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We have investigated the influence of polariton–phonon in-

teraction on the relaxation of microcavity polaritons towards

the bottom of the lower polariton branch (LPB). We have var-

ied either the energy difference between the two polariton

branches at K ∼ 0 (negative detuning) or the Rabi splitting

(zero detuning), adjusting them to coincide with the energy of

a LO-phonon. We have observed a sub-linear/super-linear

increase of the LPB emission with pump power for nega-

tive/zero detuning, respectively. These different power de-

pendencies can be explained by the combined effect of the

different polariton–phonon scattering efficiency, which is

minimum/maximum for large negative/zero detunings, a com-

petition between several relaxation mechanisms and the differ-

ent coupling to the excitonic reservoir of large-K LPB states.
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 1 Introduction The possibility of achieving a Bose 
condensation in a semiconductor heterostructure has elic-
ited great interest in the last decade, especially in the cases 
of quantum wells (QWs) [1] and microcavities (MCs)  
[2–4]. In MCs, evidences of a condensed state have been 
reported recently [4]. In these structures, it is possible to 
observe a condensation at moderately low temperatures 
(≤20 K), due to the small mass of the polaritons (∼10–5m0) 
and the reduced density of states. This fact opens up the 
possibility of exploiting all the quantum effects related 
with a condensed state and integrating them into a semi-
conductor chip, eventually speeding up the development of 
quantum computing. 
 So far, several methods to obtain a macroscopic occu-
pation of the ground state in semiconductor MCs have 
been considered. All of them are based in polariton–
polariton scattering, which becomes stimulated by the 
ground-state population beyond a certain excitation power 
threshold, while maintaining the general polariton proper-
ties (i.e. without significant screening or bleaching contri-
butions due to many-particle effects) [5–7]. This final-
state stimulated scattering process results in a non-linear 
emission from the polariton ground state and an eventual 

condensation of polaritons. In this work we study the effect 
of resonant polariton–LO-phonon scattering on the relaxa-
tion of polaritons towards the ground state as an alternative 
to polariton–polariton stimulated scattering. To do so, we 
have adjusted the energy difference between the two po-
lariton branches to coincide with the energy of a LO-
phonon in CdTe. We have also exploited the possibility to 
change the predominant excitonic/photonic character of the 
polariton ground state offered by the MCs. We have con-
sidered first a mainly photonic ground state, setting the 
cavity mode below the exciton (negative detuning) while 
keeping the resonance with the LO-phonon. Then we stud-
ied the case of half exciton–half photon ground state, us-
ing another MC sample in which the characteristic Rabi 
splitting is comparable to the LO-phonon energy (zero de-
tuning). In both cases, negative and zero detuning, we have 
compared the relaxation dynamics of polaritons after the 
well known case of non-resonant excitation (above the 
mirrors’ stop-band) [8–10] and after resonantly creating 
polaritons on the upper polariton branch (UPB). We have 
found remarkable differences in both the relaxation and the 
emission dynamics for the two excitation conditions, even 
though in both cases one of the main channels for polariton 
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relaxation involves similar large-K lower polariton branch 
(LPB) states, in the vicinity of the relaxation bottleneck 
and the exciton reservoir. 
 
 2 Samples and experiments We have used two dif-
ferent MC samples. The first one, with a Rabi splitting at 
low temperature of 10 meV, is a Cd0.4Mg0.6Te λ-MC with 
embedded 9 nm wide CdTe QWs. We have used this sam-
ple to study the negative detuning case, setting the cavity 
mode below the exciton in such a way that the energy dif-
ference between the UPB and the LPB coincides with that 
of a CdTe LO-phonon (21.3 meV). The second sample, 
with a Rabi splitting of 26 meV, is a Cd0.4Mg0.6Te 2λ-MC 
containing 16 CdTe QWs of 50 Å width. We have used 
this sample to study the zero detuning case. 
 The measurements are performed at 5 K and the excita-
tion beam arrives to the sample almost perpendicular to its 
surface, its energy fixed either above the mirrors’ stop-band 
(non-resonant) or at the UPB (resonant). We have time-
resolved the photoluminescence (PL) originating from LPB 
K ∼ 0 states by means of a spectrograph coupled to a streak 
camera, with an overall timer resolution of ∼15 ps. 
 

3 Results and discussion 
 3.1 Negative detuning In this section we will dis-
cuss the results obtained for doubly-resonant Raman condi-
tions after adjusting the exciton-cavity detuning to have a 
LO-phonon energy difference between UPB and LPB, se-
lecting a polariton ground state with a predominant 
photonic character. Figure 1 displays the time evolution of 
the LPB K ∼ 0 emission under non-resonant (a) and UPB 
resonant (b) excitation, for different pump powers. We ob- 
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Figure 1 (online colour at: www.pss-b.com) (a) Semi-log plot of 

the normalized time evolution traces of the PL originating from 

K ~ 0 LPB states for a negative detuning resonant with a LO-

phonon after non-resonant excitation, for excitation powers of 

0.5/10/45 mW (open squares/circles/triangles). Inset: power de-

pendence of the LPB integrated emission (log–log scale). (b) 

same as (a) but obtained after UPB resonant excitation. The pump 

powers are 1/25/100 mW (open squares/circles/triangles). The 

dashed line corresponds to a time evolution trace obtained after 

non-resonant excitation with 5 mW pump power. 

serve the well know acceleration of the emission dynamics 
with power after non-resonant excitation (Fig. 1a). For 
these excitation conditions, the polariton relaxation process 
can be schematically described as follows [8]: the excita-
tion pulse creates electron–hole pairs that bind to form hot 
excitons, which occupy the large-K states, on the LPB. 
These excitons thermalize via exciton–exciton scattering 
and approach the relaxation bottleneck. From there they 
reach K ∼ 0 states via polariton–polariton scattering and/or 
acoustic phonon emission. Once the pump power is risen 
above a certain threshold, polariton–polariton scattering 
becomes stimulated by the population occupying the K ∼ 0 
LPB (final) states. This stimulation is confirmed by the su-
per-linear dependence observed in the integrated emission 
(inset of Fig. 1a). 
 Let us now turn to the polariton dynamics after reso-
nant excitation on the UPB (Fig. 1b). The resonantly cre-
ated polaritons have two main channels to relax to K ∼ 0 
LPB states [11]. The first channel (mechanism A) involves 
the direct relaxation to the LPB emitting a LO-phonon of 
negligible wave-vector. The second channel (mechanism 
B) requires two UPB polaritons scattering to opposite sides 
of the exciton reservoir region, on the LPB. From there, the 
relaxation would go on in a similar way as for non-reso-
nant excitation, via polariton–polariton scattering and/or 
acoustic phonon emission [12]. 
 We have extracted the rise and decay times of the 
emission using a simplified rate equation model. We have 
found a very short rise time (∼15 ps) that does not change 
with excitation power, which is an evidence of a fast but 
inefficient relaxation to the LPB through mechanism A. In 
fact, the efficiency of polariton-phonon scattering is very 
small for negative detuning [13]. Only the decay time is 
slightly reduced increasing the pump power (125 to 
110 ps). Such a long decay time is generally attributed to 
the relaxation of polaritons along the LPB via polariton–
polariton scattering and/or acoustic phonon emission. A 
closer look to these time evolution traces reveals the simi-
larity with those obtained in the linear regime after non-
resonant excitation (dashed line in Fig. 1b). Furthermore, 
there is no trace of stimulated emission, as confirmed by 
the power dependence of the integrated PL (inset of 
Fig. 1b). This inhibition of the final-state polariton–
polariton stimulated scattering could arise from two very 
different causes. The first one is the large reflectivity of the 
UPB at large negative detunings, such as this discussed 
here. The polariton population created by the effective ex-
citation power that gets into the MC is not large enough to 
start the stimulated scattering processes. However it will 
not explain why the integrated emission dependence on 
pump power remains linear over more than two orders of 
magnitude. The second possible cause is that, as a result of 
the predominance of relaxation mechanism B, the scatter-
ing to large-K LPB states occur to a particular region, dif-
ferent from that reached after non-resonant excitation, 
from which polariton–polariton stimulated scattering is 
strongly inhibited, leading to a weaker emission from 
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K ∼ 0 LPB states. Recently, remarkable differences be-
tween the nature of the observed K ∼ 0 LPB stimulated 
emission after non-resonant/UPB-resonant excitation have 
been reported for zero detuning in III–V MCs [14], reveal-
ing that excitons and photons are strongly/weakly coupled, 
respectively, even though in the predominant relaxation 
channel similar intermediate large-K LPB states are in-
volved in both cases. This is an evidence of the different 
exciton–polariton interaction of the intermediate LPB 
states. A similar effect could be happening in our MC: if 
the states reached via mechanism B and those after non-
resonant excitation are distinct, they could interact differ-
ently with the exciton reservoir and display different re-
laxation dynamics. 
 
 3.2 Zero detuning In this section we will discuss the 
results obtained for doubly-resonant Raman conditions  
using a MC sample characterized by a Rabi splitting com-
parable to the energy of a LO-phonon. In this way we are 
selecting a polariton ground state with a half-exciton/half-
photon character. For this detuning conditions the polari-
ton–phonon scattering efficiency is maximum [13] and 
one can expect mechanism A to play a significant role in 
the polariton relaxation towards K ∼ 0 LPB states. Figure 2 
shows the normalized time evolution of the LPB K ∼ 0 
emission under non-resonant (a) and UPB resonant (b)  
excitation, for different pump powers. The emission dy-
namics are very similar for both excitation conditions: we 
observe an analogous acceleration of the recombination 
dynamics with power and a clear non-linear emission 
originating from K ∼ 0 LPB states, evidenced by the pump 
power dependence of the integrated emission intensity  
(insets of Fig. 2). However, there are several subtle differ- 
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Figure 2 (online colour at: www.pss-b.com) (a) Semi-log plot of 

the normalized time evolution traces of the PL originating from 

K ∼ 0 LPB states for zero detuning, close to resonance with a LO-

phonon, after non-resonant excitation, for excitation powers of 

0.7/1.5/30 mW (open squares/circles/triangles). Inset: power de-

pendence of the LPB integrated emission (log–log scale). (b) 

same as (a) but obtained after UPB resonant excitation. The pump 

powers are 2/20/100 mW (open squares/circles/triangles). 

ences between the results obtained in each particular case, 
the first of which is the slightly slower emission dynamics 
found for the resonant excitation case. Let us compare, for 
example, the decay time extracted from the time evolution 
traces. In the case of non-resonant excitation we obtain a 
decay time of ∼160 ps below the stimulation threshold that 
progressively shortens increasing the excitation power, be-
ing limited by the time resolution of the setup at large 
powers (∼15 ps). For UPB-resonant excitation, the charac-
teristic decay time below the stimulated emission threshold 
is ∼200 ps, decreasing to ∼25 ps above the threshold. A 
second difference between the dynamics found for the two 
excitation conditions is in the value of the pump power 
threshold required to observe the non-linear emission, 
which is one order of magnitude larger for the UPB-
resonant excitation case. This slightly slower emission dy-
namics and the larger stimulation threshold found for the 
UPB-resonant case could originate from several causes: (i) 
a competition between mechanisms A and B, as they both 
feed from the same UPB population; (ii) the larger reflec-
tivity of the cavity together with the lower absorption coef-
ficient after resonant excitation at the UPB; (iii) as de-
scribed in the previous section regarding the relaxation 
mechanism B, it could happen that the intermediate states 
reached after UPB pair scattering to large-K LPB states are 
different from those reached after non-resonant excitation. 
These different intermediate states will have a different 
coupling to the excitonic reservoir, leading to a delay of 
the relaxation along the LPB and a different threshold for 
the activation of polariton–polariton final state stimulated 
scattering. 
 
 4 Conclusion We have studied polariton-phonon scat-
tering by means of time-resolved PL spectroscopy under 
doubly-resonant Raman scattering conditions as an alterna-
tive to obtain a non-linear emission from the LPB and 
eventually a macroscopic occupation of the polariton 
ground state. We have considered polaritons with different 
photonic/excitonic content, varying the exciton-cavity de-
tuning while keeping the resonance with the LO-phonon. 
We have also taken into account different excitation condi-
tions, creating polaritons both resonantly (at the UPB) and 
non-resonantly, and compared the results obtained for both 
excitations. 
 For the case of negative detuning, we have found that, 
after resonant excitation at the UPB, the direct relaxation 
to the LPB is strongly inhibited because of the small effi-
ciency of polariton–phonon scattering for negative detun-
ings, so that the predominant relaxation mechanism is the 
pair scattering of UPB polaritons to intermediate, large-K, 
LPB states, followed by a further relaxation along the LPB 
via acoustic phonon emission. In this case, polariton–
polariton stimulated scattering appears to be inhibited  
although the intermediate states are similar to those 
reached after non-resonant excitation, suggesting that the 
interaction of these states with the excitonic reservoir  
is different. 



1084 M. D. Martín et al.: Polariton relaxation after resonant pumping at the upper polariton branch 

 

© 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  www.pss-b.com 

p
h

ys
ic

ap s sst
at

u
s

so
lid

i b

 For the case of zero detuning, we have found the re-
laxation and the emission dynamics to be very similar to 
those obtained after non-resonant excitation, with an accel-
eration of the relaxation increasing the pump power and a 
clear threshold for the observation of a non-linear emission, 
indicating that, in this case, polariton–polariton final-state 
stimulated scattering is not inhibited after UPB-resonant 
excitation. For this detuning, the polariton–phonon scatter-
ing efficiency is maximum. A competition between these 
two scattering mechanisms could explain the slight differ-
ences observed in the dynamics. 
 Further experiments are underway to identify the in-
termediate large-K LPB states from which UPB resonantly 
created polaritons relax to K ~ 0 LPB, so they can be com-
pared to those reached after non-resonant excitation. Po-
lariton–phonon scattering will also be studied for a mainly 
excitonic LPB, setting the LO-phonon resonance for posi-
tive detuning. 
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