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SUSCEPTIBILITY AND PHASE TRANSITIONSIN THE PSEUDOSPIN�ELECTRON MODELAT WEAK COUPLING�I.V. Stasyuk and T.S. Mysakovy
hInstitute for Condensed Matter Physi
s, National A
ademy of S
ien
e of Ukraine1 Svientsitskii St., UA-79011 Lviv, Ukraine(Re
eived July 10, 2002)The pseudospin-ele
tron model (PEM) is 
onsidered in the 
ase of theweak pseudospin-ele
tron 
oupling. It is shown that the transition to uni-form and 
hess-board phases o

urs when the 
hemi
al potential is situatednear the ele
tron band edges and near the band 
entre, respe
tively. Thein
ommensurate phase is realized at the intermediate values of the 
hemi
alpotential.PACS numbers: 63.20.Ry, 64.70.Kb, 71.10.Fd, 77.80.Bh1. Introdu
tionTo investigate the role of the intera
tion of ele
trons with a lo
al an-harmoni
 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 (t-term), ele
tron
orrelation(U -term), pseudospin-ele
tron intera
tion (g-term); energy of thelo
al (tunneling-like) level splitting (
-term) and asymmetry of the lo
alanharmoni
 potential (h-term) are taken into a

ount also:H = Xi (Uni;"ni;# � �(ni;" + ni;#) + gSzi (ni;" + ni;#)� hSzi �
Sxi )+ Xhi;ji;� tij
yi;�
j;�: (1)The possibility of the �rst order phase transitions between uniform statesas well as the phase separation was established in the 
ase 
 = 0 at thelarge values of the intera
tion 
onstant g both in the limit U ! 1 [3℄ and� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(765)
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hat U = 0 [4℄. The presen
e of the 
hess-board phase was established in the
ase of the strong 
oupling at U = 0, 
 = 0 [4℄.The PEM has a similarity to the Fali
ov�Kimball (FK) model withthe intera
tion between lo
alized and moving ele
trons. Re
ent investiga-tions [5�7℄ revealed the presen
e of homogeneous or modulated phases andtransitions between them as well as the possibility of the phase separations.However, in 
omparison with PEM there exists a di�eren
e in the regimeof thermodynami
al averaging; the term with the transverse �eld 
 is ab-sent in the FK model. Besides, in 
ontradi
tion to the PEM, lo
alized andmoving parti
les in the FK model possess usually the 
ommon 
hemi
al po-tential [5℄. The aim of this work is the investigation of the stable states ofthe simpli�ed (U = 0) PEM in the 
ase of the weak 
oupling (the band doesnot split in this 
ase); the behaviour of the diele
tri
 sus
eptibility and therole of the transverse �eld 
 are analysed.2. Sus
eptibility and thermodynami
al instabilitiesWe will 
al
ulate the diele
tri
 sus
eptibility using the Matsubara Gre-en's fun
tions method. The diele
tri
 sus
eptibility in the dipole approxi-mation is determined by the Green's fun
tion 
onstru
ted of the operatorsof the ele
tri
 dipole momentum. In the 
ase of isothermal response�T (~q; !n) = �Z0 hT�M(0)M(�)i~qei!n�d� � �hMi2Æ(!n): (2)The dipole momentum of the unit 
ell is as follows [2℄:Mi = deni + dsSzi : (3)Consideration of the model in the weak 
oupling approximation will be 
ar-ried out analogously to the traditional s
heme of the investigation of theweak one-site 
orrelation U in the Hubbard model. Constru
ting the zero-order Hamiltonian, we use the mean �eld approximation (MFA)gniSzi ! gnihSzi i+ ghniiSzi � ghniihSzi i: (4)The unperturbed Hamiltonian H0 has a diagonal form after an appropriatetransformationH0 = ��Xi �zi � gNn� +Xk;� (g� � �+ tk)nk� ;Hint = gXi ( 1N X�kk0 ei(k�k0)Ri
+k�
k0� � n)(Szi � �) : (5)
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al
ulate the sus
eptibility we use an approximation whi
h is analogous tothe random phase approximation (RPA), that is usually applied in the 
aseof pseudospin systems with the dire
t intera
tion between pseudospins, orto the generalized random phase approxamation (GRPA) elaborated at the
onsideration of the strongly 
orrelated ele
tron systems. The 
ontributionsfrom the pseudospin "boson" ex
itations, the band ele
tron polarizationand pseudospin one-site 
orrelations are taken into a

ount. Finally, the
orrelator hTSzSziq has a form:hTSzSziq!n = � �1� g2��q ;�q = 1NXk n(tk)� n(tk�q)! + tk � tk�q ; b0 = 14 � h�zi20;� = sin2 � �h�zi0!2 � �2 � �b0 
os2 �Æ(!) :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
tmomentum summation is used; we put W = 1, g = 0:5). At the �xed valuesof the 
hemi
al potential the 
riti
al point 
an be de�ned as an upper pointof spinodal (on the (T; h) plane) with the highest temperature dependingon the wave ve
tor ~q value. Fig.1 shows the dependen
es of the 
riti
altemperature and the 
orresponding wave ve
tor on the 
hemi
al potential.We 
an see that the 
ase ~q = (�; �) is realized when j�j . 0:25, that means
Fig. 1. The dependen
es of the modulation wave ve
tor ~q = (q; q) and the temper-ature of absolute instability of high-temperature phase on the 
hemi
al potential,
 = 0 (solid lines); 
 = 0:2 (dashed lines). Dotted line denotes the boundary ofthe instability region at 
 = 0:2.that the system 
an pass into the 
hess-board phase. The 
ase ~q = 0 (thetransition into the uniform phase) is realized when 0:85 . j�j � 1:25 (1:25 =W + g=2; this value 
orresponds to the upper edge of the band when hSzi =12). The system undergoes the transition to the in
ommensurate phase at
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hintermediate values of the 
hemi
al potential. The presen
e of the tunnelingsplitting leads to the de
rease of the temperature of the transitions and tothe narrowing the interval of values of � at whi
h the mentioned transitionstake pla
e; at high enough values of 
 the transition into the 
hess-boardphase o

urs only [8℄. The 
ases q = 0 and q = � were 
onsidered moredetaily in [8℄. Analysing the behaviour of the grand 
anoni
al potentialit was shown that the system undergoes the �rst order phase transitionbetween two uniform phases with jumps of the ele
tron 
on
entration andthe pseudospin mean values. In the 
ase q = � the possibility of the �rstor se
ond order phase transition from the uniform to the 
hess-board phasewas revealed. In the regime n = 
onst: the presen
e of phase separation wasestablished.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 theintera
tion between the moving and lo
alized parti
les (ele
trons). In addi-tion to this we show that the tunneling-like splitting leads to the de
reaseof 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 twodimensional latti
e. This gives an advantage at the interpretation of thediele
tri
 sus
eptibility divergen
es due to the expli
it dependen
e of the�T (~q; 0) fun
tion on the wave ve
tor. In the d !1 limit su
h dependen
eenters only through the fun
tion X(q) = 1dPdj 
os qj [5℄; it leads to somedi�
ulties at the 
onsideration of in
ommensurate ordering. The phasetransitions to the in
ommensurate phase in the PEM are present only at theweak 
oupling; in the 
ase of the strong intera
tion [4℄ the transitions to theuniform or 
hess-board phase take pla
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