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W e addre s s t h e following ques t ions . Is it possible t h a t t h e h e a v y ele-

m e n t s obse rved in h igh redshift quasa r s a re formed in t h e v ic in i ty of t h e 

b lack hole? A n d in th i s case do quasa r s p r o d u c e , ma in ly d u r i n g the i r grow-

ing p h a s e , t h e first h e a v y e l emen t s which enr ich t h e in t e rga lac t i c m e d i u m 

a n d t h e p ro toga lax ies? 

1 . E v i d e n c e s for e n r i c h m e n t a n d o u t f l o w s i n q u a s a r s 

T h e r e a r e now s t r o n g evidences for meta l l ic i t ies la rger t h a n solar in t h e 

c e n t r a l few pa r secs of q u a s a r s , over a la rge r ange of redshif ts u p t o ζ > 4. 

H e a v y e l emen t a b u n d a n c e s deduced in high redshift quasa r s t h r o u g h t h e 

m o d e l i n g of t h e B r o a d Emiss ion Lines ( B E L s ) a re a t least solar . M o r e 

impress ive even a re t h e o v e r a b u n d a n c e s d r a w n from t h e m o d e l i n g of t h e 

B r o a d A b s o r p t i o n Lines ( B A L s ) which can be as high as 100 Ζ Θ . T h e s e 

regions a r e l oca t ed a t d i s t ances of 1 0 4 R Q ( B E L S ) a n d 1 0 4 t o 1 0 6 R Q ( B A L S ) , 

i.e. ins ide t h e inne r few cen t ra l parsecs of t h e q u a s a r s . B A L s t r a c e dense 

c louds in outf lowing w i n d s , w i t h velocit ies u p t o a few 1 0 4 k m s - 1 . F r o m 

d y n a m i c a l mode l s one can deduce a r a t e of outf lowing m e t a l m a s s -AI/menais ^ 

1 0 ~ 2 Ζ / Z @ M $ M 0 y r _ 1 , where Ms is t h e mass of t h e black hole expressed 

in 1 0 8 Μ Θ . T h i s r a t e co r re sponds t o a k ine t ic l uminos i ty equa l t o a few 

p e r c e n t s of t h e b o l o m e t r i c luminos i ty , as expec t ed for ob jec t s r a d i a t i n g 

n e a r t he i r E d d i n g t o n l imi t . 
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2 . F o r m a t i o n a n d e v o l u t i o n o f s t a r s in t h e a c c r e t i o n d i s k 

W e p r o p o s e t h a t t h i s e n r i c h m e n t t akes place in t h e accre t ion disk fuel-

ing t h e b lack hole (Coll in a n d H u r é 1998, in p r e p a r a t i o n ) . T o d e t e r m i n e 

t h e s t r u c t u r e of t h e accre t ion disk we a s s u m e for t h e inne r weakly self-

g r a v i t a t i n g g rav i t a t ional ly s t ab le region a s t a n d a r d α viscosi ty ( S h a k u r a 

a n d S u n a y e v , 1973, A & A 24, 337) , a n d for t h e m o r e d i s t a n t s t rongly self-

g r a v i t a t i n g u n s t a b l e regions t h e Lin a n d Pr ing le (1987, M N R A S 225 , 607) 

v iscos i ty p re sc r ip t ion . W e show t h a t t h e g rav i t a t iona l ly u n s t a b l e regions a re 

dense a n d molecu la r . W e check t h a t t h e cooling t i m e scale is very smal l , 

even for p r i m o r d i a l ga s , so s t a r fo rmat ion is likely t o occur . W h a t e v e r t h e 

m a s s e s of t h e newly fo rmed s t a r s t h e y act as seeds of mass ive s t a r s by ac-

c re t i ng m a t t e r f rom t h e disk a t a high r a t e , accord ing t o a process sugges ted 

b y A r t y m o w i c z , Lin a n d W a m p l e r (1993, A p J 409, 592) . W e verify t h a t t h e 

m i g r a t i o n t i m e of t h e s t a r s t o w a r d s t h e black hole due t o t ida l ac t ion of 

t h e disk is m u c h la rger t h a n t h e accre t ion t i m e a n d t h a n t h e r e p l e n i s h m e n t 

t i m e (which is smal l owing t o t h e increased - supersonic - viscosi ty in t h e 

g r a v i t a t i o n a l l y u n s t a b l e reg ion) . T h e m i g r a t i o n t i m e is also la rger t h a n t h e 

evo lu t ion t i m e of mass ive s t a r s , so t h e process allows t h e s t a r s t o reach t h e 

s t a g e of s u p e r n o v a e a n d exp lode in t h e disk. T h i s leads t o m e t a l e n r i c h m e n t 

w i t h i n a few parsecs from t h e black hole a n d provides t h e outf lowing g a s , 

in a g r e e m e n t w i t h w h a t is observed in q u a s a r s . T h i s m e c h a n i s m works as 

well for smal l ( forming) b lack holes a n d for powerful q u a s a r s , p rov ided t h e y 

acc re t e n e a r t h e cr i t ical r a t e . 

3 . I n f l u e n c e o n g a l a x i e s a n d o n I G M 

In t h e course of t h e p rocess , a f ract ion of t h e o v e r a b u n d a n t gas flows wi th 

a h igh veloci ty ou t of t h e nuc lea r region a n d escapes in t h e forming hos t 

ga l axy a n d in t h e in t e rga l ac t i c m e d i u m , enr iching t h e m in heavy e l e m e n t s . 

W e p r o p o s e t h a t t h i s could be t h e s t a r t i n g po in t of heavy e l emen t forma-

t ion in t h e Unive r se . Acco rd ing t o t h e observed luminos i ty funct ion of ζ > 

4 q u a s a r s a n d t o s t a n d a r d C D M cosmology, we e s t i m a t e t h e possible en-

r i c h m e n t due t o th i s p rocess , a n d conclude t h a t it could exp la in , w i t h o u t 

t h e need t o a p p e a l t o a p rega lac t i c " P o p u l a t i o n I I I " : 

1. t h e a b u n d a n c e s observed in t h e oldest s t a r s of t h e Ga lac t i c ha lo , w i th 

Z / Z Q ~ a few 1 0 ~ 5 , a s s u m i n g t h a t t h e 2 10 6 Μ© black hole obse rved a t t h e 

ga lac t i c cen te r was fo rmed in t h e ear ly p h a s e of t h e Galaxy , 

2 . t h e a b u n d a n c e s ~ 1 0 ~ 2 — 1 0 _ 1 Ζ Θ observed in high redshift m e t a l a n d 

d a m p e d L a s y s t e m s which are supposed t o be t r ace r s of mass ive ga lax ies , 

h a r b o r i n g m o r e mass ive b lack holes , 

3 . t h e a b u n d a n c e s ~ 1 0 ~ 3 — 1 0 ~ 2 Ζ Θ observed in t h e in t e rga lac t i c m e d i u m , 

i.e. in L a forest s y s t e m s . 
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