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for elastic scattering, and find that a non-monotonic gap gives rise to
several specific features in optical and Raman response functions. We
argue that all these features are present in the experimental data on
Nd2_;Ce;CuO4 and Pro_,Ce,; CuOy4 compounds.

Invited Talk TT 33.3 Thu 14:45 H 0104
Superconductivity in the Hubbard model and the two gap en-
ergy scales in high-temperature superconductors — eMARKUS
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Quite after the discovery of high-temperature superconductivity in the
cuprate compounds, it has been proposed that the essential physics of
these materials is captured by the Hubbard model. Although this
model is conceputally very simple, an exact solution is not known
for more than one spatial dimension. Thus, approximate or numer-
ical evaluations are needed for these quasi 2D materials. Our un-
derstanding of the ground-state properties of the 2D Hubbard model
has improved a lot due to the development of the dynamical mean-
field theory and its cluster extension. We will discuss recent results
obtained by the variational cluster approach (VCA), focusing on the
symmetry-broken phases at zero temperature. Besides the discussion
of the competition between antiferromagnetism and d-wave supercon-
ductivity at low hole doping, we will focus on the doping evolution of
the superconducting gap. We show that the Hubbard model is indeed
able to describe the experimentally found two energy scales in the un-
derdoped cuprates, and give a possible explanation of this feature in
terms of a spin-fluctuation-mediated pairing mechanism.

15 min. break
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Momentum-resolved electron-phonon coupling and self-
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The observation of kinks in the electronic dispersion of high-T.
cuprates by angle resolved photoemission experiments has revived the
discussion about the importance of electron-phonon interaction in the
cuprates. Here we determine the effect of the electron-phonon cou-
pling on the electronic self-energy in the normal state within the
local-density approximation. Using a realistic phonon spectrum we
determine the momentum and frequency dependence of a2F(k,w) in
YBazCu3zO7; for the bonding, antibonding, and chain band. We find
that the maximum in the real part of the self-energy at low frequencies
is about a factor 5 too small compared to the experiment. The renor-
malization factor Z(k,w), which determines the change in the slope of
the electronic dispersion due to the interaction, varies smoothly as a
function of frequency and momentum. These findings show that, at
least within the LDA, phonons cannot produce well-pronounced kinks
in YBaoCuszOr.
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Cuk et al. [Phys. Rev. Lett. 93, 117003 (2004)] and Devereaux

et al. [Phys. Rev. Lett. 93, 117004 (2004)] relate the antinoidal
kink in ARPES measurements with the Blg phonon buckling mode.
However, this assumption is controversial as this kink has also been
related to the magnetic resonance mode by Kaminski et al. [Phys.
Rev. Lett. 86, 1070 (2001)] and Kim et al. [Phys. Rev. Lett.
91, 167002 (2003)]. Until now inelastic neutron scattering measure-
ments on this phonon mode on YBazCuzOg¢+4 by Reznik et al. [Phys.
Rev. Lett. 75, 2396 (1995)] has only been done on twinned sam-
ples for x=1. Here we present high resolution neutron measurements
on the buckling mode on YBCO for x=0.6 and x=1.0. These mea-

surements performed at Puma and 1T1 at Saclay have been made on
fully detwinned samples. Thus we could show that this phonon mode
performes an anisotropic superconductivity-induced interaction with
a neighboring phonon mode. Hence these measurements enrich the
experimental evidence for superconductivity induced phonon effects in
high temperature superconductors.
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d-wave stripes in cuprates: Valence bond order coexisting
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We point out that unidirectional bond-centered charge-density-wave
states in cuprates involve electronic order in both s- and d-wave chan-
nels, with non-local Coulomb repulsion suppressing the s-wave com-
ponent. The resulting bond-charge-density wave, coexisting with su-
perconductivity, is compatible with momentum-space features seen in
recent photoemission and tunneling data and as well as in neutron-
scattering measurements, once long-range order is destroyed by slow
fluctuations or glassy disorder.
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Stripe-like phases in hole-doped cuprates, in which antiferromagnetic
domains are separated by periodically spaced domain walls to which
the charge carriers are segregated, are caused by a complex interplay
between lattice defects and charge and spin degrees of freedom. In
Laj g—zFEug.2Sr,CuO4 a stripe-like phase replaces almost the entire
superconducting phase because in this system stripes are stabilized by
the existence of a low-temperature tetragonal phase in a large con-
centration range. In order to directly prove the existence of charge
ordering in these compounds we have used resonant soft X-ray scat-
tering at the Ols and Cu2p edges. Long-range charge order exists at
low temperatures and x close to 1/8. At higher temperatures and for
x = 0.15 the coherence length is reduced due to fluctuations and/or a
reduced order.
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Inelastic x-ray scattering (IXS) was used to study the Cu-O
bond-stretching vibrations in the static stripe phase compound
Laj 48Ndg.4Srp.12CuOy4. It was found that the intrinsic width in Q-
space of the previously reported huge anomalous phonon softening
and broadening is approximately 0.08 r.l.u. HWHM. A detailed com-
parison was also made to inelastic neutron scattering (INS) studies,
which reported a two-peak lineshape with a ”normal”’and an ”anoma-
lous” phonon peaks. The ”normal”branch in the neutron data seems
to be mostly suppressed in the high resolution IXS data. Otherwise
the agreement between the INS and the IXS was excellent.
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The relationship between charge ordering phenomena and super-
conductivity was investigated with electronic Raman scattering in
Laz_4SrxCuO4 (LSCO) and Y;_yCayBasCu3Ogix (Y-123) single
crystals. New low-energy excitations were found that are interpreted in
terms of dynamical stripes. Below the onset point of superconductiv-
ity psc1 the stripes are oriented along the diagonal of the CuO2 planes
for both LSCO and Y-123. The Raman data indicate that diagonal
stripes compete with superconductivity. Apparently, stripes along the
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