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Intergalactic Magnetic 
Fields

Durrer, 2006, Science



Galactic Magnetic Fields

GMF strength: ~10 muG Widrow, 2002, Rev. Mod. Phys. 



GMF Origin



Astrophysical Origin

Gregori et al. 2012, Nature 



How to Constrain IGMF



Constraint on IGMF

Neronov & Vovk, 2010, Science 



Charged Particles in IGM

Kotera & Olinto, 2010, ARA&A



EM Cascade

Neronov & Vovk, 2010, Science 



Unified Model



Basic Physical Process 
• Pairs have Lorentz factors: 

• Cascade photon energy: 

• IC cooling timescale:  

• Deflection delay: 

• Deflection angle:



Time-dependent Spectra



1ES 1218+304 



1ES 0229+200 



Extreme Blazar Flare



Summary
• Observation properties: 

1. Spectral change  

2. Time Delay 

3. Extended halo 

• More stringent constraint on the IGMF 

A. Jet opening-angle correction 

B. Light curve analysis



Thank You!


