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Study of the RPA Pair-Correlation Function in GaAs-AlGaAs
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The ground state intrasubband pair-correlation function for a quasi-one-dimensional electron gas confined in a
GaAs-Al, Ga —,As parabolic quantum well wire within the Random-Phase Approximation (RPA) is calculated.
We have considered two wires with subband energies sepavafios 2.0 meV andhQ = 2.5 meV. The
dependence of the pair-correlation function on the electronic density was studied and the regions where the
RPA approach cannot be used were precisely determined.

Recently much theoretical work has been done to the which the RPA gives non-negative values for the pair corre-
understanding of the properties of the plasmon collective lation function for small interparticle separation is defined as
excitation in quasi-one-dimensional (Q1D) semiconductor the critical density. For density values lower than the critical
guantum well wires (QWW). In such systems, the electronic density the LFC must always be used [2-5].
motion in the plane perpendicular to the wire extension is
guantized in subbands. Experiments performed by Demmel
et al. [1] have shown that the subband quantization effects
are important to the understanding of the collective motion
in quantum wires. Various theoretical methods have been
utilized to calculate the collective excitations of electron gas
in QWW and among them, the most common is the Ran-
dom Phase Approximation (RPA). This approach, as is well
known, does not consider the local field correction (LFC)
and such simplification of the calculation can lead to neg-
ative values for the pair correlation function. It is a non-
physical result, since the pair correlation functign;), give
us the probability of a particle can be observed in a position
x if other particle is in the origin of the coordinates, thus the
acceptable values for this function must be positive.

The choice of the better approach to use for the calcu-
lation of the collective excitations is strongly dictated by
the electronic density of the system. When the electronic
density is sufficiently large the RPA approach describes the  The pair-correlation function for the subbaijth is
system properties satisfactorily. The electronic density from given by the relation [6]

In the present work we calculate the ground state intra-
subband pair-correlation function for a Q1D electron gas
present in a GaAs-AlGaAs parabolic quantum well wire.
The Q1D electron gas in the parabolic QWW has a quasi-
free motion in ther-direction and a restrict motion in the
planey — z. Here we assumed that the confinement poten-
tial V (y, z) can be written as a sum of the one-dimensional
potentialsV (y) and V(z). We employed a two-subband
model at zero temperature. The confinement potential in
the z-direction,V'(z), was considered much larger than the
parabolic confinement potentitl(y) = %mQyQ, wherem
is the electron effective mass of the semiconductor/ahds
the subband energy separation. Since the confinement in the
z-direction is higher than the parabolic confinement, the en-
ergy separation between the subbands can be neglected and
only the lowest subband in thedirection is considered be
occupied by electrons.
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whereq, andw are the wave vector in the direction par- eralized response function of the system, which can be writ-
allel to the wire and the frequency of the electron gas, ten as,

respectively. The electron density is denoted &Qyand

Imxjim (g, w) denotes the imaginary part of the RPA gen-
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where the symbaiij is the Kronecker deltay;,, = P, if
I = mandyy, = P + Py Whenl # m. Py, (qq,w)
is the RPA polarization function of the Q1D electron gas
[6]. Finally, Vijclm(qm) is the subband matrix element of the
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whereg;(y) is the wave function of the electrons confined
by the parabolic potential. We have calculated the ground
state intrasubband (0-0) pair-correlation function within
the Random-Phase Approximation for GaAs:@k, . As
parabolic quantum well wires as a function of the electronic
density for two energy separation of the subbantls= 2.0
meV andif) = 2.5 meV.

Fig. 1 shows the intrasubband (0-0) pair-correlation
function, g(z), as a function of the dimensionless inter-
particle separation coordinate which is written in units
of the effective Bohr radiusq; = 101, for three elec-
tronic density valuep = 2.45210° cm™1, p = 3.19210°
cm~! andp = 4.91210° cm~! for a subband energy sep-
aration {2 = 2.5 meV. It can be seen that the RPA in-

J.B.B. da Cunhat al.

Coulomb interaction that has the following expression,
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wheres is the static dielectric constant of the semiconductor

andF;;;,, (k, g,) is the form factor, which takes into account
the finite thickness of the quantum wire and is given by
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p=3.19210° cm* andp = 4.91210° cm™*,

The intrasubband (0-0) pair-correlation function for par-
ticles near the origin of the coordinates system{ 0) as
a function of the electronic density for wires with subband
separation energigg) = 2.0 meV andhf) = 2.5 meV are
shown in Fig. 2. As one can see from that figure, the criti-
cal density value decreases with decreasing subband energ
separation, and for the wire with{2 = 2.0 meV the criti-
cal density isp = 3210° cm~!. The fact of the RPA pair-
correlation function have only positive values for electronic
densities higher than the critical density does not guarantee
that the local field correction can be neglected. The negative
signal of the pair-correlation function for small interparticle
separation gives us just the electronic density regions where

trasubband pair-correlation function always assumes posithe RPA approach cannot be used.

tive values for any interparticle separation for the electronic
densitiesp = 3.19210° cm~! andp = 4.91210° cm™!.
The critical density in this case is = 3.19210° cm™!,

since decreasing the separation between two particles the

pair correlation function decreases going to the value zero
in the limit of z — 0, but never assuming negative values.

For smaller values than the critical density the RPA pair-
correlation function assumes negative results for small val-

ues of the interparticle separation, as one can observe from

Fig. 1 for the electronic density = 2.452105 cm~1.
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Figure 1. The intrasubband (0-0) pair-correlation functigf),
as a function of the dimensionless interparticle separation coordi-
natex, for three electronic density valugs,= 2.45210% cm™!
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Figure 2. The intrasubband (0-0) pair-correlation function for par-
ticles near the origin of the coordinates systen®{ 0) as a func-
tion of the electronic density for wires with subband separation
energiesh2 = 2.0 meV andhf) = 2.5 meV.

In conclusion, we have calculated the intrasubband (0-0)
pair-correlation function for a quasi-one-dimensional elec-
tron gas confined in a GaAs-ABa; _,As parabolic QWW
within the Random-Phase Approximation. We have stud-
ied the dependence of the pair-correlation function on the
electronic density, and found the regions where the RPA ap-
proach gives physically acceptable results, i. e., we found
the electronic density values wheg¢r) assume positive
values for small interparticle separation. We considered
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