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Abstract

Some properties of the RS CVn subtype of eclipsing binaries can be explained in tetms of obs-
ervational selection. Provided that the components of a binary are (2) the sameage, and (b) too
small relative to their Roche lobes to have begun to undergo any mass transfer, then eclipses deep
enough to be detected are most likely to be found in systems where (i) one staris a subgiantof
spectral type late G to early K (ii) the other star is near the main sequence but above it, and (iii) the
binary period is a few days. These conditions will only be satisfied if the more evo Ived component is
about 3 per cent more massive than the companion, in accordance with observations. Other features
of RS CVn systems, such as emission lines, and secular changes in the light curve, are then to be
interpreted as consequences of, but not causes of, the evolutionary status of these objects.

RS CVn type binaries were, about 20 years ago, a
largely unrecognised subset of Algol (or “EA”) binaries,
EA’s are eclipsing binaries which show nice sharp ecli-
pses separated by intervals of near-constant light output,
as in Figure 1a. The near-constancy between eclipses
suggests that the stars are not strongly distorted by
each other’s presence, in contrast to or EB’s or EW’s
(Figuzes 1b, 1c) where the components are close enough
together to be strongly distorted., However, there is often
a small degree of distortion in EA’s indicated by the
dotted line ; the RS CVan group are partly distinguished
by the fact that this distortion is asymmetric and time-
dependent.

I will not dwell very long on the detailed behaviour
of the distortion in the light curves of RS CVn stars
interesting though it is. My main concezn is with the
evolutionary status of these objects, and I believe that
this distortion is probably a consequence of, but not a
cause of, the evolutionary status of RS CVan’s, to the
same extent that § Cephei pulsations are a consequence
rathet than a cause of the evolutionary status of 3 Cephei
stars. In brief, superimposed on the simple eclipse curve
of Figure 1a is a roughly sinusoidal variation of a charae-
ter whch suggests that one sid e of the larger component
is hotter than the othet. Futhermore, there is slight
difference in period, as if the asymmetriclazger component
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Fig. 1: Characteristics of light curves of eclipsing

binaries. -
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Pig. 2: The migrating distortion in the light curve

of RS CVn after Catalano and Rodono (1968).
The lower diagram is an explanation in terms

of a slowly moving star-spot cluster (Hall
1972).

is rotating slowly (5-50 yeass) in a prograde sense re-
lative to the binary. An explanation in terms of a slowly
moving starspot cluster appears to be most favoured.
(Hall 1972; Bopp and Evans 1973), although I am not:
able to comment on the attractivenesss of this possibility
(Figure 2). , . '

The eclipses of RS CVn’s occupy typically a some~
what smaller fraction of the orbital period than for normal
Algols, suggeting that the stars are rather further apart
relative to their radii, and so rather less interacting, than
normal Algols (Plavec and Grygar 1965). ‘This is borne
out by more detailed observations on mass ratios: the
larger component typically undetfills its Roche lobe
by ~~ 30%. Thus there is no zeason to suppose that
mass transfer is currently taking place, in contrast to
typical Algols where one star is lobe-filling and losing:
mass. There is however some evidence of mass loss,.
in the shape of strong Hand K emission, but this may be-
due simply to a stronger-than-normal stellar wind, per-
haps indicative of unusually strong chromosphetic:
dctivity, or of the possibility that stellar wind is enhanced..
by the presence of a close campanion.
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Most Algols consist of a red or organge giant and
a smaller but hotter companion of comparable oz greater
(even much greater) luminosity. - However, there are
several eclipsing binaries whose light curves resemble
Figure 1a sufficienitly to be called EA’s (or Algols) but
which are actually rather different, e.g., containing a
white dwarf (RW Tti, V471 Tau). For the sake of argu-
ment, I shall use the following rough classification :

‘ “true” Algols "
/ giant star 4 near-MS$
EA’s < N\_RS CVn’s

\ ‘ star
Various others

Hall (1976) has reviewed the properties of RS CVa
stars very thorqughly, and all the observational informa-
tion I refer to is taken from his paper. There are several
different ways of defining the class, none of which is
entirely satisfactory. . There are several properties whicy
are shared by most though not all candidates. Hall
chooses three characteristics as definitions,  and then
notes that some further properties are shared by most
members. His three defining characteristics aze :

1. P & (1d, 14d); but all' 24 known member:
have P &  (2d, 11d) :

2. Hotter component is For G IV or V (compated
with B or A for “‘true” Algols)

3. Strong H and K emission is seen outside
cclipse.

The following further characteristics are shared by mozre
than half of those of the 24 members for which they have
been examined :

4, H and K ecmission is from the cooler star

(or both) (22 out of 23 stars)

5. Cooler star is around KO IV (23/24)

6. H g emission seen outside eclipse (6/6)

7. Wave-like distortion of light curve outside

eclipse (15/24) . ‘

8. IR excess in one or both components (5/6)

9. Mass ratio (cooler/hotter) is 1.03 4 0.03(13/15)

0. Both components under fill their Roche
lobes, i.c. the binary .is detached (8/8).

A further pointis that the combonent masses range from
~0IMO to~15MDd, with~a 1.3 M@ asatypical
value.

To theorists, and certainly to me, the most mysterious
‘of these characteristics is the near equality of masses,
Generally, it is the coolet star which is more massive,
though occasionally it is fractionally less massixe
What possible evolutionary scenario could selecout such
nearly equal masses? Before considering a possible ex-
. planation, there is at least one further point that ought to
Ee emphasised.

RS CVa’s ate in actuality rather common, although
_only 24 (by Hall’s d:finition) are known. = This conclu-
-sion is based on the fact that they are intrinsically rather
faint—typically ~ 10L® as against 10-100 . times -this
for typical Algols. Furthermore, because both compo-

by several authors.
.as follows. If you take two single stats at random from

nents are significantly smaller than their Roche lobes,

. the probability of eclipse is rather small, say about

10-20%. Moatle (1973) and Dworak (1973) have found
space densities of 1-2 x 10-6 pc-8, without allowing for
non-eclipsers, allowing for which the density is perhaps
0.5-2x10-8 pc-3. This is a considerably greater space
density than, say W UMa’s ( ~ 10-6 pc-3, Kraft 1967)
which were once thought to be the most common type of
eclipsing binary.

Several explanations have been attempted for RS
CVn’s; some of them are very coatrived, but then one
may feel driven to a contrived explanation since the
properties of the class seem too odd for a simple expla-
nation. However, I am going to outline a possible cx-
planation which is currently being explored by J.G.
Mozrgan and myself. Though not yet justified by hard
calculation, it is at least simple. Itis that the class owe
its existence purely to a selection effect.

This possibility has been considered, and rejected,
I think their argument is roughly

the field youhave the greatest probability of a detectable
eclipse if '

(a) the périod is such that the larger star just fills its
Roche lobe, i.e. the separation is the least possible,
subject to dymamical stability;

(b) the smaller star is at least as luminous as the larger
‘and preferably moze luminous (which also implies
it is hotter). .

Since in RS CVn’s the larger star is smaller than in (a),
and is only of comparable rather than much smaller lu-
minosity, selection would work against, rather than in
favour of, detecting RS CVn’s. However, this. argu-
ment (if I am givag it at all corzectly) ignores the. fact
that the two components are unlikely to be chosen
at random from single field stars.

Conditions (a) and (b) are staisfied by “true” Algols

" but this is really a fluke, which is due to the fact that mass

transfer has taken place in the direction of making the ini-
tially less massive and fainter component into the more
massive, and more luminous. Let us consider binaries in
which

(i) =no mass transfer has yet taken place ;

(if) both components are of the same age, ie. lic on
the same isochrone; ‘ :

(iii) helium burning has not yet been reached (which
implies P <100 days for stars less than 3 M@).

In such binaries, the larger star will nearly always be
the more massive and moze luminous as well, so that
eclipses will only be slight even for minimal separation.
The ounly exception to this general rule is illustrated
in Figure 3 : the larger star is the fainter when it is in
the neighbourhood of A while its companion is at B.
Because evolution gets very rapid after B, the mass differ-
ence between A and B is rather small, ~39]. Even the
mass diffecrence between A and C is only ~ 10%;.
Although there are more stars at C, they are smaller

. and less luminous so the probability of finding EA’s of

type A and C is, we belive, smaller. .



This interpretation can be embellished by the foll-
owing points :

(i) for a wide range of masses (1to 4 Mg or more-

the point A at the base of the giant branch has lo)g
T ~ 3.7 corresponding to 2 narrow range of spec

tral type G8-K2 III-IV; ‘

(i) we expect a long-period cut-off at ~ 10 days, be-
cause a star at A in a longer-period binary would
underfill its Roche lobe by such a factor that ecli-
pses would be very improbable; alternatively, if
the larger starnearly filled its Roche lobein a longer-
period binary, it would be much more luminous than
its companion except for masses that were much
more nearly equal, since evolution on the gianth
branch becomes very rapid; :

(iii) we expect a short period cut-off at v~ 2 days because
a star cannot get as far as A without mass transfer
unless the period is > 2 days

(iv) formasses abovewn2.5M g helium ignition is reac-

hed without the coze’s settling down in a degene-
rate state; consequently, evolution from Bto A and
beyondis ona thermal rather thana nuclear time-
scale, and hence we expect to find a sharp cut-
off in mass at about 2.5 M, for each component.
Stars with masses = 1 M, cannot evolve to A in
less than 1010 yr., though metal-deficiency could
reduce this mass limit;

* (v) mass loss driven by stellar wind may play an im-
portant role in both components, though more so
for the more evolved component. This may ex-
plain the fact that in a few systems the more evolved
component is slightly less massive.
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Fig. 3: Freehand sketch of isochrones for three ages.

Crosses are intended to represent increments
of about 1% in mass along each isochrone.
The dashed loci indicate where the more
evolved star would teach its Roche lobe at
given periods.

This interpretation is clearly capable of being tested
by a Moate Catlo procedure, and J. G. Mozgan is currently
exploring this. If it turns out to be satisfactory, it will
mean that RS CVn’s, far from being odd objects, . arein
fact the most normal eclipsing binaries around. 'This
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would be in accordance with Hall’s (1976) conclusion that
they are actually very common. Of course, we do not
account in this way for the other oddities of RS CVn’s,

‘e.g., the strong H and K emission, and the slowly migra-

ting distortion of the light curve. Our explanation has to

be on the lines that any late G or early K star, ifits radius

is 50-909% of its Roche lobe radius, is likely to exhibit

the following properties : . :

(1) the magnetic field is concentrated in one hemis-
phetre, but does not quite corotate with the star
(oz the star does not quite corotate with the binary).
We know from the Sun that the sunspot (equatorial)
belt rotates faster than the poles;

(2) either because of this, or independently, mass loss
by stellar wind is enhanced.

This seems to be in accordance with Hall’s remarks
that H and K emission, and secular changes in light curves
are found in late G to early M components of :

() a group of short period EB binaries (P < 1d) where
both stars are probably -near-MS;

- (b) a'long period group (P> 17d), where typically

only the K giant component is visible;

(c) someé W UMa binaries (P < 0.5d);

(d) some binaries including flare stars (d Ke or d Me
for the hotter componént) (P v~ a few days);

(e) V471 Tau (white dwatf + KO V) (P = 0.5d).

I should emphasise that there may be several possible
explanations of the complicated behaviour of the per-
turbations to the light curves, and of the emission lines,
the IR excess, ete. But stellar evolution effects alone,
in binary systems which have not yet undergone mass
transfer, would readily explain a quite well-defined group
o}f Algol-type eclipsing binaries with the characteristics
that

(a) the mass ratio is within a few per cent of unity;
(b) the larger star is near KO IV-III; and
(c): .periods lie in the range 2-10 days.

The author is indebted to the Cambzridge Society of
Bombay for financing a visit to the Tata Institute of
Fundamental Research, Bombay, wheze part of this work
was undertaken. '
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