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A b stract:
Here, we consider the electron-phonon interaction in the Periodic An­

derson Model(PAM) and have studied the influence of various model pa­
rameters namely the position of 4f-levei E'0, the electron-phonon coupling 
strength f i (q)  and / 2(g),the effective coupling strength f f { q ) N( 0 ) / W( q)  on 
the temperature dependence of the sound velocity and elastic constant in HF 
systems. The analysis of the results obtained are in good agreement with the 
general features observed experimentally for 6ome HF systems.
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1 Introduction
In recent years a lot of interest has been developed to heavy fermion (HF) sys­
tems. These are the intermetallic compounds for partially filled f-electrons of 
Ce,Yb and U which form a highly correlated electron system at low tempera­
ture and show many interesting anomalies of electronic and lattice properties 
[ l ,2,3]. There exist experiments where some heavy fermion system show
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elastic anom alies re la te d  to  th e  valence in s ta b ilitie s  a t  low  te m p e ra tu re  [3]. 
T h e  m ost p ro m in e n t effect o f these are th e  so ften ing  o f  th e  e lastic  con stan t, 
te m p e ra tu re  dependence o fth e  th e rm a l exp ansion , s tro n g  so ften ing  o f phonon  
energies below  th e  K o n d o  te m p e ra tu re . T h e  e lastic  co n stan ts  a n d  sound  
ve lo c ity  ano m alies  are  u su a lly  re la te d  to  th e  in s ta b ility  o f  th e  valence w hich  
is in d ire c tly  caused b y  th e  change o f th e  m ix in g  in te ra c tio n  a n d  th e  o rig in  o f 
th is  change is d u e  to  th e  e x tre m e  v o lu m e dependence o f th e  system s K o n d o  
te m p e ra tu re  T j c , w hich  are ag a in  d ep en d en t on vo lu m e  s tra in  associated  
w ith  th e  la tt ic e . M o reo ver, th e  ano m alies  d o  n o t d ep en d  on th e  d e ta ils  o f  
th e  e lectron ic  b an d  s tru c tu re  as its  effect is realised over a  w ide  te m p e ra tu re  
ran g e  0 <  T  <  7 a-.

In  th is  p a p e r, we have used th e  P e rio d ic  A n d erso n  M o d e l(P A M )  fo r the  
h a lf  fille d  b a n d  a n d  in tro d u c e d  e lec tro n -p h o n o n  in te ra c tio n  in  th e  n o rm a l 
s ta te  o f th e  H F  system . T h e  sound ve lo c ity  an d  th e  e lastic  co n s ta n t are  
c a lcu la ted  to  e x p la in  th e  e x p e rim e n ta l anom alies  seen a t  various te m p e ra tu re .

2 Formalism
W e consider th e  m o d e l system  w ith  th e  H a m ilto n ia n

17 = J7o + //*-„ + ( 1 )
w here

Ho =  (K C^Ckcr +  £o 1C  +  '0 +  t h . )  (2)
Aor k<r her

b.-, =  E t / i  + h(i)sl„M  * ( t , + * ! , )  (3)
kqe

b ,  =  £ > A  w

T h e  n o ta t io n  used in  th e  above e q u atio n s  are  sam e as described  in  o u r earlie r  
p a p e r [6]. T h e  F o u rie r tra n s fo rm e d  p h o non  G reen  fu n c tio n s  w ere eva lu a ted  
to  express th e  p h o n o n  self energ y w h ich  is g iven  by

w 2 - w 2q -  4 =  0 (5)
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T h e  v e lo c ity  o f  s o u n d  a n d  elastic  c o n s ta n t w ere ev a lu a te d  a t  lo n g  w ave le n g th  
l im it  a n d  g iv e n  b y  th e  e q u a tio n

( v / v  o) 3 =  ( C / C o )  =  [1 +  4 i r / w * X w M ] >  ( 6 )

w here  v  a n d  C  a re  th e  s o u n d  v e lo c ity  a n d  elastic  con stan ts  respective ly . T h e  
zero su b scrip t corresp onds to  th e  b a re  values o f  these q u a n tities .

F ig . l  T h e  te m p e r a tu r e  d ep en d en ce  o f  th e  lo n g itu d in a l e lastic  co n sta n t an d  
sound v e lo c ity  ( in  a rb . u n i t )  fo r  vario u s  values o f  g =  0 . 1 ,0 .5 , 1 .0 . T h e  values  
o f r  a n d  d  a re  0 . 0 1  a n d  2 .0  res p e c tive ly .



After parameterizing different quantities in equation (6) as evaluated v(= 
v/vo) and C(=  c/co) numerically for different temperatures and for different 
parameters r, g, d which are same as defined in our earlier paper [6],
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3 Results and discussion

In the present calculation we discuss the role of volume dependence of bare 
hybridisation 70 and bare 4f energy E'0 and the effect of the temperature 
on the longitudinal sound velocity and elastic constant. We have evaluated 
the equation (6) numerically for v ( =  v / v q )  and C(= C/Co) a s  a function 
of the temperature T  ® T/T0 where Tk  is the Hondo temperature for the 
different parameters r, g, d. However, we have repoted here the variation of g 
only. The initial parameters are set by considering different values of these for 
which uniform softening of phonon energy occurs as observed experimentally. 
The set of different parameter fixed in the process are r= 0.01, g = 1.0, 
d=2. The two plots of fig 1 refers to variation of v and C with respect to 
various values of g = 0.1, 0.5, 1.0. It is seen that the velocity and elastic 
constant increases with temperature and reaches a maximum value at high 
temperature. As g valueis increased the velocity decreases more rapidly at 
low temperature which implies electron - phonon coupling with hybridisation 
term produces more softening.

4 Conclusion

It is concluded that the variation of velocity of sound and elastic constant 
shown in the paper agrees well with the experimental observation for the 
compounds CeCus, CeR^Sis [7], We don’t see any deep in *he analysis 
which may be assumed to be due to the local screening effect [7],
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