PROCEEDINGS

OF SCIENCE

Suzakuwcaptures a possible eclipse in IGR J16207 -5129
and identifies a weak-flaring state in IGR J17391 -3021

Arash Bodaghee *f
Space Sciences Laboratory, University of California, Bék
E-mail: bodaghee@ssl .berkeley.edu

John A. Tomsick

Space Sciences Laboratory, University of California, Bék

Jérdbme Rodriguez

CNRINSUAIMIRFUDSMSAp, CEA Centre de Saclay, Université Paris Diderot

Sylvain Chaty
CNRINSUAIMIRFUDSMSAp, CEA Centre de Saclay, Université Paris Diderot

Katja Pottschmidt
CRESST, NASA Goddard Space Flight Center

Roland Walter

ISDC, Observatoire de I'Université de Genéve

Patrizia Romano

INAF, Istituto di Astrofisica Spaziale e Fisica Cosmica

We present the results from analyse$&obakwbservations of the supergiant X-ray binaries IGR
J162075129 and IGR J173943021. For IGR J162075129, we provide the first broadband
(0.5-60 keV) spectrum from which we confirm a large intrirgiumn density iy = 16x 10?2
cm2), and constrain the cuibenergy for the first timeH. = 19 keV). We observed a prolonged
(> 30 ks) attenuation of the X-ray flux which we tentatively iattte to an eclipse of the probable
neutron star by its massive companion. For IGR J173®R1, we witnessed a transition from
quiescence to a low-activity phase punctuated by weak flatexse peak luminosities in the
0.5-10 keV band are only a factor of 5 times that of the preeftanission. The weak flaring is
accompanied by an increase in the absorbing column whichestig) the accretion of obscuring
clumps of wind. Placing this observation in the context @& thcenSwiftmonitoring campaign,
we now recognize that these low-activity epochs constitutenost common emission phase for
this system, and perhaps in other SFXTs as well.
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Figure 1: Intensity images in Galactic coordinates of IGR J1628729 (top) and IGR J1739B021 (bot-
tom) in the 0.5-10 keV energy range as taken by the XIS-1 t@taboardsuzaku

1. Introduction & Observations

Among the more intriguing results INTEGRALhas been the discovery of new types of
high-mass X-ray binaries (HMXBs) with supergiant compasio They can be broadly divided
into systems that are persistently-emitting (SGXBs: sgipet X-ray binaries) and those that emit
sporadically (SFXTs: supergiant fast X-ray transientd)e @istinction between the two groups is
not as clearly defined as once believed. Therefore, therueedi study of these systems is crucial
for understanding the origin and evolution of these presiypiare HMXBs.

In 2008, theSuzakispace telescope observed two such objects: the SGXB narRedli2075129
and the SFXT dubbed IGR J17393021 & XTE J1739-302). Fig. 1 presents images of the
fields around the 2 sources. Note that XIS did not record datangl the first observation of
IGR J162075129. In addition, IGR J17398B021 was very faint during its observation so HXD
recorded few photon counts. Hence, HXD data were ignoredembalysis of IGR J1739B021.
After removing bad events, and after extracting gaps in th&ervation, the féective exposure
times that remained were 33 and 37 ks for IGR J16E129 and IGR J173943021, respectively.

2. X-ray Variability

2.1 IGR J16207-5129

The light curve from IGR J16265129 (Fig. 2) illustrates that the emission varies within
1-2 orders of magnitude on ks timescales, which is typicagdarsistent SGXBs. The maximum
luminosity is 5x 10°® erg s (d/6 kpcy, while the minimum is % 10%* erg s*.
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Figure 2: Left Background-subtracted light curve of IGR J1626129 from XIS (red: 0.5-10 keV) and
HXD (blue: 15-60 keV). The upper panel displays the first oletion (O1) while the lower panel shows
the second observation (O2) which includes simultaneotasfdam XIS. Each bin collects 160 s worth of
data. The dashed line represents MJD 54527.382. This pomds to the onset of an unusually long period
(more than 30 ks) of suppressed flux which could representlgsse of the compact object by its supergiant
stellar companionRight Light curve of IGR J173913021 from XIS,Swift XRT, andXMM-Newton The
top panel presents the background-subtracted light cuore bur Suzakwbservation (red crosses, 240-s
binning). In the bottom panel, the source light curve from 8wift monitoring campaign of Romano et al.
(2009) is shown (blue circles;1 ks of exposure time per data point) along with their Bpper limits for
non-detections (green downward arrows). The blue upwardsva designate the maximum flux of large
outbursts detected bywiftthat are situated beyond the scale of the graph. The averagédim our 37-

ks Suzakwbservation is plotted as a single red cross at the intéoseot the dotted lines. The magenta
triangle at MJD 54740 corresponds to the average flux in as3dbkervation wittKMM-Newton(Bozzo et
al., 2010). Fluxes are given in the 0.5-10 keV energy bandbssreed in units of 10 ergcnm?s71.

Intriguingly, X-rays from the source, and the variabilitgsaciated with that emission, are
significantly diminished during the last30 ks of the observation. Several mechanisms can be
invoked to explain the suppression of X-ray emission for staned period. If the accretor were
to enter an “&” state, this would last a few 100 s, or at least an order of ntage shorter than
the period of inactivity that we observed. Occulting clunipshe wind or hydrodynamicfiects
would lead to changes iNy, which we do not see. An occultation of the neutron star'skHace
would imply unrealistic column densities at other orbitabpes. A remaining viable explanation
is an eclipse of the primary by its donor star, but the data atoaliow us to confirm or reject
this hypothesis. Finally, we note that whatever mechansimiolved in driving the sporadic
emission in SFXTs could be responsible for the prolongedelig., the 33-ks dormant period of
IGR J1739%13021 in Fig. 2).

2.2 IGR J17391-3021

During the initial 33 ks of the observation of IGR J1738D21, the source is in an extremely
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Figure3: Left Suzakispectrum of IGR J1620%56129 corrected for the background and fit with an absorbed
power law with an exponential cufowhose parameters are listed in Table 1. The data represetdrph
counts from XIS-1 (red), XIS-0 combined with X1S-3 (bluendaHXD-PIN (black).Right Solutions to a
model of an eclipsing SGXB (Rappaport & Joss, 1983) viewatkudiferent inclination angles (degrees).
The compact object is assumed to be a neutron star dfld,4nd the mass of the companion star is set to
20Mg, with a radius of 20R,. The eclipse lasts30 ks (solid curve). The dot-dashed lines represent the
limits of orbital radii of clumpy winds in SGXBs (Negueruataal., 2008). The shaded region shows the
extent of the parameter space in which IGR J162129 might be located.

low-activity phase that is at or near quiescence (Fig. 2& Sdurce then enters a period of enhanced
activity in which the luminosity is only a factor of 5 that dfd “quiescent” emission. Bozzo et al.
(2010) noticed similar behavior in a recefMM-Newtonobservation of this source. Observations
prior to and after MJD 54518.92 are referred to henceforttidasmant” and “active” epochs,
respectively. The active state features 3 quasi-periodiedlseparated byl5 ks intervals. The
unabsorbed 0.5-10 keV luminosity ik 10° erg st (d/2.7 kpc¥ when dormant, and.Zx 10°3

erg st when active.

These weak flares are just above quiescence, and their peals thue at the level of the
faint detections (and a few upper limits) fragwift monitoring (Romano et al., 2009). Epochs of
enhanced activity just above quiescence, but well belovbtlght flaring episodes typical of this
class, represent 60% of all observations, so they are theqoosnon emission state. Given more
exposure time, mangwiftupper limits would be detections suggesting that the dutjecis even
higher. Based on the source ephemeris (Drave et al., 2010¢hwlaces the<MM-Newtonand
Suzakwbservations at ffierent phases, such low-activity states are not confined pecfi part
of the orbit.

3. Environment of the X-ray Emitter

3.1 IGR J16207-5129

The spectrum of IGR J16265129 (Fig. 3) features a large absorbing column and a pessibl
iron line, both of which suggest the presence of matter atdbe X-ray source. A cutbnear 20
keV favors a neutron star as the compact object. The obsattetlation of the X-ray flux can not
be explained by an increase in the column density since ttesuned absorption value does not
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Figure 4. Left Background-corrected spectrum of IGR J1739021 fit with an absorbed power law (see
Table 1 for parameters). The data represent photon coumsXiS-1 (red), and XIS-0 combined with XIS-

3 (blue). Each bin collects a minimum of 150 couni&ight Parameter space &, andI” derived from
absorbed power laws fit to the spectra of IGR J173821 during dormant (red) and active (blue) states.
The crosses represent the best-fitting parameters and tiveucs denote 68%, 90%, and 99% confidence
levels.

change in a significant way between O2a and O2b, nor betweelowhand high-intensity states
of O2 (Table 1).

The eclipse interpretation remains a viable explanatiahiallows us to consider the orbital
configuration of the X-ray binary. An eclipse duration ofedst 30 ks (0.35 d) sets a lower limit on
the orbital period at 0.7 d. With this constraint, and assgnypical stellar parameters, a model for
an eclipsing binary (Rappaport & Joss, 1983) yields a patanspace that is bounded by orbital
periods between 4 and 9 d with inclination angteS0°. The full orbit is within the upper limit of
the clumpy-wind radius, unless the orbital period is gretiten 10 d, which is unusual for SGXBs
but plausible (e.g., IGR J19140951 has an orbital period of 14 d).

3.2 IGR J17391-3021

Figure 4 presents the time-averaged spectrum of IGR JEE®1 fit with an absorbed power
law. When IGR J173943021 is in the active state, thdy is at least twice as high as it is in
the dormant phase. This is unlike what was seen by Bozzo €@&10) who found that th&ly
remained steady (within the statistical errors) during kniégres while the photon index varied by
around 50%.

Differences in the spectral properties of the flares caugBuzgkuand XMM-Newtoncould
be due to unequal geometric configurations of the systemdmsithe observations. A partial-
covering model fit to theKMM-Newtonspectrum suggests that up to 40% of the X-ray emission
is not absorbed by the clump itself, but rather by the inédlest medium. The same model fit to
our active spectrum reveals an absorber that shields a nangérIfraction of the X-ray source
(less than 13% of the emission is unblocked). The columnigedsring activity is 2—4 times
the interstellar value which suggests that the source istnogly absorbed (intrinsically) except
when the primary accretes a clump passing along our linegbt §6ee also Rampy et al., 2009).



Suzaku observations of IGR J162G429 and IGR J173943021 Arash Bodaghee

source epoch Ny r L x2/dof
10?2cm? 10%%ergs?

IGR J16207#5129 total 161 0.940.2 130 1.05199
O2a 191 1.3:0.1 240 0.91182
0O2b 195 1.5:04 56 0.5164

IGR J17391+3021 total 3.60.4 1.4:0.1 4.8 0.8%6
dormant 1.80.6 1.6:0.3 1.3 0.6
active 4.10.5 1501 74 0.75%4

Table 1. Parameters from absorbed power laws fit to $ezakuspectra of IGR J16265129 and
IGR J1739%3021 for various epochs. The luminosity in the 0.5-10keVdoarcorrected for absorption.
Errors represent 90% confidence.

4. Conclusions

The putative eclipse in the persistently-emitting SGXB 1GE52075129 awaits confirma-
tion. As a prototypical member of the class of SFXTs, IGR 31#3021 holds valuable clues to
the accretion processes of these intriguing transients.d€marcation between SGXBs and SFXTs
is not as clear as originally believed, and a few systems imggitesent intermediate states between
SFXTs and SGXBs. In this respect, the study of IGR J168129 and IGR J173943021 will
play an integral role in helping us understand the extenth@hvemissivity diferences between
both populations stem from their unequal wind and orbitarabteristics. These results have been
published as Bodaghee et al. (2010) and Bodaghee et al.)(2011
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