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Аннотация.              
     ,    ().  -

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

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

.            -
             — ,   ModMax-

. 
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Введение.      () —   

 ,       
    .      — 

              , 
           ,   

       [1].   -
        ,       

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

  [2].         -

        . 

       -

  —  ,       [3].  

            

    [1, 4, 5]        -
 .        

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

     Методы  и материалы; результаты. -      
     —   ,    .  

   [6]  -     -

,   .    -

         ,   
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   ,    .      
      .  

                 

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

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

             -

.          -

  ,         -

  [7].  

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

          — , 
  ModMax-. ,    

              ,       
  ,       
. 

Заключение.        -       
          -
  .        -

            - 

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

             . 

               , 
               -

       . 
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Abstract. We consider general relativistic radiative transfer within the framework of effec-

tive geometry, sourced by nonlinear electrodynamics (NED). A program tool has been de-

veloped for the general case of this task. It has been shown, that effective geometry has a 

much greater impact on photon geodesics, than direct corrections from NED to the 

spacetime metric. Images of black holes with thin accretion disks were constructed for the 

Euler-Heisenberg, Bardeen, and ModMax electrodynamics cases. 

Keywords: relativistic radiative transfer, nonlinear electrodynamics, effective geometry, 

black holes, numerical relativity 

Introduction. Theories of nonlinear electrodynamics (NED) are extensions of 

Maxwell’s electrodynamics with lagrangian that depend nonlinearly on one or both 

of the invariants of the electromagnetic field. These theories are usually introduced 

to account for QED corrections in terms of classical electrodynamics, to avoid the 

divergence of charge self-energy, to introduce new algebraic symmetries into the 

lagrangian, and so on [1]. Despite more than fifty years of experimental search, 

there have been no informative experimental limitations on NED models [2]. The 

main reason is the difficulty of achieving critical field strengths in laboratory con-

ditions. Compact objects such as black holes, neutron stars, and white dwarfs, have 

the strongest magnetic fields in the Universe [3], so their study within the NED 

framework provides intriguing tests for these theories, widely discussed in the lit-

erature [1, 4, 5]. Since any astronomical observation involves some kind of radia-

tion, studying the propagation of particles in the vicinity of these objects is an es-

sential step for these tests. 

Methods and materials; results. Photon-photon scattering is a crucial process 

that affects light propagation in NED. A purely geometrical approach to this pro-

cess has been developed in [6] and is called effective geometry. In this approach, 

photons still follow null geodesic lines, but in an effective metric instead of the 

spacetime metric, which is the solution to the Einstein equations. For a variety of 

NED models, this effective metric can also depend on photon helicity. 

Effective geometry allows us to maintain all standard methods of general rela-

tivistic radiation transfer (GRRT). The only caveat is to handle the calculation of 

all electromagnetic quantities in a way, that allows all NED models to be consid-

ered within the united framework. To this end, we have developed a program tool, 

capable of performing GRRT calculations in an arbitrary effective geometry. 

At this point, we have successfully validated the tool on classical tasks and 

constructed images of black holes with thin accretion disks for the cases of Euler-

Heisenberg, Bardeen, and ModMax electrodynamics. We also have shown, that the 
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effective geometry changes photon propagation more significantly than direct cor-

rections from NED to the spacetime metric, which arise from the right-hand part of 

Einstein equations. 

Conclusion. Within this work we have developed a program tool for GRRT 

calculations in an arbitrary effective geometry. Using this tool, we have obtained in 

numerical experiments that the impact of the effective geometry on photon geodes-

ics exceeds the impact from the modification of the spacetime metric. As can be 

seen from coefficients of effective and normal metrics, this result is evident. For 

the next stage of our study, we plan to improve this tool and then consider polar-

ized emission from compact objects and calculate emission spectra in various sce-

narios. 
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