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Abstract: We analyzed the XMM-Newton EPIC spectra of four ULXs, which were previously suggested to contain intermediate-mass black holes (IMBHs) based on the 
conventional (disk-blackbody (DBB) + power-law (PL)) model, but with the extended DBB model, assuming effective temperature profile of Teff ∝ r -p, where r is the disk radius. We 
found rather high temperatures, ~ 1.84 – 3.16 keV, compared with those obtained by the fitting with the conventional model. Moreover, we obtained p-value about 0.5, just the value 
predicted by the slim (supercritical) disk theory, rather than is expected from the standard disk model. The derived masses obtained from the fitting are < 40 MSun. Fitting with the slim 
disk model of Kawaguchi (2003) also shows that it is very likely that the central engines of these ULXs are supercritical accretion flows to stellar-mass black holes.

Conclusions:
The spectra of the four ULXs have been successfully fitted with slim disk models. 
The derived masses are < 60 Msun depending on different assumptions. 
We have not seen the evidence of the intermediate mass black holes having several hundreds of solar mass. 
We suggest that ULXs are stellar-mass black holes under supercritical accretion rates.

Fitting by using DBB+PL (left) and extended DBB (right) for NGC 5204 
X-1 (top) and NGC 1313 X-2 (bottom).Accretion Disk Fitting Models for Ultraluminous X-ray 

Sources (ULXs)

Conventional (DBB+PL) Model vs. Extended DBB Model

Conventional (DBB+PL) Model:
Power-law component is needed.

Mostly low temperature values are 
obtained, which imply higher radius of 
black holes.

The derived black hole masses show 
that the central engine of the ULXs are 
IMBHs.

Extended DBB Model:
Power-law component is  not needed.

Higher temperature values are 
obtained, which imply smaller radius of 
black holes.

The derived black hole masses 
indicate that the central engine of the 
ULXs are stellar-mass black holes.

Mass Estimation Results Fitting Results of slim disk model by Kawaguchi (2003)

Following Makishima et al. (2000), the innermost disk radius Rin is related to the maximum disk color
temperature Tin and bolometric luminosity, Lbol as

where κ ~ 1.7 is the ratio of the color temperature to the effective temperature, or “spectral hardening factor”, 
and ξ = 0.412 is a correction factor reflecting the fact that Tin occurs at a radius somewhat larger than Rin.

We may identify Rin with the radius of the last stable Keplerian orbit. Thus, we may in general write 

Rin = 3βRs = 8.86β (M/Msun) km.

with 1/6 (extreme Kerr BH) < α ≤1 (Schwarzschild BH). Conversely, we can determine the black hole mass.

Therefore, using Tin and fbol from the fitting results, we can determine the value of Rin and Lbol/LE where LE is 
the Eddington limit for a body of mass M.

Fitting by using DBB+PL (left) and extended DBB (right) for NGC 
4559 X-7 (top) and NGC 4559 X-10 (bottom).
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