
© 2016 al-Farabi Kazakh National University                                    Printed in Kazakhstan

International Journal of Mathematics and Physics 7, №1, 131 (2016)

UDC 539.9.01 
 

*Shalenov E.O., Dzhumagulova K.N., Ramazanov T.S., Gabdullina G.L. 
 

Al-Farabi Kazakh National University, IETP, al-Farabi 71, 050040 Almaty, Kazakhstan 
*e-mail: shalenov.erik@mail.ru 

 
Influence of dynamic screening on the scattering cross sections  

of the particles in the dense nonideal plasmas of noble gases 
 
 

Abstract: Within the dynamic screening potential model, elastic scattering processes between 
electrons and atoms in partially ionized plasmas were investigated using the method of phase 
functions. The phase shifts were calculated by solving the Calogero equation. Differential and total 
cross sections for the scattering of electrons on noble gas atoms were calculated and compared with 
experimental and other theoretical data. It was shown that the polarization potential is adequate for 
description the interaction between charged and neutral particles in partially ionized plasma. Analysis 
of the results showed that the phase shifts of electron atom scattering obtained with taking into account 
the dynamic screening are larger than the data obtained with consideration of static screening. The 
results can be used to calculate the various transport coefficients of the semiclassical dense plasma. 
Key words: scattering cross section, dynamic interaction potential, dense nonideal plasma, phase shift, 
noble gases. 

 
 
Introduction  
 
Elastic scattering of electrons on atoms is a 

fundamental process that continuously attracts the 
attention of researchers. A large number of various 
theoretical and experimental studies of elementary 
processes is devoted to the elastic scattering of electrons 
on noble gas atoms. Reaction cross section are valuable 
since they provide information on how particles collide 
and interact. They are needed to describe transfer 
processes within partially ionized plasmas. For those 
practical applications where plasma is a working 

medium, one needs adequate data on physical properties 
of the system. Various theoretical methods are used in 
plasma investigations; one of them employs 
pseudopotential models that adequately describe the 
effective interaction between the plasma constituents. In 
the present work we consider collisional processes in 
plasmas of complex composition on the basis of the 
static potential and dynamic potential for the electron-
atom interaction. In this work we used the effective 
potential of electron atom interaction presented in works 
[1-3] and considering the effects of screening and 
diffraction: 
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where  

 2 2 2 21 1 4 / 2ea D eaA r     ,    

 2 2 2 21 1 4 / 2ea D eaB r     . 

2ea ea B ek T     is the de Broglie thermal 

wavelength;  /ea e a e am m m m    is the reduced 
mass of the atom and the electron; 

  1/228D B er k T e n  is the Debye length; en  is 

the numerical density of electrons; T  is the plasma 

temperature; Bk  is the Boltzmanns constant,   is 
the atomic polarizability. Potential (1) is screened 
and has finite values at the distances close to zero. 

Collision cross sections directly depend on the 
relative velocity of the colliding particles, contained 
in the equations for their calculation. The energy of 
the static interaction usually does not depend on this 
velocity. This consideration is not entirely correct, 
and accounting of the influence of the different 
dynamic effects, in particular, the dynamic 
screening of the incident charges field, on the 
interaction energy of the particles is more consistent 
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[4,5]. In work [5] the elastic differential cross 
sections of charges in a dense semiclassical plasma 
on the basis of the interaction potential, taking into 
account the effects of diffraction and the effect of 
dynamic screening were investigated. In work [6] 
phase shifts, differential, partial, total and transport 
scattering cross sections of charges in a nonideal 
semiclassical plasma on the basis of interaction 
potential, taking into account the effects of 
diffraction and the effect of dynamic screening were 
calculated. 

This potential has been obtained by replacing 
the usual Debye length in the interaction potential 

(1) by the screening radius, depending on the 
relative velocity of the colliding particles [7]: 

 
2 2 1/2

0 (1 )D Thr r    ,                       (2) 

 
here υ is the relative velocity of the colliding 
particles, υTh is the thermal velocity. Then the 
energy of the electron-atom interaction, which takes 
into account dynamic screening, in a dimensionless 
form is:
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where  
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In the case, when the influence of the scattering 

center is not large, the calculation of the scattering 
cross sections can be carried out in the Born 
approximation [8]. In work [5] basing on the results 
obtained by the Born method, it was shown that 
dynamic screening increases the differential 
scattering cross sections in comparison with the 
Debyes static screening, especially at small 
scattering angles. At large scattering angles 
differential cross sections converge. 

The method of partial waves [8-9] gives more 
accurate quantum mechanical solution of the 
problem of the scattering cross section estimation. 
In this method the scattering cross sections are 
calculated on the basis of the scattering phases of 
the waves with different values of the orbital 

quantum number. For large values the scattering 
phase can be found from the semiclassical 
representation of a particle moving in the field of a 
fixed force center. Another method for the scattering 
phase calculation is called as the phase-function 
method, it reduces to solving of the first order 
differential equation for the phase function [8]. 

 
Method and parameters 
 
The method of phase functions is used for the 

investigation of scattering processes, see Ref. [2,6]. 
The mathematical background of this method is 
given by the following fact which is well known in 
the theory of differential equations: a linear 
homogeneous equation of the second order (the 
Schrdinger equation, in our case) can be reduced to 
a non-linear equation of the first order, i.e. to the 
Ricatti equation, in our case. The monograph [10] 
provides a detailed description of this method. Thus, 
within this approach we solved a first-order 
differential equation for the scattering phase, i.e. the 
Calogero equation:
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where l is orbital quantum number;  ,0l k  is the 

phase function;  r  is the interaction potential; 

k is the wave number of the particle;  lj kr  and 

 ln kr  are regular and irregular solutions of the 

Schrödinger equation. The phase shift is the 
asymptotical value of the phase function at the large 
distances: 
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Note that in the Calogero equation there is an 
obvious relation between the interaction potential 
and the scattering phase shift. Besides, it is quite  
 

easy to solve this equation numerically. In the 
present work we employed the Runge-Kutta method 
of fourth order. 

If the scattering phase shifts are known, one can 
calculate the total cross section for the elastic 
scattering of plasma particles according to [8]: 
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The wave number is rebated to the energy of the 

incident particle, 2 2/eak E  . 
In this work for hydrogen plasma the following 

dimensionless parameters were used: 
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is the coupling parameter; the average distance 
between particles is  1/33/ 4a n , e in n n   
density of charged particles; 

 

B
s a

ar  ,                                (8) 

is the density parameter ( 2 2
B ea m e   is the Bohr 

radius). 
 
Method and parameters 
 
The results of studies of the collisional 

processes within the static model (1) have been 
previously obtained and presented in [11-12]. The 
comparison with results obtained on the basis of the 

Debye and Deutsch models, which take into account 
one of two effects, screening or diffraction, 
respectively, was presented there. In this paper, we 
present the data obtained in the framework of the 
potential (1) for comparison with the results 
obtained on the basis of a new dynamic interaction 
potential (3), taking into account the dynamic 
screening and the effect of diffraction. The goal of 
this work is to identify the differences in the 
characteristics of the collisional processes 
associated with the use of the dynamic screening in 
the charged particles interaction. 

Equation (4) was solved numerically. Figures 1 
and 2 show the dependences of the phase function 
of the electron atom scattering on the distance 
obtained in the framework of the models of static 
and dynamic screening. As can be seen in Figures 1 
and 2, the obtained phase functions demonstrate 
proper asymptotic behavior, at large distances they 
tend to some steady-state value, which is actually 
the phase shift. Phase shifts calculated within the 
dynamic potential (3) are larger then phase shifts 
derived within the static model (1), since the 
dynamic screening of the field is weaker than the 
static one. 

Figure 3 shows the dependences of the 
differential cross sections of the electron-atom 
scattering on the scattering angle obtained in the 
framework of the models of static and dynamic 
screening. As can be seen in Figure 3, the 
differential cross sections calculated within the 
dynamic potential (3) lay higher then differential 
cross sections derived from the static model (1). 

Figures 4 and 5 present the total cross sections 
for the scattering on the basis of static and dynamic 
potentials of the electrons on neutral He, Ne, 
respectively. The comparison of our results with the 
data obtained in experimental and other theoretical 
works shows that the dynamic potential used in the 
present work describes adequately the interaction of 
the electrons with atoms. 
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Figure 1 – Phase functions of electron-atom scattering in the dense plasma of noble gases.  

a) Г = 0,5, rs = 10, k = 2aB
–1.  

1 – On the basis of the static potential on the hydrogen atom; 2 – On the basis of the dynamic potential on the hydrogen atom;  
3 – On the basis of the static potential on the helium atom; 4 – On the basis of the dynamic potential on the helium atom;  

b) Г = 0,5, rs = 10, k = 4aB
–1.  

1 – On the basis of the static potential on the hydrogen atom; 2 – On the basis of the dynamic potential on the hydrogen atom;  
3 – On the basis of the static potential on the helium atom; 4 – On the basis of the dynamic potential on the helium atom; 

 
 

 
 

Figure 2 – Phase functions of electron-atom scattering in the dense plasma of noble gases.  
c) Г = 0,5, rs = 10, k = 2aB

–1.  
5 – On the basis of the static potential on the neon atom; 6 – On the basis of the dynamic potential on the neon atom;  

7 – On the basis of the static potential on the argon atom; 8 – On the basis of the dynamic potential on the argon atom;  
d) Г = 0,5, rs = 10, k = 4aB

–1.  
5 – On the basis of the static potential on the neon atom; 6 – On the basis of the dynamic potential on the neon atom;  

7 – On the basis of the static potential on the argon atom; 8 – On the basis of the dynamic potential on the argon atom; 
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Figure 3 – Differential cross sections of the electron-atom 

scattering depending on the scattering angle, Г = 0,7, rs = 4, k = 
0,8aB

–1. Open symbol – on the basis of the dynamic potential; 
Solid symbol – on the basis of the static potential; 

 
 

 
Figure 4 – Total cross sections for electron scattering on the 
helium atom on the basis of static and dynamic potentials.  
1 – [13]; 2 – [14]; 3 – [15]; 4 – on the basis of the dynamic 

potential; 5 – on the basis of the static potential. 

 
Figure 5 –Total cross sections for electron scattering on the 

neon atom on the basis of static and dynamic potentials.  
1 – [16]; 2 – on the basis of the static potential;  

3 – on the basis of the dynamic potential. 
 
 
Conclusion 
 
Based on the dynamic model of the charged 

particles interaction in nonideal semiclassical 
plasma phase shifts, differential and total scattering 
cross sections of the particles of noble gases were 
investigated. Quantum mechanical method has been 
used for their calculation. Analysis of the results 
showed that the phase shifts of electron atom 
scattering obtained with taking into account the 
dynamic screening are larger than the data obtained 
with consideration of static screening. The 
comparison of our results with the data obtained in 
the experiments and other theoretical works shows 
that the dynamic potential used in the present work 

adequately described the elastic scattering of the 
electron on atoms of noble gases. 

The results can be used to calculate the various 
transport coefficients of the semiclassical dense 
plasma. Knowledge of these characteristics plays a 
major role in the design of technical installations 
associated with the use of the dense nonideal 
plasma, for example, inertial confinement fusion 
facilities. 

 
References 
 
1. Ramazanov T.S., Dzhumagulova K.N. and 

Omarbakiyeva Y.A.. Effective polarization 
interaction potential chargeatom for partially 
ionized dense plasma // Phys. Plasmas. – 2005. – 
Vol. 12. – P. 092702. 

2. Ramazanov T.S., Dzhumagulova K.N., 
Omarbakiyeva Yu.A., Ropke G. Effective 
polarization potential and scattering processes in a 
partially ionized plasma // Contrib. Plasma Phys. – 
2007. – Vol. 47. – P. 267. 

3. Dzhumagulova K.N., Shalenov E.O. and 
Ramazanov T.S. Elastic scattering of low energy 
electrons in partially ionized dense semiclassical 
plasma // Phys. Plasmas. – 2015. – Vol. 22. – P. 
082120. 

4. Kim C.-G.and Jung Y.-D. Quantum dynamic 
screening effects on the elastic collisions in strongly 
coupled semiclassical plasmas // Phys. Plasmas. – 
2012. – Vol. 19. – P. 014502. 

5. Dzhumagulova K.N., Gabdullina G.L. and 
Shalenov E.O. Dynamic interaction potential and 
the scattering cross sections of the semiclassical 



136

International Journal of Mathematics and Physics 7, №1, 131 (2016)

Influence of dynamic screening on the scattering cross sections of the particles in the dense nonideal ...

plasma particles // Physics of Plasmas – 2013. – 
Vol. 20. – 042702. 

6. Dzhumagulova K.N., Shalenov E.O., 
Ramazanov T.S. and Gabdullina G.L. Phase shifts 
and scattering cross sections of the particles of 
nonideal semiclassical plasmas based on the 
dynamic interaction potential // Contrib. Plasma 
Phys. –2015. – Vol. 55. – P. 230. 

7. Kremp D., Schlanges M. and Kraeft W.-D.. 
Quantum Statistics of Nonideal Plasmas. – Berlin: 
Springer, 2005. – P. 497. 

8. Landau L.D. and Lipschitz E.M. Quantum 
mechanics (nonrelativistic theory). – Moscow: 
Nauka, 1989. – P. 768. 

9. Drukarev G.F. The Theory of Electron-Atom 
Collisions, Translated from the Russian edition 
(1962) by S. Chomet, Hasted J.B., Translation Ed. 
Academic Press, New York, (1965) 

10. Babikov V.V.. The Method of Phase 
Functions in Quantum Mechanics. – Moscow: 
Nauka, 1988. – P. 224. (in Russian) 

11. Ramazanov T.S., Dzhumagulova K.N. and 
Akbarov A.Zh. Cross sections and transport 

coefficients of dense partially ionized semiclassical 
plasma // J. Phys. A: Math. Gen. – 2006. – Vol. 39. 
– P. 4335–4340. 

12. Ramazanov T.S., Dzhumagulova K.N., 
Gabdullin M.T. and Akbarov A.Zh. A scattering 
cross-section and ionization equilibrium of a dense 
metal plasma // J. Phys. A: Math. Theor. – 2009. – 
Vol. 42. – P. 214049. 

13. Golden D.E., Bandel H.W. Absolute total 
electron-helium-atom scattering cross sections for 
low electron energies // Phys. Rev. – 1965. – Vol. 
138. – P. 14. 

14. Cromton R.W., Elford M.T., Jory R.L. The 
Momentum Transfer Cross Section for Electrons in 
Helium // Australian J.Phys. – 1967. – Vol. 20.  
– P. 369. 

15. Ramsauer C. Der Zeemaneffekt im 
Palladiumspektrum // Ann.Physik – 1921. – Vol. 66. 
– P. 546. 

16. Salop A., Nakano H.H. Total Electron 
Scattering Cross Sections in O2 and Ne // Phys. 
Rev. A – 1970. – Vol. 2. – P. 127.

 


