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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.

DOI: 10.1103/PhysRevA.69.023809 PACS nuntber42.65.Pc, 71.36-c, 78.67—n, 42.50—p

I. INTRODUCTION gime. To our knowledge, this is the first observation of bi-
stability in the strong-coupling regime. We also investigate
In high finesse semiconductor microcavities with embedthe nonlinear patterns that appear in the transverse plane. We
ded quantum wells, the demonstration of the strong-couplinghow that the main features of the experimental results can
regime between the quantum well excitons and the cavitype explained satisfactorily by treating the polariton-polariton
photong 1] has opened the way to a refined manipulation ofinteraction at first order, i.e., in terms of a polariton Kerr
a new species, cavity polaritons, that are mixed light-matteeffect.
eigenstate§2]. While strong-coupling or normal-mode cou-  The paper is organized as follows. In Sec. I, we give the
pling appears for very small photon numbers, polaritons exeffective Hamiltonian for the polariton system, using the
hibit a number of nonlinear behaviof3]. Polariton bleach- same set of hypotheses that has been used for the study of the
ing has been observed at high excitation denflyand is  “magic angle” configuration[11,12. We establish the evo-
predicted to give rise to optical bistabilif]. With interme-  lution equation for the polariton field, and we solve the
diate excitation densities for which strong coupling still ex- steady-state regime in order to compute the bistability
ists, these systems exhibit strong nonlinear emission, due thireshold, as well as the reflectivity and transmission spectra.
parametric polariton amplification. The nonlinearity comesSection Il is the experimental study of the bistability regime.
from the exciton part of the polariton through coherentWe show that it is necessary to take transverse effects into
exciton-exciton scattering. account and we compare the experimental results with the
The polariton scattering must fulfil phase-matching con-prediction of the model studied in Sec. I, including a simple
ditions for the in-plane wave vector of the considered polaritreatment of the transverse effects.
tons. Ifkp is the wave vector of the excitation, two polari-

tons with wave vectokp scatter to give polaritons with Il. MODEL
wave vectors) and 2kp. In addition, energy conservation
implies thatE(0)+ E(2k,) =2E(kp). Most of the experi- A. Hamiltonian

ments on t.he polarito.n parametric. ampllification have been The linear Hamiltonian for excitons and cavity photons is
performed in the magic angle configuratighg], wherekp R = Hy with [14]

is the nontrivial solution for the energy conservation condi-
tion. However, there also exists a trivial solutidp=0 + i Qro +
where only thek=0 mode is involved. In this case, in the ~ Hk=Eexd K)bibit Ecay(K) @@kt == (abi+biay).
same way as in degenerate parametric amplification, polari- (1
tonic wave mixing gives rise to phase dependent amplifica-
tion [9] and eventually to polariton squeezift].

In this geometry of excitation, the effective Hamiltonian
(at first ordey for the polariton-polariton interactiofll,12]
is analogous to the Hamiltonian of an optical Kerr medium.
The difference is that the refraction index depends on th
polariton number instead of the photon number. This give§s
rise to a bistable behavior for high enough excitation inten-T
sities, in the same way as for a Kerr medium in a cavity.
Optical bistability has already been observed in quantu
well microcavities in the weak-coupling regini&3]; it has
been predicted to occur in the strong-coupling regime due to

In this equationa, and by are the creation operators for
photons and excitons with a wave veckoin the layer plane.
Because of the translational invariance in the cavity plane,

hotons can only interact with excitons having the s&ne
can(K) [Eexd K)] is the cavity(exciton dispersion and)g

the Rabi interaction energy between excitons and photons.
he normal modes of the linear Hamiltoni&h, are called
cavity polaritons. The annihilation operatqeg, andq, for
Mhe lower and upper polaritons are given by

exciton bleachind5], however in different conditions. Pk=Xkbi— G, @
In this paper we give experimental evidence for a bistable
behavior in a microcavity sample in the strong-coupling re- gy = Cyby+ X, ay, 3
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whereX, andC, are the Hopfield coefficien{d 5] given by For the typical parametef3z=3 meV, as,.= 100 A and
€0=(3.5)%€}*°""we find V,/V=0.012. Therefore in Eq.
St o+ O (1) we can neglect the saturation term with respect to the
262+ 03 (4) Coulomb interaction ternfexcept for the case of an extreme
negative detuning, where one can hayg>X,):

1/2

K=

12
PP
(5) Vk‘k,YqZVOX‘k+q|Xk/X‘k/_q‘Xk. (12)

QZ
C =
“ (2\/5§+Q§(5k+ JoZ+02) _ _ o
In the following we consider a resonant excitation at nor-
with 8= E,,(K) —Eexd{K). In the polariton basis, the linear mal incidence(in the k=0 direction and we study the re-

Hamiltonian reads flected field(again in thek=0 direction. In this case the
: : interaction of thek=0 polaritons with other modes gives
Hy=ELp(K) PPk + Eup(k) ik , (6)  rise to the collision broadening calculated by Ciuti in Ref.

[16]. He predicted a threshold behavior of the broadening.
The exciton density at threshold g, .= 7x10° cm 2 at §

=3 meV for a sample with a Rabi splittifg =3 meV. Be-
low this threshold, we can neglect the collision broadening
ELpwur) (k)= Eexc(k)+ —(+) J? ? (77  and keep only the lowest-order term. Only a Kerr-like non-
linear term remains:

whereE, p(k) [Eyp(K)] is the lower(uppe) polariton dis-
persion given by

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

3VopipdpoPo- (13
Finally we include a term describing the coupling be-
tween the cavity mode and the external pump field of fre-
quencyw, , treated as a classical field with amplitud&’
t [17]:
Hexcexc 2 2 \% bk+qbkr_qbkbk’r (8) .
kK’ Hoump= 172y, [AMexp—iw t)a’—H.c], (14
with Vy=Vo=66%ae,./ oA, provided gaey <1 [11,16],

wherey, the dissipation coefficient of the front mirror of the
Aexc bemg the two-dimensional Bohr radius of the exciton " P

. . 'cavity.
€o the dielectric constant of the quantum wells, ahdhe 4
guantization area. The saturation term is written as B. Evolution equation
bl t From the HamiltoniarH =H +He +H it is now
Hsarm — \VANEY b,,_ bbb +a b,,bb,, LP pump
sat k%'q satl @ gDk —PrDk+ it PPy easy to derive the Heisenberg equatlon for kikeO lower

9 polariton operatop, (renamed a®p in the following. The
. 5 L. relaxation is treated phenomenologically by adding a loss
With Vsar= Qr/2nsaA [11,16, wherens,=7/(16mag,o) IS term. The associated fluctuation terms are not included. This

the exciton saturation density. As long as the nonlinear termgeatment is suitable only for the study of the mean stationary
are small compared to the Rabi splittif)g, it is possible to  yalues of the fields. One obtains

neglect the nonlinear interaction between the upper and

lower branches, which yields nonsecular terms. The two po- dp in

laritons are then virtually decoupled and it is more appropri- ar- " (retidpp- iapp'Pp—Cov27,, (19
ate to use the polariton basis. In addition, we consider a

resonant excitation of the lower branch by a quasimonochrowhere 6,=E p(0)/2—w is the frequency detuning be-
matic laser field and we will focus our attention on the evo-tween the polariton resonance and the laggris the polar-
lution of the lower branch polariton. In terms of the lower iton linewidth, given in a simple coupled oscillator model by

polariton operator the Hamiltonian ld=H, p+HEY. The =C3y,+ X3y, where y, and y, are the bare cavity and
free polariton term isH p=2E, p(k) pkpk. The effective exciton linewidths, respectively. This gives correct values of
polariton-polariton interaction term is the linewidth at low excitation density for a limited range of

detunings around zero detuning. At higher excitation the col-
lision broadening should be taken into accousmf. is the
polariton effective nonlinear coefficient given by

HER= E Vie s Pk aPror PP (10)

with X5Vo
ap = ﬁ .

(16)
Vk K’,q = VoXjir—g XX+ g X
Equation(15) will be our starting point for the study of

the nonlinear effects. It is analogous to the evolution equa-
(11  tion of the optical field in a cavity containing an ideal passive

+ 2V5atX‘k, —q|Xk(C|k+q\Xk’ + Ck’X|k+q|)-
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FIG. 1. Intensity of the polariton field.e., the mean number of FIG. 2. Variations of the bistability threshold in milliwatts vs the

polaritonsny) vs the input Spowen‘” in milliwatts. The nonlinear ¢4y ity.exciton detuning. The parameters are the same as in Fig. 1.
coefficient is Vy=4.5X10"° meV (corresponding to a spot of

50 um in diametey. The cavity and exciton linewidths are, g4 e positive real numbers. Combining these two con-
=0.12 meV andy,=0.075 meV and the polariton linewidth is ditions, bistability is obtained when

taken as equal toy,=C3y,+ X3y, (see text The cavity-exciton ’
detuning is 6=0. The laser detuning i$5,=—2.5y,. In the B .
bistable region, the dotted line is the unstable branch. The arrows 5P< \/§7p, le., o =wpt \/§yp. (21)
indicate the hysteresis cycle obtained by scanning the input power

in both directions. In this case, the value of, corresponding to the bistabil-

ity turning point is written as

Kerr medium. It is therefore expected that the nonlinear po- > >
lariton system should exhibit bistability. Let us note that our 1_ —25=V%—3% 22)
system is made more complex by the composite nature of the P 3a,

cavity polaritons. All the parameters, such as the polariton
linewidth, the nonlinear coefficient and the coupling to radia-and one can simply obtain from E¢L8) the corresponding
tion are functions of the cavity-exciton detuning, which de-threshold for the excitation intensity:
termines the photon and exciton contents of the polariton.
n_— (28,46, -3yp)

2, 4.2 7 2.2
C. Steady-state regime 1" 270 Clys (0p+3Yp— 8p\V o= 37p)-
pCo

We rewrite Eq.(15) for the mean fields and we solve the (23
stationary regime:

D. Bistability threshold
d{p) y
dt

=~ (ypti8)(p) ~iapny(p) — Cov2y1(A") =0, The lowest threshold is obtained when the detuning be-
(17)  tween the laser and the polariton resonadgéas equal to
- \/§7p. The corresponding threshold is
wherenp=|(p)|2 is the mean number of polaritons. Multi-
plying Eq. (17) by its conjugate, we obtain an equation for _ 443
ny: i =——"2 (24)
P 3V3a,Cly,
2 27— 21in
Mol Yo (O aph) "] =271 Col ™ (18 It is interesting to study the variations of the threshold
The plot of n, versus the excitation power shows a with the cavity-exciton detuning. Using Eqgs.(4), (5), and

bistable behavior for certain values 8f, as can be seen in (16) to replaceXy, Co, anda,,, the threshold can be written
Fig. 1. For a range of values of the driving laser power theas
polariton number is found to have two possible values, lo-
cated on the higher and the lower stable branches of the = 8] 8%y,+2(ya+ y5) g2+ dypV/%+4g2)°

curve(the intermediate branch is well known to be unstable Lthr= > . (25
The turning points are given by the equatidH"/dn,=0: [3V3g?(5+/8"+49%) ey ]
3a2n2+4a n,S,+ 2+ 52=0. (19) The variations of the threshold versus the cavity-exciton
PP PURTR S TR TP detuning are shown in Fig. 2. The threshold intensity is
The discriminant of this equation is written as found to reach a minimum value for the detunifg given
2, Q2 2 by
A=ap(5,=37p)- (20
. . . .. 2y,—
A bistable behavior is obtained for positive values of the 50:M (26)
discriminant, i.e.,55>375. Moreover the solutions fon,, V2%a%b
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FIG. 3. Reflectivity spectra as a function of the cavity-excito

detuning forl" near zero/dash-dotted ling 1'""=0.5 mW (dashed FIG. 4. Experimental setup. The microcavity sample is excited
line), and 1I"M=1 mW (solid ling). The laser energy i€, =E¢,.  using a Ti:sapphire laser. The quarter-wave plate in front of the
—Qg/2, equal to the lower polariton energy at zero cavity-excitonsample ensures excitation with a circular polarization. The polariz-
detuning in the absence of nonlinear effects. The other parametelisg beam splittePBS and the quarter-wave plate form an optical
are the same as in Fig. 1. The reflectivity resonance is indeéd at circulator that separates the reflected light from the excitation beam.
=0 in the low intensity case but it is shifted at higher intensity. For A spatial filter is placed in the near field of the reflected beam.
the highest intensity, a hysteresis cycle appears when scanning tliging the movable mirror MM, the beam can be either observed on
spot position in the two directions. a CCD camera, again in the near figldhich allows one to study
the spatial effects and to choose the position of the spatial)fitter
With the parameters of Fig. 2 we fingh=1.72 meV. As  sent towards a photodiode.
explained in the preceding section, the optical response of
the system is governed by the composite nature of the polar-
iton, with exciton and photon fractions depending on the,ycie The output power switches abruptly when the position
cavity-exciton detuning. The valuﬁ)_of the detuning is the' of the excitation spot is scanned; in the bistable region the
r_esult Of. a t_rade-off between Co'f'plmg to Fhe external raO“a'output power depends on the direction of the scan. The hys-
tion (which is stronger for negative detuning, when the po-

lariton tends to a photgrand nonlinearitywhich is stronger :ieorﬁssl;gg;;e can also be seen on the transmission and absorp-

Ig;ﬁ)osmve detuning, when the polariton tends to an exci- Thus our theoretical model shows that the exciton-exciton
interaction in semiconductor microcavities leads to an opti-
cally bistable regime in the frequency region of the polariton
resonance. An alternative mechanism for achieving optical
In this section we compute the reflectivity, absorption, ancbistability was proposed in Ref5], using the bleaching of
transmission spectra, which show hysteresis cycles above thiee Rabi splitting; in contrast with this case, we obtain the
bistability threshold. present effect when the exciton-exciton interaction term is
The reflectivity and transmission coefficients are obtainednuch smaller than the Rabi splitting term. We also stress that
in the following way. First we compute the stationary meanthijs mechanism is different from the optical bistability which
value po of the intracavity polariton field using Ed17).  has been demonstrated in semiconductor microcavities at
Then we compute the mean value of the intracavity photoRoom temperaturgl3], since it involves an exciton-photon
field using Eqgs(2) and(3) and the fact that the upper polar- mixed mode instead of a cavity mode.
iton field q is set to zero, which yields the simple relationship

a=—Cyp. Finally the reflected and transmitted fields are
calculated using the input-output relationshm%“z 2v;a ) )
—Al" for i=1,2. The coefficient®R, T, and A are given, Low int. Ao e oI

Bistability can be evidenced by scanning the input inten-

sity for a fixed detuning between the exciton and the cavity. = ‘“—rnor—Iu  —I I~ —~

E. Reflectivity and transmission spectra

Alternatively, it is possible to scan the cavity length for a Line Crescent  Ring Bistability-blinking of
fixed value of the input intensity, as for atoms in cayity]. shape shape shape  the dark absorption
In a semiconductor microcavity, this can be done by scan- «dot ».

ning the excitation spot on the sample surface, since the cav- ¢ 5. Near-field images of the reflected beam. The laser wave-
ity is wedged(i.e., there is a slight angle between the Braggiength is 831.69 nm, resonant with the lower polariton it
mirrors). =0.3 meV. The first image is taken at very low excitation intensity

Figure 3 shows the variations Bfwith the cavity-exciton (0.2 mw). All the other images are taken at 2 mW, for different
detuning for three values df" (close to zero, below, and positions of the excitation spot on the sample. The last two images
above the bistability thresholdFor the highest intensity, the are obtained for the same position; we observed a blinking between
reflectivity spectrum shows the characteristic hysteresishese two states, due to mechanical vibrations.

023809-4



OPTICAL BISTABILITY IN SEMICONDUCTOR . . . PHYSICAL REVIEW A 69, 023809 (2004

a)

R2>

2ot
R
202

XL

o=
=

28
SRR 2
S

oz::’o“
""‘,00""‘ KRR
222 “ 7
s\ | W SRR
ZSEHTRER WK
SN
o
A
’Q: 0N,

<
ERIIN
0..:,:‘;‘ 3 ."
KA
R

PSS

f)

(wm) £
(wm) £

150 200 250 300 150 200 250

X (um) X (nm)

FIG. 6. All curves are drawn as a function of the positiary) in the transverse planéa), (b) Nonlinear energy shift proportional to the
Gaussian intensity distribution of the excitation spot and linear shift due to the cavity wedge for two positions of the spot on the sample:
X=245 um andX=180 um (X=0 corresponds to zero exciton-cavity detunirg) and(d) represent reflectivity for the parameters(af
and (b), respectively. The reflectivity resonance is obtained when the nonlinear shift compensates exactly for the linear shift, i.e., at the
intersections between the two curves(a@fand(b). The low-intensity resonanda straight ling can be seen on the edge(dj. (e) and(f)
represent near-field images of the spot for the parametef@ aind (b), respectively, obtained by convolution of the reflectivity with the
intensity distribution. They are to be compared with the first two pictures in Fig. 5. Note that the low-intensity resonance reyismot
visible in (f) since the local intensity is very low. The unshifted resonance ¥=a270 um.

ll. EXPERIMENTAL RESULTS 1 MHz. The laser beam is power stabilized by means of an

The experimental setup is shown in Fig. 4. The microcav-elemro'OptiC modulator and spatially filtereg b 2 mlong

y samole conisof o e S cuanum vel - 05T 0% T 00 el SRS o0
bedded in & GaAs spacer, sandwiched between(20.9 at normal incidence with a* polarized beam.

pairs of GgdAlg,As/AlAs distributed Bragg reflectors on X Le .
top (bottom. The linewidths(full width at half maximun of The image of the excitation sppt on the sample surface is
the bare exciton and cavity modes are, respectively, 0.1812de on a charge-coupled devi€€CD) camera. Indeed
meV and 0.24 meV, and the Rabi spliting i€x spatial effects are important in our system. On the one hand,
=2.8 meV. The sample is held in a cold-finger cryostat at lue to the slight angle between the cavity mirrors the polar-
temperature of 4 K. The cavity has a slight wedge whichiton energy depends linearly on the position; on the other
allows to tune the cavity length by scanning the position ofhand the nonlinearity gives rise to spatial patterns due to the
excitation on the sample. The light source is a single-modé&aussian intensity distribution in the laser spot. Transverse
tunable cw Ti:sapphire laser with a linewidth of the order ofeffects are thus critical for the understanding of the optical
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response of the sample and, we will now present their ex- 2.2
perimental study. 2 -w——-—w.,——.j |
o 1.8 "N e
A. Transverse effects g 1.6 m
1. Near-field images _E 14 1
We first studied the near field of the reflected beam. At l'i |
sufficiently low excitation intensity, the spot shows a dark ?
vertical line corresponding to absorption occurring on the § il
polariton resonance. The variation of absorption with the po—% 06
sition is due to the slight angle between the cavity mirrors, & 0.4 1
and the dark line is a line of equal thickness of the micro- 0.2
cavity. At higher laser intensities, even well below the bista- 0 ‘ ‘ ‘
bility threshold, one observes a strong distortion of the reso- 200 300 400 500 600

nance line as shown in Fig. 5. When scanning the spot

iti - : Positi
position on the samplévhich amounts to scanning the po- OB HIoNH(jm)

lariton energy one can see a change from a crescent shape t
a ring shape, and then to a dot shape. 17
2. Theoretical study 0.8 -

In order to understand these results we have computed th &

reflectivity of the microcavity in the transverse plane, taking % 0.6

both the Gaussian intensity distribution of the excitation spot &

and the wedged shape of the cavity into account. The exci- & 0.4 |

tation spot is discretized into small spots with different local

excitation densities and local cavity thicknesses. The pixels . |

are assumed to be uncorrelated to each other. For each sp

we compute the reflectivity from Edq15). This is the sim- o

plest possible treatment, which includes neither the trans:
verse mode structure of the microcavity9] (since it is
based on a plane-wave approximajiowr the effect of dif- Position (um)

fraction. However it gives a good qualitative understanding T . - reflected i itiGa arbi .
of the shape of the absorption region. Aunction of he apot posiion on e Samplae arign o e ax
At low Intensity, the resonance region Is found to be a rbitrary), for several values of the input powk?: 1, 2, 3, 4, 5, and

Sva'ght. line, .as observed n th.e experiments. The resglts %mw. The laser wavelength is 831.32 nm, resonant with the lower
higher intensity with the experimental parameters of Fig. 5

b in Fia. 6 f diff . fth “polariton at §=1.5 meV. Bistability appears at"=2.8 mw.
can be seen In Fig. 6 for two different positions of the excl-) o figure: hysteresis cycle for the cur8=6 mW. The two

tation spot. The main resqnant region cqr? be seen near _ﬂaﬁrves correspond to the two directions for the scan of the spot
center of the spot; depending on the position of the spot, it§sition on the sample.

shape is that of a crescent, a ring, or a dot, in good agreement
with the experimental results. The shape of the resonance o ] ) S
region can be understood as resulting from exact compensi nave an excitation spot with a uniform distribution in in-
tion between the nonlinear energy shift due to the intensitfensity, sufficiently small so that the cavity wedge would be
variations and the linear energy shift due to the cavity thick-"€dligible. Spatial selection can be also easily achieved by
ness variations. The results of Fig. 6 are in good agreemeﬁpat'al filtering of_the _reflected beam. We used a spatial f_llter
with the first two pictures of Fig. 5 that correspond to thefor the reﬂgctt_ad light in order.to select only a small fraction
same parameters. The blinking of the dark absorption dot a&f the excitation spot. The filter has the size of the dark
a whole in the bistable region cannot be reproduced by ou@PsSorption dot of Fig. 5, i.e., about 1m in diameter.
model, because it is linked to the spatial coherence over the TWO photodiodes allow to measure the reflected and trans-
size of the doti.e., the size of the polariton mogavhile in mltted intensities. Each spectrum is obtained at flxgc_j excita-
our model there are no spatial correlations between the pixefion energy and intensity, by scanning the spot position over
used in the calculation. the sample surface. This is equivalent to a scan of the cavity
length. As a result, the precision of the measurements is lim-
ited by the surface defects of the sample. Figure 7 shows a
series of spectra for several values of the excitation intensity.
In view of these transverse effects, the interpretation of We observed a shift of the resonance position, which is
the reflectivity spectrum will be much simpler if we select a proportional to the excitation intensitgee Fig. 8 The reso-
small zone on the sample in order to avoid averaging th@ance position shifts towards negative detunings, corre-
optical response on the spot surface. One solution would bgponding to a blue shift of the resonance energy. This is in

200 250 300 350 400 450 500

B. Reflectivity spectra
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agreement with the model, where the blue shift is given by Detuning (meV)

the effective Hamiltoniar{13). The shift has been removed g o Bistability threshold vs exciton-cavity detuning.

in Fig. 7, so that all the curves appear to be peaked aroungquares: experimental datne line is a guide for the eyesSolid
the same position. line: theoretical curve calculated from the measured values of

Above a threshold intensity, one can observe as expectegl,, =38 um andy,=0.125 meV. We added an error bar on the
an hysteresis cycle by scanning the sample position in thgoint at 5=1.5 meV of the theoretical curve showing the uncer-
two directions(Fig. 7). The bistability threshold can be de- tainty on the theoretical value coming from the uncertainty in the
termined with a good precision by observing the spontaneouseasurement of the spot size and the polariton linewidth.
“blinking” between the two stable values, due to the inten- . . . L
sity fluctuations or mechanical vibrations of optic elementsthreshOld intensity goes up very quickifor 'examplel, It Is
on the setup. In the case of Fig.l'*ﬂ —28 mW. superior to 25 mW forv=0.3 meV). The origin of this dls-_

thr crepancy is yet to be understood. Transverse effects might
play a key role, since the sizesee Refs[7,19) and the
shape of the polariton mode depend on the cavity-exciton

The variations of the bistability threshold with the cavity- detuning. As shown by the near-field images of the excitation
exciton detuning are shown in Fig. 9. We did not use anyspot, the polariton mode size is further reduced and its shape
spatial filter here. is altered, due to the angle between the cavity mirfeee

In the context of our previous assumption of small inde-also Ref.[20] for a discussion of this effegtnonlinearities,
pendent pixels, a precise calculation of the bistability threshand disorder. All these effects are also dependent on the
old is not possible; the model predicts that each pixel of the&avity-exciton detuning, which might explain the brutal
excitation spot has its own bistability threshold. However, Variations of the l:_)|stab|'l|ty threshold with detuning. A more
we can make a crude estimate by assuming that bistabilitj'aborat? model including the transverse mode structure of
occurs as soon as the local density of excitation in the centdf® Polariton resonance and diffraction is likely to give new
of the spot exceeds the bistability threshold calculated in qu_nS|ghts.
(24). As a result, we have to divide the thresh¢d) by the
ratio of the local density at the center of the spot by the mean
density of excitation, which is found to b¢2. We have reported, to our knowledge, the first observation

The value of the nonlinear coefficient, is calculated of polaritonic bistability in semiconductor microcavities. It is
using expressior{16) with the measured spot diameter of obtained in the context of parametric polariton interaction in
dspo=38+4 um. The polariton linewidthy,, is estimated the degenerate case, where only the pumped mokle @tis
from a reflectivity measurement &t 1.5 meV, which must involved. A'S|mple model treating the nonllnear'lty as a Kerr-
be taken at threshold because the linewidth increases witifP€ One gives a relatively good agreement with the experi-
the excitation density due to collision broadening. For theMental results. The originality of the bistable behavior re-
sake of simplicity, we have neglected the variationg/gin ported hgre IS that.'t oceurs in . strong-coupllng regime:
the considered range of cavity-exciton detunifigéerior to the e_ffectlve refraction index depends on the polarllto_n num-
10%). The solid line in Fig. 9 is the result of the model. It is ber instead of the photons nhumber. Moreover, it IS well
in fair agreement with the experimental curve. As an iIIus-knOWn that Kerr med_|a can be used for the pr(_)ductlo_n of
tration, error bars have been added for the point on the théiqueeze_d states of light. In the same way, this nonlinear
oretical curve ab=1.5 meV corresponding to the uncertain- m?Cha’."Sm can be usgd to .produce squeezed states of the
ties in measuring the parameters of thedfjt. and y,, . mixed light-matter polariton field10,21).

The general shape of the curve corresponds to the ex-
pected behavior. In particular, the minimal threshold is ob-
tained at slightly positive detuning, near the theoretical We thank Romuald Houdrer providing us with the mi-
value. However, as the detuning goes down to zero therocavity sample.

Bistability threshold

IV. CONCLUSION
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