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Introduction

Shape of a nucleus is one of the fundamen-
tal property which give an insight into the nu-
cleonic distribution. Shape co-existence is a
characteristic feature found in deformed nu-
clei. It is a phenomenon in which spherical
configuration competes with the deformed one
and more than one stable state exists at dif-
ferent deformations [1]. This mainly depends
on the single particle level density near fermi
surface, which is inversely proportional to ef-
fective mass. We have made an attempt to
analyse the phenomena of shape co-existence
within the nuclear energy density functional
framework. In particular, many studies have
shown that nuclei belonging to the transi-
tional region exhibit properties like transition
of shape between prolate, oblate and spherical
configurations. Here, we have selected tung-
sten(W) isotopes as a representative of this re-
gion. Different studies have shown that W ex-
hibit shape transition along the isotopic chain.

Theory

For the present study, we solve the
constraint Hartree Fock Bogoliubov(HFB)
equations[2] to extract the potential energy
curve (PEC) in a self-consistent manner. The
axially symmetric computer code HFBTHO
[3] is used for this purpose. We consider
the axial quadrupole moment o as the
deformation degree of freedom with a lin-
ear constraint in the total Routhian defined
assE' = E — M< Qa0 > —Q20), [4] where A
is the Lagrangian multiplier. In the particle-
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FIG. 1: Binding energies of ground(solid) and iso-
meric states(open) w.r.t experimental values.
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FIG. 2: Deformation parameter of ground and
isomeric states.

hole channel, Skyrme energy density function-
als with different parameterizations: SkM*,
SLy6, SkP and UNEDFO are used. In the
particle-particle channel, density dependent
mixed pairing interaction is utilized.

Results and Discussion

We have systematically studied the ground
states and the shape isomers of W isotopes
ranging from 2p to 2n drip line. From the
PEC (not shown here), we have observed that
these isotopes exhibit prolate as well as oblate
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FIG. 3: Shape coexistence of W isotopes.

configurations. In Fig.(1), we have plotted
the relative energies corresponding to differ-
ent Skyrme parametrizations with respect to
the experimental binding energies [5]. The de-
viation from experimental values is very small
for UNEDFO0, and then comes SKP, both hav-
ing effective mass 1. In Fig.(2), deformation
parameter for ground (solid) as well as the iso-
meric (open) states are plotted and compared
with available experimental values. Also, and
the FRDM and RMF values are shown. We
can find a transition of shape from prolate to
oblate and vice versa. Most of the W isotopes
in ground state have prolate shape. Moreover,
isotopes having magic numbers have spherical
configuration. All the Skyrme forces predicts
similar trend of shape for all the isotopes with
a few exceptions.

Different shapes (prolate, oblate or spheri-
cal) can co-exist in a nucleus if the energy dif-
ference between the ground and isomeric state
is very small. With the aid of constrained
calculations, we have obtained the energies
corresponding to ground and excited states.
Quantitatively, shape co-existence is defined
as the energy difference between the ground
and shape-isomer states. i.e, AE = Egs—Ejs,.
AF requires to be less than 2 MeV for a shape
oscillation. The calculated value of AFE as a
function of mass number (A) is given in Fig.
(3).

In the isotopic chain under investigation,
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we have found that in the case of UNEDF0
and SKP parametrizations, almost all the iso-
topes show shape co-existence. In the case
of SkM* and SLy6, with less effective mass,
this property is found to exist only for iso-
topes near to magic numbers. This can also be
accounted for by the effect of surface symme-
try coefficient (asy,s) of Skyrme interactions.
The values of asyrf corresponding to SkM*,
SLy6, SkP and UNEDFO are 17.6, 17.7, 18.2
and 18.7, respectively [6]. Forces with large
value of surface symmetry coefficient posses
high surface tension and lead to less deforma-
bility and vice versa. A small change in this
value causes a large variation in the energy
difference between ground and excited states.
So it may be concluded that SkP and UN-
EDFO with large values of agyrs, have very
small energy differences and show the phe-
nomena of shape co-existence, while the other
two parametrizations, have large energy differ-
ence between ground and the shape isomers.
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