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High-spin states of the oddl-"%r have been studied via heavy-ion fusion reaction. Bands built on five
different Nilsson states#thg,, i3, 7dsp, 7hiyp, and wf;,) have been established, among which the
w4, (1/27[530]) band is identified for the first time in Ir isotopes. Experimental aligned angular momenta,
band-crossing frequencies, and relative transition rates are analyzed and compared with the cranked shell
model and the particle-rotor model calculations. Effects of intruder states, particalaglyand i 15,, have
been discussed on three aspects: deformation driving, shape evolution, and quasiparticle alignment. It is found
that theri 15/, Orbital has a strong, positivg, driving effect on the shape of Ir nuclei, while the driving force
of the whg,, orbital is minimized when the Fermi level reaches the shell. The total Routhian surface calcula-
tions suggest that therh;;;, and wds, configurations in'’9r possess relatively largg, deformation
(~0.26), which is consistent with the particle-rotor calculations. The possible contribution etiecross-
ing to the gradual alignment gains observed in e ,,, and 7wds;, bands is discussed from the influence of
deformation and interaction strengfl$0556-28136)00805-9

PACS numbg(s): 23.20.Lv, —21.10.Re,—21.10.Tg, —27.70+q

I. INTRODUCTION from a strong Coriolis interaction. In the heavier Ir-Pt-Au
region the alignabléy,, proton pair is gradually coming into
It is well known that high} low-Q orbitals play a very play at low rotational frequencies.
important role in determining the underlying properties of In recent years, studies on the lighter Re and Ir nuclei
nuclear structure. In the rare-earth region, th¢342] (from  have shown many interesting configuration dependent high-
whe;) and 1/2660] (from i) Nilsson states are com- spin phenomena, where bands built on tnds;,, mhgs,
monly referred to as intrudemorbitals, since they emanate 7hii,, and i3, states have been observed. One of the
from above theZ=82 gap, rapidly lower in energy with more striking features is the very different pattern of the
increasing quadrupol@, deformation, andntrude into the  aligned angular momentum as a function of rotational fre-
lower oscillator shell. The occupation of these orbitals by ajuency for the observed bands. The available data infodd-
single proton is expected to have substantial effects on thRe and Ir isotopes*(* 1" Re [2—4] and *"* " [5-7)),
nuclear shape. Analogously, it has been repotddhat the ~ and our new high-spin data iH9r presented here illustrate a
neutron i, intruder in the A=130 region demonstrates iqz, band with steadily increasing alignment in the ob-
large deformation driving effects. It is also commonly knownserved frequency rangétypically 0.1<#»<0.38 MeV)
that the first band crossing occurring throughout the rarewhen referred to therhg, band. However, in*’'Re [8,9]
earth region is due to the alignment of/y 5, pair resulting  and in *¥4r [10,11] there are sets of positive parity bands
that contain thermi, 3, excitation but also other mixed con-
figurations. Gradual increases in aligned angular momentum
*Present address: Oak Ridge National Laboratory, Oak Ridge, TNlave also been observed in tid,;,, and wds, bands. In
37831. the same frequency range, a sharp backbending is present in
TPresent address: Argonne National Laboratory, Physics Divisionthe 7hg,, band ath w~0.3 MeV.

9700 Cass Avenue, Argonne, IL 60439. The gradual increase of alignment in thé;3,, mhyy,
*Present address: Chalk River Nuclear Laboratories, Atomic Enand wds,, bands is very interesting and in need of a full
ergy of Canada Ltd., Chalk River, Ontario, Canada K0J 1J0. explanation. One suggestion attributes this feature to a band
SPermanent address: Tennessee Technological Universitgrossing with a very large interaction, but it is difficult to
Cookeville, TN 38505. explain the low-frequency occurrence of the band crossing in
IPresent address: Department of Physics, Florida State Universit@ configuration {ri 13/, that is so strongly deformation driv-
Tallahassee, FL 32306. ing. An alternative interpretation attributes this gradual

TPresent address: Lawrence Berkeley National Laboratory, Berkealignment gain to a i band,” formed from a pair ofrhg,
ley, CA 94720. coupled to spinJ=0, crossing with the ground band at
The conventional meaning of “intruder” is slightly modified higher rotational frequencies. This has been suggested
here. It normally refers to the unique or abnormal parity state.  [6,11—14 to explain the anomalous alignments in the yrast
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bands of Os and bandsrf,;, and #ds;) of Re and Ir H and foldK were properly gated‘banana” gate during
nuclei. The third suggestion could be that the smooth inthe creation of they-y matrix to select mostly thertchan-
crease could result from the inappropriate reference in theel. With theH—K selection, about 88 10° y-vy coincidence
alignment plot, due to a substantially larger deformationdata were collected in thé’dr matrix. A full background
(B,) compared with other bands. The peculiar alignment besubtraction based on the method of Palameta-Waddington
havior of thewds, band in ®ir was explained by Janzen [18] was performed on the matrix.
et al. [15] as aviqg;, crossing plus arhg, crossing. The A method based on the observation of directional corre-
evidence of therhg,, crossing was reported from the studies lations of y rays deexciting oriented statd3CO ratiog was
of double-blocking experiments in odd-odd nuclei by adopted to determine thg-ray multipolarities and spins of
Kreiner et al. [16] and Janzemt al. [17]. the nuclear levels. For this purpose, kX11k DCO matrix

To address these issues, we have performed spectroscopias created by sorting data with Ge counters at angle of
experiments and also a lifetime measurement on high-spig4° on one axis compared to those at 63° on the other, and
states in'’9r (Secs. Il and 1IJ, and have made systematic the experimental DCO ratio is calculated by
analyses of band crossings and shape changes for bands built

on different orbitals in this regiofSec. I1\). These studies I(’l(gate92

. . . Y2 Y1
have been aimed at understanding better the effects of in- Roco= 7, o
truder states from three aspects: deformation driving, shape |y2(gateyl)

evolution, and quasiparticle alignment. In addition, we have

compared the experimental results with calculations using &herel **(gate?) is the intensity ofy, on angleg; with the
particle-rotor model for electromagnetic properties, the total 2 1 :

. gnergy gate ofy; on angled,. Usually the gate is chosen to
Routhian surface for nuclear shapes, and cranked shell modé - .
for band crossings. seton a stretchgd guadrupole?) transition, then.theoretl-

cally Rpco=1.0 is expected for stretchdfl transitions and

~0.6 for Al=1 transitions.
Il. EXPERIMENTAL INFORMATION The Ge detectors in the spin spectrometer can be grouped
into five rings with angles relative to the beam axis at

The y-ray spectroscopic studies 8f9r were carried out 9—24°. 63°. 87°, 117°. and 156°. To facilitate the lifetime

at the Oak Ridge National Laboratory. AAl beam was NASET : : )
delivered from the tandem accelerator at the HoIifieIdanéIIySIS in*7r, we sorted the events into fiveka 2k ma

Heavy-lon Research Facility. The experiment was erforme(gices’ containing the coincidences pirays between the Ge
vy ) Y- Xp! P etectors at one of the rings on one axis and any other cor-
on the spin spectrometer, consisting of 19 Compton-

related Ge on the other axis. Line shapes were measured
suppressed Ge countémnd 5.2 Nal deteptors. The Nal de- from spectra gated on transitions lying below the levels for
tectors were used as ah—K filter, allowing a gate on the

which lifetim re t tained.
y-ray total energy and fold of each event to do channel se- ch lifetimes are to be obtained

lection. The contributions from the Ge detectors and the anti-
Compton shields were taken into account for calculating the IIl. EXPERIMENTAL RESULTS

values ofH andK. Stacked x-ray absorbers of Sn, Cu, and  Thjs section is devoted to the discussion of the deduced
Ta were placed in front of mostly the forward-angle Ge de-jeye| scheme and band assignmentstifir. An interesting

tectors to reduce the singles rates in the detectors. A thic{bpic of interband transitions it”9r will be discussed in
lead collimator was added to the inner surface of each Compsec | ¢, The DSAM lifetime measurement is described in

ton shield to prevent target rays from directly entering the gec |11 D.
shield.
Levels in 79r were populated by thé®*Gd(*’Al, 4n)

reaction. A Gd target with thickness of 1 mg/énand a

208h backing 13 mg/cnt) was used to avoid Doppler ~ From the analysis of thg-y matrix, intensities of transi-

shifting in the y-ray energies at different detecting angles.tions, DCO ratios, andd—K distributions, we have estab-

The use of a backed target also enabled the extraction dished the level scheme of9r, as shown in Fig. 1. Nine

lifetimes of some transitions by the Doppler shift attenuationdecay sequences have been identified, labeled from band 1 to

method (DSAM). Priori to the main experiment, excitation band 7, among which bands 3 and 4 consist of two strongly

function was measured at three energies of 134, 139, and 14bupled sequences. Therays identified with this nucleus

MeV in order to select the optimal beam energy for the re-are summarized in Table | according to their energies, rela-

action channel of interest. A full measurement was pertive intensities, DCO ratios, spin and multipolarity assign-

formed at the beam energy of 134 MeV. ments. The relative intensities of rays were mostly ob-

Data were recorded in an event-by-event mode, requiringained from fitting the total projection spectrum. For those

the simultaneous firing of at least two Ge and four Nal de-contaminated peak¢doublets, triplets the gated spectra

tectors. They-y coincidence data were sorted off line into a were used and the results were then normalized to those from

4k X 4k matrix so that the level scheme could be establishedhe total projection.

from the coincidence relationship. The total detected energy The ground state of”dr has been identified19] to be
5/2~ from decay studies. This is the bandhead of the
1/27[541]whg, sequence. Due to the large decoupling pa-

During the experiment, two Ge counters were malfunctioningrameter of this configuration, usually the 9/2and 5/2
and data from only 17 Ge detectors were used. states are separated only by several tens of keV and the di-

A. The level scheme of*"9r
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FIG. 1. Level scheme of9r. The arrow width is proportional to the intensity of the corresponding transition. Transitions to the expected
5/2~ ground state are not observed in the experiment and the @e is used as a reference for the whole level scheme.

recty transition between these two levels is rarely seen. The 1. Bands 1 and 1s

5/27 level is not seen in our data, therefore, the 9&ate is Band 1 is the strongest sequence populated in the reac-

thg lowest level in the current level scheme and the energy _qfon, which can be seen from the intensitiesjofrays listed
this level has been set to 0 keV as a reference for the entifig Table I. A typical rotational spectrum is illustrated in Fig.

level scheme. 2(a) from the 663.0-keV gate. The DCO ratios of transitions
The spin and parity assignments rely on the DCO ratios ai the band are mostly around 1.0 and are in agreement with
well as the knowledge of band structur@dilsson configu- the E2 assignments.
rationg and the systematic information of neighboring One of the important measurables used to determine the
nuclei, which will be discussed in the following subsec- band configuration is the energy splitting between the two
tions. The Nilsson configurations associated with bandsignatures of the bangignature splitting Band 1 has de-
in 19 presumably are 1/2[541], whe, (bands 1 and 5  coupled characteristics, which implies a Idstructure at
1/27[660], iz, (band 2; 5/27[402], mdsg, (band 3; their bandheads. The favored-signature sequence is strongly
9/27[514], wh44» (band 4; and 1/2°[530], 7f4, (band 6. populated in experiment, while the unfavored-signature se-
These assignments are also supported by the analysis qfience lies higher in energy and is only weakly populated.
B(M1)/B(E2) branching ratiogsee Sec. IVE 1L Figure 3 shows the calculated single-proton levels around
A preliminary report of our results was given earligef.  Z=77 using the Woods-Saxon potential with=0° and
[20]). TheB(M1)/B(E2) magnetic and electric quadrupole 8,=0. There are four Nilsson orbitals of low on the
properties of then;;,, band in 19 were discussed by Dra- prolate-deformed sided,~0.25) close to th&=77 Fermi
coulis et al. [12]. Lifetime measurements on some of the surface: 1/2[541] and 3/2[532] from the 7hg;, subshell,
low-lying states in1"r using the recoil distance method 1/2"[660] (i), and 1/2[530] (f,).
were reported by Miler et al. [21] and will be compared The 1/2[541] state from thewhgy, subshell has been
with our DSAM results. identified as the ground configuration of light o4dAu and
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TABLE |. y-ray energies, relative intensities, DCO ratios, and multipolarity assignmentSin

E, (keV)? Band 1P Roco © Jm - Jr Multipolarity
202.7 1 95.2+ 0.9 0.86+ 0.02 13/ — 9/2~ E2
350.3 1 100.0+ 1.0 1.08+ 0.03 17/7 — 13/2° E2
465.3 1 91.7+ 0.9 1.10+ 0.02 212 — 1712 E2
550.2 1 80.2+ 0.8 0.90+ 0.02 25/27 — 21/2° E2
613.7 1 53.1+ 1.3¢ 0.92+ 0.04 29/2° — 25/2~ E2
663.0 1 30.5+ 0.4 0.90+ 0.05 33/2 — 29/2~ E2
718.6 1 15.3+ 0.6¢ 1.19+ 0.12 37/2 — 33/2° E2
753.7 1 7.6 0.3 0.92+ 0.15 412 — 37/2° E2
796 1 43= 05 (45/27) — 41/2° (E2)
475.2 s 13.6+ 1.1¢ 1.14+ 0.34 37/2 — 33/2” E2
555.6 5—1 12.6* 0.7¢ 1.00 = 0.09 37/2 — 33/2° E2
585.2 I 23.7+ 1.9¢ 1.03+ 0.16 412 — 37/2° E2
669.7 s 149+ 05 1.16+ 0.26 45/2 — 41/2” E2
742 1s (49/27) —45/2~ (E2)
243 o1 7.4+0.3 1.22+ 0.38 3312 — 292 Eo
803 1s <5 (53/27) —(49/27) (E2)
315.1 5—4 9.9+ 0.7¢ 0.73= 0.17 33/2 — 31/2° M1+E2
479.9 54 175+ 1.2¢ 1.31+ 0.31 37/2 — 33/2° E2
612.9 54 19.3+ 2.1¢ 0.92+ 0.10 33/2° —29/2" E2
263.0 2.3 29.5+ 0.3 0.98+ 0.03 212 — 17/2F E2
282.3 2 445+ 0.4 0.94+ 0.02 212 — 17/2F E2
361.6 2 91.9+ 0.9 1.06+ 0.03 25/2° — 21/2F E2
434.0 2 83.6+ 0.9 1.10+ 0.04 29/2" — 25/2F E2
4975 2 78.6+ 0.8 0.98+ 0.04 33/2" — 29/2F E2
555.5 2 61.7+ 1.69 0.92+ 0.03 37/2 — 33/2F E2
611.2 2 42.6+ 0.6 0.94* 0.04 412" — 37/2* E2
666.0 2 21.0+ 05 0.79+ 0.15 45/2° 5 41/2* E2
719.8 2 13.0+ 1.4¢ 0.87+ 0.13 49/2° — 45/2* E2
770 2 8.1+ 0.3 0.84= 0.24 53/2" — 49/2F E2
817 2 <5 (57/2") —53/2* (E2)
195.1 23 18.1+ 0.2 0.64+ 0.03 17/2" — 15/2* M1+E2
383.4 23 443+ 05 1.01+ 0.05 17/28 — 13/2* E2
206.1 255 1.2+ 0.2¢ 0.68+ 0.18 21/2" —19/2” El
378.9 21 3.9+ 0.39 1.54+ 0.32 2128 —21/2- El
102.1 3 12.2+ 0.2 0.36x 0.03 712" = 5/2F M1+E2
125.9 3 22.7+ 0.2 0.45+ 0.02 912" — 7/2F M1+E2
148.8 3 37.7+ 0.4 0.64= 0.03 11/28 — 9/2* M1+E2
168.3 3 36.3+ 0.4 0.62+ 0.03 13/2" — 11/2* M1+E2
188.2 3 35.1+ 0.4 0.63= 0.04 15/2" — 13/2* M1+E2
210.1 3 6.4+ 0.6¢ 19/27 —17/2* M1+E2
214.4 3 18.4+ 1.1¢ 1.05+ 0.27 17/2" — 15/2* M1+E2
228.0 3 9.3+ 0.2 1.03+ 0.19 9/2" — 5/2* E2
234.0 3 8.0+ 0.1 0.76* 0.12 21/2" — 19/2F M1+E2
246.9 3 7.8+ 0.9¢ 0.69* 0.15 23/2" — 21/2F M1+E2
261.0 3 5.1+ 0.7 0.72+ 0.35 25/2" — 23/2F M1+E2
274.7 3 14.6= 0.2 0.95+ 0.08 1125 — 7/2% E2
278.9 3 6.3+ 0.8¢ 0.75+ 0.12 2712 — 25/2F M1+E2
317.1 3 43.7+ 0.4 1.00+ 0.06 13/25 — 9/2+ E2
356.6 3 433+ 0.7 1.11+ 0.06 15/2F — 11/2* E2
402.6 3 21.3+ 0.3 1.13+ 0.08 17/25 — 13/2* E2
424.1 3 24.1+ 1.39 0.93+ 0.09 19/2" — 15/2F E2
443.8 3 11.9+ 0.2¢ 1.05+ 0.19 21/2" — 17/2* E2
480.9 3 26.5+ 2.6¢ 1.08+ 0.10 23/2 — 19/2F E2
508.2 3 16.7+ 1.8¢ 1.38+ 0.27 25/2" 5 21/2F E2
539.9 3 19.7+ 0.4 0.78* 0.13 27/2 — 23/2F E2
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TABLE |I. (Continued)

E,(keV)? Band 1P Rpco ¢ Jm— JF Multipolarity
228.9 352 7.3+ 0.7¢ 19/2% — 17/2* M1+E2
463.0 352 15.1+ 1.49 0.98+ 0.16 21/25 -17/2F E2
124.1 4 25.5+ 0.3 0.52+ 0.04 11/2° — 9/2~ M1+E2
163.4 4 48.7+ 0.5 0.62+ 0.03 13/ — 11/2° M1+E2
180.1 4 458+ 0.6 0.68+ 0.04 15/27 — 13/2° M1+E2
200.1 4 453+ 0.5 0.63+ 0.05 17/ — 15/2- M1+E2
214.8 4 47.8+ 0.5 0.73= 0.04 19/ — 17/2° M1+E2
231.1 4 40.8+ 0.4 0.80+ 0.06 212 — 19/2” M1+E2
244.0 4 38.4+ 1.3¢ 0.77 + 0.05 2312 = 21/2° M1+E2
258.6 4 28.2+ 0.3 0.86= 0.05 25/2° — 23/2° M1+E2
270.9 4 18.6+ 0.2 0.62+ 0.05 2712 — 25/2° M1+E2
285.5 4 19.6+ 0.2 1.00+ 0.15 29/2° — 27/2° M1+E2
287.3 4 7.6= 0.2 1.27+ 0.30 13/ — 9/2” E2
297.6 4 16.9= 0.4 0.64= 0.10 312 — 29/2” M1+E2
310.6 4 8.2+ 0.6¢ 0.79+ 0.14 33/2 — 31/2” M1+E2
324.6 4 5.3+ 0.6¢ 0.74+ 0.26 35/2 — 33/2° M1+E2
335.9 4 6.5+ 0.6¢ 37/2~ —35/2° M1+E2
337.6 4 5.0+ 0.6¢ 43127 —41/2” M1+E2
339.7 4 5.3+ 0.6¢ 39/2° —-37/2° M1+E2
341.4 4 5.0+ 0.6¢ 41/2° —39/2” M1+E2
3435 4 18.3+ 0.2 1.15+ 0.12 15/ — 11/2° E2
380.3 4 28.1+ 0.7¢ 1.00* 0.10 17/7 — 13/2° E2
415.0 4 33.6+ 0.4 1.09+ 0.09 19/ — 15/2° E2
446.0 4 48.6+ 0.5 1.06+ 0.09 212 — 17/2° E2
475.1 4 53.5+ 4.49 0.95+ 0.07 23/2° — 19/2” E2
502.7 4 56.6+ 4.69 0.94+ 0.08 25/2° — 21/2° E2
529.6 4 55.2+ 1.0 0.95+ 0.07 2712 — 23/2° E2
556.4 4 50.1+ 3.0 0.88+ 0.06 29/2° — 25/2° E2
583.2 4 40.1+ 0.5 1.04+ 0.17 312 — 27/2° E2
608.3 4 33.2+ 2.2 0.94= 0.15 33/2 — 29/2” E2
635.3 4 23.0+ 1.7¢ 0.87* 0.12 35/2 — 31/2° E2
660.3 4 11.7+ 2.0¢ 1.23+ 0.36 37/2 — 33/2” E2
666 4 <7 (45/27) —41/2-

675.6 4 13.3= 0.4 1.18+ 0.19 39/2 — 35/2° E2
679.2 4 8.9+ 1.1¢ 0.91+ 0.36 43/2° — 39/2° E2
681.2 4 7.8+ 1.1¢ 0.88+ 0.33 412 — 37/2° E2
140.0 41 <3 (912 — 9/27) (M1+E2)
739 41 <4 (3312~ — 29/27)

655.7 4-1s 73+ 1.1 1.26+ 0.38 37/2 — 33/2” E2
327.4 5 <3 15/27 —11/2" E2
506.4 5 7.3+ 0.7¢ 1.08 + 0.11 23/2 — 19/2- E2
593.1 5 9.3+ 0.5¢ 1.06 + 0.13 2712 — 23/2” E2
625.6 5 8.7+ 0.8¢ 1.02+ 0.13 31/2 — 27/2° E2
661 5 5.0+ 1.4¢ (35/27) —31/2” (E2)
708 5 <5 (39/27) —(35/27) (E2)
431.3 5 19/2 —15/2° E2
4326 5.1 81+ 10 11/2 —9/2" M1+E2
557.2 5-1 <5 15/2° — 13/2° M1+E2
638.1 5-1 10.1+ 0.6¢ 0.40+ 0.06 19/ —17/2° M1+E2
679.5 5-1 9.9+ 1.1¢ 0.23+ 0.10 23/2 —21/2” M1+E2
722 5-1 <5 (2712~ — 25/27)

556.9 5-6 5.4+ 0.8¢ 27/2° — 23/2° E2
380.8 6 3.3+ 0.4¢ 1.38+ 0.32 19/ — 15/2- E2
449.2 6 11.1+ 0.2 1.05+ 0.10 23/2 — 19/2” E2

480.4 6 5.7+ 0.6¢ 1.06+ 0.11 2712 — 23/2” E2
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TABLE 1. (Continued)

2111

E,(keV)®  Band 1P Rpco © Jm— J7 Multipolarity
551.0 6 6.9+ 1.1¢ 0.99+ 0.16 31/2 — 27/2° E2
606.6 6 3.2+ 0.64 1.24+ 0.16 (35/27) — 31/2° E2
631 6 <4 1.04+ 0.20 (39/27) —(35/27) (E2)
645 6-1 46+ 0.7¢ 27/2° — 25/2° M1+E2
701 6-1 2.9+ 0.5¢ 15/2~ — 13/2° M1+E2
715 61 <5 2327 — 21/2° M1+E2
731.3 6-1 8.7+ 0.3 0.44+ 0.14 19/2 — 17/2° M1+E2
516.3 6-5 8.3+ 1.149 1.15+ 0.20 2712 232" E2
336.8 7 <5 1.75+ 0.29 ?

423.7 7 6.1+ 0.7¢ 1.15+ 0.10 ?

466.0 7 4.0+ 0.8 1.03+ 0.17 ?

502.6 7 8.0+ 0.94 1.03+ 0.10 ?

602 71 <5 1.01+ 0.38 (? = 13/27)

804.6 71 <5 2 9/2”

938.6 71 7.7+ 0.2 ?2-13/2"

1012 71 3.0+ 0.3 ?217/2"

8Energy uncertainty for most of transitions 0.2 keV, for those without decimal point 0.5 keV.

bdntensities were obtained from the total projection spectrum and normalized with the transition 350.3 keV.
However, for those contaminated peaks, as markef| Hye results were taken from gated spectra.

°Blank space in th&Rpco column indicates that no DCO ratio was able to be extracted for the transition.

Ir isotopes (see for example a summary by Nazarewiczpected ground state 5/2is not observed in the experiment,
et al. [22]). The assignment of band 1 to the decoupledbut should lie very close to the 972state. Based on the
whg,, configuration agrees with the characteristics of thesystematicge.qg., 44 keV in'"Ir [7], 25 keV in *84r [10], 20

ground state band in this mass region and is consistent witkeV in 183r [16]), this energy in*"9r should not exceed 40

the results in neighboring Ir isotop¢%,10,11,16. The ex-
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Band 1s forms the yrast sequence above spin 33/2  [Fig. 2b)] can be seen clearly up to 770 keV, while the last
band 1. The main intensity of band branches into band 1 transition of 817 keV is tentative.
through a 555.6 keV transition to level 33/2 The DCO Band 3 is a strongly coupled band, suggesting a Igh-
data show that both the 555(@7/2~ to 33/27) and 743 configuration. Only one signature is observed in band 2, sug-
(33/27 to 29/27) keV transitions have quadrupoléE2) gesting a lowK structure with a large signature splitting,
character although the latter one is contaminated by a similafimilar to band 1. Since bands 2 and 3 have the same parity,
transition at the top of bandsl The transitions 718.6, 753.2, the logical association of Nilsson state for band 2 is the
and 797 keV form the extension of the ground band, whilel/2”"[660] (ii37) orbital with its favored-signature se-
band Is was extended to spif53/2”), as the two branches duence observed, and for band 3 is the"$4D2] (ds)
demonstrated in Fig. (8). Similar features have been ob- configuration(Fig. 3). The choice of negative parity orbitals
served in the ground bands of many Os nuclei, for exampléS €liminated by the fact that only two weak transitions
178,185 23] where both the ground-band extension and thd206.1 and 378.9 keMare observed connecting band 2 with
s band were observed. Normally the yrast sequence i€ 7=— bands 1 and Sband 5 is discussed in Sec.
strongly populated in experiment, but in the gate of Figy 2 IA4). ) o .
this preference is not obvious. The phenomenon can be at- The current assignment leads to an initial spin of 5far

tributed to the competition of another branch from barsd 1 Pand 3. The two mixing levels at 1114.9 and 1134.1 keV
to band 4(see Sec. Ill A 3as well as from band 2. then have spin 17/2 and the 1397.2 keV level has spin

21/2* which is consistent with the decays from this level to
the 21/2" in band 1 and 19/2 in band 5. The bandhead of
the i 13, band should be 13/2 but is not seen in the data
The second strongest decay sequence observéffliis  since the mixing of the two 17/2 states in bands 2 and 3
band 2 in which the 361.6-keV transition has a 91.9% relacauses a major portion of the intensity in band 2 to feed into
tive intensity. This band mainly feeds into a strongly coupledband 3 before reaching its bandhead. The large population
band 3 through a few intense transitions. Apparently the botintensity allows us to measure the lifetimes of states in the
tom level in band 2 lies very close to one of the levels iniq 3, band by using the Doppler shift attenuation method
band 3, resulting in two mixed levels at 1114.9 and 1134.1XDSAM) as described in Sec. Il D. The intriguing behavior
keV. The complicated crossing pattern between bands 2 araf the i3, band will be discussed in Sec. IV. The branch-
3 (see Sec. Il ¢ can only occur if the two mixing levels ing ratio analysis from the particle-rotor model in Sec.
have the same spin and parity since DCO ratios in Table IV E 1 supports the assignment to band 3.
suggestE2 characteristics for the 263.0, 282.3, 443.8, and
463.0 keV transitions. The nice pattern of a rotational band

2. Bands 2 and 3

3.Band 4

Another strongly coupled structure, band 4, has been ob-
served from spin 9/2 up to (45/27). The determination of

Lo spin and parity for this band comes from the intriguing de-

‘‘‘‘‘ T - T /_],— -\l\\ T T .
R f! 33”/'\!521.13{2\_: generacy of the two 33/2 states in band 4 and bandg.1In

,_\g‘?- == 7’,2;__,/, 2 7 fact they are only separated by 4.5 keV, and the overlap of

T .o AN 4 wave functions of the two states leads to the observation of

i b
7R several interband transitions, just as those between bands 2

and 3. Band 4 is strongly populated in the experiment and

shows no signature splitting. The most logical choice of as-

signment is the high 7h;,, band built on the 9/2[514]

orbital, which systematically appears in the Ir isotopesd

is the ground structure in some Re nugléihe measure-

ments of interband transitions between bands 4 amert

-2

E (MeV)

-3

sure the band assignment and particularly enable us to deter-
mine the bandhead energy which is very important in terms
of discussing the relative Routhians.

The “picket-fence” structure of band #Fig. 2(c)] en-
ables us to extract thB(M1;l—1—1)/B(E2;|—1—-2) ra-
tios. These ratios are very sensitive to the intrinsic structure
of a band and the change due to band crossings. The results
of the B(M1)/B(E2) analysis and the application of the
particle-rotor model to these data presented in Sec. IVE 1

5 [=l42051, . N '.v \ : . :
~ > N N ,5;/- 5 P confirm the above assignment to band 4. There is a possible
A v ANl transition (very weak 739-keV lingconnecting the 2920.9-
A AT N BN keV level of band 4 with the 2182.2-keV level of band 1. It
0.2 0.1 0.0 0.1 02 03 0.4

B,

FIG. 3. Single-proton level diagram arouzd=77 calculated

with the Woods-Saxon potential by assumifig= y=0.

relies on the fact that the 660.3 and 675.6-keV peaks were
observed in the 613.7-keV gate of band 1. The top transition
(666 keV) is also uncertain.

The bandhead 9/2 state in band 4 must be isomeric since
no transition to the 5/2 ground state is observed, although a
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weak transition140 ke\) from this state to the 9/2 state of 06
band 1 might exisFig. 2(c)]. The same situation occurs in
band 3 where no obvious decaying-out transition is observed.

: <
Kaczarowskiet al. [10] found that the corresponding 572 05 |- / -
and 9/2" states in'®lir are isomeric withr,,,=0.33u s and i o i
7155=0.13u s, respectively, while Dracoulist al.[11] mea- o/
sured 430 ns and 193 ns. Apparently the lifetimes exceed the 041 — B
coincidence time window-{ 100 ng in our experiment. 2 - / o
2 o3l o /:\/ -
- a
4. Bands 5 and 6 % L ‘ D/ J
Two relatively weak rotational sequencgdout 10% in- 02| -

tensity leve] were established as bands 5 and 6 in the level
scheme of'’9r. Both bands show similar structures, which 5 rhg, bands in 0dd-A ,,Au

are indicated by the similar decaying-out pattern into the 0.1 ¢ thyy, bands in odd-A 5Ir .
lower levels of the grounchg, band. Small DCO ratios L 4
(Table ) for the crossing transitions of 638.1, 679.5, and ool v Uy
731.3 keV suggest th®l 1 interband transition patterithis ’ 98 100 102 104 106 108
meansw= —) although theE1 possibility cannot be elimi-
nated. An interlocking decay structure is observed between
the two bands at levels 1697.5 and 1733.5 keV, suggesting

the same spin and parity for the two levels and ensuring theddFleGI' 4. Erfrgy s:gpa;;re_sghzttzln& fc\’/r tgefkno""hgfz bands in
same parlty for bands 5 and 6. (0] ran u nuciel an w=0. eV. Rererences are given in

Signature splitting is another point to be examined. Band§he text.

5 and 6 show a decoupled structure like band 1 or 2. The
low-K requirement excludes the likelihood af=+ states
and leaves three possible candidates: B&32], the unfa- tential is about 510 ke\7/2” statg in comparison with
vored signature of 1/7541], and 1/2[530] from the ~300 keV for '®°Au. However, the calculations using the
wfs, shell. Furthermore, the favored signature of Nilsson potential with the standard(u) parameters sug-
1/27[530] and the unfavored signature of 1[541] have gested by Bengtsson and Ragnarsf2flj cannot reproduce
the same value of=— 1/2 and therefore the same spin se-the data in this region very well, and particularly the pre-
quence, while the favored sequence of 3&32] has the d|cteq excitation energies forthefwz and.m 1372 Orbitals are
opposite signature of=1/2. The choice of the 377532 too high in comparison with the experimental data. Zhang
configuration is automatically eliminated due to the sameet al-[29] has suggested new sets of, (u) for the Au-Pt
spin and parity preference of bands 5 and 6. Thus, the unfd®gion based on the new experimental information from
vored signature of 1/541] is assigned to band 5 and the ~ Au. Although it results from only one piece of experimen-
favored signature of 1/7530] to band 6. This assignment ta! mfor_matlon, the new parameters do give better results in
to band 6 fits very well into the signature-splitting systemat-this region.
ics of the knownmhgj, bands in Ir and Au nucldi24-27, as
shown in Fig. 4. The decrease of signature splitting in Au
isotopes can be understood by the fact that the decoupled 5. Band 7
1/2541] state is further away from the Fermi surface. The most uncertain assignment in the level scheme is
The low-lying 7rf;, band is observed for the first time in band 7, which decays into the ground band via several tran-
Ir nuclei. Thisf,, structure has been identified #°Au by  sitions. Spins and parities for this band could not be assigned
Larabeeet al. [26]. It is quite surprising to notice that the but the three transition@23.7, 502.6, and 466.0 kéWave
structures of therf,, bands in'"9r and *®°Au are so simi- the E2 character from the DCO data. The DCO ratio75
lar. For instance, in®°Au this band decays into the favored =+0.29 for the 336.8-keV line seems to have B& charac-
signature of the groundrhg,, band through a series &1  ter within the experimental error. No definite assignment to
transitions, and there is the crossing transition pattern beband 7 can be made from the current experiment but a couple
tween thef,, band and the unfavoreld,,, band occurring of speculations are discussed here. One possible configura-
exactly at the same spin of 23/2as in 1"9r. The initial spin  tion might be a prolate band built on thehg, 3/2~ [532]

N

for the f,,, band is also 15/2 but the excitation energy is Nilsson state withl™ sequence of 7/2, 9/27, ... . This
less than that it"dr (776.1 keV versus 903.5 kéMwvhich is  needs the starting spin of band 7 to be measured. Another
understandable due to the two more protons in Au. possible choice is an oblate band with #hbg,, orbital cou-

A systematic study of theoretically predicted bandheadpling to an oblate shape, as reported in Au and Pt decay work
in the rare-earth region by Nazarewiet al. [22] have [30]. The oblate band in this case should be strongly coupled
shown that the bandhead of thg, structure in oddA Ir and  since the oblate core is coupled with a higherbital from
Au nuclei lowers in energy as the neutron number decreasethe hg, shell. However, in our’dr experiment only one
and reaches its lowest point arouNe=102,104. The calcu- signature is observed and we would have to assume that the
lated bandhead energy iH9r using the Woods-Saxon po- missing signature partner is due to its weak population.
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': wthgp, a=1/2

© nh9/2, o=-1/2

larger ground state deformatijpeompared to'®4r, and thus
our band 2 lies at 400 keV on the scale of Fig. 5. Presumably
there exists another set of positive parity bands 300 keV
higher in energy, analogous to those seen!fir and
17"Re. However, the 1[B60] band in *9r is not signifi-

A
2 ™52 cantly mixed with those higher-lying bands, due to the en-
v e ergy difference.
O Tz
O il C. Two-level mixing analysis in *"9r
It is worthwhile to extend our discussion to one special
M feature in the level scheme dfr — the interband transi-
N (b) . P 181, ... tions among six different bands. Four interband transitions
S - I O thas (315.1, 479.8, 612.8, and 656 ke¥ave been observed be-
= “;:ﬁo\o o Z tween thehg, yrast sequence and the strongly coupled
— 0sF o a s h.1» band. It is surprising that the three 33/2tates in these
g i 3 Wl Y zhyse bands come so _close in ener@yifferent o_nIy by 80.4 and
= / /3 ;ni seq 1 4.5 keV, respectively such that the 33/2 in bands & and
S o02p-% v o . ,,,:zj: seq 2 4 are almost degenerate. The interaction matrix element can
C|> D/ % high-K band roughly be estimated by a two-level mixing scheme.
o - / . The mixed statef),) and|y,) can be related to the two
os v L unperturbed statgd) and|2) by
-0. f .

(c) u*3m 2“

-~~-177Re----

1) =a|1)+b[2),

o, g =1
e, = Mo 0712 |2)=~Dbl1)+a[2), M
06 L O mhgp, a=-1/2
2 ndse where a and b satisfy the normalization condition
- . |7 a’+b?=1. The relationship between the interaction matrix
N DAL elementV and the perturbed energieg,(, E,) is then ex-
02 \5\ Spand pressed as
L Oband 5 2
#band 6 |V|=ab(E,—Ey)=ayl—a*(E;—E,). 2
. L 1 | . .
02, 30 40 The coefficienta andb are directly related to the measured

FIG. 5. Energies of levels relative to a rotating rigid core for
observed bands it"Ar (this work), *¥4r [11], and*""Re [9].

B. Absence of other positive parity bands

transition rates:

B(E2,yo—¢1) a_2 3
B(E240 ;) D? @

where| i) is assumed to be a pure, unperturbed level.
The branching ratios can be extracted from the experi-

Band 2 in "9r clearly has features that lead to its asso-mental data and the results are summarized in Table Il. As

ciation with theri 5, 1/24660] orbital, including the absence one can see from the table, a very small interaction of
of a signature partner, high initial quasiparticle alignment,|V|=2.2 keV is obtained for the two 33/2states of bands
and an enhanced transition quadrupole momeet later 1sand 4. This can be understood due to khéorbiddenness
sections in this papgrThis is similar to the situation in the between th& = 1/2 hg,, andK = 9/2h,4,, bands. However,
lighter Ir isotopes. However, close lying sets of positive par-because of the near degeneracy of the two 33&els, even

ity bands are seen if®4r [11] and in "Re [9]. This dif-  small mixing of the wave functions allows the interband
ference is illustrated in Fig. 5, which contains plots of thetransitions to occur.

energies of the observed bands i9r, 84r, and In 1™0s, near degeneracy of rotational states at spin
1"Re relative to a reference of a rigid rotor. In both 25/2~ and 29/2" in the 1/27[521] and 5/2 [512] bands has
18 and "'Re there are close-lying positive parity bandsbeen reportedRef.[31]) and a very small interaction matrix

in the 600 — 800 keV rangéon the scale of Fig.)baround element of about 4 keV has been suggested by a 25% differ-
| = 15 %, whereas in'”r we observe a single such band ence in deformation between the two configurations. In
lower in energy, around 400 keV. As discussed by Bark!’dr, the very small interaction between the,,, band and
etal. [9], these multiple positive parity bands in three quasiparticle band could also indicate substantial dif-
1™Re result from the coupling afhy, with negative parity ference in deformation between them, whereas the ground
two-neutron configurations, mixed with the I680] proton  hg;, band ands band show more closeness and stronger in-
orbital. Only at higher spin in "Re does the teraction (V|~40 keV in Table 1). Jenseret al. [32] ob-
i1z, character become more pure aghind 4 separates tained the shape information from the analysis of inter-
from the other excitations and drops in energy.ldr, the  action strength between thehy,,7/27[523] and whg,
1/2660] orbital apparently comes lower in enerfjue to a  1/2 [541] configurations in %3Tm and a ratio of
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TABLE Il. Interaction matrix elementV| extracted from a two-level mixing analysis for the 33/2
17/2% and 23/2 states in'"9r.

Level Energy TransitiortkeV) a?/b? a b V]|
(keV) —E; —E; (keV)

33/27 E,: 29254 4754 479.9 1.590.15 0.79 0.62 2.2
E,: 2920.9 655.7 660.3 1.640.21

33/27 E,: 29254 475.4 555.6 ~40
E,: 2845.2

17/2* E;: 1134.1 263.0 282.3 0.940.02 0.70 0.72 9.6
E,: 1114.9

23/2~ E,: 1733.5 480.4 516.3 0.980.08 0.71 0.71 18.0
E,: 1697.5 556.9 593.1 1.000.11

Q«([541])/Q([523])~1.2 was given. In9r the two momentQ, of the unobserved side feeding8) the inten-
37/2" levels in bands 4 and 4 are far apart and relatively sity of the fitted peaks4) the linear background below the
pure, thus no shape information for theh;;, and why,  peaks, and5) the intensity of contaminant stopped peaks.
configurations could be given by such an analysis. The data from five angles were fitted simultaneously, starting
There is also a noticeable interaction between the twdrom the top of a band, and proceeding downward. The
17/2* states in bands 2K(=1/2) and 3 K=5/2). The ex- adopted parameters are those that minimizexthef a fit-
tracted interaction strength is 9.6 keV, understandably interting.
mediate to the values mentioned in the two prior cases in the In a rotational band, the intensity of a transition in the
same level scheme. Another place where the level crossingsmnd decreases as spin increases. This is due to the unob-
occur is the two 27/2 and 23/2" states in bands 5 and 6. served side-feeding transitions. The side-feeding cascade
The relatively strong interactiorM=18.0 ke\) is observed was simulated for each state by a three-level model with an
for the two 23/2 states, indicating close structures pre-effective moment of inertia of 8F/MeV. Side-feeding in-
served in the two configurations. This is consistent with theiensities were corrected according to the decrease of intensi-
assignments ofrf;, 1/27[530] andwhgy, 1/27[541]to the ties in the band. The fitted results for the three states
two bands where both have the same signature—1/2,  (41/2%, 45/2", and 49/2") in the i3, band are given in
parity andK quantum number. Table Ill. The fitted line shapes together with the data for the
719.9-keV transition at five different angles are shown in
Fig. 6. The averaged quadrupole moment from the three fit-
ted states i€Q;=7.74 13 e b. We also analyzed the life-
Due to the strong population of thei3, band and the times of states in therhg, band, however, no obvious line
use of a backed target in the eXperiment, we were able tghapes could be seen. On|y an upper limit ot & was
perform the lifetime measurements for states in the band b¥stimated in this case. These results are consistent with those

DSAM. The experimental condition is discussed in Sec. Il.obtained21] from the recoil distance method for the lower-
Line shapes were measured from spectra at five differen§pin states in both bands.

detector angles and gated on transitions lying below the lev-

D. DSAM lifetime measurements in*"9r

els for which Iife_times are to be obtained. The quad_rupol_e IV. DISCUSSION OF RESULTS
moments were fitted according to the method described in
Ref.[33]. Our discussions start with the alignment features observed

Monte Carlo simulated velocity distributions of the recoil in different configurations of the new dat8ec. IV A). The
nucleus in the target and backing were calculated for 300Mterpretation will concentrate on the role of intruder states,
histories under the current beam-target-backing combinatiorparticularly the whg, and i3, orbitals (Secs. IV B—
During the calculation of line shapes from a given set oflVD ). In Sec. IV E the applications of a particle-rotor
emitting and feeding states, the emitted yield at each timenodel to the electromagnetic properties Yfr are pre-
step is evaluated from the Bateman equatiB88 and then sented.
the simulated shapes at each time step are added. The time
step used in our analysis is 0.0075 ps which is small enough TABLE lIl. Measured lifetimes and quadrupole moments for
that the difference in line shape from step to step can behree states in theri,3, band of 179r.

negligible.

The final line shapes were fitted in a least-squares fit proSpin E, (keV) 7 (p9 Qi (e b)
cedure. Such a task for the DSAM lifetime analysis'6lir N 0.07 124
data was performed by a prograimsamrT) developed by 4912 1198 0.20"05 7780
Gasconet al. [33]. There are several quantities that are45/2" 666.0 0.26' 915 8.17" 33
treated simultaneously in the fitting proces$) the transi-  41/2* 611.2 0.51°532 7.30°2%0

tion quadrupole momen®;, (2) the transition quadrupole
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hw.,=0.3 MeV in the hg, band. Backbending is usually
caused by the alignment of a broken pair of hjghuasipar-
ticles. In the rare-earth region, the first band crossing has
been well understood due to the, 5, alignment(referred to
n as theAB crossing, although in the Ir-Pt-Au region evidence
of the whg, alignment[15, 16 has been shown. The ob-
served backbending in thehg,, band in Ir nuclei is naturally
associated with thei 13, alignment, whereas thehg,, align-
u ment is blocked. The alignment gain is about/§.5onsis-
tent with fact that the neutron Fermi surface is in the middle
of the i3, shell and only half of the full,3, alignment is
- present.
— In contrast a smooth gain in alignment as a function of
— frequency occurs in most other bands, whentthgband is
used as a reference. Such a smooth aligning process extends
— to relatively high spin in theriq 3, and why4,, bands. The
. same feature has been observed in other Add-nuclei
i (e.g., Refs[5-7, 10, 11, 1B. There are several aspects to be
considered in the following subsections for the increase of
alignment: increase of moment of inertia due to larger defor-
u mation or pairing reduction, shape changing, and/or quasi-
) particle aligning. An upbending arounlo~0.31 MeV
y | . | . | . | slsems fqrming at the last few points in thda ), band. in
?750 1770 1790 1810 1830 Ir. As in Sec._IV E, the _measureB(M 1)/B(E2_) ratios
suggest that this upbending could be associated with a
Channel viq3, alignment.
In Fig. 7(b) for "9r a “bump” occurs aboutti w~0.25
FIG. 6. The line shapes and the DSAM lifetime fitting results MeV (spin 23/2 to 27/2in the alignment curve of thé,,
for the 719.2-keV transition in thei 3, band in'"4r. Spectra from  band, while a “dip” happens in the curve of the= —1/2

COUNTS

100

50

y-ray detectors in five different angle groups are shown. signature of théhg, band. Such a phenomenon is due to the
interaction between the two 23/2states of the two bands
A. Alignments in *"r (Fig. 1), which pushes the two levels away from each other.

The alignment and backbending phenomenon in differenf* Similar interaction can be seen between g band and
bands can be seen from the usual p8st] of aligned angular  theiizzband at spin 17/2 in Fig.(&).
momentum as a function of rotational frequendyw in Fig.

7, where the collective rotational contribution is subtracted B. Deformation driving of intruder states
: _ 2 G . .. .
out. The Harris parameters/, (=22i°/MeV) and 7; The deformation driving effect of an intruder can be

(=90%*/MeV®) were chosen such that the alignment curveiewed as core polarization from a particle occupying the
of the rhe/, band before the band crossing is flat. The obvi-grpital. Such a force is magnified when the orbital is far
ous observation is that a sharp backbending occurs @way from the Fermi surface. An example is the

viq3, State inA=130 region where the Fermi surface for

16 ———— 11— neutrons is below thi;;, shell. Studies by the Stony Brook
| ohypastz [iop] | ohgy o=tz | group [1] show that in 1875m (N=75) the 1/2660]
Ciiap Q‘, u hg), a=-1/2 (viq3) band has 50% larger moment of inertia than the yrast
12 -4 q o _oa/_‘;:n T ofyp 0o oo h;,» band does and the potential energy surface calculations
| a5 f"* 1 d | indicate a significantly larger deformation in thg, band.
= °h 0/ o 9 This observation was confirmgd@®5] by lifetime measure-
= 8relte $ 2T N a P ments. The role of proton intrudersshg, and igp,, is
- ¢ gg'o Ld T f !D,n/ - similar in many aspects.
S~ o s
= ¥ 1 & O _
4 ”—A(fjga . o— 50" 1. The mhg, bands
L o 1 4
X (@) (®) As an indirect measurement of nuclear deformation, we
00 0'1 : 0'2 : 0'3 : 0'4 0'0 ' 0'1 ' 0'2 : 0'3 : 0'4 can examine the frequency of the, 5, backbend occurring
: ’ ) in different bands. The band crossing frequency is directly
ho (MeV) related to the quasiparticle energyat=0:
FIG. 7. Aligned angular momentum as a function of rotational V(fp—)\)2+ A?,

frequency for bands if”Ar. The Harris parameters are chosen to be _ _ _ _ _
7o=20h%/MeV and 7,=901*/MeV® such that the rotating refer- Wheree, is the single particle energy, is the Fermi level
ence for therrhg, band is subtracted. energy, and\ is the pairing gap. Clearly the pairing gap and
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! ! ! ! ! ! ! 0'36 T I T I T I ¥ I L) ' T I T
05 (Viy3p) crossing frequency 7 B
Calculated for Z=77 N=102 0.4 © 760s and ,gPt yrast
" Ba=y=0, A,=0.92 MeV i St @ ol mhy, 7
S 04r ] oz -
: | - s | : -
s S 030 AN
< 03F = g" 5 {)\‘\\ .
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FIG. 8. Calculatedvi, g, crossing frequency as a function of

B deformation forZ=77,N=102,8,= y=0, andA=0.92 MeV. FIG. 9. Measured crossing frequencies fd, alignment for
mhg;, bands in Ir isotopegdotted ling compared to the values for

Fermi surface location play crucial roles, the latter factorthe even-even cores of these nugklid ling).
depending directly on deformation. As the quadrupole defor-
mation increases, based on cranked shell model calculationi€lative to the average of the two adjacent even-even nuclei,
the band crossing shifts to higher rotational frequency, ags shown in Fig. 9. Such a change can be understood by
illustrated in Fig. 8. considering the single-particle diagram of Fig. 3. There is a

The intruder why, bands have been observed from rather large gap in the single-particle spectrurd &t76, and
7Z=67 (Ho) up to many77|r and 79Au nuclei. Anak)gous to the OCCl-pr-:ltion of the 77th proton in the EB&l] orbital has
the case of thesi s, State in13’Sm, the proton Fermi sur- rather similar structure as the average of @s-(76) and Pt
face in Ho is below therh, shell. Experimentally the de- (Z=78) cores. This is to say that the proton Fermi surface
lay of the vi, 4, crossing inmhgy, bands has been reported MoVes into therhg, shell, and the intruder characteristics or
in a series of odd odd-A nuclei from Ho to Ta(see, e.g., Ccore polarization of thég, orbital is largely lost.
[8, 33, 36, 37). One can at least qualitatively attribute the
shifts to the larger deformation of the nucleus in the intruder
mhg;, band. However, Gascost al. [33] have measured Due to its larger angular momentum, thg,, proton in-
lifetimes by the DSAM technique if*"Ho and found that truder state should have more profound shape-driving char-
there is not enough enhancement in B&2) value in the acteristics than thewhg, state. Bands built on the
whg;, band to totally account for the large delay in the zi 5, state have been established in a number of{ 24+
viyg, crossing frequency. Recently Setal. [38] demon-  27], Ir [5-7], and Re[2-4] nuclei. The bands have been
strated the importance of including quadrupole pairing inobserved down to the 13/2 bandhead in Au isotopes but only
calculations for the delayed crossing frequency. to the 17/2 member in most Ir and Re nuclei.

On the other hand, in Ir nuclei no shift of this  Similarities of the observedri,s, bands in Ir and Re
viqg, crossing frequency in therhg, bands is observed nuclei can be seen from the alignment diagram, as compared

2. Intruder i3, bands

20 1 | ] | I | 1 | ] 1 | 1 | I | 1 | L]
" 171 A 175 " 173 A 177
o Re » "Re g Ir 5
L ¢173
51 S Re
- FIG. 10. Aligned angular momentum as a
< 10 —~ function of rotational frequency for the observed
-~ P i3, bands in Releft) and Ir (right) isotopes.
A/’/A The mhg;, bands are plotted as a comparison.
5 = References are given in the text.
A58 5 ] 5
” Open symbols: why, ——0—0 ]0=22h4 /MeV,
Filled symbols: 75, Ji=900"/MeV
0 U I T NN T N T N U N W N TR N T '

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0.5
ho MeV)
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to the correspondingrhg,, bands in Fig. 10. A sharp back-  TABLE IV. Deformations (35, v, B4) predicted in TRS calcu-
bending is present in all therhy, bands, while only a lations for one-quasiparticle configurations #r and the yrast

smooth gradual gain in alignment is exhibited in theconfiguration in17®0s at different rotational frequencies.
iy, bands(up to the experimentally observed frequency

limit). The comparison between thei,s, state and the 7@ (MeV) B2 4 Ba

whg, state in Ir nuclei is very much similar to the 79 o=+ +1/2

viggp VS vhyp in A=130 region and thewhg, vs : :

why1 in the lighter rare-earth nuclge.g., **"Ho [33] and  0.091 0.293 1.65 0.006

Lu [36]). 0.171 0.296 1.61 0.005
Evidence of large deformation in thei,s, band has 0.211 0.297 1.50 0.005

been indicated by TRS calculatiorfeext sectiof, which

17 — _
predict 3,~0.3 for this configuration ang,~0.23 for the I ma=+,-1/2

whg, band in Ar. The more direct evidence of an en- 0,091 0.258 —0.01 ~0.007
hanced deformation comes from the measured quadrupotg171 0.266 —021 —0.006
moments in1"Ar as discussed in Sec. Il D. The average g 211 0.271 —1.49 —0.003
Q; measured for three statés1/2*, 45/2*, and 49/2) in

the 1/2660] band is about 7.2 b. By comparison, there are YA ma=—, 412

no observable line shapes on any transition in the) 9,

whg;, band in179r, where only an upper limit of @ b can _
: . . . 0.171 0.233 3.14 0.013
be given. The approximate relationship betwégnand the
. . . 0.211 0.238 2.49 —0.012

guadrupole deformatioB, of an axially symmetric nucleus
before band crossing [89] Y ma=—,-1/2

% Bal %2) @ o 0.257 ~3.28 ~0.003
Therefore, for different bands in the same nucleus, the rati@-211 0.263 —2.50 —0.004
of the quadrupole moments is roughly equal to the ratio of 1780s Yrast configuration
B, values. In 9, the deformation of the
miq3 configuration is 20-30 % larger than that of the 0.050 0.228 —0.63 —0.016
whg;, band. The dominant cause of the smooth alignmeng.091 0.233 —0.87 —0.014
gain in thei 3, bands is the substantial difference of defor-0.171 0.258 —0.66 —0.009
mation between it and the bandrlfy,) used to define the 0.212 0.271 —0.60 —0.005

reference, i.e., improper Harris parameterg,(and 77)
used in the plot for theri 3, band. Lifetime measurements

with the recoil distance method on several low-spin states i$ociated with an energy minimum in the TRS map, one can
184y py Kaczarowskiet al. [40] and in Y9 by Miller ~ use the calculated deformation parameters to perform the

et al. [21] have given a similar conclusion. standard cranked shell mod€SM) calculation and identify

The large deformation in theri 4, State also causes the the lowest quasiparticle state in the Routhian diagram.
delay of the vi,s, crossing in the band. Another conse- _Results of calculated deformationgy, v, B4) at three
quence of large8, (= 0.3) in the i 4, band is that the different rotational frequencies for four one-quasiproton con-
Z=76 proton gap is no longer present in the single-particlé'gurat'ons in1"9r are listed in Table' IV. For comparison the
diagram in Fig. 3. In such a region the level density is |argecalculated values for the yrast configuration in the even-even
and the difference between IZ&77) and Re Z=75) nu- 1780s core are also given in the table. A lar§e = 0.3 is

clei is small, as indicated by the similarity of alignments in Shown for the +,+1/2) configuration, primarily the
Fig. 10. i13 State, in contrast tg3, = 0.23 for the ,+1/2)

hg, state. The deformations of the ds, and
h,1, excitations in?"9r (see thex=— 1/2 columns in Table
IV) are nearly 20% larger than the value for thg, state.

The influence of intruder states on nuclear shapes has Largerg, calculated for thels, andh,,, bands than for
been studied theoretically from the total Routhian surfaceshe hg;, band can be related to the fact that a pair of protons
(TRS’9. These are deformation self-consistent Strutinsky-occupy the downslopingmhg, orbital, while a hole is
Bogolyubov cranking calculations using a nonaxial Woodsformed in an upslopingds, or hy4,») orbital, both serving to
Saxon potential. Deformation parameters included @ g (  increase the deformation. Comparison of thehy, state
v, B4) and the total Routhiafor energy is minimized with  with the Os core shows that the initial deformations at
respect to the paramet@; in a (8,,vy) plane. For a thor- #%w~0.05 MeV for both cases are similar. This is a conse-
ough description of TRS calculations in the=180 region quence of the Fermi level in they, shell.
one can refer to the work of Wys al. [41]. TRS calculations show a very large change@af from

In the TRS calculations two quantum numbers, pasity %w=0.05 MeV to 0.21 MeV for’80s. The shape changing
and signaturer, are used to label four different configuration is believed to be responsible for the anomalous increase of
groups: A(+,+1/2), B(+,—1/2), E(—,—1/2), and moments of inertia in the yrast bands of many even-even Os
F(—,+1/2). To determine a quasiparticle configuration as-nuclei. The physical origin of shape changes in Os nuclei is

C. Configuration-dependent shapes
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due to the ‘“scattering” of a pair of particles from an up- large interaction strength. In the Ir-Pt-Au region it is a fact
sloping orbital ;) to an opened down-sloping orbital that the Fermi surface enters the protag), shell and the
(hgp) with the increase of rotational frequency, as pointedcompetition of the frhgy) 2 alignment is expected. The
out by Dracouliset al. [13] and Bengtssoret al. [14]. The  question is how much this process contributes to the behav-
probability of transferring or “pair scattering” to an opened ;5 o alignment in Ir nuclei. Evidence suggef®s, 45 that

orbital is very much dependent on how close this orbital is t(?alignment features it®Au and 18%Pt result from the exist-

the Fermi surface. This feature has been discussed in . :
1IRe by Barket al. [2] ence of two band crossing®i(;3, and whg;y) at nearly de-

The deformation driving effect from the neutron shell, 9énerate frequencies. Furthermore, Janeeal. [15] pre-
which influences the location of the Fermi level, will have aSented  even  stronger  spectroscopic  evidence
large impact on the probability of proton pair scattering in[B(M1)/B(E2) ratiod that both of these alignment pro-
even-even and odd-nuclei. In Ir nucleiB, reaches a maxi- cesses occur beloww = 0.30 MeV in ¥3r and 8pt, al-
mum aroundN=102 in the middle of the shell, while to- though a different scenario has been suggested by Carpenter
wards either side oN the deformation is decreasing. The et al. [45]. Kreineret al.[16] also pointed out the possibil-
systematic study of shape changes from TRS calculationgy of the 7hg, crossing from study of odd-odd nuclei.

[41] demonstrates such a trend. #lr it is likely that the To test the scenario of band crossings, we performed stan-
largest contribution from the neutron shell leads to the for-q,,q cranked shell moddCSM) calculations. As already
mation of a hole excitation in therh,y, and mdsy, States |, for some time, there are discrepancies between the
even at very low rotational frequency. . ) ' i .

predicted crossing frequencies and experimental data. None-

It should be pointed out that in the lighter Pt nuclei ; .
(N=<98) an irregular alignment pattern in the yrast band Oftheless we can at least obta!n a general view about the sys-
dematic deviations of theory in comparison with the data.

1%t (N=98) has been attributed to shape coexistenc : .

[42, 43. This phenomenon corresponds to the initial occu-  1he CSM calculations were performed with Woods-
pation of the last two protons in the 11/p505] orbital or in ~ S@xon potential at a given deformation and pairing gap. De-
the mixedds, 3/27[402] ands,, 1/2*[401] level (Fig. 3. formation parameters were _taken from TR_S ca!cu_lat|ons at
At higher rotational frequency, the probability to occupy theiw~0.17 MeV (before the first band crossingrhis is ap-

he/» Orbital becomes larger and a shape shift from small depropriate to reflect the nuclear shape in the crossing region as
formation to large deformation is predictg43] by the cal- long as the deformation does not change too much before

culation. A similar phenomenon has been reporteditr and after the band crossing. The full pairing gapig)(were
(N=96) by Juutineret al. [5] and led to an assignment of chosen to be the empirical odd-even mass differences. This
the 11/2'[505] configuration to the observed band. choice ensures only systematic errors but not random. In the

Bark, Bengtsson, and Carlsdd4] have recently per- calculation, 80% of the full pairing was used for a system
formed calculations on the shape evolution in thewith an even number of nucleons since we are dealing with
mhg, and i3, bands in Re and Ir nuclei. Using the ulti- vacuum and two-quasiparticle states; 70% was used for an
mate cranker codébased on the Nilsson potenliathey  odd nucleon system to count the extra reduction from the
come to a different conclusion on deformations in theynpaired nucleon. A better treatment of the pairing gap could
i3, band compared to the results shown in Table IV.pe to perform pairing self-consistent calculations with par-
They propose that the deformation in the, 3, band begins ticle number projection.
at a value similar to that for thehg, band (,~ 0.23 and
gradually increases to a value of 0.29 before the 1. Results of ¢iq3,) crossings
viq3;p Crossing decreases thg value to that found low in
the band. This corresponds tgBa range of 0.24 — 0.30 as a
function of spin or rotational frequency, whereas our total
Routhian surface calculations indicate a much more consta
value of 8,~0.29-0.30. As discussed by Bant al., this
difference is related to the probability of occupation of a
proton pair in the 1/541] orbital over this frequency or spin
range using these two potentid&/oods-Saxon for the TRS
calculation and Nilsson for the ultimate cranker coda& . .
their calculations, this orbital gains population only at theIarge Interaction strength.

. X d ..~ The theoretical crossing frequendyw. and the interac-
higher values of spin, whereas in our TRS results a pair is "Yon strengthV are obtained from the quasiparticle Routhian
the whg,, orbital at the lowest frequencies. Although the un 9 q P

9 e ; ) - " diagram, as illustrated in Fig. 11 for the case of thie;,,,
certainties on the measured lifetimes in the;s, band in configuration in'’Ar. The interaction strength is taken to be
9r (our results coupled with those of Mer et al. [21]) '

... _half of the distance between crossing Routhians, as illus-
are not small enough to conclude whether the transnmrgrated by the arrows in the figure. Figure(a2shows the
guadrupole moment is constant as a function of spin or inbalculated and measurebio. for .vi crossing in the
creasing, the difference in the transition quadrupole momentsh and ah bands in Ircnuclei 'Il':ﬁé lar for the
of the mhg,, and i ;5,, bands is still evident. LT 12 : geB>

why1, compared towhg, band in 9r results in a pre-
dicted 0.011 MeV delay in thei, 3, frequency. The mea-
surements ort’dr indicate a 0.025 MeV delay, which must
One way to explain a gradual alignment gésuch as in  be considered as good agreement. The CSM calculations
bands 7ds, and 7hyy, of 79r) is a band crossing with generally underestimate the neutron crossing frequencies by

Experimentally thevi 3, crossing points are well-defined
in whg;, bands and both experimental crossing frequencies
Lo, and interaction strengtW,,,; can be determined. For a

alitative or pattern comparison a crude estimation of ex-
perimentalV,. is obtained by the slop&w/Ai in the align-
ment diagram around the crossing point. TRgR,<0 indi-
cates a sharp backbending or small interaction strength,
while Ve,,=>0 corresponds to a smooth aligning process or

D. Band crossings and CSM calculations
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FIG. 13. Predicted crossing frequencies and interaction strength
from the CSM calculations for therhg, alignment in Au(a) and
(b) and Ir (c) and (d) nuclei.

ported in *87Au [27]. It results from a fact that the expected
viq35 Crossing does not occur in thehy,, band until possi-
bly #0©=0.38 MeV, while a sharp backbending shows at
hw=0.23 MeV in therri, 3, band of 1¥Au.

In order to make a comparison with the experiment, we
included a series of Au isotopes in our calculations as well as

FIG. 11. Quasiparticle Routhians calculated from the crankedy isotopes. The calculateathg, crossing frequencies and
shell model. Deformation parameters are taken from the TRS remteraction strengths are plotted in Fig. 13. Note that the

sults for thewrh, 4, configuration in'"9r.

whgy, crossing frequency#{w=0.30 MeV) is lowest in the

30-60 keV in comparison with the experimental observa/AU isotopes for A=187, and the interaction strength
tions in this region, however the overall trend is correctly (V=140 keV) is smallesti.e., a backbend The correspond-

shown. The experimental and theoretical
strengths are qualitatively compared in Fig(d)2 The pre-

interactioniNd neutron crossing occurs at a higher frequency of

hw=0.35 MeV. This agrees very well with what observed in

dicted pattern of interaction strength matches well with thethe data for'®’Au. As discussed by Carpentet al. [45] the

data. For example, both theoretical and experimevitabl-

ues show a peak dl=98 and a dip aN=96,102. It is
important to notice that the calculatdd values are small,
around 150 keV, indicating backbendings in experiment.

2. Results of(arhgy) crossings

The experimentairhy,, crossing has not been well estab-

conditions for a low-frequencyrhg,, crossing are just right
in *’Au. The proton pairing is reduced by blocking in an
odd-Z nucleus; theriq 3, orbit drives the nucleus to larger
B, and positive values of, both of which lower therhg,,
crossing frequency; the3, value is most negative for
187AU.

Although the calculations give the right order of crossing

lished, only clear evidence of this crossing having been refrequencies, it is clear that the theory underestimategsfor

Vijap, crossing ke, for Ir Isotopes

Viy3, crossing V for Ir isotopes

T v T v 1 T T T T T T ! T T T ¥ T T 1 T T
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3 /D/D/D\n\ﬁ 0} 1 bands in Ir nuclei. The calculated values are
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proton pairingA, from the extra proton can reduce the
hg/, crossing frequency.

06 = 17 mthy, crossing
- Be=r=0, 4,=0.78 MeV = E. Branching ratios and particle-rotor model
The pattern of transitions established in the strongly
. coupled bands in'%r enables us to measure the
- B(M1)/B(E2) branching ratios within the bands. These
rates are very sensitive to the single-particle configuration
y . (reflected in thegy facton and the quadrupole moment
03 7 N (Q,) associated with a band. Theoretically within the frame-
L7 Y work of a particle-rotor mode{PRM) we can test the spin
02 g crossing frequency %, i and parity assignments in our newly observed data by com-
——————— interaction strength V, paring level structures and transition rates. Evidence for
shape coexistence or an alignment process that is associated
0.1020 0'22 0'24 0'26 0'28 0'30 0'32 034 with the smooth increases in alignment in thé,,,, and
) : ) ‘ ) ) ) ) wds, bands may be addressed from such a model.
B, We adopted the approach of the PRM described in Refs.

[46,47. The Woods-Saxon potential was used in our calcu-
|

FIG. 14. Calculated crossing frequency and interaction strengthaﬁOnS and deformation parameters for single-particle states
for rhy, alignment as a function of quadrupole deformat@nin

179 were taken from the TRS calculations.
' The experimentaB(M1;l—1—-1)/B(E2;|—1-2) ra-
tios were extracted according to
neutron crossings and overestimates it for proton crossings,

ho,orV, (MeV)

in this case by 50~70 keV. On the other hand, the calculatedB(M1;1—1-1)  ES(1—-1-2) 1 leb)?
interaction strengt{140 ke\) is very much in agreement B(E2;|—1-2) “Ei(l—q —1) M1+ 52)(’U“ eb)%,
with the pattern in theri,z, band of ¥’Au. (5)

In Ir isotopes the calculation indicates,,, crossing of

higher frequency(0.35 I_\/Ie\o and much larger interaction whereE,, are y-ray energies in MeV\ is the E2 to M1
strength(0.4-0.5 MeV in the wds, and hyy, bands, as branching ratio[ = T(1—1—2)/T(I—1—1)], and & is the
shown in Figs. 1&) and(d). This large interactior fora  E2/M1 mixing ratio in theAl=1 transition. The mixing
mhgy, crossing in*"dr is demonstrated in Fig. 1). Thei  ratio & requires more detailed measurements, normally deter-
vs fiw diagram for*9r (Fig. 7) indicates a gradual rise in mined from the angular distribution data. Although the mix-
alignment in these two bands, an effect which is not preserihg ratio could be measured from the DCO ratios, the results
in the whg, band. If we take into account thew. shifts  are usually not very reliable due to large experimental uncer-
between theory and experimentiffAu, the proton crossing tainties. Therefore, in the following discussions, we assume
could happen as early @&»~0.3 MeV in 9r with a large ~ 6=0 when extracting3(M1)/B(E2) values. Thes values
interaction strength. Therefore, the protag), crossing may for the ds, band in 183 [15] were measured ranging from
have a profound influence on the alignment pattern of thé.07 to 0.30, and their effect (15°) on the
ds;, andhy,, bands in"r. B(M1)/B(E2) ratios is less than 10%. Therefor@=0 in

CSM calculations also indicate that in the heavier Ir iso-our discussions is a reasonable assumption.
topes (N~106) the whg, crossing frequency in the ,
ds;, band reduces slightly to 0.33 MeV and the interaction 1. B(MI)/B(E2) ratios
strength decreases quickly to about 0.2 MeV. The neutron The experimentalB(M1)/B(E2) ratios for the two
crossing is predicted about 0.3 MeV with interaction strengthstrongly coupled bandsh{,,, andds;) in ’9r are plotted
of 0.14 MeV in this case, which is very close to théng, as symbol points in Figs. 18 and (b), respectively. The
crossing. Janzemt al. [15] has reported a low-frequency interactions between thes, andi,s, bands at spin 17/2
mhg, crossing in theds, band of ¥ir based on the and between thla,;, andhy, bands at spin 33/2 (see the
B(M1)/B(E2) measurements. This agrees with our concludevel scheme in Fig. )1 were corrected in calculating
sion. B(M1)/B(E2) ratios.

Deformation plays a very important role in determining It appears that at low spin the magnitude of
the proton hg,, crossing. Figure 14 illustrates calculated B(M1)/B(E2) is about 1.7 for thd,;,, band and about 0.8
ho, for the 7hgy, crossing as a function g8, in r. At for the dg, band. Qualitatively this is consistent with the
B.~0.25, the crossing frequency reaches the lowest poirflact that theh;;,, band has a larggrvalue anK value at its
(0.35 MeV) and the interaction strength becomes very largebandhead, thus a largey factor. The ratios gradually de-
at small or largeB,, fiw. increases and/, decreases. In crease as spin increases, and become roughly constant for
19y, B, is 0.25 — 0.26 foh,y,, or ds;, bands, which is just quite some spin values where the alignment plots show con-
in the proper range of deformation for a lomhg, crossing  stant increases. Thes, band does not go much higher in
frequency. Positivey and negativg3, values can also bring spin, whereas th&(M1)/B(E2) ratios of theh;,, band
down the proton crossing frequency as well as interactiorsuddenly increase at the last two poita#though with large
strength, as shown in the case BfAu. The blocking of error-bar.
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In the PRM calculation, the deformation parameters weréhas been identified recently it °Re [4], where the impor-
taken to be the largeB, set (8,=0.26, 8,=—0.004, tance of this mixing was pointed out and the strength of the
y=0) suggested by Bengtsspi¥]. The even-even core was mixing could be fitted to observed interband and intraband
treated as an effective rotor with its moments of inertia estitransitions. In the present calculations, the[402] compo-
mated from the deformation by the Grodzins’ relatf@®]. ~ nentaccounts for approximately 10% of the wave function at
Pairing was treated in the standard BCS approach and gave@V spins, and about 28% &t=23/2, which is nearly iden-

pairing gap ofA ges= 1.187 MeV. All Nilsson orbitals within tical to the fitted mixings repqrt7ed in Rdjé.l]_. Thus, if the
2.5 MeV of the Fermi level were included in the model 7/2404] band can be located itf9r, strong interband tran-

space, and no Coriolis attenuation was used. The effectivaitions (7/4404] — 5/2402]) should be expected here as

g factor of the odd proton was taken as 70% of the freeVe!l-
nucleon value, and the simple estimateZéA was adopted 2. Test of different shapes ift"ar

for the core value, gr. The calculated 17 .
B(M1)/B(E2) ratios are shown as solid lines for the In *7r, there have been suggesfed] two possible pro-

R R late deformations for the negative parity,,, band: one at
7175h(lbl)/2 band in Fig. 1%8) and for thewds, band in Fig. smaller 8,~0.19 and one at largeB,~0.26. Such small

deformation has led to an assignmep6] of the

. ) -~ 11/2°[505] configuration to a strongly coupled band ob-
mentalB(M1)/B(E2) values in both cases up to fairly high sen/eEi in51]75|r, an% consequently thegsr{ape ghange from the

spins. The sudden increase of B¢M1)/B(E2) values at  gmg)| deformation to the large one has contributed to the

the last two points in thé,,,, band coincides with the sharp graqual gain of alignment in the band.

upbend seen in the alignment p[&tig. 7(a)]. Qualitatively, To test the two deformation conditions #9r, we also

an increase in thB(M1) values is consistent with an align- performed the particle-rotor calculations with a smaller de-

ment ofi 5, Nneutrong 48], and such a core rearrangement isformation parameter set3=0.19,y=0,8,=—0.02). The

not included in the particle-rotor model. In addition, a shapepredicted level structures for the negative parity states in

change to smalleg and some triaxiality is predicted to ac- 79r are shown in Fig. 16the upper one for the large defor-

company the neutron alignmefstee Ref[14]), which would  mation as given in the previous subsection and the lower one

decrease theB(E2) values and thus also increase thefor the small deformation The calculatedB(M1)/B(E2)

B(M1)/B(E2) ratios. values under the smaller deformation condition are also plot-
For thew5/2 402] band, part of the drop in the calculated ted in Fig. 1%a) as dashed line.

B(M1)/B(E2) ratios is due to the Coriolis mixing with the The calculations show that in the case of large deforma-

7/2[404] band which is expected to lie rather close in energytion the decoupled 1/4541] band is present as the ground

Although the 7/p404] band has not been located 1r, it configuration and the 974 514] state is excited at about 130

keV, which gives the right order in comparison with the data

(Fig. 1). On the other hand, for the second deformation, the

The theoretical results agree very well with the experi-

80 t '17; T 11/2°[505] is predicted to be the lowest configuration and
B ® Irmhypband both 1/2°[541] and 9/2°[514] are higher in energy, which is
25 : Particle-rotor calculation completely different from the experimental observation in
2oL ~~— Small deformation 1 Fig. 1. In particular, th&(M1)/B(E2) ratios from the small
: N deformation start with a value above 5 units, much larger
N than the extracted value-(1.7). Clearly the model calcula-
s ' . ] tions support the assignment of the 9Y814] hole state to
ol % ? band 4 in"9r, possessing large deformatiop4=0.26).
% . — s : e : 'The currentB(M 1)/B(E2) data cannot show any clear
© ‘ o T =235 evidence of thewhg, crossing, which in contrast to the
3% 05 = (a) ] Vi3, Crossing should decrease tBéM 1) value. However,
= T T T if there is any crossing with large interaction strength, the
o 00 10 15 20 gr factor gets renormalized over a large range of angular
g 12 — frequency and the contr.ibution ®B(M 1)/B(E2)' should be
b} % rde band i very small. One last point: the PRM calculation shows the
A Particle.otor calculation existence of the 1/4530] band and the calculated energies
— are very close to those experimentally observed.
i The above applications of the particle-rotor model were
demonstrated at the Hands-on Nuclear Structure Theory
. i 7 Workshop at Oak Ridgd49]. Similar calculations with
s Woods-Saxon potential were reported for thie,,,, band in
PP TR BN R R T R B 8y in Ref. [50]. Their results are consistent with ours in
4 6 8 10 12 14 179,
Spin (A1) V. CONCLUSION
FIG. 15. ExtractedB(M1)/B(E2) ratios as symbol points for In summary, rotational bands built on various quasiproton

(@) the hyy,, band, (b) the mrds;, band in 9. The results of states have been established for the previously unknown
particle-rotor model calculations are plotted as lines. nucleus®™r.
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Ir Negative Parity States
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) ]
o= 1/25/2 — FIG. 16. Predicted level structure for the
) . 17 .
negative parity bands if"9r under two different
3/2[532 1/2[530 1/2[541 9/2[514 11/2[505 . L. .
532] [530] (541] [514] [505] deformation conditions, as deduced from particle-
rotor model calculations.
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72[530]  12[541]  112[505]  92[514]

The f,, (1/27[530]) band in 1"r was identified for than that of therhg, band. The assumption of large defor-
the first time in Ir nuclei. The primary focus of our study has mation is supported by the particle-rotor model calculations.
been on the alignment feature observed in different configu- (3) Quasiparticle alignmentf the Fermi surface is within
rations. This has further led us to investigate the role ofthe intruder shell, then rotational alignment of pairs of qua-
intruder states in terms of three manifestations that arsiparticles in the intruder orbitals is expected. It has been
Fermi-surface dependent. illustrated that the cranked shell model calculations underes-

(1) Deformation driving If the Fermi surface is low com- timate thevi 3, crossing frequencies by 30—50 keV in com-
pared to the high-intruder state, then the excited band built parison with the experimental data, and overestimate the
on this orbital will exhibit significantly larger deformation or hg, crossings by the same amount. The calculated interac-
core polarization than other quasiparticle excitations in theaion strength for therhg, crossing in*"9r is about 450 keV
same nucleus. It is found that the, orbital retains its core in contrast to only~100 keV for thevi 3, crossing. Under
polarization in the rare-earth region while in Ir nuclei the these observations it is possible that both the 4,) 2 and
effect vanishes. In contrast the 15, orbital in Ir nuclei ex-  (7rhg,) 2 alignments contribute to the large range of align-
hibits large deformation driving, indicated both from the life- ment gain in therh,,/, and 7ds, bands in"9r.
time measurements and the TRS calculations. The existence of a protohg,, crossing is still a contro-

(2) Shape changinglf the Fermi surface is near the in- versial issue. The systematic discrepancy of crossing fre-
truder state, then pairs of nucleons may be “scattered” intaquencies is apparent between the experimental data and the
these orbitals, leading to larger deformations for many exciconventional CSM calculations. This could be due to in
tations in the nucleus or perhaps a shape change. It is likelgSM (1) inadequate parameters used to calculate the single-
that in 9r the largest deformation driving from the neu- particle levels;(2) a necessity of including the quadrupole
trons at middle shell=102) favors a hole configuration in pairing. In fact, Suret al.[38] have included the quadrupole
both thewh,,, and wds), bands with a pair of protons in the pairing in the angular momentum projection theory and suc-
down-slopingmhg,, orbital, resulting in larger deformation cessfully explained the anomalous neutron crossing fre-
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guency in odd proton rare-earth nuclei. Experimentally itauthors are most grateful to R. Wyss for help on the TRS
would be very useful in future measuremerty:to push the calculations. The authors also wish to thank Y.S. Chen for
levels in *"r to even higher spin so that one could resolvevaluable discussions. Research at the University of Tennes-
the puzzle of band crossings in both the,;, and 7h,;,  see is supported by the U.S. Department of Energy under
bands;(2) to perform accurate lifetime ag-factor measure- Contract DE-SG05-87ER40361. Oak Ridge National Labo-
ments on the states in different bang@grticularly 7ds;,,  ratory is operated by Martin Marietta Energy Systems Inc.
mhy1/2, andiyg), which would give direct information on  ynder Contract DE-ACO5-840R21400 with DOE. Partial
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