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A scientific session of the Division of General Physics
and Astronomy of the USSR Academy of Sciences was held
on October 26 and 27, 1988, at the S. I. Vavilov Institute of
Physics Problems of the USSR Academy of Sciences. The
following reports were presented at the session:

October 26
1. Yu.E.Lozovik and S. M. Chudinov. Drift resonance in a

two-dimensional electron gas: the dynamic quantum Hall

effect.
2. P. S. Kop'ev and I. N. Ural 'tsev. The energy spectrum of

Coulomb states in a quantum well.
October 27

3. A. M. Shalagin. Light-induced drift and its manifesta-
tions, particularly in astrophysics.

4. I. D. Novikov. Physical properties of a time machine.
Brief summaries of three reports are presented below.

P. S. Kop'ev and I. N. Ural'tsev. The energy spectrum of
Coulomb states in a quantum well. Technological advances
in the reproducible fabrication of ultra-thin semiconducting
layers have led to the creation of model two-dimensional
objects: heterostructures with quantum wells (QW) consist-
ing of a narrow bandgap material (GaAs), separated by bar-
riers (AlGaAs) of sufficient thickness (~100 A) to sup-
press the interaction of different quantum wells (Fig. l,a).
In such structures, traditional magnetooptic techniques
make it possible to study the properties of the two-dimen-
sional energy spectrum created by exciton localization and
the formation of an "impurity band," which appears because
the binding energy of an impurity depends on its proximity
to the heterojunction.

The low temperature photoluminescence spectrum of
100 A wide GaAs-AlGaAs quantum wells is shown in Fig.
2. It consists of an exciton peak due to an electron and a
heavy hole from the lowest dimensionally quantized sub-
bands and an electron recombination band due to electrons
recombining on shallow acceptors provided by uninten-
tional carbon background doping of ~ IO15 cm~3 concentra-
tion. A characteristic property of the exciton radiation peak
is its red shift with respect to the peak in the absorption
spectrum or the line in the photoexcitation spectrum. This
effect is a manifestation of the spectrum of localized states
created by fluctuations in the quantum well width L2 (Fig.
l,b). As L2 decreases the magnitude of the Stokes shift E&

and the halfwidth of exciton luminescence line both increase
as 1/LZ

3. This makes it possible to determine the extent of
well width fluctuations, which do not exceed one or two
monolayers in perfect quantum well structures grown by

molecular beam epitaxy. The filling of localized states via
increased photoexcitation intensity or thermal activation re-
sults in a smooth transition to radiation from delocalized
exciton states.' Since Lz changes discretely in monolayer
steps the appearance of a continuous spectrum of localized
states may indicate that the exciton localization energy de-
pends on the spatial extent of QW width fluctuations, so long
as the size distribution of these fluctuations contains islands
comparable to the characteristic exciton size. The position of
the localized exciton peak is determined by the singularity in
the density of states due to the characteristic size of islands
which localize the excitons. Exciton localization can be
tuned by reducing the exciton radius with a magnetic field
oriented perpendicular to the plane of the quantum wells.
The localized exciton line shifts faster in a magnetic field
than its delocalized counterpart. An analysis of this effect
makes it possible to determine the characteristic size of is-
lands which localize the excitons. It is found to exceed the
exciton radius by a factor of 2.5. Generally speaking, the
observed suppression of the Stokes shift by a magnetic field
indicates exciton delocalization. The situation is unique in
that the magnetic field usually increases the localization en-
ergy. Since the magnitude of the localizing potential (fluctu-
ation depth) in QW is fixed for all islands, large fluctuations
have greater binding energies than small ones. The magnetic
field favors localization in smaller islands, which are more
numerous, and thus effectively lowers the exciton localiza-
tion energy2—an unusual property of exciton localization
due to QW width fluctuations.

The behavior of impurity states in QW structures is
governed by the theoretically predicted dependence of impu-
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FIG. 1. Band diagram of a GaAs-Al0 4 Ga0 6 As quan-
tum well structure (a) and schematic view of well
width fluctuations (b).
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FIG. 2. Photoluminescence (PL) (solid line) and luminescence excita-
tion (dashed line) spectra for a QW structure with L, = 100 A at T= 1.6
K and excitation intensity of 0.1 W/cm2. The arrows mark light and heavy
hole exciton transitions, and transitions via acceptors located in the mid-
dle of the QW and at a heterojunction.

These quantities can also be related to changes in the hole
wavefunctions as the acceptor moves closer to the hetero-
junction.

The observed lower bound of the "impurity band"
(EAi) at a heterojunction is lowered by transitions due to
acceptors in the barrier which bind holes of the narrow band-
gap material.5 The potential profile created in the QW by
charged deep impurities in the barrier material is smoothed
by weak above-barrier illumination, which increases the ex-
citon recombination efficiency.6

The effects described above have been successfully em-
ployed in characterizing the smoothness of heterojunctions,
determining the concentration profile of shallow impurities,
and controlling the carrier mobilities in quantum well heter-
ostructures.

rity binding energy £ A on its location in the quantum well.3

If the acceptor Bohr radius a0 is somewhat smaller than Lz

(a0 = 15 A for a shallow acceptor), the impurity states form
a continuous spectrum determined by the maximum binding
energy EAc of an acceptor located near the QW center and
the minimum EAi of an acceptor at the heterojunction. The
difference which the impurity location in QW makes is most
clearly observed in the spectral dependence of the degree of
circular polarization in a magnetic field,4 which is deter-
mined by the thermal orientation of holes in the acceptor
Zeeman sublevels. An analysis of this dependence yields the
g-factor and the relative oscillator strength of acceptor tran-
sitions as a function of the acceptor location in the QW.
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A. M. Shalagin. Light-induced drift and its manifesta-
tions, particularly in astrophysics. The light-induced drift
(LID)' phenomenon is one of the strongest effects of light
interacting with translational motion of gas particles. The
essence of LID can be described as follows. Let us suppose
that radiation passes through a two-component gaseous me-
dium and resonantly excites one of the components. For con-
creteness we will take the spectral radiation line to be nar-
rower than the Doppler-broadened absorption line. In this
case the Doppler effect causes the radiation to selectively
transfer the particles from one (ground) quantum state to
another (excited) state as a function of particle velocity.
Moreover, we will assume that the particles change their
internal state without altering their velocity, i.e. light pres-
sure is neglected. Then, given some frequency detuning of
the central radiation frequency from precise resonance (as
long as the radiation still falls within the absorption line) the
velocity-selective interaction will produce crossed beams of
particles in the ground and excited quantum states. Since
particle velocity is unaffected by optical transitions the radi-
ation induces particle beams that are equal in intensity but
travel in opposite directions. These beams are subject to re-
sistance (friction) from the buffering component of the gas-
eous mixture. Generally the resistance experienced by these
two beams is different because the ground and excited parti-
cle states have different transport characteristics. Conse-
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quently, a net force results on the absorbing medium, which
leads to directional motion (drift) of the aborbing compo-
nent as a whole with respect to the buffering component. The
drift direction is either parallel or antiparallel to the radi-
ation propagation vector, depending on the sign of the fre-
quency detuning from the central absorption frequency and
on the difference in transport characteristics.

We emphasize that the LID effect leads to the spatial
separation of the two gas components but not to motion of
the gaseous mixture as a whole, i.e., the total pressure re-
mains unchanged. This follows from momentum conserva-
tion since the radiation does not transfer momentum to the
medium. The LID effect is thus a distinct type of radiation
interaction with the translational motion of gas particles. In
a number of cases, such as electronic transitions in atoms,
radiant energy may not dissipate into heat (the excited state
relaxes by radiation only). In this scenario the energy and
momentum of translational motion of gas particles remain
integrals of motion, and the role of radiation in LID is akin
to Maxwell's demon.

Currently, the theory of LID is fairly well developed.
The simplest theoretical pictures are discussed in Ref. 2. In
addition, a large number of experiments intended to observe
and investigate LID have been carried out in atomic3'4 and
molecular4'5 systems. It has been demonstrated experimen-
tally that in a laser field the LID effect can cause atoms to
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