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Figure 5. Accretion rate history for a higher-mass BH (in the
outer region). The curves show the cases for MBH = 103 (green
long dashed), 3× 103 (blue short dashed), 5× 103 (magenta dot-
ted), 104 (red solid), and 2 × 104 M⊙ (orange dot-dashed). The
radiative efficiency is assumed to be η = 3/(10+3ṁ) (the trapping
model). The density of the ambient gas is n∞ = 105 cm−3. Open
circles mark the six epochs at which we show the radial profiles
in Fig. 6. For lower BH mass (MBH < 104 M⊙), the average ac-
cretion rate is limited to ṁ ! 10, which is similar to that shown
in Fig. 3. For higher BH mass (MBH " 104 M⊙), a big jump
of the accretion rate occurs and the accretion rate approaches a
constant value, where Ṁ ≃ 8000 ṀEdd (ṀB ≃ 7200 ṀEdd).

n∞ = 105 cm−3). In the early phase, the accretion history
has several quiescent and burst phases as in the lower BH
mass case (see §3.1). In this case, however, the dense shell
which developed at the edge of the HII region pushes the
hot ionized gas inward at t # 2× 105 yr. This results in the
big jump of the accretion rate (phase 3–5 in Figs. 5 and 6).
Note that the inward acceleration by the positive pressure
gradient force is subdominant compared to that by the BH’s
gravity, in contrast to the burst-like accretion with a low ac-
cretion rate (see §3.1). Fig. 6(b) shows that the size of the
HII region shrinks and it disappears. Finally, the tempera-
ture profile is nearly isothermal with T ≃ 8000 K. The final
profile of the inflow rate is almost constant (Fig. 6c), which is
a steady and approximately isothermal Bondi solution with
ṁ ≃ 8000.

We note the final fates with 103 < MBH < 104 M⊙,
where the accretion rates are almost constant at the end of
the simulations. For these marginal cases between the burst-
like accretion (MBH $ 103 M⊙) and the hyper-Eddington
accretion (MBH " 104 M⊙), a dense shell develops just out-
side the HII region but radiative heating still suppresses the
strong inflow. We do not find a transition to a steady hyper-
Eddington phase at least within the simulation time, which
is 10 − 20 times longer than the dynamical time at RB,0.
However, the dense shell might fall into the BH at some
point in a longer-term simulation if the gravity slightly ex-
ceeds the outward force of gas pressure. If in the case of
density inversion flows, there is a non-linear density fluc-
tuation due to the Rayleigh-Taylor instability (see §5.1),
then accretion might increase even for the marginal cases
of 103 < MBH < 104 M⊙.
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Figure 6. Time evolution of radial profiles of the (a) number
density, (b) temperature and (c) inflow rate (= −4πρvr2) for
MBH = 104 M⊙ and n∞ = 105 cm−3 (in the outer region). The
curves show the profiles at (1) t = 3.5 × 104 yr (red solid), (2)
1.9 × 105 yr (green long-dashed), (3) 2.4 × 105 yr (blue short-
dashed), (4) 2.41 × 105 yr (magenta dotted), (5) 2.42 × 104 yr
(orange dashed-dotted), and (6) 4 × 105 yr (black solid). The
initial Bondi radius is RB,0 = 2 × 1018 cm. Note that in panel
(c) for clarify, we do not show positive values (phase 2; green)
at r # 1017 cm. In this case where the HII region is confined
within the Bondi radius (RHII

< RB,0), the big jump of the
accretion rate occurs. Finally, the accretion flow becomes a steady
and isothermal Bondi solution with ṁ ≃ 8000.

3.3 Parameter dependence

To discuss the conditions required to realize a steady hyper-
Eddington accretion flow, we conduct four additional simu-
lations for different BH mass (5 × 104 $ MBH $ 106 M⊙)
and number density of the ambient gas (n∞ = 103 and
104 cm−3).
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