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The pseudospin-ele tron model (PEM) is onsidered in the ase of the
weak pseudospin-ele tron oupling. It is shown that the transition to uniform and hess-board phases o urs when the hemi al potential is situated
near the ele tron band edges and near the band entre, respe tively. The
in ommensurate phase is realized at the intermediate values of the hemi al
potential.
PACS numbers: 63.20.Ry, 64.70.Kb, 71.10.Fd, 77.80.Bh
1. Introdu tion

To investigate the role of the intera tion of ele trons with a lo al anharmoni mode of latti e vibrations in the high temperature super ondu tors (HTSC) the pseudospin-ele tron model (PEM) [1, 2℄ was proposed.
The model Hamiltonian in ludes the ele tron transfer ( -term), ele tron
orrelation( -term), pseudospin-ele tron intera tion ( -term); energy of the
lo al (tunneling-like) level splitting ( -term) and asymmetry of the lo al
anharmoni potential ( -term) are taken into a ount also:
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The possibility of the rst order phase transitions between uniform states
as well as the phase separation was established in the ase
= 0 at the
large values of the intera tion onstant both in the limit ! 1 [3℄ and
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U

at = 0 [4℄. The presen e of the hess-board phase was established in the
ase of the strong oupling at = 0, = 0 [4℄.
The PEM has a similarity to the Fali ovKimball (FK) model with
the intera tion between lo alized and moving ele trons. Re ent investigations [57℄ revealed the presen e of homogeneous or modulated phases and
transitions between them as well as the possibility of the phase separations.
However, in omparison with PEM there exists a dieren e in the regime
of thermodynami al averaging; the term with the transverse eld
is absent in the FK model. Besides, in ontradi tion to the PEM, lo alized and
moving parti les in the FK model possess usually the ommon hemi al potential [5℄. The aim of this work is the investigation of the stable states of
the simplied ( = 0) PEM in the ase of the weak oupling (the band does
not split in this ase); the behaviour of the diele tri sus eptibility and the
role of the transverse eld are analysed.
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2. Sus eptibility and thermodynami al instabilities

We will al ulate the diele tri sus eptibility using the Matsubara Green's fun tions method. The diele tri sus eptibility in the dipole approximation is determined by the Green's fun tion onstru ted of the operators
of the ele tri dipole momentum. In the ase of isothermal response
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The dipole momentum of the unit ell is as follows [2℄:

Mi = deni + dsSiz :
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Consideration of the model in the weak oupling approximation will be arried out analogously to the traditional s heme of the investigation of the
weak one-site orrelation
in the Hubbard model. Constru ting the zeroorder Hamiltonian, we use the mean eld approximation (MFA)
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The unperturbed Hamiltonian H has a diagonal form after an appropriate
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transformation
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To al ulate the sus eptibility we use an approximation whi h is analogous to
the random phase approximation (RPA), that is usually applied in the ase
of pseudospin systems with the dire t intera tion between pseudospins, or
to the generalized random phase approxamation (GRPA) elaborated at the
onsideration of the strongly orrelated ele tron systems. The ontributions
from the pseudospin "boson" ex itations, the band ele tron polarization
and pseudospin one-site orrelations are taken into a ount. Finally, the
orrelator h z z iq has a form:
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Let us investigate when the stati sus eptibility diverges. The numeri al
al ulations were used to al ulate q (square latti e is onsidered, dire t
momentum summation is used; we put
= 1, = 0 5). At the xed values
of the hemi al potential the riti al point an be dened as an upper point
of spinodal (on the (
) plane) with the highest temperature depending
on the wave ve tor value. Fig.1 shows the dependen es of the riti al
temperature and the orresponding wave ve tor on the hemi al potential.
We an see that the ase = (
) is realized when j j . 0 25, that means
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Fig. 1. The dependen es of the modulation wave ve tor
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that the system an pass into the hess-board phase. The ase = 0 (the
transition into the uniform phase) is realized when 0 85 . j j  1 25 (1 25 =
+ 2; this value orresponds to the upper edge of the band when h z i =
1
). The system undergoes the transition to the in ommensurate phase at
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intermediate values of the hemi al potential. The presen e of the tunneling
splitting leads to the de rease of the temperature of the transitions and to
the narrowing the interval of values of at whi h the mentioned transitions
take pla e; at high enough values of
the transition into the hess-board
phase o urs only [8℄. The ases = 0 and = were onsidered more
detaily in [8℄. Analysing the behaviour of the grand anoni al potential
it was shown that the system undergoes the rst order phase transition
between two uniform phases with jumps of the ele tron on entration and
the pseudospin mean values. In the ase = the possibility of the rst
or se ond order phase transition from the uniform to the hess-board phase
was revealed. In the regime = onst the presen e of phase separation was
established.
The obtained here results agree with the ones obtained for the Fali ov
Kimball model at the small values of the oupling onstant des ribing the
intera tion between the moving and lo alized parti les (ele trons). In addition to this we show that the tunneling-like splitting leads to the de rease
of the phase transition temperatures and narrowing of the interval of the
values at whi h the transitions o ur. We onsider in this work the two
dimensional latti e. This gives an advantage at the interpretation of the
diele tri sus eptibility divergen es due to the expli it dependen e of the
T ( 0) fun tion on the wave ve tor. In the ! 1 limit su h dependen e
enters only through the fun tion ( ) = d1 dj os j [5℄; it leads to some
di ulties at the onsideration of in ommensurate ordering. The phase
transitions to the in ommensurate phase in the PEM are present only at the
weak oupling; in the ase of the strong intera tion [4℄ the transitions to the
uniform or hess-board phase take pla e only.
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