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Modeling AGN emission
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Modeling AGN emission

X. Rodrigues am3.readthedocs.iop
AM3

PARTICLE INTERACTIONS & CASCADES

Magnetic field 
Region size 
Escape conditions
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TXS 0506+056, a decade on: what do we know? 

intermediate synchrotron peak

broad line region 
(outshone by the jet  

in the observer’s frame)

X. Rodrigues 3



TXS 0506+056, a decade on: what do we know? 

electron cooling

acceleration

~GeV

X. Rodrigues 4



TXS 0506+056, a decade on: what do we know? 
100 TeV~GeV

proton escapeacceleration

electron cooling

~E -1

e.g. Bohm

X. Rodrigues 4



TXS 0506+056, a decade on: what do we know? 

100 PeV~GeV

acceleration

proton escape

electron cooling

~E-0.3

e.g. Kolmogorov

X. Rodrigues 4



~GeV

proton escape

electron cooling

20

22

photo-pion

102

105

X. Rodrigues 4

acceleration

Drastically different 
optical thickness! 



~GeV

proton escape

electron cooling

20

22

photo-pion

102

proton-proton? 
proton-dark matter?

X. Rodrigues 4

acceleration

103



TXS 0506+056, a decade on: what do we know? 

X. Rodrigues 5XR 2026, New Astron.Rev. 102



IceCube 
UHE limits

IceCube 
diffuse

RNO-Greenland 
(2030)

Non-jetted AGN 
(Padovani+2023)

Blazar 
limit

Pierre Auger 
Observatory 
UHE limits

XR 2026, New Astron.Rev. 102

IceCube-
Gen2

X. Rodrigues 6



New IceTracks-DR2 : 14 years of muon tracks  
(IceCube Collaboration, arXiv:2605.19040)

X. Rodrigues

Active black holes

?

GB6 J1542+6129

PKS 1424+240

TXS 0506+056
NGC 1068

7



XR 2026, New Astron.Rev. 102

TXS 0506+056, a decade on: what do we know? 

X. Rodrigues 11

IceCube limits  
are loose, even at 
68% confidence: 
hard to constrain 
the model 
 
cf. XR, Karl, 
Padovani+2024,  
A&A 689



Gas

Gas 
(BLR)

Dust

~30 mpc: 
proton emission 

(gammas, X-rays, 
neutrinos) 

~ pc: 
optical

TXS 0506+056 (quiescent)

New extended jet model

X. Rodrigues 12

 
XR, Rieger, Bohdan & Padovani 2026, A&A 706



Gas

Gas 
(BLR)

Dust

~30 mpc: 
proton emission 

(gammas, X-rays, 
neutrinos) 

~ pc: 
optical

TXS 0506+056 (2017 flare)

New extended jet model

X. Rodrigues 12

 
XR, Rieger, Bohdan & Padovani 2026, A&A 706



Gas
New extended jet model

X. Rodrigues 12

Extended jet models:Single-zone models:

Single  
parameter set 

(mainly descriptive)

Parameters change 
along the jet 

(assess particle 
acceleration+diffusion)

Parameter 
space is confined to 

single zone

Access to hidden 
solutions, including 

sub-Eddington  
hadronic ones →

 
XR, Rieger, Bohdan & Padovani 2026, A&A 706

TXS 0506+056 (2017 flare)Pheno parameters 
(mag field, particle 

energies, “blob” size 
and speed,…)

Dynamic parameters 
(Jet power, dissipation, 
turbulence, diffusion, 
density, collimation…)



 
XR, Rieger, Bohdan & Padovani 2026, A&A 706

X. Rodrigues 13

KM3-230213ADid the KM3-230213A 
originate in a blazar? 

KM3NeT 2025, arXiv:2502.08484

test case

energetically 
feasible (but 

too early to tell)



IceCube 
UHE limits

IceCube-
Gen2

IceCube 
diffuse

RNO-Greenland 
(2030)

Non-jetted AGN 
limit

Non-jetted AGN 
(Padovani+2023)

Blazar 
limit

Pierre Auger 
Observatory 
UHE limits

KM3NeT 
2025

X. Rodrigues 6

?

Flux consistent with neutrinos, gammas, & cosmic rays 
(cf. XR+2021 PRL 126)

Has the 2023 KM3NeT event lifted the UHE veil?


