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Ameenah R. Farhan, Balraj Singh  NDS 110, 1917 (2009)

30-Jun-2009

1996Ka24: E(**Na)=65, 70 MeV. Measured Ey.ly, yy, yy(), y(0), yy(6)(DCO), vy (lin pol), level lifetimes by DSAM. The
Pitt-FSU detector array with ten Compton-suppressed HPGe detectors and one LEPS Ge detector were used for y rays.

1998Ka56: E=70 MeV. Measured level lifetimes by recoil-distance method using Pitt-FSU detector array. Comparisons with
particle- rotor model calculations.

E(level)

0.0"

46.80f 16
103.20" 15
111.199¢ 24
114.90 4
119.70 23
134.101 19
160.707 18
232.40" 21
263.79¢ 25
270.10 4

274.407 21
289.90 20
315.4 3

327.49" 22
334.19% 21
351.007 25
395.59¢ 25
398.94 4
422.80 4
440.09/ 23
475.98 3

488.79¢ 24
504.0 5

528.807 25
53831 3
595.29¢ 24
663.5/ 3
667.30 4
688.9¢ 4
699.58 3
736.84 4
767.1€ 3
785.91 4

4+
4+
56
5-
7+
5(+)
5-
6
7=
5(+)

78Rb Levels

T " E(level) ik T, 0"
824.9/ 4 (5%
0429 us 7 | 8529b4 8t 20.8% ps 35
872.19¢ 25 61
9493/ 4 6
1017.48 4 (67)
10809/ 5 (6%
1114.4¢3 8 3.5% ps 14
1a6d 4 79
1165.8¢ 3 70
122% ps 18 | 1219724 ot 2.1% ps 7
7% ps 11 | 12398/ 4 7-
1350744 8
1357.78 7 (77)
14542 5 (8%)
14743¢4 9 2.8% ps 14
1603.6¢ 4 8
1625524 10 1.23 ps +28-21
16780 5 (8)
174484 4 9
67% ps 11 | 194164 10~ 0.61 ps +11-9
19845¢4  (9)
2023624 11t 0.63 ps +12—10
26.3% ps 35 | 204365 7 (9
2369.2€ 4 11° 0.39 ps +7—6
2651.10 5 12%
2955.4€ 7 12° 0.28 ps +7-6
3042005 13* 0.28 ps +8—6
3452.8€8  (137)  0.17 ps +6-5
9.7% ps 21 | 3897.12 21 (14*) <021 ps
4151.4€ 13 (147) <024 ps
425375 10 (15%)  0.14 ps +5-4
4730.8€ 22 (157) <0.18 ps
9.0% ps 21 | 5638.7% 14 (17*) <0.12 ps
7191.80 25 (19%)

T From least-squares fit to Ey’s.
¥ As proposed by 1996Ka24 based on yy(6), y(lin pol) data and band associations. Systematics of neighboring nuclides are also
used for assignments to bandheads. The assignments are mostly the same in ‘Adopted Levels’, except that most assignments are
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Z?Rb41-2 From ENSDF - Evaluated June 2009 Z?Rb41-2

S8Ni(3Na,2pny)  1996Ka24 (continued)

78Rb Levels (continued)

given in parentheses there due to lack of strong supporting arguments.
# From Doppler-shift attenuation method (DSAM) (1996Ka24), unless otherwise stated.
@ Corresponds to 5.74-min isomer.
& From recoil-distance Doppler-shift (RDDS) method (1998Ka56).
¢ From yy(t).
b Band(A): Yrast mi=+ band. Possible configuration=mrgg,»®vgg/y (1996Ka24) as for neighboring nuclides.
¢ Band(B): Yrast 7=— band.
4 Band(C): Band based on 399, 4(),
¢ Band(D): Band based on 395, 4.
/ Band(E): Band based on 47, 1-.
¢ Band(F): Band based on 476, 4™.
" Band(G): g.s. band.
 Band(H): Band based on 334, 3(*).
J Band(I): Band based on 161, 2*.
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3Ni(3Na,2pny)  1996Ka24 (continued)

y("8Rb)

DCO data are for angles of 35° (or 145°) and 90°. Gates were set on AJ=2, quadrupole or AJ=1, dipole transitions. Only in a few cases the gates were set on
AJ=0, dipole transitions. Expected values of DCO’s for gate on AJ=2, quadrupole transitions are: 1.0 for AJ=2, quadrupole or AJ=0, dipole and 0.5 for AJ=1,
dipole transitions. For gates on AJ=1, dipole transitions, expected DCO’s are: 1.0 for AJ=1, dipole and 2.0 for AJ=2, quadrupole transitions. The values of DCO’s
listed here correspond to gates on AJ=2, quadrupole transitions unless otherwise indicated.

E, L, E;(level)
4) 114.9
54 119.70
46.8 2 46.80
479 3 736.8
5752 548 160.70
(64.2) 111.19
68.13 042 39559
8732 161  134.10
95.1 3 484 32749
98.3 2 .03 232.40
10322 215  103.20
112.6 3 425 440.09
112.7 2 123 23240
128.8 2 283 3989
12023 101 23240
131.8 2 223 39559
14032 111 27440
148.4 3 1.03 4759
14893 =~ 263.79
152.6 1  ~65 263.79
15271 792 4228
15521 100 270.1
155.2 2 263 59529
160.7 3 273 160.70
165.7 2 394 440.09
173.5 2 263 334.19
177.8 2 1.83 528.80
181.3 4 082 3154
185.62 291 8529
186.7 3 216 289.90
187.3 2 284 5383

7
4+
(39
1-
6
2+

Ey

111.19

114.9
0.0

688.9

103.20
46.80
327.49
46.80

232.40
134.10
0.0
327.49
119.70
270.1
103.20
263.79
134.10

327.49
114.9
111.19
270.1
114.9

440.09
0.0

274.40
160.70

351.00
134.10
667.3

103.20

351.00

s
Y
e
4+
0+
5
1+
-
3(+)
-
2()
-
O+
3(+)
(39

Mult.i di Comments
p# DCO=0.90 7

p# DCO=1.05 10; Ay=—0.06 5; Ay=—0.09 5
p# DCO=0.99 10

p# DCO=0.93 6

p# DCO=0.92 12

D¥ DCO=1.16 8

D¥ DCO=1.06 8

D¥ DCO=1.25 16

D¥ DCO=0.94 8

D¥ DCO=1.0 3

D

D DCO=0.40 4

D DCO=0.43 5

D+Q  +0.115 DCO=0.44 5; Ay=—0.31 4; Ay=—0.04 4
p# DCO=1.04 12

D¥ DCO=1.08 10

D¥ DCO=1.26 22

D¥ DCO=1.2 3

DCO=0.45 6; Ay=-0.31 4; A4=-0.08 4

DCO=1.02 9
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E, L, Elevel)
190.3 2 556  351.00
193.4 3 042 32749
194.6 3 072 52880
199.7 2 413 59529
201.5 3 244 4759
204.1 3 224 5383
207.8 3 1.85  327.49
2122 3 61 315.4
214.14 21 504.0
214.5 3 294 33419
216.3 3 154 327.49
218.7 4 123 488.79
223.0 4 083  334.19
223.4 3 327 6635
223.6 3 174 699.5
22501 271 488.79
227.6 3 1.85  274.40
236.1 2 194 13507
243.1 3 41 289.90
24451 451 667.3
2476 5 1.84 7859
247843 <04 351.00
257.1 3 133 7859
261.7 3 113 11146
266.1 4 082 6889
276.9 1 464  872.19
271832 141 767.1

I

1

3+

3(+)

8(H)

7+

5(+)

5(+)
7(+)
5()
6
7=

38Ni(2*Na,2pny)

1996Ka24 (continued)

v("®Rb) (continued)

Ef J; Mult.i 61 a& Comments
16070 2+ (MI+E2)* 403020 0.0318 DCO=1.11 8; A,=—0.30 6; Ay=—0.01 7
@(K)=0.027 7; a(L)=0.0031 9; a(M)=0.00052 15; a(N+..)=6.1x107>
16
a(N)=5.8x1077 16; a(0)=2.4x107° 6
134.10 2~
334.19 3 D@ DCO=0.51 12
39559 40 DH+Q)* +0.03 5 DCO0=0.96 27; Ay=—0.27 5; Ay=+0.06 5
27440 3- D DCO=1.16 12
334.19 3 D@ DCO0=0.51 9
119.70 (3%)
103.20 1*
289.90
11970 3+) D¥ DCO=2.0 3; Ay=+0.22 8; Ay=—0.02 10
Mult.: AJ=0 transition.
111.19 4~
2701 5+  DF DCO=1.26 18
111.19 4~ D* DCO=12 3
440.09 4~ DF DCO=0.95 12
4759 4 D DCO=1.06 14
263.79 5~  MI+E2 +0.38 11 0.0209 23 DCO=0.37 6; Ay=—0.41 4; A4=—0.08 5
@(K)=0.0184 20; a(L)=0.0021 3; a(M)=0.00035 5;
@(N+..)=4.0x1075 5
@(N)=3.9x107° 5; ¢(0)=1.59x107° J6
POL=-0.29 ]1.
46.80 1-
11146 7% p* DCO=1.12 12
46.80 1-
4228 6t  MI+E2 40075 001363 DCO=0.47 6; Ay=—0.29 4; Ay=—0.09 5
@(K)=0.0121 3; a(L)=0.00133 3; a(M)=0.000220 5;
@(N+..)=2.60x107° 6
@(N)=2.49x107° 6; a(0)=1.069x107° 22
POL=-0.06 9.
5383 4% D@ DCO=0.40 16
103.20 1+
528.80 4*
8529 8+ D DCO=1.15 16
4228 6+
59529 500 D DCO=0.59 10
48879 6© D DCO=0.37 4; Ay=—0.17 5; A4=+0.01 5
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E, I,  Ejevel)
28402 466 3989
28442 81 39559
28584 113 9493
286.67 3 <0.6  824.9
28993 135 289.90
20003 324 6889
29053 072 12398
293.61 264 11658
29504 214 10809
296194 <04 8249
30603 053 440.09
30791 221 4228
31383 245 7368
31794 062 10174
33152 484 59529
33793 236 7368
339.63 133 14542
34034 4 <04 13577
34184 164 4759
34434 073 767.1
34733 729 11144
35993 386 14743
365.694 <04 2043.6
36681 301 12197

I

(O]
9+

BNi(>*Na,2pny)  1996Ka24 (continued)

v("®Rb) (continued)

Ef J; Mult.i 61 a& Comments
1149 4*
111.19 4~ ¥ DCO=1.76 24; Ay=+0.23 4; A4=—0.09 6
Mult.: AJ=0 transition.
6635 5= D DCO=1.0 3
5383 4™
0.0 0*
398.9 4% p¥ DCO=1.07 I5
9493 6~ D DCO=1.0 3
872.19 60 D DCO=0.51 12; Ay=—0.14 6; A4=+0.03 7
7859 54
528.80 4*
134.10 2
1149 4%  E2 0.01657 DCO=1.06 8; Ap=+0.41 5; Ay=—0.11 7
@(K)=0.01456 21; a(L)=0.001704 24; «(M)=0.000281 4;
@(N+..)=3.22x1075 5
@(N)=3.10x1073 5; (0)=1.211x107° 17
POL=+1.10 /2.
4228 6+ (D) DCO=0.8 4
Mult.: AJ=0 transition.
699.5 5-
263.79 5~  DF DCO=1.93 34; Ay=+0.26 8; A4=—0.06 8
Mult.: AJ=0 transition.
3989 4 DCO=1.76 25
11146 70 (D) DCO=0.63 16
1017.4  (67)
13410 2= Q DCO=1.9 3
4228 6+ (D) DCO=0.9 3
767.1 7-  (MI+E2) +0.16 7 0.00579 16 DCO=0.38 9; Ay=—0.44 6; A4=+0.01 6
@(K)=0.00512 14; a(L)=0.000561 17; a(M)=9.3x1077 3;
@(N+.)=1.09x105 3
a(N)=1.05x1073 3; a(0)=4.52x10"7 12
11144 8 (MI+E2) +0237 0.00542 17 DCO=0.47 I; Ay=—0.48 9; A4=—0.07 9
@(K)=0.00479 15; a(L)=0.000526 18; «(M)=8.7x1073 3;
@(N+.)=1.02x1075 4
@(N)=9.8x1070 4; a(0)=4.22x10""7 12
1678.0 (87)
8529 8  MI+E2  +0.125 0.00501 /0 DCO=0.45 8; Ay=—0.40 6; Ay=—0.09 6

a(K)=0.00444 8; a(L)=0.000485 10; a(M)=8.00x107> 16;
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E, I, Ei(evel)
368.14 154 52880
37761 191 488.79
37782 416 1114.6
38094 031 19845
38342 303 872.19
389.14 053 6635
39093 174 30420
39412 285 174438
39723 61 667.3
39812 132 20236
39874 042 11658
39973 41 663.5
40582 61 16255
42513 184 6995
42763 072 23692
43012 512 852.9
43783 082 1603.6
43824 042 16780
44733 093 11146
46673 61 736.8
46733 287 19416
47394 042 8249

I

1

4+
6-

7(+)
)
6
5-

13*
9(+)
7+

5=
117
8+

8(=)
87
7(+)

6
10~
G

160.70
111.19

736.8
1603.6
488.79

274.40
2651.1

1350.7
270.1

1625.5
767.1
263.79

1219.7

274.40
1941.6
422.8

1165.8
1239.8

667.3

270.1
1474.3
351.00

2+
4=

6+
8(=)
6

3-
12*
8(+)
5+

3-
10
6"

7(=)
7-
7+
5+

9_
3+

38Ni(2*Na,2pny)

1996Ka24 (continued)

v("®Rb) (continued)

Mult.i di a& Comments
@(N+..)=9.46x107° 18
@(N)=9.07x107° 17; (0)=3.92x10"7 7
POL=-0.11 8.
Q* DCO=1.95 23
E2 0.00834 DCO=1.08 12; Ay=+0.25 6; A4=—0.10 8
@(K)=0.00735 11; a(L)=0.000842 12; a(M)=0.0001388 20;
@(N+..)=1.604x1075 23
@(N)=1.542x1075 22; ¢(0)=6.18x10"" 9
POL=+0.40 8.
p* DCO=1.02 9
D DCO=0.84 14; Ay=+0.46 9; Ay=—0.35 10
Mult.: AJ=0 transition.
D DCO=0.17 35
p* DCO=1.19 17
(E2) 0.00707 DCO=1.25
@(K)=0.00623 9; a(L)=0.000711 17; a(M)=0.0001172 17,
a(N+..)=1.356x107> 20
@(N)=1.303x1075 19; a(0)=5.26x10"" 8
D DCO0=0.30 10
¥ DCO=2.0 7
Mult.: AJ=0 transition.
MI+E2 +0.075 0.00390 DCO=0.40 9; A»=—0.39 5; A4=+0.06 6
@(K)=0.00345 6; a(L)=0.000375 6; a(M)=6.20x1075 10; a(N+..)=7.34x107°
12
@(N)=7.03x107¢ 17; a(0)=3.04x10"7 5
POL=-0.35 I5.
Q* DCO=2.0 7
E2 0.00548 DCO=1.04 7; Ay=+0.48 4; Ay,=—0.21 7
@(K)=0.00483 7; a(L)=0.000547 8; a(M)=9.02x107> 13;
@(N+..)=1.047x107 15
@(N)=1.006x1073 15; ¢(0)=4.09x10"" 6
p* DCO=1.06 22
D)* DCO=0.72 35
Mult.: AJ=0 transition.
(D) DCO=0.87 5
D DCO=0.46 11
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E, I,  Ei(evel)
47664 092  872.19
48413 093  595.29
50333 251 767.1
50925 042 9493
52865 124 10174
54155 114 10174
55215 063 10809
55242 71 12197
57053 144 11658
57635 041 1239.8
61393 144 13507
62563 191 11144
627.53 166 2651.1
65826 145 13577
68343 528 13507
70722 182 14743
71744 082 14542
72876 135 1678.0
73146 073 1603.6
77262 323 16255
80385 052 2043.6
80393 152  2023.6
81874 124 1984.5

"

6
56
7=

6
(67)
(67)
(6"

7(=)
7-
8(H)
8-

12*
7)
8(H)

(8"
(C)
8(=)

10*

)
1+

(O]

Ey

395.59
111.19
263.79

440.09
488.79
475.9
528.80
667.3

595.29
663.5
736.8
488.79

2023.6
699.5
667.3
767.1

736.8
949.3
872.19
852.9

1239.8
1219.7

1165.8

8
T

40
e
s

6
6

1
5
7+
7=

6+
6
6
8+

38Ni(2*Na,2pny)

1996Ka24 (continued)

Mult.f oF

v("®Rb) (continued)

&

a

Comments

E2

E2

E2

D

D+QY  +0.07 11
E2

E2

E2

0.00336

0.00255

0.00178

1.27x1073

1.01x1073

9.12x1074

DCO=1.10 17; Ay=+0.41 4; A4=—0.15 6

@(K)=0.00297 5; a(L)=0.000332 5; a(M)=5.48x1075 8&;
@(N+..)=6.39x107° 9

a(N)=6.13x107° 9; 0(0)=2.53x10"7 4

DCO=0.90 19; Ay=+0.34 6; A4=—0.08 8

@(K)=0.00225 4; a(L)=0.000250 4; a(M)=4.13x107 6;
@(N+..)=4.82x107° 7

a(N)=4.63x107° 7; 2(0)=1.93x10"7 3

DCO=2.0 4; Ay=+0.40 7; Ay=—0.01 9

DCO=1.07 15; Ay=+0.36 5; A4=—0.04 7

@(K)=0.001576 23; a(L)=0.0001740 25; a(M)=2.87x1077 4;
@(N+..)=3.36x107° 5

@(N)=3.23x107° 5; a(0)=1.353%x10"7 19

DCO=0.4 3

DCO=0.66 7; Ay=—0.38 9; A4=+0.03 10

DCO=0.95 7; Ay=+0.50 6; A,=—0.02 8

@(K)=0.001127 16; a(L)=0.0001236 18; a(M)=2.04x1075 3;
@(N+..)=2.39x107° 4

@(N)=2.30x1070 4; a(0)=9.71x1078 14

DCO=0.99 13; Ay=+0.37 6; Ay=—0.02 7

@(K)=0.000894 13; a(L)=9.76x107> 14; a(M)=1.608x107> 23;
@(N+..)=1.89x107° 3

@(N)=1.82x1070 3; @(0)=7.72x1078 11

DCO=0.84 16; Ay=+0.17 6; Ay=+0.02 7

@(K)=0.000807 12; a(L)=8.80x1075 13; a(M)=1.450x1075 21;
@(N+..)=1.707x107° 24

@(N)=1.638x107° 23; ¢(0)=6.98x10"8 10
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38Ni(2*Na,2pny)

1996Ka24 (continued)

v("®Rb) (continued)

&

E, L, Efeve) J Ef I Mult. ¥ @ Comments

82722 132 1941.6 10~ 1114.4 8- E2 8.48x10™* DCO=0.89 8; Ay=+0.27 7; A4=+0.04 9

@(K)=0.000751 11; a(L)=8.17x107> 12; a(M)=1.348x107> 19; a(N+..)=1.587x107°
23

@(N)=1.522x107° 22; ¢(0)=6.49x108 10

89194 228 17448 9t 852.9 8* D DCO=0.49 23

89494 72 2369.2 11 14743 9~ E2 6.98x107%  DCO=1.00 18; Ay=+0.48 9; Ay=+0.04 12
@(K)=0.000619 9; a(L)=6.71x107> 10; a(M)=1.106x10"> 16; a(N+..)=1.304x107° 19
@(N)=1.251x107° 18; (0)=5.35x1073 &

101386 62 2955.4 12~ 1941.6 100 E2 5.19x10™%  DCO=1.06 23
@(K)=0.000460 7; a(L)=4.97x107° 7; a(M)=8.19x107° 12; a(N+..)=9.67x10~7 14
@(N)=9.27x1077 13; 2(0)=3.99x1078 6

101845 113 3042.0 13t 2023.6 11*  E2 5.14x107%  DCO=1.20 2!
@(K)=0.000456 7; a(L)=4.91x1075 7; a(M)=8.10x1070 12; a(N+..)=9.57x1077 14
a(N)=9.17x1077 13; (0)=3.95%1078 6

102566 93 2651.1 12+ 1625.5 10" DCO=0.73 22

107753 31 17448 9 667.3 7* Qf DCO=2.2 4

1083.6 7 52 34528 (137) 23692 11°

1196 1 157 41514  (147) 29554 12°

121178 42 42537  (15%) 3042.0 13*

1246 2 21 3897.1 (14%)  2651.1 12*

1278 2 1.78 4730.8  (157) 3452.8 (137)

1385 1 125 56387  (17%) 4253.7 (15%)

1553 2 0.84 7191.8  (19%) 5638.7 (17%)

T 1996Ka24 give average values determined from two reactions: 8Ni(>3Na,2pny) and >*Fe(*8Si,3pny).

¥ The assignments are generally from yy(8)(DCO) data. In some cases (¢) and linear polarization data are also available for definite assignments. The mult=D
refers to AJ=1 and mult=Q to AJ=2 transitions As suggested by yy(6)(DCO) data. Selected cases have mult=D for AJ=0 transitions. In cases where level
lifetimes are known, RUL for E2 and M2 transitions is used to assign E2 or M1+E2 as opposed to M2 or E1+M2.

# From DCO, gate is on AJ=1, dipole transition.

@ From DCO, gate is on AJ=0, dipole transition.

& 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.

¢ Placement of transition in the level scheme is uncertain.
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78
37Rb,,-9 From ENSDF J5Rb,,-9

S8Ni(3Na,2pny)  1996Ka24 Legend

— I, < 2%xIy*
- i — 1, < 10%xIy*
Intensities: Relative Iy — I, >10% Xlglnax
—————— » ¥ Decay (Uncertain)

Level Scheme

S
&
el
e}
194 ©
7191.8
v
S
&£
(17%) 0
5638.7  <0.12ps
N
R
&
(157) &
4730.8  <0.18 ps
»
< s
& 3
as) o
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78
37Rb41 -10

BNi(3*Na,2pny)  1996Ka24

Level Scheme (continued)

Intensities: Relative I,

Legend

— I, < 2%
— I, < 10%xI@

I, > 10%x I

» 7Y Decay (Uncertain)
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;gRbM—l 1 From ENSDF ;gRbM—l I

S8Ni(3Na,2pny)  1996Ka24

Legend
Level Scheme (continued)

— L, < 2%xI*
Intensities: Relative I, ——— I, < 10%x10™
> L, > 10%xI*
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From ENSDF

78
37Rb41 -12

BNi(**Na,2pny)  1996Ka24

Level Scheme (continued)

Intensities: Relative I,

Legend

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

» Y Decay (Uncertain)
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ZgRbM— 13 From ENSDF ZgRb“- 13

S8Ni(>*Na,2pny)  1996Ka24

Band(A): Yrast wi=+ band
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T8Rb,,-14 From ENSDF R, -14

3Ni(*Na,2pny)  1996Ka24 (continued)

Band(F): Band based on 476, 4~
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