
But in a globular cluste r (2b)...
th e re  are  so m any stars pack e d so de ns e ly toge th e r 
th at inte ractions be tw e e n ancie nt "de ad" ne utron 
stars and norm al ste llar binarie s  can occur (top). 

W h e n th at h appe ns , in a proce s s  
calle d "e xch ange ", th e  low e st 
m ass  star is  usually e je cte d from  
th e  binary and th e  ne utron star 
re place s  it (bottom ). O nce  th e  
re m aining norm al star e volve s 
into a re d giant, th e  re st of th e  
standard "re cycling" sce nario (3-
4) tak e s  place . Th e s e  inte ractions 
and e xch ange s  e xplain w h y 
globular cluste rs  h ave  so m any 
m ore  m illis e cond pulsars pe r unit 
m ass  th an th e  Galactic dis k .

H ow  are  Millis e cond Pulsars Form e d?
By Scott Ransom , NRAO

Th e  Standard Sce nario (1-4):
1. A m ass ive  supe rgiant star and a "norm al" Sun-lik e  star orbit e ach  
oth e r in a binary star syste m .
2. Th e  m ass ive  star e xh austs its  nucle ar fue l and e xplode s  in a 
supe rnova, le aving a ne utron star as its  re m nant. For s e ve ral te ns of 
m illions of ye ars , th at ne utron star is  lik e ly active  as a radio pulsar. 
Eve ntually it slow s dow n, turns off as a pulsar and be com e s  s im ply a 
cooling ne utron star.
3. Afte r billions of ye ars , and if th e  binary survive d th e  supe rnova, 
th e  low e r-m ass  star e volve s and e xpands into a re d giant. Mate rial 
from  th e  star spills into a dis k  around th e  ne utron star and 
e ve ntually onto th e  ne utron star surface  in a proce s s  k now n as 
"accre tion". Accre tion transfe rs  angular m om e ntum  to th e  ne utron 
star and m ak e s  it spin m ore  rapidly. During th is  proce s s , th e  syste m  
is  vis ible  as an X-ray binary.
4. O nce  accre tion e nds , th e  ne utron star is  spinning ve ry rapidly and 
e m e rge s  as  a m illis e cond radio pulsar. Th is  proce s s  is  k now n as 
"re cycling". Strong "w inds" from  th e  pulsar slow ly e rode  aw ay th e  
com panion star, w h ich  can e clips e  th e  pulsar's  radio e m is s ion.
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