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Shape coexistence is one of the important
nuclear phenomenon which appears throughout the periodic chart from light mass nuclei to superheavy nuclei. The evolution of
ground-state shapes in an isotopic or isotonic
chain is governed by changes of the shell structure of single-nucleon orbitals. In recent past,
evolution of shell structure guiding shape coexistence, has been observed in the N = 20 and
N = 28 isotones around proton drip line [1–4]
A number of experimental investigations have
shown [3, 5] that in the proton-deﬁcient N =
28 isotones below 48 Ca the spherical shell gap
is progressively reduced and the low-energy
spectra of 46 Ar, 44 S, and 42 Si display evidence of ground-state deformation and shapecoexistence. In this paper we have investigated shape coexistence phenomenon for N
= 28 isotones in the vicinity of proton drip
line using Relativistic Mean Field plus BCS
approach [6, 7]. Our RMF calculations have
been carried out using the model Lagrangian
density with nonlinear terms both for the σ
and ω mesons as described in detail in Ref. [7].
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FIG. 1: The potential energy surface of N = 28
isotones (40 Mg, 42 Si, 44 S) as a function of the deformation parameter β2m .

vector ﬁelds are deﬁned by
Hµν = ∂µ ων − ∂ν ωµ
Gaµν = ∂µ ρaν − ∂ν ρaµ − 2gρ ϵabc ρbµ ρcν
Fµν = ∂µ Aν − ∂ν Aµ ,

1
1
∂µ σ∂ µ σ − m2σ σ 2
and other symbols have their usual meaning.
2
2
As established, we have found spherical
1
1
1
− g2 σ 3 − g3 σ 4 − gσ ψ̄σψ − Hµν H µν conﬁguration of doubly-magic 48 Ca with one
3
4
4
sharp minima at β2m = 0. The binding en1
1 2
µ
µ 2
+ mω ωµ ω + c3 (ωµ ω ) − gω ψ̄γ µ ψωµ ergy maps exhibits variety of rapidly evolv2
4
ing shapes after successive removals of pro1 a aµν 1 2 a aµ
− Gµν G
+ mρ ρµ ρ − gρ ψ̄γµ τ a ψρµa ton pairs from 48 Ca. This variation of bind4
2
ing energy is shown in Fig. 1 with respect
1
(1 − τ3 ) µ
µν
to quadrupole deformation parameter β2m for
− Fµν F − eψ̄γµ
A ψ
4
2
N = 28 isotones. By removing a pair of pro48
where the ﬁeld tensors H, G and F for the tons from Ca, the energy surface of the corresponding isotone 46 Ar becomes soft with a
shallow extended minimum along the oblate
axis (not shown here). After another removal
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of proton pair we predicts a coexistence of pro-

L = ψ̄[ıγ µ ∂µ − M ]ψ +

Available online at www.sympnp.org/proceedings

Proceedings of the DAE-BRNS Symp. on Nucl. Phys. 61 (2016)

TABLE I: Results of excitation energy as obtained
in the deformed RMF calculations using TMA
force parameters. There energies are compared
with other theoretical and experimental results
[1, 8–10].
Nucleus
44

S
Si
40
Mg
42

Excitation Energy (MeV)
RMF(TMA)
Others
0.77
1.36 [8] 0.2 [1]
2.6
2.5 MeV [9] 1.5 [1]
3.5
1.38 [10]

late and oblate minima at β2m = 0.38 and 0.26 respectively for the nucleus 44 S as can be
observed from upper panel of Fig. 1. These
two minima are separated only by an excitation energy of 0.77 MeV and, therefore, one
expects to ﬁnd pronounced mixing of prolate
and oblate conﬁgurations in the low-energy
collective states of this nucleus. Next, for 42 Si
the binding energy displays a deep oblate minimum at β2m = - 0.37 whereas second prolate
minimum is found at β2m = 0.49 with an excitation energy of 2.6 MeV as can be seen from
middle panel of Fig. 1. These results are similar to the results as obtained from RHB theory by Lalazissis et al. [1] and energy Density
Functional analysis of shape evolution in N
= 28 isotones [4]. Moving further, with another proton pair removed, the very neutronrich nucleus 40 Mg shows a deep prolate minimum at β2m = 0.46 and a oblate minimum
at β2m = -0.37 with excitation energy of 3.5
MeV (lower panel of Fig. 1.).
Moreover, we have shown calculated results
of excitation energy in Table I, which are also
compared with some other theoretical and experimental data [1, 8–10]. It is gratifying to
note that our results are in good agreement
with other data which bear witness for shape
coexistence in N = 28 isotone towards proton
drip line.
This phenomenon of shape coexistence
leads to disappearance of N = 28 neutron shell
closure. To demonstrate it we have shown in
Table II, energy diﬀerence between neutron
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1f5/2 and 1f7/2 states which gives rise to N =
28 shell closure. It is evident from the Table
TABLE II: Results of energy diﬀerence between
neutron 1f5/2 and 1f7/2 states responsible for N =
28 shell closure.
Nucleus
48
Energy between
Ca 46 Ar 44 S 42 Si 40 Mg
1f5/2 and 1f7/2 (MeV) 7.49 7.43 6.79 5.12 2.62

II that the gap decreases signiﬁcantly towards
proton deﬁcient side as compared to the gap
in 48 Ca and one can conclude with this that
N = 28 shell closure disappears in the vicinity
of proton drip line and phenomenon of shape
coexistence develops.
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