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Аннотация.              
             . ,   

        C-, P-  T- 

(        ,    U(1)  ),  
        ,     ,  

    down-  -

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

Ключевые слова:     - ,   ,  
 ,  ,   —  

    Введение.  (: )   

        ( -, 

    ),   ,  

  - . ,    -

          
             ,   -

-   ,      -
  .         -

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

      .  

        -

          . 

Методы  и материалы; результаты.        
        ,   

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

      .  ,     

       -

       - (),    

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



   XXIV Международная научная конференция «Физические интерпретации теории относительности»  117

         .        

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

,   —     -
      () . 

 ,      -    
            

    ,  -, P-  T- 

    (     )   [1] (  T-, 

          ).  -
          

     a,  «»  
   ,      -
 [2].         [3] -

              ,        
       ,     «»   

 «». 

Заключение.   -    ,      
         
         
. 
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Abstract. The paper investigates the electromagnetic field in a photonic crystal that is a 

metamaterial with periodic optical superstructure. It is found that at the critical points of 

Brillouin zone, the polariton field is C-, P-, and T-symmetric (i.e., the symmetry of the 

gauge field U(1) is restored), the density of quantum states is singular, nonlinear process of 

quantum electrodynamics are observable, and parametric down-conversion of a high-

energy polariton Bose condensate into a low-energy one is permitted. The results allow to 

optically reproduce the false vacuum effects at a laboratory. 

Keywords: Big Bang, false vacuum, spontaneous symmetry breaking, photonic crystal, 

Bose-Einstein condensate 

Introduction. In quantum field theory, a false vacuum is a vacuum state that is 

locally stable but does not occupy the most stable possible ground state. Nowadays 

the most common view is that the decay of the Planck-scale trapped Higgs field 

false vacuum into the true vacuum was a key step to the Big Bang. For this reason, 

understanding the false vacuum, its properties and behavior is important for unrav-

eling the origin of the Universe. 

This paper reports the laboratory reproduction of quantum electrodynamics' 

(QED) false vacuum in an optical experiment with a photonic crystal. 

Methods and materials; results. A modern quantum field theory offers pow-

erful theoretical methods to uniformly describe both high-energy physics phenom-

ena and condensed matter ones. This way, the extreme electromagnetic field of the 

Big Bang can be dealt through a singular density of states of the polariton Bose-

Einstein condensate (BEC). The latter can be obtained through condensation of a 

light in a resonant optical microcavity. This way, the light field inside a photonic 

crystal, a metamaterial with an optical superlattice and natural (lattice) voids, is 

capable to reproduce early Universe at a lab. 

We found a light directed onto a photonic crystal condense in the nearest-to-

the-surface optical microcavity and form polariton BEC at the critical point of the 

Brillouin zone with C-, P- and T-symmetric wavefunction [1] (note the T-

symmetry meaning the arrow of time has disappeared). The BEC's singular density 

of states opens an extremely narrow nonlinear two-polariton channel   a gener-

ating “dark” axion-like particles via a mechanism that presumably dominated in the 

early Universe [2]. In the spectra of the secondary radiation we observe not only 
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this process, but also the transform of the polariton condensate into a lower-energy 

one, that can be interpreted as a decay of a “false” BEC into a “true” one [3]. 

Conclusion. The polariton BEC in the special points of the Brillouin zone of a 

photonic crystal is able to reproduce the QED false vacuum and makes it possible 

to investigate the latter at a laboratory. 
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