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Enhanced E1 Transition Rates and Octupole Deformation in 225Ac
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The levels of 5Ac are reliably assigned by detailed measurements of the radiations
associated with the & decay of Pa and the p decay of 5Ra. Extremely large enhance-
ments of &1 transition rates are found in Ac. The adequacy of a single-particle de-
scription of strong octupole correlations is examined.

PACS numbers: 23.20.Js, 21.10.Dr, 27.90.+b

In this work, we consider the structure of
Ac. Recent theoretical'~ and experimental'

studies show that strong octupole correlation and j
or octupole deformation effects play an important
role in the description of the nuclides of this
mass region. A signature of strong octupole cor-
relation effects in a deformed nucleus is a pair
of closely spaced rotational bands with members
having the same spins and opposite parities. We
denote such parity doublet bands as PD bands.
Early studies of Aguer, Peghaire, and I iang'
show two PD bands in "'Ac: a ground-state &'

PD band and a 2' PD band starting at 121-keV
excitation energy. However, the spin and parity
assignments in this nuclide are considered tenta-
tive. ' Therefore, we have carried out a series of
measurements to establish these assignments.
The measurements described below confirm the
assignments made by Aguer, Peghaire, and
Liang. '

A major reason for our study of 'Ac is the ob-
servation' of a strong enhancement in the transi-
tion rate between the &' and & members of the
ground-state doublet in "'Pa relative to the usual
E1 rates between one-quasiparticle states. A
detailed understanding of this enhancement is
necessary in order to utilize the ground-state
parity doublet in "'Pa for the study of terms' in
the nucleon-nucleon interaction that viol. ate time-
reversal invariance. Typically, B(E1)values in
the heavy elements range from 10 4 to 10 ' Weiss-
kopf units (W.u. ). If the transition in "'Pa is E1
in nature, the value of B(E1) is -10 'W.u. Be-
cause the splitting between the two levels in the
ground-state doublet of "'Pa is only 220 eV, it
is pLausible that this enhanced transition rate is a
direct manifestation of parity mixing in the labor-
atory system, i.e. , the transition is M1 in na-
ture. For low-energy transitions, M1 rates for
protons are typically three orders of magnitude
faster than E1 rates in heavy elements and parity-
mixing matrix elements are expected to be on
the order of electronvolts. In "'Ac, the splittings

in the 2' PD band are roughly 30 keV. If parity
mixing is the reason for enhanced transition rates
in '2'Pa, we expect a reduction in the equivalent
B(E1)value of 10~ in "'Ac, as the mixing ampli-
tude is inversely proportional to the energy split-
ting.

The level structure of "'Ac was studied by
measuring the radiations associated with the @-
decay of 1.5-d "'Pa and the P decay of 15-d "'Ra.
The new results that allow us to make more re-
liable spin and parity assignments are given be-
low.

(1) We determined the multipolarity of the
115.6-keV transition in "'Ac as M1. We obtained
the K conversion coefficient (and hence the mul-
tipolarity) from the ratio of the K x ray in-tensity
to that of the y ray measured from a y-ray spec-
trum gated by the 40-keV photopeak.

(2) We obtained upper limits on the ft values of
the p transitions to the 120.8- and 155.7-keV
levels. We deduced these Limits from the upper
limit on the Ac K x-ray intensity in the '2'Ba
y-ray spectrum.

(3) The "'Ra ground-state spin and parity have
been established as 2' rather than 2' as assigned
in earlier studies. ' The evidence for a &' assign-
ment comes from the measurement' of transi-
tion multipolarities in "Ra and from a direct
measurement' of its ground-state spin as &.

(4) The ground-state spin and parity of "'Pa
has been established as 2' in our earlier work. '

The ' 'Ac level scheme is displayed in Fig. 1.
Using the results discussed above and the fact
that in heavy elements log ft values of & 8 occur
onLy for transitions with IAK I and l 4II =0 or 1,
we can deduce the spins and parities of "'Ac
levels. Since the "'Ba ground state is 2, the ob-
served logft values to the ground and the 40.1-
keV Levels restrict their spins to —,

' and 2. Sim-
ilarly, the logft values of & 10 to the 120.8- and
155.7-keV Levels fix their spins as 2 or greater.
These facts along with the M1 multipolarity of
the 120.8- and 115.6-keV transitions unambigu-
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for pairs of states connected by large E3 matrix
elements, for both the proton and neutron valence
orbitals. The effect of this correl. ation is to in-
duce large E1 moments for both the neutron and
proton contributions connecting states within a
PD band, when octupole correlations are strong.

B(E1)~ ++ P &nir1; iP&a~~as-—
protons, n, s neutrons,

where 4' and 0 are positive- and negative-par-
ity many-body wave functions. This value of
B(E1)depends on a small. difference between two
large sums. We are not yet able to calculate this
difference reliably. However, the large induced
enhancements in both the proton and neutron sums
that we do calculate make the large values and
large fluctuations of B(E1)a very plausible con-
sequence of octupole correlations in this mass
region.

In the study of Aguer, Peghaire, and Liang, '
a large attenuation of Coriolis matrix el.ements
was noted for both the positive- and negative-
parity levels of the two PD bands. In fact, they
suggested octupole effects as a possible expl. ana-
tion for this phenomenon. Their anal. ysis of level.
energies, which included only 2 and —', bands,
gave (2 Ij 12 )=0.85 and&~2 lj 12 &=0.56. How-
ever, the agreement between cal.culated and meas-
ured level energies was poor. For this reason,
we have performed mixing calcul. ations which also
include 2 and —,

' bands, and get reasonable fits
between the experimental and calculated energies
for all. observed level. s. Our calculations also
account for the experimentally observed alpha
transition rates to the positive-parity members
of the 2 PD band. The best fit was obtained with
&2'Ij'4'&=o 9o and &' Ij'I2 &=o 6o and a ro-
tational constant of 7.0 keV. These data provide
an interesting test of the strong-coupl. ing limit of
octupole deformation. The relevant predictions
of this model. ' are that the Coriolis matrix ele-
ments between the positive-parity members of
the two PD bands should be the same as the ma-
trix elements between the negative-parity mem-
bers of the two bands. Direct cal.culation" of
the j ' matrix element gives a value of 1.05 with
a folded Yukawa potential. This is a dramatic
decrease from the value of 6.6 that we calculate
between the 2'[642] and the 2'[651] orbitals
which would be the assignments for these levels
in the absence of octupole deformation. The
agreement between the experimental. and theoret-
ical values of the Coriol, is matrix elements shows

The effect of neutron-proton terms in the two-
body octupole-octupol. e interaction terms is to
give a positive phase relation between proton and
neutron E1 moments. We would get a B(E1)
value of -1 W.u. for either the protons or neu-
trons considered separately. Because of the cen-
ter-of-mass correction, however, we have

2
&o. i rl, "

i P& a ~a8 e

that the strong-coupl. ing limit gives a reasonable
description of the j ' matrix elements. As the
M1 matrix elements between the two PD bands
are very closely related to the corresponding j '
matrix elements, the deduced B(E1)vaj.ues dis-
cussed above, which depend on El/M1 branching
ratios, should be similarly rel. iable. The calcu-
lated M1 rates are an order of magnitude faster
in the absence of octupole deformation. That
would make the corresponding B(E1)values an
order of magnitude larger as well.

The splittings between opposite-parity members
of the 2' PD band are —40 keV and are —35 keV
in the 2' PD band. In the strong-coupling model, '
these splittings are proportional to 4, where 4
is the difference between the squares of the posi-
tive- and negative-parity amplitudes in the rel.e-
vant intrinsic wave function. We have calculated
6,&2= - 0.47 and 6,&2

=+ 0.13. The calculated sign
of the splitting in the 2 PD band is wrong. Al-
though the sign might be reversed by increasing
the magnitude of v4, the relative magnitudes of
the splittings in the two PD bands remain a prob-
lem.

A final point worth noting is the enhanced +-
decay rate to the negative-parity members of the
2' PD band. Re have remeasured the Q.-decay
branching, which reduces the quoted' a-decay
hindrance factors by a factor of 2. The observed
hindrance factor to the 2 state is 7.5 which is
even smal. ler than the values observed to the oc-
tupole bands in the neighboring even-even nucl. ei
(11 for "'Ra, 16 for '~Th). This indicates the
enhancement of octupole correlation effects in
odd-mass nuclides suggested previously. ' The
unusually low hindrance factors show that alpha
decay provides a good experimental signature of
strong octupol. e correl. ations in odd-mass nuclides.

In conclusion, we have made the first experi-
mental determination of fast E1 transition rates
in the recently discovered' region of octupole
deformation near mass 228. We have found large
enhancements in E1 transition rates associated

505



VOLUME 52, NUMBER 7 P H Y S ICAL RE VIE%' LETTERS 1 $ FEE3R U ARY 1984

with the intraband transitions of the 2' and &' PD
bands of "'Ac, and inferentially in the 2' ground-
state doublet of "'Pa. On the other hand, meas-
urements' show no such enhancement in the E1
transition rate between the members of the 2'
PD band of "'Ac. These observations show that
there is no simple relation between E1 transition
rate and octupole deformation. We have pointed
out a possible microscopic explanation for large
variations in B(E1)values. We find that the
strong-coupling limit of octupole deformation
provides a good general description of "'Ac.
However, it fails in describing the finer features
such as the differences in j ' matrix elements
between positive- and negative-parity bands and
the splittings of positive- and negative-parity
levels within a PD band.
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