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A BROAD IRON LINE IN THE CHANDRA/HETG SPECTRUM OF
4U 1705–44

T. Di Salvo,1 R. Iaria,2 M. Méndez,3 L. Burderi,4 N.R. Robba,2 L. Stella,4 and M. van der Klis1

We present preliminary results from a Chan-
dra 30 ks observation of the atoll source
4U 1705–44. In particular we concentrate
on the study of the iron Kα line, using the
HEG spectrometer. The iron Kα line at
∼ 6.6 keV is found to be intrinsically broad
(FWHM ∼ 1.7 keV); its width can be ex-
plained by reflection from a cold accretion
disk extending down to ∼ 17 km from the
neutron star center or by Compton broaden-
ing in the hotter (∼ 3 − 4 keV) corona.

Broad emission lines (FWHM up to ∼ 1 keV) at
energies in the range 6.4 – 6.7 keV are often observed
in the spectra of low-mass X-ray binaries hosting an
old accreting neutron star. These lines are identi-
fied with the Kα radiative transitions of iron at dif-
ferent ionization states. These features are powerful
tools to investigate the structure of the accretion flow
close to the central source; in particular, important
information can be obtained from the detailed spec-
troscopy of the iron Kα emission line and absorption
edge, since they are determined by the ionization
state, geometry and velocity field of the reprocessing
plasma. 4U 1705–44 is an atoll source (see Hasinger
& van der Klis 1989) which also shows type-I X-ray
bursts. We selected this source, in which a broad
(1.1 keV FWHM) iron emission line at 6.5 keV has
been reported (White et al. 1986; Barret & Olive
2002), for a Chandra observation in order to study
the iron line profile and to discriminate among the
various models that have been proposed to explain
the large line width.

Our 30 ks observation of 4U 1705–44 was per-
formed using the High-Energy Transmission Grating
Spectrometer (HETGS) on board of Chandra start-
ing on 2001 July 1. The HETGS consists of two
transmission gratings, the Medium-Energy Grating
(MEG) and the High-Energy Grating (HEG). It al-
lows high-resolution spectroscopy from 1.2 to 31 Å
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(0.4–10 keV) with a peak spectral resolution at 12 Å
of ∆λ/λ ∼ 1000 for HEG first order. In our analy-
sis, we utilize the HEG first-order spectrum, which is
less affected by pile-up (less than 10%) with respect
to the MEG first-order spectrum.

We fit the HEG spectrum of 4U 1705–44 to a
continuum model. The best fit model consists of
a blackbody plus the Comptonization model comptt
(Titarchuk 1994), modified by absorption from neu-
tral matter, which gives a χ2

red
(d.o.f.) of 1.64(846).

The addition of a broad (σ ∼ 0.7 keV) Gaussian
line centered at 6.57 keV proves necessary, giving
χ2

red
(d.o.f.) = 1.25(843). The high energy resolution

of the HEG shows that the line is intrinsically broad
(FWHM ∼ 1.7 keV). Therefore the most probable
origin of this line is an accretion disk (in this case the
large width of the line would be due to Doppler and
relativistic smearing effects) or from a hot corona (in
this case the large width of the line would be due to
Compton broadening).

In the case the line is produced by reflection in
an accretion disk we estimate that the required in-
ner radius of the disk is 8 Rg or ∼ 17 km for a
1.4 M� neutron star. The inclination angle is ∼ 80◦,
which seems to be quite high for this source. Alterna-
tively, Comptonization in the corona could explain
the large width of the line. Detailed calculations
give σFe = 0.019EFeτT (1+0.78kTe), where τT is the
Thompson optical depth and kTe is in keV (Kallman
& White 1989, see also Brandt & Matt 1994). As-
suming an electron temperature kTe = 3.8 keV, as
derived from the fit of our data to the Comptoniza-
tion model, we can explain the width of the iron line
for a Thomson optical depth of τT ∼ 1.4. Therefore,
it is possible that the line is produced in the outer
region of the Comptonizing corona, where the opti-
cal depth decreases (assuming that the temperature
remains constant).
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