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1. Introduction. A lot of plasma physical problems require description of the transport in a 

medium with a finite velocity of carriers. The energy transfer by photons in spectral lines of 

atoms and ions in plasmas and gases in interstellar medium, nonlocal transport of heat and 

particles in laboratory plasmas, etc. are some examples of such processes. Investigation of the 

processes of nonlocal transport that significantly differ from the conventional diffusion is of 

special interest (see the survey [1]). The phenomena of nonlocal (superdiffusive) transport are 

closely related to long-free-path carriers, called «Lévy flights» by B. Mandelbrot, [2]. The 

processes of nonlocal transport with account of the finite velocity of carriers (i.e. of the 

retardation effect) are called «Lévy walks» [1, 3, 4]. In the case of scattering of carriers with 

account of their trapping (e.g., absorption and re-emission) these processes are called the «Lévy 

walk + rests» (see Figure 1 in [1]). 

It was shown for the Green's function of non-stationary superdiffusive transport by Lévy 

flights that a wide class of perturbation transfer phenomena in a homogeneous medium has an 

approximate automodel (self-similar) solution [5, 6]. A generalization of this approach to the 

case of finite velocity of carriers is given in [7]. 

In this work it is shown that the method of obtaining an approximate automodel solution 

for non-stationary transport by Lévy flights and Lévy walks has a wide range of applicability in 

laboratory and space plasma physics. 

2. Resonant radiation transport in bursty phenomena in astrophysics. The equation 

for the Green's function for density        of perturbation for non-stationary one-dimensional 

nonlocal transport in a homogeneous medium has the form [8]: 

       

  
   

 

 
          

 

 
                    

      

 
     

      

 
 

  

  

                                                                                                                                 

where      is the step-length probability distribution function (PDF), which describes the 

probability density for the process of carrier’s start («emission» of the carrier by the medium) 

and subsequent stop («absorption» of the carrier by the medium) after passing the distance  , 
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  is the average “waiting time”, i.e. the time between the moments of stopping and starting the 

carrier (average lifetime of the medium’s excitation),   is the (constant) velocity of carriers,   

is the average inverse lifetime with respect to the de-excitation of the medium by all other 

mechanisms different from the absorption-emission of the carrier;      is the Heaviside 

function;      is the Dirac delta-function.  

In [7] it was shown that for Eq. (1) an approximate automodel solution can be obtained in 

the form 

             
 

 
   

 

 
  

        

 
       

        

 
      

 

 
  

        

 
                   

      
        

        

                        
        

  
  

The accuracy of the automodel solution (2) was estimated in [7] by its comparison with 

numerical calculation of exact analytic solution [8] of Eq. (1). 

The results [7] for the Green's function of the equation of  non-stationary resonant radiation 

transport in spectral lines in a quasi-stationary medium of a sufficiently large size, that require 

taking into account the finite speed of light, should be used when describing the bursty 

phenomena in astrophysical objects such as, e.g., the flares on red dwarfs (cf. respective 

analysis of the hydrogen line emission in [9]). In the literature, the problems of non-stationary 

radiation transport are solved only for the case of monochromatic radiation (see, e.g., [10, 11]). 

3. A model of describing the nonlocal characteristics of plasma turbulence. The 

possibility of obtaining the approximate automodel solutions (Sec. 2) suggests the formulation 

of a model describing the nonlocal characteristics of plasma turbulence. This model is (i) based 

on the model of superdiffusive transport in the «Lévy flights» mode (i.e. without taking into 

account the delay of the medium response) and «Lévy walks» (i.e. taking into account the 

delay) and (ii) an analogue and generalization of the method for describing the nonlocal 

transport of electromagnetic (EM) waves in plasmas (see the literature cited in [5–7]). The 

phenomenon of nonlocality (superdiffusion) for medium’s excitation transport in a medium 

with random (turbulent) scattering of the excitation carriers can be realized in the framework of 

coexistence of two alternative transport mechanisms  the local (diffusion, Brownian) trapping 

of a carrier by strong fluctuations of the scatterers’ density and the distant flights (Lévy flights) 

between events of local trapping. Accounting for a delay (i.e. finite velocity of carrier) means 

that the phenomenon belongs to the class of «Lévy walks + rests» (cf. [1]). 

The proposed model is based on the following assumptions: (a) the absorption coefficient 

(sink function  ) and the emissivity (source function  ) of carriers of medium’s excitation are 
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the fluctuating quantities with a given PDF over the value of the quantity:      and      , 

respectively; (b) the indicated random distributions are independent, i.e. there is a decorrelation 

of the processes of  birth and absorption (trapping) of medium excitation carriers (this condition 

is similar to the complete redistribution over photon frequency in the theory of resonant 

radiation transport); (c) the carrier's velocity   has a given random distribution     . In 

one-dimensional case (for space coordinates), for the density of excitation        of a 

homogeneous medium we have the following equation for the Green's function: 

       

  
   

 

 
         

 
 

 
                     

  

 

       
      

 
     

      

 
 

  

  

                                                                                                                                

                    

 

 

                        

 

 

                                 

In Eq. (4) the velocity PDF may have the form of Cauchy distribution, 

     
           

              
    

       

            
 

 

 

  

                                             

that satisfies the following conditions         
 

 
              

 

 
   . In the case of a 

power-like asymptotic of the kernel   at large distances, it may be taken in the form  

     
   

           
                                                          

where               
 

 
 is the value of the absorption coefficient averaged over medium’s 

fluctuations. There are three dimensionless parameters in the model that characterizes the 

excitation transport in a stochastic medium (for example, turbulence): 

                                                                           

Here, the parameters   and   describe the widths of the PDFs (5) and (6) for, respectively, the 

step length and the velocity of excitation carriers, while the third parameter is the ratio of the 

average lifetime of the «trapped» carrier to the mean flight time between the «trappings» of the 

excitation.  

For Eq. (3) with the PDFs (6) and (5), it is possible to obtain general solution that 

generalizes the result [8] for a monochromatic velocity PDF,            , where   is 

module of velocity (for example, the speed of light in the case of radiative transfer).  
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The proposed model is an alternative to other models, for example, [12] (cf. also the 

models in [3] for Lévy flights and in [1] for Lévy walks). The advantage of the proposed 

approach is the reduction the problem of dynamics of two substances, namely, medium’s 

excitation and excitation carriers, to the integral (superdiffusion) transport equation for the 

spatial distribution of medium excitation density as a function of space coordinates and time. It 

lowers the dimensionality of the problem in comparison with an equation for the distribution 

function of the carriers, which depends not only on the space coordinates, but also on the 

momentum (wave number). 

4. Conclusions. The method [5] of obtaining the approximate automodel (self-similar) 

solutions for non-stationary transport by Lévy flights generalized in [7] on the transport by 

Lévy walks has a wide range of applicability. Particularly it allows us to propose a model that 

describes the nonlocal characteristics of plasma turbulence, which is an analogue and 

generalization of the methods for nonlocal transport of the EM waves in plasmas (see the 

literature cited in [5-7]). This approach may be applied to the diagnostics of nonlocal 

characteristics of plasma turbulence by scattering the electromagnetic waves in plasmas, in 

particular, for the propagation of diagnostic electromagnetic waves in magnetized turbulent 

laboratory plasmas. The latter implies solving an inverse problem of recovering the main 

parameters of turbulence (such as parameters in Eq. (7)) from the diagnostic signal. 
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