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DYNAMICS OF IMPUNITY SPIN ABOVE THE KONDO TEMPERATURE

A. Zawadowski*
I n s t i t u t  Max von Laue -  P a u l L an g ev in , /8 0 4 6 /  G a rc h in g , Germany

P . F azek as
C e n t r a l  R esea rch  I n s t i t u t e  f o r  P h y s ic s ,  B u d ap e s t, Hungary

R e c e n tly  th e  dynam ics o f  im p u r i ty  s p i n  c o n ta in e d  b y  nonm agnetic  
h o s t  m e ta l h a s  a t t r a c t e d  g r e a t  i n t e r e s t  . D oniach  and S pencer 1 c a l l 
ed  th e  a t t e n t i o n  to  th e  f a c t  t h a t  a  Kondo anom aly  m ight b e  o b se rv ed  i n  
th e  g - s h i f t  o f  im p u r ity  s p in ,  S = 1 / 2 .  They c a l c u l a t e d  th e  g - s h i f t  up  to  
th e  second  o r d e r  o f th e  exchange c o u p lin g  in  th e  l i m i t  o f  sm a ll e x t e r n a l  
m a g n e tic  f i e l d .  Wang and S calap i.no  ^ o b ta in e d  lo g a r i th m ic  te rm s i n  th e  
l in e - w id th  c a r r y in g  o u t th e  c a l c u l a t i o n  up to  th e  t h i r d  o r d e r  in  th e  h ig h  
f i e l d  l i m i t .

A s tu d y  o f dynam ics o f  th e  lo c a l i z e d  momentum i s  r e p o r te d  h e r e  
m aking u se  o f  th e  A b rik o so v ’ s d iag ram  te c h n ic s  to  c a l c u l a t e  th e  h i g h e s t  
pow er o f  lo g a r i th m ic  te rm s  in  any o rd e r  o f th e  p e r t u r b a t i o n  th e o ry .  T hese  
c a l c u l a t i o n s  a r e  c o r r e c t  o n ly  w e ll above th e  Kondo te m p e ra tu re .

1 / .  The t r a n s v e r s e  dynamic r e t a r d e d  s u s c e p t i b i l i t y  can  be w r i t t e n
as

x"+R(t-t') - teCt-tO.iim
x->°°

^ [ а а  ̂ a 3 '  a a '  Sa '  ß '   ̂ a g ' J - ^
<a+ a > а а
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w here o p e r a to r s  a* , a^  s ta n d  f o r  th e  p e s e u d o -fe rm io n  r e p r e s e n t a t i o n  
o f  s p in ,  \  i s  th e  f i c t i t i o u s  p seu d o fe rm io n  e n e rg y , and s ~ ,^ ,
a r e  th e  im p u r i ty  s p in  m a t r ix e s ,  and a  sum m ation o v e r d o u b le  in d ic e s  i s  
im p l ie d .  The s t a t i c  m a g n e t iz a t io n  o f  th e  im p u r i ty  s p in  i s

<S >  = lim
A-*-®

<a+ Szft a„> а ctg ß
<ab aQ>а ß
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w here  z i s  th e  d i r e c t i o n  o f  th e  m ag n e tic  f i e l d .  I n  b o th  e x p re s s io n s  th e  
n u m e ra to r  and d en o m in a to r a r e  c a l c u l a t e d  s e p a r a t e l y  m aking u s e  o f th e . 
l i n k e d  c l u s t e r  e x p a n s io n .

M P erm anen t a d r e s s :
C e n t r a l  R ese a rch  I n s t i t u t e  f o r  P h y s ic s ,  B u d a p e s t, H ungary .
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2 /  The r e a l  and im a g in a ry  p a r t  o f  th e  p seu d o fe rm io n  G reen fu n c 
t i o n  i s  d e te rm in e d  c a l c u l a t i n g  th e  c o n t r i b u t i o n  o f  th e  fo l lo w in g  d iag ram

I

w here th e  s o l i d  and d o t t e d  l i n e s  r e p r e s e n t  th e  e l e c t r o n  and  p seu d o fe rm io n  
p r o p a g a to r s ,  th e  s q u a re s  th e  r e n o rm la iz e d  v e r t e x e s  ^ , a n d - th e  c u t  r e f e r s  
to  th e  s m a l l e s t  v a lu e s  o f  th e  e n e rg y  v a r i a b l e s  / f o r  Re ЕСш} /  and  to  th e  
im a g in a ry  p a r t  o f  th e  c o n t r i b u t i o n s  o f th e  c u t  l i n e s  / f o r  im Е(ш) / ,  
r e s p e c t i v e l y .  I n  th e  lo g a r i th m ic  a p p o x im a tio n  th e  f o l lo w in g  r e s u l t s  a re  
o b ta in e d »

Re - - s <s+1) -  sla, »„) -T,C0aa о aa* /3 /

w here ш0 i s  th e  u n re n o rm a liz e d  re so n a n c e  f re q u e n c y  and

1 ( 2 я  O2 - f e -

2 г ♦ - " b -  io 9 »
/4 /

N kT'

Неге ~  i s  th e  c o u p lin g  i n  th e  Kondo H a m ilto n ia n , D t h e  c u to f f  e n e rg y  
and  p0 th e  d e n s i ty  o f  s t a t e s .  F u r th e rm o re ,

. .1 (  2 ^  p }  kT
im £ „ „ ,(» >  -  -  sg frm  ш)  ^  ,  s ( s + l )  ------_ _ _ -J , 5 ,

i 1 + 2 В “о 103 St )

w hich  i s  v a l i d  f o r  ш < kT , h u t  i n  th e  c a s e  o f  ш > kT th e  tem
p e r a tu r e  h a s  to  he r e p la c e d  by ш (to > o )  .

The s p e c t r a l  f u n c t io n  o f  p seu d o fe rm io n  p ro p a g a to r  c o n s i s t s  o f  two
p a r t s ,  a  L o r e n tz ia n  one p_ f o r  w < kT and a  lo n g  t a i l  p a r t/  Lor ^  r  Kt a l l
f o r  (ш > kT ) whose i n t e g r a l s  a r e

pLor dt0 “  z and j P t a i i i “ ) dw = - do) = l - z

w here th e  r e n o r m a l i s a t io n  c o n s ta n t  i s  z = ( l  + S ( S + l”) y) _1 and^
th e  sum r u l e  Jpfmjdoo -  1 i s  s a t i s f i e d .  The m a g n e t iz a t io n  c a n  he
c a l c u l a t e d  on  th e  h a s i s  o f  I?.I and  th e  c l a s s i c a l  e x p r e s s io n  i s  o b ta in e d ,  
h u t  w ith  a  r e n o rm a liz e d  g f a c t o r  ^ e f f  = ( l  -  y )  w here  у i s  g iv e n



by / 4 / .  T h is  r e s u l t  i s  in  ag reem en t w ith  th e  p re v io u s  c a l c u l a t i o n s  w hich
figave th e  f i r s t  few  te rm s  o f th e  power s e r i e s  . The im a g in a ry  p a r t  o f  th e  

p seu d o fe rm io n  / 5 /  and  e l e c t r o n  ^ s e l f - e n e r g y  h a s  a  r a t i o  w hich can  be 
d e r iv e d  b y  th e  c l a s s i c a l  a rgum en t o f c o u n tin g  th e  num ber o f c o l l i s i o n .

3 /  There a r e  two d ia g ra m s  w hich c o n t r ib u t e  to  th e  dynamic s u s 
c e p t i b i l i t y  w ith in  lo g a r i th m ic  a c c u ra c y ,

where th e  doub le  d o t t e d  l i n e s  r e p r e s e n t  th e  re n o rm a liz e d  p seu d o fe rm io n  
p r o p a g a to r .  The s t a t i c  s u s c e p t i b i l i t y  can  be  c a l c u l a t e d  from  th e  dynam ic 
one . The f i r s t  d iag ram  c o rre sp o n d s  to  th e  r e s u l t  o b ta in e d  in  S ec . 2 , w h ile  
th e  c o n t r ib u t io n  o f  th e  second one v a n ish e s  e x a c t ly .

Im

The sy m m etrica l p a r t  o f  th e  f i n a l  r e s u l t  i s  th e  fo llo w in g

-+R
X (ш) = -2  <SZ>

[s (s+i) - l ]  % £  
_________________  2
[(w-wR) 2 + (Aw)2] 2

w < kT 

/ 6 /

w here wR = ,Аш = 2Im E(o) and = Дш ( s  ( s + l ) ) “ 1
go

th e  t r a n s v e r s a l  r e l a x a t i o n  tim e  o f  K o rr in g a . I t  i s - w o r th  m en tio n in g  t h a t  
i n  /  6 /  a t  ш = о th e  t o t a l  l i n e - w id th  o c c u rs  i n  th e  d e n o m in a to r.

4 /  In  a th e o r y  in  w h ich  th e  s p in  dynam ics i s  c o n s id e re d  a l s o ,  th e  
exchange c o u p lin g  c o n s ta n t  w ould  have to  be r e p la c e d  b y  a  re n o rm a liz e d  one 
J e f f  = J z  w hich can  b e  w r i t t e n  a s

1 + S (S + l) go ge f f  
go

-1

I f  such an  e x p re s s io n  h e ld  below  th e  Kondo te m p e ra tu re  a l s o ,  we
would g e t  an  e s s e n t i a l  r e n o r m a l iz a t io n ;  e . g .  a t  T=o f o r  S = 4  q __ = о 

J e f f  4 2 e f f
hence ■——  ъ j  w hich w ould le a d  to  an  im p o r ta n t  a d d i t i o n a l  tem p era 
tu r e  dependence  o f  th e  o b s e rv a b le  q u a n t i t i e s .

More d e t a i l s  w i l l  b e  p u b lis h e d  i n  P h y s ic s  L e t t e r s .
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