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A study on thetransport characteristics in mesoscopic
systems and the quantum transport theory
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Abstract

We have studied (1) the quantum
transport characteristics of open quantum
dots with or without the presence of an
external time-modulated fields; (2) the non-
adiabatic dissipation characteristics in a
mesoscopic ring threaded by a time
dependent  magnetic  flux; (3) the
non-adiabatic quantum pumping phenomena
in a narrow channel; and (4) the dephasing
effects of a magnetic impurity.

For the open quantum dots, we have
considered symmetric and asymmetric dots,
as far as the positions and the alignment of
the two dot openings are concerned. We
find that the dc conductance G exhibits dip
structures or Fano profiles whenever
transmitting electrons have energies coincide
with that of the quasi-bound states formed
inside the dot. The dwell-time of these
electrons in the dot has aso been studied.
The effect of a time-modulated potential in
the dot is to give rise to inter-side-band
transitions and to more dip structuresin G.

For the non-adiabatic dissipation
characteristics in a mesoscopic ring, we have
considered a ring that contains an impurity.
The ring is driven by a threading magnetic
flux that changes linearly with time. The
characteristics are governed by the fate of the
electrons  whether they can or cannot
encounter their classical turning point in
between two incoherent processes. In the
weak impurity regime, this gives rise to
either Ohmic or non-Ohmic behavior. In the
strong impurity regime, multiple scatterings
give rise to many turning points and,
subsequently, to the oscillatory behavior in
the energy dependence of the dc current in
thering.

For the non-adiabatic quantum pumping,
we have considered phenomena induced by a

potential that has both spatial and temporal
periodicity characterized, respectively, by K
and Q. These pumping phenomena do not
require an asymmetry in the system
configuration. The phase velocity of the
pumping potential alone is sufficient to cause
the pumping. We find, in the zero frequency
limit, the transmission exhibits valley
structures a consequence of the K
periodicity. These valley structures remain
robust in the regime of finite Q, while their
energies of occurrence are shifted by about
hQ /2. The directions of these energy shifts
depend on the directions of both the
phase-velocity of the pumping potential and
the transmitting electrons. This givesrise to
both the asymmetry in the transmission
coefficients and the pumping current. We
have proposed an experimental setup for the
observation of our predicted phenomena.

To identify the dephasing effect of a
magnetic impurity, we have considered
locating such an impurity in between two
barriers. The local moment of the magnetic
impurity interacts with the spin of the
transmitting electrons. The dephasing process
studied is not resulted from inelastic
scattering. Rather, it is resulted from the
interaction of the electrons with the degree of
freedom of their environment the loca
moment of the magnetic impurity. We have
solved the problem exactly, including al
possible entanglement of a transmitting
electron with the dephasor the magnetic
impurity. The dephasing power of the
dephasor has been investigated by exploring
the deviation from unity of the resonant
transmission. A S-matrix model is proposed
for the description of a local dephasor that
has coherent reflection. Our study provides a
microscopic basis for such a S-matrix model.
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pumping, non-adiabatic, side-
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Mesoscopic systems [1-2] are of great
importance due to thelr potentia
technological applications and to the unique
set of physical phenomena they exhibit. More
recently, time-dependent phenomena [3-12]
and the dissipation, or dephasing, phenomena
[13-16 ]in mesoscopic systems have attracted
much  attention. The time-dependent
phenomena could probe deeper into the
dynamical aspect of the physics in the
systems, and the effects of photons on
electron transport is of practical importance.
On the other hand, the dissipation and the
dephasing phenomena, together with their
physical implications, are intimately
connected to our understanding of the
physical states of electronic systems at zero
temperature. More interestingly, on a broader
scope, the time-dependent and the dephasing
phenomena could also be connected in an
intricate way.

In our previous studies on the transport
characteristics in narrow constrictions, we
found that the one-dimensional subband
structures  support the existence of
quasi-bound states (QBS).[17] The finite
number of subbands in the system and the
tenability of the dimension of such system
together help to enhance the significance of
the QBS as a key characterization factor for
the mesoscopic structures.

Meanwhile, the transport characteristics
of quantum dots have attracted much
research attentions. These characteristics
include coulomb blockade, Kondo effects,
possible spin dynamics, scarring of the
wavefunctions inside the dots, and
connection between quantum and classical
chaos.[18-19] Since it is expected that the
coulomb blockade becomes negligible for
open quantum dots, then it might be easier to
probe the energy levels in the dots via
transport measurement. Therefore, in this
project, we opt to investigate the possible
QBS formed in the open quantum dots  with
or without the presence of an external time-
modul ated potential.

Another reason that causes mesoscopic
physics of fundamental interest is that it

allows issues of decoherence to be studied
experimentally. Thisis essentially why that a
mesoscopic conducting ring acquires its

importance and attentions from the
mesoscopic  community  in the  recent
past.[20-23] Most of the theoretica

discussions and predictions for the properties
of such a mesoscopic ring, threaded by a
magnetic flux that changes linearly in time,
have assumed an adiabatic picture.
Essentially, the timeevolution of the
guantum states are described in terms of the
instantaneous eigenstates of the system. We
feel that the time-evolution of the states
should be treated more carefully.
Furthermore, the incoherent processes were
treated within a relaxation time approach.
Again, we do not feel comfortable with such
treatment. The major reason of our objection
is that the relaxation time approach cannot
naturally reintroduce those electrons suffered
from incoherent scatterings back into the
system.

In our previous study, we have remedied
these shortcomings by adopting a Smatrix
model, proposed initially by Buttiker for
incoherent scatterings,[24] for our time
dependent situation in a ballistic mesoscopic
ring.[16] This alows us to treat both the
incoherent scatterings and the coherent
inelastic processes non-perturbatively and on
the same footing. We find two interesting
dissipation characteristics. It is therefore of
great interest to investigate the non-ballistic
mesoscopic ring case. Thus, in this project,
we investigate the dissipation characteristics
of a mesoscopic ring that consists of an
impurity.

The phenomenon of adiabatic quantum
pumping in mesoscopic systems has attracted
much attention since the first proposa by
Thouless.[25] The pumping phenomena refer
to net transport of charges at zero bias.
M echanisms giving rise to quantum pumping
involves cyclic deformations of more than
one parameter in the system. The adiabatic
deformation causes the transformation of a
finite amount of charges in one deformation
cycle. Thus far, most of the studies have
concentrated on the adiabatic regime. It is
legitimate then to explore the nonadiabatic



aspect of the pumping phenomena. Besides,
we have considered, in this project, another
type of pumping mechanism that the
pumping potential has a definite phase
velocity. Our interest is to see how such
phase velocity help carry, or pump, electrons
across the structures.

The issue of dephasing a zero
temperature has caused heated debate among
forefront researchers in the condensed matter
community. Is the dephasing extrinsic? Does
its sole existence depend on the presence of
dephasing agents such as magnetic impurities?
Or if the dephasing were intrinsic, what
would be the dephasing mechanism? There
are a number of proposals on the dephasing
mechanisms but no consensus has yet been
reached. Candidates for such dephasing
mechanisms must be elastic scatterings, or at
least very nearly so.

Stern et al [13] had presented their case
convincingly that dephasing can occur in
elastic scatterings, as long as the scattering
electrons can couple to the internal degrees of
freedom of the dephasor. However, in their
analysis, they had neglected the coherent
backscattering effects. Thus a lot of possible
entanglements between the electrons and the
dephasor have not been accounted for. How
would these affect the dephasing scenario?
Hence in this project, we explore this
interesting issue by considering a problem of
similar nature but keeping al the multiple
scattering processes. We attempt to extract
information about the dephasing from the
transmission coefficients.

In an open quantum dot, we extend our
mode-matching method to this case when the
transverse dimension varies aong the
propagation direction. The efficiency and
the convergence property has been checked
with satisfactory outcome.

We have calculated the conductance G,
the dewell time of the transmitting electrons
in the dots, and the spatial profile of the
wavefunction. Suppressed features in G are
found, including both dip and Fano structures,
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as the incident energies line up with the
particle-in-a-box energy levelsin the dot. The
correspondence remains surprisingly well
even for dots with large openings dot
opening width is one half that of the dot
width. On the other hand, not al the
particle-in-a-box levels show up in the
suppressed features in G. Furthermore, the
correspondence starts to deteriorate as the
chemical potentia increases. As for the
dewell time, the width of the G structures
correspond quite well with the dewell time of
the particlein the dot. A narrower G structure
corresponds to a longer dewell time. But if
the G structure becomes so narrow, we find
that the particle will smply suffer total
reflection. Concerning the symmetry of the
dot, some of the particle-in-a-box levels do
not show up in G for symmetry dots because
the symmetry forbade some transitions to
occur. This is confirmed in the case of
asymmetric dots. Those previously missing
structures show up in G.

In the case of a mesoscopic ring, and
when the impurity is weak, two dissipation
characteristics are obtained. The first regime

the Non-Ohmic regime has the dc
component in the current increases with the
Fermi energy. This corresponds to the
situation when electrons that emanate out of
incoherent  scatterings can reach their
classical turning point. The second regime
the Ohmic regime has the dc current
independent of the Fermi energy. This
corresponds to the situation when most of the
electrons that emanate out of incoherent
scatterings, and move along the direction of
the induced electric field, are not able to
reach their classical turning point. On the
other hand, when the impurity is strong, we
show that the impurities have brought forth
multiple forbidden regions, or multiple
turning points, to the electrons. The dc
current exhibits finger-like structures with
the minima drop to zero.

In the case of the nonadiabatic quantum
pumping, we have proposed and analyzed in
detail a mechanism. The pumping
mechanism is due to the resonant coupling of
the electron with the pumping potential that



has both spatial and temporal periodicity. We
have calculated the transmission coefficients
for electrons incident from both left and right
side of the narow channel. These
coefficients have valley structures which
depends on both the direction of the incident
electron as well as the phase velocity
direction of the pumping potential. These
valley structures and the asymmetry in the
transmission coefficients are the key findings
in this work. A  two-component
approximation for the wavefunction has been
proposed to help demonstrate the resonant
coupling nature of our findings. The
demonstration has been very successful. We
have aso caculated the differential current
for the zero source-drain biased channel.
Major features found are alternate valley and
broad peak structures. Our finding is in
sharp contrast to the pumping effect in the
incoherent regime. [26] An experimenta
setup has been proposed for the possible
realization of the pumping mechanism in this
work.

In the dephasing power of a magnetic
impurity, we have calculated the transmission
coefficients for an electron transmitting
through a double barrier structures in which
the impurity is located. The resonant
transmission occurs at the maxima of the
transmission coefficients 7. In the absence of
the magnetic impurity, the value of 7=1 for
the resonant transmissions. The resonant 7=1
also for the case when the impurity is a
normal impurity, without a local magnetic
moment. But for the case a magnetic
impurity, the resonant 7 drops with the
strength of the impurity, showing the
dephasing effect of the magnetic impurity.
We aso keep track of the resonant
transmission for a given magnetic impurity
strength while increasing the barrier height.
The resonant transmission drops also with
the height of the two barriers. This can be
understood from the fact that a higher barrier
height traps the transmitting electrons longer
in between the two barriers and hence
amplifies the cts of the magnetic impurity.
This shows that we cannot talk about the
dephasing power of a magnetic impurity
without mentioning the environment in

which it is located. Finaly, we can relate
this system to a S-matrix model that is meant
to describe a local incoherent scatterer that
allows coherent backscatterings. As such, we
have attempted to provide a microscopic
basis for the S-matrix model proposed by
Buittiker. [20]

In this project, we have found new
features and understandings in the quantum
transport characteristics of open quantum
dots and mesoscopic rings. We have also
proposed a new nonadiabatic quantum
pumping mechanism as well as its possible
observation. Finaly, we have explored in
detail the dephasing effects of a magnetic
impurity. Part of these results have been
published in two papers in refereed
journals.[27] Part of these results have been
presented in the 2000 and 2001 annua
meeting of the Physica Society of the
Republic of China, in the 2000 APS March
meeting, and in the Advanced Hetero-
structure Workshop 2000. [28] Two papers
are in preparation. The results obtained in
this project should have impact and interest
to the mesoscopic communities.
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