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The Population of Supermassive BHs

 LOCAL POPULATION: Dynamical Studies (e.g. Magorrian et al. 1998):

-- SMBHs are almost ubiquitous in nearby luminous galaxies

-- Galaxies probed “extensively”:

 DISTANT POPULATION: Quasar Luminosity Function:

-- Optical : comoving density of luminous quasars at z=3 is 10^-3 of that

of corresponding bright host galaxies (e.g. Richstone et al. 1998)

--X-ray:~10% of all bulge-dominated optically-luminous galaxies show

hard X-ray activity for z < 2-3 (Mushotzky et al. 2000; Barger et al.

2001)
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Merger Tree

(Menou, Haiman & Narayanan 2001)

 Describes merger history of DM halos in Lambda-CDM cosmology:

-- assume one-to-one correspondence between halos and galaxies

-- assume SMBHs can exist only in halos with T_vir>10^4 K (baryon cooling)

-- ~10^5 halos at z=5 merge into ~10^4 halos at z=0 (comoving 10^4 Mpc^3)

 Populating galaxies with SMBHs (no BH mass required so far)

-- F_bh=1 at z=5 (all galaxies)

-- F_bh<1 at Z=5: randomly or most massive only

Z=0 Z=5



BH Occupation Fraction

F_bh=3%   (random)



BH Merger Rates

F_bh=100%   

- Instantaneous BH mergers

- All detectable by LISA



BH Merger Rates

F_bh=3%    (massive/random)

- Instantaneous BH mergers

- All detectable by LISA



Time between successive “BH Mergers”

F_bh=100%  / 10%  (random)



Time between successive “BH Mergers”

F_bh=100%  



Mass Assembly of SMBHs

            ACCRETION vs. MERGERS

• Several Models reproducing the Quasar Luminosity Function exist:

# Volonteri, Haardt & Madau (2002):

-- prescriptions for seed BHs, dynamical processes, accretion phases

-- closest to population synthesis

-- SMBHs are rare at high redshift

# Kauffmann & Haehnelt (2000):

-- Prescriptions for accretion phases, galaxy formation & evolution

-- SMBHs are common at all redshifts

• NEXT STEP:

-- What is the range of acceptable models for the quasar luminosity

function?

-- Can LISA constrain the details of the mass assembly?



BH Occupation Fraction

Volonteri et al. (2002)



B-Band Quasar Luminosity Function

Volonteri et al. (2002)



B-Band Quasar Luminosity Function

Kauffmann & Haehnelt (2000)



Conclusions

• LISA rates (alone) will tell us about the extent of the

population of SMBHs at high redshift, which is currently

unknown

• LISA rates will likely break existing degeneracies

among models for the quasar luminosity function

• [To be demonstrated with population synthesis models:]

LISA mass measurements should provide a detailed

account of the mass assembly of SMBHs (accretion vs.

mergers)



Evolution through Merger Process

FM z=5 



Evolution through Merger Process

FM z=0 



Evolution through Merger Process

G z=5 



Evolution through Merger Process

G z=0 



Mass Distribution of BH Mergers
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Mass Distribution of BH Mergers
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Red. Chirp Mass Distribution of BH Mergers



Red. Chirp Mass Distribution of BH Mergers



BH Merger Mass Ratio
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Towards Population Synthesis Models for

LISA

 cosmology:

-- Trees from N-body simulations are better than from Extended Press-

Schechter (overmerging problem)

 Galaxy formation:

-- T_vir=10^4 K depends on metallicity, H2 chemistry

-- bulge-less and spiral galaxies are a possible issue

 Galactic structure & Dynamics:

-- efficiency of binary BH mergers? (as a function of galaxy type,

redshift)

 General relativity:

-- uncertain mass loss to GW radiation during BH mergers

 example:

   LISA rates are low � rare BHs, mass spectrum, inefficient merging?


