
the leading-edge midpoint shift, the gap amplitude was
estimated to be !10 meV for the optimally doped
sample, thus much smaller than in Bi2212
(!20–30 meV; see Fig. 62). As discussed for the case of
Bi2212 (Sec. VII.A), the momentum dependence and
magnitude of the normal-state pseudogap are similar to
those of the superconducting gap, which may imply a
common origin for the two features. Furthermore, as we
shall see in Sec. VII.D, the magnitude of the pseudogap
in Bi2201, in particular as estimated from the position of
the leading-edge midpoint, is comparable to the results
obtained for LSCO. Given that Bi2201 and LSCO are
characterized by a similar value of Tc

max!34–38 K,
much lower than the !95 K of Bi2212 [see, for example,
Eisaki et al. (2002)], these findings suggest a direct cor-
relation between Tc

max and the size of the pseudogap
(and/or superconducting gap) for the different families
of cuprates.

C. Bi2Sr2Ca2Cu3O10+!

The pseudogap in Bi2223 has been recently studied by
Feng, Damascelli, et al. (2002) and Sato, Matsui, et al.
(2002), on nearly optimally doped samples (Tc
!108 K). The (",0) ARPES spectra and the results ob-
tained by symmetrizing the spectra with respect to EF
[as defined by Norman, Randeria, et al. (1998)] are pre-
sented as a function of temperature in Figs. 64(a) and
(b). At low temperature, a large superconducting gap is
clearly visible, as discussed in Sec. V.C. However, as em-
phasized by the direct comparison between the 170-K
symmetrized spectrum and those taken at T#125 K
[Fig. 64(b)], the gap is still open at T!Tc and it does not
close until T*!135 K (as revealed by the suppression of
the low-energy spectral weight). Note that the absolute
difference between Tc and T* is rather small in this
case, presumably because the doping level is very close
to optimal. Similar results were reported by Feng,
Damascelli, et al. (2002), who showed that a gap is
present at spectra taken above Tc near (",0) but not
along the nodal direction, which suggests a d-wave sym-
metry for the pseudogap in Bi2223.

D. La2"xSrxCuO4

The investigation of the normal-state pseudogap in
LSCO by ARPES has been complicated by the poor
stability of the cleaved surface at temperatures higher
than Tc , even in ultrahigh vacuum. Therefore the first
evidence for this phenomenon in LSCO was reported by
Ino et al. (1998) on the basis of angle-integrated photo-
emission experiments, in which clean surfaces were ob-
tained by repeatedly scraping (i.e., every 40 min) the
sample surface in situ with a diamond file (procedure
which obviously prevents the acquisition of angle-
resolved spectra, due to the roughness of the scraped
surface). These data show a systematic depression of the
density of states (more pronounced at lower dopings),
which was considered indicative of a pseudogap with an
energy scale of 100–200 meV at 5–10 % doping.

Using a similar procedure, Sato, Yokoya, et al. (1999)
investigated the temperature dependence of the
pseudogap in optimally doped LSCO (x!0.15, Tc
!38 K). In order to extract a more direct representation
of the density of states near the Fermi level, these au-
thors divided the spectra by the Fermi-Dirac distribution
function (at the corresponding temperature) convoluted
with a Gaussian (to account for the instrumental resolu-
tion of 7 meV). In contrast to what is observed in a
normal metal like Au (inset of Fig. 65), on LSCO the
intensity close to the Fermi level ($30 meV) increased
smoothly as the temperature was raised (Fig. 65). This
effect was observable over a temperature range much
larger than Tc , and thus provided direct evidence for
the existence of a normal-state pseudogap.

FIG. 64. Temperature dependent ARPES spectra measured
on Bi2223 in correspondence with the underlying Fermi-
surface crossing along the (",0)-(",") direction: (a) raw spec-
tra; (b) symmetrized spectra (the 170-K spectrum, gray thick
line, is superimposed to those taken at T#125 K for compari-
son). From Sato, Matsui, et al., 2002.

FIG. 65. Density of states for optimally doped LSCO (Tc
!38 K) and polycrystalline Au. After Sato et al., 1999 (Color).
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