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Quasiparticle band structures in transitional nuclei
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Major advances in the experimental techniques have made
it feasible to perform detailed measurements of atomic nu-
clei at the extremes of angular-momentum, isospin and sta-
bility. Detailed spectroscopic studies have provided new in-
sights in our understanding of nuclear many-body problem.
Band structures have been observed up to very high angular-
momentum and far from the valley of stability. For instance,
in the deformed nucleus Dy, sixty bands have been reported.
The classification and the interpretation of these rich band
structures is a challenge to nuclear theory. The three modesof
excitations of rotational, vibrational and quasi-particle consti-
tute the primary origin of the observed bands in nuclei. In
spherical nuclei, the energy spectrum is primarily built on
the quasi-particle excitations. In well deformed nuclei, rota-
tional bands are observed and are classified using the Nilsson
scheme. On the other hand, in transitional nuclei the excita-
tion spectrum is quite rich which depicts interplay of all the
three modes of excitations [1, 2]. It is quit evident that in tran-
sitional nuclei there are two low-lying quadrupole vibrational
modes of motion. These are ascribed toβ andγ-vibrations.
The mode of vibration with no component of angular momen-
tum along the symmetry axis (K = 0) are calledβ -vibrations,
which can be well understood with axial symmetry, on the
other hand the mode of vibration with component of angu-
lar momentum along the symmetry axis (K = 2) are called
γ-vibrations and this mode of vibration can be explained by
breaking the axial symmetry in the Nilsson potential. Fur-
ther, the bandhead energy ofβ and γ-vibrations and lowly-
ing octupole vibrational bands are almost located at nearlythe
same excitations. Therefore, the closeness in the phonon ex-
citation energies associated with all of these collective modes
makes the complex band interactions. These structures, there-
fore, coupleγ-vibration to qp-excitations, based on which ro-
tational bands are built. Thus, these bands have characteristics
of all three excitation modes in the nuclei and are, therefore,
the best places to show up the interplay among them. The re-
cent developments in triaxial projected shell model (TPSM)
approach have greatly enhanced the model predictability and
may provide new insights into the observed bands with un-
known structures.

Thanks, to the experimental efforts for The low-lyingK =
3+ band, which subsequently decays to both theγ-vibrational
and the ground-state bands. The occurrence of appreciable K-
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forbiddenE2 transitions from theK = 3+ to the ground-state
band is attributed to mixing with theK = 2+ band, caused by
the interaction between theγ-vibrational and the quadrupole
vibrational motions. Surprising observation of the appreciable
population of theK = 3+ band in174Hf and172yb [3, 4], the
nature of which has remained unresolved, and its subsequent
decay to both theγ-vibrational and the ground-state bands.
Since the dominant excitation path in Coulomb excitation is
via E2 transitions, it is difficult to explain the populationof the
K = 3+ band without invoking a K mixing scheme. Therefore,
TPSM is appreciable tool to provide the reasonable explana-
tion on K mixing scheme.

For even-even systems, the TPSM basis are composed
of projected 0-qp state (or qp-vacuum|Φ > ), 2-proton, 2-
neutron, and 4-qp configurations, i.e.,
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where the three-dimensional angular-momentum operator
[10] is given by

P̂I
MK =
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8π2

∫

dΩDI
MK(Ω) R̂(Ω), (2)

with R̂(Ω) being the rotation operator andDI
MK(Ω) the D-

function. It is important to note that for the case of axial sym-
metry, the qp-vacuum state hasK = 0 where as in the present
case of triaxial deformation, the vacuum state|Φ> , as well
as any configuration in (1), is a superposition of all possible
K-values.

As in the earlier TPSM calculations, we use triaxial Nils-
son mean-field Hamiltonian, which is obtained by using the
Hartree-Fock-Bogoliubov (HFB) approximation, is given by

ĤN = Ĥ0−
2
3

h̄ω
{
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2

}

. (3)

Here Ĥ0 is the spherical single-particle Hamiltonian, which
contains a proper spin-orbit force. The interaction strengths
are taken as follows: TheQQ-force strengthχ is adjusted such
that the physical quadrupole deformationε is obtained as a
result of the self-consistent mean-field HFB calculation [10].
The monopole pairing strengthGM is of the standard form

GM = (G1∓G2
N −Z

A
)

1
A
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FIG. 1. Detailed comparison of the K=3 band structure172Yb and
174Hf isotope.

where−(+) is neutron (proton). In the present calculation,
we useG1 = 20.12 andG2 = 13.13, which approximately re-
produce the observed odd-even mass difference in this region.
This choice ofGM is appropriate for the single-particle space
employed in the model, where three major shells are used for
each type of nucleons (N = 3,4,5 for protons andN = 4,5,6
for neutrons). The quadrupole pairing strengthGQ is assumed
to be proportional toGM, and the proportionality constant be-
ing fixed as 0.16. These interaction strengths are consistent
with those used earlier for the same mass region [6–8]. This
choice ofGM is appropriate for the single-particle space em-
ployed in the model, where three major shells are used for
each type of nucleons (N = 3,4,5 for protons andN = 4,5,6
for neutrons). In present calculations, the deformation param-
etersε used are from Ref. [5]. The chosen values ofε for the
present calculation are those from the measured quadrupole
deformations of the nuclei, as is done in the previous projected
shell model analysis. The triaxial parameterε ′ is chosen so

that the calculated energy of theγ-bandhead reproduces the
measured value. To further clarify that theε ′ values used in
the present work are realistic, we have calculated the ground-
state energies as a function ofε ′. These energy surface cal-
culations clearly depict a minimum for the values used in the
present work.

In the present work, Fig. 1 depicts the calculated bands af-
ter diagonalization and also displays the corresponding avail-
able experimental data. It is important to point out that, al-
though, the bands in Fig. 1 are labeled asγ-, γγ-, andK = 3-,
bands, these are only the dominant components in the wave-
function. The projected states after diagonalization are in
general mixed. In particular, 2-qpK = 3 band has a signif-
icant contribution from 0-qpK = 2 configuration at higher
angular-momenta. It is quit clear from Fig. 1 that there is a
strong coupling interaction between the quasiparticle excita-
tions with γ-vibration in isotonic chain of174Hf and 172yb.
Fig. 1 depicts the calculated bands after diagonalization and
also displays the corresponding available experimental data.
The calculatedK = 3 2-qp neutron band in174Hf agrees quite
well with the experimental band, however, in172yb at low spin
region some discrepancies are quite evident. There could be
several reasons for these discrepancies. The bulk of the dis-
crepancy could be attributed to the fixed mean-field assumed
in the present study. The Nilsson potential is chosen for the
mean-field and is determined by the input deformation param-
eters,ε andε ′. The pairing potential, on the other hand, is
obtained from the monopole interaction using the BCS ansatz.
In a more accurate self-consistent treatment, projection before
variation, the mean-field and the pairing potential are known
to vary with qp-excitation and angular-momentum. However,
a good agreement174Hf and172yb can be obtained by increas-
ing the quadrupole deformation. It is worth to mention here
that, although the axial deformation is important for theK = 3
band to appear, the strong mixing withγ-degree of freedom is
crucial to explain its excitation and the rotational behavior.
Therefore, this band has mainly a structure of triaxially de-
formed 2-qp state projected to theK = 3 component. It is in-
teresting to note that there is strong crossing region of thetwo
bands (γ andK = 3 band around spin 12), and is enhanced
by E2 transition implying a strong mixing between the quasi-
particles and theγ−vibration. It has been further shown that
the detailed structure and position of theK = 3 band depend
sensitively on the shell filling. The prediction of systematic
appearance of twoK = 3 bands with proton and neutron struc-
tures at higher spin, close to the yrast line, awaits experimental
confirmation [11].
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