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Introduction

Shell model (SM) is one of the most suc-
cessful approaches to study the nuclear many
body problems.It was first proposed by M. G.
Mayer in 1949 to give the mathematical de-
scription of the experimentally observed shell
structure (magic number) properties of atomic
nuclei [1]. Since then, nuclear structure stud-
ies have been carried out in shell structure
based model space. The popularity of the
SM can be assessed from its regular applica-
tion in low, medium and heavy mass region
[2]. Its success, however, entirely depends on
the two body matrix elements (TBMEs) em-
ployed in it. In the SM calculations, the re-
alistic TBMEs, which are obtained from ele-
mentary quark-level interactions, are usually
transfigured into effective values for a given
model space to achieve better validation of
underlying knowledge of the behavior of nu-
cleons inside a nucleus [3]. In the course of
transition, the tensor structure of two nucleon
interaction is enfolded and their summed ef-
fect on nuclear binding energy, energy of ex-
cited states, level density and other physical
observables are studied.

To study the contribution of individual
components on the nuclear structure proper-
ties, a method was suggested by the Elliott [4]
and Krison [5] to decompose the effective in-
teraction into its spin-tensor structure. This
method is also very useful to examine the role
of each component in building the semi-magic
neutron and proton number in the exotic nu-
clei [6]. In the present work, the spin-tensor
decomposition method and its application to
the sd-model space are discussed.

Theoretical framework and results
Since the TBMEs represent the measure-

ment of two body force, therefore, in LS repre-
sentation, the rotational invariant interaction
between two spin 1/2 particles can be written
as

VLS(1, 2) =
2∑

k=0

V k
LS =

2∑
k=0

Ck.Sk (1)

where, Ck and Sk are irreducible tensor op-
erators of rank k for configuration-space and
spin-space, respectively. The k = 0, 1, and
2 correspond to the central, spin-orbit and
tensor component of VLS(1, 2) interaction, re-
spectively. In the SM, the interaction between
two nucleon are defined in jj basis, therefore,
we cannot directly employ Eq.(1) in the calcu-
lations. Using the transformation of jj to LS
basis, 6j-symbol properties and method given
by Eillott [4] along with Eq.(1), the most gen-
eral expression of shell model two body inter-
action is written as

Vjj(1, 2) =
2∑

k=0

V k
jj (2)

For the calcualtions, universal sd -B (USDB)
effective interaction [3] of sd-model space has
been considered which is characterized by 66
parametric values viz., 3 bare single particle
energies, 33 and 30 TBMEs of T = 0 and 1,
respectively.

Using Eq. (2), the USDB TBMEs are de-
composed into the central, spin-orbit and ten-
sor matrix elements. Their numerical values
relative to total USDB matrix elements are il-
lustrated in Figure 1. As can be seen from
this figure, the T = 0 matrix elements are

Proceedings of the DAE Symp. on Nucl. Phys. 62 (2017) 58

Available online at www.sympnp.org/proceedings



-6 -4 -2 0 2 4

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

-6 -4 -2 0 2 4

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

-6 -4 -2 0 2 4

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4

-6 -4 -2 0 2 4

-6

-4

-2

0

2

4

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

k = 2

 

 

k = 0 k = 1
T 

= 
0

T 
= 

1

 

 

 

 

V(0d5/20d3/2)

 

 

Vk
 (M

eV
)

VUSDB (MeV)

k = 2k = 0 k = 1

 

 

 

 

 

 

 

 

 

 

  

FIG. 1: Comparison of central, spin-orbit and tensor TBMEs with USDB TBMEs. The diagonal and
non-diagonal matrix elements are shown by solid red and blue symbols, respectively.

widely spread between -5 to 3 MeV, whereas
the T = 1 matrix elements are confined in nar-
row range from -2 to 0 MeV. The central ma-
trix elements of both isospin states lie very
close to the diagonal line. Thus, it can be in-
ferred that the central component carries max-
imum part of total matrix elements. Further,
among the central components of T = 0 and
1, the T = 0 diagonal matrix elements have
large and attractive two body character. The
spin-orbit components of both isospin states
are close to zero. Similar behavior is also ob-
served for T = 1 tensor matrix elements. For
T = 0, tensor matrix elements are scattered
between -1 to 1 MeV where among the diag-
onal matrix elements, the (0d)2 matrix ele-
ments have relatively large values, in partic-
ular, for V0d5/20d3/2

, see Fig.1. This leads to a
considerable averaged attractive tensor force
between π0d5/2 − ν0d3/2 and π0d3/2 − ν0d5/2
orbitals. As a result, the relative gap between
ν0d5/2 and ν0d3/2 is reduced when π0d5/2 is
being filled.

To summarize, the spin-tensor decomposi-
tion method was used for the USDB interac-
tion of the sd-model space. It was found that

the central components of USDB interaction
has significant contribution to total matrix
elements relative to non-central components.
The non-central components were found to be
very close to vanishing value except T = 0 ten-
sor component. The effects of V T=0

0d5/20d3/2
ten-

sor TBMEs were also highlighted in the calcu-
lations. Details of this work will be presented
during the symposium.
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