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Optical Properties of Bright X-ray Sources in
NGC 1399: Colour-X-ray Luminosity Correlation
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Abstract— Unresolved stellar populations in nearby galaxies contain valuable information regarding the formation of the galaxies. Many of
such luminous point sources are detected to be brighter X-ray sources including ultra luminous X-ray sources (ULXs) which exhibit
emission at super Eddington rates. We perform the aperture photometry of the optical counterparts of the bright X-ray sources in NGC
1399 with an aim to investigate their X-ray to optical association. Our sample includes 29 X-ray point sources (Lx  1038 erg/sec) in NGC
1399 of which five are ULXs. We observe that the X-ray luminosities are anti-correlated with F475W-F814W colours excepting the two
ULXs, the linear correlation coefficient being -0.92 with a significance greater than 99.99%. As the optical counterparts are definitely
multiple sources, the strong correlation exhibited by X-ray sources suggests the possibility of existence of multiple sources for the
production of X-rays also. This suggests that the energy production in ULXs may be different from other sources in our sample, as they do
not follow the correlation.

Index Terms— Aperture photometry, stellar clusters, Ultra luminous X-ray sources, X-ray point sources.

—————————— ——————————

1  INTRODUCTION
HE evolutionary history of galaxies is believed to be em-
bedded  in  their  star  clusters.  The  study  of  such  stellar
population proved to be a useful tool capable of unfolding

the formation scenario of the whole galaxy. The easiest way to
tap the information hidden in these point sources is to analyze
their integrated magnitudes in multiple filters. Unresolved star
clusters hosting X-ray sources are still more interesting class of
objects as they provide another dimension to probe into the
dynamics of the system.

Over the years, several studies were performed on the nature
of X-ray point sources in nearby galaxies with an aim to unveil
the formation mechanisms of the X-ray emitting sources. Out of
these  galaxies,  the  X-ray  point  sources  in  the  elliptical  galaxy
NGC 1399 were studied extensively. NGC 1399 is the brightest
member of Fornax cluster of galaxies which is referred to as the
central cD galaxy of the cluster [1]. It is situated at a distance of
about 19 Mpcs from our galaxy [2].

 Majority of the X-ray sources in NGC 1399 were reported to
be residing in globular clusters [3]. The globular clusters of the
galaxy were particularly well studied [4]. Various multi band
photometric  studies  were  performed on  these  clusters  [5].  The
globular cluster system of NGC 1399 was found to exhibit col-
our-metallicity non linearity [6]. Low mass X-ray binaries were
found  to  be  the  major  sources  of  X-ray  emission  in  globular
clusters [7].

Another class of interesting objects known as ultra luminous
X-ray sources (ULXs) was also detected among the X-ray point
sources in nearby galaxies. These sources are compact non-
nuclear sources with X-ray luminosities in the range 1039 - 10 41
erg/sec [8]. A number of such sources were identified in NGC
1399 and several studies were performed on the nature of these
sources. As the galaxy contained sources emitting X-rays at su-

per Eddington luminosities, the presence of Intermediate mass
black holes (IMBHs) was also speculated [9]. Studies on correla-
tions of X-ray luminosity to mid-infrared light were also con-
ducted [10].

In spite of the large number of studies performed, the evolu-
tionary history of the galaxy still remains to be unveiled. In this
light, we investigate the X-ray to optical association of bright X-
ray point sources of the galaxy.

2 DATA REDUCTION
2.1  The Sample
We selected a sample of 29 X-ray point sources reported by
Preetha et al. [11] in NGC 1399. They had carried out the X-ray
analysis of the sources in nearby early type elliptical galaxies
with X-ray counts  60. The X-ray reduction was performed
with Chandra Interactive Analysis of Observations (CIAO)
tool and HEASOFT package. The CIAO task celldetect was
used to detect the point sources. The analysis was based on the
Chandra Advanced CCD Imaging Spectrometer observations.
The luminosities were obtained by fitting these sources with a
two component model - an absorbed power law model and an
absorbed black body model. Out of these 29 sources, five of
them were found to be ULXs.

2.2  Identification of Optical Counterparts
To  optically  identify  the  X-ray  sources,  we  used  archival  im-
ages of Wide Field Planetary Camera (WFPC) of Hubble Space
Telescope (HST). We performed the photometric analysis of
these sources in four different HST filters namely F475W,
F814W, F850LP and F606W. In order to identify the underly-
ing stellar populations, it was essential to subtract the light of
the galaxy and obtain the residual image. We performed this
task with the help of IRAF/STSDAS package. The tasks ellipse
and bmodel served as effective tools to model the galaxy. We
used the task imarith to obtain the model subtracted residual
image.  Bad pixels and extended objects were masked out dur-
ing the ellipse fitting.
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As part of the astrometry, it was required to identify the op-
tical sources in each filter. We used the software source extrac-
tor (SEXTRACTOR) with a threshold 3 sigma to identify the
total optical sources in all four filters [12]. The X-ray contours
when over plotted on the HST images, show a definite off-set in
all four filters. The two instruments (Chandra and HST) differ in
their angular resolutions, HST being more accurate than Chan-
dra with a resolution of 0.05 arcsecs compared to 1 arcsecs of
Chandra.

We calculated the off-set in each image and shifted the X-ray
coordinates by applying a common shift. The coordinates thus
obtained were combined with those given by the source extrac-
tor output to identify the optical sources. In cases where multi-
ple optical sources were found around the X-ray detection spot,
the nearest optical source was selected to be the real counter-
part.

2.3 Aperture Photometry
Though the magnitudes in different bands are given by Source
Extractor, we performed aperture photometry for better accu-
racy. This was achieved by the task phot given by  IRAF pack-
age noao/digiphot. We fixed the aperture value as 10 pixels.
This task simply gives the net flux with in a fixed radius from
the center of the source. In F606W band, as we had to deal
with three images covering different parts of the galaxy, we
encountered a number of common sources. In such cases, the
one with the higher flux was chosen as the magnitude of the
counterpart.

3  RESULTS

Of the 29 X-ray point sources, 20 of them were found to have
genuine optical counterparts in at least three of the four filters.
Our sample contained five ULXs. Among these sources, one of
them had visible counterpart in only two filters (F814W and
F850LP). Two other ULXs which have been identified in the X-
ray analysis as two distinct points were found to have only
one optical counterpart. We excluded these two sources from
our further analysis.

      Our final sample consists of 18 X-ray point sources with
optical data in at least three bands. The brightest member of the
sample was found to have an absolute F475W magnitude of -
10.59, the faintest being -4.71.

       We observe a strong correlation between the X-ray lumi-
nosities  and F475W- F814W colours of  the X-ray point  sources
as shown in Fig. 1. The two points with luminosities above 1039
on the extreme left of the plot are the two ULXs included in the
analysis. As it is evident from the plot, ULXs are not following
the observed anti-correlation. Although we could observe such
a trend between the X-ray luminosities and other colours also,
the relation was found to be tighter with F475W- F814W colour.

   Excepting the two ULXs and an outlier with F475W-
F814W colour 0.18, the observed relation has a linear correla-
tion coefficient of -0.92 with a significance greater than 99.99%.
Such a strong correlation had not been reported earlier. Only a
weak correlation which breaks down for the brightest sources
was reported. [13]

4  DISCUSSIONS

The observed X-ray to optical association has wide implica-
tions. We observe that the sources showing X-ray emission in
the range of 1038 to 1039 erg/sec follow the correlation
whereas the ULXs do not follow the relation. Studies show
that galactic globular clusters which are resolved contain stars
of the order of 103-105 [14]. Since there are a number of
sources predicted optically, such a strong correlation requires
that the X-ray sources should also be multiple sources as the
X-ray sources are highly variable. In spite of the variability
detected, X-ray sources follow the correlation which makes it
less probable for them to be single sources. Each of these clus-
ters may be containing a number of sources contributing to
both the integrated optical light and X-ray emission. A single
object showing variability cannot be a part of such a strong
correlation.

    It is interesting to note that there is a discrete discontinui-
ty at the Eddington luminosity (1039 erg/sec) in Fig. 1. The
discontinuity at 1038 erg/sec might be resulting from our
sample selection criteria. We selected sources with X-ray
counts 60 which must have limited our range of luminosity to
be greater than 1038 erg/sec. It is evident that the two ULXs
which do not follow this relation must be having a different
mechanism of  X-ray emission compared to the other sources.
As they do not observe the relation, we cannot predict the sit-
uation unambiguously. There can be a single object accreting
at the rate of super Eddington luminosities to produce the ob-
served luminosity. It is also possible that multiple X-ray emit-
ting objects may be present in them which contribute collec-
tively to the X-ray and optical luminosity. The number of
ULXs in our sample is inadequate to draw a definite conclu-
sion.

There may be other factors governing the evolution of the
star clusters such as ages and metallicities [15]. Careful inter-
pretation of SEDs of stellar clusters is required to understand
the role of such factors. As this can be achieved with stellar
population synthesis, attempts in this direction are needed to

Fig. 1. The plot of X-ray luminosities against F475W – F814W
colour. It shows a strong anti-correlation excepting the two ULXs
and an outlier with colour 0.18.
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unravel the role played by such factors.

5 CONCLUSION

We studied the nature of optical counterparts of bright X-ray
sources in NGC 1399. Aperture photometry was carried out in
multiple bands to check for X-ray to optical association. We
observed a strong correlation between the X-ray luminosities
and F475W – F814W colours excluding the two ULXs. The
linear correlation coefficient was found to be -0.92 with a sig-
nificance greater than 99.99%. Such a tight correlation of opti-
cal colours with X-ray luminosities suggests that X-ray emit-
ting objects are multiple sources as the X-ray sources are high-
ly variable.

     ULXs included in the sample do not follow the relation.
This indicates that the powering mechanism behind these
sources may be different from other clusters in the sample.
More systematic studies including larger sample to get statis-
tically significant results are needed to characterize the nature
of these sources. However, this information may be crucial in
estimating the dynamical properties of the X-ray emitting ob-
ject in the point sources.
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