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1 . R a d i o C o n t i n u u m E m i s s i o n : T h e r m a l / N o n - t h e r m a l D e c o m p o -
s i t i o n 

T h e r a d i o emiss ion from t h e Ga lac t i c C e n t e r is a m i x t u r e of t h e r m a l (free-

free) a n d n o n - t h e r m a l ( s y n c h r o t r o n ) emissions (Fig . l a ) . However , t h e spec-

t r a l i n d e x in t h e cen t ra l 3° region is flat a lmos t eve rywhere (Sofue 1985), 

even in regions whe re s t r ong l inear po la r i za t ion is d e t e c t e d . There fo re , a 

flat s p e c t r u m observed nea r t h e ga lac t ic cen te r can n o longer be t a k e n as 

an i n d i c a t o r of t h e r m a l emiss ion. 

S e p a r a t i o n of t h e r m a l a n d n o n - t h e r m a l emissions can be done by com-

p a r i n g fa r - IR (e.g. 60 μτη) a n d r ad io in tens i t i es (in J y / s t r ) : t h e r m a l (HI I ) 

regions h a v e h igh IR- to - r ad io r a t i o , R = IFTR/IR ^ 1 0 3 , while n o n - t h e r m a l 

regions h a v e smal l r a t i o , 0 ~ 300. Us ing th i s m e t h o d , t h e r m a l a n d non -

t h e r m a l emiss ion regions have been d i s t inguished in a wide a r e a (Reich 

et al 1987) . T h e region nea r t h e ga lac t ic p l ane (b < ~ 10') is d o m i n a t e d 

by t h e r m a l emiss ion , mos t ly H I I regions like Sgr B2 a n d C. T h e s e regions 

a r e closely a s soc ia t ed wi th dense molecu la r c louds . O n t h e o the r h a n d , t h e 

p r o m i n e n t fea tures like t h e R a d i o A r c , Sgr A a n d regions high above t h e 

ga lac t i c p l ane inc lud ing t h e Ga lac t i c Cen te r lobe have smal l I R / r a d i o r a t i o , 

c o r r e s p o n d i n g t o the i r n o n - t h e r m a l n a t u r e . 

A d i rec t a n d m o r e convinc ing way t o d i s t inguish s y n c h r o t r o n r a d i a t i o n 

is t o m e a s u r e t h e l inear po la r i za t ion . However , ex t r eme ly h igh F a r a d a y ro-

t a t i o n t o w a r d t h e Ga lac t i c C e n t e r causes de -po la r i za t ion d u e t o finite-beam 

a n d finite-bandwidth effects. T h i s difficulty has been resolved by develop-

ing a mul t i - f requency n a r r o w - b a n d F a r a d a y Po la r ime te r ( T s u b o i et al 1986; 

Se i radak i s et al 1985; Sofue et al 1987; Reich 1994; Haynes e t al 1992), as 

well as by h igh- reso lu t ion a n d high-frequency obse rva t ions us ing t h e V L A 
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(Yusef -Zadeh e t al 1984, 1986) . Very la rge r o t a t i o n m e a s u r e (RM > ~ 1 0 3 

r a d m ~ 2 ) a n d h igh degree (10 - 50%) po la r i za t ion have been obse rved a long 

t h e r a d i o A r c a n d in t h e G C L . 

L inea r po l a r i za t i on as h igh as ρ ~ 50 % has been de t ec t ed a long t h e 

A r c a t m m wave l eng th s (Reich 1994). T h i s is near ly equa l t o t h e t heo re t i ca l 

m a x i m u m , Pmax = (OL + l ) / ( a + 7 / 3 ) ~ 47 %, for t h e A r c region, w h e r e t h e 

s p e c t r a l i n d e x is a c± + 0 . 2 . Th i s impl ies t h a t t h e m a g n e t i c field is a lmos t 

perfec t ly a l igned , cons i s ten t w i th t h e V L A obse rva t ions showing s t r a igh t 

f i l aments sugges t ive of h ighly o rde red m a g n e t i c field (Yusef-Zadeh et al 

1984; Morr i s 1997) . 

2 . T h e r m a l S t r u c t u r e 

2.1. STAR-FORMATION DISK 

T h e nuc l ea r disk ~ 50 pc th ick a n d 200 p c in r ad iu s compr ises n u m e r o u s 

c l u m p s of HI I reg ions , mos t of which are ac t ive s ta r - forming ( S F ) reg ions , 

a n d a r e d e t e c t e d in t h e H r e c o m b i n a t i o n lines (Mezger a n d P a u l s 1979) . 

T y p i c a l H I I regions a re n a m e d Sgr B 2 , C , D a n d E. T h e t o t a l HI I m a s s of 

2 χ 1 0 6 M ® h a s b e e n e s t i m a t e d , a n d t h e p r o d u c t i o n r a t e of Ly c o n t i n u u m 

p h o t o n s of 3 X 1 0 5 2 s - 1 is requi red t o m a i n t a i n th i s a m o u n t of HI I gas 

(Mezger a n d P a u l s 1979) . However , if we t a k e t h e G C d i s t ance of 8.5 k p c 

a n d a m o r e a c c u r a t e t h e r m a l / n o n t h e r m a l s epa ra t i on , we e s t i m a t e t he se t o 

be ~ 10 6 M@ a n d 1.5 X 1 0 5 2 s " 1 , respect ively. T h e S F r a t e of t h e cen t r a l few 

h u n d r e d p c region a m o u n t s , therefore , t o several % of t h e t o t a l S F r a t e of 

t h e Ga laxy . T h e averaged s t a r fo rmat ion r a t e c o m p a r e d t o t h e molecu la r 

gets ( S F efficiency) is no t pa r t i cu l a r ly high c o m p a r e d t o t h a t obse rved in 

t h e o u t e r disk of t h e Ga l axy . Namely , t h e ga lac t ic cen te r is no t in an ac t ive 

p h a s e of s t a r f o rma t ion , a n d therefore , no t a s t a r b u r s t . However , ev idence 

is p r e sen t for a p a s t s t a r b u r s t some 1 0 7 y rs ago (see sect ion 3) . 

2.2. RADIO VS MOLECULAR STRUCTURES 

Var ious molecu la r fea tu res have b e e n recognized in t h e cen t ra l ~ 100 — 200 

pc reg ion: such as molecu la r r ings a n d a r m s of a few h u n d r e d pc scale 

(Scovil le et a l .1974) , shell s t r u c t u r e s a n d complexes a r o u n d HII regions 

( H a s e g a w a 1997), a n d an e x p a n d i n g molecu la r r ing of 200 pc r a d i u s (Scov-

ille 1972; Kaifu e t a l .1972, Sofue 1995b) . B inney et al . (1991) have no t i ced a 

" p a r a l l e l o g r a m " i n s t e a d of a n e x p a n d i n g r ing , a n d i n t e r p r e t e d it in t e r m s of 

non-c i r cu la r k i n e m a t i c s of gas in an oval p o t e n t i a l . However , we e m p h a s i z e 

t h a t t h e gas in th i s pa ra l l e log ram shares only a minor f ract ion ( ~ 10 %) 

of t h e t o t a l gas m a s s , a n d is d i s t r i b u t e d h igh ( ~ ± 2 0 — 30 p c ) above t h e 

m a j o r mo lecu la r disk. 
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Figure 1. (a) 10 GHz radio map of the Galactic center, (b) Highly-tilted molecular ring 
(Bally et al 1987; Sofue 1995a) superposed on radio continuum contours, (c) Molecular 
Arm I. 
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F ig . l b shows t h e t o t a l i n t ens i ty m a p i n t e g r a t e d over t h e full r a n g e of 

t h e ve loc i ty (Bal ly et al 1987) , w h e r e t h e foreground c o m p o n e n t s have b e e n 

s u b t r a c t e d (Sofue 1995a) . T h e t o t a l molecu la r mass in t h e |/| < 1° region 

is e s t i m a t e d t o b e ~ 4.6 X 1 0 7 M ® for t h e new conversion factor which 

t a k e s i n t o a c c o u n t t h e increase in meta l l i c i ty t oward t h e ga lac t ic cen t e r 

( A r i m o t o et al 1995) . T h e molecu la r m a s s of t h e disk ( r ing) c o m p o n e n t is 

~ 3.9 X 10 7 M@, which is 8 5 % of t h e t o t a l molecular mass in t h e obse rved 

region . T h e e x p a n d i n g r ing (or t h e pa ra l l e log ram) shares t h e res t , only 

7 x 1 0 6 M ® (15%) in t h e region. T h e HI m a s s wi th in t h e cen t r a l 1 k p c 

is smal l , ~ 10 6 M@ (Liszt & B u r t o n 1980). Hence , t h e cen t ra l region is 

d o m i n a t e d by a molecu la r disk of ~ 150 pc ( ~ 1°) r ad ius , ou t s ide of which 

t h e gas dens i ty b e c o m e s an o rder of m a g n i t u d e smal ler . T h e t o t a l gas m a s s 

w i t h i n 150 p c is only a few pe rcen t of t h e d y n a m i c a l m a s s ( ~ 8 X 10 8 M@) 

for a r a d i u s R ~ 150 p c . T h i s impl ies t h a t t h e self-gravity of gas is no t 

essen t ia l in t h e ga lac t ic cen te r . 

Long i tude -pos i t i on d i a g r a m of t h e C O line emission shows t h a t t h e 

m a j o r s t r u c t u r e s of t h e disk ( r ing) c o m p o n e n t nea r t h e ga lac t ic p l ane lie 

on r ig id - ro ta t ion- l ike r idges , which compr ises two m a j o r a r m s : T h e m o s t 

p r o m i n e n t a r m is A r m I, which is a long a n d s t r a igh t r idge , s l ight ly above 

t h e ga lac t i c p l a n e a t b ~ 2' (F ig . l c ) . I t s pos i t ive long i tude p a r t is con-

n e c t e d t o t h e dense molecu la r complex Sgr B . A n o t h e r p r o m i n e n t a r m is 

seen a t n e g a t i v e l a t i t u d e a t b ~ —6' ( A r m I I ) . 

2.3. CIRCULAR ROTATION 

A r m s I a n d I I compose a b e n t r ing of r ad ius 120 pc w i t h an inc l ina t ion 

85° (F ig . l b : Sofue 1995a) , which we call t he 120-pc Molecula r R ing . T h e 

molecu la r r ing s t r u c t u r e ha s a l r eady been k n o w n since two decades ago 

(Scovil le et al 1974) . I t is possible t o deconvolve t h e (/, V) d i a g r a m i n t o a 

s p a t i a l d i s t r i bu t i on in t h e ga lac t ic p l ane by a s s u m i n g a p p r o x i m a t e l y cir-

cu la r r o t a t i o n a n d us ing t h e ve loc i ty- to-space t r a n s f o r m a t i o n ( V S T ) . F ig . 

2 shows a t h u s - o b t a i n e d possible "face-on" m a p of t h e molecu la r gas . HI I 

regions (Sgr Β a n d C) lie close t o t h e molecu la r complexes a long t h e a r m s 

in t h e r ing . 

T h e close assoc ia t ion of t h e S F regions wi th t h e molecu la r c louds , f rom 

wh ich t h e s t a r s were b o r n , ind ica tes t h a t t h e s t a r s a n d gas are m o v i n g a long 

nea r ly t h e s a m e o rb i t . T h i s can be real ized only when t h e molecu la r gas is 

r o t a t i n g in a c i rcular o rb i t in an ax i - symmet r i c p o t e n t i a l : If t h e p o t e n t i a l 

w a s oval ( b a r ) a n d t h e gas was shocked t o b e compressed a long a b a r , 

t h e fo rmed s t a r s )would have displaced from t h e gaseous a r m s since t h e 

b i r t h t ~ 1 0 7 y r s ago , a n d the i r a n g u l a r s epa ra t i on would have inc reased 

t o Δ Ω = O r o t — fipattern ~ 75°. However , t h i s con t r ad i c t s t h e obse rva t i on , 
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Figure 2. A decomposed face-on view of the molecular ring. HII regions are marked by 
white circles. 

which i nd i ca t e s Δ Ω < 5° . 

3 . N o n t h e r m a l S t r u c t u r e s 

3 .1 . VERTICAL MAGNETIC FIELDS VS CIRCULAR RING 

T h e r a d i o Arc compr ises n u m e r o u s s t r a igh t f i laments p e r p e n d i c u l a r t o t h e 

ga lac t i c p l a n e , a n d e x t e n d s for m o r e t h a n ~ 100 p c (Yusef-Zadeh et al 1984; 

Mor r i s a n d Yusef-Zadeh 1985; Morr i s 1997) T h e m a g n e t i c field d i rec t ion is 

para l le l t o t h e f i laments a n d ver t ica l t o t h e ga lac t ic p l ane ( T s u b o i et al 

1986; Sofue et al 1987; Reich 1994). Field s t r e n g t h as h igh as ~ 1 m G has 

b e e n e s t i m a t e d in t h e A r c a n d in some f i laments . T h e life t i m e of cosmic-

r a y e lec t rons in t h e Arc is e s t i m a t e d t o b e as shor t as ~ 4000 yea r s , so t h a t 

t h e s t r a i g h t f i laments m a y be t r a n s i e n t f ea tu res , t e m p o r a r y i l l umina t ed b y 

r ecen t ly acce le ra ted h igh-energy e lec t rons (Sofue et a l . 1992) . 

T h e h igher l a t i t u d e ex tens ion of t h e A r c , b o t h t o w a r d pos i t ive a n d 

n e g a t i v e l a t i t u d e s , is also po lar ized by 20 t o 50% ( T s u b o i et al 1986; Sofue 

et al 1987; Reich 1994). T h e r o t a t i o n m e a s u r e reverses across t h e ga lac t ic 

p l a n e , i nd i ca t i ng a reversa l of t h e line-of-sight c o m p o n e n t of t h e m a g n e t i c 

field. T h i s is cons i s ten t w i th a large-scale polo ida l m a g n e t i c field tw i s t ed 

by t h e disk r o t a t i o n ( U c h i d a et al 1985). 

Molecu la r gas ha s t u r b u l e n t energy dens i ty of u m o i . t u r . ~ 6 X 1 0 ~ 9 e rg 

c m - 3 for a veloci ty d ispers ion of 20 k m s " 1 , when averaged in t h e cen t r a l 

150 pc r a d i u s disk. E n e r g y densi t ies d u e t o HI I gas a n d Ly c o n t i n u u m 

p h o t o n a re of t h e o rde r of ^ H i i , L y P h o ~ 1 0 ~ 1 0 e rg c m " 3 , man i fes t ing t h e 
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weak s t a r - fo rming ac t iv i ty . T h e m a g n e t i c energy dens i ty is of t h e o rde r 

of ~ 4 χ 1 0 ~ 8 e rg c m - 3 for ~ m G field s t r e n g t h . Th i s a m o u n t is m o r e 

c o m p a r a b l e t o t h e r o t a t i o n energy of t h e molecular disk, which co r r e sponds 

t o an ene rgy dens i ty of u r o t ~ 3 X 1 0 ~ 7 erg c m - 3 . T h e m a g n e t i c energy 

exceeds t h e t u r b u l e n t energy of gas , b u t is smal ler t h a n t h e r o t a t i o n energy. 

T h e u n - b a l a n c e d energe t ics is m o r e p r o m i n e n t in t h e ver t ica l fea tu res : 

T h e ve r t i ca l m a g n e t i c fields such as t h e a rc a n d h igh - l a t i t ude polar ized 

fea tu res a re l o c a t e d a t r a d i u s of r < 40 p c , where only a very l i t t le a m o u n t 

of I S M is obse rved . E x c e p t for some c l u m p y molecu la r fea tu res , t h e ver t ica l 

m a g n e t i c fea tu res a r e no t a s soc ia ted w i th any p a r t i c u l a r gaseous s t r u c t u r e s , 

wh ich is dense a n d mass ive enough t o ancho r t h e field. O n t h e o t h e r h a n d , 

t h e molecu la r gas is d i s t r i b u t e d in a c i rcular r ing a t r ~ 120 p c , w h e r e no 

p a r t i c u l a r l y s t r o n g ve r t i ca l field is observed . Not only in t h e a p p e a r a n c e 

a n d loca t ion b u t also in energe t ics , t h e ver t ica l fields a n d t h e molecu la r 

disk a p p e a r t o exist separa te ly . 

3.2. GAS DYNAMICS, MAGNETISM, AND ANGULAR MOMENTUM 

T h e d y n a m i c s of ISM will b e s t rongly affected by t h e p resence of m a g -

ne t i c field, p a r t i c u l a r l y in t h e cen t r a l few t ens of pc region ( inside t h e 

r i n g ) . T h e r e have b e e n ex tens ive s imula t ions of gas d y n a m i c s in t h e cen-

t e r (e .g . , C o m b e s 1997; Noguchi 1997; W a d a 1997), in wh ich , however , t h e 

m a g n e t i s m h a s been neglec ted . Moreover , t h e m a g n e t o - h y d r o d y n a m i c s is 

essent ia l ly t h r ee -d imens iona l , a n d t h e behav io r of t h e gas d y n a m i c s , such 

as acc re t ion t o w a r d t h e nuc leus , would be th ree -d imens iona l . In th i s con-

t e x t , M H D s imula t ions of j e t s a n d ver t ica l flows, which combines accre t ion 

a n d tw i s t ed field ( S h i b a t a a n d U c h i d a 1987, could b e unified wi th t h e self-

g r a v i t a t i n g ba r - acc re t i on s imu la t ions . 

T h e or igin of t h e ver t ica l field will be t h e r e m n a n t of t h e ver t ica l com-

p o n e n t of p r i m o r d i a l large-scale ga lac t ic field, which has been a c c u m u l a t e d 

t o t h e cen te r d u r i n g t h e accre t ion of gaseous disk (Sofue a n d F u j i m o t o 

1987) . If th i s is t h e case , t h e ver t ica l field is connec ted t o t h e i n t e rga l ac t i c 

m a g n e t i c field ou t s ide t h e ha lo , a n d , therefore , i t s force-free s t a t e is of non-

r o t a t i n g . T h i s impl ies t h a t t h e cen t ra l ver t ica l field can be a l a rge -capac i ty 

reservoi r of a n g u l a r m o m e n t u m of acc re t ing gas , which m a k e s t h e accre t ion 

m o r e efficient even in a c i rcular r o t a t i o n . 

3.3. LARGE-SCALE EJECTION AND LOPSIDEDNESS 

T h e G a l a c t i c C e n t e r lobe ( G C L ) is a two-horned ver t ica l s t r u c t u r e , l ikely 

a cy l inder of a b o u t 200 p c in d i a m e t e r (Sofue a n d H a n d a 1984; Sofue 1985: 

F ig . 1) . T h e e a s t e r n r idge of t h e lobe is an ex tens ion from t h e r ad io A r c , 

a n d is s t rong ly po la r ized , while t h e wes te rn r idge emerges from Sgr C. A n 
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Figure 3. The North Polar Spur can be fitted by a shock wave due to a starburst 15 
million years ago. 

M H D acce le ra t ion m o d e l h a s b e e n p roposed , in which t h e gas is acce le ra ted 

by a twis t of polo ida l m a g n e t i c field by an accre t ing gas disk ( U c h i d a et 

al 1985) . High-veloci ty molecu la r gas ha s been found t o b e assoc ia ted w i t h 

t h e G C L (Sofue 1996: F ig . 1): Molecular gas in t h e e a s t e r n G C L r idge is 

r eced ing a t Vi s r ~ + 1 0 0 k m s - 1 , a n d t h e wes te rn gas is a p p r o a c h i n g a t 

~ —150 k m s - 1 , i nd i ca t i ng r o t a t i o n of t h e G C L . T h i s is cons i s ten t w i th t h e 

t w i s t e d m a g n e t i c cy l inder mode l . 

A m u c h la rger scale eject ion has been found in r ad io , which e m a n a t e s 

t o w a r d t h e ha lo , r each ing as h igh as b ~ 25° (Sofue et al 1988). T h i s 

f e a tu r e , wh ich is 4-kpc long a n d some 200-pc in d i a m e t e r , m a y b e cyl indr ica l 

in s h a p e a n d e x t e n d s roughly p e r p e n d i c u l a r t o t h e ga lac t ic p l a ne . Th i s 

s t r u c t u r e m i g h t b e a j e t , or it m i g h t be m a g n e t i c t o r n a d o p r o d u c e d by t h e 

differential r o t a t i o n b e t w e e n t h e ha lo a n d t h e nuc lea r disk. Th i s je t - l ike 

f ea tu res a p p e a r s t o be assoc ia ted w i t h t h e recen t ly discovered p l u m e of t h e 

0.5 M e V p o s i t r o n ann ih i l a t ion 7 - r a y s (Purce l l et al . 1997). It is i n t e r e s t i ng 

t o p o i n t ou t t h a t t h e large-scale eject ion fea tures ( G C L , 4-kpc j e t , t h e 

N o r t h P o l a r S p u r , t h e 7 - r a y a n t i - m a t t e r p l u m e ) a re all one-s ided t o w a r d 

t h e n o r t h . 

3.4. STARBURST 1.5 χ 10 7 YEARS AGO AND ITS REMNANT IN T H E 
HALO 

T h e r a d i o N o r t h P o l a r Spur (e.g. H a s l a m et al 1982) t r aces a g i an t loop on 

t h e sky w i th a d i a m e t e r of 120°, d r aw ing a huge Ω over t h e ga lac t ic cen te r , 

aga in lops ided in t h e n o r t h e r n ha lo (F ig . 3 ) . T h e Ω-shape can b e s imu la t ed 

by a shock front d u e t o an explosion ( sudden energy i n p u t ) a t t h e ga lac t ic 

c e n t e r (Sofue 1994) . In th i s mode l , t h e d i s t ance t o N P S is several k p c . T h e 

X- r ay in t ens i ty va r i a t i on as a funct ion of l a t i t u d e ind ica tes t h a t t h e source 
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is m o r e d i s t a n t t h a n a few k p c , b e y o n d t h e HI gas disk, cons i s ten t w i t h t h e 

G a l a c t i c C e n t e r explos ion m o d e l , b u t incons i s ten t w i th t h e local s u p e r n o v a 

r e m n a n t h y p o t h e s i s . 

T h e N P S is n a t u r a l l y exp la ined , if t h e G a l a x y exper ienced an ac t ive 

p h a s e 15 mil l ion yea r s ago assoc ia ted wi th an explosive energy release of 

s o m e 1 0 5 6 e rg (Sofue 1994). T h i s sugges ts t h a t a s t a r b u r s t h a d occu r r ed in 

ou r Ga l ac t i c C e n t e r , which involved ~ 1 0 5 supe rnovae d u r i n g a re la t ive ly 

sho r t p e r i o d ( ~ 1 0 6 y r s ) . If t h i s scenar io of s t a r b u r s t is t h e case , t h e p r e sen t 

Ga l ac t i c C e n t e r m a y b e in a quie t p h a s e , p robab ly in a p u m p i n g - u p p h a s e 

for a c o m i n g b u r s t . 
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