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High-spin states if°”1%d and'%°Ag have been studied by charged-partigley-y, and charged-particle-
y-y coincidence measurements of heavy-ion fusion-evaporation reactions. The high-spin level schemes of
these nuclides have been significantly extended and new deformed rotational bands have been found in each
nuclide. These bands exhibit the general property of back bends corresponding to the rotational alignment of a
pair of h14» quasineutrons. Band properties are compared with predictions of the cranked shell model and total
Routhian surface calculations. The properties of the yrast and near-yrast bands of all three nuclides are
generally consistent with predictions of moderag40.2) prolate deformatior].S0556-28186)00806-0

PACS numbgs): 21.10.Re, 23.20.En, 23.20.Lv, 27.6Q.

I. INTRODUCTION high-spin states in nuclides in this region, both of which rely
on large Ge detector arrays to gathety coincidence data.
The interaction between ti#= 50 spherical shell gap and Heavy-ion fusion-evaporation reactions have been used to
the deformation-driving effects of the,,, neutron intruder  populate light Cd, Ag, and Pd nuclides. Unfortunately, the
orbital results in a variety of collective behavior in the stablelack of appropriate beam-target combinations and the small
and neutron-rich nuclei below the shell gap. For instance, &0ss sections for charged-particle evaporation channels have
number of prolate-deformed rotational bands have recentl{argely prevented the use of these reactions for heavier sys-
been reported in'% 1Cd [1-8], nuclides whose low- tems. Alternately, spontaneous fission sources can be used to
energy collective states are well described as vibrational expopulate Ru and heavyA(>110) Pd nuclides, but are less
citations. Similar prolate-deformed rotations have beeriseful for lighter isotopes. Although some of the nuclides in
found in 104 197Ag [9-11] and 1°%-1%6pd[12-14, with su- the middle of this region are stabléncluding '°’Ag and
perdeformed bands reported - 19%Pd [12,14. At larger  '°%Pd little is known about their high-spin excited states. To
neutron numbers, oblate-deformed rotations have recentljridge the gap between the two measurement methods, we
been reported in*>1411Pd[15], as have triaxial rotations have used a high-efficiency charged-particle array in con-
in 108.110.112.11%, 116]. However, the bulk of this work has junction with Ge detectors to enhance the low-yipkh and
concentrated on nuclei away from the region where shapeXxn evaporation channels through which these nuclides can
transitions have been predicted by interacting boson approxPe populated in heavy-ion fusion reactions.
mation (IBA) (cf. [15]) and microscopic Hartree-Fock-
Bogoliuboy(HFB) calcylations[l?]. In thg present'work, we Il. EXPERIMENTAL PROCEDURE
have studied high-spin states in the intermediate nuclides AND ANALYSIS METHODS
109 107,10 H H H
Ag and 197:19%d with the aim of extending our knowledge
of nuclides in this region and investigating possible shape- Experiments were carried out at both the University of
transitional effects. Pennsylvania tandem Van de Graaff accelerator and the Tan-
Two experimental techniques have been applied to studgdem Accelerator Super-Conducting Cyclotr@ASCC) Fa-
cility of AECL at the Chalk River Laboratories. At both
facilities, the nuclides of interest were populated via fusion-
*Present address: National Air and Radiation EnvironmentaBvaporation reactions with ah®*0 beam incident on thin
Laboratory, 540 S. Morris Ave., Montgomery, Alabama 36115- °°Zr targets (1 mg/cn? at Penn, 600ug/cm? at Chalk

2601. River. In both cases, the targets were enriched to 85%
Present address: Department of Physics, University of Surrey?°Zr, with °°Zr comprising the bulk of the remainder. An
Guildford, Surrey, GU2 5XH, United Kingdom. additional experiment was performed at the University of

*Present address: Centre de Recherches ‘Hiseleinstitut Na-  Pennsylvania using &C beam and @°Mo target enriched
tional de Physique Nutiire et de Physique des Particules/ to greater than 99%°Mo.
UniversiteLouis Pasteur, F-67037 Strasbourg Cedex, France. In the 180+ %Zr experiment performed at the University
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y-ray in 1%Pd and a previously unknown 798 ke)ray in
1097g) are indicated with dotted lines. Note that both are
dwarfed by neighboring Cd linethe 796 keV 8 —6* in
110Cd and the 466 keV 25/2-21/2" in 1°°Cd)

The results of this experiment were used primarily to
identify optimal beam energies for producing the nuclides of
interest, for initial identification ofy rays in Ag isotopes, and
for determining the magnitude of the contamination of the
charged-particle coincidence spectra due to reactions on light
zirconium isotopes. Note that although the target was en-
riched to 85%°%7Zr, the cross sections for charged-particle
emission from reactions o8°Zr were much smaller than
: those for reaction o® %4Zr, so that nearly half of all events
. - ] with emitted protons o particles came from the lighter
isotopes. Some of the peaks in the particle-coincidenay
spectra in Fig. 1 which are patrtially or wholly due to reac-
tions on light zirconium isotopes are indicated with asterisks.
Clearly, interference from these contaminant transiti@ss
pecially in the proton-coincident spectrugreatly increases
the difficulty of obtaining useful spectroscopic information
on these nuclides from particke-coincidence data.

‘ ‘ While the interference from the overwhelmirg evapo-
100 300 500 700 900 1100 ration channels is most easily removed by using a charged-
Energy (keV) particle coincidence technique, the interference due to the

FIG. 1. Singles, proton-gated, andgatedy-ray spectra from light Zr isotopes is best overcome withry cpincidgnce
the University of Pennsylvania®O+9%Zr experiment at methods. An excellent combination of the two is p_rc_)wded by
Epear=72 MeV. The singles spectrum has been multiplied by 100the 87 and ALF detector arrays at the TASCC facility of the

to compensate for a hardware downscale. The dotted lines indicafehalk River Labs. We measurqdy g:ommdences with the
the strongestpxn and axn v rays, which are obscured in the 87 spectrometer[19], which consists of 20 Compton-
singles spectrum by rays fromxn channel products. Asterisks in Suppressed Ge detectaisach 25% relative efficiengyar-

the coincidence spectra mark peaks partially or wholly due to reackanged in four rings of five detectors each. Two rings lie
tions on %0~ %4zr, 37° off the beam axis at forward and backward angles, while

the other two lie 79° off the beam axis. A 70-element bis-

of Pennsylvania,y rays were detected in two Compton- muth germanatéBGO) inner ball provided the totay-ray
suppressed, 25% relative efficiency germanium detectors Ideld (K) and sum energyH) for each event. Coincident
cated at angles of 45° and 90° with respect to the beam axisharged particles were detected and identified with an array
Thirteen elements of the Pennrdarray[18] (a segmented of 24 Cs|TIl) detectorg[20], which covered about 85% of
phoswich charged-particle detector ajraybtending about 44 sr. Data were recorded for events in which at least two
60% of 47 sr, were used to select proton amdparticle  suppressed rays were detected in thenBarray in prompt
evaporation channels. Data were recorded for events ipoincidence with at least five segments of the BGO ball.
which a suppresseg ray was detected in coincidence with a Approximately 150 million events were recorded at
charged particle, and for a fraction gfray singles events. Ep.,,=70 MeV. Of these, protons were identified in about
Intensities, angular distributions, and excitation functions forthree million events and particles were identified in about
v rays in coincidence with protons amdparticles were mea- two million. Approximately 50 million events were recorded
sured for beam energies of 56, 63, 72, and 80 MeV. Approxiat 60 MeV, with proton andx coincidences forming less
mately 20 million particley coincidences were recorded at than 0.5 million events, each.
each energy. Additional measurements were made using a 1 Data from the Chalk River experiment were sorted off
mg/cm? "3Zr target in order to assess the level of contami-line into separatey-y matrices for'%Pd, 1°Pd, and'%®Ag
nation due to reactions with the light Zr isotopes. As with theanalysis(after unfolding higher Ge-detector multipliciti¢s.
other experiments described heseray efficiencies and en- For each matrix, particle-identification cuts on the (T8I
ergy calibrations were determined usifg®Eu and '*Ba  data andH andK cuts on the BGO ball data were used to
sources placed at the target position. emphasize the channel of interest. Analyses were also per-

The bulk of fusion events¥90%) from the 80+%Zr  formed on they-y data from - and 3 evaporation leading
reaction proceed via neutron evaporation & 11Cd. to 09'1d. The results of these analyses have already been
Given the fact that few, if any, high-spin states were previ-published[6].
ously known in the nuclides of interest, the usefulness of a Transition intensities were determined from fits to the to-
high-efficiency charged particle detector in selecting the veryal projection spectrum of each matrix when possible, or
weak proton- andx-evaporation channels is clear. This is from selected coincidence spectra. Information abpugy
illustrated in Fig. 1, where proton- ang-gated spectra at multipolarity was determined using a gated angular distribu-
Epean= 72 MeV are compared to an ungated spectrum. Thdion method. In this method, twg-ray energy matricea-
strongest charged-particle coincideptrays (the 473 keV  beled “37° matrix” and “79° matrix”) are generated. If the

500 ¢ y-ray singles
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3
10" counts
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first y ray of a y-y pair is detected at 37for 143°), the 1.0
(E1,E,) element of the 37° matrix is incremented, regard-
less of where the secongray is detected.K, andE, refer
to the energies of the first and secopdays, respectively.
Similarly, if the first y ray is detected at 79¢or 101°), the RN
(E1,E,) element of the 79° matrix is incremented. The pro- ’ T
cess is then repeated, with the detection angle for the second I
v ray determining in which matrix theE,,E;) element is ) ™
incremented. For a given-vy pair, either the 37° matrix is / N
incremented twice, or the 79° matrix is incremented twice, 00 F / A
or each is incremented once. The angular distribution of a
v ray can be determined by placing gates on coincident lines,
projecting both matrices onto theaxis, and comparing the
intensities of the peak of interest. 05 F / 1
We define an anisotropy \ /

Anisotropy

l370— 1790 0 \ / —— - Al=-1

A=2

I37+ 1790

wherel 537 is the intensity in the 37° matrix projection, and

I,9o is the intensity in the 79° matrix projection. For initial

states with fully aligned magnetic substate distributions, -1.5
stretched quadrupoles will have>0.4, and stretched di-

poles will haveA<<—0.2. Generally, the initial state will not

be fully aligned and the anisotropy will be attenuated by a FIG. 2. Calculated fully aligned anisotropies of mixe@/M 1
factor a: A=aAg, whereA, is the fully aligned anisotropy. decays. Initial and final state spins are—100 (dotted, 10—9
In principle, the attenuation for a particular state depends oldasheg, and 168 (solid; pureE2). Anisotropies are reasonably
the details of the reaction used and the spins of the feedinigsensitive to spin for initial state spins greater than &he sign
states. In practiceq can be taken to be a monotonically convention fordgyy;, is that of Ref.[28].

increasing function of excitation energy, with values from

known transitions used as guides. Typical anisotropies in this An experiment designed to detect very-low-enesgsays

1 L 1 i 1 n 1 L L 1 " L L L L 1
-90 -60 -30 0 30 60 90
arctan(Sg,,)

experiment were A~0.3 for Al=-2 quadrupoles, (E,<200 ke\) was performed at the University of Pennsyl-
A~—0.3 for Al=—1 dipoles, and—1<A<1 for mixed Vvania using a 65 MeV3C beam incident on a thirfl
Al=—1 transitions. Figure 2 shows calculated anisotropiegng/cnt ®Mo target (>99% enrichment Events were re-
for various pure and mixed transitions. corded for prompt or delayed coincidences between a low-

The principal advantage of the gated angular distributiorenergy photon spectrometefLEPS and a Compton-
technique over the more common directional correlation oSuppressed 25% relative efficiency germanium detector, as
orientation(DCO) technique is that the multipolarity of the well as for a fraction ofy-ray singles events in each detector.
gating transition need not be known since correlations beThe detectors were located at angles#ef90° with respect
tween the twoy rays are “averaged out” by gating at both to the beam axis, and the azimuthal angle between the two
angles. This is especially useful for analyses of weak, mixedletectors was 180°. Unlike the other experiments, no
Al=—1 bands. Disadvantages include the need to determingharged-particle detectors were used. Approximately
the substate alignment, and the requirement of many de- 3% 10° y-y events were recorded on tape.
tectors at each angle in order to remove correlatighbe
method obviously fails for fewer than two detectors at each 1ll. EXPERIMENTAL RESULTS AND LEVEL SCHEMES
angle, and errors of order 0.05 can exist even for the 8 A 108
array, which has ten detectors at each angle. Note, however, :
that these errors can be reduced by combining results from Prior to this work, firm knowledge of th&’®d yrast level
different gates. scheme was limited to states witff of up to 6" in the

Since the reactions used preferentially populate near-yragiround-state band, based on radioactive d¢2ay; inelastic
states, we discount transitions which increase the nucleacattering[22], and Coulomb excitatiof23]. Tentative 8
spin. Consequently, transitions with<—0.05 can be as- and 10 states were reported from fission-fragment spectros-
signed asAl=—1. Positive anisotropies can result from copy experimentf24]. Negative-parity states with spins 3, 4,
[—I, 1—1—2, or mixedl —1—1 decays. HoweveAl =0 and 5 were known from inelastic scattering, transfer reac-
transitions are usually accompanied by competiig= —1  tions, and Coulomb excitation reactions.
or —2 decays, and we take the absence of such as evidence Preliminary results of the present work fé?"1%%Pd, in-
against aAl=0 assignment. Considerations such as thecluding level schemes, have already been pres¢@tddThe
overall decay pattern and the plausible sizeE& matrix  partial level scheme ot°®Pd produced from analysis of the
elements were also used to choose among the possible m@halk River data is shown in Fig. 3. In addition to five tran-
tipolarities and mixing ratios. sitions previously reported it%Pd, 14 newy rays were
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TABLE |. Properties ofy rays placed in'%pd.

2
(189 6822 Energy Relative
| (keV) intensity Anisotropy IT—I1f
1133.0 433.9(1) 0.05(6) 2t 0"
437.4(10) 15 (2) 7)) 5(7)
L& 3689 518.4(2) 29 (3) 0.13(22) o), 7(5)
1 540.9(1) 31(3) 0.12(13) 12 10"
(14 1977 1048.9 3 614.2(1) 100 (5) 0.12(7) 4% o+
| Lt s630.8 13- 4776 626.3(4) 23(3) 0.61(33) (8")—6"
816.4 - 682.2(6) 25 (3) 0.09(24) (117)—9)
1z . X 813.3 708.0(1) 34 (4) 0.27(13) 10t —8*
‘i—' : 11 3963 723.1(1) 85 (5) 0.24(9) 6t 4
8078 . 777.2(1) 55 (4) 0.17(10) 8t 6"
802.1(3) 24 (4) 0.43(20) 10t —8*
lor & 3350.5 807.8(9) 18 (4) (12)—10"
6081 813.3(4) 12 (5) (137)—(117)
‘ 818.4(7) <5 (14")—(12%)
(89 P 842.5(4) 29 (3) 0.17(17) 14+ 12*
| ‘ 991.0(3) 27 (3) —0.47(23) 70 56t
626.3 1048.9(7) 19 (3) 0.31(29) 16" —14*
L] 1133.0(2) 12 (3) (18")—16*
1276.7(10) 13(3) —0.72(42) 5(-) 4+

Antensities taken from the 433.9 keV coincidence spectrum.

108> 8" state at 2397.5 keV was found. The anisotropy and
coincidence relationships of the depopulating 626.3 keV
ray indicate a stretcheH2 transition feeding the 6 state.

108pgq However, the intensities of the 626.3, 777.2, and 991.0 keV
v rays in the 4339 keV gated spectrum sum to
FIG. 3. Level scheme of’®Pd. (123+11)% of the 723.1 keV intensity. Furthermore, the

ratio of intensities of the 626.3 keV and 777.2 keV transi-

identified and placed in the level scheme. The properties dions in coincidence with the 614.2 keV "4-2" is
these transitions are tabulated in Table I. The first and secorf$26+0.06 compared to 0.420.06 for the 433.9 keV gate.
columns of the table give the-ray energy and intensity. Due It is therefore possible that the 626.3 key/ray feeds the
to the small production cross section f81%d, listed inten- 6" state through intermediate, unobserved transitions, with
sities are taken from a spectrum gated on the 433.9 keWome strength feeding the"2state through a separate
2" 0" transition. The measured anisotropy is listed in col-branch. Noy rays linking the tentative 8 state with the
umn 3, and the deduced initial and final state spins are showd, or either 10 state were observed. We place upper limits
in column 4. of less than 10%20) of the 614.2 keVy-ray intensity on
The ground band of%Pd (band 2 in Fig. 3 has been such transitions.
extended through a back bend to*18Figure 4 shows a Strongly populated negative-parity bands with band head
summed spectrum for th#3Pd ground-state band, produced spins of(5-9% are a common feature of neutron-rich even-
by gating on the 708.0, 777.2, and 540.9 keV lines. Theeven palladium and cadmium nuclides. These typically feed
2548.4 keV 8§ state reported by Reff24] is seen as a mem- into the ground band via stronggl MeV 7 —6" and
ber of this band, but the 3350.5 keV “1Gtate reported in 5~ —4" y rays. A structure with similar properties has been
that work is identified as part of a non-yrast sideb#éisand  identified in 1°Pd. A cascade which includes twp rays
1) similar to one seen it*%Cd [8], and may be a continua- (518.4 and 682.2 keMwhose anisotropies are consistent
tion of the nonaligned ground-band configuration. This bandvith stretched=2 multipolarity feeds the & state via a 991.0
is seen to a 12 state, with a tentative T4state. A definite keV transition and the 4 state via a 437.4-1276.7 keV
assignment of this state is precluded by the relative weaknessanch. The 991.0 and 1276.7 ke}rays have large nega-
of the depopulating 818.4 key ray, together with interfer- tive anisotropies as expected for pure dipole transitions. In-
ence from an 813.3 keV transition in band 3. terference from the 433.9 keV'2-0" line prevented accu-
The isotone*®Cd exhibits the unusual feature of three rate determination of the 437.4 keV transition multipolarity;
nearly degenerate "8 states. Similar, though less pro- thel=5 assignment to the 2324.8 keV state is based on the
nounced, degeneracies occurlftf1°Cd [3,5] and 1°21%%d  1276.7 keV transition anisotropy, which is inconsistent with
[13]. In contrast, a detailed study #%d[13] revealed only a Al=2 assignment at thealevel. (A Al=0 assignment
one 8" state. In the present work, a candidate secondvould imply a highly unlikely octupole 437.4 ke ray)
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The energy and spin of the 2324.8 keV state are consisteim Ref. [7], although 704 keV and 1104 keV transitions
with a ~2320 keV L=5 state seen int(p), (p,t), and shown in that work feeding the 3372and 31/2 states from
(p,p") reactions26]. a 35/2" member of band 3 cannot be confirmed here due to
In neighboring even-even nuclides, the analogousnterference from competing transitions.
negative-parity bands are accompanied by similarly intense Below 2 MeV, the band structure of the positive-parity
signature-partner bands, withl =1 transitions linking the  states becomes less distinct. Bands 3 and 4 primarily feed
bands near the bandheads. No _ewdenc_:e has been found in they the 19/Z state, which in turn decays by a decoupled
present work for another negative-parity band'¥Pd. E2 cascade to the 312.0 keV 7/Xtate. The ordering of
states below the 17/2state is uncertain. While Fig. 5 rep-
resents the most likely ordering of therays depopulating
The level scheme forr®’Pd deduced from the present this state, the relative weakness of the transitions, combined
work is shown in Fig. 5. Table Il lists the energies, intensi-with the difficulties due to multiple degenerageray pairs,
ties, and anisotropies of rays assigned to this nuclide, allow the possibility that the ordering down to the 9/&tate
along with deduced substate alignments, mixing ratios, and reversed, i.e., the 677.7 and 644.2 lines may lie above the
placements. Sample coincidence spectra'féPd are shown 772.6 and 805.8 transitions, with the 402, 404, and 368.2
in Fig. 6. keV lines placed appropriately. Evidence against this alter-
Band 1 in Fig. 5 is an yrast negative-parity band built onnative includes the fact that the 392.5 keV line is signifi-
the isomeric 214.9 keV 1172state. The band is extended cantly stronger than the 303.8 keV line in the 772.6 keV
from the previously knowii27] 19/2" state through the first gate. If the order were reversed, the intensities would have to
angular-momentum alignment to 5&/2For the higher tran- be equal. The intensity difference implies unseen branches
sitions, the angular distributions are consistent idithmul-  from the 1374.0 keV 13/2 state, though, which further in-
tipolarity although the uncertainties are large. These uncemicates the uncertainty of the placemeriisterference from
tainties are indicated in Fig. 5 and Table Il by parentheses othe 675.7 keV transition in band 4 prevents a similar com-
the level spins and parities. parison using a 677.7 keV gatd.he weakness of the 368.2,
Following completion of these analyses, results of an ex402, and 404 keV lines precludes determination of the spin
periment in which'®Pd was populated via the same reactionof the 1742.2 keV state. Values of 13/2, 15/2, and 17/2 are
were published7]. The level scheme of that work confirms possible. The 677.7 and 772.6 keV transitions, as well as the
the results for band 1 from the present wdiikst reported in  642.8, 721.5, and 696.9 key rays of band 4 have also been
Ref.[25]) up to the 39/2 state, though with small discrep- reported by Juutineet al. [7].
ancies in transition energies. Klamra and Rekstad27] first investigated high-spin
At energies above 2 MeV, positive-parity states'tfPd  states in'°Pd using !®Ru(a,n). They reported 643.3 and
are seen in three distinct bands, labeled 2, 3, and 4 in Fig. B08.5 keV transitions as the lowest members of a stretched
Bands 2 and 3 appear to be signature-partner bands wits2 band built on a 312.8 keV 7/2state, based on weak
strongAl =—1 linking transitions, while band 4 is a decou- coincidence data and detailegiray angular distributions.
pledE2 band. The bulk of the strength in the high-spin struc-More recently, Juutineret al. [7] reported the low-lying
tures feeds into the negative-parity yrast band throegh members of band 4 with no mention of an 808 keV line. We
decays from the 19/2, 21/2, and 25/2 states, in a manndrave resolved the discrepancy by the discovery of the 805.8-
similar to that reported if°%Cd[6,7). They rays assigned to  644.2 keV cascade above the 696 keV'9&ate. This cas-
bands 2 and 3 above the 21/2tate have also been reported cade weakly feeds the 312 keV state via the 384 keV line,

B. 107Pd
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1
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explaining the coincidence relationships described in Refthe weaker lines in the present work, along with band 4, are
[27]. The 808.5 keV line in the spectrum shown in R&f7] new.
appears to be unresolved from a lower-energy line. This may Finally, it is necessary to discuss the ordering of the
explain the 3 keV energy difference. No energy uncertaintie$03.8-392.5 keV pair depopulating the 9/2tate. States at
are given in Ref[27]. both 302.8 and 392.5 keV are known froffRh B~ decay
Other differences among the present work and the resulf9], with the former being assigndd=(3/2,5/2)" based
of Refs.[27] and[7] are worth noting. First, although the on (d,p) [30] and (d,t) [31] data. Clearly, the 392.5 keV
anisotropy we report for the 312.0 keV line is consistent withstate is fed by the 562.7 key ray from the 11/2 member
the A, given in Ref.[27] (the anisotropy is approximately of band 4, but the possibility that the 9/2tate decays to the
equal toA, for small values ofA;) we calculate an upper 302.8 keV state by a 393.5 kelray rather tharfor as well
limit on the E2/M 1 mixing ratio of —0.2 (using the phase as decaying to the 392.5 keV state must be addressed. If this
convention of[28]) compared to their value of 0.05°333  were the case, the 393.5 keV line would have to be stretched
(in the same phase conventjpthe difference is attributable EZ2 in nature(with a 5/2 spin assignment for the 302.8 keV
to considerably different values of the substate alignmenstate and would therefore have a positive anisotropy. The
parameter: 0.5 0.1 here versus= 0.9 in that work. The decay of the 302.8 keV state would be 5/3/2, and would
value used in Ref.27] was presumably chosen based on thealso be expected to have a positive anisotrg@e Fig. 2 In
apparent substate alignment of the feeding 643 keV line; théact, both lines are seen to have negative anisotrgpiben
existence of the 644.2 line, which may have been stronger igated on transitions above the 9/2tate so as to eliminate
the (a,n) reaction than the 642.8 line, may explain the rela-the feeding of the 7/2 state through the 562.7 keV transi-
tively large substate alignment used. Also, while Réff  tion). Based on this and the measured energy of 308.2
reports substantially similar energies and anisotropies for thkeV rather than 302.8 keV, we conclude that although a de-
strongesty rays in the positive-parity level scheme, most of cay branch from the 9/2state through the 302.8 keV state is



2688 K. R. POHLet al.

TABLE II. Properties ofy rays placed in'°’Pd.

Energy Relative Substate

(keV) intensity Anisotropy alignmerit S(E2IM 1) I—1f
258.0(3) 0.5(1) —0.91(90) (0.5 5<0.15 11/2 —9/2*
303.8(2) ° 4003 ° —0.56(30) (0.5 9/2" —7/2*
312.0(1) 18.9(3) —0.51(10) (0.5 5<—-0.2 712" —5/2F
330.8(3) 40(7)°¢ —0.28(22 0.7) -0.1(2 23/2" —21/2"
368.2(2) 1.6(2) (15/2)t —13/2"
384.1(1) 2.7(6)° —0.46(18) (0.5 8<-0.1 9/2" —7/2¢
392.5(1) ° 8.8(3 —0.42(17) (0.5 712" —5/2¢
403.4¢ 3102

410.8(1) 14.2(3) 0.18(9) 0.39(19 21/2" —17/2"
452.2(1) 30.1(3) 0.26(7) 0.59(15) 25/2" —21/2"
472.2(1) 100.0(6) 0.23(5) 0.47(10) 15/2° —11/2°
495.9(1) 9.5(3) 0.16(17) (0.8 0.30(15) 27/2 —25/2°
514.8(2) 5.2(8) ¢ 0.54(40) 23/2F —19/2"
562.7(5) 40(2°¢ 0.85(30) 11/2t—7/2*
617.1(1) 11.8(8) 0.25(17) 27/2" —23/2"
626.2(2) 4.4 (5) 0.62(27) (0.9 0.45< §<1.9 31/2 —29/2¢
642.8(2) 14.4(9) © 0.35(11) 0.68(21) 11/2F —7/2*
644.2(3) 5.5(13) ¢ 13/2t —9/2"
650.8(3) 6.4(8) 0.59(26) 27/2" —23/2"
661.1(4) 4.3(6) —-0.37(33) (0.7) -0.159% 25/2" —23/2
675.7(3) 8.3(14 ¢ 0.33(15) 23/2" —19/2"
677.7(2) 14.7(16) © 0.39(15) 0.79(30) 13/2t —9/2"
689.7(7) 6.4(23 ¢ —0.37(39) (0.9 —0.13(26) 27/2F —25/2°
696.3(4) 11.3(30) ¢ 0.23(23 9/2" —5/2"
696.9(2) 12.0(20) © 0.35(19 19/2" —15/2¢
699.8(1) 20.8(41) © 0.39(14) 0.92(33 29/2" —25/2"
721.5(1) 15.1(10) © 0.29(13 0.60(27) 15/2F —11/2¢
756.3(1) 93.7(6) 0.24(5) 0.53(11) 19/2" —15/2°
772.6(3) 12.2(17) 0.16(12 0.34(26) 17/2t —13/2°
805.8(7) 3.3(10) ¢ 17/2F —13/2¢
831.6(4) 15.5(40) © 0.20(18) 31/2" —27/2"
862.8(1) 10.8(4) 0.37(19 31/2"—27/2°
905.1(1) 45.4(6) 0.31(7) 0.71(16) 23/2° —19/2
931.3(8) 1.0(7) 19/2" —19/2°
945.8(1) 21.1(8) 0.41(13 0.97(32 312 =27/
956.7(1) 37.5(8) 0.40(10) 0.92(24) 2712 —23/2
982.5(2) 14.0(15) ¢ 0.24(15) 0.58(36) 35/2° —31/2°
1026.3(1) 11.3(4) 0.33(15) 33/2"—29/2"
1040.6(2) 8.8(4) 0.07(21) (35/2")—31/2"
1110.1(3) 7.2(15°¢ 0.13(22 (39/27)—35/2"
1114.1(1) 38.3(14) —0.23(13) 0.7) —0.05(11) 21/2" —19/2°
1127.6(6) 6.1(18 ¢ 0.89 (45) (39/2")—(35/2")
1292.6(3) 6.0 (5) 0.07(23 (43/27)—(39/2)
1445.6(3) 5.8 (6) 0.18(27) (47127)—(4312°)
1593.7(3) 4522 ¢ (51/27)—(47/27)

3/alues in parentheses were determined from fit to quE&2dubstate alignments. Relative uncertainties in
fitted substate alignments were taken to be 20%.

The 303.8-392.5 keV coincident pair may be contaminated with a competing 30298.5 keV pair. See
text for details.

‘Intensity taken from coincidence data.

dUnresolved doublet. The average energy and summed intensity of thgs are quoted.
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10%g are shown with filled circles. 125 keV and 191 keV lines
identified in *°Ag are shown with open squares. 523 kéilled

FIG. 6. Sample’®Pd coincidence spectréa) Gate on 312.0 diamond$ and 335 keV(open triangleslines in 1°°11Cd, respec-
keV line (band 4. Note that some band 2 and band 3 transitions aretively, are shown for comparison. The cross sections are corrected
present due to the linking 384.1 key/ray. (b) Sum of spectra gated for proton andy-ray efficiencies.
on 945.8 and 956.7 keV linethand 1. Contaminant lines are
marked ‘c.”

Energy (keV)

and place other lines in thé"Ag level scheme, which is

possible, it is considerably weaker than the cascade througt{!oWn in Fig. 8. Measured intensitiéisom y-y coincidence

the 392.5 keV state shown in Fig. Bsince the 677.7 and data and anisotropies for'®®Ag transitions are listed in

772.6 keV transitions were used to determine this, the argul@Ple 1!, along with deduced substate alignments, mixing

ments concerning their ordering are unchanpéuterest- ratios, and placements. Spectra gated on the 298.8 keV line

ingly, the opposite orderinga 393 keV line feeding a 303 (Pand 3 and 213.5 kev Iine(bandsoz and Bare shown in
keV line) was found in the &,n) reaction; in that case, the Fig. 9. The expgrlm_ental results fét°Ag will be the subject
initial state was probably a known 172state near 697 kev. ©f @ future publication.

; ; ; The low detection efficiencydue to absorption in the
No lines were reported by Rdf7] at either of these energies. . L .
I W P y Refr] ! g CslI(Tl) particle detectorsand high internal conversion prob-

ability for the known 44.7 keV 9/2—7/2* decay[35] pre-
vented its detection in the Chalk River experiment, making it
Past work on'%Ag has largely been limited to Coulomb- unclear whether the 798.0 and 640.6 keV transistions feed
excitation[32], radioactive decaycf. [33]), and direct reac- the 9/2° or 7/2" state. To resolve this and thereby firmly
tion (cf. [34]) studies. These techniques, though, are ineffecdetermine the yrast level scheme 8PAg, an additional ex-
tive tools for populating yrast states, which in other d&dld- periment was performed to look for the 798.0-44.7 keV co-
Ag isotopes are built on low-lyingye, isomers. Conse- incidence. In order to reduce interference from light Ag iso-
quently, although the corresponding isomers (74288 keV  topes, the alternate reactioh®Mo(*3C,p3n)1®Ag was
and 9/2 at 133 keVf have been seen it’°Ag, no higher-  chosen, which made use of the much higher isotopic enrich-
spin states have been identified. ment of the®Mo target. The high resolution of the LEPS
The strongest proton-evaporation channels from theletector together with the lack of competing transitions near
14cd compound nucleus weng4n and p3n, leading to 45 keV obviated the need for channel selection.
109.110q, respectively. Since no high-spin states were known Singles and 798.0 keV Ge-gated LEPS spectra are shown
in either nuclide, proton-gated excitation functidelown in  in Fig. 10. It is clear that the 798.0 keV line occurs in coin-
Fig. 7 from the Penn particle- experiment were used to cidence with the= 44.7 keV 9/2 —7/2" decay. Since a thin
identify candidatey rays for each(Note the factor of 50 target was used, a correction for Doppler shift was made in
difference in cross sections between theand pxn chan-  determining the energy of this transition. Since the LEPS
nels) Coincidence relationships and gated angular distribudetector was centered &t=90°, the correction would nor-
tions from the Chalk Rivep-y-y data were used to identify mally be quite small. However, the displacement of the re-

C. lOQAg
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coiling nucleus durindand prior to the 2.6 ns isomeric de- band 1 in Fig. 7 above 21/2 as with 1°51°Ag. Unlike the
cay is substantialu(eciX t1,~0.8 cm). After correcting for  lighter isotopes, n&2 crossover transitions were seen above
the Doppler shift, a fit to the LEPS singles spectrum gives arhis state in'°Ag. This is probably due to low statistics;
energy of 44.80.1 keV for the decay, compared to an |ower limits on theB(M1)/B(E2) ratios for band 1 above
adopted value of 44:70.2 keV[36]. 21/2h are generally consistent with the corresponding
The measured 798.0-44.8 keV coincidence intensity is §ansition-strength ratios found iH>9Ag.
sensitive function of th&2/M 1 mixing ratio of the 44.8 keV Two strongly coupled negative-parity bands were also
decay, since the internal conversion coefficientsi@rand  ggan. Again, while n&?2 crossovers were found, the lower

M1 radiation at this energy are 26 and 4.3, respectivelyynits on the B(M1)/B(E2) ratios are consistent with the
Unfortunately, this sensitivity is somewhat washed out byratios reported for the negative-parity bands #F19%g
angular correlation effects in the geometry chosen, especiaIIP/10 11]. The ordering of bands 2 and 3 in Fig. 7 is based on
when the recoil displacement is considered. A fit to the Co_’nte:ns'i'es 1 coincidence with the 213.5 ar;d 1275.7 keV
incidence intensity assuming a 134®/2— 7/2 decay pattern ; mes | incl w \ .

and an initial substate alignment of 0.45 yields a mixing ratio“nes’ while the int_ensities listed in Tablc_a lll-are from a gate
of |Seona|=0.35+0.15. This is in very good agreement O" the 798 keV line. Band 3 decays into the I5/@tate

with an estimate of 0.380.12 based on intensity balance hrough a 273.4 keVy ray. However, the energy and inten-
arguments which us&’%d g8~ decay datd36]. sity of the ~88 keV linking transition could not be deter-
The resulting 1°°Ag high-spin level scheme is qualita- mined d_ue to the highy-ray atten_uqtion at low energies in
tively quite similar to those of the lighter silver isotopes the particle-detector array, and it is possible that the 273.4
105.107Aq [10,11]. At low energies, the dominant features arekeV transition depopulates the 19/3tate rather than feed-
the two positive-parity signature-partner bands built on théng the 15/2 state as shown in Fig. 8. Several of the lowest
9/2" isomer. The moderate signature splitting for thesestates in these band2206.4, 2568.3, and 2660.4 keV, as
bands gives way to a strongly couplad=1 band(labeled  well as the 2567.5 keV 19/2state are consistent with states
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TABLE llI. Properties ofy rays placed in'%®Ag.

Energy Relative Substate

(keV) intensity Anisotropy alignmerit S(E2/M1) I7—I7
44.8(1) +0.35(15) 9/2t —7/2*
148.4(1) 9(1) —-0.16(19 (0.90 +0.05(11) 19/2—17/2
157.3(1) 8 (1) 13/2" —11/2*
172.2(1) 18(3) " —-0.23(14) (0.95 +0.01(8) 21/2°—19/2
186.2(1) 34 (1) —-0.31(10) (0.95 —0.05(5) 25/2F —23/2°
213.5(1) 17(2)° —-0.36(12) (0.85 —0.09(8) 17/2° —15/2
240.5(2) 8(2°" —0.31(16) (0.90 —0.05(9) 19/ —17/2
248.1(1) 18(4) ° -0.20(12 (0.95 +0.02(8) 23/2° =21/
249.4(1) 49(5)° —-0.16(7) (0.95 +0.05 (4) 23/2" —21/2
263.3(2) 8(3)° —0.46(16) (0.95 —-0.14(9) (23/27)—(21/2°)
273.4(3) 9(3)° (17/2°)—15/2
273.5(1) 15(2) P —-0.18(13 (0.92 +0.03(8) 21/2" —19/2°
279.7(2) 9(2°" —-0.02(15) (0.95 +0.13(9) (21/27)—19/2
298.8(1) 33(1) —0.35(9) (0.95 —-0.07(5) 27/2" —25/2°
328.0(1) 113" —-0.13(13 (0.95 +0.06(8) 25/2° —23/2
393.5(1) 29 (1) —0.13(10) (0.95 +0.06 (4) 29/2" 2712
407.1(2) 21(2)° -0.22(12) (0.95 0.00(6) 31/2" —29/2°
510.6(2) 15(2) P —0.46(15) (0.95 —-0.14(8) 33/2" —31/2
528.1(3) 112" 0.10(19) (0.95 +0.20(14) (35/2")—33/2"
640.6(2) 24 (1) 0.30(9) (0.50 +0.3<6 11/2" —9/2*
673.4(2) 12(3) P 0.20(19) (0.85 +0.31(20) 19/2° —17/2*
772.3(3) 32(5)° 0.50(21) (0.70 +1.0°32 15/2"—13/2°
798.0(1) 100(1) 0.22(6) 0.44(13) 13/2" —9/2*
864.9(4) 13(4)° 0.61(29) 19/2" —15/2*
930.6(8) 8(3)° 15/2" —11/2*
946.4(1) 35(1) 0.34(11) 0.76 (24) 21/2" —17/2°
963.5(1) 60 (1) 0.43(9) 0.90(17) 17/2-—13/2°
1275.7(2) 29 (1) -0.21(12) (0.90 +0.02(8) ¢ 15/2-—13/2*

avalues in parentheses were determined from fit to quE2dubstate alignments. Uncertainties were taken
to range from=+ 0.1 (at «=0.5) to =0.05 (at «=0.95).

bIntensity taken from coincidence data.

‘Assigned a€1.

reported in*%/Ag(t,p) [34], although the precision of the to choose the Harris reference parametggs- 642/ MeV

direct-reaction measurements was only about 10 keV. and 7, =20n*% MeV?3. Pairing strength energies were cho-
sen based on experimental odd-even mass differences. At
IV. DISCUSSION AND MODEL COMPARISONS zero frequency, strengths af,=1.2 MeV andA,=1.5

Although the nuclides in this mass region are known toMeV were used, with both decreasing to 50% of these values

have low-energy states which are vibrational in nature, th(—py hw=0.8 Me\_/. ) )
deformed rotor formalism has proven extremely successful TRS calculations for the vacuum configuration fffPd
in predicting their high-spin behavior. In particular, cranked@re shown in Fig. 11. For rotational frequencies below 0.7
shell model(CSM) calculations with BCS pairinf37] have ~ MeV, the energy surfaces show a prolate minimungat=
been found to provide useful interpretations of the collectived.17-0.21 andy~—5°. (The static quadrupole moment of
bands and band crossings of these nuclides. The nuclidége '°%Pd 2" state is—0.58 e b [26], corresponding to a
studied here are predicted by total Routhian surf@deS prolate rotor with8,=0.17.) Similar minima are calculated
calculations[38] to have somewhat larger and more stablefor likely configurations of °Pd and %Ag, with
deformations than the cadmium and light palladium isotope®,~0.17. Accordingly, deformations of 0.18 were chosen
previously interpreted with the CSM mode|g€ +0.17  for use in CSM calculations for all three nuclides. The ex-
compared to 0.10-0.15 fot% 1%Cd and %4 1%pPg) and tremery softness of these minima suggests some freedom in
should provide good tests for CSM predictions. choosing the triaxiality parameter in the CSM calculations,
For all three nuclides, the adaptgdreference described and axial symmetry ¥=0°) was generally used. The hexa-
by Bengtssoret al.[37] based on thé®®Pds band was used decapole parametgs, was set to zero for all calculations.
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200 ‘ ‘ : , : A. 1%
(a) 298.8 keV

The low-lying states of%Pd behave much like “classic”

50 L Ag | vibrational states. For instance, an-0,2,4 triplet lies at

about 1 MeV, 2.3 times the ;2 energy, and theB(E2;
4—2) and B(E2; 2'—2) are almost twice theB(EZ2;
2—0) [26]. Although lifetimes are not available for higher
states, it is clear from the level spacings that this near-
vibrational trend continues through thée &tate. Above the
8" state, though, the ground band is crossed by a band with
rotational energy spacings, while the original “vibrational”
sequence appears to continue up to spins of 44 the non-
yrast band 1.

| A plot of the aligned angular momenturn,) for the two

“ positive-parity bands is shown in Fig. 13. The first band
\ crossing occurs at a frequency dtv~0.33 MeV and the

Counts

g yrast band gains almost A0of aligned angular momentum
through the crossing. By comparison, the predicted
$ 1 quasineutron Routhian indicates a configuration change at
about the same frequency due to the neuthgp, (AB)
crossing, with an increase of @.2in i,. The shape-
polarizing property of the lowk hq,, pair is expected to
stabilize the prolate minimum; this is indicated in the TRS
o HERA ‘ calculation by a much deeper minimum along tBeaxis
00 200 300 30 300 e 00 800 900 1000 above tr_]e crossing frequen@ee_Flg. 11 By contrast, TRS
Eneray (keV) calculations for theA B configuration above the first crossing
(not shown predict prolate first minima which are very soft
FIG. 9. Sample coincidence spectra #ffAg. (a) Gate on the  giong both thed andy axes. This two-quasineutron configu-
298.8 keV line in band 1(b) Sum of spectra gated on the 1275.7 yation corresponds to the continuation of the ground-state
keV and 213.5 keV lines. A " indicates a contaminant line while  ¢onfiguration above the first crossing. The softness of the
a "?” indicates an unplaced®Ag transition. predicted minimum indicates continued vibrational behavior
for the extension of the ground-state collective band above
Calculated quasiparticle Routhians f8¥%Pd using these pa- the crossing and reinforces the interpretation of band 1 as a
rameters are shown in Fig. 12. There are no significant difvibrational structure.

148
172
213 _— 240
273
798

328

=~

ferences between the Routhians f8fPd and those calcu- The aligned angular momentum of the yrast band in the
lated for 1°Pd and'%°Ag. A list of the active neutron and isotone!!%Cd is also shown in Fig. 13 for comparison. Note
proton orbitals is given in Table IV. that while the''®Cd s band crosses the ground-state band at
15x10° . , : . .
@ LEPS Prescaled Singles
10x10°
sx10*
2
5 0 , , , , , FIG. 10. LEPS spectra from thé’C +
S ) ' ' 1090 experiment(a) Singles downscaled by 10.
60 - 798keVgate 1 (b) Gate on 798.0 keV in the Ge detector.
¥
40 T 38 1
2 X = - La]
20 .
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The last point in the, plot for band 2 shows the begin-
ning of another upbend neérw=0.55 MeV. This could be
the alignment of the secondCQ) intruder neutron pair or
the positive-parityE F neutron pair, both of which are pre-
dicted at around 0.65 MeV. However, i%Cd, where these
: neutron crossings should also occur near 0.65 MeV, two up-
01 4 o 3 bends are in fact seen close to the predicted frequencies. It
] E o - therefore seems more likely that the observed upbend in
00 ] 10%pd at 0.55 MeV is due to the alignment of the proton
E - 3 £* [413] (ab) pair, predicted to occur near 0.48 MeV. It is
: : i important to remember that the predicted crossing frequen-
cies are sensitive functions of the pairing gap parameters.

] ] E The neutron strengtiA ,(w) is constrained by the observed
O T T R T T e AB crossing in'%%d and in turn restricts th@ D crossing to

a narrow range of fregencies. The proton strenfjti{ ),
(©) o = 0.456 (d) 7> = 0.586 though, is. constrained only ai=0 by _the odd-even mass
bl el L difference; reasonable adjustments in the proton pairing
strength parameters can delay the predi@édcrossing to
above 0.5 MeV.

Negative-parity single-particle states i#Pd are likely to
arise from neutrorh,;,,® 973, neutronh;;,®ds3, proton
Je2®P1js, and protonge,® pa; particle-hole states. These
configurations have maximally aligned spins of &nd 9
00 : for the neutron states and 5and 6 for the proton states,
- 3 respectively. In this picture, the™5and 7 states of band 3
01 ] Eod 3 would most likely be proton one-particle one-hole states.

] These negative-parity proton excitations should be largely
op 1 ! ‘ ‘ aN: insensitive to changes in neutron number, while the neutron
00 0.1 02 03 00 01 02 03 excitations should drop in energy with increasiNgas the

— neutron Fermi level approaches the;,, shell. In fact, 5
X=Pycos(y+30) states do appear at nearly constant energi¢§4n'°%Pd, but

FIG. 11. TRS calculations for th&%Pd vacuum. Contour lines the 7; states drop by more than 400 keV over the range.
are in 250 keV incrementsi@ #w=0.195 MeV: Minimum at Also, as pointed out by Graet al., [13] the branching ratio
B,=0.176, y=—1°, E'=—1.35 MeV with |,=1.1; second B(E2; 7~ —57)/B(E1l; 7"—6") drops by a factor of 33
minimum at B8,=0.17, y=-120°, E'=—1.26 MeV. (b) from 1%Pd to 1%Pd.(The %%Pd branching ratio is similar to
hw=0.326 MeV: Minimum at3,=0.199, y=—13°, E'=—1.56 the 1°%Pd result. Lifetime measurements of negative-parity
MeV with 1,=2.9%. The second minimum now h&'=-1.22.  bands in*'%Cd[39] indicate that the’h,;,,® vds; structures
() hw=0.456 MeV: Minimum at 8,=0.205, y=-5°  gre built on nonmaximally aligned bandheads, which has led
E'=—-3.2 MeV withl,=13.2:. (d) #w=0.586 MeV: Minimum at {5 speculation that they are semidecoupled configurations
B.=0.172,y=—8°, E'=5.55 MeV withl,=20.6i. with the ds, quasineutron deformation aligned. A similar
tuation may be occurring it°%Pd, with the 7 state form-

g the bandhead of a semidecoupled two-quasineutron band.

(a) i =0.195 b)Y in=0326
03 L I I L L ! | | Ll Lo

02 - - g

0.1 F o E

0.3

Y=P,sin(y+30)

02 3 L3 -

01 3 Eo F

- S
nearly the same frequency and exhibits the same amount ﬂi
alignment, the interaction strengtV,| is about twice as
strong in 1%Pd as in1%Cd. CSM calculations for the two
nuclides fail to predict this difference. Juutinen al. [8]
have suggested that the weak interaction'tfCd may be As with other oddN nuclides in this region, the yrast
due to a shape difference between the two bands; thkevel scheme of°’Pd is dominated by a decoupled rotational
Routhian minimum is predicted to shift frofd,=0.12 to  band built on a low-lyingrh,4,, isomer. The aligned angular
0.17 through the crossing. This hypothesis is supported bsnomentum of this ban¢band 1 in 1°%Pd is shown in Fig.
the 1°%d results, for which the TRS calculations predict al4. In contrast to the®®®d yrast band, no crossing is seen
much smaller deformation change. An extension of thenearfiw=0.33. Instead, the first alignment i"Pd is de-
10%cd ground-state band above the first crossing is alstayed, occuring atiw~0.48 MeV. This is in good agree-
shown in Fig. 13. It feeds into the yrast band at thesdate, ment with the CSM prediction, in which the odd
as with 198d, and is in turn fed by a quasirotational bandquasineutron blocks th&B crossing, with the first crossing
(band 17 of Ref[8]) above the 14 state. Lifetime measure- (BC) occurring at 0.45 MeV. The experimental alignment
ments of the 10 and 12 states of this sequence indicate gain through the crossing is about %,5also in good agree-
fast collective transitions witB(E2)>30 W.u.[39] and the  ment with the predictedC alignment gain of 68. The
authors of Refs[8] and[39] conclude that it is the vibra- quasiprotonab crossing is also predicted near 0.48 MeV,
tional continuation of the ground band above the crossingthough with an increase df, of only 4.7. While the ob-
The striking similarity between it and band 1 #%d sup- served crossing occurs closer to the predicted proton con-
ports a vibrational picture if%Pd as well. figuration change, the alignment gain is more consistent with

B. 1°Pd
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' ’ ’ " ho MeV) for B,=0.18, B,4,=0, and y=0°. Pairing
strengths ofA,=1.5 MeV andA_=1.2 MeV
were used at zero frequency, falling by 50% at
hw=0.8 MeV. See Table IV for a list of the
Routhian labels.
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the predicted neutron alignment. The quasiproton alignmentb its smaller deformation, thBC crossing in%Cd is pre-
should occur at the same rotational frequency in b®Pd  dicted to occur later than th8C crossing in °Pd. In

and 1%8Pd, since the crossing frequency is reasonably insenl®pd, the corresponding crossing should occur at an even
sitive to the predicted difference in deformations. The secongigher frequency since, in addition to the reduced deforma-
upbend in the'%Pd yrast bandat i w~0.55 MeV) is inter-  tion, the neutronh,y, orbitals lie further from the Fermi
preted as being caused by the pro@ crossing, S0 one |evel. In fact, the measured crossings occur near 0.51 MeV in
would expect a similar crossing frequency for t&Pd  109cq[6] and 0.56 MeV in'%Pd[40], as expected.
alignment. This implies that thé®Pd alignment at 0.48 |nterpretation of the low-lying positive-parity states in the
MeV is quasineutron in nature, with the three-quasineutron,,niext of the cranked shell model is difficult. The dominant

3 . . .
V(q'lrllizs) a':sl?gcn;%r:;gi:rggﬁgt?obrg\t/;tg? (t:fzcésts:;ggéing frequenconfigurations are predicted to be the Nilssbn [411] and
5 + i
cies of the neighboring odd-nuclides®Pd and°°Cd. Due 2 (413 orbitals ofds,; andgy, parentage. The 5/2ground

state of 1Pd has been assignéd=2 and the 312.0 keV
7/2* stateL=4 from direct reaction datg30,31]. At defor-
mations of 3,=0.2 these Nilsson basis states are strongly
mixed, and the predicted quasineutron states are further
mixed when the nucleus is “cranked.” A strong interaction
is predicted neati w=0.15 MeV, with the predominantly

TABLE IV. Active orbitals for 8,~0.17.

Particle CSM label Dominant configuratiog factor?®
a=—1/2 a=+1/2 Spherical Nilsson

Neutrons A B hya,  1/27 [5500 —0.21 g7,» Routhian dropping below thas,,. The picture is further
C D hi,  3/27[541] -0.21 complicated by the fact that the low-spin core excitations are
F E g, 527 [413]° +0.21 vibrational, not rotational, in nature. In light of these diffi-
H G ds,  3/27 [411]° —0.33 culties, comparison of the low-energy states with rotational-

model predictions does not seem fruitful at this tinié/e

Protons b a Qo 727 [413  +1.27 note that similar states in lighter odd-Pd nuclides have
d c G 5/2F [422]  +1.27 been interpreted in the context of a particle-core coupling
e f D1 127 [310] —0.23 model with much succe$40—-42. These comparisons, how-

ever, rely heavily on detailed measurements of non-yrast
states, which are typically not populated in heavy-ion fusion-

% rom Lonnrothet al. [44]. evaporation reactions.

At B,=0.17, these states contain significant components other The theoretical interpretation of the high-energy states is
than the asymptotic orbital listed. clearer. The cranked shell model predicts that the bands built
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FIG. 13. Aligned angular momenturi for
positive-parity bands in°pPd and*'%Cd. Closed
symbols are for'%Pd and open symbols are for
11%d. squares indicate the yrast band while tri-
angles indicate the ground band above the first

i, (h)
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on both positive-parity configurations should undergo bacKor any other crossing. Second, tH8’Pd positive parity
bends neafiw=0.3 MeV due to the alignment of th&B  bands align at lower frequencies than t#&d ground band
quasineutron pair. Since this rotational alignment is seen irfor the °Pd ground band, which aligns near 0.36 MeV
both 1°%Pd[13] and 1°®%d, one expects the~6-10 collec-  [13]). Again, this is in good agreement with the predicted
tive excitations of the'®’Pd core to be sufficiently rotational AB crossing. The unpaired neutron #’Pd is expected to
for the alignment to be seen here as well. Indeed,’#8d  reduce the pairing strength, which in turn allows the align-
positive-parity bands undergo alignments at rotational frement to proceed at lower frequencies. Finally, all three bands
quencies of 0.25-0.33 MeV, as shown in Fig. (Mor com-  appear to be undergoing the alignment as they begin. This
pleteness, the 642.8, 721.5, and 696.9 keV lines are used feature is hard to interpret with the CSM model. One pos-
both the band 3 and band 4 plots, and band 2 is assumed &ible explanation is that since the CSM predicts the bands
proceed through the 772.6 and 677.7 kegVays in the order  should interact strongly at low frequencies, the first few data
shown in Fig. 5K=5/2 was used for all three bani¥he points are perturbed. A more likely explanation is that the

1%8pd ground band is also shown for comparison. initial “upbending” is caused by a vibrational energy spac-
Three important features of these plots should be notedng.
First, all three bands gain at least &f aligned angular Experimental Routhians for bands 1-4 are shown in Fig.

momentum through the crossing. This gainijnis in good  15. K values and level orderings were chosen in the same
agreement with the CSM prediction for the quasineutrommanner as for Fig. 14. Above the alignment, tid transi-
AB crossing, and is larger than the alignment gain predictedions linking bands 2 and 3 clearly indicate these bands con-

12 + B
10 q
81 | FIG. 14. Aligned angular momenturiir, for
10%pd bandsK=1/2 was used for band (dia-
& 6l i mondg; K=5/2 was used for bands 2 and8i-
~ angle$ and band 4(squares The yrast 7/2,
11/2", and 15/2 states were included in the
4r . plots for both bands 3 and 4. Band 2 ¥Pd is
shown for comparison.
2 r d
0 L -
0.0 0.2 04 0.6 0.8 1.0

fio (MeV)
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< FIG. 15. Experimental Routhians fol®’Pd
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stitute signature partners with band 2 favored. The signaturaxial minimum, but rather ay-soft prolate minimum, as
splitting Ae’ is 0.2 MeV, with the favored signatuee: equal  stated previously. The agreement between the observed sig-
to +1/2, suggesting these bands &g in nature. Band 4, nature ordering and the triaxial CSM calculation may, there-
with a=—1/2, lies about 0.4 MeV above band 2. No candi-fore, be coincidental.

date signature partner for band 4 was found. Since the usual To further investigate the nature of these bands, one may
assumption for heavy-ion fusion-evaporation reactions is thatrn to the transition strengths and mixing ratios. The semi-
states closer to the yrast line are preferentially populatedlassical geometrical mod¢8] of Donau and Frauendorf
over states farther away, we conclude that the signature pargives predictions for th&(M1; 1| —1—-1)/B(E2; | —»1-2)

ner to band 4 is raised in energy by the signature splittingratios and theE2/M 1 mixing ratio. In an extension of this
and band 4 is favored. model published by Radforet al, [43]

These results are in disagreement with the axially sym-
metric CSM calculations, in which the= —1/2 signature of
the lowest positive-parity quasineutron Routhian p&¥K)
lies about 200 keMower than thea= + 1/2 signature. The
next pair G-H) lies about 500 keV higher and has the +GaKagt - -
a=+1/2 signature lower than the= —1/2. If bands 2 and
3 correspond to thE AB andFAB configurations, and band 2
4 to HAB, then the experimental signature partners are “in- +Qgigt - - .]] Mﬁ 2)
verted” for both theE-F andG-H Routhians. On the other
hand, if bands 2 and 3 are identified @&\B andHAB, the
CSM incorrectly places th& andH Routhians~400 keV
above thekE andF states, rather than 400 keV below.

The failure of axially symmetric CSM calculations to pre-
dict the observed structure is not surprising. THé&d re- ~

TR - gi=0i—0Or ©)
sults reported here are quite similar to published results for
the corresponding three-quasineutron bands®%icd [6,7],
indicating this behavior is a general property of tde=61  5g
nuclides below the proton shell gap and is relatively insen-
sitive to changes in the deformation or proton number. In
Ref. [6], we interpreted the corresponding signature inver- K=K;+Ky+Kgt---. (4
sion in 1%%Cd as an indication ofy softness or triaxiality.
TRS predictions for the two nuclides suggest that these con-
figurations should be even mosesoft for 107Pd. Subscript 1 indicates the quasiparticle responsible for the

The TRS surfaces shown in Fig. 11 predict minima atobserved signature pair while other subscripts refer to “spec-
y~—5°. Although CSM calculations for'®Pd with tator” quasiparticles. The plus sign in the signature-splitting
y<<0° fail to reproduce the observed ordering, calculationderm should be used for favored-to-unfavored transitions,
with y~+20° do show signature inversions for both the and the minus for unfavored-to-favored. A rigid rotor esti-
EF and GH pairs atZw=<0.45 MeV, in good agreement mate for theB(E2) strength is used to predict tHg&(M 1)/
with the observed results. Note, however, that TRS calculaB(E2) ratio. In this model, the sign of thE2/M1 mixing
tions for these configurations if"’Pd do not predict a tri- ratio for thel —I—1 transition is

B(ML:l—l—1)=

3 [ Ae’\ _ _
87T|2[ VIZ—K? (1i%>91K1+92K2

—K[Q1i1+0i,

where
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Ae'\ _ intermediate-coupled signature partners with moderate signa-
(1i%)91K1 ture splitting. Popli etal. [46] have shown, using
quasiparticle-plus-rotor calculations, that tH&1°Ag bands
are consistent with @y, quasiproton assignment, as ex-
pected forZ=47 at intermediate prolate deformations. Since
the neutron number should influence these states only indi-
— K[ 1+ Toin+Taiat - - .]) (5) Lectly (t_hrough the core _deformati@ornhe sirr_1i|a_1rity of these .
ands in the three nuclides suggests a similar configuration
assignment for'®Ag. The energies of these yrast bands in
WhereQO is pOSitiVe for prOlate Shape. For the calculations 105Ag and 107Ag are Virtua”y |dent|ca[10’1]] In Compari_
described here, an in'trinsic quadrupole moment Ofson, thel%Ag level spacings are compressed by about 10%
Qo=+2.1eb, corresponding t@,~0.17, was used and the 4 the lighter isotopes, and tHé'Ag 13/2"-9/2" spacing

collective fact.orgR was set toZ/A. Gyromagnetig factqrs is compressed by 20945], suggesting progressively larger
gi for the active stategtaken from Ref[44]) are listed in 5 0 Geformations as predicted by TRS calculations.

Table 1V, andK was assumed to equéll for each orbital. The theoretical quasiproton Routhians shown in Fig.

ExperimentaB(M 1)/B(E?2) ratios for the high-spin states 12(b) show the positive-parity positive-signaturegey,

of band 3 are plotted in Fig. 16. Also shown are the geo- . . h
metrical model predictions for bands 2 and 3 assumin Routhiana as energetically favored. The observed signature

g% v(hy1)? (quasiparticle label€AB and FAB) and gsplitting of 0.2—-0.3 MeV neafiw=0.4 MeV lies between

vds,® v(hyy,)? configurations GAB and HAB). The data the prgQictecbb splitting of ~0.1 MeV and the predicted
appear to be more consistent with g, prediction. Thisis  ¢d Splitting of ~0.4 MeV. .

reinforced by theE2/M 1 mixing ratios for thel —1—1 de- As with the I|ghter isotopes, both signatures of ban_d 1
cays, which are positive for the 27/2nd 31/ decays, and undergo large alignments near the 21kate, as shown in
consistentat 1) with a positive sign for the 23/2decay.  19- 17. The crossing occurs neaw=0.33 MeV, as ex-

2 . - .
The geometrical model predicts positive mixing ratios forPeCted for a neutronhy,;)® alignment. The large gain in
vg®v(hy)? and negative mixing ratios  for aligned angular momentum is also consistent with the pre-

vdg;,® v(hyy2)2. We conclude that bands 2 and 3 are pre_dicted quasineutron alignment. Above the crossing, the sig-
dominantly vg,,® v(hyy)? (EAB and FAB) above the nature splitting disappears. This is reasonably consistent with
21/2" state, with the signatures invertéas compared to the the aAB .and bAB con'flguratlons, .bUt not th@AB. anq
axial CSM calculations Band 4 is then presumably the dAB configurations, which are predicted to have a significant
a=—1/2 signature of thevds;,® v(hy;,)? configuration —Signature splitting foriw>0.2 MeV.

. . ; ; . In the one-quasiparticle-plus-rotor calculations of Popli
(HAB); again it appears likely that the experimental signa- )
tures for this configuration are inverted. etal. [46], the yrast bands of°*'*Ag are predominantly

K=~7/2-9/2 near the bandhead, with the Coriolis force mix-
100 ing in progressively more lowt components as the core
C. “FAg Lo . -
rotation increases. The experimentally determirB{d 1)/
The decay scheme df°Ag reported here is quite similar B(E2) ratios (including limits for unobserved transitions
to the previously reportefil0,11 schemes of®>1°Ag. At  both below and above the(h,,,)? alignment are plotted in
low energies, the yrast cascades of all three nuclidesl Fig. 18. Geometrical model predictions f&,=5/2, 7/2,
ag [45]) are found to consist of positive-parity and 9/2 are also plotted. In all cases, the signature splitting

SN Sezm1) =SgNQg) X Sg"( VIZ—K?

+9,Ko+3Ka+ - -
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below the alignment induces very large oscillati¢osorder  ties similar to band 2 have been reportedi®'°Ag [10,11.
10 to 1) in the predicted ratios which are absent in the ex- The lowest-lying theoretical negative-parity proton
perimental data. In order to compare the average magnitudRouthians are the-f pair originating from thep,,, orbital.
of the transition-strength ratios, we have therefore arbitrarilyThese are predicted to lie about 0.5 MeV above ahand
set the signature splitting term in the model prediction top Routhians, with a large>0.2 MeV) signature splitting,
zero. Below the quasineutron alignment, the experimentadmalli,, and weakM 1 transitions. The experimentally ob-
ratios are less than 3/(eb)? and appear to decrease with served bands are clearly inconsistent with all these properties
increasing spin. This is consistent with the model predictionsind are therefore almost certainly three quasiparticle bands.
assumingK=7/2 or 5/2, especially given the prediction of The most likely configurations are one quasiproten dr
Popli et al. that the contribution of the lowef- orbitals b) coupled to two quasineutronsAE or AF), i.e.,
should increase with increasing spin. TKe=9/2 prediction  77gg,,® vh11,® vg7;, OF 7Qgp® vhyy®@ vds,. These are
of Iarge[>15,uﬁ,/(eb)2] ratios is inconsistent with the ex- predicted to lie 1-2 MeV above the one-quasiproton band
perimental results. Above the alignment, the lower limits onwith i,~8, in good agreement with the experimental results.
the experimental ratios are consistent with e9/2 or  Geometrical modeB(M 1)/B(E2) ratios for these bands are
7/2 prediction, but not with th& =5/2 prediction. very large at the spins observed, which is consistent with the
Bands 2 and 3 are strongly coupled negative-parity bandsonobservation of crossover transitions. The possible obser-
whose Routhians lie about 1.5 MeV above that of the onevation of some of these states i¥Ag(t,p) [34] is puzzling,
guasiproton positive-parity band. Bands with decay properand may be a coincidencgl'he uncertainty in thet(p) ex-

40 L -
109 — k=9
sl AgBand 1 —— K=
rrrrrrrrrrrr K.=51
30 - ] FIG. 18. Transition strengths fo°°Ag band

1 decays. Experiment®(M 1)/B(E2) ratios and

SN

:’; B } 1o limits are shown with error bars and arrows.
= Geometrical model predictions assumingg,

8 2 1 (below 1=21/21) and 7gg,® v(hyy)? (above

1 N I I | =21/2%) are also shown for protol values of
=15 F T\\\ f[ ] 9/2 (solid lineg, 7/2 (dashed lines and 5/2(dot-

§ I Te-l ted lineg. The model calculations do not include

10 - \‘\P~\_“__ ] the measured signature splittings, which induce

very large fluctuations below=21/24.
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112 1512 1912 231 2712 31 352 391
L(w)




53 HIGH-SPIN STATES IN*Pd, 1%pd, AND 1%°Ag 2699

citation energies is approximately 10 kgMf these states alignment seen at higher frequencies is interpreted as the
were observed in the transfer reaction, they would have tpredicted crossing with the(h;;,)° band. Three positive-
contain significantrp,,® (v)?> components, possiblgAB  parity bands are also found at spins above 21/Phese are
andfAB or eEF and fEF. These should lie much higher, interpreted as a decoupleas,® v(h;;)? band and both
though, and have large signature splittings. Another possibilsignatures of therg,,® v(h;1)? configuration, based on

ity is that these bands represent the three-quasiproton co&2/M 1 mixing ratios and transition-strength ratios. For both
figurationsabe and abf. These, however, should also ex- configurations, the experimental signatures are inverted, pos-

hibit a large signature splitting and wedkl transitions. sibly due toy softness or triaxiality. Below the 21f2state,
the positive-parity decay scheme lacks distinct rotational
V. SUMMARY AND CONCLUSIONS bands, possibly due to a relaxation to near-spherical vibra-

) ) 10710 100 ) tional modes. Such a transition would further highlight the
~ High-spin states in'®"*°Pd and'*Ag have been inves- core_polarizing” role (seen in'%%Pd) of theh,, intruder as
tigated using charged-particlg- y-y, and charged-particle- 5 principal cause of the nuclear deformation.
y-v coincidence methods. These measurements provide the e high-spin decay scheme &f°Ag has been investi-
first data on high-spin states #°Ag, while the yrast decay gated for the first time. As with other od&-Ag isotopes, at
schemes of**Pd and %%Pd have been substantially ex- |o energies the yrast structure is found to consist of
tended. The technique of charged-partigles coincidence  jntermediate-coupled signature partner bands produced by
measurement is found to be particularly effective for selectoup”ng collective core excitations to a highgg, proton.
Fively analyzir!g weal_< charged-pa}rticle evaporation channelspis is crossed by a strongly coupled band with largat
in a neutron-rich fusion-evaporation reaction. the same rotational frequency as th®Pd crossing. The

_ All three nuclides studied are found to have yrast collec-jignment gain, crossing frequency, and reduction in signa-
tive bands with properties consistent with predictions fory,re spjitting are all consistent with a CSM prediction of a
moderately deformed prolate rotors. While the detailed Strucquasineutron 1172 alignment. The increase iB(M1)/B

tures of each are different, all are found to be strongly influ-g2) ratios through the crossing is also consistent with geo-
enced by the presence of the deformation-driving neutrofetrical model calculations for a two-quasineutron align-

hy1/2 low-K intruder orbitals. ment. Two strongly coupled negative-parity bands have also

In the even-eve+n ngclidéosPd, tf_\g ground band.has bgen been identified. These may represemfo;,® vhy1,® vgy, OF
extended td "=18", with new positive- and negative-parity 7Gop® vhy1® vdsy, configurations.

sidebands observed to 114and 13. The vibrational band
built on the ground state is crossed by a rotational sequence
nearl =8#%. The crossing frequency and aligned angular mo-
mentum are similar to those of the corresponding band in the
isotone1%Cd, and are consistent with CSM and TRS predic- We thank Dr. R. Wadsworth for loaning us tR&r target
tions for av(hy,,)? configuration at8,~0.18,y=0°. Evi- used at Chalk River and Dr. R. Darlington for making the
dence is also seen for the beginning of a quasiproton align?zr and 1Mo targets used at the University of Pennsylva-
ment at higher frequencies. A positive-parity sidebandnia. Thanks are also due Dr. D. Radford for providing the
extending above the 8state appears to be the continuation RADWARE data analysis software and Dr. R. A. Wyss for
of the vibrational ground band above the band crossingsupplying the CSM and TRS codes. We appreciate the help
while the negative-parity band may represent a semidegiven by J. Vasek and J. Middleton at the University of
coupled configuration with both deformation-aligned andPennsylvania, and G. Zwartz and J. L. Rodriguez in perform-
rotation-aligned quasineutrons. ing the experiment at Chalk River. We also thank Dr. D.

The vhyy, band in °Pd has been extended through aWinchell for helpful discussions. This work was supported
band crossing to 5172 The band crossing seen #%d is by the National Science Foundation, Atomic Energy of
not observed in this band, in good agreement with theCanada Limited, and the Natural Sciences and Engineering
quasineutron “blocking” predicted by the CSM model. An Research CouncilCanada
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