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Abstract 

These The take into account of the three-body monopole effects can solve the spectroscopic 
problems involved in certain nuclear properties, for which the two body realistic interactions 
failed. In order to study and to understand the role of these effects, calculations in the shell 
model of nuclear structure were carried out to develop the two body matrix elements of N-N 
interaction. Their application on 136Sb nucleus with four valence particles in addition to the 
inert core 132Sn has a great importance. This nucleus with N∼ 82 is currently the most 
experimentally studied in this mass region. The first excited state, dominated by 
π(1g7/2)1ν(2f7/2)3 configuration, obtained in this work reproduces the experimental one. 

Keywords: Nuclear Structure, Monopole Hamiltonian, Three Body Effects, Odd-Odd 
Nuclei. 

I. INTRODUCTION 
The description of the existing nuclei, based on the 

understanding of the resulting forces between nucleons, 
present the main topic of the nuclear physics [1]. This may be 
realized by studying nuclear properties of nuclei from the 
proton to the neutron drip-lines, in order to examine and 
develop the existing theoretical nuclear models [2]. The 
neutron drip-line evolves regularly from light to medium- 
mass nuclei except for a striking anomaly in the oxygen 
isotopes. This anomaly is not reproduced in shell-model 
calculations derived from microscopic two-body forces [3]. 

The two body realistic interactions derived from the N-N 
force fail to reproduce some nuclear properties [3]. This 
problem can be solved by the consideration of the monopole 
interaction [4]. Two body interaction hypotheses suggest that 
the cores are inert enough to isolate the contribution of two 
valence particles. However, the monopole term is the result 
of the interaction between an inert core and these two addition 
nucleons in the valence space [5]. 

II. THE MONOPOLE INTERACTION 
The Hamiltonian can be separated into an unperturbed and 

a residual parts, H=H0+Hr, where H0 is one body (1b) single-
particle field [6]. However, this Hamiltonian contains two and 
three-body (2b and 3b) components, which makes this 
separation not clear mathematically. It is E. Caurier et al. [6], 
which propose another separation to solve this problem.  

They propose that the Hamiltonian contains monopole and 
multipole parts.  
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Where HM and Hm denote respectively the multipole and the 
monopole Hamiltonians. This later involves single particle 

energies εs and all quadratic and cubic (2b and 3b) forms in 
the scalar products of fermion operators syrx aa ⊗+  [4]-[6].  
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 Ts/t and ns/t are, respectively, isospin and number operators 
for s/t orbitals. 

The diagonal part of this Hamiltonian reproduces the 
average energies of configurations at fixed number of 
particles and isospin in each orbit (JT representation) [6]. It 
can be expressed by  
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mV  is the 2b part easily extended to include the 3b term. 

Note that a 3b potential will produce both 1b and 2b terms 
[4]. 

In JT representation, the centroids are associated to the 2b 
quadratics in number (ns) and isospin operators (Ts), to define 
the diagonal 2b part of the monopole Hamiltonian [4]. By 
fitting only the centroid TBMEs of realistic interactions, one 
can ameliorate our spectroscopic methods [4].  

Their components of a general two body interaction V are 
given by an angular average over all possible orientations of 
the two nucleons in s and t orbitals [1]: 
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The sum over quantum numbers J can be restricted by 
antisymetry, and T

ststV  stands for the matrix elements of a 
two-body interaction [7]. The SPE of the orbital J is 
effectively shifted by T

stV  multiplied by the occupation 
number of the orbital J’. This leads to the change in the SPE 
and determines shell structure and the location of the drip-line 
[1]. The SPE and the three body part 3b will transform the 
realistic interaction (R) 2b centroids ( )RV T

st  into [4]: 
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T'
stχ is a corrective term. 

III. RESULTS AND DESCUSSION 
The 136Sb with a proton and three neutrons in addition to 

the tin core is at present the most exotic open-shell nucleus 
beyond 132Sn. His lowest excited states are dominated by the 
configuration (π1g7/2)1 (ν2f7/2)3 [8]-[9].  

In principle, spectroscopic information about these states 
can be obtained by studying the β-decay of 136Sn. Indeed, first 
results from the β-decay of very neutron-rich Sn isotopes 
have been obtained in a laser ion source experiment at 
CERN/ISOLDE [10]. The microscopic calculations are 
carried out by means of Oxbash code, in z50n82 space model 
[11]. Which contains four orbitals of N=4 harmonic oscillator 
major shell, and one orbital of N=5 of opposite parity.      π 
(1g9/2, 2d5/2, 2d3/2, 3s1/2 and 1h11/2) for protons and five orbitals 
of N = 5 harmonic oscillator major shell, and one orbital of N 
= 6 of opposite parity.    ν (1h9/2, 2f7/2, 2f5/2, 3p3/2, 3p1/2 and 
1i13/2), for neutrons. 

Basing on three body effects [3]-[4], we carry out some 
modifications on the kh5082 [12] original interaction and a 
new interaction named kh3 is introduced. The TBME of this 
original interaction are modified taking in consideration the 
monopole effect for odd-odd nuclei in the 132Sn region. 
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These modifications are based on the use of the factors -74 
keV, -208 keV and 201 keV for 6 and 401 ,J,TffVff == , 

21 == J,TffVff  and 5 and 4321 ,,J,TfrVfr ==  respectively. Here 

f and r refer to ν2f7/2 and ν3p3/2 respectively. Noted that the 
corrected factors is taken from Ref.[3], and they will be 
effective for nuclei in which the valence nucleon number n≥3. 

Using our new interaction, the calculations of some nuclear 
properties for 136Sb nucleus are developed in the framework 
of the nuclear shell model by means of Oxbash nuclear 
structure code. The recent experimental values of single 
particle energies, effective charges ep=1.35e and en=0.9e, 
that reproduce the electromagnetic properties of 134Sb nucleus 
[13]-[14], and the effective factors giving by V. I. Isakov are 
used to evaluate different nuclear properties. 

The Fig.1 shows the calculated spectra using kh5082 [12], 
and kh3 interaction in comparison with the experimental and 
the spectrum calculated using SMPN for 136Sb. 

0

150

300

kh5082 kh3Exp smpn

6-

6-

6-

6-

4-

4-

4-

4-

2-

2-

2-

2-1- 1-

1-

1-

En
er

gy
 (

ke
V)

136Sb

 

Fig.1: Calculated energies by means of kh5082 [12] and kh3 
interactions in comparison with the experimental ones and those 

calculated by means of SMPN for 136Sb. 

Our new interaction kh3 reproduce the experimental 
energetic sequence, the ground and the first excited state of 
136Sb. However, the 6- state is decreased under 4- one. The 
original interaction reproduce the energetic sequence, but the 
energetic values are different from the experimental ones. 
The SMPN interaction cannot reproduce the experimental 
ground state as well as the energetic sequence.  

The reduced electromagnetic transition 
probabilities are calculated using: 
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As the half-life values in 136Sb are as yet unknown 
experimentally, they are calculated by means of γ branching 
ratios from different levels, in order to obtain the 
experimental B(E2) values. The calculation results are 
presented in the Fig.2. 
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Fig.2: Calculated reduced electric transition probabilities B(E2) by means 
of kh5082 [12] and kh3 interactions in comparison with the experimental 

ones and those calculated by means of SMPN [9] for 136Sb. 
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The calculated values of reduced electric transition 
probabilities B(E2) are obtained using the effective charges, 
these values are taking from Ref. [13]-[14].  

The interaction kh3 gives 147.3 e²fm4 for the reduced electric 
transition probability for the transition 6-→4- this value is 
close to the experimental one that has the value of 170.4 
e²fm4.  

The lowest negative parity states of 136Sb have the {π1g7/2, 
ν2f7/2; J} configuration with      j(p) = j(n) = j = 7/2. The value 

of the magnetic moment of a state with the spin j=l±1/2 and 
tz=±1/2 for a proton or a neutron is calculated by [8]: 
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The calculated electric quadrupole and magnetic dipole 
moments, by means of kh5082, kh3 and SMPN interactions, 
are illustrated in Table.1. 
 
 

TABLE I: CALCULATED ELECTRIC QUADRUPOLE AND MAGNETIC DIPOLE MOMENTS, BY MEANS OF KH5082, KH3 INTERACTION IN COMPARISON WITH THOSE 
GETTING USING SMPN ONE. 

 
 
 
 
 

 
 
 
 

The obtained result for the neutron magnetic dipole moment 
using the three interactions are close, however they are very 
different for the proton dipole and the electric quadrupole 
moments. 

IV. CONCLUSION 
In this work, we calculate the excitation energies, reduced 

electric transition probabilities B(E2), and electric 
quadrupole moment, for odd-odd nucleus with four valence 
particles 136Sb. The calculations are carried out in the 
framework of the shell model by means of Oxbash nuclear 
structure code. Basing on kh5082 [12] interaction, we carry 
out some modifications used the monopole correction to get 
kh3 interaction. The new experimental values of the single 
particle energies were used.  

Our new interaction reproduce the experimental ground 
and the first excited states of 136Sb, however we get an 
inversion between 4- and 6- states. The original interaction 
kh5082 [12] reproduce the energetic sequence, but the 
energetic values are different from the experimental ones. 
The SMPN interaction cannot reproduce the experimental 
ground state as well as the energetic sequence.  

For the electric reduced transition probabilities     B(E2), 
the kh3 interaction gives close results to the experimental 
ones, in the case of pure transitions. In the electromagnetic 
multipole moment calculations, the obtained result using the 
three interactions are close. 
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