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The optical Stark shift in semiconduc-
tors is an important transient nonlin-

earity that helps researchers to understand
fundamental ultrafast microscopic
processes. Studies of similarities and dif-
ferences between optical Stark shifts in
atomic two-level systems and those ob-
served in semiconductors led to the un-
derstanding of semiconductor-specific
many-body effects. We recently investigat-
ed the semiconductor counterparts of co-
herent atomic three-level effects utilizing
the coherent coupling between heavy-hole
(hh) and light-hole (lh) excitons. By ana-
lyzing the coherently coupled optical Stark
effect on hh and lh exciton resonances we
showed1 that our data provide evidence
for the existence of hh-lh Raman coher-
ences in semiconductor quantum wells. In
atomic three-level systems, Raman coher-
ences are the foundation of important
nonlinear optical effects such as electro-
magnetically induced transparency and
lasing without inversion.

Figures 1(a) and 1(b) show the tran-
sient absorption changes measured at
both hh and lh exciton resonances in an
InGaAs quantum-well structure. The two
degenerate three-band systems are effec-
tively reduced to a single three-band sys-
tem by driving a single hh transition with
a circularly polarized pump and probing
with either co- or counter-circular polar-
ization. For co-circular polarization we
observed the well-known transient
blueshift of the hh exciton resonance. We
did not observe any nonlinear response at
the lh exciton resonance indicating negli-
gible direct coupling between the pump
field and the lh exciton. With a counter-
circularly polarized probe pulse a definite
blueshift appears at the coherently cou-
pled lh exciton resonance.

Our theoretical analysis is based on a
full many-body approach within the
third-order nonlinear optical regime.2 We
considered a semiconductor quantum-
well analog for the atomic three-level sys-
tem, that is, the three-band system that

consists of a conduction band as
well as hh and lh valence bands.
While in the band picture the anal-
ogy holds for each in-plane mo-
mentum state, the Coulomb inter-
action prevents the analogy from
being completely accurate. Exciton
scattering and biexcitonic effects
have no counterparts in three-level
systems. Nevertheless, as long as
those processes do not dominate the
Stark shift, an approximate three-
level versus semiconductor Stark
shift analogy is possible, and the def-
inition of an excitonic Raman co-
herence (excitonic intervalence
band coherence) is appropriate.

Figure 1(c) shows theoretical re-
sults for the ratio of hh-lh Stark
shifts with and without intervalence
band coherences. When these co-
herences are included, the lh shift is
much larger than without coher-
ences and the hh-lh shift ratio is ap-
proximately two. Deviations by a
factor of 2 come from the hh and lh
mass differences, especially at small
detunings, from correlation contri-
butions. At large detunings the ratio be-
haves essentially like a three-level system:
it is two (infinity) for the case with (with-
out) Raman coherences. Clearly, the ex-
perimental observations (squares) provide
direct evidence for the presence of an in-
tervalence band Raman coherence, be-
cause the observed hh-lh shift ratio is close
to the ideal value of two at large detunings.
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Figure 1. (a) Differential absorption spectrum of
InGaAs quantum wells (T = 4 K) measured at max-
imum temporal pump-probe overlap with co-cir-
cularly polarized pump and probe pulses.The 1.2-
ps pump pulse had an intensity of 21 MW/cm2 and
was detuned at 8.8 meV below the linear hh exci-
ton resonance.The weak, broadband probe pulses
were approximately 100 fs long. (b) Same as (a)
counter-circular polarization of pump and probe
pulse. (c) Ratio of the hh exciton Stark shift over
the coherently coupled lh exciton Stark shift ver-
sus detuning between pump pulse and hh exciton
energy. Solid and dotted lines show the theoretical
results with and without intervalence band coher-
ences, respectively.The squares correspond to the
experimental values for 3.7-W/cm2 (solid) and 21-
MW/cm2 (open) pump pulses.




