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 Calaculations of even-even 100-108Sn isotopes using shell model in the vicinity of 100Sn
Khalid H.H. Al-Attiah    Fouad A. Majeed  Thaeir J. Al-kawwaz

ABSTRACT 
            Large scale shell model calculations for even-even 102-108Sn isotopes were performed to study the excitation energies and transition rates 
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 by employing the effective interactions snet, SN100PN and the well-knownDelta interaction. The comparisons of these calculations were done with the most recent available experimental data and with the previous theoretical attempts in the same mass region. The reduced transition probabilitywere also calculated for the chain of Sn isotopes. Very good agreement were obtained by comparing the low-lying energy levels all isotopes under study with the recently available experimental data and with the previous theoretical work using CD-Bonn and Nijmegen1 two-body effective nucleon-nucleon interactions, but studying the transition strengths
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 for Sn isotopes using constant proton-neutron effective charges prove the limitations of the present large-scale calculations to reproduce the experiment in detail.
Keywords :Gamma transitions and the level energy , shell model

الخلاصة
         تم أجراء حسابات نموذج القشرة على نطاق واسع وبدون تقييد لفضاء النموذج لنظائر القصدير 102-108Sn الزوجية-الزوجية لدراسة طاقات التهيج ومعدلات الانتقال
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وذلك عن طريق توظيف التفاعلات المؤثرة sn100pn، snet و تفاعل دلتا المعروف. وقد قورنت هذه الحسابات النظرية مع البيانات العملية المتوفرة حديثاً ومع الحسابات النظرية السابقة في نفس المنطقة. وكذلك قمنا بحساب معدلات الانتقال
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لهذه السلسة من نظائر القصدير. تم الحصول على نتائج متوافقة بشكل جيد جداً عند مقارنة هذه حسابات مستويات الطاقة مع المستويات العملية المتوفرة حديثاً ومع الحسابات النظرية السابقة باستخدام التفاعلين المؤثرين CD-Bonn و Nijmegen ولكن دراسة قوى معدلات الانتقال
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 لنظائر القصدير باستخدام قيمة محددة للشحنة المؤثرة للبروتون-نيوترون أثبتنا أن هنالك تحديد في الحسابات نموذج القشرة بشكل واسع في التوافق مع البيانات العملية بشكل دقيق.
I. Introduction
Neutron-rich Sn isotopes in the vicinity of
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 are currently in the focus of modern nuclear physics and astrophysics studies.The enormous interest in this region is motivated by several factors. The primary issue concerns the doubly magic nature of
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  and understanding the way in which the neutron excess will affect the properties of nearby nuclei and the  100Sn core itself. Early theoretical studies in the A=100 region were carried out for the light 102,104,106,108Sn isotopes in Refs.[Holt et al.,1994],[Engeland,1995],[Grawem,1995]and[Sandulescu,1995]more than 10 years ago. The new high- resolution experiments and effective NN interactions require the new theoreticaldescription for the nuclei in this region of the periodic table. It is therefore of great relevance to investigate in detail the structure of the light and mid-heavy Snisotopes. The purpose of present work is to study the low-lying excitation energies and the reduced transition probabilities
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(e2fm4) of the even-even 102 -108Sn isotopes using the new version of Nushell@MSU for windows [Brown and Rae,2007] and compare these calculations with the most recent experimental and theoretical work.
Ii. Shell Model Calculations
The calculations were carried out in the jj55pn model space with sn100pn and sne with model space snet [Brown,2005] effective interactions and zero range delta interaction with 
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[Andreozzi,1996][ Deshalit,1990].
The effective NN interaction for the nuclei in the A = 100 region is calculated with respect to the 100Sn as a closed shell core, with a model space which includes the orbitals
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,The perturbative many-body method to calculate such an effective interaction, appropriate for nuclear structure calculations at low and intermediate energies, starts with the free NN interaction. Once the effective interaction is determined we have to solve the quantum many-body system specified by the Hamiltonian in the second quantization form:
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The effective interaction 
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is the Two-Body Matrix Element (TBME) which can be written in terms of total angularmomentum and isospin (JT) as:
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In order to solve the quantum many-body system de- scribed by Eq. (1) we use the Nushell@MSU for windows code [Brown and rae,2007] where the Hamiltonian matrix is calculated using the elementary matrix elements, the inner and outer isoscalar factors, the given single particle energies, and the matrix elements of the two-body effective interaction, e.g., snet or sn100pn, in the basis. Then, the Hamiltonian matrix is diagonalized via the standard Lanczos diagonalization method [Lanczos,1950].
Iii. Results And Discussion
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The test of success of large-scale shell model calculations is the predication of the low-lying excitation energies andthe transition rates
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using the optimized effective interactions for the description ofSn isotopes.The core is taken at100Sn and the valence neutrons left to occupy the single-particle orbits
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  with no restriction imposed on the model space.
Figure 1 compares the calculated spectra to the experimental one up to 9 MeV for 102Sn. The ground state 0+ is well predicted by the three interactions sent, sn100pn and delta. The first excited state 2+ is calculated at 1.683MeV, 1.902 MeV and 1.621 MeV  using sn100pn, sent and deltarespectively, which is 211 keV, 430 keV and 149 keV  respectively, above the experimental level. Also we can see from the figure1 that delta interaction predict the correct sequence of the states 2+, 4+ and 6+ as the experimental ones while other interactions predict 6+ level before 4+ which is in agreement with the previous work of M. Gorskaet al. [Gorska1997].
The comparison shows that our calculation using delta interaction are in better agreement with the experiment than using snet and sn100pn effective integrations for the states 2+, 4+ and 6+.
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Figure 2 shows the comparison between the low-lying excitation energies from present work (snet ,sn100pn and delta) with the experiment [ENSDF,2011] up to 5 MeV for 104Sn. The excitation energy of the lowest 2+ state is in good agreement with the experimental value, with difference 235 keV, 415 keV and 327 keV for sn100pn, snet and delta respectively. The figure shows clearly that the effective interaction sn100pn are in very good agreement with the experimental spectra better than sn100nn and delta.
Figure 3 presents the comparison of the calculated low-lying spectra from present work (snet ,sn100pn and delta) using the three effective interactions employed in this work with the experiment and with the previous theoretical attempt using CD-Bonn effective interaction [Erdal Dikmen,2009] for 106Sn. The best results obtained using sn100pn effective interaction, but still the  results from Ref. [Erdal Dikmen,2009] are in better agreement with the experiment than our theoretical work.
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Figure 4 reported the comparison from our theoretical work with the experimental low-lying spectra and with the previous theoretical work of Ref. [Erdal Dikmen,2009] using CD-Bonn and Nijmegen1 effective interactions for 108Sn. The ground state 0+ is well predicted by the three interactions snet, sn100pn and delta. The first excited state2+is calculated at1.374 MeV, 1.517 MeV and 1.668 MeV by using snet , sn100pn and delta respectively, which is 168 keV, 311 keV and 482 keV respectively, above the experimental level. The figure shows that the best agreement with the experiment achieved  using sn100pn effective interaction.
Figure 5 presents the comparison of the calculated
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 (e2fm4) from present work using sn100pn and the delta force effective interactions with the experimental data taken from Ref. [NNDC,2011 ]. The effective charges are taken as  
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for protons and neutrons . The figure also shows that the effective interaction sn100pn are able to reproduce the experiment better than delta and their behavior are reasonably well due to the parabolic shape ofthe transition probability as predicted by previous theoretical work from literatures.
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IV. SUMMARY
A large-scale shell model calculations were carried out in the sdghmajor shells with no restriction imposed on the model space for the even-even 102-108Sn isotopes by employing the effective interactions sn100pn, snet and delta .Our calculation predicts the ground state and the first excited state very well in comparison with the experiment, while there is some discrepancy appears in other states due to the fact that the single particle energies are normally taken from the experimental data on the almost closed shell nuclei. Unfortunately, the nuclei with one particle away from the closed shell nucleus 100Sn have so far eluded measurements, Therefore; the details of the single particle energies are rather uncertain. This uncertainty makes some results of our calculations not to be well agreed with the experimental data. The effective interactions sn100pn are able to reproduce the experimental transition probability
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  better than delta interaction.
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Fig.1: Comparison of the experimental and theoretical spectra for 102Sn. Present work (sn100pn, snet and delta) and previous work (SMGG) [Gorska,1997]. Experimental data are taken from Ref.[ ENSDF,2011].





 FIG. 2: Comparison of the experimental and theoretical spectra for 104Sn. Present work(snet ,sn100pn and delta ) with effective interactions. Experimental data are taken from Ref.[ ENSDF,2011].





FIG. 3: Comparison of the experimental and theoretical spectra for 106Sn. Present work (snet ,sn100pn and delta) and previous work [Erdal Dikmen,2009] with        CD-Bonn effective interaction. Experimental data are taken from Ref.[ENSDF,2011].








FIG. 4: Comparison of the experimental and theoretical spectra for 108Sn. Present work (snet ,sn100pn and delta) and previous work [Erdal Dikmen,2009 ] with CD-Bonn and Nijmegen1 effective interactions. Experimental data are taken from Ref.[ENSDF,2011].





FIG.5:comparison between the calculated� EMBED Equation.3 ���(e2 fm4) of the even-even 102-108Sn isotopes (dashed line)from present work using sn100pn(dashed-dotted line) with delta interaction. Experimental  data  taken from[NNDC,2011]
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