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Abstract :

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-level Ej, the electron-phonon coupling
strength f1(g) and f;(g),the effective coupling strength f2(g)N(0)/W(g) 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 some 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 clectron system at low tempera-
ture and show many interesting anomalies of electronic and lattice properties
[1,2,3). There exist experiments where some heavy fermion system show
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elastic anomalies related to the valence instabilities at low temperature [3)].
The most prominent effect of these are the softening of the elastic constant,
temperature dependence ofthe thermal expansion, strong softening of phonon
energies below the Kondo temperature. The elastic constants and sound
velocity anomalies are usually related to the instability of the valence which
is indirectly caused by the change of the mixing interaction and the origin of
this change is due to the extreme volume dependence of the systems Kondo
temperature Tk, which are again dependent on volume strain associated
with the lattice. Moreover, the anomalies do not depend on the details of
the electronic band structure as its effect is realised over a wide temperature
range 0 < T < Ty.

In this paper, we have used the Periodic Anderson Model(PAM) for the
half filled band and introduced electron-phonon interaction in the normal
state of the HF system. The sound velocity and the elastic constant are
calculated to explain the experimental anomalies seen at various temperature.

2 Formalism

We consider the model system with the Hamiltonian

H=Hy+He,+H, (1)
where
Ho = ZEJ\C;‘VL}W'*'E Yfkafka‘*" OZ(f:acfw'+ Czafka) (2)
ko
+ U/2Z nfnl_,

Bep = }:m @ oCho + ch o fre) + 12(0) oo o] % (B + 1) 3)

kqo
B, = Y wpblb, (4)

q

The notation used in the above equations are same as described in our earlier
paper [6]. The Fourier transformed phonon Green functions were evaluated
to express the phonon self energy which is given by

w? - wg — 4mwexee(w) =0 (5)
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The velocity of sound and elastic constant were evaluated a
: : t long wa
limit and given by the equation g wave length

(v/v0)}* = (C/Co) = [1 4 dm/wyxgq(w), (6)

where v am.i C are the sourd velocity and elastic constants respectively. The
zero subscript corresponds to the bare values of these quantities.
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Fig.1 The temperature dependence of the longitudinal elastic constant and
sound velocity ( in arb. unit) for various values of g= 0.1,0.5,1.0. The values
of r and d are 0.01 and 2.0 respectively.



672 P Nayak and G C Rout

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

3 Results and discussion

In the present calculation we discuss the role of volume dependence of bare
hybridisation +, and bare 4f energy Ej and the effect of the temperatuze
on the longitudinal sound velocity and elastic constant. We have evaluated
the equation (6) numerically for #(= v/u) and C(= C/Cy) as a function
of the temperature T = T /Ty where Ty is the Kondo 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 1=0.01, g = 1.0,
d=2. The two plots of fig 1 refers to variation of i and € 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 velucity of sound and elastic constant
shown in the paper agrees well with the experimental observation for the

compounds CeCug, CeRusSig (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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