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The dynamics of microcavity polaritons in the presence of an electron gas is experimentally studied through
time-resolved photoluminescence under nonresonant excitation. Electrons are shown to accelerate the emission
dynamics of the whole system, both in the polariton trap close to the center of the Brillouin zone �k=0� and in
the reservoir of large in-plane wave-vector excitonic states. By studying both the bare quantum well and the
microcavity sample, the observed features are explained by the interplay between the physics of excitons and
that of polariton relaxation.
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I. INTRODUCTION

Microcavity polaritons are mixed exciton-photon states,
arising from the strong coupling of quantum well �QW� ex-
citons and the optical mode of a high-finesse microcavity.1,2

Their dispersion in k space resembles that of the excitons for
high in-plane wave vectors k, but the lower polariton branch
shows a trap at the origin. For this reason they have attracted
attention as candidates for the observation of quantum statis-
tical effects on the polariton gas.3–7

In a typical nonresonant photoluminescence �PL� experi-
ment, a high-energy laser beam is used to inject electron-hole
pairs in the system, resulting in the formation of high-energy,
high-wave-vector excitons. The excitons then relax toward
lower energies down to the polariton branch, mainly by
emission of phonons. However, polariton states in the trap
have a strongly photonic nature, which results in radiative
lifetimes shrinking below the acoustic phonon-polariton scat-
tering times. Therefore polaritons accumulate in the high-k
states at the edge of the trap �reservoir states� �Ref. 8� and a
relaxation bottleneck is experimentally found.9–11 With in-
creasing pumping power, polariton-polariton scattering be-
comes a significative relaxation mechanism between the res-
ervoir and the k=0 states. Occupation factors larger than
unity have indeed been observed in II-VI-based microcavi-
ties.12–14 On the contrary, in GaAs-based systems, the loss of
the strong-coupling regime due to exciton broadening occurs
before the polariton-polariton scattering rate overcomes ra-
diative losses.15,16

Electron-polariton scattering has been recently proposed
as an efficient relaxation mechanism to reach polariton ther-
malization and possibly condensation.17 Indeed electron-
polariton collisions have a high cross section: electrons have
a steeper dispersion than acoustic phonons, and thus fewer
collisions are needed in order to reach the polariton band
minimum; moreover, electron-polariton scattering should be
more efficient than polariton-polariton scattering because the
monopole-dipole interaction is stronger than the dipole-
dipole interaction.

The strong-coupling regime with both the exciton and
trion have been reported in a microcavity containing an elec-
tron gas.18 Continuous-wave luminescence has shown an in-
creased population of the k=0 states19,20 and improved ther-

malization of polaritons in the polariton trap as the electron
gas is injected.21

In the present paper we study the effects of a photoin-
jected electron gas on the dynamics of microcavity polari-
tons by means of time-resolved PL under nonresonant pulsed
excitation. To help to get an overall understanding of these
results we first consider the dynamics of a reference sample
consisting of a bare QW. This allows us to distinguish the
modifications induced by the electron gas related to the phys-
ics of excitons from the features related to the physics of
microcavities in the strong-coupling regime. The electron gas
is shown to strongly accelerate the QW emission dynamics
both because of a faster exciton formation and because of an
equilibrium with a trion population. Then we investigate the
dynamics of the polariton states at the bottom of the polar-
iton trap and at large in-plane wave vectors �excitoniclike
reservoir�. The dynamics of the reservoir is found to be ex-
actly the same as the reference QW. We show that the popu-
lation at k=0 follows the instantaneous population of the
reservoir. As a consequence the dynamics at k=0 is twice
faster than the reservoir if the main relaxation mechanism is
polariton-polariton scattering and is similar to the reservoir
dynamics when electron-polariton scattering dominates. De-
pending on the excitation conditions, the relative strength of
the two scattering mechanisms can be controlled.

The paper is organized as follows: in Sec. II, we describe
the sample structure and the experimental setup. In Sec. III,
we analyze the dynamics of the excitons not coupled to a
cavity mode. We study in Sec. IV the time-resolved measure-
ments obtained on the microcavity sample. We numerically
simulate the PL decay curve in Sec. V and conclude in Sec.
VI.

II. SAMPLE AND EXPERIMENTAL SETUP

The sample is a � /2 AlAs cavity with a top �bottom�
Bragg mirror of 15 �25� Al0.1Ga0.9As/AlAs pairs on a GaAs
substrate. A mixed-type QW structure is placed at the anti-
node of the cavity mode:22 it contains a wide GaAs QW
�20 nm�, surrounded by two narrow GaAs QW’s �2.6 nm�.
The narrow QW’s are separated from the wide QW by AlAs
barriers �10 nm�. When the narrow QW’s are photoexcited
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by a high-energy laser beam, the generated electrons quickly
transfer toward the lower energy levels of the large QW
through the X valley of the AlAs barrier �with transfer time
in the ps range23�. On the other hand, holes can transfer to
the wide QW only by tunneling through the barrier with a
transfer time many orders of magnitude longer �in the ms
range24�. An electron gas is thus formed in the large QW, the
density of which is optically controlled.

The heavy-hole and light-hole excitons of the wide QW
are in strong coupling with the cavity mode: the Rabi split-
ting is 4.4 meV for the heavy-hole exciton and 3.2 meV for
the light-hole exciton. The cavity is wedge shaped, so that
the difference in energy between the cavity mode and the
QW exciton at k=0 �detuning �� may be tuned by changing
the investigated spot on the sample.

In our experiment, the sample is kept at 12 K. Excitons
are nonresonantly injected in the wide QW with a mode-
locked Ti:sapphire laser delivering 1.5-ps pulses, which is
tuned to an energy 120 meV above the heavy-hole exciton
transition. A He:Ne laser is used to create the electron gas.
Both beams are focused onto the same spot ��30 �m diam-
eter� on the sample surface. A diaphragm allows an angular
selection of the PL signal with an angular resolution of �2°.
The detection angle � is directly linked to the in-plane wave
vector k of the emitting states through the relation k
= �� /c� sin �, � being the frequency of the emitted radiation.
The signal is then spectrally dispersed and temporally ana-
lyzed by a Syncroscan streak camera. The spectral resolution
is �0.3 meV, while the temporal resolution is �35 ps.

III. DYNAMICS OF THE EXCITONS IN THE BARE QW

In order to understand the dynamics of microcavity po-
laritons, we first study the emission dynamics of excitons not
coupled to a cavity mode. To do so, the upper mirror of our
cavity sample was removed by chemical etching.

We consider exciton emission dynamics in the absence of
electrons. Figure 1�a� shows the heavy-hole exciton emission
as a function of time for increasing excitation powers
�Ppump�: the decay curves are normalized to the pump power.
At low powers, the system exhibits a slow dynamic, with
both long rise and decay times. With increasing Ppump both
times become shorter. The measured decay times ��dec� are
plotted in Fig. 1�b�: �dec goes from 3 ns at low Ppump down to
a saturation value of 700 ps at higher power.

As shown by Szczytko et al.,25 at low Ppump, the exciton
bimolecular formation is slow and limits the emission dy-
namics. This is why decay times as long as several nanosec-
onds can be measured. Since the bimolecular exciton forma-
tion process is proportional to the square of the free-carrier
density, it quadratically increases with Ppump. Thus, at high
excitation powers, the exciton formation becomes a fast pro-
cess. Since the exciton cooling time is of the order of
100 ps,26 the exciton distribution does not evolve anymore
for longer time delays. As a consequence the 700-ps PL de-
cay time corresponds to the average radiative lifetime of
thermalized excitons.27–29 To check this interpretation, the
decay time of thermalized excitons has been directly mea-
sured by performing time-resolved PL under excitation reso-

nant to the exciton line.30–32 In this configuration the reso-
nantly injected excitons quickly redistribute along the
dispersion curve by interaction with the phonon bath: the
measured decay time is then the mean radiative lifetime of a
thermalized exciton population consisting of optically active
�k�3	105 cm−1� and non-optically-active excitons �k
3
	105 cm−1�.27,28 The measured decay curve under resonant
excitation is shown in the inset of Fig. 1�b� and indeed evi-
dences a 700-ps decay time.

Let us now consider the modification of the QW emission
induced by the electron gas. Figure 2�a� shows the time-
integrated PL spectra measured with a constant pump power
of 50 �W, at several He:Ne powers �PHe:Ne�. Without elec-
trons, the emission line at 1.528 eV is attributed to the
heavy-hole exciton transition. When electrons are injected, a
second line appears, 1.4 meV below the heavy-hole exciton.
This line is related to negatively charged excitons or
trions.33,34 With increasing He:Ne power, the exciton line
loses intensity, while the trion line becomes stronger, even-
tually dominating the PL spectrum.35,36

In our measurements, trions and excitons present the same
temporal behavior, indicating a thermal equilibrium at all
time delays between the two species.35 The decay curves
presented in Fig. 2�b� �which correspond to the spectra
shown in Fig. 2�a�� result from a spectral integration over
both the exciton and trion lines. In this figure, the exciton
dynamics is slow in the absence of electrons being limited by

FIG. 1. �a� Time-resolved exciton PL intensity, for increasing
excitation powers in the absence of the electron gas, under nonreso-
nant excitation. The curves are normalized to Ppump. �b� Decay
times as a function of the excitation power extracted from the
curves of �a�. Inset: time-resolved exciton PL intensity, with the
excitation energy at resonance with the exciton line.
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the exciton formation. When injecting electrons, the excess
of carriers accelerates the exciton formation and both rise
and decay times get progressively shorter. The measured de-
cay times are summarized in Fig. 2�c� as a function of the
HeNe power: the emission decay time is reduced down to a
saturation value of 300 ps at the highest investigated He:Ne
power. This value corresponds to the trion decay time: this
has been confirmed by resonantly exciting the trion
transition32,37 under a 1-�W He:Ne excitation power. The
corresponding decay curve is shown in the inset of Fig. 2�c�:
the measured decay time, which directly reflects the trion
mean radiative lifetime, amounts indeed to 300 ps. Notice
that for this temperature, the exciton radiative lifetime
�700 ps� is longer than the trion radiative lifetime �300 ps�.
Finally let us underline that under nonresonant excitation
when adding electrons the PL decay time goes down to
300 ps before the complete disappearance of the exciton line
in the emission spectrum. This behavior is at present not
clearly understood.

To conclude these measurements show that in the absence
of a cavity effect, the exciton dynamics strongly depends
both on the exciton density and on the electron density.

IV. DYNAMICS OF POLARITONS

We now consider the dynamics of the microcavity struc-
ture in the strong-coupling regime. Notice that in this struc-

ture, the He:Ne beam undergoes 20-dB losses before reach-
ing the QW, due to absorption from AlGaAs in the upper
Bragg mirror. Thus a He:Ne power of 40 �W on the micro-
cavity sample corresponds to �400 nW in the experiment
without the top mirror.

Time-resolved spectroscopy has been performed at strong
negative detuning ��=−8 meV�. The measured dispersion
curve is shown in Fig. 3; it was obtained by extracting the
energy of the two emission peaks �upper and lower polari-
tons� in the PL spectra for various detection angles.

FIG. 2. �a� Time-integrated PL
spectra and �b� time-resolved ex-
citon PL intensity, for increasing
He:Ne powers, under nonresonant
excitation. �c�: Decay times as a
function of the He:Ne power ex-
tracted from the curves of �b�. In-
set: time-resolved trion PL inten-
sity, with the excitation energy at
resonance with the trion line and
the He:Ne power set at 1 �W.

FIG. 3. Measured �symbols� and simulated �solid lines� disper-
sion curve for �=−8 meV. The two investigated states �k=0 and
reservoir� are highlighted with circles. The dashed lines represent
the energy of the uncoupled exciton and cavity modes.
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We investigate the dynamics of two particular sets of po-
lariton states. The first one corresponds to polariton states
close to k=0 in the bottom of the polariton trap. The second
set corresponds to excitoniclike states of the reservoir close
to k=3.5 �m−1.

The inset of Fig. 4 summarizes the time-integrated PL
intensities both at k=0 and in the reservoir. As was reported
for cw excitation,21 the PL intensity of the reservoir states is
not affected by the electron injection: this proves that in the
investigated density range, electrons do not introduce nonra-
diative decay processes �Auger process� for the polariton
population. A significant increase in the integrated PL signal
is observed at k=0 as electrons are injected. The emission
intensity at k=0 is enhanced by a factor of �6 at the highest
He:Ne power: electron-polariton scattering provides an addi-
tional mechanism to relax from the reservoir down to the
polariton trap.17 As a result, in the presence of the electron
gas an increased number of polaritons transfer toward the
trap and the bottleneck amplitude is reduced.21 As we dis-
cussed in Ref. 21, a strong increase of the population at k
=0 can be observed without any significant change of the
population of each reservoir state: this is explained by the
huge density of states of the reservoir as compared to the
density of states in the polariton trap.

Figures 4�a� and 4�b� show the time-resolved PL both in
the reservoir and at k=0 for increasing He:Ne powers. The
reservoir decay curves show the same qualitative evolution
with increasing electron densities as described in Sec. III for
the reference sample. The decay time ��dec

res � decreases con-
tinuously as the He:Ne power increases. In these measure-
ments, the saturation value of �dec

res amounts to 400 ps. So the
trion lifetime in the cavity sample is found to be slightly
larger in value than the 300 ps found in the bare QW. This
can be attributed to a small increase of the sample tempera-
ture induced by the absorption of the He:Ne beam in the top
mirror.28 Since we have to use a He:Ne power 100 times
stronger in the cavity sample than in the bare quantum well
to inject the same electron density, heating is much more
important in the cavity sample.

In the case of k=0 states, we also observe an acceleration
of the emission dynamics as electrons are injected in the

system. This acceleration seems qualitatively similar to that
of the reservoir states.

To complete our analysis of electron-polariton scattering
and compare it to polariton-polariton scattering, we now ad-
dress the influence of the Ti:sapphire power on the emission
dynamics. Figure 5�a� �Fig. 5�d�� shows the decay curves
measured at k=0 and in the reservoir in the absence �in the
presence� of electrons for several Ti:sapphire excitation pow-
ers. The curves have been vertically shifted in order to make
the k=0 and reservoir maximum intensity coincide at each
excitation power.

It can be seen in Figs. 5�a� and 5�d�, that the reservoir
dynamics varies exactly as in the uncoupled QW when in-
creasing the Ti:sapphire power or when injecting an electron
gas. In the absence of electrons �Fig. 5�a��, both the rise and
decay times of the reservoir get shorter with increasing
pumping rates due to a faster exciton formation �see Fig.
5�b��. The decay time saturates at 700 ps, the radiative life-
time of thermalized excitons in the reservoir. When the elec-
tron gas is added to the system, the reservoir dynamics is
accelerated and remains unchanged for all excitation powers
with a decay time of the order of 400 ps �Fig. 5�e��, charac-
teristic of a strongly-trion-like state. The fact that the physics
of the reservoir states is identical to that of the uncoupled
excitons is of course due to the strong excitonic nature of
these states. However, it also means that the improved scat-
tering toward the k=0 states observed in the presence of
electrons �reflected by the increased signal at k=0� does not
reduce in a detectable way the decay time of the reservoir
states.

Before analyzing the emission dynamics at k=0, we dis-
cuss rate equations which describe the evolution of the sys-
tem. We demonstrate that the k=0 population instantane-
ously follows that of the reservoir. This allows understanding
the overall dynamics at k=0 in the different excitation con-
ditions.

The system is divided into three subsystems: the injected
electrons and holes, the reservoir, and the k=0 states. The
time evolution of the different populations is written as fol-
lows:

FIG. 4. PL intensity as a function of time for
�a� the reservoir and �b� k=0 states for increasing
powers of the He:Ne beam. Inset: integrated PL
intensities for the reservoir �open circles� and k
=0 states �black squares� as a function of the
He:Ne power.
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dne�t�
dt

= n0 · ��t� − C · ne�t�nh�t� , �1a�

dnh�t�
dt

= n0 · ��t� − C · ne�t�nh�t� , �1b�

dnres�t�
dt

= C · ne�t�nh�t� −
nres�t�

�res
− Wpol-pol · nres�t�2

− Wel-pol · ne�t�nres�t� , �1c�

dnk=0�t�
dt

= −
nk=0�t��k=0

�C
+ Wpol-pol · nres�t�2

+ Wel-pol · ne�t�nres�t� . �1d�

Here C is the bimolecular exciton formation rate from the
plasma and ��t� is the Dirac function. n0 is the initial number
of electron-hole pairs injected by the pump while ne�t� and
nh�t� are the time-dependent populations for, respectively, the
electrons and holes in the plasma. nk=0�t� and nres�t� are the
populations of polaritons at k=0 and in the reservoir. An
additional number of electrons, ne

0, constant over time, is
added to ne�t� when considering the dynamics under He:Ne

FIG. 5. �a� PL intensity measured as a function of time for k=0 �black lines� and in the reservoir �gray lines� for PHe:Ne=0. �b� Decay
times for the k=0 states �black open circles� and for the reservoir �gray squares� extracted from the decay curves of �a�; solid lines
correspond to the decay times extracted from the simulated curves of �c�. �c� Simulated decay curves corresponding to panel �a�. �d� PL
intensity measured as a function of time for k=0 �black lines� and for the reservoir �gray lines� for PHe:Ne=40 �W. �e� Initial decay times
for k=0 �black open circles� and decay time of the reservoir �gray squares� extracted from the decay curves of �d�; solid lines correspond to
the decay times extracted from the simulated curves of �f�. �f� Simulated decay curves corresponding to panel �d�. In panels �a�, �c�, �d�, and
�f� the decay curves have been vertically shifted so that the k=0 and reservoir maximum intensity coincide at each excitation power. In
panels �d� and �f�, the dashed line highlights the k=0 initial decay for Ppump=500 �W. Panels �c� and �f� will be discussed in Sec. V.
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pumping. �k=0�0.94 is the photon fraction for the k=0
states. �res is the radiative lifetime of the reservoir, and �C
=2.2 ps is the lifetime of the cavity mode �estimated from
the polariton linewidth at large negative ��. Wpol-pol ·nres�t�
and Wel-pol ·ne�t� are the scattering rates from the reservoir
toward the k=0 states for, respectively, polariton-polariton
and electron-polariton scattering. Notice that in Eqs. �1� the
injected plasma may only decay via exciton formation: this is
justified by the fact that the bimolecular radiative recombi-
nation rate is negligible with respect to the exciton formation
rate.38

Equation �1d� can be formally integrated as

nk=0�t� = �
0

t

e−�t−t��/�k=0�Wpol-pol · nres�t��2

+ Wel-pol · ne�t��nres�t���dt�, �2�

where �k=0=�k=0 /�C=2.3 ps is the radiative lifetime of k=0
polaritons. Because of the exponential in Eq. �2�, terms with
t� such that t− t��k=0 do not contribute to the integral.
Then, considering that nres�t� and ne�t� slowly vary on the
time scale of �k=0, we can derive

nk=0�t� � �Wpol-pol · nres�t�2 + Wel-pol · ne�t�nres�t��

	�
0

t

e−�t−t��/�k=0dt� �3�

and thus

nk=0�t� � �Wpol-pol · nres�t�2 + Wel-pol · ne�t�nres�t���k=0.

�4�

Equation �4� shows that the population at k=0 instanta-
neously follows that of the reservoir.8,39 Thus, if the reservoir
exponentially decays with a decay time �dec

res , nk=0 decays with
a time constant equal to �dec

res /2 if polariton-polariton scatter-
ing is dominant and to �dec

res if electron-polariton rate scatter-
ing is the largest.

Let us now consider the emission measured at k=0, at
first in the absence of electrons. The integrated PL intensity
of the emission at k=0 is reported in Fig. 6; when increasing
the excitation power, the signal at k=0 grows quadratically, a

signature of polariton-polariton scattering.40 As a conse-
quence, the decay time �dec

k=0 of k=0 states is equal to one-half
of the reservoir decay time �dec

res �see Fig. 5�b��. When in-
creasing the excitation power, the dynamics in the reservoir
continuously accelerates because of a faster exciton forma-
tion and its decay time goes down to 700 ps. Consequently
the decay time at k=0 goes down to �dec

k=0=700/2=350 ps:
the acceleration of the dynamics observed at k=0 simply
reflects the faster exciton formation in the reservoir.

Let us now consider the emission at k=0 in the presence
of the electron gas. The PL intensity at low Ti:sapphire ex-
citation powers �open circles in Fig. 6� is enhanced and
grows quasilinearly with the excitation power: electron-
polariton interactions now govern the relaxation from the
reservoir into the polariton trap. Thus, as derived in Eq. �4�,
the emission dynamics at k=0 is identical to that of the res-
ervoir. Figure 5�e� indeed shows that at low excitation power,
�dec

k=0 and �dec
res are equal. Then, when the excitation power is

increased, polariton-polariton scattering becomes stronger
and eventually dominates the relaxation.21 As a consequence,
the dynamics at k=0 progressively becomes faster than that
of the reservoir and its decay time tends to half that of the
reservoir �see Fig. 5�e��.

Finally, we want to mention that we have investigated the
dynamics of our microcavity for several detunings. The
physics of the system always remains well described by the
behavior outlined by Eq. �4� and discussed thereafter. The
reservoir dynamics does not depend on � and is modified the
same way when adding electrons. When going to less nega-
tive detunings, the bottleneck amplitude is reduced and the
role of polariton-polariton scattering becomes less important.
As a result, the emission at k=0 becomes closer to a linear
behavior and the dynamics in the presence of electrons re-
sembles more and more that of the reservoir. Actually, for
zero detuning we observe the very same dynamics at k=0
and in the reservoir for any excitation condition.

V. NUMERICAL CALCULATIONS

To complete our analysis of the polariton dynamics and
quantify the interplay of the two scattering mechanisms, we
numerically solve Eqs. �1� to simulate the experimental de-
cay curves. We have taken �res=700 ps in the absence and
�res=420 ps in the presence of the electron gas.

The number of injected pairs has been estimated as fol-
lows:

n0 =
�QWTPpump

EPump�
� 500 · Ppump��W� ,

where �QW�2.5% is the absorption of the QW, T�0.44 is
the transmission of the microcavity upper mirror at Epump,
and �=82 MHz the pump repetition rate. To determine ne

0,
we have extrapolated to the low-density limit the Fermi en-
ergy measurements at high electron density.41,42 We obtain
ne

0�1	108	 PHe:Ne ��W�	S �cm2�, where S is the spot
area.

As experimentally shown in Sec. IV, the dynamics of the
reservoir is not affected by the scattering of polaritons into

FIG. 6. Integrated PL intensities of the k=0 states as a function
of the pump power without electrons �solid squares� and with elec-
trons �open circles�. The solid lines are guides to the eye.
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the polariton trap: we measure exactly the same behavior as
in the sample without the top mirror. So to determine the best
parameters in our model, we start by fitting the reservoir
dynamics solving only the first three equations of the system
�1� and neglecting the scattering toward k=0: by doing so the
only fitting parameter is C. We find C�1.6	105 s−1, a value
fully consistent with the calculations of Ref. 43. Then the
dynamics of k=0 states has been fitted with Wpol-pol=4 s−1

�consistent with the value calculated in Ref. 8� and Wel-pol
=5.5 s−1.

The calculated decay curves are shown in Figs. 5�c� and
5�f�. Decay curves for the reservoir and k=0 are superim-
posed for several polariton densities to allow a straightfor-
ward comparison with the experimental data of Figs. 5�a�
and 5�d�. Moreover, calculated decay times are reported in
Figs. 5�b� and 5�e� for comparison with experimental values.
There is good agreement between the experimental and
simulated curves, and the overall dynamics is well repro-
duced by the model. First, in the absence of electrons, the
bimolecular exciton formation reproduces the progressive
acceleration of the reservoir dynamics as the polariton den-
sity is increased. In these excitation conditions, the emission
at k=0 decays twice faster than the reservoir, a signature of
the quadratic nature of the relaxation mechanism feeding
these states. When electrons are introduced in the system, the
emission rise time is reduced because of a faster exciton
formation and the emission at k=0 has the same dynamics as
the reservoir as long as the excitation power is low enough
for electron-polariton scattering to govern the relaxation. For
higher excitation powers, polariton-polariton scattering dom-
inates the relaxation into the trap and the emission at k=0
becomes faster than that of the reservoir.

The transition between the two scattering mechanisms is
also visible from the more complex decay shapes observed in
the intermediate excitation range. Notice, for instance, in
Fig. 5�d�, the biexponential behavior of the decay curve mea-
sured at k=0 �in the presence of electrons� for 500 �W ex-
citation power. At short time delays, the decay is faster than
that of the reservoir �this first decay has been highlighted
with a dashed line in the figure�, a signature of strong
polariton-polariton scattering. Then, �500 ps after the emis-
sion peak, the polariton population in the reservoir has suf-
ficiently decayed for electron-polariton scattering to become
the dominant relaxation mechanism: as a consequence the
emission decay becomes slower and identical to the decay of
the reservoir. For this excitation power, the relaxation is gov-

erned by polariton-polariton scattering at short time delays
and by electron-polariton scattering at long time delays. This
biexponential decay is reproduced by the model.

VI. CONCLUSIONS

The effect of a photoinjected electron gas on the dynamics
of microcavity polaritons has been studied under nonreso-
nant excitation. As previously reported under cw excita-
tion,21 a strong increase of the signal at k=0 is induced by
the injection of the electron gas while the signal in the res-
ervoir remains unchanged. However, as under cw excitation,
we do not observe any polariton condensation or a depletion
of the reservoir.

Time-resolved measurements show that electrons strongly
accelerate the emission dynamics of the reservoir states. This
behavior is not specific to the microcavity system since it is
also observed in a reference QW not coupled to a cavity. It
can be explained by a faster exciton formation and, in the
presence of electrons, trionic effects. Moreover, it appears as
a clear piece of experimental evidence that the dynamics of
the reservoir is not affected by the scattering of polaritons
toward k=0.

Since the overall scattering rate toward k=0 is smaller
than the polariton radiative rate at k=0, we have also shown
that the population in the polariton trap follows instanta-
neously the population of the reservoir. As a consequence,
the dynamics in the polariton trap directly reflects the dy-
namics of the reservoir. When polariton-polariton scattering
governs the relaxation, then the emission at k=0 decays
twice faster than in the reservoir. When electron-polariton
scattering dominates, the dynamics observed at k=0 is iden-
tical to that of the reservoir.

To conclude, by studying the bare QW and the microcav-
ity sample, we explain the modification of the emission dy-
namics in the presence of an electron gas by the interplay
between the physics of excitons in the reservoir and the
physics of the polariton relaxation.
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