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Type Author Citation Literature Cutoff Date

Full Evaluation  Balraj Singh and Jun Chen NDS 178, 41 (2021). 12-Nov-2021

2018Sa02: E("Li)=22-24 MeV beam from the Pelletron-LINAC facility at TIFR-Mumbai. Target was 5.2 mg/cm?> >?Co evaporated
on 4 mg/cm? thick Ta foil. Measured Ey, Iy, yy-coin, yy(6)(ADO), yy(linear polarization) using an array of 11
Compton-suppressed Clover Ge detectors. Comparisons with shell-model calculations, and deduced configurations.

64Cu Levels

Edeve)T 7% | Edeve)™  57F | Edeve™  5F | Edevent  yr¥

0.0 1t 1460.6 5 4~ | 2647.0 8 (5) | 379856 9
15893 2°F 1592.7 5 6~ | 2689087 67 | 398628 9”
27783 2°F 16155 8 5T | 271557 7 | 4159.7 10
34224 1% 1704.86 4% | 281087 6 | 4162.89
361.73 3% 17359 6 4* | 2913711 57 | 416567 9°
574.04  4F 1769.76 5% | 292446 6 | 4268.18
607.84 2F 1905.8 8 4% | 294828 57 | 435858
66244 1F 19245 8 2964.2 8 57 | 4550.5 10
73705 2F 1978.6 8 5% | 3049.8 8 77 | 45544 12
74554  3* 2018.37 4% | 312456 77 | 45669 8 10™

77416 (1) 2071.8 6 57 | 31756 8 4689.9 12

82026 (4) 2090.6 5 47 | 3189.66 8™ | 48969 10 10
876.44 (0)* | 2251.1 8 5% | 3267.18 5084.0 10 (9)
895.13 (3)* | 232157 57 | 327729 5094.2 10  (9)

92605 1F 2376.3 6 7 3350210 6 5685.0 10 (11)
1096.16 2% 2385.8 6 6~ 337507 67 5911.1 12
1239.55 37 2414.7 8 3487.1 7 8" 5916.0 12 (10)
1242.0 7 24354 8 3603.7 6 7 6068.7 12 (10)
129006 2% 2496.9 7 5* 3680.1 11
135335 4% 25169 7 57 3685.2 11 7
143546 4F 2582.8 11 5° 373229

T From a least-squares fit to y-ray energies.

t As proposed in 2018Sa02, based on yy(6)(ADO), yy(lin pol) and comparison with shell-model calculations. Evaluators note
that strong arguments for J” assignments are generally missing in this work, thus assignments are either different in the Adopted
Levels or treated as tentative.

y(%*Cu)

ADO=Angular Distribution of y rays from Oriented nuclei, defined by 2018Sa02 as: Iy;(140°)(gated on 7y, at all angles) /
Iy (115°)(gated on y; at all angles).

Expected values of ADO ratio Rapo are 1.24 2 for pure quadrupole transitions, 0.81 / for pure dipole with gates on pure dipole
transitions of 159 and 278 keV (2018Sa02). A value between 0.81 and 1.24 indicates mixed multipolarity with 6(Q/D)>0, and a
value <0.81 would indicate 6(Q/D)<0.

Positive value of polarization (POL) indicates an electric nature and negative for magnetic, and a near-zero value represents a
mixed (most likely M1+E2) transition (2018Sa02).

E,f L Elee) ¥ B
8405 0648 3617 3t 2778 2*
118.8 5 2778 2¢ 1589 2*
137.5 5 7455 3 607.8 2
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E, I Ej(level)
158.8 5 158.9
200.1 5 3124.5
20275 10395 361.7
21215 100.0 574.0
2287 5 3603.7
24985 2745 23215
265.5 5 607.8
2779 5 277.8
31135 3798.5
31345 19910 2689.8
31355 11279 31245
31365 09769 20183
31405 8315 23858
32065 18915  895.1
34225 342.2
361.7 5 361.7
38405 0194 7455
38465 19523 6624
40205 08614 3350.2
41245 09960 7741
41515 33655 5740
42635 08627 25169
43465 14339 31245
458.5 5 820.2
45905 21637  737.0
46775 22130 7455
47865 08015 2496.9
47865 29243 3603.7
47925 13815 20718
53335 12313 895.1
53425 876.4
53865 26552 29244
56005 19356 43585
561.7 5 3277.2
561.85  0.6219 4165.6
56245 15928 29482
56535 13143  1460.6
57525 1454 26470
578.4 5 737.0
57845 0367 29642
580.5 5 4566.9
607.7 5 607.8
60885 95015 3798.5
61735 1569  895.1
62975 22220 2090.6
662.5 5 662.4
66405 13925 3049.8
66445 06120 4268.1
67925 14037 36037
73855 11510 31245
77155 14316 3487.1
78375 18211 23763
78985 1.00 18 3175.6
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¥Co("Li,pny)  2018Sa02 (continued)

y(64Cu) (continued)

Ef J’; Mult.# Comments
0.0 1*
29244 6~
158.9 2+
361.7 3+
33750 6©  D+Q Rapo=0.96 7.
2071.8 5°  (MI+E2) Rapo=0.83 3, POL=—0.22 25.
3422 1*
00 1*  (MI+E2) Rapo=1.00 47, POL=—0.13 I6.
3487.1 8~ D Rapo=0.80 11.
23763 7= D Rapo=0.85 6.
28108 6~  D+Q Rapo=0.93 6.
17048 4* D Rapo=0.87 4.
20718 5-  D+Q Rapo=0.95 10.
574.0 4: D+Q)©@  Rapo=1.00 11.
0.0 1
0.0 1*
3617 3* D Rapo=0.87 8.
2778 2 D(+Q) Rapo=0.85 13.
29482 5-  D+Q Rapo=0.99 0.
361.7 31 Q Rapo=1.52 13.
158.9 2
2090.6 4~  D+Q Rapo=0.83 12.
2689.8 6~  (MI+E2) Rapo=0.99 7, POL=—0.17 27.
361.7 3* D Rapo=0.86 7.
2778 2* D Rapo=0.76 0.
277.8 2 (MI+E2) Rapo=0.89 3, POL=—-0.04 5.
20183 4t  D+Q Rapo=0.67 7.

I,: uncertainty of 15.2 in Table I of 20185a02 seems a
misprint, evaluators consider it as 1.52.

3124.5 7°
15927 6 (MI+E2) Rapo=0.87 3, POL=-0.15 22.
3617 3*  D+Q Rapo=0.97 13.
3422 1+ D@ Rapo=0.67 10.
23858 6  MI+E2  Rapo=0.87 3, POL=-0.31 26.
3798.5 9~
27155 7°
3603.7 7-
23858 6  D+Q Rapo=0.91 4.
895.1 (3)*
20718 5  D+Q Rapo=0.69 6.
158.9 2*
23858 6  D+Q Rapo=0.66 5.
3986.2 9~
00 1*
3189.6 8~  MI+E2  Rapo=0.98 2, POL=—0.24 I8.
277.8 2+ D@ Rapo=0.68 4.
1460.6 4~  D+Q Rapo=0.98 6.
0.0 1t
23858 6  MI+E2  Rapo=0.93 3, POL=—0.54 34.
3603.7 7-
29244 6=  D+Q Rapo=0.89 4.
2385.8 6~ D+Q Rapo=0.93 7.
27155 7= D+Q Rapo=0.92 6.
1592.7 6= MI+E2  Rapo=0.71 1, POL=-0.38 24.
2385.8 6
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2


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sa02,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2018Sa02,B

$4Cuyq-3 From ENSDF 29Cu3s-3

¥Co("Li,pny)  2018Sa02 (continued)

y(64Cu) (continued)

E),T I, E;(level) I Ef T ’; Mult.# Comments
813.4 5 43326 3189.6 8 23763 7-  (MI+E2) Rapo=0.90 3, POL=-0.27 38.
861.3 5 0.84 31 14354  4* 5740 4+  D+Q Rapo=1.14 11.

876.4 5 876.4  (0)* 0.0 1+

87755 1239.5  3* 361.7 3+

878.1 5 33750 6 24969 5*  D+Q Rapo=0.98 6.

881.3 5 0397  3267.1 2385.8 6~

895.2 5 895.1  (3)* 0.0 1+

926.0 5 926.0  1* 0.0 1*

93725 0.60 44 1096.1  2* 1589 2+  D+Q Rapo=0.89 13.

9477 5 12900 2+ 3422 1* D Rapo=0.81 24.

959.3 5 1616 17048 4+ 7455 3  (MI+E2) Rapo=0.77 2, POL=-0.29 29.
962.0 5 1239.5 3+ 277.8 2+

991.5 5 460 12 13533 4+ 361.7 3*  (MI+E2) Rupo=1.12 5, POL=—0.5 22.
1018.9 7 71.06 42 15927  6° 574.0 4*

1040.7 7 170 14 28108 6~  1769.7 5* D Rapo=0.80 8.

1041.4 7 1939 16155  5- 5740 4+  D+Q Rapo=0.93 5.

1075.7 7 13533 4% 277.8 2+

1098.4 7 30178 48969  10- 37985 9  (MI+E2) Rapo=1.02 4, POL=—0.33 43.
1098.9 7 15983 1460.6 4~ 361.7 3*  D+Q Rapo=0.89 8.

1122.6 7 8.09 712 27155 7 15927 6=  D+Q Rapo=1.02 7.

1161.6 7 42728 17359 4+ 574.0 4°  (MI+E2) Rapo=0.68 2, POL=—-0.02 57.
1195.5 7 2199  1769.7  5* 574.0 4*

1195.6 7 1.07 14 2090.6 4~ 895.1 (3)*

1218.4 7 12226 36037 7- 23858 6~  (MI+E2) Rapo=0.95 4, POL=—0.29 73.
12312%& 7 0747 15927 6 361.7 3*  [E3]

1242.0 7 1242.0 0.0 1t

1282.4 7 14421 36037 7- 23215 5°  (E2+M3) Rapo=1.13 5, POL=+0.9 /4.
13147%& 7 202464 15927  6° 277.8 2*  [M4] Rapo=0.78 4.

1331.7 7 36250 19058 4% 5740 4+  D+Q Rapo=0.97 4.

1350.4 7 0.69 14 19245 574.0 4*

1355.9 7 0.75 16 37322 23763 7~

1360.9 7 0.72 16  4550.5 3189.6 8~

1374.4 7 0.62 17 17359  4* 361.7 3+

1377.7 7 25823 45669 10 3189.6 8~  (E2) Rapo=1.16 7, POL=+1.1 18.
1407.8 7 2109 17697  5* 3617 3+ Q Rapo=1.13 12.

1422.4 7 1157 37985 9= 23763 7~ Q Rapo=1.18 9.

1469.9 7 0286  4159.7 2689.8 6~

1517.0 7 0.847  2090.6 4~ 5740 4°  D+Q Rapo=0.76 7.

1531.9 7 1323 36037 7 20718 5° Mult.: E2+M3 in 2018Sa02.

Rapo=0.57 3, POL=+0.8 20. Note that Ropg is
inconsistent with Mult=E2+M3 in 2018Sa02.
1596.6 7 11.74 16 3189.6 8~ 1592.7 6~ (E2+M3) Rapo=1.10 71, POL=2.3 43.

1609.5 7 49013 398.2 9- 23763 7  (E2) Rapo=1.25 2, POL=+0.9 9.
1616.8 7 43213 19786 5% 361.7 3*  Q Rapo=1.22 4.

1677.0 7 25072 22511 5% 5740 4+ (MI+E2) Rapo=1.04 3, POL=-0.3 29.
1786.5 7 026 13 4162.8 23763 7-

1789.5 7 1.80 19 41656 9~ 23763 7 Q Rapo=1.26 4.

1840.6 7 0445 24147 574.0 4*

1861.3 7 1.026 24354 574.0 4%

1886.4 7 03210 56850  (11) 37985 9~ Q Rapo=1.33 10.

1894.4 7 22053 50840 (9) 3189.6 8  D+Q Rapo=1.03 8.

1904.6 7 0606 50942 (9) 3189.6 8~  D+Q Rapo=0.94 22.

2008.7 10 0227 25828 5 5740 4+  D+Q Rapo=0.98 5.

2087.4 10 0304  3680.1 1592.7 6~

2092.5 10 0405 36852 7° 15927 6 D+Q Rapo=0.90 8.

Continued on next page (footnotes at end of table)
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SoCu, -4 From ENSDF SoCu, -4
¥Co("Li,pny)  2018Sa02 (continued)
y(64Cu) (continued)
Eﬂ I, E;(level) i Ef _’; Mult.# Comments
2112.5 10 5911.1 3798.5 9~
2117.410 0385 59160  (10) 37985 9 D+Q  Rapo=1.07 I3.
2178.0 10 4554 .4 23763 7-
2206.4 10 0.656 37985 9 15927 6 [MB3]
2270.1 10 0385 6068.7  (10) 37985 9 D+Q  Rapo=0.71 3.
2313.5 10 4689.9 23763 7-
2339.6 10 29137 5 5740 4t D Rapo=0.82 4.

T Uncertainty is stated by 2018Sa02 as 0.5 keV for Ey<1 MeV, 0.7 keV for Ey=1-2 MeV and 1 keV for Ey>2 MeV.

¥ Placement from the 1592.7, 6~ level to 2* or 3" levels requires high Mult, which is considered questionable by evaluators. It is
very likely that the transition corresponds to the transition with a close energy from 1594, (17,2) level as seen in (d,py) and
adopted in Adopted Levels.

# Deduced by 2018Sa02 based on yy(ADO) and yy(lin pol). In most cases, experimental polarization asymmetries overlap zero
value, making the magnetic or electric character uncertain. Evaluators treat such assignments as tentative, even though authors’
assignments are firm.

@ Deduced by evaluators based on Rapo ratio as compared to assignments with similar Ropo; not given in 2018Sa02.

& Placement of transition in the level scheme is uncertain.
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Legend

I < 2%xIpe
I, < 10%x 1
I, > 10%x 1

Level Scheme

Intensities: Relative I,
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Co("Li,pny)  2018Sa02

Legend
Level Scheme (continued)
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Intensities: Relative I,

Level Scheme (continued)
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MCo('Li,pny)  2018Sa02

Legend
Level Scheme (continued)
Intensities: Relative 1 — I, < 2%xI™
ntensities: Relative
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