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RESUME : 

Ce rapport decrit les resultats des travaux2jianalyse des 
sections efficaces neutroniques experimentales de Pu dans le 
domaine des resonances resolues effectues a ORNL en utilisant le 
code multiniveaux-multivoies SAMMY. Les parametres des resonances 
ont et6 obtenus dans le domaine d'energie 0 eV a 300 eV. La liste 
des parametres de resonances est donnee, de m&me que quelques 
proprietes statistiques de ces parametres. Des comparaisons 
tabulees et graphiques entre les sections efficaces experimentales 
et calculees sont faites. Les rksultats de l'analyse sont 
disponibles a la banque de don&es de 1'AEN dans le format ENDF/B-V 
et seront utilises dans les bibliotheques de don&es dvaluees JEF2 
et ENDF/B-VI. 

ABSTRACT : 

The report is a description of the analysis of the 241Pu 
neutron cross-sections in the resolved resonance region at ORNL 
using the multilevel-multichannel Reich-Moore code SAMMY * The 

I resonance parameters were obtained in the energy range 0 eV to 
300 eV. The table of the resonance parameters is given with some 

1 statistical properties of the parameters. Tabulated and graphical 
comparison between the experimental data land the calculated cross- 
sections are given. The results are available in ENDF/B-V format 
and will be used in the evaluated data library JEF2 and ENDF/B-VI. 



I - INTRODUCTION 

The most recent complete review of the 241 Pu resonance 
parameters is that given in Ref. 1. .It was shown that a 

satisfactory set of resonance parameters describing with accuracy 

the cross-sections in the resonance region had not yet been 

obtained. An attempt to improve the Reich-Moore type resonance 

parameters obtained at SACLAY in 1976 has been made recently by 
H. DERRIEN et al. (2) by using the Bayesian code SAMMY for the 

analysis of KOLAR total cross-sections (31, BLONS fission cross- 

sections (4), and WESTON fission cross-sections (5). The problems 
encountered by WESTON et al. (12) when evaluating the 241Pu cross- 

0 sections for ENDF/B-V were not solved. It was concluded that a 

satisfactory evaluation of the 241 Pu resonance region would require 

at least a precise transmission measurement with thicker samples 

than those used by KOLAR et al. Unfortunately, such transmission 

measurements are not foreseen for the moment and one should try to 

extract more informations from existing data. It happens that 
transmission measurements were performed in 1973 by HARVEY et al. 

(13) on a 78 m flight path with samples. cooled down at liquid 

nitrogen temperature ; the thickest sample was 0.0114 at/b, seven 

times thicker than the one used by KOLAR et al. In the present 

paper, a new analysis of the 241 Pu resonance region is described. 

0 This new analysis is based on the 1973 HARVEY et al. high 

0 
resolution transmission data which allow ,the ~resolved resonance 

range to be extended up to 300 eV. 

The content of this paper is organised as follows. Section II 

describes the experimental data base analysed. In section III 

informations on the methods and assumptions of the analysis are 
given. The properties of the resonance parameters obtained are 

described in section IV. The calculated average cross-sections are 

shown in section V, and are compared. to the experimental data and 

to some previous evaluations. 



II - THE EXPERIMENTAL DATA BASE 

At least eight sets of experimental fission cross-sections are 
available in the resolved resonance region (4-11). A comparison of 

the average cross-sections obtained from these experiments is found 

in WESTON et al. publication (5). This comparison shows that large 

discrepancies exist among the experimental data, even in the low 

energy range not far from the usual thermal normalisation range. 

z The reasons for such large discrepancies (as much as 20 %) are not 

well known. It is not possible to include all the data in a SAMMY 

fit without having some informations on the experimental parameters 

which could be at the origin of the severe discrepancies. In the 
present work three sets of data have been choosen : MIGNECO et al. 0 
data (7), BLONS et al. data (4) and WESTON et al. data (5). MIGNECO 

measurements (sample at room temperature) and BLONS measurements 

(sample at liquid nitrogen temperature) were performed with a 
resolution good enough for the separation of most of the resonances 

up to about 300 eV incident neutron energy. WESTON data could be 

analysed up to about 100 eV. WAGEMANS and DERUYTER data (6) have 

also been chosen for the analysis in the thermal energy range and 

for accurate normalisation of other data. The experimental 
characteristics ofthe fission data are given in Table I. 

The transmission measurements performed by HARVEY et al. ia 

1973 (13) have been recently reanalysed and were available for the 
l present work. Two series of measurements were performed with 

samples cooled down at liquid nitrogen temperature on a 79 m flight 

path, the first series in the energy range 0.3 eV to 312 eV and the 
second series in' the energy range 10 eV to several keV. The 

experimental conditions of the measurements are given in Table I. 

The high quality of the resolution allows an accurate determination 

of the neutron widths at least up to 300 eV. YOUNG et al. (14) and 

SIMPSON et al. (15) data are the only total cross-sections 

available~ in the thermal energy range ; they were included in the 
present fits for the thermal range. KOLAR et al. (3) total cross- 
sections, which were used in a previous analysis (2), were not 

included in the present fits. 
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The only experimental capture cross-sections available are 

those of WESTON et al. (51, obtained from a simultaneous 

measurement of the fission and the absorption. The fission cross- 

sections were normalized on ENDF/B-IV in the energy range 0.02 eV 

to 0.03 eV and the absorption cross-sections were normalized to the 

absorption cross-section inferred from KOLAR et al. total data. It 
was expected when starting the present analysis that a more 

accurate normalization should be obtained by using HARVEY et al. 
transmission data and that the inconsistencies mentioned by WESTON 

et al. (12) should disappear. 

Finally, the res.onance parameters were obtained in the energy 

0 range thermal to 300 eV from the experimental data base shown on 

Table V. ._ 

III - METHODE OF ANALYSIS 

III.1 - Resonance spins 

The Reich-Moore formalism and the method of analysis 

used in SAMMY are widely described elsewhere (16). The knowledge of 

the spin of each resonance and the number of open fission channels 

in each spin state is required. All the resonances in the energy 

range analysed were considered as s-wave resonances. The 241Pu 

nucleus spin and parity is 5/2' and the s-wave resonances are 2 
+ 

or 

3+ resonances. One find in the litterature only one measurement for 

the determination of 241 Pu resonance spins. The measurement was 
performed by SAUTER et al. (17) ; the spin was obtained for only 3 

resonances : J=2+ at 13.4 eV and 17.8 eV, and J=3+ at 14.7 eV. 

Nevertheless, some informations on the average 2+ and 3+ fission 

widths could be obtained by considering the thresholds of the 

corresponding fission channels. The lowest 2 + channel pertains to 

the rotational band built on the fondamental of the 242 Pu compound 

nucleus. This fission channel is completely open and the 

corresponding average fission width, <Tf> = <D>/2n, could be 

relativement important. Some other 2 f channels could exist in the 
transition spectrum : y and double y vibrations or combination of 



bending and mass asymmetry modes (18) ; the threshold of these 2+ 

fission channels are not known, but they are probably above the 
neutron binding energy and the corresponding fission widths should 

be relatively small. Adding these contributions to the- main open 
channel contribution results in a quite large total fission width 

for the 2+ resonances ; the 2+ average total fission Width could be 

as large as 500 meV. The 3+ transition states are also present in 

the y vibration mode and in the combination of bending and mass 
asymmetry modes just above a 2 + transition state. There is no 

completely open 3+ fission channel. Therefore, one should assume 

that the average fission widths of the 241 Pu s-wave resonances are 
characterised as follows : 

a 
- one 2 ' open fission channel, and several 2+ fission 

channels open to. a small extent, leading to a quite large average 
2' fission width ; 

- no 3 + open fission channel, and several 3+ fission 

channel open to a small extent, leading to a significantly smaller 

average 3 + fission width. 

Consequently, the 241Pu multilevel-multichannel 

analysis could be started~ by considering two groups of resonances : 

one containing the wide resonances, another containing the narrower@ 

resonances. In tRe progress'of the analysis, some changes could be 
0 made in the groups to obtain the best fit of the cross-sections. At 

the end of the analysis one could expect that the majority of the 

resonances in the first group are 2 + resonances (large average 

fission width) and that the majority of the resonances of the 

second group are 3+ resonances (smaller value of the average 
fission width). This kind of analysis was already performed by 
BLONS and DERRIEN (19) in 1976, leading to the values of 595 meV 
and 87 meV for the possible average fission width of the 2+ and 3 

+ 

resonances, in the incident neutron energy range 5 eV to 105 eV. In 

the present evaluation, the results obtained by BLONS and DERRIEN 



, ‘, 

were used as prior informations for SAMMY. In the energy range 
~100 eV to 300 eV the splitting of the resonances in two groups is 

more difficult, because the number of multiplets increase with the 
incident neutron energy and there is little chance that the spin 

assignments could be correct. 

III.2 - Renormalisation and residual background correction 
parameters 

The discrepancies found in the experimental cross- 

sections, particularly in the fission cross-sections, could be due 
. . to a large number of experimental effects : normalization, . 

background corrections, detector efficiency etc... . SAMMY allows a 

search on the normalisation and backgrounds corrections ; these 
correction parameters should account for all the experimental 
effects. They are needed to obtain an unique set of resonance 

parameters for the description of all the experimental data 

analysed. The cross-sections to be kept in the evaluated data files 

are those calculated from the resonance parameters with the 

corresponding covariance file. The covariance file contains all the 
informations for the calculation of the systematic errors due to 

: the experimental effects in the measured cross-sections. 

0 It is difficult to separate the systematic errors due 

a 
to the normalisation and background corrections from those due to 

the choice of the scattering radius and of the contribution of the 

-~resonances ,external to the energy range analysed, particularly in 

the transmission data. Since HARVEY et al,. transmission data were 

,taken with very small experimental background and a normalisation 

accuracy probably better than 1 %, very small variations were 

allowed on the transmission normalization and residual background 

correction parameters in the SAMMY fits ; satisfactory fits were 

obtained with a scattering radius of 9.50 f and with 9 fictitious 

resonances (4 negative energy resonances and 5 resonances above 

300 eV) for the contribution of the external range. For the fission 
cross-sections large variations on the normalisation and residual 

background corrections were needed, since the discrepancies among 
the input experimental data are important. Table II shows an 



example of correction parameters obtained in a preliminary 

simultaneous fit of the HARVEY transmissions and WESTON; BLONS and 

MIGNECO not renormalized fission data, in the energy range 2 eV to 
20 eV. WESTON data needed small residual background correction and 

a quite large normalisation adjustment ; BLONS and MIGNECO data 

needed a larger background correction varying strongly with energy. 
In the energy range 20 eV to 300 eV, the cross-sections obtained 

from a preliminary fit of ELONS and MIGNECO data with large 

2 normalisation and background corrections (Table III) agree with 
WESTON data within 1.5 % on average (Table IV) ; that is a strong 

indication that WESTON data are cleaner than BLONS and MIGNECO data 
at least above 20 eV incident neutron energy. 

0 
III.3 - DOPPLER and resolution parameters 

BLONS data were obtained with a sample cooled down at 

liquid nitrogen temperature. The effective temperature of 102 K and 

the resolution parameters are found in ref. 4. MIGNECO and WESTON 

data were taken at room temperature and the corresponding effective 

temperature is about 300°K ; the resolution parameters are found in 

ref. 5 and ref. 7. 

HARVEY transmission data were taken with samples 

cooled down at liquid nitrogen temperature. Only few information* 

are available on the exact temperature of the samples. The best way 

to find the effective temperature corresponding to each sample wa se 

to perform a shape analysis on some isolated resonances or group of 

resonances at various energy ranges. For the thin and the medium 

samples reasonable fits were obtained with an effective temperature 

of 1010 + 200K. But, the resolution of the thick sample 

transmission data appeared to be less good and that for both series 

of measurements (low energy and high energy). The experimental 

conditions of the experiments being the same for all the samples, 

the difference in the resolution should be due to different 
temperature of the samples. As a matter of fact, the shape analysis 

of the isolated resonances in the thick sample gave 

Tef = 272O + 30°K. Such differences in the sample temperature ha'ie 
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not been explained, since the experiments were performed in the 

Same runs by translating the samples. in the same. cryostat. 
Nevertheless, using Tef = 10l°K for the thin and medium samples and 

Tef = 272'K for the thick sample give consistent results from 

separate analysis of the data. 

One other important parameter for the analysis of the 

transmission data is the shape of the resolution function. The 
lithium glass of the detector used in the transmission measurements 

produces an exponential tail in the resolution function by 

scattering a large fraction of the incident neutrons (20). The 

exponential tail is characterised by a half-life T varying with the 
energy of the neutron incident. The parameter T was also checked by 

a shape analysis of some isolated resonances ; the value of 

r (us) = 1.5/ 1IE!eV) was found, corresponding to 150 ns at 100 eV 

and 47 ns at 1 keV. 

III.4 - Schema of the analysis 

The analysis was performed separately in the 6 energy 

ranges given in Table V. The totality of the resonances were used 

in each energy interval, but the Bayes equations were solved only 

: for the resonance parameters of the energy range analysed. The 

a correlation matrices were obtained in each energy range. Table V 

e 
shows the experimental data analysed in each energy range. The 

:energy range 0.001 eV to 3 eV was specially considered to obtain 

.~ calculated 2200 m/s cross section values in agreement with the 

proposed ENDF/B-VI standard values (21). 

IV - THE PROPERTIES OF THE RESONANCE PARAMETERS 

A number of 245 resonances were used for the description of 

the cross-sections in the energy range thermal to 300 eV including 

4 bound levels and 5 resonances in the energy range above 300 eV. 

The parameters of the 9 resonances external to the range analysed 

have no other physical meaning that to represent the tail 
contribution of all the bound levels and of all the resonances 



above the incident neutron energy of 300 eV, in such a way that no 

file 3 contribution is needed in the evaluated data. file. The 
resonance parameters are listed on Table VI. In the following some 

statistical properties of the parameters are presented. 

IV.1 - The level spacing 

Due to the small value of the average level spacing and 

'=to a quite large value of the average total width (<T>/(D) larger 
than 0.4), the resonance overlapping is important. Therefore, one 

should expect that a large number of small resonances could not be 

seen in the experimental data and that some of the large cross- 

section picks could correspond to unresolved multiplets, bot i-a 

effects increasing with the incident neutron energy when the 

resolution width increases. The spacing stairstep histogram is 

shown on fig. 1. The observed average level spacing is 1.15 eV, 

1.25 eV and 1.45 eV in the energy range 0 eV to 100 eV, 100 eV to 
200 eV and 200 eV to 300 eV respectively, showing a loss of 25 % of 

the levels in the energy range 200 eV to 300 eV compared to the 

energy range 0 eV to 100 eV. The number of multiplets is increasing 

' rapidly above 200 eV incident neutron energy. For this reason, the 

evaluation of the statistical properties of the parameters from the 

set of identified resonances should be limited to the energy range 

up to 200 eV. 0 

e 
One should note that an abnormal large spacing of 

5.5 eV was observed in the previous sets of resonance parameters 

(19). This anomaly disappears in the present data by the fact that 

two small resonances were identified at 54.27 eV and 55.90 eV in 

HARVEY transmission data. 

IV.2 - The neutron widths and the s-wave strength function 

The integral distribution of the reduced neutron 

widths, 2 gTn", of the 167 resonances identified in the energy 

range 0 eV to 200 eV is shown on fig. 2. The distribution could be 

hardly represented by a Porter-Thomas distribution withont 

considering that an important fraction of small 2grn" values is 



missing in the experimental data sample. The Porter-Thomas 

>distribution displayed on the figure was normalized to 220 
resonances, assuming that 53 resonances with 2gT ' values smaller 
than 0.10 x 10m3 (eV1'2 1 are missing in the set of .identified 
resonances ; the corresponding average reduced neutron width is 
0.216 x 10v3 (eV1'2 1 giving a s-wave strength function value of 

1.188 x 1o-4 and a corrected average level spacing of 0.91 eV, 

which is 24 % smaller than the one observed in the low energy range 
of the transmission data. The agreement between the experimental 

data and the Porter- Thomas distribution for the large values of 

2grn0 is not good, suggesting that the number of unresolved 

multiplets could be large even in the low energy part of the 

cross-sections, and the corrected value of the average level 

spacing could be lower than 0.90 eV. 

Fig. 3 shows the cumulative stairstep histogram of the 

reduced neutron widths. One observes strong fluctuations in the 

slope of the histogram corresponding to strong fluctuations in the 

local values of the strength function. The strength function values 

calculated in 6 energy intervals are given on Table VII. A 
particularly large value is observed in the energy range 200 to 

,., 250 eV which is about twice the value observed in the energy range 

100 eV to 150 eV. 

0 T 

Not more than 40 % difference could be expected 

from the usual Porter-Thomas fluctuations of the neutron widths. 

e 

Comparisons with other results (2,3,22) obtained from the analysis 

of KOLAR et al. (3) total cross-sections are also shown on 

Table VII ; the strength function obtained by BLONS et al. (22) 
from a single level analysis in the energy range thermal to 150 eV 

is 5 % smaller than the value obtained in the present work, when 

the value obtained by KOLAR et al. (3) is 7 % larger in the energy 

range 10 eV to 50 eV. 

The strength function calculated from the neutron 

widths of the 236 resonances identified in the energy range 0 to 

300 eV is (1.23 + 0.11) x 10m4. The error is the sampling error. 
This value should not be to much affected by the existence of a 

large number of unresolved multiplets, since the parameters 
obtained by the SAMMY shape analysis are representative of the 
total area of the multiplets. 
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IV.3 - The fission widths 

The integral distribution of the total fission widths 

of the 236 resonances identified in the energy range 0 to 300 eV is 

given on fig. 4. The theoretical distribution drawn on the figure 

is a x 2 distribution, P(v,x), with v=l and normalised to 270 

values. There is no evidence, from the shape of the distribution, 

of two families of resonances with very different average fission 
‘widths. The average total fission width of the 236 resonance is 

460.4 meV. The spin 2+ was assigned to 129 resonances and the spin 

3+ to 107 resonances with average fission widths of 690 meV and 

270 meV respectively. The corresponding effective number of fission 

channels is 2.0 for the 2+ states and 1.2 for the 3+ states, in@ 

agreement with the assumption made above on the number of open or 

partially open ,fission channels. But, at least above 100 eV 

incident neutron energy, these results could not be taken too 

seriously, since that there is very little chance that the spin 

assignments could be correct. 

In the 0 eV to 100 eV energy range the results obtained 

.by BLONS et al. Reich-Moore analysis (19) of KOLAR total and BLONS 

fission cross-sections were used as input in the present SAMMY 

analysis. Only few modifications were obtained and the average 

fission widths are the same than those obtained by BLONS et al. An 

-attempt was made by BLONS et al. to obtain the parameters of the 2 
+O 

and 3+ fission channels. Their results should be kept for the@ 

evaluation of the statistical properties of the fission channels 

(see Ref. 19),:- 

IV.4 - The capture widths 

The capture widths have been obtained for 33 resonances 

in the energy range 0 eV to 50 eV. The average value, evaluated 

from the well isolated narrow resonances, is 34.90 meV, in 

agreement with the value of 36 2 1 meV calculated by 

M.S. MOORE (23). One should note that the capture widths cbtained 

in the enerqy range 0 to 20 eV (30.08 meV on average) are 

significantly smaller than those obtained in the energy range 20 to 



50 eV (40.1 meV on average). That could be due to an experimental 

effect related to the sample temperature in the low energy and/or 

the high energy transmission runs : the difficulties for the 

evaluation of an accurate DOPPLER width could be at the origin of 

large errors in the determination of the total width of the 

resonances. 

A comparison between the capture widths obtained in 

this work and those given by BLONS et al. (22) in the energy range 

17 eV to 34 eV is shown on Table VIII. BLONS et al. values were 
obtained from a multilevel Breit-Wigner analysis of KOLAR total and 

BLONS fission cross-sections. The capture widths were also obtained 

by KOLAR et al. from a Breit-Wigner analysis of GEEL transmission 

and fission data (3). Some of the values are shown on Table VIII. 

They are much larger than those obtained in the present work and in 

BLONS analysis. 

A constant value of 40 meV was used for all the 

resonances in the energy range above 50 eV. 

IV.5 - The covariance matrices 

J The partial correlation matrices were obtained for the 

a 
6 energy ranges analysed. Table IX and Table X show partsof the 

covariance matrices obtained in the energy range 0.4 eV to 20 eV 

a and 200 eV to 300 eV. On these examples one sees that only the 

short range correlations from resonance to resonance are important. 

Consequently a reasonably accurate full correlation matrix could be 

obtained by assembling the 6 partial matrices. If the resonances 

are sorted by increasing energy only the elements near the diagonal 

should be kept. 

IV.6 - Conclusions on the average resonance parameters 

The important number of missed level renders diff icu .1t 

the determination of accurate values of the average resonance 
parameters. However, the following values could be used as starting 

values for statistical model calculations in the unresolved 
region : 



s-wave level spacing CD> = 0.83 + 0.08 eV 

s-wave strength function So = (1.23 + 0.09) x 10-~ 
radiative width <l'y> = (36 + 6) meV 
total fission width <rf>2+ = (600 + 100) meV 

<rf>3+ = (100 + 20) meV 

The proposed level'spacing is 9 % lower than the lowest 

estimate of 0.90 eV obtained from the examination of the neutron 

width distribution in the energy range 0 eV to 200 eV. This 
correction of 9 % is meant to take into account the effect of the 

unresolved multiplets and was given by BLONS and DERRIEN in 
ref. 19. 

0 

v- TBE CROSS-SECTIONS 

v. 1 - The thermal range 

Special care was taken for the analysis of the thermal 

range. First, one should reproduce by the resonance parameters the 

2200 m/s cross-sections proposed with very high accuracy by the 

ENDF/B-VI standard evaluation group (21) ; second, one should try 

to explain the discrepancy on the 0.26 eV resonance capture 

cross-section found by WESTON et al. (12). For this purpose, am 

consistent SAMMY fit was performed in the energy range 0.001 eV to 
3 eV, using as input all the parameters obtained by fitting the a 

higher energy ranges and by varying only the .parameters of the 

0.26 eV resonance and the parameters of the bound levels. The ~~ 

experimental data base (see Table V) was renormalized in the energy 

range 0.02 eV to 0.03 eV to be consistent with the new standard 
values at 0.0253 eV. 

A preliminary fit, including all the selected 
experimental data, has shown some inconsistencies between WAGEMAES 

and WESTON fission data. When WAGEMANS and WESTON data are 

normalized to the same value in the energy range 0.02 to 0.03 eV, 

there is a disagreement of 2.5 % over the energy range 0.02 eV to 
0.45 eV (326.0 b. eV for WAGEMANS and 334.2 b. eV for WESTON). The 



origin of this discrepancy can be seen on fig. 5. The shape of 
-WESTON data deviates from the shape of WAGEMANS data in.the energy 

range below 0.03 eV and a consistent normalisation cannot be 
obtained by using the energy range 0.02 to 0.03 eV. WAGEMANS data 

have the expected l/v shape ; that is not the case for WESTON data. 

WESTON data should be. normalized on WAGEMANS data in the energy 

range above 0.05 eV ; WESTON data should not be taken into account 
in the energy range below 0.05 eV (see Table XII). 

The final SAMMY fit included only YOUNG (14) and SIMPSON 

(15) total cross-sections and WAGEMANS fission cross-sections.The 
results of the fit are shown in fig. 8. The 2200 m/s cross-sections 

* obtained are given in Table XI. They are in very good agreement 

with the proposed standard values. The calculated capture cross- 
sections are sho,wn in fig. 6 and fig. 7 : the same deviation in 

shape is observed on WESTON experimental capture data ; like the 

fission data, they should be normalised over the 0.26 eV resonance 

I and not in the energy range 0.02 eV to 0.03 eV. The renormalized 

SEPPI (24) fission cross-sections are also shown in fig. 8. They 
agree quite well with the calculated cross-sections. 

The cross-section values- integrated over the energy 

ranges 0.02 eV to 0.03 eV and 0.02 eV to 0.45 eV are shown in 

m Table XII. Renormalizing WESTON absorption on the absorption 

a 
inferred from SIMPSON total cross-section in the energy range 0.05 

to 0.45 eV and WESTON fission on WAGEMANS fission in the same 

energy range, results in capture cross-sections in agreement with 

the calculated values. This renormalisation process leads to 1.6 % 

decrease in the 1978 WESTON fission and to 10 % decrease in the 

1978 WESTON capture over the 0.26 eV resonance. 

The deep in the fission cross-section observed at 2 eV in 

WESTON experimental data (fig. 6 and 10) is due to a strong 

interference effect between a small resonance at 1.735 eV and the 
large resonance at 5.81 eV. The resonance at 1.735 eV was not 

given in previous data sets. 



v.2 - The resolved resonance region 

Table XIII, taken from WESTON et al. (51, is an 
illustration of the large discrepancies .existing in -the 241Pu 

,experimental fission data. Therefore a consistent fit of the data 

could not be obtained without allowing large local normalisation or 

residual background corrections in most of the experimental data. 
The problem of the renormalization of the data was also considered 

by WAGEMANS et al. ( 6) who have shown (Table XIV) that a quite 

~:good agreement can be obtained, in the energy range below 50 eV, 

between WAGEMANS, BLONS and MIGNECO if the normalisation is 
performed in the energy range 12 eV to 20 eV on an integral value 

of .1350 b.eV corresponding to an average cross-section of 1024 b in@ 
the 0.02 eV to 0.03 eV thermal normalization range (i.e. 1012.7 b 

at 0.0253 eV). WESTON data renormalized on WAGEMANS data over the 

0.26 eV resonance, as stated above , gives 1349 b.eV in the 12 eV to 

20 eV energy range. The value calculated from the resonance 

parameters is 1342 b.eV at only 0.5 % from WAGEMANS normalization 

value. 

Table XV shows the average fission cross-sections in 17 

energy intervals in the incident neutron energy range 3 eV to 

300 eV. WESTON data renonnalized on WAGEMANS data are compared to 
the values calculated from the resonance parameters. The agreement@ 

is excellent. 

Table XVI shows the capture cross-sections and the a 

values in the neutron energy range 10 eV to 300 eV. The CL values 

calculated from the resonance parameters are compared to WESTON 

experimental values. The calculated values are on average 14.3 % 

smaller : the discrepancies are very large (20 % to 60 %) in the 
regions where the capture cross-sections are small. The 

experimental capture data were included in the SAMMY fits only in 

the energy range 3 eV to 20 eV (fig. 11) and a correction of 15 % 

was obtained on the normalisation. The large Ty values obtained for 

the broad resonances at 5.81 eV and 9.62 eV suggest that an 

important experimental background could also remains in the 



experimental capture data. The absorption cross-sections were 
normalized by WESTON to values inferred from KOLAR et al. total 
cross-sections in the energy range 5 eV to 50 eV. It has been shown 
(2) that KOLAR total cross-sections could be too 'large and 
therefore WESTON absorptions could also be too large. Renormalizing 
WESTON absorptions on the absorptions inferred ' from HARVEY 
transmission data should remove the discrepancy on the capture and 
a values. 

Fig. 9 to fig. 15 provide a detailed graphical comparison 
between the results of several measurements and the corresponding 
quantities as computed from the resonance parameters. The curves 
represent the calculated data : the crosses or the vertical bars 
(error bars) represent the experimental values. Fig. 10 shows 
WESTON, BLONS and MIGNECO fission cross-sections in the energy 
range 0.3 eV to 20 eV ; WESTON and BLONS data were displaced by 2 
and 1 decades respectively for clarity of the display. Fig. 9 shows 
HARVEY transmission data in the same~energy range ; the medium and 
thin samples data were displaced by 0.25 and 0.5 respectively. 

Fig. 11 shows WESTON fission and capture in the energy 
I range 0.3 eV to 20 eV. 

a Fig. 12 and fig. 13 show the data in the energy range 

0 
45 eV to 73 eV and 73 eV to 100 eV. The upper part of the figure 
represents the total cross-sections obtained from HARVEY thick 
sample transmission displaced by 3 decades. The other curves 
represent MIGNECO fission multiplied by 10, WESTON fission, and 

~BLONS fission multiplied by 0.1. 

Fig. 14 and fig. 15 show the data in the energy range 
200 eV to 250 eV and 250 eV to 300 eV. The upper part of the figure 
represents the total cross-sections obtained from HARVEY thick 
sample transmission displaced by 3 decades. The other curves 
represent BLONS fission multiplied by 10, MIGNECO fission, and 
WESTON fission multiplied by 0.1 



The resonances of the isotope impurities (239 Pu, 240 Pu, 
242 PU, 241 ?un) were not removed from the figures. 

VI - CONCLUSIONS 

As it stands the present analysis is agreat improvement over 
previous evaluations in that it includes HARVEY and SIMPSON high 

: resolution transmission data which were not available before. A 
consistent representation of the transmission and of MIGNECO, BLONS 
and WESTON fission cross-sections was obtained by allowing local 
renormalisation and residual background corrections on the 
experimental fission cross-sections. A part for the thermal region, e 
WESTON fission data has proved to be more reliable than MIGNECO and 
BLONS data, particularly for the experimental background 
corrections. Similar conclusions were also obtained in 239 Pu and 
235 U evaluations (27, 28). A careful examination of WESTON capture 
and fission data in the thermal region below 0.05 eV has shown that 
a part of the difficulties encountered by WESTON in a previous 
evaluation (12) was due to the deviation of the cross-sections from 
the values obtained by WAGEMANS et al. It has also been shown that 
WESTON absorption data should be renormalized on the absorption 
inferred from HARVEY et al. transmission data. 
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i ! I 
Main characteristics and' ! References I 

I / * ! normalisation method 
! ! 
! ! 
1 MIGNECO et a1.(1969)1 crf normalized to 
! ! J 

10 eV 

4.65 eV 
of+- 

! 
-193.6 b ! 

25) 
! 

! 1 (Hennies ; Linac measurement 30.617 m ! 
! ! flight path ; liquid scintillation detector! 
! 
1 i uncorrected for 0.87 % 23gPu contamination i 

! 
! BLONS et al. (1969) i of 

! 
normalized to the values of 0 r 

! ! 
o f for the! 

! ! 15.95 and 16.66 eV resonances as given by i 

! ! Stehn et al.26; Linac measurement, 10.89 m ! 

0 i. i flight path i gaseous scintillator ; uncor-i 
1 rected for 0.87 %-23gPu contamination. ! 

! 1 ! 
. I ! 

! BLONS et al. (1971) 1 
70 eV ! 

IJ 
! f normalized to 

! I 
1 (James') 

20 eV 
uf(E)dE=2367.5 b.eV ! 

! 
I ; Linac measurement 10.89 and ! 
! I 50.07 m flight path, gaseous scintillator, ! 
1 1 239 ! 
1 ! uncorrected for 0.87 % Pu contribution. ! 

! 1 
! WAGEMANS et al. ' Of normalized to c 0 ! 

! (1976) 
! 
! 
! 

f = (1015 2 7) b by a ! 

f linear least-squares fit of of flfrom f 

! 0.02481 to 0.02586 eV ; Linac measurement, ! 
1 8.1 m fliaht uath : silicon surface-barrier! 
1 detectors: - ! 
1 ! 
1 ! 

WESTON et al. (1978)i of normalized between 0.02 eV and 0.03 eV i 

; to ENDF/B-IV : Linac measurement ; 20 m ! 

! , and 85 m flight path ; liquid scintillator i 
j 1 , detector. ! 

! 1 ! 
I HARVEY et al. (1973)! Transmission measurements of 3 samples : ! 
! ; 5.19x10-4, 2.27~10-~ and 1.12x10 -2 at/b ! ! 
t ! at liquid nitrogen temperature ; Linac ! 

! measurement ; 78.30 m flight path ; best 
nominal resolution 0.40 ns/m. 

t 
! ! ! Two series of measurement with different ! 
! filters for low and high energy range. ! 

TABLE I 

Experimental characteristics of the data analysed 



! I ! 
! I Background correction at ! 
! Normalization ! ! 
! correction I ! ! ! 
! ! 3eV ! 9eV '! 20eV ! 
! 1 I ! ! 

! ! I ! ! ! 
! Medium sample1 1.000 + 0.001 1 1 0.0012 ! ! 
! I I ! ! ! 
! Thick sample ! 1.005 + 0.001 I ! 0.0018 ! ! 
! I I ! ! ! 
! Thin sample ! 1.001 f 0.001 ! ! 0.0030 1 ! 
! ! ! 1 ! 
! WESTON 1 1.057 + 0.004 I- 0.42 b I- 0.25 b !- 0.27 b i 
! 1 1 
! BLONS I 1.013 + 0.003 I- 3.32 b f- 1.08 b i- 0.07 b i 

! I 1 1 ! 1 MIGNECO I 1.037 + 0.002 I- 0.49 b I- 1.41 b ! 2.26 b 
b 

Example of normalisation and background corrections obtained in 
a SAMMY correlated fit of HARVEY transmissions and the not 
renormalized WESTON, BLONS and MIGNECO fission data in the energy 
range 2 eV to 20 eV. The 5.7 % correction on WESTON data should 

less than 3 % after a correct normalisation of the data 
energy. The corrections should be applied to the 

1 data in the following way : 

decrease to 
at thermal 
experimenta 

0 = 
car (U exp. - Background)/normalisation 

TABLE II 



! 
! I I 1 
! ! BLONS (4) ! MIGNECO' (7) ! 
! Energy I I 1 
! range (eV) ! 1 ! ! ! 
! I NORM ! BACK, ! NORM ! BACK ! 
! I I ! I ! 
! ! ! I 1 ! 
1 20 - 40 I 0.977 ! - 1.00 1 a.974 ! - 1.07 ! 
! ! ! ! 1 ! 
I 45 - 100 I 0.949 ! - 2.70 I 0.978 1 - 1.28 ! 
! ! I I I ! 
! 100 - 200 I 0.903 ! - 0.83 I 0.906 1 1.83 ! 
! I 1 ! ! ! 
! 200 - 300 I 0.922 1 - 1.11 I 0.852 I 2.58 ! 
! 1 I I ! 1 

TABLE III 

Normalization corrections (NORM) and average background 
corrections in barns (BACK) obtained in a correlated SAMMY fit of 
BLONS and MIGNECO fission data in the energy ranges 20 eV to 
300 eV. The corrections should be applied to the experimental data 
in the following way : 

a car = (a exp. - BACKI/NOBM 



! ! 1 I 1 ! 
! ! ! ! BLONS (4) ! M~GNEco (7) I 
!Energy rangeICalculated !WESTON (5) ! ! ! 
! (eVI f fission 1 EXP ! I 1 ! ! 
! 1 1 I COR ! EXP ! COR ! EXP I 

! ! 1 I 1 ! 1 ! 20 -40 I 66.60 ! 67.98 I 67.28 I 64.74 I 67.06 !64.25 i 
! I I 1 I I ! ! 
I 50 - 100 ! 40.81 1 40.54 ! 41.20 ! 36.40 I 41.82 !39.62 ! 
! ! 1 I 1 I ! ! 
! 100 - 200 ! 26.26 I 26.60 1 26.29 1 22.91 1 25.55 !24.98 ! 
! ! I I I 1 ! ! 
! 200 - 300 I 28.28 ! 28.83 1 28.92 I 25.85 I 27.58 !26.08 ! 

TABLE IV 

Averaged fission cross-sections (barns) in the energy range 
20 eV to 300 eV. The calculated values were obtained from a 
correlated SAMMY fit of BLONS and MIGNECO data with large 
normalisation and background correction (The correction values are 
given in Table III). The experimental (EXP) and the experimental 
corrected values (COR) are given for BLONS and MIGNECO. 



1 

II 
Energy range ! Experimental data ! 

I ! 
I ! 
I 0.001 eV - 3 eV f YOUNG et al. Total (14) ! 
! 1 SIMPSON et al. Total (15) ! 
! 1 SEPPI et al. Fission (24) I ! 
! 1 WAGEMANS et al. Fission (6) ! 
! 1 WESTON et al. Fission and capture (5) ! 

! 0.3 eV - 20 eV I HARVEY et al. Transmissions (13) ! 
! I BLONS et al. Fission (4) ! 
I I MIGNECO et al. Fission (7) ! 
! * ! WESTON et al. Fission and capture (5) ! 

l t 20 eV - 45 eV i HARVEY et al. Transmissions (13) 
1 
! 

! 45 eV - 100 eV ! BLONS et al. Fission (4) ! 
! 1 MIGNECO et al. Fission (7) 1 
! 1 WESTON et al. Fission (5) ! 

! 1 I 
! 100 eV - 200 eV I HARVEY et al. Transmissions (13) 1 
! 200 eV - 300 eV ! BLONS et al. Fission (4) ! 
! I MIGNECO et al. Fission (7) ! 
! ! ! 

TABLE V 

Experimental data used as input in SAMMY in the 6 energy ranges 
analysed. 



-5.953LE’Ol 4.4501C+01 
-5.5795POO 3.6bSBE+Ol 
-1.404aE*00 1.925lE+Ol 
-l.ZZCPE-01 5.1072t*Ol 

2.6639E-01 3.2555E*Ol 
~.73502'00 4.0000E+Ol 
L.2519E*oo 3.0731E'Ol 
4.5823E*OO 3.128OE+Ol 
5..3107E+oo 6.3570E*Ol 
6.9322E+oo 3.0250E+Ol 
8.6145E+OO 2.9325E*Ol 
9.62OBT*OO 3.92a9E*ol 
P.PZZbE*OO a.asooE+oi 
1.2793E+Ol 3.0553E*Ol 
1.3430E+ol 3.3765E+Ol 
,.‘75‘E*O1 z.a977E+o? 
1.5987E+Ol 4.0000E*01 
1.6674E*Oj 2.464lE+O? 
1.7853E*Ol 3.6041E*Ol 
l.a269E*Ol 4.0000E*Ol 
2.0720YOl 3.8056E+Ol 
Z.lPZlE+Ol 3.2aabE*Ol 
?.2975E+ol 4.4463E*Ol 
2.3679E*Ol L.la6CE+Ol 
2.4103E*Ol 4.2LLOE+Ol 
2.4529E+O? 4.00OOE*Ol 
2.6429E+Of 3.4507E+Ol 
2.7437E*Ol 4.0000E*Ol 
2.8.8S7E*Ol 4.0230E*Ol 
2.9567E*Ol 3.8537E*ol 
3.1021E+Ol 3.7298E+Ol 
3.340jE*Ol 4.3736WOl 
3.3al3E*o1 4.2121E*Ol 
3.4932E*Ol 3.929aE+ol 
3.5049E*Ol 4.OOOOE*01 
5.62a7E*Ol 4.3000E*Ol 
3.7637E+Ol 3.9666E+Ol 
?.@173E+Ol 3.6799E*Ol 
s.eLaoE*ol 4.0000E*Ol 
3.9404E*Ol 3.Q435E+Ol 
3.9POYE*Ol 4.794awol 
L.C307E+Cl 4.0752E*Ol 
4.281aE+ol 4.ooooE+o1 
4.3478E*Gl 3.OOOOE*Ol 
4.6570E*Ol S.a523E+ol 
4.734aE+Ol 3.9219E'Ol 
4.8103E*Cl 4.2366E*Ol 
5.04OSE+Ol 4.03LlE*Ol 
5.2343E'Ol 4.0000E*Ol 
5.4270E*Ol 4.0000E*Ol 
S.5900E*Ol 4.0000E*01 
5.723OC*Ol 4.OOOOE*Ol 
5.7950E*ol 4.0000E*Ol 
5.8137t*ol 4.oOOOE*01 
5.9459t*o1 4.0000E+Ol 
6.055Pt+ol C.OOOOE*Ol 
6.0~,31'+01 4.OOOOE+Ol 
6.225ae+of 4.0000E*Ol 
6.443OE*Ol C.OOOOE*Ol 
6.57295*01 L.OOOOE+Ol 
6.66155+01 4.0000~*01 
6.a2e3E+oi 4.OOOOE*Ol 

5.9613E+O2 4.1526E+02 4.29aOE+Ol 
2.2da8E*OO 1.648lE+03 1.576OE*Ol 
1.5130E-03-1.8713E*Ol 3.6942E-01 
1.3973F-02 1.5468E*Ol 5.0123E-01 
4.3713E-OZ-7.8042E*Ol 4.8130E-01 
2.0798E-03 6.5219E*Ol 2.7418E+o2 
5.756lE-01 2.6aOSE*Ol 0.0000E*00 
4.7a35E-01-1.96a6E*Ol l.Z489E+OZ 
2.772aE*OO-l.l390E+o3 2.1007E*02 
6.1947E-O?-l.O442E+OZ 4.5173E-01 
i.lPSaE-01 8.1770E-01 6.0040E*Ol 
S.PlSSE-01 Z.O009E*02 1.7131E+OO 
l.@935E+OO 8.69OOE*02 2.9278E-01 
a.7576E-Ol-2.3286E+OZ 4.4892E-01 
2.3820E+OO 3.6897E-04 2.2959E*Ol 

9.9690E-OZ-1.2066WOj 
8.0627E-01 2.lllLE*OZ 

2.829lE+Ol 000002 
a.35lfE*oo 000002 
1.5440E+OO 000001 
1.8731E*Ol 000001 
1.5573E-01 000001 
4.5453E+Ol 000001 
O.OOOOE+OO 000001 
3.2203E+Ol 000001 

5.7370E-01 4.0304E*02-5.700lE+OO 5.7370E-01 4.0304E*02-5.700lE+OO 
l.l466E*OO-3.3662E*Ol-5.977lE+Ol l.l466E*OO-3.3662E*Ol-5.977lE+Ol 
2.0506E-01 4.4557E+O2 O.OOOOE*OO 2.0506E-01 4.4557E+O2 O.OOOOE*OO 
5.4Ob6E*OO l.l160E+Ol 2.68101+02 5.4Ob6E*OO l.l160E+Ol 2.68101+02 
2.0992E-Ol-~.9255E*OZ O.OOOOE+OO 2.0992E-Ol-~.9255E*OZ O.OOOOE+OO 
5.5605E+OO 4.922aE+02 l.ZllaE+OZ 5.5605E+OO 4.922aE+02 l.ZllaE+OZ 
7.2007E-01-1.1319E*00-1.6947E+02 7.2007E-01-1.1319E*00-1.6947E+02 
2.1206E+OO O.OOOOE+OO-2.613bE*OZ 2.1206E+OO O.OOOOE+OO-2.613bE*OZ 
l.a527E-01 7.3123E+Ol 6.4594E*Ol l.a527E-01 7.3123E+Ol 6.4594E*Ol 
3.1047E-01 O.OOOOE*OO l.O133E*02 3.1047E-01 O.OOOOE*OO l.O133E*02 
3.1106E*OO-l.l177E*03 3.265lE+OZ 3.1106E*OO-l.l177E*03 3.265lE+OZ 
3.3368E-01 8.96SlE*OO 9.6819E+OO 3.3368E-01 8.96SlE*OO 9.6819E+OO 
6.1151E-02 4.7236E*OO 3.1157E*Ol 6.1151E-02 4.7236E*OO 3.1157E+Ol 
4,4292E-01 2.2375E+Ol a.58678*02 4,4292E-01 2.2375E+Ol a.SCtiiE*OZ 
S.lOPOE-Ol-1.3385E+Ol 7.03061+01 S.lOPOE-Ol-1.3385E+Ol 7.03061+01 
3.0000E-02 O.OOOOE*OO 1.0000E*O1 3.0000E-02 O.OOOOE*OO 1.0000E*O1 
1.3803E+OO b.Z84lE*Ol l.l612E+O2 1.3803E+OO b.Z84lE*Ol l.l612E+O2 
1.4842E'OO 8.97791401 O.OOOOE*OO 1.4842E'OO 8.97791401 O.OOOOE*OO 
2.6427E+00-9.9627E+02-1.6643E+01 2.6427E+00-9.9627E+02-1.6643E+01 
Z.SZIOE-01 1.8520E+02 O.OOOOE*OO 
2.3072E-01 O.OOOOE+OO 2.9321E+Ol 
1.25381*00 0.00OOE*00-2.4613E*OZ 
1.2233E-01 8.1896E+Ol 1.3750E*OZ 
7.2587E*OO-2.7692ElOZ 2.0683E*02 
5.2617E-01 l.Saa4E*Ol S.lOSlE+OZ 
5.3285E-02 S.ZOOOE+Ol 0.0000E*00 
3.0000E-02-1.5000E*Ol O.OOOOE+OO 
3.549lE-02 O.OOOOE*OO 1.5OOOE*O1 
S.ZOOOE-02 5.OOOOE*00 O.OOOOE*OO 
2.1600E-01 1.5000E'02 O.OOOOE+OO 
1.238OE*OO 1.5410E*02-3.57232*02 
2.5839E+OO-6.5939E*Ol 4.47405*02 
3.6376E+OO 1.2963E*02-5.6766E+OO 
1.3042E*OO 4.1309E*OO 4.5689E*02 
7.1471E*OO-5.3532E+O2 1.4106E+O2 
a.S714E-02 O.OOOOi*OO 3.100OE*01 
4.5506E*OO 2.4073E*02 5.2475E*OO 
2.5477E*00-3.59491*00-1cS361E+02 
l.O944E+OO 4.3959EtOl O.OOOOE*OO 

TABLE VI 

000002 
0000J1 
000001 
000001 
111111 
000002 
000001 
OOOOOi 
030002 
000001 
000001 
000002 
000002 

::m: 

000002 
000001 
000002 
000002 
000002 
000002 
000002 
000001 
000001 
0000c1 
000002 
000001 
000001 
000002 
000001 
000001 
000001 
000001 
000002 
000001 
000001 
000001 
000001 

ii:::1 
000002 
000001 
000001 
000051 
000002 
000002 
OOOOOi 
000001 
000002 
000002 
3ocoo1 
550001 
000001 
t30001 

241 Pu resonance parameters-Energy (eV), capture 
width (meV) , neutron width (meV), fission width CmeV) 
channel 1, fission width (meV) channel 2 are given. The 
flag in the last column indicates the angular momentum 
of the resonance : 1 for 3+ resonances and 2 for 2' resonancez 
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6.9249E*Ol 4.0000E+Ol 9.34201-01 o.OOOOE*OO 2.2164Wal 0 0 0 0 0 1 
?.1670E+Ol 4.0000E+Ol &4000E-02-4.7000E+Ol O.OOOOE+Oa a a o o 0 t 

7.2279E*Ol 4.0000E+Ol 2.0050E+OO 1.1556W02 2.7032E*02 0 0 0 0 0 2 
7.3937E*Ol 4.OOOOE+Ol 4.4904E-01 1.32651+01 0.0000E*00 0 o 0 0 0 1 
7.5869E*Ol 4.0000E+Ol 4.0elSE*OO ?.9636E+Ol 0.0000E*00 0 0 0 0 0 1 
7.7127WOl 4.0000E+Ol 3.2346~+00 a.aoooE+oo-~.13l9E*a1 
7.7323E*Ol 4.0000E*01 3.1427EWO 6.51721+02 l.l852E*03 
Y.OZOSE*ll 4.0000E*01 4.3212E+OO 0.0000E400 6.2625E+Ol 
e.i212E+oi 4.0000E*Ol e.46e9E-02 l.SOs6E*03 O.OOOOE*OO 
e.l56kE+ol 4.0000E+Ol 1.52291*01 6.1160E+02-2.3493E*Ot 
Z.3217E*Ol 4.0000E+01 s.s179E+OO-7.6190E-02 4.9530E*Ol 
e.42oiE+oi 4.0000E*01 2.8134E-01 4.2936E*02 O.OOOOE*OO 
3.fLOlE*Ol 4.0000E*Ol 2~aSe6E*ao O.OOOOE+OO l.O33SE+O2 
e.56e8E+ol 4.0000E+01 1.9746E+OO 1.2737E+02 O.OOOOE*OO 
8.5667E+Ol 4.OOOOE+Ol 4.9733E+00-1.0254E+03-3.0069E*01 
?.697SE*Ol 4.00OQE+Ol 5.4234EWO O.OOOOE+OO 6.1435E*Ol 
B.e036E*Ol 4.0000E*Ol i.954ewoo 2.2e49vo2 i.i7e9E*oi 
3.8654E+ol 4.0000E+Ol 4.73366-01 0.0000E*00-1.~125E*03 
8.92eSE*ol 4.0000E+Ol 3.7873E'OO 2.7846E*OQ l.O072E+03 
1.0713E*ol 4.0000E*01 1.4123E*00-2.6697E*00-2.e25eE*02 
9.1600E+Ol 4.00OOE+Ol e.aoooE-a2 0.0000E*00 2.5000E*oi 
9.2542E*Ol 4.OOOOE*Ol 2.2525E-01 2.SOOOE*OO O.OOOOE*OO 
9.3739E*Ol 4.0000E*01 2.6611E-01-6.76s0E*01 O.O000E*OO 
9.5470EW 4.0000E*Ol 1.2900WOO 9.1175E+OO 4.1516E*02 
9.6028E*Ol 4.OOOOE+Ol 4.4OSeE-Ol-l.O173E+Ol 1.5109E*Ol 
9.65?9E'Ol 4.ooaoE*ol 4.74221-01 3.3492E+02 4.S966E+OO 
9.7569E*Ol 4.OOOOE*al 5.1160E-01 l.l193E+Ol-2.5946E+O2 
u.e35eE+oi 4.OOOOE*Ol 7.338SE+OO 1.9611E*02-7.66S5E*00 
9.9732E*Cl 4.0000E+Ol 2.3423E+OO 4.273eE*02 2.0476E*Ol 
1 .OOeZE*02 4.0000E*01 1.4256EWO S.273lE+OL 2.838lE+O2 
1*0152E*02 4.0000E+al 1.1372E+00-6.2e43E+01-3.1662E*00 
l.O243E+G2 4.OOOOE*Ol 2.1)914E*OO 1.2112E*03 6.0e62E*OO 
l.O362E*02 4.00aaE+ol l.l056E+OO 2.3548E*OO 3.0330E+Ol 
l.o79eE*o2 4.0000E+Ol 1.26STE+OO 7.5449E+01 l.O757E+Ol 
1.0912EW2 4.0000E*01 1.9443E*OO 2.8649E+02-1.2439E*02 
l.o9a4E*O2 4.0000E+01 4.4620E-01 3.S218E+02 P.O786E*Ol 
l.l04SE+O2 4.000~E*01 3.7lOOE-01 5.2S372+02 1.8330E+02 
l.l3lPi*O2 4.0000E+01 e.7137E-al-6.17S6E*Ol 1.6912E*01 
l.l494E+02 4.OOOOE*Ol 2.6339E-01 S.OOOOE*Ol 5.0000E*Ol 
l.l560E+02 4.OOOOE+Ol 2.153lE-01 l.S400E+02 l.OOOOE+OZ 
1.17222+02 4.OOOOE*Ol 5.1637EWO 2.5929E*02 1.6009E+02 
l.l906E*02 4.oaoaE+oi 1.6670E-01 6.96lSEW 4.eS92E+Ol 
1.202SE*02 4.0000E+01 2.60241-01 l.?9?SE*OO-3.7160E+O2 
1.2143E*02 4.00COE+Ol 6.366lE-02 e.75eSEW2 1.3526E*02 
1.2226E+O2 4.OOOOE+Ol 5,2394E*OO 3.7832E+O2 l.T74lE+02 
1.2250E*02 4.000OE*Ol l.S636E+OO 1.6197E+O2 1.0611E*01 
1.2339E*02 4.0000E+01 3.937s~+oo 4.79e7E+oi i.e204E*oi 
1.2396~+02 4.OOOOE+Ol 1.7372E*OO 4.7723E+O2 6.077SE+02 
!.2596E+O2 4.0000E*Ol l.eOElE-01 4.98OlE*O2 0.0000E*00 
l.2616E*02 4.0000E+Ol 2.¶372E-01 2.54lSE*02 5.9263E+Ol 
1.2616E+02 4.0000E*01 2.2034E*OO l.l490E*03 3.7058E-01 
I .2eSSE*02 4.OOOOE+Ol 6.0649E*OO 2.0143E*OO 4.9997E*Ol 
1.3010E+02 4.0000E*O1 1,6507E*OO 3.0e03E*02 6.1199SE*OO 
1.3077E+O2 4.0000E*a1 1.2913E*Ol 7.0941E*01-l.l799E*OO 
i.33aeE+02 4.0000E*Ol 2.7208E*OO 7.8552E+02 S.O340E*OO 
1.337OE+a2 4.0000E*Ol 6.6LLlE+OO 4.6927E*Ol 1.72651+00 
(.3474E+O2 4.0000E401 4.037SE*OO l.e336E*03 3.0693E*OO 
1.36.64E*02 r.ooaae*oi l.S053E+OO-2.3912E*Ol 1.0011E+00 
!.3632E+02 4.00006+01 3.48961*00 3.0lOlE+O2 e.os74wai 
1.40245+02 4JJOOOE+Ol 7.689OE+OO l.O06lE*O2 S.6752EtOO 
!.4217E*02 4.0000E+Ol 1.7303E+Ol 1.2e3SE+Ol 1.769lE*02 

000001 
000001 
000001 
000002 
000001 
000002 
000001 
000002 
000001 
000002 
000002 
000001 
000002 
000001 
000002 
000001 

iii::1 
000002 
000001 
000002 
000001 
000001 
000001 
000002 
000001 
000002 
000001 
000001 
000002 
000001 
000001 
000002 
000001 
000002 
000002 
000002 
000001 
000001 
000002 
000002 
000001 
000002 
000001 
000002 
000001 
000002 
000001 
000002 
000002 

?.L>OSE*'JZ 4.0000E*01 1.439eE+OO 1.7109E*02 2.el30E+02 0 0 0 0 0 1 
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1.4616E+oz 4.0000 
1.4692E+02 4.OOOC 
1.4696E+CZ 4.OOOC 
1.50lOE+02 4.0000 
1.50201*02 4.0000 
1.5104E+O2 4.0006 
1.5245W02 4.OOOC 
1.5366WO2 4.OOOC 
1.5546E*OZ 4.0000 
1.5633E+02 L.OOOC 
l.S73SE+OZ 4.0000 
1.5806E+Ot 4.0000 
1.595ZE+OZ 4.OOOC 
l.b066E+02 4.0000 
1.616aE*02 4.0000 
l.b276E*02 4.OOOP 
1.6461E'02 
1.65SBC*O2 
1.6612E+02 
1.6716E*OZ 
T.6784E*02 
1.6669E'OZ 
1.6974EC02 
?.7Y361+02 
1.7299E*O2 
1.7422E102 
1.7500E*Ot 
1,75a4E+O2 
1.7714E+O2 
1.7762E*02 
1.78@4E+OZ 
1.5000E*02 
l.a2a7E*OZ 
l.B355E*O2 
l.¶473E+02 
1.8732E+OZ 
l.a9OOE+02 
i.a9712+02 
1.903aE*OZ 
1.9278E*02 
1.9292E*02 
1.75.555*02 
1.9590E+OZ 
1.9700E*OZ 
1.9746E+02 
1.9aOOE*OZ 
1.9940E*OZ 
2.0078E+02 
2.02748*02 
2.0593E*O2 
2.07SlE'OZ 
2.094St*O2 
2.1044E*O2 
?.1194E+OZ 
2.1334E*02 
2.1459E*02 
2.17;5SE+OZ 

2.17601*02 
2.1914E+O2 
2.1945E*02 
2.2126E*O2 
2.219OE*OZ 

:.Ol 
i+o1 
i+o1 
.*01 
i+o 1 
i*o1 
i*o1 
it01 
:*01 
i*01 
i*o1 
i+o1 
i*01 
:+01 
:+01 
~901 

4.0000E+Ol 
4.0000E*01 
4.OOOOE*OI 
4.0000E*Ol 
4.0000E401 
4.0000E*01 
4.0000E*01 
4.0000E*Ol 
4.0000E+OI 
4.OOOOE+Ol 
4.OOOOE*Ol 
4.OOOOE*Ol 
4.0000E+Ol 
4.0000E*01 
4.000OE*Ol 
4.OOOOE+Ol 
4.0000E*01 
4.0000E*Ol 
4.0000E+Ol 
4.OOOOE*Ol 
4.0000E+01 
4.OOOOE*01 
4.OOOOE*Ol 
4.0000E*01 
4.00002*01 
4.00002+01 
4.0000E*01 
4.0000E+Ol 
3.9434E+OI 
4.2316E*Ol 
4.0000E*01 
4.0000E*01 
4.0000E*01 
4.OOOOE*01 
4.0000E*Ol 
4.0000E*01 
4.0000E*01 
4.0000E*01 
4.0000E+01 
4.0000t+01 
4.0000E*01 
4.OOOOE*Ol 
4.OOOOE+O1 
4.0000E+01 
4.OOOOE*Ol 
4.0000E*Ol 

a.6744E*OO S.0221E+OI l.S393E+02 
1.6647E’OO 9.802lE*OZ 1.1126E*01 
2.8809E*OO 7.20lSEtOl 4.6.S03E+OI 
6.8563E*OO 4.2378E*02 1.2693E*OZ 
7.SS66E-02 S.O399E+OI P.ESBSE-01 
4.572OE+OO 3.0008E+O2 1.7.S20E*Ot 
1.3232E*OO 5.8656E+O2 2.0632E+OZ 
7.4159E*OO 3.aSOZE+OO 3.5159E*02 
2.5802E+OO 1.47071*02 l.7139E*Ol 
S.SOOOE-01 l.OOOOC+O2 0.0000E+00 
4.8066E-01 4.SOOOE+02 O.OOOOE+OO 
6.225SE*OO 2.1704E+02-3.1066E+Ol 
1.7136E+OO 4.9276E+Ol 2.3OSSE+OO 
2.6SOLE*OO 7.70SPE+OO 2.2788E*02 
2.0000E-01 2.S000E*Ol 2.SOOOE+Ol 
2.8032E+OO-4.2467EtO2 S.S067E+O2 

3.1649E*OO-L.OOlSE-01 6.4431E'OZ 
8.3656E-01 2.77S7E+02-l.S548E*02 
L.OOOOE-01 5.OOOOE+OI 5.0000E*01 
6.797OE-01 l.S734E+Ol 1.696lE*Ol 
4.7387E-01 5.0000E*Ol S.OOOOE*Ol 
3.876SE*OO 4.39591*00 2.19IOE+O2 
1.4105E*00 3.6234E*Ol 4.9283E+02 
Z.OOOOE-01 2.OOOOE+Ol 0.0000E+00 
4.44ISE'01 1.35SSE*OZ 3.576lE'Ol 
l.OaS6E*OI 6.436lE*OO l.I666E+02 
6.132aE+OO 5.6939E+OI-5.5989E+OO 
1.709SE*OI I.S4SSE*02 1.8729E*OS 
1.3301E*OO 2.5137E+01-9.22b9E+01 
l.SOOOE-01 l.OOOOE*02 O.OOOOE*OO 
l.L26SE*OO-1.7506E+02 1.977OE*OZ 
1.2920E*OO 1.3070E+02 3.6897E+02 
8.287OE*OO l.l810E*02 6.35S71+00 
3.4837E*OO 2.6199E+02 l.l563E*OZ 
Z.OOOOE-01 1.0000E+02 0.000OE+00 
9.7766E-Ot-1.4690Et01 7.3S?ZE*Ol 
1.99SZE*OO 7.8SS66*01 l.SlI4E+O1 
2.4772E*OO 1.1120E*02 l.O164E*Ol 
l.lO7aE*Ol 4.2S72E+Ol 1.2724E*03 
7.907.SE'01 0.23451+02 3.9803E+Ol 
1.1354E+01 8.146fiE*OZ-l.I484E*Ol 
1.8876E-01 1.3777E*OZ O.OOOOE*OO 
1.4506E*01 1.2913E+OZ-4.1114E+OZ 
9.1076E-01 S.OOOOE+OO 0.0000E+00 
l.l808E+Ol 1.8SllE+OS S.ISOSE*Ol 
3.7072E*OO 2.16UE*02-l.S672E+Ol 
1.9141E*01 1.637?E+OS-2.157lE-02 
7.5900E-01 0.lO24E*Ol-S.42S9C+OO 
3.132SE*Ol-l.b006E+O2 2.63bSE*Ol 
6.5302E*OO S.l079E*Ol-l.I208E*O2 
2.703OE+OO-2.0037E+Ol 6.8616E-01 
6.4392E'OO 1.29271*05 4.9384E*OO 
1.8372E*OO 1.8004E+O2 6.1036E+OI 
8.21671*00 6.lSb3E*O2 3.4417E*OZ 
1.332SE-01 3.SOOOE*OO 0.0000E+00 
S.aSS6E*OO-3.0443E*OZ S.8292E-01 
2.4603C*01 2.6702E*03-3.lJ419E*00 
1.7257E+Ol 1.6619E*OS S.4S.S2E+OO 
5.3684E*OO l.O209E*O2-2.1049E+OZ 
6.1296E*OO 9.0942E*O3 1.4436E*01 
S.OlSSE-01 5.1336E*Ol 0.0000E*OO 
4.1996E*OO 5.27001+02 6.4328E*O2 

000002 
000001 
000002 
000002 
000001 
000002 
000001 
000001 
000002 
000001 
000002 
000002 
000002 

%2:: 
000002 
000001 
000002 
000001 
000001 
000002 
000002 
000001 
000001 
000001 
000001 
000001 
000002 
000001 
000001 
000002 

:i:"o"o: 
000002 
000001 
000002 
000001 
000001 
000002 
000001 
000002 
000001 
000001 
000001 
000002 
000001 
000002 
000001 
000002 

k%sz 
000002 
000001 
000002 

ii:::: 
000002 

000001 
0000~2 
000002 
000001 
000002 

0 

e 
e 
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: 

2.2455E+OL 
2.2468E+o2 
2.2588E*02 
2.27151*02 
2.2807~+02 
2.29OSE+02 
2.29.57WOZ 
2.3075E+O2 
2.3157FOL 
2.33265+02 
2.3463E*02 
2.3599E+02 
2.3749E*02 
2.3636E+02 
2 .LO96E+02 
2.4342t'O2 
2.438bE+02 
2.L48aE*o2 
2.4678E+O2 
Z.L858E+O2 
2.4959E+O2 
2.5051E*02 
2.5300E102 
2.5519E*O2 
2.5655E+OZ 
2.5835E+02 
2.59a3wo2 
2.63555'02 
2.6378E+02 
2.64OSE*Ot 
2.6b46E+02 
2.6813E*OZ 
?.69bEE*02 
2.7012WO2 
2.7160E+02 
2.7402E*O2 
2.?586E+02 
2.7705E*t2 
2.7a11E+O2 
2.8006E*02 

4.0OOOE+Ol 
L.OOOOE+Ol 
4.00ooE*01 
C.OOOOE+Ol 
C.OOOOE+Ol 
4.OOOOE*O1 
4.OOOOE*Ol 
4.0OOOE+Ol 
4.OOOOE+Ol 
L.OOOOE+Ol 
L.OOOOE+Ol 
4.0000E+Ol 
4.0000E*Ol 
4.OOOOE*Ol 
4.OOOOE+Ol 
4.000OE*Ol 
b.OOOOE+Ol 
4.00OOE+Ol 
L.OOOOE+Ol 
i.o00of+01 
4.OOOOE*Ol 
4.OOOOE*O1 
L.OOOOE+Ol 
4.00OOE+Ol 
4.OOOOE+Ol 
4.0000E+01 
4.0000E+Ol 
L.OOOOE+Ol 
4.oOOoE*Ol 
4.000OE*Ol 
L.OOOOE+Ol 
4.00ooE*ol 
L.OOOOE'Ol 
4.0OOOE+Ol 
4.oOoOE*Ol 
L.OOOOE+Ol 
4.oOOoE+01 
4.OOOOE*Ol 
4.OOOOE*Ol 
4.OOOOE*Ol 
4.OOOOE*Ol 
4.OOOOE*Ol 
4.000OE+Ol 
4.0000E*01 

4.0OOOE+Ol 
4.0000E*01 
4.0oooE*01 
4.OOOOE+O1 
4.OOOOE+Ol 
4.0000E*Ol 
4.0000E*01 
b.OOOOE+Ol 

3.1702E+00-3.0184E*00~2.9708E+01 
C.lllZE+OO 1.7782E+Ol 2.374OE*O2 
5.2508E-01 7.5956E*OO-l.l423E+Ol 
3.5856E+OO 7.7420E+OO 2.5877E*02 
l.l184E*Ol 8.8259E*O0'4.6808E*O2 
l.O177E*Ol 9,9553E+O2 6.0045E*O2 
1.2067E*Ol l.O064E*OO 1.7569E*O2 
5.4E86E+OO 2.0351E*Ol-4.OLSSE'O2 
2.1153E+OO 2.0142E+OZ 3.3081E*Ol 
1.4269EtOl 5.6023E-01 5.0571E*01 
5.7276E+OO 3.326OE-01 ?.8284E+Ol 
8.3271E-01 2.2018E*02-9.2669E*Ol 
2.01661-01 l.O259E*02-3.9122:*02 
4.4357E+OO 3.22621*01 4.2125E*02 
2.64721*00 4.152lE*O2-7.2855E*Ol 
2.1OLOE+Ol-9.9422E+OO l.L325E+OZ 
7.0023E+OO 1.7373E*Ol-4.6547E+O2 
5.7017E-Ol-2.5962E+O3 l.S229E+O2 
2.0185E+OO 6.0852E+Ol 7.6374E+02 
3.3482E-01 E.O143E*Ol-2.1985E*O2 
2.2616E*OO-2.6796E*Ol 1.3773PO2 
2.92801+00 1.2988E*02 9.3012E*O2 
4.2666E-01 S.OOOOE+OO O.OOOOE*OO 
1.31S3E+01-4.6590E*01-2.1161E+03 

L9955E+OO 1.648?C*02-1.4004E*O3 3.9955E+OO 1.6487E*02-1.4004E*O3 
4.0000E-Ol-7.1OOOE+OO 0.0000E*00 k.OOOOE-Ol-7.1000E+OO 0.0000E*00 
4.1518E*OO 2.4026E+O2-2.lSOSE+OZ 4.1518E*OO 2.4026E+O2-2.lSOSE+OZ 
8.3502E-02-1.2168E+Ot 8.3057E*Ol 8.3502E-02-1.2168E+Ot 8.3057E*Ol 
l.S925E+Ol 6.7704E*OO 1.0237MOl l.S925E+Ol 6.7704E*OO 1.0237MOl 
2.015EE*OO 6.5542E*02 1.8034E*Ol 2.015EE*OO 6.5542E*02 1.8034E+Ol 
?.3577E+O1 4.6328WO2 7.7497E+OO ?.3577E+O1 4.6328E+O2 7.7497E+OO 
~.6668E+OO 6.1331E*02-l.O465E-01 ~.6668E+OO 6.1331E*02-l.O465E-01 
6.7338E*OO 5.9989E*O2 2.2897E+OZ 6.7338E*OO 5.9989E102 2.2897E+OZ 
3.0720E*Ol l.S543E-02 ,.5260.5+0, 3.0720E*Ol 1.5543E-02 1.526OWOl 
3.1702E+00-3.0184E*00~2.9708E+01 
C.lllZE+OO 1.7782E+Ol 2.374OE*O2 
5.2508E-01 7.5956E*OO-l.l423E+Ol 
3.5856E+OO 7.7420E+OO 2.5877E*02 
l.l184E*Ol 8.8259E*O0'4.6808E*O2 
l.O177E*Ol 9,9553E+O2 6.0045E*O2 
1.2067E*Ol l.O064E*OO 1.7569E*O2 
5.4E86E+OO 2.0351E*Ol-4.OLSSE'O2 
2.1153E+OO 2.0142E+OZ 3.3081E*Ol 
1.4269EtOl 5.6023E-01 5.0571E*01 
5.7276E+OO 3.326OE-01 ?.8284E+Ol 
8.3271E-01 2.2018E*02-9.2669E*Ol 
2.01661-01 l.O259E*02-3.9122:*02 
4.4357E+OO 3.22621*01 4.2125E*02 
2.64721*00 4.152lE*O2-7.2855E*Ol 
2.1OLOE+Ol-9.9422E+OO l.L325E+OZ 
7.0023E+OO 1.7373E*Ol-4,6547E*O2 
5.7017E-Ol-2.5962E+O3 l.S229E+O2 
2.0185E+OO 6.0852E+Ol 7.6374E+02 
3.3482E-01 E.O143E*Ol-2.1985E*O2 
2.2616E*OO-2.6796E*Ol 1.3773PO2 
2.92801+00 1.2988E*02 9.3012E*O2 
4.2666E-01 S.OOOOE+OO O.OOOOE*OO 
1.3153E+01-4.659OE*Ol-2.446lE*O3 
l.O613E*Ol-3.8025E*02-3.9369E*Ol 
l.E432E+OO 7.72951+00 2.7628E+O2 
3.3789E+OO-5.725OE401 2.9239E+O2 
1.3$44E+Ol 7.5966E*Ol-7.779CE+O2 
6.6870WOO l.l167E+O3 l.O37LE+O2 
1.6970E*OO 1.6760E+02-l.l074E*O2 

l.O613E*Ol-3.8025E*02-3.9369E*Ol 
l.E432E+OO 7.72951+00 2.7628E+O2 
3.3789E+OO-5.725OE401 2.9239E+O2 
1.3$44E+Ol 7.5966E*Ol-7.779CE+O2 
6.6870WOO l.l167E+O3 l.O37LE+O2 
1.6970E*OO 1.6760E+02-l.l074E*O2 

2.9784E*O2 4.0OOOE*Ol 4.1098E*OO 2.1183E*Ol-7.7921E*Ol 000002 
2.9912E*O2 4.OOOOE*Ol 7.460OE*OO 1.6999E+Ot 1.7695E*02 000002 
3.0017E*O2 4.000OE*01 3.6539E*OO-3.8442E102 9.9195E+Ol 000001 
3.0178E+02 4.00OOE*01 1.7654E+Ol 2.9913E*O2 7.2215E*Ol 000002 
3.0.4115*02 4.OOOOE*01 1.8321E-01 S.lOSlE+02 4.6242E+O2 000001 
3.20OOE+Oi 4.ooooa*o1 1.87@6E*Ol 2.8127ElO2 3.5850E*O2 0000J1 
L.t0009*G2 4.OOOOE+O1 &.5967E+02 6.4308E*O: S.L664E*OL 000002 

TABLE VI (continued) 



i Energy i Present ! Previous ! BLONS (22) I it0~~R (3) ! 
! range (eV) ! work I ORNL (2) I 1 ! 
! ! 1 I I . ! 
! ! ! I 1 ! 
! o-so ! 1.312 ! 1.354 ! I.282 ! ! 
I ! I I 1 ! 
1 50-100 ! 1.117 ! 1.043 ! 1.059 1 ! 
! ! I 1 ! ! 
! 100-150 I 0.913 ! I 0.850 I 1 
! I 1 I I ! 
! 150-200 ! 1.296 1 ! ! ! 
! ! 1 1 ! ! 
! 200-250 ! 1.775 ! 1 1 ! 
! 1 1 I ! ! 
1 250-300 ! 1.054 ! 1 ! ! 
! ! I I 1 1 
1 I 1 1 
112.8 - 50.4 1 1.334 I 1.339 I .1.304 I 1.441 1 

I I 1 I 
t 

! 
! o-300 1 1.232 I 1 ! 
I ! I 1 I ! 

TABLE VII 

The s-wave strength function in several energy ranges. The 

values are multiplied by 104. 



! 1 ! 
! Resonance 1 Present 1 BLONS (22) t KOLAR'(3) i 
!energy (eV) I work 

f 
1 t 

I 1 I ! 
! 1 I 1 ! 
I 0.26 
! 4.28 
! 4.58 
I 6.93 
I 8.61 
! 12.79 
I 13.63 
! 14.75 
! 16.67 
! 17.85 
1 20.72 
! 22.99 
I 24.10 
1 26.43 
1 31.02 
1 38.17 
I 39;40 
! 39.90 

32.6 
30.7 
31.3 
30.2 
29.3 
30.6 
33.8 
29.0 
24.6 
36.0 
38.1 
44.5 
42.4 
34.5 
37.3 
36.7 
39.4 
47.9 

i 1 ! 
! I ’ ! 
1 1 ! 
I ! ! 
! I ! 
1 1 ! 
1 ! ! 
1 1 ! 
1 1 ! 
1 45 I 43 1 
I 33 1 46 ! 
1 46 I 66 1 
1 41 I 51 ! 
I 38. 1 50 I 
1 54 I 54 I 
I 1 1 

i 
I ! 
1 1 

TABLE VIII 

Capture widths (meV) for some well isolated resonances 



26 27 28 29 so 31 32 33 35 3s 36 37 38 39 40 &I 
.ooo 
.017 
-007 
-200 
-022 
.ooo 
-0.56 
.ooa 
.016 
.,I& 
-000 
-017 
-007 
.,56 
-024 
.ooo 
.020 
.I00 

:i:: 
.067 
,107 
.049 
-000 
.027 
.007 
.07a 
.012 
.OOl 
.OCJ 
.OlO 
.0&l 
.ooo 
.025 
.0&O 
.206 
.ooo 
.007 
.OlO 
.2oa 
.ooo 
.oa2 
.006 
.OlS 
.I91 
.ooo 
.016 
-005 
.026 
.073 

-3 
-5 
-6 

100 
2 

-5 

Id 

100 
-18 

0 
-29 

1 
3 

-2 
-6 

1 

100 
0 100 

-3, 0 
1 0 
3 0 
0 0 

-3 
1 0" 
1 0 
I 0 
a 0 

-1 
-7 : 

: : 
-1 0 

: : 
-1 0 

1 0 
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TABLE Ix 

Part of the correlation matrix obtained in the energy range 0.3 eV to 20 eV SAMMY fit. 
The standard deviations on parameters are also given in column 2 and 3 of the Table 
(absolute and relative%;?). The parameter numbers #e given in line 1 and 

oolumn 1 (see Table IX 
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sP*N GROUP N"n*El , "IT" SPIN. 3.0, A~UhOANCE= 1.0000, IN0 G-PACTOP=O.S833 
eNE*G" GA"*h- GP**I- G*h!NA- GlNMl- 

GlnNl CHANNEL 1 C"PNNEL 2 C"ANNEL 3 
L-O SPIN'3.0 L-O SPIN=O.O L=O SPIN=O.O 

CEVJ (YILL~-eY, (MILLI-E", ("ILLI-I", (MILLI-EYI 
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1.92029E+OO( 8, 4.4bOOE*Ol I.O82Ci-03( 9, O.OOOOE+OO O.oOOoE*JO 
2.676aoE+oo( IO, 2.7324EtOl( III .3.655&E-02C t2, O.OOOOE+OO o.0000E+oo 
4.23194E*OO( 13, J.O73lE+Ol( 14, S.)SblE-OI( IS, 2.68032+01( lb, O.OOOOE+oO 
6.93218E+OOC 173 3.02SOE+Olt 18, b.l947E-Ol( 19, -l.O442E*02( 20, C.S173E-Olt 21, 
8.61652E+OOC 22, 2.932SE*OlC 23, 7.7938E-OI( 24, 8.17701-OIC 251 6.0010E*Ol( 26) 
I.JL3OSE*Ol'C 27, 3.37651*01( 281 2.3a20E*OOC 295 S.b397E-04C JO1 2.2959E*Ol( 31, 
1.66739E*OI( 32, 2.‘6‘lE*Olt 33, I.O73SE*OOC 3b, 2.06CSE*02C 351 l.S4bOE+OO( 36, 
1.78S30E+Ol( 37, 3.604lE+Ol( 3E, 2.32SOE*OOC 391 5.95071-OIC 401 1.8731E*01( ‘I, 
1.12689E+Ol~ 621 4.0000E+OI 1.3OlOE-Ol( 43) -3.LSSSE+OlC 641 I.S573E-Ol( 45, 

iCIN GROUP NWBEN 2 NIT" SPIN. 2.0, PBUNOANCE= 1.0000, AN0 G-F.ETOI=O.‘I67 
EWERGl G***l- GIC"P GIN*&- GIN".- 
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(EVI (MILLI-EYI (NILLI-EYI (,ULLI-EV, (MILLI-E", 
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TABLE IX bis 

Identification of the variable parameters in the energy range 
0.3 eV to 20 eV SAMMY fit ; to be used for the interpretation of 
Table IX. 
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86 33.65 .,a7 -9 IQ 22 6 -a 6 -23 22 100 
a5 66.47 .077 5 -6 -29 -29 6 -1s 23 59 -58 

a6 2.2961~02 .a00 7 -5 -3 6 a7 9.5795e02 .a57 0 -: ,: -:; 1; 
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0 0 0 0 0 
2 0 0 0 1 
1 0 0 
0 0 Ii 0 i 
0 I 0 
i 0 0 

:, 0 
1 

part of the correlation matrix obtained in the energy range 200 eV to 300 eV SAMMY tit. 
The standard deviations on parameters are also given in column 2 and 3 Of the table (absolute 
and relative values). The parameter numbers are yiven in column 1 and line1 (see Table Xbis) 
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1.651SE+OOC 221 1.703lE*O2C 23) 7.3267E*Ol( 24, 
5.912SE*OOC 261 -3.2334E+02C 27) 6.46SSE-OIC 28, 
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2.136?5+00C105> -2.9?36E*O2C1061 1.3714Et02Cl07~ 
3.1242E+OOClOP) 5.S32?E+OlCllO) -1.674?E+02(111, 
1.2996E*01C113) -1.6237E*O2Cl14~ 9.639lS*OlC115) 

2.0, PI)UNOlNttE= 1.0000, AHO'G-FICTOI=O.4167 
t*Fll,- 011(111- 011111- 

C"PNHEL 1 CHbN"EL 2 C"lNNEL 3 
LIO SPIN=Z.O LSO SPIW=O.O L=o SPIN=O.O 

CMILLI-EV) (*ILLI-EV) cP*LLI-EY) 
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l.P471E*OlC137) 2.0413E*03Cl3S) -2.‘501~+00~139, 
4.8904E+OOC141) l.O19SE*O2Cl42> -1.‘?95~+02~143, 
4.94lOE+OOCl4Sl 3.37061'03C146J 1.2975E*OlC14?) 
2.0246E-OlCl49) -1.9260E*OZClSO) l.S062E*02Cl5O 
1.5072E*OlCl53) 6.4959E*OOClS4> S.S97e~*OOCl55~ 
l.S146E*OlC157) 4.5675E*02C151> 7.6?66E*OOC159, 

4.JSS2E*02C162) 
1.6972E+OlCl66, 
2.590'3E*0lC170J 
1.4720E*01C174) 
3.5419E*OlCl?S~ 
1.4354EIO2ClS2) 
4.594lE*OOC136) 
3.6226E*O2Cl90) 
6.467SE*Ol(l94) 

-2.5962E103 
S.O643E*OlCl99) 
l.S045E+OtC203~ 

-3.1063E'Ol (2071 
-4.6169E+OlC211) 

l.O,63E*O3C2lS) 
-5.C679E*J2C219) 

2.0943E+OlC2231 
-?.989‘E*O2(227) 
-3.‘539E*31~231) 

3.30G3E*01c235) 

TABLE X his 

Identification ofthe variable parameters in the energy range 
200 eV to 300 eV SAMMY fit ; to be used for the interpretation 
of Table X. 



I I I ! 
I Standard at 1 Energy range ! Calculated at ! 
! 0.0253 eV (21) !0.02 to 0.03 eV1 0.0253 eV ! 
! (Barn) I (Barn) ! (Barn) ! 
! I I I 

1 ! I I ! 
I Fission ! 1012.68 + 6.58 1 1023.9 !1011.88 (-0.1 %) ! 
1 1 ! 1 ! 
! Capture ! 361.29 + 4.95 ! 366.0 1 362.95 (+0.5 $1 ! 
! ! 1 ! 
! Scattering I 12.17 + 2.62 1 12.2 i 11.16 (-9.1 %) ! 
! ! 1 ! 
! Total ! 1386.14 + 8.64 ! 1402.1 i 1386.0 (-0.0 %) ! 
I ! ! 1 I 

TABLE XI 

241 Pu thermal cross-sections. Column 2 gives the average values 
in the energy ,range 0.02 eV to 0.03 eV corresponding to the 
standard values at 0.0253 eV. The calculated values are obtained 
from the resonance parameters at O’K. The figures between 
parenthesis are the percentage deviation from the standard values. 
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! ! 1 ! 
! 1 Energy range 
! 

!Energy range 0.02'to 0.45 eV! 
I 0.02 to 0.03 ev! (barn.eV) ! 

! References ! barn) I ! 
! ! I ! 
! I ! ! I ! ! 
I 1 EXP 1 1 EXP 2 ! EXP 1 ! EXP 2 ! THE ! 

I 
T 
! 
! 
! 

! YOUNG total (14) 
! 
! SIMPSON total (15) 
! 
! WAGEMANS fission(6 

! 1 
! 1401.8 
! 
! 1401.9 

! ! I I 
! ! ! 455.01 ! 455.01 
! ! ! ! 
! ! ! 458.97 ! 458.97 

! 
! 
! 456.19 
! 
! 459.12 

,i 1024.3 f i 326.03 1 ! I ! 327.74 ! ! 

! ! 1 1 ! ! 
I 1024.9 1 999.9 ! 334.18 1 326.03 ! 327.80 ! 
! ! ! ! ! ! 
! 366.2 1 338.8 ! 137.43 1 127.74 ! 126.49 ! 
! 1 1 I 1 ! 

! SIMPSON absorption 1 1 I 1 ! ! 
! (15) ! 1389.7 I ! 453.77 1 I 453.92 ! 
! ! I I I ! ! 
! WESTON absorption I 1391.1 !1338.7 I 471.61 I 453.77 I 454.29 ! 
1 (5) I ! ! ! ! ! 
! I ! 1 1 ! ! 
! Scattering 1 1 I I 1 5.20 ! 
! ! I 1 ! I ! 

! WESTON fission (5) 
! 
! WESTON capture (5) 
! 

TABLE XII 

241 Pu cross-sections in the energy range below 0.45 eV. EXP 1 
are the average experimental values (or the integral values) 
obtained when the data are normalised at 0.0253 eV on the standard 
data (21). EXP 2 are the experimental values obtained when WESTON 
fission and WESTON absorption are normalized on WAGEMANS fission 
and SIMPSON absorption respectively, in the energy range 0.02 eV to 
0.45 eV. SIMPSON absorption was obtained by substracting the 
calculated scattering value to the total value. THE are the values 
calculated from the resonances parameters. They are in excellent 
agreement with EXP 2. 



TABLE XIII 
FISSION CROSS-SECTION INTEGRALS* 

i i Ratio Uhta/Average) 
I 

Energy 1 Avarage h I I 
Interval I Value I WESTON I WACEHMlS I BLONS I4 I CNECO 

(eV) I (b.eV) I (Ref. 5)land OERUYTTER I (Ref. 4) t et al. 

f f 
1 (Ref. 6) z i I (Ref. 7) 
I I 

1 I 1 I I 

-I- 
I 
I 

- 
I I 

SIWSON I JAnESb MOORE 
et a!. I (Ref. 9) i et al. 

(Ref. 8) f (Ref. 10) 
I 

1.029 

0.994 

1.010 

1.001 

1.018 

1.015 

0.948 

1.010 

1.043 

1.000 

1.034 

1.070 

(1.002) 

3.0-4.9 i 350.8 i 1.048 i 
I 

4.9-8.0 I 

8.0-9.0 i 

9.0-12.0 i 
I 

12.0-14.0 I 
I 

14.0-17.4 I 
I 

17.4-20.0 I 
I 

20.0-25.0 I 
I 

25.0-27.2 I 
I 

27.2-30.0 I 

30.0-36.1 I 

36.1-44.0 I 
I 

44.0-52.0 I 

50-M) t 

60-70 i 
I 

70-80 i 
I 

2 tlo-30 !  

Cd 90-100 i 

f,yJ 100-200 f 

b-=2 !  

a 
zoo-300 !  

"4 30"-400 i 
0 

I I 
876.8 I 1.009 I 

I I 
237.6 I 1.017 I 

I I 
311.1 i 1.028 i 

I I 
284.8 I 0.995 I 

I I 
928.0 I 1.022 I 

I I 
143.8 i 1.010 I 

I I 
232.2 I 1.035 I 

I I 
274.1 I l.WO I 

I I 
324.2 I 1.034 I 

I I 
326.3 i 1.055 I 

I I 
254.8 i 1.116 i 

I 
332.5 i 1.012 I 

I 
173.1 t 1.010 I 

I I 
559.1 i 1.049 i 

I I 
278.3 I 0.925 I 

!  
685.9 i 1.075 I 

I I 
279.2 I 0.973 I 

i 
I 

2660. 1.000 I 
I 

2780. !  1.037 I 
I I 

2129. I 1.076 I 
t 

i 0.991 i 

f 1.006 I 
I 1 o.vv2 

f i 0.975 
* I 

f 0.960 f 

I 1.000 ; 

f 0.930 f 
I I 
i 0.937 1.044 i 

I I 0.985 0.993 I 
I I 
I 0.966 0.970 I 

i 0.986 0.982 i 

1. 0.989 0.993 i 

f 0.946 0.923 i 
I I 
I 0.921 I 

f 
I 

0.962 I 
I I 
i 0.982 i 

: 
I 

0.956 I 

I 
I 

0.9BO I 

i 
I 

0.861 !  

f 
I 

0.930 I 
I 
r9g-3j 

1.021 

1.024 

0.997 

1.029 

1.007 

0.972 

0.973 

1.027 

0.995 

0.977 

0.988 

0.953 

0.971' 

1.010 

1.039 

0.399 

0.992 

0.939 

0.938 

i 1.020 

I 0.991 

f 1.026 

1 0.973 
1 

i 0.988 

f 1.033 

i 1.013 
I 

O.&l81 I 0.968 
I 

1.002 i 0.899 
!  

1.010 I 0.967 

0.958 I 1.040 0.930 
I 

1.076 I 1.031 0.971 
I 

1.007 I 1.052 0.992 
I 

0.928 I 1.026 0.996 
I 

1.051 I 1.190 1.021 
I 

1.077 I 1.000 1.070 
I 

0.894 i 1.011 

0.859 I 1.075 
I 

0.988 I 1.104 
I 

0.810 I 0.938 

0.871 : 0.929 
I 

0.930 I 1.170 

0.924 t 1.055 

1.111 i 1.032 

1.030 I 0.940 
I 

1.024 I 1.121 
I 

1.087 I 1.207 
I 

1.146 I 1.056 
I 

1.101 I 1.008 
I 

a 

i 1.071 0.988 

; 1.016 1.148 

f 1.005 1.068 

: 1.084 1.0110 

I 
------G -I- 

f 
CA;;!?;;Nyd !  

I 

f 
(Ref. 11) !  

I 

‘-I- 

1.006 

0.942 

0.954 

0.950 

0.993 
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. 

0 

I ! 1 I 1 ! 
! Energy ! WAGEMANS 1 BLONS ! MIGNECO 1 Calculated ! 

al. (7) ! value ! !interval (eV)!et al. (6) ! et al. (4) I et 
! ! ! 1 ! ! 
! I I 1 : ! 
i 3.0- 8.0 ! 
! ! 
! 8.0 - 9.0 ! 
! ! 
! 9.0 - 12.0 I 
! 1 
1 12.0 - 14.0 1 
! I 
! 14.0 - 17.4 I 
! 1 
! 17.4 - 20.,8 ! 
! ! 
1'20.0 - 25.0 I 
! ! 
! 25.0 - 27.2 1 

1216.3 

236.7 

307.2 

286.1 

929.4 

134.5 

231.4 

282.1 

319.7 

330.8 

269.0 

328.8 

1350.0 

1243.7 

238.5 

306.7 

276.6 

938.3 

135.2 

245.1 

275.2 

317.9 

324.0 

255.9 

310.8 

1350.0 

1196.9 ! 

! 1 
! 27.2 - 30.0 1 
! ! 
1 30.0 - 36.1 I 
! 1 
I 36.1 - 44.0 ! 
1 I 
! 44.0 - 52.0 I 
! I 
! 12 -20 ! 

i 
I 
I 
! 
1 
! 
! 
1 
1 
! 
1 
! 
I 
I 
I 
I 
1 
I 
1 
1 
I 
! 
! 
I 

! 
1 
I 
1 
I 
1 
I 
1 
1 
1 
1 
1 
I 
1 
I 
I 

f 
1 
! 
I 
I 
I 
I 
! 

1276.4 

240.6 

325.2 

291.3 

916.7 

142.1 

242.4 

277.0 

321.8 

327.5 

246.6 

1350.0 

I 
1 
! 
! 
! 
! 
I 
! 
1 
I 
1 
! 
1 
! 
! 
I 
! 
I 
! 
1 
1 
1 
! 
1 
! 

234.4 ! 
! 

292.0 

279.4 

922.2 

139.8 

! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
I 
! 
! 
I 
! 
! 
! 
! 
! 
! 

1341.0 ! 

0 
TABLE XIV 

241 Pu fission integrals (b.eV) renormalized at c (2200 m/s) 

0 
= 1012.7 b via WAGEMANS et al. integral of 1350.0 G.eV in the 
energy range 12 eV to 20 eV. These data were taken from reference 6 
with 1 % correction for normalisation on the ENDF/B-VI standard at 
2200 m/s. The values calculated from the resonance parameters are 
also given in the energy range 3 eV to 20 eV. 



! ! ! ! ! 
!Enerqy range (eV) 1Averaqe (5) ! WESTON (5) 1 Cacuiated ! 
! ! 1 ! ! 
! I ! ! ! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
1 
! 
! 
I 
! 
! 
! 
! 
! 
! 
I 
! 
! 
! 
! .., 
! 
! 
1 
I 
I 
! 
! 

3.0 - 4.9 i 
! 

4.9 - 8.0 ! 
! 

8.0 - 9.0 ! 
I 

9.0 - 12.0 ! 
1 

12.0 - 14.0 ! 
! 

14.0 - 17.4 ! 
! 

17.4 - 20.0 ! 
! 

20.0 - 30.0 1 
I 

30.0 - 40.0 1 
1 

40.0 - 50.0 ! 
1 

50.0 - 60.0 1 
I 

60.0 - 70.0 ! 
! 

70.0 - 80.0 ! 
I 

80.0 - 90.0 I 
! 

90.0 - 100.0 I 
I 

100.0 - 200.0 1 
I 

200.0 - 300.0 ! 

350.8 

876.8 

237.6 

311.1 

284.8 

928.0 

143.8 

795.3 

452.0 

390.9 

173.1 

559.1 

278.3 

685.9 

279.2 

2660.0 

2780.0 

! 
! 
! 
! 
I 
! 
! 
1 
I 
! 
! 
! 
1 
I 
! 
1 
I 
! 
1 
1 
! 
I 
1 
I 
I 
I 
I 
I 
1 
! 
! 
! 
I 

361.6 

870.0 

237.9 

313.6 

279.3 

929.9 

142.6 

845.0 

480.7 

426.0 

171.8 

576.7 

263.8 

715.2 

271.7 

2621.0 

2791.3 

359.2 (2 0.7 %I 

836.7, (- 4.3 %) 

234.4 (- 1.5 %I 

292.0 (- 7.4 %) 

279.4 (+ 0.0 %) 

922.2 (- 0.8 %I 

139.8 (- 2.0 %I 

842.9 (- 0.2 %I 

485.9 (+ 1.0 %) 

408.9 (- 4.1 %) 

175.5 (+ 2.2 %) 

570.4 (- 1.1 %) 

267.6 (+ 1.4 %) 

722.0 (+ 1.0 %) 

282.7 (+ 4.0 %) 

2626.0 (+ 0.2 %) 

2828.0 (+ 1.3 %I 

! 
! 
! 
! 
! 
! 
! 
! 
! 
I 
! 
! 
! 

! I I 1 

! 3.0 - 300.0 ! 12186.7 ! 12298.1 i 12273.5 (- 0.2 %) ! 

TABLE XV 

241Pu integral fission cross-sections calculated from the 
resonance parameters and compared to WESTON experimental data 
normalized to WAGEMANS data in the energy range 0.02 eV to 0.45 eV. 
The percentage deviationsbetween WESTON and the calculated values 
are given. The average values are those obtained from all the 
experimental data appearing in Table XIII. 



: . . 

1 ! ! I ! 
!Energy range ! Calculated I Calculated I Experimental !'Deviation 
1 eV 1 capture I alpha ! alpha (5) ! % 
I ! I ! ! 
I ! 1 I 1' 
! 10. - 20. 
! 
! 20. - 30. 
! 
I 30. - 40. 
! 
! 40. - 50. 
! 
I 50. - 60. 
1 
I 60. - 70. 

! 
1 
! 
! 
! 
! 
1 
! 
1 
! 
! 
I 
! 
1 
1 
I 
I 
I 

74.72 

15.46 

9.78 

5.45 

2.16 

12.90 

14.62 

22.89 

5.75 

5.87 

6.62 

I 0.509 1 0.559 ! 
I ! I 
1 0.183 ! 0.213 ! 

I 0.201 
I 

0.133 

0.123 

0.226 

0.546 

1 ! 
I 0.216 1 
! ! 

l ; 70. - 80. 

! 80. - 90. 
! 
! 90. - 100. 
I 

I 
I 0.317 

I 100. - 200. ! 
1 I 
1 200. - 300. 1 

1 
1 0.203 
I 
! 0.226 
! 
1 0.237 

I 
I 
1 
1 
1 
1 
1 
I 
I 
I 
I 
1 
I 

0.184 

0.198 

0.279 

0.572 

0.337 

0.207 

0.268 

I 
I 
1 
I 
I 
1 
I 
I 
I 
! 
! 
I 
1 

1 ! 
1 0.264 I 

I I I I ! 

10.0 

16.4 I 
I 

7.5 I 
! 

38.0 ! 
! 

61.0 1 
! 

23.0 ! 
! 

4.8 ! 
! 

6.3 ! 
! 

2.0 ! 
! 

18.6 ! 
! 

11.4 ! 
1 

! I ! 1 I ! 
I 10. - 300. I ! 0.244 1 0.279 ! 14.3 I 
! 1 1 I ! ! 

TABLE XVI 
0 241 Pu capture cross-sections and a values in the energy range 

0 
10 eV to 300 eV. The percentage deviations between the o values 
calculated from the resonance parameters and WESTON experimental 
values are given. 

4 
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FIGURE 1 

241 Pu spacing stairstep histogram-The dashed straight line 
corresponds to an average level spacing of 1.15 eV. The 
solid straight line corresponds to an average level 
spacing of 0.83 eV obtained in ref. 19 by Monte Carlo method 
showing that, even at 100 eV incident neutron energy, 27 % 
of levels could be missed. At 300 eV, 34 % of the levels 
could be missed. 
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FIGURE 2 

241Pu integral distribution of the reduced neutron. 
widths 2gTi for the resonances identified in the energy 
range 0 eV to 200 eV. The curve is a Porter-Thomas 
distribution normalized to 220 resonances and to an ave 
value of 0.216 x 10S3 ev1i2. 
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FIGURE 3 

241 Pu cumulative stairstep histogram of the 

reduced neutron widths 2gTA. 
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FIGURE 4 

241 Pu integral distribution of the total fission widths 0 
for the resonances identified in the energy range 0 eV t 
300 eV. The theoretical curve corresponds to a x2 dist 9 
bution, P(v,x), with v=l and normalised to 270 resonances 
and to an average fission width of 400 meV. The quite 
good agreement between the experimental distribution and 
the theoretical one is spurious, since the experimental 
distribution could be strongly distorded by the important 
number of missed levels and unresolved multiplets. 
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FIGURE 5 

'241p, fissioncross-sections in the energy range 0.01 eV to 
0.07 eV. The solid line represents the cross-sections 
calculated from the resonance parameters obtained by fitting 
WAGEMANS data (x). WESTON data (+), normalised on WAGEMANS 
data in the energy range 0.05 eV 0.45 eV, deviate strongly 
from the calculated values below 0.03 eV. 



FIGURE 6 

241 Pu fission and capture cross-sections in the energy 
range 0.01 eV to 3 eV. The curves represent the cross-section e 
calculated from the resonance parameters obtained by fitting 
WAGEMANS fission, YOUNG total and SIMPSON total. The experime a 
data are WESTON fission cross-sections normalized to WAGEMANS 
fission.,in the energy range 0.05 eV to 0.45 eV, and WESTON 
captures normalized via the absorption cross-sections inferred 
from SIMPSON total cross-section in the energy range 0.05 eV to 
0.45 eV. 
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FIGURE 7 

241 Pu fission and capture cross-sections in the energy 
range 0.01 eV to 3 eV. The curves represent the cross-sections 
calculated from the resonance parameters obtained by fitting 
WAGEMANS fission, YOUNG total and SIMPSON total. The experimental 
data are WESTON data normalized on the standard values between 
0.02 eV. and 0.03 eV. Note the deep in WESTON fission cross-section 
at 2 eVwhich is well represented by a strong interference effect 
between a small resonance at1.735 eV and the broad resonance at 
5.810 eV. 



FIGURE 8 

241 Pu fission and total cross-sections in the energy ran 
0.001 eV to 3 eV. The curves represent the cross-sections 
calculated from the resonance parameters. The experimental data 
are SIMPSON total cross-sections in the energy range 0.02 eV 0 
0.5 eV (displaced by one decade), YOUNG total cross-sections 
in the energy range 0.001 eV to 3 eV, WAGEMANS fission cross- 
sections in the energy range 0.02 eV to 0.5 eV and the renorma- 
lized SEPPI fission data in the energy range 0.002 eV to 0.006 eV 
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FIGURE 9 

0 

0 

241 Pu transmission ratio in the energy range 0.3 eV to 
20 eV. The experimental data (crosses) are the results of HARVEY 
et al. measurements of 5.19 x 10m4 at/b, 2.27 x 10-3 at/b and 
1.12 x 10-2 at/b samples. The solid lines represent the values 
calculated from the resonance parameters. The data for the thin 
and medium samples are displaced by 0.25 and 0.5 respectively 
for claritv of the disalav. The resonances of the isotopes 
23gpu - 24OPu, 242Pu, 241~ * 

, Am were not removed from the data. 



FIGURE 10 

241 Pu fission cross-sections inthe energy range 0.3 eV 
to 20 eV. The experimental data (crosses) are from WESTON et l 
(multiplied by lo), BLONS et al. and MIGNECO et al. (multiplied 
by 0.1). The solid lines represent the cross-sections 
from the resonances parameters. calcula 

u 



FIGURE 11 

241 Pu fission and capture cross-sections in the energy range 
0.3 eV to 20 eV. The experimental data are from WESTON et al. 
The solid lines represent the cross-sections calculated from the 
resonance parameters. The fission data were displaced by one 
decade for clarity of the display. 



FIGURE 12 

241 PU cross-sections in the energy range 45 eV to 73 eV. l 
The upper curves represent the total cross-sections obtained 
from HARVEY et al. thick sample transmission displaced by 
3 decades. The other curves are MIGNECO et al. fission multi- 

@ 

plied by 10, WESTON et al. fission and BLONS et al. fission 
multiplied by 0.1. The solid lines represent the cross-sections 
calculated from the resonance parameters. 
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FIGURE 13 

241Pu cross-sections in the energy range 73 eV to 100 eV. 
The upper curves represent the total cross-sections obtained 
from HARVEY et al. thick sample transmission data displaced by 
3 decades. The other curves are MIGNECO et al. fission multi- 
plied by 10, WESTON et al. fission, BLONS et al. fission multi- 
plied by 0.1. The solid lines represent the cross-sections 
calculated from the resonance parameters. 
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FIGURE 14 

241 Pu cross-sections in the energy range 200 eV to 250 eV 
The upper curves are the total cross-sections obtained from l 
HARVEY et al. thick sample transmission data displaced by 3 
decades. The other curves are BLONS et al. fission multiplied 
by 10, MIGNECO et al. e fission and WESTON et al. fission multi- 
plied by 0.1. The solid lines represent the cross-sections 
calcula'ted from the resonance parameters. 



, I 
252 

I 
261 

I 
270 

I 

EMRGI C” 27g 

I 
288 297 

FIGURE 15 

241 Pu cross-sections in the energy range 250 eV to 300 eV. 
zya;pper.curves are the total cross-sections obtained from HARVEY 

. thick sample transmission data displaced by 3 decades. 
The other curves are BLONS et al. fission multiplied by 10, 
et al. fission and WESTON et al. 

MIGNEC 
fission multiplied by 0.1. The 

solid l.ines are the cross-sections calculated from the resonance 
parameters. 
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