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Abstract

A theoretical calculation of the binding and excitation energies have been used at low —
lying energies based on shell model and quantum theory. In this model, we evaluated the
energies under assume 55Niz as inert core with two nucleon extra, nucleons in the 2P,
1fs, and 2Py, configuration.

Modified Surface Delta Interaction (MSDI) and Reid's Potential (RP) theory for two
body matrix elements are evaluated by using a Matlab program to calculate the energies of
experimental and Reid single particle energies. Our results of the theoretical calculation have
been compared with the experimental results, which show no good agreement with the
experiment but have a good agreement with the theoretical studies of Non Zero Pairing Shell
Model (NZPSM) and Energy Spectra Method (ESM).

Key words: Modified Surface Delta Interaction, Reid's Potential, Binding and Excitation
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Introduction

The nuclear shell model is based on the analogous model for the orbital structure of
atomic electrons in atoms. In some areas, it gives more detailed predictions than the other
model. In principle, the shell models energy level structure can be used to predict nuclear
excited state [1].

The concept of symmetry in physics is a very powerful tool for the understanding of the
behavior of nature. Symmetries are intimately related to conservation laws and to conserved
quantities which, in quantum mechanics, is translated into good quantum numbers. In nuclear
physics, several symmetries have been identified. In particular, isospin quantum number t,
with symmetry is related to the identical behavior of protons tz = —1/2 and neutrons tz = 1/2
in the nuclear field [2].

In the study of nuclear structure properties, nuclear masses or binding energies (BE)
and, more in particular, two-neutron separation energies (S2n), are interesting probes to find
out about specific nuclear structure correlations that are present in the nuclear ground state[3].
In most cases, non-relativistic kinematics is used. The bare nucleon-nucleon (or nucleon-
nucleon-nucleon) interactions are inspired by meson exchange theories or more recently by
chiral perturbation theory, and must reproduce the nucleon-nucleon phase shifts, and the
properties of the deuteron and other few body systems [4]. Maria G. Mayer’s discussion of
the magic numbers in nuclei has clearly demonstrated the nuclear shell structure is associated
with the independent-particle model for nuclei. In this model, each closed-shell configuration
provides a convenient first approximation. In this approximation, one can assume that the
system under consideration consists of a closed-shell core plus valence particles in a valence
shell. This approach very successfully explains the ground state properties of nuclei [5].

Theory

To calculate the properties of nuclear ground and excited state depending on quantum
mechanical and perturbation theories, one must have the available wave functions of these
states. The wave function can satisfy of the schrodinger equation that is given by [6]:

Hlo(r)) = Elo(®))............(1)
Where H: is the non relativistic Hamiltonian operator can be formally by [6]:

Where Hy: is the Hamiltonian of one body potential, and Hy is the residual interaction
substitute of Eq. (2) in Eq. (1) results.
(Ho + Hres) l9(r)) = Holo(r)) +Hyeslp(1))..............(3)

The wave function for the first order perturbation theory is given by [6]:

lp() = 19°)) + 190 (4)

And energies

Inserting Eq. (4) in EQq.(3) we can find the zeros order quantity [7]:

Helo () =E*|@ (M) (B)

And the first order quantity is given by [7]:
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Hol@ (1)) +Hyesl®(r)) = E°|(1)) +E |90(r)) ........... (7)
Multiply Eq.(7) by |@°(r))on the left, results.
E(o’ (M| (M) = (0" (M|Hyes|o” () + (0" (M |Ho — Eo|@ (1)) (8)

According to Eq.(6) the second term of Eq.(8) vanishes:

When Hg is Hermition operator, then

E = (0" (")|Hpes|0" (). (9)
The energy of state in Eq. (5)
E=E°+E=(p"M|H |0’ ™)+ (0" )|Hres|o" ()............(10)
=281 Car H@ (M) |Hpes|0" ()i (11)
Where 4_Cax . is the contribution of the single particle energies and

(@ (1)|Hyes|@" (1)) is the residual interaction,

For shell model calculation one assume that a meaning full description of a nucleus can
be made in term of an inert core of closed shell and extra nucleons in the orbit S which can
not be occupied by core nucleus. Then the total binding energies are given by[8].

EP (core +12) =2 C; + E;(A%) + EBE(core)............ (12)

Where C; is the single particle energies, E,1 is the residual interaction energies and
EBE(core) is the energy of the core that assume.

When we assume the modified surface delta interaction, (MSDI) is the best potential
interaction of the two bodies, the residual interaction Energy E, is given by [8].

N .. .. (2ja+ DR2jp+ 1) 4. . 2
Ex = (il VIS ialv) oy = =45 mD ey Ub — Ha $ U0 [+ (1) la*w¥/+T ]+

And the two bodies, the residual interaction energy with Reid potential is given by [9].

; .. .. 18,1
E, = (]a]b|V11f425DI|]a]b)]T=1 X ()3 e (14)
The excitation energy Egy; () Of k™ excited state is followed from the binding energy of the
nucleus in k state which took the results in respect to the ground state ko binding energy
given by[6]:

Egxt o) = EBE (k) — EBE (ko) ..vvvvvvvnn. (15)

Results
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Shell model developments have been applied to evaluate the binding and excitation
energies for 3§Nisy nuclei that are assumed to be describes by an inert closed shell core and
two nucleons. The two neutrons occupy in the 2P3, 1fs, configuration orbit. The model space
(2p3,21fs ) describe in the representation (J°,T ) combination (0%,1) and (2,1%) for | 2p3/2)
(4",1) and (2°,1) for | 2ps/, 1f5/2 ) and (0",1), (2",1) and(4",1) for | 1f5,,) and allowed for
the two neutrons in configuration space.

The matrix element of two particles interaction are calculated by using Modified
Surface Delta Interaction (MSDI) Eq.(13) with Matlab version (6.5), on the other hand, we
calculated the matrix element depending on Reid potential with same program using
expression and result of our calculation are listed in table(1) and table(2) respectively.

The core binding energy can be calculated from Eq.(12) with mass number are :
M(58Niso) = (57.942116)amu ,M(on*)=(1.008665) amu and M(1p*)=(1.007276) amu [ 10].

The binding energies of the nucleus of each case for configuration ( J* , T )values have
been calculated with Eq.(13) with single particle energies ezps;; =-10.2549, €15, =-9.4356 and
eop12 =-9.1562 MeV [11], he tresults are tabulated in table(3) for MSDI and table (4) for RP
respectively .

Therefore, the excitation energies follow directly from the different values and evaluated
with Eq.(15 ), the results are summarized in tables(5) and(6) for MSDI and RP alternatively .

Briefly the single particle energies were taken from the observed spectrum for A=57-56
with a least squares fit for 2P3, , 1fs, and 2Py, orbits which are equal to (-10.254, -
9.4356,and -9.1562)Mev respectively[ 12] .

Discussion

It is shown that the sequence of the lower levels is well, but the level spacing is
somewhat tool the effect of variation of the strength parameter for calculation.

It clear that for the MSDI or RP theory will agree quite well for the excitation energy
comparing with experimental.

These work quite for first or second excited state but for higher spectral, they become
very complicated because several nucleons can be excited simultaneously into super position
of many different configurations to produce a given nuclear spin and parity.

Figure (1), shows the low- lying state that MSDI has an agreement with the
experimental than RP and the variance with experimental that similar with NZPSM, but at
lower.

While figure (2), shows a good agreement with ESM method while not good with
NZPSM.

The ground state configuration indicates that all the proton sub shell filled, and all the
neutrons are in filled sub shell except for the last two, which are in sub shell on there own.
There are many possibilities to consider for the excited state.

One neutron of the 2P3, promote to 1fs, or 2Py, gives a configuration 2Ps,, 1fspor
1P, , 2P, promote one of 1Pg, to others.

All these possibilities would correspond to the smallest energy shift, so it should be
founded over the others, the next excited state might involves moving the last neutron up to a
farther level to(1fs/, )or putting it back where it was and adapting configuration option (2P,
1fs/2) which is favored over (1P, , 2Py, )because it keeps the excited neutrons paired with
another. This should have a slightly lower energy than creating two unpaired protons when
comparing these predictions, with the observed excited levels, it is found that the expected
excited do exist.

The influence of the single particles energies are viewed by comparing the calculated
values from the NZPSM, ESM model with those obtained from calculations. This shows that
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the binding and excitation energies of the low —lying level for A»30 are hardly affected by
the inclusion of fs;, orbit that the MSDI, RP, NZPSM and ESM which describes less than for
1pss, orbital and 2ps, orbital.

Our results of the spectra that’s obtained from RP potential in figures (1-2), show that it
Is not good with experimental data but with a good agreement for the results that are obtained
by using MSDI especially for low lying level. On the other hand, the expected spectra that
gate from result is constructed from mixing state configuration.

Conclusion

The present contribution addresses the role of shell model calculation in low lying
energy .We show that both the MSDI and RP are not present in experimental values exactly
that lead to conclude MSDI and RP which are limited successfully describing for light nuclei
,and poor describe that mediate nucleus and heavy .Also the energies for binding and
excitation spectra are produced from the cooperation of mixing state configuration ,and we
expected that mixing calculation gave good results to describe these nucleus .On the other
hand, the shell model calculation results depend on the single particles energies effect.
Summarizing, we may conclude that for correlating the available experimental data, the
present calculation with MSDI interaction is rather successful than RP.
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Table No.(1): The calculated matrix element for modified surface delta interaction
(MSDI)
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Jao | b Je Jg J T <Jadp [VV™P'] T2 >
52| 5/2 | 52 | 52 0 1 -3.0000
52| 5/2 | 52 | 52 2 1 -0.6857
52| 5/2 | 52 | 52 4 1 -0.2857
321 32 | 32 | 32 0 1 -2.0000
321 32 | 32 | 32 2 1 -0.4000
32| 512 | 32 | 52 4 1 1.1429
32| 512 | 32 | 52 2 1 0.3429

Table No. (2): The calculated matrix element for two bodies' matrix element using Raid

potential (RP)

b | b Jc Ja J T <Jado [VV™PT] T2 35>
52| 52 | 52 | 52 0 1 -0.388
52 | 52 | 52 | 5/2 2 1 -0.0846
52 | 52 | 52 | 5/2 4 1 -1.307
32 | 32 | 32 | 32 0 1 -0.510
32 | 32 | 32 | 32 2 1 -0.136
32 | 52 | 32 | 52 4 1 1.123
32 | 52 | 32 | 52 2 1 0.0822

Table No.(3): The binding energy B.E (MeV) for (33Nis) that is calculated

with  (MSDI)
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Configuration T Binding Energy (B.E)(MeV)
2P3); 0+ 1 -504.9516345
2+ 1 -504.2621793
2Pz, 1fsp 4+ 1 -502.7778362
2+ 1 -503.1226638
1f 5/2 o+ 1 -503.744269
2+ 1 -502.7467259
4+ 1 -502.5743121

Table No. (4): The binding energy B.E(MeV) for (33Nis) that is calculated with Raid
potential (RP)

Configuration JJIT7 Binding Energy (B.E)(MeV)

2P3 0+ 1 -504.9088

2+ 1 -504.6054

2Pz, 1fsp 4+ 1 -502.5785

2+ 1 -503.6193

1f 5 0+ 1 -504.1892

2+ 1 -503.3922

4+ 1 -503.0182

Table No.(5): Results of the excitation energies Eex. (MeV) for 38Nis, that are calculated
with (MSDI)
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Configuration JJIT7 Excitation Energies (Ex.E)(MeV)
2P3p 0+ 1 0
2+ 1 -0.6896552
2Pz, 1fsp 4+ 1 -2.1739983
2+ 1 -1.88291707
1f 550 0+ 1 -1.2075655
2+ 1 -2.2051086
4+ 1 -2.377522431

Table No. (6): Results of the excitation energies Egx.(MeV) for 58Nis, that are
calculated by using Raid potential (RP)

Configuration JJT Excitation Energies (Ex.E)(MeV)
2P3p o+ 1 0
2+ 1 -0.3034
2Pz, 1fsp 4+ 1 -2.3303
2+ 1 -1.2895
1f 5 0+ 1 -0.7196
2+ 1 -1.5166
4+ 1 -1.8906
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Fig.(1):Our results for spectra level energy for Ni-58 using MSDI
and Rp. compared with experimental and NZPSM method.
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Fig.(2): The calculation of spectra energy level for
Ni-58 compared with experimental and ESM method.
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