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Superdeformed band in 130Ce
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An ‘‘identical’’ superdeformed~SD! band has been discovered in the nucleus130Ce. This band has transition
energies which are identical to the half-way points between the energies in the yrast SD band of131Ce to a
mean degeneracy of 0.4%. The discovery of this band completes the chain of SD Ce isotopes from129Ce to
133Ce. However, at 0.5% of the reaction channel, it is populated with an intensity which is an order of
magnitude smaller than neighboring SD bands. The valence neutron configuration is assigned asn61 with a
hole in either the@523#7/22 or @411#1/21 Nilsson orbitals.@S0556-2813~96!05312-5#

PACS number~s!: 21.10.Re, 27.70.1q, 23.20.Lv
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Superdeformation in the massA'130 region was first
observed in the nucleus132Ce @1,2#. Since then, superde
formed bands have been discovered in Ce@3#, Pr @4#, and Nd
@5,6# isotopes. These bands have the similar characteristic
large quadrupole moments ofQ055–8 eb, and high dy-
namical moments of inertia. These SD states exist in a
ond minimum of the nuclear potential energy, which is s
bilized by the large shell correction energy at theZ558 and
N572 shell gaps, with a deformation ofb2'0.4.

Until recently, it was thought unlikely that the phenom
enon of superdeformation would be observed in nuclei w
neutron numbers at or belowN572 due to the possible ab
sence of intruder orbitals near the Fermi surface for th
nuclei @7#. With the discovery of superdeformation in131Pr
@8#, it has been shown that bare shell gaps alone are suffic
to stabilize the superdeformed shape belowN572. Very re-
cently, a superdeformed band has been discovered in
nucleus 129Ce @9#, demonstrating that the superdeform
minimum persists in lighter Ce isotopes. However, in t
particular nucleus it is unclear whether ann i 13/2 intruder
orbital is occupied or not. In this experiment we have co
centrated on the nucleus130Ce, at theZ558 andN572 shell
gaps.

The experiment was performed with the 8p g-ray spec-
trometer at the TASSC facility, Chalk River. The 8p spec-
trometer consists of 20 Compton suppressed, high resolu
Germanium detectors and a 71-element Bismuth Germa
~BGO! inner ball. The inner ball allows measurement of t
eventg-ray multiplicity (K) and sum-energy (H). High-spin
states in130Ce were populated with the100Mo(34S,4n) reac-
tion at a bombarding energy of 145 MeV. In total, 600 m
lion g-g coincidence events, with a BGO ball multiplicity o
K.6, were collected and recorded on magnetic tape.

A scan of the data for regularly spaced structures reve
a single SD band of very weak intensity~its strongest tran-
sition was measured to have 0.5% of the intensity of
21–01 transition in 130Ce!. This band extends from trans
tion energies of 840 keV to 1416 keV with an energy spac
of '70 keV, which corresponds to a high dynamical mom
of inertia of I(2)'60\2 MeV21, similar to other SD bands
in the region~see Fig. 1!.
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As the band is so weakly populated, it is unreliable
assign it to the nucleus130Ce based soley on observed coi
cidences withg rays between normal deformed states
130Ce, due to the uncertainty in the background subtract
Nevertheless, it has been possible to confirm the assignm
of the band to130Ce by placing the same gates on threeg-
g coincidence matrices gated on BGO multiplicity~i!
K,15, ~ii ! 15.K.23, ~iii ! K.23 in order to preferentially
select 3, 4, and 5 particle exit channels. The new band
present in matrix~ii !, but not matrices~i! and~iii !, indicating
that four particles were evaporated. We have, therefore,
signed the band to the130Ce nucleus, as other four particl
exit channels, producing the nuclei130La (p3n) and 127Ba
(a3n), were not populated with any significant strength.

The discovery of this band completes the chain of SD
isotopes from129Ce to 133Ce. This chain is analogous to th
chain of superdeformed Gd isotopes from144Gd to 150Gd in
theA'150 mass region, where the shell gap ofZ564 sta-
bilizes the SD shape atb2'0.5–0.6.

As the yrast SD band in131Ce also was populated in thi
experiment, it was possible to obtain an accurate measur

FIG. 1. Spectrum of the superdeformed band in130Ce created
from a sum of gates set on the transitions marked with an aste
The dynamical moment of inertia extracted from the transition
ergies is inset.
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520 55BRIEF REPORTS
the experimental incremental alignment@10# of the new band
with respect to the yrast band in131Ce. The incrementa
alignment was extracted from the transition energies of b
bands~see Fig. 2!. Over the entire length of the band, th
incremental alignment is very close to unity since the tran
tion energies lie at the half-way points between the ener
in the yrast SD band of131Ce. The measured mean dege
eracy for all nine transitions with the half-way points
0.4%, making this one of the best examples of identi
bands in the massA'130 region@11,12#.

Unpaired, cranked shell model calculations based on
universal Woods-Saxon potential@7#, have been used to pro
duce the single-particle Routhians for neutrons near
Fermi surface~see Fig. 3!. The deformation parameters o
b250.371, b450.015, andg52.9° defining this potentia
have been taken from total Routhian surface calculations

The fact that the band in130Ce is identical to that of the
band in 131Ce suggests that the intruder orbital configurat
is the same~i.e., one neutron in the@660#1/21 orbital!. Ex-
amination of the calculated Routhians shows that in the
quency range over which the band is populated,
@660#1/21 orbital is below the Fermi surface and shou
therefore be occupied. The difference between the confi
rations of the bands in131Ce and 130Ce is a hole in the
positive signature of the@411#1/21 Nilsson orbital or either
signature of the@523#7/22 Nilsson orbital.

The scenario of a hole in either signature of t

FIG. 2. Incremental alignment for the superdeformed band
130Ce with the measured transition energies of the yrast SD ban
131Ce as a reference.
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@523#7/22 orbital is the most energetically favorable. How
ever, the calculations predict that there is very little signat
splitting and, hence, two bands of similar intensity would
expected. Nevertheless, the observation of only one b
does not rule out this possibility, since its partner would ha
transition energies lying very close to those of the yrast b
in 131Ce, the intensity of which is an order of magnitud
higher~5% of the 131Ce reaction channel!. This would make
a weak signature partner difficult to observe.

The other scenario involves a hole in the@411#1/21 or-
bital. This orbital is implicated in generating identical ban
in theA'150 mass region. However, the theoretical align
spin of 0.2\ for this orbital is too low to account for the
identity relationship making the first scenario more plausib

To summarize, an ‘‘identical’’ superdeformed band h
been discovered in the nucleus130Ce. This band has transi
tion energies which are identical to the half-way points b
tween the energies in the yrast SD band of131Ce, to a mean
degeneracy of 0.4%. The most likely single particle config
ration is one neutron in the@660#1/21 orbital, with a hole in
the positive signature of the@523#7/22 orbital. It is now
possible to perform systematic studies of the SD isotope
the Ce chain, investigating the evolution in valence neut
configurations, deformations, and population intensities.
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FIG. 3. Neutron single-particle Routhians around theN570
shell gap, calculated with the universal Woods-Saxon potential w
deformation parameters taken from the calculated Total Routh
Surface minimum at\v50.4. The Routhians are labeled with th
asymptotic Nilsson quantum numbers@N, nz , L]V.
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