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Optical bistability in semiconductor microcavities
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We report the observation of polaritonic bistability in semiconductor microcavities in the strong-coupling
regime. The origin of bistability is the polariton-polariton interaction, which gives rise to a Kerr-like nonlin-
earity. The experimental results are in good agreement with a simple model taking transverse effects into
account.
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I. INTRODUCTION

In high finesse semiconductor microcavities with emb
ded quantum wells, the demonstration of the strong-coup
regime between the quantum well excitons and the ca
photons@1# has opened the way to a refined manipulation
a new species, cavity polaritons, that are mixed light-ma
eigenstates@2#. While strong-coupling or normal-mode cou
pling appears for very small photon numbers, polaritons
hibit a number of nonlinear behaviors@3#. Polariton bleach-
ing has been observed at high excitation density@4# and is
predicted to give rise to optical bistability@5#. With interme-
diate excitation densities for which strong coupling still e
ists, these systems exhibit strong nonlinear emission, du
parametric polariton amplification. The nonlinearity com
from the exciton part of the polariton through cohere
exciton-exciton scattering.

The polariton scattering must fulfil phase-matching co
ditions for the in-plane wave vector of the considered pola
tons. If kP is the wave vector of the excitation, two polar
tons with wave vectorkP scatter to give polaritons with
wave vectors0 and 2kP . In addition, energy conservatio
implies thatE(0)1E(2kp)52E(kP). Most of the experi-
ments on the polariton parametric amplification have b
performed in the magic angle configuration@6,8#, wherekP
is the nontrivial solution for the energy conservation con
tion. However, there also exists a trivial solutionkP50
where only thek50 mode is involved. In this case, in th
same way as in degenerate parametric amplification, po
tonic wave mixing gives rise to phase dependent amplifi
tion @9# and eventually to polariton squeezing@10#.

In this geometry of excitation, the effective Hamiltonia
~at first order! for the polariton-polariton interaction@11,12#
is analogous to the Hamiltonian of an optical Kerr mediu
The difference is that the refraction index depends on
polariton number instead of the photon number. This gi
rise to a bistable behavior for high enough excitation int
sities, in the same way as for a Kerr medium in a cav
Optical bistability has already been observed in quant
well microcavities in the weak-coupling regime@13#; it has
been predicted to occur in the strong-coupling regime du
exciton bleaching@5#, however in different conditions.

In this paper we give experimental evidence for a bista
behavior in a microcavity sample in the strong-coupling
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gime. To our knowledge, this is the first observation of
stability in the strong-coupling regime. We also investiga
the nonlinear patterns that appear in the transverse plane
show that the main features of the experimental results
be explained satisfactorily by treating the polariton-polarit
interaction at first order, i.e., in terms of a polariton Ke
effect.

The paper is organized as follows. In Sec. I, we give
effective Hamiltonian for the polariton system, using t
same set of hypotheses that has been used for the study o
‘‘magic angle’’ configuration@11,12#. We establish the evo
lution equation for the polariton field, and we solve th
steady-state regime in order to compute the bistabi
threshold, as well as the reflectivity and transmission spec
Section II is the experimental study of the bistability regim
We show that it is necessary to take transverse effects
account and we compare the experimental results with
prediction of the model studied in Sec. I, including a simp
treatment of the transverse effects.

II. MODEL

A. Hamiltonian

The linear Hamiltonian for excitons and cavity photons
H5(kHk with @14#

Hk5Eexc~k!bk
†bk1Ecav~k!ak

†ak1
VR

2
~ak

†bk1bk
†ak!.

~1!

In this equationak and bk are the creation operators fo
photons and excitons with a wave vectork in the layer plane.
Because of the translational invariance in the cavity pla
photons can only interact with excitons having the samek.
Ecav(k) @Eexc(k)# is the cavity~exciton! dispersion andVR
is the Rabi interaction energy between excitons and phot
The normal modes of the linear HamiltonianHk are called
cavity polaritons. The annihilation operatorspk , andqk for
the lower and upper polaritons are given by

pk5Xkbk2Ckak , ~2!

qk5Ckbk1Xkak , ~3!
©2004 The American Physical Society09-1
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whereXk andCk are the Hopfield coefficients@15# given by

Xk5S dk1Adk
21VR

2

2Adk
21VR

2 D 1/2

, ~4!

Ck5S VR
2

2Adk
21VR

2~dk1Adk
21VR

2 !
D 1/2

, ~5!

with dk5Ecav(k)2Eexc(k). In the polariton basis, the linea
Hamiltonian reads

Hk5ELP~k!pk
†pk1EUP~k!qk

†qk , ~6!

whereELP(k) @EUP(k)# is the lower~upper! polariton dis-
persion given by

ELP(UP)~k!5Eexc~k!1
dk

2
2~1 !

1

2
Adk

21VR
2. ~7!

The Coulomb interaction between the carriers gives
to two additional terms: an effective exciton-exciton intera
tion term and an anharmonic saturation term in the lig
exciton coupling. The exciton-exciton interaction term is

Hexc-exc5
1

2 (
k,k8,q

Vqbk1q
† bk82q

† bkbk8 , ~8!

with Vq.V056e2aexc/e0A, provided qaexc!1 @11,16#,
aexc being the two-dimensional Bohr radius of the excito
e0 the dielectric constant of the quantum wells, andA the
quantization area. The saturation term is written as

Hsat52 (
k,k8,q

Vsat~ak1q
† bk82q

† bkbk81ak1qbk82qbk
†bk8

†
! ,

~9!

with Vsat5VR/2nsatA @11,16#, wherensat57/(16paexc
2 ) is

the exciton saturation density. As long as the nonlinear te
are small compared to the Rabi splittingVR , it is possible to
neglect the nonlinear interaction between the upper
lower branches, which yields nonsecular terms. The two
laritons are then virtually decoupled and it is more approp
ate to use the polariton basis. In addition, we conside
resonant excitation of the lower branch by a quasimonoch
matic laser field and we will focus our attention on the ev
lution of the lower branch polariton. In terms of the low
polariton operator the Hamiltonian isH5HLP1HPP

e f f . The
free polariton term isHLP5(kELP(k)pk

†pk . The effective
polariton-polariton interaction term is

HPP
e f f5

1

2 (
k,k8,q

Vk,k8,q
PP pk1q

† pk82q
† pkpk8 , ~10!

with

Vk,k8,q
PP

5V0Xuk8ÀquXkXuk1quXk8

12VsatXuk82quXk~Cuk1quXk81Ck8Xuk1qu!.

~11!
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For the typical parametersVR53 meV, aexc5100 Å and
e05(3.5)2e0

vacuumwe findVsat /V0.0.012. Therefore in Eq.
~11! we can neglect the saturation term with respect to
Coulomb interaction term~except for the case of an extrem
negative detuning, where one can haveCk@Xk):

Vk,k8,q
PP .V0Xuk1quXk8Xuk8ÀquXk . ~12!

In the following we consider a resonant excitation at n
mal incidence~in the k50 direction! and we study the re-
flected field~again in thek50 direction!. In this case the
interaction of thek50 polaritons with other modes give
rise to the collision broadening calculated by Ciuti in Re
@16#. He predicted a threshold behavior of the broadeni
The exciton density at threshold isnexc573109 cm22 at d
53 meV for a sample with a Rabi splittingV53 meV. Be-
low this threshold, we can neglect the collision broaden
and keep only the lowest-order term. Only a Kerr-like no
linear term remains:

HPP
e f f5 1

2 V0p0
†p0

†p0p0 . ~13!

Finally we include a term describing the coupling b
tween the cavity mode and the external pump field of f
quencyvL , treated as a classical field with amplitudeAin

@17#:

Hpump5 i\A2g1@Ainexp~2 ivLt !a†2H.c.#, ~14!

whereg1 the dissipation coefficient of the front mirror of th
cavity.

B. Evolution equation

From the HamiltonianH5HLP1HPP
e f f1Hpump it is now

easy to derive the Heisenberg equation for thek50 lower
polariton operatorp0 ~renamed asp in the following!. The
relaxation is treated phenomenologically by adding a l
term. The associated fluctuation terms are not included. T
treatment is suitable only for the study of the mean station
values of the fields. One obtains

dp

dt
52~gp1 idp!p2 iapp†pp2C0A2g1Ain, ~15!

where dp5ELP(0)/\2vL is the frequency detuning be
tween the polariton resonance and the laser.gp is the polar-
iton linewidth, given in a simple coupled oscillator model b
gp5C0

2ga1X0
2gb wherega and gb are the bare cavity and

exciton linewidths, respectively. This gives correct values
the linewidth at low excitation density for a limited range
detunings around zero detuning. At higher excitation the c
lision broadening should be taken into account.ap is the
polariton effective nonlinear coefficient given by

ap5
X0

4V0

\
. ~16!

Equation~15! will be our starting point for the study o
the nonlinear effects. It is analogous to the evolution eq
tion of the optical field in a cavity containing an ideal passi
9-2
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Kerr medium. It is therefore expected that the nonlinear
lariton system should exhibit bistability. Let us note that o
system is made more complex by the composite nature o
cavity polaritons. All the parameters, such as the polari
linewidth, the nonlinear coefficient and the coupling to rad
tion are functions of the cavity-exciton detuning, which d
termines the photon and exciton contents of the polariton

C. Steady-state regime

We rewrite Eq.~15! for the mean fields and we solve th
stationary regime:

d^p&
dt

52~gp1 idp!^p&2 iapnp^p&2C0A2g1^A
in&50,

~17!

wherenp5u^p&u2 is the mean number of polaritons. Mult
plying Eq. ~17! by its conjugate, we obtain an equation f
np:

np@gp
21~dp1apnp!2#52g1C0

2I in. ~18!

The plot of np versus the excitation power shows
bistable behavior for certain values ofdp , as can be seen in
Fig. 1. For a range of values of the driving laser power
polariton number is found to have two possible values,
cated on the higher and the lower stable branches of
curve~the intermediate branch is well known to be unstab!.
The turning points are given by the equationdIin/dnp50:

3ap
2np

214apnpdp1gp
21dp

250. ~19!

The discriminant of this equation is written as

D5ap
2~dp

223gp
2!. ~20!

A bistable behavior is obtained for positive values of t
discriminant, i.e.,dp

2.3gp
2 . Moreover the solutions fornp

FIG. 1. Intensity of the polariton field~i.e., the mean number o
polaritonsnp) vs the input powerI in in milliwatts. The nonlinear
coefficient is V054.531025 meV ~corresponding to a spot o
50 mm in diameter!. The cavity and exciton linewidths arega

50.12 meV andgb50.075 meV and the polariton linewidth i
taken as equal togp5C0

2ga1X0
2gb ~see text!. The cavity-exciton

detuning is d50. The laser detuning isdp522.5gp . In the
bistable region, the dotted line is the unstable branch. The arr
indicate the hysteresis cycle obtained by scanning the input po
in both directions.
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should be positive real numbers. Combining these two c
ditions, bistability is obtained when

dp,2A3gp , i.e., vL.vp1A3gp . ~21!

In this case, the value ofnp corresponding to the bistabil
ity turning point is written as

np
15

22dp2Adp
223gp

2

3ap
~22!

and one can simply obtain from Eq.~18! the corresponding
threshold for the excitation intensity:

I in5
2~2dp1Adp

223gp
2!

27apC0
2g1

~dp
213gp

22dpAdp
223gp

2!.

~23!

D. Bistability threshold

The lowest threshold is obtained when the detuning
tween the laser and the polariton resonancedp is equal to
2A3gp . The corresponding threshold is

I thr
in 5

4gp
3

3A3apC0
2g1

. ~24!

It is interesting to study the variations of the thresho
with the cavity-exciton detuningd. Using Eqs.~4!, ~5!, and
~16! to replaceX0 , C0, andap , the threshold can be written
as

I thr
in 5

8@d2gb12~ga1gb!g21dgbAd214g2#3

@3A3g2~d1Ad214g2!4aexcg1#
. ~25!

The variations of the threshold versus the cavity-exci
detuning are shown in Fig. 2. The threshold intensity
found to reach a minimum value for the detuningd0 given
by

d05
2ga2gb

A2gagb

g. ~26!

s
er

FIG. 2. Variations of the bistability threshold in milliwatts vs th
cavity-exciton detuning. The parameters are the same as in Fig
9-3
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With the parameters of Fig. 2 we findd051.72 meV. As
explained in the preceding section, the optical respons
the system is governed by the composite nature of the po
iton, with exciton and photon fractions depending on t
cavity-exciton detuning. The valued0 of the detuning is the
result of a trade-off between coupling to the external rad
tion ~which is stronger for negative detuning, when the p
lariton tends to a photon! and nonlinearity~which is stronger
for positive detuning, when the polariton tends to an ex
ton!.

E. Reflectivity and transmission spectra

In this section we compute the reflectivity, absorption, a
transmission spectra, which show hysteresis cycles abov
bistability threshold.

The reflectivity and transmission coefficients are obtain
in the following way. First we compute the stationary me
value p0 of the intracavity polariton field using Eq.~17!.
Then we compute the mean value of the intracavity pho
field using Eqs.~2! and~3! and the fact that the upper pola
iton field q is set to zero, which yields the simple relationsh
a52C0p. Finally the reflected and transmitted fields a
calculated using the input-output relationshipsAi

out5A2g ia
2Ai

in for i 51,2. The coefficientsR, T, and A are given,
respectively, byI 1

out/I in, I 2
out/I in, and 12R2T.

Bistability can be evidenced by scanning the input inte
sity for a fixed detuning between the exciton and the cav
Alternatively, it is possible to scan the cavity length for
fixed value of the input intensity, as for atoms in cavity@18#.
In a semiconductor microcavity, this can be done by sc
ning the excitation spot on the sample surface, since the
ity is wedged~i.e., there is a slight angle between the Bra
mirrors!.

Figure 3 shows the variations ofR with the cavity-exciton
detuning for three values ofI in ~close to zero, below, and
above the bistability threshold!. For the highest intensity, th
reflectivity spectrum shows the characteristic hystere

FIG. 3. Reflectivity spectra as a function of the cavity-excit
detuning forI in near zero~dash-dotted line!, I in50.5 mW ~dashed
line!, and I in51 mW ~solid line!. The laser energy isEL5Eexc

2VR/2, equal to the lower polariton energy at zero cavity-excit
detuning in the absence of nonlinear effects. The other param
are the same as in Fig. 1. The reflectivity resonance is indeedd
50 in the low intensity case but it is shifted at higher intensity. F
the highest intensity, a hysteresis cycle appears when scannin
spot position in the two directions.
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cycle. The output power switches abruptly when the posit
of the excitation spot is scanned; in the bistable region
output power depends on the direction of the scan. The h
teresis cycle can also be seen on the transmission and ab
tion spectra.

Thus our theoretical model shows that the exciton-exci
interaction in semiconductor microcavities leads to an o
cally bistable regime in the frequency region of the polarit
resonance. An alternative mechanism for achieving opt
bistability was proposed in Ref.@5#, using the bleaching of
the Rabi splitting; in contrast with this case, we obtain t
present effect when the exciton-exciton interaction term
much smaller than the Rabi splitting term. We also stress
this mechanism is different from the optical bistability whic
has been demonstrated in semiconductor microcavitie
room temperature@13#, since it involves an exciton-photo
mixed mode instead of a cavity mode.

ers

r
the

FIG. 4. Experimental setup. The microcavity sample is exci
using a Ti:sapphire laser. The quarter-wave plate in front of
sample ensures excitation with a circular polarization. The pola
ing beam splitter~PBS! and the quarter-wave plate form an optic
circulator that separates the reflected light from the excitation be
A spatial filter is placed in the near field of the reflected bea
Using the movable mirror MM, the beam can be either observed
a CCD camera, again in the near field~which allows one to study
the spatial effects and to choose the position of the spatial filter!, or
sent towards a photodiode.

FIG. 5. Near-field images of the reflected beam. The laser wa
length is 831.69 nm, resonant with the lower polariton atd
50.3 meV. The first image is taken at very low excitation intens
~0.2 mW!. All the other images are taken at 2 mW, for differe
positions of the excitation spot on the sample. The last two ima
are obtained for the same position; we observed a blinking betw
these two states, due to mechanical vibrations.
9-4
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FIG. 6. All curves are drawn as a function of the position (x,y) in the transverse plane.~a!, ~b! Nonlinear energy shift proportional to th
Gaussian intensity distribution of the excitation spot and linear shift due to the cavity wedge for two positions of the spot on the
X5245 mm andX5180 mm (X50 corresponds to zero exciton-cavity detuning!. ~c! and~d! represent reflectivity for the parameters of~a!
and ~b!, respectively. The reflectivity resonance is obtained when the nonlinear shift compensates exactly for the linear shift, i.e
intersections between the two curves of~a! and~b!. The low-intensity resonance~a straight line! can be seen on the edge of~d!. ~e! and~f!
represent near-field images of the spot for the parameters of~a! and ~b!, respectively, obtained by convolution of the reflectivity with th
intensity distribution. They are to be compared with the first two pictures in Fig. 5. Note that the low-intensity resonance region of~d! is not
visible in ~f! since the local intensity is very low. The unshifted resonance is atX5270 mm.
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III. EXPERIMENTAL RESULTS

The experimental setup is shown in Fig. 4. The microc
ity sample consists of one In0.05Ga0.95As quantum well em-
bedded in al GaAs spacer, sandwiched between 20~26.5!
pairs of Ga0.9Al0.1As/AlAs distributed Bragg reflectors o
top ~bottom!. The linewidths~full width at half maximum! of
the bare exciton and cavity modes are, respectively, 0
meV and 0.24 meV, and the Rabi splitting isVR
52.8 meV. The sample is held in a cold-finger cryostat a
temperature of 4 K. The cavity has a slight wedge wh
allows to tune the cavity length by scanning the position
excitation on the sample. The light source is a single-m
tunable cw Ti:sapphire laser with a linewidth of the order
02380
-

5

a
h
f
e
f

1 MHz. The laser beam is power stabilized by means of
electro-optic modulator and spatially filtered by a 2 m long
single-mode fiber. The spot diameter is 50mm. In all experi-
ments the lower polariton branch was excited near resona
at normal incidence with as1 polarized beam.

The image of the excitation spot on the sample surfac
made on a charge-coupled device~CCD! camera. Indeed
spatial effects are important in our system. On the one ha
due to the slight angle between the cavity mirrors the po
iton energy depends linearly on the position; on the ot
hand the nonlinearity gives rise to spatial patterns due to
Gaussian intensity distribution in the laser spot. Transve
effects are thus critical for the understanding of the opti
9-5
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response of the sample and, we will now present their
perimental study.

A. Transverse effects

1. Near-field images

We first studied the near field of the reflected beam.
sufficiently low excitation intensity, the spot shows a da
vertical line corresponding to absorption occurring on
polariton resonance. The variation of absorption with the
sition is due to the slight angle between the cavity mirro
and the dark line is a line of equal thickness of the mic
cavity. At higher laser intensities, even well below the bis
bility threshold, one observes a strong distortion of the re
nance line as shown in Fig. 5. When scanning the s
position on the sample~which amounts to scanning the po
lariton energy! one can see a change from a crescent shap
a ring shape, and then to a dot shape.

2. Theoretical study

In order to understand these results we have computed
reflectivity of the microcavity in the transverse plane, taki
both the Gaussian intensity distribution of the excitation s
and the wedged shape of the cavity into account. The e
tation spot is discretized into small spots with different loc
excitation densities and local cavity thicknesses. The pix
are assumed to be uncorrelated to each other. For each
we compute the reflectivity from Eq.~15!. This is the sim-
plest possible treatment, which includes neither the tra
verse mode structure of the microcavity@19# ~since it is
based on a plane-wave approximation! nor the effect of dif-
fraction. However it gives a good qualitative understand
of the shape of the absorption region.

At low intensity, the resonance region is found to be
straight line, as observed in the experiments. The result
higher intensity with the experimental parameters of Fig
can be seen in Fig. 6 for two different positions of the ex
tation spot. The main resonant region can be seen nea
center of the spot; depending on the position of the spot
shape is that of a crescent, a ring, or a dot, in good agreem
with the experimental results. The shape of the resona
region can be understood as resulting from exact compe
tion between the nonlinear energy shift due to the inten
variations and the linear energy shift due to the cavity thi
ness variations. The results of Fig. 6 are in good agreem
with the first two pictures of Fig. 5 that correspond to t
same parameters. The blinking of the dark absorption do
a whole in the bistable region cannot be reproduced by
model, because it is linked to the spatial coherence over
size of the dot~i.e., the size of the polariton mode!, while in
our model there are no spatial correlations between the pi
used in the calculation.

B. Reflectivity spectra

In view of these transverse effects, the interpretation
the reflectivity spectrum will be much simpler if we select
small zone on the sample in order to avoid averaging
optical response on the spot surface. One solution would
02380
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to have an excitation spot with a uniform distribution in i
tensity, sufficiently small so that the cavity wedge would
negligible. Spatial selection can be also easily achieved
spatial filtering of the reflected beam. We used a spatial fi
for the reflected light in order to select only a small fracti
of the excitation spot. The filter has the size of the da
absorption dot of Fig. 5, i.e., about 10mm in diameter.

Two photodiodes allow to measure the reflected and tra
mitted intensities. Each spectrum is obtained at fixed exc
tion energy and intensity, by scanning the spot position o
the sample surface. This is equivalent to a scan of the ca
length. As a result, the precision of the measurements is
ited by the surface defects of the sample. Figure 7 show
series of spectra for several values of the excitation intens

We observed a shift of the resonance position, which
proportional to the excitation intensity~see Fig. 8!. The reso-
nance position shifts towards negative detunings, co
sponding to a blue shift of the resonance energy. This is

FIG. 7. Upper figure: reflected intensities~in arbitrary units! as a
function of the spot position on the sample~the origin of the axis is
arbitrary!, for several values of the input powerI in: 1, 2, 3, 4, 5, and
6 mW. The laser wavelength is 831.32 nm, resonant with the lo
polariton at d51.5 meV. Bistability appears atI in52.8 mW.
Lower figure: hysteresis cycle for the curveI in56 mW. The two
curves correspond to the two directions for the scan of the s
position on the sample.
9-6
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agreement with the model, where the blue shift is given
the effective Hamiltonian~13!. The shift has been remove
in Fig. 7, so that all the curves appear to be peaked aro
the same position.

Above a threshold intensity, one can observe as expe
an hysteresis cycle by scanning the sample position in
two directions~Fig. 7!. The bistability threshold can be de
termined with a good precision by observing the spontane
‘‘blinking’’ between the two stable values, due to the inte
sity fluctuations or mechanical vibrations of optic eleme
on the setup. In the case of Fig. 7I thr

in 52.8 mW.

Bistability threshold

The variations of the bistability threshold with the cavit
exciton detuning are shown in Fig. 9. We did not use a
spatial filter here.

In the context of our previous assumption of small ind
pendent pixels, a precise calculation of the bistability thre
old is not possible; the model predicts that each pixel of
excitation spot has its own bistability threshold. Howev
we can make a crude estimate by assuming that bistab
occurs as soon as the local density of excitation in the ce
of the spot exceeds the bistability threshold calculated in
~24!. As a result, we have to divide the threshold~24! by the
ratio of the local density at the center of the spot by the m
density of excitation, which is found to beA2.

The value of the nonlinear coefficientap is calculated
using expression~16! with the measured spot diameter
dspot53864 mm. The polariton linewidthgp is estimated
from a reflectivity measurement atd51.5 meV, which must
be taken at threshold because the linewidth increases
the excitation density due to collision broadening. For
sake of simplicity, we have neglected the variations ofgp in
the considered range of cavity-exciton detunings~inferior to
10%!. The solid line in Fig. 9 is the result of the model. It
in fair agreement with the experimental curve. As an illu
tration, error bars have been added for the point on the
oretical curve atd51.5 meV corresponding to the uncertai
ties in measuring the parameters of the fitaexc andgp .

The general shape of the curve corresponds to the
pected behavior. In particular, the minimal threshold is o
tained at slightly positive detuning, near the theoreti
value. However, as the detuning goes down to zero

FIG. 8. Shift of the reflectivity minimum on the sample as
function of the input power. The laser wavelength is 831.32 n
resonant with the lower polariton atd51.5 meV.
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threshold intensity goes up very quickly~for example, it is
superior to 25 mW ford50.3 meV). The origin of this dis-
crepancy is yet to be understood. Transverse effects m
play a key role, since the size~see Refs.@7,19#! and the
shape of the polariton mode depend on the cavity-exc
detuning. As shown by the near-field images of the excitat
spot, the polariton mode size is further reduced and its sh
is altered, due to the angle between the cavity mirrors~see
also Ref.@20# for a discussion of this effect!, nonlinearities,
and disorder. All these effects are also dependent on
cavity-exciton detuning, which might explain the brut
variations of the bistability threshold with detuning. A mo
elaborate model including the transverse mode structur
the polariton resonance and diffraction is likely to give ne
insights.

IV. CONCLUSION

We have reported, to our knowledge, the first observat
of polaritonic bistability in semiconductor microcavities. It
obtained in the context of parametric polariton interaction
the degenerate case, where only the pumped mode atk50 is
involved. A simple model treating the nonlinearity as a Ke
type one gives a relatively good agreement with the exp
mental results. The originality of the bistable behavior
ported here is that it occurs in the strong-coupling regim
the effective refraction index depends on the polariton nu
ber instead of the photons number. Moreover, it is w
known that Kerr media can be used for the production
squeezed states of light. In the same way, this nonlin
mechanism can be used to produce squeezed states o
mixed light-matter polariton field@10,21#.
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FIG. 9. Bistability threshold vs exciton-cavity detuning
Squares: experimental data~the line is a guide for the eyes!. Solid
line: theoretical curve calculated from the measured values
dspot538 mm andgp50.125 meV. We added an error bar on th
point at d51.5 meV of the theoretical curve showing the unce
tainty on the theoretical value coming from the uncertainty in
measurement of the spot size and the polariton linewidth.
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@2# R. Houdréet al., C. R. Acad. Sci., Ser IV: Phys., Astrophys.3,

15 ~2002!, and references therein.
@3# G. Khitrovaet al., Rev. Mod. Phys.71, 1591~1999!.
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