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Introduction

Lying in a transitional region, the nucleus
150Nd is surprisingly poorly studied in com-
parison to the other neighboring isotones,
such as 152Sm and 154Gd. There are seri-
ous discrepancies in the published work for
states in 150Nd above 1150 keV in excitation.
Also, a leading issue for the stable N=90 iso-
tones is whether they are a manifestation of
a critical-point phase transition [1] or shape
co-existence [2]. A complete knowledge of the
low-lying non-yrast states often plays a vital
role in differentiating one phenomenon from
the other. Thus, with the aim of obtain-
ing a comprehensive picture of the properties
of low-spin levels in 150Nd, a series of γ-ray
spectroscopic experiments involving measure-
ments of excitation functions, angular distri-
butions, and γ−γ coincidences have been per-
formed using the (n,n′γ) reaction.

Experimental Procedure

The experiments were carried out at the
University of Kentucky Accelerator Labora-
tory, where nearly monoenergetic neutrons,
produced via the 3H(p,n)3He reaction with
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pulsed and time-bunched beams of protons,
bombarded a 31.15-g sample of Nd2O3 en-
riched to 96.17% in 150Nd. Gamma rays
produced by inelastic neutron scattering were
detected with a single Compton-suppressed
HPGe detector. By varying the neutron en-
ergy in steps of 100 keV (with an energy
spread typically of about 60 keV) between 1.2
and 3.0 MeV, γ-ray excitation functions were
obtained with the detector placed at 125◦ with
respect to the proton beam, which was inci-
dent on the tritium gas target. Angular dis-
tributions of γ rays were obtained at neutron
energies of 1.2, 1.4, 2.05, and 2.7 MeV, where
the detector was rotated through angles be-
tween 40◦ and 155◦. A γ-γ coincidence mea-
surement was carried out at a neutron bom-
barding energy of 3.2 MeV, with 4 HPGe de-
tectors placed ∼ 5 cm from the 150Nd sample.
The lifetime of a particular level was deter-
mined by considering the Doppler shifts of the
γ ray(s) decaying from the level as a function
of emission angle, using the methodology de-
scribed in Ref.[3]. The shifts in transition en-
ergies of the γ rays decaying from the 853-keV
level as a function of angle is demonstrated in
Fig. 1.
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FIG. 1: The angle-dependent shift in energy of the
723- and 853-keV γ rays from the 853-keV level.
From the measured shift, the experimental F(τ )
values for the two transitions were obtained. The
weighted average F(τ ) value was projected on the
theoretical F(τ ) vs τ curve, and a lifetime value
of 66+10

−8 fs for the 853-keV level was obtained.

Experimental Results

Figs. 2 and 3 illustrate the E1 decays
for the transitions in 150Nd. The E1 decays
for the corresponding levels in 152Sm are also
shown in the figures for comparison. From the
enhanced E1 decay rates for the transitions
shown in Fig. 2, it is quite obvious that the
yrast octupole Kπ=0−1 band is built on the
ground-state band in both 150Nd and 152Sm.
We also report here another feature associ-
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FIG. 2: Comparison of B(E1) values (in
mW.u.=10−3 W.u.) for the transitions between
the levels of the Kπ=0−

1 and Kπ=0+

1 bands of
150Nd (left) and 152Sm (right). The widths of the
arrows are proportional to the central B(E1) val-
ues of the corresponding transitions. The B(E1)
values with the associated uncertainties for the
corresponding decays are shown at the bottom of
the arrows.

ated with octupole bands in 150Nd and 152Sm,
namely the unusually fast E1 transitions seen
between a Kπ = 2− band and the lowest Kπ =
2+ band (see Fig. 3). The large E1 transition
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FIG. 3: Comparison of B(E1) values for the
transitions between the levels of the Kπ=2−

1 and
Kπ=2+

1 bands of 150Nd (left) and 152Sm (right).
See the caption of Fig. 2 for additional details.
Newly established levels and newly assigned spins
for the existing levels are marked with ⊕ and ⊙,
respectively.

rates between a Kπ = 2− and a Kπ = 2+ band
are, to our knowledge, unprecedented beyond
the instances in 150Nd and 152Sm. Such a
feature of nuclear structure has not been pre-
dicted, as far as we know, and is certainly ab-
sent from the recent theoretical descriptions
of collective octupole states in nuclei.

It is worthwhile mentioning that a simple
coupling of an octupole degree of freedom (Kπ

= 0−, 1−, 2−, or 3−) to a γ vibration (Kπ

= 2+) would result in a range of possible K-
bands (K = 2; 1,3; 0,4; 1,5). The operation of
a ∆K = 0, ±1 selection rule for E1 transitions
would favor the decay pattern Kπ = 2− →

Kπ = 2+ observed. However, we know of no
prediction, or expectation, that the structure
reported here should be a systematic feature
of nuclei in this (or any other) region.
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