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High-spin states of®’Ir have been populated in tHé%b(*°N, 4n) reaction and measured with the YRAST
Ball spectrometer. Thehy,, rotational band has been extended beyond the first alignment crossing, which was
found at rotational frequendyw.~0.39 MeV. Two different scenarios for describing this crossing are consid-
ered: the alignment of amy,, proton ori;3,, neutron pair and it is concluded that a proton band crossing is more
likely. A systematic study of the rotational alignment crossings in #ihg,, bands in theN=104, 106, 108
isotopes of;3Ta,7sRe,77r, and ;5Au is presented.
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I. INTRODUCTION spherical, prolate, and oblate shap#g,13. This shape co-
existence is an indication that the cores of these nuclei are

_ lThe onlgl'n. of'”thde bbang gros;mgﬁ c;bser\éed in e d“soft” with respect to deformation. As a consequence, exci-
~106 nuclei s still debated, despite the fact that many studg,ong hased on intruder orbitals can polarize the core in

ies on the high-spin structure of different isotopes have beefjterent ways, leading to sizable shape variations. Direct
carried out in this regiofil—11. To explain the first crossing  experimental evidence for the existence of different shapes in
in these nuclei, investigators have invoked the rotational, nyclei was presented by Seewaldal.[14], who measured
alignment of a pair of bothhy, quasiprotons andiz,  the spectroscopic quadrupole moments for a number of Ir
quasineutrons. Referencg3-7] provide arguments in sup- isotopes using a nuclear magnetic resonance technique. They
port of the alignment of arhg, pair below/»=0.30 MeV.  extracted different quadrupole moments for theisbmeric
On the other hand, it is quite difficult to theoretically repro- state and the 5ground state of8ir, which are built on a
duce thiswhg, crossing at such a low frequency using anormal and an intruder excitation, respectively. Deformation
standard set of Nilsson-model parameters, as discussed dmanges and their influence on the band-crossing pattern
Ref.[8]. For theN=106 nucleus®pt, two successive cross- have been considered for these nu¢8ii
ings have been observed in the ground-state band at nearly This paper reports a study of high-spin states in-thg,
degenerate frequencig8], while for the N=108 '8Pt a  band in !®r. We observe a band crossing at a rotational
single band crossing was obseré&{l at the same frequency frequencyfw,~0.39 MeV and compare this with the previ-
as in18%pt. Studying themhg,, bands in the od@ nuclei in  ously observed crossings in thehy, bands in8118318f
this region should lead to a better understanding of the origirThe lighter'81-183r align at a lower rotational frequendiw,
of this low-frequency crossing. and gain more angular momentuli, compared td8>87r,

In the analysis of band-crossing trends, one must realize
that changes in the deformation of different configurations
can significantly influence observables such as aligned angu-

lar momentum, dynar_nic moment of inertia, etc. It is_ vyell The experiment was performed at the ESTU Tandem Van
known that the nuclei close to the=82 shell gap exhibit 4o Graaff accelerator at the Wright Nuclear Structure Labo-
coexistence between different excitations associated W'tpatory at Yale University. High-spin states ¥fir were popu-
single-particle or collective motions, which are built on ateq in the 4 channel of the fusion-evaporation reaction
induced by a*®N beam at 82 MeV energy. A 6.65 mg/ém
176yp foil was used as a target. Gamma rays were detected
*E-mail address: miroslav@spock.phys.utk.edu with the YRAST Ball spectrometdil5], which for this ex-
"Present address: Department of Physics, United States Navperiment consisted of seven clover detectors, 16 single-
Academy, Annapolis, MD 21402. crystal Ge detectors, and three Low-Energy Photon Spec-
*Present address: Physik-Department E12, Technische Universittiometers(LEPS) detectors. The trigger condition required a
Munchen, 85748 Garching, Germany. minimum of three coincideny rays to deposit their energy in

Il. EXPERIMENTAL DETAILS AND RESULTS
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FIG. 1. A spectrum displaying the transitions belonging to the 751 (71.56) (690)
g, band in*®r. It results from the summing of all double-gated 20/2- § 2403 § 2470 (27/27)
coincidence spectra, obtained by gating on the 165-, 325-, 464-, /"
583-, 680-, 751-, and 782-keV transitions. Contaminated peaks la- 245 622
beled with + belong to'8r and those labeled witk belong to 680 848 + 23/0-
18%0s. The energies of the uncertain transitions are put in brackets. 25/2- 172'4__! """ —
530
a clover or a single Ge detector. They-y coincidence 585 8 38 1 19/0-
events were sorted into a three-dimensional histogi@are 21/2- 141 I
using the incub8r code from tieAaDWARE package[16]. A T 002 ¥ 15/
sample spectrum of summed double gates on transitions be- 464 r#

longing to thewhg,, sequence is shown in Fig. 1.

In a previous study therhg,, band in®Ir was established
up to 1"=33/Z for the favored signaturéa=+1/2) and up
to a tentative spin(27/2) for the unfavored signature
(@==1/2) [17]; the signature quantum numberis defined FIG. 2. A partial level scheme showing thg, band in'®Ir as
by the relationr=exp(—ima), wherer is the eigenvalue of deduced from the present study. The arrow widths are proportional
the operatorR,=exp(—imJ,), which describes rotation at an to the intensities of the corresponding transitions. Tentative transi-
angles around an axis perpendicular to the symmetry axistions are shown with dashed lines and uncertain spin and parity

In the present work these sequences were extended up éesignments are shown in parentheses.
spins of (45/2°) and (31/2), respectively. In this way, the
favored sequence has been established through the first bais@topes(N<108), the mhy, bands undergo a crossing at a
crossing. The level scheme for theg, band, as deduced in rotational frequencyiw.~0.29 MeV with a gain of align-
the present study, is shown in Fig. 2. Transitions were ormentAi,~ 7%, while for the heaviet3>#{r isotopes a cross-
dered on the basis of their coincidence relationship and reldng is observed atw.~0.39 MeV with an alignment gain of
tive intensities. The spin and parity of the new levels wereAi,=~5%. New data for'®3r [18] have been included in Fig.
assigned assuming that the rotational behavior of the band. The last data point fol*Ir, although uncertairisee Sec.
persists, i.e., the in-band transitions are stretched electrid), allows an estimate for the alignment gain #8fir. These
quadrupolegE2) and the transitions between the signaturegesults demonstrate thain abrupt changeof the crossing
of the band are magnetic dipal®1) transitions. In the level frequency and the alignment gain takes placeNer108 in
scheme the spin/parity labels of these states are shown the mhy, bands in theIr isotopes.
parentheses. The tentative transitions were only observed af- The origin of backbending in thehg;, bands in the,Ir

ter summing coincidence spectra gated on the known transpuclei can be due to the rotational alignment of eithigg,
tions in the band. or mhg,, quasiparticles. If we follow the quasiparticle nota-

tions of Ref.[8], the first neutron crossing is labeléd and
Ill. DISCUSSION the first proton crossing i_ef. If the AB crossing is blocked
by a quasiparticle occupying #(B) level, then the second-
The aligned angular momenitgof the favorite signatures ary BC (AD) crossing is expected at a somewhat higher fre-

of the mhg), bands in181:183.18518¢ nyclei are presented in  quency than théB crossing. Similarly, the secondary proton
Fig. 3. The reference parameters have been selected in suclvand crossing in arhg, band can be labelegh or fg and is
way thati, takes a constant value before and after the banéxpected to occur at a higher rotational frequency tharthe
crossing. It should be noted that although the value otrossing. Since thef crossing is blocked in amhg,, band,
aligned angular momentum depends on the choice of thehe first crossing can be eith&B or eh
reference parameters, the alignment gaipat the crossing It is well known that the rotational alignment of a
point remains essentially unchanged. For the lighté%ir  quasineutroriquasiproton pair is related to both the neutron

186 keV
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o T T N — ] approximately the same frequency asf&¥'81r. If this were
o 181 O—AL/Q'”Z"' not the case, then t_he possibility of ah cros_s_ing in185_'181r
0L |a183 /- i is called into question. The last two transitions whl_ch have
185 % b been added at the top of thehy, band in'®lr (see Fig. 3
Ir / indicate the beginning of an upbend at a frequency similar to
= 8 |e 18y -/\ \‘ )l that of the crossing seen #$°8fr [9]. However, the last
= / > transition in®3r does not show this pattefd]. Each of the
6 /' / /'A 7 top transitions in these bands are uncerf@if9], and thus
r LI | 1 firm conclusions cannot be reached based on these observa-
4r L= R ik 1 tions.
In the 7hg),® viy3, band(fA) of 188r [19] one expects to
2t § see the sameh crossing observed aiw=0.39 MeV in
00 01 o0z 03 04 05 185181y The fA band is observed up to a frequency of
0.40 MeV in *89r and no crossing has occurred, although
ho (MeV) there is a hint of an upbend in alignment and perhaps the

beginning of a crossing.

In the second approach, the deformation of each band was
determined from cranking calculations with the Woods-
Saxon potential, where the deformation parameters were de-
termined from total routhian surfac€BRS) calculationg8].
(proton) pairing gapA, (A,) and the position of the neutron The band crossings i1'8%r and 189r were interpreted as
(proton) Fermi level,\, (\,), relative to the corresponding AB crossingq8], despite the large change of frequeriay,
intruder subshell, e.gui;3, (7hg)y) for the Ir isotopes. Since at N=108 (A%w.=0.10 Me\). We now realize that there is a
both A and\ depend on the shape parameters, any deformadifference in the gain of aligned angular momentum in this
tion differences can influence the alignment pattern of thecrossing of therhg,, band: Z larger in the lighte(N<108
bands. compared to the heaviéN=108)Ir isotopes(see Fig. 3.

The band crossings in thd=106 nuclei have been de- It is possible that the observed difference of the alignment
bated for a long time and no definite conclusion has beegain in the crossings in thehg, bands in'8:18jr compared
reached. The Tennessee group has investigated the aligntm*®>181r is related to the position of the Fermi level for
angular momenta dii=106, 107, 108 isotopes of (Z=77),  neutrons,\,, relative to thevi s, intruder subshell. As dis-

Pt (Z=798), and Au(Z=79); see Ref[8], and the references cussed in Ref[20], the gain in angular momentum of the
therein. The authors have discussed that the observed bahiyh-j levels lying immediately above the Fermi surface
crossings can be explained in a consistent way using twdecreases when the Fermi surface moves from the bottom to
different approaches: using blocking arguments or defininghe top of thevi,3,, subshell. The reverse dependency is true
the deformation and the corresponding band-crossing frefor the crossing frequency, i.e., when the Fermi surface
guency theoretically for each individual band. moves from the bottom to the top of the subshély, in-

In terms of the former approach, the band crossings ircreases. The reason for these trends is that the orbitals with a
181183y were interpreted a#\B crossings[4,9]. The low- large angular momentum component along the rotation axis
frequency (0.24 MeV) band crossing in the ground-state are dominated by components that have small angular mo-
band in18Pt was interpreted as af crossing[6], since this mentum projection along the symmetry axisw Q) value
crossing is blocked in therhg, band of'®9r. The ground- and which are situated at the lower part of they, subshell
state band of®%Pt is known up to &w=0.45 MeV and no (see Fig. 4 In the diagram of the single-particle neutron
second crossing is observed near the 0.39 MeV crossing wevels(Fig. 4), one can see that the Fermi levels #88%r
see in1818{r, This fits with the interpretation of théw,  are located at the middle of thigs, subshell, while for
~0.24 MeV crossing if®Pt asmhy, (ef) and the 0.39 MeV  18518fr they are in the upper part of the subshell. However,
crossing in'®9r as theeh alignment, since the latter would these arguments should be accepted with caution, because
not occur in theef band of 18Pt [5]. The AB crossing is  one would expect to observe smooth changes of the crossing
expected to be delayed due to the existence of a significafitequencyfw, and the alignment gaini, with the increase
gap in the neutron single-particle levelsNt108[5]. The  of the neutron number frond®ir to #r, instead of the
aligned angular momenta of thehg;, bands in'®1r and'®r  abrupt changes that are found.

(Fig. 3) show a very similar pattern, thus suggesting a com- As noted above, Carpentat al. [8] observed in the
mon interpretation of the band crossings in these nucleiground-state band df“Pt two successive band crossings at
Therefore, the band crossing 1#r is interpreted as aeh  nearly degenerate rotational frequencies which match the
alignment in this line of argumentation. crossing frequencies in thehy, bands in*®1%}r. These

Additional support for this assignment can be acquiredcrossings int®4Pt were interpreted either as two successive
from investigation of thewhy, bands in'®1'8jr and the neutron crossingéAB andCD; in this case it is necessary to
1he,® 1i13, band in*88r. As the alignment ohg,, protons  explain why the two neutron pairs align simultaneously
should not depend on the neutron numNeone would then as successive neutron and proton crossi#gsand ef) [8].
expect that areh crossing in'®1183r would take place at Recently, averageg factors of high-spin states were mea-

FIG. 3. Aligned angular momenta farhg, bands in181-181r,
The reference parameters and data used for the plot®4reJ,
=22,73,=901[9]; 18r 3,=25,7,=55[4]; *¥Ir 3,=27,3,=55[5,18];
187y 3,222 MeV "2, 3,=55 MeV ~3%.
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FIG. 4. Single-particle neutron levels calculated with a Woods- ho (MeV) hao (MeV)

Saxon potential as a function of deformation paramgteand 3,

FIG. 5. Aligned angular momentdeft-hand sid¢ and second
moments of inertigright-hand sidg for 7hg;, bands in the Au, Ir,
sured forl80.182.18pt at an angular momentum ef20% [21]. Re, and Ta isotones. Data are shown relative to a reference configu-

These results indicate thhg,, proton pairs align along with ratio_n parametrized.by different sets of Harris parameters, which
thei,4, Neutrons at a rotational frequent.~0.3 MeV in provide constant allgned angular momentum before and after a
184t "which supports the existence of ahcrossing. band crossing. Experimental d«_ata are taken from R25). The

A different interpretation of the band crossings in this gratlfhs fggthe top refer to =104 isotones, middle 106, and
region can be attempted in terms of the recently developeao om o . )
E-GOS plot(E, over spin vs spipanalysis[22]. Regaret al. bands in the previously mentioned elements fbr
explain the band crossings in even-ever 110 nuclei as a =104,106, and 108. .
vibrational-to-rotational transition instead of a result of WO observations can be made concerning the data for the

aligned quasiparticles. TRS calculations presented in[REf. N=106 isotones shown in the middle of Fig. @) The fre-

demonstrate that the energy-surface minimum is very Shaﬁuenc_y of the obs_er\_/ed crossing_varies for diffe@and(ii) .
. . he alignment gain in the crossing decreases as the atomic
low with respect to they deformation. For Os, Ir, and Pt

o U __numberZ decreasegthe alignment gain if’°Ta cannot be
nuclei it is clear that vibrational degrees of freedom are im- o 9 9

: : i estimated, but the existence of a band crossing at a higher
portant, since the deformation here is smaller than that of th 9 g

. , frequency is clear These trends seem to also be present for
well-deformed rare-earth nuclei. This was demonstrated by,o 'N=104 isotones(the upper panel of Fig.)5and with

Davidsonet al.[23], who ap_plied a three-band mixing model -4, tion in the bottom panéthe N=108 isotones The plots

to the ground-state collective structures'6t*®*%1®t by for the second moment of inertia demonstrate the existence

mixing two bands with different deformations along with  of at least three groups of band-crossing frequendies:

vibrational states. An E-GOS analysis would be more com=0.29-0.30 MeV for the N<108 Ir isotopes; #iw,

plicated for oddA nuclei and is not attempted here. It is =0.33—-0.35 MeV for theN<108 Re and Au isotopes; and

likely that a regular rotational analysis of these bands may b&w,=0.39—0.40 MeV forN=108 83r and 8’Au and N

in order, since the occupation of thgy, orbit tends to stabi- =106'"°Ta (there is an indication for a second band crossing

lize the deformation for the observed bands in the Add-  at this frequency if®4r as well). For N=108'¥3Re the back-

nuclei. Of course, incorporation of vibrational degrees ofbending is delayed beyorfgo.>0.45 MeV.

freedom needs to be considered also. The first and the last group of band-crossing frequencies
The difference in crossing frequencies and the alignmenteflect the picture that has been observed for the Ir isotopes

gains in therrhg,, band are observed not only in odd Ir nuclei for N<110. The third group of frequencies may be due to

but also in the oddoAu, ,sRe, and;sTa nuclei. In Fig. 5 the  considerabley deformation of thewhg,, band in the corre-

aligned angular momentdeft-hand sidg¢ and the second sponding nuclei. It will be interesting to observe the evolu-

moments of inertigright-hand sidgare plotted as a function tion of the first band crossing in thehg, structure of

of rotational frequency for the existing data for thag,  1891%r.

:'y:O.
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The rather complicated picture that emerges from thesdelayed and the alignment gain & 8maller in'8>8{r com-
data is an indication that the fingerprints of different phe-pared to the lighter isotopes. If this is consistently a neutron
nomena mix together. The observed changes in band crosiss,, crossing, rather substantial deformation changes would
ings might not be entirely related to deformation variations.have to be invoked to try to reproduce this trend of frequency
Similar effects could emerge also from higher multipole or-and alignment gain changes in the Ir isotopes figa104 to
ders of residual proton-neutrgor neutron-neutroninterac-  110. It is more logical to attribute this trend to a switch from
tions involving particles in therhg, (Or viq3) orbital. This  a neutron 3, crossing in themrhg,, band forN=104 and 106
has been discussed for theh, bands in theN=98 ,sRe, Irto a protonhg, crossing alN=108 and above. The increase
2314, 71LU, andgeTm isotoneq24]. in the frequency and the reduced gain in quasiparticle align-

ment for this crossing if®81r lead to the indication that

this is a blocked protoihg,, band crossing.
IV. CONCLUSIONS
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