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A b s t r a c t . A new series of detailed observations of the Coma cluster of galaxies 
has been undertaken with the aim of better specifying the intracluster gas com-
ponent throgh high dynamic range, combined-telescope observations of the radio 
halo emission from the cluster which detect both the cluster-scale and galaxy-scale 
emission. By combining these multi-frequency maps with a Faraday rotation probe 
experiment using cluster and background sources, and the published X-ray data, we 
have been able to estimate the intracluster magnetic field strength independently of 
the unusal assumption of equipartition. The result is approximately 2 microgauss 
and the tangling of the rms field occurs on an optical galaxy scale. 

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

The Coma cluster, due to its relative proximity, is the most accessable "passive 
laboratory" for studying the intracluster medium ( I C M ) of a cluster of galaxies. 
However, even for the Coma cluster the properties of its intracluster magnetic field 
have been known in less than adequate detail. On the other hand, the existence of 
an intracluster magnetic field in Coma is evidenced by Coma radio halo which has 
been observed at various frequencies confirmed the large diameter of this source, its 
having a steep spectrum, and its being not attributable to the integrated emission 
of many discrete sources (Willson 1970; Hanisch 1980; Schlickeiser et al. 1987; K i m 
et al. 1989; and references therein). Hence, the non-thermal Coma halo in which 
relativistic particles mix with X-ray emitting plasma evidences for the intracluster 
magnetic field of a substantial strength. The purpose of this paper is to investigate 
the strength and structure of the intracluster magnetic field, employing the following 
three different methods: 1) direct polarization observations of the radio halo, 2) the 
equipartition estimate, and 2) Faraday rotation measurements ( R M s hereafter) of 
numbers of sample sources seen in or though the I C M . 

2. O b s e r v a t i o n s and Resu l t s 

For the large scale mapping, two instruments, namely the N R A O V L A and the 
Dominion Radio Astrophysical Observatory ( D R A O ) interferometer at Penticton, 
Canada were used to produce a high dynamic range image of the Coma cluster 
(3000:1) which has good resolution (1 arcmin) and sensitivity (30 ^Jy /beam) to the 
extended structure (see Fig. 1 and cf. K i m et al. 1989 for detail). The plolarized 
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F i g u r e 1. The contour map of Coma 
halo observed at 1.4 GHz. Contours 
are shown at —0.6, 1.2, 1.4, 1.6, 
3.4,4, 5,10, 50,100, 200 mJy/beam. 
The restoring beam shown on the 
lower left corner is 71"x60" elon-
gated at —85.5° (reproduced from 
K i m et al 1989). 

component of the halo itself was 
mapped with the V L A at two fre-

-| quecies, 1380 and 1665 M H z (method 
1) but this attempt was unsuccess-
ful due to the absence of any polar-
ized signal from the halo, resulting 
an upper limit in percentage polar-
ization at 1.4 GHz of < 30±10%. 

Combining all of the existing relevant observations, the halo's spectrum is defined 
as a = 1.34±0.06 down to 1.4 GHz, F 1 G K z = 0.72±0.13 Jy, and the size along the 
major axis is OpwHM — 18'.7±0'.1 at 1.4 GHz. These (method 2) yield the best 
equipartition field strength of He^ = 1.5 μ(? for the case of k = 100, where k is 
the energy density ratio of relativistic protons to electrons. 

In another series of observations with the V L A , we conducted Polarimetrie map-
pings at four frequencies (1465,1665, 4835, and 4885 M H z ) of 18 discrete sources at 
varying angular distances from the center of the Coma cluster (method 3 ) . These 
observations yield 17 R M s and a further 18th was obtained by combining polar-
ization data obtained elsewhere. The excess R M arising from the magneto-ionic 
medium is estimated to be ac « 38±6 rad m ~ 2 . 

Estimate of the turbulence scale was made with the degree of depolarization ob-
served at 4.9 and 1.4 GHz for 5C4.81, the prominant bent head-tail source. The 
severity of the observed depolarization (which factor varies from 10 to 20 over the 
radio-tail) suggets a disordered Faraday screen within which the field reversal was 
estimated to occur on a physical size range of 13 to 40 kpc. Using X-ray core radius 
obtained with the Einstein observatory (Abramopoulos and Ku 1983), this estimate 
suggets 25±15 cells per core radius and when combining with ac the most likely rms 
field strength of the intracluster medium turns out to be Hc « (1.7±0.9) microgauss. 
It is noteworthy that this estimate is close to that deduced from the assumption of 
energy equipartition between the relativistic particles and magnetic field. 
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BURNS: T h e r e i s an i n t e r e s t i n g a d d i t i o n a l o b s e r v a t i o n a l c o n s t r a i n t on 
o c c u r a n c e o f c l u s t e r - w i d e h a l o s . T h a t i s , o f t h e h a l f - d o z e n k n o w n h a l o s , 
n o n e a r e in c o o l i n g f l o w s . Such f l o w s seem to su rp re s s l a r g e - s c a l e h a l o s . 
P e r s e u s i s a g o o d e x a m p l e o f a c l u s t e r w i t h d o z e n s o f r a d i o g a l a x i e s 
( e x t e n s i v e s e e d s f o r h a l o s ) y e t i t has no h a l o s . T h i s a n t i c o r r e l a t i o n is 
ha rd t o u n d e r s t a n d s i n c e t h e c o o l i n g r e g i o n o f c l u s t e r s i s u s u a l l y 
< 200 kpc , much l e s s t h a n t h e e x t e n t o f h a l o s l i k e t h a t in Coma. 

SHUKUROV: One o f t h e o b j e c t i o n s a g a i n s t t h e g a l a c t i c - w a k e t h e o r y o f 
i n t r a c l u s t e r t u r b u l e n c e i s t h e f a c t t h a t t h e r e a re no " t a i l " r a d i o sou rce s 
w i t h o u t "heads" . H o w e v e r , in c e n t r a l p a r t s o f g a l a x y c l u s t e r s t h e w a k e s 
can m e r g e t o p roduce a q u a s i - u n i f o r m t u r b u l e n t p i c t u r e and o n l y in t h e 
o u t e r p a r t s , w h e r e t h e number d e n s i t y o f g a l a x i e s i s sma l l e r , t h e w a k e s 
can p o s s i b l y p r e s e r v e t h e i r i n d i v i d u a l i t y . H o w e v e r , t h e g a s d e n s i t y i s 
l o w e r a t t h e o u t s k i r t s and i t can be d i f f i c u l t t o o b s e r v e t h e s e i n d i v i d u a l 
w a k e s . Does t h i s s p e c u l a t i o n f i t t h e o b s e r v e d p i c t u r e ? 

K I M : I f t h e h y p o t h e t i c a l r a d i o t a i l s e x i s t , t h e n w e shou ld s e e them, 
u n l e s s t h e r a d i o t a i l s a r e d e v e l o p i n g a t a d i s t a n c e f a r a w a y from t h e 
m o v i n g g a l a x y . T h e a n s w e r m i g h t be l i k e t h i s : In o r d e r f o r t h e i n d u c e d 
t u r b u l e n c e t o be f u l l y d e v e l o p e d i t r e q u i r e s t ime s c a l e s o f t h e o r d e r o f 
1 0 8 y r s dur ing w h i c h a p a r e n t g a l a x y can m o v e - 1 0 0 kpc . So i f t h i s i d e a 
i s c o r r e c t t h e n w e a r e l i k e l y t o s ee r a d i o t a i l s w e l l d e t a c h e d from t h e 
g a l a x y . 

KRONBERG: Our da t a show c l e a r e v i d e n c e f o r d i s c r e t e i n t e r v e n i n g 
s y s t e m s ou t t o ζ - 3, bu t no e v i d e n c e so f a r f o r a general i n t e r g a l a c t i c 
f i e l d ou t t o l a r g e r e d s h i f t s . 
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