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Covariances of nuclear data have been estimated for 5 nuclides contained in
JENDL-3.2. The nuclides considered are '°B, "'B, **Mn, **Pu, and **'Pu, 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 iog, B,
Mn, 2*Pu, and 2*'Pu contained in JENDL-3.2.  As for *****'Pu, the physical quantities
for which covariances were estimated are cross sections, resolved and unresolved
resonance parameters, and the 1% order Legendre-polynomial coefficient for the elastic
angular distributions of neutrons. The covariances of the total, elastic scattering and
capture cross sections of '*''B were obtained together with those of the (n,o) reaction
cross section of '°B.  The uncertainties in the resolved resonance parameters of *Mn
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 codle GMA?, 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 KALMAN?®, 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 2*°Pu and **Pu were obtained by the
simultaneous evaluation” which took account of absolute and ratio measurements.
The simultaneous evaluation yielded covariances 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.
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2. Boron-10

Covariances were estimated for the total, elastic scattering, capture, and (n,o)
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 Tanaka® E,=3.2~51MeV
Total errors are given in the data. A systematic error of 2.2% was obtained.
Auchampaugh et al.” E,=1~14MeV
Statistical errors are given in the data. A systematic error of 1.7% was
obtained.
Fossan et al.” E, =33~ 154MeV
Statistical errors are given in the data. A systematic error of 3% was assumed.
Bockelman et al.” E,=20keV ~ 3.4 MeV
Statistical errors are given in the data. A systematic error of 2% was obtained.
Nereson” E,=2.8~9.7MeV
Total errors are given in the data. A systematic error of 3% was assumed.
Becker and Barschall'” E,=4.4~8.6MeV
Statistical errors are given in the data. A systematic error of 3% was assumed.
Cook and Bonner'"” E, =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.
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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,ot)

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

sets of measurements'>'®. Error information for each measurement is given as
follows:
Lane et al.'"” E, =S5keV ~22MeV
Statistical errors are given in the data. A systematic error of 5% was obtained.
Asami and Moxon'"” E,=0.5~ 130 keV
Total errors are given in the data. A systematic error of 1% was obtained.
Willard et al."” E, =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."””  Figure 2 shows the standard deviation below 1 MeV.

2.3 Covariances of Capture Cross Section

In JENDL-3.2, an 1/v curve was drawn up to 20 MeV after being normalized to
the measurement of Bartholomew et al.'® at the thermal ene;gy. There are no other
experimental data available. A relative standard deviation of 40%, which was
deduced from the data of Bartholomew et al., 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,0) Reaction Cross Section

In JENDL-3.2, the (n,0t) reaction cross section consists of two components, i..,
(n,0,) and (n,0,) 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,0) cross section were given as a
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sum of the two components.

1) (n,0,) Reaction
The covariances were estimated from four sets of measurements'”?®. Error

information for each measurement is given as follows:

Sealock and Overley'” E,=02~1.3MeV

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

Olson and Kavanagh' E, =8~ 780 keV

Statistical errors are given in the data. A systematic error of 5% was obtained.
Davis et al."”’ E,=220keV ~ 7.9 MeV

Total errors are given in the data. A systematic error of 10% was assumed.
Sellem™ E, =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,a,) Reaction
The covariances were estimated from five sets of measurements'®?"?”. Error

information for each measurement is given as follows:

Schrack et al.”” E,=10~ 100 keV
The experiment was carried out with Ge(Li) and Nal 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."” E,=220keV ~ 7.9 MeV
Total errors are given in the data. A systematic error of 10% was obtained.
Nellis et al.” E,=50keV ~ 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.
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Schrack et al.*™ E, =200 keV ~ 4 MeV

Total errors are given in the data. A systematic error of 1.6% was obtained.

The (n,o,) reaction mainly contributes to the thermal (n,0t) cross section. The
standard deviation of the thermal (n,c,) cross section was taken from the relative error
(0.2%) of the (n,0) cross section estimated by Mughabghab et al.'¥ The estimated

standard deviation is shown in Fig. 5.

3. Boron-11

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 al.” E,=1~ 14 MeV

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

Cabe and Cance™ E,=80keV ~ 7.3 MeV

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

obtained in the energy regions for 80 keV — 1.2 MeV and 1.2 MeV — 7 MeV,

respectively.

Lane et al.” E,=0.3~2MeV

Statistical errors are given in the data. A systematic error of 3% was assumed.
Mooring et al.*® E, =13~ 500 keV

No error is given. A statistical error of 1% and a systematic error of 3% were

assumed.
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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 al.*” E, = 140 keV ~ 2.3 MeV
‘Statistical errors are given in the data. A systematic error of 50% was obtained.
Mooring and Segel™ E,=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.'””  Full correlation was considered in the low energy region where
the cross section exhibits an 1/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.
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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 keV determine
thermal cross sections. The uncertainties in the width parameters (I', and TI')) were
obtained so as to reproduce the error bands of the thermal cross sections (0, = 2.2+0.2 b
and 6, = 13.3£0.2 b) recommended by Mughabghab et al."? The relative standard

deviations for I, and T, thus obtained are 10% and 4%, respectively.

4.2 Standard Deviations of Resonance Parameters below 3 keV
In JENDL-3.2, the parameters of the resonances at 337, 1098, 1658, and 2327

) which were not

eV were determined on the basis of the data measured by Macklin
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

39 while those

the 337-eV and 1098-¢V resonances were derived from the work of Garg
of the capture widths for the same resonances were taken from the values obtained by
Macklin®.

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-eV resonance was taken from

15)

the compilation of Mughabghab et al.””, 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 keV were taken
from the compilation of Mughabghab et al.'” Most of the standard deviations for the
p-wave capture width were calculated from the capture area, 2gI" I'/(T'+ I')), 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.
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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* 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 Shibata’. 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
al.*” 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”* 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 al., 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
keV in JENDL-3.2. These parameters were calculated using the ASREP code® based
on the strength-function model. The covariances of the parameters were also obtained
from the ASREP code on the KALMAN system”. 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.
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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 al.*¥ E, =120keV ~ 1.5 MeV
Total errors are given in the data. A systematic error of 3% was obtained.
Poenitz et al.*™ E, =48 keV ~ 4.8 MeV
Total errors are given in the data. A systematic error of 1.2% was obtained.
Poenitz et al.’” E =18~21MeV

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 Oh*” :

Cross section ¢ (mb) Standard deviation (%)
500<c 5
100<6<500 10
1<6<100 15
o<l >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
evaluation” in the energy region above 100 keV. Figure 12 shows the standard

deviation obtained.
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5.6 Covariances of Inelastic Scattering and Capture Cross Sections

The statistical model code CASTHY™® 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.* for the inelastic scattering and to those
of Hockenbury et al.*” and Weston et al.*” for the capture reaction.  The initial values

of the optical model parameters are given as follows:

V =40.6 - 0.05xE, MeV W, =6.5+0.15xE, MeV V,,=7.0 MeV
r,=1.321fm r,=138 fm r, = 1.32 fm
a=047 fm b =047 fm a, = 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-3*" was used to estimate the covariance of the
1" 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* 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

Derrien*” analyzed the resonance parameters at —0.1225 eV and 0.2647 eV with
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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
keV 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 ELIESE-3 code was used to calculate the covariances with the optical model
parameters and their covariances which had been obtained in the covariance

estimation*” of **Pu, since there are no experimental data available for *'Pu.

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 Oh*”, which was also

applied to the *%pPu(n,2n), (n,3n) and (n,4n) reactions.

6.5 Covariances of Fission Cross Sections
The covariances of the fission cross section above 30 keV 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 CASTHY 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 Todd*” as well as the fission cross sections in JENDL-3.2.

The initial values of the optical model parameters are given as follows:
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V =40.72 - 0.05xE,MeV W =6.78 + 0.29xE, MeV V., =7.0 MeV
r,=1.32 fm r,=1.357 fm r,=1.32fm
a=047 fm b =047 fm a, = 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 1*
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 of *’Pu 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 '°B, ''B, ¥Mn, **°Pu, and **'Pu
contained in JENDL-3.2. The quantities of which covariances were obtained are cross
sections, resolved and unresolved resonance parameters, and the 1* 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 that 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.
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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 0.00E+00 0 3 3.17E+02 1.00E+01 2.65E+00 4.00E+00
-2.40E+03 0.00E+00 0 2 2.76E+02 1.00E+01 2.65E+00 4.00E+00
3.37E+02 2.96E-01 0 2 2.20E+01 227E+00 3.10E-01 6.45E+00
1.10E+03 1.82E-01 0 3 1.64E+01 3.25E+00 3.12E-01 3.85E+00
1.66E+03 1.00E-01 0 2 5.19E-01 1.00E+01 2.81E-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 461E-03 521E+00 4.38E-01 3.00E+01
494E+03 2.02E-01 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+00
9.79e+03 8.17E-02 1 1 1.40E-02 7.14E+00 3.64E-01 3.00E+01
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+00
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 5.71E+00 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+01 7.69E+00 4.70E-01 4.26E+00
1.88E+04 8.51E-02 1 2 1.72E+00 1.40E+01 3.64E-01 4.49E+00
1.91E+04 8.37E-02 1 3 9.69E-03 1.75E+01 3.55E-01 3.00E+01
2.02E+04 8.41E-02 1 2 4 30E-01 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 546E+00 3.73E-01 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 8.51E-02 1 2 7.70E-02 5.19E+00 3.70E-01 3.00E+01
2.26E+04 8.39E-02 1 3 1.20E+00 1.17E+01 3.00E-01 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+00 5.88E+01 2.90E-01 5.86E+00
257E+04 8.17E-02 1 2 1.17E-01 6.15E+00 4.00E-01 3.00E+01
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-01 9.37E+00
2.70E+04 8.15E-02 0 3 420E+02 9.52E+00 9.80E-01 5.51E+00
2.83E+04 8.49E-02 1 2 9.80E-02 7.14E+00 3.50E-01 3.00E+01
2.87E+04 8.35E-02 1 2 1.70E+00 1.41E+01 3.64E-01 4.62E+00
3.03E+04 8.25E-02 0 2 1.49E+01 1.68E+01 4.30E-01 1.63E+01
3.17E+04 8.21E-02 1 2 2.60E-01 7.69E+00 4.62E-01 2.11E+01
3.17E+04 8.19E-02 1 3 4 80E-02 1.67E+01 4.00E-01 3.00E+01
3.23E+04 8.36E-02 1 3 6.67E-01 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+00
3.33E+04 8.40E-02 1 2 1.01E+01 5.56E+00 3.64E-01 1.10E+01
3.49E+04 8.31E-02 1 2 1.37E-01 1.75E+01 3.83E-01 3.00E+01
3.52E+04 8.23E-02 1 2 2.60E-01 1.92E+01 4.62E-01 3.00E+01
3.53E+04 8.22E-02 0 3 1.37E+03 1.46E+01 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 71.30E+00 8.22E+00 3.55E-01 1.13E+01
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Table 1 (continued)

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

-

1.01E+01 3.27E+01 5.10E-01 9.80E+00
4 54E+02 1.10E+01 7.90E-01 1.01E+01
2.98E-01 1.54E+01 4.56E-01 3.00E+01
1.99E-01 1.81E+01 3.64E-01 3.00E+01
1.20E+01 5.00E+01 8.30E-01 9.64E+00
6.00E+00 6.67E+01 4.52E-01 8.42E+00
3.90E-01 1.54E+01 2.30E-01 6.09E+00
2.02E+01 4.16E+01 5.50E-01 1.09E+01
2.10E+01 5.71E+01 1.70E-01 1.00E+O1
4 30E-01 1.40E+01 3.96E-01 1.81E+01
470E+00 9.36E+01 3.40E-01 1.01E+01
1.05E+00 3.43E+01 3.41E-01 1.60E+01
1.40E-02 7.14E+01 4.00E-01 3.00E+01
1.18E+02 1.69E+00 5.00E-01 1.00E+01
1.00E+01 3.00E+01 5.00E-01 1.00E+01
2.10E+01 5.71E+01 5.00E-01 1.00E+01
1.82E+00 3.96E+01 3.35E-01 9.73E+00
410E-02 6.34E+01 3.06E-01 3.00E+01
410E-01 2.44E+01 4.59E-01 3.00E+01
5.57E+02 8.98E+00 5.60E-01 5.00E+01
5.18E+02 6.37E+00 4.30E-01 9.30E+00
1.20E+00 4.17E+01 6.60E-01 1.06E+01
4 60E-01 3.48E+01 3.43E-01 3.00E+01
6.24E+02 8.01E+00 7.60E-01 1.32E+01
5.50E-01 2.55E+01 3.52E-01 2.26E+01
5.00E-02 4.00E+01 1.01E+00 3.00E+01
2.60E-02 6.15E+01 3.60E-01 3.00E+01
8.60E-01 5.81E+01 4.00E-01 1.00E+01
2.02E+01 4.11E+01 4.80E-01 1.04E+01
9.26E+02 2.16E+01 1.60E+00 1.00E+01
9.09-02 2.64E+01 3.47E-01 3.00E+01
5.00E+01 5.00E+01 3.55E-01 1.01E+01
2.10E-01 2.86E+01 3.43E-01 3.00E+01
2.19E+02 1.60E+01 5.30E-01 9.43E+00
2.60E-01 1.54E+01 3.36E-01 2.73E+01
6.00E+01 4.17E+01 6.20E-01 9.68E+00
2.90E-01 2.76E+01 3.69E-01 3.00E+01
2.60E+01 4.62E+01 4.25E-01 9.41E+00
8.64E+02 1.97E+01 1.60E+00 1.25E+01
6.50E-02 6.15E+01 3.73E-01 3.00E+01
1.50E-01 5.33E+01 9.29E-01 3.00E+01
2.90E-01 2.76E+01 3.69E-01 3.00E+01
2.18E+01 6.42E+00 5.70E-01 2.11E+01
3.40E+01 2.94E+01 6.50E-01 1.00E+01
1.20E-01 1.67E+01 4.80E-01 3.00E+01
1.68E+02 1.49E+01 4.90E-01 4.29E+01
1.40E-01 2.86E+01 4.11E-01 3.00E+01
1.40E+01 2.14E+01 6.35E-01 2.36E+01
8.74E+02 1.37E+01 4.70E-01 4.26E+01
6.70e-02 3.88E+01 4.03E-01 3.00E+01
4.00E-02_5.00E+01_5.60E-01 3.00E+01

409E+04 8.31E-02
4.09E+04 8.31E-02
4,10E+04 8.29E-02
411E+04 8.27E-02
439E+04 8.44E-02
440E+04 8.40E-02
453E+04 8.38E-02
469E+04 8.31E-02
476E+04 8.40E-02
483E+04 8.27E-02
5.11E+04 8.41E-02
5.25E+04 8.39E-02
5.28E+04 8.33E-02
5.34E+04 8.43E-02
5.42E+04 8.30E-02
5.46E+04 8.43E-02
5.65E+04 8.31E-02
5.72E+04 8.40E-02
5.73E+04 8.37E-02
574E+04 8.37E-02
5.75E+04 8.35E-02
5.81E+04 8.26E-02
5.96E+04 8.39E-02
5.98E+04 8.36E-02
6.02E+04 8.30E-02
6.03E+04 8.29E-02
6.10E+04 8.36E-02
6.16E+04 8.27E-02
6.20E+04 8.39E-02
6.43E+04 8.39E-02
6.46E+04 8.36E-02
6.58E+04 8.37E-02
6.59E+04 8.34E-02
6.66E+04 8.41E-02
6.74E+04 8.31E-02
6.77E+04 8.28E-02
6.88E+04 8.28E-02
6.96E+04 8.34E-02
6.99E+04 8.30E-02
6.99E+04 8.29E-02
7.00E+04 8.29E-02
7.09E+04 8.33E-02
7.12E+04 8.43E-02
7.19E+04 8.35E-02
7.23E+04 8.30E-02
1.30E+04 8.36E-02
7.40E+04 8.38E-02
7.41E+04 8.37E-02
1.42E+04 8.36E-02
7.46E+04 8.32E-02
71.55E+04 9.01E-02
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Table 1 (continued)

ER(EV) D-ER(%) GN(EV) _D-GN(%) GG(EV) D-GG(%)

-
[

7.75E+04 8.39E-02
7.83E+04 8.30E-02
7.93E+04 8.32E-02
8.13E+04 8.24E-02
8.15e+04 8.35E-02
8.16E+04 8.34E-02
8.25E+04 8.36E-02
8.35E+04 8.38E-02
8.39E+04 8.34E-02
8.42E+04 8.32E-02
8.48E+04 8.37E-02
8.50E+04 8.35E-02
8.50E+04 8.35E-02
8.53E+04 8.33E-02
8.61E+04 8.36E-02
8.63E+04 8.34E-02
8.65E+04 8.32E-02
8.66E+04 8.32E-02
8.726+04 8.37E-02
8.88E+04 8.34E-02
8.97E+04 8.36E-02
9.14E+04 8.32E-02
9.15E+04 8.31E-02
9.21E+04 8.36E-02
9.38E+04 8.32E-02
9.53E+04 8.29E-02
9.68E+04 8.37E-02
9.84E+04 8.34E-02
9.88E+04 8.30E-02
9.90E+04 8.28E-02
9.93E+04 8.36E-02
1.00E+05 8.30E-02
1.00E+05 8.36E-02
1.04E+05 8.35E-02
1.05E+05 8.38E-02
1.05E+05 8.37E-02
1.05E+05 8.35E-02
1.07E+05 8.32E-02
1.08E+05 8.34E-02
1.09E+05 8.35E-02
1.10E+05 8.30E-02
1.10E+05 8.35E-02
1.11E+05 8.32E-02
1.11E+05 8.37E-02
1.11E+05 8.35E-02
1.12E+05 8.34E-02
1.12E+05 8.32E-02

1.78E+01 1.91E+01 5.90E-01 2.03E+01
5.00E+01 3.40E+01 4.55E-01 1.10E+01
5.00E+01 4.60E+01 3.40E-01 1.03E+01
3.20E-01 1.06E+02 4.88E-01 3.00E+01
3.96E+02 1.06E+01 8.00E-01 1.75E+01
2.40E-01 5.00E+01 4.25E-01 3.00E+01
2.90E-01 3.45E+01 4.66E-01 3.00E+01
3.40E+01 2.94E+01 4.80E-01 1.04E+01
410E-01 3.41E+01 5.72E-01 3.00E+01
4.60E-01 1.30E+01 4.56E-01 1.80E+01
1.22E+00 8.20E+01 3.40E-01 2.97E+01
6.60E+00 4.55E+01 8.55E-01 9.36E+00
8.64E+02 1.97E+01 3.80E-01 7.89E+01
6.00E-02 1.00E+02 4.10E-01 3.00E+01
2.55E+00 2.98E+01 4.28E-01 2.18E+01
1.89E+02 1.22E+01 3.70E-01 2.16E+01
1.80E+01 1.11E+01 4.30E-01 8.36E+00
1.20E-01 5.00E+01 3.80E-01 3.00E+01
3.40E-01 1.76E+01 4.48E-01 3.00E+01
1.20E+01 2.50E+01 5.40E-01 1.02E+01
6.90E+00 5.51E+01 3.42E-01 6.16E+00
6.90E+01 2.90E+01 7.70E-01 1.04E+01
6.00E+01 3.33E+01 6.90E-01 1.23E+01
7.49E+00 5.07E+01 4.26E-01 3.66E+00
6.20E-01 2.90E+01 3.49E-01 2.10E+01
6.40E+00 6.41E+01 3.81E-01 6.33E+00
2.40E+02 2.50E+01 4.00E-01 2.00E+01
1.47E+01 9.52E+00 4.23E-01 8.58E+00
2.40E-01 3.33E+01 4.46E-01 3.00E+01
7.46E+02 3.08E+01 1.10E+00 1.36E+01
2.90E-01 4.14E+01 3.69E-01 3.00E+01
2.80E-01 2.14E+01 2.98E-01 3.00E+01
4.60E-01 2.17E+01 4.56E-01 3.00E+01
1.30E+02 3.54E+00 1.75E+00 5.71E+00
3.40E+00 1.76E+01 1.80E-01 4.44E+01
214E+01 6.54E+00 5.35E-01 3.00E+0t
2.20E+03 1.91E+01 1.22E+00 3.29E+00
2.40E+01 2.08E+01 6.50E-01 1.08E+01
492E+02 2.03E+01 1.70E+00 1.18E+01
3.60E+01 1.11E+01 7.20E~-01 1.11E+01
3.60E-01 2.78E+01 3.60E-01 3.00E+01
1.20E+02 2.75E+01 4.60E-01 1.52E+01
2.60E-01 3.08E+01 4.62E-01 3.00E+01
1.20E+01 2.50E+01 6.10E-01 9.84E+00
3.60E+03 2.58E+01 2.40E+00 2.08E+0t
2.10E+00 9.52E+01 3.63E-01 1.21E+01
1.20E+01 _2.50E+01 5.80E-01 1.03E+01
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(n,0,) reaction cross section of '°B above 10 keV.

Fig. 5
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EERBEAR (S]) &mEX

%1 SIEAHNIS & UHENBE ®2 SIEOFAShBHM &5 SIEE
g N i 5 & PR i 5 15 HEdAE i T
E xlx = r m %, B, A | min, h, d 10 7 % E
" B+ 754 kg ., 2. B 10 ~ 5 P
B 5} 73 s ) v b A|L L 10 ¥ 7 T
[ w7 v~ 7 A [ vt 10° | # # G
MOFRE |5 v vV K EL LT | oV 10° | X bl M
vou R = v | mol FAERSL | u o I B
*x Eln v 57 9 cd 100 | ~ %7 ¢ h
_____________ S, _
£ @ M5 v 7 v rad 1eV=1.60218x 10~'°J 00|57 #| da
I A|RFIITY | st 1u=1.66054x 10" kg 0t | ¥ v 4
10| € v F c
107 | 3 ) m
%3 BEHOBHE S SIATHL 0o | =420 4
&4 SILHERWENIC S
- 10 + n
& g w |as|BQYRL HEP X 0B B O A
A 4 ¥|~ w | Hz s ! C T e 107" 7 x4k f
h =a—bF¥| N m-kg/s’ AV zRro—L A 10" 7 b a
F H ., & Al x H | Pa N/m? N - v b
inF-HHE MR | Y 2 - | J N-m ~ - W bar ()
IR, KHEHRI7 v | W Js # W Gal 1. &1—5i3 TRRELR] 35 K, EHER
EXAR, EH|sr -0 | C A-s ¥ a2 Y - Ci ER&R 1985 FHITIKK %o 72451, 1eV
&AL, EE, &£EH | K » bV W/A [ N R BLU 1 uDftiis CODATA D 1986 4E #%2
# & 5 #®|7 7 7 F| F | C/V 35 K rad e & - 7=,
E X OE | - | Q V/A [ I rem ;
avg s s valo—avz|s AV 2. RAWRIBE, /b, T, ~NI Y
i # v = — | Wb | Ves 1 A=0.1nm=10""m SALBENTLAHORORULOTL
6&‘ ﬁi E i ~Z. 7 ; VWVE;KZ 1 b=100 fm?=10-2* m? CTIREBELI, .
4 57 VA :/ 2|~ / ) I | bar=0.1 MPa=10°Pa 3. bari3, JISTRHEDIEHAEDTIH
vy ARE | evyyREC | Gal=1cm/s*=10-*m/s? QIR 20873 —iCMES AT
¥ Hlv — A v Im cd-sr 3
] v % 2 1Ci=3.7x10'°Bq °
| x| lm/m i . 4 ECHWMEEH IS4 T bar, barnkk
" " @l 2 L oa| Bg| s 1 R=2.58x10"*C/kg ! ; ) o
) ymez U (IAEDHL ) mmHg # & 2007 3'Y
% X & ®|7 v 1| Gy | Jke lrad=1cGy=10"Gy AT
2 B % B|v-~wb| Sy J/kg lrem=1cSv=10"Sv °
s 2 %
71| N(=10*dyn) kgf Ibf F | MPa(=10 bar) kgf/cm’ atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1|  0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pas(Ns/m*)=10P(£7 x)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 107* | 1.31579 x 107? 1 1.93368 x 1072
BHE 1m?/s=10'St(2 + — 27 2) (em?/s) 6.89476 x 107° | 7.03070 x 10~% | 6.80460 x 102 51.7149 1
x| J(=10"erg) kgf*m kW-+h cal Gt) Btu ft « Ibf eV 1 cal = 4.18605 J (it &#:)
3
iﬁ 1 0.101972 2.77778 x 1077 0.238889 9.47813 x 107* 0.737562 6.24150 x 10'® =4.184J (3t
I 9.80665 1 2.72407 x 10°¢ 2.34270 9.29487x 10° 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (HEREKK)
;‘ 4.18605 0.426858 | 1.16279 x 10°¢ 1 3.96759 x 1073 3.08747 261272x10" {14 | pS ({LEF)
[ 1055.06 107.586 2.93072 x 107 252.042 1 778.172 6.58515 x 10! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107" 0.323890 | 1.28506 x 10~* 1 8.46233 x 10 = 735.499 W
1.60218 x 107'° | 1.63377 x 1072°| 4.45050 x 1072°| 3.82743 x 10~ | 1.51857 x 10~2%| 1.18171 x 107** 1
i) Bq Ci e Gy rad i C/kg R K Sv rem
. iy 5 g
1 2.70270 x 107" & 1 100 ] 1 3876 W 1 100
i1 & & =
3.7 x 10% 1 0.01 1 2.58 x 107 1 0.01 1

(86 % 12 A 26 HHIfE)



ESTIMATION OF COVARIANCES OF "B,"B,%Mn,?Pu AND “'Pu NEUTRON NUCLEAR DATA IN JENDL-3.2




