PHYSICAL REVIEW VOLUME

123,

NUMBER 6 SEPTEMBER 15, 1961

Isotope Shift in Axially Asymmetric Nuclei
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The effect of axial asymmetry on isotope shift, as introduced in the theory of Davydov and Filippov, is
investigated and is found to be non-negligible. An accurate experimental study of the isotope shift may
therefore provide evidence in favor of or against Davydov-Filippov’s theory for deformed nuclei.

AVYDOV and Filippov,! as a modification of
Bohr’s?? theory, have assumed that medium- and
heavy-weight nuclei possess axial asymmetry in order
to explain systematically the first excited states of even
atomic nuclei, such as the spin sequence of the excited
states, the energy of these states, and the probabilities
of electromagnetic transitions between them.*5 A
number of publications® now exist which show that
the nuclei under consideration may in fact be asym-
metric, but the question demands further investigation
due to the lack of rigor in these calculations. Some of
the anomalies explained by the DF theory can also be
reproduced in other ways without introducing axial
asymmetry.” It is therefore of interest to look for
observable effects of axial asymmetry in order to provide
additional evidence in favor of or against Davydov-
Filippov’s model for nonaxial nuclei.

The introduction of axial asymmetry in nuclei will
affect a large number of nuclear properties such as
magnetic moment, moment of inertia, etc., and will
also affect the isotope shift. A study of these effects may
show whether axial asymmetry must be introduced to
account for the anomalies observed in the medium- and
heavy-weight nuclei. In this note the effect of axial
asymmetry.on the isotope shift is calculated.

The theory of the isotope shift in deformed nuclei
with axial symmetry has been considered by Brix and
Kopfermann,® by Ford,” by Wilets et al.,® and in-
dependently by Bodmer,'* and has been recently
reviewed by Breit.”? It has been shown by these authors
that the isotope shift, in the notation of Breit,'> depends
on the mean value {r**) weighted in proportion to the
nuclear charge density.

Let the radius 7 to the nuclear surface relative to the
nuclear axes be given by

r= N70[1+ZH aIlY?.“(e:d-’)]) (1)
where

ay=p cosy; ar=a_1=0,

ar=a_s=(1/V2)8 siny,

where N is a normalization constant and the other
symbols have their usual meaning. The normalization
constant NV is evaluated by the requirement of in-
compressibility of nuclear matter and is given by
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The ratio of the isotope shift [1.S.] for the deformed
volume to that for the spherical volume is

[L.8.Juet/[LS. Jop= ( ] 72"‘“) / (f ’2"d‘),,=7=0

=N2ﬂ+3[f729+2(1+a0Y20+a2Y22+a2Y2—2)2p+3drdQ:|/ (47rf1’2”+2d1’)

Evaluating the integrals and keeping the terms to
within the order 3% one gets
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The first two terms are the same as those obtained
by Wilets el al.' and by Breit'? for axially symmetric
nuclei. Following the work of Wilets e al.,'° or Breit,'?
it can be shown that the difference between two such
shifts for different isotopes of the same element may be
written as

AW (B,7) 3 aF (B,v) )

=—A2p+3) ——— 4)
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where
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It may be of interest to calculate the effect of axial
asymmetry for one particular case, namely for the
isotopes of §Gd for which the change in 8 between
isotopes as determined from the intrinsic nuclear
deformation® is found to be large, and the value of the
asymmetry parameter v also varies between 0° and
30°. The values of 8 for the isotopes ¢Gd'™, ¢Gd?®,
and ¢4Gd'*® are found to be approximately 0.48, 0.65,and
0.73, respectively.’* Unfortunately, no measurements are
available on the intrinsic quadrupole moment of sGd!®2.
The work of Ford! indicates that between 88 and 90
neutrons there is a marked increase in nuclear de-
formation. Based on the work of Ford, the value of 3
is expected to be 0.24 for ,Gd!®? and will be assumed
as such for the present calculation. The values of the
asymmetry parameter v have been determined, without
reference to B, from the expression

sin23y=9x/2(x+1)2, (6)

where x= E,(21)/E1(2%), the ratio of the energies of
the first two 2% excited states!®; these values of v are
found to be 30°, 14°17 11° and 0° for Gd'%2, Gd'®,
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Gd"»¢ and Gd'*8, respectively. The wvariations in
F(B8,y) with and without axial asymmetry for the
isotope shifts of Gd%*—Gd'2, Gd!%6—Gd!*, and
Gd!58—Gd®¢ are found to be 6.0%, 0.1%, and 14.0%,
respectively. Similar variations are expected in isotopes
hke Sm150,152,154’ 05186,188,190, Hg198,200,202, and W182,184,186.
The effect is therefore by no means small, and should
be observable if the error involved in the experimental
data on isotope shifts can be reduced to 3%, instead
of the present value of 4=209,.18

The question may be asked whether the effect being
discussed would be masked by the effect of nuclear
compressibility. The recent work of Meligy et al.®
indicates that the observed isotope shifts in nuclei can
be well accounted for by the volume and deformation
effects if the nucleus is considered as a sphere in which
the charge distribution has the general shape deter-
mined by the electron-nucleus scattering experiments.
This work indicates that the condition of incompressi-
bility in nuclear matter is well satisfied, in agreement
with the calculations of Brueckner and Gammel?* who
find the value of the compressibility ~170 Mev.?
The effect of axial asymmetry on isotope shift is found
not to be masked by such a high value of the com-
pressibility.?
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