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Perturbed Directional Correlation in Tantalum-181$
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The effect of a static quadrupole interaction on the 133-482-keV gamma-gamma angular correlation in
Ta'" has been studied by the delayed-coincidence method. Using a source of Hf' ' in polycrystalline hafnium
metal, the anisotropy was measured as a function of the time between the formation and decay of the 482-
keV state with a fast-slow coincidence spectrometer. The anisotropy as a function of time clearly revealed
fluctuations arising from the reorientation of the nuclear spin due to coupling of the quadrupole moment of
the 482-keV state with the electric-Geld gradients of the crystals. The interaction strength evaluated on the
basis of the theory for axially symmetric gradients was coo=299+8 Mc/sec. Evidence for the presence of a
rhombic (nonaxially-symmetric) electric interaction was observed in the departure of the results from the
predictions for the axially symmetric case. The results are, however, in agreement with the theory for
rhombic interactions if the electric Geld gradient in the hafnium crystals is assumed to have an asymmetry
parameter p=0.30&0.03, and in addition, if a normal frequency distribution of full width at half-
maximum equal to 10% is used to describe the variation of the 6eid gradient from site to site. Further,
using the evidence from Coulomb excitation for the strong deformation of the tantalum nucleus, we deter-
rnined the quadrupole moment of the 482-keV state to be Q = (2.53+0.10)X10 '4 cm'. This allows the calcu-
lation of the Geld-gradient magnitudes in metallic hafnium, which yields U„=~ (5.18&0.27) &(10'7 V/cm,
U»= W(3.37+0.19))&10"V/cm', and V„=+ (1.81+0.25) &&10' V/cm'. Incidentally, the half-life of the
the 482-keV state was remeasured to be 10.4+0.2 nsec, consistent with prior determinations.

INTRODUCTION

~ 'HE determination of electric and magnetic mo-
ments of excited states of nuclei has not pro-

ceeded as swiftly as other aspects of the spectroscopy
of such states, principally because of the experimental
difhculties involved. Investigations of the interaction
of the static nuclear electric-quadrupole moment with
its environment has been particularly difEcult because
of the impossibility of providing sufBciently strong elec-
tric-Beld gradients in the laboratory. In a few cases, the
crystalline environment is suitable for such studies; for
excited nuclear states, the perturbations of the nuclear
alignment due to such interactions may be detected by
means of angular-correlation experiments and Moss-
bauer studies. Theories have been worked out for most
cases of interest.

For ordinary gamma-gamma directional-correlation

f This work was performed with support from the U. S. Atomic
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experiments, the information to be gained is restricted
to the multipole order of the radiation in the decay of
the excited nuclear states, and to the spins of the states.
If the resolving time of the apparatus is long compared
to the mean life of the intermediate state, the experi-
ment is an integral experiment. Integral experiments
usually yield an attenuated correlation which is evi-

dence of an interaction, but the details of the inter-
action are inevitably lost. Differential experiments, in
which events are accepted on a time scale comparable
to or shorter than the mean life of the intermediate
state, are capable of distinguishing between electric and
magnetic interactions. Measurements of the strengths
of such interactions from the perturbation of the angu-

lar correlation lead to direct information concerning the
nuclear moments, provided the properties of the nuclear
environment are known. As yet, only a few differential

experiments on the static electric-quadrupole inter-
action have been done. This paper reports a diKerential
angular-correlation measurement on the 133—482-keV
gamlna-gamma cascade in Ta'". Preliminary results
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With 0. chosen so that the full width at half-maximum
of the dlstrlbutlon ls 10%, we get tile vel'y satlsfactoly
6t shown in Fig. 4. A search for simultaneous best values
of 8=a/roe, eve and lI did not alter the values quoted
above.

Although the requirement of a frequency distribution
is reasonable, the reason for a nonaxially symmetric
Geld gradient as the nuclear environment is unknown,
since hafnium metal has a hexagonal close-packed
(hcp) structure at temperatures below 1760'C. A recent
experiment' with single-crystal sources emphasizes the
dilemma which arises from this unexpected eAect, since
no nonaxially synlmetric gradient is required to 6t the
data. It may be, however, that the particular angles
used in the single-crystal experiment are such that the
anisotropy would be insensitive to such eGects.

Evidence from spectroscopy and from Coulomb exci-
tation experiments indicates that Ta'" belongs to the
class of highly deformed nuclei with energy levels which
result from the excitation of collective rotations. In
such a case, the spins of the rotational levels are given
by I=X, X+1, K+2, ~, where E is the projection
of I on the symmetry axis of the nucleus. The quad-
rupole moment Q of any of these states in odd-A nuclei
is simply related' to the "intrinsic" quadrupole mo-
ment Qs of the nuclear shape in the ground state,

3E' I(I+1)—
=Qo

(I+1)(2I+3)

and Qs, in turn, can be determined from Coulomb-
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Fro. 4. Comparison of the measured anisotropy with a rhombic
interaction including a normal frequency distribution having a
full width at half-maximum of 10%.

excitation reduced. -transition probabilities between any
pair of such a rotational band,

B(E2 I + Ir) = (5/—16s)e'Qs'(I 2%0~ I 2Ig0)'

Using the best available Coulomb excitation results~ for
the 301-keV transition in the K= ~~ band of Ta'" and
assuming the 482-keV level has the parameters I=-'„
K=~, we obtain for the quadrupole moment of this
level, Q= (2.53&0.10)X10 '4 cm'. Having both cos and
Q for this state, we calculate the absolute value

~ V„)=2I(2I—1)A&os/3eQ, and from the definition of lI
and the fact that V'V=o, we determine

V„=+ (5.18+0.2'I) X 10"V/cm',

V„s=+(3.3'I+0.19)X 10'r V/cms,

V„=+ (1.81&0.25) X10"V/cms,

to be the electric-Geld gradients in hafnium metal. A
similar calculation has recently been carried out for
hafnium ammonium hexaQuorlde
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Fxo. 3. Comparison of the measured anisotropy with a rhombic
interaction using an asymmetry parameter g =0.30.
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