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Abstract

The decays of the neutron-rich
nuclides 2La, 14414, 14613 and 1481a to
the levels of the transitional nuclides
142Ce, 144Ce, 146ce and 148Ce,
respectively, have been studied using
mass—-separated sources. Angular
correlation studies have been employed to
identify new excited 0% levels in Ce and
support sgin and parity assignments for 17,
3=, 2+, 3%, 4% and 6% levels in Ce and
146ce.’ an excited 0+ level in Ce is
indicated by coincidence ratios and
electron studies, while no clear evidence
can be found for the location an excited 0%
level below 2 MeV in 144Ce. The resulting
isotonic and isotopic systematics are
discussed in terms of the transition from
the closed shells at N=82 and 2=50 to the
region of deformed nuclides.

1. Introduction

As no single, unified description of
nuclear structure exists that offers
reliable results for all nuclides, much
interest is focussed on nuclides at the
edges of regions where good theoretical
fits are found. The great success of the
rotational description of nuclides!s2) with
N>90 has stimulated extensive experimental
and theoretical study of the nuclides with
82<N<90 in various attempts to both observe
rotational features below N=90 and to gain
an understanding of the nature of the
transition from the closed shell at N=82 to
the deformed region at N»90. Until
recently, the lightest nuclides studies in
detail in this region were the 7Z=60 Nd
nuclides and 7Z=61 Pm nuclides whose
structures were consistent with a
transition to deformed structures for N=90.

Gowdy, M. Stelts*) and Y. Y. Chu

These nuclides have 10 or more protons
beyond the closed shell at Z=50 and show
few, if any, effects related to that shell
closure. The measurement3) of a 3/2%
ground state for the N=88 nuclide 43cs has
stimulated considerable study of the
nuclides with 54<Z<60 and 82<N<90 to
further investigate this transition. In
particular Scott et al.“) have reported
studies of the decay of odd-odd Cs nuclides
to even-even Ba nuclides and found evidence
to support the extension of the deformed
region to N=88,

2. Experimental Procedures

We have studied the decays of the
neutron-rich La nuclides, 92.5-min La
40-sec 144La, 6-sec 6La and 1.2-sec l4éLa
to levels of 142Ce, 144Ce, 146ce and 148Ce,
respectively, using sources produced at the
on-line mass separator TRISTAN located at
the High Flux Beam Reactor at Brookhaven
National Laboratory. Both the general
layout of the facility®) and the data
collection system®) are described in detail
elsewhere. For these experiments several
specific experimental arrangements were
used. The most complete angular
correlation studies were performed on 142ce
and 146Ce where data were collected in
separate experiments at 90°, 130° and 180°
using a 15% n-type Ge detector and a 20%
Ge(Li) detector, each at 5 cm from the
source. Approximately 2x106 three
parameter yyt events were collected at each
angle. The characteristic 0+t-2+-0*t
function (considerably attenuated by the
small source-to-detector distance,
especially at 130°) was observed for the
decay of the 2030-keV level in Ce and
for the 1656~ and 1043-keV levels in l46ce.
The 2030-keV assignment7) in 142ce had been

*)Now at Los Alamos National Laboratory, Los Alamos, NM 87545 USA
**)on leave of absence from KFA Julich, West Germany
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suggested earlier using a NaI(T&)-Ge(Li)
setup. In a similar experiment on l44ce y
rays no cascade with the 0+-2+-0% shape was
observed.

In a second experiment on 14415 decay
to 144Ce levels, 2x107 events were
collected on tape at 90° and 3x107 events
were collected on tape at 180°. During the
90° experiment at third 18% Ge detector was
positioned at 130° relative to the 15%
detector and used with a single channel
analyzer to accumulate a spectrum in
coincidence with the 397-keVv 2% to 0t vy
ray.

The data at 90° and 180° have been
used separately to determine 180°/90°
anisotropies for the stronger cascades and
have been summed to search for weak y-ray
coincidences. The levels established in

44Ce below 2 MeV are shown in Fig. 1. The
largest 180°/90° anisotropy of ~1.6 was
observed for the 1422-keV y ray. The data
at 130° were of limited usefulness for many
of the weaker y rays as there was no
provision for Compton background
subtraction. The characteristic dip at
130° was not observed for the 1422-keV ¥y
ray and a 2%(1,2)2%(2)0% cascade indicated
with -0.1<8<1.7 for the 2% to 2%
transition. The difficulty encountered in
observing excited 0% states in l44ce arises

will populate only 27, 37 and 4~ levels,
direct cascades from 2~ to 0% states by M2
transitions are quite unlikely. Thus,
excited 0% states in l44Ce can be fed
directly only from 2% states following
forbidden beta decay or by two-y cascades
following allowed B decay.

The measured anisotropy values did,
however, give strong support for the other
spins and parities shown for the levels
below 2 MeV in Fig. 1. In particular, the
peak ratios for the y rays de-exciting the
three 4% levels were identical at both
angles, whereas the 1294-keV y ray showed a
large negative 180°/90° anisotropy of 0.5
that is characteristic8) of a
3+(1,2)2+(2)0% cascade. Such a large
negative value is not possible for a
2%(1,2)2%(2)0% cascade and indicates a §
value of —0.5>8>"4.0 for the 3% to 2%t
transition. The y rays from the 17 and
3~ levels at 1346.1 and 1242.3 keV,
respectively, showed 180°/90° anisotropies
fully consistent with 17(1)2%(2)0% and
3"(()1)2*’(2)0+ cascades. Similar cascades in
146ce from the 924- and 960-keV levels were
observed. The identification of the 0%
level in 148Ce is described in detail by
Gill et al.8) elsewhere in these
proceedings.

directly from the 3~ spin and parity of ™
La as contrasted with 27 for the other aag
odd-odd La nuclides. As allowed g8 decay 8:: ;r»;o:)
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Fig. 1 The low-lying levels of 144ce populated in the g decay of 14415,
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3. Discussion

The systematic movement of the
low-1lying levels in the Ce nuclides as N
increases beyond 82 is shown in Fig. 2.

The levels of 150Ce from the fission
product studies of Chefitz?) are also
shown. The first 2% state is seen to drop
by a factor of ~0.625 with the addition of
each successive pair of neutrons. The 41%
and 61" states drop more slowly by factors
of ~0.75 shifting the Eg*/Ep* ratio from
near the vibrational limit of 2 to near the
rotational limit of 3.33. The higher-1lying
states compress somewhat less smoothly but
many also drop by ratios of between 0.75
and 0.85 with the addition of each neutron
pair. These trends serve to suggest the
presence of an underlying behavior
dependent strongly on neutron number.

A very different picture of these
nuclides is shown in Fig. 3 where the
partial level structures of the N=84, 86,
88 and 90 isotones are shown that include

only the ground band (0%,2%,4%) octupole
pand (1~ and 3~), B-band head (07%) and
y-band head (2%). The most obvious
difference lies in the upward trend in the
level structures of the ground band as
proton pairs are added to the nucleus for
N=84, 86 and 88 versus the downward trend
for N»90 (and for neutron pair addition).
A similar shift is observed for the y-band
head which trends upward in N=84 and
downward on N=88 and lies nearly flat in
N=86. The octupole band undergoes the
opposite shift, trending down in N=84 (and
also in N=82 as noted by Kleinheinz et
al.!l)) and N=86 and upward in N=88 and
N=90. The B8 band exhibits yet a third type
of behavior, peaking in Ce or Nd for N=84,
86 and N=88, and then bottoming in Nd for
N=90.

The erratic behavior shown in Fig. 3
by these isotones as protons are added
beyond the closed shell at Z=50 stands in
sharp contrast to the very smooth behavior
shown for the Ce nuclides in Fig. 2. The
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Fig. 2 The low-lying levels of the even-even Ce nuclides with 84<N<92.
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upward trend for the ground band also
stands in sharp contrast to the isotonic
behavior observed for the N=80 two-hole
nuclides, the N=78 four-hole nuclides and
the N=76 six-hole nuclides, etc.

Because of the apparent strong, smooth
dependence of the Ce level structures on
neutron number, the Interacting Boson
Approximation (IBA) should prove
particularly appropriate as a unified basis
for describing these nuclides.!?) 1In view
of the very different trends observed for
the isotopes and isotones, we have made
calculations for these structures using the
IBA-2 code, NPBOS, that treats neutron and
proton bosons separately. The parameters
have been taken from the thesis of
Scholten!3) who made a strong effort to fit
the levels of Nd, Sm and Gd in the region
84<N<94. Using a proton coupling constant
for 72=58 taken from below the N=82 closed
shell and neutron coupling constants from
the Nd, Sm and Gd isotones, and deriving
other parameters by smooth extrapolation
from the respective Nd, Sm and Gd isotones,
qualitative fits for the trends observed in
the Ce nuclides can be obtained. For l46ce
where the ground band is rather closely
fit, we observe two 0% states and two 2%
states. The calculated 0% and 2% states
are further apart than the observed states,
both the centroid is relatively close.
Because the proton coupling constant was
derived from below the shell and in view of
the very different isotonic trends above
and below the shell, we found a better fit
for the two 0% states could be obtained by
lowering the proton coupling constant to a
value (-0.4) that followed more closely the
trend found by Scholten for the neutron
coupling constants. There remains a number
of experimental features to be fully
resolved and much calculational work to
determine if a unified fit can be found for
these nuclides with 2>50 and N»>82,
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DISCUSSION

W.D. Hamilton: I wish to point out some differences
between your spin assignments and those obtained at
0STIS. In '*2Ce we find that the 1219 keV state is
2% rather than 4% with a possible 4% state lying a
little (v 10 keV) above. We find that the 0% state
in *“Ce occurs at 1819 keV. These points are men-
tioned in our contribution to this meeting. We also
show the behaviour of the negative parity state and
this closely follows the behaviour of the 17 and 3~
levels found in the barium isotopes.

A. Gelberg: Successful calculations for Ba and Ce
have been carried out on the neutron deficient side.
It is probably the first time that IBA has been
applied to an isotopic chain on both sides of the
magic number.

D.S. Bremner: Yes. As far as we know this is the
first time that IBA-2 calculations have been done
in this region and it was very gratifying to find
that the systematic trends predicted by the calcula-
tions were found experimentally.
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