
NEANDC (OR) - 152 "L" 
Part B 

INDC (SWT) - 13 / L 

PROGRESS REPORT TO NEANDC 
FROM SWITZERLAND 

June 1979 

F. Widder 

Swiss Federal Institute for Reactor Research 
Wtirenlingen 

NOT FOR PUBLICATION 

robertsj
Cross-Out















TABLE 1 

High energy capture y-ray transitions from the 237Np(n, y) reaction and the levels of 238Np TABLE 1 (continued) 

E ,1E 
/", a) ,1/", a) E,,< ') ,1E", b) E ,1E 

,1/", a) 
Ecxc

C
) ,1E", b) 

(keY) (keY) (keY) (keY) (keY) (keY) 
/", a) (keY) (keY) 

- -- ----------- - ----------------------- ----~--.--

-------- -- -------"-

5487.6 0.6 5.7 0.9 0.4 0.6 4441.6 f) 0.6 6.9 2 1046.5 0.6 
5352.0 0.15 100 4 136.0 0.3 4422.9 f) 0.4 11 2 1065.2 0.4 
5305.7 0.6 8 1.6 182.3 0.6 4407.1 f) 0.6 6 2 1081.0 0.6 
5297.4 d) 0.6 5 1.5 190.6 0.6 4399.1 ') 0.6 8 2 1089.0 0.6 
5271.5 ') 1.0 6 2 216.5 4380.3 ") 0.7 17 3 1107.8 0.7 

5238.05 0.15 35.6 2.3 250.0 0.3 4368.5 ') 0.7 10 3 1197.6 0.7 
5229.3 f) 0.5 7.5 1.5 258.7 0.5 4345.1 0.5 11 3 1143.0 0.5 
5153.7 f) 0.8 4.2 1.5 334.3 0.8 4325.0 0.4 27 3 1153.1 0.4 
5140.5 0.4 11.5 1.9 347.5 0.4 4312.0 0.5 10.4 2.4 1176.0 0.5 
5120.0 0.5 21 3 368.0 0.5 4232.0 0.2 48 3 1256.1 0.1 

5115.2 0.6 14 3 372.8 0.6 4227.6 0.6 13 3 1260.5 0.6 

5101.6 0.3 16 2 386.4 0.4 4212.0 0.4 16 3 1276.1 0.4 

5046.3 0.2 39 3 441.7 0.3 4196.8 0.3 17 3 1291.3 0.4 

5030.55 0.15 56.6 3.2 457.4 0.3 4174.6 0.2 24 3 1313.5 0.3 

4960.0 0.6 9 2 528.0 0.6 4157.4 0.5 28 3 1330.7 0.5 

4123.3 0.7 15.3 3.5 1364.8 0.7 4920.4 g) 0.5 8 2 567.6 0.5 
4118.3 0.7 13.4 3.4 1369.8 0.7 4903.8 h) 0.3 18.5 3 584.2 0.4 

0.3 19.5 3.5 1375.6 0.4 4112.5 4886.5 0.7 9 2 601.5 0.7 
4103.5 0.2 30 4 1384.6 0.3 4868.5 0.2 32.4 2.5 619.5 0.3 
4095.3 0.4 13 3 1392.8 0.4 4841.0 f) 0.7 7 2 647.0 0.7 

4079.6 0.5 16.6 3.3 1408.5 0.5 
4814.4 0.2 33.5 2.3 673.7 0.3 4042.4 0.6 11.5 3 1445.7 0.6 
4795.5 0.5 5 1.5 692.6 0.5 4004.0 ") 0.8 13 3 1484.1 0.8 
4778.80 0.15 54 3 709.2 0.3 399S.3 ') 0.7 8 3 1492.8 0.7 
4765.6 0.7 10 2 722.4 0.7 3979.1 0.4 13 3 1509.0 0.4 
4723.9 0.6 7.4 1.9 764.3 0.6 

3941.6 0.7 14 3 1546.5 0.7 

3776.6 0.4 20 4 1711.5 0.4 
4705.6 0.5 9 2 782.4 0.5 3665.6 0.5 13 4 1822.5 0.5 
4690.7 h) 0.3 16 6 797.3 0.4 3383.8 0.5 16 4 2104.3 0.5 
4687.7 0.8 15 6 800.4 0.8 3378.6 0.4 19 5 2109.5 0.4 
4678.3 0.2 42.5 4 809.8 0.3 
4674.2 0.7 11 3 813.9 0.7 2630.7 0.6 22 7 2857.4 0.6 

4653.4 0.5 11 2 834.7 0.5 a) It is estimated that the scale unit corresponds to one photonjl 04 capture. 
4619.1 g) 0.4 19 2 869.0 0.4 b) Relative errors only. 
4584.8 0.3 21 2 903.3 0.4 ') Assuming Q = 5488.1 ±0.2 keY. 
4571.5 0.8 9 2 916.6 0.8 d) Probable '5N impurity. 
4559.0 f) 0.6 8 2 929.1 0.6 ') Doublet. One component is from 15N. 

f) Doubtful. 
4539.2 ') 0.5 12.3 2.7 948.9 0.5 ") Possible background contribution. 
4517.4 f) 0.6 7 2 970.7 0.6 h) An Al background contribution has been subtracted. 
4501.6 f) 0.3 20.3 2.4 986.5 0.4 
4461.5 f) 0.6 8 2 1026.6 0.6 
4454.7 f) 0.7 7 2 1033.4 0.7 



TABLE 2 

Low energy transitions from the 237Np(n, I') reaction TABLE 2 (continued) 

£ (keV) ,1£ Ire! M Assignment £(keV) ,1£ I rel M Assignment 
-------------"--

49.37 0.03 48 II 136.0- 86.6 391.25" b) 0.10 1.3 0.3 
53.60 .) 0.12 0.3 405.20 0.15 1.7 0.3 
57.95 .) 0.15 I 0.3 430.85 0.06 4.7 0.4 
59.2 0.2 0.9 0.3 121.8- 62.2 461.55 .) 0.15 2.3 0.5 
60.16 0.04 3.5 0.9 86.6-- 26.4 496.61 a) 0.09 3.9 0.5 

72.89 0.03 4.2 0.8 
530.7 0.2 1.8 0.4 73.81 0.04 3.1 0.6 136.0-- 62.2 
538.30 0.12 2.6 0.4 79.78 0.08 0.8 0.2 
541.20 0.12 2.8 0.4 82.23 0.03 4.1 0.7 
551.65 b) 0.12 1.4 0.5 102.64 ") 0.12 3.2 0.7 
555.25 0.15 2.3 0.4 

105.95 ") 0.25 0.8 0.4 
557.20 0.15 2.8 0.4 107.21 0.05 4.8 0.5 
584.35 0.15 3.0 0.6 646.6-- 62.2 109.69 0.04 9.9 0.6 136.0-- 26.4 
606.7 0.3 2.4 0.7 115.76 ') 0.09 2.4 0.4 
620.10 0.15 3.8 0.6 646.6-- 26.4 121.79 0.04 1.5 0.1 121.8- 0 
646.8 0.2 4.2 0.8 646.6-- 0 

124.3 0.2 0.3 0.1 368.4-243.9 
648.2 0.2 3.7 0.8 126.40 0.13 0.5 0.1 

136.000 0.025 4.2 0.2 136.0-- 0 a) Doubtful. 144.45 0.08 0.8 0.1 
b) Possible background contribution. 152.94 0.04 4.0 0.3 368.4-215.5 

153.74 0.06 2.9 0.3 
156.43 0.03 34 2 182.8- 26.4 
160.63 0.04 2.9 0.2 
176.53 0.07 1.1 0.2 
182.85 0.03 100 7 182.8- 0 

189.08 0.04 3.4 0.3 215.5- 26.4 
215.49 0.04 5.6 0.4 215.5- 0 
217.60 0.09 2.2 0.4 243.9- 26.4 
218.5 0.2 0.7 0.3 
232.37 0.04 4.5 0.4 368.4-136.0 

233.64 0.08 1.5 0.2 
236.00 0.04 5.1 0.4 
243.92 0.03 27 2 243.9- 0 
250.30 0.05 2.5 0.2 
264.70 0.13 0.9 0.2 

281.80 0.15 0.8 0.2 368.4- 86.6 
289.0 0.2 1.0 0.3 
294.1 0.2 1.4 0.5 
297.70 a. b) 0.15 6 2 
332.15 0.04 6.9 06 



Weighted avo energies 
J IT b) 

E;(keY) E" (keY) 

5352.2(0.3) 136.0 1-3 
5308.4( 1.5) g) 179.8( 1.0) 2,3 

[5304.4(2.0)] [183.8(2.0)] 2-4 ± 
5272.9( 1.0) 215.3(1.0) 2,3 
5241.7(1.5) g) 246.5( 1.5) 1 .. 3 ± 
5238.6( 1.0) 249.6( 1.0) 1-4 ± 
5232.0( 1.5) 256.2( 1.5) 1-3 ± 
5202.2( 1.0) 286.0( 1.0) I·A ± 
5166.8(1.8) 321.4( 1.8) 1-3 ± 
5155.7(0.8) 332.5(0.8) 1-3 ± 
5138.2( 1.0) 350.1(0.8) 1-3 
5120.0( 1.0) 368.2( 1.0) 1-3 ± 
5114.1(0.9) 374.1(0.9) 1-4 
5102.4(0.6) 385.8(0.6) 1-4 ± 
5047.8(1.5) 440.4(1.5) 1-4 ± 
5031.5(0.6 ) 456.7(0.6) 1-4 
4961.0(0.7) 527.2(0.7) 1-3 
4921.9(0.7) 566.3(0.7) 1-3 
4888.2( 1.5) 600.0(1.6) 1-4 ± 
4864.4( 1.5) 623.8(1.5) 1-4 ± 
4842.0( 1.3) 646.2( 1.3) 1-3 ± 
4813.9(0.8) 674.3(0.8) 1-3 
4795.7(0.6) 692.5(0.6) 2,3 

TABLE 3 

Results of the 137Np(n, y)138Np reaction at thermal and resonant neutron energies a) 

Thermal 0.489 eY 1.33 eY 
--------- --- _._---_. 

E;. (keY) 1; (rei) E; (keY) 1), (rei) E;(keY) 1, (rei) 
".-------- ---- - ------------- -----

5352.1 (0.3) 100 (10) 
5308.3( 1.2) 10 (2) 531 0.2( 1.8) 19 (6) 

[5302.9(1.8)] [10 (6)] 
5269.0(3.0) 5.4(2.4) 5272.5(0.3) 89 (9) 5271.2(2.0) 23 (9) 
5242.9(3.0) 
5238.6(3.0) 33 (10)') 5238.6( 1.0) 19 (8) 
5234.3(3.0) 5233.4(2.3) 35(14) 5230. 7( 1.5) 22 (8) 
5202.2( 1.0) 2.8( 1.2) 

d) 
d) 

') ') 5139.6(1.2) 74(20) 
5120.8( 1.0) 10 (3) 

5114.8(0.6) 89 (9) 5112.8( 1.0) 32(10) 
5103.0(1.5) 10 (4) 5101.8(0.4) 40 (6) 
5047 .2( 1.5) 37 (9) 5048.4( 1.5) f) 30 (7) 
5031.3(0.5) 70 (7) 5032. 7( 1.2) 68(10) 

4960.0( 1.0) 100(10) 
4922.4( 1.0) 52 (9) 4921.4(0.4) 100(20) 
4890.0(2.3 ) 16 (6) 4887.0(1.2) 31(10) 

') 4864.4( I. 5) 27 (7) 
') 4840.6( 1.0) 53 (9) 4844.2( 1.3) 29(10) 

4813.6(0.3 ) 37 (3.7) 4813.3(2.0) 39(18) 4813.1(1.5) 15 (6) 
') 4795.0(1.5) 15 (8) 

1.48 eY J,n
aPI 

= 2 + 

E; (keY) 

5352.6( 1.8) 

5307.7(1.2) 

5274.2( 1.0) 
5241.2( 1.6) 

5234.6( 1.5) 

5166.8(1.8) 
5155.7(0.8) 
5137.5(0.8) 
5118.5(1.8) 

4961.8(0.5) 
4924.5(3.0) 

4843.0(2.0) 
4815.8(0.8) 
4796.1(0.6) 

I, (rei) 

7.9(2.9) 

51 (9) 

57 (9) 
22 (6) 

15 (6) 

28 (9) 
68 (12) 
37 (15) 
49 (12) 

100 (10) 
25 (9) 

21 (10) h) 

86 (9) 
52 (12) h) 

5.8 eY J':PI = 3 + 

E,(keY) 1, (rei) 

5310.2(3.0) 34(15) 
[5305.9(3.0)] [16 (8)] 
5273.9(3.0) 32 (8) 

4793.7(3.0) 100(10) 

a) Transition energies in the first column are a weighted average over thermal and resonant data. Excitation energies are deduced assuming an energy of 136.0 keY for the state populated by the 5352.2 keY 
transition. In addition to the relative energy uncertainties indicated in keY in parentheses there is an uncertainty of ± 1.0 keY in the overall absolute energy scale. The uncertainties in intensities are in the same 
units as the intensities themselves. The strongest transition for each neutron energy is given an intensity of 100. 

b) The 1" values are deduced assuming dipole primary transitions and assigning EI multipolarity to the few strongest transitions. In addition, a level populated at least moderately strongly at two or more neutron energies 
is assigned negative parity. Where the parity ± is shown, it indicates that, though negative parity is still more likely, positive parity cannot be safely ruled out. The parity assignments assume single levels. If the 374 keY 
level is a doublet (see text) the parity of each member can be either + or - based on the resonance capture data. 

') Partially resolved multiplet, summed intensity given. 
d) Weak peak definitely present in spectrum: no reliable intensity can be extracted. 
e) Peak obscured by contaminant line or first escape peak. 
f) Possible doublet. 
g) Complex group at most neutron energies, most likely decomposition given. 
h) Peak contains contribution, form first escape peak of higher energy y-ray, which has been subtracted to obtain the listed intensity. 



TABLE 4 

2-~8 
Exci tation energlE's of levels In ... Np, differential 

cross sections in (d,p), and orbital assignments 

Excitation do/Ml dO/drl 
do(85°) 

Assignment 
a) 

energy 85° 135° R = do(1350) (keV) ()lb/sr) ()lb/sr) I'Tr orbitals 

0 26.4+ 1.1 19.7~1.4 1.3 2+ A-C 

26.5+0.8 17 .6~1.0 16.2+1. 3 
+ 

1.1 3 A-C 

62.0~0.7 6.9+1.1 12. 5~1. 5 0.55 4+ A-C 

86.9~0.5 28.6+2.2 
+ 

29.2~2 1.0 3 A+C 

107.3+1.2 4.2+1 8 .9~1.4 0.47 
+ 

5 A-C 

123.0~0.5 13.9~1. 5 15 .9~1. 8 0.87 4+ A+C 

165.1+1.2 0.74 
+ 

10 .0~1. 3 13. 5~1. 5 5 A+C 

221. 2+0.8 8.6+1.2 9.7~1.0 0.88 6+ A+C 

278.1+1. 0 23.6+4.1 0.66 
+ 

15. 5~1. 5 5 A+D 

328.6~0.5 14.2+2.0 23.8+4.1 0.60 6+ A+D 

374.7+1.0 11.0+1.6 18.9~2.6 0.58 
+ 

2 , 3 
+ A-D 

389.9~0.9 13. 8~1. 7 23.6+2.8 0.58 
+ 

7 A+D 

409.5~0.5 2.9~1.0 8. 5~1.8 0.34 

431. 3+0.6 8.2+1.3 15.4~2.3 0.54 4+ A-D 

456.3~0. 7 8.4+1.4 14.0+2.2 0.60 
+ 

5 A-D 

524.2+0.6 7.6~2.0 7. 3~1. 6 1.0 6+ A-D 

603.7~0.6 3. 3~1.0 5 .6~1.0 0.59 

630.6+1.3 6.2+1.2 10.0+1. 3 0.62 

648.7~0.5 5 .9~1. 2 4.7~1.0 1.2 

675. 6~0. 5 4.7~1.1 7.1~1.2 0.66 

691.9~0.6 9.7~1.5 15.6+1.6 0.62 

5+ 5 
a) A ="2 [642J, B = 2" _ 2+ 

[631J , D - 2 [622J 

11 



TABLE 5 

Energies and assignments of the levels observed in the different experiments 

242mAm High energy Low energy Resonance (d, p) I"K Q 3) Config-
:x-decay (n, y) (n, y) capture uration b) 

----~.-- ------- - ---- ------ ------------ ---------

0.0 0.4±0.6 0.0 0 2+2 A A-C 
26.4 26.39±0.03 26.5±0.8 3+2 A A-C 

62.7 62.22±0.05 62.0±0.7 4+2 A A-C 
86.7 86.61 ±0.03 86.9±0.5 3+3 A A+C 

106.1 107.3 ± 1.2 5+2 A A-C 

121.8 I 2 1.78± 0.04 123.0±0.5 4+3 A A+C 
136.0 136.0±0.3 136.01 ±0.02 136.0 ') r3 A B+C 
165.9 165.1±1.2 5+3 A A+C 
179.2 179.8± 1.0 4-3 A B+C 

d) 182.3±0.6 I 82.83± 0.03 183.8±2.0 2-2 A B-C 
216.5± 1.0 215.48±0.03 215.3±1.0 3-2 A B-C 

221.2±0.8 6+3 A A+C 
233.1 5-3 A B+C 

243.93±0.03 246.5± 1.5 
250.0±0.3 249.6± 1.0 

258.7 e)±0.5 256.2± 1.5 4-2 B B-C 

275.7 278.1 ± 1.0 5+5 B A+D 
286.0± 1.0 1-0 C B-D 

301.0 6-6 B A+E 
321.4± 1.8 

328.6±0.5 6+5 B A+D 
334.3 e)± 0.8 332.5 ±0.8 1+0 C A-D 

342.6 5-5 A B+D 
347.5±0.4 350.1 ±0.8 ro B B-D 

368.0±0.5 368.2 ±0.04 368.2± 1.0 2-0 B B-D 

372.8±0.6 374.1 ±0.9 374.7 ± 1.0 
2+0 B A-D 
3+0 C A-D 

386.4±0.4 385.8 ±0.6 
389.9±0.9 7+5 B A+D 

410 409.5 g)±0.5 6-5 B B+D 
43\.3±0.6 4+0 B A-D 

441.7 ±0.4 440.4± 1.5 4-0 B B-D 
456.3±0.7 5+0 C A-D 

457.4±0.3 456.7 ±0.6 
465 
486 

524.2±0.6 6+0 B A-D 

528.0±0.6 527.2±0.7 
567.6 f)±0.5 566.3±0.7 

584.2±0.4 
601.5±0.7 600.0± 1.6 

603.7±0.6 
619.5±0.3 623.8 ± 1.5 

630.6± 1.3 
647.0 e)±0.7 646.58±0.1 646.2± \.3 648.7±0.5 

673.7±0.3 674.3±0.8 675.6±0.5 
692.6±0.5 692.5±0.6 691.9±0.6 

The data for the 242mAm decay are from ref. 4). 
3) Q indicates the reliability of the assignment: A = reliable; B = probable; C = possible. 
b) A = nr[642iJ; B = nr[5231]; C = v! +[63q]; D = V1+[622iJ; E = v}+[624U Band-heads are 

written in bold characters. 
') Adopted energy to determine the reaction Q-value. 
rl) This level has been disclosed in a new investigation by HotT. 
e) Level feeded by a doubtful transition. f) Possible background contribution in the feeding transition. 
0) It is not clear if this level is the same as that observed in :x-decay. The assignment is valid for the latter. 
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