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ABSTRACT. The r e s u l t s of r e c e n t s o f t X - r a y and o p t i c a l s e a r c h e s f o r 
q u i e s c e n t gamma r a y b u r s t e r c o u n t e r p a r t s a r e used t o c o n s t r a i n t h e 
p r o p e r t i e s of t h e n e u t r o n s t a r s r e s p o n s i b l e f o r b u r s t e r s - Ages a r e 
r e s t r i c t e d t o t h e r a n g e 2 x 1 0 ^ y and a b o v e b a s e d on t e m p e r a t u r e uppe r 
l i m i t s and t h e o r e t i c a l c o o l i n g c u r v e s , o r 1 0 ? y and a b o v e i f b u r s t e r s 
h a v e e v o l v e d from p u l s a r s . V e l o c i t i e s a r e g r e a t e r t h a n 20 k m / s i f t h e 
n e u t r o n s t a r s a r e u n m a g n e t i z e d . P r a c t i c a l l y no main s e q u e n c e s t a r 
c o u l d h a v e e s c a p e d d e t e c t i o n i n t h e o p t i c a l / I R s e a r c h e s , s o i f t h e 
n e u t r o n s t a r s a r e i n b i n a r y s y s t e m s , t h e companion i s most l i k e l y a 
d e g e n e r a t e , low m a s s , low t e m p e r a t u r e o b j e c t . 

1. INTRODUCTION 

I t h a s become i n c r e a s i n g l y c l e a r r e c e n t l y t h a t t h e more t h a n 400 
o b s e r v a t i o n s of gamma r a y b u r s t s , c a r r i e d out s i n c e t h e i r d i s c o v e r y i n 
.1.967, r e p r e s e n t a s i g n i f i c a n t f r a c t i o n of t h e t o t a l number of g a l a c t i c 
n e u t r o n s t a r s o b s e r v a b l e t o u s . O the r e x a m p l e s a r e t h e 437 p u l s a r s 
now known (R. M a n c h e s t e r , t h i s m e e t i n g ) , t h e *150 g a l a c t i c 
s u p e r n o v a r e m n a n t s d e t e c t e d by t h e i r r a d i o e m i s s i o n , not a l l of w h i c h 
show d i r e c t e v i d e n c e f o r a n e u t r o n s t a r ( H e l f a n d , 1 9 8 5 ) , t h e h i g h mass 
X - r a y b i n a r i e s , w h i c h i n c l u d e abou t two dozen p u l s a t i n g s o u r c e s and a s 
many X - r a y b u r s t s o u r c e s (D. Lamb, 1 9 8 5 ; F. Lamb, 1 9 8 5 ; Trumper , 
1 9 8 5 ) , t h e 93 b i n a r y X - r a y s o u r c e s and 22 X - r a y s u p e r n o v a r e m n a n t s i n 
t h e HEAD A - l c a t a l o g (Wood e t a l . , 1 9 8 4 ) , and 2 - 4 h i g h e n e r g y gamma 
r a y s o u r c e s i n t h e COS-B d a t a ( B i g n a m i , 1 9 8 5 ) . Q u a l i t a t i v e l y , i t i s 
s t i l l t oo e a r l y t o d e t e r m i n e e x a c t l y what t h e s t u d y of gamma r a y 
b u r s t s w i l l t e a c h u s a b o u t t h e g a l a c t i c n e u t r o n s t a r p o p u l a t i o n . One 
t h i n g , however , i s c e r t a i n , n a m e l y t h a t gamma b u r s t e r s i n v o l v e a q u i t e 
d i f f e r e n t s e t of n e u t r o n s t a r s from t h o s e o b s e r v a b l e i n t h e r a d i o , X-
r a y , or h i g h e n e r g y gamma r a y r a n g e s . I t i s p r e s e n t l y unknown w h e t h e r 
t h e y a r e r e l a t e d t o t h o s e n e u t r o n s t a r s , e . g . a s e a r l i e r o r l a t e r 
e v o l u t i o n a r y p h a s e s , o r n o t . 

In t h i s p a p e r , some of t h e r e c e n t o b s e r v a t i o n s of b u r s t e r s , 
p a r t i c u l a r l y (bu t not e x c l u s i v e l y ) q u i e s c e n t c o u n t e r p a r t s e a r c h e s i n 
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t h e o p t i c a l , i n f r a r e d , and s o f t X - r a y r a n g e s , w i l l b e u sed t o 
e s t a b l i s h c o n s t r a i n t s on some of t h e p r o p e r t i e s of t h e n e u t r o n s t a r s 
assumed t o be r e l a t e d t o gamma b u r s t e r s : a g e s , v e l o c i t i e s , d i s t a n c e s , 
and p o s s i b l e membersh ip i n b i n a r y s y s t e m s . L i t t l e of t h e 
o b s e r v a t i o n a l d a t a on b u r s t e r s w i l l a c t u a l l y be. r e v i e w e d h e r e ( s e e , 
e . g . , H u r l e y , 1 9 8 5 ) ; l i k e w i s e , n o t h i n g w i l l be s a i d abou t t h e p o s s i b l e 
mechan i sms f o r e n e r g y g e n e r a t i o n and r a d i a t i o n w h i c h a r e , t o a c e r t a i n 
e x t e n t , i n d e p e n d e n t of t h e t o p i c s c o n s i d e r e d h e r e . The r e a d e r i s 
r e f e r r e d i n s t e a d t o a c o m p r e h e n s i v e r e v i e w e d i t e d by L i a n g a n d 
P e t r o s i a n ( 1 9 8 6 ) . F i n a l l y , a n o t h e r , new t o p i c which w i l l not b e 
r e v i e w e d h e r e f o r l a c k of s p a c e i s t h e q u e s t i o n of what c a n b e l e a r n e d 
abou t n e u t r o n s t a r e q u a t i o n s of s t a t e from b u r s t e r o b s e r v a t i o n s : s e e 
L i a n g , 1 9 8 5 . 

2 . NEUTRON STAR GGES 

O b s e r v a t i o n s of b u r s t t i m e h i s t o r i e s , and s o f t X - r a y o b s e r v a t i o n s o f 
b u r s t e r s i n t h e q u i e s c e n t s t a t e , may be u s e d t o o b t a i n l o w e r l i m i t s t o 
t h e a g e s of t h e n e u t r o n s t a r s r e s p o n s i b l e f o r gamma b u r s t s . The 
r e s u l t s of E i n s t e i n o b s e r v a t i o n s of 5 gamma- ray b u r s t s o u r c e s 
( P i z z i c h i n i e t a l - , Í 9 8 6 ) and EXOSAT o b s e r v a t i o n s of 2 s o u r c e s ( f t t t e i a 
e t a l . , 1 9 8 6 a ) h a v e r e c e n t l y a p p e a r e d ( F i g u r e i ) . Wi th one p o s s i b l e 
e x c e p t i o n , no p o i n t s o u r c e s a s s o c i a t e d w i t h b u r s t e r s w e r e d e t e c t e d . 
P s e x p l a i n e d i n P i z z i c h i n i e t a l . ( 1 9 8 6 ) , t h e s e o b s e r v a t i o n s may b e 
used t o d e r i v e r e l a t i v e l y m o d e l - i n d e p e n d e n t uppe r l i m i t s t o t h e 
t e m p e r a t u r e s of t h e n e u t r o n s t a r s u r f a c e s . T h e s e l i m i t s may i n t u r n 
b e u sed t o i n f e r t h e minimum a g e of t h e n e u t r o n s t a r i f a c o o l i n g 
model i s a s s u m e d . U s i n g t h e Glen and S u t h e r l a n d ( 1 9 8 0 ) c o o l i n g c u r v e s 
f o r a 1.25M©, 16 km r a d i u s n e u t r o n s t a r f o r t h e c a s e s B=0 
Gauss and B = 5 x l 0 l 2 Gauss g i v e s t h e minimum a g e s i n F i g u r e 2 . The 
t e m p e r a t u r e uppe r l i m i t i s a f u n c t i o n of t h e (unknown) d i s t a n c e t o t h e 
n e u t r o n s t a r , and h e n c e s o i s t h e minimum a g e . But i n a l l c a s e s t h e 
l i m i t s a r e r e a s o n a b l e o n e s , i n t h e s e n s e t h a t bo th y o u n g e r ( e . g . SNR-
a s s o c i a t e d ) and o l d e r ( e . g . p u l s a r ) n e u t r o n s t a r s a r e known. 

The r e l a t i o n b e t w e e n a g e and t i m e h i s t o r i e s r e l i e s on t h e 
o b s e r v a t i o n s of p e r i o d i c i t i e s . Two gamma r a y b u r s t t i m e h i s t o r i e s 
have been d e m o n s t r a t e d c o n v i n c i n g l y t o d i s p l a y p e r i o d i c i t i e s ( B a r a t e t 
a l . , 1 9 7 9 ; Wood e t a l . , 1 9 8 1 ) , w h i l e a t h i r d h a s o n l y m a r g i n a l l y 
c o n v i n c i n g e v i d e n c e ( B a r a t e t a l - , 1 9 8 4 ) , and s e v e r a l more e x a m p l e s 
( a s y e t u n p u b l i s h e d ) e x i s t i n t h e F r a n c o - S o v i e t SIGNE e x p e r i m e n t d a t a 
b a s e . In a l l c a s e s t h e p e r i o d s f a l l i n t h e r a n g e 4 - 1 0 s . The most 
n a t u r a l e x p l a n a t i o n f o r t h e s e p e r i o d i c i t i e s i s t h e r o t a t i o n of a 
m a g n e t i z e d n e u t r o n s t a r . Some i n s i g h t i n t o t h e e v o l u t i o n of s u c h an 
o b j e c t c a n be o b t a i n e d from t h e s t u d y of p u l s a r s . Based on a s t u d y of 
2 5 6 p u l s a r s , L y n e , M a n c h e s t e r , and T a y l o r ( 1 9 8 5 ) have shown t h a t f o r a 
n e u t r o n s t a r w i t h a mean i n i t i a l f i e l d of 0 . 7 5 x 1 0 * 2 G a u s s , t h e e -
f o l d i n g d e c a y t i m e f o r t h e f i e l d i s 9 . l x l O 6 y e a r s , and t h e a v e r a g e 
t e r m i n a l p e r i o d of t h e p u l s a r ( i . e . , t h e p e r i o d f o r z e r o f i e l d ) i s 0 . 4 
s . U s i n g t h e f i t s t o t h e i r d a t a , a p u l s a r whose t e r m i n a l p e r i o d i s 4 
s must h a v e s t a r t e d out w i t h a minimum f i e l d of abou t 7 . 5 x 1 0 * 2 Gauss , 
and i s abou t 1 0 ? y e a r s o l d . Mechan i sms f o r p u l s a r sp indown o t h e r t h a n 
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t h o s e c o n s i d e r e d i n t h e s t u d y of Lyne e t a l . (1985) h a v e a l s o been 
p r o p o s e d ( e . g . , Peng, Huang, and Huang, 1982) w h i c h may be e f f i c i e n t 
f o r l ong p e r i o d p u l s a r s . Thus i f gamma b u r s t e r s h a v e e v o l v e d from 
l o n e p u l s a r s , a s some m o d e l s p r e d i c t ( e . g . S h k l o v s k i i and M i t r o f a n o v , 
1985), t h e i r minimum a g e s s h o u l d be a r o u n d 10 7 y e a r s . I s i t normal 

ÛISTANCE ( Kpc ) 

F i g u r e 1. T y p i c a l r e s u l t of an E i n s t e i n o b s e r v a t i o n of a gamma r a y 
b u r s t s o u r c e i n t h e q u i e s c e n t s t a t e ( a f t e r P i z z i c h i n i e t a l . , 1986). 
Dashed c u r v e , l e f t hand s c a l e : uppe r l i m i t t o t h e b l a c k b o d y 
t e m p e r a t u r e of t h e s u r f a c e of t h e n e u t r o n s t a r , a s a f u n c t i o n of t h e 
(unknown) d i s t a n c e . S o l i d c u r v e , r i g h t hand s c a l e s u p p e r l i m i t t o t h e 
p o l a r c a p a c c r e t i o n r a t e a s a f u n c t i o n of d i s t a n c e - Note t h a t t h e 
r a t e s a r e a t l e a s t 3 o r d e r s of m a g n i t u d e be low t h o s e p roposed f o r X-
r a y b u r s t e r s . 

t h a t s u c h e n o b j e c t s h o u l d not be d e t e c t a b l e a s an E i n s t e i n o r EXOSftT 
s o f t X - r a y s o u r c e , e i t h e r d u e t o t h e r e s i d u a l b l a c k b o d y r a d i a t i o n from 
i t s e n t i r e s u r f a c e , o r due t o p o l a r c a p h e a t i n g from a c c r e t i o n ? The 
a n s w e r a p p e a r s t o be "yes" i n bo th c a s e s - The Glen and S u t h e r l a n d 
(1980) c o o l i n g model p r e d i c t s s u r f a c e t e m p e r a t u r e s w e l l be low 10^ οκτ 

w h i c h a r e u n d e t e c t a b l e . I l l a r i o n o v and S u n y a e v (1975) h a v e c o n s i d e r e d 
t h e f a t e of o l d p u l s a r s , and h a v e shown t h a t t h e " p r o p e l l e r " mechanism 
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p r e v e n t s a c c r e t i o n onto a s p i n n i n g , m a g n e t i z e d n e u t r o n s t a r u n t i l t h e 
p e r i o d i s s u f f i c i e n t l y l o n g . Spindown by t h e p r o p e l l e r mechanism 
i t s e l f i s not e f f i c i e n t enough t o s l o w t h e s t a r down on t i m e s c a l e s 
s h o r t e r t h a n t h e a g e of t h e g a l a x y . 

50 ΊΟ2 10 3 

ASSUMEO INSTANCE, PC 

F i g u r e 2 . Minimum a g e of t h e 1979 Apr 6 b u r s t e r , a s a f u n c t i o n of 
d i s t a n c e . The E i n s t e i n u p p e r l i m i t s of F i g u r e 1 h a v e been u s e d , a s 
w e l l a s t h e c o o l i n g Tnodel•of Glen and S u t h e r l a n d ( 1 9 8 0 ) f o r two v a l u e s 
of t h e m a g n e t i c f i e l d . 

The a b o v e d i s c u s s i o n i n d i c a t e s t h a t no f u n d a m e n t a l 
i n c o n s i s t e n c y a r i s e s i n t h e i n t e r p r e t a t i o n of s o f t X - r a y and t i m e 
h i s t o r y d a t a i f gamma b u r s t e r s a r e assumed t o be l o n e n e u t r o n s t a r s , 
e i t h e r m a g n e t i z e d or unmagne t i z e d . 

3 . VELOCITIES 

The s o f t X - r a y o b s e r v a t i o n s of b u r s t e r s i n t h e q u i e s c e n t s t a t e may 
a l s o be used t o e s t i m a t e minimum n e u t r o n s t a r v e l o c i t i e s unde r some 
c o n d i t i o n s . Here i t i s assumed t h a t a c c r e t i o n i s t a k i n g p l a c e o v e r 
t h e e n t i r e s u r f a c e of t h e n e u t r o n s t a r , w h i c h r e s u l t s i n h e a t i n g and 
r a d i a t i o n i n t h e s o f t X - r a y r e g i o n ( P i z z i c h i n i e t a l . , 1 9 8 6 ) . Higdon 
and L i n g e n f e l t e r ( 1 9 8 4 ) and Hameury ( 1 9 8 4 ) h a v e d i s c u s s e d t h e 
c o n d i t i o n s u n d e r wh ich a c c r e t i o n may t a k e p l a c e onto t h e s u r f a c e of a 
l o n e unmagne t i zed n e u t r o n s t a r of mass M t r a v e l i n g t h r o u g h t h e 
i n t e r s t e l l a r medium a t a v e l o c i t y w and Hameury ( 1 9 8 4 ) h a s shown t h a t 
t h e r a t e i s 

d M / d t = 5 . 8 x l 0 ~ i 5 ( 1 0 km s ~ * / w ) 3 ( M / M G ) 2 n M©/y 

where η i s t h e number d e n s i t y of t h e medium, and where w i s n e v e r l e s s 
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t h a n t h e sound s p e e d (10 k m / s ) . The r e s u l t i s shown i n F i g u r e 3 , 
w h i c h g i v e s t h e minimum a l l o w e d v e l o c i t i e s f o r two d e n s i t i e s n. fis 
b e f o r e , t h e a c c r e t i o n r a t e i s a f u n c t i o n of t h e (unknown) d i s t a n c e t o 
t h e n e u t r o n s t a r , and t h e r e f o r e s o i s t h e minimum a l l o w e d v e l o c i t y . 
Here , a s i n F i g u r e 2 , t h e c o n s t r a i n t s a r e r e a s o n a b l e o n e s , s i n c e t h e 
minimum v e l o c i t i e s a r e l e s s t h a n t y p i c a l p u l s a r v e l o c i t i e s . 

100 ι 1 1 1 r 
1979 APRIL 6 GRB SOURCE 

η = 1 0 / C M 3 

10* 10< 
ASSUMED OISTANCE.PC 

F i g u r e 3 . Lower l i m i t s t o t h e v e l o c i t i e s of l o n e , u n m a g n e t i z e d n e u t r o n 
s t a r s i n t h e i n t e r s t e l l a r medium ( d e n s i t y n ) a s a f u n c t i o n of 
d i s t a n c e . These c u r v e s a r e b a s e d on t h e E i n s t e i n uppe r l i m i t s . 

4 . DISTANCE AND MEMBERSHIP IN BINARY SYSTEMS 

Some i n t e r e s t i n g c o n s t r a i n t s on b u r s t e r d i s t a n c e s and p o s s i b l e b i n a r y 
c o m p a n i o n s may be o b t a i n e d from t h e r e s u l t s of d e e p o p t i c a l s e a r c h e s 
f o r q u i e s c e n t c o u n t e r p a r t s . T a k i n g m v=24 f o r t h e b r i g h t e s t p o s s i b l e 
c o u n t e r p a r t , a s o b t a i n e d f o r two b u r s t e r s ( C h e v a l i e r e t a l . , 1 9 8 1 : 
P e r i e r s e n e t a l . , 1 9 8 3 ; S c h a e f e r , S e i t z e r , and B r a d t , 1 9 8 3 ; Motch e t 
a l . , 1 9 8 5 ) , t h e a b s o l u t e v i s u a l m a g n i t u d e of a main s e q u e n c e 
c o u n t e r p a r t must be 

M v = 2 9 ~ 5 1 o g ( d ) - A 

where d i s t h e d i s t a n c e i n pc and A t h e a b s o r p t i o n i n m a g n i t u d e s . An 
u n a b s o r b e d main s e a u e n c e s t a r c l o s e r t h a n 10^ pc must t h u s have Mv)9. 
T h i s e x c l u d e s a l l c l a s s e s e x c e p t M ( s e e , e . g . , A l l e n 1 9 7 6 ) . The 
a l l o w e d d i s t a n c e s of some M s t a r s a r e shown i n F i g u r e 4 . 

A d e g e n e r a t e s t a r i s a l s o p o s s i b l e a s a b i n a r y companion . 
A g a i n , u s i n g t h e s t a t i s t i c s from A l l e n ( 1 9 7 6 ) , t h e minimum p o s s i b l e 
d i s t a n c e s f o r two t y p e s of w h i t e d w a r f s a r e shown i n F i g u r e 4 . 
F i n a l l y , one c a n a s k w h e t h e r t h e d e e p o o t i c a l s e a r c h e s c o u l d have 
d e t e c t e d a l o n e n e u t r o n s t a r . I n t e g r a t i n g t h e r e d s h i f t e d b l a c k b o d y 
s p e c t r u m f o r a n e u t r o n s t a r w i t h 1.3MQ , a t r u e r a d i u s of 16 
km, and a t r u e t e m p e r a t u r e of 10^ °K t o o b t a i n Mv g i v e s t h e r e s u l t 
shown i n F i g u r e 4 : s u c h an o b j e c t c a n be d e t e c t e d out t o a b o u t 27 oc . 
A c c o r d i n g t o t h i s c a l c u l a t i o n , h i g h e r t e m p e r a t u r e n e u t r o n s t a r s c o u l d 
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of c o u r s e be d e t e c t e d o p t i c a l l y out t o l a r g e r d i s t a n c e s ( e . g . 94 pc 
f o r 10& OK), but h e r e t h e s o f t X - r a y c o n s t r a i n t s ( S e c t i o n 2 ) a r e more 
s e v e r e . 

The e x t r e m e l y c o n s t r a i n i n g v a l u e f o r M v migh t prompt one t o 
s p e c u l a t e t h a t t h e o p t i c a l c o u n t e r p a r t s a r e e i t h e r c o o l o r h e a v i l y 
a b s o r b e d , and t h a t i n f r a r e d o b s e r v a t i o n s migh t y i e l d a d e t e c t i o n or a t 
l e a s t a more s e v e r e c o n s t r a i n t . fipparao and ftlien ( 1 9 8 2 ) h a v e 
r e p o r t e d i n f r a r e d s c a n s of two b u r s t e r r e g i o n s , w h i c h d i d not r e s u l t 
i n a n y l i k e l y d e t e c t e c t i o n of a c o u n t e r p a r t . One of t h e i r d i s t a n c e 
l o w e r l i m i t s i s shown a s a d a s h e d l i n e i n F i g u r e 4 . S c h a e f e r e t a l . 
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F i g u r e 4 . Where t h e b u r s t e r s may l i e , and what t h e i r m a s s e s a r e . The 
s o l i d l i n e s l a b e l l e d M8 ν , M5 v, MO v, WD 1 and WD 2 a r e b a s e d on 
s t e l l a r s t a t i s t i c s a s t a b u l a t e d by filien ( 1 9 7 6 ) , and a s s u m e a maximum 
m v=24 f o r b u r s t e r c o u n t e r p a r t s . The d a s h e d l i n e l a b e l l e d MO ν i s from 
t h e i n f r a r e d o b s e r v a t i o n s of fipparao and filien ( 1 9 8 2 ) , and t h a t f o r M8 
ν from S c h a e f e r e t a l . ( 1 9 8 6 ) . The l i m i t f o r t h e K>5 ok n e u t r o n s t a r 
i s c a l c u l a t e d a s d e s c r i b e d i n t h e t e x t . The r e g i o n l a b e l l e d V 19Θ3 i s 
from t h e model of V e n t u r a e t a l . ( 1 9 8 3 ) , and t h a t l a b e l l e d RJ 1985 i s 
from t h e model of Rappapo r t and J o s s ( 1 9 8 5 ) . 

( 1 9 8 6 ) have r e c e n t l y r e p o r t e d t h e i r r e s u l t s of i n f r a r e d o b s e r v a t i o n s 
of 7 b u r s t e r r e g i o n s , a l s o w i t h no p r o b a b l e d e t e c t i o n of a 
c o u n t e r p a r t . 

S e v e r a l a u t h o r s h a v e c o n s i d e r e d t h e q u e s t i o n of w h e t h e r t h e 
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p r e s e n c e of n e a r b y b u r s t e r s v i o l a t e s t h e Oort l i m i t ( e . g . , B a r a t e t 
a l . 1979; S c h a e f e r and R i c k e r , 19Θ3; E p s t e i n , 1 9 B 5 ) . U s i n g B a n c a l i ' s 
(1984) e s t i m a t e of 0 . 0 9 Mo/pc 3 f o r t h e i n v i s i b l e m a t t e r i n 
t h e s o l a r n e i g h b o r h o o d , a l l t h e o b s e r v e d b u r s t e r s c o u l d be p l a c e d i n a 
s p h e r e of r a d i u s 

R = ( 2 . 6 5 η t r e e M ) l / 3 pc 

w h e r e η i s t h e number of d i s t i n c t ( i . e . not coming from t h e same 
r e g i o n s of t h e s k y ) b u r s t s o b s e r v e d p e r y e a r , t r e e i s t h e i r r e c u r r e n c e 
p e r i o d i n y e a r s , and M i s t h e mass of a b u r s t e r i n MQ . η 
may be e s t i m a t e d from A t t e i a e t a l . ( 1 9 8 6 b ) t o be 5 9 b u r s t s / y e a r , and 
t o compare t h i s l i m i t t o t h a t s e t by t h e l o n e 1C>5 OK n e u t r o n s t a r i n 
F i q u r e 4 , M may be t a k e n t o be 1.3Mo- However, f o r t h e 
p u r p o s e s of t h i s c a l c u l a t i o n , t r e e i s no t s i g n i f i c a n t l y c o n s t r a i n e d by 
o b s e r v a t i o n s . S c h a e f e r and C l i n e ( 1 9 8 5 ) and A t t e i a e t al. ( 1 9 8 6 b ) 
c o n c l u d e t h a t t h e b e s t l o w e r l i m i t o b t a i n a b l e from t h e o b s e r v a t i o n s i s 
of t h e o r d e r of 10 y e a r s . T h i s l e a d s t o R=13 pc a b o v e , wh ich i s 
c e r t a i n l y not i n c o n f l i c t w i t h t h e p o i n t i n F i g u r e 4 . Note , t h o u g h , 
t h a t a q u a n t i t y of g r e a t e r i n t e r e s t h e r e i s j u s t t h e d i s t a n c e t o t h e 
n e a r e s t b u r s t e r , and t h a t t h i s d e p e n d s o n l y on t h e v a l u e of t h e Oort 
l i m i t and t h e a s sumed mass of t h e n e u t r o n s t a r : 

d m i n = ( M / 0 . 0 9 > 1 / 3 pc=2 .3 pc 

f o r t h e c a s e c o n s i d e r e d h e r e . Thus t h i s c a n n e v e r g i v e a more 
c o n s t r a i n i n g l o w e r l i m i t t o t h e d i s t a n c e t h a n t h e o p t i c a l 
o b s e r v a t i o n s , a s i n t e r p r e t e d i n F i g u r e 4 . 

B e f o r e membersh ip i n a b i n a r y s y s t e m c a n be a s s u m e d , a 
c o n s i s t e n c y c h e c k s h o u l d be c a r r i e d o u t : s h o u l d a m a g n e t i z e d n e u t r o n 
s t a r i n a b i n a r y s y s t e m , r o t a t i n g w i t h a p e r i o d of 4 - 1 0 s not be 
v i s i b l e a s a s o f t X - r a y s o u r c e ? Neu t ron s t a r sp indown and a c c r e t i o n 
i n a b i n a r y s y s t e m h a v e been s t u d i e d by a number of a u t h o r s ( e . g . , 
I l l a r i o n o v and S u n y a e v , 1 9 7 5 ; D a v i e s and P r i n g l e , 1 9 8 1 ) . T h e s e m o d e l s 
a i m t o e x p l a i n t h e e v o l u t i o n of b r i g h t b i n a r y X - r a y s o u r c e s , w h i c h i s 
o b v i o u s l y not t h e c a s e of gamma b u r s t e r s . However, a s t h e c r i t i c a l 
p a r a m e t e r s a r e t h e s p i n p e r i o d s , w h i c h e v o l v e t h r o u g h t h e p e r i o d s of 
i n t e r e s t h e r e t o h u n d r e d s of s e c o n d s , t h e s t r e n g t h of t h e wind from 
t h e companion , of o r d e r 10"*H M©/y, and t h e m a g n e t i c moment 
of t h e n e u t r o n s t a r , of o r d e r ΙΟ3*-* G c m 3 , some f e a t u r e s of t h e m o d e l s 
may be a p p l i c a b l e . Of p a r t i c u l a r i n t e r e s t i s t h e p r e d i c t i o n t h a t 
a c c r e t i o n c a n n o t t a k e p l a c e onto t h e compact o b j e c t , e v e n i n t h e 
p r e s e n c e of a s t r o n g w i n d , u n t i l i t h a s been spun down / to r a t h e r long 
p e r i o d s . T h i s would t h e r e f o r e a p p e a r t o be c o n s i s t e n t w i t h t h e 
p r o p e r t i e s of gamma b u r s t e r s . On t h e o t h e r hand, t h e s e s y s t e m s e v o l v e 
i n t o X - r a y s o u r c e s w h i l e t h e m a s s i v e companion i s s t i l l on t h e main 
s e q u e n c e , wh ich c a s t s some doubt on t h e a p p l i c a b i l i t y t o b u r s t e r s . 

As c o n s t r a i n i n g a s t h e o p t i c a l l i m i t s a r e , i t i s s t i l l 
p o s s i b l e t o i m a g i n e b i n a r y s y s t e m s i n w h i c h b u r s t s may be p r o d u c e d . 
V e n t u r a e t a l . ( 1 9 8 3 ) and Rappapor t and J o s s ( 1 9 8 5 ) h a v e s t u d i e d t h e 
e v o l u t i o n of v e r y low mass b i n a r y s y s t e m s f o r t h e s p e c i f i c p u r p o s e of 
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e x p l a i n i n g b u r s t e r s . The s y s t e m of V e n t u r a e t a l . ( 1 9 8 3 ) , a f t e r 
p a s s i n g t h r o u g h a p h a s e a s a b r i g h t X - r a y s o u r c e , e n d s up a f t e r 1 0 l u y 
a s a d e t a c h e d b i n a r y s y s t e m whose X - r a y and o p t i c a l l u m i n o s i t i e s a r e 
u n d e t e c t a b l e a t 3 0 0 p c . In t h e model of Rappapor t and J o s s ( 1 9 8 5 ) , 
a f t e r abou t 5 χ 10^ y t h e s y s t e m i s t m d e t e c t a b l e o p t i c a l l y , a l t h o u g h 
i n p r i n c i p l e i t i s u n d e r g o i n g mass t r a n s f e r a t a r a t e w h i c h would make 
i t a b r i g h t X - r a y s o u r c e u n l e s s t h e t r a n s f e r c a n be c u t o f f somehow. 
But i n a n y c a s e , from t h e a b o v e d i s c u s s i o n , i t i s c l e a r t h a t 
membersh ip i n a b i n a r y s y s t e m , a l b e i t a p e c u l i a r one, need not 
c o n t r a d i c t t h e o b s e r v a t i o n a l d a t a . 

5 . MAGNETIC FIELDS 

I t i s c l e a r from t h e a b o v e d i s c u s s i o n t h a t t h e m a g n e t i c f i e l d s t r e n g t h 
i s a c r u c i a l p a r a m e t e r i n t h e i n t e r p r e t a t i o n of t h e o b s e r v a t i o n s . Two 
l i n e s of o b s e r v a t i o n a l e v i d e n c e s u p p o r t t h e i d e a t h a t a f i e l d s h o u l d 
i n d e e d e x i s t . The f i r s t comes from t h e o b s e r v a t i o n s of p e r i o d i c i t i e s . 
As p o i n t e d out i n S e c t i o n 2 , however , r e l a t i v e l y few e v e n t s d i s p l a y 
them; e v e n t h o u g h t h i s may j u s t be a n o b s e r v a t i o n a l s e l e c t i o n e f f e c t , 
i t s m a g n i t u d e i s d i f f i c u l t t o e s t i m a t e . In a d d i t i o n , t h e o b s e r v a t i o n 
of p e r i o d i c i t i e s d o e s not p r o v i d e an a c c u r a t e e s t i m a t e of t h e f i e l d 
s t r e n g t h . The s e c o n d l i n e of e v i d e n c e i s t h e o b s e r v a t i o n of s p e c t r a l 
f e a t u r e s a t e n e r g i e s a r o u n d 5 0 keV ( M a z e t s e t a l . , 1 9 8 1 a ) , w h i c h h a v e 
been i n t e r p r e t e d a s c y c l o t r o n a b s o r p t i o n i n a s t r o n g ( s e v e r a l t i m e s 
IQÌ2 Q) m a g n e t i c f i e l d . S e v e r a l q u e s t i o n s c o n c e r n i n g t h e s e 
o b s e r v a t i o n s must be c o n s i d e r e d . The f i r s t i s , "Are t h e o b s e r v a t i o n s 
r e l i a b l e ? " . A l t h o u g h one o b s e r v a t i o n of s u c h a s p e c t r a l f e a t u r e h a s 
been made, n o n - s i m u l t a n e o u s l y , by an i n d e p e n d e n t e x p e r i m e n t ( H u e t e r , 
1 9 8 4 ) , s i m u l t a n e o u s o b s e r v a t i o n s i n a n o t h e r c a s e f a i l e d t o c o n f i r m a 
f e a t u r e ( F e n i m o r e , K l e b e s a d e l , and L a r o s , 1 9 8 3 ; D e n n i s e t a l , 1 9 8 2 ) . 
I t h a s been d e m o n s t r a t e d t h a t i n some c a s e s s u c h f e a t u r e s c o u l d be 
a r t i f a c t s ( F e n i m o r e , K l e b e s a d e l , and L a r o s , 1 9 8 3 ) . I t a p p e a r s , 
however , q u i t e u n l i k e l y t h a t a l l f e a t u r e s c a n be e x p l a i n e d i n t h i s 
way, and t h e r e f o r e t h a t t h e r e a l i t y of them s h o u l d be a c c e p t e d . The 
s e c o n d i s "Can t h e y be i n t e r p r e t e d a s b e i n g d u e t o e f f e c t s o t h e r t h a n 
c y c l o t r o n a b s o r p t i o n ? " . Here t o o , t h e a n s w e r i s y e s . Two component 
s p e c t r a h a v e been p r o p o s e d ( F e n i m o r e e t a l . , 1 9 8 2 ; L a s o t a and B e l l i , 
1983) which c o u l d mimic t h e o b s e r v e d f e a t u r e s , and i t h a s been p o i n t e d 
out t h a t t h e y c o u l d a l s o be c a u s e d by p h o t o e l e c t r i c a b s o r p t i o n of 
h e a v y a toms (Trümper , 1 9 8 2 ; B u s s a r d and Lamb, 1 9 8 2 ) . But i n a l m o s t 
a l l of t h e s e c a s e s , s t r o n g f i e l d s a r e s t i l l r e q u i r e d . A f i n a l 
q u e s t i o n c o n c e r n s t h e o b s e r v a t i o n a l s t a t i s t i c s . Some 2 0 gamma b u r s t s 
out of 143 ( M a z e t s e t a l . 1 9 8 1 a ) h a v e been o b s e r v e d t o d i s p l a y 
s p e c t r a l f e a t u r e s a r o u n d 5 0 keV. What d o e s t h i s i m p l y f o r t h e 
p o p u l a t i o n of gamma b u r s t e r s a s a w h o l e ? A number of o b s e r v a t i o n a l 
s e l e c t i o n e f f e c t s w i l l t e n d t o r e d u c e t h e number of f e a t u r e s d e t e c t e d . 
One migh t be t h e b u r s t s t r e n g t h . M a z e t s e t a l . ( 1 9 8 1 a ) r e p o r t t h e 
o b s e r v a t i o n of f e a t u r e s o n l y i n b u r s t s w i t h f l u e n c e s g r e a t e r t h a n 3 χ 
1 0 " 6 e r g / c m 2 , of wh ich t h e r e a r e a b o u t 100 i n t h e KÜNUS c a t a l o g 
( M a z e t s e t a l . , 1 9 8 1 b ) . Thus i f t h e d e t e c t i o n w e r e r e l a t e d t o t h e 
f l u e n c e , t h e t r u e r a t i o migh t be n e a r e r t o 2 0 / 1 0 0 . A n o t h e r i s t h e 
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e n e r g y a t wh ich t h e f e a t u r e s a p p e a r i n t h e s p e c t r a . The KONUS 
d e t e c t o r s had a l o w e r e n e r g y t h r e s h o l d of 30 keV i n g e n e r a l (bu t 17 
keV i n some c a s e s ) , and many f e a t u r e s a p p e a r i n t h e s e c o n d e n e r g y 
c h a n n e l . F e a t u r e s w i t h e n e r g i e s be low a b o u t 2 7 keV. ( t h e l o w e s t e n e r g y 
r e p o r t e d by M a z e t s e t a l . , 1 9 8 1 a ) , i f t h e y e x i s t e d , would go 
u n d e t e c t e d . F i n a l l y , t h é g e o m e t r y of t h e e m i s s i o n r e g i o n i t s e l f may 
p l a y a r o l e . The d e t e c t i o n of 20 f e a t u r e s out of 143 d o e s not seem 
u n r e a s o n a b l e when compared t o t h e s t a t i s t i c s of p u l s a t i n g X - r a y 
s o u r c e s , w h i c h a r e c l e a r l y a s s o c i a t e d w i t h r o t a t i n g m a g n e t i z e d n e u t r o n 
s t a r s ( e . g . , Trümper , 1 9 8 6 ) . Here two s o u r c e s out of abou t two dozen 
have been o b s e r v e d t o d i s p l a y c y c l o t r o n f e a t u r e s , Her X-1 a t 4 0 keV 
and p o s s i b l y 80 keV, and 4U0115+63 a t 1 1 . 5 and 23 keV. I t t h e r e f o r e 
d o e s not seem u n r e a s o n a b l e , b a s e d on t h e o b s e r v a t i o n s of b u r s t s , t o 
a s s u m e t h a t a l l of them a r e p roduced on o r n e a r h i g h m a g n e t i c f i e l d 
o b j e c t s . 

6 . CONCLUSION 

The d e e p o p t i c a l and s o f t X - r a y s e a r c h e s f o r b u r s t e r c o u n t e r p a r t s 
r e p o r t e d o v e r t h e l a s t y e a r h a v e begun t o impose s i g n i f i c a n t 
c o n s t r a i n t s on t h e p a r a m e t e r s p a c e wh ich GRB s y s t e m s may o c c u p y . 
T h e r e i s s t i l l no g e n e r a l c o n c e n s u s on t h e q u e s t i o n of w h e t h e r b u r s t s 
a r e g e n e r a t e d i n b i n a r y s y s t e m s o r by l o n e n e u t r o n s t a r s , o r e v e n 
b o t h , but i t i s now c l e a r t h a t any b i n a r y companion must be q u i t e 
c o o l , have v e r y low m a s s , be v e r y d i s t a n t , o r a s u i t a b l e c o m b i n a t i o n 
of t h e a b o v e . 

No m e n t i o n h a s been made of t h e Mar 5 s o u r c e , w h i c h r e m a i n s a s 
e n i g m a t i c a s b e f o r e . Recen t o p t i c a l s t u d i e s by H. P e d e r s e n , C. Motch 
and c o l l e a g u e s , a s y e t u n p u b l i s h e d , h a v e s e t l i m i t s of abou t m v >17 .7 
f o r an o p t i c a l c o u n t e r p a r t . fit t h e d i s t a n c e of t h e LMC, t h i s would 
i m p l y MV>~1, w h i c h would a l l o w many s t e l l a r t y p e s a s c o u n t e r p a r t s . 
However, t h e w e l l known 8 s p e r i o d of t h e s o u r c e would s t i l l a p p e a r t o 
c o n f l i c t w i t h t h e a g e of t h e N49 s u p e r n o v a remnant , 10^ y . On t h e 
o t h e r hand, i f t h e s o u r c e i s n e a r b y , t h e E i n s t e i n o b s e r v a t i o n s make i t 
d i f f i c u l t t o u n d e r s t a n d t h e r e p e a t i n g b u r s t s from t h e s o u r c e i n t e r m s 
of a n a c c r e t i o n - d r i v e n p r o c e s s ( P i z z i c h i n i e t a l . , 1 9 8 6 ) . 

F u r t h e r u n d e r s t a n d i n g of b u r s t e r s may h a v e t o a w a i t t h e 
a r r i v a l of new i n s t r u m e n t a t i o n , p a r t i c u l a r l y t h e S p a c e T e l e s c o p e and 
fiXftF. 
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DISCUSSION 

C. Alcock: I would like to play devil's advocate for the fun of 
it. This comment applies to the VS 2Bs directly, and less 
directly to all GRB 1 s· The 1979 March 5 burst is the brightest 
burst, so maybe it's the nearest. This is further suggested by 
it having the only optical identification. Why then are we 
assuming a galactic population? 
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Κ. Hurley: As long as we are only talking about soft bursts, 1 think 
that there is no hard observational evidence which constrains 
them to be local, at least not yet. But the gamma burster popul-
ation as a whole is rather more constrained: we believe that the 
400 keV features, for example, are not related to cosmological 
redshifts, but rather to gravitational redshifts at the neutron 
star surface. Very high energy emission (> 1 MeV) is also a 
reality, and is difficult to explain in distant sources. But 
these arguments don't apply to the soft bursts, where no emission 
is observed above a few hundred keV, or in the case of 5 Mar, ~1 
MeV. 

S. Woosley: Would you comment on the status of the various exper-
iments that are presently searching for optical transients 
accompanying γ-ray bursts? 

K. Hurley: George Ricker informs me that part of his Explosive 
Transient Camera has come on line at Kitt Peak, and has looked 
for optical transients from the Aries flasher. He will be pre-
senting a review of his results at the COSPAR meeting in Toulouse 
in July. Holger Pedersen's telescope array is now starting to 
operate at ESO (La Silla) and he will also talk about his 
experiment at COSPAR. 

https://doi.org/10.1017/S0074180900161261 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900161261

