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Electrical Control of Spin Relaxation in a Quantum Dot
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We demonstrate electrical control of the spin relaxation time 7 between Zeeman-split spin states of a
single electron in a lateral quantum dot. We find that relaxation is mediated by the spin-orbit interaction,
and by manipulating the orbital states of the dot using gate voltages we vary the relaxation rate W = T !
by over an order of magnitude. The dependence of W on orbital confinement agrees with theoretical
predictions, and from these data we extract the spin-orbit length. We also measure the dependence of W on
the magnetic field and demonstrate that spin-orbit mediated coupling to phonons is the dominant

relaxation mechanism down to 1 T, where T exceeds 1 s.
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Optically detected coherent spin dynamics
of a single electron in a quantum dot

see also:
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Figure 2 Coherent evolution of a single electron spin. a, Single-spin KR amplitude, 6,, as a function of time, with 3-ns-duration probe pulses and B= 491 G. The solid line
is a fit to equation (2) and the dashed line shows the solution of equation (2) without the probe-pulse convolution for the same fit parameters. The inset shows the offset, y;.
Error bars indicate the standard error as obtained from the least-squares fit to the KR spectra. The solid circles indicate the values of6, obtained from the fits shown in b—f.
b—f, KR angle as a function of probe energy at five different delays; solid lines are fits to equation(1), with a constant offset, y;.
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Complete quantum control of a single quantum dot

spin using ultrafast optical pulses |,

4 ps

David Press', Thaddeus D. Ladd"?, Bingyang Zhang' & Yoshihisa Yamamoto'*
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Figure 4 | Reconstructed evolution of the Bloch vector. The curves trace
out the tip of the Bloch vector in the one-pulse (Rabi oscillation) experiment
over the range of rotation angles 0 = @ = 3n. The colour scale indicates the
length of the Bloch vector, which shrinks exponentially with @. Views are
from the perspective of the x axis (a) and the —y axis (b) of the Bloch sphere.
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Quantum computation with quantum dots
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We propose an implementation of a universal set of one- and two-quantum-bit gates for quantum compu-
tation using the spin states of coupled single-electron quantum dots. Desired operations are effected by the
gating of the tunneling barrier between neighboring dots. Several measures of the gate quality are computed

within a recently derived spin master equation incorporating decoherence caused by a prototypical magnetic
environment. Dot-array experiments that would provide an initial demonstration of the desired nonequilibrium
spin dynamics are proposed. [S1050-2947(98)04501-6]
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Driven coherent oscillations of a single
electron spin in a quantum dot
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Coherent Control of a Single Electron
Spin with Electric Fields

K. C. Nowack,*t F. H. L. Koppens,t Yu. V. Nazarov, L. M. K. Vandersypen®
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State Preparation
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Hahn Echo in S - Tg basis
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The fully controlled singlet-triplet qubit
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Hyperfine-Mediated Gate-Driven Electron Spin Resonance

E. A. Laird,! C. Barthel,! E.T. Rashba,’> C. M. Marcus,! M. P. Hanson,> and A. C. Gossard®
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High-bandwidth QPC detection
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measurement of state-readout fidelity
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nuclear state preparation
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Suppressing Spin Qubit Dephasing by
Nuclear State Preparation

D. ]. Reilly,* J. M. Taylor,” J. R. Petta,® C. M. Marcus,™* M. P. Hanson,* A. C. Gossard®

Coherent spin states in semiconductor quantum dots offer promise as electrically controllable
quantum bits (qubits) with scalable fabrication. For few-electron quantum dots made from gallium
arsenide (GaAs), fluctuating nuclear spins in the host lattice are the dominant source of spin
decoherence. We report a method of preparing the nuclear spin environment that suppresses
the relevant component of nuclear spin fluctuations below its equilibrium value by a factor of ~70,
extending the inhomogeneous dephasing time for the two-electron spin state beyond

1 microsecond. The nuclear state can be readily prepared by electrical gate manipulation

and persists for more than 10 seconds.

www.sciencemag.org SCIENCE VOL 321 8 AUGUST 2008



nuclear state preparation
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nuclear state preparation
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Feedback built into polarization pulses :
Basic idea: design pulses such that polarization rate ﬁ 6!
depends on current S-T, mixing rate. =
=> Stabilization of S-T, mixing rate in conjunction with \gc’ 41
relaxation or antagonistic polarization pulse. ° o
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some mostly-zero-nuclear-spin materials
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Tunable tunnel coupling in Si/SiGe double quantum dots
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M. Eriksson, et al.



Si/Ge Nanowire with Integrated Charge Sensor
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SENSOR SIGNAL

Double Dot Sensor

H. Churchill, (CMM) et al.
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T1 measurement in '3C tube
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Electrostatic Two-Qubit Gate
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Electrostatic Two-Qubit Gate

E. Laird et al,

(CMM) et al.

| 300 nm EHT = 3.00 kV Signal A = InLens Date :19 Nov 2008
| WD = 8.1 mm Photo No. = 6062 Time :17:26:49
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Fault-tolerant architecture for quantum
computation using electrically controlled
semiconductor spins
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m,, P Silicon Qubit Approach

Quantum Information S&T
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Topologically Protected Qubits from a Possible Non-Abelian Fractional Quantum Hall State
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The Pfaffian state is an attractive candidate for the observed quantized Hall plateau at a Landau-level
filling fraction » = 5/2. This is particularly intriguing because this state has unusual topological
properties, including quasiparticle excitations with non-Abelian braiding statistics. In order to determine
the nature of the v = 5/2 state, one must measure the quasiparticle braiding statistics. Here, we propose
an experiment which can simultaneously determine the braiding statistics of quasiparticle excitations and,
if they prove to be non-Abelian, produce a topologically protected qubit on which a logical NOT operation
is performed by quasiparticle braiding. Using the measured excitation gap at ¥ = 5/2, we estimate the
error rate to be 1073 or lower.




Comparing fit
parameters
to Wen theory
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Scaling of 5/2 zero-bias tunneling peak - Wen theory
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Conclusion: Many Implementations, Many Approaches
With cooperation, hybrids will evolve.
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