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Аннотация.            , 
    ,    , -

         ,     

    T.     
  ,       , -

  -   .    
   ,        

       1/T.   
       ,   -

       -
 ,          . 

Ключевые слова:    - ,   , 
   ,  , ,   

Введение.           -

      ( )  -

             
 ,      (.   

[1–4]).    -    -      
      -     

   .    —    

    ,     

      .   -
                -

  .      -

        . 

Методы результаты  и материалы; .    -   
      ,      -
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 , . , [1]       -
  [2]. 

      Заключение.            
               

  , ,      -

        ,   

  . 
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Abstract. Following a nonperturbative formulation of strong-field QED developed in our 

earlier works, we consider photon emission accompanying vacuum instability under the 

action of a quasi-constant strong electric field of finite duration T. We construct closed 

formulas for the total probabilities and study the photon emission by an electron and for the 

photon emission accompanying an electron-positron pair creation from a vacuum. We study 

angular and polarization distribution of the emission as well as emission characteristics in a 

high-frequency approximations with respect of 1/T. We analyze the applicability of the 
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presented calculations to three-dimensional Dirac semimetals in which the behavior of low-

energy massless excitations can be described by the Dirac equation and the role of the 

speed of light in vacuum is played by the Fermi velocity.  

Keywords: quantum electrodynamics, strong electric field, unstable vacuum, Schwinger 

effect, emission, Dirac semimetals 

Introduction. The creation of pairs of particles and antiparticles from a vacuum 

due to non-perturbative interaction with an external field (the Schwinger effect) is 

currently considered in many field models of phenomena in high-energy physics, 

astrophysics, and physics of nanostructures (see recent reviews [1-4]). Observation 

of the effect of electron-positron pair production in an electric field is not yet pos-

sible due to the high intensity of the field required in this case. However, there are 

analogs — effective theories of Dirac semimetals with massless quasiparticles, 

where the required intensity of the electric field is achievable in laboratory condi-

tions. The production of pairs of particles and antiparticles is conveniently ob-

served by the characteristic radiation of photons accompanying the effect. We 

compare the characteristics of this radiation in QED and analog models. 

Methods and materials; results. For the calculations, we use the non-

perturbative formulation of strong-field QED developed in our earlier works, see, for 

example, [5] and the study of radiation in a two-dimensional Dirac semimetal [6]. 

Conclusion. The results for the characteristics of radiation during pair produc-

tion from vacuum in QED can be compared with similar results for three-

dimensional Dirac semimetals, taking into account that in the latter the role of the 

speed of light for charged particles is played by the Fermi velocity, which is much 

less than the speed of light. 
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