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ABSTRACT. Faraday depolarization estimates of thermal densities within the components 
of double radio sources agree well with estimates from X-ray observations of hot halos 
around early-type galaxies, provided magnetic field strengths are close to their equipartition 
values. Internal Faraday dispersion is the main cause of the depolarization observed. 

1. Introduction 

It has been clear for many years that depolarization by the Faraday effect can potentially 
tell us much about thermal gas associated with radio sources (Burn, 1966). Among the 
correlations found between depolarization and the properties of extragalactic double radio 
sources is one based on integrated polarization measurements which implies that the larger 
sources are associated with a lower density of thermal material (Strom, 1972; 1973). Fol-
lowing up a polarization study done at several wavelengths of the components of sources 
drawn from a complete sample (Conway et α/., 1983), Strom and Conway (1985) mapped 
the brightness distributions at 49 cm of sources which suffered little depolarization at the 
shorter wavelengths. The resulting polarization maps exhibited one striking feature in 
particular: central bridge emission is invariably unpolarized, and the region of low polar-
ization is generally well-centered on the parent galaxy. This is almost certainly related to 
the earlier finding that large sources suffer much less depolarization than compact ones. 

Subsequently, Strom and Jägers (1988) investigated several sources which had been 
mapped at two frequencies (Jägers, 1987) and found that their bridges are more strongly 
polarized at 21 cm, as expected from the Faraday effect. In two sources the depolarization 
rate, and hence the line of sight product of magnetic field strength and electron density, 
could be determined at various distances from the central galaxy. Assuming an equiparti-
tion magnetic field strength, Strom and Jägers (1988) were able to show that the densities 
obtained are consistent with the outer parts of hot halos observed around other giant el-
liptical galaxies in X-rays (Forman et α/., 1985), for gas in hydrostatic equilibrium. Here I 
consider depolarization effects in radio sources at smaller distances from the parent objects. 

2. Results and Discussion 

The X-ray density determinations (Forman et al., 1985) cover radial distances from the 
parent object of a few to somewhat more than 10 kpc, while the radio sources investigated 
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go from about 60 to nearly 200 kpc (Strom and Jägers, 1988). There are several ways to fill 
in the 10—50 kpc gap. One could try to determine the depolarization at shorter wavelengths 
along the inner bridge in the sources studied previously, but both the nonthermal spectrum 
and small beam width required will result in weak signals. An obvious alternative is to look 
at the depolarization of sources with components in the desired distance range. 

Spencer et al. (1989) have recently investigated a sample of compact (generally < 
several "arc) radio sources, with a median linear size near 9 kpc. A well-matched set of 
extended sources drawn from those observed by Conway et al. (1983) has a median linear 
size of 180 kpc. Values of the integrated polarization at 6 cm (Tabara and Inoue, 1980) are 
available for 44 of the compact sources and 70 of the extended ones. Most of the compact 
sources are relatively unpolarized at 6 cm (median degree of polarization of under 2 % ) , 
which contrasts strikingly with the degree of polarization of the extended ones (median 
near 6 % ) . There is a very low probability ( < 0.001 % ) that the two samples were drawn 
from the same population. The low degree of polarization observed in the compact sources 
is probably the result of depolarization by Faraday dispersion, as shown by the greater 
polarization found at shorter wavelengths in those sources for which measurements exist. 

For typical values of depolarization rate, component size and equipartition magnetic 
field strength, the electron densities implied at a distance of ~ 10 kpc from the nucleus are 
~ 0.003 c m - 3 , similar to those obtained from X-ray observations. The radio depolarization 
data on both compact and extended double radio sources, ranging in size from under 1 kpc 
to more than 200 kpc, are thus consistent with these objects having extensive gaseous halos 
such as those observed in X-rays around early-type galaxies (Forman et α/., 1985). 

3. C o n c l u d i n g C o m m e n t s 

The consistency found between the densities obtained from X-ray and radio depolarization 
measurements implies that magnetic field strengths in the radio components do not deviate 
greatly from their (assumed) equipartition values. The magnetic fields in compact, high 
brightness sources are thus much stronger than in extended, diffuse components. The de-
polarization observed in source bridges, being invariably centered upon the optical object, 
must arise from Faraday dispersion caused by gas which is coextensive with the radio emit-
ting region and does not rely upon the effect of an intervening Faraday screen. Similarly, 
the fact that component edges depolarize less rapidly than their centers (e.g., Jägers, 1987) 
is evidence for internal dispersion rather than differential rotation in a Faraday screen. 
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KRONBERG: Is i t r e a s o n a b l e t o make t h e g e n e r a l i n f e r e n c e t ha t , f o r 
a r c m i n u t e - s c a l e e .g . r . s . , internal d e p o l a r i z a t i o n s e t s in a t λ « 50 cm, 
w h e r e a s e x t e r n a l s c r e e n s , w h e r e t h e y occur , c ause d e p o l a r i z a t i o n a t t h e 
s h o r t e r w a v e l e n g t h s ? 

STROM: I a g r e e w i t h t h e g e n e r a l s e n s e o f y o u r q u e s t i o n t h a t t h e r e a re 
t w o c o m p e t i n g F a r a d a y d e p o l a r i z a t i o n mechan i sms , v i z . b y i n t e r n a l 
d i s p e r s i o n ( a l o n g t h e l i n e o f s i g h t t h r o u g h t h e s o u r c e ) and in a s c r e e n 
( s i d e - t o - s i d e d e p o l a r i z a t i o n b y beam s m e a r i n g ) , t h a t t h e fo rmer domina t e s 
in t h e e x t e n d e d r a d i o s o u r c e s I h a v e b e e n s t u d y i n g and t h a t t h e l a t t e r 
has b e e n seen in some o b j e c t s a t sho r t w a v e l e n g t h s . I w o u l d l i k e t o 
e m p h a s i z e t h a t I do n o t c l a im t h a t d e p o l a r i z a t i o n b y i n t e r n a l d i s p e r s i o n 
o p e r a t e s t o t h e e x c l u s i o n o f o t h e r mechan i sms bu t t h a t i t dominates in 
t h e sou rce s I h a v e c o n s i d e r e d h e r e . 

PERLEY: In my v i e w , y o u c a n n o t c l a im a n y d e p o l a r i z a t i o n u n t i l y o u h a v e 
mapped t h e RM d i s t r i b u t i o n a t h i g h e r r e s o l u t i o n and f r e q u e n c y . I t h ink 
t h e d e p o l a r i z a t i o n y o u o b s e r v e i s l i k e l y due t o s imp le beam d e p o l a r i z a t i o n 
due t o g a l a c t i c g a s . C la iming i n t e r n a l d e p o l a r i z a t i o n in t h e ob j ec t s y o u 
h a v e o b s e r v e d is m e r e l y g u i l t b y a s s o c i a t i o n , and i s n o t p roof . T h e o n l y 
w a y t o e l i m i n a t e doub t i s t o measu re t h e RMs. Wi l l y o u do th i s? 

STROM: L e t me f i r s t r e s t a t e t h e e v i d e n c e fo r i n t e r n a l F a r a d a y d i s p e r s i o n 
in t h e sou rces w e h a v e o b s e r v e d . T h e d e p o l a r i z a t i o n "ho l e s " in t h e r a d i o 
sou rce b r i d g e s c o i n c i d e w i t h t h e o p t i c a l ob j ec t , w h i c h i t s e l f a l w a y s f a l l s 
on t h e b r i d g e , so i t s g a s must be c o e x t e n s i v e w i t h t h e b r i d g e m a t e r i a l . 
T h e X - r a y o b s e r v a t i o n s t e l l us t h a t h a l o g a s p e a k s on t h e g a l a x y and 
i t s d e n s i t y i s in g o o d a g r e e m e n t w i t h t h a t r e q u i r e d t o p roduce t h e 
o b s e r v e d d e p o l a r i z a t i o n . T o i n v o k e d e p o l a r i z a t i o n b y a s c r e e n w o u l d 
r e q u i r e a r e l a t i v e l y h i g h d e n s i t y she l l , in t h e c a s e o f t h e e x t e n d e d 
sou rce s 5 0 - 1 0 0 kpc from t h e g a l a x y , wh ich is bo th ad hoc and u n n e c e s -
s a r y in v i e w o f t h e g a s w h i c h w e know to be p r e s e n t from t h e X - r a y 
m e a s u r e m e n t s . I doub t t h a t RM d e t e r m i n a t i o n s w o u l d p r o v i d e a c o n c l u s i v e 
t e s t , as t h e r e a re so many unknown and u n m e a s u r a b l e p a r a m e t e r s 
( m a g n e t i c f i e l d s t r e n g t h and p a r t i c l e d e n s i t y v a r i a t i o n s , f i e l d r e v e r s a l s , 
e t c . ) . T h e b e s t o b s e r v a t i o a l p r o o f w o u l d be t o r e s o l v e t h e c e l l s o f t h e 
p u r p o r t e d F a r a d a y s c r e e n and show t h a t t h e y a r e s t r o n g l y p o l a r i z e d . 
W h i l e I w o u l d l i k e t o c a r r y ou t t h e RM m e a s u r e m e n t s y o u s u g g e s t , a t t h e 
l o n g w a v e l e n g t h s w h e r e our sou rce s d e p o l a r i z e ( 4 9 , 92 cm) w e a r e u n a b l e 
t o o b s e r v e a t enough f r e q u e n c i e s t o make them r e a l l y m e a n i n g f u l . 

C O N W A Y : We h e a r d y e s t e r d a y from Dr. P e r l e y o f t h e v e r y l a r g e RM in fo r 
e x a m p l e C y g A , s a y 1000 rad m ~ 2 , w h i c h occur in a su r round ing s c r een . 
T h e RM n e e d e d t o d e p o l a r i z e t h e b r i d g e s o f sou rce s in y o u r sample is 
o n l y a b o u t 1 0 - 2 0 . Can I ask w h a t i s t h e maximum internal RM t h a t w o u l d 
be p o s s i b l e in Cyg A ? 

STROM: I u n d e r s t a n d from Dr. P e r l e y t h a t h i s p o l a r i z a t i o n measu remen t s 
o f Cyg A do n o t e x t e n d l o n g w a r d s o f 6 cm, so t h e y put an uppe r l imi t on 
t h e internal RM o f abou t 500 rad m " 2 , g i v e n t h a t no s i g n i f i c a n t l i n e - o f -
s i g h t d e p o l a r i z a t i o n occur s . 
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K A H N : Can t h e d e n s i t y d i s t r i b u t i o n ρ « r 3 / 2 w h i c h y o u f i n d be due t o 
an a c c r e t i o n f l o w w i t h c o n s t a n t mass r a t e M? T h e - 3 / 2 p o w e r l a w is 
c h a r a c t e r i s t i c o f such f l o w s . 

STROM: We h a v e no k n o w l e d g e o f t h e g a s d y n a m i c s in t h e s e h a l o s , bu t i t 

i s c e r t a i n l y t r u e t h a t t h e y cou ld be c o o l i n g f l o w s . I a d o p t e d ρ « r " 3 / 2 

b e c a u s e i t i s w h a t Fo rman e t a L found from t h e i r X - r a y o b s e r v a t i o n s . I 

w o u l d p o i n t ou t t h a t g a s in h y d r o s t a t i c e q u i l i b r i u m in t h e g r a v i t a t i o n a l 

p o t e n t i a l o f a d o m i n a n t c e n t r a l mass w i l l d i s p l a y t h e same d e n s i t y 

p r o f i l e . 
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