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INTRODUCTION

Several high-K states are known to exist in the mass
130-140 region. For the N=74 even-even isotopes, Kπ =
8− isomers, with lifetimes ranging from ns to ms, are
known in 128Xe[1], 130Ba[2], 132Ce[3], 134Nd[4], 136Sm[5],
and 138Gd[6]. In 140Gd, we have observed for the first
time a band also based on an Iπ = 8− state. This could
be the first case of a Kπ = 8− state observed in an N=76
even-even isotope. The systematics of the Kπ = 8− iso-
meric states in N=74 isotopes has been studied by A.M.
Bruce et al. [7]. These states decay towards the K = 0
ground state band, and the transitions are K-forbidden.
The 140Gd case presents strong similarities but also some
significant differences with relation to the N=74 isotopes.
We propose the same configuration but with larger de-
formation in 140Gd.

EXPERIMENTAL PROCEDURE AND ANALYSIS

The 92Mo(54Fe,α2p) reaction at 240-MeV was em-
ployed to populate high-spin states in 140Gd. The inci-
dent beam was provided by the tandem XTU accelerator
of the Legnaro National Laboratories. The GASP ar-
ray was used together with the charged-particle detector
array (ISIS), and the recoil mass spectrometer (Camel).
The data were sorted into charged particle fold–γ − γ,
A − γ − γ and γ − γ − γ cubes.

Figure 1 presents the background subtracted sum spec-
tra of the 246 and 287 keV gates. The in-band M1, E2
crossovers and the ground-state band (gsb) transitions
from the levels fed by the band can be clearly seen. Fig-
ure 2 presents the relevant partial level scheme (extracted
from ref. [8]) for 140Gd obtained in the present measure-
ment. The experimental total electronic conversion co-
efficient of the 71 keV transition was determined from
intensity ratios in gated above spectra, and is very close
to the expected value for a pure E1. This establishes
the negative parity of the band. The 746 keV transition
should be an M2, since, if it were of the same multipo-
larity, the energy factor should favor by three orders of
magnitude the 746 keV transition with respect to the 71
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Figure 1: Sum spectrum of the 246 and 287 keV gate transi-
tions. The energies of the transitions are indicated in keV.

keV. However, the experimental intensity of both tran-
sitions has been estimated to be of the same order of
magnitude. In conclusion, the band-head should be an
8−. The lifetime of the band-head was estimated to be
of about 1.5 ns by simulations with the GEANT code
applied to the specific experimental setup of GASP. This
comes from the evaluation of the experimental efficiency
loss and the slight effective energy displacements of the
gsb lines when gated from above the isomer, which occur
because the nucleus decays off the center of the spectrom-
eter. The recoil velocity is of about 1cm/ns.

DISCUSSION AND CONCLUSION

Total Routhian Surfaces Calculations (TRS), together
with the presence of a gamma-vibrational band at low ex-
citation energy, indicate a large degree of triaxiality for
140Gd and a reduced β2 deformation (from about 0.28
in N=74 Sm and Gd to 0.21 in 140Gd), near the ground



Figure 2: Partial level scheme of 140Gd showing the strongly
coupled band discussed in this work. The transition energies
are indicated in keV. The width of the arrows is proportional
to the transition intensities.

state. The alignment angular momentum (the projection
on the rotational axis) of the strongly coupled band rela-
tive to the gsb is much larger in 140Gd (4-5~) than in the
nearby N=74 isotopes (Gd, Sm and Nd, around 1~). This
is not expected since in a high-K configuration the quasi-
particle angular momentum tends to couple along the
deformation axis, perpendicularly to the rotation axis.
A 4-quasiparticle configuration would be very unlikely
since the excitation energy of the Kπ = 8− relative to the
ground state is quite small (2.21 MeV), and in fact, quite
similar to the one of the N=74 isotones. A proton config-
uration, which could present large alignment, would have
a low-K, and should be discarded. We tentatively pro-
pose, therefore, that the strongly coupled band is built
on a quite deformed shape core containing 2 paired par-
ticles from the N=5 shell, probably from the 1/2[541]
orbital, and in addition the 7/2+[404] ⊗ 9/2−[514] two
quasi-neutron excitation coupled to Iπ = 8− like in the
N=74 nuclei. In, for example, 133Nd [9] the ν1/2[541]
band (with an estimated deformation of β2 = 0.29) can
be found at very low excitation energy. A large defor-
mation could explain why the alignment is apparently so
high in 140Gd. Since the band would have a larger mo-
ment of inertia in comparison to the gsb, it develops more
collective angular momentum at the same rotational fre-
quency.

Figure 3 presents the experimental ratio of reduced
transition probabilities B(M1)/B(E2) in comparison

with the nearby nuclei and theoretical estimates. It can
be observed that for all nuclei presented the values have
the same order of magnitude, being on average lower in
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Figure 3: The experimental ratio of reduced transition prob-
abilities B(M1)/B(E2) as a function of the spin of the state
in 140Gd. The values for the N=74 isotones is also shown
for comparison. Theoretical estimates from the pure rota-
tional model for two values of intrinsic electric quadrupole
moments are also shown by the lines (considering the value of
|gK − gR| = 0.4, adequate for the proposed configuration).

140Gd than in the N=74 isotones. The dotted line corre-
sponds to a prediction based on the rotational model with
an intrinsic quadrupole moment Q0 = 4.5 eb , the value
measured from the lifetime of the first 2+state in 136Sm
[10], while the dashed line is calculated with Q0 = 5.5
eb. This last value reproduces better the N=76 isotope
data, in agreement of the hypothesis of large deformation.
Search for additional cases of strongly coupled bands in
N=76 isotones would be of great interest, as well as the
measurement of in-band transition lifetimes.
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