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ABSTRACT. Depencencies of orbital eccentricity e
on orbital periods P in close binary systems (CBS) of
different masses and ages, being at the Main Sequence
(DMS) and being eclipsing binary stars (EBS), are re-
viewed. The EBS groups of similar age are separated
into objects with convective (A-M - stars) and radiative
(O-B - stars) envelopes, and into the group of massive
stars.

It has been found, that the value of e always increases
with increasing P and decreases with relative radius
of the main star of EBS. In all groups of stars, the
transition period P, ~ 39 : for P < 34, ¢ = 0, for
P > 3% ¢ #£ 0. As for the majority of semi-detached
stars (SDS), P < 24, it is possible to assume, that the
circularization of their orbits took place at the DMS
stage.

The comparison of dependencies of orbital eccentric-
ities on orbital periods in EBS and WR+O systems has
shown distinction in the values of P, (3d and 149, re-
spectively), that specifies difference in mechanisms of
orbital circularization in these types of binary stars.

Key words: Stars: Close binary: Eccentricity: Evo-
lution.

1. The relation between orbital eccentricities and pe-
riods, e(P), for Close Binary Systems (CBS)provides
important information on energy dissipation mecha-
nisms of orbital motion in CBS as well as on their evolu-
tionary status (see, for example, Zahn, 1977; Koch and
Hrivnak, 1981; Zahn, 1989). The most perspective and
non-ambiguous are studies of orbital eccentricity distri-
butions or similarly aged CBS, for instance, belonging
to the same cluster (Cherepashchuk and Karetnikov,
2003; Mayor and Mermillard, 1984). Orbital elements
derived from observations of CBS are, however, quite
sparse. As a matter of fact, the largest amount of infor-
mation on elements of CBS is available for the objects
which do not belong to stellar clusters.

Let us consider the question for one CBS type:
eclipsed binary systems, i.e. the objects at the first
stage of their mass exchange process. According to

Svechnikov’s (1986) classification, there are seven sub-
types among eclipsed binaries depending on stellar and
binary parameters, their ages, and durations of their
evolutionary stages. These objects were shown to pass
from one subtype to another in the process of their evo-
lution, their parameters and evolutionary status being
changed. Circularization of their orbits was consid-
ered until recently to be due to only matter and an-
gular momentum transfer (Paczynski, 1971). Indeed,
all known semi-detached systems containing a main-
sequence massive star along with a low-massive sub-
giant have circular orbits, the fact was believed to re-
sult from the mass exchange in CBS. The mass ex-
change in CBS, until recently, was assumed to begin
when approaching a contact stage and to yield circu-
larization of an orbit. As semi-detached systems with
subgiants were certain to have passed the stage of mass
exchange, all known systems of that type seemed to
have circular orbits and, hence, no numerical estimates
of their eccentricities had been made.

Recently new observational evidence and theoretical
considerations have appeared which render this ”indis-
putable” statement rather dubious. First of all, distri-
bution of orbital eccentricities of CBS in stellar clus-
ters of different ages has been analyzed and the value
of transition period, P;,., has been shown to be equal to
Py, ~ 12 days for CBS with the age T' ~ 10 years (the
transition period corresponds to the transition from a
circular orbit to an elliptical one). The conclusion first
derived in our pioneering work indicates that a vast ma-
jority of known semi-detached systems managed to at-
tain circular orbits at a detached main-sequence stage
due to dissipation of energy of their orbital motion be-
cause of static tidal effects in stars with convective en-
velopes.

Thus, according to our results published by
Cherepashchuk and Karetnikov (2003), the mass ex-
change in most known semi-detached systems occured
while in circular orbits, the role of mass exchange in
circularization of their orbits being insignificant. Cir-
cularization of an orbit during the mass exchange oc-
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curs as follows: matter transfer from a more massive
star to a low-mass star yields decreasing both eccen-
tricity and a semi-major axis. To the contrary, at the
second stage of mass exchange when matter flows from
the low-mass star to a more massive companion, the
semi-major axis of the orbit grows and so does, as a
rule, its eccentricity.

Circularization depends strongly on parameters of
the stars forming a pair. Massive CBS have mass ex-
change time scales which are very short and close to
the thermal scale of a massive star, T ~ 107 /M2, and
originally elliptical orbits can hardly get circular dur-
ing the initial stage of mass exchange. The subsequent
transfer of matter from the low-mass star to its more
massive companion increases the residual orbital eccen-
tricity. We have indicated earlier that this mechanism
can account for considerable orbital eccentricities in
WR+O0 binaries with great (P > 149) orbital periods.

Masses of CBS companions affect the structure of
external stellar envelopes, convective and radiative en-
velopes displaying different effects. Periods P of
CBS involving stars with convective envelopes depend
strongly on their ages. For the CBS in the young
Hyades cluster (the age is T ~ 6 - 10® years) Py, = 5.6
days, for the CBS in the old M67 cluster (7' = 5 - 10°
years) Py, = 12.4 days, and for the CBS from the galac-
tic galo (T = 1.5-10'° years) P;,. = 18.7 days. If CBS
do not belong to a cluster or belong to different-aged
clusters, relation e(P) should be interpreted taking into
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account difference in ages.

There appears another problem when researching
CBS. The matter is, orbital eccentricities of eclips-
ing binary stars are determined from light-curve solu-
tions and radial velocity curves. ”Photometric” (epp)
and ”Spectral” (esp) eccentricities of an orbit, however,
can differ because of gas streams flowing in interacting
CBS. The most critical to the gas stream structures are
eccentricities derived from radial velocity curves. Thus
ounly eccentricities determined with the use of photo-
metric observations are fit to the analysis of orbital
eccentricity distribution.

This work studies distribution e(P) for the CBS
containing two Detached Main-Sequence (DMS) stars
which display eclipses and for which reliable relative
radii, R1/A and Ry/A (R; 2 being the radii of binary
components, A the major semi-axis of an orbit), pho-
tometric orbital eccentricities e, and, in some cases,
bolometric luminosities of the stars Ly, are available.
The most reliable values for the relative radii and
eccentricities ey, have been found for eclipsing CBS
with apsidal rotation which were studied by Khaliullin
(1997).

Stellar and system parameters are available from
observations for a large number of eclipsing binaries,
a hundred of DMS systems having determinations of
their age (Dryomova and Svechnikov, 2003). All ob-
jects for which the ages and star parameters are known
can be divided into groups having almost the same age.
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For every group of stars relation e(P) or, more strictly,
e(R;/A) can be derived. Since a typical time of or-
bit circularization is an unequivocal power function of
(R/A) with a great index of power (8.5 for the CBS
with convective envelopes and 10.5 for the CBS with
radiative ones, Zahn (1977)), the star of a larger radius
plays the most critical role in orbit circularization.

2. This work is intended to single out groups of
eclipsing DMS systems of equal age and to investi-
gate relations e(R;/A), e(P) in order to better investi-
gate energy dissipation mechanisms of orbital motion
of CBS components. The eclipsing binaries containing
stars both with convective (A-M type stars) and radia-
tive envelopes (O-B type stars) are to be considered.
The results obtained can be used to check theoretical
relations between ages T and transition periods Pi,.
Theoretical considerations indicate that the age T of
CBS with convective envelopes is a power function of
Py.: P~ P}, where n = 3 — 5.

We have used the stellar data from our earlier works
along with eccentricities obtained by Khaliullin (1997)
and ages of stars calculated by Dryomova and Svech-
nikov (2003) and Kovaleva (2001). Only eclipsing bi-
nary stars belonging to DMS type have been used, al-
together 49 CBS. All objects are divided into three
groups: 1) stars with convective envelopes (the mass
of the star system is supposed to be less than 4 solar
masses), 2) stars with radiative envelopes (the mass of
the star system is supposed to be more than 4 solar
masses), and 3) star systems having masses over 10
solar masses.

The most young objects from group 3 (14 stars) have
evolutionary age between 3 and 48 millions of years, the
stars from group 2 (27 stars) have age between 4 and
2460 millions of years, and low-mass stars from group
1 (8 objects) have age between 670 and 8320 millions
of years. Subgroups in these groups have been singled
out depending on their age. Because of few number
of objects with ”photometric” eccentricities e, avail-
able (low-mass CBS are rather poorly investigated),
only two subgroups could be singled out in each group.
Group 1 has the division limit near 2000 million years,
group 2, near 50 million years, and group 3, near 11
million years.

Relations e(P) and e(R;/a) are constructed for all
groups of CBS under investigation (see below). The
parameters and the limit age of systems are indicated.
To obtain these data our previous findings have been
used that were published by Cherepashchuk and Karet-
nikov (2003).

While scrutinizing the plots the following conclusions
can be derived:

e orbital eccentricity of DMS eclipsing binaries grows
proportionally to their orbital periods and decreases as
a relative size of the main star, R;/A, increases (which
determines the corresponding Roche lobe filling factor);
e for ”"young” stars with convective envelopes (sub-

group la) eccentricity approaches zero if a binary sys-
tem is very close and Roche lobe filling factor is only
R;/A ~ 0.2, while in case of ”older” objects eccentric-
ity becomes zero already for all CBS with periods less
than 3 days and Roche lobe filling factors R;/A ~ 0.3;
e stars with radiative envelopes have eccentrical orbits
(e # 0) if their orbital periods exceed 3 days, and in
case of e = 0 Roche lobe filling factor for the main star
is close to 0.3. In other cases eccentricity grows rapidly
with decreasing R;/A;
e CBS with total mass more than 10 solar masses
also have eccentrical orbits if their orbital periods are
more than 3 days, the conclusion being in agreement
with the earlier findings concerning OB+OB stars
(Cherepashuk and Karetnikov, 2003); the Roche lobe
filling factor is hard to estimate;
e transition periods for DMS stars and WR+O sys-
tems differ what implies different orbital circulariza-
tion mechanisms. The transition period for WR+0O
systems is about 14 days;
e there is a good coincidence between observations and
theoretical considerations by Zahn et al.(1989). Theory
predicts that (R;/®)¢ ~ 0.25 for stars with convective
envelopes, that is, for star systems with the total mass
more than 4 solar masses;
e DMS systems having orbital periods P < 2 days and
zero eccentricity (e = 0) are likely to have completed
circularization of their orbits. Most semi-detached sys-
tems are supposed to acquire circular orbits when they
were at the DMS stage.

The results obtained are preliminary. The search for
additional statistical information is under way.
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