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Picosecond Acoustic Perturbation of Exciton Resonance in Planar Microcavities

A.A. Demenev ,1 D.D. Yaremkevich,2 A.V. Scherbakov ,2,* S.S. Gavrilov,1,3 D.R. Yakovlev ,2,4

V.D. Kulakovskii ,1,† and M. Bayer2

1
Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka 142432, Russia
2
Experimentelle Physik 2, Technische Universität Dortmund, Dortmund D-44227, Germany

3
National Research University Higher School of Economics, Moscow 101000, Russia

4
Ioffe Institute, Russian Academy of Sciences, St. Petersburg 194021, Russia

 (Received 5 April 2022; revised 17 July 2022; accepted 22 August 2022; published 19 October 2022)

All-optical switching of the polarization of exciton polaritons is studied using a picosecond acoustic
perturbation of the exciton resonance in high-Q planar GaAs/AlAs microcavities. An irreversible switch-
ing of the degree of circular polarization from 22% up to 82% is realized in a microcavity pumped by a
laser with a photon energy slightly exceeding the lower polariton resonance. The polarization switch is
performed by a short-term, about 30-ps-long, blueshift of the exciton energy of (In, Ga)As quantum wells
in the cavity active layer by a 10-ps strain pulse generated in the GaAs substrate by a violet femtosecond
laser pulse and injected into the microcavity. The proposed all-optical control of light polarization using
acoustic modulation of a polariton resonance opens the way for fast and easily tunable optical polarization
switches.
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I. INTRODUCTION

Built-in switching devices form the basis of ultra-
fast optical signal processing [1,2]. The fastest inten-
sity switching speed is achieved in all-optical switches,
allowing the implementation of femtosecond all-optical
devices for ultrafast communication and signal processing
[1,3–6]. Recently, light-polarization switches are gaining
more and more interest in connection with their application
in spin-based devices [7]. The shortest processes are pro-
vided by all-optical polarization switching schemes with
switching rates in the picosecond range [8–12]. The use
of microcavity (MC) exciton polaritons for polarization
switching provides a significant step forward due to their
low-threshold polarization-dependent nonlinear radiation
[13,14], fast operation, and integrability [12,15].

Exciton polaritons in semiconductor MCs are com-
posite bosons formed due to strong exciton-photon cou-
pling in the active layer [16–19]. They behave like a
weakly nonideal Bose gas with repulsive pair interaction
[17,19–22]. Due to the photon component macroscopi-
cally coherent collective states of cavity polaritons can
be implemented by resonant optical driving and directly
controlled by optical means. The exchange interaction
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between polaritons inherited from the exciton compo-
nent promotes in the excited coherent polariton states a
variety of collective effects such as multiple paramet-
ric scattering [23–26], solitons [27,28], spin symmetry
breaking [29], pattern formation [30,31], and even tur-
bulence [32,33]. Many of these effects originate from
optical multistability induced by the blueshift of polari-
ton resonance with increasing density due to positive
feedback between the amplitude and the effective reso-
nant frequency of the excited lower polariton (LP) mode
[14,24,29,30,34–41]. The interaction of polaritons in the
LP branch is highly spin dependent [42,43]. Therefore
sharp transitions at critical points can occur between sta-
tionary LP states with different densities and spins result-
ing in the corresponding sharp switching of LP emission
intensity and polarization due to their dual-exciton-photon
nature.

In the present paper, we experimentally demonstrate
an acoustically induced subnanosecond switching of cav-
ity spinor LP fluid between polarized states with different
degrees of circular polarization (DCP), ρc. The underlying
mechanism is based on the effect of controlled switching
between stable branches with different spin in a multi-
stable system of resonantly excited LPs by a short-term,
about 90-ps-long, blueshift of their resonance energy ELP,
induced by acoustic subterahertz modulation of exciton
energy EX in the quantum wells inside the active layer of
the cavity. The acoustic modulation of EX is achieved by
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injecting into the MC a picosecond strain pulse generated
by an optical pulse with a duration of 200 fs and a central
photon energy �ω = 3.1 eV [44–46].

II. EXPERIMENTAL IDEA AND REALIZATION

A. Switching principle

The operation principle of an acoustic polariton polar-
ization switch is as follows. The coherent LP system is
prepared by resonant pumping with an external cw laser
with a low DCP on the lower stability branch in a multi-
stable state with up to four stability branches of different
polarizations. The multistable state is realized when the
photon energy �ωp of the pump laser is larger than ELP by
several ImELP = �γ and its power Pp is less than the crit-
ical Pcr for the transition of the LP system to the higher
branches of stability, but more than P�cr for the reverse
transition back from them [14,36,47]. The value of Pcr
depends on the detuning of the pump and LP modes,
δ = �ωp − ELP, it decreases with decreasing δ. This opens
up the possibility of controlling the switching of the LP
state between the stability branches using a compressive
strain pulse that brings the LP resonance closer to �ωp
due to the blue shift of EX . As a result, this pulse causes
(i) a weak short-term reversible increase in the transmis-
sion signal when the blueshift is insufficient to decrease
Pcr below Pp and (ii) its irreversible increase due to non-
linear transition to high-density macroscopically coherent
(condensate) state on the higher branch of stability, when
Pp exceeds Pcr.

Recently the controlled irreversible subnanosecond
switching of the emission intensity of the circularly polar-
ized LP system by more than an order of magnitude was
experimentally demonstrated in GaAs-based MCs [40].
Now we show that the weak interaction between LP com-
ponents with opposite spins [42,43] does not exclude the
possibility to use the same technique for independent
subnanosecond switching of the circularly polarized com-
ponents in the LP fluid resonantly excited by elliptically
polarized light.

B. Microcavity structure and experimental scheme

The acoustic switching of LP spin state is investigated
in a 2λ-GaAs/AlAs MC grown by molecular-beam epi-
taxy on a 0.35-mm-thick GaAs substrate. It contains four
sets of three 10-nm-thick In0.05Ga0.95As quantum wells
(QWs) in the active layer of 588-nm width, surrounded by
distributed Bragg reflectors (DBRs) with 25 (top) and 29
(bottom) GaAs (58.8 nm)/AlAs (69.5 nm) pair stacks. The
Rabi splitting R = 7.5 meV, the LP decay γ ≈ 15 μeV.

The polariton system in the MC is photogenerated by a
cw Ti:sapphire laser with photon energy �ωp = ELP(k =
0)+ 100 μeV from the substrate side by an elliptically
polarized beam with degree of circular polarization ρc,p =

(a)

(b)

(In,Ga)As

FIG. 1. (a) Schematic of microcavity structure and experi-
ment. (b) Spatial profiles of substrate-side incident (upper panel)
and reflected from top DBR-air boundary (lower panel) strain
pulses at t = 73.2 and 74.7 ns after excitation of the GaAs
substrate by a femtosecond violet pulse.

0.2 at normal incidence. An acousto-optical modulator is
used to form quasi-cw pump pulses with a duration of
35 ns and a repetition rate of 100 kHz. The laser pulses
are focused to a spot of 0.15-mm diameter with an aver-
age power density Pel = 150 kW/cm2. The LP emission is
detected by a streak camera in the transmission geometry
to avoid any contribution from the scattered laser beam.
The measurements are performed in an optical cryostat at
a temperature of T = 4.5 K.

The sub-THz acoustic modulation of the LP resonance
is obtained by injecting picosecond strain pulses into the
MC. The pulses are generated at the substrate backside
with a repetition rate of 100 kHz by 200-fs laser pulses
from an amplified and frequency doubled Ti:sapphire laser
at �ω = 3.1 eV (λ = 400 nm) as shown in Fig. 1(a). The
laser pulses are focused into a spot with a diameter of
0.2 mm. Each optical pulse with excitation density W of
0.5 − 0.8 mJ/cm2 generates an electron-hole plasma in the
near-surface GaAs layer (10 nm) and induces stress due
to the combination of deformation potential and thermoe-
lastic mechanisms. The local stress gives rise to a bipolar
picosecond strain pulse that propagates away from the free
surface at the speed of longitudinal sound [48–50]. Owing
to the supersonic plasma diffusion during the first several
picoseconds after the optical excitation, the shape of the
strain pulse is strongly asymmetric [49,50]. The amplitude
of its leading (compressive) peak is markedly smaller than
that of the subsequent (tensile) peak [see the upper panel
in Fig. 1(b)].

The strain pulse propagates in the bulk of GaAs with the
velocity of longitudinal sound of v = 4.8 × 103 m/s [51],
reaches the MC active layer in 73.2 ns, propagates through
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it shaking subsequently four sets of three QWs and the top
DBR, is reflected from the open sample surface with a π -
phase shift, and returns back to the active layer with QWs
in 1.5 ns and shakes the QWs again. While propagating
through the substrate and DBRs, the spatiotemporal shape
of the strain pulse changes due to phonon dispersion and
nonlinear effects [49,50], as well as multiple reflections
inside the DBR [52]. The calculated spatial distributions
of the incident and reflected strain pulses inside the active
layer of MC are shown in Fig. 1(b) at t = 73.2 and 74.7
ns, respectively, after the moment when the femtosecond
laser pulse hits the substrate backside [53]. The strain pulse
by means of the deformation potential modulates the QW
exciton energy EX and hence ELP. To detect its effect on the
LP emission, we synchronize the readout of the streak cam-
era, as well as the femtosecond and the quasi-cw pulses
with variable and controllable delays between them. The
LP emission signal is measured in the transmission geom-
etry with time resolution of 2 ns in two opposite circular
polarizations.

Switching of the bistable circularly polarized LP system
with the use of the sub-THz acoustic modulation of the
LP resonance from the lower to the upper stable state was
reported in Refs. [40,54]. There, it was shown that the blue
energy shift of LP resonance induced by 30-ps-long strain
pulse in the MC, pumped by a laser with �ωp > ELP, can
trigger an irreversible switch from the lower to the upper
stable state, which is accompanied by an instant increase of
the emission intensity by more than an order of magnitude.

The idea of acoustic switching of the spin state of a mul-
tistable optically driven spinor LP system is based on two
facts. First, acoustic switching was recently implemented
in a bistable circularly polarized LP system pumped reso-
nantly by circularly polarized light [40]. Second, the much
weaker interaction of LPs with opposite spins compared to
the interaction of LPs with identical spins [42,43,55] opens
the way for almost independent controlled switching of the
two spin components.

III. EXPERIMENTAL RESULTS

The experimental realization of acoustic switching is
illustrated in Fig. 2. It shows a set of time traces of the
circularly polarized components of the LP emission inten-
sities under elliptically polarized resonant excitation at
�ωp = ELP + 100 μeV with and without additional excita-
tion by a violet femtosecond pulse, recorded across a wide
time interval of 65 ns with a time resolution of 2 ns. The
resonant pump pulse is delayed relative to the fs pulse by
tcw = 62 ns and has a plateau of almost constant intensity
between 75 and 105 ns.

Time dependences of the σ components of LP radia-
tion I+,−

LP (t), measured in the absence of a strain pulse
at Pel = 150 kW/cm2 and with ρc,p = (P+

el − P−
el )/(P

+
el +

P−
el ) = 0.2 are shown in Fig. 2(d). These intensities are

(a)

(b)

(c)

(d)

FIG. 2. (a) Time profiles of DCP in the absence (black dot-
ted curve) and upon excitation by a femtosecond pulse with
W = 0.8 mJ/cm2 (red solid curve). (b)–(d) Intensities I+

LP(t) (red
solid curves) and I−

LP(t) (black dotted curves) measured at Pel =
150 kW/cm2 for several densities of excitation by the fs pulse,
W: W = 0 (d), 0.5 (c), and 0.8 mJ/cm2 (b). The time resolution
in these measurements is 2 ns. The inset in (b) shows the time
evolution of the LP energy shift, δELP, induced by the action of
the incident and reflected strain pulses at W = 0.8 mJ/cm2.

about an order of magnitude lower than those recorded
at Pel = 300 kW/cm2, which indicates that they corre-
spond to the emission of LPs on the lower branch of
stability. Dependences I+,−

LP (t) reproduce the shape of the
pump pulse, ρc = (I+

LP − I−
LP)/(I

+
LP + I−

LP) = 0.22 ± 0.02
[Fig. 2(a), black dotted curve] is close to ρc,p = 0.2.

The situation changes when the strain pulse generated
at the substrate backside by the violet 200-fs pulse is
injected into the MC. The effect on the LP radiation by
the strain pulse generated by the pulses with W = 0.5 and
0.8 mJ/cm2 is shown in Figs. 2(c) and 2(b), respectively.
The pulse with W = 0.5 mJ/cm2 causes a weak short-term
perturbation of both I+

LP and I−
LP during t = 73 − 75 ns,

which corresponds to the transit time of the strain pulse
through the QW region in the active layer of the MC. The
perturbation stops when the strain pulse leaves the QW
region. An increase in W up to 0.8 mJ/cm2 leads to an
irreversible 12-fold increase in the intensity of the
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dominant σ+ component in ILP, which persists until the
end of optical pumping. The perturbation of the intensity
of the weaker σ− component remains weak and reversible.
A strong irreversible increase in only one dominant com-
ponent leads to an increase in the DCP of LP emission:
in Fig. 2(a), it can be seen that for t > 75 ns, the DCP
increases from 22% up to 82%.

Thus, we demonstrate that acoustic pulses can be used
to rapidly switch the spin state of a cavity LP system
driven by elliptically polarized light. The physics of the
triggered switching of LP polarization and the range of
the initial and final values of ρc available for the switch-
ing by the picosecond strain pulse injected into the MC
from the GaAs substrate can be easily understood from
consideration of the temporal evolution of strain-induced
modulation of ELP and S-shaped dependencies of the LP
resonance on the optical excitation density P at �ωp >

ELP(k = 0).

IV. NUMERICAL MODELING

A. S-shaped dependence and its critical points

The interaction of LPs with opposite spins in GaAs
MCs is about 20 times smaller than that of LPs with the
same spin [42,43,55]. Therefore, one can use the S-shaped
dependence of LP resonance energy on the density of opti-
cal excitation by circularly polarized light Pσ as a first
approximation for the dependencies of blueshifts of the
σ+ and σ− components in the case of elliptically polar-
ized light with the replacement of Pσ by Pel(1 ± ρc)/2,
respectively.

The calculated S-shaped dependence of the LP reso-
nance on the effective pump intensity Fσ is shown in Fig. 3
by the thick solid line S0. The effective pump intensity,
Fσ = α2|f |2, is determined by the LP oscillator strength
α and the incident electric field f (i.e., |fσ |2 ∝ Fσ ). The
dependence is calculated in the frame of a one-mode
approximation when the response of the driven LP mode
at fixed circularly polarized pumping density is described
by the equation [35,47]

|ψσ |2 = Fσ /[(D − V1|ψσ |2)2 + γ 2], (1)

where V1 is the LP-LP interaction constant for LPs with
the same spin, so that V1|ψσ |2 yields the LP resonance
blueshift. The emission intensity ILP ∝ |ψσ |2. For the cal-
culations we use γ = 15 μeV at the detuning D = �ωp −
ELP(k = 0) = 100 μeV, which correspond to the investi-
gated MC. It is seen in Fig. 2(b) that the upward transition
in the LP system at Pel,0 = 150 kW/cm2 is followed by
the 12-fold increase of I+

LP. The critical value of Fσ corre-
sponding to the 12-fold increase in I+

LP can be determined
from the curve S0 in Fig. 3, calculated for D = 100 μeV
(black solid line S0), it is equal to 0.022 eV2/cm2.

FIG. 3. S-shaped dependences of the LP resonance blueshift
δELP = V1|ψσ |2 on the excitation density of σ -polarized light,
calculated for the equilibrium spectral position of the LP res-
onance with D = D0 = 100 μeV (black solid line S0) and for
the maximally shifted LP resonance by the compressive strain
produced by the reflected strain pulse at W = 0.5 mJ/cm2 (D =
84 μeV, blue dotted line S1) and W = 0.8 mJ/cm2 (D = 74 μeV,
red dotted line S2). Solid black and red arrows show the switch-
ing of a circularly polarized LP component at W = 0.8 mJ/cm2

when a compression pulse passes through the quantum well
region and after leaving it, respectively.

Thus we find that Pσ = Pel,0(1 + ρc,p)/2 = 90 kW/cm2

corresponds to Fσ = 0.022 eV2/cm2.
The critical points for the upward (F↑

σ ) and downward
(F↓
σ ) transitions between the lower and upper stability

branches are [35,47]

F↑,↓
σ = 2[D3 + 9Dγ 2 ± (D2 − 3γ 2)3/2]/27V1. (2)

In general, in planar MCs one has to include into the con-
sideration the intermode parametric scattering of LPs that
leads to a gradual growth of |ψ |2 at F > F1 = γ [(D −
γ )2 + γ 2]/V1, and results in lowering of the threshold of
upward transition at the cost of extending the duration of
transition period [26,47]. In the investigated MC the value
of F1 at D = 100 μeV is about 0.031 eV2/cm2. The cor-
responding excitation density is indicated in Fig. 3 as P∗

σ .
Figure 3 shows that P∗

σ is well above both Pel,0(1 + ρc,p)/2
and Pel,0(1 − ρc,p)/2. Therefore, the intermode parametric
scattering of LPs can be neglected.

B. Strain-induced perturbations

The calculated temporal evolution of the strain-induced
LP energy shift δELP(t) = ELP(t)− ELP(t = 0) at W = 0.5
and 0.8 mJ/cm2 is shown in Fig. 4. The bipolar strain
pulse passing through the active layer modulates EX in
the QWs sequentially, since the extent of the compressed
and stretched regions it creates (200–250 nm) is small
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FIG. 4. Calculated temporal evolution of strain-induced mod-
ulation of the LP energy shift δELP at W = 0.5 and 0.8 mJ/cm2.

compared to the width of the active layer 2λ = 588 nm
[Fig. 1(b)]. Thus, the pulse simultaneously produces a
blueshift of EX in some QWs, a redshift in others, and
leaves some QWs unchanged. The effect of the EX per-
turbations in the QWs on the variation of the LP resonance
is averaged over all QWs in the spacer. As a result, the
duration of the perturbation of ELP(t) increases. The depen-
dences of δELP(t) shown in Fig. 4 are calculated taking into
account the temporal variation of EX in all QWs and the
deformation potential � = −1 eV [50]. It is seen in Fig. 4
that the successive passage of the strain pulse through the
four groups of QWs located with a period of λ/2 leads
to relatively weak, approximately 10% magnitude, oscil-
lations in δELP(t) with a period of T1 = λ/2v ∼ 20 ps.
These oscillations are too small to cause any sequential
switching of the LP system, and, moreover, their effect
on the polariton mode is strongly averaged, since T1 ∼ 20
ps is an order of magnitude smaller than the decay time,
1/γ = 250 ps. Besides, it is worthwhile to mention that a
high-Q GaAs/AlAs MC for near-IR light is also a high-
Q cavity for longitudinal acoustic phonons with the same
wavelength [56], for which strong coupling with a polari-
ton condensate has been demonstrated [57,58]. However,
excitation of this phonon mode by the strain pulse injected
into the MC has low efficiency [59] and, thus, it does not
affect the state of polaritons.

Figure 4 shows that the perturbation of ELP induced by
the incident pulse begins with its short, about 30 ps last-
ing, increase at t = 73.2 ps and ends with its short-term,
approximately 90-ps-long, decrease when, respectively,
the compressive and then the tensile peaks of the strain
pulse disturb EX in the quantum wells. In 1.5 ns, the strain
pulse reflected from the open surface of the sample with
a π -phase shift returns back to the active layer with QWs.
This pulse begins with a short tensile peak that causes a
30-ps decrease in ELP and ends with a compressive peak
that leads to its short-term, about 90-ps-long, blueshift.

The switching of the LP system from the lower to upper
stability branch is induced by the blueshift of ELP, induced

by the compressive peak of the strain pulse. It is seen in
Fig. 4 that the blueshift of ELP induced by the reflected
pulse is the last significant perturbation of the MC, and it
is about twice as large as that induced by the incident strain
pulse. The blueshifts of δELP ∼ 16 and 26 μeV, which are
induced by the reflected pulse at W = 0.5 and 0.8 mJ/cm2,
lower D from 100 μeV to 84 and 74 μeV, respectively.
The S-shaped dependencies of the LP resonance on Pσ at
D = 84 and 74 μeV are shown in Fig. 3 by the curves S1
and S2, respectively. It is seen that both Pel,0(1 ± ρc)/2
are less than the threshold value P↑

σ ,1 = 102 kW/ cm2 at
D = 84 μeV. As a consequence, the strain pulse at W =
0.5 mJ/cm2 leads to a weak short-term perturbation of both
σ+ and σ− components of LP emission as observed in
experiment [Fig. 2(c)].

Figure 4 shows that the compressive peak in the inci-
dent strain pulse at W = 0.8 mJ/cm2 shifts ELP by less
than that in the reflected pulse at W = 0.5 mJ/cm2. Hence,
it can cause only a weak short-term perturbation of LP
emission. Thus, the observed switching between the lower
and upper stability branches at W = 0.8 mJ/cm2 is caused
by the compressive peak in the reflected pulse. This peak
shifts ELP by 26 meV, and leads to lowering of the crit-
ical density P↑

σ down to P↑
σ ,2 = 73 kW/cm2 that falls in

between Pσ−,0 = Pel,0(1 − ρc,p)/2 and Pσ+,0 = Pel,0(1 +
ρc,p)/2 (60 and 90 kW/cm2, respectively).

Since Pσ−,0 < P↑
σ , this compressive peak causes the

transition of the minor component σ− from the initial state
on the lower branch S0 to that in S2 with a small increase
in V1|ψ−|2 to approximately equal to 13.5 μeV (thin black
arrow in Fig. 3). As a result, after the end of strain pulse,
this component finds itself in the basin of attraction of the
lower branch of stability on the S0 curve and returns back
to its original state with V1|ψ−|2 ≈ 6.2μeV. The influence
of the compression peak on the dominant σ+ component
is directly opposite. Since Pσ+,0 > P↑

σ , this peak causes
the transition of the σ+ component from the initial state
with V1|ψ+|2 ≈ 10 μeV on S0 into a high density state
(V1|ψ+|2 ≈ 100 μeV) on the upper branch S-shaped curve
S2 (black solid arrow in Fig. 3). This state is located in the
basin of attraction of the upper branch of stability of the S-
shaped dependence S0 in the MC with unstrained quantum
wells. Therefore, after the end of strain pulse, the σ+ com-
ponent passes to it, followed by an increase in V1|ψ+|2
up to 120 μeV (red solid arrow in Fig. 3). As a result,
after passing through the compression peak, the DCP of LP
emission increases from 0.22 to 0.82, as shown in Fig. 2(a).
Thus, one of the two spin components is amplified nearly
independently of the other, which is the foundation of the
very possibility of polarization conversion.

C. Effect of spin relaxation

Finally, it should be noted that the comparison of
Figs. 2(b) and 2(d) shows that the intensity of the minor

044045-5



A. A. DEMENEV et al. PHYS. REV. APPLIED 18, 044045 (2022)

LP component I−
LP(t) after switching I+

LP(t) is somewhat,
approximately 15 − 20%, greater than its intensity mea-
sured in the absence of the I+

LP(t) jump at W = 0 and
0.5 mJ/cm2. Note that even such an insignificant increase
in the minor component contradicts the conventional
assumption of an attractive character of the interaction
between σ+ and σ− LPs. Indeed, attractive interaction
should involve a redshift of resonance energy and, thus, a
decrease in amplitude of the minor component in response
to the jump in the major one. And vice versa, the observed
growth in I−

LP is indicative of a certain kind of repulsive
(“blueshifting”) opposite-spin interaction. This anomalous
blueshift was in fact observed earlier in the framework
of all-optical multistability experiments (with no strain
pulses) and was attributed to the weak scattering of opti-
cally driven LPs into a long-lived incoherent exciton reser-
voir, in which exciton spin relaxation occurs much faster
than the exciton decay in the reservoir (approximately 300
ps) [38,60,61].

The depolarized reservoir provides the same blueshift
for both coherent spin states, in addition to their red-
shift due to the attractive interaction between them. The
dominant channel for polariton transitions from coherently
controlled modes to the reservoir is the scattering of LPs
with opposite σ polarizations [38,61]. Therefore, the tem-
poral behavior of the exciton density in the reservoir NX
can be described by the equation

dNX /dt ≈ −NX /τX + 4Vrn+
LPn−

LP, (3)

that gives for t > 3τX the stationary value NX =
(4Vrn+

LPn−
LP)/τX , where τX is the exciton lifetime and Vr

is the constant of the effective pair interaction of LPs with
opposite polarizations with densities n+

LP and n+
LP, respec-

tively. Thus, the filling of the reservoir will change the
redshift to a blueshift at (2Vrn−

LP)τX > |V2|/(V1 + V2) ∼
1/20 in the GaAs MC. In all-optical multistability exper-
iments with no strain pulses, the switching of the LP
polarization is usually accompanied by a similar switching
of the minor component after several hundred ps and the
return of the LP polarization to a state close to linear due to
the high density of the minor LP component [36,38,55,62–
64]. The use of strain pulses makes it possible to signifi-
cantly reduce n−

LP by reducing the critical density P↑
σ and

thereby reduce the blueshift of the minor LP component
to a minimum as well as make the polarization switching
irreversible.

Thus, the experimentally realized switching of DCP
from 0.22 up to 0.82 by picosecond acoustic pulses is
well explained in the approximation of weakly interacting
LP subsystems with opposite spins. Within this approx-
imation, polarization switching occurs under the con-
dition that Pel,0(1 − ρc,p)/2 < P↑

σ (D − δELP) < Pel,0(1 +
ρc,p)/2. Therefore, the minimum value of ρc in the ini-
tial state ρc,in is mainly determined by fluctuations in the

intensity of pumping cw and fs lasers. A ρc,in as small as
0.05 can be experimentally reached if these fluctuations are
within 2%. As to the maximal degree of circular polar-
ization in the final state ρc,max, it is determined by the
magnitude of the jump in the |ψ |2 of dominant LP com-
ponent upon switching. The ratio of LP densities on the
upper and lower stability branches, nLP,up/nLP,low increases
with lowering Pel(1 + ρc)/2 down to P↓

σ (D). A ρc as high
as 0.9 can be realized in high-Q MCs at γ /D < 0.15, even
at ρc,in ∼ 0.05.

V. CONCLUSIONS

In conclusion, we demonstrate all-optical ultrafast polar-
ization switches between steady states in a GaAs-based
microcavity under resonant cw excitation, using optically
generated strain pulses with a duration of 30 ps, which
cause a short-term reversible perturbation of the exciton
energy. The switching is possible when two conditions
are satisfied simultaneously, namely, (i) the pump fre-
quency detuning is several times greater than ImELP =
�γ (i.e., the polariton system is resonantly excited in a
multistable regime), and (ii) the duration of the acoustic
pulses is comparable to the polariton lifetime 1/γ . There-
fore, it may be suggested that acoustic control of polariton
polarization can be realized even at room temperature in
MCs based on wide-gap materials such as GaN, ZnO,
2D dichalcogenides, and perovskites, in which the two
above conditions can be obeyed employing state-of-the-art
technology.

The proposed acoustic control of the polariton polariza-
tion in the cavity has clear advantages over the optical
triggering of the transition in the LP system using reso-
nant laser pulses, since its implementation does not require
phase synchronization of two beams. In the investigated
MCs with a spin degenerate LP state this makes it possi-
ble to realize controlled switching of polarization in a wide
DCP range from 0.05–0.80 in the initial state to 0.7–0.9 in
the final state. A strong expansion of this range is expected
in the case of strained MCs with lifted degeneracy of the
LP state. In particular, a reversal of the condensate spin in
both directions in response to identical deformation pulses
under constant excitation of strained MCs was predicted
in Ref. [65]. Thus, all-optical control of light polarization
using acoustic modulation of LP resonance opens the way
for fast and highly tunable optical polarization switches.
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