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Motivation
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Our Goal and Apprgac_h

s

Goal : To compare states of Galactic BHBs
and those of ULXs.

Difficulties :
ULXs are much fainter, and
less frequently monitored than Galactic BHBs.

Approach :

1, ULXs in nearby galaxies. (< 5 Mpc)
-- ULXs are relatively bright.

2, ULXs In interacting systems. (5-10 Mpc)

-- A number of ULXs is much larger.
--> Enable to monitor many ULXs simultaneously.
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Targets — Optical images (SDSS)
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M51 (NGC5194/95)

® NGCs195 NGC 4485

NGC 4490

NGC’S194  * 4kpc

I I :

Distance ~8.4 MpcC ~8 MpcC

Star formation rate ~4 Mo/year ~4.7 Mo/year
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Targets — X-ray images (XMM-Newton)

- M51 (NGC5194/95)
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Observations

Observatory

NGC4490/85
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Chandra
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Observations
Observatory
2000/06/20 Chandra 14.9 \
2001/06/23 Chandra 26.8 Dere
2NA2INT NS XMM-Newton 21/19 X
Definition : ndra LEL > 72bs
Tewton 49/47 14_
| smp
Number of samples ewtor 23124
— source X observation ‘Yewton  37/35
NGC44y., 195 Sirc
2000034 samples 17712 {1 4ops
2004/y . 38.5 —
2004/11/20 Chandra 39.6 ) 20smp

Chandra ... ACIS-S XMM-Newton ... MOS/pn



2, Observations & Analysis

Fitting Models

Name Spectral | Physical
(parameters) shape picture

Power-law Power- = Compto-
(I, flux) law nization
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Results
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Results

Faint state Bright state

(PL shape) (convex shape)

Similar results
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Statistical study et
— Gladstone & Roberts (2009) ¥,

10 20 50 100
Lxpr (10°% ergs s ™)



3, Results & Discussion

Discussion (1-1) — Bright state

NGC4490/85 ULX-8 within the bright state

Convex shape -> ===
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Discussion (1-1) — Bright state

el

NGC4490/85 ULX-8 within the bright state

Convex shape -> ===

Reason 1: Reason 2:
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Discussion (1-1) — Bright state

—

NGC4490/85 ULX-8 within the bright state

Convex shape -> ===

Reason 1: Reason 2:
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Discussion (1-2) — Faint state

M51 source-82 within the faint state

Power-law (I'~1.8-2.6)

Reason 1: Reason 2:
None of the samples is No constant BH mass derived
explained by the MCD model. by the model.
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2003/01/15 1.7e-4
2003/08/07  3.3e-5
2005/07/01  3.3e-6
2006/05/20 2.7e-5
2006/05/24  9.4e-3
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Discussion (1-2) — Faint state

M51 source-82 within the faint state

Power-law (I'~1.8-2.6)

Reason 1: Reason 2:
None of the samples is No constant BH mass derived
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Discussion (2) — Relatiq_n with Galactic BHBs

=

Galactic BHBs

State name | Eddington | Spectral | Model
ratio shape

ULXS

State name | Eddington | Spectal | Model
ratio shape

Apparent ~0.4 Convex | Slim disk? Bright state | 0.58-0.90 | Convex | Slim disk
standard (Kubota &
state Makishima (assuming

2004) the mass
Very high >0.2 Power- |I'>2.4 of 37 Mo)
state law like | (McClintock

& Remillard

2006)

Faint state 0.29-0.50 | Power- I'~1.8-2.6

High-soft >0.1 Convex | Standard law
state disk (assuming
Low-hard 0.01-0.04 | power- | I~1.7 the mass
state law (McClintock of 37 Mo)

& Remillard

2006)
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Discussion (2) — Rela{iqn with Galactic BHBs

Galactic BHBs ULXs
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Discussion (2) — Rela%‘io_n with Galactic BHBs

Galactic BHBs ULXs
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Discussion (2) — Rela;‘ion with Galactic BHBs

Galactic BHBs ULXs

State name | Eddington | Spectral | Model State name | Eddington | Spectal | Model
ratio shape ratio shape
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Discussion (2) — Rela;‘ion with Galactic BHBs

Galactic BHBs

State name | Eddington | Spectral | Model
ratio shape

Apparent
standard
state

Very high
state

Bright state

Convex | Slim disk?
(Kubota &
Makishima
2004)

Power- Ir>2.4

law like (McClintock

& Remillard
2006)

Faint state

High-soft >0.1 Convex | Standard

state disk

Low-hard 0.01-0.04 | power- |I~1.7

state law (McClintock
& Remillard
2006)

ULXS

State name | Eddington | Spectal | Model
ratio shape

0.58-0.90

(assuming
the mass
of 37 Mo)

Convex

Slim disk

0.29-0.50

(assuming
the mass
of 37 M@)

Power-
law

I'~1.8-2.6

ULXs are extreme stellar mass BHs (<40 Mo)
In the two highest luminosity states.
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Summary

We analyzed the X-ray spectra of seven ULXs in
the two interacting galaxy systems M51 and NGC4490/85.

From the luminosity distribution, we define the two state:

the [Jilf[i{Jstate and the[Eldstate. The FJil 11 state has

a convex spectral shape, thefgllil§state has a PL spectral shape.

From NGC4490/85 ULX-8, all the spectra can be reproduced
by the model with BH mass of 37£2 Mo.

We proposed that the[J§l:[jldstate of ULXs corresponds to the
apparent standard state of Galactic BHBs, and the[Elil]state
corresponds to the very high state.

We speculate that ULXs are extreme stellar mass BHs (<40 Mo)
in the two highest luminosity states.
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4, Summary

Future Work

We will further investigate the relation between the states of
Galactic BHBs and ULXs.

~20 Galactic BHBs using MAXI
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