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Two-dimensional Coulomb Systems: Structure and Dynamics

Paul Leiderer, University of Konstanz, Germany

Two - dimensional Coulomb systems display numerous physical phenomena of current
interest both in the classical and in the quantum mechanical regime. This contribution
focuses on various aspects of crystallization and melting. Two experimental realizations,
which can also be considered as model systems, have been investigated for this purpose:
On one hand electrons on the surface of liquid helium, which cover the range from
classical to quantum mechanical systems, on the other hand colloidal suspensions of

mesoscopic charged particles in water, which behave purely classically.

In the first case, which bears resemblance with electron systems at semiconductor
interfaces, the electrons are trapped just above the helium surface in a potential well
formed by the attractive image potential and a short-range repulsive barrier due to the
helium liquid. In the ground state at a binding energy of about 1meV the electrons are
localized perpendicular to the surface, but are free to move parallel, thus forming a
two - dimensional layer. The competition between Coulomb, Fermi and thermal energy
gives rise to an intriguing phase diagram, with a solidification from a classical Coulomb
liquid towards a Wigner crystal at relatively low electron density and a reentrant
"quantum melting” of this crystal towards a degenerate 2D Fermi liquid at high density.
Whereas the Wigner crystallization in the classical regime has been known already for
two decades, first evidence for the latter process has been found only recently in
microwave experiments [1]. The detailed nature is still to be investigated, as well as the
influence of external magnetic fields, and the ultralow temperature range, where

magnetic ordering of the Wigner crystal is to be expected.

Colloids as the second class of systems to be reported here offer the advantage that the
structure and dynamics of these particle ensembles can be viewed directly by video
microscopy. Our emphasis has been put on the freezing and melting behavior of such
systems in restricted geometry, in particular on 2D clusters confined by hard walls [2],
and on the influence of spatially periodic external potentials [3]. In both cases the

liquid - to - solid transitions appear as a very rich phenomena. As a novel result, these



studies have revealed that fluctuations under certain conditions help to stabilize the
ordered phase and give rise to reentrant freezing, at variance with conventional wisdom

that increasing fluctuations always destroy order and thus lead to melting.

[1] T. Gunzler, B. Bitnar, G. Mistura, S. Neser, P. Leiderer: "Evidence for Quantum
Melting
in the Two - Dimensional Electron System on a Thin Helium Film”, Surf. Sci.
361/362 (1996) p.831

[2] R. Bubeck, C. Bechinger, S. Neser and P. Leiderer, to appear in Phys. Rev. Lett.

[3] Q.-H. Wei, C. Bechinger, D. Rudhardt, and P. Leiderer: "Experimental Study of
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It is nevertheless, I believe, the present consensus that the most important immediate
problem of technique in this field is to find methods of producing stress systems which
are truly hydrostatic.The technical problems are particularly challenging in the
important field of combined high pressure and low temperature, a field which has no
counterpart in nature.

The importance of realizing a true hydrostatic pressure depends to a large extent on
the sort of phenomenon concerned.

If we are concerned merely with producing a qualitative effect, as in diamond
synthesis, it is a matter of no importance at al. But the situation is different if it
becomes a matter of measureing the physical parameters which control the
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& H Aging phenomena in spin glasses and disordered ferromagnets
® B

In a spin glass, the crossing of Tg is the starting point of a slow out - of - equilibrium
‘aging’ evolution. Similar phenomena are known in e.g. dielectric crystals, supercooled
liquids or glassy polymers. A natural basis for the understanding of aging is the idea
of a slow domain growth of a spin - glass type ‘ordered phase’. However, some important
features of aging are hard to interpret within a simple domain growth scenario. Namely,
aging can be reinitialized during cooling (‘rejuvenation’, or chaos-like effect), and the
memory of previous aging can be retrieved when re - heating. On the oter hand, a simple
domain growth scenario should be directly relevant to describe aging in disordered
ferromagnets. In recent experiments, we have compared aging phenomena in the spin
glass and ferromagnetic phases of a reentrant system. Memory effects can also be found
in the ferromagnetic phase, but they are rapidly erased by the growth of ferromagnetic
domains. We interpret the spinglass like behavior observed in the ferromagnetic phase in
terms of pinned domain wall reconformations, and discuss how this picture might extend

to spin glasses.
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= H The Core of a Pancake Vortex
2 B

Superconducting order breaks down in the center of a vortex. This region of a strongly
reduced order parameter is called the normal core of a vortex. Our understanding of the
physics of the normal core started 1964 with the calculation of bound quasiparticle states
in the core by Caroli, de Gennes and Matricon. The binding mechanism for these states
is repeated Andreev reflection, which gives them very different properties from
traditional states bound by a reflecting energy barrier. We discuss in this talk selected
physical properties of these bound states, such as their excitation spectrum, their ability
of carrying supercurrents, the effects of impurity scattering, pinning and a transport
current. Finally we present recent results on the response of the vortex core to an ac.
electric field which is dominated by the interplay of bound states and superconducting
condensate. The calculations are done for s-wave and d-wave pairing in layered

superconductors.
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# H  Key Elements of Molecular Nanotechnology:
Towards the Integration of Individual Molecules

B B

‘Molecular Nanotechnology’envisions individual molecular units as functional elements
to perform technological functions like ‘data storage’, computer logic and
opto-electronic devices. Today’s organic thin film and light emitting device properties
are governed by the macroscopic behaviour of the used molecular material. In contrast
the properties of future nano-sized structures will be determined by the joint properties
of molecule and contact at the interface.

This talk introduces current capabilities to molecular engineering at surfaces and
interfaces as they are readily available at the end of the second millenium. Extrapolating
from the current rate of knowledge gain, we may speculate that some of
these - exploratory - systems will gain technological importance during the next few
decades. In some analogy to the evolution of the first integrated circuits long after the
invention of the transition, these studies will face significant technological hurdles. These
will only be overcome through a truly interdisciplinary problem solving approach and the
coordinated investigation of scientific and technological knowledge relevant to the
nanometer scale.

This work have been done in collaboration with H.Rauscher, K.Muellen and

F.J.Himpsel.
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# H Phase Transition into Superconducting Mixed State and de Haas- Van Alphen
Effect



2 B

The Landau expansion for the free energy of the superconducting mixed state near the
upper critical field in powers of the square modulus of the order parameter averaged over
Abrikosov lattice is derived. The analytical calculations has been carried out in frame
of Gor'kov formalism for 3-dimensional isotropic BCS model beyond the limits of
quasiclassical approximation, another words with Landau quantization of the
quasiparticles energy levels taken into consideration. The derivation is performed at low
temperature and high enough but finite crystal’s purity. The effect of Pauli paramagnetic
terms is taken into account. The quantum oscillations of the critical temperature, the
order parameter’s amplitude and the magnetization (de Haas-van Alphen effect) in the
mixed state are found. The limitation of validity of a mean field approach due to critical
fluctuations (Ginzburg criterion) for the phasse transition under consideration is

established.
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