PROCEEDINGS

OF SCIENCE

Swiftmonitoring of Supergiant Fast X—ray
Transients: the out-of-outburst behaviour and the
flares from IGR J17544—-2916 and XTE J1739-302

L. Sidoli %2 P. Romano, ® G. Cusumano, ? V. Mangano, ® S. Vercellone, 2 A. Paizis, 2 A.
Pellizzoni, € J.A. Kennea, 9 D.N. Burrows, 9 H.A. Krimm, ¢f9 N. Gehrels, 9 C. Guidorzi, "

P.A. Evans'
4INAF, Istituto di Astrofisica Spaziale e Fisica Cosmica,
Via E. Bassini 15, 1-20133 Milano, Italy
bINAF, Istituto di Astrofisica Spaziale e Fisica Cosmica,
Via U. La Malfa 153, 1-90146 Palermo, Italy
“INAF, Osservatorio Astronomico di Cagliari,
Localita Poggio dei Pini, strada 54, 1-09012 Capoterra,lita
dDepartment of Astronomy and Astrophysics, Pennsylvaai@ Siversity,
University Park, PA 16802, USA
®CRESST/Goddard Space Flight Center, Greenbelt, MD, USA
fUniversities Space Research Association, Columbia, MDY US
INASA/Goddard Space Flight Center, Greenbelt, MD 20771, USA
NINAF, Osservatorio Astronomico di Brera,
via E. Bianchi 46, 1-23807 Merate, Italy
iDepartment of Physics & Astronomy, University of LeicedtBd 7RH, UK
E-mail:sidoli @asf-mlano.inaf.it

Supergiant Fast X-ray Transients (SFXTs) are a sub-clasdigii Mass X-ray Binaries
(HMXBs) associated with OB supergiant companions and digpd transient X—ray activity.
This behaviour is quite surprising since HMXBs hosting sgiants were known to be persistent
sources, until the INTEGRAL discoveries obtained by medrth® monitoring of the Galactic
plane. We have been performing a monitoring campaign 8atift of four SFXTs with the main
aim of characterizing both the long-term behaviour of thieaasients and the properties during
bright outbursts. Here we discuss the properties of the Keraission observed outside the out-
bursts as well as the flares observed from two SFXTs: IGR A7216 and XTE J1739-302.
Contrarily to what previously thoughBwiftallowed us to discover that SFXTs spend most of the
time in accretion at a low level, even outside the bright argts, with an accretion luminosity of
10%3-10** erg s'1, and that the quiescent levell0°2 erg s'1, is a much rarer state.
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1. Supergiant Fast X—ray Transients beforeSwift

The Galactic plane monitoring performed with the INTEGRAdtddlite led to the discovery
of several new sources (Bird et al., 2007). Some of them alysal sporadic, recurrent, bright
and short flares, with a typical duration of a few hours andhie a peak luminosity of 8-
10°" erg s’ (Sguera et al, 2005, 2006; Negueruela et al. 2006). RefihmtNTEGRAL positions
at arcsec level with X-ray follow-up observations, allowtbd association with OB supergiant
companions (e.g. Halpern et al. 2004, Pellizza et al. 200&séiti et al. 2006; Negueruela et al.
2006b; Nespoli et al. 2008).

Other important properties are the spectral similarityhveitcreting pulsars (hard power law
spectra with a high energy cut-off around 15-30 keV) and &ingel dynamic range, from a peak
luminosity of 13%-10*" erg s'1, down to a quiescent emission of*#Crg s1. The two main
characterizing properties (the transient X—ray emissiwhthe association with supergiant com-
panions) indicate that these transients form a new classghf Mass X-ray Binaries, later called
Supergiant Fast X—-ray Transients (SFXTs; e.g. Negueruela 2006).

The similarities of the SFXTs with the properties of acargtpulsars suggest that the major-
ity of these transients are indeed HMXBs hosting a neutran sithough only in three SFXTs
X-ray pulsations have been discovered: IGR J11215-5P§2(186.8 s, Swank et al. 2007);
AX J1841.0-0536Rspin~4.7 s, Bamba et al. 2001) and IGR J18483-0F:}i(~21 s, Sguera et
al. 2007).

The confirmed SFXTs are eight (IGR J08408—4503, IGR J11X%2,5IGR J16479-4514,
XTE J1739-302, IGR J17544-2619, SAX J1818.6-1703, AX J18B@%36 and IGR J18483—
0311), with~15 more candidates which showed short transient flaringiggtbut with no con-
firmed association with an OB supergiant companion.

The main mechanisms proposed to explain the short and Wtaghtg activity from SFXTs
deal with the properties of the accretion from the supetgidand (see Sidoli 2008 for a review),
either related with the wind structure (in't Zand 2005; Walk Zurita Heras, 2007; Negueruela et
al. 2008; Sidoli et al. 2007) or to gated mechanisms whiabwaliccretion onto the neutron star
surface only when the centrifugal or the magnetic barrisgopen, depending on the values of the
neutron star spin and surface magnetic field (e.g. Bozza @088 and references therein).

The properties of the SFXTs outbursts, although sporadicsaort, have been studied more
in depth than the quiescent state. The observations peztbioutside the bright outbursts have
been indeed only a few and short (a few ks long), and caugbetkeurces either in a low level
flaring activity (IGR J17544-2619, Gonzalez-Riestra et2004) or in quiescence (with a very
soft spectrum, likely thermal, with an X—ray luminosity efL0°2 erg s'1). Note that this latter
guiescent state has been obsergaly in a couple of SFXTs, IGR J17544-2619 (in't Zand 2005)
and IGR J08408-4503 (Leyder et al. 2007).

2. Swiftmonitoring of Supergiant Fast X—ray Transients

Before theSwiftcampaign (which is still in progress since October 2008)amgiterm mon-
itoring of SFXTs have ever been performed to study the stahere these transients spend most



Swift monitoring of SFXTs L. Sidoli

of their life. Nevertheless, it has been assumed by sevetiabes, without observational evidence,
that SFXTs spend most of the time in quiescence, when theyadii@ bright outburst.

The first observations witBwiftof a member of this new class of sources have been performed
during the 2007 February outburst of IGR J11215-5952 (Raneaal. 2007). This outburst could
be completely monitored thanks to its predictability, hessalGR J11215-5952 was the first SFXT
where periodically recurrent outbursts were discoverédio{Set al. 2006). These observations are
one of the most complete set of observations of a SFXT in estpand clearly demonstrate, for
the first time, that the short (a few hours long) flares obskwith INTEGRAL (or RXTE, in a
few sources), are actually part of a much longer outburstidasting a few days, implying that
the accretion phase lasts longer than what was previousiygtit (Romano et al. 2007; Sidoli et
al. 2007).

The success of this campaign led us to propose $tiiftthe first wide-band, long-term and
deep monitoring campaign of a sample of four SFXTs, with thenmaim of (1)-studying the
long-term properties of these transients, (2)-performanguly simultaneous spectroscopy (0.3—
150 keV) during outbursts, (3)-studying the outburst remre and their durations (see also Ro-
mano et al. 2008b, these proceedings). The 4 targets are: JXTB9-302, IGR J17544-2619,
IGR J16479-4514 and AX J1841.0-0536/IGR J18410-0535.SWittcampaign consists of 2—3
observations/week/source (each observation lasts 1-8desRomano et al. 2008b, these pro-
ceedings, for the campaign strategy). Fig. 1 shows the $ouftXRT light curves (0.2-10 keV)
accumulated in the period October 2007-September 2008.

Here we report on the enti®wift monitoring campaign, updated to 2008 September 10. In
particular, we focus on the out-of-outburst behaviour ¢8iett al. 2008a, hereafter Paper 1) and on
the bright flares observed from two SFXTs of the sample, XTE39+302 and IGR J17544-2619
(Sidoli et al. 2008b, hereafter Paper lll; Sidoli et al. ireparation). Another outburst caught
during this campaign from IGR J16479-4514 was published dim#&ho et al. (2008a, Paper II).

Preliminary results from the last outbursts from XTE J178®%-(triggered on 2008 August
13, Romano et al. 2008c) and from IGR J17544-2619 (triggere@d008 September 4, Romano
et al. 2008d) are also discussed here for the first time. A tatmp@nalysis will be addressed in
Sidoli et al. (in preparation).

2.1 SFXTs: the long-term X-ray emission outside the bright atbursts

The SFXTs light curves of Fig. 1 show a clear evidence for lyighriable source fluxes even
outside the bright outbursts (which were caught in thre@@four sources we are monitoring). The
light curve variability is on timescales of days, weeks arwhths, with a dynamic range (outside
bright outbursts) of more than one order of magnitude inclt SFXTs. These sources spend most
of the time in a frequent low-level flaring activity with anexage 2—-10 keV luminosity of about
10%3-10** erg s1 (see Paper I).

The average spectra of this out-of-outburst emission ame (adthough not as hard as during
the bright flares) and can be fitted with an absorbed power ldlwvayphoton index in the range 1—
2. The absorbing column density is typically higher than®agactic value, which can be derived
from the optical extinction toward the optical counterpart

The out-of-outburst emission in IGR J16479-4514 and in AB4110-0536 appears to be
modulated with a periodicity in the range 22-25 days, alfoa full timing analysis will be
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addressed at the end of the campaign. The spectral prapesgether with the high dynamic
range in the flux variability when the sources a@ in outburst, demonstrate that SFXTs still
accrete matter even outside their bright outbursts, ardhleaguiescent state (characterized by a
very soft spectrum and by a low level of emission at abodf 26y s 1) is not the typical long-term
state in SFXTs.

2.2 SFXTs: bright flares from IGR J17544-2619 and XTE J1739+R

Typically, the SFXTs long-term light curves show a numbebridht outbursts, reaching peak
luminosities of a few 18 erg s, assuming the distances determined by Rahoui et al. (2T0®).
only source which did not undergo bright flares is AX J1840386/IGR J18410-0535, which
showed a flux variability of more than two orders of magnitude

During theSwiftcampaign, three and two outbursts were caught respecfrostylIGR J17544—
2619 (the first of them triggered BAT, but could not be obseémwith Swift XRT because of Sun-
constraints) and from XTE J1739-302, at the following dates2007 November 8, 2008 March
31 and 2008 September 4 from IGR J17544-2619, and on 20088\gnid 2008 August 13 from
XTE J1739-302. Thus, bright flares in this two prototypickX3's occur on a timescale ef4-5
months (the three outbursts from IGR J17544—-2619 were ddace-144 and 157 days, respec-
tively, while the two outbursts from XTE J1739-302 were sguhby 127 days).

The bright flare from IGR J17544-2619 (on 2008 March 31; P#becould be observed
simultaneously with XRT (0.2—-10 keV) and BAT (15-150 keV)fitwith a power law with a high
energy cut-off ¢Fu—E)/Enid) resulted in the following parametersydy=(1.1+0.2)x 1072 cm™2,
M=0.75+0.11, cut-off energyE.,=18+2 keV and e-folding energis,g=4+2 keV, reaching a lu-
minosity of 5x10%" erg s'* (0.5-100 keV at 3.6 kpc). Note that the out-of-outburst einis
observed with XRT below 10 keV is softer and more absorbed the emission during this flare.

The other flare observed from IGR J17544-2619 on 2008 Septetlwvas even brighter
(Romano et al. 2008d), and was preceeded by intense adtivityfew days as observed with IN-
TEGRAL during the Galactic bulge monitoring programme (Kaus et al. 2008; Romano et al.
2008d). The XRT light curve exceeded 20t sThis peak emission could be fitted with an absorbed
power law with a photon index of 143).2 and an absorbing column density ofilggx 10?2 cm2.
The average flux in the 2—10 keV range was1® 10 erg cnt? s™1. The fainter X—ray emis-
sion during the flare (21071° erg cnT? s71) displayed a similar absorbing column density of
1.4*3x10P2 cm~2 and a photon indek=0.8 "24. A more detailed analysis of the properties of
this outburst will be performed in a forthcoming paper (didbal. in preparation).

The first outburst from XTE J1739-302 was caught on 2008 Apfitaper Ill) and was com-
posed by two bright flares separated by about 6000 s. The XefrEgsion was significantly more
absorbed than in IGR J17544-2619: the broad band (XRT+Bgddtsum could be well described
by an absorbed high energy cut-off power law with the follagvparameteraNy=1.3x 10?3 cm~2,
r=1.4"93, cut-off energyE,=6"¢ keV and e-folding energia=16 32 keV. The derived X—ray
luminosity is 3x10%” erg s (0.5-100 keV).

A new outburst was caught from XTE J1739-302 on 2008 AugugRbBnano et al. 2008c).
A preliminary spectral analysis of the average broad baedtspm of this bright flare resulted in
the following parameters, adopting an absorbed power lab avhigh energy cut-off: absorbing
column densityNpy=(4.0+0.3)x 10?2 cm~2, [=0.7+0.1, E¢;=4.6+0.3 keV andEq=9 *7 keV.
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The X-ray luminosities during the flare were20°® erg s* (0.5-10 keV) and 510°¢ erg s'*
(0.5-100 keV). Fig. 2 shows the comparison of the spectmsao the soft energy range (XRT
data) of the out-of-outburst emission with the results ftbmtwo flares from XTE J1739-302. A
time resolved spectral analysis during the flare will be riggbin a forthcoming paper (Sidoli et
al., in preparation).

A comparison of the SFXTs light curves (the four SFXTs camdgamonitored withSwift,
together with other two sources, IGR J11215-5952 and IGRQ®81503) during their outbursts
are reported in Fig. 3. This plot clearly demonstrates thatdutbursts from all these transients
last much longer than simply a few hours as previously thboudfig. 3 shows about 8 days of
monitoring for each target, and it is clear that the first SFXfiere a day-long outburst event has
been observed (IGR J11215-5952, Romano et al. 2007), ispeatdiar case among SFXTs, but
a similar behaviour has been observed in the other SFXTstaredibySwiftduring the last year
(except AX J1841.0-0536, where no outburst have yet beesrvind).

3. Conclusions

The results of the monitoring campaign we have been perfayiini the last year witlswift of
a sample of 4 SFXTs can be summarized as follows:

¢ the long-term behaviour of the SFXTs outside their outlsuisa low-level accretion phase
at a luminosity of 18°-~10** erg s'1, with a dynamic range of 1 up to, sometimes, 2 orders
of magnitude in flux;

¢ the broad band X-ray emission during the bright flares canelseribed well with models
commonly adopted for the emission from the accreting X—nagars;

e the SFXTs spectra during flares show high energy cut-offspadifole with a neutron star
magnetic field of about #8 G, although no cyclotron lines have been detected yet;

¢ the duration of the outbursts from different SFXTs obsemwét Swiftare longer than a few
hours.
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Figure 1: Light curves of the 4 SFXTs monitored wiBwiftXRT (0.2-10 keV), from 2007 October to 2008 September 10e Th
upward pointing arrow in the IGR J17544-2619 light curve ksan outburst which triggered the BAT Monitor on MJD 5441QQ2-
11-08) but could not be observed with XRT because the souaseSun-constrained. The downward-pointing arrows ageupper
limits. The gap in the observations between about Decenti@f and January 2008 is because the sources were Sun+uestrai
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Figure 2: Comparison of the spectral paramenters (absorbed singlergaw model) derived for XTE J1739-302 during the two
bright flares discussed here, and the total spectrum of thefeautburst emission reported in Paper |. 68%, 90% and 88ffidence
level contours are shown.
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Figure 3: Light curves of the outbursts of SFXTs followed ByiftXRT referred to their respective triggers. We show the 2005
outburst of IGR J164794514 (Paper 1), which is more complete than the one observ@®08 (Paper Il). The IGR J11245952
light curve has an arbitrary start time, since the sourcendidtrigger the BAT (the observations were obtained as a R@nano et

al. 2007). The third and the last panels report the two flaxas XTE J1739-302 observed on 2008 April 8 and on 2008 AugBist 1
respectively. The forth panel shows the outburst from IGR532—-2916 occurred on 2008 March 31 (Paper Il1). The fiftrepegports

on a multiple flaring activity reported from another SFXTt part of this campaign, IGR J08408-4503, and occurred oB 20/ 5
(Romano et al., 2008e). Note that where no data are plottedata were collected. Vertical dashed lines mark timevaterequal to

1 day.



