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Outline and learning goals

* |. Phenomenology
What are AGN?
How are they identified?

Il. Energy output
Where is the energy coming from?
In which wavebands does the energy get radiated out?

lll. The AGN zoo0 and unification
How can we make sense of the different AGN types?

IV. The dusty torus
Why is it interesting”
Where is the radiation coming from?
What is its structure?

V. AGN in the cosmological context
Why should the universe (and funding agencies) care about black holes?



. Phenomenology
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HST/NASA/ESA — Bill Keel




. Phenomenology

Seyfert Nuclei — HST Planetary Camera

IC 4329A NGC 1019 NGC 3516

Mkn 1376 NGC 3393 NGC 7469

HST/NASA/ESA — Bill Keel



ll. Energy output



Il. Energy output

uminosities of 1042 - 1048 erg/s (about 108 - 1014 Lgun)

How much energy is this over a year?
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Il. Energy output

uminosities of 1042 - 1048 erg/s (about 108 - 1014 Lgun)
How much energy is this over a year?

How does this compare to a SN?

dea: convert mass into energy

M L 0.1
Mg /yr 10%erg/s 7

Efficiencies:
 nuclear fission - 104
* nuclear fusion - 103

- accretion - 0.1

— accretion onto massive compact object



Il. Energy output

- How massive?

e consider balance of radiation pressure and gravity on ionised gas



Il. Energy output

- How massive?

e consider balance of radiation pressure and gravity on ionised gas

L

M2 8x 10" Mo 5

- What spectrum?

T ~ 10* K

— optical + UV emission from accretion onto a
supermassive black hole
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Il. Energy output
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Il. Energy output
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lll. AGN zoo and unification

HST/NASA/ESA

Carilli & Barthel




lll. AGN zoo and unification

Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

f'

380 Arc Seconds - 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYYEARS




lll. AGN zoo and unification
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lll. AGN zoo and unification
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lll. AGN zoo and unification

e A Zoo of AGN classes

* Unification scheme — putting everything in one picture

Narrow Line

s +» / Region
‘ : : Broad Line

Region

Accretion
Disk

Obscuring
Torus




lll. AGN zoo and unification

e A Zoo of AGN classes

* Unification scheme — putting everything in one picture
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IV. The dusty torus



IV. The dusty torus

e Let's simplify a bit

accretion disk dusty torus
(optical and ultraviolet radiation) (infrared radiation)



IV. The dusty torus

 How is the IR emission coming together?

* Dust absorbs in the optical/UV

10° '
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10%
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IV. The dusty torus

 How is the IR emission coming together?

* Local thermal equilibrium = “what goes in has to get out again”
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 How is the IR emission coming together?

* Local thermal equilibrium = “what goes in has to get out again”

L

A2

— 47TQ;bs;P (T)USBT4

e inner radius: take T = Tsup = 1500 K and (modified) Stefan-Boltzmann law
(= rewrite the equation above)



IV. The dusty torus

 How is the IR emission coming together?

* Local thermal equilibrium = “what goes in has to get out again”

L

A2

— 47TQ;bS;P (T)USBT4

e inner radius: take T = Tsup = 1500 K and (modified) Stefan-Boltzmann law
(= rewrite the equation above)

<0200 (qmegr) (monie) (15)
Poub = -2 PE S 1095 arg /s 1500 K 1.0

— the torus is parsec-scaled (=mas in nearby AGN)




IV. The dusty torus

e \Where does it end”? How much mass is in there?

 From X-rays and optical absorption: H column density ~1024 particles/cm?
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e \Where does it end”? How much mass is in there?

 From X-rays and optical absorption: H column density ~1024 particles/cm?

Rtorus 2 NH
Miorus =~ 5 - 10* M, X .
rorus © ( pe ) (1024cm—2>

Rtorus 2 L NH
M orus o 105 M ¢ *
t © X (10 frsub) (1045 erg/s) <1O24 cm2>

* mass supply to AGN:
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 From X-rays and optical absorption: H column density ~1024 particles/cm?

Rtorus 2 NH
Miorus =~ 5 - 10* M, X .
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Rtorus 2 L NH
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IV. The dusty torus

Where does it end”? How much mass is in there?

From X-rays and optical absorption: H column density ~1024 particles/cm?

Rtorus 2 NH
Miorus =~ 5 - 10* M, X .
torus © < pC ) (1024(:111_2)

Rtorus 2 L NH
M orus o 105 M ¢ *
t © X (10 frsub> (1045 erg/s) (1024 cm2>

mass supply to AGN:

R 2 N
-~ 4 torus H
tsupply ~ 2 - 107 years X (10 Tsub) : (1024 cm—Z)

AGN phase ~ 1078 years

— torus must be constantly refilled!!!
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V. AGN in the cosmological context

* supermassive black hole < 1% of mass of galactic bulges

0 0 L/
7 0 W A
© (4] A £
S = SV
9 Q 2
o =
2 2 Brail
N ¢ P S5
o s,
S o , % 1
s S |
Haring & Rix
turbulent motion of stars in galaxy centre stellar mass in central galaxy

— AGN and galaxies coevolve



V. AGN in the cosmological context

e supply and suppression via star formation

Quasar Host Galaxies HST « WFPC2

PRC96-35a * ST Scl OPO * November 19, 1996
J. Bahcall (Institute for Advanced Study), M. Disney (University of Wales) and NASA

— very luminous AGN are in starburst galaxies



V. AGN in the cosmological context

e |[uminosities evolve over time

[ | I | I | I 1 I I ]
10~ 10% =
iy 3 - AT i e, <
vgo 10-5 © B -
%) = 100 =
zo 108 - _1‘:5
nrqb n 3
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- 10_7 3 5 r———i——~ Q Y|
k- . - By 3
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— highest masses first!?!1?



V. AGN in the cosmological context

eSFR«21.56Gyr™"
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