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Fig. 5.� For the top 5 most massive MBHs by z = 12 :5 in each simulation, we show the combined mass in all stars and BHs within
its host halo, as a function of time since the formation of the central MBH (purple). We also show the remaining gas mass within
the halo (orange) and compare it to the mass expected from the cosmic ratio of DM to baryons applied to the halo DM mass (orange
dashed). Note that this data was taken from snapshots, with a lower output frequency than the black hole data shown in Figure 4.
We show the point where the MBH transitions from super- to sub-Eddington growth as a vertical dashed line, and show the end point
of the simulations as a black vertical line where appropriate. As MBH accretion shuts o�, the combined mass in stars and MBHs does
not increase. Therefore, the formation of additional stars and/or MBHs is not responsible for cutting o� the primary MBH’s accretion supply.

3.3. Galaxy disruption and determining the maximum
black hole masses

It is now clear that MBH accretion feedback causes
the sharp accretion cut-o� experienced by the MBHs in
the SEEDZsimulations. We now post-process the simula-
tion outputs to explain why the MBHs grow so rapidly
and why the feedback is so destructive. In Figure9,
we highlight N2BH1, as it has the most snapshot out-
puts between the formation of the MBH and its accre-
tion cut-o� (see Appendix Figure A.14 for further ex-
amples). The top 3 panels show quantities relevant for
calculating the accretion rate using equation2, showing
the mass weighted average densities, velocities and tem-

peratures within the accretion sphere surrounding the
MBH. Using these values and equation2, we estimate
the accretion rate in the 4th panel (red) and compare it
to the accretion rate calculated on-the-�y within the sim-
ulation (blue), as described in �2.1. The combination of
high densities, low velocities and temperatures allow for
super-Eddington accretion rates, reaching over 10 times
the Eddington rate at their peak.

The feedback radiative e�ciency � varies during
super-Eddington accretion, given by equation12, which
is shown in panel 5 of Figure4. The reduction of � from
its �xed sub-Eddington value allows for weaker feedback
during periods of rapid (super-Eddington) growth. This
further enables sustained super-Eddington accretion.
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(which lasts only a few Myr) the masses of the MBHs
in SEEDZare between approximately 104 M � and 106

M � , with all of the growth coming through accretion.
It therefore follows that the initial seeds in BRAHMAand
MELI� RAmay represent the post-accretion, post-AGN-
feedback phase of the MBHs inSEEDZ. It is therefore pos-
sible that in this later phase of the MBH’s cycle, mergers
may become the dominant growth mechanism (which is
observed inBRAHMA). The �rst generation of SEEDZsim-
ulations presented here do not resolve this merger phase
su�ciently well to explore this regime, but this will be
investigated in a future, higher resolution suite (Mehta
et al. in prep). A possible ideal endpoint is that the ex-
plicit chemistry modelling during the accretion phase in
the SEEDZsuite is used to parameterize the early growth
phases of MBHs, which can then be used as the starting
point of MBH seeding in larger scale, more computation-
ally a�ordable simulations, extendable to lower redshifts.
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APPENDIX

MORE EXAMPLES OF BH FEEDBACK

Here we include more examples of plots presented within the main body of the paper, to strengthen the arguments
made throughout the text.

Firstly, we show similar density and temperature projections to Figure 6 in Figures A.12 and A.13, which correspond
to the host halos of N2BH2 and N2BH4, respectively. These 3 systems were chosen because they contain the only
MBHs from the sample of 15 largest BHs inspected to experience no SNe explosions between the time of their creation
and the eventual accretion cut-o�. Therefore, the feedback e�ects can only be attributed to BH accretion feedback.
In all cases, feedback from the MBH heats the gas to 107 K, expanding it beyond the radius of the halo, out to scales
of 10 kpc.

In the main text, we presented the gas properties within the accretion sphere of N2BH1 and the estimated feedback
energies in Figure9, because it had the most snapshot outputs between the BH’s creation and its accretion cut-o�. Here
we present similar plots for N2BH2 and N2BH3 in Figure A.14, as these have the next highest number of snapshots
during the accretion period. In all 3 cases, the accretion cut-o�s occur approximately 15 Myr after the injected energy
per 105 Myr timestep exceeds the binding energy of the halo.

This paper was built using the Open Journal of Astrophysics LATEX template. The OJA is a journal which provides
fast and easy peer review for new papers in theastro-ph section of the arXiv, making the reviewing process simpler
for authors and referees alike. Learn more athttp://astro.theoj.org .
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Fig. A.12.� Projections of the halo containing N2BH3 before (left), during (center) and after (right) the accretion cut-o�. The top 2
panels show density projections, while the bottom 2 panels show tempertaure projections. In each case, the upper panel shows a region of
5 kpc, while the lower panel shows a zoom-out of 60 kpc. BHs, PopIII stars and PopII stellar cluster particles are shown as black, blue and
orange dots, respectively. We show the half mass radius of the halo as a circle. We include values for the halo mass, radius, redshift and
black hole mass.






