tc-99 sample, the
cross section has been normalized at 0.0253eV to the well-known reference cross section
value. The existing experimental data and the evaluated data in ENDF/B-VI and JENDL-
3.2 are in general agreement with the current measurement, although the evaluations seem
to be lower than the mesurement in the valley regions of the resonance cross section.

The Kyoto University Lead slowing-down Spectrometer (KULS) has been also ap-
plied to the capture cross section measurement from 0.25¢V to 300eV with an Ar-gas pro-
portional counter. The neutron flux/spectrum in the KULS has been measured with a BF
proportional counter. The result obtained has been also nommalized at .35¢V to the well-
known reference cross section. The same tendency as the result with the current TOF
measurement can be seen with the KULS measurement in comparison of the earlier mea-
surements and the evaluated values. The KULS data are close to those obtained by
energy-broadening the TOF data.

Finally, the preliminary result of the neutron activation experiment with the Tc-99
sample is presented.

Work performed by Research Reactor Institute, Kyoto University under contract with
with Japan Nuclear Cycle Development Institute (INC).

INC Liaison: O-arai Engineering Center, System Engineering Technology Division
Reactor Physics Research Group.

* Research Reactor Institute, Kyoto University
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3. TRATEFE DM iEiZ & 5 Te-990D A ¢ -4 18 Mo v s ol 2

31 JELwic

REOELL, RLAOTINT IR, BREZBTCREY SV (TRDFED &
Lod. REGORSBERY - BEOALVARER SIS, 7 225 A(Tc)-99 1.
BAHERYOPTLERESAEED 1 DTH->T. TOLRHMWIT2 13x 105 TH 5,
IHOURBRBERHIE2DOTHEH, BLRIANTILT7 » HEBREEN(ALDTH L8 S
EROBERE. CNOFRBALST A HkE, BE - BRIBEFEICODNTRAINT
N5/ 2/ Te-WDIIREAREEH TR, BY S U AERRON B LI HESRRE
k> T - MRS EEIERABHTEI RO, RELASEHO 1 >E L THETR
BRIGICE > THERSE, GFHUEEE LR EEHBIIEER I HENEZ 00
S Te-99d, PHFEZHET I LEXBUMPPIBDOTc-1002E TRu-10DZEZICE S,
WTe(n, v )"TeRISHEHE. M2.3. HLAKRoh 3L 50, BxaxilF—hroim
ANF-FHHL BTN - SO T HENEN (BRPETHERE - 2200 -7 %
F-oTHD. 5.6eV, 0eViEAR LR REANLEBE - HREELT IS,

Te- 99D P HFREWER . BPHFHERD SHeVERIE AT TERTF— y B—ETBE
TH5L0D(H2.3), TOHMEDE . HIZ3eVUTOHESE TI120.0253eVD F— # (F2. 5)
FhRE&. ERT-FPFEELTOAL, H2.30Chous it L3 MEMIT. 822 b oA
— Y EACTRHELIBRETCHB/17/, Littles /18/% & tfMacklins /19/ 0 F— ¥ i1 5
FREMERZHCLRITHEEMTECIIUEERTH B, BFE. HESESL bo >
InEEE RO TI0~90keVE IR D ¥Te(n, YIONTCRIEHEREZHEL TV 5/20/, K2.2.
R2ADFMEZL T -7 BEVKEA NSy FLTHED, ERF— 4 & OB T M
BTHMT— BV ULEL B> T BH#KKEPL S,

FMARTHE. RBREPEFFEBFTOMMVYO BT HEIMBEE(S £ F » 7)% F 727
iR (TOF) M IBRIZ & - T 0. 01eV~10ke VA 12 51 3 %Tc(n, 7 )T it IF F A% %
BEST S, THFHENEMOBER., —HOCDHhy v FL— 42 AN TEREHD
HRH<HREUETEHIECL S, RBICARTETOFE — L0 PEFHEIE. Ao v (B)
-HOGAEHE IO TUB(n, o YRISHT RIS 5Hd 2 9Tcn, 7 YI0Te )5 /i 7 A O M 5 il 4 3Rk o
Te R BT 2T UFHCEROUMREMIE L. 21440 0253V s h i T4
BrEma% (19.57b . ENDF/B-VI/15/ & D3I ANCHRILT 3, REDOREME. FHEE LR
HRALEL. FERFAEZT S,
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3.9.1 Tc-99% %

Tc-995 K i, AEA Technology# i U CAmershantt X D BEA LD T, BILFT 7 R &
VLT FEHBBELELTHBROTAI g A MABIIHALLLOTH B, 77 %
VLA RBRERBIL - THEINTED, BABARS MV, BHEY v FL—2a v
AN K > THERIBKUETHIBERIFBLATH S, KFOEHFEIIIS0C, 102}
IWTHEIVRUKOBERIZERENSIIEEU THAZ EDEREIN I, HEHL
FHHMEEZA  HBAUB LI THRITELLER, K40ITEE T 5 1455keVd © — 7 (2 #1481
SN, ThEUADORHHE — 7 BB I L7,

Te-99R K @ M S EI3 35MBa T, EEAE# (Tc02) & UL TT2-T8med 7L 3 =7 L B oD Y A2k
BHIHAZINTO S, ZOHREIE0mm, Ex1. 9an. Te- 99T N O P RIITH A X
NTHEHD, TONEE8m, EX1.1nTHh 5, BAHELE L L TOEXIF0.1457" 54/cn?
THd,

3.2.2 NIV AKPHTE

BEFfFZRIANF—ETMELTCESRBICY TS L., HEETT v <BORE &30
(r, )R ERTHEPFEFIEONS, FERTHR., BHREFHFFERFOL4HVETF
MEMER(ZA Ty IIEAOCTMELLEFE —LEZKB S I —4y MITYETT
WV ZPROFTRFEREXE, CHEZRAOTPREFRITHERTODIFTET . -5 v
bTEYT) 3. FYUBONEAEE(EES e, RXG lemERHANENDZ LI W E
El~5mnD & ¥ VR EIZREREGOEL(EHEXWm) 7 -4 v bTHESH T 3/21/,
IO =Sy bTEYTY-ZHEHBNnD TN I 27 ABAGHY oy AOFRIICE
P CNEROBCALDOKEREP R FOREM E LU TTIOFERICHERT 2, Ky
ZICEL PRIy P LAy v b TV T Y —ETEFE—LFT AL LHOY
—LflE PEFE-LEZMOBET AR, KFEOEZElen, EXH0cnd Yz b5
Y h R BHONTS,

AEBRTE. (DENeVUTE@ ¥V LO LA NF—EEAT R E L 2BED L5
T olco 4 F vy VOREWNTER FBREHE. (DEZRZLVF-HDBFE ; L 2E
:3us, BYUEL 50z, BFOMEZ RAF— : ~30MeV, ¥— 7 TikE : 500mA, (2)
BIxVF-HOHE; /S AME - 100ns, EDEL : 2000z, BFOMET R LF— : ~
0MeV, E— 7 ERME:6A THote, Bz RNF-HBORRTR., BFUFETHlESE
THOLDMITHEPICE T ANy —HEAMLEBELIT, BRIVIBEUEE,  SLRINF—HEHAO
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EROBEEE, —DHOIAF v 7ON—X MTHURAFTEHEFNEDNSN—Z P TE LT
PRFEF—NF LR EIIC, RITBETRCEX)5mOH F I LAEEEALTH
PHFEER L.

3.2.3 EBREE

ARBICBTBIFHHEROBER K. ICFRYT, TFERAOFRFE — L. 5
17y 7 TMEINILEFE-LOAFFAIIF L, 135EFMTARFERCROHEEH B,
F=T 9 TR TY 2P RBPEBEBLEZBRER Y V7DV 5y bh—VETD
SHAFTRHFE, RITEZBLTI2.020. 2mORBITHEESEIC € v b X7z EEE - S,
No, MAEPITE. PHETE. "BOER-2VA—-SHELTF—+YD XS54 Y >
FHREL o8, B, HBOs. LisCOs, /23 7 4 UAERBIN TS, T, RITESH A4
MEMEN v BBREBORAICE Ny 7 VS FEBBRTLHICH. BCAEHEEL
KEBENEINT VS, XS, Vs -5y P TRETEBRAULEH VTS o
PREGBKAHUTEREZEATILEOR WIS T, FRFIRTEOAON. 8 b7
HEHRAOS 7 OHOKERTon, EX10cndBB L — )L FRBIN TS, RITHERL
OB, MHr S M PEFHES v BUEAOCDIE®E Y > F L — & (B 1len.
EZemZoZ2@PEHLBIE U TEREOBAICEEL, MREZBOEP IZHKBE v
PULTHHEFIFE-LEASIEE, £, ERPOPHFE - LBELE -y —4 3
eHIT. RITEOHOITBRLFFHENREIH T o TIN5,
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3.2.4 WEN U BRBES

ARBRTH, FHRFIFE - LZ2ERHEHITHTT. CRIDVHBINIHES <R
CERWMETAFEBECIOFEFHENEGBEIEET Y. JOBE. A ARE L ZET
ETHEAZINPHEFCH UBALSBREF S L TEHERIBREOI VY Y FL—F &L T,
Nuclear Enterprise #®lDCDedi ik »F L —# NE-230(EZE1len, EX5ecm)Z@EH L 7z,
IHRENEFEEERCA-SD(ERL2. Sem)iC|M O fTF. AT HHES < zBIEL,
BB, S REBIFHNEEE L TIOPHFERADESEE 7, o |

3.3 Bl &
3.3, 1 o ¥4l % T T A D U E

KEEBRTHE, AP SCHHMINEHES Vo BE—HOCGhY v F L— v = VEREEIC
EoTHEL, EF. SV ABEEFARBOTHESTEBES Vo BESERNT B0,
F200keVIZHFHLARLZBRE Lic, Te-IHBOBAER. THIFBEL L - TEHRE
DWEN Y <@BERMINEECEH L. EREDES /Ny s /5y FHOALER S
BT 2OREBICH LU TRBEHHELZFM Ui, LML, B-I0RBEZ B0 Af P
FHRAAY PVEIETIE, "B(n, e )EIGIC L D480keVD A v <N IEK LI H LD T,
BN CDESEHICMBELTEEF— % & Uk, Te-99R UB- 105K © EEE I 51T
CRBEDNy TSy REN~WNAEEREDELTHE L. |

CoDel B R OSBRI M B S B O hTIMERIZ. FhEhoBESE. BEHIS
AETHEESTSICES, B R NVF—FERTRF v RIVE4usITTL096F v+ > Rz,
BLANF-FEEBTEF»+ 2 NED 25us. 812F v+ VR NLOF—4 L L T/S—F+ 1
AV —FVRATLIEIDTF—FENE, HWELIL, TOB. A 754 LTTF—%
WBR < RAFT A AT - Too

i, AIFEBRICBF 3P RHFE -~ LBEOEAE=F—F 570, K3 LIZF LK
&I, MITEHDICBREAFEEE Y b L, COMMBLERABICHEET >, 85
NETOFF - KB OTHEN R ERNZ 22V F—FHROHMEERS LT, AET— 5
RO HLBE AR IT Bl e,

3.8.2 Ny rs s FolE

Te-99d M N —7# (0. 3MeVZ BT EN, F U <HBEB LAV, %> T T894
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BHABEAMTH > THCY v FL—v g VREBO/SAZERFN L L4 #200keV)s
RETNEWHEN V2 RAUEL BT E2ERED Sy 7 V5 FELTHBEBICH S L,
o, RBERANLEMES V= ABRESIP) A OTTc-IRBON v < RES
SRR ERE LN, REMEBRDNEHN Vo BE— 7 3BHIXAD - 10,

CeDe F L= BHFUEFIIH L THALEBREAT LTV DD, BT S THELXH
RPEFVPRICMEEMEAMEZEICIIHES RO RE 2D, ThANER Fo A
v I TS NERS, BARROFEIL L TRy 7 55V FRIERT -7, BB, T
ISV LEHEBIHASNTCYWEABERTET, Tc-WEkHOAWM O BhNI-ZD 7L
ISV LEARG I -BBIEFABL. CWERMICBESRA TSy IS L FHIEAET
Sl TOFBIIRAT. HEBOT LI oY AT I BBER Ay 2 VS5 FELTRE
MEINBIEIZED, T39O (01 . (HL] OBBREERMIZRDEZ ENT
%50h%ﬁﬂé%%ﬂ%@d?»i:vAﬁ%§%%Aymﬁwrﬁmuwt<\ﬁﬁ
HRAROWBEENSRTH., AMOB L EHEAPRHTONNy 745 v FORBRERT
EHDDEBLAOND, COFETESNANv I VTV FURLVBIZEOREE ., Agb. 2
eV). Co(132eV). ¥n(336eV, 2.3TkeVH ED / wF 7 4 N5 —RUBNCAI (£ & L T
PHFRETEEOERACCUMEEERZLE U, TORBE, My 225 2 FRIRIC IR
EOHEEATIO—HNR o,

RO VERICEEFHFR ARSI PLVHZEDBAEILG. RO OBEREAHA LKL
ThVIZTLAHEGERABOERBELZBE T, INEN I VSV FlEE L,

3.3.3 TS HUHE
THEFRITERUEETE, PEFELOBE SN PHE TS (R LB -8 E
TOHETORMEZREL. TOPRFLALF—FRDBZI LK S, PHFO GIHH

CHOLIHERHTE ) RUF - EMITHE., RITEHOBGEE. kX TH52 50 3,

72.3 L

1 m L
E:___mvz = _(—_.)2 = ( )2 (1)
2 2 t

SIT mBHUTORR, vEL/ORPTETORTEE. BeVDF PRTFI AT~ L
(MEFRITERE. t (e)EMTBEETT, RTBEATEE T . SR EPRTEE S
COMBERHBENAUEZINEOT, RITHEM. LT XA F— 1CET 3Tc-99 £ B-10
AFOWUETF— s BB OohNE, UTORCH > TAB R LZANE—REDO R FHENR
BERDIIENTE S,
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Cr(E) = &1 YrlE) o (E) (2)

C{E) = &3 Y(E) ¢ (E) (3>

IT. Ce(B)@PHFIRNF BB BTc-990 FH FRBIEE, GEIPHF
AIVF—EXBT SB-100PHEFRHEERE, e, e dCds v F L— 7 DTc-99. B-10
T AR #E Yre(Bd)o Ye(E)iZ. Tc-99. B-10BHc 5 F BN E, ¢ (E)iZ
AEBITAHTAFHEFEZERT.. (OR. DX 6. rlH#EIN B,

Crw(E) €3
C B(E) E Te

Y Tc(E) =

Y e(E) (4)

FERIZBOTE, 2T, ChrrFL—yaHERFREEICL D, ¥Tcln, v )10Tc
RISHEHEO TRV F—KEEERD. J4120.0253eVick i 2EMEN AT F W EH
BT AFEEL-TVADT, en /et HREHBROET 50 22Ty 1 lEA
HHHEFIRNVF-ICEBFLREOIOERE L, (ev BAHPHFO MMM HE 480
keVy M1 EFDOHKUELBZDT, EHEALES, )

HERET-sDCHENEHREZERTIE4ICE. BFNCRROIXPFER XN
EZH. FERIEFOTE., BIIERZE Y THANDERIZLIZHERT . RBPoh T
HEEBEDRLEGERR AN AL THERERT DI L E L,

YrlE) = (1 —exp(-Nwo«E)t)

f TG(E) (5)

g «(E

SIZT. NeldTe- 0B O BEFEE. [ (DDRERRBICE T I PR TEHOERHB D
RMWEOHEBEMTH 3, BE. RERTHBOEARIE. GRXL DKL EINIE
BHEREIABITRDAEENTE S,

YTC(E)
g () = —4m89 (6)
Nit fw(E)

3.8.4 ITARNF—-SEEE

FERTER., RnmGLORITEEZHOCTTIOFRIZEZT- 7o, REEEA t (zs)iodd 3
FHFIIAVF— BeVDE, (DATEA SN S, COBEGOPEFIRINVF -SRI,
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RITEROAHEISOBEHE L TDAMSKRAD LS IHIR B,

dE 72.3 L 1 2
—_—= -2X Y x — = -— E (7"
dt t t
dt dt
=-2 (8)
E t

ML, 23 VF—FEER. RITEB (T 3R EUOMETEL 5N 3, = Ddt
DEREBLLHDIC. ORITEROFREISIF, OV R TEREHOEXIN, O v 7L
DESIS. @F4F 9 70/ 2FEde. OBBARBEDOF + v 2 VIEIL. OB BED ¥
A LTy gdy FREZ 6h B, O, @. QOO RHED X (dlr. dLe. dLs)iE. dF. dA.
dSE F/t (FRITHEEELZm, ¢t RTBETH EThITRkE 30T, TOFERBRICHT 3
EHDOREN XAt

dt "= {(dLr)?+ (dLe)?+ (dLs)2+ (dLe)?+ (dL)?+ (dLp)?} V2 . (9)

KE-THEA LM B,

FRB T, dF=2cn, dLr=0. 0017t. dH=10cm, dLi=0.008t, dS=1. 9mm. dLs~0. dLe
=0.1~3Cus), dlr=0.25~4(us)TH H . dlolt/h & <'£E?E*Gér%&ﬂiﬁbf:o =3 1<
B R DACH > THEBIOPUHFIAALF T ETALF S BEE KD
MRERT, (. 1eVE1eVTE, dle, dLit 3 LB AL F—EBRTOEHE ML 72,

£3. 1 FTPRBRICB IR HFIRNF - & R ILF— 5k

ik Frint - 0. leV leV 10eV 100eV 1keV
12m O TOF( u s) 2744 867.6 274. 4 86. 76 27. 44
13 - R EE (%) 5.2 2.0 1.6 1.7 2.5

CHhoDERITHS, BARI oA —FEROERTI, FHFTRNVF—DHH
REA 35 ~40% BEICIAN » T 5/9,22,23/0 L L. BPHTFHERBEL S 521, BN
7O A TRIMORITERE S OTIFERD B S ITHENETE,IS —FEIZEAL B &
EhhT5/23/,
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3.3.0 HFEHOCEKDROMIE

REBRICMHEHA LAcTc-99id. B HHE OB KTcORARM(E X1, lon, 0. 14577 74/cn®d T
H B0, Tc-991F5. 6eV, 2eViE Kt R&HHAWE— 7 ZF b o, HFIRBEAKBMETIE
FHTOBCERDBERLSDVLVTRHAZ L TELERD S, BFR TR, EHEZ XL F—
HEEyTFANDT— FHONP/11/% BT, REP I 2SO HCER O RE A
L. BIZHERICH L THEEZT /o, PHEFIOFE — A, ERABOTICH LEEIZA
HEBELT, FEBKBICHTI2EDINARICEEAHRREIZHET S, KiZ. +0FR
AN REB@EEZCMEZELLELIOBRBICDOTHFHELAT L, THhoMBOBEED 2
SZRNF—KRELUCECEROMENHE { (E)ZHEHL. T 2%cln, v )PTcRIE
WOEOWMERMIME L, M3.23. tOMEBHEATLTL S, TORIIHRN B &
I FERICHEA LB CEBOBATOIREAARIANF - TETEEELBOM
ERBETHEI E0580M3,

3D T T T T T T
25 ~
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LOBIHNCHBI L, FERICIDVBONLERSYES 3ICRT, FRHEBRRBRZER. O
BETRZEE L TIL%~33%., @B, e GBI 2 ERGEHO L XL F — R EH(1/
VRN GO A VKT ABE<2%. QR PHTEENER~OEBLICES> E229%.
OFHEFECEBMEICE)BE<IVENER ON. ROT I L EEREE T, 7% ~33.
396110 B, FMIRECelR 3 2 MU T BRI TIE . Te-90BE o o o 4 1 B & 75
Dol2DT, AP L IMERERTEI S0 ERELBERIT - T,

B3.3TI. HERDERT -y RUBMBE T — 7 EXERIZ L 55 45 v 2 TOFED HI
ERBRETRLTS, fIMiEET— 4 Tid. EDBEBEL - Xh 54keVBl Fim B THa
cklino /19/DRPHES AEREL DD UIKE TH B4, Littles /18/D M E {13 ~ SkeV
DF—5%ZMRE KERT— 5 X —BULTWE, £HS/20/ILLE8FDF—4 b &
WoHMAETRY . Chous/1T/i3. $82ARY bodt— 22 BHITYTe(n, v ) "Tef It 4 & & A+
BELIZD . ARSI R A —FDIRVF-—SBEICLBEN DS B 5. beV, 20.3
VR LOHBY — 7 THEEMEH 2 E X (broadening) T 5, Chous D F— & 1t M-+
VU FTRAERBEE-HLTOEN, keVEBTRERKE - T 5, ZEHF— 20
TARNF=FEER. BLILORINTVB LI, S F v 2TOFEIC L 3 EEREE L
TRETULHBEC LD AR b O L —F X BT AN F— 3 EECLEmEIT L T35
~A0I RN ENMCBOIANF - SRBELRLTH ., FHBEET— 4128 0h
SEBE—IBREZBHELTOEI EXNS0 3, Ll ﬁ-!—evujzd)%b\#\:ﬂ,% E— 7
BT, EREOIRNVF—SBEOCHMBLH - CEI/BERE A0 ENHERE LT
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4. AR ba A =& RO Tc-990 o -1 % Wr m & il E

AWETR. FBREFREFFERTOMVEFREMESR LG4 EDLETHE IR
A ART b oA —&(KULS)/9/% BT, 0.25eVh & 300eVEEIEIZ 5511 3 %Tcln, v )1Tc
B EMAEMET 5, RRICEMT 3Tc-99. MOBc b Tib~rs k5 i RERE
LEEHBETH). P EFRECL-TIORB IO RBINIHRY v BA20EH
DT NI AHAZAADLRHFEEEARCTHES 3, YEREBE. FHEFICH ULBA EE
BeFLBOOT, COFHE LT IR A —HIKKILSOEBMAICHA L TERBEI1TD
ENTES, £/, ERACBOTEPHEFE AR MV EIZBP LG 5T 8% £
AL, Bonfczx bF—RKENEHOBAMBIEEEB R EFREREICE I 2 E%MmECE
NDE/B=VIDMEICHEALT 5 Z LiC X » THTe(n, v ) UTcRIGH AR/ A KD 5,

Wk, FEBITHOAFTEKFER AT b oA —F (KUILSIICE4 2z, A ICE
%,

4.1 FNITHZAND LHE S

Te-Q0REH I FHFERMBT 5L, MRY v BARET 5, KEBO LS 0. §iEF
BREVLGCTHERAB» S OWMEN VvBA2RET ZHSITIE. PHFITEREAFE/A R
FEOHANEEEN S, RABION v QO AEI. BELL Ton. &5 E X6, cn.
WE 1 &E (Ar:97%, C02:3%) O 7T vl AAD BT BEX R . BT 55 BE
HUNEL N TH B, COBREBICE BT V< HOMENRRIAT LB 137202661
keV 7 RT~0.8% I TF)s FHFAIHLTIHAAEREEZRILIOT EITK XS5
Bo B4 L3, Te-99H A MEOEREBERLTH N, CAAKILSIZRIT Sh it
P2 A EBRACHEALTERS ‘

G
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DEEERTRABTHE/24/ (8B, F9. Te-HBET AT Vv H 2B HE %K
LSOEZ= ARBRACTHEAL, SAVARPEFOKILSICIT AT A B O BEFE IS
SHERREZHMANR M ELTHEST S, BEEMt (us)EdEF R+ — Eke
VoRiZiE. E=K/t* OBBRARH . KILSOE 2w X LB E TIE k=190 + 2(keV
cus)DBEBENKDONTULB/8/,

#Te(n, ¥ VTR IEHBROBMEIKLE LB AAHPHETIR S/ 27 Lz, Te-99& 7
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I B O 4556 2 K oD . B T 4R350 o0 B 25 1 45 B T AR A HARAE L 7o,

FEBRICEWTHEH, TAT U HHEE EBREAFHER I AT hN 2 I TR
MEHOMNAEZT oD, ERABREL TR -FHFHE L, TN b G
HEOHDEWEZRE., SVABREHFNBLELE, F+ o2 VIE05us. F+ 2SI
ORI BINHEE, A=V F LA —F LD F—y2INE, RE L,

FHFHEHFERE. 7V VHRATHELIRCTHBD COMRY v v R ABES S
FEILE > TRDIN, COBAIRBBEAICEET A VBN LT L BEL AT
BILHD. CNODH v <BWN w775 FOBEREN S, Fio. RERITH L 7-Te-99
AEORBR. S/ Ny 75 FRE LT TERETI HICRBLT LS+ TIEE
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FMT— 7 ER|ART Fo A —FOSEEMY Throadening U7c iR LRI #EIZ. K&
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18 C : Neutron Capture Cross Section Measurement
of Np-237 below 10 keV by Linac Time-of-Flight
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PTc(n, gamma) SICKITHED LR T —

AUTHOR
INSTITUTE
REFERENCE
TITLE
FACILITY
METHOD

DETECTOR

AUTHOR
INSTITUTE
REFERENCE
TITLE

FACILITY
METHOD
DETECTOR

ERR-ANALYS

DATA REGION

AUTHOR
INSTITUTE
REFERENCE
TITLE
FACILITY
INC-SPECT
MONITOR
DATA

AUTHOR
INSTITUTE
REFERENCE
TITLE
FACILITY
SAMPLE

& A

ADE RN

(Y.D.HARKER, E.H.TURK)

(IUSAMTR)

(C,72KIAMESHA,2,614,7208) (C,71KNOX,1,113,7103)

THE USE OF CFRMF INTEGRAL DATA IN CROSS SECTION EVALUATIONS.
COUPLED FAST REACTIVITY MEASUREMENT FACILITY (CFRMF)

(ACTIV) ACTIVITY OF SAMPLES AFTER IRRADIATION GAMMA SPECTRO-
METER

(GELI) GERMANIUM-LITHIUM DETECTOR

(R.C.LITTLE, R.C.BLOCK)

(1USARPI)

(T,ANS,26,574,770612)

NEUTRON CAPTURE CROSS-SECTION MEASUREMENTS OF 99-TC UP TO 80
KEV

(LINAC) RPI 100 MEV ELECTRON LINEAR ACCELERATOR

(TOF) TIME-OF-FLIGHT

(SCIN) LIQUID SCINTILLATOR TO DETECT CAPTURE GAMMAS

{(NAICR) B-10 NA-I DETECTOR FOR TRANSMISSION MEASUREMENT USED

TO NORMALIZE CAPTURE YIELD AT LOW NERGIES CORRECTION DATA COR-
RECTED FOR SELF-SHIELDING AND MULTIPLE SCATTERING IN THE SAMPLE
{ERR-S) STATISTICAL ERRORS

(ERR-T) TOTAL ERROR=STATISTICAL ERRORS AND ERRORS DUE TO NOR-
MALIZATION AND SYSTEMATICS ADDED IN QUADRATURE

4~80 keV

(H.POMERANCE)

(IUSAQRL)

(R,ORNL-1975,31,5509)

THERMAL ABSORPTION CROSS SECTION OF TC-99
(OSCIP)  PILE OSCILLATOR

THERMAL SPECTRUM
(79-AU-197(N,G)79-AU-198,,SIG)

EN(MEV) DATA(B) DATA-ERR(B)

253 08 1.9 +01 2 +00

(RL.MACKLIN)

(1USAORL)

(J,NSE,81,520,8208)

TECHNETIUM-99 NEUTRON CAPTURE CROSS SECTION

(LINAC) ORELA :

HOT PRESSED HIGHLY PURIFIED TECHNETIUM METAL POWDER IN 12.8 MM
DIAMETER DISKS. DISKS WERE 93.24 PERCENT BY WEIGHT TECHNETIUM AS
DETERMINED BY X-RAY FLUORESCENCE. IMPURITIES IDENTIFIED WERE
SODIUM 421 MICROGRAM/GRAM AND RHENIUM 82.5 MICROGRAM/GRAM.
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METHOD
DETECTOR

CORRECTION

DATA REGION

AUTHOR
INSTITUTE
REFERENCE
TITLE
FACILITY
INC-SOURCE
INC-SPECT
SAMPLE
METHOD
DETECTOR

ANALYSIS

MONITOR

ERR-ANALYS .

DATA

AUTHOR
INSTITUTE
REFERENCE

TITLE

FACILITY
INC-SOURCE
INC-SPECT
METHOD
DETECTOR
MONITOR
COMMENT

DATA REGION

(TOF) 40.12 METERS TO SAMPLE. COUNTED FOR 207 HOURS.

(SCIN) 2 NON-HYDROGENOUS LIQUID SCINTILLATORS ON EITHER SIDE OF
THE SAMPLE (GLASD) 6-LI GLASS FOR FLUX MONITOR

CORRECTED FOR BACKGROUND NEUTRONS AND GAMMAS, INELASTIC
NEUTRON GAMMAS, DETECTOR EFFICIENCY, DEAD-TIME LOSS, GAIN DRIFT,
RESONANCE SELF-PROTECTION AND MULTIPLE SCATTERING.

3keV~2MeV

(S.M.QAIM)

(2GERJUL)

(1,JIN,35,3669,7311)

NUCLEAR REACTION CROSS-SECTIONS FOR 14.7 MEV NEUTRONS ON TC-99
(CCW ) DYNAGEN NEUTRON GENERATOR.

(D-T ) DEUTERON-TRITIUM.

NEUTRON FLUX ABOUT 2.E+9 N/CM2/SEC.

"TC-99 IN THE FORM OF NH(4)-TCO(4).

(ACTIV) ACTIVATION AND FAST CHEMICAL SEPARATION.

(GELI ) EITHER A CO-AXIAL 28 CM3 OR A WELL TYPE 65 CM3 GE(LI)
DETECTOR WITH A 4000-CHANNEL INTER-TECHNIQUE DIDAC ANALYSER.
FOR MEASUREMENTS ON (N,G), (N,N G), (N,F) AND (N,A) REACTIONS A
CHEMICAL SEPARATION STEP WAS NOT NECESSARY, INVESTIGATING THE
(N,N A), (NJHE3) AND (N,2F) REACTIONS, HOWEVER, CHEMICAL SEPARATION
OF NIOBIUM WAS ESSENTIAL AND WAS PERFORMED.
(33-AS-75(N,2N)33-AS-74,,SIG) = 970 +- 80 MB.

(13-AL-27(N,A)11-NA-24,,SIG) = 121 +- 6 MB FOR CHECKING THE MONITORS,
(33-AS-75(N,A)31-GA-72,,SIG)=9.5 +- 1.0 MB,
COMBINING ALL THE INDIVIDUAL ERRORS IN QUADRATURE THE OVERALL
ERROR FOR EACH CROSS-SECTION VALUE WAS OBTAINED. SYSTEMATIC
ERRORS SUCH AS THE UNCERTAINTIES IN THE DETERMINATION OF
NEUTRON FLUX, THE 3 PERC. UNCERTAINTY IN PHOTOPEAK EFFICIENCY
OF DETECTORS AND UNCERTAINTY IN DETERMINING THE COMPTON BACK-
GROUND WERE INCLUDED.
EN(MEV) DATA(B) DATA-ERR(B)

14.7 9.0000E-03  2.0000E-03

(J.C.CHOU, H.WERLE)
(2GERKFK)

(J,INE,27,811,7311)
(W,CHOU,7011) INT.REPORT OF INST. FUER NEUTRONENPHYSIK UND
REAKTORTECHNIK, KFK, INR-4/70-28,NOV. (1970).
(W,SCHATZ,7202) AUTHOR LEFT KFK, DATA FROM SCHATZ.
- MEASUREMENT OF (N,G) CROSS-SECTION FOR TC-99, EU, SM AND IRON IN
THE ENERGY RANGE 1 EV TO 50 KEV WITH A SLOWING-DOWN-TIME-
SPECTROMETER.- (IN GERMAN)
LEAD SLOWING-DOWN-TIME SPECTROMETER WITH (CCW ) COCKCROFT-
WALTON PULSE GENERATOR
(D-T )H3(D,N)HE4 REACTION.
ENERGY RANGE 1 EV TO 50 KEV. RESOLUTION BETTER 12 PERC
(SLODT) SLOWING-DOWN TIME
(PROPC) ARGON PROPORTTONAL COUNTER (760 TORR) AS CAPTURE
DETECTOR,
.BF3 COUNTER AS FLUX MONITOR.
(5-B-10(N,A)3-LI-7,,SIG)  SIGMA = 611 B SQRT(EV)/SQRT(E),
(79-AU-197(N,G)79-AU-198,,SIG)  SIGMA = (98.8+-0.36)B AT 0.0253 EV.
LEAD CUBE WITH 1.3 M EDGE LENGTH, TRITIUM TARGET AT CENTRE,
SAMPLE 0.3 M FROM CENTRE.
3.2 eV ~ 50 keV
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AUTHOR
INSTITUTE
REFERENCE

TITLE

FACILITY
METHOD

ANALYSIS
ERR-ANALYS

DATA

AUTHOR
INSTITUTE
REFERENCE
TITLE

FACILITY
INC-SOURCE
METHOD
ANALYSIS

DATA

AUTHCR

INSTITUTE
REFERENCE
TITLE
FACILITY

INC-SOURCE
METHOD

MONITOR

CORRECTION
DATA

AUTHOR
INSTITUTE

(R.B.TATTERSALL, H.ROSE, S.K.PATTENDEN, D.JOWITT)

{2UK HAR)

(J,INE/A,12,32,6005), (R,AERE-R-2887,59) SAME DATA.

(R, AERE-R/R-2516,59) REPORT SUPERSEDED EXCEPT FOR DATA ON BE,C,NA,
NATURAL CD AND GD COMPILED SEPERATELY.

(B,58GENEVA,16,34,5809) PRELIMINARY RESULTS

.PILE OSCILLATOR MEASUREMENTS OF RESONANCE ABSORPTION
INTEGRALS.-

(OSCIP)PILE OSCILLATOR FACILITIES OF DIMPEL REACTOR

PILE OSCILLATOR TECHNIQUE WITH A 1 MINUTE PERIOD AND A TRANSITION
TIME OF ABOUT 1.2 SECOND.

WESTCOTT FORMALISM THE NEUTRON TEMPERATURE WAS DETERMINED
BY USING THE NON-1/V-ABSORBERS SM-149, CD-113 AND GD-NATURAL
ERROR ON THE BORON CALIBRATIONS LESS THAN 1 PER CENT

ERROR FROM THE UNCERTAINTY IN RESONANCE INTEGRAL OF GOLD.

EN(EV) DATA(B) DATA-ERR(B)
2.5300E-02  1.6000E+01  7.0000E-+00
(N.J.PATTENDEN)

(2UK HAR)

(R,NRDC-103,,1958) FOR TC-99

- SOME NEUTRON CROSS SECTIONS OF IMPORTANCE TG REACTORS —
TC-99,ND-143,ND-145,5M-149,SM-152,EU-151, EU-153,GD-155,GD-157,PU-240
(SPECC) CRYSTAL SPECTROMETER.

(REAC ) BEPO REACTOR.

TRANSMISSION.

DERIVED FROM ENERGY DEPENDENT TOTAL CROSS SECTION MEASURE-
MENTS.
EN(EV)
2.5300E-02

DATA(B)
2.4800E+01

DATA-ERR(B)
2.0000E+00

(M.LUCAS, R.HAGEMANN, R.NAUDET, C.RENSON,

C.CHEVALIER)

(2FR SAC)

(C,77PARIS,1,431,771219) IAFA-PUBL. 475.

DETERMINATION BY IRRADIATION IN THE TRITON REACTOR OF NEUTRON
CAPTURE CROSS SECTIONS FOR ISOTOPES INVOLVED IN THE OKLO
PHENOMENON.-

(REAC,2FR SAC) SWIMMING POOL REACTOR TRITON AT SACLAY, AT
TEMPERATURE OF 40 DEG-C.

(REAC ) REACTOR NEUTRONS.

(ACTIV) ACTIVATION ANALYSIS, USING

(CHSEP) CHEMICAL SEPARATION AND

(ASEP ) MASS SPECTROMETRY AFTER THERMOIONIZATION.

ALSO ISOTOPIC DILUTION TECHNIQUES USED.

- 1(92-U-238(N,G)92-U-239,,SIG)

2(92-U-238(N,G)92-U-239,,RI,,RNV) CUT OFF AT 0.5 EV.

.RADIOACTIVE DECAY.
EN(EV) DATA(B)  DATA-ERR(B)
2.5300E-02  2.0000E+01  2.0000E+00

(H.HARADA, S.NAKAMURA, T.KATOH, Y.OGATA)
(2JPNPNC,2JPNNAG,2JPNYOK)
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REFERENCE
TITLE

FACILITY
INC-SPECT

SAMPLE

METHOD

DETECTOR

MONITOR

DECAY-DATA

CORRECTION

DATA

AUTHOR
INSTITUTE
REFERENCE
TITLE
FACILITY
INC-SPECT

SAMFPLE

METHOD

DETECTOR

DATA

(J,NST,32,395,9505)

MEASUREMENT OF THERMAL NEUTRON CROSS SECTION AND RESONANCE
INTEGRAL OF THE REACTION 99-TC(N,G)100-TC.

(REAC,2]PNYOK) THE TRIGA MARK Il REACTOR AT RIKKYO UNIVERSITY.
.SAMPLE IRRADIATED IN THE REFLECTOR SURROUNDING THE CORE OF THE
REACTOR, GIVING A THERMAL N-FLUX 5.0E+11 N/CM2/S AND AN EPI-
THERMAL INDEX IN THE WESTCOTT CONVENTION OF 0.033.

THE TC-99 WAS CONTAINED IN 0.01 MOLAR AMMONIUM HYDROXIDE AS
AMMONIUM  PERTECHNOTATE. THE SPECIFIC ACTIVITY WAS
DETERMINED TO 461 +/- 7 KBQ PER GRAM IN A LIQUID SCINTILLATION
COUNTER.  THE SOLUTION WAS PUT INTO FOR 4 POLYETHYLENE TUBES, 10
MM IN OUTER DIAMETER AND 45 MM IN OUTER LENGTH, WITH 1 MM THICK
WALLS. THE WEIGHT OF EACH TARGET WAS DETERMINED TO WITHIN 0.1
PERCENT, AND THE ACTIVITY RANGED FROM 371 TO 375 KBQ. THE
POLYETHYLENE TUBES WERE LOCATED IN AN OUTER POLY-ETHYLENE
BOTTLE. IN SOME OF THE IRRADIATIONS, A CADMIUM SHIELD, 1 MM IN
THICKNESS AND 22 MM IN OUTER DIAMETER AND 63 MM IN OUTER LENGTH,
WAS INSERTED BETWEEN THE PULYETHYLENE TUBE AND THE
BOTTLE. .FLUX MONITOR WIRES OF CO-AL AND AU-AL ALLOYS WERE USED.
THEY HAD DIAMETERS OF 0.38 AND 0.51 MM, RESPECTIVELY, AND WERE
INSERTED INTO THE POLYETHYLENE TUBES SHAPED AS SPIRALES.

(ACTIV) IRRADIATION TIME 2 MIN. IRRADIATIONS WERE PERFORMED WITH
AND WITHOUT CADMIUM SHIELDING.

(HPGE ) THE ACTIVITIES WERE MEASURED WITH A HPGE DETECTOR, HAVING
A RELATIVE EFFICIENCY OF 90 PERCENT AND A RESOLUTION OF 2.1 KEV
FWHM AT 1.33 MEV. THE DISTANCE FROM THE CENTRE OF THE SAMPLE TO
THE FRONT END OF THE DETECTOR WAS 100 MM.
(27-CO-59(N,G)27-CO-60-G,,SIG,, MXW) MONITOR 1
(79-AU-197(N,G)79-AU-198-G,,SIG,,MXW) MONITOR 2

(43-TC-100, 15.5SEC, DG,540.,..0700, DG,591.,.0574)

THE HALF-LIFE WAS DETERMINED AS AN AVERAGE OF FOUR VALUES
TO 15.5+/- 0.1 SEC.

THE DATA WERE CORRECTED FOR SUM-COINCIDENCE LOSS, PILE-UP AND
SELF-ABSORPTION.
EN(EV) DATA(B)

_ DATA-ERR(B)
2.5300B-02°  2.2900E+01

1.3000E+00

(LKATOH, Y.OGATA, H.HARADA, S.NAKAMURA)
(ZIPNNAG,2JPNJAE,2JPNYOK)
(C,94GATLIN,,230,9405) MAIN REF.
MEASUREMENT OF THE NEUTRON CAPTURE CROSS SECTION OF TC-99.
(REAC,2JPNYOK) THE RIKKYO UNIVERSITY REACTOR.
-THERMAL NEUTRONS FROM REACTOR. IRRADIATIONS WERE PERFORMED
BOTH WITH AND WIRHOUT CD SHIELDS.
.THE FOUR TARGETS EACH CONTAINED ABOUT 370 KBQ OF TC-99,
THE SPECIFIC ACTIVITY OF THE TC-99 WAS TARGET SOLUTION WAS
DETERMINED BY MEASURING THE SPECIFIC BETA-ACTIVITY BY THE LIQUID
SCINTILLATTON COUNTING METHOD, AND WAS FOUND TO BE 461 KBQ/G.
(ACTIV) THE RESONANCE INTEGRAL WAS MEASURED USING THE CD-RATIO
METHCD.
(HPGE ) THE CAPTURE GAMMA-RAY ACTIVITIES WERE MEASURED WITH A
HPGE DETECTOR OF 90 PERCENT EFFICIENCY COMBINED WITH FAST
ELECTRONICS.
EN(EV) DATA(B)
2.5300E-02 2.27000E+01

DATA-ERR(B)
1.1000E+00
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AUTHOR
INSTITUTE
REFERENCE
MAIN REF.
TITLE
INC-SPECT

DETECTOR

DATA

AUTHOR
INSTITUTE
REFERENCE
TITLE

METHCD
DETECTOR

CORRECTION
ERR-ANALYS

DATA

(T.LKATOH, Y.0GATA, H.HARADA, S.NAKAMURA)
(2JPNNAG,2JPNJAE) '
((S,JAERI-M-94-019,403,199311)=(S,INDC(JPN)-169/L,403,199311))
(J,NST,30,(11),1099,199311) EXPERIMENTAL AND ANALYSIS DETAILS
MEASUREMENT OF THE NEUTRON CAPTURE CROSS SECTION ON TC-99
.THERMAL NEUTRON SPECTRUM. THERMAL NEUTRON FLUX IS
(4.914-0.12)E+11 NEUTRONS/CM2/SEC

(HPGE) FOR GAMMA DETECTION, EFFICIENCY 90 PC

(SCIN) FOR TC-99 QUANTITY DETERMINATION

EN(EV) DATA(B) DATA-ERR(B)

2.5300E-02  L8O0DE+01  2.0000E+00

(V.V.OVECHKIN, D.FERAU, V.S.RUDENKO)

(4CCPCCP)

(C,73KIEV,2,131,7404) DATA ARE GIVEN

MEASUREMENT OF THE ACTIVATION CROSS SECTION OF TC-99 BY THE
THERMAL NEUTRONS INC-SOURCE PU-BE NEUTRON SOURCE

(ACTIV) ACTIVATION

(SCIN) TWO SCINTILLATION DETECTOR NAJ(TL)

(GELI) GERMANIUM-LITHIUM DETECTOR WITH SENSITIVE VOLUME 27 CM**3
G-RAYS FROM ADMIXTURES OF THE SAMPLE WERE TAKEN INTO ACCOUNT
(DATA-ERRER) STATISTICAL AND NORMALIZATION ERRORS WERE TAKEN
INTO ACCOUNT.

EN(EV) DATA(B)
2.5300E-02  2.4000E+01

DATA-ERR(B)
4.0000E+00
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Neutron Capture Cross Section Measurement of Np-237 below 10 keV
by Linac Time-of-Flight Method

Samyol Lee?, Shuji Yamamoto®, Hyun-Je Cho"", Takaaki Yoshimoto,
Katsuhei Kobayashil, Yoshiaki Fujital, and Yasushi Ohkawachi®
! Research Reactor Institute, Kyoto University, Kumatori-cho, Sennan-gun, Osaka 590-0494, Japan
ZQ-arai Engineering Center, Japan Nuclear Cycle Development Institute,
4002, O-arai-machi, Higashi-ibaraki-gun, Ibaraki 311-1393, Japan
" Present address: Korea Atomic Energy Research Institute, P.O. Box 105, Taejeon 305-600, Korea

The neutron capture cross section of 'Np has been measured in the energy region from 0.01 eV to 10
keV by using the neutron time-of-flight (TOF) method with a 46 MeV electron linear accelerator (linac) at
the Research Reactor Institute, Kyoto University (KURRI). A pair of CgDy scintillation detectors, which
was placed at a distance of 12.00.02 m from the pulsed nentron source, was employed for the prompt
capture gamma-ray measurement from the 237Np sample. The measured result has been normalized to the
reference value of the *"Np(n,y)>*Np reaction in ENDF/B-VI at 0.0253 eV. '

The existing experimental and the evalvated capture cross sections in ENDF/B-VI and JENDL-3.2
have been compared with the present measurement. For the neutron capture cross section of 22""Np, the data
by Weston et al. and the evaluated data are in good agreement with the present measurement. However, the
data by Hoffman et al. are obviously lower in the relevant energy region.

The data, which were measured before using a lead slowing-down spectrometer at KURRI, have been
in good agreement with the data obtained by energy-broadening the present TOF measurement.

1. Introduction :

The #"Np, which is one of the minor actinides with a long half-life, is abundantly produced in light
water reactors. The nuclear data are of great importance for investigating the generation and the burn-up
characteristics of Z'Np in the reactor. Neutron capture by Z"Np produces an intense alpha-emitter of Bepy
through the beta-decay of 2‘“‘Np. In order to decrease an undesirable inheritance or a risk of these high level
radioactive materials, in recent years, a great interest has been taken in the nuclear transmutation using
conventional or advanced reactors and accelerator-driven subcritical reactors [1, 2, 3]. Accurate
determinations of the fission and the capture cross sections for #"Np are indispensable to research and
development of the nuclear transmutation technology.

Although several measurements for the capture cross section of “"Np have been reported at higher
energies and thermal energy, the cross section has rarely been measured in the low/resonance energy region

[4]. Weston et al. measured the capture cross section between about .01 eV and 0.2 MeV by the neutron
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TOF method using an Oak Ridge Electron Linear Accelerator {5]. Hoffman et al. measured the neutron
capture cross section of “'Np by the neutron time-of-flight (TOF) method using a Moxon-Rae detector [6].

In the present work, the nevtron capture cross section of 237Np has been measured in the energy region
from 0.01 eV to 10 keV by using the ncutron TOF method with a2 46 MeV electron linear accelerator (linac)
of the Research Reactor Institute, Kyoto University (KURRI). The present result is compared with the
previous experimental and the evaluated data in ENDF/B-VI [8] and JENDL-3.2 [9].

The capture cross section was measured before using the lead slowing-down spectrometer (KULS) at
KURRI. The result obtained by the KULS is compared with the present TOF measurement, which is
energy-broadened by the resolution function of the KULS.

2. Experimental Procedure

2.1. Capture Samples

Neptunium oxide (NpO,) powder of 1.13 g was purchased from Amersham, which was packed in an
aluminum disk container of 20 mm in inner-diameter and 1.4 mm in thickness (outer-diameter: 30 mm and
thickness: 2.2mm). The purity of the sample is 99.6% by weight and the major impurities are about 41 g in
total weight of Ga, K, P, Rb, and S. The gamma-rays of 86.5 keV from Z"Np and 300, 312, 341 keV from
#3pa which was produced through the a-decay of 237Np, were measured with a high-purity germanium
detector (HPGe). No peak from the jmpuritics except for 2°Pa was found in the pulse height distribution
data,

The enriched '°B powder of 90.4% was put info a thin Al (0.2 mm in thickness) plug of 1.8 X 1.8 cm?
and 8mm in thickness, and the sample thickness was 1.102 g/cm’.

2.2. Experimental Arrangement
The neuiron capture measurement was performed in the neutron energy region of 0.01 eV to 10 keV
using the 46 MeV electron linac at KURRI The experimental arrangement is shown in Fig. 1. Pulsed fast
neutrons were produced from a water-cooled Ta target. The flight path, which is 12.0 + 0.02 m from the
neutron source to the sample, is located at an angle of 135° with respect to the linac electron beam direction.
‘The target is consists of twelve sheets of Ta plates of 5 cm in diameter and 2.9 cm long in effeciive
thickness [10]. The target was set at the center of the cylindrical water tank, which was 30 cm in diameter
and 1 cm in fank wall thickness, to moderate fast neutrons. A shadow bar made of Pb block (size: 5 % 5 cm®
X 10 Jong) was placed in the neutron flight path in front of the Ta target to reduce the y-flash generated by
the electron burst in the target.
The linac was operated with a pulse width of 3us, a repetition rate of 30 Hz, electron peak current of
400 mA and the electron energy of 22 MeV for the measurement in the lower energy region, and with a

pulse width of 33 s, a repetition rate of 100 Hz, electron peak current of 3 14 and the electron energy of
20 MeV in the higher energy region, respectively.
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Fig. 1. Experimental arrangement for the capture cross section measurement.

2.3. Detectors and Data Taking

A pair of C¢Ds liquid scintillation detectors was used for detection of y-rays from the sample. The
“"Np sample was inserted into the nentron TOF beam between the detectors, each 1lcm in diameter and
Scm thick. The detectors are adequate to the capture y-rays measurement because of less sensitive to
scattered neutrons. For the measurement of the incident neutron flux/spectrum on the sample, a B plug
(1.102 g/em®) was inserted into the TOF beam instead of the *¥'Np sample. A background run was carried
out with an aluminum disk container without the 23"'Np sample. In the background measurement, a thick 1
plug (4.54 g/em®) was placed in front of the collimator before the CsDs detectors to black-out the neutron
beam. The background level was also confirmed by those measured with a 0.5 mm thick Cd sheet and
notch-filters of Ag, Co and Mn. The neutron beam intensity during the experiment was monitored with a
BF; counter, as shown in Fig. 1. In order to monitor the neutron intensities during the experimental runs,
the BF; counter was placed in the neutron beam. Through the amplifiers and the discriminators, signals
from a pair of CsDs liquid scintillation detectors or the BF; counter for the neutron flux/spectrum monitor
were fed into the time digitizer, which was initiated by the linac electron burst. The mmulti-channel data
were stored as two sets of 4096-channel data with a channel width of 4us.

3. Data Analysis

3.1. Neutron Capture Cross Section

The relative neutron capture yield of the *"Np(n,y) reaction is given by the following relation:

Cir(B),

YNP(E)z C (E) B

(E), 1)
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Y, (E) = (- exp(—No, (EY)) 2 1 | @
o,(E)

where C,,(E) is capture counts of “'Np at energy E, C,(E)is capture counts of OB at energy E, Nis
atomic density of the ?‘”Np sample, f, is the correction factor for the neutron scattering in the sample,
o (E) is the neutron capture cross section, b" (E) is the total Cross section, ¢ is thickness of the 237Np
sample, and Y, (E) is the capture yield of °B. Since the cross section of the ‘°B(n,«) reaction is a
well-known reference one, it has been used to determine the neutron flux/spectrum in the present
measurement. When ¢ is thin enough, Eq. (2) can be written as follows:

o ()= Y& 3)

3.2. Self-shielding Correction

The self-shielding effect of neutrons bas to be taken into account in the capture cross section
measurements, especially near the large resonance region. We have assumed that the sample is irradiated by
the neutron TOF beam. The self-shielding correction in the 237Np sample has been calculated by the Monte
Carlo code MCNP [11]. The correction factor has been obtained from the ratio of the effective capture
cross section for the *”Np sample to that for the infinite diluted one that is obtained by multiplying the
atornic density by 10°®, The result has been applied to the neutron scattering and self-shielding correction
for the present cross section measurement of the 2'Np(n, 7 Y2*Np reaction.

4. Results and Discussion

The neutron capture cross sections have been measured relative to that of the "*B(n,a.) reaction at the
energy region from 0.01 eV and 10 keV. The result obtained has been normalized to the reference value of
the therial neutron cross section of 181 b of ENDF/B-VI at 0.0253 eV, The experimental uncertainties are
in the range of 0.05% 1o 44%, and the major uncertainties are due to the statistical error and that in the
reference cross section for the 1‘JB(n,oe) reaction. Since the ?37Np sample was almost free from impurities,
no correction was made for the impurity effect.

The capture cross sections measured by Weston et al. [5] are in good agreement with the present
measurement as seen in Fig. 2, but the data measured by Hoffman et at.[6] are remarkably lower than the
present values [6]. The evaluated data in ENDF/B-VI [8] and JENDL-3.2 [9] are aiso in good agreement
with the present measurement in the relevant energy region, as shown in Fig. 3.

We measured the capture cross section before using the lead slowing-down spectrometer (KULS) at
KURRI. The measured data are in good agreement with the data that the present TOF measurement is
broadened by the resolution function of the spectrometer, as shown in Fig.4.

5, Conclusion

The neutron capture cross section of 237Np has been measured in the energy region from 0.01 eV and
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10 keV by using the neutron TOF method and the C¢Dg liquid scintillation detectors. The data by Weston et
al. and the evaluated data in ENDF/B-VI and JENDL-3.2 are in good agreement with the present
measurement in the relevant energy region. However, the data by Hoffman et al. are lower obviously. The
data measured with the lead slowing-down spectrometer have been in good agreement with the data which

were obtained by energy-broadening the present TOF measurement.
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Fig. 2. Comparison of the experimental capture cross sections of 2'Np and the

present measurement obtained by the linac TOF method.
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Fig. 3. Comparison of the evaluated capture cross sections of “"Np and the present
measurement obtained by the linac TOF method.
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