
Latest results from Fermi-LAT and the impact 
on neutrino observations 





   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 

When Θ < θblazar   

 
Blazar 



MRK 421, the SED in 1995  



MRK 421, the SED today  



Planck (LFI+HFI)   

Swift (UVOT + XRT)   

Fermi (LAT)  

A&A 2012, 541, 160 
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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 
Optical/X-ray 

polarization can 

decide 
Leptonic 

Hadronic Leptonic 

Hadronic 



The GeV sky seen by  

Fermi 
 
 

 

 





The 100-MeV-100 GeV sky:  Fermi 1FGL  - 11 months of  data 1451 sources   



The 100-MeV-100 GeV sky: Fermi 2FGL  - 2 years of  data 1873 sources  



The 100-MeV-100 GeV sky: Fermi 3FGL  - 4 years of  data 3033 sources  



Fermi 3FGL catalog: Ackermann et al. 2015, ApJ 810, 14,  arXiv:1501.06054 











MKN 421 



MKN 421 



Cross correlation between 1keV and 1 GeV  
Period 2008.5 – 2013.5 



MKN 421  



Fermi 2FHL 
 
 

The Fermi-LAT view of  the  
Very High Energy Sky 

 
Ackermann et al. 2015, submitted.  arXiv:1508.04449 

 







MNRAS 2015,  446L, 41 
arXiv 1410.0497 

2FHL N(>F (> 50 GeV) = 1.e-11) 

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



New large samples of   

high-energy synchrotron 

peaked blazars 

(likely VHE emitters)  



νpeak > 1015Hz  
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A&A 2015, A&A, 2015, 579, 34 
DOI: 10.1051/0004-6361/201424148 
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2WHSP ~ 1,800 objects 
Y-L. Chang, B. Arsioli, P. Giommi, P. Padovani, 2015 in preparation  
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TeV detections 

≈ current IACT 
sensitivity limit 

≈  CTA sensitivity limit 

CTA Extragalactic survey  
Sensitivity limit 

Synchrotron peak  



The multi-messenger  
very high energy  

 

(E > 50 GeV) 
 

sky 



The VHE sky (IACTs)  



The VHE sky (IACTs+Fermi 2FHL)  

Submitted to ApJ arXiv:1508.04449 



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

PRELIMINARY Submitted to ApJ arXiv:1508.04449 



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

PRELIMINARY 





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

PRELIMINARY 

IceCube neutrinos 



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

PRELIMINARY 

IceCube neutrinos UHECRs 



MNRAS, 2014, 443, 474  

ArXiv 1406.0645V1 



42 July 16, 2015 P. Padovani − MG14, HE2 



Theoretical modelling 

43 July 16, 2015 

Input: 

• electrons and 

protons accelerated 

by some mechanism 

• injected isotropically 

in the blob, constant 

rate 

• interaction with 

magnetic field, 

production of 

secondaries 

 

δ 

R(cm) 

B(G) 



Theoretical modelling 

44 July 16, 2015 P. Padovani − MG14, HE2 

 

Output: five stable particle populations 

• protons lose energy by:  

 synchrotron radiation, Bethe-Heitler (pe) pair 

production (p+γ e+ + e-), photopion interaction 

• electrons lose energy by: 

 synchrotron radiation, inverse Compton scattering 

• photons: gain and lose energy in various ways 

• neutrons: escape 

• neutrinos: escape 

 

Interplay of the processes described by a set of time-

dependent kinetic equations, solved by a numerical code. 



The cumulative neutrino emission from BL 
Lacs 
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MNRAS, 2015, 452, 1877  



Neutrino spectra 

46 July 16, 2015 P. Padovani − MG14, HE2 

EnF(En )µYngEn
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Plus: γ-ray luminosity function, evolution, source class, etc.   



The cumulative neutrino emission  

47 July 16, 2015 P. Padovani − MG14, HE2 

No free 

parameters! 



The big picture  

48 July 16, 2015 P. Padovani − MG14, HE2 

 

 

 

 





Conclusions - 1: 
 
• Blazars were once a topic for a few specialists, now 

they are becoming central to very high energy  and 
perhaps multi-messenger astrophysics 

• Their behaviour, in terms of population studies - 
statistical distributions, can now be understood and 
predictions for future surveys (e.g. CTA) can be done 

• Despite the rapid growth of multi-frequency data the  
details of the physical mechanisms behind the 
emission in blazars are far from fully understood 

• More theoretical work and new software tools for 
exploiting the available data are necessary   
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July 16, 2015 

• BL Lacs are excellent (probable?) candidates for 

IceCube neutrinos, both from the observational and 

theoretical point of view 

• BL Lacs can explain the high-energy (> 0.5 PeV) 

part of the IceCube diffuse emission 

• A different population is needed at lower energies 

• A few BL Lacs should be at the sensitivity level of 

IceCube 

• This scenario is testable with IceCube:  

 > 2 PeV events  

 point sources 

Conclusions - 2: 


