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From ENSDF - Evaluated May 2021 180Dy,,-1

Additional information 1.

158Gd("Li,pdny)  2002Ju08

History
Type Author Citation Literature Cutoff Date
Full Evaluation N. Nica NDS 176, 1 (2021) 1-May-2021

Reaction channels include (’Li,d3ny) and (’Li,t2ny), from an incomplete-fusion reaction induced by ’Li ions.

Data set based on the XUNDL compilation produced by M. Lee and B. Singh (McMaster University), August 28, 2002.

Previous reports of various aspects of these data are given in 1998Ha66 and 2001Ju08.

Incomplete-fusion reaction induced by 7Li ions on '%8Gd target. E("Li)=35-67 MeV, with most measurements at 56 MeV, chosen
in a separate experiment designed to determine the optimal energy for population of 'Dy. 138Gd target 3.7 mg/em? thick.
Measured Ey, Ly, yy, yy(0)(DCO), (particle)-y coin., using the GASP array comprised of 40 Compton-suppressed Ge detectors,
the 80-element BGO inner ball, and ISIS, consisting of 40 Si AE-E telescopes arranged in the same geometry as the Ge crystals in
the GASP spectrometer.

E(level)T

0@
86.78779 3

283.58@ 20

580.69 3

966.19 3
1288.24 4

1386.04 4
1408.1€ 4

142739 3
1437.90 3
1554.29¢ 11

1593.94 3
1613.2€ 4
1616.59 4

1694.6%8
1787.2¢ 5

1799.80 3
1803.0%8
1881.69 3

1897.5/ 4
1900.2€ 3

1929.8%8

1949.69 3
2020.6% 4

2075.0%8
2111.0¢ 4

222090 3
224134 3

2263.1 4
2263.6¢ 4

ot

O+
2+

6+
g+
5+
4
5-
10*
6+

6
7-

4+
6

8+
5+

7-
9-

12+
9+
(7%
o
10
10~
o
11-

160Dy Levels

Comments

E(level): 1987Ri08, (,2ny), place this 4~ band member at 1536. From '99Ho & decay, 2002Ad34 place
the 4~ member of this band at 1535 and do not report a level at this energy. Since this 1554 level is
supported by only one feeding y, about which there is some question, the evaluator has shown it as
uncertain.

E(level): this level was proposed to deexcite via 252.2 and 498.6 y’s by 1987Ri08, (a,2ny). No 192.6 and
233 y’s were reported by 1987Ri08.

Continued on next page (footnotes at end of table)
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E(level)T

2484.8% 4
2513.09 4
2519.2¢ 4
2593.1% 4
2665.64 4
2695.5/ 5
2696.7€ 4
2707.2b 4
2984.0¢ 5
2988.14 4
3007.0% 4
3089.09 4
3147.84 4

it

1+
14+
10~
12*
127
11~
137
12*
127
13*
14+
16*

14~

E(level)

3187.4f 5
3191.9€ 4
3219.60 4
3507.6% 4
3509.8¢ 5
3526.1% 4
3669.19 4
3680.64 5
3729.8f 7
3743.8€ 4
3767.10 4
4043.6% 4
4077.5¢ 7

o

137
157
14*
15*
14~
16*
18+
16~
15~
17~
16*
17*
16~

18Gd("Li,pd4ny)  2002Ju08 (continued)

E(level)T

4160.3% 4
4256.34 5
4277.99 4
431621 8
4347.3€ 5
4349.4b 4
4617.7% 4
4871.94 6
4874.6% 4
493519 5
4936.0f 9
49745 5
5000.8¢ 5

160Dy Levels (continued)

ot

18+
18~
20"
17~

E(leve)T ¥

5240545 21F
5527547 20
5601.62 11 22*
5646.8@ 5 24*

570456 23~
591599 6 23*
6219.19 8 24~
641209 7 26*
64573€8 25~
6642.14 7 25*
6965.61 9 26~

72208@ 8§ 28+

 From least-squares fit to the listed Ey values. The use of the uncertainties of 2002Ju08 in this fit gives a poor result, with 24
Ey’s deviating by more than 3 times the A(Ey) given by 2002Ju08. In the least-squares fit used here, the evaluator assumed
A(Ey) values twice those given here, except for those where 1 keV was assigned. This procedure gives a reasonably good fit,
with only 6 Ey’s out of a total of 127 deviating by more than 3o

¥ From 1987Ri08, (@,2ny). 2002Ju08 state that this level, established in other studies, is also observed in their work. However,
they give no other information about it.

# From the Adopted Levels. For those levels seen only in this reaction, these values are based on multipolarities from DCO ratios
and expected energy-level spacings within rotational bands.

@ Band(A): Yrast band. Below the band crossing, this is the g.s. band.

& Band(B): Yrare band. Below the crossing with the g.s. band, this is the S, or “Stockholm”, or “Super”, band.

¢ Band(C): y-vibrational band, signature=1 component.

b Band(c): y-vibrational band, signature=0 component.

¢ Band(D): K"=2" octupole-vibrational band, signature=1 component.
4 Band(d): K*=2" octupole-vibrational band, signature=0 component.
¢ Band(E): K"=1" octupole-vibrational band, signature=0 component.
/ Band(e): K™=1" octupole-vibrational band, signature=1 component.
& Band(F): K™=4" band.

y(1°Dy)

2002Ju08 state that the DCO ratios are ~1 for stretched quadrupole transitions and ~0.5 for pure dipole transitions in a stretched
quadrupole transition gate; and ~2 for stretched quadrupole transitions and ~1 for pure dipole transitions in a stretched dipole

transition gate. As the nature of the gates is not stated on a case by case basis no y ray multipolarities are adopted by the evaluator

from the DCO values listed in the table.

Eﬂ- Iyi E;(level) £ Efr E Comments
86.7877 3 86.7877 2% 0 0*  E,: value from the evaluation of 2000He14, from '®Tb decay. y not
reported by 2002Ju08.
185.5 2 <05 1593.9 6~ 1408.1 5-
192.6 2 <0.5 1787.2 6~ 15939 6~ E,: y not reported by 1987Ri08.
196.8 1 100.0  283.58 4% 86.7877 2*

Continued on next page (footnotes at end of table)
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E, L+ Eilevel)
207.92 <05 1593.9
23002 <05 2111.0
2331 <05 1787.2
26852 <05 1881.6
27822 <05 2519.2
28692 <05 1900.2
287.81 261 18816
297.0 1 84% 3 580.6
31822 <05 2984.0
32322 <05 2111.0
32831 051 16165
34122 <05 2041.3
3508 1 442 22413
36201 071 17998
36341 101 22636
36532 <05 2263.1
38551 697 3 966.1
40421 141 20206
408.12 <05 2519.2
41432 <05 3007.0
2161 091 22209
42441 462 26656
43242 <05 2695.5
43301 211 26967
43742 <05 3526.1
46141 s1*3 14273
46431 372 24848
46502 <05 2984.0
4751 <05 2988.1
48221 312 31478
486.11 051 27072
490.62 <05 4160.3
49191 061 31874
49371 131  3007.0
49541 422 31919
50331 221  2988.1
512271 071 32196
51722 <05 3526.1
51971 231 35076
52261 363 19496
52581 061 35098
53281 211  3680.6
53472 <05 2484.8
53611 111  4043.6
54242 <05 3729.8
547.12 <05 3767.1
55151 302 37438
56331 22611 2513.0
567.72 <05 4077.5
57411 121 46177
57571 131 42563
576,51 1327  3089.0
58051 764  3669.1
58231 091 43494
586.42 <05 4316.2

Sl
6
8-
6
8-
107
9-
8-
6+
12~
8-
7+
10~
10~
g+
11~
9-
g+
9+
10~
14*
10*
12~
11~

17

18+

Ef

1386.0
1881.6
1554.2?
1613.2
2241.3
1613.2
1593.9

283.58
2665.6
1787.2
1288.2
1900.2
1881.6
1437.9
1900.2
1897.5

580.6
1616.5
2111.0
2593.1
1799.8
2241.3
2263.1
2263.6
3089.0

966.1
2020.6
2519.2
2513.0
2665.6
2220.9
3669.1
2695.5
2513.0
2696.7
2484.8
2707.2
3007.0
2988.1

1427.3
2984.0
3147.8
1949.6
3507.6
3187.4
3219.6
3191.9
1949.6
3509.8
4043.6
3680.6
2513.0
3089.0
3767.1
3729.8

18Gd("Li,pd4ny)  2002Ju08 (continued)

n
I

-
g
4-
7-

13*
10*
127

12*
15*
13~
14*
157
12*

17+
16~
14+
16*
16+
15~

7(160Dy) (continued)

Comments

E,: v not reported by 1987Ri08.

DCO=1.12 6.
DCO=1.12 1.

DCO=1.11 5.

DCO=1.07 1.
DCO=1.03 11.

DCO=1.00 3.

DCO=1.03 6.
DCO=0.79 4.
DCO=1.03 1.
DCO=1.12 7.

DCO=0.96 4.

E,: Note: level-energy difference=519.1. A poor energy fit.
DCO=1.28 8.

DCO=1.01 2.

DCO=1.01 5.
DCO=0.72 6.
DCO=0.72 6.

DCO=0.82 4.
DCO=1.01 2.

DCO=1.02 6.
DCO=1.01 2.
DCO=1.01 3.

Continued on next page (footnotes at end of table)
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From ENSDF

E,f L+ Eilevel)
59671 071 4874.6
603.51 291 43473
608.6 1 472 42779
61561 091 48719
61982 <05  4936.0
62301 061 52405
62402 <05 49745
63402 <05  4160.3
64562 <05  2593.1
65351 081 50008
65521 051 374338
65562 <0.5 55275
65721 151 49351
67542 <05 59159
67831 161 31919
679.02 <05  3767.1
680.62 <0.5  4349.4
691.62 <05  6219.1
69682 <0.5 49745
70372 <05 57045
70662 <05  3219.6
71171 061 56468
71382 <05 48746
71562 <05  2665.6
72622 <05 6642.1
727 1 5601.6
74652 <05  6965.6
74731 452 2696.7
75282 <05 64573
75751 061 27072
76522 <05  6412.0
79381 101 22209
81397 061 22413
81782 <05  7229.8
83401 281 1799.8
83631 593 22636
85731 151 14379
91561 191 18816
934.11 271 1900.2
94962 <0.5 46177
95382 <0.5  4043.6
96192 <0.5  5240.5
99462 <0.5  3507.6

100462 201 12882
101332 241 15939
101452 101 3526.1
103272 131 16132
1036.02  3.12 1616.5
103882 111 2988.1
105462 292 2020.6
105652 131 3007.0
1058.12 191 24848
107172 <05 41603
110242 <05  1386.0
1124.3 2 1408.1

i
20*
197
20*
20
19™
21*
20*
18+
12*
21~
17~
22
22*
23*
15~
16*
18+
24~
20*
23~
14*

5+
6
16%

7-
7+
13*
9+
14*
1+
18+
4
5-

Ef

42779
3743.8
3669.1
4256.3
4316.2
4617.7
4349.4
3526.1
1949.6
4347.3
3089.0
4871.9
42779
5240.5
2513.0
3089.0
3669.1
5527.5
42779
5000.8
2513.0
4935.1
4160.3
1949.6
5915.9
4874.6
6219.1
1949.6
5704.5
1949.6
5646.8
1427.3
1427.3
6412.0
966.1
1427.3
580.6
966.1
966.1
3669.1
3089.0
42779
2513.0
283.58
580.6
2513.0

580.6
580.6
1949.6
966.1
1949.6
1427.3
3089.0
283.58
283.58

18Gd("Li,pd4ny)  2002Ju08 (continued)

19*

14*

6+
6+
12*
g+
12*
10*
16%
4+
4+

7(160Dy) (continued)

Comments

DCO=0.80 5.
DCO=0.82 1.
DCO=1.29 9.

E,: Note: level-energy difference=643.5. A poor energy fit.

DCO=0.67 4.

E,: taken from the level-scheme drawing of 2002Ju08.
DCO=0.51 2.
DCO=1.09 11.

DCO=0.68 5.

DCO=0.57 4.
DCO=0.75 4.
DCO=0.99 6.
DCO=0.55 2.

DCO=0.51 3.

DCO=1.05 6.

DCO=0.87 3.

E,: Note: level-energy difference=1013.1. A poor energy fit.
DCO=0.46 3.

DCO=0.68 10.

DCO=0.47 3.

DCO=0.56 2.

DCO=0.58 3.

Continued on next page (footnotes at end of table)
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E,f L+ Eilevel)
115452 <05 14379
116412 051 2593.1
120592  <0.5  4874.6
121962 091 1799.8
125112 <05 22209
125372 <05  3767.1
125922 <05 43494
126832 <0.5 26955
127062 <0.5 32196
128022 061 27072
129712 071 2263.1
130622 <05 49745
131672 <0.5 18975

i
o
12+
20
8+

10"
16"
18*
11~
14*
12+
2

20
2

Ef

283.58
1427.3
3669.1

580.6

2513.0
3089.0
1427.3
1949.6
1427.3

966.1
3669.1

580.6

18Gd("Li,pd4ny)  2002Ju08 (continued)

7
£
4+
10*
18*
6+

14*
16*
10"
12+
10"
8+

18*
6+

7(160Dy) (continued)

Comments

E,: Note: level-energy difference=1165.8. A poor energy fit.

E,: Note: level-energy difference=1254.7. A poor energy fit.

E,: Note: level-energy difference=1260.5. A poor energy fit.

DCO=0.55 5.

T 2002Ju08 state that A(Ey)=0.1 keV for Ey<1 MeV and 0.2 keV for Ey above this. The evalutor has assigned A(Ey)=0.2 keV

for all the weak (Iy<0.5) y’s, 1 keV for those Ey values quoted only to the nearest keV, and 0.1 keV in all other cases.
¥ The authors quote no Iy values for “weak” ’s (defined as those having Iy<0.5). In these instances, the evaluator has listed
these as Iy<0.5.

# The authors’ quoted uncertainty (0.3) seems unrealistically small. The evalutor increased this to 3.
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1383Gd("Li,p4ny)  2002Ju08

Legend

Level Schem .
evel Scheme < 201

Intensities: Relative I, — L, <10%xIy*
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1383Gd("Li,p4ny)  2002Ju08

Level Scheme (continued)

Intensities: Relative I,

Legend

B —
_—
_—

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

“
(/Q “
S ﬁbe{?'\
19~ SIS 4936.0
S-S n— !
20+ S 4935.1
20" & 4874.6
20~ 4871.9
k)
SN
o
N
19+ RSN 4617.7
e
Yo m O
RN
18+ VES 2 Fal 4349.4
19~ DA 43473
— ’ e
17 FHTELe s
20* PA ,\V S-S 42779
18~ SRS TR 4256.3
&7 SIS Pl 4160.3
A
16~ i 4077.5
G
17+ . 4043.6
Niieliel
[N N
o QV\V 2 4
,,';;'Q\A A Q7 My’ N
16+ PN 3767.1
17- AN 37438
= oo 3729.8
= S5 3680.6
18+ I TS0 3669.1
16" SER & S 3526.1
~ Xy .
14~ RN 3509.8
15+ 3507.6
14
15
13— A 4
14~
16"
14+
13+
12
12+ 2707.2
13- 2696.7
1 2695.5
12- 2665.6
14+ 2513.0
12+ 1949.6
0+ 0

160
66 DYo4




160
66

Dy,,-8

From ENSDF 1%9Dy,,-8

1583Gd("Li,p4ny)  2002Ju08

Legend
Level Scheme (continued)
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138Gd("Li,p4ny)  2002Ju08

Legend
Level Scheme (continued)
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From ENSDF

66

Band(A): Yrast band

28+ 7229.8

ﬁ

818
26" 6412.0
765
24+ 5646.8
712
Band(B): Yrare band
22+ 4935.1

20" 4874.6

461
8t 966.1

386
[ 580.6

297
4+ 283.58

2+ 197 86.7877
—_ v
0t 87 0

158G d("Li,p4ny)

2002Ju08

Band(C): y-vibrational
band, signature=1
component

25+ 6642.1

ﬁ
ﬂ

Band(d): K*=2"
octupole-vibrational
band, signature=0

component
Band(D): K"=2~
octupole-vibrational 26~ 6965.6
band, signature=1
component
746
25~ 6457.3

4~ 6219.1

726
Band(c): y-vibrational
23+ 5915.9 band, signature=0
component
22+ 5601.6
675 - ¥
21" 5240.5
20" 4974.5
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+
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692
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22" 5527.5
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21~ 5000.8
20~ 4871.9
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17~ 37438 16 26806
552 533
15 3919 g4 31478
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153Gd("Li,p4ny)  2002Ju08 (continued)

Band(e): K"=1"
octupole-vibrational
band, signature=1

component
19~ 4936.0
620
Band(E): K"=1"
octupole-vibrational 17~ v 4316.2
band, signature=0
component
16~ 4077.5
586
568 5
15 v 3729.8
14~ v 3509.8
542
526 _
13 v 31874
12~ v 2984.0
492
465 _
11 v 2695.5
10~ v 2519.2
432
408 9 2263.1
8~ v 2111.0
365
33 7 1897.5
6~ 1787.2
233
R T
160
66 DYos

Band(F): K*=4" band

(7h) 2075.0
6+ 1929.8
5+ 1803.0
4t 1694.6
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