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Abstract Recent progress in research on octupole deformation around Z=56, N=88 neutron-rich nuclei by our
cooperative groups of Tsinghua University, Vanderbilt University and Lawrence Berkeley National Laboratory
has been introduced. The experiment was carried out by measuring the prompt «-rays in spontaneous fission
of 52Cf with the Gammasphere detector array. The new results of high spin states in *3La and '*®Ce have

been obtained and the octupole deformation bands are identified in both nuclei. The important structural
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characteristics have been discussed.
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1 Introduction

Research on nuclear octupole deformation is an in-
teresting subject. A nucleus with octupole deforma-
tion has reflection-asymmetric shape in its intrinsic
frame. Theoretical calculations in the deformed shell
model™ ™ indicated when a pair of single-particle
orbitals with An = 1, Al = 3, and Aj = 3 con-
nected by large octupole interaction matrix elements,
lie close to each other, strong octupole correlations
occur. There exists an island of octupole deformed
nuclei around Z=56, N=88 neutron-rich nuclear re-
gion. In octupole deformed nuclei, the level patterns

are similar to rotational bands observed in reflection-
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asymmetric molecules including two bands of parity
doublets characterized with simplex quantum num-
bers s =+1 in even-even nuclei and s = +i in odd-A
nuclei. The positive-and negative-parity rotational
bands are interwined by strong F'1 transitions. How-
ever, it is difficult to populate the high spin states
of the neutron-rich nuclei by the heavy-ion reaction,
an effective method is to measure the prompt y-rays
emitted from the fragments produced by the sponta-

461 In recent years, through interna-

neous fission
tional cooperation, we have identified and extended
many octupole deformed band structures in this re-
gion, such as in 139Xe[7’ 8]7 in 140,141,142,143,145Ba[7*10]7
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and 8Ce nuclei lie at the verge of this octupole
deformed island. It is interesting to know whether
the octupole deformed band structures exist or not
in these two nuclei. In the previous reports, only
some low excitation states have been identified in
14313281 For 148Ce, in our early report!”, the pos-
sible octupole band structure was briefly proposed. In
more recent work, we have finished research on high
spin states of 1*3La and *®Ce. Here we report on new
results of the octupole deformed band structures in

these two nuclei.

2 Experiment and results

The high spin states in *3La and '*®Ce were in-
vestigated by measuring the prompt y-rays emitted
from the fragments produced in the spontaneous fis-

sion of 2%2Cf.

the Lawrence Berkeley National Laboratory. The

The experiment was carried out at

Gammasphere detector array which, for this exper-
iment, consisted of 102 Compton-suppressed Ge de-
tectors, was employed to detect the y-rays. A total of
5.7x10*! triple- and higher-fold y-coincidence events
were collected. The data analysis was done at Ts-
inghua University.

The new level schemes of 1#*La and *8Ce obtained
1 and 2.

They are deduced from y-y-y coincidence relation-

by our present work are shown in Figs.

ships, y-transition intensity analysis and total inter-
nal convention coefficient measurement. The collec-
tive bands are labeled on the top of the schemes.
For 3La, in previous B-decay experiments'™® ',
only two low excitation levels at 29.9 and 291.5 keV,
along with three transitions of 29.9, 261.6 and
291.5 keV in Fig. 1 have been identified. We have
identified 13 new levels and 20 new transitions in the
present work. Three new collective bands have been
established. In the previous WOI‘k[IS], the spin and
parity (I™) of ground state '**La have been assigned
as 7/2%, and the I"™’s for 29.9 and 295.5 levels were
assigned as 3/2% and 5/27, respectively. So the band
(1) built on the 291.5 keV 5/27 level should belong to
a positive parity band with the Al =2 stretched E2
transitions inside the band. According to the inter-
nal conversion coefficient measurement and system-
atic comparison with the structures of neighboring
isotopes 4>147Lal"® the band (2) is assigned as a neg-

ative parity band. The total internal conversion co-

efficient () of the crossing transition 128.0 keV ob-
tained in the present work is 0.16(5). So the 128.0 keV
transition in 3La has E1 multipolarity and the band
(2) should be a negative parity band. The I™ for band

(3) in "3La can not be assigned in the present work.
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Fig. 1. Level scheme of *3La.

In 148Ce, 9 new levels and 20 new transitions have
been identified comparing with our previous results[G],
and 5 collective bands were established. The band (1)
is a positive parity ground band which has been ex-
tended up to 22 h. Based on comparing with the
neighboring nuclei 4146Ce™ | the band (2) is as-
signed as a negative parity band. In the previous
[-decay measurements!'®, the I™ of 1117.6 keV level
in band (3) have been assigned as 3%, so we assigned
the band (3) as a positive band. In order to deter-
mine the I™ of band (4), we have measured the ar’s of
three crossing transitions at 104.8, 108.6, 167.1 keV.
The ar’s for these transitions are 0.20(4), 0.16(4),
0.044(8), respectively. So above crossing transitions
belong to E1 transitions and the band (4) is a nega-
tive parity band.

3 Discussion

From Figs. 1 and 2 one can see that three pairs
of doublet bands, bands (1) and (2) in **La, bands
(1) and (2) in *8Ce, and bands (3) and (4) in *8Ce
belong to three typical octupole deformed band struc-
tures. In each octupole band structure, a set of

positive- and negative-parity bands with the Al =2
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Fig. 2.

E2 transitions in each band with the intertwined E1
These band
structures are similar to those observed in the neigh-
2l In “3La, the the octupole band

structure has the simplex quantum number s = +i.

transitions between these two bands.
boring nuclei™™

In 1“8Ce, the simplex numbers of two octupole band
structures are s =+1 and s = —1, respectively. This
type of double octupole band structures with s==+1
in %8Ce is a first observation in this nuclear region.
In order to understand the octupole deformed
character, we have made a systematic comparison of
levels of the s = +i band structure in **La with those
in the neighboring isotope “45La"® as well as in the
N =86 isotones 4?Ba'” and 44Ce""!, showing in Fig.
3. Form Fig. 3 one can see that the level structures
in these octupole bands have similar character. How-
ever, the energies of the levels with the same spin
in *3La are higher than those in '**La. These dif-
ferences may be related to the different quadrupole
deformation in both isotopes. But the level spaces
in 13La are closer to those in '*?Ba and '#*Ce iso-
tones. This can be explained as the coupling of a
single-particle or hole (proton) in *3La with the core
in neighboring nuclei *?Ba and '*4Ce, as discussed in
our previous paper[lz]. We also made comparison of
the levels in the s =+1 band structure in **®Ce with

those in '*+!16Ce, we found that they have similar
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Level scheme of *2Ce.

structure character too.
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Fig. 3. Systematic comparison for the levels of

s=+i band structures in **1%°La and s=+1
band structures in '*?Ba and **Ce.

The B(E1)/B(E2) ratios in an octupole deformed

band structure are important data. The values is de-

fined as
BED . LEDEE)
5E2) 1 LEEEy )

where the intensity (I,) and energy (FE,) have been
taken from the present work. The average values of
the B(E1)/B(E2) are 0.77, 0.82 and 1.51 (10~%fm 2
for s = +i band structure in *3La, s=+1 and s = —1
band structures in '*8Ce, respectively. The values ob-
served in the neighboring nuclei are 1.0, 0.7, 0.76, 0.58
(10-%fm™?) for ?Ba, “*Ba, “SLa, and “"La'> "

respectively. So the results of the '**La and '**Ce
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are comparable with those in the neighboring nuclei.
This similarity indicates that the octupole correla-
tions in 3La and '*®Ce are strong. One the other
hand, in *®Ce the octupole correlations of s = —1
band structure are stronger than that of s=+1 band
structure.

Plots of the moment of inertia (J;) versus rota-
tional frequency (hw) for the s =+i band structures
in 13155 s = +1 band structure in *6'*8Ce and
s = —1 band structure in **Ce are shown in Figs. 4
and 5, respectively. From Fig. 4, one can see that the
back-bendings (band crossings) appear in both bands
of the s = +1 band structures around 0.25—0.30 MeV
in "5La. In '*3La, we can also see the back-bendings.
Because the lower fission yield in '**La than in **La
in the spontaneous fission of 2°2Cf, we can not ob-
serve the higher spin states, so the full back-bendings
in 3La can not be seen. However from Fig. 4, we
can see that the back-bendings begin around 0.30—
0.35 MeV in 3La. As the back-bendings were ex-
plained by the alignment of a pair of neutrons in
14572l 50 the back-bendings of 3La may be caused
by the alignment of a pair of neutrons too. This inter-
pretation is reasonable as the alignment correspond-
ing to two protons is blocked by the odd proton. From
Fig. 5, one can see that in *5Ce and ®Ce the J,
values of the negative-parity bands are much larger
than those in the positive-parity bands at low Aw val-
ues in each pair of the parity doublet bands. When
the Aw increases, they come close to each other. In
the s=+1 band structure of *8Ce, two curves cross
at hw ~0.28 MeV. The smoothly increasing trends of
Ji with hw for the s = +1 bands in **8Ce and *6Ce
are similar. But the J; of the negative parity band of
the s = —1 band structure in *8Ce is different from
the others. It smoothly decreases with the increas-
ing of the Aw. This structural feature calls for more

theoretical work.
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4 Summary and concluding remarks

The recent progress in research on octupole de-
formation around Z=56, N=88 neutron-rich nu-
clei by our cooperative groups has been introduced.
Through measuring the prompt y-rays from the spon-
taneous fission of 252Cf, octupole deformed band
structures in neutron-rich odd-A '#*La and even-even
18Ce nuclei have been investigated. The s = +i oc-
tupole band structure in '**La and the s = 41 dou-
blet octupole band structures have been identified.
The important characteristics of these octupole band

structures have been discussed.
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