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Two cascades of rays were discovered int3Pd and'%Pd in prompty-ray spectroscopy with Gamma-
sphere following heavy-ion induced fission in the reactlt®@+2%Pb at 91 MeV. Comparison with recently
observed band structures iPPd and'*'Pd as well as blocking arguments lead to an interpretation of these
bands as’h;,,, bands. This discovery, together with cranked Woods-Saxon and total Routhian surface calcu-
lations, indicates that increased rotational frequency stabilizes a prolate bytstitt shape in the neutron-
rich, even-even Pd isotopes up'téPd, which exhibit veryy-soft nuclear potentials in their respective ground
states[S0556-28189)50209-4

PACS numbgs): 27.60+j, 23.20.Lv, 25.85.Ge

The neutron-rich nuclei in the mass region arouhd the low-spin level structure of the neutron-rich even-even Pd
=100-110 exhibit a variety of structural phenomena, whichisotopes. In particular the energy of thg 2tate with respect
include shape coexistence, strong octupole correlations, lowe the 2 state and its branching ratio for the transitions to
lying intruder states, signs of triaxiality, angl softness as the 2 and O states indicate large effectivedeformations
well as vibrational excitationtsee, e.g., Ref.1], and refer-  aroundy.~28° [6]. These are even larger than the effective
ences therein The detailed study of these nuclei has onlyy deformations in the Xe, Ba, and Ce nuclei near midshell
recently become feasible, .using the fission process for thei_17]_ However, one cannot simply argue that these nuclei ex-
population and the resolving power of large multidetectorhipit static traxiality at low spin, since the potential minima
arrays for sensitivey-ray spectroscopysee Ref[2] for a  are very shallow iny directions. A similar conclusion was
recent review. _also drawn in the investigation of the low-spin structure of
112'?14]‘1631\,; years ago backben_ds of the yrast band_s INthe neutron-rich even-even Ru isotod& and thevhy,,

=4 Pd were observed and mFerpreted as the crossing Yands in the oddx Ru isotopeg9].
the ground state band by an alignedyy, pair [3]. This This Rapid Communication reports on the discovery of
assignment was based on the predicfidhof a prolate-to-  A|=2 cascades iA**Pd and''%Pd, which are interpreted to
oblate transition atlllPd together with cranked Nilsson- be based 0hll/2 neutrons due to b|ocking arguments as well
Strutinsky calculation$3] for oblate deformations. This in- as their similarity to the bands i?%Pd and***Pd[5]. These
terpretation was recently contested by Kutsaretal. [5]  new findings, together with cranked Woods-Saxon and total
after the discovery ofAl =2 bands based ol ~ states in  Routhian surface calculations indicate that a prolate but still
10%d and!'Pd. These bands exhibit a large signature split-y-soft shape is stabilized with increased rotational frequency
ting together with an initial alignment of about %.3vhile  in all Pd isotopes from mass 110 to 116.
they do not show the alignment gain arountlw Neutron-rich nuclei in theA~110 region were produced
=0.35MeV that is observed in the even-even neighbors. Ivia beam induced fission following the reactiiD+2°%Pb.
particular this blocking of the backbend in the ofldauclei  The 91 MeV 80 beam, delivered by the 88-Inch Cyclotron
provides clear evidence that the ground state bands of thef the Lawrence Berkeley National Laboratory, was incident
even-even nuclet!®d and!?Pd are crossed by an aligned on a 45 mg/crhisotopically enriched?®®Pb target in which
(vh119)? configuration. Kutsarovat al. further argued that all fission fragments recoiling in a forward direction were
the apparent large signature splitting is another indicatiorstopped within a time of about 1 ps. About 2.90° fourfold
that these nuclei exhibit prolate deformation. and higher foldy-ray coincidences were detected by the

At the same time the low-spin level schemes of theGammasphere arrd¢ 1], comprising of 100 large Compton-
neutron-rich Pd isotopes aroud= 110 exhibit characteris- suppressed Ge detectors. In the offline analysis the data were
tic features of ay-soft nuclear potential with a low-lying unfolded into triple coincidences which were sorted into a
bandhead of the first excitétl=2 band(quasigamma band levit8r [12] cube. Gamma rays of even-even Pd nuclei with
and a ratio of the energies of the first excitetl gtate to the masses fromA=108 to A=116 were observed in the data
first excited 2 state of about 2.5. Indeed Nilsson-Strutinsky set, with a maximum yield foA=112. Results on the high-
[1] calculations show very shallow minima with respect tospin structure of the even-even Pd isotopes will be published
the y deformation of the nucleus. Their potentiahisoft but  elsewhere.
shows some dependence on the potential in the direction of Candidate transitions for new cascades in ddéed nuclei
the y-degree of freedom. Such a description is supported byere identified in spectra gated on the yrast transitions of the
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Following the arguments of Ref5] we propose that the
and'®Pd (c,d). Transitions in the new bands are labeled with their WO newly observed cascades are the favored signatures of

energy. The spectra fdt%d are obtained from triple coincidences thg vhyy, configuration. This is strongly supported t,)y the
with gates on the 383 keV and 830 keV transitiéasand a sum of alignment of the n_emlllbands when compared to the alignment
all double gates on the 383, 571, 722, 830, and 890 keV transition8f the vhy1,, band in l_Pd and the yrast bands of the neigh-
(b), respectively. The spectra fdf*Pd are obtained from triple POring even-even Pd isotopes, which is presented in Fig. 3.
coincidences with gates on the 394 keV and 883 keV transiigns Similar to the band in'*'Pd the two new bands show a
and a sum of all double gates on the 394, 580, 743, 883, and 9dslocking of the backbend in the yrast bands of the even-even
keV transitions(d), respectively. Yrast transitions in the comple- isotopes. The initial alignment of about 5.5 also consis-
mentary fragment$®®Ru (V) and1%Ru (+) are indicated.

FIG. 1. Gated spectra of the newmh;;, bands in*%d (a,b)

complementary even-even Ru isotopes. Two new cascade
of y-ray transitions were observed and Figa)t(d) shows
sample double-gated spectra of these bands. The spectra al: s+
show yrast transitions in the most abundant complementary
fragments,'°Ru and'®®Ru. %Ru is most abundant in Fig.
1(a) and 1b) and not visible in Fig. (c) and Xd). °Ru is

the strongest Ru fragment in Fig(cl and Xd) while it is
less abundant that’®Ru in Fig. 4@ and Xb). The assign-
ment of the two new cascades t{6Pd and'**Pd, respec-
tively, is based on the relative yields of the even-even Ru
isotopes when gated on the transitions in the new bands a
compared to gates on the yrast cascades in the neighborin
even-even Pd isotopes. Fig. 2 shows the proposed partic
level schemes fof*Pd and!!*Pd as well as a partial level
scheme for**'Pd for comparison. The remarkable similarity
between the bands iH'Pd through'*®Pd suggests that they
are built on similar structures. Therefore we propose that the
new bands inllan and"'*Pd are each based on alow lying [, 3. Alignment of the new bands #%d and**Pd in com-
11/2" state, which has been established at 89 ke\)‘lﬁ_ﬁ’d parison with that of thesh,;,, band in'*Pd and the yrast bands in
but is not known in"*Pd. However, from the systematics of 1%pg, 1¥4pg, and!%Pd. The alignment is calculated usifigs(1)
11/2" states across the oddl-Pd isotopes one clearly ex- =[E(I1+1)—E(I-1)/[1,(1+1)—1,(1-1)] with 1 (1)=[I(l
pects this state it°Pd at an excitation energy of between +1)—K2]*2 A reference with J,=8%2/MeV and J;
about 80 and 170 keV. =16h%MeV® was used.

alignment [h]
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B;=025p,=07=02=46 not, as suggested by Aryaeineja al. [3], the aligned
(m,@): —— (+,+1/2), (+,-1/2), (=+1/2), ——— (=,-1/2)

(7992 ? configuration. This difference is critical since the
assignment of the proton configuration was based on the as-
sumption of an oblate deformation of the even-even core
while only the vhy,,, crossing is expected for a prolate de-
formation of the core.

We have carried out total Routhian surfa@RS) calcu-
lations as a function of rotational frequency for the ground
state configurations of the even-even isotopes fféTRd to
11%pd using the ultimate crankéfO] as well as a normal
TRS code with Woods-Saxon potential. Both calculations
indicate a veryy-soft minimum at low rotational frequencies
with a preference for large negative values gf around
—30°, in the normal TRS calculations and a preference for
prolate shapes in the ultimate cranker predictions. However,
due to the softness of the potential with respectytthis
difference between the calculations may not be significant.

Quasiproton Routhian (MeV)

(a) ko (MeV) Figure 4 shows quasiproton and quasineutron Routhians
B,=0.25B,=0y=0N=68 for 114Pd calculated in the framework of the cranked Woods-
(mo): —— (41/2), - (,=12), === (41/2), === (5,-1/2) Saxon model for deformations @,=0.25 andy=0. The

values for the deformation were chosen on the basis of the
TRS calculations. It is apparent that theh(,,,)? configura-

tion exhibits a crossing at a rotational frequency of about
fhw=0.35MeV, which is consistent with the observed back-

bend in the yrast bands in the even-even Pd isotopes.

In summary, we have found two new band structures in
113pd and!*™Pd in prompty-ray spectroscopy following the
heavy-ion induced fission reactiofO+2%%Pb. These new
bands are assigned to thh,,,, configuration on the basis of
the blocking of the beckbend observed in their even-even
neighbors. The calculated quasiparticle Routhians lend
strong support to this interpretation. The results of our cal-
culations agree with the expectation to observe the crossing
of the ground state configuration by the aligneeh{;,,)?

2 o o3 a1 o configuration in the even-even nuclei for a prolate deforma-
tion. We conclude that there is no evidence for a prolate to
oblate shape transition in the neutron-rich Pd isotopes. Fur-

FIG. 4. Quasiproton(a) and quasineutrorib) Routhians for  ther theoretical and experimental investigations are clearly
114pq as a function of rotational frequency calculated in the frameneeded to completely understand the structure of the
work of the cranked Woods-Saxon model. The parameters usedeutron-rich Pd isotopes, in particular the role of the
were B3,=0.25, B,=0.0, y=0.0, A,=1.0MeV, and A, v-degree of freedom of the nuclear deformation.
=1.1MeV.

Quasineutron Routhian (MeV)

(b) ho (MeV)
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