Electric field control and optical signature of entanglement in quantum dot molecules
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ergy molecular orbitals (



electron and hole wave functions are delocalized over both
dots. This interaction J,, [Fig. 3(b)] shows the reverse be-
havior vs field compared with the MO energies &4 vs field
[Fig. 3(a)]. For example, whereas J, [ EyH, ] is maximal (less
negative



effects become negligible. At these fields, the lowest energy
state |1) is purely eghy, as the field pulls the electron to the
bottom dot and the hole to the top dot. Accordingly, the
highest energy state |4) is composed of the energetically less
favorable configuration, i.e., having the electron in the top
dot and the hole in the bottom dot. This is simply the quan-
tum confined Stark effect where the linear term proportional
to the permanent electron-hole dipole moment dominates and



next section, the states |3) and |4) are optically nearly dark at
Fspr S0 that entanglement stored in these states will probably
be of less interest.

C. Situation at Fg nax Where the entanglement is maximized

The entanglement of |1) and |2) (Fig. 5) reaches its maxi-
mum of around 75% at Fg . (=5.4 kV/cm for our dots). At
this field the exciton states |1) and |2) are mainly composed
of ethyxeghg configurations, as shown in Fig. 4, with some
contributions from e;hg for |1). The entanglement (Fig. 5) as
well as the occupation probabilities (Fig. 4) for the excitons
|1) and |2) change smoothly when the field is swept from
0 to —20 kV/cm, making a tuning feasible. This is in con-
trast to the case of high entanglement in [3) and |4) that
happens abruptly at Fgpy. Note that in order for the e-h en-
tanglement given for |1) and |2) at Fg . to be useful in a
guantum computation scheme, the qubits need to be physi-
cally separated to be addressed individually. One possibility
for such a separation seems to be the use of in plane electric
fields that would coherently drive the electron and hole to
different neighboring quantum dots. This would constitute
the next experimental challenge.

VI. CALCULATION OF THE OPTICAL SPECTRUM
AND THE OPTICAL SIGNATURE OF ENTANGLEMENT

The calculated excitonic states of Fig. 3(d) are now used
to calculate the absorption spectra in Fig. 6. In Fig. 6 the
oscillator strength is plotted for different values of the elec-
tric field as a function of the transition energy. The plot
shows a total of four transitions marked with |1),2),3),|4).
Since the transitions |3) and [4) are weak, their position is
marked by solid and open arrows respectively. Our calcula-
tions include the effect of electron-hole exchange that results
in the fine-structure of the exciton.??> So each of the four
exciton lines is actually a quadruplet split by the very small
(in the absense of magnetic field) fine-strucutre splittings. We
do not focus on the fine-structure in the present contribution
(albeit present in the calculaitons) and label the 16 states as
four quartets |1),|2),/3),|4). The transitions |1) and |2) have a
weak dependence on field and show an anticrossing at Fg max-
Transitions |3) and |4) have a strong dependence on field and
show an anticrossing at Fgpr. The spectra show that at Fg .
the lowest energy exciton |1) becomes dark and progres-
sively gains oscillator strength as the field increases away
from the anticrossing. The point of merging of |1) and |5mdt0s7SS



localized orbitals (as opposed to MO’s). To obtain dot-
localized orbitals, we rotate the MQ’s (that are delocalized
over both dots) until the on-site Coulomb interaction is
maximized.?-2 This transformation yields single-particle en-
ergies of the dot-localized orbitals, denoted as er, eg, hy, and
hg in Fig. 7(a). Figure 7(a) shows that at Fg .« the energies
of the dot-localized electron and hole orbitals are separated
by 10 and 7 meV, respectively, with a gap of 1.3 eV. Gen-
erally, the energy separation between e} and eg and between
ht and hg can reflect size, composition or shape differences
of the two dots. These differences can be tuned by the elec-
tric field. Figure 7(b)
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