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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 Rij. 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 n0�t� which is measured.
Using the characteristic radiative rates of the four excitonic
states of e0

1h0
1 and the ground state e0

0h0
0 we establish the

following system of rate equations:

dnb/dt = − �Rbb� + Rbd + Rbd� + Rb0�nb + Rd�bnd� + Rdbnd

+ Rb�bnb�,

dnb�/dt = − �Rb�b + Rb�d + Rb�d� + Rb�0�nb� + Rd�b�nd� + Rdb�nd

+ Rbb�nb,

dnd/dt = − �Rdb + Rd�b� + Rdd� + Rd0�nd + Rd�dnd� + Rb�dnb�

+ Rbdnb,

dnd�/dt = − �R14 + R13 + R12 + R10�nd� + Rdd�nd + Rb�d�nb�

+ Rbd�nb,

dndt



then solve Eq. �6� and calculate the photon emission rate
I�t�=RB0 nB�t�+RD0 nD�
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In time-resolved PL experiments the measured signal I�t� is
proportional to the number of photons per unit of time:
dn0 /dt �Eq. �6��, which under the assumption of RD0=0 re-
sults in I�t�=RB0 nB�t�. Note that by being proportional to the
occupation of the bright state the signal I�t� carries informa-
tion on both radiative and nonradiative �spin flip� processes.



In the slow spin flip regime, consistent with the findings
of Dalgarno et al.9 and Favero et al.,13 our calculated value
�R�X0��RB0

−1 =1.1 ns for the In0.6Ga0.4As/GaAs dot is in ex-
cellent agreement with the data of Bardot et al.,14 who ex-
tracted 1.55 ns from time-resolved photoluminescence, and
the value of 1 ns found by Buckle et al.




