
Active Galactic Nuclei:
a talk mostly about blazars

Manel Errando
Washington University in St. Louis



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN



The discovery of quasars

2

3C 273: The first AGN

z=0.158



The discovery of quasars

3

The First Texas Symposium on Relativistic 
Astrophysics - 16-18 December 1963

3C 273: The first AGN



The discovery of quasars

3

The First Texas Symposium on Relativistic 
Astrophysics - 16-18 December 1963

3C 273: The first AGN



AGN

• Characteristics 
• Bright compact nucleus 
• Time variability 

• Unified model 
• Supermassive black hole 
• Rotating accretion disk  
• Perspective to observer, 

accretion rate and BH mass 
determines the kind of AGN.
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Black Holes and Relativistic jets
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• Supermassive black holes: 106-109 M☉ 

• Active Galactic Nuclei (AGN)
• Outflows of particles and radiation: 

relativistic jets.
• Aligned to our line of sight: Blazars.
• See them from radio to gamma-ray 

energies.
• Their emission is highly variable.

 [Hz]ν
1010 1210 1410 1610 1810 2010 2210 2410 2610 2810

 ]
-1

 s
-2

 [e
rg

 c
m

ν
 Fν

-1410

-1310

-1210

-1110

-1010

-910

MAGIC

Fermi

Swift/BAT

RXTE/PCA

Swift/XRT

Swift/UVOT

ROVOR

NewMexicoSkies

MITSuME

GRT

GASP

WIRO

OAGH

SMA

VLBA_core(BP143)

VLBA(BP143)

VLBA(BK150)

Metsahovi

Noto

VLBA_core(MOJAVE)

VLBA(MOJAVE)

OVRO

RATAN

Medicina

Effelsberg

Radio IR-optical-UV X-ray Fermi VHE



AGN
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Blazar Spectral Energy Distributions
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PKS 1510-089 
z = 0.361

Spectral Energy Distribution and Spectral Index Distribution

8

Fermi 3LAC catalog



Spectral Index vs. Peak Synchrotron Frequency

9

> 100 MeV γ-ray photon index vs. peak synchrotron frequency

3LAC catalog



Leptonic models

• Soft photon population: 
• SSC: synchrotron photons 
• Emission from the disk 
• Broad Line Region 
• Reprocessed emission from the dust 

torus
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Correlated variability
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Location of the gamma-ray emission
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Arlen et al. (VERITAS), Astrophys J., 2013
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Hadronic models
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TXS 0506+056
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TXS 0506+056
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Hadronic models
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Periodic emission from AGN jets

In the last three years, there 
have been about a dozen 
claims for periodic behavior 
in the light curves of blazars 
in the GeV band.

19

Tavani et al. (2018)

PG 1553+113, P~2.2 years 
Fermi-LAT data over 9 years
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• tBH merger depends on the spin speed and alignment of the seed BHs. 
• if tgalaxy merger < tBH merger we have a 3 BH problem → BH recoil kick. 



Galaxy evolution in a nutshell
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AGN evolution
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3LAC catalog



Summary

• There is a lot we don’t yet know about how 
supermassive black holes grow, and how they 
shape star formation in their host galaxies. 

• Radiation from accreting supermassive black holes 
(AGN) is the best tracer we have of black hole 
evolution. 

• Basic models exist that explain the radiation we 
observe from relativistic jets. 

• Most models break down when observational data 
becomes more abundant and more detailed.
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