Trions and biexcitons in weakly and strongly confined planar quantum dots*
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Trions are charged exciton complexes consisting of two electrons and one hole (X-) or one electron and two holes (X+). The quantum mechanical description of this system has a long history dating back to the early days of quantum theory were one was interested in H- and H2. 

Up to know there is still a substantial discrepancy between the experimental measured values for the binding energy of the trion and the biexciton in quantum wells and the theoretical calculated values which underestimate the binding energies (even up to a factor of 2). This discrepancy is often attributed to the effect of trapping of the exciton complex on ionized donors in the barrier or on interface defects.

We will present a first-principle path integral Monte-Carlo study of the binding energy of excitons, trions and biexctions in GaAs/AlGaAs quantum wells. Using a realistic model for the trapping potential resulting from quantum well width fluctuations we are able to explain the experimental measured well width dependence of the exciton, trion and biexciton binding energy.

[image: image1.wmf]0

1

2

3

4

5

0

2

4

6

8

10

12

14

1

S (0)

3

P (-1)

1

D (-2)

3

H (-5)

3

F (-3)

 

 

B (T)

d / a

B

*


In the figure the hatched area indicates the range of parameter values for which trions are bound (i.e. have negative Coulomb energy).

* Work done in collaboration with E. Anisimovas, A. Filinov and C. Riva

As a second example, we studied excitonic trions in vertically coupled quantum dots in which there is a spatial separation of the electrons and hole. As a function of a perpendicular magnetic field angular momentum transitions are found (see figure) when the electrons and holes are spatially separated. At these angular momentum transitions there is a sudden charge redistri-bution in the dots which is different for the electrons and the hole. With increasing interdot distance (d) the trion becomes unbound.








