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ABSTRACT The three e c l i p s i n g b i n a r i e s among the b lue 
s t r a g g l e r s of the g lobular c l u s t e r NGC 5466 have been 
modeled. Two of the systems are contact systems and the 
t h i r d i s a short -per iod Algol system. The r e s u l t s 
i n d i c a t e that the systems are w e l l on t h e i r way to 
merger, but the impl i ca t ions for the o r i g i n of b l u e -
s t r a g g l e r s are l e s s c l e a r . 

INTRODUCTION 

The r a r i t y of b i n a r i e s in g lobulars argues for a mechanism 
that evo lves detached b i n a r i e s i n t o contac t systems and 
u l t i m a t e l y in to (spun-down) blue s t r a g g l e r s . The connect ion 
between W UMa s t a r s and blue s t r a g g l e r s has been d i s c u s s e d i n , 
e.g., Leonard (1989) , whi le angular momentum l o s s through 
magnetic f i e l d braking, the l i k e l y e v o l u t i o n mechanism, has 
been amply d i scussed {e.g. by Webbink 1976, Mochnacki 1981, 
Rahunen 1981) . Mateo et a i . ' s (1990) d i scovery of three 
e c l i p s i n g systems in NGC 5466 provides an opportunity to study 
such systems at l a t e s tages of metamorphoses. Their CCD data 
of NH19, 30 , and 31 ( for Atemec and ffarris 1987) have been 
modeled with our improved Wilson-Devinney {WD) code (Milone et 
al. 1992) and an i t e r a t i n g simplex-enhanced v e r s i o n {SWD) 
(Kal lrath et al. 1992) to shorten convergence time and to t e s t 
model uniqueness . 
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MODELING RESULTS 

Modeling d e t a i l s are g iven by Kal lrath et al. (1992) ; here 
we b r i e f l y summarize the r e s u l t s on ly . 

The s i g n i f i c a n c e of NH31 for binary s t a r e v o l u t i o n i s 
underscored by i t s per iod: a t j u s t over 0.5 e*, i t may be the 
s h o r t e s t period Algol system de tec ted to da te . The f i r s t s e t 
of t r i a l s involved the case of a t r a n s i t a t primary minimum. 
Both detached and semi-detached s o l u t i o n s are v i a b l e . The semi-
detached opt ion i s not v i a b l e i n the o c c u l t a t i o n c a s e . The 
r e s i d u a l s i n d i c a t e the semi-detached t r a n s i t case to be 
s l i g h t l y preferred over other models; but the i s s u e i s moot: 
RV data e s p e c i a l l y are needed to decide the i s s u e . 
NH19 and NH30 are contact systems with depth d i f f e r e n c e s and 

O'Connell e f f e c t s i n the l i g h t curves; Milone et al. (1987, 
1991) have demonstrated that spot modeling s u f f i c e s as a 
treatment of the asymmetries. The systems are overcontact and 
very c l o s e to t h e i r outer Lagrangian s u r f a c e s . In NH19, ι « 74° 
i n d i c a t e s p a r t i a l e c l i p s e s , so that the mass r a t i o cannot be 
considered secure u n t i l confirmed by spectroscopy, a l s o 
required for Τχ, Μχ, and Μ2· In NH30, a large uncer ta in ty in q 
i n d i c a t e s that t h i s parameter was not w e l l determined and more 
data are needed here a l s o . The optimized DC and simplex 
s o l u t i o n s d i f f e r e d s l i g h t l y for t h i s system, probably p a r t i a l l y 
due to the cond i t ion that the minima of parameter space are 
r e l a t i v e l y shal low. Fig . 1 shows system r e p r e s e n t a t i o n s . 

F ig . 1 Adopted models of NH31, ( t o p ) , NH30 ( l e f t ) , (both a t 
φ - 0 .25) and NH19 ( r i g h t ) a t 0.75P, v i a Binary Maker, a 
software package produced and d i s t r i b u t e d by D.H. Bradstree t . 
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DISCUSSION 

Our s o l u t i o n s d i f f e r s l i g h t l y from the analyses g iven by Mateo 
et al. (1990) : T2 i n the W UMa systems NH19 and NH30 are 
d i f f e r e n t from as suggested by the depth d i f f e r e n c e s i n the 
minima. Mateo et al.'s e s t imates of q ( 0 .10 ± 0 .04 and 0 .14 ± 
0 .04 for NH19 and NH30, r e s p e c t i v e l y ) were determined from 
s t a t i s t i c a l proper t i e s of populat ion I f i e l d W UMa s t a r s with 
r e l a t i v e l y undis tor ted l i g h t curves and they assumed the radius 
of the inner contact surface as the radius of each component. 
Although the work reported here i s not dependent on these 
assumptions, the models i n d i c a t e that the components of NH19 
and NH30 are very c l o s e to t h e i r outer Lagrangian s u r f a c e s , 
wi th contact parameters - 0 . 9 4 so that that mass l o s s can have 
occurred. The computed d i s tances for the ind iv idua l systems 
show small d i screpanc ies (<2σ), when compared to the d i s tance 
der ived by Nemec and Harris (1987) . In p a r t i c u l a r , NH30 may be 
a background system, s ince (V-My) c ~ 21.5 ± 1 .9 , compared to 
Nemec and Harris ' (1987) v a l u e , 16 .0 ; a l t e r n a t i v e l y , the 
components may be undermassive. 

The b i n a r i e s are among the blue s t r a g g l e r s of the c l u s t e r . 
Mateo et al. argue that the merger mechanism should funct ion 
only in r e l a t i v e l y o ld c l u s t e r s , where the turn-o f f mass i s 
l e s s than about 2 or 3 Μ© , because, according to Iben and 
Tutukov (1984) , t h i s i s the upper mass l i m i t for s trong 
magnetic f i e l d s which are needed to provide the magnetic 
braking mechanism for angular momentum l o s s . The presence of 
the O'Connell e f f e c t in two of the three systems s tud ied here 
i s support ive of that view, because surface br igh tnes s 
v a r i a t i o n across the d isk of a component due to s t e l l a r a c t i v e 
reg ions i s a p o s s i b l e mechanism for the O'Connell e f f e c t , which 
i s seen in other A-type systems a l s o . 
Mateo et al. p r e d i c t that between 3% and 15% of a l l populat ion 

I I b lue s t r a g g l e r s should be detectable contact b i n a r i e s . While 
the evo lut ionary merger process can y i e l d blue s t r a g g l e r - l i k e 
products , i t i s a l s o true that mergers can be g r e a t l y aided i f 
not accomplished through binary-binary c o l l i s i o n s , e s p e c i a l l y 
i n c l u s t e r c o r e s . I t i s a l s o probable that blue s t r a g g l e r s can 
be formed in s t i l l other ways ( see Leonard 1989) . I t i s 
i n t e r e s t i n g that in our preferred models, the h o t t e r components 
themselves f a l l in to the b l u e - s t r a g g l e r reg ion of the CMD (see 
F ig . 2 ) ; there fore , the d u p l i c i t y i n i t s e l f cannot e x p l a i n the 
b l u e - s t r a g g l e r cond i t ion . 

B.J.A. Sugars a s s i s t e d with the modeling. This work was 
supported by NSERC and Univers i ty of Calgary research grants 
to EFM, a Grant from GKSS of Germany for K a l l r a t h ' s t r a v e l , 
and a U n i v e r s i t y of Calgary Postdoctoral Fel lowship to CRS. 

https://doi.org/10.1017/S0074180900122788 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900122788


486 

REFERENCES 

Eggen, 0., and Iben. I. 1989, A7. 97, 431. 
Iben, I., and Tutukov, 1984. ApJ. 284, 719. 
Kallrath, J., Milone, E.F., and Stagg, C R . 1992, ApJ., in 

press. 
Leonard, P.J.T. 1989, A7. 98, 217. 
Mateo, Μ., Harris, H.C., Nemec, J., and Olszewski, E.W. 1990, 

AJ. 100, 469. 
Milone, E.F., Groisman, G. , Fry, D.J.I.F., and Bradstreet, 

D.H. 1991, ApJ. 370, 677. 
Milone, E.F., Hrivnak, B,J, and Wilson, R.E. 1987, ApJ. 319, 

325. 
Milone, E.F., Stagg, CR., and Kurucz, R. 1992, ApJ. Suppl., 

in press. 
Mochnacki, S.W. 1981, ApJ. 245, 650. 
Nemec, J., and Harris, H.C 1987, ApJ. 316, 172. 
Rahunen, T. 1982, A&A. 102, 81. 
Webbink, R. 1976, ApJ. 209, 829. 

N G C 5 4 6 6 

Fig. 2 The CMD of NGC 5466 (adapted from Nemec and Harris 
1987) . The more luminous components are themselves seen to lie 
in the blue-straggler region (upper left) of the cluster; also 
shown are their isochrones for ages of 10, 14, and 18 Gy. 
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