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The 100-monthSwift Catalogue of Supergiant Fast X–ray Transients collects over a thousand

Swift/BAT flares from 11 Supergiant Fast X–ray Transients (SFXTs),and reaches down to 15–

150 keV fluxes of about 6×10−10 erg cm−2 s−1 (daily timescale) and about 1.5×10−9 erg cm−2 s−1

(Swiftorbital timescale, about 800 s). These hard X-ray flares typically last at least a few hundred

seconds, reach fluxes in excess of 100 mCrab (15–50 keV), and last much less than a day. Their

clustering in the binary orbital phase-space, however, demonstrates that these short flares are part

of much longer outbursts, lasting up to a few days, as previously observed in deeperSwift soft

X-ray observations. We used this large dataset to probe the high and intermediate emission states

in SFXTs, to infer the properties of these binaries, to estimate the number of flares per year each

source is likely to produce as a function of the detection threshold and limiting flux. The catalogue

was also recently used to estimate the expected number of SFXTs in the Milky Way.
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1. Introduction

Supergiant Fast X-ray Transients (SFXTs) are HMXBs with OB supergiant companions and
are known for X-ray outbursts characterized by 103–105 luminosity increases (up to 1036–1037 erg
s−1) lasting for a few hours. The compact object is quite probably a neutron star, as the X-ray spec-
trum and the pulsations observed in a few SFXTs testify, accreting from thewind of the companion.
Currently, no prevailing model proposed to explain the bright outbursts has been agreed upon; com-
peting models include accretion onto the NS from a “clumpy wind” [1], and, more recently, those
invoking either the presence of magnetic/centrifugal barriers [2, 3] or a subsonic settling accretion
regime [4]. In this framework, theSwiftSFXT Project was born with the purpose of exploiting the
unique characteristics ofSwift [5] in an investigation of the SFXT properties. In the following, we
will distinguish between a flare, which is a state of enhanced emission generally lasting less than a
few hours, and an outburst, which is composed of several flares and lasts for about a day or more.

2. The catalogue

The 100-monthSwift Catalogue of Supergiant Fast X-ray Transients [6] is aSwift legacy,
recording a thousand flares uniformly observed in the time range 2005-02-12 to 2013-05-31. The
sources in our sample of SFXTs were selected from the literature based onevidence of bright
flares (peak in excess ofL ∼ 1036 erg s−1), as recorded by ASCA,RXTE, INTEGRAL, andSwift:
IGR J08408−4503, IGR J11215−5952, IGR J16328−4726, IGR J16418−4532, IGR J16465−4507,
IGR J16479−4514, XTE J1739−302, IGR J17544−2619, SAX J1818.6−1703, AX J1841.0−0536,
AX J1845.0−0433, and IGR J18483−0311 (details and properties of these binaries in [6]).

2.1 The BAT data subsamples

The bright flares from SFXTs have been triggering the Burst Alert Telescope (BAT, [7]) on
boardSwift, since early after launch. However, while the most spectacular evidenceof SFXT activ-
ity comes from their outbursts, SFXTs are characterized by flares in all intensity states. Therefore,
in the creation of our catalogue, several sets of BAT data were used:
i) BAT on-board detections (d): all on-board detections> 5σ within 4 arcmin of each source.
ii) BAT Triggers (T): they are on-board detections exceeding a threshold (currently set to 5.8σ),
that are also transmitted to the ground. SFXTs can trigger the BAT likeγ-ray bursts do [8], al-
though those produced by SFXTs are generally only image triggers (> 64 s, 15–50 keV).
iii) BAT Transient Monitor data: since BAT observes an average of 88% of the sky daily, it is
ideally suited to detect flaring in hard X-ray astrophysical sources. Since 2005-02-12 the BAT
Transient Monitor (BATTM [9]) has been providing near real-time light curves in the 15–50 keV
band of more than 900 sources with a mean variance for one-day mosaics of 5.3 mCrab atdaily (D)
andSwift-orbit (o) resolution (∼ 800 s). We applied a 5σ cut for the significance of the detections.

2.2 Flare properties

Our sample consists of 1117 flares from 11 sources, divided into 46 BATtriggers (T, in 43
outbursts), 126 daily-averaged BATTM light curves (D), 267 BATTM light curves averaged over
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Figure 1: BAT flare properties. Left: Distributions of durations for BAT triggers (T), (Swift) orbital-
averaged BATTM light curves (o), and on-board detections (d). The peaks of the (d) subsample reach
∼ 270 and 250 at 64 and 320 s, respectively.Right: Distributions of fluxes (15–50 keV) for BAT triggers
(T), daily-averaged BATTM light curves (D), orbital-averaged BATTM light curves (o), and on-board detec-
tions (d). The hashed histograms represent the on-board detections lasting 320 and 64 s and are responsible
for the two peaks in the (d) overall distribution at∼ 95 and 175 mCrab, respectively. Adapted from [6].

theSwiftorbit (see pointiii) in § 2.1; hereon, “orbital-averaged”), and 678 on-board detections (d).
Figure 1 (left) shows the distributions of the observed durations. The means are 285 s (T), 897 s (o),
351 s (d); and their medians are 320 s (T) and 792 s (o). Most on-board detections result from the
(nominally) 64 s, 320 s, and full-pointing images that BAT generates. The image duration is used
as a proxy for the flare duration, leading to the two peaks in Fig 1 (left). Figure 1 (right) shows the
distributions of the observed 15–50 keV fluxes for the whole catalogue, depending on the detection
method. The fluxes range from∼ 15 mCrab (for the daily-averages) to 1.9 Crab with a median of
∼ 105 mCrab. The medians for the four subsamples are 134 mCrab (T), 27 mCrab (D), 94 mCrab
(o), and 133 mCrab (d). The two peaks of the on-board (d) subsample are at∼ 95 and 175 mCrab
and are due to the detections in the 320 and 64 s on-board images, respectively.

The flux distributions imply thatthe population of about a thousand SFXTs flares we observed
is characterized by short (a few hundred seconds) and relatively bright (in excess of 100 mCrab,
15–50 keV) events. These flares generally last less than a day in the hard X–ray, as demonstrated
by the lower fluxes measured in the BATTM daily averages. As we have shown (e.g. [10, 11], and
references therein), in the soft X–ray the picture is radically different, since the higher sensitivity
of the focussing instrumentation allows us not only to detect the bright flaresbut also to follow the
whole outburst, lasting up to several days, depending on the source.

Clustering of X–ray flares, however, can be used to indirectly measure the length of an out-
burst, even though the low-level emission is not detected. In Figure 2 we show the BATTM orbital-
averaged light curves folded at the binary orbital periods [6] (top panels), and the distributions
of flares along the binary orbital period (bottom panels). Therefore, outbursts are a much longer
phenomenon than the flaring timescales, lasting up to a few days, as previously discovered from
deeper soft X–ray observations [10, 11]. In particular, we observe (Fig. 3 left) a trend of cluster-
ing of flares at some phases asPorb increases, as demonstrated by the trend of the mean absolute
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Figure 2: Top Panels: BAT TM light curves (15–50 keV) of the SFXT sample folded at the binary orbital
periods (when known, reported in the right lower corner of each panel).Bottom panels: BAT on-board (d,
red histograms) and BATTM orbital-averaged detections (o,black histograms) folded at the same periods.
The green downward pointing arrows are the BAT triggers (T).From [6].

deviation (MAD1) of the flare phases, which is consistent with a progression from tight circular or
mildly eccentric orbits at short periods, to wider and more eccentric orbits atlonger binary orbital
periods. Fig. 3 (right) reports the MAD multiplied by the binary orbital period (quantity that can
be considered a good proxy for the half-length of the duty-cycle), andit shows that the duty-cycle
is in the order of a few days.

2.3 Catalogue exploitation

This large dataset (the largest in a single publication) can be used to further probe the properties
of the high and intermediate emission states in SFXTs, and to infer the propertiesof these binary
systems, especially in conjunction with flares detected by other current or future missions. For the
latter, we provide a simple recipe to estimate the number of flares per year eachsource is likely

1Mean Absolute Deviation= 1
N−1
∑N

j=1 |x j − x|, wherex is the mean ofx= (x1, ..., xN) of the flare phases.
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Figure 3: Left Panel: Mean absolute deviation (MAD) of the flare phases as a function of Porb. Right
Panel: Mean absolute deviation of the flare phases multiplied byPorb. The dataset is the orbital-averaged
detections (o, filled black points). The empty green points are obtained by simulating a population of flares
for IGR J16479−4514 and IGR J16418−4532 unaffected by the presence of the eclipse. From [6].

to produce as a function of detection threshold/limiting flux. Figure 4 (left) shows the cumulative
distributions ofσ for the BATTM orbital-averaged detections. By considering that 5σ detections
for an averageSwiftorbit correspond to 1.46×10−9 erg cm−2 s−1 in the 15–150 keV band (8.24×
10−10 erg cm−2 s−1 in the 15–50 keV band), the individual plots can be used to predict the number
of flares for a given limiting flux (see [6] for further details and examples).

Finally, the catalogue has recently been exploited by [12] to estimate the expected number of
SFXTs in the Milky Way as≈ 37+53

−22 (Fig. 4, right) from the probability that there areN SFXTs,
given thats are found in a fractionf of stellar mass in the spiral arms of the Galaxy surveyed by
BAT for SFXTs each day. This shows that SFXTs constitute a large portionof X-ray binaries with
supergiant companions in the Galaxy.
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