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ABSTRACT

We have used the periodic Anderson Hamiltonian to study the

behaviour of heavy fermion systems. It has been argued that the

properly large mixing between f and the conduction electrons, the

strong Coulomb correlation between f electrons and the related

renormalization effect are the main causes of the large effective mass

of the quasiparticle. Further, we have introduced phenomenologically

the BCS attractive interaction between the heavy quasiparticles and

explained that the value of AC/fTe and may be quite different from

that of the BCS theory as a result of the interaction between two

branches of the quasiparticles.
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IMTRODUCTION

Since the discovery of heavy fermion superconductivity [i)-[3] many

proposals have been put forward to describe the mechanism for this phenomenon

[h]-[8]. While the mechanism of p-wave pairing for these heavy fermion

materials has been proposed by some authors, the model of s-wave pairing has

also been discussed for heavy fermion superconductivity (HFS). The main

purpose of this paper is to propose a possible explanation of HFS within the

framework of s-wave pairing- There are two different but related aspects that

this work is to take;

(l^ the origin of the large effective mass in heavy fermion systems*

(2) under what conditions the f electrons play the leading role in HFS.

It is suggested that the Coulomb correlation between f electrons

and the mixing interaction between f and s,p,d electrons (which is called

conduction electrons below) are the dominant factors to determine the above-

mentioned two related problems.

II. QUASIPARTICLE PICTURE

We study the electronic states of the heavy fermion systems by the

periodic Anderson Hamiltonian,

4- *'

where C* and f, are the creation operators of the conduction electron

and f electron respectively, ^* and <kr are the one-electron energies

of the conduction and f electrons, respectively measured from the chemical

potential, U describes the Coulomb correlation betveen two f electrons

with opposite spin on the sajne site, h£ is the hybridization energy

between the conduction and f electron states and W 5s the nuaber of sites.

The orbital degeneracy of the f electrons is neglected, Razafimandimby



et a l . [It] suggested th is type of hybrid Hamiltonian to describe the Kondo
lattice system, and when T << H the system becomes a nonmagnetic Fermi

liquid.

A3 described in a previous paper [9], linearizing the Un^ nf_

term in (l) and introducing the quasiparticle operators as

(2)

one gets the Hamiltonian in the quasiparticle picture,

where uî, is the energy of the quasiparticles and i (1 or 2) represents

one of the two branches of the quasiparticles.

The further step is to take into account vhat will fce modified if

one goes beyond the linearizing approximation of the U term. One can

introduce a self-energy term to reflect this effect, and the Green function

of the f electron can he written in the form [10]

(4)

where

(5)

^ n ^ is the average occupation number of the f electron with spin -a

under the approximation of linearizing the U term. As suggested "by

Tachiki and Maekava [5]» when |E| is much smaller than Tg.JtjE) may be

expanded as
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(6)

£=0

with d(0)»0. Using the same technique in [10], after a straightforward

calculation we have

(7)

vhere R is a renormaliaatlon constant defined

? — / i£
u^ and in,, are the renormalized energies of the tvo branches of the
qjiasiparticles,

(8)

and

(9)

(10)

with

u
(11)

and

(12/



(13)

Similar equations can be obtained for the average occupation number of the

conduction electron.

The effective mass of the quasiparticle can be introduced as [9],

m-

where k_ (i=l,2) corresponds to the wave number of u (k) at the
i 1

Fermi energy. From equation (9) the following formula can be deduced

(14)

m

where K. = hkF. Ci=l,2), m is the mass of free electron.

It is a difficult task to obtain the renormalization constant R.

However, if we rewrite D a in the following form

(15)

with

(16)

then, using equations (13) and (IS) we can make a self-consistent calculation

to find nonmagnetic solution, < n + > =i <n > at 1 » O K for the

periodic Anderson Hamiltonian. The values of parameters Kr , B a thus

obtained can be within the Kondo regime. The effective mass ratio of

quasiparticle to the free electron mass will then be evaluated with

equation (lU).

Our preliminary numerical calculation has shown that the effective

mass of the quosiparticle may be up to the order of lefts within the

appropriate range of the parameters. The parameters used to estimate the

enhancement of the effective mass of the heavy fermion are in the Kondo

regime similar to the argument in the appendix of reference [9l.
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The main conclusions that can be drawn for the heavy fermion systems

from our discussion and numerical calculation are:

The renonnalized f electron level (£*) becomes nearer to E_ than

the bare f electron level (fef). This makes the f electrons have a

larger effect on the states near E p than that if there i3 no

renomalization effect.

(a)

(b)

(c)

From (a), (b) Bad (c) we can say that the properly large value of the

mixing parameter (not too large') the Coulomb correlation between f electrons

and the related renormalization effect together result in the characteristics

of the solid electronic structure of the heavy fermion systems.

The two branches of the quasiparticle picture are more suitable to

describe the heavy fermion superconductivity in a straightforward way, because

of the relatively strong mixing between the f electron and the conduction

electron. It is the quasiparticle that has large effective mass.

The absolute value of Do is small. This means that the "effective"

f electron level is very close to Ej, . The Coulomb correlation

between f electrons makes the effect of the f level on the states

near EL, more stronger than that without this strong correlation.

Although K. £|6 f| , U , n2/D^ is large. It is that the properly

large value of the mixing parameter and the very small value of |D0|

result in the large effective mass of the quasiparticle (see equation

III. SUPERCONDUCTIVITY

It is natural to introduce phenomenologically the BCS coupling

between the quasiparticles as one possible model for the heavy fermion

superconductivity. As mentioned in section II, there are two tranches of

quasiparticles, so two band superconductive theory suggested by Suhl et al.tll]

may be used to describe superconductivity of the two branches of the

quasiparticles with intra- and inter-branch . effective BCS interaction

parameters *.,,*,, and A , Some details of the calculation will be

[9]. The interesting results are:

In the heavy fermion case, i.e. hi/|D(J| » 1 , it can be shown that

basically only the f electrons are responsible to heavy fermion

superconductivity. If h. is not much larger enough than |DCT! I

published elsewhere

(A)
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then, in general, both f electrons and conduction electrons are

responsible to superconductivity.

(B) Based on the Suhl theory it can be shown that the value of

AC/YT (flC is the Jump In the specific heat at

several parameters, such A

T ) depends on

12
and the density of states of

the quasiparticles p
!' "2*

so the value of AC/YTo can be quite

different from that of BCS theory. Especially it can be much smaller

than that of BCS theory. For example, taking X p^ = 0.28, X£ = 0,

i n - 0.01. X n = 0.1

12 1 12 £
numerical calculation shovs

AC

io = 10 K, and Tc = 0.5K,

This value is close to that of UPt found in experiment [3],

Further, the vide scattering of the experimental data in that of

can be understood as the result of the difference of theCeCu2Si2

parameters, P-]_, P 2 from sample to sample.

IV. COHCLUSIORS

Based on the periodic Anderson Hamilton!an, through a linear

transformation of electron operators and a renormalization procedure, a

quasiparticle picture has been suggested for the heavy fermion systems.

Further, a possible model of heavy fermion superconductivity within the

framework of s-wave pairing has been put forward. The contribution to

superconductivity from the f electrons and the different values of AC/YT

revealed by experiments have been discussed,

quasiparticle picture is in progress.

Further work on this
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