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Outline and learning goals

• I. Phenomenology  
           What are AGN? 
           How are they identified? 

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

• III. The AGN zoo 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?
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• Efficiencies:  
• nuclear fission - 10-4 
• nuclear fusion - 10-3 
• accretion - 0.1

Ṁ

M�/yr
⇡ 6⇥ L

1045erg/s
· 0.1
⌘

→ accretion onto massive compact object!



II. Energy output
• How massive?!
• consider balance of radiation pressure and gravity on ionised gas 
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II. Energy output

→ optical + UV emission from accretion onto a 
supermassive black hole

M � 8⇥ 106 M� · L

1045 erg/s

T ⇡ 104 K

• How massive?!
• consider balance of radiation pressure and gravity on ionised gas 
!

!

!
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• What spectrum?



II. Energy output



II. Energy output



II. Energy output

disk
“corona”

????
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• Let’s simplify a bit

IV. The dusty torus

accretion disk!
(optical and ultraviolet radiation)

dusty torus!
(infrared radiation)



• How is the IR emission coming together? 
• Dust absorbs in the optical/UV
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= 4⇡Q⇤

abs;P(T )�SBT
4 (1)
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• inner radius: take T = Tsub = 1500 K and (modified) Stefan-Boltzmann law 
(= rewrite the equation above)

IV. The dusty torus

L

4⇡r2
= 4⇡Q⇤

abs;P(T )�SBT
4 (1)

1

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

L = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

1



• Where does it end? How much mass is in there? 
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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/cm2 
!

!

!

!

!

• mass supply to AGN: 
!

!

IV. The dusty torusL = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

Mtorus ⇡ 5 · 104M� ⇥
✓
Rtorus

pc

◆2

·
✓

NH

1024 cm�2

◆
(3)

1

L = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

Mtorus ⇡ 5 · 104M� ⇥
✓
Rtorus

pc

◆2

·
✓

NH

1024 cm�2

◆
(3)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(4)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

10 rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(5)

1



• Where does it end? How much mass is in there? 
• From X-rays and optical absorption: H column density ~1024 particles/cm2 
!

!

!

!

!

• mass supply to AGN: 
!

!

IV. The dusty torusL = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

Mtorus ⇡ 5 · 104M� ⇥
✓
Rtorus

pc

◆2

·
✓

NH

1024 cm�2

◆
(3)

1

L = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

Mtorus ⇡ 5 · 104M� ⇥
✓
Rtorus

pc

◆2

·
✓

NH

1024 cm�2

◆
(3)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(4)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

10 rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(5)

1

L = 4⇡Q⇤
abs;P(T )�SBT

4 (1)

rsub ⇡ 0.2 pc⇥
✓

L

1045 erg/s

◆1/2

·
✓

Tsub

1500K

◆�2

·
✓

✏s
1.0

◆�1/2

(2)

Mtorus ⇡ 5 · 104M� ⇥
✓
Rtorus

pc

◆2

·
✓

NH

1024 cm�2

◆
(3)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(4)

Mtorus ⇡ 105M� ⇥
✓
Rtorus

10 rsub

◆2

·
✓

L

1045 erg/s

◆
·
✓

NH

1024 cm�2

◆
(5)

tsupply ⇡ 2 · 104 years ⇥
✓
Rtorus

10 rsub

◆2

·
✓

NH

1024 cm�2

◆
(6)

1



• Where does it end? How much mass is in there? 
• From X-rays and optical absorption: H column density ~1024 particles/cm2 
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• mass supply to AGN: 
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• AGN phase ~ 107-8 years

IV. The dusty torus

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

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

turbulent motion of stars in galaxy centre
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No. 2, 2004 Mbh-Mbulge RELATION L91

Fig. 1.—Two typical examples for the modeling are shown. The solid line gives the modeled velocity profile for NGC 4374 (left panel) and NGC 4261 (right
panel). The quantity j* denotes the rms velocity of the stars [ ]. Overplotted are the data points observed by Davies & Birkinshaw (1988). The effective22 1/2(j ! v )
radius, , is indicated by the dashed line. The modeled velocity profiles match the data well within the observed error bars.Re

Fig. 2.—Black hole mass vs. bulge mass for the 30 sample galaxies. The
solid line gives the bisector linear regression fit (see § 4) to the data with a
slope of . For comparison the relation found by Marconi & Hunt1.12! 0.06
(2003) is shown as the dashed line (slope: ). The squares indicate1.06! 0.09
galaxies taken from group 1 in Table 1; the triangles refer to group 2 galaxies.
The error bars in black hole mass are the published ones given in Table 1 and
for the bulge mass were adopted to be 0.18 dex in for all objects. ThelogM
possible outlier, plotted in light gray, is NGC 4342, which was not included
in the fit.

these large apertures a seeing correction is not necessary. All
systems, except NGC 1068, are bulge dominated, and a bulge-
to-disk decomposition is not critical. For NGC 1068 we per-
form a one-dimensional bulge-to-disk decomposition to only
account for the bulge stars.
2. A constant mass-to-light ratio U is assumed to convert the

luminosity density into themass density and calculate thepotential.
3. The Jeans equation in its spherical and isotropic form is

solved using a fourth-order Runge-Kutta algorithm, predicting
the velocity dispersion for each galaxy.j (r)r
4. The dispersions are integrated along the line of sight,

projected back onto the plane of the sky, averaged over the

observational aperture, and compared to the kinematic data.
The observed velocity profiles typically extend from 2! to 25!.
For these apertures seeing convolution is neglected.
5. From this the value for U is adjusted by scaling the model

velocity dispersion curve to best match the observed values.
The mass of the central black hole is unchanged during the
scaling procedure. Two examples of this modeling procedure
are shown in Figure 1.
6. Using this final value for U, the mass density is integrated

over the galaxy’s bulge (with , where the mass ofr p 3rmax eff
the bulge has already converged).
7. To account for the flattening of the bulge the bulge mass

is multiplied by , where e is the projected ellipticity1/2(1" e)
(e.g., Kochanek 1994).

The resulting bulge masses determined in this Letter are
listed in Table 1 (group 1), augmented by bulge masses taken
from the literature (group 2). We remodeled three bulge masses
from the sample of Magorrian et al. (1998) and found good
agreement: MM98/Mhere(M87)p 1.3, MM98/Mhere(NGC 821) p
1.0, and MM98/Mhere(NGC 3379) p 1.03.
Also in other objects, the mass-to-light ratio from our spher-

ical Jeans models agrees well with the ones from much more
extensive modeling: for IC 1459 Cappellari et al. (2002) give

. At a mean color of this1U p 3.2 (R"I) ∼ (V"I) ∼ 0.65I 2
corresponds to , well in agreement with our value,U p 4.1R

. For M87 van der Marel (1994) found inU p 4.2 U p 2.9R I
good agreement with our value, . This comparisonU p 3.0I
with a number of other authors shows that our models, although
more simplistic than other current approaches, provide suffi-
ciently robust and unbiased estimates of Mbulge.
To account for the uncertainties introduced by the simpli-

fying assumptions in the modeling (e.g., spherical symmetry,
isotropy, constant mass-to-light ratio) and the inhomogeneity
of the data, we give a conservative individual error estimate
for the bulge masses of a factor of 1.5 or !0.18 dex.

4. RESULTS AND DISCUSSION

In Figure 2, we plot Mbh against the dynamical bulge mass
Mbulge for the 30 galaxies in the sample. In contrast to the
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stellar mass in central galaxy

→ AGN and galaxies coevolve

Häring & Rix



• supply and suppression via star formation

→ very luminous AGN are in starburst galaxies

V. AGN in the cosmological context



• luminosities evolve over time

→ highest masses first!?!?

V. AGN in the cosmological context

Hasinger



V. AGN in the cosmological context
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