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Localization and many-body interactions in the quantum Hall effect
determined by polarized optical emission
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Polarization analysis of optical emission from the electron gas in GaAs single quantum wells
discriminates the separate contributions from spin-split electron states. In the extreme quantum
limit, the vastly different electron populations of these two states allows the study of many-body
phenomena in the presence of localization. Reduction in electron screening of the hole at v = 1
appears to cause energy shifts in narrow quantum wells, while electron-hole binding dominates in
wider wells. Evidence of a technique probing the spin-configuration of fractional quantum Hall states
is also presented.

Recent experiments on the magneto-luminescence from
two-dimensional (2D) electrons have associated spectral
features with many-body phenomena in the integral and
fractional quantum Hall regimes. The region of inter-
est coincides roughly with the extreme quantum limit
(v = 1), where the occupation of the two lowest-energy
electron spin states is changing rap'dly as a function of
magnetic field. However, precise level identification is
obscured in unpolarized luminescence by both the small
g factor in GaAs, and strong angular momentum rnix-
ing in the hole states. Polarization studies determine
the initial spin-state configuration and can distinguish
among the diferent features of the luminescence. In the
past, such polarization analysis has proved to be a sim-
ple and eA'ective tool, useful in determining the extent of
valence hole level mixing and yielding the temperature-
dependent occupation of spin-split states at v = 1. Fu-
ture interest in polarized light measurement is being gen-
erated by the possibility of directly measuring the degree
of spin polarization in fractional quantum Hall states.
Transport experiments show that the ground and excited
states of various fractional quantum Hall states are not
fully polarized, but rather consist of partial or unpolar-
ized spins.

In this paper we study many-body eA'ects in the optical
recombination of electrons in a 2D electron gas with holes
in the valence subband. We observe energy shifts and
intensity changes of two initial spin-split electron states,
selected through polarization analysis of the optical emis-
sion. Separating the emission from the two spin states
near v = 1 allows the study of the various contributions
to the many-body electron and hole self-energies and in-
teractions which depend diA'erently on the initial-state
occupancy. For instance, the exchange energy and ver-

tex (exciton) corrections depend directly on occupancy,
while the correlation hole (local charge-density changes)
depends on Landau level population only through the di-
electric function. o The data display the surprising re-
sult that both polarization components of emission from
narrower quantum wells ( 250 A.) are subject to a sim-
ilar blue shift in energy at low temperature at v = 1.
This is remarkable, since the two initial spin states have
very different populations; one is fully occupied and the
other nearly empty. This shows that changes near the
valence-band hole, associated with the Coulomb hole of
the hole, are the primary cause of the energy shift. For
wider quantum wells and greater electron-hole separa-
tion, the situation changes, and a red shift at v = 1
shows that the screening becomes less important in favor
of electron-hole Coulomb binding (vertex corrections).

These measurements consist of photolumines-
cence spectra from one-side modulation-doped
GaAs/Al Gai As single quantum wells and heterojunc-
tions of high mobility; p=(3.0—8.5)xl0s cm~/Vs. The
photoluminescence was excited with an unpolarized, low-
power laser source of p & 5 x 10 4 W/cm~ at 1580 meV,
and analyzed by an in situ circular polarizer with an ex-
tinction ratio greater than 30:1. Figure 1 displays both
the left- (LCP) and right-circularly polarized (RCP) lu-
minescence. At low fields (4 & v ) 1), the luminescence
shows a single feature in each polarization. The initial
conduction-band states are identified as rn& ———

2 for the
RCP (higher energy) component and mz —+2 for the
LCP. At higher fields (v ( 1), the Fermi energy drops
down into the lower-energy conduction spin state. The
depopulation of the upper spin state causes the RCP
emission to vanish and thus the luminescence becomes
nearly fully polarized in o or LCP (100:1at 18 T). Fig-
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peak shift in the + 2 emission accompanied by an inten-

sity minima in both +~ and —
z emission. The more

fascinating feature is the stronger reduction in the inten-
sity of the upper spin state, quantitatively displayed in
the inset of Fig. 4. The quenching of emission from the
—

2 state at v = s is near 40%, much larger than the re-1 =2'
duction in the lower (LCP) electron spin-state emission.
To consider this diA'erence, we note that changes in inten-
sity are due to variations in the population of electrons
or holes or their optical matrix element. It is unlikely
that the hole population would alter significantly over so
small a range in magnetic field from energy shifts of the
hole states. Additionally, the opening of a gap at Z~ di-
minishes available scattering channels, tending to reduce
the relaxation rate, increasing rather than decreasing the
excited-state hole population. Thus, we believe the large
reduction in upper spin-state emission is tied to the con-
densation of the electrons into the fractional quantum
Hall efI'ect 3 ground state through a sharp decrease in
either the up-spin population or up-spin matrix element.
Since the v = s ground state is expected to be spin-
polarized at these fields, one might expect some extra
energy cost to maintaining a number of opposite spins in
the presence of a polarized ground state. Changing the
magnetic fj.eld slightly into the correlated spin-polarized

3 state could thus decrease the population of the upper
spin state over the simple Fermi distribution operating

at v g s, thereby reducing the intensity sharply. Other
samples, of both larger width and higher density, show
the same behavior (Fig. 3 exhibits these effects at v = z
at 16 T).

In conclusion, we have used the polarization of the lu-
minescence from ultrahigh mobility single quantum wells
and heterojunctions to address the many-body screen-
ing in the integral and fractional Hall regimes. We have
shown that the electron screening of the hole which ceases
in the integral quantum Hall regime is the main fac-
tor in the recombination in the narrower samples since
both spin components are subject to nearly the same
energy shift at low temperature at v = 1, whereas the
Coulomb binding of the electron-hole pair becomes dom-
inant for the wider wells and single heterojunctions. We
also show that g-factor enhancement cannot explain the
energy shifts at v = 1. Additionally, the reduction in up-
per spin-state emission just at 3 may be indicative of the
spin-polarized nature of this fractional ground state, and
indicates that new physics may be learned from polarized
optical studies of these systems.
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