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171
72 Hf99_1

Type

100Ga(180,7ny)  2000Cu01

History
Author Citation Literature Cutoff Date

Full Evaluation

Coral M. Baglin, E. A. Mccutchan NDS 151, 334 (2018) 30-Jun-2018

2000Cu01: '9Gd('30,7ny), E('30)=106 MeV; two self-supporting thin stacked '%0Gd targets; EUROGAM 1I array (54
escape-suppressed Ge detectors); measured Ey, Iy, yy coin, DCO ratios (90° and 22.4° (or 157.6°)).

I7THf Levels
E(level)T yri T Comments
0@ 72+
21.93¢ 9 12~ 29.5s9 E(evel),T;;: from Adopted Levels. Energy held fixed for least-squares adjustment.
49.604 10 5/2"
61.59" 8 9pt
89.224 21 32~
101.62€ 10 5/2~
142.24b 18 772~
145819 8 112*
244.87% 10 13/2*
254579 19 72~
258.394 14 92~
27637 14 9/2"
381.979 13 1572+
398.06° 18 1172~
507.284 19 11/2-
s11.82% 13 172t
534.47€ 17 13/2°
559.834 19 13/2"
715279 15 192*
740.162 19 15/2-
836.224 20 15/2-
864.10 23 17/2-
865.27% 16 21)2*
938.404 21 17/2-
1144.169 19 2312+
1150.690 21 192~
1231324 21 1912~
1253.18€ 24 21/2-
1304.12% 18 2512+
1375879 22 21/2-
1611730 22 232~
1659319 22 2712+
1684.434 23 23/2-
1692.99€ 25 25/2~
1824.96% 20 292+
1853.84 3 25/2"
2108.30 3 272~
2178.0¢ 3 292"
2190.53% 24 272~
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171
72 Hf99-2

From ENSDF

171
72 Hf99_2

léOGd(180,7n)/)

2000Cu01 (continued)

I71Hf Levels (continued)

E(level)t 7% | Edeven? ik E(level)t ik E(level)t ik
2251509 27 312* | 4386.09 4 4327 | 6327.6% 5  532F 8679.1° 8 632"
2360.6% 3 292~ | 444650 4 432~ | 6435196 532 8861.0°6 652~
2422.03% 22 332+ | 457144 452 | 645226  (5527) | 8929.99 11 63)2*
2635.50 3 3127 | 4585.8% 3 4spt | 6798006 552 894544 14 632"
2704.9€ 3 332- | 467059 3 432~ | 69642@ 8 552+ 8946.9% 6 652*
2746.49 3 3127 | 4851495 452 | 696426 572" 924324 10 65/2"
2901.9% 3 332- | 5164705 472~ | 70284% 6 s72+ 969352 9 672~
2909.109 24 352+ | 519559 5 472t | 7057997 5512- 9895.9€ 7 69/2~
3087.44% 23 372+ | 5308.1€5  49/2- | 7281376  (5927) | 9961.49 16 672"
3193.00 4 3512~ | 5368.9% 4 49p+ | 7283.9% 6 572+ 9990.2% 7 69/2*
3275.0€ 3 3727 | 540454 4 472- | 7311597 s72- | 10738.6° 10 T1)2-
3349.19 3 3502 | 5430.8% 4 492+ | 7708.0° 7 592~ | 10971.9€7 732
3495.39 4 372- | 5613.795 4912~ | 7883.0¢6 612~ | 110803% 8 73/2*
36232@ 3 390* | 5667.8¢5  (5127) | 7925.49 10 592+ | 1180372 11 752
3791.90 4 3927 | 594920 6 si2- | 7956.4% 6 612t | 12068.9€ 7 772"
3813.15% 25 412+ | 6056.49 6 s12t | 797449 11 592~ | 132023¢ 8 81/2°
3894.7€ 4 4127 | 6105.865 532~ | 8149.8¢ 6  (63/27) | 14364.57¢ 8 (85/27)
3990.64 3 3927 | 6167.7% 5 532t | 8254548 612"

4145.7% 4 4127 | 6197995 si2- | 82984% 8 612+

 From a least-squares fit to Ey, assuming the adopted energy for the 22-keV level, assigning AEy=1 keV whenever authors did

not state the uncertainty in Ey, and omitting the 151.7y and 253.3y (both of which fit their placements very poorly).

* Authors values, based on transition multipolarities and deduced band structure.
# Band(A): 7/2[633], @=+1/2 band.
© Band(a): 7/2[633], @=—1/2 band.

& Band(B): 7/2[633] band fork, @=+1/2. Note that Adopted J”™ values are 4 units higher than proposed here.

4 Band(C): 5/2[512], @=+1/2 band.
b Band(c): 5/2[512], a=-1/2 band.
¢ Band(D): 1/2[521], a=+1/2 band.
4 Band(d): 1/2[521], @=—1/2 band.

¢ Band(E): 1/2[521] band fork, @=-1/2. Note that Adopted J” is 1 unit lower than proposed by 2000Cu01.

,y(l7le)
E, LT Edeve) I Ef % Mult. ¥ Comments

49.69 | 49.60 5/2~ 7/2% E,: 50y shown in Figure 1.
6199 1 61.59 92+ 72+
66.4 9 388 8922  3/2° 21.93 1/2-
79.7 1 1416 101.62 52~ 21.93 1/2°
842@ 1 14581  112*  61.59 972+
92.6 2 44 14224 72" 49.60 52~ D+Q  DCO=1.52 I2.
98.9 7 11520 244.87  13/2% 14581 11/2* DCO=0.94 5. Interpreted by 2000Cu01 as D+Q transition.
1163 4 204 25839 92 14224 72~ D+Q  DCO=0.72 3.
1204% 1 1668  511.82 172+ 381.97 152 D DCO=0.57 3.
137.2 2 03171 38197 152 24487 132+ D(+Q) Additional information 1.

DCO=0.61 3.

Continued on next page (footnotes at end of table)
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171
72 Hf99-3

From ENSDF L Hfgy-3

10Ga('80,7ny)  2000Cu01 (continued)

y("7THf) (continued)

E),T IyT E;(level) I Ef J; Mult.f Comments
139.6 2 034 398.06  11/27 258.39 9/2~ D+Q DCO=0.66 4.
14551 154 145.81  11/2* 0 7/2* Q) DCO=0.91 79.
151.7% 2 9.7 4 865.27  21/2* 71527 192+ D E,: level-energy difference=149.1.
DCO=0.59 4.
153.6 2 156 254.57 727 101.62 5/2~ DCO0=0.93 70. Interpreted by 2000Cu01 as D+Q transition.
159.9 1 6.6 4 1304.12  25/2* 1144.16 23/2*
161.6 2 224 559.83  13/27 398.06 11/2= D DCO=0.56 3.
165.3 1 20.0 9 254.57 727 89.22 3/27 DCO=0.86 10. Interpreted by 2000Cu01 as AJ=2
transition.
165.4 2 444 1824.96  29/2* 1659.31 272+ D DCO0=0.47 13.
170.6 1 1.3 4 2422.03  332* 2251.50 31/2* D(+Q) DCO=0.61 25.
174.6 1 60 3 276.37  9/2~ 101.62 5/2~ DCO=0.82 3. Interpreted by 2000Cu01 as AJ=2 transition.
1794 3 044 3087.44  37)2* 2909.10 35/2*
180.1 1 0.6 4 740.16  15/2~ 559.83 13/2= D DCO=0.55 5.
183.6 1 923 244.87  13/2* 61.59 9/2* DCO=0.87 4. Interpreted by 2000Cu01 as AJ=2 transition.
189.9 3 032 3813.15  41/2* 3623.2  39/2F
198 938.40 17/27 740.16 15/2~ E,: from fig. 1 of 2000Cu01; absent from table 1.
203.6 2 17.1 8 71527  19/2F 511.82 17/2* D DCO=0.42 4.
208.8 1 215 258.39  9/27 49.60 5/2~ DCO=0.83 6. Interpreted by 2000Cu01 as AJ=2 transition.
213.6% 3 058 1150.69  19/2™ 938.40 17/2= D+Q E,: level-energy difference=212.3.
DCO=0.79 5.
224.6 2 0.8 1375.87  21/2~ 1150.69 1972~ I,: uncertainty given as O in table 1 of 2000Cu01.
DCO=1.08 13. Interpreted by 2000Cu01 as D+Q transition.
2304 3 224 507.28  11/27 276.37 9/2~ DCO=1.06 7. Interpreted by 2000Cu01 as D+Q transition.
23552 35224 381.97  15)2* 145.81 112 Q DCO=1.00 7.
2358 1 035 1611.73  23/27 1375.87 21/2= D DCO=0.57 3.
24142 034 1853.8 25/2~ 1611.73 23/2~
252.8 1 16.3 4 507.28  11/2 254.57 72~ Q) DCO=0.93 8.
253.3% 2 0.8 4 2360.6 29/2™ 2108.3 272~ D E,: level-energy difference=251.2.
DCO=0.56 6.
25441 025 21083 27/2~ 1853.8 25/2~
2558 1 0.3 398.06  11/27 142.24 72~ Q I,: uncertainty given as 0 in table 1 of 2000Cu01.
DCO=0.96 3.
258.0 1 833 53447  13/27 276.37 9/2~ Q DCO=0.92 8.
266.2 2 0.3 4 2901.9 33/27 2635.5 31/27 DCO=0.85 5. Interpreted by 2000Cu01 as D+Q transition.
267.1 1 50.518  511.82  17)2* 244.87 132 Q DCO=1.11 7.
276.0 3 054 2635.5 31/2~ 2360.6 29/2= D DCO=0.58 7.
279.0 2 1208 1144.16  23/2* 864.10 17/2~
291.0 5 025  3193.0 35/2~ 2901.9 33/2
296.5 3 024 3791.9 39/2~ 34953 37/2°
300.3 4 1.14 836.22  15/2~ 534.47 13/2~ DCO=1.02 11. Interpreted by 2000Cu01 as D+Q transition.
301.6 2 1.0 4 559.83  13/27 258.39 9/27
302.2 2 0.3 4 3495.3 37/2~ 3193.0 35/27 DCO=0.98 3. Interpreted by 2000Cu01 as AJ=1 transition.
329.1 1 1238 836.22  15/27 507.28 112~ Q DCO=1.07 8.
329.6 2 89 3 864.10 17/2~ 53447 1312 Q DCO=1.01 7.
33361 40.0 12 715.27  19/2* 381.97 1512 Q DCO=1.04 4.
342.1 1 0.7 4 740.16  15/2~ 398.06 11/2~ DCO=1.5 3.
353.1 1 56.0 16 86527  21/2* 511.82 172 Q DCO=1.15 4.
354 4145.7 41/2~ 3791.9 39/2~ E,: from fig. 1 of 2000Cu01; absent from table 1.
3545 3 8.8 8 1659.31  27)2* 1304.12 25/2*
359.70 2 324 5667.8 (51/27) 5308.1 49/27 DCO=1.06 25.
366.8 4 1.7 4 1231.32  19/2~ 864.10 17/2~
378.8 1 0.7 4 938.40  17/27 559.83 13127 Q DCO=1.05 7.
389.1 1 88 3 1253.18  21/2~ 864.10 172~ Q DCO=1.04 11.
395.11 172 8 123132 19/27 836.22 15/2~
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72 Higg-4 From ENSDF TVHE, -4

10Ga('80,7ny)  2000Cu01 (continued)

y("7THf) (continued)

E),T IyT E;(level) I Ef J ? Mult. ¥ a4 Comments
4103 1 3.07 1150.69 19/2~ 740.16 152 Q DCO=1.00 4.

426.7 1 368 2251.50  31/2%  1824.96 29/2*
42705 474 14 114416  23/2F 715.27 19/2*
431.8 5 1.74 1684.43  23/27 1253.18 21/2

437.8 2 1.6 4 1375.87  21/27 938.40 17/2= Q DCO=1.11 4.

4389 1 74422 1304.12  25)2* 865.27 21/2*  (Q) DCO=1.20 3.

439.8 1 853 1692.99 25,27 1253.18 21/2= Q DCO=1.09 7.

453.1 1 169 8 1684.43  23/2=  1231.32 19/2= Q DCO=1.01 10.

461.1 1 284 1611.73  23/2= 1150.69 19/2= Q DCO=1.08 3.

4779 3 1.6 8 1853.8 25/2=  1375.87 21/2~ DCO=1.29 7. Interpreted by 2000Cu01 as AJ=2
transition.

485.0 1 80 3 2178.0 29/27  1692.99 25/2= Q DCO=1.11 8.

487.1 2 458 2909.10  35/2% 2422.03 33/2*

497.3 2 1.6 4 2108.3 27/2=  1611.73 23)2= Q DCO=1.06 12.

498.0 4 1.14 2190.53  27/2= 1692.99 25/2~

506.1 1 1748  2190.53  27/2= 1684.43 23/2= Q DCO=1.06 /1.

506.4 3 1.84 2360.6 29/2=  1853.8 25/2= Q DCO=1.06 6.

51522 49515 1659.31  27/2* 1144.16 232t Q DCO=1.13 4.

5209 1 68.8 21 182496  29/2*  1304.12 25/2F DCO=1.42 19. Interpreted by 2000Cu01 as AJ=2
transition.

5269 1 254 2635.5 3127 21083 2727 Q DCO=1.08 9.

5269 1 67.322 27049 33/27  2178.0 29/27 Q DCO=1.12 9.

536.0 3 1.7 4 3623.2 39/2*  3087.44 37/2*

542.3 3 .58 29019 33/27  2360.6 29/2 Q DCO=1.07 8.

55591 1528 27464 3127 2190.53 27)27 Q DCO=1.14 3.

55742 254 3193.0 35/2~ 26355 31/27 DCO=1.30 13.

566.7% 4 544 2746.4 3127 2178.0 29/27 E,: level-energy difference=568.4.

DCO=1.07 18. Interpreted by 2000Cu01 as D+Q
transition.
570.1 1 53.020 3275.0 37/2= 27049 33/2° E2& 0.01402 DCO=1.10 4.
57255 522 4386.0 43/2%  3813.15 41/2*

59222 43.0 13 225150 312  1659.31 272+ Q DCO=1.17 8.
593.7 3 239 3495.3 37/27 29019 33/27 Q DCO=1.10 5.
596.9 1 69.3 21 2422.03 33/2* 1824.96 29/2* DCO=1.14 21.

598.9 2 234 3791.9 39/27  3193.0 35/27
602.6 1 23.17  3349.1 35/27  2746.4  31/27 E2&% 0.01229 DCO=1.01 8.
619.7 2 36.8 16  3894.7 4172~ 3275.0 37/27 E2&% 0.01151 DCO=1.16 8.

641.5 1 102 3 3990.6 39/27  3349.1 35/2° & 0.01062 DCO=1.13 I6.

646.0 5 3.04 3349.1 35,27 27049 33/2°

650.3 2 0.9 4 4145.7 41/2= 34953 3727 DCO=0.79 8. Interpreted by 2000Cu01 as AJ=2
transition.

654.6 2 0.8 4 4446.5 43/2= 37919 39/2~

658.0 2 29.09  2909.10 352* 2251.50 31/2* E2&% 0.01002 DCO=1.14 5; not M2 from RUL.

665.3 1 35,511 3087.44  37/2% 2422.03 33/2F & DCO=1.10 7.

676.7 2 29.1 12 45714 4527 3894.7 41/2= [E2] Mult.: not M2 from RUL.

679.9 1 10.7 8 4670.5 43/2=  3990.6 39/2~ E2& DCO=1.08 17.

705.7 2 1.0 4 4851.4 45/2= 41457 41)2°

714.1 2 19.6 6 3623.2 39/2%  2909.10 35/2* & DCO=0.95 5.

7182 1 1.14 5164.7 47/27 4446.5 43)2°

725.7 1 24.7 8 3813.15  41/2%  3087.44 37)2t (E2) DCO=1.66 20. Interpreted by 2000Cu01 as AJ=2
transition; not M2 from RUL.

734.0 2 648 5404.5 472  4670.5 43/2~ E2& DCO=1.17 17.

736.7 2 20.0 8 5308.1 49/2= 45714 4572 [E2] Mult.: not M2 from RUL.

Continued on next page (footnotes at end of table)
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72 Hf99-5

From ENSDF

171
72 Hf99_5

léOGd(180,7n)/)

2000Cu01 (continued)

y("7THf) (continued)

Eﬂ IyT E;(level) I Ef J ? Mult.f Comments

762.3 1 034 5613.7 49/2~ 4851.4  45/2~

762.8 2 12.1 4 4386.0 43/2* 3623.2 3912 E2& DCO=1.07 4.

772.6 1 172 8 4585.8 45/2* 3813.15 41/2* E2& DCO=1.12 8.

783.1 3 10.0 4 5368.9 49/2%* 4585.8 45)2% DCO=1.39 13. Interpreted by 2000Cu01 as AJ=2

transition; not M2 from RUL.

784.4b 2 227 6452.2 (55/27) 5667.8 (51/27)

784.5 3 0.9 4 5949.2 51/2~ 5164.7 47/2~

793.4 3 358 6197.9 5172~ 5404.5 472~

797.7 2 828 6105.8 53/2~ 5308.1 49/2~ p2& DCO=1.15 6.

798.8 3 274 6167.7 53/2* 5368.9 4927 DCO=1.52 11. Interpreted by 2000Cu01 as AJ=2

transition; not M2 from RUL.

809.5 3 6.3 8 5195.5 47/2* 4386.0 43/2*

821.4 3 0.6 4 6435.1 53/2~ 5613.7 49/2~

829.10 2 417 7281.3?  (59/27) 64522 (55/27)

845.0 2 7.6 8 5430.8 49/2%* 4585.8 45/2% & DCO=1.23 18.

848.8 2 0.9 4 6798.0 55/2~ 5949.2  51/2~

858.4 2 6.4 8 6964.2 572~ 6105.8 53/2~ & DCO=0.96 21.

860.0 5 148 7057.9 55/2~ 61979 51/2°

860.7 2 2.74 7028.4 57/2* 6167.7 53/2F

860.9 4 298 6056.4 5172 51955 47/2*

868.50 2 1.6 6 8149.8 (63/27) 7281.3? (59/27)

876.4 3 0.34 7311.5 57/2~ 6435.1 53/2~

896.8 3 244 6327.6 53/2* 5430.8 4927

907.8 5 2.08 6964.2 552 6056.4 51/2*

910.0 3 024 7708.0 59/2~ 6798.0 55/2~

916.5 8 0.9 4 7974.4 59/2~ 7057.9 55/2~

918.8 2 2.04 7883.0 61/2~ 6964.2 57/2~ DCO=1.3 4.

928.0 1 1.34 7956.4 61/2% 7028.4 572%

943.0 5 024 8254.5 61/2~ 7311.5 5727

956.3 4 034 7283.9 57/2* 6327.6  53/2F E,: not adopted; ¥ unconfirmed in other reaction studies.
961.2 5 1.18 7925.4 59/2* 6964.2 55/2F E,: given as 960 in figs. 1 and 2 of 2000Cu01.
971.0 8 0.6 4 8945.4 63/2~ 7974.4  59/2~

971.1 4 0.14 8679.1 63/2~ 7708.0 59/2~

978.0 2 1.04 8861.0 65/2~ 7883.0 61/2~

988.7 5 024 9243.2 65/2~ 8254.5 61/2~

990.5 2 0.9 4 8946.9 65/2% 7956.4 61/2%
1004.5 5 1.18 8929.9 63/2* 7925.4  59/2*
1014.4 4 0.14 9693.5 67/2~ 8679.1 63/2~
1014.5 5 024 8298.4 61/2* 72839 57/2*
1016.0 8 0.34 9961.4 67/2~ 89454  63/2~
10349 2 0.8 4 9895.9 69/2~ 8861.0 65/2~
1043.3 3 224 9990.2 69/2% 8946.9 65/2F
1045.1 4 0.64 10738.6 712~ 9693.5 67/2~
1065.1 4 0.14 11803.7 75/2~ 10738.6  71/2~
1076.0 2 0.64 10971.9 73/2~ 9895.9 69/2~
1090.1 4 0.14 11080.3 73/2F 9990.2 69/2*
1097.0 2 034 12068.9 772~ 10971.9 73/2~
113342 034 132023 81/2~ 12068.9  77/2
116220 2 0.24 14364.5? (85/27) 132023 81/2~

 From 2000Cu01 for the (180,7ny) reaction at 106 MeV, except as noted.
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72 Higg-6 From ENSDF 71Hf -6

100Ga(180,7ny)  2000Cu01 (continued)

y("7THf) (continued)

# Based on measured DCO ratios; expected ratios arex~1.0 for stretched Q (or D, AJ=0) and~0.5 for stretched D transitions.

# Ey deviates by at least 40~ from least-squares adjusted value.

@ From Adopted Gammas.

& Stretched Q from DCO ratio; not M2 from RUL.

¢ 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.

b Placement of transition in the level scheme is uncertain.



https://www.nndc.bnl.gov/nsr/nsrlink.jsp?2000Cu01,B
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]772] Hf99'7 From ENSDF ]772] Hf99—7

100Ga(180,7ny)  2000Cu01 Legend

— L, < 2%xIy*
—> L, <10%xIy*
Intensities: Relative Iy from 160Gd(180,7ny), E=106 MeV. —> 1, >10% ><I§,”“"
—————— » Y Decay (Uncertain)
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7, Hfgg-8 From ENSDF 7, Hfgg-8
10Gd('80,7ny)  2000Cu01
Legend
Level Schem ntin !
evel Scheme (continued) Ly < 2oxi
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From ENSDF

171
72 Hf99_9

10Gd('30,7ny)  2000Cu01

Level Scheme (continued)

Legend
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]772] Hfgg— 10 From ENSDF 1’721 Hf99_ 10

10Gd('30,7ny)  2000Cu01

Legend
Level Scheme (continued)
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From ENSDF
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7o Hfgg-11

10Gd('80,7ny)  2000Cu01

Level Scheme (continued)

Intensities: Relative Iy from '°Gd('80,7n7), E=106 MeV.
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From ENSDF
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]772] Hfgg— 13 From ENSDF 1’721 Hf99_ 13

100Ga(180,7ny)  2000Cu01 (continued)
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