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AGN

e Characteristics 9 he o © " Narrow Line
. S « o / Regon
* Bright compact nucleus o : /
 Time variability o frze Ll

Region

Accretion

Disk

e Unified model
e Supermassive black hole /
* Rotating accretion disk Bt in

* Perspective to observer, foT
accretion rate and BH mass
determines the kind of AGN.




Black Holes and Relativistic |ets

» Supermassive black holes: 105-10° Mo
 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.
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Blazar Spectral Energy Distributions
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Number of sources

Number of sources

Spectral Energy Distribution and Spectral Index Distribution
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Photon spectral index
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Spectral Index vs. Peak Synchrotron Frequency

> 100 MeV y-ray photon index vs. peak synchrotron frequency
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|_eptonic models

vF,

Accretion

Disk

BLR

* SOft photon population:

/\ e SSC: synchrotron photons
.- Inverse Compton « Emission from the disk

scattering » Broad Line Region
Synchrotron » Reprocessed emission from the dust
radiation /\ torus
-
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mdio-loud (RL) AGN

radio-quiet (RQ) AGN
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Correlated variability

6 T
(a) TeV Flux [ Crab | >
4’ *
2t X *
/| S R EELEL X TEPINE 7 9 T 1
(b) 10 keV Flux [ keV Tem™ s"I
0.002}
® e o ow®°%e @
.
oL+ 1 | [ 1.|‘1 1‘.1.’”.1.1‘1"”'”’“
(c) 3-25 keV Photon Index
2.5¢ o %
0
2ty o 00 % ooco°3°°o°oo°&°°° e B g
15t v v v b v by v v v by v vy by | E
15| . 2 T 1ES 1959+650
(d? ' s ?&‘ $ “é% g o “‘ R Magnitudey L:). 4
- i i T RN (0NN N A D (SRR S N YL AT T T AR SO et S 5 | E
0.4} 14.5 GHz Flux [ Jy | > +
=
0.2} L A LA LA +
0 (el) 1 1 1 l 1 ] l+l l 1 1 1 1 l 1 1 | 1 l 1 1 1 1 l 2. ® +
20 25 30 35 40 45
Date [ MJD-52400 | iﬁ th
Krawczynski et al. 2004 ¢ gv 34,
007005 00 015 02 025 03 035 :

x10
F(10 keV) [ keV Tem?s! ]
12



Milliarcseconds
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Arlen et al. (VERITAS), Astrophys J., 2013
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Hadronic models
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15 September, 2017

1 October, 2017

TXS 0506+056
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15 October, 2017
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TXS 0506+056
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Hadronic models

: isotropic y-ray high-energy ’
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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.

PG 1553+113, P~2.2 years
Fermi-LAT data over 9 years
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Galaxy evolution in a nutshell
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Galaxy evolution in a nutshell

supermassive BH +
supermassive BH

<

supermassive BH
binary

<

supermassive BH
merger
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<

supermassive BH
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<

supermassive BH
merger

* IsH merger depends on the spin speed and alignment of the seed BHs.
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Galaxy evolution in a nutshell

supermassive BH +
supermassive BH

<

supermassive BH
binary

<

supermassive BH
merger

* IsH merger depends on the spin speed and alignment of the seed BHs.
o |f tgalaxy merger < iBH merger we have a 3 BH prOblem — BH recoll kick.
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Galaxy evolution in a nutshell

supermassive BH +
supermassive BH
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Ly (ergs™)

AGN evolution

3LAC catalog
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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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