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R e l a x a t i o n  o f  l o c a l i z e d  4f  m a g n e t i c  moment i n  m e t a l l i c  r a r e  e a r t h  

(RE) e y r t e m e  c a u e e d  by  i n t e r a c t i o n  w i t h  c o n d u c t i o n  e l e c t r o n e  ( e - f  i n -  

t e r a c t i o n )  m a n i f e e t e  i t r e l f  i n  t h e  b r o a d e n i n g  o f  p e a k r  i n  e p e c t r q o f  

i n e l a r t i c  n e u t r o n  r c a t t e r i n g  (INS) on  t r a n e i t i o n e  b e t w e e n  t h e  l e v e l s  

o f  a  r p l i t t e d  by  c r y r t a l l i n e  e l e c t r i c  f i e l d  (CEF) g r o u n d  m u l t i p l e t  o f  

a n  RE ion''', I n  a e u p e r c o n d u c t i n g  r t a t e  t h i n  mechaniem o f  d e c a y  o f  CEF 

e x c i t a t i o n r  may l e a d  t o  t h e  b r e a k i n g  o f f  a  C o o p e r  p a i r  ( e p i n  f l i p  o f  

o n e  o f  t h e  e l e c t r o n 8  f o r m i n g  t h e  Cooper  p a i r  (rt, -'f;+ ) ) i f  t h e  e n e r g y  

o f  a  CEF t r a n r i t i o n  ( E  1 e x c e e d e  t h e  m u p e r c o n d u c t i n g  e n e r g y  g a p  (SEG) 

( 2  A ( T I ) .  An appearance o f  t h e  SEG a t  2  A ( T )  E d o e e  n o t  a f f e c t  t o  

t h e  f i r r t  a p p r o x i m a t i o n  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  l i n e  w i d t h  

o f  t h e  CEF e x c i t a t i o n .  The e i t u a t i o n  i e  d i f f e r e n t  f o r  2A ( T ) > g  , when 

t h e  CEF e x c i t a t i o n  e n e r g y  i s  i n r u f f i c i e n t  f o r  a  Cooper  p a i r  t o  b r e a k .  

Aa a  r o r u l t  t h e  r e l a x a t i o n  c h a n n e l  c a u r e d  by  8-f  i n t e r a c t i o n  w i l l  b e  

r w i t c h e d  o f f  l e a d i n g  t o  a  r a p i d  e x p o n e n t i a l  d e c r e a r e  o f  t h e  l i n e  w i d t h  

a t  T < 
I n  t h i r  L e t t e r  we r e p o r t  on  t h e  r e r u l t m  o f  t h e  i n v e r t i q a t i o n  o f  

t h o  t e m p e r a t u r e  dopundenca  o f  t h o  l i n e  w i d t h  o f  CEF t r a n r i t i o n n  

by meanr o f  t h e  IN8 t e c h n i q u e  i n  a  h i g h  Tc r u p e r c u ~ ~ d u c t o r  

Tm0,1Yo,9Ba2C~306,9  (TmlYDCO). The J g r o u n d  s t a t e  m u l t i p l e t  o f  t h e  

~ m + ~  i o n  i n  a n  o r t h o r h o m b i c  CEF r p l i t e  i n t o  13 r i n g l e t e  ria 4x PI ,  
3 x 1 ' ~ ,  3 x  P3, 3xr4. The lowert l e v e i r  a r e  t h e  r 3  g r o u n d  s t a t e  f o i l o w e d  

by  a r 4  a t  1 1 . 8  meV a n d  a  r2 a t  1 4 . 2  meV. Between t h e a e  l o w e a t  l e v e l e  

two g r o u n d  r t a t e  t r a n r i t i o n r  a r e  a l l o w e d .  T h i r  c i r c u m r t a n c e  rnakoe t h e  

TmlYBCO r y s t e m  v e r y  r u i t a b l e  f o r  t h e  i n v e a t i g a t i o n  o f  t h e  t e m p e r a t u r e  

d e p e n d e n c e  o f  t h e  l i n e  w i d t h  o f  CEF t r a n e i t i o n r ,  b e c a u e e  t h e  INS e p e c t -  

r a  c o n t a i n  two r t r o n g ,  w e a k l y  o v e r l a p p i n g  i n e l a r t i c  peakm a t  t h e  

e n e r g y  t r a n r f e r  1 1 . 6  meV and  1 4 . 2  meV. A 109 r u b a t i t u t i o n  o f  Y f o r  Trn 

e x c l u d e r  i n f l u e n c e  o f  t h e  4 f - 4 f  i n t e r a c t i o n  o n  t h e  l i n e  w i d t h  o f  CEF 

t r a n a i t i o n e .  A c c o r d i n g  t o  X-ray a n d  n e u t r o n  d i f f r a c t i o n  rnearurement r  

t h e  TmlYBCO r a m p l e  war e i n g l e - p h a s e .  The o n e e t  r u p e r c o n d u c t i v i t y  tern- 

p e r a t u r e  wae a e t e r m i n e a  t o  b e  Tc - 92K w i t h  A Tc = 2K. 

I n e l a s t i c  n e u t r c n  s c a t t e r i n g  e x p e r i m e n t r  were  p e r f o r m e d  u e i n g  

a  d i r e c :  g e o m e t r y  c h o p p e r  e p e c t r o m e t e r  H E T / ~ /  a t  t h e  p u l s e d  a p a l l a t i o n  
* -*-- .-~ - -. - 
; f: 



s o u r c e  ISTS, R a t h e r f o r d  Apple ton L a b o r a t o r y ,  U.K. 'Tne incr . - l ,?g  :n;?rgy 

o f  Eo = 35  meV was used ,  a t  a  r e s o l u t i o n  ?r. e l a s t i c  l i l y ;  s f  0 . 3  8,ev 
( Y N H I Y )  a s  d e r i v e d  from vanaclum spect r i jm.  The n e i n  sc . ? t t c r i ! ?y  zr;.lc 

0 - L i s  = sil which co r re sponds  t c  a  .zrnc!it.t.t~r; t r a n s f e r  rar.;ing f r c c  0 . 6  ., 
0 .: 

t3 1.12 A  w i t h i n  an  ene rgy  t r a n s f e r  i n t e r v s l  f r c z  b zev tc 1C :;;v. 
h 100 g  of  Tm:YBCO sample i n  a  t h i n - w a l l  a:x::lnl~i:ii c d n ,  f i l l . ; d  i i l t h  

f i n g e r  of  a c l o s e 6  c y c l e  refrigerator j i v i i l g  a  tcn,;jcrz'iure L r o ~  I 5  ii 

t o  300 K .  

F jq .2 .  Temperature  dependence o f  t h e  HWHX 
of t h e  CEP t r a n s i t i o n s  a t  energy t r a n s f e r  

I E =IL.ZrneV 1 
0.3 1 11.8 neV 21-.C: 1 4 . 2  zeV. 

i 

F i g . 3 .  Temperature  dependence of t h e  i n -  
t e n s i t y  o f  transition a t  11.8 m e V ( p o i n t s ) ,  
s o l i d  l i n e  i s  t h e  c a l c u l a t i o n  i n  t h e  CEF 
~ o d e l  . 

s 

t h r e e  f r ? g ~ o ? t q  z f  INS s p ~ c t - r a  - - - - -- - 

o r  T ~ : Y B ~ O  a t  1 2 s  K ( ? b c . ~ l  T C ) ,  2 3 1 ~ = 1 2 5 ~  A -1 

50 K ( n e a r  i ) and 3 5  K (below 

lc) . I n  experimental d a t a  p ro -  
15 

I 

c e s s l n g  t h e  following was tdken 

l n t o  c o n s l d e r a t l o n :  

a )  s l n c e  t h e  peaks  a t  El = 

= 11.8 mev and c 2  = 14.2 meV c 

a r e  due t o  ground s t a t e  t r a n -  

s l t l o n s ,  t h e  r a t l o  of t h e l r  - - 
w 2 0 -  

l n t e n s l t l e s  1 s  equa l  t o  t h e  a. - 
r a t l o  of s q u a r e  m a t r l x  e l e -  

ments o f  t h e  JL o p e r a t o r  

( IZ/I1 = 0 .83)  and independent  

of  t z m p e r a t u r e ;  

b)  a t  h l g h  t e m p e r a t u r e s  

( T  > 100 K ) ,  weak c o n t r l b u t l o n s  

t o  INS s p e c t r a  a p p e a r  due t o  
20 

t h e  scattering on CEF t r a n s l -  

t l o n s  from e x c l t e d  l e v e l s .  10 

These c o n c r l b u t l o n s  were t aken  

into accoun t  I n  accord  w l t h  
10 12 1L 

E ImeV1 
t h e  f u l l  CEF l e v e l  scheme: 

c )  t h e  model led  s c a t t e r i n g  F i g . 1 .  Fragments  of INS s p e c t r a  
( p o i n t s )  f o r  an  i n t e r v a l  of  e n e r -  

law a s  a s e t  of  L o r e n t z i a n s  gy t r a n s f e r  from 8  meV t o  16 meV. 

was convo lu ted  w i t h  t h e  r e u o l u -  F o r  d e t a i l s  s e e  t h e  t e x t .  

I t i o n  f u n c t l o n  of t h e  s p e c t r o -  
% 

n ~ e t e r .  Tne background was f l t t e d  by a  s t r a l g h t  l l n e  beysnd t h e  l n t e r v a l  

c o n t a l n l n g  t h e  rnagnetlc s l g n a l .  
I 

IE r e s u l t  of o u r  f l t t l n g  p rocedure  we o b t a l n e d  t h r e e  independent j 
i ~ a r a a e c e r s :  w id ths  of two CEF ground s t a t e  transitions and an i n t e n s i t y  

of  t h e  peak a t  E: = 1i.e meV. I n  f i g . 1  t h c  s o l i d  l i n e  i s  t h e  l e a s t  

s q u a r e  f i t  t o  t h e  e x p e r i m e n t a l  p o i n t s ,  t h e  dashed l i n e s  a r e  t h e  s e p a r a t e  

s p e c t r a l  components, t h e  po in t -dashed  l i n e  i s  t h e  background. The r e -  

s u l t s  of  t h e  d e t e r m i n a t i o n  of  t h e  l i n e  wid ths  o f  t h e  CEF e x c i t a t i o n s  

a r e  g iven  i n  f i g . 2 .  The arrows p o i n t  t o  t h e  supe rconduc t ing  t r a n s i t i o n  

t empera tu re .  A s  shown i n  t h i s  f i g u r e  a t  T <  7 0  K t h e  l i n e  w i d t h  is 

T- independent  w i t h  a  r e s i d u a l  w id th  of  f0 = 0.05 meV. With i n c r e a s i n g  

t e m p e r a t u r e  n e a r  Tc a  c o n s i d e r a b l e  b roaden ing  of CEF t r a n s i t i o n s  t a k e s  

p l a c e .  Such a  behav iour  of t h e  w i d t h  t empera tu re  dependence i s  due t o  

an  appea rance  of a  channe l  of  r e l a x a t i o n  - t h e  c r e a t i o n  o f  e l e c t r o n -  

h o l e  e x c i t a t i o n s  a t  T  > Tc caused by t h e  c l o s i n g  of  t h e  SEG. The r e s i -  

dua l  w id th  f may r e s u l t  from s t a t i c a l  d i s t o r t i o n s  due t o  t h e  d e f i c i t  

of  oxygen ( 8 = 0 . 1 ) .  I n  f i g . 3  t h e r e  is  shown t h e  t e m p e r a t u r e  depen- 

dence of  t h e  i n t e n s i t y  of  t h e  CEF t r a n s i t i o n  a t  f = 11.8 meV.Solid 

l i n e  i s  t h e  c a l c u l a t i o n  i n  t h e  CEF model of  t h e  p o p u l a t i o n  o f  t h e  ground 
-1 

l e v e l  Q ( T )  = Z (T) , ( Z  (T)  i s  t h e  p a r t i t i o n  f u n c t i o n )  no rma l i zed  t o  t h e  

expe r imen ta l  p o i n t  a t  T  = 2 0  K .  Good agreement  between t h e  t h e o r e t i c a l  

cu rve  and e x p e r i m e n t a l  p o i n t s  i n  t h i s  f i g u r e  j u s t i f i e s  t h e  method of  

d a t a  a n a l y s i s .  

I n  a  normal s t a t e  (T > Tc) t h e  t e m p e r a t u r e  dependence of  t h e  l i n e  

wid th  f o r  t h e  c a s e  of  two s i n g l e t s  is  g iven  by''': 



where M-(mlJln),~(O) ie the deneity of etatee of conduction electron8 

at the Fermi lavel, JeX ir the exchange integral, gJ fa tho Lande fac- 

tor, 8 ir tho energy between two ringlets. By fitting to sxpreesfon (1) 
of experimental valuer at T > Tc (eolid line in fig.2) we obtai~ed 

ertimatee for the coupling conrtant ?'- N (0) Jex - 0.025+0.005, which 

coincide with the value of for an iesstructural compound ErBa2Pu307/4/, 

It rhould be noted that the value of ?'for high Tc ccmpounds ia not .' 
negligible and ite order of magnitude corresponds to for a metallic 

ruperconductor TblLaA12 (Tc = 3.2 K I  fl= 0.034) 15/. In fig.2, at T < T~ 
the experimental pointr are located below the calculated curve. Appa- 

rently, in a ruperconducting rtata N(0) C 0 (or at leart rharply decrease 

in oomparirbn with that in a normal rtate), if we accept that T o  is 
not caured by the r-f interaction (to which fact the abrence of a tem- 

perature dependence of the line width at T < 70 K indicatee). 
In conclurion, it ehould be noted, thac we are making plans for more 

thorough meaeuremente of the temperature dependence of the line width 

of the CEF excitatione near Tc which could probably allow the determina- 

tion of the value of the SEG (for that it ie neceeeary to know precieely 

the line width behaviour below Tc). Within the our available accuracy 

of the experinlent a lover limit of 2 A (0) > 14.2 meV can be only indj- 
c a t e d ,  
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MeTonoM HeynpyI'OrO ~ ~ c c ~ H H M ~  H ~ ~ T P O H O B  HCCJIenOBaHa TeM 
nepaTypsarr s a s w c w ~ o c ~ b  msipwH nepexonoB ~ e x ~ y  YPOBHHMH KPH 

CTZlllJlWrIeCKOI'O llOJ'lR. B BblCOKOTeMnepaTyPHOM CBepXIIpOBOnHWKe 
Tmo I lYo I ,BaaCu306 #,.  npw T < Tc Ha6nloneH0 yEaeHbmeHwe mw- 
pWH nepexonoe, 06yUI0BJIeHHOe OTKpUTWeM 3HepreT~rIe~K0k 
npw nepexone B ceepxnpoeonrrqee coc~orr~we.0qet ie~a K O H C T ~ H -  

Ta, xapa~~epw3yloqarr cmy s-f B ~ ~ ~ ~ M o ~ ~ ~ c T B H R .  p '  = 0,025 2 

+0.005. 

Goremychkin E.A. ,  Osborn R . ,  Taylor A.D. E14-89-721 
Inf luence of the. ~ u ~ e r c o n d u c t i n ~  Energy Gap 
on the  Line Width of the  Crysta l  F ie ld  
Transi t ion i n  the High Tc Superconductor 

Tmo ., Yo. .Ba2Cu,06. 9 

By i n e l a s t i c  neutron s c a t t e r i n g  the temperature depen- 
dence of the l i n e  width of c r y s t a l  f i e l d  t r a n s i t i o n s  were 
ueasured i n  the high Tc superconductor TmO. ,Yo. ,Ba2Cu306., 
A t  T < Tc the  decreasing of the l i n e  width due t o  the ope- 
ning of the superconducting .energy gap was observed. The 
coupling constant  p '  which charac te r i zes  the s t r eng th  of 
an s-f i n t e r a c t i o n  was est imated t o  be p '  = 0.025+0.005. 

The inves t iga t ion  has beem performed a t  the  Laboratory 
of Neutron Physics, JINR and i n  Kutnerford Laboratory,U.K 
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