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2009An01: E=142, 148 MeV beam provided by ATLAS-ANL facility. Measured Ey, Iy, yy, (particle)y coin, angular distributions
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using GAMMASPHERE array of Ge detectors. The charged particles were detected using Microball array and AE-E telescopes.

Comparisons with cranked Nilsson-Strutinsky calculations. See also 2006An31 from the same group using “°Ca(>**Mg,2pny)

reaction. See also dataset for this reaction.

1999Yu10: E=143 MeV; also *°Ca(*°Si,2ay) E=130 MeV. Measured Ey, Iy, yy, particle-y coin, yy(6)(DCO) using

GAMMASPHERE array of 82 and 100 Compton-suppressed Ge detectors and 95-element CsI Microball. Deduced SD-1 band and
interconnecting transitions of 5172 and 5278 keV to normal band. Interband transition of 5278 keV 1is confirmed in 2009An01.

Level scheme below 8500-keV level shown in figure 1 of 2009An01 is taken from their previous work reported in 2006An31,

which used *°Ca(**Mg,2pny) reaction.

Nomenclature for configuration assignments is [p;p2,nin;], where p; and n; denote number of proton or neutron holes in the

617n Levels

orbitals of high-j 1f7, shell; p, and n; denote the number of (proton or neutron) particles in the high-j 1gg, shell, relative to the

closed °Ni core. Active orbitals for protons and neutrons are: 1f72, 1g9p2, 15/, 2p3p and 2pyj»; the number of particles in the

last three orbitals are denoted as p3 or n3.

E(level)t yrk E(level)t ek E(level)t yrk E(level)t i
0.0¢ 32" 6211.2 11 12665% 3 312 | 15738¢ 4 (37/27)
8877/ 9 12- 728320 10 2127 | 12725224 3320 | 160984 4  (35/27)
123949 9 5p2- 729571 11 232% | 12760 5 (3127) | 16229" 5 (3927)
419.428 10 3/2° 74858 16 25/2% | 12801/ 3 292+ | 162790 4 372+
755.68f 15 5p2- 7628.0K 10 232~ | 12864@ 4 (3127) | 16438% 4 3972~
997.07¢ 16 /2" 8334.92 12 212= | 13209 4 332 171187 5 (37/27)
1265446 9 8495.6 13 2502+ | 132635 (3327) | 171259 5 (3927)
1403.08 3 7/2- 8774.8¢ 12 23/2= | 13319.0€ 15 352~ | 173095  (41/27)
2002.87 6 92~ 8878.77 13 252~ | 13663 6 (33/27) | 174549 6 (41/27)
2269.0¢ 6 1127 | 9036.0? 22 13881% 4 (33/2%) | 17600% 5 (41/2%)
2398.5" 6 9/2+ 9160.1K 13 27/2= | 138859 4 (33/27) | 179864 5 (4127)
2698.98 6 12- | 930282 12 252~ | 14060 6 (35/27) | 181959 5 (3927)
279804 7 1327 | 93669 12 252~ | 14071 5 352~ | 18362l 5 412t
3243.8" 9 11/2° | 9950.5€ 12 272~ | 14113 5 332 18470 6 (43/27)
333520 7 132° | 10057.17 13 292~ | 14143" 6 (35/27) | 19149% 5 432~
346095 9 1327 | 101542k 13 3127 | 14299.1° 17 3727 | 192697 5 (41/27)
3494.4 12 106643 13 2092 | 14325% 3 3527 | 1965206 (45/27)
3843.1¢ 9 152~ | 10870 6 25/2+) | 14430 4 332+ | 19689 6 (45/27)
426320 8 152 | 111835 272+ | 14432 7 3127 | 197729 6 (43/27)
4308.1 12 132 | 112607 5 2512+ | 14448 5 3502~ | 20059% 6 (45/2%)
441421 9 172+ | 11367 3 252+ | 14768 6 205309 5 (43/27)
4643.79 9 172- | 11505.1€ 13 312~ | 148169 4 (3527) | 2064196 (4527)
4914.0 12 1152775 (2927) | 15019 6 332- | 2067305 4spt
51945 10 1727 | 117705 (9/2%) | 15205™ 5 (37/27) | 20998" 6  (47/27)
525379 120419 6 (29/27) | 152237 4 (33/27) | 21744 6 (45127)
5467.2 13 12231 4 292+ | 15261.0€ 25 39/2~ | 222382 7  (49/27)
5542.4€ 9 1927 | 123369 4 29/27) | 15292 6 22396 7 (49/27)
5551.8" 9 1927 | 1246870 14 332~ | 154749 5 (37/27) | 22584& 6 (47/27)
6089.8' 13 212* | 12536™ 4 (29/2%) | 15564% 5 (37/2%) | 229009 7 (@47/27)
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61
304052

From ENSDF S0Zny,-2

288i(3°Ar,2pny)  2009An01 (continued)

617n Levels (continued)

E(leve)T ¥ E(level)T i E(level)T yE
22064% 7 (492%) | 239004 6 (49/27) | 26041l 7 532+
231809 6 (47/27) | 24604P 7 (4927) | 262209 7 (51/27)
232216 49+ | 2528070 8 (53/27) | 26695% 8 (53/2%)
23855 7 (51/27) | 254497 8 (53/27) | 270847 8  (55/2°)

T From least-squares fit to Ey data.

¥ As proposed in 2009An01 and 2006An31 based on yy(#) data for selected transitions and band associations. See also Adopted
Levels for recommended values.

# Band(A): Band based on (29/2*). Configuration=[22,01].

@ Band(B): Band based on (31/27), 12864. Configuration=[21,11] or [11,11]. Population intensity=1%.

& Band(C): Band based on 31/27, 12665. Configuration=[21,01] or [11,11].

¢ Band(D): Band based on (29/27). Configuration=[11,12].

b Band(E): Band based on 21/2~ ,a=+1/2. Configuration=[11,01].

¢ Band(e): Band based on 23/27 ,@=-1/2. Configuration=[11,01].

4 Band(F): Band based on 3/2”,a=+1/2. Configuration=[00,00].

¢ Band(f): Band based on 3/27,a=-1/2. Configuration=[00,00].

f Band(G): Band based on 1/27,a=+1/2.

¢ Band(g): Band based on 1/27,a=-1/2.

" Band(H): Band based on 11/2*. Configuration=[01,00].

i Band(I): Band based on 9/2*. Configuration=[00,01].

J Band(J): Band based on 21/2~,a=+1/2. Configuration=[01,01].

k Band(j): Band based on 23/27 ,a=-1/2. Configuration=[01,01].

! Band(K): SD-1 band,a=+1/2. Configuration=[22,23]. Population intensity=5%.

" Band(L): SD-2 band,a=+1/2. Configuration=[22,22]. Population intensity=2%.

" Band(l): SD-3 band,@=-1/2. Configuration=[22,22] or [22,12]. Population intensity=2%.

¢ Band(M): SD-4 band,a=+1/2. Configuration=[22,22] or [22,12]. Population intensity=2%.

7 Band(N): SD-5 band,a=+1/2. Configuration=[11,23]. Population intensity=0.7%.

4 Band(n): SD-6 band,a=-1/2. Configuration=[11,23]. Population intensity=0.7%.

Additional information 1.
R(30°-83°) is angular asymmetry ratio: expected ratio is ~1.6-1.7 for AJ=2, quadrupole and ~0.7-0.8 for AJ=1, dipole transition.

29170l 7 s5772*

y(%1Zn)

EJ I, E;(level) I Ef J ? Mult.F Comments
88.9 1 88.77 127 0.0 3/27
12391 100 123.94  5/2~ 0.0 3/27
2414 1 997.07  7/27 755.68 5/2°
29551 41942  3/27 123.94 5/2~
33132 41942 3/27 88.77 1/27 E,: level-energy difference=330.6.
338 755.68  5/27 419.42 3/27 E,: from figure 1 of 2009An01.
3448 2 7628.0 23/27 72832 21/2°
419.1 2 41942  3/27 0.0 3/27
439.9 4 305 8774.8 23/27 83349 21/2= D+Q R(30°-83°)=0.98 11.
528.0 6 294 93028 25/2= 8774.8 23/2~
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0\Zn,, -3 From ENSDF S07n3,-3

288i(3°Ar,2pny)  2009An01 (continued)

y(GIZn) (continued)

Eﬂ I, E;(level) Iz Ef J ’; Mult.f Comments
5294 3 2798.0 13/2~ 2269.0 11/27
578.2 3 997.07 7/2 419.42 3/2~
58336 7.86 9950.5 27/2~ 9366.9 25/2~ D+Q R(30°-83°)=1.00 10.
592.0 4 1.9 3 9366.9 25/2~ 8774.8 23/2~
631.7 3 755.68 5/2~ 123.94 5/2~
647.1 3 1403.0 727 755.68 5/27
647.6 5 6.37 9950.5 27/2~ 9302.8 25/2~ D+Q R(30°-83°)=0.93 11.
666.6 3 755.68  5/2~ 88.77 1/2~
696.2 3 2698.9 1172~ 2002.8 9/2~
713.6 5 111 10664.3 29/2~ 9950.5 27/2~ D+Q R(30°-83°)=0.99 9.
737.6 4 2002.8 9/2~ 12654 9/2~
755 1 093 16229 (39/27) 15474 (37/27)
755.7 4 755.68 5/2~ 0.0 32~
839.2 4 5253.7 44142 17/2*
840.7 6 6.6 5 11505.1 3172~ 10664.3  29/2~ D+Q R(30°-83°)=0.95 8, for doublet structure.
850 1 2.65 13319.0 35/2~ 12468.7 33/2~ D+Q R(30°-83°)=0.95 8, for doublet structure.
868 1 0.8 2 8495.6 25/2% 7628.0 23/2~
872.7 4 997.07 7/2 123.94 5/2~
875 1 1.04 16098 (35/27) 15223 (33/27)
897 10057.1 29/2~ 9160.1 27/2~ E,: from figure 1 of 2009An01.
898.9 4 5542.4 19/2~ 4643.7 17/2°
908.3 5 5551.8 19/2* 4643.7 17/2~
936.7 5 3335.2 13/2% 2398.5 92t
963.6 6 554 12468.7 33/2~ 11505.1  31/2~
968 1 1.02 9302.8 25/2~ 83349 21/2~
980 1 205 14299.1 372~ 13319.0 35/2~
984.3 5 1403.0 72 419.42 3/2~
990.9 5 5253.7 42632 15/2*
994.1 5 10154.2 3172~ 9160.1 27/2~ E,: from 2006An31.
996.7 5 997.07 7/2 0.0 3/2°
997.0% 5 2398.5 9/2* 1403.0 7/2~
1005 1 2269.0 112~ 12654 9/2~
1006 1 2002.8 9/2~ 997.07 7/2~
1019 1 4263.2 152 32438 11/2*
10207 1 1.05 17118 (37/27) 16098 (35/27)
1024 1 1.22 16229 (39/27) 15205 (37127)
1039 1 1.8 4 8334.9 21/2~ 72957 23/2*
1046 1 3843.1 15/2~ 2798.0 13/2~
1066 1 3335.2 13/2* 2269.0 11/2~
1079 1 4414.2 17/2% 33352 13/2*
10807 1 0.75 17309 41/27) 16229 (39/27)
1141 1 1265.4 9/2~ 123.94 5/2~
1175.9 4 7.9 8 9950.5 27/2~ 8774.8 23/2™ Q R(30°-83°)=1.60 20.
1178 10057.1 29/2~ 8878.7 25/2~ E,: from figure 1 of 2009An01.
1198 2 1.54 8495.6 25/2% 7295.7 23/2%
1246 1 2002.8 9/2~ 755.68 5/27
1273 1 2269.0 1172~ 997.07 7/2~
1278 1 1403.0 72 123.94 5/2~
1289 1 5551.8 19/2% 4263.2 15/2%
1345 1 1.24 13881 (33/2%) 12536 292Y) Q R(30°-83°)=1.41 25.
1362 1 386 10664.3 29/2~ 9302.8 25/2~
1396 1 7485.8 25/2% 6089.8 21/2*
1403 1 1403.0 7/2~ 0.0 372~
1403 1 2398.5 9/2* 997.07 7/2~
1408 2 0.6 3 9036.0? 7628.0 23/2°
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S0Zny -4 From ENSDF SoZny -4
288i(3°Ar,2pny)  2009An01 (continued)
y(GIZn) (continued)
Eﬂ I, E;(level) Iz Ef J? Mult.f Comments

1433 | 2698.9  11/2- 1265.4 9/2~

14341 175 12801 29/2* 11367  25/2* Q R(30°-83°)=1.45 I8.

14462 145 115051  31/2- 10057.1 29/2~

1458 1 34609  13/2- 2002.8 9/2-

1466 1 42632 15/2F 2798.0 13/2-

1531 1 2798.0  13/2- 1265.4 9/2-

1532 1 9160.1  27/2- 7628.0 23/2- E,: from 2006An31.

1538 1 7628.0  23/2” 6089.8 21/2*

1542 2 053 12801 29/2* 112607 25/2* Q R(30°-83°)=1.44 16, for doublet structure.

15492 606 13885 (33/27) 12336 (2927) Q R(30°—83°)=1.41 2.

15551 728 11505.1 31/2° 9950.5 27/2° Q R(30°-83°)=1.41 I2.

1572 1 3843.1  15/27 2269.0 11/2~ E,: level-energy difference=1574.

1595 1 8878.7  25/2° 7283.2 21/2- E,: from 2006An31.

16222 315 13663 (33/27) 12041  (29/27)

1624 1 5467.2 3843.1 15/2-

16292 478 14430 33/2* 12801  29/2* Q R(30°-83°)=1.35 /1.

16602 195 14325 352~ 12665 31/2-

1675 3 6089.8  21/2* 44142 172*

1675 4 9160.1 272~ 7485.8 25/2* E,: from 2006An31.

16762 287 93028 2572 7628.0 23/2~  D+Q  R(30°-83°)=1.07 0.

16832 405 15564 (37/2%) 13881  (332*) Q R(30°-83°)=1.29 10.

1698 1 5542.4 192 3843.1 15/2-

1702 2 053 14430 33/2* 127252 33/20)

1733 1 51945  17/2- 3460.9 13/2-

1733 1 72832 212 5551.8 19/2*

1736" 2 13263 (33/27) 115277 (29/27)

1743 1 7295.7  23/2* 5551.8 19/2*

1799 1 6211.2 44142 172*

18052  4.85 124687 33/2° 10664.3 29/2- Q R(30°-83°)=1.37 I4.

18112 325 15474 (37/27) 13663 (33/27)

18142 466 13319.0 3572 11505.1 31/2~ Q R(30°—83°)=1.42 0.

18312 385 14299.1 372 12468.7 33/2- Q R(30°-83°)=1.30 I7.

1847 1 46437 172 2798.0 13/2-

184992 555 16279 37/2* 14430  33/2* Q R(30°-83°)=1.68 I3.

18532 657 15738 (37/27) 13885 (3327) Q R(30°—83°)=1.30 /2.

18952 204 17118 (37/27) 15223 (33/27)

19422 306 15205 (37/27) 13263  (3327) Q R(30°—83°)=1.30 21.

19422 246 15261.0 39/2° 13319.0 35/2~

1946 1 6211.2 4263.2 15/2*

19522  0.83 14816 (35/27) 12864 (31)27)

1978 1 32438 112+ 1265.4 9/2~

19802 294 17454 41/27) 15474  (3727) Q R(30°-83°)=1.35 25.

20062 346 93028 2572 72957 232t D R(30°—83°)=0.94 /1.

2039 1 4308.1 132 2269.0 11/2-

20452 435 17609 @1/2%) 15564  (372%) Q R(30°-83°)=1.75 15.

20712 176 93669  25/2- 7295.7 232* D R(30°-83°)=1.18 20.

20832 535 18362 41/2* 16279 37/2* Q R(30°—83°)=1.76 I4.

20862 1.83 16229 (39/27) 14143  (3527) (Q) R(30°-83°)=1.3 4.

2088 1 72832 21/2 5194.5 172~

20972  3.07 18195 (39/27) 16098 (3527) Q R(30°-83°)=1.7 3.

21042 516 17309 (41/27) 15205 (3727) Q R(30°—83°)=1.28 16.

21132 255 16438 39/2- 14325 352 Q R(30°-83°)=1.9 3.

2116 1 4914.0 2798.0 13/2-

21512 255 19269 4127y 17118  (37/27)

21693  0.82 16229 (39/27) 14060 (3527) (Q) R(30°-83°)=1.2 4.
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0\ Zn,, -5 From ENSDF 807n3,°5

288i(3°Ar,2pny)  2009An01 (continued)

y(GIZn) (continued)

Eﬂ I, E;(level) Iz Ef J;E Mult.F Comments
2195 1 3460.9 13/2~ 12654  9/2~
2198 2 2.4 4 19652 45/27) 17454 “4127) Q R(30°-83°)=1.36 23.
2199 2 042 14430 33/2* 12231 29/2%
2229 1 3494 .4 1265.4 9/2~
2241 2 387 18470 (43/27) 16229 (39/27)
2246% 2 084 8334.9 21/2~ 6089.8 21/2%
2248 2 6.4 8 17986 41/27) 15738 3727) Q R(30°-83°)=1.52 17.
2273 1 2398.5  9/2* 123.94 5/2~

23093 122 17125  (39227) 14816  (35/2°)
23112 435 20673 452+ 18362 412*
23352 204 20530  (43/27) 18195  (39/27)
23802 374 19689  (4527) 17309  (41/27)
24503  3.84 20059  (4527) 17609  (41)2*) Q R(30°-83°)=1.21 I2.
24753 1.84 21744 (45/27) 19269  (41/27)

25283 294 20998  (47/27) 18470  (43/2°)

2548 3 3.84 23221 492+ 20673 452 Q R(30°-83°)=1.24 I1.
25712 334 127252 33200 101542 312~ D+Q  R(30°-83°)=0.59 8.
25863  1.03 22238 (49/27) 19652  (45/27)

2639 1 7283.2  21/2- 46437 172"

26473 082 19772 (43/27) 17125  (39/27)

R(30°-83°)=1.56 13.
R(30°-83°)=1.8 3.

R

26493 155 23180  (47/27) 20530  (43/2°) Q R(30°-83°)=1.5 3.
26553 395 20641  (4527) 17986  (41)27) Q R(30°-83°)=1.48 I6.
27073  2.14 22396  (49/27) 19689  (45/27)

27113 143 19149 432~ 16438 392~ Q R(30°-83°)=1.8 4.
27852 063 83349 21/2- 5551.8  19/2*

28203 1.73 26041 532t 23221 492t  Q R(30°-83°)=1.50 19.
28573  1.14 23855  (51/27) 20998  (47/2°)

28593 052 24604  (49/27) 21744  (45)27)

29053  3.04 22964  (49/2%) 20059  (452%) Q R(30°-83°)=1.37 17.
30403 072 26220  (51/27) 23180  (4727) Q R(30°-83°)=1.6 7.

3041 4 031 252807 (53/27) 22238 (49/27)

3052 4 063 254497 (53/27) 22396 49/27)
3055 3 1.54 13209 33/2 10154.2  31/2~ D R(30°-83°)=0.68 15.
Mult.: AJ=1 transition.

3109% 4 063 13263 (33/27) 10154.2 31/2~ (D) R(30°-83°)=1.0 5.
3128 4 0517 22900 (47/27) 19772 (43/27)

3129 3 042 29170 57/2* 26041 53/2* Q R(30°-83°)=1.4 4.
3142 3 0.83 83349 21/2~ 51945 17/27

3165 3 1.13 13319.0  35/27 10154.2  31/27

3208% 4 031 2708427  (5527) 23855  (51/27)

32583 155 23900  (49/27) 20641  (4527) Q R(30°-83°)=1.5 4.
34353 052 22584  (4727) 19149  43/2-

35004 072 12536 (29/2%)  9036.0?

3505 3 223 12665 31/2~ 9160.1 27/2~ Q R(30°-83°)=1.6 3, for doublet structure.
3600 4 0.83 12760 (31/27) 9160.1 27/2~ Q R(30°-83°)=2.1 7.

3691 3 2.15 83349 21/2~ 4643.7 17/2~ Q R(30°-83°)=1.3 4.

3697 4 123 11183 27/2% 7485.8 25/2% D+Q R(30°-83°)=0.99 15.

3704% 4 0.1 1 12864 (31/27) 9160.1 27/27
3731 3 1.13 13885 (33/27) 10154.2  31/2 D+Q R(30°-83°)=1.32 19.
3731 4 0.6 2 26695 (53/2%) 22964 (49/2%)

3917 4 234 14071 35/2~ 10154.2  31/2~ Q R(30°-83°)=1.46 18.

3959 4 0.6 3 14113 33/2 10154.2  31/2~ D R(30°-83°)=0.9 3.
Mult.: AJ=1 transition.

4170 4 123 14325 35/2~ 10154.2  31/2~ Q R(30°-83°)=1.42 22.

Continued on next page (footnotes at end of table)
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61
30Z403,-6

From ENSDF S0Zny,-6

288i(3°Ar,2pny)

2009An01 (continued)

y(GIZn) (continued)

Eﬂ I, E;(level) Iz Ef J ’; Mult.F Comments
4284 4 0.82 11770 (29/2%) 7485.8 2512t  Q R(30°-83°)=1.3 3.
4294 4 0.8 3 14448 35/2~ 10154.2 31/2= Q R(30°-83°)=1.56 23.
4305 5 092 12801 29/2% 8495.6 25127 Q R(30°-83°)=1.4 3.
4559% 5 042 15223 (33/27) 10664.3 29/2~
4593 5 073 16098 (35/27) 11505.1 3172~
4614 5 072 14768 10154.2 31/2
4662 5 0.8 3 14816 (35/27) 10154.2 31/2~
4745 5 093 12231 29/2% 7485.8 25/2%
4780 5 1.13 10870 (25/2%) 6089.8 21/2* R(30°-83°)=2.0 6.
4865 5 0.7 3 15019 33/2™ 10154.2 31/2~ D+Q R(30°-83°)=0.9 3.
5050 5 052 12536 (29/2%) 7485.8 25/2% R(30°-83°)=1.5 4.
5138 5 0.6 2 15292 10154.2 31/2
5170 4 072 112602 25/2% 6089.8 21/2%
5272 6 032 14432 31/2° 9160.1 272~ Q R(30°-83°)=1.4 3 for doublet structure.
5278 5 123 11367 25/2% 6089.8 212t Q R(30°-83°)=1.32 23, for doublet structure.
5314 5 042 12801 29/2* 7485.8 252t Q R(30°-83°)=1.32 23.

T From 2006An31 for transitions from levels up to 8500 keV, all others are from 2009An01.
¥ From yy(6) data. The AJ=2, quadrupole transitions, multipolarity is most likely E2, and for interband transitions, AJ=1,0, D+Q
is most likely M1+E2.

# Placement of transition in the level scheme is uncertain.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009An01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2006An31,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2009An01,B
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28Si(3°Ar,2pny)  2009An01 Legend
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302058 From ENSDF 617Zn,,-8
288i(3°Ar,2pny)  2009An01 Legend
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Level Scheme (continued) Iy < 2%x1,™
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01Zn,,-9 From ENSDF 30403,79

28Si(3°Ar,2pny)  2009An01 Legend
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30Zn5,-10

From ENSDF

61
304n5,-10

288i(30Ar,2pny)  2009An01

Level Scheme (continued)
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S0Zny,-11 From ENSDF S0Zny-11

288i(30Ar,2pny)  2009An01 Legend
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Level Scheme (continued) Iy < 2%xIy

— I, <10%xIy**
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30Zn5,-12

From ENSDF

61
30

288i(3°Ar,2pny)

Level Scheme (continued)

Intensities: Relative I,

Legend
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From ENSDF
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Band(A): Band based on
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From ENSDF
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Band(F): Band based on
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0\Zn,,-15 From ENSDF S0Zn3-15

288i(3°Ar,2pny)  2009An01 (continued)
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0\Zn,,-16 From ENSDF 30403716

288i(3°Ar,2pny)  2009An01 (continued)
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