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Transient Monitor data (Krimm et al. 2006, 2008),1 covering the
same time-interval as the NFI pointed observations. The data were
rebinned to a 4-d resolution to ensure a larger number of detections
and to closely match the NFI sampling.

The UVOT observed the three targets simultaneously with the
XRT. The data of XTE J1739−302 and IGR J16479−4514 were
taken in general with the ‘Filter of the Day’ (FoD), that is, the filter
chosen for all observations to be carried out during a specific day
in order to minimize the filter wheel rotation (u, uvw1, uvw2 and
uvm2), while IGR J17544−2619 was only observed with UVOT
from 2009-06-06 to 2009-09-30, in the uvw1 and v filters, and
in FoD for the remainder of the campaign. However, during the
outbursts on 2009-03-10 of XTE J1739−302 and on 2009-06-06
of IGR J17544−2619, all filters were used in the typical GRB
sequence (Roming et al. 2005). The data analysis was performed
using the UVOTIMSUM and UVOTSOURCE tasks included in the FTOOLS
software. The latter task calculates the magnitude through aperture
photometry within a circular region and applies specific corrections
due to the detector characteristics. The reported magnitudes are on
the UVOT photometric system described in Poole et al. (2008) and
are not corrected for Galactic extinction. At the position of IGR
J16479−4514, no detection was achieved down to a 3σ limit of
u = 21.27 mag.

All quoted uncertainties are given at 90 per cent confidence level
for one interesting parameter, unless otherwise stated. The spectral
indices are parametrized as Fν ∝ ν−α , where Fν (erg cm−2 s−1

Hz−1) is the flux density as a function of frequency ν; we adopt
$ = α + 1 as the photon index, N (E) ∝ E−$ (photon cm−2 s−1

keV−1).

4 T I M I N G

4.1 XRT light curves and inactivity duty-cycle

The 0.2–10 keV XRT light curves collected from 2007 October
26 to 2009 November 3 are shown in Fig. 1. They are corrected
for pile-up, PSF losses and vignetting, and background-subtracted.
Each point in the light curves refers to the average flux observed
during each observation performed with XRT; the exceptions are the
outbursts (listed in Table 4), where the data were binned to include
at least 20 source counts per time-bin to best represent the count
rate dynamical range.

One of our goals is to calculate the percentage of time each
source spent in each flux state. We consider our monitoring as a
casual sampling of the light curve at a resolution of ∼3–4 d over a
>2 yr baseline. We considered the following three states: (i) BAT-
detected outburst; (ii) intermediate state (all observations yielding a
firm detection, excluding outburst ones); and (iii) ‘non-detections’
(detections with a significance below 3σ ). From the latter state,
we excluded all observations that had a net exposure below 900 s
[corresponding to 2–10 keV flux limits that vary between 1 and
3×10−12 erg cm−2 s−1 (3σ ), depending on the source, see Paper V].
This was done because Swift is a GRB-chasing mission and several
observations were interrupted by GRB events; therefore, the con-
sequent non-detection may be due to the short exposure and not,
exclusively, due to the source being faint.

The duty-cycle of inactivity is defined (Paper V) as the time
each source spends undetected down to a flux limit of (1–3) ×

1 http://swift.gsfc.nasa.gov/docs/swift/results/transients/

Figure 1. Swift/XRT (0.2–10 keV) light curves. The data were collected
from 2007 October 26 to 2008 November 15 (first year, grey) and from
2009 January 29 to November 3 (second year, red). The downward-pointing
arrows are 3σ upper limits. The upward pointing arrows mark flares that
triggered the BAT Transient Monitor on MJD 544 14 and 549 06. Data up
to MJD ∼ 547 70 (grey) were published in Paper V.

10−12 erg cm−2 s−1:

IDC = %T&/[%Ttot (1 − Pshort)] , (1)

where %T& is sum of the exposures accumulated in all observa-
tions, each in excess of 900 s, where only a 3σ upper limit was
achieved (Table 5, column 2), %Ttot is the total exposure accumu-
lated (Table 4, column 5) and Pshort is the percentage of time lost to
short observations (exposure < 900 s, Table 5, column 3). We obtain
IDC = 19, 39 and 55 per cent for IGR J16479−4514, XTE J1739–
302 and IGR J17544−2619, respectively (Table 5, column 4), with
an estimated error of ∼5 per cent. We note that these values are
based on the whole 2-yr campaign and that the IDC calculated with
the observations of 2009 only is 21, 39 and 55 per cent. Finally, as
we can consider our monitoring as a casual sampling of the light
curve, we can also infer that the time these sources spend in bright
outbursts is between 3 and 5 per cent of the total (estimated error
of ∼5 per cent).

Table 5. Duty-cycle of inactivity of the three SFXTs (2-yr campaign).

Name %T& Pshort IDC Rate%T&

(ks) (per cent) (per cent) (10−3 counts s−1)

IGR J16479−4514 29.7 3 19 3.1 ± 0.5
XTE J1739−302 71.5 10 39 4.0 ± 0.3
IGR J17544−2619 69.3 10 55 2.2 ± 0.2

Count rates are in units of 10−3 counts s−1 in the 0.2–10 keV energy band.
%T& is sum of the exposures accumulated in all observations, each in
excess of 900 s, where only a 3σ upper limit was achieved; Pshort is the
percentage of time lost to short observations; IDC is the duty-cycle of
inactivity, that is, the time each source spends undetected down to a flux
limit of (1–3) × 10−12 erg cm−2 s−1; and Rate%T& is detailed in the text
(Section 6).
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Transient Monitor data (Krimm et al. 2006, 2008),1 covering the
same time-interval as the NFI pointed observations. The data were
rebinned to a 4-d resolution to ensure a larger number of detections
and to closely match the NFI sampling.

The UVOT observed the three targets simultaneously with the
XRT. The data of XTE J1739−302 and IGR J16479−4514 were
taken in general with the ‘Filter of the Day’ (FoD), that is, the filter
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uvm2), while IGR J17544−2619 was only observed with UVOT
from 2009-06-06 to 2009-09-30, in the uvw1 and v filters, and
in FoD for the remainder of the campaign. However, during the
outbursts on 2009-03-10 of XTE J1739−302 and on 2009-06-06
of IGR J17544−2619, all filters were used in the typical GRB
sequence (Roming et al. 2005). The data analysis was performed
using the UVOTIMSUM and UVOTSOURCE tasks included in the FTOOLS
software. The latter task calculates the magnitude through aperture
photometry within a circular region and applies specific corrections
due to the detector characteristics. The reported magnitudes are on
the UVOT photometric system described in Poole et al. (2008) and
are not corrected for Galactic extinction. At the position of IGR
J16479−4514, no detection was achieved down to a 3σ limit of
u = 21.27 mag.

All quoted uncertainties are given at 90 per cent confidence level
for one interesting parameter, unless otherwise stated. The spectral
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for pile-up, PSF losses and vignetting, and background-subtracted.
Each point in the light curves refers to the average flux observed
during each observation performed with XRT; the exceptions are the
outbursts (listed in Table 4), where the data were binned to include
at least 20 source counts per time-bin to best represent the count
rate dynamical range.

One of our goals is to calculate the percentage of time each
source spent in each flux state. We consider our monitoring as a
casual sampling of the light curve at a resolution of ∼3–4 d over a
>2 yr baseline. We considered the following three states: (i) BAT-
detected outburst; (ii) intermediate state (all observations yielding a
firm detection, excluding outburst ones); and (iii) ‘non-detections’
(detections with a significance below 3σ ). From the latter state,
we excluded all observations that had a net exposure below 900 s
[corresponding to 2–10 keV flux limits that vary between 1 and
3×10−12 erg cm−2 s−1 (3σ ), depending on the source, see Paper V].
This was done because Swift is a GRB-chasing mission and several
observations were interrupted by GRB events; therefore, the con-
sequent non-detection may be due to the short exposure and not,
exclusively, due to the source being faint.

The duty-cycle of inactivity is defined (Paper V) as the time
each source spends undetected down to a flux limit of (1–3) ×
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Figure 1. Swift/XRT (0.2–10 keV) light curves. The data were collected
from 2007 October 26 to 2008 November 15 (first year, grey) and from
2009 January 29 to November 3 (second year, red). The downward-pointing
arrows are 3σ upper limits. The upward pointing arrows mark flares that
triggered the BAT Transient Monitor on MJD 544 14 and 549 06. Data up
to MJD ∼ 547 70 (grey) were published in Paper V.

10−12 erg cm−2 s−1:

IDC = %T&/[%Ttot (1 − Pshort)] , (1)

where %T& is sum of the exposures accumulated in all observa-
tions, each in excess of 900 s, where only a 3σ upper limit was
achieved (Table 5, column 2), %Ttot is the total exposure accumu-
lated (Table 4, column 5) and Pshort is the percentage of time lost to
short observations (exposure < 900 s, Table 5, column 3). We obtain
IDC = 19, 39 and 55 per cent for IGR J16479−4514, XTE J1739–
302 and IGR J17544−2619, respectively (Table 5, column 4), with
an estimated error of ∼5 per cent. We note that these values are
based on the whole 2-yr campaign and that the IDC calculated with
the observations of 2009 only is 21, 39 and 55 per cent. Finally, as
we can consider our monitoring as a casual sampling of the light
curve, we can also infer that the time these sources spend in bright
outbursts is between 3 and 5 per cent of the total (estimated error
of ∼5 per cent).

Table 5. Duty-cycle of inactivity of the three SFXTs (2-yr campaign).

Name %T& Pshort IDC Rate%T&

(ks) (per cent) (per cent) (10−3 counts s−1)

IGR J16479−4514 29.7 3 19 3.1 ± 0.5
XTE J1739−302 71.5 10 39 4.0 ± 0.3
IGR J17544−2619 69.3 10 55 2.2 ± 0.2

Count rates are in units of 10−3 counts s−1 in the 0.2–10 keV energy band.
%T& is sum of the exposures accumulated in all observations, each in
excess of 900 s, where only a 3σ upper limit was achieved; Pshort is the
percentage of time lost to short observations; IDC is the duty-cycle of
inactivity, that is, the time each source spends undetected down to a flux
limit of (1–3) × 10−12 erg cm−2 s−1; and Rate%T& is detailed in the text
(Section 6).
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Figure 4. UVOT uvw1 light curve of IGR J17544−2619. The vertical
dashed lines mark the BAT outbursts.

In Fig. 4, we show the UVOT uvw1 light curve of IGR
J17544−2619. It is remarkably stable, as a fit against a con-
stant yields χ 2

ν (uvw1) = 1.08 for 26 d.o.f., nhp=0.35. There are
also a few observations performed in the other filters. We obtain
uvm2 = 20.3±0.3, 20.0±0.3, 19.9±0.2 and 19.9±0.3 mag (Ob-
sID 00035056089, 00035056141, 00035056142 and 00035056148,
respectively), uvw2 = 18.16 ± 0.06 and 18.05 ± 0.06 mag
(ObsID 00035056143 and 00035056144, respectively), and u =
15.25 ± 0.09 mag (ObsID 00035056145). During the 2009 June 6
outburst (ObsID 354221000, MJD 549 88), all filters were used. The
observed magnitudes are u = 15.16 ± 0.01 mag, b = 14.55 ± 0.04
mag and uvw1 = 16.7 ± 0.2 mag. The uvw1 value is consistent
with those obtained during the remainder of the campaign. The
b magnitude is very close to the coincidence limit, thus heavily
corrected for coincidence loss.

5 O U T BU R S T S I N 2 0 0 9

The year 2009 opened with the outburst of IGR J16479−4514 on
January 29, which we reported in Paper V. Here, we analyse the data
from three more outbursts caught from the sources in our sample.

5.1 IGR J17391−3021

XTE J1739−302 triggered the BAT on 2009 March 10 at 18:39:55
UT (image trigger = 346069). We report the BAT light curve
in the 15–25 keV band in Fig. 5. The time-averaged spectrum
(T+0.0 to T + 320.0 s) is best fitted by a simple power-law
model with a photon index of 2.8+0.8

−0.6, and the 15–50 keV flux is
7.6×10−10 erg cm2 s−1. Swift did not slew immediately in response
to this trigger, so no NFI data were collected simultaneously with
the BAT data. Observation 00030987107 (1.9 ks net exposure, see
Table 2) was obtained as a high-priority ToO observation, instead.
The light curve obtained between T+5257 and T+10 538 s, since

Figure 5. BAT light curve in the 15–50 keV band of the 2009 March 10
outburst of XTE J1739−302, in units of counts s−1 det−1.

the trigger shows a mean count rate of 0.4–1 counts s−1. The mean
XRT/PC spectrum can be fitted with an absorbed power law with
a photon index of # = 1.1 ± 0.4 and an absorbing column density
of NH = (3 ± 1) × 1022 cm−2 (χ 2

ν = 1.1 for 25 d.o.f.). The mean
unabsorbed 2–10 keV flux is 9×10−11 erg cm2 s−1, which translates
into a luminosity of 7×1034 erg s−1 (assuming a distance of 2.7 kpc,
Rahoui et al. 2008). Further ToO observations were performed on
2009 March 11 (ObsID 00030987108 and 00030987109 in Table 2),
when the XRT count rate was down to a few 10−2 counts s−1. These
spectral results are in general agreement with those obtained dur-
ing previous outbursts, both in terms of hard photon index and in
terms of a relatively lower column density (comparable with the
out-of-outburst values).

5.2 IGR J17544−2619

Two outbursts of IGR J17544−2619 were caught during 2009. The
first was observed by the BAT Transient Monitor as a sequence of
bright flares. In the Swift pointings starting at 2009-03-15 23:52:40
UT (1024 s exposure) and at 2009-03-16 01:27:36 UT (1152 s),
the source reached 0.026 ± 0.005 counts s−1 cm−2 (115 mCrab,
15–50 keV band) and 0.032 ± 0.005 counts s−1 cm−2 (140 mCrab),
respectively. It then faded below detectability before re-brightening
twice more on 2009 March 16: 95 mCrab in a 1152-s exposure
beginning at 06:16:40 UT and then to 85 mCrab in a 384-s exposure
beginning at 09:25:52 UT. XRT observations were performed as
part of our regular monitoring on 2009 March 14 (see Table 3),
∼46 h before the BAT outburst. A 3σ upper limit was obtained at
1.6 × 10−2 counts s−1. A later observation, obtained as a ToO on
2009 March 16 (∼16 h after the outburst), yielded a 3σ upper limit
at 1.3 × 10−2 counts s−1.

IGR J17544−2619 triggered the BAT on 2009 June 6 at 07:48:59
UT (image trigger = 354221). Swift immediately slewed to the tar-
get, so that the NFIs started observing about 164 s after the trigger.
Fig. 6 shows the XRT and BAT light curves, where it must be noted

Figure 6. Light curves of the 2009 June 6 outburst of IGR J17544−2619.
The XRT data preceding the outburst were collected as a pointed obser-
vation, part of our monitoring programme. The BAT data are in units of
counts s−1 det−1.

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 410, 1825–1836

 at Inter-U
niversity C

entre for A
stronom

y and A
strophysics on A

pril 8, 2014
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

SFXT	
  outbursts:	
  
minutes	
  –	
  hours	
  

Dynamic	
  range:	
  	
  
up	
  to	
  105	
  

Romano	
  et	
  al.,	
  	
  
2011,	
  MNRAS,	
  410,	
  1825	
  6 June 2009	





Supergiant	
  Fast	
  X-­‐ray	
  Transients	
  

Supergiant Fast X–ray Transients: a review Lara Sidoli

Figure 1: Left panel: High Mass X–ray Binary Pulsars located in our Galaxy as they appear in an updated version of the Corbet
diagram. Blue stars indicate sources with supergiant companions, while the red squares the pulsars with Be donors (Liu et al., 2006).
SFXTs are indicated by the large circles around blue stars. Arrows mark SFXTs where only the orbital period is known. Right panel:
X–ray luminosity distribution calculated for three SFXTs (solid line, XTE J1739-302; dashed line, IGR J16479-4514; dashed-dotted
line, IGR J17544-2619) from the 1-10 keV count rates observed by Swift/XRT (count rate distributions taken from Romano et al.
2010).

light curve of the prototypical SFXT XTE J1739-302 (Drave et al. 2010).
This is only one of the proposed explanation for the SFXTs behavior. Other possibilities are

that the compact object accretes matter from an extremely inhomogeneous supergiant wind (e.g.
in t Zand 2005; Oskinova et al. 2012), or that the geometry of the SFXTs orbits are crucial in
determining the probability for the injestion of massive dense clumps by the neutron star along
its orbit. In persistent systems the neutron star lies always inside the region where the outflowing
clumps are more numerous, while in SFXTs with wider orbits it lies outside it (Negueruela et al.
2008). XMM−Newton observations of the spectral evolution of the iron line emission during a
bright flare in one SFXT seems to be compatible with the accretion of a single dense wind clump
(Bozzo et al. 2011).

A result of the Swi f t/XRT two years long campaing on three SFXTs (Romano et al. 2010) is
the distribution of count rates in the 1-10 keV energy band. From these distributions, I derived the
histogram of the X–ray luminosities (1–10 keV) shown in Fig. 1 (right panel; Pizzolato & Sidoli
2013), assuming a power law spectrum and the distance appropriate for each individual SFXT,
as reported in Sidoli et al. (2008). Both the shape of the distributions and their average X–ray
luminosity appear to be different in the three SFXTs. Compared with the luminosity distributions
of persistently accreting HMXBs, where the dynamic range of the X–ray luminosity is limited
to about 10 or 100 (only when considering the so called “off-states” and the rare “giant flares”,
e.g. Kreykenbohm et al. 2008), the difference can be due completely to different properties of the
accreting matter, that is HMXBs accrete from clumpy winds with a narrow mass distribution, while
SFXTs from supergiant winds with a much wider clumps’ mass distribution (Pizzolato & Sidoli
2013).

Oskinova et al. (2012) recently studied the clumped stellar winds in supergiant HMXBs. They
performed hydrodynamical simulations and derived the implied X–ray variability, mainly due to
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Two	
  obs	
  

18-­‐19	
  June	
  
2013	
  

44	
  ksec	
  

SwiZ	
  XRT:	
  

2	
  ksec	
  
Mean	
  flux:	
  	
  
3.5×10-­‐11	
  erg	
  cm-­‐2	
  s-­‐1	
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P	
  =	
  5820	
  sec	
  
P/3	
  =	
  1940	
  sec	
  
P/4	
  =	
  1455	
  sec	
  



Flare	
  
•  Flux:	
  3.1	
  ±	
  0.1	
  ×10-­‐10	
  erg	
  cm-­‐2	
  s-­‐1	
  
» Typical	
  level	
  3.53	
  ±	
  0.05	
  ×10-­‐11	
  erg	
  cm-­‐2	
  s-­‐1	
  

•  Time:	
  ~220	
  seconds	
  

•  Spectrum:	
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Cyclotron	
  absorpUon!	
  
Ecyc	
  =	
  16.8	
  ±	
  0.3	
  keV	
  



Line	
  significance	
  
Model	
  1	
  (nthcomp)	
  

•  Δχ2	
  =	
  38.7	
  
»  F-­‐test:	
  p	
  =	
  2e-­‐8	
  

•  Depth	
  ≠	
  0	
  
»  Δχ2	
  >	
  52	
  (7σ)	
  

•  Monte-­‐carlo	
  simulaUons:	
  
»  1000	
  simulaUons	
  give	
  	
  

max(Δχ2)	
  =	
  18.7,	
  obs	
  41.2	
  

Model	
  2	
  (cutoffpl)	
  

•  Δχ2	
  =	
  42.6	
  
»  F-­‐test:	
  p	
  =	
  2e-­‐9	
  

•  Depth	
  ≠	
  0	
  
»  Δχ2	
  >	
  52	
  (>7σ)	
  

•  Monte-­‐carlo	
  simulaUons:	
  
»  1000	
  simulaUons	
  give	
  	
  

max(Δχ2)	
  =	
  12,	
  obs	
  37.1	
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Conclusion:	
  absorpUon	
  feature	
  is	
  real,	
  >	
  5σ	
  !	
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•  Line	
  is	
  cyclotron	
  feature	
  

•  Ecyc	
  =	
  16.8	
  ±	
  0.3	
  keV	
  
•  B	
  =	
  1.45	
  ±	
  0.03	
  ×	
  1012	
  G	
  (1+z)	
  

•  Harmonic	
  seen	
  at	
  33	
  keV	
  

•  No	
  line	
  at	
  8	
  keV	
  

B12 =
Ecyc

11.6 keV
(1 + z)
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ARE THERE MAGNETARS IN HIGH-MASS X-RAY BINARIES?
THE CASE OF SUPERGIANT FAST X-RAY TRANSIENTS
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ABSTRACT

In this paper we survey the theory of wind accretion in high-mass X-ray binaries hosting a magnetic neutron star
and a supergiant companion. We concentrate on the different types of interaction between the inflowing wind matter
and the neutron star magnetosphere that are relevant when accretion of matter onto the neutron star surface is largely
inhibited; these include inhibition through the centrifugal and magnetic barriers. Expanding on earlier work, we cal-
culate the expected luminosity for each regime and derive the conditions under which transition from one regime to
another can take place.We show that very large luminosity swings (!104 or more on timescales as short as hours) can
result from transitions across different regimes. The activity displayed by supergiant fast X-ray transients, a recently
discovered class of high-mass X-ray binaries in our galaxy, has often been interpreted in terms of direct accre-
tion onto a neutron star immersed in an extremely clumpy stellar wind. We show here that the transitions across the
magnetic and/or centrifugal barriers can explain the variability properties of these sources as a result of relatively
modest variations in the stellar wind velocity and/or density. According to this interpretation we expect that super-
giant fast X-ray transients which display very large luminosity swings and host a slowly spinning neutron star are
characterized by magnetar-like fields, irrespective of whether the magnetic or the centrifugal barrier applies. Super-
giant fast X-ray transients might thus provide a new opportunity to detect and study magnetars in binary systems.

Subject headinggs: accretion, accretion disks — stars: neutron — supergiants — X-rays: binaries — X-rays: stars

1. INTRODUCTION

High-mass X-ray binaries (HMXBs) consist of a collapsed object, usually a magnetic neutron star (NS), that accretes matter from an
OB companion star. Mass transfer takes place because of the intense stellar wind from the OB star, part of which is captured by the col-
lapsed object (e.g., Verbunt & van den Heuvel 1995). Only in some short orbital period systems, the early-type star, often a supergiant,
fills its Roche lobe and leads to mass transfer through Roche lobe overflow (Tauris & van den Heuvel 2006). Persistent HMXBs accrete
all the time and inmost cases display X-ray luminosities in the 1035Y1038 erg s"1 range.ManyHMXBs are transient systems that remain
at low X-ray luminosity levels (1032Y1033 erg s"1) most of the time and undergo outbursts lasting from weeks to months. During these
outbursts they display properties nearly identical to those of persistent HMXBs. Transient systems usually comprise a Be star donor and
relatively long, moderately eccentric orbits, such that the star sits deep in its Roche lobe and stellar wind capture is the only mechanism
through which mass transfer takes place. The occurrence of the outbursts is likely associated with variations in the stellar wind of the Be
star, such as shell ejection episodes, or buildup of matter around the resonant orbits in the slow equatorial wind component (van den
Heuvel & Rappaport 1987). However, there are characteristics of the outbursts that are difficult to interpret if accretion onto the NS
surface takes place unimpeded also in quiescence; these are (1) the large outburst-to-quiescence X-ray luminosity swing (factor of!103

or larger) and (2) the presence in a given source of low-luminosity (type I) outbursts recurring close to periastron and, at different times,
of high-luminosity (type II ) outbursts that last for several orbital cycles and display little (if any) X-ray flux variations associated to the
orbital phase. These characteristics of Be transients can be explained if the accretion rate (and thus X-ray luminosity) variations that are
produced by the stellar wind alone could be amplified by some ‘‘gating’’ mechanism. Since most Be star HMXB transients contain rela-
tively fast spinning X-ray pulsars, such a mechanism has been identified with the centrifugal barrier that results from the rotation of the
NS magnetosphere (Stella et al. 1986).

About 10 transient systems have recently been discovered which display sporadic outbursts lasting from minutes to hours (i.e., much
shorter than those of Be star transients) and reach peak luminosities of !1036Y1037 erg s"1. These systems spend long time intervals in
quiescence, with X-ray luminosities down to!10"5 times lower than those in outburst; in spite of their association with OB supergiant
companions, their behavior is thus at variance with other persistent and transient HMXBs. They define a new class of HMXBs, collec-
tively termed supergiant fast X-ray transients (SFXTs). An overview of the properties of SFXTs is given in x 2.

If accretion onto the collapsed object of SFXTs takes place both in quiescence and outburst, then the corresponding X-ray luminosity
swing, typically a factor of !104Y105, would require wind inhomogeneities with a very large density and/or velocity contrast (accord-
ing to the standard wind accretion, the mass capture rate onto the NS scales like Ṁwv"4

w , with Ṁw the mass-loss rate and v"4
w the wind

velocity of the supergiant star; Davidson & Ostriker 1973). Several authors (In’t Zand 2005; Leyder et al. 2007; Walter & Zurita Heras
2007) suggested the presence of dense clumps in the wind of the OB companions in order to attain the luminosity variations of SFXTs.
While some observations provide evidence for a clumpy wind, the characteristics of such inhomogeneities are still poorly known. Nu-
merical simulations suggest that clumps may originate from small-scale perturbations in the radiation-driven wind (Dessart & Owocki
2003; Prinja et al. 2005). Models involving accretion of clumps are still being actively pursued (Negueruela et al. 2008;Walter & Zurita
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No!	
  
…at	
  least	
  not	
  in	
  	
  

this	
  prototypical	
  case!	
  



Further	
  work	
  



Flares	
  are	
  clustered	
  
•  Orbit	
  should	
  be	
  circular:	
  then	
  
why	
  does	
  it	
  flare	
  at	
  a	
  parUcular	
  
phase?	
  

•  Orbit	
  study	
  	
  
with	
  SALT	
  to	
  	
  
measure	
  
eccentricity	
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Line	
  variaUon	
  with	
  flux	
  level	
  

•  Planning	
  another	
  observaUon	
  with	
  NuSTAR,	
  
aiming	
  for	
  different	
  flux	
  level	
  

•  If	
  a	
  strong	
  flare	
  is	
  seen,	
  be{er	
  spectral	
  modeling	
  

•  Also	
  studying	
  another	
  SFXT	
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