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By combining an atomistic pseudopotential method with the configuration-interaction approach, we predict
the pressure dependence of the binding energies of neutral and charged excitons: X0 �neutral monoexciton�, X−

and X+ �charged trions�, and XX0 �biexciton� in lens-shaped, self-assembled In0.6Ga0.4As/GaAs quantum dots.
We predict that �i� with applied pressure the binding energy of X0 and X+ increases and that of X− decreases,
whereas the binding energy of XX0 is nearly pressure independent. �ii� Correlations have a small effect in the
binding energy of X0, whereas they largely determine the binding energy of X−, X+, and XX0. �iii� Correlations
depend weakly on pressure; thus, the pressure dependence of the binding energies can be understood within the
Hartree-Fock approximation and it is controlled by the pressure dependence of the direct Coulomb integrals J.
Our results in �i� can thus be explained by noting that holes are more localized than electrons, so the Coulomb
energies obey J �hh��J �eh��J �ee�.
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The energetics of excitons reflects a balance between
single-particle energy levels E �e� and E �h� of electrons �e��e�
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	CI�X0� = �E 0
�e� − E 0

�h�	 − ECI�X0� ,

	CI�X−� = �E 0
�e� + ECI�X0�	 − ECI�X−� ,

�5�
	CI�X+� = �− E 0

�h� + ECI�X0�	 − ECI�X+� ,

	CI�XX0� = 2ECI�X0� − ECI�XX0� .

In a simplified Hartree-Fock �HF� approximation and ne-
glecting the electron-hole exchange K00;00

�eh� �which magnitude
is of the order of a few to hundreds of �eV�,17 we have

	HF�X0� = J 00
�eh�,

	HF�X−� = J 00
�eh� − J 00

�ee�,

�6�
	HF�X+� = J 00

�eh� − J 00
�hh�,

	HF�XX0� = 2J 00
�eh� − �J 00

�ee� + J 00
�hh�	 = 	HF�X−� + 	HF�X+� .

The latter relation establishes a “sum rule” for the binding
energy of the biexciton at the Hartree-Fock level. The many-
body correlation effects 
��q� in the binding energy can be
quantified by comparing the full solutions in Eq. �5� to the
HF ones in Eq. �6�,

	CI��q� = 	HF��q�




��q�. Compression is represented by 	a /a0= �a−a0� /a0,
where a and a0 are the distorted and equilibrium lattice pa-
rameter of the GaAs matrix, respectively. The pressure val-
ues showed in the upper axis in Fig. 1�a� are calculated ap-
proximately by using the equation of state22



changed. The in-plane �parallel to the base� spatial extension
of the electron does not change as much as the out of plane.
In particular, Fig. 2 clearly shows that the spatial penetration
of the electron wave function into the GaAs matrix decreases
with applied pressure. Further, plots �not shown� of the radial
charge-accumulation function �0

Rdr��0
�s��r+Rc��2 �Rc indi-

cates the center of the dot, and the integration is performed
over a sphere of radius R; s=e ,h� for the electron and hole
reveal that as pressure increases the electron wave function
gets indeed more localized than the hole wave function. The
increased localization of the electron with pressure can be


