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Excited states in®2Pt have been studied via the heavy-ion reactitif¢b(¢0,4n), %2Dy(**Mg,4n), and
163Dy(2"Mg,5n). y-ray coincidence measurements were performed with arrays of HPGe detectors at the
McMaster University Tandem Accelerator Laboratoffd-induced reactionand the Institut de Physique
Nucleaire, Orsay *Mg-induced reactions The ground-state rotational band has been extended 26#, and
six new band structures have been identified and assigned quasiparticle configuratiopsifita¢ional band
and the band built upon the first excited Gtate have also been extended. Properties of the rotational bands
are compared with cranked-shell-model and total-Routhian-surface calculations. Evidence concerning shape
coexistence at low spin and band crossings at high spin is discy&@556-28187)00702-4

PACS numbes): 21.10.Re, 23.20.Lv, 27.70q

I. INTRODUCTION izes the “normal” states in this region as multi-proton-hole
(nh, n=82—2) configurations with respect to tt¥e=82 Pb
The Pt isotopes have four protons fewer tl&n 82, the  closed core, while the possibility of exciting two protons
“magic” proton number at which there is a large shell- across the shell gap leads to “intruder” states in the same
energy gap for spherical nuclei. This difference in protonnucleus with a proton two-particle-multi-holg2p—(n
number is sufficiently large that collective correlations can+2)h] configuration[1]. Although this may be an oversim-
establish deformation, along with associated rotational banglification, especially the farther one moves from the
structures, yet small enough that the properties of excited =282 closed shell, theoretical calculations and experimental
states are clearly influenced by the presence of the shell gapbservations support such a picture in general and for the Pt
This influence is particularly strong for states of low excita-chain suggest that the “normal” states are associated with
tion energy and spin, which have been the object of mucloblate deformationg,= —0.15), the “intruder” states with
experimental and theoretical investigation for this reasorprolate deformation £,=0.25) [4,5]. Theory also predicts
(e.g., Refs[1-3]). A picture has emerged which character- coexisting band structures built upon these states, with strong
mixing occurring at low spin. Th& =104 nucleus*®?%t is
particularly interesting in this regard, since it lies directly in
*Present address: Institut de Physique Naicé&s 91406 - Orsay, the middle of the neutroN=82—126 major shell. It has

France. been suggested that neutron-proton correlations are crucial to
TPresent address: Ontario Hydro Research, 800 Kipling Ave., Torthe deformed intruder configurations becoming energetically

onto, ON, Canada M8Z 554. favored and that they are maximized at this neutron number
*On leave from Institut fuStrahlen- und Kernphysik, Universita [6].

Bonn, Nussallee 14-16, D-53115 Bonn 1, Germany. For nuclei in the vicinity of182pt, rotational bands asso-
Spresent address: Argonne National Laboratory, Physics Divisiorgiated with the well-deformed prolate structures comprise the

9700 Cass Avenue, Argonne, IL 60439. vast majority of known yrast and near-yrast states above spin
IPresent address: AECL, Chalk River Laboratories, Chalk River] ~8% [7—16]. According to calculation, though, some influ-

ON, Canada K0J 1J0. ence of the oblate structures is preserved, as a degree of
TPresent address: The Svedberg Laboratory, Box 533, S-7510ftness in the calculated energy surfaces. This leads to the

Uppsala, Sweden. possibility of dynamic effects, such asand 8 vibrations,

“Present address: Centre de Recherches ‘Hinele IN2P3- and shape changes caused by the occupation of deformation-
CRNS/Universite Louis Pasteur, F-67037 Strasbourg Cedex,driving orbitals which lie near the Fermi surface, such as the
France. high-j viigp, whgp, and mig, orbitals. Occupying the
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viigp oOrbital, whether as one component of a two-HPGe detectors plus at least two Nal counters firing in
quasiparticle excited band or as a broken pair following roprompt coincidencgwithin =70 ng were recorded. Ap-
tational alignment, is expected to induce a change towargroximately 25k 10° HPGe twofold coincidences were col-
negative y deformation, whereas occupying either thelected. These events were subsequently sorted into a 4096-
hg, Or the i 15, Orbital is expected to lead to an enhance-channelx 4096-channel matrix, from which the background
ment in the quadrupole deformatigh, and also a change was subtracted with the method of Palameta and Waddington
toward positivey deformation. There is also some question[20]. Coincidence relationships between transitions were de-
as to which rotational band crossings occur in the light Ptermined with standard gating techniques. Furthermore, the
and nearby nuclei, with the possibilities of a pairigf,  A,, A, angular-distribution coefficients were extracted from
neutrons and/or a pair dfig;, protons being raisede.g., spectra taken at each of the five detector angles in the reac-
[8,12). tion plane. For those angular distributions which indicated
Although there have been many experimental studies gpure dipole character the transitions were assigne&hs
nuclei in this mass region, there are no published resultsince the possibility of purt 1 radiation with ndE2 admix-
dealing with the high-spin properties %Pt Previous in-  ture was considered highly unlikely.
beamy-ray work on this nucleus by Burdst al.[17], estab- A second experiment, designed to extend the bands to
lished the ground-state rotational band to s@i®™). The higher spins, was performed at the MP Tandem accelerator
subsequent electron angray spectroscopy measurementslaboratory in Orsay with the “Chateau de Cristalj-ray
of Cailliau et al.[19] and Hussort al.[18], who studied the spectrometer, which comprised 12 Compton-suppressed
B decay of ¥?Au, revealed § and Z states, which, they HPGe detectors, 8 of 80% and 4 of 25% relative efficiency,
suggested, might represent the lowest members of a “quastombined with a 38-element BaFsum-energy and multi-
B-vibrational band. They also observed thg 23", and  Plicity filter. The 162’1GbY(24M9_-4_5f1) reactions at 129 MeV
4} states, which they interpreted as belonging to avere used, the targets consisting of enriched 1.3-mg/cm
y-vibrational band. foils. With the requirement that at least two HPGe detectors
The present work outlineg-ray spectroscopic studies fol- and four Bak, detectors fired, approximately 8aL0° two-
lowing heavy-ion compound-nucleus reactions, designed tgnd-higher-fold events were obtained. The data were ana-
examine the properties of high-spin states!f#Pt and to '¥zed with standard coincidence gating and background-
relate them to the existing experimental and theoretical eviSubtraction techniques.
dence concerning shape coexistence, dynamic effects, and
the characteristics of band crossings in this mass region. Ill. EXPERIMENTAL RESULTS

A decay scheme fol®?Pt is shown in Fig. 1 and a sum-
mary of the transition energies, relative intensities, and the

Measurements of high-spin states i#/Pt were made at results of the angular distributions measurements is pre-
two accelerator laboratories. At the McMaster UniversitySented in Table I. The decay scheme is similar to that ob-
Tandem Accelerator Laboratory, an isotopically enrichedtained for*3%Pt by Carpenteet al.[12] and we have labeled
(85%) target of 1"%b (1.9 mg cm ?) on a 5.4-mg/crd  the bands in a manner which is consistent with that study. In
backing of 2°8°b was bombarded by a beam #0. An  some instances it has not been possible to unambiguously
excitation function was performed and a beam energy of 9%letermine spins and/or parities, although in all cases the la-
MeV found to optimize the population of high-spin states inPels in the figure are consistent with the data and agree with
182pt. An array of eight high-purityHP) Ge detectorgeach ~ Systematic features of the even-even nuclei in the vicinity. A
having 25% relative efficiency, with no Compton-scatteringPrief explanation of some aspects of the decay scheme fol-
suppressionwas used to detecy rays, with six additional lows.

Nal scintillation counters acting as a multiplicity filter. Five

of the HPGe detectors were located in the reaction plane at A. Yrast band 1

approximately 0, 30, 45, 60, and 90 degrees with respect to
the beam axis and the other three in a plane perpendicular t((l

+ .
the beam axis, with all detectors approximately 12 cm from 2" [17] and has now been extended to*26Figure 2

the target. The HPGe and Nal detector faces were coverel esents they—rqy _spe_ctrum gated on the 634-keV membe'r
of the band. This line is clearly a doublet and a sharp drop in

with graded Pb, Cd, and Cu shields in order to reduce th . By . = .
intensity of Pb x rays. In addition, the sides of the detectors?he intensities for the higher energy transitions is observed. It

were shielded with lead to prevent scatteringyofays from ﬁ‘?nh be seen frgm Flgd. 1 that band 1 remains yrast to the
one detector to another. The relative efficiencies of the de ' est spins observed.
tectors were determined with standafd®Eu and *°Ba
y-ray calibration sources. B. Band 8 and the y band
Events consisting of either three HPGe detectors or two Two short cascades have been observed. Band 8, possibly
a low-deformation band(see beloWy, consists of four
stretchedE?2 transitions with higher transition energies than
'During preparation of this manuscript, the unpublished data of Rthe yrast cascade. In addition six members of a positive-
Bark et al. [21] came to our attention. The results agree, for theparity band have been assigned as theibrational band
most part, with the present work; some possible differences aréy band. The lowest-spin members of both of these bands
mentioned in Sec. Il were known previously18].

Il. EXPERIMENTAL DETAILS

The ground-state band was previously known to spin
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FIG. 1. Level structure of®2Pt deduced from the present work:ray energies are labeled in keV. The widths of the arrows are
proportional to the intensity.

C. Band 2 D. Bands 3 and 4

. e . Bands 3 and 4Fig. 2 shows a spectrum gated on the
The lowest level identified in band 2 is the state at 3096 -
keV with suggested spin-parity 13and the band is estab- 285/286-keV transitionsare based upon a 1955-keV™ 7

lished up to =(277). Figure 2 illustrates the-ray spectrum bandhead. The a§5|gneq spin f"md. panty_ are ba_sed on the
i, . 750-keV angular distribution, which is consistent with that of

gated on the 502-keV transition. The branching of the deca% ure dipole(assumedE1) transition. Prompt coincidences

of the (157) level into the yrast band and band 5 is evident. P P ) P

The spin and parity of band 2 have not been establishe iCross t.he 7 level are ob;erv_ed, |nd|cat|ng thaF this states
ifetime is less than the coincidence resolving time=o70

since the transitions connecting band 2 to the rest of the IeveHS Note that Refi21] suggests that bands 2 and 3 are cross

scheme are glther.very wgak or parts of mullt|plets: Never inked in such a way that the excitation energies of bands 3,4
theless, the similarity of this band to a negative-parity ban

g n X re 60 keV higher than deduced in the present work. Al-
in 189t [12] supports a fr,@)=(—,1) assignment and the 5,9 the present data cannot rule out the possibility of an
angular distribution coefficients are consistent with this. It is nhohserved 60-keV transition de-exciting bands 3,4, they do
worth mentioning here that the suggestion concerning bandspt show evidence for bands 2 and 3 being linked.

2 and 5 having the samer(«a) is not consistent with Ref. The regularity of both theAl=1 sequence and the
[21], butin the present data it is supported by the observation| =2 cascades shows that these two bands are strongly
of 433-keV and 446-keV transitions cross-linking the two coupled, indicating little or nd& =0 admixtures in the wave
bands. With the spins suggested, band 2 is close to becomirgnctions. Similar bands with higk-components have been
yrast at the highest spins observed, {27By comparison, observed in*®%0s [15] and '#4Pt [12], built on 1928-keV

the analogous band if#*Pt becomes yrast at spin 25 7~ and 1844-keV 8 isomeric states, respectively. In the
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TABLE |. Properties ofy-ray transitions placed if®%t.

Energy? li—1; Bands I, b A, A, S Multipolarity
91.5 7 —6" 4/3 1.97)

127.0 8 -7 3/4 3.3 —-0.534) —0.066) 0.2515) M1/E2
133° 6" —5" y

138°¢ (18")—18" 7/1

155.0 2"—0* 1 72.135)

159.3 9 -8~ 4/3 2.02) —-0.534) 0.0133 —0.21(7) M1/E2
185.8 10 -9~ 3/4 3.Q3) —0.566) 0.025) —0.216) M1/E2
186 (16")—16* 7/1

191 (20")—20* 7/1

207.4 1T —10" 4/3 2.83) —0.537) 0.018) -0.187) M1/E2
225 (8)—7" 6/5

225.2 127 —117 3/4 3.13) —0.688) 0.029) —0.2915) M1/E2
243.1 13 —-12° 4/3 1.12) —0.279) 0.01(9) —0.025) M1/E2
254.1 7 —5" 5 5.37)

254.4 14 —13" 3/4 2.14)

263 (10)—9~ 6/5

264 (13)—14* 2/1

264.3 4 2% 1 118.944) 0.3413) —0.123) E2
271 5t —47 y

2715 15 14~ 4/3 2.36)

275 (7)—6" 5/8 3.83

276.9 16 —15~ 3/4 2.02) -0.179) 0.009) —0.048) M1/E2
285 7 —5" 3/5 3.84) 0.357) —0.11(8) E2
286.3 9 -7 4 4.74) 0.315) —0.076) E2
296.9 18 —-17" 3/4 2.47)

297.3 17 —-16" 4/3 2.57)

304.7 (8)—(67) 6 3.54)

306.0 7 —6" 4/8 3.36)

3145 20 —19° 3/4

316.1 9 -7 5 11.27) 0.324) —0.084) E2
317 (12)—11 6/5

324.7 19 —18 4/3

336.2 (14)—14" 7/1

345 0t —2* 8/1

345.1 10 -8~ 3 8.95) 0.375) —0.11(5) E2
353.9 (10)—(87) 6 2.38)

355.0 6" —4" 1 100.@5) 0.343) —0.103) E2
356 2t —0" 8

362 5f -3 y

366 427 y

374.2 1 -9~ 5 12.210) 0.374) —0.124) E2
383 427 8

383.4 (15)—(13") 2 3.894)

393.2 11 —9° 4 8.95) 0.305) —0.065) E2
404 6" —4" y

407 (13)—(12") 217

410 6" —4" 8

419 (8)—7" 6/y

427 7t —5" y

427.4 (12)—(107) 6 4.99)

428 (16)—15" 6/5

430.9 g8 —6" 1 92.255) 0.31(3) —0.073) E2
431.2 13 -11" 5

432 5 —4* 5/8

432.7 12 —10" 3
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TABLE | (Continued.

Energy? li—1; Bands I, b A, A, 1) Multipolarity
433 (15)—13 2/5

446 15 —(13) 5/2

446 6"—8" 8/1

448 (12" —12* 7/1

464 4" —6" 8/1

468 8" —6" 8

468.4 13 -117 4 9.38) 0.396) —0.146) E2
476.4 (168)—(14%) 7

477 (18)—17" 6/5

478 (14— (12%) 7

487 7 —6" 5ly

492.6 10 —8* 1 72.045) 0.335) —0.093) E2
493.8 (14)—(127) 6 3.1(8)

495.6 15—-13" 5 4.38) 0.347) —0.097) E2
497.5 14 —-12° 3 9.606) 0.297) —0.057) E2
502.4 (17)—(157) 2 9.39) 0.329) —0.089) E2
511 (20)—(197) 6/5

512 2t -2t vI1

518 7 —6" 4y

522 (17)—16" 2/1

523 7t 8" vI1

525.9 15 —-13" 4 11.310 0.376) —0.126) E2
530 5" —6* vI1

535.9 17 —-15" 5 5.75) 0.196) —0.026) E2
540 (67)—5" 6/y 3.7(6) —0.0410 0.00(10)

543.5 12 —10" 1 64.7138) 0.2013) —0.103) E2
546.0 (16)—(14) 6 8.011) 0.388) —0.139) E2
548.4 16 — 14~ 3 8.7(8) 0.346) —0.096) E2
559 6" —5" —ly 1.96) —0.1020) 0.0021

574.2 17 - 15 4 8.99) 0.329) —0.099) E2
579.7 19 -17" 5 6.4(6) 0.3711 —0.1211) E2
583.7 (18)—(167) 6 3.55)

587.0 (18)—(16%) 7

587.2 (19)—(17) 2 12.212) 0.3717) —-0.137) E2
590.0 14 12" 1 43.122) 0.383) —0.134) E2
594.2 18 - 16~ 3 5.35) 0.3515) —0.1015) E2
599 13,14-(12%) =7

611.1 (20)—(18") 6 2.68)

613 4" 4% vI1 8.0(10) —0.0211) 0.009) M1/E2
621.5 2T —19° 5 4.1(8) 0.2009) —0.029) E2
621.6 19 -17 4 6.79) 0.209) —0.029) E2
624 24 —227 3

628.5 16 — 14" 1 28.018) 0.394) —0.134) E2
633.8 18 —16" 1 15.815 0.376) —0.136) E2
634.6 20 —18" 1 9.313 0.268) —0.048) E2
636 22 —20° 3

637.4 (22)—(207) 6

638.3 (21)—(19) 2 8.96) 0.369) —0.119) E2
639.2 20 —18 3 6.605) 0.369) —0.119) E2
648.3 (15)—14"* 2/1 4.87) —0.11(22) 0.0021)

662 6" —6" vI1

667 2r—o0* vI1

669.2 2T —-19° 4 2.65) 0.3731 —0.1231)

673 23 —-21° 5 3.45) 0.37113) -0.1212 E2
674.7 22 —20" 1 5.55) 0.3716) —0.1216) E2




1180

D. G. POPESCLEt al. 55

TABLE | (Continued.

Energy? li— 1 Bands I, b A, A, ) Multipolarity
675 (24)—(227) 6

686 (23)—(21) 2

687.0 (20)—(18") 7

699 2t 2" 8/1

714 23 =217 4 2.09) 0.348) —0.098) E2
718.6 (22)—(20%) 7

719 7 —8"* 5/1 3.25)

723.6 24 22" 1 5.26) 0.1315) —0.01(15)

731 (25)—(237) 2

743 (24")—(22") 7

750 7 —8* 4/1 2.24) —0.208) 0.008) El
753 25 —23° 4

7711 (18)—16" 7/1

772 (27)—(257) 2

778.0 26 — 24" 1 2.09)

787 3t-2* vI1

799 27 —25° 4

812.6 (18)—14" 7/1

819 4" 4" 8/1

824.6 (20)—18" 7/1

831 6" —4" —ly 2.44) 0.3612) —0.11(11) E2
854.4 (13)—12* 2/1 2.94)

855 2r—o0* 8/1

875 6" —4* 8/1

878 4" 2 vI1

885 5t —4* bz 8.79) 0.4212) —0.2914)

896 56" 5/1

955 7"—6" v/l 3.05) 0.245) —0.049) E2
992 (12")—10* 7/1

1017 6" —4* v/l

1036 9 —-8* 5/1

1048 13,14-12" —/1

1083 4" 2% 8/1 3.66)

1089 6 —6" —/1 4.1(5) 0.10(10) 0.0010)

1149 7 —6* 5/1

1229 6" —4" 8/1 4.55) 0.1212) —0.01(12) (E2)
1250 5 4% 8/1 3.95) —0.031)) 0.0011 El
1443 6" —4" —/1 2.36)

®The uncertainty iny-ray energies is-0.1 keV for transitions with ,>10 and+ 1.0 keV for the remainder.
Bintensities are normalized to 100 for the 355.0-ke\-@* transition. If no value is given, the transition is
either too weak or contaminated and a reliable intensity measurement was not possible.

‘These transitions were only observed in the magnesium-induced reaction.

present work, these bands have been identified up to thground band, and to the even-spin members ofytHeand.
(247) and(257) levels, respectively. A 91.5-keV transition The 316-keV gated spectrum clearly shows transitions in
is in coincidence with the 264-keV and 345-keV transitions.band 2, confirming that band 2 does decay into band 5. A
We have assigned this as an additional decay path out of thgg5-keVE?2 transition links bands 4 and 5, which establishes
band to a 6 state which subsequently decays both to thethe spins and parities for band 5 shown on the level scheme.

yrast and to they band. A similar situation occurs in
1800s, where the 1928-keV 7level decays to a 6 level via

a 52-keV transitiorf15].

E. Bands 5 and 6

It was not possible to establish spins and parities for band 6,
since multipolarity assignments could not be made for the
transitions linking that band with band 5 or the rest of the

level scheme. Based on the decay pattern of the low-spin
members of bands 5,6 and by comparison to similar bands in

A y-ray spectrum gated on the 316-keV transition in bandlgOQS and 184Pt,_bands 5 and 6 most likely have the same
5 is illustrated in Fig. 2. Band 5 decays to band 8, to theparity and are signature partnésee below.
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FIG. 2. y-ray coincidence spectra for selected transitigas:;y-634 keV(band 3, (b) y-502 keV(band 2, (c) v-286 keV(band 4, and
(d) y-316 keV(band 5. y-ray energies are labeled in keV.

The 2149-keV level assigned (8 in band 6 decays to crossing observed dtw=0.32 MeV.
band 5 and to they band via 225-keV and 419-keV transi-  The properties of band 1, which is based on the ground
tions, respectively, and the lower-spin state at 1845 keVstate, will be discussed later. Bands 2—7'fPt are most
assigned (6), through a 540-keV transition to thg band. likely built upon two-quasiparticle configurations, by com-
Note that even though band 6 has mapyays of similar  parison with theory and with similar bands known in
energies to those in the yrast band, complicating this part of
the level scheme, the members of the band are well estab-

lished by the gates and the energy additivity of the crossing .~
transitions. E 2t 182|:)t A
= box o,
© Axa
F. Band 7 g - \BclniZ ¥ e
Band 7 is unique in that the strongest transitions associ- .2 8 *
ated with it are decays out-of-band to the yrast sequence. The < o 4 " Band 7
in-band+y rays are seen only weakly. Since none of the tran- % ﬁ;‘///{“
sitions connecting band 7 with 1 are clean or intense enough T #[  Bands 34y
to provide angular distributions, the suggested spin and par- & Lo
ity are based on the fact that similar weakly populated bands '@ Bands 56
with strongAl=2 andAl =0 transitions feeding the yrast 3 or Band 1
band have been observed Pt [12] and 2%0s[15,14]. L
50 150 250 350
IV. CONFIGURATION ASSIGNMENTS fiw (keV)

Th.e experimental allg'ned' angular moments (and FIG. 3. Quasiparticle aligned angular momenta for the observed
routhians @') are plotted in Figs. 3 and 4 as functions of pands in8%pt as a function of rotational frequency. A core refer-
rotational frequency, following the prescriptions of the ence has been subtracted with the paramelgrs26.5:%/MeV,
cranked shell moddICSM) [22]. Core reference parameters, J,=11044/MeV. K=0 has been assumed for bandKli=1 for
Jo=26.51%/MeV, J,=110h*/MeV, were chosen to give a bands 2 and 7K =7 for bands 3 and 4, and=5 for bands 5 and
nearly constant alignment in the yrast band following the6 (see text



[EY
[
[ee]
N

D. G. POPESCLEt al. 55

TABLE Ill. Quasiparticle configuration assignments for band

= * - . Bands 34 structures in*8%pPt.

g o 182pt

\":/ Bands 5,6\*\-5'4:.\X N

RS SN oA .

5§ 1000 + Bond 2« S5 :;k\:( Band Assignment f,a)

K X ¥R 1 ground-state ban@zSB) (+,0)

© Band 7 N *'\\x\ - 2 i 1328 Nop2 (=1

.0 Bond 1 L 3 Vi 13® N (=.0

-+ O [ o ”

5 4 (—.1)

g‘ 5 Vi 1359 P2 (-1
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FIG. 4. Quasiparticle Routhians as a function of rotational fre-
quency for the bands observed ##Pt. A core reference has been Woods-Saxon calculations suggest that at deformations

subtractedsee previous figure captipn B»~0.2 the negative-parit = 7/2 andK =5/2 orbitals are
fairly pure.
180,184¢[10,12 and 18%0s[15], as outlined below. The Nils- Configuration assignments for bands 2-7 are given in

son configurations for proton and neutron orbitals lying closel @Ple lll. As discussed below, they are based on a compari-
to the Fermi surface g8,=0.2, =0 are listed in Table 1l, SOn of their spin, parityB(M1)/B(E2) ratios (bands 34
along with their spherical-shell-model parentages. A diagrannd alignment properties with theory, and with the properties
of the single-particle neutron orbital energies as a function off Similar bands in nearby nuclei.

quadrupole deformation may be found in Fig. 3 of RédL].

It should be noted that the neutron positive-parity orbitals, A. Band 2
namely,iq 3, 9/27[624] and 7/2[633], lie very close in en- . )
ergy for N=104. As a result of Coriolis- an&-mixing, Band 2 has a high degree of alignment at low frequency

especially at finite rotational frequency and nonzerdefor- (=87 atiw=0.2 MeV) and there is no evidence for a
mation (see below; it is not clear that one can distinguish signature partner. In these respects it is similar to ba(s®&
between them. below), but differs from band 7 in that band-2 states clearly
The lowest lying negative-parity neutron orbitals areintéract with states in band €ee also below The only
1/27[521], 7/27[514], and 5/2[512], arising from the combination of quasiparticles which can result in a band with
shell-modelps,, hej, andf-, configurations, respectively. these c_:haracteristics _is the two-quasiprotorj configuration
In principle the he» and f-., confiqurations can mix but whg,»®113,2. This configuration has been assigned to bands
prineip o " J with very similar characteristics if®*Pt[12] and ¥t [23].

o _ . The parity and signature shown in Fig. 1 are consistent with
TABLE II. Quasiparticle configurations and labels fAr=78, this assignment.

N=104 orbitals close to the Fermi surface at a prolate deformation
of B,~0.2. The cranked-shell model labeling follows the com-

monly used convention set out in R¢L2]. B. Bands 3 and 4

Bands 3 and 4 have a modest alignment4f at
Configuration CSM label hw~0.2 MeV, and negligible energy splitting between the
two signatures at low frequencyi p<0.3 MeV). Together

Shell model Defprmed with the assigned spin and parity of the bandhead state and
Parentage Nilsson a=1/2 a=-1/2 ) S - o
the negative mixing-ratio § values, these characteristics
132 9/2% [624] @ A B suggest a two-quasineutron configuration, eithigg,® hg/,
P13/ 7/2* [633] 2 C D or viq3® 4. Another possibility is the two-quasiproton
Neutrons o 5/2~ [512] E F configurationh,,,® hgs, Which also has negligible signature
hgj 7/2- [514] G H splitting, but based on systematics it lies several hundreds of
Pas 1/2- [521] E’ E’ keV higher in energy than the two-quasineutron configura-
tions. In addition, the sign of would be positive rather than
132 1/2* [660] a b negative. _ _
dap 3/2* [402] c d Strongly coupled negative-parity bands have been ob-
Protons hero 172 [541] e f served in'®Pt[12] and assigned as signatu_re partners of the
hye 112 [505] g h v9/27[624|®7/27[514] configuration, i.e.,vi;3,®hgp. In
_ p , that nucleus the bands are built upoKd=8" state with a
N1y 9/2” [514] e f

1.1-ms lifetime[17], whereas in'®%Pt the bandhead state
@These two configurations are less than 100 keV apart in the calcyprobably hak =7 and, within the limits of our coincidence
lation at zero rotational frequency. timing resolution 70 ng, no lifetime is observed. The
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situation is thus more readily compared to the isotonedions including prolate multi-quasineutrofil0,12,15,2%
1800s, where the lifetime of a 7 state at similar excitation tilted-axis-cranking (TAC) [25,16,, oblate [23], and
energy is 2#5 ns[15,14 and *®Hg, where a bandhead y-vibrational [26,27] configurations have been suggested.
state of suggested spin-parity” 7has been observel84]  The assignment of band 7 as the high-spin continuation of
with decay characteristics similar to that observed in thehe y band is energetically possible ?Pt, as is the possi-
present work. bility that band 7 is a continuation of band 8, the oblate
Apart from the experimental limitations, the absence of astructure. Since the band has considerable signature split-
measurable lifetime in®%Pt is likely caused by two factors. ting at low spin and the odd-spin members are not fed by
First, the combination of odd spin and higher excitation entransitions between the two signatures, it is possible that the
ergy for the bandhead state #%Pt opens up a number of odd-spin members would not be observed at high spin. For
possible decay paths to the ground state and other band&) oblate rotational band no signature-partner band would be
Second, the®Pt negative-parity bands 3—6 lie closer in expected. In either case, oblate pwvibrational, theory pre-
energy than their analogues #3%Pt, which could result in dicts that the configuration at frequenciée»>0.3 MeV
some mixing. This would explain the 285-kés2 transition ~ Would include a pair of rotationally aligneids, neutrons,
between the band-4 7and band-5 5 states, which would 1-€-» Y®AB or ABqpa- Based on the systematic properties
normally be ill favored by the availability of alternative de- ©f Similar bands in'*®~1%%t and on comparison with CSM
cay paths througtEl transitions. Such mixing would be calculations, we suggest that band 7 most likely represents

stronger near the bandheads, where states of the same spi complement of the yrast band undergoing the tran;ition
parity lie closest in energy. The lowég-value in 282t vs rom ground-state band t® band. The evidence for this in-

189t can be associated with the decrease fronJierpretation is discussed in more detail further on.
N=106-104,which brings ther7/2"[633] orbital closer
to the Fermi surface. Based on the modest intensity of the E. Band 8
Al=1 M1/E2 transitiongsee beloy, we suggest that bands The 0" and 2" members of band 8 were previously ob-
3,4 have aviq3,® hg, configuration. Given the most prob- served by Hussoret al. [18] following the B decay of
able bandhead-stat¢ value of 7, this corresponds to the Ay and were interpreted as the first two members of the
Nilsson configuration 7/2633]®7/27[514], although as so-called8 band. Low-spin members of such bands have
we have said earlier the distinction betwekn=7/2 and  been identified in the eveA-8% 18Pt isotopes. As de Voigt
K=9/2 members of the neutrans, family of orbitals is not et al. point out[10], measured large conversion coefficients
clear atN=104. for the 23 —2; transitions in'8%Pt point to strond=0 admix-
tures, a possible signature Bfvibrational states.
C. Bands 5 and 6 We suggest a more likely interpretation is that band 8

Although the spectroscopic data alone do not permit forresponds to a rotational sequence possessing a different

firm parity assignment for band 6, the presence of simila°"@P€ than the ground-state band. This could also lead to
bands in'8°18t and8%0s[14] strongly suggests that bands largeEO admixtures in thé—I decays. There is now a good

5 and 6 are negative-parity signature partners. Likely condeal of theoretical and experimental evidence supporting

figurations arek =4,5 vi 14,® anNd K =7.8 i 145® f7». prolate-oblate _shape coexistence in the Pt region, favoring
T%le two signatures 01; e %%%21] VDas orll;itlgflieq‘é\r the interpretation of band 8 as a weakly deformed oblate
apart in energy, as revealed MLY%t [9,11], so that the band with a7 4-hole configuration relative to the Pb closed

vi13® P3jp configuration in82Pt is expected to possess the co_re(_e%,_ Ref.[Z]()j. _'I'htehql;elsltlon of shatpe coexistence at low
same modest degree of signature splitting asvilg, bands Spin IS discussed in the foflowing section.

in the neighboring oddN nuclei. The alternative configura-

tion, viq3®f, IS expected to display the same lack of V. DISCUSSION

signature splitting as the one-quasineutron pB12] vfg, A. Theoretical calculations
configuration in8%Pt. The measured signature splitting of Theoretical predict f th lear def fion f
bands 5 and 6Ae’=90 keV athw=0.25 MeV, reflects eoretical predictions of the nuclear detormation  for

various quasiparticle configurations have been obtained from
deformation self-consistent calculations of the total Routhian
gurfaces(TRS), performed with a nonaxial Woods-Saxon
potential and parameters described in R28]. Additional

fairly closely the splitting of thevi,s, band in %P,
Ae’'=105 keV [9], favoring the vii3,®ps, assignment.
With this assignment the order of the Routhians for band

3-6 (see Fig. 4, and the lack of evidence for a strongly . ;
: . . : ; details may also be found in R¢fl2]. Selected surfaces are
coupled band associated with theys,® f7, configuration, - oy vy iy )Iéig. 5; the quasiparegﬁclg labels are explained in

are consistent with the order of the Routhians observed iiable Il. At a frequencyi w=0.17 MeV, below the frequen-

8lpt[9]. : ; . ;
cies at which any predicted band crossings occur, the

ground-statd“vacuum’) configuration is predicted to have
a deformatiorn3,=0.25,y=—-1°, B8,=—0.01. For the two-

Band 7 has an alignment of approximately 8at  quasineutron negative-parity configurations associated with
hw=0.25 MeV and decays only into the ground-state bandpands 3 and 4, theory predicts a somewhat different shape,
in the spin range 281=104. Similar bands with positive £,=0.23, y=-9°, B,=-0.02 atAw=0.21 MeV. This
parity and even spins have been observed in, among othershift toward oblate deformation can be attributed to the de-
180.189ys and 18018418t nyclei. A wide variety of explana- formation driving characteristics of the highwi 4, orbital.

D. Band 7
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FIG. 5. Theoretical total Routhian surfaces for selected configuratioH€mh. Details of the calculations are described in R&2]. The
quasiparticle labels are given in Table II.

By comparison, theory predicts that the two-quasiprotonvps, 1/27[521] orbital is predicted to lie higher than either
configurationsri53,,® hgjp, associated with band 2, possessesof the vhy,, 7/27[514] or vf,, 5/27[512] orbitals, whereas
a deformation o0f3,=0.26, y=+7°, 8,=—0.01. The posi- it is the lowest negative-parity sequence observed in
tive y deformation can be attributed to the deformation driv- 1818t [9,11]. It is, therefore, not surprising that itf?Pt
ing characteristics of theri 3, and hg, orbitals, both of bands 5 and 61fi,3,® p3/) lie lower in energy than bands 3
which have highj and lowK. and 4 (viq3,®hgp), in disagreement with theory.

The TRS results for the ground-state band have been used The measured energy splitting between the two signature-
to calculate the theoretical quasineutron and quasiprotopartner bands 5 and 6 closely resemblesithg;, signature
Routhians within the fixed-deformation cranked shell modelsplitting in 8%Pt. The magnitude of this splitting is not re-
as shown in Fig. 6. Figure 7 shows Routhians calculated at produced by the CSM calculations gt 0° shown in Fig. 6.
TRS-predicted deformation typical of the two-quasineutronCarpenteret al. [12] suggest that the deformations of bands
negative-parity configurations. A Woods-Saxon potentiawhich include ari 5, neutron shift toward negative values
and the same prescription as in Rdf2] have been used. As even at fairly low frequency, reaching 1 value of about
pointed out by Carpentest al. in their study of ®4Pt, there  —10° to —15° just before the first band crossing. Figure 7
are several close-lying negative-parity neutron orbitals anghows the calculated quasineutron Routhiansfer—10°.
the calculations do not reproduce precisely the orderingsuch a deformation increases the energy splitting between
which is observed in the odd-Pt isotopes. For example, the the two signatures of the;s, orbital to Ae’=90 keV at



55 HIGH-SPIN STATES AND BAND STRUCTURES IN‘®%pt 1185
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FIG. 7. Theoretical quasineutron Routhians, as in Fig. 6 but for
deformation parameters representative of the negative-parity two-
guasineutron configurations below any band crossings, according to
the TRS calculationgsee text

where

Parameters for various two-quasiparticle configurations are
given in Table IV. The magnetigy factors were taken from

a Woods-Saxon calculation @&,=0.23, 8,= —0.02. As in
Ref.[8], a value ofgg=0.35 was used for the corefactor.
This value is intermediate to the two other commonly used

FIG. 6. Theoretical one-quasiparticle Routhians as a function oValues, namelygg~0.27 [16] and gr=2/A=0.43. Of the

rotational frequency fofa) N=104 and(b) Z=78. The deforma-

observed alignment,at 4 w=0.2 MeV, half was assigned

tion parameters used are taken from the TRS results for the ground® €ach quasiparticle. The(E2;1—1—2) values were cal-

state sequence &tw=0.17 MeV. The Woods-Saxon potential pa-
rameters are the same as in REf2]. The neutron and proton
pairing are fixed at the so-called BCS values calculated=a0.

culated by assuming a rotational model and a constant tran-
sition quadrupole moment d@,="7.1eb, the experimental
value for the ground-state band above spi38|. As shown
in Fig. 8, the measured transition strength ratios are in good

hw=0.2 MeV, in agreement with the measured value. A

smaller effect is expected for other low-lying neutron orbit-

als. For example, the calculations of Fig. 7 prediog’
=15-20 keV for the negative-parity configuration associ- uft Bands 3/4
ated with bands 3 and 4, while experiment shows an even I K=7 Vi @1,/ |
smaller valueAe’ <5 keV. & o9t o
5 o
[
B. B(M1)/B(E2) ratios for bands 3 and 4 :z
. = o7
B(M1:I—1—-1)/B(E2:1—1—2) ratios have been ex- = °
tracted from the measuredray branching ratios in the usual A
manner(e.g., Refs[15,29) and are shown in Fig. 8. These é 05t
are compared to theoreticdd 1 transition matrix elements 5
calculated within the geometrical framework of iz and o o3l
Frauendorf[30], extended to multi-quasiparticle configura- ’
tions[29], whereby
01t
B(M1;l—1—1)=(3812){\17— K (g;— gr) K1

+(92—9r)K2+ (93— gr)Ks+ - -]
—K[(91—9r)i1+ (92— 0R)i2
+(g3—0R)ia+ - 1120, (1)

Initial Spin | (f)

FIG. 8. B(M1;l—1—-1)/B(E2;l—1—2) values for bands 3
and 4. See text for details.
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TABLE IV. Parameters used to calculate theoretiBdM1) values for bands 3 and 4 and resulting
B(M1)/B(E2) values at spin=13.

Quasiparticle Nilsson B(M1)/B(E2) (ui/e’b?)
Configuration Configuration K o1 9 atl=134
Vi 1@ Fo1 v 9/2"[624]©5/27[517] 7  —025 -—041 0.85
" v 7/2+[633]®5/27[512] 6 —028 —041 0.65
Vi 1359 hopy v 9/2"[624]©7/27[514] 8 -025 0.9 0.44
" v 7/2+[633]®7/27[514] 7 -028 029 0.25
7h110® dag 7 11/27[505|©3/27[402] 7 1.26 0.11 1.49
" 7 92 [514©3/2°[402] 6 1.31 0.11 0.94

agreement with theoretical predictions for the two-head lies well above the ground stateéig?Pb [31,32 and
quasineutronvi;3,® hgj, configuration which has been as- 844g [33,34, whereas it becomes the ground state in
signed to these bands. 182pt, 490 keV below the oblate bandhead. The energy dif-
ference observed itf%Pt is in reasonable agreement with the
results of TRS calculations, which predict a prolate-oblate
Dracouliset al. [2] have suggested that the low-spin pat-energy difference of 650 keV at zero rotational frequency
tern of yrast states in th&’® 188t isotopes reflects the co- (Fig. 5. The low-spin features of theé= 104 band structures
existence of two configurations with different deformations,are shown in Fig. 9. Apart from perturbations at low spin,
as originally predicted by WooffL]. In this picture, the ¢ caused by interactions between close-lying stdfs(see
state in 1%t represents théperturbed bandhead of a below), the energy spacings of the bands which are yrast
weakly deformed oblated,=—0.15) rotational band hav- above spin 4 are quite similar, consistent with the suggestion
ing a “normal” four-proton-hole configuratiofwith respect that these bands have similar “intruder” configurations.
to $%Ph), coexisting with a well-deformed prolate  The onset of collectivity and related shape-coexistence
(B8,=0.25) “intruder” band based on the two-particle-six- properties have been studied extensively, especially close to
hole ground state. Subsequently, potential-energy-surfageroton closed shellge.g., Ref.[6]). In particular, Dracoulis
calculations predictef#,5] that prolate-oblate shape coexist- has noted 35] that some of the low-spin properties of in-
ence at low spin is a general feature of this mass region. Atruder bands in the Os-Pt-Hg-Pb region may be reproduced
N=104, neutron midshell, the ‘Oprolate “intruder” band- in a simple way by considering separate neutron and proton

C. Shape Coexistence at Low Spin

N = 104 Isotones
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FIG. 9. Coexisting band structures at low spin for even-eMen104 isotones close to th&=82 closed shell. “Intruder” bands are
shown on the leffprolate deformation “normal” bands on the rightspherical in Pb, oblate deformation in Hg and. Fthe data are taken
from the present work and Ref&83,34 (*®*Hg) and[32] (*¥%b). The schemes are offset so that the prolatesgates line up.
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shells which interact via a quadrupole neutron-proton force . . . . T . .
acting between pairs of particléser, equivalently, pairs of L e Averaged .
holes. In this two-component approach, originally suggested * N =104 *
by Heyde and Sali36], the 2" —0" energy spacings are
governed by the shell filling, giving rise to a simple depen-
dence on the number of pairs of valence parti¢t@sholes.
The model also predicts coexistidg=2" states which are
mixed as a result of the neutron-proton interaction, with an
interaction strength given by

NN 1-=2|[1- =2 . @3
(NN 1= 52 1 5, ®
0.0

where « is the strength of the neutron-proton interaction,

which varies little with neutron and proton numbér,de- 82 80 /8 76

pends on shell-model radial matrix elements and is taken to Proton Number

be constant for a given major shell, afi, and (), are the

shell degeneracies for neutron and proton pairs, respectively. L J

This approach is related to the so-calldgN, scheme of PN Pt (b)

Casten and Zamfif37], whereby low-spin observables can >

be simply related to the product of numbers of valence neu- O >

tron and proton pairs. Note that because the model is con-g
=
=

— Model ¥

0.2

Vil (Mev)

(a)

C2J+1

structed within a shell-model seniority framework, the inter-
action between states in a given nucleus is spin dependent.

With the assumption of coexisting oblate and prolate
bands, Dracouligt al.[2] have analyzed yrast and yrare ex- — Model ® Expt.
citation energies at low spin for even-evéf® 8Pt and 0.0
extracted a spin-independent interaction strength of T T e A e an A A an
|V|=200 keV. This value is practically constant as a func- 96 98 100 102 104 106 108
tion of neutron numbefsee Fig. 1pand for 8Pt is consis- Neutron Number
tent with recent lifetime measurements by Wadteal. [38],
which show ar=20% drop in the transition quadrupole mo-  FIG. 10. Interaction strengths for coexisting band structures in
ment for the yrast band below spirk Sattributable to the N=~104 nuclei as a function of proton numb& and in the Pt
strong mixing between states brought on by the interactionsotopes as a function of neutron numligby. The experimentally
Interaction strengths have also been extracted by Dracoulideduced values are taken from the work of Dracoulis and co-
and co-workers for Pb and H®5] and Os[39] nuclei near  workers, viz.[35] (Pb and Hg isotopgs[2] (Pt isotopel and[39]
neutron midshell; the values fof=104 nuclei are shown in (Os isotopep In panel (a), values for theN=104 isotones are
Fig. 10. shown as asterisks while values averaged dverl04 nuclei in

We choose to compare these values to a modified versiofch isotopic chain are shown as filled circles.
of Eq. (3), in which the model dependence on neutron and
proton number of pairs is retained while the spin depen- As shown in Fig. 10, with the chosen parameters the
dence, which arises from specific shell-model assumptionggreement between experiment and E4). is reasonably
concerning angular-momentum coupling, is not: good. These results suggest that the general picture implied

by such a model, that of coexisting structures having differ-
) ( N )]1/2 ent particle-hole configurations relative to the proton closed
4

j— core, with the interaction-strength properties closely related
Qy to the numbers of proton and neutron partidi@sd holeg is
appropriate for these nuclei. It would be interesting to see if
The value ofk'F'=0.070 MeV was chosen to best repro- more microscopic approaches can reproduce the extracted
duce the extracted interaction strengths for theinteraction strengths, as they are potentially sensitive indica-
N=100-108 Pt isotopes and the Os—Rb-104 isotones. tors of the detailed structure of these states.
The proton- and neutron-pair shell degeneracies were taken
from the major-shell structure, i.€),=(82—50)/2=16 and
Q,=(126—-82)/2=22, respectively. For each nucleus, the
number of proton pairs was taken from the “normal” con-  The y band is observed to 7 and exhibits a clear stag-
figuration; the number of neutron pairs is the same in “nor-gering between the odd-spin and even-spin members. The
mal” and “intruder” configurations in all of these cases. For phase of the staggering is consistent with a potential energy
exampleN,=2 andN,= 11 were used fof®?Pt. Using “in-  surface which is fairly flat with respect tp deformation but
truder” values or an average of “intruder” and “normal” minimized for a prolate shapgl0—42. This is in general
values for proton-pair counting results in somewhat differentagreement with the total-Routhian-surface calculations,
best-fit parameters but the overall results are similar. which predict that theN<112 Pt isotopes are soft at low

! ! Np
Ve i=—«'F'{ [N,N,] 1—Q—p

D. y-vibrational states
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spin [4]. Other theoretical approaches, for example, the dyin 18418518pt[12 8 23 but generally not accepted as reason-
namic deformation mode[5], also predict energy-surface able in theA<184 Pt isotopegsee Ref[11], for example.
minima for these nuclei which are relatively flat in the The other sharp increase in alignment observed at
degree of freedom, compared to nuclei having lo&e€al- % w~0.3 MeV in 2Pt occurs in band 3. This band is as-
culated zero-point energies for tife~180 Pt isotopes are signed as one signature partner of thg;,® hg, configura-
typically 1.0-1.2 MeV[40], significantly larger than the en- tion, which, since it includes a3, neutron, blocks the
ergy lost or gained when traversing theplane. In this situ-  usual vAB crossing. Ay deformation of—10°, though, as
ation the(statig shapes at low spin are not well defined andsuggested by the TRS calculations, reduces the predicted
low-lying y-vibrational states are expected. This is borne outyBC crossing frequency td w~0.32 MeV, matching that
by the systematic trend in excitation energies of heand,  seen in experiment. Nevertheless, there is no such alignment
which for the N=104 Yb—Pt series of isotones gradually gain in band 4, the signature partner to band 3, below
decreases with increasing proton number, falling from 1634, w~0.37 MeV. The situation may be similar to that ob-
keV in %D to its lowest point in'82Pt; E(27)=667 keV, served for a similar two-quasineutron configuration in
within 250 keV of the ground-state band" 4energy. Note  820s bands 2 and 3, where one signature partner undergoes
that E(2,)=E(44, andE(3])=E(4,) (see beloy, are  a crossing af @~0.28 MeV, while the crossing in the other
normally associated with a perfecthysoft rotor. signature partner is delayed hyAw~0.08 MeV [16]. In

The interplay ofy softness and triaxiality in nuclei has that case no explanation was found.
been investigated by a number of workers, including Casten Band 2 in 182pt has been assigned a two-quasiproton con-
et al. [42] who addressed the issue of the energy staggerinfiguration and therefore one expects to observe a neutron
between odd- and even-spin members of 4heands in Xe i3, crossing similar to that observed in the ground-state
and Ba nuclei. Their method incorporates triaxial degrees oband. It could be argued that the absence of a large align-
freedom within the interacting-boson-approximatidBA) ment gain in Fig. 3 favors a two-quasineutron assignment
model, by adding a cubic interaction term to the IBA involving the neutroni 5, orbital. However, as mentioned
O(6)-limit Hamiltonian. Energies of excited states andearlier, no such configuration can account for the lack of a
v-ray branching ratios are determined by two Signature partner and the high alignment at low frequency. It
O(6)-Hamiltonian parameters, often deno®candC, and  is possible that the modest increase in aligned spin for band
an additional parametef/B which is associated with the 2 atZw>0.3 MeV represents the gradual alignment gf,
degree ofy softness. In terms of level energies, the value ofneutrons, especially if a different reference were chosen to

6/B affects primarily the above-mentioned odd-even stagimake the alignment for this band constant at low frequency.
gering in they band. This would not change the gradual nature of the increase,

The odd-even staggering in®%Pt is best fit by though, which is at odds with the sharp increases observed
6/B=0.34, with values 0B andC determined by fitting the both in the '#?Pt ground-state band and in the analogous
low-spin states in the ground-state band to @6)-limit 2Pt two-quasiproton band. There is therefore no obvious
analytical expression. This value 6fB can be compared to explanation for the observed alignment features above
zero in the perfectlyy-soft O(6) limit and to 0.86 for 7®=0.3 MeV in band 2.
128¢e, a nucleus which also exhibits an odd-even staggering
and has been described ag-goft O(6)-like nucleus. Based F. Band 7: yrast-yrare interactions at high spin

on the results of Castest al. [42], 6/B=0.34 corresponds 10 ganq 7 and its analogues in nearby nuclei have been sub-
an approxignately 350"‘?\/ deep minimum n the IOOtem'alject to several interpretations. Avi(;3,)? BC configuration
energy for®2Pt as a function ofy deformation. Compared to has been suggested in the isotdfi0s[15]. In #%0s, two
the O(6) limit, it glso Igads to a slight reductzion in t?gilgal- different scenarios have been proposél:a neutrorleC
culated Ofluctuatlonso iny, from yme=((y")—()°) configuration, as just mentiond@4] and (i) a continuation
=13-15° t0 12-14°. Ishould be noted that these results ot e hositive-signature branch of theband[26]. Carpen-
are not directly comparable to those from the geometric TRer et al. suggesf12] that at higher frequencies an analogous
approach. For example, th®(6)-based method, by con- y,nq i 1849t may be composed of a mixture of the lowest
struction, leads to a potential with a symmetric minimum at 3wo- and four-quasiparticle configurations within the, s,
triaxial shape §=30°), whereas the TRS calculation de- shell, thus involving both theK=9/2 (A,B) and the
scribed in Sec. V A leads to a potential with local minima atK:7’/2 (C.D) orbitals. There are selected cases where simi-
profate an ot shapos £ and 60, 159Nl & s mived combinations of igfrrbials have e consic

) , 86 n ; _ 10
0(6)-like model they-band energy staggering #¥%Pt leads ered, e.g.,Zr (wg3,, mixed K=3/2, 5/2)[43] and **Cd
to it being placed in the same category as nuclei such
128xe, and thus described as vepysoft at low spin.

agvgg,z, mixedK=7/2, 9/2 [44]. In these instances, however,
alternative interpretations were scarce and firm conclusions
were not drawn.
Recently, Kutsarovaet al. [16] have suggested yet an-

other possibility; that in*®%0s theBC scenario would give

As shown in Fig. 6, the rotation alignment of a pair of rise to a so-called t' band” at low rotational frequency
viq3; qUasineutrons is predicted to occuriad~0.30 MeV. (hw=<0.2 MeV), arising from rotation about a tilted axis. In
The sharp rise in alignment for band 17%#=0.32 MeV  both *¥%0s and820s, though, an accompanying band with
(see Fig. 3 can be attributed to this band crossing. The posjositive parity and odd spins has been observed, which lies
sibility of a 7hg, crossing att w<<0.4 MeV has been raised slightly lower in energy than the even-spin band and has

E. Band crossings at high spin
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FIG. 11. Excitation energies of the yrast and yrare positive-
parity even-spin bands, relative to a rigid-rotor reference!®fet FIG. 12. Interaction strengths between yrast and yrare positive-
[9], 8%t (present work ¥4Pt[12], and %t [23]. parity bands at high spin in the Pt isotopes niar104. The ex-

. ) perimentally deduced values are discussed in the text. Theoretical
moderately strongV 1/E2 transitions connecting odd- and pregictions for interacting ground-state anid, s bands were ex-
even-spin states. This is consistent with CSM calculationgracted from Woods-Saxon CSM calculatiofsee caption to Fig.
(cf., Fig. 6, which predict coupledC andBC bands which  6). For comparison, interaction strengths for shape-coexisting bands
have modest signature splitting and connectihfyE2 tran-  at low spin are shown, as deduced by Dracoetisl. [2].
sitions. Both the degree of signature splitting and the ) .

B(M1)/B(E2) ratios would be similar to those observed in =4 otherwise the weaker of the two transitions would not
the coupledd, B bands in neighboring odi-isotopes. Inthe N@ve been observed in our experiment.

. 18 .
case of8%Pt, however, no odd-spin partner band has been. Thlezreﬁﬁlts OI.Sul(;h élm anﬁlysusgire Sho‘;"nj{f%d :Pt mCSM
found, making & C assignment for band 7 unlikely. 9. ~e. Theoretcal values have been extracted from

A different explanation has been put forward in the Casecalculatlons at fixed deformation, an example of which is

18 ! shown in Fig. 6. Although some of the experimental values
of **Pt, where Hebbinghauat al. h_avg suggeste[23] that are imprecise it can be seen that they approximate the pattern
prolate and oblate structures coexishigh spin Subsequent

suggested by theory and they clearly differ from the prolate-
studies showed this to be an unlikely explanation for yrast Obb?agte intergction \yalues de)éiuced yby Dracouwisal. [pz]_

near-yrast bands in lighter Pt isotopes, e!§'Pt[12], sup-  Therefore, we suggest that these yrare branches represent the
ported by TRS calculations which predict that close to neutomplement of the yrast “vacuum’ configuration observed
tron midshell oblate structures rapidly become nonyrast withyyer the spin range in which the neutrstband crosses the
increasing rotational frequency and spin. ground-state band. A similar explanation has been advanced
In 8%t the two positive-parity even-spin bands coexist[46] regarding yrare band structures in the odd-proton nuclei
over the spin range 12to 26", which has been interpreted "*Re and!”/Ir. Such states are expected theoreticfll§]
as an extended interaction between the ground-state baiit are usually not observed. As mentioned above, it is pos-
and the viie,,2 AB s band[10]. If true, we would expect sible that the explanation fdd=108 may not be this simple:
similar features across the chain of Pt isotopes and expedfie two bands in®®Pt converge rapidly up to a certain spin,
that the interaction strengths as a function of neutron numbér~16, but above that their trajectories are similar. As dis-
would exhibit the characteristic oscillatory pattern seen forcussed by Hebbinghaues al.[23], a change from prolate to

ViiB/Z crossings in other mass regiof#s]. Relative excita- oblate shapes in the low-lying states of the Pt isotopes occurs

tion energies of the yrare even-spin, even-parity bands in thﬁ}g'\rl]:é#O;tiﬂgt&trésaaofsligge;ngggslate states Influence the

Pt nuclei for which published data exist are shown in Fig. 11.
To varying degrees these structures all approach the yrast
band at moderate spin and, except in the casé®@tt, are
repelled at higher spin. In a two-band extended mixing ap- InterbandE2 transitions are observed linkin@5~) and
proach, the interaction strength is at most half the energy ga@3 ™) states in bands 2 and 5. A similar situation occurs in
at closest approach and can be accurately determined #¥pt [12], where a 6.3-keV interaction strength has been
y-ray intensites for transitions connecting the two branchesneasured between the two close-lying 18tates. The small
are known, as is the case f&{%t. In the absence of branch- value is interpreted as being due to the significant structural
ing ratios, which is the case fol®218418pt, |imits on the differences between the two configurations. A precise value
interaction strength can be obtained by estimating limits orbf the mixing in 8Pt cannot be obtained, due to contami-
the unobserved transition intensities. For example!&ipt nant transitions and the fact that til&5~) and(137) pairs

the 825-keV out-of-band and 687-keV in-band transitionsof states both appear to be mixed, lying 63 and 50 keV apart,
de-exciting the 29 level are observed but are too weak to respectively. Within the standard two-band mixing approach
obtain reliable intensities. Nevertheless, we can estimate thate interaction strength must be less than or equal to half the
the out-of-band to in-band branching ratio does not exceedmallest energy gap between states of like spin and parity,

G. Interaction between bands 2 and 5
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i.e.,|Vinl=<25 keV. As in 18Pt it is suggested that bands 5/6 hole states, relative to the=82 closed-shell core. At higher
and 3/4 in8%Pt have very different quasiparticle configura- Spin, a ground-state band crossingfab=0.32 MeV has
tions and are expected to interact little. been attributed to the rotational alignment of a paifi @f,
guasineutrons, in agreement with theory. However, it seems
difficult to explain the lack of related band crossings in some
of the sidebands, notably bands 2 and 4. The characteristics
The level structure o8Pt has been studied to high spin of the yrare positive-parity even-spin bands %#f:182.18fpt
with heavy-ion reactions ang-ray spectroscopic techniques. and possibly'®%Pt suggest they represent the complement of
Nine band structures, seven of which are rotational bandghe “vacuum” configuration, observed through the ground-
associated with a prolate shape, have been placed in a levé&band crossing, i.e., in each case they are the higher-lying
scheme which extends to approximately 7 MeV in excitationbranch of two bands interacting with significant strength.
energy and(274) in spin. Their configurations can be ex-
plained by comparison to Woods-Saxon cranked-shell-model
calculations, to band structures observed in nearby nuclei We gratefully acknowledge the assistance of staff at the
and, in the case of the strongly coupled bands 3,4 by theiMcMaster University tandem-accelerator laboratory and the
characteristicB(M1)/B(E2) ratios. For even-even nuclei Orsay IPN synchrocyclotron laboratory. We also thank J.C.
close to8%Pt, the low-spin energy systematics of bands builtwalpe and U. Garg for the use of théft?Pt lifetime results
upon the ground state and the first excited €ate and the prior to publication. This work has been supported by the
interactions between those bands, appear to be well de&Eanadian NSERC, the French IN2P3, and the German
scribed within a shape coexistence framework involvingBMBF; research at the University of Tennessee is supported
“normal” proton hole states and “intruder” proton particle- by the U.S. DOE under Contract No. DE-FG05-87ER40361.
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