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Abstract

We present a comparative study of Supergiant X-ray binary (sgHMXBs) and Supergiant Fast X-ray
Transient (SFXTs) systems by using the absorption column density and equivalent width of iron Kα line in
their X-ray emission. The work has been carried out using 71(33) out-of-eclipse observations of sgHMXBs
(SFXTs) with Suzaku and XMM-Newton and we have taken care to separately analyse parts of any
observation with significant variation in the spectrum. Analysis of all archival Suzaku and XMM-Newton
observations of these systems show that sgHMXBs have a wide range of equivalent width of iron emission
line and equivalent column density of absorption, both over three orders of magnitude. In comparison,
the SFXTs show a smaller range for both the parameters, less than one and a half order of magnitude.
These findings indicate a crucial difference in the wind characteristics of the companions of

sgHMXBs and SFXTs, which could be an important factor for the intriguing difference in

average X-ray luminosity and transient behaviour between these two classes of sources.
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1. Introduction

SFXTs (Sguera et al., 2005) are a subset of the sgH-
MXBs that are characterized by short outbursts with
fast rise times (∼ tens of minutes) and typical durations
of a few hours. Except during these bursts, SFXTs have
X-ray luminosity that is 2-4 orders of magnitude smaller
than the classical supergiant HMXBs. The compact ob-
ject is believed to be a neutron star accreting from the
stellar wind of an O or B-type supergiant. However,
X-ray pulsations have been confirmed from only a few
of the SFXTs (eg, IGR J00370+6122, Grunhut, Bolton
& McSwain 2014) and cyclotron line has been detected
in only two SFXTs (IGR J17544-2619; Bhalerao et al.
2015; Bozzo et al. 2016 and IGR J18483-0311; Sguera
et al. 2010), that awaits reconfirmation. SFXTs, have
for long been speculated to be descendants of Be X-ray
binaries, more so because some of these systems show
evidence of disk-like structures (Ducci, Sidoli & Paizis,
2010) around the supergiant similar to Be/X-ray bina-
ries. The X-ray behaviour are different in spite of bi-
nary parameters and the stellar companions being quite
similar in sgHMXBs and SFXTs. There is, therefore, a
growing interest to make a comparative study of clas-
sical HMXBs with SFXTs to understand the origin of
their different X-ray characteristics of such systems.

In this work, we make the first of it’s kind study of the
wind of the companion star in the two class of sources
through the absorbing column density of material in the
line of sight and the iron fluorescence line to understand
the differences/similarities in these two class of HMXBs
as a whole.

2. Observations and data reduction

For the purpose of analysis, we have taken up archived
data (till July 2016) for both classical HMXBs and
SFXTs observed with Suzaku (Mitsuda et al., 2007) and
XMM (Jansen et al., 2001) and extracted spectrum as
follows:

• Suzaku (XMM) data: Extracted XIS0 (PN/MOS)
spectrum following procedure in Suzaku guide 1

(XMM analysis thread 2).

• X-ray spectra (0.3-10.0 keV) for each observation
were extracted from time segment with unvarying
spectral parameters and fitted with a spectral model
consisting of an absorbed power-law and a gaussian
emission line.

*1 http://heasarc.gsfc.nasa.gov/docs/suzaku/analysis/abc/

*2 http://www.cosmos.esa.int/web/xmm-newton/sas-threads
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Fig. 1. Plot of the column density versus equivalent width of Fe

Kα line. SFXTs are marked in black while different sgHMXBs

are labelled.

3. Results

Figure 1 shows a plot of the EQW of Kα line with equiv-
alent column density of hydrogen (NH) obtained from all
the Suzaku and XMM observations.

4. Discussion

We find that for SFXTs, the iron line has smaller equiva-
lent width compared to all other sgHMXBs. The column
density of SFXTs have a smaller spread of 1.5 decades
compared to the sgHMXBs which have a spread of over
three decades. This shows a crucial difference in the
environment surrounding the neutron star in these two
classes.
Even though sgHMXBs and SFXTs are similar with re-
gards to the compact object, companion star and the
orbital period, their dynamic range of X-ray luminosi-
ties is very much varied. Some prominent theories put
forward so far to explain such a behaviour are:

• Geometrical differences: High eccentricity of
SFXTs and nearly circular orbits of sgHMXBs cause
sudden flaring in SFXTs and persistent emission in
sgHMXBs. This explanation is, however, put into
question by the discovery of SFXTs of short
orbital periods like IGR J18483-0311 and IGR
J16479-4514 (Jain, Paul & Dutta, 2009a,b).

• Centrifugal/gating mechanisms: Onset of dif-

ferent accretion regimes that cause change in X-ray
luminosity. Such gating mechanisms, however, re-
quire large periods and magnetar-like mag-
netic fields (see eg, Bozzo, Falanga & Stella 2008).

• Clumpy winds: Inhomogeneties of circumstellar
matter around neutron star cause varied accretion,
and hence varied luminosity. Useful to explain
only short flare SFXTs like in the case of IGR
J17544-2619 (Rampy, Smith & Negueruela, 2009).

It is clear from the above discussions that the cause

for difference in behaviour between sgHMXBs and

SFXTs are many but not unique. In this work, we

propose one possible explanation for the difference in

their behaviour. We find that sgHMXBs are in general

more absorbed than SFXTs. This could be possible

if the neutron star orbits a denser medium in

sgHMXBs because of slower stellar wind of the

donor. This also explains large equivalent width of the

emission line in some sgHMXBs. The wind terminal

velocity seem to have a decisive role in determining the

behaviour of these two class of HMXBs. This is in agree-

ment with the study of wind properties of two members

that act as prototypes for SFXTs (IGR J17544-2619)

and sgHMXBs (Vela X-1) where it was found that

their behavioural difference is because of differences in

their wind properties only (Giménez-Garćıa et al., 2016).
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