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Abstract 
 

The reason for the development of semi empirical mass formula is that if it is 
accurate enough, it can be used to predict masses and therefore possible decay 
modes and decay energies of unexplored atoms. Seeger introduced a shell 
correction term, which is a function of proton number and neutron number. 
This term enables the explanation of magic nuclei by predicting various 
parameters e.g. separation energies of protons, separation energies of neutrons 
etc. 
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Introduction 
The landscape of nuclear binding energy spanned in the co-ordinate system of proton 
and neutron is well structured as evident by the measured binding energies. At the 
magic proton or neutron numbers 2, 8, 20, 28, 50 and 82 the nuclei have an increased 
binding energy relative to average trend. For neutron, N=126 is also identified as a 
‘magic number’. Among other special properties, the doubly magic nuclei are 
spherical and resist deformation. 
 The stability of the heaviest and super heavy elements has been a long-standing 
fundamental question in nuclear science. Theoretically, the mere existence of the 
heavy elements with Z >104 is entirely due to the quantal shell effects. 
 If the heaviest nuclei were governed by the classical liquid drop model, they 
would fission immediately from their ground states due to the large electric charge. 
However in the mid 1960s, with the invention of the shell-correction method, it was 
realized that atomic numbers could exist due to the strong shell stabilization [1], [2], 
[3]. Most of the heaviest elements found recently are believed to be well deformed. 
Many nucleus structure models have been proposed, including, Liquid drop model, 
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Collective model, Shell model. None of these could completely explain experimental 
data of nuclear structure. The nuclear radius (R) is considered to be one of basic 
things that any model must explain for stable nuclei. 
 
 
Liquid Drop Model and Shell Correction 
Semi empirical mass formula given by Von Weizsacker [4] can be used to predict 
accurately the masses of nuclei which ranges from light nuclei to heavy nuclei .In 
reality this situation is complicated. The inability of the liquid drop model proposed 
by Bohr and Wheeler [5] to account for the observed asymmetry in the mass yield 
curve of binary fission was demonstrated by Cohen and Swiatecki [6]. It does not 
explain the peaks in Binding energy curve at certain key values of N and Z.  
 There might be local variation of masses due to effects known as shell effects. 
Introduction of shell correction explains magicity in the binding energy curve. 
A.E.L.Deperink[7] has shown that if in addition to an improved version of liquid drop 
mass formula with modified symmetry and coulomb terms, shell effects are modelled, 
a very simple formula is obtained with a rms deviation from the 2003 database of 
atomic masses of about 800keV.  
 
 
Methodology 
Two nucleon separation energies are difference of binding energies. They provide 
information on the relative stability of the nuclei. G.G.Bunatyan [8] has studied the 
behaviour of change of slope of two-nucleon separation energies and has shown that 
the maximum slope, at closed shells is due to Wigner energy.  
 It is shown by V.Yu. Denisov[9] that position of deep local minima of shell 
correction associated with magic numbers in the region of super heavy nuclei depend 
on the parameters of central spin-orbital mean-field potentials. 
 The separation energies of two protons for Odd Z and Even N nuclei have been 
calculated using the formula  
 ܵଶ ൌ ,ሺܼܤ ܰሻ െ ሺܼܤ െ 2, ܰሻ  1 
 
 The Binding energies have been calculated by using semi empirical formula. 
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 The values of these coefficients are are calculated by “Wapstra”[10] as 
 ܽ௩ ൌ ௦ܽ ܸ݁ܯ14.1 ൌ ܸܽ݁ܯ13 ൌ ܽ ܸ݁ܯ595. ൌ  3  ܸ݁ܯ19
 
 Due to pairing, a nucleus with an even number of protons is tightly bound than 
odd number of proton nucleus [11]. As we are taking Odd nucleons, therefore pairing 
term is taken as zero.  
 The Binding energies of elements having atomic numbers from 1 to 112 with all 
their possible isotopes have been calculated. Then we calculate the separation energy 
of two protons as well as one proton for Odd Z and Even N nuclei. Fig. 1 is a plot of 
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separation energies of two protons as a function of Z (S2P).It is observed that this 
curve is not in agreement with the experimental plot.  

 

 
 

Figure 1: Plot of theoretical values of separation energies of two protons with Z 
without shell corrections 
 
 
 This problem is resolved by taking in account the shell effects. Seeger gave a 
formula for calculating binding energies [12]  
,ሺܼܯ∆ ሻܣ ൌ 7.2887ܼ  8.0713ሺܣ െ ܼሻ െ ܣߙ  0.8076ܼଶିܣభ

య ቀ1 െ 0.7636ܼିమ
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మିܣ2.29
య൯  ܣߛ

మ
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యቁ ܣଵሾሺିܣ െ 2ܼሻଶ  ܣ|2 െ 2ܼ|ሿ െ ܵሺܰᇱ, ܼᇱሻ 4 
 
 The last term in the above equation is a shell correction term, which is the 
function of parameter N and Z defined as  
 ܰᇱ ൌ ேିேೕ

ேೕశభିேೕ
 

 ܼᇱ ൌ ିೖ
ೖశభିೖ

  5 
 
 Here ܰ and ܼ are magic numbers  
 ܰ , ܼ=8, 20, 50, 82, 126, 184 and ܰ  ≤ ܰ < ܰାଵ ܼ≤ ܼ < ܼାଵ 

 
 Thus the function ܵis different for different intervals between magic numbers. 
The formula for ܵ is  
 ܵሺܰᇱ, ܼᇱሻ ൌ ߨᇱܰ݊݅ݏߦ  ߨᇱܼ݊݅ݏߦ  ߨ2ܰᇱ݊݅ݏߥ   ߨ2ܼᇱ݊݅ݏߥ
 ൫߶ା߶൯ሺܰ݊݅ݏᇱߨሻሺܼ݊݅ݏᇱߨሻ  ߯ 6 
 
 The adjustable constants have been determined by method of least squares. The 
constants are the same for the full range of masses listed from A =19 to A =260. 
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Conclusion 
Liquid drop model of the nucleus structure explains all the binding energies but 
cannot explain the existence of magic nuclei. Shell corrections play very important 
role in nuclear structure. By following this methodology we can guess the next magic 
nucleus in super heavy elements. 
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