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(Fhg@) (Laboratory of Atomic and Solid State Physics, Cornell University)
& H Intrinsic Localized Modes in Crystal and Spin Lattices
L=

It has been realized for decades that spatially localized modes can occur in purely
harmonic lattices only when disorder is introduced so that the translational invariance
of the underlying lattice is broken. In recent years it has been noted that some vibrations
in perfectly periodic lattices containing both nonlinearity and discreteness appear to
localize and the study of this intrinsic localization in various nonlinear periodic lattices
is proving quite fruitful. Recently, this earlier work has been formalized in terms of a
number of useful existence and stability criteria, and many physically exciting contexts
are currently emerging - - in nonlinear lattice dynamics (including fracture and friction),
magnetic systems, molecular crystals, electron - phonon and magnon - phonon systems,
structural biology, and nonlinear optics. The potential for these self - localized oscillatory
excitations in equilibrium and nonequilibrium classical and quantum discrete lattices is
now extensive and this has become a major activity in nonlinear condensed matter
research. In this talk intrinsic localization in lattice and spin systems is described. Such
intrinsic localized modes have somewhat the character of previously studied force
constant defects, but they may appear anywhere in the homogeneous lattice and are
mobile. Only part of the energy of such a localized vibrational gap mode is associated
with the kinetic and potential terms of the ac vibration, the rest resides in a localized dc
distortion; consequently, crystal structure is important and such modes may form more
readily in zinc blende rather than fcc lattices. Recently, it has been shown that intrinsic
localized spin wave modes (ILSMs) can occur in both classical ferromagnetic chains with
on-site easy-plane anisotropy and antiferromagnetic chains with on-site easy - axis
anisotropy. Like their vibrational counterpart, the ILSMs extend over only a few lattice
sites and have amplitude - dependent frequencies outside the linear spin wave bands. Our

computer simulations indicate that a natural place to look for ILSMs in antiferromagnets



is in the gap below the plane wave modes.
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B B High - spatial resolution X - ray study of the field induced charge -density -
wave deformations in NbSe3

2 B

One of the characteristic properties of charge -density - wave (CDW) systems is the
non - linear current carried by the sliding CDW under an applied electric field E
exceeding a threshold Er. This non-ohmic current requires phase - slip processes to
add(or remove) CDW wave fronts between the pinned CDW at the current contacts and
the depinned, sliding CDW between the contacts. Secondly, the phase slip acts to convert
the free charge - carriers in the electrodes into (or from) the CDW - condensate. The phase
slip process creates dislocation loops near one electrode and destroys them near the other,
resulting in a spatial variation of the CDW periodicity along the sample.

We report X - ray diffraction measurements of the spatially dependent shift A & of the
CDW satellite position(0, k, O) in NbSe3, using beam widths down to 30 £z m. Particular
interest was focused on A k£ in the vicinity of the electrical contacts. Up to now, similar
experiments have been performed applying only pulsed currents to avoid ohmic sample
heating. By optimizing the experimental conditions(sample substrate, incident
wavelength) we were able, for the first time, to apply direct currents. This allows the
investigation of the complete CDW deformation and offers insight into the structural
relaxation of the CDW when turning off the current.

Our results reveal a steep decrease of A £ in the first few hundred microns from the
contact boundary followed by a linear gradient in the central section of the sample. These
results are in quantitative disagreement with existing theoretical models on the spatial
phase slip distribution, which include phenomenological parameters such as the phase

slip voltage, and have led us to develop a now, microscopic model.
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& H Cluster transfer matrix method for the single electron box problem
® B

The single electron box is the most elementary device which exhibits the Coulomb
blockade phenomenon. It consists of a metallic island connected to an outside lead by a
tunnel junction and coupled capacitively to a gate voltage. The problem is to find the
average electron number in the box as a function of temperature, conductance of the
junction and the gate voltage.

At T = O and without the tunneling effect, the electron number vs. the gate voltage is
a perfect staircase. The electron tunneling is strictly forbidden and the Coulomb gap
appears in the dc current - voltage characteristic. It is also clear that for high temperature
or large enough conductance, the Coulomb blockade is absent. The question is then, how
in general temperature, conductance, and the gate voltage affect the average electron
number in the box. Theoretical studies so far have been based on perturbation theories,
perturbative renormalization group, the instanton method, scaling arguments, giving
mutually disagreeing results, and Monte Carlo simulations being limited to moderate
conductance, and thus the situation is controversial. We have recently developed a new
method, the cluster transfer matrix (CTM) method, for the single electron box for
arbitrary temperature, the gate voltage and conductance. The most notable point of the
new method is that it is systematic and exact as far as it converges with the cluster size.
Moreover, the method contains a means which drastically accelerates the convergence,

enabling us to reach far wider parameter space than Monte Carlo can.



H B 19984 A1TH (&) Fk3R~4k
% B UETREET QL ERE
# B Prof. Tomasz Dietl
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& B Ferromagnetic transition in structures of diluted magneticsemiconductors
2 B
A review will be given on effects of the Ruderman - Kittel - Kasuya - Yosida(RKKY)
interaction between localized spins in various dimensionality systems of doped diluted
magnetic semiconductors(DMS). Since this interaction is long - range, its influence on
the temperature and magnetic field dependencies of magnetization and spin splitting of
the bands is evaluated in the mean field approximation, but by taking into considerations
disorder - modified carrier - carrier interactions. The results show that the hole densities,
which canpresently be achieved, are sufficiently high to drive a paramagnetic -
ferromagnetic phase transition in bulk and modulation - doped structures of II - VI DMS.
Our recent photoluminescence studies on MBE - grown samples, containing a single,
modulation - doped, 8 ~nm quantum well of Cd:-«Mn.Te/Cd:-y-.MgyZn,Te:N are
discussed.
These studies reveal the presence of a ferromagnetic transition induced by the
two - dimensional hole gas. The transition occurs between 1.8 and 2. 5K, depending on the

Mn concentration x, in agreement with the theoretical model.
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B ] Prof. F.I.B. Williams
(Frl®) Service de Physique de 1'Etat Condensé, Saclay
H H The 2-D Wigner solid and the vortex lattice: experimental systems for
studying the interaction and disorder problem

E B

The velocity - force characteristic is a standard way of revealing the maximum pinning
force and has been applied to both systems. In the case of the Wigner solid, it has also
been possible to measure the small excursion pinning frequency and relate it to the
depinning force. Also for the Wigner solid, the Hall effect I-V in the sliding conduction

regime shows a threshold current which is interpreted as a manifestation of a



unidimensional path constraint on the current lines. This is a first laboratory
manifestation of a threshold force for motion perpendicular to sliding conduction, an
effect recently predicted by the theoretical analysis of Le Doussal and Giamarchi, and
supported by simulation studies, for an elastic periodic system in a random field. This
same effect may also be responsable for the absence of any Hall effect in the low

temperature phase of the vortex lattice.
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(@) (University of Illinois at Urbana - Champaign)
B H The Spin Fluctuation Model for High Temperature Superconductivity
B2 B

Following the identification of the dx:.y* pairing state predicted by spin - fluctuation
models of high temperature superconductivity, attention has shifted to understanding
normal state behavior. I shall review the extent to which the Urbana spin - fluctuation
model for the high temperature superconductors provides a microscopic account of the
evolution with doping and temperature of anisotropic quasiparticle behavior, low
frequency magnetic behavior, transport, and Raman experiments on the cuprate

superconductors in the mean field and weak pseudogap regimes of their normal state.

m
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sl

(AT/E) (Laboratory for Neutron Scattering ETH Zurich & Paul Scherrer Institute)
& H Mixed order - parameter symmetry in underdoped high - temperature
superconducting compounds: A neutron crystal-field study
The temperature dependence of the relaxation rate of crystal-field excitations in the
slightly underdoped high - temperature superconductors HoBasCusOs and Er:BaisCurOis
has been investigated by means of neutron scattering measurements. The data show clear
evidence for the opening of an electronic gap in the normal state far above the critical

temperature Tc. The relaxation behaviour appears to be extremely dependent upon the



energy at which the susceptibility is being probed, and it is shown that the main observed
features can be best reproduced by considering a strongly anisotropic gap function of

mixed s-and d-wave character, for which the s-wave component contributes about 20%.
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# ff  Dr. L.F. Mattheiss
(Frl8) (Bell Laboratories, Lucent Technologies)
g Band - Theory Approach to the Identification of New High - Tc Superconductors
®E

Simple ab-hoc band-structure criteria for identifying possible high-Tec
superconductors among new classes of candidate materials will be described.
The key band characteristics are quite rare, but they are shared by all the known cuprate
and bismuthate high-Tc superconductors. The application of these criteria to new
systems will be illustrated by considering a variety of perovskite-type candidates,

including non - oxides.
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