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Excitation-induced dephasing and biexcitonic effects in the coherent control of excitonic
polarization in pulse-transmission experiments
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Optical coherent manipulation of excitonic polarization is studied in pulse-transmission experiments at
medium to high excitation intensities. As a well-defined model system a ZnSe single-quantum well is used. It
is found that for constant excitation intensities the dephasing time of the polarization in the sample changes
significantly if the cases of coherent amplification and destruction are compared. This effect is explained in
terms of an excitation-induced dephasing. The change of the dephasing time of the polarization is quantified.
Furthermore, the simultaneous excitation of the exciton and exciton-biexciton resonances is shown to strongly
influence the signal of the polarization in the coherent-control experiments. Both the excitation-induced
dephasing and the biexcitonic effects are simulated by use of phenomenological models which give a good
agreement with the experiments.
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[. INTRODUCTION mixing experimentS on semiconductor quantum wells
where the excitation-induced dephasing has been found to
Optical coherent contrtt* has become a very promising play an important role especially if the two pulses of the
tool in the last few years which could eventually provide phase-locked pair overlap in time. It must be noted, however,
ultra-high-speed all-optical switching deviceSuch a tech- that there is still a lack of an intuitively easy understanding
nique is, for example, needed in the field of quantum-opticaPf the underlying mechanisms. In previous wiSrk’ sophis-
information processing where different quantum states mugicated microscopic models including phenomena of high or-
be addressed and manipulated with high precision on ulder in the electric field have been used to explain the experi-

trashort time scale®’ One possibility to achieve this coher- Mentally observed features. In another approach the
ent control is to excite an appropriate system with two C0|_sem|c0nductor Bloch equations have been phenomenologi-

linearly propagating phase-locked laser pulses, i.e., with tw&a;m ?::glgr??o?ytﬁg Iagkt%frzar?gfuﬁﬁ\}ge:f Tgﬁﬁfﬁ?: the
pulses whose relative phase can be tuned and stabilized wifft P

an accuracy of a fraction of their center wavelengfiDe- ~ COMPlexity of transient  four-wave-mixing - experiments
y gtn. where an additional third pulse is applied to the sample to

pending on the relative phase the second pulse wil e'theﬁwonitor the coherent control achieved with the phase-locked

enhance or Qiminish the coherent optical polarization 9enetsise pair in a background-free direction. Obviously, the in-
ated by the first pulse. o _ teraction with this third pulse leads to a variety of further
However, mainly two processes limit the time spale ONimportant microscopic processes which a theory must ac-
which the coherent-control technique can be applied t0 &ount for in order to be able to explain the experiment.
system: the lifetime of the quantum-mechanical excitationTherefore, pulse-transmission experiments in which only the
and the dephasing time of the optical polarization. For alphase-locked pair of laser pulses is applied to a sample
most all cases the dephasing time is the main limiting factopromise an easier interpretation of the underlying processes.
since it is some orders of magnitude shorter than the lifetimeFurthermore, a real-time resolved observation of the change
In semiconductor quantum wells, for example, the dephasingf the dephasing time in coherent-control experiments should
time of excitonic polarization, which is very well suited to allow for a direct analysis of the effect of the EID in such
study coherent-control mechanisms, is of the order of severalxperiments and has so far not been reported.
picoseconds at a temperaturelef 4 K (Refs. 8, 14, and 15 Another important fact which has to be taken into account
whereas the lifetime of the resulting exciton population caris the existence of usually more than one single resonance in
be within the nanosecond regime. Therefore, it is necessampe sample. If ultrashort laser pulses 100 fs) which pos-
to apply ultrashort laser pulses to achieve and study the caess a spectral width of at least several meV are used for the
herent control in such samples. coherent control, the simultaneous resonant excitation of two
It has been found in many previous experiments that th@r more resonances lying in that energy range may lead to a
dephasing time of the induced optical polarization is not concomplex interplay in the final optical response of the mate-
stant but noticeably depends on the excitation defsity. rial. For the heavy-hole/light-hole exciton system this has
This so-called excitation-induced dephasiidD) (Ref. 18  already been studied in coherent-control experiments which
is known to strongly affect the optical response of semiconmake use of a pulse-transmission setijne interplay of the
ductor nanostructures and might be microscopically causesimultaneous excitation of the exciton and exciton-biexciton
by different scattering processes such as exciton-continuumesonance, however, has not been analyzed in pulse-
and two-pair-continuum scatterif§.This has been studied transmission experiments with coherent control so far. In
in different interferometric four{Ref. 10 and six-wave- semiconductor quantum wells the transition from a one-
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FIG. 1. Schematic experimental setup. The phase-locked puIS(_g) 10‘5 , excitation pulse -,

pair is generated by an actively stabilized Michelson interferometergs) 6 x polarized
(not shown. The real-time shape of the transmitted signal is mea- 10 r + .

sured by use of an up-conversi@oPC) technique. The UPC signal a 107 2 o polarized T

" ] A 1 i i i 1 i i M ]

is either recorded for a fixed interpulse detayas a function of ;. *
which yields real-time transients of the transmitted signal o? for aD -1 0 1 2 3 4 S 6
fixed t,pc as a function ofAt;,; which yields the coherent-control t (pS)
signal. upe
. L . . FIG. 2. Normalized up-conversion measurements of single
exciton StaFe to a bound biexciton ‘?’tate IS “S,L,‘a”g’z‘f’gg'te ulses with an energy of 18 pJ. Exciton-biexciton beats are ob-
together W'_th_ the fundamental exciton transﬂi‘érj_t.' ’ served for linearly polarized excitatidisolid line). For the excita-
Therefore, it is important to analyze how the excitation ofyjon with a circularly polarized pulsédot-dashed lingthe forma-
this additional resonance which is not independent of bufion of biexcitonic polarization is forbiddefbeats are absentThe
strongly coupled to the fundamental exciton resonance Willnset shows up-conversion measurements with and without the
influence the coherent optical manipulation of the overallsample for a pulse energy of 1.2 pJ. All signals are shown on loga-
polarization in the sample. rithmic scales.
In this paper we report on detailed experiments concern-
ing the signal modifications resulting from the simultaneousand sent through the sample. The sample with a total thick-
excitation of the exciton and exciton-biexciton resonancesiess of about Jum consists of a ZnSe single-quantum well
and the influence of EID in coherent-control experimentswhich is embedded into ZnSSe cladding layers. It was grown
We apply the coherent control to a ZnSe single-quantum welpn an opaque GaAs substrate which thus had to be removed
which serves as an excellent model system to study the reby wet chemical etching to allow for the experiments in
evant mechanisms. However, the experimental results can lfeansmission geometry. All experiments are performed at a
easily transferred to other systems to which coherent-contrédemperature of =4 K. The quantum well has a thickness of
techniques are applied. The coherent control is studied iA0 nm and shows a sharp heavy-hole excitonic resonance at
transmission geometry where the phase-locked pulses ar@h energy of 2.826 eV which is30 meV below the lowest
the signal of the polarization are real-time resolved by use ofree-electron-hole transition. The relatively small spectral
a cross-correlation technique. With this experimental setupvidth of ~15 meV of the laser pulses allows for an exclu-
we directly show how the EID and the exciton-biexciton sive excitation of this resonance together with its associated
resonance influence the shape of the polarization transientgxciton-biexciton transition at 2.821 eV. The transmitted sig-
The EID shows its impact here even for fixed pulse intensial which consists of the laser pulses and a signal originating
ties but different interpulse delays for which we are able tofrom the polarization which has been induced in the sample
quantify the dephasing time. Furthermore, we analyze thés then analyzed by use of a cross-correlation technique. The
intensity dependence of the observed features and compasignal is overlapped noncollinearly with an additional IR gat-
them with simulations based on phenomenological models.ing pulse in g3-barium borate crystal. In the crystal the sum
frequency of the signal and the gating pulse is generated
Il. EXPERIMENTAL SETUP AND PROPAGATION OF A (up-conversion technique, URCThe gating pulsgcentral
TRANSMITTED SINGLE PULSE wavelength ;.,/~880 nm) is temporally scanned over the
. ) o signal (\ cen/~440 nm) by changing the time delay,.. The
The experimental setup is shown in Fig. 1. The phasesym.-frequency signal\(en~293 nm) is only generated in
locked pulse pair is generated by sending the pulses from e temporal and spatial overlap region of the signal and the
frequency-doubled, ~self-mode-locked Ti:sapphire lasegating pulse. Due to phase matching conditions the sum-
through an actively stabilized Michelson interferometer. BYfrequency signal is spatially separated from the signal and
this the temporal delaty=t{,+ At;y between the two 120  the gating pulse. The time resolution of the UPC technique is
fs (full width at half maximum pulses can be tuned and mainly given by the temporal width of the infrared gating
stabilized with an accuracy of 40 a, denotes the basic pulse which was measured to be 100 fs.
interpulse delay time andt;, the fine tuning of the inter- Typical up-conversion measurements of the transmission
pulse delay on a femtosecond time scale with a subef a single pulse(without the interferometérthrough the
femtosecond accuracy. A linear or circular polarization stat&ZnSe quantum well for a pulse energy of 18 pJ are shown in
of the pulse pair can be chosen by use of a Pockels cell. Thieig. 2. Aroundt,,=0 ps the almost Gaussian shaped laser
pulse pair is then focused down to a spot size=dfO0 um  pulse can be observegdompare solid with dotted curve in
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FIG. 3. Coherent-control signal as a function &€, for t,,.
=+1.0 ps and%t~—300 fs. As the pulse energy is increased, a
reduction of the contrast ratio and additional minima at the position |G 4. Real-time transientiogarithmic signal scalor differ-
of the original maxima due to excitation-induced dephasing are obgnt At, , demonstrating the occurrence of the fine structure due to
served. excitation-induced dephasing. Cuts along g axis correspond to
the real-time transients, cuts along tAe;, axis yield coherent-

the inset which were obtained with and without the sample o o o
control traces. Black lines: positions of constructive interference

for a l.OW pulse energy of 1.2 pJAfter 400 fs the measured where fort,,>>1 ps additional minima in the coherent-control
intensity has decreased by three orders of magnitude and tla%ces occur. The pulse energy was 7 pJ
radiation of the polarization which has been induced in the ' '

sample by the pulse becomes visible. Due to dephasing Pr%onversion signal is either recorded for a fixed interpulse

cesses the measured intensity now mainly decreases mQ- . .
Y y .8e|aytint as a function oft,,. to analyze the resulting tran-

noexponentially since predominantly the heavy-hole eXCiio t Of the phase-locked pulse pair in real time, or for a

tonic resonance was excited. The solid line corresponds tP X

X . . .. Tixed t,,. as a function ofAt;, to analyze the coherent-
the transient measured for a linearly polarized eXC|tat|onControl psi nal
pulse, the dot-dashed line to that for a circulamy™() polar- gna.

ized pulse. For the linearly polarized pulse the excitation of a ulzlguerﬁerg izf;ovl\ésérc?hheesr:n;zgr;t;cr)(lans];?naliv;‘cc‘)rﬁl)?;(;egtslng
bound-biexciton polarization is allowed in addition to the P gles. s

0 _ .
excitonic polarization. Therefore, exciton-biexciton beats are” 1.0 ps,tgt \(/jvas tunfed ttc.R 3}031 fs,f. anotl th.e UPfCth5|g(rj1a|I
clearly visible and their origin can be verified in two ways. was recorded as a function ot the Tine tuning of the delay

First, the beat period of 850 fs can be converted into arf> tint OVEr @ range of 5.7 fs. For an excitation energy of 3 pJ
energy separation oE,,=4.8 meV between the two in- the coherent-control signal has still the shape of a cosinelike
XX "

volved resonances. This separation exactly corresponds cillation. This results from the successive change between

the energy difference of the exciton and exciton-biexcitorconstructive and destructive interference of the polarizations
nd occurs for linear interference conditions of the polariza-

resonance observed in four-wave-mixing experiments. Se@ i
g exp tions generated by the first and second pulse of the phase-

ond, the beats are not observed if a circular polarization stat] ked pai ivelv. As th itati L
of the excitation pulse is chosddot-dashed ling In this ocke dpatlr, rlelspeg Ively. SI etﬁxm a |otn etnergt)ll IS In-
case excitons are exclusively excited with one spin orienta®'®aS€d 10 pJ per pulse the contrast ratlgs

tion which prevents the generation of a bound-biexciton po—'min)/ (Imax*Imin) Significantly decreases from 0.3 to 0.1.

larization that requires opposite exciton spiidhe dephas- Simultaneously, a_ddi.tional mi”?'f”a evolye at those positions
ing time T is found to be slightly different for the two cases, where for low excitation intensities maxima of the coherent-

i.e., 1.5 ps for the linear and 1.1 ps for the circular polariza_control signal occur. This fine structure observed in the
T : : : ; coherent-control signal is similar to the one previously ob-
tion state. The comparison of thesk, times with T tained in four- andgsix-wave-mixin ex erimgﬁt?'zo Foyr
=1.9 ps obtained at low excitation intensit¥.2 pJ/pulsg : ; g exp )

shows that for high excitation intensitd8 pJ/pulsg EID the theoretical explanation of the results of these wave-

sianificantly shortens the dephasing time of the excitonic poMXiNg experiments,.the semiconductor Bloch equations
Ignih y phasing t xcitonic p ere phenomenologically extended by an E[Ref. 9

larization. The dephasing times have been calculated by ad’®! . . .
P 9 y hich results in an excellent agreement with the experi-

suming a predominantly homogeneous broadening of th&’ o oo "
resongncespin the samp)lle 9 9 ments. This implies that for constant excitation intensities a

dependence of the dephasing time on the relative phase of
the pulse pair should be directly observable which, however,
has not been experimentally proven so far. The results pre-
sented in Fig. 2 furthermore strongly suggest that also in
pulse-transmission experiments EID significantly modifies

For the following coherent-control measurements a pulsg¢he coherent-control signal at medium to high excitation in-
pair obtained from the interferometer is used. The up-ensities and causes the additional fine structure.

IIIl. COHERENT CONTROL OF EXCITONIC
POLARIZATION AND THE IMPACT OF EXCITATION-
INDUCED DEPHASING
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i . thmic sianal ; FIG. 6. Four transients from Fig. fogarithmic signal scajefor
FIG. 5. Real-time transientogarithmic signal scajeas a func- constructive interferenceAg;,,=2.4 fs, solid ling, two intermedi-

tion of At;,, for tﬁnm —430 fs measured at a pulse energy of 25 PJ.ate casesAt,=2.1 fs, dashed line andit,,=2.8 fs, dotted ling
Exciton-biexciton beats are clearly resolved on the transients. Fot 4 qastructive interferenca{,,,= 1.8 s, dot-dashed line
n . 1

typc>1.5 ps the fine structure occurs in the coherent-control signal.

To directly show that the fine structure is indeed produced,

by EID, 28 real-time transients were recorded for different_. " - .
but fixed values of;,, around~ — 300 fs for moderate exci- similar conditions, but for a higher pulse energy Bfus

tation intensities Epuse=7 pJ). After each measurement ~2% pJ. In this case the phase-locked pulses were separated
At;,, was increased by=0.12 fs. In Fig. 4, the 28 transients PY tin™ —430 fs which corresponds to half the period of the
are depicted on a logarithmic signal scale. In this plot the€xciton-biexciton beats in the sampleompare to Sec. )l
transients correspond to cuts along thg axis, whereas the The results obtained with these parameters are shown in Fig.
coherent-control signals can be extracted for fixed values 8- Now, the fine structure is even more distinctly visible than
tupc @s cuts along thAt;, axis. Fort,,=0.5,...,1.0 psthe in Fig. 4..Add|t|onally, ex0|ton-b|e>.<0|tor.1 beats are \{lSlbIe on
coherent-control traces show the sinusoidal shape which ie transientgcuts along the,,. axis). Since the basic sepa-
expected for linear interference of the polarizations inducedation t2, of the phase-locked pulses correspondd §g./2
by each pulse of the pulse pair. Fr,>1.0 ps, however, one would expect that, apart from the changeTgfas a
they exhibit additional minima at the positions of construc-function of the fine tuning\t;,, also a change of the ampli-
tive interference(follow black lines in Fig. 4. These addi- tyde and phase of the beat structure should occur in the
tional minima gradua”y evolve with increasinq)c and are coherent-control measurements.
most distinctly visible in a range df,c=1.6,...,2.2 ps. To analyze these two effects Fig. 6 exemplarily shows
It becomes clear from Fig. 4 how the fine structure in thefoyr transients obtained from Fig. 5. The transient which
coherent-control signal is caused by EID. Although the congorresponds to constructive interference of the induced po-
structive interference leads to maxima in the coherentigrizations (solid line shows a much faster decayTy
control signals foit,,:<1 ps the faster decay due to dephas-~1 1 ps) than the other three transietdstted and dashed
ing of the large polarization just at these positions leads tqine T,~1.6 ps, intermediate cases; dot-dashed I
the evolution of minima on the long-term scale, i.e., for ~1 g ps, destructive interferencdhis distinct difference in
tupc>1. This eventually yields a certain fine structure of thethe gephasing times results in a crossing of the transients for
coherent-control traces. Obviously, also the contrast ratio igonstructive interference and for the intermediate cases at
the coherent switching process is decreased by this effeg 7 pe<t, <1.0 ps. This crossing leads to the fine structure
The most important fact, however, is that a significant effeci the coherent-control signals which thus can be observed
of EID is directly observed here for eonstantexcitation 4, tyo>1.0 ps.
intensity in a configuration where the phase-locked pulses Fuprthermore, the transients which correspond to the inter-

are well separated in time which to our knowledge has nojegiate casefashed and dotted linshow much stronger

been reported so far. A phenomenological model that eXay iton-biexciton beats than the other two. &%Tbealz

plains the observed effects in terms of exciton-exciton scatzq gt ctive interference for the exciton transition simulta-
tering at high densities will be discussed in Sec. VI. neously implies destructive interference for the exciton-
biexciton transition. Since the intensity of the excitonic po-
larization for linearly polarized excitation is usually several
orders of magnitude larger than the biexcitonic
In order to increase the effect of the EID even more andpolarizatiot®!* the overall strength of the measured signal

quantify the change of the dephasing tifgas a function of  in transmission experiments is dominated by the excitonic

int» the measurements shown in Fig. 4 were repeated under

IV. EXCITATION-INDUCED DEPHASING AND
BIEXCITONIC EFFECTS
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FIG. 8. Simulated coherent-control signal with a phenomeno-
the int Ise fine-tuning delay timit el tracted f logical EID accounting for exciton-exciton and exciton-continuum
€ interpulse fine-tuning delay timst;,, (circles extracted from scattering as a function ot for t9,=—429.4 fs. The model

the tran5|er_1ts of Fig. 5 by nume_rlcal fitting. The squares Sh_OW_ &Feproduces the experimentally observed fine structure. The param-
corresponding coherent-control signal measured at a low excitatioq ajues are given in the text

intensity fort,,.=1.0 ps. The lines are best fits with cosine func-
tions.

FIG. 7. Dephasing timd, of the polarization as a function of

Figure 7 shows the dephasing timig as a function of the
interpulse fine-tuning delaxt;,; as extracted from Fig. 5 by

contribution. Consequently, a reduction of the excnon-numerically fitting each transient with Eql) (circles in

biexciton beats should occur for the transients correspondin . .

to constructive interference. Exactly this effect can be seen i omﬁarlson ‘.N'th a gohere_nt-;:ontr(il measurement performed
Fig. 6. On the transient for destructive interference the beat%t a low excitation intensity pt“PC._l'o ps(squarek It is .
are also weaker than in the intermediate case. This can Obvious that the dephasing time is strongly correlated with

easily understood by considering that in this case much Ieﬁaggwg?;‘; ig&ceh:c?g 82:&‘3 Fl)—|o(|)evl\:|ezvae“ro?hget\?v%uggc:flz;isoc:;
excitonic polarization is excited than in the other two cases, 4 Y. ;

This makes the formation of biexcitonic polarization by the &€ clearly out of phase \.N'th.a phase difference-of. Th|s .
absorption of an additional photon much more unlikely andneans that for destructive interference the dephasing time

consequently weakens the biexcitonic signatures in the sigl]as a maximum which in this experiment amountsT{”

nal. Additionally, the beat structures superimposed to tran--1-8 PS. On the contrary, constructive interference of the

sients corresponding to the intermediate cases show a relfiduced polarization leads to a faster dephasing WiH

tive phase shift of half a period. This phase shift is another=1.0 ps due to enhanced EID. Again it must be noticed that
clear indication of the separate control of the excitonic andne change of the dephasing time of 44% is exclusively
biexcitonic polarizations. A phenomenological model thatcaused, for aonstantexcitation intensity, by the coherent-

describes these effects in terms of two coupled oscillator§ontrol process although the two phase-locked pulses are
will be discussed in Sec. VIL. clearly separated in time by more than 400 fs. This evidently

shows that the impact of EID on coherent-control experi-
ments at medium to high excitation densities is not negligible
and strongly alters the shape of the signal by adding a fine
In order to analyze the effect of EID more quantitatively structure to the expected cosine oscillation. It also distinc-
the dephasing time for each transient depicted in Fig. 5 hatively reduces the achievable contrast ratio in the coherent
been extracted. The dephasing of the polarization togethedwitching process.
with the superimposed exciton-biexciton beats leads to a sig- In the following two sections phenomenological models
nal which can be phenomenologically described in the fol-will be discussed that describe the EID and the biexcitonic

V. QUANTITATIVE ANALYSIS OF THE EID

lowing way: effects. Since the results in Fig. 4 show that the effect of EID
occurs already at medium excitation intensities where biex-
I(t)ocexp(—2t/To)[ 1+ Csin(wt+ ¢)] (1) citonic effects are not yet observed, we will separately dis-

cuss the EID and the biexcitonic effects to simplify a direct

The first factor describes the monoexponential decay of thgomparison of the simulated and experimentally obtained
measured signal(t) due to dephasing of the polarization featyres.

with a decay timeT,/2 if a predominantly homogeneous
broadening of the exciton resonance is assumed. The second
factor describes the modulation of the decay with the
exciton-biexciton beats whet@ gives the amplitude of the To model the EID we use an approach similar to the one
beatsw (~7.4 ps ! in the present cag¢heir frequency, and in Refs. 24 and 9. We neglect all propagation effects and
¢ their phase. describe the decay of the coherent excitonic polarization by

VI. MODEL: EID
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Aty for ti?]_t: —429.4 fs. Upper solid line: numerical fit with a co- scalg aroundt;,~—428 fs for constructive interfereno@lashed
sine function to the values of, obtained with the simulation. |ine), two intermediate positionésolid and dotted lings and de-

Lower solid line: calculated coherent-control signal for low excita- structive interferencédot-dashed ling The parameter values used
tion intensities(i.e., change between constructive and destructivesor the simulation are given in the text.

interference
_ _ _ _ _ it was expected from the argument based on the small spec-
introducing a phenomenological dephasing ratey is ex-  tral width of the laser pulses given above.

panded into Taylor series as a function of the excitdnic The phenomenological model is not only able to repro-
and continuum populatiok ,f, where only the first noncon- duce the shape of the coherent-control signal at medium to
stant terms are kept: high excitation intensities. By extracting the dephasing time

for each simulated transient we also obtain an excellent
, quantitative agreement of the simulated and experimentally
Y=Yt ifasty ; fn- (@ found change of the dephasing time as a functiom tf; .
The result of the simulation with the parameter values given
The parametet,= (1.9 ps) ! is taken from the low-density above is shown in Fig. 9. The simulation yields a continuous
experiments and/;, y' are taken as fitting parameters. Be- change of the dephasing time in the range of 1.18Ps
cause of the relatively small spectral width ofE <1.65 ps in good agreement with the experimentally ob-
~15 meV of our laser pulses and the resonant excitation o$erved range of 1.0 psT,<1.8 ps shown in Fig. 7. The
the excitonic resonance we expect the exciton-exciton scatesults of our simulations strongly support the interpretation
tering to be the dominant process to lower the dephasingf the experiments in terms of an excitation-induced dephas-
time of the polarization. ing of the excitonic polarization which is mainly caused by
A simulated coherent-control signal is shown in Fig. 8. Inexciton-exciton scattering at medium to high excitation in-
the simulations the electric field was represented by two nortensities. The additional influence of the exciton-biexciton
malized Gaussian-shaped pulses with a temporal width dfansition of the shape of the transients at high excitation
120 fs and a separation tf;. The result was obtained with intensities will be modeled in the following section.
th=—429.4 fs, o= + 3.5 ps, y1= ¥,/(6d?) and y'=10
X vo/d? (d, dipole-matrix element With this choiced= 1 VIl. MODEL: CONTROL OF BIEXCITON BEATS

leads to a good agreement with the experimental results. The . . .
shape of the coherent-control signal is qualitatively in an In order to simulate the coherent manipulation of both the

excellent agreement with the experimental results shown iﬁXC'ton and exciton-biexciton transitions we use an approach

Fig. 3. The model of the EID is indeed able to reproduce théjas‘ad on the average polarization mété that has been

experimentally observed fine structure. Furthermore, the Caprewously applied fo su_cces_,sfully simulate the cohgrent re-
culated signal shows a slightly asymmetric shape with re>PONse of the ex0|ton—p|ex0|ton system. The following two
spect to the “dip” at the position of constructive interference £9Uations fqr the exciton transition amplitude and the

which is also observed in the experiments. By selectivel ound-biexciton transition amplitudgare used to model the

switching off the exciton-exciton or the exciton-continuum dynamics:

scattering we were able to identify the exciton-exciton scat- (Ot yot i) Y=IdE+ivY Y Y +iuY*B,

tering to give a symmetric, but dominating contribution to

the fine structure due to the lowering of the dephasing time (F yyxFiwy)B=iuYY. 3)

precisely for constructive interference. The off-resonant con-
tribution of the exciton-continuum scattering is found to only  These equations are obtained from a microscopic model
cause the slight asymmetry of the coherent-control signal alsased on the dynamics-controlled truncation scHéimgne-

205318-6



EXCITATION-INDUCED DEPHASING AND.. .. PHYSICAL REVIEW B69, 205318 (2004

glecting the contributions from the exciton continuum as Furthermore, we also find an excellent agreement of the
well as the Pauli blocking, and averaging over khdepen- experiments and the simulations with respect to the phase
dence. In the equations, is the exciton frequency and shift of the exciton-biexciton beats that is observed for the

wy,=2w,— E, /7 the frequency of the biexciton oscillator. two intermediate positions in Figs. 10 and 6. This phase shift

For the following calculations their dephasing rates are asagain indicates that the exciton and exciton-biexciton reso-
sumed to be equaly,= y,,=(1.9 ps) 1. The polarization is nances are separately coherently manipulated in the pulse-
driven by the electric fielcE in dipole coupling with the transmission experiments.

dipole-matrix elemend. The termi»YYY* describes the

Coulomb interaction angk gives the strength of the nonlin- VIIl. CONCLUSIONS

ear coupling of the two oscillators. For the following simu- In conclusion. we have oresented a detailed experimental
lations v=u?=10"® was chosen to achieve a good agree- conclusion, we have presented a detailed experimenta

ment with the experiment. The electric field and the dipole-and theoretical analysis of the impact of excitation-induced

matrix element were chosen according to the values given iﬂephasing af‘d t_he exciton-biexciton transition in all-optical
Sec. VI coherent switching experiments. We have shown that for

onstant medium to high excitation intensities the change

etween constructive and destructive interference of the in-
puced polarizations in the coherent switching process can
very distinctly decrease the dephasing time of the polariza-
tion (in our case up to 44%This result was obtained for a
configuration where the two phase-locked pulses did not

The transients corresponding to intermediate position verlap in time, and it could be phenomenologically modeled

(solid and dotted lineclearly show the strongest exciton- | y exciton-exciton scattering processes. By real-time resolv-

biexciton beats which is in excellent agreement with the exind the time evol_ut|o_n_ of th_e excitonic polarization we were
ble to give an intuitive picture of how the EID gradually

perimental resuits presented in Fig. 6. At the positions o eads to a fine structure in the coherent-control signal as the
destructive (dot-dashed line and constructive interference time at which the sianal is detected is increaseg Further-
(dashed lingthe beat amplitude is reduced. For the position 9 X oo

more, we found that the simultaneous excitation of the

of constructive interference this effect is due to the simulta- wciton-biexciton transition stronaly affects the shape of the
neous destructive interference of the biexciton oscillator af gy P

; ransients and the coherent-control signal. Exciton-biexciton
the chosen value dﬁ‘t~_428 f$~Theaf2. The reduction of beats on the transients were observed which could be en-

:hef relatlve_ bf)at _arr1|FI|tcldee tat ttrr:e qufltlgn Cl)(f deStréJCIt'Vel 'r:;hanced or diminished in the coherent-control process. Again,
erierence 1s basically due 1o ihe finité background Ievel. 11, phenomenological model was able to reproduce the ob-

this backgroynd ?S not ".’ldded. to thg simulations also Stror'gerved features. Our results show that excitation-induced
beats occur in this configuration which is, however, not Ob'dephasing and the influence of the exciton-biexciton reso-

sgrve;j 'E.tue. ex;;erltmeanigce th”ey ?r:e stuhpegmpkosed %n nce can be coherently manipulated in pulse-transmission
signal which 1S a factor o smaller than the backgroun experiments. Both effects strongly reduce the contrast ratio

lEf‘VEI n the experiment. The strong beats that occur in th?n the coherent all-optical switching process and modify the
simulation without a finite background level can be under-Shapes of the transients

stood in the following way: at the position of destructive
interference the contributions from the exciton oscillator are
diminished and their overall strengths become more compa-
rable to the strength of the biexciton oscillator thus leading The authors thank W. Faschingdideceased 2001

to an increase of the beat amplitude. This is due to the fadiVurzburg University, for providing the sample. This work
that the destructive interference is always incomplete behas been supported by the Deutsche Forschungsgemeinschaft
cause of the dephasing of the polarization between the arrivéGrants Nos. Gu 252/12 and Ne 52b#hd the University of

Four simulated real-time transients of the polarization ar
shown in Fig. 10 fort;,~—428 fs. To achieve a better
agreement with the experiment a limiting background signa
with a level of 10 2.1 ., was added to the calculated signal
where | . denotes the signal intensity fdg,.=0.5 ps at
constructive interference.
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