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Instabilities in a driven lower polariton �LP� mode in planar GaAs microcavities are investigated under the
resonant optical pumping near the magic angle, with the use of a time-resolved technique. A qualitatively
different hysteresis behavior has been observed for the intracavity field EQW and for the resonance energy of
the driven LP mode. Self-instability of the driven nonlinear LP oscillator, which develops with increasing
pumping, results in a sharp increase in both EQW and the LP energy. The steplike increase in EQW transfers the
LP system in a region of its strong parametric instability with respect to the intermode scattering. The insta-
bility mainly results in a redistribution of LPs in the momentum space, which causes a strong decrease in EQW

for the driven mode but weakly affects the resonance energy. The results are qualitatively explained within a
coherent many-mode approximation based on the Gross-Pitaevskii equations.
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I. INTRODUCTION

Quasi-two-dimensional �2D� excitonic polaritons in semi-
conductor microcavities �MCs� have attracted strong interest
since a pioneering work by Weisbuch et al.,1 where the
strong coupling of 2D exciton with a cavity photon was dem-
onstrated. A lot of interesting effects can be expected, which
are due to the bosonic nature of polaritons, as well as due to
their extremely small effective mass and the presence of an
inflection point in the lower polariton �LP� dispersion
branch.2–21 One of the most striking phenomena is the giant
rate of stimulated polariton-polariton scattering that starts, in
case of optical excitation at wave vector kp close to the in-
flection point, k=kinfl, at an unusually low excitation
density.11–21 The scattering does not follow a key prediction
of the conventional four-wave mixing theory. Instead of a
shift along the dispersion curve in response to a shift of kp
and/or the excitation energy Ep, the “signal” and “idler” ap-
pear invariably at k�0 and �2kp, respectively, being blue-
shifted from the LP dispersion curve.20,21

Suggested models for stimulated polariton-polariton scat-
tering are mostly based on the optical parametric oscillator
�OPO� model that considers all the k states of polaritons as
classical oscillators and takes into account the pairwise
�polariton-polariton� interaction.22–32 Respective equations
are similar to the Gross-Pitaevskii equations used in theories
of the weakly imperfect Bose gas.

Practically, the OPO-based model is often reduced to con-
sideration of three macro-occupied modes �i.e., pump, signal,
and idler modes; see Refs. 22–26 and 29�. In general, this
approximation provides a qualitative explanation of the
threshold behavior of stimulated scattering, but cannot ex-
plain the certain direction of the scattering signal. At the
same time, valuable efforts were aimed at investigation of
stationary �time-independent� solutions of the reduced three-
mode system.22–26 However, formation of a stationary state
�that, presumably, may appear when all the “fast” processes
related to the development of instability are already finished�
is only one of possible opportunities for the system dynam-
ics. Under the strongly nonequilibrium conditions corre-

sponding to the case of coherent resonant excitation, the sys-
tem may eventually pass to a nonstationary state such as a
limit cycle or even a more complicated attractor of the phase-
space trajectory.

Beyond the scope of above-mentioned approximations,
behavior of a resonantly driven LP system was considered in
the framework of many-mode OPO-based model with all the
pairwise interactions included.30–34 Stability analysis of the
driven LP mode and numerical simulations of evolution of
the many-mode system were performed within a unified ap-
proach. The unusual behavior of the stimulated scattering
under the excitation at “magic angle” �kp�kinfl� was shown
to be coming from an interplay between two distinct insta-
bilities arising in the driven system. These are, first, a single-
mode bistability with respect to the external pump35 and,
second, a parametric instability with respect to a decay into
multiple scattered LP states. The system evolution path as
well as its final state was found to be crucially dependent on
the process of instability development �see Ref. 36�.

Optical bistability in a triply resonant OPO system �i.e.,
with the cavity being simultaneously resonant to the pump,
signal, and idler modes� was observed several years ago.37

Recently, the bistability for an isolated LP mode driven ex-
ternally was reported for excitation at kp=0.24 It originates
from Kerr-type �cubic� nonlinearity caused by the self-action
of a driven mode. Later, the same authors observed the hys-
teresis effect in the MC emission normal to the cavity plane
under cw excitation at kp=kinfl.

2 In the latter case the hys-
teresis results from the intermode interaction. The obtained
results were qualitatively explained within a three-mode
OPO model, which allowed the authors to conclude that
there is the fundamental analogy between the system of LPs
in a planar MC and a three-mode OPO system.

It is of importance, however, that the cw techniques are
unable to distinguish intermediate states for different evolu-
tion paths for the excited system. Because of that, they are
not sufficient for investigation of processes that involve con-
current development of several instabilities. As a result, cw
techniques are unable to clarify the dynamical way of ap-
pearance of macro-occupied signal at k�0.
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To trace the development of instabilities, the time-
resolved techniques should be employed. Recently such a
technique was used to study the kinetics of stimulated polar-
iton scattering excited by nanosecond-long pulses.38 Com-
pared to the LP lifetime of a few picoseconds, the excitation
conditions may be considered as a quasistationary pump.39

The studies showed the three-mode OPO model failing to
describe the formation of the scattering signal at k�0. On
reaching the threshold, the scattering initially goes into a
wide range of k vectors, whereas the signal at k�0 appears
as a result of self-organization in the excited polariton sys-
tem.

In the present study, we employed the time-resolved tech-
nique to investigate the instabilities in the driven LP mode in
detail. Time evolution of the magnitude of the signal passing
through the cavity and the spectral position of the driven LP
mode are studied. Critical transformations of the driven
mode due to its instabilities are traced, both the stable and
the transient states of the driven LP oscillator are detected,
and the effect of the interplay between the self-instability and
the intermode decay instability of the driven mode on the
evolution of pumped LP system is revealed.

The paper is organized as follows. In Sec. II, the sample
structure and experimental setup are described. Section III
presents experimental studies of the time evolution of inten-
sity �Sec. III A� and spectral position �Sec. III B� of the int-
racavity optical field in the driven LP mode. Finally, com-
parison of the experimental results to the available
theoretical OPO models is given in Sec. III C.

II. EXPERIMENT

MC structure consisted of two Bragg reflectors with 17
and 20 repeats of � /4 Al0.13Ga0.87As /AlAs layers in the top
and rear mirrors, respectively, and a 3� /2 active layer be-
tween them. The active layer contained six 10-nm-thick
In0.06Ga0.94As /GaAs quantum wells �QWs�. Rabi splitting of
the coupled exciton-cavity modes was ��6 meV. The
sample was placed into an optical cryostat at the temperature
of 7 K. Resonant excitation was produced by a pulsed Ti-
sapphire laser �with picosecond-long pulses� at a repetition
rate of 5 kHz and delivered to the cryostat using a long
multimode optical fiber. After the fiber, the pulses had dura-
tion of �1 ns and the spectral full width at half maximum
�FWHM� of about 0.9 meV. The average excitation power
was varied from 3 to 20 �W.

The angle between the pump laser beam and the normal to
the sample was 14° �kp�1.8�104 cm−1�. The k-space dis-
tribution for the excited LPs was measured by selecting the
detection angle �. The latter is connected to k as k
= �� /c�sin �, where � is the light frequency. Both the kinet-
ics of the transmission signal and that of MC luminescence
were measured from the opposite to the pump side of the
cavity. The signal was detected by a streak camera with spec-
tral resolution of 0.2 meV and temporal resolution of 70 ps.
Excitation beam was always focused onto the same spot,
which was 100 �m in diameter. Detuning between the exci-
ton EX�k=0� and photon EC�k=0� modes in the excitation
spot was found to be EC−EX�−2 meV.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. Instabilities and hysteresis behavior for the intracavity
optical field in the driven LP mode

Data on the driven LP mode instabilities were obtained
from MC transmission measurements. The active region in
the cavity is separated from the detector by a Bragg mirror
that does not introduce any nonlinearity and/or spectral se-
lectivity. Because of that, the intensity of the pump pulse
transmitted through the MC, Itr�� , t�, is proportional to the
squared magnitude of the intracavity electric field,
�EQW,kp

�� , t��2, and therefore provides direct information of
its spectral and time dependences.40 The time dependence of
a spectrally integrated intensity, �Itr�� , t�d�= Itr�t�, is propor-
tional to the squared magnitude of electric field at the exci-
tation k-vector �EQW�kp , t��2, whereas the time dependence of
the first momentum ���Itr�� , t�d� /�Itr�� , t�d� gives one
the information on the change in an average energy of ex-

cited LP mode, ẼLP�t�.
The pump pulse profile Iext�t� is shown in the inset of Fig.

1. Note that it is proportional to the intensity of the external
electric field outside the MC, �Eext�kp , t��2. The pump inten-
sity builds up during the first 100 ps and then decreases
slowly �by about three times by t=1 ns�. The pulses of a
circular �	+� polarization and the FWHM of 0.9 meV excite
the MC about 0.5 meV above the LP dispersion branch at
kp= �kpx ,kpy�= �1.8,0� �m−1.

Figures 1�a� and 1�b� show the transmission spectra re-
corded at k=kp with the time interval of 100–200 ps at the
excitation densities P=11.3 and 17.3 kW /cm2, respectively.
The value P identifies the maximum values of Iext�t�, P
=maxt Iext�t�. Figure 1 demonstrates that both the spectral
position and the FWHM of the transmission signal recorded
at the low excitation density change very weakly during the
pulse duration. Meanwhile, the spectra recorded at the high
pumping density demonstrate a well-pronounced broadening
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FIG. 1. Transmission spectra recorded at k=kp with time sepa-
ration delay of 100–200 ps from 0.06 to 1.66 ns at the excitation
densities �a� P=11.3 and �b� 17.3 kW /cm2. The value P corre-
sponds to the peak values of Iext�t�. The spectral position of the
excitation pulse is shown by gray vertical arrows labeled as
“Pump.” The pump pulse profile Iext�t� is shown in the inset.
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and a strong blueshift of the signal. Former behavior is char-
acteristic for the driven mode in the nearly linear regime,
while the latter one is the fingerprint of the highly nonlinear
regime.

First, we consider the dynamics of the intracavity electric
field. Time evolutions of the MC transmission intensity Itr�t�
are presented in Fig. 2�a� for several excitation densities P in
the range from 10.7 to 17.3 kW /cm2. Iext�t� is also shown,
labeled as “Pump.” At the lowest P=10.7 kW /cm2, Itr�t�
�and, hence, �EQW�kp , t��2� increases slightly superlinearly
with Iext�t�, reaches the maximum, and then decreases
slightly superlinearly with Iext�t�. Such a behavior is a char-
acteristic of a weakly excited nonlinear oscillator. With in-
creasing P to 13.4 kW /cm2, the transmission signal starts to
show a nonmonotonic dependence on Iext�t�: a short-term
peak appears in Itr�t� on the descending side of the pulse, in
the time interval 0.15–0.3 ns. The peak grows quickly with
increasing P. The sharp increase in �EQW�kp , t�� on the back-
drop excitation density is the sign of an instability in the
pumped LP mode.

In a presentation of EQW as a function of Eext, the hyster-
esis behavior becomes pronounced. Experimental relation-
ship between Itr�t� and Iext�t� redrawn in the form of Itr�Iext�
�equivalent to the dependence �EQW�2 as a function of �Eext�2�
is presented in Fig. 3�a�. Figure 3�a� shows that already at
P=10.7 kW /cm2, Itr as a function of Iext demonstrates a
weak hysteresis. The hysteresis magnitude grows quickly

with increasing P, which is indicative of a critical transfor-
mation of the driven LP mode, related to its bistability.

Bistability of the driven LP mode is typical of a nonlinear
classical oscillator.41 For a resonantly driven exciton conden-
sate it was formerly predicted in Ref. 35. At last, in the LP
system it was actually observed in Ref. 24 for the case of
pump directed by the cavity normal. But although theoretical
explanation of the bistability presumes the same effect irre-
spective of pump direction, in the case of the pump imposed
at the magic angle it is not observed in the form of a typical
hysteresis under the action of cw excitation. A reason for that
is the presence of another type of instability in the driven
system—parametric decay of the driven mode, which makes
the situation more complicated.36,38 To make the difference
evident, we compare results of our experiment with an exact
single-mode approximation.

A typical relationship between �EQW� and �Eext� for a non-
linear excitonic oscillator predicted in a single-mode ap-
proximation �i.e., if only the driven mode is taken into ac-
count� is shown in Fig. 3�c�. There are two stable branches,
an upper and a lower one, with d�EQW�2 /d�Eext�2
0.41,42 The
lower stable branch �EQW���Eext�� is superlinear and reversible
below a critical value �Eext

�crit,1��. An abrupt transition into the
upper stable branch occurs when �Eext� reaches the critical
value. A reverse transition to the lower stable branch for the
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FIG. 2. Time dependences of �a� MC transmission intensity, �b�
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decreasing field takes place at �Eext�= �Eext
�crit,2��� �Eext

�crit,1��, re-
sulting in a hysteresis behavior of �EQW���Eext��.

Comparison of measured and calculated relationships be-
tween �EQW�2 and �Eext�2 in Figs. 3�a� and 3�c� reveals two
significant discrepancies. First, the steplike increase in �EQW�
occurs not on the increasing but on the decreasing side of the
pulse, which cannot be explained in the single-mode ap-
proximation. Second, the experiment shows that the increase
in �EQW� is immediately followed by a steplike decrease
�amount of the decrease is dependent on P�. Such a behavior
suggests that the steplike increase in �EQW�kp�� brings the LP
system into an unstable state, while in the single-mode ap-
proximation, this state should be stable until the critical
value �Eext

�crit,2�� is achieved. Moreover, the value of �Eext
�crit,2��

does not depend on the peak magnitude of �Eext� when the
latter exceeds �Eext

�crit,1��. Before consideration of various theo-
retical models offered to describe the dynamics of �EQW�kp��,
we examine the blueshift for the driven LP mode within the
duration of the pulse, which is connected to a repulsive
exciton-exciton interaction in the system of circularly polar-
ized LPs.

B. Hysteresis in the blueshift for the driven LP mode

The blueshift of the LP energy is related to the repulsive
exciton-exciton interaction and increases with the density of
photoexcited excitons.43 In turn, the blueshift of the driven
mode strongly affects the relationship between EQW and Eext
because of the change in the detuning between the energies
of the driven LP mode and of the exciting laser, Dp=��p

− ẼLP�kp�. The FWHM of the exciting pump used in our
studies slightly exceeds that of the LP mode resonance. As a
result, the spectral distribution of the intracavity field is

slightly shifted from ẼLP�kp� to the pump pulse maximum.
However in view of a monotonous correlation between the

blueshifts in Etr�t� and ẼLP�kp�, the time profile of Etr�t� re-

flects the behavior of the resonance energy ẼLP�kp�.
Changes in the spectral distribution of the intracavity field

at the excitation wave vector during the excitation pulse are
shown in Fig. 1�a�. Excitation at P=11.3 kW /cm2, i.e., be-
low the threshold density, causes a very weak blueshift in the
transmission peak �not exceeding 0.1 meV� and a small
change in the line FWHM. At P=17.3 kW /cm2, the spectra
demonstrate a strong �exceeding 50%� increase in the line
FWHM and a strong blueshift of the transmission signal
which exceeds 0.5 meV for t between 0.3 and 1 ns. As a
result, the transmission signal shifts slightly above the excit-
ing pulse.

Time dependence of spectral position of the transmission
signal, Etr�t�, is shown in Fig. 2�b� for several excitation
intensities. Comparison of time profiles for the excitation
pulse �Eext�t��2 and for the electric field �EQW�kp , t��2 dis-
played in Fig. 2�a� with that for the blueshift in Etr in Fig.
2�b� shows that they strongly differ from each other. The
blueshift of Etr�t� follows neither �Eext�t��2 nor �EQW�kp , t��2.

Figure 3�b� demonstrates that the blueshift in Etr plotted
as a function of Iext also demonstrates the hysteresis behav-
ior. The hysteresis appears at a relatively low excitation den-

sity and increases with P. The difference in Etr at the two
sides of the hysteresis curve is less than 0.1 meV at P
=10.7 kW /cm2 and increases to �0.6 meV at P
=17.3 kW /cm2.

In Fig. 4, the blueshift �Etr is presented as a function of
Itr. One can see that a linear relationship between �Etr and
�EQW�kp��2, which is characteristic of the case of predominant
occupation of the driven LP mode, is observed only in the
beginning of the pulse. The blueshift of Etr does not stop its
growth when �EQW�kp��2 reaches its first maximum; on the
contrary, it continues growing while �EQW�kp��2 decreases.
Such an effect can be observed only due to the occupation of
the states other than k=kp. On the other hand, Fig. 2�c�
shows that the decrease in �EQW�kp��2 in the time range of t
�0.2–0.3 ns is not followed by any strong increase in oc-
cupation of the signal states at k=0. Indeed, the occupation
of the k=0 mode remains weak at P=15.6 kW /cm2 over the
whole duration of the pulse, while at P=17.3 kW /cm2

strong increase in its occupation starts with a delay of more
than 100 ps after the sharp decrease in EQW�kp�. The idler at
k=2kp �not displayed in Fig. 2� shows a similar behavior.
Thus, we can conclude that the LPs that maintain the perma-
nence of the blueshift in the driven LP mode during a sharp
decrease in EQW�kp� are distributed over a large range of
wave vectors rather than being concentrated in the signal and
idler modes. This conclusion is a direct confirmation that the
three-mode �pump, signal, and idler� OPO model22,29 is not
sufficient for the explanation of the experimentally observed
hysteresis in the dependences of Etr��Eext��.

Finally, we examine the behavior of the resonance energy
of the driven LP mode for the upper branch of the hysteresis
loop �Etr�Iext�. In this case the excited polariton system has
already passed through the threshold for the parametric in-
stability with respect to the LP-LP scattering. Figure 3�b�
shows that �Etr remains nearly constant over a wide range of
the pumping density. The blueshift starts to decrease only
when the exciting density falls down nearly twice. Such a
stabilization of the resonance energy of the driven LP mode
in this range is maintained due to the energy shift of the
mode above the energy of the exciting laser. The latter can be
clearly seen in Fig. 1�b�. Such a shift provides a negative
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feedback in the pumped LP system, which stabilizes both the
LP density and the blueshift in the driven LP mode. Indeed,
a decrease in the excited polariton density causes a decrease

in ẼLP�kp�, which moves the driven mode closer to the reso-
nance with the exciting laser. This causes an increase in the
inner MC field, which, in turn, leads to the growth in the
excited LP density, preventing a decrease in the blueshift. In
that way, both the high density of scattered LPs and, along
with it, the blueshift in the driven mode remain nearly con-
stant over a rather wide range of decreasing excitation den-
sity.

The discussed reason for the stabilization of Etr is similar
to that for a bistable nonlinear oscillator, which is shown in
Fig. 3�c�. However the stabilization is maintained in that case
by a high population of the driven mode itself. On the con-
trary, Fig. 4 shows that Etr remains nearly constant in our
case over a threefold decrease in �EQW�kp��2. Hence, the sta-
bility of the energy of the driven mode is supported by LPs
scattered from this mode in process of the highly efficient
stimulated LP-LP scattering.

C. Instabilities and hysteresis behavior of the driven LP mode:
Effect of coherent scattering of LPs

Going beyond the framework of a few-mode approxima-
tion, which does not explain the observed instabilities in the
driven LP mode, one should take into account all the pair-
wise interactions in the many-body system of the MC polari-
tons. The most advanced available model is based on a sys-
tem of coupled equations for the exciton polarization P�k , t�
and the intracavity electric field EQW�k , t� that take the exter-
nal pumping into account:30,31

	i�
d

dt
− EC�k�
EQW�k,t� = �k�Eext�k,t� + ��k�P�k,t� ,

�1�

	i�
d

dt
− EX
P�k,t� = AEQW�k,t� + V �

q1,q2

P��q1 + q2

− k,t�P�q1,t�P�q2,t� + ��k,t� . �2�

Here, Eext�k , t�=�k,kp
E�t�exp�−iEpt /�� is the excitation field,

EC�k� and EX are the cavity photon and exciton energies,
respectively, V is the exciton-exciton interaction constant, A
is the exciton polarizability, and ��k , t� is a stochastic Lange-
vin force ����k , t�=0 and ���k , t���k� , t����k,k��t,t��. Cav-
ity response coefficients �k� and ��k� are calculated using
the transfer-matrix technique.

This approximation, which allows one to take into ac-
count all of the pairwise interactions in a coherent many-
mode polariton system, will be referred to as a coherent
many-mode approximation. The equation for exciton polar-
ization is similar to the Gross-Pitaevskii equation.44 This ap-
proximation was recently found to describe qualitatively the
stimulated polariton scattering under a strong resonant
excitation.34,36,38,45

Figure 5 shows calculated time dependences of

�EQW�kp , t��2 and ẼLP�kp , t� for two excitation densities

slightly above the threshold. The cavity parameters and the
excitation pulse shape approximately correspond to the ex-

perimental conditions.46 Effective resonance energy ẼLP of
the driven mode depending on the exciton polarization P �in
all k-space modes� is calculated in agreement with quasista-
tionary representation of the response function:

�P�kp��2 �
�Eext�2

�Ep − ẼLP��P���2 + ���̃LP��P���2
, �3�

where �̃LP is the corresponding decay coefficient.
The deviation from the single-mode approximation starts

at relatively high excitation densities because of the small
LP-LP scattering rate at low LP densities. The path of the
instability development and the hysteresis shapes for either
�EQW�kp�� or Etr as a function of �Eext� depend on the time
profile of the excitation. Such a behavior is caused by the
feedback effect of the scattered LPs on the state of the driven
mode.

Comparison of the simulation results displayed in Fig.
5�a� with the experimental data in Fig. 2�a� demonstrates that
the simulations reproduce qualitatively both the steplike in-
crease in �EQW� and its subsequent rapid decrease. Calcula-
tions show that the increase is caused by the self-instability
of the driven LP mode. However, the upper state for this
transition turns out to be unstable due to development of
parametric LP-LP scattering. The instability of the driven LP
mode with respect to the intermode scattering results in a
rapid occupation of LP states in a wide range of wave vectors
�rather than the only two—signal and idler—modes taken
into account in the three-mode OPO model�. Comparison of

calculated dependences �EQW�kp , t��2 and ẼLP�kp , t� in Fig. 5

0,0 0,4 0,8

1457,2

1457,6

1458,0

E
ne
rg
y
(m
eV
)

Time (ns)

(b)
0,00

0,02

0,04

0.42
0.38

Pump

Tr
an
sm
is
si
on
in
te
ns
ity

| ε Q
W
(k
p,t
)|2
(a
rb
.u
ni
ts
)

Pump

(a)

FIG. 5. Time dependences of �a� internal MC electric field and
�b� driven LP mode energy �relative to QW exciton energy EX�
calculated in the coherent many-mode approximation for the pump
profile displayed in �a� by solid line at two excitation intensities:
close to the threshold �P=0.38� and 10% above it �P=0.42�.
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shows that the coherent many-mode OPO model reproduces

the absence of a noticeable decrease in ẼLP�kp� when
�EQW�kp�� decreases strongly due to the parametric instabil-
ity, in good agreement with the experimental data in Fig. 2.

Calculations show that the stability of ẼLP�kp� is maintained
by a contribution from the scattered LPs to the blueshift in
the driven mode. An unusually low threshold and a high
efficiency of the parametric scattering of the driven LP
mode, which supports a fast growth of the overall LP density
in the MC, are related to presence of the inflection point in
the LP dispersion curve, due to which both the energy and
the momentum conservation laws are simultaneously ful-
filled.

In Fig. 6, the developments of the driven mode instability
are compared for single-mode and many-mode coherent ap-
proximations. One can see that the latter approximation pre-
dicts a much lower threshold. A decrease in the critical field
�Eext

�crit,1�� is related to the positive feedback of the scattered
LPs on the blueshift in the driven mode, in the case when the
intermode decay instability develops before the self-
instability in the driven mode.47 In that case, the LP-LP scat-
tering leads to an increase in the overall LP density, the con-
tribution of which to the blueshift in the resonance energy
results in an effective decrease in the detuning Dp=Ep

− ẼLP�kp�. As a result the unique dependence of ELP and,
hence, of EQW on Eext at the excitation wave vector is dis-
turbed. That allows the transition point to shift to the de-
creasing side of the excitation pulse, in agreement with the
experiment. The results of numerical simulations displayed
in Fig. 6 show that for the pulse shape similar to that used in
the experiment, the shift can be as large as 30%.

Thus, the coherent many-mode approximation provides a
qualitative description of the main features of the instabilities
and the hystereses in a resonantly pumped LP system, both
for the magnitude of the internal optical field and for the
blueshift in the LP resonance. More detailed comparison of
the modeling with the experiment reveals significant quanti-
tative and even qualitative discrepancies. In particular, ac-
cording to numerical modeling, the reverse transition of the

driven mode to the lower state should be followed by an
abrupt decrease in its energy, with a characteristic time of
about 20 ps, which corresponds to the lifetime of LPs with
k��3–5�kp. Meanwhile, in the experimental data in Fig. 2,
the decrease time is about an order of magnitude larger, in
the range of 200–300 ps. Such long times are typical for
excitonlike states with large wave vectors. Such states can be
efficiently generated, in particular, due to an incoherent scat-
tering of the pumped LPs by phonons and/or free
electrons,16,48–50 which is not taken into account in the sug-
gested coherent model.

IV. CONCLUSION

Dynamics of the driven LP mode has been investigated in
a GaAs MC under a nanosecond-long resonant pumping in-
cident at the magic angle slightly above the dispersion curve.
Time-resolved measurements have revealed an interplay be-
tween two parametric instabilities in the LP system, both
related to the LP-LP interaction. These are, first, instability
of the driven mode by itself �which is connected to the
single-mode bistability� and, second, the instability with re-
spect to the intermode LP-LP scattering.

In the present study, the initial process of the instability
development has been traced in detail, by means of the time-
resolved measurement of both energy and intensity distribu-
tions of the transmission signal. We have found that the criti-
cal excitation density for the transition connected to the
single-mode bistability of the driven LP mode is lowered due
to additional mode blueshift induced by LPs scattered into a
wide range of wave vectors. The steplike increase in
�EQW�kp�� caused by this transition transfers the LP system
into the state of strong parametric instability. As a result, the
final state for the transition is unstable, with respect to the
intermode scattering causing a sharp decrease in �EQW�kp��.
The magnitude of the decrease is determined by the energy
balance of the open dissipative system of numerous LP
modes interacting with each other. Such a behavior is quali-
tatively different from that of excitons in semiconductors
and, in general, occurs due to the presence of the inflection
point in the microcavity polariton dispersion curve.

The discovered dynamics of the driven LP mode cannot
be described even qualitatively in the framework of single-
and three-mode OPO models. A qualitative explanation of
the observed instabilities and the hysteresis behavior of the
driven LP mode has been achieved in the framework of a
coherent multimode approximation. One of possible reasons
for remaining quantitative disagreement could be the effect
of the incoherent scattering of driven polaritons by phonons
and free carriers, which is neglected in the suggested theo-
retical model. Such a scattering, which transforms the short-
lifetime �3–5 ps� LPs into long-lifetime excitonlike states,
leads to an effective increase in the average exciton density
and, as a consequence, leads to an additional blueshift in the
driven LP mode and affects the development of the instabili-
ties in the pumped LP system.
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