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Figure 1 (Color online) The evolution of the spin and mass of black

holes in the SSD (dotted and dash- dotted lines respectively) and the
MHD (dashed and solid lines respectively) disk models.
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Figure 2 Luminosity function of quasars (QLF) in the B-band in six
redshift intervals. The theoretical QLFs in the Prolonged-MHD model
are indicated by the open circles with error bars (the Possionian error).
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Figure 3 Distribution of mass ratio of massive black hole (MBH)
binaries. Solid line shows 249 binaries of the merging pair galaxy
[35]. Dashed line shows mass ratio distributions of MBH binaries
(z<1:0) in the standard disk model with a major merger criteria of
p=>0.3.
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Figure 4 Distribution of mass ratio of MBH binaries (z<1.0) in the SS
models. Dashed line shows the result with the major merger criteria of
halo mass ratio p>0.3, and dash-dotted line the result for p>0.1.
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Figure 5 Distribution of mass ratio of MBH binaries with circum-
disks. Solid line are identical to Figure 3. Dash-dotted line shows the
distribution of the mass ratio of MBH binaries (z<1.0) before the
interaction with circumdisks. Dashed line shows the distribution of the
mass ratio of MBH binaries (z<1.0) after the interaction with circum-
disks. The criteria of major merger is taken to be p>0.3.
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In the cosmological model of the hierarchical structure formation of dark matter halos, the black holes residing at the
center of galaxies continue merging and accreting, following the merging of the dark matter halos. Based on the
extended Press-Schechter formalism, we have developed a Monte Carlo algorithm with the self-adaptive time step,
which could be used to reconstruction the merging tree of dark matter halos. Having introduced the evolutionary
history of massive black holes, especially the two kinds of accretion modes: the direct accretion modes which
includes the standard thin accretion disk model and the magnetohydrodynamic accretion disk model and the chaotic
accretion model, we investigate the cosmological evolution of the spin and masses of massive black holes.
Comparing with the observed luminosity function of active galactic nuclei, it is found that the magnetohydrodynamic
accretion disk model describe the growth of massive black holes better than the other accretion models. We have also
study the evolution of the binaries of massive black holes, and find that the circum-disk of the black hole binaries
significantly affect the distribution of their mass ratio.
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