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Synchrotron radiation

 How do blazars make light?

Shock? Magnetic reconnection?



  

IC/CMB

SSC

EC

 How do blazars make light?



  

???

 How do blazars make light?



  

First extragalactic neutrino emitter?

IceCube collaboration (2018)

TXS 0506+056



  

First extragalactic neutrino emitter?



  

First extragalactic neutrino emitter?



  

First extragalactic neutrino emitter?

PKS1502+106, Kun et al., (2021)



  

Radio emission to the rescue?

OVRO ~1800 jetted AGN
~100 neutrinos
~2σ association between blazars and neutrinos
 9/20 sources are γ-ray dark!

Hovatta et al.[+IL] (2021)



  

What would it take for a clear correlation?

~5000 sources 

~10 day cadence for 5 years

If neutrino luminosity 
correlates with radio flux we 

will achieve a >4σ 
association

Liodakis et al., (2021)

If all neutrinos are coming 
from blazars we should see a 

significant correlation...

(a) (b)

(d)(c)

(e) (f)
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7918 blazars and blazar-candidates

   (~5000 with optical light curves)
   
   (~5000 with X-ray observations)

Catalog includes a bunch for different 
properties: redshift, γ-ray flux, Doppler 
factors, SED/Spectral classification etc.

Alessandro Paggi
Postdoc at IA

CAZ: a new catalog of blazars



  

356 HE neutrinos
3225 radio-selected blazars
3814 γ-ray selected blazars

~2σ correlation mostly 
driven by two sources

“Neutrino blazars” are 
more beamed and 
brighter in X-rays 

Kouch et al.[+IL] (2025b)CAZ: a new catalog of blazars



  

CAZ: a new catalog of blazars Kouch et al.[+IL] (2025b)



  

Liodakis et al., (2019)
Peirson, Liodakis et al., (2022)High-energy polarization predictions.

Zhang & Boettcher (2013)
Zhang et al., (2019)



  

Liodakis et al., (2019)
Peirson, Liodakis et al., (2022)High-energy polarization predictions.

Zhang & Boettcher (2013)
Zhang et al., (2019)

Zhang, Boettcher, Liodakis (2024)



  

A new era with IXPE

Cen A
Ehlert et al.[+IL], (2022)

X-ray upper limit < 6.5-8%

70+ published papers!
More on the way...

+ GO program Cycle 3 on-going!

Small NASA mission
Operating in the 2-8 keV 

band



  

IXPE observations so far:

Middel, Liodakis et al., (2023)
Marshall, Liodakis et al., (2024)

3C 454.3 (x2)
3C 273
3C 279
S5 0716+714
BL Lac (x4)
S4 0954+65

The X-ray polarization remains 
undetected at typically <15%



  

BL Lac

Agudo, Liodakis, Otero-Santos et al., (2025)

optical

mm-radio

X-ray 
upper limit

<7.6%



  

BL Lac

Liodakis, Zhang, Boula et al., (2025)



  

BL Lac

Liodakis, Zhang, Boula et al., (2025)
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MeV polarization? Launch date ~2027



  



  

X-rays in blazars come from electrons and Compton scattering!X-rays in blazars come from electrons and Compton scattering!

Summary

The search for extragalactic neutrinos emitters continues...

Blazars still the most promising candidate sources, but with a lot of open 
questions...

If blazars make neutrinos, those are made through hybrid processes or most 
likely subdominant proton population...
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