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I. S c i e n t i f i c  I n t r o d u c t i o n  

(A) F i e l d  Halo B l u e  S t r a g g l e r s  

Blue s t r a g g l e r s  are stars found, u s u a l l y  i n  e i t h e r  open or g l o b u l a r  c l u s t e r s ,  
t h a t  appear  t o  l i e  on t h e  main sequence, but  are b r i g h t e r  and b l u e r  t h a n  t h e  c l u s t e r  
tu rn-of f .  C u r r e n t l y ,  two r i v a l  models a r e  invoked t o  e x p l a i n  t h i s  a p p a r e n t l y  
p a t h o l o g i c a l  behavior:  i n t e r n a l  mixing (so  t h a t  f r e s h  f u e l  i s  brought  i n t o  t h e  
s te l la r  c o r e ) ;  and mass t r a n s f e r  (by which a normal main sequence s ta r  a c q u i r e s  mass 
from a n  e v o l v i n g  nearby companion and so moves up t h e  main sequence).  The la t ter  
model p r e d i c t s  t h a t  i n  t h e  absence of complete mass t r a n s f e r  ( i . e . ,  c o a l e s c e n c e ) ,  
b l u e  s t r a g g l e r s  should be b inary  systems w i t h  t h e  f a i n t e r  s t a r  i n  a post-main 
sequence e v o l u t i o n a r y  s ta te .  It i s  important t o  a s c e r t a i n  t h e  c a u s e  of t h i s  
phenomenon s i n c e  stellar e v o l u t i o n  models of main sequence stars p l a y  such  a v i t a l  
r o l e  i n  astronomy. I f  mass t r a n s f e r  is  involved, one may e a s i l y  e x c l u d e  b i n a r i e s  
from age  d e t e r m i n a t i o n s  of c l u s t e r s ,  but i f  mixing i s  t h e  cause ,  o u r  a g e  
d e t e r m i n a t i o n s  w i l l  be  much less a c c u r a t e  u n l e s s  w e  can de te rmine  whether  a l l  stars 
or o n l y  some mix, and what causes  t h e  mixing t o  occur a t  a l l .  

One p o s s i b l e  post-main sequence companion f o r  a h a l o  main sequence star i s  a 
w h i t e  dwarf. IUE i s  an e x c e l l e n t  means t o  d e t e c t  such companions, so w e  observed one 
b l u e  s t r a g g l e r  i n  t h e  o l d  open c lus te r  NGC 7789 and f i v e  f i e l d  h a l o  p o p u l a t i o n  b l u e  
s t r a g g l e r s .  These stars r e q u i r e  some explanat ion,  f o r  b l u e  s t r a g g l e r s  are u s u a l l y  
found w i t h i n  c l u s t e r s .  I n  t h e  f i e l d ,  i n  g e n e r a l ,  one has  no way of  knowing a p r i o r i  
what a s tar ' s  age  is  and so whether or  no t  i t  i s  "s t raggl ing".  However, f o r  t h e  h a l o  
p o p u l a t i o n ,  one f i n d s  t h a t  g l o b u l a r  c l u s t e r  main sequence turn-off  s d e f i n e  a t i g h t  
r e l a t i o n  between m e t a l l i c i t y  and co lor ,  a s  i s  expected i f  all t h e  h a l o  s tars  are 
very  o l d ,  i f  no t  of  very similar ages. Assuming t h e  f i e l d  h a l o  p o p u l a t i o n  s ta rs  
s h a r e  t h e  same h i s t o r y  a s  t h e  c l u s t e r  s t a r s ,  one may i d e n t i f y  a f i e l d  h a l o  b l u e  
s t r a g g l e r  by f i n d i n g  f i e l d  dwarfs w i t h  high space v e l o c i t i e s  and low m e t a l l i c i t i e s  
and c o l o r s  t h a t  are b l u e r  than any globular  c l u s t e r  tu rn-of f .  We s e l e c t e d  f i v e  such 
stars f o r  o b s e r v a t i o n  u s i n g  IUE: HD 100363, BD-12'2669, and BD+25'1981, a l l  of which 
were known p r e v i o u s l y ,  and two new candidates ,  6202-65 and G206-34, i d e n t i f i e d  i n  a 
l a r g e  photometr ic  and s p e c t r o s c o p i c  survey of proper  motion s ta rs  be ing  c a r r i e d  o u t  
by B. Carney and D. Latham (Center  f o r  Astrophysics) .  

( B )  Population I1 K Dwarfs 

W a l l e r s t e i n  ( O b s e r v a t o r y ,  96, 142, 1976) made t h e  i n t r i g u i n g  s u g g e s t i o n  t h a t  
based on then-current  d a t a  t h a t  showed a pauci ty  of extremely metal-poor l a t e  t y p e  
dwarfs  compared t o  ear l ier  t y p e s ,  t h e  metal enrichment phase of t h e  Galaxy must have 
been v e r y  rap id .  The more massive F s t a r s ,  whose p r o t o s t e l l a r  s t a g e s  are b r i e f e r  
t h a n  t h o s e  of K dwarfs ,  would be less a f f e c t e d  by n u c l e o s y n t h e s i s  p o l l u t i o n  and so 
more metal-poor F dwarfs  would now be found r e l a t i v e  t o  K dwarfs.  Subsequent ly ,  
Bessell and Wickramasinghe ( A p .  J., 227, 232, 1979) argued t h a t  ex t remely  metal-poor 
dwarfs  e x i s t ,  but  have simply been overlooked. Many of them, they  c la imed,  could be 
found i n  a l i s t  of "red subluminous s t a r s "  published ear l ier  by Eggen ( A p .  J. 
S u p p l . ,  19, 31, 1969). These s tars  show extreme u l t r a v i o l e t  excesses  (based on U B V  
photometry) which could be caused by extreme metal  d e f i c i e n c i e s .  A l t e r n a t i v e  
e x p l a n a t i o n s ,  however, a r e  p o s s i b l e .  For example, t h e  s tars  could simply b e  reddened 
by OF1 or so. The reddening v e c t o r  i n  the  U-E vs. B-V p lane  i s  s t e e p l y  i n c l i n e d  w i t h  
r e s p e c t  t o  t h e  canonica l  l o c u s  of metal-rich dwarf s tars ,  e s p e c i a l l y  a t  la ter  
s p e c t r a l  types .  Hence modest reddening would move a metal-r ich o ta r  i n t o  t h e  domain 
occupied by unreddened metal-poor s t a r s .  This  would a1 so e x p l a i n  t h e  extreme 
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u l t r a v i o l e t  e x c e s s  v a l u e s  noted by Eggen. A second p o s s i b i l i t y  i s  that t h e s e  stars 
have h o t  companions t h a t  supply t h e  e x t r a  u l t r a v i o l e t  f l u x .  

One of u s  (BWC) then  obta ined  two h igh- reso lu t ion  spectrograms of one of  t h e  
b i r h g t e r  such s tars ,  BD-16'4187, using t h e  CTIO 4-meter t e l e s c o p e  and e c h e l l e  
spec t rograph .  T h i s  s t a r  i s  o n l y  s l i g h t l y  reddened, but  proved t o  a l s o  be o n l y  
m a r g i n a l l y  m e t a l - d e f i c i e n t .  I t ,  and a few s tars  l i k e  i t ,  were then chosen as t a r g e t s  
fo r  IUB sa te l l i t e  t o  s e a r c h  f o r  whi te  dwarf companions. 

11. IUE Observat ions and R e s u l t s  

(A) F i e l d  Halo Blue S t r a g g l e r s  

A l l  f i v e  f i e l d  b l u e  s t r a g g l e r s  were observed w i t h  t h e  SWP camera, and no h o t  
companions were d e t e c t e d .  Using a r c h i v a l  IUE m a t e r i a l ,  R. E. Luck and H. E. Bond ( i n  
p r e p a r a t i o n )  have e s t a b l i s h e d  a r e l a t i o n  between t h e  f l u x  i n  a bandpass cover ing  
111250-1550 and t h e  e f f e c t i v e  temperature  of a white  dwarf a t  a d i s t a n c e  of  10 
p a r s e c s .  We e s t i m a t e d  t h e  d i s t a n c e s  t o  our  program s tars ,  and measured upper l i m i t s  
t o  t h e i r  f l u x e s  i n  t h i s  bandpass, and i n  t h e  f o u r  cases w i t h  t h e  b e s t  s ta t i s t ics  w e  
found w e  could set upper l i m i t s  of 12,000 K f o r  any whi te  dwarf companions. While 
t h i s  does n o t  suppor t  t h e  mass t r a n s f e r  model, it does n o t  nec s s a r i l y  c o n t r a d i c t  

dwarf p r o g e n i t o r s  may be very  shor t - l ived  s tars  ( M  - 6 M o l ,  and i f  t h i s  i s  t r u e  
a l s o  f o r  h a l o  s t a r s ,  t h  n s i n c e  t h e  observed b l t i o $ t r a g g l e r s  have main sequence 

f o u r  t a r g e t s  was o n l y  about 50%. I t  i s  c e r t a i n l y  p o s s i b l e  t h a t  i n  a l l  f o u r  cases t h e  
mass t r a n s f e r  occur red  so long ago t h a t  a l l  f o u r  white  dwarfs have cooled so t h a t  
they  can no longer  be seen a g a i n s t  t h e  s t e l l a r  f l u x .  

i t ,  e i t h e r ,  f o r  t h e  expected cool ing  time t o  12,000 K i s  about  10 5 years .  Disk w h i t e  

l i f e t i m e s  of up t o  8 x 10 5 y e a r s ,  our  chance f o r  f i n d i n g  one whi te  dwarf amongst our  

(B) Populat ion I1 K Dwarfs 

We o b t a i n e d  SWP s p e c t r a  f o r  K dwarfs wi th  publ ished photometry t h a t  r e v e a l e d  
extreme u l t r a v i o l e t  excesses .  No white dwarfs were found. Although d i s a p p o i n t i n g ,  

h i s  r e s u l t  i s  v e r y  u s e f u l ,  f o r  i t  now compels u s  t o  cont inue  our  work on e s t i m a t i n g  
he reddening  f o r  t h e s e  stars as w e l l  as measuring t h e i r  metal l ic i t ies  by spec t ro-  

s c o p i c  means. 

111. P u b l i c a t i o n  of R e s u l t s  

(A) F i e l d  Halo Blue S t r a g g l e r s  

We have publ i shed  one s h o r t  n o t e  on our  resul ts  (B. W. Carney and H. E. Bond, 
B u l l .  Amer. Astron. SOC. ,  18, 635, 1986). A complete d e s c r i p t i o n  of t h e  program 
g o a l s  and r e s u l t s  w i l l  be  submitted f o r  p u b l i c a t i o n  wi th in  t h e  next  few months, but  
w e  have been a w a i t i n g  t h e  resul ts  from a related program. S p e c i f i c a l l y ,  Carney, 
Latham, and T. Mazeh ( U n i v e r s i t y  of Tel Aviv) have been monitor ing f o u r  of t h e  f i e l d  
h a l o  b l u e  s t r a g g l e r s  f o r  r a d i a l  v e l o c i t y  v a r i a b i l i t y .  This  i s  t h e  f i r s t  p a r t  of t h e  
test of  t h e  mass t r a n s f e r  model: t h e  presence of a b inary  companion. F u r t h e r ,  i f  
r a d i a l  v e l o c i t y  v a r i a b i l i t y  i s  found, a n  o r b i t a l  s o l u t i o n  i s  much d e s i r e d  t o  
de te rmine  i f  t h e  two s t a r s  were ever  i n  c l o s e  enough proximity t h a t  mass t r a n s f e r  
may have occurred.  For two of t h e  stars, G202-65 and G206-34, o r b i t a l  s o l u t i o n s  have 
been o b t a i n e d ,  and they  a r e  c o n s i s t e n t  with mass t r a n s f e r .  For a n o t h e r ,  BD-12"2669, 



t h e  v e l o c i t y  v a r i a b i l i t y  i s  confirmed, and an o r b i t  should  b e  a v a i l a b l e  soon. For 
t h e  l a s t  s t a r ,  BD+25"1981, t h e  v e l o c i t y  v a r i a b i l i t y  may be p r e s e n t ,  but  a l t h o u g h  12 
new v e l o c i t i e s  spanning over  400 days have been acqui red ,  t h e  star may be on a v e r y  
e c c e n t r i c  o r b i t  wi th  a long  per iod,  and many more s p e c t r a  m u s t  b e  o b t a i n e d  t o  
determine  t h e  o r b i t .  I t  i s  our  i n t e n t i o n  t o  p u b l i s h  t h e  r e s u l t s  of t h e  IUE program 
s imul taneous ly  wi th  t h e  r a d i a l  ve loc i ty  r e s u l t s .  The l a t t e r  w i l l  be  w r i t t e n  up and 
submi t ted  as soon as t h e  o r b i t  f o r  BD-12'2669 i s  so lved ,  which w e  e x p e c t  i n  e a r l y  
1987. 

(B) Population I1 K Dwarfs 

Although t h e  presence of white  dwarf companions t o  f i e l d  K dwarfs  w i t h  l a r g e  
u l t r a v i o l e t  e x c e s s e s  may seem l i k e  a n  obscure t o p i c ,  i t  is  r e l e v a n t  t o  models of t h e  
format ion  of our Galaxy. I f  Wal le rs te in ' s  sugges t ion  is c o r r e c t ,  we have an  
e x c e l l e n t  method t o  measure t h e  metal enrichment timescale, one c a p a b l e  of more 
p r e c i s i o n  t h a n  t h e  c u r r e n t  two methods ( d i f f e r e n c e s  i n  g l o b u l a r  c l u s t e r  a g e s  and t h e  
c o r r e l a t i o n  between m e t a l l i c i t y  and kinematics propounded by Eggen, Lynden-Bell, and 
Sandage, Ap. J . ,  136, 748, 1962). If t h e  IUE d a t a  may be used t o  r u l e  o u t ,  i n  
g e n e r a l ,  whi te  dwarfs as  t h e  cause  of t h e  observed u l t r a v i o l e t  e x c e s s e s  o f  t h e  K 
dwarfs ,  t h e n  w e  must s tudy  t h e i r  reddenings and m e t a l l i c i t i e s  more c a r e f u l l y .  Such 
s t u d i e s  are underway, and w e  plan t o  publ i sh  t h o s e  r e s u l t s  a t  t h e  same t ime as t h e  
IUE d a t a .  A t  t h i s  s t a g e ,  w e  a r e  c lose  t o  determining t h e  m e t a l l i c i t i e s  f o r  one of 
o u r  t a r g e t  K dwarfs from high-resolut ion,  high-SIN e c h e l l e  s p e c t r a ,  and hope t o  do 
so f o r  one more such t a r g e t .  We a r e  a l s o  c l o s e  t o  d e r i v i n g  m e t a l l i c i t i e s  based on 
h i g h - r e s o l u t i o n ,  low-SIN echel le - re t icon  s p e c t r a  f o r  several hundred K dwarfs.  We 
may be a b l e  w i t h i n  t h e  next  few months t o  confirm o r  reject t h e  i d e a  t h a t  t h e r e  are 
fewer metal-poor K dwarfs than F dwarfs, and t h a t  i n  consequence t h e  timescale f o r  
t h e  i n i t i a l  metal enrichment i n  t h e  Galaxy was of t h e  o r d e r  of t h e  s t a r  format ion  
t i m e s c a l e .  We a n t i c i p a t e  t h e  d a t a  from our  IUE observing w i l l  be one of t h r e e  papers  
submi t ted  f o r  p u b l i c a t i o n  t o g e t h e r  within t h e  next  s i x  months. 


