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OBSERVED PROPERTIES OF CONTACT BINARY SYSTEMS
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ABSTRACT. A group of close eclipsing systems,
which contimes to pose a challenpge in many subjects
of modern astrophy=ics, is that of contact binaries. In
this study, nsing the most recent observational data of
a large =ample of such systems, a review concerning
their properties is presented. Except from the basic
praphs, appeared =0 far in similar reviews, some new
diagrams for their anpular momentum, horizcntal en-
ergy transfer, and corrected mams- radins relations are
given. From them, same new important properties of
contact hinaries are derived.
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1. Introduction

Regardless the large mimber of papers referred to
contact binaries -and especially to thoase of W Ta-
type, that iz to the late type ones- which have been
presented up to now {e.g. Hazlehurst 1970, Mochnacld
1581, 1585, van Hamme 1582, Duerbeck 1584, Kalneny
1985, Bacm=ld 1585, 1552, Maceroni et al. 1585,
Kihler 1589, 1857, Rovithi-Lianion et al. 1852,
Macerani, van't Yeer 19567, a lot of problems, concern-
ing their structure and evalution are still open. Lncy
(1968} wa=s the first to make serious attempt to con-
strict equillibrinm modek of contact binaries that take
into acconmt Kuiper's paradoc and it had proved sur-
prisingly dificnlt to constrnct contact systerns, that
satify all the observational constrains. Later, Bier-
mann and Thanas (15972, 1973) proposed same models;
while, varions theories and other models were devel-
oped and sugpested by many mvestigatcrs concerning
the strnctiure and evohition of contact binaries, as well
a% their general properties (e.g. Villm 1573, Vilhn and
Rahunen 1576, Hazlehurst 1976, Bahunen and Vilhn
1977, 1882, Shu 1580, Shn and Lubow 1581, Hazlehnrst
et al. 1973, 1930, 1982, 1984, Rahunen 1933, Smith
1984, Rucinski 1985, 1392, Webbink 1977, Rucinski
and Kahizny 19594, Karetnikov 15567,

Bimnendijk {1970} divided the late type contact sy=-
tems to two sub-clasmes: A and W, according to their
light curves properties, while a third sub-class (known
a E) was added to mdude the early type contact bi-

NAry Systems.

In the present study the properties of contact hina-
ries will be presented, based on the latest observational
data of a large sample of such systems. Special atten-
tion will be paid to the late type systems, since a larper
munber of them, compared to those of early type, have
been observed and analyzed so far, and thus they yield
to more reliable resilis.

2. Observational Dhata

The observational material nsed in the present study
E mamly cmne fan the photometric observations
of these systemns, and therr smbsequent analy=is 1s-
ing modern techniques, based on the Boche geome-
try. Spectroemopic data were also nzed where available.
Thus, eighty {80} contact binaries, with well observed
light curves, were inchided in our study. From them,
38 belong to the W sub-class, 30 10 A, and 12 are
early type contact systermns. The mass ratios ranpe from
g =1 ffor V701 Sen) to g = 0.072 (for AW UMa).
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Figre 1: Orbital periods distribution of contact bina-

TiES.

3. General Observed Properties

21. Orbital Perdodr and Spectral Typer

The orbital period distribution of contact binaries, in
proaps of (1.5 days, are presented in Fig.1, where dashed
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blodk= denote the A sub-class systems, blanck these of bt
W, and dashed-decline blocks those of E. The same & _
symboliEm will be kept in all other disagrams, where _ o u
the relative frequency is involved. Fram this figure, one  &* &
can notice that the periods of the W sib-class sy=tems E el
range from .22 to (.65 days; these of the A are greater = Ter -
than (.3, while those of E are greater than (.8 days. = i 5 o
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Fipure 2: The period colonr diagram of contact bina-
Ties.

Morecver, a relation exists between the colour index
{B-V} and the mhbital pericd P, known as the colour-
period diagram, ar Eggen’s relation {Eggen 1961, 1967,
Lucy 1568). For the sample nzed in our study, this rela-
tion & presented i Fig2. Mot of the contact sy=tems
lye within a zone -Eggen’s zone- of (1. 15 day width, with
the W snb-class sy=tems being at npper left. part of the
diagram, and the A, at right lower part; while, there is
a mixing of the two sub-clames from F? to (37 spectral
types.
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Fignre 3: The filling factor distribution for contact bi-

TATIES.

Accmding to Haglehurst. (1570, the zone is extended
in bath sides of the line: (B — V) = —0.55— 2.26logF,;
while a different description & given by Kiihler &
Fehlberg (1591}: 1.5i0gT, ¢ — logP = ¢, where . varies

from 5.575 to 6.13.

3.8 Mass-ratio and Filling Factor

Fig.3 presents the filling facta £ (Mochnacki, 1981},
distribntion of contact. systems.

All'W TTMa-type systems have small filling factors,
penerally less than 25%. More specifically, in most of
the W sub-class, f & around 15%, and in most of the
A’z f iz aronnd 5%. It seemns that there iz no con-
tact systern to be m complete over-contact (having
F = 100%). The f values are less than 84%, with one
excepticm, the UZ Leo system, for which f was found
to be equal to 90%; but, the aconracy of its elements
£ not as high as that of cther systems.

Fig.4, shows the filling factor mass-ratio rdation, f-
q, where squares denote the W snb-class systems, tri-
anples these of A, and cromes those of E. This sym-
bolem will be kept from here on. From Figd ane can
notice that the W sub-cla= sy=stemns, with the excep-
tion of 3, that &: of SW Lar, V677 Cen and GW Cep,
are boamded by the dashed line.

From Fig.4, is also obvions that W sy=tems, are get-
ting greater filling factor values, when mas ratio g is
arcand (.5, and smaller for ¢ < 0.3 & ¢ > O0.8. On
the contrary, the A sub-cla= systems are wnidormly
spread all over the f-q diagram, and appear to devel-
ope greater f values towards smaller mass-ratio g's.

2.8 Masses and Radi

The masses of the late type contact binaries are gen-
erally small. The masses of their primary compmments
are less than 2,40, and these of their secondary stars
less than 1204, M, being the solar mass.

Om the gther hand, the radii of most of the primary
stars of W TTMatype systems are very hittle above
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Figre §: Relative deviation of primary stars radii of
cantact binaries, from ZAMS and TAMS. [Models by
Mengel et al. 1875].
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Figure §: Same as Fig.§, but for the secomdary com-
ponents of contact systems. Moreover, the dashed-doat
line denotes the rading vahie of an ardinary star, before
endering the giant branch.

ZAMS (Fig.5); while, that of their secondaries are very
mch above it: from 30 to 300%, preater than ZAMS
(Fig.6). It is warthwhile to mention that the relative
deviation of the secondaries’ radii & preater towards
the mmaller mass values.

In Figz. and §, the thick dashed line denotes TAMS
{when hydrogen in the star’s miclei is zero, 0%}, whilke
the contimuons one stands for the hhminosity of an ondi-
nary star, when its hydrogen has been rednced to 10%.
The zame symbdlism is used in Figs. 9, 10, 12 and 13,
T,

2.4. Temperature Differences

The temperature dfference appeared on the surface of
the common photcephere of late type contact systems
of W TIMa-type, has been attributed to two absohitely

different canses: 1) to the phy=sical proccesses of their
coammon envelspe or 2) to the presence of dark spots,
gimilar to those of o Sim. Assuming that the tem-
perature differences are real, then from the light and
colour curves analysis of these systems, it oomes out
that their vahes range fram -450 to 4550 K, as is
showm in Fig.7. From this fipure, we notice that in the
early type contact. systems the temnperatire differences
are very small {of the order of 530 degrees).
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Fipxe 7: The temperature difference for the two basic
sb-classes W and A, of contact binaries of W TMa-

type.

Morecwver, in Fig.8 the temperature difference versis
the colonr index (B-V) is shown, From this, & obvions
that almost all W TTMa-type systems with colour index
preater than (.4, (that correspods to spectal types
later than F7-8), have secondaries with mch preater
T, ¢y valies than their primary conponents.
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Figure &: Helation between temperature differences
and coloir index {(B=-), for the two basic sub-classes
of contact binaries of W TvIa-type.
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3.5 Lwminoriftier

The real hhminosities o the two components of W
T Martype systems, can not be meamred directly fram
chzervations, due to large amoimts of energy transfer
AL from primaries to the second aries stars.

The tatal energy Ly + Lm, coming out from the two
camponents phatospheres, & equal to the total energy
Lz + Iz, produced by their nucled, if the amount of
energy lest by the primary & added to the secondary
camponent. In Figs.9 and 10, the observed himinceities
ver=is the ZAMS nuclear luminosities, for the primary
and secrmdary stars of a contact binary are presented,
respectively. The dashed diagonal lme, denotes the
relation Ly 4 = Ly oy and L = Iz, respectively,
without energy transfer, and for zero age components.
L oty 1=1,2, stands for the chserved lnminosity of the
two stars of the system.
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Figure §: Comparismn of the cbserved himinosity ver-
s ZAMS muclear lnminosity for the primary compo-
nents of late type contact binaries.

A= & obvions from Figd, primary components fol-
low in general the £AMWS mass-luminosity relaticon, al-
though a large munber is below it. On the other hand,
Fig.1Q, shows that almost all secondaries have much
larger liminosities than ZAMS, and in some cases, even
TAMS vahies; with bigger deviations to those of A sub-
class.

4, The Energy Transfer

The energy trander AL, iz not a directly measired
quantity. It can be computed, assuming that the en-
ergy lost by the primary star, iz added to the secondary
component to yiekd to an isothermal common photo-
sphere. In much a case:

Ll,nll=L1,r_ ﬁL, and

L‘ﬂ,nll = LE,{: B ﬁL-

Tsing Stefan-Boltemann, and Plank laws, we get:
((L1e — ALY/ (e A — (L2 — AL}/ {aA2})'/*
AT, ¢ ¢, where 4;, i=12 & the areaof the miter envelope
of the i-component. This quantity can be arithmeti-
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Fipre 10: Same as Fipgure §, but for the secondary
CrENpONEents.

cally calenlated through the Bodhe model, when the
flling factor, the period and the two stars’ masses are
knwn. In thE way AL was calnlated and in Fig.11
has been plotted vermis the massratio q. Maeover,
the fdlowing relation was faind:

log{AL /Iy ) =2.66— 3.5 ¢

fx the secondary components.
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Figire 11: Energy transfer vermiz mass-ratio g, for the
two basic mib-clames of contact binaries of W TMa-

type.

A first estimation of the amomts of energy produced
at the two stars’ muckd, & ako possible since: I, . =
Ly ot + AL and Iy, = Lo — AL, fx the primary
and the secondary components, respectively.  Figs.12
and 13 present the comected himinosities of primary
and secomdary components, respectively towards their
ZAMS muclear himinasities. Apain, most primaries are
very close to ZAMS, and with the exception of one (the
Vii73 Cyesystem), no one is above TAMS. Five, (the
DE Oy, {7 Peg, BY Dra, BW Dra, and V5 Parc) are
cn TAMS; while four, (the 5W Lar, YY Fri, AH Vir,
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AR Her), are below ZAVWS.

JILEAY

L e L e B T —TTTT
oo 0.1 RV 100

ZAMS Nuclear Litneicsity Ly - (25

1000

Figire 12: Comparison of the cmrected luminosity to-
wards ZAMS midear himinosity fr primary compo-
nents of the two basic mub-clames of late type contact
binaries.
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Figure 13: Same as figure 12, but for the secondary

COEOpOnents.

Om the contrary, a significant large number of sec-
cnclaries (espedially of the A sub-class), are on TAMS,
r even. above it. Due to big errors, this resilt is not
certain; and although the whole picture can not be
crngidered as clear, it seems that there are sane weak
indications according to which some of them {abont
M%), i= posmible to be above ZAMS.
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