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Measurement of Fast Neutron Induced
Fission Cross Section of Minor-Actinide-

Naohiro Hirakawa™
Abstract

In fuel cycles with recycled actinide, core characteristics are largely influenced by minor actinide (MA: Np,
Am). Accurate nuclear data of MA such as fission cross section are required to estimate the effect of MA with high
accuracy. In this study, fast neutron induced fisston cross section of MA was measured using Dynamitron Accelerator
in Tohoku University.

New or improved techniques and tools with high precision and fast timing capability were developed for this
study. Those are as follows: (1) Development of a sealed fission chamber, (2) Intensification of Li neutron target, (3)
Improvement of time-resolution of Time-of-Flight (TOF) electronic circuit, (4) Introduction of MA (Np237, Am241
and Am243) samples with large sample mass and (5) Introduction of a U235 sample with high purity.

Using these improved tools and samples, fission cross section of Np237 was measured between 10 to 100
keV. On the other hand, averaged fission cross section for Maxwell distribution spectrum with kt=25.3 keV was
measured for Am241 and Am243,

“Work performed by Tohoku University
under contract with Power Reactor and Nuclear Fuel development Corporatioh
PNC Liaison: Yasushi Ohkawachi,
Core Physics Research Section, advanced Technology division

* Department of Quantum Science and Energy Engineering, Tohoku University
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Fig. 2.1.1 Fission cross section of “"Np between 1 keV and 20 MeV
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LLILRBPINDRABHIIL, VT TAIV DA, F2UTLABLUESRERDORMBBPBEALTNSLET
MENBED, Thbz R R CHEME D Ny BREFLLENDD, FHR T, BT RifkEE
AOTHBERSMET o, TOBRA VBB, BIROpHOEW I LS E IR OT HEE Hi 0@y
A F BB IR~ DR FHOBOEFIATIHETHY, AR RE (ERORE) - FiROpHE= he
—NFTAILCINVEROEROSBERITILOTHS, Figl. 118 L UFig3 1.2 R R TITo 7o RIERIA
FIRZ R, Np2 HERC TR R, BLE A EREF X A7) B LUOMERR-0.1IMAV LK
SE%% MV UNp DR Ml . Pu 327 %, pHORR BB IAHE AV T, FP (FP+Am,Cm),
Pu, Np, UZIERAA RS BEE R, ShiT, MEROFIRERVIELITO ., NpORREZFHDHI

Table 3.1.1 iE &ML CORFEEET T BREICELN Np IBROMERL, £ E&EO o RRIET
—FELLITE Z AL RFEEESITUTRMHE ST 0.1ppm LA F LB CE, +o2MED Np BIEBEL
NTNBZEDGHB,

Table 3.1.1  Atomic fraction of impurities relative to *’Np in Np solution

237Np 239Pu +240Pu 238]?!1 241 Am
Before purification 1.0 7.17E-3 5.95E-6 5.83E-7
After 1st purification 1.0 1.61E-5 247E-8 2.69E-9
After 2nd Purification 1.0 - - -

(*) 1.23E-3 : read as 1.23 x 10

B

RSN ENpRRI R AV PR AT Aa— M EL, BEEB I By Ui, EFERIL, Fig3. 131077
PBY, AP VL RGED FIEER R ET AT TAEABWILOTHY, FHHbE&MOBEEFALT
BELYIBI2Y, BRI, BEBEL —BICT30ic, B—F—ldLoTHERESE TS,

R EA S %L/ I 36mm B 03mm JEOASREBAL, A7 L ABED HicEE,
SRENDRESTHED 25mm HEOEC Np 2EEL (Figl.13 8R), 2ok, EBEI 800V, Eit
% 10mA B2ETHY, 30 SREFE L, 5 BIERL Np BE 7 NII4ETHD,
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(A (B8) B) ) © © (D)
I [ I I [ I
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RO A A 238

(A) 9M HCI-0.1M HNO, 15m!
(B) 9MHCI-0.1M HI 30m!

(C) 4M HCI 10ml
(D) 0.1M HCI 15m!]

Fig. 3.1.1 Flow chart of ion-exchange separation of *"Np (1/2)
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@ ® (© d) () (o)
L] L |

BIORAD AG MP-1 (mesh200-400) .
Column ¢ 9mm x L80mm (G&ml)

Y h h 4 h 4

#1 | H2 | #3 Pu-f#1{Pu-f#2 Np-f

U-Fraction Pu-Fraction Np-Fraction

(a) 7M HNO, 35ml
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(¢) 12M HCI 15ml
(d) 9M HCI-0.1M HI  30ml
(e) 4M HCl 30ml

Fig. 3.1.2  Flow chart of ion-exchange separation of 2*'Np (2/2)
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RREREMSHEEEBHEEAVTEY, BRELLLICEEFRACEYRLTWS, 4 B A LR H-
B SR B340 10cm, B ISR AT T S F r— BT RI6mmE L, 20OV RT MO SITEIR HA%0,
Poksheva® Iz LV EHL | 2.175x104 Th o7z, T2 TRV /o Posksheva®d X DWFEIL, AEHE, BHESE,
RE-RHEREERREIZ Lo Thvb B3, ZZTHW=&E TIIEEI%L T T3,

Fig3.1.51211, ZOE B> TELNZ o AT PVERT, 2O, NpdD o BEIZHVHEENS
SEEOTRAF—E— RGBS TNBZERBDDY, +HR RN EGRERHLILBHERTES,
SEERUZAKOREIOE BIEES, Table 3.1.2 IR T, ERBEEIL MEHEEE, S@HR1%) DE
EEEBEELTHEAET L1 Tholz, ZORND, SEERLIZEIAKO N, 3HITH 1mg, BY—HITH
270mg THB, 7286, HORPHIRB ORI KFEEL F oo/ T 57DIC VD FE TS,
TERRL 7z BB D BT, o AR ANIZ LD T ok, S EVERL - A DRBIOE B 4. Table 3.1.2
WORT, ZORDEEREZEL. Table 3.1.3 IR T LBV THS,

Table 3.1.2 Result of sample assay for four Np samples

Foil No. Deposited mass (mg) Error (%)
6 0.2757 1.35
8 1.083 1.34
9% 1.051 1.34
11 . 1.042 1.34

*used in the present measurement

Table 3.1.3 Errors in sample assay of Np sample

Error (%)
- Statistiacl 0.2
Exirapolatoin 0.001
Equation for Effciency 1.0
Geomeitry for Effciency 1.033

EEM o R bax—&% AV, 3B FEIC 5.5mm BEROT SF v BEFE- ORISR LR, 2
Bo— ST ORI ERZEETAIELY., BHo— ORI EL ER LU, Table 3.1.4 [IZHLEFEES
BILT S Fxeo b it EDERERT,

YTV 8 TLL 10BIEE BT ERICERRLNIELOD, o7 9 B 11 OFLEEAROEL
ARTRE THY, BO—RMERBLN TV,



Table 3.1.4 Measurement result of uniformity of Np samples

Foil No. Center (cps) Most outer region (cps) Difference (%)
(A) 100%(B-A)/A

8 0.65 0.59 10

9% 0.65 0.68 4

11 0.65 0.68 4

*used in the present measurement
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Am RO Am REEFMIVEAL, 3-1 Ho *'Np RE-FHFREERIT o1, AP OMRET
AR TR EI. PNp BB 2 RI—Cb D,

THBORBHRIT, M ST OSE b AFFFHR TR AR OB 1001 Ci BLUFICH
REN TV, “O R SR LR L RSB LTS, BR T, ZhI EOREIED
Ham, 22Am BREOEAITELWEEZLND,

HAm 3R

BINp BB R o R M ARNIIZ Lo TRENLAI MUV E Fig3.2.1 ITRT, ZOANTMVALEH
SNTRFEE Table 3.2.1 1277,

" Table 3.2.1 *'Am sample (1997/12/11)

Sample Isotope | *  Number of atoms | Total mass o activity
(#8) (& Ci)
¥Am #Am 2.508E+16 (100%) 10.04 34.4
MWAm Ak

o AT AR Lo THBL LA MVE Figl.22 1Zmd, ZOXIMA, 28Am OfiC RiimEL
T MAm, MOm PRERIND, Z05H MAm [T oW TEHENES Table 3.2.2 12RT, ELIOBR
TI<CHB TR Aéiobhﬁ%ﬁ&ﬂ‘ Do

Table 3.2.2 *®Amsample (1997/12/12)

Sample Isotope | - Number of atoms Total mass a activity
| (rg (1 Ci)
*Am *Am 2.140E+17 (99.66%) 10.04 17.2

MAm REDOBS, FERL B OLAFEOHE B £ TORIB AEER T5L, REFITBNT *Am DR
R THD ®Pu 21D ELTELONSHHEOERNE TSNS, K *Pu ORGSR ERIFHR
TRVWBTFAX—(En = 25keV {1iT) T *Am O 200 [FREOKESTHDLLDD, bTHIRETHEL
SEBITHETDILD, TOREHMOTRIMLENDD, LULEBLEEHIZENRD ®Pu & o A7MaAR
UCTERTDILIIRABETHLD, ABHERR (1982/11/26) RN TITh N EESHFOF —F & A
T, JI7E B (1997/12/12)y CORMFRREFHEL TRML 7, #£R% Table 3.2.3 [TRY, ZOMREHDL
TEHHITRETHS PAn OREFENSEHOERRRL 1%L T—HLTNBEILB 51D, 207w, #l
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Table 3.2.3 Calculated atomic numbers of isotopes in **Am sample

sample Isotope Number of atoms (%)
1 Am 3.90 x 10** (0.018)
B'Np 9.317 % 10" (0.00043)
2Am 2.16 x 10" (99.52)
254 Np 1.889 x 10" (0.000009)
2Py 3.052 x 10 (0.141)
#Cm 3.958 x 10 (0.182)
20py 3.090 x 10" (0.142)
By 2.713 x 10" (0.000125)

RBIZTERLHRER, BIUCHALEREOHESFOT —FI3Z T, Fig3.2.3, Table 324 @
IR TNA, ‘

Table 3.2.4 mass-spectrometry data of **Am sample (1982/11/26)

Sample Isotope Number of atoms Total mass o activity
(g (1 Ci)
MAm HAm 3.90E13 (0.018%)
#3Am 2.16E17 (99.66%) 86.4 40.5
*Cm 7.05E14 (0.326%)

2INp DIREHE Img LH~RBE, MAm i34 1/100, 2°Am 1250 1/11 TH2,
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DX FRAR P ICE S BN ORI MABRAL TOBES, PHFRE I R hiEh a3
ZERIL, MENBERD I T T RERE, #oT, FGOMEOLRNERE O FPREELN, 22T
FHETRAWDRELL T, Eak 8 EEICHE 99.9%0 &V U BB 0EAZ{T2o7,

2B, o7 EEHT, X FF o0 AL RE LB ORBHES LR 25mm EE, /Sy¥-7 36mm BHE)T
5D, AT, mALED 70 R O RAL AR B ERE R R CE R R 25,

AL (4eABLRE

ZOUZRABORM EEROBEIZL, bobBEORW B ENTRSEESITSHREEERELE,
ZOBEESIIER., BEHBEY U BT B0 0I5B RBHIH L T E TS, BIEHRED
FEAHIT Table 3.3.1 IZRLTWA LB THLIS, 2°U ORETRDE 99.9% Th -7z,

‘Fl}
i

EEIX, X720 AEFCL o AP A—F I I0iTofc, 25U BEOHEIN, BEMZTHS U I
EE AT EBHAPEO RS THE B ULINEPUD Ry I T IR o RS EEIRT B EERBLELRSD,
I, EROBEY, BEEORMEERIELN THWATD, ZOMBRIE I ERET —F R o B
TR ERWTRuI 7 TR R, 20U 828 HL,

EEOHERE. FALEMEREELIT Table 3.3.1 1R T, MEEIZ, 99.912%. 27U 3K &id 10.40x10" atoms
THde

Table 3.3.1 Result of sample assay of U sample

Isotope Total Isotopic Relative Number of Areal
Activity (Bq) Composition Activity (%) Atoms Density
(%) (x10") (1 glem?)

U-233 < lppm <0.24 -

U-234 0.0298 45.84 0.003 :

U= 60.55 £0.55 99.912 53.66 10.40 £0.11 94.0
U-236 0.0165 0.27 0.002

U-238 0.0414 - ' 0.004
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&%, BONILRE L DER D OFE Figd.3.13 1277, EERS 2'Np, FTEH 25U ChH5,

Table 4.3.1 Energy bins

Energy Bin High Energy (keV) Low Energy (keV) Center (keV)
#1 113,70 53.23 83.5
#2 53.23 30.07 41.7
#3 30.07 20.03 25.1
#4 20.03 10.43 15.2
#5 10.43 6.38 8.4
ENEE P FOMIE

F—FyNpLRAELUTR MRS OF MIZRho T ON, HEBMATRDEOIIEREEESN T
BELL TR BT AST T 5, SbiE, JIRE B8 w2 7SV RERD, T/ w77 Ty R T (5 B &I,
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EROFHEFRARIMLA DG OFRBOFUFIC L EREEZ LIS,

AWFFTIL, Figd.3.11 R 4.3.12 \RUT("room back” 435 Y., EPIBEL P T OERE ML
(Fig4.3.13 BR), TOMEDRESIL, TRVFE—LUICLoTEDY., 735750 RERD RO Tt
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EROLDLIEED LR, ERRELFETFOLICEROICTEETHILITTERN, 20, 20
=T YybRUF 2 N —BE PR F OB ELLT, MO0 EFHEICIVES BRI B o HET R
., BELERHBHBE LRNE RO IO THET A LERDS,

AR T T FHN T2 —F"MCONP4A" % VT, BEF—H T4 7 5UIZ1L JENDL3.2 HAv bIARS
ATV ERALTHEZER L, FEOTF LRI, F—Fybeit ZoOBSEHES P EEL

o ZETHWERBEGREF NS Figd.3.15 IO LI,

MCNP T, Z 2DV AN B TCOPHETF LRI —5A 8 5544512, JENDL3.2 O 350 RO
#INp DT RNF—{EIFE S ETERE AT 25U RO ¥'Np O S BBEHE LY, 2L T, #—F vk
VF 2l —HYRLOERITOVTOD 220 MCONPEEZ TV, M D2 B> THEGRS L, 21,
MCNP D FEIZHELR2D PHETRAST ML, R CER LY Lijpn) FHFH T2l —iaya—F
" NESTL ( 5.3 fiff 1 RTR~% )" Z2AVTIERUEL, ZOF I IV BLN A B IREO P FIRAY
V% Figd.3.16 12357,

Fig.4.3.17 {Zi%, MCNP HEIZE-oTRLNZ oD 7 3 A NAL B TO T HRLTVETT, 8ELE
BEETHRORANIIMBE, WELRLORSRIM IV REREERLUTCWDZERERTED, KR A%
AT A BEL P T B, BELERL DR EITHUT 20-70% 57257 (Table 4.3.2 ), ZO#E T
HEFORESIE, REBFBPEKRTHY, T RER TS PP EETAZLCRAL TS LhE, 4155
HEDOW RIS, ME, 77 VP ERERUBIEE THBEI LS5, 2B, Elbilk -~ 2ish, &
FHTERAL TS back-to-back BENFHEICIWTIL, HIEM ST OIS BEMAR— A BiCBE IR
EDBREN, TOLLL TSR EFEPRAIESNAZL L2570, BELPHETEORSINESEKREC Y
BLTOHRWN, BT, ZORBEIIOROLNAZS T TBHIERIT, Np & U, HBVITRAF—
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Table 4.3.2 Calculated result by MCNP4A

Energy Bin Np U
Np- target side U- target side U- target side Np- target side
#1 1.30 1.18 1.30 1.18
#2 1.33 1.17 1.33 1.17
#3 1.56 1.23 1.54 1.22
#4 1.54 134 1.55 1.34
#5 1.72 1.36 1.73 1.37
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ETHHEZLDPD, VWTHhOEETH U, Np TORHEEESHERLTEY, HBHA/NSRELRSTHS,

HWERIBEROE LT +4.6%L7207, MBRAICHERDORES % SO-OIX, SMBEIZIAHIEThHo7,

Table 4.3.3 Correction for Measurement 1

Collection Extrapolation Self- Room-back Scattered total
Energy Bin (%) absorption(%) neutron (%) neutron{%) (%)
#1 + 3.66 + 0.66 +0.03 +0.24 +4.62
#2 + 3.66 + 0.66 -0,02 -0.13 ' +4.19
#3 + 3.66 +0.66 -0.24 -0.93 +3.12
#4 + 3.66 +0.66 -0.95 +0.61 +3.99
#5 + 3.66 +0.66 -2.39 +0.76 +2.62
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B0 T —Z MBIz L0ELIE PN AU BB EAELL% Figd.3.18 12, P°U Bmf4L L C JENDL3.2
ZRAWTEE L ®'Np 5 #HEFEH% Figd.3.19 XU Table 4.3.4 IZ7R 7,

Table 4.3.4 Experimental result of #’Np fission cross section measurement

En (keV) Present Present JENDL3.2 ENDF/B-6
Measurement I %Error & JEF-2
(mb)

8.4 (10.43-6.37) 19.9 23.7% 23.0 8.8
15.2 (20.03-10.43) 17.3 11.8% 23.0 9.4
25.0 (30.07-20.03) 16.1 9.9% 23.0 9.9
41.7 (53.23-30.07) 17.8 7.4% 23.7 11.3
83.5 (113.70-53.23) 16.0 7.1% 285 14.5

IORIHEZONTWAREEL, vz A —#EL PR FRHELN OB IEIC 28281, FiEt
BERUY AV ERRENRE TN TS, EEMITIT. HEHRE®E N OB 2BEEEL TV,
 EREPRUEETICI. NEA data bank M@ EXFOR F—# 77 A VLB UL ERTF—F RO
JENDL3.2, ENDF/B-IV R} JEF-2 D F —3 54 7SV MEZH T TRLTVS, BEERT —FOF
T, AR TH R LLUIZE 10keV IR T Np O SSEWTEBEZEIEL TV O, Table 4.3.5 127 4 Hd
B, Figd.3.19 b5 Licy, S EOERRE R, Hoffman DO REFHLICHB R0,

-7, Table 4.3.4 {2 R3 @Y, 4 EOHIERRIX 16-20 mbarn F2E THBDIZH L. ENDF/B-6 K& U JEF-
(&1L 2L F—)DOMEIX 9.0 -15 mbarn (10 - 100keV), JENDE3.2 /X 23-30 mbarn (10 - 100 keV)THD, =
OREEMD, S EOHERBIIFMEBESAET —F 77 ANVDELE~BL, 50keV LT CiE, JENDL3.2 {Z
i<, 83.5keV @ 1 £13 ENDF/B-6 [ZiEVW ViE R LAr o7z,

Table 4.3.5 Reported study for ®’Np fission cross section around several 10 keV

Author reported year Laboratory Remarks
(country)
Hoffman® 1976 Los Alamos, Nuclear explosion
‘ (USA) ,
Platterard™® 1973 Saclay 60 MeV Linac
(France)
Perkin?! 1965 Awre Aldermaston, Fe filtered beam
' (UK)
White*? 1965 Awre Aldermaston, p-Li monoenergetic source,
(UK) relative to 25U
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Table 4.4.1 Energy bins

Energy Bin High Energy (keV) Low Energy (keV) Center (keV)
#1 120.10 53.23 - 36.7
#2 53.23 30.07 ‘ 41.7
#3 30.07 20.03 ' 25.1
#4 20.03 10.43 - 15.2
#5 10.43 6.38 8.4
Pum ~DIE

o EREOPBEZIF TRV EEZDNB IS DEB AT M E BRI CR/NE BT AT AV 7 81T
W SRS L I R R TAMER T o T o BRICEL R TV AR D RERE L.,

Fig.4.4.6 [Z13 25U TR 740T 427 S BEROBE RS . 7 4o b7 BEOE Gz SR BEE
RUTE, 4 BEORIETH o FREO DB LB BIF Cho7 DI AE ERHEE 1 ITHh_T/hEL, 27U
WHLT 0.8%, ®'Np IZR LTI 1.0% ThHole, 2B, ZOFERIL, EOTRNF L THLRLTHoT.

B ORINORIE
B AAEHIE I CEALCLOLE—THAZEE, B DRINEIS 11X 2 Np, 20 TEILER 1.4%.
0.75% TH B, :

BEHNEEPHETORE . .
IOREDKREXE, TRVE—E U Lo TEDS, 74T REZDENEVTIX 0.6%, PRV EY
T SABRE Tholz, 2B, YA AOHEEE Np R P UL L> THIERICIIZET 2P0,

Y VA REOIE
HE 1 LR EMBE Y A THBIENDE EI T bidoTz,
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HE 1 LRI, BV T AN —R"MCONPSA™: AV CRTER EAEH L/, 7235. MCNP DR EIZNL
BERDFHEFIRAZ L, RFRTHERLE Lipn)PHEFIEI =l —aa—F " NESTL' /A0
THERR L7,

MCNP # 52X o TRLNE 22D T4 VLB TO P FRAY MR Figd 4.7 R T, BIHSERE
CdDPHFRARIIOEMIAE 1 TORBELEBL THYRESILTWS, o, BHERL—RAR
NIMEDEDYDBFE TR T MM TV(HBEEFATER I MNYDE-E DS E D% Table 4.4.2
R, ZORFITRER TR OYF L T DNT, Sy MUR AW L X RO E FeE o 2
NG =T ORLTHD, JIE 1 TiL. BELFHFICIBEBRRELREVE B NWT T0%REDESEL
BB RbNH, 4RIORE TIRER C14.1%08MMmEZ O TS, A

BT IR ~72 I, RBFRTIE Back-to-Back E DR ER TR TV BRDTHLIZHEE TS, ZOFHE
BREAVCCERL BRI OB ERIL, TR —E T RVEDELOD, HRT 0.65%Th-
7o

Table 4.4.2 Calculation result by MCNP4A

Energy Bin Np Ll
Np- target side U- target side U- target side - Np- target side

#1 (120.10-53.23 ke V) 1.14 1.10 1.14 1.11

#2 (53.23-30.07 keV) 1.18 . 1.06 1.19 107

#3 (30.07-20.03 keV) 1.06 1.03 1.06 1.03

#4 (20.03-10.43 keV) 1.00 1.01 1.00 1.02 .

#5 (10.43-6.38 keV) 1.10 1.17 1.10 1.17
FIEEDELD

B EORERIECLD, ZHRLIIH TR EERERILITELDDE Table 4.4.3 DXSIT/05, FARHE
ETHDIEND, WTNOEE T U, Np COREHESBLTIY, ISR oTND, BEEE
BRDEY T -3271%L732 o7, Fe, JIE 1 LEBU TR IS H ERBSIRY/NEI-Td, REEES
VB NS A LA 0T,

Table 4.4.3 Correction

Collection Extrapolation Self- Room-back Scattered total

Energy Bin (%) absorption(%) neutron (%) neutron(%) (%)
#1 (120.10-53.23 keV) +0.20 +0.66 -~ -047 +0.27 +0.65
#2 (53.23-30.07 keV) +0.20 +0.66 -0.28 +0.66 +1.24
#3 (30.07-20.03 keV) +0.20 +0.66 -0.41 -0.24 +0.20
#4 (20.03-10.43 keV) +0.20 +0.66 -1.02 +0.25 +0.07

#5 (10.43-6.38 keV) +0.20 + 0.66 -4.09 + 0.00 -327
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Fig.4.4.6 Pulse height Spectrum and fitted Curve for extrapolation
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Table 4.4.4 Experimental result of ®’Np fission cross section measurement II

Present measurement Present JENDL32 ENDF/B-6
En (keV) I P (mb) & JEF-2
(mb) (mb)
8.4 (10.43-6.37) 225 24.8 23.0 8.8
15.2 (20.03-10.43) 20.2 11.3 23.0 9.4
25.0 (30.07-20.03) 16.8 9.7 23.0 9.9
41.7 (53.23-30.07) 18,2 8.2 237 11.3
86.7 (120.1-53.23) (12.3)* 10.6 28.4 14.3

*reference value
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Fig.4.4.8 Experimental result of 2"Np / 285U fission cross section ratio
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kol I RUHERERIICE L ENARLEBBEhRFR—BETR Lz, KHRTO ¥ Np #%

ARFEEAE TR, 20 2 AEOFHEZ S > TEBERE T 5. LR LAHTRRZLSCH
FIORATIZNF—E L ONEEERSEEL LERCEED T RN, BHZN-HEBEES X
UEBEZE Table 45112787, /=, 70w b LidD% Fig451ERT,

Tuble 4.5.1 Experimental result of ®’Np fission cross section measurement

En (keV) Present Present JENDL3.2 ENDF/B-6
(mb) Error & JEF-2
8.4 (10.43-6.37) 21.2 343 % 23.0 8.8
15.2 (20.03-10.43) 18.8 16.3 % 23.0 94
25.0 (30.07-20.03) 16.5 13.9% 230 9.9
41.7 (53.23-30.07) 18.0 ‘ 11.0 % 23.7 11.3
83.5 (113.70-53.23) . 16.1 7.1% 28.5 14.5
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Fig.5.3.1 Neutron spectrum of quasi-Maxwell distribution from Li(p,n) reaction
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Table 5.3.2 Correction

Correction Extrapolation Self- Background (%) total
Measuremen (%) absorption(%) (%)
Np -1.0 + 0.7 +0.07 -0.27
*Am - 1.0 -0.7 -0.54 -2.25
#*2Am - 1.0 - 0.6 -89.2 -92.15
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