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A correct description of the single-particle energy levels
of quantum dots requires a theoretical model that can accu-
rately describe a few physical effects: �i� The existence of
multiple band extrema in the corresponding bulk band struc-
ture. Previously published first-principles band-structure cal-
culations of bulk PbSe �Ref. 36� show that a few valence-
band extrema exist within �0.5 eV of the VBM. All
effective-mass-based methods applied to PbSe to date in-
clude but a single valence band valley, so they all miss this
contribution to the hole density of states of PbSe quantum
dots. �ii� The splitting of the L-valley band-edge states and
their anisotropic effective masses. The only other atomistic
�not effective mass� calculation of large PbSe quantum dots
is the tight-binding calculation of Allan and Delerue.40 Un-
fortunately, the particular tight-binding fit of Ref. 40 did not

correctly reproduce the effective-mass anisotropy of the L
valleys.9

Here, we consider two quantum dots; Pb260Se249

�R=15.3 Å� and Pb2046Se2117 �R=30.6 Å�. All surface dan-
gling bonds were passivated by ligand potentials.9,10 Refer-
ences 9 and 10 give the results of interband absorption spec-
tra, intraband absorption spectra, and multiexciton
generation of these dots. To evaluate Coulomb integrals of
Eq. �2�, we use a microscopic dielectric function of the form


−1�r1,r2� = 
out
−1 �r1,r2� + �
in

−1�r1,r2�

− 
out
−1 �r1,r2��m�r1�m�r2� , �5�

where m�r� is 1 for 	r	�R−d �here, d=1 Å�, decays to zero
as ��sin���R− 	r	� /2d�+1� /2 between
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Whereas the ep−es energy separation is too large
�130 meV, corresponding to �8��LO�



tonic dependence on the exciton energy E�, so the thermal-
averaged Auger lifetime �A depends more weakly on
temperature.

SUMMARY

The observed fast P→S intraband relaxation times3,12,28

of 1–7 ps for PbSe dots of radius ranging from 20 to 35 Å
have been previously considered to be contradictory with the
light hole and electron effective masses of PbSe and the pre-

sumed mirrorlike symmetry between conduction and valence
energy levels. Our pseudopotential calculations9,10 refuted
the presumption of mirrorlike symmetry: Because of the ex-
istence of three valence-band maxima in the bulk PbSe band
structure, hole energy levels are more densely spaced than
electron energy levels, thereby opening up Auger scattering
as a possible source of the fast P→S intraband relaxation.
We find that the Auger mechanism can explain the experi-
mentally observed intraband P→S relaxation time scale
without the need to invoke any exotic relaxation mecha-
nisms. However, inclusion of the temperature dependence of
the electron and hole spacings may be needed to obtain a
closer agreement between the calculated temperature depen-

dence of �A and experiment. The existence of efficient mul-
tiexciton generation in PbSe �Refs. 29 and 30�
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