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Ultra-fast outflows

2

• Blue-shifted absorption lines with v≳0.1c is found in a part of local AGN (Chartas

+ 2002; Reeves+ 2003; Pounds+ 2003a,b; Tombesi+ 2010)

➡ Absorbers moving from the black hole with v≳0.1c: Ultra-fast outflow (UFO)
A spectrum of the ultra-fast outflow

FeXXV Lyα 
@6.7 keV

FeXXVI Heα 
@7.0 keV
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‣ The physical mechanism to launch / accelerate the UFO is unclear
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Physical mechanisms of disk winds

• Continuum radiation driving

- radiation pressure (via Thomson scattering) exceeds gravity

- need super-Eddington

• UV line radiation driving

- radiation pressure by bound-bound transition with UV photons

- σbb > 103−4 σT

- efficiently accelerate if materials are moderately ionized

- AGN radiate lots of UV → may be working for UFOs

• Thermal driving

- thermal velocity exceeds the escape velocity

- slow velocity

• Magnetic driving

- depends on unknown magnetic field configuration

3

Working in sub-Eddington AGN 
like PDS 456

Working in super-Eddington AGN
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the external force term explicitly. Here, the hydrodynamic
terms for an ideal fluid are solved using an approximate
Riemann solver, the HLL method (Harten et al. 1983). The
numerical code we use here is taken from Takahashi and
Ohsuga (2013). (iii) The temperature (i.e., internal energy
of the fluid) is implicitly updated by considering the net
cooling rate using the bisection method.

At step (ii), the internal energy sometimes becomes neg-
ative for the case where the velocity is very large. In that
case, we evaluate the gas pressure (internal energy) from
the entropy equation instead of the energy equation,

∂s
∂t

+ ∇ · (sv) = (γ − 1)ρ2−γL, (23)

where s is the entropy density, s = p/ργ − 1. Finally, we set
the lower limits of the density to be 10−22 g cm−3 and the
temperature to be Teff(r sin θ ). If the density or the temper-
ature is lower than these, we replace them with the lower
limits.

The time step is determined using the Courant—
Friedrichs–Levi condition. At each grid, we calculate

%t = 0.05
min(%r, r%θ )

√
(vr + cs)2 + (vθ + cs)2

, (24)

where %r and %θ are the grid sizes in the radial and polar
directions. The minimum value of %t in all grids is used as
the time step.

3 Results
The resulting wind structures for ε = 0.5, MBH = 108 M⊙,
fX = 0.1, and ρ0 = 10−9 g cm−3 (hereafter called the “fidu-
cial model”) are consistent with the results of PSK00 and
PK04. The high-density matter with 2.5 ! log ξ ! 5.5 is
blown away via the line force, producing a funnel-shaped
disk wind with an opening angle of ∼78◦ (see figure 1). In
appendix 1, we explain the launching mechanism and the
dynamics of the wind in detail.

3.1 Comparison with observational features
of UFOs

Here, we concentrate on the comparison between the results
of our simulations and the observations of UFOs. Specifi-
cally, we investigate the ionization parameter, the outward
velocity, and the column density along the line of sight
(from an observer to the origin of the coordinates) based on
our results. Then, we calculate the probability of detecting
UFOs (UFO probability). The definition of UFOs is that the
blueshift of the absorption lines of Fe XXV and/or Fe XXVI is
larger than 10000 km s−1. Based on Tombesi et al. (2011),
the ionization parameter spans 2.5 ! log ξ ! 5.5, and the

Fig. 1. Time averaged density map (top panel) and the ionization param-
eter map (bottom panel) for ε = 0.5, MBH = 108 M⊙, fX = 0.1, and ρ0 =
10−9 g cm−3. In the bottom panel, the yellow, pink, and cyan show the
regions in which the ionization parameters are log ξ ≥ 5.5, 2.5 ≤ log ξ

< 5.5, and log ξ < 2.5, respectively. The foreground vectors show the
velocity field. The z = 0 plane corresponds to the accretion disk sur-
face whose height is z0 = 2 RS. The z-axis is the rotational axis of the
accretion disk. (Color online)

column density is distributed in 22 ! log NH ! 24. Thus,
we recognize the UFO features to be detected if the fol-
lowing conditions (A) and (B) are satisfied: (A) The out-
ward velocity of matter with 2.5 ≤ log ξ < 5.5 exceeds
10000 km s−1. (B) The column density of matter with 2.5 ≤
log ξ < 5.5 is larger than 1022 cm−2. We evaluate these con-
ditions along the line of sight with viewing angles between
θ = 0◦ and 90◦, and calculate the solid angle, (UFO, within
which the UFOs could be observed. We estimate the UFO
probability as (UFO/4π .

Figure 1 shows the time-averaged wind structure of the
fiducial model in the R–z plane, where the z-axis corre-
sponds to the rotation axis of the disk and R is the distance
from the rotation axis. The top panel shows the density
map. The bottom panel shows the ionization parameter
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column density is distributed in 22 ! log NH ! 24. Thus,
we recognize the UFO features to be detected if the fol-
lowing conditions (A) and (B) are satisfied: (A) The out-
ward velocity of matter with 2.5 ≤ log ξ < 5.5 exceeds
10000 km s−1. (B) The column density of matter with 2.5 ≤
log ξ < 5.5 is larger than 1022 cm−2. We evaluate these con-
ditions along the line of sight with viewing angles between
θ = 0◦ and 90◦, and calculate the solid angle, (UFO, within
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Lbol/LEdd<1
Nomura et al. 2016

Super-Eddington winds in AGN

‣ Are there any UFOs with high accretion rates (Super-Eddington AGN)?
4

Observation Theory

Takeuchi et al. 2014

Lbol/LEdd>>1?
Continuum driving
(Super-Eddington)

UV line driving
(Sub-Eddington)
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Super-Eddington AGN: 1H 0707-495
• A narrow line Seyfert 1 galaxy (MBH~106-7M⦿)

• Super-Eddington is required by fitting the optical data

5

0.001 0.01 0.1 1 10
Energy (keV)

10-4

10-3

10-2

10-1

100

 E
*F

(E
) (

ke
V2  c

m
-2
 s

-1
 k

eV
-1
)

(OM)

(a)

(CTIO)

0.001 0.01 0.1 1 10
Energy (keV)

10-4

10-3

10-2

10-1

100

 E
*F

(E
) (

ke
V2  c

m
-2
 s

-1
 k

eV
-1
)

(OM)

(SDSS)

(b)

Figure 2. Continuum fitting with OPTXCONV to the NLS1 a) 1H 0707-495 and b) PG 1244+026. The red, green and blue solid lines show the disc emission
inferred for an inclination of 30◦ from the optical/UV continuum for spin of a = 0, 0.9 and 0.998 respectively for a mass of 2× 106M⊙, while the dashed
lines show the same for a mass of 107M⊙. For 1H 0707-495, the optical continual points (star symbol) extracted from the CTIO spectrum were scaled up by
50% to account for the discrepancy with OM data due to long term variability and/or aperture difference.

ably due to long term variability, but the CTIO spectrum was not
fluxed (Leighly, private communication), so part of this may also
be due to slit losses.

NLS1 in general are less optically variable than Broad Line
Seyferts (e.g. Ai et al. 2013, but see Kelly et al. 2013), despite hav-
ing higher X-ray variability (e.g. Leighly et al. 1999; Ponti et al.
2012). 1H0707 has no optical monitoring data, but UV monitoring
by the XMM-Newton OM (UVW1 filter) shows factor 30% vari-
ability on timescales of years but less than 2% variability within
a single observation of ! 100 ks timescale (Robertson et al. 2015;
see also Smith & Vaughan 2007 for similar limits on fast variability
in UVW2).

By contrast, 1H0707 shows dramatic X-ray variability. The
source flux can drop by a factor of ∼ 30, accompanied by strong
variation in spectral shape (e.g. Zoghbi et al. 2010). We systemat-
ically searched all available XMM-Newton observations for data
which spanned the range in X-ray shape and intensity. We ex-
tracted pn spectra from every 10 ks segment of each observation,
and selected the highest spectrum (Figure 2a: black spectrum from
the 60-70 ks segment in the observation on 2010-09-15, OBSID:
0653510401). The lowest spectrum has a low count rate, so we
combine two very similar spectra from 40-50 ks and 50-60 ks seg-
ments in the observation on 2011-01-12 (OBSID: 0554710801) to
obtain a low state spectrum with better S/N (Figure 2a: blue spec-
trum). We also select an intermediate state (Figure 2a: orange spec-
trum) from the 10-20 ks segment in the observation on 2007-05-14
(OBSID: 0506200301). The OM data for these observations are
remarkably constant. The largest difference is 10% in the UVW2
flux between 2007-05-14 (intermediate-state X-ray spectrum) and
2010-09-15 (high-state X-ray spectrum), the other differences in
the same OM filters are all less than 4%. Since only the 2010-09-
15 observation has exposures in six OM filters (i.e. UVW2, UVM2,
UVW1, U, B, V), we used this dataset in Figure 2a. A similar range
in X-ray spectra is shown by Vasudevan et al. (2011), and they also
find that this is not accompanied by strong optical/UV variability.

For PG1244, a 6 month optical reverberation mapping cam-

paign failed to constrain the black hole mass as there was no signif-
icant variability (K. Denny, private communication). We extracted
the two archival IUE observations of PG1244, taken 10 years apart,
and these show variability by a factor of ∼ 2, similar to the vari-
ability seen between the OM and GALEX UV photometry (Jin,
Done & Ward 2013, hereafter: J13). Similarly, the 2-10 keV band
in PG1244 varies by a factor 2 on both long and short timescales
(J13 and the compilation of Ponti et al. 2012). The spectral shape
remains more or less constant during this variability, so we use pn
data from the longest XMM-Newton observation (123 ks XMM-
Newton on 2011-12-25, OBSID: 0675320101) to define the typical
source spectrum (J13; Done et al. 2013, hereafter: D13). We use the
simultaneous OM data from this observation which matches well to
the SDSS spectrum.

Figures 2a and b show the resulting SEDs for 1H0707 and
PG1244, respectively, where we de-absorb the X-rays using only
the Galactic gas column of NH = 4.31 and 1.87 × 1020 cm−2

(Kalberla et al. 2005), and de-redden the corresponding optical/UV
values of E(B − V ) = 0.073 and 0.032 (Bessell 1991). The re-
sultant SEDs are then de-redshifted to the AGN rest frame. These
are the lowest possible absorption values as they only include ma-
terial in our galaxy. Any additional material in the host galaxy will
increase the intrinsic UV/soft X-ray flux, and hence increase the
inferred mass accretion rate.

The optical/UV emission looks like a disc spectrum in both
objects, with no obvious flattening at red wavelengths which would
indicate substantial host galaxy contamination (see e.g. the spec-
trum of IRAS 13224-3809 in Figure 1 of Leighly & Moore 2004).
Similarly, there are no obvious absorption lines from the host
galaxy in the spectra of either object, again, indicating that any host
galaxy contamination is low. Hence we fit with a disc model to es-
timate the mass accretion rate. We use the OPTXCONV model of
D13, as this approximates the full radiative transfer, fully relativis-
tic models of Hubeny et al. (2001) (updated in Davis, Woo & Blaes
2007), but is more flexible in spectral fitting as it is analytic rather
than limited to precomputed tables. The intrinsic disc spectrum is
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X-ray spectra of 1H 0707-495

• A most convincing evidence of a rapidly spinning black hole (Fabian+ 2004).
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• This model requires extreme conditions:

- Black hole spin is close to maximum.

- Incident radiation is strongly focused on the disk inner edge
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Disk wind interpretation

• We propose a disk wind interpretation for the strong Fe-K spectral feature.

• 1H 0707-495 is very similar to an archetypal wind source PDS 456 
(MBH~109M⦿, vwind~0.3c, Ṁwind~10M⦿/yr)

➡ The spectral feature in 1H 0707-495 seems to be made by the disk wind
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• Absorption line is very broad, 
which cannot be explained by 
turbulence

➡ A new spectral model of the 
wind is required to explain 
the broad absorption line
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Our disk wind model

8

• “A new X-ray spectral model” of an accretion disk wind has already been 
constructed for the UFO in PDS 456 (Hagino et al. 2015).

width ∆E and only Fexxv Heα and Fexxvi Lyα lines are fitted. The best-fit functions

for the spectra are overplotted in the top panel of Fig. 4.4.

We fit the simulated spectra for 40 angles ranging from cos θ = −0.975 to 0.975. The

obtained values of the Doppler factors are plotted as a function of cos θ in the bottom

panel of Fig. 4.4. The fitting errors are also plotted in the figure, but are too small to

be seen. The red line in the figure is the theoretical function of Eq. 4.3. As shown, the

simulation results are completely consistent with Eq. 4.3.

4.3 Wind geometry

We adopt a biconical geometry as shown in Fig.4.5, which was developed for studying

radiative transfer in the wind of cataclysmic variables (Shlosman & Vitello, 1993) and

widely used for accretion disc winds (Knigge, Woods & Drew, 1995; Sim et al., 2008,

2010a). This geometry is defined by three parameters. All stream lines in the wind

converge at a focal point, which is at a distance d below the source. The wind is launched

from Rmin to Rmax on the disc, We first assume that d = Rmin and Rmax = 1.5Rmin.

This means that the wind fills a cone between θmin = 45◦ and θmax = 56.3◦ i.e. has solid

angle Ω/4π = 0.15. We define a mean launch radius R0 from the mean streamline i.e. it

makes an angle of θ0 ≡ (θmin + θmax)/2. Thus, R0 = d tan θ0. The geometry is divided

into 100 shells. Each shell has an equal width on a logarithmic scale.

Radial velocity is defined as a function of length along the streamline l

vr(l) = v0 + (v∞ − v0)

(
1 − Rmin

Rmin + l

)β

. (4.5)

β determines the wind acceleration law, while v0 and v∞ are an initial radial velocity at

l = 0 and radial velocity at l = ∞. This equation is an extension of the classical CAK

model (section 2.2.5). The azimuthal velocity at the launching point R0 is assumed to

be the Keplerian velocity vφ0 =
√

GM/R0.

According to angular momentum conservation, vφ is written as a function of R

vφ(R) = vφ0

R0

R
. (4.6)

The turbulent velocity vturb is composed of intrinsic turbulent velocity vt and velocity

shear (Appendix A4 of Schurch & Done 2007).

vturb(i) = vt +
vr(i) − vr(i − 1)√

12
, (4.7)

where index i refers to the shell number and vr is a radial velocity.

Physical processes

• Photoionization

• Photoexcitation

• Compton scattering

• Doppler effect

- Ionization structure: 1-D along the stream line

- Monte Carlo radiation transfer simulation: 
“MONACO” (Odaka+ 2011)

- Self-consistently calculate both of the emission 
and absorption

accretion disk
X-ray 
source

disk wind

Based on the UV-line driven disk wind

- 3-D biconical geometry with 
Ω/4π=0.15

- Velocity distributions:
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θincl=58 deg (Δθ=1 deg)• Blue-shifted absorption & broad emission 
like the observation

• At large θincl

- high density→deep absorption

- observe slower component→broad
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accretion disk
X-ray 

source

slow & dense
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θincl=46 deg (Δθ=1 deg)

➡ Larger inclination angle produces a very 
broad absorption line just like 1H 0707-495
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Application to the observations of 1H 0707-495

• Spectra of 1H 0707-495 are composed of 3 components.

10

1 100.5 2 510
−5

10
−4

10
−3

ke
V2  (

Ph
ot

on
s 

cm
−2

 s
−1

 k
eV

−1
)

Energy (keV)

Soft excess

Continuum 
absorption

Fe-K 
features

• Fe-K feature:
created by the highly 
ionized gas (ξ~103-4)
➡ our disk wind model

• Continuum absorption:
Low ionized gas (ξ=L/
nr2≲102) is required

➡ partial covering 
absorption

• Soft excess:
not consider in this work



2016.09.19-23 Super-Eddington 2016 @Sardinia island / 16

Application to the observations of 1H 0707-495
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Figure 3. A schematic picture of the clumpy wind geometry from a super-
Eddington flow which could explain the difference in X-ray properties be-
tween simple and complex NLS1. The hard X-ray corona (inner blue flow)
is absorbed by the wind at high inclinations, with the smooth, highly ionised
absorption (cyan) producing a strong drop at the (blue-shifted) line energy,
while cooler, less ionised clumps (green), produce stochastic dips and com-
plex absorption at all energies (Hagino et al. 2016).

the wind can make a large difference in the observed properties of
the inner X-ray source. Numerical simulations show that the polar
and opening angle of the wind can fluctuate stochastically, as well
as vary with L/LEdd, so the inclination angle with respect to the
wind could be the required parameter determining the difference
between simple and complex NLS1.

1H0707 (complex NLS1) and PG1244 (simple NLS1) have
very similar Hβ line widths and optical luminosity, so have similar
mass and mass accretion rates to zeroth order, and their masses are
most probably low just from X-ray variability timescale arguments.
If 1H0707 is at higher inclination than PG1244 then it should have
higher L/LEdd for the same black hole spin. We take as an ex-
ample 1H0707 at 60◦ and PG1244 at 30◦, both with low spin and
mass of 2×106M⊙. The colour(non-colour) temperature corrected
discs give a mass accretion rates of 44(31)× Eddington for 1H0707
and 13(9) for PG1244, so both are still highly super-Eddington, but
1H0707 is more extreme that PG1244, as required by the optical
spectra shown in Figure 1, where 1H0707 lacks the narrow [OIII]
emission lines. Weak narrow lines are a characteristic of low ion-
isation Broad Absorption Line (BAL) QSO’s (Boroson & Meyers
1992), where this is likely due to shielding of the narrow line region
by obscuration in a wind (see also Leighly 2004).

If 1H0707 is accreting at a higher Eddington ratio, this should
also affect other features of the spectrum. L/LEdd is known to af-
fect the ratio of equivalent widths of emission lines in the broad
line region, particularly FeII/(broad) Hβ (Ferland et al. 2009). The
iron blends shown for both NLS1 in Figure 1 are quite similar, and
similar also in terms of their ratio of FeII/broad Hβ. If the corre-
lation continues at these high L/LEdd then 1H0707 should have
a slightly lower iron abundance that PG1244 in order to produce
the same ratio of FeII/broad Hβ. However, it seems likely that the
FeII/Hβ ratio would also be affected by geometry of the wind, so
the stronger wind in a more highly super-Eddington flow in 1H0707
could compensate for this.

Eddington ratio is also known to correlate strongly with the 2-
10 keV spectral index (Shemmer et al. 2006; Vasudevan & Fabian
2007; 2009; Jin et al. 2012c). 1H0707 should then have a higher Γ

than PG1244, though this is poorly constrained from spectral fits.
Simple wind models fit to 1H0707 give Γ = 3.5 ± 0.8 (Done et
al. 2007), while more complex wind models are consistent with
Γ = 2.6 (Hagino et al. 2016), whereas PG1244 has Γ ∼ 2.5 (J13).
Hence the data are consistent with a steeper index in 1H0707 as
expected if it does have a higher L/LEdd, but do not significantly
require this.

Thus there is no obvious inconsistency with a model for these
two NLS1 where they have similar low masses and spins but where
1H0707 has higher inclination, and hence its similar optical flux
requires higher mass accretion rate. Both are super-Eddington, but
1H0707 is more super-Eddington that PG1244, so has a stronger
wind which explains its lack of narrow optical line emission by
shielding the NLR, suppressing the narrow [OIII] lines compared
to PG1244 (Leighly 2004). The combination of more highly super-
Eddington flow leading to stronger mass loss, together with higher
inclination angle means that the wind is more likely to be in the line
of sight for 1H0707.

This interpretation has much less soft X-ray emission than the
low mass, high spin models required by the relativistic reflection
interpretation. Nonetheless, the observed soft X-ray flux is still a
factor 90(11)× larger than the maximum observed from 1H0707,
and 18(1.0)× that observed in PG1244. Thus there is still a strong
requirement of energy loss from the inner disc in 1H0707 and prob-
ably in PG1244 also. Strong energy losses are easily accommo-
dated within the super-Eddington flows, as they can advect some of
the power, and/or use it to launch a wind. It could also potentially
launch an accretion powered jet, but both 1H0707 and PG1244 are
very radio quiet, so substantial jet losses seem unlikely. A simi-
larly extreme SED shape, with large advection/wind losses is seen
in one of the lowest mass AGN in the local Universe, GH08 (aka
RX J1140.1+0307: Miniutti et al. 2009; Jin, Done &Ward 2016). A
low spin solution requires less extreme energy loss, but this is still
over-predicts the observed 0.3-2 keV luminosity by a factor ! 11
for the low mass/high inclination solution for 1H0707, even with
no colour temperature correction.

5.3 Spin and the trigger for highly relativistic jets

Highly relativistic jets are the most dramatic pointer to an accreting
black hole. Apparently superluminal radio blobs can be explained
only if the bulk Lorentz factor, Γ, is high, and if the angle, θ, be-
tween this motion and the observer’s line of sight is small. The in-
trinsic emission of the blob is blue-shifted by a factor δ and bright-
ened by a factor ∼ δ4, so the jet emission from the core appears
much more luminous in aligned versus non-aligned objects. This
means that they are extremely bright in radio (synchrotron from
the jet) and also in high energy GeV gamma-rays (synchrotron self
Compton or External Compton from the jet: e.g. Ghisellini et al.
2010).

Another pointer to such relativistic jets is the radio lobe emis-
sion on much larger (kpc) scales. This is the interaction of the jet
with its (stationary) environment, so is easily visible in non-aligned
objects. Population studies show that the Fanaroff-Riely type I and
II galaxies are consistent with being the misaligned versions of the
highly beamed BL Lacs and Flat Spectrum Radio Quasars (FSRQ),
respectively (Urry & Padovani 1995).

Most AGN do not show such large scale radio structures, but
weak core radio emission is ubiquitous. Clearly, the radio lumi-
nosity can also be dependent on the accretion power, so a better
way to parameterise the importance of the radio jet is via the radio-
loudness parameter, R, defined as the ratio of flux at 5 GHz to
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Spectral fit with the disk wind model

11

• Reproduced the structure above ~7 keV

➡ The spectra of 1H 0707-495 can be explained by the ultra-fast outflow (Mwind/
MEdd=0.2, v=0.2c)
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Comparison with NuSTAR data
• The extrapolation of our wind model for Obs15 gives a good fit to the 

NuSTAR spectra

• Higher energy spectrum is also explained by our disk wind model!!

12

10−4

10−3

2×10−5

5×10−5

2×10−4

5×10−4

ke
V2  (

Ph
ot

on
s 

cm
−2

 s
−1

 k
eV

−1
)

105 20
−4

−2

0

2

r

Energy (keV)

XMM-Newton Obs15
NuSTAR FPM-A/B (60001102004)

Wind model for XMM Obs15

χ2ν=99.41/80



2016.09.19-23 Super-Eddington 2016 @Sardinia island / 16

Small residuals at ~6-7 keV

13

• However, there is a small residual at ~6-7 keV

• This could be residual reflection from the disk…
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Reflection from the wider angle wind?

• Alternatively, the additional emission is possibly from a wider angle wind.

14
➡ The wind in 1H 0707-495 is possibly a continuum-driven disk wind

Publications of the Astronomical Society of Japan (2014), Vol. 67, No. 4 58-7

for r = 100 rS (gray), 500 rS (light green), 2000 rS (light
magenta), and 4000 rS (blue). Here, this rate is time-
averaged in the elapsed time between t = 70 s and 200 s.

We find in this panel that the velocity of outflow is larger
than the escape velocity near the rotation axis in the vicinity
of the black hole. The angular size of high-velocity outflow
tends to broaden with an increase of the radius. In par-
ticular, although the high-velocity outflow appears only in
the direction of θ ! 35◦ at r = 100 rS, the angular size of
the high-velocity outflow extends up to ∼ 20◦ and ∼ 50◦

at r = 500 rS and 2000 rS. Eventually, the matter is blown
away with speed of >vesc in the wide angle, 0◦–85◦ (see
r = 4000 rS). We find that Ṁesc,r15 at r = 4000 rS is not
so sensitive to the angle. It is slightly smaller near the rota-
tion axis and equatorial plane and slightly enhanced around
20◦. Note that mass flux via the high-velocity is mildly col-
limated (compare with sine curve [solid line]). We conclude
that the mass is blown away with speed of >vesc in all
directions somewhat focusing around 20◦.

In the lower panel of figure 5, we plot kinetic power and
photon luminosity split into an angular range of 15◦,

Lkin,15 = 2πr2
out

∫ θ+7.5◦

θ−7.5◦

(
1
2

ρv2
)

×

⎧
⎨

⎩
vr for vr ≥ vesc

0 for vr < vesc

⎫
⎬

⎭ sin θdθ, (17)

and

Lph,15 = 2πr2
out

∫ θ+7.5◦

θ−7.5◦
F r

0 sin θdθ, (18)

time-averaged in the elapsed time between t = 70 s and
200 s. In addition to the mass, it is found that the kinetic
energy is released in all directions except for the vicinity of
the equatorial plane, θ " 85◦. However, in contrast Ṁesc,r15

for r = 4000 rS is small at θ ! 15◦, Lkin, 15 is enhanced
around the rotation axis. We find that Lkin, 15 is 100 times
larger for θ ∼ 10◦ than for θ ∼ 80◦. We also find that Lph, 15

is not so sensitive to the angle (Note that the radial com-
ponent of the radiative flux, F r

0 , is mildly collimated [com-
pare with sine curve]). As we have already mentioned, the
resulting total kinetic power is comparable to the photon
luminosity, Lkin ∼ Lph. Since we set the black hole mass to
be 10M⊙, we have Lkin ∼ 3 × 1039 erg s−1.

4 Discussion

4.1 Comparison with Ohsuga et al. (2005)

Here, we compare our results with O05. In O05, although
the huge amount of the gas is ejected from the their compu-
tational domain, r = 500 rS, the velocity of the outflowing

Fig. 6. Time averaged density distribution overlaid with the time-
averaged velocity vectors of the present simulation (upper panel) and
O05 (lower panel). (Color online)

matter does not exceed the escape velocity except for the
high-velocity outflow near the rotation axis. At the outer
boundary, mass outflow rate is about several 100 LEdd/c2

but Ṁesc ∼ 100 LEdd/c2. Hence, it is not clear that whether
such a low-velocity outflow comes back to the neighbor-
hood of the black hole or is blown away due to the radiation
force. In the present study, the occurrence of the wide-angle
high-velocity outflow is revealed for the first time. The low-
velocity outflow is accelerated at the outer region and its
velocity exceeds the escape velocity at r " 4000 rS.

Our resulting flow structure is distinct from that of
O05 at around r = 300–500 rS. Upper and lower panels
in figure 6 display the time-averaged (40 s) density distribu-
tion overlaid with the velocity vectors of the present work
and O05. There is no remarkable difference in the vicinity of
the black hole (r ! 100 rS). However, high-density region
(white and yellow) is wider in the present study than in
O05, (see the region of r ∼ 300–500 rS). This is because the
outer boundary is located at r = 500 rS in O05. In our sim-
ulations, although the time-averaged velocity is outward as
shown in the upper panel, circular motion occurs around
r ∼ 300–700 rS. In contrast, since the matter that goes out
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Continuum-driven wind in super-
Eddington accretion disk 

• Naturally expected in super-
Eddington accretion

• Driven by the radiation 
pressure via Thomson 
scattering, not bound-
bound transitions: 
“Continuum-driven disk 
wind”
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An extremely fast wind in APM 08279+5255
• Now, we are working on the extremely fast wind in APM 08279+5255

• v~0.7c is reported in this source by Chartas et al. (2009)

15

• Clearly, the absorption line 
in APM 08279+5255 is 
less blue-shifted than 
that of PDS 456

• We are trying to model the 
spectra without extremely 
fast wind
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Conclusions

We applied our new X-ray spectral model for the ultra-fast outflows to a 
super-Eddington AGN: 1H 0707-495.

✓ The strong Fe-K feature in XMM-Newton/Suzaku/NuSTAR spectra 
of 1H 0707-495 are successfully reproduced by our disk wind 
model.

✓ Our disk wind model under-predict the emission lines, suggesting 
a wider angle wind by the continuum radiation driving mechanism.

➡A super-Eddington AGN 1H 0707-495 has an ultra-fast outflow
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