1413 Ings-1 From ENSDF - Evaluated January 2012 1413 Ings-1

BIn(n,y) E=th  2002SaZO

History
Type Author Citation Literature Cutoff Date
Full Evaluation  Jean Blachot NDS 113, 515 (2012) 1-Jan-2012

2002SaZ0: E=th. Measured Ey, Iy. ce using bent-crystal spectrometer for y rays and a magnetic spectrometer for conversion
electrons in the 30-1300 keV range.

The level scheme was constructed on the basis of the Ritz combination principle and on the yy coin data from 1975Ra07 and
1975Hu09. The transitions with energy uncertainties larger than 0.05 keV were not included in the level scheme, unless placement
supported by yy coincidences.

1975Ra07: Measured Ey, Iy, y-y coin; Enriched target, Ge(Li) detectors.

The data of 2002SaZO supersede 1975Ra07. The high energy resolution of the bent-crystal spectrometer has allowed to solve
discrepancies quoted in the last evaluation.

H41n Levels

E(level)T T Comments
0 1" Configuration=rgg»®vg7).
190.2682 8 5+ Configuration=1gg/,®vs1>.
221.067 3 4+ Configuration=mgg, ®vs|»+rg9p®@vd3).
287.739 3 2+ Configuration=1gg/, ®vg7/.
497.161 3 5t Configuration=rgg,®vds.
501.938 3 8~ Configuration=rrgg,®vhyy.
536.286 3 7" Configuration=rrgg,®vhy .
574.408 3 6~ Configuration=rrgg,®vhyj.
600.355 9 3~
628.032 3 3+ Configuration=1gg/, ®vg7/.
640.4% 1 9~ Configuration=mrgg,®vhy .
641.738 3 7t Configuration=rgg»®vds.
687.518 4 8+ Configuration=1gg/, ®vg7/.
692.936 4 2-
696.368 3 5 Configuration=rrgg,®vhyj.
725.126 4 3t Configuration=rgg»®vds.
728.5411 25 4% Configuration=rgg, ®vd3+mg9n®Vs| /2.
775.334 3 4t Configuration=rgo,» ®vg7+rg9p®@vd3).
824.994 4 2+ Configuration=rgg/,®vds)>.
835.651 4 4~ Configuration=rrgg,®vhy .
906.118 6 2-
909.505 4 6" Configuration=rgg»®vds.
970.581 5 4* 516"
1003.130 5 5t Configuration=mrgg»®vds.

1006.405 10 4~
1018.670 4 475"

1019.742 4 7t Configuration=mgg,, ®vg7,+1g9®vds).
1032.039 4 3~ Configuration=rrgg,®vhy .

1037.178 5 3t 4% 5%

1044.894 5 6" Configuration=mrgg,®vds,.

1047.208 4 3t

1059.49 5 1*,2*

1062.534 3 3t

1074.04 3 1*,2%

1111.795 7 3
1155.353 4 3t 4t
1164.278 10 6*,7".8%
1168.822 7 2+ 3t 4%
1178.67 5 17,27,37
1198.937 4 4~
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31n(n,y) E=th

2002SaZO (continued)

141y Levels (continued)

E(level)T J* Comments
1201.506 8 3~
1205338 6 3%
12168%2 10 Configuration=ngo®vhy 1 2.
1270.986 8 3~
1272268 5 4*
1303.547 5 3~
1311762 4 3*4% 5%
1319.569 9 2+,3* 4%
1322451 10 5*,6%,7*
13289506 6+
1349.004 4 37,475
1394234 7 5*,6*
1406.487 9 27,37 4"
1424.447 7 4%
1431.608 9 4
1484.771 13 3+4% 5%
15755327 3*4*
1615914 19 3+4% 5%
1677.642 21 3.4

 From least-squares fit to Ey’s , multiply placed y’s were not included in this procedure.
¥ From 1976Ei04: Level not populated in (n,y).

7(11411'1)
E, L& Eevel)  I7 B, 7 Mult¥ o4 Comments
*14.34 5 334
30.807 4 19.3 10 221.067 4% 190.2682 5% Ml 15.3 E,.I,: from ce data; Iy for M1.
a(L1)exp/a(L2)exp=11.0 17,
a(L1)exp/a(L3)exp>20,
a(L2)exp/a(M1)exp=0.58 10,
a(M1)exp/a(M3)exp>5.
343502 203 536.286 7~ 501.938 8~ Ml 11.18  E,.L,: from ce data; Iy for M1.
a(L1)exp/a(L2)exp=10.0 19,
a(L1)exp/a(L3)exp>23,
a(L2)exp/a(M1)exp=0.33 6,
a(M1)exp/a(M2)exp>9.
38.122 2 30.5 20 574.408 6~ 536.286 7 Ml E,.I,: from ce data; Iy for M1.
a(L1)exp/a(L2)exp=11.8 23,
a(L1)exp/a(L3)exp>37,
a(L2)exp/a(M1)exp=0.55 11.
45.78 3 0.6 3 687.518 8% 641.738 77 Ml 4.84  a(K)exp<7
E,.Iy: from 1975Ra07.
*48.202 6 1.6 4 Ml a(K)exp=5.0 18
E,.Iy: from ce data, I'y for mult=MI.
65.285 5 1.4 4 1394.234  5%,67 1328950 6% Ml 1.72  a(K)exp=1.53 4
67.26 8 1.05 641.738 7+ 574408 6~ E19 0.53  E,.I,: from 1975Ra07.
*86.769 4 0.36 8
92.828 3 4.8 10 1155.353  3*4% 1062.534 3* Ml a(K)exp=0.67 14; a(L1)exp=0.074 25;
a(L2)exp<0.03
93.626 3 091 719 1003.130 5% 909.505 6% Ml a(K)exp=0.84 25
*98.474 3 0.59 13 Ml a(K)exp=0.42 13
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31n(n,y) E=th

2002SaZO (continued)

y(1 141n) (continued)

E, L& Ei(level) ¥ E; i Mult¥ o4 Comments
*101.894 4 0.359
105.458 3 398 641.738 7t 536.286 7~ El 0.149  a(K)exp=0.12 4
*110.735 6 0.43 11
121.962 2 150 30 696.368 5 574.408 6~ Ml a(K)exp=0.21 5; a(L1)exp=0.027
6; a(L2)exp=0.0019 4;
a(L3)exp<0.002;
a(M)exp=0.0040 710
139.278 2 72 14 835.651 4~ 696.368 5~ Ml a(K)exp=0.15 3; a(L1)exp=0.019
4; a(L2)exp<0.002;
a(M1)exp=0.0040 10
139.795 3 0.48 12 641.738 7t 501.938 8~ E1©
*142.180 3 0.49 12
147.3025 15 326 775.334 4+ 628.032 3% Ml a(K)exp=0.127 24,
a(L1)exp=0.019 4;
a(L2)exp<0.006;
a(M)exp=0.0040 10
150.0667 16 5.6 12 1349.004 374757 1198.937 4~ Ml a(K)exp=0.15 3
151.085 3 1.02 22 1575.532 3t 4% 1424.447 47 MLE2 0.26 a(K)exp=0.19 6
153.463 8 0.59 15 1424.447 4+ 1270.986 3~
156.4085 9 7.6 6 1311.762 3t 4757 1155.353 3t4* Ml a(K)exp=0.097 10
*158.0862 18 2.04 Ml a(K)exp=0.12 3
158.167 24 0.18 9 1322.451 5t.6%,77  1164.278 6%,7%,8"
166.890 14 0.35 11 1198.937 4~ 1032.039 3~
*170.5000 23 0.81 14
*176.646 4 0.56 8
185.5784 18 2.08 18 687.518 8t 501.938 8~ E1©
*187.40 18 498
190.2684 8 8.76 190.2682 5% 0 1* E4 5.04 a(K)exp=2.7 3; a(L1)exp=0.28 10,
a(L2)exp=1.3 3; a(L3)exp=0.98
23; a(M)exp=0.66 6
a(N)exp=0.11 /
192.525 13 0.38 8 1198.937 4~ 1006.405 4~
*192.929 3 0.64 11
196.3870 7 14.5 10 1032.039 3 835.651 4~ Ml a(K)exp=0.061 5;
a(L1)exp=0.0076 12
199.207 6 0.20 6 696.368 5 497.161 5* E1@
*201.567 3 0.78 18
*202.773 6 0.88 22
205.675 4 094 13  1111.795 3 906.118 2~
213.184 15 0.75 19 906.118 2- 692.936 2~
2222143 16 3.04 24 1047.208 3t 824.994 2+ Ml a(K)exp=0.049 10
231.372 5 1.91 21 728.5411 47 497.161 5* Ml a(K)exp=0.042 12
237.546 6 0.74 11  1062.534 3t 824.994 2+
243.330 3 1.86 20 1018.670 4-.57 775.334 4%
*244.192 4 0.92 12
257.018 24 0.8524 1319.569 237 4% 1062.534 3%
261.844 3 8.1517 1037.178 3t4%,5% 775.334 4% Ml a(K)exp=0.032 3
*267.209 5 1.24 13
*268.615 7 1.05 11
269.129 16 0.65 10  1272.268 4% 1003.130 5%
*273.404 15 345 MI1,E2 a(K)exp=0.033 70
276.092 5 41.3 25 497.161 5* 221.067 4% Ml a(K)exp=0.0278 24,

a(L1)exp=0.0027 6
Additional
information 1.

Continued on next page (footnotes at end of table)
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31n(n,y) E=th

2002SaZO (continued)

y(1 141n) (continued)

E, L& Eilevel) 7 E/ i Multt o Comments
277.82 3 093 1006.405 4~ 728.5411 4%
278.175 8 1.18 13 775.334 4% 497.161 5F M1@
287.734 5 198 12 287.739 2% 0 1" M1 a(K)exp=0.0218 15;
a(L1)exp=0.00051 11
290.136 8 0.88 22 1018.670 47,5~ 728.5411 47
¥296.407 12 1.34 17
306.879 6 68 4 497.161 57 190.2682 57 M1 a(K)exp=0.0196 22;
a(L1)exp=0.0024 5
311.665 6 240 1 501.938 8~ 190.2682 57 E3 0.112  a(K)exp=0.076 3;
a(L1)exp=0.0090 3;
a(L2)exp=0.0055 3;
a(L3)exp=0.0043 4
a(M)exp=0.0050 9;
a(N)exp=0.00096 13
312.617 9 13.7 11 600.355 3~ 287.739 2% El a(K)exp=0.0065 8
*313.516 9 0.65 9
*314.2039 22 525 MI1,E2 a(K)exp=0.020 5
*317.671 3 1.83
*320.660 3 3.00 21
*321.363 5 1.37 13
322.306 4 13.3 13 1018.670 4-,5~ 696.368 5~ MI1,E2 a(K)exp=0.018 3
325.824 7 0.96 13 1328.950 6% 1003.130 57
333.9934 24 23223 1062534 3% 728.5411 4% MI1,E2 a(K)exp=0.023 6
336.494 20 333 1111.795 3 775.334 47
339.08 3 1.53 1032.039 3~ 692.936 2~ M1@
340.290 3 105 10 628.032 3% 287.739 2% Ml a(K)exp=0.0151 15;
a(L1)exp=0.0020 4
*344.158 8 1.90 22 Ml,EZ#
351.870 9 22618 1322451 5%,6%,7F 970.581 4*,5%6%
¥354.340 8 0.96 13
357.372 4 374 1044.894 6% 687.518 8%
*360.086 6 1.24 14
363.2808 25 384 1198.937 4~ 835.651 4~ MI1,E2 a(K)exp=0.022 6
365.854 7 4.6 6 1201.506 3~ 835.651 4~ Mm1#
370.189 8 0.96 24 1575.532 3%t 4 1205.338 37
374.447 8 2.17 18 1406487 27,374~ 1032.039 3~ Ml,EZ#
375.555 11 1.40 18 1394.234 5%,6" 1018.670 47,5~
378.0039 20 11.59 1019.742 7 641.738 7F M1,E2 a(K)exp=0.0088 13
*378.578 8 1.02 16
380.031 16 0.67 12 1155353 3t 4% 775.334 47
384.08 4 4.8 15 574.408 6 190.2682 5* El a(K)exp<0.008
*390.89 4 124
391.05 5 1.34 1394.234  5%,6" 1003.130 57
*391.650 4 243 M1,E2 a(K)exp=0.021 6
*395.567 22 0.51 10
397.427 9 1.55 18 1303.547 3~ 906.118 2~
399.569 8 1.64 18 1431.608 4~ 1032.039 3~ Ml,EZ#
*400.496 16 1.40 21
*400.757 14 1.65 21
¥402.92 2 0.63 13
403.181 10 1.27 24 1044.894 6 641.738 7F
405.20 5 0.86 14 692.936 2~ 287.739 27 El@
406.050 11 1.56 18 1006.405 4~ 600.355 3~ M1,E2#
¥409.354 23 1.33 15
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IBIn(n,y) E=th  2002SaZO (continued)

y(1 141n) (continued)

E, L& E;(level) 7 E; " Mult. ¥ Comments
412342024 107 8 909.505 6 497.161 5+ MILE2  a(K)exp=0.0071 19
¥413.200 7 1.64 14
423590 3 0540 14 1198937 4~ 775334 4*
423.590 3 0540 14 1394234 5t 6 970.581 4*,5% 6 I,: total Ty=1.08.

Additional information 2.
*426.904 10 1.53 22

*429.68 3 1.33 17
4353329 6.85 1270.986 3 835.651 4~ M1,E2 a(K)exp=0.00963 20
436.577 17 333 1272.268 4+ 835.651 4~
437.384 4 827 725.126 3* 287.739 2% M1,E2 a(K)exp=0.0095 20
*441.48 5 0.66 14

*444.463 22 1.20 14
*444.720 17 0.79 12
451.471 3 21.0 15 641.738 7t 190.2682 5* E2 a(K)exp=0.0080 9; a(L)exp=0.0014 5
Mult.: M1 is possible from ce data but
excluded from AJ"=2.
*457.431 13 1.09 14
*461.345 12 0.76 10

467.894 4 407 1303.547 3~ 835.651 4~ MLE2  a(K)exp=0.008 3
¥469.849 9 1.26 25
473.420 3 16 4 970.581  4*5+.6* 497.161 5+ MLE2  a(K)exp=0.0070 20
X473.829 4 469 MLE2  a(K)exp=0.009 3
47523 3 06420 696368  5° 221.067 4* E1@
476.794 5 29922 1205338  3* 728.5411 4*
487558 18 2.8 4 775334 4+ 287.739 2* E2@
496.99 4 064 13 1272268 4% 775334 4%
502.5671 24 153 1198.937 4~ 696.368 5~ MLE2  a(K)exp=0.0069 20
504.060 4 314 725.126 3+ 221.067 4* MLE2  a(K)exp=0.0055 9
505.995b 5 6314 696368  5- 190.2682 5+ E1©@ E,: poor fit; level-energy
difference=506.099 3.
5059950 5 630 14 1003.130 5+ 497.161 5* MLE2  a(K)exp=0.009 3
L,: total Iy=12.6.
507.482 4 12.8 22 728.5411 4% 221.067 4* MLE2  a(K)exp=0.0074 15
508.6170 11 43bs 1044.894 6% 536.286 7-
508.617° 11 4305 1201506 3- 692.936 2~ E,: level-energy difference=508.569 4.
I,: total Iy=8.6.
522.538 10 15520 1164278  6*,7°.8* 641738 7* M1,E2#
5273256 527 1155353 3+ 4+ 628.032 3* MLE2  a(K)exp=0.0083 19
508.24 4 06313 1303547 3~ 775334 4%
536.473 21 118 13 1311762 3*4*5% 775334 4*
537.253 4 588 824.994 2% 287.739 2+ MLE2  a(K)exp=0.0076 20
5382774 285 728.5411 4+ 190.2682 5* MLE2  a(K)exp=0.0060 13
540.789 6 154 1168.822 23+ 4% 628032 3* M1,E2*
543.730 5 286 1272268 4% 728.5411 4*
547.140 5 7113 1272268  4* 725126 3* MLE2  a(K)exp=0.0065 20
¥565.501 15 0.76 13
570.902 6 8.0 11 1198.937 4~ 628.032 3* El a(K)exp<0.0025
573.675 12 16721  1349.004 3-4-5 775334 4*
578.09 3 153 1270.986 3~ 692.936 2~
¥584.39 5 0.52 12
585.12 5 0.69 15 775334  4* 190.2682 5*
¥588.979 12 1.39 18
¥500.74 3 125 17

*602.082 18 448

Continued on next page (footnotes at end of table)
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IBIn(n,y) E=th  2002SaZO (continued)
7(“4In) (continued)
E, L& Ejevel) ¥ Ef N Mult. ¥ Comments
¥616.747 24 1.64 23 M1,E2
618380 10 295 906.118 2~ 287.739 2*
¥625.96 4 1.21 19
¥628.96 3 143
¥629.06 3 1.46 20
632587 16 375 1328.950 6% 696.368 5~
¥635.37 11 1.7 3
¥639.794 25 092 18
644.25 4 1.06 23 1272268 4+ 628.032 3* MI,E2"
¥645.52 3 1.29 25 M1,E2%
649.118 12 295 1484.771 3t 45t 835651 4-
¥652.152 15 294
¥652.47 4 1.84
X665.74 2 1.9 4
670.50 2 1.38 18
¥675.577 12 1.97 23
¥677.23 6 0.97 13
¥679.423 14 335
691.538 9 627  1319.569 2+3*4* 628032 3* MLE2  a(K)exp=0.0037 10
692.934 4 32 4 692.936 2~ 0 1" El a(K)exp<0.0013
¥694.06 3 1.79 25
¥710.81 4 779
¥712.60 4 597
719.29 14 8.7 10 909.505 6F 190.2682 5* E,: level-energy difference=719.234 4.
728078 14 405 1424.447  4* 696.368 5~
¥732.69 5 0.90 16
¥137.77 5 1.32 23
¥752.78 5 0.41 9
¥754.41 5 0.67 11
754.41 5 0.67 11 1328950 6% 574.408 6~
¥760.03 10 0.84 17
¥761.08 9 0.91 17
77170 5 336 105949  12* 287.739  2*
774.796 4 17420 1062534 3+ 287.739 2+ MI,E2*
¥777.89 4 1.44 21
780.260 18 3.14 1615914 3+ 4+5* 835651 4~
¥782.54 4 1.78 24
786.29 3 1.8 3 1074.04  1+2% 287.739  2*
¥787.95 7 1.05 19
792.668 12 466 1328950 6% 536.286 7~
¥794.76 5 1.06 18
¥797.638 11 546
812.82516 365 1003.130  5* 190.2682 5+ MI1,E2
816.136? 10 4.4 7 1006.405 4~ 190.2682 5*
816.136? 10 4.4 7 1037.178 3+4+5t  221.067 4+ L: total Iy=8.8.
825.000 6 1151714 824994 2% 0 1* MLE2  a(K)exp=0.0025 7
826.14219 537 1047208 3* 221.067 4*
¥827.04 8 1.6 4
%830.86 4 295
¥832.09 6 1.8 3
¥839.46 9 205
841460 16 7813  1062.534 3+ 221.067 4*
841.973 23 376 1677.642 3.4 835.651 4~
¥850.27 10 133
¥857.009 24 377

Continued on next page (footnotes at end of table)
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31n(n,y) E=th

2002SaZO (continued)

y(1 14In) (continued)

E, L& Eevel) ¥ B 1 Mult. ¥
¥865.24 5 1.65 23
¥872.20 7 1.16 21
873776 10 627 M1,E2#
890.93 5 203 117867 1-2-3 287739 2+ EI¥
¥896.81 11 1.24 23
906.102 10 8511  906.118 2~ 0 1+ EI¥
917.66 5 11217 1205338 3* 287.739 2+
934.44 3 27625 1431.608 4~ 497.161 5*
¥940.43220 6.8 21 Mi1#
¥944.68 8 548
¥94772 10 1.9 3
952.55 4 407  1677.642 34 725.126 3*
¥983.17 10 17 3
%986.12 15 275
%987.3 2 235
¥992.42 7 267
994.88 8 398
¥1013.436  11.0 15
¥1017.6320 327
¥1026.00 12 537
¥1031.03 21 1.6 3
¥1033.97 15 345
¥1047.88 10 355
1059.64 9 567 105949  1+2* 0 1+
¥1070.82 15 2.4 4
1074.12 10 295 107404 12+ 0 1+
¥1083.2520 2.0 4
¥1103.05 4 7513
¥1119.79 6 5.4 10
¥1125.30 7 294
¥1151.83 7 7.1 11
¥1226.09 24 8.1 17
¥124020 15 376
¥1254.58 24 6.3 14
¥1268.43 14 11.7 14
¥13333324 559

 For doublets, equal intensities are assigned to the two components (by 2002SaZO or by the Evaluator).

¥ From a(K)exp in 2002SaZO.
# From 1986Ti01.
@ Deduced from comparison of experimental Ty, (1975Ra07,1975Hu09) and calculated Ty/,(W.u.); L-transfers used to determine

change in parity.
& For intensity per 100 neutron captures, multiply by 0.1.
¢ Total theoretical internal conversion coefficients, calculated using the Brlcc code (2008Ki07) with Frozen orbital approximation

based on y-ray energies, assigned multipolarities, and mixing ratios, unless otherwise specified.

b Multiply placed with intensity suitably divided.
* v ray not placed in level scheme.
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BIn(n,y) E=th  2002SaZO

Legend

Level Scheme
ST — I, < 2%xIy™

Intensities: Relative I, N - I, < lo%xll;lax
@ Multiply placed: intensity suitably divided — I, > 10% <"
o Coincidence
S5
7
ko)
34 & & > g 1677.642
IN) 3\
Q(\"IQ S $<v
3+ 4t 5t € o e 1615.914
A, Q& 5.
S5
3t,4+ SO 1575.532
B K
S o
N K N
O [{C 2
a5t I Feso g 14847
T &8 S . s ©
- F& S p oS s ~
4 PO S S S S NS N o 1431.608
q+ NSRRI A SO S NS SN, A 1424.447
) I oY RS »w LT "> ‘9, \01
2-3° 4 Wy — v’w&*&wi}i@ifg:wi TN W 1406.487
576 S8 T N ST 8 SRS T N\ 1394.234
— QB P S o N
345 R R \___1349.004
6+ E—P—F—¢" 1328.950
ST 6T T 23 1322.451
3T AT 1319.569
34T 1311.762
= 1270.986
3+ 1205.338
4- 1198.937
6+,7". 8" 1164.278
3T AT 1155.353
3t 1062.534
3- 1032.039
e 1018.670
5* 1003.130
56 970.581
4- 835.651
4+ 775334
3t 725.126
5~ 696.368
3t 628.032
6~ 574.408
7- 536.286
5* 497.161
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491059 From ENSDF 49 Ng5-9
BInm,y) E=th  2002SaZO
Legend
Level Scheme (continued)
— I, < 2%xI®
Intensities: Relative I, ——— I, < 10%xI1*
@ Multiply placed: intensity suitably divided —> L, > 10%xIy
o Coincidence
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3t ST T T\ 1062.534
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3~ 1032.039
4 1006.405
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4~ 835.651
ot 824.994
4t 775.334
4+ 728.5411
e 725.126
5-  J 696.368
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15 Ings-10 From ENSDF 49 INgs-10
BIn(n,y) E=th  2002SaZO
Legend
Level Scheme (continued)
— I, < 2% ><I'}’,"”‘
Intensities: Relative I, I - I, < IO%XI{;MZ)J
@ Multiply placed: intensity suitably divided > L, > 10%xIy*
° Coincidence
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4+ 728.5411
5” Y 696.368
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4+ 221.067
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