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Abstract F r o m a n u n p o l a r i z e d e l e c t r o n b e a m t h e g e n e r a l  s e l f - a d j o i n t  
i n t e r a c t i a n  Hami l tonian composed o f  an o r b i t a l  p a r t  p lus  a  sp in  o r b i t  
p a r t  g ives a  f i n a l  p o l a r i z a t i o n  equal t o  zero when the c a l c u l a t i o n s  a re  
performed i n  the Born approximation. Th,i,s theorem, p r ~ v e d  by Mott  f o r  
the case o f  a  s p h e r i c a l l y  symmetric ta rgef ,  i s  shown t o  have more gen- 
e r a l  v a l i d i t y .  

I n  1929 ~ o t t '  showed t h a t  a  Hami 1 ton ian  of spher ical  symmetry 

composed uf a  sp in  independent p o t e n t i a l  p l us  a  s p i n - o r b i t  coup l ing term 

does no t  lead t o  p o l a r i z a t i o n  e f f e c t s  when the  c a l c u l a t i o n s  are  per-  

forrned i n  Born approximation. I n  s p i t e  o f  t h i s ,  ~ e r r n i ~ ,  studying pro ton 

sca t te r i ng  by nucleons i n  the Born approximation, o b t a  i ned a  f i n a l  

p o l a r i z a t i o n  d i f f e r e n t  from zero. The con t rad i c t i on  between Mott and 

Fermi i s  o n l y  apparent. I n  both cases the  s c a t t e r i n g  p o t e n t  i a l s  a r e  

sphe r i ca l l y  symmetric but  there  i s  an essen t i a l  d i f f - rence between them. 

I n  Mott  paper the s c a t t e r i n g  p o t e n t i a l  i s  Hermit ian,  while.Fermi assumed 

a  sca t te r i ng  p o t e n t i a l  o f  the form 

where  VN(P) i s  the s p h e r i c a l l y  symmetric p o t e n t i a l .  

= - E ? Z / ~ ~ ~ C ~ ,  where E i s  the  e l e c t r o n i c  charge, 2 the  e lec-  
3 

t r on  angular momentum, u the  Pau l i  sp in  operator ,  p  i s t h e  electronmass, 

c  i s  the speed of l i g h t  i n  vacuum and 5 i s  a  constant descr ib ing  ab- 

sorp t  lon. 

The f i r s t  term i n  e q . ( l )  has  b o t h r e a l  and imaginary parts. 

I n  t h i s  wipy, an a r t i f i c i a l  i n te r fe rence  between the  o r b i t a l  and t h e  

sp in  o r b i t  p a r t  1s obtained, which r e s u l t s  i n  a  f ina l  p o l a r i z a t i o n  which 

* Present address: Departamento de F i s i c a  da Universidade Federal de 
Alagoas, 57.000, Macei;, Alagoas, B r a s i l .  

Work p a r t  ia1 1 y  supported by CNPq ( ~ r a z i  l ian Government ~ ~ e n c y ) .  



' i s  d i f f e r e n t  from zero. However, eq. (1) v i o l a t e s  the  very i m p o r t a n t  

Herrnit ian proper ty  o f  Hami l tonian opera tors  and c o n s e q u e n t  1 y t h e  

quantum-mechan i c a l  conservat ion o f  p robab i l  i t y .  Fermils i n t e n t i o n  

was, o f  course, t o  descr ibe an absorbing system w i t h  such Hamiltonian. 

The p o l a r i z a t i o n  e f fec ts ,  however, which are  thereby introduced, a re  

an a r t e f a c t .  

I n  order  t o  demonstrate t h a t  the Mott  theorem i s  v a l i d f o r  any 

geornetry, we assume an i n t e r a c t i o n  Hami l tonian o f  the form 

-+ 
where p = --&+ and V($) i s  a general Hernii t ia"  potent  ia1 not  necess- 

r 
a r i l y s p h e r i c a l l y  symmetric. Th is  p o i n t  g ives p rec i se l y  the  genera l iz -  

a t i o n  o f  the Mott theorern. 

The operator  i n  eq. (2) i s  i n  spin-space a (2x2) m a t r i x  o f  the 

form 

( a + b z  

H = a i  + d.0 + I  = 

+ " - b .  bx - l 
The sca t te r l ng  m a t r i x  i n  spin-space has the form 

I n  Born approximation i t  

The ke ts  

IR> = e iX.$ and lkl> = e 
i X r . 2 ;  

denote, respect ive ly ,  the incoming and o u t j o i n g  wave o f  an e lec t ron  o f  

t he beam . 
The d i  r e c t  compari son between (4) and (5) leads t o  

and 

1 W 



where 

and 

The developrnent o f  eq. (8) leads to  

In  t h i s  i r i tegrat ion we have 

-+ v; =i2 = i ( %  - % v  
so that  

where 

The quanti t y  2 Re ( ~ 3 " )  becornes 

-+ -+ 
The quant i ty  B  A B* i s  equal to  zero because B  and B* are  proport ional  

-+ 
to  v. 

-+ -+ 
We obtained f o r  the po la r i za t ion  P ,  the asymmetry A  and the 
-f -+ 

di f ference P - A the resul t s  

-+ -+ t r  P,M~;I 2i (B ,, z * )  
P - A  = - - = O 

where 



The p o l a r i z a t i o n  e f f e c t s  a re  zero i n  the  B o r n  approximation 

and the  theorem i s  thus proved. 

We would l i k e  t o  thank Professor W. Baltensperger, who pro-  

posed t h i s  problem t o  me and helped me i n  many instances. 
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Resumo 

A p a r t i r  de um f e i x e  e l e t r ô n i c o  não polarizado, o Hami l tonia-  
no auto-adjunto ge ra l ,  composto de uma pa r te  o r b i t a l  e de ou t ra  de i n t e -  
ração de sp in- orb i  t a  leva a uma po lar ização f i n a l  igua l  a zero, quando 
os cã lcu los  são rea l  izados no contexto da aproximação de Born. Este teo- 
rema f o i  mostrado por Mott  para caso de a lvos  esfericamente s imét r icos .  
O teorema é vá1 ido  para qualquer geometria,. não necessar lamente e s f é r i -  
ca, e nesta nota, procedemos a sua general ização. 


