
Influence of 1h9/2, 1i13/2 and 3s1/2 orbitals on shapes of
odd-mass Bi, At and Fr isotopes in mass region ∼ 200

U. S. Ghosh,∗ B. Mukherjee, S.Rai,† and A. Biswas
Department of Physics, Visva-Bharati, Santiniketan-731235, India

Introduction

Systematic studies on some nuclei in mass
region ∼ 200 just bellow and above the Z=82
shell closure show a large variety of interest-
ing phenomena including deformed and super-
deformed band, shears mechanism, band ter-
mination, shape coexistence, sudden change in
ground state deformation etc. Detailed study
on Bismuth (Bi), Astatine (At) and Polonium
(Po) nuclei, for the last few years with ad-
vanced experimental set-up and very selective
experimental techniques, have been done, ex-
ploring the energy levels and the structures
with great success. It is revealed that the
shape changes from spherical toward deformed
ones with decrease in neutron numbers in case
of At, Po and Bi nuclei. Different coupling
of protons and neutrons orbitals give rise to
isomeric states with different lifetimes and de-
formed bands - mostly rotational like based
on those states, have been observed. Here, we
report on some Woods-Saxon calculations for
Bi, At and Fr isotopes in order to understand
the evolution of shape in this region.

Ground state spin and parity of heavier iso-
topes of Bi, At and Fr are 9/2− corresponding
to the odd proton in 1h9/2 orbital but it cer-

tainly changes to 1/2+ for some lower mass At
and Bi isotopes. This 1/2+ state arises due to
the presence of the intruder proton 3s1/2 or-
bital in the Nilsson diagram [1, 2]. Another
interesting case is the presence of πi13/2 config-
uration, which plays the key role for the origin
of isomeric 13/2+ state in case of many At and
Bi isotopes. Rotational bands built on 13/2+
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state have been observed in case of many lower
mass At and Bi isotopes but collectivity grad-
ually becomes disperse with increasing neu-
tron number, i.e for heavier isotopes. From
the single particle level systematis of odd -
A Bi, At and Fr isotopes, it has been found
that there is an orbital overlapping of the in-
truder states with the ground state, which is
very pronounced in case of light At, Bi and Fr
isotopes and it indicates that minimization of
energy occurs at the cost of deformation.

Results & Discussion

We have done a systematic study of poten-
tial energy surfaces of odd-mass even-N At,
Bi and Fr isotopes using Woods-Saxon po-
tential. The Hartree-Fock-Bogoliuobov code
of Nazarewich et al.[4] is used for the calcu-
lations. The Total Routhian Surface (TRS)
is calculated at each ~ω in the β2 − γ plane
with minimization on β4. In figures 1, 2 and 3
we have shown the contour plots representing
the potential energy surfaces for 193Bi, 195Fr
and 193At at ~ω = 0.041 MeV. Shell correc-
tions have been taken into account and as
a residual interaction, the monopole pairing
force has been taken with the strength from
Ref.[4] Calculations are done for the (π, α)=(-
,+1/2) and the (π, α)=(+,+1/2) proton con-
figurations, where π and α represent parity
and signature quantum numbers respectively.
Here, the negative-parity, positive signature
configuration corresponds to a proton parti-
cle in h9/2 shell and positive-parity, positive
signature configuration corresponds both to a
proton hole in the s1/2 shell and a proton par-
ticle in the i13/2 shell.

Calculations for the Fr isotopes corre-
sponding to the (π, α)=(-,+1/2) configura-
tion at ~ω=0.041 MeV excitation energy
predict deformed triaxial shapes for lower

Proceedings of the DAE International Symp. on Nucl. Phys. 63 (2018) 276

Available online at www.sympnp.org/proceedings



FIG. 1: TRS plot for 193Bi for (π, α)=(+,+ 1/2
) configuration at ~ω=0.041 MeV.

FIG. 2: TRS plot for 195Fr for (π, α)=(+,+ 1/2
) configuration at ~ω=0.041 MeV.

FIG. 3: TRS plot for 193At for (π, α)=(+,+ 1/2
) configuration at ~ω=0.041 MeV.

mass 195,197,199,201Fr isotopes and it gradu-
ally becomes near spherical for heavier iso-

topes 203,205,207Fr. But calculations with
(π, α)=(+,+1/2)configuration, at same en-
ergy predict deformed shapes for 195−205Fr.
Deformation parameter β2 decreases from
neutron mid-shell towards shell closure but
the shape still remains deformed. Our pre-
vious report [5] on At isotopes predicted de-
formed minima for lower mass At isotopes and
a transition from deformed towards spheri-
cal shapes occurred with increasing neutron
numbers for both configurations and here we
have compared the results with Bi and Fr
isotopes. Calculations for Bi isotopes for
(π, α)=(-,+1/2) configuration predict weakly
deformed structure for 191Bi and it moves to-
ward near spherical structure form 193Bi and
the shape corresponding to other configura-
tion is deformed up to 199Bi and it appears to
be spherical at higher mass numbers. Com-
parison of the values of the deformation pa-
rameter (β2) for the equal mass predicts quite
large deformation for Fr isotopes compared to
both Bi and At, which is expected as Fr is far
from Z=82 shell closure compared to Bi and
At nuclei. Detailed results will be presented
during the symposium.
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