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Theoretical calculations of nuclear deformed shell model equilibrium shapes in the rare earth and acti-
nide regions have yielded hexadecapole distortions in good agreement with recent experimental shapes
determined from (@,a') scattering analysis. Pairing, Coulomb and polarisation effects are included in

the calculations.

In connection with a general study of the nu-
clear energy surface as a function of various
distortion parameters we have determined equi-
librium hexadecapole deformations in addition to
quadrupole ones.

The nuclear potential employed consists of a
generalized oscillator potential with some cor-
rection terms

V= %ﬁwo(e,e4)p2(1 ~}ePg+2eyPy) +

- 2l ¢+ s - plp - (hp]

where p and /; are defined in terms of "stretched
coordinates". One has

p2 =%[-[wzz2+wl(x2+y2)] .

(The use of this type of coordinates assures
vanishing couplings of the terms proportional to
€Pg between shells of different main quantum
numbers Ni. Such couplings due to the €4 Py-term
must be and are included, while those due to p4
have so far been neglected.) An exact condition

of "conservation of volume enclosed by equipo-
tential surfaces" is imposed on the part of the
potential proportional to pz with the help of the
deformation dependence of the oscillator fre-

* On leave from Department of Mathematical Physics,
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quency wo(e,s ). The subtraction of the average
value of the p4-term, denoted {p%y, evaluated
as an average for each Ni-shell is agsumed to
remedy the fact that the p4-term has not been
included in the volume conservation condition.
It has the effect of restoring the oscillator shell
spacing to 7w,

As is reported elsewhere [1], this potential
is found to reproduce the observed level order of
heavy deformed nuclei with one set of « and u
values for neutrons and protons, respectively.

To obtain the total energy as function of dis-
tortion the single-particle energies are then ad-
ded with proper inclusion of neutron and proton
pairing. Using Z proton levels and N neutron
levels (thus equally many filled and empty ones)
we have employed a pairing strength of G, =
= 14.0/A and Gp = 19.6/A MeV in the actinide
region and G, = 16.6/A and G, = 20.8/A MeV in
the rare earth region. The choice of 7w =~ 41A73
MeV for both neutrons and protons corresponds
to a proton equivalent (§ (#2))? radius of ~ 0.98 X
X 1.2 X A3 fm, and a neutron equivalent radius of
~1,04x 1,2 X A3 fm. (One might later wish to
equate these radii with a choice of wyy being dif-
ferent from wp.)

Finally, the Coulomb energy is added corres-
ponding to a homogeneously charged equipotential
surface (containing the nuclear volume) that in
the spherical case corresponds to a radius, of,
1.2 X A3 fm. For an appraéak}r&'é%rﬁ@m%&bniéb‘ffsix
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surface diffuseness and exchange corrections see
ref. 1. The actual calculation is performed with
a computer program in the following way. An
equipotential surface is expressed in the form

R =R,(1 +ag+agPg+. .. .ay14P14) -

The Coulomb energy expansions of Nossoff [2]
and Cohen and Swiatecki [3] are then employed.
The total energy made up of the sum of single-
particle, Coulomb, and pairing energy is then
minimized with respect to € and €4. This elabo-
rate procedure is somewhat excessive at the
equilibrium but called for at saddle point shapes.
The equilibrium values so obtained refer to
the shapes of the total nuclear field. Compared
to the quadrupole distortions obtained from the
measurements of charge quadrupole moments the
€ -values are generally low by 10% although the
general trends with A are very well reproduced
[4]. (Note that no ad hoc adjustments of levels
belonging to lower shells has been introduced in
the present calculations.) On the other hand the
€ -distortions obtained for the nuclear field from
a detailed analysis of (@,a') scattering experi-
ments are in good agreement with our results
[56]. This might be taken possibly to indicate a
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larger excentricity of the proton distribution than
of the neutron distribution in the nucleus. De-
tailed results will be published elsewhere [6].

We wish to emphasize here mainly the results
as to the hexadecapole deformations. To the left
in fig. 1 we exhibit the €, (and €) distortions ob-
tained when only couplings due to p2Y40 within
each oscillator Ni-shell is considered. The in-
clusion of the couplings between shells N; and
N; £2 leads to larger values of ‘64‘ by more
than a factor of two (fig. 1, right). This is a
direct measure of the hexadecapole polarization
being of the same order of magnitude as the
quadrupole polarization.

In figs. 2 and 3 we have expressed the results
for the rare earth region in terms of B4, where
B4 is the Y40 component in the radius vector ex-
pansion of the nuclear surface. Comparison is
made in fig. 2 with the §4-values obtained from
the (a,a') analysis [5]. The agreement is excel-
lent, and it should be noted that the inclusion of
the higher polarisation terms directly coupling
shells Ny with N, +4, would tend to lower the
theoretical (solid) curve additionally. The dashed
line corresponds to theoretical calculations [5]
where only diagonal effects of the field are con-
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Fig. 1. Equilibrium €(Yg0) and €4(Y4) deformations in the actinide region with coupling between shells N; and N; =2
neglected (left) and included (right).
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Fig. 2. Hexadecapole deformations 84 in the rare earth
region compared with experimental and theoretical
values of ref. 5. Recent reevaluation of the data has
resulted in a small increase in the experimental Sm 84
values and a small decrease in the Yb and Hf values.
The theoretical B4-values for W and Os are somewhat
uncertain as they are based on too small a number of
gridpoints.

sidered and pairing, Coulomb, and polarisation
effects neglected. The theoretical curve is in

the latter case adjusted to agree with the experi-
mental 168Er value. The agreement between the
different theoretical methods appears to indicate
that polarization and Coulomb effects are fairly
well balanced by the opposing effect of pairing.
The basic trend of the Y40 distortions reflects
directly on the properties of the un-filled shell
orbitals of which the first, n; = N}, orbitals
favor positive Y40 distortions, i.e., negative €4
and large B4 (some B4 being contained in the pure
spheroid shape). On the other hand, then, ~ jNj
to %Nt orbitals, filled later, favor negative Y40
distortions, leading to larger, eventually positive,
€ 4-values and correspondingly decreasing B4-
values.

The same trends are common to the rare-
earth and actinide regions. In the actinide region
covered by fig. 3, no experimental 84-values are
available for comparison, as, e.g., the a-branch-
ing analysis is presently not sensitive enough to
decide uniquely between possible hecadecapole
shapes. We exhibit, however, for comparison
the theoretical equilibrium distortions obtained
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Fig. 3. Hexadecapole deformations B4 in the actinide
region compared with the theoretical calculations of
refs. 7 and 8.

by Kjdllquist-Marken [7] and Harada [8]. These
authors exclude pairing, Coulomb, and polarisa-
tion effects and differ from each other by their
respective employment of "asymptotic™ and
"exact" deformed single-particle wave functions.

We are grateful to Drs. Hendrie et al., for
access to their data prior to publication.
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