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We present results of correlated pseudopotential calculations of an exciton in a pair of vertically
stacked InGaAs=GaAs dots. Competing effects of strain, geometry, and band mixing lead to many
unexpected features missing in contemporary models. The first four excitonic states are all optically
active at small interdot separation, due to the broken symmetry of the single-particle states. We quantify
the degree of entanglement of the exciton wave functions and show its sensitivity to interdot separation.
We suggest ways to spectroscopically identify and maximize the entanglement of exciton states.
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The small size of semiconductor quantum dots [1]
drives speculations that they may provide a physical
representation of a quantum bit (qubit) that supports a
superposition of ‘‘0’’ and ‘‘1’’ [2–7]. Some proposed
representations of qubits include electron spin states [2]
and the presence or absence of an electron, hole, or
electron-hole pair (exciton) [8–11]. Registers of qubits
might be realized in coupled quantum dots, self-as-
sembled by strain-driven islanding of InGaAs on a
GaAs substrate [12]. In one possibility, an electron rep-
resents qubit A and a hole represents qubit B, and the
qubit states are the occupation of either the top (T) or
bottom (B) dot [8–11]. This quantum register must store
entangled states. Predicting entanglement requires a
theory of the electronic structure of the dot molecule,
including single-particle and correlation effects. Most
modeling of dot molecules has been done in single-band
effective-mass approximation [7,13–17]. For two equiva-
lent dots, this treatment leads to single-particle electron
and hole orbitals forming bonding and antibonding
combinations:
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where eT (eB) represents an electron in the top (bottom)
dot and hT (hB) represents a hole in the top (bottom) dot.
In this picture, as in an H�

2 molecule, the single-particle
bonding state energy Eb

e�d� decreases as the interdot
distance d decreases, while the bonding hole state energy
Eb
h�d� increases. Simple direct products of single-particle
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, are unentangled. In contrast, the desirable maxi-
mally entangled Bell states superpose either exciton or
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the molecular bonding-antibonding picture of Eq. (1) pre-
dicts that the bonding h0 level will move to higher en-



symmetric and antisymmetric combinations j2i � jai
and j1i � jbi, respectively. Whether the ground state is


