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THREE DISK MODELS

AFAF Standard Slim
Magnetic effects YES YES YES
Radiative Cooling NO YES YES
Radiation Force NO NO YES

Abramowicz et al. 1995
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RADIATION-MHD SIM. 
(WITHOUT ALPHA-VISCOSITY)
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NUMERICAL METHOD

BH

Torus

Magnetic
Fields

-Rotation torus (plasma-beta=100, 
closed poloidal magnetic fields; Bϕ=0) 
-Non-rotating corona (B=0)
-We set the density parameter, ρ0 
(density at the center of the torus).

Super-
Eddington 

Flow Standard disk

RIAF

ρ0[g/cm3]=1.0 

10-4 
10-8

•Cylindrical coordinate (r, ϕ, z); r=2-100Rs, z=0-100Rs
•We employ Flux-limited diffusion (FLD) for radiation fields.
•Axisymmetry & Mid-plane Symmetry
•Initial Conditions & density parameter



SUPER-EDDINGTON (SLIM) DISK
ρ/ρ0, [ρ0=1.0 g cm-3]

Radiation-pressure supported disk + radiatively-driven jet

accretion

Je
t

Lbol ≳ Ledd, Mdot~60 Ledd/c2

Radiation energy & Magnetic field lines

Download; http://th.nao.ac.jp/MEMBER/ohsuga/Ken_Ohsugas_Home_Page/Research.html

MBH=10Msun

http://180.235.236.247/MEMBER/ohsuga/Ken_Ohsugas_Home_Page/Research.html
http://180.235.236.247/MEMBER/ohsuga/Ken_Ohsugas_Home_Page/Research.html


STANDARD DISK

Lbol~10-4Ledd, Mdot~10-3Ledd/c2

Cold, thin disk + Magnetic pressure driven wind (not strong)

ρ/ρ0, [ρ0=10-4 g cm-3]

accretion

wind

Radiation energy & Magnetic field lines



RIAF(ADAF)

L~10-12Ledd, Mdot~10-5Ledd/c2

Optically thin, hot disk & Magnetic jet

ρ/ρ0, [ρ0=10-8 g cm-3]

accretion

Je
t

Radiation energy & Magnetic field lines
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Super-Eddington Flows



RADIATION-MHD JETS

Takeuchi, Ohsuga, Mineshige. 2010, PASJ, 62, L43

Our RMHD simulations reveal a new type of jet; 
Radiatively-accelerated and magnetically collimated jet 

No. ] A Novel Jet Model: Magnetically Collimated, Radiation-Pressure Driven Jet 3

Fig. 1. Bird’s-eye view of the luminous accretion flow and the associated RMHD jet. The accretion flow (the gas mass density, brown) and the RMHD
jet in which velocities exceed the escape velocity (the velocity, white, blue) are plotted. The high-speed jet (∼ 0.6c−0.7c) is represented by blue. White
lines indicate the magnetic field lines. The zz-component of the radiation-pressure tensor (color), Pzz

0
, overlaid with the radiation-pressure force vectors

(arrows) on the meridional plane is projected on the left wall surface, while the magnetic pressure from the azimuthal component of the magnetic field
(color), B2

ϕ/8π, overlaid with the Lorentz force vectors (arrows) on the meridional plane is projected on the right wall surface. The color bar corresponds
to the logarithmic value of Pzz

0
and B2

ϕ/8π. The arrows on each wall are displayed only in the region in which their values are larger than 1010 dyn/g.
Each quantity is time-averaged over 1 s, which corresponds to the accretion timescale at several tens of the Schwarzschild radius (rs).
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Fig. 2. Acceleration and collimation mechanism of the RMHD jet. Left panel: The vertical profiles of the gravitational force (black), the gas-pressure
force (green), the radiation-pressure force (red), and the Lorentz force (blue) at r= 10 rs. The solid lines and the dashed lines indicate the outward force
and the inward force, respectively. The radiation-pressure force is responsible for the jet acceleration. Right panel: The radial profiles of the gravitational
force (black), the centrifugal force (magenta), the gas-pressure force (green), the radiation-pressure force (red), and the Lorentz force (blue), at z = 40
rs. The solid lines and the dashed lines indicate the inward force and the outward force. We understand that the Lorentz force is responsible for the
collimation of the jet. In both panels each quantity is time-averaged over 1s, and the shadowed areas indicate the jet region in which the outflow velocity
exceeds the escape velocity.
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OBSERVED LUMINOSITY

•The radiative flux is mildly 
collimated since the disk is optically 
and geometrically thick. 

•Thus, disk luminosity is estimated as 
22Ledd for a face-on observer.

•Such apparent luminosity would 
increase with an increase of the mass 
accretion rate. 

8 OHSUGA & MINESHIGE
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Fig. 5.— Two-dimensional distribution of the various quantities for Model A: (a) the density overlaid with the velocity vectors, (b)
the gas temperature, (c) the plasma-β, (d) the magnetic energies via the toroidal component of field, (e) the same but of the poloidal
component, (f) the magnetic pitch, (g) the radiation energy, (h) the ratio of the radiation energy to the sum of the gas and magnetic
energies, (i) and the ratio of the gas temperature to the radiation temperature. All values are time-averaged over t = 6−7 s. The white
and black arrows in panel (a) indicate the velocity vectors whose magnitude exceed the escape velocity. The dashed line in panel (b) is the
photosphere, at which the optical thickness measured from the upper boundary is unity. The arrow in panel (g) shows the radiative flux
vector.
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Fig. 5.— Two-dimensional distribution of the various quantities for Model A: (a) the density overlaid with the velocity vectors, (b)
the gas temperature, (c) the plasma-β, (d) the magnetic energies via the toroidal component of field, (e) the same but of the poloidal
component, (f) the magnetic pitch, (g) the radiation energy, (h) the ratio of the radiation energy to the sum of the gas and magnetic
energies, (i) and the ratio of the gas temperature to the radiation temperature. All values are time-averaged over t = 6−7 s. The white
and black arrows in panel (a) indicate the velocity vectors whose magnitude exceed the escape velocity. The dashed line in panel (b) is the
photosphere, at which the optical thickness measured from the upper boundary is unity. The arrow in panel (g) shows the radiative flux
vector.
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Fig.5.—Two-dimensionaldistributionofthevariousquantitiesforModelA:(a)thedensityoverlaidwiththevelocityvectors,(b)
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Fig.5.—Two-dimensionaldistributionofthevariousquantitiesforModelA:(a)thedensityoverlaidwiththevelocityvectors,(b)
thegastemperature,(c)theplasma-β,(d)themagneticenergiesviathetoroidalcomponentoffield,(e)thesamebutofthepoloidal
component,(f)themagneticpitch,(g)theradiationenergy,(h)theratiooftheradiationenergytothesumofthegasandmagnetic
energies,(i)andtheratioofthegastemperaturetotheradiationtemperature.Allvaluesaretime-averagedovert=6−7s.Thewhite
andblackarrowsinpanel(a)indicatethevelocityvectorswhosemagnitudeexceedtheescapevelocity.Thedashedlineinpanel(b)isthe
photosphere,atwhichtheopticalthicknessmeasuredfromtheupperboundaryisunity.Thearrowinpanel(g)showstheradiativeflux
vector.

Radiative 
Flux

Lbol ≳ Ledd

Mdot~60 Ledd/c2



SPECTRA OF SUPER-
EDDINGTON FLOWS

Step1; 
RHD simulation

Step2; Monte Carlo Radiation transfer
(fee-free, thermal & bulk compton)

– 12 –

Fig. 4.— Effects of Comptonization on the SEDs for a model with Ṁ = 200LE/c2. The
dotted curve displays spectrum for a face-on observer (0◦−10◦) without Compton scattering.
The solid curve shows spectrum obtained by including the bulk and the thermal Compton
scattering. The dashed curve shows the spectrum obtained by calculations with the thermal
Compton scattering only. The dash dotted curve shows the spectra of photons swallowed by
the black hole (i.e., photons which enter the region r < 2rs) for calculations with the bulk
and the thermal Compton scattering.

SEDphoton

Ohsuga et al. 2005, 
ApJ, 628, 368

Kawashima, Ohsuga et al. 2012

Kawashima san’s talk



THERMAL COMPTON AND 
BULK COMPTON

– 12 –

Fig. 4.— Effects of Comptonization on the SEDs for a model with Ṁ = 200LE/c2. The
dotted curve displays spectrum for a face-on observer (0◦−10◦) without Compton scattering.
The solid curve shows spectrum obtained by including the bulk and the thermal Compton
scattering. The dashed curve shows the spectrum obtained by calculations with the thermal
Compton scattering only. The dash dotted curve shows the spectra of photons swallowed by
the black hole (i.e., photons which enter the region r < 2rs) for calculations with the bulk
and the thermal Compton scattering.

Without 
Compton

With only thermal Compton

Thermal & 
Bulk Compton

Trapping 
photons

Spectra become harder by not only thermal comptonization 
but also bulk comptonization. 

BH
BH

BH

BH

disk

jet

wind



COMPARISON WITH ULXS
14 J. C. Gladstone, T. P. Roberts & C. Done

Figure 8. XMM-Newton EPIC pn data (black) for all sources in our sample, absorption-corrected and deconvolved with DKBFTH (shown in blue). The ‘true’
disc spectrum is over-plotted in red, this is the disc spectrum that would be observed in each case if the corona was removed. It is evident from these spectral
plots that we are observing a variety of spectral shapes. The first four objects (NGC 2403 X-1 , M81 X-6, M33 X-8 and NGC 1313 X-2) appear very disc-like
in structure and could be representative of the high or very high state. As we move further down the plots an inflection begins to emerge at ∼ 2 keV, signifying
a break from the standard sub-Eddington accretion states, which we suggest represents a transition to a new super-Eddington accretion state. As the apparent
disc temperature cools, the spectrum tips, indicating the possible presence of strong winds enveloping the inner regions of the accretion disc, leading to the
most extreme cases (Ho II X-1, NGC 5408 X-1 & NGC 55 ULX).

can be close to Eddington for moderately massive (30 − 50M!)
stellar remnant black holes, similar to that found in IC 10 X-1 (see
introduction). The next source in the sequence, NGC 1313 X-2, has
a spectrum where the high energy emission seems stronger than ex-
pected from a disc dominated state, so this could instead be a type
of very high state, again with a moderately massive stellar remnant

black hole. Hence, it appears as though the low luminosity end of
the ULX population could potentially overlap with sub-Eddington
processes seen in the BHB, albeit for larger black holes. We will
explore this in a future paper by characterising the properties of the
Galactic BHBs at high Eddington fractions in the XMM-Newton
band pass.

c© 2009 RAS, MNRAS 000, 1–17

Simulated SEDs are similar 
with observations.

Simulated SED X-ray obs. (Gladstone et al. 2009)



SUPER-EDDINGTON 
ACCRETION ONTO NS

Fig. 1. Time-averaged distributions of the density (the upper-left panel) and the radial velocity normal-
ized by the speed of light (the lower-left panel) on the R-z plane for the NS model. Those for the BH
model are shown in the upper-right and lower-right panels. The adopted parameter is Ṁinput = 103LE/c2.

surrounds the NS.

Such a shell-shaped structure is built up by the radiation force which counteracts with

the gravity. Since the radiation energy, as well as the gas energy, is not swallowed by the NS

in our simulations, the radiation energy increases near the inner boundary. Hence, the radial

component of the radiative flux becomes positive (outward flux) there, so that the radiation

force works to prevent the inflow motion (discussed later). Here, we note that such a di�erence

in the density distribution would a�ect the emergent spectra and its viewing-angle dependence.

We will discuss this point in §3.4.

In the lower-left (NS model) and lower-right (BH model) panels, we display the radial

velocity normalized by the speed of light. It is found that the gas slowly falls inward in the

dense disk regions. On the other hand, the matter is accelerated outward in the rarefied region

7

Density 
(Neutron Star)

Density
(Black Hole)

Ohsuga 2007, PASJ, 59, 1033

Super-Eddington accretion onto NSs is passible. 
Shell-shaped structure forms around NSs. 



NEUTRON STARS 
VS BLACK HOLE

Fig. 4. Luminosity (circles) and kinetic energy output rate (squares) as functions of normalized mass
accretion rate onto the central object, Ṁaccc2/LE, for Ṁinputc2/LE = 3⇥102,103,3⇥103 from left to right.
The filled and open symbols indicate the results of the NS model and the BH model, respectively. The
luminosity of the NS is represented by the filled triangles.

radiative flux at the inner boundary (see equation [16]), is represented by the triangles. The

mass input rate is set to be Ṁinput/(LE/c2) = 3⇥ 102, 103, and 3⇥ 103 from left to right.

We find in this figure that the luminosity and the kinetic energy output rate increase

with an increase of the mass accretion rate in both models. It is also found that the energy

conversion e⇤ciency, (Lrad+Lkin)/Ṁaccc2, of the NS accretion flows is by one order of magnitude

larger than that of the BH accretion flows. For instance, when the mass accretion rate is around

70LE/c2, we find Lrad ⇤ 9LE and Lkin ⇤ 19LE for the NS model and Lrad ⇤ 2LE and Lkin ⇤ LE

for the BH model. The sum of the luminosity and the kinetic energy output rate almost equals

the accretion energy for the NS model, Lrad +Lkin⇤GMṀacc/(2.4rS�rS). In contrast, we find

Lrad + Lkin ⌅ GMṀacc/(2.4rS� rS) in the BH model. It is natural since, unlike the BH, the

NS neither swallow the radiation energy nor the gas energy in the present study.

In Figure 4 we find Lrad > Lkin for the BH model, but Lrad < Lkin for the NS model.

The radiation force is enhanced via the inner boundary conditions for the NS model, whereby

11

•Energy conversion efficiency 
(Lrad/Mdot c2, Lkin/Mdot c2) is 
larger in NS case than in BH 
case.  

•Lrad>Lkin for BH case, but 
Lkin>Lrad for NS case.

NS
BH



Clumpy Outflows



CLUMPY DISK WIND
ULXs
Clumpy disk wind is suggested to 
explain the time variation of the 
ULXs. 

UFOs in AGNs
Time variation of blueshifted (~0.1c) Fe 
absorption lines are observed in ~40% of 
AGNs, implying that powerful, clumpy, and 
high velocity outflows exist (Tombesi et al. 
2010-12). 

8 M. J. Middleton, T.P. Roberts, C. Done & F.E. Jackson

Figure 8. Cartoon of a physical model for high mass accretion rate sources. Here the quasi-thermal soft emission originates from a
disc (red) distorted by a photosphere (orange) which is the base of the radiatively-driven wind. The green region indicates optically
thick Comptonisation which is stable and blue indicates the most energetic region which is highly variable, appearing as optically thin
Comptonisation or a power-law to higher energies. This is outside of the bandpass of ULXs as seen with XMM-Newton but is seen in
GRS 1915+105 and certain NLS1s where the optically thick Comptonisation can be seen to dilute the variability. This model suggests
that, in the ULXs where variability is suppressed, we are viewing them directly along an unobscured line-of-sight to the central regions
(hence they are close to face-on), but those which are highly variable such as NGC 5408 X-1, the obscuration of the optically thick,
Comptonised emission region by a clumpy wind creates large scale variability.

Soft, variable tails are only seen in BHBs in the ’steep
power-law’ state, at L/LEdd ∼ 0.3−1 (Remillard & McClin-
tock 2006), giving a mass of 80 − 230M! if NGC 5408 X-1
is in an analogous state. However, the large fractional vari-
ability of 0.3-0.4 is only seen above 10 keV in BHBs in this
state, where the tail dominates over the constant disc com-
ponent (see the energy-dependent rms spectra in Gierliński
& Zdziarski 2005). Scaling this energy for the difference in
mass from 80− 230M! to 10M! gives a prediction that the
tail should start to dominate above 4.5-6 keV, at signifi-
cantly higher energies than seen in NGC 5408 X-1, where
the variable tail dominates above 2 keV.

Thus, NGC 5408 X-1 does not look convincingly similar
to any of the sub-Eddington BHB states. Instead, the large
implied emission radius of the soft thermal component can
also be incorporated into the super-Eddington flow models
by identifying this not with the disc itself but with much
more extended emission from the photosphere of a wind
(Shakura & Sunyaev 1973; Begelman et al. 2006; Pouta-
nen et al. 2007). Similarly, the extreme variability associ-
ated with the tail can be matched by occasional states of
the pathologically variable BHB, GRS 1915+105, where it is
probably associated with instabilities in a super-Eddington
flow (Belloni et al. 1997). Fig 7 (left hand panel) shows the
power spectrum of the tail in NGC 5408 X-1 (1-8 keV) com-
pared to that of RXTE data from κ and µ variability states
of GRS 1915+105 (centre panel, OBSIDs 20405-01-33-00:
Belloni et al. 2000). These are calculated using standard 1
data (0.125 s resolution) which has no energy information,
but the source spectrum in the RXTE bandpass means that
the counts are concentrated in the 3-10 keV energy range.
As well as showing similarly extreme amounts of broad band
noise, these also show small milli-Hertz QPO features at
similarly low frequencies as seen in NGC 5408 X-1 (0.01 Hz
for 33). These ultra-low frequency QPOs can dominate the
power spectrum of GRS 1915+105 in other states where
there is much less broad band variability (OBSID: 10408-

01-05-00 shown in magenta in the same panel), but this is
unlike NGC 5408 X-1, where the QPOs are weak and the
broadband variability is strong. Nonetheless, it is clear that
stellar remnant black holes can produce ultra-LFQPOs as
well as the standard type C LFQPOs.

However, while the variability properties of NGC 5408
X-1 and some states of GRS 1915+105 are very similar,
the energy spectra are subtly different. The κ and µ state
observations of GRS 1915+105 have spectra which can be
well modelled by a disc plus low temperature, optically
thick Comptonisation (Zdziarski et al. 2001, 2005; Done,
Wardziński & Gierliński 2004; Ueda et al. 2009, 2010), but
unlike NGC 5408 X-1, the Comptonisation component dom-
inates the bolometric luminosity, rather than the thermal
component (see Fig. 2, compared to Middleton & Done
2010).

Thus, even the most super-Eddington BHB is not really
a good match to the spectrum of NGC 5408 X-1. The only
known systems which show a similar combination of steep
spectral tail and extreme variability are a small subset of
Narrow Line Seyfert 1 galaxies (Leighly 1999; O’Neill et al.
2005) 2. These are likely to be super-Eddington sources, but
there are large uncertainties in deriving mass and mass ac-
cretion rate for these sources (Grupe & Mathur 2004; Mar-
coni et al. 2008). Fig 7 (right hand panel) shows the power
spectrum from XMM-Newton data (OBSID 0110890101) of
the most extremely variable NLS1, IRAS 13224-3809 (Boller
et al. 1997; Gallo et al. 2004; Ponti et al. 2010). Since any soft
thermal component in the AGN should be at much lower en-
ergies, we use the full bandpass from 0.3-10 keV. Clearly the
peak in νP (ν) reaches similar values, though the frequencies
are very different.

2 However, we note that a second ULX with similar properties
was reported while this paper was being reviewed (Rao, Feng &
Kaaret 2010)

c© 2010 RAS, MNRAS 000, 1–9

ULX
AGN

Middleton et al. 2011

BH

Clumpy disk wind



INSTABILITY OF RADIATIVELY-
DRIVEN DISK WIND

Time-dependent, Clumpy 
outflow with wide angle (20°~50°)

accretion

Je
t

Clumpy 
Outflow

Super-Eddington disk
+ Radiation Pressure 
driven, Magnetically 

collimated Jet



DISK, JET, & CLUMPY WIND
Schematic picture of 
disk-jet-clumpy wind

Jet (~0.5c)

構造のちがい
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 Clumpy disk wind



COMPARISON WITH OBS.

•Size of cloud
        ~ several RS 

•Column density of cloud 
        ~ 1024cm-2

•Ionization parameter
        log(xi)~2-4
•Number of cloud (line of sight) 
        ≲ 1.0 
•Typical time scale 
        ~ several sec (MBH/10Msun) 

L ≳ Ledd
L ≫ Ledd

L < Ledd

Our clumpy winds might resolve the X-ray 
observations of UFOs and ULXs.

, L ≲ Ledd



Shaviv (2001b)

cf. Shaviv 2001a; Turner+05

Clumpy wind is generated via the Radiation Hydrodynamic 
instability (Shaviv 2001), by which matter in the radiation 

pressure-dominated region fragment into the clouds of τ~1.

CLUMPY DISK WIND FORMS VIA 
SHAVIV INSTABILITY

Radiative 
Flux

relatively low 
density  

relatively large 
radiation flux  

large radiation 
energy 

𝛿𝜌 goes down

relatively high 
density  

relatively small 
radiation flux  

small radiation 
energy 

𝛿𝜌 goes up



WIND FROM SUB-EDDINGTON 
DISKS
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magnetic w
ind

•Our Radiation-MHD simulations 
shows the launching the magnetic 
pressure-driven outflows from the 
standard type disks. 

•We need high-resolution 
simulations. 

•Compton heating probably drives 
the thermal wind from the outer 
regions. 



LINE DRIVEN WIND

No. 2, 2000 DYNAMICS OF LINE-DRIVEN DISK WINDS IN AGNs 693

bilities generate knots that propagate along the fast stream
at D10,000 km s~1. The top left panel of Figure 2 shows an
example of such a knot at and in ther D 750r* z D 200r*,
Ðgure coordinates. The density contrast between the knot
and the fast stream is D2 orders of magnitude. The knot
generator is episodic and is inherent to the fast stream. We
observed the generation of 19 knots over 60.4 yr. In other
words, a knot is produced every D3 yr.

Figure 3 presents a sequence of density maps showing
time evolution of the outÑow from Figure 2 after 13.3, 14.6,
and 16.47 yr (left, middle, and right panels, respectively).
Note that the middle panel from Figure 3 is the same as the
top left panel from Figure 2. Figure 3 well illustrates varia-
bility in the outÑow, in particular, generation of a knot in
the fast stream at and (left panel), ther D 450r* z D 100r*well-formed knot at and (middle panel),r D 750r* z D 200r*and the time when the knot left the gird at andr D 950r*and the fast stream is fairly smooth in betweenz D 300r*episodes with knots (right panel). The time dependence in
the region close to the disk, bounded by the fast stream,
resembles outward propagation of a wave at the beginning
of evolution but becomes more complex with time as ele-
ments of the Ñow move both upward and downward.

Figure 4 presents the run of the density, radial velocity,
photoionization parameter, and column density as a func-
tion of the polar angle, h, at the outer boundary, r

o
\ 8.8

] 1016 cm, from Figure 2. The column density is given by

NH(h) \P
ri

ro o(r, h)
km

p
dr . (24)

The gas density is a very strong function of angle for h
between 90¡ and 65¡. The density drops by 8 orders of
magnitude between h \ 90¡ and h D 89¡, as might be
expected of a density proÐle determined by hydrostatic
equilibrium. For the wind domain, o, varies70¡ [ h [ 89¡,
between 10~19 and 10~17 g cm~3. For densityh [ 70¡,
decreases gradually to so low a value that it becomes neces-
sary to replace it by the numerical lower limit Theomin.
radial velocity at cm has a broad peak1000r* \ 8.8 ] 1016
for with the maximum of 15,000 km s~1 at72¡ [ h [ 82¡
h D 75¡. On both sides of the peak the velocity is close to
zero.

The photoionization parameter is very high, D107, for
because of the very low density. However, it dropsh [ 70¡

by 15 orders of magnitude between and stays70¡ [ h [ 75¡
at a very low level for h [ 75¡. The column density changes
less dramatically with angle. Between the pole and h [ 67¡,

is less than 1022 cm~2. For h [ 67¡, increases grad-NH NHually with h, reaching a value of 1024 cm~2 at h D 80¡. For
varies between 1024 and 1026 cm~2.80¡ [ h [ 89¡, NHOur model shows that (1) the intrinsic disk radiation can

launch a wind and (2) the central object radiation can accel-
erate the disk wind to very high velocities. We have checked
how these main results are sensitive to the model param-
eters. For a Ðxed disk atmosphere and central radiation
source, the most important parameter of our model is the
optical depth for the X-rays from the central object. There-
fore, we have run several tests with various X-ray opacities
for m \ 105 : g~1 cm2 and g~1 cm2. TheiX \ 0.4 iX \ 4
former case is most conservative because it corresponds to
the case in which the X-ray optical depth is reduced to the
Thomson optical depth. We found that in both test runs the
X-ray radiation is signiÐcantly attenuated so the line force
can launch a disk outÑow. However, the Ñow velocity never
exceeds the escape velocity because the X-rays fully ionize
the gas close to the disk and produces a hot corona with a
complex velocity Ðeld but that does not escape the system.
We conclude then that the disk atmosphere can ““ shield ÏÏ
itself at least to the extent that the local disk radiation can
launch gas o† the disk photosphere.

The two test runs also illustrate how robust is our second
result : the central radiation accelerates the wind to very
high velocities. For this to happen the column density, NH,
must be large enough to reduce the X-ray radiation but not
too large to reduce the UV Ñux in the radial direction. In
other words, this requires and at the same timeqX [ 1
qUV > 1.

The test run with g~1 cm2 corresponds to theiX \ 0.4
situation in which Thus, the disk gas that is suffi-qX \ qUV.
ciently shielded from the X-rays is also shielded from the
UV photons from the central object. Such gas can only be
lifted from the disk surface by the disk UV radiation but
fails to gain momentum in the radial direction.

The fact that the disk wind can be launched without
external shielding material implies that our solution can
depend on the location of the inner computational radius,

We have run several tests with andr
i
. r

i
\ 50r* r

i
\ 200r*to check this (the remaining model parameters were as in

the models shown in Figs. 1 and 2). We found that the

FIG. 3.ÈSequence of density maps for the model from Fig. 2 after 13.3, 14.6, and 16.47 yr (left, middle, and right panels, respectively). Note both the
time-dependent Ðne structure near the base of the wind and the time-dependent large-scale structure associated with the fast stream at the polar angle D75¡.
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Fig. 3. The steady structure of the line-driven disk wind for ε = 0.3 and MBH = 107M!. The black hole
and the accretion disk are located at the origin and the equatorial plane (z = 0). The red solid lines show
trajectories of fluid elements (streamlines) ejected from the surface of the accretion disk. The red circles
on the red lines indicate the point where the wind velocity exceeds the escape velocity. At the inner region
of r <∼ 30RS, the ejected gas immediately goes back to the disk surface (black lines). It is als found that
the wind is not launched at the outer region, r > 350RS, although we can not see the streamlines in this
figure. The BAL are observed at the viewing angle of θ = 45.6◦ − 54.0◦ (between green dotted-lines).
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Fig. 4. Same as Figure 3, but for ε = 0.5 (left panel). The disk structure is almost same with Figure
3, although the larger Eddington ratio is employed. The right panel is also the same as Figure 3, but
we employ the initial altitude for ε = 0.5 [case (a)], the initial density for ε = 0.5 [case (b)], and the disk
luminosity for ε = 0.5 [case (c)]. The larger initial altitude and density work to increase the opning angle
of the funnel-shaped wind. In contrast, the larger luminosity tends to accelerate the matter upward.

20

BH

Standard disk

•Matter is accelerated by (UV) line absorption by metals
•X-ray works to prevent the launching the wind since the 
metals are over-ionized. 
→Line driving is efficient for the case of super-massive BHs. 

Nomura, Ohsuga, et al. submitted to PASJ Proga et al. 2000, 2004

Standard disk

BH



Radiation Pressure 
Instability



RADIATION PRESSURE 
INSTABILITY OF DISK

GRS1915+105

•Disk Luminosity goes up and down. 
2LEdd⇄0.3LEdd (Yamaoka et al. ) 

•Timescale ~ 40sec
•Jet intermittently appears

Column density

A
cc

re
tio

n 
ra

te

Heating 
> Cooling

Heating 
< Cooling

standard state

slim state

Radiation pressure-dominated 
disk oscillates via thermal-viscous 
instability.

[sec]

Janiuk & Czerny 2005



LIMIT-CYCLE (RADIATION-HD)
Ohsuga 2006, ApJ, 640, 923

Thermal viscous instability induces limit-cycle behavior.

Lbol~2Ledd

Lbol~0.2Ledd



LIMIT-CYCLE OSCILLATION

Luminosity

Mdot

Our simulations nicely fit the 
observations of microquasar, 
GRS1915+105 (yamaoka et al. 

2001, see alo Janiuk & Czerny 2005). 

1. Luminosity variation 
       2Ledd ↔ 0.2Ledd

2. Timescale ~ 40 sec. 
3. Intermittent outflow.



CONC. & FUTURE WORK

•We succeeded in reproducing three distinct accretion modes 
(slim disk, standard disk, RIAF) and outflows by radiation-MHD 
simulations. 

•Radiatively-driven, magnetically collimated jets and clumpy disk 
winds are launched from the super-Eddington disks. 

•Limit-cycle oscillations are reproduced by radiation-HD 
simulations. We should confirm by radiation-MHD simulations. 

•3D relativistic radiation-MHD simulations (without FLD app. ) is 
left as important future work (POSTER by Takahashi et al.). 


