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Objectives: 

– Describe the nuclei as a system of nucleons interacting via realistic 
interactions.

– High-resolution experiments ----> new states 

– Full sdgh major shell calculations of A=107,109,111.

– To add more symmetry types to the basis states, so to reduce calc. time.

Motivation
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Motivation

Objectives: 

– Describe the nuclei as a system of nucleons interacting via realistic 
interactions.

– High-resolution experiments ----> new states 

– Full sdgh major shell calculations of A=107,109,111.

– To add more symmetry types to the basis states, so to reduce calc. time.

Methods:

– Standard Shell Model (SSM) with Drexel University Shell Model (DUSM) 
code.

– A method based on group theory
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Drexel University Shell Model (DUSM) Code

DUSM algorithm:

– Permutational group concept

– JT Hilbert space separation

● Multi-shell aspect : J-space
● Single-shell aspect : T-space

– Recursive computation of wavefunctions of arbitrary permutational 
symmetry in each shell in both subspaces.

● Preliminary step: construct all Young frames with up to N boxes
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DUSM Algorithm

Branching diagram for the Young frames up to 4 particles:
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DUSM Algorithm

– Computation of matrix elements of a+,a+a, ..., a+a+aa within J and T 
subspaces

● proportional to corresponding CFPs
● CFP generated by diagonalization of SU(2j+1) Casimir operator
● CFP labeled by permutation group labels and angular momentum labels

– Recursive computation of coupling coefficients for outer product of 
wavefunctions of arbitrary symmetry in different shells (OISF).

– Recursive computation of coupling coefficients for inner product of 
wavefunctions of arbitrary symmetry in different subspaces (IISF) to form a 
global antisymmetric wavefunction.
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DUSM Algorithm

– Calculation of Hamiltonian matrix using :
● Matrix elements of elementary operators,
● Coupling coefficients; OISF and IISF
● Given single particle and potential matrix elements

– Exact diagonalization or Lanczos diagonalization of Hamiltonian 
matrix
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 Hilbert space

 J-space T-space

 N-body single shell states N-body single shell states

OISF
N-body multi-shell states

             IISF                                                 
N-body antisymmetric wavefunction

         Hamiltonian          Lanczos      Spectrum

Schematic Representation of DUSM
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DUSM Improvement

Sn isotopes   T
z
=T

max
  ----> one column with n boxes

● For a nucleus in sdgh shell ---> include all the single shell states of h
11/2

 

which belong to 90 two column irreps (24 valence nucleons with 
maximum 12 rows)

● To model Sn isotopes, it is enough to consider only 12/90 irreps:

– 12 one column irreps : [1] [11],.......,[11111111]

● This truncation is exact. This saves great memory for the single shell 
states (especially for higher j value of the single shell).
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DUSM Improvement

 Two column irreps 

 for   1-7 particles: 

  19

 For Sn isotopes: 

                     

                     only 7 irreps
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Effective Interactions and s.p.e.

Most popular effective interactions in sdgh shell are:

– CD-Bonn ----> Momentum space
                                                                obtained from Oslo Group

– Nijmegen1 ----> Coordinate space

Single particle energies (s.p.e):

0h
11/2

 3.20 MeV

1d
3/2

 2.55 MeV

2s
1/2

 2.45 MeV

0g
7/2

 0.08 MeV

1d
5/2

 0.00 MeV
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Shell model states of 107Sn
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Shell model states of 107Sn

The ground state configuration:

– coupling of s.p. 1d
5/2  

neutron and 106Sn core

The first excited state configuration:

– coupling of s.p. 0g
7/2  

neutron and 106Sn core
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Shell model states of 109Sn
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Shell model states of 109Sn

The ground state configuration:

– coupling of s.p. 1d
5/2  

neutron and 108Sn core

1st excited state configuration:

2nd excited state configuration:

3rd and 4th excited state configuration: similar discussion!
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Shell model states of 111Sn
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Shell model states of 111Sn

The ground state configuration:

– coupling of s.p. 0g
7/2  

neutron and 110Sn core

The first exp. excited state configuration:

– coupling of s.p. 0h
11/2  

neutron and 110Sn core

The other theoretical excited states: similar discussion!
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Conclusion

● Low-lying shell model states of 107,109,111Sn are presented with 
the new experimental data.

● DUSM code has been used for the calculation and 
found to be very efficient  in sdgh shell calculations.

● We have used two different interactions in our calculations: 
CD-Bonn and Nijmegen1.

● Spectrum from CD-Bonn and Nijmegen1 are similar, 
but Nijmegen1 gives better agreement with experimental data.

● We will expand the shell model calculations in this region for:

–  All mid-heavy Sn isotopes

– Tellurium (Te) and Iodine (I) isotopes
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Shell model states of 106Sn
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Shell model states of 106Sn
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Shell model states of 108Sn



E. Dikmen Eurasian5, Ankara 26

Shell model states of 108Sn
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Shell model states of 110Sn


