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Abstract. T h e rocket-ul t raviole t observa t ions of s t rong Doppler -sh i f ted a b s o r p t i o n lines of S i i v , 
C i v , N v and o the r ions in t he spec t rum of O a n d B supergiants c lear ly indica te a h igh velocity ou t 
flow of ma t t e r from these s tars . T h e presence of m o d e r a t e i on i sa t i on stages in the stel lar wind is 
conclusive evidence tha t the flow c a n n o t be due t o a h igh t empe ra tu r e c o r o n a as is the case for the 
so la r wind. It is shown tha t the dr iv ing mechan i sm for the ho t - s ta r m a s s loss is r a d i a t i o n pressure 
exer ted o n the gas t h rough a b s o r p t i o n in resonance lines occurr ing a t wavelengths n e a r t h e m a x i m u m 
of t he s tar ' s c o n t i n u u m flux. In the uppe r layers of these stars the o u t w a r d force per g ram of ma t t e r 
due t o the radia t ion pressure can great ly exceed the gravi ta t ional acce lera t ion m a k i n g a stat ic a t 
m o s p h e r e impossible . 

T h e p rob lem of a s teady-s ta te m o v i n g reversing layer is fo rmula ted a n d the so lu t ion leads to 
predic t ions of mass-loss ra tes as a func t ion of effective t empera tu re a n d gravi ty for all ho t s tars . 
These results a re in subs tant ia l ag reement wi th the observa t ions . 

Discussion 

Morton: Th is mechan i sm cer ta inly m u s t be a n i m p o r t a n t cause of mass ejection in the h o t superg iants . 
However , there m a y be add i t i ona l effects such as convect ive o r t u rbu len t m o t i o n s in the p h o t o s p h e r e 
which cou ld con t r ibu te to t h e ra te of m a s s loss. 

Solomon: Any add i t iona l m e c h a n i s m wou ld requi re very h igh t empera tu re s in the flow (T> 10 7 K ) 
t o accoun t for the high velocit ies. These t empera tu res a re clearly n o t present since n o C m , C i v , S i m 
o r S i iv could possibly exist a t 10 7 K , where t he ions wou ld be comple te ly s t r ipped wi th only one 
e lec t ron remaining . 

Herbig: I would th ink t h a t there m i g h t be two possible, direct ly observable consequences of such 
high-velocity mass outf low: 

(a) Ei ther the region wi th in a cluster such as N G C 6231 (which con ta ins t he th ree actively ejecting 
s tars men t ioned by Hutch ings) would be scoured c lean of inters te l lar ma t t e r , leaving a cavity. Is 
t he re any sign of th i s? Or , 

(b) I n the o the r ext reme, this vo lume wou ld con ta in a great deal of highly excited mater ia l t ha t 
migh t be detected directly. O r t o pu t th is last in ano the r way, is direct de tec t ion possible of this 
1000-3000 k m s e c - 1 mater ia l after it moves away from the i m m e d i a t e vicinity of these s tars? 

Solomon: T h e pressure in t he flow w o u l d equa l the inters tel lar pressure in a n H i i region a t a b o u t 
1 psc f rom the star . T h e m o s t in teres t ing region migh t be t he interface be tween the n o r m a l H I I 
reg ion a n d the high velocity outflow. T h i s migh t even yield de tec tab le X-rays . 

Hearn: H o w is the ion iza t ion ba lance de te rmined in ca lcu la t ing t h e r a d i a t i o n pressure? H a v e the 
t rans ien t effects of the ion iza t ion ba lance been inc luded? W h a t is t he d i s t r ibu t ion of t he e lec t ron 
t empe ra tu r e a n d densi ty in t h e o u t e r layers? 

Solomon: T h e ionizat ion equ i l ib r ium is de te rmined by assuming a s teady s ta te be tween radia t ive 
ion iza t ion and recombina t ion . Th i s a s s u m p t i o n is val id in the subsonic b r a n c h of t h e flow, where the 
t ime-scale for r e c o m b i n a t i o n is m u c h less t h a n t he flow t ime-scale ( t ime for t he m a t t e r t o m o v e t o a 
r eg ion where t he density is lower by a factor of e). T h e t rans ien t effects a r e cer ta in ly i m p o r t a n t in the 
superson ic flow a n d this has been accoun ted for by ac tual ly s u m m i n g u p all r ecombina t ions a n d 
ioniza t ions in the flow for each po in t in t h e m o d e l . T h e net effect is, t h a t after velocities > 100 k m s e c - 1 

a re reached, the ion iza t ion r emains a lmos t cons tan t since t he t ime-scale for the flow becomes m u c h 
less t h a n the ioniza t ion t ime-scale. 

Deutsch: A l t h o u g h you assert tha t y o u r so lu t ion per ta ins only t o the subson ic pa r t of the flow, 
the l ine profile you have s h o w n surely includes the abso rp t i on of t he supersonic par t . C a n you say 
approx imate ly how the different levels of supersonic flow are weighted in con t r i bu t ing t o the line 
profile? 
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Solomon: T h e mode l gives the n u m b e r of ions as a funct ion of the velocity of outflow. T h e optical 
d e p t h a t a velocity Kis inversely p r o p o r t i o n a l to d V/dry which is itself a funct ion of F a n d is de te rmined 
by the mode l . 

I should emphas ize t h a t while we regard the subsonic flow a n d the mass loss rates as accura te , the 
supersonic flow s h o w n here is on ly presented t o demons t r a t e t ha t l ine profiles n o t unl ike those o b 
served can b e ob t a ined form t h e mass- loss ra tes der ived from t h e subson ic flow. 

Underhill: I have a wicked pos tu l a t e I shou ld l ike you to c o m m e n t on . Suppose tha t a s tar h a d 
lost mos t of its ou te r enve lope so tha t it was nearly peeled d o w n to its he l ium-r ich core and thus had 
a n enr iched H e / H con ten t in its a t m o s p h e r e , wha t d o you th ink wou ld h a p p e n t o an expand ing 
a t m o s p h e r e generated in the m a n n e r you have suggested? W o u l d the p r e s u m a b l y h o t H e core con
t r ibu te m o r e m o m e n t u m t o t he enve lope by means of high-energy part icles a n d s t rong U V rad ia t ion 
t h a n reaches the ou te r a t m o s p h e r e , when the core is enveloped in the n o r m a l deep radia t ive ou te r 
layers of a s t a r ? 

Solomon: Th i s pos tu la te is t o o wicked for m e t o answer immedia te ly . However , I expect tha t the 
s ta r might adjust itself a n d t h a t the H e rich core would no t be exposed. A n enr iched H e a tmosphe re 
wou ld p robab ly not great ly effect the p rob lem. 

Praderie: (1) D o you inc lude all r e sonance lines over the whole spec t rum in the c o m p u t a t i o n of the 
r ad ia t ion pressure gravi ty t e r m , a n d does this t e rm vary with dep th? 

(2) A work by Bisnovet i j -Kogan a n d Zeldovich considers t he same type of hydrodynamica l mass 
flow as S o l o m o n , bu t t h e r ad i a t i on pressure is tha t a c t i ng t h r o u g h the c o n t i n u o u s spec t rum; it is 
supposed tha t a sudden increase of the con t inuous a b s o r p t i o n coefficient occurs near the surface of 
the star . U n h a p p i l y I c a n n o t q u o t e the values they find for the mass loss. 

Solomon: W e include all resonance lines at X > 912 A of C , N , and Si ions a n d it is the increase 
of this term ou twards tha t leads to the flow. This increase is no t pos tu la ted but resul ts from the model 
a tmosphe re . 
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