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Abstract 
       The nuclear shell model has been employed to compute the binding energies , low-lying 

excitation states electric quadrupole transition rates of titanium isotopes in fp-shell region. The 

model space includes all configurations of nucleons in the 0f7/2 1p3/2 0f5/2 and 1p1/2 orbits, as well 

as the shell model describes well the energies of the intruder states. Calculations have been 

performed with effective interactions GXFP1 , FPD6 and KB3G in full fp space and the shell 

model code OXSBASH for Windows were employed . The computed binding energies, the low-

lying states and electric quadrupole transition rates  were in reasonably agreement with 

experimental data for the isotopes 
42,44,46,48

Ti   . 
  

 الخلاصت:
تى استخداو  أنًىذج انقشرج اننىوي نحساب طاقاخ انرتظ وحالاخ انتهيج ويعدلاخ الانتقال رتاعي انقطة انكهرتائي          

( , 0f7/2 1p3/2 0f5/2 1p1/2انترتيثاخ انًتضًنح في أنًىذج انفضاء تشًم انًداراخ ) .  fpننظائر انتيتانيىو في ينطقح انقشرج 

 GXFP1 , FPD6يصف نًىذج انقشرج تشكم جيد انطاقاخ نهحالاخ انًتداخهح. انحساتاخ أنجزخ يع انتفاعلاخ انًؤثرج) 

,KB3G في أنًىذج قشرج )OXSBASH  طاقاخ انحالاخ الأرضيح وانًتهيجح انًحسىتح ويعدلاخ الانتقال رتاعي انقطة .

 انكهرتائي  في تىافق يقثىل يع اننتائج انعًهيح.

Key word: excitation energies, shell model nuclear,
 42,44,46,48

Ti . 

 

1. Introduction 
Nuclear shell model is one of the most powerful tools for giving a quantitative interpretation to 

the experimental data. The two main ingredients of any shell model calculations are the N-N 

interaction and the configuration space for valence particles.In principle one can either perform 

shell model calculations with realistic N-N interaction in unlimited configuration space or with 

renormalized effective interaction 

limited configuration space [1]. 

The neutron rich nuclei in the fp shell region are at the focus of attention of the nuclear physics 

community at present [1]. The nuclei in the 1p 0f region have been the focus of attention for various 

theoretical investigations based on the practical assumption of a
 40

Ca
 
 inert core within the domain 

of the shell model [2]. Nuclei with valence nucleons in the fp shell have been intensively studied 

and discussed in recent years following the striking progress in the development and refinement of 

large-scale shell model calculations [3]. 

The spectroscopy of nuclei, in the fp-shell region, has been well described within the shell model 

framework. Extensive shell model calculations have been performed in this mass region, using 

several model spaces and two-body interactions, the most remarkable work of Brown and et al. [4]. 

In the present work, The calculations have been carried out using the code OXBASH for 

windows [5] in the fp model space which comprised of the 1p3/2, 1p1/2, 0f7/2 and 0f5/2 valence orbits 

outside the 
40

Ca and FPD6 [6] GXFP1[7] and KB3G [8] interactions. 

 

 

 

 



Journal of Kerbala University , Vol. 12 No.3 Scientific . 2014 
 

261 

 

2.Shell Model Calculations 
2.1. Binding Energy 
      Binding energies are important to nuclear astrophysicists when determining Q-values of proton 

capture reactions and beta decays[9]. To compare our shell model results with the experimental 

binding energies relative  to binding energies of core. we use following formula [9]: 

       B=B(core) − < H >   ……….(1) 

      The experimental and calculated binding energies for titanium isotopes are shown 

in Fig.1.We see the  theoretical calculations are deviate on experimental binding energies in the 

interactions GXFP1[6] , FPD6[7] and KB3G[8]. With  neutron increase the deviation  is increasing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Energy Levels 
Besides ground states, low –lying excitation states and reduced transition probabilities in most 

nuclei have also extensively studied. since the number of excitation states that can be investigated in 

detail is quite large- tens of level in some nuclei. In this work,  nuclear shell model has been using 

for study the nuclear structure of 
42

Ti, 
44

Ti, 
46

Ti and 
48

Ti nuclei by adopting effective  interactions 

FPD6[6], GXFP1[7] and KB3G[8] to calculation excitations levels in fp shell region. The code 

OXBASH was adopted.    

The matrix elements of the Hamiltonian operator H between the many-particle basis wave 

functions can be obtained by using the second-quantized operators a
+
 and a. Thus, H can be written 

as [11]. 

 

    

klji

lkji

ijkliiicore aaaavaaHH 



  
1,1 

      ………..(2) 

where i  is the energy of a single-particle state, and 

  

Fig.(1). Experimental [10] and calculated binding energies for Ti 

isotopes from A=42 to 48 
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klVijvijkl       ………..(3) 

 

and ij  is an antisymmetrized two-particle m-scheme state.The results of a
+

i ai and a
+

i 

a
+

j ,ak al Creation and Annihilation operations, and the matrix elements klVij    can easily be 

derived from the conventional J and T coupled two-body matrixelements 

             

3.Results and discussion 
          The energy levels have been calculated of fp-Shell region for Ti nuclei for the isovector 

T=1,0 positive parity states. In nucleus 
44

Ti have isovector part T=1 and isoscalar T=0 but in 
42,46

Ti 

have isovector T=1. In our calculations the isovecter T=1 for two nuclei (
42,46

Ti) and the isoscalar 

T=0 for  
44

Ti nucleus are  taken.  

   The low-lying positive parity, T = 1 spectra of 
42

Ti are shown in Fig.2. This figure show 

that the comparison between our calculations and experimental data [12].  The first excitation  level 

2
+

1 (1.639MeV) at GXPF1 respect to that obtained with the KBG3 and FPD6  is nearest to the 

experimental value (1.556MeV). Furthermore, the   excitation state Ex(4
+

1) at the value 

(2.709MeV) in interaction FPD6 agreement the experimental value (2.679MeV). As spins that 

obtain for high spectra  6
+

1,2
+

2,4
+

2 are in good agreement with exdata for two interactions FPD6 and 

KB3G . In this the comparison, we can notice that the use of these two body interactions has been 

of considerable interest to many theoretical attempts in fp shell for the description of energy levels. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. A comparison between theoretical energy levels for three interaction 

and the experimental data [12] . 
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Fig.3. shows that the energy spectrum of 
44

Ti nucleus . When compared our calculations 

with data[13], we can seen that rotational energy levels are represented by (0
+

1,2
+

1,4
+

1,6
+

1,8
+

1) of  

theory results in agreement of employed three interactions  KB3G, FPD6 and GXPF1with 

experimental data. As well as the excitation energies computed in interaction FPD6  an excellent 

agreement with data,  this comparison proves unequivocally that interaction FPD6 is a better from 

KB3G and GXPF1 interactions. 

   This is due to  model space is not restricted, one should use an effective operator in order to take 

account of  included  all model space. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. A comparison between theoretical energy levels for three 

interactions and the experimental data [13]. 
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The adopted values for 
46

Ti are shown graphically in Fig .4. and it has been compared with the 

experimental data[14]. The prediction values of ground band by adopted FPD6 and KB3G in an 

excellent agreement with date, but except Ex( 2
+

1) at 1.117MeV is a larger from experimental value 

0.889MeV, where the absolute difference between the two values is 0.228MeV in GXPF1. In these 

calculations, we can seen the β and γ bands are obtained in the framework  FPD6 are very close to 

data  . We notice with two different configurations has been successfully evolved to study these 

anomalies where the role of mixing between fp shell orbits is found to be crucial. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

    

    

 

 

 

 

 

Fig.4. A comparison between theoretical energy levels for three 

interaction and the experimental data[14]. 
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In Fig.5. The calculated energy levels for positive parities are compared with  

the experimental  data [15]. The first state Ex(21
+
) in KB3G interaction is in a good agreement with 

experimental data, but in GXPF1 and FPD6 are up slightly of experimental data. It has been 

predicted the parity for angular momenta (3,10). From comparison between three interactions and 

experimental data, we found the FPD6 interaction is better from the GXPF1 and KB3G interactions 

for low and high spins.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.Transition probability 

  

 

 

 

 

 

 

 

 

 

Fig.5. A comparison between theoretical energy levels for three 

interaction and the experimental data [15]. 
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  In Fig.6. The reduced electric quadrupole transition probabilities B(E2; 01       21
+
) e

2
.fm

4
 values are 

plotted calculated for fp model space for Ti isotopes in chain A=42-48. Transition strengths were 

calculated in this study using FPD6 with Skyrme- Hartree- Fock potentials as residual interactions. 

From the Fig.6, we can see that our calculations are  reasonably agreement with experimental data.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.Conclusions 
 The excitation energies with  binding energies and transition rates  have been computed 

within framework nuclear shell model calculations were performed in full fp space . The shell 

model code OXSBASH for Windows with three interactions (GXPF1, FPD6, KB3G)  was 

employed using nucleus 
40

Ca as close core for 
42

 Ti,
 44

Ti
 
, 

46
Ti and

 48
Ti. The results of shell model 

calculations are in agreement with experimental data.  We conclude the shell model configuration 

mixing  in this model space are very successful. 

 

 

 

 

 

 

Fig.(6). B(E2) transitions probabilities in e
2
.fm

4
 for Ti isotopes. 

Experimental data (closed circles) are compared with present work 

(dashed line), Experimental data are taken from Ref.[16]. 
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