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ABSTRACT
We present a- random- phase approximation calculation of the collective
plasmon excitation spectrum of a one-dimensional electron gas. confined in
cyhndncal and rectangular semiconductor quantum wires. The plasmon
spectrum for the cylindrical case is calculated considering up to three occupied
subbands. Taking into account the twofold angular degeneracy of the single-
particle energy spectrum, we derive different expressions for the electron—
electron interaction when oppos1te angular quantum numbers are ifvolved.
That occurrence leads, even in a two-subband system, to the presence of new
undamped plasmon modes for g — 0 not exhibited in previous work. Comparing
plasmon modes between cylindrical and rectangular quantum wires, we find an '
investigable shape-confinement effect for the intrasubband plasma excitation in
the lowest subband. .

§1. INTRODUCTION
~ In recent years, the study of low-dimensional systems (quantum wells, wires or -
dots) has been the subject of great activity from both theoretical and experimental
points of view (Ando et al. 1982, Kotthaus 1988, Stern 1993). The main physical
properties of these systems have been very extensively studied (Das Sarma and Lai
1985, Lee and Spector 1985, Gold and Ghazaly 1990a,b, Hu and O’ Connel 1990, Li
and Das Sarma 1991, Wendler et al. 1991, Li et al. 1992, Proetto 1992, Hwang and
Das Sarma 1994, Wendler and Grigoryan 1994, Agosti ef al. 1998, Das Sarma and
Hwang 1999) in the general context of condensed-matter theory and compared with
their three-dimensional counterparts In one-dimensional systems, the energy-
momentum conservation law is more restrictive on the single-particle continuum
than in two- or three-dimensional structures, so increasing the relative weight of
the undamped collective excitations. It is therefore of great importance to study
the effect of the confinement on the excitation (plasmon and single-particle) spec-
trum in a quasi-one-dimensional electron gas (Q1DEG). '

The aim of this paper is the study of the plasma excitations at zero temperature
of a QIDEG in a semiconductor quanturn wire with different confining shapes,
namely cylindrical and rectangular shapes. Specifically, the multisubband occu-
pancy, the role of the angular degeneracy, the inclusion of upper empty subbands
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