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One of the great challenges for nanotechnology is the control and use of
quantum particles at the nanometer scale for applications such as sensors,
quantum computation and secure codes. Over the years, there have been
attempts to use ion traps, photons, and magnetic spins to achieve this goal,
but it still remains illusive. We have focused on the dynamics of electron
waveguides as a possible alternative medium in which to realize at least
someofthesegoals. .

INTRODUCTION

The work we describe here is one aspect of a broader program to study the dynamics
of open quantum systems, both theoretically and experimentally. These studies include
the dynamics of electrons in ballistic electron waveguides and quantum dots constructed
from semiconductor materials, electron current flow in carbon nanotubes, and the
dynamics of electrons in the presence of atomic forces and single mode or multimode
electromagnetic fields. All of these systems are open and have continuous energy
spectrum.We find that there are many analogies in their theoretical treatment.

In this report, we focus on the dynamics of quantum informationpropagation, and
discuss systems in which the carrier is an electron matter wave. There are two types of
information that we have considered. One has a classical counterpart and concerns
identification of electron states in terms of their quantum numbers. The second type of
information concerns phase information carried by quantum states. We analyze the
dynamics of quantum information propogation using ballistic electron waveguides as our
carrier, but the theoretical tools being developed are useful for other physical realizations
as well. We consider two dimensional electron waveguides formed from the two
dimensional electron gas (2DEG) at the interface of GaAs/AIGaAsheterostructures. The
waveguide shape is controlledby negatively chargingappropriately designed gates on the
outer surface of the heterostructure. In a typical device, the 2DEG lies about 60nm below




