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A b s t r a c t . A t t h e c e n t r e of M 3 1 t h e n o n t h e r m a l spec t r a l i n d e x b e t w e e n 

Λ20 cm a n d λ 6 cm is —0.2. I t slowly decreases a long t h e s o u t h e r n a r m a n d 

t h e n o r t h e r n filaments visible in H a , b u t pe rpend i cu l a r t o these fea tures it 

increases m u c h fas ter . T h e m a g n e t i c field r u n s a long t h e a r m a n d t h e fila-

m e n t s . T h e s e p h e n o m e n a suggest t h e exis tence of a mono-ene rge t i c source 

of re la t iv i s t i c e lec t rons in t h e nuc leus . 

1. O b s e r v a t i o n s 

T h e p r o x i m i t y of t h e A n d r o m e d a Ga laxy (M31) enables t o s t u d y i ts cen-

t r a l region wi th high l inear resolu t ion . W i t h t h e V L A we observed t h e 

c e n t r a l 20 ' a t Λ6 cm in t h e D configurat ion a n d a t Λ20 cm in t h e C a n d D 

conf igura t ion . T h e angu l a r reso lu t ions a re 1 3 " , 2 2 " a n d 4 5 " , respect ively , 

c o r r e s p o n d i n g t o 45 p c , 75 pc a n d 150 pc in t h e p l ane of M 3 1 . T h e D-a r r ay 

d a t a a t Λ20 c m c a m e from t h e new M31 survey of Beck et al. (1998) . 

W e cor rec ted for miss ing spacings by combin ing t h e V L A d a t a wi th t h e 

new Effelsberg m a p s a t Λ6 cm (Beck, Berkhui j sen , Hoernes , in p r e p a r a t i o n ) 

a n d Λ20 cm (Beck et al. 1998) . A compar i son of t h e i n t e g r a t e d flux den-

sit ies c o n t a i n e d w i th in 5 ' ( = 1 kpc) from t h e cen t re showed t h a t a t b o t h 

wave leng ths t h e V L A missed a b o u t 50% of t h e t o t a l a n d po la r ized emiss ion . 

2 . S p e c t r a l I n d e x D i s t r i b u t i o n 

T h e d i s t r i b u t i o n of t h e t o t a l power emission a t Λ6 cm is very s imilar t o t h a t 

of t h e H a emiss ion (C ia rdu l lo et al. 1988, Deve reux et al. 1994) s m o o t h e d 

t o 1 3 " : t h e s o u t h e r n a r m a n d t h e b r igh tes t filaments in t h e n o r t h e r n p a r t 

a r e clearly visible a t Λ6 cm. 
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After s m o o t h i n g t h e Λ6 cm m a p to 22" , we o b t a i n e d t h e d i s t r i bu t i on 

of t h e t o t a l spec t r a l i ndex a (S oc ζ/*), which has a f i l amenta ry a n d p a t c h y 

a p p e a r a n c e . A t t h e very cen t re t h e s p e c t r u m is flat wi th a ~ —0.2, a n d 

i t s t e e p e n s o u t w a r d s . Th i s flat s p e c t r u m canno t be due t o a p r e d o m i n a n c e 

of t h e r m a l emiss ion , because after correct ion for ex t inc t ion t h e Ua d a t a 

of D e v e r e u x et al. (1994) accoun t for less t h a n 20% of t h e flux dens i ty a t 

Λ6 c m . Hence , t h e n o n t h e r m a l spec t r a l i ndex an m u s t be close t o —0.2. 

W e ca lcu la ted t h e r m a l m a p s a t Λ6 cm a n d Λ20 cm from t h e H a emiss ion , 

s u b t r a c t e d t h e m from t h e t o t a l power m a p s a n d d e t e r m i n e d a n b e t w e e n 

t h e res idua l n o n t h e r m a l m a p s . A t t h e cen t re an = —0.2 a n d decreases a long 

t h e s o u t h e r n a r m a n d t h e f i l amentary fea tures r each ing a b o u t —0.5 on t h e 

f i l aments in t h e inne r 400 pc . A t la rger radi i a n d p e r p e n d i c u l a r t o t h e a r m 

a n d t h e f i laments a n quickly decreases t o values < —1.0. Th i s b e h a v i o u r 

is s imilar t o t h a t obse rved in t h e cent res of t h e Milky Way ( P o h l et al. 

1992, Sofue, t h i s vo lume) a n d M81 ( R e u t e r & Lesch 1996); it sugges ts 

t h e ex i s tence of a b lack hole assoc ia ted wi th a mono-energe t i c source of 

re la t iv i s t i c e lec t rons in t h e nuc leus . 

3 . Magnetic Field Properties 

T h e po la r ized emiss ion a t Λ6 cm a n d Λ20 cm is c o n c e n t r a t e d on a n d a r o u n d 

t h e s o u t h e r n a r m wi th t h e h ighes t degree of po la r i za t ion a long t h e ins ide 

of t h e a r m . A t Λ6 cm also t h e n o r t h e r n f i laments show polar ized emiss ion , 

b u t t h i s a r ea is near ly unpo la r i zed a t Λ20 cm which is p r o b a b l y due t o 

depo la r i za t i on across t h e b e a m caused by t h e fine f i l amenta ry s t r u c t u r e . 

After cor rec t ion for F a r a d a y r o t a t i o n t h e regular m a g n e t i c field c o m p o n e n t 

a p p e a r s t o b e o r i en ted a long t h e s o u t h e r n a r m a n d t h e n o r t h e r n f i l aments . 

A s s u m i n g energy e q u i p a r t i t i o n b e t w e e n cosmic-ray par t ic les a n d m a g -

ne t i c fields, t h e s t r e n g t h of t h e t o t a l m a g n e t i c field Bt a n d t h e r egu la r field 

BTeg can be ca lcu la t ed . T h e average va lue of Bt in r ings a r o u n d t h e cen-

t r e increases sl ightly from 15 ± 3 / /G a t R = 0 .2-0 .4 kpc t o 19 ± 3 μ Ο a t 

R — 0 .8-1 .0 k p c . T h e s e values are a factor of 3 t o 4 h igher t h a n t h e t o t a l 

field s t r e n g t h in t h e b r igh t emission r ing at R ~ 10 k p c . BTeg increases 

from 4 ± 1.5 μ ϋ a t R = 0 .2-0 .4 kpc t o 9 ± 2 μ Θ a t R = 0 .8-1 .0 k p c . Hence , 

r a n d o m m a g n e t i c fields a re d o m i n a t i n g a t R < 1 kpc . 

References 

B e c k R., B e r k h u i j s e n E.M., H o e r n e s P. , 1 9 9 8 , A&;A, in press 

C i a r d u l l o R., R u b i n V . C . , Jacobi G . H . , Ford H . C . , Ford jr. W . K . , 1988 , A J 9 5 , 4 3 8 
D e v e r e u x N . A . , P r i c e R. , W e l l s L A . , D u r i c N . , 1994 , A J 108 , 1664 
P o h l M. , R e i c h W . , Schl icke i ser R., 1 9 9 2 , A & A 2 6 2 , 4 4 8 
R e u t e r H . - P . , L e s c h H., 1 9 9 6 , A & A 3 1 0 , L5 
S o f u e Y . , 1 9 9 8 , t h i s v o l u m e 

https://doi.org/10.1017/S007418090008517X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090008517X

