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The level scheme ot®Pd has been reconstructed using high-fgltay coincidence data obtained with the
EUROGAM-2 spectrometer in thZn(36S, ) reaction atE=130 MeV. New spins and excitation energies
are given for levels in the strongly coupled positive parity bands. Four high-spin bands are discussed in terms
of terminating configurations using Nilsson-Strutinsky cranking calculations. One of them, having valence-
space configuration, is observed up to its predicted terminating stdtg=a85/2". Another band, which is
possibly observed up to its terminating staté a#0, is assigned to have a@22h core-excited configuration.
[S0556-28189)04707-X

PACS numbgs): 21.10.Re, 23.20.Lv, 21.60.Ev, 27.69.

The interplay between collective and noncollective behavMeV, using the beams of the Vivitron tandem accelerator at
ior of nuclei can be studied experimentally up to very largelReS, Strasbourg. Two self-supporting foils of stacked Zn
angular momenta with the high efficiengyray detector ar- targets, enriched to 70% iffZn and each having a thickness
rays. This interplay is clearly illustrated in terminating bandsof 440 ug/cn? were used. Coincidencgrays were detected
in which the angular momentum of a given configuration iswith the EUROGAM-2 spectrometer arrg$3]. A total of
gradually exhausted as the highest spin state is reddh@d  6x 10® fourfold and higher-fold Compton-suppressed coin-
The angular momentum of the terminating noncollectivecidence events, 20% of which belonged'féPd, were stored
state is built from the single-particle angular momenta of theon magnetic tapes. These events were unpacked off-line into
particles and holes in open shells which are fully aligneda total E,;—E,,—E g triples-coincidence cube, and, using
along the quantization axis, the “rotation” axis. Evidence the higher-fold events, into gated (quadruples cube by
for band terminations has previously been reported, e.g., irequiring coincidences with the strongest transitions in the
the A~ 160 region(see, e.g.1%%r[3]), in theA~110 region yrast and the two positive-parity cascades'®Pd. For data
(see, €.9.19°Sb[4]) and in theA~60 region(see, €.9.8Zn  reduction theRADWARE spectrum analysis packaf®4] was
[5]). These results are reviewed in RE3]. used.

In the A~ 100 region the valence space configurations of The level scheme of°Pd has been constructed on the
several nuclei withz~44—-46 are predicted to evolve up to basis of the triples and quadruplesray coincidence rela-
their termination just above~30%, see Ref[7]. This work  tions, and the intensity and energy balances extracted from
suggested that the observed yrast band®®d [8] might  these coincidence cubes. For achieving firm spin and parity
correspond to a terminating configuration while no reasonassignments for the levels, the directional correlatib@O)
able interpretation was found for another “more collective” ratio and they-ray linear polarization, using the definitions
band in that nucleus. The first experimental evidence for terin Ref. [15], of the more intense transitions have also been
minating bands in Pd nuclei has recently been reported imeasured. The partial level scheme'®#d as derived from
Ref. [9]. Four band structures if°Pd have been observed this work is shown in Fig. 1. The level scheme, compared to
up to termination and interpreted as valence-space and corthe most recent one proposed in R&], has been substan-
excited configurations. Under the same experimental condtially modified with respect to the position of the two
tions as in Ref[9], several high-spin band structures havepositive-parity bands relative to the negative-parity yrast
been identified in Rf10,11] and Ru[12] isotopes, many of band and to each other.
which have also been interpreted as terminating configura- The negative-parity yrast barfdand 1 built on the 11/2
tions. Motivated by the predictions of Ref7] and these state at 785 keV has been established up tol the51/2"
recent experimental observations, we reinvestigated the levédvel atE,=11.638 MeV. The data did not allow for any of
structure of*%*Pd with the aim to extend its high-spin bands. the levels feeding to this one to be firmly assigned as an
In the present paper we report on firm evidence for the exextension of the band.

istence of terminating configurations i¥3Pd. Particularly, New spin and energy values have been given for the lev-
the band previously assignd@] as strongly collective is els in the high-spin positive-parity cascagand 2, due to a
reinterpreted as a core-excited terminating band. set of newly identified electric dipole transitions connecting

High spin states in the nucleu$3Pd were populated in this band to the negative-parity yrast band. The 1097 keV
the "9Zn(%°s,y) reaction at a bombarding energy of 130 and 1232 keV connecting transitio(f&g. 1) are energy dou-
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blets of the strong band-1 1094 keV and band-2 1230 ke\the 959 keV transition and new stretcheB?2 in-band tran-
transitions, respectively. Taking the strongest, 1232 keVsitions have been identified at the bottom of both bands.
connecting transition, the energy and the spin of the state fehese are, in band 2, the weak 778 keV and 548 keV tran-
by the 959 keV line have been fixed B=5024 keV and sitions, and, in band 3, &, ~872 keV transition, a member
29/2h. A spectrum obtained by setting a double gate on they a newly resolved in-band energy doublsee Fig. 2, and
1230/1232 keV energy doublet iS ShOWﬂ in F|g 2to i"ustrateﬂ‘]e Weak 643 kev and 470 kev transitionS. TE@ assign_

the correctness of the newly established relative position ofyent of these weak transitions is based on the observation of
these two bands, which were connected by a sifgle o jnterlinkingAl =1 M1 transitions and on the rotational
=1411 keV transition in Ref|8]. In the present data, this character of them. The coincidence relations between the

y-transition was found to be a self-coincident energy triplet . .
and it was not possible to unambiguously place thesétretcheoEZ and the knowrM 1 transitions[8], establish a

gamma-rays in the level scheme. The observed coincidenc&§W Ordering of the latter ones, which now represent a strong
of this triplet could not prove either that any of its membersCOUPIiNg between the lower parts of these baffidg. 1). The
was the former connecting transition. new ordering is further supported by the existence of several
The relative position of the two positive-parity bands connecting transitions to the bands built on the 5¢zound
(bands 2 and Bhas also been changed. The 1232 keV linestate and on the first and second 7/excited stategbands
has been removed from bandfarmerly it was placed below 4-6; quoted a¥ow-spin band$rom now on. For the sake of
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' ' ' ' ' energy of the levels in band 7 undetermined, and indicates
x2 Double gate: 871 & 873 keV that the decay-out probably follows some multistep paths,
similarly to that of band 3 in'%Pd [9]. To find a “most
probable” spin assignment and excitation energy for the lev-
els in band 7 the entry spins where the high-spin bands are
fed have been determined by comparing the 1564—-1659 keV
double-gate spectrum in band 7 with double-gate spectra in
bands 1-3. The feedings take place, on average, at 43/2
(band 2, and at 49/2 and 47/2 (bands 2 and )3 respec-
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2 tively. However, feeding to the levels just above these cannot
g be excluded as the relevant transitions are overlapping,
g o : h within the experimental resolution, with the 1459 keV
£ 500 b | band-7 line. The increased in-band intensities of the 1467
3 K Double gate: 1230 & 1232 keV keV and 1453 keV lines also indicate some extra feeding to
200 F N i them. Supposing, that the feeding to bands 2 and 3 most

probably take place through 2 or 3 de-excitipgrays with
. 4-5h angular momentum taken away, we propose, that the
spin for the level fed by theE,=1564 keV line is at
~61/2h. With this tentative assignment band 7 would span
from 53/2i to 85/2:, with at least & uncertainty. A reason-
able band-head energy with these spins for the band would
be aroundg,=14-14.5 MeV, however, in order to reduce
the height of the figure, the position of the band in Fig. 1 was
arbitrarily set at an excitation energy &,=11 MeV. Ex-
perimentally, the energies of the connectipgays and the
parity of the band remain undetermined, however, as the
FIG. 2. Coincidence spectra obtained from tiogal cube for feeding happens mainly.to positive parity bamkiandfs.z and
double gates set offbottom) the 1230/1232 keV doublettop) the 3), the Pa”ty of b‘."md 7 1s most p.rObany also positive.
871/873 keV doublet in band 3. The interpretation of the experimental data presented here
for the high-spin bands of%Pd will be discussed below.

The structure of théow-spin bandsand the low-energy part

clarity, only the strongest of these connecting transitions args 1he strongly coupled bands will be discussed eisewhere
shown in Fig. 1. \Lﬂ]

Due to the strong coupling between bands 2 and 3, ne
spin and energy values have been established also for t

levels in band 3. In addition, these bands have been extend i . . ) ;
at their highest spins. Band 2 is built on a 17/3tate at calculations are carried out in the configuration-dependent

E,=2.834 MeV the spin and parity of which is firmly es- cranked Nilsson-Strutinsky formalisiii8,19 with pairing

tablished by the measuréd1 character of the 656 keV and CcOrrelations neglected. They indicate the presence of many
1057 keV transitions to the 15/2states at 2.178 MeYband ~ terminating bands foA=100 nuclei in the Ru-Pd region.

4) and 1.777 MeMband 5 [16], respectively. Having a cas- FOr 193pd, the excitation energies of the experimental bands
cade of twelveE2 transitions, two of the high-lying ones aré plotte(_i relative to a r|_g|d-rotor reference in the upper
being newly identified, band 2 extends up to a 65kvel at ~ Panel of Fig. 3. The energies are shown versus angular mo-
E,=17.356 MeV. Above this no continuation of the band mentum and compared with the calculated yrast valence-
could be found. Band 3 has been observed from the"15/2space and core-excited configuratidi$ which are plotted
level at E,=2.601 MeV up to a 59/2 state atE, in the lower panel of the figure. The short-hand notations
=14.931 MeV. [(p1)p2p3,n] identifying the configurations in Fig. @alc)

The band called “SD” in Ref[8] has also been observed refer to the number of valence particles relative to ter
(band 7 in Fig. 1 Three new discrete transitions have beenspherical core, wher@; and n are used as follows:p(;)
identified: theE,=1394 keV line and theE,=1912 keV indicates the number of protons promoted from e 3
line, an energy doublet of tHe, =1910 keV in-band transi- shell to higher lying orbitalsp, and p indicate the number
tion, are probably involved in the decay-out process, whileof gg, andhyy,, protons, respectively, whila indicates the
the E,=1459 keV line is probably the lowest detected number ofh;y;, neutrons. For the sake of simplicity, the
member of the band. The measured intensity distributiomumber of neutrons in thegg,,,ds,) orbitals are not indi-
along the band indicates that the lowest two or three levelsated in the labels, andy() and p; are also omitted when
take part in its decay-out. The coincidence analysis did notheir values are zero. The valence-space configurations
allow, however, within the observation limit, to establish anyshown in Fig. 3(Calc) are characterized by o, protons
direct links to bands 1-3. This leaves the spin and excitatiomnd 7 neutrons in theg¢,,ds,) and thehy,,, subshells,
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h The interpretation of the experimental bands is based on
é@e calculated high-spin bands published in R&f. These

024307-3



B. M. NYAKO et al. PHYSICAL REVIEW C 60 024307

LA DAL B L B alignedh 4, neutron relative to thgs,0] configuration, and it

r becomes yrast above spin67%. This [6,1] configuration is
| therefore considered as the counterpart of the observed yrast
band(band 1. By aligning the intrinsic angular momenta of
2 | all the valence particles, it is calculated to terminate at

| ™=59/2", the protons contributing by %i2and the neutrons
by 35/2: to the spin. Experimentally, due probably to the
rapid depart of the band from being yrast above23#, two
more transitions await identification to reach the terminating
872" - state.
The calculated yrast positive-parity configuration at
. higher spin valuess(ge) ®v(g7,ds2)°(h11/2)2, is obtained
by occupying one morh,,,, neutron. Depending on the sig-
2r (1)51.2] N nature of the fifth positive-parity neutron, the corresponding
52 151, (1)51,3] bands terminate at 65/2and 67/2 as shown in Fig. 3. The

’ : a=+1/2 anda= — 1/2 signature branches of t{i§,2] con-
- figuration are proposed to correspond to band 2 and band 3,
respectively. Band 2, in agreement with the predictions, is
1 observed up to the 65/2terminating state, where the band is
yrast. Band 3, however, becomes non-yrast at spit?h,

E - 0.0143 I(I+1) [MeV]

ol NN T due to the signature inversion taking place experimentally
_ earlier than predicted. This could explain why the terminat-
: ing state in this band has not been observed.
Calc. 65/2 4 #O .. .
1L 872" | Due to the effect of neglected pairing, the calculations are

TR S S SR R R N S S S S N S not expected to reproduce the experimental data at low spins.
10 20 30 40 This is manifested, e.g., in the different slopes of the experi-
Angular momentum [f] . . . . -
mental and calculated configurations in Fig. 3, especially at
FIG. 3. (Exp) Excitation energy relative to an 0.0143I+1) the lowest spin values. In spite of these deficiences, it is
rigid rotor reference as a function of spinfor the experimental interesting to note, that the relative energies and crossings of
band structures 1-3 and 5-7 observed’i*d.(Calg The energies the calculated6,0], [6,1] and[6,2] valence-space configura-
of low-lying calculated configurations df%d (from Ref.[7]) rela-  tions in Fig. 3 show a remarkable qualitative agreement with
tive to the same rigid rotor reference. In both panels, solid andhose of the corresponding observed bands.
Qashed ques are used for positive and.ne.gative parities, respec- In 10%d[9] the highest-spin states populated were inter-
tively, while full and open symbols indicater=+1/2 and preted as terminating bands having core-excited configura-
a=—1/2 signatures. For the calculated configurations, these symjons. The °Pd nuclei have been produced in the same
bols are shown only for the terminating states. The labels idemify‘neavy-ion experiment, so one can expect the feeding of even
ing these configurations are explained in the text. The observeﬁigher spin states, and consequently, the excitation of core-
bands are identified by their numbers in Fig. 1, and the terminaﬁn%xcited terminating bands, if they exist. The high spins

|=65/2" state is encircled. Band 7 is drawn assuming different, ioh are proposed for the highest observed levels in band 7
higest spin values, 79/2, 85/2, and 87/2, with arbitrary absolut%annot be generated in valence-space configurations. From
excitation energies. Possible configuration assignments for thi :

band are discussed in the text. 'the fact that no other transitions could be observed above the
E,=2259 keV line, although it would not be contradicted by
the measured intensities, the corresponding level might be
while the core-excited configurations represent one or moreonsidered as the terminating state of the band. A further
protons promoted from th&l=3 and/orgy, shells to the observation is that with the spin values drawn in Fig. 1, the
(g7.05/2) andhyq/, subshells. E, vs| curve of this band comes close to that of the band
The yrast positive-parity configuration belom=12% is  assigned as terminating bt 38" in 1°%Pd[9].
calculated to be thg6,0] configuration, with an increasing The facts listed above makes it plausible to compare band
signature splitting up té~16%. In this spin region the ob- 7 with core-excited terminating configurations. In spite of
served yrast positive-paritypw-spin bandsbands 5 and 6, having tentative spin and parity assignments for the levels in
also show a slightly increasing signature splitting of the saméand 7, some possible choices for its configuration can still
sign as the calculated one. Even though pairing is expectelde suggested. As the uncertainty of the proposed spins is
to mix the different configurations at these low spin values, itlarge, we can allow the spins to take different values and
seems reasonable to suggest that these observed bands @mpare the corresponding cases with different core-excited
dominated by the two signature branches of thisconfigurations, considering the yragp-1Lh and 2p0-2h con-
m(gos2) ®v(g7ds2) " configuration. figurations plotted in Fig. 3Caldg).
The yrast negative-parity configuration is predicted The only Ip-1h configuration which goes to high spin
to be the a=-1/2 signature branch of the enough to be considered as a candidate for the observed band
7(9o2) ®® v(97,2052)8(h11)  configuration. It has one 7 is[51,2 with one proton excited frongg, to hyy/,. This
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configuration terminates &t=79/2. The corresponding gen- in Fig. 3 of Ref.[7]. The valence space configurations are
erated “experimental band” obtained by using the measuredalculated ate,<0.20 and terminate at oblate shape
v-energies of band 7 and assumihg 79/2 as its highest (y=60°) with e,=0.05-0.10. The[(1)51,2] configurations
observed spin value is drawn in Fig(@ashed ling with its  are calculated at,>0.20 for spin values up to~30 and
highest spin state indicated by an open circle. In generaterminate at,~0.17 (y=60°).

with excitation energies drawn as in Fig. 3, calculations with |5 conclusion, the reinvestigation of the level structure of
pairing correlations neglected appear to describe the slope absp using high-statistics triples and higher-fold coinci-
experimental bands based on core-excited configurations b&jance data has resulted in new spin and excitation energies

ter than the ones based on valence-spgce configurations, $0F the positive-parity high-spin band structures. The ob-
Ref.[9]. Thus, because the slope of this generated “experizoed bands have been compared with the Nilsson-

mental band” differs considerably from that of the CaICUIatedStrutinsky cranking calculations of RéfZ] and explained in

%5 t’rﬂti% c:]nggg;?gobne’ E\;Vsesicggzlfgrtr'éli)rglskgzegh%ta:gs €O terms of terminating configurations. One of the three termi-
gThe observed band 79 is drawn in Fig. 3 with tﬁe S innating bands built in the valence space has been observed up
g PNty termination atl "=65/2. A fourth band with tentative

values suggested in Fig. (ull triangles. A generated “ex- spin assignment and excitation energy is proposed to have a

perimental band” corresponding to states with its spin value§ -2h core-excited confiquration and is possibly also seen
one unit higher than those of the observed band is als6P 9 P y

shown(solid ling), with its highest spin state indicated also Up to its terminating state.
by an open circle. The slope of the calculaféb51,2] con- EUROGAM 2 was funded jointly by the French IN2P3
figuration with 1,,=87/2 or its signature partner with and the U.K. EPSRC. This work was supported in part by the
I max=85/2 (not drawn in Fig. 3 is then close to that for the exchange programmes between CNRS and the Hungarian
observed band. Thus, within the uncertainty of the spin valAcademy of Sciences, between the British Council and the
ues, this comparison suggests that band 7 could correspomtlingarian MCE, the Hungarian Scientific Research Fund,
to either signature of this configuration, having two protonsOTKA No. 20655 and the Swedish Natural Science Research
excited across thl=50 gap to §;»,ds;») andhy,orbitals, Council. Four of us(A.J.B., D.T.J., N.J.O., C.M.P.ac-
respectively. With these assumptions band 7 is seen expelnowledge financial support from the U.K. EPSRC. A.V.A.
mentally up to termination although one could also imagineand |.R. are grateful for financial support from the Crafoord
other assignments with one or two transitions lacking beford-oundation(Lund, Swedej and from the Royal Swedish
the terminating state is reached. Academy of Sciences. The authors are indebted to Dr. D.C.
Some shape trajectories for the bands'%Pd are drawn Radford for providing thekADWARE analysis code.
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