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Abstract The magnetic e lec t ron  s c a t t e r i n g  by magnons i s  s tud ied i n  the  
Born approximation. For f e r r o  and fe r r imagnet ic  t a rge ts  the  d i f f e r e n c e  
between the s p i n - f l i p  amplitudes i s  p ropo r t i ona l  t o  the  abso lu te  square 
o f  the  exchange i n teg ra l  . 
1. INTRODLICTION 

I n  the preceding a r t i c l e l  we have shown t h a t  t h e  g e n e r a l  

Hermit ian Hami l tonian cons i s t i ng  o f  a  sp in  independent p o t e n t i a l  p l u s  

a  sp in- o rb i t  coup l ing  does n o t  lead t o  p o l a r i z a t i o n  e f f e c t s  i n  Born 

approximation (B.A.) . For magnetic sca t te r i ng ,  howeve r  , t h e  f i n a  1 

p o l a r i z a t i o n  e f f e c t s  i n  B.A. a re  d i f f e r e n t  from zero. 

e f f e c t s  

p o l a r i z a  

1 ated t o  

t o  the d  

The aim o f  t h i s  note i s  the  study o f  the sp in  p o l a r  i z a t  i o n  

n  B.A. when the e lec t ron  beam i s  scat te red by magnons. 

I n  sca t te r i ng . theo ry  the  problem o f  the d i f f e r e n c e  b e t w e e n  
+ 

ion P and asymmetry 2 i s  very important, because i t  i s  r e -  
+ + 

the t ime reversal  concept2, and the  quant i  t y  (P-A) i s  r e l a t e d  

f fe rence between s p i n - f l i p  amplitudes. Special a t t e n t i o n  has 

been given t o  t h i s  d i f f e rence  i n  the f i e l d  o f  elementary p ã r t i c l e ~ ~ - ~ ,  

but  1 i t t l e  ã t t e n t i o n  has been given t o  t h i s  problem i n  s o l  i d  s t a t e  

physics. Vredevoe e t  a15 and Saldana e t  aZ6 have s tud ied the magnetic 

sca t te r i ng  by magnons i n  B.A., but  they have no t  considered t h e d i f f e r -  

ence between the s p i n - f l l p  amplltudes. 

In t h i s  note we show t h a t  f o r  ferromagnetic t a r g e t  ma te r i a l s  

t h i s  d i f f 'erence i s  p ropor t iona l  t o  I J + ~ ' ,  where J+ i s  the  exchange i n -  
-+ K 

t eg ra l  ir1 Four ie r  space, w i t h  the  i ndex  K denot ing t h e  momentum 

t rans fe r red  by the scat te red e lec t rons .  

For fe r r imagnet ic  t a rge ts  the above e f f e c t  1s p ropo r t i ona l  t o  
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IJ_,I2, but  i t  i s  smal ler  than the e f f e c t  Found f o r  ferromagnet ic ma- 
1( 

t e r i a l s .  

For an t i fe r romagnet ic  t a rge ts  the p o l a r i z a t i o n  e f f e c t s  a r e  

found t o  be equal t o  zero. 

2. FERROMAGNETIC TARGET 

The i n t e r a c t i o n  between an inc ident  beam e lec t ron  a t  p o s i t i o n  
-+ 
r and w i t h  sp in  3,  and the atoms o f  the magnetic t a rge t  located a t  pos- 

+ _, 
i t i o n s  r and w i t h  spins S i s  g iven by the  Harniltonian i i' 

-+ -& + + 
where V( r - r  .) and J ( r - r  .) are, respec t i ve l y ,  the o r b i t a l  p o t e n t i a l  and 

3 3 + 
the exchange i n teg ra l  ,E denotes the e l e c t r o n  charge, and S = (~/2);, 

being the Pau l i  sp in  vec tor .  

The (2x2) sca t te r i ng  rnatr ix  o f  the form 

+ + 
M = A1 + '5.0 

which descr ibes completely the system i n  spin-space, i s  g iven i n  B.A. 

f o r  the above Hamiltonian by 

where 

and 

i t i a l  

i s  the e lec t ron  mass; li> and If> represent respec t i ve l y  the  i n -  

and f i n a l  s ta tes  o f  the ta rge t .  

We supose t h a t  the i n i t i a l  s t a t e  o f  the t a r g e t  i s  the f e r r o -  

magnetic ground s ta te .  

We use the Ho ls te in  Pr imakoff  (H.P.) opera tors7 



where 

-+ 
The des t ruc t i on  and c reac t i on  operators i n  the r - s p a c e  a r e  

connecte'd w i t h  the corresponding 

transforins 

-+ 
operators i n  the q-space by Four i es  

a'r 
3 

(5) 

where N i s  the  number o f  spins up i n  the  ta rge t .  

The H.P. operators f o r  one-magnon a re  

-+ 
The amplitudes A and B o f  the s c a t t e r l n g  m a t r i x  w r i t t e n  i n  eq. 

(2) a re  respect i v e l  y 

To perform the ca l cu la t i ons  i n  the  contex t  o f  one-magnon process we 

use the one-magnon H.P. operators (6). I n  t h i s  way there  a r e  two poss- 

i b l e  f i n a l  s ta tes :  the  ferromagnetlc ground s t a t e  and  t h e  e x c l  t e d  

s t a t e  w i t h  the c reac t i on  o f  one magnon. We have 

* -+ 
a-+li> = O ; a-+li> = I q l >  

+ 
9 9 

where Iq,> denotes the one-magnon s ta te .  

3 ~ b s t i  t u t i n g  ( 6 )  and (5) i n t o  (7) and performing the  ca lcu-  

l a t i ons ,  we ob ta in  f o r  the z-component o f  the vec tors  



and 

the results 

and 

where 

and 

The important result here Is that the difference between the spin-flip 

amplitudes is proportional to I J + ~ ~ .  In terms of cross sections this 
K 

difference can be expressed by 

@,-A,) - o++ - a++ 

For the ferromagnetic ground state the scattering ampl i tude a++ is 
equal to zero. In this way the above result becomes 

( P , - A , )  - a++ 

The total asymmetry between these spin-flip transitions .is a charac- 

terlstfc of the ferromagnetic ground state at O'K.  

3. FERRIMAGNETIC TARGET 

The extens 

ires further cons 

lon of 

iderat 

thls approach to a ferrimagnetic target re- 

ians. Indeed, we now have both spins up and 



spins down I n  the ta rge t .  We then consider the  H.P. operators f o r  spins 

down 

= (2s) b t  f(n,) 

where 

+ 
The c r e a t i o n  and des t ruc t i on  operators i n  r-space a r e  connected w i t h t h e  

+ 
corresponding operators i n  q-space through the  Four ie r  transforms 

where Q i s  the  number o f  spins down i n  the  t a r g e t .  

Taking the H.P. operators f o r  one magnon we have 

The Hami l tonian f o r  a fe r r imagnet ic  t a rge t  i s  

and the  corresponding sca t te r i ng  m a t r i x  i n  B.A. i s  

where the Indices j and R correspond, 

i n  the  ta rge t .  

We now conslder t h a t  the  i n  

fe r r imagnet ic  ground s ta te .  The ca l cu  

(16) 

respect ive ly ,  t o  splns up.anddown 

i t i a l  s t a t e  o f  the  t a r g e t  i s  the  

l a t i o n s  cannot be p e r f o r m e d  a t  

t h i s  stage because the  ferr i rnagnet ic ground s t a t e  does not  correspond t o  

the magnon operators a+, 2 ,b+ and b: . This d i f f i c u l t y  i s  s o l v e d  
4 q 4  4 



t h r o u g h  the i n t roduc t i on  o f  the Bogol iubov t ransformat lons7 

* 
b - = g  s inh  U++ y+ cosh (i-+ ; b : = w  s inh  W +  y-t cosh U-t 
4 4 q 4 4 4 4 4 4 4 

The fer r imagnet ic  ground s t a t e  correspond t o  the  Bogol iubov o p e r a t o r s  
* 

e, 2 y+ and y-t and so the  ca l cu la t i ons  can be performed. R e s t r i c t i n g  
q qJ 4 4 

t o  one-magnon process, there  a re  two poss ib le  f i n a l  s ta tes  - the  f e r r i -  

magnetic ground s t a t e  and another one w i t h  one spin-wave. 

We have 

where li> i s  the  fe r r imagnet ic  ground s t a t e  and I;,> and 1; > a re  tw 

degenerate one-magnon f i n a l  s ta tes .  

Using the Bogoliubov t ransformat ions and the above consider-  

a t i ons ,  we ob ta in  f o r  the  d i f f e r e n c e  between the  s p i n - f l  

i n  u n i t s  E=1, 

p ampl i tudes,  

where 19, l 2  and 19, 1' are  two geometric f ac to rs ,  non exp 

ca l cu la t i ons  as they a re  no t  important f o r  our purposes. 

i c i t e d  i n  the  

The important 
-+ + 

r e ç u l t  i s  t h a t  (P-A) i s  p ropo r t i ona l  t o  J J ~ J ~  f o r  a  fe r r imagnet ic  t a r -  

get  i n  B.A. 

The e f f e c t  f o r  fe r r imagnet ic  t a rge t  i s  smal ler  than f o r  f e r r o -  

magnetic t a rge t  because the  con t r i bu t i ons  from up and down s p i n s  have 

d i f f e r e n t  signs. 

4. CONCLUSION 

We have ca lcu la ted t h a t  f o r  one magnon process t rea ted i n  the  

B.A. the d l f f e r e n c e  between the  s p i n - f l i p  amplitudes i s  p ropor t iona l  t o  

I J;]' .  The above resu l  t shows t h a t  the competi t i o n  between the  two spins 

s ta tes  i n  the  ta rge t  determine the magnitude o f  the e f fec t .  
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Resumo 

Estudamos o espalhamento magnético de e le t rons  por rnagnons no 
contexto da aproximação de Born. Obtemos, para ma te r i a i s  f e r r o  e f e r -  
rimagnéticos no alvo,  que a d i fe rença e n t r e  as ampl i tudes de s p i n - f l  i p  
é proporcional  ao quadrado do v a l o r  absoluto da i n t e g r a l  de intercâmbio. 


