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Shell-model study of nuclear structure around 100Sn

M. Honma,∗1 T. Otsuka,∗2,∗3,∗4 T. Mizusaki,5 Y. Utsuno,∗6 N. Shimizu,∗3 and M. Hjorth-Jensen∗4,∗7

The nuclear structure around the doubly-magic
N=Z nucleus 100Sn has been of great interest from
various viewpoints such as the development of shell-
structure and the proton-neutron correlations. For
a reliable prediction of unknown targets by the shell
model, one of our strategies is to minimally modify
so-called G-matrix interactions1) by fitting the shell-
model results to available experimental energy data.
In the previous work2), we have determined an effective
interaction called JUN45 in the model space covering
nuclei with 28≤ N ,Z ≤ 50. Also, we have tried the
shell-model fits to describe Sn isotopes with N=50∼
82 and obtained an effective interaction SNBG13).
Since the 100Sn is located at the end of the model space
in both studies, it was impossible to discuss the exci-
tation across the N and/or Z=50 shell closure. In this
report, we present another approach along this line,
aiming at the description of nuclei including 100Sn.
We take four single-particle orbits 1p1/2, 0g9/2, 1d5/2

and 0g7/2 for both protons and neutrons assuming
a hypothetical “core” 76

38Sr38. This choice is moti-
vated by the excellent success of the (p1/2, g9/2) model
space near the N ∼ 50 lines due to the approximate
degeneracy of these orbits around there, as suggested
in Fig.1(a). Also, since the 7/2+ state comes down
rapidly as the proton number is increased towards
Z =50 (see Fig.1(b)), the last two orbits (d5/2, g7/2)
are essential. Based on the information about the dom-
inant configurations obtained with the JUN45 and the
SNBG1 interactions, we have selected the experimen-
tal data in the range of 47≤ N ≤ 58 for the fit. In
order to reduce the amount of computation for the fit-
ting, we take the t=4 truncated model space, where t
stands for the maximum number of nucleons that can
excite from the (p1/2, g9/2) orbits to the (d5/2, g7/2) or-
bits relative to the naive lowest configuration. Starting
from the G-matrix interaction derived from the N3LO
interaction4), we have carried out a series of iterative
fits. We assume the isospin symmetry, and adopt the
A−0.3 mass-dependence of the two-body matrix ele-
ment (TBME). In the latest fit, 197 TBMEs and 4
single-particle energies have been determined with a
rms error of 231keV for 528 data.

As examples of the fitted results, the energy levels of
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low-lying states are shown in Fig.1 for odd-mass iso-
tones with N = 50 and 51. It can be seen that the
overall trends are reasonably described by the present
shell-model calculations. As for 100Sn, using this inter-
action at the t = 6 truncation level, the excitation en-
ergy of the 2+1 state is predicted to be 4.8MeV, and the
0p-0h component in the ground-state wavefunction is
71%. The calculated B(E2; 0+ →2+)=0.13 e2b2 with
the effective charges ep=1.5, en=0.5 is almost consis-
tent with the shell-model result in a different model
space7).

Fig. 1. Energy levels of low-lying states for (a) N=50 iso-

tones with odd-number of protons and (b) N=51 iso-

tones with even-number of protons. Calculated 1/2−,

9/2+, 5/2+ and 7/2+ states are shown with dashed,

long-dashed, solid and dotted lines, respectively, which

are compared with the experimental data denoted by

diamonds, triangles, circles and squares, respectively.

Experimental data are taken from Ref.5), where uncer-

tain spin assignments are explicitly shown. The shell-

model results are obtained by using the efficient code

MSHELL646).
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Giant dipole resonance in 88Mo from phonon damping model’s
strength functions averaged over temperature and angular

momentum distributions†

N. Dinh Dang,∗1 M. Ciemala,∗2 M. Kmiecik,∗2 and A. Maj∗2

Many theoretical and experimental studies in nu-
clear structure during the last three decades were de-
voted to the giant dipole resonance (GDR) in highly
excited nuclei. The GDR line shape and its full-width
at half maximum (FWHM) ΓGDR are experimentally
extracted from the statistical calculations by using the
Lorentzian strength function to reproduce the γ-ray
spectra detected from the decay of the highly-excited
compound nucleus (CN) at the excitation energy E∗.
They are often compared with the theoretical predic-
tions, which are obtained at a given values of nuclear
temperature T and/or angular momentum J .

The extraction of T and J is crucial for a meaningful
comparison between experiment and theory because
the initial temperature Tmax and/or angular momen-
tum Jmax at the first step in the decay of the CN
are significantly higher than the mean values T and J ,
obtained by averaging over all daughter nuclei in the
decay process. Moreover, while the theoretical GDR
strength function is calculated at a fixed value of T
and/or J , its experimental counterpart is extracted by
fitting the spectrum, which is generated by a multistep
cascade decay, where the nucleus undergoes a cooling
down from Tmax (and/or Jmax). Because of this mech-
anism, the authors of Ref.1) have proposed to incor-
porate the theoretical strength functions into the full
statistical decay calculations and compare the results
obtained with the experimental data. This method was
applied to test the validity of several theoretical mod-
els in Refs.1,2), including the phonon damping model
(PDM)3), which describes the broadening of the GDR
width at finite T and J via coupling of the GDR to non-
collective particle-hole (ph), particle-particle (pp) and
hole-hole (hh) configurations. However it is not clear
if the GDR line shape obtained by averaging the GDR
strength functions in the whole interval of T and/or J
is equivalent to the GDR strength function obtained
at the mean values T and J in these intervals.
In the present paper the PDM is employed to calcu-

late the strength functions for the GDR in the statisti-
cal decays after the fusion-evaporation reaction48Ti +
40Ca, which produces the CN 88Mo∗ at various excita-
tion energies E∗4). The calculations use the empirical
probability distributions for T and J to produce the
GDR average strength functions S(ω,E∗) as well as T
and J at each energy E∗. The calculations show that,

† Condensed from the article in Phys. Rev. C 87, 054313
(2013)
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Fig. 1. GDR average strength function S(ω,E∗) for 88Mo

at different excitation energies E∗ obtained by using the

T - and J-probability distributions. The dotted lines

are the strength functions S(ω, T, J) obtained at the

corresponding T = T and J = J .

while the GDR width increases with E∗, it approaches
a saturation at high T = 4 MeV when J > 50h̄. At a
larger J ≥ 70h̄, the width saturation shows up at any
T . The GDR strength function S(ω,E∗) obtained by
averaging the individual strength functions S(ω, T, J)
over the empirical T - and J-probability distributions
turns out to be almost identical to S(ω, T , J) calcu-
lated at T and J (Fig. 1). Therefore, once T are
J are known, one may compare the theoretical predic-
tion for the individual strength function S(ω, T, J) and
its width, obtained at T and J , with the data, with-
out the need of generating and averaging the strength
functions over the whole T and J distributions.
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