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The nature o f  the unseen companions i n  the s ing le  spectroscopic b inary  

systems HD 152 667 and HD 72 754 i s  analysed. I n the f i r s t  system, the 

secondary i s  l i k e l y  t o  be a normal B4 main sequence s t a r  wh i l e  i n  HD 72 

754, the secondary, i n  s p i t e  o f  being the more massive s ta r ,  i s  no t  de- 

tected. We cannot a t  the present, d isregard the possib i  li t y  tha t  t h i s  

massive ob jec t  be associated w i t h  a col lapsed s t a r  - a black-hole.  

A natureza das companheiras i n v i s í v e is dos sistemas b iná r i os  espectros-

cópicos simples HD 152 667 e HD 72 754 investigada. No pr imei ro  s i s -  

tema, a companheira é provavelmente uma e s t r e l a  normal B4 da sequência 

p r i nc ipa l ,  enquanto a companheira de HD 72 754, embora " inv i s í ve l" ,  é a 

mais massiva do sistema. Presentemente, não podemos a fas ta r  a poss ib i-  

l idade que t a l  ob je to  es te ja  associado a um buraco-negro. 

1. INTRODUCTION 

Black-holes can be detected through t h e i r  gravi  t a t i ona l  e f f e c t s .  There- 

f o r e  the chances t o  detec t  such an ob jec t  ar; g reater  i f  we look i n t o  

b inary  systems. Indeed, severa1 systems have been proposed as poss ib le  

candidates: E Aurl, Beta ~ ~ r a e ~ ,  BM O r i  3 ,  and i n  sp i  t e  o f  a1 l these sug- 

gestions, on ly  Cygnus X-1 , whi ch i s  associated wi t h  an X-ray source, re- 

mai ns as the strongest  exarnple (see, f o r  i ns tance, Pacheco and s t e i  ner4). 

I n  the.present work we repor t  the analysis o f  two other b inary  systems, 
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which show s i n g l e  spectra and have a r e l a t i v e l y  h igh  mass func t ion .  

These systems are  HD 152 667 and HD 72 754. 

HD 152 667 was c l a s s i f i e d  by ~ a l k e r  as a BO lae s t a r .  I t s  per iod  i s  
d about 7.84818 and i t s  mass func t i on  i s  0.76 M .  The Balmer l i n e s  o f  i t s  

O 
spectrum present P Cygni p r o f i l e s ,  i n d i c a t i n g  an expanding outerenve lo-  

pe wi t h  an average ve loc i  t y  o f  about 300 km.sml. The f i  r s t  WV observa- 

t i o n s  o f  t h i s  s t a r  were reported by Cousins and ~ a ~ e r w a ~ ~  and f u r t h e r  

spectroscopi c observations by Hi  1 1  e t  a ~ .  ' woul d i ndi cate the presence 

o f  sho r t  per iod  v a r i a b i l i t i e s  (P' = 066147) i n  the rad ia l  v e l o c i t y  cur-  

ve. 

d 
The spectroscopic per iod  o f  HD 72 754 i s  33.732 and the derived mass func- 

t i o n  i s  8.96 Mo. I t s  spect ra l  type i s  B2 Ipe and photometric as w e l l  as 

spectroscopic observations were reported respect ive ly  by Thackeray e t  a28 

and ~ h a c k e r a ~ ' .  This system has cha rac te r i s t i cs  which ressemble those o f  

Beta Lyrae and W Cru, but  the l i g h t  va r i a t i ons  i s  most probably due t o  

the e l l i p s o i d a l  e f f e c t .  

Thse systems were observed p h o t o e l e c t r i c a l l y  wi t h  UBV f i l t e r s  during the 

1976 observat iona l  season (southern autumn and wi n te r )  a t  the Abrahão de 

Moraes Observatory, i n  Valinhos. 

I n  the subsequent sect ions we present the observat ional  data on bothsys- 

tems, as we l l  as the ana lys is  concerning the nature o f  the unseen com- 

panion o f  those s tars .  , 

2. OBSERVATIONAL DATA 

Our observations were c a r r i e d  o u t  using the 61 cm telescope o f  the São 

Paulo Un ive rs i t y  and photon count ing techniques. The observations were 

reduced by the usual standard procedures and the mai n comparison s t a rs  

used i n  the program were: HD 150 742 f o r  HD 152 667 and CD-481686 f o r  

the o ther  system. The photometric parameters o f  these s tars ,  obtained 

from absolute photometry i n  two n igh ts  are: 



Fiç.1 - S m t h e d  V l i g h t  curve, Valinhos (E-V) data points and smoothed 

rad ia l  velocity curve respect ively,  as a function o f  the o r b i t a l  phase. 

Phase 0 .0  corresponds to the "ecl ipse" o f  the secondary s t a r .  



Figure 1 shows f o r  HD 152 667 the smoothed V l i g h t  curve obtained from 

our  data and those o f  Cousins and ~ a g e r w a ~ ~ ,  as we l l  as our  (B-V) obser- 

vat ions and the smoothed rad ia l  v e l o c i t y  curve, from walker 's5  andH i l l l s  

e t  aZ. ' data. As we have mentioned before, the data by Hi 1 1  e t  aZ. would 

suggest the presence o f  sho r t  per iod  v a r i a b i l i t i e s  i n  t h i s  s ta r .  ~ i t t ê ' '  

has Four ie r  analysed a l l  the ava i l ab le  photornetric data and he has not  

found any eyidence f o r  such a va r i ab i  1 i t y .  

Figure 2 shows the V l i g h t  curve and the r a d i a l  v.eloci t y  

72 754. 

curve f o r  HD 

Fig.2 - V l i g h t  curve and. radial  ve loc i ty  as a  function o f  the o r b i t a l  

phase. The s o l i d  l i n e  corresponds to  an o r b i t a l  solut ion calculated by 

~ o d r é ' ~ .  



The average colors o f  HD 152 667 obtained by us are compatible w i t h  the 
m 

spectral type if they were corrected by a color excess o f  E(B-V) ~ 0 . 5 2 ,  

correspondi ng t o  a reddeni ng o f  AV = 1'16. S i  nce the absol u te  visual mag- 

n i  tude i s  about Mv = -6'13, t h e  distance o f  the system turns ou t  t o  be 

1.4 kpc . I n the case o f  HD 72 754, the color excr?ss i s E(B-V) ~0.35 (Av= 

1'11) and the derived distance i s  about 2.3 kpc, taking in to  account tha t  
m 

the absolute magnitude of the primary s t a r  i s  Mv = -6.0. 

The l i g h t  v a r i a b i l i t y  i n  both systems i s  probably due to the  e l l i p so i da l  

e f fec t ,  namely, ro ta t ion  o f  a s tar  d is tor ted by t i d a l  forces. This i s  

supported by the rad ia l  ve loc i t y  curve and also by the f ac t  that  the 

colors are pract ica l  l y  constant w i th  the o r b i t a l  phase. The deeper m i -  

nimum a t  phase 0.5 (unseen companion i n  f r on t  o f  the primary s tar )  i s  

probabl y caused by the gravi  t y  darkeni ng e f f e c t  . 

3. THE NATURE OF THE UNSEEN COMPANIONS 

I f  we i n te rp re t  the l i g h t  va r ia t ion  as being due to  the d is to r t ions  pro- 

duced by the unseen secondary s tar ,  then, the l igh t  va r ia t ion  ampl i tude 

i s  a funct ion o f  the form 

where .r i s  the g rav i t y  darkening coe f f i c ien t ,  u i s  the limb darkening 
o 

coef f ic ient ,  q i s  the secondary (unseen) t o  primary rnass ra t io ,  R/a i s  

the r a t i o  between the average radius o f  the primary and the separation 

o f  the s tars  and i i s  the i nc l  i na t ion  orb i  t a l  angle. The e x p l i c i t  equa- 

t ions f o r  the e l l i p so i da l  e f fec ts  can be found, f o r  instance, i n  Kopal 

and ~i tamura". 

The other equations re la t ing  the above paramaters are: the mass funct ion 

o f  the system 



and Kepler 's  t h i r d  law 

where M i s  the secondary mass, P i s  the o r b i  t a l  and G i s  the grav i  ta-  
2 

t i o n a l  constant. 

I n  order  t o  solve the system o f  equations above, we remark the f o l  lowing 

po in t :  f, P and m are obtained d i r e c t l y  from the spectroscopic and the 

photometric data. The c o e f f i c i e n t s  u and .r are  ca lcu la ted theo re t i ca l -  
o 

1 y f rom models o f  s t e l  l a r  atmospheres. Therefore, the unknows of our 

problem are M q, i and R/a. Since we have on l y  three equations, no 
2' 

unique s o l u t i o n  i s  possib ie.  General l y  a f o u r t h  r e l a t i o n  i s  introduced, 

as i n  the case of X-ray b inar ies .  (?acheco12; ~ o d r ê '  3, , whi ch corresponds 

t o  the assumption t h a t  the primary s t a r  f i l l s  the Roche c r i t i c a 1  surfa-  

ce. However, i n  the present case, such an assumption i s  not  j u s t i f i e d .  

Therefore, we .have adopted the f o i  lowing procedure: f i x i n g  a value f o r  

the primary s t a r  radius R, the equations ( I ) ,  (2) and (3) enable us t o  

ca l cu la te  q, M and 4 as a f u n c t i o n  o f  the i n c l i n a t i o n  angle i.These re-  

s u l t s  are not  i e n s i t i v e  t o  i, i f  i , 70'. On the o the r  hand, the spec- 

t r a l  type o f  the primary s t a r  enables t o  assign i t an e f f e c t i v e  tempe- 

ra tu re  and then, t o  ca l cu la te  the absolute bo lomet r ic  magnitude through 

the r e l a t i o n  

Under these cond i t ions ,  we can p l o t  the bolornetr ic  magnitude as a func- 

t i o n  o f  the mass o f  the primary M ( ca l cu la ted  f o r  each f i x e d  value o f  
1 

R) and compare w i t h  the theo re t i ca l  evo lu t ionary  mass - lurninosi ty . re la-  

t i o n .  I n  t h i s  case, we used the rnass-luminosity r e l a t i o n  given by 

~tothers"', which i s  appropr iated f o r  the b l  ue-supergiants s t a r s  i n  the 

helium burning stage. We have a l s o  used two d i f f e r e n t  temperature c a l i -  

b ra t i ons  (~ohnson"; S ta l  io16) ,  which de1 imi  t a t e  the  shaded regions shown 

i n  f i gu res  3 and 4. 



Fig.3 - Mass-luminosity relat ions f o r  HD 152 667. So l id  l i n e  labeled S 

i s  the Stothers ' re la t ion .  The ternperatures indicated are frorn Johnson 

and S t a l i o .  
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Fig.4 - Mass-luminosity relat ions f o r  HD 72 754. Solide l i n e  S i s  frn- 

Stothers and ternperatures, as before, frorn Johnson and S t a l i o .  



From the analysis o f  these f igures ,  we can establ  i s h  tha t  the primary 

s t a r  parameters are wi t h i n  the i n t e r v a l  

S ta r  Ml/Mo R/RQ 
M~ Mb 

HD 152 667 14 t o  20 18 t o  22 -570 t o  -670 -7?2 t o  -e2 

HD 72 754 14 t o  28 42 t o  52 -5?7 t o  -6m6 -j?2 t o  - c 5  

Figure 5 shows the p l o t  o f  the secondary mass as a func t i on  o f  the p r i -  

mary mass (calculated, as a1 ready mentioned, f o r  each f ixed value o f  R) 

and the const ra in ts  obtained above. Therefore, the mass o f  the unseen 

secondary i s  i n  the range 

The f igures  corresponding t o  the upper l i m i  t s  should be more rea l  i s t i c  . 

f o r  RD 152 667, s ince i n  t h i s  case, the  primary mass i s  q u i t e  compati- 

b l e  w i t h  estimates f o r  o the r  s i m i l a r  blue-supergiants ( ~ u t c h i n ~ s " ) . ~ h e  

secondary mass i s  compatible wi t h  t h a t  o f  a ~4 main sequence s ta r .  The 

magnitude d i f f e rence  between the primary and the secondary i s  about 

Fig.5 - Secondary mass a function o f  the primary mass. Crosses ind icate  

the constraints discussed i n  the t e x t .  



i f  t h i s  assumption i s  co r rec t  and t h i s  may a l so  exp la in  why.the secon- 

dary spectrum i s  no t  seen. 

On the o the r  hand, the ana lys is  o f  the system HD 72 754 i s  more m p l  i- 

cated. The secondary (unseen s ta r )  i s  c e r t a i n l y  the ob jec t  more massi- 

ve i n  the system. Such a conclusion was a1 ready reached by ~ h a c k e r a ~ ' .  

Considering the lower l i m i t s  as being those more near the r e a l i t y ,  the 

mass o f  the secondary would correspond t o  t h a t  o f  an 09 main sequence 

s ta r .  I n  t h i s  case, the magnitude d i f f e rence  between both s ta rs  would 

be about 1?2 and the secondary should be marginal l y  detectable. Besides 

t h i s  d i f f i c u l t y ,  we are ob l i ged  t o  invoke a strong mass t ransfer i n  the 

past, otherwise we would have the less  massive s t a r  i n  a more advanced 

evo lu t ionary  stage. I n  t h i s  case, our  resul  t s  concerning the mass es- 

t imates should be taken caut ious ly ,  s ince we don ' t  exact ly  knowthe con- 

sequences f o r  the  evo lu t i on  o f  a s t a r  which has suf fered a strong pro- 

cess o f  mas5 t ransfer ,  I n  p a r t i c u l a r ,  the  mass-luminosity r e l a t i o n  

would be modi f ied.  Another p o s s i b i l i t y  i s  t h a t  the unseen secondary be 

a col lapsed ob jec t  - a black-hole. Since the primary s t a r  doesn't f i l l  

the Roche lobe and there i s  a lso  no evidence f o r  a s t e l l a r  wind, the 

col lapsed ob jec t  cannot be powered and t h i s  may exp la in  the absence o f  

X-ray emission. O f  course, t h i s  should present ly  be considered as on ly  

a p o s s i b i l i t y .  Since spect roscop ica l ly  the system presents several fea- 

tures l i k e  s t rong H emission l i n e s  cut  by very sharp absorption, vary- 

ing  w i t h  the o r b i t a l  phase, He I absorpt ion l ines ,  probably associated 

w i t h  an outer  r ing ,  i t  i s  premature t o  draw any conclusion about the na- 

tu re  o f  the secondary. Certai  n l  y more observations are requi red. 

4. CONCLUSIONS 

The resul  t s  o f  thè present anal y s i s  p o i n t  towards the i ncreasi ng d i  f f  i - 
c u l t y  i n  t o  f i n d  black-hole candidates. The unseen secondary o f  HD 152 

667 i s  probably a ~4 main sequence s t a r  and i t  i s  probably not  even un 

underluminous ob jec t .  However, the s i  t ua t i on  o f  HD 72 754 i s  q u i t e  d i f -  

fe rent .  The ana lys is  o f  t h i s  system i s  d i f f i c u l t e d  by the presence o f  

several spectroscopic features whi ch are not y e t  unders tood and which 



w u l d  be the consequence o f  a strong mass t ransfer  process i n  the past. 

We cannot el iminate the p o s s i b i l i t y  that the secondary be associated 

w i  t h  a co l  lapsed object o r  wi t h  an underl umi nous s t a r  . More .observat io-  

na1 and theoret ical  work on t h i s  very pecul iar system are necessary be- 

fo re  a f i r m  conclusion about the nature o f  the secondary could be esta- 

b l  ished. 

This research was real ized as a pa r t  o f  a s c i e n t i f i c  colaboration pro- 

gram between France and Bras i l ,  through the Centre National de I a  

Recherche Scient i  f ique (CNRS) and Conselho Nacional do Desenvolvimento 

C ien t í f i co  e Tecnolõgico ( c N P ~ ) .  The author i s  also i ndeb ted  t o  A. 

Damineli Neto, who has ac t i ve ly  par t ic ipated i n  the observational pro- 

g ram . 
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