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Relevance Within the framework of the proposed project, numerical studies of the passage 
of electromagnetic waves through the magnetosphere of magnetars are carried 
out in the context of nonlinear vacuum electrodynamics and the theory of 
general relativity, in particular, the phenomenon of magnetic birefringence of 
both  electromagnetic  radiation  coming  from  outside  a  neutron  star  and 
magnetars'  own  radiation  when  passing  through  dipole  and  quadrupole 
magnetic fields in curved space-time.

Purpose Study of vacuum birefringence during the passage of electromagnetic waves 
through the magnetic field of magnetars in the context of nonlinear vacuum 
electrodynamics  and  general  relativity,  and  identification  of  candidate 
magnetars for monitoring the effects of nonlinear vacuum electrodynamics.

Objectives Numerical  study  of  various  effective  metrics  with  rotating  dipole  and 
quadrupole  magnetic  fields,  taking into  account  gravitational  rotating and 
quadrupole parameters.Study of the passage of electromagnetic waves through 
effective  metrics  obtained  by  numerically  solving  the  radiation  equation 
(effective geodesy) in the framework of nonlinear vacuum electrodynamics, 
taking into account the space-time curvature in the magnetar magnetosphere. 
Analysis of the effect of vacuum birefringence of electromagnetic rays in the 
magnetic field of the magnetar magnetosphere based on observations from 
space telescopes operating in different wavelength ranges and compilation of 
a  database  of  magnetars  and  profiles  of  the  intensity  and  polarization  of 
radiation passing through certain magnetars.

Expected and 
achieved 
results

Computer codes have been developed for a numerical study of the problem. A 
database of the effective magnetar metric has been created, taking into account 
the magnetic field, rotation, and quadrupole moment.
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Usage For teaching at the doctoral level and for course creation
Priority 
compared to 
real-world 
alternatives

The  project's  priority  is  a  comprehensive  approach  combining  numerical 
analysis  methods  and  modern  nonlinear  electrodynamics  models  to  study 
quantum vacuum effects.  Unlike  existing  approaches,  the  emphasis  is  on 
detailed modeling of the observed characteristics, improving the connection 
between theoretical results and astronomical observations.
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