Variability of the focussed wind in Cyg X-1 / HDE 226868 system
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, [Abstract]

tion by the clumps and, using 5 hard state observations, study orbital variations and thus the spatial
structure of the wind. Using ~4.8 Ms of RXTE data we investigae the long-term orbital variability of
the wind on 2 ks time scales throughout different accretion regimes of the black hole.

We review our results in the context of focused wind models and models for winds of O/B type stars.

Binary systems with a compact object are a unique chance to investigate the strong, clumpy winds
of early type supergiants by using the compact object’'s X-rays as a probe of the wind structure. We
analyze the two-component wind of HDE 226868, the 09.7lab companion of the black hole Cyg X-1.
Using Chandra-HETG we separate signatures of the hot gas phase from that due to additional absorp-

- LFocussed clumpy wind in Cyg X-1 / HDE 226868 systemJ
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lightcurves). The dips are enhanced towards ¢, = 0. Orbital phase ¢

[Long-term variability with RXTE (Grinberg et al., A&A to be subm.)]

ﬁ[Probmg the hot gas phase with Chandra (miskovitova et al., A&A subm.)
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e use 2741 individual orbit-wise spectra of Cyg X-1 with an average exposure of ~1.7 ks (total exposure We use all five hard state Chandra observa-
~5 Ms) and model them following Wilms et al. (2006) and Grinberg et al. (2013,2014) with a broken power 130 | | | 1 tions that are shown in the above box and
law model with a soft photon index ['; modified by a cut-off and a Gaussian component ar ~6.4keV. The n |,,  concentrate on the non-dip periods (colored
absorption is modelled with tbnew, an improved version of tbabs (Wilms et al. 2000). To account for the 1.2p part of lightcurves), i.e., we investigate the
ISM absorption towards the source we set the minimum value of the equivalent hydrogen column density eid B | x 1 % hot tenuous gas phase, not the clumps.
to Nyism = 4.8 x 102 cm™2 (Xiang et al. 2011). To characterize the different accretion regimes, we use — F —12 2 Modeling Ny from continuum in line-
[1-based state definitions derived in Grinberg et al. (2013) using spectral and timing properties: the source |E 1‘0;_ | & dominated spectra suffers from systematics,
is in hard state if [{ < 2.0, in the intermediate state if 2.0 <7 < 2.5 and in the soft state if 2.5 < I';. S 09F 140 2 thus we measure the optical depth directly
In the intermediate and soft states, the absorption column cannot be constrained well because of the ° E = at the NeK edge that is visible in all obser-
presence of a multitemperature disk component. There are signs of increasing absorption towards ¢ ~ 0 — 08§ 4 Q u 7 S vations used (left figure). The absorption is
in the intermediate state, but no variability is detectable in the soft state. ZZ 0.7F 18 o clearly modulated with orbital phase.

N : | El We further fit all absorption lines of an ion

| T | 1T 1 | 1T 1 1T 1 | 1T 1 | 11 | T 0.6 — 9 . .
14 B [% + — simultaneously with a curve of growth ap-
0.5 = proach to obtain the column densities of
192 0.45_ ____________________________________________ - individual ions, N;, (not sh_own),_ excluding
=l S L S - Ooy, ~ 0.5 where P-Cygni profiles of the

— 0.0 0.5 1.0 1.5 2.0 I - diff h N

' 10 Orbital Phase Ines necessitate a dirferent approach. 5

= roughly follow the same trend as Njy.

QU . | | | | | d: distance donor-BH

S L '_1' | ) | , | |s|arl1ceI onolr— i

.:, 6 300 _KBH:982 km s 4> 43 1 200 !

Zm 600 |- 1

4 — - 1 600
400 - -
2 | 5 200} -7 400
B N g ol e 1t
3 g S BF a NG \-i 200
am H - £ -200 - 1 7
B ) B 7 e
5_; 0 | 5_, — — | E 400 |- 1 0
b -0.5 0 0.5 1 1.5 b -0.5 0 0.5 1 1.5 ool ]
orbital phase @bt orbital phase @ bit el | -2007
T . . .. 29 2 -800 - N
In the hard state, clear variability in both My and its standard deviation, 0{ Ny} := o { Ny /(10 cm™)} : | 1 00t
can be seen in the (left figure above; averages shown in blue, medians in red). This agrees with previ- 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
ous findings. The exceptional exposure reveals individual very deep absorption events ( “dips”). Smooth _ OLLAN i o _ _ _ Phase
focussed wind models cannot explain the observed variation of absorption at a given orbital phase. The. left figure shows velocity Sh_'fts_ of individual line series (circles: H-/He-like, -rOS5€5. Fe L. Black
Within the hard state, Cyg X-1 can display a range of spectral and timing behaviors (Pottschmidt et line: radial velocity of BH. Red line: best fit (sme).to all data points. Red dashed line: offset fixed to
al. 2003; Wilms et al. 2006; Grinberg et al. 2014). At the same time, we expect the behavior of the systemic velocity of BH). Fitting individual line series shows clearly that velocities of different ions are
absorption to depend on the broadband spectral shape of the X-rays because of the ionization of the iInconsistent W|th_each other and thus hln_ts to a comp_lex ionization structure. The strong blueshift of
wind. For a detailed analysis of absorption, we therefore need a hard state with stable spectral and timing the weak P Cygni absorption component in @or~0.5 is evidence that the wind has a non-focused part
characteristics, such as the long hard state of 2006-2010 (right figure above, see also Grinberg et al. 2013). also on the X-ray irradiated side of the companion. _ _ _
IIIII e The right figure sets the range of the measured shifts (indicated as boxes) into context with Keplerian
osf | e . velocities of BH (red) and donor (yellow) and the wind velocities projected onto the line of sight as a
0 f __0'8;% histograms of My during function of distance from the BH (d: distance donor-BH). The predicted phase shift A¢p = 0.25 between
ug 0-22— T T 1% %: tz%iohzzdt;teate O;?qOO?; BH and wind is not observed. At qbo.rbNO.O velocities are consistent with an origin < 0.25d from BH.
2 ok A ! ‘8 on the left Hpper Tist At dob~0.75 is consistent with a slightly larger distance < 0.5d, but this is the brightest observation,
< : We cons’ér e I.e., the ionization region is expected to move away from BH. @qp,~0.2 shows a much higher blueshift
g F 2 X y than the BH rather than the expected redshift. In the focused wind model this would require a terminal
E 03F - m_odel S i _clumpy velocities > 4500 km s~ >~ 2500kms ' typically assumed at BH location. However, at this phase
- f . wind by adapting the . . 0 . . o . !
£ oaf e e the line of sight passes through the “bow shock™ of BH (Manousakis, 2011; Blondin and Woo, 1995),
L # = 0500 4= 080 ! encine  of Sundavist a strongly disturbed region where gas obtains a significant non-readial velocity, which at @gp~0.2
"L o o - tg . 2012 i | translates to a high blueshift. Overall the Doppler shifts agree with an origin close to the BH.
0 | Ll = et al see also
0 5%

Owocki & Cohen, 2006)
to the Cyg X-1/HDE ||
226868 system param-
eters. The model does
not yet account for the
focussed wind properties
but treats the wind of
HDE 226868 as that of
a single star. The tun-
able parameters of the
model are the number of
clumps N between 1.2R,

and 50R, (R. radius of i ~
HDE 226868), and the

terminal clump size far
out in the wind, or alternatively the terminal porosity length h, (see Sundqvist et al., 2012). The lower
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figure above shows a histogram of the Ny values obtained for such a clumpy wind model with N = 1000
and h,, = R, by adding an X-ray source at the position of the black hole.

We assess whether the models describe the data well by eye and by comparison of the average values and
their variances in a given orbital phase range: models with h,, =~ R, are in general agreement with the
data, albeit with large uncertainty. h,, = 0.1R, or 10R, seems inconsistent with the data. The agreement
s best at ¢, =~ 0.5; strong deviations are visible at ¢, =~ 0 and we interpret them as due to the focussed
part of the wind that is not yet included in the clumpy wind models.
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