
A multi-wavelength and multi-messenger  
view of   blazars 



   AGN : Two main categories  

1. Dominated by (mostly) thermal emission from 

accretion disk -  

  Radio quiet AGN (>~90 %)  

(normal QSO powered by accretion onto a SM black hole) 

1. Dominated by Non-Thermal radiation –  

        Jet dominated AGN (< 10%) 

As of today, about 3,561 blazars are known (Bzcat, edition 5., Massaro et al. 2015).  
  

 This number is increasing rapidly but it remains a small percentage  
  of the over one million AGN known 

..and the ~one billion stars/galaxies known 
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Leptonic or hadronic 

emission?? 

Bottcher et al. 2013 

Most blazar spectra well fit 

by leptonic models But a few are better fit by 

hadronic models 
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Accretion onto SMBH 
 
 











Cross correlation between 1keV and 1 GeV  
Period 2008.5 – 2013.5 
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HSP BL Lac  z = 0.939 or 0? 



PKS 1441+25 
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MNRAS, 2012, 420, 2899   

Monte Carlo survey simulations  Occam’s razor approach 



Fermi 2FHL  
The Fermi-LAT view of  the Very High Energy Sky 





MNRAS 2015,  446L, 41 
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2FHL N(>F (> 50 GeV) = 1.e-11) 

2FHL N(> F(> 50 GeV) = 1.e-10) 



A&A 2015, in press 
arXiv:1504.02801 

22 



νpeak > 1015Hz  
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TeV detections 

≈ current IACT 
sensitivity limit 

≈  CTA sensitivity limit 

Synchrotron peak  

Fermi 2FHL sensitivity  



The VHE sky (IACTs)  



The VHE sky (IACTs+Fermi 2FHL)  

PRELIMINARY 



The VHE sky (IACTs+Fermi 2FHL+1WHSP-bright)  

PRELIMINARY 



The VHE sky (IACTs+Fermi 2FHL+1WHSP-bright-faint)  

PRELIMINARY 
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Blazar sequence  





2015, ApJL in press, arXiv:1501.050301 
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Blazar multi-messenger astrophysics? 



ArXiv 1406.0376V2 

ArXiv 1406.0645V1 



IceCube neutrino 
ID 9 



Our most probable counterparts 
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∼ 700 catalogued sources  115 “positional” matches  10 “positional” & 

“energetic” matches 

9 IceCube events, 10 counterparts: 8 BL Lacs and 2 PWN (no starburst or radio 

galaxy) 



MNRAS, submitted 





Blazars and UHECRs 

AGN, BL Lacs, particularly TEV BL Lacs (HSPs), have been suggested as possible sources of UHECR 
e.g. Tyniakov, Tkachev, 2001, arXiv:astro-ph/010247, Abbasi et al. 2008, arXiv:0804.0382, 
        Abreu et al. 2010 arXiv:1009.1855,  
        Zhang, Zhao, and Cao 2014,dx.doi.org/10.4236/ijaa.2014.43046 

The origin of UHECRs, particles with energy >  1.x1018 eV, is still one of  
the mysteries of astroparticle  physics   
                              Abbasi et al. 2014, arXiv:1404.5890 

1WHSP  is the largest and most complete sample of HSP blazars, that is the extragalactic  
sources known to accelerate particles to the highest energies. 
 
(Giommi, Arsioli and Padovani work in progress)  
 We cross-matched  the sky positions of the brighter sources in the 1WHSP sample 
 (FOM > 1 : 110 objects)  with those of  TA and AUGER UHECR (E> 5. x1019 eV )  
 at b > |20| deg. 





But….. 
 
 

The new set of 231 AUGER UHECR (published two months ago) 
does not confirm the strong statistical association between HSPs 
and UHECR… work is on-going.   




