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2II. Physikisches Institut, Universität zu Köln, 50937 Köln

Recently, more and more evidence is emerging that the magnetic exci-
tations in high temperature superconductors have a universal character.
The resonance mode at QAF and the incommensurate satellites need no
longer be regarded as mutually exclusive phenomena pertaining to differ-
ent families of cuprates. This observation revives the interest in the quan-
titative theoretical description of the magnetic excitations. One route in
the quest for such a theory is to consider charge modulated phases like
stripes or tiling patterns which are suggested experimentally by scan-
ning tunnel microscopy and theoretically by phenomenological quantum
dimer models.

We present a quantitative description of the universal magnetic exci-
tations which is based on charge stripes where the collective magnetic
excitations result from dispersing triplon modes. The anisotropy of the
dispersion implies the observed two different energy scales. Very good
agreement is obtained for realistic coupling parameters which include a
sizable cyclic exchange.

Evidence and counter-evidence for the validity of the model proposed
and for possible alternatives is discussed.
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The physics of high-temperature cuprate superconductors exhibits a
two-dimensional (2D) character due to the layered structure. An influen-
tial theory predicts a further reduction of dimensionality: In the CuO2-
layers charge and spin are supposed to separate spontaneously forming
one-dimensional (1D) stripes of antiferromagnetically ordered spins sep-
arated by charge rivers. Such stripe arrangements should become visible
by virtue of their quasi-1D spin excitations. We use inelastic neutron
scattering (V. Hinkov et al., Nature 430, 650) to investigate the in-plane
geometry of spin excitations in YBa2Cu3O6+x with Tc of 90K, 61K and
35K, respectively. We use fully untwinned samples, as the signal from
twinned crystals contains contributions from both perpendicular twin
domains. We demonstrate, that the spin excitations are 2D and form
a ring in reciprocal space, thus excluding simple, 1D arrangements of
stripes. However, amplitude and width are modulated along the ring.
Therefore, configurations of stripes are possible with strong orientational
fluctuations, which can be quantified by our data. Further, we show that
a great deal of the observed modulation originates from the normal state.
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We show that a new resonant magnetic excitation at incommensurate

momenta, observed recently by inelastic neutron scattering experiments
on YBa2Cu3O6.85 and YBa2Cu3O6.6, is a spin exciton. Its location in the
magnetic Brillouin zone and its frequency are determined by the mo-
mentum dependence of the particle-hole continuum. We identify several
features that distinguish this novel mode from the previous resonance
mode observed near Q = (π, π), such as its intensity maximum which
occurs in a different part of the magnetic Brillouin zone.
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There exist certain theoretical suggestions that in copper-oxide based
high-temperature superconducting materials, the so-called time-reversal
and rotational symmetry-breaking phase should be observed. To reveal
this effect a set of experiments whith circularly polarized light has been
done. Anticipated effect has not been observed and therefore the answer
whether this phase exists still remains unclear. Instead a new effect was
discovered. We observe the dichroism of different signs on the bonding
and antibonding components of the CuO-band in lead doped BISCO
samples. Here we present the detailed behaviour of the dichroic signal
in the 1st and partly 2nd Brillouin zones, as well as the temperature
dependence for the optimally- and over-doped samples. Some plausible
explanations of the effect are given.
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Recently the lattice dynamics of YBa2Cu3O7 has been calculated suc-
cessfully with modern ab-initio density functional methods [1]. However,
the superconducting properties depend sensitively on the oxygen con-
tent thus it is of great interest to study the lattice dynamics and the
electron-phonon coupling as function of doping. Here we present results
for the Ortho-II phase of YBa2Cu3O6.5 which has been possible to treat
in detail with density-functional perturbation approach. The structure,
lattice dynamics and electron-phonon coupling has been determined and
will be compared with available experimental data as well as with results
for YBa2Cu3O7. The calculations indicate that the oxygen-apex modes
are most strongly affected by doping.
[1] K.-P. Bohnen, R. Heid, M. Krauss, Europhys. Lett. 64, 104 (2003)
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Using a generalized RPA-type theory we calculate the in-plane
anisotropy of the magnetic excitations in hole-doped high-Tc supercon-
ductors. Extending our earlier Fermi-liquid based studies on the reso-
nance peak by inclusion of orthorhombicity, we still find two-dimensional
spin excitations, however, being strongly anisotropic. This reflects the
underlying anisotropy of the hopping matrix elements and of the super-
conducting gap function. We compare our calculations with experimental
date on fully untwinned YBCO (V. Hinkov et al., Nature 2004) and find
good agreement. Our results are in contrast to earlier interpretations on
the in-plane aniostropy in terms of stripes (H. Mook et al., Nature 2000).


