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Figure 3. Redshift evolution of the total and mean BH masses and BHARs, averaged over 29 independent merger trees. Shaded areas are 1-σ dispersions.
Top, left panel: total BH mass (summed over all BH progenitors at each redshift in each simulation, black line) and the BH mass grown by means of sub-
Eddington (magenta line) and super-Eddington (cyan line) accretion events. Top, right panel: total BHAR (black line) and BHAR obtained considering only
sub- (magenta line) and super- (cyan line) Eddington accreting BHs. The mean BH mass and BHAR (averaged over all BH progenitors at each redshift in each
simulation) are shown in the bottom panels (left and right, respectively).

Figure 4. Number of accreting BHs as a function of the black hole mass (left panel) and the accretion ratio (right panel), averaged over 29 realizations with
1−σ error bars. The histograms show the number of super- (cyan) and sub- (magenta) Eddington accreting BHs. In each figure, we separately show 4 different
redshift intervals and we give the corresponding number fraction of super-Eddington accreting BHs over the total, fs.

mass has a steeper late growth rate, with short episodes of intense
gas accretion reaching ∼ 102 M⊙/yr at z ∼ 7.

On the contrary, when Eddington-limited gas accretion is as-
sumed, the final BH mass can no longer be reproduced using the
reference model. In this case, the gas accretion rates are too small to
trigger fast BH growth at high redshifts. The total BH mass is dom-

inated by the coalescence of BH seeds and its redshift evolution is
strongly affected by lack of BH seeds at z < 20 (see the behaviour
of the Pop III SFR in Fig. 1) and by kicks received during BH-BH
coalescences in major mergers. Fig. 6 shows the evolution of the
average number of major mergers and of kicked BHs predicted by
the model. While the average number of major mergers decreases
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