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ContentsContents

� Aim of this work

� Compare the predictions of standard theoretical models to the most recent observational 
data at low redshifts (z<2)

� Observational data

� Mbh-σ and Mbh-Mhalo relations

� Luminosity function (LF)

� Clustering

� Theoretical models

� Semi-analytic methods 

� Standard assumption: QSO emission triggered by galaxy mergers
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Observational data 1Observational data 1

� Mbh- σ relation

� Ferrarese&Merritt 2000

� Tremaine et al. 2002

� Ferrarese&Ford 2004

� Mbh- Mhalo relation

� Ferrarese 2002

� Ferrarese&Ford 2004

→ Fundamental link between the assembly of BHs 

and the evolution of cosmic structures
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Observational data 2Observational data 2

� Luminosity function

� Optical data
� Richards at al. 2005/2006:      

SDSS QSO Survey
� Croom et al. 2004:                   

2dF-6dF QSO Survey 
� Grazian et al. 2000:            

ROSAT All-Sky Survey

� Hard-X data
� Shinozaki et al. 2006:            

HEAO-1 All-Sky Catalog
� La Franca et al. 2005
� Ueda et al. 2002

� Soft-X data
� Hasinger et al. 2005: 

Chandra,XMM-Newton Survey
� Miyaji et al. 2001: ROSAT

� Mid-Infrared data
� Matute et al. 2006



Federico Marulli, Dipartimento di 

Astronomia, Università di Bologna

Observational data 3Observational data 3

� Bias function

� Optical data

� Grazian et al. 2004

� Croom et al. 2004

� Porciani-Magliocchetti-Norberg 2004
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SemiSemi--analytic model: VHManalytic model: VHM
MethodMethod

� Assumptions

� Hierarchical structure formation: EPS model (Monte Carlo procedure)

� QSO phenomenon is triggered by halo-halo major mergers 

� BHs seeds: M=150 Msun, z=20, Mhalo=1.6e7 Msun (3.5 σ)

� Kind of accretion

� Coalescence of BH binary (neglected)

� Gas accretion

� E1:

� E2:

� B: early stage of super critical accretion (Bondi-Hoyle; z>12) 
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SemiSemi--analytic model: VHManalytic model: VHM
MethodMethod

� Data and equations

� 220 binary merger trees of parent halos with masses in the range (1.43e11,1e15 Msun)
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SemiSemi--analytic model: VHManalytic model: VHM
ResultsResults
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ConclusionsConclusions

� Results

� LF and bias can be reproduced at the same time

� Future works

� Use the output of N-body simulations to construct binary merger trees of dark matter halos

� Calculate the luminosity dependence of  QSO clustering

� Include more Physics in the model


