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Systematics of yrast-band transition probabilities for 158−166Er isotopes
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Atomic nucleus is a unique quantum many-body sys-
tem which depicts co-existence of rotational, vibrationaland
quasiparticle modes of excitations. In spherical nuclei, the
low lying excitation spectrum is primarily built on multi-
qusiparticle excitations and constitutes an ideal place toap-
ply shell model based approaches. In well deformed nuclei,
rotational bands are observed and are classified using the de-
formed Nilsson picture. In transitional nuclei, the excitation
spectrum shows interplay of all the three modes of excitations.
Rotational bands built on vibrational and quasiparticle states
are observed in most of the transitional nuclei. In particular,
γ-bands, which are due to vibrations in theγ-degree of defor-
mation, are known to exist in most transitional regions of the
periodic table and form the first excited bands in many nuclei
[1, 2].

There is a long history of phenomenological models that
were introduced to study the transitional properties of the
atomic nuclei. These theoretical models include the gener-
alized coordinate method (GCM) [3], the self-consistent col-
lective coordinate method (SCCM-1) [4], the quasiparticle-
phonon nuclear model (QPNM) [5], the multi-phonon method
(MPM) [6], the dynamic deformation model (DDM) [7], the
self consistent cranking model (SCCM-2) [8] and random
phase approximation approach (RPA) [9]. On the microscopic
front, there are very few models capable of describing the
three modes of excitations in a unified manner, in particular,
at higher angular momenta. All these models can be viewed
through a unified perspective of attempts to solve the many-
body nuclear problem through the inclusive treatment of col-
lective and single particle degrees of freedom to varying de-
grees. Most of these models are phenomenological in nature
and require some aspects of the experimental data for fitting
the parameters.

Recently, triaxial projected shell model (TPSM) [10],
which is completely a microscopic approach, has been de-
veloped to describe the transitional nuclei. The main advan-
tage of the TPSM is that apart from describing the deformed
single-particle states microscopically as in QPNM, MPM, its
many-particle states are constructed to be eigenstates of the
angular momentum operator. This model was initially re-
stricted to perform the projection from the vacuum configu-
ration only and it was possible to study only low-spin states.
In our recent study, the model space has been expanded by in-
cluding the multi-quasiparticle states and it has been possible
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to extend the study of yrast and other band structures to high-
spin states [11–13]. The multi-quasiparticle TPSM approach
has been employed to investigate the high-spin band structures
in Er-isotopes and in the A = 130 region [12]. It has been
demonstrated in these studies thatγ-bands are built on each
intrinsic configuration of the mean-filed potential and gener-
alizes the well known surfaceγ-vibration in deformed nuclei
built on the ground-state configuration. It has been shown in
some Er-isotopes thatγ-bands built on the two-quasiparticle
configurations can become yrast at higher angular-momenta.

Electromagnetic transition probabilities contain important
information on the intrinsic structures of a quantum many-
body system. For instance, the intrinsic deformation is di-
rectly related to the quadrupole transition strength. Transition
probabilities have been measured for many nuclei in the rare-
earth region, in particular, for the Er-isotopes. Therefore, we
have applied TPSM to study inter-band transition probabili-
ties for the yrast-band in158−166Er. In an earlier investiga-
tion, large deviations from the measured values were noted
for these transitions and it was suggested that non-inclusion
of quasiparticle excitations in the earlier investigationcould
be the reason for the discrepancy [14]. The recent develop-
ment of TPSM will also provide information on the interplay
between quaiparticle andγ-vibrational excitations.

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
[15] 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
{

εQ̂0+ ε ′
Q̂+2+ Q̂−2√

2

}

. (3)
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FIG. 1. Detailed comparison of the calculated B(E2) in158−166Er
with experimental data

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 [15].
The monopole pairing strengthGM is of the standard form

GM = (G1∓G2
N −Z

A
)

1
A
(MeV), (4)

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 [11–13]. 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. [16]. 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, we have evaluated the B(E2) transition
probabilities for yrast bands in158−166Er shown in Fig. 1. It is
evident from Fig. 1 that calculated B(E2) describe the known
transitions quite well up high angular momenta. The drop in
B(E2) for 158−162Er at I=14̄h is because of crossing of align-
ment qp-bands to the ground state band. It is quit interesting
that in158,160Er B(E2) experimental values also depict a strong
drop at I=14̄h, which is nicely reproduced with calculations.
In 164Er the drop is observed at I=16h̄,while in 166Er, at I=20̄h.
This clearly implies that with increase in neutron number the
band crossing is shifted to higher angular momentum [11]. It
is notable to mention here that the drop at I=14h̄ indicates a
strong mixing between the quasiparticles and the ground-state
band. In our recent development we have provided the de-
tailed study of transition probabilities [17].
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