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CIIAPUBAHME HA COCEJHHX Y3JIAX B MOIE/H XABBAPJA. 3a-
6opos A.B., Caposckuii M.B. Cepusa npenpusToB HAYUHBLIX AOKIALOB
»TIpoGneMs! BLICOKOTEMIEpaTypHOi cBepxnpopommoctn’”. Komu nayu-
Hpi UeHTp — CBepnnoBekmi maywnsii menrp YpO AH CCCP, 1988 r.,
Bum. 5, — C. 28.

B pa6ore aHanu3HpyeTCH BOIMOKHOCTL KYNEPOBCKOIO ClApPHBAHMA IEK-
TPOHOB Ha cocenHux yanax B monenu Xabbappa ¢ cuibHbIM OTTANKUBAHHEM
He OJHOM y3nie, B TO e BpeMA OKa3LIBaeTCA, 4TO HaljeHHOe COCTOAHHE ABIA-
eTCs SHePreTHYecKH HEeBBINOAHBIM — €r0 3HEPIHA BLILIE BHePrHH COOTBETCTBEY-
0Uero HOpMAsHOro cocroannsa. OGCy)KnaerTcsa 3uageHue aTOro BhIBOAA /A
PAAA AHATOTHYHBIX MOMIENeH, paccMOTPEHHRIX. APYIUMH ABTOPAMH,

UDK 537.312.62

NEAREST HEIGHBOUR PAIRING IN HUBBARD MODEL. Zaborov AV,

Sadovskii M.V, Series of preprints of Scientific reports “Problems of high-
tem perature superconductivity”. Komi Scientific Centre and Sverdlovsk
Scientific Centre of the Ural Branch, USSR Academ, Sci., 1988,  issue B,
pp. 28,

We consider a possibility of Cooper-palring at the neighbour sites in the
Hubbard model with strong one-site repulsion of the electrons. However, the
ground state energy of this state is always higher than that of the normal state
causing serious doubts in the reality of the similar models of high-T, supercon-
ductivity.
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BBEJEHHUE

BurcHepiMeHTAIBHOE OTKPhITHE BLICOKOTEMIIEPATypPHOIl CBEpX-
MPOBOAKMMOCTH METAIUIOOKCHIOB CTHMYJIMPOBATIO TeOpPETHUeCKHil
[TOMCK HOBBIX MeXaHH3IMOB cBepxnpoBosumMoctu [18] . Cpenu atux
[OMNBITOK BBIAGIACTCA HalpapBJielde, CBA3AHHOe ¢ BO3MOXHBIM
ANEKTPOHUBIM MEXAHH3MOM, JEHCTBYONIHMM B PAMKAX CTAHIAPTHOL
mopenu XabGbappa [1-3, 6, 7, 9, 10, 13] . [JoxasaTeNbCTBO CyLIECT-
BOBaHMA CBEPXIPOBOLHMOCTH B MOJEHIM C HMCXOXHBIM OTTAIKHBAa-
TeTLHBIM B3aUMMOLEHCTBHEM JIEKTPOHOB MOIJIO Obl HMeTh NPHIIIH-
nuasbHoe SHAYeHHE.

VnrepecHas MOZge/lb CBEPXIIPOBONAIIErO COCTOAHMSA B paMKax
mMopnenu Xabbapiaa ¢ 6eCKOHEUHLIM OTTAIKUBAHMEM Ha y3ne [U- «of
Eruta npegnoxena 3aiiueseiM P.O. u Measnospim B.A. [1-3] , mpu-
yeM IOABJIEH}E ITOrO COCTOSHHSA CBA3BIBAJIOCH ¢ ''KHHEMATHYEC-
KuM'’ B3aUMoOelcTBHeM, 00y CIOBIEHHLIM HEBOSMOXKHOCTBIO OHO-
BpPEeMeHHOTO NpebLIBaHHA ABYX 3JIEKTPOHOB HA O/IHOM H TOM e ¥3-
ne. B GonpumucTBe Apyrux paGor [6-10, 13] cBepxmposormliee
COCTOAHME TaK WM HHAYe CBA3LIBAETCA C CYLECTBOBaHHMEM 3(dex-
THBHOro_0OMEeHHOT0O B3aUMOJelCTBHA 3JIEKTPOHOB Ha COCRIHIT Y3~
nax ~ t“/U,rpe t — uHTerpan rnepeHoca, BO3HUKAIMIEr0 B MOIEITH
¥abbapaa B NepBOM NopAnKe Teopur Bozmyuenui no t/U [11] u
apuBOmsAIero kK aHTHGEPPOMATHMTHBIM KOppelAuHsaM, nHOO K
COCTOSHMI0 OOLIMHOIO aHTH(EeppPOMAarHeTH3Ma, JM00 K COCTOAHII0
’pe3oHAHCHBIX BaJIGHTHBIX cBA3leil” [ RVB/ [6, 7, 13] . B ormuune
OT 9THX Mopeneil B cxeme, OCHOBAHHOM Ha yyeTe KHHeMaTHYeCKOoro
B3auMogelictBua [ 1-3] , XapakTepHbni Macwita® TeMIepaTyps!
CBEpPXIPOBOAAILErO IIepexoa OnpejesseT A napamerpom t » t4/U.

CrnpHbIM CTHMYJIOM LA IOMCKA CBEPXNpPOBOIANIEro COCTOA-
uuA B Mogenu XabGbapaa ABWIMCHE pacueThl Metoziom Monte-Kapio
[13], B xoTOpbix GbUIA OTMeYeHa HEKOTOpadA TeHACHUMA K CHHIJIET-
HOMY KYTepoBCKOMY CHapHBAHHIO Ha cocenuux ysnax. Cnenyer 3a-
MEeTHTh, UTO HpOBeeHHbIe K HACTOALeMy BpeMenu Gonee moypod-
Hbleé MOHTE-KapJIOBCKUE PACUEThI IPUBEIH K OTKa3y OT CHENaHHBIX
B pabore [13] yreepxpenmii (cm. [14] ).

B paunoii pabore Oymer pacCMOTpPEH BOMPOC O BO3MOMKHOCTH
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CHHIVIETHOr'O KYINEPOBCKOrO CrHapHUBaHuA Ha COCENHHX y314ax, aHa-
JIOTHYHOrO BBedeHHOMY B [13] . Ilpu atoMm mpnr 6ymem paborats
HeIIOCPeACTBEHHO ¢ raMunbToHMaHoM XabOapna, He HCIIONB3YA Ka-
HOHMYECKOTO IpeoOpasoBanuA K a((peKTHBHOMY obOmeny [11] .
PaccMorpenne 6ymeT ocHOBaHO HAa CTAHIAPTHOM METOHE IBYXBpE-
MeHHBIX (hyHKuHil ['puHa, HCHONB30BAHHOMY ellle B OCHOBOMIOJAra-
roureit ‘pabore Xabbapma [15] . Byaer moxasaHo, 4To B IpOCTeii-
wem npubmuxenun Xab6apn-1" yaaerca MoNyuYHTh CAMOCOIIIACco-
BaHHbIe pelueHy, ONHCHLIBAIOIIME CHApPHBAHME HA COCeIHHX y3JIax.
TemriepaTypa mepexona B 3T0 COCTOAHHE OKA3LIBAETCH BechMa Giaus-
KOM K nomydenHolf B pabotax [1-3], a o6macTs cymiecTBOBaHMUS
pelueHuil coBriajaer ¢ HalmeHHoil B 3TuX ke paborax. ITocie 3aBep-
LIeHUA 3TOH pabOTEL HAM CTAl H3BECTeH NperpuuT [17], B KOTOPOM
3TH Pe3yIbTaThl MHOJYUYEHBI, ITO-CYIIECTBY, TAKHM e MeTOHOM. I
COKANEHHIO, HH B pabortax [1-3] ,mmuB [17] He 6bu1 poananmsm-
poBaH BaKHEIHIHH BOMNPOC 06 sHEPruy OCHOBHOTO COCTOAHUA B Pac-
CMATPUBAEMOH MOAEIN *'CBEPXIIPOBOAero” cocroauuna. Kax 6y-
JET IIOKA3AHO HIDKe, COOTBETCTBYIOUIMI aHATU3 IPUBOIHT K BLIBO-
ny 0O sHepreTHIeCKoil HEBRINOAHOCTH ~'CBEPXIPOBOALIEro” COCTO-
AHPFL TAKOrO THNA. Bonee noxpobroe obeyxneHie 1 BEBOAL! 6y oyT
NIPHBEJEHL! B 3aKJII0UMTENbLHON YaCTH paGoThL.
p

1. YPABHEHM A IBUAXEHUA

PaccMoTprmM 'oﬁmtu{y}o Mopens Xabbapna, omMChIBAEMYIO ra-
MiuIbTOHMaHOM [16] :

" * + + :
H= % tijaicajg + U Zajtajrajlajy (1)
o i

rue aﬁa, ajg ONEPATOPLI POXNIEHUA H YHUYTOXKEHHS DIIEKTPOHOB ¢
[POEKIHe CilMHa ¢ Ha y3J1aX peleTkH i, j, tjj — murerpan nepeso-
ca, OTIHYHLOL. OT HYJUI MeXAy OixaiitumMy cocemsvmu, U > 0 —
SHEPTUA OTTATKHBAHHA Ha OJHOM y3j1e. 4 '

BeezeM craHpapTHyI0 AByXBpeMeHHyI0 GyHKo Ipuma [4] :
G-u(‘tr-('r' ) = - if (t't ) 5 [ai'f‘(f.), a}f(tl)] I 49 E <<aior i a:;-f>> (2)
M BBUTHINEM yDaBHEHHE IBIDKEHHA A COOTBETCTBYIOIIEro (yphe-
ofpasa o BpeMeHH (4 -~ XMMHYeCKHIl IOTeHIMAN) ;

(E+u) Gyj(E)=8jj + ZtikGig(E) + U((ﬂﬁanaiﬂa}'@ (3)
. .

WG__

AHATOTHYHBIM O0OPA30M 3alMlUeM BTOPOE ypaBHeHWe Lemouku [15]:
AT e .

(Eu-U) <oy, 251 Gty = Anyy o+

. itﬂc{@auauam : [ajT>> * KAk it !éjr>>} - (4)

+ +
g b 2 P32 | 451)-
Pacieruiere uenouxu nposezeM B npubmoxexus XaG6app-1”

[18] , yura, opmaxo, anoManbHbie CPEHIE, COOTBETCTBYIONINE KY-
NepPOBCKOMY TIapHUBaHMIO HA COceHuX y3max [13] :

it gt N\ ~~ + o+
Klvay 2 AP <oy Lagy | &5 + Gy aed CHENS>
+ S + .+ 3 g
(NN 'ajT\/>-~ (48t (( ajy L8 D, (5

o+

rae <nu> - {aﬂ ai4_> - IIpu 5TOM B OTJIIwmte OT [17]  MbI npe-
HeOperaemM aHOMAaJIbHULIMH CPeIHMMIL THIIA ( 831844, COOTBETCTBY-
IOLHME KYIIEpOBCKOMY CIapMBAHMIO Ha OJHOM yane, 4To npegcTas-
JACTCA OUEBMUHBIM C (DU3UYECKOH TOUKM 3PEHMH, BBUAY HANHUHH
CHIILHOT'O OTTANKHBAHUA HA OJHOM ysie. Mbr Tarie npenedperaem

AHOMANBHBIMH CPeIHUMH THIIa i1 3%t > » OTBETCTBEHHbIMH 3a
anmd:eppomame’r_nsm, H cuuTaemMm, yto / ni’f) = (ni O = - n(n—
~
2

KOHUEHTPAIMA 2JIEKTPOHOB), T.e. IpeHeGperaeM BO3MONHOCTBIO
heppOMarHuTHOro yropazouenus. Taxum 00pPa3oM, MslI MCXOUM
3 [IapaMarHUTHOTO OCHOBHOI'O COCTOAMHMHA HOPMAJBHOL (recrepx-
Iposogsuei) assl, uro, KOHEWHO, NPobIeMATHYHO BBUJY H3BECT-
HBIX BOSMOXKHOCTEH MAarHUTHOIO YIIOPAZOYEHMUT B Moneni: Xabbap-
ma [5] . Borpoc o Bo3MosHOM B3aKMHOM BIMAHHM Da3HbIX TUIIOB
TAKOro yIopANOYEHHA K CBEPXIPOBOLMMOCTH ropasno Gonee cio-
€1 1 TPeOyeT OTAENBLHOrO HCCIeTOBatLsL,

B pesynrrare pacuemrenus (5) ypaBsmenne (4) npuoGperaer
ESE DI

\ + +3
(Btu-U) Lagag a1 a3 = ‘é" n §ij +

1
rhe

A= F by {(*‘iﬁ"kO - <aifak¢>J O
Fﬁ(E) = anoma.u;rtai $yHrmA Mopexonba:

Fy(E) = <<ai¢' 4, ! (8)
ANA KOTOPOH ClIeAyeT aHANOIMYHBIM 05pasoM BhHUTHCATE yDasHeHue
ABIDKEHUA 1 IPOMSBECTH B HEM DACIieILUIeHHe TUITa (8). Torpa mony -

(6)
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g + 4+ 3
(E— wF(E) =~ I ty Fiiy(B) ~U {(aifanau”’ﬁf» )
K
2
Faailal = i E e *G..(E). (10)
(B *,u+U)r_:éaiTaiTauiajT>>~— = nE};tleKJ(EHA B (

[Tocne nepexoja K UMILYJIbCHOMY PeJCTaBIIeH IO yPaBHEeHHI (3),
(6), (9) u (10) pawoT:

Ek)= G (Ek)+ u___._..U_é_w,______ F (Ek) (11‘)
Uax
o e e e e G(Ek}, (12)
F(EK) (B by (B E )
rune B4y U(l _.E)
G, (Bk) = B i

(E—¢ 1k)(E' i 21{)
— ¢ynxmus Dpusa npubmokenua "Xab6apa-17 [15] (nopmans -
HaA ¢asa),

= -—-1——(U HEL) & L v (U"“ék)z +2Ugn — (14)
2 2

£
'1, 2k

~- crieKTp Xab0apaoBCKHX 30H,
l—'— 2t(Cos k_a + Cos k_a)
Sk~ : ot Bosk + Cos k_a) ([TK— peuterxa)  (15)
I \‘ —2t(CosKXa+ Cos hya os k a),

(KBagpaTHad pelIeTKA)

rje a— MOCTOHHHAA peuleTKy .,
IapameTp A HMeeT NPy 3TOM BIL:

2 g 16)
A= N I8 () | (

H, KaK MBI VBHJIUM HiDKe, IIFpaeT poiib CBEPXITPOBOAIIRIT I8,
Pemenue cucTeMsl ypasHennii (11), (12) paer:

1
G(Ek) = [B+u—U(1—- -21)1, [E+ 5] (BrEg ] os (17)
1

F(Ek)= —A*¥U [E+p-UQl- _Iz'l_)}_ﬁé'{ , (18)
rue

Det= (B2 - E%k) (E2 - Egk) (19)

2 Rl L o® e I a8 g tg

El’Zk": %(é 1k+ Ezk)i 2 (E ].k 221{) 4U IAE ° (20)

__8.4..

3amerum, uro B npeneste U - =, ypasuenus (17) — (20) samerHo
YIIPOIUAOTCA M [IpHOOPETaloT BUJ, BIIONHE aHATOIHYHEIH H3BeCTHLIM
ypaeHenuaM I'oppxoBa:

: o1 ik 4 n.1 £ 1
G Ek)=(1— 14+ =2)xm— +(l=-5) 2(1—-—Ky 1 -
5_2( B, E-E TU=5)73( By E+E, s
n. G 1 : M
F(EK) = — (1——") 2= {-—M—-—— e (22)

rne
Be=ViEg+ a1 (23)

= Q- )e— (24)

Orciona, B YaCTHOCTH, BHIHO, YTO napaMerp A uMeeT CMBICT 3Hepre-
THYECKOIT I1[erTH.

2. KPUTHYECKAS TEMIIEPATYPA
1 OHEPT'ETHUYECKAS H[EJIb

W3 ypasuenuit (17), (18) serxo monyuuts CHCTEMY ypaBHEHHIX
AJIAL ONpe/IeIeH A TapaMeTpa MopajKa A M XMMITOTeHIMANa 4 Tpu
33laHHOM 3alIONHEHHH 30HBI N BBHAY rpOMO3EKOCTH OBLIHMX ypaB-
HEHMI! OrpaHHYMMCA PACCMOTPEHMeM HAUOO0JIee BWKHBLIX YAC IHBIX
CIy4aeB. 1

TenmriepaTypa nepexona Tc = ¢ MOXeT GpITh HalizeHa U3 ycro-
BuA A = 0 H onpefeNnAeTCA COBMEeCTHBIM peileHHeM ypaBHeHHIi:

1= U )=kl B (25)
. N ko bndont2 —¢2)
1. 1
: {511«;“1(_2“ Befar) ~Earth(5 By ’}
-2y 1 U1 L -
ER N P {[511{*“ IR (26)

~ legetw —U@A =) f(szk)J_

B ypaBueniu (26), onpenenaomem xuMnoreHupan, {(z) — oGnrumas
QyHxuma pacrpepenenus Gepmu.

HanbHeiiuine BEMKCIIEHUA IpOBegeM HCIONb3YA MONEIBHYIO IUIQT-
HOCTE cocTosanumii (W — nosrymupusa uexommHok 30HBI) :

-.-..9_.



ol ; TWK ES W
2w @70
0 lel>w
[OMYyCKAIOLIYI0 NpOBejeHiie BCeX pacyeToB B aHAIMTHYECKOM BHZE.
Mones IpsMOYToibHOM 301k (27) KauecTBeHHO OiuKe K AByMep-
HOMY CJIYYAK, PeaJM3yHIeMycs B MeTaJUIOOKCHIHBIX CBEpPXIIpO-
BOAHMKAX. [Ipn 5TOM, OMAKO, TEpPHAETCA W3BECTHAT OCODEHHOCTH
Ban-Xosa B uenrpe 3omsl [18] .

B npegene U > o ypasnenus (2b), (26) cy‘mecmeuno yIpouia-
HOTCA:

N(€) =

__1’1_/_2__ = -——-:L—- ) i 1-._n .
il .‘érde {80 10-m20e ) (28)
w
SR S (W W Y
i )vde =i th{ Bo - D)e u]}('29)

B aTOoM ciiyuae JOCTAaTOYHO npocroﬁ BHJI, HMEIOT U YPaBHeHHA niusa A
My npu 'remnepa'rype T=0:

e
e e e (30)
% \/[(1~ TPERLANNES
3 Byl (kj}e--n
— D p=(1-52) = \dE€ —m——— e e
i he .2)2"_ E\/[(l"—)ﬁ-—ulzﬂalz. e
Pewenue ypassenya (28) maer npu T~ 0:
o= Con-Bw, (32)

.. 00BIYHOE BhIPAXKEHHE L1 XMMIIOTEHIHANA B IpuO/IoKkennn “Xao-
Gapu-1" [12] . Herpusuansuoe peutenue (29) cymecrsyer B obnac -
i 2/3 < n < 1, KpUTHYECKaA TEMITEPATypa JaeTCsA BhIPAKEHUEM

T ™ M \6an(1 =) BXp: L # "5—3- I* } , (33)
rae InY =0,577 — nocroannasa Jiuiepa. 3aBHCUMOCTD Te ot n, on-
pependemas (83), moxasaHa Ha puc.l. Beipakenue (33) pmaer pnsa
T, pesy/nbTaTsl, KOJIMUeCTBEHHO BechMa OIMH3KHe K 3aBHCHMOCTH
T, oT n, Haitermeie A mogenn U - o= B paborax [1, 2] ,u
cosnanaetr ¢ alANOrHyHbIM BhipakenueM pabortel [17] . [omyuen-
HAA 3ABHCHMOCTS [TPHBIeKATeIbHA C TOUKHM SPEeHHA 00OBACHeHHA 3a-
BucuMocTtd T ¢ OT KOHUEHTPAMH Sr B cucreme La2 XSrX CuO 4

[1-3} .

Ipu T 0us (31) momyuaem /2/3 (n(l £

ierk Y

aw3 (30), ncmomssys | A[ Jw4&1, HaxopuM:

14l _ 40 i _211_.__ -1/9
T X { 3 exp [ ]} (35)

c g T §n 1

TaK, 4TO QJyH,uaMGHTaJIBH()e IUISl TEOPHH CBEPXIIPOBOJHMOCTH OT-
momenue 21 Al /T . unamensaerca ot BKl snazenna 3.b2 mo 3.82
npu u3MeneHuH n ot 2/3 go 1. Bemuuuma T , cornacso (33), moctu-
raer Maxcnmanmoro 3Haqemm T . (Max) = 0.039 Wrnpun =0.93,
ripu 3ToM umeem 21 Al /T, (Max) =3.69.

B aryuae nponasonmoro orrankusaniua U ananmus ypaBHeHm:
(25}, (26) poBombio rpoMo3pok. Moxmo mokasaTe, 4TO “HHIK-
WiA"” KPHTHYECKAA KOHUEHTpauus N, OrPaHMYMBAOIIAA 0bracTs
CylIecTBOBAHNA 'CBEPXIIPOBOLAIEro’ pelleHHs, OIpelendeTca
ypaBHeHHeM:

ne(ng =)W+ U (§n,—1)=0. (36)

CoorBeTcTByIOmAA 3aBucHMocTs n, oT U/W mnoxasana Ha puc.2,
npy U— o< , n, — 2/3, B 06meM ciyyae KoHeunsx U oGnacts
CYILECTBOBAHUA ~'CBEPXIIPOBOAMMOCTH ' CyRaeTCA.

B mepBomM mnopazke o manomy napamerpy W/U amanus
ypasuenuii (26), (26) noxaspmaer, uTo T, ONpezessercs chueny-

JOLITMM [PUGIIKEHHBIM Y PaBHEeHHeM

1 1 2-n w )
1=3( H-;) de € th {230'“—2"‘(6*6 ) [1' (E+E,) ; ’] X
) 3?)

Do 1
x{l V{T( n)nezk(_ nn)(3n 2{}{ 8 ee,) (1 (E+e )__}} :,
rae 2
2 W 2n = if
€, =g [gn—1tqr —po b (38)

PeaynmTaThl MMCIEHHOrO pelleHMsT 3TOro ypaBHeHusa UIA pAa 3Ha-
veHuit napametpa U/W npusenens: Ha puc.l. Ilpu n — 1 ypasHenue
(37) me maeT xoppexTHOro ommcauus T, B 9TOH OGIACTH HYXHO
pelmaTe TouHble ypaBHenusa (25), (26).

H3 npusezesHoro paccMoTpeHUsA BUIHO, YTO B HAHHOH MOIeIu
yaer xoneuHocTH U IpPHBOAUT K CYXKEHHIO 00JIACTH CYyLIeCTBOBA-
HH aHOMAJIBHBIX Delilenuii i 001IeMy CHIDKEHMIO T

c?



3. QHEPT'HA OCHOBHOTI'O COCTOSHHA

CBepxnpoBOLsLiee COCTOMAHME ABIACTCA YCTOHUMBEIM, eI €ro
SHEprug HiDKe 3HepruHd HOPMalbHOT'O coCTOAHHA., K codkaneuwmio, B
paborax [2-3] um [17] aror Bomnpoc He HccnemoBaicsa, B To e
BpeMs, yrke H3 HalileHHOFO HAMH BBIP@KEHUA 1A XHMITOTEHIIHAIIA
“cepxnposopaiei’ ¢asel (34), BO3HHKAWOT GONbIIKE COMHEHHA B
OTHOLUEHUH SHEepPreTHYeCKOH BBIFOJHOCTH 3TOro cocrodAHusa® B ca-
MOM fene, ecny cnenysa Xeppuary [12] , mMe1 onpegenuM 3Heprio
OCHOBHOI'Q COCTOSHHA KaK:

E= jdng(nT =0) (39)

n3 ypasuemm (32), (34), To HeMeIEHHO NOIYYHM, YTO IHEPIUs
HATEHHOr0 HaMH '’CBePXIIPOBOLIEro’ COCTOAHHMA Bhillle SHepPrun
HOpMAabHOro coctoAnua "Xabbapa-17. -

Takoii ci1ocod pacCMOTPEHHA BBI3BIBAET HEKOTOPbIE COMHEHHA
B CBA3H C T€M, 4YTO B HalleM CJIyyae MMeeT MeCTO Qa30BbIil liepexo
Mo KOHUEHTpalMH Ipu n, = 2/3. Kpome Toro, nerko BHAETh, YTO
3TOT pacueT JaeT UIA IPOUTpbLILIA 3Heprul BhIpaKeHHe, He obpaina-
I0Ieecd B HyJIb IPH N~ 1, 4TO BhI3bIBAEeT BO3paKeHHA BBUAY A& = 0
npun - 1. Xeppuurom [12] oTmeuanock, 4TO pasnuutible CIIOCOORI
BLIUHC/IEHMA 3SHEPruH OCHOBHOTO COCTOAHMA, Oasupyrmoinuecd Ha
NpuOIHIKeHHbIX BbIPpWKeUMWAX miA QyHiapiil I'puHa, MOryT npuso-
[UTh K PamiiMIHBIM pesysibTaraM. [ToaTromy Mul mposenem Gosiee me-
TAJIbHOE PACCMOTpPEHHe MyTeM MpPAMOI0 BBIYHCIEHHA CpeIHero ra-
MUIbTOHMaHa (1) B paMKax HCHOJIb30BAHHON CXeMBl PaCiieUIeHsA:

+
E=) 4 (fotod * U Yoy nyg), (40)
ljo ' 1
Bripaxkas cooTBeTCTByIOLINE cpepine Yepes (yHkuuu ['puna, onpe-
menexHHble ¢ nomoipio (3), (6), B npenene U= == naxomum:

n
E=(1——) deN(E)E(lf_‘_—)'-—
) y nE+lA12} (41)

1l . n _£
5 (1 nz)jdeN(f—:) (I~ b
raef=(1-5-)€—u, E=~/t%+ 1412 B mopenu npsmoyross-

101 30HBI (27) nonyuaem:

1 2-n/2

E= e 1#1'1/2 {[(1""— wtulQ+ [(1 “‘2 YW — u] Q+}

* B mansHeiliuem Myl orpaHHuEBaeMcs ciyuaem U~ €<, KauecTBeHHO aHa-
JIOTHYHLIE BLIBOALI COXPAHHIOTCA H IJIf KOHeUHbIX 3HaueHHit U,

n l

‘ (=g )w—u+Q_ |
4o _‘._LI;_ I A’ 2 - n/2 ln __._1...._..2 5 i (42)

8w 1—mn/2 n—(]_-H-‘—z—)w-—p-!- Q+
roe 1

Qi=‘\/[(1""n/2)wi;4]2+1m2. : (43)
Hna A =0, orcropa ¢ ienons3oBanuem (32), uMeeM:

2 __él“ n
B, = _l_j *2* (n-1)w ‘ (44)
2

Ipun -+ 0 (44) coBnamaer ¢ pPe3yNbTATOM BLIYMCITEHM E, ¢ mo-
Moisio (39) u (32) [12] , 4TO HECKONBKO HipKe HpaBHIIbHOI‘O pe-
3yJIbTaTa, IOJIyYEHHOr'O B rasosoM mpubmpkenuu [16] , ogHaxo
opa 'n -1 (44) naer npaBiUIBbHLIT IIpenen E, = 0, uto BBIrOAHO OT-
NHYAET HALL CIIOCOO BBLIMHCJEHMIH OT pesynb'rara Xeppunra [12] ,
3AUMPKAIOLLET0 3HEePril OCHOBHOIO cocrosmua “Xabbapa-1" u npu
n - 1.

DHeprus “cBepXNpoBoaMero” coctosmuu (42), ¢ yuerom (33)
— (85), oxaseiBaeTcA NpM BCEX KOHUEHTPAUMAX B OOIACTH
2/3 { n< 1 Bblue 3Jepruu HOPMAJIBLHOTO COCTOSNUI (44). B uus-
wem rnopsapke mo | Al /w2 (42) comuTea K:

2 8y 112
7 n®—2n+ /7 Al
b= B w (45)
8 (2—n)(8n—2) w ,
YTO JaeT OYeHb XOPOLIYH AMPOKCHMALHMIO OOLIEro BhIPaj eHMM
(42).
3aMeTHM, YTO npeHebpexeHHe A — 3aBUCUMOCTD XMMITOTEHIINA-
na (34) mossonAeT NONYuMTh U3 (42) BRIMIPLILL PHEPTHU B MHTED-
Bane KoHueHTpauuii 0.86 < n < 1. B paborax [1-3] u [17] A —
3aBUCHMOCTB /i HE YYUTHIBATIACK.

3AKJIIOUEHHE

IpoBenennoe paccMOTpeH e TIOKA3LIBA 2T, YTO HAIEHHOE BLILe
’cBepxnpoBoasaulee’” cocTosHNe B Monemu Xab6apaa ABiseTcH TEP-
MOAMHAMHKYECKH HEBLITOJHBEIM. B TO ke Bpema cuTyauust ¢ neTpu-
BH&JIPHBIM pelleHHeM, OIUCHIBAIOLIMM 3TO COCTOHUE, MPeICTaBIIA-
ercs HeoObMHOI. B NpHHIMIIE, MOIYT peaiu30BaThCA IBe BO3MOX-
HOCTH:

1) cocrosanue abCOMOTHO HeyCTOIMUBO (MAKCHMYM 3HEpPTUM OC-
HOBHOI'O COCTOAHUA) ;

2) cocrosmue MeTacTaGHIBHO (JIOKATLHLUI MUHUMYM 3HEPrHH



OCHOBHOTI'O COCTOSIHUSA) .

B pamkax CHEMAHHbIX PacyeTOB OTJIMYMTL 3TH CIIyUaH HEJIb3,
AJIs 3TOTO TpPeOyeTCA PacCHHTATL CIEKTP KOJUIEKTHEHBIX Koueba-
HUil cucTeMel. B CHEKTP OKaXKeTCA YCTOHUMBLIM, 3TO Oynmer
,CHJIBHBIM yKa3alWeM Ha Halduyde MeTacTabmIbHOTO COCTOSHMA, 13
IPOTHBHOM CJIy4ade IIONy4uM abCOMIOTHYI0 HeyCTOHUMBOCTE (MakK-
cuMyM 3Hepruu) . He uciunoueHo, 4To B MeTacTabUIBHOIN CUTYALMK
y4eT KaKHX-IMOO HOMOTHMTEbHBIX B3AUMOHENCTBUIl NpHBENET K
crabuimsanui naiifensoro peinenns, ClegyeT Taxoke UMeTb BBHLAY,
uTo Gosee KOppPEKTHOE PACCMOTpEIHEe TPEeOYeT yueTa BOZMOMKHOCTH
MAarHHTHOIO VIIOPALOUEHILT B HOpMaIbioil dase (aurudeppomarire-
TH3M, QeppomMarneTsMm, RVB?), yro Taroke MoYKeT H3MEHHUTL Bbl-
BOJ O HEBLIFOJHOCTH HaiigeHHOro cocrosaHus. TeM ue MeHee, IONy-
YeHHbLIE pPe3yNbTaThl NMPUBOJAT K CEphe3HBLIM COMHEHUAM OTHOCH-
TEJIPHO PeanbHOCTH PACCMOTPEHHON MOIeNH CBepXIpOBOIHMOCTH.
HockonbKy TUM CcrapUBaHMsI, PACCMOTPEHHEL BILIe, NPAKTHYECKH
COBIIaZiaeT ¢ BBeJEHHEM JUIA omucaHus RVB — cocroanua B pabore
[8] , cymiecTBOBaHMe 3HEPTreTHYECKH HEBBINOJHBIX PEIIeHHH TAKO-
TO Tula B NNepBOM IOPAAKE IO t 3aCTABIIAET COMHEBATHCA B PeATlb-
HOCTH pelueHuii, HaliieHHpIx B [8] , roe yunThIBaloch B3auMOeii-
crBHe t /U-4§L

Ecrecrsenno, uto Hauia paboTa He 03HAYART OTPHLAHMA BO3MOK-
HOCTH ITOCTPOEHHA MO/ENH BhICOKOTEMIepaTypHOll CBepXIIpOBOIH-
MOCTH Ha OCHOBe ramMuiibToHnana Xaboappa. Peus muta aums 06 on-
HOM M3 BO3MOJKHBIX BAPUAHTOB TAKOI0O PACCMOTPEHM.

ABTOpBI Ipu3Harensus: B.M.JleTgynoBy, npuHuMasimeMy ax-
THBHOE y4YacTHe B paboTe Ha HAYaJbHOM 3Tare, a raxixe JL.H.Xom-
cxomy, K.A.Kuxouity, 10.B.KomnaeBy, B.®.Enecinty u B.M.Besmnu-
Yepy 3a MoJe3HbIe 00CYIKIe k.

HucruryT anexrpogusuxu YpO AH CCCP,
620219 Ceepunosex I'CII-387

‘'Int ro duction

Experimental discovery of high—Tc superconductivity in cer-

‘tain metalic oxides has stimulated the theoretical search of new

mechanisms of superconductivity [I]. Among the most interesting
we shall concentrate upon the idea of possible electronic mecha-
nism in the standard Hubbard model [I-3,6-I0,I3]. The proof of
the superconductivity for the model with the initial strong re-
pulsion of electrons would be of major importance. ‘

A curious model of superconducting state in the Hubbard model
with an infinite one-gite repulsion (U-—+eo ) was proposed by Zai-
tsev and Ivanov [I-3], where the emergence of superconductivity
was attributed to "kinematic" interaction, due to the constraint
prohibiting the presence of two electroms at the same site.

The ﬁajority of other works B&-IO,IB] try to connect supercon-
ductivity to the existence of superexchange interaction of elect-
rons at the nearest neighbour sites ~ t2/U (where "t is the tran-
sfer integral), appearing in the first order of perturbation the-
ory over t/U [IO] and leading to antiferromagnetic correlations
either in the form of usual antiferromagnetism or the resonating
valence bond state -(RVB) [6,7,I3]. The kinematic interaction mo-
del [i—}] gives the Tc value proportional to t » ;tE/U, thus
leading to much more strong effects, in principle, than in Ref.
[6-10,13]. :

The strong indications for the search of superconductivity in
the Hubbard model were produced by the Monte-Carlo calculations
of Ref.[IB], where a certain tendency for a singlet Cooper pai-
ring of electrons at the nearest neighbour sites was observed.
Note, however, that the latest more extensive calculations indi-

. cate the absence of this type of pairing [I4].

The present paper discusses the possibility of the singlet
pairing of the type introduced in Ref.[IB]. We shall work with
the Hubbard hamiltoniah, without the use of the cannonical tran-
sformation to the effective exchange interaction [II].'We apply
the  standard formalism of two-time thermodynamic Green's functi-
ons, used previously in the basic paper by Hubbard [I5]. We shall

.demonstrate that in the simplest "Hubbard-I" approximation it is

possible to get the selfconsistent equations for the nearest ne-
-15-



r ighbour pairing. The transition temperature Tc seems to be very
close to that found in Ref. [I—}] , and the concentration region
for the existemce of this anomalous solution is the same. After
the completion of this work we became aware of the preprint (17]
where the equivalent results were obtained by the same method.
Unfortunately both in Ref [I-3,6,7,I3] and in Ref.[I7]the cru-
cial problem of ground state energy for the proposed "supercon-
ducting" state was not analysed. As we shall see below this sta-
te is actualy higher in energy than the normal state we start
with, thus being thermodynamically unstable. More discussion
will be presented in the Conclusion.

I. Equations of Motion
Consider the usual hamiltonian of the Hubbard model [I5]:
; tl’] LG _lﬁ T U 2 O-H Q,_fa.uo. (I)

where CL is , Q. js are the creation and annihilation operators of
electrons with spin projection O at the lattice sites i and j,
ti is the transfer integral between the nearest neighbours,

U> 0 is the ome-site repulsion energy. Introduce the standard
two-time Green's function [4]:

Gy (t-t) =-i0tt-t) {[ault), ajyt)], ) = (au)aj) @

and write down the equations of motion for the appropriate Fou-
rier-transform over time ( - is the chemical potential):

(E I‘L) G’ (E SLJ +ZthGk (E + U<<0'L+a'-’lal+la'jf>

Analogously derive the second. equation in the chain [I5]
(E+p-U) €aiiayy|afy) = <nig) s

g Zttk{@uauaul%) + <auau%| T3} =

- Z ty €0y 0yl ajyy

The decoupling will be performed according to the "Hubbard-I" ap-
proximation [I5], however we shall take into account the anomalo-
s averages due to mearest neighbour pairing [I3]:

"IG'

(4)

[CHLE Qu|ajt> = <n“><<akflajt>> +<auf1u>(<<1$lajf>

+ * - + &)
{004,004 = <auau><aulaj+>)

where <l’1u> <O_uau> . Here, opposite to Ref I7 , we neg-
lect the anomalous averages like <a|_*a”> corresponding to the
Cooper pairing at the same site, which is obvious physically due
to the strong one-site repuls:i.on (U > 0). We also neglect the
anomalous averages such as <a_ ak4~> rasponsible for antifer-
romagnetic ordering and use <"l¢+> <fl¢4> = ——FL (n is the
number of electrons per site) thus neglecting the possible ferro-
magnetic ordering. Thus we start with the paramagnetic ground sta-
te for the normal (mon-superconducting) phase, which is proble-
matic, due to known magnetic instabilities in the Hubbard model
[5]. The problem of interplay of theseinstabilities and supercon-
ductivity is much more difficult and demands the separate study.
After the decoupling (5) equation (4) takes the form:

(E+H-U)"<a‘{‘auau|a}>> r1.¢SJ +
(6)
+—r12: tik G-kJ(E) + A Fy; (E)
W A= Ly {(Quau) <0~L+O~ki>} @
and FL_](E) is the an%malous Gorkov's function:
+ +
Y @

for which we must write the appropriate equation of motion and
perform decoupling similar to (5). Then we obtain:

(E fJ' FLJ(E Z:.thFkJ{E ‘—U<ai;aifaij,aﬁ>>(9)

(E- F+U)<aL+aL,aL,|a+>_-_nZt F(E) + 876 ko)

After the transformation to the momentum representation Eqs. (3,
(6) and (9), (IO0) give:
-I7-



UA
G (EK) = G (EK) + (E-3u)(E-3a) i (D
UA* _
FIEN) =~ g e € 2
where G_ (Ek) E T U (i_ %) (1I3)

(E-3u)(E - 3a)

is the Green's fu.nction of the normal phase in the "Hubbard-I"
approximation [I5],

s 4 1 2 *
guk = £(U+¢) ti\ﬁU—ek) +2Ugn - . ()
is the spectrum of the Hubbard ba.nds;

g = -2t (COS kxa‘ + Cos k!la‘) (Square lattice) i
£ |t (Cos kya +Coskya + Cos ka) (sc lattice)

where a 1s the lattice constant.
Parameter A is determined now as:

Z €< a—u Qi) (16)

and actually, as we shall see below, is just the energy gap.
The solution of (II) and (I2) give:

ClEK) = [Ep-U-BIElE ] To  an

" {
F(EK) = -a"U [Exp-U(-3)] 5o a®)
where ).t = (Ea‘Eﬁ)(Ea‘Efﬁ) ' (19)

. _‘_ 2 52 2__ 2 2 (20)
12k = 2 iik ? ) J(%lk %2&) 4U°(Bl
+Note that for U —> oo these equations simplify conside:c.*bly ad
I8-

r reduce to Gorkov type equations:

GIEK) = (1-8) bl ) i + (- B3l E)mgeen

At [ A -
Flek) =~ {1-3) 2Ek{ E-E, E+E } 22)
T E J%i + 5|3 (23)

5, = 1-3)e-p

Now we clearly see that /\ is just the energy gap.

2. Transition temperature and
energy gap

From (I7) and (I8) we can easily obtain the 'equations deter-
mining the order parameter /\ and chemical potential for
the given band occupation n. Due to the cumbersome form of these
general equations we shall limit ourselves to most important
special cases.

Transition temperature Te = P ¢ = can be found from the con-
dition A=0 and is determined by:

Luvu-dpl§ L gnerm @
, {%u th [%Fc%zk) ~%ath (‘Hséik) }

S Zk:%n ;J[%u*f‘ v-D]iGw-
- [Barp-U -] £ (3]

Here in Eq.(26) determining the chemical potential j[i) is the
usual Fermi distribution.

In the following we shall use the rectangular density of sta-
tes ( w — is the halfwidth of the band):

-19-



T, —WgSELW

Nfe) = | 2

0 ; Jel>w

(27)

which allows analytical calculation. This model is qualitatively
valid for two-dimensional case which is realised in oxide super-—
conductors. However, this approximation drops the notorious Van
Hove singularity in the middle of the band [I8].
For U —=c0 [Egs. (25), (26) simplify to:
W

gL fdé FipLlt-")e-p]} | (28)

— ﬂ/a

1..1% B ﬁf; {1-— fh{zpc (1-2)e- ]}(29) |

In this case the equations for A and /.L at T=0 are also sim-
ple enough:

{ :(i_%) -2’7 jde \([(i— = 27 l(30)

Z)eprlal
w
: ) l_ﬂ_}e =
}-3nsfjn 'J”‘e -7 ) -p
| 2 ( 2)2w_ H“"%Je'f‘:}e*m‘z (31)
Solving (28) for T -+ 0 w: get )
/U-o'-"-{%n—l)w I

i.e, the usual expression for the chemical potential in the "Hub—
bard-I" approximation [I2]. Nontrvial solution of (29) exists
for 2/3 < n < I, the transition temperature is given by:

F T
Tc - 242 —ywynii-nj exp{ ﬁq—} (33)

-20- .

“where er b’ = 0.577 is the Euler constant. Tc dependence on n,

as determined by (33), is shown in Fig.I.

Eq.(33) gives T quite close to that found for the U —oco mo—
del in Ref.[I 2] and coincides with that given in Ref.I7 . The T
dependence on n seems to be attractive as the possible explana.—
tion of Sr concentration dependence of T, in la,_,Sr Cu0, [I-3].

For T=0 from (3I) we obtain (2/3 < n< I):

_[3 L&
I “(?”“{)Ww " 2nfin)w? (34)
and from (30); using ,A]/w <1 , we getb: ;
-1
[A I { 4n 2n } fe
— e et L=
T~ 1 e xp[ Th1 ] (35)

i.e, the fundamental QIAI /T ratio cha.n.ges from the BCS-value
of %.52 to 3.82 as n changes from 2/3 to I. According to (33) T,
is maximal for n=0.93; Tc(Max)_O 039 , in this case 2|AI/T
=3,69,

For the gemeral case of finite U the analysis of (25) and (26)

“ is too cumbersome., It can be shown that the "lower" critical con-

centration n, at which the '"superconducting" state appears is
determined by the equation:

N (Me-1)w+TU (3n.-4) = 0 (36)

Tile appropriate dependence of n, on U/w is shown in Fig.2, for
U =00 n 2/%, For general walues of U the concentration re-
gion for the "superconducting" state narrows down.

In/the first order over small parameter w/U the analysis of
Eqs.(25), (26) shows that T, ic determined by the following ap-
proximate equation{:

1=4(1-8) Jdeeth{gpc"’aife-e.)[f—g—(ﬂeu-U“’—]}-

- 4 (37
“{1 _% n)nze_‘—n(i-nujn-zj}{zén l€-€.J[i~%{e+e,)%]} 1

O]




fwhere
e 30 g+ W 2nt(n-g)
Ev‘g-n[?”‘*u 2-n J (38)

Numerical solution of (37) for different values of U/w give the
Tc curves shown in Fig.I.For n —I Eq. (37) does not yield the
correct description of T., in this limit we must solve the gene-
ral equations (25) and (26).

Thus for the finite values of U. the region of "superconducti-
vity" narrows and Tc becomes lower.

3. Ground state energy

Superconducting state is stable if its energy is lower than

that in the normal state. Unfortunately in Refs.I-3,I7 this pro-

blem was not considered. Even from our expression for /L in
"superconducting" phase (34) serious doubts arise concerning the
stability of this state. If, following Herring [12] , we define
the ground state energy as:

fdn/.c (n,T=0) (39)

then from (32) and (gh) it can be seen that the energy of our
"superconducting" state is higher than that of the normal onme in
in "Hubbard-I" approximation.

This argument is probably doubtful due to a phase transition
at nc=2/3. Also the energy loss obtained in this way does not go
to zero as n -~ I, which is strange because of A—(0 as n — I.
Herring has noted [I2) that different method for the ground sta-
te energy calculation based upon approximate Green's function

can lead to different results. Thus we shall concentrate upon mo-—

re detailed consideration and calculate directly the mean Hamil-
tonian (I) within the "Hubbard-I" dec9upllng procedure.

E =) ty<aicaiy +U ] <y, e
Ljs ’ L

* In the following we consider only the case of U —» o0 , similar

results are apparently walid for finite U.
=29

Expressing the appropriate averages via Green's functions de—
fined in (3) and (6) in the limit of U —=eo we obtain:

E = (1-9) Jde Nie)e (1-4) -

_%_{_{-%—)JELGNMJ ( )Te 2}
where i_u__'l)e-ﬂ. m

For the rectangular band model (27), we get-

E =g e l-8)wpdQ+ [(i-Bwp] Q, | +

A a2 (1-F)w-p+ Q_
Ty E”/-(1~§)w—,cc+a+

| Qe = \/[{_i—gjw:;qhm;a . w3

For A=0 , using (32), we obtain:

2-"% n
E, ===t —={n={jy (44)
0 1 “‘}@ 2 )
For n— 0 (44) coincides with B, derived via (39) and (32) [12],
which is slightly lower than the correct expresion in dilute-gas
approximation [IG] while for n—1I (44) gives E - 0, which is
obviously the correct limit,

The ground state energy of "superconducting" state (42) after
the use of (33)-(35), is higher than (44) for all concentrations
in the interval 2/3< n< I. In the lowest order in IAIZ/WE (42)
reduce to:

(41)

(42)

where

7 n?-2rn+3%; |a)?
E=E+*3 (2-n)(3n-2) w

(45)

which gives rather good approximation of the general expression
(42). Note, that the neglect of A - dependence of chemical po-
tential (34) leads to an energy gain in (42) for 0.86 < n < I.
This /A =~ dependence of [+ was neglected in Refs. [1-3] and [17].
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Conclusion

Our calculations show that the "superconducting" state of the
Hubbard model as defined above is thermodynamically unstable. How-
ever, the situation with this nontrivial solution seems to be ra-
ther curious. In principla; there are two possibilities:

I) The state is absolutely unstable (ground state energy maxi-

mal)

2) The state is metastable (local minimum of the ground state

energy)

To choose between these cases we have to calculate the spectrum
of collective oscilations., This spectrum would be stable for the
metastable case and absolutely unstable for the case of ground
state energy maximum. In metastable case it is possible that so-
me kind of additional interaction will lead to a stabilization of
our solution.

We must also stress that the correct aralysis must take into
account the possibility of some kind of magnetic ordering (AFM,
FM, RVB?),,thus leading to a probable change of our conclusions.

However, the results presented above cause serious doubts con-
cerning the physical reality of the proposed high—-Tc mechanism,
based upon kinematic intractions in the Hubbard model. Note, that
the similar type of pairing was proposed for the RVB-state in
Ref.8 . The existence of energetically unstable solutions for
such pairing already in the first order over t, cause some doubts
concerning the enrgetics of the solutions of Ref.8 based on the
interactions, of the order of t2/U < t.

Naturally, this work is not intended to deny the possibility
of high-T mechanism within the Hubbard model. Qur concern is on-
1y for the specific model proposed in Refsli—},I?].

Authors are grateful to B.M.ILetfulev. for his active participa—
tion at the initial stages of this work. We also acknowledge the
useful discussions with D.I.Khomskii, K.A.Eikoin, Yu.V.Kopaev,
V.F.Elesin and V.I.Belinicher.
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Puc. 1. 3aBHCMMOCTh TEMUOEpaTy-
per T o epexona B ’cBepXIpoBOnA-
mee’’  COCTOAHHE 0T KOHUEHTPAUMH
QIEKTPOHOB B HiokHell xaGOappos-
CKOH 30He NJIA PAHAA 3HaueHHl napa-
merpa Ufw,

Fig.1. Transition temperature T
dependence on electron concenttac-
tion in lower Hubbard band for dif-
ferent values of U/w.

Puc.2. 3aBHCHMMOCTS KDHTHYECKOI

KOHUEHTPAUHH 2JIeKTPOHOB n, , NIpH KO-
TOPOH BO3HHKaeT '’cBepXNpoBOpsALee’’

COCTOAHME OT mapamerpa: U, .

Fig.2. U/w — dependence of critical

concentration n, for the appearance of
“superconducting” state.
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