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ABSTRA CT  

From low to high energy (10 KeV) absolute electron impact ionization cross section of neon is determined 

via modified Jain-Khare semi-empirical approach. In this literature the absolute ionization cross section 

data have compared with available data. It is found that the existing results are in good agreement for the 

ionization cross sections up to higher energy. Presently there is no theoretical or experimental available 

data for SDCS and DDCS for neon. The single and double differential cross sections of neon are also 

calculated.   
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INTRODUCTION 

Times to time various investigations have been made in rare gases for the efficiency of ionization by 

electron impact [1-14]. In 1930 measurement of Smith for neon and argon are made experimentally [1]. In 

1960 the measurement of relative ionization cross section for argon, krypton and xenon are made by Tozer 

and Craggs [16] using Lozier apparatus over the electron energy range upto 100 ev. However, many works 

have been done on neon [25]. Some have evaluated the partial and absolute total ionization cross section of 

neon experimentally from threshold to intermediate energy and some others intermediate to higher energy. 

There are many applications of electron impact ionization cross sections in the field of plasma processes, 

vacuum technology, ionosphere, gas discharges, in biomedical research as well as in basic theory of atomic 

and molecular collisions and others [17]. There are various theoretical formalism to determine the partial 

and total ionization cross sections [18]. For better accuracy, we use the modified Jain-Khare semi-empirical 

approach [19-21] to determine absolute and differential ionization cross section of neon.    

THEORETICAL METHODOLOGY 

The absolute ionization cross section is determined via modified Jain-Khare approach. It gives ionization 

cross section to the production of an ith type of ion in the ionization of an atom by an incident electron of 

energy E solving the following given equations [20, 27-29]. 
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We have developed the MATLAB programming codes for the calculation of huge numeral of molecular 

ionization cross sections.  
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Where   

W, Ii , a0,  ε0, Ci , Si, R are energy loss suffered by the incident electron, Ionization Potential, Bohr radius, 

Mixing parameter, collision parameter, number of ionizable electrons and Rydberg energy respectively.  

And oscillator strength dfi/dw is the key parameter. We have taken the experimental values of oscillator 

strength available up to electron energy 250 eV [22].  

Thus, for higher energies, the same data have been extrapolated by the TRK sum rule, within 10% error 

bars [23-24]. The ionization potential for neon is 21.6 eV [16]. The value of the collision parameter and 

mixing parameter are (Ci= 0.03796) and (ε0=60) respectively. 

In this literature, we have calculated the absolute ionization cross section over the secondary electron 

energy varying from 0 to (E-I)/2 using equations (1). We have calculated the single and double differential 

ionization cross section using the equation (2) and (3) which are given below [20, 29]. 
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RESULTS AND DISCUSSION 

In this literature, we have calculated the absolute ionization cross section of neon via the modified Jain-

Khare semi-empirical approach using Equations (1) to (3) by means of  MATLAB programming codes. 

Calculated ionization cross section from 30 eV to 10 KeV of incident electron energy is tabulated in Table 

1 and presented graphically in Fig. 1. We have compared the total ionization cross sections with available 

data [26] also shown in Fig.1. All these are in good agreement from threshold up to high energies.  

Table 1: Present Result for Absolute total Ionization cross-section of Neon  (10-17 cm2) 

Energy (eV) TICS Energy (eV) TICS Energy (eV) TICS 

30 0.1049 460 4.9384 2700 1.3946 

35 0.2251 470 4.8768 2800 1.3547 

40 1.0706 480 4.8172 2900 1.3172 

45 2.1203 490 4.7586 3000 1.2819 

50 2.9807 500 4.7015 3100 1.2485 

55 3.6908 520 4.5913 3200 1.2170 

60 4.2843 540 4.4866 3300 1.1872 

65 4.7827 560 4.3864 3400 1.1588 

70 5.2049 580 4.2910 3500 1.1319 

75 5.5643 600 4.1996 3600 1.1064 

80 5.8723 620 4.1123 3700 1.0820 

85 6.1373 640 4.0289 3800 1.0588 

90 6.3658 660 3.9487 3900 1.0366 

95 6.5632 680 3.8721 4000 1.0154 

100 6.7357 700 3.7985 4100 0.9951 

110 7.0030 720 3.7277 4200 0.9757 

120 7.1731 740 3.6599 4300 0.9570 

130 7.2737 760 3.5945 4400 0.9391 

140 7.3233 780 3.5317 4500 0.9220 

150 7.3347 800 3.4711 4600 0.9054 

160 7.3174 850 3.3290 4700 0.8896 

170 7.2783 900 3.1989 4800 0.8742 

180 7.2227 950 3.0793 4900 0.8595 

190 7.1548 1000 2.9690 5000 0.8453 

200 7.0778 1050 2.8669 5200 0.8183 

210 6.9942 1100 2.7721 5400 0.7931 

220 6.9059 1150 2.6839 5600 0.7695 

230 6.8144 1200 2.6015 5800 0.7474 

240 6.7211 1250 2.5244 6000 0.7266 

250 6.6256 1300 2.4522 6200 0.7070 

260 6.5311 1350 2.3842 6400 0.6885 

270 6.4359 1400 2.3203 6600 0.6710 

280 6.3424 1450 2.2599 6800 0.6545 

290 6.2492 1500 2.2029 7000 0.6388 

300 6.1582 1550 2.1488 7200 0.6238 

310 6.0679 1600 2.0976 7400 0.6097 

320 5.9802 1650 2.0490 7600 0.5961 

330 5.8934 1700 2.0028 7800 0.5833 

340 5.8093 1750 1.9587 8000 0.5709 

350 5.7263 1800 1.9167 8200 0.5592 

360 5.6460 1850 1.8766 8400 0.5479 

370 5.5669 1900 1.8383 8600 0.5371 

380 5.4903 1950 1.8017 8800 0.5268 

390 5.4150 2000 1.7666 9000 0.5169 

400 5.3416 2100 1.7006 9200 0.5074 

http://www.jetir.org/


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

JETIR1906G29 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 847 
 

410 5.2700 2200 1.6398 9400 0.4982 

420 5.2002 2300 1.5835 9600 0.4894 

430 5.1326 2400 1.5312 9800 0.4809 

440 5.0662 2500 1.4826 10000 0.4727 

450 5.0015 2600 1.4371 - - 
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Fig.1:  Absolute total ionization cross section in Å2 of Neon. 

 Solid line, Present result; star , Bartlett et al. [26] 

The results are evaluated for SDCS as a function of secondary electron energy at fixed incident electron 

energies 100 eV, 200 eV and 500 eV are given in table 2 and shown in Fig. 2- 4 respectively.  

Table 2 : Single differential ionization cross-section of Neon  by electron impact at fixed electron 

energy E=100 eV, 200 eV and 500 eV with respect to secondary electron energy 

W (eV) E=100 eV E=200 eV E=500 eV 

25 2.52E-18 1.91E-18 1.11E-18 

30 2.26E-18 1.77E-18 1.04E-18 

35 1.86E-18 1.51E-18 9.02E-19 

40 1.51E-18 1.27E-18 7.66E-19 

45 1.25E-18 1.1E-18 6.7E-19 

50 1.01E-18 9.13E-19 5.62E-19 

55 8.48E-19 7.89E-19 4.9E-19 

60 7.29E-19 6.87E-19 4.31E-19 

65 6.47E-19 5.99E-19 3.8E-19 

70 6.08E-19 5.24E-19 3.36E-19 

75 6.22E-19 4.64E-19 3.01E-19 

80 6.99E-19 4.05E-19 2.65E-19 

85 8.79E-19 3.59E-19 2.37E-19 
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90 1.22E-18 3.16E-19 2.09E-19 

95 1.85E-18 2.8E-19 1.86E-19 

100 3.09E-18 2.51E-19 1.65E-19 

120  1.83E-19 1.05E-19 

140  1.87E-19 6.93E-20 

160  2.92E-19 4.79E-20 

180  6.77E-19 3.42E-20 

200  2.81E-18 2.54E-20 

250   1.54E-20 

300   1.36E-20 

350   1.8E-20 

400   3.54E-20 

450   1.11E-19 

500   1.35E-18 

 

 

Fig.2: Single differential cross section (SDCS) of  Neon at 

 fixed incident electron energy 100 eV. 

 

Fig.3: Single differential cross section (SDCS) of Neon  at 

 fixed incident electron energy 200 eV. 

http://www.jetir.org/


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

JETIR1906G29 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 849 
 

 

 

 

Fig.4: Single differential cross section (SDCS) of  Neon  at 

 fixed incident electron energy 500 eV. 

DDCS is evaluated as a function of secondary electron energy and with respect to the fixed incident angles 

30̊, 60̊ and 90̊ of an electron at the fixed incident electron energies 100 eV, 200 eV and 500 eV are 

represented in figure 5 to 7and their respective tables are given from tables 3 to 5. 

Table 3: Double differential ionization cross-section of Neon at E=100 eV with respect to secondary 

electron energy at fixed angles 30̊, 60̊ and 90̊. 

 

W (eV) θ, 30̊ θ, 60̊ θ, 90̊ 

25 2.55E-18 4.42E-18 5.11E-18 

30 1.51E-18 2.62E-18 3.02E-18 

35 8.72E-19 1.51E-18 1.74E-18 

40 5.2E-19 9E-19 1.04E-18 

45 3.35E-19 5.81E-19 6.71E-19 

50 2.21E-19 3.82E-19 4.42E-19 

55 1.61E-19 2.79E-19 3.22E-19 

60 1.28E-19 2.22E-19 2.57E-19 

65 1.13E-19 1.95E-19 2.25E-19 

70 1.11E-19 1.92E-19 2.21E-19 

75 1.22E-19 2.12E-19 2.44E-19 

80 1.5E-19 2.6E-19 3E-19 

85 2.02E-19 3.51E-19 4.05E-19 

90 2.94E-19 5.1E-19 5.89E-19 

95 4.59E-19 7.94E-19 9.17E-19 

100 7.72E-19 1.34E-18 1.54E-18 
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Fig.5: DDCS of  Neon at fixed incident electron energy 100 eV 

 with fixed incident angle A, 30̊; B, 60;̊ C, 90.̊ 
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Table 4: Double differential ionization cross- section of Neon at E=200 eV with respect to secondary 

electron energy at fixed angles 30̊, 60̊ and 90̊ 

W (eV) θ, 30̊ θ, 60̊ θ, 90̊ 

25 2.1E-18 3.64E-18 4.2E-18 

30 1.31E-18 2.28E-18 2.63E-18 

35 8.03E-19 1.39E-18 1.61E-18 

40 5.06E-19 8.77E-19 1.01E-18 

45 3.43E-19 5.94E-19 6.86E-19 

50 2.33E-19 4.04E-19 4.66E-19 

55 1.71E-19 2.97E-19 3.43E-19 

60 1.32E-19 2.28E-19 2.64E-19 

65 1.05E-19 1.82E-19 2.1E-19 

70 8.63E-20 1.49E-19 1.73E-19 

75 7.31E-20 1.27E-19 1.46E-19 

80 6.23E-20 1.08E-19 1.25E-19 

85 5.44E-20 9.43E-20 1.09E-19 

90 4.8E-20 8.31E-20 9.59E-20 

95 4.3E-20 7.45E-20 8.6E-20 

100 3.92E-20 6.79E-20 7.84E-20 

120 3.3E-20 5.71E-20 6.59E-20 

140 4.03E-20 6.98E-20 8.06E-20 

160 7E-20 1.21E-19 1.4E-19 

180 1.68E-19 2.91E-19 3.36E-19 

200 7.02E-19 1.22E-18 1.4E-18 

 

 

Fig.6: DDCS of Neon at fixed incident electron energy  

200 eV with  fixed incident angle A, 30̊; B, 60̊; C, 90.̊ 
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Table 5: Double differential ionization cross-section of Neon at E=500 eV with respect to secondary 

electron energy at fixed angles 30̊, 60̊ and 90̊ 

W (eV) θ, 30̊ θ, 60̊ θ, 90̊ 

25 1.27E-18 2.21E-18 2.55E-18 

30 8.18E-19 1.42E-18 1.64E-18 

35 5.12E-19 8.87E-19 1.02E-18 

40 3.3E-19 5.71E-19 6.59E-19 

45 2.27E-19 3.93E-19 4.54E-19 

50 1.56E-19 2.69E-19 3.11E-19 

55 1.15E-19 1.99E-19 2.29E-19 

60 8.81E-20 1.53E-19 1.76E-19 

65 6.97E-20 1.21E-19 1.39E-19 

70 5.67E-20 9.82E-20 1.13E-19 

75 4.75E-20 8.24E-20 9.51E-20 

80 3.99E-20 6.91E-20 7.98E-20 

85 3.43E-20 5.95E-20 6.87E-20 

90 2.95E-20 5.11E-20 5.91E-20 

95 2.57E-20 4.45E-20 5.14E-20 

100 2.25E-20 3.9E-20 4.51E-20 

120 1.4E-20 2.43E-20 2.8E-20 

140 9.37E-21 1.62E-20 1.87E-20 

160 6.65E-21 1.15E-20 1.33E-20 

180 4.97E-21 8.61E-21 9.95E-21 

200 3.91E-21 6.78E-21 7.83E-21 

250 2.73E-21 4.73E-21 5.46E-21 

300 2.8E-21 4.85E-21 5.6E-21 

350 4.19E-21 7.25E-21 8.38E-21 

400 8.7E-21 1.51E-20 1.74E-20 

450 2.77E-20 4.79E-20 5.53E-20 

500 3.38E-19 5.86E-19 6.76E-19 

 

 

Fig.7: DDCS of Neon  at fixed incident electron energy 

 500 eV with fixed incident angle A, 30̊; B, 60̊; C, 90.̊ 
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We have also determined the angular behavior of DDCS at fixed incident electron energies 100, 200, and 

500 eV with fixed secondary electron energies 10 eV and 20 eV by altering scattering angle from 0̊ to 180̊ 

are also given in figure 8-10 and tabulated in table 6.  

Table 6: Double differential ionization cross-section of Neon at E=100 eV, 200 eV and 500 eV with 

respect to angle θ at constant secondary electron energy ɛ=10 eV  and 20 eV. 

 

Angle θ E=100 eV E=200 eV E=500 eV 

ɛ=10 eV ɛ=20 eV ɛ=10 eV ɛ=20 eV ɛ=10 eV ɛ=20 eV 

20 8.22E-19 2.89E-19 7.31E-19 2.87E-19 4.59E-19 1.88E-19 

30 1.2E-18 4.22E-19 1.07E-18 4.2E-19 6.71E-19 2.75E-19 

40 1.54E-18 5.43E-19 1.37E-18 5.4E-19 8.63E-19 3.54E-19 

50 1.84E-18 6.47E-19 1.64E-18 6.43E-19 1.03E-18 4.22E-19 

60 2.08E-18 7.32E-19 1.85E-18 7.27E-19 1.16E-18 4.77E-19 

70 2.26E-18 7.94E-19 2.01E-18 7.89E-19 1.26E-18 5.17E-19 

80 2.37E-18 8.32E-19 2.1E-18 8.27E-19 1.32E-18 5.42E-19 

90 2.4E-18 8.45E-19 2.14E-18 8.4E-19 1.34E-18 5.5E-19 

100 2.37E-18 8.32E-19 2.1E-18 8.27E-19 1.32E-18 5.42E-19 

110 2.26E-18 7.94E-19 2.01E-18 7.89E-19 1.26E-18 5.17E-19 

120 2.08E-18 7.32E-19 1.85E-18 7.27E-19 1.16E-18 4.77E-19 

130 1.84E-18 6.47E-19 1.64E-18 6.43E-19 1.03E-18 4.22E-19 

140 1.54E-18 5.43E-19 1.37E-18 5.4E-19 8.63E-19 3.54E-19 

150 1.2E-18 4.22E-19 1.07E-18 4.2E-19 6.71E-19 2.75E-19 

160 8.22E-19 2.89E-19 7.31E-19 2.87E-19 4.59E-19 1.88E-19 

 

 

Fig.8: DDCS of  Neon   at fixed incident electron energy 100 eV  

with fixed secondary electron energy A, 10 eV; and B, 20 eV. 
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Fig.9: DDCS of  Neon  at fixed incident electron energy 200 eV  

with fixed secondary electron energy A, 10 eV; and B, 20 eV 

 

 

 

 

Fig.10: DDCS of  Neon  at fixed incident electron energy 500 eV  

with fixed secondary electron energy A, 10 eV; and B, 20 eV. 

 

CONCLUSION 

We have calculated the absolute total ionization cross sections of neon via modified Jain-Khare formalism 

and compared with available data from threshold energy to high energy [26]. Its in pleasing agreement with 

compared data curves. Thus, from the compared graph, we can say that the results are very reliable in 

strength and shape and establish that present method and developed programming can produce reliable 

cross sections even for complex clusters also. The SDCS are also determined as a function of secondary 

electron energy. Here, the DDCS is determined as a function of secondary electron energy and the incident 
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angle of an electron at the fixed incident electron energies 100 eV, 200 eV and 500 eV, with respect to the 

fixed angles 30̊, 60̊ and 90̊ and also calculated the DDCS with respect to the incident electron angle 0̊ -180̊.  

To the best of my knowledge, no other experimental and/or theoretical data for single and double 

differential cross sections are available for comparison, till now. However, the qualitative behavior of the 

cross sections is the same as for other atoms. Thus, it is believed that the present data is reliable and could 

be used in the plasma process and other applications. 
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