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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Phase Dynamics of Non-equilibrium Distributions of Free Electron-Hole Pairs
in GaAs Quantum Wells.

J.-Y. Bigot(3), M.-A. Mycek, S. Weiss, and D.S. Chemla.

Department of Physics, Unwerszty of California at Berkeley, and
Materials Sciences Division, Lawrence Berkeley Laboratory, University of California, Berkeley, Calzfomuz 94720

(Corresponding author: M-A Mycek, Tel: (510)-486-5265, Fax: (510)-486-5530

Abstract:
We resolve the phase and amplitude of the coherent emission of a non-equilibrium Fermi-
sea in four wave mixing experiments. It exhibits an ultrafast dynamical blue shift, due to

Fermi-edge many-body effects.

(a) Permanent address: Institut de Physique et Chimie des Matériaux de Strasbourg, 5 rue de
I'Université, 67084 Strasbourg Cedex, France.
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The elementary excitations of semiconductors are governed by quantum statistics
and Coulomb correlation. Both the -amplitude.and the phase of their nonlinear optical
polarization displays a complex temporal behavior. This was experimentally demonstrated |
by the observation of nonlinear dynamics of the instantancous-frequency of coherent waveT
mixing resonant with excitons [1]. However, the continuum-states, well above the band
gap, are much more difficult (o study because of the ultrafast relaxation of electrons and
holes (¢-h) [2,3]. In this paper we address for the first time the question of the phase
dynamics in the continuum of states of (juasi-frce e-h. We show that the temporal
evolution of Four-Wave-Mixing (FWM) power spectra (PS) reveals important information
on the corﬁplcx dynamical behavior of the Fermi surface of non cquilibrium e-h

distributions.

Th(, experiments are performed on a GaAs/GaAlAs quantum wcl.l structure, in the
self-diffracted FWM configuraton using unchirped transform limited 100fs pulses. For
cach delay AT between the two pulses, the PS of the FWM signal Siy), observed in the
direction kg=2kp-kj, is recorded with an OMA detector. The laser frequency is tuned
44meV above ‘thc lowest exciton, in the two-dimensional conunuum of quasi-free e-h

states. The dephasing times Ty for continuum excitaton is of the order of a few tens of fs
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for excitation densities N'in the range 1010 -1012 ¢m-2 [2). In such cdnditions, no
interesting information is obtained from the time integrated FWM signal Sppn(AT), when
the pulsewidth exceeds T. In cohtrast, the spectrogram, Sgwm(®,AT), is a direct
visualization of the phase dynamics of the emission frequency, as shown with quasi-
instantanepus Kerr-media [4].

- Figure 1 presents a series of PS obtained with N=3x1012cm-2. Each spectrum has
been normalized to unity in order to display the dynamical behavior. The laser spectrum is
shown as a dotted curve. A clear dynamical shift of the FWM power spectrum is
observed. The maximum of SM(&),AT) is shifted to high energies relative to the laser
spectrum at early 'delays (AT<0). It shifts .to the lower energies as AT increases. Figure 2
presents tﬁe position of the maximum of Sgpyp(®,AT) vs AT, showing' that the shift can
be as large as AE =5meV . This temporal behavior is density dependent as observed in

different sets of measurements.

We attribute the above observations to many-body effects that renormalize the
optical response of the non-equilibrium e-h Fermi-sea created by the intense pulse {5].
This renormalization originates mosuy from the Fermi-sea excitations with very small
energy and is therefore concentrated at its two edges. It produces an cnhanécd emission at
the high energy edge and a reduced emission at the low energy one, resulting in the
observed dynamical shift This "blue shiﬁgd" emission is the counterpart of the “red
shifred" spectral hole buming obscrved in pump-probe experiments 16,7].‘ For non-
equilibrium distributions this effect corresponds to the well known ch1i—cdgc singulanty
of equilibrium distributions.
This work was supported by the Director, Office of Energy Research, Office of Basic Energy Sciences, Division
of Materials Sciences of the U. S. Department.of Energy under Contract No. DE-AC03-76S5F0098.
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Figure Caption

Figure 1: Four-Wave-Mixing spectra as function of delay At. The spectra have been

normalized to unity to show the high energy shift for At<0.

+

Figure 2: Position of the maximum of the Four-Wave-Mixing spectra (with respect to the

laser energy) vs At for an excitation density 3x1012 cm-2.
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