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Intrasublattice Hopping and Tmax
c in the Cuprates

In a recent Letter [1], it was shown that the critica
temperature at optimum dopingTmax

c is determined by
t2 ­ t2 2 2t3, whereti is the hopping betweenith nearest
neighbors (including the effect of three-site termskt3slAF)
in a generalizedt-J model. While we believe that the
result is correct and important, some assumptions, cruc
for the physics of the cuprates, should be corrected.

The authors assumed that holes introduced by doping
a rigid quasiparticle band with dispersionek ­ t̂1scos3

kx 1 coskyd2 2 t̂2scoskx 2 coskyd2, wheret̂1 ­ t1 1

Jy2, t̂2 ­ t2. This is not valid for realistic (small)Jyt1,
for which the antiferromagnetic background is strong
distorted, as described by the “string” picture [2]. Th
intrasublattice hoppings are strongly renormalized. W
have calculated the dispersion of a hole using the se
consistent Born approximation [3]. For the “bare”t-J
model with t1 ­ 0.4, J ­ 0.12 (other ti ­ 0), the above
equations givet̂1 ­ 0.06, t̂2 ­ 0, and the Van-Hove
singularities would be reached for dopingdyH ­ 0 [1].
We find that ek with t̂1 ­ 0.06, but t̂2 ­ 20.0102
accurately reproduces the resulting dispersion. For th
values,dyH ­ 0.374, which lies beyond the overdoped
region of any high-Tc material. A negativet2 (which
corresponds to the systems with higherTc) increases the
difference betweenesp ,0d and espy2,py2d and movesdyH

further towards 0.5. This is probably the reason wh
Dagottoet al. introduce a positivet2 leading to positivet2

in their antiferromagnetic Van Hove (AFVH) scenario [4]
Specifically, using the same low-energy reduction proc
dure from the three-band modelsH3bd as Feineret al. [1,5],
taking D ­ 3, Ud ­ 8, Upd ­ 1Up ­ 4, tpp ­ 0.5 in
units oftpd, without corrections due to apical O atoms, w
obtain t1 , 0.4, t2 ­ 0.035, t3 ­ 0.089. Taking (as al-
ways in this work)J ­ 0.12, the self-consistent Born ap-
proximation (SCBA) gives a quasiparticle band which ca
be reasonably well described byek 1 t̂5 cos2kx cos2ky

with t̂1 ­ 0.066, t̂2 ­ 20.058, t̂5 ­ 20.009. Neglect-
ing t̂5, dyH ­ 0.499 results. However, if one takes the
noninteracting band defined byek 1 2t1scoskx 1 coskyd
with t̂6 ­ t6, and band filling satisfying Luttinger theo-
rem, the van Hove points [now atk ­ sp , 0d and equiva-
lent wave vectors] are reached at the more reasona
dopingd

ni
yH ­ 0.28. Corrections due tot3s practically do

not modify the critical dopings. Neglecting them, we ob
taint2 ­ 20.03, t3 ­ 0.057, the SCBA giveŝt1 ­ 0.064,
t̂2 ­ 20.052, t̂5 ­ 20.006, and then dyH ­ 0.499,
d

ni
yH ­ 0.30. This is important since for other three-ban

parameters [5], and particularly using a mapping in term
of nonorthogonal singlets, or numerical fitting of th
energy levels,t3s changes sign [6].

For moderate apical corrections,t2 ­ 0.075, t3 ­ 0.69,
the SCBA dispersion is reasonably well reproduce
with t̂1 ­ 0.065, t̂2 ­ 20.036, t̂5 ­ 20.009, leading to
dyH ­ 0.48, while d

ni
yH ­ 0.12. Thus, contrary to the
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strongly renormalized one-hole results, the noninteracti
values d

ni
yH agree with the tendencies pointed out i

Ref. [1]. In fact, recent angle-resolved photoemissio
experiments show thatesp ,0d moves strongly with doping
and that the Fermi surfaces of optimally doped supe
conductors (for reasons still unclear) are very similar
those predicted by the local-density approximation [7].
negativet2 shifts d

ni
yH from the underdoped to the opti-

mally doped region. Qualitatively, the effect of the apica
O pz and Cud3z22r2 orbitals in shifting the Van Hove
singularities is already clear from the Hartree-Fock sol
tion of the multiband model [8].

We also argue that the model with up and down sp
quasiparticles moving in opposite sublattices and wi
nearest-neighbor attractionV , Jy2 (AFVH picture [4]),
for realisticJyt1, does not reproduce even qualitatively th
pairing interaction oft-J-like models. The AFVH model
leads to equal amounts of singlet and triplet pairs.
one dimension, it is clear from the continuum limit theor
that Kr . 1 (superconducting correlations dominate) a
soon asV . 0, while numerical calculations in thet-J
model, even in the presence of a staggered magnetic fi
h ­ Jy2, require J . 0.4t1 to show pairing [9]. We
have diagonalized thet-J model witht1 ­ 0.4, J ­ 0.125,
together with the corresponding AFVH model [4], in
4 3 4 cluster withd ­ 0.25. We find that the behavior
of the singletd-wave pairing correlation functions is quite
different. At the largest distances2

p
2 d, the AFVH value

is 0.114, while the correspondingt-J result is more than
10 times smaller. The effect of the spin-flip part oft3s on
the pairing mechanism cannot be disregarded [6].
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