
The extragalactic γ–ray  sky 



Three approaches:  
 
 
•  Gamma-ray observational data  
     from space and ground observatories: 
     e.g. Fermi, AGILE, Cherenkov Telescopes 
 
•  Monte Carlo simulations of  blazar surveys 

•  New multi-frequency selected large samples of   
     ϒ-ray/VHE emitting blazars  



…but first:  
a few slides about blazars 
	
	

 
 



Planck (LFI+HFI)   

Swift (UVOT + XRT)   
Fermi (LAT)  

A&A	2012,	541,	160	
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PKS 2155-304 	

https://tools.asdc.asi.it/SED 



PKS 2155-304 	

https://tools.asdc.asi.it/SED 



The 100 MeV-100 GeV sky 
seen by Fermi 

	
	

 
 





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

4 years of  PASS 7 data: 3033 sources 	









Fermi 2FHL 
	
	

The Fermi-LAT view of  the  
Very High Energy Sky 

 
Ackermann	et	al.	2015,	submiBed.		arXiv:1508.04449	

 







Monte Carlo Simulations 
of  blazars surveys 
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MNRAS,	2012,	420,	2899			

Monte	Carlo	survey	simula1ons		 Occam’s	razor	approach	
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MNRAS,	2012,	420,	2899			

Monte	Carlo	survey	simula1ons		 Occam’s	razor	approach	

LBLs/LSPs	
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MNRAS,	2012,	420,	2899			

Monte	Carlo	survey	simula1ons		 Occam’s	razor	approach	

LBLs/LSPs	

HBLs/HSPs	



•  Properties of high flux density radio- and X-ray-selected 
blazar samples are reproduced:

ü  BL Lac & FSRQ fractions

ü  evolutionary properties (<V/Vm>)

ü  redshift distributions

ü  νpeak distributions 

ü  fraction of BL Lacs without redshift determination


•  Results are stable to minor changes (e.g., evolution and LF, 
<δ>)
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Some results 

P. Padovani − MG14, GN2 
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Paper II 

	
	

  

P.	Padovani	−	MG14,	GN2	

γ-ray (Fermi) band 	
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Predic1ons	for	ϒ-ray	emission	
	
	

Radio	luminosity	+	νpeak	+		

Γ(0.1-100	GeV)		from	observed	correlaYon	between	
νpeak	and	Γ(0.1-100	GeV)		

																

No	dependence	of	Lradio/Lγ	on	luminosity	or	redshi/		

ϒ-ray		
luminosity	

Giommi	et	al.	2013	
MNRAS,	431,	1914	



Ackermann	et	al.	2012	
(Fermi	2LAC	clean	sample)	
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Simplified	view		
SimulaYon	
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From	GeV	to	VHE	emission	
	
	 Power	law	spectrum	with	a	break	at	E=	200	GeV	

	Γ(100	GeV-10TeV)	=	
																

Γ(0.1-100	GeV)											if	E	<	200	GeV	

Γ(0.1-100	GeV)	+	0.5		if	E	>	200	GeV		



MNRAS	2015,		446L,	41	
arXiv	1410.0497	
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2FHL	N(>F	(>	50	GeV)	=	1.e-11)	

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



Padovani	&	Giommi	2014,	MNRAS,	446,L41		



2015,	MNRAS	450,	2404	
arXiv:1504.01978	



2015,	ApJL	800L,	27,	arXiv:1501.050301	



New large samples of   
high-energy synchrotron 

peaked blazars 
 

-The most powerful and energetic  
particle accelerators known  

and 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	~1,690 objects 
Y-L.	Chang,	B.	Arsioli,	P.	Giommi,	P.	Padovani,	2015	in	preparaYon		
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1RXS J 021359.9-695130 	



1RXS J 021359.9-695130 	

<MRK421> rescaled  



The very high energy (VHE)  
 

(E > 50 GeV) 
 

sky 



The VHE sky (IACTs)  
F > ~ 10 mC.U.	
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The VHE sky (IACTs+Fermi 2FHL)  
F > ~ 10 mC.U.	 F > ~ 10 mC.U. 
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The VHE sky (IACTs+Fermi 2FHL+2WHSP bright)  
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5BZB	J1427+2348:	an	example	of	Blazar	in	2FHL	and	in	the	2WHSP	sample	
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5BZU	J0221+3556:	an	example	of	Blazar	in	2FHL	but	not	in	the	2WHSP	sample	



10 15 20 25

−1
4

−1
2

Lo
g 
νf

(ν
)[e

rg
 c

m
−2

s−
1 ]

Log frequency ν [Hz]
10 15 20 25

−1
4

−1
2

Lo
g 
νf

(ν
)[e

rg
 c

m
−2

s−
1 ]

Log frequency ν [Hz]

5BZQ	J0043+3426:	an	example	of	Blazar	in	2FHL	but	not	in	the	2WHSP	sample	



About 1/3 of  the  
Fermi 2FHL blazars  
have νpeak < 1015Hz 

 
(not in 2WHSP) 	

 

 



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

Flux	(E>	50GeV)ebl-deabsorbed	=	2x1011*Sync_peak_flux*10(-0.154*log(νpeak)-8.03)	
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The	cumulaYve	neutrino	emission	from	BL	
Lacs	
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MNRAS,	2015,	452,	1877		



TheoreYcal	modelling	
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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) 



TheoreYcal	modelling	

July	16,	2015	



Output: five stable particle populations

•  protons lose energy by: 


ü  synchrotron radiation, Bethe-Heitler (pe) pair 
production (p+γà e+ + e-), photopion interaction


•  electrons lose energy by:

ü  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.




Neutrino	spectra	
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EνF(Eν )∝YνγEν
1−s exp(−Eν / E0 )Fγ (>10GeV )

E0 ≅
17.5PeV
(1+ z)2

( δ
10
)2(
ν synch,peak

1016Hz
)−1

Plus: γ-ray luminosity function, evolution, source class, etc.  




The	big	picture		
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