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Constraints on the extragalactic magnetic field (EGMF) strength
in voids (Dzhatdoev (2015)) (coherence scale 1 Mpc)

For a review of absorption on extragalactic background light
(EBL) see talk of G. Sinnis (this conference)

absorption-only regime

cascade regime 
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Furniss et al. (2014): hard-spectra blazars (10-300 GeV) are 
predominantly located towards the voids; significance ~2.5 σ. 

Wrong sign of the effect (!?)
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All calculations of EM cascades hereafter with the ELMAG 
code (Kachelriess et al. (2012))
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Without EGMF (z= 0.14)
Δγ= γ(prim.)-γ(casc.)= 1.67-1.90= -0.23 wrong sign of the effect (!)
With EGMF (z= 0.14, B= 0.03 fG, max. time delay 3 years)

Δγ= γ(prim.)-γ(casc.-mag.)= 1.67-1.46= +0.21 right sign of the effect (!!)

The magnetic cutoff effect
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Absorption-only models for 1ES 0347-121 (z= 0.188). Black: EBL model of Gilmore 
et al. (2012); green --- Franceschini et al., 2008; blue --- Kneiske and Dole (2010)

as implemented in the ELMAG code (Kachelriess et al. (2012))
Global (all experimental bins) best fit
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9For other options see Aharonian et al. (2002), d'Avezac et al. (2007),
Murase et al. (2012)
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For early hadronic models see Uryson (1998); Essey& Kusenko (2010) (2011) 
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+HAWC, GAMMA-400, emulsion gamma-ray telescope GRAINE
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Conclusions
There are many indications for EM cascades in blazar spectra!

If primary spectra are hard enough, the absorption anomaly may
be somewhat relaxed (the “EM cascade masquerade effect”).

If there is non-zero EGMF, hard-spectra blazars in the 10-100
GeV energy region may be predominantly located towards
directions to voids (the “magnetic cutoff effect”).

If blazars are embedded in galaxy clusters with central
magnetic field more than 100 nG, simplest hadronic cascade
models experience significant  difficulties.

This work was supported by the RFBR Grant 16-32-00823.
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Additional slides
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EBL models at z=0 (Inoue+ (2013))
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+ 4 other observations of 1ES 0229+200 and 1ES 1218+304 
(very similar spectral shapes to the ones listed)
largest sample of heavily absorbed extreme TeV blazars
(at least one spectral bin with τ>2) in a single study ever

Observations with imaging Cherenkov telescopes used in this work
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1ES 1218+304 z= 0.182

H 1426+428 z= 0.129 1ES 0229+200 z= 0.14

1ES 0414+009 z= 0.287
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