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Introduction

Evidence of particle acceleration in

AGN, GRBs etc

Detections of ultra-high energy
cosmic-rays (UHECR) up to ~10*°eV
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Motivation

LeptOhadroniC plasma in U?ﬁ _l_LEH -|—L%:hotopil'ln _l_LE.»-}-'n 1 _ Qm] 1 (_d],plwtun 30
. ot ' D EEC
a magnetized source !
}m

—y L syn _|_L1c- _l_Lum _l_Ltpp Tn' _ Q %t 1 QEH i CL’\’\ _|_Qp1 o 111@11_|_Qt'>p

" e e8C

B+relativistic
eleCtronS/prOtonS/ne.UtronS f)ifl il I ‘|‘ L 1 LHH& H\, g {_U)lﬂmn " (JH + QT:HH n Q}:hmtu_upiun
+photons+ neutrinos O b | £y
Bn'l" nl" — () )hutu“ﬂlln
ot ﬁw o
\/
A system of coupled
M p on,, Courtesy of

. LK . _ -Ll'f]_lc_lt-l opion " _ )llllutul.llull o .
integro-differential g Tl = S Dimitrakoudis

equations ?
|




What are the temporal properties
of a leptohadronic system?

After all... prey-predator systems
are everywhere.

Leptohadronic plasma in
a magnetized source
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Limit Cycles in Electromagnetic Cascades in

Compact Objects (1991)

Boris Stern !, Roland Svensson ?

Abstract: mlectromagnetic cascades possibly OCCUITINg near accreting compact objects
have been discovered to show limit cycle behaviour. The power from accelerated protons
gets converted by the cascade into soft radiation (X-rays and below) if the photon com-
pactness 1s sufficiently large. Then the proton-photon system may develop limit cycles
much like a prey-predator system with each component interchangebly dominating. This
causes periodic large amplitude short time variability of the nonthermal luminosity from
a compact object even if the acceleration or injection process is completely steady. Re-

sults both from detailed Monte Carlo simulations and from a simple phenomenological
model are presented.
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Examples of multi-wavelength photon spectra within the leptohadronic model
(Numerical calculations are performed with the code described in Dimitrakoudis et al. 2012, A&A)
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-Is the abrupt spectral and flux change a numerical artifact?

- If not, what are the underlying physics of this transition?



Interlude: Spontaneous y-ray quenching
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Hadronic supercriticality (in a nutshell)
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A variety of GRB light curves
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A variety of GRB light curves
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A variety of GRB light curves
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adronic supercriticality & GRB emission
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Sketch of the coupling between protons,
electrons and photons
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Hadronic supercriticality & GRB emission
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adronic supercriticality & GRB emission
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adronic supercriticality & GRB emission
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lazar emission
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Leptohadronic models for blazar emission
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he case of Mrk 421

The 2001 MW campaign (Fossati et al. 2008, Apd, 677)
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(Petropoulou & Mastichiadis 2015, MNRAS, 447)
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(The IceCube collaboration,2014, Phys.Rev.Lett) v [Hz]

0% 0% Lo* 19% 10™ 10%" 0™
. . — T T
= Eaﬂgrﬂund.ﬁtmnspheﬁ.: Muon Flue
:|_|::|2 - m Bka. Atmospheric Meutrinos (K}
#7A Hackground Stat. and Syst. Uncertainties
— Atmospheric Neutrinos (Benchmark Cham Flux)
— Atmosphernc Neutrinos (80% CL Charem Limit} 107 - %
— Signal+Bkg. Best-Fit Astrophysical £ % Spectrum - 3
i B
- wes [Data
z 10t —_ :
S ! x
o ” : !
o o
w I =
1" = x
a #H:?ﬁ’ E X
2 0 wﬁﬁ:’f.ﬁ’f x
LN 1 =11]
JL—__-' -._I— E Lot - I
@ [
o /Z// — r
el _ =
[ -
=
+* MEN 421
10! o MKN 421 de-absorbed
+ 54 0017+44
w ) o : 1079 |- o IgeCube event 9
10° 10° :
Deposited EM-Equivalent Energy in Detector (TeW) Dood vl v vvind i ul
Q.00 0001 .01 0.1
E [TeV]

Dec. [deg]

Top left: muon v spectrum (28 events)

/ /_ /
PG 13534“13 Top right: “hybrid SED” from Padovani

‘-'11:- g rl/ 'I;I1[HJ :;.139 0 I::.‘nu IIII:mJ lllll’w -IIIIIII:JEH H‘ 150 I & Resconi, 20147 MNRAS? 443
lH 19 14} 194\ | )
\ \ : \

R.A. [deg]

Bottom left: Sky map of 5 neutrino
events and BL Lac counterparts from
Petropoulou et al. 2015, MNRAS, 448




eutrino emission from individual BL Lacs
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eutrino emission from all BL Lacs
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Summary

Leptohadronic plasmas are dyvnamical systems with interesting properties:

— for constant injection they reach steady state or show limit cycle behavior of a
prey-predator type; gradual accumulation of proton energy = explosive release
— for variable injection in and out from the supercritical regime — series of

randomly distributed outbursts — more GRB-like behaviour than AGN
— hadronic supercriticality = high radiative efficiency and GRB-like spectra

Two variants of leptohadronic models for AGN MW emission:

» LHm : y-rays from photopion + EM cascade (more energetically demanding)
> LHs : y-rays from proton synchrotron (requires higher proton energies

— both fit equally well the MW spectra

— the LHT predicts a Bethe-Heitler hump at MeV energies

— the LHT model predicts neutrinos at ~2-20 PeV

BL Lac - IceCube neutrino events correlations:

— successful MW fits using the LHMT model of 6 sources

— Mrk 421 potential point source of neutrinos

— the NBG from BL Lacs explains the 1-2 PeV flux but requires another
population for the sub-PeV neutrino flux
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ime-dependent v emission from Mrk 421
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hat are the sources of NBG?

Redshift distribution of sources ~95% of NBG
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he “Bethe-Heitler” hump: py vs. pe timescales
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he “Bethe-Heitler” hump: generic SEDs
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Redshift distribution of sources ~95% of NBG
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