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A b s t r a c t . W e h a v e pe r fo rmed S m o o t h e d Pa r t i c l e H y d r o d y n a m i c s ( S P H ) 

s imu la t i ons in o rde r t o u n d e r s t a n d t h e d y n a m i c a l s t r u c t u r e s of Ga lac t i c 

C e n t e r molecu la r c louds . In our s t u d y it was found t h a t t h e s t r u c t u r e s 

of G C molecu la r c louds could b e induced by t h e combined effects of a 

g r a v i t a t i o n a l p e r t u r b a t i o n by r o t a t i n g b a r p o t e n t i a l a n d t h e h y d r o d y n a m i c 

collisions b e t w e e n t h e c louds . 

1. I n t r o d u c t i o n 

R o t a t i n g b a r could p rov ide significant n o n - a x i s y m m e t r i c p e r t u r b a t i o n t o 

t h e o rb i t s of molecu la r c louds in t h e disk. Non-c i rcu la r veloci ty c o m p o n e n t s 

deve lop as a resul t of such p e r t u r b a t i o n s (Bally et al. 1988). T h e cloud-

c loud collisions will b e c o m e inev i t ab le in such c i r cums tances . W e pe r fo rmed 

S P H s imu la t i ons t o u n d e r s t a n d t h e genera l behav io r of t h e gaseous disk 

u n d e r t h e influence of r o t a t i n g b a r a n d t h e r e b y t h e obse rved d y n a m i c s of 

mo lecu la r c louds in t h e G C . 

2 . S P H C a l c u l a t i o n 

In ou r S P H ca lcu la t ion (see Lee et al (1998) for de ta i l ) , t h e G a l a x y is 

a s s u m e d t o have four c o m p o n e n t s : t h r e e a x i s y m m e t r i c c o m p o n e n t s (mas -

sive ha lo expressed w i th t h e l oga r i t hmic p o t e n t i a l , e x p o n e n t i a l disk a n d a 
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c o m p a c t bu lge r ep re sen ted by a P l u m m e r mode l ) a n d one infinitely t h i n 

n o n - a x i s y m m e t r i c b a r c o m p o n e n t . 

In i t ia l ly , S P H par t i c les a re uniformly d i s t r i bu t ed in a very t h i n ax i sym-

m e t r i c disk. T h e in i t ia l veloci ty field of t h e S P H par t ic les is g e n e r a t e d such 

t h a t t he se m o v e on c i rcular o rb i t s c o m p a t i b l e wi th t h e a s sumed p o t e n t i a l 

d i s t r i b u t i o n . 

Mos t p a r a m e t e r s a re d e t e r m i n e d by the observed ones of t h e Ga laxy , 

b u t t h e axis r a t i o of t h e b a r is very u n c e r t a i n . So, we cons idered several 

m o d e l s w i t h different values for b a r ' s axial r a t io . In th is p a p e r , we r e p o r t 

t h e r e su l t s of 4:1 axia l r a t i o m o d e l . In all cases , we have fixed t h e a n g u l a r 

speed of t h e r o t a t i n g b a r a t 2.731 k m s _ 1 k p c - 1 ( G e h a r d 1996). Th i s choice 

p laces t h e C o r o t a t i o n R a d i u s ( C R ) a t 2 .7kpc , t h e Inne r L indb lad Resonance 

( I L R ) a t 1.2 k p c , a n d t h e O u t e r L indb lad R a d i u s ( O L R ) a t 6 k p c . 

3 . R e s u l t s & D i s c u s s i o n s 

Fig . l - ( a ) shows t h e / — ν p lo t of S P H par t ic les after several r evo lu t ion . 

T h i s can b e c o m p a r e d w i th t h e C O l —υ m a p (F ig . l - ( b ) ) by B i t r a n (1987) . 

T h e t heo re t i c a l p lo t successfully r ep roduces t h e gas dep le t ion region a t 

/ « ± ( 2 ° rsj 4 ° ) , b u t no t t h e envelope (para l l e logram s t r u c t u r e ) of h ighly 

veloci ty c o m p o n e n t s b e t w e e n / « 2° ~ 2° . Such an envelope was i n t e r p r e t e d 

as t h e p resence of t h e x l family of o rb i t s by Binney et al. (1991) . T h e o rb i t 

ca lcu la t ions of ou r m o d e l also ind ica t e t h a t t h e envelope can b e p roduces by 

t h e x l o rb i t s (Lee et al. 1998). Therefore t h e fact t h a t t h e S P H s imula t ions 

do no t show t h e high veloci ty envelope m e a n s t h a t x l o rb i t s can be easily 

des t royed . 

W e have m a d e a n o t h e r set of s imula t ion t h a t includes b o t h S P H a n d 

collisionless pa r t i c l e s . In t h e S P H s imula t ions , a lmos t all S P H par t i c l e s 

a r e e x p e c t e d t o exper ience h y d r o d y n a m i c collisions because t h e reso lu t ion 

l e n g t h is qu i t e l a rge . In our s u p p l e m e n t a r y s imula t ions wi th m i x t u r e of S P H 

a n d collisionless pa r t i c l e s , t h e collisionless par t ic les could b e i n t e r p r e t e d as 

t h o s e which h a v e no t u n d e r g o n e h y d r o d y n a m i c collisions a n d therefore rep-

resen t t h e less dense c louds . T h e collisionless par t ic les are p e r t u r b e d by t h e 

r o t a t i n g b a r b u t r e m a i n s to have la rge veloci ty d ispers ion because t h e r e is 

n o clear way t o d i s s ipa te t h e o rb i t a l energy. T h e collisionless par t ic les w i th 

l a rge d i spers ion of t h e veloci ty can r e p r o d u c e t h e high velocity enve lope 

as well as forb idden veloci ty c o m p o n e n t s ( inc luding B a n i a C l u m p 1) w i th 

^LSR ~ 100 k m s " 1 a t / « - 1 ° 6° seen in C O m a p (F ig . l - ( d ) ) . T h e 

fact t h a t t h e H C N / - υ m a p resembles t h a t of S P H par t ic les while C O 

I — ν m a p is m o r e like t h a t of collisionless par t ic les m a y ind ica t e t h a t t h e 

dense c louds t r a c e d by H C N molecules are formed by t h e h y d r o d y n a m i c 

collisions b e t w e e n C O c louds . 

https://doi.org/10.1017/S0074180900084618 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900084618


DYNAMICS OF T H E GALACTIC C E N T E R MOLECULAR CLOUDS 199 

» M 220 056 

aM2?«056 

Figure 1. ( a ) T h e t h e o r e t i c a l I —ν m a p of S P H part i c l e s a t t = 7 . 8 8 of B 4 - 1 m o d e l ( u p p e r 
l e f t ) . T h e v i e w i n g ang l e is 4 0 ° from t h e d i rec t ion of t h e m a j o r ax i s of t h e bar. (b ) T h e 
O b s e r v a t i o n a l C O ( 1 - 0 ) / — ν m a p ( B i t r a n 1987) ( u p p e r r i g h t ) , (c ) T h e O b s e r v a t i o n a l 
H C N ( 1 - 0 ) / — υ m a p ( L e e 1996) ( lower l e f t ) , ( d ) T h e theore t i ca l I — ν m a p of a run of 
t h e m o d e l ( B 4 - 1 ) of t h e m i x t u r e of co l l i s ional (60 %) a n d co l l i s ion less par t i c l e s (40 %) at 
t h e v i e w i n g a n g l e of 40° at t = 7 . 8 8 ( lower r i g h t ) . 

T h e a u t h o r s would l ike to acknowledge t h e financial s u p p o r t from S E R I 

S u p e r c o m p u t e r C e n t e r t h r o u g h C R A Y R & D G r a n t P r o g r a m . 
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