120Gd,,-1 From ENSDF - Evaluated March 2012 64 Gdgy-1

155Gd(n,y) E=1.9keV  1999GrZN

History
Type Author Citation Literature Cutoff Date
Full Evaluation C. W. Reich NDS 113, 2537 (2012) 1-Mar-2012

7(133Gd)=3/2". Conf=v3/2[521].

Measured primary capture y-ray transitions from 1.9-keV neutron capture in '>Gd. The energy spread of the incident neutron
beam produces an averaging over many compound-nucleus states, which greatly reduces the statistical (e.g., Porter-Thomas)
fluctuations commonly observed in the intensities of the primary transitions from thermal-neutron capture. These averaged y-ray
intensities provide useful information for determining J* values for the nuclear levels directly populated by these primary
transitions.

1999GrZN give no experimental details. Such details are given in 1993K103 (thermal-neutron capture). They include the following.
target is 60 g of Gd oxide, enriched to 91.9% in ' Gd. Neutron beams formed using “filters” of “°Sc, ©'Ni and °Fe (these
authors report >*Fe, but the evaluator assumes that that is a misprint). y radiation measured using three pair spectrometers having
FWHM~10 keV at 8 MeV.

1982Ba28 also present data on primary y-ray transitions from 2-keV n capture. These data are generally consistent with those of
1999GrZN, but are less detailed. Consequently, these data are not listed here.

The following tabular information summarizes the data given by 1999GrZN for both 1.9- and 58-keV n capture.

1999GrZN give a set of calculated relative reduced transition probabilities for the primary y-ray transitions feeding final states of
various J* values. Since these intensities from resonance-averaged n capture can provide useful information about the final-state J*
values, they are summarized in the following table.

Reduced Transition Probabilities Of Primary Transitions
from 1.9- And 58-keV Neutron Capture In '°°Gd

Final Level (I,/(Eg))?

Ep B 1.9 keVv 58 keV
0 0" 58 59
89.0 2t 114 116

288.2 4t - 3.2

1049.5 ot 42 45

1129.4 2t 99 93

1154.1 2t 102 105

1168.2 ot 45 51

1242.5 1~ 13.3 45.5

1248.0 3+ 49 61

1258.1 2t 86 94

1276.1 3" 7.6 37

1319.7 2- 13.4 55

1366.5 1~ 14.9 51

1468.5 4- 2.1 19

1538.9 3- 8.5 46

1715.2 ot 48 37

1771.1 2t 96 104

1780.5 2- 14 73

1827.8 2t 90 107

1851.2 o+ 56° 74b

1851.8 3~ b b

1914.8 2" 147b 141°

1916.5 3+ b b

1934.1 2” 21.3b 91b

1934.4 3~ b b

1946.4 1~ 15 52

1952.4 4- 8.6 540

1952.4 0" b b

1962.0 1~ 105 203

1962.1 5+ b b



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1993Kl03,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1982Ba28,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
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1965.
1965.
1988.
2003.
2011.
2024.
2026.
2029.
2044.
2047.
2054.
2055.
2070.
2082.
2103.
2106.
2121.
2139.
2147.
2155.
2160.
2170.
2174.
2175.
2176.
2186.
2190.
2190.
2199.
2203.
2205.
2216.
2227.
2231.
2232.
2240.
2256.
2259.
2269.
2293.
2300.
2302.
2316.
2321.
2323.
2340.
2343.
2349.
2360.
2367.
2382.
2391.
2402.
2406.
2416.
2423.
2428.
2434.
2436.
2446.
2449.
2451.

2462

2467.
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[o)]

2478.6

110P
b
95b
100
b
26°
81
45>

11b
56°

101
32
221b
b

15
136P
b

21b

57b
112
101

73

ogb

43
150°
b
126P
b
87
86°
48

50
49

40
87
38

139°
b

116°
b

109
189°
b

43
154
b

86P
23b
96
158
110
45
143°
b

49
163°
b

145b
b

110
b

139°
100
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2494.1 (1)
2502.0 3t
2506.2 2+
2517.8 0*t,3"
2528.9 35
2534.7 (€3D)
2554.4 (1)
2571.9 1+,2+
2581 17,27
2588.9 1+,2+
2598 1*,2*
2607.9 (1)
2617.2 1t,2*
2622.1 1= - 37
2640.5 35
2647.5 1+,2%
2650.7 3t
2652.0
2665.3 0*t,3"
2676.6
2684 1*,2*
2689.5 3t
2701.0 (@2D)
2718.4 1+,2%
2722.9 3t
2738.0 35
2750.6 1t,2*
2761.7 1+,2+
2770.5 0*t,3"
2776.8 1+,2%
2784.7 1+, 2%
2787.8 3t
2794.7 1t,2%
2804.5 @hH
2816.3 3~
2826.7 3t
2831.3 27"
2839.6 27"
2846.8 2%,3%
2853.9 1+, 2%
2873.8 @
2878.9 1*,2*
2894.0 0*t,3"
2900 ot - 3%
2907.4 1+,2+
2918.5 1*,2*
2928.4
2931.8 1t,2*
2943.2 1- - 37
2946.7 3t
a, Relative Units.

Unresolved Multiplet.

peak.

26
67
114
54
64
68
21
88
23

78
106

35
101
76°

41
68
94
50
114
82
56
40
120
94

100
1620
b

115
104
78
84
219
122
148
93

133
36
72

129
64

104

c. Values Given By 1999GrZN.

Calculated Relative Population Of Final States Of '°Gd By
primary y Transitions Following 1.9- And 58 keV n Capture

Final-state

J™ Value

115

67
28
68

115
107
120

75
223

Intensity Is That Of The Composite

Relative Population?®

[1,/(E)°]

1.9 keV

58 keV



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
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®+

1*,2*

3+
4+
o
1~
2
3~
4

4 Quantities in parentheses represent the uncertainty

E(level)
Ob
89.07

1049.5¢
1129.4¢

1154.14
1168.2¢

12425/

1248.04
1258.1¢

1276.1f

1319.7f
1366.58

1468.5/
1538.98

1715.2"
177110
1780.5¢
1827.8/
1851.2k
1851.8¢
1914.8%
1916.5/
1934.17
1934.4

1946.4

1952.4
1952.4

1962.0

1965.1

1965.9/
1988.29

2003.7!

2011.9
2024.9P
2026.7M

in the least significant digit(s) of the corresponding

45(4) 41(3)
100(5) 100(5)
55(4) 60(4)
- 3.0(1)

6.6(5) 14(1)
15(D) 59(3)
15(1) 65(2)
8.1(5) 43(2)
1.8(1) 18(1)

value.

156Gd Levels
ﬂ E(evel) I | Edevel) T | E(level) bl
0+ | 20298  4- 23402 (27) | 26653  0*3*
2+ | 2044.9" 4~ 23439  1- 2676.6
0+ | 2047.8¢ 2% 2349.6!  3* 2684 1+,2+
2+ | 20541 2+ 2360.8V 1t 2689.5  3*
2+ | 207030 3+ 23675  2F 2701.0 (2
0t | 2082.0"  0* 23823V 2* 27184  1*2F
1= | 21034  3- 2402.7%  1* 27229 3%
3+ | 21067 3% 2406.1  1-37 | 27380 (3%
2 | 21214 2- 2416.2"  3* 2750.6  1*2F
3= | 2139.85 3t 2423.0  0t3% | 27617 1+2*
2= | 214747 2* 2428.0"  2* 27705  0*3*
1= | 215567 4~ 24347 172% | 27768 1+2*
4= | 21607 (3% | 24367  (@%) | 27847  1+2+
3= | 21708 1- 24462  2F 2787.8  3*
0+ | 21743V 2* 24497  1- 27947  1*2F
2t | 21751 4 24515 (%) | 28045 (2%
2~ | 2186.8° 1t 2462@ 28163  3-
2+ | 21906 2% 2467.6"  3* 28267  3*
0+ | 2199.8% 2~ 2478.6  3* 28313 2F
37 122033 1727 | 24941  (17) | 28396  2*
2+ | 22056  1- 2502.0  3* 28468  2+3*
3+ | 221660 2* 25062  2* 2853.9  1*2F
27 | 2276 3 2517.8  0t3% | 28738  (2Y)
3= | 223159 3t 25289  (3*) | 28789  1+2*
1- | 22325 4 25347  (3*) | 28940  0+3*
4= | 22404 3% | 25544 (1) | 2900 0* to 3*
0~ | 225670 3+ 2571.9  1t2% | 29074  1+2*
1= | 22597 1- 2581 1-2° | 29185  1*2F
4= | 2269.9" 1+ 2588.9  1t2% | 2928.4
1+ | 22932 1- 2598 172+ | 2931.8  1*2%
o+ | 230084 1+ 2617.2 172 | 29432 1" to 3™
2+ | 230260 2% 26405  (3%) | 29467 3+
3= | 23166 172" | 26475 1%+ | 8538.3&% |- p-¢
3= | 23219 3¢ 2650.7  3*
1+ | 232334 o¥ 2652.0

Continued on next page (footnotes at end of table)
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155Gd(n,y) E=1.9 keV

1999GrZN (continued)

156Gd Levels (continued)

 Values reported by 1999GrZN. These generally agree with the adopted values.

+J7=2* 3* is ADOPTED.
# J*=1* is ADOPTED.
@ Multiplet according to 1999GrZN.

& Neutron-capture “state”. Energy is the sum of S(n) and the 1.9-keV average energy of the neutron beam.

@ From s-wave capture in 'Gd (J*=3/2"). Due to the energy spread in the n beam, many states, having J*=1" or 27, are

populated in the capture reaction.
b Band(A): K*=0* g.s. band.
¢ Band(B): First excited K"=0" band.
4 Band(C): K™=2* y-vibrational band.
¢ Band(D): K*=0" band.
f Band(E): K™=1- octupole-vibrational band.
¢ Band(F): K"=0" octupole-vibrational band.
" Band(G): K*=0" band.
 Band(H): K"=2" octupole-vibrational band.
J Band(I): K*=2* band.
k Band(J): K™=0* band.
I Band(K): K™=1" band.
™ Band(L): K®=1% band.

" Band(M): K™=4"~ band. Dominant conf=v3/2[521]+v5/2[642].

2 Band(N): K"=1" band.
P Band(O): K"=2" band.
9 Band(P): K™=0" band.
" Band(Q): K*=0* band.
$ Band(R): Probable bandhead of a K*=3* band.
* Band(S): K*=1" band.
“ Band(T): K*=1% band.
Y Band(U): K®=1" band.
¥ Band(V): K"=1% band.

* Band(W): Probable K™=2" bandhead. Conf=v3/2[521]+v1/2[400].

Y Band(X): K™=2" band.

BT L' Blee) 1 B, I E, '
5591.6 302 85383 1727 29467 3* 5733.8
56065 424 85383 1727 29318 1*2% | 5743.6
5609.9 424 85383 1727 29284 5752+
5619.8 262 85383 1727 29185 1*2* | 57615
56309 532 85383 1727 29074 1*2+ | 5767.8
5638 303 85383 1727 2900 0 to3* | 5776.6
56443 162 85383 1727 28940 0*3* | 57877
5659.4 562 85383 1727 28789 1*2* | 5800.3
56645 372 85383 1727 28738 (2%) 5815.4
5684.4 424 85383 1727 28539 172 | 5819.9
56915 674 85383 1727 28468 2*3* | 58373
5698.7 533 85383 1727 2839.6 2* 5848.8
57070 964 85383  1°27 28313 2* 5854
5711.6 373 85383 1727 28267 3* 5861.7

5873.0

5722.0 352 85383 17,27 28163 3~

’}/(156Gd)

1 #
472
522
74 2
46 3
28 2
44 4
572
19 2
27 4
40 4
56 2
256
475
342
212

E;(level) I Ef J’;
8538.3 17,27 28045 (2%)
8538.3 1727 27947 1t2°F
8538.3 17,27 27847 1*2%
8538.3 1-,2= 2776.8 172%
8538.3 1,27 27705 0*3%
8538.3 1-27 27617 1t2°F
8538.3 17,27 2750.6 1*2%
8538.3 17,27 2738.0 (3%)
8538.3 17,27 27229 3*
8538.3 1727 27184 127
8538.3 17,27 2701.0 (2%)
8538.3 17,27 2689.5 3*
8538.3 17,27 2684 1*2%
8538.3 17,27 2676.6
8538.3 17,27 26653 0*3%

Continued on next page (footnotes at end of table)
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https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
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155Gd(n,y) E=1.9 keV

1999GrZN (continued)

y(13°Gd) (continued)

E,f L¥  Eevel) JT B, I E, L¥  Edeve) I Ef T
5887F 394 85383  1-2 26507 3* | 6351.5F 716 85383 127 21868 I*
5800.8 523 85383  1°2 2647.5 1v2% | 6363F 832 85383 1727 21751 4°
5807.8 183 85383  1-2° 26405 (3*) | 6380f 412 85383 127 21607 (3%)
5921.1 582 85383  1°27 26172 1¥2% [ 6390.9 704 85383 1727 21474 2*
5940 442 85383 127 2598 12* | 63985 354 85383 1727 2139.8 3*
5049.4 482 85383  1°27 25889 12* | 64169 10914 85383 127 21214 2°
5957 137 85383  1°2 2581 1°2° | 6434 5029 85383 172" 21034 3°
59664 501 85383  1-27 25719 1¥2* | 64563 3648 85383 127 2082.0 O
59839 127 85383  1°2° 25544 (17) | 64680 43410 85383 127 20703 3*
6003.6 386 85383  1-2° 25347 (3*) | 6483% 78115 85383 127 20541 2*
6009.4 363 85383  1°2° 25289 (3*) | 6492F 77816 85383 1727 20449 4
60205 312 85383  1-2° 2517.8 0%,3* [ 6511F 89070 85383 127 20267 I*
60321 662 85383 1727 25062 2* | 6526.4 5520 85383  1°2° 20119 3"
60363 395 85383 1727 2502.0 3* | 65346 75315 85383 127 20037 2*
60442 154 85383  1°2° 24941 (I") | 6550.1 3549 85383 12" 19882 O
6059.7 291 85383  1°2° 24786 3* | 6574F 912 85383 127 1965.1 4"
6070.7 303 85383  1°2° 2467.6 3* | 65859%F 7710 85383 127 19524 4
6076 293 85383 1727 2462 65919 13310 85383 1727 19464 1~
6088F 523 85383  1-2° 24497 1= | 66041 1946 85383 127 19341 2°
6092.1 533 85383 1727 24462 2+ | 6622.7F 13636 85383 127 19148 2*
6102 773 85383 12 24367 (2*) | 6686.8% 54610 85383 12" 18512 O*
6113 932 85383  1-2° 24230 0%3* [ 6710.5 8866 85383 127 1827.8 2*
61221 272 85383 12 24162 3* | 67578 1426 85383 127 17805 2°
6134 622 85383  1-2° 24027 1* | 67672 9817 85383 127 17711 2*
61560 4871 85383 12 23823 2+ | 68231 5195 85383 127 17152 O*
61708 662 85383  1-2° 23675 2* | 69994 1033 85383 12" 15389 3~
61775 732 85383  1°2° 23608 1t | 7069.8 273 85383 1727 1468.5 4
6188.7F 3871 85383  1-2° 23496 3* | 71718 2044 85383 127 1366.5 I-
6196+ 147 85383  1°2° 23439 1- [ 72186 11904 85383 12" 13197 2°
62157F 922 85383 12 23219 3* [ 72622 1124 85383 127 12761 3~
62217 112 85383  1-2° 23166 1-27 | 72802 128077 85383  1-2° 1258.1 2*
6236.6F 1533 85383  1°2° 23008 1* [ 72903 73613 85383 127 12480 3*
6245.1 222 85383  1-2 22932 1- [ 72958 20015 85383 1727 12425 I-
62684 7149 85383  1-2° 22699 I+ | 7370.1 7184 85383 127 11682 O*
6280 4009 85383 127 22567 3* | 73842 15306 85383 1727 11541 2*
6297.9% 772 85383 1727 22404 3~ | 74089 15929 85383 172" 11294 2*
6307F 332 85383  1-2° 22315 3* | 74888 7184 85383 127 10495 O
63217 602 85383  1°2° 22166 2* 84493 35569 85383 127 89.0 2*
6335+ 197 85383  1°2° 22033 1°2° | 85383 18267 85383 172" 0 o
6347.6F 746 85383  1°27 2190.6 2*

* Computed from the energy difference of the n-capture state and the final state.
they are smaller than, or comparable to, the uncertainties involved.

¥ Peak consists of more than one transition.
# Relative values from 1999GrZN.

Recoil effects are not taken into account, since



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999GrZN,B
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155Gd(n,y) E=1.9keV  1999GrZN

Level Scheme

Intensities: Relative I,

Legend

— I, < 2%xI®
— I, < 10% X7

s L;> 100%™

TS IS STITT o EFFTISTTETSo B os s Son,
%N"Qp?%%@b(\\"e\"':gé?Qﬂ?%@:‘caﬁavw\"\fy/\%eb?ﬂ?g\'@@vac\‘vbfov %ﬁ:\:%bv%g'og’@s
o SITTTONNCETIITSEFCEEEESEFEEEEFEIFIFFFESE 85383
3%) 21607
= 21474
P 2139.8
o 21214
3- 21034
o 2082.0
= 2070.3
-~ 2054.1
4 2044.9
" 2026.7
3- 2011.9
s 2003.7
o 1988.2
4 1965.1
4 1952.4
- 1946.4
I 1934.1
s 1914.8
o 1851.2
ps 1827.8
P 1780.5
ps 1771.1
o 1715.2
3- 1538.9
4 1468.5
- 1366.5
P 1319.7
3- v 1276.1
pvs 1258.1
" 1248.0
- 1242.5
o 1168.2
s 1154.1
po" 1129.4
pon 1049.5
ot 89.0
[ 0
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From ENSDF 136Gd,,-8

155Gd(n,y) E=1.9keV  1999GrZN

Legend
Level Scheme (continued)

— L, < 2%xIy*
Intensities: Relative I, — L, <10%xIy*
> L, > 10%xIy*

N @N\NS N 'ﬁﬁ ,@{“96 vg\.“n/ f«.\\ NN «.iﬁif S \.W:* < Af) o Q& NSO v.mijc S v&f B

o FEFEESTFTTITTEESEFITSEESSESTESSEESTES 45383
1+t 2588.9
12~ 2581
1+2f 2571.9
) 2554.4
3hH 2534.7
(3hH 2528.9
0*,3+ 2517.8
2+ 2506.2
3t 2502.0
1) 2494.1
3+ 2478.6
3 2467.6

v 2462
1~ 2449.7
" 2446.2
2% 2436.7
0r,3" 2423.0
3+ 2416.2
1t 2402.7
2+ 23823
2+ 2367.5
1+ 2360.8
3t 2349.6
1~ 2343.9
3+ 2321.9
1-2- 2316.6
1t 2300.8
1~ v 2293.2
1+ 2269.9
3t 2256.7
3~ 2240.4
3+ 2231.5
2+ 2216.6
-2 22033
2+ 2190.6
1+ 2186.8
4- 2175.1
0" 0

16,




156 d..-
64Gdg9 From ENSDF 156Gd,,-9

155Gd(n,y) E=1.9keV  1999GrZN

Legend
Level Scheme (continued)

Intensities: Relati T T e
ensities: Relative I, — I, < 10%><I§,"“’C
I, > 10%xI

«
e \,% %Qo%,,g\/@ QAT'\&@ %&7%9?;99;(,\%8,\&\%&‘%&0%&[& u:(\\lq,é\ < "\:’b PERFELELLS B YYD

o °§§70§\'§'0§§‘$Q§‘3§°rQ‘S@’@‘o’.}f@G'G‘Q’@’@‘§’Q’¢§é\¥§c§o§‘?;@?;%%@%090\0‘é’\b

-2 SESFFTEFTEFTFFFTITENTENEFNSSLES LSS
8538.3

3+
T 2946.7
2931.8
T 2928.4
o 2918.5
P 2907.4
TR 2900
o 2894.0
o 2878.9
e 2873.8
e 2853.9
= 2846.8
- v 2839.6
" 2831.3
- 2826.7
5 2816.3
o 2804.5
e 2794.7
e 2784.7
o 2776.8
o 2770.5
e 2761.7
o 2750.6
" 2738.0
o 27229
o 2718.4
" 2701.0
S 2689.5
2684
SR 2676.6
" 2665.3
o 2650.7
o 2647.5
e 2640.5
e 2617.2
2598
ot
0
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136Gd,,-10 From ENSDF 135Gd,,-10

155Gd(n,y) E=1.9keV  1999GrZN

Band(F): K"=0—
octupole-vibrational

band
3 1538.9
Band(E): K™=1"
octupole-vibrational
band
4~ 1468.5
1~ 1366.5
2- 1319.7
p KF=pt CKT=0+
Ba.nd(C‘). K™=2 Band(D): K*=0" band 3 1276.1
y-vibrational band -_
2+ 1258.1
N A L
AN 1~ 1242.5
+ 1168.2
Band(B): First excited LAY
K*=0+ band 2" 1154.1
2F 1129.4
0" 1049.5
Band(A): K"=0" g.s.
band
2" 89.0
0" 0
156
64 Gd92
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64 Gdyy-11 From ENSDF 156Gd,,-11

135Gd(n,y) E=1.9keV  1999GrZN (continued)

Band(L): K*=1" band

3" 2106.7
Band(K): K*=1" band
3t 2070.3
2+ 2054.1
1" 2026.7
2" 2003.7
Band(H): K*=2—
octupole-vibrational
band 1+ 1965.9
4~ 1952.4
Band(I): K*=2" band Band(J): K*=0" band
3 VI6S 1914.8
3~ 1851.8 0+ 1851.2
2" 1827.8
Band(G): K*=0" band
1780.5
2+ 1771.1
0" 1715.2
156
64 Gd92
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156Gd,,-12 From ENSDF ‘61 Gdgy-12

135Gd(n,y) E=1.9keV  1999GrZN (continued)

Band(N): K*=1" band

3t 2256.7
2+ 2216.6
1" 2186.8

Band(O): K*=2" band

Band(R): Probable
. T+
4 2155.6 Band(Q): K™=0"band _\ ihead of a K™=3+
band
2 w74
3+ 2139.8
0" 2082.0
CKT=0+
Band(M): K"=4- band Band(P): K*=0" band
+
4 2044.9 EANE— LA
3 2024.9
0" 1988.2
2- 1934.1
156
64 Gd92
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136Gd,,-13 S .

135Gd(n,y) E=1.9keV  1999GrZN (continued)

Band(V): K*=1" band

3 4676
.
Band(U): K"=1" band 2y 24280
3 62
1 24027
2 33
t
Band(S): K”=1" band ﬂ
3 23996
Band(T): K*=1" band
2 2333
.
o 2699
Band(X): K*=2" band
7))
Band(W): Probable K*=2"
bandhead
PR U §
2 am3
156
64 Gd92
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