






To see whether the shape of the dot affects these con-
clusions, we performed similar calculations for spherical
InAs=InSb QDs. The critical diameter for the single-
particle band gap closure is now around 2R � 64 !A. The
calculated exciton and biexciton energies are shown in
Fig. 4(b) for two diameters (52 and 64 !A). For the 2R �

64 !A dot, we find an exciton energy of EX � �22 meV,
and a biexciton energy of EXX � �39 meV. Again the two
electron-hole-pair state is the ground state and we have
%X � 19 meV and %XX � �5 meV. The biexciton is also
unbound.

Properties of excitonic ground state.—The two electron-
hole-pair ground state is similar to a helium atom in the
sense that there are two positive and two negative Coulomb
bound charges. These states can be identified as ‘‘excitonic
molecule’’ states [4]. The calculated permanent electric
dipole moment p �

R
x�	x
d3x for the exciton and biex-

citon of the lens-shaped dot D2 are aligned along [001]
direction (growth direction), and amount to pz � 3:58e !A
for the exciton and pz � 7:16e !A for the biexciton. These
dipoles could be measured experimentally and since the
exciton binding energy is so high (%X � 15 meV), it can
be studied at rather high temperatures.

Recent developments in epitaxial growth made it now
possible to grow arrays of QDs [23]. Given these excitonic
dipoles, it is interesting to study the collective behavior of
excitons in the QD arrays due to dipolar interactions. At a
low dot density, where the QDs are far apart, the excitons
behave like in the single dot and couple only weakly via
dipole-dipole interactions. This is the classic problem of
Bose-Einstein condensation (BEC) in dipolar Bose gases,
which is currently attracting a lot of attention [24,25]. The
BEC of dipolar gases may have various phases depending
on details of the interactions [26]. Since excitons have
lighter masses and stronger dipole-dipole interactions
than atoms, they are therefore ideal candidates for the
study of the different BEC phases. In the case of dot arrays,
the exciton energy in a single dot Ex < 0 signals only the
instability towards the excitonic insulator, where it must be
renormalized by the dot-dot interactions. Furthermore, the
size distribution and disorder of the QD lattice may lead to
a more complicated ‘‘Bose glass’’ phase [27,28]. Thus, the
excitonic ground states in dot arrays bring up challenging
and interesting problems to both theorists and experimen-


