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JAKRI-M 84-103 

Summary of JENDL 2 General Purpose File 

Edited by Tsuneo Nakagava 

Department of Physics 
Tokai Research Establishment. JAERI 

( Kcceivcd May 12,1984 ) 

The general purpose file of the second version of Japanese Eval
uated Nuclear Data Library (JENDL 2.) was released in December 1962, 
Recently, descriptive data were added to JENDL-2 and at the same time 
the first revision of numerical data was performed. JENDL 2 (Revl) 
consists of the data for 89 nuclides and about 211,000 records in the 
ENDF/B-IV format. In this report, full listings of presently added 
descriptive data are given to summarize the JENDL 2 general purpose 
file. The 2200 msec and 14 MeV cross sections, resonance integrals, 
Maxwellian and fission spectrum averaged cross sections are given in a 
table. Average cross sections were also calculated in suitable energy 
intervals. 

Keywords : 
JENDL-2. Evaluated Data File. Descriptive Data, Resonance Inte
gral, 2200-m/sec Cross Section. 14 MeV Cross Section. 
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Prefoca 

The genera! purpose file of the second version of Japanese Kvol 

uated Nuclear Data Library <JIM>L2: was released in December 

1982. However (.his librury, called JrJJDL 2 iRevO;. <k is not contain 

descriptive data of evaluation. Recently the descriptive data were 

added and some errors already encountered in numerical data were 

corrected. This newly revised version of JEMDL 2 is called as JEMDL 2 

Rev] 

This report gives full listings of the descriptive data and some 

numerical data tables in order to summarize the JENDL. 2 general purpose 

file. Details of correction of numerical data are described in Appendix 

3, for the convenience of JENDL 2 users. Full documentation of JGNDL 2 

is now under preparation as a JAffil report. 

Descriptive Data 

In order to complete descriptive data part of JENDL-2 general 

purpose file, each evaluator of JENDL 2 data vas asked to write a brief 

documentation, and to send it to the JAEFI Nuclear Data Center. These 

descriptive data gathered were modified to correctly describe the 

present JENDL-2 (Revl ) and inserted into MF-1 of JENDL-2. All of them 

are listed in this report. In the descriptive data, 2200-m/sec cross 

sections and resonance integrals are given for the total, elastic, 

capture and fission cross sections, which were calculated with RESENDD" 

and INTERN'"1. This ca.lculatr'cn of rescr.aice cross sections with RESENDD 

was made by applying accuracy of 1.0 percent. 

- 1 -
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Data of JBCL 2 Revl 

Jl'MDI, it Rev! • contains the data of 89 nuclides unci consists of 

about 211.000 retold;; in the I'NDF B IV 3'orinat' . The da La are stored 

in six files as shown in Table 1 Any processing codes for the ENDK B 

IV format can be used to handle J1NDL V. Kovl . However. A s|>ecial care 

is required in treatinc resonance parameters, because tho parameters for 

the mult llevd f'nriiiula often contain resonances whose J value .is 

unknown. Table 2 allows the resonance region and the applied formula of 

each nuclide. Tiie nuclides having this problem are marked with 

asteriskes. For these nuclides. RESEMDD should lie used to calculate 

resonance cross sections To avoid incorrect calculation and for the 

convenience of users, pomtwise data were also prepared and stored in 14 

files as listed in Table 3. Tin• data in these pointwiso files were 

calculated with HESi-UDD applying accuracy of 1.0 percent. Energies of 

cross sections calculated from resonance parameters are written in the 

seven digit format The pomtwise data files contain the whole data of 

JENDL 2 except resonance parameters. 

The 2200 m sec and 14 HeV cross sections, resonance integrals, and 

Maxwellian and fission spectrum average cross sections were obtained 

from the pointwise data with INTERN. The resonance integrals were 

calculated by assuming a cut off energy of 0.5 eV. The Maxwellian 

spectrum average cross sections were calculated in the energy interval 

frorr 10"l< eV to 3.0 eV, and fission spectrum average cross sections from 

10""' eV to 20 MeV with the following Watt-type fission spectrum. 

S (E)=VV (-a3b) -. exp(-ab/4-E/a) >• sinh (b£), 

- 2 -
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where « and b were assumed to be 0,988 MeV and 2.2AQ -10" eV ', 

respectively. The results are listed in Appendix 1, 

The average cross sections were also calculated in 7b energy 

intervals by using CRGCTJ5*1 as follows. 

The average cross sections are given in Appendix 2. 

Correction of Numerical Dafa 

Numerical data of i\ML 2 RevO i were cheeked by using FIZQ0N55i 

and PMYCHE1" which are data checking codes for data in the ENDF/B 

format. Some characteristic data such as 2200-m sec cross sections were 

calculated and compured with other evaluated data and recommended values 

in Refs. 7 and 8. Furthermore the data were carefully checked by eyes. 

The errors found by above processes were corrected and some data 

were replaced with more reasonable data by mainly using CRECTJ54' which 

is a computer code for compilation of evaluated data in the ENDF/B 

format. Details of this revision work are described in Appendix 3 to 

let the JENDL-2 users know which parts of data have been revised. 

- 3 -
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Table 1 (continued) 

Tape No 

203 

204 

205 

206 

No. 

9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
•7 

8 
9 
10 
11 
12 
13 
14 

Nuclide 

42 Mo- 96 
42 Mo 97 
42 Mo 98 
42 Mo 100 

72 H M 7 4 
72 Hf 176 
72-Hf 177 
72 Hf 178 
72 Hf 179 
72 •Hf-180 
73 Ta 181 
82 Pb 0 
82 Pb 204 
82 Pb-206 
82 Pb 207 
82-Pb 208 

90 Til 228 
90 Th 230 
90 Th 232 
90 Th-233 
90-Th 234 
91 Pa 233 
92 U 233 
92 U 234 
92 U 235 
92 U 236 
92 U 238 
93 Np 237 
93 Np 239 

94-Pu-236 
94-Pu-238 
94-PU-239 
94-Pu-240 
94-Pu-241 
94-Pu 242 
95-Am-24l 
95-Am-242 
95-Am-242m 
95-Am-243 
96-Cra-242 
96-Cm-243 
96-Cm-244 
96-Cm-245 

MAT number 

2424 
2425 
2426 
2427 

( Total 

2721 
2722 
2723 
2724 
2725 
2726 
2731 
2820 
2821 
2822 
2823 
2824 

( Total 

2901 
2902 
2903 
2904 
2905 
2913 
2921 
2922 
2923 
292-1 
2925 
2931 
2932 

i Total 

2941 
2942 
2943 
2944 
2945 
2946 
2951 
2952 
2953 
2954 
2961 
2962 
2963 
2964 

( Total 

Records 

1862 
2782 
2387 
2154 

25509 ) 

2621 
3512 
2878 
2994 
2363 
2815 
1311 
3005 
3794 
3634 
3600 
2787 
35314 ) 

1549 
1657 
4081 
1802 
1873 
1316 
3160 
1184 
6307 
1882 
3907 
3024 
898 

33440 ) 

1012 
1696 
4862 
2746 
2683 
1675 
4059 
1591 
3039 
2541 
902 
4129 
1279 
2811 
35025 ) 
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Table 2 Resonance Region and Formula 

Nuclide MAT Spin Resolved Res.(Formula) Unresolved Res. 

1-H I 2011 1/2+ no resonances 
1 H 2 2012 1+ no resonances 
3 Li- 6 2031 It no resonances 
3 Li 7 2032 3/2 no resonances 
4-Be 9 2041 3/2- no resonances 
5 B 10 2051 3+ no resonances 
6 C 12 2061 0+ no resonances 
9 F 
11 - Na 
13 Al 
14 Si 
20 Ca 
20 Ca 
20 Ca 
20-Ca-
20 Ca 
20 Ca-
20 Ca 
21 Sc 
23 V 
24 Cr 
24 Cr 
24 Cr~ 
24-Cr-
24 Cr-
25 Mn-
26 -Fe-
26 Fe-
26 Fe 
26- Fe-
26 Fe 
27-Co-
28-Ni-
28-Ni-
28-Ni-
28-Ni-
28-Ni-
28-Ni-
29-Cu-
29-Cu-
29-Cu-
41-Nb-
42-Mo-
42-Mo-
42-Mo-
42-Mo-
42-Mo-
42-Mo-
42-Mo-
42-Mo-l 

19 
23 
27 
0 
0 

40 
42 
43 
44 
46 
48 
45 
51 
0 
50 
52 
53 
54 
55 
0 
54 
56 
57 
58 
59 
0 
58 
60 
61 
62 
64 
0 

63 
65 
93 
0 

92 
94 
95 
96 
97 
98 
100 

2091 
2111 
2131 
2140 
2200 
2201 
2202 
2203 
2204 
2205 
2206 
2211 
2231 
2240 
2241 
2242 
2243 
2244 
2251 
2260 
2261 
2262 
2263 
2264 
2271 
2280 
2281 
2282 
2283 
2284 
2285 
2290 
2291 
2292 
2411 
2420 
2421 
2422 
2423 
2424 
2425 
2426 
2427 

l/2t 
3/2* 
5'2-. 

0̂  
C< 

7 2-
Ot 
0* 
Ot 
7/2 
7.2-

0t 
0t 

3/2 
0t 

5/2-

0H 
0< 
1/2-
0* 

7/2-

0+ 
0+ 

3/2-
0+ 
0+ 

3/2-
3/2-
9/2+ 

0+ 
0+ 
5/2+ 
0+ 
5/2+ 
0+ 
0+ 

10G eV 
500 eV -
3 keV -
no 1 
10:" 
10-5 

10-5 

10r' 
10r> 

- 100 keV 
150 keV 
140 keV 

resonances 
eV 
eV 
eV 
eV 
eV 

- 400 keV 
- 400 keV 
- 400 keV 
- 30 keV 
400 keV 

no resonances 
10'5 

10"5 

I0-5 

10s 

10 r' 
10"5 

10-* 
I0r> 
10"s 

10-5 

!0r' 
10r> 

I0r> 

10s 

10-5 

10-5 

10'5 

10"5 
10'5 

10"5 

I0"5 

10"5 

10"5 

10"5 

10"5 

10-5 

10"5 

10"3 

lO"5 

10'5 

10"° 
10"5 

10"5 

eV 
eV 
eV 
eV 
eV 
e V • 

eV 
eV 
eV 
eV 
eV 
eV 
eV -
eV • 
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -
eV -

- 400 keV 
90 keV 
100 keV 
300 keV 
300 keV 
300 keV 
120 keV 
300 keV 
100 keV 
250 keV 
250 keV 
250 keV 
200 keV 
100 keV 
100 keV 
600 keV 
600 keV 
600 keV 

(SL) 
(ML) 
(ML) 

(ML) 
(ML) 
(ML.) 
(ML) 
(ML.) 

(ML) 
(ML+) 
(MLt) 
(ML) 
(ML) 
(ML) 
(ML) 
(ML) 
(ML) 
(ML+) 
(ML) 
(ML) 
(ML* > 
(ML) 
(MLt j 
(ML*) 
(ML) 
(ML) 

68.5l58keV(ML+) 
600 keV 
600 keV 
35 keV 
35 keV 
35 keV 
7 keV 
50 keV 
50 keV 
20 keV 
2 keV 
19 keV 

!.8 keV 
32 keV 
26 keV 

(ML) 
(ML) 
(ML+) 
(ML+) 
(ML*) 
(ML*) 
(ML+) 
(ML) 
(ML) 
(ML+) 
(ML) 
(ML+) 
(ML) 
(ML) 

not given 
not given 
not given 

not given 
not given 
not given 
not given 
not given 

not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 
not given 

50 keV 
100 keV 
100 keV 
100 keV 
100 keV 
100 keV 
100 keV 
100 keV 
100 keV 

- 7 -
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Table 2 (continued. ) 

Nuclide 

72-Hf-l74 
72 !lf 176 
72-HM77 
724HM78 
72-Hf-179 
72-HM80 
73-Ta-18l 
82 Pb- 0 
82~Pb-204 
82-Pb-206 
82-Pb-207 
82-Pb-20B 
90-Th-228 
90-Th-230 
90-Th-232 
90-Th 233 
90-Th-234 
91-Pa-233 
92-U -233 
92-U 234 
92-U -235 
92-U -235 
92 U 238 
93 Np-237 
93 Np 239 
94 Pu 236 
94-Pu-238 
94-Pu-239 
94-Pu-240 
94-Pu-241 
94-Pu-242 
95-Am-241 
95-Am-242 

MAT 

2721 
2722 
2723 
2724 
2725 
2726 
2731 
2820 
2829 
2822 
2823 
2824 
2901 
2902 
2903 
2904 
2905 
2911 
2921 
2922 
2923 
2924 
2925 
293! 
2932 
2941 
2942 
2943 
2944 
2945 
2946 
2951 
2952 

95-Am-24aii 2953 
95-Am-243 
96-Cm-242 
96-Cm-243 
96-Cm-244 
96-Cm-245 

2954 
2961 
2962 
2963 
2964 

Spin 

0+ 
0. 
7 ^ 
0̂  
9/2+ 
0-
7/2+ 

0+ 
0+ 
1/2-
0* 
0+ 
0« 
0+ 
1,2+ 
Oi 
3/2-
5/2+ 
0+ 
7/2-
0< 
0+ 
5/2+ 
5.2+ 
0« 
0* 
1 2+ 
0. 
5 2. 
0+ 
5,2-
1-
5-
5/2-
0+ 
5/2+ 
0+ 
7/2+ 

Resolved 

0.5 eV -
0.5 eV 
0.5 eV 
0.5 eV 
0.5 eV -
0.5 eV 
Iff5 eV 
lO5 eV 
10 5 eV 
10;' eV 
10"5 eV 
Iff5 eV 
10~5 eV 
10r' eV 
10r' eV 

Res.(Formul 

220 eV 
700 eV 
250 eV 
1.5 keV 
250 eV 
2.5 keV 
- 1 keV 
500 keV 
50 keV 
200 keV 
500 keV 

- 800 keV 
7.798 eV 
564.26 eV 
3.5 keV 

no resonances 
no resonances 
2.38 eV 
1.0 eV -
lO"5 eV 
1.0 eV -
10 r' eV 
10s eV 
10s eV 

- 17 eV 
100 eV 
215 eV 
100 eV 
1.5 koV 
4 keV 

130 eV 
no resonances 
10 r' eV 
Iff5 eV 
1.0 eV -
Iff5 eV 
1.0 eV • 
Iff5 eV • 
Iff5 eV -

6 eV 
500 eV 
596 eV 

4 keV 
100 eV 
1.29 keV 
150 eV 

no resonances 
Iff5 eV -
10"5 eV -
10"5 eV -
JO"5 eV -
10"5 eV -
Iff5 eV -

- 3.5 eV 
215 eV 
275 eV 
27 eV 
1 keV 

60 eV 

.a) 

(ML) 
(ML) 
(ML+ ) 
(ML) 
(MLO 
(ML) 
(ML+) 
(ML) 
(ML.) 
(ML) 
(ML) 
(ML) 
(ML) 
(ML) 
(ML) 

(SL) 
(SL) 
(ML) 
{SL) 
(ML) 
(ML) 
(SL) 

(SL) 
(ML) 
(ML+) 
(ML) 
<SL> 
(ML) 
(MLo 

(SLj 
(ML+) 
(ML) 
{RM+) 
(ML) 
(SL) 

Unresolved Res. 

50 keV 
50 keV 
50 keV 
50 keV 
50 keV 
50 keV 
50 keV 

not given 
not given 
not given 
not given 
not given 
not given 
not given 

50 keV 

1 keV 
30 keV 

not given 
30 keV 

not given 
50 keV 
30 keV 

not given 
not given 

30 keV 
40 keV 
30 keV 

not given 
30 keV 

not given 
30 keV 

not given 
not given 
not given 
not given 

SL : Single-level Breit-Wigner formula. 
ML : Multilevel Breit-Wigner formula. 
RM : Reich-Moore multilevel formula. 
+ : There exist resonances of which J value is unknown. The 

resonance cross sections should be calculated with RESENDD. 

- 8 -
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Table 3 JENDL-2 (Revision 1 ) Pointwise Files 

Tape No, 

851 

252 

253 

254 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1! 
12 
13 
14 
15 
16 
17 
18 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 

Nuclide 

1 II 1 
1 H 2 
3 Li 6 
3 Li 7 
4 Be 9 
5-B 10 
6 C 12 
9 F - 19 
11-Na- 23 
13-A1- 27 
14-Si- 0 
20-Ca- 0 
20 Ca- 40 
20 Ca 42 
20- Ca 43 
20 Ca 44 
20 Ca 46 
20 Ca 48 

21 So- 45 
23 V 51 
24-Cr 0 
24 Cr 50 
24 Cr 52 
24 Cr- 53 
24-Cr- 54 

25 Mn 55 
26 Fe 0 
26 Fe 54 
26-Fe- 56 
26-Fe- 57 
26-Fe- 58 
27-Co- 59 

28-Ni- 0 
28-Ni- 58 
28-Ni- 60 
28-Ni- 61 
28-Ni- 62 
28-Ni- 64 

MAT number 

2011 
2012 
2031 
2032 
204! 
2051 
2061 
2091 
2111 
2131 
2140 
2200 
220, 
2202 
2203 
2204 
2205 
2206 

( Total 

2211 
2231 
2240 
2241 
2242 
2243 
2244 

( Total 

2251 
2260 
226! 
2262 
2263 
2264 
2271 

( Total 

2280 
2281 
2282 
2283 
2284 
2285 

( Total 

Records 

249 
4623 
698 
610 
545 
1856 
1178 
1514 
2640 
1328 
2117 
11399 
6783 
5116 
2713 
3610 
629 
1053 

48661 ) 

14497 
5796 
10630 
7283 
7520 
4052 
5438 
55216 ; 

12420 
16075 
3923 
10162 
4921 
2470 
15448 
65419 ) 

23058 
15734 
12653 
8263 
9837 
7665 
77210 ) 
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Table 3 (continued) 

Tape No. 

255 

256 

•- 257 

258 

259 

260 

261 

No. 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

1 
2 
3 

Nuclide 

29 Cu- 0 
29-Cu- 63 
29 Cu- 65 
41-Nb- 93 
42 Mo- 0 

42-Mo- 92 
42-Mo- 94 
42-Mo- 95 
42-Mo- 96 
42-Mo- 97 
42-Mo- 98 
42-Mo-100 

72-Hf-174 
72-Hf-176 
72-Hf-177 
72-Hf-l78 
72 Hf 179 
72-Hf~t80 
73-Ta 181 

82-Pb- 0 
82-Pb-204 
82-Pb-206 
82-Pb-207 
82-Pb-208 

90-Th-228 
90-Th-230 
90-Th-232 
90-Th-233 
90-Th-234 
91-Pa-233 

92-U -233 
92-U -234 
92-U -235 
92-U -236 

92-U -238 
93-Np-237 
93-ND-239 

MAT number 

2290 
2291 
2292 
2411 
2420 

( Total 

2421 
2422 
2423 
2424 
2425 
2426 
2427 

( Total 

2721 
2722 
2723 
2724 
2725 
2726 
2731 

{ Total 

2820 
2821 
2822 
2823 
2824 

( Total 

2901 
2902 
2903 
2904 
2905 
2911 

( Total 

2921 
2922 
2923 
2924 

( Total 

2925 
2931 
2932 

( Total 

Records 

bb28 
4901 
3879 
20915 
36674 
71897 ) 

10865 
9020 
7899 
11714 
9044 
19043 
18711 
86296 ) 

4172 
6408 
9617 
6918 
6637 
5576 
19543 
58871 ) 

14750 
6589 
10144 
9336 
4426 

45245 ) 

1917 
8156 
60674 
1802 
1873 
2792 
77214 ) 

5934 
5861 
12839 
22484 
47118 ) 

73607 
17079 
896 

91584 ) 

-10-
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Table 3 (continued) 

No. 

1 
2 
3 
4 

1 
2 
3 
4 
5 

I 
2 
3 
4 
5 

Nucl ide 

94-Pu-236 
94-Pu-238 
94- Pu -239 
94-Pu 240 

94 Pu 241 
94 Pu 242 
95-Am-241 
95-Am-242 
95-Am 242m 

95 Am 243 
96 Cm 242 
96 Cm-243 
96 Cm 244 
96 Cm-245 

MAT number 

2941 
2942 
2943 
2944 

1 

2945 
2946 
2951 
2952 
2953 

1 

2954 
2961 
2962 
2963 
2964 

( 

Tota l 

Total 

Tota l 

Records 

1301 
10455 
23240 
46408 
H1404 > 

5891 
18636 
18743 
1591 
3192 

48053 > 

21267 
3664 
5219 

15295 
4475 

49920 ) 

- 1 1 -
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Descriptive Data 

Full listings of descriptive data of JENDL 2 (Revl ) are given. 
Characters of them were converted from capital letters to a normal style 
of mixture of capital and small letters. To output them, the ATF 
(Advanced Text Formatter for science) system of the FACOM-M 380 computer 
was used. 

- 1 2 -
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1 of Hydrogen 

1-H - 1 MAT number 201! 

1 11 I Hitachi Eval Apr76 M.Yamamoto 
JAERI 1261 Dist Mar83 Revl Nov03 
History 
83 03 Compliled by K.Shibutu 

Main part was carried over from JtMDL 1 data evaluated by 
M.Yamamoto. Details are given in ref. 1 . 

83 II MF 2 was added. The transformation matrix given for MT-2 of 
MF 4. 

MF 1 General Information 
MT 451 Descriptive Data and Dictionary 

MF 2 Resonance Parameters 
MT 151 Scattering radius only 

2200 m s cross sections ana calculated res. integrals. 
2200 m s res. intee. 

elastic 20.44 b 
capture 0.332 b 0. M 9 b 
total 20.77 b 

Ml-' 3 Neutron Cross Sections 
MT 1 Total Cross Section 

Sum of elastic and capture cross sections 
MT 2 Elastic Scattering Cross Section 

Below 100 keV, calculated by using effective range and 
scattering length parameters of Lomon and Wilson 2 . 
Above 100 keV, the data of Hopkins and Breit 3 were 
recommended. 

MT 10? Capture Cross Sect]on 
The data of Ho"S.'t.'V A wore recommended 

MT 251 Mu bar 
Calculated from the data in MF 4. 

MF-4 Angular Distributions of Secondary Neutrons 
MT-2 

Below 100 keV, isotropic in the center of mass system was 
assumed. Above 100 keV, the data of hopkins and breit/3/ 
were recommended. 

References 
1: Igarasi S. et al.: JAERI-J261 (1979 ). 
2i Lomon E. and. Wilson R.: Phys. Rev. C9<1974, 1392. 
3; Hopkins J.C. and Breit G.: Nucl. Data Table A9 1971 > 137. 
4) Horsley A.: Nucl. Data A2 1966 : 243. 

- 1 3 -
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! of Deuterium 

1 H 2 MAT number - 2012 

I II 2 JAERI Eval Jul82 K.Shibata.T.Naritu.S.Igurusi 
JALCRT M 83 006 Dist Mar83 Revl NovS3 
History 
83 01 New evaluation for JGNDL 2. Details are given in Ref. I , 

Datu were compiles by the authors. 
83 II MF 2 was added. 

MF I General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Scattering radius only 

2200 m s cross sections anc! calculated res. integrals. 
2200 m s res. integ. 

elastic 3.389 b 
capture 0.00055 b 0.000206 b 
total 3.390 b 

MF 3 Neutron Cross Sections 
MT I Total 

Based on a least squares fit to the experimental datu of 
2 8'. 

MT 2 Elastic 
El as tic Total 'n.2n Capture 

MT 16 n.2n 
Based on a least squares fit. 
Data listed in 9 II were used. 

MT 102 Capture 
Below i keV, 1 v form normalized to the data of 

Ishikawa '2 . 
Above 1 keV. evaluated on the basis of the inverse 

reaction .13 . 
MT 251 Mu-bar-

Calculated from the data in MF=-<1. 

MF-4 Angular Distributions of Secondary Neutrons 
MT=2.16 

Calculated from the three-body model based on 
the Faddeev equation 14/. 

MF=5,6 Energy and Energy-Angular Distributions of Secondary 
Neutrons 

MT=16 The three-body model calculation. 

References 
1 > Shibata, K. et al.: JAERI M 83-006 .1983) 
2; Adair. R.K. et al.: Phys. Re\». 89 =1953 • 1165. 
3.. Seagrave. J.D. and Henkel. R.L. : Phys. Rev. 98 i!955) 666. 
4> Stoler, P. et al. : Phys. Rev. C8 (1973) 1539. 
5) Davis, J.C. and Barsehall, H.H. : Phys. Rev. C3 (19711 1798. 

- 14-
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2 of Deuterium 

6) Dilg, W. et al. : Phys. Lett. 36B ;I97I 20B. 
7) Clement, J.M. etal, : Nucl. Phys. A183 (1972; bl. 
8 i Foster. Jr., D.G. and GlasROW. D.W. : Phys. Rev C3 1971 i576. 
9> Holraberg. H. : Nucl. Phys. A129 1969; 327. 
10) Pauletta, G. and Brooks, F.D. : Nuel . Phys. A255 197b i f?67. 
11 i Catron. II.C. et nl. : Phys. Rev. 123 (1961 i 218. 
\2 lahikava. H, : NticJ. Inatr, Melli. 109 • 1S73 • 493. 
13' Gumi. J.C. and IrviriR. J. : Phil. Map,. 42 (1951 1353. 
14' Ehcnhoh. W : Nucl. Phys. A19! <1972> 97. 

- 1 5 -
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1 of Lithium 6 

3 Li 6 MAT number 2031 

3 Li 6 JAERI Eva! Jul77 S.Komodn.S. Iiwrasi 
JAERI M 7 M 8 Dist Marl® Rev! Nov83 
History 
77 01 New evaluation Cur JENDL 1. Details f>ivan in Ref. 1 . 
01 12 Partly revised by S.Komoda 2 Cor JFJNPL 2. and compiled 

by T.Nukueuva. 
83 11 Comment data were added. 

MF 1 General Information 
MT -151 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 N'> resonaV'i- pa'auet<.-i s i/.iven. Scattering radius only. 

2200 m s cross sections and calculated res. integrals 
2200 m s res.intee. 

elastic 0.736 b 
capture 0.028 b 0.0126 b 
n, alpha. 936.3 b .-123. b 
total 037.1 b 

MF 3 Neutron Cross Sections 
MT 1 Total 

Sum of all the partial cross sections. 
MT 2 Elastic 

Calculated with the Kapui Peierls theory. Details given 
in Ref. 1 Between 2 and 6 MoV. based on the experi 
mental data by Knitter el al. 5 and Lane et al. 6'. 

MT A Total me'astic 
Sum of MT 52 end 0\. 

MT-52 Inelastic discrete 
Based on the data of Presser et al. 3. . 

MT 102 Capture 
The thermal cross section of Bartholemew and Campion /4/ 
was extrapolated as 1 v up to 20MeV. 

MT-107 (n. alpha! 
Calculated with the Kapur Peierls theory. Details given 
in Ref..'!,'. 

MT^-24,91,103 m.2n alpha;p. inelasticicont i. (n,p) 
The data of ENDF/B-IV are recommended. 

MT=251 Mu-bar 
Calculated from the data in MF-4. 

MF---4 Angular Distributions of Secondary Neutrons 
MT--2 Based on the experimental data 5 8 . 
MT=24 Isotropic m the lab systs.ni. 
MT-52 Isotropic in the center cf-ir.ass system. 
MT=91 ENDF B-IV recommended. 

MF=5 Energy Distributions of Secondary Neutrons 

- 1 6 -
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2 of Lithium 6 

MT 24.91 Evaporation spectrum. 
Values of nuclear temperature were taken from 
ENDF'B-IV. 

References 

1 Komoda, S. and Igarasi, S. : JAERI M 7MG *!977 
Komoda, S. and Igarasi, S.: J. Nucl. Sci. Techno!. 15 1978 
79. 

2 Komoda, S.: private communication. 
3 Presser. G. et al.: Nucl. Phys. A3 1969> 679. 
4 Bartholmew, G.A. and Campion. P.J.: Can. J. Phys. 35 1957<1347 
5 Knitter, H. K. et al.: EUR 5726E .1977 . 
6' Lane. R.O. et al.: Lowell Conf. '1976 . 
7 Cookson et al.: Nucl. Phvs. A91 1967 273. 
8 • Hvakutake et al.: J. Nucl. Sci. Techno!. !! 1974 407. 
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1 of Lithium-7 

3 Li 7 MAT number =• 2032 

3 Li 7 JAERI EvalJul82 K.Shibata 
Dist-Mar83 Rev! Nov83 

History 
82- 01 New evaluation for JENDL 2 by K.Shibata. 
83-11 MF-2 was added. Some Q values and transformation matrix of 

MT-2 in MF 4 were modified. 

MF--1 General Information 
MT 45! Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Scattering radius only 

2200 ni s cross sections and calculated res, integrals. 
2200-in s res. integ. 

elastic 1.049 b 
capture 0.0454 b 0.0204 b 
total 1.094 b 

MF 3 Neutron Cross Sections 
MT 1 Total 

Below 1 keV, Total 1.04894 > Capture (b). 
Above 1 keV, data listed in ,-1 6 were used. 

MT---2 Elastic 
Elastic Total Reaction. 

MT---4 Total inelastic 
Sum of MT 51 and 91 . 

MT-16 ;)].2:i'Li6 
ENDF B IV recommended. 

MT--24 n.2n alpha d 
ENDF B IV recommended. 

MT--5] n.n' . 
Leading to the 1st level i0.47748 MeV ) in Li-7. 
Data listed in 7 , 8 were used. 

MT--91 m.p." alpha-t 
Data listed in .9 14 were used. 

MT-102 Capture 
! v form normalized to the data of Jurney ,'15/. 

MT=104 m.d)He-6 
ENDFB-IV recommended. 

MT=251 Mu-bar 
Calculated from the data in File4. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2 

1.0E-5 eV to 40 keV 
50 keV to 14 MeV 
14 MeV to 20 MeV 

Isotropic. 
Data listed in 16 - 18' used. 
Optical model calculation 
with parameters of .19/. 

MT=16,24,91 
Isotropic in the laboratory system. 

- 1 8 -
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2 of Lithium-7 

MT=51 
Isotropic in the center- of-mass system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT-16.24.91 

Evaporation spectrum. 
Values of nuclear temperature taken from ENDF B IV. 

References 
1 i Hibdon. C.T. and Ungsdorf, Jr.. A. : ANL-5171, p.7 (1954). 
2> Hibdon. C.T. and Mooring, F.P. : '68 Washington Conf. 
3) Meadows, J.W. and Whalen, J.F. : Nucl. Sci. Eng. 41(1970)351. 
4> Foster, Jr.. D.G. and Glasgow, D.W. : Phys. Rev. C3<197!)576. 
5; Goulding, C.A. et al. : private communication 1972). 
6 Lamaze. G.P. et al. : Bull. Am. Phys.-Soc. 24 1979 862. 
7 Benveniste et al. : Nucl. Phys. 38 1962 300. 
8 Presser. G. and Bass. R. : Nucl. Phys. A182 1972) 321 
9 Wyman. M.E. and Thorpe. M.M. : LA 2235 1958 . 
10 Brown. F. et. al. : J. Nucl. Energy Parts A B 17 1963 ̂  137. 
11 Hopkins. J.C. et al. : Nucl. Phys. A107 .1968- 139. 
12 Lisowski. P.W. et al. : LA 8342 (I960). 
13' Smith, D.L. et al. : Nucl. Sci. Eng. 78 (1981) 359. 
14 i Liskien, H. and Paulsen, A. : INDCCEUR) 014/0, p. 14 (1980). 
15) Jurney, E.T. : USNDC-9. p. 109 (1973). 
16> Lane, R.0. et al. : Ann. Phys. 12 (196!) !35. 
17> Hogue, H.H. et al. : Nucl. Sci. Eng. 69 (1979) 22. 
18> Knox, H.D. et al. : Nucl. Sci. Eng.69 (1979) 223. 
19 Watson, B.A. et al. : Phys. Rev. 182 (1969) 977. 

-19-
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I of Beryl liiiin 9 

4 Be 9 MAT number 2041 

4 Bo 9 JAERIi Eval SepB2 K.Sibala.K.Ioki(MAPI -
Dist Mar83 Revl Nov83 

History 
82 09 New evaluation wad made by K.Sibata'JAERI • a,td K. Ioki *MAPI > 
83 II Comment was added. 

MT 1 General Information 
MT 451 Descriptive data 

MT 2 Resonance Parameters 
MT 15! Scattering radius only 

2200 in sec ct oss sections ami resonance integrals. 
2200 tn sec res. mteg. 

elastic 6.000 b 
capture 0.0076 b 3.42 mi 111 b 
total 6.0076 b 

MT 3 Neutron Cross Sections 
MT 1 Total 

Below 1 keV, Total 6.0 » Capture ib>. 
Above 1 keV. data listed in 1 10 were used. 

MT 2 Elastic 
Elastic Total Reaction. 

MT 16 n.2n 
Data listed in 11 15 were used. 

MT 102 Capture 
1 v J'orm normalized to the data of Jurney 16 . 

MT 103 n.p 
Evaluated on the basis oS the data of Augustson and 
Menlove 17 by taking account of the branching ratio 
of 35 percent for Li9 =; Be9< 2a « n. 

MT-104 ,n,di 
Based on the data of Scoebel 18. . 

MT=105 (n.t) 
Based on the data of Biro et al. ,'19/ and 
Qaim and Wolfle -20'. 

MT 107 n.alpha 
Data listed in 21 25 were used. 
Only the transition to the ground state in He6 is given. 

MT-251 Mu-bar 
Calculated from the data in File4. 

20-
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2 of Beryllium-9 

MT~4 Angular Dis t r ibut ions of Secondary Neutrons 
MT=2 

1 . OE 5 eV tO 40 keV 
50 keV to 14 MeV 
15 MeV to 20 MeV 

Isotropic in the center of mass sys. 
Data listed in 26 31 used. 
Optical model calculation vith 
parameters of Ref.32 . 

MT 16 
Isotropic in the laboratory system. 

MT 5 Energy Distributions of Secondary Neutrons 
MT̂  16 

Evaporation spectrum. 

References 
1 Adair. R.K. et al. : Phys. Rev. 75 .1949' 1124. 
2 Bockelman. C.K. : Phys. Rev. 80 1950 1011. 
3 Bockelman. C.K. et al. : Phys. Rev 84 1951 69. 
4 Hibdon. C.T. and Langsdorf. Jr.. A. : Phys. Rev. 98 il955) 223 
b Fowler. J.L. and Conn, H.O. : Bull. Am. Phys. Soc. 4d959)385. 
6' Bilpuch. E.G. et al. : private communication, 1962, 
7, Schwartz, R.B. et al. : Bull. Am. Phys. Soc. 16 (1971) 495. 
8' Foster, Jr., D.G. and Glasgow, D.W. : Phys. Rev. C3<I97I)576. 
9 Cabe, J. and Cance. M : CEA R-4524, 1973. 
10< Auchampaugh. G.F. et al. : Nucl. Sci. ling. 69 (1979) 30. 
II : Ashby, V.J. et al. : Phys. Rev. Ill (1958) 616. 
12) Catron. H.C. et al. : Phys. Rev. 123 (1961 , 218. 
13; Holmberg. M. and Hansen. J. : Nucl. Phys. A129 (1969) 305. 
14 * Bloser, M. : Atomkernenergie 20 (1972 s 309. 
15 i Drake. D.M. et al. : Nucl. Sci. Eng. 63 (1977 i 401. 
16 Jurney, E.T. : USNDC-11, p. 149, 1974. 
17 Augustson. R.H. and Menlove. H.O : Nucl. Sci. Eng. 54 11974)190 
13 Scoebel, W. : Z. Naturforsch. A24 1969. 289. 
19. Biro. T. et al.: J. Inorg. Nucl. Chem. 37 ,1975) 1583. 
20. Qaim. S.M. and Wolfle, R. : Nucl. Phvs. A295 1978; 150. 
21 . Battat. M.E. and Ribe. F.L. : Nucl. Phvs. 89 1953' 80. 
22 Stelson. P.H. and Campbell, E.C. : Nuci. Phys. 106(1957)1252. 
23, Bass. R. et al. : Nucl. Phys. 23 (1951 ) 122. 
24) Paic. G. et al. : Nucl. Phys. A96 (1967) 476. 
25; Perroud, J.P. and Sellem, CH. : Nucl. Phys. A227 (1974) 330. 
26) Lane. R.O. et al. : Phys. Rev. 133B (1964) 409. 
27) Lane, R.O. et al. : Ann. Phys. 12 {1961 ) 135. 
28) Levin, J.S. and Cranberg, L. : private communication, 1960. 
29) Phillips, D.D. : private communication, 1961. 
30) Marion, J.B. et al. : Phys. Rev. 114 (1959) 1584. 
31) Hogue. H.H. et al. : Nucl. Sci. Eng. 68 (1978) 38. 
32) Agee, F.P. and Rosen, L. : LA-3538-MS, 1966. 
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1 of Boron-10 

5 B 10 MAT number = 205! 

5 B 10 Hitachi Eval Apr76 M.Yamamoto 
JAERI 1261 Dist Mar83 Revl NovflS 
History 
76 01 Evaluation was made for JliNDL 1 by M.Yamamoto. Details are 

given in Ref. I . 
83 03 JENDL 2 data were taken from JENDL 1. 
83 11 Comment was added. 

MF 1 General Information 
MT 45! Comments and Dictionary 

MF 2 Resonance Parameters 
MT 15! Scattering radius only 

2200 m sec cross sections and resonance integrals 
2200 m sec res. integ. 

elastic 2.173 b 
capture 0.503 b 0.0643 b 
n.alpha. 3836. b 1720. b 
>n.t2alpha< 0.566 milli b 0.234 b 
total 3839. b 

MF 3 Neutron Cross Sections 
MT 1 Total 

Sum of partial cross sections 
MT 2 Elastic scattering 

Below 580 keV, calculated from the resonance parameters in 
BNL 325. 3rd ed. 2 . Above 580 keV, ENDF B-IV recommended. 

MT 4 Total inelastic 
Sura of MT 51 to 91. 

MT 16 n.2n 
A straight line passing thrcvgh the data of Mather and Pain 
3 was assumed. 

MT-51 61,91.103.104.113 inelastic. <n,p), 'n.djand (n,t2a) 
ENDF,B-IV recommended. 

MT-M02 Capture 
1 v curve normalized to the recommended value of Ref./2/. 

MT=i07,780.781 (n.a), (n,a0) and (n,al) 
Below 235 keV, based on the measured data of Sowerby et al. 
/4. . Above 235 keV, ENDF/B-IV recommended. 

MT=113 {n,t 2a.) 
ENDF/B-IV recommended. 

MT=251 Mu-bar 
ENDF'B-IV recommended. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2,16,51-61.91 

ENDF-B-IV recommended. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,91 

- 2 2 -
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2 of Boron 10 

ENDF B-IV recommended. 

References 
1 ) Igarasi S. et al. : JAERI 1261 ,1979.. 
2< Mughabghab S.F. and Garber D.I.: BNL 325. 3rd lidilion '1973>. 
3 i Malher D.S. and Pnin L.F.: AWRE 047 69 (!069 . 
A> Sowerby M.G. et al.: AWRE 6316 (1070'. 
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I of Carbon 12 

6 C 12 MAT number - 2061 

G C 12 Hitachi Eval Apr76 M.Yamamoto 
JAERI 1261 Dist Mar83 
History 
76 04 Recommendation was made by M.Yanianioto (Hitachi for 

JENDL 1. Details given in Ref. 1 . 
83 03 Main part of JENDL-2 data was carried over from JENDL I. 
83 11 Comment was added. 

MF 1 General Information 
MT 451 Comments and dictionary 

MF 2 Resonance Parameters 
MT 151 Scattering radius only 

2200 in sec cross sections and resonance integrals 
2200 ni sec res. in leg. 

elastic 4.699 b 
capture 0.0034 b 0.00153 b 
total 4.702 b 

MF 3 Neutron Cross Sections 
MT 1 Total 

Sum of partial cross sections. 
MT 2 Elastic scattering 

Below 2 MeV, based on the evaluated data of Nishimura et al. 
2 , Avobe 2 MoV. ENDF B IV recommended. 

MT 4 Total inelastic 
sum of MT 51 and 91. 

MT 51,91 .107 Inelastic, scattering and n.a 
ENDF B IV recommended. 

MT 102 Capture 
1 v curve normalized to the recommended value of BNL 325 
3rd edition 3 . 

MT 251 Mu bar 
ENDF.B IV recommended. 

MF-4 Angular Distributions of Secondary Neutrons 
MT=2.51 

ENDF B-IV recommended. 
MT=S1 

Isotropic distributions in the center-of-mass system were 
assumed, and transformed into the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=91 

ENDF B IV recommended. 

References 
1) Igarasi S. et al.: JAERI-1261 (1979). 
2") Nishimura K. et al.: JAERI-1218 (1971). 
3) Mughabghab S.F. and Garber D.I.: BNL-325. 3rd Edition (1973). 
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9 F 19 MAT number - 2091 

9 F 19 JAERI Eval Apr77 T.Sugi and K.Nishimuru 
JAERI M 7253(l977i Dist Mar03 Revl Nov&3 
History 
77 04 Data above 100 keV were evaluated by T.Sugi and K.Nishimura 

i JAERI ;. Details are given in Ref. 1 . 
83 01 Resonance parameters were evaluated by T.Sugi. 
S3 11 Modification of angular distributions was made. Comment 

data were added in MF 1. 

MF 1 General Information 
MT -451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance- parameters : !.0E 5 eV 100 keV 

The single level BreiL Wiener formula was used. 
Res. enercis and Gam n : The first three levels were based 

on Johnson et al. 2 . The 4th level was based on 
Mughabghab and Garber '3/. 

Gam B : The first three levels were bused on Macklin and 
Winters A . The 4th level was taken from the mean value 
of Macklin and Winters 'A', and Gabbnrd et al. 5/. 

J : Based on Mufthabghab and Garber 3 . 

Calculated 2200 in s cross sections and res. integrals. 
2200 m s res, in teg. 

elastic 3.S41 b 
capture 9.6 mi Hi b I9.6mi1!l b 
total 3.G51 b 

MF 3 Neutron Cross Sections 
Below 1C0 keV 

Background data are given. 
Abov.- 100 keV 
MT 1 Total cross section 

Between 100 keV and 5.0 keV, evaluated based on the following 
experimental data. 

Energy range Experiments 
lOOkeV -- 300keV Hibdon .7 
300keV - 500keV Whalen et al. 8 
5G0keV - 1.15MeV Cabe 9 
1.15MeV - 2.2MeV Elwyn ,!0. 
2.2MeV - 5.0 MeV Foster and Glasgow ,11 

5.0MeV - 8.5MeV : Determined from the least squares fitting 
of the experimental data. See Ref. 1 . 

8.5MeV 20MeV : Calculated with the optical model by using 
the code ELIESE -3 12 . The optical potential parameters 
were determined vith the code TOTALIS 13 so that the 
calculated cross section curve is fitted to the experim
ental data from 3.1 MeV to 20 MeV. 

Optical potential parameters 
V = 45.54 - 0.733*E (MeV;, 
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Ws 15.53 icier.Woods Saxon > vMeV . 
Vso- 10.0 MeV', 
r0 rs rso 1.31 fm <. 
a aso 0.66 , fto>, 
b 0.-17 ifni). 

MT 8 Elastic scattering cross section 
Derived by subtracting the iionelnstic from the total cross 
section. 

MT 3 Nonelastic inot given in file, 
1.0E 5 6MeV : Sum of all cross sections other than elastic 

scattering. 
GMeV 20MeV : Calculated vitli tlie Mauser Feshbach method 

ELIESE 3 12 . 
MT A Total inelastic scattering cross section 

Up to ! MeV : Sun of the inelastic scattering cross sections 
for the lowest two levels of 110 keV and 197 keV. 

lMeV 5.5MeV . Calculated with the Hauser Feshbach method 
FLJF.SF 3 12 The optical potential parameters are 

V 51 56 I . .:f£ F MeV . 
Ws 1 1 . t'2. der . Woods Saxon MeV ,. 

The other parameters are the same as those for the total 
cross section. These parameters were determined so that 
the calculated total cross sot'.ion curve is fitted to 
the experimental data from 0.61 MeV to 20 MeV. 

is SSMeV 20MeV : Derived by subtracting the <n,alpha;, 
n.p . n.d . n,t>, <n.n'alpha;, in.alpha n'), m.n'p;, 
n.p n' . n.2n and capture cross sections from the 

nonelastic. 
MT IB n,2n cross section 

Calculated by fitting the Pearlstein's function .'14/ 
to the experimental data. 

MT 22 n.n' alpha and n.alpha n' cross sections 
Calculated wi Ui a statistical model by using Pearlstein's 
empirical formula. 

MT 28 n.n p and n.p n' cross sections 
Calculated with a statistical model by using Pcarlstein's 
empirical formula. 

MT 51 56 Inelastic for the lowest six excited states 
Up to lMeV : Based on the experimental data of Broder 

et al. ,16 . 
l.MeV 5.5MeV : Calculated with the Hauser-Feshbach method 

•ELIESE-3 12 ) taking into account (n.alpha) and {n.p) 
as competing processes. The level scheme of F-19, N-16 
0 19 were taken from Ajzenberg-Selove '17/./18/. 

5.5MeV 20MeV : Ratio of the inelastic scattering cross 
sections for the lowest six excited states and for the 
continuum to the total inelastic scattering oross sec
tion were calculated with the Hauser-Feshbach method 
;ELIE5E-3 12•'.i. The level density parameter of 
3.609 ! MeV 19. and pairing energy of 2.52 MeV /20/ 
were used. 

MT^91 Inelastic to continuum 
Calculated with the same method as MT=5!-56, 5.5 MeV -
20 MeV. 

MT=102 Capture cross section 
lOOkeV - 1.87MeV : Based on the experimental data of 
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Gabbard et al. /5 . 
1.87MeV - 20MeV : Assumed to decrease with I v law. 

MT 103 n,p» cross section 
Up to 9MeV : Based on the experimental data of Bass et al. 

•21. . 
•JMoV gOMcV : Calculated with the statistical model by 

using Pearlstein' empirical formula. 
MT 104 n.di cross section 

Calculated with the Pearlstein's empirical formula ,15.'. 
The cross section was normalized to 39.5 milli barns at 
14.4 MeV. 

MT 105 n.t1 cross section 
Calculated with the Pearlstein's empirical formula 15 . 
The cross section was normalized to 15.0 mill] barns at 
14.4 MeV. 

MT !07 n.alpha cross section 
Below 9 MeV. Based on the followniR experimental data; 

Up to 4MeV Davis et. a! 22 . 
4MeV 5 bMv'J .'jiin i.h <.-•.. C>1 . 23 . 
5.5MeV 9MeV Bass et al . 21 . 

Above 9 MeV, Calculated with the Pearlstein's formula. 
MT 251 Average cosine in the laboratory system 

Derived from the angular distributions, 

HI" 4 An&ular Distributions of Secondary Neutrons 
MT 2 

Calculated with optical model .CASTHY 24 >. 
MT 16.22.28 

Assumed to be isotropic in the laboratory system, 
MT 51 56 

Assumed to be isotropic in the center of mass system. 
MT 9! 

Assumed to be isotropic in the (-enter of mass system and 
transformed into the laboratory system. 

MF 5 Enerr.v Distributions of Sei-o.'Ki.trv Neutrons 
MT 16.22.28.91 

Evaporation spectra were given. 
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1 of Sodium 23 

11 -Na- 23 HAT number •= 2111 

II Nu 23 Hitachi Eval Mor75 M.YamamoLo 
JAERI 1261 Dist Marfl3 Rev I Novft3 
History 
75 03 Evaluated by H.Yomamoto and compiled by C.G. for JENDL 1 

with some modifications, Detailes are given in Ref. 1 . 
83-03 JliNDL 1 data were taken for JENDL 2, and MF 5 was modified. 
83 11 Q values and MF-4 were corrected. 

MF ! General Information 
MF 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
Ml 15'. Resolved resonance parameters 

Evaluation was made on the basis of recommended values by 
Mushabghab and Garber 2 . Paik and fitterle 3 . and the 
experimental data by Hockenbury et al. 4 . Resonance cross 
sections can be obtained with MLBW formula in the energy 
region from 500 eV to 150 keV. 

2200 m s cross sections and calculated res. integrals. 
2200 m s res. integ. 

elastic 3.170 b 
capture 0.530 b 0.329 b 
total 3.700 b 

MF 3 Neutron Cross Sections 

Thermal enemy region from 1 .OF. 5 eV to 500 eV 
The total and capture cross sections of 3.7 and 0.53 barns 
were taken from 3NL 325 3rd cri. 2 . and the form of 1 v was 
assumed for the capture cross section. 

Resonance energy region (from 500 eV to 150 keV» 
Small background cross sections were given for the total 
and capture cross sections to connect smoothly resonance 
cross sections with those for below and above resonance 
region. 

Above 150 keV 
MT-=1 Total 

Based on the following experimental data. 
350 keV 550 keV : Stelson and Preston /5/ 
550 keV - 10 MeV : Cierjacks et al. 6, 
Above 10 MeV : Glasgow and Foster 1> 

MTr-2 Elastic scattering 
Obtained by subtructing partial cross sections from the total 
cross section. 

MT=4 Total inelastic scattering 
Below 4 MeV, summation of partial inelastic scattering cross 
sections (MT=53 - 57). Above 4 MeV, based on the evaluated 
data by Schmidt .'8/ and the experimental data by Martin and 
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Stewart ,9/ and Sukhanov and Rakavishnikov 10 . 
MT-51 Inelastic scattering to the first level 

Based on the experimental data by Towle and Gilboy 11 , 
Chien and Smith •!2,, Lind and Day 13 and Shipley et al. 
M. . 

MT 52-57 Inelastic scattering to the second to 7th levels 
Based on the data by Freeman and Montague 15 , Lind and Day 
13 . Towle und Owens ,16 and the evaluated data by Schmidt 
a . 

MT 9! Inelastic scattering to continuum level 
Determined from the total and partial inelastic scattering 
cross sections. 

MT 16 in.2n, 
Based on the data by Menlove et al. 17 . 

MT 102 Capture 
Based on the data by le Rigoleur el al. 18 . 

MT 103 n.p 
Based on the data by Williamson 19 . Bass and Saleh 20-
and Pi card and Williamson 2! . 

MT '07 n.alpha 
Based on the data by Williamson 19 and Woelfer and Bormann 
22 . 

MT 251 Mu bar 
Obtained from the angular distributions <MF4,MT-2). 

MF '1 Angular Distributions of Secondary Neutrons 
MT 2 Bused on the compilation work by Garber et al. '23/, 

and evaluation work by Moorhead /24 ', 
MT 16 Isotropic, in the lob svstem. 
MT 51 57 Isotropic in the center- of-mass system. 
MT 91 Isotropic distribution in the center of mass system 

was transformed into the lab system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT- 16.9! Evapolalioi spec'run 
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13 Al 27 MAT number - 2131 

13 Al 27 JAERI Lval Mar75 JENDL C.G. 
JAERI 1261 Dist Mar83 RevI Nov83 
History 
75 03 Evaluated for JI-NDL 1 by JENDL Compilation Group. Details 

are given in 'tef. 1 . 
83 03 JENDL 1 data were taken for JKNDL 2. 
83 1! Angular distributions were modified. 

MF • 1 General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance psiv.niatcrs for MLBW formula 

The resonance parameters were taken from BNL-325 3rd edition 
2 and some modifications were made so that the calculated 
total cross section might satisfactorily reproduce the exp 
erimental data. A negative resonance was added. 

2200 m s cross sections and calculated res. integrals, 
2200 in s res. in teg. 

elastic !.500 b 
capture 0.230 b 0.147 b 
total 1.730 b 

MF 3 Neutron Cross Sections 

Below 3 keV 
The 2200 m s cross sections recommended in Ref. 2 were 
adopted. The capture cross section was assumed to have the 
the form of 1 v below 500 eV and was estimated by an eye 
guide between 500 eV and 3 keV. The elastic scattering was 
assumed to be constant 

Resonance energy region from 3 keV to 140 keV> 
Background cross sections were giver, to reproduce the reso
nance structure around 10 keV. 

Above 140 keV 
MT-1 Total 

Obtained with an eye-guide method. 
MT=2 Elastic scattering 

Obtained by subtructing partial cross sections from the total 
cross section. 

MT=4,51-58.91 Inelastic scattering cross sections 
Calculated with optical and statistical models by using the 
code CASTHY 3 . The following optical potential parameters 
were determined to reproduce well the total cross section 
The capture, n.p . r.,alpha and n.2n: reactions were taken 
into account as the competing processes. 

Optical potential parameters 
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V - 42.39 - 0.18(E, 
r - rso - 1.235, 
a aso •-• 0.65 . 

evel scheme 
No. Energy(MeV> 
g.s. 0.0 
1 0.842 
2 1,013 
3 1.65 
4 1.83 
5 2.21 
6 2.73 
7 2.98 
8 3.00 

Ws- 4.5, Vso 
rs- 1.137 
as 0.6 

Spin Parity 
5.2 » 
I 2 • 
3. 2 i 
5 2 * 
5'2 * 
7 2 * 
5.2 -» 
3 2 * 
9 2 • 

5.8 ,MeV 
i f'm i 

• f i n • 

Levels above 3.7 MeV wei e assumed to be overlapping. 

MT 16 n.2n 
Calculated wj Ui Pearlstein's method A . 

MT-102 Capture 
Obtained with an eye suide method. 

MT 103 n.p; 
Evaluated data by Asami 5 wore adopted. 

MT-107 n,alpha i 
Evaluated data by Kanda and Nakosima 6 were adopted, 

MP 251 Mu-bar 
Calculated with optical model. 

MF A Angular Distributions of Secondary Neutrons 
MT 2 Calulated with optical model. 
MT--16 Isotropic in the lab system. 
MT 5! 58 Isotropic in the center of mass system. 
MT 91 Isotropic distribution in the center of mass system 

was transformed into the lab system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.91 Evaporation spectrum 

References 
1) Igarasi S. et al.: JAERI 1261 (1979). 
2) Mughabghab S.F. and Garber D.I.: BNL 325. 3rd Edition. Vol.1 

0973). 
3; Igarasi S.: J. Nucl. Sci. Technol.. 12, 67 (1975(. 
4) Pearlstein S.: Nucl. Sci. Eng., 23 238 (1965). 
5) Asami T.: 1976 Consultants" Meeting e.l Vienna. IAEA-208 Vol.2, 

395 (1978). 
6.) Kanda Y. and Nakasima R.: JAERI 1207 (1972;. 
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14 Si 0 HAT number =• 2140 

14 Si 0 JAERI Eval MarTB T.Asami 
JAERI 1261 DisL Mar03 Rev! Nov(33 
History 
76 0? The evaluation was mudft by T.Asami (JAERI i for JENDL 1. 

Details are given in tef. I , 
83 03 JENDL I data were adopted for JliNDL 2 and extended to 20 

MeV. 
83 I" Small correction was made. Comment data were added. 

MF 1 General Information 
MT 15! Descriptive data and dictionary 

MF >• Resonance Parametr-rs 
M'! !r>1 No resonance parameters are <r,i veil. 

.'gOQ m sec cross sections and calculated resonance integrals. 
2200 in sec Res. In teg. 

elastic 2.200 b 
capture 0.156 b 0.079 b 
total 2.350 b 

Ml-" 0 Neutron Cross Sections 

Energy region below 1 keV. 
MT 1 Total 

Sum of the elastic scattering and capture cross sections. 
MT ;? Elastic scattering 

The constant value of 2.2 barns was: taken from Ref. .'2.'. 
MT-102 Capture 

The cross section of 0.156 barns at 0.0253 eV was obtained 
for natural silicon from the following; experimental data. 

For Si 28 and Si 29' Spitz and Boer . 3 . 
For Si 30 : Koehler and Knopf .'4/, Ryves /5/. 

The shape of cross section was assumed to be the form of 1/v. 

Energy region above 1 keV. 
HT-1 Total 

Obtained by averaging the following experimental data. 
Below 200 keV: Fields and Walt /6/. 
Above 200 keV: Cierjacks et al. /7/, Schwartz et al. /&/, 

Perey et al. ..-9/, Cabe and Cance /10/. 
HT=2 Elastic scattering 

Obtained by subtracting partial cross sections from the total 
cross section. 

MT=4.51-83,91 Inelastic scattering 
Calculated with a statistical and optical model code CASTHY 
11 •'. The optical potential parameters of Bhat et al. /12/ 

was used. The level schemes are listed, below. The capture. 
vn.p). (n,alpha- and vn,2nj reactions were taken into account 
as the competing processes. 
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Level schemes for Si isotopes 
Si-28 Si-29 Si 30 

No. 
g.s. 
! 
2 
3 
'1 
5 
6 
7 
8 
9 
10 
11 
12 

Energy (MeV) 
0.0 
1.799 
4.617 
4.975 
6.267 
6.691 
6.878 
6.889 
7.30] 
7.416 
7.798 
7.935 

Over 1 apj: 

0i 
?,s 
4< 
0< 
3' 
0< 
3 
A' 
1 > 
2' 
3' 
2 

>mg. : 

Enerp,y iMcV i 
0,0 ' 
1,273 
2.028 
2.425 
3.067 
3.623 
4.080 
4.741 
4.839 
4.895 
4.933 

levels were 

1.-2I 
3 2i 
52i 
32i 
5,2+ 
7-2-
7 2< 
9/2+ 
I 2< 
5'2+ 
3 2 

assumed 

Energy 
0.0 
2.235 
3,498 
3.770 
3.788 
4.809 
4.830 
5.230 
5.280 
5.372 
5.487 
5.612 
5.951 

<MeV • 

o. 
2< 
p, 
li 
0' 
2i 

3. 
3) 
4 + 
0' 
3 
2-
4' 

above 8.25 MeV for Si-28, 
5.2 !-VV for Si 29 and 6.5 MeV for Si 30. 

The Q values of inelastic levels of natural silicon were 
adjusted to keep the threshold energy of each level. 

M M 6 ,n.2n; 
Constructed from the isotope data evaluated as follows. 
For Si 28, evaluation was based on the experimental data, 
For others, the cross section was calculated with 
Pearlstein's method , 13 , 

MT 102 Capture 
For the energy region from 1 keV to 1.6 MeV, the cross 
section was calculated from the resonance parameters of 
Boldeman et al. 14' and Kenney et al. /15 , and averaged. 
Then it was renornialiaed at 1 keV to the I v cross section 
mentioned above. Above I.6 MeV, the cross section was 
estimated so as to increase and pass througth the value of 
0.56 mjlli barns at 14.1 MeV which was obtained from the 
experimental data bv Cvelber et al. 16 and Rigaud et al, 
17 . 

MT 103 n,p 
Constructed from the isotope data evaluated as follows. 
Si 28: From 5.0 to 7.8 MeV, the cross section wa;s obtained by 

eye-guiding the experimental data of Marion et al. 
18/ and Jeronymo et al. /I9/. The shape of the data 

of Bass et al. 20/ was adopted, and renormalized by 
the factor of 1.4 in the energy range from 7.8 MeV to 
9.0 MeV. Above 9.0 MeV, the curve was drawn by an eye 
guide. 

Si-29: The shape of the Si-28(n,p) cross section was 
normalized to 0.120 barns at 14.5 MeV '21,22,23/. 

Si-30: Ignored. 
MT=107 in.alpha. 

Constructed from the isotope data evaluated as follows. 
Si-28: Based on the data of 8;.rk et ai. 24 , Mainsbridge et 

al. 25 and Singh 23 . 
Si-29: 3asee on the data of Konij- and Lauber 26/. Birk et 

al. 24 and Singh ,23 . 
Si-30: The same shape as the Si-28(n,alpha; was adopted and 

normalized to 0.070 barns at 14.5 MeV /22,23/. 
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MT 251 Mu -bar 
Calculated with CASTHY /I I/. 

MF-4 Angular Distributions of Secondary Neutrons 
MT 2 Calculated with CASTHY ,11 . 
MT 16 Isotropic in the laboratory system. 
MT 51 88 Isotropic in the center of mass system. 
MT 91 Isotropic distribution in the center-of-mass system 

was transformed into the laboratory system. 

Mlr-5 Energy Distributions of Secondary Neutrons 
MT 16,91 Evaporation spectra. 
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1 of Natural Calcium 

20-Ca- 0 MAT number = 2200 

20-Ca- 0 Mitsui E.S.Eval-AprSO M.Hatchya 
Oist Mar83 RevI Feb84 

History 
80-04 New evaluation was made by M.Hatchya (Mitsui). 
83-11 Ang. Dist. was modified, and comment data were added. 
84 02 The total and elastic scattering cross sections were re

evaluated on the basis of experimental data. 

MF=! General Information 
MT 451 Descriptive data and dictionsry 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Parameters were evaluated on the basis of the following 
data. 

Ca-40 : BNL 325 3rd ed. /I/, Musgrove et al. /2/ 
Singh et al. /3/. 

Ca-42,43,44 : Musgrove et al. /4/. 
Ca 46 : no resonances were given. 
Ca 48 : BNL 325 3rd ed. /!/, 

Resonance energy region of each isotope is 
Ca 40.42.44 
Ca 43 
Ca 48 

below 400 keV. 
below 30 keV. 
below 500 keV. 

Calculated 2200 m sec cross sectionsand resonance integrals. 
2200 m sec Res.Integ. 

elastic 2.963 b 
capture 0.4307 b 0.226 b 
n,alpha 0.0024 b 0.349 b 
total 3.396 b 

MF^3 Neutron Cross Sections 
Above resonance region. 
MT-1 Total cross section 

Between 400 keV and 5.0 MeV, the cross section was deter
mined from the experimental data by Perey et al. /5/ and 
Cierjacks /6/. Above 5.0 MeV. the optical model calculation 
with CASTHY .7/ was adopted. 

Optical potential parameters for Ca-40, 43. 44, 46 and 
48 taken from Ref. ,'&/. 

V = 4 6 . 7 2 
Ws = 9 . 1 3 
Vso- 5 . 3 7 
rO ^ r s o 1.26 
;•£ - 1.39 
a •= a ^ o - 0 .76 
b = 0 . 4 0 

(MeV) 
• MeV ) 
'MeV 

fm -. 
• fin . 
. fm>. 
•fm 'i. 

Optical potential parameters for Ca-42 obtained so as to 
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2 of Natural Calcium 

reproduce the Ca 42 total cross section 
V 52.06 0.023<e <MeVi. 
Ws 5.57 .MeV;, 
Vso 5.37 :HeV>. 
Others are the same as above parameters. 

MT 2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MP 4.5188.91 Inelastic scattering cross sections 
Calculated with optical and statistical modei code CASTHY 7 

Level scheme 

Level scheme for Ca -10 was taken from Ref. 8 and 
for other isotopes from Table of Isotopes 9'. 
Q values of natural calcium data were re calculated 
irom threshold <?n<"-p,ies. 

MT Q keV Ca 40 Ca 42 Ca A3 Ca 44 Ca AG Ca-48 

51 372.2 
52 592.A 
53 988.7 
54 1154.5 1157 2i 
55 1342.6 1347 2* 
56 1392.3 
57 1522.9 
58 1335.8 
59 1879.4 1884 0. 
60 2278.2 2283 4« 
61 2420.9 2424 2< 
62 2650.8 2657 2< 
63 2749.3 2752 4-
64 30!4.5 3024 2i 
65 3185.8 3189 6 
66 3-141.2 3445 3 
67 3601.7 36S3 3 
68 3737.3 3737 3 . _ 
69 3816.3 - - - 3832 2* 
70 3904.3 3904 2+ - -
71 4484.9 - - 4503 4+ 
72 4488.7 - - - 4507 3-
73 4492.3 4492 5- - - - -
74 4593.3 - - - 4612 3+ 
75 5249.4 5249 2+ - - -
76 5348.0 - - - 5370 3-
77 5627.4 5627 2i - - -
78 6285.5 6285 3- - - -
79 6585.5 6585 3- - - -
80 6910.5 6910 2< - . . .. _ 
81 6932.5 6932 3- ~ - -
82 7860.6 7860 2r -
83 7930.6 7930 4+ - - - -
84 8090.6 8090 2+ - - -
85 8280.6 8280 2+ - -

1525 2i 
1837 0. 

373 5 2 
593 3 2 
990 3 2i 

1395 5 2< 
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3 of Natural Calcium 

86 8371.6 8371 4i 
87 8540.6 8540 2i 
88 8553.6 8553 5 
91 1928.2 8900 c 3884 c 1931 c 3285 c 4463 c 6614 c 

Level density parameters (Gilbert and Cameron 10/) 

isotope 40 41 42 43 44 45 

a il.MeV) 5.43 6,00 6.58 7.00 7.10 7.12 
S CJ SQRT(MeV)) 2.42 2.59 2.75 2.88 2.95 3.00 
Delta(HeV) 3.87 1.83 3.47 1.83 3.27 1.83 
Ex HeV 10.12 7.99 9.54 7.82 9.18 7.66 

isotope 46 47 48 49 

a 1 MeV, 
S C ! SQRT.HeV; 
Delta HeV , 

7.135 
3.03 
3.37 

7.075 6.84 7.20 
3.08 3.07 3.19 
1.83 3.13 1.83 

Ex HeV 9.13! 7.522 8,76 7.39 

Mr 16 <n,2ni cross section 
Based on available data. 

MY'22.28 m.n'alpha) and in.n'p) cross sections 
Derived from the calculation by r«"u 8 and available data. 

MT 502 Capture cross section 
Calculated with CASTHY ,7', 

HT 103,107 n.p! and (n.alpha) cross sections 
Statistical and pre equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT-111 n.2p cross section 
This cross section was given only for Ca 40 by adopting 
the calculated values by Fi> 8 . 

HT=251 Hu bar 
Calculated with optical model. 

MF==4 Angular Distributions of Secondary Neutrons 
MT--2 

Optical model calculation 
MT-51-88 

Isotropic in the center-of-mass system. 
MT=16,22.28 

Isotropic in the laboratory system. 
MT=91 

Isotropic distribution in the center-of-mass system was 
transformed into the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,22.28.9i 

Evaporation spectra. 
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1 of Calcium 40 

20-Ca 40 HAT number == 220! 

20 Ca 40 Mitsui E.S.Eval- Apr80 M.Hatchya 
Dist MarG3 Rev I Feb84 

History 
80 04 New evaluation was made by M.Hatchya (Mitsui >. 
83-11 Aug. dist. was modified. 
84 02 Comment was added, 

MF- I General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT !5! Resolved resonance parameters for MLBW formula 

Resonance enersv region 1.OF 5 eV to 400 keV. 
Parameters were evaluated on the basis of the following 
data. 

BNL 325 3rd ed. J . Musgrove et al. ,2 , 
Singh et al. 3 . 

Calculated 2200 m sec cross sections and resonance integrals 
2200 m, sec Res. I n teg. 

elastic 
capture 
m.alpha -
total 

3,010 b 
0.410 b 
0.0025 b 
3.423 b 

0.218 b 
0.355 b 

MF 3 Neutron Cross Sections 
Above resonance rep.ion. 
MT 1 Total cross section 

The optical model calculation with CASTHY 4 was adopted. 

Optical wotent:aJ parameters taken from Ref. 5". 
V 46.72 ,MeV >, 
Ws • 9.13 (MeV;. 
Vso- 5.37 (MeVl, 
rO = rso =• 1.26 (fm). 
rs = 1.39 (fm>. 
a = aso=- 0.76 ('fin), 
b --- 0.40 ifm). 

MT=2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4.51 -66,91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 
•4. . 

Level scheme 

Taken from Ref, 6 

No. Energy(MeV) Spin-Paity 
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2 of Calcium -40 

g.s. 
! 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
U 
15 
16 

0.0 
3.737 
3.904 
4.492 
5.249 
5.627 
6.285 
6. §85 
6.910 
6.932 
7.860 
7.930 
8,090 
8.280 
8.?71 
0.540 
8.553 

0 • 
3 -
2 « 
5 
2 i 
2 i 

3 
3 
2 ' 
3 
2 > 
4 * 
2 -. 
2 < 
4 • 
'?_ . 
5 

Continuum leve'.s were assumed above 8.99 MeV. 

Level density parameters Gilbert and Cameron ,7/ 

isotope 40 41 

a (IMeVi 3.43 8.00 
S CilSQFrr<MeV)> 2.42 2,59 
DeltaiMeV> 3,87 1,83 
Ex (MeV. 10,12 7,99 

MT-16 (ri,2n) cross section 
Based on available data. 

MT-22,28 m.n'alpha> and n.n'p1 cross sections 
Derived from the calculation by Fu 5 . 

MT--102 Capture cross section 
Calculated with CAS7HY A . 

MT-103,107 n.p and n.alpha cross sections 
Statistical and pre equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT-11I (n,2p) cross section 
The calculated values by Fu ,/5/ vere adopted. 

MT=251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2,51-66.91 

Optical model calculation 
MT=16,22,28 

Isotropic in the laboratory system. 

MF=̂ > Energy Distributions of Secondary Neutrons 
HT=16.22,28.9! 

Evaporation spectra. 

References 
1i riughabghab S.F. and Garber D.I.: BNL-325, 3rd Edition, Vol.1 
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1 of Calcium-42 

20-Ca- 42 MAT number - 2202 

20 Ca 42 Mitsui E.S.EvalAprSO M.Hatchya 
Dist Mar83 Revl Feb84 

History 
80 04 New evaluation was made by M.Hatchya (Mituui). 
83-11 Ang. dist. was modified. 
84-02 Comment was added. 

MF-I General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Resonance energy region 1.0E 5 eV to 400 keV. 
Parameters were evaluated on the basis of the experimental 
data by Musgrove et al. 1 . 

Calculated 2200 m 7sec cross sections and resonance integrals 
2200- m/sec Res.Integ. 

elastic 1.230 b 
capture 0.680 b 0.384 b 
total 1.910 b 

MF 3 Neutron Cross Sections 
Above resonance region. 
MT 1 Total cross section 

The optical model calculation with CASTHY <2, was adopted. 

Optical potential parameters were taken from Ref. /3/, 
and modified so as to reproduce the Ca-42 total cross 
section 

V 52.06 0.C23.E MeV 
Ws 5.57 
Vso= 5.37 
rO = rso = 1.26 
rs ••= 1.39 
a = aso= 0.76 
b = 0.40 

(MeV,, 
(MeV), 
\fm). 
(fm). 
(fm), 
(fnO. 

MT=2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4,51-56,91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 

Level scher.e 

Taken from Table of Isotopes /4/. 

>Jo. Energy (MeV) Spin-Parity 
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g.s. 
1 
2 
3 
4 
5 
6 

0.0 
1.5246 
1.8373 
2.4236 
2.7523 
3.1893 
3.445 

0 
2 
0 
2 
4 
6 
3 

Levels above 3.884 MeV were assumed to be overlapping. 

Level density parameters (Gilbert and Cameron <5. > 

isotope 42 43 

a (I MeV) 6.58 7.00 
S C 1 SQRTiMeV.) 2.75 2.88 
Delta MeV, 3.47 1.83 
Ex MeV 9.54 7.82 

MT 16 n.2n cross section 
Based on available data. 

MT 102 Capture cross section 
Calculated vith CASTHY /2/. 

MT 107 in,alpha) cross section 
Statistical and pre-equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data, 

MT-251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
MT-2.51 56,91 

Optical model calculation 
MT----16 

Isotropic in the laboratory system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT=i6.91 

Evaporation spectra. 

References 
1) Musgrove A.R.de L. et al.: Nucl. Phys. A279, 317 0977). 
2) Igarasi S.: J. Nucl. Sci. Thecnol., 12, 67 (1975). 
3) Fu C.Y.: Atomic Data and Nuclear Data Table 17. 127 (1976). 
4) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed., 

Wiley-Interscience (1978). 
5) Gilbert A. and Cameron A.G.W.: Can. J. Phys. 43, 1446 (1965). 
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I of Calcium 43 

20-Ca- 43 MAT number - 2203 

20 Ca 43 Mitsui E.S.Eval AprOO M.Hatchya 
Dist Mar03 Revl Feb84 

History 
80 04 New evaluation was made by M.Hatchya (Mitsui >. 
83 11 Ang, dist. was modified. 
84 02 Comment was added. 

MF-1 General Information 
MT-451 Descriptive data and dictionary 

MF-2 Resonance Parameters 
MT-151 Resolved resonance parameters for MLBW formula 

Resonance enerr.V region 1 . OE 5 eV to 3D keV. 
Parameters ve:--."- evaluated on t)ie basis of the data of 
Husgrove et al. ' . 

Calculated 2200 m sec cross sections and resonance integrals 
2200m/sec Res.Intee. 

elastic 2.997 b 
capture 6.200 b 3.20 b 
total 9.197 b 

MF 3 Neutron Cross Sections 
Below 30 keV. background cross sections were given to reproduce 
the thermal capture cross section of 6.2 barns 2 and 
reasonable elastic scattering cross section. Above resonance 
region, data were evaluated as follows. 

MT-1 Total cross section 
The optical model calculation with CASTHY 3. was adopted. 

Optical potential parameters were taken from Ref. 4 . 
V •= 46.72 iMeV). 
Vs = 9.13 <MeV>. 
Vso= 5.37 (MeV), 
rO = rso - 1.26 (fin). 
rs = 1.39 (fm). 
a = aso= 0.76 (fm), 
b =0.40 t'fm). 

MT=2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4,51-54.91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 
3 . 

Level scheme 

Level scheme was taken from Table of Isotopes /5/. 
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No. Energy(MeV) Spin Parity 
g . s . 

! 
2 
3 
4 

0,0 
0.3728 
0.5934 
0.9903 
1.3946 

7/2 
5/2 
3/2 
3/2 
5/2 

Levels above 1.9314 MeV were assumed to be overlapping. 

Level density parameters (Gilbert and Cameron 6 ) 

isotope 43 44 

a 1 MeV) 
S C ' l SQRT(MeV> 
Delta MeV 
Ex MeV 

7.00 
.> 2 .88 

1.83 
7.82 

7.10 
2.95 
3.27 
9.18 

MT 16 n,2n cross sectjon 
Based on available data. 

MT 102 Capture cross section 
Calculated with CASTHY /3<\ 

MT-103,107 '.n.ptand (n,alphaj cross sections 
Statistical and pre equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT 251 Mu bar 
Calculated with optical model. 

HF---4 Angular Distributions of Secondary Neutrons 
MT 2,51 -54.91 

Optical model calculation 
MT- 16 

Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT-16.91 

Evaporation spectra. 

References 
1 ) Musgrove A.R.de L. et al.: Nucl. Phys. A279, 317 (1977). 
2) Mughabghab S.F. and Garber D.I.: BNL-325, 3rd Edition, Vol.1 

(1973). 
3> Igarasi S.: J. Nucl. Sci. Thecnol., 12, 67 (1975). 
4) Fu C.Y.: Atomic Data and Nuclear Data Table 17. 127 (1976). 
5) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed., 

Wiley-Interscience (1978). 
6) Gilbert A. and Cameron A.G.W.: Can. J. Phys. 43, 1446 (1935). 
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! of Calcium 44 

20 Ca 44 HAT number -. 2204 

20 Ca 44 Mitsui E.S.Eval Apr80 H.HuLchya 
Dist-Mar83 Rev I Feb84 

History 
80-04 New evaluation was made by M.Hatchya (Mitsui >. 
83-11 Ang. dist. was modified. 
84-02 Comment was added. 

MF-I General Information 
MT^451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Resonance energy refiion 1.0E-5 eV to 400 keV. 
Parameters were evaluated on the basis of the data of 
Musgrove et a 1. ! . 

Calculated 2200 m sec cross sections and resonance integrals 
2200 m/sec Res.In teg. 

elastic 1.323 b 
capture 0.8799 b 0.429 b 
total 2.203 b 

MF-3 Neutron Cross Sections 
Below 400 keV, background cross sections were given to reproduce 
the thermal capture cross section of 0.88 barns ,2.', Above 
resonance region, data were evaluated as follows. 

MT 1 Total cross section 
The optical model calculation will) CASTHY 3, was adopted. 

Optical potential parameters were taken from Ref. 4'. 
V 46.72 MeV , 
Ws --- 9.13 tMeVi, 
Vso- 5.37 (MeV), 
r0 = rso = 1.26 (fin,'. 
rs = 1.39 <fm>. 
a - aso= 0.76 (fin';, 
b = 0.40 (fm). 

MT=2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4.51-54,91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 
-3 . 

Level scheme 

Level scheme was taken from Table of Isotopes /5/. 

No. Energy(MeV) Spin-Parity 
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g.s. 0.0 0 1-
1 1.157 2 » 
2 1.8835 0 < 
3 2.283! 4 . 
4 2.6565 2 • 

Levels above 3.2849 MeV were assumed to be overlapping. 

Level density parameters (Gilbert and Cameron ,6, > 

isotope 44 45 
a 1 MeV) 7.10 7.12 
S-Cil SQRT<MeV n 2.95 3.00 
Delta ;MeV> 3.27 1.83 
Ex MeV 9.18 7.66 

MT 16 n.2ii cross section 
Based or. available da La. 

MT 102 Capture cross section 
Calculated with CASTHY 3 . 

MT 103,107 n.pj and (n.alpha) cross sections 
Statistical and pre equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT 251 Mu bar 
Calculated with optical model, 

MF-4 Angular Distributions of Secondary Neutrons 
MT 2.51 54.9! 

Optical model calculation 
MT 16 

Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.91 

Evaporation spectra. 

References 
1 ) Musgrove A.R.de L. et al.: Nucl. Phys. A279, 317 (1977). 
2) Mughabghab S.F. and Garber D.I.: BNL-325. 3rd Edition, Vol.1 

: 19731. 
3) Igarasi S.: J. Nucl. Sci. Thecnol., 12. 67 (1975). 
4) Fu C.Y.: Atomic Data and Nuclear Data Table 17, 127 (1976). 
5) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed., 

Wiley-Interscience (1978). 
6) Gilbert A. and Cameron A.G.W.: Can. J. Phys. 43, 1446 (1965). 
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1 of Calcium 46 

20 Ca 46 HAT number = 2205 

20 -a 46 Mitsui E.S.Eval AprSO M.Hatchya 
Dist-Har03 Revl Feb84 

History 
80-04 New evaluation was mode by M.llatehyu (Mitsui .. 
83 11 Ang. dist. was modified. 
84-02 Comment was added. 

MF-1 General Information 
MT-451 Descriptive data and dictionary 

MF-2 Resonance Parameters 
MT 151 No resonance parameters 

2200 in sec cross sections and calculated resonance integrals 
2200 m sec Res.Intee. 

elastic 2.900 b 
capture 0.7400 b 0,339 b 
total 3.640 b 

MF 3 Neutron Cross Sections 
Thermal region was assumed to be below 1.0 keV. The capture and 
elastic scattering cross sections were assumed to be 0.74 barns 
1 and 2.9 barns at 0.0253 eV, respectively, The total cross 

section was calculated as a sum of these two. Above 1.0 keV, 
data were evaluated as follows. 

MT 1 Total cross section 
The optical model calculation with CASTHY 2 was adopted. 

Optica] potential parameters were taken from Ref. '3/. 
V 46.72 MeV . 
Vte 9.13 MeV.. 
Vso- 5.37 i MeV). 
rO •-= rso •=- 1.26 \f~rn i, 
rs ;•- 1.39 (fm). 
a =-- aso- 0.76 (fm), 
b =-- 0.40 (fm). 

MT=2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4,51-53.91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 
•2 . 

Level scheme 

Level scheme was taken from Table of Isotopes /4/. 

No. Energy{MeV) Spin-Parity 
g . s . 0.0 0 + 

- 5 0 -
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1 1.347 , 2 + 
2 3.024 2 < 
3 3.613 3 

Levels above 4,463 MeV were assumed to be overlapping. 

Level density parameters (Gilbert and Cameron 5, i 

isotope 46 47 

a ,1 MeV> 7.135 7.075 
S-C( l.SCJRT(MeV >:• 3.03 3.08 
Delta(MeV i 3.37 1.83 
Ex .MeV' 9.131 7.522 

MT 16 n.2n cross section 
Based on available data. 

MT 102 Capture cross section 
Calculated v.i th CASTHY 2 . 

MT 103.107 n.p and n,alpha/ cross sections 
Statistical and pre equilibrium model calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT 25! mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 53,91 

Optical model calculation 
MT 16 

Isotropic in the laboratory system. 

MF 5 EnerGV Distributions of Secondary Neutrons 
MT 16.9! 

Evaporation spectra. 

References 
1 : Mughabghab S.F. et al.: Neutron Cross Sections. Vol. I, Part A 

.1081 :. 
2> Igarasi S.: J. Nucl. Sci. Thecnol.. 12, 67 (1975;. 
3> Fu C.Y.: Atomic Data and Nuclear Data Table 17, 127 (1976). 
4> Lederer C M. and Shirley V.S.: Table of Isotopes. 7th Ed.. 

Wiley-Interscience (1978). 
5) Gilbert A. and Cameron A.G.W.: Can. J. Phys. 43. 1446 (1965). 
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I of Calcium 48 

20 Ca 48 HAT number - 2206 

20 Ca 48 Mitsui E.S.Eval AprSO M.Hatchya 
Disl Mor83 Rev] Fob04 

History 
80 04 New evaluation was made by M.Hatehya 'MiLsm . 
83 II Ang. dist. was modified, 
84 02 Comment was added, 

MF-1 General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Resonance •.••nerp.v '-eiuon 1.0F 5 eV to 400 keV. 
No s wave rest'!:...ices were iuven. ? wave resonance pareme 
ter s were evaluated on the basis of BNL 325 3rd eri. I . 

Calculated 2200 m sec cross sections and resonance integrals 
2200 m sec Res.Integ. 

elastic 2.900 b 
capture 1,090 b 0.492 b 
total 3.990 b 

Ml'" 3 Neutron Cross Sections 
Below 400 keV. background cross sections were given. 
Above resonance region, data were evaluated as follows. 

Mr 1 Total cross section 
The optical mode] calculation with CASTHY 2 was adopted. 

Optical potential parameters were taken from Ref. 3'. 
V A'L'72 MeV . 
Ws 9.13 MeV , 
Vso 5.37 (MeV;. 
rO •- rso 1.26 (fm ). 
rs - 1.39 (fin;, 
a = aso- 0.76 ifm ;, 
b • 0.40 (fm,. 

MT-2 Elastic scattering cross section 
Derived by subtracting partial cross sections from the total 
cross section. 

MT=4.51-55,91 Inelastic scattering cross sections 
Calculated with optical and statistical model code CASTHY 
2 . 

Level scheme 

Level scheme was taken from Table of Isotopes /4/. 

No. Energy{MeV) Spin-Parity 
g.s. 0.0 0 + 
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! 3.8317 2 H 
2 4.503 4 i 
3 4.5069 3 
4 4.6119 3 « 
5 5.3696 3 

Levels above 6.6137 MeV were assumed to be overlapping. 

Level density parameters (Gilbert and Cameron 5/ > 

isotope 48 49 

a 1 MeV i 6.84 7.20 
S C I SQRT(MeV> • 3.07 3.19 
Delta; MeV. 3.13 1.83 
Ex MeV 8.76 7.39 

MT 16 n.2n cross section 
Based on available data. 

MT 102 Capture cross section 
Calculated with CAST11Y 2 . 

MT 103 n.p cross sections 
Statistical and pre equilibrium mode) calculations using 
the optical potential parameters and the level density 
parameters given above. Fitted to available data. 

MT 251 Mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 55.91 

Optical model calculation 
MT 16 

Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.91 

Evaporation spectra. 

References 
1! Mughabghab S.F. and Garber D.I.: BNL 325, 3rd Edition. Vol.1 

11973). 
2i Igarasi S.: J. Nucl. Sci. Thecnol.. 12, 67 (1975). 
3) Fu C.Y.: Atomic Data and Nuclear Data Table 17. 127 (1976). 
4) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed., 

Wiley-Interscience (3978). 
5> Gilbert A. and Cameron A.G.V.: Can. J. Phys. 43, 1446 (1965). 
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1 of Scandium-45 

21-Sc- 45 MAT number -- 221! 

21 Sc 45 UTOK.JAERI Eval Fobfl2 Y.Oka.T.Nakaeawa.Y.Kikuchi 
JAERI M 9981 Wist Mnr03 Revl Nov83 

History 
82 02 Evaluation was maded by Y.Okn Tokyo University •• 

T.Nakagawa and Y.Kikuchi iJAERI '. Details are given in 
Ref. 1 . 

83 11 Angular dist. was modified and comment was added. 

MF-2.NT- 151 Resonance parameters for MLBW formula 
Resolved resonance regin : 1.0E 5 eV 00 keV 
On the basis of the data of Liou- 2 and Kenny* 3 . 
Adjusted to reproduce 
1 total cross section minimum at 2 keV : 0.23 b 4 . 
2 thermal cross sections of 3NL 325.3rd ed. 

Calculated thermal cross sections and resonance integrals: 
2200 m, s value res. int. 

total 51.05 b 
elastic 25.03 b 
capture 26.02 b 11.3 b 

MF 3 Cross Sections 
MT 1,2.4.51 61.91.102 Sig t.Sig el,Sig-in.Sig c 

Calculated with optical and statistical models. 
Optical potential parameters were obtained by fitting the 
data of Foster* 5 and Barnard* 6 : 

V 56.15 0.2189 En .Ms 8.698 .Vso 6.874 (MeV) 
r 1.16 .rs 1.288 .rso 1.185 (fin; 
a 0.677 ,b 0.310 .aso 0.76 <fm» 

Statistical model calculation with CASTilY code .7-'. 
Competing processes : n.p . n.alpha ..n,2n>. 
Level fluctuation considered. 

The level scheme taken from Ref., 8. : 
No Energy'.MeV) Spin-Parity 
g.s. 0 72 -
1 0.0124 3/2 f 
2 0.3764 3/2 
3 0.5429 5 2 + 
4 0.7202 5/2 + 
5 0.9391 1/2 + 
6 0.9745 7/2 + 
7 1.2364 11/2-
8 1.3032 3 2 + 
9 1.4334 9-2 + 
10 1.6615 92-
11 1.8006 5.2 + 

Continuum levels assumed above 3.9 MeV. 
The level density parameters : Gilbert and Cameron /9/. 
The gamma-ray strength function was determined so that 
Sig-c = 32 mb at 100 keV /3/. 
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MT 16 in,2n) 
Evaluated on the basis of the data of Holubi 10 . 

MT I03.J07 m.pi.in.alpha' 
Taken from compilation by Alley and Lessler 11, . 

MT 251 Mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 Calculated with optical model. 
MT 16 Isotropic in laboratory system. 
MT 51 61 90 deg. symmetry in center of mass system. 
MT-91 90 deg. symmetry in laboratory system. 

Ml7 5 Energy Distributions of Secondary Neutrons 
MT 16.91 Evaporation spectrum. 

References 
1 ' Oka Y..Nakasava T..Kikuchi Y. : JAER1 M9981 .1982.'. 
2< Liou H.I. et al. : Nuel. Sci. Eng..67.326 (I960). 
3' Kenny M.J. et al. : Aust. J. Phys. ,30,605 (1977). 
4; Fujita Y. : J. Nucl. Sei. Technol. ,20,191 (1903). 
5. Foster C D . .Glasgow D.W. : Phys. Rev.,C3,S76 (1971). 
6; Barnard E, et al, : Z Phys. .245,36 (1971 ). 
7) Igarasi S, : J. Nuc.. Sei. Technol,. 12,07 (1975). 
8 1 Lederer CM. .Shirley V.S. : Table of Isotopes ,7th Ed. tl978>. 
9> Gilbert A. .Cameron A.Q.W. : Can. J. Phys. .43,1446 (1965). 
10) Holub E..Cindro N. : Z. Phys..A289,421 (1979). 
II ' Alley W.E..Lessler R.M. : Nucl. Data Tables..AlI.648 (1973), 
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1 of Vanadium 5! 

23 V 51 MAT number 2231 

23 V 51 JAERI Eval Qct82 S.Tannku 
JAERI M 02 151 Dist Mar83 Revl Peb84 
History 
82 10 Evaluation was made by S. Tanaka JAERI';. Details are 

Given in Ref. 1 . 
83 11 Q value and threshold energy of 2nd level was corrected. 

Comment data were added. 
84 02 Background cross sections were replaced with correct data. 

MF 1 General Information 
MT 451 Descriptive data and dictionary 

MF 2, MT 151 Resonance parameters 
Resolved resonances for ML".W formula : 1.0E 5 eV 100 keV 

Parameters were taken from BNL 325 3rd edition /2/, and 
modified to reproduce experimental total cross section. 
Cross sections calculated with these parameters are to 
be corrected by addine MF 3, MT!. 2 and 102 data. 

Calculated 2200 m sec cross sections and resonance integrals 
2200 nt sec Res. Intee. 

elastic 4.805 b 
capture 4.900 b 2,53 b 
total 9.705 b 

MF 3 Neutron Cross Sections 
Below 100 keV. 

Background cross sections are )*iven. 
100 500 keV. 

MT I Total 
Based on the following experimental data. 
100 220 keV, data of Rohr and Friedland , 3 . 
220 - 360 keV, data of Smith et al. 4 with energy 

shift. 
360 500 keV. data of Cierjacks et al. 5/. 

MT 2 Elastic scattering 
Obtained by subtracting the sum of MT--1Q2 and 51 from 
MT---1. 

MT-51 Inelastic scattering to the 1st level 
Hauser-Feshbach calculation mentioned below. 

MT=I02 capture 
Based on the following experimental data. 
100 - 210 keV, data of Winter et al. , 6 \ 
210 • 500 keV, data of Dudey et al. H••. 

Above 0.5 MeV. 
MT-=1.2,4.5! -76.91.102 Total. Elastic. Inelastic and Capture 

Calculated with optical and statistical models except 
for MT=51 and 52 data in -',.5 - 20 MeV. which follow the 
data of Perey and Kinney /By and extrapolation of their 
data above 8.5 MeV. The effect of this exception and 
threshold reactions are reflected in MT=2 data. 
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2 of Vanadium-51 

The spherical optical potential parameters: 
V •--• 49.50 - 0.33tFn , Vso 7.0 'MeV; 

Ws 4.6 • 0.34tEn . Wv 0 .MoV > 
r - rs rso i.23 .fin> 
a aso 0,65 . b 0.40 ifim, 

Statistical model calculation with CASTHY code /9 wos 
perfomed, MT 102 data were normalized lo the 
experimental data of Ductey et al. 
The level scheme taken from Ref. 

No Energy MeV 
g.s. 0 

! 0.320 
2 0.929 
3 1.609 
A 1.813 
5 2.409 
G 2.545 
7 2.07b 
f' 2 . 699 
9 2.790 
10 3.084 
11 3.195 
12 3.215 
13 3.262 
14 3.280 
15 3.38! 
16 3.383 
17 3.306 
18 3.398 
19 3.412 
20 3.452 
21 3.515 
22 3.569 
23 3.576 
24 3.014 
25 3.63; 
26 3.674 

i : arbitrarily assigned. 

7 at 0.5 MeV. 
10 : 
Spin Parity 
7 2 
5 2 
3 2 
11 2 
9 2 
3 2 
1 2 • 
3 2 • 
15 2 
9 2 
5 2 

< 5,2 ) 
32 
5 g 
5 2< i ) 
3 2 
9 2 
13 2 
13,2 
9 2 i 
9 2 
13 2 i 
13 2 - ' 
3 2 
11 2 
1 2 
3 2 

Continuum levels assumed above 3.68 MeV. The level 
density parameters of Dilg et al. 

MT=16 m.2n> 
11 were used. 

Guided by experimental data of Frehaut et al. /12/. 
MT-22 fn.n'alpha) 

Based on the assertion of Hillman / 
MT=28 yi.n* ) 

13 . 

Given by subtractiong the oi.p; cross section (MT=!03) 
from the (n,xp> cross section calculated by Kitazawa 
and Iso&ai 14 . 

MT^!03 ;n,p> 
Kitazawa and Isogai's calculation , 
Bormann"s experimental data 15- at 

MT=104 !.n,d 
Calculation of Guerther et al. 16, 

MT=105 'ii,t) 
Roughly the same shape as the (n.d) 

14 normalized to 
13.2 MeV. 

cross section was 
adopted by normalising to 0.001 barns at 14 MeV. 
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MT 107 in,alpha.) 
Follows experimental data of Paulsen et al. 17, . 

MT 251 Mu-ber 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 Calculated with optical model. 
MT 51 76,91 Calculated with Mauser Feshbach formula. 
MT-16,28,88 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.22,20.91 Evaporation spectra. 

References 
1 Tanaka.S.:JAERI M 82 151 1982 . 
2 Maeliabghab.S.F. and Gar ber.D. I :BNL 325.3rd Ed..Vol.1 1973 . 
3 Rohr.G. and Friedland.E.:Nucl.Phys. A104.I 1967 . 
-1 • Smith.A.B. et al. 'Phys.Rev. CI .Ml 1970 . 
5 Cierjacks.S. et al.:KfK 1000 19S3 . 
6 Winters.R.R. et al.:Phvs.Rev. CI8.2092 1978. 
7 Dudey.N.D. et al.:Jour.Nucl.EncrR. 23.-443 (1939>. 
8) Percy.F. avd Kinney.V. :0KNL 4551 (1970). 
9) Igarasi.S:J.Nucl.Sci.Tech. 12.£57 (1975). 

10 i Auble.R.L. :Nucl.Data Sheets 23.163 <I978>. 
11 > Di lg .W. e t a l . : N u c l . P h y s . A2I7.2G9 ( 1 9 7 3 ) . 
1 2 : F r e h a u t . J . e t a l , :EXP0R 2 0 5 7 , 0 0 3 <I976>. 
13 .• H i l l m a t i . M . : P h y s . R e v . 129 ,2227 <!933 i . 
14) Kitazawa.H and Isogai.Y.:private communication. 
15) Bormann.M. et al.:Zeit,Phys. 174,1 i19631. 
16: Guenther.P. et al.:ANLNDM 24 il977>. 
17* Paulsen,A. et al . :Atomkernenergie 22.29! 1973). 
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! of Natural Chromium 

24-Cr- 0 HAT number = 2240 

24 Cr 0 JAERI Eval~AtiR82 T.A^mi 
Dist-Mai-03 Revl Nov63 

History 
82 08 New evaluation was made by T. Asami .JAERI i for JENDL 2, 
83-11 Modification for MF-4. 

MF-1 General Information 
MT^51 Descriptive data and dictionary 

MF-2 Resonance Parameters 
MT-151 Resolved resonance parameters for MLBW formula 

Resolved resonance region : 
! OH 5 eV to 300 keV for Cr 50. Cr 52 and Cr 54. 
: .0E 5 eV to '20 keV for Ci- 53. 

Resonance parameters were evaluated from the following data: 
Cr 50 : Slieslitzi71 1 . Been74 2 . Allen'77 3 and 

Kenny*77 4/. 
Cr 52 : same as above. 
Cr 53 : same as above and Mueller<71 5 . 
Cr 54 : Stieglitz*71 1 . BNL-325 /6-, Allont77 ,3.-' and 

Kenny177 , 4 . 
For unknown radiative widtlis. assumed wore average values 
of known widths. Effective scattering radii of Cr-50, Cr-53 
and Cr 54 were taken from BNL 325 6 and radius of Cr 52 
was detrmined to get a good fit to the experimental total 
cross sections. 

calculated 2200 in s cross sections and rc-s. integrals. 
2200 in s res. inter;. 

elastic 3.830 b 
capture 3.070 b 1.60 b 
total 6.900 b 

MF^3 Neutron Cross Sections 

Below 300 keV. 
Background cross sections were applied to reproduce the 
2200-m/s capture cross section of 3.07 barns and elastic 
scattering of 3.8 barns. Contribution from Cr-53 in the 
energy range from 120 to 300 keV vere also considered as 
background cross sections. 

Above 300 keV. 
MT=1 Total 

Cross sections in the energy range of 300 keV to 7 MeV were 
estimated from the experimental data of Cierjacksi6S ,/7'. 
the data above 7 MeV were calculated by using optical model 
code CASTHY 8 . Potential parameters ,9- were obtained by 
fitting average total cross section of natural chromium. 

V = 50.05 - 0.262+E, Ws= 4.87 + 0.3524E, Vso= 7.0 (MeV) 
r0= 1.24 , rs= 1.4 , rso= 1.24(fm) 
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aO 0.48 , b 0.4 , aso 0.48.fm> 

MT 2 Elastic scattering 
.Total • All other partial cross sections' 

MT 4.51 90,91 Inelastic scattering 
Calculated vitli .statistical and optical mode! code CASTHY 9 
lor four stable isotopes, and constructed tak.ng into account 
of their isotope abundances. In the calculation, optical 
potential parameters fiiven above and level density parameters 
by Yoslucia 10 wore used. Level schemes were taken from 
Ref. 11 . Level energies and corresponding isotopes are as 
follows: 

MT 
5! 
52 
53 
54 
55 
56 
57 
53 
59 
60 
Gl 
62 
63 
64 
65 
66 
67 
68 
69 
70 

^ontri 
tA<*et1: 

Energy MeV 
0.5638 
0.7839 
o.eai3 
1.0060 
1 PP.91 
i..r:vii 
1.53G1 
1 . iWb 

i.mzs 
1 .9729 
2.1717 
2.2832 
2.3200 
2.3697 
2..1523 
2.0177 
2.6471 
2.6561 
2.6665 
2.70WS 

but ion:; from 
:*;•!• into con'.i 

Isotope 
53 
50 
54 
53 
53 
•••r: 

53 
51 
50 
53 
53 
53 
53 
52 
S3 
54 
52 
53 
53 
53 

the levels 
iiT.r:!!i MT 9! 

MT 
71 
72 
73 
74 
75 
75' 
11 
7& 
79 
80 
01 
82 

m 
84 
m 
86 
87 
88 
89 
90 

above 

Eneriiy (MeV 
2.707! 
2.7678 
2.771! 
2.6256 
2.8275 
2.9266 
2.96.19 
2.9920 
3.07!8 
3.0831 
3.0020 
3.1139 
3.1369 
3.1578 
3,1618 
3. I&36 
3.166G 
3.1782 
3.2203 
3.2428 

3.260 !feV 

> Isotope 
53 
52 
53 
53 
51 
50 
52 
53 
54 
53 
53 
52 
53 
S4 
52 
50 
50 
53 
54 
53 

were put 

MT 16 r..2n 
Constructed from the evaluated n,2n. data for CR 50. 52, 53 
and 54. Data for Cr 50 and Cr-52 were estimated from the 
experimental data. Data for Cr 53 and 54 were obtained from 
calculations with evaporation-model code GR0GI T2,'. and 
adjusted to the expermental data of FrehautfSO /13/ for 
natural chrominm in the energy range below 15 MeV. 

MT--28 iii,n"p' 
Constructed from the evaluated i.n.n'p) data for Cr-50. 52, 53 
and 54 which were calculated vith evaporation-model code 
GRCGI 12, . and normalized to the experimental data. 

KT=102 Capture 
Calculated with statistical and optical model code CASTHY/8/. 
and normalized to reproduce 10 milli-barns at 50 keV. 

MT-103 n.p 
Constructed from the evaluated .n.p> data for Cr-50. 52. 53 
and 54 which were calculated vith evaporation-model code 
GR0GI 12 . and normalized to the experimental data. 

HT=107 >n. alpha: 
Constructed from the evaluated (n.aLpha; data for Cr-50, 52, 
53 and 54 which were calculated with evaporation-model code 
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GROGI /!2/, and normalized to the experimental data. Data 
for Cr 52 vere modified in the energies below 10 MeV to 
repoduoe the experimental data of Paul son'80 4 for natural 
chromium. 

MP 251 Mu bar 
Calculated with optical model. 

MF 4 Annular Distributions of Secondary Neutrons 
MT 2 Calculated with optical model. 
MT 5! 90 Isotoropic in the center of mass system. 
MT 16,28.9! Isotoropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.28.91 Evaporation spectra were given. 
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Materials for FBR. 1977 p.eel Geetinp., p.4-17. Perp.amon Prees 
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A Kenny M.J. ot a!.: AAUC E 400 (197/:, 
5 Mueller K.N. ot al.: Nuel. Phys.. A164, 97 <I971 i, 
0 MuKhabftlutb S.P. and Caiber D.L. : BNL 325 3rd Ed.. Vol.1 (1973) 
7 Cierjacks S. et al.: KfK 1000 i19GB . 
8 Ip.arasi S. : J. Nucl. Sei. Theenol . . !2. 67 !970 \ 
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10 Yoshida T.: unpublished. 
11 Lederer CM. and Shirley V.S. : Table of Isotopes. 7th Ed.. 
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! of Chromium 50 

24 Cr 50 MAT number -• 2241 

24 Cr 50 JAi-KI Evnl AuftOS T.Asami 
Dist Mar03 Rev! Nov83 

History 
82 08 New evaluation vats made by T. Asami iJAERI > Tor JENDL 2. 
83 11 Modification for MF 4. 

MF-1 General Information 
MT- 451 Descriptive Data and Dictionary 

MF-2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW 

Resolved resonance region : 1,0E 5 eV 300 keV 
Evaluation base':' on the experimental data by Stie(jlltz<71 
1 . Beer 74 2 . Allen^7? 3 and Kenny'77 4 . 

assumed gamma width 1.81 eV for s wave and 0.92 eV for 
P wave resonances. 

Effective scattering radius 5.4 fm 5 . 

Calculated 2200 m s cross sections and res. integrals. 
2200 m s roa. in teg. 

clastic 8.581 b 
capture 15.90 b 7.7? b 
total 24.48 b 

MF 3 Neutron Cross Sections 

Resonance r«Rion from 1 ,0E 5 eV to 300 keV 
Background cross sections were applled to reproduce the 
2200 m s capture cross section of 15.9 0.2 barns 5 , 
and to modify the elastic scatterinr, cross section in the 
lower enerc.v nrior. 

Above 300 keV 
MT-1 Total 

Calculated with optical model. Potential parameters /&/ 
were obtained by fitting Cr natural average total cross 
section. 

V 50.05 0.262'E. Ws 4.87 < 0.352+E, Vso- 7.0 (MeV) 
rO- 1.24 . rs= 1.4 . rso= 1.24!fm) 
a0--= 0.48 , b - 0.4 . aso= 0.48(fm) 

MT=2 Elastic scattering 
'Total '- ;A11 other partial cross sections 

MT=4,5!-70,9! Inelastic scattering 
Calculated with statistical and optical model code CASTHY/7/. 

Level scheme taken from Ref. 8 . 
No. Energy KeV Spint Parity 
g.s. 0.0 0 -+ 
1 C.7833 2 + 
2 1.8834 4 + 
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4.066 MeV. 
ida 9 were used. 

3 2.9245 2 
4 3.1611 2 
5 3.1641 6 
6 3.3247 4 
7 3,5946 4 
8 3.6101 4 
9 3.6295 ! 
10 3.6940 0 
11 3.6978 2 
12 3.7924 5 
13 3.8261 6 
14 3.8443 3 
15 3.8500 0 
16 3.8752 6 
17 3.8953 2 
18 3.8983 4 
19 3.9377 3 
20 /1.05'. 7 0 

Continuum levels assumed above 
Level density parameters of Yosh 

MT 16 n.2n 
Evaluated mainly on the basis of the experimental data of 
Bormann65 10 . 

MT 28 n.n'p-
Calculated with evaporation model code GROGI ,'11/, and 
normalized to 0.333 barns at 14.7 MeV which was estimated 
from the experimental data of Qaiim82 12 and Grimes+79/13/. 

MT 102 Capture 
Calculated with statistical and optical model code CASTHY/7/. 

MT 103 n.p• 
Calculated with evaporation model code GR0GI 1! •'. and 
normalised to 0.437 barns at 14.7 MeV which was estimated 
based on the experimental data of Grimes-79 13 . 

MT 107 n.alpha 
Calculated with evaporation model code GROGI 11 . and 
normalized to 0.108 barns at 14.8 MeV which is an average 
value of the experimental data of Grimes-79 13 and Doljat73 
. 14. . 

MT--251 Mu bar 
Calculated with optical model 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2,51-70 Calculated with CASTHY Hf. 
rfl>9i Calculated with CASTHY, and the same distribution 

was assumed in the lab system. 
MT=-!6,28 Assumed to be isotropic in the lab system. 

MF=̂ 5 Energy Distributions of Secondary Neutrons 
MT=16.28.91 Evaporation spectra were given. 

References 
1 ) Stieglitz R.G. et al.: Nucl. Phys. A163, 592 1971 ). 
2' Beer H. and Spencer R.P.: KfX 2063 1974:, also Nucl. Phys. 

A240. 29 J975). 
3) Allen B.J. and Musgrove A.R.De L.: Neutron Data of Structural 

Materials for FBR, 1977 Geel Meeting, p.447, Pergamon Prees 
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1 of chromium-52 

24 Cr- 52 HAT number = 2242 

24 Cr 52 JAERI Eval Aug82 T.Asami 
Dist Mar83 Revl Nov83 

History 
82 08 New evaluation was made by T. Asatni (JAERI > for JENDL 2. 
83-1) Modification for MF 4. 

MF 1 General Information 
MT^451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Resolved resonance region : I.OE 5 eV 300 keV 
Evaluation based on the experimental data by Stieglitz<71 
1 . Beer-74 2 . Allen-77 3 and Kenny 77 4 . 

Assumed sainma width 1.86 eV for s-wave and 0.57 eV for 
p wave resonances, 

Effective scattering radius 5.1 fin. 

Calculated 2200-m s cross sections and res. integrals. 
2200 m/s res. in teg. 

elastic 2.223 b 
capture 0.7599b 0.493 b 
total 2.983 b 

MF 3 Neutron Cross Sections 

Resonance region :from 1.OE 5 eV to 300 keV > 
Background cross sections were applied to reproduce the 
2200 m s capture cross section of 0.76 ••• 0.06 barns /5/, 
and to modify the elastic scattering cross section in the 
lower energy rocion. 

Above 300 keV 
MT-1 Total 

Calculated with optical model. Potential parameters /6/ 
were obtained by fitting Cr-natural average total cross 
section. 

V 50.05 - 0.262<E, Vs= 4.87 + 0.352*E. Vso=- 7.0 (MeV) 
rO- 1.24 . rs= 1.4 . rso= l.24(fm) 
a0= 0.48 , b = 0.4 , aso= 0.48(fm) 

MT=2 Elastic scattering 
(Total ;~ (All other partial cross sections ) 

MT=4,51-73,91 Inelastic scattering 
Calculated with statistical and optical model code CASTHY/7/. 
Calculated values for MT=51 and 52 were modified using the 
experimental ones of Kinney<74 21/ in the energies above 
5.0 MeV. 

Level scheme taken from Ref. /&/. 
No. Energy(MeV) Spint-Parity 
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JAERI -M 8'!-103 

2 of chromium-52 

g.s. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2! 
22 
23 

0.0 
1.4341 
2.3696 
2.6470 
2.7677 
2.9648 
3.1138 
3.1617 
3.4102 
3.4722 
3.6158 
3.7000 
3.7717 
3.9460 
3.9512 
4.0154 
4.0380 
4.5630 

4. aero 
4.7060 
4.7410 
4.7507 
4.7940 
4.8045 

0 
2 
4 
0 
4 
2 
6 
2 
4 
3 
5 
2 
2 
4 
1 
5 
4 
3 
5 
2 
2 
8 
0 
6 

Continuum levels assumed above 4,8!6 MeV. 
Level density parameters of Yoshida ,9' were used. 

MT 16 «n.2ii) 
Evaluated mainly on the basis of the experimental data of 
Wenusch'62 10 . Bormamn68 11 . Maslovi72 -12'. Qaim72/13/, 
Sailer'77 14 and Molla81 15. 

MT--28 n.n'p1 

Calculated with evaporation model code GROG I 16 •, and 
normalized to 0.085 barns at 14.0 MeV which was estimated 
from the experimental data of Grimes-79 17 . 

MT 102 Capture 
Calculated with statistical and optical model code CASTHY/7. , 
and normalised to reproduce 10 mi H i barns at 50 keV for 
Cr natural 

MT-103 .,n,p> 
Calculated with evaporation-model code GROGI /I6/, and 
normalized to 0.095 barns at 14.7 MeV which is an average 
value of the experimental data. Calculated data below 9 MeV 
were modified using the experimental data of Snith+79 /!8/. 

MT--107 tn,alpha) 
Calculated with evaporation-model code GROGI /16/. 
Calculated values were normalized to 0.038 barns at 14.6 MeV 
which is an average value of the experimental data of 
Grimes-i 79 17/ and Dolja+73 ,/!9/, and modified to reproduce 
the experimental values of Cr--natural in.a' by Paulsenn80/20/ 
in the energy region below 10 MeV. 

MT=251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2,51-70 Calculate with CASTHY /?/. 
MT=91 Calculated with CASTHY, and the same distribution 

- 6 6 -



JAERI - M 84-103 

3 of chromium-52 

was assumed in the lab system. 
MT=16,28 Assumed to be isotropic in the lab system. 

MF- 5 Energy Distributions of Secondary Neutrons 
MT 16,28,91 evaporation spectra were given, 

1 > Stieglitz R.Q, et al.: Nucl. Phys, A163, 592 U97I ). 
2i Beer H. and Spencer R.P.: KfK 2063 (1974), also Nucl. Phys. 

A240, 29 (1975). 
3) Allen B.J. and Musgrove A.R.De L.: Neutron Data of Structural 

Materials for FBR, 1977 Geel Meeting, p.447, Pergamon Prees 
.1979:. 

4) Kenny M.J. et al.: AASC E 400 M977). 
5- Mughabghab S.F. and Garber D.L.: BNL 325 3rd Ed.. Vol. 1 (1973) 
6' Kawai M. : unpublished. 
"< • Igarasi S. : J. Nucl. Sci. Thecnol,. 12. 67 1975). 
8 Lederer CM. and Shirley VS.: Table of Isotopes. 7th Ed.. 

1978.. 
9; Yoshida T.: unpublished. 
10 i Wenusch R. et al.: DSA 99, 1 (1962). 
11 > Bormann M. et al.: Nucl. Phys., Al 15. 309 (1968,). 
12) Maslov G.N. et al.: YK 9. 50 (1972). 
13) Qaim S.M. : Nucl. Phys., A185, 614 (1972). 
14) Sailer K. et al.: 1977 Kiev Conf,. Vol.i. 246 (1977). 
15) Molla N.J.: data in EXFOR file (.1961 >. 
16) Gilat J.: BNL 50248(T 580 i .1970). 
17) Grimes S.M. et al.: Phys. Rev., C19. 2127 <i979>. 
18) Smith D.L. et al.: Nucl. Sci. Eng., 76. 43 vl979). 
19)DoljaG.P. etal,: 1973 Kiev Conf.. Vol.3. 131 il973). 
20) Paulsen A. et al.: data in EXFOR file 1980). 
21 Kinney W.E. et al.: ORNL 4806 0974 •. 
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JAERI • M 64 - 103 

1 of Chromium- 53 

24-Cr- 53 MAT number ^ 2243 

24 Cr 53 JAREI Eval-Au602 T.Asami 
Dist Mar83 Revl Nov03 

History 
82 08 New evaluation was made by T. Asami (JAEKI > for JENDL 2. 
83 II Modification for MF4, 

MF ! General Information 
MT-45! Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Resolved resonance rep.ion : 1 .OE 5 eV 120 keV 
Evaluation mainly based on the experimental data by Stieglitz 
71 ; . Beer 7/. ?_ . Alien-77 3 . Kenny 77 4 and 
Mueller-71 5 . 
Assumed p.amma width 2.21 oV for s wave and 0.61 eV for 

P wave resonances. 
E.'ffective scattering radius 6.9 fm ,6,', 

Calculated 2200 m s cross sections und res. integrals. 
2200 in s res, inU-g, 

clastic 16.31 b 
capture 18.20 b 6.06 b 
total 34.51 b 

MF 3 Neutron Cross Sections 

Resonance region from 1 .OE 5 eV to ISO V.cV 
Background cross sections were applied to reproduce the 
2200 :tt s capture cross section of !8.2 1 .5 barns 6'. 
and to modify tiie elastic scatt^rinc cross section in the 
lower energy region. 

Above !20 keV 
MT 1 Total 

Calculated with optical model. Potential parameters /7/ 
were obtained by fitting Cr-natural average total cross 
section. 

V -r. 50.05 - 0.262*E. Ws- 4.87 + 0.352tE. Vso= 7.0 (MeV) 
rO- J.24 . rs- 1.4 . rso= 1.24(fm) 
a0= 0.48 , b = 0.4 , aso^ 0.48(fm; 

MT-2 Elastic scattering 
Total :- All other partial cross sections * 

MT-4.51-72.91 Inelastic scattering 
Calculated with statistical and optical model code CASTHY/8, . 

Level scheme taken from Ref. S'. 
No. Energy ;MeV Spint-Parity 
g.s. 0.0 3,2 -
1 0.5640 1/2 -

- 6 8 -



JAERI -M 84- 103 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

1.0063 
1.2896 
1.5336 
1,9735 
2,1724 
2.2330 
2.3208 
2.4531 
2.6570 
2.6695 
2.7065 
2.7080 
2.7720 
2.8266 
2.993D 
3.0843 
3.0930 
3.13S0 
3.3 793 
3.2439 
3.2610 

2 of Chromium-53 

5/2 -
7/2 
7/2 
5 2 
11/2 •-
92 
3-2 -
3/2 » 
5/2 ~ 
1/2 
13/2 
3/2 -
5 2 -
112 
7 2 
15 2 
5 ?-• 
5 2. 
3 2 
11 2 
5 2 -

Continuum levels assumed above 3.435 MeV. 
Level density parameters of Yoshida ,10/ were used, 

rTT 16 m.2n) 
Calculated with evaporation model code 0R0QI /ll/, and 
normalized to the evaluated value of Boedy+73 /I8/ (0.88 b at 
14.8 MeV) and modified to reproduce the experimental values 
of O-natural <n,2n> by Frehau+80 19/ in the range of 9,0 to 
15 MeV. 

rTT-28 (n,n'p> 
Calculated with evaporation model code GROGI 11/, and 
normalised to 7,2 milli barns at 14.8 MeV which is an average 
value of the experimental data by Husaim67 12,' and Webber* 
68 13 . 

MT---102 Capture 
Calculated with statistical and optical model code CASTHY 8/. 
and normalized to reproduce 10 milli barns at 50 keV for 
Cr- natural. 

W M 0 3 (n.pi 
Calculated with evaporation-model code GROGI /ll/, and 
normalized to 0.0416 barns at 14.8 MeV (average value of the 
experimental data by Husain+67 ,'12/. Prasad+71 /14/. 
Valkonen76 /15/ and Qaim+77 ,16/). 

MT=107 in, alpha) 
Calculated with evaporation-model code GROGI /ll/, and 
normalized to 0.0451 barns at 14.7 MeV by Dolja+73 /14/. 

MT=251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
HT=2 Calculated with CASTHY 7 -
HT=16,28 Assumed to be isotropic in the lab system. 
MT=51-72 Assumed to be isotropic in the center-of-mass system. 
HT=91 Calculated with CASTHY, and the same distribution 

was assumed in the lab system. 
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JAERI-M84-103 

3 of Chromium-53 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16,28.9! Evaporation spectra were c,iven. 

References 
1 > Stieslitz R.G, et al.: Nuel, Phys. A163, 592 (1971 >. 
2) Beer H. and Spencer P.P.: KfK-2063 (1974), also Nucl. Phys 

A240. 29 (1975). 
3) Allen B.J. and Musgrove A.R.De L.: Neutron Data of Structural 

Materials for FBR, 1977 Geel Meeting, p.447, Pergamon Prees 
(1979). 

4) Kenny M.J. et al.: AAEC/E 400 U977). 
5) Mueller K.N. et al.: Nucl. Phys., AI64, 97 U971 >. 
6) Mughabghab S.F. and Garber D.L.: BNL-325 3rd Ed., Vol.1 (1973) 
7) Kauai M.: unpublished. 
8) Igarasi S.: J. Nucl. Sci. Thecnol.. 12. 67 <1975\ 
9; Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed., 

(1978'. 
10; Yoshida T. : unpublished. 
11 > Gilat J.: BNL 50246 T-580 .' '.1970). 
12' Husain L. et al.: J. Inorc.. Nucl. Chetn.. 29. 2665 (1967). 
13- Webber L.D. el al.; BAP 13. 1663 '1966 >, 
14 Prasad R. et al.: Nuovo Cimento, A3. 467 (197! i. 
15) Valkonen M,: data in EXF03 file (1976). 
16) Qaim S.M. et al.: Nucl. Phys., A283. 269 (1977). 
17) Dolja G.P. et al.: 1973 Kiev Conf,. Vol.3. 131 (1973). 
18' Boedy Z.T. and Csikai J.: Atom, Ener, Rev.. 11. 153 (1973). 
19) Frehaut J. et al.: I960 BNL Meeting. BNL NCS-S1245. 399(1980). 
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JAER1-M84-103 

1 of Chromium-54 

24Cr- 54 MAT number = 2244 

24-Cr- 54 JAERI Eval-Aug82 T.Asarai 
Dist Har83 Revl-Nov83 

History 
82 08 New evaluation was made by T. Asami (JAERI i for JliNDL-2. 
83-11 Modification for MF 4. 

MF-1 General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT-151 Resolved resonance parameters for MLBW formula 

Resolved resonance region : t.OE-5 eV 300 keV 
Evaluation based on the experimental data by Stieglitzi71 
I . All en'77 2 and Kenny 77 3 , and the recommended 

data in BMI. 325 3rd edition A - . 
Assumed gamma width = 2.5 eV for s wave and 0.28 eV for 

p wave resonances. 
Effective scattering radius ~ 4,8 fm /5/, 

Calculated 2200 m s cross sections and res. integrals. 
2200-m/s res. integ. 

elastic 1,914 b 
capture 0,360 b 0,193 b 
total 2.274 b 

MP" 3 Neutron Cross Sections 

Resonance region from l.OE 5 eV to 300 keV; 
Background cross sections were applied to reproduce the 
2200 in s capture cross .section of 0.36 • - 0.04 barns /!3/. 
and to modify the elastic: scattering; cross section in the 
lower energy region. 

Above 300 keV 
MT=1 Total 

Calculated with optical model. Potential parameters /5/ 
were obtained by fitting Cr-natural average total cross 
section, 

V = 50.05 - 0.262<E. Ws= 4.87 + 0.352+E. Vso= 7.0 (he1/; 
r0= 1.24 , rs= 1.4 , rso= 1.24<fm> 
a0= 0.48 , b = 0.4 . aso= 0.48<fm) 

MT=2 Elastic scattering 
Total I- .All other partial cross sections) 

MT=4.51-71.91 Inelastic scattering 
Calculated with statistical and optical model code CASTHY/6/. 

Level schene taken from Ref. 7 . 
No. Energy(MeV> Spint-Parity 
g.s. 0.0 0 + 
1 0.8349 2 + 
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JAERI -MB4-I03 

2 of Chromium-54 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1.8237 
2,6195 
2.8294 
3.0739 
3.1600 
3.2223 
3.3920 
3.4366 
3.4680 
3.5140 
3.6552 
.3.7108 
3.7858 
3.7989 
3.8640 
3.9340 
3.9900 
4.0160 
A.045C 
4.0832 

4 + 
2 i-
0 t 
2 « 
2 * 
6 * 
! < 
2 * 
1 < 
2 . 
4 < 
2 + 
4 i 
4 -i 
2 < 
1 • 
3 < 
0 • 

8 • 

4 . 
Continuum levels assumed above 4.088 MeV. 

Level density parameters of Yoshida /&/ were used. 
• MT----I6 m.2n> 

Calculated with evaporation model code GROGI ,9/, and 
normalized to J.12 barns at 14.8 MeV which was evaluated by 
Boedy73 ,15 . 

MT---102 Capture 
Calculated with statistical and optical model code CASTHY/6/, 
and normalised to reproduce 10 milli barns at 50 keV for 
Cr natural. 

MT^103 <n,p> 
Calculated with evaporation model code GROG I /9 . and 
normalized to 0.016 barns at 14.7 MeV '.average value of the 
experimental data by Husaiiv67 10 . Valkonen76 11/ and 
Qaim<77 12 . 

HT 107 n. alpha 
Calculated with evaporation model code CR0GI , 9 . and 
normalized to 0.014 barns at 14.7 MeV which is an average 
value of the experimental data by Husajm67 /I0/, Qaim74 /13/ 
and Sailer+77 14,/. 

MT-251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
HT=2,51-70 Calculated with CASTHY /6/. 
MT=91 Calculated with CASTHY, and the same distribution 

was assumed in the lab system. 
MT=16 Assumed to be isotropic in the lab system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,91 Evaporation spectra were given. 

References 
1) Stieglitz R.G. et al.: Nucl. Phys. A163, S92 <1971). 
2) Allen B.J. and Musgrove A.R.De L.: Neutron Data of Structural 

Materials for FBR, 1977 Geel Meeting, p.447, Pergaaon Prees 
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(1979). 
3) Kenny M.J. t' al.: AAEC/E-400 (1977;. 
4) Mughabghab S.F, and Garber D.L.: BNL, 325 3rd Ed., Vol.1 (19731 
5) Kawai M.: unpublished. 
6) Igarasi S.: J. Nucl. Sci. Theenol., 12, 67 <I97S>. 
7) Lederer CM. and Shirley V.S.: Table of Isotopes. 7th Ed.. 

(1978,1. 
8) Yoshida T.: unpublished, 
Q) Gilat J.: BNL 50246 <T 580) ;!07O>. 
10: Husain L. et al.: J. Inorg. Nuel, Che-ni., 29. 2665 <!967;. 
M i Valkonen M.: data in EXPOR file (1976). 
I2I Qaiin S.M. et al.: Nucl. Phys.. A283. 269 >I977>. 
13.' Qaim S.M.: data in EXFOR file (1974 '. 
14' Sailer K. et al.: 1977 Kiev Conf., Vol.1, 246 0977). 
15 Boedy Z.T. and Csikai J.: Atom. Energ. Rev.. 11. 153 1973). 
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JAER1--M8.1--103 

! of Manganese 55 

25-Mn~ 55 HAT number = 2251 

25 Mn 55 rBBC Eval DecQ2 T-Hoju-ama 
Dist Mar83 Revl-Nov83 

History 
82 12 Data were evaluated by T. Hojuyama <FBEC i for JENDL-2. 
83 11 Comment was added, 

MF-I General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Energy range from 1.0ES to 1.0En5eV. Resonance parameters 
were taken i"r?m PNL 325 4 th ed-. Ref. 1 . Effective scatter
ing radius w- deterained to 5.8 fenni. 

Calculated 2200 in s cross sections and resonance integrals 2200 
m. sec res. integ. 

elastic 2.104 b 
capture 13,32 b 14.8 b 
total 15,50 b 

MF 3 Neutron Cross Sections 
MT 1 Total cross section 

Obtained with optical model calculation. Optical potential 
parameters were taken from Kavai's evalvation(Ref.2 \ 

Optical potential parameters 
V 47.856 0.032'Eh 'MeV : 
Ws b.zm 0.3-KMin MeV i 
V.so f>.5)0 MeV • 
rO rso 1 .24 . rs 1.41 ftn 
aso a 0.'.>22. b 0.392 • fin • 

MT 2 Elastic scattering cross section 
Obtained by statistical model calculations. 

MI-4 X from 51 to 91 Inelastic scattering cross sections 
Obtained by statistical and optical model calculations. 
Level scheme taken from N.D.S. <Ref.3.) 

to. 
B-S. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
:o 
n 
12 
13 

Energy;MeV > 
0.0 
0.1260 
0.9343 
1.2900 
1.2922 
1.5289 
1.8853 
2.1985 
2.2153 
2.2533 
'2.2694 
2.3318 
2.3636 
2.3990 

Spin-Parity 
5 2 -
7,-2 -
9 2 -
12 -

11/2 -
3 2-
7,2 -
72 
5 2 
3 2 
1,2 + 
13/2 -
5/2 -
5/2 -
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JAEKI-M84--I03 

2 of Manganese-55 

14 2.4286 1.2 . 
15 2.5648 3 2 

Continuum levels assumed above 2,58 MeV. 
MT 16 (n.2n; cross section 

Besed on the following exp, data ; 
Paulsen(Ref.4i : Thr. 14.7 HeV 
Auchampaugh(Ref.5> : 14.7 •• 20.0 HeV 

Normalisation : 
Energy : 14.7 HeV 
Cross section : 787 mb 
Data-base : Bar rail (Ref.6) & Auchampaugh(Ref .5) 

MT 22 X- 28 'ti.n'tti .Si <n.n'p> cross sections 
Determined by statistical model calculation with preequilibrium 
effect corrections'Ref .7 i. 
Normalisation : 

Method ' Cross section systematics 
Energy : 14.7 HeV 
Cross section ' 5 mb n.n'n X 11 mb n.n'p? 

MT 102 Capture cress section 
Based on following exp. data ; 

Gare.Ref.8) : 0.7MeV DovbenkoiRef.Q; : I.OMeV 
Dovbenko X HenloveiRef.lOj : - 3.5MeV 
Men love : 10 HeV SchwereriRef. II >XBudnar<Ref.l2> : > 10 
MeV 

MT 103 m.p' cross section 
Determined by statistical model calculation(Ref,7) 
Normalization ; 

Energy : 14,7 HeV 
Cross-section : 44,7 tub 
Data base : Prasad(Ref,13 i X Allan(Ref.14j 

MT 107 in,a: cross section 
Based on the statistical model calculation(Ref.7 / 13HeV. 
and exp, data Zttprnnska'Ref. 15 • l3MeV. 
Normalisation . 

Energy : 14.7 HeV 
Cross section ' 23, b rab 
Data base : DresleriRef.16 X Zupranska 

MT 251 Hu bar 
Calculated with optical model. 

HF=4 Angular Distributions of Secondary Neutrons 
MT' 2 Elastic scattering based on statistical & optical model 

calculation. 
MT- 16,22.28 X 91 The angular distributions of the secondary 

neutrons from (n.2n ), (n.n'a >, (n.n'p ; A inelastic processes 
to the continuum levels assumed to be isotropic in the 
laboratory system. 

MT- from 51 to 65 The angular distributions of the secondary 
neutrons from inelastic processes assumed to be isotropic 
in the c.o.m. system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT- 16.22.28 and 9'. The evaporation spectrum assumed for the 

secondary neutrons from ,n.2n . n.n'a :. ;n,n'p;X in- elastic 
processes. 
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JAERI-M 84-103 

1 of Natural Iron 

28~Fe- 0 MAT number - 2360 

23 Fe 0 JNDC Eval 0ct78 S.Iijinia.H.Yamakoshi 
Dis» Mar83 Ravi Nov83 

History 
78 10 New evaluation for JENDL 2. Details given in Ref, i/. 
83 03 Resonance region was revised by T.Asami and T.Narita. 

The file structure was modified and background data were 
evaluated to reproduce the same cross sections as before. 

83 11 The Q values were adjusted to threshold energies. Other 
small corrections were made. 

Natural iron data constructed from Fe isotopes. Fe 58 was ignored 
because of small abundance. 

MF 1 General Information 
MT 451 Descriptive data and dictionary 

MF-2 Resonance Parameters 
MT=151 Resolved resonances 

Resonance region 3,0E 5 eV to 250.0 keV 
The multilevel Breit Wigner formula was used. Parameters 
were adopted from the following sources, 

Fe 54 : Pandeyi/2 for 0 680 keV, R 5.6 fin from Ref.! 
Fe 56 : Perey+ 3 for 2,0 400 keV. R-5.4 fm from fit

ting to total cross section below 60 k»V. 
Fe 57 : Alleni 4 for s wave resonances, and Beer+/5/ 

for p- wave resonances in 0 •- 185 keV. 
For Fe 56. a negative level was added at 3.TO keV with 
neutron width of 100 eV and gamma width of 1,0 eV. Neutron 
width of 27.67 keV resonance was taken as 1420 eV. 

Calculated 2200 m s cross sections and res. integrals. 
2200-in s res. in teg. 

elastic 12.44 b 
capture 2.514 b !.349 b 
total 14.95 b 

MF-3 Neutron Cross Sections 
Below 250 keV. background cross sections were given. 

MT-i Total 
For energies 250 keV - 20 meV, fine resolution data were 
taken by eye-guide using interactive display of NDES ', 
Neutron Data Evaluation System) developed by T.Nakagawa at 
the Nuclear Data Center. JAERI. Below 4 MeV, data of 
Carlson- 6/ were adopted. Above 4 MeV. data of Cierjacks' 
7.' were adopted. Spherical optical model calculation was 
also made but not adopted as the total cross section for 
JENDL 2 . Parameters are as follcvs. 

For Fe~56 
V = 52.644-0.O02+E-O.006)En2. r0-=l.J66, a0=0.371 
Vfe = 2.869+0.289TE , rs=1.450, as=0.48C 

- 7 7 -



JAERI-M 84-!03 

2 of Natural Iron 

Vso 6.138 . rso 1.!66,aso 0.37! 
For Fe-54 and -57 
V 50.136 0.150tE . rO 1.240. aO 0.500 
Ws 4.600i0.340<E , rs 1.400. as 0.400 
Vso 7.00 , rso !,240.aso 0.500 

Energies in MeV unit, lengths in fm unit. 
MT 2 Elastic scattering 

Given as total minus other cross sections 
MT 16 <n.2n> 

Calculated using essentially the method of Pearlstein. 
Normalized to experimental data at 14 MeV. 

MT 4.51 91 Inelastic scattering 
Level excitation cross sections were calculated for each 
isotope with the optical and statistical model code CASTHY 
8 . and the results were modified to obtain a better fit 
to experimental data. The modifications are : 

Fe 54 : Calculation was multiplied by a factor of 1.5. 
Fe 5G : Calculation was multiplied by a factor of 1.17. 

The 1st level excitation below 2.12 MeV was 
replaced with fine resolution data of Kinney<• 
9 . 

Fe 57 : CASTHY calculation for 1st level (14,4 keV) 
Excitation was replaced in the energy from 14.65 
keV to 200 keV by calculated cross sections from 
resonance parameters. 

For natural iron, isotopic level excitation cross sections 
with about equal threshold energies were condensed together. 
Isotopie level schemes recommended by R.Naknsima and con
densed level scheme are tabulated below. Q values of 
natural iron levels were calculated from their threshold 

energies, 

No. 
: 
2 
3 
A 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 

20 

Q val MeV 
0.0144 
0.1366 
0.3CC6 
0.7064 
0.6468 
J.0076 
1.1976 
1.2647 
1.3563 
1.409! 
1.627! 
1.7251 
1.9743 

2.0850 
2.1162 
2.5397 
2.5629 
2.6574 
2.9416 

3.1199 

re 54 
E MeV J p 

1.4082 2+ 
-
-
-

_ 
... 

2.5382 4i 
2.5613 0i 

£.9499 6 
2.9590 2+ 

— 

Fe 56 
E MeV J P 

0.8468 2» 
--
-
-

-
-

~ 

2.0851 4̂  

2.6576 2+ 
2.9417 0^ 
2.9600 2+ 
3.1200<1+; 
3.1229 4+ 

Fe 57 
EMeV, JP 
0.0144 3,2 
0.1366 5'2 
0.3667 3/2-
0.7067 5/2-

1.008 7/2--
1.198 9/2-
1.2651 1/2-
1.3568(1/2-) 

_ 
1.6277 3/2-
1.7257 3/2-
1.975 <\/2~) 
1.9694 9/2-

._ 
2.i!7 5/2-

-

_ 
— 

— 
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21 
22 
23 

24 

25 

g6 

27 

28 

29 

30 

31 

32 
33 

3.1680 
3.2972 
3.3470 

3,4451 

3.6007 

3,7478 

3.8318 

4.0354 

4.1001 

4.2S5G 

4.3948 

4,4582 
4.5098 

3.1661 2+ 
3.2952 4+ 
3,3450 3 

*"" 

3.8338 4* 

4.033 
4.047 
4.072 

4.263 
4.292 

4̂  
4' 
3' 

4< 
Oi 

-
-

3,3702 2i 
3.3884 61 
3.4454 3+ 
3.4493 1 + 
3,6009 2< 
3,6019 2. 
3.6070 Oi 
3.7400 2n 
3.7558 6< 
3.832 2* 
3.8565 3< 
4.0940(3^ 

4, 10033-
4.1200 4' 
4.2982 A' 
A.302 <,0i ) 
4.3950 3* 
4.40! (2< ) 
4,4584 3t 
4.5100 3 

Continuum level excition including each isotopic continuum 
level and 15. 16. 17. 18. 19. 20th levels of Fe 54, 

Level density parameters for modified Gilbert Cameron for^ 
inula (as proposed in FPNDConf,. Petten (1977) /lO.ll/} are 
us follows. For nor tation. see Ref. 11/. 

Isotope 
Fe 54 
Fe 55 
Fe 56 
Fe 57 
Fe 58 

aii.-MeV) 
6.19 
6.90 
7.58 
8.27 
3. .-'5 

T(MeV) 
1.45 
1.30 
1.27 
1.14 
i,:e 

C(l MeV) 
0.532 
1 ,274 
0.746 
! .694 
0.742 

EjC(MeV) 
12.0 
9.0 
10.0 
7.70 
10.0 

MT 102 Capture 
Background cross section was given below 3 keV. Between 
3 and 800 keV, recommended cross section by Ribon /12/ 
was adopted. Above 800 keV, CASTHY calculation was used 
adjusting S-gamma to the experimental cross sections of 
10 mb at 200 keV for Fe-54 and 5.5 mb at 200 keV for Fe-56. 
obtained effective S-gamma values are 0.34E-4 for Fe-54 and 
0.18E-4 for Fe-56. The S-gamma of 3.53E-4 was used for Fe-
57 without adjustment. Giant dipole resonance parameters 
were taken from systematics of compilation by Berman /13/. 

MT=103.!07 m,p.> and (n,alpha) 
Adopted from experimental data. For Fe-56 fn,alphaj, 
the same cross section as Fe-54 was adopted. 

HT-251 Mu-bar 
Calculated with CASTHY 8'. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2 : CASTHY-eode calculation 
MT=51-88 : Isotropic in the center-of-mass system 

- 7 9 -
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MT 16,91 : Isotropic in the laboratry system 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16,9! : Evaporation spectrum 
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26-Fe- 54 MAT number 226! 

26 Fe 54 JNDC Eval Ocl70 S. Iijimn.ll.Yamakoshi 
Dist Marft3 Ro'l FPJ84 

Hislory 
7Q 10 New evaluation for JGNDL 2. Details given in Ref, \ . 
83 11 Small corrections were made. 
04 02 Effective scattering radius was corrected. Comment, was 

added. 

MF ! General Information 
MT 451 Descriptive data and dictionary 

MF ? Resonance Parameters 
MT 151 Resolved n-sonances 

Resonance re?,:.o:i ! .0E 5 eV to 250.0 keV 
The multilevel Breit Wiener formula was used. Parameters 
were adopted mainly from Pandeyv.2 by assuming the average 
radiative width to be s?.5 eV ,3 . R 5.6 fm was taken from 
Raf. 4 . 

Calculated 2200 in s cross sections and res. integrals. 
2200 in's Res. Integ. 

elastic 0,4929 b 
capture 2.156 b !,33 b 
total 2.649 h 

MF 3 Neutron Cross Sections 
Below 250 keV, background cross sections were given for the 
total and elastic scatUTini?, cross sections on the upper 
side of the first resonance. Above 250 keV. the cross 
sections were evaluated ;>s follows. 

MT 1 Total 
Spherical optical model calculation was made by using code 
CASl'HY 5 . Optical potential parameters, 1 • are as follows, 

V 50.136 0.150'E . rO I.240. aO 0.500 
Ws 4.600^0.340^ . rs 1.400. as-0.400 
Vso 7.00 . rso 1.240,aso 0.500 

(energies in MeV. lengths in fm> 
MT-2 Elastic scattering 

Given as total minus other cross sections 
MT-16 in,2n) 

Calculated using essentially the method of Pearlstein /6/, 
and normalized to experimental data at 14 MeV. 

K~-4.51-91 Inelastic scattering 
Level excitation cross sections were calculated with the 
optical and statistical model code CASTHY 5 , and the 
results were multiplied by a factor of 1.5 to obtain a 
better fit to experimental data. Level scheme was 
recommended by FJ.NaVas.l7nu '' as follows. 

No. Energy iMeV) Spin-Parity 
g.s. 0.0 0 + 

81 
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2 of Iron54 

1 
2 
3 
4 
5 
8 
7 
8 
g 

10 
n 
12 
13 
M 
15 
16 
17 
!P 
i o 

e?0 

1.4082 
2.5332 
2.5613 
2.9499 
2.9590 
3.1661 
3.2952 
3,3450 
3,0338 
4,033 
4,047 
4,072 
4,263 
4.2916 
4.578 
4.655 
4,«cc; 
A . 700 
4 . 7TO 
4 .349 

2 * 
4 * 
0 • 
6 -
2 . 
2 . 
4 • 
3 
4 < 
4 « 
4 > 
3 i 
4 ^ 
0 i 
O , 

2 * 
/, ' 
M 
o 

4 • 
Continuum levels vere assumed above 5.0 MeV. 

L»vel density parameters for modified Gilbert Cameron for
mula as proposed in FPND Conf.. Petten <l977i /S.9/) are 
as follows. For nortution. see Ref, Q', 

isotope a-1 MeV- TiMeV, C d M e V Ex<MeV; 
Ke 54 0,19 1,45 0.532 12.0 
Ft 55 6,90 1,30 1 .gfM 9,0 

Ml" 102 Capture 
CASTHY calculation was used adjusting S gamma to the 
experimental cross sections of JO mb at 200 keV. Obtained 
effective S (laininu value is 0.34E 4 Giant dipole resonance 
parameters wen'-' takt-.'ii from sys'-i-.-jnatjci" of compilation by 
Berman 10 . 

MT 103.107' ii, ji a.-.d n.alpha 
Adopted from experimental data. 

MT 251 Mu bar 
Calculated with CASTHY 5-. 

MF-4 Angular Distributions of Secondary Neutrons 
MT 2 : CASTHY code calculation 
MT-51-70 : Isotropic in the center-of mass system 
MT--16.91 : Isotropic in the laboratry system 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16.91 . Evaporation spectrum 
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I of Iron 56 

26-Fe 56 MAT number -= 2262 

26 Fe 50 JNDC Eval-Oet70 S,IijimQ.H.Yamakoshi 
Dist Mar83 Revl Feb84 

History 
78 10 New evaluation for JENDL-2. Details given in Ref. 1 . 
83 II Small corrections were made. 
84 02 Background data were modified. Comment data were added. 

MF-1 General Information 
Kl*-45! Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT- 151 Resolved resonances 

Resonance real on 1,0E !3 eV to 250.0 keV 
The multilevel L'.reit Winner formula was used. Parameters 
were adopted from the experimental data by Perey-t .2/ . 
R 6.5 fro was selected to reproduce the 24 keV window cross 
section. Neutron width of 27.67 keV resonance was taken as 
1420 eV. 

Calculated 2200 m s cross sections and res, integrals. 
2200 m's Res. Intcg, 

elastic 12.46 b 
capture 2,018 b 1,44 b 
total 15.18 b 

MF 3 Neutron Cross Sections 
Below 250 fceV. background cross sections were given to 
reproduce the thermal elastic scattering cross section of 
!2.<J6 barns 3 . Above r'50 keV. eross sections were 
evaluated as follows, 

HT-I Total 
Spherical optical model calculation was made by using CASTHY 
code 4 . Parameters ;\, are as follows, 

V 52.644 0.002+E 0 . 0 0 6 » E H 2 , rO 1.166, aO 0.371 
Ws 2,869-0.289«E . rs !.450, as 0.480 
Vso 6.138 . rso 1,166.ftao0.371 

(energies in HeV, lengths in fm>. 
MT--2 Elastic scattering 

Given as total minus other cross sections. Fine structure 
in the MeV region is due to the inelastic scattering cross 
section. 

MT=16 (n,2n) 
Calculated using essentially the method of Pearlstein '5/. 
Normalized to experimental data at !4 MeV. 

HT--4.51 77.91 Inelastic scattering 
Level excitation cross sections were calculated with the 
optical and statistical model code CASTHY 4- . The result 
was multiplied by a factor of 1.17. The 1st level 
excitation below 2.12 MeV was replaced with fiae resolution 
data of Kinney-i ,6/. Level scheme was recommended by 
R.Nakasima /7/. 
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2 of Iron 56 

No. 
B.s 

! 
2 
3 
4 
b 
0 
7 
« 
0 

10 
11 
\z 
13 
14 
: b 
-6 
17 
18 
19 
20 
21 
22 
23 
24 
85 
26 
27 

Continuum 

Energy(MeV 
0.0 
0,8468 
2.0851 
2.6576 
2.9417 
2.9600 
3.1200 
3.1229 
3.3702 
3.3884 
3.4454 
3.4493 
3.6009 
3.6019 
3 GOTO 
:i 7/m 
3 ''..&' 
3.332 
3.eW35 
4. 0S<!0 
4.1003 
1.1200 
4.2982 
4.302 
4,3950 
4,40! 
4,4584 
4,5100 

levela vorv i 

) Spin Pa 
0 i 
2 • 
4 . 
2 -
0 . 
2 . 

• 1 i , 

4 i 

2 < 
6 > 
3 < 
1 -
P • 
2 
0 • 
p . 
3 
2 -
3 -i 

•,3 - > 

.3 * ) 
; 4 •! i 

4 * 
.0 - ' 
3 • 

• , 2 > .• 

3 < 
3 

atjstimt'd .il 

Level density jMrdiueteri; .''or modi Tied Gilbert Cameron for 
inula as prnposed in FPND conl". . PeUeii 1077 8.0 are 
,i.s follows. '*'MI jiort.it. ion. .s'̂ e R"" . 0 . 

usoLnv M !V.' 7 MeV 0 ; MeV Ex MeV 
Fe 56 Y.158 1.27 0.746 10.0 
Fe 57 8.27 1.14 1,694 7.70 

HT !02 Capture 
CASIW calculation was used adjusting S-gamma to the 
experimental cross sections of 5.5 mb at 200 keV. Obtained 
effective S gamma value is 0.18E 4. Giant dipole resonance 
parameters vere taken from systematics of compilation by 
3erman 10 . 

MT-103.107 .n.p.' and (n,alpha ' 
Adopted were the same cross section as Fe 54 which was 
evaluated from experimental data. 

MT-25I Mu bar 
Calculated with CASTHY 4 . 

MF-4 Angular Distributions of Secondary Neutrons 
MT-2 : CASTHY cede calculation 
HT'51-77 : Isotropic in the center cf mass system 
HT=16,91 : Isotropic in the laboratry system 
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MF 5 Energy Distributions of Secondary Neutrons 
MT 16,91 : Evaporation spectrum 
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1 of Iron-57 

26 Fe- 57 MAT number - 2263 

2S Fe 57 JNX Evol Oc t78 S. I i j i ma. H. Yomakosh i 
Dist Mar83 Rev IFeb84 

History 
78 10 New evaluation for JONDL 2. Details given in Ref. I , 
83 11 Small corrections wore made, 
84 02 Comment, was added, 

MF 1 General Information 
MT 451 Descriptive data and dictionary 

MF ?. Resonance Parameters 
MT K>! Resolved resonances 

Resonance region 1 .0E 5 eV to 200.0 keV 
The luulu level L'roil Vainer formula was used. Parameters 
were adopted from Allen• 2 for s wave resonances, and 
Beer- 3 for p wave resonances in 0 185 keV. 

Calculated 2200 in,s cross sections and res. integrals. 
2200-fli's Rea. Inten. 

elastic 0.2021 b 
capture 2,462 b 1.45 1) 
total 2.664 b 

Ml" a Neutron Cross Sections 
Below 300 keV. background cross section was given for the 
capture cross section to reproduce the value of 'Z.4&i-0.3< 
barns 4 at 0.0H53 eV, The bâ kijroun'J duta for the total 
cross section contain ale., contributions from the inelastic 
scatteruii', cross section. Above £00 fceV. the data were 
evaluated as follows. 

MT 1 Total 
Spherical optical mortel calculation was matie with CflSTHY 
code 5'. Parameters 1/ are as follows. 

V - 50.136 0,150<E . rO 1.240, aO 0.500 
Ws ^ 4.600*0.340*E . rs 1.400. as^0.400 
Vso 7.00 . rso-1.240,aso 0.500 

(energies in MeV unit, lengths in fm unit) 
MT-2 Elastic scattering 

Given as total minus other cross sections 
MT=!6 (n.2n) 

Calculated using essentially the method of Pearlstein /6/, 
and normalized to experimental data «.t 14 MeV. 

MT-=4,51-64,91 Inelastic scattering 
Level excitation cross sections were calculated with the 
optical and statistical model code CASTHV /5•'. The 
calculation for 1st level J4.4 keV excitation was replaced 
in th"? energy from K.S5 keV to 200 keV oy calculated cross 
sections from resonance parameters. 

Level scheme was recommended by R.KHkasima ft/. 
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No. 
R. S . 

1 
']> 

3 
•1 

!> 
(5 
7 
H 
<J 

10 
I ! 
. r 

t l ' ' ! ! '1 I !T|1 '. 

Eiior&v MeV 
0.0 
0.0M.-1 
0.1366 

0.7067 
I . 00H 
i . i on 
i .r?6!>i 
i xm 
i .6; j/Y 
1 7 & 7 
1 975 
1 .<WM 

y ;>''"/ 

! i - v •!.••'• v . - i • • . L ' . 

Spin Pu r i t y 
! 2 
3 ,° 
b £ 
3 P 

7 ;•• 

i f' 
3 ;J 

3 p 

9 ? 
r • > 

i ' • ' 

.'-.Milt'-'! , : ]b:>Vl J rJ MoV. 

!.'-vi.' ri..-ns:'v ;-,!! ii'ni'U.'! ••-.. ''•>: ;:'.ii:! ( n.-.i ( L i b e r t Camoron for 
•TI: - . <>.s i-!-p|'«-..s--(i :n l-T'HI) i onl . Pot.ion 1977 8 , 9 a r o 
,is l o l l ova. Ken n o r t i i l i u n . SCT Kef. 9 . 

IMOU>|V ,i 1 ML-V T MOV C 1 Ki'V ExvMoVi 
I'V b7 ( U V I I--1 ! ,6!.M 7 .70 
!•'<• Sv'i « . 4 b ! . 16 0 7.1 P I 0 . 0 

Ml" H.V Cipturo 
Cali-ulatcd with CASTHY ndopt.mr. tin.- S t'.«niiiia of 3.53E 4. 
Cliiiiit dipolo i I'Sonanci:' paraiiieu-r:.: wero taken from syste 
matins of compi latum bv Benmiti 10 

MT 2b 1 Mu bar 
Calculated with CA&T1IY b 

MF -1 Anivilar Distributions of S'.-fotidai v Neutrons 
MT 2 • CASTHY >-vx\o calcula'ion 
XT b] ('••', ' jsotropM' MI '.h'- i'-nH" o( uuss system 
MT :6.0' ".••'jo1.! on-. • : r , V 'MIVIMIIV .••'."«', om 

MF 5 Energy Distributions of .Secondary Neutrons 
MT 16.9! : Evaporation spectrum 
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1 of Iron 58 

36 Fe 58 MAT number 2264 

26 Fe 58 JAEKI Eval MarTB JENDL CO 
Dist Mar03 Rev) Jan04 

History 
76 03 Evaluation for JENDL 1 1 ' was made by JENDL 1 Compilation 

Group. 
83 03 Resonance region was revised by T.Asami iJAERI). MF=5 was 

also revised. 
84 01 Comment was added. 

YiF 1 General Information 
MT -451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT Ibl Resolved resonances 

Resonance roeion I,0E 5 eV to 100.0 keV 
The multilevel Hrcit, Wigner formula was used. Parameters 
were adopted from the recommended values by Mughabghab et 
al. 2'. 

Calculated 2HQ0 in.fi cross sections and res. integrals. 
2200 m s res. integ. 

elastic 2.02! b 
capture I.280 b 1.83 b 
total 4.10! b 

MF 3 Neutron Cross Sections 
13elow 100 keV. background cross sections were given to reproduce 
the thermal cross section recommended in Ref, 2 . Above 100 
keV. the data were evaluated as follows. 

MT 1.2.4.51 58.91.102 Total. Elastic. Inelastic and Capture 
Calculated with optical and statistical model code CASTHY 
3 . Optical potential parameters were determined by 
Yamakoshi ! to reproduce the smoothed total cross section. 

V 46.0--0.25*En iMeV). Wi - 0. )25*En 0.0004iEnn2 (MeV) 
Ws - 14.0-0.2<En (HeV). Vso= 6.0 (MeV) 

(Gaussian form > 
R 1.16fai 41/3+0.4821 (fm>. aO = 0.62 (fm; 
Ri •- 1.16****1/3*0.8799 tfm). ai = 0.62 cfm> 
Rs ~ 1.16*aH 1/3+0.8799 (fra). as = 0.7 (fm) 
Rso^ 1.16*a+*1/3-0.3443 (fm). aso= 0.62 (fm; 

The level scheme was taken from Refs. ,/4,5/ as follows. 
No. Energy(MeV; Spin-Parity 

g.s. 0.0 0 + 
1 0.8106 2 + 
2 1.6745 2 -
3 2.133 3 -
4 2.257 0 • 
5 2.596 4 -
6 2.782 1 + 
7 2.876 2 + 

89-
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8 3.084 2 . 
Levels above 3,15 MeV were assumed to be overlapping. The 
m.Srp. in.pi and ;n.alpha • reactions were considered as 
competing processes. 

HT 16 m.ai: 
Calculated with Pearlstein's method 6 , and normalized to 
1.06 barns ,1 at 14.S MeV. 

MT 103 ui.ps 
Adopted from the evaluated data of Alley and Lessler 8 . 

MT 107 ;n. alpha) 
The shape of cross section was taken from Schmit's 
evaluation 9 and normalised to the data of Gardner and 
Yu Wen 10 . 

MT 251 Mu bar 
Calculated with CASTHY 3 . 

Ml-" A Angular Distributions of Secondary Neutrons 
MT 2 CASTI1Y code calculation 
MT 51 bfi Isotropic '.:i the center '.J mass system 
MT 16,91 : Isotropic in the laboratry system 

MF 5 Enerp.y Distributions of Secondary Neutrons 
MT 16.91 : Evaporation spectrum 

References 
1 Igarasi S. et al.: JAERI 1261 il979>. 
2 Mughubiihab S.F. et al. : Neutron Cross Stations, Vol. I. 

Part A', Academic Press (1981 <. 
3; Iearasi S. : J. Mucl. Sci. Technol.. 12. 67 (1975). 
A L.ederer C M . et al.: "Table of Isotopes. Sixth Edition", 

John Wiley and Sons Inc. 11967 :. 
5 RamanS.: Nucl. Datasheets. 3. 145 1970;. 
6 Pearl stein S. : Nucl. Sci. En,i.. 23. 238 1965.. 
7 Boedv Z.T.: INDC HUN> 10 1973 . 
8 Alley W.E. and Lessler R.M.: Nucl. Data Tables, 11. 622 

1973 . 
9 Schmit J.J: KfK 120 1966 . 
10 Gardner L. and Yu Wen Yu.: Nucl. Phys., 60. 49 i1964). 
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JAERI-M 84 -103 

1 of Cobalt-59 

27 Co 59 MAT number 2271 

27 Co 59 FUJI. Eval Nov82 T.Aoki.T.Asami 
DIG!. MarlXi Rev I JanB4 

History 
02 II Evaluation was completed by T.Aoki FUJI > and T.Asumi (JAERI'i. 
04 01 Resonance parameters were revised and comment was added. 

MF 1 General Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLBW formula 

Energy range : from '. ,0E 5 eV to 100 keV. 
Resonance enerf/Jes. neutron and radiative widths were taken 
from recommended values of Mupjiabaliab et al. 1 . Radiative 
widths assumed for resonances whose widths were not recom
mended were 0.56 c-V and 0.7 eV for s wave and p wave 
resonances, respectively. Two negative resonances were 
adopted also from Ref. 1/. The effective scattering radius 
and parameters of the 500 keV resonance were adjusted to 
reproduce the thermal cross sections recommended in Ref. /!/, 

Calculated 2200 in sec cross sections and resonance integrals, 
2200 m sec res. integ. 

elastic 6.001 b 
capture 37.18 b 75.6 b 
total 43.10 b 

Ml7 3 Neutron Cross Sections 
Below 100 keV: Resonance region. Background cross sections are 

zero. 
Above 100 keV: Data were evaluated for the following MT's. 

total cross section 
elastic scattering cross section 
total inelastic scattering cross section 
m.2n> cross section 

MT 51 57 inelastic scattering cross sections to discrete 
levels 

MT- 91 inelastic scattering cross section to continuum 
levels 

MT-102 capture cross section 
MT-103 (n,p; cross section 
MT~107 in.alpha > cross section 
MT-251 mu-bar 

Cross sections were calculated with optical and statistical 
model code CASTHY 2 . The optical potential parameters were 
selected by Kawai 3 to reproduce average total cross 
section in the high energy region. 
V - 49.69 0.135-Sn. Vte 4.03J-0.198;En. Vso=7.00 (MeV) 
r - 1.240 . rs -- 5.400 , rso=! .240 (fin) 
a = 0.541 , b = 0.400 , aso=0.541 (fm) 

The inelastic scattering cross sections were given for seven 
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JAKRI •- M 8.1 - 103 

2 of Cobalt 59 

No. 
g.s. 
1 
2 
3 
4 
5 
6 
7 

Enerr.y MoV 
0.0 
1.099 
1.292 
1.-134 
1.482 
1 ,74b 
2.063 
2.088 

discrete levels of which level scheme was taken from Ref. 
.4 . 

Spin Parilv 
7 2 
3 2 
3 2 
1 2 
5 2 i 
7 2 
7 2 
9 2 

Levels above 2.154 MeV were assumed to be continuum. The 
level density parameters of Gilbert and Cameron 5. were 
used. The n,2n>. <n.p> and n.a; cross sections were 
taken into account as compelinn processes. The evaluation 
of these cross sections were madr- as follows. 

n.2n based on the experimental data of Paulsen and 
Li skien 6 . 

n.!> calculated uilli GNASH 7 . and normalized to 
the experiment.:!) data of Smith and Meadows 
U.9 at 5 MoV. 

n,alpha) evaluated from the experimental data of Sanlry 
and Bullor !0 . 

The niu bar was also calculated with CASTIIV /2/, 

Ml"' 4 Angular Distributions of Secondary Neutrons 
MT 2,51 57 : Calculated with CASTHY 2 . 
MT 16 : Assumed to be isotropic in the laboratory system. 
MT 91 : Calculated with CASTHY 2 . 

Ml7 5 Energy Distributions of Secondary Neutrons 
MT 16.91 : Evaporation spectra. 

References 
1 Mughabghab S.F. et al.. Neutron Cross Sections. Vol. 1, Part 

A. . Academic Press. 1981 . 
2 Igarasi S. : J Nucl. Sci. Techr.ol. , 61, 477 (1976'. 
3 Kawai H.: Contribution to 1979 NEANDCc Topical Discussions. 
4- Lederer CM. and Shirley V.S. (Ed. >: "Table of Isotopes 7th 

Ed.", Wiley-Interscience (1978). 
5; Gilbert A. and Cameron A.G.W.: Can. J. Phys.. 43, 1446 (1965). 
6) Paulsen A. and Liskien H.: J. Nucl. Energy, AB19, 907 (1965). 
7' Young P.G. and Arthur E.D.: LA-6947 J977;. 
8; Smith D.L. and Meadows J.W.: ANLNDW 10 .1975). 
9) Smith D.L. and Meadows J.W.: Nucl. Sci. Eng.. 60, 187 (1976). 
10) Santry D.C. and Butler J.P.: Can. J. Phys., 42, 1030 (1964). 
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JAER1--M 84-1M 

Ni 

Ni 

Ni 

Ni 

NJ 

53 

GO 

61 

62 

64 

: Trans. 
C-ipl. 
Trans. 
Capt. 
Trans. 
Capt. 
Trans. 
Capt. 
Trans. 
Capt. 

1 of Natural Nickel 

28 Ni 0 MAT number 2280 

i?B Ni 0 JAERI Eval Nov'79 Y.Kikuehi and N.Sold no 
Dist DtrcVO Rev! NovB3 

History 
79 11 New evaluation for JENDL 2. MF's 2, 3 and 4 were reliesed 

as JENDL. 2B 1 . 
83 03 MF 5 was added as final JENDL 2 data. 
83 II Comment was added. 

MF 1 .MT 45! Comments and dictionary 

MF 2.MT 15! Resolved resonance parameters : 1 .OE 5 eV 600 keV 
Evaluation based on the following data. 

Percy 2 . Syme 3 .Farreli 5 
Percy ?. . Froehncr 4 .Hockenbury 6 
Symc 3 .StiorjliLzi 7 • .Parrel*,-5.' 
Froehner 4 .Stieclitzt 7 ,Hockenbury<-/6 ' 
Cho* '8 
Froehner 4/', Hockenbury ( 5 / 
Been 9' .Farreli 5 
Beer- 9 
Boer i 9 .Farrel vB,1 

Beeri 9 
A negative resonance added for Ni 58. 
Assumed Gam e : 2 eV for s wave res. and 1 eV for p-wave. 

Calculated 2200 tn s values and resonance integrals barn): 
2200 m s value res.int. 

total 21.20 
elastic '6.77 
capture 4.429 2.22 

MF 3 Neutron Cross Sections 
Background cross sections (BGCS) applied to resonance region. 

MT 1.2 : Positive or negative BGCS to compensate errors 
due to constant R and resonance truncation .10/. 

MT 102 : Smooth positive BGCS above 10 keV. 

Cross sections above resonance region evaluated as follows : 

MT=1 ". Total cross section 
Calculated with optical model. 
Potential parameters obtained by fitting nat-Ni data /ll/: 

V -51.33 - 0.331<En .Ws-8.068 H 0.ll2<En .Vso-7.0 (MeV) 
rO-rso !.24 .rs-1.40 (fin; 
aOaso 0.541 .b 0.4 ifm;> 

MT 2 : Elastic scattering 
Total All the other partial cross sections;. 

MT=!6 : m,2n) 
Ni-58 
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JAKRI M B-l - 1113 

2 of Natural Nickel 

Data of JENDL 1. evaluated on the basis of plenty experimen 
tal data, extended up to 20 MeV. 

Ni 60, 61, 62, 04 
Calculated with evaporation model. 

Ml' 17 : ui,3n/ given only for Ni 64. 
Calculated villi evaporation model. 

MT 22 : ;n,na; given only for Ni 58. 
Evaluated on the analogy of Cu 65 .n.rw1 cross section. 

MT 28 : in.np) 
Calculated with evaporation model. 

MT 51 90.91 : Inelastic scattering 
Calculated with the statistical model code CASTHY 12 . 

Competing processes : n.2n . n.3n , n.np . n.na . 
n , j) , n. a . 

Love1 f 1 r.c tua 11 on cons i do >-e0. 

Inelastic scattering to the 1st level for even A isotopes 
evaluated on the basis of experimental data up to 7 Mr '. 
Direct reaction calculated with OWBA and added above 7 ,4eV 

The level scheme for each isotope taken from Ref./13/, 
Ni 58 No Energy. MeVi Spin-Parity No Energy (MeV > Spin-Parity 

Ni 60 

P,.s. 
1 
2 
3 
A 
b 
6 
7 
8 
9 
10 
11 

0 0 
1.4545 2 
2.4595 4 
2,7757 2 
2.9026 1 
2.9428 0 
3.0383 2 
3.2645 2 
3.420.8 3 
3.5240 A 
3.5313 0 
3.5942 1 

continuum levels 

No EnergyMeV) Spin-
g.s. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
i • 

0 0 
1.3325 2 
2.1589 2 
2.2846'- 0 
2.5058 4 
2.6262 3 
3.1190 4 
3.1241 2 
3.1300 4 
3.18S4 3 
3.394! ! 
3.269-i 2 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

3 6203 
3.7757 
3.8989 
4.1080 
4.2900 
4.3430 
4.3490 
4,3800 
4.4010 
4.4493 
4,4720 

4 
4 
2 
2 
3 
6 
4 
5 
4 
0 
3 

Mo Energy(MeV> Spin-Parity 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

3.3183 
3.3810 
3.3936 
3.5300 
3.5890 
3.6197 
3.6710 
3.7290 
3.7355 
3.7410 
3.8714 

0 i-
4 H 
2 + 
0 + 
3 + 
3 + 
4 + 
3 -
1 -
0 -
2 -

Continuum levels assumed above 3.895 MeV. 

Ni-61 No Energy(MeV) Spin-Parity No Energy(MeV) Spin-Parity 
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.1AKRI M 8-1 !i 

3 of Natural Nickel 

. s . 
1 
?. 
3 
A 
b 
B 
7 
8 
9 

10 

0 
0 .0674 
0 , 2 0 3 0 
0 .6560 
0 .90B8 
1.0150 
1.1000 
1 1323 
1.1857 
1.4580 
; BJOO 

3 2 
5 ?, 
1 2 
3 2 
b 2 
7 2 
3 2 
b 2 
3 V. 
7 2 
!-» 2 

11 
12 
13 
14 
1!> 
!t> 
17 
in 
10 
20 

1 721 »i 
1 8080 
i \iin) 
! U070 
2 .0030 
2 oi no 
2 1 M 0 
P 1230 
P.4100 
2 . 4(360 

3 
7 
11 
:A 
7 
7 
9 
1 
5 
7 

Continuum I'.'Vi'Ls iissunu.-'ri .ibovt* 2 528 HeV. 

Hi 62 No Enen'.V MoV Spin Parity No Energy MeV Spin Parity 
'. s 

1 

1; 
i> 

c 
7 
B 
; j 

10 

No 
fcJ 

1 
o 

3 
4 
b 

7 
8 
9 

10 

n 
1 1729 

2 0486 
2 3018 
2 3,864 
2 8912 
3, ObftP 
3.ib8o 
8 .170b 
8 .2b>7 
3 . 2 0 2 0 

Con (..mm itn 

liNoi c,v MfV 
0 
1 .3459 
2 . 2 7 5 0 
2 . 6 0 8 0 
2 . 7 5 0 0 
2 .8650 
P.. 8850 
2 9710 
3 0280 
3 .1650 
3 . 2 7 3 0 

0 

(1 

0 
2 
/", 
4 
t" 

4 
. •ve la 

.S]Jiti 
0 
2 
0 
4 
2 
0 

2 
0 
4 
2 • 

, 

.I.VilltlH 

"'at i t v 

i 1 
12 
13 
14 
l b 
l b 
17 
!H 
19 
20 
21 

3 2699 
3.2774 
8 .3703 
;• 4620 
8 .4860 
3.51Mb 
•'•f.WrJS'J 
3 .7570 

3. (Mai 
8 .8530 
3 ,8600 

•d ; I I K W " 3.1)67 MoV. 

No 
1 1 
12 
' 3 
14 
l b 
16 
17 
18 
19 
20 

'juii-Ry MeV 
3 . 3 9 3 
3 . 4 5 9 
3 . 4 8 3 
3 .560 
3 617 
8 . 7 4 8 
3 . 7 9 5 
8 BOB 
3 . 8 4 8 
3.9(35 

St 

2 • 

4 • 

1 • 
4 • 

0 • 
2. • 
3 • 

3 
1 < 

2 • 

2. -

i n P 
3 • 
1 • 

4 • 

3 
2 • 
4 • 
1 -
3 
b 
4 • 

Continuum levels assumed above 4.084 MeV. 

The inelastic levels of each isotope are grouped in 
natural Nickel file as follows : 

MT QMeV; Ni 58 Ni 60 Mi 61 Ni 62 Ni 64 
51 
52 
53 
54 
55 
56 
57 
58 
59 

0.0674 
0 .2828 
0 .6556 
0 .9082 
1.0144 
1.0993 
1.1719 
1.3320 
1.4549 

60 1.9768 

51 
51 

51 
52 
53 
54 
55 

£56.57 
58 

59 .60 
61 .62 
6 3 , 6 4 
6 5 , 6 6 

51 

52 

51 
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J AKRI \l M In.) 

•1 i>l" Natural N.K 

61 

w 
u3 

e-r, 

vn 

71 

73 

J-.lviHS 
? ;;'»-io 

;-'.b().« 

;-: 77<:.w 

3 03b0 
3 l l 7b 

3 .1B53 
3 2f>5? 
3 3; 72 
3 3 7 H H 

!<•• 

!>3 
b4 
bb 
H i 

b7 

H i 
S3 
W! 

(S3 

b;-j 

!V1 

!vl 

>.b7 

i.tiO 
61 

67, (iM 

f i!'' 

(V 
b3 

bb.Hj 

b7 !»J 

•>7.Hi 

by. 60 
61 .KJ 

63 

64 . 6b 
u i . 6 7 

60 

r •: 1 
I 1 1 

(?;-'. B3 

64 
6b 

>. i 

in 

,'v' 
K3 
6'! 
Hb 
66 
f,/ 

• i • ; ; M : > 

3 \'>'!M' 
3 / i b " / 

3 7761 

3 H/OI 
3 W J H 
4 1063 
•Ib'THU 
•1 3440 
•\ :••:<{) 

4 4'/; '0 
.; .;'•>. >n 

w 

< ; ; • • 

f 13 

64 
l ib 
r.7 
,6b 
(V 

71 

7; ' 

6H 60 

b'J.YO 07. f.18 
71 69 

70 

;-- .!•;"••• ' :••: I . M '.•; 9 1 9 ! 

Die level duiisj Ly parameters evaluated by Yoshida 14 
N l J i ; : . 6 > p < -

a 1 MeV 
Delta.MeV , 
Ex MeV . 
Te MeV 

Ni i s o t o p e 
a 1 HeV 
De l t a MeV: 
Ex MeV 
Tc MeV 

b7 
5 . no 
I .20 
6 . 3 3 
1.44 

62 
8 .77 
2 . 6 0 
9 . 0 0 
1.08 

58 
6 . 4 5 
2 . 4 7 
7 . 3 0 
1.49 

63 
9 . 3 7 
1.20 
3 .00 
1.36 

59 
6 . 9 7 
1.20 
8 .00 
1.35 

64 
9 . 9 8 
2 . 7 0 
4 . 3 2 
1.15 

60 
7 . 5 5 
2 . 4 7 

10.00 
1.26 

65 
10.57 

1.20 
4 . 0 0 
0 .947 

6 ! 
a. M 
1.20 
7.00 
l . ! 7 

MT 102 : Capture 
Calculated with the s t a t i s t i c a l model cede CA.STHY 12 

Ccmpetin? processes : n.2n , :n.3n . n.np i. 'n,na ', 
; n. p •, n. a >. 

Level f luctuat ion considered. 
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JAERI-M 84--103 

5 of Natural Nickel 

The eftimna ray strength function obtained from the capture 
oross section of natural Ni ; 9.6 mb at, A'M koV. 

Ni 58 : 4.62E 5 . Ni 60 : 2.77E S3 
Ni 61 : I.SHE 4 . Ni 08 : 0,'ogE G 
Ni 04 : S.87E 6 

MI" 103 : n.p: 
Ni S39.Ni 60 

Data of JENDL 1. evaluated on the basis of plenty experimen 
tal data, extended up to 20 MeV. 

Ni 6!. 62. 64 
Evaluated on the analogy of Ni 60 n.p cross section. 

MT 107 : n.a 
Evaluated on the analogy of Co 59 n.a cross section. 

MI' 251 : Mu bar 
(V. en Kited with CASTHY 1? . 

MF 4 Angular Distributions oi Secondary Neutrons 
MT 2 : Calculated with optical model. 
MT 16,17,22.88.9! : Isotropic in laboratory system. 
MT 51 90 : Isotropic in center of mass system. 

Ml-' 5 Enerey Distributions of Secondary Neutrons 
MT 16,17.22.28.91 : Evaporation spectrum. 

References 
1 Kiktichi Y. et al.: J. Nucl. Sci. Technol.. 17.567(1980). 
2 Percy F.G et al.: Neutron Data of Structural Materials for FBR 

,1977 Geel Meet, ,p.S503.Pergaman Press 1979 . 
3'SymeD.B. et al.: ibid.p.703. 
4 Froehner F. : ibid.p.138. 
5 Farrel' J.A. etal.: Ann.PJiys. .37.357 19G6 •. 
6 Ilockenburv R.W. el. al . : Phys.Rov.. 178.1746 '1969'. 
7 SUer.litz R.G. el al.: N-JCJ .Phys. .A163.S92 1971 ,. 
8 Cho et al.: Nuclear Data for Reactors. Proc. 1970 Helsinki 

Conf.. p.619, IAEA(.1970'. 
9; Beer H. and Spencer R.R.: Nucl .Phys. ,A240,29 (1975;. 
10> Kikuclu Y. and Sekine N. : to be published as JA£RI M report. 
II) Kawai M. : unpublished. 
!2) Igarasi S.: J.Nucl.Sci.Technol.. 12,67 (1975). 
13) Lederer C M . and Shirley V.S.: Table of Isotopes,7th Edition, 

Wiley-Interscience (1978). 
14 i Yoshida T. : unpublished. 
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.IAKH1 M «.l !'KH 

1 of Nickel 58 

28 Ni 58 MAT number 53381 

;>8 Ni 50 JAHKI ISval Aup.852 Y.Kikuchi and N Sekme 
Dial &ii'03 Itevl Nov63 

History 
82 08 Now evaluation for JENDL 2 was made by Y.Kikuelii JAER1 and 

N.Sekme J1EC 
83 11 Comment was added. 

Ml" ! ,MT 451 Comments and dictionary 

MF 2.MT 151 Resolved i usonatice parameters : 1.CE 5 eV 600 keV 
Evaluation based on the following data. 

Transmission : Poroy• 1 . Svme- 5? . Tarn:;) • 4 . 
Capture • Perev i • Fjnehiier 3 . Hoekenbury' 5 . 

Two negative resonances added. 
Assumed Gam r. ' 5? eV far s wave res. and ! eV for p wave. 

Calculated 555500 »n s values and resonance integrals (barn): 
52200 in s value ros. int. 

total 30. 02 
elastic 533.02 
capture 4.60b 2.?,\ 

MF 3 Neutron Cross Sections 
Background cross sections iBOCS applied to resonance region, 

MT I,2 : Many point BQCS to compensate errors due to constant 
K and resonance truncation 6 . 

MT 102 : Smooth J3GCS to corrout p wave level missinc above 
200 keV. 

Cross sections above 600 keV evaluated as follows : 

MT ! . Total cross section 
Calculated with optical model. 
Potential parameters obtained by fitting nat Ni data ,'7/: 

V 51.33 0.33]+En ,Ws 8.068 • O.I12<En ,Vso 7.0 (MeV; 
r0rso=i.24 .rs^-1.40 (fm) 
aO aso 0.541 ,b -0.4 (fm) 

WT--2 : Elastic scattering 
(Total J - tAll the other partial cross sections). 

WT=16J03 : !n.2n>, in.p) 
Data of JENDL 1, evaluated on the basis of plenty experimen 
tal data, extended up to 20 MeV. 

MT-22 : n.n'a -
Evaluated on the analogy of Cu 65:n,na cross section. 

MT=28 : n,n"p > 
Calculated with evaporation model. 

- 9 6 -



) A B l ) - M St II).') 

2 of Nickel RR 

KT 51 : Inelastic scattering; to the 1st 3• -ui-1 
Evaluated on the basis of <~!.\']wuii'-nt.i! dat..:i n{< to / M<-V. 
Direct reaction calculated with OWBA ami add'-d above 7 ! W 

MT W 7^,.01. l()g : ini'-KnUu: spatu-rini-', ami <:ai'turo 
Calculated with tlio ; ; t a t i a t i ea l medal code CASTIIV M . 

Com)ii'tiiii; pi'tWMUi'i; n.c'i) . n.p . n..i . ii.np . ij.nut. 
L'.'Vi.-l flnctiii.it,nin coniadi'ird 

The level iselieiue taken from Kef n 
No liiifi',«,v Mi.'V Spin Pari ty 

c.ti. 0.0 0 • 
1 1 ,454'J V, • 
2 2,4595 A • 
'i ',?. 77b7 .•' 
•". ; J . ; K I I - I I 

'•> ^ . n . ;;••;;; o 

11 
\y 

n 
1!) 
Hi 
17 
1» 
10 
20 

,-V 

Cont. i MMtim 
'M1(. V v l d«-:;' «.v 

Delta MoV 
E>: MeV 
Tc .MeV 

M.Bi'MJ 
:i, npon 
:i//'!i7 

4 10P.O 
.1 . •r<>;,.'1 
A 3430 
A . 3400 
A.3B00 
-1 4010 
.: 4.'K« 
4 , 47: v 

eve]<; .-.<;:-:r/«. d ;,ij, , V M 4 . 
! • , , . , ,T!i.--. ••-.- , v . , ' • ! , • ' . ' t ! > 

b.00 'i 4b 
1 . 20 ?,. 47 
6.33 7.30 
\AA i . 49 

The gamma ray strength function of 4.62E 
the capture cross section of natural Ni. 

1 • 

4 ' 
4 • 

>;\ , 

f-i • 

4 ' 

n , 
;i 

517 
v Y 

!-W. 

• J-.' 

6.07 
1 .20 
0.00 
1.35 

5 obtained fron 

MT !07 •' n,a 
Evaluated on the analogy of Co 59 n.a cress section. 

MT 251 : Mu bar 
Calculated with optical model. 

KF-4 Angular Distributions of Secondary Neutrons 
KT--2 
MT--.' 6- 22.28 
MT-51 72 

MT=91 

Calculated with optical model. 
Isotropic in t!>t; laboratory system. 
??0 depr>:-s syiHi'.otnc in t^e center of mass 
system, calculated with CASTHY. 
90 degree symmetric in the laboratory system. 
calculated with CASTHY. 
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.IAKKI M 81 • 103 

3 of Nickel 58 

Ml-' & Enerpv Dis t r ibut ions of Secondary Neutrons 
Ml" ;G,S?.i?fl.91 . Evaporation speot.rtiiii. 

1 1'itL'V l'".Ci. ft al . : Neutron IXil.it <<f Si rti<M,m\i1 M.it.<-i i<iLs for 
\-m.\'jrf Gcvl Moot. ,p.B03.rurc,itmon Press 1070 

2 .Svme D.B. ot u l . : ib id .p .70^ 
3 Frudir-f F. : i b id .p . 138 
'J P a n e l ] J.A. L't j ] . : /iim.Phva. .av.yi'V 3tJt50 . 
5 Houkeiibin -v R.W. e t a ) . : Phy;;; .Pev . . 17». l'M6 1969 . 
t> Kikiicbi Y. and Stikiue N. : to be published as JAM H report . 
7 Kowiii M. : unpublished. 
8 I w r a s i S. : J .Nuc) .Mnj .Teehm.l . . 1^.67 1975 
9 Ledcrer C K. ar.d Khnley V .<"•;. l\.hl< of" lsotnp-s.'/Lh Edition. 

Wiley Intt-rsci".-!'.-' 107H 
ID YV>.s!iKta 7 :v::-,;l)! :.shefi 
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JAKRl M M lo.'i 

1 of Nickel 60 

28 Ni 60 MAT number 2282 

28 Ni 60 JAERI Kval AuufV Y Kiku< hi and N .,VI:ine 
DiKt M a r W K'.-v! NovK3 

lh.sl.orv 
82 OB New evaluation Cor JI-NDL I* was made by Y Kiktidu JAF.R1 unci 

N SHkim- nnx; . 
K3 11 ("nimii'-nt. was added. 

MK 1 .MT 451 Comments and diet innai v 

I-!!-" 2.KT IIJI R< solved resonance par umetors i . OE b eV 600 keV 
Kvaluation based on tin- f ol 1 nwin,'.'. data. 

Tt ,1'i.snnssi en Svni' • ' .S'.Hr.l I t" • 3 .Parrel1 A . 
::,,!•: u,.. i ,-,,:.>,,„., ;• .s: p...i ;L:: 3 .iloekenbury • 5 

A.s.sii'.:'-d Cam ,". <--,• c'v' ! • •: s wavi- res. and I oV for p wave. 

Calculated 2200 m s values and resonance integrals barn': 
2200 m s value res. int.. 

total M Ml3 
elaMtle 1 0IH 
oaptiiie 2 M01 1 .50 

HI-" 3 Neutron Croat; Sections 
iia.-ki'.i omid cross sections PBGCS' applied to resonance region. 

MT 1 .I-1 Many point. BOCS to compensate errors due to constant 
K and resonance truncation 6 . 

MT 102 ' Smooth I'CCS neai 12 b koV antl above 150 keV. 

Ci"ss sections abov.- 000 l-.-V cv.iluat-'d as follows : 

KT ! . Total ores:- w-t : • .n 
Calculated witn optical model. 
Potential parameters obtained by fitting nat Ni data 7 : 

V 51.33 0.331 En .Ws 8.068 i 0.112-fEn ,Vso 7.0 <MeV , 
i-0 rso I .24 .rs 1 .40 (fin • 
aO aso 0.541 ,b 0.4 <fm> 

MT 2 : Elastic scattering 
Total All the other partial cross sections . 

MT 16,28 : n.2n • and n.np 
Calculated with evaporation model. 

MT 5! : Inelastic scattering to the 1st level 
Evaluated on the basis of experimental data up to 7 MeV. 
Direct reaction calculated with dwba and added above 7 MeV 

MT-52 72.Si . .'02 Inelastic sea..larir.s and capture 
Calculated with the statistical model code CASTHY '8 . 

Competing processes : ,n,2n ), ;n,p s, <n,a ;, cn,np;. 
Level fluctuation considered. 
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JAKRI M K-l IHI 

2 of Nickel 60 

The level scheme taken from Rel 
Knerr.V M<-V 
0 
] :.<«-> 

;\;>M.IH 
i'.lilWl 

3.11 oo 
3. 124! 
3 1300 
3.1864 
3. 1941 
3.26.94 
3 3iK3 

No 
', s . 

I 
I 

3 
4 
S 
t'j 

7 
H 
9 

10 
I I 

-ipin Par 11.v 
0 

w >,.i;7io 4 > 
] ! ' 3 7MK) 3 i 
20 3 73!>i, I i 
;-'i 3 7.11 u o i 
'(¥. 3 MYM 2 i 

Cunt J inn tin l e v e l s .iu.siiiiii.-H above 3 ,89b Mc:V. 
Tin- l eve l di j i is i tv piii .inii-L'TM e v a l u a t e d by Yoshidu 10 

Ni i s o t o p e 
a I MeV 
De l t a MeV 
Ex MeV 
To MeV 

b9 
i; <n 
I . 20 
H 00 

60 
7 . 5b 
2 . 47 

10.00 
1 .26 

61 
8.14 
1 .20 
7.00 
1.17 

This î amma iav stn-ns.\l.h 1 u n c t i o n <>1 2 .31E 5 o b t a i n e d from 
i he c a p t u r e 'I 'uss s e c t i o n da t a of l".i n s l II 

KT 103 ' n.p 
Data of JENDL 1 . evaluated on the basis of plenty 
experimental data . extended up to 20 MeV. 

I-1T 107 : .n .a 
Eva lua ted on the ana logy of Co 59<n ,a i c r o s s s e c t i o n . 

MT-25! : Mu bar 
Calculated with optical model. 

MF^4 Angular Distributions of Secondary Neutrons 
MT-2 
MT=16,28 
MT-51 72 

MT- 91 

Calculated with optical model 
Isotropic in the laboratory system. 
90 degree symmetric in the center-of-mass system, 
calculated with CASTHY. 
90 degree symmetric in the laboratory system, 
calculated with CASTHY. 

MF-̂ 5 Energy Distributions of Secondary Neutrons 
MT=16,28,91 : Evaporation spectrum. 
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.IAKRI M 84-1 OX 

1 of Nickel 61 

2b Mi 61 MAT number 2283 

?M Ni 61 JAER1 livA! Auftflg Y.Kikuclu and N.St-kinc 
Hist Mar&3 Rev] Nova? 

History 
82 08 New evaluation I'or JRNDL i? was mude bv Y.Kikuchi <JAERI ' and 

N.Sekme HEC>. 
B3 11 Comment was added, 

MF l.MT 451 Comments and dictionary 

MF 2.Ml* 151 Resolved resonance parameters : l.OEBoV 68.5keV 
Evaluation based on the following data. 

Transmission Cho 1 
Capture . ''M-ovhnvr 2 . Iloekenbury• 3 

A rk'r.a c.iv- resonance .".(.Idecl. 
AsKirn.'.-d Gam p. : 2 eV l'oi s wave res. and 1 eV for p wave. 

Calculated 2200 m s values and resonance integrals (barn'.' 
2200 m s value res.int 

total 12.12 
elastic 9.6! I 
capture 2.&013 2.44 

MF 3 Neutron Cross Sections 
Background cross sections iBGCS) uppliod to resonance region. 

MT 1.2 : Many point BGCS to compensate errors due to constant 
R and resonance truncation 4 , 

MT 102 : Smooth BGCS above 40 keV, 

Cross sections above 68,5 keV evaluated as follows : 

MT 1 : Total cross section 
Calculated with optical model. 
Potential parameters obtained by fittine nat-Ni data /5/: 

V 51.33 • 0.3314 En ,Ws 8.068 < 0.112tEn ,Vso=7.0 (MeV) 
rO-rso j.24 ,rs 1.40 ifm) 
aOaso-0.541 ,b 0.4 (fm) 

MT:2 : Elastic scattering 
.'Total; - (All the other partial cross sections). 

MT=16,28 : fn,2n)and (n,np) 
Calculated with evaporation model. 

MT=51-70,91.102 : Inelastic scattering and capture 
Ce'culated with the statistical model code CASTHY /6/. 

CompetinG processes : n.2n . n.p •. n.a >. .n.np i. 
Level fluctuation considered. 

The level scheme taken from Ref.,7-. 
Mo EnergyiMeV) Spin-Parity 

g.s. 0 3/2 -
1 0.C374 5/2 -
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JAERI-M 84-103 

2 of Nickel -61 

• 2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 
13 
M 
15 
16 
17 
18 
19 
20 

Continuum 
The level density 

Ni-isotope 
a (1 MeV 
Delta (MoV) 
Ex iMeV) 
Tc : MeV) 

0.2830 
0.6560 
0.9008 
1.0150 
1.1000 
1.1323 
1.1057 
I.4580 
1.6100 
1.7298 
1.0080 
1.9780 
1.9970 
2.0030 
2.0190 
2.1 M0 
2.1230 
2.4100 
2.-1660 

levels assumed 
parameters eve 

60 
) 7.55 

2.47 
10.00 
1.26 

12 
3 2 
5 2 
7.2 
3,2 
5/2 
3 2 
7/2 
52 
3,2 
7,2 -
9 2 i 
3'2 -
7-2 
7,2 
9 2 < 
1 2 -
5 2 
7 2 

above 2.528 MeV. 
luated by Yoshida /8/ 
61 
8.14 
1.20 
7.00 
1.17 

62 
8.77 
£.60 
9.00 
1.08 

The gamma ray strength function of 4.65E 4 obtained from 
the capture cross section data of Ernst* /I0/ 

MT 103 : in,pi 
Evaluated on the analogy of Ni 60in,p) cross section. 

MT 107 : <n,a ; 
Evaluated on the analogy of Co 59 n.a; cross section. 

MT 251 : Mu bar 
Calculated with optical model. 

MF-4 Angular Distributions of Secondary Neutrons 
MT-2 : Calculated with optical model. 
Mr=16,28 : Isotropic in the laboratory system. 
MT-51-70 : 90 degree symmetric in the center-of-mass system, 

calculated with CASTHY. 
MT--91 : 90 degree symmetric in the laboratory system, 

calculated with CASTHY. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,28,91 : Evaporation spectrum. 

References 
1 i Cho et al.: Nuclear Data for Reactors, Proc. 1970 Helsinki 

Conf., p.619. IAEA. 1970). 
2) Froehner F. : Neutron Data of Structural Materials for FBR, 

1977 Geel Meet. ,p. 138,Pergamon Press(.1979;. 
3) Hockenbury R.W. et al.: Phys.Rev.,178,1746 (1969). 
4) Kikuchi Y. and Sekine N. : to be published as JAERI-M report. 
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JAERI-M 8.1 103 

! of Nickel-62 

28 Ni- 62 HAT number 2284 

28 Ni 62 JAERI Eval AUR82 Y.Kikuchi mid N.Sekine 
Dist Mar83 Rovl NovPB 

History 
82 08 Now evaluation for JFNDI, 2 was made by Y.Kikuehi <JAERI > Qiid 

N.Sekine ihec \ 
83 II Comment was added. 

Mlr 1 .MT 451 Comments and dictionary 

MF 2.MT !5i Resolved resonance parameters : 1.0E 5 eV 600 keV 
Evaluation based on the following data. 

Transmission : Beer 1 .Farrel• 2 . 
Capture ' Be.T- 1 

Assumed Gam ;;, : 2 eV for s wave res. and 1 eV for p wave. 

Calculated 2200 in s values and resonance integrals (.barn): 
2200 m s value Res.Int 

total 23.70 
elastic 9.505 
capture 14.20 6.91 

MF 3 Neutron Cross Sections 
Background cross sections iBOCS> applied to resonance region. 

MT 1.2 : Many point I3GCS to compensate errors clue to constant 
R and resonance truncation 3 . 

Ml* 102 : Smooth I3GCS above 150 keV. 

Cross sections above 600 keV evaluated as follows : 

MT ! : Total cross section 
Calculated with optical mode] 
Potential parameters obtained by fitting nat-Ni data ,'4/: 

V 51.33 0.33! Zr) ,Ws 8.068 • O.IISiEn ,Vso 7.0 (MeV) 
r0rso-1.24 ,rs--1.40 (fin) 
aOaso 0.541 .b -0.4 (fin; 

MT 2 : Elastic scattering 
Total > (All the other partial cross sections;. 

MT-16,28 : :n,2n)and (n,np> 
Calculated with evaporation model. 

MT--51 : Inelastic scattering to the 1st level 
Evaluated on the basis of experimental data up to 7 MeV. 
Direct reaction calculated vith DWBA and added above 7 MeV. 

MT=52-71 .91 ,102 : .Inelastic scattering and capture 
Calculated with -.he statistical model code CA&THY /5/. 

Competing processes : •:n.2n.;, •n.p), (n.a ) , in.nfi). 
Level fluctuation considered. 

The level scheme taken from Ref./6/. 
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J.AKR1 -M 8-1 -103 

No 
E . s . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
\b 
if-i 
' 7 

!H 
19 
20 
21 

Energy *MeV i 
0 
1.1729 
2 .0486 
2.301 a 
2.3364 
2 .8012 
3.01502 
3 .1500 
3 .1765 
3.2577 
3 .2620 
3 .2699 
3.277/1 
3 .3703 
3 .4020 
3 . /jJvlO 
3,!i''J!5 
3.!j>2£9 
3.7b7Q 
3 .0493 
3 .0530 
3 .8600 

Spj 

2 of Nickel 62 

n Par i ty 
0 > 
;J , 

0 . 
2 • 
A < 
0 • 
2 • 
2 • 
4 • 
2 -
4 • 
2 i 
4 • 
1 • 
4 
0 < 
2 • 

•>, . 
3 
1 -i 

2 i 
2 . 

Continuum levels assumed above- 3.967 MeV 
The level density parameter 

Ni isotope Gl 
a .1 MeV i 0,14 
Delta i MeV) 1.20 
Ex 'MeV: 7.00 
Tc ;MeV > 1.17 

evaluated by Yoshida fl/ 
62 63 

6.77 9.37 
2.60 1.20 
9.00 3.00 
1.08 1.36 

The gamma ray strength function of 1.30E 5 obtained from 
the capture cross section data of Beer- 1 . 

MT 103 : n.p 
Evaluated on the analogy of Ni 60 n.p cross section. 

MT-107 : n,a • 
Evaluated on the analogy of Co 59m,a cross section. 

MT-251 : Mu bar 
Calculated with optical model. 

KF-=4 Angular Distributions of Secondary Neutrons 
MT=2 : Calculated with optical model. 
MT--16.28 : Isotropic in the laboratory system. 
MT=51-71 : 90 degree symmetric in the center-of-mass system. 

calculated with CASTHY. 
MT=91 : 90 degree symmetric in the laboratory system, 

calculated with CASTHY. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,28,91 : Evaporation spectrum. 

References 
1) Beer H. and Spencer R.R.: Nucl.Phys. ,A240,29 (1975). 
2) Farrell J.A. et al.: Ann.Phys.,37,367 (1986). 

108-



JAER1-M 84-103 

3 of Nickel-62 

3) Kikuchi Y. and Sekine N. : to be published as JAERI M report. 
4) Kawai M. : unpublished. 
5i Igarasi S.: J.Nucl.Sci.Technol. • 12.67 i1975>. 
Q> Lederer CM. and Shirley V,S. : Table of Isotopes.7th Edition, 

Wiley Interscience (1978>. 
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JAKRI- M 8-1-103 

I of Nickel 64 

20 Ni 64 MAT number 2285 

28 Ni 64 JAEKI Eva! Aug02 Y.Kikuohi and N.Sekine. 
Disl, NurfB Rovl Nov83 

History 
82 03 New evaluation lor JFNDL 12 was made by Y.Kikuchi JAERI and 

N. Sekine <HEC . 
83 1! Comment was added. 

MF 1 .MT 451 Comments and dictionary 

MF 2.MT 151 Resolved resonance parameters : 1.0E 5 eV 600 keV 
F.val natron based on the following data. 

Transmission ' Beer 1 .Parrel• 2 . 
dptiii.- Peer i 

Assi'!i!i--ri f-iiin ,", 2 "V for s wave res. ^nti ! eV for p wave. 

Calculated 2200 in s values and resonance integrals ibarni'. 
2200 in s value Res.Int 

total 1.515 
elastic 0.003464 
capture 1.400 0.019 

MF 3 Neutron Cross Sections 
Background cross sections iBOCS i applied to resonance region. 

MT 1,2 : Many point byes to compensate errors due to constant 
R and resonance truncation 3 . 

MT 102 : Smooth bgcs above 370 keV. 

Cross sections above GOO keV evaluated as follows : 

MT 1 : Total cross section 
Calculated with optical model. 
Potential parameters obtained by fitting nat Ni data /A/"-

V 51.33 0.331iEn .Ws 8.068 < 0.112<En ,Vso 7.0 <MeV> 
rO-rso-l.S4 ,rs-l,40 (fmj 
aO aso 0.54! ,b 0.4 (fm) 

MT-2 •' Elastic scattering 
(Total .All the other partial cross sections). 

MT=16.17 : m.2n> and in.3ni 
Calculated with evaporation model. # 

MT--51 ." Inelastic scattering to the 1st level 
Direct reaction calculated with DWBA, added above 7 MeV 

MT52 70.91.102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /5/. 

Competing processes : 'n,2n ), (n,3n i, ;n,p), (n,a ). 
Level fluctuation considered. 

The level scheme taken from Ref./6/. 
No Energy (MeV) Spin-Parity 
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JAERI-M 8 4 - 1 0 3 

The 

The 
the 

g . s . 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Continuum 

0 
1.3459 
2.2750 
2,6080 
2.7500 
2,0650 
2.0050 
2.9710 
3,0280 
3.1650 
3.2730 
3.393 
3.459 
3.483 
3.5G0 
3.647 
3.748 
3.705 
3.808 
3.848 
3.965 

2 of Nickel-64 

0 t 
2 t 
0 i 
4 i 
2 • 
0 i 
2 H 
2 -i 
0 + 
4 * 
2 < 
3 t-
1 i 

4 •! 

3 
2 • 
A 4 

1 • 

3 H 

5 
4 !• 

levels assumed above 4.084 MeV. 
level density parameters evaluated by Yoshida / 7 / . 

Ni-isotope 
a (1/MeV 
DeltuMeVi 
Ex (MeV • 
Tc (MeV > 

62 
) 8.77 

2.60 
9,00 
I.0B 

gamma ray s trength function 
capture cross 

63 
9.37 
1.20 
3.00 
1.36 

64 65 
9.96 10.57 
2.70 1.20 
4.32 4,00 
1.15 0.947 

of 7.67E 6 obtained from 
sect ion data of Beer* 1.'. 

MT 103 : n,p> 
Evaluated on the analofiy of Ni 60-n.p> cross section. 

MT 107 : n.a • 
Evaluated on the analogy of Co 59 n.a cross section. 

MT--251 : Mu bar 
Calculated with optical model. 

MF̂ -4 Angular Distributions of Secondary Neutrons 
MT=2 : Calculated with optical model. 
MT-16.17 : Isotropic in the laboratory system. 
MT-51-70 : 90 degree symmetric in the center-of-mass system, 

calculated with CASTHY. 
MT=91 : 90 degree symmetric in the laboratory system, 

calculated vith CASTHY. 

MF=5 Energy Distributions of Secondary Neutrons 
MT-!6,!7,9! : Evaporation spectrum. 

References 
1 :• Beer H. and Spencer R.R.: Nuci.Phvs..A240.29 (1975>. 
2.i Farrell J.A. etal.: Ann.Phys. ,37,367 1966 . 
3} Kikuchi Y. and Sekine N. : to be published as JAERI-M report. 
4) Kawai M. : unpublished. 
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6) Lederer CM. and Shir ley V.S.: Table of Isotopes,7th Edition, 

Wiley In te rse ience (J978>. 
7) Yoshida T. : unpublished. 
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JAliRI - M 84-] 03 

1 of Natural Copper 

29-Cu- 0 MAT number - 2290 

29 Cu 0 JAERI.MAPI Eval Mur82 S.Igarasi ,M..Sasaki 
Dist Mara? Revl Jan84 

History 
75-03 Evaluation was made- for Jl-NDL 1 by M.Sukaki (MAPI >. 
83 03 Data in the energy region above 3b keV venj re evaluated 

for JENDL 2 by S.lgiirnsi JAER] , and the background data 
in the resonance region vere modi Tied. 

84 01 Comment was added. 

MF 1 General Information 
MT 4'51 Descriptive data and dictionary 

MF 2 Resonance Parameti-rs 
MT 151 Resolved r<-F.uiiH?ice parameters for MLBW formula 

Resonance region 1.0E 5 eV to 35 keV. 
Parameters of each isotope were mainly taken from BNL 325 3rd 
edition 3 . A bound level was added to reproduce the 2200 
m sec capture cross section of each isotope. The effective 
scattering radius of 6,70 fni was taken from Ref. 2. for 
Cu 63 and 6.1*3 fin -1 for Cu 613. 

Calculated 2200 m s cross sections and res. integrals. 
8200 in s res, ini.eg, 

elastic 7.659 b 
capture 3.775 b 3.40 b 
total 11 .6-? b 

MF 3 Neutron Cross St-ctions 
Below 35 keV. all background cross sections are zero. 
Above 313 kev. data vvre eopst''in:t<*d ' rcon i;-ol.opo data which 
were eva 1 ua ted, as fo 11'. -us. 
HT 1 Total 

Optical and statistical mode! calculation was made with code 
CASTHY . 3 . The optical potential parameters used for both 
isotopes are as follows (in the units of MeV and fermij. 
V 46.0 0.250<E , R0 
Wi -0.125*E-0.0004iEn2. Ri -
Vs - 7.0 . Rs 
Wso- 7.0 , Rso 

MT~2 Elastic scattering 
(Total)-(All other partial cross sections! 

MT=4.51-67,91 Inelastic scattering 
Optical and statistical model calculation was made by taking 
into account of competing processes of n.2n>. n.n'ai and 
n.a ' reactions for Cu 63. and n.2n . n.n'a and m.p for 

Cu-65. The level schemes were taken from Ref. 4 . 

. J-p 

1/2 -

- 113-

! .leuit 
1.16iA<) 
1.161A1t 
1.16<At-

3 3)0.6. 
1.3)0.6, 
! 3)1.1. 
1 3)0.6, 

aO 
ai 
as -
aso~ 

0.62 
0.62 
0.35 
0.60 

Cu nat 
MT Energy•MeV 
51 0.6698 
52 0.7704 
53 0.9623 

C'J S3 
Energy f-'eV J D 
0.66962 1 2' 
-

0.96206 5/2 -

Cu 65 
Energy•MeV 

0.7706 
-



JAIiRI - M 8.1-103 

54 
55 
56 
57 

m 
m 
(30 
t;i 
62 

ro 
64 
65 
66 
67 
9! 

'..1153 
1.3274 
1.4124 
1.4815 
1 ,5475 
1 .(5231 
1.7246 
1.6618 
2 .0H7 
2.0926 
2.2118 
2.2795 
2.3277 
2.5305 
2.C506 

2 of Natural Copper 

.11554 5 2 
! , 32703 
1.41203 

1.54702 

1,8613 
2 .01 ! ! 

above 2.05 

li . n' a . ii 

7 2 
b 

3 

5 
3 

• P 

2 

2 

2 
2 

and 

1.48183 

1.62344 
1,72494 

2.093 
2.2123 
2.280 
2.3282 
2.531 

above 2.54 

n.a 

7 2 

5,2 
3 2 

5 2 
3 2 
5,2 
3 2 
9 2 

MT 16.22.103.107 n.?n 
Recommended by Kobavashi 5 . 

MT !02 C;!:i,j!!f 
CaleulaW-iJ; v3-,.h CAS'i'HY 3 and normalised to the value of 
23.7 nulli barns for Cu 63 and 11.9 mi 111 barns for Cu 65 at 
230 keV which were measured by Zaikin 6 . 

MT 251 Mu bar 
Caleu la Led with OASI'HY 3 . 

MP 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with CASTHY 3 . 
MT 16,22.9! : Assumed to be isotropic in the lab system. 
MT bl,67 : Assumed to be isotropic in the center-of-mass 

system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.22.91 Evaporation spectra. 

References 
1 Mu&ihabRhab S.!-\ ar.e !>i !:<T ': .l . : I?N1. 325. 3rd Ed., vol. 1 

1973 . 
2 Mughabghab S.F. et al.: Neutron Cross Sections, Vol. J, 

Part A". Academic Press '1981 ,'. 
3) Igarasi S. . J. Nucl. Sci. Technol. . 12. 67 (1975). 
4) Auble R.L. : Nuclear Data Sheets. !4, 1)9 (1975). 
5" Kobayashi K.: private communication. 
6' Zaikin G.G. et al.: Atonmaya Energiya. 25, 526 (1968), 
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JAERI M 8-1 1(13 

1 of Copper -63 

29 Cu 63 MAT number 2291 

29 Cu a3 JAERI.MAPI Eva) Mara? S. lc.arasi ,M. Sasaki 
llisit. MarR3 Rovl Jan84 

History 
75 03 Evaluation was made for JENDL 1 by M.Sakukl MA!5] . 
83 03 Data in the eneruy region above 35 keV were re evaluated 

for JENDL 2 by S.lgarusi JAERi . and the background data 
in the resonance rec.ion were modified. 

84 01 Comment was added. 

M!r 1 General Information 
MT 451 !>soriptiv» data and dictionary 

MF 2 Resona'v '̂ar-.-"!'--!.!. r.'* 
sr !o. !"•' .•*"' v. ••.' :••:,<•:.•••,;. :,d. ,,•!,, ; ei s for MLBW formula 

R-snru.n'-" i<r.ior. ; <T b i-V lo 35 keV. 
Fnrameteis were mainly taken from BNL 325 3rd edition 1 . 
A bound level was added to reproduce the 2200 in sec capture 
cross section of A .':> • 0.1 barns 1 . The effective scat 
tei Mir. radius of 0.07 i"m was taken from Rcf. 2'. 

Calculated 2200 m s cross .wet ions and res. integrals. 
2200 III s res. intec,. 

elastic 4.079 b 
capture 4 ,/]9? b 5.4! b 
total 9.47! b 

MF 3 Neutron Cross .Sections 
Below 35 k'-V. all background cross, sections are zero. 
Above- y5 koV. data U''.'e ovakiaf-'-d as follows. 
M'1" ' ''YC i "* 

Optical and statistical model calculation was made with 
code CASTliY 3 . The optical potential parameters used are 
as follows in the units of MeV and fenni . 
V 46.0 0.250;E . R0 1.16(A(•1 3i0.6, aO 0.62 
Wi 0.125'E 0.0004-E*<2. Ri !.16*An1 rV'0.6. ai 0.62 
Ws 7.0 . Rs !.16<Ai'].'3i1.1, as 0.35 
Wso 7.0 . Rso 1.!6!Alf! 3)0.6. as 0.60 

MT 2 Elastic scattering 
Total ' All other partial cross sections-

MT 4.51 57,91 Inelastic scattering 
Optical and statistical model calculation was made by taking 
into account of :n.2n:. :n.n'a and m,a> reactions as com
peting processes. The level scheme was taken from Ref. 4''. 

No. 
f..s. 
1 
2 
3 
4 
5 
6 

Energy MeV• 
0.0 
0.669S2 
0.962C3 
• 3?"'"^; 

i.41203 
1.54702 
1.8613 

Snin Parity 
3 2 
1 2 
5 2 
~i 'J 

5 2 
3 2 -
5/2 -
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2 of Copper 6 3 

7 2 . 0 1 1 ! 3 2 
Leve l s above 2 . 0 5 MeV were assumed t.o be o v e r l a p p i n g . 

MT 16 .22 .107 ii.2ii . n . n ' a ami n . a 
Recommended by Kobayashi 5 . 

MT 102 Capture. 
C a l c u l a t e d with CA.STIiY 3 and normal i sed t o the va lue of 
2c . 7 mi H i Iwrns at 230 I-: • >V which was measured by Za ik in 6 

MT 251 Mu bar 
C a l c u l a t e d with CASTHY 3 

MF A Angular Di.sLribut.yorus of Secondary Neutrons 
MT 2.51 57 : C a l c u l a t e d with CASTHY 3 . 
MT 16.22 : Assumed to be i s o t r o p i c in the l ab sys tem, 
KT 91 : C a l c u l a t e d with CA-T'liV in t he c e n t e r of mass 

sys tem, and assinn :! '>> h. i'n- sa"io in the 
' iiborat oi v s v s ' < m 

M!" 5 :\n<-r[',v H i s : ; -bul. LMIS oi S >i:d.-tv Wi i ' t o t i s 

Re! ••! ciices 
! Mur.h.ibiihab S.F and Hat bei• l> 1 . BNL 325 . 3 r d & l . . v o l . 1 

!!373 . 
2 Mur.habi'.hab .S.l''. e t al . : Neutron ("w>«s .Sec t ions , Vol. 1, 

Pit ! A . Academic 1'rcss I'.H'A . 
3 Ii ' .arasi .S. .1 Nucl . S o l . Techno] . 12. 1,37 (197b/ . 
4 Auble I M . . . Nucleal 5a tu .Sheets . M. 110 \<&Poi. 
b Kobayasbi K : p r i v a t e eominunie.ition 
6 Z a i k i n G (i e t al , Atomnaya Fner r . iva . 2 5 . 526 i l 9 6 0 i . 
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1 of Copper-65 

29 Cu 65 MAT number 2292 

29 Cu 65 JAERI.MAPI Eval MarOi? S. Ii-rtrasi .M.Sasaki 
Dist. Mar03 Rev I Janfrt 

History 
75 03 Evaluation was made for JENDL. 1 by M.Sakuki (MAPI i. 
R3 03 Dal a in the .ener&y region above 35 keV were re evaluated 

("or JENDL 2 by S.lgarasi 'JAERI >. and the background data 
in the resonance region were modified. 

R4 0! Comment was added. 

'•IF I General Information 
MT 45! Descriptive data and dietionary 

MF 2 Resonance Parameters 
MT 151 l-IesolV'-'J resonance parameters for MLBW formula 

Resonance region I .OF. b eV to 35 keV. 
Parameters were mainly taken from DNL 325 3rd edition 1 . / 
bound level was added to reproduce the 2200-in, sec capture 
cross section of 2.17 t 0.03 barns .'!/. The effective scat 
terinrc radius of 6.56 fin was taken from Ref. ,1 \ 

Calculated 2200 m s cross .sections and res. integrals. 
2200 in s res, inteR. 

elastic M.30 b 
capture g. 170 b 2. 13 !> 
total 16.47 b 

Mlr 3 Neutron Cross Sections 
Pi.-.low 35 keV. all background cross sccticns are zero. 
Above 35 keV. data were evaluated as follows. 
'•'!' 1 Total 

Optical and stntisi.iea] model calculation was made with 
code CASTiiY 2 The optica] poten Hal parameters used are 
as follows in the units of MeV and ffirmi /. 
V 46.0 0.250iE , R0 1 .16iAt i 1 .'3>0.6. aO 0.62 
Wi 0.125'E 0.0004-E-.2, Ri ).16JA>i1/3*0.6, ai 0.62 
Ws 7.0 . Rs '•• 1.16rA)H/3il.l, as - 0.35 
Wso 7.0 . Rso- 1.16<AHl.,3i0.6, aso^ 0.60 

MT 2 Elastic scattering 
Total All other partial cross sections; 

MT̂ -4,51 -60.91 Inelastic scattering 
Optical and statistical model calculation was made by taking 
into account of n.2n:-. n.n'a and <n,p; reactions as com
peting processes. The level scheme was taken from Ref. /3/. 

No. 
g.s. 
1 
2 
O 

4 
5 
6 

Energy>MeV 
0.0 
0.77C6 
:.)]554 
1.481 S3 
i . 62344 
1.72494 
2.093 

Spin 
3 2 
2 

5 ''' 
! '? 
5 2 
3 2 

sr. 
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2 of Copper 65 

7 2.2123 3 2 
8 2.280 5 2 
9 2.3282 3 2 
10 2.531 9 2 . 

Levels above 2.54 MeV were assumed to be over lapping. 
MT 16,22,103 ;n,2n >. tn.n'a ) and ;n.p< 

Recommended by Kobayaslu A . 
MT 102 Capture 

Calculated with CASTIIY 2 and normalized to the value of 
11.9 mi H i barns at 230 IceV which was measured by Zaikin 5 . 

MT 251 Hu bat-
Calculated with CASTHY 2'. 

MF A Angular Distributions of Secondary Neutrons 
MT 2.51 60 ' Calculated with CASTHY 2 . 
MT 16.22 : Assumed to be isotropic in the lab system. 
MT 91 Calculated with CASTHY in the center of-mass 

system, and assumed ;<> be the same in the 
lilbo! atOI'V SVsh-T. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.22,91 : Evaporation spectra. 

References 
1 MuKhabRhab S.F. and Garbor D.I.: BNL 325. 3rd ed. . vol. 1 

1973 -. 
2 lr.arasi S. : J. Nuel. Sci. Techno 1 . . 12. 67 I97!5). 
3 AubleR.L.: Nuclear Data Sheets, 14. 119 i1975 . 
4 Kobayashi K.: private communication. 
5 Zaikin G.G. et a].: Atomnaya Enerciya. 25. 526 :1968'i. 
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1 of Niobium-93 

41-Nb- 93 MAT number - 2411 

41 Nb 93 JNDC Eval Oct02 JNDC FPND W.G. 
Dist Mar03 Revl NovB3 

History 
02 10 New evaluation for JliUDL 2 was made by W.G. on FP nucleur 

data of JNDC. 
83 II Small modification wus made and comment wus added. 

MF 1 General Information 
MT• 451 Comments and dictionary 

MF i.m 151 Resonance Parameters 
Resolved resonances : I.OE 5 eV 7 keV 

Evaluated by M.Kauai on the basis of the following data. 
Transmission : Gary.' 1 . Pcuttevin 2 . Iliescui -6/ 
Scattering Iliescu> 6 
Capture : Macklin 3 . Lopez* 4 , Iliescm '6/ 
Gamma spectrum: Haste* , 5.' 

Assumed Gam-g : 172 milli eV 
212 milli eV for doublet 

Unresolved resonances : 7 keV 50 keV 
Energy independent parameters are given: 

SO 0.37E 4 .SI 5.48E4.S2 3.65E 4. 
Dobs 80.5 eV .Game 0.160 eV.R 6.70 fin. 

Calculated 2200 in s values and resonance integrals (barns) : 
2200 m s value res.int. 

toLnl 7.477 
elastic 6.326 
capture 1 . 1fj2 9.59 

MF 3 Neutron Cross Sections 
Slifihl background correction for Sn; t and Sig c between 30 and 
50 keV. Cross sections above 50 keV evaluated as follows; 

MT-1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting to Sig-t 
by lijimat 7 ' : 

V 46.0 0.25«En ,Ws-7.0 .Vso 7.0 <MeV> 
RO-Rso-5.89 .Rs=6.39 (fm) 
a0=aso=0.62 ,b -0.35 (.fmj 

MT-2 : Elastic scattering 
'Total - All other partial cross sections). 

MT16.103.I07 : ,n,2n >. n.p . n.a 
Calculated by Y.Kanda with GNASH code 8 considering pre-
equilibrium process. 

MT-51-57,91.102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /9/. 

Competing processes : i,n,2n), (n,p). (n,a) 
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2 of Niobium-93 

Level fluctuation considered. 
The level scheme taken from Ref. 10 

No Enoi'nv McV Spin Parity 
as. 0.0 0 2 • 

i 0.030/i i y 
2 0.6860 3 2 
3 0.7140 7 2 
4 O.0OB7 5 2 
5 0.8101 5 2 
6 0.9-199 13 2 
7 0.9791 II 2 
8 1.0826 9 2 
9 1.2800 3 2 
10 1.2974 9 2 
11 1.3156 5 2 
12 1.3351 !7 2 
13 !.3040 7 2 

Continuum levels assume*! above 1 .39 MeV. 
Tin- level density parfimetei s <-valuat.ed by Iijiina' 

LVlta 
1-..X 

-•Lop. 

MeV 
MeV 
MoV 

91 
°. 07 

5.041; 
0.0! j'j 

o.c 
4.11b 
0.(541 

93 
';-'.b 
0.72 
4.G29 
0.712 

11 
94 
12.81 
0.0 
4.250 
0.723 

'Die ©liimia ray strength ftmctjon of 19 7E 4 obtained so as to 
reproduce the ORI\l,A capture data 3 . 

Mt 251 Mi! bar 
Calculated with opticalmodel , 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with optical model, 
MT 16 : Isotropic in the laboratory system. 
MT 5! 57 : 90 degree symmetric in the center of mass system. 
MT 91 : 90 depxee symmetric in the laboratory system. 

MF 5 Fnerp.v Distributions of .Secondary Neutrons 
MT 16.9' ' T\vaporfit.ion snoct! urn. 

References 
1 Gars J.B. et al.: Phys. Rev., B137. 547 1965,. 
2; Poittevin G.le. et al. : Nucl. Phys.. 70. 497 (1965). 
3: Macklin R.L. : Nucl. Sci. Eng. . 59. 12 1976 i. 
4) Lopez W.M. et al.: Nucl. Phys., A93. 340 i!967). 
5) Haste T.J. and Thomas B.W.: J. Physics. G1, 967 (1975). 
1 , Iijima 3. and Kawai M.: J. Nucl. Sci. Technol.. 20. 77 (1983). 
8) Young P.G. and Arthur E.D.: LA-6947 , !977... 
9) Igarasi S.: J. Nucl. Sci. Technol.. 12, 67 (1975). 
10) Lederer CM. and Shirley V.S.: Table of Isotopes.7th Edition, 

Wiley-Interscience (1978'. 
11 v Iijima S.et al.: to be published in J. Nucl. Sci. Technol. 
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1 of Natural Molybdenum 

42-Mo- 0 MAT number --• 2420 

42 Mo 0 JNDC Eval Aug82 Y.Kiktichi ct, al. 
Dist M«r83 Rev I NovB3 

History 
82 08 New evaluation was made by W.O. on PP nuclear data of JNDC. 

Natural Mo data constructed with data of Mo isotopes. 
83 11 Comment was added. 

MF I.MT 451 Comments and dictionary 

MF 2.MT 151 Resonance parameters : 1.0R5t>V 100 keV 
Resolved resonances for MLBW formula. 
Evaluation based on the foi lowin;;', data. 
Ko 9? Transmiss. • Wass.Mi 1 

CavU'if Wat-suiv ' .Vi'ejf.'.iiKinn- 2 .Musgrove' 3 
Mo 94 Capture Woifjnanre 2 .Muscrove- 3 
Mo 95 Transmiss. : Shwc 4 

Capture : Weifjmanm 2 
Mo 96 Capture : WeiEinanm 2 .Musp.rovei 3 
Mo 97 Tronsmiss. : Shwei A 

Capture : Weiijmann< 2 
Mo 9a Transmiss. : Chriem b 

Capture : Weiemanm 2 .Musgrovei 3/ 
Mo 100 'fransiiiiss, : Weic,mann< 6 

Capture : Weipianm 2 .Mnsgrovei 3.-
A negative resonance added for Mo 95. 97, 96 and !00. 

Connecting energy between resolved and unresolved resonances 
Mo 92 : 50 keV . Mo 91 : 20 keV . Mo 95 : 2 keV . 
Mo 96 : 19 keV . Mo 97 : I B keV . Mo 98 : 32 keV . 
Mo 100: 26 keV 

Unresolved resonances up to 100 keV 
Energy independent parameters calculated with optical and 
statistical models are given. 

SO 0.37E 4 .SI 5.48E 4 ,S2 - 3.65E-4. 

Calculated 2200 m s values and resonance integrals (barnj : 
2200 m's value Res. Int. 

total 8.037 
elastic 5.485 
capture 2.551 25.4 

MF 3 Neutron Cross Sections 
Slight background correction are applied for Sig-t and Sig c in 
the unresolved resonance region. 

Cross sections abov; '00 keV evaluated as follows 

MT-1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting of Sig-t 
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2 of Natural Molybdenum 

by Iijimai 7 : 
V 46.0 0.25tEn .Ws 7.0 ,Vso 7.0 ;MeV • 
RO Rso 5.89 ,Rs 6.39 fin 
nO aso 0.62 ,b 0.35 .fni 

MT 2 : Elastic scattering 
Total > All other partial cross sections . 

MT 16.17.103.107 : in.2n *. • n.3ti L <n.p :. <n.a 
Calculated with GNASH code 0 considering pre equilibrium 
process. 

MT 51-91 : Inelastic scattering 
Calculated with the statistical model code CASTHY 9 . 

Compel inr, processes : n.2n . n.3n . n.p . n.a 
Leve \ f)' ic t ua 11 on cons I tier ec.1. 

The level scheme taken from Ref 10 for Mo 92 and 94 .and 
from <-\\ ' nc:' jor by ''1.i-iii'i'>'.'»• 'i '"or the other isotopes. 

Mo 92 No Kner/'.y MeV > Spin Parity No Knerfjy •MeV , Spin Parity 
f..s. 0 0 • A 2.5270 5 

! 1.5095 2 . 5 2.6130 6 i 
2 2.2826 4 < 6 2.7600 8 • 
3 2.5197 0 i 7 2.84137 3 

Continuum levels assumed above 3 MeV. 

Mo 9-1 No Energy(MeV > Spin Parity No Energy iMeV) Spin Parity 
K.s. 0 0 . 6 2.2940 4 •. 

1 0.8710 2 < 7 2.3930 2 < 
2 1.5737 4 • 8 2.4230 6 • 
3 1 .7420 0 • 9 2.5.337 3 
.-! 1 .8842 2 • 10 2.r*V/0 4 • 
5 2. OP' IA 2 • 11 2.H100 5 

Coritv'Mi'm levels assumed above ?-'.Y/ '/,e\. 

Mo 95 No Energy MeV Spin Par i ty No Energy .MeV ' Spin Parity 
K.s. 0 5 2 i 10 1.3100 1/2 i 

1 0.2039 3 2 H 11 1.3760 3/2 < 
2 0.7658 7 2 ' 12 1.4350 5 / 2 ' 
3 0.7862 1 2 < 13 1.5410 11/2 + 
4 0.8206 3 2 ' 14 1.5528 9/2 n 
5 0.9478 9,2 *• 15 1.6202 3/2 + 
6 1.0391 1/2 i 16 1.6700 5/2 -• 
7 1.0590 5 2 H 17 1.6830 9/2 + 
8 1.0741 7/2 n 18 1.7070 1/2 + 
9 1.2225 5/2 ( 19 1.9380 1 1 / 2 -

Continuum levels assumed above 2 MeV. 

Mo-93 No Energy MeV> Spin-Parity No Energy(MeV ; Spin-Parity 
g . s . 0 0 • 8 2.0956 2 + 

1 0.7783 2 - 9 2.2193 4 + 
2 1.1479 0 - 10 2.2345 3 --
3 1.4978 2 + 11 2.4262 3 + 
4 3.6260 2 + 12 2.4384 5 + 
5 1.6280 4 + 13 2.4406 6 + 
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6 1.8695 A t 14 2.4807 
7 1.9783 3 .• 
Continuum levels assumed above 2.5 MeV. 

Mo 97 

.Mr. 98 

Ho 100 
i 

No 
R • S 

I 
2 
3 
A 
b 
6 
7 
R 
9 

10 

No 

P. s 
1 
2 
3 
A 
b 
6 
7 
M 
9 

1 

No ] 
\ . s . 

; 
; j 

3 
4 
5 
6 
7 
8 

EnergyiMeV 
. 0 

0 . 4 0 0 9 
0 . 6 5 7 9 
0 . 6 7 9 6 
0 .7105 
0 .7211 
0 . 8 8 8 2 
1 .0245 
1.0926 
1.1167 
! . 1486 

Cont inuum 1 

FJ ic r .y rV-V 
0 
0 . 7 3 4 9 
0 .7874 
1.4323 
1 .5101 
1.7585 
1.B809 
1.9650 
1.9855 
2 . 0 1 7 6 

Cont inuum 1 

E n w . V Me-V 
0 
0 .5355 
0.691-1 
' . C' ;37 
I .1361 
I . 4633 
1.7657 
1.7704 
1.9081 

' S p i n P a r i t y 
5 2 i 
3 2 i 
7 . 2 * 
1 2 . 
5 2 i 
3 . 2 • 
1 2 i 
7 2 * 
3 2 • 
9 2 • 
7 2 

e v - I s assumed 

S p i n P u r i t y 
0 • 
0 > 
2 < 
2 t 
4 i 
2 • 
3 ' 
0 > 
1 i 
3 

G V U J S assumed 

S p i n P a r i t y 
0 • 

2 • 
0 • 

2 
A • 

2 ! 
1 i 
3 f 
3 

No Enorcy iMeV 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 

above 

No E 
10 
11 
12 
13 
14 
15 
16 
17 
18 

above 

No E 
9 

10 
i ; 
12 
13 
14 
15 
16 

1.2606 
1.2730 
1 .28/10 
1.2846 
1.4095 
1.4373 
1 .4470 
1.5156 
1.5452 
1.565! 

• ! .58 MeV. 

Jiori ' .y MeV 
2 . 1 0 4 9 
2 . 2 0 6 9 
2 . 2 2 4 0 
2 .3334 
2 . 3 4 3 7 
2 . 4 1 9 0 
2 , 4 5 0 0 
2 . 4 8 5 4 
2 . 5 0 6 3 

2 . 5 3 MeV. 

nerav 'MeV 
2 . 0 3 3 0 
2 . 0 4 0 0 
2 .1014 
2.3^100 
2 . 4 1 5 6 
2 . 4 7 0 0 
2 . 5 6 3 2 
2 . 5 9 0 0 

S p i n P a r i t y 
7 8 • 
3 2 i 

13 .2 • 
3 2 • 

11 2 < 
1 1 2 
3 2 • 
9 2 -
5 2 
3 2 

S p i n P a r i t y 
2 > 
?, i 
2 < 
2 • 
6 t 
3 • 
A i 
3 i 
3 

S p i n P a r i t y 
0 < 
2 • 
4 . 
2 • 
3 
4 i 
3 < 
4 * 

Continuum levels assumed above 2.62 MeV. 

The inelastic levels of each isotope are grouped in natural 
molybdenum file as follows: 
MT -QiMeV) Mo-92 Mo-94 
51 
52 
53 
54-
55 
55 
57 
58 
59 
60 

0.2039 
0.4B08 
0.5354-
0.6578 
0.694! 
0.7-94 
0.7347 
0.7659 
0.7863 
0.8207 

Mo-95 
51 

Mo 96 Mo-97 Mo-98 Mo-100 

52 
53 
54 

51 

51 

52.53 

54,55 
51 

52 

51 

52 
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61 0.8712 51 56 
62 0.9479 55 
63 1.0244 56 57 
64 1.0591 57,50 53 
65 1.0925 58.59 
66 1.1356 52 GO 54 
67 1.2226 59 
68 1.2685 61,62 

63,64 
69 1.3101 60 
70 1.3761 61 65 
71 1.4320 62 66 53 
72 1 .4468 67 55 
73 1.4978 51 53 68 54 
7.1 1.5412 52 63,64 69.70 
75 i .6204 65 54.55 
76 I 6702 66.67 

OR 
77 1.7424 53 55 56,57 
78 I.8646 54 56 56 
79 I.9073 69 58 
80 I 9646 57 57,58 
81 2.0172 55 59 59,60 
82 2.0956 58 60 61 
83 2.2064 59.60 61.62 
84 2.2836 52 56 
85 2.3329 63.64 62 
86 2.3935 57,58 6! 65 63 
87 2.4384 62.63 63 64 
88 2.4807 64 67,68 
89 2.5203 53.54 59 65 
90 2.5676 55 60.6! 66 
91 1.5798 56.57 91 91 91 91 91 91 

91 

The level density parameters oval iated by l i jiinai ' 12 ' . 
Mo isotope 91 92 93 94 95 96 
a 1 MeV 10.87 10.20 11.25 11.80 13.60 14.03 
Delta; MeV. 1.28 2.21 1.28 2.00 1.28 2.40 
Ex (MeV) 5.428 6.665 3.14 6.228 5.835 7.645 
Tc 'MeV. 0.627 0.85 0.605 0.760 0.715 0.741 

Mo-isotope 97 98 99 1O0 101 
a 1 MeV) 15.17 15.97 17.74 19.35 20.85 
Delta<MeV:> 1.28 2.57 1.28 2.22 1.28 
Ex (MeV) 4.988 7.53 5.775 6.795 5.766 
Tc (MeV; 0.618 0.671 0.605 0.600 0.549 

MT=192 : Capture 
Calculated with the s t a t i s t i c a l model code CASTHY / 9 / . 

Competing processes : '.n.2n >. ;n,3n i. n.p'; , (n.a) 
Level f luctuat ion considered. 

The gamma-ray s t re ig t l i function of each isotope vas obtained 
so as to reproduce the ORELA capture data / 3 ' : 

Mo-92 : 9.4E-5 , Mo-94 : 2.0E-4 , Mo-95 : 2.9E-3 , 
Mo-93 : 1.7E-4 , Mo-97 : 2.9E-3 , Mo-98 : 1.4E-4 , 
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Mo-100: 1.4E4 

MF A Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with optical model. 
MT 51.52,53,55,57.00.62.67.69 

: 90 degree syminetri<: in the center of mass system. 
MT Lvl 90 'Other than above' 

: Isotropic in the center of mass system. 
MT 16,17.91 : Isotropic in the laboratory system. 

Ml-' b Energy Distributions of Secondary Neutrons 
MT 16.17.91 : Evaporation spectrum. 

References 
1 Wasson 0 A. et al.: Phys.Rev.,C7.1532 1973 . 
2 Wen-viiaim H. et al . : 1971 Knoxvi H e Conf. .CONF 710301 .p.749. 
3 Mn.sr.!-ov<=- A.R.de.L. eta].: NucJ . Pliys. . A270.100 1976'. 
4 Shve H. and Cote R E. : Hivs.Rev. 179.11 AM i<»59 . 
b Chnen R.E. et al . : Phv*. .'?W. .013.578 1976 
6 Weic.mann H. et al . : Phvs.Kev..C20,115 i9G9 . 
7 IijimaS. and Kawai M.: J .Nucl .Sci .Techno! . .20.77 .1983-. 
8 Younfi P.G. and Arthur E.D.: LA 6947 11977 . 
9 Uvirasi S.: J.Nucl.Sci.Technol..12.67 1975. 
10 Lederer C M . and Shirley V,S.: Table of Isotopes.7th Edition, 

Wiley 1 n terse i ence 1 !?7fl . 
11 Mntumoto Z. et al. : JAERI M fl'M < 197K . 
VS. Ii,iuna S. et al , : to be published in J .Nuel ..Sei .Techno 1. 
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1 of Molybdenum 92 

42 Mo 92 MAT number 2421 

42 Mo 92 JNDC Eva] Aup>82 Y.Kikuchi et. «1 
DisL Hm-83 Rovl Nov83 

History 
02 08 New evaluation for JENDL 2 bv W,G. on !•? nuclear dutu of 

JNDC. 
83 II Comment wis added. 

MF 1 .Ml' 451 Comments and dictionary 

MF 2.MT 151 Resonance parameters 
Resolved resonances for MLBW formula : 1.0E 5 eV 50 keV 

Fvaln.it leu based on the fo!l"Vinr, data. 
''": ..vsir'fs:. ". V«:--seii ' . 
Cap; ":•'•• v:.;sSv-r ; .Veigiiiann- 2 .Musgrovei 3 . 

A.ssi.'"ied Gam c : î OO mi H i cV for s wave and 
425 mi H i eV for p wave 

Unresolved resonances : 50 keV 100 keV 
Energy independent parameters arc given: 

SO 0.37E A .SI 5.ABE A .S2 3.65E-4, 
Dobs 2*100 oV .Gam R 0.226 eV.R 6.72 fin. 

Calculated 2200 m s values and resonaneo integrals (barn) : 
£200 m s value Res,Int. 

Up Lai 5.566 
elastic 5.545 
capture 0.02075 0.931 

MF S Neutron Cross Sections 
Slisht background correction for Sin t. and .Sift c between 50 and 
100 keV. 
Cross sections above '00 keV evaluated as follows. 

MT 1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting to Sig-t 
by Iijimai A : 

V -46.0 0.25*En ,Ws7.0 .Vsô -7.0 (MeV i 
RO-Rso 5.89 ,Rs 6.39 (fm) 
aO-aso 0.62 ,b 0.35 (fm) 

MT-2 •' Elastic scattering 
(Total' All other partial cross sections;. 

MT-16,103,107 : ;n,2n •, ,n.p ), (n.a '• 
Calculated with GNASH code -5' considering pre-equilibrium 
process. 

MT--51-57.9!. 102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /6/. 
Competing processes : (n,2n), (n.p), (n,aj 
Level fluctuation considered. 
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JAKRI -M H4 -103 

2 of Molybdenum 92 

The l e v e l scheme taken from Ref. 7 . 
No EnergyiMeV» Spin P a r i t y 

g . s . 0 0 • 
1 1.5095 2 • 
2 2 .8806 4 • 
3 2 .5197 0 • 
A 2 .5270 5 
b 2 .6130 (5 • 
6 2 .7600 U . 
7 2 .0497 3 

Continuum l e v e l s assumed above 3 MeV. 
The leve l d e n s i t y p a r a m e t e r s e v a l u a t e d by I i j i m a 1 8 . 

Mo i s o t o p e 91 92 93 
1 MeV 10.07 10.2 1 I 25 

De l t a MeV 1 28 2 .21 1 28 
!\x M.-V !:•> 42ft (i.reft 3 . 14 
> "-'•'•V 0 <cYi O.eb 0 .605 

The i;,i!Bii tie.1 s t t en i ' . lh t ene t ' . on of 0 o-.p A ob t a ined so ;>s t o 
( ) ' • . , ' ' • ' ! . c l 

MT 251 : Mn b a r 
Calculated with optica] model. 

MP 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with optica) model. 
MT 16 : Isotropic in the laboratory system. 
MT 51 57 : 90 dep.ivc symmetric in the center of mass system. 
MT 91 : 90 decree symmetric in the laboratory system. 

MF 5 Enemy Distributions of Secondary Neutrons 
MT 16.91 : Evaporation spectrum. 

References 
! Wass.m O.A etal. F'hys.Rev .C7. 1532 1973. 
2 Weiynann II eta].. 1971 Knoxvi lie Cent . .CONF 710301 .p. 749. 
3 MusRrove A R.do.L. et a1..: Mi'el . Phvs. .A270. 108 1976.. 
4 Iijuna S. and Kauai M.: J.Nucl.Sci.Technol..20,77 1983 
5 Young P.O. and Arthur E.D.: LA 6947 1977.. 
6 Igarasi S.: J.Nucl.Sci.Technol.,12.67 ,1975 . 
7 Lederer CM. and Shirley V.S. : Table of Isotopes.7th Edition, 

Wiley Interscience t!978>. 
8' Iijima S. et al.: to be published in J.Nucl.Sci.Technol. 
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JAIiRI -M 8-1 - 103 

1 of Molybdenum 94 

42 Mo 94 MAT number 2422 

42 Mo 9/1 JNDC Eval, Aii(>,82 Y.fOkueh, ft a!. 
Dist MarOS Rev] Nov) S3 

History 
02 00 New evaluation for JENDL 2 by W.G. on FP nuclear datu of 

JMDC. 
83 1! Comment was added. 

MF 1,MT 451 Comments and dictionary 

MF 2.Ml' !51 Resonance parameters 
Resolved resonances for MLBW formula : 1.0E 5 eV 20 keV 

Evaluation based on *>e following data. 
(".::•'.::• ' V,V>; ;'ii<anp ' .Mus'r.rnvi;- 2 . 

Ass'r- -d '"--•'! ,'.'. ' '?:'} ::! - 11 j t-V for s wave and 
175 m: Hi eV for l> wave. 

Unresolved res.-nances : 20 keV 100 keV 
Energy independent parameters arc: jjiven: 

SO 0.37l\ A ,SJ b.ABE A .S2 3.65E A, 
Dobs 1150 eV ,Gam i; 0.230 eV.R • 6.68 fin. 

Calculated 2200 in s values and resonance integrals 'barn) : 
2200 m s value Res.Int. 

total G.011 
elastic S.993 
capture 0.0131! 1.43 

KF 3 Neutron Cross Sections 
Slie.ht bae!:c,round correction for Sir. t and Sic. c between 30 keV 
and !00 keV. 
Cross sections above 100 keV evaluated as follows. 

MT 1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic f i t t ing to Sig-t 
by l i j i m a i 3 : 

V .46.0 - 0.25iEn ,Ws--7.0 ,Vso~7.0 <MeV) 
RG Rso-5.89 .Rs 6.39 'fm) 
a0-aso-0.62 .b -0.35 'fm; 

MT: 2 : Elastic scattering 
Total i - All other partial cross sections;. 

MT--16.17.103.107 : ;n.2n J, <n,3n j. •n.pu'n,a . 
Calculated with GNASH code 4 considering pre-equilibrium 
process. 

MT-51-61.93.102 : Inelastic scattering and capture 
Calculated with the statistical model code CA5THY ,/5/. 
Competing processes : <n,2n ,, <n,3n>, yi.p;, <n,aj 
Level fluctuation considered. 

The level scheme taken from Ref ./8/. 
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JAERI "M 84 - 103 

2 o f Molybdenum -94 

No 
e s . 

i 
2 
3 
A 
5 
0 
7 
8 
9 

10 
11 

Continuum 

EnergyiMeV 
0 
0.8710 
1.5737 
1.7/120 
1 .86/12 
8.0674 
2.2SMO 
2.3930 
2.-1230 
2.5337 
2.5670 
2.6100 

levels assumed a bove 

Sp 

2 

iin Par i ty 
0 i 
2 • 
/I < 
0 . 
12 • 
2 < 
A • 

2 • 

6 • 

3 
4 . 
5 

.7A MeV. 
The level density paramet"] a evaluated by lijima 7 . 

Mo isotope <33 94 95 
! HeV I 1 .r?b I ! ,80 13.60 

!V]t<y MeV : :?•' ','.0 1 .28 
?.v. M.-V 3 ;.l • 6.220 5.035 
7r !v-V 0.G05 0.76 0.715 

Tile uaiiinia i ay s t rength Junction of 2.0E A obtained so as to 
reproduce the QR0.A capture {lata 2 . 

MT 251 : Mu bar 
Calculated with optical model, 

Ml" A Annular Distributions of" Secondary Neutrons 
MT 2 : Calculated with optical modnl. 
MT 16.17 : Isotropic in the laboratory system. 
MT 51 61 : 90 degree symmetric in the center-of mass system. 
MT 91 : 90 deftree symmetric m the laboratory systam. 

MF 5 Enerny Distributions of .Secondary Neutrons 
MT 10.17.91 . Evaporations]: trum. 

Rel erc-nces 
1 WeiRinann H. el al , : 197! Knozvil le Con!'. .C0NF 710301 .p.749. 
2 Mussrovo A.R.de.L. et.al.: Nucl.Phys.,A270,108 .1976). 
3 lijima S. and Kawai M.: J.Nucl.Sci.Technol..20.77 '1983). 
4 Young P.G. and Arthur E.D.: LA-6947 (1977). 
5; Igarasi S.: J.Nucl.Sci.Technol.. 12,67 (1975). 
6 Lederer C M . and Shirley V.S.: Table of Isotopes,7th Edition, 

Wiley-Interscience 1978 >. 
7' Iijima S. et al.: to be published in J.Nucl.Sci.Technol. 
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JAKR1 M M • 10.1 

1 of Molybdenum 95 

W. Mo 95 MAT number 24?3 

42 Mo 9b JNDC r'vul Auiflg Y.Kikuclii ot a l . 
DJSI MarB3 Revl Novf« 

Hi.Kt.ory 
02 OH New evaluation for JfNDl. 2 by W.(j on ITJ nuclear data of 

JNDC. 
83 I Continent, was added. 

MF I.MT 45! Comments and dicLionary 

MF I ''IT 151 Resonance parameter s 
R- .)v.-d resonances for MLBW formula I.OE 5 oV 2 keV 

i-'va] iiiiUun baser) on t.hf- (f'HnviiT. data. 
7; ansii! ;sf ' on 'Ihv. ' 
r.r.ntn: • • '••':•'. v.mann • 2 

Assuni-d Gam ;/ • lb;) nu 1 ! I eV fur s wave and 
180 iin 111 eV for p wave. 

A negative resonance added a t 20 eV. 
Hi .-solved resonances : 2 keV 100 keV 

Rnoruv independent, pai ai.i.-tors are r iven: 
SO Q.37L\ A .SI I....4RI'.: -1 ,S2 3.65E 4. 
I>.|« DO eV .(Jam ,•••. O . W eV.R G.70 fin. 

C.a.culatcti J-P00 in s values and resonance in tegra ls ibarn) : 
2200 in s value Res. In t . 

to ta l 19 50 
e l a s t i c b.btiG 
<•ai.1i.ie I3.TG 119 

Ml-" 3 Neutron ['n«s Sections 
Sl ight . I iarl ' f ' . ' f ' i i" ' ! c". ' ' iTt. i f in to r .Sir. 1. and Sip. <? between 40 
and 100 koV 
Cress sect ; oris above 100 keV we: e evaluated as follows. 

MT 1 • Total. 
Calculated with optical model. 
Potential parameters obtained by systematic fitting of Sig-t 
by Iijima' 3 

V 46.0 0.25.En ,Ws 7.0 .Vso 7.0 (MeV) 
R0 Rso 5.89 .Rs 6.39 (fm,> 
aO-aso-0.62 ,b 0.35 (fm; 

MT--=2 : Elastic scattering 
.Total - All other partial cross sections.. 

MT- 16.17.103.107 n.2n . n.3n . n.p ••. n.a > 
Calculated with GNASH code 4 considering pre-equilibrium 
process. 

MT^51-69.91,102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /5/. 
Competing processes : (n,2n), (n,3n), (n.p), (n.a) 
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JAERI -M 8.1 • 103 

2 of Molybdenum-95 

Level fluctuation considered. 
The level scheme taken from evaluation by Matumoto* 

No 
S.s. 

I 
2 
3 
A 
U 
6 
7 
0 
9 

10 
11 
12 
13 

ib 
17 
18 
19 

Continuum \< 
ivt'l density i 
Mo isotope 
a . 1 MeV . 
Delta,MeV 
Ex MeV' 
Tc MeV > 

Energy•MeV < 
0 
0.2039 
0.7658 
0.7862 
0.820G 
0.9.170 
I.0391 
1.0590 
1.0741 
1.2225 
1.3100 
1.3760 
1 . -1350 
i. 54 i o 

i .1:5700 
1.6830 
1.7070 
1.9380 

&veIs assumed 
|.Jtirniiielcrs eve 

03 
11 .25 

1 .28 
3.14 
0.605 

Spin Par i ty 
5-2 • 
3/2 > 
7 2 . 
1 2 • 
3 2 .• 
9 2 -
1 2 » 
5 2 < 
7 2 • 
5 2 • 
1 2 ' 
3 2 
5 2 • 

1! 2 • 
9 2 
3 2 • 
5 2 • 
9 2 -t 
1 2 < 

11 /2 
above 2 MeV. 
iluated by Iijimai.. 

QA 
11.80 
2.0 

95 
13.60 
1.28 

6.228 5.835 
C.76 0.715 

7 '. 
96 

14.03 
2.40 
7.645 
0.741 

The gamnia ray strength function of 2.9E-3 obtained so as to 
reproduce the ORB .A capture data 8 . 

MT 251 : Mu bar 
Calculated vth optical model . 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with optical model. 
MT 16,17 : Isotropic in the laboratory sysmtem. 
MT; 51 69 : 90 degree symmetric in the center-of-mass system. 
MT 91 : 90 degree symmetric in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT^16,17.91 : Evaporation spectrum. 

References 
1 ; Shve H. and Cote R.E.: Phys.Rev.179,1148 (1969) 
2; Weigmann H. et al.: 197! Knoxville Conf..CONF-710301,p.749. 
3 Iijima S. and Kawai M.: J.Nucl.Sci.Technol.,20,77 :1983;. 
4> Young P.G. and Arthur E.D.: LA 6947 1977:. 
5- Igarasi S. : J.Nucl .Sci .Technol.. 12.67 1975,. 
6 Matumoto Z. et ai.:JAERI M 7734 1978 . 
7: Iijima S. et al.: to be subiished in J.Nucl.Sci.Technol. 
8> Musgrove A.R.de.L. et al. : Nucl .Phys. ,A270.108 -1976;. 
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.IAKRI M 8-1-103 

1 of Molybdenum-96 

42 Mo 96 MAT number 2424 

42 Mo 96 JNDC Eval Aug82 Y.Kikuchi et al . 
Dist Mar83 Rev I Nov03 

History 
82 08 New evaluation for JENDL. 2 by W.G. on FP nuclear data of 

JNDC. 
83 II Comment was added. 

MF 1,MT 451 Comments and dictionary 

MF 2.MT 1151 Resonance parameters 
Resolved resonances for MLBW formula : 1.OF 5 eV 19 keV 

Evaluation based on the following data. 
Capture Weir.niann 1 . Musr.rove- 2 

Assumed Gam g \\'\ mi Hi sV for s wave and 
136 Willi eV for-p wave. 

Unresolved resonances : 19 keV 100 keV 
Energy independent parameters are given: 

SO 0.37E 4 .SI 5.48E4 ,S2 3.65E-4. 
Dobs 950 cV .Gam p. 162 MeV ,R 6.68 fin. 

Calculated 2200 m s values and resonance integrals (barn; : 
2200 m s value Res.Int. 

total 5.322 
elastic 4.727 
capture 0.5954 17.6 

MF 3 Neutron Cross Sections 
Slight background coi recti on for Sig t and Sig c between 30 
and '00 keV. 
Cross seel.ions above- 100 keV were evaluated as follows. 

MT 1 ' Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting of Sig-t 
by Iijimat 3 : 

V -46.0 - 0.25tEn .Ws-7.0 .Vso-7.0 (MeV) 
R0=Rso-5.89 , Rs-6.39 i.fm> 
a0=aso-0.62 ,b -0.35 (fin) 

MT=2 : Elastic scattering 
(Total,' - (All other partial cross sections). 

MT=16,17,103.107 : . <n,2n >, <n.3n ;, <n,p ;. <n.a ) 
Calculated with GNASH code 4. considering pre-equilibrium 
process. 

MT-51-64.91.102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /5/. 
Competing processes : tn.2n >. (n,3n i, ;n,p), (n,a) 
Level fluctuation considered. 

The level scheme taken from evaluation by Maturaoto+/6/. 
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MERI-M8-I-J03 

of Molybdenum-96 

No ' Energy(MeV> 
g . s . 0 

1 0,7783 
2 1.1179 
3 1.4978 
4 1.6260 
5 1.6200 
6 !. 8(395 
7 1.9783 
8 2.0956 
9 2.2193 

10 2.2345 
11 2.4262 
12 2.4384 
13 2.4406 
14 2.4807 

Continuum levels assumed 
%vel density I'ai'aine'.c-'-." ev« 
Mo isotope CV 
a 1 MeV 1!.80 
Delta;MeV, 2.0 
Ex (MeV; £5.228 
To (MeV i 0.76 

Spin Parity 

above 2 
hiated 

0[ 

13 
1 
5 
0 

> 
60 
28 
835 
715 

0 i 
2 , 
0 . 
2 ' 
2 > 
4 • 
4 • 
3 • 
2 • 
4 • 
3 
3 . 
5 • 
6 • 

4 • 
.5 MeV. 
bv Ii jima• 

93 
14.03 
2.40 
7.645 
0.741 

•y 

97 
15.17 

1.28 
4,988 
0.618 

The le 

The fiainma ray streriulh function of 1 .IE A obtained so as to 
reproduce the ORELA capture data 2 , 

MT 251 : Mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 
MT 16.17 
MT 51 64 
MT 91 

Calculated with optical model. 
Isotropic in the laboratory .system. 
90 decree symmetric in the center of mass system. 
90 !>"•:•;!-•:""' symmetric ' r> t''i<- laboratory system. 

MF 5 Energy Distributions of Scconda-y Neutrons 
MT !6.1"?.9] : Evaporation spectrum. 

References 
1 . Weigmam H. et al.: 1971 Knoxville Conf. .CONF-710301 ,p.749. 
2) Musgrove A.R.de.L. et al.; Nucl.Phys.,A270,108 (1976). 
3= lijima S. and Kawai M.: J.Nucl.Sci.Technol..20,77 (1983). 
4;'Young P.G. and Arthur E.D.: LA-6947 (1977,1. 
5) Igarasi S.: J.Nucl.Sci.Technol.,12,67 (1975). 
6; Matumoto Z. et al.:JAERI-M 7734(1978;. 
7' Iijima S. et al.: to be published in J.Nucl.Sci.Technol. 

- 133 -



JAEKI-M84 103 

1 of Molybdenum--9f7 

42 Mo 97 MAT number 2425 

42 Mo 97 JNDC Evnl Au&82 Y.Kikuehi cl a\. 
Dist Mar83 Rev) Nov(i3 

HisLory 
82-08 New evaluation for JGNDL 2 by W.O. on l-T nuclear da la of 

JNDC. 
83 II Commont was added. 

MF-l.MT 45! Comments and dictionary 

MF 2.MT 151 Resonance parameters 
Resolved resonances for MLBW formula : 1 .0E 5 eV 1.8 keV 

Evaluation based on the following data. 
Transmission : Shve ] 
Capture . Wei.'-'jiiann- 2 

Assumed Gam g : 130 nul.li eV f or. s-wave and 
150 mi H i eV for p wave. 

A negative resonance added at 20 eV. 
Unresolved resonances : 1.8 kr:V 100 keV 

Enercy independent parameters ure luven: 
SO 0.371? 4 ,S1 5.40E 4 .82 3.65E 4, 
Dobs GO eV ,0am t>. 100 MoV ,1? 6.67 fin. 

Calculated 2200 m s values and resonance integrals (barn,) : 
2200 in s value Res. Int. 

total 7.953 
elastic 5.653 
capture 2.100 17.3 

MF 3 Neutron Cross Sections 
Slight background correction for Sir; t and Sig c between 20 
and 100 keV. 
Cross sections above 100 keV were evaluated as follows. 

MT 1 : Total 
Calculated with optical model. 
Potential parameters obtaine by systematic, fitting of Sig-t 
by Ii jima+ '3/ : 

V -46.0 - 0.25<En ,Ws=7.0 ,Vso 7.0 (MeV) 
R0=Rso=5.89 ,Rs=6.39 (fm) 
a0=aso=0.62 ,b =0.35 (fin) 

MT=2 : Elastic scattering 
(Total) - (All other partial cross sections). 

MT-=16,17.103.107 : ui.2n ;, <n.3n !, ;n.p i. m.a ) 
Calculated with GNASH code 4. considering pre-equilibrium 
process. 

MT=51~70,91,102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /5/. 
Competing processes : (n,2n), (n,3n), (n,p), (n,a) 

- 1 3 4 -
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2 of Molybdenum- 97 

Level fluctuation considered. 
The level scheme taken from evaluation by Mattimotoi 

No 
U.S. 

1 
2 
3 
4 
S 
6 
7 
Q 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 

Continuum 1 
The leve l dens i ty 

Mo isotope 
a (1/HeV 
DeltaiMeV) 
Ex (MeV) 
To (Me.V) 

Enerp,y McV ; 
0 
0,4809 
0,6579 
0,6796 
0.7195 
0.7211 
0.0082 
1.0245 
1.0926 
1.1167 
1.1485 
1.2686 
1.2730 
1.2840 
! .2846 
1.4095 
1.4373 
1.4470 
1.5156 
1.b452 
1.5651 

.evela assumed above 
parameters ova 

95 
) 13.60 

1.28 
5.835 
0,715 

5pin Par i t y 
b 2 • 
3 2 < 
7 2 . 
1/2 ' 
5 / 2 ••• 
3 2 < 
P 2 i 
7/2 i 
3/2 < 
9/2 + 
7/2 -
7 ' 2 < 
3 2 * 

13 2 • 
3 2 i 

11 2 * 
11 ?, 
y ?, < 
92 i 
5 2 
3.2 

1.50 MoV. 
i luated by l i j i m a i / 7 , 

96 
14.03 
2.40 
7.645 
0.741 

97 
15.17 

1.28 
4.988 
0.618 

' , 
08 

15.94 
2.57 
7.53 
0.671 

The gamma ray strength function of 2.9E 3 obtained so as to 
reproduce the ORELA capture data 8 . 

MT251 : Mu bar 
Calculated vith optical model. 

MF'4 Angular Distributions of Secondary Neutrons 
MT-2 : Calculated with optical model. 
MT-16,17 : Isotropic, in the laboratory system. 
MT=5J- 70 : 90 degree symmetric in the center-of-mass system. 
MT-91 : 90 degree symmetric in the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
KT=16,17.91 : Evaporation spectrum. 

References 
1) Shwe H. and Cote R.E.: Phys.Rev. 179,1148 (1969). 
2) Weigmann H. et al.: 1971 Knoxville Conf.,C0NF-710301,p.749. 
3) Iijima S. and Kawai M.: J.Nucl.Sci.Technol.,20,77 (1983). 
4.) Young P.G. and Arthur E.D.: LA 6947 (1977). 
5} Igarasi S.: J.Nucl.Sci.Technol. -12,67 ;1975). 
6) Matumoto Z. et al. :.JAER:-M 7734 M 978!. 
7) Iijima S. et al..- to be published in J.Nucl.Sci.Technol. 
8} Musgrove A.R.de.L. et al : i/jcl.?hys. .A270.108 (1976;. 
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JAERI-M 84-103 

of Molybdenum-98 

42-Mo 98 MAT number 2426 

•12 Mo 08 JNDC Eval A U R 8 2 Y.Kikuchi el. a). 
Dist Mar83 Rev I Nov83 

History 
82 08 New evaluation for JENDL 2 by W.G. on FP nueleur data of 

JNDC. 
83 II Comment was added. 

MF 1 .Ml' 45! Comments and dictionary 

MF 2.MT !!31 Resonance parameters 
Resolved resonances for MLBW formula : 1.0E 5 eV 3? keV 

Evaluation based on the following data. 
Trans.'-is.si on : Cb;').'!i '. 
Cai'tu:t : Wcijvmann 2 .Musp.rovee 3, 

Assumed Gam g : 85 mi 111 eV for s wave and 
120 mi Hi eV for p wave. 

A negative resonance added at 9B0eV. 
Unresolved resonances : 32 keV 100 keV 

Enemy independent parameters are Riven: 
SO 0.37E4 ,S1 5.46E 4 .S2 3.65E 4, 
Dobs 950 eV .Gam g 0.133 oV.R • 6.66 fm, 

Calculated 2200 m-s values and resonance integrals (barn) : 
2200 m/s value Res.Int. 

total 5.772 
elastic. 5.642 
capture 0.1300 6.56 

MF 3 Neutron Cross Sections 
Slight background correction for SIR t and SiG-c between 32 
and 100 kcV. 
Cross sections above 100 keV were evaluated as follows. 

MT--.--1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting of Sig~t 
by Iijima- '4/ : 

V 46.0 0.25-4En .Ws-7.0 ,Vso 7.0 (MeV) 
R0^Rso-5.89 ,Rs-6.39 (fm) 
a0-aso^0.62 ,b =0.35 (fm) 

MT=2 : Elastic scattering 
(Total) ;A11 other partial cross sections). 

MT=16.17.103.107 : ;n,2n >. (n.3n !, (n,p }, (n,a) 
Calculated with GNASH code 5- considering pre-equilibrium 
process. 

MT=61-68,91,102 : Inelastic scattering and capture 
Calculated with the statistical «cdel code CASTHY /6/. 

Competing processes : (n,2n), (n,3n), (n,p), (n,a) 
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Level fluctuation considered. 
The level scheme taken from evaluation by Matumoto* 

No 
g . s . 

1 
2 
3 
4 
0 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Continuum ove 

EnerRyiMeV' Spin Pari ty 
0 
0.7349 
0.7874 
1.4323 
1.5101 
1.7505 
1.8803 
1.9650 
1.9855 
2.0176 
2.1049 
2.2069 
2.2240 
2.3334 
2.3.137 

2.4500 
2.4054 
2.5063 

0 i 
0 i 
2 i 
2 i 
4 i 
2 < 
3 i 
0 * 
1 i 
3 
2 • 
2 • 
2 • 
o . 
6 • 
3 
4 • 
3 i 
3 -

s assumed above 2.53 MeV. 
The Jove) density parameters ovalnoted 

Mo isotope 
a (1 MeV 
IX:Ha,MeV i 
Ex (MeV) 
Tc (MeV) 

i 

96 
14.03 
8.40 
7.6/15 
0.741 

97 
15.17 
1.28 
4.968 
0.618 

by I i j imm 

m 15.94 
2.57 
7.53 
0,671 

' 8 / . 
99 

17,74 
1.28 
5.775 
0.605 

The Gamma ray strength function of I.4C 4 obtained so as to 
reproduce the 0RELA capture data 3 . 

MT 251 : Mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with optical model. 
MT 16.17 : Isotropic in the laboratory system. 
MT 51 68 : 90 degree symmetric in the center of mass system. 
MT 91 : 90 degree symmetric in the laboratory system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT-16,17,91 : Evaporation spectrum. 

References 
1 ) Chrien R.E. et al.: Phys.Rev.,C13,578(1976). 
2) Weigmann H. et al.: 1971 Knoxville Conf.,C0NF-710301,p.749. 
3) Musgrove A.R.de.L. et al.: Nucl. Phys., A270,108 (1976;. 
4.) Iijima S. and Kawai M.: J.Nucl.Sci.Technol. ,20,77 (1983;. 
5' Young P.G. and Arthur E.D. : LA 6947 (1977). 
6: Igarasi S.: J.Nucl.Sci.Technol. .12.67 1975;. 
7) Matumoto Z. et al. : JAERJ H 77341978.. 
8* lijima S. et al.: to be published in J.Nucl.Sci.Technol. 
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42- Mo 100 MAT number 2427 

42 Mo 100 JNDC Evul Aup,B2 Y.Kikuehi ot al, 
Hist Mni-EO Revl Nov83 

History 
«g 08 New evaluation for JENDL 2 by W,0. on FT nuclear duta of 

JNDC. 
83 II Comment, was added. 

MF-1 ,MT 451 Comments and cwctionary 

MP 2.MT 151 Resonance' parameters 
Resolved resonances for MLBW formula : 1.0E 5 eV 26 keV 

Evaluation based on tht; f'ol lowiiift data, 
"."rarfvv-.i-s-(>n : V'e; '."kvn 1 
Car'.'':'-' : Vei, •,":;"> r.:". 2 . Musc.rove- 3 

Assumed Gain s : 65 mi 1.'1 eV for s wave and 
B0 mi 111 cV for p wave. 

A negative resonance added at 172 eV, 
Unresolved resonances : 2G keV 100 keV 

Energy independent parameters are Riven: 
SO 0.37E 4 .SI S./18E 4 ,52 3.65E 4, 
Dobs 620 c;V .Gam c, 0.M5 eV ,R 6.64 fm. 

Calculated 2200 in i; values and resonance integrals (barn) : 
8200 in • s va 1 no Res .Int. 

total 5,499 
i vlas tic 5.300 
capture 0.1 D M 3.92 

MF 3 Neutron Cross Sections 
Slif.ht bac'.:p.:,oi."i(l ''r,rri;.rt;on 1'cr Sic, t and Sic, c between 26 
and 100 a''.'. 
Cross secl.'ons above :C0 keV were evaluated as follows. 

MT- 1 : Total 
Calculated with optical model. 
Potential parameters obtained by systematic fitting of Sig-1 
by Iijinia* 4 : 

V -46.0 0.25)En ,Ws-7.0 .Vso 7.0 ,MeVj 
R0^Rso-5.89 .Rs-6.39 (fmi 
aOaso-0 .62 ,b -0 .35 (fm > 

MT^2 : Elastic scattering 
Total All other partial cross sections>. 

MT=-16,17.103.107 : in.2n :. <n.3n ;. '.n.p 1. <n.a ) 
Calculated with GNASH cede 5 considering pre-equilibrium 
process. 

MT^51-6S,93,102 : Inelastic scattering and capture 
Calculated with the statistical model code CASTHY /6/. 

Competing processes : (n,2n), (n,3n), (n.p), (n,a) 
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2 of Molybdenum-100 

Level fluctuation considered. 
The level scheme taken from evaluation by Matumoto> •"( 

No 
g.s. 

1 
2 
3 
A 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
' v> 
16 

Continuum 1 

Energy (MeV' S| 
0 
0.5356 
0,6944 
1,0637 
1,1361 
1.4633 
1.7657 
1.7704 
1.9091 
2.0330 
2.0400 
2.1014 
2.3400 
2.4150 
2.4700 
2 . !'•«•;:-

2.5900 
evels assumed 

level densi ty parameters cv« 
Mo isotope 
a (1 MeV) 
Delta(MeV) 
Ex (MeV i 
Tc (MoV i 

98 
15,97 
2.57 
7.53 
0.G71 

:iin 
0 
2 
0 
2 
4 
2 
1 
3 
3 
0 
2 
4 
2 
3 
4 
3 
4 

Pari ty 

above 2.62 MeV. 
duated 

99 
17.74 

1.20 
5.7/5 
0.605 

by Iijimai. 
100 
19.35 
2.22 
6.796 
0.600 

/ 8 / . 
101 
20,85 

I.SB 
5,766 
0.549 

The 

The gamma ray strength function of 1,4E A obtained so as to 
reproduce the 0RELA capture- data 3 . 

MT 25! : Mu bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Scutrons 
MT 2 • Calculated vith optical model. 
MT 16.17 : Isotropic in the laboratory* system. 
MT 5! 66 : 90 rieitree syjiimetiuc m the center of mass system. 
MT--91 : 90 degree symmetric in the laboratory system. 

MF 43 Energy Distributions of Secondary Neutrons 
MT=16,17,91 : Evaporation spectrum. 

References 
1 > Weigmann H. et al.: Phys.Rev..C20,115 tl969). 
2 i Weigmann H. et al.: 1971 Knoxville Conf.,CCNF~710301,p.749, 
3.) Musgrove A.R.de.L. et al.: Nucl.Phys. .A270,108 (1976). 
4> lijima S. and Kawai M. : J.Nucl .Sci.Technol. .20.77 (1983). 
5) Young P.G. and Arthur E.D.: LA-6947 (1977). 
6' Igarasi S.: J.Nucl .Sci.Techno].. 12.67 1975;. 
7 ) Matumoto Z. et al.:JAERI- M 7734.1978 . 
8; lijima S. et al.: to be published in J.Nucl.Sci.Technol. 
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1 of Hafnium 174 

72 Hf 174 MAT number 272! 

72 Hf 174 NAIGt Eval Dec82 Hida.Yoshida.lajima.TukanoiJAERI, 
Dist- Mar63 Rev I Doc83 

History 
82 12 New evaluation for JUMDL 2 was made by K.llkla. T.Yoshidu. 

S.Iijinia ..NAIC and ll.Takano MliRI'. 
B3 12 Angular distributions were modified and comment was added. 

MF 1 Genera] Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 15] Resolved and unresolved resonance parameters 
Reserved r.-soivn.-."; '<"' i-'LUV.' Vunri',,, 

Energy • an-n- ' C o eV to 220 eV. 
Res. enera:es and Clam n : BNL 325 1 and Drake et al. .'2,'. 
Cam ijamma •' 0.060 eV assumed if unknown. 
Background cross sections introduced. 

Unresol veel resonances 
Energy ranee : 220 eV to 50 keV. 
50 : BNL 325 I . 
51 ,R and Gam Gamma : Adjusted so that the total cross 

section of 9.49 b and capture 
cross section of 0.752 b at 50 keV 
were reproduced well. 

Parameters are D obs 16.0 eV, SO 2.80E 4, S! 1.06E-4, 
R G.0! I'm and Gain c.amnia 0.0(344 eV. 

2200 m s:-f cross sections and. calculated n;s. integrals. 
W.OO in s<v res . inte;',. 

t o t a l .'*?•'•!. 0 ii •'•* 

capture 3SD.Q b -A 492 b 

MF 3 Neutron Cross Sections 
Below 0.5 eV: 

MT- 1 Total 
Sum of the elastic scattering and capture cross sections. 

MT-2 Elastic scattering 
The constant cross section of 8.0 barns was assumed. 

MT--102 Capture 
The curve ;n the form of 1 V was adjusted to 390 barns ,/4/ at 
0.0253 eV. 

From 0.5 eV to 50 keV: 
Background cross sections are given. 

Above 50 keV: 
J-TTH.2.4.51 -68,91.102 Total.elastic.inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
of natural hafnium. 

V0 - 38.0, Vfe = 6.0+0.5+SQRT(En), Vso = 7.0 (MeV), 
aO = 0.47. as = 0.52 , aso = 0.47 (fin). 
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r0 - 1.32, rs - 1.32 , rso 1.32 .fm •. 
Statistical model calculation was made with CAS'ITIY code 5 . 

Competing processes ; ifi.2ni, (.n.3n •, n.p , n.alpha.. 
and level fluctuation were considered. 

Level schem taken from Table of Isotopes 6 
No. 
1',. S. 

1 
2 
3 
A 
5 
6 
... 
8 
<j 

10 
' i 

: 2 
13 
\A 
15 
16 
17 
10 

Energy. 
0.0 
0.0910 

'•' 0.2975 
0.6084 
0.8282 
0.9002 
1.0622 
1.2268 
1.3034 
1.3087 
1 .319/1 
: 33?r> 
! .J-'' '.:'•' 
1 .42b3 
1 .4429 
1.4489 
1.4964 
1.5034 
1.6261 

Continuum levels asr.'.imed above 1.649 MoV, 
Level density puramters were newly evaluated for Gilbert 
and Cameron's formula 7 . 

a 1 MeV CM MeV T MeV i- .MfeV> 
llf 174 23.09 2,31 0.47/ 5.01 
Uf 175 22.93 10.0 0.404 4.42 

MT 16.17.103.107 n.2n . n.3n . n.p and n.alpha 
Calculated with imi't.i sti'p Mauser !"'-.'-:hliach model usiw; 
("NASI! cod./- R . 

MT 2b! Hi! !vr 
CalcuJa'.ci villi C/V.'-THY code 5 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 68 : Calculated with CASTHY code ,5 . 
MT 16,17 : Isotropic in the laboratry system. 
MT-91 : Calculated with CASTHY code /5'. 

MF-5 Energy Distributions of Secondary Neutrons 
MT^-16.17,91 : Evaporation spectra. 

References 
1 ) Mujhabghab S.F. and Garber D.I.: BNL 325 3rd Edition (1973;. 
2> Drake M.K.. Sargis D.A. and Maung T.: EPRI NP-250 M976). 
3'. Conrad C.A. et al. : Bull. Am. Phys. Soc. 14. 496 (1969). 
4: Esch L.J. and Moore V.E.: Bull. Am. Phys. Soc., 6, 70 (1981 :. 
5. Igarasi S. : J. Nucl. Sci. Techno!.. 12. 67 1975.. 
6' Lederer CM. and Shirley V.S.: Table of Isotopes 7th Edition 

1979 . 
7; Gilbert A. and Cameron A.G.W.: Can. J. Phys., 43. 1446 (5965;. 
8.i Young P.G. and Arthur E.D.: LA-6947 ,1977:-. 
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72 llr' 176 MAT number 2722 

7£ Hf 170 NAlfi. Eval iVcfiJ* ilHiu.Ytitihjdij.il nma.Takaiio JAEK1 
DioL KuKi Jfcvl Di!ct« 

Hislory 
02 IK New evaluation i'uv JOIDL £ was made by K.Hida. T.Yosluda. 

S.Iijiina NA1G and ll.Takuno JAMRI 
83 12 Arir.ula: d is l i -i but ions were modified and comment was added. 

KF- 1 General Information 
MT 451 Descriptive data and dict ionary 

KF 2 Resoiv.nr->- parameters 
MT 15' P"S' -1 ved and i:m < •scl ved ti-.sonanee- naramelei .s 
R-'S'..'.v:-ii • ••:/•••:, :•- • ' -n -'LI'.V K-rwu! , 

Fnei -.v •.••:!'..• • :\!- .-V |,, V(;0 ,-V. 
:•'.•« ;•:.< -.',.•-.'•. and 0am n :'K. .'£'5 1 ami Drake e l fil. 2 . 
iv.m ,",.I:I,:M 0.0f.i0 oV assumed, if unknown. 
!'..:el,-r,! i.iir.d ei nsr; section:! ml roduecd 

Unre.-iolv««i (•••sonanws 
FtK'i'i'.v i .m;'.e : 700 cV to 50 keV, 
.SO . Calculated with opt ica l model. 
!M . !< and Ham jviiraiia . F i t t ed to the capture cross sec-

lion of Kapohieaallov 3 a t 30 koV, 
Pai-ciiiielery are D obs 32.0 oV. SO i ,02E A. SI 1.I1E 4. 
R 7.1.; fm and Gam gamma 0,120 eV. 

2/i'OO in sec oi'oss port ions and calculated res . in t eg ra l s . 
':".V' in sec r .-..."•; i nt ' - : ' . 

Lot.r, <:>.: r:o b 4 

.-.;•,,, . . . , . y : - ;.-• !. i., 3 - ; n \; 

KF 3 Neutron Cross Sections 
Below 0.5 eV: 
MT 1 Total 

Sum oi' the elastic scattering and capture cross sections. 
MT-2 Elastic scattering 

The constant cross section of 8.0 barns was assumed. 
MT-102 capture 

The curve in the form of ! v was adjusted to 38 barns ,-'4/ at 
0.0253 eV. 

From 0.5 eV to 50 keV: 
Background cross sections are given. 

Above 50 keV: 
MT----1.2.4.5! 73.91.102 Total .elastic, inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
of navjral hafnil17", 

V0 -- 33.0 'tis 8.0-0.5 SQRT En . Vso - 7.0 'MeV), 
aC -- 0.47. as - 0.52 . aso = 0.47 <fm.>, 
rO = 1.32, rs = 1.32 , rso = 1.32 ifm). 

Statistical model calculation was made with CASTHY code /6/. 
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Competing processes ; (n.2n>. ;n,3n>, >n,p •, ,n. alpha), 
and level fluctuation were considerod. 

Level schem taken from Tabic of Isotopes 7 
No. 
K . s . 

1 
2 
3 
4 
5 
G 
7 
0 
9 

10 
! ! 
12 

lb 
16 
17 

1<! 
J-'O 
21 
22 
23 

E n e r g y MeV < 
0 .0 
0 .0883 
0 .2002 
0 .5970 
0 .9980 
1.1499 
1.2266 
1.2477 
1.2932 
1 3 i a 3 
i . a i i s 
l .3794 
l .4045 
! 44'; •H 
! . 57 •" •' 
i 6434 
1.6723 
1.7046 
1.7102 
1.72521 
1 .7(375 
1 .7B61 
1.7037 
1.8190 

Spiii Par 
0 i 
2 « 
4 • 
6 i 
8 < 
0 • 
2 -
2 
0 • 
3 
2 • 
2 • 

A 

i 

1 • 

2 • 
3 
1 
2 
3 • 
3 
0 

Continuum l y v e l s assumed above 
Lovt'l d e n s i t y pnramLers 
and Cameron 's formula 1 

Hi" 17G 
Hf 177 

m 1 6 . i 7 . i o 3 . ; 
C . l c u l a t ' r i 
GNASH code-

MT 251 Mu bar 
C a l c u l a t e d 

a I MeV C 
2 2 . 7 7 
22 61 

107 n.2n . 
W i t h I ' . l l l 1 3 S l 

9 . 

were new! 
3 . 

1 MeV 1 
1 .7/1 
9.0G 

• i ty 

1.040 MeV. 
ly e v a l u a t e d for G i l b e r t 

1" MeV Ex MeV 
0.454 4 . 3 8 
0 .486 4 . 3 8 

n.oi! . n . p and n . a l p h a 
:.'-p iV'isoi 

wi th CASTHY code 6 ' . 

Peshbach model u s ing 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 68 : Calculated with CASTHY code /6/. 
MT-16.17 ; Isotropic in the laboratry system. 
MT-9! : Calculated with CASTHY code ,6/. 

MF-5 Energy Distributions of Secondary Neutrons 
MT-16.17.91 : Evaporation spectra. 

References 
1 Mughabghab S.F. and Garber D.I.: BNL 325 3rd Edition 0973). 
2. Drake H.K., Sargis D.A. and Maung T.: EPRI NP-250 U976';. 
3 Kapchigashev A.?.: Atomizriat. Moscow 1970>. 
4 Conrad C.A. et al.: Bull. Am. ?hys. Soc. . 14. 496 i'1969). 
5; Esch L.J and Moore W.E.: Bull. Am. Phys. Soc.. 6, 70 ;,1961). 
6; Igarasi S.: J. Nucl. Sci. Technol., 12, 67 (1975). 
7) Lederer CM. and Shirley V.S.: Table of Isotopes 7 th Ed. 
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11979 i. 
8) Gilbert A. and Cameron A.G.W.: Can. J. Phys., A3, 1446 i!965). 
9' Younp, P.G. and Arthur E.D. : LA 6947 19Y7 •. 
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72-Hf-177 MAT number - 2723 

72 Hf 177 NAIGi Eval Dce82 Hida.Yoshida.Iijima,Takano<JAERI) 
Dist Mar83 Revl Dec03 

History 
82 12 New evaluation for JENDL 2 was made by K.Hida, T.Yoshida. 

S.Iijima <NAIG) and H.Takano JAERI;. 
83 12 Angular distributions vere modified and comment was added. 

MF-1 Genera] Information 
MT 451 Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved and unresolved resonance parameters 
Resolved resonemi-e'- '"or MIP-W formula 

Enerr.-v :t;"!'." • C.'> t-V to 250 eV. 
Res. enrrrcues and Gam n : BNL 325 ! and Drake et al. 2 . 
Gam gamma : 0.066 eV assumed, if unknown. 

Unresolved resonances 
Enerey ranpe : 250 eV to 50 keV. 
SO ; calculated with optical model. 
SI.R and Gam gamma : fitted to the 15 percent greater 

value than capture cross section 
of KapchiGashev /3, at 30 keV. 

Parameters are D obs 2.40 eV, SO 1.92E-4. SI 1.12E-4. 
R 6.86 fin and Gam gamma 0.125 eV. 

2200 m s cross sections and calculated res. integrals. 
2200 m s Res. In teg. 

total 359.0 b A 
elastic 7.0 b 
cap'.ure 35V.0 b 5 6950 b 

MF 3 Neutron Cross Sections 
Below 0.5 eV: 

MT 1 Total 
Sum of the elastic scattering and capture cross sections. 

MT^-2 Elastic scattering 
The constant value of 7.0 barns was assumed at low energies. 

MT==102 Capture 
The curve in the form of 1, v was adjusted to 352 barns /5/ at 
0.0253 eV. 

From 0.5 eV to 50 keV: 
Background cross sections are zero. 

Above 50 keV. 
MT-!.2,4.51-66,91.102 Total.elastic.inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
of natural hafnium. 

VO =- 38.0. Ws 8.0'0.5-SQRT En:.. Vso = 7.0 .MeV:., 
aO = 0.47. as = 0.52 . aso = 0.47 [fm>, 
rO = 1.32, rs = 1.32 ' , rso = 1.32 <fm;. 

Statistical model calculation vas made with CASTHY code /&/. 
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Competing processes ; (n,2n), <n,3n.'. ;n,p), \n,alpha' 
and level fluctuation were considered. 

Level scheme taken from Table of Isotopes 7 
No. 
e.s. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
!2 
13 
14 
15 
16 

Energy<MeV , 
0.0 
0.1130 
0.2497 
0.3213 
0.4095 
0.4267 
0.5081 
0.5552 
0.5913 
0.604-4 
0.7085 
0.7459 
0.7945 
0.8057 
0.0474 
0.8730 
0.8828 

Spin Parity 
7 2 
0 2 
11.2 
9 2 i 
13 2 
11 2 i 
5 2 
13 2 i 
15 2 
7 2 
15 2 . 
7 2 • 
17 2 
3 ? 
9 :.; • 
5 2 
17 2 -

Continuum levels assumed above 0.948 MeV. 
Level density paramters were newly evaluated for Gilbert 
and Cameron's formula 8 . 

a • 1 • MeV i C i) MoV ; i •: MeV , Ex (MeV) 
Hf 17/ 22. E51 9.C3 0.486 4,38 
Hf 178 22.3(5 2 22 0.451 4,08 

MT 10,17,103,107 ;n,2n>. <n,3n >, n,p<and (n,alpha) 
Calculated with multi step Hauser Feshbach model using 
GNASH code 9'. 

MT-251 Mu bar 
Calculated with CASTHY code 6 . 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 J36 : Calculated with CASTHY code 6 . 
MT 16,1/ : Isotropic in the laboratory system. 
MT-91 : Assumed the same distributions in the laboratory 

system as those calculated with CASTHY code in 
the center-of mass system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT-16,17,91 : Evaporation spectra. 

References 
1 ) Mughabghab S.F. and Garber D.I.: BNL 325 3rd Edition (1973). 
2) Drake M.K., Sargis D.A. and Maung T.: EPRI NP-250 (1976). 
3) Kapchigashev S.P.: Atomizdat, Moscow (1970). 
4) Conrad C.A. et al.: Bull. Am. Phys. Soc. 14, 496 (1969). 
5) Pavlenko et al.: 1975 Kiev Conf..Vol. 3, 171 (1975). 
6> Igarasi S.: J. Nucl. Sci. Technol.. 12, 67 (1975). 
7 • Lederer CM. and Shirley V.S.: Table of Isotopes. 7th Ed. 

(1979.-. 
8) Gilbert A. and Cameron A.G.W.: Can. J. Phys.. 43, 1446 (1955). 
9) Young P.G. and Arthur E.D.: LA-6947 (1977). 
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72- Hf-I78 MAT number 2724 

72 !!f 178 NAIG< Eval Dec82 Hida.Yoshida.Ii jiina,Takano<JAERI) 
Dist Mar03 Revl Jan84 

History 
02 12 New evaluation for JKNDL 2 was made by K.Hida. T.Yoshida, 

S.Iijima <NAIG< and H.Takano 'JAERI >. 
83 12 Angular distributions were modified and comment was added, 
84 01 Point wise cross sections below 0.5 eV and background cross 

sections were modified. 

MP 1 General Information 
MT 4r>] Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 15! Resolved an'.! unresolved resonance parameters 
Resolved resonances fur HLBW formula 

Energy range •' 0.5 eV to 1.5 keV. 
Res. energies and Gam n : BNL 325 '1, and Drake et al. /2/. 
Gam gamma •' 0.060 eV assumed. 
Background cross sections introduced, 

Unresolved resonances 
Energy region 
SO 
SI .1? and Gam gamma 

l.S keV to 50 keV. 
calculated with optical model, 
fitted to the capture cross sec
tion of Beer and Macklin ,3/. 

Parameters are D obs 52.5 eV. SO 1.92E 4. SI 0.435E 4, 
R 7.17 fin and Gam gamma - 0.060 eV. 

2200 in s cress sections and calculated res. integrals. 
2200 in s Res. hi teg. 

total y; 00 b A 
elastic '3.00 b 
capture 86.00 b 5 1920 b 

MF- 3 Neutron Cross Sections 
Below 0.5 eV: 
MT--1 Total 

Sum of the elastic scattering and capture cross sections. 
MT=2 Elastic scattering 

The cross section of 5.0 barns was assumed below 0.1 eV. 
Above 0.1 eV, the cross section was connected smoothly to the 
cross sections calculated from resonance parameters. 

MT-102 Capture 
The curve in the form of 1 v was normalized to 86 barns /5/ 
at 0.02.53 eV. 

From 0.5 eV to 50 keV: 
Background cross section was given for the elastic scattering 
cross section below 3.0 eV. 

Above 50 keV: 
MT=1.2.4.51 71.91.102 Total.elastic.inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
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2 of Hafnium 178 

of natural hafnium. 
VO 38.0. Ws 8.0>0.5.SQRT En . Vso 7.0 cMoV . 
aO 0.47, cis 0.52 . aso 0.47 - fni , 
r0 1.32, rs 1 .32 . rso 1.32 (fnn. 

S t a t i s t i c s 1 mode], ca lcula t ion was made with CAS'THY code 
CoiiipoUnp, processes n .a i n,3ti i i . p n,alpha >, 
and level f luctuat ion were considered. 

Level scheme taken from Table of Isotopes 
No. 
c. • s 

1 
2 
3 
A 
5 
6 

Enerr.V MeV 
0.0 
0.0932 
0.3066 
0.6322 
1 .0565 
1 1474 
1 . 1746 
i 19P3 

- ipin 
0 
?. 
A 
6 
8 
3 

Jari ty 

ic 
11 
12 
13 
14 
lb 
16 
IV 
16 
19 
20 
2\ 

cat:) 
. 3,y?A 
.36&1 
. 3641 
.4340 
. 4438 
.4790 

1.4961 
.5136 
.5613 
.5665 
.6015 

9 
0 
0 
B 
V. 
1 
? 

10 
Continuum levels assumed above: I .640 MeV. 

Level density paramtei s v/ri.: newly evaluated for Gilbert 
and Cam.-ion's f ennui a (i 

MT 

C 1 M. -V T H. -V I-:x MeV -
•/.;•:,-. 0.45! 4.03 

6.66 0.465 3.98 
, -'n.3n , n.p and in,alpha) 

Calculated with multi-step Hauser Feshbach model using 
GNASH code 9 . 

a 1 r--'-V 
Hf 178 ;>,••.:•< 
W I7S ffi.57 

16,17.103.107 ii. 2n 

MT 251 Hu bar 
Calculated with CASfHY code 6 

MF-4 Angular Distributions of Secondary Neutrons 
MT=£.51-71 
MT=16,17 
MT=91 

Calculated with CASTHY code /6/. 
Isotropic in the laboratory system. 
Assumed the same distributions in the laboratory 
system as those calculated with CASTHY code in 
the center-of-mass system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT-16,17.91 : Evaporation spectra. 

References 
! > Mughabghab S.F. and Garber D.I.: BNL 325 3rd Edition (1973). 
2> Drake M.K., Sargis D.A. and Maung T.: EPRI NP-250 (1976). 
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3) Beer H. and Macklin R.L.: Phys. Rev.. C26, 1404 (1982.). 
4) Conrad C.A. et al.: Bull. Am. Phys. Soc, 14, 496 i1969 \ 
5) Pavlenko et al.: 1975 Kiev Conf..Vol. 3, 171 <1975 >. 
6; Igarasi S.: J. Nucl. Sci. Techno].. 12, 67 ,1075;, 
7> Ledorer CM. and Shirloy V.S.: Table of Isotopes, 7lh Ed. 

(1979i. 
0; Gilbert A. and Cameron A.G.W.: Can. J. Phys., 43, 14413 (1965). 
9' Young P.O. and Arthur E.I). : LA 6947 i1977>. 
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! of Hafnium-179 

72 Hf !79 MAT number 2725 

Td I If 179 NAM' Rval IXicBl? HHI.I. Yoshulu. Li inim .Taknno- JAERI > 
Disl Ma r83 Revl IXTB3 

HIS lory 
82 12 Now evaluation for JEM)!. 2 way mude by K.llida, T.Yoshida, 

S.lijima NAICI and H.Takano JAGR1 \ 
83 !2 Anc'ilar distributions were modified and comment was added. 

Ml-' I General In forma I ion 
MT 45! Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 151 Resolve1 i:n! mi'-i-sol v-d ri'Soiiimc parameters 

ITnn.-.v ' ,!''•..• '.: .5 .••' Vo ? 5 0 C.V. 

His en. i,».:i's am! Gain n !«!.. S I and Drake et al. 2 . 
Gam i.vinrra . 0,QR> oV assumed. 
Background cross sections introduced, 

llnresol ved resonances 
Energy ranee : ;5b0 eV to ftO keV. 
so . i. a 1 on la tod with optical model. 
Hi ,R and Gatu j-'.uinma : I itled to the capture cross sec 

l-ioii of IVer and Maoklin ..3. . 
Parameters aro I.) obs 4.73 eV. HO 1 .USL A, SI ! . M E A. 
R 7 !;-' fm and (lam camma 0 0G3 eV, 

2?00 m s cross sections and calculated res. integrals. 
;̂ -'00 in K 1iVs !nt-r. 

tola.! '•: I! b A 

• .•.•! ••• • • :- i b ! 7 b 

MF 3 Neutron Cress .Sections 
Below 0.5 eV: 
MT 1 Total 

Sum of the elastic scattering and capture cross sections. 
MT 2 Elastic scattering 

The constant cross section of 6.0 barns was assumed. 
MT 102 Capture 

The curve in the form of Iv was normalized to 45 barns /I/ 
at 0.0253 eV. 

From 0.5 eV to 50 keV: 
Background cross section was given. 

Above 50 keV: 
MT=1.2,4.51 62,91,102 Total .elastic, inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
of natural hafniu'i. 

V0 - 33.0. Vs e.C-'O.S'SQRTiE". >. Vso = 7.0 iMeV;. 
aO -• 0.47. as -• 0.52 . aso = 0.47 (fin). 
rO = 1.32, rs = 1.32 , rso = 1.32 (fm.i. 

Statistical model calculation was made with CASTHY code /5/. 
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2 of Hafnium-179 

Competing processes ; (,n,2n>, ,n.3n), (n,p), in.alpha), 
and level fluctuation were considered. 

Level scheme taken from Table of Isotopes 6 
No. Energy(MeV) Spin Parity 
B.s. 0.0 9 2 i 
1 0.1227 11 2 i 
2 0.2143 ?• 2 
3 0.2689 13 2 i 
4 0.3377 9,2 
5 0.3750 1 2 
6 0.4386 15 2 < 
7 0.5184 5 2 
8 0.6169 7 2 
9 0.6312 172 -
10 0.8483 19 2 • 
1 ! 0.8702 7 2 
12 1.0034 5 2 • 

Continuum levels assumed above- 1 .070 MeV. 
Level density puramters wore newly evaluated for Gilbert 
and Cameron's formula 7 . 

a 1 MeV C'1 MeV i TiMeV i ex(MeV > 
Hf 179 22.57 6.08 0.465 3.98 
Hf !80 21.37 2.35 0.519 5.42 

MT 16.17.303.107 in.gm, '.n.Qni, in.p i and <n,alpha j 
Calculated with multi step Haiiscr Feshbach model using 
GNASH code- fl . 

MF 4 Ancular Distributions of Secondary Neutrons 
MT 2.51 62 : Calculated with CASTHY code ,6/. 
MT 16.17 : Isotropic in the laboratory system. 
MT 91 : Assumed the same distributions in the laboratory 

system as those calculated with CASTHY code in 
the center of mass system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17.91 : Evaporation spectra. 

References 
1 ; Mughabghab S.F. and Garber D.I.: BNL 325 3rd Edition (1973). 
2) Drake M.K.. Sartsis D.A. and Maung T.: EPRI NP 250 (1976). 
3) Beer H. and Macklin R.L.: Phys. Rev.. C26, !404 (1982). 
4 i Conrad C.A. et al.: Bull. Am. Phys. Soc., 14. 496 (1969). 
5i Igarasi S.: J. Nucl. Sci. Technol.. 12. 67 (1975). 
6) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Ed. 

(1979... 
7) Gilbert A. and Cameron A.G.W.: Can. J. Phys., 43, 1446 (1965). 
8: Young P.G. and Arthur E.D. : LA-6947 (1977). 
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1 of Hafnium 180 

72 I If 180 MAT number 2726 

72 lif 180 NAIGi Eval Dcc82 Hida.Yoshida.Ii.jima.Takanoi JAERI l 
Dist Mar83 Rev] Duc.03 

History 
02 12 New evaluation for JENDL 2 was made by K.Hida. T.Yoshidu, 

S.Iijima .NAl'G > and ll.Takano JAERI >. 
83 12 Angular distributions were modified and comment was added. 

MF 1 General Information 
MT 451 Descriptive data and dictionary 

MF-2 Resonance Parameters 
MT 151 Resolved and unresolved resonance parameters 
Resolved resonances fur MLIW formula 

Eneir.v ranr.e • 0.5 eV to 2.5 keV. 
Res. energies and Cam n •' BNL 325 1 and Drake et al. 2/. 
Gam gamma : 0.060 eV assumed, if unknown. 

Unresolved resonances 
Energy region 
SO 
SI ,R ami Gam gamma 

2.5 koV to 50 keV. 
calculated with optical model. 
I'itted to the capture cross sec
tion of Beer and Macklin /3/. 

Parameters are D obs M 0 eV, SO 1.92E-4. SI 0.496E 4. 
K' 7.14 fm and Gum gamma 0.O60 eV. 

£200 in s cross sections and calculated res. integrals, 
2200 m s Kes. Inter,, 

total 32.00 b 4 
elastic 19.40 b 
capture 12.60 b 5 3.1.6 b 

MF 3 Neutron Cross Sections 
Below 0.5 eV: 
Point wise cross sections were given. 

From 0.5 eV to 50 keV: 
Background cross section of zero was given. 

Above 50 keV: 
MT--1.2,4.51 58,91,102 Total.elastic.inelastic and capture 

Calculated with optical and statistical models. Optical 
potential parameters were fitted to the total cross section 
of natural hafnium. 

V0 - 38.0. Ws = 8.0+0.5*SQRT(En >, Vso - 7.0 (MeV), 
aO = 0.47, as = 0.52 , aso = 0.47 (fm), 
rO - ».32, rs = 1.32 . rso = 1.32 (fm). 

Statistical model calculation was made with CASTHY code /&/. 
Competing processes ; n.2n . 'n.3n . 'n.p , (n,alpha), 
and level fluctuation were considered. 

Level scheme taken from Table or Isotopes ,'7/ 
No. Energy'MeV' Sein- Parity 
g.s. 0.0 0 -
1 C.0458 1 -
2 0.0680 4 + 
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3 
4 
5 
6 
7 
8 

0.0966 
0.1700 
0.2070 
0.2570 
0.2980 
0.3320 

2 
5 
3 
1 
6 
2 

Continuum levels assumed above 0.445 MeV, 
Level density paramters were newly evaluated for Gilbert 
and Cameron's formula 8 . 

a I MeV i C d M e V ' TiMeV< Ex<MeV; 
Hf 180 21.37 2.35 0.519 5.42 
Hf 181 21.91 6.47 0.479 4.08 

MT 16.17.103,107 <n.2n>. ;n.3ni, n.p and in. alpha s 
Calculated with multi step Mauser Feshbach model using 
GNASH code 9 . 

MT 25] Mu bar 
Calculated with CASTHY code 6 . 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 58 : Calculated with CASTHY code 6 . 
MT 16.17 : Isotropic in the laboratory system. 
MT 91 : Assumed the same distributions in the laboratory 

system as those calculated with CASfTHY code in 
tho contor of mass system. 

MF b Fnerp.y Distributions of Secondary Nfcutrons 
MT 10.17.91 : Evaporation spectra, 

References 
! Muehabghab S.F. and Garber D. I.: BNL 325 3rd lidition M973>. 
2- Drake M.K., Sargis D.A. and Mating T.: EPRI NP-250 <1976i. 
3 Beer H. and Maeklin R.L.: Phys. Rev.. C25. 1404 1982,. 
A Conrad C.A. elal.: Bui). Air.. Fliva. -?oc. . \A. 4S6 1069'. 
5 Scharff Goldhaber G. and Mdrcown M. : Phys. Rev.. 158. 1105 

1937 . 
6 Igarasi S.: J. Nucl . Sci. Techno].. 12. 67 1975.. 
7 Lederer CM. and Shirley V..S. : Table of Isotopes. 7th Ed. 

' 1979 . 
8> Gilbert A. and Cameron A.G.W.: Can. J. Phys.. 43. 1446 (1965). 
9'- Young P.G. and Arthur E.D. : LA 6947 ;!977). 
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73 Ta 181 MAT number 2731 

73 Ta 101 SRI i Eval Mnr76 H.Yamakoshi,JENDL CG.Y.Kikudu 
Dist Mar03 Rev] Nov83 

History 
7S 03 The* evaluation for JENDL-1 1 was mudo by H.Yumukoshi 

Ship Research Institute! and JENDL 1 Compilation Group. 
83 03 JENDL 1 data were adopted (or Jl-NDL 2 and extended to 20 

MeV. If 5 was revised, and unresolved resonance parame 
tt-rs were added by Y. Kikuchi JAERI . 

83 11 Comment data were added. 

MF 1 General Information 
MT '15! Descriptive data and dictionary 

MF 2 Resonance Parameters 
MT 1131 Resolved and unresolved resonance parameters 
Resolved parameters for MLBW formula 

The energy region is from 1.0E-5 eV to 1.0 keV. Parameters 
were taken from Ref. ;Z/ f<>r positive resonances, and from 
I3-1DF.B P. for a negative resonance. The radiative width of 
0.0559 eV was assumed fov the resonances whose radiative 
width was unknown. 

UnresoIved parameters 
In the energy range from 1 to 50 keV, parameters were 
determined to reproduce the capture cross section evaluated 
for JÎ MDL 1 . The calculated total and elastic scattering 
cross sections were corrected by background cross sections. 
The parameters are as follows. 

R A .-135 fm. 0 obs 4.39 oV. radiative width 0.0598 eV, 
SO SUISSE 4. SI 0.45E A , S2 3.J-E4. 

Calcuiatod ££00 «; sec cross sections and resonance integrals. 
2200 in sec res. intei.;. 

elastic 6.110 b 
capture 21.21 b 744. b 
total 27.32 b 

MF-3 Neutron Cross Sections 
Below 50 keV. 

Background cross sections were given for the unresolved 
resonance parameters. 

Above 50 keV. 
ffl='l Total 

Evaluated from experimental data. 
MT-2 Elastic scattering 

Obtained by subtracting partial cross sections from the total 
cross section. 

HT-4.51-6!.93 Inelastic scattering 
Calculated with statistics' and optical model code CASTHY 
3,••. Optical potential parameters were determined so as to 
reproduce the average total cross section in the high energy 
region. 
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0.0 
0.00621 
0.13625 
0.1507 
0,3014 
0.3390 
0.4821 
0.4951 
0.5400 
0.6151 
0.G190 
0.71 06 

7 2 
9 8 
9 ? 
11 2 
11 2 
13 2 
5 2 
13 2 
15 2 
1 2 
3 2 

!!'•> 2 

V = 46.0 0.25tE ,MeV>. r 1.268. aO 0.62 , fin > 
Wi 0.125iE-0.0004fEu2 <MeV . ri 1.268. ai 0.62 -fin 
Ws 14.0 0.2*E MeV'. rs 1.316. as 0.7 fin ' 
Vso-6.0 McV . rso 1.090. aso 0.62 fin > 

The level scheme was adopted f'-cm Rei'. 4 
No. Energy (MeV' Spin Parity 

G.s. 
I 
2 
3 
4 
5 
6 
7 
a 
9 
10 
1' 

Levels above 780 l.'eY were assumed to overlapping,. 
MT 16 n.2n 

Calculated with IVarlstein's method 5 . 
MT 102 Capture 

Calculated withn CASTHY 3 by using D obs 4.4 eV and 
the average radiative width of O.OKB eV 

MT 103 'ii.p 
Calculated with Pearlstein's method b . 

MT 251 Mu bar 
Calculated with CASTHY 3 . 

Mr" 4 Annular Distributions of Secondary Neutrons 
MT 2 Calculated with CASTHY code 3 . 
MT fa! 61 Isotropic in the center of mass system. 
MT '6.01 Isotropic in the laboratory system 

MF 5 Enernv Distributions of Sr.-rondarv Neutrons 
MT 16.91 '•vapor;,:,ion .spectrum 

References 
1 Igarasi S. et al. : JAERI 1261 1979'. 
2> Mughabghab S.F. and Garber D.I. : BNL 325. 3rd Ed. (1973). 
3' Igarasi S.: J. Nucl. Sci. Techno!.. 12. 67 M975>. 
4 • Ellis Y.A.: Nucl. Data Sheets, 9. 319 1973). 
5 Pearlstein S. : Nucl. Sci. Eng. . 23. 238 '1965). 
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8g Pb 0 MAT number 2820 

«2 It. 0 JAERI Eva] Marfll T.Asoim 
|)!:;t l̂ rCW Pevl JallH.I 

Hisltu-v 
(31 03 Mewl v evaluated [ o> JI-NDL P bv T.Asaini JAER1 . 
f>1 0] Interpolat ion laws of crosy s w l i o n s and angular dist . ' lbu 

t ions wore corrected The total cross suction was replaced 
with the dalii evaluated on the basis of experimental data. 
Comment was added. 

t-'F i Heni'tii! Inl <•: mat ion 
MT A'j] !)e.x--r:p*. : v.- da'.) and dict.loiiat V 

• P . "V-Si i i i . in" ' ' ! ' . • ! u:.:< • <•: .'-; 

XT I'M Pesoiv-.V I.-,.!:,-p-e | MI ..in. >•„•.-; s for HLBW formula 
P' 'Si 'i:,:!:' •• • raiijv.s 

Ph 2!J-1. i 0E 5 eV bO kt-V. Pb 20(3: 1 ,0E 5 eV 200 keV 
Pb V.J7 1 0e 5 eV 500 keV. ph 208: !.0E 5 eV 500 keV 

!'.n aiiiel'-rs veto evaluated ! • r m the following exp. data. 
Pb k0-l: Block'tW 1 . (i.M>fi)is»G7 5? . A] )en<73 ,3 . ' . 
Pb POU: Allen-73 3 . !Uei i '7y 4 . Mizumoto<79 . 5 - . 
Pb ?•'(>'/: A)3c)i<7,'3 3 . Raman•'/"/ 6 . ltorai-70 A/, 
Pb ;0H: A11OII<73 3 . Wi ]eri::iel: •<>! 7 . Mackli in 77 8 , 

Fowlet'66 D . 
Por unknown rad ia t ive widths, average values of known radia 
tl Ve widths were used . 

(lalcnkj" "if >I-'00 in s cross sections and I K integrals. 
WOO m s i < •.••;. ] n t or.. 

e.ia;-' :e 1 i . <!>' b 
<-,,!•!'».-• o. ;7iry.' o M B b 

P.F 3 Neutron Cross Stations 
Below 500 koV 

Background ci ess sections are given to take account of cont
ribution from bound levels and to reproduce the thermal cap
ture cross section of 0.17! barns which was evaluated from 
the experimental data 10 12 . Contributions from Pb-204 
and Pb-206 were added in the background cross section below 
500 keV. 

Above 500 keV. 
MT-1 Total 

Cross sections in the energies from 500 keV to 15 MeV were 
obtained based on the experimental data of Schwartz-77 -13'. 
Above 15 KeV. cross sections were calculated with optical and 
statistical mode? code CAST.W M by using optical potentail 
parameters given below. 

MT--2 Elastic scattering 
(Total - A l l other partial cross sections: 

MT=4.51-90.91 Inelastic scattering 
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Calculated with CASTHY .'14/ for each isotope and constructed 
taking account of their isotope abundances. Contributions 
from some levels of Pb 204 and 206 were lumped and contribu 
itions from levels above 2.9454 MeV were put together into 
continuum (MT-9I ). The optical potential parameters used in 
the calculation were obtained by (Jttiniv average total cross 
section of natural lead as follows, 

V 47.0 0.250.E. Ws 2.30 > 0.4PE. Vso 6.0 iMeV), 
rO 1.25 . rs 1.30 , rso 1.30 <fmi, 
aO 0.65 . b 0.40 , aso - 0.689 ;fm >. 

Level density parameters for back shifted fermi gas model 
were determined using low lying level data and observed 
neutron resonance spacing. Some data for level density 
parameters were taken from Ref. 15 . Level scheme was taken 
from Kef. 16 . Level enerr.]''S 
a;-'- as Jo] lows: 

MT 
51 
52 
53 
51 
55 

m 
57 

m 
by 
60 
61 
62 
03 
64 
6b 
60 
6'/ 
OH 
rv:> 

70 

Eneri ' .v M'A' 
0.!fl07 
O.OIXV 
0.8677 
0 .899! 
1.1650 
1.2736 
1.3406 
1.4670 
1.5629 
1.6533 
1,68-11 
1.9977 
2 .0650 
2 . 2 6 4 ! 
2 .3399 
2 . 3 8 4 3 
2 .61A 6 
2 . 6 2 4 / 
2.647!.; 
2 .6624 

I.SO tOpi 
207 
; '(6 
207 
204 
206 
204 
206 
206 
204 
207 
206 
206 
204 
204 
207 
206 
208 
' -O 'V 

; v : ' j 

J-JG7 

nd corresponding 

MT 
71 
•'2 
73 
74 
7 5 
76 
T! 

'fa 
76 
00 
81 
82 
6 3 
84 
« j 
rt\ 
IVf 
:•'•', 

• >,;.i 

90 
. n, 

Energy MeV 
2.7260 
3.0165 
3.1800 
3. 1977 
3.2000 
3 2230 
3.2793 
3.3000 
3.3840 
3.4130 
3.4750 
3,5090 
3.5830 
3.7085 
3.7440 
3.9193 
3.0464 
3.9009 
3.9357 
4.1252 

n' p ;. n, n' a 

isotopes 

Isotope 
207 
206 
207 
20H 
207 
207 
206 
207 
207 
207 
208 
207 
207 
208 
206 
203 
200 
208 
208 
208 

.•n•p / an MT 16.17.22,28,103.107 n.2.n . n.3n . n.n'p;. n.na . n.p / and 
n.a • 

Calculated with evaporation model code GHOGI /I7/ for each 
isotope and constructed considering isotope abundances. 

MT-102 Capture 
Calculated with CASTHY -!4 for Pb 204, 206 and 207. For 
Pb 208. estimated from the experimental data of Pb 208 and 
natural lead. The capture cross section of natural lead 
were constructed from these isotopic data. 

MT-251 Mu bar 
Calculated with CASTHY 14 . 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 : Calculated with CASTHY 14. . 
MT-16.17,22.28 : Assi-med to be isotropic, in the lab system. 
MT 51 90 : ;&s\:xeti to ';;; -K'jlrcpjc :n the center of mass 

system. 
MT=93 : Assumed to be isotropic in the lab system. 
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MF 5 Energy Distributions of Secondary Neutrons 
MT 16,17.22,28,91 : Evaporation spectra. 

References 
1 Block R.C. and Moxon M.C. : BAPS B. 513 196-3 . 
2 Gibbons .1.1!. and Macklin R.L. : Phys, Rev.. 153. 1356 .1907.. 
3. Allen B.J. et nl.: Phys. Rev.. QB. 150.1 ,1973 . 
A 1-toren D.J, et a).: Phys. Rev,, C20. 470 11979 •. 
5 Mmimoto H. et al. : P\\ya. Rev.. C19. 335 i!979>. 
6 Raman .S. et al. : Phys. Rev. Lett.. 39, 59(3 1077.. 
7 Wilenzick R.M. etal.: Phys. Rev.. 121. 1150 :1961,. 
0 Macklin R.L. et al.: As trophy*;. J.. 217. 23? 1977'. 
9 Fowler J.L.: Phys. Rev.. 147. 670 1966-. 
10 Cranton et al . : Nucl. Phys.. A169. 95 197! •. 
1'. Tattersall R.B. et al . : J Niu-1. Ener. . Ai2. 32 I960 . 
\? Stefanescu Al . et a I .' Intel national Conf. on Phys. and 
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82-Pb 204 MAT number - 2821 

82 Pb 204 JAERI Evol MarOI T.Asami 
Dist Mar63 Rev! Nov83 

History 
81 03 Newly evaluated for JENDL 2 by T.Asami (JAERI >. 
83 11 Interpolation laws of cross sections and angular distribu

tions were corrected. Comment data were added. 

MF I General Information 
MT 451 Descriptive Data and Dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved Resonance Parameters for MLBW Formula 

Resonance ranee : 10 ' eV to 50 kcV. 
Parameters were evaluated from the data of Block-*63 1 . 
Gibbons'67 ?. and Allen -73 3'. Effective scattering 
radius of 8.5 fin was taken from Ref. A : , For unknown 
radiative widths, assumed average values of 1.2 eV for s 
wave and 0.6 eV for p wave resonances. 

Calculated 2200 m 's o-oss sections and res. integrals. 
2200 m s res. integ. 

elastic 11.34 b 
capture 0.661 b 2.69 b 
total 12.00 b 

MF 3 Neutron Cross Sections 
Below 50 keV. 

Bockcround cross sections are i',:ven to take account of cont 
nbution from bound levels and to reproduce the thermal cap
ture cros.s section of 0.06! Vims 5 . 

Above 50 keV. 
Cross sections were obtained from optical and statistical 
model calculations. The optical potential parameters were 
obtained by fitting average total cross section of natural 
lead as follows. 

V 47.0 - 0.250tE, Ws 2.30 •<• 0.4HE. Vso ̂  6.0 (MeV), 
rO ; 1.25 , rs 1.30 , rso - 1.30 ffm). 
aO - 0.65 , b ••••• 0.48 , aso - 0.689 (fin). 

Level density parameters were determined using low-lying 
level data and observed neutron resonance spacing. Some data 
for level density parameters were taken from Ref. /6/. 

MT 1 Total 
Calculated with optical and statistical model code CASTHY/7/. 

MT-2 Elastic Scattering 
Total All other partial cross sections -

MT 4.5! 68.91 Inelastic Scattering 
Calculated with C/'fTlT ~? . 
Level scheme taken from Ref. . 8 . 

No. Energy i.MeV) Spin-Par i ty 
g.s. 0.0 0 + 
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MT 

wr 

Mr 

! 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
; P 

Levels ;-

0.8991 
1.2738 
1.3538 
1.5629 
1.6047 
1.8173 
2.0350 
2.1855 
2.2578 
2.2641 
2.3381 
2.3858 
2.4050 
2.4339 
2.480! 
2.50G9 
2.6271 
2.0963 

ibov. 2.945 McV 
16.17.22.28.103.107 n 

Calculated 
n 

wi th evaporn 
102 Capture 
Calcu la ted 
at 100 keV. 
25! Mu bar 
Calculated 

w i th CASH'HY 

w i th CASTHY 

,2n 
• a 

2 o f Lead-204 

2 i 
4 i 
2 i 
4 i 
3 i 
4 i 
5 < 
9 
5 
7 
5 
5 
7 
6 
6 
5 
3 
v 

were assumed to be continuum. 
. n,3n . n . n ' p ' • n.n 'a >. in .p ) and 

t io i i model code GR0GI , 9 / . 

7 

7 

and noimull.god to 30 m i l l ! barns 

MF A Angular Distributions of Secondary Neutrons 
MT 2.51 68 : Calculated with CASTHY 7 . 
MT 16.17.22.28 : Assumed to be isotropic in the lab system. 
MT 91 : Assumed the same distributions in the lab 

system as those calculated with CASTHY in the 
center of mass system 

MF 5 Enerftv Distributions of Secondary NV-utrons 
MT 16.17.22.28.91 : Evaporation spectra. 

Rcfftrcness 
1 > Block R.C. and Moxon M.C.: BAPS 8. 513 (1963). 
2) Gibbons J.H. and Macklin R.L.: Phys. Rev., 153, 1356 (1967). 
3.' Allen B.J. et al.: Phys. Rev., C8. !504 (1973). 
4> Macklin R.L. et al.: Phys. Rev.. 136. B695 (1964). 
5> Jurney E. et al.: ANL-6797, 236 (1963). 
Q< Dilg W. et al.: Nucl. Phys.. A217. 269 (1973). 
7) Igarasi S.: J. Nucl. Sci. Technol.. 12. 67 (1975). 
8> Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Edition 

'1978;. 
9 Gilat J.: BNL-50246 (T-580 , ;1970 . 
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1 of Lead 206 

82 Pb 205 MAT number 2822 

82 Pb 206 JAERI Eval MarOI T.Asatni 
Disl Mar83 Revl NovBS 

History 
81 03 Newly evaluated for JIM)L ?, by T.Asami 'JAERI i. 
03 M Angular distributions were corrected. Comment, data were 

added. 

MF-1 General Information 
MT 451 Descriptive Data and Dictionary 

MF Z Resonance Parameters 
MT 151 Resolved Resonance Parameters for ML.I3W Formula 

Resonance ra".f-v 10* eV to POO ki-V. 
Parameters wep- evaluated i rev: '.!><• data of Allen<73 1 , 
Horen'/Q 2 and MiKumot.O'79 3 . Effective scattering 
radius of 8.5 fm was taken from Ref. A . For unknown 
radiative widths, assumed average values of 0.8 eV for s 
wave. 0.25 oV for p wave and 0.08 eV for d wave resonances. 

Calculated ££00 m s cross sections) and res. integrals. 
HP00 m s res. inLeft, 

elastic 11.3<1 b 
capture 0.020 b 0.006g b 
total 11.37 b 

MF 3 Neutron Cross Sections 
Below ;>00 keV. 

Bacl.'c.roiind cross sections are p.iven to take account of cont 
n but ion from bound levels and to i eproduc.e the thermal cap 
turc cross section of 0 OPH barns which va.s evaluated from 
exi'ermiei'ta: d.tL.i t<. t "j>t o0.net> .'he thermal capture cross 
section of natural lead 0 17] barn:; . 

Above 200 keV. 
Cross sections were obtained from optical and statistical 
model calculations. The optical potential parameters were 
obtained by fitting average total cross section of natural 
lead as follows, 

V 47.0 0.250(E, Ws 2.30 < 0.41te, Vso 6.0 <MeV>, 
rO 1.25 , rs • 1:30 . rso -~- 1.30 ifm>, 
aO 0.65 . b - 0.48 , aso = 0.689 'fm). 

Level density parameters were determined using low-lying 
level data and observed neutron resonance spacing. Some data 
for level density parameters were taken from Ref. 5 . 

MT 1 Total 
Calculated with optical and statistical model code CASTHY/6/. 

MT-2 Elastic Scattering 
Total All ethe'- partial cross sections' 

MT-4.5I 67.91 Inelastic Scattering 
Calculated with CASTHY ,6.'. 
Level scheme taken from Ref. /!/. 
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No. 
K.s, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
]A 
15 
16 
1" 
- w i s 

Energy >MeV 
0.0 
0.8031 
l . lG'oO 
1 .3406 
1.4670 
1.6841 
1.7030 
1.7840 
1.9977 
2.1490 
2.2002 
2.3843 
2.4240 
2.6479 
3.0165 
3.1220 
3.2793 
3.7-1-1 

-.!>.-.Vf 4.027 l-V-V 

Spin 
0 

(> 
:-, 
2 
4 
1 
2 
4 
2 
7 
6 
2 
3 
5 
3 
!;, 
i 

were 

Parity 

, 
i 

< 
* 
i 

i 

t 

-issutned 

2 of Lead-206 

to be continuum. 
HT IB.:',''.:*\;:'R. ;:\,J. :o/ n.Pn . "•.:,.'i . " .n ' i i , n,n'a>. n.o and 

n..' 
Calculated with evaporation model code G30G1 . 8 . ' . 

MT 102 Capture 
Calculated with CASflTIY 6 and normalized to 4 mi Hi-barns 
a t 60 keV. 

MT 251 Mu bar 
Calculated with CASTHY 6 . 

MP' 4 Angular Distributions of Secondary Neutrons 
Calculated with CASTHY 6 . 
Assumed to be isotropic in the lab system. 
Assumed the. same distributions in the lab 
system as those calculated with CASTHY in the 
center of mass system. 

MT-2.51 67 
MT 16.17,22.28 
MT 91 

MF-5 Energy Distributions of Secondary Neutrons 
MT 16. '7.22.28.9! ' '-IvaooraUon spectra. 

References 
1 > Allen J.B. et al.: Phys. Rev.. C8, 1504 (1973). 
2) Horen D.J. et al.: Phys. Rev.. C20, 478 (1979). 
3) Mizumoto M. et al.: Phys. Rev., C19, 335 (1979). 
4) Macklin R.L. et al.: Phys. Rev.. 136, B695 (1934). 
5) Dilg V. et al.: Nucl. Phys., A217, 269 (1973). 
6/ Igarasi S.: J. Nucl. Sci. Technol.. 12, 67 (1975). 
7) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Edition 

0978.. 
8) Gilat J.: BNL-50246iT-580> (1970). 
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1 of Lead-207 

82-Pb-207 MAT number =-, 2823 

82 Pb 207 JAERI Eval MarBl T.Asami 
Dist Mar83 Rev! Nov83 

History 
81 03 Newly evaluated for JENDL 2 by T.Asomi (JAOtt >, 
83 II AiiRiilar distributions were corrected. Comment duta wore 

added. 

MF ] General Information 
MT 45! Descriptive Data and Dictionary 

MF 2 Resonance Parameters 
MT 151 Resolved Resonance Parameters for MLBW Formula 

Resonance ran,".'' 1 ,0E 5 eV to 500 keV. 
Parameters we;-'.' evalnaLed from the data of Allen-73 1 , 
Raman-'/'/ 2 and Horen.78 3 . Effective scattering 
radjus of 8.04 f'm was taken from Ref. 3 . For unknown 
radiative widths, assumed average value of 9,1 eV for s 
wave resonances. 

Calculated 2200 m a cross ueeUons and res, integrals, 
2200 m s res, in tec 

elastic 11.34 b 
capture 0.703 b 0.375 b 
total 12.04 b 

MF 3 Neutron Cross Sections 
Below 500 keV. 

Background cross sections ore JUVVM to take account of cont 
n but.ion ! rem bound levels and to reproduce the thermal cap 
l.'.uo cross section of 0.703 barns win eh was evaluated from 
<.->:|.vr.ni:<-!!ta.l 'J,<Ui l<> roproduo'. '.!»• tiion.'ia! capture cross 
section of natural lead 0.171 barns , 

Above 500 keV. 
Cross sections were obtained from optical and statistical 
model calculations. The optical potential parameters were 
obtained by fitting average total cross section of natural 
lead as follows. 

V 47.0 0.250tE. Ws - 2.30 t 0.4! tE, Vso =•• 6.0 (MeV), 
rO -1.25 . rs •••• 1.30 , rso - 1.30 tfm), 
aO •-•• 0.65 • . b - 0,48 , aso = 0.689 (fm). 

Level density parameters were determined using low-lying 
level data and observed neutron resonance spacing. Some data 
for level density parameters were taken from Ref. •'£ . 

MT 1 Total 
Calculated with optical and statistical model code CASTHY 5/. 

MT-2 Elastic Scattering 
Total All other partial cross sections ' 

MT=4.51 67.91 Inelastic Scattering 
Calculated with CASTHY /5/. 
Level scheme taken from Ref. /6/. 
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2 of Lead 207 

No, 
g . s . 

1 
2 
3 
4 
8 

e 
7 
0 
9 

10 
11 
12 
13 
14 

lb 
1e 

Energy\HeV : 
0.0 
0.5697 
0.0977 
1.6333 
2.3399 
2.8244 
?,.&m 
2,7330 
3. IB 
3.2 
3.223 
3.3 
3.384 
3.413 
3.b09 
'3 f : « ^ 

M.ryo 
"..C-'V, 

Spin P a r i t y 
1 2 
5 2 
3 2 

13 2 
7 2 
b 2 • 
7 2 > 
<J 2 i 

11 2 • 
b 2 < 

1! 2 < 
1 2 i 
9 2 • 
0 2 

11 2 • 
0 2 
tt 2 
b /:' 

Levels above 'I. 100 Mt-V wore assumed to be continuum. 
Ml" 16.17.22.28. 103.107 n.2n ., n,3n >. n.n'p J. m.n'n >. n.p ) and 

,n. a 
Calculated with evaporatiun model code GHOQI /7/. 
The calculated 'li.|i, cross section was normalized to 1.6 
nullJ barns at 14,SMe*V ijjktlovitekij<7G &/>, The (n.2n) 
cross section was normalised to I.09 barns at IS.5 MeV. 
other cross sections were also normalized by the same factor 
as for the . n.|>> cross «eeUon 

Ml 102 Capture 
Calculated with CASl'HY 5 and normalized to 2 in 111 i barns 
at 50 keV. 

MT 251 MM bar 
Calculated vith CASTHY b' . 

MF 4 Anp.ul.ar Distributions of Secondary Neutrons 
MT 2.5! 67 • Ca.Vula'.ed with CASTIiY !"> 
Ml' IB. 17.22.28 : Assumed to be isotropic in the lab system. 
MT 91 : Assumed the same distributions in the lab 

system as those calculated with CASTHY in the 
center of mass system. 

MF--5 Energy Distributions of Secondary Neutrons 
MT 16,17.22.28.91 : Evaporation spectra. 

References 
1 i Allen J.B. et al..' Phys. Rev.. C8. 1504 (1973>. 
2) Raman S. et al.: Phys. Rev. Lett., 39. 598 (1977). 
3) Horen D.J. et al.: Phys. Rev., C20. 478 1979). 
4; Dilg W. et al.: Nucl. Phys., A217. 269 '1973). 
5.' Igarasi S.: J. Nucl. Sci. Techno!.. 12, 67 :1975). 
6; Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Edition 

1973 . 
7: Gilat j.: BNL 50246 T 580 > ,1970.. 
8. Belovitckij G.E.: 1975 Kiev Conf.. Vol.4, 209 (1976). 
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I of Lead-208 

82 Pb 208 MAT number 2324 

82 Pb 208 JARRE Evol MarO! T.Asumi 
Dist Mar 83 Rovl NovB3 

Hii. lory 
81 03 Newly evaluated for JENDL 1? by T.Asumi <JAEM >. 
B3 1! Angular distributions were corrected. Comment duta were 

added. 

MF 1 General Information 
MT 451 Descriptive Data and Dictionary 

MF 2 Resonance Parameters 
MI 151 Resolved Resonance Parameters for MLBW Formula 

Resonance ranee 1 0E 5 oV lo BOO l:oV. 
Parameters were evaluated from '.lie data of Allen*73 . 1 • , 
Wjlen:-:2ck'6) ? . Mack 1 in'77 3 and Fowler66 >4.>. Effective 
scatter ins radius of 6.5 fm was selected. Neutron width of 
515 keV s wave resonance was estimated to reproduce the 2200-
m sec capture cross section of 0.48 milli barns /5/. 

Calculated 2200 in s cross sections end res, integrals, 
Jr!g0O ffl.'s res, in teg. 

elastic 11,49 b 
capture 0,4799 milli b 7.83 mi H i b 
total 11,49 b 

MF 3 Neutron Cross Sections 
P.-low 800 keV. 

Background cross sections are r.tven for the elastic scatter-
!.'V1 el'OSS SrCtJon . 

Above 800 k'-V. 
Cross sections were obtained from optical and statistical 
model calculations. The optical potential parameters were 
obtained by fitting average total cross section of natural 
lead as follows, 

V 47.0 0.250f£, Ws 2.30 •< 0.4HE, Vso 6.0 (MeV), 
rO ^ 1.25 . rs - 1.30 , rso - 1.30 (fm), 
aO '•• 0.65 . b -•• 0.48 , aso - 0.689 C m ) . 

Level density parameters were determined using low-lying 
level data and observed neutron resonance spacing. Some data 
for level density parameters were taken from Ref. /6/. 

HT-1 Total 
Calculated with optical and statistical model code CASTHY/7/. 

HT 2 Elastic Scattering 
Total All other partial cross sections; 

MT 4.51 • 64.91 I nel as ti c Sea I ter i nrj 
Calculated with CASTPiY 7 . 
Level scheme tPker "-0!n Pef. 8 . 

Mo. Energy MeV Spin Parity 
g.s. 0.0 0 + 
1 2.6146 3 -
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2 of Lead-208 

2 3.1977 5 
3 3.4750 4 
4 3.7085 5 
5 3.9199 6 
6 3.9464 5 
7 3.9309 4 
8 3.9957 6 
9 4.1258 4 
10 4,1803 5 
11 4.2962 5 
12 4.3594 4 
13 4.3829 6 
14 4.4805 6 

Levels above 4.577 HeV were assumed to be continuum. 
MT 16.17 n.2n •• and n.3n > 

Calculated with evaporation model code GROGI 9 . The n,2n> 
cross section vas normalised to 2.01 barns at 15.5 HeV. 

MT 22 n.n'alpha 
calculi.ted with code GROGI 9 and normalized by the same 
factor as for n.a cross section. 

MT 28 •n.n'P' 
Calculated with code GROGI ,9- and normalized by the same 
factor as for <n,p> cross section. 

MT 102 Capture 
Estitnaed from the following experimental data: 
I.eipunskii-58 10/, Csikai*G7 /(I, , Drakei7J /!2/, 
Bergqvistt72 '13. and DivetuBO ,14 , 

MT 103 n.|j) 
Calculated with code GROGI 9 and normalized to an average 
value of experimental data by Hankla<72 15/ and 
Belovitckij<76 16 (0.48 mill! barns at 14.5 MeV). 

MT 107 n.a 
Calculated with code GR0G1 9' and normalized to 1.5 milli-
barns at 14.5 M»V by Coleman'59 17 . 

MT 251 Mu bar 
Calculalc-d with CASTHY 7 . 

MF--4 Angular Distributions of Secondary Neutrons 
MT 2,51 64 : Calculated with CASTHY/!/, 
MT̂ -16,17.22,28 : Assumed to be isotropic in the lab system. 
MT-91 : Assumed the same distributions in the lab 

system as those calculated with CASTHY in the 
center-of-mass system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT=16,17.22,28,91 : Evaporation spectra. 

References 
1 ) Allen J.B. et al.: Phvs. Rev., CB. 1504 (1973). 
2} Wilen2ick R.M. et al.: Phys. Rev., 121. 1150 (1961). 
3> Macidin R.L. et al.: Astophys. J., 217. 222 (1977). 
4i Fowler J.L.: Phys. Rev., 147, 870 '1966). 
5> Emery J.F.: ORNL 434C . 7i !968 . 
6) Dilg W. et al.: Nucl. Phys., A217, 269 (1973). 
7) Igarasi S.: J. Nucl. Sci. Technol., 12, 67 (1975). 
8) Lederer CM. and Shirley V.S.: Table of Isotopes, 7th Edition 
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3 o f Lead-208 

(1978). 
9) Gilat J.: BNL-50246(T-580) (1970). 
10) Leipunskii et al.: 2nd Geneva Conf.,15. CO (1950 i. 
11 ) Csikai J. et al.: Nucl. Phys,. A95, 2?9 '1967). 
12) Drake 1), et al.: Phys., Letters, B36, 5b7 (1971). 
13) Bergqvist I. et al.: Nucl. Phys., A191. 641 (1072). 
14) Diven B.C. et al.: Phys. Rev., 120, 556 (I960!. 
15) Hankla A.K. et al.: Nucl. Phys.. AISO, 157 (1972), 
16^ Belovilckij G.E.: I97!5 Kiev Conf.. Vol.4, 209 (1976). 
17) Coleman R.F. et al.: Proc. Roy. Soc. ;London). 73,215 (1959). 
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1 of Thorium-228 

90 Th 228 MAT number 2901 

90 Th 828 Kyushu U. Eval Apr3l T.Ohsawa and M.Ohta 
Dist-Mar83 Rev I Nov03 

History 
81 04 New evaluation was made by T. Osawu and M. Olit.u (Kyushu 

University). Details of the evaluation are described in 
Ref. ! '. 

83-11 Fission spectrum was added. Resonance formula was changed 
to MLBW formula. The total, <n.2n and iii.3n: cross sec 
Uons were modified. Comment was added. 

MF 1 General Information 
MT 451 Comments and dictionary 
NT 45'c To'_;r number <->*' neutrons «. nut ted per fission 

Calculated v. lit tiv.- sem.: o-mp: r:cal formula of Mower ton 2'. 

MF 2 Resonance Parameters 
MT 151 Resolved resonances 

Resonance region is below 7.793 eV. Parameters were given 
for the MLBW formula. Only two resonances were observed by 
Simpson ct al. 3/, An additional term with I'v dependence 
was assumed to reproduce the thermal capture cross section. 
Fission cross section was also assumed to hove 1/v behavior. 

Calculated 2800 m s cross sections and ros. integ,(barns i 
2200 in K Res. Integ. 

elastic 12.81 
capture 119.0 1170 
!';:;s:«i 0,300 !.0? 
total 133.0 

MF 3 Neutron Cross Sections 
Below 7.798 eV is the resonance reeion. Background data were 
Kiven. The cross sections were evaluated above 7.798 eV as 
follows. 
MT 1 Total cross section 

Optical model calculation with the following parameters: 
V 41.0 0.05iE (MeV». 
Ws 6.4 f 0.15-S0RT(E) ttteV \ - der. Woods-Saxon — 
Vso 7.0 C-ieV). 
rO = rso - 1.31 (fmi. 
rs - 1.38 <fm). 
a - b - aso- 0.47 (fro). 

These parameters were taken from those for Th-232 /4/. 
MT-2 Elastic scattering cross section 

Statistical and opical model calculations using the code 
CASTHY 5 

HT-4.5!-62.91 Inelastic scattering; cross section 
Statistical and optical TOi.!ei calculations. 

Level scheme of Th-228 /6/. 
No. Energy(MeV) Spin-Parity 
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g .s . 
] 
2 
3 
A 
5 
6 
7 

a 
9 

10 
11 
12 

0.0 
0.0576 
0,1869 
0.328 
0,3961 
0.5193 
0.0317 
0.67/16 
0.94(1! 
0,952 
0.9688 
1,016 
1,0224 

0 • 
2 • 
A < 
1 
3 
5 
0 
2 i 
8 . 
t 
2 > 
3 
3 < 

Levels above 1.0P5 MeV were assumed to be overlapping. 

MT 16.17 n.2n and n.3n cross sections 
Calculated by means of the evaporation model of Sei;,ev and 
Caner 7 . 

MT 18 Fission cross .seeUon 
The data of Vorotiukov et al. B were adopted up to 5 MeV. 
The fission cross section of the neighboring even even 
isotope Th 230 normalized to join smoothly to the data of 
Vorotnikov et al. was adopted above 5 MeV. 

MT 102 Capture cross section 
Statistical and optical model enleu kitions with gemma ray 
strength function of 0,00701, 

MT 251 Mti bar 
Calculated with optical model. 

MF 4 Angular Distributions of .Secondary Neutrons 
MT 2.51 62.91 

Statistical and optical model calculations. 
MT 16.17.18 

Assumed to be isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16,17.91 

Evaporation spectra 
MMS 

Fission spectrum estimated from Zt*2 A sys tenia tics by Smith 
et al. /9,'. 

References 
1 ) Ohsawa T. and Ohta M.: Memoirs Faculty of Engineering, 

Kyushu Univ. 40, 149 I19B0J. 
2) Howerton R.J.: Nucl. Sci. Eng. 62. 438 <1977;. 
3} Simpson O.D. et al.: ibid. 29, 423 1967. 
4) Ohsawa T. and Ohta M.: J. Nucl. Sci Technol. 18. 408 (1981 >. 
5» Igarasi S.: ibid. 12, 67 (1975'. 
6: Lederer C M . and Shirly V.S. Ed. .: Table of Isotopes. 

7th Edition 1978 . 
7> Segev M. and Caner M.: Ann. Nucl. Energy 5. 239 1978). 
8: Vorotnikov et al. • Sov. J. Nucl. Phys. !S. 505 1973 . 
9< Smith A.B. et al.: ANL NDM50 1979 . 
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I of Thorium 230 

90 ;h 230 MAT number 2902 

00 Tli K>.0 Kyushu 11. Eval AprB! T.Ohsawa and M.Ohtu 
Dial M.u-83 Rev! Nuv83 

History 
HI 0-1 Nuw ^valuation was made by T. Qlisuwa urn) H. Ohtu Kyuahu 

University . Details of evaluation MX< described in Ref, 
1 . 

R3 I i Fission ijpectruni was added, resonance parameters, und 
t-nal. n.gn rind n.8ii cross sections were modified. 
C o w n t data were added. 

MF I General In) ormst:on 
MT 451 C'. m'i>.'!il.K -aid !?]r-i.ieti,!)y 
X T •'•-'r5 "'•'',''. •; •;!>••••) "' !*.'. •!!' i . '•!:--. oi ' i ' l M e d !-••.•!' f i s s i o n 

'"•!c ' .'••'' "'''• .*•:• ei '•:"!']: i cii; * o;-"i;'l .t of Hover ton 2 , 

"!•' 2 Resonance fai imieters 
MT 15! !•;'• .-solved resonances 

Resonance region is below :*;VI,2G cV. The HLBW formula was 
selected to repioduee re;;<;»imn("e cross sections, A total 
number of liB resonances up to G63 eV measured by Kalohin at 
."il. 3 were adopted a) tiiu jwo.sent evaluotJon, 
A 'lai-Ja-uoiiiul term with i v dependence wiia added in order lo 
roprod'Jt-e the thermal capture cross section. 

Calculated K£D0 in ii eross N<-etioiis and res. intec,. -barns J 
«?J0 m :•: fees. InU'g. 

Millie v.rr.1 
capture r̂ .bL'i 3 0-30 
I'Winn n.O MX 

MF 3 Neutron Cross .Sections; 
Below 564.26 eV is the resonance region ihere the background 
cross sections are juven. Above !5&1,2G uV. the cross sections 
were evaluated as follows. 
MT 1 Totd cross section 

Optical model calculation with the following parameters: 
V i»L0 0.05-E MeV . 
Ws 6.4 - 0.15,SQRTE :MeV .. der. Woods Saxon --
Vso 7.0 'MeV i. 
rO rso : 1.3! ifto i. 
rs 1.38 :fm.. 
a b aso 0.47 f'm;. 

These parameters were taken from those for Th 232 , 4 •'. 
MT 2 Elastic scattering cross section 

Statistical and epical model calculations using the code 
CASTHY 5 . 

HT-4.51 -63.91 Inelastic scattering cross section 
Statistical and optical modei calculations. 

Level scheme of Th-230 /6/. 
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2 of Thorium 230 

No. 
g.s. 
1 
2 
3 
4 
b 
(3 
7 
a 
0 
1C 
11 
12 
13 

Energy iMeV > 
0,0 
0.0534 
0,173 
0,357 
0.50G 
0.&7I 
Q.G&o 
0.670 
0.682 
0,781 
0,801 
0.951 
1 .009 
1 .012 

Spin Parity 
0 < 
2 < 
- 1 • 

6 • 
1 
3 
0 • 
2 • 

5 
2 • 
4 • 
1 
2 • 

3 
Levels above 1.02 MeV were assumed to be; overlapping. 

MT 16.17 n,2ii iind n.3n cross sections 
Calculated by means o! thi.- evaporation model of Segev and 
Caner 7 . 

MT '.ii Fission cross section 
evaluation was made on the basis of the data of Muir et 
aj. 8 up to 2 MeV. Above 2 MoV. the fission probability 
data of Back et nl, 0' were used to calculate the fission 
cross section, 

MT 102 Capture? cress section 
.Statistical ami optical model calculutioiia with gumma ruy 
strength function of 0,00791, 

MT m\ Mu bar 
Calculated with CASTHY. 

MF •! Anr.nlor Distributions of Sw-nntWy Neutrons 
MT 2.51 63.E31 

Statistical and optica] model calculations. 
MT Hi. 17. 1H 

Assume' tn be '.soti'dp'" HI the laboratory .system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17.91 

Evaporation spectra. 
MT Ifl 

Fission spectrum estimated from Zi<2 A sis tenia tics by Smith 
et al. 10 . 
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90 Th-232 MAT number - 2903 

90 Th 232 Kyushu U. Eval MarTO T.Ohsava and M.Qhta 
NST 18.4O8M901 i Dist %rB3 Revl Nov83 
History 
80 03 New evaluation for JCWDL 2 was made by T, Ohsuwu and M. OhLa 

Kyushu University >. Details eiven in Itef. I . 
M3 11 Comment was added. 

MF 1 General Information 
MT 451 Comments and dictionary 
MT 452 Number of neutrons per fission 

.'Aim of MT 455 and MT 456. 
MT 454 Fiss'on product yield data 

Takes) from Ev'DF B 'V. 
MT 455 Delayed neutron data 
MT 450 Number of prompt neutrons per fission 

A sinr.le linear fit by Conde and Holmberp, 2 was adopted. 

MF 2 Resonance Parameters 
MT 151 
Resolved resonances for MLBW formula : 1.0E 5 oV • 3.5 keV 

Resonance parameters token from Rahn ot al. /3/ and DNL 
325. 3rd Edit ion, M negative resonances were added. 

Unresolved resonances: 3,5 keV 50 keV 
Parameters determined so as to reproduce the evaluated 
smooth cross sections, Strength functions have slight 
'••nerc.y dependence. 

13 J 1 2 IB.64 eV. Gam \\ 21.2 milli eV, 
Averaiv SO D.04E4. Av̂ rai'.e S! 2.00E4. 

(;aletiiat<--d 2200 in s cross seet'ons ami res. integrals'barns> 
2200 n w 'Jes Inter,, 

elastic 12.IB 
fission 0.0 0.636 
capture 7,258 79,9 
total 19.42 

MF 3 Neutron Cross Sections 
Below 50 keV, background cross sections for unresolved resonance 
parameters were given. The cross sections represented with the 
unresolved resonance parameters and those above 50 keV were 
evaluated as follows. 

MT 1.2,4,51 70,91.251 Total, elastic, inelastic, and mu-bar 
Experimental data of Foster et al. 4 . Fasoli et al.. 5 . 
Kobayashi et al. 6 and UttV-y 7 were adopted for total 
cross section. The spherical optical potential parameters 
were obtained from fittinn to the above data: 

V ."1.0 0.05-E KaV\ 
Vs • 6.4 0.15 SQRT E •KeV;. 
Vso- 7.0 <MeV', 
rO = rso = 1.31 (fm:. 
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r s 1.38 <fiii>, 
a - b aso • 0.47 if'm . 

Der i va t i ve Woods Saxon form assumed for surface 
imafiinary p a r i . 

Statisti<.,\l model calculation villi CASTHY code U . 
Competing processes : fission, in.gn and <n.3n' 
Level width fluctuation considered. 

The level scheme taken from Refs. 9 and 10 . 
No. EnergyikeV > Spin Parity 
i>..y. 0.0 0 i 

I 49.5 2 < 
? leg. Li A -
3 33-3.0 13 • 
A 555.0 H • 
\, 7^.3 1 
r 7,'JO .f n 
i 7 > v . ' r' • 

8 774.3 3 
9 7(56.3 2 • 
10 029.7 3 . 
11 873.1 A > 
12 883.3 5 
13 090.4 4 i 
14 960,3 !•» • 
15 1053.9 2 
16 1073,3 2 • 
17 1077.7 1 
w 107a.» o -
19 1095.0 3 • 
J?0 3106.0 3 

Continuum levels assumed above J.11 MeV. 
The .level density parameters of 13.! 3hert und Cameron ,'li/ 
was used. 

NT 16.17 n,2n and n.?n 
Calculated by means of the evailocation model of Segev et al. 
12 . 

MT-18 Fission 
Evaluated on tiie basis of the data of Behrens et al. /13/. 
using the U 235 fission cross section data of Matsunobu 
14 . 

MT 102 Capture 
Evaluated on the basis of the measured data of Kobayashi 
et al. 15 and Lindner et al. 16. . 

MF=4 Angular Distributions of Secondary Neutrons 
MT-2.51 70.91 Statistical model calculation with CASTHY /8/. 
1^36,37,18 Isotropic in the laboratory system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT-16.17 Evaporation spoectrum. 
MT-18 Fission spectrum Watt . 
MT-455 Taken from ENDF.B--IV. 
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90 Th 233 MAT number = 2904 

90 Th 233 Kyushu U, Eval Apr81 T.Qhsawa and M.Ohta 
Dist Mar83 Rev] Nov03 

History 
Ml 04 Evaluation was made by T. Ohsawa and M. Ohlu Kyushu 

University , Derails of the ̂ valuation are described in 
Ref. i . 

83 11 Fission spectrum was added, The total. ;ri.2ri> and <n,3n/ 
cross sections were modified. Comment was added. 

MP 1 General Information 
HT -IS! Comments and dictionary 
MT 452 Total number of neutrons emitted per fission 

Calculated vi Vi the .<-v.|n] s-mror.ical formula of Howerton 2 . 

MF 2 Resonance Parameters 
MT 151 Resolved resonances 

No resolved resonances were adopted, since there were no 
measurements made. Capture and fission cross sections at 
0.0253 eV were extrapolated up to 200 eV by assuming the 
form of 1 v Cor the former, and up to 20 keV by asssuming 
the form of 1 v plus the constant value- of 0.3 barns for the 
latter. 

Calculated 2200 in s cross sections and res. integ, ibarns) 
2200 in s Res. In Lea. 

elastic 13,0 
capture 1450.0 643 
fission 15.0 11,1 
total M?5.0 

MF 3 Neutron Cress SyeUons 
MT J Total cross section 

Optical model calculation with the following parameters: 
V 
Ws 
Vso 
rO 
rs 
a 

41.0 0.05.E 
6.4 • 0.15+SQRT.'E; 
7.0 
rso 1.31 
1.38 
b aso= 0.47 

(MeV). 
(MeV/. 
(MeV). 
(fin i. 

i fin >. 
(fmj. 

der. Woods Saxon 

These parameters were taken from those for Th-232 /3/. 
MT=2 Elastic scattering cross section 

Statistical and epical model calculations using the code 
CASTHY 4 . 

MT=4.51-65,91 Inelastic scattering cross section 
Statistical and optical model calculations. 

Level scheme of Th-233 5 . 
No. Energy'MeV; Spin-Parity 
g.s. 0.0 1/2 + 
1 0.01687 3/2 4 
2 0.05456 5/2 + 
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3 
A 
5 
G 
7 
0 
9 
!0 
11 
12 
13 
14 
15 

0.09363 
0.3712! 
0.53958 
0.53393 
0.Gil ft 
0.6290? 
0.6832 
0.7135 
0.7818 
0.7695 
0,8145 
0,8914 
0,9476 

7 2 ' 
5 2 • 
! ? 
i r' ' 
a 2 • 
5 2 < 
a-2 
1 2 i 
a 2 . 
5 2 > 
3 2 . 
3 2 * 
3 2 

Levels above 0.95 MeV were assumed to be overlapping. 

MT 16.17 n.2n) and m.3n > cross sections 
Calculated by means of the evaporation model of Segev and 
Caner 6 . 

MT 18 Fission cross section 
Fission probability deduced from direct, reaction 7. &' 
was used to calculate the fission cross section. 

NT 102 Capture cross section 
Statistical and optical model calculations with gamma-ray 
strength function of 0,00352. 

MT 251 Mti bar 
Calculated with optical model. 

MF 4 Augular Distributions of Secondary Neutrons 
MT 2.51 65.531 

Statistical und optical model calculations. 
Mr IB.17.18 

Assumed to be isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16,17.91 

EvaporatIon specIra. 
MT 18 

Fission spectrum estimated from '/.< -2 A systematics of Smith 
et a3 , 0 
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90-Th-234 MAT number 2905 

00 Th 234 Kyushu U. Eval Apr81 T.Qhsowa and M.Otita 
Dist Mar83 Rovl Novfl3 

History 
HI 04 Evaluation was made by T. Ohsavn and M. Olitu iKyushu 

University1. Details of the evaluation are described in 
Iter, -l . 

S3 11 Fission si-Hie Iran was given, The total. ii.gn. am) iii,3n< 
cross sections were modified. Comment was added. 

MF 1 General Information 
MT 451 Comments and dictionary 
MT 452 Total number of neutrons emitted per fission 

Calculated with the serai empirical formula of Hoverton 2 . 

MF 2 Resonance Parameters 
MT !5l Resolved resonances 

No resolved resonances were adopted, since there were no 
measurements made. Capture and fission cross sections at 
0 0253 ev were extrapolated on an 1 v basis up to an energy 
of !5 eV. 

Calculated 8800 m s cross sections and res. intog.(barns ( 
2gOQ m s Res, In teg. 

elastic 13.0 
capture 1.713 93.7 
fission 0.0 0,86* 
total 14.75 

MF 3 Neutron Cross Sections 
MT 1 Total cross section 

Optical model calculation with the following parameters: 
V 41.0 0.05.E .MeV . 
Ws 6.4 i 0.!5<SQRTiE) iHeV), der. Woods Saxon — 
Vso 7.0 (MeV), 
rO rso 1.31 (fra.i. 
rs 1.38 (fra.1. 
a b aso 0.47 (fit: i. 

These parameters were taken from those for Th-232 / 3 / . 
MT-2 Elastic scattering cross section 

Statistical and opical model calculations using the code 
CASTHY 4 . 

MT--4.51 67,91 Inelastic scattering cross section 
Statistical and optical model calculations. 

Level scheme of Th 234 'estimated from systetnatics; 
No. Energy:MeV Spin Parity 
g.s. 0.0 0 • 
1 0.048 2 -! 
2 0.160 4 + 
3 0.336 6 + 
4 0.576 8 + 

- 1 7 8 -



JAI-RI -M 8-1 103 

2 of Thorium-234 

5 
6 
7 
0 
9 

10 
11 
IP 
13 
14 
lb 
16 
17 

0.730 
0.767 
0.765 
0.053 
0.88? 
0.089 
0.SM2 
0.O07 
1,050 
i.oia 
1 .073 
! ,205 
1.277 

0 i 
2 > 
2 • 
4 < 
1 
A < 
3 
G i 
B 
6 < 
8 < 
7 • 
a • 

Levels above 1 .06 MeV vert- assumed to be overlapping. 

M!" ](5.17 n.<?n and n.3n cross sections 
Calculated by ;IHH!).S of the evaporation model of Sep.ev and 
Ci 'lie! ' ' 

MT IB FjS.Slo;) c r o s s Sort loll 
Fission probability deduced from d.rect reaction 6 and 
systematica of Behrens 7 were used to obtain fission 
cross section. 

MT J02 Capture cross section 
Statistical and optical model calculations with gommn-rny 
streni'ith function of 0,00791 , 

MT VJ\ MIS bar 
Calculated witti optical model. 

MF 4 Anp.ular Distributions of Secondary Neutrons 
MT ;?.bi 6.7.91 

Statistical and optical model calculations. 
MT lfj. 17. 18 

Assumed to be isotropic in the laboratory system. 

MF b F.ner'.v !>si. v.but ions of .'VTuniiarv *,'ec* t''-us 
MT 10. :7.;'i 

Evaporation spectra '*iv ,",ivon. 
MT 1« 

Fission spectrum was estimated from Z < 2 A si sternatics 
of Smith et al. 8 '. 
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91 Pa 233 MAT number 291! 

91 Pa 233 Kyushu u. Eval Mar76 Y. Kancla. JENDL CG 
Dist MarQ3 Rev! Jan84 

History 
7G 03 flit; evaluation of Drake and Nichols 1 was recommended 

by Kaiirin 'Kyushu univ. > for J.'iNDL 1, JENDL ! compilation 
txoup made partly recahicnlatioii with optical and statis 
model. 

83 03 JENDL 1 data were adonted for JENDL 2 and extended to 20 
MeV. MF 8 was revised. 

84 0! SUM 11 modification. Comment data were added. 

MF 1 Genera! Infnrmation 
MT >1ol DCKC! Ji'Ll V" Oata <md diclioivrv 
NT '1:v2 N;":ih'-;- o'" nevIrons per f i;;sicn 

Taken fron Dtake and Nichols ! . and extended to 20 MeV. 

MF 2 Resonance Parameters 
MT 151 Resolved and unresolved resonance parameters 
Resolved resonances for SLBW formula : from 2.38 to 17 eV. 

Taken from the evaluation of Drake and Nichols based on 
the data by Simpson and CoddiriR ?, . 

Unresolved resonances : from 17 eV to ! keV, 
T.ikeii tiom the evaluation of Drake and Nichols, 

;£!00 in .sec crosy sections ami calculated leeuiMiiee integrals. 
S!i00 in sec res iiiteg, 

eli.Stir 1! .Off b 
dpn.ue MM) b 779. b 
f i.sKioii 0.0 l> 4.CM b 

Ml7 3 Neutron Cross Kectiuiis 
lie low 2.39 eV. 

The evaluation of Drake and Nichols was adopted. The cross 
sections are calculated values from resonance parameters in 
MF- 2. 

Between 2.38 eV to 1 keV. 
Background cross sections of zero were given. 

Above 1 keV. 
MT ! Total 

The sum of partial cross sections 
MT 2 Elastic scattering 

Taken from Drake and Nichols' evaluation. 
MT-4,51-66.91 Inelastic scattering 

Calculated with CASTHY 3 . The fission. ..n.2n>. and in,3n) 
were considered as competing processes. The optical poten
tial Parameters dele •"mined by Igarasi 4 were adopted. 

VO .l0.5 • 0.5 En MeV 
Ws •• 3.2 * 0.5SQRT;En; MeV > 
Vso- 7.0 iMeV; 
rO = rs = rso = 1.32 (fm > 
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aO = as = aso --• 0.47 (rm) 
The levftl scheme used in t.Ue calculation is as follows. 

MT 

m 

MT 

MT 

No. Energy (MeV» 
g.s. 0.0 
1 0.0067 
Z 0.057! 
3 0,0710 
4 0,086?. 
5 0,094'' 
G 0,1037 
7 0,1090 
8 0.1633 
9 0.1698 
10 0.1800 
11 0.2017 
12 0.2123 
13 0.2379 
I £ 0.2796 
15 0.300-1 
16 0.3662 

Spin Parity 
3 2 
1/2 •• 
7 2 
5 2 
S'2 . 
3 2 > 
7 2 ̂  
9'2 < 
11 .'2 • 
1 2 . 
9 2 
3 2 . 
5 2 
5 2 • 
7 2 • 
7 2 • 
9 1 • 

Continuum levels were assumed above 400 keV, 
16,17 n.2nj and in.3n.i 
Calculated jith Pearlstein's 
18 Fission 
Taken from Drake and Nichols. 

method /5/. 

The cross section was obtained 
by drawing a smooth curve through the experimental data /6,7/ 
for the range from 0.1 to 3 HeV. Above 3 MeV, it was assumed 
to have the same shape as similar nuclei. 
102 Capture 
Taken from Drake and Nichols. They calculated the capture 
cross section from the unresolved resonance parameters. 
251 Mu bar 
Calculated with CASTHY 3 , 

MF 4 Aneular Distributions of Secondary" Neutrons 
MT 2 Calculated with CAS-THY code 3 . 
MT 5! 66 Isotropic in the center of-mass system. 
MT 16.17,18,91 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17.91 Evaporation spectrum. 
MT 18 Maxwellian fission spectrum estimated from 

Z M 2 / A systematics /&'. 
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92 U 233 HAT number •= 2921 

92 U 233SAEI- Eval Jun82 N.Asano.H.Matsunobu.Y.Kiktichi 
NST 19 1037 Dist Mar83 Revl Nov83 
82 06 New evaluation for JENDL 2 by N.As'ano. H.Matsunobu iSAEl i 

and Y.Kikuchi < JAERI). 
83 11 Comment was added. 

MF 1 General Information 
MT-45! Comments and dictionary 
Ml'-452. Nu total 

Sum of Nu d asid Nu p 
MT Ab-i Fission yield data 

Taken from ENDF B IV. 
MT 455 Nu d 

Below A MeV 
Nu d 0.007549 i 4.627K 5<livE MeV: 

Between A and 20 MeV 
Based on the data of Masters et al. ] and Evans et al. 
2 . 

MT 456 Nu p 
Renormalination was made to 3.756 of Cf 242. 
Below 1 MeV 

Nu JJ 2.48© « O.iainE OEi, 
where DE is difference of average fragment kinetic energy 
between incident and thermal neutron energies. It was 
taken from data of Boldeman et al. 3 . 

Between 1 and 2.73 MeV 
Nu f» 2,436 • 0.!2?9iE 

Between 2.73 and 7,47 MeV 
Nu P 2.327 • 0.1678 E 

Above '.' -17 K';'V 
Nu p 2.HLS7 • 0.C9B09 E 

MF 2 Resonance Parameters 
HT-151 
a Resolved resonance region < ! eV to 100 eV) 

Resolved resonance parameters for the single-level Breit-
Wigner formula based on the data of Nizamuddiii and Blons 
4/. 

b> Unresolved resonance region ( 0.) keV to QOkeV) 
Resonance parameters were deduced with ASREP code /5/ so as 
to reproduce the evaluated cross sections in this energy 
region. 

MF-3 Neutron Cross Sections 
a: Thermal energy regio' • below 1.0 eV •> 
MT- 1 Total 

Sum of partial cross bections 
MT- 2 Elastic scattering 

Calculated from resolved resonance paraneters by using the 
effective scattering radius of 9.93 fu. 

MT=18 Fission 
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c l a s t i c 
capture. 
f i ss ion 
to ta l 

2200 m s 
12.70 b 
45.30 b 

529,9 b 
587.9 b 

Based on data of Weston et al. P . Cao et al. 7 , 
Deruytter and Wagemans ,8' and F>',enichny et al. 9 . 

MT=102 Capture 
Based on the data of Weston et al. 6 . 

2200 ni'S cross sections and calculated res. integrals 
Res. Integ. 

139 b 
772 b 

b Resonance Region ifroia 1 eV to 30 keV 
Represented with resolved and unresolved resonance parame
ters. Background cross section was given for the total and 
fission cross sections in the resolved resonance region. 

c Smooth part above 30 kev 

MT 1 Tota] 
Based on the data of Poenitz 10 . Green and Mitchell ,11,'. 
Foster and Glasgow 12 . Between 10 and 50 keV, and above 
15 MeV, optical model calcuation was applied by using the 
fo] lowinr. optical potential parameters. 

V 41.8 0,20»EI0.008IEM2. VVS 6.50 0.15<E. Vso 6.0 (MaV) 
rO !,31 . rs 1.3G , rso 1.32 <fm> 
aO 0.57 . b 0,44 . oso 0.50 (Tm) 

MT 2 Elastic 
Obtained by subtracting non elastic scattering eross section 
from the total cross section. 

MT 4 and 51 64.91 Inelastic scatter Dig 
Based on optical and statistical model calculation. 
Level scheme taken from Ref. 13 WHS as follows. 

No, E-:err.y Mi; 
r, .s. 0.0 

! 0.04035 
o. e?w? 

3 0.155! 
4 0.21*382 
5 0.31191 
6 0.3208 
7 0.34047 
8 0.3537 
9 0.397 

10 0.39649 
11 0.41576 
12 0.5039 
13 0.5467 
14 0.5971 

•v Spin Prin ty 
5 2 
"( ? 
9 ? • 

1 1 2 ' 
5 2 
3 2 > 
12. 
5 2 * 
9/2 

11/2 
1/2 + 
3/2 i 
7,2 
5 2 + 
7 2 < 

Above 0.6 MeV, assumed to be overlapped. 
MT-16.17 in .2n :and m.3n ' 

Calculated by P e a r l s t e i n ' s 
f i ss ion spectrum averaged i 

MT=18 Fission 
Besed on data of Blons ,16 
and Alkhazov e t a l . / 1 9 / . 

method 34 and normalized to 
value by Kobayashi 15 ' . 

, Gwin e t a l . 17-. Poenitz , 1 8 / 
For cross sect ion shape, based 

on r a t i o data of Carlson and Behrens , '20/ and Shpak and 
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Smirenkin 21 . 
MT 102 Capture 

Based on statistical and optical model calculations, and 
normalized to the data of Hopkins and Diven 22 . 

MT 851 Mu bar 
Based on optical model calculation, 

MF 4 Angular Distributions of Secondary Neutrons 
tfr-2 

Based on optical model calculation, 
MT 51 64 

Assumed to be isotropic in the center of mass system. 
MT 16,17,18 and 91 

Assumed to be isotropic in the lab system. 

MF 5 Enemy Distributions of Secondary Neutrons 
MT 1G.17.91 Evaporation spectrum. 
MT 18 %):«c!l:;t!i at temp, of 1.33H MeV estimated from 

7. 2 A sy^ tenia ties o' Plinth el al. 23 . 
MT 455 Taken from ENDF 13 JV. 
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92 U 234 MAT number 2922 

92 U 234 JAERI Eval Mur7G T.Aswni 
Dist Mar03 Revl Jan84 

History 
76 03 The evaluation was made by T.Asattu - JAERI for JENDL t ;\ . 
83 03 JENDL ! data were adopted for JEJNDL 2 and extended to 20 

MeV. 
84 01 Resonance formula was changed. HT 5 and comment data were 

added. 

MF ] General Information 
MT 451 Descriptive data and dictionary 
MT 452 Number of neutrons per fission 

Taken from EN IF P IV .'Valuation. 

ME* 2 Resonance Parameters 
MT 151 Resolved resonance parameters for H1J3W formula 

Enemy ranee : 1 ,0E 5 oV to 215,0 eV. 
Parameters were- adopted from James and Slaughter 2, . A 
hound level at 1.6777 eV was taken from Drake and Nichols 
3 to reproduce the thermal cross section. 

Calculated 2200 in sec cross sections and resonance integrals. 
2K00 m sec res. intee. 

elastic 14.72 b 
capture 95.44 b 609. b 
fission 0.006367 b 6.44 b 
total 110.2 b 

MF" 3 Neutron Cross Sections 
Below 21b eV: Hark,''.round cross sections of :>ero. 
Above 215 vV 
MT 1.2,4.5! 63.91.102 Total. Elastic. Inelastic and Capture 

Calculated with statistical and optical model code CASTHY 
4 . Potential parameters were taken from Ap:ee and Rosen 
5 . 

V 40.5.0.5<En. Ws 8.2 . Vso 7.0 'MeV-. 
r 1.32 . rs 1.32, rso 1.32 <fni; 
aO 0.47 . as 0.47, aso 0.47 •fm 

The level scheme used was as follows. 
No. Energy MeV Spin-Parity 

0 -
2 • 
4 • 
6 • 
8 • 
1 
0 • 

2 • 

2 ' 
4 + 

185 

; .s. 
1 
2 
3 
4 
5 
6 
"7 

8 
9 

10 

0.0 
0.044 
0.144 
0.297 
0.499 
0.790 
0.811 
0.e496 
0.8516 
0.92S9 
0.948 
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II 0.965 3 . 
112 1.023 3 
13 1.0.16 0 • 

Levels above 1.06 MeV were assumed U> be overlapping. The 
fission. n,2ri; and ai.3n> cross sections were used as t.he 
cross sections of compelirig processes, The parameters D obs 
of 12.3 eV and average radiative width of 0.025 eV were 
adopted to normalise the gamma ray transmission coefficients. 

MT IB. 17 n.2n , and n.&u 
Calculated with Pearlstein's method 6 . 

MT 18.19.20,21 Fission 
The evaluated data by Drake and Nichols 3 were adopted from 
215 eV to 2 MeV. Above 2 MeV. the cross section calculated 
by Jary 7 was adopted. 

,-IT 251 Mu bat-
Calculated with CASTHY A . 

MF A Annular Hist rihul inns of r*-condary Neutrons 
MT 2 Calculated with CASTI'Y code A . 
MT 5! (33 Isotropic <M the center of mass system. 
MT 16.17.18.19.20.21.91 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17.91 Evaporation spectrum, 
MT 18,19.20.21 Maxwellian fission spectrum taken from 

I M F B IV. 
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92-U 235 MAT number 2923 

92 U 235 SAEI< Eval Sep79 H.Matsunobu.A.Asami .Y.Kikuchi 
79Knoxville.715 Dist Mar03 Revl Nov83 
History 
79 09 Newly evaluated for JENDL-2 by the following evaluaters. 

A.Asami High Energy R.I. ' Resolved resonance parameters 
Y.Kikuchi JAER1 :• Unresolved resonance parameters 
H.Matsunobu .SAEI ; other quantities 

B3 11 Comment was added. 

KiF 1 General Information 
MT ̂ 51 Comments and dictionary 
MT 452 Total number of neutrons per fission 

Sum of nu p KT 453 and mi cl MT 4135 . 
MT 454 Fission product yield data 

taken from ENDF B IV. 
MT -455 Delayed neutron data 

Adopted the evaluated data by Schatz 2 . 
MT -156 Number of prompt neutrons 

Evaluated on the basis of the experimental data by Boldeman 
and Walsh , 3 , Solei lhae et al. .'4/. Frehout et al. /5.6/. 
Meadows and Wiialen .-7.''. Prokhorova et al, (3.9. and Savin 
et al. 10 . 

MF 2 Resonance Parameters 
MT 151 
1 Resolved resonances .* 1.0 100 eV 

2g!Gamma n : Simple average of experimental data. 
Gamma ;i : Weighted average of experimental data. 
Gamma f : Calculated from the averaged fission area. 

Details of the evaluation p.iven in. Ref. 11 . 
2 Unresolved resonance parameters : 100 eV 30 keV 

The evaluated Lotal. capture and fission cross sections 
were fitted by adjusting SO. SI and Gamma-f. 
Fixed parameters : R-- 9.9 fm. Gamma g- 45 milli-eV, 

Dobs= 0.567 eV. 

2200 m s cross sections and calculated res. integrals. 
2200 m/s res. integ. 

elastic 17.0 b 
fission 584.0 b 279 b 
capture 96.0 b 153 b 
total 697.0 b 

MF;3 Neutron Cross Sections 
Below 1.0 eV: Based on the experimental data. 
Between 1.0 and 100 eV: Background data for resonance parame

ters are given to well reproduce the experimen
tal data. 

Above 100 eV: Data were evaluated as follows. Between 100 ev 
and 30 keV, the unresolved resonance parameters 
and the background data were given to reproduce 
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these cross sections. 
Ml' I Total 

Evaluated on the basis of the experimental data by Uttley 
et al. 12 . Boedcoff et al. 13 , Schwartz et al. 14 , 
Green et al. 15 and Foster and Glasgow 16 , 

MT- 2 Elastic scattering 
Evaluated on the basis of the experimental data by Smith 
17 , Smith and Whalen 18 ant' Knitter et al. 19 in the 

energy ranee from 0.3 to 2.3 MtV. 2n the remaining energy 
range it was derived by subtracting sum of partial cross 
sections from total cross section. 

MT 4.51-79,91,251 Inelastic scattering cross section and mu bar 
Evaluated on the basis of experimental data and calculation 
with optical and statistical models. 

The optical potential parameters were obtained by fitting 
the experimental data of the total cross section. 

V 40.90 0.04 En MeV 
Ws 6.50 0.25 Tn M'?V 
vso 7.0 mev1 

(0 1.312. rs 1.375, ro 1.320 \fm > 
a 0.490, b 0.454, ao 0,470 tfm> 

Statistical model calculation with CASTIIY code 20/. 
Competing processes : fission >n.2n>. ;n,3n i. (n,An>. 
Level fluctuation was considered. 

The level scerae taken from Ref. 21•. 
No. 
gs. 
1 
2 
3 
A 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
!9 
20 
21 
22 
23 
24 
25 
26 

Energy < keV • 
0.0 
0.075 
13.038 
46.347 
5!.697 
£-1.732 
103. i 
129.292 
150.6 
170.7 
171.378 
197.1 
225.40 
249.1 
291.1 
294.7 
332.818 
338.8 
357.2 
367.05 
368.8 
393.184 
-412.3 
/2S.71 
438.5 
445.72 
474.27 

Spin Parity 
7 2 
1 2 -
3 2 • 
9 2 
5 2 • 
7 2 • 
11 2 
5 2 
9 2 •! 
13 2 
7/2 -. 
11 2 ̂  
9 2 i 
15 2 
11 2 > 
13 2 < 
5 2 ̂  
17,2 
15 2 , 
7 2 -
13 2 -
3 2 • 
9 2 
5 2 -
i9/2 -
7/2 + 
7/2 + 
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27 5)0.0 9 2 -
28 532.0 9 2 • 
29 550.4 21 2 

Continuum levels assumed Above 580 keV, 
The level density parameters : Oil hert and Cameron 22 . 

MT 16.17.37 n,2n <. ni.&i . ,n.4n > 
Evaluated on the basis of the following experimental data 
and calculation with evaporation model. 

n.2n : Mather et al. 23 
n.3n and n.4n : Veeser and Arthur 24 

MT 18 Fission 
Evaluated on the basis of the following experimental data: 

100 eV 10 keV : Perez et al. 25.26 
10 keV 1 HeV : Szabo and Marquette 27 . Poemtz 

28.29 . White 30 
! M^V 20 M'-V : S.-.nbo and Marrji.iei.te 27 . Barton et 

.'.; . 31 . Piienil.2 29 . Cain* and 
Sicihi' 32.Ii3 . Cunee and Grenier 34 

A special care was paid /or evaluating the fission cross 
section of U 23b so that the consistency could be kept 
between the relative and absolute measurements for the 
other heavy nuclides. 

Mi' 102 Capture 
Derived from the evaluated alpha value arid fission cross 
section below 1 MeV. Calculated with the statistical model 
above ! HeV. 

Alpha value was evaluated on the basis of the experimental 
data by Kononov et al. 3U . Dvuldisherstnov el al. '36'. 
Gwin et a]. 37 , Bluhm and Yen 38 and Hopkins and Diven 
39 . 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 Calculated with optical model. 
MT 51 79 Isotropic in the center of mass system. 
MT 16.!7.18.37.91 Isotropic in the lab system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17,37,9! Evaporation spectrum 
MT 18.455 Taken from ENDF/B IV. 
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92 U 236 MAT number 2924 

02 U 236 NAIG Eval Mar79 T.Yosliida 
Dist Mar&3 Rev I Dec83 

History 
79 03 New evaluation for JENDL 2 was made bv T.Yoshida;NAIG>. 
33 03 MF I and MI" 5 were added by Y.Kikuclii JAER1 . 
83 12 MF 1.MT 4'6\ was added. 

MF I General Information 
MT 45! Descriptive data and dictionary 
MT 452 Number of neutrons per fission 

Taken from EKDF E IV. 

MF 2 MT 151 Resonance parameters 
Resolved resor.anees for ML3V Jonnnla : i.OE 5 eV Lo 1.5 keV 

Res. energies and Gam n for Gam n crater titan O.HGam g> 
: Carraro I 

Gam n for Gam n smaller than 0.1'Gam g; : Mewissen ,2, 
Gam c, : Mewissen 2 . when not Riven average value was taken. 
Gam f : Theobald 3 . 

Average Gam c 23,0 milli eV 
Average- Gam f 0.354 mil 1 i c-V 

A negative resonance was introduced to reproduce the 2200 
in s capture cross section of i5.2< 0.3 > barns recommened in 
BNL 325 3rd edition. 

Calculated 2200 m s cross sections and res. integrals 
2200 in sec Res. In leg. 

elastic 8.337 b 
fission 0.043 b 7.61 b 
capture 5. £95 b 347. b 
total 13.07 b 

MF-3 Neutron Cross Sections 
Below 1.5 keV. all background cross sections are zero. 
Above 1.5 keV, data were evaluated as follows. 

MT 1.2,4,51 79,91,102.251 Sig t .S ig el ,Sig-in,Sig-c,Mu~bar 
Calculated with opt ica l and s t a t i s t i c a l models. 
The spherical op t ica l potent ia l parameters / 4 / : 

V=40.8 - 0.05tEn, Ws=0.5 + 0.15(En. Vso=7.0 <MeV>, 
r=1.32, rs=1.38, rso=1.32 (fta), 
a=as=aso=0.47 (fm). 

Optical and statistical model calculation was made with 
CASTHY code 5 . 

Competing processes : fission. in,2n > and '.n.3n; 
Level fluctuation was considered. The gamma-ray strength 
function was determined so that the calculated capture 
cross section reproduced the measured value of 1.05 barns 
•6 around 10 keV. 

The level scheme taken from Ref. .-7/. 
No. EnergvcMeV) J -Par i ty No. BrergyfMeV) J -Par i ty 
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K-
?, 
4 
G 
a 
10 
12 
14 
16 
IB 
20 
22 
24 
26 
28 

0.0 
0.14948 
0.52285 
0.7442 
0.8478 
0.9581 
0.967Q 
1.0014 
1.0S56 
1.0529 
1.0661 
1.0862 
1.1044 
1.1267 
1.1404 

ronUjHJU')' levels 

0 i 
4 • 

a . 
a 
5 
2 i 
1 
3 . 
3 
4 
3 . 
12 i 
5 
5 ' 
3 

assumed 

1 
3 
S3 
? 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 

above 1 

0.04524 
0.30979 
0.687S7 
0.7820 
0.9)916 
0.9604 
0,9880 
1.0020 
1.0512 
1.0587 
1.0700 
1.0938 
1.1110 
1.1470 
1.1640 
. 17 MeV. 

2 • 
6 < 
1 

10 < 
0 i 

2 < 
2 
7 
4 < 
4 < 
4 
2 • 
2 
3 • 
6 

>-T 16,17 n.2n and n,3n 
Calculated with 'Jie P< •;;!'] ;),tr.] n's method R . 

MT 18 Fission 
Evaluated on the basis of measured data of U 236 U 235 
9.10 . To got absolute value Matsunobu's evaluation /I I 
P>r U 235 n.f was employed, 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2 Calculated with optical model. 
MT SI 79 Isotropic in the center of mass system. 
MT 16 18,91 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 10.17.91 Evaporation spectrum. 
MT 18 Maxwelllan fission spectrum. Temperature was 

estimated from 7. 2 A values 12 , 
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92 U 238 Kyushu U,. Eval AugTO Y.Kanda.T.Nakagawa.YKikuehi 
Dist Maf83 Rev I Jnn84 

History 
79 08 Evaluation was made by 

T.Nakagf aiJADtf > for resonance parameters and background 
cross sections, 

Y.Kikuchi JAERI i for unresolved resonance parameters. 
Y.Kanda(Kyushu Univ. . for cross sections above resonance 

region and other quantities. 
83 03 MF 5 was revised. 
84 01 Comment data were added 

MF 1 General Informal,! ur 
MT 451 !Vsrn;>t :ve ;l;<.1a and dictionary 

The following four MTs' data were entirely taken from BJDF 13 IV 
evaluation. 
MT 452 Number of neutrons per fission 
HT 454 Fission product yields 
MT 45& Delayed neutron data 
MT 4&i Number of prompt neutrons per fission 

MF 2 Resonance parameters 
Ml" 151 Resolved and unresolved resonance parameters 
Resolved resonances for MLBW formula •' from 1 .OE-5 eV to 4 keV. 

Reference 1 gives an outline of the present evaluation. 
Resonance energies : Evaluated on the basis of the experimen 

ta) data by Poortmans et al . 2 . 01 sen et al. 3.4 and 
Nakajima b . Four negative resonances were added to 
consider interference effects in the low energy region. 

Neutron and capture vidtiis : Obtained from resonance areas 
calculated from various measurements by giving relatively 
high weight to the recent data 2 8 . 

Sub threshold fission widths : Determined from the fission 
resonance areas measured by Diffilippo et al. .9/ for 28 
s wave resonances. 

Effective scattering radius : 9.48 Cm obtained by averaging 
the values of Olsen et al. below 2.2 keV. 

Unresolved resonances : from 4 keV to bO keV. 
The energy dependent parameters were determined to reproduce 
cross sections evaluated by Kanda [see the description of 
MF-3>. 

2200 m sec cross sections and calculated resonance integrals. 
2200 m sec res integ. 

elastic 8.873 b 
capture 2.700 b 279. b 
fission 3.22E 3 b 2.05 b 
total H.57 b 

MF=3 Neutron Cross Sections 
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Below 4.0 keV: Background data for resolved resonances. 
The background cross sections were obtained with the piekot 
fence model . The contributions from missed p wave rosonan 
ees were also taken into account for the capture cross sec 
lion in the energy region above 1,5 keV, 

Above 4 keV. 
Evaluated cross sections were replaced with unresolved reso 
nance parameters and background cross sections in the energy 
region between 4 keV and 50 keV. 

MT I Total 
Evaluated from the following experimental data. 

Below 500 kev: Uttley el al. 10 , Whalen el al. 11 . 
0.5 4.5 MeV: Kopsch et al. 12 . 
4.5 lb MeV: Foster and Glasgow 13 . 
15 20 M-?V- Bratenahl c-t al . M . Peterson et al. 15 . 

MT 2 Elastic scattering 
Calculated as total partial cross sections . 

MT 4 Tot.*.] uielasti'-
Evaluat'-d !>v Kniuin 

MT 51 75.9' tnehisl.ie scatter nit', 
Calculated as iollows by usiiiu the presently evaluated total 
inelastic and partial inelastic scatter inn cross sections of 
Jl-MDL I . 

MiK l th level ' Siuiincl. i branching ratio to i th level) 
where the branching ratio to the i th level was calculated 
from JENDL 1 data 16 . 
The level 

No. 
g.s. 
1 
2 
3 
A 
5 
fi 

8 
9 
10 
11 
i2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

scheme. 
Energy >MeV > 
0.0 
0.0447 
0.148 
0.301 
0.520 
0.680 
0.73? 
0.790 
0.838 
0.939 
0.938 
1.008 
1.047 
1.076 
1.100 
1.123 
1.150 
1.190 
1.210 
1.246 
1.272 
1.313 
1.361 
1.401 
1.437 
1.470 

Continuum levels were assumed 
MT=16,17 (n.2n) and (n,3n) 

Spin Parity 
0 i 
2 
4 • 
6 
3 • 
1 
3 
10 • 
5 
2 . 
2 i 
0 i 
2 -
2 t 
12 + 
! 
2 -
3 -
2 + 
4 -
5 • 

2 + 
2 : 
2 + 
14 r 
1 -

above 1.5 MeV 
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Calculated with the evaporation model of Segev and Caner 
/17/. and normalized to the data by. Proliant and Mosinski 
18 , 

Ml' 10 Fission 
Evaluated on the basis of the data of Diffilippo et al. 19/, 
Behrens and Carlson 20/, Nordborg et al. 21/ and Meadows 
22,23 . They were renormalized with the U 235 fission cross 
section evaluated by Matsunobu -24'. 

MT 102 Capture 
Determined mainly from the measurements by Poenitz 25/, 
Panitkin and Sherman 26/, Moxon ,27.-, Fricke et al. ,28/ and 
Menlove and Poenitz 29 . 

MT £51 Mu bar 
Taken from JENDL ! 16 

MF 4 Angular Distributions of Secondary Neutrons 
MT-2 Taken from JEMDL 1 16 . 
MT 51.52 Takon from JFNDL I 16 . 
MT 53 75 Isotropic in the center of mass system, 
MT 16.17.18,9! Isotropic; in the laboratory system, 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17,91 Evaporation spectrum. 
MT 18 Maxwellian fission spectrum estimated r>om 

Zu2 A sys tenia tics -30', 
MT 455 Taken from ENDF/B-IV. 

1 ) Nakagawa T. et al.: JAERI M 9823 (1981 ). 
2) Pcortntans F. et al.: 1976 Lowell conf., 1264. 
3 i Olsen D.K. et al.: Nucl. Sci, Eng.. 62, 479 (1977). 
4 Olsen D.K. et al,: Nucl. Sci. Fug., 69. 202 <1979t. 
5. Nakajima V.: Ann.. Nucl. Enerfjy. 7. 25 1980;. 
6 Liou H.I. and Chrien R.E.: Nucl. Sci. Eng.. 62. 463 (1977). 
7 Haste T.J. and Moxon M.C.: 1978 Harwell Conf.. 337, 
8 Block R.C. et al.: EPRI NP 996 1979 . 
9. Diffilippo F.C. et al.: Phys. Rev., C21, 1400 (I960). 
10 Uttley C.A. et al.: 1966 Paris Conf.. 1. 165 (1967). 
Hi Whalen J.F. et al.: Nucl. Inst. Meth.. 39, 185 (1966). 
121 Kopsch D. et al.: 1970 Helsinki Conf., 2. 39 (1970). 
13} Foster D.G.Jr. and Glasgow D.W.: Phys. Rev., C3, 576 (1971 ) . 
14) Bratenahl A. et al.: Phys. Rev., 110, 927 (1958). 
151 Peterson J.M. et al.: Phys. Rev.. 120. 520 (I960). 
16) Igarasi S. et al.: JAERI 1261 (1979). 
17) Segev M. and Caner M.: Ann. Nucl. Energy, 5, 239 (1978). 
13) Frehaut J. and Mosinski G.: 1975 Washington Conf, 855 (1975). 
19) Difilippo F.C, et al.: Nucl. Sci. Eng., 68. 43 (1978). 
20) Behrens J.W. and Carlson G.W.: Nucl. Sci. Eng., 63. 250 

(1977:. 
2! ; Nordborg C. et al: ANL-76-9G, 128 <1976>. 
22) Meadows J.W.: Nucl. Sci. Eng.. 58. 255 ;l975i. 
23) Meadows J.W.: Nucl. Sci. Eng.. 49. 310 .1972;. 
24) Matsunobu H. et al.: 1979 Knoxvi.Ue Conf.. 755 (1979). 
25, Poenitz W.P.: Nucl. Sci. Eng.. 57. 300 (1975). 
26) Panitkin Yu.G. and Shernran L.E. •' Atomnaya Energiya, 39, 17 

(1975). 
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27 Hoxon M.C.: private communication to the NEA Data Bank il971 ;. 
28' Fricke M.P. et. a).: Proc. 2nd Inter. Conf. Nucl. Data for 

Reactors, 265 .1970 . 
29> Hen love H.O. and Poenini W.P.: Nucl. Sci. Ems. . 33, 24 (1968.. 
30- Smith A.B. et al. : AND NDM 50 (1979;. 
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93 Np 237 MAT number - 293! 

93 Np 237 Kyushu U,i Eval Mar79 N.Waehi.Y.Kanda.Y.Kikuehi 
Dist Mur03 Revl Nov83 

History 
79 03 New evaluation was made by N.Wachi and Y.Kanda Kyushu 

University), and Y.Kikuchi (JAER1'•. 
83 11 Coinmen I was added. 

MF 1 General Information 
MT 451 Comments and dictionary 
MT 452 Number of neutrons pur fission 

Experimental data of Frehaut • 1 . 
MT 455 Delayed neutron data 

Experimental data of Benedetti • 2 and systematics 
by Tutlje 3 . 

MF 2, MT !51 Resonance parameters 
Resolved resonances for SLBW formula '. 1.0E 5 130 eV 

Res. energy. Gam n, Gnm g: Weston and Todd /4/. 
Gam f Plattard i 5/. 
Average Gam e, 40 milli eV, 
A negative resonance added. 

Unresolved resonances : 130 eV 30 keV 
Parameters by Weston and Todd 4 with slight modification 
Adopted parameters : 

SO I.02E 4 . SI 1.888E 4 . 0 obs 0.45 eV 
Gam g 40 milli- eV. 

Gam f values determined so that Sig-f 0.009 b. 

Calculated 2200 in s cross sections and resonance integrals: 

to ta l 
e l a s t i c : 
f iss ion : 
capture : 

2200 m s value 
208.5 b 
27.52 b 

0.01921 b 
181.0 b 

Ytes . In t . 

6.26 b 
663 b 

MF=3 Neutron Cross Sections 
MT=1,2,4,51-64.91.102.251 Sig-t ,Sig-el,Sig-in.Sig-c.Mu-~bar 

Calculated with optical and statistical models. 
The spherical optical potential parameters : 

V - 43.55 , Ws = 11.0 , Vso = 7.0 (MeV) 
r = rs = 1.32 , rso= !.3 (fin) 
a = b - 0.47 , aso= 0.4 (fin). 

Statistical model calculation wi th CASTHY code /6/. 
Competing processes : fission. <n.2n : and (n.3n). 
Level fluctuation considered. 
The gamma ray strength function determined so that 
Sig c -- 0.742 b at 200 keV. 

The level scheme taken ^rom compilation by Ellis ,/7/. 
No Energy;MeV; Spi n-Par i ty 

g.s. 0.0 5/2+ 
1 0.03320 7/2+ 
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2 0.05964 5 2 
3 0.07580 9 2i 
4 0.10296 7 2 
5 0,13000 11 2i 
6 0.15852 9 2 
7 0.2260 11 2 
8 0.28754 32 
9 0.28! 1 2 
10 0.305 13 2 
11 0.327 7 2 
i2 0.332 12' 
13 0.357 5 2 
14 0.369 5/2< 

Continuum levels assumed above 0.370 MeV. 
The level density parameters of Gilbert and Cameron 8 . 

MT 16.17 n.2n . n.3n 
Calculated with the evaporation model by Segev i 9. . 

MT 18 fission 
Evaluated from measured data. 
Verified by calculating spectrum averaged cross section. 

MF 4 Angular Distributions of Secondary Neutrons 
MT 2.51 64.91 Calculated with the optical model. 
MT 16.17,18 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17,91 Evaporation spectrum. 
MT 18 Estimated from 'l\ i2 A systematica by Smith <-/10/ 

by assuming E.Cf 252. 2.13 MeV. 

References 
1 J. Frehaut et al.: CEA N 2196 1981 . 
2 G. Benedetti et al.: Nucl . Sci. Erip;.. 80. 379 1982). 
3 R.J. Tuttle: INDC NDS 107 Ci Special". p. 29 1979 i. 
4 L.W. Weston and J.H. Todd: Nucl. Sci. Eng.. 79. 184 (1981). 
5 S. Plattard et al.: Nucl. Sci. Eng.. 61, 477 (1976). 
6; S.Igarasi: J. Nucl. Sci. Technol., 12, 67 (1975). 
1, Y.A. Ellis: Nucl. Data Sheets. B6, 539 (1971). 
8) A. Gilbert and A.G.W. Cameron: Can. J. Phys., 43, 1446 (1965) 
9) M. Segev et al.: Annals of Nucl. Energy, 5, 239 (1978). 
10) A.B. Smith et al.: ANL/NDM-50 (1979). 
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93-Np-239 MAT number = 2932 

93 Nf> 239 Kyushu U. . Eval Mar76 Y. Kanda, JQNDL CG 
Dist Marfl3 Revt Jan84 

History 
76 03 The evaluation for JENDL 1 was performed by Kanda (Kyushu 

Univ. and JENDL 1 Compilation Group. Details are given 
in Ref. I . 

83 03 JENDL 1 data were adopted for JENDL 2 and extended to 20 
MeV. MF 5 was revised. 

84 01 Comment data were added. 

MF I Genera] Information 
MT 451 Descriptive data and dictionary 
MT 452 Number of neutrons per fission 

Taken from the Nn 237 data of END!7 B IV. 

MF 2 Resonance Parameters 
MT 151 No resonance parameters were given. 

2200 in sec cross sections and calculated resonance integrals. 
2200 ra sec res, inten. 

elastic 10.50 b 
capture 37.00 b Mo. b 
fission 0.0 b 7.06 b 
total 47.50 b 

MF 3 Neutron Cross Sections 
Below 4.0 eV. 
MT 1 Total 

Sum of partial cross sections. 
MT 2 Elastic scatterilip. 

The constant cross st'-tion of 10.5 barns was assumed from 
Sig 4-3.14- 0.147-Ai: 1 3 •-2. 

MT 18 Fission 
Assumed to be zero barns. 

KT-102 Capture 
The form of l.'v was assumed. The 2200-m/sec cross section 
was adopted from the experimental data by Stoughton and 
Halperin 2-'. 

Above 4.0 eV. 
MT=1 Total 

Calculated with optical and statistical model code CASTHY 
/3 . Optical potential parameters were obtained by Ohta and 
Miyamoto 4 by using the total cross section of Pu-239. 

V -- 45.87 0.2-en. Wi 0.06. Ws= 14.1. Vso= 7.3 (MeV > 
r 1.27 . ri 1.27. rs-1.302. rso- 1.27(fni' 
aO- 0.652 . ai 0.315. as- 0.93. aso=0.652;fm ' 

MT---2 Elastic scattering 
Calculated with CASTHY 3 . 

MT 4.51-58.91 Inelastic scattering 
Calculated with CASTHY 3 . The level scheme was adopted 
from Nucl. Data Sheets Vol.6. 
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No. 
g.s. 
1 
2 
3 
4 
5 
6 
7 
8 

Energy(MeV) 

0.0 
0.03114 
0.07112 
0.07467 
0.11766 
0.1230 
0.17305 
0.2414 
0.320 

Spin Pari ty 
5 2 > 
7 2 -
9 2 < 
5 2 
11 2 • 
7 2 
0 2 
11 2 
13 2 

Levels above 430 keV were assumed to overlapping In the 
calculation the capture, fission, in.2n) and (n.3n> cross 
sections were considered as competing processes. 

MT 16.17 n.2n and n.3m 
Calculated with Pearlstein's method 5 . 

MT 10 Fission 
Estimated from the Np 237 fission cross section by normaliz
ing with neutron separation energies. 

MT 102 Capture 
Below 100 keV, the cross section was calculated from 

Sig 435 SQRTdins barns. 
Above 100 keV, tha shape of the experimental data for Np 237 
by Nagle et al. 6 was adopted and normalized to 1.4 barns 
at 100 keV. 

MT 251 Mu bar 
Calculated with CASTHY 3 . 

Ml7--4 Angular Distributions of Secondary Neutrons 
MT--2 Calculated with CASTHY code /3.<. 
MT 51 58 Isotropic in the center of mass system. 
rfT 16.17,18.91 Isotropic in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17,91 Evaporation spectrum. 
MT 18 Maxwellian fission spectrum estimated from 

7 ? A sys tenia'..jcs 7 . 

References 
1 » Igarasi S. et al.: JAERI 1261 (1979). 
2) Stoughton R.W. and Halperin J.: Nucl. Sci. Eng., 6, 100 

(1959 >. 
3) Igarasi S.: J. Nucl. Sci. Technol., 12, 67 0975). 
4) Ohta M. and Miyamoto K.: J. Nucl. Sci. Technol.. 10, 583 

(1973). 
5) Pearlstein S.: Nucl. Sci. Eng., 23, 238 <1935j. 
6) Nagel R.J. et al.: 1971 Knoxville Conf., 259 (1971 ). 
7) Smith A.B. et al.: ANL'NDM 50 (1979). 
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94- Pu-236 MAT number '••• 294! 

94 Pu 236 FBEC Eval-Apr79 T.Hojuyama 
Dist Mar83 Rev! Nov83 

His Lory 
79 04 New evaluation was made by T. Hojuyama iFBEC 

energy range from I.0E 5 eV to 20 MeV. 
83 !1 Comment was added. 

1 in the 

MF--1 General Information 
MT 451 Comment and dictionary 
MT 452 Number of neutrons per fission 

Nu-p and Nu d for thermal neutron based on Manero's semi-
empirical formula 2 . Neutron energy dependence of Nu 
besed on Howerton's c-valuation 3 . 

MF-2 Resonance Parameters 
MT 151 Resolved resonance (one resonance) 

Energy range from 1,0E 5 to 6 eV. Gam f was so determined 
that Sig f calculated from the unresolved resonance formula 
with the Gam f may smoothly connect at 10 keV to Sig-f in 
the high energy region. Gam g, SO. SI, >D- and R were 
estimated from systematics. E0 was so determined that the 
fission rate calculated with the resonance parameters in a 
thermal reactor may agree with exp. data ,6'. 

Resonance Parameters -
E0 
Gam ii 
Gam f 
Gam (5 
R 

D 
SO 
SI 

0.445 eV 
0.526 mi Hi eV 
3.55 mill i eV 

41.5 mill i eV 
9.46 fin 
6.3 eV 
1.25E A 
2.22E A 

,6 
from SO and 

see alx>ve 
4 

see above 
4 
4.5 
5 

'D--I 

Calculated 2200 m/s cross sections and resonance integrals. 

elastic 
fission 
capture 
total 

2200 m/sec 
3.376 b 

65.41 b 
764.6 b 
833.4 b 

Res. Integ. 

101 b 
1067 b 

MF=3 Neutron Cross Sections 
MT= 1 Total cross section 

Obtained by optical model calculation. Optical potential 
parameters taken from Murata's evaluation T except real 
potential. 

Optical Potential Parameters 
V = 39.5 0.05-En M e V •• 
Ws = 6.5-C.'.5'Er. MeV ; 
Vso= 7.0 <MeV> 
rO = rso= 1.32 ,rs = 1.38 (fm) 
a = aso= 0.47 ,b = 0.47 (fm) 
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WT 2 Elastic scattering cross section 
Obtained by optica) and statistical model calculations, 

MT 4,5! 54,9! Inelastic scattering cross sections 
Obtained by optical and statistical model calculations, 
Level scheme taken from N.D.S. 8 except 4t.li level of 
which energy based on Lynn 9 . 

No. iin(keV) Spin Parity 
g.s. 0.0 0 < 
1 44.6 2 • 
2 145 4 i 
3 3013 6 •. 
4 523 8-i 

Continuum levels assumed above 661 keV. 
MT--16.IT n.2n: and n.3n cross sections 

Calculated with statistical model based on Pearl stein 10 . 
MT 18,19.20,21 Fission cross sections 

Below 10 keV: 
Calculated from the unresolved resonance formula with the 
parameters given in the table of resonance parameters. 
Above 10 keV: 
Calculated from fission plateau cross sections 7.12, and 
Hill Wheeler type barriei penetration factor il,', 
Fission barrier parameters were taken from Weigmann 13'. 

MT 102 Capture cross section 
Calculated by optical and statistical model with Gam g of 
41.5 mill) eV and D of 6.3 eV, 

MT 251 Mu bar 
Calculated with optical model. 

MF 4 Angular Distribution of Secondary Neutrons 
MT- 2 Based on optical and statistical model calcula 

t.ion. 
MT 51 54 Isotropic in the center of mass system. 
MT 16 2!,91 Isotropic in the laboratory system. 

MF 5 Energy Distribution of .Secondary Neutrons 
MT 16,17.9! Evaporation spectrum assumed 
MT-18,19,20.21 Fission spectrum of Maxwellian form adopted. 

Theta taken from evaluation of Terrell/14/. 

References 
1) Hojuyama T.: Proc. -79 Fall Meet, of A.E.3. J. ,Tokai (1979) 

C43. 
2) Manero F. and Konshin V.A.: At. Energy Rev.,10,(1972) 637. 
3) Howerton R.J.: Nucl. Sci. Eng.,62,(1977) 438 
4) Mughabgab S.F. and Garber D.I.: BNL 325.3rd Ed.,1, (1973). 
5) Musgrove A.R.de L. : AABC/E 277 (1973). 
6) Gindler J.E. et al.: Phys. Rev.,115,i1959) 1271. 
7) Matsunobu H. et al.: Proc. Int. Conf. on Nuclear Cross 

Sections for Technology, Knoxville (1979) 715. 
8) Schmorak M.R.: Nucl. Data Sheets.20, •: 1977 > 165. 
9) Lynn J.E.: The Theory of Neutron Resonance Reactions(1968), 

Oxford University Press. 
10) Pearlstein S.: Nucl. Sci, Eng. ,23. (.1965 )238. 
11) Hill D.L. and Wheeler J.A.: Phys. Rev.,89,(1953; 1102. 
12) Behrens J.W.: Phys. Rev. Lett. ,39, (1977) 68 
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13) Weigmann H. and Theobald J.P.: Nucl Phys..A187,(1972* 305 
14) Terrell J.: Proc. IAEA Symposium on Physics and Chemistry of 

Fission • Salzburg (19651 
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94 Pu 238 MAT number 2942 

94 Pu 230 PNC Eval Mar79 T.Kavakita 
Dist, MarR3 Rev I Feb84 

History 
79 03 New evaluation was made by T.Kawakita *PNC . 
84 02 Neutron widths of two low energy resonances were corrected. 

The ii.2n' cross see I ion was also corrected. Comment was 
added. 

MF 1 General Information 
MT 451 Descriptive data and dictionary 
MT 452 Number of neutrons par fission 

The thermal value of prompt neutrons was based on 
experimental data of J,if!,-y 1 and Nil d was taken from 
semi empirical formula by Manero 2 . The energy dependent 
term was estimated from Howrton's formula 3 . 

Nu p ami Nu d are not <jiven in JI5NDL 2. • 

Mr-" 2 Resonance Parameters 
MT 151 Resolved resonance parameters for MLJJW formula. 

Energy rungo is from l.Oli b eV to 500 eV. Parameters were 
taken adopted from the following experimental data, 

49 resonances above 10 eV ; Silbert 4 
4 resonances below 10 eV : Young 5 

Calculated 2200 m s cross sections and resonance integrals 

elastic 
fission 
capture 
total 

2200 m s 
27.60 b 
16.55 b 

548.B b 
592.9 

Res. Integ. 

32.4 b 
156 b 

MF 3 Neutron Cross Sections 

Below 500 eV is the resonance region. Above 500 ev, the cross 
sections were evaluated as follows. 

M1M Total 
Sum of partial cross sections. 

MT--2,4,51-78.9! Elastic and inelastic scattering 
Calculated with optical and statistical models. 

Optical potential parameters: Real well depth was obtained 
by mass fitting. Other parameters were taken from Murata's 
evaluation ••&/. 

V - 41.0 0.05iEn (MeV.' 
Ws =-- 6.5 - 0.!5'En 'MeV; 
Vso- 7.0 :MeV' 
a -•• b - aso^ C.47 'f.ii/ 
r = rso= 1.32 <fm; 
rs = 1.38 (fin) 
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S t a t i s t i c a l model ca lcula t ion with CASTHY cotie 7 \ 

The level scheme taken from Ref, 6 . 
No. Energy <kev ) Spi n Pari ty 
K.s. 0,0 0 * 

! 44.08 2 i 
2 Mb.98 4 i 
3 303.4 6 i 
4 514.0 8 * 
b 60b.1 1 
6 661.4 3 
7 763.2 5 
8 94.1.5 0 • 
9 932.77 1 

10 938.2 2 
1! 983.0 2 • 
12 asb.5 2 
' 3 102S.b5 2 • 
;••: ICC59.0O 3 • 
1 b 1082.bY 4 
16 1125.8 4 • 
17 1174.5 2 * 
18 1202.7 3 
19 1228,6 0 < 
20 1264.2 '?, « 
21 1310.3 2 < 
22 1426.6 0 . 
23 1447.3 1 
24 1458.5 2 -
25 1i560.0 1 
26 1596.5 2 • 
27 1621.4 1 
28 1636.6 1 

Continuum levels assumed above J.65 MeV. 
The level density parameters of Gi lber t and Cameron 9 . 
No eompetiriy; process was considered. 

MT-16,17 n.2n; and m.3n> 
Calculation*based on the Pearlstein's method /10/. 

MT-18 Fission 
Evaluated on the basis of measured data /4<. ,/| 1 / - /17/. 

MT=102 Capture 
In the low energy region, the cross section vas calculated 
from the following average resonance parameters. 

SO = 1.27E-4, SI = 2.2SE-4, D obs -- 9.5 eV, 
gamma width = 0.040 eV, fission width = 0.013 eV. 

OT=251 Mu-bar 
Calculated with optical model. 

MF=4 Angular Distributions of Secondary Neutrons 
WT-2 

Calculated with optical model. 
MT=51-78 

Isotropic in the center of mass system. 
MT=16,!7.18,91 

Isotropic in the laboratory system. 
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MF 5 Energy Distributions of Secondary Neutrons 
MT 16,17.91 

Evaporation spectrum was assumed. 
MT 18 

Maxwell uni type fission spectrum. Temperature was estimated 
from '/,<-2 A systematica by .Smith el ol. IB . 

References 
1 A.H. JalTey et al.: Nucl. Phys. . A M 5 1970 . 
2 !•' Manero et a] . : Atom, Clergy Rev.. 10. 63'/ 1972 . 
3. R.J. Hover ton: Nucl. Sei. Eng.. 62. 438 i1977 . 
4 M.G. Silbert et al.: Nucl. Sci. Big.. 52. 17G 1973 . 
5 T.E. Youny. et al. : Nucl. Sci. Eng. . 30. 355 1967 
6 T. Murata: private communication. 
7 S. iKarasj : J. Nucl. Sci. Technol.. 12. 67 1975 . 
8 C M . Lederer et. a].: Table of Isotopes. 7th Ed. 1978 . 
9 A. Gilbert .irid A Ci W. Cam-ret' C-.n. J. "hys. . 43. 1446 1965 . 
10 S. Pearlste'.n: Nucl. S o . En.'.',.. 23. 238 1965 . 
11 D.M. Barton and P.O. Koonty: r'iiys. Itev., 162. 1070 '.1967. 
12 E.F. Fomushkiri et al.: Sov. J. Nticl. Phys.. 5, 689 < 1967 .. 
13 S.B. Ermarcaiiibistov and G.N. Shirenkin: .Sov. J. Nucl. Phys.. 

25. 1364 (1968 . 
14 D.M. Drake et al . : U 4420. p. 101 11 £3/0 . 
15 S.B. KniiaKambeLc»vel.il.' Sov. J, Nucl. Energy.29. 1190(1970). 
16 E.K. I'Vimiislikin ot a).: Sov. J. Nucl. Phys.. 10. 829 (1970). 
17 D.I.. Shpak et al : JUMP Letters. 15. 22a • 1972 , 
18 A.B. Smith et al : ANL NDM 50 1979 , 
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94 Pu 239 MAT number •= 2943 

94 Pu 239 NAIG. Eval Auf,79 M.Kavai .T.Yoshida.Y.Kikuehi 
Dist Mar83 Rovl Jan&1 

History 
79 08 Evaluation was made by 

M.Kavai.NAIG for cross sections above resonance region 
and other quantities. 

T.Yoshida NAIG for resonance parameters and background 
cross sections. 

Y.Kikuehi•JAERJ for unresolved resonance parameters. 
04 01 Small modification. Comment, data were added. 

MF 1 General Information 
MT 451 l)csc-rij.it.i'ft- data and dictionary 
MT 452 Number ol neutrons per fission 

Sum of mi p MT 458 and nti d MT 455 . 
MT 454 Fission product yields 

ENDF B JV data were adopted. 
MT 455 Delayed neutron data 

Evaluated data bv Manoro and Konshin I were adopted. 
MT 456 Number of prompt neutrons per fission 

Same as JFNDL 1 2 . Least squares fit to experimental data 
mainly Kefs, 3 5 

MF 2 Resonance Parameters 
MT 151 Resolved and unresolved resonance parameters 
Resolved resonances for MLBW formula : from 1,0 to 598 eV. 

Parameters were evaluated by Yoshida 6 modifying parameters 
recommended by Ribon 7 . Background cross sections were 
added so .is to reproduce the measured fission cross section 
by Derrien of al. 8 and capture cross section by fiwin et 
a!. 9.1(1 

Unresolved resonances : from 598 eV to 30 keV. 
The enemy dependent. SO, SI and fission width were determined 
by Kikuchi so as to reproduce the total, capture and fission 
cross sections evaluated by Kawai. Fixed parameters were 
R-9.054 fm. capture width 41 .5 mi H i eV. 

2200 tn sec cross sections and calculated resonance integrals. 
2200 m/'sec res. integ. 

elastic 8.000 b 
capture 270.2 b 195 b 
fission 741.7 b 302 b 
total 1019.9 b 

MF--3 Neutron Cross Sections 
Below 1.0 eV. 

The elastic and fission cross sections were taken from 
FUDF B IV. The capture cross section was also taken from 
ENDFB IV and smal.i modification was made above 0,6 eV. The 
total cross section is sum of these three. 

Between 1.0 eV and 30 keV. 
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Background cross sections for resonance parameters were 
given. 

Above 590 e.V, 
Evaluated cross sections were, replaced with unresolved reso 
nance parameters and background cross sectinns in the energy 
region between 59fi eV and 30 keV. 

MT 1 Total 
Calculated with optica] and statistical model code CASTIIY 
16 . Sphrical optical potential parameters were obtained by 

fitting the experimental data for total cross sections of 
Kefs. 1! 15 . 

V 40.72 0.013'En (MeV 
Ws 6.7b < 0.29iEn 'MeV 
Vso 7.0 MeV 
i' rso 1 .32 fin 
rs 1 .311V/ derivative Woods Saxon type Cm 
a ,iso h 0.47 1m 

MT ? Elastic scattering, 
Calculate!! a.s Total Pa-'.ial cross sections.. 

MT 4.51 hi.9] Inelastic ;-;c:t.t.erine 
Caloul.tt'-d with CASTHY lt> . The fission. n.2i?;, m.3n > and 
n.4n were considered as <ompeting processes. Î evel flue 
tuation and interference effects were also taken into 
account. Direct inelastic components were added on the basis 
of coupled channel calculation carried out out by Prince 
17 The- level scheme shown below is taken from Ref. /)8/. 

No. 
K.s. 

1 
2 
3 
4 
5 
6 
'/ 
H 
9 

10 
11 
12 
13 
14 
15 
58 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Enerny <keV -
0.0 
7.06 

57.273 
TO. 701 

1153.75 
194. 
285.46 
317. 
330.13 
360. 
387.41 
391.6 
426. 
435. 
452. 
462. 
469.8 
482. 
488. 
492.1 
505.5 
551.83 
538. 
555. 
565. 
583. 
620. 
634. 
659. 

Spin Pa r i t y 
1 2 < 
3 2 * 
b 2 i 
7 2 < 
9 i' • 

11 2 • 
5 ? • 

13 2 • 
7 ? • 

!5 2 
9 2 < 
7 /2 

:13-2 I ) 
9 9 

d l . 2 ; 
11,2 •! 
1 2 -

.13,2 - ) 
11 2 
3/2 
5 2 -
7 2 -* 
7 2 ^ 
7 2 
9 2 r 
9 2 -

15/2 -
11/2 + 
1 1 / 2 -
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Continuum levels were assumed above 670 keV. The values of 
spin in parenthesis were assumed from those of neighbour!up, 
nuclide. Level denbsity parameters were taken from Murato's 
evaluation '%&'. 

a spin cut E pair CO E joint 
il-MeVi off factor iMeV > <MeV> 

Pu 239 20,93 17,6156 0,6! 4130.0 3.61 
Pu 240 26,53 17.7964 1,64 5400.0 3.53 

MT 16,17,37 di.2n>. ui,3n > and 'ii,4n 
Calculated with Perlstein's method 28 by using the neutron 
emission cross sections which derived by subtracting the 
presently evaluated fission and capture cross sections from 
compound nucleus formation cross section obtained with 
CASTHY. The results agree with the experimental values by 
Mather et al. 27 . 

MT 18 Fission 
Evaluated on the basis of the following measured data. 

Absorutr measurements 
Kan and Cierjaeks !9 . Canoe and Grenic-r 20 , Gwin 
et al. 10 and Gayther 21 . 

Relative measurments to the I) 235 fission cross section: 
Carlson and Behrens 22 , Meadows 23 . Kari and 
Cior jacks 19 , Cance and Oronier 20' and Fursov et 
al. 24 . 

The relative data were converted into cross sections by 
multiplying the U 235 fission cross section in JENDL 2 /25/. 

MT 102 Capture 
The cross section in the energy range below 1 MeV was derived 
as a product of the evaluated fission cross section and alpha 
values. The alpha values are the same as Ji-NDL 1 2. . Above 
1 MeV. results of statistical model calculation with CASTI1Y 
16 was applled. 
Normalization parameters for CASTHY calculation: 

Gamma j; 43,0 milli eV. 
I) obs 2.36 eV. 
Capture cms.s section 284 -lib at 100 keV. 

MT 251 Mu bat-
Calculated with CASTHY 16 . 

MF-4 Angular Distributions of Secondary Neutrons 
MT-2 Calculated with CASTHY code '16/. 
MT- 51 78 Isotropic in the center of-mass system. 
MT-16,17,18.37,91 Isotropic in the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,17,37.91 Evaporation spectrum. 
MT=18' Maxwellian fission spectrum estimated from 

Z' f2A systematics 29'. 
MT-455 Takenfrom ENDFB-IV. 

References 
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94-Pu-240 MAT number - 2944 

94 Pu 240 NAIGt Eval Mar79 T.Murata.A.Zukeran.Y.Kikuchi 
Dist Mar83 Revl Nov83 

History 
79 03 New evaluation was made by the following evaluuters. 

A.Zukeran (Hitachi ) Resolved resonance parameters 
Y.Kikuchi (JAERI i Unresolved resonance parameters 
T.Murata (NAIGi Other quantities 

83 03 MF-5 was added. 
83 11 Commen t was added. 

MF 1 General Information 
MT-451 Comments and dictionary 
MT 452 Number of neutrons per fission 

Sum of MT 455 delayed neutrons and MT 456,prompt neutrons). 
MT-455 Delayed neutron data 

Taken from EMDF/B-IV. 
MT 456 Number of prompt neutrons 

Linear least-squares fitting to the experimental data of 
Freaut et al. 1, renormalized to Cf-252 nu-p=3.756. 

MF 2 Resonance Parameters 
MT 151 Resolved and unresolved resonance parameters 
I Resolved resonances for MLBW formula 

Energy range : 1,0E 4 to 4 keV. 
The first resonance at 1.056 eV was evaluated on the basis 
of Pattenden and Rainey 2 , The neutron and capture widths 
were based on the experimental data by Hockenbury et al. /3/ 
in the energy range from 20 to 500 eV. and Kolar and 
Boeckhoff 4 from 500 eV to 4 keV. The average capture 
width of 29.5 mi Hi eV was assumed for the resonances whose 
J values were unknown. The sub threshold fission widths 
were taken from the data by Auchampaugh and Weston '5/. A 
negative resonance was adopted from ENDF B-IV. Details are 
given in Ref. /&/. 

2) Unresolved resonances 
Energy range : 4 to 40 keV. 
Energy dependent parameters were determined to reproduce the 
presently evaluated cross sections in this energy region. 

Calculated 2200-m/sec cross sections and res. integerals. 
2200-fli/sec res. in teg. 

elastic 1.509 b 
fission 0.06761b 10.1 b 
capture 288.5 b 8450. b 
total 290.1 b 

MF=3 Neutron Cross Sections 
Below 4 keV: Background cross sections e.re given. 
Above 4 keV: Evaluated as follows. In the energy range from 4 

to 40 keV, the cross sections are represented with 
the unresolved resonance parameters, and the back-
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ground cross sections are given in MF-3. 
MT=1 Total 

Pptical model calculation with the following parameters, 
which were determined to reproduce the experimental data 
of Smith et al. /'?/, strength functions and calculated 
cross sections from resoleved resonance parameters. 

The spherical optical potential parameters 
V • 40.6 0.05UJ , Ws 6.5 i 0.15ie iMeV 
Vso 7.0 (MeV) 
r =••• rso 1.32 . rs 1.38 (fm > 
a as -= aso 0.47 i fm i 

Optical and statistical model calculations were made with 
CASTHY code 8 . 

MT-2 Elastic scattering 
Obtained by subtracting the other cross sections from total 
cross section below 4 MeV. Above 4 MeV. optical model 
calculation. 

MT 4 Total inelastic scattering 
Sum of partial inelastic scattering cross sections (MT=51 
to MT-9! >. 

MT-51 79, 91 Partial inelastic scattering 
CASTHY code calculation for almost levels. For some levels, 
for which Smith's experimental data 7 were available, 
renomalization was performed (for 1st, 2nd. 3rd, 5th and 
9 to 11th levels >. 

Level scheme (taken mainly from Kef. 9 > 
No. 
g.s. 
1 
2 
3 
A 
b 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Energy;MeV > 
0.0 
0.0428 
0.1417 
0.2947 
0.4976 
0.5974 
0.6489 
0.7425 
0.7514 
0.8607 
0.9003 
0.9381 
0.9589 
0.9926 
1.002 
1.031 
1.038 
1.076 
1.090 
1.116 
1.138 
1.161 
1.178 
1.180 
1.223 
1.232 

Spin Parity 
0 ' 
2 • 
A • 

6 
8 • 
1 
3 
5 -

10 < 
0 < 
2 + 
1 
2 -
4 + 
3 
3 + 
4 -
4 + 
0 + 
5 -
2 + 
6 -
3 -
2 + 
2 + 
4 + 
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26 1.241 2 
27 1.262 3 . 
28 1.282 3 -
29 1.309 5 -

Levels above 1.309 MeV were- assumed to be continuum, 
Level density parameters were determined to reproduce the 
resonance-level spacing anil level scheme staircase. 

MT 16.17.37 tn,2n), (n.3n > and (n,4n) 
Neutron emission cross section obtained by subtracting the 
elastic scattering (MT-2), fission iMT=18> and capture (MT= 
102' cross sections from the total (MT=1 i were multiplied 
by branching ratio to each reaction channel calculated with 
Pearlstein's method 10 . 

MT 18 Fission 
Below 9 keV : Shape of fission cross section based on the 
experimental data of Byers et al. !! and the calculated 
cross section with resonance parameters of Migneco and 
Theobald 12 . Then normalized to the value of higher 
energy region. 
Above 9 keV : Fission ratios to U 235 fission based on the 
experimental data of Behrens et al. 713/ and Wisshak and 
Kaeppeler 14/ were multiplied by U-235 fission cross 
section of JENDL 2 15. . 

MT 102 Capture 
Below 0,35 MeV : Based on the experimental data of 
liockenbury et al. 3/. Weston and Todd 716/ and the ratio 
data of Wisshak and Kaeppeler /i7 with the capture cross 
section of Au-197 ,18 '. As a guide line, the result of 
CA3THY calculation was normalized to the low energy region, 
direct and collective capture were included in high energy 
region using the value for I) 238 Riven by Kitazawa et al. 
19 . 

MT 251 Mu bar 
The same as JENDL 1 20 . 

MF̂ -4 Angular Distributions of Secondary Neutrons 
MT=2 Taken from JENDL-1 /20/. 
MT-16,17.18,37.91 Isotropic in the laboratory system. 
MT=51-79 Isotropic in the center-of-mass sysyrem. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,17.37,91 Evaporation spectrum 
MT=18 Fission spectrum. Temperature was estimated 

from Z+-+2/A systematics by Smith et al. /21/. 
MT=455 Taken from ENDF./B-IV. 
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94-Pu-241 MAT number = 2945 

94--Pu--241 JAERI Eval-Oct79 Y.Kikuchi .N.Sekine 
Dist-Dec79 Revl Nov83 

History 
79-10 New evaluation was made by Y.Kikuchi (JAERI) and N.Sekine 

(HEC). Data of JENDL 1 ,'i were superseded. 
79-12 Files 2, 3 and 4 were released as JENDL-2B /2/. 
83 03 Files I and 5 were added. 
83-11 Comment was added. 

MF^l General Information 
MT=45I Comment and dictionary 
MT--452 Number of neutrons per fission 

Sum of Nu p ;MT-456; and Nu-d <MT=455>. 
MT-454 Fission yield data 

No evaluation done. Data of ENDF, B-IV were adopted. 
MT=-455 Delayed neutron data 

Data of Benedetti + /3/ 
MT=456 Number of prompt neutrons per fission 

Data of Boldeman and Frehaut /4/ for thermal fission 
Nu-pCCf-252 spontaneous fission) ••-• 3.753 assumed. 
Energy dependence : Frehaut •<• /5/ 

MF=2,MT 151 Resonance Parameters 
Resolved resonances : 1 100 eV 

JENDL-1 data ,1/ modified for better fit to experiments. 
A negative resonance addedd. 
Background cross section applied for fission and capture. 

Unresolved resonances : 100 eV 30 keV 
Obtained by fitting evaluated Sig-f and Sig-c. 
Energy dependent parameters : So, SI and Gam-f. 
Fixed parameters : R-9.8 fm , Gam-g - 0.040 eV. 

D-obs = 0.85 eV 

2200-m/sec cross sections and calculated resonance integrals. 
Res. Integ. 

590 b 
187 b 

MF=3 Neutron Cross Sections 
Point-wise data below 1 eV down to I.0E-5 eV 

Sig-t : on the basis of the data of Smith + '6/ 
Sig-f : on the basis of the data of Wagemans + /!/ 
Sig-e : calculated from resonace parameters 
Sig-c : Sig-t - 'Sig-f + Sig-e; 

2200 ID'S values ' 
Sig-t = 1388.2 b . Sig-f = 1015 b . Sig-c = 363 b. 

Background cross sections for resolved resonances ( 1 - 100 eV). 

elastic 
fission 
capture 
total 

2200 m/sec 
10.23 b 

1015. b 
363.0 b 
1388.2 b 

-215-



JAERI-M 84- 103 

2 of Plutonium-241 

No background cross sections for unresolved resonances. 

Above 30 keV, smooth cross section? given as follows. 

MT1,2,4,51-61,91.251 : Sig-t.Sig-e.Si«-in,mu-bar 
Calculated with optical and statistical models. 
Optical potential parameters obtained from systematics ,'8/ 

V * 40.25 - 0.05tEn . Ws 6,f> , Vso = 7.0 (MeV) 
r = rso = I.32 , rs 1.38 (fra) 
a = b - aso - 0.47 (fm) 

Statistical model calculation with CASTHY code /9/. 
Competing processes : fission, (n,2n). (n,3n), in,4n). 
Level fluctuation considered. 

The level scheme taken from Ref. /10/. 
No 
g.s. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Continuum 
The level densi ty 

Energy tkeV) 
0 

41.8 
94.0 
161.5 
170.8 
223.1 
230.0 
242.7 
300 
335 
368 
445 

Spin-Parity 
5-2 + 
7/2 + 
9 2 ' 
1/2 + 
3/2 + 
5/2 H 
9/2 + 
7/2 + 
11/2 + 
9/2 + 
13/2 + 
11/2 -

levels assumed above 490 keV. 
parameters : Gilbert and Cameron /ll/. 

MT-16,17,37 (n.2n), <n,3n>. (n.4n) 
Calculated with evaporation model. 

MT 18 Fission 
Simultaneous evaluation with U 235,U-238,Pu-240,Pu-241 /&/ 
mainly based on the data of Carlson < 12'. Kaeppeler+/13/. 
Fursovt 14 and Szaboi/15.16'. 

MT=102 Capture 
Based on the data of Alpha by Weston+ /17/ up to 250 keV. 
Calculated with the statistical model above 250 keV. 
The gamm-ray strength function was determined so that 
Sig-c =269 mb at 250 keV. 

MF=4 Angular Distributions of Secondary Neutrons 
WT=2 : Calculated with the optical model. 
MT=51-61 : Isotropic in the center-of-mass system. 
MT=16,17,18,37,91 : Isotropic in the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,17,18,37,91 : Evaporation spectruti. 
WT=18 : Maxwellian fission spectrim. 

Teaperature estimated fro* Z++2/A values. 
KT=455 : Beta-i from the data of Benedetti+ /3/. 

ENDF/B-IV data for delayed neutron spectrum. 
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No background cross sections for unresolved resonances. 

Above 30 keV, smooth cross sections given as follows. 

M M ,2.4,51-61,91.251 : Sig t.Sig e.Sig-in.mu -bar 
Calculated with optical and statistical models. 
Optical potential parameters obtained from systematica /8/ 

V - 40.25 0.05*En , Ws 6.5 . Vso -• 7.0 (MeVI 
r rso 1.32 , rs I.38 ifm) 
a - b - aso 0.47 ifmj 

Statistical model calculation with CASTHY code /9/. 
Competing processes : fission, (n.2n>, in,3ni, (n.4n }. 
Level fluctuation considered. 

The level scheme 
No 

g.s. 
1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
11 

Continuum 
The level density 

taken from Ref. 
Energy i keV > 

0 
41.8 
94.0 
161.5 
170.8 
223.1 
1230.0 
242.7 
300 
335 
358 
445 

'SO/. 
Spin-Parity 

5 2 < 
7 2 •> 
9 2 . 
1.2 i 
3 2 < 
5/2 t 
9 2 + 
7/2 + 
11/2 < 
9/2 < 
13/2 4 
11/2 

levels assumed above 490 keV. 
parameters : Gilbert and Cameron /il/. 

MT-16.17.37 <n,2n), :n.3n), <n.4n ) 
Calculated with evaporation model. 

MT !8 Fission 
Simultaneous evaluation with U 235.U 238,Pu 240,Pu=241 /8/ 
mainly based on the data of Carlson < 12/, Kaeppeler'/13/, 
FursoV' 14/ and Szabo*,15,16/. 

MT-102 Capture 
Based on the data of Alpha by Vfeston+ /17/ up to 250 keV. 
Calculated with the statistical model above 250 keV. 
The gamm-ray strength function was determined so that 
Sig-c =269 mb at 250 keV. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2 : Calculated with the optical model. 
MT=51-61 : Isotropic in the center-of-mass system. 
MT=16.17.18,37,91 : Isotropic in the laboratory system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,17.18.37,91 : Evaporation spectrum. 
MT=18 •" Maxwellian fission spectrum. 

Temperature estimated from Z++2/A values. 
MT=455 : Beta-i from the data of Benedetti+ /3/. 

ENDF/B-IV data for delayed neutron spectrum. 
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94-Pu-242 MAT number ^ 2946 

94 Pu 242 NAIG Eval Mar8l M.Kawai and T.HuraLa 
Dist Mar83 Revl Nov83 

History 
81 03 New evaluation was made by M. K&vai<NAIG> for resonance 

parameters 1/ and T. MurataiNAIO • for smooth cross 
sections, 

83-03 MF-5 was added. 
83-11 Q values and threshold energies and MF 4 were modified. 

MF I General Information 
MT 45! Descriptive data and dictionary 
MT 452 Total number of neutrons per fission 

Taken from ENDF B IV ?_ . 

MF-2 Resonance Parameters 
MT 151 

Resolved resonances for MLBW formula : 1.0E-5 eV 1290 eV. 
Res. energies : BNL-325 3rd edition /3/ 
Gam n. Gam R : Poortmans et al./4/.Auchampaugh et a.l./5/ 
Gam f : Deduced from fission areas given by 

Bernian et a). 6 and Auchatnpaugh et ol, 
.5.. 

R scat : 9.6 fin 3 
Average Gam e : 24.2 milli eV 

Background cross section of 0.67 barns was added to elastic 
scattering cross section so as to reproduce the measured 
data of the elastic 7 and total cross sections /8. 9/. 

Calculated 2200 m s cross sections and res. integrals 

e l a s t i c 
capture 
f iss ion 
to ta l 

2200 in s 
8. HI b 

18.42 b 
0.1212b 

26.65 b 

ras. intei 

1117 b 
6.35 b 

MF 3 Neutron Cross Sections 
MT---! Total 

t Below 6 keV : Experimental data of Young and Reeder / 8 / 
were averaged over some keV intervals. 

1 Above 6 keV : The results of optical model calculation with 
the following parameters were adjusted in the energy region 
from 6 keV to 100 keV to connect smoothly with the total 
cross section below 6 keV. 

V =40.1 - 0.05»e . Ws -- 6.5 < 0.15<e <WeV) 
Vso= 7.0 (MeV) 
r = rso = 1.32 . rs 1.38 (fin; 
a - as = aso 0.47 fm ) 

Optical and statistical model calculations were made with 
CASTHY code SO./. 

MT=2 Elastic scattering 
* Below inel. threshold : Obtained by subtracting the non-
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elastic scattering from the total cross section. 
f Above the threshold : Sum of the shape elastic scattering 
cross section calculated vith optical model and the compound 
elastic scattering cross section obtained using the other 
cross sections and results of statistical model calculation. 

MT A Total inelastic scattering 
Obtained by subtracting the others from the total cross 
section. 

MT 51 67,91 Partial and continuum inelastic scattering 
The total inelastic scattering (MI' 4 > was multiplied by 
branching ratio to each level calculated with CASTHY code. 

Level scheme (taken mainly from Ref, It ) 
No. 
g.s. 
1 

f-

3 
A 
5 
6 
7 
8 
9 
10 
1! 
12 
13 
14 
15 
!6 
17 

Levels 

Energy MeV> 
0.0 
0.0445 
0.1472 
0.3059 
0.5176 
0.7787 
0.7803 
0.8323 
0.865 
0.927 
0,956 
0.995 
1,019 
1.064 
1.087 
1.102 
1.122 
1.152 

above 1.152 MeV 

Spin Parity 
0 ' 
2 • 
4 ' 
6 • 
a . 
10 i 

i 
3 
1 
5 
0 i 
g i 

3 
4 
12 i 
2 > 
5 
2 

were assumed 

Level density parameters were determined to reproduce the 
resonance level spacing and level scheme staircase. 

MT-16,17,37 n.2n., n,3n and n.4n> 
Neutron emission cross section obtained by subtracting the 
elasticirlT 2), fission(KT=!8} and capture(HT--l02) from the 
total cross section(MT-!) were multiplied by branching 
ratio io reaction channel calculated vith Pearlstein's 
method /12/. 

MT=18 Fission 
+ Selow 100 keV : Shape of fission cross section was deter-
mained on the basis of fission area data of Auchampaugh et 
al. /13/. Then normalized to the value of higher energy 
region. 

* Above 100 keV : Fission ratios to U-235 fission cross sec
tion were obtained from the experimental data of Behrens 
et al. /14/ and multiplied by the U-235 fission cross sec
tion of JENDL-2 ,15/. 

MT=102 Capture 
+ Energy region from 6 keV to 2JC keV : Determined frc* the 
experimental data of Hokenbury et al. /16/ and Wisshak and 
Kaeppeler /17/. 

* Other energy region : Calculated results vith CASTHY code 
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were normalized to the capture cross section in the region 
of 6 to 210 keV, Direct and collective captures were 
included in high energy region using the value for U 238 
given by Kitazava et al. , 18 . 

HT̂ 251 Mu»bar 
Calculated with optical model. 

MF 4 Angular Distributions of Secondary Neutrons 
MT-2 Taken from Pu 240 data 19 calculated with optical 

model. 
MT-51-67 Assumed to be isotropic in the center-of-mass system. 
MT 16.17.18,37.91 Isotropic in the lab system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT-16,17.37.91 Evalporation spectrum. 
MT-18 Fission spectrum. Temperature was estimated 

Z"?A systematics by Smith et al. /20 . 
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2» Garber D. (Editor r. BNL 17541 (1975). 
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7> Lander G.H. and Mueller M.H.: Acta Crystallographies, B27, 

2284 (1971 ) . 
e> Young T.E. and Reeder S.D.: Nucl. Sci, Eng.. 40. 389 (1970). 
9; Young T.E. et al.: Nucl. Sci. Eng., 43, 341 (1971 ) 
10) Igarasi S.: J. Nucl. Sci. Technol.. 12. 67 i!975i. 
11 i Ellis Y.A. and Haese R.L,: Nucl. Data Sheets, 21. 615 (1977). 
12 Pearlstein S.: Nucl. Sci. Eng., 23, 238 1965 . 
13 Auchampaugh G.F. et al.: Nucl. Phys.. A17I. 31 1971 i, 
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15 Hatsunobu H.: evaluation for JENDL 2 1979 \ 
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95-Am- 241 HAT number - 2951 

95 Am 241 JAERI Eva) Mar82 Y.Kikuchi 
JAERI M82 096 Dist Mar83 Revl Nov83 
History 
82 03 Complete revaluation for JENDL 2 wus made by Y.Kikuchi 

iJAERIi. Details are given in Ref. I/. 
83 11 Comment was added. 

MF 1 General Information 
rIT 451 Comment and dictionary 
MT 452 Number of neutrons per fission 

Sum of Nu p HT 456 and Nu d HT 455 . 
MT 454 Fission product yield data 

Taken from ENDF B 3V. and renormalized to 2.0. 
MT 455 Delayed neutron data 

Estimated with semi empirical formula by Tuttle '2/. 
KT 456 Number of prompt neutrons 

Experimental data of Jaffey and Lerner /3/. 

MF 2.MT- 151 Resonance parameters 
Resolved resonances for MLBW formula : 1.0E 5 - ISO eV 

Data of Derrien and Lucas / A ' . Same as JENDL-1 /5/. 
5 negative resonances added. 

Unresolved resonances : 150 eV 30 keV 
The evaluated Sig t. Sig c and Sift f were fitted 
by adjusting SO, SI and Cam f. 
Fixed parameters: ft 9.37 fm . Gam g 43.77 MeV , 

Dobs-0.432 eV 

Calculated 2200 m s cross sections and resonance integrals 

elastic 
capture 
fission 
total 

220C m s value 
11.26 b 

600.4 b 
3.013 b 

614.7 b 

Res. Int 

1299 b 
14.7 b 
-

MF=3 Neutron Cross Sections 
MT=1,2,4,51-66.91,251 Sig-t.Sig-el.Sig-in.Mu-bar 

Calculated with optical and statistical models. Optical 
potential parameters were obtained by fitting the data of 
Phillips and Howe /6/ : 

V = 43.4 - 0.107+En (MeV) 
Ws= 6.95 - 0.339<En -t 0.053HEnf)2 (MeV) 
Wv= 0 , Vso = 7.0 <MeV) 
r = rso = 1.282 . rs = 1.29 (fm} 
a - aso - 0.60 . b •- 0.5 (fm) 

Statistical model calculation with CASTHY code /7/. 
Competing processes : fission, in,2n.), <n.3n ). (n,4n). 
Level fluctuation considered. 

The level scheme taken frcm Ref. /8/ 
No energy(keV) spin-parity 
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g.s. 0 52 
1 41.2 7/2 
2 93.6 92 
3 158.0 II 2 
4 205.9 5. 2 i 
5 234,0 7/g i 
6 271,0 9 2 i 
7 319.0 11 2 i 
6 375.0 13/2 t 
9 471.8 32-
10 504.5 5/2 -
11 549.0 7/2 
12 623.1 1 2 -> 
13 636.9 3'2 
14 652.1 1 2 
15 653.2 3 2 . 
16 670.2 3 2 + 

Continuum levels assumed above 732 keV. 
The level density parameter.; • Gilbert and Cameron 9/ 

OT 16,17,37 m.2n ). <n,3nj. (n,4n > 
Calculated with evaporation model. 

HT 18 Fission 
Evaluated on the basis of the following measured data 

Knitter and Budtz Jorgensen /10, 
Wisshak and Kaeppeler A1 / 
Behrens and Browne /12/ 

High sub-threshold cross section values of Seeger + /13/ 
were abandoned. 

150 eV -• 10 keV 
10 300 keV 
300 keV 20 MeV 

MT 102 Capture 
Evaluated on the basis of the measured data of Gayther and 
Thomas 14 up to 350 keV. 
Calculated with the statistical model above 350 keV. 
The gamma ray strength function was determined so that 
Sig-c 830 rab at 350 keV. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2,51-66,91 Calculated with optical model. 
MT=16,17,18.37 Isotropic in the lab system. 

MF--5 Energy Distributions of Secondary Neutrons 
KT=16,17,37,91 Evaporation spectrum. 
MT-18 Maxwellian fission spectrum. Temperature 

was estimated from Z+*2/A values /14/. 
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1) Kikuchi Y. : JAERI-M82096 (1982). 
2)TuttleR.J. : INDC«NDSi-107.G+Special , p.29 (1979). 
3) Jaffey A.H. and Lerner J.L. : Nucl.Phys. ,A145,1 O970). 
4) Derrien H. and Li-cas B. : 1975 Washington Conf . p.637,NBS-Sp-

425 0975). 
5i Nakagawa T. and Igarasi S. : JAERI-M6636 (1976;. 
6) Phillips T.W. and Howe R.E. : Nucl.Sci.Eng.,69.375 (1979). 
7) Igarasi S. : J.Nucl.Sci.Technol..12,67 (1975). 
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!0"> Knitter H.H. and Budt2-Jorgensen C. : Atomkernenergie.33,205 
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95-Am-242 MAT number = 2952 

95 Am 242 JAERI Eval Mar80 T.Nakagawa,S.Igarnsi 
JAERI-M 8903 (I960) Dist-Har83 Revl Nov83 
History 
80 03 New evaluation was made by T.Nakagawa and S.lgarasi (JAERI >. 

Details are given in Ref. 1 '. 
83-11 Comment was added. 

MF-1 General Information 
MT---45I Comment and dictionary 
MT 452 Number of neutrons per fission 

Sum of prompt and delayed neutrons. 
MT 455 Delayed neutron data 

Estimated from Tuttle's semi empirical formula 2 . 
MT 456 Number cf prompt neutrons per fission 

Semi empirical formula by Howerton 3 
Nu p 3.268 . 0.172<EiMeV). 

MF=2 Resonance Parameters 
MT 151 No resonance parameters 

2200m s cross sections and calculated resonance integrals. 

capture 
fission 
elastic 
total 

2200 in, sec 
5500.0 b 
2100.0 b 

11.44 b 
7611.44 b 

Res. Integ. 
391 b 
1260 b 

MF 3 Neutron Cross Sections 
MT i .2.4.51 72.91.102.251 Sig t.Sig el,Sig in.Sig c.Mu-bar 

Below 0.225 eV: 
1 v form was assumed for fission and capture cross 
sections. Effective scattering radius of 9.54 fm was 
used for elastic scattering cross-section calculation. 

Above 0.225 eV: 
Optical and statistical models were used. 
The spherical optical potential parameters (MeV, fm) : 
V= 42.0 0.107-4E . r= 1.282 , a= 0.6 
Ws= 9.0 - 0.339fE + 0.053l-iE^2 , r- 1.29 , a= 0.5 
Vso= 7.0 , r= 1.282 . a= 0.6 

Statistical model calculation with CASTHY code /4/. 
Competing processes : fission,;n.2n ) and (n,3n). 
Level fluctuation considered. Gam-g = 0,05 eV and 
D - 0.45 eV used for capture cross section calculation 

The level scheme taken from the compilation by Ellis 
and Haese 5 . 

No. Energy:MeV Spin Parity 
R.s. 0.0 1 

i 0.044 C 
2 0.049 3 -
3 0.049 5 -
4 0.074 2 -
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5 
6 
7 
8 
9 

10 
M 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

0.113 
0.148 
0.148 
0.190 
0.242 
0.263 
0.263 
0.288 
0.288 
0.325 
0.341 
0.372 
0.410 
0.430 
0.488 
0.500 
0.581 
0.679 

6 
4 
5 
7 
3 
6 
7 
4 
2 
3 
5 
4 
6 
5 
7 
6 
7 
8 

Overlapping leveis are assumed above 0.681 MeV. 
The level density parameters of Gilbert and Cameron /&/. 

MT 16,17 ;n.2n) and n,3n> cross sections 
Calculated with the evaporation model by Pearlstein /7V. 

MT=18 Fission cross section 
The empirical formula used for the Am 242m data was 
applied by shifting the energy origin to -49 keV, 

K 4 Angular Distributions of Secondary Neutrons 
MT-2 Legendre coefficients are given by the optical and 

statistical model calculations. 
MT 16,i7,18,91 Isotropic distributions in the center-of-mass 

system. 
MT 51 72 Isotropic distributions in the laboratory system. 

MF--5 Energy Distributions of Secondary Neutrons 
MT-16.17.91 Evaporation spectrum 
MT-18 Fission spectrum estimated from Z4 i2 A systematica by 

Smith et al. -8. by assuming E-Cf-252> =- 2.13 MeV. 

References 
1 ) T. Nakagawa and S. Igarasi : JAERI-M 8903 (1980), in Japanese. 
2) R.J. Tuttle : INDC(NDSt-107/G^Special, 29 (1979). 
3) R.J. Hover ton : Nucl. Sci. Eng., 62. 438 (1977). 
4) S. Igarasi : J. Nucl. Sci. Technol., 12. 670975). 
5) Y.A. Ellis and R.L. Haese : Nucl. Data Sheets 21, 615 (1977). 
6) A. Gilbert and A.G.W. Cameron : Can. J. Phys., 43, 1446 

(1965). 
7) S. Pearlstein : Nucl. Sci. Eng., 23, 238 (1965). 
8) A.B. Smith et a l . : ANL/NDM-50 f!979). 
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95-Am-24an MAT number = 2953 

95 Am 242mJAERI Eval-Mar80 T.Nakagawa.S.Igarasi 
JAERIM8903 (I960) Dist Mar83 Revl Feb84 
History 
80 03 New evaluation was mode by T.Nakagawa and S.Igarasi (JAERI). 

Details are given in Ref. /I/. 
83-11 Comment was added. 
84-02 Cross sections were corrected around 3.5 eV. 

MF 1 General Information 
MT-451 Comment and dictionary 
MT=452 Number of neutrons per fission 

Sum of prompt and delayed neutrons. 
MT-455 Delayed neutron data 

Estimated from Tuttle's semi empirical formula /2/. 
MT-456 Number of prompt neutrons per fission 

Based on the relative measurements /3,4/ to the U-235 
data, and on the empirical formula by Howerton /5/, 
The U 235 data of JENDL-2 were used. 

Nu p 3.1368 i 0.172(E(MeV), 

MF 2 Resonance Parameters 
MT 151 Resonance parameters : below 3.5 eV. Single level B-W, 

Parameters by Bowman et al. /6/ were adopted. 
Average Gam g 0.05 eV , level spacing = 0.45 eV , 
s wave neutron strength function - I.4E-4. 

Calculated 2200m s cross sections and resonance integrals. 
2200 in sec Res. Jnteg. 

capture 1342. b 207 b 
fission 6B20. b 1530 b 
elastic 6.698 b 
total 7969. b 

MF=3 Neutron Cross Sections 
The resonance region: 

Null value is given for the total, elastic scattering, capture 
and fission cross sections. 

From 3.5 eV to 1.5 keV: 
The fission cross section was evaluated by fitting spline 
functions to the experimental data by Bowman et al. /6/ and 
Seeger et al. /7/. The capture and elastic scattering cross 
sections were estimated by assuming that the cross sections 
have the same structure as that of the fission cross section. 
Calculations were made by using the radius parameters of 9.45 
fm, average fission and capture widths of 0.385 eV and 0.05 eV 
respectively. 

Above I.5 keV: 
MT=I.2,4.5]-73.91.102,25; Sig-t.Sig-el.Sig~in.Sig-c,Mu-bar 

Calculated with optical and statistical models above 
1.5 keV. 
The spherical optical potential parameters (MeV, fm) : 
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V= 42.0 - 0.107+E , r= 1.282 , a= 0.6 
Ws= 9.0 - 0.339+E + 0.0531+E++2 , r= 1.29 , a= 0.5 
Vso= 7.0 . r= 1.282 , a= 0,6 
Statistical model calculation with CASTHY code /8/, 
Competing processes : fission,(n,2n) and (n,3n). 
Level fluctuation considered. Gam-g = 0.05 eV and D -
0,45 eV used for capture cross section calculation, 

The level scheme taken from the compilation by Ellis and 
Haestj /9/, with shifted energy origin at -49 keV, 

No. 
g.s. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Energy <MeV) 
0.049 
-0.05 
0.0 

Spin-Parity 
1 -
0 -
3 -

0.0 (meta stable) 5 
0.025 
0.064 
0.099 
0.099 
0.141 
0.193 
0.214 
0.214 
0.239 
0.239 
0.276 
0.292 
0.323 
0.361 
0.381 
0.439 
0.451 
0.532 
0.630 

2 -
6 -
4 -
5 -
7 -
3 -
6 -
7 -
4 -
2 -
3 -
5 •• 

4 -
6 -
5 -
7 -
6 -
7 -
8 

Overlapping levels are assumed above 0.632 MeV. 
The level density parameters of Gilbert and Cameron /8/. 

MT=16,17 (n,2n; and (n,3n : cross seclions 
Calculated with the evaporation model by Pearlstein /9/. 

MT=18 Fission cross section 
Smooth cross section above 1.5 keV was obtained by 
fitting a semi-empirical formula to the averaged 
experimental data. 

MF=4 Angular Distributions of Secondary Neutrons 
MT=2 Legendre coefficients are given by the optical and 

statistical model calculations. 
MT=16,17,18,91 Isotropic distributions in the laboratory system. 
MT=51-72 Isotropic distributions in the center-of-mass system. 

MF=5 Energy Distributions of Secondary Neutrons 
MT=16,17,91 Evaporation spectrum 
MT=18 Fission spectrum estimated from Z++2/A systematics by 

Smith et al. /10/ by assuming E(Cf-252) = 2.13 MeV. 

References 
1) T. Nakagava and S. Igarasi : JAERI-M 8903 (1980), in Japanese. 
2) R.J. Tuttle : INDC(NDS)-107/G+Special, 29 (1979). 
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(1970), Sov. Atom. Energy. 29, 790 (1970). 
5) R,J. Howerton : Nucl. Sci. Eng. 62, 438 (1977). 
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95-Am~243 MAT number - 2954 

95 Am 243 JAERI Eval-Mar82 Y.Kikuchi 
JAERI M 8 2 096 Dist Mar83 Revl~Nov83 
History 
77 03 New evaluation was made by S.Igarasi and T.Nakagawa (JAERI). 

Details are given in Ref. /'I/. 
82-03 Complete reevaluation for JENDL 2 was made by Y.Kikuchi 

iJAERI). Details are given in Ref. /2. . 
83 11 Comment was added. 

MP-1 General Information 
MT=451 Comment and dictionary 
MT^452 Number of neutrons per fission 

Sum of Nu p MT 456- and Nu d 'MT-455'. 
MT'454 Fission product yield data 

Taken from ENDF B IV and renormalized to 2.0. 
MTM55 Delayed neutron data 

Estimated with semi-empirical formula by Tuttle /3/. 
MT--456 Number of prompt neutrons 

Estimated from systematics. Same as previous evalua
tion ,'!/. 

MF-2.MT-I51 Resonance parameters 
Resolved resonances for MLBW formula : 1.OE-5 - 215 eV, 

Based on the data of Simpson i /A/. The results are the 
same as the previous evaluation /I except fission widths 
which were determined to reproduce the fission cross 
section of 0.225 barns at 0.0253 eV. The neutron width of 
a negative resonance was adjusted to the thermal capture 
and total cross sections. 

Unresolved resonances : 215 eV 30 keV 
Obtained from optical model calculation.' 

SO 0.93E-4, S1----2.44E-4, R 9.34 fm 
Estimated from resolved resonances: 

Dobs=0.67 eV, Gam-g=0.039 eV, Gam-f=0.00012 eV 

Calculated 2200-m/s cross sections and resonance integrals 
2200 m/s value Res. Int. 

elastic 7.528 b 
capture 78.50 b 1820 b 
fission 0.2281 b 11.4 b 
total 85.26 b 

MF=3 Neutron Cross Sections 
MT=1.2,4,51-59,91,102.251 Sig-t,Sig~el,Sig-in,Sig-c,Mu-bar 

Calculated with optical and statistical models. Optical 
potential parameters were obtained '1/ by fitting the data 
of Phillips and Howe 5 for Am-241: 

V = 43.4 - 0.107+En (MeV) 
Ws= 6.95 - 0.339+En + 0.0531*En++2 (MeV) 
Wv= 0 . Vso = 7.0 (MeV) 
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r = rso = 1,282 , rs --• 1.29 (fm) 
a ~ aso - 0.60 , b = 0.5 (fin) 

Statistical model calculation vilh CASTHY code /6/. 
Competing processes : fission, (n,2n>. (n,3n), t'n,4n). 
Level fluctuation considered. 

The level scheme taken from Ref. /!/ 
No 

g.s. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Continuum 
The level densi 

Energy(keV) 
0 

42.2 
84.0 
96.4 
109.3 
143.5 
189.3 
267.0 
298.0 
344.0 

levels assumed a 

Spin Parity 
5/2 
7/2 -
5/2 i 
9/2 -
7/2 + 
9/2 H 
112 •) 
3 2 
5 2 -
7 2 -

bove 383 keV. 
ty parameters : Gilbert and Cameron 

Gamma-ray strength function deduced from resonance 
parameters 

MT- 16,17,37 (n.2n),(n,3n).(n.4n) 
Calculated with evaporation model. 

MT 18 Fission 
Evaluated on the basis of the measured data of Behrens 
and Browne /9/' above 200 keV. The curve was smoothly 
connected to the unresolved resonance region below 200 
keV. High sub-threshold cross section values of Seeger + 
10' were abandoned. 

MF-4 Angular Distributions of Secondary Neutrons 
MT-2,51-66.91 Calculated with optical model. 
MT-16,17.18.37 Isotropic in the laboratory system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT=16.17,37,91 Evaporation spectrum. 
MT=18 Maxwellian fission spectrum. Temperature 

was estimated from the Z+42/A systematica 
of Smith + /11/. 

References 
1) Igarasi S. and Nakagawa T. : JAERI-M7174 {1977). 
2) Kikuchi Y. : JAERI-M82-096 (1982). 
3) Tuttle R.J. : INDC(NDS)-107/G+Special , p.29 (1979). 
4) Simpson O.D. et al. : Nucl.Sci.Eng. ,55,273(1974) 
5) Phillips T.W. and Howe R.E. : Nucl.Sci.Eng.,69,375 (1979). 
6) Igarasi S. ; J.Nucl.Sci.Technol..12,67 (1975). 
7) Lederer CM. and Shirley V.S. : Table of Isotopes , 7th Ed. 
8 i Gilbert A. and Cameron A.G.W. : Can.J.Phys..43,1446 (1965). 

10 
11 

9) Behrens J.W. and Browne J.C. : Nucl.Sci.Eng. .77.444 (1981). 
) Seeger P.A. et al. : Nucl .Phys. ,A96,605 (1967). 
) Smith A.B. : ANL/NDM-50 (1979). 
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96-Cm-242 MAT number - 2961 

96 Cm 242 JAERI Eval-Mar79 S.lgarasi.T.Nakugawa 
JAERI M 8342 (1979) Dist Mar83 Rev! Nov83 
History 
79 03 Evaluation was made by S.lgarasi and T.Naku(java (JAERI) I/, 
83 II Comment was added. 

MF- I General Information 
MT^451 Descriptive data 
MT 452 Number of neutrons per fission 

Based on the empirical formula by Howerton 2 
Nu bar 3.50 < 0.17>E.MeV 

MT 455 Delayed neutron data 
Estimated from the systeinatics by Tuttle 3 . 

MF-2 Resonance Parameters 
MT---151 Resonance parameters : Below 275 eV. Multi-level B-W. 

Parameters by Artamonov et al. ,/4•/ plus one negative 
level at -3.45 eV. No fission width is given for all 
the resonances. Fission cross section in this region 
is assumed to be 1 v normalized to 5.0 barns at 0.0253 
oV. 
Average Gam e 0,04 eV 
Effective scattering radius 9.30 fitt 

Calculated 2200m s cross sections and resonance integrals. 

capture 
fission 
elastic 
total 

2200 m sec 
15.92 b 
5.00 b 
11.61 b 
32.53 b 

Res. Integ 
116 b 
1 1 1 b 

MF=̂ 3 Neutron Cross Sections 
MT=1,2.4,51 53,91,102,251 Sig-t.Sig el.Sig-in.Sigc,Mu-bar 

Calculated with optical and statistical models. 
The spherical optical potential parameters (MeV, fra) : 
V - 43.4 - 0.107tE , r* 1.282, a= 0.6 , 
Ws --- 6.95 0.339IE + 0.0531 < E H 2 , r= 1.29 . a= 0.5 , 
Vso= 7.0 , r= 1.282, a= 0.6 

This potential reproduces well the total cross section 
of Am-241 by Phillips and Howe ,/5/ 
Statistical model calculation with CASTHY code /6/. 
Competing processes : fission, (n,2n) and (n,3n). 
Level fluctuation considered. Gam-g = 0.036 eV and 
D = 16 eV used for capture cross section calculation. 

The level scheme taken from the compilation by Ellis 
and Haese 7/: 

No. Energy;MeV; Spin-Parity 
g.s. C O 0 + 

1 0.0422 2 + 
2 0.138 4 + 
3 0.284 6 + 
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Overlapping levels are assumed above 0.35 MeV, 
The level density parameters of Gilbert and Cameron /8<\ 

MT-16,17 (n,2n) and (n,3n) cross sections 
Calculated with the evaporation model by Pearlstein /9 . 

MT 18 Fission cross section 
Determined from the evaluated fission cross section of 
Cm 244 /I0, and the empirical formula on the fission-
cross section systematics around 4 MeV by Behrens and 
Howerton .'It/. 

MF 4 Angular Distributions of Secondary Neutrons 
MT-Z Calculated with the optical and statistical models. 

Legendre coefficients are given. 
HT-51-53 

Isotropic distributions in the center of mass system. 
MT-16.17.18.91 

Isotropic distributions in the laboratory system. 

MF-5 Energy Distributions of Secondary Neutrons 
MT 16,17.91 Evaporation spectrum. 
MT 18 Estimated from Zi'2/A systematics by Smith et al. /I2/, 

assuming EiCf-252) 2.13 MeV. 

References 
1 > S. Igarasi and T. Nakagawa: JAERI M 8342 (1979). in Japanese. 
?,) R.J. Howerton : Nucl. Sci, Eng. 62, 438 0977). 
3» R.J. Tuttle: INDC(NDS) 107/G<Special. 29 (1979). 
4: V.S. Artamonov et al. : Proc. of 4th All Union Conf. on 

Neutron Physics, Kiev (1977), Vol. 2, 257. 
5> T.W. Phillips and R.E. Howe : Nucl. Sci. Eng. 69, 375 (1079). 
6^ S. Igarasi : J.Nucl.Sci.Technol. 12, 67 f!975>. 
7^ Y.A. Ellis and R.L. Haese : Nucl. Data Sheets 21, 615 {1977). 
8 A. Gilbert and A.G.W. Cameron : Can. J. Phys. 43, 1446 (1935). 
9' S. Pearlstein : J. Nucl. Energy 27. 81 1973 . 
10' S. Igarasi and T. Nakagawa : JAERJ M 7175 1977 i. 
11 J.W. Behrens and R.J. Howerton : Nucl. Sci. Eng. 65. 464 

J978 . 
12) A.B. Smith et al. : ANL NDM 50 (1979). 
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96-Cm-243 MAT number = 2962 

96 Cm=243 JAERI Eval MarBI T.Nakngava.S.Igarasi 
JAERI-M 9601 (1981 ) Dist Mar83 Revl Apr84 
History 
81-03 Evaluation was made by T.Nakagava and S.lgarasi (JAERI) /I/. 
83 II Comment was added, 
84 04 The capture and t ̂ 1 cross sections were corrected in the 

energy range from d eV to 1 keV. 

MF-1 General Information 
rJT̂ 451 Descriptive data 
MT=452 Number of prompt neutrons per fission 

Based on the experimental data at thermal energy by 
Jaffey and Lerner , 2 . and Zhuravlev et al. /3/, and 
on the empirical formula by Howerton /4/. 
Nu-bar= 3.43 + 0.178-iE<rleV> 

WT-455 Delayed neutron data 
Estimated from the systematica by Tuttle /5/. 

MF 2 Resonance Parameters 
KT 151 Resonance parameters : Below 27 eV. Reich Moore formula. 

Parameters by Berreth et al, ,'Q/ plus one negative 
level at 0.7 eV. 
Average Gam g - 0,04 eV, level spacing - 2.2 eV, 

Gam-n - 0.00041 eV 
S-wave strength funci ion - 2.20E-4 
Effective scattering radius - 9.81 fa 

Calculated 2200m s cross sections and resonance integrals. 
2200 m sec Res. Integ. 

capture 131.3 b 436 b 
fission 612.3 b 1750 b 
elastic 9.658 b 
total 753.3 b 

MF=3 Neutron Cross Sections 
Null value is given for the total, elastic scattering, capture 
and fission cross sections in the resonance region. The 
capture and elastic scattering cross sections froa 27 eV to 1 
keV were estimated by assuming that the cross sections have 
the same structure as that of the fission cross section which 
was made by averaging the experimental data by Silbert /!/ 
with Gaussian weight factor. Calculations were Bade by using 
the radius parameter of 9.81 fa, average fission and capture 
widths of 0.37 eV and 0.04 eV, respectively. 

KT=1,2.4,51-64,91,102,251 Sig-t,Sig-el,Sig-in,Sig-c.Mu-bar 
Calculated with optical and statistical sodels above 
1 keV. 
The spherical optical potential parameters (HeV, fa) : 
V= 42.0 - 0.107*E , r= 1.282, a= 0.6 , 
Vs = 9.0 - 0.339+E + 0.0531*E**2 , r= 1.29 , a= 0.5 , 
Vso = 7.0 , r= 1.282, a= 0.6 
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Statistical model calculation with CASTHY code /&/. 
Competing processes : fission, <n,2n), (n,3n) and <n,4n). 
Level fluctuation considered. Gam-g - 0.04 eV and 
D --- 2.2 eV used for capture cross section calculation. 
The level scheme taken from the compilation by Ellis /©/ 

No. 
g.s. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

30 
11 
12 
13 
14 

Energy(HeV) 
0.0 
0.042 
0.087 
0.094 
0.094 
0.133 
0.153 
0.164 
0.219 
0.228 
0.260 
0.530 
0.729 
0.769 
0.793 

Spin-Parity 
5/2 
7/2 
1/2 
9/2 
3/2 
7/2 

11/2 
9/2 

13/2 
11/2 
9/2 

15/2 
1/2 
3/2 
5/2 

+ 
+ 
4 
t 

f 

4 

+ 
+ 
+ 
4 

+ 
... 
_ 
_ 
•1' 

Overlapping levels are assumed above 0.82 MeV. 
The level density parameters of Gilbert and Cameron /10/ 
were used. 

MT-16.17,37 (n,2n), <n,3n) and (n,4n) cross sections 
Calculated with the evaporation model by Pearlstein/11/. 

MT 18 Fission cross section 
Smooth cross section above 1 keV vas obtained by fitting 
a semi empirical formula to the averaged experimental 
data. 

MF-4- Angular Distributions of Secondary Neutrons 
tf|V2,5l-64.9! 

Legendre coefficients calculated with CASTHY /B/. 
MT=16.17.18.37 

Isotropic distributions in the laboratory system. 

fF=0 Energy Distributions of Secondary Neutrons 
MT=16,17,37,91 Evaporation Spectrum. 
WT=18 Fission spectrum estimated from Z**2/A systematica by 

Smith et al. /12/ by assuming E(Cf-252) = 2.13 MeV. 

References 
1) T. Nakagava and S. Igarasi: JAERI-H 960! (1981). 
2) A.H. Jaffey and J.L. Lerner : Nucl. Phys., A145, 1, (1970). 
3) K.D. Zhuravlev et al. : Proc. 2nd Nat. Soviet Conf. on Neut. 

Phys., Vol.4, 57 (1974). 
4) R.J. Howerton : Nucl. Sci. Eng.\ 62, 436 (1977). 
5) R.J. Tuttle: INDC(NDS)-107/G+Special, 29 (1979). 
6) J.R. Berreth et al. : Nucl. Sci. Eng., 49, 145 (1972). 
7) M.G. Silbert : LA-6239 (1976). 
8) S. Igarasi : J. Nucl. Sci. Technol., 12, 67 (1975). 
9) Y.A. Ellis : Nucl. Data Sheets, 19, 103 (1976). 
10) A. Gilbert and A.G.W. Cameron : Can. J. Phys., 43, 1446 

(1965). 
11) S. Pearlstein : J. Nucl. Energy 27, 81 (1973). 
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96-Cm-244 HAT number = 2963 

96 Cm 244 JAERI Evar Mar77 S.Igarasi.T.Nakagava 
JAERI M 7175 (.1977) DistMai*83 Ravi Nov83 
History 
77 03 Evaluation vas made by S.Igarasi and T.Nakagawa (JAERI > /I/, 
83-It Comment was added. 

MF^I General Inrormation 
MT 451 Descriptive data 
MT-452 Number of neutrons per fission 

Determined from semi empirical formula by Howerton '2/. 
Nu bar 3.24 < 0.184tEiMeV, 

HT--455 Delayed neutron data 
Estimated from semi empirical formula by Tuttle .3'. 

MF- 2 Resonance Parameters 
MT 151 Resonance parameters : Below ] keV. Multi -level B-W. 

Above 20 eV, parameters by Moore and Keyworth /A/ were 
adopted assuming neutron width of 0.2 eV for 646.9, 
759.7. 914.0 and 971.5 eV levels, and below 20 eV, 
evaluation by Benjamin et al. /5/. For fission and 
capture cross sections, background cross sections 
proportional to 1/v were added, 

Calculated 2200m.•'s cross sections and r< onance integrals. 

capture 
fission 
elastic 
total 

2200 in. sec 
14.4! b 
1.180 b 
6.650 b 
22.24 b 

Res. Integ 
594 b 
!8.4 b 

MF 3 Neutron Cross Sections 
MT-1,2,4.5! 58,91,102.25! Sig t.Sig el.Sig in.Sig c.Mu- bar 

Calculated with optical and statistical models above 
1 keV. 
The spherical optical potential parameters (MeV, fin) : 
V= 40.5 + 0.5tE , r= 1.32 , a^ 0.47 
Ws= 8.2 + 0.5tEn0.5 , r=-- ! .32 , a= 0.47 
Vso= 7.0 . r= 1.32 , a= 0.47 

Statistical model calculation with CASTHY code /&/. 
Competing processes : fission. !n.2n) and (n,3n). 
Level fluctuation considered. Gam-g = 0.037 eV and 
D = 14 eV used for capture cross section calculation. 

The level scheme taken from the compilation by Schmorak 
. ! • • 

No. Energy(KeV; Spin-Parity 
g.s. 0.0 0 
! 0.0429 2 
2 0.1423 4 H 
3 0.296 C + 
4 0.502 8 + 
5 0.970 3 -
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6 1.038 2 
7 1.042 6 < 
8 1.187 3 

Overlapping levels are assumed above 1.2 MeV. 
The level density parameters of Gilbert, and Cameron 8 . 

Ml' 16,17 in.2n and <n,3n> cross sections 
Calculated with the evaporation model by Pearlstein 9 . 

MT- 18 Fission cross section 
Smooth cross section above 1 keV was obtained by fitting 
a semi empirical formula to Hie averaged experimental 
data. 

MF--4 Angular Distributions of Secondary Neutrons 
MT-2 Legendre coefficients are given by the optical and 

statistical model calculations. 
MT 51 58 Isotropic distributions in the center of mass system. 
MT 16.17.18.91 

isotropic dis'.i : butions in the laboratory system. 

MP 5 Energy Distributions ol Secondary Neutrons 
MT 16,17,91 Evaporation spectrum 
MT-18 fission spectrum estimated from Z-t '2- A systematics by 

Smith et al. 10 by assuming E(Cf 252) 2.13 MeV. 

References 
1 S. Iuarasi and T. Nakanav.-.; JAliRJ M 7171) 1977), in Japanese. 
2 R J. Hover ton : Nucl. Sci . En*;.. 62. 438 '1977). 
3 R.J. Tnttle: INDC.NUS> 107 dSpecial. 29 19T79 . 
4 M.S. Moore and G.A. Keyworth : Phys. Rev., C3, 1656 (137! :. 
5 R.W. Benjamin et al. : Nucl. Sci. Eng. 47. 203 ;1972>. 
6 S. Igarasi : J. Nucl. Sci. Technol.. 12. 67 .1975!. 
7 M.R. Sohmorak : Nucl. Datasheets, 17, 39) 1976 . 
8 A. Gilbert and A.G.W. Cameron : Can. J. Phys.. 43. 1446 

1965 . 
9 S. Pear l s t e i n Nucl . S< i Kna. . 2 3 . 23(3 1965 . 

10 A.B. Smith <-t a! : AN!. NDM iiO 1S79 . 
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96 Cm-245 MAT number 2964 

96 Cm 245 JAERI Eval Mar7fl S.Igarasi .T.Nakagawa 
JAERI-M 7733 (1978 Dist Mar03 Rev I Nov83 
History 
78 03 Evaluation was made by S.Tp,arasi and T.Nakae-ava JAEftl I . 
83 11 Comment was added. 

MF 1 General Information 
MT 451 Descriptive data 
MT 452 Number of neutrons per fission 

Based on the experimental data at thermal energy by 
Jaffey ant) Lerner ? . Kroshkin and Zamyatnin 3 and 
Zhuravlev et a]. 4 . Energy dependent term was 
derived i'row the neutron separation energy. 
N',i bar 3. #3 0. 18• E MeV 

MT 455 Delayed neutron data 
Estimated from i.!;»? systematics proposed by TuLtle 5/. 

MF 2 Resonance Parameters 
MT 151 Resonance parameters : Below 60 eV. Single level B W. 

Parameters by Moore and Keyworth 6 were adopted above 
20 eV. and those by Browne el nl. .7 below 20 eV with 
a little modification of a negative resonance so that 
the thermal cross section could be in agreement with 
the experimental data. The differences between Reich-
Moore and single level B W formulas are treated as the 
background cross sections. 
Average Gam g 0.04 eV , Level spacing 1.8 eV. 
S wave neutron strength function 1.0 E 4 

Calculated 2200m s cross sections and resonance integrals. 
2200 m sec !?<*>. In1.es. 

capture 346.4 b 108 b 
fission 2001. b 800 b 
clastic 11.59 b 
total 2359. b 

MF 3 Neutron Cross Sections 
M M .2,4,51 66,91,102,251 Sig-t.Sig el .Sig in.SigcMu bar 

Calculated with optical and statistical models above 60 
eV. 
The spherical optical potential parameters (MeV, f m) : 
V- 40.5 + 0.5tE , r- 1.32 . a= 0.47 
Ws- 8.2 - 0.5iE<'0.5 . r- 1.32 . a--- 0.47 
Vso 7.0 . r- 1.32 . a - 0.47 

Statistical model calculation with CASTHY code •&•. 
Competing processes : fission. n.2n and 'n.3n;. 
Level fluctuation considered. Gam g 0.04 eV and 
D 14 eV used ."or capture crops section calculation. 

The level scheme taken from the compilation by Ellis ,9, 
No. Energy(MeV) Spin-Parity 

g.s. 0.0 7/2 + 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1! 
12 
13 
14 
15 
16 

0.05473 
0.1214 
0.1971 
0.25285 
0.29504 
0.3505 
0,35595 
0.3615 
0.38795 
0.4170 
0.4188 
0.431 
0.4428 
0.498 
0.5087 
0.532 

9 2 
11 2 
13 2 
5 2 
7 2 
9 2 
1 2 
3 2 
9 2 
11 2 
5 2 
7-2 
II 2 
13 2 
13 2 
9 2 

Overlapping levels are assumed fibove 0.55 MeV. 
The level dens: Lv pat ameters of Gilbert and Cameron 10 
were used. 

MT 16.17 n.?n and n.3n cross sections 
Calculated with the evaporation model by Pearlstein /11/ 

MT 18 Fission cross section 
Smooth cross section above 60 eV was obtained by fitting 
a semi empirical formula to the averaged experimental 
data. 

Ml-* 4 Aii(jula<- Distributions of Secondary Neutrons 
MT 2 Legends cotfficients urs given by the optical and 

statistical model calculations. 
MT 51 66 Isotropic distributions in the center of mass system. 
MT 16.17.18.91 

Isotropic distributions in the laboratory system. 

MF 5 Energy Distributions of Secondary Neutrons 
MT 16.17.91 Evaporation spectrum 
MT 13 Fission spectrum estimated from Z 2 A systematica by 

Smith et a].12 by assuming E Cf 252 • 2.13 MeV. 

References 
1 , S. Igarasi and T. Naka^ava: JAERI-M 7733 (1978), in Japanese. 
2> A.H. Jaffey and J.L. Lerner : Nucl. Phys.. A145, 1 (1970). 
3> N.I. Kroshkin and Yu.S. Zamyatnin : Atom. Energ., 29, 95 

1970 i, also Sov. Atom. Energy. 29. 790 (1970'. 
4) K.D. Zhuravlev et al. : Proc. Conf. on Neutron Physics, Kiev, 

Vol.4. 57 (1973,. 
5> R.J. Tuttle: Proc. Consultants' Meeting on Delayed Neutron 

Properties, 1973 Vienna, 29. also INDCiNDS >-!07/G+Special 
(1979). 

6> M.S. Moore and G.A. Keyvorth : Phys. Rev., C3. 1656 (1971 ). 
7 J.C. Browne et al. : Nucl. Sci. Eng., 65. 166 (1978). 
8' S. Igarasi : J. Nucl. Sci. Technol • 12, 67 (1975;.. 
9 Y.A. Ellis • Nucl. Data Sheets, 19. \43 .1976'•. 
10> A. Gilbert and A.G.V. Cameron : Car. J. Phys.. 43, 1446 

,1965,. 
11 ) S. Pearlstein : Nucl. Sci. Eng., 23, 238 (1965). 
12) A.B. Smith et al. : ANL/NDM-50 (1979). 
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Appendix 1 

Thermal and Fast Neutron Cross Sections 

The 2200 in sec and 14 MeV cross sections, resonance integrals, and 
Maxwellian and fission spectrum average cross sections were calculated 
from JENDL 2 (Revl ) pointwise data files. Details of the calculation 
are described in the text. 
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Nuclide MAT Reaction 

1-H - 1 2011 total 
elastic 
capture 

1-H - 2 2012 total 
elastic 
<n.2n> 
capture 

3-Li- 6 2031 total 
elastic 
inelastic 
(n,2n'a) 
capture 
(n,p) 
<n,a) 

3-Li- 7 2032 total 
elastic 
inelastic 
(n.2n^ 
in,2n'a) 
capture 
(n.d) 

4-Be- 9 2041 total 
elastic 
(n,2n) 
capture 

1 (n.p) 

Thermal cross sections 

2200-ra/s Maxv.Avg. Res.Integ 

20.77 b 20.74 b 
20.44 b 20.44 b 
331.9 mb 294.1 mb 149.0 mb 

3.390 b 3.390 b 
3.389 b 3.390 b 

Threshold energy = 3.339 MeV 
550.0 lib 487.3 fib 286.2 lib 

937.0 b P30.5 b 
735.9 mb 736.2 mb 

Threshold energy = 1.718 MeV 
Threshold energy = 4.318 MeV 
28.00 ab 24.81 mb 12.60 mb 

Threshold energy = 3.192 MeV 
336.2 b 829.7 b 423.0 b 

1.094 b 1.091 b 
i.049 b 1.049 b 

Threshold energy = 0.546 MeV 
Threshold energy - 8.300 MeV 
Threshold energy = 10.000 MeV 

45.40 mb 40.24 mb 20.42 mb 
Threshold energy = 8.880 MeV 

6.006 b 6.008 b 
6.000 b 6.000 b 

Threshold energy = 1.850 MeV 
7.600 ab 6.735 ab 3.419 mb 

Threshold energy = 14.260 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

691.9 mb 3.926 b 
691.9 mb 3.926 b 
29.83 nb 39.27 jib 

801.4 mb 2.537 b 
624.2 mb 2.532 b 
177.1 nrb 5.276 mb 
9.521 ,/b 7.076 ,ib 

1.247 b 1.908 b 
709.9 mb 1.404 b 
434.6 mb 149.0 mb 
69.00 mb 176.2 jib 
1.190 lib 4.257/ib 
7.200 mb 4.184 mb 
25.74 mb 350.3 mb 

1.470 b 1.846 b 
999.7 mb 1.643 b 
404.8 mb 203.0 mb 
22.00 mb 28.36 \ib 
33.00 mb 10.09 nb 
1 .930 |ib 6.903 ;ib 
10.00 mb 5.207 ;/b 

1.502 b 2.801 b 
961.7 mb 2.639 b 
513.9 mb 125.4 mb 
323.0 nb 1.156 (ib 

31.94 nb 
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Nuclide MAT Reaction 

4-Be- 9 2041 (n.d) 
(n.t) 
(n,«) 

5-B 10 2051 total 
elastic 
inelastic 
tn.2n> 
capture 
• n.pi 
(n.d) 
(n.a) 
(n.t 2a) 

6-C - 12 2061 total 
elastic 
inelastic 
capture 
(n.a) 

9-F- 19 2091 total 
elastic 
inelastic 
<n,2n > 
fn.n' a> 
;n.n" p< 
capture 
(n.p) 
(n.d) 
(n.t) 

Thermal cross sections 

2200-m/s Maxv.Avg. Res.Integ 

Threshold energy = 16.300 MeV 
Threshold energy = 11.610 MeV 
Threshold energy = 0.670 MeV 

3839. b 3403. b 
2.173 b 2.173 b 

Threshold energy = 0.789 MeV 
Threshold energy = 9.285 MeV 

502.9 mb 445.7 mb 226.2 mb 
565.9 jib 501.5 jib 64.39 mb 

Threshold energy = 4.800 MeV 
3836. b 3400. b 1722. b 
565.9 fib 501.5 (ib 234.1 rab 

4.702 b 4.702 b 
4.699 b 4.699 b 

Threshold energy = 4.800 MeV 
3.400 mb 3.013 ab 1.530 mb 

Threshold energy = 6.320 MeV 

3.651 b 3.652 b 
3.641 b 3.641 b 

Threshold energy = 0.116 MeV 
Threshold energy = 10.990 MeV 
Threshold energy = 4.227 MeV 
Threshold energy = 8.418 MeV 
9.600 Mb 8.519 ab 19.59 mb 

Threshold energy = 4.251 MeV 
Threshold energy = 6.075 MeV 
Threshold energy = 7.957 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

19.88 nb 
15.47 mb 2.722 jib 
10.81 mb 36.92 ab 

1.450 b 2.611 b 
952.7 mb 2.101 b 
285.4 mb 33.65 ab 
26.44 jib 316.3 nb 
21.38 /ib 75.47 jib 
32.80 mb 8.222 mb 
29.97 mb 1.134 mb 
60.22 mb 433.7 mb 
88.65 mb 32.63 ab 

1.270 b 2.370 b 
737.8 ab 2.358 b 
450.2 mb 10.86 nb 
144.5 nb 516.9 nb 
81.51 mb 1.206 mb 

1.768 b 3.537 b 
848.9 mb 2.191 b 
496.3 mb 1.327 b 
42.94 mb 8.615 jib 
216.2 mb 2.009 mb 
72.80 mb 37.46 /ib 
25.66 /ib 213.4 lib 
14.66 nb 1.163 mb 
39.50 mb 317.7 /ib 
15.00 ab 28.55 (ib 
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Nuclide MAT Reaction 
Thermal cross sections 

2200-m/s Maxtr.Avg. Res.Integ 

Fast cross sections 

14-MeV Fiss.Avg. 

9-F - 19 2091 (n.a) i Threshold energy = 1.603 MeV | 21.34 mb 14.65 mb 

11-Na- 23 2111 total 
elastic 
inelastic 
cn,2n; 
capture 
<n.pi 
(n.a) 

13-Al- 27 2131 total 
elastic 
inelastic 
(n,2n) 
capture 
(n.p) 
(n.a) 

14-Si- 0 2140 total 
elastic 
inelastic 
(n.2n) 
capture 
(n.p) 
Cn.ci) 

20-Ca- 0 2200 total 
elastic 
inelastic 
(n,2n) 

3.700 b 3.673 b 
3.170 b 3.189 b 

Threshold energy = 0.458 MeV 
Threshold energy = 12.950 MeV 

529.9 mb 469.0 mb 329.0 mb 
Threshold energy - 3.784 MeV 
Threshold energy = 4.035 MeV 

1.730 b 1.7U b 
1.500 b 1.500 b 

Threshold energy = 0.874 MeV 
Threshold energy = 13.550 MeV 
229.9 «b 203.7 ab 147.1 mb 

Threshold energy = 1.898 MeV 
Threshold energy = 3.247 MeV 

2.356 b 2.347 b 
2.200 b 2.200 b 

Threshold energy = 1.319 MeV 
Threshold energy = 8.769 MeV 

156.9 mb 138.2 mb 78.83 mb 
Threshold energy = 2.999 MeV 
Threshold energy = 0.034 MeV 

3.396 b 3.357 b 
2.983 b 2.963 b 

Threshold energy = 0.362 MeV 
Threshold energy = 8.119 MeV 

1.690 b 3.132 b 
918.0 mb 2.581 b 
565.9 mb 549.2 mb 
18.00 mb 2.144 jib 
213.9 /ib 274.5 /ib 
44.70 mb 1.205 mb 
142.9 mb 564.7 _nb 

1.750 b 3.181 b 
925.5 lib 2.875 b 
614.9 mb 301.9 mb 
10.50 »b 4.861 /ib 
427.2 fib 281.5/jb 
77.50 «b 3.775 mb 
120.9 mb 732.2 /ib 

1.800 b 3.029 b 
622.8 mb 2.786 b 
752.8 mb 228.5 tab 
8.026 mb 2.652 /ib 
559.0 /Jb 524.3 /ib 
255.4 mb 9.626 mb 
160.1 mb 4.456 mb 

2.268 b 2.906 b 
1.016 b 2.713 b 
265.8 ab 59.32 mb 
11.61 ab 3.097 pb 
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Nuclide MAT Reaction 

20-Ca- 0 2200 (n.n* a) 
(n.n' p) 
capture 
(n.p) 
(n.a) 
<n,2p; 

20-Ca- 40 2201 total 
elastic 
inelastic 
(n,2n) 
(n.n" a) 
(n,n' p) 
capture 
(n,p) 
(n.a) 
(n,2p) 

20-Ca- 42 2202 toUl 
elastic 
inelastic 
(n.2n) 
capture 
cn,u) 

20-Ca- 43 2203 total 
elastic 
inelastic 
(n,2n) 
capture 

Thermal cross sections 

2200-m/s Maxtr.Avg. Res.Integ 

Threshold energy = 7.218 MeV 
Threshold energy = 8.540 MeV 

430.6 Bb 362.9 Bb 226.1 mb 
Threshold energy = 0.543 MeV 
2.423 ab 2.172 Bb 348.7 rab 

Threshold energy = 8.317 MeV 

3.423 b 3.385 b 
3.010 b 3.010 b 

Threshold energy = 3.831 MeV 
Threshold energy = 16.030 MeV 
Threshold energy = 7.218 MeV 
Threshold energy = 8.540 MeV 
409.9 ab 364.5 ab 215.8 mb 

Threshold energy = 0.543 MeV 
2.500 ab 2.241 Bb 355.2 mb 

Threshold energy = 8.317 MeV 

1.910 b 1.839 b 
1.230 b 1.230 b 

Threshold energy = 1.561 MeV 
Threshold energy = 11.750 MeV 
679.9 Bb 604.8 Bb 383.8 mb 

252.8-12 b 505.8-12 b 535.0 mb 

9.197 b 8.515 b 
2.997 b 2.997 b 

Threshold energy = 0.382 MeV 
Threshold energy = 8.119 MeV 
6.200 b 5.515 b 3.2TJ2 b 

Fast cross sections 

14-MeV Fiss.Avg. 

79.49 mb 14.92 pb 
542.8 ab 183.0 fib 
21.06 fib 2.130 Bb 
204.4 Bb 87.33 ab 
138.4 Bb 43.95 Bb 
9.694 mb 1.371 pb 

2.263 b 3.525 b 
1.012 b 3.341 b 
248.8 mb 45.73 ab 

107.3 nb 
82.00 ab 15.39 fib 
559.9 ab 188.7 fib 
20.96 fib 2.132 ab 
209.9 Bb 90.09 ab 
140.0 ab 44.89 mb 
10.00 mb 1.414 (ib 

2.352 b 3.757 b 
1.072 b 3.269 b 
857.7 mb 423.5 mb 
120.0 mb 20.48 fib 
57.79 fib 3.421 mb 
301.9 mb 59.82 nb 

2.397 b 3.745 b 
1.104 b 3.036 b 
395.4 mb 664.1 mb 
569.9 ab 513.3 fib 
28.09 fib 4.971 mb 
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Nuclide MAT Reaction 
Thermal cross sect ions 

2200-m's Maxv.Avg. Res.Integ 

Fast cross sec t ions 

14-MeV Fiss.Avg. 

20-Ca- 43 2203 (n ,p ; 1 Threshold energy = 1.059 MeV 1 95.24 mb 335.7/ ib 
(n .a) 1 0.0 b 0.0 b 369.9 mb | 232.0 mb 34.69 mb 

20-Ca- 44 2204 t o t a l 
e l a s t i c 
i n e l a s t i c 

n.2n 
capture 

n.p 
n . i i 

20-Ca- 46 2205 to t a l 
e l a s t i c 
i n e l a s t i c 
i'n,2n) 
capture 
'.n.p) 
(n, a ) 

20-Ca- 48 2206 t o t a l 
e l a s t i c 
i n e l a s t i c 
n.2n) 

capture 
•n.p 

21-Sc- 45 2211 t o t a l 
e l a s t i c 
i n e l a s t i c 
(n,2n) 

2.203 b 2.109 b 
1.323 b 1.323 b 

Threshold energy = 1.184 MeV 
Threshold energy 11.390 MeV 

879.8 mb 782.4 mb 428.7 mb 
Threshold energy = 4.988 MeV 
Threshold energy -• 2.815 MeV 

3.640 b 3.569 b 
2.900 b 2.900 b 

Threshold energy = 1.377 MeV 
Threshold energy = 10.630 MeV 

739.9 mb 655.7 nsb 339.0 nb 
Threshold energy = 7.088 MeV 
Threshold energy = 5.632 MeV 

3.990 b 3.876 b 
2.900 b 2.900 b 

Threshold energy = 3.912 MeV 
Threshold energy = 10.150 MeV 

1.090 b 967.2 ub 491.4 mb 
Threshold energy = 11.450 MeV 

51.05 b 48.18 b 
25.03 b 25.03 b 

Threshold energy = C.013 MeV 
Threshold energy = 11.580 MeV 

2.441 b 3.651 b 
1.136 b 3.114 b 
846.0 rab 534.4 mb 
400.0 mb 74.30 jib 
15.42 /fb 1.591 mb 
34.52 nsb 81.96 jib 
23.89 mb 58.07 j/b 

2.527 b 3.932 b 
1.202 b 3.487 b 
664.7 mb 443.0 mb 
650.0 mb 167.4 /ib 
896.5 nb 172.1 /ib 
6.600 mb 2.525 fib 
4.000 mb 66.88 /ib 

2.613 b 3.745 b 
1.269 b 3.654 b 
443.7 nb 89.13 reb 
900.0 mb 325.2 //b 
1.349 [ib 392.5 |ib 
112.0 /lb 41 . !5 nb 

2.131 b 3.193 b 
1.129 b 2.479 b 
641.7 mb 679.3 sb 
245.0 mb 39.25 />b 



page 6 

Nuclidfe 

21-Sc- 45 

23-V - 51 

24-Cr- 0 

24-Cr 50 

MAT Reaction 

221! capture 
(n,p> 
(n.a> 

2231 total 
elastic 
inelastic 
n.2n 
n.n' ii 
n.n' p 
capture 
Cn,p> 
(n,d> 
(n.t; 
in,a) 

2240 total 
elastic 
inelastic 
(n,2n) 
(n,n" p 
capture 
n.p 
n.u 

2241 total 
elastic 
inelastic 
ui,2n) 
(n,n" p) 

Thermal cross sections | 

2200-ni/s Maxw.Avg. Res.Integ | 

26.02 b 23.15 
0.0 b 0.0 

Threshold energy = 

9.705 b 9.264 
4.805 b 4.902 

Threshold energy = 
Threshold energy -
Threshold energy -
Threshold energy = 
4.900 b 4.361 

Threshold energy = 
Threshold energy = 
Threshold energy = 

0.0 b 0.0 

6.900 b 6.565 
3.830 b 3.830 

Threshold energy -
Threshold energy = 
Threshold energy = 
3.070 b 2.730 

Threshold energy -
0.0 b 0.0 

24.48 b 22.74 
8.581 b 8.58. 

Threshold energy = 
Threshold energy = 
Threshold energy = 

b 11.32 b 
b 168.3 mb 
0.406 MeV 

b 
b 
0.326 MeV 
11.270 MeV 
10.500 MeV 
8.211 MeV 
b 2.534 b 
1.708 MeV 
5.941 MeV 
10.720 MeV 
b 10.89 mb 

b 
b 
0.575 MeV 
8.092 MeV 
9.782 MeV 
b 1.600 b 
0.257 MeV 
b 37.92 mb 

b 
b 
0.799 MeV 
13.200 MeV 
9.782 MeV 

Fast cross sections 

!4-MeV 

55.26 fib 
59.00 mb 
56.00 mb 

2.288 b 
936.3 mb 
735.8 mb 
544.9 rnb 
300.0 ;«b 
13.00 Eb 
26.80 no 
36.50 mb 
4.500 aib 
1.000 tub 
15.00 mb 

2.380 b 
1.206 b 
695.9 mb 
324.4' tab 
13.87 mb 
97.69 jib 
106.3 mb 
33.22 Kb 

2.310 b 
1.142 b 
341.8 mb 
8.200 mb 
285.9 Bb 

Fiss.Avg. 

5.916 mb 
25.64 mb 
2.518 mb 

3.956 b 
3.144 b 
809.1 mb 
96.39 ,ib 
107.5 nb 
5.293 j;b 
2.210 mb 
514.5 fib 
6.695 ub 
324.5 nb 
175.2 ,jb 

3.332 b 
2.888 b 
440.1 Eb 
101.1 j(b 
5.768 |jb 
3.141 Eb 
978.2 sib 
138.2 lib 

3.272 b 
2.726 b 
535.6 sb 
1.805 pb 
37.87 pb 
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Nucl ide 

24-Cr- 50 

24-Cr- 52 

MAT React ion 

2241 capture 
( n . p ; 
(n .a j 

2242 t o t a l 
e l a s t i c 
i n e l a s t i c 

n .2n; 
n. n p • 

capture 
in, p.; 
( n , a ) 

Thermal c r o s s s e c t i o n s 

2200-m's Maxv.Avg. R e s . l n t e g 

15.90 b 14.14 b 7 . 7 6 5 b 
Threshold energy = 0 . 2 6 2 MeV 

0 . 0 b 0 . 0 b 7 6 . 9 9 mb 

2 . 9 8 3 b 2.901 b 
2 . 2 2 3 b 2 . 2 2 3 b 

Threshold energy = 1.462 MeV 
Threshold energy - 12 .270 MeV 
Threshold energy - 10.710 MeV 

7 5 9 . 8 mb 6 7 5 . 8 ab 4 9 2 . 9 mb 
Threshold energy - 3 . 2 5 8 KeV 
Threshold energy = 1.234 MeV 

F a s t c r o s s s e c t i o n s 

14-MeV 

118 .4 fib 
4 3 7 . 9 s b 
9 4 . 0 0 Bb 

2 . 3 6 9 b 
1.195 b 
7 8 3 . 2 Bb 
2 5 9 . 9 mb 
1.700 mb 
8 4 . 4 5 lib 
9 9 . 6 0 Bb 
3 0 . 1 0 ab 

F i s s . A v g . 

7 . 8 3 3 mb 
2 . 9 3 0 Bb 
128 .5 jib 

3 . 3 7 7 b 
2 . 9 5 4 b 
4 0 9 . 2 mb 
3 1 . 7 2 jib 
4 . 8 4 4 lib 
2 . 8 8 8 Kb 
1.005 mb 
149.5 fib 

24-Cr- 53 2243 total 
elastic 
inelastic 
(n.2n) 
(n,n* p) 
capture 
(n,p> 
(n.«> 

34.51 b 32.54 
16.31 b 16.31 

Threshold energy = 
Threshold energy = 
Threshold energy = 

18.20 b 16.19 
Threshold energy = 

0.0 b 0.0 

b 
b 
0.575 MeV 
8.092 MeV 
11.350 MeV 
b 8.859 b 
2.691 MeV 
b 34.14 rob 

2.390 b 
1.220 b 
224.5 Bb 
869.9 Bb 
3.000 fib 
13.69 fib 
36.70 nsb 
38.50 nb 

3.506 b 
2.877 b 
625.7 lib 
704.9 lib 
646.0 nb 
2.220 Bb 
70.76 lib 
76.41 nb 

24-Cr- 54 2244 total 
e l a s t i c 
ine las t i c 
n.2n 

capture 
\n ,p t 
<n,a) 

2.274 b 2.235 b 
1.914 b 1.914 b 

Threshold energy - 0.851 MeV 
Threshold energy = 9.902 MeV 
359.9 Bb 320.0 Bb 193.1 

Threshold energy -= 6.335 MeV 
Threshold energy = 1.575 MeV 

mb 

2 . 4 2 0 b 
1.245 b 
S50.4 mb 
1.000 b 
19.37 fjfa 
13 .20 Kb 
10 .60 mb 

3 . 3 3 7 b 
2 . 7 6 0 b 
6 3 5 . 6 nb 
3 1 6 . 8 lib 
I.831 cb 
5 . 4 8 3 ;?b 
4 . 9 5 3 j=b 
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Nuclide MAT Reaction 

25-Mn- 55 2251 total 
elastic 
inelastic 
(n-2n) 
«n.n' «) 
{n.n' p. 
capture 
n.p; 
n.<« i 

26-Fe- 0 2260 total 
elastic 
inelastic 
(n.2n) 
capture 
(n.p) 
(n.a) 

26-Fe- 54 2261 total 
elastic 
inelastic 
(n,2n) 
capture 
n.p> 
fn,a) 

26-Fe- 56 2262 total 
elastic 
inelastic 
(n,2n) 

Thermal cross sections 

2200-Di/s Maxv.Avg. Res.Integ 

15.50 b 14.03 b 
2.184 b 2.184 b 

Threshold energy = 0.128 MeV 
Threshold energy = 10.420 MeV 
Threshold energy = 8.081 MeV 
Threshold energy = 8.216 MeV 
13.32 b 11.84 b 14.63 b 

Threshold energy = 1.855 MeV 
Threshold energy = 0.636 MeV 

14.95 b 14.69 b 
12.44 b 12.41 b 

Threshold energy = 0.015 MeV 
Threshold energy - 7.775 MeV 
2.514 b 2.279 b 1.349 b 
0.0 b 0.0 b 119.5 ab 
0.0 b 0.0 b 96.97 nb 

2.649 b 2.411 b 
492.8 Mb 492.8 ab 

Threshold energy = 1.435 MeV 
Threshold energy = 13.870 MeV 
2.156 b 1.918 b 1.328 b 
0,0 b 0.0 b 756.9 nb 
0.C b 0.0 b 96.45 nb 

15.27 b 14.96 b 
12.46 b 12.46 b 

Threshold energy = 0.862 MeV 
Threshold energy = 11.400 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

2.673 b 3.648 b 
1.401 b 2.806 b 
415.5 nb 836.7 ab 
770.9 ab 208.0 /ib 
3.44C nb 2.752 fib 
9.510 nib 3.847 /ib 
664.9 jib 2.924 Kb 
46.90 ab !.325 ab 
24.60 Kb 202.5 jib 

2.520 b 3.180 b 
1.245 b 2.521 b 
621.3 ab 649.3 ab 
422.4 ab 106.6 fib 
147.8 fib 3.452 ab 
125.4 ab 5.313 ab 
105.2 ab 1.273 ab 

2.374 b 3.331 b 
1.198 b 2.775 b 
704.2 ab 473.8 nb 
3.230 mb 1.906 jib 
452.1 lib 6.415 nb 
359.9 nb 74.29 nb 
108.0 nb 1.306 ab 

2.485 b 3.191 b 
1.196 b 2.534 b 
626.6 ab 650.8 nb 1 
439.9 ab 75.44 (ib ! 
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Nuclide MAT Reaction 

26-Fe- 56 2262 capture 
(n.p) 
(n.a) 

26-Fe- 57 2263 total 
elastic 
inelastic 
cn.2n> 
capture 

26-Fe- 58 2264 total 
elastic 
inelastic 
(n.2n) 
capture 
(n,p> 
^n,a) 

27~Co~ 59 2271 total 
elastic 
inelastic 
(n,2n) 
capture 
<n.p) 
en.a; 

28-Ni- 0 2280 total 
elastic 
inelastic 
(n,2n) 

Thermal cross sections 

2200-ni/s Maxw. Avg. Res. I nteg 

2.813 b 2.502 b 1.444 b 
Threshold energy = 2.972 MeV 

0.0 b 0.0 b 98.45 mb 

2.664 b 2.393 b 
202.1 mb 202.1 mb 

Threshold energy - 0.015 MeV 
Threshold energy = 7.775 MeV 
2.462 b 2.190 b 1.452 b 

4.101 b 3.934 b 
2.821 b 2.821 b 

Threshold energy = 0.825 MeV 
Threshold energy = 10.210 MeV 

1.280 b 1.139 b 1.828 b 
Threshold energy = 5.413 MeV 
Threshold energy = 1.414 MeV 

43.18 b 39.07 b 
6.001 b 6.001 b 

Threshold energy = 1.118 MeV 
Threshold energy = 10.630 MeV 

37.18 b 33.07 b 75.65 b 
Threshold energy = 0.796 MeV 

0.0 b 0.0 b 19.79 mb 

21.20 b 20.71 b 
16.77 b 16 77 b 

Threshold energy = 0.069 MeV 
Threshold energy = 7.950 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

1P9.9 fib 3.236 ab 
113.9 Bb 1.079 ah 
108.0 mb 1.306 ab 

2.522 b 3.649 b 
1.377 b 2.484 b 
274.0 mb 1.160 b 
869.9 ab 1.707 ab 
116.9 fib 4.215 mb 

2.636 b 3.767 b 
1.267 b 3.150 b 
361.5 mb 615.2 ab 
976.9 ab 310.1 fib 
40.24 fib 1.634 ab 
15.00 ab 5.584 fib 
15.00 nb 30.66 fib 

2.775 b 3.800 b 
1.573 "o 3.391 b 
486.2 rob 399.2 nb 
639.9 nb 170.7 jib 
79.08 fib 7.760 mb 
45.90 mb 1.321 mb 
30.00 mb 164.8 fib 

2.716 b 3.633 b 
1.386 b 3.115 b 
390.7 mb 434.6 nb 
162.0 mb 46.72 fib 
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Nuclide MAT Reaction 

28-Ni- 0 2280 (n.3n) 
(n,n' a) 
(n,n* p) 
capture 
(n,p) 
(n,o) 

23-Ni- 58 2281 total 
elastic 
inelastic 
(n.2n) 
(n,n" a) 
(-i,n" p) 
capture 
(n.p) 
(n.ri) 

28-Ni- 60 2282 total 
elastic 
inelastic 
(n.2n) 
(n.n- p) 
capture 
(n.p) 
(n.e> 

28-Ni- 61 2283 total 
elastic 
inelastic 
(n.2n) 

TherBal cross sections 

2200-B/s Maxv.Avg. Res.Integ 

Threshold energy = 16.760 MeV 
Threshold energy = 6.509 MeV 
Threshold energy = 8.313 MeV 
4.429 b 3.939 b 2.221 b 
0.0 b 0.0 b 627.0 nb 

2.4-12 b 4.9-12 b 115.5 mb 

30.62 b 30.12 b 
26.02 b 26.02 b 

Threshold energy = 1.480 MeV 
Threshold energy = 12.410 MeV 
Threshold energy = 6.509 MeV 
Threshold energy = 8.313 MeV 
4.605 b 4.096 b 2.203 b 
0.0 b 0.0 b 870.8 Bb 

3.6-12 b 7.0-12 b 149.5 nb 

3.813 b 3.503 b 
1.013 b 1.013 b 

Threshold energy = 1.355 MeV 
Threshold energy = 11.580 MeV 
Threshold energy = 9.693 MeV 
2.801 b 2.490 b 1.503 b 

Threshold energy = 2.075 MeV 
151.6-15 b 303.4-15 b 48.24 nb 

12.12 b 11.84 b 
9.611 b 9.611 b 

Threshold energy = 0.069 MeV 
Threshold energy = 7.950 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

1.737 nb 
20.36 Kb 5.132 fib 
341.7 ab 70.52 ub 
97.08 fib 7.940 Bb 
307.8 ab 71.04 Mb 
106.8 Mb 4.418 Mb 

2.662 b 3.889 b 
1.351 b 3.400 b 
248.8 »b 370.2 mb 
21.50 Mb 2.752 fib 
30.00 ab 7.561 fib 
479.9 ah 100.2 fib 
66.88 fib 8.743 ab 
400.0 ab 103.3 Bb 
130.9 ab 6.113 ab 

2.760 b 3.694 b 
1.393 b 3.135 b 
737.8 ab 549.0 ab 
370.5 mb 58.59 ,ib 
60.00 nb 9.007 fib 
56.11 fib 5.030 nb 
130.9 mb 3.187 nb 
63.00 mb 838.2 /ib 

2.814 b 3.814 b 
1.501 b 2.723 b 
319.9 ab 1.078 b 
843.4 ab 1.432 nb 



page 11 

Nuclide MAT Reaction 

28-Ni- 61 2283 (n,n- p) 
capture 
(n.p) 
(n.a) 

28-Ni- 62 2284 total 
elastic 
inelastic 
(r.,2n) 
(n.n' p) 
capture 
(n.p) 
(n.a) 

28-Ni~ 64 2285 total 
elastic 
inelastic 
(n.2n) 
(n.3n) 
capture 
(n.p) 
cn.a) 

29-Cu- 0 2290 total 
elastic 
inelastic 
i,n.2r«j 
(n.n' a) 
capture 
(n.p) 

Thermal cross sections 

2200-n)/s Maxw. Avg. Res. I n teg 

Threshold energy = 10.020 MeV 
2.506 b 2.229 b 2.438 b 

Threshold energy = 0.549 MeV 
758.7-15 b 1.5-12 b 62.91 mb 

23.70 b 22.14 b 
9.505 b 9.505 b 

Threshold energy - 1.192 MeV 
Threshold energy = 10.770 MeV 
Threshold energy = 11.320 MeV 

14.20 b 12.64 b 6.908 b 
Threshold energy = 4.532 MeV 
Threshold energy = 0.444 MeV 

1.515 b 1.351 b 
34.64 ab 34.64 ab 

Threshold energy = 1.367 MeV 
Threshold energy = 9.809 MeV 
Threshold energy = 16.760 MeV 

1.480 b 1.317 b 819.3 mb 
Threshold energy = 6.627 MeV 
Threshold energy = 2.480 MeV 

11.63 b 11.22 b 
7.859 b 7.858 b 

Threshold energy -= 0.680 MeV 
Threshold energy = 10.060 MeV 
Threshold energy = 5.870 MeV 
3.775 b 3.358 b 4.397 b 

Threshold energy = 1.376 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

7.400 tab 1.137 fib 
29.40 ,jb 5.621 nib 
97.00 mb 1.507 mb 
45.00 nb 3.851 mb 

2.869 b 3.810 b 
1.475 b 3.211 b 
578.8 mb 594.8 mb 
771.2 mb 185.3 ub 
700.0 jib 1.047 j/b 
19.63 lib 3.526 Bib 
23.00 mb 73.33 jib 
20.20 mb 73.38 jib 

2.984 b 3.982 b 
1.546 b 3.513 b 
312.7 mb 466.2 mb 
1.115 b 524.7 jib 

160.8 nb 
2.633 jib 2.731 mb 
4.500 nb 3.415 nb 
5.700 rab 6.911 fib 

3.132 b 4.048 b 
1.623 b 3.385 b 
812.8 mb 653.2 mb 
650.4 mb 153.2 nb 
11.99 mb 3.501 fib 
82.65 fib 9.872 mb 
6.489 mb 188.6 nb 
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Nuclide MAT Reaction 
Thermal cross sections 

2200-m/s Maxu.Avg. Res.Integ 

Fast cross sections 

14-MeV Fiss.Avg. 

29-Cu- 0 2290 (n,u) 1 0.0 b 0.0 b 23.17 nib | 26.95 mb 379.3 fib 

29~Cu- 63 2291 total 
elastic 
inelastic 
(n.2n) 
(n,n" a) 
capture 
in.a) 

29-Cu- 65 2232 total 
elastic 
inelastic 
<n,2n) 
(n.n' a) 
capture 
(n.p) 

41-No- 93 2411 total 
elastic 
inelastic 
(n.2n) 
in.3n) 
capture 
in.p) 

42-Mo- 0 2420 total 
elastic 
inelastic 

9.471 b 8.975 b 
4.979 b 4.979 b 

Threshold energy = 0.680 MeV 
Threshold energy = 11.030 MeV 
Threshold energy = 5.870 MeV 
4.492 b 3.996 b 5.410 b 
0.0 b 0.0 b 33.53 mb 

16.47 b 16.23 b 
14.30 b 14.30 b 

Threshold energy = C.783 MeV 
Threshold energy = 10.060 MeV 
Threshold energy = 6.895 MeV 
2.170 b 1.931 b 2.130 b 

Threshold energy = 1.376 MeV 

7.477 b 7.350 b 
6.326 b 6.325 b 

Threshold energy = 0.031 MeV 
Threshold energy = 8.928 MeV 
Threshold energy = 16.900 MeV 

1.152 b 1.024 b 9.590 b 
0.0 b 0.0 b 27.16 fflb 
0.0 b 0.0 b 6.521 mb 

8.037 b 7.753 b 
5.486 b 5.485 b 

Threshold energy = 0.206 MeV 

3.105 b 4.060 b 
1.602 b 3.374 b 
917.2 mb 674.2 mb 
529.9 mb 85.27 /jb 
17.00 mb 4.937 fib 
111.2 fib 11.28 Mb 
39.00 mb 548.9 ;ib 

3.191 b 4.024 b 
1.670 b 3.409 b 
579.2 ab 606.1 ab 
919.9 ab 305.0 fib 
800.0 fib 288.0 nb 
18.73 fib 6.711 ab 
21.00 mb 610.7 fib 

4.190 b 5.668 b 
2.410 b 4.549 b 
497.0 mb 1.082 b 
1.250 b 1.174 mb 

203.3 nb 
6.177 fib 31.38mb 
25.00 mb 1.173 mb 
8.850 mb 271.8 fib 

4.192 b 5.683 b 
2.433 b 4.619 b 
585.6 ab 1.022 b 
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Nuclide 

42-Mo- 0 

42-Mo- 92 

42-Mo- 94 

42-Mo- 95 

MAI Reaction 

2420 (n,2n) 
(n,3n) 
capture 
(n.p) 
(n,a) 

2421 total 
elastic 
inelastic 
(n,2n) 
capture 
(n.p) 
(n.a) 

2422 total 
elastic 
inelastic 
(n.2n) 
(n.3n) 
capture 
(n.p) 
(n.a) 

2423 total 
elastic 
inelastic 
(n,2n) 
(n.3n) 
capture 
(n,p) 

Thermal cross sections 

2200-a/s Maxw.Avg. Res.Integ 

Threshold energy = 6.892 MeV 
Threshold energy = 14.360 MeV 
2.561 b 2.268 b 25.42 b 
0.0 b 0.0 b 29.52 Mb 
0.0 b C O b 8.136mb 

5.566 b 5.564 b 
5.545 b 5.545 b 

Threshold energy = 1.526 MeV 
Threshold energy = 12.820 MeV 
20.75 ab 18.46 ab 960.7 mb 
0.0 b 0.0 b 110.6 mb 
0.0 b 0.0 b 16.36 mb 

6.011 b 6.010 b 
5.908 b 5.998 b 

Threshold energy = 0.880 MeV 
Threshold energy = 9.785 MeV 
Threshold energy = 17.940 MeV 

13.11 ab 11.86 ab 1.425 b 
Threshold energy = 1.276 MeV 

0.0 b 0.0 b 8.588 mb 

19.58 b 18.02 b 
5.586 b 5.584 b 

Threshold energy - 0.206 MeV 
Threshold energy = 7.450 MeV 
Threshold energy = 17.230 MeV 

13.99 b 12.44 b 118.6 b 
Threshold energy = 0.145 MeV 

Fast cross sections 

14-MeV 

1.136 b 

87.27 fib 
25.65 ab 
11.36 ab 

4.190 b 
2.550 b 
1.491 b 
64.30 ab 
191.9 fib 
61.40 ah 
26.90 ab 

4.190 b 
2.413 b 
717.0 ab 
1.010 b 

177.3 fib 
35.10 ab 
15.50 ab 

4.190 b 
2.385 b 
326.9 nb 
1.440 b 

8.643 fib 
26.80 ab 

Fiss.Avg. 

1.655 nb 
169.7 nb 
37.54 ab 
1.877 ab 
217.6 fib 

5.663 b 
5.095 b 
523.7 ab 
21.48 fib 
32.67 ab 
10.99 ab 
355.1 fib 

5.664 b 
4.755 b 
864.2 ab 
561.4 fib 
4.599 nb 
42.20 ab 
541.0 fib 
374.7 fib 

5.667 b 
4.354 b 
1.258 b 
2.529 ab 
88.92 nb 
49.47 tnb 
403.5 fib 
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Nuclide MAT Reaction 

42-Mo- 95 2423 (n.a) 1 

42-Mo- 96 2424 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
capture 
;n.p) 
(n.a) 

42-Mo- 97 2425 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
capture 
(n.p) 
(n.a) 

42-Mo- 98 2426 total 
elastic 
inelastic 
cn.2n> 
<n.3n; 
capture 
(n,p) 
(n.a) 

Thermal cross sections 

2200-m/s Haxw.Avg. Res.Integ 

0.0 b 0.0 b 9.620 rob j 

5.322 b 5.257 b 
4.727 b 4.727 b 

Threshold energy = 0.787 MeV 
Threshold energy = 9.251 MeV 
Threshold energy - 16.700 MeV 

595.3 nb 52J.7 mb 17.59 b 
Threshold energy = 2.430 MeV 

0.0 b 0.0 b 9.511 nib 

7.953 b 7.720 b 
5.853 b 5.853 b 

Threshold energy - 0.486 MeV 
Threshold energy = 6.892 MeV 
Threshold energy = 16.140 MeV 
2.100 b 1.867 b 17.25 b 

Threshold energy = 1.162 MeV 
0.0 b 0.0 b 3.959 tub 

5.772 b 5.757 b 
5.642 b 5.642 b 

Threshold energy = 0.743 MeV 
Threshold energy = 8.732 MeV 
Threshold energy = 15.620 MeV 

129.9 sb 115.5 ab 6.558 b 
j Threshold energy = 3.842 MeV 
1 0.0 b 0.0 b 4.496 mb 

Fast cross sections 

14-MeV Fiss.Avg. 

11.90 mb 163.2 lib 

4.191 b 5.665 b 
2.413 b 4.646 b 
487.7 nib 979.5 mb 
1.260 b 930.9 fib 

59.47 nb 
56.81 fib 36.65 mb 
20.50 lib 86.89 fib 
9.170 mb 483.7 Mb 

4.191 b 5.668 b 
2.418 b 4.341 b 
310.5 mb 1.271 b 
1.440 b 4.180 ab 

324.4 nb 
7.816 fib 48.67 mb 
15.90 Bb 63.31 fib 
7.100 mb 52.35 f/o 

4.191 b 5.663 b 
2.415 b 4.589 b 
338.0 nb 1.040 b 
1.420 b 1.840 mb 

414.9 nb 
83.71 fib 31.71 mb 
12.30 mb 11.61 fib 
5.530 »b 68.56 fib 

42-Mo-lOO 24Z7 t o t a l I 5.499 b 5.477 b I 4.191 b 5.666 b 
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Nuclide MAT Reaction 

42-Mo-100 2427 elastic 
inelastic 
(n,2n) 
(n.3n) 
capture 
(n.p) 
(n.oO 

72-Hf-174 2721 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
capture 
(n,p) 
(n,a) 

72-Hf-176 2722 total 
elastic 
inelastic 
(n.2n) 
<n,3n> 
capture 
(n,p) 
(n,a> 

72-Hf-177 2723 total 
elastic 
inelastic 
(n,2n) 

Theraal cross sections 

2200-a/s Maxw.Avg. Res.Integ 

5.300 b 5.300 b 
Threshold energy = 0.541 MeV 
Threshold energy = 8.375 MeV 
Threshold energy = 14.360 MeV 

199.0 Mb 176.9 ab 3.922 b 
Threshold energy = 5.501 MeV 

O.C b 0.0 b 2.491 mb 

397.9 b 353.4 b 
8.000 b 8.000 b 

Threshold energy = 0.092 MeV 
Threshold energy = 8.682 MeV 
Threshold energy = 15.730 MeV 

389.9 b 345.3 b 491.7 b 
0.0 b 0.0 b 2.177 ab 
0.0 b 0.0 b 335.3 (ib 

46.00 b 41.68 b 
8.000 b 8.000 b 

Threshold energy = 0.069 MeV 
Threshold energy = 8.137 MeV 
Threshold energy = 14.970 MeV 

38.00 b 33.61 b 359.8 b 
Threshold energy = 0.406 MeV 

0.O b 0 0 b 75.74 jib 

366.9 b 331.8 b 
7.000 b 6.991 b 

Threshold energy = 0.114 MeV 
Threshold energy = 6.420 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

2.429 b 4.449 b 
444.4 Mb 1.187 b 
1.310 b 2.249 Mb 

167.2 nb 
95.09 nb 26.52 ab 
7.500 nb 5.042 /ib 
3.400 Mb 6.478 /ib 

5.673 b 6.991 b 
3.249 b 4.968 b 
1.333 b 1.633 b 
1.069 b 284.2/ib 

35.69 nb 
44.90 /ib 365.7 ab 
2.446 ab 12.39 /ib 
327.7 jib 4.761 jib. 

5.672 b 6.967 b 
3.222 b 5.033 b 
521.3 ab 1.635 b 
1.928 b 2.426 ab 

842.2 nb 
11.98 »ib 307.7 mb 
1.183 ab 2.653 /ib 
69.40 |ib 1.102 /ib 

5.678 b 6.934 b 
3.253 b 4.806 b 
306.6 ab 1.821 b 
2.118 b 7.847 ab 
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Nuclide MAT Reaction 

72-Hf-177 2723 (n,3n) 
capture 
(n,p) 
(n,a) 

72~HfM78 2724 to ta l 
e l a s t i c 
i n e l a s t i c 
(n.2n) 
fn.3n) 
capture 
<n.p) 
(n,a) 

72-Hf-179 2725 to t a l 
e l a s t i c 
i n e l a s t i c 
(n,2n) 
(n,3n) 
capture 
(n.p) 
(n ,a) 

72-Hf-180 2726 to ta l 
e l a s t i c 
i n e l a s t i c 
vn.2n> 
(n,3n) 
capture 
(n,p) 

Thermal cross sec t ions 

2200-n/s Maxv.Avg. Res.Integ 

Threshold energy = 14.560 MeV 
351.9 b 324.7 b 6948. b 

0.0 b 0.0 b 732.3 fib 
0 .0 b 0.0 b 59.45 fib 

91.00 b 78.88 b 
5.000 b 4.999 b 

Threshold energy = 0.094 MeV 
Threshold energy = 7.670 MeV 
Threshold energy = 14.090 MeV 

86.00 b 73.59 b 1918. b 
Threshold energy = 1.359 MeV 

0.0 b 0.0 b 20.92 fib 

51.00 b 45.92 b 
6.000 b 6.000 b 

Threshold energy = 0.123 MeV 
Threshold energy = 6.134 MeV 
Threshold energy = 13.800 MeV 

45.00 b 39.8S b 516.7 b 
Threshold energy = 0.573 MeV 

0.0 b 0 .0 b 7.419 fib 

32.00 b 31.07 b 
19.40 b 19.85 b 

Threshold energy = 0.094 MeV 
Threshold energy = 7.430 MeV 
Threshold energy = 13.560 MeV 

12.60 b 11.16 b 34.59 b 
Threshold energy = 2.329 MeV 

Fast cross sec t ions 

i4-MeV Fiss.Avg. 

2 .252, ib 
2.318 fib 344.3 sb 
769.0 ;ib 2.463 fib 
57.00 fib 1.082 fib 

5.667 b 6.988 b 
3.199 b 5.10S b 
448.4 ab 1.803 b 
2.019 b 3.315 sb 

3.539 fib 
757.7 nb 72.12 sb 
605.0 ;ib 584.8 nb 
19.80 fib 94.06 nb 

5.672 b 6.985 b 
3.220 b 4.929 b 
368.0 ab 1.925 b 
2.084 b 7.487 sb 

0 .0 b 4.035 fib 
235.6 nb 119.5 l b 
51.00 fib 64.34 nb 
6.400 fib 61.45 nb 

5.667 b 6.966 b 
3.161 b 5.132 b 
219.8 sb 1.811 b 
2.286 b 5.379 sb 

0 .0 b 5.813 fib 
803.0 nb 34.72 ab 
54.70 fib 28.75 nb 
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Nuclide 

72-Hf-180 

73-Ta-181 

82-Pb- 0 

82-Pb-2D4 

HAT Reaction 

2726 (n.a) | 

2731 total 
elastic 
inelastic 
;.n,2n) 
capture 
fn.p) 

2820 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
(n,n* a) 
(n.n" p) 
capture 
(n,p) 
(n.a) 

2821 total 
elastic 
inelastic 
<n.2n) 
(*i,3n) 
s.n.n' u) 
(n.n' p> 
capture 
(n,p) 
(n.a) 

Thermal cross sections 

2200-a/s Maxw.Avg. Res.Integ 

0.0 b 0.0 b 21.83 fib | 

27.32 b 25.03 b 
6.110 b 6.101 b 

Threshold energy = 0.006 MeV 
Threshold energy = 7.683 MeV 
21.21 b 18.93 b 743.4 b 

Threshold energy = 0.242 MeV 

11.53 b 11.58 b 
11.42 b 11.42 b 

Threshold energy = 0.573 MeV 
Threshold energy = 6.772 MeV 
Threshold energy = 14.180 MeV 

0.0 b 0.0 b 4.252 ab 
Threshold energy = 6.670 MeV 

171.6 ab 152.5 ab 147.6 ab 
0.0 b 0.0 b 891.9 nb 
0.0 b 0.0 b 3.089 ah 

12.00 b 11.95 b 
11.34 b 11.34 b 

Threshold energy - 0.904 MeV 
Threshold energy = 8.436 MeV 
Threshold energy = 15.390 MeV 

0.0 b Q.O b 59.59 /ib 
Threshold energy = 6.670 MeV 
660.9 ab 587.8 ab 2.633 b 

0.0 b 0.0 b 188.7 jib 
0.0 b 0.0 b 155.6 fib 

Fast cross sections 

14-MeV 

19.40 fib 

5.370 b 
3.012 b 
102.3 ab 
2.252 b 
209.4 nb 
4.128 ab 

5.419 b 
2.915 b 
580.1 ab 
1.921 b 

254.9 fib 
32.43 fib 
577.0 fib 
969.7 fib 
1.154 ab 

5.337 b 
2.861 b 
452.5 ab 
2.CE3 b 

4.900 fib 
35.00 lib 
9.140 fib 
289.9 fib 
158.9 fib 

Fiss.Avg. 

39.01 nb 

6.902 b 
4.944 b 
1.949 b 
6.467 ab 
91.22 ab 
454.7 nb 

6.346 b 
5.658 b 
684.6 ab 
1.476 ab 
578.5 nb 
128.7 nb 
30.29 nb 
1.741 ab 
417.4 nb 
411.4 nb 

6.496 b 
5.397 b 
1.078 b 
1.199 ab 
88.08 nb 
2.136 nb 
8.024 nb 
19.81 ab 
576.0 nb 
225.0 nb 



page 18 

Nuclide MAT Reaction 

82-Pb-206 2822 total 
elastic 
inelastic 
(n.2n) 
n.3n 
n.n' n 
n.n' p 
capture 
n.p 
n,u. 

82 Pb-207 2823 total 
elastic 
inelastic 
(n.2n) 
(n,3n> 
in.n' a) 
(n.n' p) 
capture 
(n.p) 
(n.a) 

82-Pb 208 2824 total 
elastic 
inelastic 
;n.2n 
n,3n; 
(n,n' a) 
(n,n" p) 
capture 

Thercal cross sections 

2200-rn s Kaxw.Avg. Res.Integ 

11.37 b li.37 b 
11.34 b 11.34 b 

Threshold energy = 0.807 MeV 
Threshold energy = 8.123 MeV 
Threshold energy 14.893 MeV 

0.0 b O.C b 2.720 mb 
Threshold energy = 7.283 MeV 
28.GO tnb 24.90 Eb 96.09 mb 

Threshold energy = 0.747 MeV 
0.0 b 0.0 b 3.766 nb 

12.04 b 11.98 b 
11.34 b !1.34 b 

Threshold energy = 0.573 MeV 
Threshold energy - 6.772 MeV 
Threshold energy = 14.900 MeV 

0.0 b 0.0 b 963.9 /ib 
Threshold energy = 7.520 MeV 
702.9 nb 625.0 nb 374.7 mb 

Threshold energy = 0.643 MeV 
0.0 b 0.0 b 586.0 ;jb 

11.49 b 11.49 b 
11.49 b 11.49 b 

Threshold energy = 2.627 MeV 
Threshold energy = 7.404 MeV 
Threshold energy - 14.180 MeV 

0.0 b 0.0 b 6.455 nb 
Threshold energy = 8.046 MeV 
479.8 |ib 426.9 fib 7.833 nb 

Fast cross sections 

I4-KeV Fiss.Avg. 

5.348 b 6.421 b 
2.855 b 5.329 b 
634.2 tab 1.089 b 
1.855 b 1.378 nb 

201.4 nb 
82.00 {ib 68.56 nb 
2.700 fib 11.04 nb 
1.550 jib i .539 mb 
2.C50 Eb 1.020 lib 
2.C30 mb 813.4 nb 

5.354 b 6.366 b 
2.852 b 5.253 b 
667.7 Eb 1.110 b 
1.832 b 2.059 mb 

1.556/ib 
68.10 nb 31.79 nb 
105.9 /ib 49.65 nb 
7BG.7 nb 1.079 rub 
1.380 mb 578.2 nb 
434.9 /ib 166.2 Jib 

5.360 b 6.269 b 
2.850 b 5.957 b 
521.8 mb 308.7 mb 
1.996 b 1.283 mb 

353.2 nb 
419.9 fib 200.4 nb 
15.00 /ib 31.57 nb 
1.100 nb 1.694 nb 
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Nuclide MAT Reaction 

82-Pb-208 2824 (n,p; 
(n.u. 

Thermal cress sections 

2200-ra s Kaxv.Avg. Res.lnteg 

Threshold energy •-- 4.229 MeV ! 
0.0 b 0.0 b 3.911 mb : 

90-Th-228 2901 total j 133.0 b i2D.O h 
elastic | 12.8! b 12.78 b 
inelastic [ Threshold energy 0.053 MeV 
n.2n ) Threshold enerigy 7.15! MeV 
n.3n I Threshold energy I2.63C MeV 
fission ! 300.0 mb 255.S ah 1.024 b 
capture ] II9.S b 107 0 b 1169. b 

90-Th-230 2902 total 1 32.32 b 3C.53 b 
elastic 9.774 b 9.750 b 
inelastic ! Threshold energy = 0.054 MeV 
m.2n> Threshold energy = 6.821 MeV 
n,3n) Threshold energy = 12.090 MeV 
fission 0.0 b 0.0 b 1.120 b 
capture j 22.55 b 2C.38 b 1040. b 

Fast cress sections 

14-MeV Fiss.Avg. 

317.9 tib 68.52 nb 
1.080 tib 335.0 nb 

5.628 b 7.562 b 
3.169 b 5.432 b 
4.136 cb 1.936 b 
i .637 b 7.686 cb 
268.9 rr.b 42.53 uh 
543.9 cb 105.8 ab 

240.3-12 b 79.47 sb 

5.644 b 7.601 b \ 
3.167 b 5.436 b 
10.45 Bb 1.887 b 
1.340 b 10.66 tsb 
528.9 mb 68.64 fib 
596.9 cb 178.5 nb 
16.16 nb 87.42 ab 

90-Th-232 2903 total 1 19.42 b 18.58 b j 5.740 b 7.565 b 
elastic 12.16 b 12.15 b 3.266 b 5.257 b 
inelastic Threshold energy - 0.050 MeV 142.9 Eb 2.125 b 
n.2n. Threshold energy = 6.465 MeV j 1.181 b 14.45 -b ' 
n.3ns 1 Threshold energy = 11.610 MeV ! 800.0 Eb i!3.6/ib: 
fission ! C O b 0.0 b 636.2 wb j 350.0 nb 78.45 Eb ; 
capture i 7.258 b 6.427 b 79.93 b ! 0.0 b 85.74 Kb [ 

90-Th-233 2904 total 
elastic 
inelastic 

1478. b 1312. b 
13.00 b 13.00 b 

Threshold energy = 0.017 MeV 

5.670 b 7.614 b 
3.167 b 5.296 b 
15.80 nb 2.054 b 
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Nuclide MAT Reaction 

90-Th-233 2904 (n,2n) 
(n,3n) 
fission 
capture 

90-Th-234 2906 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
fission 
capture 

91-Pa-233 2911 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
fission 
capture 

92-U -233 2921 total 
elastic 
inelastic 
vn.2n) 
•n,3r-} 
fission 
capture 

92-U -234 2922 total 

Theraal cross sections 

2200-a/s Maxw.Avg. Res.Integ 

Threshold energy - 4.807 MeV 
Threshold energy = 11.270 MeV 

15.00 b 13.34 b 11.08 b 
1450. b 1285. b 642.7 b 

14.75 b 14.59 b 
13.00 b 13.00 b 

Threshold energy - 0.048 MeV 
Threshold energy = 6.219 MeV 
Threshold energy = 11.030 MeV 

0.0 b 0.0 b 260.2 ah 
1.750 b 1.551 b 93.68 b 

53.82 b 48.01 b 
11.02 b 11.02 b 

Threshold energy = 0.007 MeV 
Threshold energy - 6.545 MeV 
Threshold energy = 12.130 MeV 

0.0 b 0.0 b 4.662 b 
42.80 b 36.97 b 779.2 b 

567.8 b 525.0 b 
12.70 b 12.73 b 

Threshold energy - 0.041 MeV 
Threshold energy = 5.779 MeV 
Threshold energy = 13.060 MeV 
529.8 b 470.7 b 771.4 b 
45.30 b 41.43 b 136.6 b 

I 110.1 b 93.40 b 

Fast cross sections 

14-MeV Fiss.Avg. 

1.160 b 66.75 Mb 
916.9 ab 150.7 fib 
409.9 ab 109.8 ab 
6.071 nb 86.89 »b 

5.680 b 7.646 b 
3.168 b 5.497 b 
39.56 ab 1.989 b 
1.040 b 21.69ab 
1.282 b 228.7 fib 
150.0 ab 35.89 ab 
154.0 nb 100.9 ab 

5.669 b 7.596 b 
3.000 b 4.976. b 
103.7 ab 1.496 b 
369.5 ab 5.773 ab 
418.3 ab 52.40 fib 
1.770 b 990.7 ab 
7.400 ab 122.1 ab 

5.770 b 7.686 b 
3.278 b 4.806 b 
11.30 ub 904.5 ab 
134.9 ab 4.152 ab 
37.30 ab 6.033 pb 
2.320 b 1.863 b 
367.9 nb 82.30 ab 

I 5.742 b 7.455 b 
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Nuclide MAT Reaction 

92-U -234 2922 elastic 
inelastic 
(n,2n) 
(n.3n) 
fission 
capture 

92-U -235 2923 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
fission 
(n,4n) 
capture 

92-U -233 2924 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
fission 
capture 

92-U -233 2925 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
fission 

Theraal cross sections 

2200-a/s Maxw.Avg. Res.Integ 

14.72 b 14.56 b 
Threshold energy = 0.044 MeV 
Threshold energy = 6.870 MeV 
Threshold energy - 12.640 MeV 
6.367 ab 5.684 ab 6.438 b 
95.44 b 83.82 b 608.9 b 

698.9 b 607.2 b 
17.00 b 16.76 b 

Threshold energy = 0.000 MeV 
Threshold energy = 5.321 MeV 
Threshold energy = 12.190 MeV 
563.9 b 503.2 b 278.7 b 

Threshold energy = 17.970 MeV 
96.00 b 84.95 b 153.3 b 

13.67 b 13.09 b 
8.337 b 8.331 b 

Threshold energy = 0.045 MeV 
Threshold energy = 6.574 MeV 
Threshold energy = 11.890 MeV 
42.98 ab 33.35 ab 7.611 b 
5.295 b 4.717 b 347.0 b 

11.57 b 11.28 b 
8.873 b 8.870 b 

Threshold energy - 0.045 MeV 
Threshold energy = 6.170 MeV 
Threshold energy = 11.320 MeV 
3.220 nb 2.888 ub 2.063 b 

Fast cross sections 

14-MeV Fiss.Avg. 

3.066 b 5.085 b 
393.8 ab 1.062 b 
220.9 ab 1.957 ab 
127.8 ab 14.39 /ib 
1.934 b 1.199 b 
2.722 lib 105.8 ab 

5.855 b 7.642 b 
3.057 b 4.598 b 
514.0 ab 1.651 b 
191.2 ab 12.78 ab 
41.70 ab 7.062 /ib 
2.051 b 1.248 b 

8.449 nb 
3.146 /ib 130.9 ab 

5.828 b 7.752 b 
3.110 b 5.450 b 
1.144 ab 1.556 b 
423.9 ab 8.475 ab 
660.9 ab 95.74 /ib 
1.630 b 595.8 ab 

791.4-12 b 141.5 ab 

5.799 b 7.792 b 
2.950 b 5.294 b 
318.9 ab 2.101 b 
909.9 ab 15.36 ab 
500.0 ab 82.80 /ib 
1.117 b 314.6 ab 
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Nuclide MAT Reaction 
Theraal cross sections 

2200-B/S Maxv.Avg. Res.Integ 

Fast cross sections 

14-HeV Fiss.Avg. 

92-U -238 2925 capture 1 2.700 b 2.407 b 279.0 b | 3.395 ab 66.72 Bb 

93-Np-237 2931 total 
elastic 
inelastic 
(n,2n) 
(n.3n) 
fission 
capture 

93-Np-23S 2932 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
fission 
capture 

94-Pu-236 2941 total 
elastic 
inelastic 
(n,2n) 
<n.3n) 
fission 
ctiiture 

94-PU-238 2942 total 
elastic 
inelastic 
(n,2n) 

208.4 b 185.3 b 
27.52 b 27.19 b 

Threshold energy = 0.033 MeV 
Threshold energy - 6.657 MeV 
Threshold energy = 12.370 MeV 

19.21 sb 16.68 sb 6.257 b 
180.9 b J58.0 b 662.5 b 

47.50 b 43.42 b 
10.50 b 10.50 b 

Threshold energy = 0.031 MeV 
Threshold energy = 6.253 MeV 
Threshold energy = 11.750 MeV 

0.0 b 0.0 b 7.062 b 
37.00 b 32.79 b 444.9 b 

833.3 b 804.7 b 
3.J76 b 3.011 b 

Threshold mergy = 0.045 MeV 
Threshold energy = 7.393 MeV 
Threshold energy - 13.880 MeV 
65.41 b 63.19 b 100.7 b 
764.5 b 73S.5 b 1067. b 

592.8 b 508.2 b 
27.80 b 27.05 b 

Threshold energy = 0.044 MeV 
Threshold energy = 7.028 MeV 

5.539 b 7.797 b 
2.787 b 5.006 b 
105.6 ab 1.321 b 
446.2 Bb 3.301 Bb 
72.03 sb 11.70 nb 
2.128 b 1.293 b 
228.5 nb 173.3 »b 

5.523 b 7.808 b 
2.640 b 4.896 b 
73.67 ab 1.453 b 
142.9 ab 3.686 ab 
246.2 Bb 36.09 ub 
2.420 b 1.458 b 
10.00 fib 194.1 Kb 

6.515 b 8.451 b 
3.426 b 5.801 b 
93.93 fib 418.1 sb 
17.37 Bb 317.4 ub 
703.9 fib 278.8 nb 
3.071 b 2.080 b 
4.023 fib 149.7 ab 

10.15 b 10.79 b 
3.556 b 6.300 b 
3.168 b 2.154 b 
419.0 ab 2.830 ab 
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Nuclide 

94-Pu-238 

94-Pu-239 

94-Pu-240 

94-PU-241 

MAT Reaction 

2942 (n,3n) 
fission 
capture 

2943 total 
elastic 
inelastic 
(n.2n) 
(n,3n) 
fission 
(n,4n) 
capture 

2344 total 
elastic 
inelastic 
(n,2n) 
(n.3n) 
fission 
(n,4n) 
capture 

2945 total 
elastic 
inelastic 
(it<2n j 
(n,3n> 
fission 
(n,4n) 
capture 

Theraal cross sections 

2200-B/S Maxv.Avg. Res.Integ 

Threshold energy = 12.930 MeV 
16.56 b 14.10 b 32.42 b 
548.7 b 466.9 b 156.3 b 

1020. b 973.0 b 
8.000 b 7.816 b 

Threshold energy = 0.008 MeV 
Threshold energy = 5.671 MeV 
Threshold energy = 12.700 MeV 
741.7 b 694.1 b 301.5 b 

Threshold energy = 18.600 MeV 
270.2 b 270.9 b 195.2 b 

290.0 b 264.8 b 
1.509 b 1.389 b 

Threshold energy = 0.043 MeV 
Threshold energy = 6.561 HeV 
Threshold energy = 12.230 MeV 
67.61 Bb 61.45 ah 10.08 b 

Threshold energy = 19.260 MeV 
288.4 b 263.3 b 8453. b 

1388. b !2B6. b 
10.23 b 9.935 b 

Threshold energy = 0.042 MeV 
Threshold energy = 5.262 MeV 
Threshold energy = 11.820 MeV 

1015. b 947.6 b 590.3 b 
Threshold energy = 17.500 MeV 
362.9 b 327.8 b 188.8 b 

Fast cross sections 

14-MeV 

155.4 ab 
2.722 b 
132.8 Bb 

5.872 b 
2.633 b 
402.6 sto 
346.9 ab 
180.9 ab 
2.308 b 

1.349 nb 

5.888 b 
3.202 b 
7.274 ab 
427.1 ab 
129.7 ab 
2.121 b 

800.0 |ib 

5.801 b 
3.291 b 
221.6 fib 
178.0 ab 
149.5 ab 
2.182 b 

7.722 nb 

Fiss.Avg. 

20.84 |ib 
2.011 b 
318.7 ab 

7.709 b 
4.429 b 
1.392 b 
10.63 ab 
21.77 |ib 
1.818 b 
45.92 nb 
60.75 ab 

7.844 b 
4.964 b 
1.420 b 
3.920 Bb 
18.36 |ib 
1.363 b 
5.617 nb 
92.71 ab 

7.842 b 
5.167 b 
879.2 ab 
22.68 ab 
22.55 fib 
i.624 b 
19.72 nb 
149.0 ab 
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Nuclide MAT Reaction 

94-PU-242 2946 total 
elastic 
inelastic 
(n,2n) 
(n.3n) 
fission 
(n,4n) 
capture 

95-AS-241 2951 total 
elastic 
inelastic 
(n,2n) 
(n,3n) 
fission 
(n,4n) 
capture 

95-Aa-242 2952 total 
elastic 
inelastic 
(n.2n) 
;n,3n> 
fission 
capture 

95-AS-242M 2953 total 
elastic 
inelastic 
(n.2n) 

Theraal cross sections 

2290-a/s Maxv.Avg. Res.Integ 

26.65 b 24.74 b 
8.111 b 8.091 b 

Threshold energy - 0.045 MeV 
Threshold energy = 6.336 MeV 
Threshold energy = 11.600 MeV 

121.2 ab 107.8 sb 6.348 b 
Threshold energy =• 18.160 MeV 

18.42 b 16.54 b 1117. b 

614.6 b 547.5 b 
11.26 b 10.83 b 

Threshold energy = 0.041 MeV 
Threshold energy - 6.610 MeV 
Threshold energy = 12.650 MeV 
3.018 b 2.721 b 14.69 b 

Threshold energy = 19.780 MeV 
600.3 b 533.9 b 1299. b 

7611. b 6747. b 
11.44 b 11.44 b 

Threshold energy = 0.044 MeV 
Threshold energy = 5.515 MeV 
Threshold energy = 12.120 MeV 

2100. b 1861. b 1258. b 
5500. b 4872. b 390.4 b 

7989. b 7809. b 
6.698 b 7 429 b 
0.0 b 0.0 b 4.597 b 

Threshold energy = 5.515 MeV 

Fast cross sections 

14-MeV Fiss.Avg. 

5.918 b 7.849 b 
J. 161 b 5.339 b 
8.378 ab 1.280 b 
454.0 ab 6.669 ab 
303.0 ab 44.58 fib 
1.991 b 1.135 b 

116.7 nb 
800.0 fib 87.72 ab 

5.742 b 7.779 b 
2.722 b 4.789 b 
42.21 (ib 1.179 b 
262.3 ab 620.3 |ib 
46.74 ab 10.02 fib 
2.711 b 1.510 b 

17.0-15 b 
263.5-12 b 297.9 ab 

5.906 b 7.758 b 
2.807 b 4.561 b 
402.2 cb 1.228 b 
130.8 ab 4 367 ab 
138.9 ab 17.94 fib 
2.427 b 1.756 b 
4.487 fib 206.6 ab 

5.913 b 7.761 b 
2.807 b 4.527 b 
442.2 ab 1.256 b 
130 8 ab 4.387 ab 
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Nuclide MAT Reaction 

95-AB-242M 2£53 (n,3n) 
fission 
capture 

95-A»-243 2954 total 
elastic 
inelastic 
(n.2n> 
;n.3nj 
fission 
(n,4n> 
capture 

96-Ca 242 2961 toUl 
elastic 
inelastic 
<n,2n) 
(n,-?n) 
fission 
capture 

96-Cm-243 2962 total 
elastic 
inelastic 
(n.2n) 
<n.3n) 
fission 
(n,4n) 
capture 

The-aal cross sections 

2200-a/s Maxw.Avg Res.Integ 

Threshold energy - 12.120 MeV 
6620. b 6480. b 1528. b 
1342. b 1321. b 206.8 b 

85.26 b 78.37 b 
7.528 b 7.476 b 

Threshold energy = 0.042 MeV 
Threshold energy - 6.391 MeV 
Threshold energy = 11.950 MeV 
228.0 ab 205.2 ab 11.37 b 

Threshold energy = 18.570 MeV 
78.50 b 70.68 b 1818. b 

32.53 b 30.11 b 
11.6! b 11.80 b 

Threshold energy - 0.042 HeV 
Threshold energy = 6.997 MeV 
Threshold energy - 13.090 HeV 

j 5.000 b 4.448 b 11.09 b 
! 15.92 b 14.07 b 116.2 b 

753.3 b S70.1 b 
9.668 b 9.571 b 

Thresho'd energy = 0.042 HeV 
Threshold energy = 5.719 HeV 
Threshold energy -- 12.710 MeV 
612.3 b 545.6 b 1751. b 

Threshold energy = 18.830 MeV 
131.3 b 115.0 b 404.4 b 

Fast cross sections 

!4-HeV Fiss.Avg. 

138.9 ab 17.94 /ib 
2.395 b 1.896 b 
723.0 nb 106.3 ab 

5.759 b 7.853 b 
2.728 b 4.798 b 
42.36 ub 1.577 b 
350.4 ab 3.728 ab 
221.0 ab 33.16 /ib 
2.450 b 1.274 b 

2.068 nb 
97.9-12 b 194.5 ab 

5.750 b 7.818 b 
2.725 b 4.954 b 
318.0 nb 975.4 ab 
111.5 ab 1.754 ab 
6.359 ab 4.379 /ib 
2.907 b 1.798 b 
3.061 nb 86.97 ab 

5.917 b 7.778 b 
2.809 b 4.562 b 
26.47 Bb 786.8 nb 
472.4 ab 15.37 nb 
73.62 ab 17.69 /ib 
2.536 b 2.379 b 

1.251 nb 
17.23 nb 34.35 nb 



page 26 

Nuclide MAT Reaction 

96 CB-244 2963 total 
elastic 
inelastic 
(n.2n> 
(n,3n) 
fission 
capture 

96-Cm-245 2964 total 
elastic 
inelastic 
(n.2n-
(n,3n) 
fission 
capture 

Theraal cross sections 

220T a s Maxv.Avg. Res.Integ 

22.24 b 20.5! b 
6.660 b 6.641 b 

Threshold energy = 0.043 MeV 
Threshold energy = 6.828 MeV 
Threshold energy = 12.550 MeV 

1.180 b 1.049 b 18.39 b 
14.41 b 12.82 b 593.5 b 

2359. b 1980. b 
11.59 b 11.50 b 

Threshold energy = 0.055 MeV 
Threshold energy = 5.533 MeV 
Threshold energy = 12.370 MeV 

2001. b 1660. b 729.4 b 
346.3 b 288.3 b 107.7 b 

Fast cross sections 

14-MeV Fiss.Avg. 

6.026 b 7.625 b 
3.273 b 5.115 b 
17.51 ab 832.0 ab 
60.24 ab 576.3 fib 
39.29 i-b 4.776 ;ib 
2.636 fa 1.553 b 
271.4 nb 122.1 ab 

6.060 b 7.643 b 
3.295 b 4.817 b 
220.2 Eb 890.7 ab 
176.8 ab 3.080 ab 
70.66 ab 9.299 fib 
2.297 b 1.887 b 
444.3 nb 45.16 ab 
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Appendix 3 

Correction of Numerical Data 
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The corrections of errors found in JENDL-2 iRevOi arc described in 
this appendix. They are classified into two; one is correction commonly 
done for almost all nuclides and another done case by case. 

Common corrections 

I. Corrections of Annular Distributions of Secondary Neutrons 

In the case of isotropic angular distributions, data are Given in 
lire center of mass system for almost all nuclides of JtMDL 2 RevO', 
because that was considered to be physically correct. However, this 
representation is not convenient for data applications where (.he data in 
the laboratory system are required. 

In JENDL 2 ;Rev1 . the angular distribution data of neutrons from 
multipart>.cle emission inactions are given in the laboratory system by 
assuming to be isotropic. In the ease where the isotropic distributions 
in the center of mass system were r:,iven for the neutrons from inelastic 
scattering to continuum levels, the data were transformed into the 
laboratory system by 

(IO'I IhycosO] " ' liftv' 

where l\ is an incident neutron energy in the center of mass system and 
Ali'K weight of a target nuclide in liie neutron mass unil. A Q value was 
assumed in tins work to be 

Q -Ei ,i,' Hi ?-

vhereiu.H, is a threshold energy in the center of mass system. At 
energies near a threshold energy, } is sometimes greater than 1.0. In 
such cases, isotropic distributions were assumed in the laboratory 
system. As a result of this calculation, it was found that the trans 
formed distributions in the laboratory systems were almost the same as 
those in the center of mass syst<-;n jf their mass numbers were greater 
than 40. Therefore, the distributions calculated from the above equa
tion were used for the nuclides lighter than or equal to calcium. For 
the others, the isotropic distributions were assumed in the laboratory 
system. 

For some nuclides, the distributions were calculated with optical 
and statistical model code, CASTHY1 . In such cases, the angular 
distributions of elastically and inelastically scattered neutrons were 
represented with Legendre expansion in the center of mass system. Only 
changed for these data were the flag of LCT from '2' to '!'. i.e. from 
the center-of-mass to the laboratory systems, for the neutrons from 
inelastic scattering to continuum levels. 

In the case where Legendre coefficients are given, the number of 
coefficients should be even according to the ENDF/B-IV rule. However, 
in JENDL-2 (RevO), the number is sometimes odd. This problem was 
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automatically solved with CRECTJ5". By tins correct,!on, tin; number of 
elements of a transformation matrix became incorrect, for some 
nuclides. In jiich cases, the transformation matrix WOK recalculated 
and replaced by CRBCTJ5. 

2. 0 values and Threshold Enorflion 

Inconsistency between Q values and threshold energies was found 
especially in the ease of natural element data. The reason is that they 
were constructed from data of their isotopes and the same Q values and 
threshold energies as those of isotope data were adopted even if AWR was 
replaced for natural element. 

This inconsistency was removed for almost all cases by recalculat 
ing Q values from threshold energies and AVR, It was considered that 
threshold energies should have been the same as those of JENDL K RevO 
to keep the same curves as Jl'UDI. '<•'. RevO cross sections. 

3 Number of Energy Points of Tho Tola! Cross Section 

In the complete evaluated data file in the rM)F B format, energy 
points of the total cross section should cover all energies of partial 
cross sections. However, in JENDL 2 iRevO). data of many nuclides do 
not satisfy this rule, For such data the total cross section was 
reconstructed as a sum of partial cross sections with CRBCT.IB by ossum 
ins thaL all cross section data in Jl-NDL 2 (RtivOi were consistent one 
another. Therefore the results of iiutwiiuUan were expected to reproduce 
completely the same total cross sections as J1"M)L E ItevO), CRKCTJ5 
automatically selects energies where partial cross sections arc given 
and which are needed to represent the results of summation within 
accuracy of 1,0 percent. In the case where inconsistency amona cross 
sections were found and the reason was incorrect compilation of partial 
cross sections, correction of the partial crosi; sections was made first, 
and then the total cross section was recalculated with CRI-KT.I5. 

Individual Corrections 

In the remaining part of this appendix, the corrections made for 
each nuclide data are described except the corrections of angular 
distributions mentioned above. 

1. Hydroaen iMAT-2011 i 

M.F 2 was added to give the effective scattering radius which was 
estimated from the elastic scattering cross section of 20.AA barns at 
0.0853 eV. 

A transformation matrix of Legendre coefficients of elastioally 
scattered neutrons was calculated and added with CRECTJ5. 

2. Deuterium uW-2012) 
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KI-* 2 was added. 

Li th ium 6 MAT 203! 

T.'i'- Q v.xim- .JIKJ Un i-sliukl t.'nrn'.y i'f <'".- n.Jfiiu I ' IOGS .sect ion werv 
r u n i-r! (•-i.l. Q vahit-,*; 03 t h e ol ht i t.l)rc;.;li<iid I <-M •' inn;, wvru rep)need wilh 
v'ulii'-;; c i i l ouh i t cd from 1,h> eyholH CIK-I r.i '"> The t o t a l el o;;.*i i jec t ion W.ii; 
i i.-cal WJ1-.IS.CII ! i o'ii )vi! i.J'il ero.s:; jiecl I,.-IIN 

-1 L i th ium 7 MAT 2032 

K!-' iJ Wdi.; ydric-ti. Ij va lues wcri' modi I led t.o be c o m ; i n t e n t wii.li 
t h r e s h o l d eii"i" (•]'-a . A t r a n s l orro.st urn ma t r ix v.is i c p l «.ic-':tl with t h a t 
newly i -dK-uldl .d i.-v CKKCTJ!) 

5 Beryl J lira 9 W 204J 

KK X' k',j.>' iiddi-d Q values were .-iindif j<.-d The total cross section 
was rei.oiK.t.ni' ft-d m a j.-iirtial criMH sections. 

&. Boron !0 MAI ?<£>! 

Tin' Q v.ihi!-:.; wefr > ,)2i ill.i! id 11 •'ii i.li»i't;tir<!|j cm-t-^ieiJ. The total 
i T i K r.icrl r>D w,i;.; ; i-' I'll;,'t url •il 1 i < in partial < .1 '<'«tl ,S(:ctHi|)iJ, 

7. Curbon Itf MAT £06! 

Tlic Q values; .ind Uii't'.shnld '.-.•ici r.icw of M'J" 4. 51 and (07 had been 
Hir<.•;).-;!.-;!.<'iii,, The Q v,)li:i';; V I T C Kiodiiied by ki^'pum the threshold 
OM'ii-I-;". i<--s 

8. Fluorine 19 MAT 2091 

The ncriolastie scattering, cross section was deleted. The total 
cross sectiop was recalculated from partial cross sections. 

The jnaxmim] energies of Ml" I?b! and angular distributions of secon 
dary neutrciia vere not 20 MeV. Sugi did recalculation of these data by 
using CASTHY In this revision, the calculated data by Stigi'̂  were 
adopted for MT-251 and the angular distribution of .'astically scattered 
neutrons. For MT's from 53 to 55. isotropic :• jtributions in the 
center of mass system were assumed. 

9. Sodium 23 MAT 2111 

The Q values and threshold energies of the n.2n and n.d cross 
sections vere replaced with correct values. The threshold energy of 
MT-52 was corrected to 2.16917 MeV. The. double energy points of 1.5 MeV 
were found in the total and elastic scattering cross sections. The 
second energy was changed to 1.505 MeV. After then, the total cross 
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section was recalculated as a sum of partial cross sections. 

10. Aluminium 27 MAT 213! 

A t ransformat ion matr ix O! Ml* V in Ml-' A was ><•<•.ileiil<»t.ctl w i th 
OM'TCTJb. because the •Miiniicr of element:: was not correct 

Tin." 1) value o f enosi-'V d i s t r i b u t i o n data for f l ic n.l-'ii reue l jon win; 
mod I f li--(i 

I I Natural Si I icon HAT 2140 

The 1ot;i l no : ; : ; se r t i o ' i w.i.s I iTeoii.st meted from p a r t i a l cross 
w - r i i nns I) values ol thresnold n - w i i ' i n s were corrected to be con 
s i s ' e n t Ibe i i thteshold oncrr.i'-'S 

The 11 diii-;1'iirmal-if.'H matr ix of Ml' V in Mlr 4 was reca lcu la ted w i th 
n-l-'CT!'-. 

'!IT- II values i i f enerr,Y d i s t : i bu f io i i data for the n.&i and 
! v.'. i -i.s' i • i,( at 1 "i-1 ni;', t " i eiit i mium leve ls were, modi f ied. 

1? Nciturul Calcium MAT ?2<Xi 

The upper e llel |',V ol 1hi' |-e;;u;i,ilici" li'J'Joll for ' " t i l WtifJ (TmilKod to 
4(*0 keV 

lb'- l o i . i l <-t ii,';:; c.eri i.iii was i'-|i|,teed w i th newly evaluated data from 
experimental data of I'tTey el. a* ' odd Clefjacks1'1 it) the fcliurtiy rantju 
iroii i 400 i:eV to h.O Mi A' Tl i i ; ; evuliii.it inn was made by Asattii"' by means 
of i-ye ivini'. ' method v i l l i NDli'T' The e l a s t i c sea f t e r i n i ' cross' suc t ion 
wa:; reca lcu la ted bv subtract snt'. p a r t i a l cross sect ions from the t o t a l 
<• us;: So t I Ml 

Q value;; wei e mod i l i f d By Hi'nil t i< at ion of Q values, order of 
n i i -K is t i ' !eV" ls M'l V I . 7'' .an' 73 b'-i-aim.' wrotii;. Their ordijr was 
e>;. ilalli'.ed 

T-i'- : i ,iiisl "iiiM I n ; i m.ilji:-: V.M.S i«-pl.n'-d wi th that Mewl y eal ' u l a ted 
wjt.h CKi-CTJb 

13 Calcium 40 HAT 2201 

No mod i f i ca t i on was made except for angular d i s t r i b u t i o n data. 

I d . Calcium 42 MAT 2202 

Mo mod i f i ca t i on was made except fo r angular d i s t r i b u t i o n data. 

15. Calcium 43 MAT 2203 

No mod i f i ca t i on was made except for annular d i s t r i b u t i o n data. 

16. Calc'um 44 MAT 2204 
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No modification was made except for angular distribution data. 

17. Calcium 46 MAT 2205. 

Ml-' 2 was added to nive an effective scaUermi', ratlins. The total 
cross .section wat; calculated as a sum of partial ero:;;; sections 

18. Calcium 48 MAT 2206 

Tin; upper boundary ol the resonance region f°l "'Ca was chanced to 
400 keV. 

19 Scandium 4G MAT 2211 

The Q values of the n.p and II.M cross sections were modified. 
The cross section of 0.0 was inserted at t>00 keV for the n.p cross 
section as an effective threshold energy. The total cross section was 
reconstructed f>om partial cross sections. 

20. Vanadium 51 ^MAT 2231 

The Q value:; and threshold eneiKV ol the second inelastic level 
were modified from 320. J keV and i&G.'.SM keV to fjg9 keV and 047,394 
ki'V, l cspeet ively . The Q vulueu of the II.Si . > II. n ' c« >. ill.n'p). (I1.|JI. 
n.d and n.l were adjusted to their threshold energies. The none 
lasLic .scatleiiiig cross Section was deleted from JtWDL 2. Background 
cross yecfieriH were corrected below 100 IreV to avoid negative values of 
the elastic and total cross sectiv.iis The total and total inelastic 
eios.s sei.'l.ion.s wen.' i eeal en 1 at ed from partial cross sections. 

21 Natural Chromium MAT 2240 

The maximum energy of the elastic scattering cross section was 19 
MeV in JENDL 2 RevO . Asami1' recommended the elastic scattering 
cross section of 0.947732 barns and the total cross section of 2.16 
barns at 20 MeV. These values were adopted for JENDL-2 (Revl >. 

All Q values were recalculated from threshold energies. After this 
modification, the order of the 35 th and 36 th inelastic levels became 
incorrect. The Q values of these levels were given in JENDL 2 'RevO, as 
follows. 

35 th level .:""Cr 4-th level Q 3.1611 MeV Eu,=3.22494 MeV 
36 th level r'-Cr 7 th level Q 3.1617 MeV En, 3.22310 MeV 

In JENDL 2 Rev! . the order of these two levels was exchanged and Q 
values were adjusted as follows. 

3b th level '-'Cr 7 th level Q 3.16176 MeV En, 3.22310 MeV 
36 th level :5"Cr 4 th level, Q 3.16357 MeV E,i,-3.22494 MeV 

The total cross section was reconstructed from partial cross 
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sections. 

22. Chromium 50 (MAT 2241 

The vnhio of AWR in Ml' 2 was corrected. The total cross section 
wtiK recalculated as u .sum >f partial cross sections. 

23. Chromium 52 MAT 2242 

Tht1 value of AWR in Ml" 2 was corroded The interpolation of the 
n.n'ji cross section was altered. 

24. Chromium 53 MAT 2243 

The value of AWR in Ml"' 2 was corrected 

25. Chromium 54 MAT 22/M 

The value of AWI? in Ml"' 2 was corrected. The interpolation of (.ho 
elast.c scatter inf. cross section was corrected. The tola] cross section 
was rt-ealciilaU-d as a sum of partial cross sections. 

26. Manganese 55 MAT 2251 

In JIM>L 2 RevO . the total cross section calculated with CASTHY 
was stored. On the other1 hand, the capture cross section was evaluated 
on the basis of experimental data and consisted of rather many energy 
points. To keep consistency unionij cross sections, the total cross 
sectii.n was i ̂ calculated for JOT)!.. ? Rev! as a sum of partial cross 
sections ''he differences between the total cross sections of JO'JDL 2 
RevO and Revl Hie small enough because Uic capture cross section is 
: eiati vel v snal 1 . 

Angular distributions for the n.2n . n.n'fi/ and n.n'p reactions 
were newly added by assuming to be isotropic in the laboratory system. 

27. Natural Iron MAT 2260: 

The values of AWR's for :,l,Fe and "Fe in HF 2 were corrected. 
The Q values were adjusted to threshold energies. The total cross 

section was recalculated as a sum of partial cross sections. 

28. Iron 54 MAT 2261 

The effective scattering radius of 7.5 f'm was replaced with that of 
5.6 f:n which was adopted for resonance parameters of natural iron. 

Threshold energies were recalculated from Q values and AWR. The 
interpolation was corrected for the elastic scattering cross section. 
The elastic scattering and capture cross sections at 250 keV the upper 
boundary of the resonance region were inserted by assuming to be 3.47 
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barns and 9.6 nib, respectively. The total and total inelastic scatter 
ing cross sections were; calculated from partial cross sections. 

The angular distribution data for elastically scattered neutrons 
had not been given at 20 MoV in Jf-NiX 2 RevO . The snnio distribution 
us that id. 15 MeV was assumed. The niitvjlar distribution of neutrons 
from the v. ?n : reaction was put by assumins isotropic distribution in 
the laboratory system. All angular distributions of inultist.HNil.lv 
scattered neutrons to discrete levels were replaced with isotropic 
distributions in the center of mass system, and those to continuum 
levels with isotropic distribution in the laboratory system. 

29 Iron b6 MAT 2262 

!n JENDL V 1-f-vO , many background data points were given for the 
elastic scattering and negative data for the capture cross section. 
Koi JEND1 ? Revl . the negative resonance at 3.75 ks-V was taken away 
find the effective scat lei in;', radius was changed from b.4 lin to 6.S fm in 
ei (if r to reproduce the low eiifi (.'.y total and capture cross sections and 
the total cross section around the '?A keV window. As a result of this 
correction, better fitting to experimental data of the total cross 
section was obtained even in high energy region. The calculated capture 
cross section at 0.0JXi3 eV is seipjwhut ^renter than recommended value by 
Mugbabghab et al. However no background correction was applied, As to 
the elastic seal terinp, cross section, the calculated value is smaller on 
flu.' contrary The background data in u very simple form was given for 
this to reproduce IK,/IfJ bants'1 at O.OHK-l eV. 

Threshold energies were recalculated 1 rem Q values and AWR. The 
elastic scattering cross section at 8b0 keV the upper boundary of the 
resonance region was cot reefed Lo be ;.*'.09 batns. The total und total 
inelastic scattering ci oss sections were calculated from partial cross 
sections. 

The energy range of MP .], Ml* \<r' was collected. 

30. Iron 57 MAT 2263 

The value of AWR was corrected and threshold energies were recal
culated from Q values and the corrected AWR. The cross section of MT 51 
was modified around its threshold energy. Then the total and total 
inelastic scattering cross sections were reconstructed from partial 
cross sections. 

31. Iron 58 MAT 2264 

The background data for the capture cross section were not correct 
between 100 eV and 100 keV. They were modified by inserting the back
ground capture cross section at 100 keV. The total cross section was 
recalculated. 

The transformation matrix of MT 2 in MF 4 was recalculated with 
CRECTJ5. 

32. Cobalt-59 ;MAT=2271 ) 
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The resonance parameters were replaced villi recommended data by 
MugliabRhab et al.'", because the parameters of JI-̂ IDL P. RevO consisted 
of only big resonances of which neutron width was given by MurJmb^hab et 
al. and some unreasonable capture widths were also found. For JENDL ?-
iRovl). all resonances recommended l>y Mui>habr,hab et, al. were 
adopttrd. The resonances whose (; value was not. r.ivon and whose neutron 
width was relatively lure.o wore assumed to be s wave resonances. The 
capture widths of O.bG uV and 0.7 eV were assumed for a wave und p wave 
resonances, respectively. The offeef} ve seat forini', radius and para 
meters of the iiei;',ufivc resonance at bOO keV we! e adjusted to reproduce 
the thermal elastic scittfennc. and capture cross sections recommended by 
Mugbabe.hab et al . The changes of parameters were very small as follows. 

Y< b\70b im from 6.1? fm 
neution uicifh 'lb.0 eV from '17.7b eV 
capture width 0.-17H eV from 0 -M7 eV 

Kor the resonance formula, file multilevel Breif Wi,c; lormuL. was 
appl let) 

Tin calculated total (loss section is slightly smaller than experi 
mental data about, between 100 eV and 2 l;eV. No background correction 
was mad</ for this, because the experimental data have some structure 
which seems to be contributions from othet nuclides. 

33 Natural Nickol MAT 2280: 

Q values were recalculated from fliU'shold energies. The total 
ci oss section was reconsfi ucted, 

Ineon-ecf order of neutron enerHies of enerp.y distribtifions of 
inelastic scattering to continuum levels w,i:', corrected, 

34 Nickol b8 MAT 2281 

The J value of lB8,!57b eV resonance was corrected. The value of 
AWR was corn-vied 

The n.ji'n cross section i\. 1H !> !-W was slt/'Jifly modified to 
reproduce a .smooth curve. The total cross section was recalculated as a 
sum of partial cross sections. 

35. Nickel 60 MAT 2282 

Reconstruction of the total cross section was made. 

36. Nickel 61 MAT-2283 

Reconstruction of the total cross section was made, 

37. Nickal 62 MAT 2284 

Reconstruction of the total cross section was made. 

38. Nickel 64 MAT 2285 
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Reconstruction of the total cross section was made. 

39. Natural Copper MAT 2290; 

Q values were replaced with valur.".; calculated (IUIII threshold 
enerftlX'H. 

ihi! energy ratir.e of Ml 10 r>i' MF 4 ititd Ml"" b wa:: corrected to be 
consistent w, t.h the n.Si (T"ss ;;<-ci,ion data 

40. Copper G3 MAT 2291 

Tin- total cross section Wat; i orulcii!at ed 
The angular distnlnitions ol neutrons ! i om the ii.̂ n and n.n'n 

reactions vi'iv added by ussiimiiic. to be isol t opie i n the laboratory 
system. 

41 Copper 65 MAT 2292 . 

The anr.ular distributions of neutrons from the (II,2IIJ and in.n'ti) 
reactions vei e added by assuiiiinc, to be isotropic in the laboratory 
system. 

The etiet j'.V ruii,".i' of Ml" IB of MF b war; correctwi. 

4Z, Niobium 93 MAT 2411 

Tin; total i To.-;:; section ua:, i <voii:-;ti tieted ('torn partial cross 
sect ion:; 

The value ol AWR ..(' Ml" IB and MT 17 in MF 4 was modified, 
lint'i'f.y ranees ol' MT 16 and Ml' IV" in Ml"" b were corrected. 

43. Norural Molybdenum MAT 2420 

The J value of the 4. BK2 keV resonance ol l!Mo was corrected. 
The effective threshold energies were set at 144.7 keV and 1.0 MeV 

for the n.p and :n,o ; cross sections, respectively. The Q value of 
the :n.3n ' cross section was corrected. Other Q values were also 
corrected from their threshold energies. The total cross section was 
reconstructed from partial cross sections. 

44. Molybdenum 92 MAT 2421 : 

The effective threshold energies were set at 1.0 MeV for the :n,p 
and n.n cross sections. The total, cross section was recalculated. 

4b\ Molybdenum 94 MAT 2422 

The J value of the 4.622-keV resonance was corrected. 
The cross section of 0.0 was inserted at 1.0 MeV for the (n,a) 
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cross section as an effective threshold energy. The Q value of the 
(n,3ji) cross section was modified. The total cross suction was recon 
structed from partial cross sections. 

46. Molybdenum 95 (MAT 2423; 

The cross section of 0.0 was inserted at 1.0 MeV for the in.iO 
cross section us un effective threshold energy. The total cross .section 
was reconstr.iutod from partial cross sections. 

47. Molybdenum 96 MAT 2424 ! 

The cost; section of 0.0 was inserted at. 1.0 HeV for the ,n,i<> 
cross section as an effective threshold energy. The total cross section 
was reconstructed from partial cross sections. 

48. Molybdenum 97 MAT 2425 

The cross section of 0.0 was inserted at 1.0 MeV for the :n,o; 
cross section as an effective threshold energy. The total cross section 
was reconstructed from partial cross sections. 

49 Molybdenum 98 MAT 2426 

Tin: cross section of 0,0 was inserted at 1.0 MeV for the (n.iu 
cross section iss an effective threshold energy The total cross section 
was reconstructed from partial cross sections. 

50 Molybdenum 100 MAT 2427 

The ci oss section <>i 0.0 was inserted at 1.0 HeV for t.h-%- n,u 
cross section as an effective threshold enerjjy. The Q value of the 
n.p cross section was corrected. The total cross section was recon 

strueteri from partial cross sections. 

51. Hafnium 174 MAT 2721 

The total cross section was recalculated as a sum of partial cross 
sections. 

52. Hafnium 176 (MAT 2722 

The total cross section was recalculated as a sum of partial cross 
sections. 

53. Hafnium 177 MAT 2723 

The total cross section was recalculated as a sum of partial cross 
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sections. 

54. hafnium 178 KAT 2724 

Tlit: clastic sea tier inn cross section in the thermal region did not 
reproduce the value of 5.0 barns at 0.0i?5S cV recommended by flic evnlua 
lor of thu; unci uk-. Tin a was corrected by roplueniB the data villi 
newly evaluated values. The baekcioiind cross section way also added l.o 
the elastic seullorint', cross section In connect ein/jjj sections calcu 
la ted from resonance parameters lo the pmnlwise data below O.b eV. The 
total cross section was recalculated as a sum of" partial cross sections. 

b5 Hafnium 179 MAT 2725 

The total or r i.ss sect ion vas •ecaleulated as a sum of partial cross 
seel umr. 

56 Hafnium 180 MAT 2726 

The total cross .section war recalculatcd as a sum of partial cross 
s>-.-lions. 

137 Tcintoium 1(31 MAT 273) 

l.ire.o inconsistency watt found between the total and partial cross 
sections in lJit.- eiicti'iV lanr.e from V to bO keV where is in the resonance 
lej'.lon. The total •To,';;.; .section Was ret a] ciliated as a HUM of partial 
cross Sect 1 iillil. 

58 Nalurul Lecd MAT 2820 

The J values of 627.4 keV and 721.4 l:eV resonances of -""Pb were 
incorrect. They were altered from p wave to d wave resonances. 

The total cross section was replaced with the eye guided values 
based on experimental data in the energy range from 500 keV to 15 MeV. 
The elastic scattering cross section was modified to keep consistency 
among cross sections. 

Inconsistencies oi' energy ranges among MF 3, MP 4 and MP 5 were 
corrected. 

59. Lead 204 MAT 2821 

The interpolation tables of the total, elastic scattering and 
capture cross sections were corrected. The capture cross section at 50 
keV .background cross section was modified. After the.', the total 
cross section was reconstructed from partial cross sec'ions. 

The first energy of secondary neutrons in MF 5. MI••••22 vas cor 
reeled. 
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60. Load 206 (MAT 2822 i 

The total cross section was recalculated as a .sum of partial cross 
sections. 

The first energies of secondary neutrons of MT 22 and Ml' 91 in MF b 
were corrected. 

61. Lend 207 K M 2823 

The interpolation of the elastic scattering cross section wus 
corrected. The elastic tit-utter till', cross section wus inserted at bOO keV 
whore is an upper boundary oi the resonance reijion. The total cross 
section was recalculated as a sum of partial cross sections. 

The t'lvrr.y i ari|;',e of MT 22 in MF !'•> was modified to be the same as 
thai ol tlv n.n'n cross section. 

62 Lead 208 MAT 2824 

The J values ol b2Y.4 keV and '('HI .A keV resonances were 
incorrect. They were changed from p wave Lo d wave resonances. 

The total cross section was recalculated as a .sum of partial cross 
sections, 

The energy ranp.o ol MT 22 in Ml'' b van modified to bo the same as 
that of 1 he n.n'o cror.r, section, 

63 Thorium £28 MAT 2901 

Tile resonance formula was cliantjed to the multilevel BruiL-Wigner 
formula, because negative elastic scattering cross sections were found 
from iho ,!!•]«. 2 RevO . 

'Die cross section shape of the n.2n and <n.3ni cross sections 
were cor rooted to lie the same curve as recommendation by Dbsawa w3)o was 
an I'valuafoi of this nuclide. InterpoKi' n fables were modified for 
the elastic and capture cross sections. At J; KeV. two values were fjiven 
for the elastic scattering and capture cross sections in JENDL 2 (RevO;; 
one was the evaluated value by OJisawa and another calculated with 
CASH'HY. For JENDL 2 .Rev] :, Ohsawa's evaluated value was adopted at 2 
keV to p.ive t> smooth curve for each cross section, The total and total 
inelasiic scattering cross sections were reconstructed from parti'-! 
cross sections. 

The fission spectrum was added by assuming the Maxwellian spectrum 
determined from Z~ A systems ties by Smith et aJ!l . 

64. Thorium 230 MAT 2902 

The J values of resonance parameters were replaced with J I 2 for 
all resonances. The effective scattering radius of 19.25 fm was cor 
rected to be 10.925 fm. The -esonance formula was changed to the 
multilevel Breit Wigner formula to avoid negative elastic scattering 
cross sections. The b;v kground cross section of the capture cross 
section was recalculated as 
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(),„,,,'/•:) 0.257425 rfEycY, 

to reproduce the recommended 0.0?b3 «V cross section by Oh.sawa. The 
elastic scattering cross section calculated at 0.0253 eV is 9.7/ barns 
and that recommended by Ohsawa is 0,403 brans. However no baokcxotind 
cross section was applied. because no experimental data existed and the 
difference was not so large. 

Tin,1 interpolation tables wore changed to be lot-* h\; between UM.fcU 
eV and -1 keV. The eros.*; sections at -1 keV were t:l if.ht. 1 v modified so at; 
to loi.'i to the value:; calculated with CA.STHY above 4 keV. The curves of 
the n.L'n and .n,3n cross sections were corrected. The total cross 
section was finally recalculated 1 coin partial cross sections. 

The fission spectrum was added by assuming, the Maxwell ian st.iecfrum 
determined from '/,' A systematica bv Smith et ul. 

6'3 Thorium 232 MAT 2903 

The toliil cross section w.is recalculated from partial cross sec 
Lions 

66. 1horiurn 233 MAT 2904 

Interpolation tables were modified lor tile elastic and capture* 
cross sections. The cross seotio'is at A keV were modified so as to join 
to the values calculated wi tli CA'.TIiY above* 4 l:.-V, The curves of the 
ii,;-'u ami n,3n cross sections weti' corrected, The fotul and total, 
inelastic seattei HH*. el'eSS section Was recalculated from partial cross 
sections 

The I issieii spec! i uni was added by assumiiiji the Maxwelliun spectrum 
determined from /.- A systematic,*; by .Smith et a). 

67. Thorium 234 MAT 290b 

Interpolation tables wei e modified for the elastic and capture 
cross sections. The cross sections at 4 keV were modified so as to join 
to the values calculated with CASfTHY above A keV. The curves of the 
n,2n i and n,3n> cross sections were corrected. The total and total 
Inelastic scattering cross section was recalculated from partial cross 
sections. 

The fission spectrum was added by assuming the Maxwellian spectrum 
determined from'Z" A systematica by Smith et al. 

68. Protactinium 233 ;MAT 2911. 

The energy boundary of the resolved and unresolved resonances were 
inconsistent in JENDL 2 RevO . The boundary of two ranges was set to 
17.0 eV for JEMDL 2 (Revl >. 

Inconsistent energy ranges among MF's were corrected. The energy 
distributions of the n,2n . n.3n and inelastic scattering to conti 
luiuni levels were replaced with the results of EVAPSPEC'";. The fission 
spectrum was added by assuming the Maxwellian spectrum determined from 
lr, A systematica by Snith et al. 
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69. Uranium 233 (MAT 292I> 

The energy of 7.47 MeV in the total number of neutron;:: and number 
of prompt neutrons per fissio.i vas changed to 7.ft MoV. 

The nonclastic scattering cross section e.iven in JfNDL 2 RovO > was 
deleted, The total and total .nclnatic neattorinp, crosa aectionn were 
reconstructed from partial '.TOSS sections, 

Tlie energy range of '.insular disU ILHIUOIKJ oi neutron;) fruin fit»^»cm 
Willi corrected. 

70. Uranium 234 MAT 2$& 

Tlie resonance formula was altered !';v:.i the wine.lo level Bre.' i. 
Winner to tin- multi level Breit WiyiiT Inimtila. The background cross 
sections W'-ic replaced with Z<-rv Values. 

The Q values of MT 19. 20 and 21 were set to be the same us that of 
m Hi MF !=> data for MT 10. 20 and 21 were taken from those of MT 18. 

hneriiV ranges :>f angular distribution data were corrected. 

71. Uranium 235 MAT 2923 

]nterpo];>i,on of fission yield data van chuiir.ed to linear linear. 

72, Uranium 236 MAT 2924 

Me modification wa:; made « y,n p(, i onccf ion of annul el dirjfri 
billion data 

73 Urormm 238 MAT 2925 

Interpolation oi fission yield data was chanced to linear linear. 
Negative values vert' found in the aueular distribution of elasti 

cally scattered neutrons for the incident neutron energy of 20 MeV, The 
same distribution as 18 MeV neutrons wr-s used for ?Q MeV neutrons to 
avoid this problem. 

74. Neptunium 237 tMAT 2931 • 

The total cross section was reconstructed from partial cross 
sections. The energy ranges of energy distributions of neutrons from 
the >n.2n > and :n,3n) reactions were modified to be the same as their 
cross section data. 

75. Neptunium 239 MAT 2932 

The energy of 10 :' eV was inserted for the fission cross section. 
The U value of fission spectrum was changed to 20 MeV. The energy 

spectra of neutrons from fn,2n'•, <n,3n) and inelastic scattering to 
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continuum leve ls were replaced wi th the resu l t s of EVAPSPEC 

76. Plutonium 236 HAT 294! 

The Q values of MT 19. 20 mid gi were ;:el to hf einiul l.e that of" 
NT Iff. The threshold ri)erj.;je.>; of MT PO and f ' l wen. n.odifi.-d t<> lie 3 M.-V 
and I ! MeV, respeet) ve ly , and t he i r i t esfi .'iref inn:] anuind threshold 
etierBies Wi'le cor rec ted , Tll(.' t o t a l r io; ; : ; i n l i i ' i i w..i;; i i-raleul.»L r 'tl fro'll 
p a r t i a l ei <>.•;;; .section:-.. 

The etielr.V d i s t r i b u t i o n data <>f Ml It). i'O and 21 WITC taken from 
these el Ml' 1H 

77 Plutonium 230 MAT 2942 

Th>- i i i ' ; i t i i : i i widMis el t in- V i) <-V ant! 32 2 i -V resonances v»er" 
i i iedl f ied Th- f i :••:< ion width:-; nl t J i* - 0 -1 >•'/ and 2 9 eV i e.sollatlces Wei e 
adjusted '.,-• i i-ji!. vii'i. -. • ti le t hernial f i s s i o n cross sect ion of 16.5 barns 
i eeeimiior.ded in I--N;. '.:,'/'.> Hid e d i t i o n The resonance formula was chanced 
tu the iinil!; '..-v. •'. P-net Vhf'm-r fonmila in c.-rder to avoid negative cress 
sect ions 

The Q v.eiies and Mn.sho ld . "orp/ies of the n.2n and <n,3n. cross 
see t ions were .-i;r: t i t... i! The n,2ti I ; I»SS sec t ion a t 10 MeV was 
replaced wi th eeriest, one 'III-- t o ta l <-JN>.'7.': Mi-etiwi va.>; eonstnio lef l from 
p a r t i a l I ' I 'OKS Seel inn.-; 

'1 Jit- ani'.ulai d i : : i i I I M I ion HI da. ' i t i ' a ! ly ceal terei i neutron:-) by 
20 !'VV neutron:; had i i ' r .a t ivc Value;.; 'I'll'- :;a!li" ths fMbi lUr i l ) ay IH MoV 
neuflons was assumed at 20 MeV 

7B Plutonium 239 MAT 294'* 

'Jlie itd'-'i | :<J il i.'!i <>i Mission vM'id Jala way <.Twti(ied to l i near 
l inea l The Q v,i 111-. • 1 Mir to ta l i n e l a s t i c seat t e n ni:, cross Sect ion was 
i;l l|. ',htlv chani',. d Jr.-::i / ;i>3 l-;.-V to 7 K0 l;eV. 

79. Plutonium 240 MAT 2944 

The Q values and i l i rest io ld energies of a l l i n e l a s t i c s c a t t e r i n g 
cross -sections were inconsistent m JB<IDL 2 .RevO,. The threshold 
energies were reca lcu la ted from then Q values, The t o t a l and t o t a l 
i n e l a s t i c sca t t e r i ng cross sect ions were reca lcu la ted from p a r t i a l cross 
sec t ions . 

Tiie energy range o f ai.&ular d i s t r i b u t i o n data for the <p,2ni and 
n-3n react ions were cor rec ted. 

The energy d i s t r i b u t i o n data were ca lcu la ted w i th EVAPSPEC. 

80. Plutonium 241 MAi 945 

The Q values o f the n.gri . n.3n and >i,4n cress sect ions riere 
cor rec ted. 
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8!. Plutonium 242 MAT 2946 

The threshold energies wen- slii'.ht.ly rmnrtrd to satisfy the 
relation between Q valnt.T and threshold unor/ji'-.s Tin.- total and total 
inelastic scattering cross scr-Lions won- oalmlal ed a.-i a ;;IIIII of partial 
<TO.SK .sections, 

02 Attier K : I urn 241 MAT f W I 

Tbo l ! : ; . ' ; in i i y n d d d a t a w.- j r > i-r»r >i mal i;t<-d In ; M ) 
" h " Q vMlnr ; ; won.- i . - i ' l a r r -d w i t h Iho. ' j r r a l r u l a f t d f rom t h r e s h o l d 

I'IH-'I rj< -s T h> • t o t , , ] r i n 1 ; ; ; :;o ( l i o n u,ui H - r o n s t i ' i i c l e d f rom p a r t i a l c r o s s 
s>-,-t ion,s 

Tl.. . u r n s >ai'i',<-;-; <>i Ml-' - 1 . MT IB and Ml- b . MT 16. IV and IB were 
• .-I t - r l r t l i>< h>- ' •<i i i : ; i ; ; t i -nl v i l l i r i n s s , ::i •<• I i . in d a t a 

'!!..- • v n-.Jat ]i>n ::p.< I l a I I , Mi' b w«-n- f <-o;,l r ' l l a b . d w i t h KVAP.CPEC. 

83 Aner ' c i i.in 242 MAT 295? 

Tin- a. ' i i j t i l i i i d i .st M l i M t i n i i d j e!a.'.;t i<:al l y s c a t t e r e d neutrons by 
20 MeV n e u t r o n : ; bad m r . i i l i v e v a l u e s . Ibo .same d i s t r i b u t i o n <is 18 MeV 
ni-u! : our. v.is a.'isiiim •.,' a t 20 M--V 

>U Amor i t i iu in ?4?p MAI 29b3 

I'hi' ' - l . i ; ; ! i r and l a p t i i M ' r i u : : : , w i I I D I W at oi ind 3 , b oV were 
m o d i f o - d , T ! " ' I o t a ] < i o.-:.-' ; ; r ' l ' i " i i was i <•[ niiut.r >-ot.ed f rom p a r t i a l o r o s s 
:;cct i n i i : ; , 

Ti l ' - anr .n la i i ! l - i l I l l ' iut i i ' i i o) a1a:.1 n M l 1'V S c a t t e r e d l lel. ' tr t 'HS by 
20 M"V u n i t i on;; had ii*|!,a I i ve .abio;. ; H i " name d i t i f i l bu t i on as 18 MeV 
a .u t ion:,: va.-; .i.'-;-ivm-d at 20 MeV 

I'll. • ol l ' -I ," .V M U " , r .'.I MK b . MT ! ' ! •-'a:-, • n ! 1 ' r I i -'I . 

R5. Americium 243 MAT 2854 

The fission yield data won; renonna 1 i:«:-d to 2.0. 
Tho total cross seel, ion WHS reconstructed from partial cross 

sect) out;. 
The ariiuilar distribution of plastically scattered neutrons by 

20 MeV neutrons had negative values. The same distribution as 14 MeV 
neutrons was assumed at 20 MeV. Tho enerj'y rantse of MF 4. MI' IS was 
corrected to b? consistent with cross section data. 

86. Curium 242 MAT 2961 

The angular distribution of fe.last.icaj ly scattered neutrons at 20 
MeV bad negative values. The saint' distribution as 18 MeV neutrons was 
assumed at 20 MeV. 

87. Curium 243 .MAT 2962 
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The capture cross section of JENDL 2 (RcvO) was adopted by mistake 
to bo the same as elastic scattering cross section in the energy range 
from £7 eV to 1 keV. It was replaced with the cross sections correctly 
estimated with the method described in Rof, II. The totul cross section 
was reconstructed from partial cross sections. 

The angular distribution of elasticully scattered neutrons at 20 
MeV had negative values. The same distribution as 18 MeV neutrons was 
assumed at 20 MeV, 

88. Curium 244 MAT 2963 

The resonance formula was replaced with the multilevel Breit Wigner 
formula to avoid negative cross sections. The background cross sections 
Siven in JEJJDL 2 RevO were taken away. 

The total cross section was recalculated as a sum of partial cross 
sections. 

89. Curium 245 MAT 2964 

The t} value of the n.^n was corrected, 
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