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ABSTRACT

The supergiant fast X-ray transient IGR J084@%03 was discovered NTEGRAL on 2006 May 15 during a
bright flare. The source shows sporadic recurrent short bright flares, reaching a peak luminosttgrgii€; within
less than 1 hr. The companion star is HD 74194, an Ob5Ib(f) supergiant star located at 3 kpc in the Vela region. We
report the light curves and broadband spectra (0.1-200 keV) of all the three flares of IGR-J88@B&letected up
to now, based ofNTEGRAL and Swift data. The flare spectra are well described by a power-law model with a high-
energy cutoff at-15 keV. The absorption column density during the flares was found td6@ cm ™2, indicating a
very low matter density around the compact object. Using the supergiant donor star parameters, the wind accretion
conditions imply an orbital period of the order of 1 yr, a spin period of the order of hours, and a magnetic field of
the order of 1& G.

Subject headings: X-rays: binaries — X-rays: bursts — X-rays: individual (IGR J084@%03)

1. INTRODUCTION with an uncertainty of 52 was derived, strengthening the as-
sociation with HD 74194 (Kennea & Campana 2006).

Optical spectra of HD 74194 measured a few days after the
gutburst (Barba et al. 2006) strongly resemble the ones of the
companion star of another SFXT, IGR J1754619 (Pellizza et

Supergiant fast X-ray transients (SFXTs), consisting of a wind-
accreting compact object and an OB supergiant donor star, spen

most of the time in a quiescent state, with X-ray luminosities of "y : ; o )
the order of 16-10° ergs s™. Sporadically they go into outburst, al. 2006). In addition, the radial velocity variations in the He

reaching luminosities of #8-107 ergs s* (Sguera et al. 2005; in and Hen absorption Iines_with an amplitude_of abom_Jt 35 km s
't Zand 2005; Negueruela et al. 2006; Smith et al 2006), The Were measured, suggesting either a pulsating variable nature of

outbursts or strong flaring activities are characterized by very Shorttr}et_supergianéste:r ':D Fig@ or a possible Doppler orbital mod-
timescales, i.e., from minutes to hours. SFXTs have been discov-U'aton (e.g., Conti et al. )- . ,
ered only recently as a new class of X-ray sources, and many, IGR J08408-4503 shows the typical SFXT’s recurrent short

unresolved fundamental questions remain open. The lack of con-ﬂarlng events. USINGNTEGRAL archival data, an outburst was

firmed orbital or pulse periods complicates the determination of d€tected on 2003 July 1 (Mereghetti et al. 2006), while the last
the system parameters and the compact object nature. Up to nov9”gr|]|t. flare was observ?d28862006 October 4 with Saeft

IGR J11215-5952 alone shows regularly recurrent outbursts ev- salte 'r:.e £Z|aeepour etal. he )H d broadband |
ery ~330 days, most likely linked to its orbital period (Sidoli et " gt '? ”e';t;: rwe ptrgsertnt FICI?RtJ%USrZEe)saSr(IB rkc))a ar:j sptectra
al. 2006). To account for the accretion process that causes the sho c?wyl(rz ;:j diti(r)ene %inﬁésts tohe knowledge of tr:)e f:gxganuignostar
ggrbsu(r:sotjiét Qgiggﬁj r;epdrobpyofheg égﬁ;gitcgubr}]e% V;'r':)%anﬁ]ag”%;teyggparameters, the possible wind accretion conditions are discussed.
ray flares on the observed timescale (in 't Zand 2005). However,
this scenario has yet to be well understood and confirmed for OB
stars in binary systems. IGR J08408-4503 was observed twice in outburst wiik-

The number of known SFXTs has grown recently thanks to the TEGRAL (Winkler et al. 2003), on 2003 July 1 and 2006 May
Inter national Gamma-Ray AstrophysicsLaboratory (INTEGRAL); 15, i.e., during the satellite orbits 83 and 438. This data set includes
see, for example, IGR J16468507, IGR J17544 2619, or IGR publicly available data and part of AO3 Vela region guest obser-
J11215-5952 (e.g., Wallter et al. 2006; Sguera et al. 2006; Sidoli vations. Hereafter we call the two data sets flare 1 and flare 2,
et al. 2006). The new SFXT presented here, IGR J084@®3,  respectively. We used the data from the coded mask imaging
was discovered in the Vela region on 2006 May 15 WNTE- telescope IBIS/ISGRI (Ubertini et al. 2003; Lebrun et al. 2003)
GRAL during a bright outburst lasting about 15 minutes tGei at energies between 15 and 200 keV and from the JEM-X monitor
al. 2006). The candidate optical counterpart was first tentatively (Lund et al. 2003) between 3 and 20 keV. For JEM-X the data
identified as the supergiant, Ob5Ib(f), HD 74194 stait¢Go al. were extracted only for flare 2, flare 1 being outside the JEM-X
2006; Masetti et al. 2006) located at 3 kpc in the Vela region (e.g., field of view. The data reduction was performed using the standard
Walborn 1973; Humphreys 1978; ScHew et al. 2004). Subse-  Offline Science Analysis (OSA), version 5.1.
quently, using th&hift X-Ray Telescope (XRT) a refined source  Single pointings £2000 s each) were deconvolved and ana-
position @ = 0849747.97 and$ = —450329.8 [J2000.0] lyzed separately. The IBIS/ISGRI 15-40 keV high-energy light

curve, shown in Figure 1, has been extracted from the images

* CEA Saclay, DSM/DAPNIA/Service d'Astrophysique, Gif sur Yvette, France; using all available pointings. Light curves with a 100 s time bin

2. DATA ANALYSIS AND RESULTS

diego.gotz@cea.fr. were also extracted around the outburst peaks.
2Unité mixte de recherche Astroparticule et Cosmologie, Paris, France. The third outburst, flare 3, was observed on 2006 October 4
. ILJNr;?\'/:éll'g\i?eFPgﬂlljllaggbgg(layr. Toulouse. France (14:45:42 UT) with theSwift BAT (Gehrels et al. 2004; Barthelmy
5 Universitadi Pavia, Dipa’rtimento di’ Fisica Nucleare e Teorica; and INFN- et al. 2005)' Since tbe flare “was detected with an '”.‘age trigger
Pavia, Italy. (15-150 keV), only “Survey” data products are available from

® Max-Planck-Institut fu extraterrestrische Physik, Garching, Germany. the BAT instrument, with a typical integration time 800 s.
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Fic. 1.—Bottom, from left: IBIS/ISGRI (flares 1 and 2) anflwift (flare 3) light curves. IBIS data are binned~& ks. In the right panel the crosses represent the
extrapolated BAT flux, while the diamonds and triangles the XRT WT and PC data. The time axis is expressed in holys=af2/821.0 T, = 53,870.0 , and
T, = 54,012.619MJD, respectively. Th&wift light curve shows also weak flares; e.g.t at3.5 hr IGR JO84E3 is detected in BAT at7 o level. Top: The
brightest part of each outburst is shown on a smaller timescale (100 s time bin for ISGRI).

We note that the BAT data coverage is not continuous due to thenosity of the order o6 x 10* ergs & The three outburst du-
low Earth orbit of theSwift satellite. For each-300 s time bin rations are of the order of several hours. The flare characteristics
the target count rate in the 14—40 keV energy range was evaluate@re similar to those observed in other SFXTs, such as XTE
with the mask-weighting technique using the XRT coordinates. J1739-302 (e.g., Sguera et al. 2005), IGR J164@507 (e.g.,
The BAT data were selected 15 hr before and 30 hr after the Lutovinov et al. 2005), IGR J17544691 (e.g., in 't Zand 2005),
trigger, and reduced using the standard software, version 2.5. and IGR J112155952 (e.g., Sidoli et al. 2006), but resemble also
Swift slewed automatically to the direction of the source, and those well studied in persistent-wind-accretion high-mass X-ray
XRT (Burrows et al. 2005) (0.1-10 keV) follow-up observa- binary (HMXB) sources such as Vela X-1 (e.g., White et al. 1983)
tions were performed. The XRT data were reduced using and 4U 17006-377 (e.g., Rubin et al. 1996).
FTOOLS version 6.1.1., and processed with XRTPIPELINE  Up to now only IGR J112155952 has shown &330 day
version 0.10.4, using standard filtering selections. The XRT periodic outburst. Therefore, using a linear orbital function
0.1-10 keV energy band light curves have been extracted byT(n) = T, + nP,, we attempted to test the hypothesis of a pe-
selecting a circular region of 20 pixels around the source for riodically recurrent outburst also for IGR J08408503. Here
the Photon Counting (PC) mode, and a rectangular region ofR,, is the orbital period in days an@, is taken from flare 2
40 pixels x 20 pixels for the Window Timing (WT) mode. (MJD 53,780.771215). A possible orbital period is 4.2988 days
Background light curves were extracted in source-free regions(with n, = 244 andn, = 33); however, searching in thhl-
in order to produce the final background-subtracted XRT PC TEGRAL archival data around the expected outburst time, we
and WT light curves. The count rate of the source in both did not find any significant flux excess at the IGR J084@803

modes is low enough to avoid pileup in the CCD. source position. We conclude that the three observed outbursts
are sporadic episodes of accretion of matter fed from the wind
2.1. Flare Light Curves of the supergiant companion star.

] . In order to directly compare the light curves measured with

In Figure 1 we show the three outburst light curves of IGR (different instruments (see Fig. 1), all the count rates have been
J08408-4503 observed up to now. The light curves are dominated converted to the 0.1-10 keV fluxes assuming the spectral shape
by a first bright flare that typically reaches a peak luminosity of derived in § 2.2.
(3—6) x 10%* ergs s* (see § 2.2) on a timescale of several tens
of minutes to hours. The observed flares vary from an isolated 2.2.Flare Spectra
strong flare (flare 2) to a more structured flaring activity (flares1  We performed the spectral analysis using XSPEC version
and 3). Moreover, flare 3 shows also weaker flares with a lumi- 11.3, for the ISGRI data (20-200 keV) (flare 1), for the 3.5—
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TABLE 1 . . —
IGR J08408-4503 SPECTRAL PARAMETERS USING A POWER-LAW MODEL - ‘+ ]
WITH AN EXPONENTIAL HIGH-ENERGY CUTOFF & Flare 3 t
1 - b .
Flare 1, Flare 2, Flare 3, Flare 4, g E
Data Set ISGRI JEM-X/ISGRI  XRT/BAT XRT/BAT & N ]
[ =
Ny o 0.1fixed) 0.1+ 0.03 <0.75 ? Ok B
T 0.0fixed) 0.0+ 0.5 0.1+ 0.2 01+ 04 2 1
E, (keV)...... 12.7+ 2.8 11.8+ 2.8 15+ 5 15 (fixed) R
xedof ......... 14.06/12 57.09/90 80.36/75 11.72/10 ¥z
FluXp .-« ... .. 70x 10 27x 10° 6.0x 10° 50x 10* =53 . . E
< T T T
2In units of 16% cm™. wl + + | } | | + +
® Unabsorbed 0.1-100 keV flux in units of ergs éns™*. L :I> u'H i
< ol--T J‘rﬂ% i Hhﬂ ﬂ-—F— _%—F"# W
. . e fiht —+ ]
20 keV JEM-X data with the simultaneous 20—-200 keV ISGRI Lo e i

data (flare 2), and for the 0.3—100 keV simultaneous XRT/BAT 1 10 100
data (flare 3). Only the brightest parts of the flares have been Energy (keV)
considered. For the simultaneous data a constant factor was Fic. 2.—Combined XRT rosses) and BAT (diamonds) spectra of flare 3. The
included in the fit to take into account the uncertainty in the bestit PL high-energy cutoff model and the residulastém panef) are shown.
cross-calibration of the instruments. All data were rebinned in _ . o
order to have 3 points, and the spectral uncertainties in the at~2.2 hr after the main flare; see Figure 1. This is the last
results are given at a 90% confidence level for a single param-time interval where the source is clearly detected in the XRT
eter. We use a source distance of 3 kpc throughout the paperimages. We call this weak flare “flare 4.” Using the same model
The XRT/BAT (flare 3) broadband (0.3—-100 keV) data set pro- found for flare 3, the source was at a bolometric luminosity of
vides us the widest energy coverage and the best statistics, so we x 10* ergs s*, with a marginal indication of an increase of
fitted it first. We fitted the data using a simple photoelectrically the absorption column density.
absorbed power-law (PL) model that was found inadequate with  The best-fit parameters for the different flares are reported
ax’/dof = 132.76/76. The addition of a high-energy exponential in Table 1. In Figure 2 we show the broadband unfolded spec-
cutoff significantly improved the fit tg%/dof = 80.36/75, resulting  trum and the residuals of the data to the PL with a high-energy
in a best-fit photon index 0.1+ 0.2 and a cutoff energy at cutoff model for flare 3.
15 + 5 keV. The hydrogen column density;, was found to be
(1.0 + 0.3) x 10** cm™2. This value is compatible with the Ga- 3. DISCUSSION AND CONCLUSIONS
lactic value in the direction of the sourdd, = 3 x 10®*  dn IGR J08408-4503 is a recurrent SFXT with most likely spo-
reported in the radio maps of Dickey & Lockman (1990). We radic episodes of ac_cretion of matterfrom the wind of the Ob5Ib(f),
attempted to fit the low-energy spectrum also with a thermal black- HD 74194, supergiant companion star. The broadband spectrum
body model, BB, plus a PL for the high energies, but we found (0.3-200 keV) allowed us to perform animproved spectral analysis
a h|gh BB temperaturaTBB ~ 8 keV, which is much |arger than for the new source IGR J08498|-503 using XRT/BAT an(_:i JEM-
the measured values for a neutron star (NS) surface or polar cap</ISGRI data. The best fit to the data required a PL with a high-
thermal emission. Also a fit with a thermal bremsstrahlung model €nergy cutoff, see Table 1. The spectrum is typical for HMXBs
can be statistically ruled out by our daj@/¢lof = 183.2/76). The ~ hosting an NS (White et al. 1983), where the emergent radiation
energy spectra during the flaring activity are hence best fitted withiS presumably produced by accretion columns at the magnetic
a high-energy exponential cutoff PL model similar to the spectra Poles of the NS. The bolometric flare peak luminosity is of the
observed from a persistent-wind-accreting HMXB hosting an NS, order of(3—6) x 10° ergs s, which are typical values for wind-
e.g., Vela X-1 (White et al. 1983). accreting HMXBs. At low mass accretion rates, the source is
The joint JEM-X/ISGRI (3.5-200 keV) (flare 2) spectrum Observed at a bolometric luminosity 6fx 10*®  ergs.sThe
was also fitted with the cutoff PL model used for flare 3. The source quiescent luminosity is on the order@f x 10*ergs s*
best-fit values are similar to the ones of flare 3; see Table 1.(Kennea & Campana 2006). _
Given that we were not able to constrain td¢  value (as the During the outbursts the derived absorption-~df x 10*
JEM-X bandpass starts above 3 kev), we fixed it to the value cm?is Compatlble with the total Galactic absorptlon in that
found from flare 3. direction as estimated from the Hmaps, indicating that the
For flare 1 only ISGRI data (20-200 keV) are available. The source is not surrounded by large amounts of material. Some
data can be well fitted with a simple PL model with a photon information about the distribution of matter around an X-ray
index " of 2.5 + 0.5. Note that fitting flare 2 (ISGRI) and 3  binary can be inferred from observations of the variations with
(BAT) spectra in the same energy range gives consistent photorPrbital phase of its spectrum caused by absorption along the
index values, namely = 2.8 + 0.3 ar@l3+ 0.4 ,respectively. line of sightto the X-ray star. For IGR J08468503 the orbital
The apparently soft spectra derived using only the data above 2@period is not known; therefore using a simply spherically sym-
keV show how important it is to have a broad energy coverage Metric stellar wind model, we approximate the wind density
in order to better characterize the spectrum of these sources. Td€-d., See eq. [7] in Heap & Corcoran 1992) at the NS surface
be coherent, we applied the same spectral model derived from thd@ > R.; a is the binary separation) for a circular orbit:
broadband fit of flares 2 and 3 for flare 1, even if we had a smaller
energy range. We fixed the slope of the power-law index to the
values found (see Table 1) and found the cutoff energy compatible
with the one found for flares 2 and 3.
In Figure 1 ¢ight), weak flares are visible after the main R, \* v,
peak. To infer the flux at very low mass accretion rate we % 14.5R, 2000 km s
extracted an XRT PC spectrum in the 0.1-6 keV energy band

M

e )
; 107 Mg yrt

1)1 cm 2, 1)
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wherel\'/lW is the HD 74194 mass-loss rate and is the terminal TABLE 2
wind velocity. The used stellar parameters for HD 74194 are STELLAR PARAMETERS FOR HD 74194
reported in Table 2. We found the estimaléd  compatible with DERIVED FROM LAMERS ET AL. (1995)

the derived absorption from the spectral fit. On the other hand, Parameter Value
locating the companion star at= 2R,  and using a maximal T.(K 33000
wind acceleration parametgr= 1 N,,  will change by a factor R, (Ro) covrenneins 145
In(R,) = 27,i.e.,,N, = 2.7 x 10°* cm2 The observedll,, hints My (Mg) weveennnn. 28

at a large binary separation and therefore a large orbital period. logLi/lo) ... 53
The measured absorption is in variance with what has been yw(k(l\n"%}’)r ) e 22630"+1300
observed for other SFXTs (see, e.g., Walter et al. 2006). v kms? 776

The companion mass loss rd#€, was calculated for HD
74194 using the average relation for the Galactic O or B su-
pergiants stars (Lamers & Cassinelli 1999),

2 Calculated using eq. (2).

rotation radius, i.e.R,,<R,. an® . <R ., (lllarionov &
: . 05 Sunyaev 1975). If we sk .. = R, Wwe ha®, = 2.36 x
log (M,) = —1.37+2.07log (./10°) — log (.R®).  (2) 10%" (1.4 )v.°> = 7000s. The magnetosphere radius is given by

TheM,, value is a factor 10-100 lower than what is found for YA a6, 16n A 1/ 210
the persistent-wind-accretion HMXBs, such as Vela X-1 or 4U Rinag = 0-14"°M/ %0 "M IR 55 4
1700-37. The free parameter to obtain a higinyr  value for
IGR J08408-4503 is to have higher mass loss ratés . Using wherep = BRY; . Setting the accretion conditi®f,, = R, =
equations (1) and (2) we can see that if the terminal wind R,.the magnetic field has to i@~ 1.1 x 10%P,./1 yr)* G,
velocity is a factor 5 lower (as observed for an intrinsically for Rys = 10° cm. Assuming the orbital period derived above,
obscured high-energy source IGR J1634848 [Filliatre & the NS magnetic field has to be of the order off 1. These are
Chaty 2004]), we would have a higher absorption~dfo* typical magnetic field values for young HMXBs hosting an NS,
cm™?, but such a low wind velocity is not observed for HD such as Vela X-1 (La Barbera et al. 2003).
74194. This indicates that during the accretion of matter for  The lowN,, value measured during the flares is not consistent
IGR J08408-4503 there is no accretion wake of dense matter with the picture in which they are caused by clumps in the donor
surrounding the compact object (Blondin 1994). wind. In an alternative scenario, the flares could be associated with
We will assume that all the material within the capture radius the sudden accretion onto the magnetic poles of matter previously
stored in the magnetosphere during the quiescent phase. However,
2GM (M )1’2 M.+ M.\Y2 in orc_k_ar to have such a mass storage, the above s_implest accretion
Rice = 75~ 9.2 x 10°| (7X) PX3 cm conditions have to be studied for different scenarios (Bg.>
Ve T UL M 28 Mg, R..r> R.9- One can derive these conditions by varying oppor-
) tunely R, P.,,i,, andB (E. Bozzo et al. 2007, in preparation).
We conclude that these recurrent sporadic very short outburst
episodes, due to the accretion of matter from the wind of a
supergiant companion star, imply a spin period of the order of
hours with a long orbital period, and a*#@ magnetic field
for the NS. The determination of all the system parameters can
help to solve the accretion mechanism.

X w

is accreted by the compact object (Bondi & Hoyle 1944). Here
M, is the mass of the NS, its orbital velocity, aMl,.. =
L.c 2y *the mass accretion rate, where 0.2  is the accretion
efficiency for an NS. The rate of mass captured is then given
by M,.. = M,RZ./(4a?), withR,..= 9.3 x 10° cm. We con-
sider thatv, > v, anda>> R, . From the measured persistent
emissionL, ~ 2 x 10* ergs$, we derive from equation (3) D. G. and M. F. acknowledge the French Space Agency (CNES)
an orbital period o~1.5 yr. for financial support. M. F. is grateful to Luigi Stella and Enrico

The condition for accretion to take place is that the NS mag- Bozzo for helpful discussions during his visit in Rome. A. D. L.
netosphere radius is within the mass capture radius and the coacknowledges an ASI fellowship.
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