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Abstract: Polaron dephasing processes are investigated using far-infrared degenerate four wave
mixing. Long (~80ps) dephasing times are measured and a clear change from phonon-mediated to
Auger-mediated dephasing is observed as the dot carrier population increases.
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1. Introduction

Recent experimental [1] and theoretical [2, 3] studies have demonstrated that the interaction between electrons and
phonons in quantum dots (QDs) can only be described by considering them to be in the strong coupling regime,
forming polarons. To date, ultrafast measurements in this area have concentrated on studying the polaron decay
process [4, 5], which has been shown to occur on a long timescale (tens of ps), relative to intraband carrier
relaxation in quantum wells (ps timescale). These studies have also identified the polaron decay mechanism and
show a monotonic increase of the decay time with increasing energy, providing clear evidence of a strong coupling
regime in which the ‘phonon-bottleneck’ does not exist. The long relaxation time highlights the potential of QD-
based mid-infrared intraband detectors and emitters, which require long excited state lifetimes for efficient
operation.

We will present a detailed investigation of polaron dephasing processes in n-type InAs quantum dots (QDs)
using energy and temperature dependent, far-infrared degenerate four wave mixing (FWM). Our measurements
allow us to determine the polaron dephasing time and hence the homogeneous linewidth. At these far-infrared
wavelengths it is not possible to obtain the homogeneous linewidth by direct, single QD measurements due to the
small QD absorption and relatively insensitive detectors. We show that the dephasing time has a similar energy
dependence to the polaron decay time, increasing with increasing detuning from the optical phonon energy. Upon
increasing the QD carrier population we observe a clear change from a phonon-mediated dephasing process to one
which is dominated by Auger-type dephasing.

2. Experimental results

Coherent polaron polarizations in QDs were studied using a standard two-pulse photon echo arrangement in a non-
collinear geometry [6]. The phase-matched signal was detected in the 2-k,-k; direction. The far-infrared time-
integrated FWM measurements were carried out using the Dutch free electron laser (FELIX) which provides tunable
far-infrared laser pulses of ~1ps duration.

For excitation in resonance with the QD ground to first excited conduction band transition, we find low
temperature dephasing times T, ~80 ps (Fig. 1), approximately two orders of magnitude longer than T, for
intersubband transitions in quantum wells. From the measured T, time at 10K, we extract a homogenous linewidth
Thom~20 peV, approximately 0.4% of the predominantly inhomogeneously broadened linewidth of (I'iypem~5 meV)
measured using linear absorption.

We also found that the polaron dephasing time decreases from ~80 ps at excitation energy #w = 53 meV to ~60
ps at i =~ 48 meV. This is consistent with the energy dependence of the polaron decay time [3, 5], which decreases
as the polaron energy approaches that of the LO-phonon.
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As shown in the inset of Fig. la, temperature dependent studies reveal that, for samples doped to contain one
electron per dot, polaron dephasing is phonon mediated and involves both low energy acoustic phonons and high
energy optical phonons. This behavior is similar to that observed for exciton dephasing [7] and is very different from
the weak temperature dependence of the polaron decay time (T;) over the same energy range (Fig. la inset), which
we have previously shown arises from polaron decay to two high energy acoustic phonons [5].
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Fig. 1. (a) Temperature dependent four wave mixing signals at 20K (solid line), SOK (dashed line) and 80K (dotted line),
excited in resonance with the ground to first excited state intersublevel transition. The inset shows temperature dependence
of the polaron linewidth. (b) Normalized four wave mixing signals for samples doped to contain 1 electron (solid line), 2
electrons (dashed line) and 3 electrons (dotted line) per dot.
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The use of intersublevel excitation also allows us to study excited state dephasing for samples doped with two
or more electrons per dot, a regime which is difficult to access using interband excitation due to Pauli blocking of
the QD ground state. We find a dramatic reduction in T, for samples doped to contain more than one electron per dot
(Fig. 1b). This result gives a clear indication that there is a transition from a phonon mediated dephasing process to
one which is due to carrier-carrier interactions as the QD population increases, in contrast to quantum wells where
intersubband dephasing is always dominated by carrier-carrier interactions.
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