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INTRODUCTORY REMARKS 

J. SAHADE 
C.C. 677, Observatorio Astronomico, 
1900 La P l a t a , and 
C.C. 5, I n s t i t u t o Argentino de Radioastronomie, 
1894 V i l l a E l i s a (Bs. A s . ) ; 
Member of the Carrera de l Invest igador C i e n t i f i c o , 
CONICET, Argentina. 

Yoji has asked me to open t h i s Symposium on Evolutionary Processes in 
In terac t ing Binary Stars by g iv ing a review on "known s p e c i e s of 
i n t e r a c t i n g b i n a r i e s " , but , what can I say that you do not know already? 

If you permit me, I would l i k e to take the opportunity to j u s t put 
together a few f a c t s of l i f e that came to my mind when thinking on how 
to f u l f i l my assignment. I do not expect to say anything new, though. 

1. Perhaps I ought to s t a r t by emphasizing the w e l l known fac t that i n 
the evo lut ionary processes in i n t e r a c t i n g binary s t a r s , broadly speaking, 
there i s a s tage of rapid mass l o s s which i s fol lowed by a s tage of slow 
mass l o s s . I t i s in the l a t t e r s tage that we find the groups in which 
the c l o s e binary systems sppear to s o r t out . These w e l l known groups 
are those of 

the RS Canum Venaticorum s t a r s , 
the W Ursae Majoris s t a r s , 
the Algol b i n a r i e s , 
the cataclysmic v a r i a b l e s * , 
the barium s t a r s * , 
the symbiotic s t a r s * , 
the X-ray b i n a r i e s with compact components*, 
the pulsar b i n a r i e s * 

and we should perhaps i n s e r t somewhere i n t h i s l i s t i n g the unevolved and 
the ζ Aurigae b i n a r i e s . The order i s , of course , somewhat arbi trary in 
the sense that i t does not imply n e c e s s a r i l y an evolut ionary sequence, 
although i t may invo lve some age sequence of the component s t a r s . 

The next charac ter i za t ion of these groups i s that some of them are 
apparently undergoing mass l o s s for the f i r s t time i n t h e i r l i v e s , a f t e r 
the "main sequence" s t a g e , and o t h e r s , those that are s i n g l e d out with an 
a s t e r i s k , are undergoing at l e a s t a second episode of mass l o s s . 

This l a t t e r conclus ion comes about because of the fac t that i n a l l 
cases the component that i s accret ing mass or towards which the flow of 
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the mass being shed by one of the components of the system i s d i r e c t e d , 
i s a compact o b j e c t , e i t h e r a white dwarf or a neutron s t a r , that i s , 
a s t a r that i s w e l l advanced i n i t s e v o l u t i o n . 

2. Another fac t of l i f e i s that the process of rapid mass l o s s appears 
to produce very b izarre o b j e c t s . In 1986 we (Sahade 1986a) suggested 
that p e c u l i a r b i n a r i e s are most probably i n the evolut ionary s tage of 
rapid mass l o s s , immediately preceding or fo l lowing the mass -rat io rever 
s a l ep i sode . In add i t ion , we (Sahade 1987, 1988a,b,c) further suggested 
a working hypothes is for the evo lu t ion of the gaseous s tructure that 
charac ter i zes these o b j e c t s , through the s tage of rapid mass l o s s . 

I t would seem as though p e c u l i a r i n t e r a c t i n g b i n a r i e s hold the 
information that could answer the quest ion as to how much mass i s l o s t 
in the process of rapid mass l o s s , to how the process accurs , and to 
how much mass i s l o s t to the system, quest ions that are s t i l l pending 
of an answer. 

The group we (Sahade 1966,1986b) suggested i n 1963 and in 1985 appears 
a c t u a l l y to be formed by objec t s which are past the s tage of mass -rat io 
reversa l but not ye t in what we would c a l l the slow mass l o s s proces s . 

3 . I t has long been recognized that mass l o s s in a c l o s e binary system 
occurs e i t h e r by Roche low overflow or through the s t e l l a r wind. As a 
consequence, i n the case of systems with e a r l y - t y p e components, e v o l u t i o n 
ought to proceed somewhat d i f f e r e n t l y than i n the cases of systems with 
no ear ly - type components. 

Another p o s s i b l e mechanism for "mass transfer 1 1 in i n t e r a c t i n g b i n a r i e s , 
that appears to be re levant in the case of evolved systems l i k e the 
cataclysmic v a r i a b l e s , and was f i r s t suggested by Kraft , Mathews and 
Greenstein (1962) , appears to be provided by g r a v i t a t i o n a l r a d i a t i o n (c f . 
Paczynski 1967; Faulkner 1971; Rappaport, Joss and Webbink 1982). 

3a. The e f f e c t of mass l o s s through the Roche lobe overflow shows i n the 
presence of a "gas stream" which g ives r i s e to a "c ircumste l lar envelope" 
around the companion, and a l s o to a "circumbinary envelope". The former 
could be o p t i c a l l y th in or o p t i c a l l y th ick , depending on the r e l a t i v e 
s i z e of the companion to the s t a r that l o s e s mass (cf . Lubow and Shu 
1975). The c i rcumste l lar envelope i s u sua l ly designated now an "accret ion 

disk". 
In regard to the gaseous stream, l e t me remind you that i n the 

ear ly i n t e r p r e t a t i o n of 3 Lyrae, two streams were sugges ted , each one 
a r i s i n g i n one of the components, but l a t e r i t was shown that there i s 
a c t u a l l y only one stream in the system, and such i s the case i n every 
i n t e r a c t i n g binary for which the " c l a s s i c a l " p ic ture h o l d s . The stream 
always goes from the l a r g e r , l e s s massive component towards the sma l l er , 
more massive companion. 

3b. The e f f e c t of the s t e l l a r winds in e a r l y - t y p e systems i s to produce 
a gaseous medium i n which the two components are embedded. If the two 
components are ear ly - type objec t s then we should observe the e f f e c t s of 
wind c o l l i s i o n . 
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The l i t e r a t u r e i s recording now at l e a s t four papers where the 
finding of such an e f f e c t i s claimed, but the s tory a c t u a l l y s t a r t e d 
with Huang and Weigert 's (1982) paper where they considered the "the 
bow wave shocks that r e s u l t from the i n t e r a c t i o n of two s t e l l a r winds" 
in a wide binary system l i k e ot Scorpi i "containing a l a t e supergiant 
and an early main sequence s t a r (B2.5 V)". The conclus ion was that the 
emission of [Fe I I ] that i s observed about 1" west of the Β s t a r probably 
arises in the front . 

Shortly a f t e r , Wal lers te in e t a l . (1984) and Wil lson e t a l . (1984) 
tried to expla in the emiss ion p r o f i l e s of two symbiot ic o b j e c t s , V1016 
Cygni and HM S a g i t t a e , and concluded: 1) that they "could r e s u l t from the 
roughly conica l i n t e r a c t i o n nebula produced by the c o l l i s i o n of two 
s t e l lar winds"; 2) that the X-ray emission o r i g i n a t e s i n "an o p t i c a l l y 
thin region between the two s t a r s in the system where the winds c o l l i d e 
head on". 

Although these e a r l i e s t t h e o r e t i c a l papers did not invo lve e a r l y -
type o b j e c t s , i t was natural to look f i r s t for the e f f e c t in e a r l y - t y p e 
binaries . 

Wallerstein e t a l . 1 s (1984) and Wil lson e t a l . ' s (1984) papers were 
invoked by Brandi, Ferrer and Sahade (1989) as providing a good 
explanation for the e x i s t e n c e of a concentrat ion of matter between the 
two components of the Wolf-Rayet binary yi Velorum (WC8+08 I) , which 
was necessary to introduce when try ing to i n t e r p r e t the p r o f i l e v a r i a t i o n s 
in the IUE spectrum of the o b j e c t . As a consequence of t h i s paper, a 
search for a s imi lar e f f e c t in the e a r l y - t y p e b i n a r i e s HD 47129 (08 V+ 

) and AO Cassiopeiae (09 I I I + 09 I I I ) was carried out s u c c e s s f u l l y 
by Sahade and Brandi (1991) . 

An e a r l i e r paper on d e t e c t i o n of wind c o l l i s s i o n e f f e c t s was due to 
Shore and Brown (1988) who did i n t e r p r e t dramatic p r o f i l e v a r i a t i o n s i n 
He II 1640 and i n the resonance l i n e s of CIV i n the IUE spectrum of the 
Wolf-Rayet binary V444 Cygni (06-8 III+WN4) as r e s u l t i n g from wind 
c o l l i s i o n e f f e c t s . Another approach has been fol lowed by Gies and Wiggs 
(1991) who analyzed the d i f f erence p r o f i l e s of Ha and He I 6678 in AO 
Cas, after subs trac t ing model photospheric p r o f i l e s , described by 
Mochnacki and Doughty (1972) , from the observed ones . Gies and Wiggs 
(1991) are undergoing s i m i l a r work with 1 Orionis (09 I I I ) , 29 UW Canis 
Majoris (07f+07) and HD 47129. 

The systems AO Cas and y 1 Scorpi i have been observed with the IUE 
during 60 consecut ive hours to try to understant b e t t e r the e f f e c t s of 
wind c o l l i s i o n and the o r i g i n of the "d i scre te absorption components". 

More work should be done in regard to the problem of wind i n t e r a c t i o n 
and we should try to p r o f i t from the conclus ions by Girard and Wil lson 
(1987). 

In ear ly- type b i n a r i e s the " c l a s s i c a l " Roche e q u i p o t e n t i a l s , the 
contact sur faces , no longer e x i s t (cf . Sahade and Wood 1978 and referen 
ces t h e r e i n ) , and, as a consequence, the p i c tu re of an i n t e r a c t i n g 
binary f i r s t proposed, t h e o r e t i c a l l y , for the case of β Lyr (Kuiper 1941) 
and la ter b u i l t on observat ional r e s u l t s from a number of c l o s e p a i r s , 
principal ly by Struve and h i s coworkers, no longer hold . And t h i s i s 
coherent with what we have sa id above. 
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3c. About three decades ago, we (Sahade 1959) c a l l e d a t t e n t i o n to the 
fac t that the s h o r t e s t binary periods were found among systems with 
compact components. Gravi tat ional r a d i a t i o n , the third mechanism of 
mass l o s s that we have mentioned, that produces a decay in the orb i t 
and, th e r e for e , a s m a l l e r - s i z e system, could provide the explanat ion 
(cf . Faulker, 1971). Recent ly , Eggleton (1986) has reviewed the 
processes that may shorten or lengthen the period of a b inary. 

4. From the observat ions with die IUE s a t e l l i t e we have been able to 
derive valuable information, but so far only p a r t i a l , in regard to the 
temperature and v e l o c i t y p r o f i l e s of the gaseous formation in which the 
systems are embedded. 

Early i n the game, i t was c l ear that in i n t e r a c t i n g b i n a r i e s there are 
sources of non-thermal energy, and, l a t e r , the observat ions with the IUE 
s a t e l l i t e d i s c l o s e d the presence in the spectrum of l i n e s that cannot be 
accounted for by the rad ia t ion f i e l d a v a i l a b l e . In genera l , we f ind more 
than one l a y e r , and as many as three l a y e r s , where such l i n e s are formed; 
one of them c l o s e to the region where the gaseous envelope merges with 
the i n t e r s t e l l a r medium. And the pat tern appears not to be very d i f f e r e n t 
from one system to the next . 

One of the most i n t e r e s t i n g r e s u l t s that have emerged from the IUE 
observat ions i s the fac t that the v e l o c i t i e s of the gaseous envelope 
-found to be in expansion from the conventional observa t ions - at some 
point s t a r t to d e c e l e r a t e u n t i l they reach a value s i m i l a r to that of the 
i n t e r s t e l l a r medium. This poses the problem as to how mass i s a c t u a l l y 
l o s t to the system. 

4a. Another quest ion that s t i l l needs to be answered, i s the one that 
re fers to the o r i g i n of the X-radiat ion in non-compact b i n a r i e s , l i k e 
Algo l , β Lyr, HD 47129 or AO Cas. 

Some people b e l i e v e that the source in the case of Algol i s the corona 
of the l a t e - t y p e subdwarf component. But in (3 Lyr there i s no l a t e - t y p e 
component, as far as we know. Moreover, i t seems d i f f i c u l t to see how the 
normal atmospheric s t ructure of the l a t e - t y p e component could survive i n 
a conf igurat ion such as that of the A l g o l s , and the X-radiat ion could 
a r i s e as a consequence of the e x i s t e n c e of non-thermal sources of energy 
that are present i n i n t e r a c t i n g b i n a r i e s . 

In the cases of HD 47129 and AO Cas the X-radiat ion could o r i g i n a t e i n 
the c o l l i s i o n of the winds (cf . Wil lson e t a l . 1984) , but the answer i n 
each case , would only come from observat ions in X-rays of appropriate 
systems throughout t h e i r o r b i t a l c y c l e s . 

5. F i n a l l y , I should re fer to the fac t that the importance of i n t e r a c t i n g 
b i n a r i e s has been grea t ly enhanced by the discovery that these objec t s 
might be the source or major sources of cosmic rad ia t ion (c f . Weekes 
1991). With the use of the Cherenkov rad ia t ion technique, i t has been 
detected and confirmed that Cygnus X-3, Hercules X-l and Vela X-l are 
strong emit ters of very high energy γ - r a y s , of the order of ΙΟ^-ΙΟ^δ* 
ergs s""l, that i s , as much energy as the one that i s emitted by ear ly 
type systems i n the X-range of energy. 

I t i s most i n t e r e s t i n g that Cyg X-3 emits s t rong ly not only i n the TeV 
but a l so in the PeV and the EeV ranges of energy, whi le apparently 
Her X-l and Vel X-l have only been detected in the TeV and PeV's . 
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Weekes again g ives a l so a l i s t of other c l o s e b i n a r i e s with neutron 
s tar components and even two cataclysmic v a r i a b l e s as unconfirmed 
d i s c o v e r i e s . I t i s c l ear that we are deal ing with non-thermal sources 
that g ive r i s e to f luxes that are abnormally s t rong , departing d r a s t i c a l l y 
from what one would expect from the behaviour elsewhere i n the spectrum. 
The r e s u l t s from the GRO s a t e l l i t e might produce a s imi lar revo lu t ion as 
the UHURU for our understanding of i n t e r a c t i n g b i n a r i e s . 

Ans now a ques t ion a r i s e s . I s the very recent announcement ( B a i l e s , Lyne 
and Shemar 1991) of PSR 1829-10 being accompanied by a small p l a n e t , 
another message, another p i e c e of the puzzle that we w i l l try to put 
together i n t h i s Symposium?. At any r a t e , i t would seem as though the f i e l d 
of i n t e r a c t i n g b i n a r i e s i s becoming more and more e x c i t i n g as time goes 
by and t h i s makes i t imperative to push for o p t i c a l t e l e s c o p e s and for 
s a t e l l i t e s devoted s o l e l y to the study of these o b j e c t s to permit good 
o r b i t a l cyc l e coverage of them and to plan observat ions i n a r a t i o n a l way. 
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