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High-spin states int®Os have been studied using th€Er(*20,4n) reaction at a beam energy of 85 MeV.
Several new negative parity levels including a 48<fs=(18") isomer have been identified. Nilsson configu-
rations for the levels are assigned by comparison with multiquasiparticle calculations. Potential-energy-surface
calculations show an increasing influence of triaxiality in nuclear shapes at higher spins. The decay rate of the
K7™=(18") isomer is discussed in relation to the role of th@uantum number.
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I. INTRODUCTION II. EXPERIMENTS

. . . 18 .
High-K(=2,();) isomers in the H-W-Os nuclei witi 170::%5%1) ?éeggt?o;na:gsbe?:r\r/weeggfgny %?%lgaﬁgv.ll tzhg
~180 arise due to the presence of many higimd high&) 012 176 arget enriched to 95.88% with a 10 mghem
orbitals near_the Ferml _surfac[é.]. For these axially de- lead backing was bombarded by &0 dc beam derived
formed nuclei, the projection of the total angular momentuM o the 12UD tandem accelerator at University of Tsukuba.
onto the nuclear symmetry axis is approximately con-  The target was thick enough to stop recoiling residuals. The
served. Consequently, tieselection rule governs the decay pegm energy was optimized for production’8fOs (4n exit
of the K isomers so that transitions from higtto low-K  channel and 8%0s (5n exit channel. Nine Compton-
bands are strongly hindered. These transitions, in practic&uppressed HP-Ge detectors, placed at (8% detectors
can proceed by admixture &f values. In rotating nuclei, the 79°(2), 101°(2), and 143%3) with respect to the beam axis,
Coriolis interaction changes the spin orientation to lead to avere used to detect in-beamrays. In addition, one LEP
AK==1 mixing. On the other hand, shape fluctuations to-detector at the angle of 79° was employed to increase detec-
wardsy deformation can couple states whquantum num- tion efficiency for low-energy photons. A total of>x210?
bers differing by two units £K=+2 mixing). In this con-  correlatedy-y-time events within 200 ns were collected. A
text, of special interest have been the surprisingly lowcomplementary data set was obtained at the Japan Atomic
hindrances for the very larg&K transitions[2—4]. So far, ~Energy Research InstitutdAERI). The same reaction de-
different mechanisms including Fermi-aligned Corioks  scribed above was used. 12 Compton suppressed HP-Ge de-
mixing [3,5-7], y tunneling through the potential barrier tectors placed at angles of 3@&two detectors 58° (2), 90°
[2,4,8,9, and the statisticak mixing due to high level den- (4), 122°(2), and 148°(2) were used to collect approxi-
sity [10] have been proposed for these transitions. mately 1X10° y-y coincidence events. Both the data were
The hindrance factors per degree Kofforbiddenness in separately sorted into two-dimensiongdy matrices. For

the decay of highly excitel isomers in the heavier osmium qnalysis of isomersy-y matrices with different time condi-
(Z=76) isotopeq2,11,17 are typically much smaller than tions were also created. " . .
those observed in the hafnium isome&=(72) [13]. With In order to determm_e transition multipole orde(_d;pole
the increased number of protons, the nuclear shapes becoRe quadrupoli DCQ (directional angular correlation from
softer towardsy distortion. Furthermore, it is reported that oriented statgs ratios [16,17 were extractf_ad from the
the triaxial shapes appear at high spinsi# 8Os [14,15, TSUKUBA data set. Here, the ratios are defined as
Therefore, they-deformation degree of freedom, which in-
troduces a substanti&l mixing as stated above, is expected |, at 37°(or 143°) gated onyg at 79° (or 101°)
to play an important rolg in the re_ductlon of theconserva- DCO™ | _ at 79° (or 101°) gated onyg at 37° (or 1439 °
tion in the heavier osmium nuclei.

Prior to the present study, a 20-K§=10" isomer was
known in 18%0s [2]. A recent study also revealed detailed Since the angle of 1011439 is equivalent to that of 79°
level structure especially for high-spin positive parity stateg37°) [17], the corresponding events can be summed when
in this nucleug 14]. Although there are predictiod4] that the DCO matrices are created. In the DCO analysis, stretched
negative parity intrinsic states based on multiquasiparticle\| =2 transitions close in the level scheme to theay of
excitations are near the yrast line, less experimental evidendsterest are generally used as gates. In this case, the DCO
is available for such states. In this paper, we report on newatios fall close to unity for stretched quadrupol®l &2)
negative parity states includitg”™=9~ and (13) bands, a and unstretched dipoleA( =0) transitions, andRpco~0.6
48-ns four-quasiparticle higk-isomer, and higher-seniority for stretched dipole A1 =1) transitions. For mixed\| =1
states. transitions, the DCO ratios depend on the mixing raiio
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FIG. 1. A partial level scheme fo®%0s, showing th&K"=5" level and they-, octupole K™=6", 8; , and § bands, and bands I, Il.
Levels concerning th&™=(18") isomer are also shown.

Ill. RESULTS A. Band |

Three vy rays (164, 194, and 301 ke\vhave newly been

Since a detailed study of*®Os has recently been pub- found to deexcite a 2301 keV level into the =8, and 6
lished [14], here the focus is on additional negative parity bands. The DCO ratioRpco=0.34+0.03) for the 194 keV
states that we found. Figure 1 shows the proposed partiatansition is consistent with A1=1 radiation. In addition,
level scheme resulting from the present work. Newly ob-based on they-ray intensity balance, a total conversion co-
served bands are labeled as band | and band Il instead of tlefficient of the 194 keV transition was obtained as
deducedK values. Note that the placement of 180, 231, 421,=0.65-0.10, which agrees with anM1 multipole
580, 661, and 669 keV transitions are different from that of @%°(M1)=0.88, a$(E1)=0.07]. The 2301 keV state,
Ref. [14]. The ground state band, and tk&=10" band therefore, is confirmed ask"=9" state. A rotational band
based on ther{9/2'[624]11/2'[615]} two-quasiparticle (banq_b built on this state has peen observed. Wadk= 1
configuration were known up to high spifig, 14,14, but transitions connect the two signature sequences at lower

api ; pins. The spin assignment for the higher-lying levels is
e oo o e e T i aseton'h BCO s, and confimed by ran s
octupole bandsK”=5" and 6 two-quasiparticle states tions from and into th&"=6", 8, , and & bands.
were also previously knowf2,14]. The twoK™=8" bands _
based on ther{9/2[624]7/27[503]} (8; band and B. New isomer at 4756 keV
v{9/2"[624]7/27[514]} (8, band two-quasiparticle con- From the analysis of delayed coincidence spectra, a new
figurations are confirmed and extended to higher spins fronsomer has been observed Bt=4756 keV, feeding the
those reported in the previous wdrkd]. Table | summarizes =16 and 17 levels of band | by 634 and 289 keV transitions
energies, intensities, and DCO ratios for teay transitions [Fig. 2(a)]. A sequence of 281 and 669 keV transitions via a
in 18%0s shown in the level scheniEig. 1). 4475 keVI™=(17") level confirms the placement of the
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TABLE I. Energies, level assignments, relative intensities, DCO ratios, and multipole assignments for the
y-ray transitions in*®“Os shown in Fig. 1.

E, ?(keV) E; (keV) J7 — J7 I, Roco Al
(42) 1958.3 7 - 6~

(63 3791.5 (14) = (13)

(80 1916.4 6 — 5~

83.3 2000.1 7 — 6~ 4(1)

88.2 2046.5 8 — 7 16(1) 0.634) 1
106.3 2106.4 8 — 7 3(2) 0.6911) 1
114.4 1832.7 6 — 5~ 12(1) 0.534) 1
119.7 119.7 2 — o* 367(10) 1.001) 2
1255 1958.3 7 — 6~ 43(1) 0.482) 1
129.4 2266.1 9 — 8~ 18(1) 0.66(3) 1
136.6 2136.7 8 — 7 18(1) 0.636) 1
144.9 2366.8 10 - 9~ 71(2) 0.576) 1
148.1 2106.4 8 — 7 2(1) 0.4009) 1
156.3 2457.0 10 - 9" 2(1)

158.8 2661.3 11 — 10 <1

159.4 2266.1 9 - 8~ 9(1) 0.768) 1
163.4 2000.1 7 — 5~ 4(1)

164.3 2300.7 9 — 8~ 5(1)

175.0 2221.6 9 — 8" 98(3) 0.556) 1
179.7 2901.0 12 — 117 <1

179.7 3971.2 (15) . (147) 42(2) 0.505) 1
190.7 2457.0 10 — 9” 30(1) 0.81(6) 1
194.4 2300.7 9 — 8~ 15(1) 0.3403) 1
201.8 2502.5 10 — 9” <1

204.3 2661.3 11 — 10° 18(1) 0.584) 1
209.2 3166.8 13 — 12- <1

209.6 2431.2 10 — 9~ 50(2) 0.333) 1
212.0 1832.7 6 — 4~ 51(2)

218.8 2721.3 11 — 10° <1

220.5 2136.7 8 — 6~ 9(1)

228.4 2901.0 12 — 117 13(1)

230.2 2661.3 11 — 10 17(1)

230.8 4202.1 (16) — (157) 42(2) 0.61(3) 1
236.3 2957.6 12 — 11 <1

236.4 2502.5 10 - 9" 16(2) 0.71(5) 1
239.6 2901.0 12 — 11 10(1)

240.4 1958.3 7 — 5~ 35(2)

2415 2672.8 11 — 10™ 23(1) 0.21(3) 1
243.0 2609.8 11 — 10" 1093) 0.421) 1
256.4 3423.2 14 — 13~ 6(1)

257.4 2930.3 12 — 117 12(1)

263.9 383.6 4 — 2+ 990(30)

(264 2721.3 11T — 10~

265.8 3166.8 13 — 12 26(1)

273.6 2106.4 8 — 6~ 8(1)

279.6 3209.9 13 — 12~ 16(1)

280.9 4756.1 (18) . (17°) 3(1)

284.9 2957.6 12 . 11 5(1)

289.1 4756.1 (18) . 17 10(1)

294.9 4770.0 — (177) 3(1)

296.4 2957.6 12 — 117 14(1) 0.424) 1
296.5 3806.3 15 — (147) 1(2)
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TABLE |. (Continued)

E, ®(keV) E; (keV) Jr — J7 I, Roco Al
299.8 3509.8 (12) — 13 8(1)

300.5 2300.7 9 — 7 10(2)

302.1 41225 (16) . (157) 4(1)

302.9 4770.0 — 17 91

309.6 4467.0 17 — (167) 4(1)

310.3 3820.5 (15) ~ (14°) 8(1)

320.2 2457.0 10 — 8" 16(2)

(323 3489.6 14 — 13~

325.1 3226.1 13 — 12 7D

329.5 5099.5 a)

336.2 3728.2 (13) = (12%) 14(1) 0.745) 1
345.2 1958.3 7 — 6" 18(1)

347.3 1428.2 5 — 3* 4(1)

350.8 2457.0 10 — 8~ 47(2) 0.962) 2
361.7 4122.5 (16) . 15 5(1)

365.8 2502.5 10 — 8~ 11(1) 1.108) 2
(389 3806.3 15 — 14

384.9 2431.2 10 — 8" 91

388.0 1613.0 6 — 47 <1

390.4 773.9 6 — 47 100Q:30) 0.9711) 2
395.1 2661.3 11 — 9~ 391 0.932) 2
404.6 1832.7 6 — 5* 16(2)

406.7 2672.8 11 — 9~ 17(2)

408.1 1836.3 5 — 5* 2(D)

410.1 4202.1 (16) — (147) 15(5)

420.8 2721.3 11 — 9” 25(1) 0.927) 2
439.8 2661.3 11 - 9~ 12(1)

4441 2901.0 12 — 10 48(2) 1.126) 2
451.0 2672.8 11 — 9~ 6(1)

455.2 2957.6 12 — 10~ 17(2)

469.3 4467.0 17 — 16~ 4(1)

488.1 1916.4 6 — 5* 50(2)

493.1 1718.0 5 — 47 88(3) 0.732) 1
493.9 3166.8 13 — 11 13(1)

495.4 2366.8 10 — 10" 25(1)

499.2 2930.3 12 - 10 15(1)

(500 3728.2 (13) = (11°)

500.8 1274.7 8 — 6" 788(24) 1.01(1) 2
505.0 3226.1 13 — 11 30(1) 1.075) 2
505.6 3166.8 13 — 11 50(2) 1.0055) 2
522.1 3423.2 14 — 12~ 51(2) 0.955) 2
532.0 3489.6 12 — 12 19(1) 0.966) 2
537.2 3209.9 13 — 117 18(1)

539.9 1620.7 4 — 3* 7002

552.2 3509.8 (12) ~ 12 <1

554.0 4756.1 (18) = (167) 20(1) 1.11(17) 2
567.9 4770.0 . (167) 14(1)

574.5 3997.7 16 — 14~ 43(2) 1.176) 2
579.5 3509.8 (12) = 12 17(1)

580.3 3806.3 15 — 13~ 33(1) 0.905) 2
594.2 3760.9 15 — 13~ 51(2) 1.005) 2
596.7 1871.2 10 — 8+ 641(19 1.021) 2
601.0 1544.0 3 — 2+ <1
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TABLE |. (Continued)

E, ®(keV) E; (keV) J7 — J7 I, Rpco Al
610.7 3820.5 (15) = 13~ 28(1)

611.4 1836.3 5 = 4+ 46(2)

633.0 4122.5 (16) = 14~ 32(1)

634.4 4756.1 (18) - (167) 2(1)

637.7 4635.4 18 — 16~ 34(1) 1.024) 2
647.6 4157.3 (16) = (147) 18(1)

654.3 1428.2 5 . 6" 22(1)

657.8 4418.6 17 - 15~ 26(1) 0.905) 2
660.8 4467.0 17 — 15~ 19(1) 1.029) 2
669.2 4475.3 (17) . 15~ 15(1) 0.9209) 2
673.8 4494.2 (17) - (157) 13(1)

683.5 1958.3 7 — 8+ 45(2) 0.802) 1
685.9 5455.9 1Q)

694.0 5329.3 20 . 18~ 30(1) 0.904) 2
697.2 1080.9 3 . 4+ 14(1)

704.2 4826.7 (18) = (167) 15(1)

708.1 5126.7 (19) . 17 23(1) 1.126) 2
721.6 6051.0 22 . 20" 17(1) 1.166) 2
721.8 4879.2 (18) = (167) 5(1)

725.4 5192.3 (19) = 17 <1

725.5 2000.1 7 . 8+t 19(1) 0.772) 1
732.2 5207.5 (19) . (17°) 5(1)

736.3 5230.5 (19) - (177) 10(1)

739.9 6790.9 (22) . 22" 11(1)

742.0 6611.7 (23) - (21°) 8(1)

743.0 5869.6 (21) = (19°) 10(1)

746.2 5572.8 (20) = (18") a1)

777.1 6007.6 (21) . (19") 4(1)

779.9 6235.8 a)

782.2 3392.0 (12) = 11* 4(1)

791.0 5670.2 (20) . (18") 5(1)

795.7 7407.3 (25) . (23) 4(1)

797.8 3728.2 (13) - 12° 13(1) 0.152) 1
800.0 7590.9 (26) = (247) 5(1)

805.0 6377.8 (22) . (207) 5(1)

839.0 1613.0 6 N 6+ 392 0.841)° 0
8415 1225.0 4 — 4+ 81(3) 0.841)° 0
847.3 7083.1 a)

884.0 8474.9 (29) . (267) 3(2)

943.0 943.0 4 = 0* <1

944.1 1718.0 5 = 6" 51(2) 0.872) 1
961.4 1080.9 3 . 2+ 69(3) 1.034) 1
1006.5 (3229 (117) . 9~ 5(1)

1025.3 3392.0 (12) — 10* 13(1) 1.097) 2
1044.6 1428.2 5 = 4+t 74(3) 0.752) 1
1059.6 1832.7 6 . 6" 7(1)

1062.4 1836.3 5 - 6" 49(2) 0.722) 1
1092.1 2366.8 10 = 8+t 38(1) 1.003) 2
1105.2 1225.0 4 . 2+ 39(2) 1.006) 2
1142.2 1916.4 6 . 6" 62(2) 1.073) 0
1184.2 1958.3 7 = 6+ 5(1)
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TABLE |. (Continued)

E, 2 (keV) E; (keV) J7 — J7 I, Robco Al
1229.3 1613.0 6 — 4% 26(1) 1.024) 2
1237.0 1620.7 3 — 4% 26(1) 1.224) 0
1334.3 1718.0 5 — 4% 33(1) 0.6012) 1
14525 1836.3 5 — 4% 15(1) 0.693) 1
Above thel "= (18") isomer

443.61) 5199.6 (20) — (18) 392) 1.057) 2
457.11) 6797.1 (23) — (227) 15(1) 0.654) 1
470.21) 5669.8 (21) — (207) 20(1) 0.81(4) 1
473.91) 5230.1 (20) — (187) 41(2) 0.996) 2
486.1 7283.1 a)

572.9 6912.3 a)

669.7 6339.4 (22) — (21) 51) 0.705) 1
1109.3 6339.4 (22 — (20) 23(1) 1.095) 2

&The uncertainties of the transition energies a@2 keV. Unobserved or uncertain transitions are put into
parentheses.
PDoublet transitions.

isomeric level. As discussed in Sec. Il C, the spin and paritylimit of the present detection system.
of (187) are assigned for the isomer. Above this isomer,
several transitions have been observed as seen in (€g. 2 C. Band Il

For determination of the half-life of the isomey.ray . .
: : : o The 4756 keV isomer also decays into a 4202 keV level
time difference spectréig. 3) between the transitions above é)y a 554 keV transition. This transition is in coincidence

322;1'%’\/;?6 fzg]frs szﬁats)esgeﬁn:gtl;ﬁ% d?%rﬁttr:gz]gi]sgj with 180, 231, 336, 798, 1007, and 1025 keV transitions seen
A in Fig. 2(b), populating new levels at 4202, 3971, 3792,

mer. The levels above the isomer have no measurable halg)-]728 3392, and 3228 keV. The placement of the 4202 keV
lives. We, therefore, tooR';,<3 ns for these levels, as a level is further confirmed by transitions depopulating a 4770

keV level, which feed the 4202, 4467, and 4475 keV levels.
" Early gates (a) The 3792, 3971, and 4202 keV levels are connected by the
444 & 1109 keV 180 keV ([Rpco=0.50+0.05), 231 keV Rpco=0.61
+0.03) Al=1 cascade transitions, and a weak 410 keV
cross-over transition.

The 3728 keV level decays into tH€"™=8; and 10
bands by the 336, 798, 1007, and 1025 keV transitions.
Based on the DCO ratios of the 336 keWR{;o=0.74
+0.05), 798 keV Rpco=0.15+0.02), and 1025 keV
(Rpco=1.09£0.07) transitions, the 3728 keV state is as-
signed1”=(13"). The present coincidence data imply an

400

10% 3
£
g .l ’
o 10F : E

100 600 1100 RN £y -
Energy (keV) - . - %
0 ) L2120
FIG. 2. Coincidence spectra gated @hthe early 444 and 1109 104 100 200 300 400
keV transitions showing the transitions below tK€=(18") iso- Time(ns)

mer, (b) the 554 keV transition, an¢t) the delayed 554 keV tran-

sition, showing the transitions above the isomer. In paf@lsnd FIG. 3. Atime difference spectrum between the 444, 474, 1109
(b), filled circles show the new transitions observed in the isomeridkeV transitions and the 554 keV transition, showing the decay curve
decay, filled squares show the transitions above the isomer, arfdr the K™=(18") isomer. The low intensity for time greater than
asterisks denote contaminant transitions friffOs. 320 ns is due to the hard-wired gating conditions.
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12 . In the calculation, we assume tHevalues fixed to the band-
L > 6 band head spingsee also Sec. IVC
10F O® 87 band ] The K™=6", 8, , and 8 bands show alignments of
oW 83 band about Zi consistent with the previous configuration assign-
8F A4 BandI ments[14], including one aligned 3, quasineutron. The
[ ©® Bandll alignment for band | is similar to those for ti&" =8, and
€6 8, bands, indicating the presence of gg, quasineutron
r involved in the configuration. As discussed in Sec. IVC 2, a
4t large alignment of-5# for band Il is due to the presence of
three highly alignedvi,z, and 7hg,, quasiparticles in the
2 . configuration.
Y 100 200 300 400 500 B. g factors

Intensity ratios ofE2 crossover toM1(+E2) cascade
transitions in a band can be used to dedggéactors within

FIG. 4. Alignment plots for the negative parity bands observedthe rotational model[21]. Experimental|gx—gg| values
in '*0s. Harris parameters ofi,=26 MeV ' %i? and J;  were obtained from the rotational expressifts]. The val-
=65 MeV ° 7 are taken from Ref14]. ues listed in Table Il have been extracted with the assump-

tion thatK is equal to the band-head spin and the quadrupole
existence of a 63 keV transition connecting the 3728 angmoment ofQ,=5.67 eb taken from Ref[2].

3792 keV levels. This transition, however, cannot be Seépa- The Ca|cu|ate(bK factors [22] can be obtained in the
rated from the intens&,; x-ray line in Os isotopes, and semiclassical moddR3] by the equation
possibly has a large conversion factor. These preclude the
observation of the 63 key-ray line. Assuming that the un-
observed 63 keV fast transition is &1, E1, or E2 char-
acter, the 3792 keV level is assigneti=(14"), (14"), or
(157).

On the basis of the-ray intensity balanced/l1 multipo- . . . N
larities are assignedelior)lgoth they180 kw;ﬁ:l& 0?2’ Yvhereg,ﬂ_ is the gyromagnetic factor of thjeh quasiparticle,
a$(M1)=1.1] and 231 ke[ a&®=0.46+0.09, o$?(M1) I the aligned angular momentuii; the angular momentum

=0.55] transitions. Combining these with the DCO ratio of Projection on the deformation axis, akd=2K; . The first

the 554 keV transition Rpco=1.11+0.17), the 4756 kev [erm represents the usual expression gk<gg) in the
isomer is assigneti”=(18"), (18"), or (19°). However strong coupling limit, while the second term is due to the

the|”=18" and 19 assignments can be excluded since inCori_oIis. effects which are important fqr configurations in-
these cases the 634 keV transition to tfe-(167) state in  YOIViNg i1z neutrons and/ohg, protons in the present case.
band | are oM2 or M3 character, and the transition strength 1 N€ij values were taken from the known one-quasiparticle
for such higher multipoles is normally very weak. Conse-Pands of the neighboring odd-nuclei. Thegy, factors for
quently, we assignet”=(14"), (15), (167), and (18) each quasiparticle have been calculated from the equation of
for the 3792, 3971, 4202, and 4756 keV states, respectivel@kj=({13)9+(S3)gs)/K;, assuming 70% of the free
nucleong; factors[24] (g"®®=5.59 for protons and-3.83
for neutron$. Here, |5 (s3) is the projected component of the
orbital angular momentuntintrinsic spin on the nuclear
symmetry axis, andy,=1 for protons,g,=0 for neutrons.
The magnitude of rotational alignments for multiquasipar-The expectation values af; were obtained from Nilsson
ticle bands depend on the alignments of constituent quasipawave functions. Table Ill summarizes tggj factors and the
ticles in the configuration, e.g., for bands which involyg, alignmentsi; used in the calculation.
neutrons and/ohg, protons, large rotational alignments are  The experimental and calculated)(—gg) values are
expected due to the strong Coriolis interaction on these quacompared in Table 1. The deviations between the experimen-
SipartiCleS(See, e.g., Re[lg]) It can, therefore, be used to tal and calculated values for thi€™= SI and g bands
deduce quasiparticle configurations for rotational bands. Ijyere attributed[14] to the configuration mixing of the
the cranked shell mod¢R0] rotational alignments can be wo K™=8~ configurations,»{7/2 [503] 9/2"[624]} and
obtained by subtracting the aligned angular momentum of,r7/2-[514] 9/2*[624]}. The gy factors for bands | and I
the reference configuration from the total aligned angulagy pe discussed below.
momentuml,[ = I(I+1)—K?]. In Fig. 4, the rotational
alignments for the negative parity bands observed®i®s
are shown as a function of the rotational frequendias
given in units of keV. The Harris parameters used 3ge
=26 MeV %2 andJ,=65 MeV 344 taken from Ref[14].

hokeV)

. Ej(ng_gR)Kj Ej(ng_gR)ij
eff _ . _ -
gK gR K ,—|2—K2 ’

1)

IV. DISCUSSION

A. Rotational alignments

C. Configuration assignments

Wheldonet al. [14] have calculated the energies of mul-
tiquasiparticle states if®%0s using the blocked BCS theory
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TABLE IlI. gi values deduced from the branching ratios for the negative parity bant{é0s.

Band I E(E2) E(M1/E2) A o¥P-grl®  (9F'-gR)"°
(keV) (keV)

6~ 8 221 137 0.58) 0.102) -0.29

8, 10 385 210 0.18) 0.322) —-0.42
11 451 242 0.2&81) 0.431) —0.45
12 499 257 1.8) 0.241) —0.48
13 537 280 1.01) 0.31(1) —0.49
(14 579 300 2.12) 0.251) —-0.50
(15 611 310 3.1 0.201) —-0.51

8, 10 351 191 1.4) 0.022) —-0.15
11 395 204 2.0) 0.101) —-0.19
12 444 240 4.68) 0.041) -0.21
13 506 266 1.a) 0.201) —-0.23
14 522 256 8.5) 0.101) —-0.24

Band | 12 455 236 33 0.0402) -0.27

Band Il (16) 410 231 0.3612) 0.153) -0.14

%Q,=5.67eb [2] is used.
The calculated values have uncertaintiest6f.05 propagated from the assumptiongaf=0.32+0.05[2].

described in Ref[25]. The calculations compare well with positive value of g@(=1.3 is expected for the

the observed excitation energies for the positive parity fourg =—g-7{5/2*[ 402]11/2 [505]} band, about 20 % mixing

and six-quasiparticle states. In the following, Nilsson con-inig the K™=9- band would be enough to reproduced the
figurations for the negative parity states are discussed iﬂ/eakA|=1 transitions

comparison with the multiquasiparticle calculations.

1. Band | 2. Band Il

The band-head spin and parity for band | &&=9". A The spins and parities for the 3728 and 3792 keV states
favoredk "=9~ state withp{7/27[514] 11/2°[615]} is pre- connected by the unobserved 63 keV transition were as-
dicted at 2385 keV close to tH€=9" state of band (2301  signed as (13) and (14) in Sec. Il C. Since the upper
keV). The alignment of about 72 extracted for |imit of the half-life (T,,=<3 ns) for the 3792 keV level is
this band (see Fig. 4 supports the above configuration not conclusive for proving its intrinsic or collective charac-
that involves an aligned, s, neutron. However, the experi- ter, possible configurations witk”= 13" or 14~ states are
mental small|gx—gg| value of 0.04-0.02 is not consis- discussed below.
tent with the predicted value ofgf*—gg) = —0.27 for the In the multiquasiparticle calculationg14], the K7™
proposed configuration. A plausible explanation is that this— 13- state with a four-quasiparticle configuration
is due to mixing with aK”=817{5/2*[402]11/?[505]} of V{9/2+[624]11/2+[615]}®77{1/2_[541]5/2+[402]} is
two-quasiparticle proton band which is_ predict¢d4] predicted aES?=3556 keV, while no low-lyingk ™= 14"
at 2490 keV near theK"=9" state. Since the large o .0 i expected in*®40s. Furthermore, the observed
(ggP—gRr) value of £(0.15-0.03 agrees with theK™
=13~ configuration [ (gS'—gg)=—0.14]. Consequently,
we  assign  the K7=13 1{9/2[624]11/2[615]}
®m{1/27[541]5/2"[402]} configuration for band Il built on

TABLE III. 9k, factors and alignments of the single-particle
orbitals considered fol®4Os.

Neutrons 9, ! Protons 9; ! the 3728 keV state. The compressed first rotational transition
1/27[521] 0.64 0.0 1/2[541] 0.76 35 (63 keV) is possibly due to Coriolis effects of the aligned
1/27[510] -150 0.0 5/2[402] 1.57 0.0 1/27[541] proton involved in the proposed configuration.
7/27[514) 0.26 0.0 9/2[514] 130 05 This phenomenon is observed for the bands with similar con-
7/27[503] ~0.34 0.0 11/2[505 124 05 figurations in Y8 [26], YW [19], and '%%0s [12]. The
9/2"[624] -023 20 large alignment of ~57% as shown in Fig. 4 also support the
11/2'[615] -0.18 1.0 K™=13" configuration including alignedi,s, and mhg,

orbitals.
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TABLE IV. Multiquasiparticle configurations for low-lying negative parity levels {#Os. Predictions
(Eﬁ"“) and the experimentd{"=5", 6, 8; , and 8 states are taken from RdflL4].

K™ Configurations ES@ (keV) ESP (keV)
5 W{1/27[510]9/27[624]} 1900 1836
6 W{1/27[521]111/2°[615]} 2101 1916
8y V{7127 [50319/2" [624]} 2008 2046
8, V7127 [514]9/2" [624]} 2426 2106
9" V{7127 [514]111/2°[615]} 2385 2301
13 {012+ [624]111/2' [615]} w{1/2” [ 541]5/2* [ 402]} 3556 3728
18 {912+ [624]111/2 [ 615]} w{5/2* [ 402]11/2 [505]} 4407 4756
20 V{1/27[521]7/27[503]9/2" [624]11/2* [ 615]} 5757 (6339
7{5/2°[402]11/2 [ 505]}
23 V{3127 [512]7/27[514]9/2* [ 624]11/2* [ 615]} 6278 (6797
w{5/2°[402]11/2 [505]}
25 V{7127 [503]7/27[514]9/2* [ 624]111/2* [ 615]} 6168
7{5/2°[402]11/2 [ 505]}
26~ V{7127 [51419/27[505]9/2* [ 624]11/2* [ 615]} 7205
w{5/2*[402]11/2"[505]}
30 V{7127 [503]7/27[514]9/2 [ 624]11/2* [ 615]} 7898

{1/27 [541]5/2+[402]9/2 [ 514]11/2 [505]}

3. The K"=(18") isomer and the higher-lying levels tions for the negative parity states #‘Os are summarized

The 4756 keV isomer is assigneti”=(187) as dis- in Table IV.
cussed in Sec. Ill C. The most favor&d”=18" configura- ) »
tion is a 1{9/27[624]11/2 (615} w{5/2*[402]11/2 [505]} D. K-forbidden transitions
four-quasiparticle state predict¢dl4] at 4407 keV. TheK™ The 289, 554, and 634 keV transitions depopulating the
=(18") state having the same configuration has beerkK™=(18") isomer areK forbidden, i.e., the changes in tKe
observed at 5027 keV in®0s [15]. It would be noted quantum numbers are greater than the transition multipole
that the differences between the calculated and observed egrdersAK>\. Table V summarizes the hindrance factbrs
citation energies are close to each oth®E=ES—E®  and the hindrance factors per degreeoforbiddennessor
= —349 keV for 80s andAE= —331 keV for 180s. reduced hindrance factof, for the transitions depopulating
Several levels are placed above thé&=(18") isomer, theK™=(18") isomer in*#Os. These factors are defined as
but no well-defined rotational structure can be seen. In théV=F1’V=(T{,2/TW ¥ wherev(=AK—\) is the order oK
multiquasiparticle calculationgl4], six-quasiparticle states forbiddennessT7), and T,y are the partial-ray half-life and
of K™= 22" v{1/27[521]7/2" [503]9/2°[624]11/2[615]}  the corresponding Weisskopf single-particle estimate.
®m{5/2"[402]11/2 [505]} at E,=5757 keV The f, values of 4.7, 3.7, and 8.2 for the 289, 634, and
and K7=23" 1{3/27[512]7/27[514]9/27[624]11/2[615]} 554 keV transitions are smaller than the corresponding val-
®{5/2"[402]11/2 [505]} at E,= 6278 keV are predicted as ues observed in th8l=108 isotone'®dW [27], i.e., f,=20
favored configurations. Thel™=(22") state at E, and 14 for the 356 keWl1 and 676 ke\E2 transitions from
=6339 keV and thd =(23) state atE,=6797 keV could the K™=15" four-quasiparticle isomer to th&™=10"
correspond to the predicted™=22" and 23 states. The band. This is possibly due to thesoftness expected in the
level structure will be further discussed in Sec. IV E in rela-heavier osmium nuclég®], or K mixing by high level density
tion to triaxiality of nuclear shapes. The proposed configuradiscussed below.

TABLE V. Hindrance factors for thé&-forbidden transitions from th&™=(18") isomer observed in

1890s,

K™ E, (keV) K final E" (keV) Tl,(ns)  AK Ln@ F f,

(187) 281 4475 627 M1 6.3< 10°
289 9 4467 188 9 M1 20<10° 47
634 9 4123 940 9 E2 1.1x 10 3.8
554 (13 4202 94 5 E2 5.5 10 8.2

@Assuming stretche 1 for the Al =1 transitions and stretcheR for the Al =2 transitions in extraction
of the total(conversion-correctgdntensities.
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FIG. 5. Configuration-constrained potential-
energy-surface calculations. Top left: thHe™
=13 state, top right: thé& "= 18" state, bottom
left: the K™=22" state, bottom right: theK™
=23 state(see also Table VI The potentials
are reflection symmetric about the=0° axis.
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Walkeret al. have analyzed decay rates of highisomers s relatively long lived T,,=48 ns). This is a consequence
in terms of statisticak mixing which depends on the density of the details of the level structure of this nucleus. In the
of stateq 10]. States with lowekK values are assumed to be =13-18 region, only the&K™=(13") and (18) intrinsic
mixed and introduce low components into the isomeric states are observed, and thus Kie=(18") isomer can only
state. The systematics reveal a striking correlation betweeglecay byK-forbidden transitions wittA\K=5.
the f, values and the excitation energieskofsomers Ey),
relative to the energy of a rigid rotgEg=(1%/27)1(1+1) E. Potential-energy-surface calculations
with the moment of inertiad of a rigid rotor in the
K-forbidden transitions from four- to two-quasiparticle
states. In the density-of-states estimate thevalue can be

Configuration-constrained potential-energy-surfé@ge9S
calculations were performed for the positive parity states in
1840s[14], where the nuclear potential was calculated using

obtained as the Lipkin-Nogami formalism of pairing with a Woods-
3 /A Saxon potential as described by at al. [28]. While the
ftals F,,ex;{ - —\/7—5(EK— Er) |, (2)  ground state and thk™=10" state have axially symmetric
vk shapes 8,~0.19 and|y|~0°), theK"™=21" state is pre-
dicted to have a triaxial deformation with,=0.20 and|y|
whereF, is a constant for a given value efandA is the  =11°[14].

mass number. The reduced hindrance factors decline depend- |n the present study, the shape evolution for the negative
ing on the relative excitation energies of the isomers. Usingarity states in*®“Os has been investigated using the same
the same prescription as in RgL0], the hindrance factor for  configuration-constrained PES calculation code. As shown in
the AK=9 E2 (634 ke\) transition from theK™=(18")  Fig. 5, theK"=13" and 18 configurations, corresponding
isomer in #0s, is calculated a$}*=4.6 with Ec—Er  to the experimentally observeH,=3728 and 4756 keV
v X

=4.756-1.968=2.788 MeV, which compares well with state, have axially symmetric shape8,&0.23 and 0.20
the observed , value of 3.7. This result follows the system- with |y|~0°). On theother hand, the PES calculations pre-
atic trend obtained in Ref10]. Since the rotational align- dict that triaxially deformed statesk(=22", 25, and
ment of band | is blocked due to the occupation ofigy, ~ 307) become increasingly favored at higher spins, compet-
neutron orbital, the effects oK mixing in the populated ing with prolate deformed stateK(=23" and 26) as
states would be small. On the other hand, it was suggesteshown in Table VI. Deformations for thé "=22" and 23
that the lower value of$"=2.3 observed for the"®”Os,  configurations, which could correspond to the obseried
AK=16 E2 (1530 keV} transition with a similarEx—Er ~ =6339 and 6797 keV states, are calculated to(Bgy))
value of 2.794 MeV, results from the involvement of high-  =(0.19,109 and(0.21,09, respectively(Fig. 5. The occupa-
Fermi-aligned couplings in the populated stdteg). tion of the 7/2[503] neutron orbital forces the nucleus to-

A number of four- and six-quasiparticle states have beenvards triaxial deformation[15]. The possible role of
observed in®0s. Among them, only th&™=(18") isomer triaxiality has been discussed in connection with the short-
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TABLE VI. Calculated deformations for the four-, six-, and isomer. The quasiparticle configurations for these states were

eight-quasiparticle negative parity states'#Os. assigned by comparison with multiquasiparticle calculations.
The K™=(18") isomer decays with larg& changes K

K™ B2 Ba ki =5), resulting in the relatively long half-life. However, the

13~ 0.23 —0.043 0° low hindrances {,) for the isomeric transitions are inter-

18" 0.20 —0.050 0° preted as being due t§ mixing from a combination ofy

22° 0.19 —0.040 10° softness and high level density. Configuration-constrained

23" 0.21 —0.065 0° PES calculations for the negative parity states&Os show

25~ 0.20 —0.038 6° that the triaxially deformed state&(=22", 25, and 30)

26~ 0.20 —0.032 0° compete with the axially deformed stateK™=23" and

30° 0.22 —0.026 6° 267) at high spins. The 6339 keV state has been tentatively

assigned as thEK™=22" triaxially deformed state. Further
experimental investigation is required to reveal the role of
triaxiality in K conservation.

lived nature of the positive parity states #i‘Os [14] and
1860s[15]. Although the triaxial shapes are predicted to ap-
pear at low energy for the negative parity state$¥i®s, the
effect of the triaxiality on the level structure remains to be

clarified due to lack of the experimental information. Further _ ) _
investigation is certainly needed. We would like to thank Dr. C. Wheldon for the discussion

on the multiquasiparticle calculations, and Professor G.
Sletten and J. 8ensen for the target preparation. The staff
of the tandem accelerator center at University of Tsukuba

We have newly observed negative parity levels consistingnd the JAERI tandem accelerator are also thanked for pro-
of K™=9~ and (13) bands as well as a 48-i6"=(18") viding the ion beams.
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