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W e p r e s e n t t h e resu l t s of a x i s y m m e t r i c , two-d imen t iona l m a g n e t o h y d r o -
d y n a m i c ( M H D ) s imula t ions of weakly ionized gas t o r u s t h r e a d e d by la rge 
scale ve r t i ca l m a g n e t i c fields. T h e gas t o r u s co r re sponds t o t h e lOOpc scale 
c i r c u m n u c l e a r t o r u s obse rved by H S T in n e a r b y A G N s (e.g. N G C 4 2 6 1 ) or 
1 0 1 0 Μ Θ c i r cumnuc l ea r gas found by C O observa t ions in l u m i n o u s I R ga lax-
ies a n d q u a s a r s (e .g . Scoville e t a l . 1991). T h e ini t ia l s t a t e of s imu la t i on is a 
c o n s t a n t a n g u l a r m o m e n t u m po ly t rop ic t o r u s t h r e a d e d by un i form ver t i ca l 
m a g n e t i c fields. T h e t o r u s is a s s u m e d t o b e r o t a t i n g in a s t a t i c , spher ica l 
h o t h a l o . T h e m o d e l p a r a m e t e r s a re Eth = v%o/(lvlo) = 5 X 1 0 ~ 3 a n d 
Emg = ν\0/ν](0 = 6.6 X 1 0 ~ 6 whe re 7 is t h e a d i a b a t i c i n d e x a n d vso a n d 
VAO a r e t h e s o u n d speed a n d t h e Alfvén speed a t r = ro respect ively . 

W h e n t h e res i s t iv i ty η = 0, t h e surface layer of t h e t o r u s accre tes like 
a n ava l anche b e c a u s e m a g n e t i c b r a k i n g m o s t efficiently e x t r a c t s a n g u l a r 
m o m e n t u m from t h a t layer ( M a t s u m o t o et a l . 1996). T h e ava lanch ing gas 
c r ea t e s a Kep le r i an acc re t ion disk a r o u n d t h e equa to r i a l region ins ide t h e 
i n n e r m o s t r a d i u s O f t h e in i t ia l t o r u s ( r < lOpc) . In c i r cumnuc lea r t o r u s , 
res i s t ive effects m a y b e i m p o r t a n t e i ther by classical res is t iv i ty in low-
ionized gas or by t u r b u l e n t diffusivity e n h a n c e d by t h e m a g n e t i c t u r b u l e n c e 
d r iven by t h e m a g n e t o - r o t a t i o n a l ins tab i l i ty . W e found t h a t in c i r cumnu-
clear t o r u s , t h e classical res is t iv i ty η ~ 8 x 1 0 3 ( T / 5 0 0 # ) / x w h e r e χ is t h e 
ion iza t ion r a t e ( G a m m i e 1996) is smal l e n o u g h t o exci te t h e ava lanche flow 
a n d m a g n e t i c t u r b u l e n c e . O n t h e o the r h a n d , 3D M H D s imu la t i ons indi-
c a t e t h a t t h e t u r b u l e n t diffusivity is t h e o rde r of 77 ~ IQ~2VAH w h e r e ν A 
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is t h e Alfvén speed a n d H is t h e scale he ight ( M a t s u z a k i et a l . 1997 in 

p r e p a r a t i o n ) . 

Figure 1. M a g n e t i c field l i n e s in t h e n o n l i n e a r s t a g e for η = 0 a n d η = 10 2vAH. 

T A B L E 1. T h e d e p e n d e n c e of m a s s s u p p l y ra te on re s i s t i v i ty 
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F i g u r e 1 shows m a g n e t i c field l ines for mode l s w i th η = 0 a n d η = 

10~2VAH. W h e n η = 10~2VAH, ava lanche flow is no t so p r o m i n e n t as t h e 

non- res i s t ive η = 0 m o d e l . T a b l e 1 shows t h e d e p e n d e n c e of acc re t ion r a t e 

Macc on η w h e r e M10 = Mgas/(1Q10M@) a n d MBm = MBH/(109M@). W e 

found t h a t a l t h o u g h t h e m a s s accre t ion r a t e decreases an o rde r of m a g n i -

t u d e w h e n η — 1 0 ~ 2 ^ i f , m a g n e t i c b r ak ing still can supp ly 6 O M 0 / y r w h e n 

t h e m a s s of t h e cen t r a l b lack hole is 1 0 9 Μ Θ a n d t h e m a s s of t h e gas t o r u s 

is 1 0 1 0 Μ Θ . 

W e conc lude t h a t even if we inc lude t h e effects of e n h a n c e d m a g n e t i c 

diffusivity, m a g n e t i c b r a k i n g can supply enough mass t o expla in t h e ac t iv -

i ty of A G N s . 

N u m e r i c a l c o m p u t a t i o n s h a v e been car r ied ou t by us ing V P P 3 0 0 / 1 6 R 

a t t h e N a t i o n a l A s t r o n o m i c a l Obse rva to ry . 
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