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We report here on the most recent results obtained on a new afddligh Mass X-ray Binaries,
the Supergiant Fast X—ray Transients. Since October 2087awe been performing a monitoring
campaign withSwift of four SFXTs (IGR J17544-2916, XTE J1739-302, IGR J1643344
and the X—ray pulsar AX J1841.0-0536) for about 1-2 ks, 2A&e4 per week, allowing us to
derive the previously unknown long term properties of tle&/tlass of sources (their duty cycles,
spectral properties in outbursts and out-of-outburstspteral behaviour). We also report here on
additionalSwift observations of two SFXTs which are not part of the moni@ritR J18483—
0311 (observed witlswi ftXRT during a whole orbital cycle) and SAX J1818.6-1703 @hsd
for the first time simultaneously in the energy range 0.3-K0during a bright flare).
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1. Supergiant Fast X—ray Transients

Supergiant Fast X-ray Transients (SFXTS) are transienaysources in binary systems com-
posed of a compact object and a blue supergiant companitmough some of them were discov-
ered before théNTEGRAL satellite launch in 2002, this new class of High Mass X—rayadBies
(HMXBs) was recognized only after several new peculiar ¥-+transients had been found because
of the Galactic plane survey performedINTEGRAL([18], [10]). The members of this new class
of sources display apparently short outbursts (as obsemthdINTEGRAL), characterized by a
few hour duration flares and by a high dynamic range (1, 000-1@0) between the quiescence
(10°2 erg s'1) and the flare peak ($6-10°" erg s'1).

The spectra are very similar to those of accreting pulsésplaying a flat power law spectrum
below 10 keV, and a high energy cutoff in the range 10-30 ke¥. (626, 20]). This spectral
similarity suggests that all SFXTs host a neutron star aspeminobject, although only in four
sources pulsations have been discovered: AX J1841586 Espin ~ 4.7 s, [1]), IGR J11215-
5952 Pspin ~ 187s, [27]), IGR J16465-450Pgin ~ 228 s, [9]) and IGR J18483—-031Fsfin ~
21s, [19]). The distribution of their orbital periods (meesd in 5 SFXTSs) ranges from 3.3 days
(IGR J16479-4514, [7]) to 165 days (in IGR J11215-5952,22013, 15]). Periodically recurrent
outbursts have been observed in two sources, IGR J11218420band IGR J18483-0311 ([8,
19)), indicative of outbursts triggered near the periaspassage in a highly eccentric orbit.

The physical mechanism responsible for their peculiarsieart X—ray emission is still an
open issue (see [23] for a review of the different possib#it The main proposed mechanisms
are related to the structure of the supergiant wind, acgeinto the compact object ([32, 31, 21,
11, 4]) and/or to the neutron star magnetic field (suggestéd tmagnetar-like) and its (long) spin
period ([6, 2]). These different scenarii need a compansith the SFXTs observative properties,
which were, on the other hand, largely unknown before ourittong campaign wittSwift XRT,
which started in October 2007. The goal of this campaign wasddress several crucial issues,
in particular the source status outside the bright flaringyidz are SFXTs in quiescence (no
accretion) when they are not in bright flaring activity? og ey still in accretion, but at a much
lower level, too low to be detected BN TEGRAL? which is the duty cycle of their transient X-ray
emission?

The rapid flaring variability together with the associatawith a massive companion is in-
dicative of the fact that SFXTs are wind accretors, simitaitie classical persistent HMXBs with
supergiant companions (like Vela X-1) of the same specotpd.t One of the main open issues is
the link between these two subclasses of massive binaregh. Kihd of binaries are composed by
a compact object (likely a neutron star) and by an OB supergiempanion with similar spectral
type. For this reason, it was proposed that different drbégameters ([11]) could probably sepa-
rate the two subclasses: circular and narrow orbits in gtersi HMXBs, while wide and eccentric
orbits in SFXTs. On the other hand, the recent discovery efdttoital period of 3.3 days in the
SFXT IGRJ16479-4514 [7], is puzzling, because it impliesagawer orbit than that shown by
several persistent HMXBs. This seems to suggest that dtitkafew members of the class, the
orbit is not the main parameter which separates the tranfs@n the persistent behaviour.

Before our monitoring, the broad band spectra (0.3—-100 ke&fe obtained only from not
simultaneous observations along the whole energy rangs, ttte suggested spectral similarity
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between SFXTs and persistently accreting X—ray pulsardatet® be tested by simultaneous wide
band observations. The duration of the outburst phase wasowm, except in the case of the
periodic SFXT IGR J11215-5952 [13], where our monitoringhwBwift demonstrated that the
outburst lasts a few days, instead of only a few hours (asqusly observed bNTEGRALduring
the brightest flares). Other crucial properties, like thetriiution of the neutron star magnetic
fields, the spin and the orbital periods, were completelynonk as well.

2. Swiftcontribution

We performed a long-term monitoring campaign wWawiftXRT of a sample of four SFXTs,
XTE J1739-302, IGR J17544-2619 (the two prototypes of thesy) IGR J16479-4514 and the
X-ray pulsar AX J1841.80536, in order to try to address all these important and opsnes.
The campaign strategy consists of 2 or 3 XRT pointings percgoper week (about1 ks each)
to frequently monitor the source status. Given the strectiithe observing plan, this monitoring
can be considered as a casual sampling of the source ligrgscat a resolution of about 4 days.
We were mainly interested in the monitoring of the long-tgmmoperties, to get a census of all the
outbursts (even the fainter ones, not triggering $waffBAT), to monitor the onset of each new
outburst and to follow the whole outburst duration with miegjuent subsequent observations (in
this respect th&wiftflexibility is a crucial property), and to get truly simuliaous wide band spec-
tra during bright flaring activity. Our monitoring campaifmhich is still on-going) has completely
changed the previous view of this transient sources ([2224425, 16]).

Swiftobservations have demonstrated that SFXTs spend mostiofifiaatill accreting mat-
ter even outside bright flaring activity, with an intermedidevel of X—ray emission at #8-
10** erg s'1, large flux variability (at least one order of magnitude) amabsorbed power law
spectrum below 10 keV (photon index of 1-2, or hot black basyigeratures of 1-2 keV). Be-
sides the bright outbursts (detected also with BAT) and iterinediate level of X—ray emission,
several & upper limits were also measured, either because the sowsdamt or due to a very
short exposure time because of the interruption by a ganapburst. In order to get an as uniform
as possible subsample for the “non-detections” state, wkiéed all observations with a net ex-
posure below 900 s. An exposure of 900 s corresponds to 2-Mfikelimits of ~1-3x 1012 erg
cm~2 s71 (30), depending on the source (assuming the best fit absorbeer paw model for the
intermediate state of each source). Theduty cycle of inactivitIDC) was defined as the time
fraction each source spends undetected down to a flux linfit-8% 1012 erg cm2 s~ (which
means an upper limit to the time spent in quiescence). ThesIBE obtained during the cam-
paign with Swift/XRT are the following: 17 % (IGR J16479-4514), 28 % (AX J184D536),
39 % (XTE J1739-302) and 55 % (IGR J17544-2619). In the @otipSFXT IGR J164794514
a main contribution to the IDC comes from the X—ray eclipsemice the above 17 % is in fact
an upper limit to the true quiescent time. To summarize, thesgence in these transients is a
rarer state [16] than what previously thought based onyNSrEGRAL observations. The lowest
luminosity level we could observe witBwiftXRT, obtained accumulating all data for which no
detections were obtained as single exposures [16], is egaohXTE J1739-302 (610°2 erg s,
2-10 keV) and in IGR J175442619 (3<10°2 erg s'1).
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We observed the broad band simultaneous spectra (XRT tgeith BAT) during 8 bright
flares observed from 3 of the 4 monitored sources. The begtditlsl be obtained with Comp-
tonized modelsoMPTT or BMC in XSPEQ or with an absorbed flat power law model with high
energy cutoff around 10-30 keV (see [14, 24, 25]). This spkshape, and in particular the spec-
tral cutoff, is compatible with a neutron star magnetic field-10'2 G [3], although no cyclotron
lines have been detected yet in these four sources. We foriddnee for variable absorbing
column densities, both in the same source (XTE J1739-30R)iffierent outbursts and within the
same outburst, indicative of dense clouds of matter comgdkie supergiant wind passing towards
the line of sight.

Another crucial finding of our monitoring campaign is thag tBFXTs bright and short flares
(a few hour long) are part of a longer outburst phase lastays d24], as already found in the
periodic SFXT IGR J11215-5952 [13].

The first optical/UV observations performed with UVOT sittamleously to oulSwifi XRT
monitoring of the SFXTs revealed a possible hint of an UV figractivity simultaneously to the
X—ray bright flares in XTE J1739302. However this findings needs confirmation because it is a
less than 3 result [16].

3. SAXJ1818.6-1703

SAX J1818.6-1703 is a Supergiant Fast X-ray Transient &gsocwith a BO.5lab type com-
panion located at 2.1 kpc ([30]). It triggered tBavi fYBAT on 2009 May 5 at 14:03:27 UT, and
after the BAT trigger, the whole outburst evolution and tleeltshe phase could be monitored with
XRT. The time resolved spectroscopy with XRT did not resuliariability of the spectral parame-
ters in the 1-10 keV range, within the uncertainties. Noakility in the absorbing column density
could be detected along the outburst, as well.

Simultaneous BAT and XRT spectra, between 138 and 937 s gird@AT trigger, allowed us
to obtain the first broad band X-ray spectrum of this sourgengwan outburst, with a joint fit in
the 1-10 keV and 14-150 keV energy bands for XRT and BAT, as@dy. This wide band X-ray
spectrum, highly absorbedN~5-7x10%? cm2), is well deconvolved with models like power
laws with high energy cutoffsSqUTOFFPLIN XSPEQ, or Comptonization models [@PTT [29] or
theBmc model [28] inxsPEJ. Adopting the CWMPTT model, the properties of the Comptonizing
corona could be constrained well with an electron tempes&ili,~5—7 keV and an optical depth
17~10 (in a spherical geometry). These properties are reneinisaf the X—ray spectral shape of
the prototype of the SFXT class, XTE J1739-302.

4. IGR J18483-0311

The SFXT IGR J184830311 is an X-ray pulsar~<21 s, [19]) and is the second member
of the class where periodically recurring outbursts havenhdiscovered with a period of B5+
0.03 days ([8, 19]), which is very likely the orbital period bt system. It is associated with a blue
supergiant (B0.5la) at a distance of 3—4 kpc [12].

We monitored withSwift an entire orbital phase (28 days for a total on-source exposi
~ 44 ks), starting on 2009 June 11 with 2 ks per day ([17]). Th& XBservations shows a highly
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modulated light curve with two maxima, separated by a timerual consistent with the orbital
period of ~18.5 days. A lower limit of 1200 to the dynamical range can b&ined from the
observed light curve. The different duration of the two owsih peaks monitored witBwift is
likely resulting from both a different sampling and a higlrimsic X—ray variability. The second
peak has a duration of several days, as previously obsegwBdTiEGRAL [19].

We interpret the modulation of the light curve with the aabiphase as wind accretion along
a highly eccentric orbit. These observations allow to aamstthe different mechanisms proposed
to explain the nature of the new class of SFXTs. Applying tee klumpy wind model for blue
supergiants developed by [4] to the evolution of the obgkixeray light curve, we found that,
assuming an eccentricity ef= 0.4, the X—ray emission from this source can be explained inger
of the accretion from a spherically simmetric clumpy windnposed by clumps with masses
ranging from 12 g to 5x 10?* g (see Ducci et al., these proceedings for details of the fode
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