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System and Model

Spin relaxation of holes in 3D spheroidal QDs

Introduction
There are ongoing efforts to use the spin of holes in QDs for quantum information protocols. However, hole spin dynamics is not well understood yet: the spin-
orbit admixture mechanism is still under debate. Different works assume different dominating mechanisms. Contradictory claims and observations follow:
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Harmonic oscillator eigenstates (analytical matrix elements)

Hole-phonon coupling: 
piezoelectric + strain

Conclusion
In quasi-2D QDs Dresselhaus SOI is comparable (self-assembled QDs) or even larger (gated 
QDs) than HH-LH mixing. The simultaneous action of both mechanisms enhances spin 
relaxation rates by orders of magnitude. 

HH-LH mixing dominant [1-2] k3 Dresselhaus SOI dominant [3] k-linear Dresselhaus SOI dominant [4] 

T1 increases with lateral confinement [1] T1 decreases with lateral confinement [2]

T1 barely sensitive to energy splitting [6] (InAs QDs) T1 very sensitive to energy splitting [7] (CdSe rods)

T1 could exceed that of electrons in 2D QDs [3] T1 ~ 5-10 times shorter than that of electrons [5] (InAs QDs)

We present  a comprehensive study that clarifies 
the dominating SOI mechanisms and reconciles 
apparently contradictory predictions within a 
unified vision of the hole relaxation process [8]   

Transition mediated by acoustic phonons + SOI
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Results
Radial confinement

Stronger SOI

LH closer to HH
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Reconciles [1] and [2]
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• HL dominates for weak 
confinement

• Saturation limit set by HBIA

• HL + Hb41 required for 
realistic estimates

Vertical confinement

Mechanism

General features

Mechanism

• 1/T1 reflects degree of 
spin admixture

• HBIA dominates for weak 
confinement

• HCk negligible

• HL + Hb41 required for 
realistic estimates

• T1 drastically different 
from electrons

• Non-monotonic trend

• T1 drastically different 
from electrons

• In gated QDs with 
narrow well T1

h>T1
e

General features

Spin splitting energy

Δ

Mechanism

• HBIA dominates for 
very narrow 
splittings due 
intrinsic to zero-
field splitting

• Prolate QDs: 
sensitive to Δ
(consistent with 
[6])

• Oblate QDs: 
sensitive to small Δ
values

General features

Two-phonon processes
relevant in [6] ?


