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A b s t r a c t . T h e m a g n e t i c e n v i r o n m e n t of t h e Ga lac t i c nuc leus c o n t r a s t s 

s h a r p l y w i t h t h a t of t h e Ga lac t i c disk. T h e inner few h u n d r e d parsecs of 

o u r G a l a x y a p p e a r t o b e d o m i n a t e d by a s t r o n g (~mi l l i gauss ) a n d uni -

form d ipo le field which d o m i n a t e s t h e p ressure w i th in t h e cen t ra l i n t e rc loud 

m e d i u m . A n a t t r a c t i v e hypo thes i s for t h e or igin of t h e cen t ra l ver t i ca l field 

is t h a t i t r e su l t s f rom t h e c o n c e n t r a t i o n of p ro toga lac t i c field by r ad ia l in-

flow of gas t h r o u g h o u t t h e G a l a x y ' s l i fet ime. T h e p r e d o m i n a n t o r i e n t a t i o n 

of t h e m a g n e t i c field wi th in dense molecu la r c louds is para l le l t o t h e galac-

t i c p l a n e , wh ich can b e u n d e r s t o o d in t e r m s of t h e s t r o n g t ida l shea r t o 

wh ich t he se c louds a re sub jec ted . T h e c o n t r a s t i n g geomet r ies of t h e c loud 

a n d i n t e r c loud fields al low for m a g n e t i c field l ine reconnec t ion a t cloud sur-

faces, w h i c h , u n d e r t h e r igh t c i r cums tances , could p r o d u c e t h e re la t iv i s t ic 

e l ec t rons which de l inea te t h e n o n t h e r m a l r ad io f i laments n e a r t h e Ga l ac t i c 

cen t e r w i t h t he i r s y n c h r o t r o n emiss ion. T h e charac te r i s t i cs of t h e Ga lac -

t ic cen t e r " m a g n e t o s p h e r e " should b e genera l izable t o all gas-r ich spi ra l 

ga lax ies . I n a d e q u a t e spa t i a l reso lu t ion cu r r en t ly p r e v e n t s us from explor-

ing m a g n e t i c fields in o t h e r ga lac t ic nuclei t o t h e s a m e d e p t h as in t h e 

G a l a c t i c cen t e r , b u t ex i s t ing ev idence is cons i s ten t w i th s imilar m a g n e t i c 

geome t r i e s e l sewhere . 

1. M a g n e t i c F i e l d P r o b e s 

T h e five different ways in which t h e m a g n e t i c field nea r t h e cen te r of ou r 

G a l a x y a n d o t h e r galaxies has b e e n s tud ied a re s u m m a r i z e d in T a b l e 1. 

T h e first t h r e e involve obse rva t ions of in t r ins ica l ly po la r ized , n o n t h e r m a l 

r a d i o c o n t i n u u m emiss ion , t h e four th is classical Zeeman s tud ies of radiofre-

q u e n c y l ine emiss ion , a n d t h e fifth is an i n f r a r ed / submi l l ime t e r p r o b e : mea-
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s û r e m e n t of t h e po la r i za t ion of t h e r m a l emission from magne t i ca l ly a l igned 
d u s t g r a in s . 

TABLE 1. Magnetic Field Probes 

Method field strength information? field component 

radio continuum: 

morphology partial 
polarization angle no 
Faraday rotation measure partial 
radio lines (OH, HI, CN, etc.): 

Zeeman effect yes 
far-IR & sub-mm continuum: 

polarization of dust emission partial 

plane of sky 
plane of sky 
line of sight 

line of sight 

plane of sky 

Morphology: The Nonthermal Filaments (NTF's). A m o n g t h e m o s t s t r ik-

ing fea tu res ev iden t in images of r ad io c o n t i n u u m emission of t h e G a l a c t i c 

cen t e r a re t h i n f i l amen ta ry s t r u c t u r e s on scales of several t ens of pa r secs . 

T h e y occur b o t h in i so la t ion a n d in bund le s of para l le l s t r a n d s . A b o u t 9 

such s y s t e m s a re k n o w n (cf., Morr i s 1996). T h e i r s t r ong po la r i za t ion re-

veals t he i r n o n t h e r m a l c h a r a c t e r , p r e s u m a b l y owed t o s y n c h r o t r o n emiss ion . 

T h e i r c o n t i n u o u s f i l amen ta ry n a t u r e is ascr ibed t o m a g n e t i c conf inement 

of s t r e a m i n g , re la t iv i s t ic par t ic les wi th in a n a r r o w flux t u b e . 

Orientation of the Intrinsic Polarization Vector. I n d e p e n d e n t of t h e ori-

e n t a t i o n of t h e N T F ' s , t h e d i rec t ion of t h e m a g n e t i c field l ines w i th in t h e 

f i laments is revea led by t h e o r i en t a t i on of t h e in t r ins ic po la r i za t ion vec-

t o r s , b e c a u s e t h e d o m i n a n t E-vec tor of polar ized sy n ch ro t ro n emiss ion is 

o r i e n t e d p e r p e n d i c u l a r t o t h e m a g n e t i c field l ines . O b t a i n i n g t h e in t r ins ic 

po l a r i za t i on vec tors requi res t h a t t h e m e a s u r e d po la r i za t ion b e co r rec ted 

for F a r a d a y r o t a t i o n by t h e in t e rven ing m e d i u m . Not surpr is ingly , t h e m a g -

ne t i c field o r i e n t a t i o n inferred in th i s way agrees wi th t h e p r e s u m p t i o n t h a t 

t h e f i l aments de l inea te t h e m a g n e t i c field ( T s u b o i et al. 1986; Yusef-Zadeh 

et al. 1997; L a n g & Mor r i s , th i s v o l u m e ) . In o t h e r ga laxies , w h e r e f i l aments 

h a v e no t yet b e e n ident i f ied, po la r i za t ion vec to r o r i en t a t i ons have b e e n t h e 

be s t way of inferr ing t h e m a g n e t i c field geomet ry . 

Faraday Rotation. Since t h e r o t a t i o n m e a s u r e is p r o p o r t i o n a l t o t h e line-of-

s ight i n t e g r a l of t h e p r o d u c t of e lec t ron dens i ty a n d line-of-sight m a g n e t i c 

field, it p r o b e s t h e field in t h e m e d i u m lying in t h e foreground of po la r -

ized sources . In genera l , t h e m a g n e t i c s t r u c t u r e of t h e F a r a d a y - r o t a t i n g 

fo reground m e d i u m is complex , b u t in some cases , i t shows f i l amen ta ry 

s t r u c t u r e of i t s own (i.e., I noue et al. 1989), or i t can b e assoc ia ted w i t h 
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t h e po la r i zed source , a n d t h e r e b y give useful c o n s t r a i n t s on t h e local con-

d i t ions t h e r e . 

Zeeman Measures. W h i l e Z e e m a n m e a s u r e s a re , in pr inc ip le , t h e bes t way 

t o m e a s u r e line-of-sight m a g n e t i c field s t r e n g t h s , the i r app l i ca t ion t o O H 

a n d HI in t h e Ga l ac t i c cen te r has so far p r o d u c e d only a few t a n t a l y z i n g 

pos i t ive resu l t s (Kil leen et ai 1992; P l a n t e et ai 1995), y ie lding s t r e n g t h s of 

a few mi l l iGauss in a few loca t ions wi th in t h e c i r cumnuc lea r disk. F u r t h e r 

away from t h e cen te r , U c h i d a & Gi i s ten (1995) found only u p p e r l imi t s 

of a few t e n t h s m G on line-of-sight fields m e a s u r e d wi th a 10 -a r cminu te 

b e a m . T h e i r resu l t s can p e r h a p s be u n d e r s t o o d in t e r m s of cance l la t ions 

of t h e differential c i rcular po la r i za t ions a long t h e l ine of s ight a n d w i th in 

t h e l a rge b e a m . Yusef-Zadeh et ai (1996) have identif ied seven c o m p a c t 

sources of 1720 M H z maser emiss ion wi th in t h e Sgr A complex , a n d have 

used Z e e m a n m e a s u r e m e n t s t o infer fields of 2 - 4 m G . No Zeeman m e a s u r e s 

h a v e ye t been successfully car r ied ou t t o w a r d o t h e r Ga lac t i c nucle i . 

Polarization of Thermal Far-Infrared and Suhmillimeter Continuum Emis-

sion from Magnetically Aligned Dust Grains. A lmos t a n y m a g n e t i c align-

m e n t m e c h a n i s m leads t o t h e a l i gnmen t of t h e r o t a t i o n a l axes of d u s t g ra ins 

w i t h t h e m a g n e t i c field, w h e t h e r t h e m e c h a n i s m o p e r a t e s by di rec t m a g n e t i c 

t o r q u i n g of t h e d u s t g ra ins ( t h e classical Dav i s -Greens te in m e c h a n i s m , a n d 

i t s m a n y m o d e r n va r i a t ions ; e.g., H i l d e b r a n d 1988; R o b e r g e 1996; L a z a r i a n 

1996) or v ia an i n t e r m e d i a r y such as s t r e a m i n g ions set in m o t i o n by mov-

ing m a g n e t i c field l ines (Laza r i an 1994; Robe rge et al. 1995). As a r e su l t , 

t h e m e a n p ro jec t ion of t h e long axis of t h e g ra ins , a n d t h u s t h e d o m i n a n t 

E -vec to r of t h e r m a l g ra in emiss ion , is expec t ed t o be p e r p e n d i c u l a r t o t h e 

m a g n e t i c field l ines . ( N o t e t h a t , in a n y localized source of polar ized emis-

s ion, one m u s t b e sensi t ive t o t h e poss ibi l i ty t h a t n o n - m a g n e t i c a l i g n m e n t 

m e c h a n i s m s such as r a d i a t i v e a l i gnmen t or a l i gnmen t by Gold s t r e a m i n g 

b e o p e r a t i n g , a l t h o u g h these m e c h a n i s m s a re so far no t in ev idence . ) Far -

I R po l a r i za t i on m e a s u r e m e n t s m a d e in t h e Ga lac t i c cen te r have yielded u p 

t o ~ 1 0 % po la r i za t i on , which is a b o u t t h e l imi t of w h a t m igh t b e e x p e c t e d 

f rom gra in a l i g n m e n t processes (H i ldeb rand & Dragovan 1995). Submi l l ime-

t e r po l a r i za t i on m e a s u r e m e n t s should be t h e m a i n s t a y of th i s t e c h n i q u e in 

t h e n e x t severa l yea r s (Novak , th i s v o l u m e ) . So far, p o l a r i m e t r y of the r -

m a l d u s t emiss ion has been used only for s tud ies of ou r Ga laxy , b u t t h e 

ex t ens ion of th i s t e c h n i q u e t o o t h e r galaxies is only a m a t t e r of t i m e . 

2 . T h e M a g n e t i c F i e l d i n t h e I n t e r c l o u d M e d i u m 

T h e N T F ' s supp ly t h e be s t in fo rmat ion we have on t h e m a g n e t i c field in t h e 

i n t e r c l o u d m e d i u m ( I C M ) . However , t h e y s amp le t h e field only a t pr ivi leged 

l oca t i ons , whe re re la t iv is t ic par t ic les h a v e somehow been gene ra t ed a n d a re 
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i l l u m i n a t i n g t h e local flux t u b e s w i th the i r sy n ch ro t ro n emiss ion. T h e mor -

pho logy of t h e N T F ' s carr ies a g rea t deal of in fo rmat ion , however ; we see 

t h a t t h e y a re usual ly , if no t a lways , i n t e r a c t i n g wi th molecu la r c louds , a n d 

ye t t h e y suffer on ly m i n o r d i s to r t i ons , a t m o s t , from these i n t e r a c t i o n s , in-

d i c a t i n g a s u b s t a n t i a l m a g n e t i c r ig idi ty (e.g., Morr i s & Yusef-Zadeh 1989; 

T s u b o i et al. 1997; S t a g u h n 1997). O n e can therefore e s t i m a t e t h e m a g n e t i c 

field s t r e n g t h by e q u a t i n g t h e m a g n e t i c p ressure wi th e i the r t h e t u r b u l e n t 

p r e s su re w i th in c louds ( o b t a i n e d from the i r i n t e r n a l veloci ty d i spers ion of 

~ 1 5 k m s " 1 a n d t he i r typ ica l densi t ies of 1 0 4 c m - 3 ) or w i t h t h e r a m pres -

su re of t h e c louds a s s u m i n g a typ ica l i n t r ac loud veloci ty d ispers ion of 10 

- 20 k m s - 1 . In th i s way, one finds typ ica l m a g n e t i c field s t r e n g t h s in t h e 

N T F ' s of a few mi l l igauss . 

W h i l e such a s t r o n g field m i g h t be in p res su re ba l ance a t i t s in ter face 

w i t h molecu la r c louds , t h e r e is n o k n o w n conf inement m e c h a n i s m in t h e 

I C M which can c o m p e t e w i t h t h e p ressure of a mil l igauss m a g n e t i c field. 

T h e p ressu res in t h e Ga l ac t i c cen te r a re 2 t o 3 o rders of m a g n i t u d e h igher 

t h a n t h o s e in t h e Ga l ac t i c disk (Spergel & Bli tz 1992), b u t even t h e ho t 

p l a s m a o c c u p y i n g t h e v o l u m e over ly ing t h e cen t ra l molecu la r zone ( C M Z ) 

in wh ich t h e N T F ' s a re found ( K o y a m a et al. 1996) falls sho r t by a few 

o rde r s of m a g n i t u d e of be ing able t o confine t h e N T F ' s . There fore , t h e y a r e 

e i t he r t r a n s i e n t f ea tu res , e x p a n d i n g a t t h e very high Alfvén speeds of t h e 

I C M ( ~ 1 0 3 k m s " 1 , g iv ing a n expans ion t i m e scale of 300 yr , ba re ly e n o u g h 

t o form t h e m even if t h e fo rma t ion process p r o p a g a t e s a long the i r l e n g t h 

a t l ight s p e e d ) , or t h e m a g n e t i c field is itself of roughly un i fo rm s t r e n g t h 

t h r o u g h o u t t h e c e n t r a l ~ 1 0 0 p c region where t h e N T F ' s a re found . T h e 

l a t t e r seems t h e only real is t ic a l t e rna t i ve . 

T h e N T F ' s a re all o r i en ted rough ly p e r p e n d i c u l a r t o t h e Ga l ac t i c p l a n e , 

i n d i c a t i n g t h a t t h e g lobal field s t r u c t u r e is d ipo la r . T h e y show some cur-

v a t u r e , p e r h a p s owed t o d ivergence above a n d be low t h e p l a n e , b u t t h e y 

a r e u n d i s t o r t e d by t h e ga lac t ic gas layer itself. Because t h e N T F ' s fade o u t 

a b o u t 30 or 40 p c from t h e p l a n e , t h e y do no t reveal t h e full ver t ica l e x t e n t 

of t h e d ipo le field. T h e po la r ized p l u m e of emission from t h e r ad io Arc indi -

ca t e s a ve r t i ca l e x t e n t of a t leas t ± 1 5 0 p c (Se i radakis et al. 1985; T s u b o i et 

al. 1986) . T h e ho r i zon t a l e x t e n t of t h e inferred dipole field is c o m p a r a b l e t o 

t h e size of t h e C M Z t o w a r d nega t ive l ong i tude ( ~ 1 4 0 p c ) , b u t a t pos i t ive 

l o n g i t u d e , w h e r e t h e C M Z e x t e n d s t o as m u c h as 230 p c , t h e N T F ' s a re 

so far seen only ou t t o p ro j ec t ed d i s t ances of ~ 4 0 pc (Yusef-Zadeh et al. 

1990) . I t is t e m p t i n g t o i m a g i n e t h a t t h e cen t ra l d ipole field is coex tens ive 

w i t h t h e C M Z , a n d t h a t t h e impl ied r ing cu r ren t c i rcu la tes nea r t h e o u t e r 

edge of t h e C M Z . 

T h e s t r o n g , cen t r a l d ipole field in ou r G a l a x y can h a v e a significant 

d y n a m i c a l effect on c louds o rb i t i ng t h r o u g h i t . If t h e field is no t p a r t i c i p â t -
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ing in t h e genera l r o t a t i o n of t h e Ga laxy , t h e n t h e t i m e scale for m a g n e t i c 

viscosi ty t o e x t r a c t t h e a n g u l a r m o m e n t u m of a c loud, a n d therefore cause 

it t o m i g r a t e i n w a r d , can b e re la t ively shor t ( ~ 1 0 8 years ; Morr i s & Ser-

a b y n 1996) . Also , t h e ho t corona l p l a s m a a t t h e Ga lac t i c cen te r , ev idenced 

by obse rva t i ons of diffuse x - rays ( K o y a m a et al 1996 or 7) a n d which h a s 

a p p r o x i m a t e l y t h e s a m e scale as t h e C M Z , should b e confined a n d , if i t lies 

a t t h e b a s e of a Ga lac t i c w ind , d i rec ted by t h e d ipole m a g n e t i c field. 

3 . M a g n e t i c F i e l d s i n C l o u d s 

Pola r i zed t h e r m a l infrared emission has been t h e m o s t reveal ing p r o b e of 

t h e m a g n e t i c field w i th in c louds nea r t h e Ga lac t i c cen te r . T h e first such 

s t u d y , ca r r ied o u t a t 10 μη ι , was of t h e N o r t h e r n A r m of Sgr A W e s t , a 

l inear , ionized s t r e a m a p p a r e n t l y be ing t ida l ly d r a w n t o w a r d t h e ga lac t i c 

cen t e r ( m o s t r ecen t ly d iscussed by A i tken et ai 1996). A i t k e n et al (1991) 

showed t h a t t h e m a g n e t i c field is a l igned a long t h e l eng th of th i s s t r u c t u r e , 

a n d t h e y sugges ted t h a t th i s g e o m e t r y has resu l t ed from t h e inev i t ab le t i da l 

shea r t h a t t h i s c loud h a s u n d e r g o n e , regardless of t h e in i t ia l field geome t ry . 

Po la r i zed 100 /xm emiss ion from t h e larger-scale ( 1 - 1 0 pc ) c i r cumnu-

clear disk shows t h a t t h e d o m i n a n t field d i rec t ion lies wi th in t h e p l ane of 

t h a t disk. H i l d e b r a n d et ai (1993) discuss how a c o m b i n a t i o n of differential 

r o t a t i o n a n d r ad ia l m o t i o n s wi th in t h e disk can accoun t for t h e wel l -ordered 

d i s t r i b u t i o n of po la r i za t ion vec to r s . In a n o t h e r c loud nea r t h e Ga lac t i c cen-

t e r , t h e c loud u n d e r l y i n g t h e t h e r m a l , a rched f i laments of t h e R a d i o A r c 

( S e r a b y n &; G ü s t e n 1987; Morr i s Sz Yusef-Zadeh 1989), t h e m a g n e t i c field is 

found t o b e h ighly o rde red on 1 - 15 pc scales, a n d t o b e o r i en ted a long t h e 

ion ized , t h e r m a l f i laments a t t h e cloud surface (Morr i s et ai 1995, 1998) . 

T h e s e f i laments a re largely o r i en ted para l le l t o t h e Ga lac t i c p l a n e , t h o u g h 

t h e i r c u r v a t u r e follows t h e r idge of t h e c loud, a n d t h e f i laments a n d impl ied 

field d i rec t ion s u b t e n d a b o u t a 45° angle wi th respec t t o t h e ga lac t ic p l a n e 

a t t he i r s o u t h e r n ex t r emi ty . 

T h e Sgr B2 c loud (discussed by Novak, in t hese p roceed ings ) is a special 

case b e c a u s e of i ts l a rge far- IR opac i ty . T h i s is t h e only cloud k n o w n so far 

in wh ich t h e o r i e n t a t i o n of t h e po la r i za t ion vec tors is affected by abso rp -

t ion w i t h i n t h e c loud itself. W h e n correc t ion is m a d e for a b s o r p t i o n , t h e 

o r i e n t a t i o n of t h e m a g n e t i c field is r a t h e r un i form, a n d o r i en ted a t a b o u t 

50° w i t h respec t t o t h e Ga lac t i c p l ane . T h e cloud unde r ly ing t h e Sickle 

(GO.18-0.04) also shows a s t r ik ing un i formi ty of m a g n e t i c field d i rec t ion 

(figure 1, from Morr i s et ai 1998), a n d in th i s case , t h e impl ied field is 

para l le l t o t h e Ga l ac t i c p l ane . 

T h e genera l i t ies t o b e d r a w n from e x t a n t po la r i za t ion obse rva t ions of 

Ga l ac t i c cen te r c louds a re : 1) wi th in a single c loud, t h e m a g n e t i c field 
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„ i , . . , . . 7 , . i . , < . . . « 1 

TOO 0 -100 -200 
Δ Right Ascension 

Figure 1. Figure 1. The HII region GO. 18-0.04 and radio filaments of the Arc (gray-scale, 
representing 6-cm continuum intensity) and contours of CS J=3-2 line emission (from Ser-
abyn &; Güsten 1991). The 60-/xm polarization vectors are superimposed, with length 
of the line segment proportional to % polarization (for reference, the southernmost, 
non-conforming point at -88", -153" has 12% polarization) 

di rec t ion s a m p l e d w i t h a 1 or 2-pc b e a m is typica l ly qu i t e un i fo rm, 2) t h e 

% p o l a r i z a t i o n s of far - IR emiss ion from galac t ic cen te r c louds a re l a rge , 

u p t o 10%, cons i s t en t w i t h t h e no t ion t h a t t h e field is b o t h s t r o n g a n d 

re la t ive ly un i fo rm on scales > 1 p c , a n d 3) t h e r e seems t o be a t e n d e n c y 

for t h e c loud fields t o b e o r i en ted a long t h e Ga lac t i c p l a n e , a l t h o u g h t h e r e 

a r e dev i a t i ons from th i s t r e n d of u p t o ~ 5 0 ° . T h e l a t t e r po in t c o n t r a s t s 

m a r k e d l y w i t h t h e impl ied ver t ica l o r i en t a t i on of t h e m a g n e t i c field of t h e 

i n t e r c l o u d m e d i u m . It is t e m p t i n g t o ascr ibe cloud field o r i en t a t i ons t o shea r 

in all cases , g iven t h e s t r o n g t i da l fields p re sen t in th i s region, a n d t h e fact 

t h a t mo lecu la r l ine su rveys show t h a t m a n y , if no t m o s t , of t h e c louds a re 

desc r ibab le as s t r e a m s of molecu la r m a t e r i a l s u b t e n d i n g a la rge a z i m u t h a l 

ang le a t t h e ga lac t i c cen te r . Because t h e m a g n e t i c field in a h ighly s h e a r e d , 

c o n d u c t i n g m e d i u m becomes p r e d o m i n a n t l y para l le l t o t h e shear d i rec t ion 

regard less of t h e in i t ia l field o r i e n t a t i o n , a n d because cloud shear n e a r t h e 

ga lac t i c cen te r is usua l ly para l le l t o t h e Ga lac t i c p l ane , it is n a t u r a l t o 

a p p e a l t o t i da l shea r in o rde r t o u n d e r s t a n d t h e t e n d e n c y for c loud fields 

t o b e a l igned a long t h e Ga lac t i c p l ane . 
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4 . O r i g i n o f t h e N o n t h e r m a l F i l a m e n t s 

Of t h e m o d e l s which have been offered t o accoun t for t h e N T F ' s (see Morr i s 

1996) , we m e n t i o n only two he re . Se rabyn & Morr i s (1994) n o t e t h a t t h e 

f i l aments of t h e R a d i o A r c a re l inked t o high dens i ty molecu la r c l u m p s 

w i t h i n t h e "25 k m s - 1 " c loud a n d which a re a b u t t i n g t h e ionized surface of 

t h a t c loud . I ndeed , every sufficiently wel l -s tudied N T F a p p e a r s t o coincide 

s o m e w h e r e a long i t s l e n g t h w i th t h e ionized surface of a molecu la r c loud 

(e.g., U c h i d a et al. 1996; S t a g u h n et al. 1997). T h i s led Se rabyn & Mor r i s 

(1994) t o hypo thes i ze t h a t par t ic les a re acce le ra ted a t ionized c loud surfaces 

by field l ine r econnec t ion b e t w e e n t h e fields in t h e cloud a n d t h e I C M . 

T h e d r a m a t i c difference b e t w e e n t h e p r e d o m i n a n t o r i en t a t i ons of c loud 

a n d i n t e r c loud fields faci l i ta tes th i s p rocess . F igu re 1 i l lus t ra tes h o w t h e 

N T F ' s of t h e r a d i o a r c , which define t h e field d i rec t ion in t h e in t e rc loud 

m e d i u m , a re o r t h o g o n a l t o t h e field wi th in t h e molecu la r c loud, which is 

p e r p e n d i c u l a r t o t h e po la r i za t ion vec tors shown. T h e ionized surface of t h e 

c loud is ev iden t as t h e s ickle-shaped HI I region, GO. 18-0.04. 

A r ecen t a l t e r n a t i v e was offered by Rosner a n d B o d o (1996) , w h o pro-

pose t h a t t h e re la t iv is t ic e lec t rons i l l umina t ing t h e N T F ' s a re p r o d u c e d in 

t h e t e r m i n a t i o n shocks of s te l lar w inds , a n d t h a t th i s process defines t h e 

t r a n s v e r s e d imens ions of t h e N T F ' s . In genera l , each f i lament would requ i re 

a s e p a r a t e s te l la r w ind , a n d t h e presence of bund le s of N T F ' s would b e as-

c r ibab le t o c lus te rs of w indy s t a r s . T h e presence of t h e respons ib le s t a r s or 

s te l la r w inds h a s no t ye t b e e n d e m o n s t r a t e d for mos t N T F ' s , b u t t h e r e is 

one loca t ion w h e r e th i s hypo thes i s is very appea l i ng : t h e " P i s t o l " n e b u l a , 

cons i s t ing of é jec ta from t h e a p p a r e n t L B V s t a r a t i t s cen te r ( t h e so-called 

" P i s t o l S t a r " ; F iger et al., in t hese p roceed ings ) . 

5 . T h e P i s t o l N e b u l a ( G O . 1 5 - 0 . 0 5 ) , a n d O t h e r S p h e r i c a l P i s t o n s 

T h e P i s to l N e b u l a h a s a rough cyl indr ical s y m m e t r y (Yusef-Zadeh & Mor-

ris 1987) , w i t h i t s long axis paral le l t o t h e m a g n e t i c field, as defined by t h e 

N T F ' s , so i t seems possible t h a t t h e n e b u l a ha s been s h a p e d by t h e a m b i e n t 

field ( a l t h o u g h L B V winds a re genera l ly no t very s y m m e t r i c , so th i s could 

b e a co inc idence) . T h e Rosne r & B o d o hypo thes i s is s u p p o r t e d by t h e fact 

t h a t t w o N T F ' s a p p e a r t o o r ig ina te (or a t leas t u n d e r g o b r igh tnes s discon-

t i nu i t i e s ) a t t h e edges of t h e P i s to l Nebu la , t h a t is , from t h e t e r m i n a t i o n 

shock of t h e wind from t h e P i s to l S t a r . T h i s can b e seen in F i g u r e 1. 

Spher ica l p i s tons of m a n y var ie t ies - O H / I R s t a r w inds , p l a n e t a r y n e b -

u l ae , ho t s t a r w i n d s , novae , supe rnovae - should all serve as p r o b e s of t h e 

a m b i e n t Ga lac t i c cen te r field, b e c a u s e all of t hese would b e deformed i n t o 

a n e l l ip t ical g e o m e t r y a t some r ad ius by t h e p ressure of t h e m a g n e t i c field. 

A G B s t a r s w i t h m a s s loss r a t e s of 1 0 ~ 5 Μ Θ yr~x a n d a typ ica l wind veloc-
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i t y of 15 k m s " 1 , for e x a m p l e , will e x p a n d a d i s t ance p e r p e n d i c u l a r t o t h e 

field l ines equa l t o 4 χ 1 0 1 6 B~x cm , or 0.36 arcsec , where t h e r a m p res su re 

of t h e w i n d is c o u n t e r a c t e d by t h e amb ien t m a g n e t i c p ressu re . T h e wind is 

u n i m p e d e d a long t h e field l ines , however , so con tou r s of C O emiss ion from 

such as ob jec t would b e el l ipt ical , w i th a n a r r o w d imens ion of only 0 .7" . 

6 · O r i g i n o f t h e C e n t r a l D i p o l e F i e l d 

T h e s t r o n g cen t r a l field of t h e G a l a x y could conceivably resul t from a t u r -

b u l e n t mean-f ie ld d y n a m o , a l t h o u g h n o d y n a m o m e c h a n i s m h a s ye t been 

offered which gives a s t r o n g , ver t ica l flux t h r o u g h t h e Ga lac t i c cen te r re-

g ion . A n a l t e r n a t i v e , a n d m o r e s t r a igh t fo rward hypo thes i s for t h e s t r o n g 

c e n t r a l field is t h a t i t r ep re sen t s a concen t r a t i on of m a g n e t i c flux ca r r ied 

t o w a r d t h e cen t e r over t h e l ifet ime of t h e Ga l axy by rad ia l inflow of pa r -

t ia l ly ionized m a t t e r i n t o which t h e m a g n e t i c flux is effectively frozen. T h i s 

i dea , or ig inal ly sugges ted b y Sofue a n d Fu j imoto (1987) , ha s been d iscussed 

b y Mor r i s (1994) a n d cons idered in de ta i l by C h a n d r a n et al. (1998) . 

M a g n e t i c flux t h r e a d i n g t h e gas which compr i sed t h e p r o t o g a l a x y can be 

d iv ided i n t o c o m p o n e n t s para l le l a n d p e r p e n d i c u l a r t o t h e g lobal r o t a t i o n 

ax i s . Differential r o t a t i o n winds a n d amplifies t h e p e r p e n d i c u l a r c o m p o -

n e n t , wh ich now d o m i n a t e s t h e Ga lac t i c disk, and var ious d y n a m o mech-

a n i s m s can p rov ide fu r the r ampl i f ica t ion (e.g., R u z m a i k i n et al. 1988) . I t s 

s t r e n g t h s a t u r a t e s as t h e r a t e of ampl i f ica t ion is ba l anced by t h e r a t e of loss 

d u e t o a m b i p o l a r diffusion ou t of t h e Ga lac t i c gas layer . T h e c o m p o n e n t 

para l le l t o t h e Ga l ac t i c r o t a t i o n axis c a n n o t diffuse radia l ly o u t w a r d , how-

ever , n o t on ly b e c a u s e t h e rad ia l e x t e n t of t h e Ga l axy is far l a rger t h a n t h e 

ve r t i ca l e x t e n t , b u t p r imar i l y because t h e gas ca r ry ing t h e m a g n e t i c flux is 

m o v i n g rad ia l ly i n w a r d s a t a r a t e exceeding t h e o u t w a r d r a t e of a m b i p o l a r 

diffusion. T h i s inexorab le i n w a r d flux of gas a n d field is t h e resul t of a n g u l a r 

m o m e n t u m loss caused by a var ie ty of c o m m o n processes : shocks in sp i ra l 

a r m s a n d b a r s , d y n a m i c a l friction of c louds in t h e field of s t a r s , t o r q u e s 

e x e r t e d by a b a r , d i lu t ion of t h e o rb i t i ng gas by low a n g u l a r m o m e n t u m 

m a t e r i a l from t h e ha lo a n d e lsewhere , a n d p e r h a p s m a g n e t i c viscosity. 

T h e ver t ica l c o m p o n e n t of t h e field is therefore t r a p p e d in t h e Ga laxy , 

a n d is c o n c e n t r a t e d over t i m e in t h e cen t r a l regions . Mos t of t h e gas wh ich 

goes in w i t h t h e field forms s t a r s or p e r h a p s leaves as p a r t of a Ga l ac t i c 

w ind (Mor r i s & S e r a b y n 1996), b u t t h e loss of th i s gas from t h e in t e r s t e l l a r 

reservoi r does no t affect t h e m a g n e t i c field s t r e n g t h . T h e ~ 5 χ 1 0 7 Μ Θ of 

gas p r e sen t l y c o n s t i t u t i n g t h e C M Z is b u t a smal l f ract ion of t h e a m o u n t 

of gas wh ich h a s a p p a r e n t l y m i g r a t e d i n to t h e Ga lac t i c cen te r region over 

t h e G a l a x y ' s l i fe t ime. F l u x conse rva t ion can b e used t o e s t i m a t e e i the r t h e 

p r i m o r d i a l field s t r e n g t h or t h e d i s t ance from which gas ha s m i g r a t e d t o t h e 

https://doi.org/10.1017/S0074180900085144 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900085144


MAGNETIC PHENOMENA 339 

cen t e r d u r i n g a H u b b l e t i m e . C h a n d r a n et al. (1998) a d o p t a t ime-ave raged 

acc re t ion r a t e equa l t o t h e c u r r e n t l y e s t i m a t e d value of 0.3 M 0 yr~l (Mor r i s 

& S e r a b y n 1996) t o deduce a p ro toga l ac t i c m a g n e t i c field s t r e n g t h of 0.25 

/ /gauss on a scale of 13 k p c , a l t h o u g h if t h e average accre t ion r a t e is l a rge r , 

as seems p r o b a b l e given t h e p r e s u m a b l y la rger merge r r a t e a n d h igher gas 

f ract ion in t h e ear ly un ive r se , t h e impl ied p r imord i a l field s t r e n g t h a n d 

acc re t ion scale a re co r respond ing ly smal ler a n d la rger , respect ively . 

T h e s e in i t ia l field s t r e n g t h e s t i m a t e s app ly only t o ga lac t ic scale s t ruc -

t u r e s . F l u c t u a t i o n s h a v i n g s u b s t a n t i a l l y smal ler wave leng ths a re likely t o 

b e e l i m i n a t e d by field l ine reconnec t ion as ver t ica l field l ines of o p p o s i t e 

sign a re b r o u g h t t o g e t h e r by compress ion , differential r o t a t i o n , a n d t u r b u -

len t i n t e r c h a n g e ( C h a n d r a n et ai 1998). There fore , t h e m e a n p ro to g a l ac t i c 

field s t r e n g t h wou ld p r o b a b l y b e a few t imes la rger t h a n t h a t e s t i m a t e d by 

s imply scal ing t h e c u r r e n t cen t ra l field. T h e energy of t h e r econnec t ed field 

is d i s s ipa t ed as t h e r m a l energy a t a r a t e of ~ 1 0 4 L©, a n d could t h e r e b y b e 

a n i m p o r t a n t c o n t r i b u t o r t o t h e h e a t i n g of gas in t h e C M Z . 

T h e e x p l a n a t i o n of t h e cen t ra l d ipole field of ou r G a l a x y as concen-

t r a t e d p r o t o g a l a c t i c field is one which should be widely app l icab le t o sp i ra l 

ga lax ies , i n a s m u c h as t h e bas ic phys ica l e l emen t s a re un ive r sa l . In s tud -

ies of ga lac t i c nucle i , i t should therefore be kep t in m i n d t h a t t h e c e n t r a l 

m a g n e t i c field m a y s t rong ly affect obse rved phys ica l p rocesses . 

7. O t h e r G a l a x i e s 

T h e m a g n e t i c field in o t h e r galaxies is s amp led a t scales of k i loparsecs , 

r a t h e r t h a n pa r secs , so de ta i l ed compar i sons wi th ou r G a l a x y a re no t ye t 

poss ib le . None the l e s s , t h e r e a re t w o lines of inqu i ry sugges t ing t h a t d ipo le 

m a g n e t i c fields m a y b e i m p o r t a n t in a t leas t a fair f ract ion of ga lac t ic nucle i . 

F i r s t , a n u m b e r of galaxies which a re re la t ively ac t ive , a n d therefore b r igh t 

in t h e r a d i o , show r ad io c o n t i n u u m s t r u c t u r e s 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 t t h e nuc leus , r each ing he igh t s of a few ki loparsecs (e .# . , H u m m e l et 

al. 1983; Dur ic & Seaquis t 1988). T h e s e s t r u c t u r e s could r ep resen t gas wh ich 

h a s b e e n channe l ed o u t of t h e cen t r a l regions by a d ipole field, a l t h o u g h 

c h a n n e l i n g by a m b i e n t disk gas is t h e cu r r en t p a r a d i g m . Second, a n u m b e r 

of ga lax ies show l inear ly polar ized r ad io emission from the i r nuc lea r regions 

i nd i ca t i ve of a po lo ida l field. T h e s e inc lude : N G C 1 8 0 8 ( D a h l e m et al. 1990) , 

N G C 4 6 3 1 (Gol l a & H u m m e l 1994), a n d M82 ( R e u t e r et al. 1994) . T h e 

t a s k of t y i n g t h e s e large-scale resu l t s t o m a g n e t i c fields in t h e cen t r a l few 

h u n d r e d pa rsecs of t hese galaxies r ema ins t o b e done . 
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