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Figure 4. Snapshots of logarithm of density for models r299a0, r300a0
and r301a0 (top to bottom). Solid and dashed lines show locations of the
density scaleheight and the photosphere, respectively.

Figure 5. Vertically and time-averaged MRI resolution parameter Qθ .

is the surface density, and the location of the photosphere4,
respectively. The turbulent structure of each disc is clear. Increasing
accretion rate results both in larger densities, and thicker (in terms
of the scaleheight and the photosphere location) discs.

3.3.2 Resolving MRI

To verify that the adopted resolution is enough to resolve the fastest
growing mode of the MRI, we calculate the vertically averaged
parameter Qθ (Hawley, Guan & Krolik 2011)

Qθ = 2π
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where &xθ is the grid cell size in θ , and % is the angular velocity.
Fig. 5 shows profiles of the MRI resolution parameter for all the runs
with non-spinning BHs obtained by averaging values calculated for
each snapshot (taken every &t = 50). For all radii R ! 60, Qθ

significantly exceeds 10 making MRI reasonably resolved (Hawley
et al. 2013).

3.3.3 Rest mass fluxes

Fig. 6 shows the averaged profiles of the total (solid), inflowing
(dashed) and outflowing (dotted lines) accretion rate. The total ac-
cretion rate for all four runs is roughly constant between the BH
horizon and radius Req ≈ 60, which limits the range of the inflow-
outflow equilibrium. The inflowing accretion rate departs from the
net accretion rate outside radius Rout ≈ 20, where gas starts to flow
out in the wind region (dotted lines). The wind mass-loss rates
equal the accretion rates near radius R ≈ 40 for all four runs. The
radial slope of the inflowing accretion rate outside Req is close to
Ṁin ∝ R1, but is rather poorly constrained because of the limited
range of the equilibrium solution.

Narayan et al. (2012) and Sa̧dowski et al. (2013b) discussed
properties of the rest mass flux in 3D simulations of radiatively
inefficient, optically thin accretion discs. For their simulations with
a non-rotating BH, no significant mass outflow was present inside
R ≈ 50, compared to R ≈ 20 in this work. Similarly, in the case
of spinning BHs, radiation-dominated simulations have outflows
starting at a smaller radius compared to non-radiative discs (Fig. 15).

4 Plots show the photosphere surface obtained by integrating the optical
depth from the polar axis to τ = 1 along a fixed radius, while in Section 3.3.7,
we perform the integrals from the outer boundary towards the BH along a
constant polar angle.
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