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Abstract. The paper is devoted to theoretical investigation of interaction of pulsed high current 

electron beam with gas substance. As a result of the interaction the formation of chemical 

active plasma can be observed. One of the key parameter for theoretical analyze of the process 

is the electron distribution function. Within the framework of the Boltzmann approach we 

obtained the dynamical equation for electron distribution function depending on the electron 

energy, coordinate and time. 

1. Introduction 

The influence of concentrated of energy fluxes on the gas substance attracts the interest of many 

theoretical groups [1-9]. As a source of the energy fluxes it is often used the discharge and lasers. The 

action time of the energy fluxes is small (  3 610 10  sec) compared with typical time of physical 

and chemical processes in created plasma ( 7 1210 10   sec). In these cases the stationary equations for 

describing the electron distribution function (EDF) is applicable [1, 2, 4, 6, 8]. 

Another method of action on gas is the using of pulsed high current electron beams [10]. The 

pulsed duration of such accelerators is nearly 6 1010 10   sec and the power flow of 10
6
 – 10

9 
W/cm

2
. 

Under the action of the beams on a chemical active gas the nonequlibrium plasma is formed. Note that 

the physical and chemical processes occur simultaneously with spreading of beam. In this case the 

stationary describing is not applicable. Moreover, the concentration of chemical active particles 

changes significantly for small time interval. In addition if one use the power flow of 10
6
 – 10

9 
W/cm

2
 

the priority and rates of physical and chemical processes are changed. 

In present paper we obtained the dynamical equation for time evolution of EDF based on the 

Boltzmann equation. The equation allows investigating the electron beam spreading in the gas 

substance.   

 

2. Boltzmann equation 

The time evolution of electron distribution function  ,v, ,f f r t  in the space of the coordinates r  

and the velocities v  is described by means of Boltzmann equation  
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where e , m  are the elementary charge and mass of electron respectively, F  is the electromagnetic  

force created by beam electrons,  /f t   is the collision integral. Under the assumption of weak 

anisotropy it can be used a Legendre polynomial expansion 
nP  for EDF [1] 
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Inserting in Boltzmann equation (1) the expansion (2) to first order the second term is written as 
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and the second term is 
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where 
0f , 

1f  are the isotropic and anisotropic parts of EDF respectively. Thereby, after EDF 

expansion the (1) can be represented as the two equations for zero and first order of velocity  
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3. Dynamical equation 

The left part of (5b) after substitution (2) is written as 
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where  kN t  is the time function of molecular concentration of various sorts k , k

elQ  is the cross 

section of elastic interaction between electrons and k -molecules, jk

inelQ  is the cross section of j -type 

inelastic interaction. For obtaining (6) we supposed that the decreasing velocity of 1f  is proportional 

to the collision frequency between electrons and molecules. Substituting the (6) in (5 b) it is gets 
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The solution of the differential equation (8) is 
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The second term can be neglected because the vH  has the order of magnitude is nearly 1210  sec 

that ever for pulsed regime ( 710  sec) is very small time. Then the (9) is rewritten 
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Substituting the (10) in the (5 a) we get 
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For convenient let us transform from velocity space to energy space 2v / 2u m e , where   
1/ v v /m e u      [2]. Then dynamical equation (11) can be rewritten as 
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The right path of the equation (12) contains the inelastic and the hyper elastic terms 
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In work [2] the relation for the inelastic term was derived. We have generalized this relation for the 

time dependent case and have obtained the relation for hyper elastic term 
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where jku  is the energy of j -type excitation state of k -molecule,  jkN t  is the time function of 

molecular concentration of various sorts k  at the j -type excitation state. The cross section of the 

hyper elastic collisions is related with the jk

inelQ  by means of the ratio 
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4. Correspondence principle 

The relations (12)-(15) are described the time evolution of electron distribution function. The main 

features are the possibilities to imply the equation (12) for the gas substance and the time dependence 

of the concentration of molecules at the various stages: ground and excited. If in (12) we eliminate the 

mixed derivatives, the coordinate and time dependences in (14) and (15) we obtain the “classical” 

formulae derived by W.L. Nighan [2].  

 

5. Conclusion 

The dynamical equation for describing of spreading process of pulsed high current electron beam in a 

gas substance is obtained. The relation was derived by using Boltzmann equation. The time 

dependence of chemical active particle concentration is a main feature of the dynamical equation. It is 

argued that the obtaining relation in limit case transform to the equation previously received in other 

works.     

 

Acknowledgment 

The reported study was funded by RFBR according to the research project No. 16-32-00071 mol_a. 

and within the framework of the Programme on National Research Tomsk Polytechnic University 

Competitiveness Enhancement in the Group of Top Level World Research and Academic Institutions. 

 

References 

[1] Petrov G, Winkler R 1997 Jour. Phys. D: Appl. Phys. 30 53 

[2] Nighan W L 1970 Phys. Rev A 2 1989 

[3] Aktaev N E 2014 Jour. of Phys.: Conf. Ser. 552 012033 

[4] Winkler R, Arndt S, Loffhagen D, Sigeneger F, Uhrlandt D 2004 Contrib. Plasma Phys. 44 437  

[5] Loffhagen D, Arndt S, Sigeneger F, Uhrlandt D, Winkler R 2005 Contrib. Plasma Phys. 45 309  

[6] Sigeneger F, Winkler R 1996 Contrib. Plasma Phys. 36 551 

[7] Maulois M, Ribiere M, Eichwald O, Yousfi M, Azais B 2016 Phys. of Plasmas 23 043501 

[8] Starikovskiy A, Aleksandrov N 2013 Prog. In Energy and Combust. Science 39 61 

[9] Starikovskaia S M, Starikovskii A Yu, Zatsepin D V 2001 Contrib. Plasma Phys. 5 97 

[10] Pushkarev A I, Remnev G E 2005 Combust. Explos. and Shock Waves 41 278 

 

4

XII International Conference Radiation-thermal Effects and Processes in Inorganic Materials         IOP Publishing
IOP Conf. Series: Materials Science and Engineering 168 (2017) 012051  doi:10.1088/1757-899X/168/1/012051




