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ABSTRACT

A possible mechanism for high T superconductivity in the recently discovered
systems {La,_ M CuQO,. where M is Ba, St or Pb) is discussed. It involves virtual
exchange of electronic excitations by pairing electrons.

he recent discovery of high T, (~ 36 K or
more) in doped lanthanum copper oxide

systems (e.g. La,_ M, CuQO,, where M = Ba,
Sr or Pb)* has posed a theoretical challenge
towards the possible mechanisms. The usual
acoustic phonon-mediated pairing mechanism
sets an upper limit of 28 K°. In the past,
various equilibrium and non-equilibrium
mechanisms involving phonons, excitons, plas-
mons etc have been suggested®. For oxides,
the polarons and bipolarons have been invoked
by many authors!®. However, for under-
standing the mechanisms of high 7. 'In
La,_ M CuO, systems, we must note some
special features of their structure'?. These
systems have K,NiF,-type structure having
planes of CuQO, octahedra which share corners.
These planes are separated by (La, M) layers.
In the pure La,CuQ, (with copper in Cu®*
state, a Jahn-Teller ion) the structure has slight
orthorhombic distortion. It is a semiconductor
with low magnetic susceptibility (suggesting
antiferromagnetic  correlation).  Further,
LaSrCuQ, is an insulator with Cu’* ions 1n the
diamagnetic state’?. This would suggest the
1abilization of the low spin state by the ligand
icld (or on-site bipolaron formation). The
roetallic behaviour of La, M CuQ, is thus
related to the presence of both Cu?t and Cu’?
ions. Thé system is anisotropic in the sense that
metallic behaviour occurs only in two dimen-
sions, comprising planes of CuQ, octahcedra.

We visualize the following encrgy level
diagram (for notation sce ref. 13). The mani-
folds 5 and €* (32%-r?) are localized and o*
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(derived from e(x*~y?) and appropriate anion
p orbitals) are itinerant but the band is very
narrow. However, above the Fermti level (lying
in the o* band) there are Jocalized empty
orbitals of La**, M** ions and defects. This
situation can Jlead to an additional pairing
mechanism besides the usual phonon-induced
superconductivity. For this we consider the
Hamiltonian,
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where (Cy,, Ci,) are creation and anmnihila:
tion operators for conduction electrons in the
Bloch state | ko>, having single particle ener-
gy &, wave vector k and spin o; (Chaa> Conaa)
and E,,., represent the corresponding entities
for localized states, ¢ being the orbital index,
and »7 the site index. The third term is the
scattering of conduction electrons along with
orbital transitions of the localized clectrons;
gf’,:i’“’“ is the corresponding matrix element.
Further, H. is the Coulomb interaction be-
twe2n conduction electrons, £y 1s the phonon
Hauailtonian and M., (BCS) is the BCS patring
intcraction which is taken to be very weak for
the present systemi,

The third term of equation (1) can be
transformed using the standard method™ to

yicld a BCS type pairing interaction. We get
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and (rn,,.,) is the occupation number of the
localized occupied states. As
(e — €x) € E,, v, the pairing interaction is
attractive by this mechanism also. In this Iimit
the interaction 1is
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Ern,m.
where we have taken {(7,..,) = 1. We expect
(Epm.) ~0.5 to 1€V and

e

(2(g5™ )2/ Eppmy.} = Ve

exchange integral of the order of 0.1eV,
Owing to the two-dimensional nature of the
band, the density of electronic states N(g) is
likely to have logarithmic singularity. If the
peak hes near the Fermi level, it will yield an
effective A, = N(O)V,, to be sufficiently
strong say in the range 0.5 to 1. The expression
for the superconducting temperature 7, from
this mechanism 1s similar to the exciton
mechanism. It will have the form

1 + Ay
el P‘* (1 + )‘ef)

T.~ 6, exp [ X ], ()

where 0y = <Emnm.:'>/k3' It will be 1n the
range of 10° to 10* K. With the Coulomb
parameter 1™ around 0.1, T, can easily reach
10° K or more with this mechanism.

In the present paper, we have discussed an

electronic mechanism for the high T, supercon-
ductors. The role of strong electron-phonon
interaction has been taken to produce local
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splitting of e, electronic states (at Cu®*) and
bipolaron formation at Cu’* (onsite). It also
reduces the intersite Coulomb interaction. The
systems in question lie near metal insulator
transitions arising from J-T polaron formation.
The systems also show further structural insta-
bilities, namely, from tetragonal to orthorhom-
bic distortion when it is richer in Cu®?* ions.
That such 1Instabilities exist in the incipient
state in the M2 ion stabilized tetragonal phase
can lead to yet another mechanism for high T,
superconductivity and will be discussed in
another paper.

A model of a resonating valence band
superconductor has also been suggested™.
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