
BINARY AND OTHER RECYCLED PULSARS 

Virginia Trimble 
Astronomy Program and Phys ics Department 
Un ivers i ty of Maryland Univers i ty of Cal i forn ia 
Col lege Park MD 20742 USA Irv ine CA 92717 USA 

ABSTRACT. Binary pulsars and others with weak f i e l d s and rapid r o t a t i o n 
now number severa l dozen and appear to have been spun up by c l o s e binary 
mass t r a n s f e r . Some are l i n e a l descendents of X-ray b i n a r i e s ; o thers may 
r e s u l t from accret ion- induced c o l l a p s e of binary white dwarfs or from 
captures , exchanges, and c o l l i s i o n s in c l u s t e r s . Seven accurate neutron 
s tar masses , 1 .27-1 .44 Μ , have been measured so f a r . Outstanding i s s u e s 
inc lude the dominant formation process in var ious s i t e s and the time his_ 
tory of the neutron s t a r s 1 magnetic f i e l d s in and out of b i n a r i e s . 

1 . INTRODUCTION AND INVENTORY 

The h a l l s of the 1 9 7 4 Texas Symposium on R e l a t i v i s t i c Astrophysics buzzed 
with the phrase "the binary p u l s a r . " Nearly seven years had passed s i n c e 
B e l l and Hewish's " l i t t l e green men" had burst upon the astronomical 
scene , and not a s i n g l e pulsar had yet shown the per iod ic v a r i a t i o n s in 
pu l se a r r i v a l time that would i n d i c a t e o r b i t a l motion. In a way, t h i s 
was not s u r p r i s i n g . Though we are not o f ten aware of the so lar wind, a 
neutron s tar at our d i s t a n c e from the sun would f ind i t s e l f (owing to 
what i s genera l ly c a l l e d Bondi-Hoyle accre t ion) in a plasma of d e n s i t y a_ 
bout ΙΟ* 2 cm~3, where only frequencies in excess of 1 0 GHz can propagate. 
And pulsars are low frequency sources . Thus only windless companions 
could be expected - white dwarfs, other neutron s t a r s , or perhaps helium 
s t a r s or very low mass o b j e c t s . Indeed only these s o r t s have been found. 

"The" binary pulsar ( 1 9 1 3 + 1 6 , Hülse and Taylor 1 9 7 5 ) and "the" m i l -
isecond pulsar ( 1 9 3 7 + 1 1 , Backer et a l . 1 9 8 2 ) ^ ^ Q T N with small r a t e s of 
period change, implying magnetic f i e l d s of 1 0 G, but rapid r o t a t i o n , 
remained unique for severa l years a f t e r t h e i r d i s c o v e r i e s . Ordinary s i n 
g l e pu l sars rad ia te away t h e i r r o t a t i o n a l k i n e t i c energ ies in 1 0 ~~ year 
without l o s i n g much of t h e i r magnetic f i e l d s . Thus these two unique ob^ 
j e c t s were quickly a t t r i b u t e d to spinning up by a c c r e t i o n during a pre 
ceeding X-ray binary phase. The s i n g l e m i l l i s e c o n d pulsar was presumed 
to have been spyn up and then l i b e r a t e d (Alpar et a l . 1 9 8 2 ) , thereby l i n k 
ing the two c l a s s e s . This scenario i s r e spons ib l e for the named "recyc-
led" and "born-again" p u l s a r s . 
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TABLE 1 . Proper t i e s of Recycled Pulsars and Ancestral X-Ray Binar ie s 

TYPE 

pulsars 
binary 
glob c l u s t 

msec s i n g l 
h i M binar 

NUMBER 
KNOWN 

22 
28 

12 
5 

BINARY 
? 

Yes 
Half 

No 
Yes 

ROTN. PER. 

msec 
1.55-1060 

3-290 

1.55-150 
30-1060 

ORBIT PER. 
days 

0.075-358 
0.075-191 

0.208-12 

EXAMPLE 

1913+16 
2127+11 

ABCDE 
1937+21 
1534+12 

X-ray 
MXRB 
BeXRB 
g l c l XRB 
bulge XRB 

30 
70 
12 
50 

Yes 
Yes 
Yes? 
Yes? 

sec 
0 .7-850 

0.06-835 
msec? 
msec? 

16-188 
1 .4-41 

0 .008-0 .35 
0 .029-12 .5 

Vela X-l 
GX 304-1 

4U2127+12 

Development of techniques for de -d i spers ing short pu l se per iods in 
d i s t a n t , acce l era ted o b j e c t s has led to rapid ly growing i n v e n t o r i e s , as 
shown in Table 1 (Numbers are epoch about 1991 .5 ) . The main c l a s s e s of 
X-ray b i n a r i e s are included for comparison. The one point where I see 
a d i f f i c u l t y in connecting up the proper t i e s i s in r o t a t i o n periods for 
the massive systems. Most neutron s t a r s in MXRBs are very slow r o t a t o r s , 
wi th per iods of up to 800 s e c , ye t spin-up must occur at some point i f 
recyc led pulsars are to r e s u l t . 

Most of the known members of the binary and m i l l i s e c o n d c l a s s e s are 
f a i n t , even as pulsars go, and about 10% of a volume-l imited f i e l d sam-
p l e would be short per iod , weak f i e l d o b j e c t s (Taylor 1987) . Four s y s -
tems have companions massive enough to be neutron s t a r s and are presuma-
b ly descended from massive XRBs. The o thers o r b i t white dwarfs or other 
low mass s t a r s and could descend from LMXRBs. About three of the b inar -
i e s need not have been r e c y c l e d , s i n c e the neutron s t a r s have per iods 
c l o s e to a second and f i e l d s of near ly 10 G, t y p i c a l of f i r s t - t i m e a r -
ound pulsars at ages of 10^-7 y r . 

The binary and m i l l i s e c o n d pulsars are , l i k e the LMXRBs, over-repre 
sented in g lobular c l u s t e r s , even when you a l low for searches that have 
focussed t h e r e . The t o t a l number of recyc led pulsars in the c l u s t e r s i s 
rather uncer ta in , s i n c e only the very b r i g h t e s t have been seen . ^Analy-
s i s of the completeness of recent surveys sugges t s as many as 10 (Kul-
karni e t a l . 1990) , whi le the t o t a l radio f lux coming from the c l u s t e r s 
seems to impose a l i m i t nearer 10^ (Wijers and van Paradi js 1991: Fruch-
ter and Goss 1990) . 

Bhattacharya and van den Heuvel (1991) have published a superb a c -
count of the formation and evo lu t ion of recyc led pulsars and t h e i r r e l a -
t i o n s h i p to the X-ray b i n a r i e s , to which you are referred for more d e t a i l , 
more r e f e r e n c e s , and more e x p e r t i s e than represented here . Some of the 
author ' s a d d i t i o n a l thoughts on these subjec t s can be found in Trimble 
(1991) . 
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2. FORMATION 

An X-ray binary w i l l lead i n e v i t a b l y to a binary pulsar i f the second s tar 
d i e s without unbinding the system. The a l t e r n a t i v e i s the l i b e r a t i o n of 
a s i n g l e (probably high v e l o c i t y ) m i l l i s e c o n d pu l sar . Thus both s o r t s of 
recyc led pulsar graft n a t u r a l l y onto the evolut ionary scenar ios of XRBs 
(Trimble 1992 and re ferences t h e r e i n ) . One expects LMXRBs in general to 
remain bound when the companion becomes a white dwarf and high mass s y s t -
ems to separate , because the second supernova w i l l e j e c t more than hal f 
the t o t a l system mass. The e x i s t e n c e of three f i e l d binary pulsars with 
companions c l o s e to 1.4 M (1534+12, 1913+16, and 2303+46) shows that the 
obvious does not always happen. Some of the observed combinations of o r -
b i t per iod , e c c e n t r i c i t y , and apparent s tar and system ages are a l s o some_ 
what d i f f i c u l t to account for (Bhattacharya and van den Heuvel 1991) . So 
f a r , we have seen no binary pu l sars with black ho le companions. Given the 
r a r i t y of these among XRBs, one i s not yet even s t a t i s t i c a l l y surpr i sed . 

The ch ie f d i f f i c u l t y in supposing a l l recyc led pulsars to be the des_ 
cendents of XRBs i s , however, a s t a t i s t i c a l one, which shows up most a c -
c u t e l y in the g lobular c l u s t e r s . These harbor about 10 LMXRBs and anything 
from 50 to 500 times as many p u l s a r s . The pulsars cannot be more than 1 0 ^ 
yr o ld ; thus , e i t h e r the LMXRBs l i v e at most 2X10 7 to 2X10 8 yr , or we are 
doing the wrong c a l c u l a t i o n . I t i s p o s s i b l e to shorten the expected l i f e -
t imes of the XRBs i f t h e i r secondaries are evaporated in the fashion of 
1957+20. But one then has cons iderable d i f f i c u l t y in persuading the c l u s -
t e r s to produce enough X-ray b i n a r i e s ! 

This s t a t i s t i c a l d i f f i c u l t y was the focus of a January 1991 workshop 
(van den Heuvel and Rappaport 1992) and has renewed i n t e r e s t in other f o r -
mation mechanisms for binary and m i l l i s e c o n d p u l s a r s . One p o s s i b i l i t y i s 
accret ion- induced c o l l a p s e , in which a white dwarf acquires enough addi -
t i o n a l mass from a companion to be driven over the Chandrasekhar l i m i t and 
in to c o l l a p s e (van den Heuvel 1981; Bai lyn and Grindlay 1990) . The advan-
tage of t h i s mechanism i s that enough mass i s l o s t from the system to take 
i t out of Roche lobe contac t , so that ins tead of appearing as an LMXRB, i t 
s t a r t s l i f e as a pulsar hard at work evaporating i t s r e s i d u a l low-mass com 
panion. The main problem i s that there i s competi t ion — mass t rans fer on 
to white dwarfs i s a l s o invoked to expla in nova exp los ions (with j u s t i f i a -
b l e confidence) and Type l a supernovae (with cons iderably l e s s conf idence ) . 
And you can ' t use the same system for more than one of t h e s e . Nova e x p l o -
s ions probably take more off the white dwarf than preceeding a c c r e t i o n put 
t h e r e , and SN l a ' s d isrupt i t complete ly . Which happens depends on white 
dwarf mass, composit ion, and a c c r e t i o n r a t e ; and the phase space volume av-
a i l a b l e for core c o l l a p s e i s q u i t e small (Canal e t a l . 1990) . 

Within g lobular c l u s t e r s , var ious s t e l l a r encounters can occur, e s p -
e c i a l l y in those c l u s t e r s that have gone through core c o l l a p s e . Relevant 
processes include t i d a l capture (Grindlay 1988; Johnston and Kulkarni 1991) 
c o l l i s i o n s (Rasio and Shapiro 1991) , and s tar exchange between a primord-
i a l binary and a neutron s tar belonging to the c l u s t e r (Phinney and Kulk-
arni 1991) . Capture alone l eads to the wrong proport ions of c l o s e , wide, 
and s i n g l e pulsars and probably the wrong dependence of numbers on c l u s t e r 
d e n s i t y . C o l l i s i o n s can l eave a d i sk around the neutron s t a r , so that 
i t sp ins up without pass ing through an XRB phase; and a combination of 
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the three processes may w e l l produce a populat ion of c l u s t e r pulsars much 
l i k e the one seen (E.S . Phinney in van den Heuvel and Rappaport 1991) . 
Perhaps the c l e a n e s t case for s tar exchange i s 2127+11C, the double NS in 
Ml5. Addit ional evidence for i t s having undergone an encounter comes from 
i t s p o s i t i o n w e l l o u t s i d e the c l u s t e r core . 

I t i s probably sa fe to say of these three s o r t s of scenar ios (descent 
from i n i t i a l XRB, accret ion- induced c o l l a p s e , and s tar encounters) that 
each works somewhere, none works everywhere, and each operates best in a 
f a i r l y narrow range of parameter space . Better eva luat ion of the r e l a t i v e 
contr ibut ions to the f i e l d and globular c l u s t e r populat ions requires know-
ing more than we current ly do about the i n i t i a l s t e l l a r populat ions of 
the c l u s t e r s : numbers of s t a r s above the minimum needed to make a neutron 
s t a r , the f r a c t i o n of i n i t i a l b i n a r i e s , and the d i s t r i b u t i o n of separa-
t i o n s and mass r a t i o s among them. More thorough hunts for e c l i p s i n g , c a t -
ac lysmic , and spec troscop ic b i n a r i e s are a l l obvious ly r e l e v a n t . Whether 
the c l u s t e r s have contributed s i g n i f i c a n t l y to the f i e l d populat ion de -
pends on equal ly -poor ly known p r o b a b i l i t i e s for e j e c t i o n and escape of 
s i n g l e neutron s t a r s and b i n a r i e s and for d i srupt ion of c l u s t e r s . 

3 . INSIGHTS GAINED 

Binary and m i l l i s e c o n d pulsars are remarkably s t a b l e c l o c k s . Analys i s of 
pu l se a r r i v a l t imes , inc luding newtonian, s p e c i a l , and general r e l a t i v i s -
t i c e f f e c t s , there fore permits determination of very accurate o r b i t para-
meters . Seven neutron s tar masses (Table 2) have, so f a r , been measured 
to b e t t e r than a few percent ( those in 1913+16 to more s i g n i f i c a n t f i g -
ures than are shown). A l l are between 1.27 and 1.44 Μ , rather smaller 
than most of us would have guessed a few years ago. 

In a d d i t i o n , evo lu t ion of the o r b i t of 1913+16 i n d i c a t e s that the 
standard formula for quadrupole g r a v i t a t i o n a l r a d i a t i o n from two point 
masses i s r i g h t to 1% or b e t t e r (Damour and Taylor 1990) and that the con 
s tant of g r a v i t y , G, i s changing by l e s s than one part in 10 per year. 
The very small amount of r e s i d u a l timing n o i s e in severa l m i l l i s e c o n d pul 
sars s e t s upper l i m i t s to the energy d e n s i t y in g r a v i t a t i o n a l r a d i a t i o n 
with frequenc ies between kHz and a few c y c l e s per year . Such r a d i a t i o n 
f a l l s very short of c l o s i n g the un iverse (Ho et a l . 1991) . 

Careful monitoring of another pu l sar , 1829-10, has , j u s t p o s s i b l y , 
r e s u l t e d in the d i scovery of the f i r s t e x t r a - s o l a r - s y s t e m planet ( B a i l e s 
e t a l . 1991) . The ink on the d iscovery paper was not yet dry when an a l -
t e r n a t i v e explanat ion of the data and an o b jec t i o n to i t were put forward 
(Helfand and Hamilton 1991; Lyne 1991); and prepr ints of three or more 
p o s s i b l e formation scenar ios were c i r c u l a t i n g in Buenos Aires and Cordo-
ba ( e . g . Podsiadlowski e t a l . 1991) . 

Globular c l u s t e r pulsars can o c c a s i o n a l l y probe the g r a v i t a t i o n a l 
p o t e n t i a l of the c l u s t e r . The measured dP/dt of 2127+11A, near the core 
of Ml5, i s negat ive and could be due e i t h e r to a recent c l o s e encounter 
or to the e f f e c t of the net f i e l d . For the binary system 2127+11C, p o s -
i t i o n , v e l o c i t y , and a c c e l e r a t i o n together i n d i c a t e that the c l u s t e r core 
has a mass to l i g h t r a t i o , M/L = 4 in so lar u n i t s , larger than that of 
the c l u s t e r as a whole. A centra l massive black ho le i s ruled out by the 
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TABLE 2 . Component Masses of Binary Pulsars 

SYSTEM PULSAR MASS COMPANION MASS RFERENCE 
M 

ο 
M 

ο 

1913+16 1.4409 1.3875 1, 2 

1855+09 1 27 + · 2 7 

± , Z / - . 1 5 
0 . 2 3 3 ^ ^ 3 ( Μ 2 

2127+11C 1.33 1.38 1, 4 

1534+12 1.36 ±.03 1.32 ±.03 5 

2303+46 2.8 ±.1 ( t o t a l ) 1 

1. van den Heuvel and Rappaport 1991 
2 . Taylor and Weinberg 1989 
3 . Ryba and Taylor 1991 

4 . Prince e t a l . 1991 
5. Wolszczan 1991 

reso lved HST image of the c l u s t e r , and the most probable explanat ion i s 
a s i g n i f i c a n t populat ion of neutron s t a r s and massive white dwarfs in the 
c l u s t e r core (Phinney in van den Heuvel and Rappaport 1991) . 

4 . PERSISTENT PUZZLES AND PROBLEMS 

4 . 1 . Completeness of the Inventor ie s 

The f a c t o r - o f - t e n uncerta inty in the globular c l u s t e r supply of binary 
and m i l l i s e c o n d pulsars has already been mentioned. That 47 Tue has 11 , 
about ha l f b i n a r i e s , and a l l wi th periods between 1.7 and 5.8 msec (Man-
ches ter e t a l . 1991) i s p a r t i c u l a r l y remarkable. One wonders what the 
period d i s t r i b u t i o n would look l i k e in the absence of observat iona l s e l -
e c t i o n aga ins t short per iods ! 

P o s s i b l y of wider ranging importance i s the quest ion of whether our 
inventory of ideas and processes i s complete. Consider the f o l l o w i n g : 

a. Mechanisms of mass t r a n s f e r . Early work i d e n t i f i e d c a s e s A, B, 
and C (depending on evolut ionary s tage of the primary at o n s e t ) . The ad-
d i t i o n of the common envelop binary mechanism (Paczynski 1976) made i t 
p o s s i b l e to expla in much more persuas ive ly the o r i g i n s of catac lysmic 
v a r i a b l e s , LMXRBs, and V471 Tauri s t a r s . CEB evo lu t ion and a l s o be r e g -
arded as an addi t ion to the inventory of system morphologies - detached, 
semi-detached, and contac t . 

b . Ways of put t ing neutron s t a r s in to c l o s e b i n a r i e s . Evolut ion from 
a primordial massive binary, capture, and accret ion- induced c o l l a p s e have 
been with us for 15 years or s o . The addi t ion of s tar exchange with p r i -
mordial b i n a r i e s in dense c l u s t e r cores (Phinney and Kulkarni 1991) l eads 
to b e t t e r agreement between models and data for numbers of systems v s . 
core d e n s i t y of the c l u s t e r s . 

c . Driving of t rans fer and l o s s of angular momentum and mass in CBS. 

white dwarf 

https://doi.org/10.1017/S0074180900122119 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900122119


1 2 0 

The t r a d i t i o n a l inventory inc ludes nuclear evo lu t ion of the donor, grav-
i t a t i o n a l r a d i a t i o n , and magnetic braking. Radiation d r i v i n g , f i r s t con 
s idered for X-ray i r r a d i a t i o n and more r e c e n t l y for pulsar i r r a d i a t i o n 
of the companion, may be a s i g n i f i c a n t add i t ion (J . Shaham and M. Tavani 
in van den Heuvel and Rappaport 1991) . 

d. Fate of the companion. Orbit periods longer than about a day can 
be s t a b l e i f the system i s l e f t a lone . A l t e r n a t i v e l y , encounters or l o s s 
of mass can unbind the system, and l o s s of angular momentum or complete 
t rans fer of M~ onto M, lead to a merger. The d iscovery of the binary pul^ 
sars 1957+20 TFruchter e t a l . 1988) , 1744+24A (Nice e t a l . 1990) , and 
0021-72J (Manchester e t a l . 1991) , in which a wind from the companion e c -
l i p s e s (or otherwise impedes the passage of) the pulsar rad ia t ion during 
part of each o r b i t i n d i c a t e s that complete evaporation i s a l s o p o s s i b l e . 

e . Compact s t e l l a r c o n f i g u r a t i o n s . White dwarfs, neutron s t a r s , and 
black h o l e s have a l l been with us for more than 50 y e a r s . Zwicky always 
i n s i s t e d that there was in i n f i n i t e sequence of compact, bound, n o n - s i n g -
ular conf igurat ions p o s s i b l e on beyond the neutron s t a r . The next one he 
c a l l e d "object hades" He might or might not have accepted i t s i d e n t i f i -
ca t ion with s t a r s made of strange quark matter (as invoked to expla in the 
f a l s e alarm 0.5 msec pulsar in 1987A, Glendenning 1989) , but who i s to 
say that he wasn't r igh t about the bas i c concept . 

The moral of a l l t h e s e i s that even old t o p i c s can sometimes b e n e f i t 
from the in fus ion of new i d e a s ; and that some of the more i n t r a c t a b l e 
problems in phys ics and s t a t i s t i c s of recyc led pulsars as now perceived 
may j u s t be wai t ing for another expansion of the inventory of processes 
a p p l i c a b l e to them. 

4 .2 Formation and Fate 

Binary and m i l l i s e c o n d pulsars can be formed in 3-5 d i f f e r e n t ways, no 
one of which can p o s s i b l y apply everywhere. We would l i k e to know which 
dominates in var ious c o n t e x t s . An important c lue may be that the g lobu-
l a r c l u s t e r msec sources have fewer i n t e r p u i s e s than do the f i e l d ones 
(H. Johnston, J . Navarro in van den Heuvel and Rappaport 1991) , s u g g e s t -
ing a d i f f e r e n t past h i s t o r y (and c a s t i n g some doubt on the hypothes i s 
that a l l or most of the f i e l d o b j e c t s were born in globular c l u s t e r s and 
l i b e r a t e d from them by encounters or c l u s t e r d i s s o l u t i o n ) . 

M u l t i p l i c i t y of o r i g i n s i s a l s o indicated by the dependence of num-
ber of recyc led pulsars per c l u s t e r on the c l u s t e r cen tra l d e n s i t y . Tid_ 
a l capture should lead to l i n e a r dependence and accret ion- induced c o l l a p s e 
to c o r r e l a t i o n only with c l u s t e r mass, not d e n s i t y . The truth seems to 
f a l l somewhere in between, with number s c a l i n g as the square root of den-
s i t y (Phinney in van den Heuvel and Rappaport 1991) . 

Some binary pulsars are c l e a r l y w e l l on t h e i r way to becoming s i n g l e . 
The best-known c a s e , 1957+20, has eroded i t s companion (presumably degen-
erate ) down to about 2% of a so lar mass; 1744-24A and 0021-72J have not 
gone q u i t e as f a r . The 10 earth mass companion of 1829-10 could (but 
probably does not) remain from the f a i l u r e of t h i s process j u s t before the 
end. One would l i k e to know how common t h i s i s and i f the pulsar r a d i a -
t i o n i s powerful enough to dr ive the winds (Emmering and London 1990) , 
or are we s t i l l miss ing something. 
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Whether we continue to hear from dead pulsars i s not q u i t e c e r t a i n . 
Most popular models for gamma ray burs ters need to use a l l the old neu-
tron s t a r s in the galaxy, but a l s o require them to have magnetic f i e l d s 
near 10 G, at l e a s t in the case of burs t s with 10-60 keV cyc lo tron res_ 
onance l i n e s (Ho et a l . 1991) . I f s o , then old recyc led pulsars should 
not manifest themselves t h i s way. 

Pa irs l i k e 1913+16 should merge in l e s s than a Hubble t ime. One ex 
p e c t s cons iderable f ireworks to r e s u l t ( g r a v i t a t i o n a l r a d i a t i o n and neu-
t r i n o b u r s t s , r -process n u c l e o s y n t h e s i s , p h o t o n s . . . ) , but nothing we have 
observed so far in other g a l a x i e s obvious ly corresponds to such mergers, 
except , p o s s i b l y , again , gamma ray burs ts (Paczynski 1990) . 

4 . 3 . The Time History of Neutron Star Magnetic F i e l d s 

Those few pulsars that we know to be young from t h e i r a s s o c i a t i o n 
with supernova remnants have f i e l d s of 10*2-13 G t S t a t i s t i c a l arguments 
i n d i c a t e that the neutron s t a r s in globular c l u s t e r recyc led pulsars had 
s imi lar f i e l d s in the past (Bhattacharya and van den Heuvel 1991); and 
the d i s t r i b u t i o n of g a l a c t i c d i sk pulsars in a p l o t of Ρ v s . dP/dt was 
perceived very ear ly (Gunn and Ostriker 1970) as providing evidence for 
a gradual d e c l i n e in mean f i e l d s trength over 10^"^ yr . 

Apparently, however, that d e c l i n e bottoms out at very d i f f e r e n t 
f i e l d s trengths in d i f f e r e n t o b j e c t s - 10 G for Her X-l and the gamma 
burst sources with cyc lo tron resonance f e a t u r e s ; 10*0 G in psr 0655+64; 
and a few X 10 G for some binary and m i l l i s e c o n d p u l s a r s . 

At l e a s t two a l t e r n a t i v e s to i n t r i n s i c f i e l d decay have been sugges_ 
t e d . F i r s t , f i e l d decay may occur only as a r e s u l t of a c c r e t i o n onto a 
neutron s tar (Taam and van den Heuvel 1986); second, the time evo lu t ion 
of f i e l d s trength may be a d i r e c t r e s u l t of spin down and subsequent 
spin up (Sr inivasan et a l . 1990) . In e i t h e r c a s e , one would expect b i n -
ary and m i l l i s e c o n d pulsars to have the weakest f i e l d s , a s seen . I f ind 
the phys ics invoked in a l l these scenar ios f a i r l y mysterious and w i l l not 
attempt to descr ibe i t ( s e e van den Heuvel and Rappaport 1991 and Bhat-
tacharya and van den Heuvel 1991 for d i s c u s s i o n s and r e f e r e n c e s ) . The 
a s s o c i a t i o n of strong f i e l d s with very slow r o t a t i o n in many massive XRBs 
would seem to be an o b j e c t i o n to these schemes, but can apparently be 
evaded. In a d d i t i o n , one cannot e n t i r e l y r u l e out the p o s s i b i l i t y of 
magnetic f i e l d s evolv ing to high mul t ipo le c o n f i g u r a t i o n s , which would 
turn off pulsar rad ia t ion but not cyc lo tron resonances . And some neutron 
s t a r s could have f i e l d s l e s s than 10 G from the beginning. 

Observational c l a r i f i c a t i o n could come from (a) d i r e c t measurements 
of r o t a t i o n periods and f i e l d s in t y p i c a l LMXRBs, (b) firm a s s o c i a t i o n of 
gamma ray burs ters with the g a l a c t i c populat ion of o ld neutron -s tars , and 
(c) measurement of Ρ and dP/dt for pulsars in the young globular c l u s t e r s 
of the Large and Small Magellanic Clouds — t h i s i s current ly imposs ib le , 
but not by a large f a c t o r . 
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