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Interplay among critical temperature, hole content, and pressure in the cuprate superconductors
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Within a BCS-type mean-field approach to the extended Hubbard model, a nontrivial depend&paa of
the hole content per unit CuQs recovered, in good agreement with the celebrated nhonmonotonic universal
behavior at normal pressure. EvaluationTgfat higher pressures is then made possible by the introduction of
an explicit dependence of the tight-binding band and of the carrier concentration on priés§lomparison
with the known experimental data for underdoped Bi2212 allows us to single out an “intrinsic” contribution
todT./dP from that due to the carrier concentration, and provides a remarkable estimate of the dependence of
the intersite coupling strength on the lattice scf80163-182¢06)02445-9

I. INTRODUCTION improve T, up to an “optimal” value dT./dP=0) and
then decrease it down to lower valuabT(./dP<0). By the
The comparison between superconductive and normakay, possible extrinsic microscopic mechanisms have been
state properties of the high-temperature superconductors ofecently devised, in order to describe the pressure depen-
ten unveils quite remarkable features in their phenomenoldence of the carrier concentration, especially due to oxygen-
ogy, thus helping in establishing most of the known univer-ordering effects, e.g., in Tl-based cuprat&s?
sal behaviors. Among them, the nontrivial dependence of the The theoretical implications of such a pressure-dependent
critical_ temperatureT, on the hole contentp per unit T. and of such a wide range in the valuesdd,/dP have
CuO;, is probably the most celebrated. _ been often considered mainly as checks to known
To that purpose, high-pressure data provide a natural to%eoriesl,5‘” though they are still inconclusive both on the

to investiga_te the corrglations existing between the main SYiature of the condensate pairs and on the nature and strength
perconductive properties and the structural properties, suc(!;nr their coupling interaction?

as the relevant lattice anisotropy, thu_s_allowmg one to single In this paper, we shall address our attention to the gener-

out the role of the carrier concentratigr alization at high pressures of a mean-field approach to a sys-
Unfortunately, earlier experimental works did not help in . gnp . bp . y
iem of interacting fermions. In Sec. Il, we shall outline the

setting up a homogeneous picture of the problem, possib del and th field h |
due to an uncareful analysis of the data coming up fronj"0del and the mean-field approach at normal pressure

samples, often characterized by uneasily reproducible fed.P=0)- The choice of a well-established tight-binding dis-
tures, such as the hole content, when even a slight presenB&rsion relation for the carriers will make us able to repro-
of impurities has been proved to influence dramatically theduce the observed dependenceTefon p, allowing a direct
behaviour under pressufe. comparison, e.g., with the experimental data available for
Nowadays there is a general conviction that presgure Bi2212'°In Sec. Ill, we shall generalize such an approach to
may affectT,, both changing the hole contept which is  the case of an applied external pressufe-Q). Reasonable
evidenced by Hall resistance measureméfisnd in an “in-  pressure dependences will be obtained both for the band pa-
trinsic” way, mainly due to a lattice rearrangement inducedrameters and for the carrier concentration. A comparison
by pressure. Quantitatively, the latter statement can be sunwith available experimental data fof, under pressures
marized by assuming=p(P) and T.,=T.(p,P), which P=<1.6 GPa in underdoped Bi221®Ref. 20 will be pre-

yields’ 10 sented, which will permit us to separate the two contribu-
tions todT./dP in Eq. (1). Besides, a nontrivial dependence
dT, JdT, dT.dp on pressurdand therefore on the lattice scalwill be de-
aP ﬂ_PjL%d_P' (D rived for the intersite coupling strength, thus suggesting a

non-negligible lattice influence on the superconductive prop-
Since, for the majority of the compounds, Hall resistanceerties of the electronic system. We shall eventually summa-
measurements under pressure suggestdpadP>0! the rize and address our conclusions in Sec. IV.
different signs indT./dP observed in different compounds
may be explained as the result of a competition between the
intrinsic contributiondT./dP and the known dependence of Il. MEAN-FIELD APPROACH AT NORMAL PRESSURE
T. on p, through its pressure-induced charnige,/dp, which
may be negative or positive for underdoped or overdoped
samples at normal pressure, respectively. Different trends of At normal pressure®=0), in order to describe the inter-
T. as a function oP have been actually reported for several acting Fermi liquid of the hole-type carriers in an anisotropic
cuprate superconductotsin particular, high pressure can lattice, we adopt an extended Hubbard Hamiltonian

A. Model
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TABLE |. Lattice parametergRef. 21 isothermal compress- 0.35
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H= E tijc;racl-g—kuz NitN;| FIG. 1. Band dispersion, Eq7), along a symmetry contour of
ijhe i the first Brillouin zone of a simple cubic lattice. The different solid
lines refer to increasing pressuf@=0-20 GPa. Due to the lattice
+ 2 VijC;FUC;rg,ngrCig, 2) anisotropic structure, a weaker dispersion is recognized along the
(iYoo' directionsM-R, X-I', parallel to thez axis, which remarkably in-

. o~ . S creases by increasing pressure.
wherec/ (c;,) is a fermionic creatioriannihilation opera- y gp

tor on the lattice site, with spin projectionoe{1,|} along
a specified direction, annli(,:cﬁ,cig is the density operator
on sitei. In Eq.(2), tj; denotes the hopping integral between
the lattice sites({ij)), located at the position®;, and
R=R +_52, re;pecnygly, v_wthﬁz spanning over the yectors vector G, of the reciprocal lattice.

connecting a given siteto its nearest-neighbor and m—p_Iane A few comments are now in order about the free disper-
next-nearest-neighbor sitgs(t;=t,,, for translational in-  gjg relation, Eq(5), and the interaction terms in the Hamil-
variancg, andU measures the on-site interaction, wh¥lg  tonian, Eq.(4).

describes the interaction between in-plane nearest-neighbor Detailed band structure calculations indicate that the lay-

run over the first Brillouin zoneli.e., —w<kja <,
i=x,y,z, for the momentunk, a; being the spacings of an
orthorhombic(nearly tetragonallattice (Table | for Bi2212
(Ref. 23], and momentum conservation is enforced up to a

sites(ij ), separated by the vectofs (Vij=Vs). ered pattern of the cuprate oxides is reflected in the charge
Using the standard transformation to the momentum repdensity surrounding their lattice sit€%s:** Such density ex-
resentation hibits a quasibidimensional arrangement, which closely fol-

lows the rich orbital structure of the Cu and O idfsThis
+ 1 Rt behavior suggests a strong degree of hybridization along the
Cka:\/—NZ €" Gy, (3 bond directions. The intermediate oxygens therefore provide
suitable bridgings between two nearest-neighbor coppers,
N being the total number of lattice sites, the Hamiltonfan  thus favoring directional charge transport. A quite complex
takes the form band structure results, almost dispersionless in the symmetry
direction orthogonal to the Cu-O plan@sg. 1). Such a band

H=S t UE + ot structure gives rise to exotic Fermi surfaces, which exhibit
= & 8CkoChot N, Ck1Cp  Cp-a1Ch+qr ! quasicylindrical shapes, at typical filling3.
n A tight-binding approximation to the band dispersion re-
1 _ ) Iati_on can be employed up to an arbitrary _de%r2e7e of accuracy,
+ N kE chlgcpg,cp_qarckmmng, (4) by including a suitable number kfharn‘_nonlcsz. “"Equation
Pg (5) restricts to the lowest orders and yields the model disper-
son sion relatiof>28-30
where

g = —2t,cogk,a,) — 2t cogk,ay)
k= % tse'c % (5) + 4t cog kyay) cog k,a,) — 2t,cogk,a,) — u, (7)

where u denotes the Fermi level. The hopping parameters
ty, ty, t;, andt,, have been evaluated by comparison with
the "available angle-resolved photoemission spétifa
_ _ (ARPES for the observed dispersion and Fermi surface
Vq:; Vale'q"sl (6)  (Refs. 21,27,29,30and (Table |). In particular, providing
! t, with a nonzero, though smalt<t,,t,) value, i.e., as-
is the Fourier transform of the nearest-neighbors intersite insuming a true, three-dimensional dispersion functignen-
teraction potentiaV;; . In Eq. (4), the sums over momenta sures against the awkward occurrence of van Hove singulari-

is the dispersion relation for the free carriers, in the tight-
binding approximation, and
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ties. Figure 1 displays Ed7) along a symmetry contour of with O<p<1. Although a mean-field approach could be
the first Brillouin zone for increasing pressupe(cf. infra). generally questioned, since it does not take into account the
Since only states next to the Fermi surface do signifi-‘correlations,” nonetheless it proved itself a very useful ap-
cantly contribute to the sums in the interaction terms of Eqproximation even in the case of non separable potentfals.
(4), only the terms withG,=0, k+p=0 can be safely re- Besides, standard diagrammatic technigiiesugh perturba-
tained. This eventually simplifies the Hamiltonian, Ed4), tive in natur¢ have been recently employed in order to
as evaluate the corrections to the gap due to the correlations in
a simplified version of the model here employ&&uch cor-
) rections, however, show up to be negligible in the strong
coupling limit.

) o ) Due to the separable form of the potential, EW), direct
whereV,, includes the on-site interaction term and the ré-inspection yields

striction to the singlet channel only of the intersite
interaction®> A=A+ 2A,cogkya,) +2A cogkyay), (14)

1

— T T AT

H=2 eClyCuot NE VikrCkiC- C—k' | Ckr1 »
ke Kk’

Vi =U+ (Ve o+ Vs ), (9) Ao Ay, andA, being real constgnts.satisfying the following
_ set of nonlinear, coupled equations:
which takes on the “separable” form

Vi = U+ 2Vcog k,a,) cod kyay) +2Vcogkya,)cog kyay),
(10 A+ V(A cogka,))=0, (15b)

where a symmetric intersite coupling constadhthas been
assumed along both directions in the Cu-O planes.

Such an interaction does not refer to any particular pairingvhere
mechanism, and therefore does not require any particular na-
ture of the couples. However, experimental indications on f _EE LI hi
the momentum dependence of the gap function, although still (fio= N< 2E, anh>T-
guestioned, clearly suggest an intermediate range for the ef- ) )
fective (renormalizedl interaction between the carriers in the The invariance properth,=A_, follows again from the
cuprate planes. In particular, at least an intersite attractivéestriction of the intersite interaction E(LO) to the singlet
term is required, in order to allow for a gap which displayschannel only.
the observed nodes in thespace. Besides, the competition ~ S€tting
between an attractive effective interskeand a repulsive A.=1(A*A,) 17)
effective on-sitel is expected to rule on the actual onset of S
superconductivity and the opening of a gap. For our purand forming the linear combinations
poses, it is safe to retain only the on-site and intersite terms

Ay+V(Acogk,ay))=0, (150

(16)

in the interaction, although other phenomenological proper- Sc=cogk,ay) +cogkyay), (1839
ties of the cuprates may suggest different functional forms
for ’\“/q 34 Dy=cogk,a,) —cogkyay), (18b)

the gap function can be reexpressed as

B. Approach
In order to study the possibility for the Hamiltonian, Eq.
(8), to give rise to a superconducting instability, a BCS-type One may observe that the two sets kf functions
mean-field approximation can be employed. The supercor{1, S,} and{D,} belong to two irreducible representations
ducting condensate is then characterized by an auxiliary gagf the group of rotations in thek( ,k,) plane. In other words,
field, which at finite temperatur€ obeys the BCS-type self- one has A ,=Aj+ A‘Ij where Aj=A,+2A.S, and Ag

consistent, nonlinear equation =2A_Dy, which explicitly display s-wave andd-wave
1 symmetry character, respectively. Besides, all the depen-
Ay=—=> ViFp, (11)  dence ofA, on temperaturd and on the chemical potential
N M is given by the set of the three parametags A .. , whose

relative value fix the overall symmetry pattern.
At zero temperature, and in the limiting case BW&O0
Ay Ey , (Ao=0), Spathiset al*®found that Eqs(15) can account for
Fi=gg tanhoT,  E= Vet Ay, (12 s (A,=4A)) andd (A,=-4,), as well as mixeds-d
k (|A/#|A,|) gap symmetry, depending on the position of the
and where we set Boltzmann’s constkgt=1. At the same Fermi level within the band. However, at the critical point
degree of approximation, the density of carrigrés corre-  (T=T.), no symmetry mixing is allowe®, and two cases

where

spondingly given by’ are possiblefi) A_=0, andAy,A, —0 asT—T, (s wave;
(i) Ag,A,=0, andA_—0 asT— T, (d wave. Therefore,
p(p,T)= LE (1_ £k tanhi), (13) if one IowgrsT at a fi)ggd chemical potential, one expects to
2N% Ex 2T observe first a transition towards a superconducting state,
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100 : : : , clearly shows, the comparison with the experimental results
1 0.008 obtained by Allgeier and Schilling in Ref. 19 is reasonable
only for the solution of Eq(20), which corresponds to the
opening of ad-wave gap. We can therefore safely restrict
4 0.006 ourselves to that case in the following.

The nontrivial dependence daf. on the holelike carrier

1 0.007

1 0.005

Z z concentration is clearly nonmonotonic, and correctly repro-
& 10004 s duces the qualitative universal behavior experimentally ob-
1 o003 served in the cupratés.
1000 Ill. GENERALIZATION TO NONZERO PRESSURE
4 0.001 , .
The mean-field approach thus far described can be
‘ s ' ‘ 0 straightforwardly generalized when a nonzero pressuis
4 02 0.4 0.6 0.8 1 ; . . .
P applied. The effect of a pressure increase is threefold, involv-

ing both the lattice and the carriers, either directly or indi-
FIG. 2. Critical temperatur@_ (solid ling) and crossover tem-  rectly: (i) It decreases the lattice spacings and may distort the
perature towards gap symmetry mixifdpshed-dotted linevs hole  |attice itself, resulting in structural phase transitiofis} it
contentp at P=0. The effect of increasing=0.0 to —V is also  jcreases the carrier concentratipn i) in oxygen-doped
shown on theT, corresponding ts-wave gap(dotted line$. By cuprates, it may induce oxygen ordering, through a rear-

increasingU, one observes a decreaselgfat fixedp. The circles rangement of the excess ions into and from the Cu-O
are experimental data obtained by Allgeier and SchilliRgf. 19 planeslz_“

for Bi2212. At a given pressurd®, the following nonzerdpositive

. . - ._.components of the isothermal compressibility tensor and of
characterized by a gap function of definite symmetry, wh|chthe igothermal volume compressibil?ty may b)(la defined:

can eventually evolve towards a mixed symmetry state, as

T lowers down to zero. 1 (da; 1[0V
In either case, al =T, it is possible to linearize Egs. Ki=—glgp) 0 VT ﬁ) (22
(15) with respect ta\, A .. . A condition for the existence of ! T T

a nontrivial solution is then easily found to be

(1+ V(DA [(1+U(1)e)(1+U(SH ) —UV(SHZ]1=0,

(i=x,y,2), V=a,a,a, being the volume of an elementary
cell. Experimental values fo¢; and k,, are listed in Table |
for Bi22123 Since they are almost constant over a quite

(20 wide range of pressure, and sineg= «, (within the experi-
where mental erroy, we may neglect transitions from the tetragonal
to the orthorhombic structure. Under such assumptions, at
. 1 fr gy the lowest order irP the lattice parameters are seen to obey
<fk>c: lim <fk>:N§k: g tanhf. (21) a linear law
T—Te k [+
a;(P)=a;(0)[1~«;P], (23)

For fixed values of the coupling constahisV and of the
chemical potentiaje, Eq. (20) yields, in general, two solu- which will be later used to parametrize the dependence of the
tions for T.. The larger one is easily interpreted as the tem4attice spacings on pressure
perature below which a superconductive gap opéemish Sincex;~10"2 GPa ! (Table ), the lattice spacings keep
definite symmetry, and the other as the temperature belowtheir magnitude of several angstroms, typical of the cuprates,
which the gap symmetry mixing occurs. Moreover, one ofeven at high pressures, so that one may neglect the contribu-
the two temperatures is clearly not affected by the presencgon to the band structure given by the ionic core orbitals also
of a nonzero on-site coupling. at high pressures. We may therefore keep unchange# the

Figure 2 displaysT vs p, consistently obtained through dependence of the tight-binding approximation to the disper-
Eg. (13), corresponding to the valuéé~—0.052 eV and sion relation, Eq(7), provided that a pressure dependence is
U=0.0to—V of the coupling parameters, obtained by com-attributed to the hopping parametérsandt,,. Charge den-
parison with the available experimental data for Bi2212.  sity calculations at normal pressure suggest a very simple

As can be seen, asrwave gap opens at very low values linear combination of atomic orbitald CAO) picture?*~23
of the hole contenp, corresponding to low critical tempera- in which the hopping parameters are simply proportional to
tures, whereas d-wave gap is preferred near the optimal the overlap integrals between the main atomic orbitals in-
doping and beyond. As expected, the on-site repulsion act#lved in the formation of the bonds between copper and
against the intersite attraction with respect to the onset obxygen sites. The latter integrals can be easily worked out
superconductivity: By increasing at constantV, one ob- analytically as functions of the lattice separatidsse the
serves a decrease @f (Fig. 2), although the influence of Appendix for details Normalizing their values to those es-

U is restricted only to the solution of EQRO) corresponding tablished at normal pressure, Table |, and making use of Eq.
to ans-wave gap. As a consequence of symmetry, the on-sité23), we eventually obtain a pressure-dependent band disper-
interactionU does not affect thd-wave solution for the gap sion relation. Figure 1 displays the dispersion relatign

(see also Ref. 25 for a full discussiorHowever, as Fig. 2 Eg.(7), along a symmetry contour of the first Brillouin zone,
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FIG. 4. The absolute value of the intersite coupling strength,
|V|, as a function of the in-plane lattice spacimg a,= a, (bottom
scalg and of pressur® (top scal¢. The circles make directly ref-
erence to the experimental valueB,T.) given by Huanget al,

. . ) . . L i . (Ref. 20 while the dashed line has been evaluated by a standard
showing an increasing dispersive behavior in the direction gt procedure(cf. also Fig. 5.

orthogonal to the Cu-O planes & increases. Figure 3

FIG. 3. Density of states as a function of the Fermi leuel
M, <u<uq. By increasing pressure=0.0 —20.0 GPa, the band
widens, while the DOS peak lowers.

shows the densities of statéB0OS) 1 (dRy
oo e

I’](/,L)sz ole=m), 24 Therefore, at the lowest order B,
computed correspondingly as functions of the Fermi level. p(P)=p(0)[1+«,P]. (28

As can be seen, within this simple model, an applied pres-

. . L However, one usually findg,> ky, so thatx,>0 for the
sure widens the band extension, decreasing its bofigm AN H— BV P
and increasing its top + , and therefore lowers the height of majority of compounds. For underdoped Bi2212, Huang

20 g _ 1 _
what would have been a true van Hove singularity, so to-t 8-, find «y=+0.08 GPa“, so that x,=+0.0634

, , GPa L.
keepn normalized to unity, In summary, Eq(28) fixes the hole content at the pres-

e sureP, given its valuep(0) at normal pressureP(=0). The
f n(p)du=1. (25)  knowledge of the lattice spacings, E&3), and of the band
By parameters as a function &f yields a modelP-dependent

band dispersion, giving rise to a flattened D@%). J). The

;—'2('9 d'pr‘geesrggﬁa(ljfcigfgc?elra;?ethF()aeaclf.\rlc? ?katlgl)(l:c?rzeotorfgs 1‘*"ﬁﬁversion of Eq.(13) then allows one to evaluate the corre-
ioidi : perovski pounds, gponding chemical potentigk, while Eq. (20) eventually

it is confirmed both by ARPES measureméhté and b ! = ;
band structure calcula%iloﬁ%30 Its relevance with respectyto yields the critical temperatur€, as a function of the cou-

. N ~ pling parameterd) andV. At this stage, we may leave the
the phenomenological properties of the hiGé-supercon latter as free, and determine it in order to fit the known

ductors has been recently underlifédin particular, an . ld d P Restricting tod
antiferromagnetic—van HoveAFvH) theoretical picturd40 ~ SXperimental dependence ©f on P. Restricting tod-wave
hSé(mmetry, Eq(20) yields

suggests a link between the presence of a large peak in t
DOS and the existence of an optimal valueTgfat a small 1
hole contenf! Since pressure decreases the height of the V=——o—
DOS peak, that optimal hole content is expected to increase, (Dide
which is actually what we observed plotting, vs p, for s a function of the critical temperatufg. Of course, noth-
increasing values of pressure. ing can be said about, since its value does not affect the
Let us now turn to the pressure dependence of the holg-wave solution for the gap.
content. Making the usual assumption that all the charge car- Figure 4 displays/, Eq. (29), vs a,, Eq. (23), evaluated
riers are localized within the Cu-O planes, one may identifyj correspondence to the five experimental coupRSsT()
the Hall resistance &= V/(zep), wheree is the elemen-  reported for underdoped Bi2212 by Huareg al?® The
tary charge ana the number of Cu ions within a unit cell of gashed line, which interpolates among these points, has been
volumeV. Equations(22) then promptly yield obtained by a standard best-fit procedureler 0—1.6 GPa.
Although the latter curve yields an overall trend, a nontrivial
1 19_13 correlation is suggested between the interaction strength and
P the structural properties of the lattice, such as its in-plane
spacing, which closely follows the dependence Tof on
where P.20 A similar conclusion has been derived by Neuméier,

(29

K =

=— =Ky— Ky, 26
p p )T H \% ( )
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T, [eV] +served universal behavior af; vs the hole conteng in the
0.0073 0.0074 0.0073 high-T. superconductors. A model tight-binding dispersion
relation for the free carriers in the lattice has been adopted,
as suggested by ARPES measurements and band structure
calculations. A simplified, though accurate, LCAO approxi-
mation has been employed in order to provide the band pa-
rameters with a suitable dependence on the lattice steps, and
therefore on pressure, through the known compressibilities.
Due to the quasibidimensional lattice structure, an almost
dispersionless character emerged for the carriers in the direc-
tion orthogonal to the planes, and a quite large van Hove—
like peak in their DOS. As predicted within an AFvH pic-
_ ture, a pressure induced decrease in the DOS peak produces
2 25 p p ss @ shift in the optimal doping level towards higher values.
T.[K] The comparison with known experimental data Tqrvs
p (Ref. 19 and T, vs P (Ref. 20 in Bi2212 allowed us to
FIG. 5. The solid line best fits the experimental data of Huanginterpret in a quantitative way the interplay betwekn p,
et al?®for dT./dP vs T, in Bi2212 under pressuréd=0-1.6 GPa and P. A strong contribution todT./dP, given by an in-
(circles. Our numerical estimates for the hole-induc@thshed crease of the hole content through an applied pressure, evi-
line) and intrinsic(dotted ling contributions to the latter are also denced by Hall resistance pressure measurements, has been
shown, according to Eq1). resolved from a non-negligible intrinsic one, mainly due to
the lattice rearrangement induced by pressure. On the basis
using data for the pressure dependenc&oh Y-Ba-Cu-O,  of this result, we can argue that the lattice structure is not
and assuming a strong-coupling BCS expression in compargompletely influent on the mechanism of high-supercon-
son with an improved McMillan expression fai.. Even if  quctivity. The latter statement has been supported by a quan-
the latter do not reliably account for the rich phenomenologpitative estimate of a nontrivial correlation between the inter-

of the cupratesviz., the high values of theif), a satisfac-  sjte coupling strength and the in-plane lattice spacings.
tory agreement was recognized with the observed trend in

d In T./dP. Both results seem to support a nonspectator role
of the lattice in the onset of an electronic instability towards ACKNOWLEDGMENTS
superconductivity. Although the present analysis does not ) ) ) ) )
address the problem of the nature and origin of the attractive We gratefully acknowledge interesting discussions with
interaction, Fig. 4 suggests a nontrivial behavior of the inter>rofessor J.S. Schilling and Dr. A.-K. Klehe. We are further-
site interactionV as a function of the cell spacing. more mdebted to Dr. H. Takgh_ashl and Dr_. A. Nazarenk_o for
We are eventually in the position to distinguish betweenProviding us with a useful bibliography prior to its publica-
the two contributions ta T, /dP in Eq. (1). The solid line in tion. G.G.N.A. thanks C.N.R. and G.N.S.M. for financial
Fig. 5 is the best fit to the values dff./dP vs T, deduced ~SUPPOrt.
from the experimental work by Huanet al?° on Bi2212
under pressureB=0—1.6 GPa. Figure 5 also displays

dT./d PK GPa]

APPENDIX: PRESSURE DEPENDENCE

JT, dp T, OF THE TIGHT-BINDING PARAMETERS

B =0k, (30 | o

dp dP P ap We here derive a convenient estimate of the dependence
numerically evaluated on the basis of our resfi. 2), Of the hopping parametets, ty, t,, andt, which define
assumingp(0)=0.2 by comparison of the results of Huang the tight-binding model dispersion relation, E(), as a
et al?® with the known dependence &, on p at normal function of the lattice parametes, , a,, anda,, and there-
pressuré? The intrinsic contributiondT,/dP is eventually ~fore of the pressure, through E@3). N
resolved as the difference between the previous two. The parameters, andt, measure the probability for a

A non-negligible intrinsic termdT./dP is recognized, Carrier to hop from one site to a nearest-neighbor site in the

thus suggesting an effective contribution of the lattice to thes@me Cu-O plane. In the tight-binding approximation, the
mechanism of highF, superconductivity against the role of dependence of, andt, on the in-plane lattice spacingg
carriers. However, sincéT,/dP>0 in the pressure region anday may be approximated by the overlap integrals be-
considered, the change of sign in the tatdl./dP observed tWeen the D, and 2o, hydrogenoid atomic orbitals, centered

in underdoped Bi2212 is mainly due to the nonmonotonico" the oxygen site, and thed_, one, centered on the
dependence Gf, on p, via Eq. (1). copper site, distand,/2 anda,/2 from the former, respec-

tively. Such overlap integrals have been analytically evalu-
ated employing elliptic coordinates, and they behave as
t;~exp(—5a/24a,) for a;>a,, beinga, the Bohr radius of

In summary, we have employed a BCS-type mean-fieldhe hydrogen atom.
approximation of the extended Hubbard model to describe a In an analogous way, we takg, proportional to the over-
system of fermionic, holelike carriers, subjected to anlap integral between the @ and the 3, hydrogenoid
intermediate-range interaction, in order to reproduce the obatomic orbitals, centered on next-nearest-neighbors oxygen

IV. CONCLUSIONS
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sites, respectively, distaat 2 apart.t, is assumed propor- finds t,~exp(—a/2a;) and t,~exp(-5aj/2a,) for
tional to the overlap integral between thel;%_,2 hydro-  a;>ag. The proportionality constants are chosen so that Eq.
genoid atomic orbital centered on a copper site, and th€7) correctly fits the observed band dispersion at normal
2p, one, centered on the corresponding apical oxygen. OnpressurgFig. 1).
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