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INTEGRALmonitoring of the Galactic Plane in the last 5 years revealadw subclass of High
Mass X-ray Binaries (HMXBs), the Supergiant Fast X-ray Hiants (SFXTs). They display
flares lasting from minutes to hours, with peak luminosity 61 — 10°” erg s and a frequent
long term flaring activity reaching an X-ray luminosity of%80- 104 erg s 1, as recently de-
tected by theSwiftsatellite. The quiescent level is aroundfd6rg s1. We performed a system-
atic re-analysis of archivdNTEGRALdata of four SFXTs: IGR J16479-4514, XTE J1739-302,
IGR J17544-2619, IGR J18410-0535. This led to the discoskpyeviously unnoticed outbursts
from IGR J16479-4514 and IGR J17544-2619. We discuss tlessdts in the framework of the
different structure of the supergiant wind proposed to &ixpthe outburst from this new class of
sources.
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IGR J16479-4514

N. Start Time Peak flux (28 60 keV) det.
(UTC) ergcm?s1 significance
1 2003 Feb 02, 19:06 Bx 1010 5.95
2 2004 Aug 09, 02:24 Bx 1010 5.46
3 2004 Aug 20, 07:26 Dx 1010 5.38
4 2004 Aug 20, 12:04 2x10°° 7.28
5 2004 Sep 10, 01:12 Bx 10710 6.04
IGR J17544-2619
1 2004 Feb 27, 14:16 ax10°° 6.29
2 2006 Sep 20, 10:00 2x10°° 8.39

Table 1: Summary of the new flares of IGR J16479-4514 and IGR J17544-B6&covered in this work.
The peak flux is calculated on a time interval of 200 s.

1. Introduction

TheINTEGRALmMonitoring of the Galactic Plane led to the discovery of many new High Mass
X-ray Binaries (HMXBs), and in particular of a new class of X-ray tiants with OB supergiants,
the Supergiant Fast X-ray Transients (SFXTE)|([1{L]} [16]). SE4Te characterized by fast X-ray
flares with peak luminosity of £§ — 10%” erg s1, and a frequent long-term flaring activity with a
level of X-ray luminosity of 18%— 10* erg s71 [9].

The main hypotheses proposed to explain the SFXTs behaviour are dratfeel structure of
the supergiant wind (see Sidoli 2008 for a recent review [20]): $lasld be due to accretion of
clumps in a clumpy spherical wind (in’t Zand 2045 [6]) or to enhancem&atoretion when the
neutron star crosses an equatorial wind component (Sidoli et al. R§J)7 [

Another model involves the presence of magnetars in SFXTs, and thieashbursts result
from transition across the magnetic and centrifugal barriers (Bozzb 2098 and references
therein [}]).

Here we report the results of a systematic analysis of public arcihh\MEEGRALdata of 4
SFXTs: IGR J16479-4514, XTE J1739-302, IGR J17544-261® Xt8410-0535 from 2003 to
2007. We compare the observational results on these 4 SFXTs with thetjoreslof the spherical
clumpy stellar wind model that we have developed.

2. Observations, data analysis and results

Using OSA 7.0, we analysed 7328 ScWs (IBIS/ISGRI) ranging from32@02007, corre-
sponding to a total exposure time of Ms for the 4 SFXTs. We extracted the lightcurves in the
energy range 20 60 keV and we found 31 flares for IGR J16479-4514, 43 flares T 31739-
302, 16 flares for IGR J17544-2619 and 3 flares for IGR J184B50Besides the outbursts al-
ready reported in the literature, we discovered new flares, listed in ThbIEdr each outburst, we
have extracted an IBIS/ISGRI spectrum in the energy range B0 keV and we have performed
a fit with different spectral models: power law, bremsstrahlung, Commtarz model COMPTT
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Texp KT X\%
(days) (keV) (13 d.o.f.)
IGR J16479-4514 47 20°75 104
XTEJ1739-302 118 22727 171
IGR J17544-2619 118 10'0° 156
IGR J18410-0535 35 26°/1 094

Table 2: Best fit parameters of the average spectra of IGR J16479;451H J1739-302, IGR J17544-2619
and IGR J18410-0535 with a bremsstrahlung model (IBIS/I§GRy,is the net exposure time.

in XSPEQ. Since there was no evidence of a spectral difference between tas, fl@ithin the
uncertainties, we extracted a total flare spectrum for each of the 4 SE¥& ebtained the best fit
with a bremsstrahlung model (FigUte 1), with the parameters reported in (Bble

3. Clumpy stellar winds

We developed a spherical clumpy stellar wind model in order to comparépoed of this
model with the behaviour of the SFXTs. We assumed that the OB type supdsgsarrrounded by
a clumpy and spherically symmetric wind, where the clump formation rate distribistion

N=kM, clumps? (3.1)

whereM, is the mass of the clump, amdlis the rate of clumps with madd; emitted by the star.
We assumed spherical clumps, with raij, then we introduce a power law distribution of radii
Rai:

Nu ORY clumps? (3.2)

We assumed that the total mass loss rate of the supergiant is given by:
I\./|tot = Mcl + I\./lwind (3-3)

whereM is the component of mass loss rate due to the cIumpsl\'/a\m@ is the mass loss rate in
the form of the tenuous inter-clump medium.

From equations (3/1) anfl (B.3) we obtain that the total mass loss rate ofpegisunt, M,
is given by:

. . Mp . . Mp
Mtot:MWder/M NdM = Mwmd+/M kM—<¢dM (3.4)

In equation [[3}4M, andM,, are the limits of the clump mass range. Assuming Mat is known,
from Equation [[3}4) we can determike

f'\./Itot fMtOt

- - (3.5)
PRIV YIRS

wheref = MC|/Mtot is the fraction of wind mass contained in the clumps.
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Figure 1: Bremsstrahlung fit and residuals (in units of standard dievig) to the average IBIS/ISGRI
spectra of IGR J16479-4514, XTE J1739-302, IGR J17544-263R J18410-0535.

Clumps are driven radially outward by transfer of momentum from UV plstorthe ions
of the wind via absorption or scattering in spectral lirffgs [2]. From spsetic observations of
O stars, Lepine & Moffat (2008)]9] suggest that clumps have the safoeity law of a smooth
stellar wind. We can then assume for the clump velocity prefite:

v(r) = <1 0. 9983Rﬂ> (3.6)

wherev,, is the terminal wind speetRog is the radius of the supergiant9983 is a dimensionless
parameter which ensures théRog) ~ 10km s%, andp = 0.8 is a constant [[8]][]7]).

The clump size is determined by the balance pressure equation. Followiyg&l W¢hite
(1980) [10] and Howk et al. (2000]][5], we find that the clump size iases at larger distances
from the supergiant star (see our derivation in Romano et al. (20@8B)\ith the equation:

Rei(F) = Rui(Rog) <r2V<r) > - (3.7)
R&gVo

wherevp = V(Rog) is the initial velocity of the clump at the surface of the supergiant. We found,

for each mass of the clump, the upper-limit and the lower-limit for the clump rdgiuseans of
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two conditions. For any given mass there is a minimum radius below which the ctuoppically
thick in the UV resonance lines. Then the gravity dominates over the radfative due to the
line scattering and the clump tends to fall back onto the supergiant. In orberaocreted by the
compact object of the binary system, the clump must escape from the ORjguyte Then, from
the theory of radiatively driven stellar wind of Castor et al. (1975) &id the clump model of
Howk et al. (2000)([b], we found for each mass of the clump the lower-lioniits radius. With
regard to the second condition, the clump is defined as a density enhandethersmooth stellar
wind. Then, for each mass of the clump, there exists an upper-limit for thepctadius: clumps
with larger radii would be less dense than the smooth stellar wind (inter-clumipimjdh contrast
with the clump definition. The functions of the upper-limit and lower-limit for thewguradius are
represented in Figurg](2).
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10 15 20 25
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Figure 2: Functions of the upper-limit (dotted line) and lower-ling#olid line) of the clump radius at
r = Rog. In order to obtain these functions we have assumed thenfioitpparameters for the supergiant
wind: Mog = 30 M, Rog = 238 R., Vo = 1700km s, B = 0.8, v =10km s%, =2, y= —1.5,
Ma = 5x 10 g, My, = 1072 g, M) /Mying = 0.85.

In conclusion, itis possible to derive the properties of the supergidtarsténd assuming the
clump mass distributior{ (3.1), the clump radii distributipn](3.2), the expansiomiahe clump
(B.7) and the upper-limit and lower-limit laws for the clump radius (see Figure 2

Assuming the following parameters for the supergiant wifisk = 30 M, Rog = 23.8 R,
Vo = 1700km s, B =0.8,vop=10km s, { =2, y=—15 My =5x 10"° g M = 10?2 g,
Mgl /Muing = 0.85, we calculated different histograms of the flare luminosities for diffevepital
periods and eccentricities of the binary systems (see Fgure 3).

4. Comparison of observed flares with theory

We have applied our spherical clumpy wind model tolthi€EGRALarchival observations of
IGR J16479-4514 and XTE J1739-302, for which we found a sigmficamber of flares. Our
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Figure 3: Theoretical histograms of the flare luminosities for difietr orbital periods and eccentricities of
the binary systems. The time interval for each histogramesponds to the orbital period.

preliminary results are shown in Figurg (4). For these two sources wénebitthe calculated
histograms assuming the parameters for the supergiant winds reportedtiongg), in a time
interval equal to the exposure time of IGR J16479-4514 and XTE J302¢see Tablg 2). With the
spectral parameters of Tab[¢ (2) we obtained the flare luminosities in thgyeaege 1- 200 keV,
for a distanced = 4.9 kpcfor IGR J16479-4514, and a distande= 2.7 kpcfor XTE J1739-302
[LJ]. The comparison between observed distributions and the calculstedriams reported in
Figure (#) is limited by the fact thdNTEGRALcan detect only the “high luminosity tail” of the
flare distribution (see Figurék 3 afid 4).

The flare luminosity distributions are well reproduced vidth, = 30d ande= 0.4 for IGR J16479-
4514, andP,, = 70d ande = 0.4 for XTE J1739-302. With the Kolmogorov-Smirnov test we
found a probability of 7% that the observed and calculated histograms for IGR J16479-4514
have the same distribution. In the case of XTE J1739-302 this probability3%.7 Moreover,
the observed flare duration is well reproduced by the calculated flastiaiu (~ 10° s). The low
probability obtained with the Kolmogorov-Smirnov test for XTE J1739-302ciaies that for this
source we need an higher number of flares for the comparison betweealtulated histogram
and the flare luminosity distribution. We note that the estimated orbital periodT&r2739-302
is different from that obtained by Blay et al. (2008) [3}, ~ 8 d), and that an orbital period
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of ~ 70 d with an eccentricity of & could explain the absence of flares during the whole Key
Programme 2 period, lasting 32 days, reported by Blay et al. (2008).
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Figure 4: Comparison of histograms of observed flares with theory®R 016479-4514 and XTE J1739-
302. Dashed lines mark our calculated histograms, sol&lmark observed luminosity distributions.

In this framework we can study the properties of the supergiant winde@®XTs by means
of observable flare luminosities, flare frequency, flare durationsgaigscent level of the source.

These are preliminary results on the comparison between the sphericalyoimgpmodel
and X-ray observations. Our future work will deal with anisotropic clumayds, where there is a
denser clumpy wind component in the form of an equatorial wind disk arthm supergiant star,
and a polar spherically symmetric clumpy wind component, as proposed bly &idd. (2007)
[Lg]. We will also compare this model with the data obtained from the still onggoinnitoring
with Swiftof these 4 SFXTS[19]][14].
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