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Abst ract :  Tot a l ionization cross section of Gallium atom is determined from threshold to high energy 

by using modified Jain-Khare semi-empirical approach. In this literature, the total ionization cross section is 

compared with available experimental and theoretical data. It is found that the present result gives a better 

account for ionization cross sections up to high energy. 

 

K eywords - Ionization Cross Section, Total Ionization Cross Section, and Electron impact ionization. 

 

I. INTRODUCTION 

Gallium has abundant applications in various fields of applied science. It forms the various important 

semiconductor compounds like gallium nitride, gallium arsenide and indium gallium arsenide phosphide 

which have optoelectronic properties [5]. Some of these semiconductors are used in lasers, light-emitting 

diodes, rectifiers, transistors and other solid state devices. All of these interest, the partial and total 

ionization cross section is calculated. 

II. THEORETICAL METHODOLOGY 

There are many theoretical methods to determine the ionization cross section [11]. We use a modified Jain-

Khare semi-empirical approach for calculating the ionization cross section. This gives ionization cross 

section for the production of an ith type of ion in the ionization of an atom/molecule by an incident electron 

of energy E is given by [7, 10]. 
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----------- Eq. (1) 
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Where   

W= energy loss suffered by the incident electron, 

 Ii = Ionization Potential, 

a0= Bohr radius,  

ε0= Mixing parameter,  

Ci= collision parameter, 

Si= number of ionizable electrons and 

R= Rydberg energy respectively.  

And dfi/dw is oscillator strength that is the key parameter in this equation. We have not found the 

experimental values of oscillator strength. The oscillator strength is directly proportional to the 

photoionization cross section [9].So, we use this relationship to determine the oscillator strength (dfi/dw) at 

given photon energy[1, 6]by solving the equation (4). 

dfi/dw=9.112*1016 Qpi eV-1      ----------- Eq. (4) 

Where,  

Qpi is the photoionization cross section (in cm2) 

For calculating the electron impact ionization cross section of Gallium atom, we have used the 

photoionization data [13] which gives oscillator strengths for this atom. The ionization potential for Gallium 

atom is 5.99 eV [5].The value of the collision parameter and mixing parameter are (Ci= 0.29887) and 

(ε0=45) respectively. 

III. RESULTS AND DISCUSSION 

In this literature, we have calculated the total ionization cross section of Gallium atom using the modified 

Jain-Khare semi-empirical approach of Equations (1) with the help of MATLAB programming codes. We 

calculated the ionization cross sections from 10eV to 3000eV of incident energy which is tabulated in Table 

1and presented in graphical form in Fig.1.We have compared the present results with theoretical/ 

experimental works including Bartlett and Stelboves [2-3], Jha [4]. Jaspreet Kaur [5], and NIST data[12]. 

Which is shown in Fig.2and data is given in Table 2.This gives abest agreement from 200eV to high energy. 

But at low incident energy, the present result graph as a slight low Peak while other data have more. 

 

Table 1 
Ionization cross-section values for Gallium atom (10-16 cm2) 

 
E (eV) Present E (eV) Present 

10 0.70 400 2.62 

20 0.83 500 2.35 

30 0.94 600 2.10 

40 1.05 700 1.97 

50 1.20 800 1.73 

60 1.40 900 1.59 

70 1.61 1000 1.47 

80 1.82 1200 1.31 

90 2.02 1500 1.15 

100 2.19 1800 1.01 

150 2.77 2000 0.89 

http://www.jetir.org/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                   www.jetir.org  (ISSN-2349-5162) 
 

JETIR1902A52 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 341 

 

200 2.96 2500 0.74 

300 2.88 3000 0.63 

  

Table 2 

 
Ionization cross-section values for Gallium atom (10-16cm2) 

 

 
E (eV) Present NIST(BEB) [12] Bartlett [2-3] Kaur et al [5] Jha [4] 

10 0.70 2.39 2.63 1.34 - 

20 0.83 5.19 7.00 5.72 5.81 

30 0.94 5.71 7.70 6.42 5.61 

40 1.05 5.75 7.30 6.17 5.93 

50 1.20 5.65 6.72 5.81 6.10 

60 1.40 5.48 6.16 5.48 5.83 

70 1.61 5.28 5.66 5.20 5.61 

80 1.82 5.09 5.24 4.97 5.29 

90 2.02 4.89 4.87 4.76 5.16 

100 2.19 4.72 4.55 4.58 4.94 

150 2.77 3.99 3.46 3.94 4.27 

200 2.96 3.47 2.83 3.51 3.53 

300 2.88 2.80 2.12 2.95 3.04 

400 2.62 2.34 1.72 2.59 2.46 

500 2.35 2.03 1.46 2.32 2.09 

600 2.10 1.79 1.27 2.11 1.79 

700 1.97 1.62 1.15 1.94 1.57 

800 1.73 1.47 1.03 1.80 1.44 

900 1.59 1.35 0.95 1.70 1.33 

1000 1.47 1.25 0.87 1.60 1.23 

1500 1.15 0.92 0.64 1.29 0.90 

1800 1.01 0.79 0.57 1.16 0.77 

2000 0.89 0.73 0.51 1.09 0.71 

2500 0.74 0.61 0.42 - - 

3000 0.63 0.53 0.36 - - 
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Fig.1: Total Ionization Cross Section at 10 -3000eV energy 

 

 

 
 

Fig.2.1: Total Ionization Cross Section compared with others [2-5, 12] 
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Fig.2.2: As Fig.2.1 but Cross Section in log scale [2-5, 12] 

 

 

 

 

 

IV. CONCLUSION 
Figure 1 and Table 1 shows the calculated present results for Total Ionization Cross Section of Gallium 

atom by the modified Jain-Khare formalism. Figure 2 and Table 2 shows the compared graph and data 

which agree with other available data within some experimental error from threshold to 200eV as the photo 

ionization values are also low at these energies[2-5, 12].The results good agreed from 200eV to high energy. 

Thus, this semi-empirical method could be applied to determine the cross sections for other atoms also. 

V. REFERENCES 

 [1] Au, J. W., Cooper, G., & Brion, C. E. (1997). Chemical Physics Photoabsorption and 

photoionization of the valence and inner ( P 2p, 2s ) shells of PF3 : absolute oscillator strengths and 

dipole-induced breakdown pathways, 215, 397–418. 

[2] Bartlett, P. L., & Stelbovics, A. T. (2002). Calculation of electron-impact total-ionization cross 

sections, 1–10. https://doi.org/10.1103/PhysRevA.66.012707 

[3] Bartlett, P. L., & Stelbovics, A. T. (2004). Electron-impact ionization cross sections for elements Z 

¼ 1 to Z ¼ 54 q, 86, 235–265. https://doi.org/10.1016/j.adt.2003.11.006 

[4] Jha, L. K. (2002). Single and double ionization of gallium by electron impact, 515–524. 

[5] Kaur, J., Gupta, D., Naghma, R., Ghoshal, D., & Antony, B. (2015). Electron impact ionization cross 

sections of atoms, 625(September 2014), 617–625. 

[6] Khare, S. P., and Narain, Udit (1973). Total ionization cross section of He ions due to electron 

impact. 

[7] Khare, S. P., & Meath, W. J. (1987). Cross sections for the direct and dissociative ionization of NH 

3, H 2 O and H 2 S by electron impact. Journal of Physics B: Atomic and Molecular Physics, 20(9), 

2101–2116. https://doi.org/10.1088/0022-3700/20/9/021 

0.1

1

10

0 500 1000 1500 2000 2500 3000 3500

C
r
o
ss

 S
e
c
ti

o
n

 (
1

0
-1

6
 c

m
2

) 

Enengy (eV)

Ga Ionization cross section

Present

Bartlett

Jha

NIST(BEB)

Kaur et al

http://www.jetir.org/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                   www.jetir.org  (ISSN-2349-5162) 
 

JETIR1902A52 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 344 

 

[8] Kim, Y., & Stone, P. M. (2001). Ionization of boron, aluminum, gallium, and indium by electron 

impact, 64(October), 1–11. https://doi.org/10.1103/PhysRevA.64.052707 

[9] Pal, S., Kumar, J., & Bhatt, P. (2003). Electron impact ionization cross-sections for the N2 and O2 

molecules. Journal of Electron Spectroscopy and Related Phenomena, 129(1), 35–41. 

https://doi.org/10.1016/S0368-2048(03)00033-1 

[10] Pal, S., Kumar, N., & Anshu. (2009). Electron-collision-induced dissociative ionization cross 

sections for silane.    Advances in Physical Chemistry, 2009. https://doi.org/10.1155/2009/309292 

 [11] Sharma, R., Sharma, S. P., & Kumari, N. (2017). Electron Impact Ionization Cross Section-  Semi-

empirical approach Corresponding Author : 36(2), 45–53. https://doi.org/10.5958/2320-

320X.2017.00006.1 

[12] https://physics.nist.gov/cgi-bin/Ionization/atom.php?element=Ga 

[13] https://vuo.elettra.eu/services/elements/mnu_elem.cgi? element=Ga 

 

 

 

 

 

http://www.jetir.org/

