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In the previous report1), we presented the results
of shell-model calculations with an effective interac-
tion determined for the use around 100Sn. We adopted
the model space consisting of four orbits 1p1/2, 0g9/2,
1d5/2 and 0g7/2 assuming a hypothetical “core” 76

38Sr38.

Starting with a G-matrix interaction,2) the Hamilto-
nian parameters were modified by iterative fits to ex-
perimental energy data. The shell-model results rea-
sonably described the systematics of energy levels and
electromagnetic transitions for nuclei around 100Sn.

As a next step, we report on the Gamow-Teller
(GT) transition from 100Sn using the same shell-model
framework. Since 100Sn is a doubly-magic, jj-closed
N = Z nucleus, some similarity to 56Ni is expected. In
the case of 56Ni, the GT transition is dominated by the
πf7/2 → νf5/2 excitation, and in the extreme single-
particle picture the final state is described by a 1p-1h
configuration on top of the closed 56Ni core. However,
according to the realistic shell-model calculations, the
GT strengths are distributed over many states due to
the configuration mixing. We have reported3) that the
“double-peak” structure in the strength distribution
becomes significant after including 4p-4h components.
Therefore it is interesting to examine whether the sim-
ilar structure could be seen in the case of 100Sn.
Since the GT transition from 100Sn should be dom-

inated by the πg9/2 → νg7/2 excitation, we can ex-
pect a reasonable description in the present model
space. At the price of the lack of some (possibly minor)
components such as the πd5/2 → νd3/2, the present
model space allows us to take into account the effects
of sufficiently many np-nh configurations. The calcu-
lated GT strength distribution is shown in Fig.1. Al-
though we don’t see clear “double-peak” structure in
this case even at the t=5 truncation level, the splitting
of the strength becomes significant as more and more
particle-hole configurations are included.
In the recent β-decay experiment of 100Sn4), a pos-

sible “superallowed” GT transition corresponding to
B(GT)=7.6+2.2

−2.5 was observed. The analysis was made
under the assumption that the GT decay goes into
the single final 1+ state of 100In. This assumption
was supported by large-scale shell-model calculations
in the gds model space, which predict the concentra-

∗1 Center for Mathematics and Physics, University of Aizu
∗2 Department of Physics, University of Tokyo
∗3 Center for Nuclear Study, University of Tokyo
∗4 National Superconducting Cyclotron Laboratory, Michigan

State University
∗5 Institute of Natural Sciences, Senshu University
∗6 Advanced Science Research Center, Japan Atomic Energy

Agency
∗7 Department of Physics and Center of Mathematics for Ap-

plications, University of Oslo

tion of a large part (69%) of the GT strengths on the
lowest 1+ state. In the present calculation, the GT
decay goes mainly into the lowest three states, and
the 1+3 state carries the largest strength as shown in
Fig.1 (B(GT)=2.8 including the standard quenching
factor of 0.74). Further analysis is desired for clarify-
ing the GT strength distribution and the correspond-
ing closed-core structure.
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Fig. 1. The GT transition strength from 100Sn calculated

by the shell model varying the truncation order t, which

stands for the number of nucleons allowed to excite from

the lower orbits (p1/2, g9/2) to the higher orbits (d5/2,

g7/2). The discrete strengths indicated by thick vertical

bars are obtained by the prescription in Ref.5) through

100 Lanczos iterations, and they are folded by Gaus-

sian of σ=0.5MeV as shown with a smooth curve. No

quenching factor is considered for the purpose of com-

parison. The shell-model results are obtained by using

the efficient code MSHELL646).
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Pairing effect in thermal shape fluctuation model on the width of

giant dipole resonance†

A.K. Rhine Kumar,∗1 P. Arumugam,∗1 and N. Dinh Dang∗2

The study of nuclear properties at high temperature,
spin and isospin has gained much of interest in recent
times. Apart from these extremes, there are still some
unexplored regimes of hot nuclei. The properties of nu-
clei at very low temperatures and the phase transitions
associated with that belong to such area where conclu-
sive experimental results are scarce. At such low tem-
peratures, the shell (quantal) and pairing effects are
quite active though being modified by thermal effects.
In hot nuclei, thermal fluctuations are expected to be
large since the nucleus is a tiny finite system. Ther-
mal shape fluctuations and fluctuations in the pairing
field are the dominating fluctuations and have been so
far studied separately within different models. Both
of these fluctuations are expected to be present at low
temperatures. However, the interplay between them
has not been investigated so far. The present work ad-
dresses this subject and we study the influence of this
interplay on the experimental observables, namely the
width of giant dipole resonance (GDR). The thermal
shape fluctuation model (TSFM), which is often used
by experimentalists, describes the increase of the GDR
width with temperature by averaging the GDR cross
section over all the quadrupole shapes. However this
model is known to largely overestimate the GDR width
in open-shell nuclei at low temperatures. The success
of a proper pairing approach1,2) suggests the necessity
of including pairing correlations to cure this shortcom-
ing of the TSFM. This is done in the present work.

We employ the thermal shape fluctuation model
built on Nilsson-Strutinsky calculations3) with a
macroscopic approach to GDR and examine the in-
clusion of the fluctuations in the pairing field. The nu-
clear shapes are related to the GDR observables using
a model comprising an anisotropic harmonic oscilla-
tor potential with separable dipole-dipole interaction.
In this formalism the GDR Hamiltonian can be writ-
ten as H = Hosc + η D†D + χ P †P , where Hosc

stands for the anisotropic harmonic oscillator hamilto-
nian, the parameter η characterizes the isovector com-
ponent of the neutron and proton average field and χ

denotes the strength of the pairing interaction. The
pairing interaction changes the oscillator frequencies
[ωosc

ν (ν = x, y, z)] resulting in the new set of frequen-

cies ων = ωosc
ν − χωP , where ωP =

(
Z∆P+N∆N

Z+N

)2

with χ having the units of MeV−1. Alternatively,

† Condensed from the article in Phys. Rev. C. 90, 044308
(2014)
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Fig. 1. (Color online) GDR width for 97Tc, calculated

within the liquid drop model (LDM), without pairing,

including BCS pairing and pairing fluctuations, as a

function of temperature in comparison with experimen-

tal data2).

the role of pairing is to renormalize the dipole-dipole
interaction strength such that, η = η0 − χ0

√

TωP ,
with χ0 having the units of MeV−5/2. The effective
GDR cross-sections is calculated by averaging all the
cross-sections obtained from thermal fluctuations of
quadrupole shapes by using the formula for the ex-
pectation value of an observable O as �O�β,γ,∆P ,∆N

=∫
OW (T, β, γ,∆P ,∆N )D[α]/

∫
W (T, β, γ,∆P ,∆N )D[α]

withW (T, β, γ,∆P ,∆N ) = exp[−F (T ;β, γ,∆P ,∆N )/T ],
D[α] = β4

| sin 3γ| dβ dγ d∆P d∆N . The total free en-
ergy (FTOT ) at a fixed deformation is calculated us-
ing the expression FTOT = ELDM +

∑
p,n δF . The

liquid-drop energy (ELDM) is calculated by summing
up the Coulomb and surface energies corresponding to
a triaxially deformed shape defined by the deforma-
tion parameters β and γ. The shell correction (δF )
is obtained with exact temperature dependence using
the single-particle energies given by the triaxial Nilsson
model.

The results of our calculations for 97Tc, 120Sn and
208Pb demonstrate that the TSFM can be quite suc-
cessful if the shell effects (with explicit temperature
dependence) and the pairing ones are properly incor-
porated in the free energy (See Fig. 1).
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