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We investigate a formation of electron strings due to short and long-range electron-phonon and electron-electron interactions.

PACS numbers: 71.10, 61.82.Fk,61.82.Bg, 71.45.Gm

There is a growing body of experimental evidences[?, ?, ?, ?] and theoretical arguments[?, ?] indicating on existence of
The stripe structure has been also observed in other oxides, manganites[?], where the important role of the lattice effects
Independently from these experiments, we have recently suggested that the lattice plays an important role in a self-creation
in the form of a long cigar shaped object named as strings. The string’s phenomen is a many-particle generalization of
In the present work we have extended our studies, taking into account the finite bandwidth and treat the kinetic energy
In general such strings may correspond to either a ground state or a metastable state. For a short range electron phonon
However in the present paper we limit ourself by studies of a single highly conducting string.
We have employed the Hartree-Fock many body-wave function as a variational wave function to describe fermions self-trapp
We consider the general Hamiltonian of spinless fermions interacting via a strong long-range electron-electron repulsion

where t is the electron hopping-integral, the operator a†i (ai) creates (destroys) a fermion at a lattice site i , ni is the occupation

The function γ(q) and the phonon dispersion relation ω(q) are different for different types of the electron-phonon interaction.

where it is plausible to assume that for spinless fermions the effective dielectric constant ǭ may be taken as ǭ = ǫ∞. Such Hamiltonian,
The Hartree-Fock many-body wave function of the M self-trapped particles Ψ(1, 2, ...,M)
which we employ to calculate an expectation value of the Hamiltonian, eq.(??) has a form of a Slater determinant

consisting of single particle wave functions:

Each of these wave functions describes the electron(hole) trapped by N neighboring sites (string potential well) with equal probabilit

where d is a dimension of the hypercubic lattice, the value n is an electron(hole) doping inside the string: n = M/N . For the
of electron string valid for a wide range of the parameters of the Hamiltonian such as a coupling constant c, the bandwidth

After the substitution of this expression into the eq.(??) for ES we get the dependence ES = ES(n) on the doping of the string

The minimum energy ES associated with an insulating string which has been calculated with the use of the relation N

The comparison of eq.(??) and with the energy of M single polarons equal to M(2dt− c/2) indicates that an insulating
doped antiferromagnet. For a single hole in the antiferromagnet there is an increase in the exchange energy equal to 2dJ

where the value M is defined by eq.(??). The comparison of this expression with the total energy of M separated self-trapp

Thus, the exchange interaction between anti-ferromagnetic spins significantly improves the physical conditions required for
All these string solutions found for deformational type of strings arise also in the case when the electron is interacting with

where λ is a constant of the Jahn-Teller electron-phonon coupling and c11, c12 are conventional elastic modulus for a crystal
the string length depends on the type of the string and must be estimated by a minimization ES(n) with respect to the
The case when a single electron or a hole is interacting with polar phonons,.i.e with longitudinal optical phonons with the
Then the value of total energy including the Coulomb and exchange contributions from the long-range Coulomb forces



The value of the doping n may be calculated numerically after the next substitution of eq. (??) into eq.(??) and next minimization
to only one variable, n. In the limit when the string has a very low density n≪ 1 the values of M and N may be presen

The total energy of the string per electron equals jstring = 2d− 2 + 2/N − nEc. To be in a ground state this string energy m

which is roughly means that the polaron shift must be smaller than the string bandwidth 2t.
Thus, we arrive at the conclusion that in oxide compounds having ionic character of the bonding the formation of highly
Our findings are probably relevant to stripe formation observed in HTSC [?, ?, ?, ?, ?, ?, ?, ?, ?] To check if this criterion,
Thus, we arrive at the conclusions that in polar oxide materials, like HTSC there may arise electronic strings which are
which may be associated with the string’s dynamics.
The observed stripes may be related to the hole strings arising for a small hole doping. Such strings may well form a Wigner
In summary, we found that in oxides HTSC there may arise highly-conducting electron strings which are linear electronic
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