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Information on octupole deformation from the systematics of B(E 3;0,* — 3,7) values
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A study of the systematics of B(E 3;0;" — 3,”) values for nuclei throughout the Periodic Table
shows clear enhancements at certain neutron numbers. These neutron numbers are in remarkably
good agreement with those predicted by Strutinsky-type calculations to be likely candidates for
static octupole deformation. The comparison with predicted proton numbers is more ambiguous.

During the past decade there has been much interest in
the octupole excitation modes of nuclei (see, for example,
Refs. 1-4 and references contained therein) and
specifically in the question of whether some nuclei exist
with static octupole deformation, corresponding to reflec-
tion-asymmetric intrinsic shapes.>»® The present work ex-
amines the systematics of B(E 3;0;" — 3,") values in or-
der to test the predictions of theories that include octupole
deformation. Other experimental evidence has been sum-
marized by Zylicz,” and a review of both the experimental
work and the theoretical situation has been given by
Rohozinski.® Early calculations of the ground-state
shapes of nuclei, and their stability with respect to octu-
pole deformation, gave no support for the existence of
stable octupole shapes. However, subsequent more refined
calculations, using the Strutinsky method with a folded
Yukawa potential, indicated that some nuclei in the
radium-thorium region, and also near '*Ba, could have
equilibrium octupole-deformed shapes, i.e., reflection-
asymmetric intrinsic ground states with octupole deforma-
tion parameter B3=0 (see, for example, Refs. 5, 6, 9, and
10).

Previous experimental evidence to support the existence
of octupole deformation has been identified in ground-
state mass systematics and in both low- and high-lying
excited-state spectra. The relevant literature is extensive;
illustrative works are cited below and more detailed refer-
ences may be found in Ref. 8. Briefly, mass systematics
for nuclei in the region beyond 2°*Pb are better described
by calculations that include nonzero equilibrium values of
B3 than by those that are restricted to reflection-
symmetric intrinsic shapes.>® The existence of very low-
lying negative parity states in some even-even heavy nu-
clei, coupled with the nonobservation of harmonic two-
photon states that would be expected if the excitations
were vibrational, has been interpreted as evidence for stat-
ic octupole deformation,!! as also has the observation of
almost-degenerate parity doublets in the low-lying spectra
of some odd-A nuclei.'?>!'? In addition, several nuclei in
the radium region'* and in the barium region'> display
alternating-parity sequences of high spin states, consistent
with the establishment of intrinsic octupole deformation
with increasing rotational frequency.'* However, the
published evidence for octupole deformation is indirect
and subject to ambiguity of interpretation. Rohozinski®
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has recently summarized the situation as follows: “It is
not completely clear at the moment whether a static octu-
pole deformation really appears in some nuclei. Never-
theless, it is at least a serious possibility that this is the
case.”

In this context, Rohozinski and others have stressed the
importance of B(E 3) values as a measure of octupole col-
lectivity. Just as the largest values of B(E2;0;" — 2{")
occur in regions of large static quadrupole deformation
[see, for example, Fig. 7(b) of Ref. 16], so it might be ex-
pected that the largest values of B(E 3;0;" — 3,7) would
occur in regions of static octupole deformation, where the
17,25,3,. .. states correspond to rotational excitation
of an octupole-deformed intrinsic shape.!”'® Detailed
calculations have confirmed that the values of
B(E3;0;f — 37) in even-even nuclei depend strongly
on the octupole deformation at the potential-energy
minimum. '>?® Recently, one of us'® has compiled values
of B(E3;0;f — 3{7) for even-even nuclei throughout the
Periodic Table. It is of interest, therefore, to determine
whether the systematics are consistent with theoretical ex-
pectations. For example, Nazarewicz et al.® predict that
the largest octupole correlations, and hence the greatest
tendency towards octupole deformation, will occur at par-
ticle numbers Z or N =34, 56, 88, and 134.

Figure 1 shows a plot of |M(E3)|? as a function of
neutron number N, where | M (E 3) |? is the E 3 transition
strength in Weisskopf units (W.u.) deduced from the
“adopted” values'® of B(E3:0;" — 3 ). The smallest
values of | M(E 3)|? occur in the region of N =100-110,
which is a region of large static quadrupole deformation;
these small values are presumably due to fragmentation of
the E 3 strength corresponding to the four possible projec-
tions K of the total angular momentum on the nuclear
symmetry axis. In contrast to the systematics of excita-
tion energies Ex (31 ) le.g., Fig. 3(a) of Ref. 16], there is
no obvious correlation with the standard magic numbers
N =28, 50, and 82. There are, however, significant peaks
at N=34, 56, 88, and 134, in remarkable agreement with
the values of V predicted to favor static octupole deforma-
tion. (Note that the identification of a peak at N =134
rests on the assumption that there is no sudden dip be-
tween N =128 and 138, there being no data for N =130,
132, 134, and 136.)

A plot of | M(E3)|? versus proton number Z (Fig. 2)
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FIG. 1. Plot of | M(E3)|? the E3 transition strength of 0;" — 3, transitions for even-even nuclei, as a function of neutron num-
ber N. The various symbols indicate the experimental procedures used to obtain the data (Coulomb excitation, lifetime measure-
ments, inelastic electron scattering, deduction from B3 values determined from inelastic scattering of particles, and miscellaneous pro-

cedures). This figure is based upon Fig. 7(a) of Ref. 16.

shows less-well-defined peaks at Z =30, 40, 62, and 88.
There are no peaks at Z =34 and 56, the predicted values
for stable octupole deformation. It is possible that the ab-
sence of peaks at the predicted values of Z may be ex-
plained by a mechanism similar to that suggested by She-
line and Sood'? for the rare-earth region: since the ds

and g/, proton orbitals are nearly degenerate in energy,
octupole correlation effects for protons (arising from the
ds;y and h)y; orbitals combining in the low-energy re-
gion) may be somewhat less visible than for neutrons, be-
ing diluted and extended over a larger range. Alternative-
ly, it may be that octupole-correlation effects for protons
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FIG. 2. As for Fig. 1, but as a function of Z. This figure is based upon Fig. 6(a) of Ref. 16.
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peak at larger values of Z than predicted, thus indicating
the need for refinement in the theory. There is some ex-
perimental support for these possibilities, e.g., effects
characteristic of those expected for octupole deformation
have been observed in europium nuclei (Z=63).2' On
the other hand, it is possible that the structure observed in
Fig. 2 is entirely due to the effects of varying neutron
number. For experimental reasons, determinations of
B(E3;0;" — 3,7) have been largely confined to stable nu-
clei, and the peaks labeled A4, B, C, and D in Fig. 2 occur
at Z values of the stable nuclei having /N values corre-
sponding to peaks A, B, C, and D, respectively, of Fig. 1.
That is, the peaks with the same labels in the two plots
contain the same data points.

The experimental situation may be clarified by refer-
ence to Fig. 3, where the nuclei with known values of
B(E3;0{* — 3;7) are displayed as points in the N-Z
plane. As indicated above, the nuclei concerned are most-
ly stable. Nazarewicz et al.® state that their calculations
predict four specific groups of nuclei as likely to possess
octupole-deformed equilibrium shapes: neutron-deficient
isotopes with Z=90 and N =134, neutron-rich isotropes
with Z=34, N=56, and Z=56, N==88, and neutron-
deficient nuclei with Z=N=34. These four Z,N com-
binations are shown as crosses in Fig. 3. Also shown, by
squares, are the Z,N values corresponding to the four
peaks 4, B, C, and D of Figs. 1 and 2. The correspon-
dence between the predictions of Nazarewicz et al. and
the peaks in the B(E 3;0;" — 3,7) values is clear. In case
D, the experimental peak coincides very closely with the
prediction, and in the other cases it corresponds to a
translation from the predicted Z,N values along a line of
constant /V. For the region near D in the V-Z plane, there
are published predictions for the shape of the nuclear
potential-energy surface plotted as the correction to the
energy obtained by including octupole deformation, rela-

tive to the reflection-symmetric minimum (see Fig. 3 of
Ref. 5); there is a clear minimum in the potential energy
at Z,N =88,134 and a valley extending towards increas-
ing Z and decreasing N. For the regions near A4, B, and C,
the suggestion from the plot shown here (Fig. 3) is that
the valleys should follow lines of constant M, i.e., the con-
tours of constant potential energy may be elongated in the
Z direction. The results from studies of possible
octupole-band structure in N =88 (“barium”) region are
also suggestive of this (cf. Fig. 1 of Ref. 15).

In the region denoted D in Figs. 1 and 2, centered at
Z =88 and N =134, it is reasonable to suppose that the
existing data are on the sloping edges of the postulated
peak, and that the values of B(E3;0;*— 3;7) for the
unmeasured nuclei will be very large, possibly with
| M(E3)|?> 50 W.u. Enhancements of this order were
obtained by Baranowski et al.?® when static octupole de-
formation was included in their calculations. Most of the
nuclei concerned are very short lived and the measure-
ment of B(E 3;0;* — 3,7) constitutes a formidable experi-
mental challenge.

In summary, the systematics of B(E 3;0;" — 3,7 ) values
for even-even nuclei show particularly strong octupole
collectivity at precisely the NV values predicted by Leander
and co-workers>® to be likely candidates for static octu-
pole deformation. The evidence for an analogous Z effect
is more ambiguous, possibly because the data for
B(E3;,0;f— 3;7) are largely restricted to stable nuclei.
Although the values of N displaying enhanced octupole
collectivity are in good agreement with the predictions of
the theory, they do not themselves prove the existence of
static octupole deformation in the ground states of the nu-
clei concerned. It may be possible (cf. Ref. 20) to inter-
pret the magnitudes of the peaks so as to distinguish be-
tween static deformation effects and strong vibrational
collectivity. Finally, there is an obvious need for more and
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FIG. 3. The points indicate nuclei for which B(E 3;0;" — 3,7 ) values have been adopted in Ref. 16. The crosses show regions pre-
dicted by Nazarewicz (Ref. 6) to be likely candidates for stable octupole deformation. The squares correspond to the peaks labeled in

the | M(E 3) |2 plots of Figs. 1 and 2.
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better data on B(E 3;0;" — 3, ) values in order to delineate more precisely the regions of enhanced octupole strengths.
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