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I) Intergalactic y-ray propagation and constraints
on the extragalactic magnetic field (EGMF)
IT) y-ray — ultra high cosmic ray (UHECR)

connection
III) A new model for extreme blazars?
IV) Low-state y-ray emission of flat spectrum
radio quasars — a new diagnostic tool -> y-ray —
neutrino connection



Any room for intergalactic cascade models left
after Ackermann et al., ApJ Suppl., 237, 32 (2018)?

Their results on the EGMF:
1. B>3x107'° G for A>10 kpc even for highly variable sources,
2. B>3%x107" G for 2>10 kpc and stable sources
Their conclusion: “This improves previous limits by several
orders of magnitude.”

But they assume that “Accounting for the cascade contribution
does not change the best-fit spectrum of the central point source in
the entire Fermi1-LAT energy band by more than 56”;

a “simplified 1D Monte-Carlo calculation” was used



There 1s no room for the ¢
Conclusion: their results are rng

scade component 1n their fit!
inly driven by their assumptions!!
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Our own results do not allow to exclude even 10 aG EGMF with
the statistical significance of >2c!



Fermi-LAT upper limits on the SED of GRB 190114C (20 000 s — 1 month);
observable cascade SEDs (B= 0 — dashed black, B= 10~ G — solid black,
B=10" G, B=10" Q).
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CTA: 5 hours (20 deg, )
MAST project (“Massive Argon Space Telescope”,
Dzhatdoev & Podlesnyi, APh, 112, 1 (2019)): circles; 20, 5o
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EGMF 1n extragalactic filaments 1s already detected (Govoni et al., Science,
364, 981 (2019)); T. Vernstrom et al., MNRAS 505, 41784196 (2021);
astro-ph/2202.04607 (but see astro-ph/2112.01754 1)
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Filaments; primary proton path; observer (O)

The source 1s extended!
Let us assume the EGMF model of Dolag et al. (2005) (in filaments and voids)
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Observable angular distribution
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Observable energy range: 100200 GeV, 300-500 GeV, 0.6-1 TeV,
1.5-4 TeV, 5-10 TeV,
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“Basic model” (B=0); purely electromagnetic cascade;
“modified” model (the EGMF according to Dolag et al.)
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Blazar 1ES 12184304 (z= 0.182)
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Blazar 1ES 0229+200 (z= 0.14):
towards internal electromagnetic cascade model
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Figure 1. The low-energy part of the SED for 1ES 0229+200 observed with various telescopes.
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Table 1. Basic parameters of the proposed model.

Parameter Meaning Value Units
E, IR photon energy 6 x 1072 eV
B Magnetic field strength 0.9 mG

Epe Maximal energy of primary electron 100 TeV
K. IC SED peak dominance 0.42
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FSRQ PKS 1510-089 1n the low state: excess of gamma-rays above the low-

SED [eV cm~2s71]

energy log-parabolic component from electromagnetic cascades?
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Conclusions

I) The EGMF strength is largely unconstrained: even
B= 10 aG 1s still a viable value!

II) y-ray — UHECR connection 1s not obvious in
extreme blazars!

IIT) A new understanding for extreme blazars —
cascades from primary ~sub-PeV or PeV electrons
or y-rays?

IV) Low-state y-ray emission of PKS 1510-089 —
indication for pp y-rays with subsequent EM cascades?
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