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1· Motivation 

— M a n y galaxies a re seen t o b e unde rgo ing a r a n g e of ac t iv i ty a s soc ia ted 

w i t h an ac t ive nuc leus . Whi l s t m u c h effort goes i n t o u n d e r s t a n d i n g 

t h e m e c h a n i s m s involved, very few a u t h o r s h a v e cons idered how such 

A G N s m i g h t form. 

— O u r g r o u p h a s for m a n y years be ing s t u d y i n g t h e fo rmat ion of galaxies 

b a s e d on t h e col lapse a n d f r a g m e n t a t i o n of se l f -gravi ta t ing gas d y n a m -

ics (e.g. Wi l l i ams , 1997) . 

— However , t o p r o d u c e j e t s (which we a re us ing as a t r a c e r of A G N ac-

t i v i t y ) requi res add i t i ona l phys ics . O t h e r work (e.g. M a t s u m o t o et a l . , 

1996) h a s shown t h a t m a g n e t i c fields a re i m p o r t a n t in t h e p r o d u c t i o n 

of j e t s f rom accre t ion discs. 

— Hence we h a v e p r o d u c e d a fully se l f -gravi ta t ing , m a g n e t o h y d r o d y -

n a m i c code w i th t h e a im of s t u d y i n g t h e fo rmat ion of an A G N s t a r t i n g 

from t h e in i t ia l col lapse of a p r imord i a l overdensi ty . 

2 . What sort of codes do we use? 

— W e beg in ou r s imula t ions wi th s t r u c t u r e s of size ~ 100 kpc yet need t o 

resolve de ta i l s w i th sizes of t h e o rder of pa rsecs . Th i s is a huge r a n g e , 

a n d of course t h e dens i ty c o n t r a s t s a re even la rger , ~ 1 0 1 5 . 

— Hence we requ i re an ex t r eme ly a d a p t a b l e , flexible m e t h o d . N o gr id-

b a s e d t e c h n i q u e could cope w i t h t h e requ i red d y n a m i c r a n g e . 

— However , T r e e C o d e g rav i ty (He rnqu i s t , 1987) combined w i th S m o o t h e d 

P a r t i c l e H y d r o d y n a m i c s ( M o n a g h a n , 1992) m e e t s ou r r e q u i r e m e n t s . It 

is a pa r t i c l e b a s e d m e t h o d where t h e dens i ty of par t ic les reflects t h e 
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gas dens i ty in t h a t region, t h u s giving m a x i m a l resolu t ion whe re it is 

m o s t n e e d e d . 

— Moreover , m a g n e t o h y d r o d y n a m i c s can b e i n c o r p o r a t e d in a n a t u r a l 

way by solving for t h e d y n a m o equa t ion a n d inc lud ing t h e Loren tz 

r eac t i on on t h e g a s . 

3 . W h a t a r e t h e r e s u l t s t o d a t e ? 

— W e a re ab le t o p r o d u c e real is t ic galaxies in t e r m s of surface dens i ty 

profiles, d a r k m a t t e r d i s t r i bu t i on , sp i ra l s t r u c t u r e e t c . T h e Loren tz 

force is genera l ly smal l , a n d hence we would expec t t h e m a i n s t r u c t u r a l 

a n d morpho log ica l fea tures t o b e d e t e r m i n e d by t h e se l f -gravi ta t ing 

g a s - d y n a m i c s . 

— T h e m a g n e t i c s t r u c t u r e p r o d u c e d m a t c h e s well wi th t h a t obse rved for 

l a rge spi ra ls (Nein inger et a l . 1991; Neininger 1992) , w i th t h e field 

t r a c i n g very closely t h e spi ra l a r m s . Moreover , t h e ca lcu la ted field sa t -

u r a t e s a t va lues c o m p a r a b l e t o those obse rved . 

4 . W h a t ' s n e x t ? 

As ye t no sign of j e t s . T h e r e a re a n u m b e r of avenues which we a re p u r s u i n g : 

— B y inc reas ing t h e t r a n s p o r t of angu l a r m o m e n t u m we will be able t o 

p r o d u c e m u c h h igher densi t ies in t h e cen t ra l region. T h i s could be 

achieved t h r o u g h ga laxy in t e rac t ions ( cu r ren t ly our s imula t ions focus 

on single ob j ec t s ) or o t h e r such m e c h a n i s m . 

— W e a re deve lop ing a new t e c h n i q u e , k n o w n as Selected L a g r a n g i a n 

W e i g h t s (Nelson , M o o r e , 1994; Wi l l i ams , Nelson, 1997). Th i s will com-

b ine t h e be s t p a r t s of S P H (i .e. a d a p t a b i l i t y a n d ease of use) w i th t h e 

bes t p a r t s of a g r id -based finite difference a p p r o a c h (h igher reso lu t ion 

a n d a c c u r a c y ) . 
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