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Abstract

We present results from a 50 ksec observation of the hard state of the supergiant
X-ray binary system Cygnus X-1/HDE 226868 with Chandra’s High Energy
Transmission Grating Spectrometer and simultaneous RXTE data. Performed
during superior conjunction of the black hole, the observation is ideally suited for
spectroscopy of the focused stellar wind in the system. A large number of
absorption lines is detected in the X-ray spectrum.

Full results are presented by Hanke et al. (2008, ApJ, submitted).

Dispersed image of the Chandra-observation. Note the dust scattering halo around the source.
The small black square is the zero-order blocking filter applied during the observation.
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Density distribution in the focused stellar wind of HDE 226868 using the model
of Friend & Castor (1982). Distances are measured in units of the binary
separation

Introduction

orbital phase of the binary system
0.96 0.98 0.00

‘I‘;
HT ]

y Strong dipping behavior
vr | is seen during the
iy observation, due to the
focused stellar wind

[ passing through the line
*""1’{ !l";!lf’,l. I ™ of sight. Here, only data
AR il | taken outside of dips are
TR discussed.

count rate [cps]

&

ﬁll‘.“'
i

ratio low : high energy rate

20

observation time [ks]

| Introduction

am
©
b
—
5

o b

12 13 14 15 16 17 # orbit

i N‘ W PCA

=

o

150
=
= o=
= & F
= w

75
600 800 1000

RXTE — HEXTE
RXTE — PCA

Illlllllll‘;ﬁ'—lj_‘lflll

19:5 day of 2003 April

Quasi-simultaneous RXTE data show that the dipping probably started before
the Chandra observation, however, the strongest dipping episodes happened
during the simultaneous observation.
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The Fe L, and Lj
edges are slightly
shifted with respect to
their laboratory
wavelengths
(laboratory indicated
by dotted lines): a
blueshifted absorber
(v ~212kms™ ), or

chemical shift?

Due to the low SNR in the
other edges, all edge energies
are compatible with the
redshift measured in Fe L,
thus the interpretation as a
Doppler shift cannot be ruled
out.

The Ne edge is
strongly blended with
Fe absorption lines.
Note the Ne K line
(Ne 1s — 3p), which
is due to resonant
absorption.

An updated version of the
tbabs absorption model
(Wilms, Allen, McCray) that
includes the fine structure of
the edges used for the
modeling presented here is
available at

http://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs.
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O edge, with the
strong O Ka
resonance absorption
line.
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Chandra Gratings Observations of the Focused Wind in Cygnus X-1/HDE 226868
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Line Analysis,

Wavelength [A]

OVERVIEW ON THE DETECTED LINES FROM H- AND HE-LIKE IONS: WAVELENGTH IN z&
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Wavelengths in [square brackets] are not covered by the data, and lines with wavelengths in (parentheses) are not detected,
while lines indicated with bold wavelengths are clearly detected in our Chandra-HETGS observation of Cyg X-1.
The wavelengths are taken from the CXC atomic database ATOMDB and the table of Verner et al. (1996).
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FIT RESULTS FOR THE ABSORPTION LINE SERIES
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Line Analysis, IV

Fitting the series of all species with a line series
model based on the curve of growth and assuming
Voigt profiles for the line shapes, shows in general
only small systematic velocities.
Note that lower ionized species tend to have larger
blueshifts, as expected from the ionization structure
of the Stromgren sphere around the black hole.
This result is consistent with the analysis of UV
data of Gies et al. (2008; ArXiv: 0801.4286).

Broad Iron Line
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In the analysis of the RXTE-data a broad Fe Ko feature is found, which can not
be explained by the narrow Fe Ka line seen with Chandra alone, but rather is a
blend of the narrow line and a broad component such as a relativistic line. Note
that the broad feature is consistent with the Chandra data, although it is difficult
to see due to the high resolution of the HETGS.
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