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EFFECT OF SCREENING OF THE ELECTRON-PHONON INTERACTION ON THE
TEMPERATURE OF BOSE-EINSTEIN CONDENSATION OF INTERSITE
BIPOLARONS

Abstract

Here we consider an interacting electron-phonon system within the framework of extended
Holstein-Hubbard model at strong enough -electron-phonon interaction limit in which
(bi)polarons are the essential quasiparticles of the system. It is assumed that the electron-phonon
interaction is screened and its potential has Yukawa-type analytical form. An effect of screening
of the electron-phonon interaction on the temperature of Bose-Einstein condensation of the
intersite bipolarons is studied for the first time. It is revealed that the temperature of Bose-
Einstein condensation of intersite bipolarons is higher in the system with the more screened
electron-phonon interaction.
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Many polaron system in discrete lattices is often studied within the framework of extended
Holstein-Hubbard model [1] or Frohlich-Coulomb model [2]. The models enable us to take into
account both long-range feature of electron-phonon interaction (EPI) and correlation of electrons
at neighbouring sites. At sufficiently strong EPI many polaron system is unstable with respect to
the formation of bipolaron which is bound state of two polarons. Bipolaron is a boson. Therefore
bipolaron gas (or liquid) can under certain conditions undergo Bose-Einstein condensation and
thus would give rise to bipolaronic superfluidity phenomenon (superconductivity). Bipolaronic
superconductivity is one of the mechanisms among others proposed for the interpretation of
high-T, phenomena in the cuprates. As the problem of high-T. phe-nomena in the cuprates to
date remains still open an investigation of the properties of bipolaron gas may supply additional
information about its relevance to the problem of high-T. superconductivity of the cuprates. The
properties of an bipolaron gas is influenced by the number of factors. For the intersite bipolaron
gas these factors are: crystal structure, type of EPI, screening of EPI, charge carriers'



concentration and et al.. Here we study only an effect of screening of EPI on the temperature of
Bose-Einstein condensation of intersite bipolarons. The issue is of considerable academic
interest for a broad community of (bi)polaron physicist as such a task has not been addressed so
far. In doing this we work with extended Holstein-Hubbard model and adopt analytical formula
for the screened EPI introduced recently in Refs [3, 4].

|;f:_a|2 +1 r |;f:—a|2 | o
TN VO L /o L R i

R R

Here f (1) is the "density-displacement" type coupling force of an electron at site 7 with the
apical ion at site m, R is screening radius of EPI. It has been shown that intersite bipolaron
tunnel in the first order of polaron tunneling and its mass has the same order as polaron mass [2].
For the sake of simplicity we suppose that intersite bipolarons form an ideal gas of charged
carriers and mass of bipolaron is Myp = 2Mp (this point does not lead to loose of generality).
For the ideal gas of charge carriers one can one can estimate polaron's mass within the extended

Holstein model (EHM) as mp = m*exp [.g 2] [5], where M~ is charge carrier’s band mass,
. ]_ — — — —
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M is ion’s mass and o is its vibration frequency. Then the temperature of Bose-Einstein
condensation of the intersite bipolarons defines as
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where Mlbp is density of intersite bipolarons. We have calculated the values of the temperature of
Bose-Einstein condensation Tgec of the intersite bipolarons on different values of the screening

. L 1 . .
radius R. The calculation is performed at (W) = 8.51 1n order to get Tgrc comparable with
i)

T, (transition temperature to superconducting state) of the cuprates. The data are presented
graphically in Figure.
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R - Screening radius

The dependence of the temperature of Bose-Einstein condensation of an ideal gas of the intersite
bipolarons

)28.51 .
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on the screening radius R of EPI at ( YT

The temperature is measured in Kelvins and screening radius is given inunits of lattice constant
a

As one can see from the graphic the value of Tgec is decreased with the screening radius R.
The relative change of the value of Tggc is more pronounced at small values of screening radius
R. Tt seems that such a feature is hallmark of EHM as similar behavior have early been observed
for mass [3] and optical conductivity of polarons as well [4]. For our case decrease of R from oo
to the value R=5 increases the Tgec from =32 K up to =35 K, i.e. increased only by =9 %. While
at regimes of strong screening of EPI i.e. when screening radius is comparable to the lattice
constant the increase of the value of Tgrc is considerably large. So the increase of the value of
Tgrc may reach ~10 K (increase by =28$ %) or even =85 K (increase by ~164 %) in case of
decreasing R from 3 to 2 or from 2 to 1 respectively.

An estimation of such a kind is necessary when one study charge carriers dynamics and their
binding (formation of bound state of two carriers) at short distances (i.e. within a few lattice
units). The revealed here feature of an ideal gas of intersite bipolarons i.e. dependence of its
Bose-Einstein condensation temperature on screening radius should be taken into account when
considering this scenario of superconductivity to apply to real systems.

REFERENCES

1 Bonca J., Trugman S.A. Phys. Rev. B 64, 094507 (2001).

2 Alexandrov A.S., Kornilovitch P.E. J.Phys:. Condens. Matter 14, 5337 (2002).



3 Yavidov B.Ya., Djumanov Sh.S., Dzhumanov S. Phys. Lett. A 374, 2772 (2010).

4 Yavidov B.Ya. Eur.Phys.Jour. B 75, 481 (2010).

Pe3rome

B. A. Asuooe’, C. M. JKonoacoea’, B. H. ’Kymabekoea’

(‘Osxunuss ar. Hokic MEMIIEKETTIK Mearorukanbik MHCTUTYTHI, Hokic, ©O36ekcTan
Pecny6nukacsl,

’K. XKyb6anos ar. AkreOe MeMIIEKETTIK yHUBEpCUTeTi, AKTo0e, Kasakcran PecyOaukachl,

Son-®apabu ar. Kasak yiTTeIK yHuBepcuTeTi, Amatsl, Kasakcran PecryGnukachn)

DJIEKTPOH-®OHOH OCEPJIECYIHIH (BU)ITOJISIPOHAP/BIH TYAIHAEPIHAELT
BO3E-DUEHILITENH KOHIEHCAITMS TEMITEPATYPACBIHA DKPAHIAY DODEKTICI

Makanana XoscTteiH-Xa00apAThIH KEHEHTIITeH MOJIeb paMKachIHIA 3JEKTPOH (HOHOH]IBI
ocepyiecynn JKyie KapacThIpbUiaabpl. MyHJa KyITi 3JeKTpOoH-(OHOHIBI dcepiiecy IIeTiHe
(Om)mosisipoHAap >KYHWeHIH Heri3ri KBaszu-Oesmiekrepi OOJbII TaObUIAABI. DIEKTPOH-()OHOH/BI
acepJiecy SKpaHAajIFaH Jel KapacThIPhUIBIN KoHE OHbIH noTeH-1nainbl FOkaBa hopmackiHa ykcac
aHAIMTUKAJBIK (popmara ue. ANFail peT IeKTPOH-(POHOHBI dCepIIeCy IiH IKPaH-TalybIHBIH €Ki
TYHIHII OMMONSPOHAAPABIH 003e-dHHINTEHH IIK TeMIepaTypachkiHa ocepi 3eprrenai. Exi Tyhinmi
OunosipoHIapAblH ~ 003e-dUHINTEHHIIK TeMIepaTypackl dSKpaHAANFaH dIIEKTPOH-(DOHOHBI
oceprecy KyHeciHAe >KOFapbl O0JIATHIHABIFBI aHBIKTAJIFaH.

KinT ce3nep: anexTpoH-hpoHOHABI acepiiecy, (Ou)momsipoHaap, SKpaHaay.
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AODEKT SKPAHUPOBAHUS DJIEKTPOH-®OHOHHOI'O B3AUMOJEMCTBUSA

HA TEMIIEPATYPY BO3E-SMHILITEMHOBCKOW KOHJAEHCALIMN HA MEXY3EJI
BUTTIOJISIPOHOB

B cratbe paccMaTpuBaeTCs B3aUMOCHCTBYIONIAS AJIEKTPOH-(POHOHHAs CHCTEMa B paMKax
pacuIMpeHHOl Mo-aenu XoJcTeiHa-Xab0apaa B mpeaenax JOCTaTOYHO CHUIIBHOTO AJIEKTPOH-
(OHOHHOTO  B3aMMOJEHCTBHA, B  KOTOPOM  (OM)MOJSPOHBI  SIBISIIOTCS ~ OCHOBHBIMHU
KBazu4acTuuamMu cuctemsbl. [Ipeamonaraercsi, 4YTO 3JIEKTPOH-(POHOHHOE B3aUMOJCICTBHE
SKPaHUPOBAHO M €r0 MOTEHLHUAl UMEET aHAIUTHYECKYyI ¢GopMy, nofobHyto ¢opme FOkaBbl.
BnepBble M3y4eHO BIUSHUE HKPAHUPOBAHMS DBJIEKTPOH-(GOHOHHOTO B3aUMOJIECHCTBUS Ha
TeMIeparypy 603e-3HHII-TeITHOBCKOW KOHJEHCAIMH JIBYXY3JI0BbIX OUIIOJIIPOHOB. Y CTAaHOBIIEHO,
4TO Temreparypa 003e-3HHIITEeHHOBCKON KOHIEHCAIUU ABYXY3JIOBBIX OHWIIOJIIPOHOB BBILIE B
cucrteMme ¢ 60see SKpaHUPOBAHHBIM 3JIEKTPOH-(POHOHHBIM B3aU-MOJIEHCTBUEM.
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