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Time-resolved vptical-pumplng experiments on p-type Ga4s quantum wells are applied to
study the spin polaization of 4 two dmensional electrun gas (2DEG) in the density range
up to ~5x107 e We have found that the two spin components of an optically pumped
IDEG are well described by Fermu-Dirac distributions with common temperature but
differsnt chemical potentials. The rate of spin depolarization of the 2DEG is found to be
independent on the electron kinetic energy but suikingly fastened by thermal spreadimg of
carriers. Our findings are in contrast with the situation expected under equilibrium
conditions, i.e., u common chemical potential but differently renormalized band edges for
the two spa-unbalanced components of a 2DEG.

A circularly polarized, near-band edge, excitation of a semiconductor
structure permits to create a gas of photoexcited clectrons with appreciable ditferent
populations of spin-up and spin-down components’. These populations can be
analyzed in polarization resobved emission. A variety of optical pumping
cxperiments’, including time-resolved spectroscopy, have been emploved to
determine the mechanisms of spin relaxation and its dependence on doping,
temperatute, dimensionality, etc. Only recent studies on excitons raised the problem
of interactions within a gas of spin polarized carviers’. In this paper. we investigate
the time evolution of the fwo spin  components of a photocreated 2DEG as a
function of the density ol carriers excited with 3 picosecond luser pulse. Exciting a
p-type GaAs guantum well below the light-hole resonance, electrons with almost
purely one spin component are photocreated. An appreciable shift between ¢ and
o emission is observed due to different filling of the conduction band for both
electron-spin components, The rwo spin components of the 2DEG are characterized
by Fermi distributions with very similar T’s, but diffevent Fermi levels. The energy
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distnbution of carriers (electrons and holes) is lound to be a dominant factor
delermining the rate of relaxation of spin polarization of the optically aligned
ZDEG. This rate is accelerated by high carrier T's (high lattice T and/or short times
afier the pulse excitation) but in the case of a cold system it does not change as a
function of the electron kinetic energy (driven by the efectron density).

We have studied several p-type modulation doped GaAs/GaAlAs QWs
with hole sheet concentrations of ~3-10" em™ |, mobilities of ~ 4060 cm®™V's” and
welt widths from 30 to 80 A. The structures were inttiafly extensively tested with
conventional, low power, cw experiments’, Polarization-resolved measurements in
Voigt configuration allowed us to estimate the spin relaxation time at very low
excitation powers. Furthenmore, the samples were investigated with time resulved
PL experiments (resolution of 5 ps) using a standard up-conversiom system
equipped with a tunable excitation laser and double monochromator to disperse the
up-~converted signal. The ¢° and ¢ -circularly polarized PL was measurcd. for
different excitation powers and lattice T7s, as a function of the emission epergy and
the time delay after the 6 -polarized excitation pulse. We present here the resulls on
the 30A-thick QW grown on [100]-GaAs substrate, but our conclusions are also
confirmed by the experiments performed on the other structures.

Representative experimental data obtained at relatively low cxcitation powers
are shown in Fig.l. The variation of the energy of the ¢ -excitation leads to
changes of the luninescence intensity which are clearly different for the two o and
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evolution of the | and 1" intensities of the
o - and o -emission components, as well as the calculated decay of the polarization
degree p =(7- [T ¥(7"+ [7), are shown in Fig.ib and c, respectively. With the
exception of very short times after the excitation pulse, the time evolution of p is
well described with a single exponential with a decay time of 1y1,=550ps, identified
with the elfectron-spin relaxation time.
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Electron spin relaxation in semiconductors is usually attributed to either
the cxistence of odd terms in the dispersion refation of the conduction hand (DP
mechanism’) of to the exchange interactions between electrons and holes {BAP
mechanism®). We believe that our results obtained under high intensity excitation
conditions give a new insight into the physics of optically spin-aligned electronic
states. An intriguing cxperimental observation is alrcady seen in Fig.ic: a
considerable drop of the polarization degree takes place at very short times (<
130ps}) and 1s followed by a slow decay with a typical tme of 530ps.
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powers of excllation, Lines are the pegt 15 tOURd for times >150ps. Figure 3 shows spectra
fits wilh the sum of 2 expanential decays. at different tunes after the laser pulse for ¢ and
G emission. In order to bc more guantitative and
to obtain more detailed information about the cnergy distribution of both spin
components of the 2DEG, we have simulated the measured spectra, 17 (hw), by the
broadened convolution of Fermi-Dirac statistics tor non-polarized gas of holes and
- - two spin components of the 2DEG, assuming
the conservation of k-sclection rules. Qur
simulation (lincs in  Fig.3) satisfactorily
reproduces the spectra. The splitting in the PL
maxima, which amounts to 2.5 meV al 17 ps, is
linked to the differences in the Fenmi energies
of spin-up znd spin-down electrons. This
difference increases to 6 meV at 17 ps when the
power ol the ecxciting pulse is increased by a
factor of 5. An analysis of pairs 6¢' and ¢ -PL
speetra leads us first to conclude that cach
component is well described assuming a
_ 176 b common T for the two electron  spin
. = : components (and for holes), but different values
Energy (%) of the chemical potential. This means thas,
Fig 3:PL speciza for different time defays  under our experimental conditions, the

exciting with ¢ light. The lines depict exchange nteraction between clectrons s
the results of the modelting,
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unable to stabilize a common chemical
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potential of the 2DEG for the two spin components. This latter situation might be
expected under equilibrium conditions and wounld smply a difference in the
renormalization of the conduction band cdges for the two spin components. The
renormalization effects are very weak in our experiments and all the spectra are
fanuly well simulated assuming the same value for the encrgy gap E.=1.6815eV,
The carrier T riscs up to ~100K just after the faser pulse. This fact accounts for the
fast depolarization of electronic spins, induced by the lascr power. Our results
confirm the high cfficiency of carrier-carrier interaction in establishing a
common T for electrons and holes. Cold before excitation, the gas of hotes becomes
nondegenerate abmost immediately after the laser pulse. Nondegenerate carrier
distributions faver the efficiency of spin-flip electron scattering via the exchange
interaction with holes, in contrast. the available number of scattering configurations
is appreciable reduced for the degenerale systems.

Summarizing, we have shown that sirong effects. nomlinear in the
excitatton power, observed in the polarization of a photocreated 2DEG onginate
from nondegenerate carrier distribution at short times after the laser excitation. An
optically aligned, spin-polarized electron gas can be well described by two separate
Fermi-Dirac distribution functions, one for cach spin component, with common
temperaturc but different chemical potentials.
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