
CTB80: A SNR WITH A NEUTRON-STAR DRIVEN COMPONENT 

R.G. Strom 
Netherlands Foundation for Radio Astronomy 
Dwingeloo, The Netherlands 

Abs t rac t : P u l s a r - l i k e emission has been de tec ted from the 
f la t - spec t rum component of the g a l a c t i c r a d i o source CTB80. 
The consequences for the source are d iscussed . 

In t roduc t ion : Although i t i s widely accepted t h a t neutron s t a r s have 
t h e i r o r ig in in supernovae, t h e r e are r e l a t i v e l y few pu lsa r s a s soc ia ted 
with supernova remnants. The best e s t ab l i shed cases are the Crab Nebula 
and Vela remnants, each of which has a cen t r a l pulsar with a f a i r l y high 
spin-down r a t e , cons i s t en t with the view tha t t he neutron s t a r s t i l l 
suppl ies s u b s t a n t i a l energy t o the remnant ( e . g . Manchester and Taylor , 
1977). Searches for pulsar emission from other remnants have, however, 
f a i l e d t o tu rn up a d d i t i o n a l candidates (Se i radakis and Graham, 1980; 
Manchester et a l . , 1983; Mohanty, 1983). 

. The hot surface of a neutron s t a r can a l s o be de tec ted a t X-ray 
wavelengths, and t h i s s t r a t e g y has turned up severa l c and ida t e s . 
Unresolved X-ray emission has been observed in the supernova remnants 
3C58 (Becker et a l . , 1982), CTB80 (Wang and Seward, 1981) and RCW103 
(Tuohy et a l . , 1983). All of these sources are weak, however, so i t i s 
impossible t o say for c e r t a i n whether t h e i r emission i s pulsed (as in 
the case of PSR 0531+21, the Crab Nebular pu l sa r ) or s teady (as would be 
expected from a hot neutron s t a r s u r f a c e ) . In t h i s paper I d iscuss the 
de tec t ion of an unresolved source in the unusual remnant CTB80 which has 
the c h a r a c t e r i s t i c s of a rad io p u l s a r . Clues t o i t s i n t e r a c t i o n with the 
surroundings are found in morphological f e a t u r e s , and they a r e discussed 
with re fe rence t o s imi la r o b j e c t s . 

Observational r e s u l t s : CTB80 i s an extended g a l a c t i c r a d i o source of 
unusual morphology ( e . g . , Angerhofer et a l . , 1981). Near i t s geometrical 
cen te r , at the western edge of a br ight r ad io p l a t eau , l i e s a dominant 
f l a t spectrum component extended on s ca l e s of 0.5-1 arcmin (Strom et 
a l . , 1984), upon which my d i scuss ion wi l l focus . The emission from t h i s 
f ea tu re i s unquest ionably nonthermal ( p o l a r i z a t i o n was mapped in both of 
the papers j u s t c i t ed ) , but i t s spectrum i s unusual ly f l a t : t he f lux 
densi ty i s v i r t u a l l y constant throughout the r a d i o spectrum. 

Maps made of t h i s component a t 2, 6 and 20 cm with t he VLA show an 
almost unchanging s t r u c t u r e , so the 20 cm br igh tness d i s t r i b u t i o n can be 
taken as r e p r e s e n t a t i v e (Figure 1) . The data were obta ined in t he A-
conf igurat ion and have been CLEANed and r e s t o r e d with a 1.1 a r c sec beam. 
The only s i g n i f i c a n t d i f ference between Figure 1 and the 2 and 6 cm maps 
i s the presence of a point source near the southwestern apex of the 
t r i angu la r ly - shaped pla teau (arrow). I t s nondetect ion at 6 cm 
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dynamic p ressu re with t he i n t e r n a l p ressure of the hot s p o t . ( In t h i s 
and other c a l c u l a t i o n s I wi l l follow Bla i r et a l . , 1984, in assuming a 
d i s t ance t o CTB80 of 2.5 kpc.) 

I f the neutron s t a r i s moving a t a v e l o c i t y v , i t s i n t e r a c t i o n with 
gas of dens i ty p produces a dynamic pressure pv2 which can be equated 
with p , t he i n t e r n a l p ressure of the hot spo t . The usual energy 
e q u i p a r t i t i o n assumption i s made in e s t ima t ing p for synchrotron 
emission, while p has been deduced from depo l a r i z a t i on observed in 
adjacent r e g i o n s . This gives v > 400 km/s, a high value but by no means 
an unusual one for pu l sa r s (Lyne et a l . , 1982). The neutron s t a r would 
then be moving toward the hot spot ( in the d i r e c t i o n ind ica ted by the 
arrow in Figure 1 ) , and I wi l l assume i t s v e l o c i t y t o be 500 km/s. 

The fac t t h a t the hot spot has the same, f l a t , spectrum as the r e s t 
of the component sugges ts tha t i t may rep resen t a major center of 
p a r t i c l e a c c e l e r a t i o n . I t s proximity t o t he neutron s t a r i s c ruc ia l in 
t h i s r e s p e c t , and I wish t o point out i t s s i m i l a r i t y t o f ea tu re s in the 
Crab Nebula, in p a r t i c u l a r Wisp 1. The wisps near PSR 0531+21 have been 
s tud ied by Scargle (1969) who sugges ts tha t they a r e compressional 
enhancements in t he r e l a t i v i s t i c plasma. He has i n t e r p r e t e d the a c t i v i t y 
and o s c i l l a t o r y motion of Wisp 1 in terms of a p i s t o n , feeding energy t o 
t he r e s t of the remnant. I suggest t h a t Wisp 1 and the hot spot in CTB80 
are reg ions of major p a r t i c l e a c c e l e r a t i o n , through which much of the 
energy re l eased by each neutron s t a r pas ses . 

The physical p rope r t i e s of both the CTB80 hot spot and Wisp 1 a re 
r a t h e r s i m i l a r : s i z e , 0 .01-0.05 pc; minimum energy d e n s i t y , 0.5-1x10~9 

erg/cm3; magnetic f i e l d d i r ec t ed a long the f e a t u r e ' s major a x i s ; and 
elongated shape. But the most s t r i k i n g s i m i l a r i t y i s t h a t in both cases 
the neutron s t a r i s moving toward the wi sp - l ike f e a t u r e . In CTB80 t h i s 
i s based on i n d i r e c t arguments, but in the case of PSR 0531+21, the 
proper motion has a c t u a l l y been determined and found t o correspond t o a 
speed of 123 km/s (Wyckoff and Murray, 1977). In both ob jec t s the 
wisp/hot spot i s elongated perpendicular t o the l i n e j o i n i n g i t with the 
neutron s t a r : i t has t he morphology of a bow shock being pushed ahead of 
a f a s t moving o b j e c t . 

By analogy with the s i t u a t i o n in the Crab Nebula, the energy which 
passes through the hot spot reg ion to be deposi ted in t he f l a t spectrum 
component must have o r i g i n a t e d in the r a p i d l y r o t a t i n g neutron s t a r . 
Most of t he energy r a d i a t e d from the e n t i r e component appears as X-rays, 
with a luminos i ty of 4x1033 e r g / s (Wang and Seward, 1984). Another 
es t imate of the minimum r a t e at which energy i s suppl ied t o the 
component can be made from the parameters of the r a d i o hot s p o t . I t has 
a th ickness of 0.01 pc or l e s s s o , for a speed of 500 km/s, i t must be 
completely renewed in no more than 20 y r . This time s c a l e combined with 
the minimum t o t a l energy (2 x 101*2 e rg) impl ies a r a t e of 3 x 103 3 

e r g / s . Since much of t he energy must pass through the hot spot without 
being r a d i a t e d away, and some of i t must produce expansion of the 
component, these values are lower l i m i t s . 
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establishes a fa i r ly steep spectrum (a < - 2 ) , and i t i s found to be 
polarized at about the 30$ level . 

These facts - an unresolved, strongly polarized steep spectrum 
source immersed in a f la t spectrum nonthermal radio component which 
appears to be part of a supernova remnant - are the signature usually 
associated with a pulsar: radio emission from a neutron s t a r . This view 
i s strengthened by the likelihood that the source also emits X-rays; the 
radio and X-ray point source positions agree within the errors (Becker 
et a l . , 1982). The exist ing radio data cannot be used to search for 
pulsed emission. The fact that no pulsar has been found at the source's 
position in existing surveys i s , however , not inconsistent with what i s 
known about i t s flux density and spectrum. I will now consider the 
consequences of th is discovery, assuming that the object i s indeed a 
neutron star associated with CTB80. 

Discussion: One of the most s t r ik ing aspects of the neutron star i s i t s 
location: not centered on the bright plateau, but located near the 
southwestern rim, jus t behind the brightest peak on the ridge. It has 
been argued in the past (Strom et a l . , 1984) that there i s evidence for 
a general westward motion in th is component of CTB80, and the eccentric 
location of the neutron star would seem to underline t h i s . I t s proximity 
to the hotspot suggests a causal re la t ionship , such as an interface 
between i t s atmosphere and the ambient medium. Following th i s l ine of 
thought, we can estimate the speed of the neutron star by equating the 
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Fig. 1. 20 cm map of flat spectrum component, with point source (arrow) 
(copyright University of Chicago Press) 
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We can now use these es t imates in the usual way ( e . g . , Goldreich 
and J u l i a n , 1969) t o say something about t h e CTB80 neutron s t a r . If i t s 
p rope r t i e s (mass, magnetic f i e l d s t r e n g t h , braking index) were p rec i se ly 
t he same as those construed for PSR 0531+21, then the pulsar i n CTB80 
would be expected t o have a period of 0.38 s , given the Crab Nebula 's 
5000 times g r ea t e r luminosi ty and the 33 ms period of i t s pu l s a r . 
However, lower values for the magnetic f i e l d s t r e n g t h and perhaps mass 
of the CTB80 neutron s t a r would shor ten the per iod , poss ib ly to under 
0.1 s . 

Conclusions: I t i s v i r t u a l l y c e r t a i n t h a t the f l a t spectrum component of 
CTB80 i s driven by a neutron s t a r which produces X-ray and r ad io 
emission. A search for pu l s a t i ons i s c l e a r l y d e s i r a b l e t o t i e down i t s 
period (which may be about 0.1 s ) and determine the spin-down r a t e . The 
ve loc i t y I have est imated i s s u f f i c i e n t l y l a r g e t h a t proper motion may 
be d e t e c t a b l e in a few y e a r s . 
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