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The anomalous momentum and temperature dependence of the spectral lineshape in data from
underdoped Bi2Sr2CaCu2O81d (Bi2212) indicates that the quasiparticles are strongly coupled to
collective excitations centered near Q ­ sp, pd. The doping dependence of the spectral lineshape
and its correlation with the size of the superconducting gap indicate these collective excitations are
related to the pairing interaction in high-Tc superconductors, in analogy with phonon induced structures
in tunneling spectra of low Tc materials. [S0031-9007(97)02505-2]

PACS numbers: 74.62.Dh, 73.20.Dx, 74.72.Hs, 79.60.Bm

Over the last decade, angle-resolved photoemission
spectroscopy (ARPES) has contributed significantly to
the understanding of the high-Tc superconductors [1].
The most recent example of this is the observation of
an anisotropic excitation pseudogap in the normal state
of underdoped Bi2212 [2–4]. Despite the progress,
the line shape of photoemission spectra remains poorly
understood. This is particularly true for the underdoped
materials. In this paper, we analyze the momentum,
temperature, and doping dependence of the spectral line
shape, with emphasis on a broad feature at 100–200 meV
that is always present in spectra taken near (p, 0) in un-
derdoped samples. This feature is absent in spectra taken
at the Fermi surface along the (0, 0) to (p, p) direction
in underdoped samples and along both of these directions
in overdoped materials. We argue that these results are
due to a strong dressing of the photohole for k > sp, 0d
in the underdoped material, while the dressing is modest
in the other cases. This result is consistent with the hole
coupling strongly to collective modes of momentum q
whose spectral function x 00sq, vd peaks near Q ­ sp , pd
for the underdoped case, while the coupling is weak
because x 00sq, vd is weak and broad in momentum for the
overdoped case. The doping dependence of the ARPES
spectrum and the superconducting gap suggests that these
collective excitations are related to the pairing potential
with momentum dependence consistent with d pairing
symmetry [5].

Angle-resolved photoemission data were obtained us-
ing a Vacuum Science Workshop chamber attached to
the beam line V-3 of the Stanford Synchrotron Radiation
Laboratory (SSRL) and a Scienta-200 analyzer using a He
discharge lamp. Details of the experimental setup and the
sample preparation are the same as those reported earlier
[3]. The energy resolution of data discussed here is ei-
ther 35 or 20 meV as specified later, and the momentum
resolution is 61 degree. Doping of the sample is accom-
plished through oxygen content adjustment by annealing
under various conditions. The notation of underdoping

(overdoping) represents smaller (larger) hole concentra-
tion than those needed to achieve maximum Tc.

Figure 1 shows typical normal state photoemission spec-
tra recorded at 100 K from an underdoped and an over-
doped Bi2212 sample with Tc of 84 and 80 K, respectively.
(a) and (b) represent spectra taken at the Fermi surface
(FS) crossing along the (0, 0) to (p, p) direction and the
(p , 0) to (p, p) directions, respectively. The spectra from
the overdoped sample show Lorentzian-like peaks at the
Fermi level. The spectrum from the underdoped sample
recorded at (a) is very similar to that from the overdoped
sample. In contrast, the spectrum at (b) is dramatically
different. It is an edgelike structure with a very broad
maximum near 100–200 meV. Furthermore, the leading
edge is pulled back from the Fermi level by about 20 meV,
reflecting the reported dx22y2 like normal state excitation
pseudogap [2–4].

The difference between the spectra at (b) from the
underdoped and overdoped samples is generic. In the

FIG. 1. ARPES data from an underdoped Bi2212 (A) and an
overdoped Bi2212 (B) sample with an energy resolution of
35 meV. The inset shows k-space locations where the spectra
were recorded. The curve depicts the experimental Fermi
surface. (a) and (b) denote the Fermi surface points along
the (0, 0) to (p , p) and (p , 0) to (p , p) directions, respectively.
(b) is very close to (p , 0).
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