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Inhibition of exciton spin relaxation by longitudinal-optical phonon emission
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We study the interplay between a fast energy relaxation process and the spin depolarization forexcitonsin
undoped double quantum wells. We show that the exciton depolarization is significantly inhibited when a fast
channel exists for the energy relaxation after a nonresonant excitation. Specifically, we consider the favorable
case of a strongly coupled asymmetric double quantum well where the first heavy and light exciton levels of
the thin well are separated by a longitudinal-optical phonon energy. The relevance of different relaxation
mechanisms is also discussed.@S0163-1829~98!08631-7#
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INTRODUCTION

The electronic and optical properties of semiconduc
quantum wells have been extensively studied. The releva
of the confinement on the electronic levels is well establis
theoretically and experimentally. The study of the sp
dependent ‘‘fine’’ structure of the electronic levels, on t
contrary, is a less considered subject. In this work we
interested in the interplay between energy relaxation
spin depolarization in nonresonantly excited intrinsic qu
tum wells. On the one hand, the energy relaxation of pho
excited carriers assisted by acoustical and optical phono
currently evidenced in both cw and time-resolved photolu
nescence excitation~PLE! measurements. On the other han
the reported spin dependent measurements concern m
the evolution in time after a resonant or quasiresonant e
tation and/or the study of the cw polarization resolved P
spectra. Let us consider initially a few results in the lite
ture.

Most of the reported time-resolved polarization measu
ments were done for resonant or quasiresonant excitatio
the ground heavy-hole transition of a single quantum well1–6

In this case, the temporal dynamics involve an initial fa
redistribution of the photocreated excitons followed by
slow thermalization of the resulting hot distribution in th
fundamental dispersion. In this quasiresonant configurat
the evolution in time~at large times! of the polarization mea-
sured at the subband edge is due to the arrival of depolar
excitons from largeK states.6 Also, one assumes general
that the spin is conserved during the relaxation by emiss
of acoustical phonons, a reasonable assumption for
weakly spin-mixed low-energy exciton levels, and that t
depolarization is related to processes that occur before re
ation and conserve the in-plane kinetic energy. Of course,
acoustical phonon assisted relaxation can be modified
varying the lattice temperature for a fixed energy detuni
however, the temperature also modifies the exciton distr
tion and so the energy relaxation rate cannot be modifie
this way without affecting the spin depolarization rate~the
latter increases with increasing mean kinetic energy for
population distribution!.
PRB 580163-1829/98/58~8!/4617~7!/$15.00
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Let us now consider the case of a nonresonant config
tion. Information on the relationship between relaxation a
depolarization has been extracted from both steady-s
~measurement of the polarization spectrum7! and time-
resolved~measurement of the initial polarization8! experi-
ments. In the nonresonant configuration, the polarization
measured as a function of the energy detuning between
citation and detection inside a given subband at fixed~low!
temperature. In this case, the total relaxation time for
population is expected to increase with increasing detun
Thus, in a few works devoted to single wells, the depolari
tion was related to acoustical phonon assisted scattering
cesses, which simultaneously relax the energy and flip
spin.9,10 However, a further effect, namely, the possibility
an energy-conserving depolarization mechanism, has
been discussed for independent carriers and shown
strongly depend on their energy.11 We have to bear in mind
also that in both cases~elastic and quasielastic scatterings! a
depolarization is possible because of the heavy-light h
mixing of the valence states, which increases with increas
detuning and modifies the initial polarizationbefore
relaxation.12 In conclusion, the interplay between relaxatio
and depolarization is somehow hindered by the existenc
energy-conserving scatterings and by an energy-depen
initial polarization. A particular situation appears when t
excitation is one optical phonon above the fundamen
heavy-hole exciton. In this case, we would expect a fas
relaxation and thus an important variation of the detec
polarization for excitation energies around this particular
tuning.

In this work the excitation energy is set around the fi
light-hole exciton transition and the detection is set at
ground heavy-hole one; the light and heavy levels under c
sideration are the fundamental ones of the thin well of
asymmetric double quantum well. The study of the una
biguous interplay between a fast energy relaxation proc
and the spin depolarization is possible in our sample for t
main reasons:~i! The narrow well is coupled to a wider on
by a thin tunnel barrier and~ii ! the energy difference be
tween the two exciton levels equals the energy of
longitudinal-optical~LO! phonon. The importance of thes
4617 © 1998 The American Physical Society
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4618 PRB 58A. FILORAMO et al.
two effects is discussed in the following. Our main result
that the spin depolarization of excitons is strongly inhibit
in the presence of a fast energy relaxation process.

The paper is organized as follows. The sample used
the experimental setup are presented in Sec. I. The ex
mental results for both cw and time-resolved measurem
are shown in Sec. II. Due to the particular resonance invo
ing the heavy-light transition and an optical phonon ener
we were led to consider the relevance of a few mechani
for the relaxation; this discussion is presented in Sec. III

I. SAMPLE AND EXPERIMENTAL SETUP

The sample consists in two GaAs quantum wells of d
ferent widths, 62 and 23 Å respectively, separated by a
Å-thick Al0.3Ga0.7As barrier. Therefore, due to the sma
thickness of the Al0.3Ga0.7As barrier, the two wells are
strongly coupled. On both sides of this asymmetric dou
quantum well the Al0.3Ga0.7As barriers are replaced by~8
ML !/~4 ML! GaAs/AlAs superlattices, 600 Å thick, in orde
to improve the quality of the interfaces. This structure
grown on ann1-doped GaAs substrate. A 100-Å-thick GaA
layer caps the heterostructure.

Our experimental results were obtained by means of
photoluminescence~PL! and PLE spectroscopies. Time
resolved photoluminescence and spin orientation exp
ments were also performed in order to investigate the
namics of the LO phonon assisted energy relaxat
processes and conservation of the spin polarization. All m
surements have been done at 2 K, keeping the sample
immersed in superfluid helium.

Continuous-wave measurements have been performe
standard lock-in techniques. The PL and PLE spectra w
obtained with a cw Ar1 laser pumped Ti-sapphire laser
excitation source. The excitation power was taken to be
weak as possible ('0.5 W cm22) to allow a good signal-to-
noise ratio with a 1-m double monochromator, a Ga
cooled photomultiplier tube, and a lock-in amplifier.

In time-resolved spectroscopy the excitation was provid
by a cw mode-locked Tsunami Ti-sapphire laser, pumped
a cw Ar1 laser, producing 2-ps pulses with 82-MHz repe
tion rate. The PL signal was detected by a Hamamatsu st
camera after a 32-cm Jobin-Yvon double monochroma
The spectral resolution was about 1 meV and the ove
time resolution of the whole apparatus was of the order of
ps.

In spin orientation experiments the sample is excited
right-circularly polarized lights1. Just before focusing in
the cryostat a linear polarizer checks the polarization of
excitation light and a quarter-wave plate is inserted in or
to produce circular polarization. The right- and left-circular
polarized components of the PL signal,s1 ands2, respec-
tively, are recorded by rotating a second quarter-wave p
located before the spectrometer. Thel/4 plate linearizes the
s1 and s2 components and the one of interest is selec
with a second polarizer located before the spectrome
Thus the light traveling inside the spectrometer always
the same polarization, avoiding any grating effect. The t
signalss1 ands2 are obtained by two successive acqui
tions and the polarizationP5(s12s2)/(s11s2) is then
calculated.
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Such a procedure may be questionable in time-resol
experiments. In order to eliminate any jitter effect betwe
two successive accumulations, a temporal reference wa
serted in the time profile recorded by the streak camera
part of the excitation beam, with the appropriate time del
was sent directly to the streak camera. In this way we alw
had a reference laser pulse in each acquired image to se
origin of the time axis at the right position.

II. EXPERIMENTAL RESULTS

In this sample we have observed the presence of sh
peaks in the PL and PLE spectra of the 23-Å narrow w
These peaks are related to longitudinal-optical phonon em
sions and we have studied the associated polarization p
erties. The situation is even more complicated in our sam
where, unintentionally, the heavy-hole–light-hole~HH-LH!
splitting ~the energy difference between the ground lightXLH8
and ground heavyXHH8 excitons of the narrow well! is about
36 meV and corresponds to the LO phonon energy. Differ
mechanisms can induce the occurrence of phonon rel
structures~such as hot excitonic luminescence, double re
nant Raman scattering, and phonon replica! and will be dis-
cussed in Sec. III. We present first in Sec. II the results of
cw ~Sec. II A! and time-resolved~Sec. II B! measurements.

A. cw experiments

In Fig. 1~a! we report some typical cw PL spectra of th
narrow well recorded for various excitation energies~written
on the left-hand side of the PL profile!. The PL line is cen-
tered at 1.697 eV with a 6 meV spectral width. The Stoke
shift is about 3 meV, a reasonable value for such a nar
well. For a 1.740-eV excitation energy a sharp struct
starts to be observable at 1.705 eV on the high-energy sid
the PL spectrum. In fact, two sharp peaks are clearly see
the PL spectra obtained with 1.7355 and 1.7306-eV exc
tion energies. For excitation energies lower than 1.716 eV
sharp peaks are observable. This latter value for the exc
tion energy corresponds exactly to the LO phonon emiss
energy threshold. Of course, the intensity of the PL sig
depends on the excitation wavelength~resonant or nonreso
nant excitation with the light-hole exciton! and for the sake
of clarity, in Fig. 1~a!, the PL profiles are normalized in
order to have the same amplitude.

If we plot the energy of the two phonon peaks as a fu
tion of the excitation energy, we note that the main one
ways appears at' 36 meV from the excitation, while the
other one is at' 33.5 meV@Fig. 1~b!#. We therefore assign
these structures to the GaAs LO phonon and GaAs-type
phonon of the AlxGa12xAs barrier, respectively.13

These peaks are present in the cw PLE spectra of
narrow well and their energy shows the same dependenc
the detection energy in the PL line. In Fig. 2~lower part! we
show a typical cw PLE spectrum with the detection set
1.694 eV; the main phonon peak appears at 1.730 eV. N
that in our sample the energy difference between the gro
light-hole excitonXLH8 and ground heavy-hole oneXHH8 of
the narrow well is of the order of 36 meV, so that the phon
peaks are always superimposed on the LH line.
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We have also performed PL spectra for incident pow
varying between 0.5 and 13 W cm22. The corresponding
photocreated carrier densities are estimated to 2.53109 and
631010 cm22. Typical results are shown in Fig. 3 for tw
different excitation energies: 1.733 eV for the left-hand s
of the figure and 1.735 eV for the right-hand side. Note t
the spectral resolution was smaller than in Fig. 1 because
experiment was performed under pulsed excitation and
this case the spectral resolution of the detection system
smaller ~1 meV!. At low excitation powers~a closed dia-
mond, for 0.5 W cm22 and a closed circle for 0.72 W cm22)
the main phonon peak is still clearly observable, 36 m
below the excitation energy. When the excitation power
increased~an open triangle for 3.0 W cm22 and an open
circle for 4.3 W cm22) this peak becomes less and less o
servable. For the higher excitation powers~an open square
for 10 W cm22 and an open diamond for 13.3 W cm22), it
has clearly disappeared.

Let us consider now the results of spin orientation m
surements under cw illumination, which are reported in
upper part of Fig. 2. We have plotted the value of the po
ization Pcw of the PL signal as a function of the excitatio
energy. As is usually observed,7 for an excitation of the

FIG. 1. ~a! PL spectra of the narrow well for different excitatio
energies.~b! Energy position of the phonon replica observed in t
narrow-well PL spectrum as a function of the excitation energy
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heavy-hole subband the polarization is positive~135% for a
resonant excitation ofXHH8 ), whereas when the light-hole
subband is involved it is negative~220% for a resonant
excitation ofXLH8 ). The lower degree of polarization~35%
instead of the 100% expected! measured when exciting reso
nantly XHH8 is possibly due to two effects:~i! We do not
detect free excitons and a depolarization may occur du
the localization stage of the excitonic population~the influ-
ence of localization on the exciton polarization is studied
Refs. 14 and 15! and ~ii ! the structure is asymmetric and
further depolarization is expected for the double quant
well eigenstates~a detailed study of the role of the asymm
try on the exciton polarization is under way and will appe
elsewhere16!. The striking result of Fig. 2 is that, in corre
spondence with the sharp phonon peak present in the
spectrum, the polarization shows a clear enhancement
reaches a value of238%. This enhancement of the polariz
tion detected at the band edge when exciting 36 meV ab
will be discussed in Sec. III.

FIG. 2. cw polarization of the PL signal arising from the narro
well as a function of the excitation energy~upper panel!. The cor-
responding PLE spectrum is also reported~lower panel!.

FIG. 3. Time-integrated PL spectra of the narrow well for d
ferent incident powers under pulsed excitation~see the text! and for
two excitation energies:~a! 1.733 eV and~b! 1.735 eV.
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4620 PRB 58A. FILORAMO et al.
Finally, we would like to stress that the presence o
phonon replica does not mean a poor quality of the sam
but strongly depends on the barrier thickness.17 Actually, we
observe in the PLE spectrum of the wide well~not shown!
that the PL intensities for resonant excitations of both
wide and the narrow wells are roughly the same, which c
firms the strong tunnel coupling between the two wells in o
structure.

B. Time-resolved measurements

Time- and polarization-resolved photoluminescence sp
troscopy gives access to four parameters: the initial polar
tion P(0), the spin relaxation timetS , the photolumines-
cence rise timetR , and the recombination~or decay! time
tD . Let us consider a simple phenomenological three-le
model in order to make clear the physical meanings of th
four parameters. We make the following assumptions: T
created populationN in the high-energy level is entirely po
larized~100%!; theN population relaxes towards two dege
erate excitonic levels~with n1 the spin-up population and
n2 the spin-down population!, either conserving~towards
n2 with the spin-conserving rise timetR

SC) or not ~towards
n1 with the spin-flip rise timetR

SF) the polarization; the de
cay timetD is the same for both populationsn1 andn2; and
during the recombination process~and emission of the PL
signal! spin relaxation~characterized by the spin relaxatio
time tS) between the spin-up and the spin-down populatio
may occur. Thus theN, n1, andn2 populations obey the se
of rate equations

dn1

dt
5

N

tR
SF2

n1

tD
2

n1

tS
1

n2

tS
,

~1!

dn2

dt
5

N

tR
SC2

n2

tD
2

n2

tS
1

n1

tS
,

with N5N0 exp$2t/tR% and 1/tR51/tR
SC11/tR

SF. This model
leads to the expression for the initial polarizationP(0),

P~0!5
tR

SC2tR
SF

tR
SC1tR

SF. ~2!

The creation rate appears in the expression ofP(0) only as a
multiplicative factor so that considering a creation ra
smaller than 100% decreasesP(0) by the same amount. Th
main point is thatP(0) is the only parameter reflecting d
rectly the specificity of the relaxation process, spin conse
ing or not. It depends on the relative probability of these t
types of energy relaxation processes. On the contrary,
time evolutions ofn1 andn2 are determined bytD , tS , and
tR parameters, which are not sensitive to the nature, s
conserving or not, of the relaxation mechanism. The s
relaxation timetS is only affected by physical mechanism
occurring at the bottom of the band edge. By integrating
~1! over time one may recover the expression of the cw
larization

Pcw5P~0!
tS

tS12tD
. ~3!
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In order to determine experimentally the timestD , tS ,
andtR it appears more convenient to consider the sum (n1

1n2) and the difference (n12n2):

n11n25N0

tD

tR2tD
~e2t/tR2e2t/tD!,

~4!

n12n25N0

tR
SC2tR

SF

tR
SC1tR

SF

T

tR2T
~e2t/tR2e2t/T!,

with 1/T51/tD12/tS . The time dependence of both qua
tities depends only on two parameters. Thus the fitting p
cedure is easier and much more reliable. The character
times are determined by comparing the experimental cur
to the convolution of Eqs.~4! with the experimental time
response of the setup.

We find out that the rise and the decay times of the
signal of the narrow well are always short:tR'10 ps and
tD'20 ps~see Fig. 4 in comparison with the laser referen
pulse provided by the delay line!. The spin relaxation timetS
is always in the range 190–220 ps. No dependence is
served for these times on either the excitation or detec
energy. In accordance with our three-level picture, the ini
polarizationP(0) is the only energy-dependent parameter
is clearly enhanced in correspondence with the phonon
lated structure, as shown in Fig. 5. In this figure we show
time dependence of thes1 ~light solid lines! ands2 ~heavy
solid lines! components of the PL signal for two excitatio
energies. The corresponding time evolution of the polari
tion is also reported~dashed lines!. When the energy differ-
ence between excitation and detection equals the GaAs
phonon energy the initial polarization reaches a value
20.75 ~see the lower panel!. A slight shift of the excitation
energy decreases significantly the initial polarization~20.2
in the upper panel!. For both cases the polarization dec
times are roughly the same.

It is possible to check further the consistency of o
model as follows. Reported in Fig. 6 are the experimen
values~closed circles! of the cw polarizationPcw of the PL
spectrum of the narrow well. By using Eq.~3! and taking the
experimental values ofP(0), tD , andtS , Pcw can be cal-
culated~open circles in Fig. 6!. Considering the simplicity of
the three-level approach, the agreement is rather good.

FIG. 4. Typical time evolution of the narrow-well PL intensity
Open circles, PL intensity; solid line, numerical fit; dashed lin
laser pulse profile.
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III. DISCUSSION

In the following we distinguish among various possib
processes that could lead to the appearance of these
peaks in the PL and PLE spectra:~i! hot excitonic lumines-
cence ~HEL!, ~ii ! enhancement of the PL signal due
double resonant Raman scattering~DRRS!, ~iii ! a ‘‘direct’’

FIG. 5. Time evolution of thes1 and s2 narrow-well PL in-
tensities~heavy and light solid lines! and of the resulting polariza
tion ~dashed lines! after a s1 excitation. The energy differenc
between excitation and detection is equal to~lower panel! or differ-
ent from ~upper panel! the GaAs LO phonon energy.

FIG. 6. Upper panel, measured~d! and evaluateds cw polar-
izations of the narrow-well luminescence; lower panel, PL spectr
of the narrow well.
arp

phonon replica due to an energy relaxation from the lig
hole exciton towards the heavy one assisted by LO phon
and~iv! an ‘‘indirect’’ phonon replica due to a two-step pro
cess where an elastic or quasielastic scattering converts
light-hole exciton into a heavy one and is followed by
optical phonon assisted energy relaxation towards the e
of the XHH8 dispersion.

A. Hot excitonic luminescence

Hot excitonic luminescence is the signal arising from t
indirect population of an exciton state through the simul
neous absorption of a photon and emission~or absorption! of
a LO phonon when the incident photon has the ‘‘approp
ate’’ energy. The HEL processes are widely seen in II-
material where the exciton-phonon coupling is large.18–20

Generally speaking, after this indirect absorption the exci
is created at a large in-plane wave vectorK and therefore has
to relax down to reachK'0 where it can radiatively recom
bine. When this exciton is created at the energyEdect
1n\vLO it can rapidly relax through the emission ofn LO
phonons~LO phonon cascade! and be detected~hot excitonic
luminescence! before thermalization. For the excitons cr
ated atEÞEdect1n\vLO a cascade of LO phonons take
place with a final energy close toEdect but to reach this latter
value and be detected in the PL and PLE spectra they sh
relax by emitting acoustical phonons or via the excito
exciton interaction. When these final relaxation processes
less efficient than the non-radiative ones, there is no trac
such excitons in the spectra.

In our sample there are two reasons to exclude a hot
minescence process.

~i! The negative polarization measured at the energy
the phonon peak is enhanced. If we were in the presence
hot excitonic population it should be a heavy one and the
fore have a positive polarization~or zero polarization if we
consider the phonon cascade as a possible depolarizing
cess! but not a negative one, even if we consider the mix
nature of the heavy-hole states for large wave vectorsK.

~ii ! On the one hand, the indirect creation of an excit
with large K assisted by theemissionof a LO is forbidden
for Eexc strictly equal toEdect1\vLO .17,18This is exactly the
selected range for the excitation energy in our sample. Ac
ally, whenEexc5Edect1\vLO1D (D!\vLO) the excitonic
population withK'0 ~and little excess energyD! can be
created by indirect absorption assisted by LO phonon em
sion. In this case, however, the polarization should be defi
tively positive or zero as for heavy-hole quasiresonant ex
tation. On the other hand, the indirect creation of excito
with largeK assisted byabsorption~and not emission! of a
LO phonon is still possible~XHH8 can then be reached after
two-LO-phonon cascade!, but the probability that it happen
is negligible at low temperatures and for weakly polar III-
semiconductor based heterostructures.

B. Double resonant Raman scattering

Let us consider now the possibility of DRRS. It occu
when both the incoming and the outgoing photons are re
nant with an electronic state of the quantum well and wh
the energies of these two states differ by the energy of
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4622 PRB 58A. FILORAMO et al.
longitudinal optical phonon.21 This is the case of the exci
tonic levels in the narrow well~Fig. 2!. The experimental
results, however, allow us to exclude that this phenome
plays an important role. The first insight is given by t
time-resolved measurements. When the detection is se
the phonon peak a short but finite rise time is measured~see
Fig. 4!. DDRS is an instantaneous process and the rise t
should be given by the excitation pulse itself. Another rea
is the power dependence of the phonon line reported in
3, which cannot be explained in terms of a resonant Ram
process. The expected behavior for such a process is n
drastic. For example, experimental variations of the inten
ties of the PL and DRRS lines as a function of the incid
power I p are reported in the literature. They behave li
(I p)a, with a51.4 for the PL line anda50.93 for the
DRRS peak.22 The reported value for the DDRS line is ve
close to the expected one. The value of 1.4 for the PL lin
coherent with excitonic recombination in the presence
nonradiative recombination. In fact, this factor is expected
vary between 1 and 2.23 In any case, in our experiment
even consideringa52 for the PL line, it is not possible to
reproduce the fast disappearance of the phonon structu
the PL spectra.

C. Energy and polarization relaxation due to phonon replica

On the contrary, this power dependence is well explain
in the case of LO phonon assisted energy relaxation from
light-hole excitonXLH8 towards the heavy oneXHH8 of the
narrow well as follows. The presence of these replicas
ultimately related to a short carrier lifetime. During a PL
spectrum carriers created with excess energy have to r
down to their respective band edge before they can rec
bine. As it is well known, the PLE spectrum can be rath
different from the absorption one~related only to the density
of states! and can show structures related to the energy
laxation process. Any kind of escape mechanism is in co
petition with the required energy relaxation and an enhan
ment in the spectrum is expected any time the ene
relaxation time is faster than the escape one. If the esc
time is always long compared to the relaxation time no
hancement is observed. The escape in our sample is
dominated by nonradiative processes~impurity or defects
scattering!, as it is generally the case in low-quality sample
but to a short tunneling time from the narrow well towar
the wide one. The presence of the wide well allows us
observe in the PLE spectrum the contribution of fast int
narrow-well energy relaxation channels as the LO phon
ones. The tunneling towards the wide well decreases
photoluminescence intensity so that the wide well acts a
non-radiative sink for the narrow one~this has been pointed
out by Clerotet al.,17 who studied a series of asymmetr
coupled quantum wells with different intermediate barr
thicknesses!. Note that when the density of photocreat
pairs ~or the excitation power! increases, the escape proce
tends to saturate24–26 and, principally, other intrawell relax
ation processes~as the one due to carrier-carrier interactio!
become more probable, decreasing the importance
phonon-related ones. Therefore, the intensity of the PL
increases more than the one of the replica and the latter
is finally embodied in the PL line and disappears.
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In conclusion, we associate the existence of phon
related structures in the PL and PLE spectra of our sampl
phonons replica, that is, to an initial effective photocreat
of light-hole excitons followed by a relaxation towards th
ground heavy-hole exciton level. In principle, the relaxati
can be either a ‘‘direct’’ or an ‘‘indirect’’ process. We can
however, discard the contribution of a direct process si
the observed fast energy relaxation~Sec. II! cannot be ex-
plained by a direct emission of an optical phonon becaus
diagonal Fro¨hlich interaction cannot couple the initial ligh
and the final heavyK50 states.

We then have to consider indirect~or two-step! processes
where the light exciton initially ‘‘escapes’’ into other state
with the same energy but from which a phonon emiss
towards the ground heavy exciton is possible. This esc
process is possible only because of the heavy-light mix
introduced by the complicated nature of the valence state
can be due toassistedscatterings and/or to anintrinsic cou-
pling. Actually, a fast escape for the light excitons is e
pected with the help of a Fano-like coupling with the co
tinuum of dissociated heavy excitons.27–29 The latter affects
only the exciton relative motion and couples light and hea
states with different in-plane angular symmetries, e.g.,
K50 1S-like light state is coupled to the continuum ofK
50 three-dimensional-like dissociated heavy states. An
ergy relaxation towards the states on the ground heavy
persion is then possible by a subsequent emission of
optical phonon. This emission is, however, governed b
matrix element that vanishes at resonance (K f5Ki50),
while the luminescence intensity displays a clear reson
behavior~see Fig. 2!. Thus the solely intrinsic coupling is
unable to account for the experimental data. The obser
resonant behavior, on the other hand, is consistent wit
partial relaxation of either the wave vectorK and/or of the
angular symmetry, as provided by assisted elastic and qu
elastic scatterings. Note that two different processes ar
principle possible:~i! an intrinsic, Fano related, escape fo
lowed by an elastic scattering and~ii ! an escape governed b
the scatterings. In any case, our results clearly show the
played by elastic and quasielastic scatterings in the first
of the relaxation process between the photocreated light
the final heavy excitons of the narrow well.

In conclusion, we analyzed various processes and reta
a two-step mechanism for the population relaxation; it
important to point out that the latter is consistent with o
results for the polarization. Actually, an enhancement of
negative polarization in correspondence with the phonon r
lica is expected within a very simple picture, namely, a
possible mechanism ‘‘has no time to depolarize’’ whene
the energy relaxation is fast enough. A quantitative analy
should account for the fact that, as is usual in semicond
tors, any attempt to interpret the spin-related effects obser
in real samples involves a detailed description of the relev
electronic levels and the consideration of the broadening
these levels.30 This is beyond the scope of this work. W
aimed here only to stress the interplay between a fast en
relaxation process and the conservation of theexcitonspin:
We note that an enhancement of the spin polarization
correspondence with an optical phonon assisted energy
laxation was observed for hotelectrons in p-doped bulk
materials.30 For excitons in intrinsic quantum wells, to ou
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knowledge, this is the first clear evidence of the fact tha
fast relaxation inhibits the spin depolarization.

CONCLUSIONS

We presented and discussed time-resolved experim
that clearly show the interplay between a fast energy re
ation process and the spin depolarization forexcitonsin un-
doped double quantum wells. More specifically, we show
that the exciton depolarization is significantly inhibited wh
a fast channel exists for the energy relaxation after a n
resonant excitation. To this end, we studied the favora
case of a strongly coupled asymmetric double quantum w
where the first heavy and light exciton levels of the thin w
are separated by a LO phonon energy. Taking into acco
the resonant configuration for the heavy-light exciton se
tt.

m

g,
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ration and LO phonon energies, the relevance of differ
relaxation mechanisms was also discussed. Our results
function of the excitation intensity and the observed mark
polarization behavior allowed us to conclude that the exci
relaxation led to phonon replica and that the absorption,
laxation, and final radiative recombination should be
garded as independent processes.
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