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ABSTRACT. Recently a lot of photometric effects
were revealed during the investigation of the first can-
didate to black hole Cyg X-1. Besides of orbital vari-
ations different kinds of flares, so-called precession pe-
riod 147/294 days and a significant correlation between
the long-time optical and 2-10 keV X-ray variations
with the lagging of the last one there are among them.
The detail spectral analysis is recognized as necessary
for understanding physical nature of these phenomena.
We discuss the high-resolution spectroscopy potential
to recognize the manner of gas flow between the com-
ponents, the physical characteristics of gas outflowing
from supergiant and in the regions of accretion struc-
ture, the origin of 147 day period and so on.

The some first results of test observations been con-
ducted by using of the echelle-spectrometer on Peak
Terscol Observatory 2-m telescope are given. They
demonstrate that spectra contain important informa-
tion about flowing gas physical condition even with rel-
atively low N/S.

Key words: Spectroscopy; stars: X-ray binary: black
hole; stars: individual: Cyg X-1, V1357 Cyg, HDE
226868.

1. Introduction

Cyg X-1 is the unique X-ray binary system whose
relativistic component is the first candidate in black
hole. The mean orbital light curve with period of 5.64

is accounted for the tidal distortion of the optical star
(supergiant 09.71ab) in relativistic object gravity field.
Supergiant has T.;y=32000K, log g=3.2 (Herrero et
al., 1995). It almost fills its Roche lobe. The flowing
out matter from the supergiant creates the accretion
structure near the relativistic component - the rela-
tively small accretion disc, outer part of which have
Terr ~12000K, and some gas structure around it. In
V band the accretion structure produce ~4% of total
system radiation and this input can depend e.g. on the
phase of "precessional” period 147/294%. The nature of
this period is not clear until now. The same statement
concerns to Cyg X-1 sudden transitions from ordinary
“hard low” to ”soft high” states with different X-ray
spectra hardness.

The modern model hydrodynamic calculations of the
flowing gas in close binary systems conducted for exam-
ple by group of Boyarchuk, Bisikalo, Kuznetsov, Che-
chotkin (1998) are capable of getting the detail pic-
ture of gas distribution, the velocity field and other
gas physical characteristics. It is necessary to know
the system parameters for this calculations. But in
spite of long time intensive investigations of Cyg X-
1 the system parameters are known very poor until
now because of the absence of X-ray eclipse. Espe-
cially it is concerned to the system inclination angle.
Cherepashchuk (1996) estimates its value in limits 28°
- 63° by using the mean orbital light curve investiga-
tions. Herrero et al. (1995) have received somewhat
another parameter values by using their spectral data
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for Cyg X-1. So there is some (not large) contradic-
tion between the results obtained by spectral and pho-
tometrical methods. Also there is some contradiction
between the limits on distance to Cyg X-1 based on
interstellar extinction measurements and the star lu-
minosity obtained by Herrero et al. (1995) using their
unified models. Apparently more precise spectroscopy
and line profiles decision are needed. Also some spec-
tral lines consist from several components accordingly
to different regions of origin and it is necessary to di-
vide this components accurately. Besides of this the
distortion of supergiant shape (the ellipsoidality effect,
including gravitational darkening) should be taken into
account.

Recently the observational evidences of non-
stationarity of matter flowing from one component to
another have been appeared (Karitskaya, 1998). The
irregularity of matter overflowing can produce shock
waves in the region of interaction this matter with the
accretion disc and in the surrounding gas. It can also
produce a redistribution of scattering and absorbing
matter near the relativistic component. Karitskaya et
al. (2000) revealed as flares which can be result of ap-
pearing temporal hot regions ("hot spots”) as simul-
taneous X-ray dips which indicate the appearance of
absorbing gas on the line of sight. Each mentioned
factor influences on spectral line characteristics. It is
means that spectral researches are required.

Recently Karitskaya et al. (2000, 2001) discovered
7¢ and 127 delay of X-ray flux (2-12 keV) variations
relatively to long time optical variability as well as be-
tween the optical and X-ray flares. The physical inter-
pretation has been offered as the typical time of matter
passing through the accretion structure. So the investi-
gation of the line profile variations relative to described
earlier flux variations may help us to observe the con-
sequence of the matter passing through this structure.

Although the accretion discs are known already for
a long time until now the dynamics of gas flow interac-
tion with outer rim of disc and the process of matter
outflowing from the optical component are not very
clear. Especially this is concerned to Cyg X-1 where
the supergiant underfills its Roche lobe on several per-
cent. So it is desirable that from one hand the matter
transportation occurs with the aid of the focused stel-
lar wind (Gies, Bolton, 1986) and from another hand —
with the aid of the stream of matter forming because of
upper atmosphere layers filling supergiant Roche lobe.
The comparison of observed spectrum line profiles with
profiles calculated on the base of advanced supergiant
model atmosphere, which includes the influence of stel-
lar wind and outer X-ray illumination, can permit to
search the process of matter outflow formation.

2. Urgent tasks of Cyg X-1 investigation for
which detailed spectral analysis be demanded

The precise high resolution spectroscopy (especially
combined with photometric, X-ray and radio observa-
tions) opens the wide possibility for the investigation
of processes of matter outflowing from the supergiant,
sporadic and quasi-periodic instability of flowing , gas
flow interaction with the outer parts of accretion struc-
ture (see Introduction).

However for adequate analysis of observations of
such high quality it is necessary to use new methods
which include the comparison of observed and theoret-
ical line profiles calculated in NLTE - approximation,
in outflowing stellar atmospheres, irradiated by second
component X-rays from the outside. The machiner-
ies developed by N.A.Sakhibullin’s research group from
Kazan University may be a basis of corresponding
methods.

The precise high resolution spectroscopy observa-
tions with the help of the 2m-RCC telescope of Peak
Terskol Observatory with echelle-spectrometer would
allow to solve the following actual tasks:

1. Spectral line profiles for different orbital phases
using for:

a) to obtain a tomographic map of gas distribution
in the system and to compare it with gasdynamic cal-
culations carried out e.g. in Institute of Astronomy of
RAS;

b) to determine more exact the Cyg X-1 mass func-
tion and other parameters.

2. From the analysis of the spectral lines of ions
with essentially different ionization potentials (HI, Hel,
Hell) to obtain:

a) the velocity gradients in gas outflow from super-
giant;

b) the distribution of the atmosphere parameters
along the optical component surface;

¢) the limitations on the possible variations of gas
motion in the atmosphere with the phase of ”preces-
sional” period 147/294% which may to throw light on
the nature of this period.

3. From comparison the sporadic spectral variations
with flare phenomena to specify nature:

a) of a few-day-long optical flares (Karitskaya et al.,
2000, Bochkarev, Karitskaya, Lyuty, 1998);

b) of the "hard/soft” state transitions.

3. Test observations. Preliminary results

Test observations were fulfilled 24 August, 2002 and
28 November, 2002 in relatively fortunate moments
(see Table 1). In the first time Cyg X-1 was in so-called
high soft state, at the same time, already to Novem-
ber, 2002 it has returned to its ordinary low hard state.
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The both moments fall on the nearly the same orbital
phase 0.5 (Table 1), when the X-ray component was in
front of supergiant. The phase coincidence (the differ-
ence 0.1) means the similar component situation rela-
tively to observer. So it is especially very important to
compere these spectra.

The observations have been conducted with echelle-
spectrometer in Coude focus of the 2-m telescope of
Peak Terscol Observatory. The detector was CCD-
camera Wright Instruments (1252x1242 pixels) with
pixel size 22.5x22.5 mkm. This echelle-spectrometer
covers the spectral range from 0.36 mkm to 1.03 mkm
with spectral resolution 45000. One hour and two hour
expositions were done. The obtained spectra expanded
over 86 and 85 echelle-orders of 60A width . The
weather conditions were far from ideal. In the region
of H,, the signal to noise rate S/N was reached 150, but
in blue parts it was worse significantly.

For continuum determination we used quality
method of model stellar atmosphere. For this pur-
poses the LTE-model atmosphere for supergiant with
T=33000 K, log g=3.5 was calculated. For continuum
determination we used spectral intervals without signif-
icant lines in the model spectrum. It permits to reach
precision of about 0.5/(S/N). Fig.1 and fig.2 show some
of the obtained line profiles, which permit us to make
comparison.

The spectra have the absorption lines of supergiant
- HI, Hel, Hell, CNO 4640A blend, lines of heavy ele-
ments, but there are also strong emission components
in lines such as H, and HeIIA4686A, which profiles are
very complicated (fig.1). They consist of the compo-
nents, originated in different regions of the system and
have strong variations. In November, when soft X-ray
radiation dropped to 4 times, the line H, became sig-
nificantly stronger and HeIIA4686A became weaker.

The total width of emission line HelIN4686A is
~600km /s which is near to this component virial veloc-
ity. At the time of strong soft X-ray radiation (August
2002) the He ionization equilibrium shifts to the more
high ionization stage and this line became significantly
stronger.

The line H, in November (Cyg X-1 hard state) has
weak absorption and strong red emission, the red wing
being prolonged until several hundreds km/s. This
means, that this line is created in expanded outflow-
ing layer of supergiant. The fluorescence of moving to
the X-ray component HI is weaker than in the back
side (red wing). This may be connected with the X-
ray component influence - the hydrogen ionization by
X-ray radiation in the side of X-ray source. This pro-
cess not occur on the back side of supergiant because
of its shadow. May be another reason - supergiant
stellar wind is not allowed to the second component
neighbourhood by the matter flowing from X-ray com-
ponent. In August (during strong soft X-ray radiation)

Table 1: Spectral observations.

date of JD - orbital 147%eriod X-ray

2002 2452000 phase phase state
24 Aug. 511.340 0.438 0.40 ”high”
28 Nov. 607.174  0.552 0.05 ”low”

H, has the classical PCyg profile and became weaker.
The layer width became smaller relative to the star ra-
dius because of hydrogen ionization by soft X-ray ra-
diation occur significantly stronger - HI in stellar wind
rests only near the stellar surface. The spectral lines of
Hel are numerous and strong (up to 30% of continuum
level, see fig.2), and show some variability. In Novem-
ber strong Hel lines have PCyg profiles: red wings are
stronger then in August and emissions are clearly seen
for the most strong lines. There is the same situation
for Hg line. In August the increased soft X-ray ionized
outflow envelope around the supergiant and we cannot
to see its indication in this sample of lines particulary
around orbital phase 0.5.

So already from two test spectra of high resolution
received by us we may see by what manner the in-
creased soft X-ray flux vary the ionization structure of
matter in the system Cyg X-1.
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Figure 1: The line profile variations for H,, Hg and
HelIX4686 A. Figure 2: The profiles for some lines of Hel.
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