18T Hf -1 From ENSDF - Evaluated August 2023 77 Hs-1

155Gd(1°0,4ny)  1999Cr01,1983Ar09,1977J0ZQ

History
Type Author Citation Literature Cutoff Date

Full Evaluation  Balraj Singh and Jun Chen  NDS 191,1 (2023) 22-Aug-2023

See also 146Nd(%Mg,Sny) dataset from 1999Cr01.

Includes P2Tb(14N,6ny) from 1983Ar09 and 1981De36, and 9*Gd(1°0,3ny) and 9! Dy(12C,6ny) from 1977J0ZQ.

1999Cr01: 95Gd('°0,4ny),E(100)=85 MeV. 92% enriched '3 Gd Au-backed target. Measured Ey, Iy, yy-coin, yy(6)(DCO)
at 37°, 79°, 101° and 143° using 8x array of 20 HPGe detectors and 71-element BGO calorimeter at Chalk River MP tandem
accelerator.

1983Ar09 (also 1981Jall, 1981De36): *Tb(1*N,6ny), E('4N)=95 MeV; measured Ey, Iy, yy-coin, y(6), and quasicontinuum
y-ray spectra at high spins using Compton-suppressed spectrometer with average suppression factor of ~10, Ge(Li) and Nal(TI)
detectors at the KVI cyclotron of Groningen. This work reports vij3/, band from 13/2% to 49/2* (@=+1/2) and nine in—band y
rays.

1981De36: 9Tb(*N,6ny),E('*N)=95 MeV; measured yy-energy correlation matrix, quasicontinuum y-ray spectra at high spins.
This work is by the same group as 1981Jall and 1983Ar09.

1977J0ZQ (also 1976HjZY): 3*Gd(1°0,3ny), E(100)=75-78 MeV; 01 Dy(12C,6ny),E(2C)=95-115 MeV. Measured Ey, Iy,
yy-coin at the NBI Super FN tandem accelerator for (°0,3ny) and Stockholm cyclotron for (!2C,6ny). Following rotational
bands were reported:
1. v5/2[523] band: 5/27 to 33/27, a=+1/2 and tentative 9/27 to 19/27, a=—1/2 with the y cascades (from top):
450.9—447.9—-473.8—440.5—-379.7-297.7—207.7, and 414.5—351.8—263.5.
2. vij3p band: 9/2* to 41/2%, a=+1/2 and 11/2* to 35/2*, a=—1/2 with the y cascades (from top):
660.8—674.0—627.4—553.6—459.2—343.4—206.0, and 686—647.4—578.8—486.7—368.0—213.5.
3. a AJ=2 side band from (35/27) to (23/27) with 660.9y, 737.7y, 844.0y and 868.9y to vij3/, band members. All the

members of the v5/2[523] and vij3;, bands were confirmed by 1999Cr01.
The level scheme and band structures are taken from 1999Cr01, with the v5/2[523] and vij3,; bands first established by
1977J0ZQ.

16THF Levels

Band structures were assigned in 1999Cr01, 1999Sm13 and 1977J0ZQ.

EdeveDT 3% | Edeven™  7F | Edevent ¥ | EdevenT yrk

002 52 | 1561.2% 5 2327 | 2869.09 6 332~ | 433378 5 452F
92.1% 4 72- | 1618096  2502% | 2937.3¢ 5 3502 | 4437.6% 5 4512
144.9¢5  132F | 17045¢ 5 29/2% | 3005.0° 5  37/2% | 4525.6° 9 432~
188.6/ 5 112 | 179729 4 252 | 3180.0f 6 35/2% | 46267 6 452+
20729 3 9~ | 1832.1F 4 212+ | 320697 4 3727 | 46724 8 432t
349.5¢ 4 172+ | 1995.1% 5 2727 | 3259.8 5  37/2% | 4822.09 10 452~
3553% 4 1127 | 214809 6 2912+ | 328790 7 3512~ | 4850.8€ 6 472"
40171 4 15p2% | 22449% 4 292 | 341659 8 372+ | 5082.68 6 492+
50469 3 1327 | 228930 6 272~ | 345284 7 372~ | S151.7% 6 492-
692.5¢ 4 212+ | 2331.5¢5 332+ | 350235 392~ | 523720 11 472"
706.4% 5 152 | 2339.195 292~ | 3665.98 5  41/2* | 5429.2¢ 7  49/2*
76721 4 190% | 2441.5¢5 312~ | 3788.0 4 412~ | 5598.8% 11  49/2-
883.89 3 172~ | 24796/ 4 312* | 387205 412* | 5623.7€8  51/2-
11207% 5 1927 | 2695.4% 4 332~ | 387470 8 392~ | 592098 §  53/2*
1151.3¢ 4 252+ | 275779 6 332+ | 3921.8F 7 392+ | 5927.6% 8 5327
1253.6/ 4 232 | 276930 6 312~ | 4103598 412~ | 6249.6¢ 9 532+
132409 4 2127 | 2810.16 332+ | 414155 432~ | 676587 9 572"

Continued on next page (footnotes at end of table)
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18T HI -2 From ENSDF - Evaluated August 2023 7 Hgs-2

155Gd(1°0,4ny)  1999Cr01,1983Ar09,1977JoZQ (continued)

167Hf Levels (continued)

 From a least-squares fit to Ey data, using uncertainties for y-ray energies assigned by the evaluators, based on other studies
using 87 array at Chalk River, such as data for '"Ho in 1992Ral7. Reduced y>=1.03.

¥ From 1999Cr01, based on transition multipolarities deduced from y(6) (1983Ar09) or DCO ratios from this reaction and/or the
(ZGMg,Sny) reaction (1999Cr01); consistent with deduced band structure and expected Nilsson states from total routhian plus
cranked-shell-model calculations. Assignments for all the excited states are placed in parentheses by evaluators, as strong
arguments for low-lying levels are lacking.

* Band(A): v5/2[523]@vi2, ) a=+1/2.

@ Band(B): v5/2[523],a=+1/2.
& Band(b): v5/2[523],a=—1/2.
¢ Band(C): v3/2[521],a=+1/2. Not observed at frequencies below the first neutron alignment.
b Band(c): v3/2[521],0=—1/2. Not observed at frequencies below the first neutron alignment.

¢ Band(D): v5/2[523]®vi; . a=—1/2.

4 Band(E): 7=+, a=—1/2 band. Weak sideband decaying into 5/2[642] bands; observed in (160,4ny) only.
¢ Band(F): v5/2[642],a=+1/2.

I Band(f): v5/2[642],a=—1/2.

& Band(G): v5/2[642]®vi%3/2,a:+1/2. Yrast for J>41/2.

’}/(167Hf)

DCO ratios are from 1999Cr01. A, and A4 coefficients are from y(6) data in 1983Ar09.

Eﬂ Iyi E;(level) Iz Ef J ? Mult.# Comments
9235 091 92.1 72 0.0 5/2~

1154 5 071 207.2 9/2~ 92.1 7/2~

1483 5 021 355.3 112~ 207.2 9/2~

149.6 5 051 504.6 13/2~ 355.3 1172~

204.6 1 88.2 25 349.5 17/2* 1449 132 Q Ay=+0.34 2; A4=—0.07 3
Ey: 205.0 2 (1983Ar09).

207.1 3 6.37 207.2 9/2~ 0.0 5/27

213.1 3 833 401.7 15/2% 188.6 11/2%

256.8 3 6.15 401.7 15/2* 144.9 13/2*

263.0 5 222 355.3 1172~ 92.1 7/2~

2974 1 19.7 6 504.6 13/2~ 207.2 9/2~

343.0 1 100.0 30 692.5 21/2% 3495 1727 Q Apr=+0.27 2; A4=—0.04 3
E,: 343.4 2 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.72 in (14N,6ny) at 95 MeV

(1983Ar09).

351.0 3 412 706.4 15/2~ 355.3 1172~

365.5 1 17.2 6 767.2 19/2* 401.7 15/2*

379.2 1 24.7 8 883.8 172~ 504.6 13/2~

412.8 3 6.4 2 2244.9 29/2-  1832.1 272*

414.2 3 412 1120.7 19/2~ 706.4 15/2~

417.6 3 6.2 2 767.2 19/2* 349.5 17/2*

434.0 3 582 1995.1 2727 1561.2 23/2~

440.2 1 27.7 9 1324.0 21/2~ 883.8 17/2~

440.5 3 361 1561.2 23/27  1120.7 19/2~

446.4 1 10.0 3 2441.5 312~ 1995.1 27/2~

447.6 1 2396 2244.9 29/2=  1797.2 25/2~

449.9 5 1.0 1 3259.8 37/2%  2810.1 33/2*

450.5 1 2227 26954 33/2 22449 29/2~

458.8 1 94529 11513 25/2% 692.5 212%  (Q) Apr=+0.26 2; A4=—0.01 3

E,: 459.2 4 (1983Ar09).

Continued on next page (footnotes at end of table)

2


https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Cr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1977JoZQ,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1992Ra17,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Cr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Cr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1999Cr01,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B
https://www.nndc.bnl.gov/nsr/nsrlink.jsp?1983Ar09,B

167
72 Higs-3

From ENSDF 10 Hfys-3

15Gd(1%0,4ny)  1999Cr01,1983Ar09,1977J0ZQ (continued)
7(167Hf) (continued)
Eﬂ Iyi E;(level) Iz Ef J’; Mult.# Comments
I(y+ce)/I(y+ce)(205y)=0.55 in (14N,6ny) at 95 MeV
(1983Ar09).
47331 2397 17972 2527 1324.0 21/2-
47915 271 27693 312~ 2289.3 27/2°
48631 2147 1253.6 232 7672 19/2*
495971 1465 29373 3527 24415 31/2°
51151 1936 32069 372~  2695.4 33/2°
51863 342 32879 352 27693 31/2°
52093 622  2869.0 332~ 2339.1 29/2°
53005 131 21480  292% 1618.0 252t (Q) DCO=1.23 25
Mult.: E2 in 1999Cr01.
54193  7.12  2339.1  29/2~ 1797.2 25/2-
54353 512 17972 252 1253.6 23/2*
553.11 77.023 17045  29/2% 1151.3 252* Q Ar=+0.26 3; Ay=—0.06 4
E,: 553.6 4 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.39 in (1*N,6ny) at 95 MeV
(1983Ar109).
56133 552 1253.6 232 692.5 21/2%
565.01 1324 35023 392~ 2937.3 35/2°
57861 17.16 18321  27/2% 1253.6 23/2*
581.11 13.84  3788.0 412~ 32069 37/2~
583.83 482 34528  37/2~ 2869.0 33/2°
586.83  3.11 38747 392~ 32879 35/2°
60543 472 29373 352  2331.5 332
609.75 251 27577  332%  2148.0 29/2* DCO=0.87 17
Mult.: E2 in 1999Cr01.
612.15 251 38720  412% 3259.8 37/2*
627.01 54417 23315  332F 17045 292% (Q) Ary=+0.24 3; A4=—0.03 4
E,: 627.4 3 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.29 in (1*N,6ny) at 95 MeV
(1983Ar09).
63921 1003 41415 432~ 3502.3 392
64741 11.84  2479.6  312% 1832.1 27/2*
649.63 943 44376 452 3788.0 41/2°
65075 271 41035 412~ 3452.8 37/2°
65095 231 45256  43/2~ 38747 392
658.85 222 34165  372% 27577 33/2* Mult.: E2 in 1999Cr01.
6609 1 1926 36659  412% 30050 372t (Q) Ar=+0.13 8; A4=—0.01 I2
E,: 660.8 7 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.09 in (1*N,6ny) at 95 MeV
(1983Ar09).
667.8 1 1074 43337 452 36659 412t (Q) Ar=+0.33 2; A4=+0.02 30
Ey: 667.9 7 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.06 in (1*N,6ny) at 95 MeV
(1983Ar09).
673.51 34010 3005.0  372% 23315 332t (Q) Ar=+0.24 4; A4=—0.04 6
E,: 673.6 5 (1983Ar09).
I(y+ce)/I(y+ce)(205y)=0.21 in (1*N,6ny) at 95 MeV
(1983Ar09).
679.8 5 291 1832.1 27/2%  1151.3 25/2* E,: level-energy difference=680.8.
70043  6.12  3180.0  352% 2479.6 312"
70933 562  4850.8  47/2= 4141.5 43/2
711.6 5 141 52372 472~ 4525.6 43/2°
714.13 492 51517  49/2- 4437.6 45/2°
71855 211 48220 452 4103.5 41/2°
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167 167
7 Hfgs -4 From ENSDF 7 Hf95 -4

15Gd(1%0,4ny)  1999Cr01,1983Ar09,1977J0ZQ (continued)

7(167Hf) (continued)

EJ Iyi E;(level) Iz Ef J ’; Mult.# Comments

7279 5 1.4 1 22893 27/27  1561.2 23/2~
737.0 1 10.1 3 2441.5 312~ 1704.5 29/2*
741.8 3 372 3921.8 392  3180.0 35/2%
748.9 3 542 5082.6 49/2%  4333.7 45/2% I(y+ce)/I(y+ce)(205y)=0.03 in (1*N,6ny) at 95 MeV
(1983Ar09); includes contaminant.
Other Ey=750.2 7 (1983Ar09), contaminated y ray.

750.6 5 141 46724 43/2%  3921.8 39/2*
75473 412 46267 452+ 3872.0 41/2F
77295 261 56237 51/2=  4850.8 47/27
77505 221 27693 31/2=  1995.1 27/2
775775 221 2479.6 312 1704.5 29/2*
77595 211 5927.6 53/27  5151.7 49/2~
776.85 081 5598.8 49/2=  4822.0 45/2
802.6 5 211 54292 492+ 4626.7 45/2F
820.4 5 121 6249.6 53/2%  5429.2 49/2*
83825 121 67658 57/27  5927.6 53/27
83835 211 59209 53/2%  5082.6 49/2*
84391 1154 1995.1 27/2~  1151.3 25/2*
86693 502 3872.0 41/2%  3005.0 37/2*
86893 492 15612 23/27 692.5 21/2*
9256 5 1.72 1618.0 25/2* 692.5 21/2* Mult.: E2 in 1999Cr01.
92823 462 32598 37/2*  2331.5 33/2*
91.1 5 1.1 1 46267 4527 3665.9 41/2F
996.6 5 201 2148.0 29/2%  1151.3 25/2* (Q) DCO=0.95 19
Mult.: E2 in 1999Cr01.
1053.2 5 1.6 1 27577 33/2%  1704.5 29/2* DCO=1.59 27
DCO is larger than expected for AJ=2, quadrupole.
Mult.: E2 in 1999Cr01.

1095 5429.2 49/2%  4333.7 45/2* E,: from level scheme; absent in Table II of 1999Cr01.
110595 231 2810.1 33/2%  1704.5 29/2* DCO=0.68 11
DCO implies AJ=0 or 1, but y placement requires AJ=2,
quadrupole.

Mult.: E2 in 1999Cr01.
1137.3 5 1.3 1 22893 27/2=  1151.3 25/2*

T From 1999Cr01, except as noted. Uncertainties are not given by authors. Note that 1999Cr01 report best values for Ey derived
from their (1°0,4ny) and/or (**Mg,5ny) studies. Based on other studies using 87 array at Chalk River such as data for *"Ho
in 1992Ral7, evaluators assign 0.1 keV for strong y rays (Iy>10), 0.3 keV for medium intensity (Iy=3-9.9) and 0.5 keV for
weak 7y rays (Iy<3).

¥ From 1999Cr01. Data are for (1°0,4ny) at E=85 MeV. I(y+ce) data for (14N,6ny), E(**N)=95 MeV (1983Ar09) are given in
comments. These were deduced by the authors by correcting Iy for internal conversion and angular distribution effects.

# From y(6) data (1983Ar09). The DCO ratio data from 1999Cr01, measured in (160,4ny) and/or (26Mg,5ny), are given in the
(*Mg,5ny) dataset, except for transitions observed only in (1°0,4ny).
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72 Hlgs-5 From ENSDF STHE, -5
155Gd(1%0,4ny)  1999Cr01,1983Ar09,1977J0ZQ
Legend
Level Scheme
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17 Hy5-6 From ENSDF 167HE, -6

155Gd(1%0,4ny)  1999Cr01,1983Ar09,1977J0ZQ

Legend

Level Scheme (continued)

Intensities: Relative I,
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1 Hfys-7 From ENSDF 167HE, -7

155Ga(1%0,4ny)  1999Cr01,1983Ar09,1977J0ZQ

. Legend
Level Scheme (continued)
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72 Higs-9

155 Gd(160,4ny)

1999Cr01,1983A1r09,1977J0ZQ (continued)
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