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the ground-state levels shown in Fig. 1�a� is 84 
eV. The
magnitude of this splitting increases up to 178 
eV for a
20 Å-tall dot. At T�0 K only the dark states are populated,
thus, the transition to the ground state e0

0h0
0 is long-lived.

Figure 1�a� �shaded area� shows transitions 20 and 30 from
the bright states to e0

0h0
0. The low-lying excited states of the

monoexciton correspond to excitations of the hole, i.e., e0
1h1

1,
e0

1h2
1 and e0

1h3
1, due to the much smaller spacing of hole



allowed �bright�.21 Figures 1�a�–1�d� indicates with arrows
thelowest bright recombination transitions of exciton � q, for
a 75 Å tall lens-shaped In0.6Ga0.4As/GaAs dot with base di-
ameter b=252 Å. The final states upon electron-hole recom-
bination are presented in the shaded area of Fig. 1. Figure 2
shows the recombination energies 00�X−�, 00�X+� and
03�XX0� calculated at the many-particle, configuration-
interaction level as a function of dot height. These recombi-
nation energies are shown relative to the lowest recombina-
tion energy  �� andX







is a characteristic property of the transition ���i��� q�
→ ���f��� q−1�. On the other hand,(O)0(n)-311.9(the)-79+jal.9(the)-radiativ1.9(the)-life-
time� �� q� of exciton � q
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Figure 6�b� shows that at T=10 K the calculated � �XX0�
depends weakly on height, changing by about 0.1 ns in
the entire range of heights studied. � �XX0� is in excellent
agreement with the value of 0.5 ns measured by Ulrich
et al. in an �In,Ga�As/GaAs quantum dot �b=150–200 Å,
h=10–20 Å� with an exciton gap of 1.337 eV �Ref. 33�.

Trions. Both X− and X+ have a two-fold degenerate
ground state that is bright �Figs. 1�c� and 1�d��. In each of
these excitons, there are four lowest transitions; namely,
00�X−� �Fig. 1�c��, 10�X−�, 01�X−�, and 11�X−�; and
00�X+� �Fig. 1�d��, 10�X+�, 01�X+�, and 11�X+�, for X−

and X+, respectively. In turn, each of these transitions have a
corresponding characteristic radiative lifetime. For the latter,
our calculations predict �00�X−�=�11�X−� and �01�X−�
=�10�X−� as well as �00�X+�=�11�X+� and �01�X+�=�10�X+�.
Thus, at T=0 K, the radiative lifetimes of X− and X+ are
given by
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