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L. K. Peker

Natuurkundig Laboratorium der Vrije Universiteit, Amsterdam, The Netherlands

J. H. Hamilton
Physics Department,* Vanderbilt University, Nashville, Tennessee 37235
(Received 22 November 1976)

Examination of experimental data for v-vibrational states reveals strong correlations between the
nonadiabatic effect deviations of the 4,—2, to 3,-2, energy ratio from the adiabatic limit with 3;a; %, where
a; are the coefficients for the N = 6, i,3,, neutron configuration in the expansion |27 > = 2, |27 >
This correlation and other evidence presented indicate that in contrast to the usual exclusion of Coriolis
effects in the structure of <y-vibrational states, Coriolis effects are the primary source of the nonadiabaticity.

NUCLEAR STRUCTURE Nonadiabatic effects in y-vibrational levels correlated
to microscopic structure.

An understanding of the properties of B- and v-
vibrational levels in deformed nuclei has been a
problem of long standing as reviewed earlier.! In
terms of the collective model,*? the energies of
the B, 7, and ground bands are given by

Epoe=AI( +1)+ B0 + 1)+ D(=1)'D),

where the B and D coefficients reflect deviations
from the adiabatic theoretical limit. The strength
of the nonadiabatic effects can be described by AS
=S p — Sagiaps Where S=hv(4;~2;)/hv(3;~2;) and
Saatan=2.333. In seeking to understand the origin

' of the nonadiabatic effects, it is interesting to note
the marked difference between the behavior of AS
for the K =2 octupole and y-vibrational bands. For
¥ bands AS<0 always and varies rather smoothly
with A (and so smoothly with deformation), but for
the analogous spin states of octupole bands
generally AS>0, but not always. Neergird and
Vogel* have shown that the nonadiabatic effects for
octupole bands (at least for I < 5) can arise from a
strong Coriolis interaction between the four octu-
pole bands with K*=0", 17, 27, and 3".

The splitting of the quadrupole vibration into
K*=0* and 2* bands, however, does not yield a
Coriolis interaction since they cannot be connected
by such an interaction. Thus attempts (for exam-
ple see Ref. 1) to understand the nonadiabatic ef-
fects in these bands have been through the mixing
of B, v, and ground bands and perhaps couplings to
other £"=0" and 2* levels but not through Coriolis
interactions. We will present in this paper evi-
dence that indeed Coriolis effects from the i,;,,
neutron configuration are present in the low-spin
states of the y-vibrational states and that the
strengths of these configurations are strongly cor-
related to the variation in AS with deformation.

In Fig. 1 are shown the two possible cases for
the relative position of the - and y- vibrational
bands; one where the 2; energy is below and the
other above the 2} energy. The interaction of the
two bands would shift the 2* and 4* bands as shown
so that on the left the 4;, 6} states are pushied down
near the 3;,5; states, respectively, and therefore
D<0, while on the right the 2}, 4, states are pushed
up near the 3;,5; states, respectively (and D>0).
In '50Nd, !50152,154gm 152.154,122Gd, and 3Dy (Ref.
5), the experimental levels are as shown on the
right in Fig. 1 and we can expect D> 0: but in fact
D=-225 eV (**°Sm); -235 eV (}°°Gd); -22 eV
(*5*Gd); -16 eV (*°Gd); and -11 eV (***Dy), i.e.,
D<0 (Refs. 5 and 6). These deviations from the ex-
pected positive D values indicate that other effects
are present.

A second anomaly observed for y-vibrational
bands concerns variations in AS in Er, Yb, and
Hf nuclei. In Sm, Gd, and Dy nuclei, AS decreases
smoothly toward the adiabatic limit with an in-

- crease in neutron number and corresponding in-

L4
4" } + 4q4* 3t
4+ —' —+
2+ _ 3 2t L2
T |
K=0" K=2* K=0* K=2*
D<O D>0
AS<o0 AS >0

FIG. 1. The expected signs of D (and AS) caused by
AK=2 coupling for different relative positions of the y-
vibrational band and the closest K=0*band (8-vibrational
band).
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FIG. 2. The correlation between the strength of the nonadiabaticity AS and ) ; o; 2 where «; are the coefficients for
the i,5,,- neutron configuration in the expansion | 23 >=Z>t 41255

creases in deformation, as shown in Fig. 2,
whereas in Er, Yb, and Hf nuclei, sudden increas-
es and decreases in AS are seen that cannot be
connected with the change of B (deformation pa-
rameter). '

These variations from the behavior expected
from simple mixing of K*=0" and 2* bands led us
to look for other explanations. We conclude that
in spite of the usual opinion to the contrary, Cor-
iolis coupling is one of the most important fac-
tors producing the nonadiabatic effects (at least at
I<6) in ¥ bands. To see this it is necessary to
consider the microscopic structure of the y-vi-
brational states.

Among various components that could be involved
in the y-vibrational state, let us look at two par-
ticle configurations that include nuclear states with
large N, for example N=6, i, neutrons. It is
well known that this neutron is responsible for a
very strong nonadiabatic Coriolis effect in the
neighboring odd-neutron nuclei (see for example
Refs. 7 and 8). The same must be true for two
particle levels which include such a neutron (of
course, these considerations are valid not only
for N=6, i,,,, levels, but also for other high j, low
Q levels). Now look at the ¥ bands. If the Coriolis
ccupling is of great importance in the properties
of y-vibrational levels in nuclei with A=150-180
where the i,;,,, low Q levels are important, we
must find a strong correlation between the summed
(common) weight of the two neutron configurations
including neutrons with N=6, i,,, and the strength
of the nonadiabaticity AS.

Grigorev and Soloviev® have calculated the mi-
croscopic structure of the y-vibrational levels. In
Fig. 2, AS is compared with 27 ;a,;? where ; are
coefficients in the expansion $(K = 2*)=2,a,9; for
$,(N=6). There is a striking correlation seen in

Fig. 2 between these two, with excellent agree-
ment with the sudden changes seen in '"°Er, "°Yb,
and '"°Hf. Also the Coriolis coupling can account
for the increasing AS with decreasing deformation
in the Sm, Gd, and Dy nuclei. (The Coriolis cou-
pling can also account for the anomalous negative
sign of D discussed above.) Because the same
1,3, Neutrons are responsible for the nonadiabatic
(Coriolis) effect, the sign of the nonadiabaticity
AS and D must be the same in all nuclei considered.
It means that in nuclei A=150-156 the sign of AS

“or D must be <0 but not D>0 as expected from the

usual AK =2 coupling.

As a further test of this idea let us look at the
K7=2*(E,,=1341 keV) and K"=3* (E,.= 1577 keV)
bands in "®Hf. Khoo et al.® found a strong nonadia-
batic effect (odd-even shift) in the K*=2* band but
not in the KT=3* band which is nearly adiabatic
without any odd-even shift. This is understandable
for the assignment K = 3*{£-[514],,3[521],} does not
include the N=6, i,,,, low § neutron which we sug-
gest is responsible for the strong nonadiabaticity.

It should also be mentioned that the data'® on
backbending in even and odd isotopes of Re and Os
show that in nuclei with A 2 180 the h,, proton is
primarily responsible for the observed effects and
not the i,;,, neutron. This means that in W, Os,
and Pt nuclei, a correlation should not exist be-
tween AS and o;* (N=6,i,;,). Only in W nuclei are
data available and no correlation is observed there.
In 1801822184 AS(@,2) are 0.32(<1%), 0.088(<1%),
and -0.03, respectively. There is even a sign
change in AS.

Thus we conclude that there is considerable di-
versified evidence to support our conclusion that
the Coriolis interaction is the important factor in
the nonadiabatic effects observed in the y-vibra-
tional states in the rare earth region.
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