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ABSTRACT

Context. In its first 4 years of observing the sky above 20 keV,INTEGRAL-ISGRI has detected 500 sources, around half of which are
new or unknown at these energies. Follow-up observations atother wavelengths revealed that some of these sources feature unusually
large column densities, long pulsations, and other interesting characteristics.
Aims. We investigate where new and previously-known sources detected by ISGRI fit in the parameter space of high-energy objects,
and we use the parameters to test correlations expected fromtheoretical predictions. For example, the influence of the local absorbing
matter on periodic modulations is studied for Galactic High-Mass X-ray Binaries (HMXBs) with OB supergiant and Be companions.
We examine the spatial distribution of different types of sources in the Milky Way using various projections of the Galactic plane, in
order to highlight signatures of stellar evolution and to speculate on the origin of the group of sources whose classifications are still
uncertain.
Methods. Parameters that are available in the literature, such as positions, photoelectric absorption (NH), spin and orbital periods,
and distances or redshifts, were collected for all sources detected by ISGRI. These values and their references are provided online.
Results. ISGRI has detected similar numbers of X-ray Binaries and Active Galactic Nuclei (AGN). The former group contains new
members of the class of HMXBs with supergiant stellar companions. Usually, this type of object presents strong intrinsic absorption
which leads to a peak emission in an energy range that ISGRI isideally suited to detect. Thanks to these additional systems, we are
able to show that HMXBs are generally segregated in plots of intrinsicNH versus the orbital period of the system and versus the spin
period of the pulsar, based on whether the companion is a Be oran OB supergiant star. We also find a tentative but expected anti-
correlation betweenNH and the orbital period, and a possible and unexpected correlation between theNH and the spin period. While
only a handful of new Low-Mass X-ray Binaries (LMXBs) have been discovered, there are many sources that remain unclassified and
they appear to follow a spatial distribution typical of Galactic sources (especially LMXBs) rather than extragalacticsources.

Key words. Gamma-rays: observations, catalogues – X-rays: binaries

1. Introduction

In just over 4 years,INTEGRAL-IBIS/ISGRI (Lebrun et al.
2003; Ubertini et al. 2003) has detected∼ 300 previously-
known sources in the hard X to softγ-ray band (20–100 keV),
and discovered∼ 200 sources that were previously unknown at
these energies. We will hereafter refer to the latter sources as
IGRs 1 (for INTEGRAL Gamma-Ray sources). Generally, these
sources were detected by creating long-exposure mosaic images
captured by ISGRI (e.g., Bird et al. 2007). TheINTEGRAL core
programme (Winkler et al. 2003) is beginning to fill in underex-
posed regions of the sky.

Most of the sources that ISGRI has detected are Low and
High-Mass X-ray Binaries (LMXBs and HMXBs, respectively),
or Active Galactic Nuclei (AGN). Both LMXBs and HMXBs
feature a compact object such as a neutron star (NS) or a black
hole (BH) accreting material from a companion star: a faint old

Send offprint requests to: arash.bodaghee@obs.unige.ch
1 an updated list of IGRs can be found at

http://isdc.unige.ch/∼rodrigue/html/igrsources.html

dwarf in LMXBs (M . 1 M⊙), a bright young giant in HMXBs
(M & 10 M⊙), or sometimes an intermediate-mass companion.
Accretion typically occurs via Roche-lobe overflow in LMXBs
or through the wind in HMXBs. An accretion disk can be found
in both types of systems and is an important component of the
optical/UV and X-ray emission from AGN and LMXBs.

Subclasses exist within the 3 most common groups. In the
case of HMXBs, the spectral type of the stellar companion
determines the sub-classification beyond the NS or BH na-
ture of the compact object. A majority of HMXBs host main-
sequence (MS) Be stars that have not filled their Roche lobe
(Waters & van Kerkwijk 1989). These systems are usually tran-
sient with flares produced whenever the sometimes wide and ec-
centric orbit brings the compact object close to its companion.
Persistent HMXBs are typically accompanied by an evolved su-
pergiant (SG) O or B star whose wind steadily feeds the com-
pact object. Their variability stems from inhomegeneitiesin the
wind. Similarly, LMXBs can be classified based on the type of
compact object (NS or BH) it has. Neutron star LMXBs can be
divided further into Z or Atoll sources depending on the tracks

http://arXiv.org/abs/astro-ph/0703043v3
http://isdc.unige.ch/~rodrigue/html/igrsources.html
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they follow in a color-color diagram. The 2 primary groups of
AGN are Seyfert 1 and 2, with the latter being more absorbed
and showing narrow emission lines only.

Our understanding of the different populations of
INTEGRAL sources is limited by the large number of sources
about which very little is known. Roughly half of all IGRs
remain unclassified. The nature of these sources is difficultto
elucidate given that many are faint or transient. Furthermore,
the images, spectrum, and timing analysis gathered from a
single energy range are usually insufficient to classify an
object. Information from other wavelengths such as soft X-rays,
infrared or radio are necessary to help identify the nature of
a source. For example, radio emission can be the signature
of a jet or pulsar, while the optical spectral type can help
distinguish between LMXBs and HMXBs, and the redshift can
place it at extragalactic distances. Follow-up observations with
soft X-ray telescopes (i.e.Chandra, RXTE, Suzaku, Swift and
XMM-Newton) can provide fine timing analyses which enable
short-period modulations to be found, and they can describethe
shape of the continuum below ISGRI’s∼20 keV lower limit,
in an energy range where potential photoelectric absorption
(NH) and iron fluorescence lines are detectable. Precise X-ray
coordinates fromChandra, Swift or XMM-Newton can be used
to search for counterparts in dedicated radio, optical, andIR
observations or in catalogues. However, many sources are
clustered in the Galactic center and along the plane, which,
because of the density of stars and the amount of obscuring
dust, can hinder the identification of the optical/IR counterpart.

Perhaps the most interesting result from follow-up observa-
tions is that a number of IGRs present column densities that
are much higher than would be expected along the line of sight.
These large absorptions are therefore intrinsic and could be the
reason these sources eluded discovery with previous (softer) X-
ray missions. The first new source discovered byINTEGRAL
is IGR J16318−4848 (Courvoisier et al. 2003) which is one of
the most absorbed Galactic sources known withNH ∼ 2 · 1024

cm−2 or roughly 2 orders of magnitude more than the intervening
Galactic material (Dickey & Lockman 1990). Since this discov-
ery, other sources joined the growing class of heavily-obscured
X-ray sources described by Walter et al. (2004) and Kuulkers
(2005).

A certain number of these absorbed sources consist of X-
ray pulsars: e.g. IGR J16320−4751 (Rodriguez et al. 2006), IGR
J16393−4643 (Bodaghee et al. 2006), and IGR J17252−3616
(Zurita Heras et al. 2006). Their persistent emission, their long
pulse periods (∼ 1 ks), and their large column densities sug-
gest that these systems are likely to be SG HMXBs, with the NS
deeply embedded in the wind of its massive stellar companion
(Walter et al. 2006). These kinds of systems are still a minor-
ity compared to Be HMXBs, butINTEGRAL is expanding their
ranks.

Supergiant Fast X-ray Transients (SFXT: see Sguera et al.
(2005) for a review) are another type of object whose numbers
are increasing thanks toINTEGRAL. These objects are HMXBs
whose X-ray emission is characterised by short strong outbursts
(a peak flux of up to a Crab or more during a few seconds to
a few hundred seconds), sometimes with recurrence timescales
that can reach several hundred days. Despite the intensity of their
outbursts, SFXTs are usually not detected in deep mosaic im-
ages because the accumulation of exposure time attenuates their
significance. Therefore, the search for SFXTs involves scanning
archival light curve data and short-exposure mosaic imagesfor
rapid bursts from known transients or at new locations.

ISGRI has also detected other types of Galactic objects
such as Cataclysmic Variables (CVs), Supernova Remnants
(SNRs), Pulsar Wind Nebulae (PWN), Anomalous X-ray Pulsars
(AXPs), etc., which are referred to henceforth as Miscellaneous.

The most extensive catalogues of sources detected by
ISGRI are the catalogues of Bird et al. (2006) and Bird et al.
(2007). These catalogues represent fairly large and homoge-
neous samples that can be used to study the general character-
istics of populations of high-energy sources (e.g. Lebrun et al.
2004; Dean et al. 2005; Lutovinov et al. 2005; Beckmann et al.
2006b).

This research presents the parameters of all sources detected
by ISGRI and reported between its launch on Oct. 17, 2002, un-
til Dec. 1, 2006. Absorption values, pulse and orbital periods,
and distances or redshifts were collected from the literature and
were used to study the populations of high-energy sources, to
test various correlations expected from theoretical predictions,
and to investigate where the new and previously-known sources
detected by ISGRI fit in the parameter space of high-energy ob-
jects.

2. Data & Analysis

We selected all sources from Version 27 of theINTEGRAL
General Reference Catalogue (Ebisawa et al. 2003) which were
detected by ISGRI (i.e. those with “ISGRIFLAG==1”). These
flags were set to the value of 1 as soon as confirmation of a
detection by ISGRI is announced in an article, conference pro-
ceeding, Astronomer’s Telegram or IAU circular. Therefore, the
completeness of the sample is difficult to evaluate given that by
definition, the present sample contains all sources that were de-
tected above 20 keV while within the ISGRI FOV at some point
during the last∼4 years, without considering the detection sig-
nificance, nor the amount of exposure time that was required to
make the detection.

The exposure map that can be seen in Fig. 1 was created by
accumulating all public pointings in revolutions 30–484 (UTC:
11/1/2003–1/10/2006). Due to the core programme observation
strategy, the Galactic centre (GC) is heavily exposed (texp > 10
Ms) whereas some regions have less than 10 ks of exposure time
dedicated to them. The exposure is uneven along the Galactic
plane as well, with exposure biases in the directions of the spi-
ral arms. The sensitivity limit of a source in the most exposed
regions is as low as∼ 1 mCrab for a transient object detected
at the 6σ level (Bird et al. 2006). In fact, some sources were
detected only because the instrument serendipitously caught a
flaring event. Using the fact that the Log(N)–Log(S ) relation for
extragalatic sources follows a power law with a slope of−3/2
(Forman et al. 1978), we can estimate a sensitivity limit of. 5
mCrab (= 3.78 · 10−11 ergs cm−2 s−1 in 20–40 keV) for our
sample based on where the distribution of AGN from Bird et al.
(2006) deviates from the expected slope.

A number of IGRs have soft X-ray counterparts that were
sometimes detected by earlier missions. For example, IGR
J16393−4643 was known as AX J1639.0−4642 byASCA, and
IGR J17252−3616 as EXO 1722−360 byEXOSAT, and many
IGRs have ROSAT counterparts (Stephen et al. 2006). Since
ISGRI was the first to detect them above 20 keV, it is legitimate
to group them together as a population of new softγ-ray sources.
They can then be compared to sources detected by ISGRI that
were previously known to emit above 20 keV (e.g., Crab, Vela
X-1, etc.). Note that the so-called previously-known sources ac-
tually include a few objects that were discovered after the launch
of INTEGRAL (e.g. byHETE, RXTE or Swift).
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Table 2. The number of sources from each of the major classes detectedby ISGRI are listed for new (≡ IGRs) and previously-
known sources. Miscellaneous (Misc.) sources are Galacticobjects that are not X-ray binaries (e.g. CVs, SNRs, AXPs, etc.) and
Uncl. refers to the group of sources that have yet to be classified.

HMXBs LMXBs AGN Misc. Uncl. Total

IGRs 32 (15%) 6 (3%) 50 (23%) 15 (7%) 111 (52%) 214
previously-known 46 (16%) 76 (27%) 113 (40%) 32 (11%) 18 (6%) 285

Total 78 (16%) 82 (16%) 163 (33%) 47 (9%) 129 (26%) 499

Fig. 1.Spatial distribution in Galactic coordinates of sources detected so far by ISGRI. The figure at the top presents the distributions
of HMXBs (stars), LMXBs (squares) and miscellaneous sources (triangles). The figure at the bottom displays extragalactic sources
(circles) and unclassified sources (crosses). The directions to the spiral arm tangents and other areas of interest are indicated, as are
the cumulative exposure times at each location (from publicdata in revs. 30–484). The number of sources in each class is listed in
Table 2.

The name or position of each source in our sample was
queried to the SIMBAD and ADS servers for references that
could provide any of the following parameters: position and
error radius, classification, column density (NH), spin period,
orbital period, and distance (or redshift). Besides a roughX-
ray position, very little is known about some sources, while
other sources were so thoroughly studied that choices had to

be made between sometimes conflicting values (notablyNH and
distance). The index of parameters that we have constructed(see
Table 12) represents what we know about sources detected by

2 Table 1 is only available in electronic form at the CDS
via anonymous ftp to cdsarc.u-strasbg.fr (130.79.125.5) or via
http://cdsweb.u-strasbg.fr/Abstract.html

http://cdsweb.u-strasbg.fr/Abstract.html
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Fig. 2. Galactic distribution of HMXBs (49, circles), LMXBs (74, squares), miscellaneous sources (37, triangles), and unclassified
sources (3, inverted triangles). Filled symbols representIGR sources. Also plotted is the 4-arm Galactic spiral modelfrom Russeil
(2003) with the Sun located at 8.5 kpc from the centre. The concentric circles indicate radii of 1, 3, 5,..., kpc from the centre.

ISGRI to date (until December 1, 2006). The structure of Table 1
is as follows:

– Name:
Most sources have more than 1 name owing to detections
by various instruments operating at different energies. Asin
Ebisawa et al. (2003), we selected names that are commonly
used in high-energy astrophysics and that are accepted as an
identifier in SIMBAD. This eases comparisons with other
catalogs.

– Position:
Source positions are from the X-rays unless a more accu-
rate position at other wavelengths is known for a confirmed
counterpart. Right Ascension and Declination in J2000 co-
ordinates are given in “hh mm ss.s” and “deg arcmin arcsec”
formats, respectively. The uncertainty (in arcmin) of the po-
sition from the reference is given as an individual entry, and
it is reflected in the representation of the source positions.
Galactic coordinates are also provided.

– Absorption:
Column densities (in 1022 cm−2) were gathered from the lit-
erature whenever a model fit to the X-ray spectrum required
an absorption component. Extracting a singleNH for a source
and comparing this value to those of other sources is not
a straightforward exercise since intrinsic column densities
are not static. A measurement made during flaring or qui-
escent periods, or at different orbital epochs, will heavily
influence theNH. The geometry of the system, the energy

range of the satellite that gathered the data, and the model
used to describe the resulting spectrum also affect theNH
value. Therefore, the uncertainties are often large or only
upper limits are provided. Whenever possible, we selected
theNH value of the model that best fits a recent X-ray spec-
trum taken with a telescope that covers the soft X-ray domain
well.

– Modulations:
Spin periods (in seconds) and/or orbital periods (in days)
have been reported for a large number of Galactic objects
detected by ISGRI. Some systems are known to spin down,
so we selected the most recent value fromRXTE whenever
possible, even though this level of precision is not needed
for the purpose of our study. The spin period can refer to
the spin of the NS in X-ray binaries, or to the spin of the
White Dwarf in CVs. The catalogs of Liu et al. (2000) and
Liu et al. (2001), and the systematic analysis ofRXTE data
by Wen et al. (2006) are among the main references of spin
and orbital periods in this work.

– Distances:
The distances to extragalactic objects are given as a mea-
sure of the redshift (denoted by brackets). Objects in the
Milky Way and Magellanic Clouds have distances in units
of kpc. Opinions sometimes differ as to the distances of
some Galactic sources. We favored distance measurements
that were recent, precise and that were the least model-
dependent. Even so, the distance uncertainties quoted in the
literature can be large. The distance measurements are from,
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Fig. 3. Distribution of galactocentric distances of HMXBs (49,
shaded histogram) and LMXBs (74, thick histogram). The
dashed histogram represents OB star-forming complexes from
Russeil (2003) (divided by 2).

among others, White & van Paradijs (1996), Grimm et al.
(2002), Jonker & Nelemans (2004), Bassani et al. (2006),
Beckmann et al. (2006a), or from references in Liu et al.
(2000) and Liu et al. (2001). Note that the distances in
Grimm et al. (2002) sometimes represent an average over
several competing distance estimates.

– Type:
Source classifications are based on the concensus opinion in
the literature. Peculiar behaviour, such as quasi-periodic os-
cillations, transience, and Z-track or Atoll shapes, are also
noted since they can help us distinguish between systems
within the same class. If the source classification has not yet
been confirmed, it is simply called “unclassified.” The tran-
sient identification of a source is given by any of the follow-
ing: 1) the label was assigned by its discoverers or by other
authors (e.g. ”Discovery of a newtransient IGR J...”); 2) the
source has not been detected by anyone else since its discov-
ery announcement, e.g. it is not listed in the all-data, all-sky
catalogs of Bird et al. (2006) and Bird et al. (2007)); 3) the
source is detected only in mosaic images of a single or a few
consecutive revolutions according to Bird et al. (2007), but
not in their all-data mosaic images.

– References:
All parameters are referenced so that the reader can assess
the methods that were used to determine the quoted values
and uncertainties.

3. Results

3.1. Spatial Distribution

Table 2 lists the major source populations detected by ISGRIthat
are either new (≡ IGRs) or that were previously known. ISGRI
has discovered many new HMXBs and AGN, but their propor-
tions relative to the other classes are similar to what was known
before the launch ofINTEGRAL. Only a few LMXBs have been
discovered by ISGRI. This is because LMXBs are generally less

Fig. 4. Galactic distribution of HMXBs whose distance are
known (49, star symbols) and the locations of star-forming com-
plexes from Russeil (2003) (464, circles). The symbol size of
the latter is proportional to the activity of the complex. HMXBs
whose distances are unknown have been placed at 8.5 kpc (23,
pentagons).

Fig. 5.Histograms of Galactic longitudes integrated over the lat-
itude for HMXBs with |b| < 6◦ (shaded histogram) and star-
forming regions from Russeil (2003) (thick histogram, divided
by 3) and from Bronfman et al. (1996) (dashed histogram, di-
vided by 10). The vertical lines indicate the tangential directions
of the 4-arm spiral model from Russeil (2003)

intrinsically obscured than HMXBs or AGN, and are therefore
easier to detect with previous satellites. Around 50 sources have
been detected that belong to the group of miscellaneous sources
(i.e. CVs, SNRs, PWN, AXPs, etc.), while∼ 130 IGRs await
classification.

The spatial distributions, in Galactic coordinates, of thema-
jor classes ofγ-ray sources detected by ISGRI are presented in
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Fig. 6. Angular distribution (in degrees, for|b| < 20◦) from the
Galactic plane of sources that have been detected by ISGRI.
Shaded histograms are HMXBs (left) and AGN (right), and
the clear histograms represent LMXBs (left) and miscella-
neous sources (right). The dashed histogram denotes unclassified
sources. The distributions have been summed over the northern
and southern Galactic hemispheres. The curves represent fits to
the data from the model and parameters described in the text.

Fig. 1. Naturally, ISGRI detects sources in regions that areex-
posed. Given the heterogeneous exposure map of the sky gath-
ered in the last 4 years of observations, detections are biased
towards regions of the sky that have been exposed the longest
(i.e. the Galactic plane and bulge).

However, Fig. 1 also demonstrates the effect that the evo-
lution of each type of source has on its spatial distribution.
Because their optical companions belong to an old stellar pop-
ulation, LMXBs are found predominantly in the Galactic bulge
and/or they have had time to migrate off the plane of the Milky
Way (|b| & 3–5◦). On the other hand, the stellar companions of
HMXBs are young stars, so these systems must remain close
to sites of recent stellar formation. Thus, the angular distri-
bution of HMXBs reflects the spiral structure of the Galaxy,
with an uneven distribution along the Galactic plane punctuated
by peaks that are roughly consistent with the tangential direc-
tions to the inner spiral arms. Those HMXBs that have been
detected at longitudes|l| & 90◦ correspond to systems located
around spiral arms near the Sun. Evolutionary signatures like
these were noticed in the past byGinga (Koyama et al. 1990),
RXTE (Grimm et al. 2002), and more recently withINTEGRAL
(Dean et al. 2005; Lutovinov et al. 2005), although their samples
were smaller than the one presented here.

Another way to demonstrate the role of stellar evolution in
shaping the spatial distributions of LMXBs and HMXBs is to
plot the positions of sources whose distances are known on a
spiral arm model of the Milky Way. Russeil (2003) developed
the Galactic spiral arm model that we used. Their model is based
on the locations of star-forming complexes that include groups
of OB stars, molecular clouds, H II regions, and diffuse ionised
gas. The locations of these complexes are derived from a variety
of tracers such as Hα, CO, the radio continuum and absorption
lines.

Fig. 7. Vertical scale height (in kpc) from the Galactic plane of
HMXBs, LMXBs and miscellaneous sources whose distances are
known. The distributions have been summed over the northernand
southern Galactic hemispheres. Sources from the Magellanic Clouds
are excluded. The curves represent the exponential model described in
the text fit to the data (see Table 3 for parameters).

Table 3. Parameters from the model described in the text fit
to the distributions of scale heights from the Galactic plane for
HMXBs, LMXBs and miscellaneous sources whose distances
are known. Objects from the Magellanic Clouds are excluded.

k α h0 [pc]

HMXBs 36± 3 7.5± 1.7 134+39
−25

LMXBs 22± 3 1.5± 0.5 680+320
−160

Misc. 41± 3 15± 4 66+23
−14

While the uncertainties on distances can be large, Fig. 2
shows that HMXBs tend to occupy the outer disk and arms
where young stars are formed, whereas LMXBs are clustered
near the bulge where old globular clusters reside. A histogram
of galactocentric radii (Fig. 3) shows LMXBs peaked at the cen-
ter and decreasing gradually, while HMXBs roughly follow the
distributions from H II/CO surveys (Russeil 2003) which areun-
derabundant in the central few kpc and peak at the spiral arms.
According to a Kolmogorov-Smirnov (KS) test, the probabil-
ity is less than 0.01% that the galactocentric distributions of
LMXBs and HMXBs are statistically compatible.

The distribution of LMXBs in the central Galaxy suggests
an association with the Galactic bar (Fig. 2). Low-mass X-ray
binaries whose distances are known and that have been de-
tected by ISGRI are not prevalent on either side of the bar.
Only 1 LMXB with a distance measurement has been detected
in the Galactic center region bound by 0< x < 3 kpc and
−3 < y < 0 kpc, indicating that the bar might be responsi-
ble for preventing an identification and distance measurement
to be made for the faint counterparts to LMXBs situated behind
it. As viewed from the Sun, the orientation of the bar leads to
an apparent asymmetry of LMXBs in the central 3 kpc of the
Galaxy (|l| . 20◦): in this direction, ISGRI has detected 50%
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more LMXBs at negative longitudes than at positive longitudes.
Maps of Galactic absorption are expected to be symmetrical in
this region (Dickey & Lockman 1990).

In Fig. 4, we present the Galactic distribution of star-forming
complexes Russeil (2003) with the symbol size proportionalto
the excitation parameter in that region (≡ amount of ionising
photons as determined from the radio continuum flux). High-
mass X-ray binaries whose distances are known are symbolised
by stars, while those with unknown distances were assigned a
distance of 8.5 kpc and are represented by pentagons. The 4-arm
spiral model of Russeil (2003) is also drawn. Figure 5 presents
histograms of Galactic longitudes (integrated over the latitude)
of HMXBs (shaded histogram, with|b| < 6◦, in order to exclude
sources in the Magellanic Clouds). Also shown are angular dis-
tributions of star-forming complexes from Russeil (2003) (di-
vided by 3, thick histogram), and of ultra-compact H II regions
detected byIRAS (Bronfman et al. 1996) (divided by 10, dashed
histogram).

In general, the distribution of HMXBs along the plane of
the Milky Way coincides with the expected radial distribution of
young massive star-forming regions. A KS test yields a proba-
bility of 22% that the distributions of HMXBs andIRAS sources
(shaded and dashed histograms, respectively, in Fig. 5) arestatis-
tically compatible. Excluding HMXBs that lie outside the survey
region covered by Bronfman et al. (1996) (|b| < 2◦ for |l| < 60◦,
and |b| < 4◦ elsewhere) increases the probability of statistical
compatibility to 34%. Peaks at Galactic longitudesl ∼ ±30◦ are
observed in both data sets corresponding to the direction ofthe
inner spiral arm tangents (Norma and Scutum/Sagittarius arms).
Bronfman et al. (1996) remark that the peaks in their distribution
are also consistent with another active formation site of young,
massive stars: a molecular ring situated at a radius of∼3 kpc
from the Galactic center.

At first glance, the distributions of star-forming complexes
of Russeil (2003) and HMXBs are also compatible (thick his-
togram in Fig. 5). The KS test returns a probability of only 3%
which is misleading given the large number of objects in Russeil
(2003) that are not very active. When selecting complexes with
an excitation parameter> 10 pc cm−2, which still represents 70%
of the sample, the statistical compatibility improves to 41%.

Lutovinov et al. (2005) and Dean et al. (2005) found that the
distribution of HMXBs was offset with respect to the directions
of the spiral arm tangents. Lutovinov et al. (2005) note that∼ 10
Myr must elapse before one of the stars in a binary system col-
lapses into a NS or BH, and that Galactic rotation will induce
changes in the apparent positions of the arms relative to theSun.
This implies a delay between the epoch of star formation and
the time when the number of HMXBs reaches its maximum.
The observed displacement could simply stem from uncertain-
ties in the distances to the HMXBs. Another problem is that the
exact location of the arms depends on which Galactic model is
used. Changes in the Sun-GC distance or in the pitch angles of
the arms affects the radial scaling and shifts the tangential direc-
tions.

The propagation of density waves is believed to promote
star formation in the spiral arms (Lin et al. 1969). Depending
on the distance to the GC, the spiral arm pattern has angu-
lar velocities in the range ofΩ ∼20–60 Gyr−1 (Bissantz et al.
2003). Hence, in the last∼ 10 Myr (corresponding roughly to
the epoque when the inner spiral arms and the current density
maxima of HMXBs overlapped), the inner arms of the Galaxy
have rotated around the GC by∼ 40◦. Individual stars (such as
the Sun) or groups of stars have negligible movement in this sce-
nario. Instead, star-forming sites that are now active (e.g. from

Russeil (2003)) should be about∼ 40◦ away from those regions
that were active some 10 Myr ago and that produced the current
crop of HMXBs. Therefore, in order to reproduce the distribu-
tion of active star-forming sites as they were some 10 Myr ago,
we introduced differential Galactic rotation to “unwind” the dis-
tribution of current star-forming complexes from Russeil (2003).
Kolmogorov-Smirnov tests suggest that the effects of Galactic
rotation are negligible, even when only the most active sites are
considered.

The distribution of angular distances from the Galactic plane
(in degrees, for|b| < 20◦) of sources detected by ISGRI is
shown in Fig. 6. The distributions were summed over the north-
ern and southern Galactic hemispheres. Shaded histograms are
HMXBs (left) and AGN (right), and the thick histograms repre-
sent LMXBs (left) and miscellaneous sources (right). The distri-
bution of unclassified sources is given by the dashed histogram.
Not surprisingly, the spread of the latitude distributionsis larger
in LMXBs than it is in HMXBs owing to the relative youth of
the optical primaries in the latter. Also expected is the distribu-
tion of AGN which is more or less flat and which roughly fol-
lows the exposure map. However, the Galactic plane (|b| . 3◦) is
noticeably deficient in AGN detections despite the fact thatthe
exposure map is biased here. This highlights the difficulty in de-
tecting AGN at high energies and at low latitudes; these objects
tend to be intrinsically absorbed, they are further obscured by
the Galactic plane, and their counterparts have to be identified
within a crowded field. Sazonov et al. (2007) noted that the ex-
clusion of sources in the Galactic plane region (|b| < 5◦) from
an all-sky survey resulted in only a marginal reduction in the
number of identified AGN, whereas the number of unclassified
sources dropped significantly.

It is useful to examine the unclassified sources as they help
to define the limits of our study. Almost all of the sources that
are unclassified have position accuracies that are no betterthan
a few arcminutes. This precludes establishing an optical coun-
terpart for many unclassified sources located in crowded regions
such as the Galactic plane. The transient nature of many unclas-
sified sources implies a lack of immediate follow-up observa-
tions that would permit a classification. Because of their tran-
sience, many unclassified sources appear fainter than average
in long-exposure mosaic images. Masetti et al. (2006) suggest
that up to half of all unclassified sources could be AGN situated
behind the Galactic plane, whereas Dean et al. (2005), working
on a smaller sample, favor a Galactic origin for the unclassified
sources of Bird et al. (2004) based on the slope of the Log(N)–
Log(S ) relation and other factors.

Unclassified sources have a distribution of Galactic latitudes
that peaks in the central 3◦ from the Galactic plane and decreases
gradually, suggesting a population of sources that are Galactic
rather than extragalactic in origin (see Fig. 6). Many of theun-
classified sources also happen to be transient, whereas AGN can
vary but tend to emit persistently. Furthermore, the angular dis-
tribution of unclassified sources is very similar to the distribution
of LMXBs with a KS-test probability of nearly 40% of statisti-
cal compatibility between unclassifieds and LMXBs, compared
with 13% for miscellaneous sources, and less than 0.01% for
either AGN or HMXBs.

While there are extragalactic sources among them, the popu-
lation of unclassified sources is therefore likely to be composed
primarily of Galactic sources such as LMXBs and miscellaneous
sources. We are unable to elaborate on the proportions of the
different classes, but it is clear from Fig. 6, and from the re-
sults of KS tests, that the unclassified sources are most similar to
the LMXBs and miscellaneous sources in their distribution off
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Fig. 8. The distribution of reported column densities (NH) for
Galactic sources (including sources in the Magellanic Clouds)
detected by ISGRI that were previously known (152, clear his-
togram) and for IGRs (41, shaded histogram).

the Galactic plane. The reasons they have avoided classification
(and detection by previous missions) are: the companion stars
to LMXBs are usually faint in the optical/IR spectrum; they are
located near the Galactic plane where absorption and sourcecon-
fusion prevent an identification; and, for many of these sources,
their transient emission complicates efforts to perform follow-
up observations. Recent improvements in Target of Opportunity
campaigns aimed at new IGRs have uncovered as many new
LMXBs in the last year than during the first 3 years of obser-
vations combined.

Figure 7 presents the distributions of scale heights (in kpc)
for HMXBs (shaded histogram) and LMXBs (clear histogram)
whose distances are known. Sources from the Magellanic Clouds
are excluded. Following the procedure in Dean et al. (2005),
we set the number of sources as a function of the distance in
kpc above the Galactic plane (h) according toN = k · e−α·h

whereα ≡ 1/h0 describes the steepness of the exponential.
The parameters that best fit this model are listed in Table 3. The
value that we derive for the characteristic scale height (h0) of
HMXBs is ∼ 130 pc which is compatible with the value found
by Grimm et al. (2002) withRXTE data, but slightly less than
the value from Dean et al. (2005) (& 200 pc). The characteristic
scale height that we derive for LMXBs (∼ 600 pc) is larger than
the scale heights found by Grimm et al. (2002) and Dean et al.
(2005) which were closer to∼ 400 pc. This is probably due to the
greater coverage of the sky and larger sample size of our study.
Miscellaneous sources have a distribution that is more similar to
HMXBs than it is to LMXBs.

3.2. Absorption

The column densities along the light of sight of some sourcesin
our sample are higher than the value expected from radio maps
(Dickey & Lockman 1990) which implies absorbing material in-
trinsic to the source. On average, Galactic IGRs are more ab-
sorbed than the sources seen beforeINTEGRAL (by a factor of
∼4) with IGRs representing a sizable contingent of objects that

haveNH ∼ 1023 cm−2 (see Fig. 8). The average column density
of sources that were previously known isNH = 1.2 · 1022 cm−2

(σ ∼ 0.7) whereas IGRs have an averageNH = 4.8 · 1022 cm−2

(σ ∼ 0.6). A KS test yields a probability of less than 0.01% that
the two distributions are statistically compatible.

The classified Galactic IGRs are mostly HMXBs (Table 2)
which usually exhibit high column densities, either intrinsically
due to the geometry of the system or extrinsically due to their
location along the dusty Galactic plane. Note, however, that
the highest value of GalacticNH is ∼ 3 · 1022 cm−2 so ob-
jects with very largeNH can not be explained by interstellar
absorption alone. Also keep in mind that the absorption from
Dickey & Lockman (1990) tends to be underestimated given
that local small-scale inhomogeneities and the contribution from
molecular hydrogen are ignored. The main reason that more ab-
sorbed sources are being found is that by operating above 20
keV, ISGRI is immune to the absorption that prevented their
discovery with earlier soft X-ray telescopes. A large absorp-
tion is also a common feature of extragalactic IGRs. However,
our data show that as a group, they are not more absorbed
than pre-INTEGRAL AGN, in agreement with the conclusions
of Beckmann et al. (2006a) and Sazonov et al. (2007).

Figure 9 presents an all-sky map of sources detected by
ISGRI with symbol sizes proportional to reported column
densities (NH). Contours of expected line-of-sight absorption
(Dickey & Lockman 1990) are provided for levels of 1021, 5 ·
1021 and 1022 cm−2. One of the benefits of such a map is
that potential clustering or asymmetries in the local distribu-
tion of matter can be studied. The lower portion of Fig. 9 shows
that the Norma Arm region hosts many of the most heavily-
absorbed Galactic sources (NH ≥ 1023 cm−2) continuing a pre-
viously noted trend (e.g., Kuulkers 2005; Lutovinov et al. 2005;
Walter et al. 2006). This region also happens to be the most ac-
tive formation site of young supergiant stars (Bronfman et al.
1996). These stars are the precursors to the absorbed HMXBs
that ISGRI is discovering in the Norma Arm. The Galactic Bulge
and the Scutum/Sagittarius Arms are also represented by ob-
scured sources but to a lesser extent than in the Norma Arm.

For sources whose distance are known, we did not find any
clear dependence of the intrinsicNH on the distance to the
source, nor did we find a dependence ofNH with the luminos-
ity as derived from the soft-band fluxes (20–40 keV) listed in
Bird et al. (2007).

3.3. Modulations

The strong magnetic fields in some NS X-ray binaries can pro-
duce non-spherically symmetric patterns of emission. If the
magnetic and rotation axes are misaligned, this results in pul-
sations in the X-ray light curve.

Most IGRs for which a pulsation has been measured have
spin periods (Ps) in the range of 100–1000 s, or around 10
times longer than the average pulse period of pre-INTEGRAL
sources (Fig. 10). There are notable IGRs that represent extreme
cases: IGR J00291+5934 has a pulse period of only 1.7 ms
making it the fastest accretion-powered pulsar ever observed
(Galloway et al. 2005), whereas IGR J16358−4726 has a spin
period as long as 6000 s (Lutovinov et al. 2005; Patel et al.
2006). One of the reasons that IGRs have longer pulse periods
than average is because many of them are SG HMXBs which are
wind-fed systems with strong magnetic fields that tend to have
the longest pulse periods (e.g. Corbet 1984). Another reason is
that INTEGRAL andXMM-Newton feature long orbital periods
around the Earth. This means that the source can be observed
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Fig. 9. Spatial distribution, in Galactic coordinates, of all sources detected by ISGRI for whichNH has been reported. The symbol
size is proportional to the published column density. The figure at the top shows the whole sky and includes extragalacticsources,
while the figure at the bottom focuses on the Bulge region (boxed region in the figure at the top) and excludes extragalacticsources.
Contours denote Galactic absorption levels of 1021, 5 · 1021, and 1022 cm−2 (Dickey & Lockman 1990).

for long periods of time without interruptions, so that pulsations
on the order of a few hundreds of seconds or more can be de-
tected. Meanwhile, the previously-known sources in Fig. 10in-
clude millisecond pulsars and other LMXBs, radio pulsars, CVs,
etc., which are underrepresented among IGRs. To illustratethis,
we performed a KS test which returned a very low probability
(0.0007%) of statistical compatibility between the distributions
of 18 IGRs (shaded histogram) and 92 previously-known pulsars
of all types (clear histogram) as they are presented in Fig. 10. The
KS-test probability improved by an order of magnitude when
IGRs were compared to 49 previously-known HMXBs, and it
improved by 3 orders of magnitude when IGRs were compared
to 14 previously-known SG HMXBs. SoINTEGRAL is not just
finding new pulsars that are HMXBs, but these HMXBs are pre-
dominantly long-period systems with SG companions.

The distribution of orbital periods (Po) of IGRs exhibits a
similar bimodal shape to that seen in the distribution of orbital
periods known beforeINTEGRAL (Fig. 11). The probability of
statistical compatibility is nearly 80% according to a KS test.

The bimodal distribution represents 2 underlying populations:
LMXBs (and miscellaneous sources) which tend to have short
orbital periods, and HMXBs which tend to have longer orbital
periods (Fig. 12).

In a CorbetPs–Po diagram (Corbet 1984), members of each
subclass of HMXBs segregate into different regions of the plot
owing to the complex feedback processes between the modula-
tion periods and the dominant accretion mechanism. Figure 13
shows that the majority of IGRs are located among other known
SG HMXBs. The figure also shows that Be HMXBs have longer
orbital periods than SG HMXBs, in general. While this fact was
already known (e.g. Stella et al. 1986), the discrepancy remains
even thoughINTEGRAL has nearly doubled the number of such
systems.

3.4. Modulations vs. Absorption

Accretion affects the spin period of a NS. If the velocity at the
corotation radius (the radius at which the magnetic field regu-
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Fig. 10.Spin periods reported for sources detected by ISGRI that
were previously known (92, clear histogram) and for IGRs (18,
shaded histogram).

Fig. 11.Published orbital periods of sources detected by ISGRI.
The clear histogram represents sources that were previously
known (84) while the shaded histogram represents IGRs (14).

lates the motion of matter) exceeds the Keplerian velocity,then
material will be spun away taking angular momentum with it
and the NS will slow down due to the “propellor mechanism”
(Illarionov & Sunyaev 1975). For corotation velocities smaller
than the Keplerian velocity, the material is able to accreteonto
the NS magnetosphere which will either spin up or spin down
the NS depending on whether the angular momentum of the ac-
creted material has the same or an opposite direction as the NS
spin (Waters & van Kerkwijk 1989). So the spin rate of the pul-
sar in a HMXB is regulated by, among other things, the angular
momentum of the wind of the stellar companion.

Assuming spherically-symmetric accretion from a radiation-
driven wind of a SG star, the density of the wind as a function

Fig. 12. Distribution of orbital periods of HMXBs (43, shaded
histogram) compared with LMXBs and Miscellaneous sources
(54, clear histogram).

Fig. 13. Corbet diagram of spin vs. orbital period of HMXBs
detected by ISGRI whose companions are OB supergiants (17,
filled circles) or Be stars (15, empty circles). IGRs are boxed.

of radius isρ(r) ∝ r−2. On the other hand, the structure of the
winds of Be stars is believed to consist of dense slow equato-
rial outflows and thin fast polar winds (Lamers & Waters 1987).
The density drops much faster with the radius (ρ(r) ∝ r−3)
(Waters et al. 1988). Therefore, the winds of Be stars present
stronger density and velocity gradients inside the captureradius
of the NS, in both radial and azimuthal directions, which sug-
gests that wind-fed accretion is more efficient at delivering angu-
lar momentum to the NS in Be HMXBs than it is in SG HMXBs
(Waters & van Kerkwijk 1989).

Given the density structures described above, and assum-
ing a steady accretion rate of material whose angular mo-
mentum has the same direction as the spin of the NS, the
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spin period of the NS will reach an equilibrium valuePeq ∝

ρ−3/7. However, the present-day spin periods of NS in SG sys-
tems are much longer than predicted and are actually closer
to Peq of the stellar winds while the star was still on the MS
(Waters & van Kerkwijk 1989). The equilibrium spin period in
Be systems is constantly adjusting to the changing conditions in
the winds (Waters & van Kerkwijk 1989). As with the SG sys-
tems, pulsars in Be systems are not currently spinning atPeq but
reflect the values of an earlier evolutionary stage (King 1991). So
even though the transport of positive angular momentum through
the wind is so inefficient that it can not spin up the pulsar to its
expected equilibrium spin period, this does not influence how
well the pulsar can be spun down by the “propellor mechanism”
(Waters & van Kerkwijk 1989).

With a few exceptions, HMXBs from the Milky Way that
have been detected by ISGRI are segregated into distinct regions
of a Ps–NH diagram (Fig. 14) stemming from the higher aver-
ageNH and longer averagePs of SG HMXBs compared to Be
HMXBs. The SG HMXBs set apart from the others (Ps < 50 s)
are Cen X-3 which is a Roche-lobe overflow system, and OAO
1657−415 which might be transitioning from a wind-fed to a
disk-fed system (Audley et al. 2006). TheNH values of sources
in Fig. 14 have been normalised by the line-of-sight values (NG

H )
from Dickey & Lockman (1990). This normalisation does not
affect our conclusions but it helps to reduce the scatter in the
vertical direction, particularly for nearby sources such as X Per.

There could be a weak positive correlation between theNH
and spin period for HMXBs as a group. There are no highly-
absorbed sources (NH > 1023 cm−2) with spin periods shorter
than a few tens of seconds, and there are no pulsars withPs >

100 s that are poorly absorbed (NH < 1022 cm−2). A least-
squares fit to the data yieldsPs ∝ N5/7

H . If we consider theNH to
be a reliable estimate of the density of matter around the compact
object, then the slope that we find contradicts the slope expected
from the equilibrium values (∼ −3/7). However, as noted above,
the pulsars in Fig. 14 are spinning at periods that are longerthan
their equilibrium values would suggest.

Since Be HMXBs tend to have longer orbital periods than
SG HMXBs (see Fig. 13), a distinction is also seen among the
distributions of theNH values and orbital periods of HMXBs
with Be or SG companions (Fig. 15). There also appears to be
an anti-correlation ofNH and orbital period: a least-squares fit to
the data returnsPo ∝ N−3/7

H . In both types of systems, a shorter
orbital period implies a compact object that is embedded deeper
or spends more time in the dense regions of its stellar compan-
ion’s wind resulting in more absorption. Therefore, Be HMXBs
continue the trend set by SG HMXBs into long-orbital periodic-
ity and low-NH regions of the plot.

Spearman rank tests to thePs–NH andPo–NH distributions
return weak positive and negative correlations with coefficients
of 0.37 and−0.33, respectively, suggesting that the null hypoth-
esis of mutual independence betweenNH and Ps or Po can be
rejected. From Monte Carlo simulations, we determined that
the probability of finding a Spearman rank coefficient& 0.33
is around 5%. Admittedly, the scatter in the data is large as can
be seen in Figs. 14–15. Because there are large uncertainties in
theNH and practically no uncertainty in the spin and orbital pe-
riods, the slope from a least-squares fit will tend to overestimate
the real slope. Futhermore, the conclusions that we derive for
how divergent species of objects react to changes in the local
absorbing matter are based on a simplification of the underlying
physics. The inclinations of the systems and their eccentricities,
for example, are ignored. Even if we can not fit a slope of−3/7

Fig. 14. Spin period as a function of reportedNH
value (normalised by the expected Galactic value from
(Dickey & Lockman 1990)) for HMXBs detected by ISGRI
whose companions are OB supergiants (16, filled circles), Be
stars (19, empty circles), or unclassified (2, crosses). IGRs are
boxed and Magellanic Cloud sources are excluded.

Fig. 15.Orbital period versus reportedNH value (normalised by
the expected Galactic value from (Dickey & Lockman 1990))
for HMXBs detected by ISGRI whose companions are OB su-
pergiants (20, filled circles), Be stars (15, empty circles)or
unclassified (1, cross). IGRs are boxed and Magellanic Cloud
sources are excluded.

to the data in Fig. 14, the correlations that we find in Figs. 14–15
might simply be due to the segregation of the 2 populations into
distinct regions of the plots, rather than being due to physical
processes.

Nevertheless, as more sources are added to these diagrams,
the potential trends that have emerged could help constrainmod-
els describing the influence of local absorbing matter on the
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Fig. 16. Distribution of reportedNH (top), pulse periods (mid-
dle), and orbital periods (bottom) among HMXBs detected by
ISGRI whose companions are OB supergiants (shaded his-
tograms) or Be stars (clear histograms). Magellanic Cloud
sources are excluded.

modulations. Another advantage of these plots is that the prob-
able designation of an unidentified source is much more likely
to be correct than when only a single parameter is used. This is
illustrated in Fig. 16 where distributions of the 3 parameters in
question (NH, Ps andPo) are presented for SG and Be HMXBs.
Other than in the orbital periods, and in the extremities of theNH
andPs distributions, there is little that differentiates the 2 groups.
A HMXB selected from an average bin in eitherNH or Ps has a
roughly equal probability of hosting a SG or Be star. However, a
random HMXB in theNH–Ps plot will tend to be located among
other members of its group.

Therefore, these diagrams could serve as new tools to help
distinguish between SG and Be HMXBs when onlyNH and ei-
ther the spin or orbital periods are known. For example, IGR
J19140+0951 has an orbital period of around 13 days andNH ∼

1023 cm−2. It is positioned among other SG HMXBs so its com-
panion is probably an OB supergiant (boxed cross in Fig. 15).
This designation has already been suggested based on other cri-
teria such as the source’s persistent emission (Rodriguez et al.
2005). Recent IR observations of the source indicate a spec-
tral type of B0.5-Ia which confirms the supergiant nature of the
companion (D. Hannikainen, private communication). Similarly,
AX J1749.2−2725 which is currently an unclassified HMXB
could have a SG companion based on its position in Fig. 14
(NH > 1023 cm−2 and pulse period over 100 s). The other un-
classified HMXB in Fig. 14 is IGR J16358−4726, whose NS has
an unusually long spin period suggesting a magnetar nature for
the source (Patel et al. 2006). This object is clearly in the SG
HMXB camp based on its position in the plot.

4. Summary & Conclusions

We have compiled a catalogue of all∼500 sources that were de-
tected by ISGRI during its first 4 years of observations. Thisin-
cludes published parameters such as positions, column densities,
spin and orbital periods, and distances or redshifts. The primary

aims of this catalogue were to gather in a single place the most
important parameters of high-energy sources detected by ISGRI
and to use this large sample to test against various theoretical
predictions, to search for possible trends in the data, and to de-
termine where new sources fit in the parameter space established
by previously-known high-energy sources.

Clustered towards the spiral arm tangents and at low Galactic
latitudes, HMXBs follow the distributions of tracers of star-
forming regions. In contrast, most LMXBs are found in the
Galactic bulge or have had time to migrate to high latitudes,typ-
ical of an older stellar population. The discrepancy is seenagain
in galactocentric profiles where the number of LMXBs gradually
decreases from its maximum in the central kpcs, while HMXBs
avoid the central kpcs and are overrepresented at the peaks of
H II/CO distributions.

Over 200 new sources have been discovered by ISGRI but
many of them remain unclassified. Although some may be AGN
behind the plane, unclassified sources have a spatial distribu-
tion that resembles a Galactic population (notably LMXBs and
CVs) rather than an extragalactic one. If the unclassified sources
are composed primarily of LMXBs, as their spatial distributions
and the transient emission of most them seem to suggest, then
the reason they remain unclassified is because the faint opti-
cal/IR counterparts of such sources are difficult to identify in
the crowded and obscure Galactic plane.

Since it operates above 20 keV and is unhindered by absorp-
tion, ISGRI is discovering many new HMXBs and AGN that
are intrinsically absorbed (NH ∼ 1022–1024 cm−2). On average,
Galactic IGRs are more absorbed (by a factor of∼4) than sources
that were previously known.

Spin periods for most IGR pulsars are between a few hun-
dred to a few thousand seconds or somewhat longer than the
average spin periods of sources known beforeINTEGRAL. The
distribution of orbital periods for IGRs closely resemblesthe bi-
modal distribution set by previously-known sources. The peaks
correspond to 2 underlying populations: LMXBs and miscella-
neous sources such as CVs and SNRs which tend to have short
orbital periods, and HMXBs which have longer orbital periods,
in general. Almost all IGRs for which both spin and orbital pe-
riods have been measured are located in the region of wind-fed
accretion in the Corbet diagram. This is a testament to the num-
ber of new SG HMXBs thatINTEGRAL has discovered.

Thanks to the larger sample size of these new SG HMXBs,
we were able to test for dependences of the spin and orbital pe-
riods of HMXBs on the amount of absorbing matter local to the
source. While scatter is an issue, there is a clear segregation of
HMXBs in both plots which could be used to help assign Be or
SG sompanions to sources that are still unclassified. There could
be trends in both thePs–NH andPo–NH diagrams. The possible
correlation ofPs ∝ N5/7

H appears to contradict the expected slope
(−3/7, e.g. (Corbet 1984)) which confirms that current spin pe-
riods are longer than the predicted equilibrium values, andthat
the spin-up of the pulsar via the wind is not as effective as the
spin-down via the “propellor mechanism.” The potential anti-
correlation in thePo–NH plot means that the average column
density varies inversely with the distance between the objects
as one would expect. However, intrinsic absorption values can
change and the potential trends we see, rather than being due
to physical processes that make the parameters inter-dependent,
could simply be the result of 2 populations of sources occupy-
ing different parameter spaces, i.e. SG HMXBs are generally
more absorbed, they spin slower, and they have shorter orbits
than Be HMXBs. Nevertheless, givenNH and eitherPs or Po for
a HMXB, improves the chances of correctly predicting the type
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of counterpart it has, compared with relying on only a singlepa-
rameter. Of course, confirmation of the spectral type of the donor
star in a HMXB still requires an optical/IR observation.

This work takes advantage of multi-wavelength observations
in order to understand the nature of IGRs, and to help clarify
the mechanisms that govern each type of source. Among the
challenges facing more detailed population studies is the lim-
ited sample size of each subclass. This can only be alleviated
by using large-FOV instruments such asINTEGRAL to search
for new sources, and by regularly observing each new source in
other wavelengths so that the accumulation of evidence rules out
all but a single type of object. Many of the new sources which
have been classified are absorbed HMXBs with supergiant com-
panions. The increasing number of these systems discoveredby
INTEGRAL could alter our view of the Galactic population of
hard X-ray sources and the evolutionary scenarios of their mas-
sive stellar companions.
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Table 1. The parameters of sources detected by ISGRI.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (min) (deg) (1022 cm−2) (s) (d) (kpc or [z])

IGR J00040+7020 00 04 01 +70 20 10 3.8 118.930 7.834 – – – – Unclassified (AGN?) 1

IGR J00234+6141 00 22 54 +61 42 22 4.8 119.557 −0.978 – 570 – 0.3 CV (IP) 1,2,3

IGR J00245+6251 00 24 28 +62 50 35 2.3 119.860 0.132 – – – – GRB 1

4U 0022+63 00 25 17 +64 09 32 3.6 120.086 1.432 – – – 2.83(79) SNR 1,4

IGR J00254+6822 00 25 26 +68 22 50 2.3 120.529 5.630 – – – – Unclassified (Sey-2?) 5

V709 Cas 00 28 48.87 +59 17 21.8 0.017 120.042 −3.455 0.8±0.4 312.746(3) 0.2225(2) 0.230(20) CV (DQ Her) 6,7,8,9

IGR J00291+5934 00 29 03.08 +59 34 19.2 0.01 120.096 −3.176 0.43+0.07
−0.05 0.0016698(1) 0.1023622(4) 5.1+0.3

−0.4 LMXB (P, T) 10,11,12,13,14

IGR J00335+6126 00 33 35 +61 26 52 3.3 120.800 −1.350 – – – – Unclassified 5

1ES 0033+59.5 00 35 52.63 +59 50 04.6 0.017 120.976 −2.978 0.36±0.08 – – 0.086 BL Lac 15,16

IGR J00370+6122 00 37 09.63 +61 21 36.5 0.002 121.221 −1.464 13±6 – 15.670(4) 3 HMXB (SG) 17,18,19,20

Mrk 348 00 48 47.14 +31 57 25.1 0.017 122.276 −30.911 ∼30 – – 0.0154 Sey-2 21,22,23

RX J0053.8−7226 00 53 55.0 −72 26 47 0.167 302.669 −44.681 0.23±0.11 46.63(4) 137.4(4) 65 HMXB (Be, P, T, in SMC) 24,25,26,27

gam Cas 00 56 42.53 +60 43 00.3 0.002 123.577 −2.148 0.3±0.1 – 203.59(29) 0.19 HMXB (Be) 17,28,29,30

SMC X−1 01 17 05.09 −73 26 36.0 0.002 300.415 −43.559 0.255±0.009 0.7071801(44) 3.8921(4) 65 HMXB (SG, P, E) 19,31,32

3A 0114+650 01 18 02.70 +65 17 29.8 0.002 125.710 2.563 – 9700 11.588(3) 7.0(3.2) HMXB(P) 17,33,34,35

H 0115+634 01 18 31.9 +63 44 24 0.017 125.924 1.026 1.74±0.18 3.614690(2) 24.31535(5) 8(1) HMXB (Be, P, T) 24,36,37,38

NGC 526 01 23 54.2 −35 03 55 0.017 263.758 −79.459 1.6±0.2 – – 0.0192 Sey-1.5 39,40,41

IGR J01363+6610 01 36 05 +66 09 58 3.7 127.427 3.685 – – – 2 HMXB (Be, T) 1,42

ESO 297−18 01 38 37.18 −40 00 40.7 0.017 268.727 −73.829 – – – 0.0252 Sey-2 43,44

4U 0142+614 01 46 22.41 +61 45 03.2 0.017 129.384 −0.431 0.96±0.02 8.6882(2) – 2.7 AXP 30,45,46

RX J0146.9+6121 01 47 00.17 +61 21 23.7 0.034 129.541 −0.800 1.2±0.3 1404.2 – 2.5 HMXB (Be, P, T?) 24,47,48

IGR J01528−0326 01 53 01 −03 26 28 4 157.442 −62.114 – – – 0.01691 Sey-2 1,49

IGR J01583+6713 01 58 18.2 +67 13 26 0.058 129.352 5.189 ∼10 – – 6.4 HMXB (Be, T) 3,50,51

NGC 788 02 01 06.45 −06 48 55.9 0.017 165.254 −63.805 21±0.5 – – 0.0136 Sey-2 16,22,52

IGR J02097+5222 02 09 46 +52 22 48 3 134.876 −8.666 – – – 0.0492 Sey-1 44,53

SWIFT J0216.3+5128 02 16 33 +51 25 52 5 136.183 −9.238 – – – – Sey-2 1

Mrk 1040 02 28 14.59 +31 18 39.4 0.017 146.115 −27.166 ∼0.067 – – [0.016338(314)] Sey-1.5 54,55,56

IGR J02343+3229 02 34.3 +32 29 2 146.869 −25.563 – – – 0.01574 Sey-2 49

NGC 985 02 34 37.77 −08 47 15.4 0.017 180.836 −59.490 0.6+0.5
−0.2 – – [0.04274(5)] Sey-1 57,58,59

GT 0236+610 02 40 31.67 +61 13 45.6 0.017 135.675 1.086 0.60±0.05 – 26.52(4) 2.5 HMXB (Be, muQSO) 17,30,60,61

NGC 1052 02 41 04.80 −08 15 20.8 0.017 182.019 −57.925 0.041+0.16
−0.020 – – [0.004930(87)] Sey-2 56,62,63

RBS 345 02 42 16 +05 31 48 5.5 166.437 −47.759 – – – 0.069 Sey-1 1,64

NGC 1068 02 42 40.83 −00 00 48.4 0.017 172.104 −51.934 ∼0.1 – – [0.003786(33)] Sey-2 54,56,65

QSO B0241+62 02 44 57.70 +62 28 06.5 0.017 135.636 2.430 1.5±0.3 – – [0.04456(51)] Sey-1 16,56,66

IGR J02501+5440 02 50 11 +54 40 41 3 139.619 −4.300 – – – – Unclassified (AGN?) 5

MCG−02−08−014 02 52 23.3 −08 30 38 0.017 185.556 −55.885 – – – [0.016758(13)] Sey-2 56,67

NGC 1142 02 55 12.32 −00 11 01.7 0.017 175.876 −49.889 ∼45 – – [0.028847(47)] Sey-2 22,54,68

QSO B0309+411 03 13 01.962 +41 20 01.18 0.017 149.577 −14.098 – – – 0.136 Sey-1 62,69

IGR J03184−0014 03 18 24 −00 13 44 4 181.762 −45.644 – – – – QSO 1



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

NGC 1275 03 19 48.16 +41 30 42.1 0.017 150.576 −13.261 1.5±0.7 – – 0.017559 Sey-2 16,62

1H 0323+342 03 24 41.161 +34 10 45.86 0.017 155.727 −18.757 ∼0.1 – – 0.062 Sey-1 22,70,71

GK Per 03 31 11.82 +43 54 16.8 0.017 150.955 −10.104 17.54±0.29 351.34 2.00 0.420 CV (IP) 6,9,72

IGR J03334+3718 03 33 18.8 +37 18 11 0.017 155.275 −15.202 – – – 0.05471 Sey-1 73

NGC 1365 03 33 36.5 −36 08 17 0.017 237.952 −54.598 44±8 – – 0.005559 Sey-1.8 40,56,74

EXO 0331+530 03 34 59.9 +53 10 23 0.017 146.052 −2.194 1.10±0.07 4.3751(2) 34.25(10) 7.5(1.5) HMXB (Be, P, QPO, T) 24,75,76,77,78

IGR J03532−6829 03 53 14 −68 28 59 3.6 282.738 −40.784 – – – 0.087 BL Lac 1,3

X Per 03 55 23.08 +31 02 45.0 0.002 163.081 −17.136 0.129±0.028 837.8(1) 250.3(6) 0.700(300) HMXB (Be, P) 17,19,79,80,81

3C 111 04 18 21.28 +38 01 35.8 0.017 161.676 −8.820 ∼0.9 – – 0.0485 Sey-1 16,82

UGC 3142 04 43 46.89 +28 58 19.0 0.017 172.089 −10.996 – – – [0.02183(19)] Sey-1 54,56

LEDA 168563 04 52 04.7 +49 32 45 0.017 157.252 3.419 – – – 0.029 Sey-1 56,83

ESO 33−2 04 55 59.6 −75 32 26 0.017 287.767 −33.285 ∼0.1 – – [0.01843(46)] Sey-2 22,56,84

IGR J05007−7047 05 00 46.08 −70 44 36.0 0.01 282.167 −34.525 1.0±0.2 – – 50 HMXB (in LMC) 85,86

IGR J05053−7343 05 05 19 −73 42 58 3.6 285.463 −33.309 – – – – Unclassified (T) 1

4U 0517+17 05 10 45.5 +16 29 55 0.017 186.114 −13.499 ∼0.1 – – 0.017879 Sey-1.5 22,87,88

Ark 120 05 16 11.48 −00 09 00.6 0.017 201.695 −21.132 – – – 0.033687 Sey-1 54,74

SGR 0526−66 05 26 00.89 −66 04 36.3 0.01 276.087 −33.246 0.54±0.02 8.0470(2) – – SGR (P) 89

IGR J05270−6631 05 27 01 −66 30 40 4.4 276.585 −33.088 – – – – Unclassified 1

EXO 053109−6609.2 05 31 13.3 −66 07 05 0.067 276.058 −32.718 0.69+0.07
−0.13 13.66817(1) 25.4 50 HMXB (Be, P, T, in LMC) 90,91

IGR J05319−6601 05 31.9 −66 02 3.5 275.949 −32.659 – – – – Unclassified (T) 92

LMC X−4 05 32 49.79 −66 22 13.8 0.017 276.335 −32.529 ∼0.055 13.503(1) 1.40841(2) 55 HMXB (SG, P) 93,94,95

Crab 05 34 31.97 +22 00 52.1 0.017 184.558 −5.784 0.260±0.001 0.0335(1) – 2 SNR (PWN) 96,97,98,99

IGR J05346−5759 05 34.6 −58 00 3.5 266.390 −32.811 – – – – Unclassified (T, CV?) 92

1A 0535+262 05 38 54.57 +26 18 56.8 0.017 181.445 −2.644 0.65+0.25
−0.12 104 111.0(4) 2+0.4

−0.7 HMXB (Be, P, T) 17,24,100,101

LMC X−1 05 39 38.7 −69 44 36 0.05 280.203 −31.516 0.46±0.02 – 3.9081(15) 55 HMXB (SG, BHC) 24,102,103,104

PSR B0540−69.3 05 40 07.72 −69 20 05.1 0.017 279.721 −31.520 0.43±0.02 0.0504988(1) – 55 Unclassified (P, in LMC) 31,105,106

BY Cam 05 42 48.90 +60 51 31.8 0.017 151.833 15.690 ∼0.001 11960.2(2) 0.139759(3) 0.190 CV (AM Her) 6,9,107,108

MCG+08−11−011 05 54 53.63 +46 26 21.8 0.017 165.731 10.407 0.183+0.006
−0.003 – – 0.020484 Sey-1.5 16,54,109

IRAS 05589+2828 06 02 09.7 +28 28 17 0.017 182.238 2.892 – – – 0.0330 Sey-1 22,110

SWIFT J0601.9−8636 06 05 39.1 −86 37 52 0.082 299.201 −27.747 – – – [0.006(1)] AGN (Sey-2?) 111,112

IGR J06074+2205 06 07.4 +22 05 2 188.392 0.798 – – – 1 HMXB (Be) 3,113

PKS 0611−663 06 11 43.20 −66 24 30.0 0.017 276.241 −28.639 0.048±0.011 – – – AGN 114,115

Mrk 3 06 15 36.31 +71 02 14.9 0.017 143.296 22.719 127+24
−22 – – [0.01344(31)] Sey-2 54,56,116

H 0614+091 06 17 07.3 +09 08 13 0.017 200.877 −3.364 0.37±0.02 0.0030(2) – 2.2+0.8
−0.7 LMXB (P, QPO, B, A) 117,118,119,120

IGR J06239−6052 06 23 55 −60 53 53 4.9 270.195 −26.761 – – – – Unclassified (T, AGN?) 1

IGR J06253+7334 06 25 22 +73 36 07 5.2 140.832 24.137 – 1187.3(1) 0.1965(2) 0.5 CV (IP) 1,9,121

IGR J06292+4858 06 29 12 +48 58 26 5 165.939 16.703 – – – – Unclassified 1

PKS 0637−752 06 35 46.51 −75 16 16.8 0.002 286.368 −27.158 0.035±0.005 – – 0.651 Sey-1 62,122

Mrk 6 06 52 12.32 +74 25 36.8 0.017 140.328 26.107 1.94+0.09
−0.14 – – [0.01868(83)] Sey-1.5 54,56,123



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

LEDA 96373 07 26 26.3 −35 54 21 0.017 248.767 −9.076 – – – [0.029624(544)] Sey-2 56

IGR J07295−1329 07 29 30 −13 09 29 5.4 228.966 2.262 – – – – Unclassified 1

IGR J07437−5137 07 43 41 −51 37 01 5 264.477 −13.447 – – – – Unclassified 1

EXO 0748−676 07 48 33.8 −67 45 09 0.017 279.978 −19.811 8+5
−3 – 0.1593375(6) 8.0+1.1

−1.2 LMXB (B, D, T) 19,117,124,125

IGR J07506−1547 07 50 35 −15 47 17 1.7 233.770 5.423 – – – – Unclassified (T) 126

IGR J07565−4139 07 56 19.62 −41 37 42.1 0.01 256.656 −6.723 1.1±0.2 – – [0.021(1)] Sey-2 85,86

IGR J07597−3842 07 59 41.819 −38 43 56.03 0.002 254.495 −4.679 ∼0.05 – – [0.040(1)] Sey-1.2 86,127

ESO 209−12 08 01 57.6 −49 46 42 0.017 264.253 −10.026 ∼0.1 – – [0.03959(58)] Sey-1.5 22,56

IGR J08023−6954 08 02.3 −69 55 3 282.616 −19.589 – – – – Unclassified (T) 128

PG 0804+761 08 10 58.66 +76 02 42.5 0.017 138.279 31.033 0.023±0.011 – – 0.100 Sey-1 122,129

Vela Pulsar 08 35 20.66 −45 10 35.2 0.017 263.552 −2.787 0.033±0.003 0.0893 – 0.294+0.076
−0.050 SNR (PWN) 62,130,131

Ginga 0836−429 08 37 23.6 −42 54 02 0.167 261.954 −1.124 2.2±0.3 – – 10.0 LMXB (B, T) 30,117,132

Fairall 1146 08 38 30.7 −35 59 35 0.017 256.585 3.230 ∼0.1 – – [0.0318(3)] Sey-1.5 22,56

IGR J08408−4503 08 40 47.97 −45 03 29.8 0.09 264.041 −1.950 – – – 3 HMXB (SG, SFXT) 133

QSO B0836+710 08 41 24.37 +70 53 42.2 0.017 143.541 34.426 1.1+1.6
−0.8 – – 2.172 Blazar 21,62,134

Vela X−1 09 02 06.86 −40 33 16.9 0.017 263.058 3.930 5.6+0.3
−0.2 283.2(1) 8.965(4) 1.9(2) HMXB (SG, P, E) 17,19,135,136,137

IGR J09025−6814 09 02 27 −68 14 06 5.1 284.169 −14.178 – – – – Unclassified (T) 1

IGR J09026−4812 09 02 40 −48 12 58 2.3 268.866 −1.072 – – – – Unclassified 126

IGR J09103−3741 09 10 18 −37 40 30 5.2 261.972 7.035 – – – – Unclassified (T) 1

SWIFT J0917.2−6221 09 16 09.41 −62 19 29.5 0.017 280.612 −9.195 ∼1 – – [0.05715(21)] Sey-1 56,138,139

EXMS B0918−549E 09 20 05 −55 08 35 0.9 275.771 −3.837 – – – – Unclassified (T) 126

H 0918−549 09 20 26.95 −55 12 24.7 0.01 275.853 −3.845 0.24±0.03 – – 5.0+0.8
−0.7 LMXB (B, QPO) 125,140

Mrk 110 09 25 12.87 +52 17 10.5 0.017 165.011 44.364 0.019±0.001 – – [0.035398(510)] Sey-1 (NL) 55,56,57

IGR J09253+6929 09 25 17 +69 29 17 4.7 143.423 38.392 – – – – Unclassified 1

IGR J09446−2636 09 44.6 −26 36 3 259.106 19.968 ∼0.1 – – 0.1425 Sey-1 22

1RXS J094436.5−263353 09 44 36.50 −26 33 53.0 0.017 259.081 19.995 ∼0.1 – – 0.0492 Sey-1 22,141

4U 0937−12 09 45 42.05 −14 19 35.0 0.017 249.706 28.781 0.85+0.05
−0.04 – – [0.007710(13)] Sey-2 40,52,68

IGR J09469−4603 09 46 53 −46 02 46 4.8 272.736 5.726 – – – – Unclassified 1

MCG−05−23−016 09 47 40.2 −30 56 54 0.017 262.744 17.234 1.80±0.23 – – [0.00823(16)] Sey-2 56,142,143

IGR J09485−4726 09 48 29 −47 25 37 4.9 273.838 4.843 – – – – Unclassified 1

IGR J09523−6231 09 52 17 −62 30 58 3.9 283.832 −6.490 – – – – Unclassified 1

IGR J10043−8702 10 04.3 −87 02 3.4 300.753 −24.899 – – – – Unclassified (T) 144

GRO J1008−57 10 09 46 −58 17 32 0.017 282.998 −1.822 0.86±0.03 93.57(9) 248.9(5) 5 HMXB (Be, P, T) 24,30,103,145

SWIFT J1009.3−4250 10 09 48.3 −42 48 44 0.083 273.979 10.792 ∼100 – – 0.03355 Sey-2 146

IGR J10101−5654 10 10 11.866 −56 55 32.06 0.002 282.257 −0.672 – – – – HMXB (T) 86

IGR J10109−5746 10 11 02.95 −57 48 13.9 0.017 282.855 −1.325 – – – – Symbiotic Star 147

IGR J10147−6354 10 14 42 −63 53 31 5 286.695 −6.078 – – – – Unclassified 1

NGC 3227 10 23 30.62 +19 51 53.7 0.017 216.992 55.445 6.8±0.3 – – 0.003827 Sey-1.5 54,65,148

IGR J10252−6829 10 25 00.49 −68 27 27.3 0.01 290.112 −9.311 – – – – Unclassified (T) 85



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

NGC 3281 10 31 52.06 −34 51 13.3 0.017 273.007 19.783 151+20
−19 – – [0.011475(87)] Sey-2 56,149,150

4U 1036−56 10 37 33.8 −56 47 58 0.017 285.350 1.431 4.6±0.4 860(2) – 5.0 HMXB (Be, P, T) 30,141,151

SWIFT J1038.8−4942 10 38 45.0 −49 46 55 0.055 282.049 7.633 1+2
−0.7 – – [0.060(1)] Sey-1.5 112,139

IGR J10404−4625 10 40 23 −46 24 58 1.5 280.617 10.700 ∼1 – – [0.0240(6)] Sey-2 56,126,152

IGR J10448−5945 10 44 47 −59 45 18 5.2 287.599 −0.708 – – – – Unclassified 1

IGR J10500−6410 10 50.1 −64 10 4 290.181 −4.341 – – – – Unclassified (T) 144

IGR J11085−5100 11 08 50.48 −51 02 32.8 0.01 286.954 8.619 – – – – Unclassified (T) 85

IGR J11098−6457 11 09 46 −64 56 46 5.5 292.432 −4.168 – – – – Unclassified 1

IGR J11114−6723 11 11 25 −67 23 31 1.7 293.521 −6.366 – – – – Unclassified (T) 126

IGR J11187−5438 11 18 42 −54 37 59 4 289.690 5.837 – – – – Unclassified 1

Cen X−3 11 21 15.78 −60 37 22.7 0.017 292.091 0.337 1.95±0.03 4.81423(1) 2.0871384(1) 10(1) HMXB (SG, P, E) 93,153,154,155

IGR J11215−5952 11 21 46.9 −59 51 42 0.083 291.893 1.075 11±3 195(10) – 6.2 HMXB (SG, P, SFXT) 152,156,157,158

IGR J11305−6256 11 31 06 −62 56 20 1.2 293.941 −1.478 – – – 3 HMXB (Be, T) 1,152

IGR J11321−5311 11 32.1 −53 11 2 291.087 7.854 – – – – Unclassified (T, BHC?) 159

IGR J11366−6002 11 36 38 −60 02 02 4.9 293.713 1.492 – – – – Unclassified (AGN?) 1

NGC 3783 11 39 01.78 −37 44 18.7 0.017 287.456 22.948 1.8±0.3 – – [0.00965(67)] Sey-1 56,149,160

EXMS B1136−650 11 39 29 −65 24 18 3.2 295.533 −3.572 – – – – RS CVn Star (T) 1

IGR J11435−6109 11 44 00.4 −61 07 16 1.4 294.880 0.692 9±2 161.76(1) 52.46(6) – HMXB (Be, P, T) 161,162

1E 1145.1−6141 11 47 28.6 −61 57 14 0.017 295.490 −0.010 ∼3.3 296.573(2) 14.365(2) 8.5(1.5) HMXB (SG, P) 24,163

H 1145−619 11 48 00.02 −62 12 24.9 0.017 295.611 −0.240 2.6+0.4
−0.2 292.4 187.5 3.1(5) HMXB (Be, P, T) 17,24,164,165

IGR J12026−5349 12 02 47.63 −53 50 07.7 0.01 295.714 8.353 2.2±0.3 – – [0.028(1)] Sey-2 85,86

NGC 4051 12 03 09.63 +44 31 53.2 0.017 148.883 70.085 0.3±0.1 – – 0.002336 Sey-1.5 54,65,166

NGC 4138 12 09 29.87 +43 41 06.0 0.017 147.305 71.404 8±1 – – [0.00296(13)] Sey-1.9 54,56,65

NGC 4151 12 10 32.73 +39 24 19.6 0.017 155.077 75.064 7.5±0.1 – – [0.003262(67)] Sey-1.5 54,56,65

NGC 4180 12 13 02.97 +07 02 17.8 0.017 276.792 67.940 – – – [0.00690(21)] AGN 54,56

EXMS B1210−645 12 13 05.28 −64 53 49 4.9 298.877 −2.328 – – – – Unclassified (T) 1

Was 49 12 14 17.81 +29 31 43.4 0.017 194.392 81.485 ∼10 – – 0.064 Sey-2 71,167,168

Mrk 766 12 18 26.63 +29 48 45.6 0.017 190.681 82.271 ∼0.8 – – [0.012662(364)] Sey-1.5 54,56,166

NGC 4258 12 18 57.54 +47 18 14.3 0.101 138.320 68.842 8.7±0.3 – – [0.001541(90)] Sey-1.9 54,56,65

4C 04.42 12 22 22.55 +04 13 15.8 0.017 284.819 66.066 ∼0.1 – – [0.965001(207)] Blazar 55,56,62

Mrk 50 12 23 24.14 +02 40 44.8 0.017 286.393 64.647 ∼0.018 – – [0.023196(277)] Sey-1 55,56,169

NGC 4388 12 25 46.93 +12 39 43.3 0.017 279.124 74.336 27±2 – – [0.008426(57)] Sey-2 54,56,65

NGC 4395 12 25 48.93 +33 32 47.8 0.017 162.095 81.533 5.3±0.3 – – 0.001064 Sey-1.8 54,65,166

GX 301−2 12 26 37.6 −62 46 14 0.05 300.098 −0.035 50±10 679.5(5) 41.59(6) 4.1 HMXB (P, F, T) 19,24,170,171

XSS J12270−4859 12 28 02 −48 53 35 4.3 298.974 13.799 – – – – CV (IP) 1

3C 273 12 29 06.69 +02 03 08.6 0.017 289.951 64.360 0.090+0.003
−0.005 – – 0.15834 QSO 17,134,166

IGR J12349−6434 12 34 54.7 −64 33 56 0.1 301.158 −1.751 – – – – Symbiotic Star 172

NGC 4507 12 35 36.55 −39 54 33.3 0.017 299.639 22.861 29±2 – – [0.01177(14)] Sey-2 16,56,149

SWIFT J1238.9−2720 12 38 54.5 −27 18 28 0.06 299.514 35.481 10+22
−7 – – [0.025208(117)] Sey-2 39,139
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IGR J12391−1612 12 39 06.29 −16 10 47.1 0.01 298.621 46.589 1.9±0.3 – – 0.0367 Sey-2 85

NGC 4593 12 39 39.43 −05 20 39.3 0.017 297.483 57.403 0.023±0.003 – – 0.009 Sey-1 16,173,174

IGR J12415−5750 12 41 25.8 −57 50 03 0.017 301.595 5.012 ∼0.11 – – [0.0242(3)] Sey-2 56,127,175

1H 1249−637 12 42 50.266 −63 03 31.05 0.017 301.958 −0.203 1.38±0.30 – – 0.300(50) HMXB (Be) 17,176,177

PKS 1241−399 12 44 29.34 −40 12 46.4 0.017 301.495 22.639 – – – 0.191 QSO 178

3A 1246−588 12 49 39.61 −59 05 13.3 0.005 302.703 3.784 0.29±0.09 – – 5 LMXB (T) 179,180

ESO 323−32 12 53 20.35 −41 38 13.8 0.017 303.313 21.233 – – – [0.015941(147)] Sey-1 56,181

3C 279 12 56 11.17 −05 47 21.5 0.017 305.104 57.062 ∼0.02 – – 0.53620 Blazar 16,62,166

1H 1254−690 12 57 37.2 −69 17 21 0.017 303.482 −6.424 0.31±0.01 – 0.163890(3) 13(3) LMXB (B, D) 103,117,182,183

Coma Cluster 12 59 48.7 +27 58 50 0.017 58.079 87.958 0.0094±0.0009 – – 0.0231 Cluster of Galaxies 166,184,185

IGR J13000+2529 13 00.0 +25 29 3 352.806 87.473 – – – – AGN 16

IGR J13020−6359 13 01 58.8 −63 58 10 0.05 304.088 −1.121 2.48±0.07 704.2(1.1) – 5.5(1.5) HMXB (Be, P) 186

Mrk 783 13 02 58.841 +16 24 27.46 0.017 317.527 78.951 0.046±0.014 – – 0.067 Sey-1.5 55,57,71

IGR J13038+5348 13 03 59.39 +53 47 30.2 0.017 118.814 63.236 – – – 0.02988 Sey-1 73,187

NGC 4945 13 05 26.1 −49 28 15 0.017 305.268 13.337 425±25 – – [0.001908(60)] Sey-2 56,188

IGR J13057+2036 13 05 42.56 +20 34 51.7 0.017 330.166 82.686 – – – – AGN 189

ESO 323−77 13 06 26.6 −40 24 50 0.017 306.020 22.368 55±33 – – [0.014904(73)] Sey-1.2 16,56,84

IGR J13091+1137 13 09 05.60 +11 38 02.9 0.01 318.764 73.961 90±10 – – [0.02520(9)] Sey-2 56,85

IGR J13109−5552 13 10 44 −55 51 47 3.4 305.657 6.907 – – – – Unclassified (AGN?) 1

NGC 5033 13 13 27.59 +36 35 36.9 0.017 98.057 79.448 ∼0.03 – – 0.002919 Sey-1.9 54,65,166

IGR J13149+4422 13 15 15.73 +44 24 27 0.017 108.998 72.071 – – – 0.036698 Sey-2 190,191

IGR J13186−6257 13 18 36 −62 56 46 3.8 306.015 −0.237 – – – – Unclassified 1

Cen A 13 25 27.62 −43 01 08.8 0.017 309.516 19.417 10.0±0.6 – – 0.00183 Sey-2 62,166,192

4U 1323−62 13 26 36.1 −62 08 10 0.017 307.028 0.456 2.42±0.14 – 0.1222(2) 15(5) LMXB (B, D) 117,193,194

ESO 383−18 13 33 26.30 −34 00 58.7 0.017 312.787 28.050 – – – 0.0124 Sey-2 22,195

1RXS J133447.5+371100 13 34 47.808 +37 10 56.69 0.002 83.323 76.407 – – 18.692 – RS CVn 17,196

MCG−06−30−015 13 35 53.8 −34 17 44 0.017 313.292 27.680 0.03±0.01 – – [0.00789(16)] Sey-1.2 56,197,198

NGC 5252 13 38 16.00 +04 32 32.5 0.017 331.299 64.803 0.68+0.16
−0.07 – – [0.022219(884)] Sey-2 40,54,56

Mrk 268 13 41 11.14 +30 22 41.2 0.017 52.467 78.630 – – – [0.040408(804)] Sey-2 56,167

4U 1344−60 13 47 32 −60 36 36 1 309.764 1.515 2.64±0.07 – – [0.012(1)] Sey-1.5 1,166,199

IC 4329A 13 49 19.29 −30 18 34.4 0.017 317.496 30.920 0.42±0.02 – – [0.01602(15)] Sey-1.2 16,56,149

IGR J14003−6326 14 00 37 −63 26 49 3.9 310.572 −1.606 – – – – Unclassified 1

V834 Cen 14 09 07.46 −45 17 17.1 0.017 316.979 15.454 1.03±0.39 – 0.07042 0.080 CV (DQ Her) 6,9,200

Circinus Galaxy 14 13 08.90 −65 20 27.0 0.017 311.324 −3.809 430+40
−70 – – [0.00142(8)] Sey-2 56,201,202

NGC 5506 14 13 14.87 −03 12 27.0 0.017 339.150 53.810 3.42+0.24
−0.14 – – [0.00607(13)] Sey-2 56,57,203

IGR J14175−4641 14 17 03.662 −46 41 41.19 0.002 317.862 13.680 – – – [0.076(1)] Sey-2 86

NGC 5548 14 17 59.65 +25 08 13.4 0.017 31.962 70.495 0.5±0.1 – – 0.01676 Sey-1.5 54,204,205

RHS 39 14 19 22.2 −26 38 41 0.017 326.227 32.219 ∼0.05 – – [0.02224(17)] Sey-1 16,56,64

IGR J14298−6715 14 29 21 −67 15 36 4.3 312.203 −6.168 – – – – Unclassified 1
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IGR J14319−3315 14 31 57 −33 14 42 4.8 326.018 25.081 – – – – Unclassified 1

IGR J14331−6112 14 33 26 −61 12 14 3.7 314.901 −0.725 – – – – Unclassified 1

IGR J14471−6414 14 46 21 −64 17 38 4.6 314.998 −4.148 – – – – Unclassified 1

IGR J14471−6319 14 47 14.881 −63 17 19.24 0.002 315.521 −3.283 – – – [0.038(1)] Sey-2 86

IGR J14492−5535 14 49 13 −55 34 44 1.5 319.097 3.552 10.1+6.3
−4.3 – – – AGN 126,127

IGR J14515−5542 14 51 33.131 −55 40 38.40 0.002 319.350 3.318 ∼0.1 – – [0.018(1)] Sey-2 22,86

IGR J14532−6356 14 53 14.88 −63 55 37 5.3 315.837 −4.151 – – – – Unclassified (T) 1

IGR J14536−5522 14 53 41.055 −55 21 38.74 0.002 319.763 3.465 – – – 0.190 CV (AM Her) 86

IGR J14552−5133 14 55 17.8 −51 34 17 0.017 321.716 6.726 ∼0.1 – – [0.016(1)] Sey-1 (NL) 22,86

IGR J14579−4308 14 57 43.1 −43 07 48 0.017 326.120 13.984 – – – [0.016261(150)] Sey-2 84,206

IGR J15094−6649 15 09 26.013 −66 49 23.29 0.002 315.925 −7.499 – – – 0.140 CV (IP) 86

PSR B1509−58 15 13 54.6 −59 08 15 0.017 320.318 −1.162 0.82±0.03 0.1507477(1) – 5.2(1.4) SNR (PWN) 141,207,208,209

ESO 328−36 15 14 47.0 −40 21 31 0.017 330.405 14.745 – – – 0.0237 Sey-1 44,84

IGR J15161−3827 15 16 09 −38 26 53 5.3 331.711 16.206 – – – – Unclassified (AGN?) 1

Cir X−1 15 20 40.9 −57 10 01 0.017 322.118 0.037 1.6±0.1 – 16.55(1) 9.2+1.3
−1.4 LMXB (B, A, T) 19,117,125,210

IGR J15283−4443 15 28.4 −44 44 3 330.056 9.715 – – – – Unclassified (T) 144

IGR J15359−5750 15 35 52 −57 49 55 1.3 323.431 −1.660 – – – – Unclassified 126

H 1538−522 15 42 23.3 −52 23 10 0.017 327.419 2.164 1.63±0.04 526.854(13) 3.7284(3) 6.4(1.0) HMXB (SG, P, E) 19,24,211,212,213

XTE J1543−568 15 44 02 −56 42 43 4.2 324.985 −1.421 1.3±0.1 27.12156(59) 75.56(25) 10.0 HMXB (Be, P, T) 1,30,214

4U 1543−624 15 47 54.69 −62 34 05.4 0.01 321.757 −6.336 0.31+0.02
−0.06 – 0.01264(7) 7 LMXB (NS?) 140,215,216

IGR J15479−4529 15 48 14.5 −45 28 45 0.15 332.439 7.022 9.5±0.8 693.01(6) 0.411(1) 0.69(15) CV (IP) 217,218,219

NGC 5995 15 48 24.95 −13 45 28.0 0.017 354.960 30.719 – – – [0.025091(357)] Sey-2 56,220

XTE J1550−564 15 50 58.7 −56 28 36 0.034 325.882 −1.827 0.88+0.12
−0.09 – 1.5420(10) 5.3(2.3) LMXB (BHC, T) 125,221,222,223

IGR J15529−5029 15 52 56 −50 29 24 3.9 329.886 2.634 – – – – Unclassified 1

IGR J15539−6142 15 53 21 −61 40 16 3.9 322.822 −6.041 – – – – Unclassified (AGN?) 1

1H 1556−605 16 01 02.3 −60 44 18 0.017 324.139 −5.932 0.30+0.01
−0.02 – 0.3807(3) 4.0 LMXB 30,117,215,224

IGR J16024−6107 16 02 26 −61 07 26 4.7 324.011 −6.333 – – – – Unclassified (AGN?) 1

IGR J16056−6110 16 05 35 −61 10 16 5 324.264 −6.622 – – – – AGN 1

IGR J16119−6036 16 11 51.4 −60 37 55 0.017 325.196 −6.744 ∼0.1 – – [0.015818(257)] Sey-1 22,56,225

H 1608−522 16 12 43.0 −52 25 23 0.017 330.926 −0.850 1.28±0.06 – 0.5370(15) 3.3(5) LMXB (B, T, A) 117,125,226,227

IGR J16167−4957 16 16 37.74 −49 58 44.5 0.01 333.056 0.496 0.5+0.3
−0.2 – – 0.170 CV (IP) 86,228

PSR J1617−5055 16 17 29.3 −50 55 13.2 0.017 332.499 −0.275 1.6+2.4
−1.0 0.0693618(1) – 3.3 Radio P 229,230,231,232

2E 1613.5−5053 16 17 36.3 −51 02 25 0.004 332.429 −0.374 3.1+4.3
−2.1 21492+1692

−1584 – 0.7+3.8
−0.8 LMXB (P) 230,233,234

IGR J16185−5928 16 18 36.441 −59 27 17.36 0.002 326.630 −6.485 – – – [0.035(1)] Sey-1 (NL) 86

IGR J16194−2810 16 19 26 −28 09 36 1.5 349.076 15.539 – – – – AGN 126

IGR J16195−4945 16 19 32.20 −49 44 30.7 0.01 333.557 0.339 7+5
−3 – – – HMXB (SG, SFXT?) 228

Sco X−1 16 19 55.07 −15 38 24.8 0.002 359.094 23.784 2.37±0.5 – 0.78893(10) 2.8(3) LMXB (QPO, Z) 125,235,236,237

IGR J16207−5129 16 20 46.26 −51 30 06.0 0.01 332.459 −1.050 3.7+1.4
−1.2 – – 4.6 HMXB (SG) 86,228
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IGR J16248−4603 16 24 50 −46 02 35 4.7 336.804 2.322 – – – – Unclassified (T) 1

SWIFT J1626.6−5156 16 26 36.2 −51 56 33 0.058 332.780 −2.003 0.94±0.10 15.37682(5) – – Unclassified (P, T, Be-HMXB?, LMXB?) 238,239

H 1624−490 16 28 02.83 −49 11 54.6 0.01 334.915 −0.263 7.4+0.4
−0.2 – 0.86990(2) 15 LMXB (D) 19,240,241,242

IGR J16283−4838 16 28 10.7 −48 38 55 0.083 335.327 0.102 17+5
−4 – – – HMXB (T, NS?) 243,244

IGR J16287−5021 16 28 42 −50 20 38 4.4 334.161 −1.132 – – – – Unclassified 1

IGR J16316−4028 16 31.6 −40 28 3 341.700 5.281 – – – – Unclassified (T) 245

IGR J16318−4848 16 31 48.6 −48 49 00 0.067 335.617 −0.448 193±11 – – 3.6(2.6) HMXB 246,247,248

IGR J16320−4751 16 32 01.9 −47 52 27 0.05 336.330 0.169 11.8+0.5
−0.4 1303.8(9) 8.96(1) – HMXB (SG, P) 249,250

4U 1626−67 16 32 16.8 −67 27 43 0.017 321.788 −13.092 0.11±0.02 7.66794(4) 0.028846(2) 9.0 LMXB (P) 30,117,251,252,253

IGR J16328−4726 16 32 46 −47 26 13 4.5 336.734 0.377 – – – – Unclassified (T) 1

4U 1630−47 16 34 00.4 −47 23 39 0.017 336.908 0.252 11.03+0.28
−0.21 – – 4.0 LMXB (BHC, D, T) 30,117,254

IGR J16351−5806 16 35 13.7 −58 04 48 0.017 329.128 −7.096 – – – [0.009113(284)] Sey-2 56

IGR J16358−4726 16 35 53.8 −47 25 41.1 0.01 337.099 −0.007 27.9±0.9 5871.3(3.5) – – HMXB (P, T, LMXB?) 255,256

IGR J16377−6423 16 38 16.1 −64 20 50 0.017 324.604 −11.511 – – – 0.051 Cluster of Galaxies 257,258

IGR J16385−2057 16 38 30 −20 56 38 4.1 357.709 17.011 – – – – AGN 1

IGR J16393−4643 16 39 05.4 −46 42 12 0.067 338.002 0.075 25±2 911.3(1) 3.6875(6) – HMXB (SG, P) 259,260

H 1636−536 16 40 55.5 −53 45 05 0.017 332.915 −4.818 0.42±0.03 0.0017(1) 0.158048(2) 6.0(5) LMXB (B, P, QPO, A) 103,117,261,262,263

IGR J16418−4532 16 41 51.0 −45 32 25 0.067 339.189 0.489 10.0±1.2 1246(100) 3.753(4) – HMXB (SG, P, E, SFXT?) 247,264

IGR J16426+6536 16 42 37 +65 35 38 4.5 96.716 37.678 – – – – Unclassified (T) 1

GX 340+0 16 45 47.7 −45 36 40 0.017 339.588 −0.079 3.9±0.4 – – 11.0 LMXB (QPO, Z) 30,117,261

IGR J16460+0849 16 45 57 +08 49 05 5.2 26.297 31.853 – – – – Unclassified 1

IGR J16465−4507 16 46 35.5 −45 07 04 0.067 340.054 0.135 60±10 227(5) – 12.5 HMXB (SG, P, T) 247,265

IGR J16479−4514 16 48 06.6 −45 12 08 0.067 340.163 −0.124 7.7±1.7 – – – HMXB (SFXT?) 247

IGR J16482−3036 16 48 10 −30 35 35 1.1 351.432 9.231 0.13+0.05
−0.13 – – [0.0313(6)] Sey-1 126,127,152

IGR J16493−4348 16 49 26.92 −43 49 08.96 0.01 341.375 0.583 ∼10 – – – Unclassified (HMXB?, LMXB?) 266,267

PSR J1649−4349 16 49 32 −43 50 08 0.62 341.372 0.561 – 0.8707116(1) – 5.6 Radio P 268,269

IGR J16500−3307 16 50 01 −33 06 58 1.2 349.709 7.330 – – – – Unclassified 126

ESO 138−1 16 51 20.0 −59 14 02 0.017 329.609 −9.439 ∼150 – – 0.009 Sey-2 16,56

NGC 6221 16 52 46.6 −59 12 59 0.017 329.740 −9.573 1.1±0.1 – – [0.00475(20)] Sey-2 16,56

NGC 6240 16 52 58.97 +02 24 01.7 0.017 20.729 27.290 137±2 – – [0.024323(210)] Sey-2 54,56,270

Mrk 501 16 53 52.22 +39 45 36.6 0.017 63.600 38.859 0.013±0.001 – – [0.033640(83)] Blazar 56,62,271

GRO J1655−40 16 54 00.14 −39 50 44.9 0.002 344.982 2.456 0.58+0.02
−0.01 – 2.621(7) 3.2(2) LMXB (BHC, QPO, D, T) 103,117,125,272

IGR J16558−5203 16 56 05.618 −52 03 40.87 0.002 335.688 −5.492 ∼0.011 – – [0.054(1)] Sey-1.2 86,127

SWIFT J1656.3−3302 16 56 16.56 −33 02 09.3 0.062 350.599 6.358 0.390+0.17
−0.017 – – – Unclassified (AGN?) 273

Her X−1 16 57 49.83 +35 20 32.6 0.017 58.149 37.523 0.00019+0.00013
−0.00011 1.2377291(2) 1.70015(9) 6.6(4) LMXB (P, E) 19,274,275,276,277

AX J1700.2−4220 17 00 18 −42 20.4 0.96 343.771 −0.027 0.16+1.06
−0.16 – – – HMXB (Be?) 278

OAO 1657−415 17 00 48.90 −41 39 21.6 0.008 344.369 0.319 12.0±0.4 37.348186(1) 10.44809(30) 7.1(1.3) HMXB (SG, P, E) 279,280,281,282,283

IGR J17008−6425 17 00 49 −64 25 30 4.5 326.085 −13.473 – – – – Unclassified 1
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XTE J1701−462 17 00 58.46 −46 11 08.6 0.002 340.813 −2.488 2.7±0.1 – – – LMXB (QPO, T, Z) 284,285

GX 339−4 17 02 49.5 −48 47 23 0.017 338.939 −4.327 0.39±0.01 – 1.7563(3) 10+5
−4 LMXB (BHC, QPO, T) 103,117,286,287

4U 1700−377 17 03 56.77 −37 50 38.9 0.017 347.754 2.173 12.7±0.3 – 3.4116(1) 1.9 HMXB (SG) 17,288,289,290

GX 349+2 17 05 44.5 −36 25 23 0.017 349.104 2.748 0.673+0.048
−0.013 – 0.910(17) 9.2 LMXB (QPO, Z) 30,291,292,293

H 1702−429 17 06 15.31 −43 02 08.7 0.01 343.887 −1.318 ∼0.9 – – 6.2(9) LMXB (B, QPO, A) 125,240,294

H 1705−250 17 08 14.6 −25 05 29 0.034 358.587 9.057 ∼0.3 – 0.5213(13) 8.6(2) LMXB (BHC, QPO, T) 117,125,295,296

IGR J17088−4008 17 08 49.0 −40 09 10 0.017 346.481 0.028 1.48±0.04 11.0017(4) – 5 AXP 141,297

4U 1705−32 17 08 54.27 −32 19 57.1 0.01 352.780 4.672 0.40±0.10 – – 13(2) LMXB (B) 298

H 1705−440 17 08 54.47 −44 06 07.4 0.008 343.321 −2.342 1.42±0.06 – – 8.4(1.2) LMXB (B, A) 125,299

IGR J17091−3624 17 09 07 −36 24 25 0.5 349.524 2.214 ∼5 – – 0.8 LMXB (BHC, muQSO, T) 1,300,301

XTE J1709−267 17 09 30.4 −26 39 19.9 0.01 357.473 7.912 0.44±0.02 – – 10 LMXB (B, T) 30,302

IGR J17098−3628 17 09 45.9 −36 27 57 0.083 349.554 2.075 ∼1 – – – BHC (T) 303

XTE J1710−281 17 10 12.3 −28 07 54 0.017 356.357 6.922 – – 0.137 17.3(2.5) LMXB (B, T) 117,125,304

4U 1708−40 17 12 23.83 −40 50 34.0 0.01 346.329 −0.929 3.3±0.5 – – – LMXB (B) 305

Oph Cluster 17 12 26 −23 21 47 0.6 0.575 9.279 0.20+0.09
−0.07 – – 0.028 Cluster of Galaxies 126,306,307

SAX J1712.6−3739 17 12 34 −37 38.6 0.1 348.935 0.928 ∼1 – – 6.9(1) LMXB (B, T) 117,125,308

V2400 Oph 17 12 36.45 −24 14 44.6 0.017 359.867 8.739 4.3±1.7 927 0.1425 0.5 CV (DQ Her) 9,309,310,311,312

XTE J1716−389 17 15 46 −38 50 06 1.1 348.336 −0.279 10±5 – – – HMXB (SG) 126,313

NGC 6300 17 16 59.2 −62 49 11 0.017 328.492 −14.051 29±2 – – [0.003706(50)] Sey-2 16,56,84

IGR J17195−4100 17 19 35.88 −41 00 53.6 0.01 346.979 −2.137 0.08+0.13
−0.08 – – 0.110 CV (IP) 86,228

XTE J1720−318 17 19 54 −31 44 56 0.5 354.615 3.117 1.24±0.02 – – 10 LMXB (BHC, T) 126,314,315

IGR J17200−3116 17 20 05.913 −31 16 59.65 0.002 355.022 3.347 – – – – HMXB (T) 86

IGR J17204−3554 17 20 25 −35 54 00 0.8 351.267 0.658 12±1 – – – AGN 126,316

IGR J17252−3616 17 25 11.4 −36 16 59 0.067 351.497 −0.354 15.3+1.1
−1.0 414.8(5) 9.741(4) – HMXB (SG, P, E) 317,318

IGR J17254−3257 17 25 25.5 −32 57 18 0.233 354.280 1.472 – – – – LMXB (B) 217

IGR J17269−4737 17 26 49.30 −47 38 25.5 0.002 342.203 −6.923 0.47±0.01 – – – Unclassified (T, BHC?) 319,320

4U 1722−30 17 27 33.2 −30 48 07 0.017 356.320 2.298 0.78±0.05 – – 9.5+2.5
−2.0 LMXB (B, A) 117,321

IGR J17285−2922 17 28 41 −29 22 55 1.2 357.639 2.881 – – – – Unclassified (T, BHC?) 126

IGR J17303−0601 17 30 21.5 −05 59 34 0.116 17.929 15.013 – 127.99991(5) 0.6426(1) – CV (IP) 217,322

IGR J17314−2854 17 31 25 −28 53 42 3.2 358.375 2.650 – – – – Unclassified (T) 1

3A 1728−169 17 31 44.2 −16 57 42 0.017 8.513 9.038 0.19±0.01 – 0.174727(3) 4.4 LMXB (A) 30,103,117,323

GX 354−0 17 31 57.4 −33 50 05 0.017 354.302 −0.150 2.66±0.07 0.0028(1) – 5.3(8) LMXB (P, B, QPO, A) 117,125,324,325

V2487 Oph 17 31 59.8 −19 13 56 0.017 6.604 7.775 ∼0.4 – – – CV (N) 309,326

GX 1+4 17 32 02.16 −24 44 44.0 0.017 1.937 4.795 2.30±0.04 138.170(1) 1160.8(12.4) 4.5 LMXB (P) 30,327,328,329

QSO B1730−130 17 33 02.71 −13 04 49.5 0.017 12.032 10.811 – – – [0.90200(23)] QSO 56,62

IGR J17331−2406 17 33 13 −24 09 22 1.8 2.580 4.888 – – – – Unclassified (T) 1

4U 1730−335 17 33 24.1 −33 23 16 0.017 354.841 −0.158 1.5±0.3 – – 8.8+3.3
−2.4 LMXB (B, T) 117,321

IGR J17348−2045 17 34 48 −20 45 00 4.3 5.666 6.407 – – – – Unclassified (T) 1

IGR J17354−3255 17 35 21 −32 56 13 2.2 355.441 −0.256 – – – – Unclassified 1



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

IGR J17364−2711 17 36.5 −27 12 2 0.409 2.626 – – – – Unclassified (T) 330

GRS 1734−292 17 37 28.35 −29 08 02.5 0.002 358.891 1.407 1.05+0.58
−0.64 – – [0.0214(5)] Sey-1 331,332

IGR J17379−3747 17 37 54 −37 46 59 5.3 351.630 −3.298 – – – – Unclassified (T) 1

SLX 1735−269 17 38 17.12 −26 59 38.6 0.01 0.796 2.400 1.70±0.05 – – 8.5 LMXB (B) 30,305

4U 1735−444 17 38 58.3 −44 27 00 0.017 346.054 −6.994 0.34±0.02 – 0.1939(2) 9.4(1.4) LMXB (B, A) 117,125,242,333

IGR J17391−3021 17 39 11.58 −30 20 37.6 0.002 358.068 0.445 3.2±0.3 – – 2.3+0.6
−0.5 HMXB (SG, SFXT) 334,335,336

AX J1739.3−2923 17 39 19 −29 23.9 0.96 358.882 0.926 1.8+6.0
−0.1 – – – Unclassified 335

XTE J1739−285 17 39 53.95 −28 29 46.8 0.002 359.714 1.298 – – – 12 LMXB (B, NS, T) 284,337

IGR J17404−3655 17 40 27 −36 54 47 3.5 352.638 −3.266 – – – – Unclassified 1

SLX 1737−282 17 40 39 −28 17 48 0.35 359.971 1.264 2.0±0.1 – – 6.5(1.5) LMXB (B, T) 268,335,338

IGR J17407−2808 17 40 41.2 −28 08 50 0.266 0.102 1.336 – – – – Unclassified (T, SFXT?) 339

IGR J17418−1212 17 41 51 −12 11 46 1.1 13.926 9.425 ∼0.1 – – [0.0372(1)] Sey-1 22,126,340

IGR J17419−2802 17 41 56.0 −28 01 54.5 0.058 0.345 1.164 1.4±0.3 – – – Unclassified (T) 341,342

IGR J17426−0258 17 42 35 −02 57 47 4.3 22.202 13.854 – – – – Unclassified (T) 1

XTE J1743−363 17 43 00.0 −36 20 41 0.017 353.392 −3.402 – – – – Unclassified (T) 343

1E 1740.7−2942 17 43 54.83 −29 44 42.6 0.002 359.116 −0.106 11.8+2.3
−1.9 – 12.73(5) 8.5 LMXB (BHC, T) 344,345,346,347

IGR J17445−2747 17 44 32 −27 46 59 1.5 0.859 0.806 – – – – Unclassified (T) 126

IGR J17448−3232 17 44 55 −32 33 00 2.2 356.837 −1.755 – – – – Unclassified 1

KS 1741−293 17 44 56 −29 21 07 0.6 359.567 −0.089 20.3±1.7 – – – LMXB (B, T) 117,335

IGR J17456−2901 17 45 40.04 −29 00 28.1 0.017 359.944 −0.046 7.81+0.02
−0.04 – – 8.5 BHC 348,349

1A 1742−294 17 46 05.5 −29 30 55 0.017 359.559 −0.389 6.6±0.1 – – 8.1+1.1
−1.2 LMXB (B, T) 125,278,339

IGR J17461−2853 17 46 06 −28 52 55 0.6 0.101 −0.061 – – – – Unclassified (Mol. Cloud?) 1

IGR J17461−2204 17 46 08 −22 03 32 3.7 5.939 3.475 – – – – Unclassified 1

IGR J17464−3213 17 46 16 −32 13 59 0.2 357.256 −1.834 ∼2.3 – – 10.4(2.9) LMXB (BHC, QPO, T, muQSO?) 1,350,351

1E 1743.1−2843 17 46 21.0 −28 43 44 0.025 0.260 −0.029 20.2±0.4 – – 8 LMXB 352

1RXS J174607.8−213333 17 46.4 −21 33 0.2 6.408 3.685 – – – – Unclassified (T) 353

1A 1743−288 17 47 02.60 −28 52 58.9 0.002 0.207 −0.238 7.2±1.6 – – 7.5(1.3) LMXB (B, T) 354,355,356

IGR J17472+0701 17 47 11 +07 01 05 5.3 31.942 17.466 – – – – Unclassified 1

IGR J17475−2822 17 47 17 −28 26 42 0.7 0.609 −0.057 8±2 – – 8.5 Mol. Cloud 126,357

IGR J17473−2721 17 47 18.06 −27 20 38.9 0.013 1.553 0.510 5.2±0.4 – – – Unclassified (T) 358,359

SLX 1744−299 17 47 26 −30 01 14 0.17 359.278 −0.900 4.3±0.1 – – – LMXB (B) 268,335

IGR J17476−2253 17 47 37 −22 53 13 1.8 5.407 2.754 – – – – Unclassified (AGN?, QSO?) 1

GX 3+1 17 47 56.0 −26 33 49 0.05 2.294 0.794 1.59+0.07
−0.12 – – 5.0+0.8

−0.7 LMXB (B, QPO, A) 117,360

1A 1744−361 17 48 19.22 −36 07 16.6 0.017 354.140 −4.204 ∼0.79 0.002 0.0067(15) 9 LMXB (P, B, QPO, D, T) 361,362

IGR J17487−3124 17 48 41 −31 22 55 3 358.251 −1.833 – – – – Unclassified 1

H 1745−203 17 48 53.5 −20 22 02 1 7.724 3.795 0.47±0.07 – – 8.4+1.5
−1.3 LMXB (T) 117,321

IGR J17488−3253 17 48 55.129 −32 54 52.15 0.002 356.961 −2.664 0.22+0.07
−0.05 – – [0.020(1)] Sey-1 86,127

AX J1749.1−2733 17 49 09 −27 33.2 0.96 1.586 0.051 25+57
−21 – – – Unclassified (T, HMXB?, SFXT?) 335



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

AX J1749.2−2725 17 49 10.1 −27 25 16 1 1.701 0.116 15.4+9.6
−4.5 220.38(20) – – HMXB (P, T) 24,335,363

IGR J17497−2821 17 49 38.04 −28 21 17.4 0.017 0.953 −0.453 4.2±0.1 – – – LMXB (BHC, T) 364

SLX 1746−331 17 49 50.6 −33 11 55 0.583 356.816 −2.976 ∼0.4 – – – LMXB (BHC, T) 117,305

1H 1746−370 17 50 12.7 −37 03 08 0.017 353.531 −5.005 0.20+0.25
−0.06 – 0.215137(7) 11.0+0.9

−0.8 LMXB (B, A) 103,117,321,365

IGR J17507−2647 17 50 42 −26 47 31 2.6 2.416 0.146 – – – – Unclassified 1

IGR J17507−2856 17 50 43 −28 56 28 2.2 0.572 −0.957 – – – – Unclassified (T) 1

GRS 1747−312 17 50 45.5 −31 17 32 0.017 358.555 −2.168 1.39±0.08 – 0.5149803(1) 9.5+3.3
−2.5 LMXB (T) 117,321,365,366

IGR J17513−2011 17 51 13.623 −20 12 14.58 0.002 8.145 3.407 – – – [0.047(1)] Sey-1.9 86

1RXS J175113.3−201214 17 51 25 −20 12 07 0.77 8.169 3.370 – – – – Unclassified (T) 268

IGR J17515−1533 17 51 32 −15 32 38 4.8 12.214 5.704 – – – – Unclassified (T) 1

SWIFT J1753.5−0127 17 53 28.26 −01 27 06.1 0.008 24.898 12.186 0.20±0.04 – – – LMXB (BHC, QPO, T) 367,368

IGR J17536−2339 17 53.6 −23 39 4 5.454 1.183 – – – – Unclassified (T, SFXT?) 369

IGR J17541−2252 17 54.1 −22 52 4 6.188 1.481 – – – – Unclassified (T, SFXT?) 369

IGR J17544−2619 17 54 25.28 −26 19 52.6 0.01 3.236 −0.336 1.8±0.3 – – 3.2(1.0) HMXB (SG, SFXT) 247,370,371

IGR J17586−2129 17 58 38 −21 19 37 3.3 8.047 1.346 – – – – Unclassified 1

IGR J17597−2201 17 59 45.7 −22 01 39 0.067 7.570 0.770 4.5±0.7 – – 7.5(2.5) LMXB (B, D) 247,372

GX 5−1 18 01 08.2 −25 04 45 0.05 5.077 −1.019 2.2±0.2 – – 7.2 LMXB (Z) 30,117,261

GRS 1758−258 18 01 12.7 −25 44 26 0.017 4.511 −1.361 1.81+0.08
−0.05 – 18.45(1) 8.5 LMXB (BHC) 30,117,346,373

GX 9+1 18 01 32.3 −20 31 44 0.05 9.077 1.154 0.8±0.1 – – 4.4(1.3) LMXB (A) 117,374

IGR J18027−2016 18 02 42.0 −20 17 18 0.067 9.420 1.036 9.1±0.5 139.61(4) 4.5696(9) – HMXB (SG, P) 247,375

IGR J18027−1455 18 02 47.375 −14 54 54.78 0.001 14.114 3.659 ∼19 – – [0.034(1)] Sey-1 166,376

IGR J18048−1455 18 04 38.96 −14 56 47.3 0.01 14.307 3.252 – – – – HMXB 73

XTE J1807−294 18 06 59.8 −29 24 30 0.017 1.935 −4.273 0.56+0.02
−0.01 0.0052459(1) 0.0278292(3) 5.5(2.5) LMXB (P, QPO, T) 377,378

SGR 1806−20 18 08 39.32 −20 24 39.5 0.008 9.996 −0.242 6.6±0.2 7.5604(8) – 15.1+1.8
−1.3 SGR (P) 379,380,381,382

PSR J1811−1926 18 11 29.22 −19 25 27.6 0.01 11.181 −0.348 2.22+0.78
−0.57 0.0646732(1) – 5 SNR (PWN) 383,384,385,386

IGR J18134−1636 18 13 24 −16 35 53 3.8 13.879 0.610 – – – – Unclassified 1

IGR J18135−1751 18 13 27 −17 50 56 1.1 12.787 0.001 5.15+1.70
−1.24 – – 4 SNR (PWN?) 126,387,388

GX 13+1 18 14 31.55 −17 09 26.7 0.017 13.517 0.106 3.2±0.2 – 24.065(18) 7(1) LMXB (B, QPO, A) 93,389,390,391

4U 1812−12 18 15 06.18 −12 05 47.1 0.01 18.033 2.398 1.1±0.2 – – 4.0(6) LMXB (B) 125,305

IGR J18159−3353 18 15.9 −33 53 4 358.865 −8.054 – – – – Unclassified (T, SFXT?) 392

GX 17+2 18 16 01.4 −14 02 11 0.017 16.432 1.278 2.00+0.05
−0.03 – – 14.0+2.0

−2.1 LMXB (B, QPO, Z) 117,125,393

IGR J18173−2509 18 17 19 −25 09 04 2.2 6.784 −4.261 – – – – Unclassified 1

XTE J1817−330 18 17 43.53 −33 01 07.5 0.004 359.817 −7.996 0.092+0.005
−0.004 – – 2.5(1.5) BHC (QPO, T) 394,395,396

XTE J1818−245 18 18 24.8 −24 32 15 0.116 7.444 −4.192 – – – – BHC (T) 397

SAX J1818.6−1703 18 18 37.89 −17 02 47.9 0.01 14.080 −0.704 6.0±0.7 – – – HMXB (SG, SFXT) 398

IGR J18193−2542 18 19 17 −25 42 11 1.5 6.503 −4.912 – – – – Unclassified (T) 126

AX J1820.5−1434 18 20 29.5 −14 34 24 0.5 16.472 0.070 9.8±1.7 152.26(4) – 8.2(3.5) HMXB (Be, P, T) 24,399

IGR J18214−1318 18 21 22 −13 18 29 0.9 17.688 0.479 – – – – Unclassified (T) 126
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Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

1RXS J182129.0−131641 18 21 29.0 −13 16 41 0.433 17.728 0.468 – – – – Unclassified (T) 400

H 1820−303 18 23 40.48 −30 21 40.1 0.001 2.788 −7.913 0.160±0.003 – 0.0079284(1) 7.6(4) LMXB (B, A) 103,321,401

IGR J18244−5622 18 24 15 −56 21 47 5 338.441 −18.741 12±2 – – [0.017(1)] Sey-2 1,86,402

IGR J18246−1425 18 24 39 −14 25 05 4.4 17.081 −0.746 – – – – Unclassified (T) 1

IGR J18249−3243 18 24 56.66 −32 42 59.8 0.002 0.782 −9.212 – – – – AGN 403

H 1822−000 18 25 22.02 −00 00 43.0 0.01 29.939 5.793 0.97±0.18 – – 3.6 LMXB 30,404

IGR J18256−1035 18 25 37 −10 35 13 1.5 20.579 0.835 – – – – Unclassified 126

3A 1822−371 18 25 46.8 −37 06 19 0.017 356.850 −11.291 0.123+0.016
−0.014 0.5931(1) 0.23 2.5(5) LMXB (P, D) 117,405,406,407,408

IGR J18259−0706 18 25 56 −07 06 22 2 23.697 2.388 – – – – Unclassified (T, AGN?) 126

1RXS J182557.5−071021 18 25 57.5 −07 10 21 0.184 23.641 2.352 – – – – Unclassified (T) 141

RX J1826.2−1450 18 26 15.034 −14 50 53.59 0.002 16.882 −1.289 0.72+0.03
−0.05 – 3.90603(17) 2.5(1) HMXB (SG, muQSO) 409,410,411

Ginga 1826−24 18 29 28.2 −23 47 29 0.034 9.277 −6.085 0.429+0.021
−0.019 – 0.088 7.5(5) LMXB (BHC, B) 291,412,413,414

AX J1830.6−1002 18 30 39 −10 02.7 0.96 21.634 −0.009 3.07+3.42
−2.60 – – – Unclassified 278

IGR J18308−1232 18 30 47 −12 31 55 3.3 19.445 −1.189 – – – – Unclassified 1

IGR J18325−0756 18 32 28 −07 56 24 0.7 23.708 0.567 – – – – Unclassified (T) 126

SNR 021.5−00.9 18 33 35 −10 33 29 0.7 21.513 −0.886 2.1±0.1 0.0618657(1) – 4.7(4) SNR (PWN) 126,415,416

PKS 1830−211 18 33 39.89 −21 03 39.8 0.002 12.166 −5.712 1.94+0.28
−0.25 – – 2.507 Blazar 122,417,418

3C 382 18 35 03.390 +32 41 46.86 0.002 61.305 17.446 ∼0.88 – – [0.058137(577)] Sey-1 56,70,419

XB 1832−330 18 35 44.0 −32 58 55 0.017 1.540 −11.368 0.85±0.15 – 0.0303(4) 9.6(4) LMXB (B, T) 117,420,421

AX J1838.0−0655 18 38 02 −06 54 14 0.8 25.263 −0.181 6.7±1.3 – – – SNR (PWN?) 126,422

ESO 103−35 18 38 20.3 −65 25 41 0.017 329.778 −23.175 18.8+2.16
−1.12 – – [0.01325(18)] Sey-2 56,84,332

Ser X−1 18 39 57.5 +05 02 09 0.017 36.118 4.842 0.50±0.03 – – 11.1(1.6) LMXB (B) 117,125,360

PSR J1840+13 18 40 09 +13 31 58 0.1 43.800 8.586 – 0.472331(1) – 3.4 Radio P 423

IGR J18406−0539 18 40.6 −05 39 3 26.670 −0.173 – – – 1.1 HMXB (Be, muQSO?) 424

IGR J18410−0535 18 41 00.54 −05 35 46.8 0.01 26.764 −0.239 6.1±1.0 4.7394(8) – – HMXB (Be, P, SFXT) 425,426

PSR B1841−04 18 41 19.34 −04 56 11.2 0.005 27.387 −0.007 2.54+0.15
−0.13 11.766684(5) – 6.8+0.7

−0.8 AXP 427,428,429,430

AX J1841.3−0455 18 41 19.34 −04 56 11.2 0.015 27.387 −0.007 2.54+0.15
−0.13 11.766684(6) – 6.75(75) AXP 427,428,429,430

3C 390.3 18 42 08.990 +79 46 17.13 0.017 111.438 27.074 1.3±0.2 – – [0.056159(464)] Sey-1 56,62,134

IGR J18450−0435 18 45 01.9 −04 33 58 0.07 28.139 −0.659 2.3±0.7 – – 3.6 HMXB (SG, SFXT) 431,432

Ginga 1843+009 18 45 37 +00 51 54 0.6 33.038 1.690 2.30±0.13 29.477(1) – 12.5(2.5) HMXB (Be, P, T) 1,433,434

PSR J1846−0258 18 46 24.5 −02 58 28 0.017 29.712 −0.238 3.96±0.08 0.3248636(1) – 19 SNR (PWN) 435,436,437,438

IGR J18483−0311 18 48 15 −03 10 08 0.7 29.748 −0.736 – – 18.55(3) – Unclassified (T) 103,126

3A 1845−024 18 48 17.7 −02 25 13 0.017 30.420 −0.405 25±10 94.8 242.18(1) 10.0 HMXB (Be, P, T) 24,30,103,439

IGR J18485−0047 18 48 28 −00 46 44 3.4 31.900 0.306 – – – – Unclassified 1

IGR J18490−0000 18 49 04 −00 01 30 1.4 32.639 0.516 – – – – Unclassified 126

3A 1850−087 18 53 04.86 −08 42 20.4 0.01 25.355 −4.320 0.42±0.04 – 0.01417 8.2(6) LMXB (B) 321,404

IGR J18539+0727 18 53 54 +07 27 29 0.9 39.854 2.849 1.5±0.4 – – – BHC (T) 126,440

V1223 Sgr 18 55 02.24 −31 09 48.5 0.017 4.958 −14.355 3.7±0.1 745.506 0.140244 0.527+0.054
−0.043 CV (DQ Her) 6,311,312,441
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Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

XTE J1855−026 18 55 31.3 −02 36 24 0.017 31.076 −2.096 14.7±0.6 360.741(2) 6.0752(8) 10 HMXB (SG, P, T) 19,30,442,443

IGR J18559+1535 18 56 00.0 +15 38 13 0.017 47.411 6.076 ∼0.1 – – [0.0838(2)] Sey-1 22,444,445

XTE J1858+034 18 58 43 +03 26 20 0.3 36.822 −0.049 ∼6 221.0(5) – – HMXB (Be, P, QPO, T) 1,446,447

HETE J1900.1−2455 19 00 09.77 −24 54 04.3 0.002 11.325 −12.869 0.16±0.04 0.0027(1) 0.0578155(1) 5 LMXB (P, B, T) 448,449,450,451

XTE J1901+014 19 01 41.0 +01 26 18 0.017 35.381 −1.623 – – – – Unclassified (T, BHC?) 217

4U 1901+03 19 03 37.1 +03 11 31 0.017 37.162 −1.250 – 2.7626530(1) 22.5827(2) – HMXB (Be, P, T) 452,453

IGR J19048−1240 19 04 49 −12 39 40 4.2 23.082 −8.662 – – – – Unclassified (T) 1

SGR 1900+14 19 07 14.33 +09 19 20.1 0.002 43.021 0.766 2.6+0.9
−0.7 5.18019(2) – 13.5(1.5) SGR (P) 454,455,456

XTE J1908+094 19 08 53.08 +09 23 04.9 0.004 43.263 0.434 2.50±0.16 – – 2(1) LMXB (BHC, QPO, T) 457,458,459

H 1907+097 19 09 37.9 +09 49 49 0.017 43.744 0.476 2.81±0.04 441.0932(3) 8.3753(1) 5 HMXB (SG, P, T) 24,460,461,462,463

AX J1910.7+0917 19 10 47 +09 17.1 0.96 43.391 −0.028 2.63+1.37
−1.03 – – – Unclassified 278

4U 1909+07 19 10 48 +07 35 46 0.4 41.895 −0.812 24.3±0.2 604.684(1) 4.4005(4) 7(3) HMXB (SG, P) 1,19,464,465

Aql X−1 19 11 16.0 +00 35 06 0.017 35.718 −4.143 0.36±0.02 – 0.7904(8) 5.2+0.7
−0.8 LMXB (B, T, A) 117,125,466,467

SS 433 19 11 49.56 +04 58 57.6 0.002 39.694 −2.245 0.907±0.002 – 13.075(17) 5.5(2) HMXB (SG, BHC, muQSO) 103,403,468,469

IGR J19140+0951 19 14 04.23 +09 52 58.3 0.01 44.296 −0.469 10±3 – 13.558(4) – HMXB (SG) 470,471

GRS 1915+105 19 15 11.6 +10 56 44 0.017 45.366 −0.219 1.98±0.02 – 33.5(1.5) 11+1
−4 LMXB (BHC, QPO, T) 125,291,472,473

4U 1916−053 19 18 47.78 −05 14 11.2 0.017 31.359 −8.463 0.69±0.02 – 0.0347297(1) 8.8(1.3) LMXB (B, D) 19,93,125,474

SWIFT J1922.7−1716 19 22 37.0 −17 17 03 0.053 20.683 −14.521 0.15±0.02 – – 8(3) Unclassified (T, NS LMXB?, BHC?) 139,475

1RXS J192450.8−291437 19 24 51.056 −29 14 30.12 0.002 9.344 −19.607 0.088±0.006 – – [0.352000(33)] BL Lac 56,62,476

IGR J19267+1325 19 26 41 +13 25 30 3.7 48.874 −1.532 – – – – Unclassified 1

IGR J19284+0107 19 28 24 +01 07 08 1.3 38.177 −7.700 – – – – Unclassified (T) 126

IGR J19308+0530 19 30 46 +05 30 07 1.4 42.359 −6.175 – – – – Unclassified (T) 126

1H 1934−063 19 37 33.1 −06 13 05 0.017 32.591 −13.074 ∼0.1 – – 0.01059 Sey-1 22,477,478

IGR J19378−0617 19 37 39 −06 13 05 4.4 32.602 −13.096 – – – – Sey-1 1

RX J1940.2−1025 19 40 11.47 −10 25 25.1 0.002 28.984 −15.503 8±2 12146.5(3) 0.140235(5) 0.230 CV (AM Her) 6,9,479,480

IGR J19405−3016 19 40 29 −30 15 58 5.4 9.549 −23.146 – – – – AGN 1

NGC 6814 19 42 40.4 −10 19 24 0.017 29.351 −16.011 ∼0.05 – – 0.00520 Sey-1.5 16,56,166

IGR J19443+2117 19 44 17 +21 17 13 4.9 57.787 −1.374 – – – – Unclassified 1

IGR J19473+4452 19 47 19.37 +44 49 42.4 0.01 78.642 9.734 11±1 – – [0.0532(2)] Sey-2 85,445

IGR J19487+5120 19 48 44 +51 20 10 4.4 84.593 12.620 – – – – Unclassified (T) 1

KS 1947+300 19 49 35.6 +30 12 31 0.017 66.099 2.083 0.43±0.03 18.70969(5) 40.415(10) 9.5(1.1) HMXB (Be, P, T) 24,481,482,483

3C 403 19 52 14.80 +02 30 28.0 0.017 42.262 −12.310 45+7
−6 – – 0.059 Sey-2 403,484,485

3A 1954+319 19 55 42.272 +32 05 48.82 0.011 68.392 1.927 28±2 18300(200) – 1.7 LMXB (P, Symb, T) 486,487

Cyg X−1 19 58 21.68 +35 12 05.8 0.017 71.335 3.067 0.621±0.022 – 5.6008(7) 2.10(25) HMXB (SG, BHC, muQSO) 17,19,488,489

QSO B1957+405 19 59 28.36 +40 44 01.9 0.002 76.190 5.755 38±8 – – [0.05615(16)] Sey-2 16,56,66

IGR J20006+3210 20 00 21.9 +32 11 23 0.017 68.986 1.134 – – – – HMXB (T) 73

SWIFT J2000.6+3210 20 00 21.9 +32 11 22 0.06 68.986 1.134 1+2.2
−0.7 – – – HMXB (Be) 139

ESO 399−20 20 06 57.2 −34 32 54 0.017 6.749 −29.721 0.048+0.044
−0.036 – – 0.024951 Sey-1 (NL) 84,490,491

IGR J20187+4041 20 18 38.55 +40 41 00.4 0.07 78.114 2.671 6.1+3.2
−2.2 – – – AGN (Blazar?) 492



Table 1. continued.

Name R.A. Dec. Error l b NH Spin Orbit Distance Type Ref.
(J2000) (deg) (1022 cm−2) (s) (d) (kpc or [z])

IGR J20188+3647 20 18.8 +36 48 3.4 74.920 0.460 – – – – Unclassified (T, SFXT?) 392

IGR J20286+2544 20 28 35.1 +25 44 01 0.017 67.005 −7.572 42.3+19.5
−28.5 – – 0.013 Sey-2 3,56,127

EXO 2030+375 20 32 15.2 +37 38 15 0.034 77.152 −1.242 2.6±0.3 41.691798(16) 46.0214(5) 7.1(2) HMXB (Be, P, T) 221,493,494,495

Cyg X−3 20 32 25.78 +40 57 27.9 0.017 79.845 0.700 8.5±0.1 – 0.1996907(7) 9.0 HMXB (SG, BHC, muQSO) 19,30,496,497

4C 74.26 20 42 37.180 +75 08 02.52 0.002 108.998 19.527 0.189±0.005 – – [0.103999(23)] QSO 56,498,499

SAX J2103.5+4545 21 03 35.71 +45 45 05.5 0.002 87.130 −0.685 3.8±0.1 355(3) 12.673(4) 3.2(8) HMXB (Be, P, T) 19,500,501,502

IGR J21117+3427 21 11.8 +34 28 3.5 79.788 −9.425 – – – – Unclassified (T, SFXT?) 392

S5 2116+81 21 14 00.50 +82 04 47.1 0.058 115.978 22.344 0.098±0.021 – – 0.084 Sey-1 271,503

IGR J21178+5139 21 17.8 +51 39 3 93.039 1.629 – – – – AGN 16

V2069 Cyg 21 23 44.83 +42 18 02.2 0.017 87.122 −5.686 – – 0.311683(2) 1.65 CV (IP) 6,9,504

IGR J21247+5058 21 24 41 +50 58 19 1 93.321 0.389 ∼0.1 – – 0.020 Sey-1 1,16,22

IGR J21272+4241 21 27 10 +42 41 31 5.5 87.850 −5.848 – – – – Unclassified 1

IGR J21277+5656 21 27 44.95 +56 56 39.7 0.017 97.803 4.368 ∼0.1 – – [0.0144(2)] Sey-1 22,93,445

SWIFT J2127.4+5654 21 27 45.4 +56 56 35 0.056 97.802 4.367 1+2.2
−0.7 – – 0.0147 Sey-1 (NL) 139,505

IGR J21335+5105 21 33 30 +51 05 31 1.2 94.410 −0.476 – 570.823(13) 0.2997(7) 1.4 CV (IP) 9,126,506

IGR J21347+4737 21 34 42 +47 37 12 4.5 92.207 −3.169 – – – – Unclassified 1

RX J2135.9+4728 21 35 54.38 +47 28 28.3 0.313 92.260 −3.413 – – – – Sey-1 507

SS Cyg 21 42 42.80 +43 35 09.9 0.002 90.559 −7.111 ∼0.050 – 0.2751 0.166+0.014
−0.012 CV (DN) 9,147,508,509

Cyg X−2 21 44 41.2 +38 19 18 0.017 87.328 −11.316 0.19±0.05 – 9.8444(3) 13.4+1.9
−2.0 LMXB (B, Z) 117,125,510,511

NGC 7172 22 02 01.70 −31 52 18.0 0.017 15.126 −53.065 10.18+0.80
−0.78 – – [0.008616(47)] Sey-2 56,512,513

BL Lac 22 02 43.29 +42 16 40.0 0.017 92.590 −10.441 0.30±0.03 – – 0.0688 BL Lac 62,485,514

3A 2206+543 22 07 56.24 +54 31 06.4 0.002 100.603 −1.106 0.88+0.21
−0.19 – 9.5591(7) 2.6 HMXB (Be) 515,516,517,518

FO Aqr 22 17 55.43 −08 21 04.6 0.017 53.000 −49.158 32±4 1254.451(1) 0.2020596(1) 0.575(36) CV (IP) 6,311,312,519,520

IGR J22234−4116 22 23 24 −41 15 43 5.3 358.238 −56.610 – – – – Unclassified 1

IGR J22292+6647 22 29 11 +66 47 17 4.8 109.558 7.685 – – – – Radio Galaxy 1

NGC 7314 22 35 46.06 −26 03 01.7 0.017 27.135 −59.742 0.122+0.009
−0.014 – – [0.004790(117)] Sey-1.9 40,56,149

Mrk 915 22 36 46.50 −12 32 42.6 0.017 51.058 −55.294 – – – [0.024043(130)] Sey-1 56,173

3C 454.3 22 53 57.75 +16 08 53.6 0.017 86.111 −38.184 0.5+0.5
−0.4 – – [0.85900(17)] Blazar 56,62,134

1H 2251−179 22 54 05.88 −17 34 55.3 0.002 46.197 −61.326 0.237+0.028
−0.015 – – 0.06398 Sey-1 122,166,521

NGC 7469 23 03 15.75 +08 52 25.9 0.017 83.099 −45.467 0.061±0.002 – – 0.01639 Sey-1.2 54,55,522

MCG−02−58−022 23 04 43.48 −08 41 08.6 0.017 64.092 −58.758 0.034+0.012
−0.001 – – [0.047156(300)] Sey-1.5 56,122,523

IGR J23130+8608 23 13 03 +86 07 59 4.8 121.177 23.601 – – – – Unclassified 1

NGC 7603 23 18 56.61 +00 14 36.5 0.017 80.067 −54.740 0.045±0.006 – – [0.029297(237)] Sey-1.5 54,55,56

Cas A 23 23 27.94 +58 48 42.4 0.01 111.742 −2.135 1.25±0.03 – – 3.4+0.3
−0.1 SNR 524,525

IGR J23308+7120 23 30 47 +71 20 10 4.5 116.511 9.477 – – – – Unclassified (AGN?) 1

IGR J23524+5842 23 52 27 +58 42 00 4 115.320 −3.297 – – – – Unclassified 1



Name: One commonly used name for the source
R.A.: Right Ascension (J2000) inhh mm ss.ss
Dec.: Declination indd mm ss.ss
Error : Error radius in minutes
l: Galactic longitude in degrees
b: Galactic latitude in degrees
NH: Column density in 1022 cm−2

Spin: Spin period in seconds
Orbit : Orbital period in days
Distance: Distance in kpc for galactic sources (including LMC/SMC),or redshift (in brackets) for extragalactic sources
Type: A (atoll), AGN (active galactic nucleus), AXP (anomalous X-ray pulsar), B (burster), Be (Be star), BHC (black hole candidate), CV (cataclysmic variable), E (eclipsing), D (dipping), DN (dwarf nova), F (flaring),
GRS (gamma-ray source), HMXB (high-mass X-ray binary), IP (intermediate polar), LMXB (low-mass X-ray binary), Mol. Cloud (molecular cloud), muQSO (micro-quasar), N (nova), P (pulsar), PWN (pulsar wind
nebula), QPO (quasi-periodic oscillations), QSO (quasar), RP (radio pulsar), Sey (Seyfert galaxy), SFXT (supergiantfast X-ray transient), SG (OB supergiant), SGR (soft gamma repeater), SNR (supernova remnant),
Symb (symbiotic star), T (transient), Z (Z-track)
References: References for the listed parameters
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[29] Harmanec P., Habuda P.,Štefl S., et al., 2000, A&A, 364, L85
[30] Grimm H.-J., Gilfanov M., & Sunyaev R., 2002, A&A, 391, 923
[31] Massey P., 2002, ApJS, 141, 81
[32] Naik S. & Paul B., 2004, A&A, 418, 655
[33] Corbet R.H.D., Finley J.P., & Peele A.G., 1999, ApJ, 511, 876
[34] Crampton D., Hutchings J.B., & Cowley A.P., 1985, ApJ, 299, 839
[35] Reig P., Chakrabarty D., Coe M.J., et al., 1996, A&A, 311, 879
[36] Campana S., Gastaldello F., Stella L., et al., 2001, ApJ, 561, 924
[37] Tamura K., Tsunemi H., Kitamoto S., et al., 1992, ApJ, 389, 676
[38] Negueruela I. & Okazaki A.T., 2001, A&A, 369, 108
[39] da Costa L.N., Willmer C.N.A., Pellegrini P.S., et al.,1998, AJ, 116, 1
[40] Risaliti G., 2002, A&A, 386, 379
[41] Polletta M., Bassani L., Malaguti G., et al., 1996, ApJS, 106, 399
[42] Reig P., Negueruela I., Papamastorakis G., et al., 2005, A&A, 440, 637
[43] Loveday J., 1996, MNRAS, 278, 1025
[44] Hewitt A. & Burbidge G., 1991, ApJS, 75, 297
[45] Hulleman F., van Kerkwijk M.H., & Kulkarni S.R., 2004, A&A, 416, 1037
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[489] Ziólkowski J., 2005, MNRAS, 358, 851
[490] Zhou H.-Y. & Wang T.-G., 2002, Chinese J. Astron. Astrophys., 2, 501
[491] NED Team, 1992, NED Team Report, 1, 1 (1992), 1, 1
[492] Bykov A.M., Krassilchtchikov A.M., Uvarov Y.A., et al., 2006, ApJ, 649, L21
[493] Reig P. & Coe M.J., 1999, MNRAS, 302, 700
[494] Camero Arranz A., Wilson C.A., Connell P., et al., 2005, A&A, 441, 261
[495] Wilson C.A., Finger M.H., Coe M.J., et al., 2002, ApJ, 570, 287
[496] Weekes T.C. & Geary J.C., 1982, PASP, 94, 708
[497] Stark M.J. & Saia M., 2003, ApJ, 587, L101
[498] Lara L., Cotton W.D., Feretti L., et al., 2001, A&A, 370, 409
[499] Ballantyne D.R., 2005, MNRAS, 362, 1183
[500] Cutri R.M., Skrutskie M.F., van Dyk S., et al., 2003, The IRSA 2MASS All-Sky Point Source Catalog, NASA/IPAC
Infrared Science Archive. (http://irsa.ipac.caltech.edu/applications/Gator/)
[501] Baykal A., Stark M.J., & Swank J.H., 2002, ApJ, 569, 903
[502] Sidoli L., Mereghetti S., Larsson S., et al., 2005, A&A, 440, 1033
[503] Falcone A., Tueller J., Markwardt C., et al., 2006, ATel, 846, 1
[504] Thorstensen J.R. & Taylor C.J., 2001, MNRAS, 326, 1235
[505] Halpern J.P., 2006, ATel, 847, 1
[506] Bonnet-Bidaud J.M., Mouchet M., de Martino D., et al.,2006, A&A, 445, 1037
[507] Motch C., Guillout P., Haberl F., et al., 1997, A&AS, 122, 201
[508] Mauche C.W., 2004, ApJ, 610, 422



[509] Harrison T.E., McNamara B.J., Szkody P., & Gilliland R.L., 2000, AJ, 120, 2649
[510] Costantini E., Freyberg M.J., & Predehl P., 2005, A&A,444, 187
[511] Casares J., Charles P.A., & Kuulkers E., 1998, ApJ, 493, L39
[512] Stickel M., Lemke D., Klaas U., et al., 2004, A&A, 422, 39
[513] Dadina M., Bassani L., Cappi M., et al., 2001, A&A, 370,70
[514] Ravasio M., Tagliaferri G., Ghisellini G., et al., 2003, A&A, 408, 479
[515] Hog E., Kuzmin A., Bastian U., et al., 1998, A&A, 335, L65
[516] Masetti N., Dal Fiume D., Amati L., et al., 2004, A&A, 423, 311
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