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Our previous work on the effect of a constant magnetic field on neutron decay in a vacuum is extended to 
the case where the process  takes place in dense bodies (white dwarfs,  neutron s tars) ,  at zero t empera -  
ture. 

As  p a r t  of a g e n e r a l  p r o g r a m  to e x a m i n e  the  
v a r i o u s  e f f e c t s  of a l a r g e  m a g n e t i c  f i e l d  [1], we 
h a v e  r e c e n t l y  c a l c u l a t e d  [2] the e f f ec t  of a con-  
s t an t  m a g n e t i c  f i e ld  on the  r a t e  of n e u t r o n  be t a  
d e c a y  in a v a c u u m  and the  a s t r o p h y s i c a l  i m p l i -  
c a t i o n s  [3] a r i s i n g  f r o m  s a m e .  F o r  c o n s i d e r a -  
t ion  of o b j e c t s  such  a s  whi te  d w a r f s  and n e u t r o n  
s t a r s ,  w h e r e  m a g n e t i c  f i e l d s  H a s  l a r g e  a s  
1014 - 1016 G have  b e e n  s p e c u l a t e d  to e x i s t  [4], 
i t  i s  n e c e s s a r y  to t ake  into a c c o u n t  the  e f f e c t  
on the  d e c a y  r a t e  of the  e x i s t i n g  e l e c t r o n  s e a ,  
the  l a t t e r  b e i n g  c h a r a c t e r i z e d  by a n u m b e r  d e n -  
s i t y  N ,  t e m p e r a t u r e  T and c h e m i c a l  p o t e n t i a l  ~ .  
F o r  T = 0, an e x t e n s i o n  of p r e v i o u s  a n a l y s i s  
[2, 3] l e a d s  to a to t a l  fl d e c a y  r a t e  ( ~ =  c = m e = 
= 1 )  

~ ( H , p )  = ~3 (1+3k2)  x (1) 

n (max)  n ' ( m a x )  

× { D Fn(n , WO) - D Fn(n,l~)}, 
n=O n=O 

where 

F,,(H, Z) : WoK,,Z 

- ar einh[K /(Z2-K l]½} 

andKn = (Z 2- 1-47"n)½, >, =gA/gv ~ 1.18, W o = 
= 2.53 i s  the  to ta l  d e c a y  e n e r g y ,  7 = H / 2 H c  
(where  Hc  = 4.4 × 1013G) and n ( m a x )  and n ' ( m a x )  

2 HIN¢ • 3 
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Fig. 1. The dependence of 0), the/3 decay rate in a mag- 
netfc field of a neutron immersed in a completely degen- 
erate electron gas, normalized to the free-field decay 
ra te  in vaeutun ~o,  as a function of the nuclear  mat te r  

density/)6,  for values of H / H  c equal tQ O, 2 and 3. 
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a r e  the l a r g e s t  i n t e g e r s  o c c u r i n g  in (W~o-1) /4T 
and 0~ 2_ 1) /4~,  r e s p e c t i v e l y .  

Now the e n e r g y  e i g e n v a l u e s  E of a r e l a t i v i s t i c  
e l e c t r o n  in a m a g n e t i c  f i e l d H  = H z a r e  [5] 

E ={l+k2+(H/Hc)(2n+s - 1)}½, (3) 

w h e r e n = 0 , 1 , 2  . . . . .  , s = +  l a n d  k i s t h e z  
c o m p o n e n t  of the e l e c t r o n  m o m e n t u m .  Thus ,  
the  n u m b e r  d e n s i t y  i s  

N -  1 H ~ ~ f { l+exp[(E_~)/kt]}- ldk,  
4~ 2 Hc n=O s=+l -~  

(4) 
and so,  a n a l o g o u s  to the n o n - r e l a t i v i s t i c  c a s e  
[6], g m a y  be  d e t e r m i n e d  i m p l i c i t l y  a s  a func -  
t ion  of N a n d  H. Now N m a y  be  r e l a t e d  to the nu-  
c l e a r  m a t t e r  d e n s i t y  p by the  r e l a t i o n  mnN = 
= ( P / ~ e ) ,  w h e r e  ~ e  = (number  of n u c l e o n s / n u m b e r  
of p r o t o n s ) ,  and m n i s  the  nuc l eon  m a s s .  

In the  c a s e  of c o m p l e t e l y  d e g e n e r a t e  e l e c t r o n  
gas ,  the  F e r m i  d i s t r i b u t i o n  func t ion  r e d u c e s  to 
a s t ep  func t ion  and eq. (4) r e d u c e s  to 

s n ' ( m a x )  _ , 
/96 = 4.16 (H/He)2 ~ (1-½5no)(QZ-n) ~ g / c m  3 

n=O (5) 
2 1 

w h e r e  P6 --- 1 0 - 6 ( p / ~ e )  and q~-{(~ -1) /4T} ~. T h i s  
equa t i on  was  u s e d  f o r  the  n u m e r i c a l  e v a l u a t i o n  
of e x p l i c i t  v a l u e s  of g fo r  v a r i o u s  v a l u e s  of P6 

and H. In f ig.  1 we p lo t t ed  w (H, bL) a s  a func t ion  
of P6 fo r  v a r i o u s  v a l u e s  of H and we have  a l s o  
inc luded  the  H = 0 r a t e  fo r  c o m p a r i s o n .  The  n u m -  
b e r  of nodes  i n c r e a s e s  wi th  d e c r e a s i n g  H, r e f l e c t -  
ing  the fac t  that  n ' ( m a x )  i n c r e a s e s  wi th  d e c r e a s i n g  
H. F o r  a g iven  P 6 '  the change  in the d e c a y  r a t e  a s  
a func t ion  of H i s  e s s e n t i a l l y  c a u s e d  by the e f fec t  
of the m a g n e t i c  f i e ld  on the d e n s i t y  of f inal  s t a t e s  
of the e l e c t r o n  [7]. S i m i l a r  p h a s e  s p a c e  e f f ec t s  
a r e  r e l e v a n t  to the c a l c u l a t i o n  of the changes  p r o -  
duced  in the coo l ing  r a t e  of n e u t r o n  s t a r s  [8] by 
a m a g n e t i c  f ie ld .  
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T c  

In a bulk sample of pure tin a smal l ,  but strongly temperature  and field dependent diamagnetic suscept i -  
bil i ty has been found, extending over  a tempera ture  range of about 30 mil l idegrees  above the transit ion 
temperature  to superconductivity. 

Recently the onset of superconductivity has 
attracted much interest [1-5]. The increase of 
the electrical conductivity above T c, due to fluc- 
tuations of the order parameter has been ob- 
served by Glover [1] with thin films. 

According to Schmidt [5] these fluctuations 
should cause a singularity of the diamagnetic 
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s u s c e p t i b i l i t y  p r o p o r t i o n a l  to the  G i n z b u r g - L a n d a u  
c o r r e l a t i o n  l eng th  in a bulk  s a m p l e ,  w h e r e a s  
A s l a m a z o v  and L a r k i n  [3] a r r i v e  at the  s t a t e m e n t ,  
tha t  a n o m a l o u s  d i a m a g n e t i s m  should  be  absen t .  

We have  i n v e s t i g a t e d  the  m a g n e t i c  b e h a v i o r  
of a s i ng l e  c r y s t a l  of t in  wi th  a r e s i d u a l  r e s i s t i v -  
i ty  r a t i o  ~o4.2/P295) = 5 × 10 -5  n e a r  the  t r a n s i -  
t ion to s u p e r c o n d u c t i v i t y .  


