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I А В S T R А С T I 

The Np23 7 neutron cros s-s ееtions have been eva-

luated in the neutron energy range from 10 ^ ev to 14 MeV. 

A set of evaluated resonance parameters is given. In the 

unresolved resonance region and at higher energies, the 

total cross-sections and the reaction cross-sections have 

been obtained from a coupled channel optical model calcula-

tion. A statistical model code has been used to calculate 

the elastic, inelastic, capture and fission cross-sections. 

These partial cross-s ections have been adjusted to repro-

duce the experimental capture and fission data. The re-

sults of the evaluation are available in ENDF/B format. 





INTRODUCTION 

23 7 

Several sets of experimental data are available for Np. 

The resonance region has been particularly investigated from total and fission 

cross-section measurements in view of studying the intermediate structure 

which was discovered at Saclay in 1966 (1). Experimental capture cross-sections 

are available up to about 1 Mev neutron energy. The fission cross-sections have 

been measured in the entire energy range. Unfortunatly no total cross-section 

measurements exist beyond several Kev neutron energy. One of the difficulties 

of the evaluation arise from this lack of total cross-section in the high 

energy range ; the evaluation is then based on a coupled channel optical model 

calculation of the total cross-section starting from optical model parameters 

available in the littérature. 

A careful examination of the numerous set of experimental 

fission cross-sections existing in the high energy range have been made, since 

this nucleus could be used as a standard in fission cross-section measurements, 

or for dosimetry purpose. 

The details of the evaluation are described in this report 

and the results are given in ENDF format. 

THE THERMAL. REGION 

Total^'^] capture^ 4 ' ̂  ' ̂  and f iss ion"^'1 cross sections are 

available in the thermal region. The total cross-section values obtained 

by SMITH et al(2) and by ADAMCHUK et a l ( a t 0.0253 ev are respectively 

180 - 22 barns and 240 - 20 barns corresponding to capture values of 

about 165 barns and 225 barns. The absorption cross-section measured by 
(4) + 

TATTERSALL et al by pile oscillation method is equal to 169 - 3 barns 

and the value obtained by EBERLE et a l b y reactor irradiation is equal 

to 184 - 6 barns. The values retained in ENDF/B-V evaluation is 169.1 barns 

for the capture cross-section and 136.6 barns for the total cross-section 

in agreement with SMITH and TATTERSALL measurements. 



The most recent measurement of the absorption cross-section /¿Г j 
in the thermal region is due to WESTON et al as a part of measurement 

in a wide energy range from 0.008 ev to several hundred Kev. Preliminary 

values of the WESTON data have been published, normalized at 0.0253 ev 

to ENDF/B-V capture cross-section. As a matter of fact, the WESTON data 

could also be normalized to the absorption cross-section obtained from a 

total cross-section in the resonance region. The average value of the 

WESTON preliminary data is equal to 65.48 barns in the energy range 0.75 ev ( 8 ) 
to 45.85 ev. The corresponding average value of the PAYA et al total 

cross-section is equal to 83.43 barns. The average elastic scattering 

cross-section calculated in the same energy range from the PAYA set of 

resonance parameters is 12.07 barns. One obtains70.36 barns for the absorp-

tion cross-section by difference between the total and the elastic 

scattering cross-section, i.e. 7.5 % larger than the WESTON preliminary 

value. That means also that the 2gTn values which could be deduced from 

the WESTON data, should be on average 7.5 % smaller than those obtained 

from the PAYA total cross-section. It seems then reasonable to normalize 

the WESTON data on the absorption deduced from the PAYA total cross-section 

rather than on the thermal value of ENDF/B-V. Consequently, the thermal 

capture value adopted is : 

О(n,y) (0.0253 ev) = 181 ± 9 barns, 

ж 
obtained by multiplying the WESTON value by the factor 1.075. 

This thermal value and the shape of the WESTON data at 

low energy are well reproduced (Fig. 1) by the resonance parameters shown 

in Table I associated with the other resolved resonance paramezers 

(see next section). The Гf value of the 0.49 ev resonance has been choosen 

to reproduce the fission data of LEONARD et al^ below 1 ev. 

Table II shows the results of the present evaluation 

compared to the experimental data and to ENDF/B-V at 0.0253 ev. 

* Remark : It is worthwhile to mention that when evaluating the Am241 data^ 
the situation was different a good agreement was found between the 
WESTON(1°) 2gYn values and those from Saclay (ID ; in that evalua-
tion the ENDF/B-V thermal values were kept ; the Saclay total cross 
section was corrected in the resonance region to take into account 
1/V smooth component found in the WESTON absorption cross-section, 
corresponding to a correction of 1 to 2% in the normalisation of 
the Saclay transmission data. 
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THE RESONANCE PARAMETERS 

The resonance parameters obtained from some old measurements 

(2,3, 12, ̂ jjave nQt ¿een considered. We have examined 5 important sets of 
{ 8 ) 

experimental data obtained by PAYA et al from transmission and fission 
(14) 

measurements, by PLATTARD et al from fission measurements, by MEWISSEN 

et al^^ from transmission, capture and scattering measurements, by KOLAR 

et al^^ from fission measurements, and by KEYWORTH et al^17^ from pola-

rization measurements. In the following, we compare the parameters obtained 

by these experimentalists. 

The neutron widths 

Two sets of neutron width values are available. The first has 
( 8 ) 

been obtained by PAYA et al at Saclay ; it contains 249 values in the 
1 ev to 236 ev energy range. The second is due to MEWISSEN et al^^^ from 

Geel ; it contains 200 values in the 8 ev to 205 ev energy range. In the 

low energy part where the resolution is very good in both experiments, 

there is an excellent agreement between the two sets of data. The agreemenz 

is within 1 % on the average ; the differences do not exced - 2 % on the 

individual large values. Above 50 ev the Geel values are significantly smal-

ler : 4.6 %, 2.1 % and 4.6 % on average in the energy ranges 50 ev to 100 ev, 

100 ev to 150 ev and 150 ev to 205 ev respectively. Part of the discrepan-

cy is due to the experimental resolution ; 160 resonances are seen in the 

Saclay total cross-section and only 144 in the Geel data in the 50 ev to 

205 ev energy range. Taking into account the effect of some doublets and 

of small resonances not seen in the Geel data the above discrepancies reduce 

to 4.1 %, 0.3 % and 3.1 

The capture widths 

The capture widths have been obtained for 25 resonances by 

MEWISSEN et al^^ in the 8 ev to 52 ev energy range and for 79 resonances 
( 8 ) 

by PAYA et al in the 1.32 ev to 106 ev energy range. The former have 

used area and shape analysis of the transmission and capture data. The 

latter obtained the total width by shape analysis of the transmission data 

and deduced the capture width by difference between the total width and the 

2gTn value, assuming that the fission width is negligible ; the systemazic 

error introduced by taking 2gYn instead of Tn is also negligible (less than 
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1 % in most cases). There are 24 common values in the two sets of data, 

in very good agreement for 19 of them as it is shown in table III. For 

the 5 other resonances the desagreement is important not always compatible 

in the error bars. The average value given by PAYA is (40.00 - 1.20) mev ; 

the one given by MEWISSEN is (41.2 - 2.9) mev. 

Some of the capture widths given by PAYA above 50 ev neutron 

energy are much larger than the mean value obtained in the low energy 

range. That is mainly due to the following reasons : 

1_. the accuracy in the determination of the total width by the shape analy-

sis method becomes very poor when the resolution and the Doppler widths 

increase , 

2. the probability of finding resonance multiplets is also increasing. It 

is obvious that the very large values of Гу with a relatively small error 

bar correspond to such multiplets. 

These irregular Гу values should be considered as "fictitious" 

capture widths of resonance multiplets and should be used with the corres-

ponding total widths to calculate the capture cross-section. Consequently, 

there is no reason to replace the large values of Гу by the average value 

as it is done bu several evaluators in such cases. For instance, the resonan-

ce at 113.71 ev, for which PAYA gives a total width Г = (95 - 10) mev and a 

neutron width 2gTn = (4.3 - 0.3) mev, is obviously at least a doublet. One 

must use Гу = 91 mev to calculate the capture cross-section ; using 40 mev 

will result in a systematic error of - 5.4 % in the calculate total capture 

area of the resonance. 

The fission widths 

A complete set of if values is found in the Saclay data in the 

energy range 0.49 ev to 155 ev, with the fluctuations typical of the class 

I state fission widths in the fission intermediate structure. In the vici-

nity of the class II states the fission widths can reach several millibarns, 

but they are not greater than a few microbarns elsewhere. The fission area 

of the class II states are also given in the energy range 150 ev to 3.8 Kev, 

but they are not used in our evaluation ; in this energy range the fission 
/ f л \ 

cross-section is directly obtained from PLATTARD.et al experimental 

data. 



As a matter of fact, two series of fission measurements 
{ S ) 

have been performed at Saclay : the first one by PAYA et al and the 

second one by PLATTARD et al(14{ According to the authors, we should 

adopt the results of PLATTARD et al obtained in improved experimen-

tal conditions. In any case, the Vf widths from both measurements 

are in agreement, after a renormalization of PAYA et al data by a 

factor of 0.625 (réévaluation of the U235 amount in the sample). The (16) 
fission widths were also measured at Geel (KOLAR et al ) in the 

energy range 20-50 ev with the purpose of studying the properties 

of the 40 ev class II state. There is a complete inconsistency in 

these results when compared to the Saclay data. The discrepancies 

are of 1 or 2 orders of magnitude. Due to the lack of information 

concerning the normalization, we have therefore disregarded the 

data of KOLAR et al. 

At low energy, it is possible to compare a few values 

obtained by GRAVILOV ev al(18), LEONARD ec al(7) and PA YA at 
{Q \ 

al as it is shown in table IV. The results are consistent and, 

in particular, show that the fission cross-sections of Saclay 

match reasonably well the LEONARD data just above the thermal 

region. 

The spin of resonances 

Transmission and fission measurements have been performed by 

KEYWORTH et al^17^on polarized targets and polarized neutron beams ; 

they were able to assign the spin of 94 resonances in the energy range 

1.4 ev to 101 ev. Data for 10 resonances are also reported by MEWISSEN 
( 15 ) 

et al from transmission and scattering measurements in complete agree-

ment with KEYWORTH et al. Up to 101 ev neutron energy one third of the 

resonances are not spin assigned ; they correspond mainly to weak values 

of 2gTn. For these resonances the statistical factor g should be taken equal 

to 0.5 instead of 5/12 (2+ level) or 7/12 (3+ level) ; it is the same in 

the energy range above 101 ev where there is no spin measurement. 



б. 

The recommended resonance parameters 

One can conclude that there is no severe discrepancies in the 

most recent data of Np237 resonance parameters. The best experimental con-

ditions were achieved by PAYA et al^8^ and PLATTARD et al^14^ on their 

transmission and fission measurements. Then the most complete set of reso-

nance parameters is therefore the one obtained by the Saclay group. We 

have chosen this set as the basis of our evaluation, prefering a consistent 

set obtained by one group of experimentalists to the one which could be 

obtained by averaging all the available data. 

Finally, the recommended set of resonance parameters can be sum-

marized as follow : 

1_. the parameters of the negative level and of the resonance at 0.49 ev 
} 

have been chosen to reproduce the shape of WESTON et al capture data 

renormalized to 181 barns at 0.0253 ev, and the shape of LEONARD et 
A7) al rission data 

2_. above the thermal region, the energies, 2gYn and Гу values are those 
(8) 

from PAYA et al . However, the capture widths have been sligthly modi-

fied when the resonance spin is assigned (Ту = Г - Tn instead of Гу = Г -

2дГп) . The if values are from PLATTARD et al^^ ; 

3_. the value of Гу = 40 mev is assigned to the resonances for which there 

is no measured value ; 

4. the spin assignments are those from KEYWORTH et al(17K 

The set of recommended resonance parameters is listed in table V 
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THE AVERAGE RESONANCE PARAMETERS 

The following values have 

of recommended resonance parameters 

s-wave strength function So = 

s-wave level spacing D = 

s-wave capture width <Гу> = 

Effective potential , _ 
scattering radius 

The values of So and <Гу> 
(14) 

al . As for the level spacing and 

ring radius, the evaluation has been 

been deduced from the above set 

(0.994 ± 0.120)10~4 

(0.56 ± 0.05) ev 

(40.00 ± 1.20) mev 

(9. 54 ± 0. 50) fm 

are those evaluated by Paya et 

the effective potential scatte-

done as follows. 

Level spacing 

An accurate determination of the level spacing from the 

resonance data cannot be done without a good estimation of the number 

of the missed levels in the experimental cross-sections. The methods 

used for this estimation are based on the deviation existing between 

the statistical properties of the observed parameters and those cor-

responding to the Porter-Thomas (P-T) and Wigner distributions. As 

a matter of fact, the results obtained by several authors working 

on the same sample of data are often contradictory. The 237Np eva-

luation of the level spacing has been done by Mewissen et al^5^ 

(8) 

and by Paya et al . The first author obtained D = (0.742 ± 0.032)ev 

from the P-T distribution of the neutron widths in the energy range 

0-200 ev ; the second obtained D = 0.50 ev from a Monte-Carlo simu-

lation of the total cross-section between 0 ev and 50 ev and from 

the P-T distribution up to 100 ev. It should be however noted that 

the value proposed by Mewissen et a l ¿ s larger than the experi-

mental value of 0.68 ev which is observed in the energy range 0-50ev. 

We think that the determination of the 237Np level spa-

cing must be done on the sample of 73 resonances observed in the 

0-50 ev energy interval where the variation of the number of reso-



nances detected between 0 and E remains a linear fonction of the 

energy E. Nevertheless, even in this sample one can hardly des-

cribe the 2gTn^ experimental distribution by a P-T law only by 

taking into account the missed weak values of 2gYn° (figure 2) ; 

one observes on the experimental distribution a lack of values 

around 2gTn° = 0.14 followed by an excess of values around 
_ 0 

2gin = 0.23. This effect can be attributed to the presence of 

several doublets of unresolved resonances. Figure 2 shows an 

example of a distribution which can be obtained after correction 

of the effect of 5 doublets ; the resulting distribution is well 

described by a P-T law with D = 0.56 ev (73 observed resonances 

+ 10 non observed weak resonances + effect of 5 doublets). This 

value is identical to that obtained for 241 Am which presents 

the same experimental features in the resonance region^1 К 

Effective potential scattering radius 

The effective potential scattering radius R' can be 

obtained from a least square shape analysis of the experimental 

transmission in the resonance region including a large number 

of resonances. The accuracy achieved on the potential scatte-
2 

ring cross-section 4i\R' is limited by the thickness of the 

sample used in the transmission measurement (dT/T = - ndo). 

For 237 Np the best conditions were obtained at Saclay with 

a sample of n = 0.0064 at/barn. But, with such a thin sample, 

1% error on the transmission leads to 1.6 barns error on the 

potential scattering cross-section, i.e. 6.7% error on R'. 

The value R' = (9.54 ± 0.50)fms that we recommend has been 

obtained from the analysis of the Saclay transmission in the 

energy range 22-30 ev where the accuracy on the transmission 

is expected to be better than 1%. 
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THE CROSS-SECTIONS IN THE UNRESOLVED REGION (0.15 KeV to 40 KeV) 

The experimental data 

A general view of the experimental data is shown in 

figure 3. More details on capture and total cross-section at 

low energy are given in figure 4. Some important sets of data 

have been obtained at Los Alamos from bomb-shot experiments : 
(19) 

elastic scattering, capture and fission from HOFFMANN et al , 

fission from BROWN et al(20) and from GIACOLETTI et al(21). 

These data,at least in the low energy part, are not consistent 

with the data obtained from classical experiments or with what 

we should expect from rough systematics. They have not been 

considered in this evaluation. The other data are the total ( 8 J 
cross-section from PAYA et al (up to 4 KeV) and from 

(3 ) ADAMCHUCK et al (up to 12 KeV), the preliminary absorption 
/ Г ) 

cross-section of WESTON et al , the fission cross-section 
(14) from PLATTARD et al and an absolute fission cross-section 

(22) 

measurement at 0.024 MeV by PERKIN et al . The two availa-

ble total cross-sections are not accurate because they have 

been obtained from transmission of thin samples. Up to 100 KeV 

the WESTON absorption is very close to the capture cross-

section, for the fission cross-section remains always less 

than 1% of the capture, but these data are still preliminary 

and the correction due to the renormalisation made at thermal 

energy should also be applied at higher energies. As for 

PLATTARD fission cross-section, •according to the author, there 

was some difficulties in the background evaluation and the ex-

perimental values are probably too low in this energy region 

as it can be seen in figure 3. 



Calculated data 

A Hauser-Fesbach statistical model calculation of the 

total, elastic and capture cross-sections has been performed 

between 0.15 KeV and 40 KeV by using the strength functions 

Sq and S} as input in the FISINGA code. The contribution of 

higher angular momentum (less than 0.6% at 40 KeV) has been 

neglected. The s-wave neutron average parameters D, Sq and Г у 

are those obtained previously in the resolved resonance region. 

As for the p-wave neutrons no experimental data are available. 

The p-wave average capture width has been taken equal to that 

of s-wave. At 40 KeV the WESTON capture cross-sections, renor-

malized as it is explained above, is equal to 1.86 barns. This 

value and the shape of the capture data is quite well reprodu-

ced by using the following p-wave strength function : 

= (1.82 ± 0.20)10~4 

The error bar takes into account the uncertainties due to the 

renormalisation of the WESTON data. 

Due to the intermediate structure in the fission 

channels, a statistical model calculation of the fission 

cross-section in this energy range is not possible. We therefore 
(14) 

chose the experimental data of PLATTARD up to 4 KeV. Between 

4 KeV and 40 KeV, the cross-sections are very low and should be 

obtained by interpolation between the PLATTARD data (0.0085 

barn around 4 KeV) and the value of 0.011 barn obtained from 

the calculation at 40 KeV (see the next section). 

This interpolation givesa value of 0.0098 barn at 

24 KeV in agreement with the absolute value of (0.011 ± 0.002) 
(22) 

barn obtained by PERKIN et al at this energy. The value of 

0.011 barns at 40 KeV is also in agreement with the value of 
(23 ) 

0.0112 barns obtained by WHITE et al (figure 5). 



THE CROSS-SECTIONS IN THE ENERGY RANGE 0.040 MeV to 5 MeV 

This energy range corresponds roughly to the region 

from the inelastic and the fission thresholds to the second 

chance fission threshold. The calculations involve a large num-

ber of parameters to be used in very complex and sophistica-

ted models. These complicated calculations cannot be avoided 

since the experimental data base is far from complete in this 

energy range. In addition, when experimental data are availa-

ble, it is hard and computer time consuming to fit a calculated 

curve to. the experimental points, owing to- the complexity 

of the formalism, to the large number of parameters involved and 

to the scarcity of the systematics concerning these parameters. 

For 237 Np a large number of experimental fission cross-sections 

is available above 40 KeV neutron energy. The first step of 

the evaluation must be the determination of the most probable 

fission values from the set of experimental cross-sections. 

After that, a calculation should be done to approach as close 

as possible the experimental evaluation, to allow the determi-

nation of the other partial cross-sections. 

The experimental fission data 

Most of the experimental fission cross-sections availa 

ble in the energy range 40 KeV to 5 MeV are given in the refe-

rences 23 to 35. There are only two absolute measurements. The 
(27) 

first from HOCHBERG et al in the energy range 0.15 MeV to 

1.5 MeV is relatively old and not well documented. The second 

is a very recent one from GRADY et al^^ at 770 KeV and 964 

KeV, but only preliminary values have been published. The other 

measurements have been performed relatively to U235 fission 
(20,21,24,25,29,30,31,33,34) . . . . 

cross-section , or relatively to ( 28 ) 
U238 fission cross-sectior. , or normalized to other mea-

(26 32) 
surements or evaluated data of 237 Np ' . To compare these 

numerous data it was necessary to renormalize all of them 
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relatively to the same standard. The standard choosen is the 

U235 ENDF/B-V fission cross-section . The results of the renor-

malisation are shown on figure 6. The absolute values of 
(27) (35) 

HOCHBERG et al and of GRADY et al are also shown on 
( 24 ) the figure . The very old data of KLEMA (1947)[ ' and the re-

(25 ) 
latively old data of HENKEL (1957) for which no indication 

of standard has been found, were not considered. The values 
(31) 

from KOBAYASHI have not been renormalized because there is 

not enough information in the corresponding publication (abstract 

in a progress report). 

The following conclusions can be drawn from the exami-

nation of the figure 6 : 

1) most of the data agree on the shape of the cross-

section ; 

2) the experimental values normalized on the same stan-

dard are contained in a band whose width is equal to about 10% 

of the mean value ; 

(32) 

3) the results of PLATTARD et al obtained from a 

very high quality of resolution measurement do not show any 

structure, which is confirmed by the results of the good quality 

of resolution measurement of BEHRENS et al^^^. Consequently the ( 28 ) 
structures appearing on SCHMIDT et al data and on BROWN et 

a]_(20) ^ata shoui¿i ¿e considered as statistical fluctuations or 

systematical errors ; 

4) the results of the absolute measurement of HOCHBERG 
(27) 

et al deviate strongly from the other experimental data above 

0.8 MeV. The deviation of about 15% at 1.5 MeV, is too large to be 

explained by a systematic error on the U235 ENDF/B-V fission 

cross-sections used to normalize the other data and which is 

known with an accuracy of about 3%. Due to the lack of informa-

tion on HOCHBERG measurement, these results should be disre--

garded at least above 0.8 MeV ; 
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5) the absolute values at 0.770 MeV and 0.964 MeV 

from GRADY et al^^ are in agreement with the values obtained 

from the relative measurements. 

Evaluation of the fission cross-section from the experimental data 

The values adopted in the energy range 0.040 MeV to 

0.3 MeV are shown on figure 5. They are a continuation of the 

data adopted below 0.040 MeV, starting from PLATTARD's at 4 KeV, 

close to the absolute value of PERKIN at 24 KeV and continuing 

close to WHITE values up to 0.130 MeV ; between 0.130 MeV and 

0.3 MeV they are in agreement with BEHRENS. This choice has 

been made to follow the shape of the calculated cross-section. 

In the slope of the first fission threshold, between 

0.3 MeV and 1 MeV, the fission cross-section increases rapidly. 

In this region, the comparison between the different cross-

sections is prevented by a possible error in the energy scale. 

The normalisation of the energy scale is a rather difficult 

problem, since the details concerning the determination of the 

neutron energy are rarely given by the experimentalists. However, 

when two sets of cross-sections agree both in the increasing 

part and in the plateau, the problem of energy has not to be 

settled. That is the case for the results of PLATTARD and 

BEHRENS when normalized to the same cross-section standard, 

as it is shown on table VI. Therefore, the adopted values be-

tween 0.3 MeV and 1 MeV are obtained by averaging PLATTARD and 

BEHRENS data ; they agree exactly with the absolute value of 

GRADY at 0.770 MeV and are 1.6% larger at 0.964 MeV. 

In the beginning of the first chance fission plateau, 

between 1 MeV and 2 MeV, it does not seem advisable to take into 
(28) (20j 

account the data of SCHMITT et al and BROWN et al which 

show large fluctuations not present in the more accurate data 

of PLATTARD and BEHRENS. The adopted values are still obtained 
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by averaging PLATTARD's and BEHRENS' data. Above 2 MeV the data from 

SCHMITT et al(28), WHITE et al(23), GRÜNDL et al(29), STEIN et 
(30) (33) 

al and BEHRENS et al have been averaged ; the results 

are very close to BEHRENS data. 

The definitive values are obtained by drawing a smooth 

curve through the above adopted or averaged values ; they are 

shown on figures 6 and 7. 

The calculated cross-sections 

In the first step of the theoretical evaluation the 

neutron transmission coefficients are calculated by using the 

coupled channel optical model code ECIS which gives also the 

total, elastic and direct inelastic cross-sections. The optical 

model parameters, including the deformation parameters, are 

generally obtained by fitting the experimental total cross-
sections or angular distributions. The results of such in-

vestigations are available from several authors. In particu-

lar the parameters published by LAGRANGE^36) for 232Th, 238U 

and the Pu isotopes constitute an excellent basis for the ac-

tinide cross-section calculations. Starting from the results 

of LAGRANGE a set of parameters have also been found by FORT 
(37) 

et al by fitting the 241Am experimental total cross-sections 
(38) 

measured by PHILLIPPS et al . For 23 7Np, there is no experi-

mental total cross-sections or angular distributions available 

at high energy. In this case, the only way to obtain a set of 

parameters suitable for the high energy cross-section calcula-

tions is to compare, at low energy, the cross-sections obtained 

from the statistical parameters (R1, SO, SI) to those calculated 

by using the optical model. That has been done by taking as 

starting values the parameters obtained for 241Am. The results 

are given in Table VII. The corresponding total elastic, direct 

inelastic and compound nucleus formation cross-sections calcula-

ted by ECIS in the energy range 1 KeV to 16 MeV are given in 

Table VIII. 



In the second step of the calculations the transmis-

sion coefficients obtained from ECIS are used as input in the 

statistical model code FISINGA in order to calculate the fis-

sion, capture and inelastic cross-sections. The total cross-

sections and the compound nucleus formation cross-sections 

are also, of course, calculated by FISINGA and should be the 

same as those calculated by ECIS. A difficulty arose from 

the fact that the coupled channels code calculates two values 

of the transmission ceofficient T(l,J,j,H) corresponding to 

j =1 ± 1/2 for a given value of the compound nucleus angular 

momentum J, when the statistical code FISINGA uses directly 

T(1,J,TT). The following relation has been used to obtain the 

T(1,J, тт) values : 

T ( 1, J, тг) = 1 Ttï'J'j'v) +11+1) T(l,J,j+, тт) 

21 + 1 

using this relation, the agreement between ECIS and FISINGA is 

better than 1% in most cases as it is shown in Table VIII. 

The other important parameters used in FISINGA 

concern the fission channels and the inelastic scattering 

channels. A double humped fission barrier shape has been 

assumed for the fissionning 238Np nucleus and the method pro-
(39) 

posed by LYNN has been used to calculate the penetrabili-

ties of the barriers. The densities of the fission channels 

were those recommended by LYNN for the odd-odd fissionning 

nuclei, starting at : VR = 0.59 MeV and Vß = 0.50 MeV above 

the neutron binding energy, with Яш = 0.50 MeV and пш = 0.40 Л о 
MeV. For the inelastic scattering channels, the discrete low-

lying levels of 237Np were taken from Nuclear Data Sheets^40^ 

and a Fermi gaz level density relation was assumed 

for excitation energy larger than 0.850 MeV with a level den-

sity parameter a = 27.90. The level density parameter of 

238Np compound nucleus was choosen according to <d>2~q = 0.56ev 

at neutron binding energy which corresponds to a = 28.10. 



The calculated fission cross-sections are compared in 

figure 7 to the values evaluated from the experimental data ; 

they are also s'ñown in Table IX. The deviation between the cal-

culated and the evaluated data is less than 15% in most cases. 

The largest differences occur around 1 MeV neutron energy. 

They are due to the fact that the sequence of 237Np low-lying 

levels is far from complete above 0.5 MeV excitation energy 

as it is shown on figure 8. Then, matching the region of dis-

crete levels to the continuum, it is particularly difficult ; it 

results in a distorted shape of the fission cross-section due 

to an underestimation of the calculated inelastic cross-section. 

Evaluation of the other partial cross-sections 

Since the adopted fission cross-section is not the 

calculated one, it is necessary to correct the other calcula-

ted partial cross-sections to take into account the differen-

ces between the calculated and the evaluated fission values. 

The corrections should be applied proportionnally to those 

parts of the other partial cross-sections which correspond 

to the compound nucleus formation. However, the corrections 

are negligible below about 0.5 MeV and should be mostly ap-

plied to the inelastic cross-section above this energy. 

As it is shown on figure 9, the values obtained 

for the capture cross-sections agree fairly well with the ex-
(41) 

perimental results of LINDNER et al , as well as with the 
( f> ) 

WESTON et al absorption data corrected for the fission con-

tribution. Above 0.5 MeV, they desagree with the results of 

(42) 

STUPEGIA et al by a factor of 2 at 0.7 MeV and a factor 

of 3 at 1.4 MeV. According to LINDNER et al, the large values 

of STUPEGIA et al are due to an experimental effect (diffi-

culties of correcting the fission products high energy gamma 

rays contribution). 
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Figures 10 to 12 show the evaluation results of the to-

tal inelastic and some partial inelastic scattering cross-sections. 

The direct contributions to the levels 7/2+ and 9/2+ are given ; 

these contributions were calculated from ECIS code by coupling 

the 7/2+ and 9/2+ states to the fundamental 5/2+ in the rotation-

nal band (5/2+, 7/2+, 9/2+,...). 

THE CROSS-SECTIONS IN THE ENERGY RANGE 5 MeV to 16 MeV 

In this energy range, the second chance fission, the (n,2n) 

and (n,3n) cross-sections have been calculated by the SI2N code^^К 

The details of the evaluation are given in an other publication by 
(47 ) E. FORT et al 

Fig. 13 shows the experimental and calculated fission 

cross-sections. The spread of the experimental data is quite large 

above 8 MeV (more than 20% around 15 MeV). The most recent results 

are those from BEHRENS et al^33^ and those from CARLSON et. al^34^ ; 

they show an important discrepancy around 10 MeV, but agree above 

12 MeV. The results of our evaluation are closer to BEHRENS data 

than to CARLSON data and are in good agreement with the recent abso-
(44) 

lute measurement of ARLT et al at 14.7 MeV (7% above BEHRENS 

value). 

The shape of the (n,2n) cross-section has been obtained 

by using the same formalism as JARY et al^48^ and normalized to the 

few experimental data available between 14 MeV and 15 MeV (PERKIN 

et al(49), LANDRUM et al(50), LINDEKE et al(51), NISHI et al(52)) 

and at 9.6 MeV (NISHI et al). However all these experiments used 

the activation technique, i.e. a measurement of the cross-section 



for the~236Pu formation. Th 237Np (n,2n) total cross-section is 

obtained by applying the ß /ЕС branching ratio of 23 6mNp which is 

known to be 48% for 3~ decay and 52% for EC (SCHMORAK et al(53) ), 

and the isomeric ratio of the 236mNp formation which is supposed 
(54) 

to be 0.75 (MYERS et al '). It is well known that using the 

reverse procedure to obtain the 236Pu formation cross-section 

from the evaluated (n,2n) total leads to a value averaged on a 

fission spectrum which is about twice as large as the result of 

the integral measurement of PAULSON et al^^. 

( S fi ) 
This discrepancy has been reviewed by PATRICK in 

the last NEANDC-INDC discrepancy file. He concludes that the in-

consistency in the data is not necessary due to the measurements 

and may be the result of wrong assumptions in the data analysis. 

One of the most important assumption when converting the 23 6Pu 

formation cross-section to the 237Np (n,2n) total cross-section 

is to take the isomeric ratio indépendant of energy. That is pro-

bably true for the high excitation energy of 236Np. The isomeric ratio 

of 0.75 which has been obtained by MYERS et al in a neutron spec-

trum with a maximum around 14 MeV, should be used in this energy 

region. But at lower energy the ratio could be smaller, and then 

the discrepancy between the measured and calculated integral cross-

section should reach a value consistent with the data, in particular 

since the contribution to the integral comes for more than 

80% from the energy range 7 MeV to 10 MeV. For instance, the dis-

crepancy falls to 20% if one takes an isomeric ratio varying from 

0.25 at 7.5 MeV to 0.75 at 11 MeV. 
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THE UNCERTAINTIES ON THE EVALUATED CROSS-SECTIONS 

The evaluation of the uncertainties is rather difficult 

since there is seldom a complete information about the experimental 

errors in the publications of the experimentalists. It is still more 

difficult to find the error correlations for the covariance matrices. 

There are more than 40 experimental data sets for the 23 7Np cross-

sections and resonance parameters. The complete evaluation of the 

errors and covariance matrices would require several months of 

work in collaboration with the experimentalists themselves. That is 

not always possible. In this evaluation we give only the estimation 

of the incertainties with, when possible, some indications on the 

error correlations. 

The thecal region 

The shape of WESTON et al^ absorption data is well 

reproduced by our set of resonance parameters. The statistical 

error is negligible. The systematic error of 8% is due to the un-

certainty on the normalisation of the WESTON data ; this error 

applies to the overall energy range. 

The scattering cross-section has not been measured in 

the thermal region. The calculated values depend mainly on the 

choice of the negative resonance parameters and of the scattering 

radius. The systematic error is about 10%. 
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The resonance region 

The neutron widths are well known up to 50 ev neutron 

energy, with an accuracy of 2 or 3% on the largest values. The cap-

ture widths, when given, are known with an accuracy better than 

15% for most of them. The calculated average capture cross-section 

should be obtained with an accuracy of about 3%. 

Between 50 ev and 150 ev the uncertainties on the neutron 

widths become more and more important when the energy increases 

(about 10% at 150 ev). However, they have been obtained from a least 

square shape analysis of the Saclay transmission data and give a 

good representation of the measured total cross-section . As for 

the capture widths, they are inaccurate or not known in this energy 

range ; consequently, the uncertainties on the calculated point-wise 

capture cross-sections should be very large ; however, the statisti-

cal errors on the average values are espected to be not more than 10%. 

Most of the fission widths are given with an error of 50% 

to 100%. Only the resonances in the vicinity of the 40 ev and 120 ev 

class II states emerge from the residual cross-section. The fission 

cross-section averaged between 3 0 ev and 50 ev (class II state) is 

equal to (190 ± 60)mb. Between 70 and 80 ev (minimum effect of the 

class II states) the average value is (24 ± 24)mb. 

The accuracy of the calculated total and elastic cross-

sections corresponds mainly to the uncertainty on the effective scat-

tering radius R', i.e. at least 2 barns as systematic absolute error. 
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The unresolved resonance region (0.15 KeV to 40 KeV) 

The uncertainties on the calculated cross-sections are 

mainly due to the errors on the statistical parameters R', D, Sand 

S(see above). The fluctuations due to the Porter-Thomas distribu-

tion of the resonance parameters are obviously not reproduced. The 

accuracy resulting from the statistical and systematic errors is 

estimated at 10% on the capture cross-section and 18% on the elastic 

scattering cross-section. 

Between 0.15 KeV and 4 KeV the fission cross-sections are 
(14) 

those averaged from PLATTARD data. They reproduce the fluctuations 

due to the class II states. The systematic errors can be estimated 

at 30% and the statistical errors are negligible. Between 4 KeV to 

40 KeV the accuracy varies from 30% to 20%. 

The energy range 40 KeV to 5 MeV 

The fission cross-section has been evaluated from the 

experimental data. The shape of the cross-section seems to be well 

known. The averaging method used in the data evaluation allows the 

statistical errors to be neglected. The spread of the data, after 

the renormalisation, is ± 5% which we propose as the systematic 

error due to the normalisation. However, one must point out that 

the evaluated data agree within 2% with two recent absolute 

measurements : GRADY et al(35), at 0.770 and 0.964 MeV, and 

GRENIER et al(43) at 2.5 MeV (Table X). 

The compound nucleus formation cross-section, the shape 

elastic and direct inelastic cross-section are calculated from the 

optical model code ECIS. The accuracy on the elastic scattering 

cross-section is roughly the same as at 40 KeV which is the refe-

rence point in adjusting the optical model parameters, i.e. 18%. 



3 22 . 

The compound nucleus formation cross-section varies between 2.6 and 

3.2 barns with an uncorrelated error of about 10%. The total inelas-

tic cross-section is practically obtained by difference (constraint 

from the experimental fission and capture data) and the error is 

estimated by a quadratic combination of the errors on the other 

cross-sections with the following results : 

100% at 40 KeV 

50% at 100 KeV 

23% at 500 KeV 

24% at 1 MeV 

17% at 3 MeV 

18% at 5 MeV 

The energy range 5 MeV to 15 MeV 

Up to 8 MeV the shape of the fission cross-section is 

still well defined with 5% of accuracy on the absolute values. 

Above 8 MeV neither the shape nor the absolute values are well 

known, in spite of the recent measurements of BEHRENS et al^33^ 
(34) 

and CARLSGN et al ; the accuracy is not better than 10% to 

15%. Nevertheless, our evaluated value is very close to the result 
(44) 

of a recent absolute measurement by ARLT et al at 14.7 MeV 

who claim an accuracy of 1% (Table X). 

There is no capture measurement in this energy range. 

The calculated capture values are very small and depend strongly 

on the way the other cross-sections are calculated and on the parame-

ters used in the 238Np level density calculation. The results 

should be considered as a rough estimation ; particularly, the 

shape of the cross-section above 7 MeV is not to be interpreted 

as a real physical feature. 



The total inelastic cross-section remains relatively 

large at high energy. That is due to the direct contribution of 
+ + + 

the 7/2 and 9/2 levels coupled to the 5/2 ground state in the 

ECIS calculation. The accuracy is estimated to be 20% at 6 MeV 

and 50% at 14 MeV. 

The evaluation of the (n,2n) total cross-section is 

based on the few differential measurement results. The accuracy 

should be 15% at 9.5 MeV, 20% around 12 MeV and 15% at 14 MeV, 

according to the authors of the measurements. 
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T A B L E I - R E S O N A N C E P A R A M E T E R S F O R T H E T H E R M A L R E G I O N 

E n e r g i e ( e v ) 2g Гп ( m e v ) 

r 
Гу ( m e v ) r ^ ( m e v ) 

- 1 . 0 0 0 

0 . 4 9 0 

1 . 8 9 6 0 

0 . 0 3 8 4 

4 0 . 0 

4 0 . 0 

4 . 4 0 X 1 0 " 3 

0 . 8 9 X 1 0 " 3 

T A B L E II - C R O S S - S E C T I O N S A T 0 . 0 2 5 3 ev 

E x p e r i m e n t a l d a t a 

( b a r n s ) 
E N D F / B - V 

P r e s e n t 

e v a l u a t i o n 

T o t a l 
180 ± 22 ( R e f 2 ) 

2 4 0 ± 20 ( R e f 3 ) 
186 . 5 1 9 5 . 14 

C a p t u r e 

184 ± 6 ( R e f 5 ) 

1 6 9 ± 3 ( R e f 4 ) 

173 ( R e f 6 ) 
1 6 9 . 1 1 8 1 . 0 

F i s s i o n 0 . 0 1 7 0 . 0 1 8 

S c a t t e r i ng 1 7 . 5 1 4 . 1 2 
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!S ) 
TABLE III - CAPTURE WIDTHS FROM PAYA ET AL ' 7 

AND MEWISSEN ET AL(16) 

ENERGY 
PA YA MEWISSEN 

Ref. (16) Г V ДГ 
У 1 Y дг 

У 

8 . 3 2 3 7 . 7 2 . 3 3 8 . 5 1 . 0 
8 . 9 9 3 8 . 4 2 . 3 3 9 . 0 1 . 5 
9 . 3 1 4 2 . 2 2 . 6 4 1 . 0 1 . 0 

1 0 . 8 6 4 4 . 5 2 . 7 4 5 . 0 4 . 0 
1 1 . 1 1 4 3 . 0 2 . 6 4 3 . 0 2 . 0 
1 2 . 6 3 4 1 . 5 2 . 5 4 2 . 0 2 . 0 
1 6 . 1 1 4 8 . 8 3 . 5 5 0 . 0 2 . 0 
1 6 . 8 8 3 4 . 4 3 . 5 4 5 . 0 2 . 5 
1 7 . 6 1 3 9 . 4 4 . 0 4 0 . 0 3 . 0 
1 9 . 1 5 4 8 . 1 1 6 . 9 4 2 . 6 3 . 0 
2 0 . 4 2 4 0 . 6 3 . 3 4 2 . 5 3 . 0 
2 1 . 1 2 3 4 . 9 5 . 3 5 6 . 0 4 . 0 
2 2 . 0 4 4 0 . 3 4 . 2 4 1 . 0 2 . 0 
2 2 . 9 0 3 9 . 6 6 . 0 4 4 . 0 3 . 0 
2 3 . 7 0 4 0 . 0 5 . 0 4 0 . 5 1 . 5 
2 5 . 0 2 4 4 . 1 3 . 9 4 0 . 0 2 . 0 
2 6 . 5 9 4 1 . 8 5 . 4 4 0 . 0 3 . 0 
3 0 . 4 5 3 8 . 2 5 . 1 4 0 . 0 3 . 0 
3 7 . 2 0 4 4 . 9 8 . 4 3 9 . 0 2 . 0 
3 8 . 2 4 6 1 . 9 1 2 . 4 6 6 . 0 3 . 0 
3 8 . 9 8 5 5 . 6 1 1 . 5 6 6 . 0 3 . 0 
4 1 . 4 0 3 7 . 4 6 . 0 4 1 . 0 4 . 0 
4 9 . 8 9 4 1 . 3 7 . 0 4 7 . 0 7 . 0 
5 0 . 4 6 3 9 . 3 7 . 2 5 1 . 0 5 . 0 

TABLE IV - THE FISSION WIDTHS AT LOW ENERGY 

Resonance Vf x 106 ev 
energy ev 5 

PAYA x -О 
GRAVILOV LEONARD 

0.490 0.78 1.3 1.0 
1.320 3.37 4.1 4.3 
1.480 0.98 1.1 1.0 
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TABLE V. 1 - RESONANCE PARAMETERS IN ENDF/B FORMAT, i.e., FOR EACH RECORD : 

E, J, rt, Гд/ Г , T f t MAT, MF, MT 

-0 . 1 000E 01 0 .2500E 01 0 .4190E- 01 0 . 1896E- 02 0 .4000E- 01 0 .441ОЕ -052371 2151 
0 .4900E 00 0 .2500E 01 0 .4004E- 01 0 .3840E- 04 0 .4000E- 01 0 .394 Q Е -063371 21 Ы 
0 . 1320E Cl 0 .2500E 01 0 . 3984E- 01 0 .3700E- 04 0 .3980E- 01 0 . 3 5 0 0 Е -053371 2151 
0 . 1480E 01 0 .20 0 0E 01 0 .4835E- 01 0 . 174 0E-03 С .4817E- 01 0 .930 ОС -063371 2151 
0 . 1970E 01 0 .3Ö00E 01 0 .4123E- 01 0 .1457E- 04 0 .4121E- 01 с .2300" -С53371 2151 
0 •3860E 01 0 .3000E 01 0 .4165E- 01 0 .2091E- 03 0 .4143E- 01 0 . 371 OF -053371 2151 
0 .4260E 01 0 .2 0 0 0E 01 0 .3753E- 01 0 .3120E- 04 0 .3749E- 01 0 . 1 8 в 0 £ -063371 2151 
0 • 4860E 01 0 .2000E 01 0 .3873E- 01 0 .4080E- 04 0 .3869E- 01 с .7000Е -073371 2151 
0 . 5770E 01 0 .30 0 0E 01 0 .4483E- 01 0 .5331E- 03 0 .4429E- 01 0 . 5 0 0 0 Е -053371 2151 
0 .6370E 01 0 .3000E 01 0 .3819E- 01 0 .7971E- 04 0 .3811E- 01 0 . 1400Е -053371 2151 
0 . 6670E 01 0 .2Ó00E 01 0 .4791E- 01 0 .1440E- 04 0 .479CE- 01 0 . 2 9 0 0 Е -053371 21=11 
0 . 7180E 01 0 .2Ó00E 01 0 .3541E- 01 0 .9600E- 05 0 .3540E- 01 0 . 1500Е -053371 2151 
0 .7410E 01 0 .30 0 0E 01 0 .3985E- 01 0 .1251E- 03 0 .3972E- 01 0 . 4 2 0 0 F. -053371 2151 
0 . 83 0 0E 01 0 .3000E 01 0 .3781E- 01 0 .9171E- 04 0 .3772E- 01 0 .2100Е -053371 2151 
0 . 3970E 01 0 .3000E 01 0 .3853È- 01 0 .1037E- 03 0 .3842E- 01 0 .SSO СЕ -053371 2151 
0 .9300E 01 0 .2000E 01 0 .4272E- 01 0 •6264E- 03 0 .4210E- 01 0 .ЗОООЕ -063371 2151 
0 .1023E 02 0 .200 0E 01 0 .3813E- 01 0 .3000E- 04 0 .3809E- 01 0 . 1300F -053371 2151 
0 .1068E 02 0 .3000E 01 0 .3611E- 01 0 •4337E- 03 0 .3567E- 01 0 .150СЕ -053371 2151 
0 .1084E 02 0 • 30 0 0E 01 0 . 4538E-01 0 . 7543E-03 0 . 4463E-01 с .ЗОООЕ -063371 2151 
0 . 1109E 02 0 .2000E 01 0 .4339E- 01 0 . 1062E-02 0 .4282E- 01 0 .4000Е -С63371 2151 
0 . 1220E 02 0 •3000E 01 0 .4966E- 01 0 .5314E- 04 0 • 4961E-01 0 . 1900Е -053371 2151 
0 . 1261E 02 0 .2000E 01 0 .4230E- 01 0 .9540E- 03 0 •4134E- 01 0 . 50 0 0Е -0Ó3371 2151 
0 • 1314-E 02 0 • 30 0 ûE 01 0 .4002E- 01 0 .1714E- 04 0 .40 0 ОЕ-01 0 . 1600Е -053371 2151 
0 . 1580E 02 0 . 30 0 0E 01 0 .4010E- 01 0 . 8743E-04 0 .4001E- л 1 и I Л V . 1S00E -053371 2151 
0 . 1608E 02 0 .2Ö00E 01 0 •4972E- 01 0 . 1109E-02 0 .4862E- Ol 0 .ЗОООЕ -063371 2151 
0 .1685E 02 0 .2000E 01 0 • 3464E-01 0 .2916E- 03 0 .3435E- öl 0 .ЗОООЕ -063371 2151 
0 .1702E 02 0 .2500E 01 0 . 4 0 01E-01 0 .6000E- 05 0 .4000E- Ol 0 .4900Е -Ö53371 2151 
0 .1759E 02 0 .3000E 01 0 . 3958E-01 0 . 1577E-03 0 . 3943E-Ol с • 5 С 0 0 Е -063371 2151 
0 .17S9E 02 0 .2500E 01 0 .4002E- 01 0 .1900E- 04 0 .4000E- Ol 0 . 390 ОС -053371 2151 
0 . 1888E 02 0 .2000E 01 0 .4004E- 01 0 .4440E- 04 0 .3999E- Ol 0 .2600Е -053371 2151 
0 . 1912E 02 0 .3Ö00E 01 0 .4821E- 01 0 . 9086E-04 0 .4612E- 01 0 .310 ОС -053371 2151 
0 .1992E 02 0 .3Ó00E 01 0 .3598È- 01 0 .6430E- 04 0 . 35Э2Е-Ol 0 •ЗОООЕ -053371 2151 
0 . 2039E 02 0 .2000E 01 0 .4173E- 01 0 . 1356E-02 0 .4037E- Ol 0 .7000Е -063371 2151 
0 .2109E 02 0 .3Ö00E 01 0 . 3542E-01 0 .4423E- 03 0 .3497E- Ol 0 . 1900F -053371 2151 
0 . 213 0 E 02 0 .2500E 01 0 . 40 03E-01 0 .2300E- 04 0 .4000E- Ol 0 . 5 3 0 û Е -053371 2151 
0 .2201E 02 0 . 200 0E 01 0 .4156E- 01 0 . 1512E-02 0 .4005E- Ol 0 . 1 0 0 0Е -053371 2151 
0 . 2286E 02 0 •3000E 01 0 .4005E- 01 0 .3831E- 03 0 .3966E- Ol 0 .4100Е -053371 2151 
0 . 2367E 02 0 .3Ó00E 01 0 .4169E- 01 0 . 1449E-02 0 .4024E- Ol 0 .ЗОООЕ -063371 2151 
0 . 2397E 02 0 .2000E 01 0 .6097E- 01 0 .2052E- 03 0 .6 0 77E-Ol 0 . ó 0 0 0 Е -063371 2151 
0 .2497E 02 0 .30 0 0E 01 0 .4871E- 01 0 .3951E- 02 0 .4476E- 0 1 0 .360 ОЕ -053371 2151 
0 .2618E 02 0 .3000E 01 0 .4007E- 01 0 .2049E- 03 0 . 3 9 3 3 t - Ol 0 .3060Е -043371 2151 
0 . 2654-E 02 0 .3000E 01 0 .4466E- 01 0 .2434E- 02 0 .4221E- Ol 0 .2250Е -043371 2151 
0 .2707E 02 0 .2500E 01 0 .4003E- 01 0 .2500E- 04 0 .4000E- Ol 0 .4300Е -053371 2151 
0 . 284-8E 02 0 .2000E 01 0 .4015E- 0 1 0 • 1752E-03 0 .3997E- Ol 0 . 20 0 ОС -063371 21 5 1 
0 . 2892E 02 0 .2000E 01 0 .4011E- 01 0 .1320E- 03 0 . 3998E-Ol 0 . 1 000Е -063371 2151 
0 »2946E 02 0 .2000E 01 0 .4011E- 01 0 .1032E- 03 0 . 40 0 OE-Ol 0 .990 ОЕ -053371 2151 
0 .3040E 02 0 .3000E 01 0 .4204E- 01 0 .3223E- 02 0 . 3374E-Ol 0 . 7980Е -043371 2151 
0 .3072E 02 0 .25 0 0E Cl 0 . 5343E-01 0 .3270E- 03 0 .5310E- Ol 0 .5100Е -053371 2151 
0 . 3129E 02 0 .3000E 01 0 .3628E- 01 0 .2383E- 03 0 .3604E- Ol 0 .690 OF -053371 2151 
0 .3165E 02 0 .25 0 0 E 01 0 .4005E- 01 0 .4800E- 04 0 .4000E- Ol 0 .390 ОЕ -053371 2151 



TABLE V. 5 

0.3341E 02 0 .3000E 01 0 .2804E -01 0 .3754E -03 0 . 2766E-0 1 0 .370 0- -053371 2151 
0.3390E 02 0 .2Ó00E 01 0 .6596E -01 0 .549ÔE -03 0 . 6541E-01 0 . 41 0 0 Г -053371 2151 
0.3467E 02 0 .30 0 OE 01 0 .4019E -01 Q .1577E -03 0 .40 0 3E-01 0 .ccoor -053371 2151 
0.3519E 02 0 .2Ö00E 01 0 .3723E -01 0 .3924E -03 0 .3633E- 01 0 w .21 OOE -053371 2151 
0.3636E 02 0 . 30 0OE 01 0 . 6867E -01 0 .1363E -03 0 .6352E- 01 0 . 1270E -043371 2151 
0.3681E 02 0 .2500E 01 0 .4011E -01 0 .7200E -04 л .4000E- 01 0 . 3-+70E -043371 2151 
0.3714E 02 0 .30 0 OE 01 0 .4640E -01 0 .1166E -02 0 .4509E- 01 0 .1423E -033371 2151 
0.3792E 02 0 .2500E 01 0 .401 iE -01 0 •6400E -04 0 .4Q00E- 01 0 . 5 G о 0 E -043371 2151 
0.3816E 02 0 . 30 С OE 01 0 .6192E -01 0 .1380E -02 0 .6050E- 01 0 . 360 0 Г -053371 2151 
0.3892E 02 0 .3Ö00E 01 0 .5727E -01 0 .1106E -02 0 . 5573E-01 0 .ЗЙ02Е -033371 2151 
0.3922E 02 0 .3Ô00E 01 0 .4698È -01 0 • 5571E -03 л y .4609E- 01 0 . 333 1E -033371 2151 
0.3969E 02 0 . 250 OE 01 0 .4175E -01 0 .620 OE -04 0 .4000E- 01 0 . lód7E -023371 2151 
0.3990E 02 0 .30 0 OE 01 0 • 4142E -01 0 .4766E -03 0 . 4003E-01 л V . 3 6 4 7 E -033371 2151 
0.4134E 02 0 . 30 0 OE 01 0 .3983E -01 0 .1937E -02 0 . 3772E-01 0 . 21 6 7 E -033371 2151 
0.4238E 02 0 .2500E 01 0 .4010E -01 0 .9100E -04 0 .4000E- 01 0 •1110F -043371 2151 
0.4281E 02 0 .2500E 01 0 . 4 0 3 5 E -01 0 .1170E -03 0 .4000E- 01 0 . 2 3 6 3 Г -033371 2151 
0.4363E 02 0 .2000E 01 0 . 420 OE -0 1 0 .3430E -03 0 .4164E- 0 1 0 .530 OE -053371 2151 
0.4570E 02 0 . 20 0 OE 01 0 . 6259E -01 0 .5796E -03 0 .6200E- 01 л .470 0л -053371 2151 
0.460 IE 02 0 .3Ö00E 01 0 .4094E -01 0 .5649E -03 0 .4009E- 01 0 .27A1C -033371 2151 
0.4634E 02 0 . 30 0 OE 01 0 .4677E -01 0 .2631E -02 0 . 441 4E- 01 с .¿400E -052371 2151 
0 . 4731E 02 0 .20 0 OE 01 0 . 4570E -01 0 .23S0E -02 0 . 4282E-01 0 .40 0 0E -063371 2151 
0.4847E 02 0 .2500E 01 0 .4012E -01 0 . 1100E -03 0 .4000E- 01 0 .123CE -043371 2151 
0.4878E 02 0 .2000E 01 0 .4Q64E -01 0 .6360E -03 0 .4000E- 01 0 . 790 0;: -053371 2151 
0.4980E 02 0 .30 0 OE 01 0 .4639E -01 0 •4363E -02 0 .4203E- 01 0 .460 OE -053371 2151 
0.5033E 02 0 .3000E 01 0 .4830E -01 0 .7654E -02 0 .4065E- 01 0 .2320E -043371 2151 
0.5169E 02 0 .2500E 01 0 . 40 1 OE -01 0 .91 0 OE -04 0 .•+OOOE- 0 1 n • Я 7 0 0 Г. - G 5 3 2 7 1 2151 
0.5219E 02 0 .20 0 OE 01 0 .4037E -01 0 .4476E -03 0 . 3993E-01 0 .7G00E -063371 2151 
0.5262E 02 0 .20 0 OE 01 0 .4071E -01 0 .3436E -03 0 .3936E- 01 n \J .230 GE -053371 2151 
0.5303E 02 0 .2500E 01 0 .40 OSE -01 0 .6200E -04 0 .4000E- 01 n . 1310E -043371 2151 
0.5386E 02 0 .20 0 OE 01 0 .4039E -01 0 •4Ó44E -03 0 .3992E- 01 0 . 3 2 0 0 £ -053371 2151 
0.5422E 02 0 .2500E 01 0 .4014E -01 0 .1Э10Е -03 0 .4000E- 0 1 л .6900П -053371 2151 
0.5502E 02 0 .3000E 01 0 .4033E -01 0 .2717E -03 0 .4005E- 01 0 . 1550E -043371 2151 
Ü.5603E 02 0 « 20 0 OE 01 0 .1090E+00 0 .2338E -02 0 . 1 0 óóE + 0 0 0 .i 10 ОС -053371 2151 
0.5836E 02 0 « 30 0 OE 01 0 .4046E -01 0 .3969E -03 0 .4007E- 01 0 . 1300С -053371 2151 
0.5360E 02 0 .2500E 01 0 .4031E -01 0 .2950E -03 0 .4000E- 01 0 . 130 0F: -G ^3371 2151 
0.5949E 02 0 . 200 OE 01 0 .450 1E -0 1 0 .2412E -02 л 

'•J .4260E- 01 0 . 11 0 0 E -053371 2151 
0.6002E 02 0 . 300 OE 01 0 .4591E -0 1 0 .2314E -02 0 .4359E- 01 0 .5 1 0 ОГ -053371 2151 
0.6093E 02 0 .3Ô00E 01 0 .4063E -01 0 .1569E -02 0 .390ÔE- 01 0 . 6 0 0 0 E -063371 2151 
0.6162E 02 0 .30 0 OE 01 0 < 4053E -01 0 .4433E -03 0 .40 0 7E-0 1 0 .2900E -053371 2151 
0.6245E 02 0 . 30 0 OE 01 0 .3220E -01 0 .130 OE -02 0 .3040E- 01 0 . 0 0 Г -053371 2151 
0.6289E 02 0 .3Ó00E 01 0 .4722E -01 0 .1474E -02 0 .4575E- 01 ,1 V . 12 0 0 E -053371 2151 
0 . 6394E 02 0 .2500E 01 0 .4028E -01 0 .2760E -03 0 .4000E- 01 0 .54 0 0" -053371 2151 
0.6494E 02 0 •3000E 01 0 • 4471E -01 0 .8657E -03 0 .4334E- 01 л . 3 0 0 0 E - 0 6 3 3 7 1 2151 
0.6563E 02 0 . 30 0 OE 01 0 .5055E -01 0 .390 OE -02 0 .4665E- 01 л .1700" - G 5 3 3 7 1 2151 
0.6746E 02 0 . 3 0 0 OE 01 0 .4398E -01 0 .4954E -02 0 .3903c- 0 1 л <J • 2 1 0 0 E -05337 1 ¿151 
0.6794E 02 0 .2 0 0 OE 01 0 .4599E -01 0 •2S63E -02 Q .4312E- 0 1 0 . 1300E -053371 С i n 1 
0.6875E 02 0 . 30 0 OE 01 0 .4036E -01 0 • 3 0 77E -03 0 .4005E- 01 0 .¿loot: -053371 2151 
0 • 7023E 02 0 . 30 0 OE 01 0 .5804E -01 0 .1334E -02 0 . 6621E-01 G . 1 6 0 0 E -053371 2151 
0.7066E 02 0 . 25 0 OE 01 0 .4050E -01 0 . 5 0 0 0 E --03 0 .4000E- 01 0 .400 Of. -053371 ,7151 
0.7118E 02 0 .3 0 0 OE 01 Q .423 OE -0 1 0 . 19 71E -02 Q .4033E- 0 1 0 . 1200e" - 0 5 3 3 7 1 



34. 

TABLE V. 4 

0 .71 44E 02 0 . 25 0 0£ 01 0 .ч268Е- 01 0 .2630Е- 02 0 .4000Е- 0 1 0 .90 ü С С-063371 2151 
0 . 733 6E 02 0 .2500Е 01 л .4032Е- 01 0 .3100Е- 03 0 .4000Е- 01 0 .960 0Е- 053371 2151 
0 .7426E 02 0 .20 0 ОЕ 01 0 .4147Е- 01 0 . 1764Е-02 0 .3971Е- 01 0 .14002- 053371 2151 
0 •7454E 02 0 .2500Е 01 0 .4052Е- 01 0 .5100Е- 03 0 .4000Е- 01 0 .5900Е- 053371 2151 
0 .7509E 02 0 .2500Е 01 0 .чО12Е- 01 0 .1100Е- 03 0 .4000Е- 01 с .5500Е- 053371 2151 
0 ,7653E 02 0 .2500Е 01 0 .4019Е- 01 0 .1860Е- 03 0 .4000Е- 01 с .70Û0C- 063271 2151 
0 ,7697E 02 0 .2500Е 01 0 .403SE- 01 0 .3750Е- 03 0 . 4 0 0 0 Е -01 0 .2600Z- 053371 2151 
0 .7833E 02 0 . 3000Е 01 0 .7375Е- 01 0 .2100Е- 02 0 . 7665Е-01 0 • 2 8 0 0 Е -053371 2151 
0 .7924E 02 0 . 20 0 ОЕ 01 0 .5412Е- 01 0 .3024Е- 02 0 .5110Е- 01 0 .20 С ОЕ- 053371 2151 
0 .8035E 02 0 .2500Е 01 0 .4016Е- 01 0 .1570Е- 03 0 .4000Е- 01 0 • 4 9 0 0 Е -053371 2151 
0 .8060E 02 0 . 30 0 ОЕ 01 0 .4054Е- 01 0 .4646Е- 03 0 .4003Е- 01 0 .9000"- 063371 2151 
0 .3159E 02 0 .2500Е 01 0 .4042Е- 01 0 .420 ОЕ-03 0 •4С00Е- 01 0 .2600Е- 053371 2151 
0 .3209E 02 0 . 30 0 ОЕ 01 0 .4032Е- 01 0 . 7 011Е-03 0 .4012Е- 01 с . 1200С-053371 2151 
0 .8339E 02 0 .2500Е 01 0 .4311Е- 01 0 . 3110 Е-02 0 .4000С- 01 0 . Ю С О Е -053371 2151 
0 .3370E 02 0 .2500Е 01 0 .4555Е- 01 0 .5550Е- 02 0 .4000Е- 01 0 .1100Е- 053371 2151 
0 .3519E 02 0 .2500Е 01 0 .640 8Е- 01 0 .1170Е- 02 0 .6290Е- 01 0 .обСОЕ- 053371 2151 
0 .3607E 02 0 .2500Е 01 0 .4034Е- 01 с .8350Е- 03 0 .4000Е- 01 0 .4500Е- 053371 2151 
0 . 3650E 02 0 . 3000Е 01 0 .4902Е- 01 0 .49Q3E- 02 0 .4412Е- 01 0 .20002- 053371 2151 
0 .8765E 02 0 .20 0 ОЕ 01 0 .4370Е- 01 n V . 4440Е-02 0 .3926Е- 01 0 .700 0Е- 06337 1 2151 
0 .3313E 02 0 .2500Е 01 0 .4103Е- 01 0 . 1030Е-02 0 .4000Е- 01 0 .36 0 0 Е-053371 2151 
0 .3390E 02 0 .2500Е 01 0 .4135Е- 01 0 . 1350Е-02 0 . 40 0 ОЕ-0 1 0 .1S0 0E- 053371 2151 
Q .394 ЗЕ 02 0 .2500Е 01 0 .5129Е- 01 0 « 4290Е-02 0 » 47 0 ОЕ-01 0 • 2 9 0 0 Е -053371 2151 
0 .9034E 02 0 .300 ОЕ 0 1 0 .5483E- 01 0 .4269Е- 02 0 . 5 Об 1Е-01 0 .1600Е- 053371 2151 
0 .9132E 02 0 .2500Е 01 0 .4016Е- 01 0 .1530Е- 03 0 .4000Е- 01 с .3200Е- 053371 2151 
0 .9195E 02 0 .2500Е 01 0 .4052Е- 01 0 .5100Е- 03 0 .4000Е- 01 0 .330 ОЕ- 053371 2151 
0 .9275E 02 0 .2500Е 01 0 .4020Е- 01 0 . 1890Е-03 0 .4000Е- 01 0 . 9 i 0 0 Е -053371 2151 
0 .9336E 02 0 .2000Е 01 0 .488 ОЕ- 01 0 .2160Е- 02 0 .4664Е- 01 0 .3100Е- 053371 2151 
Q .9422E 02 0 .2500Е 01 0 .4037Е- 01 0 .3680Е- 03 0 .4000Е- 01 0 .1400Е- 053371 2151 
0 .9537E 02 0 .2500Е 01 0 .4036Е- 01 0 .3530Е- 03 0 .4000Е- 01 0 .7000Е- 053371 2151 
0 .9614E 02 0 .2500Е 01 0 .4006Е- 01 с .5500Е- 04 0 .4000Е- 01 0 .2700Е- 053371 2151 
0 . 9661E 02 0 .25 0 ОЕ 01 0 .4035Е- 01 0 .3500Е- 03 с .4000Е- 01 n .1300Е- 053371 2151 
0 . 9772E 02 0 • 2 0 0 ОЕ 01 0 .6523E- 01 0 .4176Е- 02 л V . 611 ОЕ-01 0 .2300Е- 053371 2151 
0 .9346E 02 0 .2Ó00E 01 0 .7738Е- 01 0 .2856Е- 02 0 .7452Е- 01 0 .4100Е- 053371 2151 
0 « 9399E 02 0 .2500Е 01 0 .4012Е- 01 0 .1000Е- 03 0 .4000Е- 01 0 .2130Е- 043371 2151 
0 .9949E 02 0 .2500Е 01 0 .5174Е- 01 0 • 1940Е-02 0 . 4930Е-01 0 .3200Е- 053371 2151 
0 .1002E 03 0 .2500Е 01 0 .5840Е- 01 0 .5300Е- 02 0 . 531ОЕ-01 0 .Í900E- 053371 2151 
0 . ÎOIOE 03 0 .25С0Е 01 0 .6251Е- 01 0 .5410Е- 02 0 .5710Е- 01 с .f20 GE-053371 2151 
0 . 1016E 03 0 .2500Е 01 0 .4124Е- 01 0 .1230Е- 02 0 . 4 0 0 0 Е -01 0 .5100Е- 053371 2151 
0 .1019t 03 0 . 25 0 ОЕ 01 0 .4167Е- 01 0 .1670Е- 02 0 .4000Е- 01 0 . 5 0 0 0 Е-063371 2151 
0 .1021E 03 0 .2500Е 01 0 .4030Е- 01 0 .ЗОООЕ- 03 0 .4000Е- 01 0 .2600Е- 053371 2151 
0 .1033E 03 0 . 25 0 ОЕ 01 0 .4160Е- 01 0 .1600Е- 02 0 .4000Е- 01 0 . 3 0 0 Û Е -053371 2151 
0 .1045Е 03 0 .2500Е 01 0 .4035Е- 01 0 .3400Е- 03 0 . 4 0 0 0 Е -01 с . 60 0 ОЕ-053371 2151 
0 .1052Е 03 0 .2500Е 01 0 .7969Е- 01 0 .2180Е- 02 0 .7750Е- 01 0 .5100Е- 053371 2151 
0 .1057Е 03 0 .2500Е 01 0 .4440Е- 01 0 .329СЕ- 02 0 .4110Е- 01 0 .1270Е- 043371 2151 
0 . Ю 7 0 Е 03 0 .2500Е 01 0 .4052Е- 01 0 .5140Е- 03 0 .4000Е- 01 0 .7000Е- 05337 i 2151 
0 .1038Е 03 0 .2500Е 01 0 .4082Е- 01 0 .3140Е- 03 0 .4000Е- 01 0 . 1200Е-053371 2151 
0 . Ю 9 1 Е 03 0 .25 0 ОЕ 01 0 .4229Е- 01 0 .2290Е- 02 0 .4000Е- 01 с .2100Е- 053371 2151 
0 • ПОЗЕ 03 0 . 250ОЕ 01 0 .4121Е- 01 с .1210Е- 02 0 .4000Е- 01 0 . 1900Е-053371 2151 
0 . 1106Е 03 0 .2500Е 01 0 .4109Е- 01 0 . 1 090Е-02 0 .4000Е- 01 А J .3400Е- 053371 2151 
0 .1110Е 03 0 .2500Е 01 0 .6800Е- 01 0 . 3 0 7 0 Е -02 0 .6490Е- 0 1 . 1 ОООЕ-063371 2151 



35. 

TABLE V. 4 

0 . 1117E 03 0 .250 ОЕ 01 0 .4327Е -01 0 «3270Е -02 0 .4000Е- л 1 V 1 G . 1 0 0 0 n -063371 2151 
0 «1122E 03 0 «2500E 01 0 .4041Е -01 0 .3980Е -03 0 .4000Е- 01 0 . 123GE -043371 2151 
0 .1133E 03 0 .25o ОЕ 01 0 •4121Е -01 0 «1210Е -02 0 «4000Е- 01 с .32С ОС -053371 2151 
0 .1137E 03 0 «2500E 01 0 .9500Е -01 0 .4300Е -02 0 «9070Е- 01 G . 50 0 С E -063371 2151 
0 «1147E 03 0 .25 0 ОЕ 01 0 «4390Е -01 0 . 221ОЕ -02 0 .4170Е- 0 1 0 « 40 0 GE -063371 2151 
0 .1155E 03 0 .2500Е 01 0 «4050Е -01 0 «4980Е -03 0 «400СЕ- 01 0 «45G0E -053371 2151 
Q .1158E 03 0 • 250 ОЕ 01 0 « 680 ОЕ -01 0 «2076Е -02 G «6510Е- 01 0 «2250E -043371 2151 
0 .1163E сз 0 .25o ОЕ 01 0 «4045Е -01 0 .4400Е -03 0 .4000Е- 01 0 « 3700E -053371 2151 
0 .1176E 03 0 «2500Е 01 0 «4206Е -01 0 .2020Е -02 0 «4000Е- 01 0 .3770E -043371 2151 
0 • 1191E 03 0 «2500Е 01 0 «4179Е -01 0 . 1240Е -02 0 «4000Е- 01 0 «5474E -033371 2151 
0 . 1195E 03 0 «2500Е 01 0 «4303Е -01 0 .75ООЕ -03 0 «4000Е- 01 0 «2276E -023371 2151 
0 • 120 IE 03 0 «2500Е 01 0 « 4045Е -01 0 «3250Е -03 0 .4000Е- 01 0 .1223Z -033371 2151 
0 .1220E 03 0 .250 ОЕ 01 0 «4041Е -01 0 •3500Е -03 0 «4000Е- 01 0 .6430c -043371 2151 
0 .1238E 03 0 «2500Е 01 0 «4047Е -01 0 •4040Е -03 0 .4000Е- 01 0 .óóOOE -043371 2151 
0 .1250E 03 0 «2500Е 01 0 .4124Е -01 0 « 121ОЕ -02 0 .4000Е- 01 0 « 3 1 0 0 E -043371 2151 
0 .1257E 03 0 .2500Е 01 0 .4271Е -01 0 .2710Е -02 0 «4000Е- 01 0 . 4 6 0 0 С -053371 2.151 
0 . 1262E 03 0 «2500Е 01 0 .4174Е -01 0 .1740Е -02 0 .4000Е- 01 л •J « 4 3 0 0 E -053371 2151 
0 «1271c 03 0 «2500Е 01 0 «4050Е -0 1 0 «5010Е -03 0 .4000Е- 01 0 .3500E -053371 2151 
0 «1275E G3 0 «2500Е 01 0 « 404 iE -01 0 «4080Е -03 0 .4000Е- 01 0 .2700E -053371 2151 
0 .1295E 03 0 «2500Е 01 0 «4097Е -01 0 «9700Е -03 0 «4000Е- 01 л SJ . 1300E -053371 ¿151 
0 «1297E 03 0 «2500Е 01 0 «4022Е -01 0 . 200 ОЕ -03 0 .4000Е- 01 0 « 250 GE -043371 2151 
0 «1314E 03 0 «2500Е 01 0 «40Ó3E -01 0 . 6300Е -03 0 .4000Е- 01 0 «4000E -053371 2151 
0 «1318E 03 0 .250 ОЕ 01 0 «4115Е -01 0 .1140Е -02 0 . 4 0 0 0 E -01 0 .óóOOC -053371 2151 
0 «1328E 03 0 .250 ОЕ 01 0 «4021Е -01 0 «2000Е -03 0 . 4 G 0 0 E -01 с . 5 3 0 0 E -053371 2151 
0 .1335E 03 0 • 250 ОЕ 01 0 .5170Е -01 0 .5540Е -02 0 .4620E- 01 0 « 230 OE -053371 2151 
0 .1341E 03 0 «2500Е 01 0 .4043Е -01 0 «4080Е -03 0 «4000E- 01 0 « 1?40E -043371 2151 
0 .1374E 03 0 .2500Е 01 0 .4353Е -01 0 .3520Е -02 0 • 4 0 0 0 E -0 1 0 . 7 2 С 0 E -053371 2151 
0 «1385E 03 0 «2500Е 01 0 «4498Е -01 0 «4980Е -02 0 «4000E- и 1 u « 2 С 0 0 E -053371 2151 
0 .1390E 03 0 «2500Е 01 0 «4168Е -01 0 «1670Е -02 0 .4000E- Ol 0 .930 GE -053371 2151 
0 .1400E 03 0 «2500Е 01 0 «4136Е -01 0 . 1350Е -02 0 «4000E- Ol û «ЗОООЕ -053371 2151 
0 «1412E 03 0 «2500Е 01 0 «4169Е -01 0 .1690Е -02 0 .4000E- Ol 0 .ЗОООЕ -053371 2151 
0 .1422E 03 0 «2500Е 01 0 «4045Е -01 0 «4400Е -03 0 «4000E- Ol 0 .570 GE -053371 2151 
0 .1443E 03 0 «2500Е 01 0 .823 ОЕ -01 0 «4930Е -02 0 .7740E- Ol 0 « 2 0 0 0 E -053371 2151 
0 .1455E 03 0 «2500Е 01 0 .4064Е -0 1 0 •6400Е -03 0 .4000E- Ol G . 390 OE -053371 2151 
0 .1466E 03 0 «2500Е 01 0 «4159Е -01 0 .1590Е -02 0 .4000E- Ol 0 « 16 0 0 E -053371 2151 
0 «1472E 03 0 .250 ОЕ 01 0 «4190с -01 0 « 1900Е -02 0 «4000E- Ol 0 «4000E -053371 2151 
0 . 1485E 03 0 .250 ОЕ 01 0 «4104Е -01 0 . 1 030Е -02 0 .4000E- Ol С . 6 1 0 0 E -053371 2151 
0 .1497E 03 0 .2500Е 01 0 «4194Е -01 0 . 1940Е -02 0 .4000E- Ol 0 .130 0" -053371 2151 
0 .1503E 03 0 «2500Е 01 0 «4302Е -01 0 •3Q20E -02 0 . 4 0 0 0 E -Ol 0 «3300E -053371 2151 
0 .1505E 03 0 .2500Е 01 0 «4323Е -01 0 «3230Е -02 0 «4QQ0E- Ol С .3000" -063371 2151 
0 •1522E 03 0 .2500Е 01 0 «4287Е -01 0 «2870Е -02 0 «4000E- Ol û .1700E -053371 2151 
0 «1542E 03 0 .250 ОЕ 01 0 .9840Е -01 0 .2730Е -02 0 • 9570E-Ol « 70 0 GE -063371 2151 
0 .1553E 03 0 «2500Е 01 0 • 4118Е -01 0 . Ц 7 0 Е -02 0 . 4 Q 0 0 E -öl г. « 64 0 GE -053371 2151 
0 .1563E 03 0 «2500Е 01 0 «4132Е -01 0 .1320Е -02 0 • 4 0 0 Q E -Ol о л 

• a 3371 2 15 1 
0 .1568E 03 0 «2500Е 01 0 .4082Е -01 0 «3200Е -03 0 «4000E- u 1 л *J 

л 
• -J 3371 2151 

0 . 158 0E 03 0 .250 СЕ 01 0 .4150Е -01 0 .150 ОЕ -02 0 «4000E- Ol с . 0 3371 2151 
0 .1584E 03 0 «2500Е 01 0 « 4399Е -01 0 .3990Е -02 0 «4000c- 0 1 G • 0 3 371 2151 
0 .1606E 03 0 .250 ОЕ 01 0 .7362Е -01 0 .5320Е -02 G «6630E- Ol с « J 3271 215 1 
0 «161SE 03 0 «2500Е 01 0 .4098Е -01 0 .9300Е -03 0 . 40 С 0E-Ol 0 . 0 3371 2151 
0 .1629E 03 0 .2500Е 01 0 • 4612£ -01 о .3920Е -02 0 «4220E- Gl 0 . 0 3371 2 1 Ы 



TABLE V. 5 

0 .1642E 03 0 .2500E 01 0 .4221E- 01 0 .2210E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 . 1651E 03 0 .2500E 01 0 .4 0 39E- 01 0 .3900E- 03 0 .4000E- 01 0 л • w 3371 2151 
0 .1668E 03 0 .250 OE 01 0 .4473E- 01 0 .4730E- 02 0 .4000E- 01 0 .0 3371 2151 
0 .1639E 03 0 « 250 OE 01 0 .4505E- 01 0 .5050E- 02 0 • 4000E-01 0 л 

• V 3371 2151 
0 .1700E 03 0 .2500E 01 0 .4153E- 01 0 .1530E- 02 0 « 40 0 G E-01 0 . 0 3371 2151 
0 .1709E 03 0 . 250 OE 01 0 .4335E- 01 0 .3850E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 • 1722E 03 0 .250 OE 01 0 .4114E- 01 0 .1140E- 02 0 .40G0E- 01 с . 0 3371 2151 
0 .1730E 03 0 .2500E 0 1 0 .4238E- 01 0 .2380E- 02 0 .40Q0E- 01 0 . 0 3371 2151 
0 .1748E 03 0 .250 OE 01 0 .4126E- 01 0 .1260E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .1752E 03 0 . 250 OE 01 0 .4235E- 01 0 .2850 E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .1762E 03 0 .250 OE 01 0 .4446E- 01 0 .4460E- 02 0 .4000E- 01 0 • 0 3371 2151 
0 .1763E 03 0 .250 OE 01 0 .4644E- 01 0 .6440E- 02 0 . 40 0 OE-01 0 • 0 3371 2151 
0 . 1 8 01E 03 0 .2500E 01 0 .9630E- 01 0 .6900E- 02 0 .8700E- 01 0 . 0 3371 2151 
0 . 181OE 03 0 .2500E 01 0 .4292E- 01 0 .2920E- 02 0 .4000E- 01 0 л 

• 'J 3371 2151 
0 .1823E 03 0 .250 OE 01 0 .4236E- 01 0 .2360E- 02 0 .4000E- 01 0 . 0 3371 2 1 ^ 1 

0 .1832E 03 0 .250 OE 01 0 • 4192E-01 0 .1920E- 02 0 .4000E- 0 1 0 . 0 3371 2151 
0 .1840E 03 0 .25 0 OE 01 0 . 3 151E-01 0 w .6010E- 02 0 .7550E- 01 0 л, • w 3371 2151 
0 .1356E 03 0 .2500E 01 0 .4034E- 01 0 .3420E- 03 0 .4000E- 01 0 . 0 3371 2151 
0 .1362E 03 0 .25 0 OE 01 0 .4071E- 01 0 .7150E- 03 0 .4000E- 01 0 . о 3371 2151 
0 • 1S79E 03 0 .2500E 01 0 .5139E- 01 0 .1189E- 01 0 .4000E- 01 0 . 0 3371 2151 
0 . 1891E 03 0 .250 OE 01 0 .4145E- 01 0 .6350E- 02 0 .3500E- 0 1 0 . 0 3371 2151 
0 .1906E 03 0 .2500E 01 0 .4607E- 0 1 0 .6070E- 02 0 .40 0 OE- 01 0 . 0 3371 2151 
0 .1916E 03 0 .25 0 OE 01 0 .4124È- 01 0 .1240E- 02 0 . 4 0 0 OE-01 0 . 0 3371 2151 
0 .1935E 03 0 .2500E 0 1 0 .4333E- 01 0 .3330E- 02 0 .4000E- 0 1 0 . 0 3371 2151 
0 .1945E 03 0 t 25 0 OE 01 0 .4132E- 01 0 .1320E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .1957E 03 0 .2500E 01 0 .4300E- 01 0 .3000E- 02 0 .4000E- 0 1 0 . 0 3371 2151 
0 .1966E 03 0 .2500E 01 0 .5208E- 01 0 .1548E- 01 0 .3650E- 0 1 0 . 0 3371 2151 
Q .1984E 03 0 .2500E 01 0 .4057E- 01 0 .5730E- 03 0 .4000E- 01 0 . 0 3371 2151 
0 .199SE 03 0 .250 OE 01 0 .4123E- 0 1 0 .1230E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .20 OSE 03 0 .2500E 01 0 .4227E- 01 0 .2270E- 02 0 . 4 0 0 0 E-01 Q . 0 3371 2151 
0 .2029E 03 0 .25 0 OE 01 0 .4053E- 01 0 .5300E- 03 0 .4000E- 01 n . 0 3271 2151 
0 .2 042E 03 0 .250 OE 01 0 .4325E- 01 0 .3250E- 02 ¡1 .4000E- 0 1 0 • 0 3371 2151 
0 .2056E 03 0 .250 OE 01 0 .4128E- 01 0 .1280E- 02 0 .4000E- 0 1 0 • V 3371 2151 
0 .2066E 03 0 .2500E 01 0 .4865E- 01 0 .3650E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .20 73E 03 0 .2500E 01 0 .4339E- 01 0 .3390E- 02 0 .4000E- 01 0 .0 3371 2151 
0 .2103E 03 0 .2500E 01 0 • 47 0 OE-01 0 .7000E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .213 OE 03 0 .250 OE 01 0 .4131E- 01 0 .1S10E- 02 0 .4000E- 0 1 0 • 0 3371 2151 
0 .2145E 03 0 . 250 OE 01 0 .4134E- 01 0 .1340E- 02 0 .чОООЕ- 0 1 0 

л 
• и 3371 2 1 5 1 

0 . 21 7OE 03 0 .25 0 OE 01 0 .5293E- 01 0 . 1293E-01 0 .4000E- 0 1 л <J . 0 3371 2 1 5 1 

Q • 2 i 84E 03 0 . 25 С OE 01 0 .4215E- 0 1 0 .2150E- 02 0 .4000E- 0 1 0 . 0 3371 2 1 5 1 

0 .2192E 03 0 .2500E 01 0 .4078E- 01 0 .7800E- 03 0 .4000E- 01 0 . 0 3371 2 1 5 1 

0 .22 0 1E 03 0 .2500E 01 0 .4143E- 01 0 .1430E- 02 0 .4000E- 01 0 . 0 3371 2151 
0 .2220E 03 0 .2500E 01 0 .4418E- 01 0 .4130E- 02 0 .4000E- 0 1 0 л • -J 3371 2 i Ы 
с •2242E 03 0 .25 0 OE 01 0 .4412E- 01 0 .4120E- 02 0 .4000E- 01 с . 0 3371 2 1 5 1 

0 .2264E 03 0 .25 0 OE 01 0 .1065E- 00 0 .1405E- 01 0 .9200E- Cl 0 г\ • u 3371 2 1 5 1 

0 .22S2E 03 0 .2500E 01 0 .4228E- 01 с .2230E- 02 0 .4000E- 01 0 • 0 3371 2 1 5 1 

0 .2290E 03 0 .2500E 01 0 .4439E- 01 0 .4390E- 02 0 .4000E- 01 0 
л 

• u 3371 2 1 5 1 

0 .2316E 03 0 .2500E 01 0 .9695E- 01 0 .1515E- 01 0 .3170E- 01 л . 0 3371 2 1 5 1 

0 .2328E 03 0 .2500E 01 0 .4243E- 01 0 .2480E- 02 0 .4000E- 01 0 
г 

• ь 3371 2 1 5 1 

0 .2340E 03 0 .2500E 01 0 .4256E- 01 0 .2560E- 02 0 .4000E- 01 0 . 0 3371 2 1 5 1 

0 •2353E 03 0 .2500E 01 0 .4264E- 01 0 .2640E- 02 0 •4000E- 01 0 . 0 3371 2 1 5 1 



TABLE VI - COMPARISON BETWEEN THE FISSION CROSS 
'3 2) ( 3 

SECTION FROM PLATTARD1 AND BEHRENS 

PLATTARD ' S DATA HAVE BEEN NORMALIZED ON 

BEHRENS DATA BETWEEN 1 MeV AND 2 MeV 

(The top of the plateau). THE AGREE-

MENT REMAINS EXCELLENT BETWEEN 0.1 

AND 1 MeV (In the slope below the plateau). 

ENERGY 
RANGE 
(MeV) 

Л VERAGE FISSION ENERGY 
RANGE 
(MeV) 3 EHR ENS PLA TTARD 

0 . 3 - 0 . 4 0 . 1 0 5 0 . 1 0 2 
0 . 4 - 0 . 5 0 . 2 8 3 0 . 3 0 4 
0 . 5 - 0 . 6 0 . 6 1 2 0 . 5 8 7 
0 . 6 - 0 . 7 0 . 8 9 4 0 . 8 9 7 
0 . 7 - 0 . 6 1 . 1 5 3 1 . 1 2 4 
0 . 8 - 0 . 9 1 . 2 9 6 1 . 2 9 6 
0 . 9 - 1 . 0 1 . 3 9 2 1 . 4 0 8 
1 . 0 - 1 . 2 1 . 4 4 7 1 . 4 5 1 
1 . 2 - 1 . 4 1 . 5 0 5 1 . 5 1 6 
1.4. - 1 . 6 1 . 5 6 9 1 . 5 5 6 
1 . 6 - 1 . 3 1 . 5 7 1 1 . 5 9 4 
1 . 8 - 2 . 0 1 . 6 4 5 1 . 6 2 0 



TABLE VII - OPTICAL MODEL PARAMETERS USED IN THE 

COUPLED CHANNELS CODE ECIS 

Potential Depth (MeV) 
Radius 
(fm) 

Diffuseness 
(fm) 

Real 47.569-0.3E 7. 643 0. 620 

Surface 
imaginary 

2.7 +0.4E 7 .643 0.620 

Real spin orbit 7. 5 7 .67 4 0 . 620 

Deformation parameters 3^ = 0.218 ; 3 ̂  = 0.055 



TABLE VIII - TOTAL ELASTIC ; DIRECT INELASTIC ; 

COMPOUND NUCLEUS FORMATION СROS S - S ECTIONS 

CALCULATED BY ECIS AND FISINGA 

ENERGY 
MEV 

5 + 7 + 9 + 
2 

COMPOUND 
ENERGY 
MEV 2 2 

9 + 
2 

ECIS FISINGA 

0 . 0 4 С 1 0 . 0 0 0 0 . 0 0 1 3 . 2 7 0 3 . 2 5 3 
0 . 1 0 0 3 . 9 2 0 0 . 0 1 3 0 . 0 0 3 2 . 9 2 3 2 . 9 1 1 
0 . 2 0 U 7 . 6 6 4 0 . 0 5 3 0 .026 2. 796 2 . 7 7 5 
0 . 3 0 0 6 . 7 4 8 0 . 0 7 9 0 .046 2 . 7 2 0 2 . 7 С 1 
0 . 4 0 0 6. 0 3 7 0 . 0 9 7 0 . 0 6 1 2 . 6 6 6 2 . 6 5 3 
0 . 5 0 0 5 . 4 6 9 0 . 1 1 2 0 . 0 7 2 2 . 6 30 2 . 6 2 2 
0 . 7 0 0 4 . 6 3 5 0. 136 0 . 0 9 2 2 . 6 0 4 2 . 6 1 1 
1.000 3 . 3 9 4 0 . 1 7 2 0 . 1 2 0 2 . 6 o l 2 • ó G 2 
1 .200 3 . 6 3 0 0 . 1 9 5 0 . 133 2 . 7 4 2 2 .770 
1 . 5 0 0 3 . 4 6 4 С .226 0. 160 2. 833 2 • Q 4 0 
1 . 3 0 0 3 . 4 9 7 0 . 2 4 9 0 .175 2 . 9 7 3 3 . 0 4 0 
2 . 0 0 C 3 . 5 7 3 G .260 0 . 1 3 0 3 . 0 1 7 3 . 0 7 3 
2 . 5 0 С 3 . 8 6 2 0 .271 0 . 1 3 0 3 . 0 3 5 3. 0 3 2 
3 . 0 0 0 4 . 1 1 6 0 . 2 6 S 0 . 1 7 3 2 . 9 9 1 3 . 0 1 1 
4 . 0 0 0 4 . 3 0 6 0 .250 0. 155 2 . a « 9 2 • У 7 5 
5 . 0 0 0 4 . 1 4 7 0 . 2 3 0 0 . 1 4 1 2 . 8 44 2 « 3 3 7 
6 . 0 0 0 3 . 8 1 2 0 . 2 1 2 0 . 1 2 3 2 . S 3 7 2 . 3 2 1 
8 . 0 0 0 3 . 1 1 7 0. 179 0. 103 2 . 3 3 7 

1 0 . 0 0 0 2 . 7 1 0 0 . 148 0 . 0 8 1 2 . 3 3 7 
1 2 . 0 0 0 2 . 6 3 2 0 . 1 4 6 0.0 77 2. 765 
1 4 . 0 0 Q 2 . S 0 0 0 .142 0 . 0 7 2 2 . 7 Ц 
1 6 . 0 0 0 3 . 0 7 6 0. 136 0 . 0 6 7 2 . 6 6 1 
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TABLE IX - CALCULATED FISSION CR OSS-S ECTIONS (Column 1) 

COMPARED TO THOSE EVALUATED FROM EXPERIMENTAL 

DATA (Column 2). THE DIFFERENCE IS GIVEN IN % 

IN COLUMN 3 

ENERGY 
(MeV) 

1 2 3 
ENERGY 
(MeV) 

1 2 3 

0 . 0 4 0 0 . 0 1 0 6 0 . 0 1 0 9 • 3 1 . 2 5 0 1 . 5 9 0 7 1 . 5 0 3 0 - 6 
0 . 0 6 0 0 . 0 1 1 7 0 . 0 1 2 3 • 5 1 . 5 0 0 1 . 5 4 9 6 1 . 5 6 2 0 • 1 
0 . 0 8 0 0 . 0 1 2 8 0 . 0 1 4 0 • 9 1 . 7 5 0 1 . 5 4 2 6 1 . 6 1 6 0 • 4 
0 . 1 0 0 0 . 0 1 4 6 0 . 0 1 6 1 • 9 2 . 0 0 0 1 . 5 5 9 6 1 . 6 5 4 0 • 6 
0 . 1 5 0 0 . 0 2 1 3 0 . 0 2 3 7 •10 2 . 2 5 0 1 . 5 6 9 6 1 . 6 6 3 0 • 6 
0 . 2 0 0 0 . 0 3 4 0 0 . 0 3 3 9 - 0 2 . 5 0 0 1 . 6 2 3 8 1 . 6 5 3 0 • 2 
0 . 3 0 0 0 . 0 9 4 2 0 . 0 7 0 0 - 3 4 2 . 7 5 0 1 . 6 2 4 3 1 . 6 3 5 0 • 1 
0 . 4 0 0 0 . 2 3 5 5 0 . 1 8 3 0 - 2 8 3 . 0 0 0 1 . 6 2 3 6 1 . 6 1 2 0 • 1 
0 . 5 0 0 0 . 4 9 8 1 0 . 4 4 7 0 - 1 1 3 . 2 5 0 1 . 5 6 9 1 1 . 5 7 8 0 • 1 
0 . 6 0 0 0 . 8 1 6 7 0 . 7 4 7 0 - 9 3 . 5 0 0 1 . 5 3 1 3 1 . 5 4 7 0 • 1 
0 . 7 0 0 1 . 1 1 0 1 1 . 0 1 7 0 - 9 3 . 7 5 0 1 . 5 1 2 1 1 . 5 1 7 0 • 0 
0 . 7 5 0 1 . 2 2 3 2 1 . 1 3 4 6 - 8 4 . 0 0 0 1 . 5 1 8 2 1 . 4 8 6 0 - 2 
0 . 8 0 0 1 . 3 2 9 2 1 . 2 3 2 0 - 7 4 . 2 5 0 1 . 4 8 8 8 1 . 4 5 9 0 - 2 
0 . 8 5 0 1 . 4 2 8 7 1 . 3 0 3 0 - 9 4 . 5 0 0 1 . 4 9 3 0 1 . 4 3 5 0 - 4 
0 .;9 0 0 1 . 5 2 2 5 1 . 3 5 3 0 - 1 2 4 . 7 5 0 1 . 5 1 4 1 1 . 4 2 1 0 - 6 
1 . 0 0 0 1 . 6 2 7 3 1 . 4 1 8 0 - 1 4 5 . 0 0 0 1 . 5 5 2 2 1 . 4 1 5 0 - 1 0 



TABLE X - EVALUATED FISSION CROS S - 5 EC TI ONS COMPARED 

TO SOME RECENT ABSOLUTE MEASUREMENTS 

En MeV 
GRADY et al 

(3 5) 
GRENIER et 
al (43) 

ARLT et al 
(44) 

EVALUA TED 
VALUES 

0 . 77 0 1.191 1.176 

0.964 1.365 1.395 

2. 500 1.66 ± 0.03 1 .653 

14.700 2 . 2 2 6±0.0 24 2.179 





0,2 ом о. в 0.8 

FIGURE 2 - PORTER-THOMAS DISTRIBUTION OF THE REDUCED NEUTRON 
WIDTHS : 

1) Corrected to take into account the effect 
of 5 doublets 

2) Not corrected 



0,004 
ÍO Kzv 100 KqV 1M aV 

FIGURE 3 - GENERAL VIEW OF THE EXPERIMENTAL DATA AND EVALUATION 



FIGURE 4 - TOTAL AND CAPTURE CROSS-SECTION- BETWEEN 0.1 KeV and 10 KeV 
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FIGURE 8 - DISTRIBUTION OF 23 7Np LOW-LYING LEVELS 



FIGURE 9 - CAPTURE CROSS-SECTION BETWEEN 10 KeV ÄND 5 MeV 
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FIGURE 10 - TOTAL ELASTIC AND' TOTAL INELASTIC CROS S - S EC TI ON 
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FIGURE 1 1 - CALCULATED INELASTIC SCATTERING TO THE LEVELS OF THE 5/2 (642) BAND 



FIGURE 12 - CALCULATED INELASTIC SCATTERING CR OS S - 5 EC TI ON TO 
THE LEVELS OF THE 5/2 (523) BAND 
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FIGURE 13 FISSION CROSS-SECTION IN THE ENERGY RANGE 7-17 MeV -
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