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Abstract. The energy levels of even-even isotopes of Titanium in the fp shell model GX2, GX1A, and KB3
interactions are estimated in this work. All possible nucleon combinations in the fp L-S shell( 0f7/2, 1p3/2,
0f5/2, 1p1/2 ) are included in the model space using code OXBASH for the isotopes ****4°Ti. Positive parity
states and the values of total angular momentum are 0+, 1+, 2+, 3+, and 4+. Experimental results and ground
and excited state energies are often in agreement.
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INTRODUCTION

The shell model is an essential part of nuclear theory and a vital theoretical tool for the microscopic description
of nuclear structure. Each nucleon is created by the nucleons themselves and moves independently in an average
field with a sizable spin-orbit term, according to the fundamental principles of the nuclear shell model. The
nucleons then organise into groups of levels, or "shells," that are spaced widely apart from one another. This
approximation states that the nucleus is composed of an inert core composed of shells packed with neutrons
(closed shell) plus a specific quantity of exterior nucleons known as valence neutrons [1].

Using the effective interactions FE1, FPD6, and KB3G, the shell model in the fp area, experimental and
theoretical energy levels of excitation energies and E2 transition probabilities compute in *Ti, 4V, ¥V, 4Cr,
39Cr, 3®™n nuclides and energy levels of *Ti, *V, **Sc nuclides [2]. The level schemes and transition rates
B(E2;71) of 48,56Ti isotopes were investigated using FPD6 and GXPF1 as effective interactions; the angular
momentum (J) ranged from 0" to 10"[3]. shell model computation with the GXPF1A interaction for >*Fe in the
whole fp space. The same angular momentum can have many energy levels [4]. The nuclear configurations in
the fp L-S shell of the **Ca, **Ca, and *°Ca are represented by the framework shell model. The effective
interactions of FPD6, GXFP1, and BK3, as well as the residual interactions of Skyrme-Hartree Fock (Skx) and
harmonic oscillator (HO), are used to compute energy levels and transition rates [5]. Calculated the binding
energies and energy level low-lying excitation states and electric quadrupole transition rates in 2*444643Tj
isotopes using the GXFP1, FPD6, and KB3G effective interactions . All nucleon combinations in the L-S space
are included in the model [6].

Reid's Potential (RP) and the Modified Surface Delta Interaction (MSDI) are used in a theoretical calculation
of the spectrum level energy for *®Ni, which is based on the shell model and quantum theory. comparison to the
NZPSM, ESM, and experimental methods [7]. using jun45 and jj44b effective residual interactions to study
binding energies for ¥ Cu isotopes in the f5/2pg9/2space, as well as energy levels for positive and negative
parity [8].

The nuclear shell model has been used to calculate the nuclear energy levels of even-even *%° Ca isotopes
utilising interactions FPD6, GXPF1A, and KB3G.presumption that the inert core's nucleons remain inside it
and do not travel outside of it. In the shell model computations, only valance nucleons outside of the core are
taken into account [9]. The computed energy level scheme for even-even Si-isotopes with 2+ states that lie
higher and lower. The computations were performed using the SDPFF shell model space and the SDPFK
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effective interaction [10].52Ti isotope nuclear structure is studied utilising the effective interactions KB3,
GXPF1, GXPF1A, and FPD6 [11].For the *Ti, ¥'Ti, and > Ti isotopes the energy levels and reduced
electric quadruple transition probability B(E2) in the F7shell were computed using the F7MBZ&F742 effective
interactions[ 12-14]. Examine nuclear energy levels for isobars **Ca nuclei that were present outside of the closed
core using the FPD6PN interaction to compute low levels of the fp-LS shell model [15]. In the “*Cr nucleus,
energy levels were also measured use FPD6, FPY, F742, FTMBZ, and KB3G interactions in the f7/2 model
space[16]. In the **Sc nucleus, on the other hand, interactions with D3F7COSPN, F7MBZ, KB3G, and FPD6
were measured using 1d3/21f7/2 model space [17].

ENERGY LEVEL SCHEMES

"The energy required to break up a given nucleus into its constituent parts of N neutrons and Z protons" is the
definition of the binding energy E”b of the nucleus. The ground state of the nucleus has the highest binding
energy value. The ground state of the nucleus has the highest binding energy value. The binding energy E? (n)
of the nucleus in that state, measured with respect to the ground-state binding energy E” (0), yields the excitation
energy E, (n) of the nth excited state. [18]:

E.(n) = E’(n) - E"(0) 1)
From the preceding definition of binding energy, the different terms that contribute to the overall binding energy
of such a nucleus can be expressed as follows:

EP(core + p?) = 2e,+ E}l)(pz) + EP + EP(core) (i)

where e, is the single particle energies. Elgl)(pz) is the binding energy contribution from the mutual nuclear

interaction of the two outer-core particles. This term depends on the spin J and isospin T of the two particle
system in addition to the orbit p. and E® (core), which stands for the particles' binding energy in the core.
Consequently, when two active particles are present outside of a core, one has [18]:

HSY) = v(1,2) (iif))

total Hamiltonian:
H = Heore + Hs.p.(l) + Hs.p.(z) +V(1,2) (iv))

The expected value gives the binding energy of the nucleus with two particles outside the core in the orbit p and
connected to spin and isospin I':

B (@) = (0 (o [0 @, .0 1) ™)

The total Hamiltonian of the whole nucleus in the state <1§ISO) a,.., 4.

RESULTS AND DISCUSSION

The energy level scheme of ***4Tj in the fp-shell model space is based on interactions between the inert core
“Ca and GX2, GX1A, and KB3 for Ji positive parties.

The isovector T=1 for *’Ti, with positive parity, indicates the highest values chosen for excited states with
energies less than 10.1 MeV in Figure 1. Consequently, the value of J=1,3 does not appear in the experimental
calculations. Levels of energy are matched less than 5.7 MeV, with the experimental data. The energy levels
exhibit a convergence starting at the 7.089 MeV energy level. Though they differ less from the KB3 reaction,
the GX2 and GX1A reactions' results are in good accord.
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In Fig. 2, the energy levels in “Ti , are shown to be in good agreement with the incremental data less than 3,2
MeV and to show convergence of energy levels from 2.304 MeV. We also notice that the three reactions' results,
GX2, GXI1A, and KB3, are in good agreement. The maximum value of energy levels selected is less than 9.2
MeV, the isovector T=0, positive parity states.

The energy levels in Figure 3 are calculated in **Ti, and their maximum values are less than 5.8 MeV,
indicating positive parity states and the isovector T=1. The estimated data agrees with the values of energy
levels less than 2.1 MeV, and value of J=3 do not present in experimental calculations. , however there appears
to be a convergence from 2.698 MeV. Energy level values from the gx2 and gxla interactions correlate better
with empirical data from the kb3 interaction.
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Figure 1. energy levels of *Ti by using GX2, GX1A and KB3 interactions with experimental data.
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Figure 2. energy levels of *Ti by using GX2, GX1A and KB3 interactions with experimental data.
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Figure 3. energy levels of “Ti by using GX2, GX1A and KB3 interactions with experimental data.
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CONCLUSIONS
. The shell model is a computational advancement that involves the incorporation of particles in a whole
shell, whereby they occupy an inert core and make the other particles active to replicate nuclear properties.
. The GX2, GX1A, and KB3 interactions accord with the experimental findings; however, the agreement
is stronger between the GX2 and GX1A interactions.
. As the energy value rises, the energy levels converge and become more intense.
. Since agreement also found for some odd values, J= 1+ and 3+, the agreement in the total angular
momentum is not limited to the even values J=0+, 2+, and 4+.
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