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Abstract:  In present article, the electron-impact ionization cross sections have been calculated by using the modified Khare 

model and Kim BEB model for water molecule (H2O) from ionization threshold to 10 MeV. The collision parameters CRP and 𝑀2 

also has been calculated. The calculations are compared with available previous experimental data as well as theoretical results. A 

remarkable agreement is found among the present results, other previous calculations and experimental data.  
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Introduction:   

The electron impact ionization cross sections of atoms and molecules are not only important to understand the basic collision 

mechanism but also in wide range of experimental applications, for example the modelling of semi-conduction manufacturing by 

plasma processing needs ionization cross sections of molecules used as the ideal gas. The ionization cross sections are also 

needed in various research areas such as atmospheric physics, astrophysics, radiation physics etc. Water molecule are detected in 

the atmosphere of planets such as Venus, Uranus, mars, Jupiter, Saturn, Earth and satellites of Jovian planets. Total ionization 

cross sections are important for modelling of their atmosphere [1-3]. 

Straub et-al. [4] measured the electron-impact ionization cross sections of water molecule with experimental error 4.5 % 

from threshold to 1 keV. They have used time of flight mass spectrometer with position sensitive detector. Djuric et-al. [5] have 

measured ionization cross sections for water molecule with experimental error 7% by using parallel plate ionization chamber from 

threshold to 80 eV. Rao et-al. [6] have carried out cross sections experimentally from thresholds to 1 keV by utilizing a crossed 

electron beam and molecular beam collision geometry. Bolorizadeh and Rudd [7] have also reported the total ionization cross 

sections of water molecule from 20 eV to 2 keV. We have only one experimental data at relativistic energies (0.1-2.7 MeV) those 

measured by Reike and Prepejchal [8]. They measured the cross sections in term of two collision parameters CRP and Mi
2. 

Theory  

In 2019, Kumar et-al. [9], have modified Khare-BEB model [10]. They simplified the Bethe cross section of Khare-BEB model. 

In this modified model, the ionization cross section due to electron impact for jth molecular orbital is given by  

𝜎𝑗𝑇 = 𝜎𝑗𝑀 + 𝜎𝑗𝐵 + 𝜎𝑡𝑗                        (1) 
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Where Mott cross section  𝜎𝑗𝑀 is  
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where 𝑡 =  𝐸/𝐼, 𝐸 =
1
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2𝑅2.  The notations U, 𝑎0, I, N, T, m, c and R stand for the average kinetic 

energy of bound electron, the first Bohr  radius, the ionization energy, the occupation number of molecular orbital, the kinetic 

energy of the incident electron, rest mass of electron, velocity of light and Rydberg energy respectively. The Bethe cross 

section 𝜎𝑗𝐵 is given by 

𝜎𝑗𝐵 =
𝐴𝑁

2[𝐸 + 𝐼 + 𝑈]𝐼
[
1

2
(1 −

1

𝑡2
) − 𝑋]                (3) 

Where, the term X is given by 
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And cross section due to the transverse interaction is  

𝜎𝑡𝑗 = −
4𝜋𝑎0

2𝑅

𝐸
𝑀𝑗
2[ln (1 − 𝛽2) + 𝛽2]     (4) 

where β  is the ratio of  the incident velocity v and the velocity of light c, 𝑀𝑗
2 represents the total dipole matrix squared measured 

in units of 𝑎0
2 and given by 

 𝑀𝑗
2 = ∫
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Where, 
𝑑𝑓𝑗(𝑤,0)

𝑑𝑤
 is the continuum optical oscillator strength (COOS) per unit energy range and given by 

𝑑𝑓𝑗(𝑤, 0)

𝑑𝑤
=
𝑁𝐼𝑗

𝑤2
                                      (6) 

The expression of collision parameter for jth molecular orbit CjRP  is given by 

CjRP =
𝑅𝐸

A
∑(𝜎𝑗𝐵+𝜎𝑗𝑀)
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In Kim BEB model [11], the total ionization cross section due to electron impact for jth molecular orbital is given by 
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Results and discussion  

Equation (1) along with equations (2-4) has been used to evaluate total ionization cross section due to electron impact of 

molecule. We have calculated the cross sections by using Kim BEB method [11] with adding an extra term, cross section due to 

the transverse interaction given by equation (4) from threshold to 10MeV to compare our calculations. The collision parameters of 

molecule are calculated by using equations (5) and (7). The required molecular parameters binding energies I, kinetic energies of 

bound electrons U and occupation numbers N are taken from reference [12]. In figure (1), the present ionization cross sections 

along with available previous theoretical as well as experimental results for water molecule are depicted from threshold to 10 

keV. Our calculation are in good agreement with the experimental data those measured by Straub et al. [4]. Present cross sections 

are lower than the experimental results of Rao et-al. [6] by 25% and do not agree. Figure shows a fair agreement between present 

calculations and experimental results of Bolorizadeh & Rudd [7] and Djuric et al. [5]. Our results and Kim BEB calculation are 

very close to each other. 

  

 

Fig.1 Total ionization cross sections for water molecule in 10-16 cm2. Solid line and dotted line represent present results, 

and Kim-BEB calculation respectively. Filled rectangles, filled triangles, Open circles and filled circles represent the 

experimental results of Djuric et al., Straub et al., Bolorizadeh and Rudd and Rao et al. respectively. 

 The figures (2) show the total ionization cross sections due to electron impact for water molecules respectively. In this figure we 

have compared the present calculation with the experimental results those measured by Reike and Prepejchal [8].  
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Fig. 2 This figure shows the present total ionization cross sections along with experimental data of Reike and Prepejchal 

for water molecule in energy range (0.1-10MeV) in 10-16 cm2. Solid line and dotted line represent present results and Kim-BEB 

calculations respectively. 

A good agreement is found between our theoretical results and experimental data. At relativistic impact energies, the ratio of our 

cross sections and Kim BEB calculations are very close to one.  

           In table (1), the present theoretical collision parameters along with experimental data are represented.  

Molecules CRP(at 

1MeV) 

CRP(at 

10MeV) 

CRP(at 

100MeV) 

CRP(Exp. Rieke 

[8] ) 

Present 

𝑀𝑗
2 

𝑀𝑗
2 (Exp. 

Rieke [8] ) 

Water 34.5 34.27 34.27 32.26 3.00 3.24 

 

Table-1 The present calculated values of collision parameter CRP and 𝑀𝑗
2  (in unit of 𝑎0

2) are shown along with the 

experimental values given by Rieke and Prepejchal. The values of CRP are calculated at incident energies 1, 10 and 100 MeV 

using equation (7). 

On increasing the kinetic energy of incident electron calculated value remains nearly constant, which is according to expectation?  

The calculated value of CRP is greater that the experimental value by 7.4 %, however present value of dipole matrix squared 𝑀𝑗
2 is 

lower than the experimental value of Rieke and Prepejchal by 6.2%. 

Conclusion:  

 Khare BEB model is used to calculate the ionization cross sections of water from ionization threshold to 10 MeV. The present 

cross sections are found in the good agreement with available experimental data over most of incident energy range. The 

calculated values of parameters are also found in good agreement with the experimental values. 

Acknowledgment 

I am grateful to Dr Yogesh Kumar for fruitful discussion and also thankful to principal Vardhaman College Bijnor for providing 

the facilities for research work. 

References: 

 

[1] S. P. Khare, “Introduction to the Theory of Collisions of Electrons with Atoms and Molecules” Kluwer Academic Press, 

New York. 

0

0.005

0.01

0.015

0.02

0.025

0.1 1 10

T
IC

S
 (

1
0

-1
6
cm

2
)

E(MeV)

Present

Rieke

Kim

http://www.ijrti.org/


© 2022 IJNRD | Volume 7, Issue 7 July 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2207164 International Journal of Novel Research and Development (www.ijnrd.org)  

 

1464 

[2] Dzhumagulova K. N. Shalenov E.O., Ramazov T.S. Phys. Plasmas 22, 082120 (2015). 

[3] Kim C.G. ,Jung Y.D. Plasmas 19, 014502 (2012). 

[4] H. C. Straub, B. G. Lindsay, K. A. Smith, and R. F. Stebbings, J. Chem. Phys. 108,1, (1998). 

[5] N.L. Djuric, I. M. Cadez & and M.V. Kurepa, Int. J. Mass Spectrom. Ion. Processes. 83, R7-R 10, (1988). 

[6] M. V. V. S. Rao, I. Iga and S. K. Srivastava: Journal of Geophysical Research, vol. 100, no.17,  421, (1995). 

[7] M. A. Bolorizadeh  and M. E. Rudd, Phys. Rev. A 33, 882, (1986). 

[8] F. R. Rieke, and W, Prepejchal, Phy. Rev. A 6,1507 (1972). 

[9] Y. Kumar, M. Kumar, S. Kumar and R. Kumar: Atoms,7, 60, (2019). 

[10] S. P. Khare, M. K. Sharma & S. Tomar, J Phys B At Mol Opt Phys, 32, 3147, (1999). 

[11] Y. K. Kim & M. E. Rudd, Phys Rev A, 50, 3954 (1994). 

[12] Atomic and molecular data, https/www.nist.gov 

 

 

http://www.ijrti.org/

