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•  Theoretical simulations based on Resonant Cyclotron 
Scattering (RCS) show that spectra may be indistinguishable 
even if magnetospheric parameters are quite different 

•  X-ray polarimetry on the radiation emitted by a magnetar can 
resolve the physical features and geometrical configuration 
of the magnetosphere 

•  Polarization measurements are sensitive to Quantum 
Electro-Dynamics (QED) effects which are predicted by the 
theory and can prove the exsistence of ultra-strong fields 
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      Kondratiev, V.I. et al 2009, ApJ 702, 692 
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Twist of the external magnetic field 

Thomspson, Lyutikov & Kulkarni, 2002 ApJ, 574: 332-355 

Giant flares and short bursts 
are related to starquakes 
induced by the magnetic 
stresses or by magnetic 
reconnection in the 
magnetosphere 

Courtesy of Roberto Turolla 
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γ	

 γ	



e+ 

e- •  	
  	
  

•  Writing down the wave equation one can obtain the following 
system for the components of the complex amplitude of the 
electric field associated to each photon: 
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•  Orientation angles 
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Monte Carlo code developed by Nobili, Turolla & Zane 
(2008) follows the evolution of photons emitted by the star 
surface as they propagate through the magnetosphere 
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•  Phase-averaged simulations 
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Only by studying the 
polarization observables it 
is possible to distinguish 
the two different cases 

Spectral analysis alone 
cannot give any information 
about the magnetospheric 
parameters 
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Polarization observables 
are also sensitive to the 
geometry of view 
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Turning off the effects of 
magnetized vacuum, 
simulations appear 
substantially different 

Vacuum polarization acts in 
smoothing out the behavior 
of all polarization 
observables 
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  Phase-resolved simulations – III 
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  Relation between polarization angle and twist angle 
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  2013	
  

•  Polarization and twist 
angles are related 

Measuring the polarization angle allows to probe the geometry of 
magnetars magnetospheres 
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Comparing theoretical models and 
simulated data for the polarization 
observables allows to know the viewing 
geometry 
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Polarization measurements with XIPE polarimeter 
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Input val. 

Fit val. 

•  Simultanuous fit of all the simulated data distributions (starting from 
an archive containing models with different values of the parameters)  

•  The result of the fit recovers with reasonable accuracy the input 
parameters 
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Filled circles with error bars are the 
simulated data generated from one of 
the two models (solid line one) 

The comparison between models and 
polarization measurements 
unequivocally distinguish the two cases 
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Input val. 

QED-on 

QED-off 

Fit of QED-off data are not 
well fitted by the theoretical 
models 
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  Conclusions 
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Thank you for your attention! 
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