
© 2018 JETIR October 2018, Volume 5, Issue 10                                                      www.jetir.org (ISSN-2349-5162) 

JETIR1810A04 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 680 
 

K- Shell Ionization of Neon and Magnesium due to 

impact of alpha particles  

Santosh Kumar1.*, Sandeep Kumar Prasad2, Omprakash3 and Dr. Ravi Ranjan4 

1Research Scholar, University Department of Physics, B.R.A. Bihar University, Muzaffarpur 842001, Bihar 
2Assistant Professor, Department of Physics, M.P.S. Science College, Muzaffarpur 

3Research Scholar, University Department of Physics, B.R.A. Bihar University, Muzaffarpur 
4Assistant Professor, Department of Physics, Nitishwar Mahavidalaya, Muzaffarpur 

 

Abstract :  In the present work, K-shell ionization cross-sections of Neon and Magnesium due to alpha impact have 

been calculated through the Binary Encounter Approximation model. The effects of Coulomb deflection of the projectile 

under the influence of target nucleus and increase in binding energy of the target electron because of presence of the 

projectile inside K- shell of the target have been incorporated.The cross-sections have been averaged over Hartree-Fock 

momentum distribution for the target electron. The calculated cross-sections have been found in satisfactory agreement 

with the available experimental values and other calculated results. 
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________________________________________________________________________________________________________  

I. INTRODUCTION 

Study of ionization of atoms and molecules due to impact of charged particles is important because of its 

applications in the field of gaseous discharge, astrophysics, atmospheric physics, plasma physics, laser physics 

etc. Moreover accurate values of ionization cross sections for inner shells (particularly K- shell) of atoms 

induced by heavy charged particles e.g. protons, alpha particles are important for trace element analysis of 

many elements1. However, experimental measurements of cross sections are not always available at the desired 

values of impact energies and hence theoretical studies of such processes become important. Further these 

studies provide a test for suitability of the theories for charged particle impact direct ionization of atoms. 

There are a number of theoretical methods for calculation of inner shell ionization cross sections due to 

heavy charged particles e.g. Plane Wave Born Approximation2, Semi Classical Approximation3, Binary 

Encounter Approximation (BEA)4. Out of these, the BEA is simple and required less computational efforts 

but yields reasonable results. 

 

II. TYPE STYLE AND FONTS 

In the present work we have calculated K-shell ionization cross sections of atomic neon and magnesium 

due to impact of alpha particles in the BEA. In the present calculations, we have incorporated the effects of the 

following two physical processes on the ionization cross sections.   

 

(i) Coulomb deflection effect: 

A positively charged particle coming close to the target nucleus experiences repulsion    due to the 

target nucleus. This reduces the velocity of the incident particle as well as changes its trajectory during 

collision. These two changes cause a reduction in the inner shell ionization cross sections. In the present work 

the above effects have been incorporated following Thomas and Garcia5 through the relation 
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where𝜎(𝐸1
′) is the ionization cross section at the reduced energy. 
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And              𝑍2𝑘 = 𝑍2 − 𝑆2𝑘 

Z1 and Z2 are the nuclear charges of the projectile and the target respectively, a2k is radiation of K- shell of 

the target whereas S2k is screening constant for K-shell. 

 

(ii) Effect of increase in binding of the target electron: 

For ejection of an electron from an inner shell, the projectile has to penetrate deep into    the shell. 

This causes an increase in the binding energy of the target electron. Under this condition, the electron response 

time is much shorter than the collision time which allows the electron to adjust to the presence of the projectile 

and thereby increases the binding energy of the electron. This feature reduces ionization cross sections at low 

impact energies and the effect gradually decreases with increase in the impact energy2. 

The above described effect has been incorporated in the expression for ionization cross sections by 

replacing the unperturbed binding energy U2k of the atomic K-shell by 𝑈𝑐 =∈ 𝑈2𝑘, Uc being the corrected 

binding energy, ∈ is a correction factor given by Brandt and Lapicki2. 
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θ2k is the reduced binding energy for the K-shell and is given by 
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The factor g is an impact velocity dependent term and is given by6 
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Vriens’ expressions7 for ionization cross section, incorporating the above mentioned effects can be written as 
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In the above equations s and t are dimensionless variables defined as  
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0V being corrected binding energy in Rydberg, while V1, V2k and M (mass of the projectile) are expressed in 

atomic units. 

 The above expressions have been averaged over Hartree-Fock velocity distribution for the target 

electron. The Hartree-Fock radial functions given by Clementi and Roetti8 have been used to construct the 

momentum distribution for target electrons. The quantum mechanical values of K-shell energy given by 

Clementi and Roetti8, have been used in the present work. The quantum mechanical values of the points of 

maximum radial probability reported by Desclaux9 have been used as the shell radii. The screening constant 

for the K-shell has been taken equal to 0.3 

 

Table.1Alpha Particle Impact K-shell Ionization Cross sections of Ne 

 

Impact 

Energy 

(MeV) 

 

Expt. Ion. 

Cross 

sections 

(10-22cm2) 

Ref:10 

Expt. Ion. 

Cross 

sections 

(10-22cm2) 

Ref:11 

Cal. ECPSSR 

Ion. 

Cross sections 

(10-22cm2) 

Ref:12 

Present Calculations 

(10-22cm2) 

(A) (B) (C) 

0.116 0.195  0.09 2.93 2.50 0.137 

0.135 0.314  0.187 4.65 4.05 0.244 

0.200  0.767 1.17 14.7 13.4 1.05 

0.250  2.03 3.18 27.2 25.5 2.37 

0.300  3.94 7.06 44.5 42.2 4.52 

0.400  12.2 23.9 92.9 89.4 12.2 

0.500  30.0 57.8 159.0 154.0 25.5 

0.600  62.2 114.0 240.0 234.0 45.4 

0.800  172.0 298.0 438.0 431.0 107.0 

1.000  343.0 567.0 671.0 656.0 198.0 

1.200  548.0 890.0 922.0 913.0 314.0 

 

 A- Without modification 

 B - Including Coulomb effect 

 C - Including Coulomb and Binding effect 
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Figure-2: K- shell ionization cross-sections of Neon 

 

 
 

  A:Presentcalculatedcrosssectionswithout any modification 

  B:PresentcalculatedcrosssectionsincludingonlyCoulombeffect 

   C:Presentcalculatedcrosssections including both the processes 

    ECPSSR crosssections Ref.:12 

      Experimentalionization crosssections 

     Ref.:10 

     Ref.:11 

 

 

Table.2K-Shell Ionization Cross sections of Magnesium 

 

Impact 

Energy 

(MeV) 

Expt. Ion. 

Cross 

sections 

(10-21cm2) 

Ref:13 

Cal. ECPSSR 

Ion. 

Cross sections 

(10-21cm2) 

Ref:12 

Present Calculations 

 (10-21cm2) 

(A) (B) (C) 

1.0 9.6 7.8 13.0 12.8 3.62 

1.5 16.7 24.9 28.4 28.1 10.5 

2.5 57.7 71.0 67.0 66.3 31.5 

3.0 79.7 93.1 105.0 105.0 45.5 

3.5 105.0 112.0 131.0 131.0 71.6 

4.0 118.0 128.0 149.0 149.0 91.1 

4.5 135.0 142.0 163.0 162.0 106.0 

5.0 153.0 153.0 173.0 173.0 118.0 
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Figure-2: K- shell ionization cross-sections of Magnesium 

 

 
  A:Presentcalculatedcrosssectionswithout any modification 

  B:PresentcalculatedcrosssectionsincludingonlyCoulombeffect 

  C:Presentcalculatedcrosssections including both the processes 

   ECPSSRcrosssections Ref.:12 

    Experimentalionization crosssections 

    Ref.:13 

 

 

III. RESULTS AND DISCUSSION 

 

3.1  K – shell ionization cross sections of Neon 

We have calculated K – shell ionization cross sections of Neon due to impact of alpha particles in the 

energy range from 0.116 MeV to 1.2 MeV and the results have been shown in the table 1 and figure 1. 

Observed results have been compared using the several of experimental results to Harrison et.al.10 and 

Langenberg and vanEck11. We have presented a comparison of our results and the experimental observation 

and the theoretical calculations in ECPSSR12. At low impact energies our results are slightly underestimate 

the experimental values but with increase in impact energy the agreement improves. This is a general trend 

of BEA cross sections. Overall agreement of our results with the experiments is satisfactory; they are always 

within a factor of two. The present results are also in reasonable agreement with the values of cross sections 

obtained in ECPSSR theory. 
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3.2  K – shell ionization cross sections of Magnesium 

We have performed K – shell ionization cross sections for Magnesium due to impact of alpha particle 

in the range of 1.0 MeV to 5.0 MeV and the results have been shown in the table-2 and figure-2. Observed 

results have been compared using the several of experimental results to Sellers et.al.13 and calculations of 

ECPSSR12. Experimental results are available only in a small range of impact energy. Our calculations 

overestimated experiments but the agreement improves with its increase in the impact energy. Present results 

are also in reasonably good agreement with ECPSSR12 calculations. 
 

 

IV. CONCLUSION 

A critical study of the results presented in section 3 leads to the conclusion that the present method 

gives reasonable values of alpha impact K- shell ionization cross sections of Neon and Magnesium with very 

small computational effort. The present results are also in close agreement with the cross sections obtained 

using more improved method namely ECPSSR.  
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