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MASSS LOSS AN D STELLA R WIN D I N MASSIV E X^RA Y BINARIE S 

H.F ..  Henrich s 
Astronomica ll  Institute ,  Universit y o f  Amsterda m 

1..  INTRODUCTION 

AA numbe r  o f  massiv e star s o f  earl y typ e i s foun d i n X-ra y binar y 
systems ..  Th e catalo g o f  Brad t  e t  al .  (1979 )  contain s 2 1 source s optical -
l yy  identifie d wit h massiv e star s rangin g i n spectra l  typ e fro m 0 6 t o B 5 
outt  o f  whic h 1 3 ar e (nearly )  unevolve d star s an d 8  ar e supergiants . 
Singl ee star s o f  thi s typ e generall y sho w moderat e t o stron g stella r 
winds ..  Th e X-ray s i n thes e binarie s originat e fro m accretio n ont o a 
compactt  companio n (w e restric t  th e discussio n t o thi s typ e o f  X-rays) . 

Wee conside r  th e compac t  sta r  a s a  prob e travelin g throug h th e 
stella rr  wind .  Thi s prob e enable s u s t o deriv e usefu l  informatio n abou t 
th ee mas s outflo w o f  massiv e stars . 

Afte rr  presentin g th e basi c dat a w e deriv e a n uppe r  limi t  t o mas s 
los ss  rate s o f  unevolve d earl y typ e star s b y studyin g X-ra y pulsars . 
Nextt  w e conside r  theoretica l  prediction s concernin g th e influenc e o f 
X-ray ss  o n th e stella r  win d an d compar e thes e wit h th e observations . 
Finally ,,  usin g ne w dat a fro m IUE ,  w e dra w som e conclusion s abou t  mas s 
los ss  rate s an d velocit y law s a s derive d fro m X-ra y binaries . 

2..  BASI C DATA (base d o n Brad t  e t  al. ,  1979 ) 

Wee divid e th e massiv e primarie s int o Roch e lob e fillin g an d non-Roch e 
lob ee fillin g ones .  Tabl e 1  list s onl y system s wit h know n orbita l  and/o r 
X-ra yy  puls e period . 

I nn th e firs t  catagor y ther e i s n o trac e o f  periodicit y i n th e 
lightcurves ,,  th e orbita l  period s ar e ver y lon g ( > 2 0 days )  an d th e com -
panio nn star s ar e dee p insid e thei r  Roch e lobes .  Th e accrete d materia l 
cann onl y com e fro m th e stella r  win d o f  th e primary . 

Thee secon d catagor y show s doubl e wav e ellipsoida l  lightcurve s whic h 
ar ee typica l  fo r  a  tidall y distorte d sta r  (cf .  Bahcall ,  1979) .  Therefor e 

.thes ee star s ar e clos e t o fillin g thei r  Roch e lobes .  Th e mas s transfe r 
take ss  plac e i n th e for m o f  eithe r  Roch e lob e overflo w o r  stella r  wind , 
orr  i n a  combinatio n o f  th e two . 

541 1 

PitrickA.PitrickA. Wêyman (td.), ftifhttghu of Astronomy. Vol. 5.541-547. 
CopyrightCopyright C 1980 by thelAU. 
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Non-roch e e 

Sourc e e 

0N5+63t r r 
0352+3 0 0 
0535+2 6 6 
1118-61t r r 
1145-6 1 1 
1223-6 2 2 
1258-6 1 1 

Rochee lob e 

SMCC X- l 
0900-4 0 0 
Cenn X- 3 
1538-5 2 2 
1700-3 7 7 
Cygg X- l 
LMCC X- 4 

lob ee fillin g massiv e 

Opt ..  sta r 

1 1 
XX Pe r 
HDE245770 0 

Hen715 5 
WRA977 7 
MMV V 

TABLEE 1 

primarie s s 

Sp..  typ e 

BVe e 
09.5(11 1 1 
09.7lle --
Be e 
BlVn e e 
Bll a a 
B0-B5 V V 

fillin gg primarie s 

Skii  6 0 
HD77581 1 
Krz' s s 
12 2 
HD153919 9 
HDE226868 8 
Ph-Sk k 

B01 1 
B0.5I b b 
0.6.511 --
B0I I 
06.5 f f 
09.7la b b 
08III- V V 

-V) e e 
BOVe e 

II I I 

™v v 
15. 6 6 
6 6 
9. 1 1 

12. 1 1 
9. 0 0 

10. 8 8 
14. 7 7 

13. 3 3 
6. 9 9 

13. 3 3 
14. 5 5 
6. 6 6 
8. 9 9 

14. 0 0 

lo gg L 
x— — 

37. 5 5 
34 4 
37. 3 3 

36. 8 8 
37. 0 0 
36. 3 3 

38. 8 8 
36. 0 0 
37. 6 6 
36. 6 6 
36. 5 5 
37. 3 3 
38. 7 7 

LL / L „ . 
— x — o pt t 

2 2 
0.000 4 4 
0.0 8 8 
2 2 
0. 2 2 
0.00 3 3 
0. 3 3 

1. 2 2 
0.003 0.003 
0.0 5 5 
0.0 1 1 
0.000 5 5 
0.0 2 2 
1 1 

Binar y y 
perio d d 

24?3 3 
580 ? ? 
>20 0 

22.6 ? ? 
>20 0 

3?9 9 
9. 0 0 
2. 1 1 
3. 7 7 
3. 4 4 
5. 6 6 
1. 4 4 

Puls e e 
perio d d 

3?6 6 
835 5 
104 4 
405 5 
297? ? 
699 9 
272 2 

3?6 6 
283 3 

4. 8 8 
529 9 

3..  SLOW PULSARS,  B e STARS AND MASS LOS S 

Thee firs t  grou p i n tabl e 1  i s  characterize d b y practicall y unevolve d 
stars ,,  lon g binar y period s an d lon g X-ra y puls e periods .  Thi s stron g 
correlatio nn yield s a n orde r  o f  magnitud e estimat e fo r  th e mas s los s rat e 
off  thes e typ e o f  star s (va n de n Heuvel ,  1977) . 

Thee rotatio n rat e o f  a n accretin g neutro n sta r  i s  though t  t o b e 
clos ee t o it s  "equilibrium "  valu e (Davidso n &  Ostriker ,  1973) .  Tha t  mean s 
tha tt  al l  th e torque s (exerte d o n th e neutro n sta r  b y th e surroundin g 
matte rr  vi a th e magneti c fiel d lines )  mor e o r  les s cancel .  Withou t  goin g 
int oo th e physica l  detail s (se e e.g .  Lamb ,  1977 )  th e resul t  fo r  th e 
equilibriu mm spi n perio d o f  a  stron g magnetize d neutro n sta r  embedde d i n 
th ee stella r  win d o f  th e companio n i s  (Wickramasingh e &  Whelan ,  1975 ; 
va nn de n Heuvel ,  1977 )  : 

eq q 
31 1 

10- 99 M Q/y r 

-3/ 7 7 

10000 km/ s 

12/7 / pp p/ 7 
or bb 1 

20d d 
(1 ) ) 

Heree w e omitte d a  facto r  o f  orde r  unit y containin g th e mass ,  radiu s an d 
surfac ee magneti c fiel d o f  th e neutro n star ,  an d th e mas s o f  th e B  sta r 
fo rr  whic h w e use d 1  M Q,  1 0 km ,  10 12 G  an d 2 0 M Q respectively .  M denote s 
th ee mas s los s rat e o f  th e B  star ,  v w th e win d velocit y an d P orb

wth e 
orbita ll  period . 

I tt  i s  fro m thi s expressio n tha t  w e ca n obtai n independen t  informa -
tio nn o n th e mas s los s rate s o f  unevolve d massiv e stars . 

Vann de n Heuve l  assume d tha t  th e slo w X-ra y pulsar s balanc e thei r 
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perio dd no t  fa r  fro m th e equilibriu m value .  I n fac t  th e equilibriu m 
perio dd wil l  b e shorter ,  a s w e kno w tha t  al l  pulsar s ar e spinnin g up .  I n 
additio nn h e assume d tha t  th e win d velocit y i s roughl y thre e time s th e 
escap ee velocit y (Abbott ,  1978) .  The n fo r  reasonabl e orbita l  period s w e 
cann calculat e fro m (1 )  that ,  i n orde r  t o maintai n P  *  30 0 sec ,  th e mas s 
los ss  rat e mus t  b e les s tha n I0~ 9 M^/yr . 

Thi ss  i s i n excellen t  agreemen t  wit h recen t  mas s los s determination s 
off  B e an d earl y typ e mai n sequenc e star s whic h ar e o f  orde r  \ «  10 " 
Mg/y rr  fo r  5 9 Cyg ,  X  Per ,  y Cas ,  T  Sc o an d u  Co l  (Sno w 4  Marlborough , 
1976;;  Hammerschlag-Hensberg e e t  al. ,  1979a ;  Lamer s 4  Rogerson ,  1978 ; 
Olson ,,  1979) . 

4..  THE INFLUENCE OF X-RAY S ON THE STELLAR WIN D 

Noww w e tur n t o th e secon d grou p o f  tabl e 1 .  Th e existenc e o f  wind s i n 
earl yy  typ e star s i s inferre d fro m th e presenc e o f  P-Cygn i  shape d ultra -
viole tt  resonanc e line s o f  ion s lik e C  I V an d N  V .  Radiatio n pressur e i n 
thes ee line s i s though t  t o b e th e acceleratio n mechanis m o f  th e win d 
(Luc yy  4  Solomon ,  1970 ;  Casto r  e t  al. ,  1975) . 

Moree tha n fiv e year s ag o McCra y (1975 )  predicte d tha t  a n X-ra y 
sourc ee i n a  stella r  win d may furthe r  ioniz e th e relevan t  ions .  Thi s 
shoul dd b e observabl e a s a  marke d orbita l  phas e dependenc e o f  th e P  Cygn i 
line ss  o f  thes e ions .  Thi s predictio n ha s bee n refine d an d extende d b y 
McCrayy  4  Hatchet t  (1975 )  an d Hatchet t  4  McCra y (1977) . 

AA secondar y effec t  wil l  b e distortio n o f  th e velocit y profile . 
Detaile dd modelin g o f  th e interactio n o f  th e X-ray s wit h th e win d however , 
i ss  require d befor e an y conclusio n ca n b e drawn . 

AA firs t  attemp t  t o observ e th e ionizatio n effec t  wit h Coperreieua i n 
HD153919/1700-3 77 wa s unsuccessful .  Recen t  IU E observation s wit h hig h 
resolutio nn o f  th e sam e sourc e showe d strongl y saturate d P  Cygn i  profile s 
off  th e C  I V an d S i  I V resonanc e doublet s (Dupre e e t  al. ,  1978) .  Addition -
all  spectr a wit h a  goo d phas e coverag e ar e show n i n figur e 1  (Hammerschlag -
Hensberg ee e t  al. ,  1979b) .  Shor t  wavelengt h edg e velocitie s o f  260 0 km/ s 
ar ee measured .  Again ,  n o phas e effec t  i s  observed . 

Onn th e othe r  han d i n th e syste m HDE226868/Cy g X- l  a  clea r  phas e 
dependenc ee i n th e strengt h o f  C  I V an d S i  I V line s wa s observed .  Un -
fortunatel yy  onl y lo w resolutio n spectr a ar e availabl e an d n o conclusiv e 
measurement ss  o f  th e detaile d lin e profile s i s possibl e (Dupre e e t  al. , 
1978;;  Treve s e t  al. ,  1979) . 

Quit ee exciting ,  however ,  ar e th e IU E observation s o f  th e sourc e 
HD77581/0900-4 00 take n wit h hig h resolution ,  a s reporte d b y Dupre e e t  al . 
(1979) ..  Figur e 2  show s th e crucia l  spectra l  regions .  Nea r  phas e 0. 0 
(X-ra yy  eclipse )  w e se e a  nearl y undisturbe d P  Cygn i  profile ,  th e emis -
sio nn par t  bein g somewha t  reduce d becaus e th e win d on '  th e fa r  sid e o f  th e 
sta rr  (responsibl e fo r  emission )  i s ionize d b y th e X-ra y source .  Th e 
Sii  I V an d C  I V profile s ar e simila r  t o thos e see n b y IU E i n K  Cas ,  a 
supergian tt  wit h spectra l  typ e simila r  t o HD77581 .  Nea r  phas e 0.5 ,  how -
ever ,,  th e (blue )  termina l  absorptio n velocit y i s dramaticall y reduce d 
t oo 90 0 km/ s compare d wit h 170 0 km/ s a t  phas e 0.0 .  Detaile d calculation s 
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Figur ee 1 .  IU E spectr a o f  S i  I V an d C  I V resonanc e profile s i n HD15391 9 
showw n o obviou s change s a t  differen t  phase s o f  th e binar y period . 

—rr  1  1 — 

HDD 7758 1 
Cry y 

oo -

JJ

I S »» O 4 0 1 5 » 1560 
WWELENGTHH (A) 

Figur ee 2 .  IU E spectr a o f  S i  I V an d C  I V resonanc e profile s i n HD7758 1 
revea ll  remarkabl e change s a t  differen t  phase s o f  th e binar y period . 
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presente dd b y Dupre e e t  al .  confir m convincingl y th e predictio n b y McCra y 
andd coworkers . 

Thee reaso n wh y thi s effec t  i s  no t  observe d i n HD153919/1700-3 7 
migh tt  b e th e following .  Th e muc h earlie r  spectra l  typ e o f  thi s sta r 
(06.5f ))  an d th e muc h highe r  densit y i n it s win d cause s C  I V an d S i  I V 
t oo b e muc h mor e abundan t  tha n i n th e win d o f  HD7758 1 (BO. 5 lb) ,  a s i s 
indicate dd b y th e complet e saturatio n o f  thes e line s i n HD153919 .  Thi s 
makess  tha t  th e remova l  o f  som e fractio n o f  th e C  I V an d S i  I V ion s fro m 
th ee win d du e t o X-ra y photon-ionizatio n ha s a  negligibl e effec t  i n th e 
cas ee o f  HD15391 9 an d render s th e predicte d phas e dependenc e unobservable . 
Transition ss  fro m excite d level s tha t  ar e forme d ove r  a  narro w rang e i n 
velocit yy  migh t  b e mor e responsiv e t o th e effect s o f  th e X-ra y source . 

5..  MASS LOSS RATES AN D VELOCIT Y LA W 

Wee retur n t o th e question :  wha t  ca n w e lear n abou t  th e stella r  win d 
propertie ss  themselves .  Fro m studie s o f  Lamer s e t  al .  (1976) ,  Petterso n 
(1978 ))  an d particularl y Cont i  (1978 )  i t  becam e clea r  tha t  i n th e system s 
SMCC X- l  an d Ce n X- 3 th e mai n mas s transfe r  mechanis m mus t  b e Roch e lob e 
overflow ,,  a  resul t  als o achieve d b y Savonij e (1978 )  o n differen t 
grounds ..  I n th e system s 0900-40 ,  1700-3 7 an d Cy g X- l  th e stella r  win d 
migh tt  b e th e mai n mas s transfe r  mode . 

I nn almos t  al l  investigation s o n X-ra y binarie s on e proceed s i n 
calculatin gg th e X-ra y intensit y fro m a  guesse d o r  measure d mas s los s 
rat ee an d win d velocity .  However ,  Cont i  (1978 )  inverte d th e proble m an d 
solve dd fo r  th e win d velocity ,  usin g th e standar d win d accretio n theor y 
wit hh X-ra y an d optica l  dat a o n orbita l  element s an d luminosit y a s inpu t 
parameter ss  i n additio nn t o partl y observed ,  partl y estimate d mas s los s 
rate ss  and ,  guessed ,  highl y uncertai n value s fo r  th e termina l  win d 
velocity . . 

Nowadayss  muc h mor e reliabl e mas s los s rate s an d win d velocitie s 
ar ee availabl e (tabl e 2 )  derive d fro m hig h resolutio n U V spectra .  There -
for ee i t  seem s worthwil e t o repea t  Conti' s  investigation s wit h th e newl y 
obtaine dd data .  Th e relevan t  expressio n i s give n b y Cont i  (1978 ,  eq.8) ; 

TABLEE 2 

Mww % /y r ) 

ter m m 
LL max (L„ ) 

XX 0 

HD1539199 (ref ) 

55 x  10 - 6 (1,2 ) 

26000 (3 ) 

7. 00 x  10 2 (5 ) 

HD7758II  (ref ) 

11 x  JO" 6 (1,4 ) 

17000 (4 ) 

5. 88 *  10 2 (5 ) 

HDE2268688 (ref ) 

1. 44 x  l(T 6 (1 ) 

20000 (Conti ) 

2. 77 x  io 3 (5 ) 

Ref. ::  (I )  Hutchings ,  1976 ;  Hutchings ,  197 9 revision .  (2)  Hammerschlag -
Hensberge ,,  1979b .  (3 )  Dupre e e t  al. ,  1978 .  (4 )  Dupre e e t  al. , 
1979 ..  (5)  Brad t  e t  al. ,  1979 . 
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== 8. 5 km/ s s (2 ) ) 

wher ee M denote s th e mas s o f  th e compac t  object ,  a  i s th e orbita l 
..* L L 

sepa --
th ee mas s ration ,,  1 ^  th e X-ra y luminosit y (al l  i n sola r  units )  an d M 

los ss  rat e i n sola r  masse s pe r  year .  w 

Figur ee 3  show s a  plo t  analogu e t o tha t  o f  Conti .  Al l  inpu t  parame -
te rr  ar e take n fro m hi s pape r  excep t  th e termina l  velocit y v  an d ft 
fo rr  whic h th e ne w determination s wer e used ;  a n uncertaint y o f ™ facto r 
off  tw o wa s adopte d i n th e latter .  Fo r  th e X-ra y luminosit y tw o value s 
wer ee used :  o n th e on e han d a  'mean '  valu e a s adopte d b y Conti ,  an d o n 
th ee othe r  han d a  valu e obtaine d b y scalin g th e luminosit y a s liste d b y 
Brad tt  e t  al .  (1979 )  t o Conti' s  adopte d distances .  Bradt' s catalo g give s 
maximumm luminositie s an d therefor e yield s a  kin d o f  lowe r  limi t  t o th e 
derive dd win d velocities . 

Velocit yy  curve s fo r  differen t  predicte d an d observationall y derive d 
velocit yy  law s ar e indicate d i n th e figure . 

Thee adopte d uncertaintie s ar e certainl y underestimate d sinc e onl y 
fo rr  L x an d ft  th e tw o extrem e value s wer e use d an d th e othe r  parameter s 
wer ee assume d t o b e fixed . 

Ourr  chairma n wil l  b e please d tha t  th e velocit y la w whic h h e derive d 
(fro mm c  Pup ,  Lamer s  & Morton ,  1977 )  i s covere d b y al l  thre e stars .  A 
stee pp velocit y la w seem s t o b e favoured .  However ,  th e result s ar e 
probabl yy  no t  accurat e enoug h t o discriminat e betwee n th e differen t  veloc -
it yy  laws .  Recen t  calculation s b y MacGrego r  an d Vitell o (1979 )  showe d 
tha tt  th e win d velocit y betwee n th e sta r  an d th e X-ra y sourc e migh t  in -
creas ee becaus e o f  ionizatio n effects .  I f  thi s resul t  ca n b e appliedT o 
thi ss  syste m alway s a  to o stee p velocit y la w wil l  b e derived .  Th e smal l 
ellips ee i n figur e 3  represent s th e direc t  observe d valu e b y Dupre e e t 
al ..  (1979) .  Th e agreemen t  i s encouragin g an d give s u s confidenc e i n th e 
applicabilit yy  o f  Conti' s  method . 

1. 00 -

> > 

0. 5 5 

1- 55 2. 0 2. 5 a / R 

Figur ee 3 .  Compariso n o f  differen t  stella r  win d profile s wit h 
derive dd value s fro m X-ra y emissio n (se e Conti ,  1978) . 
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