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1. Introduction

Exciton spin dynamics in self-assembled quantum dots
(QDs) have attracted considerable attention for years owing
to both of fundamental interest and possible applications in
dot-based quantum photonic devices. In the applications,
the spin relaxation between two nearby exciton states has a
determinate influence on the performance of dot-based
photonic devices [1, 2] and control over it would be desira-
ble.

For a long time, it has been widely believed that the dis-
crete nature of QDs can suppress the coupling to the elec-
tronic structures from phonon bath and make the spin re-
laxation times of particles long enough for further applica-
tion. Indeed, the spin relaxation times of electrons confined
in QDs have been experimentally confirmed to reach up to
1 s.[3] However, the measured times of the DX-to-BX spin
relaxation in InAs self-assembled QDs have been reported
so short as only ~10% ns.[4]

The lifetime of a photo-generated spin exciton ina QD is
limited not only by the spontaneous electron-hole (e-h)
recombination, but also by the spin relaxation between the
bright exciton (BX) and dark exciton (DX) states, split typ-
ically by hundreds of x€V due to the e-h exchange interac-
tion.[5] Although that time scale is 1-2 orders of magnitude
longer than the radiative lifetime of the exciton, the spin
relaxation between BX and DX has been confirmed as a
severe interference source limiting the performance of
dot-based single-photon devices.[6,7] Another interesting
but still puzzling feature is that the size effect was not ob-
viously evidenced in experiments to increase spin relaxa-
tion times of exciton in smaller QDs, as observed in elec-
tronic QDs. [4] Building a solid theoretical framework is
clearly necessary for further development in this field.

2. Theory and results

In this work, we present a comprehensive study of various
possible involved spin flip mechanisms, including electron
hyperfine interaction, electron-Rashba and -Dresselhaus
spin-orbit interaction, hole-linear and hole-Dresselhaus
spin-orbit interaction. With the assistance of phonon coupl-
ing, the DX states are allowed to transit to BX ones via the
spin-scattering mechanisms such as spin-orbit interaction or
hyperfine interaction.[8-13] .We theoretically evaluate the
rate of spin-state transition from a DX state to BX states via
acoustic phonon interaction in self-assemble quantum dots

by using exact diagonalization techniques. Further analysis
is conducted using perturbation method. The theoretical
studies confirm that the exciton spin relaxation rate of a
self-assembled quantum dot is so fast as ~10 ns™, consis-
tent with recent observations. [14]

Figure 1 presents the numerically calculated total rates

Tiot “OF single excitons in QDs of fixed thickness d,=3 nm
but with varying lateral sizes characterized by the characte-
ristic lateral length of the ground state wavefunction . It
can be seen that the total spin relaxation rate of the exciton
is at the scale of 10 ~ 10ns™ . We explain the fast exciton
spin relaxation observed in QDs in terms of pronounced
hole-Dresselhaus SOCs and e-h exchange interactions.
Another remarkable feature of Fig.1 is that the spin relaxa-
tion rates of an exciton confined in a QD are not really
suppressed by the reduced dot sizes. Instead, the size effect
of QD makes the spin relaxation rate even faster. That fea-
ture manifests itself as a complex and unique interplay be-
tween the e-h exchange interactions and the SOC in pho-
to-excited QDs, and implies that the spin relaxation of ex-
citons in small dots is inherently fast.

3. Conclusions

In conclusion, we have calculated the relaxation rates
between DX and BX states in InGaAs QDs for a wide
number of spin-flip mechanisms and shown that
hole-Dresselhaus SOC assisted by single-phonon processes
is the dominant channel. The e-h exchange splitting acts as
an internal magnetic field enhancing SOC mechanisms.
Since the splitting grows with the confinement, the smaller
the dot the faster the exciton spin relaxation. This is con-
trary to the well-known behavior of individual electron or
holes, for which relaxation is suppressed by the confine-
ment.
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Fig. 1 Exciton spin relaxation rates in the dark exciton (DX)
to bright-exciton (BX) transition, as functions of the quan-
tum dot size (characterized by by the characteristic lateral
length of the ground state wavefunction lp), yielded by var-
ious spin-flip mechanisms, including the hole-Dresselhaus
(h-D), electron-Dresselhaus (e-D), electron-Rashba (e-R),
the linear-k hole (h-lin) spin orbital couplings and elec-
tron-nuclei hyperfine (Hy)interactions, respectively.

-1224-



