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Extreme blazars as counterparts of  IceCube 

neutrinos   
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* Mostly based on Padovani et al. (2016), MNRAS, 457, 3582  



IceCube 
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            IceCube (2015) [4 years] 
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6.5σ detection of 54 astrophysical neutrinos

Kopper et al. ICRC34
 = 2.42 1029 Hz  3 



Our list 
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- deposited E ≥ 60 TeV (to 
reduce background)

- angular error ≤ 20° (to 
reduce counterparts)

à 30 events + 21 tracks 
(angular errors ∼ 0.4°) =  
51 IceCube events 




Looking for the “right” sources 
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•  PeV neutrinos à protons with E ≈ 10 – 100 PeV

•  pp and pγ collisions à Eγ ≈ 2 x Eν and Fγ ≈ 2 x Fν 
•  Look for γ-ray sources!


ü E.g. only < 1% of all known AGN are in the 
Fermi 3FGL catalogue (E > 100 MeV)


•  60 TeV < Eν < 2 PeV à 120 TeV < Eγ < 4 PeV! 




Using the best catalogues 
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•  Fermi 2FHL catalogue (E > 50 GeV; Ackermann et 

al. 2016): 257 sources (|bII| > 10°), > 90% blazars

•  2WHSP catalogue (2nd Wise High Synchrotron 

Peaked; Chang, Arsioli, Giommi, PP, in prep.):        
∼ 1,700 blazars + candidates; νpeak,synch > 1015 Hz; 
35 sources TeV-detected (148 potential: FoM),      
∼ 350 in Fermi 3FGL


•  Fermi 3LAC catalogue (E > 100 MeV; Ackermann et 
al. 2015): 1,444 sources (|bII| > 10°), ∼99% blazars




Statistical analysis 
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•  Nν: neutrino events with at least one γ-ray 

counterpart

•  Nν(fγ) or Nν(FoM)

•  chance probability determined on 105 – 106 

randomised samples 

•  results: p-value vs. fγ or FoM
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Results: 2FHL 

9 May 31, 2016 P. Padovani - Blazars through Sharp Multi-Wavelength Eyes 

1

10

100

0.4%
“real” counterparts =

16 – 10.4 ∼ 5 




Results: 2WHSP 
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Results: 3LAC 
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agrees with 
Glüsenkamp et 
al. 2015 (2LAC: 
no signal, max. 
blazar contrib. 
< 20%) 
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Results: γ-ray counterparts 
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37 HBL matched to 18 IceCube neutrinos (two doubles)
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“Hybrid” SED: MKN 421 
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63 TeV
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PP & Resconi (2014) 



“Hybrid” SED: PKS 2005-489 
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(4 counterparts)
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PP & Resconi (2014) 

z=0.071




“Hybrid” SED: 1ES 0414+009 
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(1 counterpart)
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88 TeV
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z=0.287
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Results: γ-ray counterparts 
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≈ 5 “most probable” matches (plus ≈ 5 possible ones)

out of 51 IceCube neutrinos à  


HBL component at 10-20%
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The future 
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Main messages  
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•  Strong, VHE γ-ray HBL (extreme blazars) can 
explain ≈ 10 – 20 % of the IceCube signal:        
p-value ≿ 0.4%


•  Other blazars give null results

•  Room for other populations: some Galactic sources 

(SNRs) have interesting hybrid SEDs

•  Limited by neutrino statistics: more data from 

IceCube (and KM3NeT, IceCube-Gen2, etc.) will 
hopefully turn our hint (∼ 3σ) into a discovery   
(∼ 5σ) à hadronic processes in blazars
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