


1 vv Introduction

- Recent experlments in.oxide: superconductors show a deﬁnlte role of electron-
phonon 1nteractlons in the pa.lrmg mechanism of carriers in conductlon plalns
o Cu02 For msta.nce, an enhanced isotope effect @ > 1/2 was observed a.t
“x‘deﬁmte carrier concentratlons both in La.g..xerCu04 (1] and Yl_xPeru307_y |
[2] Theoretlcal estimations also show strong electron phonon 1ntera.ctlons m
- oxide compounds [3 4] o
Strong electron’ correlations on Cu sites lead to a charge—tra.nsfer ga.p i“.
o ‘the electromc spectra. which ca.nnot be adequately described by a sta.nda.rd

theory of Fermi- hquld Hence one should study the problem of palrmg mech-

: V*anlsm in a system near the metal-insulator transition with strong electron

correlations. In the pres'entpaper,ﬁwe cohsider a single band Hubbard model
~'on a square lattice in the strong correlatlon 11m1t U — 00 when double occu-
"’ pa.ncy of states on the la.ttlce sites at the a.vera.ge occupa.tlon number n < 1

s prohibited.

2 The model and equations for Green functions

To take into account strong anharmonic oxygen ion vibr'a.tions in oxide supet-
conductors, we consider’ electron-phonon interactions w1th1n the framework
of an anharmonic model [5].” The- anharmonic model w1th strong correla-
tions was proposed by K.A .Miiller [6] and we consider here the model with a

| nonlocal electron-phonon 1ntera.ctlon [7 8. o
~In the strong correla.tlon limit the Ha.mlltoma.n of the model [7 8] wrltten

in terms of the Hubbard opera.tors X"O = c] (1 n,a), X"O (X°°)+ g=-0.

et



has the form

H=tY Xx7°Xx}” —yZX” +gZ(Zn,+5)S -—QZS

3#3 J,a

(1)

where _] and J’ label lattlce sites, 6 runs over 'four oxygen sites within the
CuOy- plaquette denoted by the index 7, o is the fermion spin, tis the hopping
matrlx element S,", ve {:v, y, 2} are the pseudospin operators, g denotes the
X" = X”OXO" and nj = Yo Mjos

couphng constant Nj, = the energy

of pseudospln osclllatlons characterlzed by frequency Q, 3 is the chemical

potentral

Let us mtroduce the two component Nambu operators

aX_;'*-t,:

(X7%,X77) .. (2)

X?—O&A

and define the two-time matrix Green .fnnction (GF)
| Gyt —t') =<< X7 (), X} (t") >>=

<< XP (), X)) >> << XP (1), X7° (1) >>

S XF ), XFO) > << XF (1), XF7 () > >

with novrmal diagonal matrix elements and anomalous nondiagonal’ones. To

calculate the GF, we employ the method of equation of motion for a dynam-

ical variable X7 (t) in the Heisenberg representation. By differentiating Eg.

. (13).over time t, one gets in the w-representation:

wToGj,jl(w) = 6jrj'QT0+z(Qtﬂ-#6irj)T3Gl,j’(w)—gE << Sf_SX;IX;;a >>4 i
O

‘v@here TosTa is the Pauli matrix and < X% + X;"’ :

>/::’ (1— <’ ﬁj& >) =
(A-n/2)=Q=1- < X77 >

@)

e 7 e

»(the lattlce constant a=

Strong electron correlations in.(4) were considered in the Hubbard I approx-

rmatron i
By dlfferentlatlng the Green function << SIX+” X+”(t ) >> in Eq.( 4)

, over the second time ¢'‘and employing the same approx1matron we obtain

- the system of two equatlons Tt can be solved in the form:

- 6(4,0) = Gol 9) + Gol G@)T(a,@)Go( 4.0) ()

where we introduced the zero'-o'rder 'G»reen function in the g-representation:

IS

Go ( q,w) = wo — (fq P)Ta, - (6)

With L LT e Lk . e E o ,
¢ q=1(1-n/20y q=1t(1-n/2)2(cos gz +cosqy) RUR

- 1)

EZ << S’_5X"|S _5.X+" >>pe 9 (i J) . (8)-
3.8 868 e

T(q, w)

is the scattering matrix. N is the number of 'lat‘tice‘ sites. By comparing' Eq.’

(5) wrth the Dyson equatron for the Green function G( q,w)

G(q,w) Go( q,w)+Go( q,w)z(q,w)Go( q,w), | ©)

\ one can obtam the equatron for the self—energy operator

T(q,w)= E( q,w) + 2( q,w)Go(q,w)T( q,w)- (10)'
*"To obtain the self—ene’rg‘y operator ¥ in the second order in electron-"
phonon coupling one can employ the approximation for the many particles .

time-dependent correlationfunction in the scattering matrix (8)
< ST)XL(Q)ISEXTT >m< ST()SE >< XT()XT7 > (11)
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Using this approximation which neglects vertex corrections, one can arrive

at the equation:

S(a0) = T(a,0) * e ] B (h() + eth(Gr)x  (12)

¥ Ep v*( q-p)ImD(q-p, 2’ + i§)maImG(p, z + i8)7s, -

where the pseudospin GF for anharmonic vibrations was introduced:

Dyt~ ) =<< S’(t),S"(t)» Ze‘ HH) . / D( a,0)e™ ., -

Ll (13)
To solve Eq. ( 10) we neglect the renormolisation of the energy of pseudospin

excitations and use the following approximation:

ImD( q,w + i8) % ImD(w + i8) = -Q < §° > n§(w? — 0)sgn(w). (1)
Therefofe, we obtain a closed system of equations for the‘iaGl:een function (9)
and the self-energy operator (12)

3 Superconducting transition temperature

" - By.'using the standard-procedure one can obtain the Elieschberg equations.

Ther, in the weak coupling approximation [9] we arrive at the linearized’

equation for the supereonducting gap (at T <T,):

193 .
A(aw) = T2 [ dothgpd(G)Im B TEUEHR (15)

To solve this equation we consider the following g—dependent representation”

for the gap (see e.g. [10]):
A( q) = Ao, +Aea7 q + Acaf q + ALax q>»

4

where £ q = 2(cos(q;) — cos(qy)), X q = sin(g,) sin(g)y. Multiplying
Eq ( 15) by 7, &, Xq and averaging it over the directions of wave—vectors

/q a.nd P, we arrive at the system of equa.tlons

 Bos(w) =00 - |w|)2-§—§—3 / AN+ Ih(GB0(), - (16)
- - e
2 z . .
B0 - 1w|>g;<2—g—2_4 Z B+ h()Au(z) T (17)
Des =Agg =0, ‘
where N(¢) = za(c - ck), E() = 26(6 — )X < 5 >=

1 th(-—T) Itis mterestlng to point out that due to the symmetry of an electron—
phonon 1nteract10n ks ( p-q) the coupllng constants for the extended s-wave

A,y and d-wave Acd pairing vanish.

.'The chemical potentla.l A is defined from the equatlon |

Z < X"OXO" >. (18)

Sty R ;
o.n= NZ < X{°
1T
" Egs. ( 7)',. ( 16), ( 17), ( 18) form a set of fully self-consistent equations for
the superconductivity transition temperature T.. To solve Eqs. ( 16), ('17)

we adopt a standard approximation:

A; = const, |w| < Q

o ese

where i = 0s,sd, and write Eqs.( 16), ( 17) and Eq.( 18) in the form:

2 Q . . 2 ) ) » -

1= gﬁth(%)_é %—4N(z + Wth( ) O (19)

1= L) / E(Z+u)th(2T) @ .
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These equa.tlons were solved numerlcally for the follow1ng set of para.me—
ters: @) =0.1,g = 0.5 and b)Q = 0 1,9 =0.3. The energy sca.le is glven by

the hopping matrlx element t.= 1 The results of calculation of Tc(n) are

presented in ﬁgures 1 and 2
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Figure 1. T.(n) dependence for Flgure 2. T(n) dependence for.

: the s-wave pairing for two pe.- the d—wave pairing for two pa-

= 0.5
= 0.3

rameter sets a)@.=.0.1,g = 0.5

_rameter sets. q)Q« = 0.1,9
(dashed line); 5)2 = 0.1,9 = 0.3.

- (dashed line); b)2 =0.1,9
(solid line) . ‘ (solid line). . ..

For the s-wave pairing T,(n) in fig.1. has lts maximal value at p = 0,
n =~ 0,66 due to the van Hove singularity for the two—dimensional Brillouin

zone (see e. g [11] [12] ). For the d-wave (b2g) pairing T.4 on fig.2. due to
the factor Xg in the dens1ty of states has a dlfferent behavior in comparison
with Tes(n). We see that the temperature ca.lcula.ted for the s-wave pairing

is la.rger than in the d-wave pairing case.
*"In summary, the a.nharmomc electron-phonon model with strong correla-

tion (1) was considered analytically and the dependence of superconducting
trans1t10n temperature T. on the electron concentra.tlon n was obta.med The
nonloca.l cha.ra.cter of an electron- phonon 1ntera.ct10n in the model results in

a peculiar T, (n) dependence. T. for the s-wave pairing has its maximal value

at the van-Hove singularity, p = 0, n ~ 0,66, while T: = 0 for the extended

s-wave and d-wave (b;, symmetry) pairing. For.the d wave (by, symmetry)
pairing Te(n) has its maximal value at low (n & 0,1) and high (n > 0,95)
electron eon’cev'ntra.tions. o ‘ - - |
Our results for supercenducting pairing in the strong correlation limit for
the model (1) are in agreeineht with the off diagonal long range order which
was found in [8], where the Hubbard model with the anharmonic electron—

phonon coupling was investigated by the quantum Monte Carlo method
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B MOAEJH Xaﬁﬁapaa

.- OCHOBe MeToua dyukuuit puHa nonyyeHa SaBHCHMOCTb TeM—

‘ Hocureneu n. IlokazaHo, uro 6naronapﬁ Henoxanbnomy xa-
‘;paKTepy aneKTpoH—¢oHoHHoro 'B3aHUMOJIEHCTBHSA B. paccmanH—"\

pHePI menu

\ BHeKTpOH-(bOHOHHoe CII: LpuBa}me '

: PaCCManHBaeTCH cncrema aneKTpoHOB c CHHbHOH Kop-—. -
penﬂunen B paMKax OﬂHOSOHHOH Moaenu ~abbappa c cnano
aHrapMOHHYE CKHM aneKTpou—¢0H0HHMM Bsanmoneucrenem Ha-

nepaTpr ceepxnpOBonﬂmero nepexojia, Ta OT KOHuEHTpauHH

BaeMoi Moziesn, SaBI/ICIdMOCTb T (n) onpenenﬂe'rcn cmmeT—

: PaﬁoTa BHHOHHeHa B HaﬁopaTopnn TeopeTqucxou @nsuxn

o

s Tpenpunr ObbeniHeHHOro MHCTHTYTA SAEPHBIX ué‘cne:roi;auﬁﬁ; Hybua 1992

| Plakida N.M., Udovenko V.s.o o E17-92-102

ffln the Hubbard Model

»‘con31dered w1th1n the framework of -ai'single band Hub—'f' g
‘abard model w1th a strong anharmonic electron-phonon in-. :
?teractlon The dependence of . superconductlng trans1t10n',
ktemperature TC on carrier concentratlons n.is nbtalned '
"_u31ng the Green function technlque It is shown that-

,coupllng in the model; Tc(n) strongly depends on the .-
,symmetry of the gap._' ' :

e /"]‘tory of Theoret1ca1 PhYSICS’ JINR

Electron-Phonon Pa1r1ng

P

A system of electrons w1th a strong correlatlons is

due’ to the nonlocal character of the e1ectron-phonon

“The"~ :anestlgatlon ‘has been performed at the Labora—v 1
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