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A Preliminary Analysis of a New Chandra
Observation (ObsID 6148) of Cir X-1.
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Abstract. We present the preliminary spectral analysis of a 25 ks long Chandra observation of
the peculiar source Cir X1 near the periastron passage. We estimate more precise coordinates of
the source compatible with the optical and radio counterpart coordinates. We detect emission lines
associated to Mg XTI, Si XI1I, Si X1V, S XV, S XVI Ar XVII, Ar XVIIIL, Ca X1X, Ca XX, Fe XXV,
Fe XX VI showing a redshift of 470 km s~!. The more intense emission features at 6.6 keV show a
double-peaked shape that can be modelled with two or three Gaussian lines.

Keywords: accretion discs — stars: individual: Cir X-1 — stars: neutron stars — X-ray: stars —
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INTRODUCTION

Cir X-1 is a peculiar low-mass X-ray binary (LMXB) that recently showed ultrarela-
tivistic outflows similar to those produced by active galactic nuclei [1]. Because of its
rapid variability, a black hole was supposed to be the compact object in this system [2]
until type I X-ray bursts were detected ([3], [4]), suggesting that the compact object is a
neutron star.

The classical scenario accepted for Cir X-1 argues that the source has a companion
star of 3 — 5 M, (probably a subgiant; see [5]), an orbital period of 16.6 days, deduced
from the radio and X-ray light curve of the source, and an eccentric orbit with ¢
=~ 0.7—0.9 ([6]; [7]). Since the large X-ray flaring activity occurs at zero phase, it is also
accepted that the phase zero corresponds to the periastron passage and the semi-major
axis is almost aligned to the line of sight ([5]). The presence of a large amount of neutral
matter occulting almost totally the X-ray emitting source at the periastron has suggested
that Cir X-1 could have a geometry similar to the Seyfert 2 Galaxies ([8]), where a torus
of neutral matter is present in the outer region of the system; a similar scenario for a
Galactic source implies that the inclination angle should be around 90°, that is Cir X1
is an edge-on source. The works [9] and [10] go toward this direction; their authors,
analysing two Chandra observations of Cir X—1 near the periastron passage, detected,
for the first time in the X-ray band, the presence of P-Cygni profiles associated to highly
ionized elements. The authors proposed that a presence of an accretion disk wind ([11])
could explain these features. An opposite scenario has recently been proposed by [1]
and [12]. Their scenario is based on the radio detection of an ultrarelativistic jet coming
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from Cir X-1 and forming an angle between its direction and the line of sight less than
5°. Following this scenario the jet should be almost perpendicular to the equatorial plane
implying that the inclination angle is less than 5° and Cir X—1 is a face-on source.

DATA ANALYSIS AND PRELIMINARY RESULTS

Cir X-1 was observed with the Chandra observatory on 2005 Jan 03 from 01:14:52 to
08:41:32 UT using the HETGS for a total observation time of 25 ks (OBS. ID. 6148,
from the Chandra public archive). The corresponding phase was 0.974-0.993 using
the ephemeris of Stewart et al. (1993). We have obtained the following coordinates:
R.A.=15"20"40°.874, Dec.=—57°10'00" .26 (J2000.0) with an uncertainty circle of the
absolute position of 0.6 .

We fit the extracted spectra in the 1.3—4 keV and 1.3-7.7 keV energy range for first-
order MEG and first-order HEG, respectively, using as continuum an absorbed power-
law with photon index 1.8 4 0.4 additionally absorbed by a partial covering component
with an equivalent hydrogen column density of (6.3 41.8) x 1022 cm 2. The interstellar
equivalent hydrogen column density was kept fixed at 1.85 x 10%? cm™2, similar to the
value obtained by [10]. The presence of several emission features is clearly evident in
the residuals. We detect the emission lines of He-like and H-like ions: the Ly, and Lyg
transitions of Mg X11, Si X1v and S XVI; the Ly, transitions of Ar xvii, Ca XX, and
Fe xxvr; the forbidden and resonance lines of Si X111 and S Xv; the resonance line of
Arxvir and Ca X1X, and the intercombination line of Fe XXV (see Fig. 1). The centroids
of the lines show a redshift with an average value of z of (1.64-0.3) x 1073, The line at
6.06 keV, fitted as the Fe XXV intercombination line, shows a double-peaked structure
(see Fig. 1). We propose two possible scenarios to well-model the complex shape of
this feature. The first scenario is that we are observing the blending of the forbidden,
intercombination and resonance line of the Fe XXV triplet, then we fit the feature using
three Gaussian line. In this hypothesis, to disentangle the lines of the Fe XXV triplet
we keep fixed the continuum parameters, add three lines imposing a difference between
their centroid energies equal to that in the rest frame, and that the line width is same for
the three lines. The second scenario to explain the double peaked shape of the 6.66 keV
line is that we are observing the redshifted and blueshifted Fe XXV intercombination
lines. To test this hypothesis we fix the contintum parameters and add two Gaussian
lines to fit the excess at 6.66 keV. We will discuss the physical implications of these
results in our work in preparation.
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FIGURE 1. The panels show the detected continuum emission and the emission lines in the
energy range 1.4-7.7 keV. An absorption features at 5.83 keV is also observed with a 2.3 ¢ level
significance. The emission feature at 6.6 keV is here fitted using only one Gaussian line.
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FIGURE 2. The emission feature at 6.6 keV can be fitted either with the three lines of the
Fe xxv triplet with a very low flux associated to the resonance line (left panel) or with the red
and blue-shifted components associated to the intercombination line of Fe XXV (right panel).
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