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TeV emission from blazars

Cascade in IGM
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Inverse Compton no more interactions

pair
production

deflections
dilution of signal

interactions with CMB/IR photons

Cosmic Magnetic fields

inhomogeneous B: flux dilution according to fraction of Universe

where Bicm > 3x 101G dN
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Uncertainties on the Intergalactic Magnetic Fields (IMF)

inhomogeneous B: flux dilution according to fraction of Universe
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UHECR pair echo/halo

Cascade in IGM
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Y7Ybg @-’ €Yoy 2 EY —> . VTeV-GeV

pair
production

Inverse Compton no more interactions

interactions with Extragalactic Background Light (EBL)

interactions with CIB/IR photons

et —  VYGeV
no more interactions

magnetized filament
oynchrotron on B
NB: Confined UHECRs should produce

UHE neutrals (e.g, photons) at source
(Murase 2009, Murase 2012, Dermer et al. 2012)
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UHECR pair echo/halo

Oikonomou, Murase & KK, submitted to A&A

| ES 0229+ZOO (HESS Coll. 2007, VERITAS Coll. 2010, 201 3)
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RObUStn €SS tO B; E Bl—’ EmaX Oikonomou, Murase & KK, submitted to A&A
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Time Variability

Oikonomou, Murase & KK, submitted to A&A

5t ~ 02dj2c ~ 0.3 yr (Eqn/10*> GeV)(min[d, ,,]/Mpc)

deflection in B

103: e ‘ Escaped
' 1ES 0229+200 — Attenuated Franceschini
C}I'— 102 | - — Attenuated Kneiske
£ i e HESS
- 10 * VERITAS
'tn — Fermi/LAT
> J
& El
W
K,
pa
o
N 3
L
1014
10 E T T T T T T T T T “““‘E
. ‘RGB J0710+591 Escaped |
C}IE ; ?(LCR IS0 = 1047erg s'1) — Attenuated
c10 ’ * Fermi
‘Tm e VERITAS
ol
2,10 | ]
% i
3107 ]
u 10 E ]
. i
w I
-2
10 D 10 1 12 13 14
10 10 10 10 10 10 10
E eVl
10° ; —_——— ——
1 ES 1218+304
'.\l'_l 1 [
1_10 - i
g :
"I- 100 E 3
o
Em";
w -----Escaped
T 10 2. — Attenuated Kneiske . 1
E f == Attenuated Franceschini ,
o 10°°L ¢ Fermi _ ]
W " |« VERITAS _ :
: .‘MA‘G“I‘C“‘ | Lol | Lol il L e
10° 10° 10" 10" 10" 10" 10"

E [eV]

d = magnetised region ~ few Mpc, Ayy ~ 2 Mpc

UHE photons — year? Aliu et al 2014
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Eymax= 10" eV
Ly=10"ergs" - rules out UHECR IC cascade

If confirmed:

UHE protons
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UHE photons
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~ day Acciari et al 2010

UHE neutrals could account for ~ day
variability if emission region < pc size
detailed modeling needed

Eymax= 10" eV
Ly=8xI10"ergs"

- disfavours UHECR synchrotron cascade



Extreme Hard Spectrum blazars and UHECRS At B Ry o

leptonic and UHECR Inverse Compton channels
strongly subject to uncertainties on

P
B

It blazar in mildly magnetized region (e.g. filament)
and injects UHE protons
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d=1 Gpc
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