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The innermost disk radius distribution of ULX
in nearby spiral galaxies with Chandra
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We surveyed 22 nearby spiral galaxies observed with Chandra and detected 71 sources.
58 sources were well fitted by a Multi-Color-Disk model which is a approximation of the
standard accretion disk model. X-ray luminosities of 41 sources are 1038−39erg/s, and those
of 17 sources are 1039−40erg/s. The derived innermost disk radius of the former group are
10 ∼ 400 km, and those of the latter group are 40 ∼ 200 km. Especially, there is a source
with a large innermost disk radius (300-400 km) in group of 1038−39erg/s. This source may
be fainter phase of ULX, because of its low luminosity and the large innermost disk radius.
We also fitted these 71 sources with a slim-disk model which is the model of accretion disk
with a high accretion rate.

§1. Introduction

Ultra-Luminous X-ray sources (ULXs) are point-like sources brighter than the
Eddington limit of stellar mass black holes (e.g. Makishima et al. 2000). ULXs are
mysterious objects. There are two models which can explain spectra of ULXs. The
first model is Multi-Color-Disk (MCD) model + power-law model. This model is a
typical model for Galactic stellar mass black holes. When ULXs are fitted by the
MCD + power-law model, the derived innermost disk radius (Rin) are often large
(e.g. Miller et al. 2003a). Assuming Rin is three times Schwarzschild radius (Rg),
ULXs may have massive (few 100 - few 1000M¯) black holes. The second model is
a slim-disk model. When the accretion rate becomes higher, the disk state changes
into a slim-disk from a standard disk (Abramowicz et al. 1988). This model predicts
smaller Rin and higher innermost disk temperature (Tin) than the former model.
Anyway the nature of ULXs is different from that of stellar mass black holes.

We analyzed ULXs and fainter sources with the same model, and investigated
Rin, because Rin reflects mass of an accreted object.

§2. Targets and Observations

We selected 22 nearby spiral galaxies (<20 Mpc) observed with Chandra (see
Table 1). We detected 71 point-like sources brighter than 1038erg/s.

typeset using PTPTEX.cls 〈Ver.0.9〉
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Table 1. All target galaxies (<20 Mpc)

galaxy name + exposure time[ks]

NGC253 85 NGC3031 4 NGC4303 31 NGC4736 52 NGC6946 61

NGC891 53 NGC3184 45 NGC4490/85 42 NGC4945 100 IC342 12

NGC1313 22 NGC3628 61 NGC4565 63 NGC5194/95 42

NGC1365 17 NGC4038/39 71 NGC4579 37 NGC5236 54

NGC2403 38 NGC4258 23 NGC4631 61 NGC5457 102

§3. Results

3.1. Standard disk model

At first, we used a MCD (diskbb) model modified by photoelectric absorption,
and analyzed all sources. Fig.1 shows the distribution of Rin derived from the model.
Data with reduced-χ2 <1.3 are plotted. Fig.2 shows the histogram of Rin.

Fig. 1. Luminosity vs. Rin derived from the

MCD model. Sources with LX of 1038−39erg/s

(red) and 1039−40erg/s (blue:ULXs) are plot-

ted.

Fig. 2. The histogram of Rin. The upper and lower panels show

sources with LX of 1038−39erg/s and 1039−40erg/s, respectively.
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In Fig.2, the Rin distribution of ULXs concentrates. Assuming that Rin reflects
its mass, ULXs may be objects with similar mass. In contrast, the Rin distribution
of sources with LX of 1038−39erg/s varies widely. These sources may be a group of
the objects of diverse mass.

There are some peculiar sources. 30% of sources with LX of 1038−39erg/s have
very large Rin (≥ Rin of 10 M¯) as well as those of ULXs, although there LX are
about the Eddington luminosity of neutron star. Especially, there are a few sources
with large Rin of several hundreds km. Thus, these peculiar sources may be in a
fainter phase of ULX.

3.2. Slim-disk model

Next, we used a slim-disk model modified by photoelectric absorption, and fitted
spectra of sources. Figs.3 shows the results of 69 point-sources with reduced-χ2 <1.3
fitted by a slim-disk model.

The slim-disk model provides a parameter of the temperature distribution on
accretion disk, α. For standard disk, α is 0.75. In contrast, for slim-disk, α is
between 0.5 and 0.75.

(a) (b)

(c) (d)

Fig. 3. Luminosity, Rin, α and Tin derived from the slim-disk model. Sources with LX of

1038−39erg/s (red) and 1039−40erg/s (blue:ULXs) are plotted. (a)Luminosity vs. Rin.

(b)Luminosity vs. α. (c)Tin vs. α. (d)Rin vs. α.



4 T.Yoshida

Figs.3(a) shows the distribution of Rin derived from the slim-disk model. Rin

became much smaller than those from standard disk (MCD) model. There is no
correlation between luminosity and α (Figs.3(b)). 21 sources with α of ∼0.75 may
be in the standard MCD disk. 48 sources have smaller α than 0.75. Among them,
half of sources have Rin of several tens of km, which are smaller than those derived
from the MCD model. Therefore, these sources may have slim disks. However, the
slim-disk model is not suitable for another half of sources which have very small
Rin < 10 km and higher Tin > 10 keV.

§4. Summary

4.1. Standard disk model

58 sources were well fitted with the standard disk model. Assuming that Rin =
3Rg, we obtained mass of the sources and summarized in Table 2.

Table 2. Dependence of Rin and mass on LX

LX Rin Mass of the sources a The lower limit of mass b

1039−40erg/s (ULXs) 40 ∼ 200 km 4.5 ∼ 22M¯ 10∼100M¯

1038−39erg/s 10 ∼ 400 km 1 ∼ 44M¯ 1∼10M¯
a: from Rin

b: from the Eddington luminosity

For sources with 1038−39erg/s, there are objects as large Rin as those of ULXs.
Thus, these objects may be in a fainter phase of ULXs.

4.2. Slim-disk model

69 sources were well fitted with the slim-disk model. The parameter determining
the temperature distribution on accretion disk, α, doesn’t depend on x-ray luminos-
ity. For sources with α >0.7, there is no significant difference in Rin between the
slim-disk and the MCD. When α <0.7, Rin of most sources are orders of smaller
than that from the MCD. Moreover α <0.6, Rin of most sources became very small:
Rin <10 km.
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