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Active Galactic Nuclei – Unified Model 

According to the Unified Model AGN1 
and AGN2 are the same objects seen at 
different viewing angles. 

However AGN1 and AGN2 show: 
•  different luminosity functions  (Ueda
+03, La Franca+05, Ueda+14) 
•  different BH masses and accretion 
rates 
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Schmidt & Green 1983: first steps 

~200 AGN1 



Schmidt & Green 1983 

~200 AGN1 

Croom+04, 2dF QSO Redshift Survey  

~24000 AGN1 

20 years after…and two order of magnitude larger samples 



Parameterization 

€ 

Ψ(L) =
Ψ*

(L /L*)β h + (L /L*)β l



Schmidt & Green 83, ~200 AGN1 

Boyle, Shanks & Peterson 88, ~700 AGN1 

LF & Cristiani 97 
   ~ 1200 AGN1 

20 years of evolution of the evolution 
of the QSO (AGN1) luminosity 
function 

  Croom+04 
~24000 AGN1 

L(z)=L(0)e6.15τ 

PLE: L(z)=L(0)(1+z)3.4 



What’s the Faint End Slope of QLF? 

z=0 Faint slope measurement 

Ranges from -1.o to -2.0… 

! lead to uncertainties in 

in the total luminosity and  

mass density of quasar pop. 

Hao et al. 2004 
NLR Hα and [OIII] LF 



Schmidt, Schneider & Gunn 1995 

Fan+04 
 SDSS 

Decline at high redshift of the QSO (AGN1) density 
optical (grism) selection 



Decline at high redshift of the QSO (AGN1) density 
radio selection 

Dunlop & Peacock 90 Miller, Peacock & Mead 90 

Bimodality? 



● Non-stellar emission produced at the core of a galaxy 
(not always visible at optical wavelengths) 

– Broad wavelength SED: bright from X-rays (even gamma 
rays) to radio wavelengths, unlike stars 

– High-excitation emission lines not found in star-forming 
galaxies 

– Sometimes highly variable, indicating very compact 
emission region 

Often rapidly varying: 
small emission region 

Broad spectral energy distribution 

High-excitation emission 

X-ray  



Before XMM and Chandra: 
the X-ray LF from ROSAT  
(Miyaji, Hasinger, Schmidt 2000) 
0.5-2keV --> mainly AGN1 
Previous works from the Einstein 
satellite data: e.g. Della Ceca+92 

Not able to measure the high-z decline 



X-ray background 
the need for the AGN2/absorbed population 

Setti & Woltjer 89 



X-ray Evidence for Absorption 
●  X-ray observations show Type 2 AGNs have 

larger column densities of gas than Type 1 
AGNs (they are more absorbed) 

Type 2 AGN 

Type 1 AGN 

There is rough correspondence 
between optical AGN1/AGN2 classification 
and column  densities 

BUT there were no efficient ways of selecting AGN2 
 (they are red; no broad emission lines) 



Comastri, Setti, Zamorani, Hasinger 1995 

X-ray background 
the need for the AGN2/absorbed population 

AGN1 

AGN2-thin 

AGN2-thick 

Some other CXRB synthesis models: Matt & Fabian (94); Madau, Ghisellini & Fabian (94); 
Gilli+99;  Pompilio, LF & Matt (1996); Treister & Urry (05); LF+05; Gilli, Comastri & 
Hasinger (07); Ueda+14 
  

The largest part of the AGN population 
was still missing 



The New Millennium 
First Spectroscopic identification of Chandra sources 

Fiore, LF, Vignali et al. (2000) 

XBONG 
(X-ray Bright Optically Normal Galaxy) 
NO EMISSION LINES 

Eventually we found the AGN2 population but… 

It became more evident that 
emission line diagnostics 
are not able to select all the 
AGNs 
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Hard (2-10 keV) X-ray surveys 
Ueda+03: 247 AGNs from Chandra, ASCA, HEAO1 

More absorbed AGN at low luminosities 

downsizing 

LF+05: 508 AGNs 

More absorbed AGN 
at low luminosities 
and high-z 

LDDE: Luminosity Dependent 
Density Evolution 



Brusa+09 

Civano+11 

Hiroi+12 

Hard (2-10 keV) X-ray surveys: z>3 
We eventually see the decline at high z of 
the (almost) complete AGN population  

Schmidt, Schneider 
& Gunn 1995 

Dunlop & Peacock 90 

AGN1- OPTICAL RADIO 



Ueda+14: 4039 AGNs 

Downsizing and absorption=f(L,z) 
LF+05 

“upsizing”  evolution (i.e., the number ratio of less 
luminous AGNs  to more luminous AGNs  is larger 
at earlier epochs). This is what is  expected from the 
hierarchical structure formation in the early universe. 
Thus, the SMBH growth must be correctly described 
by “up-downsizing”  (Ueda+14) 
 

Ueda+14: 4039 AGNs 

More absorbed AGN at  low luminosities and high-z 

Melini,PhDTh,09 



Ueda+14 

X-ray background 
Uncertainties on the density of heavily obscured (CTK)  AGNs 

There are degeneracies between the estimate of CTK AGN fraction and the 
strength of Compton reflection components in the AGN spct.  
The best-estimate of CTK density will be changed by +/- 50%  
when we assume Rdisk = 0.25 and 1.0, respectively,  
although the choice of Rdisk = 0.5 is the most reasonable 
 



The search of CTK AGN in the MIR 
Fiore+08+09 

Stack of Chandra 
images of MIR 
sources not directly 
detected in X-rays 

See: 
Daddi+07 
Fiore+08,09 
Lanzuisi+09 
Bauer+10 
Alexander+11 
Melini+ in prep. 

Hard spectrum 
logNH>24 CTK AGNs 

SOFT HARD 

But there is no evidence of a large undetected 
CTK AGN population that could change our understanding 
of the AGN evolution 



Downsizing observed in all bands 
Hopkins, Richards & Hernquist (2007) 

Attention: this is a downsizing of the LF (accretion rate) and not 
of the BHMF  



LDDE found also for optically selected AGN1 
once the faint end of the LF is probed 

Bongiorno+08 

See also e.g. Fontanot+07, Shankar & Mathur 07; Cirasuolo+10; Rigby+11 

Bongiorno+10 find LDDE also for the AGN2 [OIII] LF 



Vasudevan+07; Lusso+10,12; Shankar+13 

Hopkins+07 

Marconi+04 

To derive the Bolometric LF we need to know 
the Bolometric correction 



The Bolometric LF 

Shankar, Weinberg & Miralda-Escude` 09 



AGN/Galaxy co-evolution 

Where the BH mass has been measured very important scaling relations 
with the bulge properties have been found locally, suggesting a strong link 
between the AGN and the host galaxy evolution. 

Are these relationships valid for AGN2 as well? 
2/3  of the AGN are AGN2. 

Ferrarese & Merritt, 2000; Gebhardt et al., 2000; Kormendy & Richstone, 1995 Marconi & Hunt, 2003; Sani et al., 2011; Magorrian et al., 1998; Haring & Rix 2004 



Marconi et al. (2004)"

The studies of the local galaxy bulges allow to estimate the z=0 
BH mass funtion 
 
Both the z=0 BH mass function and the cosmic X-ray 
background are the “fossil” integrated result of the 
AGN evolution, i.e. of the total of accreted mass and 
of the total energy released in the Universe via accretion     

z=0 BH mass function 
X-ray background 

Integrated history of  
accretion 

Integrated luminosity 
history  

X-RAY LF, Bolometric LF, BH MF 



Putting things together: Soltan’s argument 

●  Soltan’s argument: AGN luminosity function φ(L,t) 
traces the accretion history of local remnant BHs 
(Soltan 1982), if BH grows radiatively 
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Total mass density accreted = total local BH mass density 

Continuity Equation 
Small & Blandford 92; Yu & Tremaine 02; Marconi+04; Shankar+04,09,13; 
Tamura+06;  Cao & LI 08; Li+12 



Accretion history of the Universe 
 

Luminosity density 

Mass density in BH 

Vika et al. (2009): 4.9 (+/- 0.7) M๏ Mpc-3 

Marconi et al. (2004): 4.6 (+1.9;-1.4) M๏ Mpc-3 

McLure & Dunlop (2004): 2.8 (+/- 0.4) M๏ Mpc-3 

Accretion rate density 
Bolometric correction 
  (Marconi et al. 04) 

ε=0.1, radiative efficiency 

Luminosity density evolution 

BH mass density evolution 

LF+05 



Expanding Soltan’s Argument 
Fitting the local BHMF with the AGN LF 

using the continuity equation 

Local BHMF measure using the MBH-σ BH-bulge scale relation  

ε~0.1     λ=(L/LED)~0.2-0.7 



Uncertainties in deriving the SMBH MF 
 

Shankar+13 

Kauffmann&Heckman 09 
MBH from stellar disp. 

Hickox+09 
MBH from galaxy mass 

We need to better measure the Eddington ratio distribution. 
BUT at moment we are able to measure the BH mass on AGN1 only 
or we have to believe on BH-bulge galaxy scale relations which we 
do not know whether  they are valid at low luminosities and high-z 

Eddington ratio distribution 



AGN/Galaxy co-evolution 

Where the BH mass has been measured very important scaling relations 
with the bulge properties have been found locally, suggesting a strong link 
between the AGN and the host galaxy evolution. 

Are these relationships valid for AGN2 as well? 
2/3  of the AGN are AGN2. 

Ferrarese & Merritt, 2000; Gebhardt et al., 2000; Kormendy & Richstone, 1995 Marconi & Hunt, 2003; Sani et al., 2011; Magorrian et al., 1998; Haring & Rix 2004 



Bongiorno+14 

Γ(z) = (ΜΒΗ/Μ*)Ζ/(ΜΒΗ/Μ*)0	


Evolution of ΜΒΗ/Μ*	

 

See: Shields+03, Peng+06, Salviander+07, Woo+08, Alexander+08, 
 Del Moro+09, Sarria+10, Merloni+10, Melbourne+11 
Discussion on selection effects: Lauer+07, Schulze&Wisotzki11 

Marginal evidence that BH formed faster than galaxies 
(using virial relations based on the width of the BLR emission lines) 



Shankar+08 

A possible solution on the BHMF evolution 
(once an Eddington ratio distr. has been assumed) 

downsizing 

BHMF 

BHMF 

Duty Cycle 



The duty cycle (an example) 

Li+12 

The result is strongly dependent on the Eddington ratio distribution 



Are the X-ray and radio LFs in agreement?	

 



Probability distribution function of RX  

The probability distribution function of RX has been 
Evaluated  taking into account all observational 
selection effects, i.e. both detections and 
upper limits of all ~1600 AGN have been used  

Only for the low-z samples 
(on ~150 AGN) the fraction 
of radio detections reaches 
about 80%, and it is therefore 
possible to measure the entire 
probability distribution of R: P(RX) 

6 order of magnitude 

No bimodality: the radio 
loud definition is arbitrary 

Are the X-ray and radio LFs in agreement?	

 

LF+10 Miller, Peacock & Mead 90 



Are X-ray and radio bands telling the same story? 
Reproduction of the AGN radio LF starting from HXLF 

La Franca+05 

La Franca+05 (& Brusa+09 at 
z>2.7) 

Brusa+09 
* 

P(RX) 

X-ray LF 

= 

FRI LF 

downsizing 

R>-4 

7 



Reproduction of the AGN radio counts using the HXLF and the LX-LR 

Reproduction of the 
counts/fraction of AGN in the 
radio sub mJy regime. 

 
  
 Jarvis & Rawlings 04 
 Wilman+08 
 Seymour+08 
 Padovani+09 
 Ballantyne 09 
 Draper+11 

FRII 
FRI 

La Franca+10 



Conversion of radio luminosity into kinetic power 

Following Cattaneo & Best 09, we used two 
different relations at  high (L>1025 W/Hz) and low  
(L>1025 W/Hz) radio luminosities   

4 

Birzan+08 

Birzan+08 

MAGENTA: X-RAY       GREEN: RADIO 



Measure of the kinetic luminosity function 

La Franca+05 

La Franca+05 (& Brusa+09 at 
z>2.7) 

Brusa+09 
* * 

3 



The kinetic and bolometric LF 

Bolometric LF 

Kinetic LF 

ΦK two orders of magnitude smaller 

2 



AGN Power density history 

- Kinetic efficiency εK~5x10-3 

(see e.g. Merloni & Heinz 08)  

- LK/LB~ ΩK/ Ωrad~ 0.05 
compare with 0.10±0.38 (Shankar+08) 

- Estimates are in qualitative 
agreement with the trends with 
redshift of the radiative and kinetic 
power density used by SAMs 
(e.g. Croton+06) 

1 

See 2D-3D hydrodynamical 
Feedback simulations by: 
Saxton+05 
Sutherland & Bicknell 07 
Tortora+09 
Krause & Gaibler 09 
Gaspari+10 
Wagner+12 
Cielo+14 and TALK this aft. 

LF+10 



SUMMARY 
-AGN LF (in the optical, [OIII], X-soft, X-hard bands ) evolves accordingly to  
the LDDE model (-->downsizing) 
 
-X-ray surveys are now probing the z>3 XLF which results in rough 
agreement with the decline of the AGN1 density, previously observed in the 
optical (and radio) bands 
 
-X-ray obscuration increases with increasing redshift and decreasing luminosity 
 
-MIR search for obscured AGN do not seem to find a significant new (large)  
population of X-ray obscured AGNs which clearly show an AGN like SED in the MIR. 
 
-The radio AGN LF is in agreement with the XLF if the Radio/X distribution  
is taken into account. The estimates of the kinetic LF satisfy the energy budget 
necessary in the AGN feedback scenario 
 
-By Integrating the AGN LF, the CXRB and the local BH mass function are 
fairly well (roughly ?) reproduced 
 
-Marginal evidence that BH formed faster than galaxies 
 
-BUT: the BHMF evolution is poorly constrained  
 
-We need better estimates of the Eddington ratio distribution and evolution and 
we need a better measure of the BHMF for the AGN2/obscured/low-luminosity pop. 
 
 
 



Nowadays the main issue is no longer 
to measure  the AGN LF  
but instead to measure 

the AGN BH masses and then the BH MF evolution 


