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Chandra/XMM-Newton monitoring
campaign of the Galactic centre:
analysing the X-ray transients
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N. Degenaar, R. Wijnands, M. van der Klis, J.J.M. in ’t Zand, J. Homan,
T. Maccarone, E. Kuulkers, E. M. Cackett and Q.D. Wang
To be submitted to Astronomy & Astrophysics

Abstract – We report on the results from a 4-year long X-ray monitoring campaign
of the central 1.2 square degree of our Galaxy, performed with Chandra and XMMNewton between 2005 and 2008. Our study focusses on the properties of transient
X-ray sources located in the surveyed region that have 2–10 keV peak luminosities
exceeding ∼ 1034 erg s−1 for an assumed distance of 8 kpc. There are 16 previously
known X-ray transients within field of view of our campaign, 8 of which were detected in outburst during our observations: the transient neutron star low-mass X-ray
binaries GRS 1741–2853, AX J1745.6–2901, SAX J1747.0–2853, KS 1741–293 (all
four X-ray bursters) and GRO J1744–28 (a 2.1 Hz X-ray pulsar), as well as the unclassified X-ray transients XMM J174457–2850.3, CXOGC J174535.5–290124 and
CXOGC J174541.0–290014. Our campaign detected type-I X-ray bursts from AX
J1745.6–2901 and SAX J1747.0–2853. For the latter, we observed two bursts with
similar durations and peak intensities, that were separated by a time interval of only
3.8 minutes. We find a previous unknown X-ray source in our XMM-Newton observations, which we designate XMMU J174554.1–291542. This object emits most of
its photons above 2 keV and appears to be persistent at a luminosity of ∼ 1034 erg s−1
(assuming a distance of 8 kpc), although it exhibits strong spectral variability on a
time scale of months.
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7.1

Introduction

The region around Sgr A∗ , the dynamical centre of our Galaxy, has been observed at
various spatial scales and in different energy bands by many past and present X-ray
missions. At early times, dedicated monitoring campaigns using Einstein (Watson
et al. 1981), Granat (Churazov et al. 1994; Pavlinsky et al. 1994), ROSAT (Sidoli
et al. 2001a), ASCA (Sakano et al. 2002) and BeppoSAX (Sidoli et al. 1999; in’t Zand
et al. 2004) have led to the discovery of several X-ray point sources located within
the central degrees of our Galaxy. More recently, an intensive monitoring campaign
carried out with Chandra between 1999 and 2006 has resolved thousands of distinct
X-ray sources in a field of 2◦ × 0.8◦ around the Galactic centre (GC; Wang et al. 2002;
Baganoff et al. 2003; Muno et al. 2003b, 2004, 2006, 2009). Furthermore, starting
in 2006 the inner ∼ 250 × 250 around Sgr A∗ has been monitored on an almost daily
basis with Swift (Kennea & The Swift/XRT team 2006; Degenaar & Wijnands 2009,
2010), whereas a region subtending many degrees around Sgr A∗ has been regularly
scanned by Integral starting in 2005 (Kuulkers et al. 2007c) and by RXTE since 1999
(Swank & Markwardt 2001).
The plethora of X-ray sources found in the direction of the innermost parts of our
Galaxy encompasses a variety of objects (e.g., Muno et al. 2004). The brightest point
sources have 2–10 keV peak luminosities of ∼ 1036−39 erg s−1 and can be identified
with neutron stars or black holes accreting matter from a companion star. Based on
the nature of the companion, these systems are classified as high-mass X-ray binaries
(HMXBs; Mdonor & 10M ) or low-mass X-ray binaries (LMXBs; Mdonor . 1M ).
The presence of a neutron star is evidenced by the detection of thermonuclear X-ray
bursts (e.g., Strohmayer & Bildsten 2006) or X-ray pulsations (e.g., Psaltis 2006).
Many X-ray binaries are transient and are bright only during short (weeks to months)
episodes, while the majority of their time is spent in a quiescent state during which
the X-ray luminosity is typically at least two orders of magnitude lower than during
outburst. The orders of magnitude variability displayed by these systems is thought
to be due to large changes in the mass-accretion rate onto the compact primary.
Whereas previous X-ray missions detected primarily luminous X-ray binaries,
deep X-ray observations with Chandra and XMM-Newton have provided views of
such systems in their quiescent states (LX . 1033 erg s−1 , e.g., Rutledge et al. 2000;
Wijnands & Wang 2002; Muno et al. 2003a). However, it has also become clear that
some X-ray binaries undergo episodes of low level accretion activity, giving rise to
X-ray luminosities intermediate between quiescence and their bright outbursts (e.g.,
Wijnands et al. 2002c; Degenaar & Wijnands 2009). Furthermore, repeated observations of the region around Sgr A∗ with Chandra, XMM-Newton and Swift have
revealed a population of transient X-ray sources that have 2–10 keV peak luminosities of only ∼ 1034−36 erg s−1 and have never been observed in a brighter state (e.g.,
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Muno et al. 2005b; Sakano et al. 2005; Porquet et al. 2005b; Degenaar & Wijnands
2009). These systems can likely be identified with X-ray binaries in which the compact object accretes at a very low rate from its companion star (e.g., Pfahl et al. 2002;
Belczynski & Taam 2004; Muno et al. 2005b). Earlier X-ray missions already provided a glimpse of low-luminosity X-ray transients (Sunyaev 1990; in ’t Zand et al.
1991; Maeda et al. 1996), but the current generation of instruments exploiting X-ray
imaging have significantly improved our understanding of such objects.
Observations of X-ray binaries accreting at low X-ray luminosities can address
several issues related to stellar and binary evolution, as well as accretion flows at
low rates. For example, constraining the number and nature of low-luminosity X-ray
transients allows us to gain more insight into the statistics of different source populations. This can serve as an important calibration point for population synthesis
models (e.g., Pfahl et al. 2002; Belczynski & Taam 2004). Furthermore, the massaccretion rate averaged over thousands of years, h Ṁilong , is an important parameter
for understanding the evolution of LMXBs. First studies have shown that the lowluminosity X-ray sources might pose an interesting challenge for binary evolution.
If the time-averaged mass-accretion rate is not significantly below ∼ 10−13 M yr−1 ,
these systems can potentially be explained as very old LMXBs that have spent most
of the age of the Galaxy reducing their companion masses to ∼ 0.01 M (King &
Wijnands 2006). However, much lower time-averaged mass-accretion rates put tight
constraints on the possible evolutionary paths and might require unusual binary compositions, such as neutron stars accreting from hydrogen-depleted or planetary companions (King & Wijnands 2006). Thus, dedicated surveys aiming to search for very
faint X-ray transients have the potential to unveil rare types of accreting compact
objects. Repeated non-detections of these systems drives down their time-averaged
mass-accretion rates and can therefore be as interesting as actual detections.
The luminosity range of ∼ 1033−36 erg s−1 constitutes a relatively poor explored
regime of accretion. This is in part due to the fact that transients usually spend
only a short time in this regime, when transitioning from outburst to quiescence or
vice versa. Studying the properties of low-luminosity X-ray sources improves the
prospects for better understanding the processes underlying their transient behaviour.
The outburst profiles, duration of the quiescent and active intervals, as well as the
spectral and timing properties should all serve as a diagnostic of these processes (see
e.g., King 2006; van der Klis 2006, for reviews). In addition, thermonuclear X-ray
bursts observed from systems accreting at low rates have provided important new
insight into the physics of nuclear burning on the surface of neutron stars (e.g., Cornelisse et al. 2002; in’t Zand et al. 2005a; Cooper & Narayan 2007; Peng et al. 2007;
Degenaar et al. 2010a).
In this work, we report on the results from a joint Chandra and XMM-Newton
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monitoring campaign covering the region around Sgr A∗ , carried out between 2005
and 2008. Wijnands et al. (2006a) reported on the initial results of our monitoring observations, discussing the first series of data obtained in June and July 2005. The main
goal of this program is to investigate the X-ray properties (below 10 keV) of transient
objects that have low 2–10 keV peak luminosities of ∼ 1034−36 erg s−1 . Due to the
high concentration of X-ray point sources in the inner square degree around Sgr A∗ ,
as well as sensitivity limitations, such systems are generally inaccessible to monitoring instruments in orbit (e.g., RXTE, Integral, Swift/BAT). Our Chandra/XMMNewton campaign aids to refine our understanding of currently known low-luminosity
systems (e.g., improve estimates of their duty cycles and time-averaged accretion
rates), and search for new transients.

7.2

Description of the program

Our choice to monitor the central square degree of our Galaxy was predetermined
by the fact that this region is populated by nearly 20 known X-ray transients, several of which undergo subluminous accretion episodes (Muno et al. 2005a; Wijnands
et al. 2006a). The wide field of view (FOV; ∼ 300 × 300 ) and large collective area
(∼ 1100 cm2 at 1 keV) of XMM-Newton make it an excellent facility for surveying
sky regions down to relatively faint flux levels. We use the data obtained with the
European Photon Imaging Camera (EPIC), which consists of one PN (Strüder et al.
2001) and two MOS (Turner et al. 2001) detectors that are sensitive in the 0.1–15
keV range and have spectral imaging capabilities. The PN is an array of 12 CCDs
(64 × 200 pixels each), while the MOS units consist of an array of 7 CCDs, each
consisting of 600 × 600 pixels. A micrometeoriod strike damaged one of the CCDs
of the MOS1, which is operated with only 6 detectors since (Abbey et al. 2006).
Our XMM-Newton observations are complemented by Chandra pointings, providing high spatial (sub-arcsec) resolution and a very low X-ray background, within
an energy band of 0.1–10 keV. We chose the High Resolution Camera (HRC; Kenter
et al. 2000) as the prime Chandra instrument for our monitoring observations, because it provides the largest FOV, comparable in size to XMM-Newton (∼ 300 × 300 ).
The HRC-I is a square micro-channel plate detector (made up of 32 768 × 32 768
pixels) that has an effective area of 225 cm2 at 1 keV and is designed for imaging
observations. Because the energy resolution of the HRC is poor, we obtained a few
additional pointings with the Advanced CCD Imaging Spectrometer (ACIS; Garmire
et al. 2003) to follow-up active transients, thereby obtaining spectral information that
aids to further classify the systems and better constrain their outburst properties. The
ACIS-I consists of a 4-chip imaging array (each having 1024 × 1024 pixels), providing an effective area of 340 cm2 at 1 keV and a FOV of ∼ 160 × 160 .
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Figure 7.1: Composite X-ray images of our monitoring campaign (2005–2008). The field names of
the different pointings are given in boxes. The locations of active transients and persistent and Xray binaries are indicated by circles. Non-labelled X-ray sources seen in these images can be identified
with stars or star clusters. Top left: XMM-Newton/PN mosaic image. Top right: Chandra/HRC-I image.
Bottom: HRC-I image magnified to display the inner ∼ 1.50 around Sgr A∗ .

Our Chandra/XMM-Newton campaign covers 1.2 square degree around Sgr A∗ ,
sub-divided into 7 different pointing directions (named GC-1, GC-2, GC-3, GC-4,
GC-5, GC-6 and GC-7; Wijnands et al. 2006a).1 Adjacent pointings were partially
overlapped by a few arcminutes (see Figure 7.1). The program comprises 34 Chandra/HRC-I and 35 XMM-Newton/EPIC pointings, carried out in 10 different epochs
between 2005 June and 2008 September. An overview of the monitoring observa1 We note that the naming of the different pointing directions changed during our campaign. The
fields that were initially denoted as GC-7, GC-8, GC-9 and GC-10 in the 2005–2006 observations (see
Wijnands et al. 2006a) were in 2007–2008 renamed GC-4, GC-5, GC-6 and GC-7, respectively. We
adapt the latter indications throughout this work.
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tions is given in Table 7.1. Follow-up Chandra/ACIS-I observations were carried out
in 2005 July (1 pointing) and 2007 March–May (a series of 5 pointings), and are listed
in Table 7.2. The exposure time of individual observations was typically 5–10 ks. Depending on the exact spectral shape and column density, a 5 ks Chandra/HRC-I pointing can detect sources (near aimpoint) down to ∼ (3 − 6) × 1033 ( D/8 kpc)2 erg s−1
for column densities of (5 − 10) × 1022 cm−2 and photon indices of Γ = 1.0 − 3.0.
The XMM-Newton observations are a factor of a few more sensitive.
Our campaign spans a period of 39 months (3.25 year), for a cumulative exposure
time of 412.7 ks (168.1 ks with Chandra, 244.6 ks with XMM-Newton). Subsequent
pointings are separated by 2–10 months (see Table 7.1), allowing us to investigate
the X-ray variability of the detected sources on such time scales. The total exposure
time reached in the different pointing directions is ∼ 46 − 68 ks. Mosaic images of
the Chandra/HRC-I and XMM-Newton/PN data are shown in Figure 7.1. Apart from
diffuse X-ray structures around Sgr A∗ , these images reveal a number of X-ray point
sources (see also Section 7.4). The locations of active transients and persistent X-ray
binaries are indicated by circles and the cross-hair in the centre of the images shows
the position of the Sgr A∗ complex. Figure 7.1 also includes a zoomed Chandra/HRC
image of the inner ∼ 1.50 around Sgr A∗ , where three active X-ray transients were
detected.

7.3

Data analysis

For the present study we are interested in (candidate) transient X-ray binaries. We
therefore focus on transient X-ray sources that have a 2–10 keV peak luminosity of
& 1 × 1034 erg s−1 for an assumed distance of 8 kpc, since fainter objects are likely to
be cataclysmic variables (Verbunt et al. 1997). We searched for transient sources in
our Chandra and XMM-Newton data by comparing images of different epochs with
one another. The objects detected in our observations were correlated with the  database to identify the known X-ray sources in our sample based on positional
coincidence. Furthermore, we overlaid the positions of sources found in our campaign on an optical image from the Digital Sky Survey (DSS) and a Two Micron
All Sky Survey (2MASS) infra-red survey image, to filter out likely foreground objects (e.g., active stars). Spectral information obtained from our XMM-Newton and
Chandra/ACIS-I observations also aids to identify transients that are located at or
beyond the distance of the GC (∼ 8 kpc). These sources will appear relatively hard
in X-rays, since the soft photons (below ∼ 2 keV) will be strongly absorbed by the
interstellar medium (hydrogen column densities of several times 1022 cm−2 are typical in this region). Softer X-ray sources are likely to be foreground X-ray active stars
or cataclysmic variables, located within a few kiloparsecs from the Sun.
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Table 7.1: Log of the monitoring observations.
Field

Obs ID

Date

texp (ks)

Observatory

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

6188
6190
6192
6194
6196
6198
6200

2005-06-05
2005-06-05
2005-06-05
2005-06-05
2005-06-05
2005-06-05
2005-06-05

5.1
5.2
5.1
5.1
5.1
5.1
5.1

Chandra
Chandra
Chandra
Chandra
Chandra
Chandra
Chandra

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

6189
6191
6193
6195
6197
6199
6201

2005-10-18
2005-10-20
2005-10-20
2005-10-20
2005-10-20
2005-10-20
2005-10-21

4.3
4.3
4.3
4.4
4.3
4.4
4.3

Chandra
Chandra
Chandra
Chandra
Chandra
Chandra
Chandra

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7
GC-1

0302882501
0302882601
0302882701
0302882801
0302882901
0302883001
0302883101
0302883201

2006-02-27
2006-02-27
2006-02-27
2006-02-27
2006-02-27
2006-02-27
2006-02-27
2006-03-29

9.1
6.5
6.8
7.5
7.5
7.5
11.3
6.4

XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

0302883901
0302884001
0302884101
0302884201
0302884301
0302884401
0302884501

2006-09-08
2006-09-08
2006-09-08
2006-09-08
2006-09-09
2006-09-09
2006-09-09

6.5
6.5
6.5
6.5
6.5
5.5
8.3

XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton

GC-1
GC-2
GC-4
GC-5
GC-6
GC-7

8531
8532
8533
8534
8535
8536

2007-07-24
2007-07-24
2007-07-24
2007-07-24
2007-07-24
2007-07-24

5.1
5.1
5.1
5.1
5.1
5.1

Chandra
Chandra
Chandra
Chandra
Chandra
Chandra

GC-1
GC-2
GC-4
GC-5
GC-6
GC-7

0504940101
0504940201
0504940401
0504940501
0504940601
0504940701

2007-09-06
2007-09-06
2007-09-06
2007-09-06
2007-09-06
2007-09-06

6.5
12.5
6.5
6.5
6.5
6.5

XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
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Table 7.1: Continued.
Field

Obs ID

Date

texp (ks)

Observatory

GC-2
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

0511000101
0511000301
0511000501
0511000701
0511000901
0511001101
0511001301

2008-03-03
2008-03-03
2008-03-04
2008-03-04
2008-03-04
2008-03-04
2008-03-04

8.4
6.5
6.5
6.5
6.5
6.5
6.5

XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

9030
9073
9031
9032
9033
9074
9034

2008-05-10
2008-05-10
2008-05-10
2008-05-10
2008-05-10
2008-05-11
2008-05-10

5.1
5.1
5.1
5.1
5.1
5.1
5.1

Chandra
Chandra
Chandra
Chandra
Chandra
Chandra
Chandra

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

9035
9036
9037
9038
9039
9040
9041

2008-07-15
2008-07-15
2008-07-16
2008-07-16
2008-07-16
2008-07-16
2008-07-16

5.1
5.1
5.1
5.1
5.1
5.1
5.1

Chandra
Chandra
Chandra
Chandra
Chandra
Chandra
Chandra

GC-1
GC-2
GC-3
GC-4
GC-5
GC-6
GC-7

0511000201
0511000401
0511000601
0511000801
0511001001
0511001201
0511001401

2008-09-23
2008-09-23
2008-09-23
2008-09-27
2008-09-27
2008-09-27
2008-09-27

6.5
4.3
6.5
6.5
6.5
6.5
6.5

XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton
XMM-Newton

Table 7.2: Log of Chandra/ACIS-I follow-up pointings.
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Field

Obs ID

Date

texp (ks)

GRS 1741–2853
GRS 1741–2853
GRS 1741–2853
GRS 1741–2853
GRS 1741–2853
GRS 1741–2853

6311
6602
6603
6604
6605
6606

2005-07-01
2007-03-12
2007-04-06
2007-04-18
2007-04-30
2007-05-16

4.0
5.1
4.9
5.1
5.1
5.0

7.3 Data analysis

To characterise the X-ray spectra and calculate source fluxes, we fitted the obtained spectral data within X (v. 12.0; Arnaud 1996) to a powerlaw model, modified by interstellar absorption. For the latter we employ the  model with the
default X abundances and cross-sections (Anders & Grevesse 1989; BalucinskaChurch & McCammon 1992). Using the tool  we grouped the spectra of the
brightest sources to contain a minimum number of 20 photons per bin, whereas fainter
objects were binned into groups of at least 10 or 5 photons. In case a source was detected during multiple observations, we fitted the spectra simultaneously with the
hydrogen column density tied between the individual observations. We converted the
deduced unabsorbed 2–10 keV fluxes to luminosities adopting a distance of 8 kpc,
unless better distance estimates were available for sources, e.g., inferred from typeI X-ray burst analysis. Finally, we created long-term lightcurves for each transient
source detected during our campaign.
The detailed data reduction and analysis procedures for both satellites are discussed in the next sections. For completeness, our analysis includes the Chandra
observations performed in 2005 June (HRC) and July (ACIS), that were previously
discussed by Wijnands et al. (2006a).

7.3.1 Chandra
The Chandra observations were treated using the  tools (v. 4.2). The ACIS-I
observations were carried out in the faint data mode with the nominal frame time
of 3.2 s. As an initial step, we reprocessed the HRC and ACIS level-1 data files
following the standard data preparation procedures.2 Each individual pointing was
inspected for periods of unusually high background that can arise due to charged
particles (causing the background event rate to flare & 3σ above the mean level).
No significant background flares were found during our Chandra observations, so all
data was used in further analysis.
To search our Chandra observations for X-ray sources, we employed the  tool with the default ’Mexican Hat’ wavelet (Freeman et al. 2002). To avoid
finding spurious sources, most often located at the edge of the FOV, we generated an
exposure map for each observation, evaluated at an energy of 4 keV (which is the approximate energy at which our observations detect the largest number of photons for
X-ray binaries - the objects of our prime interest). For each HRC-I observation, we
generated images with a binning of 4, 16 and 32 pixels, and ran the  routine
with two different scale parameters (2.0 and 4.0) on each of the separate images. This
approach allowed us to cover a range of source sizes, accommodating the variation
of the point spread function (PSF) as a function of off-axis angle. Furthermore, we
2 http://cxc.harvard.edu/ciao/guides.
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adapt a recommended significance threshold that is the inverse of the total number of
pixels in the image (e.g., 1 × 10−7 and 1 × 10−6 for HRC images binned by a factor
of 4 and 16, respectively), which corresponds to one expected spurious source per
image (Freeman et al. 2002). We compiled a master source list for each observation
by combining the objects detected at each image resolution. For the ACIS-I data we
employed the  tool for images that were binned by a factor of 4, using the
same scale parameters and detection significance threshold as for the HRC observations. We ran the detection routine separately in the 0.5–2 and 2–10 keV band, to be
able to distinguish immediately between soft and harder X-ray sources.
For each detected source we extracted net count rates and lightcurves using the
tool . As such, we employed extraction regions centred on the positions
found by the  routine and containing ∼ 95% of the source counts. Background events were collected from a source-free region that had a radius three times
that of the source region. We inspected the lightcurves to search for features such
as thermonuclear X-ray bursts and X-ray flares. For the ACIS-I data, we extracted
source and background spectra using . Redistribution matrices (rmf) and
ancillary response files (arf) were subsequently generated using the tasks  and , respectively. Since the HRC provides poor energy resolution, we
converted the HRC-I count rates to 2–10 keV unabsorbed fluxes employing 
(v. 4.1) and using either the spectral information deduced from our Chandra/ACIS
and XMM-Newton observations, or the spectral values reported in literature (see Table 7.3). If a transient source was not detected, we obtained a 2σ Bayesian statistical
upper limit on the source count rate using the  tool .
For the two sources AX J1745.6–2901 and GRS 1741–2853 (see Section 7.4),
the ACIS data was subject to pile-up, as evidenced by the occurrence of readout
streaks on the CCD images. Pile-up is caused when the count rate is so high compared to the CCD readout time, that multiple soft photons are registered as single
events with higher energy. In case of pile-up the broad-band count rate is typically
underestimated and the spectrum hardens. We attempt to correct for the effect on
spectral shape via an iterative approach in which we extracted source photons from
annular extraction regions with increasingly large fractions of the core PSF excluded.
Once the spectral parameters remained unchanged after increasing the annular radius
we assumed that the piled-up inner regions, distorting the spectral shape, were sufficiently excluded. Unlike for XMM-Newton, the Chandra analysis software does not
account for using an annular extraction region, i.e., when creating the arf file with the
standard  tools it is assumed that the fraction of source counts contained in the
extraction region equals 1, which is not the case when an annulus is used. To apply
the necessary PSF corrections, we employed the  package.3
3 http://www.astro.isas.jaxa.jp/∼tsujimot/arfcorr.html.
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7.3.2 XMM-Newton
In all XMM-Newton observations, the EPIC cameras were operated in full window
mode. The observations carried out in 2008 March and September had the thin optical blocking filter selected, whereas the medium filter was used during the other observations. All analysis was performed using the Science Analysis Software (SAS, v.
10.0.0). Starting with the original data files, the MOS and PN data were reprocessed
using the tools  and , respectively. The instrument background in both
the MOS and PN cameras is highly variable. In order to asses the background conditions in each of the XMM-Newton observations, we extracted the full-field lightcurve
for pattern-0 events with energies of & 10 keV for the MOS, and between 10–12 keV
for the PN. This revealed that some of our observations suffered from background
flaring. Because the source detection probability is sensitive to the background rate,
we excluded such episodes by selecting only data with high-energy count rates below
0.5 counts s−1 for the MOS and below 1.0 counts s−1 for the PN. Table 7.1 lists the
original exposure times, i.e., before such filtering was applied.
Source detection was carried out with the task _. We search in two
different energy bands of 0.5–2.0 and 2.0–12.0 keV for the PN and the MOS2. We did
not include the MOS1 for source detection, since one of the CCD units was damaged
by a micrometeoriod strike (Abbey et al. 2006). We extracted (exposure corrected)
count rates for all objects in our source list using the task , which
returns a 2σ upper limit in case of a non-detection, using the Bayesian statistics
of Kraft et al. (1991). We also employed the  tool to determine the
optimum extraction region (achieving the highest signal to noise ratio) for source
lightcurves and spectra. This yielded source regions with a typical enclosed energy
fraction of ∼ 85 − 95%. For the extraction of background events we used regions
with a radius three times larger than that of the source, positioned on a source-free
portion of the CCD.
We created background corrected lightcurves for the PN and both MOS cameras
using the tools  and . Source and background spectra, as well as
the associated rmf and arf files, were generated using the metatask . The
MOS and PN spectral data were fitted within X in the 0.5–10 keV energy range,
with all spectral parameters tied between the three EPIC detectors. During our observations, both AX J1745.6–2901 and SAX J1747.0–2853 became bright enough to
cause pile-up in the EPIC instruments (see Section 7.4). We used the  task  to evaluate the level of pile-up in the MOS and PN data, using annular regions
of increasing size. Once the observed pattern distribution matched the expected one,
we choose that annular size to extract source photons. Furthermore, we selected only
pattern-0 events, which are least affected by pile-up.4
4 http://xmm2.esac.esa.int/docs/documents/CAL-TN-0036-1-0.
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Table 7.3: Spectral parameters and obtained X-ray fluxes for (candidate) transient X-ray binaries.
Source name
Date
Instr.

Field

NH

Γ

χ2ν (d.o.f.)

abs
FX

unabs
FX

GC-2

11.4 fix
11.4 ± 1.1
11.4 ± 1.1
11.4 ± 1.1

2.0 fix
2.0 ± 0.3
1.5 ± 0.2
1.6 ± 0.4

0.84 (176)
0.84 (176)
0.84 (176)

49.5 ± 1.5
12.0 ± 0.6
20.5 ± 0.8
4.55 ± 0.40

98.6 ± 3.1
24.5 ± 2.0
37.3 ± 2.4
8.38 ± 0.49

XMM J174457–2850.3a
2005-06-05 HRC
GC-4
2005-07-01 ACIS
2006-02-27 PN
GC-4
2006-09-08 PN
GC-4
2007-03-12 ACIS
2007-04-06 ACIS
2007-04-18 ACIS
2007-04-30 ACIS
2007-05-16 ACIS
2007-09-06 PN
GC-4

7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix
7.5 fix

1.5 fix
1.5 fix
1.5 fix
1.5 fix
1.5 fix
1.3 ± 1.0
1.5 fix
1.7 ± 1.1
1.5 fix
1.5 fix

67.8 ± 1.8
0.26 ± 0.07
0.35 ± 0.07
0.35 ± 0.05
0.11 ± 0.04
0.77 ± 0.36
0.22 ± 0.04
0.39 ± 0.13
0.39 ± 0.02
0.40 ± 0.07

103 ± 3
0.39 ± 0.11
0.53 ± 0.09
0.53 ± 0.08
0.17 ± 0.05
1.15 ± 0.32
0.34 ± 0.05
0.62 ± 0.07
0.56 ± 0.06
0.61 ± 0.10

AX J1745.6–2901b
2006-02-27 PN
2007-03-12 ACIS
2007-04-06 ACIS
2007-04-18 ACIS
2007-04-30 ACIS
2007-05-16 ACIS
2007-07-24 HRC
2007-09-06 PN
2008-03-03 PN
2008-05-10 HRC
2008-07-15 HRC

1.9 ± 0.1
1.6 ± 0.1
1.8 ± 0.1
1.6 ± 0.1
1.8 ± 0.1
1.6 ± 0.1
2.0 fix
2.6 ± 0.1
2.5 ± 0.1
2.0 fix
2.0 fix

1.25 (4185)
1.25 (4185)
1.25 (4185)
1.25 (4185)
1.25 (4185)
1.25 (4185)

GC-2
GC-2
GC-2
GC-2
GC-2

21.8 ± 0.3
21.8 ± 0.3
21.8 ± 0.3
21.8 ± 0.3
21.8 ± 0.3
21.8 ± 0.3
21.8 fix
21.8 ± 0.3
21.8 ± 0.3
21.8 fix
21.8 fix

21.3 ± 0.3
139 ± 2
95.8 ± 2.1
149 ± 3
115 ± 2
61.1 ± 1.7
144 ± 3
113 ± 1
147 ± 0.4
61.7 ± 1.8
19.2 ± 1.1

60.2 ± 2.2
353 ± 8
258 ± 7
375 ± 8
311 ± 8
154 ± 4
400 ± 8
426 ± 2
532 ± 2
172 ± 5
53.4 ± 3.2

GC-7
GC-7
GC-7

16.6 ± 1.8
16.6 fix
16.6 fix

1.8 ± 0.3
1.8 fix
1.8 fix

1.06 (113)

7.75 ± 0.25
8.27 ± 0.83
63.9 ± 0.2

17.8 ± 1.9
18.5 ± 1.8
143.4 ± 3.9

GRS 1741–2853
2005-06-05 HRC
2005-07-01 ACIS
2007-03-12 ACIS
2007-04-06 ACIS

KS 1741–293
2007-09-06 PN
2008-05-10 HRC
2008-07-16 HRC

GC-2

0.51 (14)
0.51 (14)

1.25 (4185)
1.25 (4185)

Note.– Quoted errors represent 90% confidence levels. The hydrogen column density is given
in units of 1022 cm−2 and the absorbed and unabsorbed 2–10 keV model fluxes in units of
10−12 erg cm−2 s−1 . a Hydrogen column density fixed at the value reported by Degenaar & Wijnands (2009). b Fluxes were derived excluding the eclipse and the type-I X-ray burst contained in
the data of 2007 April 6 and 2008 May 10, respectively.
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Table 7.3: Continued.
Source name
Date
Instr.

NH

Γ

CXOGC J174535.5–290124
2005-10-20 HRC
GC-2
2006-09-08 PN
GC-2
2007-03-12 ACIS
2007-04-06 ACIS
2007-04-18 ACIS
2007-04-30 ACIS
2008-05-10 HRC
GC-2
2008-07-15 HRC
GC-2
2008-09-23 PN
GC-2

30.4 fix
30.4 ± 8.6
30.4 fix
30.4 fix
30.4 fix
30.4 fix
30.4 fix
30.4 fix
30.4 ± 8.6

2.0 fix
1.7 ± 0.8
2.0 fix
2.0 fix
2.0 fix
2.0 fix
2.0 fix
2.0 fix
2.5 ± 1.2

GRO J1744–28
2005-10-20 HRC
2006-02-27 PN
2006-09-08 MOS
2007-09-06 MOS
2008-03-04 PN
2008-09-27 PN

GC-4
GC-4
GC-4
GC-4
GC-4
GC-4

9.4 fix
9.4 ± 3.0
9.4 fix
9.4 ± 3.0
9.4 ± 3.0
9.4 ± 3.0

2.8 fix
2.8 ± 1.0
2.8 fix
3.2 ± 1.1
2.9 ± 1.0
2.5 ± 0.7

SAX J1747.0–2853
2005-10-20 HRC
2006-02-27 PN
2006-09-08 PN

GC-3
GC-3
GC-3

9.5 fix
9.5 ± 0.2
9.5 ± 0.2

XMMU J174554.1–291542
2006-02-27 PN
GC-6
2006-09-08 PN
GC-6
2007-09-06 PN
GC-6
2008-03-04 PN
GC-6
2008-09-27 PN
GC-6

χ2ν (d.o.f.)

abs
FX

unabs
FX

0.33 ± 0.30
0.93 ± 0.81
0.60 ± 0.11
0.65 ± 0.12
0.60 ± 0.11
0.43 ± 0.06
0.33 ± 0.30
0.35 ± 0.28
0.53 ± 0.84

1.34 ± 1.10
3.12 ± 2.12
2.06 ± 0.38
2.25 ± 0.37
2.06 ± 0.38
1.50 ± 0.17
1.34 ± 1.10
1.36 ± 1.08
2.84 ± 1.53

1.13 (67)
1.13 (67)
1.13 (67)

0.64 ± 0.15
0.36 ± 0.05
0.08 ± 0.03
0.25 ± 0.03
0.26 ± 0.04
1.16 ± 0.13

1.47 ± 0.36
0.85 ± 0.45
0.19 ± 0.05
0.66 ± 0.20
0.63 ± 0.25
2.49 ± 0.79

2.6 fix
2.0 ± 0.1
2.6 ± 0.1

1.13 (1413)
1.13 (1413)

58.6 ± 1.5
208 ± 1
50.2 ± 0.5

128 ± 3
391 ± 5
112 ± 1

5.2 ± 1.2
5.2 ± 1.2
5.2 ± 1.2
5.2 ± 1.2
5.2 ± 1.2

0.3 ± 0.3
1.8 ± 0.5
0.7 ± 0.4
1.3 ± 0.4
1.7 ± 0.5

1.07 (159)
1.07 (159)
1.07 (159)
1.07 (159)
1.07 (159)

2.48 ± 0.10
0.72 ± 0.21
1.02 ± 0.25
1.04 ± 0.15
0.65 ± 0.14

3.02 ± 0.17
1.06 ± 0.11
1.29 ± 0.11
1.43 ± 0.12
0.93 ± 0.07

CXOGC J174541.0–290014c
2005-10-20 HRC
GC-2

18.8 fix

2.0 fix

0.55 ± 0.28

1.40 ± 0.70

AX J1742.6–2901d
2008-07-16 HRC

0.7 fix

2.1 fix

0.20 ± 0.09

0.22 ± 0.09

Field

GC-5

0.90 (57)

0.90 (57)

1.13 (67)

Note.– c Adopted the spectral parameters given by Muno et al. (2004). d Parameters from fitting Swift
spectral data (see Section 7.4.9).
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Figure 7.2: Background corrected X-ray spectra of the (candidate) transient X-ray binaries detected
during our monitoring campaign. Some spectra have been rebinned for representation purposes. Note
that AX J1742.6–2901 and CXOGC J174541.0–290014 were only detected during Chandra/HRC observations and therefore no spectral information could be deduced from this campaign.
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Figure 7.2: Continued.

7.4

Results

Each of our Chandra and XMM-Newton observations reveal about a dozen distinct Xray sources. Amongst the detected objects are the Arches cluster and Sgr A∗ , which
are both complexes of X-ray point sources combined with diffuse structures. Several
point sources detected during our observations could be identified with known stars or
had clear DSS/2MASS counterparts, which renders them likely foreground objects.
Our observations also detect two persistent X-ray binaries, 1E 1743.1–2843 and 1A
1742–294. The former is an LMXB black hole candidate (e.g., Porquet et al. 2003),
whereas 1A 1742–294 is an LMXB harbouring a neutron star, as evidenced by the
detection of type-I X-ray bursts (e.g., Pavlinsky et al. 1994). Our monitoring observations caught a total of 6 type-I X-ray bursts from this system in the Chandra/HRC
observations with IDs 6200 and 9040, as well as in the XMM-Newton observations
with IDs 0302884401, 0504940601 and 0511001101.
In this work we focus on the properties of the transient (candidate) X-ray binaries detected during our campaign. The results obtained for individual sources are
reported in the following sections, while summarised in Table 7.3. Figure 7.2 displays the X-ray spectra obtained for the active transients. The evolution of their 2–10
keV X-ray luminosities during our campaign is plotted in Figure 7.6 at the end of this
chapter. All fluxes reported in this work are given for the 2–10 keV energy band and
luminosities were calculated assuming a distance of 8 kpc, unless stated otherwise.
Some of the detected transients were within FOV of two different pointing directions
(e.g., the source locations of GRS 1741–2853 and XMM J174457–2850.3 are covered in both the GC-2 and GC-4 fields). In these cases we report only the information
extracted from the observations in which the source is closest to aimpoint.
As mentioned in Section 7.1, the inner region around Sgr A∗ (field GC-2 in our
campaign), has been covered by the X-ray telescope (XRT; Burrows et al. 2005)
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aboard the Swift satellite, beginning in 2006 (Kennea & The Swift/XRT team 2006;
Degenaar & Wijnands 2009, 2010). The quasi-daily Swift observations thus provide
a partial overlap with our campaign. For sources located in this region we will therefore compare reports on the Swift data with results from our Chandra/XMM-Newton
observations.

7.4.1 GRS 1741–2853
On two different epochs, our Chandra observations detect activity of a transient X-ray
source consistent with the position of GRS 1741–2853 (Muno et al. 2003a), a neutron
star LMXB discovered by the Granat observatory in 1990 (Sunyaev 1990). This
source is known to display type-I X-ray bursts (e.g., Cocchi et al. 1999), from which
a distance of 7.2 kpc can be inferred (Trap et al. 2009). GRS 1741–2853 has been
detected in an active state many times since its discovery, by different X-ray satellites
(see Trap et al. 2009, for an historical overview). The source typically reaches a 2–10
keV peak luminosity of ∼ 1036−37 ( D/7.2 kpc)2 erg s−1 during outbursts that endure
for a few weeks (e.g., Degenaar & Wijnands 2010).
GRS 1741–2853 is first detected in outburst during the HRC observations performed on 2005 June 5 and is also seen in the follow-up ACIS pointing obtained on
2005 July 1 (Wijnands et al. 2006a). Over the one month time span separating these
two observations, the source intensity decreased by a factor ∼ 4 (see Table 7.3), from
LX ∼ 6 × 1035 to 1.5 × 1035 ( D/7.2 kpc)2 erg s−1 , which suggests that the activity
was ceasing. The rise of this outburst was caught by Integral bulge scan monitoring observations in 2005 early-April (Kuulkers et al. 2007c). If the decrease in flux
signalled by the Chandra data is indeed due to a transition towards quiescence, this
constrains the duration of the 2005 outburst to be ∼ 13 weeks.
This source is again found active during Chandra observations carried out on
2007 March 12, at which time it was bright enough to cause pile-up of the ACIS
instrument. We therefore extracted the source spectrum using a 10 − 4000 annulus,
avoiding the inner piled-up part of the source PSF (see Section 7.3.2). The inferred
source luminosity for this observation is ∼ 2 × 1035 ( D/7.2 kpc)2 erg s−1 . During
the subsequent observation performed on 2007 April 6, GRS 1741–2853 had nearly
faded one order of magnitude (see Table 7.3), whereas the source was not detected on
April 18. The upper limit on the 2–10 keV luminosity inferred from this observation
is . 2.6 × 1032 erg s−1 , which indicates that the source had returned to the quiescent
state (see Figure 7.6). The 2007 outburst of GRS 1741–2853 was covered by different
satellites (Kuulkers et al. 2007a; Wijnands et al. 2007; Muno et al. 2007b; Porquet
et al. 2007). The Swift/XRT observations of the GC detected the source with a peak
luminosity of 1.5 × 1036 ( D/7.2 kpc)2 erg s−1 and constrain the outburst duration to
be & 13 weeks (Degenaar & Wijnands 2010).
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A joint fit to the ACIS spectral data obtained in 2005 and 2007 yields an hydrogen
column density of (11.4 ± 1.1) × 1022 cm−2 and photon indices of Γ ∼ 1.5 − 2.0 (see
Table 7.3). These values are comparable to those found for previous outbursts of GRS
1741–2853 (Muno et al. 2003a; Trap et al. 2009). The count rate detected during
the 2005 June Chandra/HRC pointing, and upper limits inferred from observations
during which the source was not detected, were converted to 2–10 keV unabsorbed
fluxes using a powerlaw index of Γ = 2.0 and the best-fit hydrogen column density
of NH = 11.4 × 1022 cm−2 . Figure 7.2 displays the three different Chandra/ACIS
spectra obtained for GRS 1741–2853.
Apart from the two mayor outbursts observed in 2005 and 2007, Swift/XRT monitoring observations of the GC exposed a weak, short outburst from GRS 1741–2853
between September 14–20, during which the source did not become brighter than
LX = 7 × 1034 ( D/7.2 kpc)2 erg s−1 (2–10 keV; Degenaar & Wijnands 2009).
This is about three orders of magnitude lower than the maximum outburst luminosity exhibited by this source, yet still a factor & 100 above its quiescent level of
LX ∼ 1032 ( D/7.2 kpc)2 erg s−1 (2–8 keV; Muno et al. 2003a). The source region is
covered by one of our XMM-Newton observations on 2006 September 8, which is just
before the subluminous outburst detected by Swift/XRT. During these observations,
GRS 1741–2853 is not detected and we can infer a 2σ upper limit on the PN count
rate of . 0.003 counts s−1 . Using  with NH = 11.4 × 1022 cm−2 and Γ = 2.0
(see Table 7.3), we can estimate that the 2–10 keV luminosity of GRS 1741–2853
was . 3 × 1032 ( D/7.2 kpc)2 erg s−1 at that time. Thus, one week prior to the peculiar short 2006 outburst there were no indications of enhanced activity above the
quiescent level.
We note that GRS 1741–2853 underwent a new outburst, lasting ∼ 4 − 5 weeks
and reaching up to LX = 1 × 1037 ( D/7.2 kpc)2 erg s−1 , between 2009 September–
November (Degenaar & Wijnands 2009). In 2010 late-July the source is again reported active displaying a 2–10 keV luminosity of ∼ 4 × 1035 ( D/7.2 kpc)2 erg s−1
(Degenaar et al. 2010b).

7.4.2 XMM J174457–2850.3
XMM J174457–2850.3 is an unclassified X-ray transient that was first detected in
outburst in 2001 (Sakano et al. 2005) and has been seen active on numerous occasions
since (Wijnands et al. 2006a; Muno et al. 2007b; Degenaar & Wijnands 2009, 2010;
Degenaar et al. 2010b). Its quiescent 2–10 keV luminosity is ∼ 1032 erg s−1 (Sakano
et al. 2005). Strikingly, this source is often found at luminosities of ∼ 1033−34 erg s−1 ,
whereas it has been detected in a brighter state (LX ∼ 1036 erg s−1 ) only occasionally
(2–10 keV; Degenaar & Wijnands 2010).
We detect activity from XMM J174457–2850.3 on several occasions during our
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monitoring campaign. The position inferred from our observations is consistent with
the coordinates listed by Muno et al. (2009), but not more accurate. As reported
by Wijnands et al. (2006a), XMM J174457–2850.3 was active both during the HRC
observations performed on 2005 June 5 (see also Wijnands et al. 2005a) and the
ACIS follow-up pointing carried out on July 1. The 2–10 keV luminosities inferred
from these observations are ∼ 8 × 1035 and ∼ 3 × 1033 erg s−1 , respectively (assuming D = 8 kpc), indicating that the intensity decayed 2 orders of magnitude in
4 weeks. The source is again seen active in XMM-Newton data obtained in 2006
February and September, as well as during the series of ACIS pointings performed
in 2007 March–May and XMM-Newton observations carried out in 2007 September
(see Table 7.3). On these occasions the source is detected at 2–10 keV luminosities
in the range of LX ∼ (1 − 9) × 1033 erg s−1 . XMM J174457–2850.3 is not detected
during the other epochs of our campaign (i.e., 2005 October, 2007 July and 2008
March/July/September), but the inferred upper limits are comparable to the actual
detections (LX . (2 − 9) × 1033 erg s−1 ; see Figure 7.6).
This object is so faint that most of our observations collect only ∼ 20 − 30 source
photons, prohibiting accurate spectral modelling. We fit only the spectral data obtained from the observations with the highest number of photons detected (Chandra/ACIS observations 6603 and 6605 yielded ∼ 50 − 60 source photons each). Since
the hydrogen column density remains unconstrained when left to vary freely, we fix
this parameter to the value inferred from Swift/XRT data (NH = 7.5 × 1022 cm−2 ;
Degenaar & Wijnands 2010). This results in powerlaw indices of Γ = 1.3 ± 1.0 and
1.7 ± 1.1 for the ACIS observations performed on 2007 March 12 and April 30, respectively. Within the errors, this is consistent with results obtained in other works
(Sakano et al. 2002; Wijnands et al. 2006a; Degenaar & Wijnands 2010). For the remaining observations we convert the detected count rates into 2–10 keV unabsorbed
fluxes adopting the above mentioned hydrogen absorption column density and a photon index of 1.5 (see Table 7.3). The spectrum extracted from the Chandra/ACIS
observation performed on 2007 April 30 is plotted in Figure 7.2.
Swift observations uncovered a relatively bright outburst from XMM J174457–
2850.3 in 2008 late-June, peaking at a 2–10 keV luminosity of 1 × 1036 erg s−1 during the first observation that the source was in FOV (2008 June 28; Degenaar &
Wijnands 2010). The source intensity was observed to decline to a level of LX ∼
5 × 1033 erg s−1 within one week. The Swift/GC monitoring observations did not
cover source region before the outburst peak, leaving the duration of this relatively
bright (LX & 1034 erg s−1 ) episode unconstrained (Degenaar & Wijnands 2010).
Since the source is not detected in our Chandra/HRC data obtained on 2008 May
10, yielding an upper limit on the 2–10 keV luminosity of ∼ 8 × 1033 erg s−1 , we
can infer that the luminous phase seen by Swift/XRT must have had a duration of
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< 49 days (< 7 weeks). In 2010 late-July Swift/XRT observations again witness
XMM J174457–2850.3 exhibiting a relatively bright episode with a 2–10 keV luminosity of ∼ 1 × 1035 erg s−1 (Degenaar et al. 2010b).

7.4.3 AX J1745.6–2901
A third transient that is frequently detected during our monitoring campaign is located at an angular distance of ∼ 1.50 from Sgr A∗ , at a position consistent with the
Chandra localisation of AX J1745.6–2901 (Heinke et al. 2008). This neutron star
LMXB, discovered in 1993 by the ASCA observatory, exhibits type-I X-ray bursts
and its lightcurve displays eclipses that recur every ∼ 8.4 h and allow for the unambiguous determination of the orbital period of the binary (Maeda et al. 1996; Kennea
& Skinner 1996). Following the detections by ASCA in 1993 and 1994, AX J1745.6–
2901 was never reported in outburst again until 2006, despite extensive monitoring
of the source region (see Section 7.1).
This transient is first detected in outburst during our XMM-Newton observations
performed on 2006 February 27, displaying a luminosity of 4.6 × 1035 erg s−1 (2–
10 keV and assuming a distance of D = 8 kpc). In the subsequent observation
performed on 2006 September 8, the source is not detected with an upper limit of
LX . 3 × 1033 erg s−1 (assuming a hydrogen column density of 21.8 × 1022 cm−2 and
powerlaw index of 2.0; see Table 7.3). This is consistent with results from Swift/XRT
observations of the GC, which indicated that the source was active between 2006
February and June, but resided in quiescence thereafter (Degenaar & Wijnands 2009).
It is unclear when the 2006 outburst of AX J1745.6–2901 started, since the position of the Sun with respect to the GC renders this region unobservable each year
between November and February. However, the source was not detected during our
2005 monitoring observations, which implies that the outburst must have started after
2005 October 20 (see Table 7.1). The time span between the Chandra observations
and the first detection of AX J1745.6–2901 on 2006 February 24 (with Swift; Kennea
et al. 2006c) is 4 months, which constrains the outburst duration to be 3–7 months.
Renewed activity of the source was reported in 2007 February, as seen by various instruments (Kuulkers et al. 2007a; Wijnands et al. 2007; Porquet et al. 2007;
Degenaar & Wijnands 2009). AX J1745.6–2901 is detected at similar intensity levels of LX ∼ (1 − 4) × 1036 erg s−1 during all our monitoring observations carried out
between 2007 February and 2008 May (see Table 7.3). During the 2008 July observation, the source intensity had decreased by nearly a factor 10 and it went undetected
in 2008 September, indicating that the source had returned to the quiescent state after
a ∼ 1.5-year long outburst (see Figure 7.6). The Swift/XRT observations of the GC
also suggest that AX J1745.6–2901 was continuously active since 2007 February, until it returned to quiescence in 2008 early-September (Degenaar & Wijnands 2010).
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Figure 7.3: Lightcurve features of the eclipsing neutron star LMXB AX J1745.6–2901(0.1–10 keV).
Left: Binned 10-s lightcurve of the Chandra/HRC observation of 2008 May 10 showing a likely type-I
X-ray burst. Right: Eclipse recorded during the Chandra/ACIS observation of 2007 April 6 (lightcurve
binned by 25 s).

The long 2007–2008 outburst from AX J1745.6–2901 was a factor ∼ 5 more luminous than the shorter 2006 outburst (see Table 7.3 and Figure 7.6, see also Degenaar
& Wijnands 2010). We note that AX J1745.6–2901 is again reported active in 2010,
displaying a similar luminosity as observed in 2006 (Degenaar et al. 2010b,c).
In the Chandra/HRC data obtained on 2008 May 10 we detect an X-ray flare
from AX J1745.6–2901 that lasts for ∼ 50 s (see the left plot in Figure 7.3). The fast
rise and exponential decay shape, combined with the fact that this source is a known
X-ray burster, strongly suggest that this event was a type-I X-ray burst, although we
lack a spectral conformation due to the poor energy resolution of the HRC. Using
the hydrogen column density found from fitting spectral data (see Table 7.3) and
assuming a blackbody temperature typically seen for type-I X-ray bursts (kT bb = 2 −
3 keV), the observed HRC peak count rate translates into a 0.01–100 keV luminosity
of ∼ 5 × 1037 erg s−1 . The duration of the flare matches other thermonuclear bursts
detected from AX J1745.6–2901 (Maeda et al. 1996; Degenaar & Wijnands 2009).
The Chandra/ACIS-I observations performed on 2007 April 6 reveal an eclipse
from this system with a duration of ∼ 1400 s. The source remains to be detected
within this interval at a count rate that equals ∼ 1/4 of the out-of-eclipse emission
(see right panel of Figure 7.3). This matches the description of the eclipses seen
from this source by ASCA (Maeda et al. 1996). Other authors also report on eclipses
with similar characteristics as seen during XMM-Newton and Chandra observations
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carried out on 2007 March–April and 2008 May, respectively, leaving no doubt that
the X-ray transient detected in 2006–2008 is AX J1745.6–2901 (Porquet et al. 2007;
Heinke et al. 2008).
Both the Chandra/ACIS and the XMM-Newton data obtained during the 2007–
2008 outburst of AX J1745.6–2901 are subject to pile-up. We attempted to circumvent the expected effect on spectral shape and source flux by extracting source event
from an annular region with a radius of 10 − 4000 for both data sets (see Sections 7.3.1
and 7.3.2). A simultaneous fit to the Chandra and XMM-Newton spectra results in
a hydrogen column density of NH = (21.8 ± 0.3) × 1022 cm−2 . Figure 7.2 displays
the XMM-Newton/PN spectra of the 2006 February and 2008 March observations,
which represent the two different outbursts of the source. We converted upper limits
and HRC-I count rates into unabsorbed 2–10 keV fluxes using the above mentioned
hydrogen column density and a powerlaw index of Γ = 2.0 (see Table 7.3).

7.4.4 CXOGC J174535.5–290124
Close to AX J1745.6–2901, separated by only ∼ 1400 , lies the unclassified X-ray
transient CXOGC J174535.5–290124, which was discovered during Chandra monitoring observations of the GC (Muno et al. 2003b). This source is frequently detected
at 2–10 keV luminosities of ∼ 1033−34 erg s−1 (for D = 8 kpc; Muno et al. 2005b;
Wijnands et al. 2005c, 2006b; Degenaar et al. 2008a; Degenaar & Wijnands 2009),
whereas its quiescent level is constrained to be LX . 9 × 1030 erg s−1 (2–8 keV; Muno
et al. 2005b). Due to the close proximity of the two X-ray sources (see Figure 7.1),
neither Swift nor XMM-Newton can spatially resolve AX J1745.6–2901 and CXOGC
J174535.5–290124 when the former is active, because its relatively bright outbursts
completely outshine CXOGC J174535.5–290124 (see Degenaar & Wijnands 2010).
However, the Chandra instruments do provide the spatial resolution required to separate the two transients.
CXOGC J174535.5–290124 is active in our Chandra observations performed in
2005 October (HRC; Wijnands et al. 2005c), between 2007 March–May (ACIS),
as well as in 2008 May and July (both HRC pointings; Degenaar et al. 2008b). As
discussed in Section 7.4.3, AX J1745.6–2901 resided in quiescence during our XMMNewton observations performed in 2006 and 2008 September. On both occasions we
detect activity from CXOGC J174535.5–290124 (see also Wijnands et al. 2006b).
For spectral fitting, we use only the XMM-Newton spectra since AX J1745.6–2901
was not active at that time and thus excludes contamination from this nearby source.
The simultaneous fit (using both PN and MOS data) results a hydrogen column density of NH = (30.4 ± 8.6) × 1022 cm−2 and powerlaw indices of Γ = 1.7 − 2.5 (see
Table 7.3), yielding comparable 2–10 keV luminosities of (1.9 − 2.4) × 1034 erg s−1 .
Figure 7.2 shows the XMM-Newton/PN spectrum obtained on 2006 September 8.
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We converted count rates and upper limits into 2–10 keV unabsorbed fluxes using
the spectral parameters inferred from fitting the XMM-Newton data (see Table 7.3).
The long-term lightcurve of CXOGC J174535.5–290124 obtained during our campaign is displayed Figure 7.6. This plot is suggestive of the source exhibiting two different outbursts, although the upper limits inferred from our observations in case of a
non-detection are actually close to the level of activity displayed by the source. This
makes it difficult to constrain the outburst and quiescent time scales. Swift/XRT monitoring observations of the GC suggest that CXOGC J174535.5–290124 was continuously active between 2006 July–November (when AX J1745.6–2901 resided in quiescence) and from 2008 September till October, whereas the source is not detected
during the entire sample of 2009 observations (Degenaar & Wijnands 2010), nor in
2010. However, AX J1745.6–2901 became active again in 2010 June, depriving us
of a view of CXOGC J174535.5–290124 (Degenaar et al. 2010c).

7.4.5 KS 1741–293
Our monitoring campaign detects activity from a transient X-ray source in field GC-7
during XMM-Newton observations obtained on 2007 September 6 and Chandra/HRC
pointings performed on 2008 May 10 and July 16. As reported by Degenaar et al.
(2008b), the source location inferred from our Chandra observations coincides with
that of CXOGC J174451.6–292042, a transient X-ray source included in the catalogue of Muno et al. (2009). This source represents the Chandra counterpart of the
neutron star LMXB KS 1741–293, which was discovered in 1989 August by the Xray wide field camera TTM onboard the KVANT module of the Mir space station
(e.g., in ’t Zand et al. 1991).5 At that time, the source displayed two type-I X-ray
bursts, which revealed its binary nature and testified to the presence of a neutron star.
KS 1741–293 was again detected with BeppoSAX in 1998 March (Sidoli et al. 2001a)
and with ASCA in 1998 September (Sakano et al. 2002), displaying 2–10 keV luminosities of ∼ 1035−36 erg s−1 on both occasions (assuming D = 8 kpc). It is likely
that these two observations caught the same outburst from the source, which thus had
a duration of several months.
More recently, KS 1741–293 was serendipitously observed with Chandra in 2005
July, at a 2–10 keV luminosity of ∼ 1 × 1036 erg s−1 (Degenaar et al. 2008b). Around
the same time, Integral bulge scan observations detected hard X-ray activity from the
source between 2005 August–September (Kuulkers et al. 2007c). KS 1741–293 was
also detected in outburst by Integral in 2003 March, as well as 2004 March, during
5 We note that Martí et al. (2007) tentatively associated KS 1741–293 with a different object appearing in the Chandra source catalogue (CXOGC J174451.0–292116 from Muno et al. 2006). However,
as argued by Degenaar et al. (2008b) the long-term flux history and spectral properties strongly favour
CXOGC J174451.6–292042 as the Chandra counterpart of KS 1741–293.
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which two type-I X-ray bursts were observed (de Cesare et al. 2007).
We obtained a source spectrum from XMM-Newton data obtained on 2007 September 6 (see Figure 7.2). KS 1741–293 is faint enough not to cause pile-up in the
EPIC instruments. The spectral data can be adequately fit with an absorbed powerlaw model with NH = (16.6 ± 1.8) × 1022 cm−2 and photon index Γ = 1.8 ± 0.3.
The resulting 2–10 keV luminosity is 1.4 × 1035 erg s−1 . Subsequent XMM-Newton
observations carried out on 2008 March 4 did not detect KS 1741–293, with an upper limit on the PN count rate of . 0.003 counts s−1 . Using the spectral parameters
given above, we can infer an upper limit on the 2–10 keV quiescent luminosity of
. 6 × 1032 erg s−1 , which demonstrates that the outburst had ended by this time.
We searched through the Swift data archive in an attempt to constrain the duration
of the 2007 outburst of KS 1741–293. The source is in FOV during a number of pointings performed between 2007 May 23 and August 9. A total of 55 observations were
carried out during this episode with an accumulated exposure time of 57 ks. Examination of the Swift data reveals that KS 1741–293 resided in quiescence for the larger
part of this epoch, albeit it exhibited enhanced activity during a short, 4-day interval
between 2007 June 11–15, when the source intensity rose to LX ∼ 3 × 1034 erg s−1
(Degenaar & Wijnands in prep.). The source is not detected in composite images
both before (total exposure of ∼ 10 ks) and after (texp ∼ 43 ks) these dates. The
above considerations suggest that the 2007 outburst of KS 1741–293 was confined
within an interval between 2007 August 9 and 2008 March 4, implying a duration of
. 6 months. There is an interesting similarity between the short, subluminous outburst observed from KS 1741–293, and a 1-week period of enhanced X-ray activity
that was detected from the neutron star LMXB GRS 1741–2853 ∼ 5 months before
it started a mayor outburst (Degenaar & Wijnands 2009). The mini-outburst of KS
1741–293 occurred 1-2 months before the source erupted in a brighter outburst.
Our campaign detected renewed activity from KS 1741–293 during the Chandra/HRC observations carried out on 2008 May 10 (Degenaar et al. 2008b) and July
16 (see Figure 7.6). Using the spectral parameters reported in Table 7.3, the observed HRC count rates can be translated into 2–10 keV luminosities of 1 × 1035
and 1 × 1036 erg s−1 , respectively. We obtained a number of Swift/XRT ToO followup observations spread ∼ 2 weeks apart to constrain the properties of this outburst
(e.g., the duration and total energy output; Degenaar & Wijnands 2008, Degenaar &
Wijnands in prep.). These observations suggest that the source remained active for
approximately 4 more months following the HRC detection of 2008 May, but that
it returned to quiescence between 2008 August 21 and September 4. The average
2–10 keV luminosity inferred from the Swift observations is ∼ 1035 erg s−1 , peaking
at ∼ 2 × 1036 erg s−1 (Degenaar & Wijnands in prep.). Integral observations revealed
a new accretion outburst in 2010 March (Chenevez et al. 2010).

147

7 The Chandra/XMM-Newton monitoring campaign of the Galactic centre

7.4.6 SAX J1747.0–2853
On three occasions, our monitoring observations detect activity from the transient
LMXB SAX J1747.0–2853. This source was discovered with BeppoSAX in 1998
and its neutron star nature has been established by detection of type-I X-ray bursts
(in ’t Zand et al. 1998; Sidoli et al. 1999). The properties of type-I X-ray bursts exhibiting a photospheric radius expansion phase put the source at a distance of 6.7 kpc
(Galloway et al. 2008a). Following its discovery, several accretion outbursts with
2–10 keV luminosities of ∼ 1036−37 ( D/7.6 kpc)2 erg s−1 were detected from the
source, with different X-ray instruments (Wijnands et al. 2002c; Natalucci et al. 2004;
Werner et al. 2004; Markwardt & Swank 2004; Deluit et al. 2004). An earlier outburst from the source, occurring in 1991, was found in archival data (Grebenev et al.
2002). Wijnands et al. (2002c) observed SAX J1747.0–2853 with Chandra in between two bright outburst and detected the system at a 0.5–10 keV luminosity of
∼ 2 × 1035 ( D/7.6 kpc)2 erg s−1 . Since this is well above the quiescent level typically found for neutron star systems, its transient nature was cast in doubt (Wijnands
et al. 2002c). However, an apparent quenching of type-I X-ray bursts suggested that
the accretion was suppressed at least during some intervals (Werner et al. 2004).
SAX J1747.0–2853 is detected in outburst during the HRC-I observations performed on 2005 October 20 (Wijnands et al. 2005b,c), as well as in XMM-Newton
data obtained on 2006 February (Wijnands et al. 2006b) and September. Integral
Galactic bulge monitoring observations detected hard X-ray activity from the source
in 2005 October and 2006 February (Kuulkers et al. 2005; Chenevez et al. 2006).
The source is not detected during Chandra/HRC observations carried out in 2007
July, from which we can estimate an upper limit on the 2–10 keV luminosity of
. 3.7 × 1034 erg s−1 , which indicates that the source activity had ceased by that time
(see also Figure 7.6).6 If the source was continuously active between our monitoring
observations of 2005 October and 2006 September, the outburst thus had a duration
of & 0.9 yr. However, non-detections in our data obtained in 2005 June and 2007 July
constrain the duration of the active period to be . 2.1 yr (see Figure 7.6).
SAX J1747.0–2853 was again reported active as seen during Integral bulge scan
observations performed in 2007 October (Brandt et al. 2007). Swift follow-up observations carried out a few days later revealed renewed activity of SAX J1747.0–2853
in the softer X-ray band as well, since it was detected at a 2–10 keV luminosity of
∼ 1036 ( D/7.6 kpc)2 erg s−1 (Cackett & Miller 2007). The source region is not
covered by our monitoring observations of 2007 September, but SAX J1747.0–2853
is not detected in XMM-Newton data obtained in 2008 March. Combined with the
lack of activity found in our 2007 July observations, this suggests that this new out6 We

note that the field in which SAX J1747.0–2853 is closest to aimpoint, GC-3, was not observed
in 2007 July, but during that epoch the source region is covered by the observations of GC-1.
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burst had a duration of . 0.6 yr. In 2009 February, Integral detected an X-ray burst
from SAX J1747.0–2853, indicating that the source was again active (Chenevez et al.
2009a). Follow-up Swift/XRT observations performed a few days later constrained
the source luminosity to be ∼ 2 × 1035 ( D/7.6 kpc)2 erg s−1 at that time (2–10 keV;
Campana et al. 2009).
We fitted the XMM-Newton spectra obtained in 2006 February and September
to obtain source fluxes. The February observation contained two X-ray bursts (see
below), which were removed from the data for the purpose of fitting the persistent
emission. A simultaneous fit to the two spectra yields a hydrogen column density of
NH = (9.5 ± 0.2) × 1022 cm−2 and powerlaw indices of Γ = 2.0 ± 0.1 and 2.6 ± 0.1
(see Table 7.3). The inferred 2–10 keV luminsities for the 2006 February and September observations are 2.1 × 1036 and 6.0 × 1035 ( D/7.6 kpc)2 erg s−1 , respectively.
The PN spectrum of the 2006 February observation is shown in Figure 7.2. Using
NH = 9.5 × 1022 cm−2 and a powerlaw index of Γ = 2.6, we can estimate a 2–10
keV luminosity of ∼ 6.7 × 1035 ( D/7.6 kpc)2 erg s−1 for the HRC-I observation of
2005 October. Upper limits for other epochs were computed using the same spectral
shape and result in values of LX . (4 − 37) × 1033 ( D/7.6 kpc)2 erg s−1 (see Figure 7.6). This suggests a strongly reduced accretion power and confirms the transient
nature of the source, suggested by (Werner et al. 2004).
The lightcurve extracted from the 2006 February XMM-Newton observation reveals a pair of type-I X-ray bursts, shown in Figure 7.4. The time elapsed between
these two events is 230 s (3.8 min). The X-ray bursts show the typical fast rise, exponential decay shape and have similar durations (∼ 40 s) and peak count rates. The PN
switched off during the bursts due to the high count rate, so that we could only use
the MOS cameras for a spectral analysis. To avoid pile-up, events had to be extracted
from an annulus with inner (outer) radius of 2000 (4000 ).
Limited by statistics, we cannot perform time-resolved spectroscopy and therefore we extracted the full-burst spectra (∼ 40 s). A spectrum obtained from an interval
of 100 s preceding the first burst was used to serve as a background reference. We fit
both bursts to an absorbed blackbody model with the hydrogen column density fixed
to the value obtained from fitting the persistent emission (NH = 9.5 × 1022 cm−2 ).
For the first X-ray burst this yields a blackbody temperature of kT bb = 1.8 ± 0.4 keV
and Rbb = 5.2 ± 0.9 km. For the second burst we obtain comparable values of
kT bb = 1.4 ± 0.3 keV and emitting region Rbb = 7.4 ± 1.0 km. The spectra of
both bursts are shown in Figure 7.5.
Extrapolation of the blackbody fits to the energy range of 0.01–100 keV, yields an
estimate of the bolometric luminosity during the bursts of Lbol ∼ 3.6 × 1037 and 3.1 ×
1037 ( D/7.6 kpc)2 erg s−1 for the first and second burst, respectively. Using the count
rate to flux conversion factor inferred from fitting the average burst spectra we can
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Figure 7.4: XMM-Newton/EPIC-MOS2 5-s bin lightcurves of SAX J1747.0–2853 during the observation obtained on 2006 February 27 (0.5–12 keV energy band). The top image shows an interval of
∼ 400 s during which two type-I X-ray bursts occurred. The bottom plots show the lightcurves of the
individual bursts.
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Figure 7.5: XMM-Newton/PN spectra of the two type-I X-ray bursts observed from SAX J1747.0–2853
on 2006 February 26.

roughly estimate that the bolometric peak luminosities of both bursts were ∼ 1.0 ×
1038 ( D/7.6 kpc)2 erg s−1 , which is close to the Eddington limit for neutron stars.
The persistent emission observed around the time of the bursts was approximately
1% of the Eddington rate (see Table 7.3).

7.4.7 GRO J1744–28
During all our XMM-Newton observations we detect a weak X-ray source consistent with the Chandra localisation of the transient neutron star LMXB GRO J1744–
28 (Muno et al. 2009), which was discovered in 1995 with the BATSE aboard the
Compton Gamma Ray Observatory (Fishman et al. 1995). Its neutron star nature was
established by the detection of coherent X-ray pulsations with a frequency of 2.1 Hz,
which allowed to determine the orbital period of the binary to be 11.8 days (Finger
et al. 1996). Mayor outbursts reaching 2–10 keV luminosities of ∼ 1037−38 erg s−1
were observed in 1995 and 1996 (for D = 8 kpc, Woods et al. 1999). The source has
been observed in quiescence at a 0.5–10 keV luminosity of ∼ (2 − 4) × 1033 erg s−1
(Daigne et al. 2002; Wijnands & Wang 2002), but enhanced activity a factor of a few
above the quiescent level has also been reported (Muno et al. 2007b).
For the spectral fits we omitted the XMM-Newton observation obtained in 2006
September, because of the low number of photons collected. Using an absorbed powerlaw model to fit all data simultaneously, we obtain NH = (9.4 ± 3.0) × 1022 cm−2
and powerlaw indices of Γ = 2.5 − 3.2 (see Table 7.3). The inferred 2–10 keV luminsities of the first 4 observations lie between (1.5 − 6.5) × 1033 erg s−1 , whereas
the final observation indicates an enhanced intensity above the quiescent level with
LX = 1.9 × 1034 erg s−1 (see Figure 7.6). The PN spectra obtained from the observations carried out in 2008 March and September are shown in Figure 7.2 for
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comparison. Although GRO J1744–28 is not found in the Chandra/HRC images by
running the  routine, it can be spotted by eye in the images of 2005 October and 2008 May. The source is close to the detection of our HRC observations, and
the obtained upper limits are of similar magnitude as the actual detections (see Figure 7.6). The HRC-I count rates and upper limits were converted to 2–10 keV fluxes
and luminosities using NH = 9.4 × 1022 cm−2 and a powerlaw index of Γ = 2.8.
With the exception of the last observation, the luminosities inferred from fitting
the XMM-Newton spectral data are similar to what has been found for GRO J1744–28
in quiescence (Wijnands & Wang 2002). Since (non-pulsating) neutron star LMXBs
in quiescence often display a thermal spectrum (e.g., Bildsten & Rutledge 2001), we
also fitted a blackbody model to the spectral data. Excluding the last observation
that hinted enhanced activity, we find NH = (5.9 ± 2.7) × 1022 cm−2 and blackbody
temperatures of kT bb = 1.0 ± 0.3 keV for the remaining three XMM-Newton spectra
(yielding χν = 0.86 for 40 d.o.f.). This is unusually high for quiescent neutron stars,
that are typically characterised by blackbody temperatures of kT bb ∼ 0.2 − 0.3 keV
(e.g., Bildsten & Rutledge 2001). The corresponding emitting radii inferred for GRO
J1744–28 are on the order of Rbb ∼ 0.1 km. Similar results were obtained by previous
authors and the mechanism responsible for the quiescent emission observed from
GRO J1744–28 is therefore a subject of debate (Daigne et al. 2002; Wijnands &
Wang 2002).

7.4.8 CXOGC J174541.0–290014
During the Chandra/HRC observations performed in 2005 October, we detect activity from CXOGC J174541.0–290014 (Wijnands et al. 2005c), an unclassified X-ray
transient discovered during Chandra observations of the GC (Muno et al. 2003b).
Between 1999 and 2005, this source was detected multiple times, displaying luminosities of a few times 1033 erg s−1 , whereas an upper limit on the quiescent level
of LX . 8 × 1031 erg s−1 was inferred (2–8 keV energy band, assuming D = 8 kpc;
Muno et al. 2005b). Using the spectral parameters reported by Muno et al. (2004),
NH = 18.8 × 1022 cm−2 and Γ = 2.0, we can convert the HRC count rate into a 2–10
keV luminosity of 1.2 × 1034 erg s−1 . CXOGC J174541.0–290014 was detected only
once during our campaign. From the observations performed at other epochs we can
infer upper limits on the source luminosity of . (0.5 − 5) × 1033 erg s−1 (2–10 keV;
see Figure 7.6).

7.4.9 AX J1742.6–2901
During the final series of Chandra/HRC observations, performed in 2008 July, we
detect an X-ray source located at α = 17h 42m 42.58 s , δ = −29◦ 020 04.800 (J2000)
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with an uncertainty of 1.500 . This position is coincident with that of AX J1742.6–
2901, an unclassified X-ray source discovered during ASCA observations of the GC
performed in 1998 September (Sakano et al. 2002). The ASCA source was tentatively
associated with the ROSAT object 2RXP J174241.8–290215, which was detected at a
count rate of (1.9 ± 0.3) × 10−2 counts s−1 during a 2 ks PSPC observation performed
in 1992 March.7 The position derived from our Chandra observations is consistent
with ROSAT localisation.
AX J1742.6–2901 is detected only once during our campaign, with a HRC-I
count rate of (6.8 ± 2.5) × 10−2 counts s−1 . The source is located just outside the
FOV of our XMM-Newton pointings and was not covered by the Chandra survey of
Muno et al. (2009). However, the source region was observed with Swift/XRT as part
of a Swift follow-up program of ASCA sources with unknown nature (Degenaar et al.
in prep.). During the XRT observations, performed on 2008 March 7 (i.e., 4 months
prior to our Chandra/HRC detection), a single X-ray source was detected within the
XRT FOV. The coordinates inferred from the Swift data coincides with the position
determined from our Chandra/HRC observations.
The Swift/XRT spectrum can be fit with an absorbed powerlaw with hydrogen
+2.5
column density NH = 0.7−0.7
cm−2 and photon index Γ = 2.1 ± 1.5. Assuming a distance of 8 kpc, the resulting unabsorbed 2–10 keV luminosity is 5.7 ×
1033 erg s−1 . Using these spectral parameters, the Chandra/HRC-I and ROSAT/PSPC
count rates translate into 2–10 keV unabsorbed luminosities of 7.2 × 1033 and 2.3 ×
1033 erg s−1 , respectively. Sakano et al. (2002) report an unabsorbed luminosity of
5.3 × 1033 erg s−1 (0.7–10 keV), as detected during the ASCA observations. Since
AX J1742.6–2901 has been detected at such comparable intensity levels with ROSAT
(1992), ASCA (1998), Swift and Chandra (both 2008), and given the fact that the
source is close to the detection limit of our HRC observations (see Figure 7.6), it
seems plausible that the source is not an X-ray transient but rather a weak persistent
source that displays a factor of a few variability.

7.4.10

Previously unidentified source in XMM-Newton data

In all XMM-Newton observations covering the field GC-6, we detect an X-ray source
at a α = 17h 46m 54.15 s , δ = −29◦ 150 42.600 (J2000) with an uncertainty of 400 . This
object is only detected above 2 keV and we find no counterpart in the  astronomical database or in DSS/2MASS images. The source region was not covered
by the Chandra survey of Muno et al. (2009). We designate this new X-ray source
XMMU 174654.1–291542. This object is not detected in the individual HRC-I exposures, although it appears when merging all Chandra data together. This allows
7 The

second ROSAT source catalogue of pointed observations (2RXP) is available at
http://www.mpe.mpg.de/xray/wave/rosat/rra.
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for a refined position of α = 17h 46m 54.47 s , δ = −29◦ 150 44.000 (J2000) with an
uncertainty of 1.500 .
We simultaneously fit all XMM-Newton spectra to an absorbed powerlaw, which
yields NH = (5.2 ± 1.2) × 1022 cm−2 and photon indices varying between Γ =
0.3 − 1.8 (see Table 7.3), suggesting significant variations between the different spectra. This is also illustrated by Figure 7.2, which displays the PN spectra obtained in
2006 September and 2008 May. When the spectra are fitted individually, we obtain
a considerable spread in hydrogen column densities (NH = (1.6 − 9.0) × 1022 cm−2 )
and powerlaw indices (Γ = 0.1 − 1.8), although the errors on both parameters are
large. We also fitted the spectra simultaneously with the powerlaw index tied between
the different observations, whereas the hydrogen column density was left to vary.
This resulted in a photon index of Γ = 1.0 ± 0.3 and hydrogen column densities ranging between NH = (2.5 − 10.2) × 1022 cm−2 , with typical errors of ∼ 2.0 × 1022 cm−2
(for χν = 1.04 for 159 d.o.f.). Regardless of the chosen approach, we obtain luminosities lying in a range of ∼ (0.7 − 3.0) × 1034 erg s−1 (assuming a source distance
of 8 kpc). For the individual HRC-I observations we obtain upper limits in the range
. (4 − 7) × 1033 erg s−1 . In the merged HRC image, the source is weakly detected
at a count rate of 0.003 ± 0.001 counts s−1 . For NH = 5.2 × 1022 cm−2 and Γ = 1.0,
this implies a 2–10 keV luminosity of 6.3 × 1033 erg s−1 . Given the small difference between the XMM-Newton detections and the Chandra upper limits, we cannot
asses whether this object is truly transient or rather a persistent source that displays
intensity variations by a factor of a few (see Figure 7.6).
We searched archival data to shed more light on the long-term variability of this
newly identified X-ray source. XMMU J174554.1–291542 was in FOV of the GC
survey carried out by ASCA (Sakano et al. 2002). The limiting sensitivity of that
campaign was comparable to the level of activity we detect for XMMU J174554.1–
291542 during our observations. Furthermore, we find two Chandra/ACIS pointings
that cover the source region, carried out on 2006 November 2 and 2008 May 10 (obs
ID 7163 and 9559, the exposure times are ∼ 14.3 and ∼ 14.8 ks, respectively). During
both observations XMMU J174554.1–291542 is one of the brightest objects in the
field. Conversion of the extracted ACIS count rates using the spectral parameters
listed in Table 7.3 yields a luminosity of ∼ 1034 erg s−1 for both observations, which
is similar to the level we detect during our campaign. This could point towards a
persistent nature, although all observations lie within a time range of ∼ 2.5 yr and we
cannot exclude the possibility that the source underwent a long outburst.

7.4.11

Possible transient reported by Wijnands et al. (2006a)

Wijnands et al. (2006a) reported on the detection of a possible new very-faint X-ray
transient, that was found only during our HRC-I observation of 2005 June 5, at a
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rate of ∼ 0.008 counts s−1 . This object is detected in the XMM-Newton observations
carried out in 2008 September at a count rate of ∼ (1.9 ± 0.1) × 10−2 counts s−1 ,
whereas the other XMM-Newton observations yield 2σ count rate upper limits of
. 0.7 × 10−2 counts s−1 . This indeed indicates a possible transient nature. However,
the XMM-Newton observations indicate that this source is detected only in the 0.5–
2 keV band, with no photons in the harder 2–12 keV band. It is therefore not a
candidate X-ray binary.

7.5

Discussion

We have presented the results of 4 years of monitoring data of the GC with the Chandra and XMM-Newton observatories. We have covered a field of 1.2 square degree
around Sgr A∗ , that was targeted on 10 different epochs between 2005 June and 2008
September. Our study focussed on the behaviour of transient X-ray sources located
in this region that reach 2–10 keV peak luminosities & 1 × 1034 erg s−1 when in
outburst. We detected activity of 8 previously known X-ray transients during our
campaign. On average, 6 of these were active each year (see Table 7.3). We discussed the X-ray spectra and long-term lightcurves for the detected transients. All
except AX J1742.6–2901 (see below) are highly absorbed (NH & 5 × 1022 cm−2 ),
indicating source distances close to or beyond the Galactic centre.
We detect type-I X-ray bursts from both AX J1745.6–2901 and SAX J1747.0–
2853. For the latter, we find a pair of a type-I X-ray bursts that have a waiting time
(recurrence time) of 3.8 min (see Section 7.5.4). Furthermore, during several observations SAX J1747.0–2853 is not detected with upper limits on the source luminosity
of a few times 1033 ( D/6.7 kpc)2 erg s−1 , which testifies its classification as transient
X-ray source (cf. Wijnands et al. 2002c; Werner et al. 2004). For AX J1745.6–2901
we also detect a ∼ 1400 s long eclipse in the X-ray lightcurve during one of our
observations, consistent with the eclipse properties seen during ASCA observations
(Maeda et al. 1996).
In addition to the above mentioned transient systems, we detect two weak unclassified X-ray sources that, despite being undetected at some epochs during our
campaign, are likely persistent. The first of these is AX J1742.6–2901, which has
also been observed with ROSAT, ASCA and Swift at similar intensity levels as found
during our observations. From the Chandra/HRC data we obtained an improved position for the source. The hydrogen absorption column density inferred from fitting
Swift/XRT spectral (NH ∼ 0.7 × 1022 cm−2 ) is considerably lower than inferred for
the other X-ray sources in our survey, which indicates that it is likely located at a
distance < 8 kpc. Furthermore, we detect a previously unknown X-ray source, which
we designate XMMU J174554.1–291542. This object was detected in all individual
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XMM-Newton observations as well as in the merged Chandra/HRC image. Inspection of archival data suggests that this XMMU J174554.1–291542 is likely persistent
at a luminosity of ∼ 1034 erg s−1 (assuming a distance of 8 kpc). Despite its apparent
steady X-ray luminosity, we detect significant changes in the source spectrum on a
time scale of months. These can be attributed to variations in either the hydrogen
absorption column density or the powerlaw spectral index.

7.5.1 The population of Galactic centre X-ray transients
In Table 7.4 we list all known X-ray transients that are located in the region covered by our campaign. This table is an update from Wijnands et al. (2006a), where
we have included two new transients that were discovered by Swift in 2006 (Degenaar & Wijnands 2009). Whereas most sources remain unclassified, there are 6 confirmed LMXBs of which 5 contain a neutron star primary, as testified by the detection
of X-ray pulsations (GRO J1744–28) or type-I X-ray bursts (GRS 1741–2853, AX
J1745.6–2901, KS 1741–293 and SAX J1747.0–2853). The fifth LMXB, CXOGC
J174540.0–290031, has has an orbital period of 7.9 h that has been inferred from the
detection of eclipses in the X-ray lightcurve. This source has been suggested to harbour a black hole based on the detection of strong radio emission (Muno et al. 2005a;
Porquet et al. 2005a).
Out of the 16 transients listed in Table 7.4, we have detected 8 in an active state
during our campaign. Moreover, extensive monitoring of the GC region during the
past decade has shown that 10 transients (i.e., 63%) recurred between 1999 and 2010
(see fourth column in this table), 6 of which even experienced three or more distinct
outbursts during this epoch (these are the neutron star transients GRS 1741–2853, AX
J1745.6–2901, KS 1741–293 and SAX J1747.0–2853, and the unclassified transients
CXOGC J174535.5–290124 and XMM J174457–2850.3). The fact that no new Xray transients with peak luminosities & 1 × 1034 erg s−1 were found during our campaign confirms suggestions from previous authors that the majority of sources that
recur on time scales less than a decade and undergo outbursts of at least a few days
have now been identified in this region (in’t Zand et al. 2004; Muno et al. 2009; Degenaar & Wijnands 2010). The last new discoveries date back to 2006 (Degenaar &
Wijnands 2009).

7.5.2 Low-level accretion activity
As discussed in Sections 7.4.1 and 7.4.5, both GRS 1741–2853 and KS 1741–293
have shown short, weak outbursts (tob . 1 week and LX . 1034−35 erg s−1 ) that were
preceding longer and brighter accretion episodes (duration of several weeks/months
with 2–10 keV luminosities peaking at ∼ 1036−37 erg s−1 ). Albeit on a different scale,
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one can argue that AX J1745.6–2901 displayed something similar: a mayor outburst
with a 2–10 keV peak luminosity of 6 × 1036 erg s−1 was detected from this system in
2007–2008, whereas a few months earlier (in 2006) it underwent an accretion episode
that had a duration and intensity that were both a factor ∼ 5 lower.
Looking at Figure 7.6, which displays the long-term lightcurves obtained for the
10 different sources studied in this work, it is striking that several objects appear
active at levels of ∼ 1033−34 erg s−1 without necessarily becoming brighter. Although XMM J174457–2850.3, GRO J1744–28 and SAX J1747.0–2853 are known
to exhibit outburst episodes with luminosities equalling or exceeding 1036 erg s−1 ,
all three systems spend long times at much lower intensity levels that are yet enhanced compared to the quiescent state (for the former two see Figure 7.6; for SAX
J1747.0–2853 see Wijnands et al. 2002c). While upper limits on the quiescent luminosity leave no doubt on the transients nature (Muno et al. 2005b), both CXOGC
J174535.5–290124 and CXOGC J174541.0–290014 have never been observed at 2–
10 keV luminosities exceeding ∼ 1034 erg s−1 and several other sources also remain
well below LX = 1036 erg s−1 (see Table 7.4).
All of the above examples demonstrate that accretion can continue at low Xray luminosities of ∼ 1033−35 erg s−1 (2–10 keV). Such low, quasi-stable accretion
episodes are hard to accommodate within the disc instability model, which is believed
to drive transient outbursts in LMXBs.

7.5.3 Ultra-faint transients
While the present work focussed on transient X-ray sources with luminosities & 1 ×
1034 erg s−1 , our campaign also detected a number of objects that appear variable by
a factor of & 5 − 10 but remain below ∼ 5 × 1033 erg s−1 (assuming D = 8 kpc).
We found several of such sources in our XMM-Newton observations, that are hard
(most photons emitted above 2 keV) and for which no DSS/2MASS counterparts are
found, which effectively rules out that these are foreground active stars. Two such
examples are CXOGC J174451.7–285308 and CXOGC J174423.4–291741 from the
Chandra catalogue of Muno et al. (2009). Both objects were detected once during
our campaign at 2–10 keV luminosities of ∼ 3 × 1033 erg s−1 . CXOGC J174451.7–
285308 is indicated by Muno et al. (2009) as exhibiting long-term variability by
a factor of ∼ 70. CXOGC J174423.4–291741, on the other hand, is listed in this
catalogue as a weak persistent source displaying a luminosity of ∼ 1032 erg s−1 (using
the conversion factor from photon to energy flux quoted by these authors).
As discussed in Section 7.5.2, several confirmed and candidate X-ray binaries
display activity at similar intensity levels. Furthermore, Heinke et al. (2009a) find a
transient object with a peak luminosity of ∼ 6 × 1033 erg s−1 in the globular cluster
M-15, that can likely be identified as a neutron star X-ray binary. This suggests
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that there could be X-ray binaries amongst these ’ultra-faint transients’ found in our
XMM-Newton data, although a significant fraction might be accreting white dwarfs
(Verbunt et al. 1997). The properties of the ultra-faint transients will be the subject
of further study.

7.5.4 The X-ray burst pair of SAX J1747.0–2853
In our XMM-Newton observation performed on 2006 February 27, we detect two
consecutive type-I X-ray bursts from SAX J1747.0–2853, separated by only 3.8 min.
Such a recurrence time is amongst the shortest measured for type-I X-ray burst pairs.
Other bursts with similarly short recurrence times were reported from the neutron star
LMXBs 4U 1705–44 (3.8 min; Keek et al. 2010), 4U 1636–536 (5.4 min; Linares
et al. 2009a), 4U 1608–52 (4.3–6.4 min; Galloway et al. 2008a) and EXO 0748–676
(6.5 min; Boirin et al. 2007; Galloway et al. 2008a). Furthermore, SAS-3 detected a
series of three X-ray bursts with waiting times of ∼ 17 and ∼ 4 min, originating from
a source close to the Galactic centre (Lewin et al. 1976). However, due to source
confusion it could not be confirmed that all three bursts originated from the same
object.
Thermonuclear X-ray bursts repeating within minutes represent a challenge to
our understanding of burst physics. Current theoretical models predict that over 90%
of the accreted hydrogen/helium is burned during a type-I X-ray bursts, and implies
that it would take at least a few hours to accumulate enough matter to power a new
burst (Woosley et al. 2004). This is at odds with the detection of X-ray bursts that
have short recurrence times and thus suggests that some of the initial fuel is preserved
after ignition of the first burst (Galloway et al. 2008a; Keek et al. 2010). One possible
explanation for the occurrence of burst pairs could be that the matter is confined to
certain parts of the neutron star surface, e.g., the magnetic poles, and that the bursts
of a pair ignite at different locations. Alternatively, the bursts might ignite in separate
layers, lying on top of each other. In this scenario first burst causes unburned fuel
to be mixed down to larger depth, which can cause the ignition of a new burst (e.g.,
Keek et al. 2009).
A systematic study of a large number of short recurrence times bursts shows that,
on average, the second burst a burst pair is less bright, cooler and less energetic
than the first, although burst sequences of similar fluence are also observed (Boirin
et al. 2007; Keek et al. 2010). Furthermore, for several sources the duration of the
second burst was found to be shorter than the preceding one, suggestive of a reduced
hydrogen content after the first burst has ignited. This would favour the explanation
that the bursts are resulting from different envelope layers rather than different areas
of the neutron star (Boirin et al. 2007; Keek et al. 2010). The two type-I X-ray bursts
observed from SAX J1747.0–2853 were of similar duration (∼ 40 s) and also reached
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similar peak luminosities (estimated to be close to the Eddington luminosity). Fitting
the spectral data of the persistent emission shows that the source was accreting at
∼ 1% of the Eddington rate when the burst pair was observed. This is consistent
with the findings of Keek et al. (2010), who show that bursts with recurrence times
of . 40 min are seen for sources accreting at . 5% of the Eddington rate.
We note that the bursts observed from SAX J1747.0–2853 contained within the
RXTE catalogue of Galloway et al. (2008a) have recurrence times of hours. However,
Keek et al. (2010) study an extended data sample, including bursts detected with BeppoSAX, and report on the detection of three burst pairs with short recurrence times
from SAX J1747.0–2853 (compared to 57 single bursts). The time intervals between
the bursts are not reported by these authors.
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Table 7.4: List of (confirmed) X-ray transients in the region covered by this campaign.
Source name
Offset Sgr A∗ (0 )

Lpeak

CXOGC J174540.0–290031
0.05
1 × 1035

Comments

Repeat?a Ref.b

obscured LMXB, radio source, Porb = 7.9 h

N

1,2,3

CXOGC J174541.0–290014*
0.31
1 × 1034 unclassified

Y

2

CXOGC J174540.0–290005
0.37
2 × 1035

unclassified

Y

2,4

CXOGC J174538.0–290022
0.44
2 × 1035

unclassified

Y

2,5

1A 1742–289
0.92

7 × 1038

radio source

N

6,7

CXOGC J174535.5–290124*
1.35
3 × 1034 unclassified

Y

2,4,5

AX J1745.6–2901*
1.37
6 × 1036

neutron star LMXB (burster), Porb = 8.4 h

Y

4,5,8

Swift J174553.7–290347
4.50
2 × 1035

unclassified (CXOGC J174553.8–290346)

N

4

CXOGC J174554.3–285454
6.38
8 × 1034

unclassified

N

2

GRS 1741–2853*
10.00
1 × 1037

neutron star LMXB (burster), D = 7.2 kpc

Y

4,5,9,10

Swift J174622.1–290634
11.04
7 × 1034

unclassified (CXOGC J174622.2–290634)

N

4

XMM J174544–2913.0
12.56
5 × 1034

unclassified

N

11

XMM J174457–2850.3*
13.78
2 × 1036

unclassified

Y

4,5,11

SAX J1747.0–2853*
19.55
4 × 1037

neutron star LMXB (burster), D = 6.7 kpc

Y

12,13

GRO J1744–28*
21.71

3 × 1038

neutron star LMXB (pulsar), Porb = 11.8 d

Y

14,15,16

KS 1741–293*
22.09

5 × 1036

neutron star LMXB (burster)

Y

17,18

Note.– Sources marked by an asterisks were active during our campaign. The 2–10 keV peak luminosities (in units of erg s−1 ) assume a distance of 8 kpc unless indicated otherwise. a A positive indication implies that at least two distinct outbursts were observed between 1999–2010. b References:
1=Muno et al. (2005a), 2=Muno et al. (2005b), 3=Porquet et al. (2005a), 4=Degenaar & Wijnands (2009), 5=Degenaar & Wijnands (2010), 6=Davies et al. (1976), 7=Branduardi et al. (1976),
8=Maeda et al. (1996), 9=Muno et al. (2003a), 10=Trap et al. (2009), 11=Sakano et al. (2005),
12=Werner et al. (2004), 13=Wijnands et al. (2002c), 14=Giles et al. (1996), 15=Wijnands & Wang
(2002), 16=Daigne et al. (2002), 17=in ’t Zand et al. (1991),18=de Cesare et al. (2007).
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GRS 1741-2853

XMM J174457-2850.3

AX J1745.6-2901

CXOGC J174535.5-290124

Figure 7.6: Luminosity history of the (candidate) transient X-ray binaries detected during our monitoring campaign. Squares (HRC) and bullets (ACIS) indicate Chandra measurements, whereas triangles
refer to XMM-Newton observations. The upper limits represent a 2σ confidence level.
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KS 1741-293

SAX J1747.0-2853

GRO J1744-28

CXOGC J174541.0-290014

Figure 7.6: Continued.
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XMMU J174554.1-291542

AX J1742.6-2901

Figure 7.6: Continued.
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