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Abstract

Heavy fermion systems show pronounced elastic anomalies at low temperatures below a characteristic temperature
T* where quasi-particle bands are formed. To explain these anomalies a microscopic theory of electron—phonon
interaction in heavy fermion systems is considered for the Periodic Anderson Model. The volume dependence of the
hybridization between the f-electrons and the conduction electrons and of the bare f-electrons gives rise to the
electron—phonon interaction. The phonon propagator, the phonon self-energy and the velocity of sound in the normal
state are calculated at finite temperature and long wavelength limit of phonons. The effects of the phonon coupling
strengths, f-level position and the hybridization on the anomalous temperature dependence of the velocity of sound are
investigated. The results are discussed on the basis of the experimental results.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction n—phonon coupling mechanism, especially in
compounds with rare earth (like Ce) or actinides

It is well documented that ultrasonic methods (like U) ions [1]. For systems exhibiting mixed-
are extremely valuable in elucidating the electro- valence properties or heavy fermion (HF) effects,

high-frequency sound waves can couple very
strongly via volume strain. The electron—phonon
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temperature dependence on the heavy fermions in
the normal state. Examples are UPt; [3], URu,Si,
[4], CeRu,Si; [5] and others. The Ce-based systems
exhibit two types of temperature dependence of
the longitudinal elastic constants. The first group
of compounds shows low fluctuation temperatures
T* and high specific heat coefficients (y in
mJ/moleK?). They are CeCug (7" =4K,y =
1450) [1], CeRu,Sip (T* = 15K,y = 385) [5], and
CeCu,Sip (T* = 10K,y =1100). They lie in a
localized regime and exhibit heavy fermion beha-
viour with the f-level lying far below the Fermi
level. The compounds exhibit an elastic constant
increase with increase in temperature. The second
group of compounds are distinguished from the
former ones by having lower specific heat coeffi-
cients and much higher fluctuation temperatures
T* =260K for CeSn; [6] and T* = 340K for
CeBe3 [7]. They therefore, lie close to the mixed
valence regime with the f-level lying nearer to the
Fermi level. These compounds exhibit an elastic
constant minimum for the temperatures 7', that
are somewhat smaller than the fluctuation tem-
peratures i.e. T,~125K for CeSnj and 7T,~150K
for CeBejs [7]. This points to different types of
elastic constants for the Ce-based compounds. The
elastic modes in the case of the U-based systems
are completely different. Both UPt; [3] and
URu,Si, [4] exhibit intermediate fluctuation tem-
perature 7%, i.e. 20 and 70 K with intermediate
specific heat coefficients 400 and 65mJ/mole K2,
respectively. URu,Si, exhibits an elastic constant
minimum for temperature 30 K which is somewhat
smaller than the fluctuation temperature. But UPt;
shows a very flat minimum in its longitudinal
elastic constant. Moreover, a pronounced ultra-
sonic absorption peak has been observed by
Miiller et al. [16] in the heavy fermion system
UPt; in its normal state at a temperature of about
12K which is the temperature below the fluctua-
tion temperature 7*~20K. The authors could
explain this experimental result due to the presence
of a narrow ~kgT* Kondo-type resonance in the
density of state near the Fermi level. In the
superconducting state UPt; shows a step-like
function in its elastic constant at a superconduct-
ing transition temperature [2]. Similarly, the long-
itudinal elastic constant of superconducting

URu,Si, exhibits a step-like anomaly of the order
of AC/CONlO_4 at T.. The step-like anomaly in
the superconducting phase is due to the coupling
of the lattice to the condensate (order parameter).
Indeed, this mechanism has been proposed to be
the driving force to explain superconductivity in
some of the HF materials, notably CeCu,Si, [8].
The normal state experimental results also indicate
that the coupling of the elastic strains and long
wavelength phonons to the quasi-particle bands is
important in heavy fermion compounds. As a first
step, this coupling was described in a phenomen-
ological way by introducing a deformation poten-
tial coupling to the heavy-quasi-particle bands.
Such an approach has been used by Liithi and
coworkers to explain the elastic constant and
ultrasonic absorption anomalies [9,10].

The deformation potential is characterized by
an electronic Gruneisen parameter (GP) which is a
measure of the strain dependence of the quasi-
particle energy. In order to explain the long-
itudinal elastic constant anomaly near the fluctua-
tion temperature 77, Thalmeier [11] has
considered the GP coupling of sound waves to
the conduction bands to explain the elastic
constant anomalies of some heavy fermion com-
pounds in the quasi-particle regime and in the
normal state. Wojciechowski et al. [12] have
derived the electron—phonon coupling Hamilto-
nian resulting from a volume dependence of the
bare hybridization strength. They have calculated
all the electronic quantities from the Anderson
Model within the mean-field-approximation for
slave bosons and finally calculated the velocity of
sound wusing the random-phase-approximation
(RPA)-like procedure for the phonon self-energy.
A similar Hamiltonian has been derived and
examined by Keller et al. [13] at T=0K to
describe the self-energy effects in heavy fermion
systems. In the present communication, we con-
sider the Periodic Anderson Model where the
onsite f-electron Coulomb interaction is linearized
in Hartree—Fock approximation to determine the
electronic quantities of the subatomic system of
the HF compounds. The coupling of the long
wavelength phonons to the bare hybridization
between f-electrons and conduction electrons as
well as to the bare f-electrons are assumed to arise
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