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Striking dynamics of II-VI microcavity polaritons after linearly
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We present a detailed study of the polariton spin dynamics in a II-VI microcavity after linearly polarized
excitation. We have found that the vertically polarized (i.e. TE) emission is systematically larger than the
horizontally polarized one (i.e. TM) for both, vertically and horizontally polarized excitation. Further-
more, a persistent difference between the two components of the emission is observed, leading to a net
and constant (within the duration of the emission) linear polarization degree. Additionally, we have ob-
served marked oscillations of the linear polarization degree once the excitation power is raised above the
polariton-polariton stimulated scattering threshold.
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1 Introduction In recent years, the spin of microcavity polaritons has elicited a lot of interest. The
seminal experimental works under both resonant [1] and non-resonant excitation [2] stimulated many
fruitful discussions about the role of polariton-polariton interactions on the spin dynamics. Shortly after
comprehensive theoretical descriptions of these phenomena were published [3]. The case of non-resonant
excitation is of particular interest as an intermediate step in the fabrication of potential spintronics de-
vices. However, there is a major disadvantage for non-resonant excitation: a bottleneck in the relaxation
of polaritons towards &k = 0 states (k being the in-plane momentum). For small polariton populations, the
non-resonantly created polaritons accumulate in the bottleneck region, hindering the energy relaxation.
However, for large enough populations, strong polariton-polariton interactions trigger the stimulated
relaxation to k = 0. This polariton final-state stimulated scattering has proven to be very efficient in
overcoming the bottleneck, allowing the observation of very interesting non-linear effects, such as po-
lariton stimulated emission [4], optical gain [5] and very recently a condensation [6].

2 Sample description and experimental setup In this paper we will concentrate our studies on the
polariton spin relaxation after linearly-polarized non-resonant excitation. The sample under study is a
CdysMgj¢Te A-microcavity with embedded CdTe quantum wells, with a Rabi splitting of 10 meV. The
measurements are performed at a point of the sample characterized by an exciton-cavity detuning of ~
-15 meV and at 5 K (Fig. 1). The optical excitation is done using 2-ps long pulses tuned to the first re-
flectivity minimum above the mirror’s stop band and arrives to the sample almost at normal incidence.

" Corresponding author: e-mail: dolores.martin@uam.es, Phone: +34 91 497 5025, Fax: +34 91 497 8579

JWILEY
<D InterScience”
%727 siscover Soutruin s anear © 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim




phys. stat. sol. (c) 2, No. 11 (2005) 3881

The photoluminescence (PL) is spectrally- and
time-resolved by means of a streak camera coupled
to a spectrograph with a time resolution of 10 ps.
After linearly polarized excitation, either vertical
(TE) or horizontal (TM), the PL is analysed into its
two linearly polarized components by means of a
linear polarizer [7]. The degree of linear polariza-

tion is defined as @ = (Ico —Ieross )/(Tco + Icross ) »
where Icocross denote the intensity of the PL

component co/cross polarized with the excitation,
respectively. We will concentrate here on the dy- 0
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3 Results and discussion In the linear emission regime (excitation power < 10 mW) the integrated
emission from the LPB displays a linear dependence on excitation and excitons and photons are strongly
coupled. Figure 2(a) displays the time evolution of the LPB emission after horizontally polarized excita-
tion. For the large negative detuning considered here, the LPB has a predominant photonic character and
the emission dynamics should be governed by the photon lifetime (escape from the cavity in a few pico-
seconds). However, due to the bottleneck, the relaxation is considerably slowed, with decay times of ~
150 ps. In this linear regime there is no efficient mechanism available for polaritons to quickly surpass
the bottleneck as polariton-phonon interaction is drastically reduced beyond the bottleneck. However it is
still possible to observe remarkable spin effects at k = 0. In Fig. 2(a) a large difference between the two
linearly polarized PLs can be clearly observed, with the vertically polarized emission (orthogonal to the
excitation!) being larger than the horizontal one. This difference is present all through the duration of the
emission, leading to a negative linear polarization degree (depicted in Fig. 2(b)): g remains constant (~ -
0.3), with a decay time of ~ 1 ns (much longer than the radiative lifetime?!).
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Raising a bit further the excitation power (10 mW < excitation power < 20 mW) changes drastically
the recombination dynamics and the integrated emission from the LPB displays a super linear depend-
ence on power. Even though the polariton branches appear slightly shifted, excitons and photons are still
strongly coupled. Figure 3(a) displays the time evolution of the two linearly polarized components of the
non-linear emission from the LPB. The decay time has shortened to about 40 ps (as compared to the 150
ps of the linear emission regime). This acceleration of the recombination dynamics is directly related
with the activation of polariton-polariton stimulated scattering, which helps polaritons to efficiently
overcome the relaxation bottleneck. We observe that the intensity of the vertically polarized PL is still
much larger than the horizontally polarized one all along the duration of the emission. This difference
between the intensities of the two linearly polarized components of the PL is enhanced with increasing
the excitation power and g in the non-linear regime (Fig. 3(b), - 0.5) is larger than in the linear emission
regime (Fig. 2(b), - 0.3). The decay time of g remains ~ 1 ns. On the other hand, marked oscillations of
g can be seen after reaching the maximum linear polarization degree (- 0.7) for t # 0. These oscillations
suggest that the spin eigenstates of the polaritons are not purely TE/TM states but elliptically polarized.
The spin effects described above (freezing and oscillations of ) have been described theoretically using
a pseudospin model [8], which considers the interplay between two different mechanisms: (i) a suppres-
sion of the spin relaxation (through exchange interaction as described in [9]) for linearly polarized polari-
tons and (ii) an anisotropy of polariton-polariton stimulated scattering. The model also accounts for the
90° rotation of the polarization plane.

To gain deeper insight into this polarization plane rotation we rotated by 90° the polarization of the
excitation, from horizontal to vertical, and repeated the experiments. The experimental results are
equivalent to those described above for horizontally polarized excitation. From the recombination dy-
namics we have extracted decay times comparable to those deduced from Figs 2(a) and 3(a) and a com-
parable excitation power threshold for the transition to the non-linear emission regime. However, there is
a significant difference between the two sets of data: the vertically polarized emission is always stronger
than the horizontally polarized one, regardless of the excitation polarization. Under vertically polarized
excitation the linear polarization degree is positive and constant as long as there is any measurable signal
(see Fig. 4). The values of @ are of the same order of magnitude for either excitation polarization

(|p| ~ 0.3 in the linear regime and |go| ~ 0.5 1in the non-linear regime) and even the oscillations of the
linear polarization degree are reproduced after vertically polarized excitation (Fig. 4(b)). Current theories
cannot explain this preferential orientation of the LPB emission and further experiments are underway to
test whether this effect is related with the crystalographic directions of the sample or eventually the di-
rection of the cavity’s wedge.
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Further increase of the excitation power, beyond 20 mW, weakens the coupling of excitons and pho-
tons, the integrated emission intensity from & = 0 LPB states displays a linear dependence with power
and the non-linear effects observed in this regime are mainly due to the photonic part of the polaritons.
However, very similar features can still be observed: the vertically polarized emission being systemati-
cally larger than the horizontally polarized one even though the experimental values of @ are smaller
than those obtained in the non-linear emission regime.

4 Conclusions We have reported the predominance of the vertically (TE) polarized emission from &k
= (0 LPB states after linearly polarized excitation, regardless of the orientation of the linearly polarized
excitation. Furthermore, we have found that this effect lasts much longer than the polariton recombina-
tion process, leading to a freezing of the degree of linear polarization. A recent theoretical proposal de-
scribes the rotation of the plane of polarization after linearly polarized excitation but we observe such
rotation only under horizontally (TM) polarized excitation. This dominance of the TE emission could be
linked with the existence of a privileged direction in the microcavity such as crystalographic axis or
cavity wedge. We have also observed marked oscillations of the degree of linear polarization in the non-
linear emission regime, which suggest that the spin eigenstates of the polaritons are not purely TE or TM
states but elliptically polarized. Our experimental results provide evidences of the anisotropy of the spin
dependent polariton interaction and indicate that TE and TM polarized pumping is not equivalent.
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