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Covariances of nuclear data have been estimated for 5 nuclides contained in 

JENDL-3.2. The nuclides considered are lOB, liB, 55Mn, 240pU, and 241pU, which are 

regarded as important for the nuclear design study of fast reactors. The physical 

quantities for which covariances are deduced are cross sections, resolved and 

unresolved resonance parameters, and the first order Legendre-polynomial coefficient 

for the angular distribution of elastically scattered neutrons. The covariances were 

estimated by using the same methodology that had been used in the JENDL-3.2 

evaluation in order to keep a consistency between mean values and their covariances. 

The least-squares fitting code GMA was used in estimating covariances for reactions of 

which JENDL-3.2 cross sections had been evaluated by taking account of 

measurements. Covariances of nuclear model calculations were deduced by the 

KALMAN system. The covariance data obtained were compiled in the ENDF-6 

format, and will be put into the JENDL-3.2 Covariance File which is one of JENDL 

special purpose files. 
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1. Introduction 


Uncertainties in nuclear data are needed not only to estimate margins in design 

and safety of nuclear facilities, but also to adjust group constants by considering critical 

experiments. The Nuclear Data Center of the Japan Atomic Energy Research Institute 

(JAERI) has been involved in preparing the integrated group cross section library 

promoted by the Power Reactor and Nuclear Fuel Development Corporation (PNC). 

In the present work, we estimated the covariances of nuclear data for lOB, lIB, 

55Mn, 24OpU, and 241pU contained in JENDL-3.2. As for 240, 241pU, the physical quantities 

for which covariances were estimated are cross sections, resolved and unresolved 

resonance parameters, and the 1 st order Legendre-polynomial coefficient for the elastic 

angular distributions of neutrons. The covariances of the total, elastic scattering and 

capture cross sections of IO,IIB were obtained together with those of the (n,a) reaction 

cross section of lOB. The uncertainties in the resolved resonance parameters of 55Mn 

were analyzed by considering available experimental data. 

Covariances were estimated on the basis of the same methods which had been 

taken in the JENDL-3.2 evaluation\). The least-squares fitting code GMA2>, which 

was developed at the Argonne National Laboratory, was applied to estimate covariances 

when the JENDL-3.2 data had been obtained by fitting to available experimental data. 

In cases where the JENDL-3.2 data are based on nuclear model calculations, the code 

system KALMAN3
), which was developed at Kyushu University, was used to deduce 

uncertainties in model parameters. Then, the covariances of the model calculations 

were obtained by using the .law of error propagation. On the KALMAN system, one 

can get covariances of cross sections and angular distributions of emitted neutrons 

calculated from nuclear model codes. 

In JENDL-3.2, the fission cross sections of 240pU and 239pU were obtained by the 

simultaneous evaluation4
) which took account of absolute and ratio measurements. 

The simultaneous evaluation yielded co variances as well as average cross sections 

although the covariances were not compiled into JENDL-3.2. In the present work, we 

adopted the results obtained by the simultaneous evaluation without any modification. 

In this report, we describe the methods of covariance estimation taken for each 

nuclide together with the results obtained. 

- 1 
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2. Boron-lO 


Covariances were estimated for the total, elastic scattering, capture, and (n,a) 

reaction cross sections. The evaluated cross sections in JENDL-3.2 were obtained in 

part from R-matrix calculations. However, in the present work, all the covariances 

were obtained on the basis of measurements, since it is now impossible to estimate the 

covariances from the uncertainties in the R-matrix parameters. 

2.1 Covariances of Total Cross Section 

Below 1.2 MeV, the covariances of the total cross section were constructed from 

those of the elastic scattering cross section and of the capture cross section, which will 

be described in the following subsections. The GMA code was applied to estimate the 

covariances above 1.2 MeV. Error information for each measurement is given as 

follows: 

Tsukada and Tanaka5
) En =3.2 - 5.1 MeV 

Total errors are given in the data. A systematic error of 2.20/0 was obtained. 

Auchampaugh et al. 6) En = 1 - 14 MeV 

Statistical errors are given in the data. A systematic error of 1.7% was 

obtained. 

Fossan et al.1
) En =3.3 - 15.4 MeV 

Statistical errors are given in the data. A systematic error of 3% was assumed. 

Bockelman et al.S
) En =20 keV - 3.4 MeV 

Statistical errors are given in the data. A systematic error of 2% was obtained. 

Nereson9
) En =2.8 - 9.7 MeV 

Total errors are given in the data. A systematic error of 30/0 was assumed. 

Becker and Barschall lO
) En 4.4 - 8.6 MeV 

Statistical errors are given in the data. A systematic error of 3% was assumed. 

Cook and Bonnee 1) En = 14 - 18 MeV 

Statistical errors are given in the data. A systematic error of 3% was assumed. 

Figure 1 show the estimated result above 1.2 MeV. 

- 2 



JAERI- Research 98 - 045 

2.2 Covariances of Elastic Scattering Cross Section 

Above 1.2 MeV, the elastic scattering cross section was evaluated by subtracting 

the non-elastic cross section from the total cross section. Therefore, the covariances of 

the elastic scattering cross section were made from those of the total, capture, and (n,u) 

reaction cross sections. Below 1.2 MeV, the covariances were estimated from three 

sets of measurements12-1 4). Error information for each measurement is given as 

follows: 

Lane et al,12) En =5 keV - 2.2 MeV 

Statistical errors are given in the data. A systematic error of 5% was obtained. 


Asami and Moxon 13
) En =0.5 - 130 keV 


Total errors are given in the data. A systematic error of 1 % was obtained. 


Willard et a1. 14
) En = 550 keV - 1.5 MeV 


Errors are not given. Large systematic and statistical errors of 10% were 


assumed. 


The standard deviation of the thermal cross section was taken from the compilation of 

Mughabghab et al. 15
) Figure 2 shows the standard deviation below 1 MeV. 

2.3 Covariances of Capture Cross Section 

In JENDL-3.2, an l/v curve was drawn up to 20 MeV after being normalized to 

the measurement of Bartholomew et a1. 16
) at the thermal energy. There are no other 

experimental data available. A relative standard deviation of 40%, which was 

deduced from the data of Bartholomew et aI., was employed in the whole energy region 

with full correlation. The standard deviation of the capture cross section is shown in 

Fig. 3. 

2.4 Covariances of (n,a) Reaction Cross Section 

In JENDL-3.2, the (n,u) reaction cross section consists of two components, i.e., 

(n,ao) and (n,u l ) reactions, which lead to the ground state and the first excited state, 

respectively. The GMA code was applied to estimate the covariances of each reaction 

cross-section. Then, the covariances of the total (n,u) cross section were given as a 

3 
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sum of the two components. 

1) (n,<lo) Reaction 

The covariances were estimated from four sets of measurements17-20). Error 

information for each measurement is given as follows: 

Sealock and Overleyl7) En = 0.2 - 1.3 MeV 

Statistical errors are given in the data. A systematic error of 12% was 

obtained. 

Olson and Kavanaghl8) En=8-780keV 

Statistical errors are given in the data. A systematic error of 5% was obtained. 

Davis et al. l9) En = 220 keV -7.9 MeV 

Total errors are given in the data. A systematic error of 10% was assumed. 

Sellem20) En = 14 MeV 

Statistical errors are given in the data. A systematic error of 11 % was 

obtained. 

The estimated standard deviation is shown in Fig. 4. 

2) (n,<ll) Reaction 

The covariances were estimated from five sets of measurements I9,21-23). Error 

information for each measurement is given as follows: 

Schrack et al 21) En = 10 - 100 ke V 

The experiment was carried out with Ge(Li) and NaI detectors. In the present 

work, the data measured with a Ge(Li) detector were taken into account. Total 

errors are given in the data. A systematic error of 2% was obtained. 

Davis et al. l9) En = 220 keV - 7.9 MeV 

Total errors are given in the data. A systematic error of 10% was obtained. 

Nellis et al 22) En = 50 keV - 5 MeV, 14.8 MeV 

The data at 14.8 MeV were taken into account. Total errors are given in the 

data. A systematic error of 5.6% was obtained. 

- 4 
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Schrack et al. 23) En =200 ke V - 4 Me V 


Total errors are given in the data. A systematic error of 1.60/0 was obtained. 


The (n,u]) reaction mainly contributes to the thermal (n,u) cross section. The 

standard deviation of the thermal (n,u,) cross section was taken from the relative error 

(0.2%) of the (n,u) cross section estimated by Mughabghab et al.'5) The estimated 

standard deviation is shown in Fig. 5. 

3. Boron-II 

Covariances were estimated for the total, elastic scattering, and capture cross 

sections. The evaluated cross sections in JENDL-3.2 were obtained in part from R

matrix calculations. However, in the present work, all the covariances were obtained 

on the basis of measurements, since it is now impossible to estimate the covariances 

from the uncertainties in the R-matrix parameters. 

3.1 Covariances of Total Cross Section 

The GMA code was applied to estimate the covariances from the following 

experimental data: 

Auchampaugh et a] 6) En = 1 - 14 Me V 

Statistical errors are given In the data. A systematic error of 1.7% was 

obtained. 

Cabe and Cance24) En =80 keY - 7.3 MeV 

Total errors are given in the data. Systematic errors of 3% and 2 % were 

obtained in the energy regions for 80 ke V - 1.2 MeV and 1.2 MeV - 7 MeV, 

respectively. 

Lane et a1. 25) En =0.3 - 2 MeV 

Statistical errors are given in the data. A systematic error of 3% was assumed. 

Mooring et a1.26) En = 13 - 500 keY 

No error is given. A statistical error of 1% and a systematic error of 30/0 were 

assumed. 

- 5 
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Figure 6 shows the estimated standard deviation. 

3.2 Covariances of Elastic Scattering Cross Section 

In JENDL-3.2, the elastic scattering cross section was obtained by subtracting 

the non-elastic cross section from the total cross section. From the viewpoints of 

cross-section values, the covariances of the elastic scattering cross section can be made 

from those of the total and capture cross sections. The standard deviation thus 

obtained is shown in Fig. 7. 

3.3 	 Covariances of Capture Cross Section 

There are two sets of experimental data available for covariance estimation: 

Imhof et a1. 27
) 	 En =140 keV - 2.3 MeV 

Statistical errors are given in the data. A systematic error of 50% was obtained. 

Mooring and Segef8) 	 En =4 - 36 keV 

Statistical errors are given in the data. A systematic error of 10% was assumed. 

The average cross section obtained from the GMA code was found to deviate 

systematically from the JENDL-3.2 evaluation. Thus, considering this fact, the 

standard deviation estimated from the GMA code was multiplied by two. The 

uncertainty at the thermal energy was taken from the relative error (60%) given by 

Mughabghab et al. 15) Full correlation was considered in the low energy region where 

the cross section exhibits an I/v shape. The standard deviation thus obtained is shown 

in Fig. 8. 

4. Manganese-55 

The standard deviations of resolved resonance parameters were estimated in the 

present work. 

-6
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4.1 Standard Deviations of Resonance Parameters at Negative Energy 

In JENDL-3.2, the two negative resonances at -5.1 and -2.4 ke V determine 

thermal cross sections. The uncertainties in the width parameters (rn and ry) were 

obtained so as to reproduce the error bands of the thermal cross sections (O'n =2.2±O.2 b 

and O'y = 13.3±O.2 b) recommended by Mughabghab et al. IS) The relative standard 

deviations for rn and ry thus obtained are 10% and 4%, respectively. 

4.2 Standard Deviations of Resonance Parameters below 3 ke V 

In JENDL-3.2, the parameters of the resonances at 337, 1098, 1658, and 2327 

eV were determined on the basis of the data measured by Macklin29
), which were not 

available in the JENDL-2 evaluation. The 1658 eV resonance does not exist in 

JENDL-2. 

The standard deviations of the resonance energies and of the neutron widths for 

the 337-eV and 1098-eV resonances were derived from the work of Garg30
\ while those 

of the capture widths for the same resonances were taken from the values obtained by 

Macklin29
) • 

As for the 1658-eV resonance, relative errors were assumed, i.e., 0.1 % for the 

resonance energy, 10% for the neutron width, and 30% for the capture width by 

considering uncertainties in other resonances, since the errors were not given in Ref. 29. 

The standard deviation of the energy for the 2327 -e V resonance was taken from 

the compilation of Mughabghab et aI. IS), whereas those of the neutron and capture 

widths were taken from the values obtained by Macklin. 

4.3 Standard Deviations of Other Resonance Parameters 

The standard deviations of other resonance parameters above 3 ke V were taken 

from the compilation of Mughabghab et a1. 1S
) Most of the standard deviations for the 

p-wave capture width were calculated from the capture area, 2grnr/(rn+ ry), given in 

Ref. 15. 

Standard deviations of resonance parameters thus obtained are given in Table 1, 

where ER is the resonance energy, GN the neutron width, GG the capture width, L the 

orbital angular momentum, J the total angular momentum, and D- the relative error of 

each parameter. 

7 
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5. Plutonium-240 


Covariances were obtained for the total, inelastic scattering, (n,2n), (n,3n), (n,4n), 

fission and capture cross sections, resolved and unresolved resonance parameters, and 

the 1 st order Legendre coefficient for the elastic angular distribution. The covariances 

of the elastic scattering cross section, which was evaluated by subtracting the non

elastic cross section from the total cross section in JENDL-3.2, were constructed from 

those of other cross sections. 

5.1 Covariances of Resolved Resonance Parameters 

The standard deviations of the resolved resonance parameters had been obtained 

by Nakagawa and Shibata31 
). In the present work, the errors of the 1.057 eV resonance 

were modified by considering the difference between the data measured by Spencer et 

a1. 32
) and the values given in JENDL-3.2. The estimated errors for this resonance are 

0.3 meV for the neutron width, 2.1 meV for the capture width, and 6.0x10-3 meV for the 

fission width. The correlation coefficient between the neutron and capture widths for 

the resonance was calculated from the errors of the total, neutron and capture widths 

given by Spencer et aI., being a value of -0.96. The estimated standard deviations are 

given in Table 2, where ER stands for the energy, GN the neutron width, GG the 

capture width, GF the fission width, L the orbital angular momentum, J the total angular 

momentum, and D- the relative standard deviation of each parameter. 

5.2 Covariances of Unresolved Resonance Parameters 

Unresolved resonance parameters are given in the energy region from 4 to 40 

keY in JENDL-3.2. These parameters were calculated using the ASREP code33
) based 

on the strength-function model. The covariances of the parameters were also obtained 

from the ASREP code on the KALMAN system3
). We took account of the same 

experimental data that had been used in the JENDL-3.2 evaluation. Table 3 gives the 

estimated covariances of the level spacing, neutron strength functions, capture widths, 

and fission widths. 

Figures 9 and 10 show the standard deviations of the total and capture cross 

sections, respectively. 

8 
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5.3 Covariances of Total Cross Section 

The GMA code was applied to estimate the covariance from the following sets 

of measurements: 

Smith et aI.34
) En =120 keV - 1.5 MeV 

Total errors are given in the data. A systematic error of 3% was obtained. 

Poenitz et aI. 35 
) En = 48 keV - 4.8 MeV 

Total errors are given in the data. A systematic error of 1.2% was obtained. 

poenitz et aI.36 
) En =1.8  21 MeV 

Total and systematic errors are given in the data. A systematic error of 0.93% 

was obtained. 

The estimated result is shown in Fig. 11. 

5.4 Covariances of (n,2n), (n,3n), and (4n) Reaction Cross Sections 

The cross sections for the (n,2n), (n,3n) and (n,4n) reactions were evaluated by 

nuclear model calculations in JENDL-3.2. However, the parameters required as input 

to the model code are no longer available. Moreover, there exists no experimental 

data available for error estimation. Therefore, in the present work, we used the 

following rule obtained by Oh37
) : 

Cross section 0' Standard deviation 

500<0' 5 

100::;0'::;500 10 

1::;0'::;100 15 

0'<1 >25 

Strong correlation was assumed in the whole energy range. 

5.5 Covariances of Fission Cross Sections 

The covariances of the fission cross section were obtained by the simultaneous 

evaluation4
) in the energy region above 100 keV. Figure 12 shows the standard 

deviation obtained. 

9 
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5.6 Covariances of Inelastic Scattering and Capture Cross Sections 

The statistical model code CASTHy38) was used to estimate the covariances by 

using the KALMAN system. The uncertainties in the model parameters were derived 

by fitting to the measurements of Smith et al. 34) for the inelastic scattering and to those 

of Hockenbury et a1.39
) and Weston et al.40

) for the capture reaction. The initial values 

of the optical model parameters are given as follows: 

v = 40.6 - 0.05xEn MeV Ws = 6.5 + 0.15xEn MeV Vso = 7.0 MeV 

ro = 1.32 fm rs =1.38 fm rso = 1.32 fm 

a=0.47 fm b = 0.47 fm aso = 0.47fm. 

The estimated standard deviation of the capture cross section is shown in Fig. 13. 

5.7 Covariances of Elastic Angular Distribution 

The optical model code ELIESE-341 
) was used to estimate the covariance of the 

1st order Legendre coefficient for the elastic angular distribution. The uncertainties in 

the optical model parameters were obtained by considering the experimental data on the 

total cross section mentioned in Sect. 5.3. The relative standard deviation is shown in 

Fig. 14. 

6. Plutonium-241 

Covariances were obtained for the total, inelastic scattering, (n,2n), (n,3n), (n,4n), 

fission and capture cross sections, resolved and unresolved resonance parameters, and 

the 1 st order Legendre coefficient for the elastic angular distribution. The covariances 

of the elastic scattering cross section, which was evaluated by subtracting the non

elastic cross section from the total cross section in JENDL-3.2, were constructed from 

those of other cross sections. 

6.1 	 Covariances of Resolved Resonance Parameters 

Derrien42
) analyzed the resonance parameters at -0.1225 eV and 0.2647 'eV with 

-10 
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the Reich-Moore formula. The covariances of the parameters for the two resonances 

were obtained by Derrien, and they were adopted in the present work. 

6.2 Covariances of Unresolved Resonance Parameters 

Unresolved resonance parameters are given in the energy region from 0.3 to 30 

keY in JENDL-3.2. The covariances of the parameters were obtained by the ASREP 

code on the KALMAN system, and they are listed in Table 4. The standard deviations 

of the fission and capture cross sections are shown in Figs. 15 and 16, respectively. 

6.3 Covariances of Total Cross Section 

The ELffiSE-3 code was used to calculate the covariances with the optical model 

parameters and their covariances which had been obtained in the covariance 

estimation43)of 239pU, since there are no experimental data available for 241pU. 

6.4 Covariances of (n,2n), (n,3n), and (n,4n) Reaction Cross Sections 

The JENDL-3.2 evaluation is based on nuclear model calculations. However, 

the parameters required as input to the model code are no longer available. Moreover, 

experimental data on these reactions are very scarce, and it is impossible to determine 

the covariances experimentally. Therefore, we used the rule of Oh37), which was also 

applied to the 240Pu(n,2n), (n,3n) and (n,4n) reactions. 

6.5 Covariances of Fission Cross Sections 

The covariances of the fission cross section above 30 ke V were obtained by the 

simultaneous evaluation, and the result is shown in Fig. 17. 

6.6 Covariances of Inelastic Scattering and Capture Cross Sections 

The statistical model code CAS THY was used to estimate the covariances by 

using the KALMAN system. The uncertainties in the model parameters were derived 

by fitting to the capture cross sections which were calculated from the a-values 

measured by Weston and Todd44) as well as the fission cross sections in JENDL-3.2. 

The initial values of the optical model parameters are given as follows: 

11



JAERI- Research 98-045 

v =40.72 - 0.05xEnMeV Ws =6.78 + 0.29xEn MeV Vso =7.0 MeV 

ro = 1.32 fm rs = 1.357 fm rso =1.32 fm 

a = 0.47 fm b =0.47 fm aso =0.47fm. 

The estimated standard deviation of the capture cross section is shown in Fig. 18. 

6.7 Covariances of Elastic Angular Distribution 

The optical model code ELIESE-3 was used to estimate the covariance of the 1st 

order Legendre coefficient for the elastic angular distribution. The uncettainties in the 

optical model parameters were obtained by considering the experimental data on the 

total cross section of 239pU as mentioned in Sect. 6.3. The relative standard deviation 

is shown in Fig. 19 

7. Concluding Remarks 

Covariances of nuclear data were estimated for I~, lIB, 55Mn, 240pU, and 241pU 

contained in JENDL-3.2. The quantities of which covariances were obtained are cross 

sections, resolved and unresolved resonance parameters, and the 1 st order Legendre 

coefficient for the elastic angular distribution of neutrons. The uncertainty in the 

Legendre coefficient was estimated in order to calculate an uncertainty in an average 

cosine of elastic-scattering angles. 

In covariance estimation, we used the same methodology t~at had been taken in 

the JENDL-3.2 evaluation in order to keep a consistency between mean values and their 

covariances. The covariances of fission cross sections were taken from the 

simultaneous evaluation which had been performed in the JENDL-3.2 evaluation. 

The results obtained were compiled in the ENDF-6 format, and will be put into 

the JENDL-3.2 Covariance File which is one of the JENDL special purpose files 

managed by the JAERI Nuclear Data Center. The data are also used in making the 

integrated group cross-section library promoted by the PNC. 

-12
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Table 1 Resonance parameters of Mn-55 and their relative standard deviations 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) 

-5.10E+03 O.OOE+OO 0 3 3.17E+02 1.00E+Ol 2.65E+00 4.00E+OO 
-2.40E+03 O.OOE+OO 0 2 2.76E+02 1.00E+Ol 2.65E+00 4.00E+OO 

3.37E+02 2.96E-Ol 0 2 2.20E+01 2.27E+00 3.10E-01 6.45E+00 
1.10E+03 1.82E-01 0 3 1.54E+01 3.25E+00 3.12E-01 3.85E+00 
1.66E+03 1.00E-01 0 2 5.19E-01 1.00E+01 2.81 E-01 3.00E+01 
2.33E+03 2.15E-01 0 3 3.95E+02 2.53E+00 3.40E-01 3.82E+01 
4.00E+03 2.00E-01 1 1 1.24E-03 1.13E+01 7.44E-02 3.00E+01 
4.30E+03 2.09E-01 1 2 4.61 E-03 5.21E+00 4.38E-01 3.00E+01 
4.94E+03 2.02E-Ol 1 3 7.99E-01 1.00E+01 2.90E-01 4.48E+00 
6.33E+03 9.48E-02 1 2 2.78E-01 3.96E+00 3.54E-01 7.80E+00 
6.96E+03 8.62E-02 1 4 1.46E-02 7.53E+00 3.50E-01 3.00E+01 
7.10E+03 8.45E-02 0 2 3.98E+02 2.01E+00 1.03E+00 7.77E+00 
8.82E+03 7.94E-02 0 3 3.70E+02 3.24E+00 8.20E-01 9.76E+OO 
9.79E+03 8.17E-02 1 1 1.40E-02 7.14E+00 3.64E-Ol 3.00E+Ol 
1.06E+04 8.48E-02 1 2 5.18E-02 3.47E+00 3.79E-01 3.00E+01 
1.09E+04 8.26E-02 1 2 2.90E-01 6.90E+00 3.40E-01 1.05E+01 
1.16E+04 8.60E-02 1 2 8.00E-02 3.75E+00 3.69E-01 2.68E+01 
1.27E+04 7.88E-02 1 3 1.30E+00 7.69E+00 3.23E-01 1.08E+01 
1.47E+04 8.16E-02 1 2 1.15E-01 2.61E+00 4.11E-01 1.54E+01 
1.49E+04 8.03E-02 1 2 4.30E-01 4.65E+00 3.47E-01 5.87E+OO 
1.62E+04 8.04E-02 1 2 8.45E-01 6.63E+00 3.59E-01 4.41E+00 
1.77E+04 8.46E-02 1 2 8.40E-02 5.71 E+OO 3.68E-01 3.00E+01 
1.78E+04 8.43E-02 0 3 1.10E+01 2.09E+01 7.40E-01 4.32E+00 
1.80E+04 8.34E-02 0 2 6.50E+Ol 7.69E+00 4.70E-01 4.26E+00 
1.88E+04 8.51E-02 1 2 1.72E+00 1.40E+Ol 3.64E-01 4.49E+00 
1.91 E+04 8.37E-02 1 3 9.69E-03 1.75E+Ol 3.55E-Ol 3.00E+01 
2.02E+04 8.41 E-02 1 2 4.30E-Ol 4.65E+00 3.46E-01 6.59E+00 
2.05E+04 8.30E-02 1 2 4.60E-03 4.35E+01 4.00E-01 3.00E+01 
2.08E+04 8.16E-02 1 2 3.48E-01 5.46E+00 3.73E-Ol 8.84E+00 
2.09E+04 8.15E-02 0 3 9.34E+02 6.42E+00 7.10E-01 1.13E+01 
2.23E+04 8.51 E-02 1 2 7.70E-02 5.19E+00 3.70E-01 3.00E+Ol 
2.26E+04 8.39E-02 1 3 1.20E+00 1.17E+Ol 3.00E-Ol 6.00E+00 
2.37E+04 8.45E-02 0 3 2.88E+02 6.94E+00 4.05E-01 1.23E+01 
2.44E+04 8.19E-02 1 3 1.70E+OO 5.88E+01 2.90E-01 5.86E+00 
2.57E+04 8.17E-02 1 2 1.17E-01 6.15E+00 4.00E-01 3.00E+Ol 
2.59E+04 8.10E-02 1 2 4.00E+00 2.50E+01 4.30E-01 3.26E+01 
2.65E+04 8.31E-02 0 2 1.32E+02 7.58E+00 4.27E-Ol 9.37E+OO 
2.70E+04 8.15E-02 0 3 4.20E+02 9.52E+00 9.80E-01 5.51E+OO 
2.83E+04 8.49E-02 1 2 9.80E-02 7.14E+OO 3.50E-01 3.00E+01 
2.87E+04 8.35E-02 1 2 1.70E+00 1.41 E+01 3.64E-01 4.62E+00 
3.03E+04 8.25E-02 0 2 1.49E+Ol 1.68E+01 4.30E-01 1.63E+01 
3.17E+04 8.21 E-02 1 2 2.60E-01 7.69E+00 4.62E-01 2.11 E+01 
3.17E+04 8.19E-02 1 3 4.80E-02 1.67E+Ol 4.00E-01 3.00E+Ol 
3.23E+04 8.36E-02 1 3 6.67E-Ol 1.44E+01 3.35E-01 9.25E+00 
3.24E+04 8.33E-02 1 1 2.40E-01 4.17E+00 8.60E-02 9.30E+OO 
3.33E+04 8.40E-02 1 2 1.01 E+Ol 5.56E+00 3.64E-01 1.10E+01 
3.49E+04 8.31 E-02 1 2 1.37E-Ol 1.75E+Ol 3.83E-Ol 3.00E+Ol 
3.52E+04 8.23E-02 1 2 2.60E-Ol 1.92E+01 4.62E-01 3.00E+01 
3.53E+04 8.22E-02 0 3 1.37E+03 1.46E+Ol 1.42E+00 2.96E+01 
3.55E+04 8.45E-02 0 2 1.32E+03 7.58E+00 1.36E+00 3.46E+01 
3.65E+04 8.21E-02 1 2 7.30E+00 8.22E+00 3.55E-01 1.13E+01 
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Table 1 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) 


4.09E+04 8.31 E-02 1 2 1.01 E+01 3.27E+01 5.10E-01 9.80E+00 
4.09E+04 8.31E-02 0 3 4.54E+02 1.10E+01 7.90E-01 1.01E+01 
4.10E+04 8.29E-02 1 2 2.98E-01 1.54E+01 4.56E-01 3.00E+01 
4.11E+04 8.27E-02 1 3 1.99E-01 1.81E+01 3.64E-01 3.00E+01 
4.39E+04 8.44E-02 1 2 1.20E+01 5.00E+01 8.30E-01 9.64E+00 
4.40E+04 8.40E-02 1 2 6.00E+00 6.67E+01 4.52E-01 8.42E+00 
4.53E+04 8.38E-02 1 3 3.90E-01 1.54E+01 2.30E-01 6.09E+00 
4.69E+04 8.31 E-02 0 2 2.02E+01 4.16E+01 5.50E-01 1.09E+01 
4.76E+04 8.40E-02 0 3 2.10E+01 5.71 E+01 1.70E-01 1.00E+01 
4.83E+04 8.27E-02 1 3 4.30E-01 1.40E+01 3.96E-01 1.81 E+01 
5.11E+04 8.41E-02 1 3 4.70E+00 9.36E+01 3.40E-01 1.01E+01 
5.25E+04 8.39E-02 1 3 1.05E+00 3.43E+01 3.41 E-01 1.60E+01 
5.28E+04 8.33E-02 1 3 1.40E-02 7.14E+01 4.00E-01 3.00E+01 
5.34E+04 8.43E-02 0 2 1.18E+02 1.69E+00 5.00E-01 1.00E+01 
5.42E+04 8.30E-02 1 2 1.00E+Ol 3.00E+Ol 5.00E-Ol 1.00E+Ol 
5.46E+04 8.43E-02 0 3 2.10E+01 5.71 E+01 5.00E-Ol 1.00E+01 
5.65E+04 8.31 E-02 1 3 1.82E+00 3.96E+01 3.35E-Ol 9.73E+00 
5.72E+04 8.40E-02 1 2 4.10E-02 6.34E+01 3.06E-Ol 3.00E+01 
5.73E+04 8.37E-02 1 2 4.10E-01 2.44E+Ol 4.59E-01 3.00E+01 
5.74E+04 8.37E-02 0 3 5.57E+02 8.98E+00 5.60E-Ol 5.00E+01 
5.75E+04 8.35E-02 0 2 5.18E+02 6.37E+00 4.30E-01 9.30E+00 
5.81E+04 8.26E-02 1 2 1.20E+00 4.17E+Ol 6.60E-01 1.06E+01 
5.96E+04 8.39E-02 1 3 4.60E-01 3.48E+01 3.43E-01 3.00E+01 
5.98E+04 8.36E-02 0 2 6.24E+02 8.01E+00 7.60E-01 1.32E+01 
6.02E+04 8.30E-02 1 3 5.50E-01 2.55E+01 3.52E-01 2.26E+01 
6.03E+04 8.29E-02 1 4 5.00E-02 4.00E+01 1.01E+00 3.00E+01 
6.10E+04 8.36E-02 1 3 2.60E-02 6.15E+01 3.60E-01 3.00E+01 
6.16E+04 8.27E-02 1 3 8.60E-01 5.81 E+01 4.00E-01 1.00E+01 
6.20E+04 8.39E-02 0 2 2.02E+01 4.11 E+01 4.80E-01 1.04E+01 
6.43E+04 8.39E-02 0 3 9.26E+02 2.16E+01 1.60E+OO 1.00E+01 
6.46E+04 8.36E-02 1 3 9.09E-02 2.64E+01 3.47E-01 3.00E+01 
6.58E+04 8.37E-02 0 2 5.00E+01 5.00E+01 3.55E-01 1.01 E+01 
6.59E+04 8.34E-02 1 3 2.10E-01 2.86E+01 3.43E-01 3.00E+01 
6.66E+04 8.41E-02 0 3 2.19E+02 1.60E+01 5.30E-01 9.43E+OO 
6.74E+04 8.31 E-02 1 3 . 2.60E-01 1.54E+Ol 3.36E-Ol 2.73E+Ol 
6.77E+04 8.28E-02 0 2 6.00E+01 4.17E+01 6.20E-01 9.68E+00 
6.88E+04 8.28E-02 1 3 2.90E-01 2.76E+01 3.69E-01 3.00E+01 
6.96E+04 8.34E-02 0 3 2.60E+01 4.62E+01 4.25E-01 9.41E+00 
6.99E+04 8.30E-02 0 2 8.64E+02 1.97E+Ol 1.60E+OO 1.25E+01 
6.99E+04 8.29E-02 1 2 6.50E-02 6.15E+Ol 3.73E-Ol 3.00E+01 
7.00E+04 8.29E-02 1 4 1.50E-01 5.33E+01 9.29E-01 3.00E+Ol 
7.09E+04 8.33E-02 1 3 2.90E-Ol 2.76E+Ol 3.69E-Ol 3.00E+Ol 
7.12E+04 8.43E-02 0 2 2.18E+01 6.42E+OO 5.70E-01 2.11E+01 
7.19E+04 8.35E-02 0 3 3.40E+01 2.94E+01 6.50E-01 1.00E+01 
7.23E+04 8.30E-02 1 1 1.20E-01 1.67E+01 4.80E-01 3.00E+01 
7.30E+04 8.36E-02 0 2 1.68E+02 1.49E+01 4.90E-01 4.29E+01 
7.40E+04 8.38E-02 1 3 1.40E-01 2.86E+01 4.11E-01 3.00E+01 
7.4-IE+04 8.37E-02 0 2 1.40E+01 2.14E+01 6.35E-01 2.36E+01 
7.42E+04 8.36E-02 0 3 8.74E+02 1.37E+01 4.70E-01 4.26E+Ol 
7.46E+04 8.32E-02 1 2 6.70E-02 3.88E+01 4.03E-01 3.00E+Ol 
7.55E+04 9.01E-02 1 4 4.00E-02 5.00E+01 5.60E-01 3.00E+Ol 
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Table 1 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) 


7.75E+04 8.39E-02 1 2 1.78E+Ol 1.91 E+Ol 5.90E-Ol 2.03E+Ol 
7.83E+04 8.30E-02 0 2 5.00E+Ol 3.40E+Ol 4.55E-Ol 1.10E+Ol 
7.93E+04 8.32E-02 0 3 5.00E+Ol 4.60E+Ol 3.40E-Ol 1.03E+Ol 
8.13E+04 8.24E-02 1 4 3.20E-Ol 1.06E+02 4.88E-Ol 3.00E+Ol 
8.15E+04 8.35E-02 0 2 3.96E+02 1.06E+Ol 8.00E-Ol 1.75E+Ol 
8.16E+04 8.34E-02 1 4 2.40E-Ol 5.00E+Ol 4.25E-Ol 3.00E+Ol 
8.25E+04 8.36E-02 1 4 2.90E-Ol 3.45E+Ol 4.66E-Ol 3.00E+Ol 
8.35E+04 8.38E-02 0 3 3.40E+Ol 2.94E+Ol 4.80E-Ol 1.04E+Ol 
8.39E+04 8.34E-02 1 4 4.10E-Ol 3.41 E+Ol 5.72E-Ol 3.00E+Ol 
8.42E+04 8.32E-02 1 2 4.60E-Ol 1.30E+Ol 4.56E-Ol 1.80E+Ol 
8.48E+04 8.37E-02 1 3 1.22E+OO 8.20E+Ol 3.40E-Ol 2.97E+Ol 
8.50E+04 8.35E-02 1 4 6.60E+OO 4.55E+Ol 8.55E-Ol 9.36E+OO 
8.50E+04 8.35E-02 0 2 8.64E+02 1.97E+Ol 3.80E-Ol 7.89E+Ol 
8.53E+04 8.33E-02 1 4 6.00E-02 1.00E+02 4.10E-Ol 3.00E+Ol 
8.61E+04 8.36E-02 1 4 2.55E+OO 2.98E+Ol 4.28E-Ol 2.18E+Ol 
8.63E+04 8.34E-02 0 3 1.89E+02 1.22E+Ol 3.70E-Ol 2.16E+Ol 
8.65E+04 8.32E-02 1 3 1.80E+Ol 1.11 E+Ol 4.30E-Ol 8.36E+OO 
8.66E+04 8.32E-02 1 2 1.20E-Ol 5.00E+Ol 3.80E-Ol 3.00E+Ol 
8.72E+04 8.37E-02 1 2 3.40E-Ol 1.76E+Ol 4.48E-Ol 3.00E+Ol 
8.88E+04 8.34E-02 1 2 1.20E+Ol 2.50E+Ol 5.40E-Ol 1.02E+Ol 
8.97E+04 8.36E-02 1 3 6.90E+OO 5.51 E+Ol 3.42E-Ol 6.16E+OO 
9.14E+04 8.32E-02 0 3 6.90E+Ol 2.90E+Ol 7.70E-Ol 1.04E+Ol 
9.15E+04 8.31 E-02 0 2 6.00E+Ol 3.33E+Ol 6.90E-Ol 1.23E+Ol 
9.21E+04 8.36E-02 1 3 7.49E+OO 5.07E+Ol 4.26E-Ol 3.66E+OO 
9.38E+04 8.32E-02 1 3 6.20E-Ol 2.90E+Ol 3.49E-Ol 2.10E+Ol 
9.53E+04 8.29E-02 1 3 6.40E+OO 6.41 E+Ol 3.81 E-Ol 6.33E+OO 
9.68E+04 8.37E-02 0 2 2.40E+02 2.50E+Ol 4.00E-Ol 2.00E+Ol 
9.84E+04 8.34E-02 1 3 1.47E+Ol 9.52E+OO 4.23E-Ol 8.58E+OO 
9.88E+04 8.30E-02 1 2 2.40E-Ol 3.33E+Ol 4.46E-Ol 3.00E+Ol 
9.90E+04 8.28E-02 0 3 7.46E+02 3.08E+Ol 1.10E+OO 1.36E+Ol 
9.93E+04 8.36E-02 1 3 2.90E-Ol 4.14E+Ol 3.69E-Ol 3.00E+Ol 
1.00E+05 8.30E-02 1 1 2.80E-Ol 2.14E+Ol 2.98E-Ol 3.00E+Ol 
1.00E+05 8.36E-02 1 2 4.60E-Ol 2.17E+Ol 4.56E-Ol 3.00E+Ol 
1.04E+05 8.35E-02 0 2 1.30E+02 3.54E+OO 1.75E+OO 5.71E+OO 
1.05E+05 8.38E-02 1 3 3.40E+OO 1.76E+Ol 1.80E-Ol 4.44E+Ol 
1.05E+05 8.37E-02 1 2 2.14E+Ol 6.54E+OO 5.35E-Ol 3.00E+Ol 
1.05E+05 8.35E-02 0 2 2.20E+03 1.91 E+Ol 1.22E+OO 3.29E+OO 
1.07E+05 8.32E-02 1 2 2.40E+Ol 2.08E+Ol 6.50E-Ol 1.08E+Ol 
1.08E+05 8.34E-02 0 2 4.92E+02 2.03E+Ol 1.70E+OO 1.18E+Ol 
1.09E+05 8.35E-02 1 2 3.60E+Ol 1.11 E+Ol 7.20E-Ol 1.11 E+Ol 
1.10E+05 8.30E-02 1 3 3.60E-Ol 2.78E+Ol 3.60E-Ol 3.00E+Ol 
1.10E+05 8.35E-02 0 2 1.20E+02 2.75E+Ol 4.60E-Ol 1.52E+Ol 
1.11E+05 8.32E-02 1 2 2.60E-Ol 3.08E+Ol 4.62E-Ol 3.00E+Ol 
1.11 E+05 8.37E-02 1 2 1.20E+Ol 2.50E+Ol 6.10E-Ol 9.84E+OO 
1.11 E+05 8.35E-02 0 3 3.60E+03 2.58E+Ol 2.40E+OO 2.08E+Ol 
1.12E+05 8.34E-02 1 3 2.10E+OO 9.52E+Ol 3.63E-Ol 1.21 E+Ol 
1.12E+05 8.32E-02 1 2 1.20E+Ol 2.50E+Ol 5.80E-Ol 1.03E+Ol 
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Table 2 Resonance parameters of Pu-240 and their ralative standard deviations 

ER(EV) D-ER(%) L J GN(EV) O-GN(%) GG(EV) O-GG(%) GF(EV) O-GF(%) 

-9.S5E+00 5.00E-02 0 0.5 1.14E-02 O.OOE+OO 3.24E-02 3.00E+01 O.OOE+OO O.OOE+OO 
1.06E+00 1.S9E-01 0 0.5 2.32E-03 5.60E+OO 3.24E-02 6.4SE+00 6.00E-06 1.00E+01 
2.05E+01 4.S9E-02 0 0.5 2.65E-03 3.40E+OO 3.22E-02 1.09E+01 2.60E-04 1.02E+00 
3.S3E+01 5.22E-02 0 0.5 1.73E-02 2.S9E+OO 2.94E-02 9.52E+OO 1.16E-05 6.9SE+00 
4.16E+01 4.S0E-02 0 0.5 1.55E-02 9.6SE+OO 3.30E-02 6.06E+OO 3.76E-06 2.50E+01 
6.67E+01 6.04E-02 0 0.5 5.00E-02 6.00E+OO 3.10E-02 6.45E+00 2.71E-05 2.99E+OO 
7.2SE+01 5.50E-02 0 0.5 2.10E-02 9.52E+00 3.20E-02 6.25E+OO 1.05E-04 1.44E+OO 
9.0SE+01 5.00E-02 0 0.5 1.2SE-02 7.S1E+OO 2.95E-02 3.00E+01 S.93E-06 1.S5E+01 
9.25E+01 6.49E-02 0 0.5 3.20E-03 3.13E+00 2.95E-02 3.00E+01 6.25E-05 9.S4E+00 c..... 
1.05E+02 
1.22E+02 

6.67E-02 
S.22E-02 

0 
0 

0.5 
0.5 

4.30E-02 
1.45E-02 

4.65E+OO 
1.03E+01 

3.55E-02 
2.95E-02 

5.63E+OO 
3.00E+01 

5.11 E-06 
4.44E-05 

2.14E+01 
5.4SE+OO 

>
tzl 
~ 

1.31 E+02 
1.35E+02 

7.65E-02 
7.39E-02 

0 
0 

0.5 
0.5 

1.90E-04 
1.S0E-02 

1.5SE+01 
1.11E+01 

3.00E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.24E-04 
2.72E-05 

5.71 E+01 
S.74E+OO 

I 
::0 
CD 
00 ....... 

c.o 1.52E+02 6.5SE-02 0 0.5 1.44E-02 1.04E+01 2.95E-02 3.00E+01 3.07E-04 1.40E+00 
CD 

~ 
I 1.63E+02 6.15E-02 0 0.5 9.00E-03 6.67E+OO 2.95E-02 3.00E+01 5.56E-06 7.69E+01 

(".)

::r 

1.70E+02 
1.S6E+02 

5.SSE-02 
1.0SE-01 

0 
0 

0.5 
0.5 

1.51 E-02 
1.62E-02 

9.93E+00 
1.23E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

1.34E-04 
9.SSE-06 

2.66E+OO 
3.43E+01 

<:.D 
00 
I 

1.92E+02 1.04E-01 0 0.5 3.00E-04 1.33E+01 3.00E-02 3.00E+01 1.22E-04 1.00E+02 0 
~ 
c.n 

2.00E+02 1.00E-01 0 0.5 1.00E-03 1.00E+01 2.95E-02 3.00E+01 1.29E-04 2.S6E+01 
2.39E+02 S.36E-02 0 0.5 1.31 E-02 S.40E+00 2.95E-02 3.00E+01 4.49E-05 1.16E+01 
2.61E+02 7.6SE-02 0 0.5 2.32E-02 5.17E+00 3.20E-02 9.3SE+00 1.01E-04 4.73E+00 
2.S7E+02 6.97E-02 0 0.5 1.25E-01 S.OOE+OO 3.00E-02 6.67E+00 3.S4E-04 1.17E+00 
3.05E+02 6.56E-02 0 0.5 7.40E-03 6.76E+00 2.95E-02 3.00E+01 7.14E-05 1.47E+01 
3.19E+02 6.2SE-02 0 0.5 6.20E-03 6.45E+OO 2.95E-02 3.00E+01 1.35E-04 9.S3E+OO 
3.21E+02 6.24E-02 0 0.5 1.97E-02 1.12E+01 2.95E-02 3.00E+01 5.53E-05 1.04E+01 
3.3SE+02 5.91E-02 0 0.5 7.40E-03 6.76E+00 2.95E-02 3.00E+01 5.49E-06 1.00E+02 
3.46E+02 5.7SE-02 0 0.5 1.77E-02 1.02E+01 2.95E-02 3.00E+01 1.41E-04 5.12E+00 
3.64E+02 5.50E-02 0 0.5 3.25E-02 4.00E+00 3.50E-02 S.57E+00 2.5SE-05 2.1SE+01 
3.72E+02 5.3SE-02 0 0.5 1.47E-02 S.S4E+OO 2.95E-02 3.00E+01 4.30E-05 1.96E+01 
4.05E+02 4.94E-02 0 0.5 1.0SE-01 4.63E+00 2.95E-02 3.00E+01 4.65E-04 1.40E+00 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

4.19E+02 4.77E-02 0 0.5 7.10E-03 8.45E+OO 2.95E-02 3.00E+Ol 6.15E-05 2.61E+Ol 
4.46E+02 6.73E-02 0 0.5 2.20E-03 9.09E+OO 3.00E-02 3.00E+Ol 2.08E-04 2.41E+Ol 
4.50E+02 4.45E-02 0 0.5 1.97E-02 1.12E+Ol 2.95E-02 3.00E+Ol 3.95E-05 2.28E+Ol 
4.66E+02 4.29E-02 0 0.5 3.40E-03 1.18E+Ol 2.95E-02 3.00E+Ol 2.51 E-04 1.48E+Ol 
4.73E+02 4.23E-02 0 0.5 4.80E-03 8.33E+00 2.95E-02 3.00E+Ol O.OOE+OO O.OOE+OO 
4.94E+02 4.05E-02 0 0.5 8.60E-03 8.14E+00 2.95E-02 3.00E+Ol 9.33E-05 1.95E+Ol 
4.99E+02 6.00E-02 0 0.5 1.93E-02 7.25E+00 2.51E-02 3.00E+Ol 1.08E-04 8.94E+OO 
5.14E+02 5.83E-02 0 0.5 3.10E-02 7.10E+00 3.60E-02 1.11 E+Ol 6.69E-05 1.39E+Ol 
5.26E+02 7.60E-02 0 0.5 4.04E-03 7.43E+Ol 2.95E-02 3.00E+Ol O.OOE+OO O.OOE+OO c....., 

5.31E+02 7.54E-02 0 0.5 7.00E-04 5.71 E+Ol 2.95E-02 3.00E+Ol 4.60E-04 4.10E+Ol >-
tlj 

5.46E+02 5.49E-02 0 0.5 3.10E-02 7.10E+00 2.95E-02 3.00E+Ol 3.91 E-05 2.25E+Ol ~ 
......... 

5.53E+02 5.42E-02 0 0.5 2.02E-02 1.14E+Ol 2.95E-02 3.00E+Ol 2.13E-04 5.93E+00 I 
~ 

5.66E+02 5.30E-02 0 0.5 3.15E-02 5.40E+OO 2.95E-02 6.78E+00 2.04E-04 5.14E+OO ('t) 
{fl 

t-.:> 
0 5.84E+02 8.56E-02 0 0.5 1.14E-03 5.26E+Ol 2.95E-02 3.00E+Ol 7.00E-05 1.92E+Ol 

('t) 
p:l 
'""l 

5.97E+02 3.35E-02 0 0.5 5.75E-02 4.35E+OO 3.35E-02 5.97E+00 4.50E-05 1.87E+Ol 
n::::r 

6.08E+02 
6.32E+02 

3.29E-02 
3.16E-02 

0 
0 

0.5 
0.5 

2.27E-02 
1.33E-02 

6.17E+OO 
9.76E+OO 

2.32E-02 
2.32E-02 

3.00E+Ol 
3.00E+Ol 

2.11E-05 
4.40E-04 

5.00E+Ol 
2.05E+Ol 

(.0 
0::> 
I 

6.37E+02 3.14E-02 0 0.5 1.16E-02 1.03E+Ol 2.32E-02 3.00E+Ol 1.70E-04 3.53E+Ol 
0 
.+:>. c.n 

6.65E+02 3.01E-02 0 0.5 1.97E-Ol 4.06E+OO 2.32E-02 3.00E+Ol 4.80E-04 1.04E+Ol 
6.79E+02 2.95E-02 0 0.5 2.60E-02 6.91E+OO 2.32E-02 3.00E+Ol 7.80E-04 1.03E+Ol 
7.12E+02 4.21E-02 0 0.5 1.33E-03 4.50E+Ol 2.32E-02 3.00E+Ol 8.00E-04 8.13E+Ol 
7.43E+02 4.04E-02 0 0.5 1.01E-03 6.94E+Ol 2.32E-02 3.00E+Ol 3.00E-03 8.00E+Ol 
7.50E+02 4.00E-02 0 0.5 6.82E-02 4.99E+00 2.32E-02 3.00E+Ol 1.27E-02 7.48E+00 
7.59E+02 3.95E-02 0 0.5 6.06E-03 1.48E+Ol 2.32E-02 3.00E+Ol 1.42E-03 4.15E+Ol 
7.78E+02 3.85E-02 0 0.5 1.20E-03 6.67E+Ol 2.32E-02 3.00E+Ol 1.00E-Ol 1.00E+02 
7.82E+02 3.84E-02 0 0.5 2.80E-03 3.57E+Ol 2.32E-02 3.00E+Ol 1.45E+00 2.76E+Ol 
7.91E+02 3.79E-02 0 0.5 2.39E-02 5.85E+00 2.32E-02 3.00E+Ol 1.25E-02 3.20E+00 
8.11 E+02 3.70E-02 0 0.5 2.14E-Ol 4.67E+00 2.32E-02 3.00E+Ol 1.16E-02 8.62E+00 
8.20E+02 3.66E-02 0 0.5 1.10E-02 5.00E+Ol 2.32E-02 3.00E+Ol 1.10E-03 1.82E+00 
8.46E+02 3.55E-02 0 0.5 1.02E-02 9.82E+00 2.32E-02 3.00E+Ol 9.30E-04 1.51 E+Ol 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) O-GN(%) GG(EV) O-GG(%) GF(EV) O-GF(%) 

S.55E+02 3.51E-02 0 0.5 4.S0E-02 5.21E+OO 2.32E-02 3.00E+01 3.00E-04 1.67E+01 
S.77E+02 3.42E-02 0 0.5 1.39E-02 9.35E+OO 2.32E-02 3.00E+01 9.60E-04 1.35E+01 
S.92E+02 3.37E-02 0 0.5 9.43E-02 4.77E+OO 2.32E-02 3.00E+01 1.32E-03 6.S2E+00 
9.04E+02 3.32E-02 0 0.5 2.19E-02 6.S3E+OO 2.32E-02 3.00E+01 6.70E-04 1.19E+01 
9.09E+02 3.30E-02 0 0.5 7.90E-02 5.06E+OO 2.32E-02 3.00E+01 6.00E-05 6.67E+01 
9.15E+02 3.2SE-02 0 0.5 3.60E-02 6.11E+OO 2.32E-02 3.00E+01 5.60E-04 1.25E+01 
9.44E+02 3.1SE-02 0 0.5 1.23E-01 4.4SE+OO 2.32E-02 3.00E+01 3.20E-04 1.56E+01 
9.5SE+02 3.13E-02 0 0.5 7.15E-02 4.90E+00 2.32E-02 3.00E+01 1.90E-04 2.63E+01 
9.71E+02 3.09E-02 0 0.5 S.04E-02 4.9SE+OO 2.32E-02 3.00E+01 4.10E-04 1.22E+01 c..... 
9.79E+02 
1.00E+03 

3.06E-02 
2.99E-02 

0 
0 

0.5 
0.5 

7.20E-03 
9.S1E-02 

2.0SE+01 
5.10E+OO 

2.32E-02 
2.32E-02 

3.00E+01 
3.00E+01 

1.10E-03 
1.12E-03 

2.27E+01 
7.14E+00 

» 
t?=:1 

~ 
1.02E+03 3.91E-02 0 0.5 5.00E-03 3.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 I 

IS:) 

I-' 

1.04E+03 
1.05E+03 

3.S4E-02 
3.S3E-02 

0 
0 

0.5 
0.5 

1.26E-02 
4.00E-03 

1.51 E+01 
4.00E+01 

2.32E-02 
2.95E-02 

3.00E+01 
3.00E+01 

1.13E-03 
2.20E-04 

1.77E+01 
7.73E+01 

~ 
U'l 
(1) 
Il> 
""I 

I 1.07E+03 3.73E-02 0 0.5 1.09E-01 5.03E+00 2.32E-02 3.00E+01 3.10E-04 1.61E+01 
n 
::r 

1.10E+03 3.64E-02 0 0.5 S.42E-02 1.01E+01 2.32E-02 3.00E+01 2.50E-04 2.00E+01 <:.0 
ex:> 

1.12E+03 4.4SE-02 0 0.5 2.60E-03 6.15E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 I 
1.13E+03 3.54E-02 0 0.5 4.94E-02 6.07E+OO 2.32E-02 3.00E+01 7.00E-04 1.14E+01 

0 

*""01 

1.13E+03 3.53E-02 0 0.5 6.74E-03 2.97E+01 2.32E-02 3.00E+01 6.00E-04 4.17E+01 
1.14E+03 3.50E-02 0 0.5 4.06E-02 6.90E+OO 2.32E-02 3.00E+01 1.20E-04 3.33E+01 
1.16E+03 3.45E-02 0 0.5 2.21E-02 9.94E+OO 2.32E-02 3.00E+01 2.S0E-04 2.50E+01 
1.19E+03 3.37E-02 0 0.5 1.57E-01 5.09E+OO 2.32E-02 3.00E+01 3.00E-04 2.00E+01 
1.19E+03 3.36E-02 0 0.5 1.15E-01 5.22E+OO 2.32E-02 3.00E+01 3.40E-04 1.76E+01 
1.21 E+03 3.31 E-02 0 0.5 6.29E-02 6.04E+OO 2.32E-02 3.00E+01 1.30E-04 3.S5E+01 
1.23E+03 3.26E-02 0 0.5 1.00E-02 2.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
1.24E+03 3.23E-02 0 0.5 1.13E-02 1.96E+01 2.32E-02 3.00E+01 5.90E-04 2.71 E+01 
1.26E+03 3.19E-02 0 0.5 7.69E-02 5.9SE+OO 2.32E-02 3.00E+01 1.79E-03 7.26E+00 
1.2SE+03 3.12E-02 0 0.5 4.30E-03 4.SSE+01 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
1.30E+03 3.0SE-02 0 0.5 2.45E-01 5.10E+OO 2.32E-02 3.00E+Ol 1.47E-03 6.S0E+00 
1.33E+03 3.01 E-02 0 0.5 3.69E-01 5.01E+00 2.32E-02 3.00E+01 S.40E-04 7.14E+00 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) O-GG(%) GF(EV) D-GF(%) 

1.35E+03 3.72E-02 0 0.5 2.60E-02 1.19E+01 2.32E-02 3.00E+01 4.70E-04 1.91 E+01 
1.35E+03 4.44E-02 0 0.5 8.30E-03 3.01 E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
1.36E+03 4.40E-02 0 0.5 7.38E-03 4.06E+01 2.32E-02 3.00E+01 7.00E-04 5.71 E+01 
1.38E+03 3.63E-02 0 0.5 6.46E-02 6.97E+00 2.32E-02 3.00E+01 1.10E-03 9.09E+00 
1.39E+03 4.32E-02 0 0.5 1.42E-02 1.98E+01 2.32E-02 3.00E+01 5.00E-03 4.00E+00 
1.40E+03 4.28E-02 0 0.5 5.24E-03 5.92E+01 2.32E-02 3.00E+01 2.00E+OO 1.00E+01 
1.41 E+03 4.26E-02 0 0.5 1.09E-03 2.29E+02 2.32E-02 3.00E+01 1.50E+00 1.33E+01 
1.43E+03 3.51E-02 0 0.5 3.66E-02 1.01 E+01 2.32E-02 3.00E+01 5.30E-03 1.89E+OO 
1.43E+03 3.50E-02 0 0.5 1.51 E-02 1.98E+01 2.32E-02 3.00E+01 1.60E-03 1.88E+01 c..... 
1.45E+03 3.45E-02 0 0.5 6.36E-02 8.18E+OO 2.32E-02 3.00E+Ol 3.42E-03 7.89E+OO >

M 
1.46E+03 3.42E-02 0 0.5 2.11 E-02 1.57E+01 2.32E-02 3.00E+01 2.71E-03 1.55E+01 ~ 
1.48E+03 4.73E-02 0 0.5 9.25E-03 3.25E+01 2.32E-02 3.00E+01 1.70E-03 3.53E+01 I 

~ 

t:-V 
t:-V 

1.54E+03 
1.55E+03 

3.25E-02 
3.23E-02 

0 
0 

0.5 
0.5 

1.01 E-01 
1.57E-01 

6.04E+OO 
5.49E+00 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

7.73E+01 
7.73E+01 

(t) 
CIl 
(t) 

Il' 
"1 

I 1.56E+03 3.20E-02 0 0.5 1.15E-Ol 6.97E+OO 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
(".)

::r 

1.58E+03 
1.61 E+03 

3.17E-02 
3.73E-02 

0 
0 

0.5 
0.5 

1.26E-01 
3.49E-02 

6.02E+OO 
1.12E+Ol 

2.32E-02 
2.32E-02 

3.00E+Ol 
3.00E+Ol 

5.10E-04 
1.12E-03 

1.18E+01 
1.25E+01 

<:D 
00 

I 
1.62E+03 3.70E-02 0 0.5 2.86E-02 1.29E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 

0 
0+:>
c.n 

1.64E+03 3.65E-02 0 0.5 1.07E-01 6.54E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
1.66E+03 3.61E-02 0 0.5 6.39E-02 8.14E+OO 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
1.69E+03 3.55E-02 0 0.5 3.29E-02 1.31 E+01 2.32E-02 3.00E+01 1.07E-03 1.40E+01 
1.72E+03 3.48E-02 0 0.5 8.35E-02 8.03E+00 2.32E-02 3.00E+01 2.16E-03 7.41E+OO 
1.74E+03 3.45E-02 0 0.5 2.50E-02 1.72E+01 2.32E-02 3.00E+Ol 8.30E-04 1.93E+01 
1.76E+03 3.40E-02 0 0.5 5.17E-02 9.29E+00 2.32E-02 3.00E+01 6.50E-04 1.38E+01 
1.77E+03 4.52E-02 0 0.5 9.80E-03 5.10E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
1.78E+03 3.37E-02 0 0.5 4.91E-01 5.09E+OO 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
1.84E+03 3.80E-02 0 0.5 1.26E-01 7.16E+00 2.32E-02 3.00E+01 1.07E-02 1.19E+01 
1.85E+03 3.78E-02 0 0.5 3.44E-02 1.60E+01 2.32E-02 3.00E+01 4.15E-03 1.33E+01 
1.87E+03 3.74E-02 0 0.5 7.75E-02 9.04E+00 2.32E-02 3.00E+01 4.91E-03 7.94E+00 
1.90E+03 3.68E-02 0 0.5 2.09E-01 5.97E+00 2.32E-02 3.00E+01 3.00E-03 3.33E+OO 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

1.92E+03 3.65E-02 0 0.5 3.59E-02 1.70E+Ol 2.32E-02 3.00E+Ol 7.00E-02 1.43E+00 
1.94E+03 4.65E-02 0 0.5 1.98E-03 1.01 E+Ol 2.32E-02 3.00E+Ol 2.20E+OO 2.73E+Ol 
1.94E+03 4.63E-02 0 0.5 8.10E-03 6.17E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
1.94E+03 5.00E-02 0 0.5 7.94E-03 6.11 E+Ol 2.32E-02 3.00E+Ol 1.80E-03 2.22E+Ol 
1.95E+03 3.59E-02 0 0.5 8.26E-02 9.20E+00 2.32E-02 3.00E+Ol 6.30E-03 1.59E+00 
1.96E+03 3.58E-02 0 0.5 2.61 E-Ol 6.13E+00 2.32E-02 3.00E+Ol 2.50E-02 8.00E-Ol 
1.97E+03 3.55E-02 0 0.5 6.80E-02 1.10E+Ol 2.32E-02 3.00E+Ol 1.80E-03 5.56E+OO 
1.99E+03 3.51E-02 0 0.5 1.15E-Ol 8.30E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.00E+03 3.50E-02 0 0.5 5.60E-03 7.14E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol c..... 
2.02E+03 3.47E-02 0 0.5 5.25E-02 1.43E+Ol 2.32E-02 3.00E+Ol 2.64E-03 1.10E+Ol :>

t;rj 

2.02E+03 3.46E-02 0 0.5 5.55E-02 1.35E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol ~ 
2.03E+03 3.44E-02 0 0.5 1.01 E-Ol 9.36E+00 2.32E-02 3.00E+Ol 9.79E-03 7.87E+00 I 

~ 
2.06E+03 3.89E-02 0 0.5 6.85E-02 1.10E+Ol 2.32E-02 3.00E+Ol 5.73E-03 8.90E+00 cc 

til 
t:-.:> 
c.o 2.08E+03 3.84E-02 0 0.5 9.88E-02 9.62E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 

cc 
P' 
'""! 

I 2.11 E+03 4.74E-02 0 0.5 1.37E-02 4.01 E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
n 
::T 

2.15E+03 5.11 E-02 0 0.5 1.44E-02 4.87E+Ol 2.32E-02 3.00E+Ol 2.28E-03 4.39E+Ol ~ 
00 

2.18E+03 3.67E-02 0 0.5 8.56E-02 9.93E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol I 

2.20E+03 3.64E-02 0 0.5 1.30E-Ol 8.08E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
0 
~ 
U1 

2.24E+03 3.57E-02 0 0.5 3.41 E-02 2.20E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.26E+03 3.55E-02 0 0.5 1.35E-Ol 8.18E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.28E+03 3.51E-02 0 0.5 4.27E-Ol 6.09E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.29E+03 3.93E-02 0 0.5 2.09E-Ol 8.15E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.30E+03 5.21E-02 0 0.5 1.72E-02 4.07E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.33E+03 3.86E-02 0 0.5 3.66E-02 2.05E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.35E+03 3.83E-02 0 0.5 3.16E-02 2.53E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.37E+03 3.80E-02 0 0.5 2.41 E-Ol 7.05E+00 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.37E+03 5.00E-02 0 0.5 9.74E-03 O.OOE+OO 2.95E-02 3.00E+Ol 2.00E-04 8.50E+Ol 
2.39E+03 3.77E-02 0 0.5 1.87E-02 4.01E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.41E+03 3.74E-02 0 0.5 2.51E-02 2.99E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.42E+03 3.73E-02 0 0.5 6.49E-02 1.39E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

2.43E+03 3.70E-02 0 0.5 2.05E-Ol 7.32E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.46E+03 3.66E-02 0 0.5 2.56E-02 3.32E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.47E+03 3.64E-02 0 0.5 4.55E-02 1.76E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
2.49E+03 3.62E-02 0 0.5 2.12E-02 4.01 E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.52E+03 3.97E-02 0 0.5 1.10E-Ol 1.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.54E+03 3.94E-02 0 0.5 2.BBE-Ol 6.96E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.55E+03 3.92E-02 0 0.5 7.97E-02 1.51 E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.5BE+03 3.BBE-02 0 0.5 4.77E-02 1.99E+01 2.32E-02 3.00E+01 4.BOE-04 2.92E+01 
2.64E+03 3.79E-02 0 0.5 4.26E-Ol 9.B6E+00 2.95E-02 3.00E+01 5.22E-03 2.47E+01 c.... 
2.65E+03 3.77E-02 0 0.5 3.66E-02 2.20E+01 2.32E-02 3.00E+01 1.45E-02 2.04E+01 >

i?j 

2.69E+03 
2.72E+03 
2.74E+03 

3.71E-02 
3.6BE-02 
3.65E-02 

0 
0 
0 

0.5 
0.5 
0.5 

3.45E-Ol 
4.07E-02 
1.77E-Ol 

7.54E+00 
2.46E+Ol 
1.02E+01 

2.32E-02 
2.32E-02 
2.95E-02 

3.00E+01 
3.00E+01 
3.00E+01 

1.64E-01 
5.29E-03 
1.74E-03 

1.10E+01 
1.74E+01 
2.01 E+01 

:::d 
T 
:::d 
(0 
CI'.I 

t>.:> 
,..j;;:o.. 2.75E+03 3.64E-02 0 0.5 1.02E-Ol 1.27E+Ol 2.32E-02 3.00E+01 1.12E-02 9.B5E+00 

(0 

I» 
'"'I 

2.B2E+03 3.90E-02 0 0.5 4.14E-02 2.41E+01 2.32E-02 3.00E+01 1.9BE-03 1.B2E+01 
(') 

tl"' 

2.B4E+03 
2.B6E+03 

3.B7E-02 
3.B5E-02 

0 
0 

0.5 
0.5 

1.57E-Ol 
2.73E-02 

1.02E+01 
4.03E+01 

2.32E-02 
2.32E-02 

3.00E+01 
3.00E+01 

6.90E-04 
2.B1E-03 

1.59E+01 
3.02E+01 

co 
00 
I 

2.BBE+03 3.B2E-02 0 0.5 3.00E-02 4.00E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
0 
.f;>. 
c.n 

2.90E+03 3.BOE-02 0 0.5 6.00E-02 2.00E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
2.91E+03 3.79E-02 0 0.5 1.15E-Ol 1.22E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
2.94E+03 3.74E-02 0 0.5 1.32E-01 1.14E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.97E+03 3.71E-02 0 0.5 B.50E-02 1.59E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.9BE+03 4.03E-02 0 0.5 1.0BE-01 1.B5E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.99E+03 4.02E-02 0 0.5 1.25E-02 6.40E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
2.99E+03 4.01E-02 0 0.5 5.60E-02 2.05E+01 2.95E-02 3.00E+Ol 2.20E-04 7.73E+Ol 
3.00E+03 3.99E-02 0 0.5 7.65E-02 1.70E+Ol 2.95E-02 3.00E+Ol 2.20E-04 7.73E+01 
3.02E+03 3.9BE-02 0 0.5 1.17E-Ol 1.54E+01 2.95E-02 3.00E+Ol 2.20E-04 7.73E+01 
3.03E+03 3.96E-02 0 0.5 2.10E-02 5.24E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
3.05E+03 3.93E-02 0 0.5 4.70E-02 3.19E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
3.0BE+03 3.90E-02 0 0.5 1.2BE-Ol 1.4BE+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

3.09E+03 3.S9E-02 0 0.5 3.50E-02 4.S6E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.11E+03 3.S6E-02 0 0.5 3.S5E-02 3.64E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.11E+03 4.10E-02 0 0.5 2.25E-01 1.02E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.19E+03 4.01E-02 0 0.5 3.49E-01 1.00E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.24E+03 4.02E-02 0 0.5 1.20E-02 2.0SE+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.21E+03 3.9SE-02 0 0.5 1.34E-Ol 1.49E+Ol 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 
3.33E+03 3.90E-02 0 0.5 1.45E-02 6.90E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.42E+03 4.09E-02 0 0.5 3.45E-02 3.4SE+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.46E+03 4.05E-02 0 0.5 6.S0E-02 1.99E+Ol 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 c.... 
3.41E+03 4.04E-02 0 0.5 3.44E-01 1.02E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 :> 

t:rj 

3.49E+03 4.01E-02 0 0.5 6.50E-02 2.0SE+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 ~ 

I 
3.56E+03 
3.51E+03 

3.94E-02 
3.92E-02 

0 
0 

0.5 
0.5 

9.10E-02 
1.62E-01 

1.10E+Ol 
1.23E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

1.13E+Ol 
1.13E+01 

I 
:::d 
CD 
Ul 

I:\.:) 

C.l1 3.60E+03 3.S9E-02 0 0.5 2.S5E-02 4.14E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
CD 
p:l 
'"i 

I 3.66E+03 4.10E-02 0 0.5 2.93E-01 1.02E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
() 

::r 

3.61E+03 4.09E-02 0 0.5 5.45E-02 3.49E+Ol 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 <:.D co 
3.10E+03 4.05E-02 0 0.5 5.10E-02 3.33E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+01 I 

3.12E+03 4.03E-02 0 0.5 6.00E-02 3.33E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
0 
.J,:>. 
c.n 

3.80E+03 4.21E-02 0 0.5 1.01 E-Ol 2.2SE+01 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 
3.84E+03 4.16E-02 0 0.5 1.60E-02 2.63E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.85E+03 4.15E-02 0 0.5 9.S0E-02 2.04E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.81E+03 4.13E-02 0 0.5 4.60E-02 4.13E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+01 
3.90E+03 4.10E-02 0 0.5 2.09E-Ol 1.29E+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+Ol 
3.92E+03 4.0SE-02 0 0.5 1.63E-01 1.41E+Ol 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 
3.95E+03 4.05E-02 0 0.5 9.20E-02 2.2SE+Ol 2.95E-02 3.00E+01 2.20E-04 1.13E+Ol 
3.9SE+03 4.2SE-02 0 0.5 1.02E-Ol 2.16E+01 2.95E-02 3.00E+Ol 2.20E-04 1.13E+01 
3.99E+03 4.26E-02 0 0.5 2.90E-02 6.21 E+Ol 2.95E-02 3.00E+Ol 2.20E-04 1.13E+Ol 
4.03E+03 4.22E-02 0 0.5 1.09E-Ol 1.93E+01 2.95E-02 3.00E+Ol 2.20E-04 1.13E+Ol 
4.0SE+03 4.16E-02 0 0.5 1.20E-01 1.92E+01 2.95E-02 3.00E+Ol 2.20E-04 1.13E+Ol 
4.10E+03 4.15E-02 0 0.5 2.51E-Ol 1.09E+01 2.95E-02 3.00E+01 2.20E-04 1.13E+Ol 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

4.12E+03 4.12E-02 0 0.5 4.97E-01 8.05E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.13E+03 4.11 E-02 0 0.5 6.70E-02 3.43E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.15E+03 4.10E-02 0 0.5 2.65E-01 1.09E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.16E+03 4.09E-02 0 0.5 8.90E-02 2.70E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.20E+03 4.28E-02 0 0.5 4.38E-01 9.82E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.22E+03 4.26E-02 0 0.5 6.80E-02 3.09E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.27E+03 4.22E-02 0 0.5 1.59E-01 1.70E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.29E+03 4.20E-02 0 0.5 3.16E-01 1.30E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.33E+03 
4.38E+03 

4.16E-02 
4.11 E-02 

0 
0 

0.5 
0.5 

3.02E-01 
8.20E-02 

1.16E+01 
3.66E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

7.73E+01 
7.73E+01 

c..., 
>
trj 

4.39E+03 4.10E-02 0 0.5 3.20E-02 7.50E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 ~ 
4.40E+03 4.32E-02 0 0.5 7.80E-02 3.21E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 I 

~ 
4.42E+03 4.30E-02 0 0.5 6.10E-02 3.93E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 (t) 

en 
~ 
en 
I 

4.43E+03 
4.46E+03 

4.29E-02 
4.26E-02 

0 
0 

0.5 
0.5 

4.70E-02 
1.02E-01 

4.68E+01 
2.65E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

7.73E+01 
7.73E+01 

(t) 

P' 
""'I 
n
:::r

4.57E+03 
4.59E+03 

4.16E-02 
4.14E-02 

0 
0 

0.5 
0.5 

2.20E-01 
5.26E-01 

2.05E+01 
1.14E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

7.73E+01 
7.73E+01 

~ 
00 
I 

4.60E+03 4.13E-02 0 0.5 7.50E-02 4.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
a 
,j;::.. 
01 

4.62E+03 4.33E-02 0 0.5 2.62E-01 2.40E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.65E+03 4.30E-02 0 0.5 1.49E-Ol 3.02E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.72E+03 4.24E-02 0 0.5 5.10E-01 1.47E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.75E+03 4.21E-02 0 0.5 2.45E-01 2.04E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.76E+03 4.21 E-02 0 0.5 5.60E-02 5.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.77E+03 4.20E-02 0 0.5 1.50E-02 1.00E+02 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.77E+03 4.19E-02 0 0.5 2.20E-02 9.09E+01 2.95E-02 3.00E+Ol 2.20E-04 7.73E+01 
4.78E+03 4.18E-02 0 0.5 3.40E-02 7.35E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.79E+03 4.17E-02 0 0.5 1.33E-01 2.56E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.81E+03 4.36E-02 0 0.5 1.72E-01 2.03E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.82E+03 4.35E-02 0 0.5 6.30E-02 3.97E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.89E+03 4.29E-02 0 0.5 5.90E-02 4.58E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 



Table 2 (continued) 

ER(EV) D-ER(%) L J GN(EV) D-GN(%) GG(EV) D-GG(%) GF(EV) D-GF(%) 

4.96E+03 4.24E-02 0 0.5 2.91E-01 1.89E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.97E+03 4.23E-02 0 0.5 1.58E-01 3.16E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
4.99E+03 4.41E-02 0 0.5 9.20E-02 3.80E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.07E+03 4.34E-02 0 0.5 5.09E-01 9.82E+00 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.11 E+03 4.30E-02 0 0.5 9.30E-02 3.76E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.13E+03 4.29E-02 0 0.5 4.20E-02 7.14E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.15E+03 4.27E-02 0 0.5 5.00E-02 7.00E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.16E+03 4.26E-02 0 0.5 4.00E-02 7.50E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.19E+03 
5.22E+03 

4.24E-02 
4.41 E-02 

0 
0 

0.5 
0.5 

3.13E-01 
1.63E-01 

1.76E+01 
2.45E+01 

2.95E-02 
2.95E-02 

3.00E+01 
3.00E+01 

2.20E-04 
2.20E-04 

7.73E+01 
7.73E+01 

'-<» 
t::r:l 

5.25E+03 4.38E-02 0 0.5 5.24E-01 1.34E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 ~ 
5.28E+03 4.36E-02 0 0.5 1.40E-01 3.21 E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 I 

~ 
5.30E+03 4.34E-02 0 0.5 2.70E-Ol 1.67E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 (t) 

r:n 
~ 
-:J 5.33E+03 4.31 E-02 0 0.5 2.03E-Ol 2.46E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 

(t) 

P' 
'""'I 

5.35E+03 4.30E-02 0 0.5 1.53E-01 3.27E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
(."',) 
::r' 

5.37E+03 4.29E-02 0 0.5 7.00E-02 5.71 E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 <:0 
00 

5.39E+03 4.45E-02 0 0.5 8.40E-02 5.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol I 

5.42E+03 4.43E-02 0 0.5 2.55E-01 1.96E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
0 
,J::::.. 
01 

5.49E+03 4.37E-02 0 0.5 5.00E-02 8.00E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.50E+03 4.36E-02 0 0.5 8.70E-02 4.60E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.51E+03 4.36E-02 0 0.5 3.55E-Ol 1.97E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.52E+03 4.53E-02 0 0.5 1.72E-01 2.62E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.54E+03 4.51 E-02 0 0.5 5.82E-01 1.55E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.57E+03 4.49E-02 0 0.5 7.58E-01 1.19E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.59E+03 4.47E-02 0 0.5 2.07E-01 2.90E+01 2.95E-02 3.00E+01 2.20E-04 7.73E+01 
5.62E+03 4.45E-02 0 0.5 6.20E-02 8.06E+01 2.95E-02 3.00E+Ol 2.20E-04 7.73E+01 
5.68E+03 4.40E-02 0 0.5 1.06E-Ol 4.72E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 
5.69E+03 4.39E-02 0 0.5 9.10E-02 5.05E+Ol 2.95E-02 3.00E+01 2.20E-04 7.73E+Ol 



Table 3 Covariances of unresolved resonance parameters for Pu-240 

Parameter Error(%) Correlation coefficients I 

Do 6.4 1.000 
I 

So 7.9 0.556 1.000 . 

S1 15.2 0.704 0.163 1.000 

rjs) 9.6 0.445 0.241 -0.101 1.000 

rJp) 8.4 0.372 0.346 -0.007 0.062 1.000 

rt<1I2+) 23.9 0.355 0.208 -0.027 0.411 0.381 1.000 

r t<1/2-) 16.6 0.058 0.042 -0.009 0.075 0.081 -0.082 1.000 

rt<3/2-) 15.8 0.143 0.105 -0.025 0.183 0.219 -0.190 -0.060 1.000~ 
00 

The symbols are defined as follows: 

Do: s-wave level spacing, 

So: s-wave neutron strength-function, 

SI: p-wave neutron strength-function 

r.y(s): s-wave capture width, 

r.y(p): p-wave capture width, 

r t< 112+): s-wave fission width with J1t= 1I2+, 

r t<1I2-): p-wave fission width with J1t=1I2-, 

r t<3/2): p-wave fission width with J1t=3/2-. 
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Table 4 Covariances of unresolved resonance parameters for Pu-241 

Parameter Error(%) Correlation coefficients 

Do 10.6 1.000 

So 9.6 0.940 1.000 

Sl 

ris) 

12.7 

10.0 

0.227 

0.209 

0.158 

0.083 

1.000 

-0.048 1.000 

rip) 14.4 0.057 0.060 -0.047 -0.062 1.000 

r t<2+) 13.7 0.009 -0.001 -0.015 0.266 0.006 1.000 

r t<3+) 12.1 0.014 0.008 -0.034 0.574 0.006 -0.120 1.000 

r t<1-) 14.6 -0.002 -0.002 0.002 0.003 0.001 0.000 0.000 1.000 

r t<2-) 14.6 -0.014 -0.015 0.011 0.018 0.010 -0.002 -0.002 0.000 1.000 

rt<3) 14.5 -0.016 -0.017 0.012 0.019 0.011 -0.002 -0.002 0.000 -0.003 1.000 

r~4J __ 14.6 "---_ -0.014 -0.915_ 0.011, 0.017 0.010 -0.001 -0.001 0.000 -0.002 -0.002 1.000 
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00 
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The symbols are defmed as follows: 

Do: s-wave level spacing, So: s-wave neutron strength-function, SI: p-wave neutron strength-function, 

ris): s-wave capture width, rip): p-wave capture width, rt<2+): s-wave fission width with J1t = 2+, 

r t<3+): s-wave fission width with J1t = 3+, r t< 1-): p-wave fission width with J1t = 1-, r t<2-): p-wave fission width with J1t =2-, 

r t<3-): p-wave fission width with J1t = 3-, r t<4-): p-wave fission width with J1t =4-. 
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Fig. 17 Fission cross section of 241Pu above 30 ke V. 
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