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Nuclear data of N-15 have been evaluated in the energy range from 

0.01 meV to 20 MeV. The evaluated quantities are cross section, angular 

distributions and energy spectra of secondary neutrons, and y-ray data. 

The evaluation was performed by fitting the multilevel Breit-Wigner 

formula to the experimental data of the total cross section below 5.5 

MeV, and using the multistep statistical model above 5.5 MeV. For the 

calculation of the multistep statistical model, the optical model and 

the level density parameters were chosen so as to reproduce the experi­

mental data of N-14. The results of present work are in good agreement 

with the experimental data of cross sections. They were compiled for 

JENDL-3 in the ENDF-5 format. 
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1. Introduction 

For the third version of the Japanese evaluated nuclear data 

library (JENDL-3), evaluation and compilation of the data have been 

continued. The evaluated nuclear data of N-15 are not included in 

JENDL-2. Since nitrogen-15 has a low activation cross section for fast 

neutrons, it is desirable to replace N-14 with N-15 in the air to 

decrease the radioactivity around the high conversion reactor core 

which has a high fluence neutron field. In this reason, the neutron 

nuclear data of N-15 are necessary to calculate neutron transport in 

the high conversion reactor, and were evaluated for the JENDL-3. A lot 

of experimental data of total cross section have been measured by 

several authors, but scarce measurements for the other quantities. 

In this paper, the evaluation of neutron nuclear data of N-15 was 

performed in the neutron energy range from 0.01 meV to 20 MeV. The 

evaluated quantities, which are summarized in Table 1 with Q-values, 

were cross sections, angular distributions and energy spectra of 

secondary neutrons, and 3f-ray data. The inelastic scattering cross 

sections were calculated for sixteen excited levels with the statisti­

cal model. The Q-values of the excited levels are shown in Table 2. 

The evaluation of total, elastic scattering and capture cross 

sections was carried out by using the multilevel Breit-Wigner (MLBW) 

formula below the incident neutron energy of 5.5 MeV. Above 5.5 MeV, 

the evaluation was performed by using the multistep statistical model. 

The detail of evaluation is described in the following chapters. 

2. Resonance Analysis 

The total, elastic scattering and capture cross sections were 

evaluated with the MLBW formula below 5.5 MeV. The resonance parame­

ters of Mughabghab et al./l/ and Ajzenberg-Selove/2/ did not reproduce 

the experiments, but were adopted as initial values. They were adjust­

ed so as to reproduce the total cross section measured by Zeitnitz et 

al./3/. The resonance parameters thus obtained are shown in Table 3. 

For the total and elastic scattering, the cross sections calculated by 

using the resulted parameters tracked almost the experimental data, 

but a little discrepancy appeared in the energy range from 1 to 2 MeV. 

- 1 -



JAERI - M 89 - 047 

Thus the background cross sections were given to reproduce the experi­

mental data. 

Above 5.5 MeV, the smooth curve of the total cross section was 

obtained by fitting it to the experimental data of Zeitnitz et al./3/. 

The elastic scattering cross section in the energy range from 5.5 MeV 

to 20 MeV was calculated by subtracting the reaction cross sections 

from the total cross section. 

3. Statistical Model Calculation 

The cross sections, angular distributions and energy spectra of 

secondary neutrons, and y-ray data of inelastic scattering and reac­

tions included in Table 1 were evaluated with the multistep statisti­

cal model. The angular distribution of elastically scattered neutrons 

was also calculated in the same way. The inelastic scattering and 

capture cross sections, and the angular distributions of inelastic 

scattering were calculated by using the statistical model code 

CASTHY/6/. Excited levels were assumed to be overlapping above 10 MeV. 

For the other reactions, the cross sections, angular distribution and 

energy spectra of secondary neutrons, and Jf-ray data were evaluated 

with the multistep statistical model code GNASH/7/. 

The adopted level scheme is shown in Table 2. The optical poten­

tial parameters used in the calculation were chosen to reproduce the 

experimental data of N-14 and shown in Table 4. Those for neutron, 

proton, and alpha particles were modified. The Perey-Perey's and 

Becchetti-Greenlees's parameters were adopted for deuteron and triton, 

respectively. The level density parameters were assumed to be the same 

as those of N-14/10/, and shown in Table 5. 

For 3f-ray data, the multiplicities of capture and inelastic 

scattering to the sixteen discrete levels were calculated by using the 

GNASH code below 11 MeV. Above 11 MeV, the T-ray production cross 

section and spectra of non-elastic scattering including all reactions 

and inelastic scattering were also calculated by using the GNASH code. 

- 2 -
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4. Results and Discussion 

The total cross section calculated with the MLBW formula below 6 

MeV is shown in Fig.1(a). A slight discrepancy appears at about 2.8 

MeV. However, the result reproduces almost the experimental data as 

illustrated in Fig.1(b). The elastic scattering and the capture cross 

sections are shown in Fig.2-3. The experimental data are only at the 

thermal energy, and are in good agreement with the present work. 

Figures 4-5 show the charged particle emission and the neutron 

emission cross sections, respectively. There are no experimental data 

to be compared with the present work. 

The inelastic scattering cross sections of the sixteen discrete 

levels and the overlapping level are Illustrated in Fig.6. They also 

have no experimental data to be compared with them. 

The angular distributions of elastically scattered neutrons at 

the incident energies of 6.0 and 14.0 MeV are shown in Fig. 7 as 

examples of the present calculation. 

5. Conclusion 

The evaluation of neutron nuclear data of N-15 has been performed 

in the energy range from 0.01 meV to 20 MeV. The evaluation was 

carried out basically by using the MLBW formula and the statistical 

model. The evaluated neutron nuclear data of N-15 could contribute to 

the application of the high conversion reactors, because of the 

usableness to calculate the neutron transport in them. The present 

work was compiled in JENDL-3 in the ENDF-5 format. 

- 3 -
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Table 1 The evaluated quantities. Symbol "0" means that the 

evaluation was performed. 

Quantities a da/dQ do/dE 3f-ray data Q-values 

[MeV] 

total 

elastic 

non-elastic 

capture 

inelastic 

(n,2n) 

(n,p) 

(n,d) 

(n,t) 

(n,a) 

(n,np) 

(n,nd) 

(n,nt) 

(n,na) 

0 

0 

-

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-

0 

-

-

0 

0 

-

-

-

-

0 

0 

0 

0 

-

-

-

-

0 

0 

-

-

-

-

0 

0 

0 

0 

-

-

0 

0 

0 

-

-

-

-

-

-

-

-

-

-

0.0 

-10.12 

2.49: 

-5.27 

-10.83 

-8.99 

-7.98 

-9.90 

-7.62 

-10.21 

-16.16 

-14.85 

-10.99 
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Table 2 The level scheme (energy (MeV), spin and parity) /2,4,5/ 

gs 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

N-14 

0.0 

2.313 

3.948 

4.915 

5.106 

5.691 

5.834 

6.204 

6.446 

7.029 

C-14 

1+ 

0+ 

1+ 

0-

2-

1-

3-

1+ 

3+ 

2+ 

N-15 

0.0 

5.270 

5.299 

6.324 

7.155 

7.301 

7.567 

8.313 

8.571 

9.050 

9.152 

9.155 

9.225 

9.758 

9.829 

9.928 

10.070 

C-15 

1/2-

5/2+ 

1/2+ 

3/2-

5/2+ 

3/2+ 

7/2+ 

1/2+ 

3/2+ 

1/2+ 

3/2-

5/2+ 

1/2-

5/2-

7/2-

3/2-

3/2+ 

0 

0 

N-

.0 

-16 

.120 

B-11 

2-

0-

C 

0.0 

-12 

0+ 

B-12 

C-13 

0.0 1/2-

3.089 1/2+ 

3.685 3/2-

3.854 5/2+ 

gs 

1 

2 

3 

4 

5 

6 

0.0 

6.094 

6.589 

6.728 

6.903 

7.012 

7.341 

0+ 

1-

0-

3-

0-

2+ 

2-

0. 

0. 

.0 

,740 

1/2+ 

5/2+ 

0.0 

2.125 

4.445 

5.020 

6.743 

6.793 

7.286 

3/2-

1/2-

5/2-

3/2-

7/2-

1/2+ 

5/2+ 

0.0 

0.953 

1.674 

2.620 

2.720 

1+ 

2+ 

2-

1-

0+ 
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Table 3 The evaluated resonance parameters 

SCATTERING RADIUS = 3.1 fm SPIN OF ISOTOPE = 1/2 

En(MeV) J 1 T (keV) Tn (keV) ry (eV) 

-2.369 

-2.093 

9.210 

1.095 

1.563 

1.948 

2.060 

2.390 

2.425 

2.640 

2.755 

2.815 

2.837 

2.915 

2.943 

3.000 

3.225 

3.454 

3.760 

3.997 

4.142 

4.270 

4.610 

4.790 

5.055 

5.430 

5.534 

0.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

2.0 

3.0 

1.0 

2.0 

1.0 

2.0 

1.0 

1.0 

1.0 

3.0 

2.0 

2.0 

1.0 

3.0 

3.0 

1.0 

0 

0 

1 

1 

3 

1 

0 

2 

1 

2 

0 

3 

2 

1 

2 

1 

3 

1 

3 

1 

2 

2 

1 

1 

2 

3 

0 

6.50000E+03 

1.80000E+03 

2.00002E+01 

3.00023K+00 

2.00023E+00 

2.20002E+01 

1.20000E+02 

4.00000E+02 

5.50002E+01 

4.50000E+02 

5.50002E+01 

7.00023E+00 

7.00023E+00 

2.00023E+00 

6.00000E+02 

1.50000E+02 

3.00023E+00 

2.40002E+01 

3.50000E+02 

8.80002E+01 

1.00000E+02 

1.1O000E+02 

3.50000E+02 

3.00002E+01 

2.50002E+01 

2.50002E+01 

7.00023E+00 

6.50E+03 

1.800+03 

2.00E+01 

3.00E+00 

2.00E+00 

2.20E+01 

1.20E+02 

4.00E+02 

5.50E+01 

4.50E+02 

5.50E+01 

7.00E+00 

7.00E+00 

2.00E+00 

6.00E+02 

1.50E+02 

3.00E+00 

2.40E+01 

3.50E+02 

8.80E+01 

1.00E+02 

1.10E+02 

3.50E+02 

3.00E+01 

2.50E+01 

2.50E+01 

7.00E+00 

2.40E-03 

2.40E-03 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 
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Table 3 (continued) 

En(MeV) J 1 T(keV) Tn(keV) TY(eV) 

5.730 

5.880 

6.280 

6.420 

6.650 

7.100 

7.400 

7.680 

8.070 

8.200 

8.730 

4.0 

2.0 

1.0 

1.0 

1.0 

2.0 

2.0 

2.0 

3.0 

2.0 

2.0 

3 

1 

2 

1 

1 

1 

1 

1 

2 

1 

1 

1.60000E+02 

7.00002E+01 

2.00002E+01 

5.30002E+01 

4.50002E+01 

1.10000E+02 

1.05000E+02 

1.50000E+02 

3.00002E+01 

1.75000E+02 

1.30000E+02 

1.60E+02 

7.00E+01 

2.00E+01 

5.30E+01 

4.50E+01 

1.10E+02 

1.05E+02 

1.50E+02 

3.00E+01 

1.75E+02 

1.30E+02 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 

2.34E-01 
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Table 4 The optical potential parameters 

neutron V = 50.08-0.012E MeV rO = 1.22 fm aO = 0.66 fm 

Ws = 8.91+0.618E MeV rl = 1.45 fm al = 0.13 fm 

Vsys= 5.50 MeV rO = 1.15 fm aO = 0.50 fm 

proton V = 51.30-0.220E MeV rO = 1.21 fm aO = 0.61 fm 

Ws = 6.40-0.050E MeV rl = 1.03 fm al = 0.53 fm 

Vsym= 6.00 MeV rO = 1.06 fm aO = 0.53 fm 

deuteron Perey-Perey's potential /8/ 

triton Becchetti-Greenlees's potential /9/ 

alpha V =43.9 

Ws = 3.85 

MeV 

MeV 

rO = 1.91 fm 

rl = 1.91 fm 

aO = 0.45 fm 

al = 0.45 fm 

Table 5 The Level Density Parameters 

B-ll 

B-12 

C-12 

C-13 

C-14 

C-15 

N-14 

N-15 

N-16 

a(1/MeV) 

1.431 

1.491 

1.700 

1.846 

1.988 

1.988 

1.600 

2.130 

2.130 

T(MeV) 

6.149 

6.201 

5.971 

5.382 

4.857 

4.600 

5.000 

3.758 

4.547 

Pair.(MeV) 

2.67 

0.0 

5.60 

2.80 

5.00 

0.0 

0.0 

2.20 

0.0 

Ex(MeV) 

25.58 

26.78 

37.91 

30.57 

28.94 

19.28 

10.00 

10.07 

22.11 

- 9 -
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