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Abstract. The spectrum of a polariton optical parametric oscillator (OPO) around the signal state is investigated by means of 
a novel experimental configuration, which allows for the observation of the imaginary part of the OPO elementary 
excitations. Using continuous-wave resonant excitation, around the inflection point of the lower polariton dispersion, with a 
pulsed-probe, resonant at the idler position, we obtain the long dynamics behavior around the signal state. This allows the 
study of the damping rate of the OPO’s signal state as a function of pump intensity by means of time- and energy-resolved 
photoluminescence. At high pump intensities, the lifetime of the perturbed signal is observed to be orders of magnitude 
(nanoseconds) longer than the intrinsic cavity lifetime (picoseconds). These results are in agreement with calculations of the 
self-energy of the excitations around the signal state. 
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INTRODUCTION 

Polaritons, boson-like particles, are coupled modes in 
semiconductor microcavities formed in the limit of low-
carrier density. While its bosonic character is preserved, 
polariton-polariton scattering can be stimulated by final 
state occupation. Due to their strong Kerr-nonlinearities, 
and to their peculiar dispersion relation, polaritons show 
large gain values in parametric amplification [1] as well 
as parametric oscillations [2]. They are very promising 
objects to study phase transitions in non equilibrium sys-
tems, where the concept of quantum fluid is no longer 
determined by a thermodynamical equilibrium condition, 
but rather by a balance between external driving and dis-
sipation. Their mixed excitonic/photonic nature allows for 
a number of notable properties, such as a very light mass, 
significant interactions, and the possibility of all-optical 
manipulation and diagnosis [3]. We propose a novel ex-
perimental configuration to study the excitations of the 

signal state of an OPO by analyzing its temporal response 
to a weak, pulsed perturbation set at resonance with the 
idler state. Good agreement between the experimental 
observations and a theoretical model based on the gener-
alized polariton Gross-Pitaevskii equation is found, which 
supports the present theoretical understanding of the 
strongly modified dispersion of the elementary excitations 
of polaritons in the presence of a strong pump beam. 

EXPERIMENTAL DETAILS 

The studied microcavity is composed by a /2 AlAs 
cavity with a top (bottom) Bragg mirror of 15 (25) 
Al0.1Ga0.9As/AlAs pairs, grown on a GaAs substrate. A 
20-nm wide GaAs quantum well is embedded at the 
antinode position of the cavity mode. The excitons are in 
strong coupling with the cavity mode with a Rabi splitting 
of 4.4 meV. The sample is kept at a temperature of 10 K. 
A cw Ti:Al2O3-laser pump, with an incident angle of 10º, 
at resonance with the lower polariton branch (LPB), 
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excites polaritons with a well defined finite momentum 
and energy. Parametric processes convert pump polaritons 
into signal-idler ones via optical nonlinearities. Above a 
threshold intensity, the parametric process becomes 
stimulated and gives rise to a pair of signal-idler coherent 
beams. Signal emission originates at the bottom of the 
LPB, while the energy and momentum of the idler are 
fixed by the phase matching conditions (further details on 
the OPO configuration can be found in [4]). Additionally, 
a weak, pulsed Ti:Al2O3-laser probe (2 ps) is tuned at the 
energy and momentum of the idler state, allowing the 
detection and study of the response to the perturbation at 
the signal energy. Its spectral and temporal behavior is 
analyzed by means of a spectrograph coupled with a 
streak camera, both in real- and momentum-space.  

RESULTS AND DISCUSSION 

The evolution of the system in response to the probe 
pulse is studied by analyzing the time- and momentum-
resolved signal emission and its decay time. Figure 1 
shows the time-evolution of the difference 

Is=Is(pump+probe)-Is(pump) between the signal 
emission intensity in the presence and in the absence of 
the probe, respectively, for three different pump 
intensities. The inset depicts an image from the streak 
camera for 11.25 mW, from which the energy-integrated 
time evolutions are obtained.

FIGURE 1. Time evolution of the energy-integrated signal 
emission Is for three different pump powers. The inset depicts 
the false color image from the streak camera for 11.25 mW. 

After the arrival of the probe pulse, parametric scattering 
of pump polaritons into the ks state is stimulated by the 
small population of the idler polaritons: a fast rise of Is
at t=0 (probe arrival time) is obtained, followed by a fast 
decay on a 30 ps scale and by a much slower exponential 
decay on a time scale of the order of a few hundreds of 
picoseconds. The response of the system strongly depends 

on the intensity Ip of the cw pump. The fast decay- time of 
the transient decreases for increasing pump powers while 
the slow one, , significantly increases with Ip. , shows a 
divergent behavior for pump powers approaching 
Ip

th=12.5 mW. This is seen in Fig. 2(a), where the 
dependence on k of the increase of  with respect to its 
value at |k| > 1 is shown (k=0 corresponds to ks). 
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FIGURE 2. (a) Experimental dependence on k of the increase 
of decay time for 2 different powers. (b) Calculated dependence 
for 3 different powers. 

The behavior is well reproduced by calculations based on 
a pair of coupled Gross-Pitaevskii-like nonlinear wave 
equations for the photon and exciton fields [5], as 
demonstrated in Fig. 2(b) for three different powers 
approaching threshold. In summary, we have found a 
critical slowing down of the elementary excitation 
dynamics at the threshold of an OPO in semiconductor 
microcavities, which can be interpreted as a precursor of a 
Goldstone mode. 
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