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Abstract

Integral neutron fission cross section ratios have been

- measured for Th222 /U238, U238/U235 and U236/U235 in the
neutron field produced by bombardment of a thick Be metal
target with 23.2 MeV deuterons. Validation of Th232, U236,
U238 fission cross sections in a high energy neutron con-
tinuum spectrum is the obiect of this work. The neutron
spectrum in the irradiation site has been obtained by un-
folding of the neutron induced activity of eleven selected
reactions.  The average standard deviation between calcu-
lated activities with SAND-II unfolding code and the ex-—
perimerntal ‘input activities was 2.5 %. Calculated values of
the fission cross section ratios were obtained from. the
ENDF/E-Y evaluated library of cross sections and the
measured spectrum. These ratios were not sensitive (<0.7%)
to quite different SAND-II input spectra assumed in the low
ernergy spectrum-range (0.5 to-2 MeV ), - Analysis of ervror
sources, errors propagation and their correlations was made
and the correlation matrix of the experimental results was
calculated. The experimentxal and calculated values -obtained
are consistent within the errors. Examination of the fis-
sile ratios measured in other continuum neutron spectra
shows a similar consistency in the spectrum produced by 7
MeV deuterons on Be. However in Cf252 and thermal U235
fission neutiron spectra, a large discrepancy is found for
Theze B

Introduction

Th23Z2/u238, U23B/U235 and UB24/UB3S fission cross section
ratios are important for several reasons : 18- Th23Z2, U238, U236
and U235 are used in neutron docsimetry applications for both fis-
sicn and fusion technology. E8- Dosimetry applications for neutron
fields in radioisotope. production cyclotrons. 30- Th232 or U2E8 may
be a constituent of the blanket of fiss=ion, fusion and accelerator
breeder systems.

These integral cross sections have been measured in a Cf252
fiesion neutron spectrum »in the U23Z +ission spectrum produced by
thermal neutrons®- and in the neutrcn spectrum producec by 7 MeV
deuterons impinging on a beryllium target+. The .average neuvtron
energy of these spectra rances from = & +to 2.8 MeV. However in- the
high neutron energy range these crcez sections have not been
. validated. ) ' o
: The object of this work is the vali-~:ztion of ThE2Z2, U238, U236
_and UZ3S fission cross section in the "ih enercy neutron spectrum
" produced by 23.2 MeV deuterons in a tr:icik beryllium tairget.
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In a'previous work® we have:r measured the integral fission cross
section ratios of Th232 to U238 by two independent techniques in a
fission spectrum produced by -thermal neutrons in U235. These tech-
nigques were fission chamber and solid state nuclear track detection
of fiscsion fragments. The excellent agreement obtained between the
two techniques for the fission cross section ratio (<1%4) and the
agreement of the SSNTD optical efficiency measured by us (0.991)
with the careful measurement made by J.H. Roberts et al.= (0.988),
shows that the SSNTD technique can be used instead of fission cham-
_ber detection. ' .

SSNTD packets (electroplated fission deposits plus mica track
detectors) were irradiated to measure the fission ratios. Activa-
tion foil packets were used to obtain the neutron spectrum shape by
‘unfolding technique. The SSNTD packet .and the foil activation
.packet can be irradiated together and- ensure a better space resolu-
tion (a few mm). : _

‘The unfolded neutron spectrum was used to- calculate the in-
tegral fission cross sectlon ratios from the evaluated dlfferentlal
tross sections. = - :

Irradiation Site and Exgerimental Set4ug .

Experiments. were made at the tandar accelerator of the CNEA in
a specially . built neutron ShlEldEd faclllty,. 21,5 x2 mroom, 2 m
concrete €hield on all side. The ta1get was built with two metallic
1.5 mm thick beryllium plates. The- deuteron beam 1mp1nged on & 1 mm
diameter spot. The target was: refrlgerated with freon. The deuteron
beam energy was 23.2 MeV and. the maximum current was..es pected to be
=z 1 pA. -The detectors were: placed at 41 mm from the beam spot in
" the -Be .target at approxzimately .0. degree. The experimental set-up is
.shown in fig. 1. ' '
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~ Thrée types of irradiation were made :- .
~ "a), Short irr&diations (12 "to 30 minutes) at low beam current
(=50 nA) for fission ratico méasurementk. ‘uazs, ueze’ enrlched u
{UENF ,UEN&), depleted U (UDEF), natural U (UHAT\ and THEZE (TH)
elects dplated deposits and mica tnacl detectdr= were clozely packed
in §5 NTD stackes. _The mica SSHTD detectdr’ were etched anc the fis-



sien tracks counted to detérmine the fission ratios. A cadmium
shield behind the irradiated stack was used to ellmlnate low eneraqgy
neutrons back scattered by the room walls.

b) Long activation irradiation at about 1 WA for spectrum un-
folding. An 11 foils activation stack rapped in thin aluminum paper
was used. Two runs of 24.7 h and 34.6 h irradiation time were made.
Correction for not constant flux was made, taken'into'account the
deuteron current variation and reaction half lives. The’ current was
obtained from the faraday cup of the accelerator tube.

c) Irradiation of In, U235 and U238 with and without a cadmium
shield behind the samples, to determine the correction for thermal
neutrons activation in n,y spectrum unfolding reactions measure-
ments.. i ) )

In irradiations -type a) and.b) both stacks were irradiated
together, even if Dnly one stack was counted, to have exactly the
same spectrum. ‘ nLoe o

Neutron Spectrum. - ‘
‘The neutron spectrum from 22.2 MeV deuteron bombardment on a
‘thick Ee target has been investigated by Lone et al.® with TOF

technlques and provides a reasonable input spectrum guess for
SAND-II unfolding code. This spectrum is referenced .as Lonel
throughcut this .work. ‘ _

B All meacurements were normalized to the stack back and to 1/2"
diameter. So the unfolded spectrum is the ‘effective’ spectrum at
irradiation location (4.1 cm from the Ee target and averaged from O
to B.8 degrees) and.includes any possible perturbation due to ab-
sorption’ and: scattemlng in the- refrlgeratlon system and the stacl..
; The flus . distribution inc'ide the actlvatlon, and SENTD stacks
was determined. by measur ing the Na2a4 activity.of’ Ald/(n.ﬂ)r action
‘in alumlnum foils intercalated between the stacks foils. From OQO-
epline "smoothing™ of the Ma24 activity distribution, the flux in
each foil was determined. The ratios of the flux in the back of the
stack to the foils flux, fGec, were used’ to normalize all ac-
tivities to thHe same positiorn. & 1/r® fitting of the Na24 distribu-
tion was also +tried and  showt no significant difference in the

normalization factors,fGec, obtained. From fitting of two runs the
back of the stack to the Be target distance, d'= 40.8 1% mm, was
obtained. The ‘angular or radial flux, determined by counting the

_radlal flsqlon distributibn in a UENF foil,’ shows that the stacl:
was correctly centered . This distribution was used to calculate
tHe correction factor for different foil diameter, fDiam. - The an-
gular dlStllbUtan agrees within the errors with' that reported by
Lone et a]6 "~ fDiam dlffers 0.S% if it is calculated with Lone et
al.‘angular distribution.

b - L [

Neutron Spectrum Unfolding '

PR

~Fic:tlvatlc:nn Data Reduction

The reactions selected 'ifi ‘order to cover a large energy range,
0. to 23 MeV, are listed in Table-1 : CuéS(n,pINié&S, Inil%
(n. ‘)IniiSm, A6127(n, z)NaEQ_ Ir90(n,2nlZr89,  Aul?7(n,.2n)Aulvs,

NbRZ (n ,2n INbF2m, CDJQ(H,EH)CDSB, MiS8{(n,p)Co58, MnSS(n,2n)MnS4 and
FeS4 (n,p)MnS4. A preliminary evaluation of e:pected activity and
enerqgy sen51t1v1ty range of each reaction with Lonel spectrum, as
well as a careful study of decay schemes™ dnd act1v1tle= from other
-isotopes in- the sample, were made. :

" The aét1v1tle= weire measured in a ZOY% reverse HF-Ge diode and &
4094 MCA -and transférred to an IEM compatible FC to obtain the ain—



Ffinite dalution saturated activaties. Ao-Eup. \ )

In short, the followaing correc%lons were applied : 1) ray ef-
ficiency in the Ge diode, Eff. e) ‘True coaincidences summingsup®,
fSum, 1% at 10cm from the dlDdE, was calculated with Andreev et
al.® formalism neglecting angular correlationi©. 3) Correction for
beam 1intensaity variations duraing ,arradiation. 4) TG, self-
absorption in the sample (1-2%), assiming exponential approsimation
{photonic absorption coefficients from Sharley?). . 5) fGeo, norma-
lazation to the baclk stack flux. 6) —-4.6% correction in gold reac—"
tions., due to dafferent foal diameter (icm), fDiam. 7) -12% correc-
tion for slow neutron actavatipn in Aul97{(n,y) Aul98 reaction, fn.

i % Hy B ; - I ¢ y t

Table 1. Activation Reactions and Gamma Correction Factors

Reactxon Half Energy Branch f6 , fSum | Eff.
Life (KeV) rlo=

CubS(n.pIN165S , 2.5800h 1481.9 0.2350 0.994 . 0.999 1.120
CubStn, p)Nlb= . “1115.6 ) 0.1480 0.993 | 1.004 1.430
In115(n,n")In115m 4.4860h 306. 3 0.4590 0.994 1.000 4.150
Al27(n.a)Na24 15.020h 71368.6 0.9999 0.999 1.003 1.147
Aul?7(n, )Aul198 2.6935d 411.8 O. 95350 0.987 1.000 3.440
Zr90¢(n,2n)Ir89 3.2680d q09.2 9914 0.988 ' 1.014 1.673
Aul97(n.2n)Aul96  6.1830d 055,46 O 8710 0.982 1.014 3.909
Aul97(n, Zn)Aul96 , . 332.9, 0.2290 0.983 , 1.019 4.163

Nb9a(n 2n )NbY2m 10.°150d Q34.5 0.2900 0.974 1 /o0y 1.624
Co59(n.2n)Co58 70.9146d 810.8° 0.9950 0.996 1.008 1.796

N158(n,p)Co38 70.916d 810.8 ’XO.?950 0.992 A UHB "1.796
Mn335(n., 2n YMnS4 312.2ud 8348 0.9998 0.997 r1‘(.)00 1.750
FeSa (n P IMNS4 cilz.20d 834’._8 0.9998 0.998 1.000 1,750
G = gamma self—absorptlon cor1ect10n factor - " . .

fSum = true coincidences summing—-up correction fac tor

Eff. = eff1c1ency at 10 cm foirl to detector dlstqnce

[ . 1 + t [ "

In Eff there 1s 2 % ervor from the uncertainty 1in the calibra-
tion souwrces i1ntensity plus 0.5 % 1n the efficiency determination.
In all cases countaing statistics was around 0.1% and the standard
deviation bellow 0.5 %. . Extrapolation and saturation calculatione
errors due to half life uncertainties were always negllglble. The
error "due ‘to ¥ ray branching, amounts to 1% in 356 eV Aul9s
phntopea# and % 2% in the 1115 and 1481 keV Ni65 photopeal i {c]
and fSum érrors were assumed to be equal to half the corm.:tlon
The relative error in fGeo was estimated between 0.2% and '0. %4 ac-
cording to foil location in the staclt. For gold reactions the error
arisen from fDiam is 0.5% and in the ALl197(n,.Y¥ ) reaction the error
from fn 1s 2%. These errors added in quadrature amount to O%.

Two activation runs were made, normalized to the same irradia-
tion fluy and averaged. The av?r‘ged activities standard deviation
1s N.62%. The averaged satur'ted measured activities per atom. Ac-
E:p., were used as input an the unfoldlng code SAND I'l to get the
neutron spectrum (Table 2).

~ ¥

| -

Unfoldang ‘ .

SANE~II code??-*2® was used to determine the best fit neutron
spectrum from the set of the 11 infinite dllutédﬁsatur‘ted measured
actavities. SAND-II capability to obtaan a correct spectrum
depends on the crosgs sections data and a reazonable guess of the



trial input spectrum. 3

Most cross section agata up to 20 MeV waith & to 10 % uncer-
tainty, was taken from Manokhin et al.*®, these cross sections data
are known with S +to 10% uncertainty. MnS4(n,2n)., Aul27(n.2n).
FeS4(n.p) and NiSB (n,p) cross sections up to 20 MeV are the recom-—
mended values of Zhao Wenrong et al*“. The n.2n reactions of Aul?7.
CoS9?. Nb%3 and Zr90 as well as the n.p reactions of FeS4 and Ni58,
from 20 up to 30 MeV are from GreenWood®$ and normalized to be con-
sistent with those up to 20 MeV. The CubS(n,p)N145 reaction was
renormalized taken into account the latest quoted cross sectionsi8.

The neutron spectrum from 23.2 MeV deuterons on Be, Lonel, was
used as ainput spectrum.

The results from SAND-I1 code, after 9 i1terations are an Table
2, where Ao-SAND i1s the calculated actaivaity, dAv 1s the dispersion
of Ae-Exp, E/C 1s the ratio of the measured to the calculated ac-
tivaty. Range 1s the energy span from the lower to the upper energy
foil sensabailaty (actaivity bellow 5% ). The standard deviation as
2.58%.

Table 2. SAND Iteration Results After 9 Iterations

Reaction Ao—-Exp dAv Ao—SAND E/C-1 Kange
d/s/atom % d/s/atom % MeV
Cubti(n.pIN1bS 3.B0E-17 0.94 3.927E-17 -3.24 6.2-18.2
In11S(n,n)Inii1Sm B.55E-16 0.90 8.448E-16 1.21 1.2-13.6
Al27(n.c)Nals 1.97E-16 1.98 1.990E-16 -1.00 8.1-17.2
Aul?7(n.g)Aulos 2.12E-16 (.54 2.125E-16 =0.22 0.0-12.23
Ir90(n,2n)Zr89 7.759E-16 0.38 7.603E-16 1.92 12.2-21.6
Aul97 (n.2n)Aul9s J.0QE~-1S 0.1C 2.915E-15 2.92 ?.7-18.4

Nb?2(n.2n)Nb%2m 5.90E-16 0.1lv = .837E-+16 1.07, 10.5-19.2
CoS9(n,2n)CoSB 7.67E-16 0.59 7.371E-16 1.30 12.1-20.5

Ni158(n,p)CoE8 1.61E-15 0.18 1.558E-15 2.06 3.6-15.0
MRS5S (n,.2n)MNnS4 7.83E-16 0.35  B8.157E-16 -3.76 11.7-2n.2
FeSQ(n,p)HpSQ 1.33E-18 ¢©.70 1.0581E-15 -2.59 4 ,.0-15 .6
% Standard Deviation : Q.62 2.53 .
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The solution spectrum as well as the input spectrum are shown
in fig. 2. This output spectrum 15 referenced as Iterl.

Another input spectrum (Lone3), constant from 0.3 to 17 MeV and
equal to Lonel above 17 MeV,: was also tried to test the dependence
of the results on the input spectrum. The solution was achieved
after 22 i1terations (standard deviation=2.48%) and the neutron
spectrum obtained., Iter2, 1s very close to Iteri, Fig. 3.

The antegral fission cross sections, <ef>, of U235, U236, U2C8
and Th2R2 were calculated with these spectra and ENDF/E-V faission
cross sectionsi?e.2@ yp to 20 MeV. U235 cross section from 20 to 30
MeV 1s from Carlson et al®*® and 'normalized to ENDF/B-V. U208 and
Th232 above 20 MeV were obtained from the ratio to U235, quoted by
Lisowshi®®, <of> ratios calculated waith Iterl and Iter2 spectra
agree better than 1%. ‘ :

Table 3. Comparison of Two SAND Output Spectra

-
- « ¢

Spectrum Iter 1/2

-1

ctoe Iterd Iter®2 %
‘Terhese '/ Crumae + 0.32211 0.3192 -0.6
{Cerneae /< CTrueas"’ 0.1420 0.1410 -0.7
“Oeumma’ /Y Tetumas’ - ’0.4421 0.4416 10.1<
<Trumme’/<Trumas 9.6960 0.7011 -0.7

7
»

A %

- Fission Cross Segtlop'Ratios Measurement
To measure the cross sectyon r@tlos the SSNTD stacts were i1r-
radrated together with a mochk—up actaivation stact. A cadmium shield
behind the stacl was used to eliminate the small fraction of fis-
si1ons produced in the U235 -deposit by thermal and epaithermal bacl
reflection neutrons. An In cadmium ratio made at the airradiation
si1te showed that without the cadmium shield this fraction would
have been 2 to S%. The contribution' of 1low epithermal neutrons to

the U23S fissions was estaimated to be &= 0.1%. h
The mica SSNTD detectors were etched and. the fission traclts

were counted after 21rradiation, as descraibed an_ previous

wor hg®+21_,  Mass assay was baséd 1in 2no  counting for uranaium
1 N

deposaits and countahg of Fa232 produced by thermal neutrons ain

Th232 for thorium deposits. )

—— - T 1 -

!
Table 4..Isotopic Composition and Constants of Uranium Deposits

i

. . u2zs | u2ss Uzss © ' uacs
UENR (%) 0.57+.88%  95.27+.01% 0.0 4.16%.12%
UDEF _(%) .- 0.0 0.0022%2% -~ 0.0 99 .9977
UNAT (%) 0 .005524Y% 072 7% 0.0 99 .2745
UENG (%) 0.0, 4.57% 1% 92.96% .05Y% 2.47%.2%

TL/2 (year) 2.445SES%.29% 7.04EB.07% B.34EE7%.06% - &4.47E9%.05Y%
<of (barn)= 1.612+5% 1.520£5% 1.05825% 0.6720%5%

« -of : Integral fission cross sectaon -1n Iteri

N 3
Fissions per atom were determined, talen into account deposaits
mass and i1isotopic composition, from the ‘counted tracls after cor-—



rection for fission fragments” absorption ain the deposait, small flu:.
differences due to position in the staclk and different foal
diameter. The i1Sotopic composition of UENR. UEN&4 and UDEFP deposits
was taken from the supplier (Dak Ridge.USAEC) and that of UNAT
from a previous work® (Table 4).

Fission fragments absorption an the deposit ( = 200 pg/cm®
thact ) was calculated taken into account the anisotropy of the an-
gular fassion fragment distraibution because the angular and 1inear
moment given to the nucleus by incident neutrons®®, The anisotropy
(W(Q?)/W(907?)) was obtained from Simmons and Henkel®®, The fragment
absorption correction (1-1I) as =2% for foils facing the beam and
negligable for those facang away. I 1s the net inefficiency defaned
by Carlsonee,

To get U238 fissions in natural uranaum 1.6 % correction was
applied to correct for UEB3S5 fissions. The fissions from 0.57% U234
and &4.1&6% U238 an UENR amounts to 2.5%. In UEN4é the fission correc-—
tion, from 4.5% U238, i1s B.8%4. The UENR, UENé and UDEF faissions
were 3.8% corrected for different diameter (1.5 em).

Two experiences were made for each ratio. Most experiences
were made waith a paair of foils, both foils facing or facing away
the neutron beam. For Th232/U2328 ratio, one experience (T0O2) was
made waith two back to back UNAT foils., one UDEF and one TH facang
the beam. The staclk foils and foil oraientation of each experaience
are detailed in Table 5. t

From the fissions per atom of U238 in UNAT and UDEF, U235 an
UENR, U236 in UEN&6 and Th2Z2 an TH, the experaimental integral fais-
sion cross section ratios ‘of - of each experience were obtained and
averaged. The three Th232/U228 <of:* ratios of run TOE2 were averaged
prior average with TO4. The evperamental «of: ratios from each run
an final:- average results are i1n Table S.

vy {

Table 5. Evperimental Spectrum Averaged Fission
; ) Cross Section Ratios

Ne  EXYF FOILS . Jof: RATIO xX=

The232/uz28 TOR2 THi2 / UN1v 0.2110x3.18% A.A
Th232/u238 TOE2 t TH1E / UNZ 0.0084%5.18% AR
_Thalta/uazs TO2 TH12 / UDEF 0.3071£3.20% AL,A
Th232/u238 O AVG (TOZ) 0.2088+2.83%4 0.26
Th232/U228 TO4 TH14 / UN1O 0.32235+32.08% B.E
Tha3z2/u238 2 AVG (TOR2 + TO4) 0.3168x2.3% 1.50

u2s8 /U255 TOS UN1O / UENR 0.4569%2 .42 ALA

u228/U235 TO& UDEF / UENR 0.452122.15% E.BH

u238/uUelds =2 AVE (TO2 + TO6) 0.4545+1 .94 .17

U236 /U235 TOS6 UENS / UENF 0.7110x2.10% E.E

u2ds6/uacs TOS UEN6 / UENRK 0.705123.07% E.H

u226/uU235 2 AVE (TOS + TOs6) 0.708122.1% 0.09

Last column : Farst and second foil oraientation,
A facaing the neutron source, B facing away.

Dascussion of Experimental Fission Rates Errors
Ay

The two main elements to be considered an the error estaimation
are the mass assay and the fission tracl countaing statistics.
Errore in U deposits mass assay depends on ¢ counting cstatis-



tics, uncertainties in the’disintegration « rate per mg and correc-
tions for « self absorption and. ¢ backscatteraing in the foi1l bact-
ing, fBack. UNAT «a rate error comes from U238 ¢ rate and the
measured factor fexp = 2.054% £0.5%2.The UENR deposit has a mass
calaibration from the supplier that daiffers 1% from, our MASS, AaSSAaY.
therefore the error has been aincreased 1% (UENR cor). .The error 1in
TH foils mass assay araces.. from counting statistics, monitor
weight and flu:. perturbation correction, Fth®, errors. ,

Second we have systematic errors arasang from. flSSan ‘rates

‘ ¥ . ;
+ Table 6. Error Sources for Experaimental F1551on1Rates

L

% Propagation of Error in Fission Rates

Source of Error Error , -
% -- , UNAT - UDEP UENR UEN6 TH
Random errors , ’
Tracks counting ¢ 1,.5-147 1.3-1.7 1.0 ,, 1.0 ° 1.8
a counting .28 .~ 0.28 0.11, ,.43-2.3, = -
counting . - - - - . .1.8
Posation in stack e~s . 0.2,  s2-.3 0.2 0.2 | 0.2
U Isotopic composition® a . .01t 000 0.82 .008 T2
U-a decay half liveses a 0.05 0.05 . . 0.27 .,0.06 -
(measured constants) ~ P ' . . . _—
UNAT fe»pd “ 0.5.7T 0.50 - -, .- o=
UENR fcore 1.0 L - - 1.0, - -~
U Deposit Area® » 1.0 .00 002 L0323, 001 .
TH Deposit Areat: 1egn 0 o =1 - yooo= T, ~-e017
Distance to target® 1.0 L05-.08  ..05-.08 004 4 004, 005
Th monitor weight* 01 - - - - 0.0t
(derived constants)
a'range(l308) 10 - L 0.13 0.11 .12 0.10 -
fis.range (US0B)<= iv 0-.14 0-.13 0-.15 0 -
fis.range (ThO2)* 30 - - . - - 0-.26
fBack (Al)P ’ 0.1 0.1 - - = - 0.1
fBack (monel)t - - - 0.3 - 0.3 0.3. ,0.3 -
= v/<v3d o 2.0 ¢ '0-.02 «+ 0-.02 0-.02 0 :0-.02
ae™ . 2.5-7.8.1 0-.02 0-.02  0-.02 ..+ 07 0=.N2
{(calculated constant=) ‘ - 5 -
Th232 Fth* - 0.5 - - - " -- 0.5
Isotopes «of:® . 5.0 115 L00 . 0,16 0.52- -
different diametert ¥ 0.5 = . 0.5 045 0.5, , -
Final error ’ 1.6-1.8 1.5-1.8 1.8, 1.4-2.6 R.t
« Table 4. . . ‘ '
& Correlated for measurements with U foils of the same materaal.
c Correlated for all measurements wath. U foils.
94 Correlated for measurements with «{UNAT deposits not otherwaise.
= Correlated for measurements with UENR deposit not otherwase.
* Correlated for all measurements with Th foals.
9 Correlated for all measurements.:.
h Correlated for meesurements with UNAT and TH deposits.
t Correlated for measuremente with UDEFP, UENF and UEN6 foails.
3

= nucleus v to fission fragments <v>, used in (1-1) calculation.
. Correlated for all measures. _

k {-ap/2 = fission fragments angular dlStleutan, used an (1-1) cal-
culation. Correlated for measures with foile ot the same materaal
and UNAT wath UDEF foals.
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corrections. The fission fragment correction. (1~1) error basically
'depends on the, assumed error. for fission fragments range® (10% in
UBDB., 0% in ThDE) Fissions from other isotopes correction (f0OI)
error. depends on isotopic cdmp051t10n and <of> uncertainties. fGeo
error.comes .from uncertainties in fDllS stack position (<0.4mm) and
- stack to source distance. The sources df:errdrs_and,their propaga-
tion .are. listed in Table 6. '

These errors together wlth the transformation matrix of fission
irates were used to get the fission rates covariance matrisx and er-—
‘fdrs'as described in Ref. &4,285. With this matrlx,was calculated
the covariance matrix of fission ratios. 1In same manner covariance
matrix of average ratios was dbtalned in two steps. First to col-
lapse . the three ratios of experience T02 and from this éxé
covariance matrix the three final average fission cross sections
ratlds,‘X:E and correlation matrix, tables.S and.7 were obtained.
To collapse the ratios we also try. least square flt. as outlined by
Smith®® and no 51gn1f1cant dlfference was fdund.hu

- Table 7. Correlation Matrix for Experimental
Fission Cross Sectldn Ratios

[

1 '"‘”‘e 3 4
THR32/UB38. = 1.000 .
SUE3s/UB3s -0.032 . 1.000 . ,
UB36/UBZS | -0.005° . 0,526 1.000°

THEER/UB3S | 0.761  0.683 ~  0.237 1.000

Discussion and Results

In Table 8 the experimental fission cross section ratios of
-{afThéSE}, <ofUe38> and. ﬁanESbF to <ofU235: and <aofTha32x/
<ofU238* are compared with those calculated with the evaluated
ENDF/B-VY cross . sections averaged with the SAND-II unfolded
spec trum, Ite11 The calculated <afl 1at105 are cdn51stent within
. the errors u1th the e perlmental value S

Table B. E\perlmental ‘and Calculated Integral
FlSSth Cross’ Sectlon Ratld Results‘

{cf} Ratio Calculated ﬁ EVperlmental ' C/E 1

 ThezesuEss T 0.2811 | ' 0. 3162:2.0% 1.5%
Uu238/u235 A Y-S a 0 4u45+1 % "E,B%
u2E6/U83%5 0.6960 L708122.01% <1.7%
ThE%g/UESS_ , ,0'1420 o 1437+d %Y, ‘”—1.?%

" 'In Table 9, 'calculatEd and e pefiheﬁtal 1atids of the fissile

“_1=DtDpE= meaeured 'in other neutron spectra ‘are’ compared * a)  fis-
sion =pect1um ‘of _Cfes2, b) fission spectrum. from thermal neutrons.

-on . UE 25, c) spectrum: produced by 7" MeV deuteron on a thick Be tar-
.get... Similar coneistency is obsevved in the spect\um from 7 MeV
deutersons. However Tor " fission spectra of Cf252 and UE35, still

persiste & non e ‘plained discrepancy, 10% to EU%, particularly for



1.

2.

1o,
11.

Table 9. Fission Cross Section Ratios u )

4

. in Dafferent Newtron Spectra -

<ofx Spec trum Exp Calc= C/E-1 Ref -
Ratio i E -
7MeV d,Be ~ 0.2580 0.2608 1.1 4
- Thade 7MeV d.Be 0.2640° 2.2 4
—_— Ther Faiss 0.2640 0.2464 :=7.1 3
uase Ther Fiss 0.2665 ' -8.2 2
’ cfase 0.2740 0.2489 -10.1 ) S
‘ 23MeV d,Be 0.3162 0.3211 1.5 ¢
U238 7MeV d,Ber 0.3780 0.3850 1.9 4 -
S cfazsa " 0.2681 0.2540 5.6 1 -
uazs cfesa ' 0.2741 -7.9 1 -
3MeV d.Be 0.4545 0.4421 -2.8 ¢
Ugzé ' 7MeV d,Be  0.6235  0.6620 6.5 &4
—— 7MeV d.Ee 0.6670% 7.0 4
u23s 23MeV d.Be” 0:7081 0.6960 -1.7 ¢
Tha32 7MeV di:Be 0.0975 © 0.1003 2.9 4
— cfase 0.0735  0.0630 -16.6 1
uess cfese 0.0751 -19.2 1
C

23MeV .d .Be 0.2937 O.1420 ~1.2

~ Most values calcdulated with ENDF/E-Y
Calculated with JENDL-Z2
= This paper
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