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The effect of multiple scattering 

on the average path length of ions 

passing through a thin film  
 

Computer simulation. To investigate the problem, we used 

the computer simulation program PAOLA. The differential 

cross section written as a function of transferred energy takes 

the form 

 

𝑑𝜎 =
 (1 + 𝜖) 𝑑𝑢 

(1 + 𝜖𝑢)2
                               

 

Equation of transfer. The distribution function 𝑓(𝑥, 𝑡, 𝜇) de-

pends on the target depth 𝑥,  path length 𝑡 and directional 

cosine 𝜇. Transport equation  
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1

−1

𝑑𝜇′     

 

Laplace transformation 
 

𝐹(𝑥, 𝑠, 𝜇) =  ∫ 𝑒−𝑠𝑡𝑓(𝑥, 𝑡, 𝜇)
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One-velocity equation of transfer   

 

𝜇
  𝜕𝐹

𝜕𝑥
+ (𝑠 + 1) 𝐹 = ∫ 𝜎(𝜇, 𝜇′) 𝐹(𝑥, 𝑠, 𝜇′)
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Figure 1  

The ratio L/D as a function of target thickness for the hard 

sphere potential and different ion to atom mass ratios: A=0 

(upper line), A=1 and A=2 (lower line) obtained from equa-

tion of transfer. Markers – results of computer simulation.  
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Figure 2 

The ratio L/D as a function of energy variable for the target 

thickness D=10 obtained by computer simulation. Ion to 

atom mass ratios: A=0 (upper markers), A=1, A=2 (lower 

markers). Solid lines – theoretical results. 
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