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Well-width dependence of light-hole exciton dephasing in GaAs quantum wells
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We investigate coherent emission from light-hole ground-state exdileh®xcitong in 8 nm and 17.5 nm
GaAs quantum well§QWSs) in transient degenerate four-wave mixi(igFWM) experiments. The Ih1 excitons
are resonantly excited using femtosecond laser pulses. The Ihl-exciton energy in the 8 nm QW lies within the
continuum of electron—heavy-hole pair states in the first subbands, but that in the 17.5 nm QW is discrete
(nonresonant with the continugnThe DFWM signal decay and DFWM spectra show different behavior in the
two cases. In particular, at vanishing excitation densities, the DFWM signal decay rate for Ih1 excitons in the
8 nm QWs is found to be several times larger than the corresponding rate for the 17.5 nm QWSs. The results
suggest that the population lifetime of the resonant Ih1l exciton may be very shord (3.

. INTRODUCTION the Ih1 exciton resonant wit1-hh1l continuum states oc-
curs.

It is well known' that the degeneracy of the heavy-hole  Qur time-integrated DFWM measurements show interest-
and light-hole valence band states at the valence band edggy differences in the DFWM signal decay behavior and the
in bulk GaAs is lifted when the carriers are confined to GaAsDFWM spectra for the two QWs. We also measure the ex-
quantum wells (QWSs). The energy separationA(;,) of  citation intensity dependence of the DFWM signal decay
ground-state light-holélhl) and heavy-holghhl) excitons rates. We find that the Ih1-exciton DFWM signal decay rate
in GaAs QWs is smaller than the exciton binding energy
(Eg) for QW width W>12 nm? In these QWSs, both hh1 and
Ihl excitons are discrete electron-hole bound states. How- = A
ever, asW decreases below 12 niy,, exceed€g. The |hl g
excitons then become energetically degenerate with the =
electron—heavy-hole subband continuum, as shown sche- o
matically in Fig. 1. In the past, several authbfshave re- N e
ferred to the Fano interference-type effect expected when QW Width W (nm)
discrete exciton states are resonant witheheh continuum. E
Clear experimental evidence for the lh-exciton Fano reso-
nance is not available yet, although resonance broadening of
the lh1l excitons in narrow GaAs QWs was pointed out by
Broido et al# using photoluminescend®L) and PL excita- X
tion (PLE) measurements on QWs with different well
widths.

It should be interesting to investigate the QW width de-
pendence of the dynamics of such |h-exciton states directly
in the time domain. To our knowledge, this has not been
reported so far using time-resolved measurements. In this
paper, we investigate the coherent emission from lh1l exci-
tons in GaAs QWs with well widths of 8 nm and 17.5 nm in
femtosecond degenerate four-wave mixig-WM) experi-
ments. The Ih-hh exciton energy separation is 15.5 meV for g
the 8 nm QWs and 5.4 meV for the 17.5 nm QWs. These g
values may be compared with the corresponding binding en- a)
ergies of 10 meV_and 7.5 meV for the hhl excitons inthe s 1 The energy-center-of-mass wave vedior the QW
two QV_VS' respectively. Thus the Ih1-exciton energy is resoiolane) relation for the electron-hole pair states in the first subbands
nant with the lowest-energy electron—heavy-haihhl)  of the Qws is shown schematically for the cases when the Ihl
subband continuum for the 8 nm QWSig. 1(a)] but is  exciton is(a) and is not(b) resonant witre1-hh1 continuuniregion
nonresonant for the 17.5 nm QWsig. 1(b)]. In our experi-  marked with lines Also shown is the photon dispersigstraight
ments, resonant excitation of the Ih1 excitons in the 17.5 nMines). Filled circles indicate excitation of Ih1 excitons. The inset
QWs represents a case of a discrete exciton coexcited witkhows light—heavy-hole exciton energy separatiag,X and exci-
higher-energyel-hhl continuum states. This is to be com-ton binding energyEg for different QW widths(W) using results
pared with the 8 nm QWSs case where coherent excitation dfom Ref. 2.
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for the 8 nm QWs at zero exciton density is several times
larger than the corresponding zero density rate for Ih1 exci-
tons in the 17.5 nm QWs. While a complete many-body
exciton-continuum theory will be required to understand the
excitation intensity dependence of coherent emission from
the exciton-continuum resonances, we assume that the relax-
ation time approximation is adequate to describe the zero- 175nmQW  shmQw
density results. This leads to the conclusion that the observed

17.5nm QW 8nm QW

hh-X hh-X
Ih-X Ih-X

PLE (arb. units)

fast decay of the DFWM signal at zero density for the reso- 2
nant Ih1l excitons in the 8 nm QWSs is due to a very short e
population lifetime 0.4 ps. =
In the following, we first present the results of our CW 7
PL, PLE, and DFWM measurements performed on the QWs. =
These are then discussed in the light of available understand- © k
ing of DFWM coherent emission from exciton-continuum 152153 154 156 156 157 1.58 159
resonances in literature® Energy (eV)

FIG. 2. The cw PL spectra & K shows hh1 excitons. Also, the
PLE spectra show hhl and Ihl excitons for the two QWSs. The

The GaAs QWS20 in number used in our experiments energy spectru.m and the_ peak_ energy of the laser pulse used to
are grown using molecular beam epitaxy. The QWs are Sepégsonantly excite the excitons in DFWM measurements are also
rated by 15 nm thick AJ3:Ga, ¢AS barriers. The samples are Shown(dotted curves
maintained &8 K in a cryostat. cw PL and PLE measure-
ments are performed using a cw He—Ne and a tunable cw(10° cm™2 for the 8 nm QWs and 2%10° cm ™2 for the
Ti-sapphire laser source. The DFWM measurements are pet7.5 nm QWs for an absorption coefficient of*a€m in the
formed using~ 180 fsec wide pulses from a Ti-sapphire la- continuum.
ser. The laser pulses have a spectral width of about 9 to 10 Figure 3 shows the DFWM signal decay for the Ih1 exci-
meV. The time-integratedTl) DFWM measurements are tonsin 8 nm QWs at different excitation intensities. In com-
made in a two-beam arrangement. The two exciting beamgarison, TI DFWM measurements performed on the Ih1 ex-
are colinearly polarized. The DFWM signal is spectrally re-citons in the 17.5 nm QWs show a strikingly different
solved using a 0.35 m monochromator. The signal is detectedehavior (Fig. 4). We first focus attention on the DFWM
in the backward reflection geometry. This avoids any strairsignal near zero delay and then describe its decay for positive
that may result when the substrate is etched out, as in trangelays.
mission measurement$ Also, we may mention that unlike

Il. EXPERIMENT

in some of the previous measuremehts) magnetic field is 1. DFWM signal near zero delay
necessary to obtain an exciton-continuum resonance. The DFWM signal in Fig. 4 for Ih1 excitons in 17.5 nm
QWs shows a peaked behavior near zero delay, with a
. RESULTS “quasi-instantaneous” decay. This peak is well fitted with a

symmetric Gaussian, as shown in the examples of Fig. 5. We
A. cw PL and PLE spectra

The 8 K cw PLspectrum(Fig. 2) has a full width at half
maximum (FWHM) of 1.8 meV and 0.85 meV for the hhl
excitons in the 8 nm and 17.5 nm QWSs, respectively. The
upper panel in Fig. 2 shows the PLE spectra for the QWs,
with a very small £0.5 me\j Stokes shift. It is interesting
to note that the lh1-exciton line in the PLE spectrum for the
8 nm QW is much broaddFWHM of 3.3 me\j than that for
the 17.5 nm QW(FWHM of 0.75 me\). The ratio of the
PLE linewidths for the Ih1 excitons and the hhl excitons is
~1.8 for the 8 nm QWs ane-1 for the 17.5 nm QWs. The
larger PLE width for resonant Ih1l excitons seen in Fig. 1 is
in agreement with previous such observatibhs.

FWM Signal (arb. units)

05 00 05 10 15
B. DFWM signal decay Delay (psec)

The DFWM signal is detected at the Ihl-exciton energy, giG. 3. The DFWM signal decay is shown for the Ih1 excitons
following resonant excitation of the Ih1 excitons in the 8 nmjn g nm GaAs QWs at an average excitation intensity of 0.27 mwW
and 17.5 nm QWs. Figure 2 shows the various states coexa), 0.33 mw (b), 0.67 mW (c), and 1.33 mW(d), along with
cited during resonant excitation of the In1 excitons in the twoexponential fits(curves at different intensities are displaced verti-
QWs. We estimate that for an average laser intensity of O.tally to avoid crowding The inset shows the exponential decay
mW, the density of free carriers excited is about 5rate plotted as a function of excitation intensity.




4626 A. V. GOPAL AND A. S. VENGURLEKAR PRB 62

QWs by about an order of magnitude at similar excitation

intensities. We may mention that, previously, Kienall?

found in 10 nm GaAs QWs that the DFWM signal for

e2-hh2 excitons(which are energetically resonant with

el-hhl continuumwas smaller than the hhl-exciton signal

Y 00 ﬁ{;sﬁ;(m(x) o8 by over an order of magnitude. This was attributed to hybrid-
) ization of then=2 exciton states with the=1 continuum.

2. DFWM decay for positive delay

The DFWM signal for Ihl excitons in the 8 nm QWs
decays rapidly with increasing deld¥ig. 3. No DFWM
signal could be detected beyond a delay of about 1.5 psec. In
contrast, after the “quasi-instantaneous” decay near zero de-
6 lay, the DFWM signal decay for Ih1 excitons in the 17.5 nm
Delay (psec) QWs is much slower. Unlike the lh1l excitons in the 8 nm

Ws, the DFWM signal decay for the 17.5 nm QWs persists
FIG. 4. The DFWM signal decay is shown for the Ih1 exciton Q g y Q P

S . L. .
. L ; or several picoseconds after the initial rapid decay.
in 17.5 nm GaAs QWs at an average excitation intensity of 0.1 m\l\; P P y

(a), 0.17 mW(b), and 0.33 mW(c). (The curves at different inten- theAg ﬁrr]novg\l/vlg gtlg.os;itit\k/‘s jlegljgaé ?Se(;\?;lfﬁ{telglbexgﬁogf Ig_
sities are displaced vertically to avoid crowdindrashed curves P y y P

show fits based on Eq15) of Ref. 15. Also shown are simple nential [exp(-yf)]. The exponential decay rateg] ob-
exponential fits(dotted lines at large delays. The inset shows the tained at different densities are plotted in the inset of Fig. 3.

decay rates deduced from the two fits as a function of excitation/ €Y fast dephasing of In1 excitons in the 8 nm QWs even at

intensity. the smallest excitation intensity used is evident in Fig. 3. The
zero density decay rate ig=5.2 psec(Fig. 3, inset. The

' L : corresponding time constany( 1y for exponential decay of

find that the FWHM of the Gaussian fit changes very little aShe DEWM signal is about 0.2 psec. We find that this is

the excitation intensity changes by one order. The signal foﬁearly 12 times smaller than the zero density value of 2.3

glol ;jﬁgor{iénirmgllgéi;m QWS drops by a factor of abOUtpseC obtained for hhl excitons in the 8 nm Q\®sata not
The agbove features n)1/a be compared with the DFWI\/IShOWn herg:
signal decay for Ihl excitonys in the 8pnm QWHEg. 3. The Since the laser pulse spectral width is larger than the hh-lh

: . : exciton energy separation for the 17.5 nm QWSs, quantum
DFWM signals for the Ih1 excitons in the 8 nm QWs decaybeats are seen for the DFWM signal decay for positive de-
rapidly with delay by about two orders of magnitude. A ma-

: ) ; lays in Fig. 4. In principle, the Ih1-exciton dephasing for the
jor difference from the 17.5 nm Q.W case I that.the DFWM 17.5 nm QWs could have been directly measured by using a
signal decay for the 8 nm QWs is not symmetric near zerg

delay. This is highlighted by the examples shown in Fig. 5 diffraction grating to make the spectral width of the exciting

: ‘femtosecond laser pulse narrow enough to avoid coexcitation
Although the negative delay part of the peak at zero delay forf hh1 excitons and the hh-lh exciton quantum beats, as in

the 8 nm QWs also fits a Gaussian, it shows a dlfferenghe case of 8 nm QWSs. However, an estimate of the Ihi-

behavior on the positive delay side. The Gaussians in Fig. . ; , "
. . , xciton DFWM signal decay can also be obtained by fitting
have identical FWHM's for both 8 nm and 17.5 nm QWs. the data of Fig. 4 to an expression based on a theory of the

We find that the Ih1-exciton DFWM signals for the 8 nm .
QWs at zero delay are smaller than th(?se for the 17.5 n uantum beafs for inhomogeneously broadened hhl and
' 1 excitons.

The Ihl-exciton DFWM signal decay rateyj thus de-
duced from Fig. 4 is plotted in the inset of Fig. 4 at different
excitation intensities. Using thigy, at zero density is ob-
tained to be about 0.26/psec. Note that this is nearly 20 times
smaller than the value of 5.2/psec obtained for lh1l excitons
in the 8 nm QWgFig. 3). If simple exponential fits such as
those shown in Fig. 3 are used to obtainfor the 17.5 nm
QWs, this results in different values ¢f and a larger value
of y,=0.66/psec at zero densitlfig. 4, inset. However, this
is still several times smaller thap =5.2/psec obtained for
Ihl excitons in the 8 nm QW at zero densifyig. 3, insel.

DFWM Signal (arb. units)

FWM Signal (arb.units)

L otmw

40 05 00 05 10 15 20
Delay (psec) C. DFWM spectra

FIG. 5. Near-zero delay DFWM signal for Ih1 excitons in the 8 ~ We have also measured the DFWM spectra at zero delay
nm QWs is shown for two intensities of 0.33 and 3.3 nf&)/ and  at different resonant excitation intensities for Ih1 excitons in
in the 17.5 nm QWs for 0.1 mW and 1 m{%). Dashed and dotted the 8 nm and 17.5 nm QWs. These are shown in Fig. 6, with
curves are Gaussian and exponential fits, respectively. the corresponding FWHM's in the Inset.
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[ 17 5mm aw 4 puw— Previously, several authors have studied the linear and
5 .l nonlinear optical properties of certeyn selected exciton-
S B e ° continuum resonances at low densifi€sFor example,
0 gf @ Tremow Oberli et al® used PLE spectra to identify a Fano resonance
g i EZM line shape for theel-hh3 transition in a 16.5 nm-4.8 nm
S |25, z, ‘ double GaAs QW with a 1.4 nm AlAs barrier in between.
EN 45575050 (1] 17 Glutschet al® found that coupling of higher-ordem¢ 1)
2 Intensity (mW) magnetoexcitons to energetically degenerate continuum of
§ | lower Landau levels in bulk GaAs under magnetic field of 10
o | ° | T showed Fano resonance line shapes in absorption spectra.
’ Coherent emission from such a magnetoexciton resonance
. . was seen in bulk GaAs by Siegner al.,” who showed that
1585 1540 15751.5601.585 the decay of the TI DFWM emitted from the resonant mag-
Energy (eV) netoexciton was quasi-instantaneous, mainly limited by the

FIG. 6. DFWM spectra are shown at different intensities for Ih1 100 fsec_pulse width. This was attrlbu_ted to destrgctlve
excitons in the 8 nm lE=0.2 mW) and 17.5 nm QWsI{ quan_tl_Jm interference of _t_he magneto_excnon and co_ntmuum
=0.13 mW). The inset shows the excitation intensity dependencd@nsitions when the exciting pulses did not overlap in time.
of the DFWM spectral widths. Arrows show the PLE widths. This rapid decay was found to be unrelated to exciton trans-

verse dephasing. The DFWM spectral linewidths for the

The zero-density widths obtained from an extrapolation to€sonant magnetoexcitons were small and consistent with
zero intensity are 2.8 meV and 0.8 meV for Ih1 excitons inslow dephasing seen for the real time-resolVe&) DFWM
the 8 nm QWs and 17.5 nm QWSs, respectively. Since th&ignal. The rapid decay of the TI DFWM signal and the
Ih1-exciton lines are partly inhomogeneously broadened, thglower decay of the TR DFWM signal was also noted by Arlt
zero-density widths deduced may not be related to the tran€t al” in a 50 nm GaAs QW for coherent excitation of the
verse dephasing time in a simple way. However, it is interFano continuum resonance e8-hh3, coexcited with sev-
esting to note that the zero-density DFWM linewidth for Ih1 eral other resonant and nonresonant states, including the sub-
excitons in the 8 nm QWs is much largerearly 3.5 times ~ band edge discretel-hhl “Lorentzian” exciton, by 100
than that for the 17.5 nm QW(In comparison, the hhi- fsec laser pulses.
exciton DFWM spectral linewidth at zero density for the 8 A pulse-width-limited decay of the TI DFWM signal was
nm QWs is less than 2 times that for the 17.5 nm QW. also found in 13 nm and 16 nm GaAs QWs in which a
These features are similar to the behavior seen in the PLHiscrete Lorentzian exciton was coherently coexcited with a
spectral widths(Fig. 2. Arrows in Fig. 6 show the PLE “flat” continuum at higher energied.It was showfi that
widths for comparison. excitation-induced dephasiri§lD) is the most likely reason
for the quasi-instantaneous decay of the DFWM signal at
zero delay in these cases.

These DFWM studies point out a discrepancy between the

The main purpose of the present paper has been to repadpid TI DFWM decay rate and small DFWM spectral
the differences in the DFWM measurements on the coherentidths (which are related to the TR DFWM dephasjnghen
emission from Ih1 excitons in the 8 nm QWesonant cage a resonant exciton is coexcited with continuum states. If the
and the 17.5 nm QW&onresonant cage-or the 8 nm QW, exciton is a discrete state, the TI DFWM signal shows a slow
coexcitation of the resonant Ih1-exciton and continuum statedecay after the initial EID-induced rapid decay near zero
occurs. On the other hand, for the 17.5 nm QW case, coexdelay® For an exciton energetically resonant with the con-
citation of the discrete Ih1 exciton and higher-energy continuum, the slow component is not sefen.
tinuum states occurs. The results obtained in Sec. Il may In light of the above, we find that the case of resonant
now be summarized as follows. excitation of lhl excitons in the 17.5 nm QW, where a dis-

(i) Although the DFWM signal initially decays rapidly for crete exciton and a “flat” continuum are coexcited by fem-
Ih1 excitons in both the QWs, the overall decay behavior igosecond pulses, is similar to that studied by Birkestahl®
significantly different. For the 17.5 nm QWSs, the signal de-Indeed, as in Ref. 8, the DFWM data of Fig. 4 show the
cay is initially quasi-instantaneousnear-pulse-width- behavior expected when EID is effective.
limited), with a pronounced, symmetric peak at zero delay. In contrast, the Ihl exciton in the 8 nm QWSs is not a
This is then followed by much slower decay for positive discrete state but is Coulomb coupled with the hhl con-
delays. For 8 nm QWs, the DFWM signal shows a rapidtinuum. Together, they form a new eigenstate of the QW
single exponential decay for positive delays. above the band edge, giving a structured continuum State.

(i) The DFWM signal decay rates have a linear relation-Figure 5 shows that although the DFWM signal decay in this
ship with excitation intensity. The extrapolated zero-densitycase also decays rapidly, the overall behavior is different
decay rate for Ih1 excitons in the 8 nm QWs is several timegrom that shown by the lh1 excitons in the 17.5 nm QW.
larger than that for the 17.5 nm QWSs. It is not clear why the DFWM decay behavior seen in Fig.

(iii) The ratios of the widths for Ihn1 and hhl excitons in 3 for the resonant lhl excitons in the 8 nm GaAs QWs is
the PLE and DFWM spectra for the 8 nm QWs are largerdifferent from that seen in Ref. 7 for the resonance of hh2
than the corresponding ratios for the 17.5 nm QWs, implyingmagnetoexciton with the hh1l continuum in bulk GaAs at 10
additional broadening in the resonant Ihl-exciton case.  T. We may mention that our PLE measurements have not

IV. DISCUSSION
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established the lh1l excitons in the 8 nm GaAs QWSs to be a
clear case of Fano resonance type coupling unlike in Ref. 7.
In addition to the shape of the DFWM signal decay be-
havior (Fig. 5, we also need to understand differences in the
excitation intensity dependence of the rate of decay of the
DFWM signal with delay for the lh1l excitons in the 8 nm
and the 17.5 nm QW&lisplayed in the insets of Figs. 3 and
4, respectively. For this, we require a theory of many-body
exciton-continuum coupling. Such a theory is not available at
present. We therefore now focus attention only on the
DFWM signal decay rates at zero densiffhese are ob-
tained in Sec. Ill B from the intercepts Bt=0 in the insets
of Figs. 3 and 4.

17.5nm QW 8nm QW
| ’ v

PEC Signal (arb. units)

1.52 1.53 1.54 1.55 1.56 1.57 1.58
Energy (eV)

A. Zero-density case FIG. 7. PEC spectra at zero delay show signal for the discrete

Sj th itation d itv-d dent effect b hpl and |lh1l excitons in the 17.5 nm QW and the hh1 exciton in the
Ince the excitation aensity-dependent efiects are a seg nm QW, but there is no signal for the resonant Ih1 exciton in the

at Zero, density, W? gnalyze the Zer(_)'denSity D,FWM data b% nm QW. The arrows indicate Ih1-exciton energies.
assuming the validity of the effective relaxation time ap-
proximation theory? The exciton polarization relaxation

. bounds, there seems to be no obvious inconsistency in the
time (T,) can be expressed as

DFWM spectral widths and those implied by the TI DFWM
signal decayboth obtained at zero densjtfor a partly in-
homogeneously broadened Ih1 exciton in the 8 nm G%Ws.
From the above, we deduce thBt for the Ihl-exciton-
continuum resonance in the 8 nm QWs at zero density satis-

1UT,=1/2T,+ 1/T}. (1)

At zero excitation densityT, (transverse relaxations gov-
erned by exciton scattering with phonons, impurities, inter

face roughness, alloy disorder, etc., wher€aslongitudinal fies the boundT,=24/T', (0)<0.8 psec. Sincd; at zera
relaxation) accounts for dephasing due to population deca density is not expected to be so small, it appears fronHg.

(including autoionization Yhat the smalll, must be caused by a small population life-
9 . . . time T,. There is no obvious reason to expect thatrémdia-
In the case of the discrete lhl excitons in the 17.5 n

Ws at itation densitv’. at low t ¢ dat ive and nonradiative recombinatidifetime of Ih1 excitons
QWs at zero excitation density, at low temperature and & is substantially smaller than that of hhl excitofusually

s;nalll excit_on denSiéy is exfpec;(;d to b_e typipallr;]/ O&t\?\%orderseveral tens of picosecond®Ve therefore have to conclude
of a few picoseconds, as for hhl excitons in the N that th IT. (~T./2<0.4 for th t Il
the other hand, the exciton population decay tirig) (for at the smallT, (~T,/2<0.4 pseg for the resonan

di 1 it . It £ oi ds. Theref excitons in 8 nm QWs at zero density is a result of their
IScrete excitons 1S several tens o plf:osecon S 1 NETEIOrg roionization, presumably intel-hhl continuum states.
T, in EQ. (1) is determined primarily byf; . From Fig. 4, we

i ) i i This means that the TI DFWM signal vanishes rapidly with
have foundy, ~ at zero density for the Ih1 excitons in the gelay because the Ih1 excitons themselves have a short life-
17.5 nm QWS to be=4 ps(if quantum beat theofy is used  time, although the transverse relaxation time of the resonant
and 1.5 ps if simple exponential fits are usesgte Fig. 4, |n1 excitons in the 8 nm GaAs QWSs at vanishing density
insef. These values, respectively, correspond to a dephasingay not be so small.
time T,~T, (=4/y,) of about 16 psec or 6 psec for an  On the other hand, if the rapid decay of the TI DFWM
inhomogeneously broadened line. The associated homogeignal Ih1 exciton in the 8 nm QWSs were not related to the
neous linewidth [ =274/T;) is 0.09 meV or 0.22 meV, short population lifetime deduced above, one should see a
respectively. These are smaller than the zero delay DFWNMlear signature of PL due to these resonant lh1 excitons in
spectral width of 0.8 meV at zero densitifig. 4, as ex- GaAs QWs in time-resolved up-conversiddC) PL mea-
pected for inhomogeneous broadening. Thus, there is no isurements. However, the contribution of Ih1 excitons is usu-
consistency between the TI DFWM decay and DFWM specally not evident in picosecond UC PL spectral measurements
tral measurements. on narrow QWs even at short deldysThe TR PL spectra in

In comparison, we have *=0.2 psec for Ihl excitons in  GaAs QWs at low densities are usually dominated by hhl
the 8 nm QWs at zero density. If this is to be related toexcitons'® Emission due to electron-hole pair recombination
Ih1-exciton dephasing, it corresponds to a zero-density hoin the e-hh continuum, although weak, can also be seen in
mogeneous linewidthl’, (0)] of 7 y,/2 (=1.7 me\}, assum- TR PL spectra at early times. However, the Ihl-exciton TR
ing a predominantly inhomogeneously broadened Ih1 excito®L is not identified in spite of the fact that the PLE spectra in
line, and tofiy, (=3.4 me\j for a purely homogeneously QWs usually show that the oscillator strength of Ih1 excitons
broadened line. The Ihl exciton in the 8 nm QWs is mostis similar to that of hhl excitons. A very short lifetime for
probably only partly inhomogeneously broadened. Assuminghe resonant Ih1 excitons is therefore often assuthéethw-
this, the “true” I' (0) can be determined only to be within ever, this was not demonstrated before.
the bounds? 1.7 me\<I', (0)<3.4 meV. This may be That the Ihl-exciton population lifetime is short in 8 nm
compared with the zero delay DFWM spectral width of 2.8QWs is further supported by photoexcitation-correlation
meV at zero densityFig. 6) and the PLE width of 3.3 meV (PEQ PL spectral measuremefftsperformed on the two
(Fig. 2. Once again, within the limits permitted by these QWs. For this, two femtosecond pulses are cofocused on the
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QWs, as in the DFWM case. The resultant intensity correfaster with increasing positive delay. We analyze the DFWM

lated nonlinear PL spectra at near-zero delay sh@ig 7) signal decay rates and the DFWM spectra at vanishing exci-

that while the signature of the Ih1 excitons is clearly seen fotation intensity. The results suggest that the fast decay of the

the 17.5 nm QWs, there is no PEC signal for the Ih1 exciton®FWM signal for resonant Ih1 excitons in 8 nm QWs at zero

in the 8 nm QWs. This is consistent with a very short life- density is due to their short lifetime<0.4 p9, possibly as a

time for the resonant Ih1 excitons. result of autoionization. The details of the mechanism by
which this occurs remains to be investigated.

V. CONCLUSIONS

In summary, we resonantly excite Ihl excitons with fem-
tosecond pulses to determine the lh1l-exciton dephasing rates
in 8 nm and 17.5 nm GaAs QWs. The Ih1 excitons in the 8 We are grateful to J. Shah and L. N. Pfeifferucent
nm QWs are energetically resonant with tee-hhl con- Technologies, USA for the QW samples. We thank F.
tinuum, but those in the 17.5 nm QWSs are discfetenreso- Laruelle (L2M, France for pointing out Ref. 4 to us. We
nant with the continuum We find that the Ilhl-exciton acknowledge support from IFCPAR under Grant No. 1514-1
DFWM signal for the 8 nm QWs decays relatively much and from NSF under Grant No. INT-9714915.
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