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 Active Galactic Nuclei:  
a CTA perspective 

Paolo Padovani, ESO, Germany 

•  Active Galactic Nuclei (AGN): a short introduction �

•  AGN open questions and CTA �

•  AGN as cosmic ray (and neutrino) sources�



1963: the discovery of quasars  
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1965: not all quasars are radio sources
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Radio quiet AGN 

~ 1,000 x 
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Radio quiet AGN 

~ 1,000 x •  Radio-loud AGN: most energy non-thermal: powerful 
relativistic jets (also thermal components [accretion disk])�
�
•  Radio-quiet AGN: jets not present or insignificant w.r.t total 
energy budget à thermal emission dominates �

 > 90% of AGN are radio-quiet 



7 

The AGN Zoo 
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�
•  Quasars belong to the Active Galactic Nuclei (AGN) class�
•  AGN come in a large (and scary!) number of sub-classes: �
 "�
 Radio-quiet AGN �
�
 Type 1 & 2, Seyfert 1, Seyfert 2, Seyfert 1.5, Seyfert 1.8 …�
 Narrow-line Seyfert 1, Liners �
 �
 Radio-loud AGN �
�
 Type 1 & 2, blazars, flat- and steep-spectrum radio quasars, core-
dominated, lobe-dominated, optically violent variable quasars, BL Lacertae 
objects (high-peaked, low-peaked, radio-selected, X-ray selected) high- 
and low-polarization quasars�
�
 Radio-galaxies: Fanaroff-Riley I & II, narrow-lined, broad-lined, high-
excitation, low-excitation �
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blazars 



Radio Sources 
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3C 353 

3C 31 

Fornax A 



•  > 150 sources detected at TeV energies by Cherenkov 
telescopes    
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TeV Sources 

Galactic sources (pulsars, etc.) 76 49% 
Blazars 45 29% 
Other AGN   5 2% 
Star-forming galaxies   2 1% 
Unclassified 28 18% 

•  AGN (blazars) make up ≈ 1/3 of the TeV γ-ray sky �
•  And ≈ 60% (< 90%) of the MeV – GeV γ-ray sky �
 �



 

•  Smooth, broad, non-thermal continuum (radio to γ-rays) 

•  Compact, strong radio sources (fcore  >> fextended) 
•  Rapid variability (high ΔL/Δt), high and variable polariz. (Popt > 3%) �

•  Strong indications of “relativistic beaming” ⇒ bulk relativistic 
motion beams emission in forward direction in the observer’s frame�

•  Amplification: Lobs = δp+α Lem, p ∼ 2 - 3 à                                 
Γ = 10, Lobs ∼ 600 Lem, Γ = 30, Lobs ∼ 100,000 Lem�

BL Lacs and Flat-Spectrum Radio Quasars 
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Blazar Properties 

BL Lac: Albert et al. (2007) 

Sites of very high energy phenomena:  
Emax ~ 20 TeV  (5 x 1027 Hz) and vmax ~ 0.9998c  

Tavecchio et al. (2001) 
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Blazar Properties 
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�
1.  To be looked at à target selection based on other bands �
2.  Non-thermal emission à radio-quiet AGN do not make it �
3.  Low redshift (z ≤ 0.54) à high redshift γ-ray photons 

absorbed by the IR background (cf. the small # of quasars)�
4.  Right spectral energy distribution à peak in the γ-ray band 

is favoured (quasars are biased against)�
5.  Relativistic beaming to boost emission à only the closest 

radio galaxies are detected�
6.  Variability to boost emission à flaring targets more likely to 

be detected�
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What does it take for an AGN to be detected in 
the TeV band? 
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What does it take for an AGN to be detected in 
the TeV band? 

3C 273 

Giommi et al. (2012) 



�
•  Because some objects have their peak energy in the TeV band�
•  To study extreme cosmic accelerators (blazars): highest photon 
energies! (most promising way with cosmic rays and neutrinos)�
•  To constrain models of jet emission: e.g., leptonic [γ-rays from 
high-energy electrons] vs. hadronic [γ-rays from high-energy 
protons/nuclei] �

ü different high-energy spectra�
ü if hadronic, related to the origin of ultra-high-energy 

cosmic rays and neutrinos�
•  To probe regions very close to the black hole (rapid variability): 
R ≤ c tvarδ/(1+z) �
•  To give an unbiased view of the TeV sky �
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Why is CTA good for AGN? 1. 
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Why is CTA good for AGN? 1. 
 

1ES 2344+514 

Acciari et al. (2011) Murase et al. (2012) 

proton model leptonic model 

25 TeV 



�
•  To constrain intrinsic high-energy blazar spectra through 
possible detections of sources at high z  �

ü  γTeV + γIR/O/UV → e+ + e-       σmax for λ ∼ 1.33 µm (E/TeV)�

•  To help solve the paradox of VLBI sub-luminal speeds in TeV BL 
Lacs: �

ü fast γ-ray variability à Γ≈ 50 �
ü for typical angles à superluminal motion in the radio band 

expected: none is observed    �
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Why is CTA good for AGN? 2. 
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Why is CTA good for AGN? 2. 
 

Hinton & Hofmann (2009) 
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Why is CTA good for AGN? 2. 
 

Giroletti et al. (2004) 

MKN 501 



November 19, 2012 20 P. Padovani − CTA LINK 2012 

AGN as ultrahigh energy cosmic ray (and 
neutrino) sources 

 
�
•  Restricted to radio-loud sources (in my opinion!): �

ü no radio-quiet AGN detected in the γ-ray (MeV – TeV) band 
(e.g., Ackermann et al. 2012) [two Seys, star-formation related] �

ü radio emission in radio-quiet AGN mostly star-formation related 
(synchrotron emission from SN remnants: PP et al. 2011)  �

à should not be using whole Véron-Cetty & Véron AGN catalogue 
to look for the sources of cosmic rays �

•  Need hadronic jets (standard leptonic models only reach ≈ 1019 eV: e.g., Murase 
et al. 2012) [important also for neutrino emission] �
•  Need magnetic luminosity LB ≳ 1045 Z-2 (E/1020eV)2 erg/s to 
accelerate protons/nuclei (e.g., Lemoine & Waxman 2009): �

ü if Z = 1, only powerful radio galaxies and quasars can make it 
but GZK suppression limits the redshift (≲ 0.03–0.05)�

ü if Z ≫ 1, LB ↓, more potential sources but isotropic distribution 
(e.g., Hardcastle 2010, Lemoine 2012) �

•  Delay between arrival of particles and photons (e.g., Olinto 2012)  �
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Summary  

 
 

  

•  CTA to be very important for AGN: should be 
fundamental for the solution of quite a few open 
problems�

•  Requirements for AGN as cosmic ray and neutrino  
sources: radio-loud, hadronic jets, large power à few 
candidates (if protons) OR lower power à more 
candidates (if heavier nuclei) [but loss of correlation 
with astronomical counterparts] �
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