CHAPTER V
ANDERSON MODEL FOR
TRANSITION METAL SUPERCONDUCTORS

V.1 Anderson Model

There are two or more groups of electrons (i.e., s, d and
? electrons ) present in the transition metals. One of these groups,
the s - electrons, behdve like free electrons while the others are
localized about the nuclei located at the lattice sites'. In 1961
Anderson® introduced/a model Hamiltonian, which takes into account
the presence of both free electron states and localized states.
Included in his Hamiltuhian'are terms for the hybridyzation of the
conduction elecirons with Jocalized ‘d— electrons and for the
foulomb interaction between electrons of opposite spins occupying
the localized orbital state. While this model was intended for the
study of the occurrence of a localized magnetic moments on iron-

group atoms, which are dissolved as dilute impurities in nonmagnetic
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metals, it contains the essential features of the narrow d-band

transition metals, —

In its simplest form, the Anderson model is described by the

Hamiltonian
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-where ¢ labels the spin orientation ; Ch and Ck( are the
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creation and destruction operators for a s-electron of momentum k 5
respectively, ami £, /is its energy; cv and 0( are the

]Q R J§
creation and destruction operators for a d- orbital electron or
Wennier function, respectively, and E:) is its energy. U is
Coulomb repulsion between d- electroms, and Vko is the matrix
element that commects the localized states at position J and the
conduction state with the momentum IQ .

If we now carry out the Hartree Fock approximation3 ; we get
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See also Appendix B.
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and AA = _kJ<A}€4ﬁ> . ( 5.4 )

V.2 Hamiltonian for Superconducting Transition Metals

We have mentioned the BCS theory for superconductivity
which have been remarkably successful in acéounting for the super-
conducting properties of simple metals. For transition metal super-
conductors many experimental results do not egree with the predic-
tions of the BCS theory4 such-as the isotope effect, the critical
temperature and the preéssure effect, Many theories have been
propused Lo describe /the transition metal superconductors. The SMW
fwo~hand model which haVe mentioned in section IV.2 is the one of
these theories. In“this theovy eclectrons in both s- band and G- band
form Cooper pairs. It can deseribe some éxperimental results from
very pure transiftion metal superconductors especially in the existent
of two enwrgy gaps ( see sect. IV.2 ).

However, most of the recent theories of superconductivity in

2

the transition metals suggested .that the d-d pairing interaction
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is usually more important than the s-s or s-d interaction,
because of a large d- electron density of states at the Fermi
surface. Appel and Kohn 5 have shown that the vertex function cons-
tructed with Wannier function representation of the d- orbital
electrons exhibit the singularities which indicate an instability
against the formation of Cooper pairs. They have also calculated Tc
and discussed the isotope effect which exhibit a behavior in agree-
ment with experiments, Bennermann and Garland5 haYe shown that the
electron-phonon matrix element between localizea d- orbitals leads
to an expression for the critical temperature which allows for the
variation in T@ seen/in three trensition metal series. They have
also shown that the’ McMillen equations, which is based on the virtu-
al emchange of the phonons beitween the 4- electrons, can explain
the pressure dependénce of the transition temperatures seen in the
transition metal superconductors.

From the‘ideaé Just have mentioned we add to the Anderson

Hamilfonian, the term
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where €5 is the strength of the electron-phonon interaction

between d- orbitals located on the jth and mth site and is

s

taken to be the electron-phonon coupling constant in MelMillan’s

work. It is similar to the attractive interaction term in the B(CS
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theory which leads to the formation of Cooper pairs in simple metal
superconductors .
Applying the Hartree - Fock approximation to ( 5.5 ) ; we

obtain the following Hamiltonian
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is the gap parameter/similer to that in the BCS theory.
For the reasons we have mentioned previously, the Hamiltonian
( 5.6 ) showuld be & fairly go6d description of the superconducting

phase of tke transition metals,



	Chapter V Anderson Model for Transition Metal Superconductors
	5.1 Anderson Model
	5.2 Hamiltonian for Supercouducting Transition Metals


