Excitonic exchange effects on the radiative decay time of monoexcitons and biexcitons
in quantum dots
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Electron-hole exchange interaction splits the exciton ground state into “dark” and “bright” states. The
dynamics of those states depends on the internal relaxation time between bright and dark states (spin-flip time),
and on the radiative recombination time of the bright states. On the other hand, the calculated values of these
recombination times depend not only on the treatment of correlation effects, but also on the accuracy of the
electron and hole wavefunctions. We calculate the radiative decay rates for monoexcitons and biexcitons in
(In,As)Ga/GaAs self-assembled and colloidal CdSe quantum dots from atomistic correlated wave functions.
We show how the radiative decay time z( ©) of the monoexciton depends on the spin-flip relaxation time
between bright and dark states. In contrast; a biexciton has no bright-dark splitting, so the decay time of the
biexciton () is insensitive to this spin-flip time. This results in ratios x( °)/ gz(_ ©) of 4 in the case of
fast spin flig,"and a ratio of 2 in the case of slow spin flip. For (In,Ga)As/Ga&As, wetOmpare our results with
the model calculation of Wimmer , * [Phys. Rev. B 73, 165305 (2006)]. When the same spin-flip rates are
assumed, our predicted ( ©)/ g(_ ©) agrees with that of Wimmer , *, suggesting that our treatment of
correlations is adequate to”predict’tfe ratio of monoexciton and biexciton radiative lifetimes. Our results agree
well with experiment on self-assembled quantum dots when assuming slow spin flip. Conversely, for colloidal
dots the agreement with experiment is best for fast spin flip.

DOI: 10.1103/PhysRevB.74.205422 PACS number(s): 73.21.La, 71.35. y, 78.60. b

I. INTRODUCTION: RELATION BETWEEN APPARENT
AND MICROSCOPIC CARRIER DECAY

We address here the subject of how to compare measured
exciton g( %) and biexciton .(_ ©) radiative relaxation
times with*calculated values. Expertmentally, an ensemble of
quantum dots is excited by an optical pump-pulse and the
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lying states because most time-resolved photoluminescence
experiments are conducted at temperatures such that the oc-
cupation of those states is negligible. From Fig. 1(a) we see
that there are a number of discrete transitions channels de-
noted below by rates R 1+ We next set up a set of channel-
specific rate equations describing how the individual levels
of Fig. 1(a) “communicate,” from which we will deduce the
global decay of the ground state ,(,) which is measured.
Using the characteristic radiative rates of the four excitonic
states of § 5 and the ground state § 3 we establish the
following system of rate equations:
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then solve Eqg. (6) and calculate the photon emission rate
1(,)=Rpo ml;) + Rpo ol;), Which is directly comparable to
time-resolved photoluminescence (PL) experiments.

II1. RATE EQUATION FOR THE RADIATIVE DECAY OF
THE BIEXCITON

The biexciton has a nondegenerate state without B-D
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In time-resolved PL experiments the measured signal I(,) is
proportional to the number of photons per unit of time:
4w/ 4 [EQ. (6)], which under the assumption of R;,=0 re-
sults in I(,) = Rpo ,w(,). Note that by being proportional to the
occupation of the bright state the signal I(,) carries informa-
tion on both radiative and nonradiative (spin flip) processes.



In the slow spin flip regime, consistent with the findings

of Dalgarno , *°and Favero , ., our calculated value
&l O=Ry5=1.1ns for the IngeGay 4As/GaAs dot is in ex-

cellent agreement with the data of Bardot , *,'* who ex-
tracted 1.55 ns from time-resolved photoluminescence, and
the value of 1 ns found by Buckle , *° and Stevenson
%16 In the fast spin flip regime, for our prototypical CdSe






