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QFB6 Fig.1. Examples of the delocalized lu-
minous eigenmode (a) and delocalized dark
eigenmade (b); the eigenvalues 5, and localization
{coherence) radii L; of the eigenmodes are shown.
The distribution of the eigenmodes over their lo-
calization radius L and spectral parameter s is
plotted as a contour map (¢). Adapted from Ref.
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Supersonic Exciton Gratings: Coherent
Inter-polariton Scattering in Semiconductor
Microcavitles

D. Birkedal, V.G. Lyssenko, and J.M. Hvam,
Research Center COM, Technical University of
Denmark, Email: Birkedal@com.dtu.dk

Semiconductor microcavities (SMC) offers
unique opportunities to reach physical condition
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Fig.1. Spectrally resolved transient four-wave mixing at zero delay. Solid line for probing only

the upper polariton {UP) and dashed line for probing simultaneously the upper and lower polariton

(LP).

not easily attained otherwise. This has led to a
range of interesting new effects, where in particu-
lar coherent scattering of polaritons have at-
teacted considerably interest,' Coherent pheno-
mena in semiconductor have most significantly
been studied using transient four-wave mixing
{TFWM), where in the case of ¢.g, quantum wells
(QWs) a detailed understanding of the involved
physics have resulted.” In contrast, relatively few
reports have been published on TFWM studies of
SMC.3*>8 These studies have shown that the co-
herent nonlinear dynamics of SMC polaritons is
modified from that of e.g. heavy-hole—light-
hole excitons in semiconductor QWs.

Here we report on a coherent nonlinear phe-
nomenon in a SMC, which has no parallel for
QW excitons. When two different polariton
modes of the SMC are impulsively excited they
will undergo normal mode oscillations (NMOs)
with coherent energy exchange between the exci-
ton and the cavity mode. In our experiment the
two polaritons are excited with slightly different
angles resulting in a travelling wave exciton grat-
ing. When a test polariton mode is excited it will
scatter in the travelling grating producing ampli-
tude modulation sidebands. This phenomenon
produces a TFWM signal, which is shifted in fre-
quency from that of the test beam by the NMO
frequency, In our case, in the THz range corre-
sponding to a grating velocity of =1 - 107 m/s,
which is four orders of magnitude larger than the
sound velocity. The presence of such travelling
exciton gratings have been predicied’ but so far
not observed directly.

The sample under investigation is a GaAs/Al-
GaAs A cavity with a single 25 nm GaAs QW at
the center.” The sample is held at 5 K in He cryo-
stat and is excited by pulses frg,m a self-mode-
locked Ti:Sapphire laser in the 2k, — k| reflection
geometry. The pulses are spectrally shaped to
allow selective excitation of either of the polari-
ton modes. The TFWM signal is detected spec-
trally resolved and recorded as a function of time
delay between the two pulses. The present exper-
irnent are conducted for near resonant condi-
tions. R o

First we excite (k) and probe (k,) both po-
laritons with spectrally broad pulses. This results
in TFWM signals on the upper and lower polari-
ton as shown in the spectrum in Fig. 1. In addi-
tion, strong beats in the TFWM intensity is seen
as a function of delay between the two pulses as
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QFCl Fig.2. Transient four-wave mixingasa
function of delay. Upper figure show the signals at
the upper and lower polaritons {UP & LP) when
both polaritons are probed simultaneously.
Lower figure for probing selectively the upper po-
lariton.

shown in Fig. 2. This corresponds to our expecta-
tions from QW excitons and is in agreement with
previous reports. In contrast, if we now probe se-
lectively only one polariton, we observe a TFWM
signal resonant with the other polariton. This is
shown here for selective probing of the upper po-
lariton [Fig. 1: TFWM spectrumy; Fig. 2: delay de-
pendence], where a strong signal resonant with
the lower polariton is observed. We note that for
this case, no beats and much faster decays of the
TEWM intensity are observed {Fig. 2]. We will
demonstrate that these observations are in agree-
ment with a theory based on the combined
Maxwell and optical Bloch equations.>**
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Coherent Combined Intersubband-cyclotron
Resonances

J. Bao, R. Merlin, Department of Physics, The
University of Michigan, Ann Arbor, Michigan,
48109-1120, Email: jmbac@umich.edu,
merlin@umich.edu

L.N. Pfeiffer, K.W. West, Bell Laboratoties, Lucent
Technologies, Murray Hill, New Jersey, 07974

In two-dimensional (2D) electron systems, tilted
magnetic fields lead to subband-Landau-level
coupling and associated excitations of mixed
character referred to as combined intersubband-
cyclotron resonances.’ These hybrid modes have
been extensively studied using infrared’ and
Raman spectroscopy.” Recently, the observation
of coherent intersubband charge-density oscilla-
tions generated by ultrafast optical pulses was re-
ported in a high mobility 2D electron gas." Here,
we present results in the presence of a tilted mag-
netic field revealing coherent intersubband-cy-
clotron coupled oscillations.

Our sample is a 400-A one-sided modulation-
doped GaAs-AlGaAs single quantum-well grown
by molecular beam epitaxy. The top Al,,Gag 4As
layer contains Si donors separated from the GaAs
quantum well by a thick undoped space layer. The
areal density of the electron gas at the interface is
p = 1.88 x 10" cm™ and the low-temperature
mobility is 2.88 x 10° cm*/Vs. Pump-probe ex-
periments were performed at 10 K with a mode-
locked Ti-sapphire laser giving ~50 fs pulses at a
repetition rate of 82 MHz. The field is provided
by a split coil superconducting magnet. The laser
beams were focused onto a relatively large 0.3-
mm diameter spot to reduce heating. The average
power of the probe beam was 1 mW (the energy
density per pulse is U = 2 x 107 Jfem?), The cen-
tral wavelength of the pulses was tuned to res-
onate with excitons associated with heavy-hole
states at ~806 nm.

Time-domain results are shown in Fig. 1 for
two different values of the magnetic field at a tilt
angle 6 ~ 47° (@ is the angle between the field and
the normal to the sample surface}. Both traces
show two, a short- and a long-lived oscillation.
The magnetic-field dependence of the coupled-
mode frequencies is plotted in Fig. 2 together
with data obtained from spontaneous Raman
scattering measurements. As 8 — 0, the higher-
frequency branch approaches the bare intersub-
band charge-density mode whereas the frequency
of the other branch goes to zero. Based on this be-
havior, the two branches are assigned to coupled

intersubband-cyclotron modes. This assignment °

is supported by the comparison of the experi-
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QFC2 Fig.1. Time resolved pump-probe dif-
ferential reflectivity. Fast and slow osciilations
correspond, respectively, to the upper and lower
branches of the coupled modes.
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QFC2  Fig. 2. Coupled mode frequencies vs.
magnetic field. Solid lines are calculations using
the parabolic model.” Solid black squares are re-
sults of pump-probe measurements. Raman data
are indicated by triangles.

mental results with theoretical values gained
from the parabelic well model.®

The time-domain data reveal different dy-
namics for the two branches. With increasing
field, the lifetime of the low-frequency branch in-
creases while that of the second branch decreases.
The amplitude of the oscillations shows a similar
behavior. We also note that, at B ~ 4 T, only the
higher intersubband-like mode is observed and
that, at ~1 T, the upper branch breaks into two
modes. These results are consistent with sponta-
neous Raman measurements.
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Ultrafast Formatlon of Quasiparticles in
Semiconductors: How Bare Charges Get
Dressed

A. Leitenstorfer, M. Betz, A. Brodschelm, R.
Huber, and E. ‘Tauser, Physik-Department E11,
TU Miinchen, James-Franck-Stra$dse, D-85748
Garching, Germany, Email: aleitens@ph. tum.de

The quasi-particle model is one of the funda-
mental concepts in many-body physics. It is usu-
afly oo complicated to regard each isolated
{“bare”) particle and to take into account its in-
teractions with all the other individual compo-
nents of the system. More physical insight is
gained by introducing new units which are com-
posed of the bare particle plus some average sur-
rounding. Usually, these quasi-particles are as-
sumed to form instantly. However, this picture
turns out to be valid only on timescales which are
long compared to the oscillation cycle of the col-
lective mode of the system. Very recently, the
quantum dynamical phenomena which occur
during the formation of interparticle correlations
in systems far from thermal equilibrium have be-
come accessible. -

As a first example, the dynamics of an isolated
charge coupled to a highly polar crystal lattice via
the Frohlich interaction is discussed. After fem-
tosecond excitation of heavy holes in CdTe, we
observe a strong broadening of the energy distri-
bution within 300 fs, even if the carriers are in-
jected with an excess energy less than the LO
phonon energy. This finding is in strong contrast
to analogous measurements in weakly polar
GaAs, where an energetically sharp distribution is
found for the same conditions of small excitation
densities of 5% 10" em ™ and low temperatures of
4 K. A quantum kinetic description is necessary
to explain the broadening of the hole distribution
in CdTe:' In the regime of intermediate electron-
phonon coupling, the polaron self-energy be-
comes comparable to the LO phonon energy. Asa
result, the virtual phonons which are generated
due to deformation of the crystal lattice during
transition from the bare charge to a polaron lead
to significant changes in the carrier distribution
functions. Energy conservation holds only within
the coupled carrier-phonon system but not for
the electronic excitations alone.

The second part of the contribution deals with
carrier-carrier interactions: The ultrafast buildup
of Coulomb screening and collective behavior in
a dense electron-hole plasma photogenerated
within 10 fs are demonstrated. In the previous ex-
ample of polaron formation, the dynamics of the
carrier distribution had been monitored which is
a result of a coupling process between elementary
excitations, Ultrabroadband two-dimensional
THz studies add a new dimension: direct access to
the derails of the interaction process itself.” This is
achieved by probing the dielectric response of the
non-equilibrium system in the frequency regime
of its collective mode, in our case a plasma reso-
nance at 15 THz. Tt turns out that shortly after
generation of the plasma, the amplitude and
phase distortion of a single-cycle probe transient
at 28 THz is almost instantaneous. If the system is
probed approximately 100 fs after iis excitation,
we find a delayed response due to plasma oscilla-
tions. These observations are consistent with an
ultrafast transition from an undressed state of
bare charges far from equilibrium into a corre-
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