
T H E M A G N E T I C F I E L D I N E D G E - O N G A L A X I E S . 

E. Hummel 1 and M . Dahlem 2 

1 Nuffield Radio Astronomy Laboratories, University of Manchester, 
Jodrell Bank, Macclesfield, Cheshire, SK11 9DL, England 

2 Max-Planck Institut für Radioastronomie, 
Auf dem Hügel 69, 5300 Bonn 1, F . R . G . 

A B S T R A C T . W e observed the linearly polarized emission of the edge-on galaxies 
NGC891 and NGC4631 in order to determine the magnetic field structure. 

I N T R O D U C T I O N . 

Edge-on spiral galaxies are obviously ideal objects to study the distribution of the 
radio continuum emission perpendicular to the plane (z-direction). Since the radio 
emission at ~ l G H z is predominantly synchrotron emission we can study i) the 
propagation of the cosmic rays, in particular the electron component, out of the 
plane and it) the strength and structure of the magnetic field (B-field) away from 
the plane. From an interpret at ional point of view these topics are related. The 
propagation and (non-) confinement of the relativistic electrons in the radio halo 
depend on the properties of the B-field. On the other hand, processes, like galactic 
winds, that influence the propagation of the the relativistic electrons, but also just 
the presence of cosmic rays, have an effect on the B-field. They can, in addition to 
large scale dynamo activity, give rise to a well structured B-field in the radio halo. 

Since the first, unambigious, discovery of a large scale radio halo in NGC4631 
(Ekers and Sancisi, 1977) it was clear that there can be significantly strong B-
fields at z>5kpc. However, it is not clear yet how common this is. Of the ~10 
relatively well studied edge-on galaxies only NGC891 and NGC4631 show clear 
evidence for radio emission at z>5kpc. This could be due to the finite sensitivity 
of the observations. Note that Beuermann et al. (1985) presented a two-disk model 
for the unresolved galactic radio emission in which the thick disk component (radio 
halo) has a full equivalent width of up to 6kpc. Since the Galaxy is a moderate 
radio emitter one could speculate that radio halos with B-field strengths > ^ G are 
quite common. 

Because of their large z-extent, NGC891 and NGC4631 have been selected for 
observations of their linearly polarized emission in order to determine the B-field 
structure. In both galaxies significant linearly polarized emission at large dis-
tances from the plane has been detected. The total and polarized intensity maps 
of NGC4631 are shown in Hummel et al (1988). 
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O B S E R V A T I O N S A N D R E S U L T S . 

The galaxies were observed with the V L A in its most compact configuration ( D -
array) and at 1.5GHz. The resulting resolution is 40" and the rms noise is 0.025 
and 0.015mJy/beam for NGC891 and NGC4631, respectively. The higher noise in 
case of NGC891 is due to the shorter observing time and the presence of 3C66 ~40' 
north of NGC891. 

NGC891 shows polarized emission on both sides of the optical major axis. The 
largest z-extent of ~ 3 ' is found in the south-western part. Here the degree of 
polarization ( P % ) is 15—>20%. In other areas of the radio halo ( 1 ' < ζ < 2 ' ) P% ~ 5 % . 
A t the major axis P% drops below 1%. The observed E-vectors show a regular 
structure on scales of 2'—»3'. 

In case of NGC4631 the polarized emission extends to z ~ 4 ' and the strongest 
polarized emission and highest degree of polarization (P%=20—»25% ) is found in the 
north-east. A t other locations in the radio halo ( 1 ' . 5 < ζ < 4 ' ) P%=5—»10% . Again, 
at the major axis P% is < 1 % . The observed E-vectors show regular structures on 
scales of 2'—>4'. The most regular structure is seen in the north-east. 

There is as yet no information on the internal rotation measure ( R M P ) . From 
background sources within 10° of the galaxies we determined the foreground rotation 
measure (RMfg). They are - 7 2 ± 5 and - 9 ± 3 rad /m 2 in the direction of NGC891 
and NGC4631, respectively. Wi th the assumption that BMg is negligible at high ζ 
we can determine the B-field structure in the radio halo. T o avoid regions where 
RMg is high we did the correction for R M / 5 only in those regions with P% > 5 % . 
Figure 1 shows the deduced B-field vectors. 
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Figure 1: The 1.49GHz total intensity maps of the galaxies NGC891 and NGC4631. 
The superposed vectors are the B-field vectors. Note that they have only been cor-
rected for the foreground rotation measure, not for the internal rotation measure. 
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The main region in NGC891 where P% > 5 % is in the south-west. There the B-
vectors make an angle of ~30°—>80° with the optical major axis. They are alligned 
in the direction of the extension seen in the total intensity maps. In this region we 
derive a total B-field strength (Bt) of ~4/ /G and the uniform component ( B u ) has 
1—>3/iG. W e do not yet know the direction of the B-field. 

A large fraction of the radio halo of NGC4631 shows P% > 5 % . Correcting 
the observed E-vectors for the small KMfg and converting them to B-vectors gives 
NGC4631 a real "edgehog" appearance. The B u -field shows a regular structure, 
and there is a significant z-component almost everywhere in the radio halo. The 
best ordered field is found in the north-east where the B-vectors make an angle of 
~70° with the optical major axis. A t z=5kpc we derive B^=5^G and Bu ~ 2 μ β . 

C O N C L U D I N G R E M A R K S . 

NGC891 and NGC4631 are the first galaxies for which information on the B-field 
at high ζ has become available. So far the observations of the linearly polarized 
emission have been done mainly at 1.5GHz and this obviously limits the study 
of the B-field structures. However, investigations at other frequencies are being 
carried out. Further, there are some projects that try to extent this kind of study 
to other edge-on galaxies. A similar remark can be made concerning the studies 
of the propagation of relativistic electrons out of the plane, which also focus on 
NGC891 and NGC4631. 

The latter studies (Hummel et al. , in preparation) show that the spectra of the 
integrated radio emission and the radio spectral index distributions of NGC891 and 
NGC4631 are at least consistent with galactic wind models. Hummel et al. (1988) 
suggested that the extraordinary bright and extended radio halo of NGC4631, and 
also its well structured B-field is due to strong streaming motions perpendicular to 
the plane. These could be due to the gravitational interaction between NGC4631 
and NGC4656 (see Weliachew et al. , 1978). It should also be noted that possibly 
the star formation rate in NGC4631 is higher than in NGC891. Such a higher star 
formation rate could also result in a more effective galactic wind. Hence it seems 
that, at least in NGC4631, convection perpendicular to the plane has to be taken 
into account when explaining the B-field structure in the radio haloes. 
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F. KRAUSE: Do y o u h a v e i n f o r m a t i o n c o n c e r n i n g t h e d i r e c t i o n o f t h e 
B - f i e l d v e c t o r : i . e . t h e same d i r e c t i o n a b o v e and b e l o w t h e p l a n e or 
o p p o s i t e ? 

HUMMEL: U n f o r t u n a t e l y w e do no t y e t h a v e such i n f o r m a t i o n . T h i s 
r e q u i r e s m u l t i f r e q u e n c y o b s e r v a t i o n s w h i c h a r e u n d e r w a y . T h i s w i l l h o p e -
f u l l y e n a b l e us t o d e t e r m i n e t h e i n t e r n a l r o t a t i o n measu re and h e n c e t h e 
d i r e c t i o n o f t h e B - f i e l d . 

BELVEDERE: What i s t h e p h y s i c a l mechan ism fo r t h e o n s e t o f c o n v e c t i o n 
ou t o f t h e p l a n e o f a g a l a x y ? 

HUMMEL: T h e o n s e t f o r c o n v e c t i o n ( g a l a c t i c w i n d s , g a l a c t i c f o u n t a i n s ) is 
p r e s u m a b l y t h e h e a t i n g o f t h e i n t e r s t e l l a r m a t t e r b y r e c e n t s t a r f o r m a -
t i o n and s u p e r n o v a e x p l o s i o n s and t h e p r e s e n c e o f t h e cosmic r a y s . T h i s 
has b e e n d i scussed in more d e t a i l b y Volk on t h i s sympos ium. 

V O L K : N a i v e l y s p e a k i n g t h e i n c r e a s e o f t h e d e g r e e o f p o l a r i z a t i o n w i t h ζ 
w o u l d imp ly t h a t t h e B - f i e l d becomes more r e g u l a r w i t h i n c r e a s i n g z. 
Could y o u comment on t h a t ? 

HUMMEL: B e f o r e t r y i n g t o i n t e r p r è t e t h e c h a n g e o f t h e o b s e r v e d d e g r e e 
o f p o l a r i z a t i o n w i t h ζ one has t o c o n s i d e r i) t h e o b s e r v e d d i s t r i b u t i o n 
has t o be c o r r e c t e d fo r t h e beam b r o a d e n i n g , ii) c l o s e t o t h e g a l a x y ' s 
p l a n e one e x p e c t s a l o t o f F a r a d a y d e p o l a r i z a t i o n , w h i c h p r o b a b l y 
d e c r e a s e s w i t h ζ and in) i f t h e B - f i e l d in t h e p l a n e o f t h e g a l a x y is 
m a i n l y in t h e x - y p l a n e bu t in t h e ha lo m a i n l y in t h e z - d i r e c t i o n t h e n 
t h e r e i s a r a n g e in ζ w h e r e beam d e p o l a r i z a t i o n a f f e c t s t h e z - d i s t r i b u t i o n 
o f P%. Hence t o s t u d y P % ( z ) r e q u i r e s a l so m u l t i f r e q u e n c y o b s e r v a t i o n s . By 
t h e w a y , in principle such o b s e r v a t i o n s cou ld a l s o be used t o d e t e r m i n e 
t h e z - d i s t r i b u t i o n o f t h e t h e r m a l r a d i o emiss ion and h e n c e t h e d i s t r i b u -
t i o n o f t h e t h e r m a l e l e c t r o n s . T h i s wou ld o f cou r se be i m p o r t a n t fo r an 
e v a l u a t i o n o f t h e F a r a d a y d e p o l a r i z a t i o n . 

K U N D T : A w a r n i n g w o r d c o n c e r n i n g t h e h o p e t o s e e c o s m i c - r a y e l e c t r o n s 
e s c a p e i n t o t h e g a l a c t i c h a l o : t o my k n o w l e d g e , t h e b e s t - s t u d i e d g a l a c t i c 
c h i m n e y is t h e one ' a b o v e ' t h e H I I - r e g i o n S54, w h i c h i s so f a r o n l y s e e n 
b y i t s thermal r a d i o e m i s s i o n . I f t h e r e l a t i v i s t i c e l e c t r o n s e s c a p e in a 
s t r e a m i n g mode r a t h e r t h a n d i f f u s i v e mode , t h e i r e s c a p e c a n n o t be 
mapped d i r e c t l y ( 1 9 8 7 , A s t r o p h y s . Space Sei . 136, 2 8 1 ) . 

HUMMEL: N o t e t h a t t h e c h i m n e y s , p o s s i b l y v i s i b l e as dus t s t r e a k s 
p e r p e n d i c u l a r t o the major a x i s , o f NGC 891 h a v e n o t b e e n mapped y e t a t 
r a d i o f r e q u e n c i e s b e c a u s e o f l a ck o f r e s o l u t i o n and s e n s i t i v i t y . Fu r the r , I 
t h i n k t h a t i t i s p o s s i b l e t o map t h e e s c a p e , e v e n i f i t i s in a s t r e a m i n g 
mode . P r o v i d e d t h e r e i s a s t r o n g e n o u g h B - f i e l d t h e d i f f e r e n t modes o f 
p r o p a g a t i o n can be s t u d i e d b y s p e c t r a l i n d e x s t u d i e s . 
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