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ABSTRACT 

 

We have used Binary Encounter Approximation with dipole  interaction 

(BED model ) to calculate positron impact ionization cross sections in case of  Xe 

system. For the sake of comparison, we have used the same model to calculate cross 

sections due to impact of electron (the antiparticle of positron) as well. Our results so 

obtained in case of positron impact are in very good agreement with experimental 

observations throughout the energy range investigated. 
 

Keywords: Ionization cross section, BED Model, collision at atomic level. 

 
INTRODUCTION 

 

In recent years, much theoretical and experimental attentions have been rendered 

towards positron impact ionization of atoms and molecules1,2,3,4. The ionization cross sections 

are happened to be very sensitive to charge sign and mass of the projectile and thus the 

behaviour of cross section so obtained can precisely predict the dynamics of ionizing collision 

and the nature of interactions involved therein. Positron impact ionization is particularly 

relevant for comparing cross sections due to impact of particle (e-) and antiparticle ( e+). The 

comparison between ionization by equivelocity particle and antiparticle impact can ensure 

something specific regarding their post collision dynamics2,5. 

In the present work, I have used BED model6,7 to calculate single ionization cross 

section in case of Xe system due to impact of positron and in turn electron as well . 
 

Theoretical consideration    
 

Following the simpler version of the BED model of Kim and Rudd6 (and references 

therein) Prasad et al.7 have derived the expression for the electron impact ionization cross 

section for neutral atom 
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While arriving at the expression (1), care has been taken to incorporate direct, exchange and 

interference terms along with the dipole interaction that involves differential oscillator 

strength. Instead of evaluating the differential oscillator strength exactly, an approximate 

expression suggested by Bethe [8] has been taken by Kim and Rudd6 in the BED model. 

It is obvious from (1) and (2), the expression for the ionization cross section involves 

the square of the charge state of the projectile and thus the expression (1) can be used to 

calculate positron impact cross sections with simply dropping off the exchange and 

interference terms. 

                   For the positron impact ionization cross section, the equation (1) reduces to                                 
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The interaction favouring direct single ionization by e+ used in the present work can be 

represented as 

   e+ + A → e+ + A+ + e-                                     (4) 

However, at low impact energy there is every possibility of the formation of 

positronium as such 

  e+ + A → Ps + A+                                           (5) 

In quantal approximations, the probability of the formation of positronium is generally 

used to calculate the cross sections by the impact of positron2,4,5. The possibility of the 

formation of  Ps decreases with the increase in impact energy as the binding energy of the 

positronium in its ground state is 9.8 eV. In intermediate and high energy range, the positron 

and ejected electron are in free state and due to the difference in their post collision dynamics, 

the positron has got little possibility to capture the electron to form positronium. And thus, in 

these energy ranges  it is purely an ionizing collision. 

 

RESULTS AND DISCUSSION    
 

The cross sections for Xe due to impact of positron have been shown in the figure. 

The calculated cross sections are in excellent agreement with the experimental observations of 

Knudsen et al.9 up to 500eV and show exactly similar variation with impact energy. The 

present results are lower than  that of Kara et al.10 through out the energy range except near 

the threshold. However, the factor of difference remains within  1.5. The over-estimation of 

theoretical calculations near the threshold is a general feature11. At this stage it is important to 
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point out that there is a static interaction between the projectile and the undistorted target. The 

so called trajectory effect is expected to be dominant in low energy and to persist even to higher 

impact energy in case of lighter projectile. This effect results in getting the incident positron 

decelerated due to the Coulomb interaction with target nucleus. The so caused reduction in 

cross section would certainly reduce the magnitude of over-estimation near the threshold to 

some extent. 

 
 

The ratios of cross sections due to impacts of positron and electron have been 

presented in the energy range 100-1000eV. The positron impact cross section is higher than 

that due to electron in lower energy range. And the ratio is nearly equal to unity in higher 

energy range. This is expected. The exchange and interference effect in case of electron impact 

ionization reduces the cross section in lower energy region and this effect diminishes with 

increase in impact energy. This explains as to why the two cross sections are identically equal. 
 

Ratio of ionization cross section   σ(e+ ) / σ ( e- ) 
Impact energy in eV σ ( e- ) x 10-16 σ ( e+ ) x 10-16  R σ ( e+ ) / σ ( e- ) 

100 4.74 5.45 1.14 

200 3.49 3.78 1.08 

300 2.74 2.89 1.05 

400 2.25 2.35 1.04 

500 1.93 1.99 1.03 

600 1.68 1.73 1.03 

700 1.49 1.54 1.03 

800 1.35 1.38 1.02 

900 1.23 1.25 1.01 

1000 1.14 1.15 1.00 
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