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Engine of ULX 7?
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IMBH + sub-Eddington disk ESO 243-49 HLX-1 (Farrell et al. 09)
If the IMBHSs exist, sub- ->500Msun?, >9000Msun?
Eddington disk can explain the -Lx ~ 10%%erg/s
huge luminosity of ULXs: +Cool disk; Q.2keV
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Engine of ULX 7
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Even if the BH mass is around
10Msun, super-Eddington disks
can reproduce the huge
luminosity; 10Leqad(10Msun)
~104%rg/s. Ly

~10M,

King 04, 08; Ohsuga et al. 05, 09, 11,
Gladstone et al. 09; Middleton et al. 11,
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In L-Tin diagram, IC342 S1
evolve according to the slim
disks model.



Engine of ULX 7

'NS + Super-Eddington flow
If the central objects of ULXs are NSs,
super-Eddington is necessary because the

mass of NSs is a few Msun.

Disk accretion Accretion column

Basko & Sunyaey 76; O_hsuga 07' King & Lasota 16;
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M82 X-2 (ULX pulsar);
Engine is super-
Eddington accretion
onto NS.



Today's plan

- We introduce Radiation-MHD simulations of
super-Eddington accretion flows around BHs.

- We compare with our results and
observations of ULXs.

- We show our simulations of super-Eddington

accretion).



Super-Eddington flow around BH
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Ohsuga et al. 2009

Ohsuga & Mineshige 2011
see also Ohsuga et al. 2005

Radiation-pressure
supported disk +
radiatively-driven jet

Lbol = Ledd, Mdot~60 Ledd/c? (~0.3c)



Other Simulations of
Super-Eddington Disks

Super-Eddington disks around
BHs are reconfirmed (see also

Sadowski+ 14, 15; Mckinny+ 13;
Jiang+ 14, etc.)




Large Luminosity
4

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

Radiative
Flux

Thus, observed luminosity is much
larger than the Eddington luminosity
except for the edge-on view (e.g.,
221 edd for <20° in the case of
Mdot~100Ledd/c?, Ldisk~3LEedd).

Super-Eddington flows can
explain the large X-ray
apsuga. Mineshige 2011 % luminosity of ULXs.




ULX spectra

Step2; Monte Carlo Radiation transfer
(fee-free, thermal & bulk compton)
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Stepl;
RHD simulation
Ohsuga et al. 2005,
ApJ, 628, 368
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Thermal & Bulk Comp’gctm

Without With only thermal Compton

Compton

AT 2~ 90070 /2
1041\ M =~ 200Lg/c*

107§ Trapping - /,/ ; ‘ Thermal &
photons 27 -, \ Bulk Compton
0.3 1 10 100

energy|keV]

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



Emergent spectra are sensitive to
the Mdot and inclination angle.
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Simulated spectra nicely fit
the observations.
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Kawashima et al. 2012
(data; Gladstone 2009)

NGCI313 X-2

M 2 1000 Lg /¢ (i = 10 — 20°)

1C342 X-1

M =~ 200 Lg/¢* (i = 0 —10°)

NGC5204 X-1

M = 200 Lg/c* (i =40 - 50°)
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Clumpy Outflow

Takeuchi, Ohsuga, Mineshige 2013, 2014

Super-Eddington disk+ Jet
10.00 s, 34.80 orbit

Our simulations succeeded
in reporoducing the clumpy

outflow. Time-dependent, Clumpy outflow



Wide-angle outflow

V ’/vesc At 6 < 45°, we find vi>Vesc

4000 ; - ' 3 (~0.3c) near the black
wide-angle hole

In 6 ~45°-80°, outflow
velocity gradually

Increases and exceeds
Vesc at r ~1000-4000Rs.

Kinetic power of the

) outflow is 3x103%rg/s,
3000 4000 ~Lx

1000 2000

R/1 p,

Hashizume et al. 2015



Outflow of ULXs

Cseh et al. 2012

Kinetic power
~ 3-5x10%%erg/s

Pakull et al.

also Pinto's Talk

Blueshifted lines:

Matthew Mlddleton Fabian, 2016
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Velocity ~ 0.2-0.3c

Kinetic power and velocity of
our simulations are consistent
with observations.



ﬁuper—Eddington disk accretich
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\ Unmagnetized NS J

If NS is unmagnetized or
very weakly magnetized,
the matter would
accretes through the
accretion disks.

If the magnetic fields of
NS prevent the disk
accretion, the accretion
column would appear.



super-Eddington accretion column
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energy flux of fluid

' (Kinetic energy dominant)  §

shock at ~3 km
above the NS
surface

Kawashima et al. 2016




Accretion
Column

radiation energy

Rotation
axis

Neutron
star

Accretin
matter is

heated by TEESSSSF' Side wall shines
SHOCK! Ny at super-

Eddington
luminosity

Super-Eddington Pole accretion can
explain ULX pulsar, M82 X-2. 45 50 55 6.0 65 7.0

(km]




disk accretion: NS vs BH

In Ohsuga 2007, super-Eddington accretion onto NSs
was for the first time investigated by Radiation-HD

simulations.

2007

log p (N3)

Ohsuga

(3] 5 3

NS

log p (BH)
5 4

6 $ 3

Shell-shaped structure
appears around NS.

Energy conversion
efficiency is larger for
NS than BH.

More powerful
outflows are
generated from the
super-Eddington disks
around NS.



disk accretion: NS vs BH

non-rotating NS non-rotating BH
(M~1.4Msun, R~4.8Rg) (M~10Msun, R~2Rg)
t=4046.1, t:53803iu
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Takahashi, Ohsuga submitted.

Accretion Luminosity NS
Rate (Ledd/c?) (LEdd)

R=20Rg Radiation

Inner

Boundary Kinetic

Outflow Rate

(Leaa/c2) Thermal

R=200Rg Magnetic

-Super-Eddington disks around NSs show the powerful outflows,
and mainly release the energy via the outflow (Kinetic power >
Radiation Luminosity). In the case of BH, we find Kinetic power <
Radiation Luminosity.



Summary

r-Eddin n Accretion onto Black Hol

Our simulations support that the engine of ULXs is stellar
mass BHs + super-Eddington disks. Because our model
roughly explain the observations (luminosity, SED, clumpy
outflows, bubbles).

S _Eddi : : N S
Super-Eddington accretion column and disk accretion onto

ULXs might be explained even if the central object is NS. At
least, M82 X-2 would be powered by the super-Eddington
accretion column.



