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Abstract

In our previous work, we constructed a black hole accretion model incorporating magnetic fields and disk winds.
However, this model was derived under conditions of a small viscosity parameter α (α < αcrit, where αcrit is the
critical viscosity parameter) and for accretion systems around stellar-mass black holes. In the present study, we
extend this model to regimes with α > αcrit and to supermassive black hole accretion systems. Our study reveals
that under the condition of α > αcrit, the topological structure of thermal equilibrium solutions in black hole
accretion disks undergoes significant changes. In the saturated state, the region dominated by advective cooling is
confined to the inner disk, yet it expands radially as α increases. This may provide a theoretical explanation for
the strong advection-dominated accretion flow (ADAF) principle, specifically addressing the connection problem
between the standard thin disk (SSD) and ADAF. Furthermore, we find that the properties of the accretion disk
depend on the mass of the central black hole. For stellar-mass black hole accretion systems, the optically thick
radiative cooling solutions (similar to the SSD) remain stable, whereas for black holes with M� 105M⊙, the
optically thick radiative cooling solutions exhibit unstable behavior. These differences may help explain the
distinct variability behaviors observed between X-ray binaries and active galactic nuclei.

Unified Astronomy Thesaurus concepts: High energy astrophysics (739); Black holes (162); Magnetic fields
(994); Accretion (14)

1. Introduction

Accretion disks serve as the central engines for various
high-energy astrophysical phenomena in the Universe, such as
black hole X-ray binaries (XRBs) and active galactic nuclei
(AGNs; e.g., S. Kato et al. 2008). The earliest analytical model
describing black hole accretion was the standard thin disk
(SSD) model proposed by N. I. Shakura & R. A. Sunyaev
(1973), which is characterized by efficient radiative cooling of
locally generated viscous heat, resulting in a geometrically thin
disk. Subsequently, to explain the observed hard spectra, the
optically thin, two-temperature Shapiro–Lightman–Eardley
(SLE) model was proposed (S. L. Shapiro et al. 1976). How-
ever, this model was thermally unstable and was eventually
replaced by the optically thin, advection-dominated accretion
flow (ADAF; R. Narayan & I. Yi 1994, 1995). When the
accretion rate approaches or exceeds the Eddington accretion
rate, the accretion mode transitions to a slim disk, where
optically thick advective dominance leads to photon trapping
(M. A. Abramowicz et al. 1988).

The models discussed above largely fail to account for the
effects of outflows. Pioneering research by Shakura and
Sunyaev on the SSD model revealed that when the accretion rate
approaches or exceeds the Eddington limit, the radiative force
overwhelms the gravitational force, suggesting that outflows
may be inevitable (N. I. Shakura & R. A. Sunyaev 1973).
Subsequently, T. Piran (1978) investigated the influence of disk
winds on the stability of the SSD model, and M. A. Abramowicz
(1981) conducted similar stability analyses. In the article
establishing the ADAF model, R. Narayan & I. Yi (1994) found
that their solution featured a positive Bernoulli parameter,
indicating the potential for outflows or jets. Later, theoretical

studies suggested that such outflows are inevitable (e.g.,
W.-M. Gu & J.-F. Lu 2007; W.-M. Gu 2015; X. Cao &
W.-M. Gu 2015, 2022; J. Feng et al. 2019). The most renowned
analytical work explaining outflows is that of R. D. Blandford &
M. C. Begelman (1999), who proposed a scenario in which the
accretion rate varies as a function of radius. Based on this
assumption, extensive research has been conducted to study the
structure and properties of accretion disks that incorporate out-
flows (e.g., W.-B. Wu et al. 2022; J. Huang et al. 2023). Fur-
thermore, numerical simulations have confirmed the existence of
outflows in various accretion systems, such as geometrically thin
disks (e.g., K. Ohsuga & S. Mineshige 2011; M. Nomura et al.
2016, 2020), super-Eddington accretion disks (e.g., K. Ohsuga
et al. 2005; K. Ohsuga & S. Mineshige 2011; Y.-F. Jiang et al.
2014; A. Sadowski et al. 2014; A. Sadowski & R. Narayan
2015; T. Kitaki et al. 2017, 2018; F. Zahra Zeraatgari et al. 2020;
J. Huang et al. 2023), and radiatively inefficient accretion flows
(e.g., J. M. Stone et al. 1999; R. Narayan et al. 2012; F. Yuan
et al. 2012a, 2015; F. Yuan et al. 2012b). Additionally, accu-
mulating observational evidence indicates that outflows are
ubiquitous in accreting compact objects, including black hole
XRBs (e.g., J. Homan et al. 2016), the Galactic Center (e.g.,
Q. D. Wang et al. 2013; R.-Y. Ma et al. 2019), and low-
luminosity AGNs (e.g., J. Park et al. 2019; F. Shi et al. 2021).
It is now widely accepted that angular momentum transfer

in accretion disks is governed by the magnetorotational
instability (MRI; S. A. Balbus & J. F. Hawley 1991). Conse-
quently, magnetic fields play a critical role in determining the
properties of accretion disks; for instance, they can suppress
disk instabilities (e.g., M. C. Begelman & J. E. Pringle 2007;
H. Oda et al. 2009; S.-M. Zheng et al. 2011; X.-F. Yu et al.
2015; A. Habibi & S. Abbassi 2019) and drive outflows (e.g.,
X. Cao & H. C. Spruit 2013; J. Jacquemin-Ide et al. 2019) or
jets (R. D. Blandford & D. G. Payne 1982). Numerical studies
further reveal that magnetic field geometry—whether purely
toroidal or purely poloidal—can lead to marked differences in
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the morphology and dynamics of radiatively inefficient
accretion flows (e.g., I. V. Igumenshchev et al. 2003). More-
over, strongly magnetized disks offer a compelling explanation
for phenomena such as state transitions in XRBs (e.g.,
M. C. Begelman et al. 2015), hysteresis (e.g., N. Scepi et al.
2024; J. Huang et al. 2025), and the timescales associated with
changing-look AGNs (e.g., J. Dexter & M. C. Begelman 2019;
J. Feng et al. 2021; N. Scepi et al. 2021; W.-B. Wu &
W.-M. Gu 2023). These crucial roles of magnetic fields have
been extensively confirmed by numerical simulations (e.g.,
A. Sadowski 2016; G. Salvesen et al. 2016; J. Huang et al.
2023; N. Scepi et al. 2024).

Recently, we developed an accretion model that incorpo-
rates magnetic pressure and disk winds based on numerical
simulations (J. Huang et al. 2023). This model shows that
saturated magnetic pressure can significantly alter the prop-
erties of accretion disks. However, it was solved under the
conditions of a small viscosity parameter α (α < αcrit, where
αcrit is the critical viscosity parameter) and for stellar-mass
black hole systems. In traditional accretion theory, X. Chen
et al. (1995) found that accretion disk thermal equilibrium
solutions exhibit a novel topological structure at α > αcrit.
Furthermore, both theoretical (e.g., N. I. Shakura &
R. A. Sunyaev 1973) and numerical studies (e.g., Y.-F. Jiang
et al. 2019) have revealed that radiation pressure plays a sig-
nificantly more important role in accretion disks around
supermassive black holes compared to stellar-mass black
holes, which may lead to properties distinct from those in
stellar-mass black hole systems. Motivated by the above
considerations, we have revisited the thermal equilibrium
solutions of black hole accretion disks. This paper is organized
as follows: Section 2 presents the basic equations of the model;
Section 3 describes the numerical results and analysis; and
Section 4 provides a summary and discussion.

2. Basic Equations

This section outlines the fundamental equations of our
model. We consider a steady, axisymmetric accretion flow
under the pseudo-Newtonian potential Φ = −GMBH/(R− Rg)
(B. Paczyńsky & P. J. Wiita 1980), where MBH denotes the
black hole mass and Rg is the Schwarzschild radius. The
vertical scale height of the flow is given by H= cs/ΩK, in
which ΩK represents the Keplerian angular velocity, and
cs = (P/ρ)1/2 is the sound speed, with P and ρ being the
pressure and mass density, respectively. The kinematic visc-
osity coefficient is prescribed via the standard α-viscosity
ansatz: ν = αcsH, where α is the constant viscosity parameter.

In this work, the effects of strong magnetic fields are con-
sidered. Therefore, the equation of state takes the form

P P P P , 1mgas rad ( )= + +

where Pgas denotes the gas pressure, Prad denotes the radiation
pressure, and Pm denotes the magnetic pressure. These com-
ponents are defined as follows:
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where B is the magnetic field strength, and Ti and Te represent
the ion temperature and the electron temperature, respe-
ctively, with T Tmin , 6 10 Ke i

9( )= × . The mean molecular
weight is taken as μ = 0.617. The total optical depth is
defined as τ = (κes + κabs)ρH, where κes = 0.34cm2 g−1 and

T0.27 10 cm geabs
25 3.5 2 1= × (e.g., M. A. Abramowicz

et al. 1996).
According to M. C. Begelman & J. E. Pringle (2007), the

MRI drives a dynamo that amplifies the toroidal magnetic field
until it saturates. The saturation level is determined by the
Alfven speed VA ( Pm/ ), which is approximately equal to
the geometric mean of the Keplerian velocity VK and the gas
sound speed c Pg gas/= (M. E. Pessah & D. Psaltis 2005):

V V c , 5A K g
2 ( )=

where we introduced a dimensionless parameter ξ to represent
the relative contribution of magnetic pressure to the total
pressure, constrained to [0, 1].
The basic equations governing the flow consist of the con-

tinuity, radial momentum, azimuthal momentum, and energy
equations. The continuity equation takes the form:

R
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where Σ is the surface density, defined as Σ ≡ 2ρH, and VR is
the radial velocity, which is defined to be negative when the
flow is inward. The outflow mass-loss rate Mw is (C. Knigge
1999)

M R R m R dR4 , 7w
R

R

w
in

( ) ( ) ( )=

where Rin represents the radius at the inner edge of the disk
and mw denotes the mass-loss rate per unit area from each face
of the disk.
The influence of outflows motivates our assumption that the

accretion rate M varies radially according to (R. D. Blandford
& M. C. Begelman 1999)

M R V M
R

R
2 , 8R

p

outer
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( )= =

where Mouter denotes the mass accretion rate at the outer
boundary Router. In this work, we follow the assumption by
W.-B. Wu et al. (2022) that p is proportional to the disk
thickness: p= λ(H/R), where λ is a dimensionless parameter.
Using Equations (6)–(8), we derive the following relation:

m
Mp
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The integrated radial momentum equation and the azimuthal
equation of motion can be, respectively, written as
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where the final term on the left-hand side of Equation (11)
represents the angular momentum carried by the outflow. Here,
the parameter l defines the outflow’s angular momentum: l = 0
corresponds to a nonrotating outflow; l = 1 indicates that the
outflow carries the specific angular momentum of its ejection
point; and l> 1 describes centrifugally driven magnetic disk
winds that extract additional angular momentum from the disk
(C. Knigge 1999).

The energy balance in the accretion disk is governed by the
equation:

Q Q Q Q , 12vis adv rad w ( )= + +

where Qvis denotes the viscous heating rate, Qadv denotes the
advective cooling rate, and Qrad denotes the radiative cooling
rate. These terms are defined as follows:

Q R
d

dR
, 13vis

2

( )=

Q V T
ds

dR
V

dc

dR

c d

dR

1

1
, 14R R

s s
adv

2 2

( )= =

Q T
T

Q
8

3

2
3

8
, 15e

e
rad

4
4

br

1

( )= + +

Equation (15) is valid in both optically thin and optically thick
regimes (R. Narayan & I. Yi 1995). The bremsstrahlung

cooling is given by (e.g., M. A. Abramowicz et al. 1995)

Q H T1.24 10 erg s cm . 16ebr
21 2 1 2 1 2 ( )/= ×

The term Qw in Equation (12) represents the energy carried
away by outflows, and is given by

Q f m V2 , 17w w K
2 ( )=

where the factor 2 accounts for the outflow energy emitted
from both sides of the accretion disk. Here, η is an energy
parameter characterizing the outflow.
By using Equation (6) and integrating Equation (11), we

obtain
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+

where g d d R2 3 ln lnK( )( )/ /= and the factor f =
R R R R1 3 3g g

p 2[ ( ) ( )]( )/ / + .
In line with prior work, we employ self-similar assumptions

and adopt γ = 1.5. (e.g., R. Narayan & I. Yi 1994; W.-M. Gu
& J.-F. Lu 2000). Under these assumptions, Equations (10),
and (13)–(14) reduce to the following forms:
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Figure 1. The thermal equilibrium solution for an accretion disk with MBH = 10M⊙ and α = 0.1 is shown in the figure. This figure reveals the influence of the
magnetic field strength on the disk’s topological structure.
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where c Pr rad/= .
Finally, substituting Equation (9) into Equation (17) yields
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By solving the five equations—Equations (1), (8), (12), and
(18)–(19)—for the five variables ρ, Ti, cs, Ω, and VR with the
given parameters MBH, α, M , λ, η, ξ, and l, we obtain the
thermal equilibrium solutions of accretion flows.

3. Numerical Results

In this section, we discuss the effects of magnetic fields on
accretion disks. Figure 1 illustrates how the relative magnetic
field strength influences the thermal equilibrium solution of the
accretion disk. Here, MBH = 10M⊙, α = 0.1, l = 1, η = 1,
m M MEdd/ , where M GM c64Edd BH es/= is the Eddington
accretion rate. For ξ = 0, there exist five types of solutions
similar to those described in X. Chen et al. (1995): the ADAF
and SLE solutions on the left branch, the slim disk solutions,
as well as the unstable SSD and the stable SSD solutions on
the right branch. It can be seen from the figure that as the
magnetic field strengthens, the topological morphology of the
thermal equilibrium solution of the accretion disk changes. For
R= 5Rg, when ξ = 1, meaning the magnetic field is fully
saturated, a new thermal equilibrium solution emerges. At this
point, the optically thick radiative cooling (similar to the SSD)
solution completely vanishes, leaving only the advection-
dominated solutions (similar to ADAF and slim solutions). For
R= 50Rg, when ξ = 1, the topological structure also differs

from the conventional form. Not only does the unstable opti-
cally thick radiative cooling solution vanish, but the optically
thin solutions connected to the optically thick solutions. Fur-
thermore, for the saturated state at R= 50Rg, we find that the
critical value for the existence of optically thin advection-
dominated solutions is larger than that without magnetic
pressure. This finding may provide an explanation for the hard
X-ray behavior observed during state transitions (N. Scepi
et al. 2024). In addition, the optically thick radiative cooling
solution appears to exhibit a lower limit.
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Figure 2. The figure presents the variation of heating and cooling rates with Ti. Here, Qvis
+ is the total heating rate, while Qadv, Qw , Qrad , and Qtot represent the

advective, outflow, radiative, and total cooling rates, respectively.
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Figure 3. Thermal equilibrium solutions are plotted for different α andMBH at
R = 50Rg. Blue and red curves represent cases with α = 0.1 and α = 0.8,
respectively. In the figure, the solid and dashed red lines coincide.
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To understand the differences in topological structure at
small and large radii, particularly that the optically thick
radiative cooling solution disappears at small radii, Figure 2
provides a qualitative explanation (ξ = 1). We assume
m 0.01= at R= 10Rg, and solve for the variation of heating
and cooling rates with Ti at different radii (R= 5Rg, R= 50Rg,
R= 1000Rg), where the condition for establishing the thermal
equilibrium solution is Q Q Q Q Qvis tot adv w rad( )= = + ++ . At
R= 5Rg, the thermal equilibrium solution resides at
Ti ∼ 1010K, where radiative cooling becomes almost negli-
gible. This indicates the absence of optically thick radiative
cooling solutions at small radii, with advective cooling dom-
inating the energy balance. At R= 50Rg, three distinct solu-
tions coexist: the low-temperature, optically thick radiative
cooling solution; the optically thin radiative cooling solution
(similar to the SLE); and the high-temperature, optically thin
advective cooling solution. This configuration suggests possi-
ble coexistence between optically thick radiative cooling
solutions and optically thin advective cooling solutions at this
radius. At R= 1000Rg, however, only the optically thick
radiative cooling solution exists (see also J. Huang et al. 2023).

X. Chen et al. (1995) discovered that for α > αcrit, the
thermal equilibrium solutions of accretion flows exhibit a
novel topological structure. In this regime, we compute the
thermal equilibrium solutions for accretion flows at α = 0.8.
For the saturated state, the solution at R= 5Rg remains
unchanged. However, at R= 50Rg, a novel topological struc-
ture emerges: the original optically thick radiative cooling
solution vanishes, while the optically thick and optically thin
advection-dominated solutions become connected. This con-
figuration is consistent with the topological structure observed
at R= 5Rg, as illustrated in Figure 3. For optically thick,
radiative-cooling disks with ξ = 1, we have VA ≫ cg. By
following the derivation in the appendix of W.-B. Wu &

W.-M. Gu (2023), we obtain
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where x≡ R/Rg and m=MBH/(10M⊙). Equation (23) implies
that an increase in α enhances the radial velocity, thereby
leading to an expansion of the advection-dominated domain
(where Q Qadv rad). Figure 4 shows the dependence of this
advection-dominated regime on α.
Theoretical (e.g., N. I. Shakura & R. A. Sunyaev 1973) and

numerical simulations (e.g., Y.-F. Jiang et al. 2019) indicate
that radiation pressure plays a more significant role in accre-
tion disks around supermassive black holes compared to those
around stellar-mass black holes. To investigate the impact of
radiation pressure in both cases, we computed the thermal
equilibrium solutions at R= 5Rg and R= 50Rg under the
condition of α = 0.1 forM= 10M⊙ and M= 108M⊙, as shown
in Figure 5. At R= 5Rg under the saturated state, only
advection-dominated solutions exist for supermassive black
hole accretion systems, showing no discernible difference in
radiation pressure effects. However, at R= 50Rg, the lower
existence limit for optically thick radiative cooling solutions
becomes reduced. More significantly, unlike stellar-mass black

,
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Figure 4. The radial distribution of the advection solution as a function of α for ξ = 1 is shown in the figure.
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hole accretion systems, which exhibit only stable optically
thick radiative cooling solutions, supermassive black hole
accretion systems now present both stable and unstable bran-
ches—though the parameter space for unstable solutions
remains smaller compared to the ξ = 0 case. Additionally, a
comparison of Equations (24) and (25) shows that
HSSD/R∼ (H/R)1.8, indicating that the scale height of the
optically thick radiative cooling flow (ξ = 1) is approximately
1 order of magnitude larger than that of the SSD model.
Moreover, for the optically thick radiative cooling flow
(ξ = 1), we obtain H/R∼ 0.1 for M= 10M⊙ and H/R∼ 0.03
for M= 108M⊙. These results suggest that advection plays a
more significant role in accretion disks around stellar-mass
black holes than in those around supermassive black holes,
effectively transporting energy generated by viscosity without
accumulation that could lead to instabilities.

Figure 6 shows the thermal equilibrium solutions for different
black hole masses. From the figure, we observe that when
M� 105M⊙, unstable optically thick radiative cooling solutions
become increasingly pronounced, indicating that radiation
pressure begins to exert a significant influence. The SSD model
suggests that radiation pressure dominance would lead to dra-
matic variability in accretion disks for both XRBs and AGNs.
However, there is a lack of supporting observational evidence
for this prediction in XRBs. According to our results, for stellar-
mass black hole accretion systems, the dominance of magnetic
pressure over radiation pressure suppresses such instabilities,
thereby explaining the absence of strong variability in obser-
vations. In this regime, only stable optically thick radiative
cooling solutions exist. An exception is a class of variability
phenomena termed “heartbeat” oscillations observed in XRBs
(e.g., J. Neilsen et al. 2011), which may be attributed to radia-
tion pressure instability (e.g., Q. Wu et al. 2016). Additionally,

numerical simulations suggest that whether an accretion disk
can reach the saturated state may depend on the initial ratio of
vertical magnetic field strength to equatorial gas pressure (e.g.,
X.-N. Bai & J. M. Stone 2013; G. Salvesen et al. 2016).
Therefore, for cases with ξ < 1 in Figure 1, unstable optically
thick radiative cooling solutions may emerge. Nevertheless,
recent observations have identified a class of variability known
as quasiperiodic eruptions (QPEs)—a phenomenon with no
analogous counterpart observed in XRBs (e.g., G. Miniutti
et al. 2019; M. Giustini et al. 2020; R. Arcodia et al. 2021). This

log'
-4 -2 0 2 4 6 8

lo
g

_m

-5

-4

-3

-2

-1

0

1

2

3

4

5

9 = 0;MBH = 10M-

9 = 0;MBH = 108M-

9 = 1;MBH = 10M-

9 = 1;MBH = 108M-

log'
-4 -2 0 2 4 6 8

lo
g

_m

-5

-4

-3

-2

-1

0

1

2

3

4

5

9 = 0;MBH = 10M-

9 = 0;MBH = 108M-

9 = 1;MBH = 10M-

9 = 1;MBH = 108M-

R	=	50R	gR	=	5R	g

Figure 5. For α = 0.1, thermal equilibrium solutions for different black hole masses are presented in the left (ξ = 0) and right (ξ = 1) panels. In the left panel, the
solid and dashed red lines coincide.
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6

The Astrophysical Journal, 995:138 (8pp), 2025 December 20 Wu



notable absence supports our theoretical proposal that radiation
pressure plays, specifically, an increasingly critical role in
supermassive black hole accretion systems. Thus, magnetically
dominated accretion disks (ξ = 1) offer a plausible explanation
for the observed discrepancies between the SSD model and
observations. Recently, related work has begun exploring this
issue (K. Kaur et al. 2023).

4. Conclusions and Discussion

This study extends our previous work by investigating the
thermal equilibrium solutions for α > αcrit and their effects on
different black hole accretion systems. We find that when the
disk becomes magnetically dominated (ξ = 1), the inner region
is dominated by advection-dominated solutions (where
Q Qadv rad), whereas optically thick radiative cooling solu-
tions cease to exist. This occurs because in the inner disk
region, radiative cooling becomes negligible compared to
viscous heating. For α > αcrit, a distinct topological structure
emerges at large radii, accompanied by a radial expansion of
the advection-dominated region. Moreover, in magnetically
dominated accretion disks around stellar-mass black holes, the
magnetic pressure significantly exceeds radiation pressure,
thereby suppressing instabilities and thus explaining the
absence of observed strong variability in XRBs. Conversely, in
the case of supermassive black hole accretion systems, radia-
tion pressure regains significance, thereby providing an
explanation for the QPEs observed in recent years (e.g.,
G. Miniutti et al. 2019; M. Giustini et al. 2020; R. Arcodia
et al. 2021). Furthermore, numerous studies have found that
magnetically dominated accretion disks also offer a compel-
ling explanation for changing-look AGNs (e.g., J. Dexter &
M. C. Begelman 2019; J. Feng et al. 2021; N. Scepi et al. 2021;
W.-B. Wu & W.-M. Gu 2023).

The observed energy spectra often cannot be explained by a
single disk component, as exemplified by the hard state in
XRBs. Such cases are typically modeled using a combined
SSD+ADAF configuration (e.g., R. Narayan et al. 1998;
R. Narayan & J. E. McClintock 2008), where the ADAF
accounts for the harder spectral component, while the SSD
explains the blackbody-like spectrum. This, however, raises a
fundamental question: how are the SSD and ADAF connected?
According to the strong ADAF principle (R. Narayan &
I. Yi 1995), when both flows are theoretically possible, the
ADAF solution is favored over the SSD. Based on the findings
presented in this work, we propose a new interpretation:
although structurally similar to an SSD, a magnetically
dominated accretion disk has a scale height roughly 1 order of
magnitude larger than that of an SSD. Consequently, the radial
velocity of the accretion flow becomes significantly larger than
that in an SSD (as shown in Equations (24) and (25)). As the
flow moves inward, the larger scale height and radial velocity
reduce the optical depth through a substantial drop in density,
making advection increasingly significant and culminating in a
transition to an ADAF. Table 1 compiles the transition radii for
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Figure 7. The figure shows the variation of heating and cooling rates with Ti for M = 106M⊙ and α = 0.8. All quantities have the same definitions as in Figure 2.

Table 1
Transition Radii for Binary Systems and AGNs (Data from F. Yuan &

R. Narayan 2014 and Citations Therein)

Name R R Rgtr ( )/

M81 100
NGC 4579 100
NGC 5548 30–80
XTE J1118+480 300
NGC 1097 225
XBONG: “Source #1” 60
M87 104

Sgr A* 104
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several binary systems and AGNs (F. Yuan &
R. Narayan 2014). With the exception of M87 and Sgr A*, the
other sources listed in Table 1 show reasonably good agree-
ment with the results obtained in this study. Indeed, Figure 4
shows the advection-dominated regions; outside these regions,
there exists a coexistence region where both SSD and ADAF
solutions are possible, as illustrated at 50Rg for α = 0.1 in
Figure 2. Regarding M87 and Sgr A*, although their transition
radii are observed at 104Rg, such large transition radii remain
theoretically possible even for α > αcrit. Figure 7 presents
results for M= 106M⊙ with α = 0.8. Our calculations reveal
that at α = 0.8 and a radius of 104Rg, SSD and ADAF solu-
tions can coexist, suggesting that the transition radius may
indeed extend to 104Rg. We emphasize that the solutions in
this work are derived under the self-similar assumption and
therefore provide qualitative interpretations; in subsequent
work, we will pursue global solutions following approaches
like that of J.-F. Lu et al. (2004), directly solving the differ-
ential equations with boundary and sonic point conditions to
obtain quantitative transition radii and check our results.
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