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Introduction: Results:

» Bulk lead chalcogenide semiconductors have a rock salt structure * Our result shows a nominally zero anisotropy, but may be compatible with a small initial
and an interesting electronic structure, with their bandgap at the 4- anisotropy of up to ~0.1. The initial anisotropy needs to be carefully considered because it can
fold degenerate (8-fold including spin) L-point of the first Brillouin k, arise from an imperfect XPM subtraction or errors in time delay.
zone, where k = (£n/a,xm/a, £ /a)[1]. A parallel perpendicular
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the arrangement of atoms having an inversion center, stoichiometry 0F + 4 g 00
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complex electronic structure, which affects both linear and dotection: (hasy/e tevl].  detection /e (W] deity: Lta]
nonlinear spectroscopic measurements; this naturally leads to —— e
question about how the electronic structure in QDs affects the bi- 0.2 | ¥ - ?O "
exciton states. > | T =20fs

 The pump-probe polarization anisotropy is a valuable technique for probing the electronic § - I l",. — 7 = 100 I8
structure of QDs because it can provide structural information on the angles between g 1AL
transition dipoles. I h

 The polarization anisotropy is obtained by taking the difference between parallel and e “J
perpendicular pump-probe signals and dividing by the isotropic signal (the division by the > | "H‘) ERETY
isotropic signal removes common factors, such as lifetime decay, so that the anisotropy detection [h w,/e (eV)]
purely reflects the change in dipole alignment), given by the equation:  The polarization anisotropy as a function of the detection frequency at different time delays, T,

Si(w, T)— S (w,T) shows a nominally uniform anisotropy inside the first exciton peak. (The anisotropy diverges
r(wT) = Sy(w,T) + 25, (w, T)’ where there is no signal, which is all outside of the first exciton peak).

 Two possibilities can explain this anomalous initial anisotropy: either a near zero bi-exciton

where S,(w,T) and S, (w, T) are the spectrally resolved pump-probe (SRPP) signals with e . . e
binding energy for the excited state absorption spectrum so that it lies on top of the ground

probe polarization parallel and perpendicular with respect to the pump at a time delay, T.

« In an orientationally isotropic ensemble of molecules with non-degenerate transitions, the state absorption spectrum, or a very large bi-exciton binding energy for the excited state
initial anisotropy should be 2/5, because the cos2(6) dipolar excitation probability gives rise to absorption spectrum so that it lies outside of the laser bandwidth. |
a 3:1 signal strength ratio between parallel and perpendicular polarization geometries. * In addition, the anisotropy as a function of the detection energy shows that there is no
- |If the coupling between degenerate or quasi-degenerate transitions is weak enough such that contribution from the red-shifted photoluminescence spectrum. This is consistent with the
all of the single excitations remain within the pulse bandwidth, the initial anisotropy of 2/5 is hypothesis that the red-shifted photoluminescence signal arises from lower fine structure states
recovered in pump-probe signals from degenerate transitions. with long radiative lifetimes. Such states would not be populated immediately after excitation

. and would have low stimulated emission cross sections [9].
Experimental methods:

 Pulses from a 1 kHz Ti:Sapphire regenerative amplifier pump a single-pass, short-wave IR Initial polarization anisotropy using simple models:

non-collinear optical parametric amplifier with a PPSLT crystal, and compressed using a Two-electron in a 3D Box Effective Mass Approximation
deformable mirror to pulse durations of 15 fs [4].
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e A Sample of PbS QDs with a bandgap of 1.074 eV and ~101 meV FWHM of the first absorption SO a non_degenerate transition must have a
peak was synthesized from lead chloride and elemental sulfur in oleylamine following the hot 5 transition dipole that points along the (1,1,1)
injection procedure reported by the Tisdale group [5] with modifications in the washing N + |49 threefold symmetry axis.)
procedure. X  |f each valley is an independent, uncoupled,
2100 e « When coherence and both one-electron and absorber, the initial anisotropy is 2/5.
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* Nonlinear optical experiments on the sample of PbS QDs were performed using a custom built Conclusions:
ultra high vacuum compatible spinning sample cell [6]. Accurate subtraction of the XPM signal was required to reveal the initial anisotropy of PbS QDs.
The initial anisotropy we report for PbS QDs at the bandgap is nominally zero, which is
. . anomalous and suggests a complicated electronic structure.
Cross Phase Modulation (XPM)' The fastest dephasing time allowed by the width of the first exciton peak is ~8 fs, meaning the
 The SRPP signal at early times (during pulse overlap) is dominated by XPM originating from initial dynamics should have been captured with the time resolution in the experiment.
solvent/glass. We show through calculations, using a 3D particle in a box and an effective mass
« The XPM signal is proportional to the square of the peak intensity, and therefore, becomes approximation, that the expected initial anisotropy is 2/5.
more apparent with shorter pulses. Some considerations may result in a departure from the initial anisotropy of 2/5: spin-orbit
» Because the initial anisotropy contains information about the bi-exciton states, an XPM coupling, intervalley coupling, and the hot one-electron states must be explored further.
subtraction scheme is used to reveal the dynamics of the PbS QDs during pulse overlap. For considerations of spin-orbit coupling and intervalley coupling, our results suggest that one or
« The XPM signal can be approximately simulated assuming a delta function response with the both of these values must be larger than previous calculations indicate. The calculation of the
pulse phase and amplitude retrieved from FROG. initial anisotropy assumes these states are near degenerate.
« The XPM signal also serves as a check on the polarized measurements. The anisotropy of To explain the initial anisotropy, large couplings are needed to push some of these states
the XPM where there is signal is ~2/5, which is consistent with previous reports on the signal outside of our pulse bandwidth. Considering the bandwidth of our pulses, these values would
strength ratio of 3:1 in XPM with parallel and perpendicular polarization geometries [7]. For have to be larger than ~200 meV, which is significantly greater than theoretical predictions.

each delay, the anisotropy diverges in regions where there is no XPM signal.
 The XPM was calculated including absorptive and dispersive propagation effects to account

for pulse attenuation from absorption by the QDs [8]. References:
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