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lynamical processes taking place in nanodevices driven by high-frequency electromagnetic fields. We
le of different mechanisms that could lead to loss of quantum coherence. Our results show how the
order that destroy after some periods coherent osci
ot consider the electron—electron interactions that can reduce dramatically the decoherence effects
ections. Experimental conditions for the observation of the predicted effects are discussed. ©1999

llations, such as Rabi oscillations, can be

 laser technology make possi-
ductor nanostructures with in-
elds. This opens new research
it transport in Mesoscopic sys-
d the basis for a new genera-
d devices. Following these
have been devoted to the analy-
f time-dependent fields on the
resonant heterostructures [2-
application in ultrafast optical
optical switches, coherent
5,6].

t, we are interested in the deco-
roducing the observed fast de-
¢ phenomena in semiconductor
d more specifically in the in-
owth imperfections (disorder)
as the electron—electron (e—¢)

189-9

interaction. The interplay between the effects of
disorder and many-body effects on electronic proper-
ties is a long-standing problem in solid-state physics.
Probably one of the most promising way to gain
insight into this intricate problem is to combine the
actual state-of-the-art of the Molecular Beam Epi-
taxy (MBE), which allow us to grew samples with
monolayer perfection and consequently with well-
characterized disorder, with coherent oscillations that
are extremely sensitive to imperfections and nonlin-
ear effects.

The oscillations of a two level system between the
ground and excited states in the presence of a strong
resonant driving field, often called transient nutation
or Rabi oscillation (RO), are discussed in textbooks
as a topic of time-dependent perturbation theory.
Consider a two state system with ground state energy
E, and excited state E, in the presence of a har-

 matter © 1999 Elsevier Science B.V. All rights reserved.
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e for a perfect SL (W=0) at

.(dashed lines) for (a) the linear case
tion with (b) the self-consistent

h (c) the local model (a, = 10).

‘nonlinear physics is con-
t a,., which we discuss
al factors that configure the
se to the tunneling electron.
ly the repulsive electron—
tions, which should enter
ith a positive nonlinearity,
ed by local charge accumu-
tive sign for ..

e have considered a different
glf-consistently the Schrodi-
tions obtaining a Hartree-like
t, the non-linear potential is,

.&’Acr) ek ascIfVH ( x,l‘) ’
(3)

ined by solving the Poisson
- of charge | (x,0)I°, and
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We present here results for a SL with 10 periods
of 100 A GaAs and 50 A Ga,,Al,;As with conduc-
tion-band offset 300meV and m* = 0.067m, m be-
ing the free electron mass. The time and spatial mesh
used in the simulations are 4 X 107 '® seconds and
10~® cm; we have checked that our numerical results
are not affected by these particular values. To illus-
trate the effects of the nonlinear coupling we show in
Fig. 1 the conduction-band profile for a perfect SL
(W=0) at t=0.4 (solid lines) and 1.2ps (dashed
lines) when the ac field is tuned to the resonant
frequency @, = (E{ — E§)/h = 24 THz, for (a)
the linear case and modeling the e—e interaction with
(b) the self-consistent method (e, =107") and
with (c) the local model (a,,, = 10). To show the
effects of the interface roughness we plot in Fig. 2
the probability of finding an electron, initially situ-
ated in Y{*(x), in the state ¢{>'(x) as a function of
time when the ac field is tuned to the resonant
frequency w, = w,, ~ 24 THz with (a) W =0 (per-
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Fig. 2. The probability of finding the electron in the state i3 (x)
for the linear case as a function of time when the ac field is tuned
to the resonant frequency w, = W ~ 24THz with (a) W=10
(perfect SL) and (b) W = 0.03 (imperfections around one mono-
layer).
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s resonant coupling between the

‘the Bloch bands. Nevertheless

is work is to show how the

§ can reduce the dephasing effects

growth imperfections. In Fig. 4 we

p probability of the state PP x) as

considering imperfections about
= 0.03) for (a) the linear case and
y with the imperfections the e—e
elf-consistent model (b) a; =

local one (c) a,,. = 5. We can see
ty prevents the dephasing ef-
y the imperfections allowing the
oscillations during larger coher-
oretical results are completely
experiments in transport prop-
disordered superlattices with
' superlattices [9,10], where is
oulomb interactions could be the
the suppression of disorder effects
etallic behavior at low tempera-
ping of the samples is increased.

¢ have shown how the dephasing
¢ are dramatically reduced when we
¢ interaction. We have studied two
o introduce the non-linear interac-
are very similar. Our results
possible to enlarge the dephasing
quently the number of periods of
jons of electrons in SL’s. In semi-
tures this can be done by in-
o or with very intense laser excita-
without saying that to develop
¢ THz science it is crucial to under-
trol and enlarged the coherence

fter less than
s both a decrea
and a progressive
leal perfect case
the existence of :

related to the a
ar which RO’s 4
we plot the prob
lly situated in
unction of time
sonant frequency,
rity coupling (a) @,
10 * and (d) 107, N
e very similar. Whe
ig. 2 we see the
re completely diffes
ts are the same f
ik about a dephasi
fied the electronic §

ye this problem. Further work along
urrently in progress. :

ability of finding the electron in
time for the resonance driving fi
s (W = 0.03) for (a) the ki
.raction with (b) the self-cor
ith (c) the local model (@,

J. Devis et al. / Physics Letters A 255 (1999) 349-353

at the nonlinear effects could be
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