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INTRODUCTION

ASTRACT
We present

ULXs are variable, nonnuclear X-ray sources with isotropic luminosities (Lx > 1039 erg s-1 )

the X-ray and optical properties of the Ultraluminous X-ray

Source (ULX) X-3 in the nearby galaxy NGC 4258. Observations of ULX X-3 in the
archive that have been carried out with Chandra , XMM-Newton, Swift and Hubble
Space Telescope (HST) .
We fitted each X-ray spectrum with a simple power law and multicolor disk
blackbody models. The source has a peak luminosity of Lx ~ 5.4 x 1039 erg s-1 in
the Chandra observation however, the luminosity of the source changes a factor of
~ 3 throughout the observations. We have seen no evidence for a possible state
transition or spectral variation throughout the X-ray observations. Consideration of
the luminosity and spectral properties of the source indicates that the mass of the
compact object ~ 15 M⊙. The position of the ULX X-3 on the HST/ACS/WFC
images was derived as a result of relative astrometric correction between Chandra
and HST. After carefully examining the images of F435W, F555W and F814W filters
three possible candidates have been identified within the error radius of 0.2 arcsec.
The counterpart candidates have absolute magnitudes in the range Mv = (-4.8) – (5.8). The possible spectral types of the candidates from brightest to dimmest were
determined as A0-A7, F2-F8, and A3-A5.

above the Eddington limit for a 10 M⊙ black hole. Current models propose several alternatives to
explain their high luminosities: It could either stellar-mass black holes accreting at super-Eddington
rates [1] or intermediate-mass black holes (IMBHs) of 102–104 Mʘ with standard accretion discs [2],[3].
On the other hand, three ULXs exhibited pulsed X-ray emission as expected from neutron stars (M82
X-2 )[4] , NGC5907 ULX-1 [5] and NGC 7793 P13 [6] . The true nature of ULX binary systems is still
unknown.
Studying the X-ray spectral states and state transitions of ULXs with the multi-epoch data and
comparing them with the well-known characteristics of Galactic BH binaries (BHB) are essential tools for
understanding the radiative mechanisms of these sources. There are three active states that have been
defined for Galactic BHBs: thermal, hard, and steep power law (PL) [7].
NGC 4258 (M106) is a nearby (7.7 Mpc, [8] Seyfert-type spiral galaxy. It is well known for its
anomalous arms, discovered on the basis of Hα imaging [9]. The source X-3 was classified as a ULX by
[8] and also was studied its X-ray spectrum and the temporal properties based on the XMM-Newton
observations with the longest exposure [10]. Three color SDSS image of the galaxy is shown in Fig 1.
Fig 1: Three color SDSS image of NGC 4258. The position of X-3 is
also shown on the image.
Table 1: XMM-Newton,
obersvations

OBSERVATIONS AND DATA ANALYSIS

Chandra,

and

Swift

Table 2: The best-fit spectral model parameters of NGC
4258 X-3.

X-ray data
There are several XMM-Newton, Chandra, and Swift observations of NGC 4258 X-3 in the archives. The observations used in this study
are summarized in Table 1. Standard analysis steps were done with Science Anaylsis Software (SAS, version 16.0.0) for XMM-Newton,
Chandra Interactive Analysis of Observations (CIAO, version 4.9) for Chandra and XSELECT (version 2.4d) for Swift.
The count rate values of the ULX were calculated in the low (0.3 – 2.0 keV), high (2.0 – 8.0 keV) and total (0.3 – 10 keV) energy bands for
all data in order to examine the long-term variability of the source. All XMM-Newton count rate values were taken from EPIC pn chip except XM2
data since X-3 was partially in the chip gap. The long-term light curves are given in Fig 2 and 3. Also long-term hardness ratio evolution is
shown in Fig 4.
Spectral fittings were carried out with XSPEC package (version 12.9.1). Only Swift data were not used for spectral analyses due to low
statistics. Flux values were calculated using CFLUX convolution model in XSPEC in the 0.3 – 10 keV energy band. The best fit parameters for
PL and disk blackbody (DISKBB) models are given in Table 2. Energy spectra of X-3 in XM7 data are given in Fig 5. We also calculated
bolometric luminosity values by integrating DISKBB model fluxes in the 0.01 – 100 keV energy range and estimate Lbol – Tin relation. The
obtained figure is given in Fig 6. We found a best-fit relation of Lbol α Tin4.4±0.9 .
In XM1, XM2 data, PL model and in XM3, XM5, XM6, XM7 data, DISKBB model has given better fit by considering the reduced chi-square
values. While in XM4 and C1 data the spectrum is well modeled with both models.
The mass of the compact object in the system might be estimated by considering that the source emits in the Eddington limit with highest
luminosity . As seen in Table 2, X-3 has the highest luminosity in C1 data. Adopting this luminosity, the mass of the compact object in X-3 could
be estimated as <40M⊙. Also another mass value was calculated for the compact object by using DISKBB normalization parameter (5.5x10-3).
Assuming the spectral hardening κ = 1.7, inclination i=60 [11] the mass of the compact object was estimated as ~10 M⊙.

Fig 2: Long-term light curve of X-3 obtained Fig 3: Long-term light curve of X-3
with XMM-Newton and Chandra data. Filled obtained using Swift data. Triangles
circles and triangles represent XMM-Newton represent combined Swift data.
and Chandra data, respectively.

Fig 4: Long-term hardness ratio of X-3 obtained with XMMNewton (circles) and Chandra (triangle) data.

Fig 5: Energy spectra of X-3 in XM7 data (a) fitted with PL (left) DISKBB (right) models.
The black, green and red data points represent EPIC pn, MOS1 and MOS2, respectively.

Table 3: Log of HST observations of NGC4258-X-3

HST analysis

Fig 6: Bolometric luminosity versus
innter temperatures. The solid line
shows the best-fit relation of T α
L4.4±0.9

Table 4: Photometric results of X-3

The HST/ACS F555W image were used to search optical counterpart of X-3. Astrometric matches between Chandra and HST were
improved using one bright reference source and the position of the optical counterpart was derived as R.A. = 12 18 57.895, decl. = +47 16
07.530 with a 2s positional error of 0.2 arcsec. The observation log of X-3 is given in Table 3.
In the error radius, three possible sources (Fig 7) were detected as counterpart candidates for X-3. PSF photometry were carried out
to calculate magnitude values of the candidates with DOLPHOT software (version 2.0) [12]. Photometric results are given in Table 4.
To estimate the age of the counterpart candidates the color-magnitude diagrams (CMDs) were obtained and PARSEC isochrones were
overplotted [13]. The obtained CMDs are given in Fig 8 and according to these diagrams, the age of the possible counterparts of X-3 are
estimated as ~20-25 Myr for src1, ~20 Myr for src2 and ~40 Myr for src3. Assuming the optical emission is dominated by donor star, the
spectral type of src1, src2 and src3 could be estimated as F2-F8 supergiant, A0-A7 supergiant and A3-A5 supergiant, respectively. Also the
masses of candidates can be assessed from isochrones for src1, src2 and src3 are 11Mʘ, 10Mʘ and 7Mʘ, respectively.

Fig 7: The HST/ACS images of X-3. The blue –dashed circle represents 0.6 arcsec Chandra position error and red circles represent the corrected position of the
source.

DISCUSSION
ULX X-3 does not exhibit possible spectral variations. There are not distinct differences between the power-law model and the standard model
to determine the spectral characteristic of ULX X-3 . However, the relation is expected optically thick standard accretion disk Lbol ∝ L4.4±0.9 was
found with a correlation coefficient of ∼0.8. Therefore it seems not very difficult to interpret the emission of ULX X-3 as being the result of a
standard disk.
The best-fitting parameters to the models are in the range Γ ~ 2.0-2.3 for the PL model , and Tin ~1.1- 1.3 for the DISKBB model. This range of
PL photon index is seen in the hard state and its very typical for ULXs which are detected by Chandra [15]. On the other hand, inner disk
temperatures are a little high compared to Galactic BHBs in thermal dominated state which has disk temperatures between 0.7 and 1.1 keV [7].
Using the relation between inner disk radius and mass, we calculated a BH mass of M∼10M☉ for a non-spinning BH. This indicates the possible
stellar mass black hole in the ULX binary.
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Fig 8: The CMDs for src1, src2 and src3 and for the field stars. Red, blue and black stars represent src1, src2
and src3, respectively. The magnitutes were corrected for extinction of E(B-V) = 0.016 [14].

If we assume that the optical emission of X-3 is dominated by the companion star and we use the Schmidt–
Kaler table [17] of intrinsic colors, then the probable spectral types of src 1, 2, and 3 can be estimated to be F2–
F8, A0–A7, and A3–A5 supergiants, and the ages determined to be in the ranges 20-25Myr, 25Myr, and ~40
Myr, respectively.
The masses of the counterpart candidates are estimated from the PARSEC isochrones by taking into account
their ages and absolute magnitudes as 11M☉ for src 1, 10 M☉ for src 2, and 7 M☉ for src 3. The mass ranges of
the candidates are compatible with the donor stars of other ULXs [18].
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