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ABSTRACT. Some of the most important is-
sues of anisotropic stellar wind research in close
binaries with non-relativistic components, ba-
sically Algol-type stars, serpentides and early-
type contact systems are briefly discussed with
an emphasis on the problems of origin of aniso-
tropy, morphology of gas, observable effects of
wind upon spectra and light curves, the angu-
lar momentum loss and the evolutionary con-
sequences.
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1. Introduction

During the last 10-15 years the problem of
anisotropic stellar wind in close binaries has
received a considerable attention both from
the observers and theoreticians. The under-
lying reasons for that are multifold but actu-
ally are self-explanatory. Firstly, there is a
plentiful evidence suggesting that early-type
MS stars and supergiants of all spectral clas-
ses lose mass at a rate M = 107% — 10~ M,
per year. For typical velocities of expansion
Vese = 10% — 10® km's™! and characteristic size
of the orbit a ~ 10'2—~10"3cm this would mean
optical depths of circumbinary gas of order
7 ~ 0.1 — 1.0, quite sufficient to influence both
continuum and the line spectra of a binary sy-
stem. In case of an optically thick stellar wind
the accretion luminosities may be comparable

to the intrinsic luminosities of the accreting
star and thus may significantly alter the pic-
ture based upon assumptions of conventional
theories. Secondly, morphology and dynamics
of an ambient gas is governed by the interac-
tion of gas (often in transonic flow) with the
components and the consequences of it are of-
ten observed. Besides, the importance of stu-
dying various aspects of stellar wind problem
is underscored by the fact that stable accretion
discs cannot be formed in many cases whereas
stellar wind is present practically in all bina-
ries. Last but not least, it has been indicated
that for the components of spectral type later
than F5 with the convective envelopes magne-
tic stellar wind appears to be a very effective
mechanism of redistributing the angular mo-
mentum and thus drastically changing the or-
bital elements which in its turn will have pro-
found consequences for the future evolutionary
status of a binary (this is especially valid for
contact systems, both early-type and W UMa
type stars).

In sum stellar wind permeats practically all
important aspects of astrophysical research of
close binary systems. But its full role in sha-
ping the overall picture of the observed phe-
nomena in these systems and the underlying
processes are far from being fully understood.
Here we give just a sketchy review of some of
the key issues of anisotropic stellar wind pro-
blems:

a) anisotropy, coliiding winds, morphology and
clumpy structure,
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b) the effect of wind upon the spectra and the
light curves,

¢) angular momentum loss and evolutionary
consequences.

2. Anisotropy, Interacting Winds,
Morphology

Anisotropy of stellar wind stems from the very
binary nature of the system even if the wind
is associated just with one of the components
and is virtually absent for a companion star.
Anisotropy is caused by the displacement of
a sonic point induced by the periodically va-
rying gravitational attraction of a companion
star (Friend and Castor 1982, Hadrava 1985) or
may be induced radiatively (Basko and Suny-
aev 1973; Modisette and Kondo 1980). Recen-
tly we have derived a fairly simple expression
for an estimate of the relative displacement of
a sonic point (Pustylnik 1994) valid for a radi-
ally expanding wind in an adiabatic case
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where A rg/rs is the relative displacement of a
sonic point (in comparison with a single star},
¢ is the mass ratio, u. is the escape velocity
from a binary system and u, is sonic velocity
whereas f(re,q) ~ 1 is an elementary func-
tion, r is expressed in units of the semi-major
axis. Thus, it follows from (1) that the rela-
tive displacement is of order of 1073 —10"2? of a
stellar radius which is comparable to the scale
of the chromosphere. Since the mass loss rate
M = 47 p,u,r? depends primarily on the den-
sity of gas p which is very sensitive to the depth
in the chromosphere {(u, scales as the square
root of a temperature but thé accompanying
changes with the depth would be much smal-
ler) the net result should be higher mass flux in
the directions pointing to the companion star.

Geometry of wind is either incorporated with
the aid of ad hoc stream tubes (Modisette and
Kondo 1980, Haisch et al. 1980 , Kopp and
Holzer 1976) or for a simple model of evapo-
rative stellar wind by fixing the ratio of gra-
vitational potential of a binary to the total

energy of a gas particle (Pustylnik 1994). Even
in this latter relatively simple case geometry
of wind is strongly dependant on the tempe-
rature Tpas. For hot gas Ty > 10° K the
wind may be nearly isotropical, whereas for
Teas =~ 10* K transonic flow is realized,i.e. the
shocks and the clumpy structure will be the
inevitable consequences . In the intermediate
case Tgae = 10°K conical shape should be a
good approximation, the angle subtended by
the cone being determined roughly by the cros-
section of the critical Roche lobe of an accre-
ting star. In the case of accretion from stel-
lar wind (Kolychalov and Sunyaev 197%) one
should expect to find some consequences of in-
teraction between the gas flow and the disk
and indeed in some interacling binary systems
these effects have been observed (for instance
in UW CMa, Eaton 1979).

Modelling of colliding wind structure and dy-
namics has become one of the most topical pro-
blems in stellar astrophysics during the last 10-
15 years. Originally it has been worked out
and applied to symbiotic stars ,novae and bi-
naries with Wolf-Rayet type components (this
topic is beyond the scope of the present re-
port and will not be elaborated here}. But
more recently modelling of colliding winds pro-
ved to be a promising approach to investiga-
tion of classical interacting systems as well -
serpentides, early-type contact binaries {Gies
and Wiggs 1991, 1992; Luo, McCray and Low
1991; Stevens, Blondin and Pollack 1992; Kall-
rath 1991 and references therein). Despite of
the high degree of sophistication and complica-
ted mathematical technique the input physics
is still fairly simple one (isothermal or adia-
batic gas, two-dimensional models), the treat-
ment of interaction of the winds is confined
to the consequences at the impact front of the
winds where dynamical pressures of the winds
are equal, whereas effects of anisotropy perti-
nent to the binary nature and mentioned above
are neglected. The most immediate effects of
colliding winds from the cobservational aspect
are formation of bow shocks around the mass
accreting star, generation of significant X-ray
emission (Cherepashchuk 1976) and the depen-
dence of P Cyg type line profiles on the orien-



Odessa Astronomical Publications, vol. 7, part

1 (1994) 29

tation in respect to a bow shock, line profile
changes with the phase of the orbital period.

3. The Effect of Wind upon the Light
Curves and Spectra of Close Binaries

There are multiple manifestations of the in-
fluence of stellar wind upon the light curves
and spectra of the Algol-type stars,serpentides
and early-type contact binaries. Thus, Plavec
(1989) who has made a comparative analysis
of UV emission lines of C IV, N V, C III,
Si IV, Al III etc for 10 Algols and 6 serpen-
tides finds no significant differences between
them and concludes that these lines are formed
in the wind basically due to scattering proces-
ses. The effects of wind are invariably found for
the well studied interacting systems if suffici-
ent temporal, spatial and spectral resolution is
achieved. Thus Eaton (1978) from analysis of
OAO-2 UV light curves of a bright early-type
contact binary UW CMa finds the evidence for
an expanding region of low continuum opti-
cal depth or in other words, anisotropic stel-
lar wind from Of component producing small
dips in the UV light curves during the secon-
dary minimum. Short time variations in the
intensity of stellar wind have been found from
high resolution spectrum of another early type
contact system SV Cen (Drechsel et al. 1982),
where mass loss is of order 107* M /year ac-
cording to the same authors. Analysis of UV
resonance lines and Ha as well as He I A 6678
in AO Cas (Gies and Wiggs 1991) suggests that
stellar wind is concentrated towards the mass
accreting compouent, emission in Ha origina-
tes predominantly on the hemisphere of acc-
reting star facing the mass losing component.
Similarly P Cyg type profile variations with
the phase of orbital period have been detected
in HD 47129 (Sahade and Brandi 1991), V 444
Cyg {(Short and Brown 1988), 4 Vel (Brandi,
Ferrer and Sahade 1991). According to Karet-
nikov and Glazunova (1985), Karetnikov and
Menchenkova (1987) who studied spectrosco-
pically early-type binary systems V 367 Cyg,
V 448 Cyg (by all evidence, an intermedi-
ate type of objects between serpentides and

early-type contact binaries) practically all ab-
sorption lines observed in the visible range of
their spectra are formed in a common enve-
lope. A new technique has been proposed to
assess the rate of mass loss (or at least to set
an upper limit) directly from the light curves
based on an assumption of optically thin wind
from one component (Pustylnik 1994). It has
been applied to an early-type system SZ Cam
(Pustylnik and Polushina 1994) and an esti-
mate M =~ 5-107 Mg /year has been found as
an average for about 50 years. Optically thick
stellar wind may be unstrumental in explaining
many puzzling features of the early-type con-
tact binaries (small changes of the amplitudes
of radial velocities, phase dependant estimates
of spectral and luminosity types, as well as lu-
minosity and radii excesses for the secondaries
etc). '

4. Angular Momentum Loss and Evo-
lutionary Consequences

During the last decade it became clear that an-
gular momentum loss through the stellar mag-
netic wind plays a crucial role in the evoluti-
onary history of different type close binaries
and can successfully explain transition of a bi-
nary from detached to a semi-detached state
and from the latter to the contact stage (see,
for instance, Yungelson, Tutukov and Fedorova
1989; Vilhu 1982; Iben and Tutukov 1984).
With the aid of magnetic field embedded in
the flow it is easy to understand at least in qu-
alitative terms subkeplerian velocities, super-
sonic turbulence and high temperature regions
in circumstellar material (Bolton 1989). Quite
recently Tout and Hall (1991) have presented
arguments in favour of the idea that at least in
some cases (for the conservative case B mass
transfer when mass losing component is in a
giant stage with a deep convective zone) the
time scale for the angular momentum loss may
be shorter than the nuclear time scale for a
component nearly filling in its respective cri-
tical Roche lobe. Thus they suggest that na-
mely angular momentum loss may be the dri-
ving mechanism behind mass transfer proccess.
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In this way comparable estimates for the mass
transfer and mass loss rates find an interpreta-
tion. This picture also reasonably agrees with
the radiodata for some Algol-type and RS CVn
type systems (Owen and Gibson 1978) as well
as with the alternating decreases and increases
of the orbital period found in many systems
(Hall and Kreiner 1980).

One of still unresolved problems of the theo-
retical treatment of stellar wind during the cri-
tical stages of stellar evolution is of fundamen-
tal nature. Namely, the mass transfer process
has been invariably treated as the filling in of
the critical Roche lobe,whereas both mass loss
and mass transfer occur even when a star is far
from reaching its critical Roche surface. Besi-
des, a simple picture of the Roche equilibrium
model may loose its validity during the short-
lived dynamical stages of evolution.
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