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Abstract—The connection between the colossal magnetoresistance and the orbitally degenerate d-electron
correlation caused by the virtual phonon exchange is explored. This virtual phonon exchange is the result of the
combination of the electron-phonon and electron-strain interactions with the phonon dispersion. Two types of
polarons are involved in the consideration of electrical conductivity but the virtual phonon exchange and the
corresponding electronic states ordering is crucial.q 1998 Elsevier Science Ltd. All rights reserved

Keywords:oxides, colossal magnetoresistance, microscopic mechanism, Jahn–Teller effect, electron–phonon
polarons

The problem of the colossal magnetoresistance is a high
concentration mixture of the fundamental physics ideas
connected to the structural and magnetic phase transitions,
the conductivity in the orbitally degenerate systems, the
polaronic phenomena and charge ordering. On the other
hand, the important applications of the crystals with
colossal magnetoresistance could be easily predicted and
some of them have been already discovered.

We suggest that the microscopic mechanism of the
colossal magnetoresistance is closely connected with the
orbitally degenerate d-electron correlations caused by
virtual phonon exchange. The latter is a combination of
the phonon dispersion with the electron–phonon and
electron–strain interactions and is responsible for the
cooperative Jahn–Teller effect.

The idea of the importance of the Jahn–Teller
cooperative effect in the colossal magnetoresistance
manganites, at first glance, is not new (see a series of
very important results obtained in refs. [1–4]). However,
in all previous studies, the crystal phonon dispersion was
neglected, which, as is well known, leads to the disap-
pearance of the effective electron–electron interaction, or
only the totally symmetrical vibrations were considered
(so that no structural phase transitions, other than
isomorphic transitions in the manganites, can be
described).

In the proposed approach, the basic interactions
describing the structural ordering in the manganites are
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where the first two terms describe the interaction of the eg

electrons with the Eg- and A1g-symmetry phonons, and
the last three terms belong to the energies of the free
crystal phonons, the electron–strain interaction and the
elastic energy connected to the homogenous strains, (if
they exist).

The hopping of the eg electrons with a constraint
prohibiting the double occupancy of the same site is
given as
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wherecmmsðcmmsþ Þ is an annihilation (creation) operator
of the electrons in doubly degenerate state on sitem,
orbital m and spins.

Our starting model contained additionally terms of the
Hund coupling between eg and t2g electrons, on-site
Coulomb interaction of the eg electrons, inter orbital
exchange and the antiferromagnetic coupling of the
localized t2g spins. These interactions are not discussed
here because we want to focus our attention on the
cooperative Jahn–Teller effect. Here we need to
mention that in the usual second order perturbation
approach [5, 6], the first three terms lead to the
effective orbital–orbital and spin–orbital interactions
which should be considered as a contribution to the
virtual phonon exchange determining the crystal
structure.

For crystals with the cooperative Jahn–Teller effect it
is convenient to use the canonical shift transformation of
the Hamiltonian [7] eliminating the linear electron–
phonon interactions. The peculiarity of this trans-
formation in our approach is the necessity to include
into the shiftR̄-operator both types of symmetry of the
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The most important part of the effective intersite electron
interaction describing the possible structural ordering in
the manganites can be written as
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where thejz,x,A are matrices given on the basis of the
ground orbital doublet
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and the parametersAmn andBmn are the virtual phonon
exchange constants caused by Eg - and A1g- symmetry
phonon modes. Transformation (3) leads to additional
terms of the formjA

mjz,x
n that are not taken into account

in the Hamiltonian (Eq. (5)) because this term contributes
only to the system dynamics and is not important for the
static structural ordering. The modes are determined by
the formulae
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(the g0E,A are the contributing electron strain interaction
constants).

The first term in Eq. (5) describes the possible
structural orderings of the Jahn–Teller MnO6 octahedra.
After switching to the two sublattice crystals and after
applying some cubic symmetry operations, this term can
be rewritten in part as
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in the case of the in-plane antiferrodistortive ordering.
Here, the operator in the first set of parentheses corre-
sponds to thex direction elongation of thema-octahedra
and the operator in the second set of parentheses
corresponds to the elongation in they direction. The
second term in Eq. (5), in the case of the two sublattice

crystal is,
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The first term describes the isomorphic structural
transition accompanied by the appearance of the totally
symmetric homogenous strain and is of no interest. The
second term in Eq. (8) describes the virtual phonon
exchange between twom-atom cells caused by an odd
optical phonon mode and can lead to a structural transi-
tion accompanied by charge ordering. The interplay of
this interaction with the otherEg-type Jahn–Teller and
magnetic ordering is definitely important for the colossal
magnetoresistance systems.

Applying the transformation (3) to the eg-electron
transfer, the Hamiltonian leads to the vibronic reduction
of the transfer integrals
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This t-reduction is nothing but the polaronic effect. It is
interesting to note that if the interaction of electrons with
the totally symmetric vibrations prevails, the regular
polaron effect takes place. However, if that is not the case,
there is a Jahn–Teller polaron or a mixture of Jahn–Teller
and regular polarons. Since the magnetic exchange para-
meter can be reduced similarly, this result can explain the
isotopic effect of the magnetic critical temperature.

Finally, we would like to mention that the Hamilto-
nians discussed above form the basis for understanding
the effect of colossal magnetoresistance. We believe that
two factors are most important: (1) the change of the
structural ordering (as a function of temperature and
magnetic field) leads to a change of the electronic
structure more favorable for electronic conductivity,
(the overlap of the electron functions is bigger); (2) the
virtual phonon exchange electron correlations can
support the conductivity drastically by increasing the
current–current correlations.
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