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Ultra-Luminous Supersoft sources (ULSs) 
vs 

Ultra-Luminous X-ray sources (ULXs)

 Are ULSs also super-Eddington accretors onto stellar mass 
compact objects ?

If so,  
What produces the difference between ULSs and ULXs?
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Unified Model for these Ultra-Luminous sources

Figure 4.3. A cartoon picture of super-
Eddington accretion around stellar-mass black
holes for ṁ ! 30, which shows ULSs and nor-
mal ULXs with different inclination angles.(Gu
et al. 2016[18])

Figure 4.4. A unified description of ULSs, nor-
mal ULXs, and BHXBs based on stellar-mass
black hole systems. BHXBs in our Galaxy
are generally below the Eddington luminosity.
ULSs will appear for both high accretion rates
ṁacc ! 30 and not small inclination angles
θ ! 25◦ . For the other cases with super-
Eddington accretion, the sources are likely to
be normal ULXs.(Gu et al. 2016[18])

Gu et al. (2016) proposed a model of ULSs which unifies ULSs and normal ultra-
luminous X-ray sources, where the different observational characteristics are probably
related to the inclination angle and the mass accretion rate (see Figure.??). They con-
cluded that there are two necessary conditions for ULSs, i.e., high mass accretion rates
ṁacc ! 30 and not small inclination angles θ ! 25◦. For the other cases with super-
Eddington accretion, the sources are likely to appear as normal ULXs (see Figure.4.4)
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Both ULXs and ULSs are super-Eddington accretors  
But  

difference is mainly generated by the viewing angle

when viewing from the polar direction ULXs

when viewing from the horizontal direction ULSs

(Gu et al. 2015)

(Urquhart & Soria 2016)



Motivation and Goals
Key Questions

In the present study, 
we performed 2D axisymmetric radiation hydrodynamic 

simulations of super-Eddington accretion flows for 
various accretion rates

•How are super-Eddington accretion flows observed and  
  how does their appearance vary, depending on the viewing angle?

•Can the basic properties of ULSs be explained by  
          the super-Eddington scenario?



Basic Equations

(mass conservation)

(equation of motion)

(energy conservation)

(equation of state)

including Thermal Compton effect

Radiation Hydrodynamics with the Flux Limited Diffusion Approximation



Method
•2D axisymmetric radiation hydrodynamic code (Kawashima+09) 
with sufficiently large simulation domain(　　      for high     )
•We inject mass at a constant rate       and    
  with a constant angular momentum from the edge of the disk.
•We calculate 3 cases of different       

mass injection 



Simulation Overviews
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Simulation Overviews

Thick disk

Low 
temperature 

Near the thick disk,  
gas temperature goes down to 0.1 keV or smaller.
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temperature structure

Time-averaged contour maps of gas temperature

Low High

High Low

Yellow line: Compton sphere,                Black line: Photosphere



Observed Temperature and Luminosity

ULS

ULX

Super-Eddington

ULSs are also super-Eddington accretors 
but viewed from large polar angles.

 :the temperature on the outer sphere between Compton- and photo- spheres

Fig. 3: Viewing angle (θ) dependence of observed temperature (top panel) and isotropic lu-

minosity (bottom panel) for various mass injection rate, ṁinj = 102, 103 and 104. The

horizontal axis is the polar angle θ [degree] and the vertical axes are temperature [keV]

(top panel) and normalized isotropic luminosity [LEdd] (bottom panel), respectively.
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arXiv:1511.04797). Soft-ultraluminous ULXs are more likely
to be in a regime with 10 ! ṁ ! 100. These numbers are
purely indicative, and depend on our viewing angle: we do
not expect the wind to be optically thick along near-face-on
line-of-sight regardless of accretion rate, while more moder-
ate accretion rates may be enough to produce an optically
thick outflow if the source is viewed almost edge on. For
the same reason, the fitted photospheric radius will appear
larger when a system is seen more edge-on. Then, epoch-
to-epoch variability in ULSs may occur because of changes
in the accretion rate (and consequently in the outflow den-
sity), or because of changes in our viewing angle, due to disk
precession.

If our scenario is correct and ULSs have a highly super-
critical mass accretion rate, we might wonder why their ex-
trapolated bolometric luminosities (Table 2) are only ∼ a
few 1039 erg s−1, barely reaching 1040 erg s−1 in the most lu-
minous epochs. This is a few times lower than the most lumi-
nous ULXs found in the same volume of space. This can be
justified as follows. Firstly, given the logarithmic dependence
of emitted luminosity on ṁ, with (in the outflow-dominated
case) L ∼ LEdd (1 + 0.6 ln ṁ) (Shakura & Sunyaev 1973;
Poutanen et al. 2007), the supposedly higher accretion rate
of ULSs does not make a large difference: for example, for
ṁ = 30, L ≈ 3LEdd, while for ṁ = 300, L ≈ 4.4LEdd.
Secondly, in the model of Soria & Kong (2015, MNRAS,
in press, arXiv:1511.04797), the main parameter that deter-
mines whether or not the outflow is effectively optically thick
along a given line of sight (and therefore whether the source
will appear as a ULS or a ULX along that line of sight)
is the dimensionless mass accretion rate ṁ (normalized by
BH mass), not the absolute accretion rate Ṁ . The absolute
value of Ṁ available for accretion is limited by the evolu-
tionary stage of the donor star, but for a fixed Ṁ , smaller
BHs (and NSs) will have a higher value of ṁ and therefore
a higher chance to be seen as ULSs than more massive BHs.
For example, a 50-M⊙ BH with Ṁ ≈ 2 × 1021 g s−1 will
have ṁ ≈ 30 (probably not high enough to make the out-
flow effectively optically thick) and an intrinsic luminosity
L ≈ 2×1040 erg s−1 (typical of the brightest ULXs). Instead,
a 10-M⊙ BH with Ṁ ≈ 4 × 1021 g s−1 will have ṁ ≈ 300
and an intrinsic luminosity L ≈ 6× 1039 erg s−1 (typical of
ULSs). Thirdly, if the outflow is denser and effectively op-
tically thick as we suggest it is in ULSs, a larger fraction of
radiative power is absorbed and converted to thermal and ki-
netic energy of the outflow: the photospheric luminosity may
be only ∼ 20–50 per cent of the intrinsic radiative power
(Lipunova 1999; Poutanen et al. 2007). Finally, the higher
apparent luminosity of hard-ultraluminous ULXs is boosted
by geometric collimation along the polar funnel, while the
apparent luminosity of ULSs is more likely to be reduced, if
they are seen at high inclination angles.

Another corollary of our proposed scenario is that ULSs
may become similar to soft-ultraluminous ULXs when their
photospheric radius seen along our line of sight decreases
(corresponding to a decrease in ṁ and in the total mass in
the outflow or to a change in viewing angle), thus revealing
the underlying inverse-Compton scattering region and/or in-
ner disk region, sources of the harder emission component.
This is consistent with our observed temperature distribu-
tion of the thermal component in ULSs (Figure 7): sources
with kTbb ! 150 eV are mostly ULSs, while sources with

Figure 16. Top panel: cartoon sketch of our proposed classifi-
cation of ULXs and ULSs, function both of the accretion rate ṁ

and of the viewing angle θ. For super-critical accretors, at most
lines-of-sight (except for the polar funnel), there will be an accre-
tion rate threshold at which the outflow becomes dense enough
to be effectively optically thick to the X-ray emission from the
inner accretion disk. However, this threshold will be reached at
lower values of ṁ for sources seen at higher inclination angles,
because the wind is thicker at higher θ. Bottom panel: an alter-
native classification in which the difference between ULXs and
ULSs depends only on θ. This is not our preferred scenario, be-
cause it ignores the fact that the optical thickness of the outflow
increases with ṁ (Poutanen et al. 2007), and the opening angle
of the funnel decreases with ṁ (e.g., King 2009).

kTbb " 150 eV generally contain a harder component and
are classified as standard ULXs. For temperatures ≈ 100–
150 eV we expect a degree of overlapping between the two
classes, as for the same accretion rate and outflow struc-
ture, a system can appear as a ULX if seen more face-on,
or as a ULS if seen more edge-on. The observed appearance
of harder emission components in some ULSs (particularly
those in M101 and NGC247) only when their blackbody
temperature reached ≈130 eV and their radius shrank be-
low ≈20,000 km may be additional evidence in favour of our
proposed connection.

c⃝ 2002 RAS, MNRAS 000, 1–23

Classification of ULXs and ULSs

(Urquhart&Soria 2016)

ULSs 
(in our study)Red line:

When the accretion rate is larger, 
the source is more likely to be seen as ULSs



Summary
Our 2D RHD simulations show 
 ・Both ULXs and ULSs can be super-Eddington accretors, 
 ・The main differences between ULSs and ULXs are 
   viewing angle  
  •The higher mass accretion rate is, the more likely to be observed 
as a ULS the source is.

In this study, we simply use the temperature on the Compton- or 
photo- spheres and its luminosity to determine 
whether an Ultra-Luminous source is a ULS or not.

Spectral calculation is needed at a next step

Our result supports the Unified model for ULXs and ULSs


