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Giant photoinduced magneto-optic Kerr effects are predicted and measured in asymmetric semiconductor
microcavities with a totally reflecting rear mirror operated in the limit of the strong coupling regime. The
microcavity is modeled by two coupled Fabry-Perot cavities and use is made of the optical scattering matrices
to derive its characteristics. The giant photoinduced rotations and phase changes are traced to the saturation,
blueshift, and pseudo-Zeeman splitting of the exciton transition. Modeling the lower and upper polariton
transitions by two different two-level systems qualitatively accounts for the main spectral features: the photo-
induced Kerr rotations and phase changes are due to the modifications of the coupling existing between the
cavity and exciton modes, due to the photoinduced changes of the exciton characteristics. The influence of spin
relaxation on the rotation and ellipticity spectra is also analyzed; it confirms the gyrotropic nature of the
interaction which depends strongly on the difference between the densities of counter-rotating circularly po-
larized excitons and only weakly on their sum as is the case in previous isotropic studies. Measurements of
photoinduced Kerr rotations performed at a temperature of 50 K in a microcavity containing a single semi-
magnetic semiconductor quantum well confirm the effectiveness of the effect with polarization rotations of 10°
around the lower polariton frequency at a pump fluence of onhdnt.
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I. INTRODUCTION scribe the principle of the calculations based on optical scat-
tering matrices which allow the determination of the
The study of exciton-polariton modes received a renewednagneto-optic Kerr rotation and phase change photoinduced
attention in the recent years with the use of quantum microby a circularly polarized pump pulse. In Sec. V we apply the
cavities where the materigexciton and electromagnetic Model to the case of resonant optical nonlinearities resulting
(photon components can be independently and artificiallyfrom the photogeneration of polarized excitons. The nonlin-
modified through appropriate tailoring of microcavities andearities considered in this section, i.e., saturation, blueshift,
quantum well characteristi¢€ The coupling of the exciton and pseudo-Zeeman splitting of the exciton transition in-
and cavity modes in these so-called cavity polariton mode§uced by circularly polarized pump pulses are considered
can be easily modified by static elecfricand magnetit®  decoupled from population and spin relaxation processes.
fields. The modification of the cavity-polariton characteris-The corresponding photoinduced polarization rotation and
tics by intense laser pulses has also been investigated afdipticity spectra are compared and their physical interpreta-
revealed polariton bleaching and many-body interactiorfion given in terms of the shift of the polariton frequencies
effects!? In these studies only the isotropiscalay part of ~ due to the modifications of the exciton transition character-

these interactions could be assessed since the gyrotropic p&tics. The role played by spin relaxation processes on the
is canceled out in the chosen configurations. photoinduced Kerr rotations and phase changes is analyzed
Here we assess the gyrotropic part of these photoinducdfl Sec. VI in two particular cases: for synchroneous pump
changes through an experimental and theoretical study of th@nd probe pulses when the exciton spin relaxation time is of
polarization effects occurring at high exciton densities in athe order of the pulse durations and for delayed short dura-
microcavity operated in the strong coupling regime. In thistion probe pulses in the case of long-lived exciton spins.
nonlinear process, a circularly polarized pump pulse induces
polarization changes on a linearly polarized incident probe
beam due to the huge polarization dependent modifications
of the light induced cavity-exciton coupling. In Sec. Il we  The device considered in this study is an asymmetric mi-
schematically present the experimental configuration used iorocavity operated in the strong coupling regitaee Fig. 1L
our study. In Sec. lll we present the setup used in our exA circularly polarized short duration pump pulse is sent onto
periment and show that polarization rotations of a weakthe device at some small angle in order to generate polarized
probe beam as large as 10° can be photoinduced/hy¢h?  excitons. The frequency of the pump pulse is resonant with
fluence circularly polarized pump pulses. In Sec. IV we de-one of the polariton modes in order to instantaneously gen-

II. EXPERIMENTAL CONFIGURATION
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FIG. 1. Schematic view of the microcavity.

FIG. 2. Experimental setup. MC: microcavity, OPG: optical
erate the polarized excitons. A linearly polarized incidentparametric generaton/4:- quarter wave plateP: polarizer, BS:
probe beam of wavelength is sent perpendicularly to the beam splitter, PBS: polarization beam splitt®r,, Dy, Dy : de-
microcavity. The polarization state of the probe beam reiectors.
flected by the device is analyzed, considering both the rota-
tion angle and the ellipticity of the beam polarization. orders of magnitudes for the Verdet constanthen com-

The microcavity is closed by a rear mirrdt, which is  pared to the case of symmetrical cavitfes.
nearly totally reflecting and a partially reflecting front mirror
M. The asymmetric cavity configuration is chosen since
such a device operated in reflection allows the highest sen-
sitivities provided the reflectivity of the front mirror is ad- Experiments were conducted at relatively low temperature
justed for optimizing the desired effect. It is the case, for(T=50 K) using a microcavity placed in a cryostat. This
instance, for intracavity absorptidh,phase shift? Bragg sample was grown by molecular beam epitaxy on a

IIl. EXPERIMENTAL RESULTS

diffraction}® or Kerr polarization rotatiod? Cdy gZNg 15Te [100] oriented substrate. The back and front
For the sake of simplicity we consider here the simplestcavity mirrors, of respective reflection coefficienfR,
case of a microcavity with a single quantum wellw) lo- =0.96 andR;=0.76, were formed by stacking/4-thick

cated at the middle of a/2n-thick transparent intracavity Cd, MggeT€/Cd,7MngsTe pairs. A 70-A-thick
material of refractive index. Due to the strong absorption Cd, ¢dMnggsTe quantum well was grown in the middle of the
occurring at the resonance frequency of the quantum well/2-thick Cd, Mg, ¢Te intracavity material. This configura-
exciton, the thin quantum well acts as an intermediate mirrotion of the asymmetric microcavity operated in the limit of
exhibiting a very small reflectivity bandwith. The strong cou- the strong coupling regiméfor a cavity-exciton coupling
pling regime can therefore be viewed as resulting of the coustrength only slightly larger than the polariton linewipttas
pling of three Fabry-Perot cavitieghe cavity M;-M, of  chosen in order to maximize magneto-optic Kerr rotation
thicknessl and the two cavitiesM;-QW and QWM , of angles in the presence of small amplitude magnetic fidlds.
thicknesd/2). In this study we consider the simplest case ofNote that due to the high energy of the band gap of the
a tuned cavity when the cavity resonance frequengyis  semiconductor materials used for the Bragg mirrors, no sig-
made equal to the exciton resonance frequemgy This nificant gyrotropic effect is expected for the cavity mirrors,
situation corresponds to the maximum coupling between thso that the polarization modifications occur only owing to the
exciton and cavity modes with polaritons exhibiting a fully microcavity.
mixed exciton-cavity character. The experimental setup used for the study of this micro-
In the case of Kerr polarization effects, the cavity is opti- cavity is shown in Fig. 2. Two independently tunable laser
mized for an operation of the microcavity in the limit of the sources are used: the probe and pump beams which are aris-
strong coupling regime when the Rabi splittin@gis nearly  ing from two identical optical parametric generat@@P G’y
equal to the polariton linewidth. Indeed, as magneto-optigpumped by a picosecond duration frequency-tripled Nd-YAG
Kerr effects have a gyrotropic nature, they result from thelaser:®!’ The pump source is used to generate circularly po-
difference between contributions due to the counter-rotatindarized excitons. The probe source is used for recording the
polarizations. In this way, only a small polarization- reflectivity and polarization rotation spectra. Indeed, as the
dependent variation of the exciton resonance frequency or Kerr rotations and phase changes measured in this experi-
slight saturation of the exciton transition can produce a hugenent are low, phase measurements are impossible due to the
modification of the phase of the beam reflected by the mismall undesirable and uncompensable dephasing brought by
crocavity, thus providing a high sensitivity for this polariza- the cryostat windows. The pump and probe beams are fo-
tion device. This behavior was already observed in Kerr rocused at slightly tilted and normal incidences onto the micro-
tation measurements with increases in sensitivity of severalavity (MC), respectively. The beam splittéBS) provides
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an energy reference of the probe pulse and also allows for
the extraction of the probe beam reflected by the microcavity.
This reflected beam is separated into two orthogonally polar-
ized beams by the polarizing beam splitteBS. The linear
polarization of the incident beam is set at 45° of ¥handY
directions of the PBS. With no pump pulse, teand Y
intensities are equal. In the presence of the circularly polar-
ized pump pulse the polarization direction of the probe beam
is rotated by an anglé and dephased by an angfeby the
microcavity. The intensitiesy andly measured oX andY I o

Photoinduced Rotation [deg.]
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where lg=1y+1y is the reflected intensity. For the small 1705 1710 1715 1.720
values ofe reached in our experiment, the reflectiviyof Probe Photon Energy [eV]

the microcavity and are calculated using the formulas
FIG. 3. Kerr rotation spectrum photoinduced by aua/cnf

Iv+1y fluence o_ polarized pump pulsé€a) and reflectivity spectra re-

' (2a) corded with and without the pump pulé®. The continuous line in

(a) is the best fit obtained using the model of Sec. Ill and the dashed
lines in (b) are only guides for the eyes.

IR
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2 Ity meV for the blueshift of the exciton transition and a small

wherely is the incident intensity. saturation which could not be measured precisely

Note that no polarization rotation occurs in the linear re- We also point out that the photoinduced polarization rota-
gime without pump pulses. When a circularly polarized hightion spectrum was recorded at a temperature of 50 K. The
fluence pump pulse is sent onto the microcavity togethefarge value obtained for the measured photoinduced rotations
with the probe pulse a photoinduced polarization rotation oft this relatively high temperature strongly indicates that
the linearly polarized probe pulse is observed, and reversingarge photoinduced polarization rotations can be obtained at
the circular polarization of the pump pulse only changes theoom temperature using a microcavity specially designed to
sign of the polarization rotation. Figure¢aBand 3b) show  work in the strong coupling regime at this temperature.
the polarization rotation spectrum photoinduced by _acir-
cularly polarized pump pulse and the reflectivity spectra re-
corded with and without the pump pulse presésolid

squares and open circles, respectiyely this experiment The Kerr polarization rotatiory and ellipticity or phase
the pump fluence W"E:ZMJ/‘?”‘Z and the frequency of the  change o experienced by the linearly polarized incident
pump beam chosen to selectively excite the lower polaritonohe heam after its reflection by the microcavity are calcu-
mode (at a pump photon enerdy,=1.708 eV). lated using the expressions

The photoinduced rotation spectrum shown in Fi¢g) 3
exhibits a large negative rotation pe@bout—10°) around 1
the lower polariton mode and almost no rotation occurs _ = _
around the upper polariton mode. In the presence of the 0 Z(Arg[R_] ArglR. D), ©
pump pulse the reflectivity spectrum is blueshifted by about
0.3 meV and the exciton transition is slightly saturated as
attested by the narrowing of this reflectivity spectrisee e=Arc tar{
open circles in Fig. @)]. The straight line in Fig. @& shows
the best fit to the experimental photoinduced rotation spec-
trum obtained using the model presented in Sec. IV. ThevhereR.=Ag. /A,. are the amplitude reflectivities of the
agreement between experiment and theory is rather good amdicrocavity for the counter-rotating circular polarizations
the calculated parameters (028.02 meV and 1.50.1% o+ (Agr+ andA, - are the reflected and incident amplitudes
for the blueshift and saturation of the exciton transition, re-of the probe beam for thé. polarizations, respectively
spectively that give the best fit are in good agreement withThe circularly polarized amplitude reflectivitiés. are ob-
the values extracted from the reflectivity measureméhd  tained using the optical scattering matri¢gs.

: (2b)

IV. MODEL
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For the calculation oR.. the only parameters concern the widths y, and vy, are given by the following expressions
Bragg mirrors and the quantum well reflector. The Braggderived from Ref. 23:
mirrors exhibit reflection coefficients given by

M= \/@exq—id)lyz), )

1
whereR; , and®; ,=B; , (w— w; ) are the intensity reflec- + \/V?ﬁ‘ 2lwo—wc—i(ye Y01 (7)
tion coefficients and the frequency-dependant phase shifts
experienced by the reflected beam respectively, withand ~ with
B, , the central frequencies and phase slopes, respectively.

oL utiy u=(wetoc)2+i(yo+yc)2

For the sake of simplicity the same central frequengy Vz_(\/R—1+ VR +2\RiR,)Tg ®
=w1=wy=wc is used all along thl§ study. This chomg also 0 (BﬁBﬁan/c)@ '
corresponds to the experimental situation described in Sec.
[ll. The quantum well reflector exhibits circularly polarized —_—
reflection and transmission coefficients givertby ye= 1= VRiR, 9)
r (B1+B,+2nl/c)VRiR;
. 0+
re=r—— (724 Tgs)’ (6a  whereV, and y. represent the pure coupling constant be-
0= Y= R 0x tween the cavity and exciton modes and the halfwidth of the
te=(1+r.)exp —iDgy). (6b) cavity mode, respectively. Using the values given in Sec. IV,

we getVy/yo=1.15 andy:/vy,=0.56 and the Rabi splitting

In Egs. &a) and 8b) wy~, ['g+, andy. are the resonance O =(wy— w.)/2 is slightly smaller thatvy (Q/yo=1.13).
frequencies, oscillator strengths, and linewidths, respectively, As V, and w, are modified at high laser fluences, the
for the 6. polarizations, andb g (Pow=27ne/\, withe  lower and upper polariton frequencies are modified in the
the quantum well thicknegss the non resonant phase shift presence of @, polarized pump pulse. This effects occur
introduced by the quantum well. With no pump pulse theirrespective of the physical origin of the nonlinearity. If we
polarization dependent parameters reduce to the linear valuesnsider the device as a set of double two-level systems of
wo, I'g, and vy, which only depend on the quantum well respective resonance frequencies and w, the Kerr po-
characteristics. larization rotationd, , and phase changg  can be evalu-

All the parameters of the microcavity considered in ourated around each resonance using the simple expressions
study are given using the homogenous linewigtiof the
exciton transition as the frequency unit. Indeed, in the next ol ,
sections the Kerr rotations and phase changes are studied as HLYUZZ(nLVU__nLYUJ' (103
a function of the normalized frequency detuningo (
—wq)/y. For the calculations of Secs. V and VI we URg
=1 andB,y=0.104 andR,=0.82 andB, y=0.072 for mir- ¢Lu=Arctg
rors M, and M5, respectively, and’o/ y=0.06 and® gy
=0.175 for the quantum well characteristics. These valuesith L the equivalent length of the device and where
are typical for II-VI semimagnetic semiconductor microcavi-
ties, but our analysis can be applied to any microcavity. ’ - (o y,—o—ilLy,)

Mo, =My, Mo, n0+A[(wL,u+_w)2+FE,u+]

1y
mig/:g]c?/ig/C:;]Zuizgzn%ﬂggzl‘?:qggrq::@ %‘gim;fofizégg:ﬁ tgﬁare the complex refractive indices for tlde. polarizations
. . ' ’ . ! round the polariton resonance frequen , Abeing a
linewidth of the quantum well can be modified through sev- P queN®@ey . 9

eral physical mechanisms. Here, we discuss the cases of tgnstant related to the osc_illat.or strength of the_two-level
saturation of the quantum well exciton due to band filling system. In Eq(11) the polarization dependence Afis not

effects and many body interactioff! that of the many considered since, for the physical mechanisms responsible
body interaction induced blueshift of the exciton transition T0f the photoinduced Kerr effects considered hereatter, the

and that of the pseudo-Zeeman effect induced by the magné‘—mlDIitUde suppression is much Ie_ss e_ffective _than the reso-
tization which can be created in the quantum well by Spinnance frequency shift for the polarization rotation and phase

transfer when the intracavity dand the quantum well is ¢hanges. As a consequence, for small variations of
(are magnetic® For the sake of simplicity and clarity, in the _p_olarltcin frequc_anues, Ehe polarization rotation spectra
this section we consider these photoinduced interactions b&Xibit an “absorption-type” shape centered an , with
fore population and spin relaxation processes set in for & Maximum rotation angle proportional QA w y
modification of the quantum well properties induceddy ~ — R€@Lu, ~@Lu ) given by
polarized pump pulses.

In the strong coupling regime of the microcavity, the
lower and upper polariton frequencies and wy and line-

(10b)

tan w—L(n” -n/
2c L,U_ LU,

V. DIFFERENT NONLINEARITIES

1
Ao y=5(8wg, S0 )£(AQ, ~AQ), (12
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—T— T cies. Moreover, for the small values of the saturation factor

—
W
1

'!', ——5=0015 | T used for this calculatiorg and ¢ are proportional t&, , and
0- (a) ,'."._". ---8=0030 | T the maximum rotations and phase changes are large, making
', \'.‘-‘ ----- §,=0.045 | 1 the device potentially interesting for optical signal process-
5k ;’, \;-.\_ —--=--§=0.060 | ing. It must also be stressed that the amplitudes of both Kerr
- /;' {'\\ 1 rotation and phase change are larger around the lower polar-
0 e = = e St iton mode than around the upper one. This surprising behav-
) V . ior is in fact related to the dephasinbg,, brought by the
Sk N 4 guantum well transmissiofsee Eq. &)] which widens and
N A narrows the upper and lower polariton modes, respectively.

The main features appearing in Figgayand 4b) can be
. easily understood using the qualitative analysis of @G).
First, the saturation of thé&, polarized exciton transition
produces a small increase and decrease of andwy by

the quantityAQ+~S+V§/Q, while the lower and upper po-
lariton frequencies remain unchanged for the unsaturated
polarized exciton transition. As a consequence, the photoin-
duced Kerr polarization rotation and phase change exhibit

-5

Photoinduced Phase Change [deg.] Photoinduced Rotation [deg.]

A “absorption” and “dispersion” shapes, respectively, with op-
-20 -15 -10 05 00 05 10 15 20 posite signs around, and oy, as shown in Fig. 4. Sec-
Normalized Frequency Detuning ondly, due to the proportionality of, , and ¢_ with re-

spect toAw, , the maximum values of the photoinduced
FIG. 4. Photoinduced Kerr rotatioiia) and phase change Kerr rotation and phase changes increases proportionally to
(b) spectra for various saturations of the, polarized exciton S, as it can be seen in Fig. 4. Finally, the lower value®gf
transition. and ¢, when compared to those obtained around are
easily understood taking the modifications of the polariton
where dwo, = wo, —wo are the frequency changes of the |inewidths by the quantum well dephasing into account
exciton transition and\Q .= _. —Q are the variations of (y, <vy).
the Rabi frequency) for the o.. circular polarization, re-
spectively. In the same manner, the ellipticity spectra exhibit B. Blueshift of the quantum well exciton

a dispersion-type shape centered on with a maximum . . o )
phase change angle proportionalﬁa)L' U For ao, polarized excitation, a blueshift occurs for the

Let us remark that the polariton frequencies and line-0+ €Xcitonic transition and thé_ one remains unchanged
widths given by Eq(7) are not obtained from the reflectivity (if N0 spin relaxation occurs during the experimens
of the microcavit§® so that quantitative values cannot be ShoWn in Fig. 5, this nonlinearity also produces large rota-
derived from Eq.(10) for the photoinduced polarization ro- tions and phase changes for the light reflected by the micro-

tation and phase change. However, as shown hereafter, th‘F§VitY even for the small blue shifts considered in _this cal-
simple model still provides useful qualitative information on culations  @wo /%,=0.05, 0.1, 0.15, and 0.2 in the
the gyrotropic properties of asymmetric microcavities. continuous, dashed, dotted, and dash-dotted lines, respec-
In the three following subsections the Kerr polarizationtively). As shown in Figs. &) and 4b), the same general
rotation and phase change are studied quantitatively usinigatures are observed for the photoinduced polarization and
Egs.(3) to (6) and in the more qualitative way using E40) phase change spectra as in the case of the saturation of the
for different resonant optical nonlinearities. o, polarized transition. The main difference consists in the
respective signs off and ¢ around the upper and lower po-
lariton frequencies. Indeed, the photoinduced Kerr rotation
R ] o and phase change shown in Figéa)4and 4b) exhibit con-
Forag, polarized excitationI'y =I'g and'o, =I'o(1  {riputions of the same sign arouns andw,, . This is well
—28S,), whereS, represents the fraction of the upper-level explained using the qualitative model of Egs.(é0and
population for thes ., polarized transition. Figures(@ and  10(b), since the modification of the polariton frequencies by
4(b) show the photoinduced Kerr rotation and phase changthe pump induced blueshift of the exciton frequency are the
spectra, respectively, plotted for different fraction of satura-same for both polariton transitionsA = 5wo+/2).

tion of the . polarized transition §, =0.015, 0.03, 0.045, Moreover, asAw, , have almost the same values for the
and 0.06 in the continuous, dashed, dotted, and dash-dottefsice of parameters made in Figs. 4 and 5, the maximum
lines, re_spectlvel)j All the rota@ﬂon spectra shovyn in E|g. amplitudes ofg, , and ¢, , are almost the same.

4(a) exhibit the same “absorption-type” shape with positive ’ '
and negative peaks located at the lower and upper polariton
frequenciesy; andwy,, respectively. On the other hand, the
photoinduced phase change spectra of Fiy) é4ppear as Actually, in most semiconductor quantum wells, satura-
“dispersion-type” spectra centered on the polariton frequen+ion and blueshift of the exciton transition occur togetHat.

A. Saturation of the quantum well exciton

C. Saturation and blueshift of the quantum well exciton
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6 look similar to the algebraic sum of spectra shown in Figs.
4 and 5. They exhibit an enhancement and a quasisuppres-
sion of the photoinduced Kerr rotation and phase change
around the lower and upper polariton frequencies, with a
ratio of about 10 for the contributions occurring around these
frequenciegthis calculation corresponds to the fit to the ex-
perimental results shown in Fig(e8]. This behavior is easily
understood using the qualitative model since the lower po-
lariton frequency is strongly blueshiftedA (o ~ dwq /2

+S+V(2,/Q) while the upper one almost remains unchanged
(Aw ~dwg 12—S,V5/Q=0), with a ratio of about 6 for

Aw  IAwy for the parameters used in our calculations. This
value is in good agreement with the observations made from
Fig. 6. Let us also remark that, unfortunately, saturation and
blueshift of the quantum well exciton are both due to the
photogeneration of high exciton densities. Thus, their contri-
butions to the photoinduced Kerr effects cannot be separated,

_ =
S w» S

w

=)

'
W

o

~— 3w, /¥,=0.05
- == 3w, /y=0.10
----- dw, 1,=0.15 H

w
——
~
~

[
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(=}

i
——
S
-
~
~—a

Photoinduced Phase Change [deg.]  Photoinduced Rotation [deg.]

B —me b ,=0.20 : . .
a5k -|,' * which enforces a two parameter fit of the experimental
P TR T A RPN TSP BRI SR TN reSUItS.
20 -15 -1.0 -05 00 05 10 15 20
Normalized Frequency Detuning D. Photoinduced pseudo-Zeeman effect

FIG. 5. Photoinduced Kerr rotatiofie) and phase change  |n the case of semimagnetic semiconductor quantum
(b) spectra for various blue shifts of the, polarized exciton ells, relatively high magnetization can be photoinduced by
transition. circularly polarized pump light due to inverse exchange

interaction?? This magnetization is proportional to the den-
is, then, necessary to take their contributions to the photoinsity differencen,.—n_ of ¢, and ¢_ polarized excitons
duced Kerr rotation and phase change simultaneously intphotoinduced by thé-, polarized pump pulse. The ampli-
account. The result of the quantitative model using the optitude of the magnetization results from the tradeoff between
cal scattering matrices is presented in Figs) @nd b). In  the exciton spin relaxation and the spin orientation of mag-
these figures the rotation and phase change spectra are afetic ions. At low temperatures, the exciton spin relaxation
tained using the same paramet8tsand dwg /7y as inthe  time 7g is smaller than the spin orientation tinTg, of the

case of Figs. 4 and 5, respectively. Spectra appearing in Fighagnetic ions, and the photoinduced magnetization is low
and reaches its maximum after the short duration pump

pulse. At high temperatures,, is shorter, and the magneti-
zation can be high during the pump pulse. In such a case, due

|'||-|-|.||.]

30 - A P N . . . .
(a) i ___3;3‘2%3’;0{};3'33 to exchange interactioff, giant Kerr rotations and phase
ol :, -+ 820,045, B0, #,=0.15 changes of the polarization state of the incident probe pulse
;| = =-8,=0060, bu,fy,=0.20 are possible. Figures(@ and 7b) show Kerr rotation and

phase change spectra, respectively, for several values of the
pseudo-Zeeman splittings,=0.05, 0.1, 0.15, and 0.2 in

the continuous, dashed, dotted, and dash-dotted lines, respec-
tively). These spectra are nearly the opposite of those shown
in Fig. 5 as confirmed by the qualitative analysis since lower
and upper polariton modes are blueshifted -bgw,/2 and

+ dw,/2 for 6, and o _ polarizations, respectively.

10

VI. INFLUENCE OF EXCITON SPIN RELAXATION

’ /',',3’ : The results presented in Figs. 4—7 do not take exciton
10r (b) 5 i ] spin relaxation into account. However, this process can
] modify the values of the photoinduced Kerr rotations and
phase changes in different ways. In this section, we consider
two situations in the case whé, is much longer tharrg,

so that almost no magnetization is created in the microcavity.

First, for pump and probe pulse duratidn shorter than

FIG. 6. Photoinduced Kerr rotatiof@ and phase changé)  7s, the saturation and blueshift of the exciton transition are

spectra for various saturations and blueshifts of ¢ghepolarized ~ fully & polarized for pump-probe delays smaller than
exciton transition. For larger delays, spin relaxation reduce the density differ-

15k i 4
1 1 "I 1 i i i

20 — L
20 <15 -10 05 00 05 L0 L5 20

Photoinduced Phase Change [deg.] ppotoinduced Rotation [deg.]

Normalized Frequency Detuning
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FIG. 7. Photoinduced Kerr rotatiofa) and phase changg) FIG. 9. Influence of spin relaxation occurring during the pump

spectra for various . polarized exciton induced Zeeman splittings. pulse duration on the photoinduced Kerr rotati@ and phase
change(b) spectra. Spectra are represented for different total exci-

encen, —n_ betweend, andg_ polarized excitons, while ton densitiesAn, the spin density differenca. —n_ being kept
the sumn, +n_ remains constant whenever the pump-probeconstant taAng.
delay is shorter than the exciton lifetime. Evidently, this re-
duction of the spin density difference modifies the Kerr ro-This is illustrated in Figs. @) and §b) which show the Kerr
tation and phase change spectra since Botlanddw,_ are  rotation and phase change spectra, respectively, for several

proportional to the normalized&. densityn./(n,+n_). values of the normalized density differencén=(n.
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-n_)/(n,+n_) (én=1, 0.67, 0.33, and 0.17 in the con-
tinuous, dashed, dotted, and dash-dotted lines, respegtively
The spectra of Fig. 8 look exactly like those obtained in Fig.
6 in the absence of exciton spin relaxation. This indicates
that for a given total exciton density the time delayed photo-
induced Kerr rotation and phase change spectra can be de-
duced from those obtained initiallyg=1) simply by mul-
tiplying the rotation and phase angles by. Let us note,
however, that this simple rule also predicted by the qualita-
tive analysis of Eq. 10 is no longer valid at larger total exci-
tation yields when high exciton densities are photogenerated
by the pump pulse.

We also considered the case of synchronized pump and
probe pulses of duratiodt longer thanrg. As a conse-
quence of spin relaxatio®;, ando_ polarized excitons are
simultaneously present even foiga. polarized pump pulse.

In such a case, higher pump excitations are required for get-
ting the same Kerr rotation and phase change spectra. This is
illustrated in Fig. 9 which shows such spectra calculated for
different total excitations\n=n, +n_, keeping the differ-
encen, —n_ constant An=An,, 3 Ang, 5 Ang, and 7

Ang in the continuous, dashed, dotted, and dash-dotted lines,
respectively. Spectra of Fig. 9 are very similar to each other

FIG. 8. Evolution of the photoinduced Kerr rotatige) and ~ With a slight modification of only 25% of the maximum
phase changéh) spectra during the exciton spin relaxation. SpectraPhotoinduced Kerr rotation and phase change angles for a
are represented from the initial excitation by, polarized pump Multiplication by 7 of the total excitation. This observation is

photons before the spin relaxatiodn=1) to a nearly complete in good agreement with the prediction of the qualitative
spin relaxation §n=0.17). analysis sinceAw, y only depends on the difference be-
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tween theo, anda_ polarized exciton densities. This result quencies. A simple model involving a couple of two-level
definitely supports the gyrotropic nature of the photoinducedsystems using the lower and upper polariton frequencies as
magneto-optic Kerr effects in semiconductor microcavitiesthe resonance frequencies has been shown to qualitatively
It is also interesting concerning applications to optical signablescribe all the features of the calculated spectra with the
processing since the repetition rate of operations has only tedvantage of a simple physical interpretation of the results.
be smaller than the spin relaxation rate independently of the The role played by spin relaxation in the photoinduced
exciton lifetime. Kerr rotation and phase change spectra have also confirmed
the gyrotropic nature of the interaction with spectra almost
VIl. CONCLUSION insensitive to the total density of excitons and very depen-

Giant photoinduced Kerr effects have been predicted and€nt on the difference between the densities of counter-
measured in asymmetric semiconductor microcavities opef©tating circularly polarized excitons.
ated in the limit of the strong coupling regime. Before any A measure of photo-induced Kerr rotation performed at a
relaxation processes, Kerr polarization rotation and ellipticitytemperature of 50 K in a microcavity containing a single
spectra calculated using the optical scattering matrices resemimagnetic semiconductor quantum well has confirmed
vealed positive or negative peaks around the polariton frethe effectiveness of the effect with a polarization rotation of
quencies. These giant rotations and phase changes have bdé)§ around the lower polariton frequency at a pump fluence
shown to occur due to the saturation, blueshift, and pseud®f only 2 wJlcnt, in very good agreement with theory.
Zeeman splitting of the exciton transition which strongly Due to the physical origin of the observed polarization
modified the coupling existing between the cavity and exci+otation (reduction of the actual coupling of the cavity and
ton modes. The intensity of the effect is, indeed, stronglyexciton modes by the blue shift and saturation of the exciton
amplified when compared to a bare single quantum well duéransition, the process should persist at room temperature
to the sharp variation with frequency of the phase of thewhich could make such a device very promising for high
beam reflected by the microcavity around the polariton fre-contrast optical signal processing.
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