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Magne t i ca l ly d r iven j e t s from accre t ion disks a re cons idered t o b e t h e 

m o s t p r o m i s i n g mode l s of a s t rophys ica l j e t s . U c h i d a & S h i b a t a (1985) a n d 

S h i b a t a & U c h i d a (1986) first carr ied ou t two-d imens iona l non l inea r M H D 

s imu la t i ons of j e t fo rma t ion from a magne t i zed disk. M a t s u m o t o e t a l . 

(1996) app l i ed t h e U c h i d a - S h i b a t a m o d e l t o a gas t o r u s in ac t ive ga lac t ic 

nuclei a n d showed t h a t t h e surface layer of t h e t o r u s accre tes fas ter t h a n t h e 

e q u a t o r i a l region like an ava lanche because m a g n e t i c b r a k i n g m o s t effec-

t ive ly 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 . A m a g n e t i z e d t o r u s sub-

j e c t s t o g lobal n o n - a x i s y m m e t r i c ins tabi l i t ies ( C u r r y & P u d r i t z 1996) a n d 

local m a g n e t o r o t a t i o n a l ins tab i l i ty (Ba lbus & Hawley 1991). W e car r ied o u t 

t h r e e - d i m e n s i o n a l g lobal M H D s imula t ions t o show t h e n o n - a x i s y m m e t r i c 

effects on t h e t o r u s , ava lanche flow a n d j e t fo rma t ion . 

W e a s s u m e t h a t a r o t a t i n g po ly t rop ic t o rus w i t h c o n s t a n t a n g u l a r m o -

m e n t u m d i s t r i b u t i o n L = LQ is i m b e d d e d in a spher ica l , n o n - r o t a t i n g 

i s o t h e r m a l ha lo . T h e g r a v i t a t i o n a l field is a s sumed t o b e given b y a p o i n t 

m a s s M. In a cyl indr ical coo rd ina t e (r,(/?, z), t h e d y n a m i c a l equ i l ib r ium of 

t h e t o r u s is desc r ibed by -GM/(r2 + z2)1^2 + Ll/(2r2) + (n + l)P/p = const. 

w h e r e η is t h e po ly t rop i c index . W e t a k e t h e r ad ius of t h e p res su re m a x -

i m u m of t h e t o r u s [r = LQ/(GM)] as t h e reference r ad ius r 0 a n d t a k e 

VKO = ( G M / r o ) 1 / 2 as t h e un i t of velocity. T h e in i t ia l m a g n e t i c field is 

a s s u m e d t o b e un i fo rm a n d ver t ica l . 
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Figure 1. R e s u l t s of 3 D M H D s i m u l a t i o n of j e t f o r m a t i o n . T h e left pane l s h o w s t h e 
v o l u m e rendered i m a g e of d e n s i t y d i s t r i b u t i o n . T h e r ight pane l s h o w s m a g n e t i c field 
l i n e s and i sosur face o f d e n s i t y . 

In figure 1, we show resu l t s of a 3D M H D s imula t ion of je t forma-

t ion from a t o r u s . T h e m o d e l p a r a m e t e r s a re η — 3 , η = 5 / 3 , Et)x — 

O O / V K O ) 2 / 7 = ° - 0 ^ a n d Emg = (VAPO/VKO)2 = 1 0 " 3 where a0 a n d VApo 

a re t h e in i t ia l sound speed a n d Alfvén speed a t (r,z) — ( r r j , 0 ) , respect ively . 

W e in i t i a t e t h e n o n - a x i s y m m e t r i c evolut ion by impos ing p e r t u r b a t i o n for 

a z i m u t h a l veloci ty as δνφ = 0.01υφ sin ψ. T h e n u m b e r of grid p o i n t s is 

(ητ,ηφ,ηζ) = ( 1 2 8 , 3 2 , 1 2 0 ) . W e confirmed the resul ts of p rev ious 2D ax-

i s y m m e t r i c s imu la t ions ( M a t s u m o t o et al . 1996) t h a t b ipo la r j e t is formed 

a n d t h a t t h e surface layer of t h e to rus accre tes fas ter t h a n t h e e q u a t o -

rial p a r t . T h e ava lanche flow crea tes t h e rad ia l c o m p o n e n t of m a g n e t i c 

fields which is fu r the r tw i s t ed by t h e differential r o t a t i o n of t h e disk. T h e 

m a g n e t i c field lines a t / = 12.86 ind ica t e t h a t to ro ida l m a g n e t i c field com-

p o n e n t s d o m i n a t e inside t h e t o r u s . D u e t o t h e g rowth of n o n - a x i s y m m e t r i c 

ins tab i l i t i e s , t h e m a g n e t i c field l ines are b u n c h e d i n t o helical b u n d l e s in t h e 

j e t . A helical f i l amenta ry s t r u c t u r e can also be seen in t h e dens i ty d is t r i -

b u t i o n of t h e j e t . Ins ide t h e disk, accre t ion proceeds a long spi ra l c h a n n e l s . 

In t h e i n n e r m o s t region of t h e disk where to ro ida l m a g n e t i c field b e c o m e s 

d o m i n a n t , spi ra l ly s h a p e d m a g n e t i c p ressu re d o m i n a t e d region a p p e a r s . 
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