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Evaluation of che Thermal-Neutron Constanta for 233U, 235U, 239Pu and JI*lPu*
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A consistent set of best values of the 2200 meter/second neutron cross aectlora, Viestcott
faetora, snd fission neutron yields for 233U, 235U, 239Pu and 21tlPu are presented.
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A least squares fitting program, LSF, is used to obtain Che belt fit and to estimate the
sensitivity of these fissile parameters to the quoted uncertainties In experimental data.

The half-lives of the uraniua and plutonium nuclldes have been evaluated and these have been used
to reassess the significant experimental data. The latest revision of tha spontaneous fission
neutron yield v, of 252Cf and Che foil thlcknesa correction?, to the fisaloa neutron yield ratios of
fissile nuclei to 2S2Cf are included. These lead Co gre&cer consistency in che data used for Z
( 2 5 2Cf). Similarly, the 2il|U half-life as revised leads to improved consistency in the 2 3 5U
fission cross section.

Comparison is made with che values froia ENDF/B-V and other evaluations.

Introduction

The present uorlc, like the efforts that preceded it in
1965,11969,219'4,31975,'1 and 1977s analyzes and
combines all Che relevant experimental measurements
thac lead to £ knowledge of the thermal neutron
constants for the four principal fissile isotopes:
the absorption, fission, and scattering cross
sections, and che prompt and total nubnr values for
thermal neutron fission. Measurements of nubar for
25JCr are included ?.n well. The results of both
absolute and relative measurements are combined by the
same Iterative lease-squares fitting program LSF6 chat
was used in previous efforts .

The analysis Involves adjusting older data to be
consistent with current values of the standard neutron
cross sections and of the half-lives of che fissile
materials shown in Table 5.

The Uestcott g-factors ha _ been updated by using Che
values proposed by Leonard',8 for 2 3 SU and 239Pu, and
those of ENDF/B-V for 2 3 3U and 21|1Pu. westcott's9

original uncertainty values are used except for
fission in 2 3 5U and 239Pu, where Leonard's uncertainty
values are quoted. Me simplify the interpretation of
che old scattering and total cross section
measurements by ignoring the small differences in
scattering that used to be attributed to crystal
scrucCure effecta (e.g., metal vs. liquid). We also
simplify the calculation of corrections for neutron
detector sensiclvity in measurements of prompt nubar
ratios by adopting the mean fission neutron spectrua
energies given by A. B. Smith10, rather than treating
these means as parameters to be adjusted in the LSF
fitting (we find che results of che fit to be
insensitive to the sec of mean energies chosen). He
accapc J. R. Smith's evaluation11,11,13 of the
manganese bath measurements of 2S2Cf nubar total, and
we accept Boldeman's1"* evaluation of 252Cf prompt
nubar and nubar ratio measurements .

New measurements and analyses, made since the previous
efforts, result in a more consistent fit to the data
than were obtained in fast efforts.

Recent Data and. Analyses

Since Lemuel's paper1' ac the Washington Conference in
1975, there have been significant changes in some
auxiliary data used to determine the parameters. The
uranium half-lives have been evaluated here at S

*This work was supported by the U.S. Department of
Energy

and the 23"U value has increased by about 0.42
compared to the most accurate values quoted in the
literature. The latest experimental data on die half-
life of 239Pu have cleared up the discrepancy between
calorlmecrlc and alpha-counting half-lives and
resulted in a decrease of 1 .22. These changes
produced corresponding changes in the cross sections
for che 2 3 SD and 239Pu whenever the amount of fissile *
material was determined by alpha counting, and chis
affected some of che most precise measurements in the
Input data sec. Monce Carlo studies have refined the
interpretations of certain neaaurements of alpha16

(neutron capture to neutron fission cross-section
ratio) and eta , (number of neucror.3 released per
neutron absorbed) .

However, the moat extensive evaluation work hai, dealt
with the determination of nubar. 252Cf is used as a
standard and the various fissile nuclide nubar values
are measured as ratios Co 2 5 iCf. Boldeaan1"1 and
Smith11,12,13 have evaluated various 2i2C£ nubar
measurements, fioldeman19 has estimated a thickness
correction for the foil samples in his earlier
experiments on nubar ratios of che fissile nuclldes to
2 « C f .

following Smith's last review13 in 1980, there has
been little activity on the 2S2Cf nubar problem
although the resulta fro* liquid scintillacor
measurements tend to disagree with che results £or
manganese bath experiments. However, recently AxCon20

has commenced on the Smith evaluation of Axcop'o
experiment and Smith has replied.21 Spencer22 has
published final results on his liquid scintillator
measurement at Oak Ridge, and Edwards23 has reported
on a new measurement at Harwell.

Treatment of Uncertainty (Errors)

In general, the measurer's estimates of the
uncertainties la their results are used - although we
do not hesitate to follow evaluators' recosmendaclona
when they have shown good reason to change che
original. We are indebted particularly to HJ>. Lemmel
and to B. R. Leonard, Jr. for their labors in this
regard.

The LSF calculation scheme is such that the
uncertainties (standard deviations) calculated for the
output values are realistic if the uncertainties
assigned to the input values are realistic. That is,
if each experimental input datum Is drawn from a
population of data whose standard deviation is known
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to be equal to the experimental error assigned to lt(

then the LSF output errors are correct. We as&^ae
this contrary-to-fact situation to be the case. Even
chough there are good reasons for questioning the
validity of this assumption, our results suggest that
experimenters on the whole are realistic, even
pessimistic, in assigning errors to their results. He
find that not one of the individual data used differs
from the LSF output value by more than twice the
standard deviation of the difference between the
two. The input data as a whole tend to be slightly
more consistent with each other, judged by the Oil-
squared teat, than would be expected.

Bcsulta

The results of our fits for 2 3 3U, 2 3 EU, 239Pu and
21*'Pu are presented in Tables 1, 2, 3, and 4. The
standards used in this work are shown in Table S.
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073.2*1.3

1.00110.002

329.011.4

0.090710.002

43.3 tO. 8

2.2*3*0.008

O.OB810.002

2.470±O.OO9

3.74010. OK

1300001200
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371.0l£.3

0.0900

323.1*2.4
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43.0*0.2

Z.297*0.007

0.0874*0.0009

2.498*3.008

3.7*310.014
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374.2

0.0800

328.4

O.S088

40.8

2.208

0.0868

2.499

3.708
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378.1*1.3

0.80810.001

330.211.2

0.008*0.001

43.010.0

2.293*0.004

0.0808*0.0011

2.402*0.004

3.797*0.004

[39!00*200

In Table 1, coJumn 2 lists Leomel's recommended
values,* Oblumn 3 lists Steen's evaluation21*, Column 4
lists the ENDF/B-V values, and Column S our most
recent result.

Although Lemuel had later presented a talk at the 1977
Standards Meeting5 at NBS, his conclusion was that the
discrepancy between the fit to the 2200 D/S data and
the fit to the 20°C Maxwellian data would not allow
him to recommend either result • Accordingly, we have
used his 1975 recommendations'* In Column 2 to provide
some comparison with our fit •

Our nubar and eta values are larger than Lemuel's due
to our 0.6% larger value for 2^2Cf nubar, which is
primarily due to Spencer's measurement22 performed
after Lemuel's evaluation.
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Lamni*M79>

980.0t1.7

0.08010.003

383.3*1.3

0.073810.002

97.4*t.B

2.071*0.008

D.107*0.003

2.41810.009

3.74810.000

2447001200
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081.9*1.8

Q.07M

3U.3U.7

0.977910.0011

09.38*0.78

2.071*0.003

0.1086*0.0014

3.420313.012
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2.089

0.1BM

2.437

3.768
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081.9*1.2

0.9701*0.0009

388.0*1,1

0.0771*0.0010

S8.71O.S

2.07810.003

0.168210.0017

2.40010.004

3.707*0.004

243700*300

In Table 2, we have listed Leonard's evaluation ?" In";
Column 3 and the other Columns remain the same.
Our 23Su aubar value is larger than the corresponding
result ol Lemuel by 0.62 due primarily to our higher
2S2Cf nubar value. The increased half-life for " 1 <U
reduces the 2 3 % fission cross section in Column 5 of
Table 2. The ENDF/B fission cross-section value is
based on Leonard's evaluation and as such is not an
independent evaluation.

Beer's analysis16 of Lounsbury's Chalk Slver alpha
measurements results in a lower value for alpha
iMaxvellian). However, Lemuel's g-factors for cap fire
and alpha are much larger than ourB and results in his
larger Maxwellian alpha being reduced to a lower 2200
m/s alpha value compared to us •
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101I.2*4.1

1.081*0.004

744.0*2.3

1.093910.0024

207.2*3.3

2.108*0.007

0.390*0.009

2.882*0.008

3.748*0.000

24290170

T o o l * 3

R a s u l l s a l

1028.8*9.1

1.07BZ

794.8*4.3

1.0333*0.0013

273.79*2.7

2.111^1.008

0.383*0.004

2.G77*a.013

24110

2200 • / •

1011.9

1.0704

'41.7

1.0S03

370.2

2.119

0.3*43

2.801

3.700

1010.3*3.0

1.078*0.003

748.3*1.7

1.034*0.001

£08.0*2.3

2.121*0.008

0.338*0.003

2.881*0.000

3:707*0.004

24100*12

Table 3 lists the results for 2 3 9Fu. Once again, the
half-life change has directly affected the fission
cross section. Our value is 0.6! larger than Lemuel's
value and 0.9Z larger than the ENDF/B fission crosa
section. Cur nubar value is again larger than
Lenmel's and is due almost entirely to the increase in
the 2S2Cf standard. It can be noted that our larger
nubar and fission cross section values produce an eta
value which is 0.72 larger than Lemuel's value.

In the case of 2 3 9Fu, the moat recent shape
measurements by Deruytter2s (gf - 1.0SS3 ± 0.0013) and
Gwin26 (gf - 1.055 t 0.002) agree better with Lemuel
than with Leonard or ourselves, but the differences
are minor. The most precise fission cross section
measurement in our input set Is also by Deruytter.25

The half-life correction adjusts his reported value of
741.9 barns to an Input value of 751.6 barns. Since
hla measurement carries a considerable weight in this
fit, our fission cross section of 748.3 barns is
significantly larger than both Lemuel's value and the
ENDF/B-V value. Since Leonard's evaluation was
performed much later than Lemuel's or the ENDF/B-V
evaluation, he had the lower half-life value available
and obtained a larger cross section as a result.
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1,013
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9.3900
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3.755
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1373.7U0.9
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3B2.U3.4

2-187«O.UO7

0.39UO.0OS

2.04310.030

3.70710.004



Hast of our effort to date has dealt with the
2 3 5U and 239Pu daca. However la order to complete the
picture, we provide Table 4 which lists the present
results for 21flPu.

In Table 4, the various results listed for 2t**Pu are
generally consistent. Our eta value is 0.6Z larger
than Lemmel's value due entirely to the change in the
252Cf nubar value.

In general, for all four fissile materials, we find no
significant discrepancies between 2200 m/s and
Maxwellian data. Like Lemmel, we have coopered the
fits obtained separately for each set of data. They
are different, it Is true; but the differences are
neither large nor systematic. In neither set was the
fitted value of any quantity different by more than
twice its error from the value fitting the combined
input data set.

We suggest that the recent evaluations and the
different g-factors which we use have affected the
Maxvellian data such that Lemuel's conclusion that
these differ significantly from 2200 m/s data is no
longer valid.

Tab I. 5

Standard.

2.

3.

G. C. Banna, et al., Atom. Energ
(1969).

., 7, 3

*>(»"»)

»,(»"«»>

•.(»•>

l-ractors

e-error

i.sasto.002

2.454x0.000

Q8.O3iO.O0

37.1610.06

13.3x0.2

3B3O.Z0.

ML 13.

EWF/D-V, Leonard

lies t DO U . Leonard

101 years

10* yeara

tarns

tarna

bama

barna

bama

nuts-sum
BHL-HC3-3L320

E M H O - S U M

O0HC3-913Ba

Effit ft-JQ7. EFR1 NP-1783

Conclusion

Although we have not yet examined all the input data
and revised them with the latest values of the
auxiliary data, we have reevaluated those data sets
which carry the largest weight in the fit, e.g.
Deruytter's 2 3 5U and 239Pu fission,cross section
measurements,25,27 the Rumanian 2 i 5U and 239Pu
fission measurments,28,29 Ckazaki's alpha
measurement,30,31 and Blgham's and Keith's fission
ratio measurements.32,33,3''

We presented a preliminary version of this work at a
BNL Conference." We intend to complete the
evaluation of the older (lower weight) measurements
but we expect these changes to have a minor affect on
the final recommendations. Contrary to Lemuel's 1977
paper,5 we believe that the present situation is
satisfactory In regard to choosing a best-fitting set
of values for the 2200 m/n parameters of the fissile
ibatericls.
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