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BH vs host galaxy (spheroid): MBH - σ, L

Kormendy & Richstone 1995; 
Magorrian+1998; Ferrarese & 
Merritt 2000, Gebhardt+2000;  
Graham+2001; Tremaine
+2002; Marconi & Hunt 2003; 
Haring & Rix 2004; Aller & 
Richstone 2007; Graham 2008 

Intrinsic Scatter of the M–σ and M–L Relations 5

FIG. 1.— The M–σ relation for galaxies with dynamical measurements. The symbol indicates the method of BH mass measurement: stellar dynamical

(pentagrams), gas dynamical (circles), masers (asterisks). Arrows indicate 3σ68 upper limits to BH mass. If the 3σ68 limit is not available, we plot it at 3 times

the 1σ68 or at 1.5 times the 2σ68 limits. For clarity, we only plot error boxes for upper limits that are close to or below the best-fit relation. The color of the error

ellipse indicates the Hubble type of the host galaxy: elliptical (red), S0 (green), and spiral (blue). The saturation of the colors in the error ellipses or boxes is

inversely proportional to the area of the ellipse or box. Squares are galaxies that we do not include in our fit. The line is the best fit relation to the full sample:

MBH = 10
8.12

M⊙(σ/200 km s
−1)4.24

. The mass uncertainty for NGC 4258 has been plotted much larger than its actual value so that it will show on this plot.

For clarity, we omit labels of some galaxies in crowded regions.

Gultekin+2009

Coevolution of supermassive BHs and their host 
galaxies;
Link BH-galaxy is (?) provided by AGN feedback;
Cosmological evolution of BHs important to 
understand galaxy evolution.

Sani, AM, Hunt, Risaliti, 2010
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φ(MBH) =
�

+∞

0

P (MBH|Lsph)φ(Lsph)dLsph

Demography of local BHs

Overall there is a general agreement 
(or not so large disagreement) 
among estimates from different 
authors (with exceptions).
The integrated BH mass density is 
ρBH ≃ 3 - 6 ×105 M Mpc-3

Uncertainties on:
LF per morphological type; 
average Bulge/Disk ratios
MBH-L/σ relations

Salucci +99, Yu & Tremaine 02, Marconi +04, 
Shankar +04, Tundo +07, Hopkins +07, 
Graham +07,Shankar +08 et many al.

convolved with   ϕ(MBH) 
Mass Function of local BHs

MBH-LSph 

MBH-σ 

MBH-MSph

ϕ(LSph)  
ϕ(σ) 
ϕ(MSph)[ [ [ [

Sirigu, AM, +2010

Marconi+2004



The Sołtan argument
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From AGN luminosity function derive relics mass density
(assuming                    )L = εṀc2

Original Sołtan Estimate (QSO LFs as of 1982): ρAGN ≃ 8 ×104 M Mpc-3

Marconi +04:         ρAGN ≃ 2.2 ×105 M Mpc-3  (hard X LF, Ueda +03) 

No correction for “obscured” AGNs ... when taken into account:
Marconi +04:        ρAGN ≃ 3.5 ×105 M Mpc-3  (ε≃0.1; hard X LF, Ueda +03) 
Shankar +08:        ρAGN ≃ 4.5 ×105 M Mpc-3  (ε≃0.07; hard X LF, Ueda +03) 

Local black holes
ρBH ≃ 3-6 ×105 M Mpc-3
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The “differential” Sołtan argument
Apply continuity equation to BHMF (Cavaliere +71, Small & Bandford 92): 
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L = λLEdd = λ
Mc2

tE

no “source” term (no merging of BHs)

Assuming{ single L/LEdd value 
for all AGN



∂f(M, t)
∂t

+
∂

∂M

�
�Ṁ�f(M, t)

�
= 0

The “differential” Sołtan argument
Apply continuity equation to BHMF (Cavaliere +71, Small & Bandford 92): 

∂f(M, t)
∂t

+
(1− ε)λ2c2

εt2E

�
∂φ(L, t)

∂L

�
= 0

BH Mass Function (AGN relics) AGN Luminosity Function

L is total (bolometric) accretion luminosity (usually from LX after applying 
bolometric correction)
ϕ(L,t) is the luminosity function of the whole AGN population (usually 
derived from X-ray LF after correcting for obscured sources)

L = εṀc2

L = λLEdd = λ
Mc2

tE

no “source” term (no merging of BHs)

Assuming{ single L/LEdd value 
for all AGN



Bolometric corrections
Build AGN template spectrum assuming:

optical power law
X-ray power-law+cutoff
connect with L-dependent αOX (Kelly+08) 

NO IR bump (not directly from accretion!)

Sirigu, AM, +10

4.1 Forma della SED e correzione bolometrica 63

Figura 4.2: Profilo di emissione per un AGN corrispondente ad una luminosità bolometrica
di 1.0× 1012 L⊙. In rosso è riportato il template usato da Marconi et al. (2004). Da notare
come la variazione di αOX modifichi la normalizzazione dello spettro X dell’AGN. In giallo è
evidenziato il contributo dell’emissione X soffice (0.5÷ 2 keV ) allo spettro di potenza.

ricavare la correzione bolometrica f per la banda β di interesse: per ogni luminosità

bolometrica Lbol si ricava il template che, integrato su tutte le frequenze, restituisce

Lbol e, da questo, si stima il contributo relativo alla sola banda β. Il calcolo è stato

eseguito mille volte con parametri di volta in volta variati in modo casuale entro gli

errori di misura, valutando cos̀ı gli errori sulla correzione bolometrica. In figura (4.3) si

riportano le correzioni calcolate per le bande B (centrata su 4400 Å), 5100 Å, 13.6 eV

(corrispondente all’energia di ionizzazione dell’idrogeno, con λ = hc

E
� 912 Å), (0.5 ÷

2.0) keV e (2.0 ÷ 10.0) keV . Le barre di errore racchiudono il 68% dei tentativi

effettuati.

Si riscontrano anche in questo caso solo minime variazioni rispetto ai risultati di

Marconi et al. (2004). Da notare inoltre che l’introduzione di un errore sulla pendenza

della relazione αOX(L2500 Å) introduce una più attendibile incertezza sulla correzione

bolometrica, che viene a dipendere, anche se debolmente, dalla luminosità.

64 La funzione di luminosità degli AGN

Figura 4.3: Correzioni bolometriche in alcune bande di interesse. La curva in rosso sarà utiliz-
zata per ricavare la funzione di luminosità bolometrica a partire dalla funzione di luminosità
in banda X soffice (0.5 ÷ 2 keV ).

Per poter utilizzare più facilmente le correzioni bolometriche, sono stati effettuati dei

fit logaritmici con polinomi di terzo grado ai valori determinati numericamente. I

coefficienti dei polinomi ricavati sono riassunti in tabella (4.1). Data poi una funzione

di luminosità degli AGN in una di queste bande, sarà possibile, per ogni valore della

luminosità bolometrica, determinare la corrispondente luminosità nella banda richiesta

ed infine la funzione di luminosità bolometrica:

φ(Lbol) dLbol = φ(Lβ) dLβ ⇒ φ(Lbol) = φ(Lβ) · dLβ

dLbol
(4.3)

ossia, esprimendo, come consueto, la funzione di luminosità in funzione del logaritmo

della luminosità bolometrica per unità di luminosità solari, lbol, otteniamo

φ(log lbol) = φ(log lβ)
lbol

lβ

dlx
dlbol

= φ(log lβ) fβ(lbol)
dlx
dlbol

(4.4)

Marconi+04

0.5-2 keV
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(corrispondente all’energia di ionizzazione dell’idrogeno, con λ = hc

E
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Per poter utilizzare più facilmente le correzioni bolometriche, sono stati effettuati dei

fit logaritmici con polinomi di terzo grado ai valori determinati numericamente. I

coefficienti dei polinomi ricavati sono riassunti in tabella (4.1). Data poi una funzione
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W/O Compton-thick

Constraints from X-ray Background
Models of the XRB take into 
account the whole AGN population 
→ also Compton-thick AGNs.

Their number density could be 
determined independently by XRB 
modeling (eg Gilli +07).

Gilli, Comastri & Hasinger +07
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Fig. 7.— Results for a reference model that agrees well with the local black hole mass function,

with ε = 0.065, ṁ0 = 0.60, and an initial duty cycle P0(z = 6) = 0.5. (a) The accreted mass

function shown at different redshifts as labeled, compared with the local mass function (grey area).

(b) Similar to (a) but plotting M•Φ(M•) instead of Φ(M•). (c) Duty-cycle as a function of black

hole mass and redshift as labeled. (d) Average accretion histories for black holes of different relic

mass M• at z = 0 as a function of redshift; the dashed lines represent the curves when the black

hole has a luminosity below LMIN(z) and therefore does not grow in mass; the minimum black hole

mass corresponding to LMIN(z) at different redshifts is plotted with a dot-dashed line.

Local BHs vs AGN relics

Sirigu, AM +10 (ε=0.063, λ=0.2)

Shankar +08 (ε=0.065, λ=0.42)

In general there appears to be a good agreement 
between local BHs and AGN relics with ε≃0.06, 
λ≃0.2-0.4 (see also Merloni & Heinz 2008)

Local BHMF



Radiative Efficiency and L/LEdd

Efficiency and fraction of 
Eddington luminosity are 
the only free parameters!

Determine locus in ε-λ 
plane where there is the 
best match between local 
and relic BHMF!

ε=0.04-0.09    λ=0.06-0.4 
which are consistent with 
common ‘beliefs’ on AGNs

Marconi et al. 2004 found 
using Ueda et al. 2003: 
ε=0.04-0.16 and λ=0.1-1.7 
method is robust!

Different 
corrections 

for obscured 
(CT) sources 

(different XLF 
and XRB 
models)



WITH Compton-thick

Constraints from X-ray Background
Models of the XRB take into 
account the whole AGN population 
→ also Compton-thick AGNs.

Their number density could be 
determined independently by XRB 
modeling (eg Gilli +07).
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WITH Compton-thick

Constraints from X-ray Background
Models of the XRB take into 
account the whole AGN population 
→ also Compton-thick AGNs.

Their number density could be 
determined independently by XRB 
modeling (eg Gilli +07).

The spectrum of fully Compton thick AGNs is the reflection spectrum whose 
normalization depends of the ASSUMED average scattering efficiency!

The number of Compton-thick AGNs depends on the ASSUMED  scattering 
efficiency (~2%) for which there are almost no estimates available!

Gilli, Comastri & Hasinger +07

But ...



Radiative Efficiency and L/LEdd

Effect of changing 
scattering efficiency to 
compute pure reflection 
spectra of Compton-Thick 
sources.

Fundamental to constrain 
Obscured (CT) AGN 
fraction independently 
from the XRB background!

Most important 
contribution from CT 
sources is at z~0-2, 
because of time (90% of 
age of universe).

2%
0.5%10%
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50 (L > 2× 11 L⊙)

150 (L < 2× 11 L⊙)

Too many free parameters ...
Adopting the total AGN luminosity function as derived by the Gilli +07 model 
and matching the local BH mass function (Marconi +04) it is possible to write:

Compton Thin
(21 < log NH < 24)

R = Ratio obscured/unobscured

Mildly Compton Thick
(24 < log NH < 25)

Highly Compton Thick
(log NH > 25)

Completely
obscured

Equazione G.R.A.M.A.
Guido Risaliti
Roberto Gilli
Alessandro Marconi
Marco Salvati 
Andrea Comastri
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and matching the local BH mass function (Marconi +04) it is possible to write:

Compton Thin
(21 < log NH < 24)

R = Ratio obscured/unobscured

Mildly Compton Thick
(24 < log NH < 25)

Highly Compton Thick
(log NH > 25)

Completely
obscured

using Gilli +07 best model [R = 4+4 (low L); R= 1+1 (high L); 
Compton-Thick are ~ lower obscuration AGNs] and ε~0.06.

Equazione G.R.A.M.A.
Guido Risaliti
Roberto Gilli
Alessandro Marconi
Marco Salvati 
Andrea Comastri
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obscured

using Gilli +07 best model [R = 4+4 (low L); R= 1+1 (high L); 
Compton-Thick are ~ lower obscuration AGNs] and ε~0.06.

Example: assuming X~4 then with ε~0.08 (LL), 0.12 (HL)  we can still satisfy 
the above equation! Little constraints from XRB and local BH mass function!

Equazione G.R.A.M.A.
Guido Risaliti
Roberto Gilli
Alessandro Marconi
Marco Salvati 
Andrea Comastri
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Example: assuming X~4 then with ε~0.08 (LL), 0.12 (HL)  we can still satisfy 
the above equation! Little constraints from XRB and local BH mass function!

Equazione G.R.A.M.A.
Guido Risaliti
Roberto Gilli
Alessandro Marconi
Marco Salvati 
Andrea Comastri

We need to know the fraction of 
Compton-Thick sources independently from 

XRB synthesis models → WFXT



∂f(M, t)
∂t

+
1− ε

εc2

∂

∂M

��
LP(M |L, t) φ(L, t) dL

�
= 0

Allowing for a L/LEdd distribution

The single L/LEdd for all L, z still provides the best match of local BH MF. 
Need to take into account z, L dependence of L/LEdd distributions for 
improvement but small changes on final results. 
Too many free parameters, need observational constraints on L/LEdd distr.
Only possibility is to measure virial MBH in type 1 AGN at all z.

Local BHMF (2009)

Single L/LEdd value L/LEdd distribution varying with z

Sirigu, AM +10



z evolution of BH-galaxy relations

4

Figure 1. Black-hole–host galaxy (corresponding to the spheroid mass for
these systems) mass relationship for SMGs and other systems (as indicated).
SMGs (circles) cannot lie a factor ≈ 4–6 above the local relationship (as found
for z ≈ 2 quasars and radio galaxies; Peng et al. 2006; McLure et al. 2006)
without overproducing the local black-hole mass density; see §4 for discussion.
The solid square indicate where X-ray luminous broad-line SMGs would lie,
assuming that the average CO dynamical mass represents the spheroid mass
in these systems, and shows that this subset of the broad-line SMG population
could be more evolved than typical systems. The solid bar indicates how the
SMBH masses for the SMGs varies depending upon the assumed Eddington
ratio (η). This figure is taken from Alexander et al. (2008); see §5 of that
paper for further details.

Borys et al. (2005) is 2×1011 M!; here we only consider the six z > 1.8 SMGs in
Borys et al. (2005) that do not have UV or near-IR excess emission over that ex-
pected from stars, giving a value ≈ 2 times lower than estimated by Borys et al.
(2005). The stellar-mass estimate is slightly higher than the masses estimated
from CO and Hα dynamics, and may be more representative of the overall mass

BH growth appear to precede galaxy growth in luminous quasars (but many 
uncertainties do BH mass estimates, deconvolution AGN-host galaxy, etc.).
Sub-mm galaxies appear to have small BHs (eg Alexandar+08).
These puzzling results might just represent selection effects (Lamastra+09)

Alexander+08

– 42 –

Fig. 7.— Black hole mass host stellar mass relation for zCOSMOS type–1 AGN in the redshift range

1 < z < 2.2. Symbols with leftwards arrows represent upper limits on the host mass. The black

solid line is the best fit to the Häring & Rix (2004) local spheroids sample relation, with dashed

lines marking a ±0.3 dex offset. Red arrows represent the direction of evolution of the points in the

MBH-M∗ plane in 300 Myr on the basis of their instantaneous accretion- and star formation-rates

and an AGN duty-cycle estimated from the amplitude of the corresponding luminosity and mass

functions (see text for details).

Merloni +09

zCOSMOS type 1 AGN, 
need host galaxy photometry 

to estimate stellar mass ...



MBH-galaxy in very high-z quasars
4<z<6.4 quasars with Msph estimate from CO line width (-> host galaxy mass, 
depends on assumed inclination) and virial MBH.
Even reducing to low inclination, very high MBH/Msph compared to local value!

Dynamical mass ! stellar mass

! MBH/Msph relation at 4<z<6.4

Be aware of inclination effects

(Wu+07, Carilli & Wang’06:

  <i>=15! more appr. for QSOs)
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Importance of measuring host galaxy kinematics 
in submm → strong synergies with ALMA



Enough time to grow high z BHs?
Highest redshift quasar @z=6.41 has MBH ~ 6×109 M☉ [Willot+2003, updated]
With updated virial relation: MBH ~ 1.2×1010 M☉
Was there enough time to grow the BH?
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Enough time to grow high z BHs?
Highest redshift quasar @z=6.41 has MBH ~ 6×109 M☉ [Willot+2003, updated]
With updated virial relation: MBH ~ 1.2×1010 M☉
Was there enough time to grow the BH?

z(t0) � 30
MBH(t0) � 104 M⊙

tBH = 0.83 Gyr

tBH = 0.71 Gyr

MBH(t0) � 103 M⊙

With direct collapse to BH (“quasistars” Begelman+2007) “seeds” have:

tSalp =
ε

(1− ε)λ
tEdd � 0.05 Gyr with ε = 0.1, λ = 1e-folding time:

t = tSalp ∗ ln
MBH(t)
MBH(t0)

Minimum time required for growth:

L = λLEdd = λ
MBHc2

tEdd

Emission at fraction λ 
of Eddington Luminosity 

Elapsed time is: t(z = 6.41)− t(z = 30) = 0.74 Gyr



Summary
USING

x-ray sources from WFXT  WITH  accurate optical/NIR spectroscopy
107.2 AGN
105.9 AGN with N(H)>1023 cm-2
103.4 at z>6
102.7 Compton-thick at z>1

WE CAN
Constrain average radiative efficiency (spinning BHs?)   &
Obtain the cosmological evolution of supermassive BHs (BH MF @ z ~0-6)

Luminosity function of Compton-Thin AGN (z~0-6)
Constraints on Compton-Thick fraction (z~0-2)
Spectral Energy Distributions (optical - X) as a function of L, MBH

L/LEdd distribution of type 1 AGN as a function of L

MBH-galaxy relation at high z (synergies with ALMA for host galaxy)

BH growth (& MBH-galaxy) at z>6


