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The 100-monthSwift Catalogue of Supergiant Fast X—ray Transients collects awhousand
SwifyBAT flares from 11 Supergiant Fast X—ray Transients (SFX@gsyl reaches down to 15—
150 keV fluxes of about 8101 erg cnt? s~ (daily timescale) and about3ix 10~° erg cnt? 571
(Swiftorbital timescale, about 800 s). These hard X-ray flaresalyilast at least a few hundred
seconds, reach fluxes in excess of 100 mCrab (15-50 keV)aahdhlch less than a day. Their
clustering in the binary orbital phase-space, however,atestnates that these short flares are part
of much longer outbursts, lasting up to a few days, as prslyoobserved in deep&wift soft
X-ray observations. We used this large dataset to probeigiedmd intermediate emission states
in SFXTSs, to infer the properties of these binaries, to estitnthe number of flares per year each
source is likely to produce as a function of the detectioaghold and limiting flux. The catalogue
was also recently used to estimate the expected number of SiiXhe Milky Way.
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1. Introduction

Supergiant Fast X-ray Transients (SFXTs) are HMXBs with OB slipetgompanions and
are known for X-ray outbursts characterized by-41% luminosity increases (up to 38-10°" erg
s™1) lasting for a few hours. The compact object is quite probably a neutanres the X-ray spec-
trum and the pulsations observed in a few SFXTs testify, accreting fromitfteof the companion.
Currently, no prevailing model proposed to explain the bright outburstbéan agreed upon; com-
peting models include accretion onto the NS from a “clumpy wind” [1], and .emecently, those
invoking either the presence of magngtentrifugal barriers [2, 3] or a subsonic settling accretion
regime [4]. In this framework, th8wift SFXT Project was born with the purpose of exploiting the
unique characteristics &wift[5] in an investigation of the SFXT properties. In the following, we
will distinguish between a flare, which is a state of enhanced emission ¢ghasting less than a
few hours, and an outburst, which is composed of several flares stsdda about a day or more.

2. Thecatalogue

The 100-monthSwift Catalogue of Supergiant Fast X-ray Transients [6] iSvaft legacy,
recording a thousand flares uniformly observed in the time range 2002-022013-05-31. The
sources in our sample of SFXTs were selected from the literature basedidence of bright
flares (peak in excess af~ 106 erg s1), as recorded by ASCARXTE INTEGRAL, and Swift
IGR J08408-4503, IGR J112155952, IGR J163284726, IGR J164184532, IGR J164654507,
IGR J16479-4514, XTE J1739302, IGR J175442619, SAX J1818.61703, AX J1841.0-0536,
AX J1845.0-0433, and IGR J18483311 (details and properties of these binaries in [6]).

2.1 The BAT data subsamples

The bright flares from SFXTs have been triggering the Burst Alertsbelpe (BAT, [7]) on
boardSwift, since early after launch. However, while the most spectacular evidéi&eXT activ-
ity comes from their outbursts, SFXTs are characterized by flares in atlsityestates. Therefore,
in the creation of our catalogue, several sets of BAT data were used:

i) BAT on-board detections (d): all on-board detections 5o within 4 arcmin of each source.

i) BAT Triggers (T): they are on-board detections exceeding a threshold (currently s&d9,5
that are also transmitted to the ground. SFXTs can trigger the BATylikay bursts do [8], al-
though those produced by SFXTs are generally only image triggedd ¢, 15-50 keV).

iii) BAT Transient Monitor data: since BAT observes an average of 88% of the sky dalily, it is
ideally suited to detect flaring in hard X-ray astrophysical sources. eS2005-02-12 the BAT
Transient Monitor (BATTM [9]) has been providing near real-time lightvas in the 15-50 keV
band of more than 900 sources with a mean variance for one-day mosai8smCrab ataily (D)
andSwift-orbit (o) resolution (~ 800 s). We applied a& cut for the significance of the detections.

2.2 Flare properties

Our sample consists of 1117 flares from 11 sources, divided into 46tBgders (T, in 43
outbursts), 126 daily-averaged BATTM light curves (D), 267 BATTMWhligurves averaged over
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Figure 1: BAT flare properties. Left: Distributions of durations for BAT triggers (T)Siff) orbital-
averaged BATTM light curves (0), and on-board detections (the peaks of the (d) subsample reach
~ 270 and 250 at 64 and 320 s, respectivéRyght: Distributions of fluxes (15-50 keV) for BAT triggers
(T), daily-averaged BATTM light curves (D), orbital-aveged BATTM light curves (0), and on-board detec-
tions (d). The hashed histograms represent the on-boaedtiets lasting 320 and 64 s and are responsible
for the two peaks in the (d) overall distribution-aB5 and 175 mCrab, respectively. Adapted from [6].

the Swiftorbit (see pointii) in § 2.1; hereon, “orbital-averaged”), and 678 on-board detectins (
Figure 1 (left) shows the distributions of the observed durations. Thesaar285s (T), 897 s (0),
351 s (d); and their medians are 320 s (T) and 792 s (0). Most orttoleéections result from the
(nominally) 64 s, 320s, and full-pointing images that BAT generates. Thedardargation is used
as a proxy for the flare duration, leading to the two peaks in Fig 1 (left).réigright) shows the
distributions of the observed 15-50 keV fluxes for the whole catalogamerdling on the detection
method. The fluxes range from15 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), 2bniCy, 94 mCrab
(0), and 133 mCrab (d). The two peaks of the on-board (d) subsamgkt-a95 and 175 mCrab
and are due to the detections in the 320 and 64 s on-board images, respecti

The flux distributions imply thahe population of about a thousand SFXTs flares we observed
is characterized by short (a few hundred seconds) and relatively bfiiglexcess of 100 mCrab,
15-50 keV) events. These flares generally last less than a day in ttheXheay, as demonstrated
by the lower fluxes measured in the BATTM daily averages. As we hawersfmg. [10, 11], and
references therein), in the soft X—ray the picture is radicalffedint, since the higher sensitivity
of the focussing instrumentation allows us not only to detect the bright thartesso 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 measarketigth of an out-
burst, even though the low-level emission is not detected. In Figure 2avetsle BATTM orbital-
averaged light curves folded at the binary orbital periods [6] (topefsdnand the distributions
of flares along the binary orbital period (bottom panels). Therefartgunsts are a much longer
phenomenon than the flaring timescales, lasting up to a few days, as phgdma®vered from
deeper soft X—ray observations [10, 11]. In particular, we oles@fig. 3 left) a trend of cluster-
ing of flares at some phasesRgy, 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 la¢ toinary orbital
periods (when known, reported in the right lower corner afrepanel).Bottom panelsBAT on-board (d,
red histograms) and BATTM orbital-averaged detectiondlack histograms) folded at the same periods.
The green downward pointing arrows are the BAT triggers Efom [6].

deviation (MAD') of the flare phases, which is consistent with a progression from tighilairor
mildly eccentric orbits at short periods, to wider and more eccentric orblidsmigér binary orbital
periods. Fig. 3 (right) reports the MAD multiplied by the binary orbital perigdantity that can
be considered a good proxy for the half-length of the duty-cycle),tasttbws 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 tarfoirthe the properties
of the high and intermediate emission states in SFXTs, and to infer the propdrtiesse binary
systems, especially in conjunction with flares detected by other curremtusefmissions. For the
latter, we provide a simple recipe to estimate the number of flares per yeas@ade is likely

IMean Absolute Deviatios ﬁ Zg“:1|x,— —X|, whereX is the mean ok = (x1, ..., Xxn) of the flare phases.
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Figure 3: Left Panel Mean absolute deviation (MAD) of the flare phases as a fanobif Pyrp,. Right
Panel Mean absolute deviation of the flare phases multipliedPky. The dataset is the orbital-averaged
detections (o, filled black points). The empty green poingsadtained by simulating a population of flares
for IGR J16479-4514 and IGR J164181532 un&ected by the presence of the eclipse. From [6].

to produce as a function of detection thresHatuting flux. Figure 4 (left) shows the cumulative
distributions ofo- for the BATTM orbital-averaged detections. By considering thatdgtections
for an averag&wiftorbit correspond to #6x 1072 erg cnt? st in the 15-150 keV band (84 x
10 1% erg cnt? s71 in the 15-50 keV band), the individual plots can be used to predict the @umb
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 thetedpaonber of
SFXTs in the Milky Way ass 37*33 (Fig. 4, right) from the probability that there aNeSFXTs,
given thats are found in a fractiorf of stellar mass in the spiral arms of the Galaxy surveyed by
BAT for SFXTs each day. This shows that SFXTs constitute a large parfi¥aray binaries with
supergiant companions in the Galaxy.
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